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Linh vire ky thuit dwoc dé cap

Sang ché dé cap dén hop chit dihydroimidazopyrazinon va mudi dugc dung cia
n6 tc ché chon loc ERK va ¢4 hoat tinh chéng ung thu. Hop chét
dihydroimidazopyrazinon nay va mudi dugc dung cia né hitu dung trong diéu tri cho
ngudi hodc dong vat, vi dy, trong phong ngira hozc diéu tri bénh ung thu. Séng ché ciing
dé cap dén dugc phdm chira hop chat dihydroimidazopyrazinon nay va mudi duge dung
cua no.

Tinh trang ky thuit ciia sing ché

Protein kinaza déng vai trd diéu hoa then chét trong hiu hét moi khia canh cta
sinh hoc té bo. MAP kinaza dong vat ¢6 vii bao gdm protein serin/threcnin kinaza té bao
chit ma tham gia vao su truyén tin hiéu t& bao tir méng huyét twong dén nhan. C6 nhiéu
tién trinh truyén tin hidu MAPK mdi tién trinh nay bao gdm 3 thanh phin: MAPK kinaza
(MAP3K), MAPK kinaza (MAP2K) va MAPK. MAP kinaza da hoat hoa 1am phosphoryl
héa nhiéu co chat bao 2b6m cac protein kinaza khéc, protein phosphataza, yéu th phién ma
va céc protein chire ning khac. Tién trinh truyén tin hiéu RAS-RAF-MEK-ERK tham gia
vao su diéu hoa clia s tién trién chu trinh té bao, su tdng sinh té bao, su séng sot, su trao
d6i chét va su phién ma.

ERK1 va ERK2 12 MAPK kinaza dugc biéu hién khip noi ma tham gia vao tién
trinh truyén tin hiéu RAS-RAF-MEK-ERK, ma c4 hai chira sy kéo dai dAu t4n cing N va
C duy nhét ma tao ra su dic hiéu truyén tin hiéu, ngoai su cai xen 31 géc axit amin &
trong mién kinaza ma tao ra su dac hi€u chiric nang bd sung. ERK1 va ERK2 duoc hoat
héa & nhiéu loai t& bao boi chét gdy phan bao va c4c kich thich khac, ddn dén sy hoat hoa
ctia nhidu déng phén ctia RAS (HRAS, NRAS va KRAS). Su hoat héa ciia RAS din dén
sur tuyén mo va su hoat hda cua d@)ng phédn RAF (ARAF, BRAF va CRAF) va su hoat
héa tiép theo cia MEK 1 va MEK2, protein kinaza dic hi¢u kép ma lam trung gian cho su
phosphoryl héa ctia tyrosin va threonin cia ERK1 va ERK2. ERK1 va ERK2 ¢6 s6 luong
16n ciia co chat t& bao chét va nhan dugce nhan dang (tham khao Yoon S, Seger R. The
extracellular signal-regulated kinase: multiple substrates regulate diverse cellular
functions; Growth Factors 2006, 24, 21-44).
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Tién trinh truyén tin hiéu RAS-RAF-MEK-ERK bj mét diéu hoa & nhiéu bénh bao
gdém tbén thuong ndo, bénh ung thu, phi dai tim, bénh tiéu dudng va viém. Pic biét 1a &
bénh ung thu, dot bién trong KRAS xay ra & x4p xi 58% bénh ung thu tuy, 33% bénh ung
thu két truc trang va 31% bénh ung thu mat, va dot bién NRAS trong 18% u melanin.
Dot bién gen gy ung thu trbng RAS din dén hoat tinh ERK cao qua nhiéu khéi u. Ngoai
ra, dot bién BRAF xay ra & xép xi 40-60% u melanin, 40% bénh ung thu tuyén giap va
20% bénh ung thu két truc trang (tham khao Vakiani E, Solit DB. KRAS and BRAF;
drug targets and predictive biomarkers; Journal of Pathology 2011, 223, 219-29). Cac
quan sat ndy tién trinh truyén tin hiéu RAS-RAF-MEK-ERK 1 qu4 trinh hip d4n cho liéu

phap chéng ung thu trong pham vi rong ciia khéi u & ngudi.
Ban chét k§ thuit ciia sang ché

Céc tac gia sang ché da phat hién ra hop chit hoa hoc ¢6 tinh chon loc dé e ché

ERK hon 1a céc kinaza khéc trén cung qua trinh truyén tin hiéu.

Khi sy tre ché cia ERK dugce dé cdp dén trong ban mé ta nay, can hi€u rang nd co6

nghia 13 su tc ché cia ERK 1 vd/hodc ERK2, cu thé 13 ERK2.

Theo mdt khia canh sang ché d& xuét hop chét c6 cong thire (I):

R, O Ry

o0

N A,
NH

N

@
trong do:
R'13 hydro, C,_; alkyl hodc -CH,OMe;

R’ 1a pyridinyl, thy ¥ dugc thé & 1 nguyén tir cacbon trén vong bang phan tir thé
doc 1ap dugc chon tir nhém bao gém C, 5 alkyl, diflometyl va triflometyl; hogic
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R? 13 pyrimidinyl, thy ¥ duoc thé & 1 nguyén tir cacbon trén vong bing phan tir thé
ddc 1ap dugce chon tir nhom bao gém Ci.3 alkyl, diflometyl va triflometyl; hodc

R? 12 phenyl tiy ¥ duoc thé & 1 hodc 2 nguyén tir cacbon trén vong bing phan tir
thé doc 1ap dugc chon tir nhém bao gdm halo, diflometyl, triflometyl, metoxy va -
OCHFz, va

R’ 1a hydro, C,_; alkyl hodc clo;

hozdc mubi duge dung cia né.

Theo mét phuong 4n, sang ché dé xuit hop chét ¢é cong thirc (I) nhu dwgc xac
dinh néu trén.

Theo mot phurong an, sang ché dé xuat muoi duge dung ctia hgp chat cé cong thire

Sang cheé cling dé xuat duge pham chira hgp chat néu trén.
M6 td vin tat cac hinh vé

Fig.1 thé hién phd nhifu xa bot tia X ctia san phdm cdng hop axit etansulfonic (R)-
7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-§(5H)-on & dang 1 (vi du
18a).

Fig.2 thé hién bidu dd nhiét DSC ciia san pham cong hop axit etansulfonic (R)-7-
(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on & dang 1 (vi du
18a).

Fig.3 thé hién phd nhifu xa bot tia X cia san pham cong hop axit adipic (R)-7-
(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on & dang 1 (vi du
34).

Fig.4 thé hién biéu d6 nhiét DSC cta san pham cdng hop axit adipic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on & dang 1 (vi du 34).
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Fig.5 thé hién su wc ché phat trién khéi u bang vi du 18a két hop vé6i selumetinib
(ARRY-142886) trong md hinh ghép ngoai lai A549.

Fig.6: Su trc ché sinh trudng té bao & dong té bao A549 ung thu phdi té bao khong
nhé (NSCLC) dot bién KRAS bang vi du 18 két hop véi selumetinib (ARRY-142886).
Ma tran lidu Iuong thé hién gié tri e ché sinh truéng theo ti 1€ phan trim dugc 14y tir

duong cong déap ung lidu lwong duoc hidu chinh.

Fig.7: Su trc ché sinh truéng té bao & dong t& bao A549 ung thu phéi té bao khong
nhé (NSCLC) dot bién KRAS bang vi du 18 két hop véi selumetinib (ARRY-142886).
M3 hinh céng tinh Loewe dugc tir duong cong dap ung lidu luong don liéu phap.

Fig.8: Sur wrc ché sinh trudng té bao & dong té bao A549 ung thu phdi té bao khong
nhé (NSCLC) dot bién KRAS bing vi du 18 két hop vdi selumetinib (ARRY-142886).
Bén dd nhiét du (hiép ddng) tinh dugc bing cach trir md hinh di lidu cong tinh Loewe tir

dir liéu dugc hiéu chinh.

Fig.9: Su trc ché sinh trudng t& bao & dong t& bao H2122 ung thu phdi t€ bao
khong nhd (NSCLC) ddt bién KRAS bang vi du 18 két hop véi selumetinib (ARRY-
142886). Ma tran lidu luong thé hién gid tri e ché sinh truéng theo ti 1¢ phan trdm dugc

14y tir dudng cong dap tmg liéu lrgng dugce hiéu chinh.

Fig.10: Su trc ché sinh trudong t& bao & dong té bao H2122 ung thu phéi té bao
khong nhd (NSCLC) dot bién KRAS bing vi du 18 két hop v6i selumetinib (ARRY-
142886). M6 hinh cOng tinh Loewe dugc tir dudong cong dap Ung lidu luong don lidu
phap.

Fig.11: Su tc ché sinh truong té bao & dong té bao H2122 ung thu phdi té bao
khong nhd (NSCLC) dot bién KRAS bang vi du 18 két hop v6i selumetinib (ARRY-
142886). Ban dd nhiét du (hiép dong) tinh duge bang cach trir md hinh di liéu cong tinh
Loewe tir dir liéu duoc hiéu chinh.

Fig.12: Su tc ché sinh truong té bao & dong té bao H2009 ung thu phdi té bao
khong nhd (NSCLC) dot bién KRAS bing vi du 18 két hop véi selumetinib (ARRY-
142886). Ma tran lidu luong thé hién gia tri e ché sinh truéng theo ti 1¢ phan tram dugc

14y tir dudng cong dap tng liéu luong duoc hiéu chinh.
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Fig.13: Su trc ché sinh trudng t& bao & dong té bao H2009 ung thur phdi té bao
khong nhé (NSCLC) dot bién KRAS bang vi du 18 két hop véi selumetinib (ARRY-
142886). M6 hinh cong tinh Loewe dugc tir dudong cong dap tng liéu lugng don liéu
phap.

Fig.14: Sy e ché sinh trudng t& bao & dong té bao H2009 ung thur phdi té bao
khéng nhd (NSCLC) d6t bién KRAS bang vi du 18 két hop véi selumetinib (ARRY-
142886). Ban d nhiét du (hiép dong) tinh dugc bang cach trir mé hinh dit liéu cong tinh

Loewe tir dit liéu dugc hiéu chinh.

Fig.15: Su trc ché sinh trudng té bao & dong té bao Calu6 ung thu phdi té bao
khong nhé (NSCLC) dot bién KRAS bang vi du 18 két hop v6i selumetinib (ARRY-
142886). Ma tran liéu luvong thé hién gia tri (rc ché sinh truéng theo ti 1€ phan traim dugc
14y tir dwdong cong dap tmg liéu luong dugc hidu chinh.

Fig.16: Su wc ché sinh trudng t& bio & dong té bao Calu6 ung thu phdi té bao
khéng nhé (NSCLC) dot bién KRAS bang vi du 18 két hop véi selumetinib (ARRY-
142886). M6 hinh cong tinh Loewe dugc tir duong cong dap tmg lidu lugng don liéu
phap.

Fig.17: Su tc ché sinh trudng té bao & dong té bao Calu6 ung thu phdi té bio
khong nhé (NSCLC) dot bién KRAS bang vi du 18 két hop véi selumetinib (ARRY-
142886). Ban dd nhiét du (hiép ddng) tinh dugc bang cach trir md hinh dit liéu cong tinh
Loewe tir dit liéu dugc hiéu chinh.

MBS ta chi tiét sang ché

Thuét ngit “tby ¥ duogc thé” duge hiéu c6 nghia 13 “dugc thé hoic khong duge |
thé”.

Thuét ngir “alkyl” dwoc sit dung trong ban md ta dé chi ca gdc hydrocarbon no
mach thing va mach nhanh c6 s luong nguyén tir cacbon nhat dinh. Viéc @& cép dén
nhém alkyl cu thé nhu “propyl” chi cu thé d6i véi phién ban mach thing va viéc dé cap
dén nhoém alkyl mach nhénh cu thé nhu “isopropyl” chi cu thé d6i vdi phién ban mach
nhanh.

Vi du vé C,_salkyl 1 metyl, etyl, propyl va isopropyl.

Vi du vé C,4 alkyl bao gdm metyl, etyl, propyl, isopropyl, butyl va terz-butyl.
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Thuét ngir “halogen” hoic “halo” duoc sir dung trong ban mé ta dé chi flo, clo,
brom va iot. Theo phuong an nhét dinh, thuét ngit “halo“ dugc st dung trong ban mo ta
dé chi flo, clo, va brom. Theo phuong 4n nhét dinh, thuat ngir “halo® dugc sir dung trong
ban md ta dé chi flo va clo. Theo phuong an nhét dinh, thuét ngit “halo* dugc st dung
trong ban mo ta dé chi flo. Theo phuong 4n nhét dinh, thuat ngtt “halo* dugc sir dung
trong ban mé ta dé chi clo. Theo phuwong 4n nhét dinh, thuét ngir “halo® dugc sir dung

trong ban md ta dé chi brom.
Theo mdt khia canh, R' 13 hydro, metyl hoic -CH,OMe.
Theo mot khia canh, R' 13 metyl hodc -CH,OMe.
Theo mdt khia canh, R'1a hydro.
Theo mdt khia canh, R! 12 metyl.
Theo mét khia canh, R'13 - CH,OMe.

Theo mot khia canh, R* 13 pyridinyl, tiy ¥ dwoc thé & 1 nguyén tir cacbon trén
vong bﬁng ph?m tir thé doc 14p duogc chon tr nhém bao gfﬁm metyl, diflometyl va
triflometyl; hodc

R? 12 pyrimidinyl, thy ¥ duoc thé & 1 nguyén tir cacbon trén vong bang phan tir thé

doc 1ap dugce chon tir nhém bao gbém metyl, diflometyl va triflometyl; hoic

R’ 13 phenyl tiy ¥ duoc thé & 1 hodc 2 nguyén tir cacbon trén vong bang phan tir
thé doc 13p dugc chon tr nhom bao gEA)m flo, clo, diflometyl, triflometyl, metoxy va -
OCHF,,

Theo mét khia canh, R* 13 pyridinyl, thy ¥ duoc thé & 1 nguyén tir cacbon trén
vong bing phin tir thé doc 1ap duoc chon tir nhém bao gdm metyl, diflometyl va
triflometyl; hoac

R? 13 pyrimidinyl, thy ¥ duoc thé & 1 nguyén tir cacbon trén vong bang triflometyl;
hoac

R” 13 phenyl tiy ¥ duoc thé & 1 hodc 2 nguyén tir cacbon trén vong biang phén tir
thé doc 1ap dugc chon tr nhém bao gém flo, clo, diflometyl, triflometyl, metoxy va -
OCHF,,
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Theo mét khia canh, R? 13 pyridinyl, tiy ¥ dugc thé & 1 nguyén tir cacbon trén
vong bing phan tir thé doc 14p dugc chon tir nhém bao gdm metyl, diflometyl va
triflometyl; hodc

R? 13 pyrimidinyl, tuy ¥ duoc thé & 1 nguyén tir cacbon trén vong bang triflometyl;

hoac

R? 12 phenyl tiy ¥ dugc thé & 1 nguyén tir cacbon trén vong bang phan tir thé doc
1ap duoc chon tir nhém bao gém flo, clo, diflometyl, triflometyl, metoxy va -OCHF,,

Theo mdt khia canh, R* 13 pyridinyl, tuy ¥ dugc thé & 1 nguyén tir cacbon trén
vong bing phan tir thé doc 14p duoc chon tir nhém bao gébm metyl, diflometyl va
triflometyl; hodc

R 13 pyrimidinyl, tby ¥ duoc thé & 1 nguyén tir cacbon trén vong bang triflometyl;

hodc

R* 12 phenyl tiy ¥ duoc thé & 2 nguyén it cacbon trén vong bang phan tir thé doc
1ap dugce chon tir nhém bao gé‘)m flo, clo, diflometyl, triflometyl, metoxy va -OCHF,

Theo mdt khia canh, R? 13 pyridinyl, thy ¥ duoc thé & 1 nguyén tir cacbon trén
vong bing phan tir thé doc l4p dugc chon tir nhém bao gdbm metyl, diflometyl va
triflometyl; hodc

R? 13 pyrimidinyl, ty ¥ duoc thé & 1 nguyén tir cacbon trén vong bang triflometyl;
hodc

R? 12 phenyl tuy ¥ duoc thé & 1 hoic 2 nguyén tir cacbon trén vong bang phén tir
thé doc 1ap dugce chon tir nhém bao gém flo, clo, diflometyl, metoxy va -OCHF,,

Theo mét khia canh, R? 13 pyridinyl, tiy ¥ dugc thé & 1 nguyén tir cacbon trén
vong bang diflometyl; hodc

R? 13 phenyl tuy ¥ duoc thé & 1 hodc 2 nguyén tir cacbon trén vong bang phan tir
thé doc 13p duoc chon tir nhém bao gém flo va clo.

Theo mdt khia canh, R* 13 pyridinyl, tiy ¥ duoc thé & 1 nguyén tir cacbon trén
vong bing phan tir thé doc 14p dugc chon tir nhém bao gbm metyl, diflometyl va
triflometyl. '
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Theo mét khia canh, R* 13 pyridinyl, tuy ¥ dugc thé & 1 nguyén tir cacbon trén

vong bang metyl.

Theo mét khia canh, R* 13 pyridinyl, tuy ¥ dugc thé & 1 nguyén tir cacbon trén
vong bang diflometyl.

Theo mdt khia canh, R* 13 pyridinyl, tuy ¥ dugc thé & 1 nguyén tir cacbon trén

vong bang triflometyl.

Theo mét khia canh, R* 13 pyrimidinyl, thy ¥ duoc thé & 1 nguyén tir cacbon trén
vong bang phan tir thé doc l4p duoc chon tir nhom bao gdm metyl, diflometyl hoic
triflometyl.

Theo mdt khia canh, R? 13 pyrimidinyl, thy ¥ duoc thé & 1 nguyén tir cacbon trén
vong bang metyl.

Theo mot khia canh, R? 13 pyrimidinyl, thy ¥ duoc thé & 1 nguyén tir cacbon trén
vong bang diflometyl.

Theo mét khia canh, R? 13 pyrimidinyl, thy ¥ duoc thé & 1 nguyén tir cacbon trén
vong bang triflometyl.

Theo mdt khia canh, R’1a phenyl tuy v dugc thé & 1 hoic 2 nguyén tir cacbon trén
vong bang phan tr thé doc lap dwoc chon tir nhém bao goém flo, clo, diflometyl,
triflometyl, metoxy va -OCHF,,

Theo mét khia canh, R’1a phenyl tuy y dugc thé & 1 hoac 2 nguyén tir cacbon trén
vong béng phr?ln tr thé doc 1ap dugc chon tir nhém bao gém flo, clo, diflometyl, metoxy
va -OCHF,,

Theo mot khia canh, R*1a phenyl tiy ¥ duoc thé & 1 hoic 2 nguyén tir cacbon trén
vong bﬁng phﬁn tr thé doc 1ap duogc chon tir flo, clo hodc metoxy.

Theo mdt khia canh, R 13 phenyl tiiy ¥ dugc thé & 2 nguyén tir cacbon trén vong
béng pha“m tir thé doc 1ap dugc chon tir nhém bao gém flo, clo va metoxy.

Theo mdt khia canh, R*1a phenyl tiiy ¥ duoc thé & 1 hodc 2 nguyén tir cacbon trén
vong bz"mg phﬁn tir thé doc 1ap dugc chon tir nhém bao gém flo, clo va metoxy.

Theo mét khia canh, R* 13 phenyl tuy ¥ dugc thé & 1 hodc 2 nguyén tir cacbon trén

vong b%mg phan tir thé doc 1ap dugc chon tir nhém bao gém flo va clo.
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Theo mot khia canh, R? 1 phenyl tiy ¥ duoc thé & 1 nguyén tir cacbon trén vong

bang phan tir thé doc 14p dugc chon tir nhém bao gbm flo v clo.

Theo mot khia canh, R? 13 phenyl tiy ¥ duoc thé & 2 nguyén tir cacbon trén vong
bang phén ttr thé doc 13p dugc chon tir nhém bao gdm flo va clo.

Theo mdt khia canh, R* 13 phenyl tity ¥ duoc thé & 1 hoic 2 nguyén tir cacbon trén

vong bang phn tir thé doc 14p dugc chon tir nhém bao gém flo va metoxy.

Theo mot khia canh, R? 13 phenyl tiy ¥ dugc thé & 2 nguyén tir cacbon trén vong

bang phan tir thé doc 14p dugc chon tir nhém bao gém flo va metoxy.

Theo mét khia canh, R* 13 phenyl tily ¥ duoc thé & 1 hodc 2 nguyén tir cacbon trén

vong bang flo

Theo mdt khia canh, R2 13 phenyl tiy ¥ duoc thé & 1 hodc 2 nguyén tir cacbon trén

vong bang clo.

Theo mot khia canh, R*1a phenyl tily ¥ duoc thé & 1 hodc 2 nguyén tir cacbon trén

vong bang diflometyl

Theo mdt khia canh, R* 13 phenyl tiry ¥ dugc thé & 1 hodc 2 nguyén tir cacbon trén
vong bang triflometyl.

Theo mdt khia canh, R*1a phenyl tiiy ¥ duge thé & 1 hodc 2 nguyén tir cacbon trén

vong bang metoxy.

Theo mét khia canh, R*1a phenyl tuy ¥ dugc thé & 1 hodc 2 nguyén tir cacbon trén
vong bang -OCHF,

Theo mot khia canh, R? 13 phenyl tuy ¥ duoc thé & 2 nguyén tir cacbon trén vong
bang flo.

Theo mét khia canh, R* 12 phenyl tiy ¥ duoc thé & 1 nguyén tir cacbon trén vong

bang clo.

Theo mét khia canh, R* 13 6-metylpyridin-2-yl, 4-(diflometyl)pyridin-2-yl, 6-
(diflometyl)pyridin-2-yl, 4-(triflometyl)pyridin-2-yl, 6-(triflometyl)pyridin-2-yl, 2-
(triflometyl)pyridin-4-yl, 2-(triflometyl)pyrimidin-4-yl, 6-(triflometyl)pyrimidin-4-yl, 3-
clophenyl, 3,4-diflophenyl, 3,5-diflophenyl, 3-clo-4-flophenyl, 3-(diflometoxy)phenyl, 3-
(diflometyl)phenyl, 3-metoxyphenyl hodc 4-flo-3-metoxyphenyl.
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Theo mét khia canh, R* 13 6-(diflometyl)pyridin-2-yl, 3-clophenyl, 3,4-diflophenyl
hodc 3,5-diflophenyl.

Theo mdt khia canh, R* 13 6-metylpyridin-2-yl.

Theo mdt khia canh, R? 13 4-(diflometyl)pyridin-2-yl.
Theo mdt khia canh, R? 13 6-(diflometyl)pyridin-2-yl.
Theo mot khia canh, R* 13 4-(triflometyl)pyridin-2-yl.
Theo mdt khia canh, R? 13 6-(triflometyl)pyridin-2-yl.
Theo mdt khia canh, R? 13 2-(triflometyl)pyridin-4-yl.
Theo mdt khia canh, R? 13 2-(triflometyl)pyrimidin-4-yl.
Theo mdt khia canh, R? 13 6-(triflometyl)pyrimidin-4-yl.
Theo mot khia canh, R* 13 3-clophenyl.

Theo mét khia canh, R* 13 3,4-diflophenyl.

Theo mot khia canh, R 13 3,5-diflophenyl.

Theo mot khia canh, R?1a 3-clo—4-ﬂopheny1.

Theo mdt khia canh, R? 13 3-(diflometoxy)phenyl.
Theo mot khia canh, R? 13 3-(diflometyl)phenyl.
Theo mdt khia canh, R’ 1a 3-metoxyphenyl.

Theo mdt khia canh, R’ 1a 4-flo-3-metoxyphenyl.
Theo mdt khia canh, R’1a hydro, metyl hodc clo.
Theo mot khia canh, R* 13 hydro hodc metyl.

Theo mét khia canh, R? 13 hydro.

Theo mot khia canh, R’ 1a metyl.

Theo mot khia canh, R?1a clo.

Theo khia canh khéc, sang ché d& xuét hop chét cé cong thirc (I) hozic mudi dugc

dung cda no, trong do:

R'13 hydro, metyl hozc -CHZOMe;
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R? 1a pyridinyl, tiy ¥ dugc thé & 1 nguyén tir cacbon trén vong bang phan tir thé
déc 1ap dugc chon tir nhém bao gdm metyl, diflometyl va triflometyl; hodc

R? 14 pyrimidinyl, tiy ¥ dugc thé & 1 nguyén tr cacbon trén vong bang phan tir thé
doc 1ap duge chon tir nhém bao gém metyl, diflometyl va triflometyl; hoac

R? 12 phenyl tiy y dugc thé & 1 hoic 2 nguyén tir cacbon trén vong bang phén tir
thé doc 1ap duoc chon tir nhém bao gém flo, clo, diflometyl, triflometyl, metoxy va -
OCHF,; va

R’ 13 hydro, metyl hoic clo.

Theo khia canh khac, sang ché dé xuit hop chét c6 cong thirc (I) hozc mudi duge

dung cda no, trong do:
R'13 hydro, metyl hoic -CH,OMe;

R? 12 pyridinyl, tuy ¥ dugc thé & 1 nguyén tir cacbon trén vong bang phan tir thé

déc 1ap dugce chon tir nhém bao gbdm metyl, diflometyl va triflometyl; hodc

R? 13 pyrimidinyl, tiy ¥ duoc thé & 1 nguyén tir cacbon trén vong bing triflometyl;

hodc

R? 13 phenyl tuy ¥ duge thé & 1 hodc 2 nguyén ti cacbon trén vong bang phan tir
thé doc 1ap dugc chon tir nhém bao g@)m flo, clo, diflometyl, triflometyl, metoxy va -
OCHF,; va

R’ 13 hydro, metyl hoic clo.

Theo khia canh khac, sang ché @& xuat hop chét c6 cong thirc (I) hodc mudi duge

dung cia no, trong do:
R' 13 hydro, metyl hoic -CH,OMe;

R 1 pyridinyl, tiy ¥ duoc thé & 1 nguyén tir cacbon trén vong bing phan tir thé
doc 1ap dugce chon tir nhdm bao gbdm metyl, diflometyl va triflometyl; hodc

R? 13 pyrimidinyl, tiy ¥ duoc thé & 1 nguyén tir cacbon trén vong bang triflometyl;

hodc

R? 13 phenyl tuy ¥ duge thé & 1 nguyén tir cacbon béng phan tir thé doc 1ap dugc
chon tir nhém bao gém flo, clo, diflometyl, triflometyl, metoxy va -OCHF,; va
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R? 13 hydro, metyl hoic clo.

Theo khia canh khac, sang ché dé xuét hop chét c6 cong thire (1) hodc mudi dugc

dung cia no, trong do:
R'1a hydro, metyl hoic -CH,OMe;

R? 13 pyridinyl, thy ¥ duoc thé & 1 nguyén tir cacbon trén vong bang phan tir thé

doc lap duge chon tir nhom bao gbm metyl, diflometyl va triflometyl; hodc

R? 13 pyrimidinyl, tuy ¥ duge thé & 1 nguyén tir cacbon trén vong bang triflometyl;

hoidc

R? 12 phenyl tiy § duogc thé & 2 nguyén ti cacbon trén vong bang phan tir thé doc
1ap dugc chon tir nhém bao gém flo, clo, diflometyl, triflometyl, metoxy va -OCHF;; va

R? 13 hydro, metyl hoic clo.

Theo khia canh khéc, sang ché d& xuét hop chét c6 cong thue (I) hodc mudi duogc

dung cua no, trong do:
R'1a hydro, metyl hozc -CH,OMe;

R? 13 pyridinyl, thy y duoc thé & 1 nguyén tir cacbon trén vong bang phén tir thé
doc 1ap duge chon tir nhom bao gbdm metyl, diflometyl va triflometyl; hodc

R? 13 pyrimidinyl, thy ¥ duoc thé & 1 nguyén tir cacbon trén vong bang triflometyl;

hodc

R? 12 phenyl ty y duoc thé & 1 hodc 2 nguyén tir cacbon trén vong bang phén tir

thé doc 14p duoc chon tir nhém bao gbm flo, clo, diflometyl, metoxy va -OCHF,; va
R? 13 hydro, metyl hoic clo.

Theo khia canh khac, sang ché dé xuit hop chét ¢ cong thic (I) hodc mudi dugc

dung cua no, trong do:
R'! 1 metyl hoac -CH,OMe;

R? 12 pyridinyl, tuy ¥ dugc thé & 1 nguyén tir cacbon trén vong bing diflometyl;

hoac

R” 12 phenyl tuy ¥ dugc thé & 1 hodc 2 nguyén tir cacbon trén vong bang phén tir

thé doc 1ap dugc chon tir nhom bao gom flo va clo; va
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R’ 13 hydro hodc metyl.

Theo khia canh khac, sang ché dé xuét hop chét c¢6 cong thirc (I) hozic mudi dugc

dung cuia no, trong do:
R'1a hydro, metyl hodc -CH,OMe;

R? 13 pyridinyl, tiy ¥ dwoc thé & 1 nguyén tir cacbon trén vong bing phan tir thé
doc 1ap duoc chon tir nhom bao gdm metyl, diflometyl va triflometyl; va

R*1a hydro, metyl hodc clo.

Theo khia canh khac, sang ché dé xuét hop chat c6 cong thie (I) hoic muéi duoc

dung cda no, trong do:
R'1a hydro, metyl hodc -CH,OMe;
R? 14 pyridinyl, tiiy ¥ duoc thé & 1 nguyén tir cacbon trén vong bing metyl; va
R’ 12 hydro, metyl hoic clo.

Theo khia canh khac, sang ché d& xut hop chit cé cong thire (I) hodc mubi duoc

dung ctia né, trong do:
R'1a hydro, metyl hodc -CH,OMEe;
R? 12 pyridinyl, tiy ¥ dwoc thé & 1 nguyén tir cacbon trén vong bang diflometyl; va
R’ 12 hydro, metyl hoic clo.

Theo khia canh khac, sang ché d& xudt hop chét c6 cong thire (I) hoic mudi duoc

dung cta no, trong do:
R' 13 hydro, metyl hodc -CH,OMe;

R? 13 pyridinyl, tuy ¥ dugc thé & 1 nguyén tir cacbon trén vong bang triflometyl;

va
R’ 12 hydro, metyl hoic clo.

Theo khia canh khac, sang ché d& xuit hop chét c6 cong thire (I) hodc mubi duoc

dung cia no, trong do:

R'14 hydro, metyl hoic -CH,0OMe;
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R? 13 pyrimidinyl, tiy ¥ duoc thé & 1 nguyén tir cacbon trén vong bang triflometyl;

va
R? 13 hydro, metyl hoic clo.

Theo khia canh khéc, sang ché dé xuét hop chét ¢ cong thue (I) hodc mudi dugc

dung cua no, trong do:
R'1a hydro, metyl hoidc -CH,OMe;

R? 13 phenyl tiy ¥ dugc thé & 1 hodc 2 nguyén tir cacbon trén vong bang phan tir
thé doc 1ap duoc chon tir nhém bao gdm flo, clo, diflometyl, triflometyl, metoxy va -
OCHF,; va

R? 13 hydro, metyl hoic clo.

Theo khia canh khéc, sang ché d& xuét hop chit c6 cong thize (I) hoic mubi dugc

dung cua no, trong do:
R'13 hydro, metyl hoic -CH,OMe;

R? 13 phenyl tity ¥ duoc thé & 1 hodc 2 nguyén tir cacbon trén vong bang phén tir
thé doc 1ap duoc chon tir nhém bao gdm flo, clo, diflometyl, triflometyl, metoxy va -
OCHF;,; va

R’ 13 hydro, metyl hoic clo.

Theo khia canh khac, sang ché d& xuét hop chét c6 cong thirc (I) hodc mudi dugc

dung cua no, trong do:
R' 13 hydro, metyl hoic -CH,OMe;

R? 12 phenyl tiiy ¥ duoc thé & 1 hodc 2 nguyén tir cacbon trén vong bang phén tir

thé doc 14p dugce chon tir nhdém bao gém flo, clo, diflometyl va metoxy; va
R’ 13 hydro, metyl hoic clo.

Theo khia canh khéc, sang ché dé xuit hop chét c6 cong thire (1) hodc mudi duge

dung cua no, trong do:
R'1a hydro, metyl hodc -CH,OMe;
R? 12 phenyl tiy ¥ duoc thé & 1 hodc 2 nguyén tir cacbon trén vong bang phén tir

thé doc 14p duoc chon tir nhém bao gﬁ‘)m flo, clo va metoxy; va
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R’ 13 hydro, metyl hoic clo.

Theo khia canh khéc, sang ché dé xuét hop chét ¢6 cong thirc (I) hoic mudi duoc

dung cua no, trong do:
- R'12 hydro, metyl hoic -CH,0OMe;

R? 1a phenyl tuy ¥ dugc thé & 2 nguyén tir cacbon trén vong bang phan tir thé doc

1ap dugc chon tir nhém bao gdm flo, clo va metoxy; va
R’ 12 hydro, metyl hodc clo.

Theo khia canh khéc, sang ché dé xuit hop chét c6 cong thire (1) hodc mudi dugc

dung cua no, trong do:
R! 13 hydro, metyl hoac -CH,OMe;

R’ 1a phenyl tuy y duoc thé & 1 hodc 2 nguyén tir cacbon trén vong bang phan tir

thé doc 14p dugce chon tir nhém bao gém flo va clo; va
R? 13 hydro, metyl hoic clo.

Theo khia canh khéc, sang ché dé xudt hop chit c6 cong thirc (I) hoic mubi dugc

dung cua no, trong do:
R'l1a hydro, metyl hodc -CH,OMe;

R? 12 phenyl tuy ¥ dugc thé & 1 hodc 2 nguyén tir cacbon trén vong bang phén tir

thé doc 1ap duge chon tir nhém bao gdm flo va metoxy; va
R? 13 hydro, metyl hoic clo.

Theo khia canh khéc, sang ché d& xuét hop chét ¢ cong thirc (I) hoic mudi duge

dung cia no, trong do:
R'1a hydro, metyl hoic -CH,OMe;

R? 13 phenyl tiy ¥ duoc thé & 2 nguyén tir cacbon trén vong bang phan tir thé doc

14p dugc chon tir nhém bao gE‘)m flo va clo; va
R’ 13 hydro, metyl hoic clo.

Theo khia canh khéc, sang ché d& xuét hop chét ¢ cong thirc (I) hoic mudi duge

dung cua no, trong do:
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R' 13 hydro, metyl hoic -CH,0OMe;

R? 13 phenyl tity ¥ duoc thé & 2 nguyén tir cacbon trén vong bang phén tir thé doc

14p dugc chon tir nhém bao gém flo va metoxy; va
R’ 13 hydro, metyl hoic clo.

Theo khia canh khéc, sang ché dé xuét hop chét c6 cong thic (I) hodc mudi dugc

dung ctia no, trong do:
R'1a hydro, metyl hoac -CH,OMe;

R? 13 6-metylpyridin-2-yl, 4-(diflometyl)pyridin-2-yl, 6-(diflometyl)pyridin-2-yl,
4-(triflometyl)pyridin-2-yl, 6-(triflometyl)pyridin-2-yl, 2-(triflometyl)pyridin-4-yl, 2-
(triflometyl)pyrimidin-4-yl, 6-(triflometyl)pyrimidin-4-yl, 3-clophenyl, 3,4-diflophenyl,
3,5-diflophenyl, 3-clo-4-flophenyl, 3-(diflometoxy)phenyl, 3-(diflometyl)phenyl, 3-
metoxyphenyl hoic 4-flo-3-metoxyphenyl; va

R? 13 hydro, metyl hoic clo.

Theo khia canh khéc, sang ché dé xuit hop chat cé cong thire (I) hodc mudi duoc

dung ctia no, trong do:
R'13 hydro, metyl hoic -CH,OMe;

R*> 13 6-(diflometyl)pyridin-2-yl, 3-clophenyl, 3,4-diflophenyl hodc 3,5-
diflophenyl; va

R’ 13 hydro, metyl hoic clo.

Theo khia canh khac, sang ché dé xut hop chét ¢6 cong thire (I) hoic mubi dugce

dung cuia no, trong do:
R'1a metyl hodc -CH,OMe;

R* 1a 6-(diflometyl)pyridin-2-yl, 3-clophenyl, 3,4-diflophenyl hodc 3,5-
diflophenyl; va

R’ 13 hydro hodc metyl.

Theo khia canh khéc, sang ché d& xuit hop chét c6 cong thire (I) hodc mudi dugc

dung cuia no, trong do:

R' 13 hydro, metyl hozc -CH,OMe;

-17-



36844

R? 13 6-(diflometyl)pyridin-2-yl; va
R’ 13 hydro, metyl hoic clo.

Theo khia canh khac, sang ché d& xuit hop chét c6 cong thire (I) hodc mudi dugc

dung cda no, trong do:
R'12 hydro, metyl hoic -CH,OMe;
R? 13 3-clophenyl; va
R’ 13 hydro, metyl hoic clo.

Theo khia canh khac, sang ché d& xuit hop chét c6 cong thie (I) hodc mudi duge

dung cla no, trong do:
R'13 hydro, metyl hoic -CH,OMe;
R? 13 3,4-diflophenyl; va
R’ 13 hydro, metyl hoic clo.

Theo khia canh khac, sang ché dé xuét hop chét ¢ cdng thuc (I) hodc mubi duge

dung cua no, trong do:
R'13 hydro, metyl hoic -CH,OMe;
R? 14 3,5-diflophenyl; va
R’ 13 hydro, metyl hoic clo.

Theo khia canh khéac, sang ché @& xuét hop chét c6 cong thic (I) hoidc mubi duge

dung cua no, trong do:
R'1a metyl hodc -CH,OMe;
R” 13 6-(diflometyl)pyridin-2-yl; va
R’ 13 hydro hodc metyl.

Theo khia canh khéc, sang ché dé xuit hop chét c6 cong thire (I) hodc mubi duoc

dung cda nd, trong do:
R' 13 metyl hoic -CH,0OMe;
R? 13 3-clophenyl; va
R’ 13 hydro hoic metyl.
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Theo khia canh khéc, sang ché dé xuit hop chét c6 cong thic (I) hodc mudi duge

dung ctia no, trong do:
R'1a metyl hodc -CH,OMe;
R? 13 3,4-diflophenyl; va
R? 13 hydro hodc metyl.

Theo khia canh khéc, sang ché dé xuit hop chét c6 cong thire (1) hodc mudi duge

dung cta no, trong do:

R'1a metyl hodc -CH,OMe;

R? 13 3,5-diflophenyl; va

R’ 13 hydro hodc metyl.

Theo khia canh khéc, séng ché dé xuit mot hoic nhidu vi du cu thé bt ky hoac
mubi dugce dung cta chung. Theo khia canh khéc, sang ché dé xuét vi du cu thé duge mo
ta trong ban mod ta ndy hodic mudi dugc dung ciia no, trong d6 mot hodc nhiéu vi du bt
ky bi loai trir. Theo khia canh khéc, séng ché dé xuit hop chit duoc chon tir:

2-(2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-metylpyridin-2-
yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;

(S)-7-(3-clobenzyl)-6-metyl-2-(2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-
y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;

(S)-7-(3-clo-4-flobenzyl)-6-metyl-2-(2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;

(S)-7-(3,4-diflobenzyl)-6-metyl-2-(2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-
4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;

2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;

(S)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-(3,4-
diflobenzyl)-6-metyl-6,7-dihydroimidazol[ 1,2-a]pyrazin-8(5H)-on;

(S)-2-(5-clo-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-(3-
metoxybenzyl)-6-metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
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(8)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6-metyl-7-((2-
(triflometyl)pyrimidin-4-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-
(diflometyl)pyridin-2-yl)metyl)-6-metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(8)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6-metyl-7-((6-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6-metyl-7-((6-
metylpyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
7-(3-clo-4-flobenzyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-
yl1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
7-(3-clobenzyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-
6,7-dihydroimidazo[ 1,2-alpyrazin-8(5H)-on; |
7-(3-(diflometyl)benzyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5/)-on;
- 7-((6-(diflometyl)pyridin-2-yl)metyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5/)-on;
(R)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-
metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-
on;
(R)-7-(3-clobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5/)-on;
(S)-7-(3-clobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(8)-7-(3,4-diflobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(8)-7-(3-(diflometyl)benzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
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(S)-7-(3,5-diflobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-7-(3-metoxybenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-7-(4-flo-3-metoxybenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-metyl-2-(5-metyl-2-((1-metyl- 1 7-
pyrazol-5-yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-6‘-metyl-2-(5 -metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-y1)-7-((2-
(triflometyl)pyrimidin-4-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-y1)-7-((6-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-7-(3-(diflometoxy)benzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5 H)-on;
(S)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-y1)-7-((4-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-6-metyl-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((2-
(triflometyl)pyridin-4-yl)metyl)-6,7-dikydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-7-((4-(diflometyl)pyridin-2-yl)metyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-
pyrazol-5-yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-6-metyl-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-y1)-7-((6-
(triflometyl)pyrimidin-4-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
7-(3,4-diflobenzyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-
yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;

(R)-6-metyl-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
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(R)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-
pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;

(R)-7-(3-(diflometyl)benzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-
pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;

(R)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-
y1)-7-((6-(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;

(R)-7-(3,5-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on; va

(R)-7-(3-metoxybenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;

hodc mubi duge dung cia ching.

Theo khia canh khac, séng ché d& xuit hop chét dugc chon tir:

San phdm cong hop axit etansulfonic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-
(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-
a]pyrazin-8(5H)-on; va

San phidm cong hop axit adipic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-
metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-
a]pyrazin-8(5H)-on.

Theo khia canh khéc, sang ché dé xudt hop chit duge chon tir:
(S)-7-(3-clobenzyl)-6-metyl-2-(2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-
y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-7-(3,5-diflobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on; va
(S)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-
pyrazol-5-yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;

hodac mudi dugc dung ctia chung.
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Theo khia canh khac, sang ché @& xuét (S)-7-(3-clobenzyl)-6-metyl-2-(2-((1-
metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-

on; hodc muoi duge dung ctia nd.

Theo khia canh khac, sang ché dé xuat (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-
(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-

a]pyrazin-8(5H)-on; hodc mudi dugc dung ctia né.

Theo khia canh khéc, sang ché dé xuét (S)-7-(3,5-diflobenzyl)-6-metyl-2-(5-metyl-
2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-

&(5H)-on hoac mubi dugc dung ctia né.

Theo khia canh khéc, sang ché d& xuét (S)-7-((6-(diflometyl)pyridin-2-yl)metyl)-
6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-

dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on; hoic mubi dugc dung ctia no.

Theo khia canh khéc, sang ché dé xuét hop chét ciia vi du 18 hoic san phém cong

hop dugc dung cia no.

Mot sb hop chit c¢6 cong thire (I) c6 tim bat ddi xémg va s& nhan ra rang hop chét
cd cong thue (I) nay co thé duoc didu ché, duge phén 1ap va/hodc dugce cung cép véi su
c6 mit hodc khdng cé mait, ngoai ra, cia mot hoic nhiéu 2 chit déng phéan d6i anh c6 thé
¢6 khéc ciia hop chit c6 cong thire (I) & i 18 twong déi bit ky. Viéc didu ché hop chét
duoc 1am giau ddng phan dbi anh/ tinh khiét vé ddng phan ddi anh c6 thé dugc thuc hién
bé‘tng cac k¥ thuét tiéu chudn ctia héa hoc hitu co ma da duge biét 16 trong linh vuc, vi du
bing cach téng hop tir nguyén liéu bt ddu dugc lam gidu dong phan d6i anh hoac tinh
khiét v& ddng phan ddi anh, viéc sir dung chét xuc tic duoc 1am gidu dong phan déi anh
hodc tinh khiét v& ddng phan dbi anh thich hop trong qua trinh tong hop, va/hodc bang
c4ch phan giai hdn hop triét quang hoic dugc 1am gidu mot phan cia chét déng phén lap

thé, vi du thong qua sic ky bt dbi xtng.

Dé sir dung trong linh vuc duge c6 thé wu tién @ xuat hop chét c6 cong thirc (I)
hodc mubdi dugc dung ciia chiing ma khéng c6 luong 16n ciia cac dang ddng phan 1ap thé
khac c6 mat.

Theo d6, theo mot phuong 4n, sang ché dé xuét ché phdm chira hop chit cé cong

thire (I) hoac mubi duge dung cua ching, tiy ¥ cing véi mot hodc nhidu dang déng phan
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1ap thé khac ctia hop chat c6 cong thirc (I) hodc mudi dugc dung ciia nd, trong d6 hop
chét c6 cong thire (I) hodc mudi duge dung ctia chiing c6 mit & trong ché pham véi @6 du

ddng phan dbi anh (Y%ee) bang > 90%.
Theo phuong 4n khéc, %ee trong ché phdm néu trén 13 > 95%.
Theo phwong 4n khac, %ee trong ché pham néu trén 13 > 98%.
Theo phuong 4n khéc, %ee trong ché phdm néu trén 13 > 99%.

Theo phuong 4n khéc sang ché dé xuat dugc pham chtra hop chat c6 cong thirc (I)

hodc mudi duoc dung cia no, két hop véi chét pha lodng hoic chit mang duogc dung.

Theo mot phwong 4n, sang ché @& xudt dugc pham chira hop chat-cé cong thirc (1)
hodc mubi duge dung cia no, két hop véi chét pha losng hodic chit mang dugc dung, tiy
¥ con chira mdt hodc nhiéu dang ddng phan 13p thé khéc ctia hop chét c¢6 cong thire (I)
hodc mubi duge dung cia nd, trong d6 hop chét c6 cong thire (I) hodc mudi duoc dung

cta ching ¢6 mit & trong ché phdm véi d6 du dong phan ddi anh (%ee) bang > 90%.
Theo phuong 4n khéc, %ee trong ché phim néu trén 13 > 95%.
Theo phwong 4n khéc, %ee trong ché pham néu trén 13 > 98%.
Theo phuong 4n khéc, %ee trong ché phim néu trén 13 > 99%.

Hop chét ¢ cong thire (I) va mudi duge dung ciia ching c6 thé duoc diéu ché,
dugc st dung hodc dugce cung cﬁp & dang v6 dinh hinh, dang tinh thé, hoac dang ban Két
tinh va hop chét ¢ cong thire (I) da néu bat ky hodc mudi dugc dung ctia chiing ¢6 thé co
kha nang dugc tao thanh nhiéu hon mét dang tinh thé/ da hinh, bao g@)m hydrat hoéa (vi du
ban hydrat, mono-hydrat, di-hydrat, tri-hydrat hodc héa hoc lugng phap khac ctuia hydrat)
va/hoic dang solvat héa. Can hiéu ring sang ché bao ham dang rin nhu vy bét ky va tat
ca cac dang rin nhu vay cia hop chat c6 cong thirc (I) va mudi dugc dung ctia chung.

Theo phuwong 4n khac sang ché dé xuat hop chat c6 cong thire (I), ma thu duge
bing phuwong phap dugc md ta trong phan “Vi du thuc hién séng ché” duéi day.

Sang ché dugc du dinh 13 bao gém tAt ca cac chét di")ng vi cla cac nguyén tr ¢
mat trong hop chit nay. Can hiéu ring chit déng vi bao gdbm cac nguyén tir ¢6 cung sO
nguyén tir nhung c¢6 sé khdi khac. Vi du, cac dong vi ctia hydro bao gbm triti va doteri.

Céc ddng vi ciia cacbon bao gdm *C va '*C.
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Mudi duge dung thich hop ciia hop chit c¢6 cong thirc () 13, vi du, mudi cong hop

axit.

Mubi duge dung thich hop khéc ctua hop chét c6 cong thac (I) 1a, vi du, mudi tao
thanh & trong co thé ngudi hodc dong vat sau khi st dung hop chét c6 cong thire (I) cho

co thé cua nguodi hodc dong vat nay.

Mubi duge dung thich hop ciia hop chat c6 cong thie (I) cling c6 thé 13, vi du,
mubi cong hop axit ciia hop chat c6 cong thie (I), vi du mudi cong hop axit véi axit vo
co hodc axit hitu co nhu axit hydrocloric, axit hydrobromic, axit sulphuric hodc axit
trifloaxetic. Mudi duge dung cta hop chét ¢é cong thirc (I) cling c6 thé 12 mubi cong hop
axit v6i axit nhu mot trong cac axit sau: axit axetic, axit adipic, axit benzen sulfonic, axit
benzoic, axit xinamic, axit xitric, axit D,L-lactic, axit etan disulfonic, axit etan sulfonic,
axit fumaric, axit L-tartaric, axit maleic, axit malic, axit malonic, axit metan sulfonic, axit
napadisylic, axit phosphoric, saccharin, axit sucxinic hodc axit toluen sulfonic (nhu axit
p-toluensulfonic). Cin hiéu rang mubi duoc dung ctia hop chét c6 cong thirc (I) tao thanh

mot khia canh cta sang ché.

Hop chét c6 cong thirc (I) ¢6 thé duge diéu ché dudi dang dang ran dong tinh thé.
Dé tranh sy khong 5 rang, dong tinh thé st dung dé chi chét rin ma 13 nguyén liéu pha
don két tinh bao gdm hop chét c6 cong thirc (I) va it nhit 13 mot phan tir va/hodc hop chit
ion khac, dugc d& cap dén trong ban mo td nay duéi dang thanh phin ddng ciu tao,
thuong 6 ti 1€ ty lugng, ma khong phai 1a solvat hay mubdi don. Thudong néi r'clmg., néu hop
chét c6 cong thie (I) va thanh phin dong ciu tao cua né c6 ApKa (pKa (bazo) - pKa
(axit)) > 1, s& c6 su chuyén proton dang ké din dén sy ion hoa va su tao thanh mudi co
tiém ning trai nguoc v6i dong tinh thé. Mt khac, néu hop chit c6 cong thirc (I) va thanh
phén ddng ciu tao ctia n6 c6 ApKa (pKa (bazo) - pKa (axit)) < 1, s& ¢6 it hon su chuyén
proton dang ké. Néu tiéu chudn nay dugc dép tng, thuc thé hop chat-thanh phan dong
cAu tao cin dugc phén loai 12 ddng tinh thé. Trong dong tinh thé, phan tir hop chét va
ddng cAu tao twong tac bang lién két hydro va c6 thé 12 bing twong tac khong cong héa tri

khéc. C6 thé luu ¥ ring ban than ddng tinh thé c6 thé tao thanh solvat, bao gdbm hydrat.

Ddng tinh thé duge dung cia hop chit c6 cong thirc (I) c6 thé 13, vi du, ddng tinh
thé axit adipic hodc axit fumaric. CAn hiu ring dong tinh thé dugc dung cta hop chét ¢

cong thic (I) tao thanh theo mot khia canh khac, sing ché.
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Cén hiéu rang thuat ngt “san phdm coéng hop”, nhu dugc md ta & ddy, bao ham ca
mudi duoc dung va dong tinh thé dugc dung ctia hop chit c6 cong thire (I). Ngudi c6
hidu biét trung binh trong linh vuc nay c6 thé xac dinh duoc liéu mudi hoic déng tinh thé
¢6 dugc tao thanh dua trén su khac biét & pKa ciia hop chét va thanh phan déng ciu tao
ctia né nhu dugc mo ta néu trén. Theo mot khia canh, san phdm cong hop 13 mudi. Theo

khia canh khac, san phém cong hop 1a déng tinh thé.

Thong thudng, & day viéc dé cap dén “mudi dugce dung cia hop chat cé cong thirc
(D)” (hodc mdt trong nhidu Vi du) theo phuwong 4n hoic khia canh bat ky can duoc hiéu 13
bao gdm hop chit c6 cong thire (I) (hodc mét hoic nhiéu vi du bét ky tuong tng) dugc
thé hién dudi dang déng tinh thé duogc dung hoac nhiéu thuong dugc mo ta 1a (duge

dung) san phdm cdng hop, trir khi ngit canh doi hoi nghia khac.

Thuat ngit “ddng tinh thé dugc dung ciia hop chét c6 cong thic (I)” can dugc hiéu
12 str dung dé chi ddng tinh thé tao thanh gifta hop chét c6 cong thirc (I) va dbi ion (thanh
phin ddng cAu tao) duoc dung. Tuong tu, thudt ngit “san phim cong hop dugc dung ctia
hop chét ¢ cong thirc (I)” can durge hiéu 13 sir dung @ chi san phim cong hop (mubdi
hodc ddng tinh thé) tao thanh gitra hop chét c6 cong thire (I) va dbi ion (thanh phin dong

chu tao) dugc dung.

San pham cdng hop axit etansulfonic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-
(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-
a]pyrazin-8(5H)-on, dugc d& cap dén trong ban mb ta ndy dudi dang Dang 1, dic trung &
chd tao ra it nhat 13 mot trong céc gia tri 20 sau day duoc do béng cach s dung buc xa
CuKoa: 23,3val6,7.

San phdm cdng hop axit etansulfonic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-
(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-
a]pyrazin-8(5H)-on, dang 1, dic trung & chd tao ra phd nhidu xa bot tia X, vé co ban nhu
duoc thé hién trén Fig.1. Muoi dinh nhiéu xa bot tia X dugc thé hién trong Bang 1:

Bang 1: Mudi dinh nhifu xa bot tia X dbi véi san phdm cong hop axit
etansulfonic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-
pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on & dang
1

-26-



36844

Goc 2-theta Cwong do
(20) (%)
23,3 100
16,7 72
21,6 67
13,6 67
7,3 47
19,6 37
25,8 33
28,1 32
14,5 25
11,0 24

Sang ché @ xuét dang tinh thé ciia san phdm cong hop axit etansulfonic (R)-7-
(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5/H)-on.

Sang ché dé xudt dang tinh thé, san phdm cong hop axit etansulfonic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5/)-on, dang 1, co phd nhidu xa bot tia X véi
it nhat 13 mot dinh dic trung & khoang 2-theta = 23,3°.

Sang ché @ xuét dang tinh thé, san phdm cdng hop axit etansulfonic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on, dang 1, c6 phd nhiéu xa bot tia X véi
it nhat 13 mot dinh dic trung & khoang 2-theta = 16,7°.

Sang ché dé xudt dang tinh thé, sin phdm cong hop axit etansulfonic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on, dang 1, c6 phé nhifu xa bot tia X véi
it nhét 13 hai dinh dic trung & khoang 2-theta = 23,3° va 16,7°.

Sang ché dé xudt dang tinh thé, sin phdm cong hop axit etansulfonic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on, dang 1, co phd nhidu xa bot tia X véi
dinh dic trung & khoang 2-theta = 23,3, 16,7, 21,6, 13,6, 7,3, 19,6, 25,8, 28,1, 14,5, 11,0°.

Sang ché d& xudt dang tinh thé, san phdm cong hop axit etansulfonic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on, dang 1, co phd nhidu xa bot tia X vé
co ban twong tw nhu phd nhidu xa bt tia X dugc thé hién trén Fig.1.
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Sang ché d& xut dang tinh thé, san phim cdng hop axit etansulfonic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on, dang 1, cé phd nhidu xa bot tia X véi
it nhét 12 mot dinh dic trung & 2-theta = 23,3° cong hoic trir 0,2° 2-theta.

Sang ché d& xuit dang tinh thé, san phim cdng hop axit etansulfonic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-
4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on, dang 1, cé phd nhidu xa bot tia X véi
it nhit 13 mot dinh didc trung & 2-theta = 16,7° cdng hodc trr 0,2° 2-theta.

Sang ché d& xuit dang tinh thé, san phim cong hop axit etansulfonic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-
4-yN-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on, dang 1, ¢ phd nhidu xa bot tia X véi
it nhit 12 hai dinh dic trung & 2-theta = 23,3° va 16,7° trong d6 cac gi4 tri ndy c6 thé 13
cOng hodc trir 0,2° 2-theta.

Sang ché dé xuit dang tinh thé, san phdm cong hop axit etansulfonic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((-metyl-1H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on, dang 1, co phd nhidu xa bot tia X véi
dinh dic trung & 2-theta = 23,3, 16,7, 21,6, 13,6, 7,3, 19,6, 25,8, 28,1, 14,5, 11,0° trong

d6 céc gia tri nay c6 thé 1a cong hodc trir 0,2° 2-theta.

Phén tich DSC cia san phdm cong hop axit etansulfonic (R)-7-(3,4-diflobenzyl)-6-
(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on, dang 1, cho thdy su thu nhiét néng chay véi su
bét ddu & 203,8°C va dinh & 204,6°C (Fig.2).

Do d6 phan tich DSC cho thdy san phim cong hop axit etansulfonic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on, dang 1, la chét rin c6 nhiét d6 néng
chay cao v6i su bt diu nong chay & khoang 203,8°C va dinh & khoang 204,6°C.

San phim cong hop axit adipic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-
metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-
a]pyrazin-8(5H)-on, dugc dé cap dén trong ban mé ta nay dudi dang Dang 1, d4c trung &
chd tao ra it nhét 12 mot trong cac gia tri 20 sau day dugc do béng cach sir dung buc xa

CuKoa: 8,6 vao9,8.
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San phdm cdng hop axit adipic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-
metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-
a]pyrazin-8(5H)-on, dang 1, dic trung & chd tao ra phé nhiéu xa bot tia X, vé co ban nhu
duoc thé hién trén Fig.3. Mudi dinh nhiu xa bot tia X dugc thé hién trong Bang 2:

Béang 2:

Mudi dinh nhidu xa bot tia X déi v6i san phdm cong hop axit adipic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on ¢ dang 1

Goc 2-theta | Cwong do
(26) (%)
8,6 100
9,8 58
17,8 18
6,3 13
10,3 13
25,8 12
19,1 11
22,8 11
25,1 11
13,2 11

Sang ché d& xudt dang tinh thé ciia sin phdm cong hop axit adipic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on.

Sang ché d xuit dang tinh thé, san phim cong hop axit adipic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-
4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on, dang 1, ¢ phé nhidu xa bot tia X véi
it nhét 12 mot dinh dic trung & khoang 2-theta = 8,6°.

Sang ché @ xuit dang tinh thé, san phdm cong hop axit adipic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on, dang 1, c6 phd nhidu xa bot tia X véi
it nhét 12 mét dinh dic trung & khoang 2-theta = 9,8°.

Sang ché @ xuit dang tinh thé, san phadm cong hop axit adipic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on, dang 1, c6 phd nhidu xa bot tia X véi
it nhat 13 hai dinh dic trung & khoang 2-theta = 8,6° va 9,8°.
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Sang ché @ xuit dang tinh thé, san phidm cong hop axit adipic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on, dang 1, ¢ phd nhidu xa bot tia X véi
dinh dic trung & khoang 2-theta = 8,6, 9,8, 17,8, 6,3, 10,3, 25,8, 19,1, 22,8, 25,1, 13,2°.

Sang ché dé& xuit dang tinh thé, san phidm cong hop axit adipic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on, dang 1, c6 phd nhidu xa bot tia X vé
co ban tuong tu nhu phé nhiéu xa bot tia X duoc thé hién trén Fig.3.

Séng ché @& xuit dang tinh thé, san phdm cong hop axit adipic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on, dang 1, c6 phd nhidu xa bot tia X véi
it nhat 13 mot dinh dic trung & 2-theta = 8,6° cong hoic trir 0,2° 2-theta.

Sang ché @ xuit dang tinh thé, san phdm cdng hop axit adipic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on, dang 1, c6 phé nhiéu xa bot tia X véi
it nhét 13 mot dinh dic trung & 2-theta = 9,8° cong hodc trir 0,2° 2-theta.

Séng ché d& xuit dang tinh thé, san phdm cong hop axit adipic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on, dang 1, c6 phé nhiéu xa bot tia X véi
it nhét 13 hai dinh dic trung & 2-theta = 8,6° va 9,8° trong d6 cac gia tri nay c6 thé 1a cong
hoic trir 0,2° 2-theta.

Sang ché @ xuit dang tinh thé, sian phdm cong hop axit adipic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on, dang 1, c6 phé nhidu xa bot tia X véi
dinh dic trung & 2-theta = 8,6, 9,8, 17,8, 6,3, 10,3, 25,8, 19,1, 22,8, 25,1, 13,2° trong d6
c4c gi tri nay cé thé 13 cong hodc trir 0,2° 2-theta.

Phan tich DSC cua san phidm cdng hop axit adipic (R)-7-(3,4-diflobenzyl)-6-
(metoxymetyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on, dang 1, cho thdy su thu nhiét néng chay véi su
bét d4u & 185,4°C va dinh & 186,2°C (Fig.4).
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Do d6 phén tich DSC cho thiy san phim cong hop axit adipic (R)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on, dang 1, 13 chat rin c6 nhiét d6 néng
chay cao v6i su bt diu & 185,4°C va dinh & 186,2°C.

Khi néi ring sng ché dé cap dén dang tinh thé cta san phdm cong hop axit
etansulfonic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-
pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]Jpyrazin-8(5H)-on, dang I,
va/hoic dang tinh thé cua san phdm cong hop axit adipic (R)-7-(3,4-diflobenzyl)-6-
(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on, dang 1, do két tinh thudng 13 16n hon khoing
60%, théng thuong hon nira 13 16n hon khoang 80%, t5t hon 1a 16n hon khoang 90% va
t5t hon nita 1a 16n hon khoang 95%. Tét nhét 13, mirc 4 két tinh 1én hon khoang 98%.

San phdm cong hop axit etansulfonic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-
(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-
a|pyrazin-8(5H)-on, dang 1, tao ra phd nhidu xa bot tia X vé co ban twong ty nhu phd
nhidu xa bot tia X duge thé hién trén Fig.1 va c6 mudi (gié tri goc 2-theta) dugc thé hién
trén Bang 1. San phdm cong hop axit adipic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-
(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-
a]pyrazin-8(5H)-on, dang 1, tao ra phd nhifu xa bot tia X vé co ban twong tw nhu phd
‘nhiéu xa bot tia X duoc thé hién trén Fig.3 va c6 mudi (gia tri goc 2-theta) duoc thé hién
trén Bang 2. Can hiéu_réng céc gid tri 2-theta ciia phd nhidu xa bét tia X ¢ thé thay ddi
mot chut gifta thiét bi nay véi thiét bi kia hoac gifta mau ndy véi mau kia, va do dé cac
gia tri dua ra khong dugce hiéu 13 tuyét d6i chinh xAc.

D3 biét réng ¢6 thé thu duoc phé nhiéu xa bot tia X c6 mdt hodc nhiéu sai s6 do
tuy thudc vao didu kién do (nhu thiét bi hoic thiét bi moc duge st dung). Cu thé 13, d3
biét ring cudng do trong phd nhiéu xa bot tia X cb th dao dong tiy thudc vao diéu kién
do. Do d6 cin hiéu ring san phdm cong hop axit etansulfonic (R)-7-(3,4-diflobenzyl)-6-
(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on, dang 1, theo sang ché khong bi gii han & céac
tinh thd ma tao ra phd nhifu xa bot tia X trong tr nhu phd nhiéu xa bot tia X dugc thé
hién trén Fig.1, va tinh thé bét ky tao ra phd nhiéu xa bot tia X vé co ban turong tu nhu
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mAu duge thé hién trén Fig.1 nim trong pham vi ctia sing ché. Ngoai ra, can hiéu ring
san phidm cdng hop axit adipic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-
((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-
8(5H)-on, dang 1, theo sang ché khong bi gi¢i han & céc tinh thé ma tao ra phd nhifu xa
bot tia X twong tu nhu phd nhidu xa bot tia X dugc thé hién trén Fig.3, va tinh thé bat ky
tao ra phé nhiéu xa bot tia X vé& co ban tuong tu nhu mau duoc thé hién trén Fig.3 nam
trong pham vi ctia sang ché. Nguoi ¢ hiéu biét trung binh trong linh vurc nhifu xa bot tia
X c6 thé danh gia su giéng nhau thyuc chit ciia cac phd nhiéu xa bot tia X.

Ngudi ¢6 hiéu biét trung binh trong linh virc nhiu xa bot tia X s& hiéu ring cudng
d6 tuong dbi ctia cac dinh c¢6 thé bi anh hudng béi, vi du nhu, cac hat c6 kich thuéce trén
30 micromet va ty 16 cac mat khong ddng nhét, c6 thé anh hudéng dén sy phan tich mau.
Ngudi ¢6 hiéu b_iét trung binh trong linh vuc ndy ciing s& hiéu ring vi tri phan xa c6 thé
bi &nh hudéng béi chiéu cao chinh x4c ma tai 6 mau nim trong nhidu xa ké va su dinh c&
bang khong ciia nhiéu xa ké. Tinh phing bé mit ciia miu ciing ¢6 thé c6 anh huéng nho.
Do d6 dir liéu mau nhiéu xa duogc thé hién khéng dugc léy duédi dang gia tri tuyét dbi.
(Jenkins, R & Snyder, R.L. ‘Introduction to X-Ray Powder Diffractometry’ John Wiley
& Sons 1996; Bunn, C.W. (1948), Chemical Crystallography, Clarendon Press, London;
Klug, H. P. & Alexander, L. E. (1974), X-Ray Diffraction Procedures).

Nin chung, sai s6 do ciia goc nhidu xa trong biéu d6 nhidu xa bot tia X bang x4p xi
codng hodc trir 0,2° 2-theta, va mc d6 sai sd do nay phai duoc tinh dén khi xem xét phd
nhiéu xa bot tia X trén Fig.1 va khi doc Bang 1. Ngoai ra, can hiéu rang cudong d6 c¢6 thé
dao dong tuy thudc vao diéu kién thi nghiém va su diéu ché mau (su dinh huéng duge uu
tién).

Dang tinh thé b4t ky ma tao ra biéu dd nhidu xa XRPD hoic biéu db nhiét DSC vé
co ban twong ty nhu dang tinh thé dugc boc 19 trong ban md ta nay, nim trong pham vi
ctia sang ché. Ngudi ¢ hiéu biét trung binh trong linh vuc ndy cé kha ning xac dinh sy

giong nhau thuc chat cia cac biéu do nhicu xa, pho va biéu do nhiét.

Céc diéu kién phuong phap XRPD va DSC duge md ta trong ban md ta nay trong
phin Vi du thuc hién sang ché.

Cén hiéu ring tién duogc chit dugc dung thich hop ciia hop chét c6 cong thirc (I)
ciing tao thanh mot khia canh ctia sang ché. Theo do, hop chit theo sang ché co thé duoc
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sit dung & dang tién dugc chéit, ma 12 hop chit ma bi pha vd trong co thé ngudi hodc
dong vat dé giai phong hop chét theo sang ché. Tién duge chét c6 thé duoc sir dung dé
lam thay dbi tinh chét vat Iy va/hodc tinh chit duoc dong hoc ctia hop chét theo sang ché.
Tién duge chét c6 thé duoc tao thanh khi hop chét theo sang ché chtra nhém hoic phén t
thé thich hop ma nhém Iam thay ddi tinh chit c6 thé dwoc gin vio. Vi du vé tién dugc
chét bao gdm cac din xult este hodc amit c6 thé phan cit dugc in-vivo ¢ thé duge tao

thanh & nhém carboxy trong hop chit c¢6 cong thirc (I).

Theo d6, mét khia canh cia sang ché bao gdm cac hop chit ¢ cong thirc (I) nhu
dirge x4c dinh néu trén khi dugc 1am cho ¢6 sin biang cach tong hop hitu co va khi duoc
lam cho ¢6 sin & trong co thé ngudi hodc dong vat bang cach phén cat tién duoc chét cia
ching. Theo d6, sang ché bao gdm cac hop chét cé cong thie (I) ma duge san xuit bing
cach tdng hop hitu co va ciing nhu 13 hop chit ma duoc san xuit trong co thé ngudi hoidc
dong vat bang su chuyén héa clia hop chét tién chit, ma 13 hop chét c6 cong thie (I) c6
thé 13 hop chét duge san xuit bang cach tdng hop hodc hop chét duge san xuét bang cach

chuyén hoa.

Tién duge chit dugc dung thich hop cta hop chét c6 cong thire (I) 13 chit ma dua
trén danh gia y t& hop 1y 1a thich hop dé st dung cho co thé nguoi hodc dong vat ma

khéng c6 hoat tinh dugc Iy khong mong mudn va khong giy doc qua mic.

Céc dang khéc nhau cua tién dugc chit da duge mo ta, vi du trong cac tai liéu sau
day: |

a)Methods in Enzymology, Vol. 42, p. 309-396, edited by K. Widder, et al.
(Academic Press, 1985);

b)Design of Pro-drugs, edited by H. Bundgaard, (Elsevier, 1985);

c)A Textbook of Drug Design and Development, edited by Krogsgaard-Larsen

and

H. Bundgaard, Chapter 5 “Design and Application of Pro-drugs”, by H.
Bundgaard p. 113-191 (1991);

d)H. Bundgaard, Advanced Drug Delivery Reviews, 8, 1-38 (1992);

e)H. Bundgaard, et al., Journal of Pharmaceutical Sciences, 77, 285 (1988);
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f)N. Kakeya, et al., Chem. Pharm. Bull., 32, 692 (1984);

g)T. Higuchi and V. Stella, “Pro-Drugs as Novel Delivery Systems”, A.C.S.

Symposium Series, Volume 14; va

h)E. Roche (editor), “Bioreversible Carriers in Drug Design”, Pergamon Press,
1987.

Tién dugc chat duge dung thich hop cia hop chét ¢ cong thirc (I) c6 nhém
carboxy 13, vi du, este c6 thé phan cit dugc in-vivo ciia chung. Este ¢6 thé phéan cit dugc
in-vivo cia hgp chét c6 cobng thirc (I) chira nhém carboxy 13, vi du, este dugc dung ma
duge phan cat trong co thé ngudi hodc dong vat dé tao ra axit me. Este duogc dung thich
hop dbi véi nhém carboxy bao gdm (1-6C)alkyl este nhu metyl, etyl va tert-butyl, (1-
6C)alkoxymetyl este nhu metoxymetyl este, (1-6C)alkanoyloxymetyl este nhu
pivaloyloxymetyl este, 3-phthalidyl este, (3-8C)xycloalkylcarbonyloxy-(1-6C)alkyl este
nhu xyclopentylcarbonyloxymetyl va 1-xyclohexylcarbonyloxyetyl este, 2-oxo-1,3-
dioxolenylmetyl este nhu 5-metyl-2-ox0-1,3-dioxolen-4-ylmetyl este va (1-
6C)alkoxycarbonyloxy-(1-6C)alkyl este nhu metoxycarbonyloxymetyl va 1-

metoxycarbonyloxyetyl este.

Tién dugc chit duge dung thich hop ciia hop chét c¢6 cong thirc (I) c6 nhém

carboxy 12 vi du nhu amit ¢6 thé phan cit duoc in-vivo nhu

N-Cy_¢alkyl va N,N-di-(C,_salkyl)amit nhu N-metyl, N-etyl, N-propyl, N,N-dimetyl,
N-etyl-N-metyl hodc N, N-dietylamit.

Hiéu qua in-vivo ctia hop chat c6 cong thire (I) c6 thé dugc gdy ra mot phan béi
mot hodc nhiéu chit chuyén héa ma duoc tao thanh & trong co thé ngudi hodc dong vat
sau khi st dung hop chét c6 cong thire (I). Nhu néu & trén, hidu qua in-vivo cua hop chat
c6 cong thirc (I) ciing c6 thé dugc gy ra bdi su chuyén hoa ciia hop chat tién chét (tién

duoc chat).

Dé tranh su khong r6 rang can hiu rang trong ban md ta nay khi mot nhém duoc
néu 13 “dugc xac dinh & trén” hodc “dugc xac dinh trong ban md t4 nay” thi nhom nay
bao ham dinh nghia xuat hién dau tién va rong nhat cling nhu 1a mdi va tit ca cac dinh

nghia thay thé ctia nhém dé.



36844

Theo mdt khia canh khéc, sang ché dé xuit quy trinh diéu ché hop chat c6 cong
thie (1), hodc mubi duge dung ciia né. Quy trinh thich hop duge minh hoa bang cac bién
thé quy trinh dai dién sau day trong do, trir khi ¢6 chi din khéc tir R' dén R? c6 nghia bat
ky dwoc xac dinh & trén. Cac nguyén lidu bit ddu can thiét c6 thé thu dugc bang cac quy
trinh tiéu chudn cta hoa hitu co hodc ¢ sin trén thi trudng. Viée diéu ché cac nguyén
lidu bat ddu nay duoc mb ta két hop véi cac bién thé quy trinh dai dién sau ddy va trong
cac vi du kéem theo. Theo cach khac, cac nguyén liéu b4t dau can thiét co thé thu duoc
bang cac quy trinh twong tu d6i v6i cac quy trinh duge minh hoa ma thude k§ ning thong

thudng ctia nha héa hoc hitu co.

1
N
/kN/
- R3 __NI ~ R3
N N
| |
L1J\N \N\ 30, n2 (I HN)‘N \N\> {O R2
N N~ = AN N N~
—( .y —
R! R!

Hop chit c6 cong thire (I) ¢ thé dige diéu ché tir hop chét cé cong thic (I0),
trong d6 L' 12 nhém doi chuyén thich hop (nhu halogen, hoic -SO,Me, v.v.), bang phan
g v6i hop chét ¢ cong thie (XII), trong d6 P! 13 hydro, vé6i bazo thich hgp (nhu NaH,
Na,COs3, Cs,CO;3 hodc K,CO;3) trong dung méi thich hop (nhu N, N-dimetylformamit hogc
N, N-dimetylaxetamit) hodc trong su ¢6 mit ctia chét xuc tac Pd va phdi tir phosphin thich
hgp v6i bazo thich hop (vi du Cs,COs) trong dung mdi thich hop (nhu dioxan), trong diéu
kién nhiét d6 méi trudng hodc nhiét d ting (nhu dat duge bang cach gia nhiét hodc bang
cach chiéu xa vi séng). Theo cach khéc, hop chat c6 cong thire (I) co thé dugc diéu ché tir
hop chit c6 cong thice (IT), trong d6 L' 12 nhém doi chuyén thich hop (nhu halo, hoic -
SO,Me, v.v.), bang phan tng v6i hop chét c6 cong thire (XII), trong d6 P! 12 nhém thich
hop khéng phai 1a hydro (nhu formyl hodc trifloaxetamit) véi bazo thich hop (nhu NaH,
Na,CO;, Cs,CO; hoic K,CO;) trong dung moi thich hop (nhu N, N-dimetylformamit hodc
N, N-dimetylaxetamit) hogc trong su ¢6 mit ciia chit xuc tac Pd va phéi tir phosphin thich
hop vaGi bazo thich hop (vi du Cs,CO;3) trong dung méi thich hop (nhu dioxan), trong

diéu kién nhiét d6 tang (nhu dat duoc bang cach gia nhiét hoic br:fmg cach chiéu xa vi
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song), sau do6 1a su loai bo nhém bdo vé p! trong su ¢6 mit ciia bazo thich hop nhu natri

hydroxit trong dung mo6i thich hop va nudce.

Hidu r3 ring hop chit c6 cong thirc (I) c6 thé dugc bién doi thanh hop chét c6
cong thirc (I) khac bing cach st dung didu kién da biét 16 trong linh vuc.

Hop chét c6 cong thire (XII) ¢6 san trén thi trudng hoic da biét r3 trong linh vurc.

(i (I

Hop chét c6 cong thirc (II) c6 thé duge didu ché tir hop chét c6 cong thire (IIT),
trong d6 L' 13 nhém doi chuyén thich hop (nhu Cl hodc -SO,Me), bang phan g véi hop
chit c6 cong thire (XIII) trong d6 L 13 nhém doi chuyén thich hgp (nhu halogen, hodc -
0SO,Me, -Tos, v.v.), trong sy c6 mét cia bazo thich hop (nhu natri hydrua hodc K,CO;)
va dung méi thich hgp (nhu N, N-dimetylformamit). '

Hop chét ¢ cong thire (XIII) ¢6 sin trén thi truong hodc di biét rd trong linh vuc.

i )N\ & Rs
(X) S N (o)
= >_< 2
\ N N
R1

(I

Theo cach khac hop chét c6 cong thie (II) c6 thé dugc diéu ché tir hop chét c6
cong thirc (VI), trong d6 R* 13 nhém alkyl (nhu metyl hoic etyl), bang phan Gng véi hop
chit c6 cong thire (X) trong su ¢6 mit ctia chat phan tmg khir thich hop (nhu NaBH;CN)
va dung mo6i thich hop (nhu tetrahydrofuran) sau d6 la diéu kién lactam hoa tiép theo
trong dung moi thich hgp (nhu MeOH) véi bazo thich hgp (nhu amoniac), hodc véi chét
xuc tac axit Lewis (nhu trimetyl nhoém).

Hop chét c6 cong thirc (X) ¢6 sén trén thi truong hodc di biét 5 trong linh vuc.
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Hop chét c6 cong thire (II) trong d6 L' 13 tién chat di véi nhém doi chuyén thich
hop (nhu-SMe, v.v.) c6 thé dugc diéu ché tir hop chit c6 cong thirc (V), trong d6 L’1a
nhém kim loai thich hop (nhu trimetyl stannane, v.v.), bing phin Gng véi hop chét co
cdng thie (XI) trong d6 L*1a nhom doi chuyén thich hop (nhu halo, hodc OSO,CF3),
trong éu c6 mit cta chit xtic tic Pd va phdi tfrbphosphin thich h(j*p trong dung mdi thich
hop (nhu hdn hop ctia N,N-dimetylformamit, dimetoxyetan, nuge va etanol) trong didu

kién thich hgp nhu gia nhiét ho#c trong binh phan tng vi séng.

Hop chat c¢6 cong thire (XI) ¢6 san trén thi truong hodc da biét rd trong linh vuc.

RZ
|_4)
L2_N O (XIV) L2_N O
\>_ < \>_< RZ
\E NH N | N—
R' R’
(VII) V)

Hop chét c6 cong thie (V), trong d6 R' 13 hydro hodc nhém alkyl (nhu metyl), cé
thé duoc didu ché tir hop chét c6 cong thirc (VII), bang phan tg véi hop chét c6 cong
thirc (XIV) trong d6 L* 13 nhém doi chuyén thich hgp (nhu halo, hoic OSO,CFy3), trong
su ¢6 mat cta bazo thich hgp (nhu natri hydrua hodc K,CO;) va dung méi thich hgp (nhu

N, N-dimetylformamit hodc axeton).

Hop chét c6 cong thie (XIV) ¢6 sin trén thi truong hodc da biét rd trong linh vue.
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Hop chét c6 cong thire (VI), trong d6 R* 13 nhém alkyl (nhu metyl hoic etyl), c6
thé duoc diéu ché tir hop chat c6 cong thirc (VIII), bang phan tmg véi hop chét c6 cong
thitc (XV), trong d6 L’ 12 nhém doi chuyén thich hop (nhu halo,

-OSO,Me hoac -OSO,CF3) va P? 12 nhém bao vé thich hop (nhu -Boc), hodc hop
chét ¢6 cong thirc (XVI) trong d6 P? 12 nhém béo vé thich hop (nhu -Boc), trong su ¢6
mit ctia bazo thich hgp (nhu natri hydrua hodc K,COs) trong dung moi thich hop (nhu
dioxan hodc MeCN) trong diéu kién nhiét 46 mdi trudng hodc nhiét dd ting (nhu dat
duge bang cach gia nhiét hodc bang cach chiéu xa vi song); trong trudng hop ma hop
chét cé cong thirc (XVI) duge st dung c6 thé can phai loai bd axit sulfamic trung gian
trong diéu kién axit trong nuéc (nhu HCI) trong dung méi thich hop (nhu etanol). Nhém
bao vé P° 6 thé dugc loai bé khoi hop chét ¢ cong thirc (XV) va (XVI) bang cach sir
dung axit thich hop (nhu HCI) trong dung mdi thich hop (nhu dioxan hodc etanol), trong
didu kién nhiét d6 mdi truong. Hop chét c6 cong thirc (VI) c6 thé dugc phan 1ap dudi

dang mudi, nhu mudi hydroclorua hodc dihydroclorua.

Hop chét c6 cong thirc (XV) va (XVI) ¢6 sin trén thi trudng hoic da biét 1 trong
Iinh vuec.

Phan tmg ciia hop chat c6 cong thire (VIII) véi hop chét ¢ cong thie (XVI) dé
didu ché hop chit c6 cong thire (VI) 12 méi va tao ra theo mot khia canh khéc, sing ché.

Do d6, theo khia canh khéc, sang ché @ xuét quy trinh didu ché hop chét c6 cong
thae (VI), quy trinh nay bao gbm:

a) phan Umg cua hgp chét c6 cong thire (VIII) véi hop chét c6 cong thirc (XVI)
trong su ¢6 mat cia bazo thich hgp trong dung moi thich hop, trong diéu kién nhiét do

mdi truong hodc nhiét do tang;
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N7

PN
(@) N'P3 N/ RS

R1 L1)\N‘ N O
(XVI) > | ) or¢

(Vi) (V1)
trong d6 R' va R? duoc x4c dinh d6i v6i hop chét c6 cong thirc (1) néu trén;
L' 12 nhém doi chuyén hoic tién chit d6i v6i nhém doi chuyén;
P’ 13 nhém bao v¢; va
R* 13 nhém alkyl; va

b) thy ¥, axit sulfamic trung gian dugc loai bod trong didu kién axit trong nuéc

trong dung moi thich hop; va

¢) loai bo nhém bao vé p’ trong su ¢6 mit cla axit thich hgp trong dung mdi thich

hop, ¢ nhiét d¢ mai trudong.
Theo mét phuong an, L' 13 -SMe hoiic halogen.
Theo mot phuong an, L' 13 -SMe hogc Cl.
Theo mdt phuong an, R* 13 nhém alkyl.
Theo mdt phwong an, R* 13 C,_4 alkyl.
Theo mdt phuong an, R* 13 metyl hoic etyl.
Theo mdt phuong an, R* 12 metyl.
Theo mdt phuong 4n, R* 13 etyl.
Theo mot phuong an, bazo thich hop 1a natri hydrua hodc K,CO;,
Theo mot phuong an, bazo thich hop 1a natri hydrua.

Theo mot phuong 4n, phan Ung cua hgp chét c6 cong thire (VIII) véi hop chat ¢6
cong thirc (XVI) dugc thyc hién trong dioxan hodc MeCN.

Theo mot phuong an, phan Ung cta hgp chét c6 cong thire (VIII) v6i hop chat c6
cbng thirc (XVI) dugce thuc hién trong dioxan.
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Theo mot phuong &n, phan tmg cua hop chét c6 cong thirc (VIII) vé6i hop chét cé
cbng thirc (XVI) duge thuc hién trong MeCN.

Theo mot phuong 4n, phan Gmg ciia hop chat cé cong thire (VIII) véi hop chét c6
cbng thirc (XVI) dugc thuc hién ¢ nhiét 4o ¢ khoang 20°C.

Theo mot phuong &n, phan Umg cua hop chét ¢ cong thirc (VIII) véi hop chét c6
cbng thirc (XVI) duge thyuc hién ¢ nhiét 4o 18-25°C.

Theo mét phuong 4n, phan tng ctia hop chit c6 cong thirc (VII) véi hop chét c6
cong thirc (XVI) dugce thuc hién & nhiét 4§ > 20°C.

Theo mdt phuong 4n, phan tmg ctia hop chét cé cong thirc (VIII) véi hop chét c6
cong thirc (XVI) dugce thuc hién & nhiét d§ >50°C.

Theo mét phuong an, phan Umg cia hop chét ¢ cong thirc (VIII) véi hop chét cé
cbng thirc (XVI) dugce thuc hién ¢ nhiét 4o >80°C.

Theo mot phuong &n, phan mg cua hgp chét c¢6 cong thirc (VIII) v6i hop chét c6
cbéng thic (XVI) dugce thuc hién ¢ nhiét 4§ >85°C.

Theo mot phuong 4n, phan &g ctia hop chét cé cong thirc (VIII) véi hop chét c6
cbng thirc (XVI) dugce thyc hién & nhiét 46 >85°C va <100°C.

Theo mét phuong 4n, phan tmg cta hop chat cé cong thirc (VIII) véi hop chét c6
cong thirc (XVI) dugce thuc hién & nhiét 46 <100°C.

Theo mot phuong 4n, phan Umg cua hop chit c¢6 cong thirc (VIII) v6i hop chét co
cbng thirc (XVI) dugc thyce hién ¢ nhiét do >80°C va <110°C.

Theo mdt phuong an, phan Ung cta hop chit c6 cong thirc (VIII) v6i hop chét co
cong thirc (XVI) duge thuc hién & nhiét 4o <110°C.

Theo mét phuong an, axit trong nude thich hop 1a HCL

Theo mot phuong an, viée loai bo axit sulfamic trung gian dugc thuc hién trong

etanol.
Theo mot phuong 4n, P? 13 -Boc.
Theo mot phuong &n, bazo thich hop 1a K,CO;,

Theo mot phuong an, axit thich hgp 1a HCI.
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Theo mot phuong an, viéc loai bé nhom bao vé p’ dugc thuc hién trong dioxan

hoac etanol.
Theo mdt phuong an, viéc loai béd nhém bao vé P? dugce thuc hién trong etanol.
Theo mdt phuong an, viéc loai béd nhém bao vé P? duge thue hién trong dioxan.
Theo mot phuong an, viéc loai bé nhém bao vé P? 12 & nhiét do 18-25°C.
Theo mdt phuong &n, viéc loai béd nhém bao vé P? 12 & nhiét d 22-28°C.
Theo mdt phuong én, viéc loai béd nhém bao vé P? 14 & nhiét d6 & khoang 20°C.

Theo mot phuong an, viéc loai bdé nhém béo vé P? 14 & nhiét do & khoang 25°C.

R3
N RS
OH 7
Lo BN O L1)\N L° l N o
© \E\}—{ ) ) LN ¢
N4 OR N OR*
P N
H
(IX) (VIIN)

Hop chit c6 cong thirc (VIII) trong d6 L' 1a nhém doi chuyén thich hop (nhu
halogen, hoidc ~-SO,Me, v.v.) c6 thé dugc didu ché tir hop chét c6 cong thie (IX), trong d6
R* 13 nhém alkyl (nhu metyl, v.v.) va P* 13 nhém bao vé (nhu SEM) bang phan tng véi
hop chét c6 cong thire (XVII) trong d6 L’ 12 nhém doi chuyén thich hop (nhu halo, hoic
0OSO,CF;), trong su ¢6 mit cta chat xuic tac Pd va phdi tir phosphin thich hop, véi bazo
thich hop (nhu xesi carbonat) trong dung méi thich hop (nhu hén hgp cua dioxan va
nli(’wc), trong diéu kién thich hop (nhu gia nhiét hozc trong binh phan tng vi séng).

Hop chit c6 cong thire (I)X c6 thé duge diéu ché bing phuong phap di biét ro
trong linh vuc.

N/
BRGYY

N NH

1

)
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Hop chit c6 cong thire (IIT) ciing c6 thé dugc diéu ché tir hop chét c6 cong thirc
(VI) trong d6 R* 13 nhém alkyl (nhu metyl hodc etyl) bang cach xir ly bang bazo thich
hop (nhu amoniac) trong dung méi thich hgp (nhu MeOH).

Khi mudi duge dung ctia hop chét c¢6 cong thirc (I) 13 can thiét c¢6 thé thu dugc

bang, vi du, phan Gmg ctia hop chit nay véi axit thich hop hoic bazo thich hop.

Khi tién duoc chat duge dung cta hop chét c6 cong thie (I) 1a can thiét, co thé thu
duoc bang cach sir dung quy trinh théng thudng. Vi du, este c6 thé phan cit dugc in-vivo
ctia hop chét cé cong thire (I) c6 thé thu duoc bang, vi du, phan ting ctia hop chat c6 cong
thirc (I) chira nhém carboxy véi ruou duge dung. Thong tin thém vé tién duoc chit da

duogc néu & trén.

Ciing rd rang rang trong mot s6 phan tng néu & trén c6 thé can hodc mong mubn
bao vé nhom nhay cam bit k¥ trong hop chat. Céc truong hop ma su bao vé 14 can thiét
hodc mong mudn, va phuong phap bao vé thich hop, 13 da biét ddi v6i ngudi c6 hiéu biét
trung binh trong linh virc ndy. Nhém béo vé thong thudng c6 thé duge sir dung theo thuc
hanh tiéu chuin (xem minh hoa trong tai liéu T.W. Green, Protective Groups in Organic
Synthesis, John Wiley and Sons, 1991). Do d6, néu céc chit phan tng bao gdm nhém
nhu amino, cacboxy hoic hydroxy, thi cé thé mong mudn bao vé nhém nay trong mot s6

phéan tng néu trong ban mo ta nay.

Nhém bao vé thich hop ddi véi nhém amino hoic alkylamino 13, vi du, nhém axyl,
vi du nhom alkanoyl nhu axetyl, nhém alkoxycacbonyl, vi du nhém metoxycacbonyl,
etoxycacbonyl ~hodc  #butoxycacbonyl, nhém arylmetoxycacbonyl, vi du
benzyloxycacbonyl, hoic nhém aroyl, vi du benzoyl. Piéu kién khtr bao vé ddi vi nhom
bao vé néu trén can thay ddi theo su lra chon nhém bao vé. Do d6, vi du, nhém axyl nhu
nhém alkanoyl hoic nhém alkoxycacbonyl hoic nhém aroyl ¢6 thé dugc loai bé vi du,
bang cach thiy phan vé6i bazo thich hop nhu kim loai kiém hydroxit, vi du lithi hodc natri
hydroxit. Theo cach khac nhém axyl nhu nhém #-butoxycacbonyl c6 thé dugc loai bo, vi
du, bang cach xir Iy bing axit thich hop nhu axit clohydric, axit sulphuric hoic axit
phosphoric hodc axit trifloaxetic va nhom arylmetoxycacbonyl nhu nhoém
benzyloxycacbonyl c6 thé duoc loai bo, vi du, b%lng cach hydro héa qua chét xuc tac nhu
paladi-trén-cacbon, hoic bang cich xir Iy bing axit Lewis vi du bo tris(trifloaxetat).

Nhém bao vé thay thé thich hgp dbi véi nhém amino bac mdt 13, vi dy, nhém phthaloyl
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c6 thé duoc loai bd biang cach xir ly bang alkylamin, vi du dimetylaminopropylamin,

hodc bing hydrazin.

Nhém bao vé thich hop ddi véi nhém hydroxy 13, vi du, nhém axyl, vi du nhém
alkanoyl nhu axetyl, nhém aroyl, vi du benzoyl, hodc nhém arylmetyl, vi du benzyl. Diéu
kién khir bao vé ddi v6i nhém bao vé néu trén can thay ddi theo su lua chon nhém béao
vé. Do d6, vi du, nhém axyl nhu nhém alkanoyl hodc aroyl c6 thé dugc loai bé, vi du,
bing cach thiy phan bang bazo thich hop nhu kim loai kiém hydroxit, vi du lithi hozc
natri hydroxit. Theo cach khac nhém arylmetyl nhu nhém benzyl c6 thé duoc loai bo, vi

du, bang cach hydro héa qua chat xuc tac nhur paladi-trén-cacbon.

Nhom bao vé thich hop dbi véi nhom cacboxy 13, vi du, nhém este hda, vi du
nhém metyl hoic etyl c6 thé duoc loai bd, vi du, bing cach thity phin bang bazo nhu
natri hydroxit, hodc vi du nhém #butyl c6 thé dugc loai bo, vi du, bing cach xir Iy bing
axit, vi du axit hitu co nhu axit trifloaxetic, hodc vi du nhém benzyl c6 thé duoc loai bé,
vi du, bang cach hydro hoéa qua chét xuc tac nhu paladi-trén-cacbon.

Nhom bao vé c6 thé duoc loai bo & giai doan thuan tién bat ky trong qua trinh tong
hop bang céch sir dung cac k§ thuat théng thuong da biét rd trong linh virc hoéa hoc.

Céc hop chét trung gian nhit dinh (vi du, hop chét c6 cong thac (DI, III, IV, V, VI
va VII, cu thé 1a Céng thirc IT va VI) duge xac dinh trong ban md ta ndy 13 méi va ching
duoc dé xudt dusi dang cac diu hidu khac ciia sang ché.

Thit nghiém sinh hoc

Céc thir nghiém sau day duoc sir dung dé danh gia hiéu qua cia cac hop chit theo

sang ché.
Xt Iy hop chit

T4t c& cac hop chit hosic DMSO (dimetyl sulphoxit) cho cac thir nghiém Po Khéi
phd ERK2 va A375 phospho-p90RSK dugc phan tan tir cac dia ngudn chira hop chit &
10 mM trong DMSO 100% (thé tich/thé tich) hoic DMSO 100%, truc tiép vao dia thir
nghiém bing cach sir dung thiét bi phan tan Echo 555 Acoustic (Labcyte Inc™). Tuy
thudc vao thir nghiém, hai ché phdm dia riéng r& dugc tudn theo. Trong Tién trinh A, 10
mM nguyén liéu du trir hop chét dugc pha lodng 1:100 bing cach sir dung bo xir 1y dich
16ng Agilent VPrep 96 dau c6 dinh ¢ dinh (Agilent Technologies, Santa Clara, CA) dé
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tao ra bdn dich pha lodng trung gian (10mM, 100uM, 1uM, 10nM). Trong Tién trinh B,
10 mM nguyén liéu du trir hop chat duge pha loing 1:10 bang cach st dung Tecan
Freedom Evo (Tecan Group Ltd., Thuy Si), va sau d6 1:100 bang cach st dung Echo 555
va Labcyte LX dé tao ra ba dich pha lodng trung gian qua ba dia ngudn duoc dinh luong
Labcyte (ImM, 10pM, 100nM). Sau d6 cac dia pha lodng trung gian nay duoc st dung
bang Echo 555 dé tao ra dia hop chét sin sang dé thir nghiém véi khoang lidu luwong 12
diém (10, 3, 1, 0,25, 0,1, 0,03, 0,01, 0,0025, 0,001, 0,0003, 0,0001, 0,0000125uM) dé
tinh I1Cs, cta hop chét, véi téng ndng d6 DMSO trong thir nghiém bang 1%. Dbi vai thir
nghiém Po Khéi phé ERK2 Tién trinh B dugc st dung. Déi véi thir nghiém té bao A375
phospho-p90RSK, dia pha loang 1:100 trung gian dugc mo ta trong Tién trinh A duogc sir
dung bing Echo dé 1am phan tan hop chét va DMSO truc tiép vao dia té bao v&i khoang
lidu lwong 12 diém (30, 10, 3,125, 1,25, 0,3, 0,1, 0,03125, 0,0125, 0,003, 0,001,
0,0003125, 0,00003uM) dé tinh ICs, cia hop chét, vai téng néng dd DMSO trong thu
nghiém bang 0,3%.

Su trc ché do khéi phd ERK2 trapidfire ctia thir nghiém xuc tac

Protein ERK2 dugc hoat héa béng MEK U911 duogc biéu hién va dugc tinh ché
ndi bg. Cac dung dich enzym va co chét dugc tao thanh trong chit dém thir nghiém bao
gbm 50 mM Tris (d6 pH 7,5), 10 mM MgCI2, 0,1 mM EGTA (axit etylen glycol
tetraaxetic), 10mM DTT (dithiothreitol) va 0,01% (thé tich/thé tich) CHAPS (3-[(3-
Cholamidopropyl)dimetylammonio]-1- propansulfonat). 1,2 nM protein ERK2 dugc didu
ché trong cht dém thir nghiém va 10uL dugc phén tan vao mdi giéng cta polypropylen,
dia 384 giéng (#781201, Greiner) chita hop chit thir nghiém va hop chét d6i ching tham
chidu. Sau khi @ trude 15 phiit enzym va hop chét & nhiét do phong, 10uL dung dich co
chét duoc bd sung bao gdbm 16 pM Frktide (IPTTPITTTYFFFK, #61777, AnaSpec) va
120 uM ATP (adenosin triphosphat) (Km dugc do) trong chét dém thtr nghiém. Pé cho
phan ung dién ra trong thoi gian 20 phut & nhiét do phong trude khi duoc 1am ding bang
cach bd sung 80pL axit formic 1% (thé tich/thé tich). Sau d6 dia thir nghiém dugc chay
trén thiét bi do khdi phd RapidFire (Agilent) d&& do ham luong co chét (Erktide khong
duoc phosphoryl héa) va san phim (Erktide dugce phosphoryl héa). Dit liéu duge phan
tich va IC50 (ndng dd rc ché nira 16n nhat) duge tinh bing cach sir dung phin mém

Genedata Screener®.



36844

Thir nghiém té bao A375 phospho-p90RSK

Thir nghiém t& bao phospho-p90RSK duoc thuc hién & dong té bao A375, u
melanin 4c tinh & ngudi cé dot bién BRAF lam diéu hoa ting qua trinh MAPK va, do do,
ham lugng ndi sinh cia phospho-ERK va phospho-p90RSK ting 1€n. Té bao A375 duoc
nudi cdy trong méi trudong t& bio bao gbm DMEM (méi truong Eagle dugc cai bién
Dulbecco), Huyét Thanh Thai Bo 10% (thé tich/thé tich) va L-Glutamin 1% (thé tich/thé
tich). Sau khi thu hoach, t& bao dugc phan tan vao dia Costar 384 giéng, mau den (#3712,
Corning) dé tao ra 2400 t& bao mdi giéng trong tong thé tich bang 40pL mdi trudng té
bao, va dugc U qua dém & nhiét d6 37°C, d6 4m twong ddi 90% va CO, 5% trong thiét bi
U quay. Hop chat thir nghiém Vé d6i chtng tham chiéu duogc st dung liéu luong truc tiép
vao dia té bao bang cach st dung thiét bi phan tan Labcyte Echo 555 acoustic. Sau d6 dia
t& bao dugc 1 trong thdi gian 2 gio & nhiét 46 37°C trude khi duge cd dinh bing cach bd
sung 20pL formaldehyt 12% trong PBS/A (ndng dd cubi cling 4%), sau d6 13 a & nhiét do
phong trong 20 phut, va sau d6 2x rira bing 150pL PBS/A (nudc mubi dém phosphat
chira albumin) bing cach sir dung thiét bi rira dia BioTek ELx405. Té bao dugc thim hoa
bang 20uL Triton X-100 0,1% trong PBS/A trong thdi gian 20 phiit & nhiét do phong, va
sau d6 rira 1x bing 100puL PBS/A. Khang thé don dong thé phospho-p90RSK (Thr359)
(DIE9) so cip (#8753, Cell Signaling Technology) duoc pha lodng 1:1000 trong chat
dém thir nghiém (Tween 0,05% (thé tich/thé tich), Huyét Thanh Thai Bo 5% (thé tich/thé
tich), trong PBS/A), 20uL duoc bd sung vao mdi giéng, va dia duge G & nhiét d6 4°C qua
dém. Rira dia té bao 2x bang 200uL PBS/T (nuéc mudi dém phosphat chira Tween-20),
sau d6 20pL dich pha loing 1:500 trong chat dém thir nghiém khang thé thtr clp cua dé
khang IgG cua tho Alexa Fluor® 647 (#A31573, Molecular Probes, Life Technologies),
véi dich pha loang 1:5000 cia Hoechst 33342, dugc bd sung cho mdi giéng. Sau khi 1 90
phit & nhiét d6 phong, rira dia 2x bang 200pL PBS/T, va bd sung 40uL PBS/A cho mdi
giéng. Pia té bao dd nhuém mau dugc ddy bing céi bit nip mau den, va sau d6 doc trén
nén tang chup anh Cellomics ArrayScanTM VTI (Thermo Scientific), bang cach str dung
bd loc XF53 v6i vat kinh 10x, véi thiét 1ap ngudn sang LED dé phan tich su bit mau
nhan bing Hoechst 33342 (405nm) va su bit mau khang thé thir cAp cta phospho-
p90RSK (647nm). Dit liéu dugc phan tich va IC50 dugc tinh bing cach sit dung phan

mém Genedata Screener®.
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Hop chit dugc yéu cau bao ho trong ban md ta nay thudng cb hoat tinh enzym

trong thir nghiém néu trén <0,5 mM, nhu <0,2 mM.

Dir liéu sau ddy duoc tao ra cho cac Vi du (dir liéu dudi day co thé 13 két qua tir thi
nghiém don 1& hodc gié tri trung binh cta hai hodc nhiéu thi nghiém; su bién ddi tir dir
lidu duoc thé hién trong cac don ma don nay yéu cau hudng quyén wu tién tir d6 13 do sy

13p lai thém cua thir nghiém gay ra su thay d6i nhé & gia tri trung binh):

Vidy | ICsoEnzym dokhoi | ICs te bao p90RSK
: pho ERK? (uM) (uM)
1 0,0174 17
2 0,0007 0,086
3 0,0005 0,081
4 0,0018 0,63
5 0,002 0,11
6 0,0006 0,025
7 0,0005 0,038
8 0,0011 021
9 0,0005 0,19
10 0,0011 0,055
11 0,0008 0,15
12 0,0006 0,003
13 0,0003 0,012
14 0,0003 0,024
15 0,0006 0,15
16 0,0011 0,12
17 0,0009 ~0,0052
18 0,0006 0,0057
18a 0,0006 0,0074
19 0,0005 0,0053
20 0,0004 0,038
21 0,0006 0,011
22 0,0008 0,019
23 0,0006 0,04
24 0,0005 0,084
25 0,0007 0.13
26 0,0011 0.2
27 0,0008 0,077
28 0,0005 0,11
29 0,0009 0,13
30 0,0007 0.2
31 0,0008 0,14
32 0,0009 0,099
33 0,0008 0,031
35 - 0,093
36 0,0014 0,051
37 0,0007 0,064
38 0,0007 0,008
39 0,0018 0,070
40 0,0011 0,032
41 0,0015 0,130
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Hop chét cia cac vidu 1, 2, 3, 4, 6,7, 9, 10, 11, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27 va 28 da dugc thé hién 1a ¢6 do chon loc 16n hon it nhét 13 500 1an déi véi
ERK2 so v6i MEK trong thir nghiém ADP-Glo Tu Phosphoryl Héa MEK du6i day.

Thir nghiém ADP-Glo tu phosphoryl héa MEK

Protein MEK d3 hoat héa duoc cung cép bdi MRC-PPU (DU911, Dundee, Vuong
Qudc Anh) hodc duge bidu hién va dugc tinh ché ndi bo. Thir nghiém MEK duge thuc
hién véi Kit Thir nghiém Kinaza ADP-Glo™ (Promega, Madison, WI, My), trong dia thé
tich thdp mau tring 384 giéng Greiner. 2uL protein MEK da hoat hoa 6 nM, trong chét
dém tht nghiém bao gém 50 mM Tris (d6 pH 7,5), 10 mM DTT, 0,1 mM EGTA,
Tween20 0,01% thé tich/thd tich va 10 mM MgCl,, dugc phén tan vio mdi giéng ciia dia
chtra hop chét thir nghiém va hop chit déi chimg tham chiéu. Sau khi 0 trudc 15 phut
enzym va hop chét ¢ nhiét do phong, 2l dung dich co chét duoc bd sung bao gdm
20uM ATP (Kypapp ) trong chit dém thir nghiém. Dé cho phan tmg thir nghiém dién ra
trong thoi gian 90 phut ¢ nhiét d¢ phong trude khi 1am dimg phéan g bang cach bd sung
2uL chét phan ung ADP-Glo. Sau d6 day dia va u trong thoi gian 40 phit ¢ nhiét do
phong. Sau d6 bd sung 4pL Chét Phan Ung Phat Hién kinaza va & dia trong thoi gian 30
phut, trude khi doc tin hiéu phat quang bang thiét bi doc dia PHERAstar (BMG Labtech
GmbH, Offenburg, Dic).

Nghién ctru két hop
Nguyén li€u va phuong phap
A549 13 dong ung thu phdi té bao khong nhé & ngudi mang dot bién gen giy ung

thu trong gen KRAS (G12S). Chudt céi trui 1ong (Harlan, Vuong Québc Anh) dugc ciy

dudi da (s.c.) & sudn trai, véi 5x10° A549 € bao (ATCC) cho mdi con chudt.

Theo ddi su phat trién khéi u bang cach do bing thudc cap hai 1dn mdi tudn va
tinh thé tich bang cach sir dung cong thirc elip (pi/6 x chidu rong x chidu rong x chiéu
dai). Khi khéi u dat dén thé tich bing ~200-300mm” cc con v4t dugc chia ngdu nhién
vao cac nhom gé)m 7-11 con va duoc diéu tri v6i ché do Kkét hop lién tuc cda selumetinib
(ARRY-142886) 25 mg/kg BiD va Vi du 18a 25 mg/kg QD (bbn gitr sau liéu selumetinib
thir nhét), ca hai duoc sir dung liéu lugng theo dudng miéng. Do thé tich khéi u hai lan

mdi tuan sau khi bat dau st dung liéu lugng.
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Selumetinib dugc tao ché phdm trong HPMC/Tween (Methocel [hydroxypropyl
methoxenluloza] 0,5%/ Polysorbate 80 0,1%), khudy hén dich qua dém. Vi du 18a dugc
tao ché phim trong 10% DMSO, 90% dung dich kleptose 40% (Kleptose c6 ngudn gbe tir
Roquette -Pharma [Trademarked] hydroxypropyl betaxyclodextrin - thich hgp dé str dung

in-vivo va tao ché pham).

Su e ché phat trién khéi u bing vi du 18a két hop vé6i chat trc ché MEK

(selumetinib)

Céc nghién ctru dugce thuc hién trong mo6 hinh ghép ngoai lai A549. St dung lidu
luong selumetinib hai 1dn mdi ngdy (BiD) cach nhau 8 gio va sir dung lidu lugng Vi du
18a mot 1in mdi ngay (QD) 4 gid sau lidu lurgng selumetinib thir nhit. Ca hai hop chét
duge st dung lidu Iugng lién tuc trong 3 tudn. C4 hai t4 duoc 1ong dugc st dung liéu
lugng trong nhém ta dugce 10ng. Ca selumetinib va Vi du 18a déu 1am giam su phét trién
khéi u twong ddi so v6i dbi chitng chi sir dung ta dugc 1ong (duge thé hién trén Fig.5). Su
két hop cia selumetinib cong v6i Vi du 18a din dén su giam hon nita cua sy phat trién

khoi u, v6i bang chirng vé su thodi trién & mat s6 con vat.
Cac nghién ctru két hgp - trc che phat trién t€ bao
Cac dong t€ bao va di€u tri

A549 12 dong ung thu phdi t& bao khong nhé & ngudi mang dot bién gen gy ung
thu trong gen KRAS (G12S). H2122 la dong ung thu phdi té bao khong nhé & nguoi
mang dot bién gen gdy ung thu trong gen KRAS (G12C). H2009 1a dong ung thu phéi té
bao khong nhé & ngudi mang dot bién gen giy ung thu trong gen KRAS (G12A). Calu6
12 dong ung thu phdi té bao khéng nhé & ngudi mang dot bién trong gen KRAS (G13K).
T4t ca cac dong té bao déu thu dugc tr Ngan hang gidng va vi sinh vat Hoa Ky
(American Type Culture Collection).

Tét ca cac dong té bao duoc duy tri & nhiét d6 37 °C va CO, 5% trong khi quyén
duge 1am 4m va sinh truéng trong mdi trudng sinh truéng RPMI-1640 ¢ bd sung FBS
10% va 2mmol/L glutamin. D6 twong dong cia tht ca cac dong té bao duoc x4c nhan
bang cach sir dung phan tich doan Iap nbi tiép ngan nhu duge mo ta truée day (Davies
BR, Greenwood H, Dudley P, et al: Preclinical pharmacology of AZD5363, an inhibitor

of AKT: Pharmacodynamics, antitumor activity, and correlation of monotherapy activity
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with genetic background. Mol Cancer Ther 11(4):873-87, 2012). Hoa tan hop chét trong
DMSO dén ndng @6 bang 10mmol/L va hru trit trong diéu kién khi nito.

Xéc dinh sy sinh trudng té bao

CAy té bao trong dia day trong, mau den 384 giéng (Greiner Bio-One, Stonehouse,
Vuong Qubc Anh), nudi ciy trong thoi gian 18-24 gid va xtt ly bang ndng d6 ting din
ciia vi du 18 va selumetinib (0 - 10 pmol/L) trong chit nén lidu lugng 6x6. Ciy té bao &
ndng d6 sao cho té bao trong cac giéng chura xtr Iy ¢6 dd hop luu xap xi 80% khi két thuc
thir nghiém. Sau khi xr 1y 3 ngay, x4c dinh s6 luong té bao sdng biang cach st dung diém
cubi Sytox Green nhir duge mo ta trude day (“Davies BR, Greenwood H, Dudley P, et al:
Preclinical pharmacology of AZD5363, an inhibitor of AKT: Pharmacodynamics,
antitumor activity, and correlation of monotherapy activity with genetic background. Mol
Cancer Ther 11(4):873-87, 2012”). Mot cach van tat, thubc nhudm axit nucleic Sytox
Green (Invitrogen) dugc pha lodng trong chit dém TBS-EDTA dugc bd sung vao té bao
& ndng dd cubi ciing bang 0,13 pmol/L va s lugng té bao chét duoc phat hién bang cach
s dung Acumen Explorer (TTP Labtech, Melbourn, Vuong Qudc Anh). Sau d6 té bao
duoc thAm hoa bang cach bd sung qua dém saponin (néng do cubi cing 0,03%, dugc pha
lodng trong chit dém TBS-EDTA) va téng s& dém té bao dugc do. Sau d6 xac dinh sd
dém t€ bao sbng bang cach trir di s6 huong té bao chét mdi giéng tir téng s té bao. Cac
phép do trude khi st dung lidu lrgng dwgc thuc hién dé chi ra sb lugng té bao sdng khi
bét dau thi nghiém va do do chi ra ché d6 diéu tri c6 din dén su chét té bao hay khong.
Dir lidu duge thé hién dudi dang % sinh trudng bang cach st dung cong thire NCI nhu
sau; '

{[(Ti-Tz)/(C-Tz)] x 100} + 100, dbi véi cac gia tri ma Ti>/=Tz dbi v6i nd

{[(Ti-Tz)/Tz] x 100} +100, di véi cac ndng d6 ma Ti<Tz ddi v6i no

trong d6, Tz 13 sé lugng té bao séng & thoi diém khong, C 1a sinh truéng d6i
chimg va Ti 13 sb luong té bao séng trong sy c6 mit ctia mdi ché d6 thubc. Cong thirc
nay cho ra ti 18 phan trim nim trong khoang tir 0% dén 200%. Tac dung chéng ting sinh
duoc chi ra bang diém tir 0% (khong tac dung lén su sinh truéng té bao) dén 100% (su Grc
ché hoan toan cta su sinh truéng té bao); su giét chét té bao duge chi ra bang diém tir

100% (khong giét chét t& bao) dén 200% (giét chét tit ca cac té bao).
Phan tich hoat tinh két hop
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Hoat tinh két hop (hién tuong hiép déng), qua ma trdn lidu lugng 6x6, duge phan
tich & Genedata Screener12 (Genedata, Basel, Thuy ST) bing cach st dung md hinh cong
gop lidu luong Loewe nhu dugc mo ta trude ddy (Lehar J, Krueger AS, Avery W, et al:
Dugc phim két hop thude hiép ddng c6 xu hudng cai thién tinh chon loc twong d6i vé
mat tri liéu. Nat Biotechnol 27(7):659-66, 2009 va Rickles RJ, Tam WF, Giordano
TP,3rd, et al: Adenosine A2A and beta-2 adrenergic receptor agonists: Novel selective
and synergistic multiple myeloma targets discovered through systematic combination
screening. Mol Cancer Ther 11(7):1432-42, 201229). M6 hinh cong gdp nay tao ra su
Vtham khao bing khong ma dugc du doan bing dap tng mong doi néu hai chit nay 13
cling mét thubc. B& mat mo Fig.3 chidu, duge du doan tir hai dudng cong dép tng chét
don 18, duge trir di tir bé mit tac dung lidu lugng 3 chiéu co nguén géc tir thi nghiém dé
tao ra thé tich khac biét. Thé tich ma tran du nay cé thé dugc hop nhét dé tao ra diém
hiép ddng. Sy cit diém hiép ddng >5 dugc sir dung dé nhan dién su két hop dugc quan

tam trong sang loc thong luong cao ban dau.

Két qua (dugc thé hién trén Fig.6-17) chimg t6 ring Vi du 18 c6 thé @c ché sy sinh
truong ctia danh sach cac dong té bao ung thu c6 dot bién KRAS lam don liéu phép va
tac dung ndy duoc ting cudong hiép dong bing cach diéu tri bang selumetinib. Diém hiép
ddng dbi véi mdi dong té bao 1a 25 (A549), 14,3 (H2122), 67,5 (H2009), va 3 (Calu6).
Diém hiép dong & trén 13 gia tri trung binh ciia ba hogc nhiéu thi nghiém doc 1p.

Theo theo mdt khia canh khéc, sang ché sang ché dé xuit dugc phérn, chira hop
chét ¢6 cong thirc (I), hodc mudi dugc dung ciia né, nhu duge xac dinh néu trén két hop

v6i chit pha losing hoic chat mang duoc dung.

T4 duge duge dung thich hop cho ché phdm vién nén bao gbm, vi du, chit pha
loang tro, chét tao hat va 1am tan 13, chét gén két, chat lam tron, chit bao quan va chét
chéng oxy héa. T4 dugc dugc dung thich hop khac c6 thé 13 chét tao phurc chelat. Ché
pham vién nén c6 thé khong duge phi hoge duge phi dé ci bién sy phan ra clia ching va
su hép thu tiép theo cia thanh phén hoat tinh trong duong da day rudt, hodc dé cai thién
d6 6n dinh va/hodc bé ngoai cia chiing, trong mot trong cac trudng hop, bang cach st

dung cac chat va quy trinh pht thong thuong da biét rd trong linh vuec.

Ché phdm dé st dung qua dudong miéng theo cach khac c6 thé & dang vién nang

ctng gelatin trong d6 thanh phan hoat tinh dugc tron voéi chét pha loing ran tro, hoidc

-50-



36844

dudi dang vién nang mém gelatin trong d6 thanh phan hoat tinh dugc tron v6i nude hoic

dau.

Hon dich trong nuéc thudng chira thanh phan hoat tinh & dang bot min cing véi
mot hodc nhiéu chét tao hén dich, chét phén tan hodc lam 4m. Hon dich trong nudc cling
c6 thé chira mét hoic nhiéu chét bao quan, chét chéng oxy hoa, chét tao mau, chét tao vi,

va/hodc chit 1am ngot.

Han dich trong diu ¢ thé duogc tao ché phim bang cach tao hdn dich thanh ph@m
hoat tinh trong dau thuc vét hoic trong diu khoang. Hon dich trong dau ciing c¢6 thé chta
chét 1am dic. Chit lam ngot nhu cac chit néu & trén, va chét tao vi ¢6 thé dugc bd sung
dé tao ra ché phim st dung qua dudng miéng ngon. Cac ché phim nay c6 thé duoc bao

quéan bang cach bd sung chat chéng oxy hoa.

Bot va hat phan tan thich hop dé didu ché hén dich trong nuéce bang cach bd sung
nude thuong chira thanh phan hoat tinh cling v6i chét phén tan hogic chét 13m 4m, chit tao
hdn dich va mot hodc nhiu chit bao quan. Céac ta dugc khac nhu chit 1am ngot, chét tao

vi va chat tao mau, cling c6 thé c6 mat.

Duoc phim theo sang ché ciing ¢6 thé & dang nhii twrong dau trong nudc. Pha du
c6 thé 1 diu thue vat hodc diu khoang hodc hdn hop cia chit bét ky trong sb ching. Nhii

twong cling c6 thé chira cht 1am ngot, chét tao vi va chét bao quan.

Sird va con ngot c6 thé dugc tao ché pham voi chat 1am ngot, va cling ¢6 thé chta

chét 1am diu, chét bao quan, chét tao vi va/hodc chét tao mau.

Duogc phém cling co thé & dang hodn dich trong nuéc hodc trong dau tiém duoc tiét
tring, c6 thé dugc tao ché phim theo quy trinh da biét bang cach sir dung mot hodc nhidu
chit phan tan hodc 1am 4m va chét tao hdn dich thich hgp, ma da duoc dé cap dén & trén.
Ché phém tiém duoc tiét trung cling c6 thé 13 dung dich hodc hdn dich tiém duoc tiét
tring trong hé thdng chat pha loéing hoic dung moi chdp nhan duoc sir dung ngoai dudng
tiéu héa khong doc.

Céc ché phim dé st dung bang cach xdng c6 thé & dang sol khi nén thong thudng
duoc bb tri dé phan tan thanh ph?m hoat tinh dudi dang sol khi chira giot ran hodc long
chia nhé. Chét déy sol khi thong thudng nhu hydrocacbon duge flo héa dé bay hoi hodc

hydrocacbon cé thé dugc st dung va thiét bi sol khi dugc bb tri theo cach thuan tién dé
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phan tan luong di dugc do cua thanh phan hoat tinh. Dung cu xéng bot kho ciing c6 thé
thich hop.

Thoéng tin thém vé viéc tao ché phim c6 thé tham khao & Chuong 25.2 cia Tap 5
cua tai liéu Comprehensive Medicinal Chemistry (Corwin Hansch; Chairman of Editorial

Board), Pergamon Press 1990.

Lugng thanh phén hoat tinh ma duoc két hop véi mdt hodc nhiéu t4 duoc dé tao ra
dang lidu lugng don 16 s& can thay dbi tiy thudc vao vat chi duge didu tri va dudng sir
dung cu thé. Vi du, viéc str dung theo duong miéng cho ngudi thudng doi héi, vi du, tir 1
mg dén 2 g hoat chat (thich hop hon 14 tir 100mg dén 2g, vi du tir 250 mg dén 1,8g, nhu
tir 500mg dén 1,8g, cu thé 1a tir 500mg dén 1,5g, thuan loi 13 tir 500mg dén 1g) dé su
dung hop chit véi lugng thich hop va thuan tién ciia ti dugc cé thé thay ddi tir khoang 3
dén khoang 98 phan trim theo khdi lwong ctia toan bd ché pham. Can hiéu ring, néu lidu
luong 16n 12 can thiét, nhidu dang lidu luong c6 thé can thiét, vi du hai hoic nhidu vién
nén hoéc vién nang, v6i lién lugng cia thanh phﬁn hoat tinh dugc chia mdt cach thuan loi
13 & gifra chiing. Théng thuong, dang liéu don vi s& chira khoang tir 10 mg dén 0,5 g hop
chét theo sang ché, mic di dang lidu don vi ¢6 thé chira 1én dén 1g. Thuan loi 13, dang

1iéu rén don 1& c6 thé chira tir 1 dén 300mg thanh phan hoat tinh.

Kich thuéc caa liéu lugng cho muc dich tri liéu hodc phong ngura ctua hop chét
theo sang ché s& thay dbi tu nhién theo ban chat va mic do nghiém trong cta tinh trang
bénh, tudi va gi6i tinh ctia dong vat hodc bénh nhén va dudng st dung, theo nguyén tic y
té da biét rd.

Khi st dung hop chét theo sang ché cho muc dich tri liéu hodc phong ngira né
thuong dugc sir dung sao cho liéu lugng mbi ngay nim trong khoang, vi du, tir 1 mg/kg
dén 100 mg/kg khéi luong co thé dugc tiép nhéan, dugc cung cép & cac lidu lugng chia
nhé néu can. Nhin chung, liéu luong thp hon duoc st dung khi st dung cho dudng
ngoai dudng tiéu hoa. Do d6, vi du, dé sir dung trong tinh mach, liéu lugng nim trong
khoang, vi du, tir 1 mg/kg dén 25 mg/kg khéi luong co thé thudong duoc sir dung. Tuong
tw, dé sir dung bang cach xong, lidu lrong nim trong khoang, vi du, tir 1 mg/kg dén 25
mg/kg khdi luong co thé s& duge sir dung. Tuy nhién, viéc sir dung theo dudng miéng

dugc uu tién, cu the 1a & dang vién nén.
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Theo mdt khia canh cia sang ché, hop chét theo sang ché hodc mudi duoc dung
ctia chiing, duoc sit dung duéi dang vién nén chira tir 10mg dén 500mg hop chit c6 cong
thire (I) (hodc mubdi duoc dung cia chung), trong d6 mot hodc nhidu vién nén duoc sir

dung khi can dé dat duoc liéu lugng mong mubn.

Nhu néu trén, da biét rang viéc truyén tin hiéu qua ERK gay ra su tao khdi u béi
mot hodc nhiéu cia tac dung lam trung gian cho sy tdng sinh cia té bao ung thu va té bao
khac, 1am trung gian cho su kién tao mach va 1am trung gian cho su di dong, su di chuyén
va su xam 14n cia t& bao ung thu. CAc tac gia sang ché di phat hién ra ring hop chit theo
sang ché c6 hoat tinh khang khdi u c6 hiéu luc ma duogc tin 13 dat duge bing su uc ché
ctia ERK ma tham gia vao cac budc truyén tin hiéu ma din dén su ting sinh va su sdng

sot cia té bao khoi u va kha nang xam lan va di chuyén cua té€ bao khoi u di can.

Theo d6, hop chét theo sang ché c6 thé c¢6 gia tri 1am duogc chit khang khéi u, cu
thé 13 1am chét e ché chon loc cia su tang sinh, su séng sot, su di dong, su phén tan va
su x4m l4n cua té bao ung thu dong vt ¢ va dan dén su e ché cua su phat trién khéi u
va su séng s6t va dan dén su Gc ché cua su phat trién khdi u di can. Cu thé 13, hop chét
theo sang ché c6 thé c6 gia tri 1am chét chéng ting sinh va chéng xam l4n trong su ngin
chan vi/hodc diéu tri bénh khéi u rin. Cu thé 13, hop chét theo séng ché c6 thé hiru dung
trong viéc phong ngtra hodc diéu tri cac khdi u ma nhay cam dbi véi su e ché cia ERK
va ma tham gia vio cac budc truyén tin hiéu ma din dén sy ting sinh va su séng st clia
té bao khdi u va kha ning di chuyén va su xdm 14n cua t€ bao khdi u di can. Ngoai ra,
hop chét theo sang ché c6 thé hiru dung trong viéc phong ngira hodc diéu tri khéi u ma
dugc lam trung gian mot minh hodc mat phén béi su Gre ché cua ERK, tic 13 hop chét c6
thé duge st dung dé tao ra tac dung trc ché ERK & dong vat méu néng can diéu tri.

Theo khia canh khéc, sang ché dé xuét hop chét c6 cong thue (I), hoac mudi duge
dung cua nd, nhu dugc xac dinh néu trén dé sir dung lam thudc & dong vat méu néng nhu
nguoi.

Theo khia canh khac, sang ché dé xuit hop chét c6 cong thice (1), hoac mubi duge
dung ctua no, nhu duge x4c dinh néu trén dé su dung trong tao ra tac dung chéng tang

sinh & dong vat mau néng nhu nguoi.
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Theo khia canh khac, sang ché dé xuét hop chat ¢ cong thirc (1), hoic mudi duge
dung cta nd, nhu dugc xac dinh néu trén & sir dung & dong vat mau néng nhu ngudi 1am

chat chong xam lan trong sy ngan chin va/hoéc di€u tri bénh khoi u ran.

Sang ché ciing mé ta sir dung hop chét c6 cong thirc (I), hodc mudi duge dung clia
- n6, nhu dugce xac dinh néu trén, dé tao ra tac dung chéng tang sinh & dong vat mau nong

nhu nguoi.

Sang ché ciing mo ta sir dung hop chat ¢6 cong thire (T), hodc mudi duoc dung cia
no, nhu duoc xac dinh néu trén, dé san xuét thudc dé sir dung trong tao ra tac dung chéng

tang sinh & dong vat mau néng nhu nguodi.

Sang ché cling mo ta st dung hop chat c¢6 cong thic (I), hodc mudi duge dung cia
16, nhu duoc xac dinh néu trén, dé san xuat thudc de st dung & dong vat mau noéng nhu

nguroi 1am chat chong x4m lan trong su ngén chan va/hodc diéu tri bénh khdi u ran.

Sang ché ciing md ta phuong phap tao ra tc dung chéng tang sinh & dong vat mau
néng, nhu ngudi, can diéu tri bao gdm budc st dung cho dong vat ndy lugng hiru hiéu

cua hop chat ¢ cong thirc (I), hodc mudi duge dung ciia nd, nhu dugce x4c dinh néu trén.

Sang ché cling mé ta phuong phép tao ra tic dung chdng xam 14n bing su ngin
chin va/hodc diéu tri bénh khéi u rin & dong vat mau néng, nhu nguoi, can diéu tri bao
gdm buée sir dung cho dong vat nay lugng hiru hiéu ctia hop chét c6 cong thuc (I), hoic

muoi duge dung ciia n6, nhu dugce xac dinh néu trén.

Theo khia canh khac, sang ché d& xuat hop chét co cong thirc (I), hodc mubi duge
dung cta nd, nhu dugc xac dinh néu trén, dé st dung trong phong ngira hoic diéu tri

bénh ung thu & dong vat mau néng nhu nguoi.

Sang ché cling mo ta sir dung hop chat c6 cong thirc (I), hodc mudi duge dung cia
né, nhu duge xac dinh néu trén dé san xuit thudc dé sir dung trong phong ngira hoic diéu

tri bénh ung thu & dong vat méu ndéng nhu nguoi.

Sang ché ciing md ta phuong phap phong nglra hogic diéu tri bénh ung thu & dong
vt mau néng, nhu ngudi, cAn didu tri bao gdbm budc st dung cho dong vat nay lugng
hitu hiéu cia hgp chét ¢ cong thire (I), hodc mubi dugc dung cta nd, nhu dugce xac dinh

néu trén.
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Theo khia canh khéc, sang ché dé xuét hop chét co6 cong thire (I), hoac mudi dugc
dung cta n6, nhu dugc x4c dinh néu trén dé st dung trong phong ngira hoic didu tri bénh

khoi u ran ¢ dong vat méau néng nhu ngudi.

Sang ché ciing moé ta st dung hop chét ¢6 cong thirc (I), hodc mubi duge dung ctia
no, nhu dugce xac dinh néu trén, dé san xuat thubc dé sir dung trong phong ngira hoic

diéu tri bénh khoi u ran ¢ dong vat mau néng nhu nguoi.

Sang ché ciing md ta phuong phap phong ngira hoic diéu tri bénh khdi u rin &
dong vat mau néng, nhu ngudi, cin diéu tri bao gdm buéc sir dung cho dong vat nay
luong hiru hidu ciia hop chat c6 cong thirc (I), hoic mubi duge dung ciia né, nhu duoc

xac dinh néu trén.

Sang ché ciing md ta phuong phéap lam giam sb luong té biao ung thu & dbi tuong
can diéu tri bao gbm budc st dung cho ddng vat nay luong hitu hiéu cta hop chét co

cong thirc (I), hodc mudi duge dung cia nd, nhu dugce xéc dinh néu trén.

Sang ché ciing mé ta phuong phap 1am giam kich thuéc cua khéi u can didu tri
bao gdbm budc st dung cho dong vt nay luong hitu hiéu ciia hop chét c6 cong thirc (I),

hodc muoi duge dung cia no, nhu dugce xac dinh néu trén.

Séang ché ciing mé ta phuong phap 1am giam hodc trc ché su sinh truéng hoic sy
ting sinh cta khéi u cin diéu tri bao gdm budc sir dung cho dong vat nay luong hitu hiéu

cta hgp chat c¢6 cong thure (I), hodc mudi duge dung cua nd, nhu dugce xac dinh néu trén.

Sang ché ciing mé ta phuong phap phong ngira sy di cin hodc 1am giam pham vi
di can can diéu tri bao gdm budc sir dung cho déng vat ndy lwong hiru hidu cia hop chat

c6 cong thire (I), hodc mudi duge dung cia nd, nhu duge x4c dinh néu trén.

Sang ché ciing mo ta phuong phép kéo dai su séng sot (bao gdm nhung khéng gidi
han & su séng s6t khong tién trién (PFS) hoic sy séng sét néi chung) & dbi twgng mic
hodc ¢6 nguy co mic bénh ung thu cin didu tri bao gdm bude sit dung cho dong vat nay
lwong hitu hiéu ciia hop chét c¢6 cong thic (I), hodc mudi duge dung cia né, nhu dugc

xac dinh néu trén.

Thuat ngtr “lugng hitu hi€u” hoac “luong hitu hiéu dé diéu tri” c6 nghia 13 luong
ma (i) diéu tri bénh, tinh trang bénh hoic réi loan cu thé, (ii) lam thuyén giam, 1am cai

thién hodc 1am triét tiéu mot hodc nhidu triéu ching clia bénh, tinh trang bénh hodc rbi
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loan cu thé, (iii) 1am tri hoan hodc phong ngtra su khéi phéat cia mot hodc nhiéu triéu
chirmg cda bénh, tinh trang bénh hodc 16i loan cu thé dugc mé ta trong ban md ta nay.
Trong trudng hop cua bénh ung thu, Iugng hiru hidu ¢6 thé 1am giam sé lugng t& bao ung
thu; 1am gidm kich thuéc khdi u; e ché (vi du Iam cham dén muc dd ndo d6 va tét hon 1a
lam dimg) su thAm nhiém cua té bao ung thu vao co quan ngoai vi; Uc ché su di can khéi
u; ac ché dén mic d6 nao do su phat trién khéi u; va/hodc 1am gidm dén muc do nao do
mot hodc nhiéu triéu ching két hop v6i bénh ung thu. Pé diéu tri ung thu, hi€u qua co
thé dugc do bing cach danh gia, vi du thoi gian dé tién trién bénh (TTP) va/hoic danh gia
tbc d6 dap tng (RR).

Theo khia canh khéc, sang ché d& xuit hop chét c6 cong thire (I), hoic mudi duogc
dung cua no6, nhu dugc xac dinh néu trén, d& sir dung trong phong ngira hoic diéu tri

bénh hoic rdi loan siéu tdng sinh dugc diéu hoa bdi RAS/RAF/MEK/ERK kinaza.

Séang ché cling m6 ta st dung hop chit c6 cong thirc (I), hodc mudi duge dung cua
n6, nhu duoc xac dinh néu trén, dé san xuét thudc dé sir dung trong phong ngira hoic
diéu tri bénh hoic rbi loan siéu tang sinh dugc didu hoa bsi RAS/RAF/MEK/ERK

kinaza.

Sang ché cling mé ta phuong phap phong ngira hodc diéu tri bénh hoic réi loan
siéu ting sinh dugc didu hoa béi RAS/RAF/MEK/ERK kinaza bao gdm budc sit dung
cho dong vat nay lwong hiru hiéu ciia hgp chit c6 cong thirc (I), hodc mudi duge dung

cua nd, nhu dugce xac dinh néu trén.

Theo khia canh khéc, sang ché dé xuit hop chét ¢ cong thuce (I), hodc mudi duge
dung cta no6, nhu duoc xac dinh néu trén, dé sir dung trong phong ngira hoic diéu tri

bénh hoic réi loan siéu ting sinh dugc lam trung gian boi ERK.

Séang ché ciing mé ta str dung hop chét c6 cong thirc (I), hodc mubi duge dung cia
n6, nhu dugc xac dinh néu trén, dé san xuét thudc dé sir dung trong phong ngira hoic
diéu tri bénh hodc rdi loan siéu tang sinh duge 1am trung gian bdi ERK.

Sang ché cling mé ta phuong phép phong nglra hoidc diéu tri bénh hoic rbi loan
siéu tang sinh dugc 1am trung gian boi ERK bao gdm budc sir dung cho dong vét nay
luong hitu hiéu ctia hop chét ¢c6 cong thirc (1), hodc mubi duge dung cua no6, nhu dugc

xéc dinh néu trén.
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Theo khia canh khac, sing ché d& xuit hop chét c6 cong thire (I), hosic mudi duoc
dung cta né, nhu duoc xac dinh néu trén, dé st dung trong phong ngira hoic didu tri cac

kh6i u ma nhay cdm doi véi su trc ché cua ERK.

Sang ché ciing mé ta sir dung hop chat ¢ cong thire (I), hodc mudi duge dung cia
né, nhu duge xac dinh néu trén, dé san xuét thudc @ sir dung trong phong ngira hoic

di€u tri cac khéi u ma nhay cam do6i véi su tre ché ciia ERK.

Sang ché ciing md ta phuong phap phong ngira hodc diéu tri cac khéi u ma nhay
cam ddi véi su e ché cia ERK bao gém budc sir dung cho dong vat nay lugng hitu hi€u

cta hop chat c6 cong thic (I), hodc mudi duge dung ctia nd, nhu duge xac dinh néu trén.

Theo khia canh khéc, sang ché @& xuét hop chit c6 cong thic (I), hodc mubi duoc

dung cia nd, nhu dugce xac dinh néu trén dé sir dung de tao ra tac dung trc ché 1én ERK.

Sang ché ciing mo t4 sir dung hop chat c6 céng thirc (I), hodic mudi duge dung cia
né, nhu duge xac dinh néu trén dé san xuét thudc dé sir dung dé tao ra tac dung trc ché
1én ERK.

Theo khia canh khac, sang ché ciing d& xuét phuong phap tao ra tac dung tic ché
1én ERK bao gbém bude st dung luong hitu hiéu ctia hop chit ¢6 cong thic (I), hodc mubi

‘dugc dung cua no, nhu dugce xac dinh néu trén.

Theo khia canh khac, sang ché d& xuét hop chét co cong thirc (I), hoic mudi dugc
dung cda n6, nhu dugc x4c dinh néu trén, dé sir dung dé tao ra tac dung trc ché chon loc

lén ERK2.

Sang ché ciing mé ta sir dung hop chét ¢6 cong thirc (I), hoic mudi duge dung cia
n6, nhu duge xac dinh néu trén, dé san xuit thudc dé sir dung dé tao ra tac dung e ché
chon loc 1én ERK2.

Theo khia canh khac, sang ché ciing dé xuét phuong phép tao ra tic dung trc ché
chon loc 1én ERK2 bao gdm budc sir dung lwong hiru hiéu cia hop chét ¢ cong thire (1),
hodc mubi duoc dung cuia n6, nhu duge xac dinh néu trén.

Hop chit c¢6 cong thire (I) ¢6 thé hiru hiéu trong diéu tri bénh ung thu bat ky trong
d6 qua trinh RAS/RAF/MEK/ERK kinaza dugc hoat héa. Vi du vé bénh ung thu ma di
dugc bdo cdo la cé sy hoat hoa nay bao gdbm bénh bach ciu tiy cép tinh (acute

myelogenous leukemia - AML), bénh bach ciu man tinh dong bach ciu don nhan, da u
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tiy xuong, bénh bach cau tdy man tinh, bénh ung thu Kkét truc trang (colorectal cancer -
CRC), bénh ung thu vii, bénh ung thu bang quang, bénh ung thu diu va cb, bénh ung thu
no, u nguyén bio dém, u nguyén bao than kinh, u lympho khong Hodgkins, bénh ung
thu tuy, bénh ung thu budng trimg, bénh ung thu tinh hoan, bénh ung thu tuyén giap,
bénh ung thu phbi té bao khéng nhé (non-small cell lung cancer - NSCLC), bénh ung thur
phéi té bao nhé, u melanin, bénh u xo than kinh typ 1 (néuroﬁbromatosis type 1 - NF1),

duomg din mat.

Theo mot khia canh, hop chit c6 thé hitu hiéu trong diéu tri bénh ung thu dugc
chon tir bénh ung thu NSCLC, bénh ung thu tuy, bénh ung thu CRC, u melanin, u

melanin mang bd do, NF1 & tré em, bénh ung thu tuyén giap va dudong dan mat biét hoa.

Theo moét khia canh, hop chét c6 thé hiru hiéu trong diéu tri bénh ung thu dot bién
KRAS hoac BRAF.

Theo mot khia canh, hop chét ¢ thé hitu hiéu trong diéu tri bénh ung thu phu
thudc qua trinh MAPK nhu bénh ung thu NSCLC, bénh ung thu tuy va bénh ung thu
CRC; theo mét sb phuong 4n bénh ung thur nay 13 bénh ung thu dot bién KRAS nhu dugc
mo t& dudi day.

Theo khia canh khéc, hop chit c6 thé hiru hiéu trong diéu tri u melanin dot bién
BRAF.

Theo khia canh khéc, hgp chét ¢6 thé hiru hiéu trong diéu tri bénh ung thu dugc
chon tir u melanin d6t bién NRAS, u melanin mang bd dao, NF1 & tré em, bénh ung thu

tuyén giap va duong din mat biét hoa.

Theo khia canh khac, sang ché d& xuét hop chét c6 cong thic (I), hoic muéi dugc
dung ctia n6, nhu duge xac dinh néu trén, dé sur dung trong diéu tri bénh ung thu NSCLC,
bénh ung thu tuy, bénh ung thu CRC, u melanin, u melanin mang bd dao, NF1 & tré em,
bénh ung thu tuyén giap va duong dén mat biét hoa.

Theo khia canh khéc, sang ché dé xuét hop chét c¢6 cong thuce (I), hodc mudi duoc
dung ctia n6, nhu dugc xac dinh néu trén, dé sir dung trong diéu tri bénh ung thu NSCLC,
bénh ung thu tuy va bénh ung thu CRC.
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Theo khia canh khac, sang ché @ xuit hop chat c6 cong thirc (I), hodc mudi duge
dung cua n6, nhu dugc xac dinh néu trén, dé sir dung trong didu tri u melanin dot bién

BRAF.

Theo khia canh khéc, sang ché dé xuét hop chét c6 cong thue (I), hodc mudi dugc
dung cia n6, nhu dugc x4ac dinh néu trén, dé sir dung trong diéu tri u melanin dot bién
NRAS, u melanin mang bd dao, NF1 & tré em, bénh ung thu tuyén giap va duong din

mat biét hoa.

Theo khia canh khac, sang ché @& xuit hop chat c6 cong thire (I), hodc mubi dugc
dung cia n6, nhu dugc x4c dinh néu trén, aé sir dung trong diéu tri bénh ung thu duge
lam trung gian boi ERK, trong d6 bénh ung thu nay phét trién tinh khang d6i voi mot
hodc nhiéu chét trc ché qué trinh MAPK khéc.

Sang ché ciing md ta phuong phép diéu tri bénh ung thu duge chon tir bénh ung
thu NSCLC, bénh ung thu tuy, bénh ung thu CRC, u melanin, u melanin mang bd ddo,
NF1 & tré em, bénh ung thu tuyén gidp va duong din mat biét hoa, bao gém budc st
dung luong hitu hiéu cia hop chét cé cong thire (I), hodc mubi duge dung cta no6, nhu

duoc xac dinh néu trén.

Sang ché ciing mo ta phuong phéap diéu tri bénh ung thu dugc chon tir bénh ung
thu NSCLC, bénh ung thu tuy va bénh ung thu CRC, bao gdbm buéc sir dung lugng hiru
hi€u cda hop chét ¢ cong thuce (I), hodc mudi duge dung cua n6, nhu duge xac dinh néu

trén.

Sang ché ciing md ta phuong phép diéu tri u melanin dot bién BRAF, bao gém
bude sit dung lwong hitu hidu ciia hop chat c6 cong thie (I), hodc mudi duge dung cia
no, nhu dugc xac dinh néu trén.

Sang ché ciing mé ta phuong phép diéu tri bénh ung thu dugc chon tir u melanin
dot bién NRAS, u melanin mang bd dao, NF1 & tré em, bénh ung thu tuyén gidp va
duong din mét biét hoa, bao gdm budc sir dung lugng hiru hiéu ciia hop chét ¢ cong
thie (I), hodc mudi duoc dung cla nd, nhu dugc xac dinh néu trén.

Sang ché ciing mé ta phuong phap diéu tri bénh ung thu dugc 1am trung gian boi
ERK, trong d6 bénh ung thu nay da phat trién tinh khang d6i v6i mot hodic nhidu chét trc
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ché qué trinh MAPK khac, bao gdm budc sir dung lugng hiru hiéu ctia hop chét ¢ cong

thire (I), hodc mudi duge dung cua nd, nhu duge xac dinh néu trén.

Sang ché cling mé ta sir dung hop chat c6 cong thirc (I), hodc mudi duoc dung cia
né, nhu dugc x4c dinh néu trén, dé san xuit thudc dé sir dung trong diéu tri bénh ung thu
duoc chon tir bénh ung thu NSCLC, bénh ung thu tuy, bénh ung thu CRC, u melanin, u

melanin mang bd do, NF1 & tré em, bénh ung thu tuyén giap va dudng din mat biét hoa.

Sang ché cling mé ta st dung hop chit c6 cong thire (1), hodc mudi duge dung cia
no, nhu duoc xac dinh néu trén, dé san xuét thude dé s dung trong didu tri bénh ung thu

duoc chon tir bénh ung thu NSCLC, bénh ung thu tuy va bénh ung thu CRC.

Sang ché cling mo ta sir dung hop chat c6 cong thire (I), hodc mudi duoc dung cua
nd, nhu dugc xac dinh néu trén, dé san xuat thudc dé€ st dung trong di€u tri u melanin 4ot

bién BRAF.

Sang ché cling mé ta sir dung hop chét c6 cong thire (1), hoic mudi duoc dung cia
né, nhu dugce xac dinh néu trén, dé san xuit thubc dé sir dung trong diéu tri u melanin dot
bién NRAS, u melanin mang bd dao, NF1 & tré em, bénh ung thu tuyén gidp va dudong

din mat biét hoa.

Sang ché cling mé ta st dung hop chét ¢ cong thire (I), hoic mudi duoc dung cia
no, nhu duogc xac dinh néu trén, dé san xuét thube dé st dung trong diéu tri bénh ung thu
duoc lam trung gian boi ERK, trong d6 bénh ung thu nay da phat trién tinh khang ddi véi
mot hodc nhiéu chit e ché qua trinh MAPK khéc.

Nhu néu & trén, tac dung in-vivo ctia hop chat cé cong thic (I) c6 thé duoc gy ra
mdt phin bi mot hodc nhiéu chét chuyén héa ma dugc tao thanh & trong co thé nguoi
hoic dong vat sau khi st dung hop chét c6 cong thirc (I).

Trong ché phim, phuong phép va st dung néu trén, hop chét c6 cong thic (I) cu
thé 13 hop chét cua cac Vi du, hodc mubi dugc dung cta chung. Céc vi du minh hoa khac
vé ché pham, phuong phép va sir dung nay 1a:

2-(2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-metylpyridin-2-
yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;

(S)-7-(3-clobenzyl)-6-metyl-2-(2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-
yl1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
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(S)-7-(3-clo-4-flobenzyl)-6-metyl-2-(2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-7-(3,4-diflobenzyl)-6-metyl-2-(2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-(3,4-
diflobenzyl)-6-metyl-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-(3-
metoxybenzyl)-6-metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6-metyl-7-((2-
(triflometyl)pyrimidin-4-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-2-(5-clo-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-
(diflometyl)pyridin-2-yl)metyl)-6-metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6-metyl-7-((6-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5/)-on,;
(S)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6-metyl-7-((6-
metylpyridin-2-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
7-(3-clo-4-flobenzyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-
yl1)-6,7-dihydroimidazol[1,2-a]pyrazin-8(5H)-on;
7-(3-clobenzyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-
6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
7-(3-(diflometyl)benzyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
7-((6-(diflometyl)pyridin-2-yl)metyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(R)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-
metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5 H)-

on;
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(R)-7-(3-clobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-7-(3-clobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-7-(3,4-diflobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-7-(3-(diflometyl)benzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(8)-7-(3,5-diflobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(8)-7-(3-metoxybenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-7-(4-flo-3-metoxybenzyl)-6-metyi-2-(5-metyl-2-((1-metyl- 1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazol 1,2-a]pyrazin-8(5H)-on;
(S)-7-((6-(diflometyl)pyridin-2-yl)rmetyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-
pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((2-
(triflometyl)pyrimidin-4-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-7-(3-(diflometoxy)benzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((4-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5/)-on;

(S)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((2-
(triflometyl)pyridin-4-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5/)-on;
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(S)-7-((4-(diflometyl)pyridin-2-yl)metyl)-6-metyl-2-(5-metyl-2-((1-metyl- 1 H-
pyrazol-5-yl)amino)pyrimidin-4-yl1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;

(S)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-
(triflometyl)pyrimidin-4-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5/H)-on;

7-(3,4-diflobenzyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-
y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;

(S)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;

San phim cong hop axit etansulfonic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-
(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-
a]pyrazin-8(5H)-on;

San phim cong hop axit adipic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-
metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-
a]pyrazin-8(5H)-on;

(R)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;

(R)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-
pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;

(R)-7-(3-(diflometyl)benzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-
pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;

(R)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-
y1)-7-((6-(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;

(R)-7-(3,5-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazol[1,2-a]pyrazin-8(5H)-on; va

(R)-7-(3-metoxybenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on.

Viéc diéu tri chéng ung thu dugc xac dinh trong ban mo ta nay c6 thé dugc ap
dung duéi dang lidu phép duy nhat hoic co thé bao gdm, ngoai hop chit theo sang ché,
phAu thuit hodc xa tri hodc héa tri thong thuong. Theo phuong an nhét dinh, hop chit c6
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cong thire (I) dugc két hop voi hop chét khac c6 tinh chat chdng siéu ting sinh hogc hitu
dung trong didu tri rdi loan siéu ting sinh. Cac hop chét khac co thé c6 mot cach thich
hop hoat tinh bd sung cho hop chét c6 cong thirc (I) sao cho chiung khéng ¢6 4nh huéng
bét lgi v6i nhau. Theo mot sb khia canh liéu phap két hop nay c6 thé phong ngira hozc
Jam tri hodn tinh khéng vén c¢6 hodc méc phai c¢6 thé quy cho su hoat héa clia qué trinh
RAS/RAF/MEK/ERK quan sét duoc vé6i su (rc ché MEK va dé phong ngira hozic 1am tri
hoin tinh khang v6n c6 hoic mic phai duoc lam trung gian thdng qua su hoat héa qua
trinh RAS.

Ngoai viéc tao ra su diéu tri duoc cai thién dbi vé6i rdi loan siéu ting sinh nhit
dinh, viéc st dung cac dugc phém Két hop nhét dinh c6 thé cai thién chit lugng cudc
séng cta bénh nhan so vé6i chit lugng cude sdng trai nghiém boi ciing bénh nhan tiép
nhén su diéu tri khac. Vi du, viéc st dung dugc phém két hop cho bénh nhéan c6 thé mang
lai chét lugng cude séng duoc cai thién so véi chét lugng cudc séng ctua cung bénh nhan
do6 s€ trai qua néu ho tiép nhén chi mot trong cac chét cu thé dé tri lidu. Vi du, tri liéu két
hop ¢6 thé 1am giam liéu lugng cia chét tri lidu can thiét. Duoc pham két hop nay ciing
c6 thé 1am cho ganh ning khdi u giam va bang cach d6 1am giam céc tic dung c6 hai kém

theo.

Theo do, theo mdt phuong an, sang ché d& xuat hop chit co cong thirc (I), hodc
mubi duge dung cta né, va duge chit khang khéi u bd sung dé diéu tri két hop bénh ung

thu.

- Viéc diéu tri chéng ung thu duoc xac dinh & trén c6 thé duoc ap dung dudi dang
lidu phap duy nhit hodc c6 thé bao gdbm, ngoai hop chit theo sang ché, phiu thuat hoic
xa tri hodc hoa tri thong thuong. Hoéa tri nay cé thé bao gém mdt hodc nhiéu loai dugc

chét khang khéi u sau day:

(i)thudc chéng tang sinh/chéng tao khéi u va duoc phim két hop ciia chung, nhu
dugc st dung trong nganh ung thu, nhu chit alkyl héa (vi du cis-platin, oxaliplatin,
carboplatin, xyclophosphamit, mu tac nito, melphalan, clorambuxil, busulphan,
temozolamit va nitrosoure); chit chdng chuyén héa (vi du gemxitabin va khang folat nhu
flopyrimidin nhu 5-flouraxin va tegafur, raltitrexed, methotrexat, xytosin arabinosit, va
hydroxyure); chit khang sinh khang khdi u (vi du anthraxyclin nhu adriamyxin,

bleomyxin, doxorubixin, daunomyxin, epirubixin, idarubixin, mitomyxin-C,
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dactinomyxin va mithramyxin); chit chdng phan bao (vi du vinca alkaloit nhu vincristin,
vinblastin, vindesin va vinorelbin va taxoit nhu taxol va taxotere va chit tc ché
polokinaza); va chat ¢ ché topoisomeraza (vi du epipodophyllotoxin nhur etoposit va

teniposit, amsacrin, topotecan va camptothexin);

(ii)chit khang hormon nhu khang oestrogen (vi du tamoxifen, fulvestrant,
toremifen, raloxifen, droloxifen va iodoxyfen), khéng androgen (vi du bicalutamit,
flutamit, nilutamit va xyproteron axetat), chit d6i khang LHRH hodc chat cha van LHRH
(vi du goserelin, leuprorelin va buserelin), progestogen (vi du megestrol axetat), chét trc
ché aromataza (vi du nhu anastrozol, letrozol, vorazol va exemestan) va chét e ché cta
5u-reductaza nhu finasterit;

(iii)chat e ché cia chitc nang yéu té sinh trudng va cac qua trinh tin hiéu xudi
chidu cta chung:

duogc bao gém 1a chét diéu hoa Ab cua cac dich yéu t§ sinh truédng hodc thu thé
yéu t& sinh trudng bit ky, dugc xem xét boi Stern et al Critical Reviews in
Oncology/Haematology, 2005, 54, pp11-29); ciing duoc bao gdm 13 chit rc ché phan tir
- nhé ctia cac dich nay, vi du chit wc ché kinaza - cac vi du bao gbm khéang thé khang-
erbB2 trastuzumab [Herceptin™], khang thé khang-EGFR panitumumab, khang thé
| khang-EGFR cetuximab [Erbitux, C225] va chét trc ché tyrosin kinaza bao gdm chit trc
ché ctia ho thu thé erbB, nhu chét (e ché tyrosin kinaza thy thé ho yéu t6 sinh truéng biéu
bi (EGFR/erbB1) nhu gefitinib hodc erlotinib, chit ¢ ché tyrosin kinaza erbB2 nhu
lapatinib, va chét (rc.ché erb1/2 hdn hop nhu afatanib; cac chién luge twong tu c6 sin dbi
ch’yi cac nhém yéu t sinh trudng khac va thu thé cua chung, vi du chét te ché cua ho yéu
t6 sinh truéng t& bao gan hodc thu thé ctia ching bao gdm c-met va ron; chét tic ché cia
insulin va ho yéu t§ sinh truéng insulin hodc thu thé cua ching (IGFR, IR) chét uc ché
ctia ho yéu t6 sinh truéng c6 ngudn gbe tiéu cau hodc thu thé cta ching (PDGFR), va
chét @c ché truyén tin hi€u dugc lam trung gian bédi tyrosin kinaza thu thé khac nhu c-kit,
Anl K, va CSF-1R;

cling duoc bao gdm 13 chét didu hoa ma nhdm dich vio céc protein truyén tin hiéu
trong qu trinh truyén tin hiéu PI3-kinaza rong hon, vi du, chit wc ché cia ddng phan
PI3-kinaza khac nhu PI3K- B, va ser/ thr kinaza nhu AKT, mTOR, PDK, SGK, PI4K
hodc PIP5SK;
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cling dugc bao gbém 13 chét Grc ché cia serin/threonin kinaza khong dugce liét ké &
trén, vi du chit wc ché raf nhu vemurafenib, chit {c ché MEK nhu selumetinib
(AZD6244, ARRY-142886), cobimetinib hodc GDC-0623 (xem tai liéu vi du
W02015/0832840), chit wc ché Abl nhu imatinib hodc nilotinib, chét tic ché Btk nhu
ibrutinib, chét wrc ché Syk nhu fostamatinib, chat trc ché aurora kinaza (vi du AZD1152),
chit tic ché ciia ser/thr kinaza khac nhu JAK, STAT va IRAK4, va chét e ché kinaza

phu thudc xyclin;

iv) chit didu hoa cta qua trinh truyén tin hiéu hu héng ADN, vi du chét (¢ ché
PARP (vi du Olaparib), chit &rc ché ATR hoic chat e ché ATM;

v) chéit didu hoa cua cic qua trinh chét té bao theo chuong trinh va su chét té bao
nhu chét diéu hoa ho Bel (vi du ABT-263/ Navitoclax, ABT-199);

(vi) chét chdng tao mach nhu cac chit e ché tic dung cta yéu té sinh truéng noi
md mach, [vi du khéng thé yéu t§ sinh trudng té bao khang-ndi md mach bevacizumab
(Avastin™) va vi du, chit e ché thu thé VEGF tyrosin kinaza nhu sorafenib, axitinib,
pazopanib, sunitinib va vandetanib (va hop chit ma hoat dong theo co ché khac (vi du

linomit, chat trc ché ctia chirc ning integrin avB3 va angiostatin)];
(vii)chét gdy hu hong mach, nhu Combretastatin A4;

(Viii)chét chéng xam 14n, vi du chét trc ché ho c-Src kinaza nhu (dasatinib, J. Med.
Chen., 2004, 47, 6658-6661) va bosutinib (SKI-606), va chat tic ché kim loai proteinaza
nhu marimastat, chét (rc ché cta chirc ning thu thé chét hoat hoa urokinaza plasminogen

hodc khang thé doi voi Heparanazal;

(ix) cach tiép cén liéu phap mién dich, bao gdm vi du cach tiép c4n ex-vivo va in-
vivo dé lam tdng kha nang gdy mién dich cua té bao khdi u ciia bénh nhan, nhu su chuyén
nhiém v6i xytokin nhur interleukin 2, interleukin 4 hodc yéu td kich thich khuan lac bach
cau hat-dai thuc bao, cach tiép can dé 1am giam chung mét ung té bao T, cach tiép can
bang cach sir dung té bao mién dich duoc chuyén nhiém nhu t& bio phan nhanh dugc
chuyén nhidm xytokin, cach tiép can bang cach sir dung dong té bao khdi u duge chuyén
nhidm xytokin va céc tiép cin bing cach str dung khang thé khang-idiotyp. Vi du cu thé
bao gbm khéang thé don dong nhim dich PD-1 (vi du BMS-936558), PDL-1 hoic CTLA4

(vi du ipilimumab va tremelimumab);
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(x) lidu phap du trén d6i nghia va ARNi, vi du liéu phap ma dugc dinh hudng dén

cac dich duoc liét ké.

(x) phuong phéap liéu phap gen, bao gdm vi du nhu cac phuong phap thay thé gen
khac thuong nhu p53 khac thuong hoic BRCA1 hoic BRCA2 khac thuong, phuong
phap GDEPT (liéu phap tién duoc chit enzym dinh hudng gen) nhu phuong phép sir
dung xytosin deaminaza, tymidin kinaza hodc enzym nitroreductaza vi khuin va phuong
phép lam ting kha néng dung chiu cia bénh nhan dbi vé6i viéc hoéa tri hodc xa tri nhu liéu

phép gen khang da thudc;

Theo khia canh ndy sang ché dé xuét dugc phim két hop thich hop dé st dung
trong diéu tri bénh ung thu chira hop ch?'lt- c6 cong thirc (I) nhu duoc xac dinh néu trén
hodc mudi duge dung cua ching va dugc chét khang khdi u khac, cu thé 13 dugce chét
khang khéi u bt ky trong sé cac dugc chit khang khdi u liét ké & muc (i) - (xi) néu trén.
Cu thé 13, dugc chét khang khéi u liét ké & muc (i)-(xi) néu trén 13 tiéu chudn chim séc
dbi véi bénh ung thu cu thé can diéu tri; nguoi ¢ hiéu biét trung binh trong linh vuc nay
s& hiéu nghia cta “tiéu chuén chim sé¢”.

Do d6, theo khia canh khac, sang ché dé xuit hop chit c6 cong thirc (I) hodc mubi
duogc dung ciia ching két hop véi duge chat khang khéi u khac, cu thé 1a dugc chit khang

khéi u dugc chon tir cac dugc chit khang khdi u liét ké & muc (i) - (xi) néu trén.

Theo khia canh khac, sang ché d& xuit dugc pham chira hop chét c6 cong thirc (1)
hodc mubi dugc dung cua ching Kkét hop véi dugce chét khéng khdi u duge chon tir cac
duogc chit khang khéi u liét ké & muc (i) - (xi) néu trén, két hop véi chét pha lodng hoic

cht mang dugc dung.

Theo khia canh khac, sang ché dé xuit duoc phim chira hop chét c6 cong thire (I)
hoic mudi duoc dung cua ching két hop véi dugc chit khang khéi u duge chon tir cac
duogc chét khang khéi u liét ké & muc (i) - (xi) néu trén, két hop véi chit pha losing hoic
chat mang dugc dung dé sir dung trong diéu tri bénh ung thu.

Sang ché ciing mé ta sir dung hop chét c6 cong thire (I) hodc mudi duge dung cia
ching két hop vé6i duge chat khang khéi u duoc chon tir cac dugc chit khang khdi u liét
ké & muc (i) - (xi) néu trén, dé san xut thubc dé sir dung trong bénh ung thu & dong vat

mau noéng, nhu ngudi.
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Sang ché ciing mé ta phuong phéap diéu tri bénh ung thu & dong vit mau néng,
nhu nguoi, can diéu tri bao gém budc sir dung cho dong vat nay luong hitu hi€u ctia hgp
chat c¢6 cong thirc (I) hodc mudi duoc dung ctia ching két hop véi dugce chét khang khéi

u duge chon tir cac duge chit khang khéi u liét ké & muc (i) - (xi) néu trén.

Theo khia canh khéac, sang ché d& xuét hop chét c6 cdng thic (I) hodc mudi duge
dung ctia ching két hop v6i duge chét khang khéi u khac, cu thé 1a dugc chit khang khéi

u duoc chon tir cac dugce chat khang khoi u liét ké & muc (i) néu trén.

Theo khia canh khac, sang ché d& xuit duoc phdm két hop thich hop dé sir dung
trong diéu tri bénh ung thu chita hop chit ¢ cong thirc (I) nhu duge x4c dinh néu trén
hodc mubi duge dung ciia chiing va duge chét khang khéi u bét ky trong s cac dugc chét

khang khoi u liét ké & muc (i) néu trén.

Theo khia canh khac, sang ché d& xudt duge phim chira hop chit c6 cong thirc (I)
hodc mubi duoc dung cta ching két hop véi duoc chét khang khéi u duge chon tir cac
dugc chit khang khéi u 1iét ké & muc (i) néu trén, két hop vé6i chét pha lodng hoic chat

mang dugc dung.

Theo khia canh khac, sang ché d& xut dugc pham chira hop chit c6 cong thire (I)
hodc mubi duge dung cda ching két hop véi duge chét khang khdi u duge chon tir cac
dugc chét khang khéi u liét ké & muc (i) néu trén, két hop véi chét pha lodng hodc chat

mang duoc dung dé sir dung trong diéu tri bénh ung thur.

Sang ché cling mé ta st dung hop chét ¢ cong thire (I) hodc mudi duge dung ctia
ching két hop véi duoc chét khang khdi u dugc chon tir cic dugc chat khang khéi u liét
ké & muc (i) néu trén, dé san xuit thubc dé str dung trong bénh ung thu & dong vt mau

néng, nhu nguoi.

Sang ché cling mo ta phuong phép diéu tri bénh ung thu & dong vit mau néng,
nhu ngudi, can diéu tri bao gdm bude sir dung cho dong vat nay lugng hitu hiéu cia hop
chit c6 cong thirc (I) hoic mudi dugc dung ciia chiing két hop véi duge chat khang khdi

u duoc chon tir cac dugce chat khang khoi u liét ké & muc (i) néu trén.

Theo khia canh khéc, sang ché d& xuét hop chét c6 cong thirc (I) hodc mubi duge
dung cua chung két hop véi duge chét khang khdi u khac, cu thé 14 dugc chét khang khéi

u duoc chon tir cac dugce chat khang khoi u 1iét ké & muc (iii) néu trén.
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Theo khia canh khéc, sang ché d& xuit duoc phdm két hop thich hop dé sir dung
trong diéu tri bénh ung thu chira hop chét c¢6 cong thie (I) nhu duge x4c dinh néu trén
hodc mubi duge dung cia chiung va dugc chat khang khéi u bét ky trong sb cac dugc chét
khang khéi u liét ké & muc (iii) néu trén.

Theo khia canh khéc, sang ché dé xuét dugc phém chira hop chit ¢ cong thie (I)
hodc mudi duge dung cta chung két hop véi duge chét khéng khdi u dugce chon tir cac
duge chat khang khéi u liét ké & muc (iii) néu trén, két hop véi chit pha lodng hodc chét

mang dugce dung.

Theo khia canh khéc, sang ché d& xuét dugc phdm chira hop chét c6 cong thire (I)
hodc mubi duge dung cta chung Kkét hop véi dugc chét khéang khdi u dugce chon tir cac
dwoc chit khang khéi u liét ké & muc (iii) néu trén, két hop vdi chét pha loing hodc chat

mang dugc dung dé sir dung trong diéu tri bénh ung thur.

Sang ché cling mé ta sir dung hop chat c6 cong thire (I) hoic mudi duoc dung cia
ching két hop véi duge chét khang khdi u duoc chon tir cac duge chét khang khdi u liét
ké & muc (iii) néu trén, d san xuét thudc @é sir dung trong bénh ung thu & dong vat mau

néng, nhu nguoi.

Sang ché ciing mé ta phuong phép diéu tri bénh ung thu & dong vit mau néng,
nhu ngudi, cin didu tri bao gdm budc st dung cho dong vat nay lugng hiru hiéu cta hop
chét co cong thie (I) hodc mudi duge dung clia chiing két hop véi duge chat khang khdi

u duoc chon tir cdc duoc chat khang khoi u liét ké & muc (iii) néu trén.

Theo mét khia canh, vi du thich hop v& dugc chét khang khdi u liét ké & muc (i)
néu trén 13 cac chit ma ciing tac dong 1én MAPK kinaza, cu thé 12 1én tién trinh truyén tin
hiéu RAS-RAF-MEK-ERK nhu chat trc ché MEK. |

Theo khia canh khéc, sang ché d& xuit dugc pham két hop thich hop dé sir dung

trong diéu tri bénh ung thu chira hop chét ¢ cong thire (I) nhu dugc xac dinh néu trén
hodc mubi duge dung ctia ching va chat tic ché MEK, nhu selumetinib (ARRY-142886).

Theo mdt khia canh, dugc phidm két hop chira hop chét c¢6 cong thic (I) va
selumetinib (ARRY-142886) néu trén thich hop dé st dung trong diéu tri bénh ung thu
bét ky phu thudc vao qué trinh MAPK, nhu bénh ung thu NSCLC, tuy hodc CR, tiy ¥ két

hop véi tri liéu ti€u chuan cham séc.
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Dugc phém két hop chira hop chét c6 cong thirc (I) va duoc chét khang khéi u liét
ké & muc (iii) néu trén, cu thé 13 chét khac tac dong 1én MAPK kinaza, cu thé 1 1én tién
trinh truyén tin hiéu RAS-RAF-MEK-ERK nhu chat trc ché MEK/ c6 thé dic biét hiru
dung trong diéu tri khdi u véi ti 18 luu hanh cao hon cta dot bién & KRAS hoic BRAF.

Dugc phdm két hdp cu thé theo sang ché chirahop chét bat ky ctia cac Vi du trong
ban md ta ndy (hodc mudi dugc dung ciia chiing) va chét ¢ ché MEK nhu selumetinib
(ARRY-142886) nhu dugc md ta néu trén. Cac vi du minh hoa khac d6i v6i dugc phdm
két hop theo sang ché va chat rc ché MEK nhu selumetinib (ARRY-14288) la:

2-(2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-metylpyridin-2-
yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;

(S)-7-(3-clobenzyl)-6-metyl-2-(2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-
y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on; ‘

(8)-7-(3-clo-4-flobenzyl)-6-metyl-2-(2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;

(S)-7-(3,4-diflobenzyl)-6-metyl-2-(2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;

2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin- 8(5H)'-on;

(8)-2-(5-clo-2-((1-metyl- IH-pyrazol-S-yl)amh10)pyrimidin—4-yl)—7—(3,4-
diflobenzyl)-6-metyl-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;

(S)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-(3-
metoxybenzyl)-6-metyl-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5/)-on;

(S)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6-metyl-7-((2-
(triflometyl)pyrimidin-4-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;

(S)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-
(diflometyl)pyridin-2-yl)metyl)-6-metyl-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;

(S)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6-metyl-7-((6-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
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(S)-2-(5-clo-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6-metyl-7-((6-
metylpyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
7-(3-clo-4-flobenzyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-
y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
7-(3-clobenzyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-
6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
7-(3-(diflometyl)benzyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
7-((6-(diflometyl)pyridin-2-yl)metyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(R)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-
metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-
on;
(R)-7-(3-clobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(SH)-on;
(R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-7-(3-clobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-7-(3,4-diflobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-7-(3-(diflometyl)benzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-7-(3,5-diflobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-7-(3-metoxybenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-7-(4-flo-3-metoxybenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
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(S)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-metyl-2-(5-metyl-2-((1-metyl- 1 H-
pyrazol-5-yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-y1)-7-((2-
(triflometyl)pyrimidin-4-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-y1)-7-((6-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-7-(3-(diflometoxy)benzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-y1)-7-((4-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-6-metyl-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-y1)-7-((2-
(triflometyl)pyridin-4-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S5)-7-((4-(diflometyl)pyridin-2-yl)metyl)-6-metyl-2-(5-metyl-2-((1-metyl-14-
pyrazol-5-yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-
(triflometyl)pyrimidin-4-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
7-(3,4-diflobenzyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-
y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;
(S)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;

San phdm cong hop axit etansulfonic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-
(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-
a]pyrazin-8(5H)-on;

San phdm cong hop axit adipic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-
metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-
a]pyrazin-8(5H)-on;

(R)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
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(R)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-
pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5/)-on;

(R)-7-(3-(diflometyl)benzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-
pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;

(R)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-
y1)-7-((6-(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on;

(R)-7-(3,5-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5/)-on; va

(R)-7-(3-metoxybenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5/H)-on.

Trong tit ci cac duge phdm két hop & trén, can hiéu ring dugc pham két hop nay
cling c6 thé duoc st dung lidu lugng voi viée diéu tri tiéu chuén chim séc, nhu dugc hiéu
boi ngudi c6 hidu biét trung binh trong linh vuc nay, nhu cac diéu tri khac tir (i) dén (xi)
néu trén. Theo khia canh khac, thich hop 13 tiéu chudn cham soc c6 thé duge chon tir (i)
néu trén.

Do d6, theo khia canh khéc, sdng ché d& xuit dugc phdm két hop chira ba thanh
phan thich hop dé sir dung trong diéu tri bénh ung thu, bao gbm:

a) hop chét c6 cong thirc (I) hoic mubi dugce dung ctia chiing;

b) hop chét dugc chon tir (iii) néu trén (nhu hop chét khac tac dong 1én MAPK
kinaza) hoic mudi dugc dung ciia chiing; va

¢) tri liéu ti€u chuén chiam s6c dbi v6i bénh ung thu can diéu tri.

Mot cach thich hop tri liéu tiéu chudn cham séc c6 thé dugce s dung liéu lugng
theo ché do lidu lugng thong thudng cia n6, nhu dugc hiéu béi ngudi c6 hiéu biét trung

binh trong linh vuc nay.

Theo khia canh khéc, sang ché dé xuét kit chira hop chét c6 cong thirc (I) hozic
mubi duoc dung cta ching két hop véi dugce chét khéang khdi u duge chon tir cac duge

chét khang khéi u liét ké & muc (i) - (xi) néu trén.

Theo khia canh khac, sang ché dé xuit kit chua:
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a) hop chat c6 cong thirc (I) hoic mudi duge dung cua ching & dang lidu don vi
thtr nhét;
b) dugc chit khang khdi u duge chon tir cac duge chét khang khéi u liét ké & muc

(i) - (xi) néu trén & dang liéu don vi th hai; va

¢) db chira dé chira dang lidu lugng thit nhit va dang lidu lwong thir hai nay.

Theo khia canh khéc, séng ché dé xuét kit chira:

a) hop chét ¢ cong thire (I) hodc mudi dugc dung cta ching & dang lidu don vi
thir nhét;

b) dugc chét khang khdi u duge chon tir cac duge chét khang khdi u liét ké & muc

(i) - (xi) néu trén & dang liéu don vi th hai;
¢) db chira @ chira dang liéu hrong thit nhét va thi hai nay; va tay ¥
d) huéng din st dung.

rong ban mo ta nay, khi thuat nglt “dugc pham két hop” duoc sir dung can hiéu
réng no6 st dung dé chi viéc str dung déng thoi, riéng 1€ hodc tudn tu. Theo mdt khia canh
cia sang ché “dugc phim két hop“ dugc st dung trong ban mo ta dé chi viéc st dung
ddng thoi. Theo theo mot khia canh khac, sdng ché “dugc phdm két hop“ dugc st dung
trong ban mé ta dé chi viéc st dung riéng ré. Theo khia canh khac theo sang ché “dugc -
phém Kkét hop“ dugc st dung trong ban mo ta dé chi viéc st dung tudn tu. Khi viée st
dung 13 tudn tu hodc riéng &, viéc tri hodn st dung thanh phan thtr hai khong nhu 1am

mat tac dung c6 loi.

Mic du hop chét c6 cong thue (I) chu yéu c6 gid tri lam chét tri liéu dé st dung &
dong vat mau nong (bao gdm con ngudi), ching ciing hitu dung bat cr khi ndo can wc
ché ERK. Do d6, chiing hiru dung 1am tiéu chudn dugc dé st dung trong phat trién thir
nghiém sinh hoc méi va trong viéc tim kiém tac nhan dugc moi.

Cham séc strc khoe ca nhan hoéa

Theo mot khia canh khac, sang ché dua trén viéc x4c dinh méi lién hé gifra tinh
trang ctia gen ma hdéa cho KRAS va tinh nhay cam véi viéc didu tri bang hop chit c6
cong thire (I). Do d6 diéu nay mang lai co hdi, phuong phép va cong cu dé chon loc bénh

nhan d& didu tri bang hop chét c6 cong thirc (I), cu thé 13 bénh nhén ung thu, vd/hoic
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tranh diéu tri cho bénh nhan it c6 kha nang dap tmg tri liéu vé6i diéu tri do d6 tranh viée
didu tri khong can thiét va tac dung phu bét ky cé thé duge két hop véi viec didu tri
khong hi¢u qua nay. |

Sang ché dé cap dén cong cu va phuong phép chonxloc bénh nhén (bao gdm y hoc
ca nhin hoéa). Viéc lya chon nay dua trén viéc liéu té bao khéi u can diéu tri c6 gen
KRAS kiéu dai hodc @6t bién. Do dé tinh trang gen KRAS c6 thé dugc str dung 1am chi
thi sinh hoc cua tinh nhay cdm véi diéu tri béng chét e ché ERK.

C6 nhu ciu 3 rang dbi v&i cac chi thi sinh hoc ma s& 1am giau dbi v6i hodc chon
loc bénh nhin ma khdi u cia ho s& dap umg véi diéu tri béng chét tc ché ERK, nhu hop
chét c6 cong thuc (I). Chi thi Sinh hoc chon lgc bénh nhin ma nhén dién bénh nhén c6
kha ning nhit d& dap tmg v6i chat 13 Iy tuéng trong diéu tri bénh ung thu, vi ching lam
giam viée didu tri khong can thiét cia bénh nhén c6 khéi u khong dap tmg dbi vi cac tac
dung phu tiém tang clia chét ndy.

Chi thi sinh hoc ¢6 thé duge mb ta duéi dang “dic diém ma khach quang duge do
va danh gid dudi dang chét chi thi cia quy trinh sinh hoc binh thudng, quy trinh gay
bénh, hodc dap Gmg dugce ly voi su can thiép tri liéu”. Chi thi sinh hoc la chét chi thi c6
thé nhan dién va do dugc bat ky di kém theo tinh trang bénh hoic bénh cu thé trong d6 c6
su twong quan gitta sy ¢6 mat hodc ham lugng cua chi thi sinh hoc va mot s6 khia canh
cua tinh trang bénh hodc bénh (bao gém s ¢ mat, ham lugng hodc ham lugng thay dbi,
loai, giai doan, tinh nhay cam dbi voi tinh trang bénh hodc bénh, hodc su ddp ung véi
thudc duoc st dung dé diéu tri tinh trang bénh hodc bénh). Su twong quan c6 thé 1a dinh
tinh, dinh lwong, hodc ca dinh tinh va dinh luong. Thong thuong chi thi sinh hoc 1a hop
chit, manh hop chét hodc nhém ciia hop chit. Hop chét nay c6 thé 13 hop chat bat ky tim
thdy trong hodc san xuit béi sinh vt, bao gdm protein (va peptit), axit nucleic va hop
chat khac.

Chi thi sinh hoc c6 thé c¢6 kha nang du doan, va nhu vdy co thé duoc sir dung dé
du doan ho#c phat hién sy ¢6 mat, ham lugng, loai hodc giai doan cua tinh trang bénh va
bénh cu thé (bao gém su ¢6 mat hoac ham lugng cua vi sinh vat hodc doc td cu thé), tinh
nhay cam (bao gdm tinh nhay cam di truyén) ddi v6i tinh trang bénh va bénh cu thé, hoic
dap tmg vé6i viée diéu tri cu thé (bao gdm viée didu tri bang thubc). Ngudi ta cho rang chi

thi sinh hoc s& c6 vai trd ngay cang quan trong trong tuong lai phét hién va phat trién
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thubc, bing cach cai thién hiéu qua cua chwong trinh nghién ctru va phét trién. Chi thi
sinh hoc ¢6 thé dugc sir dung 1am chit chin doén, theo dbi su tién trién ciia bénh, theo
ddi viée diéu tri va du doan két qua 1am sang. Vi du, cac du 4n nghién ctru chi thi sinh
hoc khéc nhau ¢b géng dé nhén dién chi thi cia bénh ung thu cu thé va cia cac bénh tim
mach va mién dich dic hiéu. Tin réng su phat trién cta chi thi sinh hoc dugc kiém ching
mdi s& déu din dén su giam dang ké & chi phi cham soc sirc khoe va phét trién thube va

su cai thién dang k& & viéc diéu tri doi véi nhi€u loan bénh va tinh trang bénh.

Dé thiét ké ti wu thir nghiém 14m sang va d& c6 duoc thong tin tot nhét tir cac thir
nghiém nay, chi thi sinh hoc c6 thé can thiét. Chi thi ¢6 thé do dugc & mo khdi u va mé
thay thé. Ly tudng 13 cac chi thi nay ciling s& twong quan véi hiu qua va do d6 cudi cliing

c6 thé dugce sir dung dé chon loc bénh nhan.

Do d6, vén d& k¥ thuat bén dudi khia canh nay cia sang ché 13 viéc xac dinh
phuong tién dé phan ting bénh nhan dé didu tri bang hop chét ¢ cong thirc (I). Van dé
k¥ thuét nay duoc gii quyét bang cac phuong an néu trong yéu cau bao hd va/hodc phan

mo ta cia sang cheé.

Sang ché d& xuit phuong phap xac dinh tinh nhay cam cia té bao véi hop chit c6
cong thire (I). Phuong phap nay bao gdm budce xé4c dinh tinh trang ctia gen KRAS trong
té bao d6. Té bao duoc nhan dang 13 duong nhu nhay cam véi hop chit ¢6 cong thire (I)
néu té bao ndy c6 gen KRAS dot bién. Do d6 cac bénh nhan c6 gen KRAS dot bién duoc
dir doan 13 dac biét nhay cam véi viée didu tri bang hop chat c6 cong thic (I). Té bao
dugc xac dinh 1a nhay cam véi hop chét c6 cong thirc (1) néu no tc ché su tang 1én cua sb
lwong té bao trong thir nghiém sinh trudng t€ bao (thong qua su @c ché cla sy tang sinh
té bao va/hoidc thong qua su chét t€ bao tang 1én). Phuong phap theo sang ché hiru dung
dé du doan ma té bao c6 kha ning hon dé dap tng véi hop chét cé cong thie (I) bang

cach trc ché sinh trudng.

Sang ché ciing dua trén, mot phan, phuong phap c6 thé duoc sir dung dé xac dinh
s d4p Gmg cta bénh nhan v6i hop chét ¢ cong thire (I) bao gdm viée xac dinh cé sir
dung hop chét c6 cong thire (I) hay khong. Cu thé 1a phuong phép theo sang ché bao gdbm
viéc xac dinh tinh trang gen cia KRAS. Su c¢6 mit ciia gen KRAS 4ot bién chira réng té

bao khoi u c¢6 kha nang hon d€ dap ing bang cach tGc ché sinh truéng khi ti€p xic véi
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hop chét c6 cong thire (I). Do d6 tinh trang gen KRAS c¢6 thé duoc st dung @ chon loc
bénh nhan dé diéu trj bang hop chit c6 cong thire (I).

Mau “dai dién ctia khoi u” ¢ thé 1a mau khéi u thuc su duge phan 1ap, hodc c6 thé
mau ma d3 dugc xr Iy thém, vi du miu cla axit nucleic duoc khuéch dai bang PCR tir

m?xu khoi u.
Dinh nghia:
- Trong phan cham séc strc khoe ca nhan hda nay:

“Alen” duge sir dung trong ban mé ta dé chi dang cu thé ctia locut di truyén, phan

biét véi cac dang khac béi trinh tur nucleotit hodc axit amin cia nd.

“Phéan trmg khuéch dai” 13 phan mg axit nucleic ma dan dén su khuéch dai dic
hiéu cua axit nucleic dich dé lai axit nucleic khong phai dich. Phan tng chuoi polymeraza

(PCR) 12 phan tmg khuéch dai da duoc biét 6.

“Bénh ung thu” dugc st dung trong ban mé ta ndy dé chi su sinh truéng khéi u
phat sinh tir s bién ddi té bao thanh kiéu hinh khdi u. Su bién dbi té bao nay thudong bao

gom dot bién di truyén.

“Gen” 12 doan ADN ma chura tit ca thong tin dé sinh téng hop c¢6 diéu hoa san
pham ARN, bao gom vung khéi dong, exon, intron, va cac thanh phéan trinh tu khéac co
the nam & trong cac vung cung cd bén 1€ 5° hoac 3’ (khong & trong phan dugce phién ma

clia gen) ma kiém soat su biéu hién.

“Tinh trang gen®“ dugc s dung trong ban md ta dé chi viéc gen 12 kiéu dai hay
khong (tirc 1a dot bién).

“Nhan* dugce st dung trong ban mé ta dé chi ché phdm c6 kha ning tao ra tin hiéu
c¢6 thé phat hién dugc chi ra sy c6 mit cia polynucleotit dich trong mau thir nghiém.
Nhin thich hop bao gdbm déng vi phéng xa, nhém mang mau nucleotit, enzym, co chat,
phan tir huynh quang, gbc phat quang héa hoc, hat tir tinh, gdc phat quang sinh hoc, va
dang twong tu. Nhu vay, nhan 13 ché phim bat ky c¢6 thé phat hién dugc bang phuong tién

quang phd, quang héa, héa sinh, héa mién dich, dién, quang hoic hoa hoc.

“Bién di khong ddng nghia“ dugc st dung trong ban mo ta dé chi bién di (bién

doi) & trong hodc gdi 1én trinh ty m3 hda clia gen ma dan dén su san xuat ra trinh tu
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polypeptit khac biét (dugc thay ddi). Su bién dbi nay c6 thé anh huéng hoic khong anh
huéng dén chirc ning protein va bao gdm cac bién thé sai nghia (din dén su thé cia mot
axit amin bang axit amin khac), bién thé vo nghia (din dén polypeptit bi cit cut do sur tao

ra b ba két thic sém) va bién thé cai xen/Lam khuyét.

“Bién di ddng nghia“ duoc sir dung trong ban mé ta dé chi bién di (bién dbi) trong
trinh tr m3 héa cta gen ma khong 4nh hudng dén trinh tir cta polypeptit duoc mi héa.
Céc bién dbi nay c6 thé anh huéng dén chirc ning protein mot cach gian tiép (vi du bing
cach lam thay dbi su biéu hién cua gen), nhung, khong co b?mg chung vé diéu ngugc lai,

thuong dugc giad dinh 1a vo thudng vo phat.

“Axit nucleic” dugc sir dung trong ban md ta dé chi phan tir ADN va ARN soi don
‘hodc sgi kép bao gdm axit nucleic tir nhién tim thiy trong tu nhién va/hoic duoc cai bién,

axit nucleic nhan tao ¢6 khung hodc bazo dugc cai bién, nhu da biét trong linh vuec.

“Poan mbi dugc st dung trong ban md ta dé chi trinh t oligonucleotit ADN soi
don c6 kha ning tic dong nhu 1a diém bit dau dé tdng hop san pham kéo dai doan mdi
ma b sung véi soi axit nucleic can sao chép. Chiéu dai va trinh tr ctia doan mdi phai phu
hop sao cho ching ¢6 thé 1am mdi cho su téng hop clia san pham kéo dai. Poan mdi dién
hinh cé chidu dai chua it nhét 13 khoang 7 nucleotit ciia trinh ty vé co ban bd sung véi
trinh tu dich, nhung doan mdi dai hon mdt chit duge uvu tién. Thong thudng doan mdi -
chira khoang 15-26 nucleotit, nhung doan mdi dai hon hodc ngén hon cling ¢6 thé duoc

su dung.

“Vi tri da hinh” 13 vi tri ¢ trong locut ma it nhét 13 hai trinh tr thay thé dugc tim

thiy & d6 trong quan thé.

“Hién tugng da hinh* dugc st dung trong ban mo ta dé chi sy bién dbi trinh tu
quan sat dugc & dbi tuong & vi tri da hinh. Hién tugng da hinh bao gf‘)m su thé, su cai
xen, su lam khuyét va vi vé tinh nucleotit va c6 thé, nhung khong can thiét, din dén su
khéc biét c¢6 thé phat hién dugc & su biéu hién gen hodc chuc nang protein. Khi khong cé
bang chimg vé anh hudng 1én su biéu hién hodc chirc ning protein, hién tuong da hinh
phd bién, bao gdm bién thé khong dong nghia, thudng dugc coi 1a duoc bao gdm trong
dinh nghia vé trinh tu gen kiéu dai. Danh muc hién tuong da hinh & nguoi va cha thich di
keém, bao gf“)m kiém ching, tn suét quan sat dugc, va su Kkét hop bénh, dugce duy tri béi

NCBI (dbSNP: http://www.ncbi.nlm.nih.gov/projects/SNP/). Luu ¥ rang thuat ngit “hién
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tugng da hinh” khi dugc st dung trong ngit canh cia trinh tr gen khong duge nhim 14n
v6i thuat ngit “hién tugng da hinh” khi dugc st dung trong ngir canh ctua dang trang thai
ran ctia hop chat, c6 ban chat két tinh hodc vo dinh hinh ctia hop chéat. Ngudi c6 hidu bibt
trung binh trong linh vuc ndy s& hiéu dugc nghia dugc du dinh theo ngit canh.

“Doan do* dugc st dung trong ban mo ta dé chi oligonucleotit ddc hi¢u trinh tur

soi don ¢6 trinh tu b sung chinh xac vdi trinh ty dich cua alen can duoc phat hién.

“Pép tng” dugc xac dinh bang phép do duge thuc hién theo Tiéu Chuin Panh Gia
Pap Ung O Khéi U Ran (Response Evaluation Criteria in Solid Tumours - RECIST) bao
gdm viéc phén loai bénh nhén vao hai nhém chinh: cac bénh nhan thé hién dép tmg mot

phén hodc bénh On dinh va bénh nhén thé hién diu hiéu cta bénh tién trién.

“Piéu kién lai héa nghiém ngat™ duoc sir dung trong ban mo ta dé chi viée & qua
dém & nhiét do 42°C trong dung dich chira 50% formamit, 5x SSC (750 mM NacCl, 75
mM trinatri xitrat), 50 mM natri phosphat (40 pH 7,6), 5x dung dich Denhardt, 10%
~ dextran sulphat, va 20 pg/mI ADN tinh tring ca hdi da duoc cit, dugc bién tinh, sau d6

rtra b loc trong 0,1x SSC & khoang 65°C.

“Su séng s6t” bao ham sur séng s6t n6éi chung ctia bénh nhén va su séng sé6t khong
ti_én trién.

“Sur s6éng s6t noi chung” {OS) duge dinh nghia 13 thoi gian tir khi bét dau sir dung
thubc dén khi tir vong do nguyén nhén bét ky. “Su séng sét khong tién trién” (PFS) duogc
dinh nghia 13 thoi gian tir khi bit dau st dung thude dén khi xuét hién 1in dau tién bénh
tién trién hodc tir vong do nguyén nhén bat ky.

Theo mdt khia canh, sang ché dé xuét phuong phép chon loc bénh nhén ung thu
thich hop dé didu tri bang hop chét c6 cong thirc (I), phuong phap nay bao gdbm bude:

(a) thir nghiém bénh nhan ung thu dé xac dinh liéu gen KRAS trong khdi u cia
bénh nhan 13 kiéu dai hay dot bién; va chon loc bénh nhén dé diéu tri bang hop chit c6
cong thuc (I) dua trén do.

Theo mét phuong 4n, tinh trang ctia gen KRAS trong khdi u ciia bénh nhan duoc
xac dinh tr mau sinh hoc thu duoc tir bénh nhan d6. Theo mét phuong an mau sinh hoc
13 mAu chira té bao khéi u. Theo mét phuong an mau sinh hoc 13 mau chira ADN khdi u,

nhu miu mau. Theo mot khia canh cua sang ché sang ché dé xut phuong phap chon loc
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bénh nhan d diéu tri bing hop chét ¢ cong thue (I), phuong phap nay bao gdm buéc thu
léy mau tir bénh nhan chira t& bao khéi u hoic axit nucleic tir t& bao khébi u; viéc xac dinh
liéu gen KRAS trong t€ bao khdi u ciia bénh nhan 12 kiéu dai hay doét bién; va chon loc
bénh nhan dé diéu tri bang hop chét c6 cong thirc (I) dua trén do.

Phurong phép nay c¢6 thé bao gdbm hozc khong bao gdm buéc phan 14p miu bénh
nhan thuc su. Do d6, theo mot khia canh ciia sang ché sang ché dé xuit phuong phép
chon loc bénh nhén dé diéu tri bang hop chat c6 cong thirc (I), phuong phap bao gbm
budce xac dinh liéu gen KRAS trong miu chita t€ bao khéi u hodc axit nucleic duge phéan
1ap tir.trude tir bénh nhan 13 kiéu dai hay d6t bién; va chon loc bénh nhan dé didu tri bing

hop chit c¢6 cong thirc (I) dya trén dé.

Theo mét phwong 4n, bénh nhan duoc chon dé didu tri bang hop chit c6 cong thic

(D) néu t& bao khéi u co dot bién gen KRAS.

Theo theo mot khia canh khac, sang ché sang ché dé xuit phuong phap dur doan su
d4p (g ctia bénh nhan véi hop chit cé cong thire (I), phuong phép nay bao gdm bude
xé4c dinh liéu gen KRAS trong té bao khdi u cta bénh nhén 13 kiéu dai hay dot bién va
dya trén d6, du doan sy dap ing ctia bénh nhin vdi viée diu tri béng hop chét c6 cong

thirc (I).

Theo theo mdt khia canh khac, sang ché sang ché dé xuit phuong phap xac dinh
kha nang xay ra ctia hidu qua cla viéc diéu tri bang hop chit c6 cong thie (I) & ngudi
bénh bi anh huéng bdi bénh ung thu bao gdm budc: xac dinh liéu (cac) gen KRAS trong
té bao khdi u ctia bénh nhan 13 kiéu dai hay d6t bién va dua trén d6, du doan su dép tmg

clia bénh nhan v&i viée diéu tri bang hop chét c6 cong thirc (I).

Dé dat dugc muc dich cia sang ché, tinh trang gen kiéu dai c6 hghTa 13 str dung dé
chi ra su biéu hién binh thuong hodc phi hop ciia gen va chirc ning binh thudng cia
protein dutqc ma héa. Nguoc lai, tinh trang 4ot bién c6 nghia 13 st dung dé chi ra su biéu
hién gen bat thudong hodc khong phu hop, hodc sy biéu hién ciia protein véi chirc nang
thay doi, thong nhét véi vai trd da biét cia dot bién KRAS & bénh ung thu (nhu duge md
ta trong ban mo ta nay). S6 luong bit ky ciia cac thay dbi di truyén hoic biéu sinh, bao
gém nhung khong gidi han & dot bién, khuéch dai, 1am khuyét, tai sép Xép hé gen, hodc
su thay ddi & bién dang metyl héa, c6 thé din dén tinh trang dot bién. Tuy nhién, néu su
thay d6i nay tuy vy din dén sy biéu hién pht hop ctia protein binh thudng, hodc bién thé
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c6 chtc nang tuong dwong, thi tinh trang gen duoc coi 12 kidu dai. Vi du vé cac bién thé
ma thudong khong din dén tinh trang gen dot bién chirc nang bao gdm bién thé ma hoa
ddng nghia va hién twong da hinh phd bién (ddng nghia hodc khong ddng nghia). Nhur
thao luin dudi day, tinh trang gen c6 thé duoc danh gia bang thir nghiém chirc nang, hoic

n6 ¢6 thé dugc suy ra tur ban chét cia su sai léch duoc phat hién tir trinh tu tham chiéu.

Theo phuong 4n nhét dinh tinh trang kiéu dai hodc dot bién cua gen KRAS dugc
xac dinh béng su ¢6 mat hoac Vrflng mat cta su bién dbi axit nucleic khoéng déng nghia
trong gen. Su bién d6i khong ddng nghia quan sat duge twong ing véi hién twong da hinh
phd bién da biét khong c6 tac dung chirc ning duoc chi ra khéng gép phan vao tinh trang

gen clia dot bién.
Chi tiét v& m3 sb truy c4p ngan hang Gen KRAS: KRAS NM_004985

RS rang 12 mdi trinh tu gen va mARN dugc boc 16 d6i véi trinh tr KRAS va
protein KRAS 1a trinh tu dat dién. O cac db6i twong binh thudng ¢ hai ban sao ciia mdi
gemn, ban sao ctia bd va cua me, ma dudng nhu c6 mot s6 su khéc biét trinh tw, hon nita &
trong quan thé s& c6 ton tai mot s bién thé alen cua trinh tu gen nay. Céc trinh tu khac
duoe coi nhu 13 kiéu dai bao gém cac trinh tu ¢6 mot hodc nhidu sir thay do6i dé)ng nghia
dbi voi trinh tr axit nucleic (ma sy thay d6i nay khong 1am thay ddi trinh tu protein duoc
mA héa), hién twong da hinh phd bién khong ddng nghia (vi du hién tuong da hinh dong
mam) ma lam thay dbi trinh tr protein nhung khéng anh huong dén chiic ning protein,

va su thay doi trinh tu & vi trf khong ghép ndi intron.

Theo theo mét khia canh khéc, sang ché sang ché dé xuit phuong phap xac dinh
kha ning xay ra ctia hiéu qua cta viéc diéu tri bang hop chit cé cong thic (I) & ngudi
bénh bj anh hudng boi bénh ung thu bao gdm bude: phat hién sy ¢6 mit hodc ving mit
clia it nhat 1a mot bién ddi axit nucleic khong dong nghia trong gen KRAS ctia bénh nhan
nay tuong dbi so voi gen kiéu dai, trong d6 su cé mat cuda it nhét 13 mot bién d6i axit
nucleic khong ddng nghia sinh dudng trong gen KRAS chi ra rang viéc diéu tri bang hop

chét c¢6 cong thue (I) duong nhu 12 ¢6 hiéu qua.

Theo theo mdt khia canh khac, sang ché sang ché d& xuét phuong phap danh gia
tinh nhay cam ctia d6i tuong di v6i viéc didu tri bing hop chét c6 cong thie (I), phuong

phap nay bao gdm budec:
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(i)x4c dinh tinh trang dot bién khong ddng nghia ciia gen KRAS & axit nucleic té
bao khéi u tir di twong; va,

(ii)x4c dinh tinh nhay cam c6 thé c6 ciia d6i twong dbi vdi viée diéu tri bing hop
chat c6 cong thire (I) bang cach tham chiéu dén tinh trang dot bién khéng dong nghia cua
gen KRAS trong té bao khdi u.

C6 nhidu k¥ thuat ¢6 sin dbi voi ngudi c6 hidu biét trung binh trong linh vuc niy
dé x4c dinh tinh trang gen ciia KRAS. Tinh trang gen ¢6 thé dugc xac dinh bing cach xac
dinh trinh tur axit nucleic. Pidu nay c6 thé 13 théng qua viéc xéac dinh trinh tu truc tiép cua
gen chiéu dai day da hodc phén tich cac vi tri dic hiéu & trong gen, vi du céc vi tri dot

bién théng thuong.

Phurong thirc thay thé dé xac dinh gen KRAS 13 kiéu dai hay dot bién 1 danh gia
chirc nang cia gen dugc phién mi. POt bién chiic niang cia gen KRAS nay san xuit
protein ¢6 kha ning thity phan GTP suy gidm. Dot bién KRAS vin con & tinh trang lién
két GTP, hoat tinh, d4n dén su kich thich co ban va mét diéu hoa cua viée truyén tin hiéu
xudi chidu ciia qua trinh trong t& bao, bao gdm nhung khong gidi han & sir hoat hoa cia
cac qua trinh Raf, PI3K va Ral.

Thir nghiém déng gia tinh trang chirc ning ctia bién thé KRAS khi duoc biéu hién
trong té bao bao gdm nhung khéng gidi han &:

(i) lién két véi mién lién két Ras (RBD) ciia Rafl ting 1én

(i1) ham luwgng cua ERK1/2, MEK1/2, hodc Akt dugc phosphoryl héa ting 1én;

(iii) su tap trung va su tao thanh khuan lac cua té bao NIH-3T3 duoc chuyén nap
v6i bién thé cia KRAS tang 1én

Mau

M3u ctia bénh nhén cin dugc thir nghiém vé tinh trang gen c6 thé 13 miu mo khéi
u, chira té bao khdi u hodc chira axit nucleic khdi u bét ky thu dugc hoac cé thé thu dugc
tr dbi tuong. Mau thir nghiém thuén loi 13 miu mau, mﬁu gac miéng, mau sinh thiét,
hodc mau dich hodc md co thé khac thu dugc tir dbi tuong. Cac vi du cu thé bao gém: té
bao khéi u tudn hoan, ADN tudn hoan trong huyét twong hodc huyét thanh, té bao dugc
phan 14p tir dich bang ctia bénh nhan ung thu budng trimg, dom phdi ddi vGi bénh nhén
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c6 khdi u & trong phoi, kim nhé hit ra tir bénh nhéan ung thu v, nude tiéu, mau ngoai vi,

nao t€ bao, nang 16ng, miéng dot da hodc mau ma.

Hiéu 13 ring mAu thir nghiém cé thé déu 13 trinh ty axit nucleic twong tng véi
trinh tu trong mAu thir nghiém, ¢ thé ndi ring tit ca hoic mot phan ciia ving trong axit
nucleic miu c6 thé trude hét dugc khuéch dai béng cach st dung k¥ thudt thuan tién bét
ky vi du phan tng chubi polymeraza (PCR), trudc khi phan tich. Axit nucleic ¢6 thé 13
ADN hé gen hodc ARN té bao duoc phan doan hoac toan by ARN té bao. Theo céc
phuong 4n cu thé ARN 12 toan bd ARN té bao va duogc st dung truc tiép lam khuon dé
gin nhin cADN soi thtr nhit bang cich sit dung doan mdi ngiu nhién hodc doan mdi
poly A. Axit nucleic hodc protein trong mau thir nghiém cé thé duoc chiét tr miu theo
phuong phép tidu chudn (xem tai lidu Green & Sambrook, Eds., Molecular Cloning: A
Laboratory Manual, (2012, 4th edition, Vol. 1-3, ISBN 9781936113422), Cold Spring
- Harbor Laboratory Press, Cold Spring Harbor, N.Y.).

Phuong phép chin doén theo sang ché c6 thé duge thuc hién bang cach sir dung
mau dugc l-?iy tir trede tr dbi tuong hoic bénh nhan. Cac mau nay cé thé duoc bao quan
bang cach 1am déng lanh hodc duge ¢b dinh va duge nhing trong formalin-parafin hodc
mdi truong khac. Theo cach khac, miu mdi chira té bao khédi u c6 thé dugc thu ldy va

dugce sir dung.

Phuong phép theo sang ché ¢6 thé duge dp dung bang cach st dung té bao tir khéi
u bat ky. Khdi u thich hop dé didu tri bang hop chat c6 cong thirc (I) di duge mb ta &
trén.

Phuong phap phat hién axit nucleic

Viéc phat hién axit nucleic KRAS d6t bién c6 thé duoc st dung, trong ngir canh
theo sang ché, dé du doan dap tng véi viée diéu tri bang thube. Vi dot bién trong cac gen
ndy xay ra & cdp do ADN, phuong phap theo sang ché c6 thé dua trén sy phat hién cia
dot bién hodc su bién ddi & ADN hé gen, cling nhu 12 ban than ban phién ma va protein.
Diéu mong mudn 13 x4c nhin dot bién trong ADN hé gen bang cach phan tich ban phién
ma va’hodc polypeptit, dé dam bao réng dot bién duge phat hién qua that dugc biéu hién
& ddi tuong.

Ngudi c6 hiéu biét trung binh trong linh vuc nay hiéu 16 ring ¢ sd luong 16n cac

quy trinh phan tich c6 thé duge st dung dé phét hién su c6 mat hodc Véng mat cda

-83-



36844

nucleotit bién ddi & mét hodc nhiéu vi tri trong gen. Nhin chung, viéc phat hién bién dbi
alen cn k¥ thuat phan biét dot bién, tiy ¥ phan tng khuéch dai (nhu phan éng khuéch
dai dua trén phan ung chudi polymeraza) va tiy y hé théng tao tin hidu. C6 vd sd k¥ thuat
phat hién dot bién c6 sin trong linh vuc va c4c k¥ thuit ndy cé thé duoc st dung két hop
v61 hé théng tao tin hiéu, cé nhiéu hé théng nay cé sin trong linh vuc. Nhiéu phuong
phép phat hién bién ddi alen da dugc ban luén béi Nollau et al., Clin. Chem., 1997, 43,
1114-1120; Anderson SM. Expert Rev Mol Diagn., 2011, 11, 635-642; Meyerson M. et
al., Nat Rev Genet., 2010, 11, 685-696; va trong cac sach gido khoa tiéu chuén, vi du nhu
“Laboratory Protocols for Mutation Detection”, Ed. by U. Landegren, Oxford University
Press, 1996 va “PCR”, 2™ Edition by Newton & Graham, BIOS Scientific Publishers
Limited, 1997.

Nhu lvu y & trén, viéc xac dinh sy c6 mat hodc Véng mat cia su bién dbi cu thé
hodc nhiéu su bién ddi trong gen KRAS & bénh nhén mac ung thu c6 thé dugc thuc hién
theo phidu cach. Céc thir nghiém nay thudng dugc thuc hién bing cach st dung ADN
hodac ARN thu gom tur mau sinh hoc, vi du, manh sinh thiét mé, nude tiéu, phéan, dom,
mAu, té bao, nao md, choc hut vii hodic cac nguyén liéu té bao khac, va c6 thé dugc thuc
hién bing nhidu phuong phap bao gém, nhung khong gi6i han &, PCR, lai héa véi doan
do dic hiéu alen, phat hién dot bién enzym, phén cit héa hoc chd bit cip nham, do khéi

phd hoic xéc dinh trinh tr ADN, bao gbm xéc dinh trinh tir nho.

Ky thuaf phat hién dot bién thich hop bao gdm céc k¥ thuat hé thong gy dot bién
chiu nhiét khuéch dai (ARMS™), sir kéo dai tuyén tinh hé théng gdy dot bién chiu nhiét
khuéch dai (ALEX™), hé théng mdi oligonucleotit canh tranh (COPS), Tagman,
Beacons Phan tir, hién tugng da hinh chidu dai manh gi6i han (RFLP), va PCR dua trén
vi tri giéi han va chuyén giao ning lugng cong hudng huynh quang (FRET).

Theo cac phuong 4n cu thé phuong phép sir dung dé xac dinh (cac) nucleotit &
trong chi thi sinh hoc gen dugce chon tir: su khuéch dai dic hiéu alen (PCR dic hiéu alen)
- nhu hé théng gay dot bién chiu nhiét khuéch dai (ARMS), x4c dinh trinh ty, thit nghiém
phéan biét alen, lai hda, hién twong da hinh chiéu dai manh giéi han (RFLP) hodc thu
nghiém ndi oligonucleotit (OLA).

Tao ra axit nucleic dé phan tich tir mau thudong can khuéch dai axit nucleic. Nhiéu

phuong phap khuéch dai dwa trén phan Gng chudi enzym (nhu phan Ung chudi

-84-



36844

polymeraza, phan ing chudi ligaza, hodc sao chép trinh tur tu duy tri) hodc tr sy sao chép
cia tit ca hodc mot phé‘m clia vt truyén ma n6 di duoc tach dong vao. Tt hon 13, khuéch
dai theo sang ché 13 khuéch dai theo ham mii, nhu duoc thé hién vi du béng phén tng

chuoi polymeraza.

Nhiéu phuong phap khuéch dai dich va tin hiéu da duge mé ta trong tai lidu, vi dy,

téng quan vé cac phuong phap nay trong Landegren, U., et al., Science, 1988 242, 229-

237 va Lewis, R., Genetic Engineering News 1990, 10, 54-55. Cac phuong phap khuéch
dai nay c6 thé dugc sir dung trong phuong phép theo séng ché, va bao gém phan tmg
chudi polymeraza (PCR), PCR in situ, phan tmg khuéch dai ligaza (LAR), lai héa ligaza,
QP replicaza thé thuc khuén, hé théng khuéch dai dua trén su phién ma (TAS), khuéch
dai hé gen véi xac dinh trinh ty ban phién ma (GAWTYS), khuéch dai’ dua trén trinh tu
axit nucleic (NASBA) va lai hoa in situ. Doan mdi thich hop dé st dung trong cac k¥
thudt khuéch dai khac nhau c6 thé duoc didu ché theo phwong phap di biét trong linh

vue.

Phan tmg chudi polymeraza (PCR) PCR 1a phuong phap khuéch dai axit nucleic
dugc md ta khong k& nhimg tht khac trong Bang Sang Ché M s 4,683,195 va
4,683,202. PCR bao gém cac chu ky ldp lai cia phan tng kéo dai doan mdi dugc tao ra
bé,ng ADN polymeraza. ADN dich dugc lam bién tinh nhiét va hai oligonucleotit, ma bao
quanh trinh ty dich trén cac soi dbi nguoc cua ADN can duoc khuéch dai, duoc lai héa.
Céc oligonucleotit ndy tré thanh doan mdi dé st dung vi ADN polymeraza. ADN nay
duoc sao chép béng cach kéo dai doan mdi dé tao ra ban sao thir hai ctia ca hai si. Béng
céch lap lai chu ky bién tinh nhiét, lai héa va kéo dai doan mdi, ADN dich c6 thé dugc
khuéch dai hang triéu 14n hodc nhiéu hon trong khoang tir hai dén bén gio. PCR 13 cong
cu sinh hoc phén tir, ma phai duoc sir dung két hop véi ky thuét phat hién dé xac dinh két
qua cua su khuéch dai. Uu diém ctia PCR 12 n6 1am tang tinh nhay cam béng cach khuéch
dai luong ADN dich 1én tir 1 triéu dén 1 ti 14n trong x4p xi 4 gid. PCR c¢6 thé dugc sir
dung dé khuéch dai axit nucleic di biét bét ky trong trudng hop chén doan (Mok et al.,
Gynaecologic Oncology, 1994, 52: 247-252)).

Ky thuat khuéch dai dic hiéu alen nhu Hé théng Gy dot bién Chiu nhiét Khuéch
dai (ARMST™) (Newton et al., Nucleic Acids Res., 1989, 17, 2503-2516) ciing c6 thé
duoc st dung dé phat hién dot bién bazo don 1é. Trong didu kién khuéch dai PCR thich
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hop su bat cip nhim bazo don 1é nim & diu 3’ ciia doan moi 1a du dé khuéch dai wu tién
alen dugc bat cip hoan hao (Newton et al., 1989, supra), cho phép phan biét cac lodi cb
quan hé gan giii. Co s& ctia hé théng khuéch dai bang cach str dung doan mdi duge mo ta
& trén 13 oligonucleotit v&i gbc 3’ bat cip nhim s& khong déng vai trd 1am doan mdi
trong PCR trong diéu kién thich hop. Hé théng khuéch dai ndy cho phép tao kiéu gen chi

bang cach kiém tra hdn hop phéan tng sau khi dién di trén gel agaroza.

Phan tich san phém khuéch dai c6 thé duge thuc hién béng cach st dung phuong
phap bat ky c6 kha ning tach san pham khuéch dai theo kich thudc ciia ching, bao gdm
sac ky trén gel tr dong va bang tay, do khdi phd, va phuong phap tuong tu.

Phuong phép phan 1ap, khuéch dai va phan tich axit nucleic 13 quen thu(f)c dbi voi
ngudi ¢ hidu biét trung binh trong linh virc nay va vi du v& cdc quy trinh nay c6 thé im
théy trong, vi du, Green & Sambrock, Eds., Molecular Cloning: A Laboratory Manual,
(2012, 4th edition, Vol. 1-3, ISBN 9781936113422), Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y.) Ngudn quy trinh dic biét hitu dung cho phuong phép
duoc st dung trong khuéch dai PCR 1a PCR (Basics: From Background to Bench) by M.
J. McPherson, S. G. Mailer, R. Beynon, C. Howe, Springer Verlag; 1st edition (October
15, 2000), ISBN: 0387916008.

Sang ché ciing mé ta st dung hop chét c6 cong thirc (I) dé diéu tri bénh nhan ung
thu ma té bao khéi u ctia ho d3 dugc nhén dang 1a c6 dot bién gen KRAS.

Theo theo mét khia canh khac, sang ché sang ché dé xuit hop chit c6 cong thirc
) dé diéu tri bénh ung thu véi té bao khdi u dugc nhan dang 1a chira dot bién gen
KRAS.

Theo phuong 4n khéc, sang ché d& cip dén dugc pham chira hop chéit c6 cong
thirc (I) dé sir dung trong phong ngira va diéu tri bénh ung thu véi t€ bao khdi u duoc
nhén dang la chira dot bién gen KRAS.

Déi voi tht ca cac khia canh & trén, dang dot bién ciia KRAS duogc xac dinh/duge
nhén dang 1a & tAt ca céc vi tri trong toan b gen.

Theo khia canh khéc, hop chét theo sang ché cling co thé hiru dung trong diéu tri bénh
ung thu dot bién BRAF. Théng tin néu & trén & trong phdn Chim séc sirc khde ca nhan

héa nay vé bénh ung thu dot bién KRAS c6 thé dugc 4p dung twong tir cho bénh ung thu
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khang BRAF, khac véi chi tiét Ma s truy cap Ngan hang Gen. Chi tiét vé ma sd truy cép
ngan hang gen BRAF: BRAF NM_004333.

Vi du thwe hién sang ché
Sang ché s& dugc minh hoa trong cac Vi du duéi day trong d6, nhin chung:

(i) cac hoat dong dugc thuc hién ¢ nhiét do moi truong xung quanh, tizc la trong

khoang tir 17 dén 25°C va duéi khi quyén ciia khi tro nhu nito trir khi c6 chi dan khéc;

(ii) su bay hoi duoc thuc hién bing su bay hoi quay hodc st dung thiét bi Genevac
hodc thiét bi 1am bay hoi Biotage v10 trong chdn khéng va cac quy trinh phu dugc thyuc

hién sau khi loai bé chat ran con lai bang cach loc;

(iii) tinh ché bang sic ky nhanh dugc thyuc hién trén Teledyneisco CombiFlash®
Rf tu ddng hodc Teledyne Isco CombiFlash® Companion® bang cach sir dung Cot Silic
Oxit RediSep Rf Gold™ Silica déng g6i (20-40 pm, hat hinh ciu), GraceResolvTM
Cartridges (silic oxit Davisil®) hodc hdp chira Silicycle (40 - 63 pm).

(iv) séc ky didu ché dugc thuc hién trén thiét bi Gilson prep HPLC véi tip hop
Uv;

(v) séc ky diéu ché phan tach déng phan quang hoc dugc thyc hién trén thiét bi
Gilson véi tap hgp UV (233 b(f) phun/ b tap hop phén doan, 333 & 334 bom, 155 b phat
hién UV), hodc hé théng Interchim PuriFlash 4250-250 hoac hé théng Novasep LC50 véi
bd phat hién UV Knauer K2501;

(vi) hiéu suét, khi ¢6 mat, khong can phai c6 thé dat duogc 16n nhét;

(Vii) nhin chung, cdu tric ciia hop chat cubi cing c6 cong thic (I) duge x4c nhan
béng quang phd cong huéng tir nhan (NMR); gié tri dich chuyén héa hoc NMR duge do
trén thang delta [phd cong hudng tir proton dugc x4c dinh bang cach sir dung thiét bi
Bruker Avance 500 (500 MHz) hoic Bruker Avance 400 (400 MHz)]; cac phép do dugc
thyc hién & nhiét 4o moi trudng xung quanh trir khi ¢6 chi din khéc; céc chir viét tit sau
day dugc st dung: s, mot vach; d, hai vach; t, ba vach; q, bdn vach; m, nhiéu vach; dd,
hai vach cua hai vach; ddd, hai vach cta hai vach cua hai vach; dt, hai vach cia ba vach;
bs, tin hiéu rong; trong d6 “DMSO” dugc d& cip dén dudi dang dung mai st dung trong

NMR né dugc hiéu 1a d6-DMSO;
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(viii) nhin chung, hop chit cubi ciing c6 cong thite (I) con dugce x4c dinh dic diém
bang khdi phd sau khi sic ky long (LCMS hozc UPLC); UPLC dugc thuc hién bang cach
stt dung Waters UPLC lap v6i khdi phd ké Waters SQ (Nhiét do cot 40, UV = 220-300
nm, Khéi phd = ESI v6i su chuyén mach duong/am) & tbc do dong bang 1 ml/phut bang
cach sir dung hé dung moi cua 97% A + 3% B dén 3% A véi 97% B trong 1,50 phut
(tdng thoi gian chay vé6i sy 1am can bang tré lai didu kién ban dau v.v. 13 1,70 phut),
trong d6 A = axit formic 0,1% trong nudc (déi véi hoat dong axit) hodc amoniac 0,1%
trong nuée (ddi voi hoat dong bazo) B = axetonitril. Dé phan tich axit cot duge st dung
la Waters Acquity HSS T3 1,8um 2,1 x50mM, dé phan tich bazo cot duge sir dung 13
Waters Acquity BEH 1,7um 2,1x50mm; LCMS duoc thuc hién bﬁng cach st dung
Waters Alliance HT (2795) duoc lip vé6i khdi phd ké Waters ZQ ESCi va cot
Phenomenex Gemini -NX (50x2,1mm 5pm) & te do dong bing 1,1 ml/phit 95%A dén
95%B trong 4 phit cé gitt 0,5 phat. Bo hiéu chinh duge git & hing sb 5% C
(axetonitril:nude 50:50 axit formic 0,1%) hodc D (axetonitril:nudc 50:50 amoni hydroxit

0,1% (0,88 SG) tiry thudc vao viéc phuong phap nay 1a phuong phép axit hay bazo.

(ix) tinh ché trao dbi ion thudng duoc thle hién bang cach st dung hdp chira
SCX-2 (Biotage, Silic oxit chirc ndng hda axit propylsulfonic. Pugc san xuét bang cach
g g propy g

sir dung silan ba chirc. Khong c6 dau dugc day mil).

(x) do tinh khiét hop chét trung gian dugc danh gid bang sic ky 16p méng, khdi
phd, HPLC (séc ky 1ong hiéu ning cao) va/hodc phan tich NMR.

(xi) Nhiéu xa bot tia X duogc thuc hién béng cach st dung Bruker DA4. Biéu db
nhiéu xa bot tia X dugc x4c dinh bang cach dit miu cia nguyén liéu két tinh 1én trén bé
mong tinh thé silic don (single silicon crystal - SSC) Bruker va trai mau ra thanh 16p
méng v6i su hd trg ctia lam kinh kinh hién vi. Quay mau & tbc d6 30 vong quay trén/phut
(48 cai thién viéc dém céc sd liéu théng ké) va duogc chiéu xa bang tia X dugc tao ra boi
6ng tu tiéu dai bang dong hoat dong & 40kV va 40mA véi chidu dai budc song bang
1,5418 angstrom. Ngudn tia X chun truc dugc cho di qua khe phan ky kha bién tw dong
dat & V20 va tia buc xa phan xa truc tiép qua khe chéng phéan tan 5,89 mm va khe do
phat hién 9,55 mm. Po miu trong hinh phan xa & chu hinh 0 - 26 trong pham vi quét tir
2° dén 40° 20 véi d6 boc 10 0,12 gidy danh nghia trong mdi gia lwgng 0,02°. Thiét bi

duoc trang bi v&i bd phat hién cam bién Positron (Lynxeye). Ngudi c6 hiéu biét trung
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binh trong linh virc nhifu xa bot tia X s& hiéu ring cudng do tuong dbi ctia cac dinh co
thé bi anh huéng bdi, vi du nhu, cc hat c6 kich thudce trén 30 micromet va ty 1€ cac mit
khong ddng nhit c6 thé anh hudng dén sy phan tich miu. Ngudi c6 hiéu biét trung binh
trong linh vuc nay cling sé& hidu ring vi tri phan xa c6 thé bj anh huéng béi chiéu cao
chinh x4c ma tai d6 mau nam trong nhiéu xa ké va su dinh c& bﬁng khong cua nhiéu xa
ké. Tinh phéng bé mit ctia mAu cling ¢6 thé c6 anh hudéng nhé. Do d6 dit liéu mau nhiéu
xa duge thé hién khong duoc 14y du6i dang gia tri tuyét dbi.

(xii) Do nhiét lwong quét vi sai (differential Scanning Calorimetry - DSC) dugc
thuc hién bang cach sir dung thiét bi TA Q2000 DSC. Thong thuong it hon 5 mg nguyén
licu duge chira trong bé bing nhom tiéu chuin dugc 14p v6i ndp dugc gia nhiét trong
khoang nhiét do tir 25°C dén 300°C & tbc do gia nhiét khong ddi bang 10°C/phit. Khi

day st dung nito duge st dung - tbc d6 dong 12 50mL/phit.

(xiii) cac chir vi€t tit sau day dugc sir dung:

clo[(4,5-bis(diphenylphosphino)-9,9-
Chét tién xfic tac XantPhos thé hé thir 2 dimetylxanthen)-2-(2’-amino-1,1°-
biphenyl)Ipaladi(I)
18-mach vong-6 1,4,7,10,13,16-hexaoxaxyclooctadecan
aq. dang nudce
atm don vi ap suat khi quyén
Boc tert-butoxycarbonyl
[2-(di-1-adamantylphosphino)-2°,4°,6’-
Chét tién xuc tac thé hé tha 3 BrettPhos | triisopropyl-3,6-dimetoxybiphenyl][2-(2’-amino-
1,1’-biphenyl)]paladi(Il) metansulfonat
CDCl, doteri-cloroform
DAST (dietylamino) luu huynh triflorua
DCM , diclometan
DIEA N,N-diisopropyletylamin
DIPEA diisopropyletylamin
DMF dimetylformamit
DMSO dimetyl sulphoxit
DSC phép do nhiét luong quét vi sai
EtOH etanol
EtOAc etyl axetat
IPA ruoQu iso-propylic
MeOH metanol
MeTHF rac-2-metyltetrahydrofuran
NBS N-bromsucxinimit
Pd,dba; tris(dibenzylidenaxeton)dipaladi(0)
t/RT nhiét do phong
sat. bao hoa
SEM-CI 2-(trimetylsilyl)etoxymetyl clorua
TEA trietylamin
THF tetrahydrofuran
Tos tosyl
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o ) Clo(2-dixyclohexylphosphino-2°,4’,6-
Chat tién x1ic tac thé hé thir 2 XPhos triisopropyl-1,1’-biphenyl)[2-(2’-amino-1,1 -
biphenyl)]paladi(II)
XRPD Nhiéu xa bot tia X
Vidul

2-(2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-metylpyridin-2-
yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on

7

=~ _N

i
NN N =
LN j—@N
/

B6 sung NaH (12,05mg, 0,50mmol) vio 7-((6-metylpyridin-2-yl)metyl)-2-(2-
(metylsulfonyl)pyrimidin-4-yl1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (hgp chét
trung gian 1; 100mg, 0,25mmol) va N-{1-metyl-1H-pyrazol-5-yl)formamit (hop chét
trung gian 2; 94mg, 0,75mmol) trong THF (1,5mL) & nhiét do 25°C trong didu kién khi
nito. Khudy dung dich thu dugc ¢ nhiét 6 25°C trong thoi gian 3 gio. B6 sung EtOH
(2mL), va khudy trong thoi gian 10 phtt. Lam dimg hdn hop phan tng bang nudc
(50mL) va chiét vao EtOAc (370 x 25mL), 1am khd 16p hitu co trén Na,SOy4, loc va lam
bay hoi dé thu duoc hop chét thd. Tinh ché hop chét tho bing HPLC diéu ché (cot Waters
XBridge Prep C18 OBD, silic oxit 5, dudong kinh 19 mm, chiéu dai 100mm), bang cach
st dung hén hop phan cyuc gidm éﬁa nudce (chira NH4HCO; 0,1%) va MeCN lam chét rira
giai. Lam bay hoi c4c phan doan chira hop chit mong mubn dén kho dé thu duoc 2-(2-
((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-metylpyridin-2-yl)metyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 1; 40mg, 38%) dudi dang chét rin mau
tring. "HNMR (300 Mhz, DMSO, 26°C) § 2,51 (3H, s), 3,70 (3H, s), 3,84-3,88 (2H, m),
4,40-4,44 (2H, m), 4,76 (2H, s), 6,30 (1H, s), 7,14-7,18(2H, m), 7,32-7,35 (2H, m), 7,64-
7,69 (1H, m), 7,93 (1H, s), 8,46 (1H, d), 9,38 (1H, s). m/z (ES+), [M+H]+ = 416.

Hop chét trung gian 1
7-((6-metylpyridin-2-yl)metyl)-2-(2-(metylsulfonyl)pyrimidin-4-yl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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Bd sung timg phan kali persulfat (1,01g, 3,75mmol) vao 7-((6-metylpyridin-2-
yDmetyl)-2-(2-(metylthio)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5/)-on
(hop chét trung gian 3; 275mg, 0,75mmol) trong MeOH (5mL) & nhiét d6 25°C trong
didu kién khi nito. Khudy hdn hop thu duoc & nhiét d6 25°C trong thoi gian 12 gid. Sau
d6 gia nhiét phan tmg dén nhiét do 40°C va khudy trong thoi gian 6 gid nita. Sau d6 pha
Jodng hdn hop phan tng bang DCM (100mL), va ria bang nude (25 ml x 2). Lam kho
16p hitu co trén Na,SOy, loc va lam bay hoti dé thu duoc hop chét thd. Tinh ché hop chét.
tho bang sic ky trén silic oxit nhanh, gradien rira giai MeOH tir 0 dén 10% trong DCM.
Lam bay hoi céc phan doan tich khiét dén kho dé thu dugc 7-((6-metylpyridin-2-
yDmetyl)-2-(2-(metylsulfonyl)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-
on (hop chit trung gian 1; 210mg, 70%) duéi dang chit rén mau tring. "HNMR (300
Mhz, DMSO, 26°C) § 2,50 (3H. s), 3.46 (3H, s), 3,85-3,95 (2H, m), 4,42-4,46 (2H, m),
4,86 (2H, s), 7,15-7,20 (2H, m), 7,64-7,69 (1H, m), 8,15 (1H, d), 8,40 (1H, s), 9,05 (1H,
d). m/z (ES+), [M+H]+ = 399.

Hop chét trung gian 2

N-(1-metyl-1H-pyrazol-5-yl)formamit

N,

H %

B6 sung axit formic (3,ImL, 67,35mmol) vdo axetic anhydrua (7,7mL,
75,42mmol) dé tao ra dung dich khéng mau. Khuéy dung dich thu dugc & nhiét do 45°C
trong thoi gian 45 phiit. Sau d6 1am lanh hdn hop phan tng xubng 0°C va bd sung 1-
metyl-1H-pyrazol-5-amin (2g, 20,59mmol). Khudy dung dich thu dugc & nhiét do 0°C
trong thoi gian 10 phut. Sau d6 rét hdn hop phan tng vao hdn hop ciia nude (50mL) va
EtOAc (50mL) va diéu chinh hdn hop phan tng vé d pH 8 bing K,CO; bio hoa. Chiét
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16p nuéc bang EtOAc (6 x 50mL) va rira bang nude (2 x 50mL). Lam khé cic pha hitu
co két hop trén Na,SO,, loc va 1am bay hoi dé thu dugc hop chit mong muén N-(1-
metyl- 1 H-pyrazol-5-yl)formamit (hop chét trung gian 2; 1,21g, 47%) dudi dang chét rin
mau tring. '"H-NMR (300 Mhz, CDCL, 26°C) 3,80 (3H, s), 6,11 (1H, s), 7,44 (2H, s),
8,35 (1H ,s). m/z (ES+), [M+H]+ = 126.

Hop chét trung gian 3

7-((6-metylpyridin-2-yl)metyl)-2-(2-(metylthio)pyrimidin-4-yl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on

/\[(
bNH/N
N—
S—

B sung 4-tributylstannyl-2-thiometylpyrimidin (2,66g, 6,41 mmol) vio 2-brom-7-
((6-metylpyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (hgp chét trung
gian 4; 1,87g, 5,82mmol) va Pd-118 ([1,1°-Bis(di-tert-
butylphosphino)feroxen]diclopaladi(Il)) (0,204g, 0,29mmol) trong DMF (5mL) trong
diéu kién khi nito. Khudy dung dich thu duge & nhiét do 150°C trong binh phan tmg vi
song trong thoi gian 8 gid. Loc hdn hop phan tng qua xelit, pha lodng bing EtOAc
(200mL), va rira tudn ty bing nude (50 ml x 2). Lam kho cac 16p hiru co két hop trén
Na,S0y, loc va 1am bay hoi dé thu duge hop chét thd. Tinh ché hop chat thd bing séc ky
nhanh C18, gradien rira giai tir 0 &n 50% MeCN trong nude. Lam bay hoi cic phan doan
tinh khiét dén kho dé thu duoc 7-((6-metylpyridin-2-yl)metyl)-2-(2-(metylthio)pyrimidin-
4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (hgp chét trung gian 3; 0,28g, 13%)
dudi dang chit rin mau xam. 'H-NMR (400 Mhz, CDCl; ,22°C) § 2,50 (3H, s), 2,63 (3H,
s), 3,85-3,89 (2H, m), 4,39-4,43 (2H, m), 4,85 (2H, s), 7,15-7,19 (2H, m), 7,59-7,69 (2H,
m), 8,23 (1H, s), 8,63 (1H, d). m/z (ES+), [M+H]+ = 367.

Hop chit trung gian 4

2-brom-7-((6-metylpyridin-2-yl)metyl)-6,7-dihydroimidazo| 1,2-a]pyrazin-8(5 H)-

on
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Bd sung timg phéan natri axetat (3,24g, 39,6mmol) vao etyl 1-(2-aminoetyl)-4-
brom-1H-imidazol-2-carboxylat dihydroclorua (hop chét trung gian 5; 5,3g, 15,8mmol)
va 6-metyl-2-pyridincarboxaldehyt (1,92g, 15,8mmol) trong MeOH (100mL) dugc lam
lanh xubng 0°C trong diéu kién khi nito. Sau d6 khudy dung dich thu duoc & nhiét do
0°C trong thoi gian 15 phut. B6 sung timg phin natri triaxetoxybohydrua (10,1g,
47 5mmol) & nhiét d6 0°C va khudy dung dich thu dugc & nhiét d6 phong trong thdi gian
12 gid.. Sau d6 didu chinh hdn hop phan g v& do pH 7-8 bing NaHCO; bio hda va pha
loding biang DCM (250mL). Sau d6 rira pha DCM tuan ty bang nuée (50 ml x 2). Lam
kho céac pha hitu co két hop trén Na,SO,, loc va 1am bay hoi dé thu dugc hop chét tho.
Tinh ché hop chét tho bing sic ky trén silic oxit nhanh, gradien rira giai MeOH tir 0 dén
9% trong DCM. Lam bay hoi cac phan doan tinh khiét dén kho dé thu dugc 2-brom-7-
((6-metylpyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (hop chit trung
gian 4; 2,5g, 49%) dué6i dang chit rin mau tring. "H-NMR (300 Mhz, DMSO, 27°C) &
2,44 (3H, s), 3,80-3,84 (2H, m), 4,28-4,32 (2H, m) 4,73 (2H, s), 7,13-7,16 (2H, m), 7,63-
7,68 (1H, m), 7,96 (1H, s). m/z (ES+), [M+H]+ =321.

Hop chat trung gian 5

Etyl 1-(2-aminoetyl)-4-brom- 1 H-imidazol-2-carboxylat dihydroclorua

NH,

s
S\_Z/( o -2HCI

Br

BS sung etyl 4-brom-1-(2-((fert-butoxycarbonyl)amino)etyl)-1H-imidazol-2-
carboxylat (hop chét trung gian 6; 4,6g, 12,70mmol) vao HCI (du) trong 1,4-dioxan
(40mL) va khudy dung dich thu duoc & nhiét d6 phong trong thoi gian 2 gio. Loai bd
dung méi trong diéu kién 4p suit giam va chudn do chat rin thu duoc bang heptan va loc

dé thu duoc etyl 1-(2-aminoetyl)-4-brom- 1 H-imidazol-2-carboxylat (hop chit trung gian
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5; 5,30g, 140%) duéi dang chit rin mau tring. "H-NMR (300 Mhz, DMSO, 25°C) § 1,33
(3H, 1), 3,03-3,16 (2H, m), 4,35 (2H, q), 4,63 (2H, 1), 7,34 (1H, s).

Hop chét trung gian 6

Etyl 4-brom-1-(2-((tert-butoxycarbonyl)amino)etyl)-1H-imidazol-2-carboxylat

Br

BS sung ting phin NBS (10,05g, 56,5mmol) vao etyl 1-(2-((tert-
butoxycarbonyl)amino)etyl)-1H-imidazol-2-carboxylat (hop chét trung gian 7; 16g,
56,5mmol) trong DCM (80mL) va DMF {80mL) & nhiét d6 0°C trong didu kién khi nito.
Sau d6 khudy dung dich thu dugc & nhiét d6 0°C trong thoi gian 12 gid. Pha lodng hon
hop phén tmg biang DCM (3060mL), va rira tuén ty bing nuée (100 ml x 2). Lam khé 16p
hitu co trén Na,SOy, loc va lam bay hoi dé thu duge hop chét thé. Tinh ché hop chét tho
biang sic ky silic oxit nhanh, gradien riva giai EtOAc tir 0 dén 20% trong DCM. Lam bay
hoi cic phan doan tinh khiét dén khé dé thu dugc etyl 4-brom-1-(2-((tert-
butoxycarbonyl)amino)etyl)- 1 H-imidazoi-2-carboxylat (hop chét trung gian 6; 4,60g,
22,49%) dudi dang chét rin mau tring. "H-NMR (300 Mhz, DMSO, 27°C) & 1,39-1,44
(12H, m), 3,47-3,53 (2H, m), 4,37-4,44 (2H, q), 4,53 (1H, s), 7,04 (1H, s). m/z (ES+),
[M+H]+ = 362.

Hop chét trung gian 7
Etyl 1-(2-((tert-butoxycarbonyl)amino)etyl)-1 H-imidazol-2-carboxylat
Yo

oA

0
N ™

pa
%\Z_/_I
=0
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tert-butyl (2-brometyl)carbamat (17,59g, 78,49mmol) dugc bd sung vio etyl 1H-
imidazol-2-carboxylat (10g, 71,36mmol) va K,CO; (11,83g, 85,63mmol) trong DMF
(200mL) trong diéu kién khi nito va khudy hén hop thu duge & nhiét d6 80°C trong thoi
gian 8 gio. Pha lodng hdn hop phan tmg bing EtOAc (300mL), va rira tuan tu bang nudc
(50 ml x 2). Sau d6 chiét 16p nuéc thém bang EtOAc (50 ml x 5). Lam khé c4c pha hiru
co két hop trén MgSOy,, loc va lam bay hoi dé thu dugc hop chit thd. Tinh ché hop chét
thd bang séc ky silic oxit nhanh, gradien rira giai tir 0 dén 100% EtOAc trong ete ddu mé.
Lam bay hoi cic phin doan tinh khiét dén kho dé thu duoc etyl 1-(2-((tert-
butoxycarbonyl)amino)etyl)-1H-imidazol-2-carboxylat (hgp chit trung gian 7; 10,7g,
53%) dudi dang chét 16ng khong mau. 'HNMR (400 Mhz, DMSO, 21°C) & 1,20 (3H, 1),
1,29 (9H, s), 3,26-3,34 (2H, m) 4,27 (2H, q) ,4,32-4,40 (2H, m), 6,90 (1H, s), 7,06 (1H,
s), 7,32 (1H, s).

Vidu?2

(8)-7-(3-clobenzyl)-6-metyl-2-(2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-
y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on

0

I
= N~ =N =\
Cl N'—(/\‘

|
H N’N
/

Tao hén dich (8)-7-(3-clobenzyl)-2-(2-clopyrimidin-4-yl)-6-metyl-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 8; 216mg, 0,56mmol), 1-
metyl-1H-pyrazol-5-amin (59,4mg, 0,61mmol), xesi carbonat (363mg, 1,11mmol) va
chat tién xuc tac thé hé tha 3 BrettPhos (25,2mg, 0,03mmol) trong fert-butanol (8mL) va
khir khi bang nito trong thoi gian 10 phut. Gia nhiét phan tmg dén 80°C trong thoi gian 2
ngay trong didu kién khi nito. Sau d6 dé phan tmng ngudi xubng nhiét do phong, pha
lodng bang etyl axetat (100mL) va rira bang natri bicarbonat bio hoa trong nuée (25mL).
Lam kho céc pha hitu co trén Na,SO,4 va cb trong chan khong dé tao ra chit rin mau nau
(250 mg). LAy chét rin ra trong DMSO (5mL) va loc. Sau d6 tinh ché dung dich DMSO
ctia hop chét thd bang HPLC diéu ché (c6t Waters XBridge Prep C18 OBD, silic oxit 5y,
dudng kinh 30mM, chiéu dai 100mm), bing cach sir dung hdn hop phén cuc giam cia

nuée (chira NH; 1%) va MeCN lam chét rira giai. Loai bd dung méi tir cac phan doan
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chira san phdm va hoa tan chét rin trong hdn hop ciia DCM va metanol, sau dé hip thu
1én trén gel silic oxit. Sau d6 tinh ché hop chit thd bing sic ky silic oxit nhanh, gradien
rira giai tir 0 dén 15% MeOH trong EtOAc. Lam bay hoi c4c phan doan tinh khiét dén
kho dé& thu duwoc  (S)-7-(3-clobenzyl)-6-metyl-2-(2-((1-metyl- 1 H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 2; 43mg,
17,22%) duéi dang chét rin mau tring. "H NMR (400 Mhz, DMSO, 30°C) 1,13 (3H, d),
3,71 (3H, s), 3,95 - 4,02 (1H, m), 4,28 - 4,45 (3H, m), 5,07 (1H, d), 6,31 (1H, d), 7,32 -
7,43 (5H, m), 7,46 (1H, s), 7,92 (1H, s), 8,48 (1H, d), 9,33 (1H, s). m/z: ES+ [M+H]+
449.

Hop chét trung gian 8

(8)-7-(3-clobenzyl)-2-(2-clopyrimidin-4-yl)-6-metyl-6,7-dihydroimidazo[ 1,2-
alpyrazin-8(5H)-on

]
\
) K/N / N—{
ol cl

B& sung natri hydrua (dich phan tan 60%) (25,03mg, 0,63mmol) vao (S)-2-(2-
clopyrimidin-4-yl)-6-metyl-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (hgp chéit trung
gian 9; 150mg, 0,57mmol) trong DMF (12mL) trong diéu kién khi nito. Khudy hdn dich
thu dugc & nhiét d6 20°C trong thoi gian 30 phat. BS sung 3-clobenzyl clorua (101mg,
0,63mmol) sau d6 14 tetrabutylamoni iodua (42,0mg, 0,11mmol) va khudy dung dich thu
dugc & nhiét d6 20°C trong thoi gian 18 gi. R6t hdn hop phan tng vao NH,4C1 bio hoa
trong nudc (25mL) va chiét pha nude bang EtOAc (75mL). Lam khé cAc pha hitu co trén
Na,SO, va b trong chén khéng dé tao ra (S)-7-(3-clobenzyl)-2-(2-clopyrimidin-4-y1)-6-
metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chat trung gian 8; 221mg, 100%)
dudi dang chit rdn mau niu sang. "H NMR (400 Mhz, DMSO, 21°C) 1,13 (3H, d), 4,00
(1H, td), 4,27 (1H, dd), 4,38 (1H, d), 4,46 (1H, dd), 5,07 (1H, d), 7,36 - 7,4 (2H, m), 7,41
(1H, dd), 7,47 (1H, s), 7,93 (1H, d), 8,27 (1H, s), 8,75 (1H, d). m/z: ES+ [M+H]+ 388.

Hop chit trung gian 9

(8)-2-(2-clopyrimidin-4-yl)-6-metyl-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
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Khudy hdn hop cta (S)-etyl 1-(2-aminopropyl)-4-(2-clopyrimidin-4-yl)-1H-
imidazol-2-carboxylat. HC1 (hop chét trung gian 10; 2,16g, 6,24mmol) va amoniac 7N
trong metanol (107mL, 748,7mmol) trong didu kién khi nito & nhiét d6 phong trong thoi
gian 1 gid. Loai bo chat d& bay hoi trong diéu kién 4p suat giam va tan nhé chit rén thu
duogc voi dietylete va DCM dé thu dugc chit rin mau tréng nhat. T4n nho chét ran thém
bing nudc va rira bing dietylete va sau d6 hdp thu Ién trén silic oxit tir hén hop
DCM/metanol. Tinh ché hop chit thé bing séc ky trén gel silic oxit, rira giai bang 0-10%
metanol trong DCM. Két hop céc phan doan tinh khiét va Iam bay hoi dé thu duoc chit
ran miu tring, tan nhé no vé6i dietylete dé thu duoc (S)-2-(2-clopy;rimidin-4-yl)—6-metyl-
6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chéit trung gian 9; 0,6g, 37%) dudi
dang chit rin mau tring. '"H NMR (400 Mhz, DMSO, 30°C) 1,22 (3H, d), 3,93 - 4,08
2H, m), 4,39 (1H, d), 7,89 (1H, d), 8,23 (1H, s), 8,36 (1H, s), 8,73 (1H, d). m/z: ES+
[M+H]+ 264.

Hop chét trung gian 10

(S)-etyl 1-(2-aminopropyl)-4-(2-clopyrimidin-4-yl)-1 H-imidazol-2-carboxylat
hydroclorua

0]
\
N/ N—
Jal s
HN™ ™ HCI

Bd sung HCI (4N trong 1,4-dioxan, 39mL, 156,2mmol) vao dung dich chira (S)-
etyl  1-(2-((tert-butoxycarbonyl)amino)propyl)-4-(2-clopyrimidin-4-yl)-1H-imidazol-2-
carboxylat (hop chét trung gian 11; 2,56g, 6,25mmol) trong 1,4-dioxan (50mL) va khudy
phan tng & nhiét d6 mdi trudong trong thoi gian 2 gid. Loai b chit dé bay hoi trong diéu
kién 4p suit giam dé thu duoc (S)-etyl 1—(2—aminopropyl)-4-(2-clopyrinlidin-4-yl)-lH-
imidazol-2-carboxylat. HCI (hop chét trung gian 10; 2,16 g) duéi dang gém ma dugc sir
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dung cho viéc diéu ché Hop chét trung gian 9 ma khéng cin tinh ché thém. m/z: ES+
[M+H]+ 310.

Hop chét trung gian 11

(S)-etyl 1-(2-((tert-butoxycarbonyl)amino)propyl)-4-(2-clopyrimidin-4-yl)-1 H-

imidazol-2-carboxylat

/\O/\r
7L it IJ_F

B sung K,CO; (4.32g, 31,3mmol) vao (S)-fert-butyl 4-metyl-1,2,3-
oxathiazolidin-3-carboxylat 2,2-dioxit (hop chit trung gian 12; 2,23g, 9,38mmol), etyl 4-
(2-clopyrimidin-4-y1)-1 H-imidazol-2-carboxylat (hop chit trung gian 14; 1,58g,
6,25mmol) va 1,4,7,10,13,16-hexaoxaxyclooctadecan (0,413g, 1,56mmol) trong 1,4-
dioxan (50mL) & nhiét d6 22°C trong didu kién khi nito. Khudy hén hop thu duoc & nhiét
d6 100°C trong thoi gian 3 gid. Sy bay hoi ctia pha hitu co tao ra gdbm, ma dugc tao hdn
dich trong diclometan va dugc chiét bang nudc va duoc 1am kho bang cach cho di qua
hop tach pha. Su bay hoi tao ra (S)-etyl 1-(2-((fert-butoxycarbonyl)amino)propyl)-4-(2-
clopyrimidin-4-yl)-1H-imidazol-2-carboxylat (hop chit trung gian 11; 2,56g, 100%) dudi
dang chét rin. m/z: ES+ [M+H]+ 410.

Hop chit trung gian 12

(4S)-tert-butyl 4-metyl-1,2,3-oxathiazolidin-3-carboxylat 2,2-dioxit

Kok 8,

,\/O

B6 sung ruteni(IIT) clorua hydrat (0,062g, 0,28mmol) vao hdn hop ¢6 khudy cua
tert-butyl (4S)-4-metyl-2-oxido-oxathiazolidin-2-ium-3-carboxylat (hop chit trung gian
13; 87,36g, 394,80mmol) trong axetonitril (778mL) va nudc (419mL) & nhiét do 15 °C,
sau d6 1a bd sung timg phan natri periodat (93g, 434,29mmol). Khudy hén hop hai pha
nay & nhiét d 20 °C trong thoi gian 1 gid. B6 sung nuée (600mL) va chiét hdn hop vao
etyl axetat (3 x 600mL). Rira cac chat hitu co két hop bang nuéc (500mL), nude mubi
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(250mL), 1am khé trén MgSO,, loc va cd trong chdn khéng dé tao ra (S)-tert-butyl 4-
metyl-1,2,3-oxathiazolidin-3-carboxylat 2,2-dioxit (hop chdt trung gian 12; 84,3g,
355mmol, 90%) dudi dang chit rin mau tring nhat. "H NMR (400 Mhz, CDCl;, 30°C)
1,51 (3H, d), 1,55 (9H, s), 4,19 (1H, dd), 4,37 - 4,46 (1H, m), 4,66 (1H, dd).

Hop chét trung gian 13

tert-butyl (4S)-4-metyl-2-oxido-oxathiazolidin-2-ium-3-carboxylat

B6 sung thionyl clorua (32,6mL, 446,54mmol) timg giot (tda nhiét, gitt T < -40
°C) vao dung dich chira 1H-imidazol (106g, 1553,20mmol) va trietylamin (124mlL,
893,09mmol) trong diclometan khan (1427mL) & nhiét do -55 °C. Khudy hén hop trong
thi gian 5 phut trong khi 1am lanh xudng -60 °C va bd sung timg giot dung dich chira
(S)-tert-butyl 1-hydroxypropan-2-ylcarbamat (Sigma-Aldrich; 68,04g, 388,30mmol)
trong diclometan khan (1427mL) trong th&i gian 3,5 gid thong qua phéu nhé giot. Khuiy
hén hop phan tmg trong khi 1am 4m lén nhiét d6 phong qua dém. B6 sung nude (750mL)
va céc pha tach riéng. Chiét pha nudc thém vao diclometan (500mL). Rira cic cht hitu
co két hop bang nude (250mL), nude mudi bio hoa (250mL), 1am khé trén MgSO,, loc
va c6 trong chan khong dé tao ra rerz-butyl (4S5)-4-metyl-2-oxido-oxathiazolidin-2-ium-3-
carboxylat (hop chét trung gian 13; 87,3g, 395mmol, 100%) duéi dang diu mau nhat. 'H
NMR (400 Mhz, CDClg, 30°C) 1,50 (3H, d), 4,29 (1H, d), 4,68 (1H, t), 4,77 (1H, dd).

Hop chét trung gian 14

Etyl 4-(2-clopyrimidin-4-yl)-1H-imidazol-2-carboxylat

AOJY o

B6 sung chét tién xic tac thé hé thir 2 XPhos (0,435g, 0,55mmol) vao dung dich
da khir khi cda etyl 4-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-imidazol-2-carboxylat
(hop chét trung gian 15; 3,86g, 11,05mmol), 4,4,4’.4°,5,5,5°,5’-octametyl-2,2’-bi(1,3,2-
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dioxabolan) (4,21g, 16,58mmol) va KOAc (2,17g, 22,10mmol) trong dioxan (100mL) &
nhiét o mdi trudng trong diéu kién khi nito va gia nhiét dung dich thu duge dén nhiét d6
85°C trong thoi gian 3 gio. D& hdn hop phan tGng ngudi xubng 50 °C va bd sung xesi
carbonat (7,20g, 22,10mmol), 2,4-diclopyrimidin (1,646g, 11,05mmol) va nudc (20mL)
sau d6 12 Pd(PPhs), (0,638g, 0,55mmol) va gia nhiét hon hop phéan tmg & nhiét do 85 °C
trongAthéri gian 2 gid. Sau d6 cho hdn hop phan ung di qua xelit va rira bing MeOH va
loai bo chit d& bay hoi trong diéu kién 4p sudt giam. B4 sung nudc va DCM va chiét 16p
hitu co va 1am khé bing cach cho di qua hdp tach pha. Sau d6 loai bo chét d& bay hoi
trong didu kién ap sudt giam dé thu duge chét rén mau niu khoéng tinh khiét etyl 4-(2-
clopyrimidin-4-yl)-1-((2-(trimetylsilyl)etoxy)metyl)- 1 H-imidazol-2-carboxylat  (4,24g,
11,07mmol). Bb sung axit 2,2,2-trifloaxetic (8,48mL, 110,73mmol) vao etyl 4-(2-
clopyrimidin-4-yl)-1-((2-(trimetylsilyl)etoxy)metyl)- 1 H-imidazol-2-carboxylat ~ (4,24g,
11,07mmol) trong DCM (100mL) v khudy dung dich thu dugc & nhiét @ méi trudng
trong thoi gian 2 gidr va sau d6 dé yén & nhiét 4o moi trudng trong thoi gian 16 giv. Loai
b6 chat d& bay hoi trong didu kién ap suét gidm, hoa tan chét ran thu dugc trong DCM va
nude va loc qua 16p xelit. Lop nude duge tach ra va dugc bazo hoda bang natri bicarbonat
bio hoa va chiét vao DCM, sau d6 dugc 1am kho bing cach cho di qua hop tach pha va
loai bé dung méi dé thu duogc chat rin. Cho 16p hitu co di qua hdp tach pha, két hop voi
chét rin va hip thu so bd 1én trén silic oxit va dua di sic ky silic oxit rira giai bang 0-
100% dietylete trong DCM. Két hop céac phan doan tinh khiét va 1am bay hoi dé thu dugc
etyl 4-(2-clopyrimidin-4-yl)-1H-imidazol-2-carboxylat (hop chét trung gian 14; 1,58g,
57%) duéi dang chét ran. "H NMR (400 Mhz, DMSO, 30°C) 1,35 (3H, t), 4,38 (2H, q),
7,93 (1H, d), 8,19 (1H, s), 8,73 (1H, d), 13,95 (1H, s). m/z: ES+ [M+H]+ 253.

Hop chat trung gian 15
Etyl 4-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-imidazol-2-carboxylat
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B& sung NBS (26,3g, 147,93mmol) vao etyl 1-((2-(trimetylsilyl)etoxy)metyl)-1H-
imidazol-2-carboxylat (hop chét trung gian 16; 40g, 147,93mmol) trong DMF (150mL)
trong didu kién khi nito va khudy hdn hop thu duge & nhiét d6 25°C trong thoi gian 20
gid. Lam dimg hdn hop phan tmg bang nuéc (200mL), chiét bang EtOAc (2 x 300mL),
ria cac 16p hitu co béng nude mudi va lam khd trén Na,SOy, loc va 1am bay hoi dé thu
dwoc phin cin mau vang. Tinh ché hop chét thd bang sic ky silic oxit nhanh, gradien rira
giai tir 0 dn 10% EtOAc trong ete ddu mé. Lam bay hoi cac phén doan tinh khiét dén
khé dé thu dugc etyl 4-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-imidazol-2-carboxylat
(hop chét trung gian 15; 21g, 41%) dudi dang diu khong mau ma héa ran khi dé yén. 'H
NMR (400 Mhz, CDCl;, 25°C) 3 0,02 (9H, s), 0,92 - 1,01 (2H, m), 1,45 (3H, t), 3,56 -
3,65 (2H, m), 4,45 (2H, q), 5,79 (2H, s), 7,28 (1H, s). m/z (ES+), [M+H]+ = 349/351.

Hop chét trung gian 16

Etyl 1-((2-(trimetylsilyl)etoxy)metyl)-1H-imidazol-2-carboxylat

A

~

f o)
i
|

B sung SEM-CI (18,98mL, 107,04mmol) vao etyl 1H-imidazol-2-carboxylat

(10g, 71,36mmol) va NaH (4,28g, 107mmol) trong DMF (50mL) & nhiét 46 0°C trong
didu kién khi nito. Sau d6 khudy hén hop thu dugc & nhiét do 25°C trong thoi gian 12
gid. Lam dirng hdn hop phéan Gng bing nude (50mL), chiét bing EtOAc (2 x 100mL),
lam kh6 16p hitu co trén Na,SOy, loc va lam bay hoi dé thu duogc phin cin mau vang.
Tinh ché hop chit thd bing sic ky silic oxit nhanh, gradien rira giai tir 30 dén 70%
EtOAc trong ete ddu mé. Lam bay hoi cic phan doan tinh khiét dén kho dé thu duoc etyl
1-((2-(trimetylsilyl)etoxy)metyl)-1 H-imidazol-2-carboxylat (hop chat trung gian 16; 20g,
100%) du6i dang diu mau vang. "H NMR (400 Mhz, DMSO, 30°C) § 0,00 (9H, s), 0,03 -
0,08 (2H, m), 1,37 (3H, t), 3,53 - 3,62 (2H, m), 4,37 (2H, q), 5,76 (2H, s), 7,18 (1H, d),
7,68 (1H, d). m/z: ES+ [M+H]+ 271.

Vidu3
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(8)-7-(3-clo-4-flobenzyl)-6-metyl-2-(2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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Tao hdn dich (S)-7-(3-clo-4-flobenzyl)-2-(2-clopyrimidin-4-yl)-6-metyl-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hgp chit trung gian 17; 226mg, 0,56mmol), 1-
metyl-1H-pyrazol-5-amin (59,4mg, 0,61mmol), xesi carbonat (363mg, 1,11mmol) va
chét tién xuac tac thé hé thi 3 BrettPhos (25,2mg, 0,03mmol) trong tert-butanol (8mL) va
khtr khi bing nito trong thoi gian 10 phit. Gia nhiét phan tng 1én 80°C trong thoi gian 2
ngay trong diéu kién khi nito. Sau d6 1lam ngudi phan tmg xudng nhiét d6 phong, pha
lodng bing etyl axetat (100mL) va rira pha hiru co bing natri bicarbonat bo hoa trong
nude (25mL), 1am kho trén Na,SOy va ¢b trong chan khong dé tao ra gobm mau nau. Liy
g6m nay ra trong DMSO (5mL) v loc. Sau d6 tinh ché dung dich DMSO ctia hgp chit
thd bang HPLC diéu ché (cot Waters XBridge Prep C18 OBD, silic oxit 5u, dudng kinh
19 mm, chiéu dai 100mm), bang cach sir dung hdn hop phan cuc giam clia nuéc (chira
NH; 1%) va MeCN 1am chét rira giai. Lam bay hoi cic phan doan chira hgp chit mong
mudn dén kho dé thu dugc nguyén liéu tho. Hoa tan nd trong luong tdi thidu cia DCM,
va hip thu 1én trén gel silic oxit bang cach cd trong diéu kién 4p sudt giam. Sau d6 tinh
ché hop chét thd thém bang séc ky silic oxit nhanh, gradien rira giai tir 0 dén 15% MeOH
trong EtOAc. Lam bay hoi cac phan doan tinh khiét dén kho dé thu dugc (S)-7-(3-clo-4-
flobenzyl)-6-metyl-2-(2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 3; 40mg, 15%) dudi dang chét rin mau
tréng nhat. "H NMR (400 Mhz, DMSO, 30°C) & 1,13 (3H, d), 3,71 (3H, s), 3,96 - 4,03
(1, m), 4,26 - 4,39 (2H, m), 4,41 (1H, dd), 5,04 (1H, d), 6,30 (1H, d), 7,35 (2H, dd),
7,39 - 7,44 (2H, m), 7,55 - 7,69 (1H, m), 7,92 (1H, s), 8,48 (1H, d), 9,33 (1H, s). m/z
ES+ [M+H]+ 467.

Hop chét trung gian 17

(8)-7-(3-clo-4-flobenzyl)-2-(2-clopyrimidin-4-yl)-6-metyl-6,7-
dihydroimidazol[1,2-a]pyrazin-8(5H)-on

-102-



B6 sung natri hydrua (dich phan tdn 60%, 25mg, 0,63mmol) vao (S)-2-(2-
clopyrimidin-4-yl)-6-metyl-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (hop chit trung
gian 9; 150mg, 0,57mmol) trong DMF (12mL) trong diu kién khi nito. Khudy hdn dich
thu dugc ¢ nhiét dd 20°C trong thoi gian 30 phut. B sung 2-clo-4-(clometyl)-1-
flobenzen (112mg, 0,63mmol) sau d6 1a tetrabutylamoni iodua (42,0mg, 0,11mmol) va
khudy dung dich thu dugc & nhiét do 20°C trong thoi gian 18 gio. Rot hdn hop phan tng
vao NH,Cl bdo hoa trong nude (25mL) va chiét bang etyl axetat (75mL). Lam kho céc
pha hiru co trén Na,SO4 va cb trong chdn khéng dé tao ra (S)-7-(3-clo-4-flobenzyl)-2-(2-
clopyn'midin-éi-yl)-6—mety1-6,7-dihydroimidazo[1,2—a]pyrézin—8(5H)—on (hop chét trung
gian 17; 230mg, 100%) dudi dang chit rin mau niu séng. '"H NMR (400 Mhz, DMSO,
33°C) § 1,13 (3H, d), 4,01 (1H, ddd), 4,26 (iH, dd), 4,36 (1H, d), 4,46 (1H, dd), 5,05
(1H, d), 7,39 - 7,41 (1H, m), 7,42 (1H, s), 7,59 - 7,66 (1H, m), 7,93 (1H, d), 8,27 (1H, s),
8,74 (1H, dd). m/z: ES+ [M+H+ 406.

Vidu4

()-7-(3,4-diflobenzyl)-6-metyl-2-(2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on

Tao hdén dich  (S)-2-(2-clopyrimidin-4-yl)-7-(3,4-diflobenzyl)-6-metyl-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 18; 218mg, 0,56mmol), 1-
metyl-1H-pyrazol-5-amin (59,7mg, 0,62mmol), xesi carbonat (364mg, 1,12mmol) va
chét tién xuc tac thé hé thi 3 BrettPhos (25,3mg, 0,03mmol) trong zert-butanol (8mL) va
khir khi bang nito trong thoi gian 10 phiit. Gia nhiét phan tng 1én 80°C trong thoi gian 18
gidy trong diéu kién khi nito. Lam ngudi phan tng xudng nhiét d6 phong, pha loing bing

-103-



36844

etyl axetat (100mL) va rira bing NaHCOj; bdo hoa trong nudc (25mL), 1am khé trén
Na,SO, va ¢b trong chan khong dé tao ra chét rin mau niu. Hoa tan nguyén liéu thd
trong DCM, cd trong chan khong va hép thu 1én trén silic oxit. Tinh ché hop chét thd
bang sic ky silic oxit nhanh, gradien ria giai tir 0 dén 15% MeOH trong EtOAc. Lam
bay hoi cdc phan doan tinh khiét dén kho dé thu dugc (S)-7-(3,4-diflobenzyl)-6-metyl-2-
(2-((1-metyl-1H-pyrazol-5-yl) amino)pyrimjdin-4-yl)-6,7-dihydroimidazo[1 ,2-a|pyrazin-
8(5H)-on (vi du 4; 88mg, 34,9%) dudi dang chét rén mau tring nhat. "H NMR (400 Mhz,
DMSO, 30°C) & 1,13 (3H, d), 3,71 (3H, s), 3,96 - 4,03 (1H, m), 4,}27 -4,38 (2H, m), 4,43
(1H, dd), 5,05 (1H, d), 6,30 (1H, d), 7,22 - 7,28 (1H, m), 7,35 (2H, dd), 7,37 - 7,5 (2H,
m), 7,92 (1H, s), 8,47 (1H, d), 9,33 (1H, s). m/z: ES+ [M+H]+ 451.

Hop chat trung gian 18
(S)-2-(2-clopyrimidin-4-y1)-7-(3,4-diflobenzyl)-6-metyl-6,7-dihydroimidazo[1,2-
alpyrazin-8(5H)-on

F
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B6 sung natri hydrua (dich phan tan 60%) (25,03mg, 0,63mmol) vao (S)-2-(2-
clopyrimidin-4-yl)-6-metyl-6,7-dihydroimidazo[1,2-a]pyrazin-&(5H)-on (hop chit trung
gian 9; 150mg, 0,57mmol) trong DMF (12mL) trong diéu kién khi nito. Khudy hén dich
thu dugc ¢ nhiét d¢ 20°C trong thoi gian 30 phut. B sung 4-(brommetyl)-1,2-
diflobenzen (130mg, 0,63mmol) sau d6 1a tetrabutylamoni iodua (42,0mg, 0,11 mmol) va
khudy dung dich thu dugc & nhiét d6 20°C trong thoi gian 18 gid. Rot hdn hop phéan tng
vao NH4C1 bdo hoa trong nude (25mL) va chiét bang etyl axetat (75mL). Lam kho céc
pha hitu co trén Na,SO4 va ¢ trong chdn khéng dé tao ra (S)-2-(2-clopyrimidin-4-yl)-7-
(3,4-diflobenzyl)-6-metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chat trung
gian 18; 222mg, 100%) dudi dang gbm mau nau. 'H NMR (400 Mhz, DMSO, 30°C) &
1,14 (3H, d), 3,94 - 4,07 (1H, m), 4,27 (1H, dd), 4,36 (1H, d), 4,47 (1H, dd), 5,06 (1H, d),
7,26 (1H, s), 7,37 - 7,51 (2H, m), 7,93 (1H, d), 8,26 (1H, s), 8,74 (1H, d). m/z: ES+
[M+H]+ 390.

Vidu5
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2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
——(/\”
N

]
2N N)\F\N)_?/—\\N
x N K/N / N:<
F——F N -

F /

Bd sung chét tién xuc tac BrettPhos thé hé tha 3 (10,72mg, 0,01mmol) vao 2-(2-
clo-5-metylpyrimidin-4-yl)-7-((6-(triflometyl)pyridin-2-yl)metyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 19; 50mg, 0,12mmol), 1-
metyl-1H-pyrazol-5-amin (22,97mg, 0,24mmol) va Cs,CO; (96mg, 0,30mmol) trong 1,4-
dioxan (3mL) & nhiét do 25°C trong diéu kién khi nito. Khudy dung dich thu duogc &
nhiét d6 120°C trong thoi gian 8 gid. Loai bo dung moi bang cach chung cat trong chan
khéng. Tinh ché hop chét tho bang sic ky trén silic oxit nhanh, gradien rta gidi MeOH tir
3 dén 4% trong DCM. Lam bay hoi cdc phan doan tinh khiét dén kho dé thu dugc hop
chit tho. Tinh ché hop chit thd thém biang HPLC didu ché (cot XSelect CSH Prep C18
OBD, silic oxit 5p, dudong kinh 19 mm, chiéu dai 150mm), bang cach sit dung hén hop
phén cuc giam cia nudce (chira NH,HCO; 0,05%) va MeCN lam chét rira giai. Lam bay
hoi cac phan doan chtra hop chit mong muén dén kho dé thu duoc 2-(5-metyl-2-((1-
metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-(triflometyl)pyridin-2-yl)metyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 5; 23,5mg, 41%) dudi dang chét rin mau
tring. "H NMR (400 Mhz, DMSO, 20,1°C) & 2,51 (3H, s), 3,70 (3H, s), 3,90 - 3,98 (2H,
m), 4,43 - 4,51 (2H, m), 4,91 (2H, s), 6,31 (1H, d), 7,34 (1H, d), 7,76 (1H, d), 7,84 (1H,
d), 7,95 (1H, s), 8,10 (1H, t), 8,33 (1H, s), 9,24 (1H, s). m/z (ES+), [M+H]+ = 484.

Hop chét trung gian 19

2-(2-clo-5-metylpyrimidin-4-yl)-7-((6-(triflometyl)pyridin-2-yl)metyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on

1
N
= N/\f /N
N K/N / N:<
F——F Cl
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B6 sung NH; (7N trong MeOH, 3mL) vio etyl 4-(2-clo-5-metylpyrimidin-4-yl)-1-
(2-(((6-(triflometyl)pyridin-2-yl)metyl)amino)etyl)- 1 H-imidazol-2-carboxylat (hgp chét
trung gian 20; 60mg, 0,13mmol) & nhiét 46 25°C trong khong khi va khudy dung dich thu
dugc & nhiét do 50°C trong thdi gian 12 gid. Loai bé dung moi bang cach chung cit
trong chan khéng dé thu dugc 2-(2-clo-5-metylpyrimidin-4-yl)-7-((6-(triflometyl)pyridin-
2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (hop chét trung gian 19; 50mg,
92%) duéi dang chat rin mau tring. m/z (ES+), [M+H]+ = 423.

Hop chét trung gian 20

Etyl 4-(2-clo-5-metylpyrimidin-4-yl)- 1-(2-(((6-(triflometyl)pyridin-2-
yl)metyl)amino)etyl)-1H-imidazol-2-carboxylat

i
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B6 sung 6-(triflometyl)picolinaldehyt (114mg, 0,65mmol) vao etyl 1-(2-
aminoetyl)-4-(2-clo-5-metylpyrimidin-4-yl)-1H-imidazol-2-carboxylat dihydroclorua
(hop chét trung gian 21; 250mg, 0,65mmol) trong DCM (10mL) & nhiét do 25°C trong
khong khi. Khudy dung dich thu dwgc & nhiét do 40°C trong thoi gian 3 gio. B6 sung
natri triaxetoxybohydrua (415mg, 1,96mmol) vao hdn hop phan tmg & nhiét d6 25°C va
khudy dung dich thu dugc & nhiét d6 25°C trong thdi gian 12 gid. Lam ding hén hop
phan tmg bang nuéc (10mL) va chiét bang DCM (3 x 15mL). Két hop cac 16p hiru co va
ria béng nuée mubi (15mL), 1am kho trén Na,SOy, loc va loai bo chéit d& bay hoi trong
didu kién 4p suit giam. Tinh ché hop chét tho bing sic ky trén silic oxit nhanh, gradien
rira giai MeOH tir 2 dén 5% trong DCM. Lam bay hoi c4c phan doan tinh khiét dén kho
dé thu dugc etyl 4-(2-clo-5-metylpyrimidin-4-yl)-1-(2-(((6-(triflometyl)pyridin-2-
yl)metyl)amino)etyl)-1 H-imidazol-2-carboxylat (hop chét trung gian 20; 60mg, 19,6%)
dudi dang chét rin mau tring. m/z (ES+), [M+H]+ = 469,

Hop chét trung gian 21
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1-(2-aminoetyl)-4-(2-clo-5-metylpyrimidin-4-yl)-1 H-imidazol-2-carboxylat. HC]

i
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B6 sung HCl (4N trong 1,4-dioxan, 50mL) vao etyl 1-(2-((tert-
butoxycarbonyl)amino)etyl)-4-(2-clo-5-metylpyrimidin-4-yl)-1/H-imidazol-2-carboxylat
(hop chit trung gian 22; 3,2g, 7,81mmol) & nhiét ¢ 25°C trong khéng khi va khudy dung
dich thu dugc & nhiét d6 25°C trong thoi gian 12 gi6. Loai bd dung mdi bing cach chung
cAt trong chan khéng va tan nhd phin cin thd véi EtOAc dé tao ra chit rin ma dugc thu
gom bing cach loc va duge 1am kho trong chan khong dé tao ra etyl 1-(2-aminoetyl)-4-
(2-clo-5-metyipyrimidin-4-yl)-1 H-imidazol-2-carboxylat. HCI (hop chét trung gian 21;
2,90g, 97%) dudi dang chit rin mau tring. "H NMR (400 Mhz, DMSO, 20,1°C) & 1,35
(3H, 1), 2,60 - 2,65 (3H, m), 4,38 (2H, q), 4,75 (2H, t), 8,37 (34, s), 8,46 (1H, s), 8,63
(1H, d), 10,17 (2H, s). m/z (ES+), [M+H]+ = 310.

Hop chét trung gian 22

Etyl 1-(2-((tert-butoxycarbonyl)amino)etyl)-4-(2-clo-5-metylpyrimidin-4-yl)-1H-

imidazol-2-carboxylat
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tert-butyl 1,2 3-oxathiazolidin-3-carboxylat 2,2-dioxit (2,76g, 12,37mmol) duoc
bd sung timg phan vao etyl 4-(2-clo-5-metylpyrimidin-4-yl)-1H-imidazol-2-carboxylat
(hop chét trung gian 23; 3,0g, 11,25mmol), K,CO; (4,66g, 33,75mmol) va 18-mach
vong-6 ete (0,595¢g, 2,25mmol) trong 1,4-dioxan (60mL) & nhiét do 100°C trong khong
khi. Khudy dung dich thu dugc & nhiét do 100°C trong thoi gian 2 gid. Lam ngudi hdn
hop, loc va rira chit rén thu dugc bang etyl axetat. Sau d6 co dich loc trong diéu kién ap
suat giam. Tinh ché hop chat thd bing séc ky silic oxit nhanh, gradien rira gidi tir 25 dén
30% EtOAc trong ete ddu mé. Lam bay hoi cac phan doan tinh khiét dén kho dé thu duoc
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etyl 1-(2-((tert-butoxycarbonyl)amino)etyl)-4-(2-clo-5-metylpyrimidin-4-yl)-1H-
imidazol-2-carboxylat (hop chit trung gian 22; 3,20g, 69,4%) dudi dang chit rin mau
tring. "H NMR (400 Mhz, DMSO, 20,2°C) § 1,25 (9H, s), 1,35 GH, 1), 2,62 (3H, s), 3,35
(2H, dd), 4,37 (2H, q), 4,49 (2H, t), 6,93 (1H, t), 8,18 (1H, s), 8,61 (1H, s). m/z (ES+),
[M+H]+ = 410.

Hop chit trung gian 23
Etyl 4-(2-clo-5-metylpyrimidin-4-yl)-1H-imidazol-2-carboxylat

O
~ohon
HN N=(
Cl

B6 sung axit trifloaxetic (20mL, 259,60mmol) vio etyl 4-(2-clo-5-
metylpyrimidin-4-y1)-1-((2-(trimetylsilyl)etoxy)metyl)- 1 H-imidazol-2-carboxylat  (hop
chit trung gian 24; 5,6g, 14,11mmol) trong DCM (20mL) & nhiét 46 25°C va khudy hén
hgp thu duge & nhiét 4o 25°C trong thoi gian 12 gid. Sau d6 loai bo chét dé bay hoi trong
didu kién 4p sudt giam va bazo héa hdn hop phén tmg bang NaHCO; bio hoa. Thu gom
chét két tua thu duoge tao thanh béng cach loc, rira béng nuéde (100mL) va [am khé trong
chan khong dé thu dugc etyl 4-(2-clo-5-metylpyrimidin-4-yl)-1 H-imidazol-2-carboxylat
(hop chét trung gian 23; 3,50g, 93%) dudi dang chat rin mau tring. "H NMR (400 Mhz,
DMSO, 23°C) 6 1,35 (3H, 1), 2,62 (3H, s), 4,37 (2H, q), 8,13 (1H, s), 8,62 (1H, s), NH

khong quan sat thay. m/z (ES+), [M+H]+ = 267.

Phuong phap khac dé diéu ché Hop chét trung gian 23:

B6 sung etyl 4-(2-clo-5-metylpyrimidin-4-yl)-1-((2-(trimetylsilyl)etoxy)metyl)-
1H-imidazol-2-carboxylat (hgp chit trung gian 24; 176g, 443,38mmol) vao TFA
(500mL, 6489,91mmol) trong DCM (500mL). Khudy hén hop phan tng thu duge & nhiét
do phong trong thoi gian 16 gio. Sau d6 loai bo chat dé bay hoi trong diéu kién ap sut
giam. Bb sung Na,CO; béo hoa trong nuée du va thu gom chit két tia thu dugc bing
cach loc, rira bang nuée (1 1) va lam khé trong chan khong. Tan nhé chét rin thd vé6i
MeCN dé tao ra chét rdn ma duoc thu gom bang cach loc va duoc 1am khé trong chin
khong dé tao ra etyl 4-(2-clo-5-metylpyrimidin-4-yl)-1 H-imidazol-2-carboxylat (hop chit
trung gian 23; 106g, 90%) dudi dang chit rin mau tring. '"H NMR (300 Mhz, DMSO,
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19,7°C ) 8 1,34 3H, 1), 2,61 (3H, s), 4,33-4,41 (2H, m), 8,13 (1H, s), 8,61 (1H, s), 13,99
(1H, s). m/z (ES+), [M+H]+ = 267.

' Phuong phap khac dé téng hop mét lo Hop chét trung gian 23:
Budc 1:

Vao dung dich c¢6 khudy cua 3,4,7,8-Tetrametyl-1,10-phenanthrolin (3,72g,
15,41mmol) va di-mu-methoxobis(1,5-xyclooctadien)diiridi (I) (5,21g, 7,71mmol) trong
MeTHF khan (900mL) duoc bd sung lién tuc bis(pinacolato)dibo (108g, 423,86mmol) va
dung dich chtra etyl 1-((2-(trimetylsilyl)etoxy)metyl)-1H-imidazol-2-carboxylat (114,5g,
385,33mmol) trong MeTHF (100mL) duéi khi nito. Khir khi hén hop thu dugc 3 lan
trong diéu kién khi nito, gia nhiét lén 70°C va khudy trong thdi gian 3 gid. Lam dimg hén
hop phan tmg bang nude (25mL), pha hitu co tach riéng va cd dén 500 ml. St dung dung
dich nay truc tiép trong Budc 2 ma khong can tinh ché.

Budce 2:

B sung tir tir dung dich MeTHF (500mL) dugc tao ra trong Budce 1 vao hén hop
c6 khudy ciia K,CO; trong nude (161g, 1156mmol) trong nude (500mL), san phdm cong
hop 2,4-diclo-5-metylpyrimidin (77g, 462,4mmol) va 1,1’-Bis(diphenylphosphino)
feroxen diclopaladi (IT) diclometan (9,44g, 15,56mmol) trong MeTHF (500mL) & nhiét
d6 40°C trong thoi gian 3 gid. Sau khi hoan thanh viéc bd sung, cac 16p dugc tach riéng
va rira 16p hivu co bang bing nude (500mL) va cd dén 500 ml. St dung né truc tiép trong

Budce 3 ma khong cén tinh ché.
Budc 3:

B6 sung HCI trong iso-propylalcohol (5-6 N, 116mL, 578mmol) vao dung dich
duoc tao ra trong Budc 2 ¢ nhiét d6 phong va khudy trong thoi gian 30 phiit. Sau d6 pha
loding hdn hop phan tng bing nudc (500mL). Chiét 16p nude bang MeTHF (500mL) va
rira cac 16p hitu co két hop bing trong nudc natri bicarbonat (dung dich 4% khéi
lwong/khdi lwong, 500mL) va nude (200mL). C6 pha hitu co dén khi con mot nira va
khudy biang heptan (1000mL). Loc chét két tia thu dugc, ria bang hdn hop
MeTHF/heptan (1:4, 500mL) va 1am khé trong chan khong @ thu duge etyl 4-(2-clo-5-
metylpyrimidin-4-yl)-1H-imidazol-2-carboxylat duéi dang chét ran (hop chét trung gian
23, 60,5g, 59%, hi¢u suét chung qua 3 Budc). "H NMR (400 Mhz, DMSO, 23°C) 6 1,35
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(3H, 1), 2,62 (3H, s), 4,37 (2H, q), 8,13 (1H, s), 8,62 (1H, s), NH khong quan sét thiy.
m/z (ES+), [M+H]+ = 267.

Hop chét trung gian 24

Etyl 4-(2-clo-5-metylpyrimidin-4-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-1 H-
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imidazol-2-carboxylat

BS sung Pd(PhsP), (1,158g, 1,00mmol) vao axit (2-(etoxycarbonyl)-1-((2-
(trimetylsilyl)etoxy)metyl)-1 H-imidazoi-4-yl)bonic (hgp chit trung gian 25; 6,3g,
20,05mmol), 2,4-diclo-5-metylpyrimidin (3,27g, 20,05mmol) va Cs,CO; (13,07g,
40,10mmol) trong 1,4-dioxan (120mL) va nudc (20mL) & nhiét do 25°C trong diéu kién
* khi nito va khudy hdn hop thu duge & nhiét d6 85°C trong thoi gian 2 gid. Rét hon hop
phan tmg vao nudc (200mL), chiét bing DCM (2 x 250mL), lam khd 16p hitu co trén
Na,SO,, loc va 1am bay hoi. Tinh ché hop chit thd bang sic ky silic oxit nhanh, gradien
rira giai tir 0 dén 10% EtOAc trong ete ddu mo. Lam bay hoi cac phan doan tinh khiét
d@&n kho d& thu  dugc  etyl  4-(2-clo-5-metylpyrimidin-4-y1)-1-((2-
(trimetylsilyl)etoxy)metyl)-1H-imidazol-2-carboxylat (hop chét trung gian 24; 5,60g,
70,4%) duéi dang chét rin mau vang nhat. '"H NMR (400 Mhz, CDCl;, 23°C) § 0,02 (9H,
s), 0,93 - 1,03 (2H, m), 1,48 (3H, t), 2,71 - 2,76 (3H, m), 3,59 - 3,69 (2H, m), 4,48 (2H,
q), 5,85} (2H, s), 8,16 (1H, s), 8,42 - 8,47 (1H, m). m/z (ES+), [M+H]+=397.

Phuong phép khac dé diéu ché Hop chit trung gian 24:

Mé 1: Bé sung Pd(PhsP), (1,655g, 1,43mmol) vao axit (2-(etoxycarbonyl)-1-((2-
(trimetylsilyl)etoxy)metyl)-1 H-imidazol-4-yl)bonic (hop chit trung gian 25; 9g,
28,64mmol), 2,4-diclo-5-metylpyrimidin (4,67g, 28,64mmol) va Cs,CO; (28,0g,
85,93mmol) trong 1,4-dioxan (80mL) va nudc (20mL) trong diéu kién khi nito. Sau d6
khudy hén hop phan tmg & nhiét d6 85°C trong thoi gian 2 gid va sau d6 1am ngudi
xudng nhiét d6 phong.
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Mé 2: Bb sung Pd(PhsP), (24,82g, 21,48mmol) vao 2,4-diclo-5-metylpyrimidin
(70,0g, 429,64mmol), axit (2-(etoxycarbonyl)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-
imidazol-4-yl)bonic (hop chit trung gian 25; 135g, 429,64mmol) va Cs,CO; (420g,
1288,91mmol) trong 1,4-dioxan (2000mL) va nudc (400mL) trong diéu kién khi nito.
Sau d6 khudy hdn hop phan ung & nhiét do 85°C trong thdi gian 2 gid va sau d6 lam
'ngucf)i xubng nhiét 46 phong. Cac mé 1 va 2 & trén duogc két hop va l1am bay hoi dén khé.
Hoa tan phin cén trong EtOAc (2 1) va rira tudn tr bang dung dich nuéc NaHCO; bio
hoa (450mL), nuée (300mL) va nude mudi (350mL). Lam khé pha hitu co trén Na,SO,
loc va loai bo chit d& bay hoi trong diéu kién 4p suét giam. Tinh ché hop chét thd bang
sdc ky cot nhanh, gradien rira giai tir 0 dén 5% EtOAc trong ete dau mé. Lam bay hoi san
phdm tinh khiét chta céc phan doan dén khd dé thu dugc etyl 4-(2-clo-5-metylpyrimidin-
4-y1)-1-((2-(trimetylsilyl)etoxy)metyl)- 1 H-imidazol-2-carboxylat (hop chat trung gian
24; 123g, 67,4%) dudi dang chét rin. "H NMR (400 Mhz, CDCls, 23°C) § 0,02 (9H, s),
0,93 - 1,03 (2H, m), 1,48 (3H, t), 2,71 - 2,76 (3H, m), 3,59 - 3,69 (2H, m), 4,48 (2H, q),
5,85 (2H, s), 8,16 (1H, s), 8,42 - 8,47 (1H, m). m/z (ES+), [M+H]+ = 397.

Hop chét trung gian 25

Btyl 4-(2,5-diciopyrimidin-4-yl)-1-((2-(trimetylsilyl)etoxy)metyl)-1 H-imidazol-2-

carboxylat

0
l

~o N

r
0

-
fBOH

~ ISi\
Bb sung chét tién xtc tic XPhos thé hé thir 2 (0,788g, 1,00mmol) vao etyl 4-brom-
1-((2-(trimetylsilyl)etoxy)metyl)-1 H-imidazol-2-carboxylat (hop chét trung gian 25a,
cling c6 sin trén thi trudng; 7g, 20,04mmol), 4,4,4°,4°,5,5,5°,5’-octametyl-2,2’-bi(1,3,2-
dioxabolan) (7,63g, 30,06mmol) va KOAc (3,93g, 40,08mmol) trong 1,4-dioxan
(100mL) & nhiét do 25°C trong didu kién khi nito. Sau d6 khudy hdn hop thu dugc &
nhiét do 85°C trong thoi gian 3 gid. Loc hdn hgp phan tng va dich loc duge st dung
trong budc tiép theo truc tiép ma khong can tinh ché thém. m/z (ES+), [M+H]+ = 315.
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Phuong phap khéc dé diéu ché Hop chét trung gian 25:

B6 sung 2-dixyclohexylphosphino-2’,4°,6’-tri-iso-propyl-1,1’-biphenyl (12,28g,
25,77mmol) vao san phidm cong hop tris(dibenzylidenaxeton)dipaladi(0)-cloroform
(11,11g, 10,74mmol) trong 1,4-dioxan (2000mL) & nhiét do phong trong diéu kién khi
nito. Khudy h6n hop thu duoc sau d6 khudy & nhiét do phong trong thoi gian 45 gid. Bb
sung etyl 4-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-imidazol-2-carboxylat (150g,
429,43mmol), bis(pinacolato)dibo (131g, 515,32mmol) va kali axetat (126g,
1288,29mmol) & nhiét o phong trong didu kién khi nito. Khudy hdn hop thu duge &
nhiét d6 80°C trong thoi gian 8 gid. Sau d6 loc hdn hop phén ung qua xelit. Loai bé dung
mdi trong diéu kién 4p sudt giam @& thu duge axit (2-(etoxycarbonyl)-1-((2-
(trimetylsilyl)etoxy)metyl)- 1 H-imidazol-4-yl)bonic (hop chét trung gian 25; 135g, 100%)
dudi dang dau mau vang. m/z (ES+), [M+H]+ = 315.

Hop chét trung gian 25a

'Etyl 4-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1 H-imidazol-2-carboxylat

Br\_N
/ o0/
L 3~
Lo ©

>

i,

BS sung timg phin NBS - (158g, 887,56mmol) vao etyl 1-((2-
(trimetylsilyl)etoxy)metyl)-1H-imidazol-2-carboxylat (hop chit trung gian 25b; 160g,
591,71mmol) trong DMF (1200mL) va DCM (1300mL) & nhiét ¢ 0°C. Khuiy phan tmg
thu dugc & nhiét dd 25°C trong thoi gian 48 gid. Loai bo chat d& bay hoi trong diéu kién
4p suit giam va bd sung EtOAc (7 1). Sau d6 rtra pha hiru co tudn ty bang NaHCO; bao
hoa (1 1), nuée (1 1), va nude mudi bio hoa (750mL). Lam kho 16p hitu co trén Na,SO,,
loc va lam bay hoi dé thu duoc hop chét thdé ma duge tinh ché bang sic ky silic oxit
nhanh, gradien rira giai tir 0 dén 4% EtOAc trong ete dau mé. Lam bay hoi cac phan doan
tinh khiét dén kho d& thu duoc etyl 4-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-
imidazol-2-carboxylat (hop chét trung gian 25a; 106g, 51,3%) duéi dang diu mau vang
nhat ma héa rén khi dé yén. '"H NMR (300 Mhz, DMSO) § -0,07 (9H, s), 0,77-0,85 (2H,
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m), 1,29 (3H, 1), 3,53 (2H, 1), 4,30 2H, q), 5,66 (2H, s), 7,83 (1H, s). m/z (ES+), [M+H]+
= 349/351.

Hop chét trung gian 25b

Etyl 1-((2-(trimetylsilyl)etoxy)metyl)-1H-imidazol-2-carboxylat

N

(/;k »\go\/
O
%

B6 sung timg giot SEM-Cl (286g, 1712,55mmol) vao etyl 1H-imidazol-2-
carboxylat (200g, 1427,12mmol) va K,COs (592, 4281,37mmol) trong axeton (3 Do
nhiét do 0°C. Khudy hdn hop thu dugc & nhiét 36 méi trudng trong thoi gian 16 gio. Loai
b6 chét két tia thu dugc bing cach loc va rira bang EtOAc (1 1). Sau d6 1am khd céc 16p
hitu co két hop trén Na,SO, va loai bo chét d& bay hoi trong diéu kién ap suat giam. Tinh
ché nguyén lidu thé thu duge bing sic ky silic oxit nhanh, gradien rira giai tir 0 dén 30%
EtOAc trong ete diu md. Lam bay hoi céc phan doan tinh khiét dén kho d thu dugc etyl
1-((2-(trimetylsilyl)etoxy)metyl)-1 H-imidazol-2-carboxylat (hop chét trung gian 25b;
328g, 85%) dudi dang dau mau vang nhat. "H NMR (300 Mhz, CDCl) 6 -0,01 (9H, s),
090-0,97 (2H, m), 1,45 (3H, t), 3,50-3,63 (2H, m), 4,43 (2H, q), 5,81 (2H, s), 7,22 (1H,
s), 7,28 (1H, s). m/z (ES+), [M+H]+=271.

Vidub6

(8)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-(3,4-
diflobenzyl)-6-metyl-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on

? cl
N)YN 72\
F/Q/ik/N\/)——gN:;N
E N—(/\l‘
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B& sung chét tién xac tac XantPhos thé hé thir 2 (20,95mg, 0,02mmol) vao (S)-2-
(2,5-diclopyrimidin-4-y1)-7-(3,4-diflobenzyl)-6-metyl-6,7-dihydroimidazo[ 1,2-a]pyrazin-
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8(5H)-on (hop chét trung gian 26; 100mg, 0,24mmol), 1-metyl-1H-pyrazol-5-amin (hop
chét trung gian 26; 57,2mg, 0,59mmol) va Cs,CO; (154mg, 0,47mmol) trong 1,4-dioxan
(5mL) & nhiét @ 25°C trong didu kién khi nito va khudy hdn hop thu dugc & nhiét do
100°C trong thoi gian 8 gid. Loai bo chét d& bay hoi trong didu kién &p suit gidm va tinh
ché hop chét tho bing sic ky silic oxit nhanh, gradien rira giai tir 0 dén 6% MeOH trong
DCM. Lam bay hoi cac phan doan tinh khiét dén khé dé thu dugc phén cin mau vang.
Tinh ché san phim thém bang HPLC diéu ché (cot XSelect CSH Prep C18 OBD, silic
oxit 5y, dudong kinh 19 mm, chiu dai 150mm), béng cach st dung hdn hop phan cuc
giam ctia nude (chira NH; 0,03%) va MeCN lam chét rira giai. Lam bay hoi c4c phan
doan chira hop chit mong mudén dén kho dé thu duoge (S)-2-(5-clo-2-((1-metyl-1H-
pyrazol-5-yl)amino)pyrimidin-4-yl)-7-(3,4-diflobenzyl)-6-metyl-6,7-dihydroimidazo[ 1,2-

“apyrazin-8(5H)-on (vi du 6; 16,00mg, 14%) dudi dang chét rin mau tring. '"H NMR
(400 Mhz, DMSO, 22°C) % 1,15 (3H, d), 3,71 (3H, s), 4,00 (1H, s), 4,34 (2H, d), 4,47
(1H, dd), 5,07 (1H, d), 6,32 (1H, s), 7,27 (1H, s), 7,35 (1H, d), 7,38 - 7,51 (2H, m), 8,19
(1H, s), 8,54 (1H, s), 9,73 (1H, s). m/z (ES+), [M+H]+ = 485.

Hop chit trung gian 26

(8)-2-(2,5-diclopyrimidin-4-y1)-7-(3,4-diflobenzyl)-6-metyl-6,7-
dihydroimidazo[ i,2-a]pyrazin-8(5H)-cn

/\N / \

Q =
Khudy dung dich chia (S)-etyl 4-(2,5-diclopyrimidin-4-yl)-1-(2-((3,4-
diflobenzyl)amino)propyl)-1H-imidazol-2-carboxylat (hop chét trung gian 27; 200mg,
0,43mmol) trong NH; (7N trong MeOH, 5mL, 35,00mmol) & nhiét do 50°C trong thoi
gian 2 gi¢. Sau d6 loai bé dung moi trong didu kién 4p suét giam. Sau d6 tinh ché hop
chét tho bang sic ky silic oxit nhanh, gradien rtra giai tr 0 dén 5% MeOH trong DCM.
Lam bay hoi cac phan doan tinh khiét dén kho dé thu dugc (S)-2-(2,5-diclopyrimidin-4-
yD)-7-(3,4-diflobenzyl)-6-metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét

trung gian 26; 100mg, 55,4%) dudi dang chat ran mau vang. m/z (ES+), [M+H]+ = 424,

Hop chét trung gian 27
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(S)-etyl 4-(2,5-diclopyrimidin-4-yl)-1-(2-((3,4-diflobenzyl)amino)propyl)- 1 H-

imidazol-2-carboxylat

0 Cl
oA B
N
\
N/ N—7
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B6 sung 3,4-diflobenzaldehyt (74,9mg, 0,53mmol) vao (S)-etyl 1-(2-
aminopropyl)-4-(2,5-diclopyrimidin-4-yl)-1 H-imidazol-2-carboxylat dihydroclorua (hop
chét trung gian 28; 200mg, 0,48mmol) trong DCM (10mL) & nhiét d6 25°C trong diéu
kién khi nito. Sau khi khudy & nhiét dd 40°C trong thoi gian 3 gid, bd sung natri
triaxetoxybohydrua (305mg, 1,44mmol) va khudy hdén hop thu dugc & nhiét do 25°C
trong thoi gian 3 gid. Sau d6 lam dimg hdn hop phan tng biang NaHCO; bio hoa
(20miL), chiét bang DCM (2 x 50mL), 1am khé 16p hitu co trén Na,SOy, loc va 1am bay
hoi @ thu dugc hop chit tho (S)-etyl 4-(2,5-diclopyrimidin-4-yl)-1-(2~((3,4-
diflobenzyl)amino)propyl)-1H-imidazol-2-carboxylat (hop chit trung gian 27; 200mg,
89%) du6i dang chat rin mau vang. San phim dugc st dung truc tiép trong bude tiép

theo ma khéng can tinh ché thém. m/z (ES+), [M+H]+ = 470.
Hop chét trung gian 28

(S)-etyl 1-(2-aminopropyl)-4-(2,5-diclopyrimidin-4-yl)-1H-imidazol-2-carboxylat
dihydroclorua

HN" " ohel

Khudy dung dich chira (S)-etyl 1-(2-((tert-butoxycarbonyl)amino)propyl)-4-(2,5-
diclopyrimidin-4-yl)-1H-imidazol-2-carboxylat (hop chét trung gian 29; 2,8g, 6,30mmol)
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trong HCI (4N trong 1,4-dioxan, 20mL) & nhiét d6 25°C qua dém. Thu gom chét két tia
bing cach loc, rira bang EtOAc (20mL) va lam khd trong chan khong dé thu dugc (S)-
etyl 1-(2-aminopropyl)-4-(2,5-diclopyrimidin-4-yl)-1H-imidazol-2-carboxylat (hop chét
trung gian 28; 2,50g, 95%) du6i dang chét rin mau tring. 'H NMR (400 Mhz, DMSO,
24°C) & 1,26 (3H, d), 1,37 (3H, 1), 3,75 (1H, s), 4,40 (2H, d), 4,63 (2H, d), 8,05 (3H, s),
8,61 (1H, s), 8,94 (1H, s). m/z (BS+), [M+H]+ = 344, |

Hop chét trung gian 29

(S)-etyl 1-(2-((tert-butoxycarbonyl)amino)propyl)-4-(2,5-diclopyrimidin-4-yl)-
1 H-imidazol-2-carboxylat

.

O Cl

L
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B sung HCl 1M (20mL, 20,00mmol) vao axit (S)-(fert-butoxycarbonyl)(1-(4-
(2,5-diclopyrimidin-4-yl)-2-(etoxycarbonyl)-1H-imidazol-1-yl)propan-2-yl)sulfamic (hop
chét trung gian 30; 6g, 11,44mmol) trong EtOH (20mL) & nhiét d6 25°C trong khéng khi.
Khudy hdn hop thu duoc & nhiét do 50°C trong thoi gian 20 phat. Lam dimg hdn hop
phan tmg bing NaHCO; bdo hoa (50mL), chiét baing DCM (3 x 100mL), 1am khé 16p
hitu co trén Na,SO,, loc va 1am bay hoi @& thu duoc phan cdn mau vang. Tinh ché hop
chit tho bang sic ky silic oxit nhanh, gradien rira gidi tir 0 dén 30% EtOAc trong ete dau
mé. Lam bay hoi cac phan doan tinh khiét dén kho dé thu dugc (S)-etyl 1-(2-((tert-
butoxycarbonyl)amino)propyl)-4-(2,5-diclopyrimidin-4-yl)-1H-imidazol-2-carboxylat
(hop chét trung gian 29; 2,80g, 55,1%) duéi dang chét rin mau tring. '"H NMR (300
Mhz, CDCl;, 27°C) 6 1,24 (3H, d), 1,35 (9H, s), 1,46 (2H, t), 4,03 - 4,17 (1H, m), 4,46
(2H, q), 4,58 - 4,69 (2H, m), 5,30 (1H, s), 8,08 (1H, s), 8,58 (1H, s). m/z (ES+), [M+H]+
=444,

Hop chét trung gian 30

Axit  (S)-(tert-butoxycarbonyl)(1-(4-(2,5-diclopyrimidin-4-yl)-2-(etoxycarbonyl)-
1 H-imidazol-1-yl)propan-2-yl)sulfamic |
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B& sung timg phin (S)-tert-butyl 4-metyl-1,2,3-oxathiazolidin-3-carboxylat 2,2-
dioxit (hop chét trung gian 12; 4,59g, 19,33mmol) vao etyl 4-(2,5-diclopyrimidin-4-yl)-
1 H-imidazol-2-carboxylat (hop chat trung gian 31; 3,7g, 12,89mmol) va K,COs (5,34g,
38,66mmol) trong axetonitril (30mL) & nhiét d6 80°C trong diéu kién khi nito. Khudy
hdn hop thu duoc & nhiét @6 85°C trong thoi gian 12 gid. Sau d6 loc hdn hop phan tmg
va rira bing MeCN. Loai bé dung méi trong diéu kién 4p suét giam dé thu duge hop chét
mong mubn axit (8)-(tert-butoxycarbonyl)(1-(4-(2,5-diclopyrimidin-4-yl)-2-
(etoxycarbonyl)-1H-imidazol-1-yl)propan-2-yl)sulfamic (hop chat trung gian 30; 6,00g,
89%) dudi dang diu mau vang. San phim duogc sir dung truc tiép trong budc tiép theo ma

khong can tinh ché thém. m/z (ES+), [M+H]+ = 524.
Hop chit trung gian 31

Etyl 4-(2,5-diclopyrimidin-4-yl)-1 H-imidazol-2-carboxylat

B6 sung axit trifloaxetic (20mL, 259,60mmol) vao etyl 4-(2,5-diclopyrimidin-4-
y1)-1-((2-(trimetylsilyl)etoxy)metyl)-1 H-imidazol-2-carboxylat (hop chit trung gian 32;
5,6g, 13,42mmol) trong DCM (20mL) & nhi¢t do 25°C. Khqu hdn hop thu dugc & nhiét
d6 25°C trong thoi gian 12 gid. Loai bd dung mai trong diéu kién 4p sudt giam va bazo
héa hén hop phan Gng bing NaHCO; bio hoa du. Thu gom chét két tia thu dugc tao
thanh bang cach loc, rira bing nude (100mL) va lam kho trong chan khong dé thu duoc
etyl 4-(2,5-diclopyrimidin-4-yl)-1H-imidazol-2-carboxylat (hop chét trung gian 31;
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3,70g, 96%) dudi dang chét rén mau tring. 'H NMR (400 Mhz, DMSO, 25°C) § 1,36
(3H, 1), 4,39 (2H, q), 7,59 (1H, s), 8,32 (1H, s), 8,90 (1H, s). m/z (ES+), [M+H]+ = 287.

Hop chét trung gian 32

Etyl 4-(2,5-diclopyrimidin-4-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-imidazol-2-

carboxylat
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B6 sung Pd(PhsP), (1,14g, 0,99mmol) vao axit (2-(etoxycarbonyl)-1-((2-
(trimetylsilyl)etoxy)metyl)-1 H-imidazol-4-yl)bonic (hop chit trung gian 25; 6,2g,
19,73mmol), 2.4 5-triclopyrimidin (3,62g, 19,73mmol) va Cs,COs (9,64g, 29,60mmol)
trong 1,4-dioxan (160mL) va nudc (40mL) & nhiét do 25°C trong diéu kién khi nito.
Khuéy hdn hop thu dwge & nhiét 36 85°C trong thoi gian 2 gid. R6t hén hop phan tmg
vao nude (150mL), chiét bang DCM (2 x 250mL), 1am khé cac 16p hitu co trén Na,SO,,
loc va 1am bay hoi dé thu dugc phan cin mau vang. Tinh ché hop chét tho bang sic ky
silic oxit nhanh, gradien rira giai tir 0 dén 16% EtOAc trong ete dau mo. Lam bay hoi cac
phan doan tinh khiét dén kho dé thu dugc etyl 4-(2,5-diclopyrimidin-4-yl)-1-((2-
(trimetylsilyl)etoxy)metyl)-1H-imidazoi-2-carboxylat (hop chdt trung gian 32; 5,60g,
68%) dudi dang chit rin mau tring. '"H NMR (400 Mhz, CDCls, 25°C) § 0,01 (9H, s),
0,93 - 1,02 (2H, m), 1,48 (3H, t), 3,60 - 3,69 (2H, m), 4,48 (2H, q), 5,89 (2H, s), 8,29
(1H, s), 8,63 (1H, s). m/z (ES+), [M+H]+=417.

Vidu7

(S)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-(3-
metoxybenzyl)-6-metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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B sung chit tién xtc tac XantPhos thé hé tha 2 (31,9mg, 0,04mmol) vao (S)-2-
(2,5-diclopyrimidin-4-y1)-7-(3-metoxybenzyl)-6-metyl-6,7-dihydroimidazo[ 1,2-
alpyrazin-8(5H)-on (hop chét trung gian 33; 150mg, 0,36mmol), 1-metyl-1H-pyrazol-5-
amin (87mg, 0,90mmol) va Cs,CO; (234mg, 0,72mmol) trong 1,4-dioxan (SmL) & nhiét
d6 25°C trong diéu kién khi nito. Khudy hdn hop thu duoc & nhiét 4o 100°C trong thoi
gian 8 gi¢. Sau d6 loai bo dung moi trong didu kién 4p suét giam va tinh ché hop chét tho
bang sic ky silic oxit nhanh, gradien rtra gidi tir 0 dén 6% MeOH trong DCM. Lam bay
hoi cac phén doan tinh khiét dén kho dé thu dugc phin cén mau vang. Tinh ché phan cin
thém bing HPLC didu ché (cot XSelect CSH Prep C18 OBD, silic oxit 5y, dudng kinh
19 mm, chiéu dai 150mm), bang cach sir dung hdn hop phan cyc giam cla nudc (chta
NH; 0,03%) v MeCN 1am chét rira gidi. Lam bay hoi cdc phin doan chita hop chét
mong mudn dn  kho dé thu dugc (S)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-7-(3-metoxybenzyl)-6-metyl-6,7-dihydroimidazo[ 1,2-
alpyrazin-8(5H)-on (vi du 7; 31,0mg, 18,05%) dudi dang chét rén mau tring. '"H NMR
(400 Mhz, DMSO, 20°C) 3 1,13 (3H, d), 3,71 (3H, s), 3,76 (3H, s), 3,96 (1H, d), 4,26 -
436 (2H, m), 4,41 (1H, dd), 5,09 (1H, d), 6,32 (1H, s), 6,84 - 6,91 (1H, m), 6,96 (2H, d),
7,24 - 738 {2H, m), 8,20 (1H, s), 8,54 (1H, s), 9,74 (1H, s). m/z (ES+), [M+H]+ = 479.

Hop chat trung gian 33

(5)-2-(2,5-diclopyrimidin-4-yl)-7-(3-metoxybenzyl)-6-metyl-6,7-
dihydroimidazo[1,2-ajpyrazin-8(5H)-on
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B6 sung TEA (0,162mL, 1,16mmol) vao (S)-etyl 4-(2,5-diclopyrimidin-4-y1)-1-(2-
((3-metoxybenzyl)amino)propyl)- 1 H-imidazol-2-carboxylat (hop chit trung gian 34;
180mg, 0,39mmol) trong toluen (8mL) & nhiét do 25°C trong khong khi. Khudy hén hop
thu duge & nhiét do 140°C trong thoi gian 8 gid. Sau d6 loai bé dung méi trong diéu kién
ap sut giam va tinh ché hop chét thé bang sic ky silic oxit nhanh, gradien rira giai tir 0
dén 3% MeOH trong DCM. Lam bay hoi c4c phan doan tinh khiét dén kho dé thu dugc
(8)-2-(2,5-diclopyrimidin-4-yl)-7-(3-metoxybenzyl)-6-metyl-6,7-dihydroimidazo[1,2-
a]pyrazin-8(5H)-on (hop chét trung gian 33; 150mg, 93%) dudi dang chét rin mau vang.
m/z (ES+), [M+Na]+ = 418. (5)-2-(2,5-diclopyrimidin-4-yl)-7-(3-metoxybenzyl)-6-
 metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 33) duoc st dung

trong budc tiép theo ma khong can tinh ché thém.
Hop chit trung gian 34

(S)-etyl  4-(2,5-diclopyrimidin-4-yl)-1-(2-((3-metoxybenzyl)amino)propyl)-1H-

imidazol-2-carboxylat

Bb sung 3-metoxybenzaldehyt (71,8mg, 0,53mmol) vio (S)-etyl 1-(2-
aminopropyl)-4-(2,5-diclopyrimidin-4-yl)-1H-imidazol-2-carboxylat dihydroclorua (hop
chit trung gian 28; 200mg, 0,48mmol) trong DCM (10mL) & nhiét 46 25°C trong didu
kién khi nito. Sau khi khudy & nhiét do 40°C trong thoi gian 3 gid, bd sung natri
triaxetoxybohydrua (305mg, 1,44mmol) va khudy hdn hop thu dugc & nhiét do 25°C
trong thoi gian 3 gid. Lam ding hdn hop phan tmg bing NaHCO; bio hoa (20mL), chiét
bing DCM (2 x 50mL), 1am khé céc 16p hitu co trén Na,SO4, loc va lam bay hoi dé thu
duoc phin cin mau vang. Tinh ché hop chét thd bang sic ky trén silic oxit nhanh, gradien
rira giai MeOH tir 0 dén 5% trong DCM. Lam bay hoi cc phan doan tinh khiét dén kho
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dé thu duoc (S)-etyl 4-(2,5-diclopyrimidin-4-yl)-1-(2-((3-metoxybenzyl)amino)propyl)-
1 H-imidazol-2-carboxylat (hop chét trung gian 34; 180mg, 81%) dudi dang chat rin mau
vang. m/z (ES+), [M+H]+ = 464.

Vidu 8

(8)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6-metyl-7-((2-
(triflometyl)pyrimidin-4-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
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B4 sung chit tién xtc tac XantPhos thé hé thir 2 (12,41mg, 0,01mmol) vao (S)-2-
(2,5-diclopyrimidin-4-yl)-6-metyl-7-((2-(triflometyl)pyrimidin-4-yl)metyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hgp chét trung gian 35; 64mg, 0,14mmol), 1-
metyl-1H-pyrazol-5-amin (33,9mg, 0,35mmol) va Cs,CO; (91mg, 0,28mmol) trong 1,4-
dioxan (5mL) & nhiét 6 25°C trong didu kién khi nito va khudy hdn hop thu duoc &
nhiét 36 100°C trong thoi gian 8 gio. Sau do6 loai bé dung mdi trong diéu kién 4p sut
giam. Tinh ché hop chit thd bing sic ky trén silic oxit nhanh, gradien rira giai MeOH tir
0 dén 6% trong DCM. Lam bay hoi céc phan doan tinh khiét dén kho6 dé thu dugc phan
cén mau vang. Tinh ché phan cin nay thém bang HPLC diéu ché (cot XSelect CSH Prep
C18 OBD, silic oxit 5p, duong kinh 19 mm, chiéu dai 150mm), bang cach st dung hdn
hop phan cuc giam cta nuéc (chira NH; 0,03%) va MeCN lam chét rira giai. Lam bay
hqi cac phan doan chira hop chit mong mudn dén kho dé thu duoc (S)-2-(5-clo-2-((1-
metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6-metyl-7-((2-(triflometyl)pyrimidin-4-
yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du &; 15,2mg, 21%) dudi dang
chét rén mau tring. 'H NMR (400 Mhz, DMSO, 20,1°C) & 1,25 (3H, d), 3,71 (3H, s),
4,18 (1H, ddd), 4,42 (1H, dd), 4,60 - 4,69 (2H, m), 5,23 (1H, d), 6,32 (1H, d), 7,35 (1H,
d), 7,94 (1H, d), 8,25 (1H, s), 8,55 (1H, s), 9,03 (1H, d), 9,74 (1H, s). m/z (ES+), [M+H]+
=519.

Hop chét trung gian 35
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(8)-2-(2,5-diclopyrimidin-4-yl)-6-metyl-7-((2-(triflometyl)pyrimidin-4-yl)metyl)-
6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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B6 sung TEA (0,129mL, 0,93mmol) vao (S)-etyl 4-(2,5-diclopyrimidin-4-yl)-1-(2-

F

(((2-(triflometyl)pyrimidin-4-yl)metyl)amino)propyl)-1 H-imidazol-2-carboxylat (hop
chét trung gian 36; 156mg, 0,31mmol) trong toluen (3mL) & nhiét 6 25°C trong khong
khi. Khudy hdn hop thu duoc & nhiét ¢ 140°C trong thoi gian 4 gid. Sau d6 loai bé dung
mdi trong didu kién 4p suét giam. Tinh ché hop chét tho bing sic ky trén silic oxit nhanh,
gradien rira giai MeOH tir 3 dén 4% trong DCM. Lam bay hoi c4c phan doan tinh khiét
dn  kho 48  thu  duge  (S)-2-(2,5-diclopyrimidin-4-yl)-6-metyl-7-((2-
(triflometyl)pyrimidin-4-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (hgp chit
trung gian 35; 64,0mg, 45,2%) dudi dang chét rin mau vang. m/z (ES+), [M+H]+ = 458.

Hop chit trung gian 36

(S)-etyl 4-(2,5-diclopyrimidin-4-yl)-1-(2-(((2-(triflometyl )pyrimidin-4-
yl)metyl)amino)propyl)- | H-imidazol-2-carboxylat
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B6 sung 2-(triflometyl)pyrimidin-4-carbaldehyt (127mg, 0,72mmol) vao (S)-etyl
1-(2-aminopropyl)-4-(2,5-diclopyrimidin-4-yl)-1H-imidazol-2-carboxylat dihydroclorua
(hop chét trung gian 28; 300mg, 0,72mmol) trong DCM (10mL) & nhiét do 25°C trong
khong khi. Khudy dung dich thu dugc & nhiét d6 40°C trong thoi gian 3 gio. B6 sung
natri triaxetoxybohydrua (457mg, 2,16mmol) vao hdn hop phan tng & nhiét do 25°C.
Khudy dung dich thu dugc & nhiét d6 25°C trong thoi gian 12 gid. Lam dimg hdn hop
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phan tmg bang nuée (10mL) va chiét bang DCM (3 x 15mL). Két hop cac 16p hiru co va
rira bing nude mudi (15mL), 1am khé trén Na,SO4, loc va 1am bay hoi @ thu duoc dau
mau vang. Tinh ché hop chit thd bang sic ky trén silic oxit nhanh, gradien rira giai
MeOH tir 2 dén 3% trong DCM. Lam bay hoi cac phan doan tinh khiét dén kho dé thu
dugc (S)-etyl 4-(2,5-diclopyrimidin-4-y1)-1-(2-(((2-(triflometyl)pyrimidin-4-
yl)metyl)arrljno)propyl)-1H—imidazol—2—carboxylat (hop chét trung gian 36; 156mg, 43%)
dudi dang ddu mau vang. "H NMR (400 Mhz, CDCl;, 20,2°C) & 1,26 - 1,38 (3H, m), 1,44
(3H, t), 2,85 (1H, s), 4,01 (2H, q), 4,33 - 4,51 (2H, m), 4,55 - 4,70 (1H, m), 4,92 (2H, s),
7,65 (1H, d), 8,65 (1H, d), 8,74 - 8,85 (1H, m), 8,91 (1H, d). m/z (ES+), [M+H]+ = 504.

Vidu9

(8)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-
(diflometyl)pyridin-2-yl)metyl)-6-metyl-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on

B6 sung chét tién xtc tac XantPhos thé hé thir 2 (24,28mg, 0,03mmol) vao (S)-2-
(2,5-diclopyrimidin-4-yi)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-metyl-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 37; 120mg, 0,27mmol), 1-
metyl-1H-pyrazol-5-amin (66,3mg, 0,68mmol) va Cs,CO; (178mg, 0,55mmol) trong 1,4-
dioxan (5mL) & nhiét 6 25°C trong diéu kién khi nito. Khudy hén hop thu duoc & nhiét
d6 100°C trong thoi gian 8 gio. Sau d6 loai bé dung moi trong diéu kién 4p suét giam va
tinh ché hop chét tho bang sic ky silic oxit nhanh, gradien rira giai tir 0 dén 6% MeOH
trong DCM. Lam bay hoi cac phan doan tinh khiét dén kho dé thu duoc phan cin mau
vang. Tinh ché phén cin niy thém bing HPLC diéu ché (c6t XSelect CSH Prep C18
OBD, silic oxit 5y, duong kinh 19 mm, chiéu dai 150mm), bang cach st dung hdn hop
phan cuc giam ctia nudce (chira NH; 0,03%) va MeCN 1am chat rira giai. Lam bay hoi cac
phan doan chira hop chit mong muén dén kho dé thu duge (S)-2-(5-clo-2-((1-metyl-1H-
pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-metyl-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 9; 27mg, 19,8%) dudi dang chit rin mau
tring. "H NMR (400 Mhz, DMSO, 23°C) & 1,21 (3H, d), 3,71 (3H, s), 4,12 (1H, s), 4,38
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(1H, d), 4,48 - 4,63 (2H, m), 5,22 (1H, d), 6,32 (1H, s), 6,97 (1H, t), 7,35 (1H, d), 7,59 -

7,67 (2H, m), 8,00 (1H, t), 8,23 (1H, s), 8,54 (1H, s), 9,72 (1K, s). m/z (ES+), [M+H]+ =
500.

Hop chit trung gian 37

(8)-2-(2,5-diclopyrimidin-4-yl)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-metyl-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on

Khudy dung dich chra  (S)-etyl  4-(2,5-diclopyrimidin-4-y1)-1-(2-(((6-
(diflometyl)pyridin-2-yl)metyl)amino)propyl)- 1 H-imidazol-2-carboxylat (hop chét trung
gian 38; 200mg, 0,41mmol) trong NH3 (7N trong MeOH, 5mL, 35,00mmol) & nhiét do
50°C trong thoi gian 2 gid. Sau d6 loai bd dung méi trong didu kién 4p suét giam va tinh
ché hop chét tho bing sic ky silic oxit nhanh, gradien rira giai tir 0 dén 5% MeOH trong
DCM. Lam bay hoi cac phin doan tinh khiét dén khd & thu duoc (S)-2-(2,5-
diclopyrimidin-4-y1)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-metyl-6,7-
dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (hop chéit trung gian 37; 120mg, 66,3%) dudi
dang chét rin mau vang. m/z (ES+), [M+H]+ = 439.

Hop chét trung gian 38

(S)-etyl 4-(2,5-diclopyrimidin-4-yl)-1-(2-(((6-(diflometyl)pyridin-2-
yl)metyl)amino)propyl)-1H-imidazol-2-carboxylat

o Cl
O&N B:\
)N
N—
J/_ Cl

HN

-124-



36844

B4 sung 6-(diflometyl)picolinaldehyt (hop chét trung gian 39; 226mg, 1,44mmol)
vao (S)-etyl 1-(2-aminopropyl)-4-(2,5-diclopyrimidin-4-yl)-1H-imidazol-2-carboxylat
dihydroclorua (hop chét trung gian 28; 200mg, 0,48mmol) trong DCM (15mL) & nhiét d6
25°C trong diéu kién khi nito. Sau khi khudy & nhiét d6 40°C trong thdi gian 3 gio, bd
sung natri triaxetoxybohydrua (305mg, 1,44mmol) va khudy hdn hop thu dugc & nhiét do
25°C trong thoi gian 3 gid. Lam ding hén hop phan tng bing NaHCO; bdo hoa (20mL)
va chiét bang DCM (2 x 50mL). Lam khé c4c 16p hiru co két hop trén Na,SO,, loc va 1am
bay hoi dé thu duoc hop chit mong mudn (S)-etyl 4-(2,5-diclopyrimidin-4-yl)-1-(2-(((6-
(diflometyl)pyridin-2-yl)metyl)amino)propyl)- 1 H-imidazol-2-carboxylat (hop chét trung
gian 38; 200mg, 86%) dudi dang cht rin mau vang. m/z (ES+), [M+H]+ = 485.

Hop chét trung gian 39

6-(diflometyl)picolinaldehyt

N
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B sung LiAlH, (1,14lg, 30,07mmol) vao 6-(diflometyl)-N-metoxy-N-
metylpicolinamit (hop chat trung gian 40; 5g, 23,13mmol) trong THF (80mL) dugc 1am
lanh xubng -78°C trong didu kién khi nito va khudy dung dich thu dugc & nhiét d6 -78°C
trong thdi gian 1 gid. Pha logng phan tng EtOAc (6mL), sau d6 lam dimg bang nudc
(1mL) & nhiét d6 -78°C. Bb sung NaOH (15% trong nuéc, 3,0mL) va nuée (1,0mL) va
loc chét rin thu dugc ra. Lam khé dich loc trén Na,SO,, loc va 1am bay hoi dé thu duoc
6-(diflometyl)picolinaldehyt (hop chit trung gian 39; 3,60g, 99%) duéi dang diu mau
vang. Hop chét thu duoc duoc sir dung trong bude tiép theo ma khong can tinh ché thém.
m/z (ES+), [M+H]+ = 158.

Hop chat trung gian 40

6-(diflometyl)-N-metoxy-N-metylpicolinamit
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B6 sung timg giot oxalyl diclorua (7,92g, 62,39mmol) vio axit 6-
(diflometyl)picolinic (hop chét trung gian 41; 5,4g, 31,19mmol) va DMF (0,242mL,
3,12mmol) trong DCM (30mL) & nhiét d6 25°C trong diéu kién khi nito. Khudy hdn hop
thu dugc & nhiét @6 25°C trong thoi gian 2 gid. Sau d6 loai bo dung méi trong diéu kién
4p suét giam dé thu duoc hop chit mong mudn 6-(diflometyl)picolinoyl clorua (6,00g,
100%) duéi dang ddu mau vang ma duoc sir dung ngay lap tic. B sung tirng phan N,O-
dimetylhydroxylamin hydroclorua (4,58g, 46,98mmol) vao 6-(diflometyl)picolinoyl
clorua (6,0g, 31,32mmol) va TEA (17,46mL, 125,29mmol) trong DCM (50mL) & nhiét
d6 25°C trong diéu kién khi nito. Sau d6 khudy hdn hop thu dugc & nhiét do 25°C trong
thoi gian 12 gid. Lam dimg hén hop phéan tmg bang nudc (50mL), chiét bang DCM (2 x
100mL), 1am khé cac 16p hiru co trén Na,SO,, loc va lam bay hoi dé thu duoc phin cin
mau vang. Tinh ché hop chit thod bang sic ky silic oxit nhanh, gradien rira giai tir 0 dén
30% EtOAc trong ete diu mé. Lam bay hoi cic phan doan tinh khiét dén kho dé thu duoc
6-(diflometyl)-N-metoxy-N-metylpicolinamit (hop chat trung gian 40; 5,00g, 73,8%)
duéi dang chét long mau vang. "H NMR (400 Mhz, CDCl;, 20°C) 6 3,42 (3H, s), 3,80
(3H, s), 6,68 (1H, t), 7,74 (2H, d), 7,98 (1H, t). m/z (ES+), [M+H]+ = 217.

Hop chét trung gian 41

Axit 6-(diflometyl)picolinic

Gia nhiét dung dich chira metyl 6-(diflometyl)picolinat (hop chit trung gian 42;
6,2g, 33,13mmol) trong HCI (30mL, 360,00mmol) ¢ nhi¢t 6 90°C trong thoi gian 8 gio.
Loai bé dung méi trong diéu kién 4p suit giam dé thu duoc hop chit mong mudn axit 6-
(diflometyl)picolinic (hop chét trung gian 41; 5,40g, 94%) dudi dang chit rin mau tring.
'H NMR (400 Mhz, DMSO, 20°C) & 7,05 (1H, t), 7,94 (1H, 1), 8,16- 8,22 (2H, m), 13,56
(1H, s). m/z (ES+), [M+H]+ = 174.

Hop chit trung gian 42

Metyl 6-(diflometyl)picolinat
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Khudy 2-brom-6-(diflometyl)pyridin (hop chét trung gian 43; 8,5g, 40,86mmol),
kali axetat (8,02g, 81,73mmol) va Pd(dppf)Cl, (1,495g, 2,04mmol) trong MeOH
(100mL) dudi khi CO & 10 atm & nhiét d6 70°C trong thdi gian 6 gio. Sau d6 loc hdn hop
phan Gng va 1am bay hoi dich loc trong diéu kién 4p suét giam. Tinh ché hop chét thé
bing séc ky silic oxit nhanh, gradien rira giai tir 0 dén 20% EtOAc trong ete dau mo. Lam
bay hoi cac phan doan tinh khiét dén kho dé thu duoc metyl 6-(diflometyl)picolinat (hop
chit trung gian 42; 6,20g, 81%) dudi dang chét 1éng khong mau. '"H NMR (400 Mhz,
CDC(Cl;, 20°C) 6 4,06 (3H; s), 6,79 (1H, t), 7,89 (1H, d), 8,05 (1H, t), 8,24 - 8,31 (1H, m).
m/z (ES+), [M+H]+ = 188.

Hop chét trung gian 43

2-brom-6-(diflometyl)pyridin

Br /N
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B6 sung tirng giot DAST (17,76mL, 134,40mmol) vio 6-brompicolinaldehyt (10g,
53,76mmol) trong DCM (150mL) 1am lanh xudng 0°C trong khoang thdi gian 10 phut.
Khudy hdn hop thu duge & nhiét 46 25°C trong thoi gian 12 gid. Lam ding hdn hop phan
mg bang nude (20mL) va bazo hoéa bang cach bd sung NaHCO; (bo hoa trong nudc).
Chiét pha nuéc bang DCM (3 x 150mL), 1am khé 16p hitu co trén Na,SO,, loc va 1am
bay hoi dé thu dugc chit 16ng mau nau. Tinh ché hop chét thd bang sic ky silic oxit
nhanh, gradien rira giai tir 0 dén 8% EtOAc trong ete dau mé. Lam bay hoi cac phan doan
tinh khiét dén kho dé thu dugc 2-brom-6-(diflometyl)pyridin (hop chit trung gian 43;
9,00g, 80%) dudi dang chat 16ng khong mau. "H NMR (400 Mhz, CDCl,, 22°C) & 6,59
(1H, t), 7,58 - 7,65 (2H, m), 7,71 (1H, t). m/z (ES+), [M+H]+ = 208/210.

Vidu 10

(S)-2-(5-clo-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6-metyl-7-((6-
(triflometyl)pyridin-2-yl)metyl)-6, 7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
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B& sung chit tién xtc tdc XantPhos thé hé tha 2 (14,97mg, 0,02mmol) vao (S)-2-
(2,5-diclopyrimidin-4-yl)-6-metyl-7-((6-(triflometyl)pyridin-2-yl)metyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 44; 77mg, 0,17mmol), 1-
metyl-1H-pyrazol-5-amin (40,9mg, 0,42mmol) va Cs,CO; (110mg, 0,34mmol) trong 1,4-
dioxan (3mL) & nhiét d6 25°C trong diéu kién khi nito. Khqu hén hop thu dugc & nhiét
dd 100°C trong thdi gian 6 gid. Loai bo dung méi trong diéu kién 4p suat gidm va tinh
ché hop chét thd bing sic ky silic oxit nhanh, gradien rira giai tir 5 dén 6% MeOH trong
DCM. Lam bay hoi cac phan doan tinh khiét dén kho dé thu duoc hop chit thd mau vang. -
Tinh ché hop chit thd nay thém bang HPLC diéu ché (cot XSelect CSH Prep C18 OBD,
silic oxit 5p, dudng kinh 19 mm, chiéu dai 150mm), bing cach st dung hén hop phéin
cuc giam ctia nude (chira NH; 0,03%) v MeCN 1am chét rira giai. Lam bay hoi cac phin
doan chira hop chit mong mudn dén kho dé thu dugc (S)-2-(5-clo-2-((1-metyl-1H-
pyrazol-5-yl)amino)pyrimidin-4-yl)-6-metyl-7-((6-(triflometyl)pyridin-2-yl)metyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 10; 18,5mg, 21%) dudi dang chat rin mau
trang. "H NMR (400 Mhz, DMSO0, 23,0°C) & 1,22 (3H, d), 3,71 (3H, s), 4,15 (1H, ddd),
4,40 (1H, dd), 4,53 - 4,64 (2H, m), 5,23 (1H, d), 6,32 (1H, d), 7,35 (1H, d), 7,75 - 7,87
(2H, m), 8,10 (1H, t), 8,23 (1H, s), 8,54 (1H, s), 9,73 (1H, s). m/z (ES+), [M+H]+ = 518.

Hop chét trung gian 44

(8)-2-(2,5-diclopyrimidin-4-yl)-6-metyl-7-((6-(triflometyl)pyridin-2-yl)metyl)-
6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on

B6 sung NH; (7N trong MeOH, 3mL) vao (S)-etyl 4-(2,5-diclopyrimidin-4-yl)-1-
(2-(((6-(triflometyl)pyridin-2-yl)metyl)Jamino)propyl)- 1 H-imidazol-2-carboxylat (hop
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chét trung gian 45; 98mg, 0,19mmol). Khudy dung dich thu duge & nhiét d6 50°C trong
thoi gian 2 gid. Loai bo dung méi bang cach chung cét trong chan khong dé thu dugc (S)-
2-(2,5-diclopyrimidin-4-yl)-6-metyl-7-((6-(triflometyl)pyridin-2-yl)metyl)-6,7-
dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (hop chat trung gian 44; 77mg, 86%) dudi dang
dau khong niéu. San phdm duoc str dung truc tiép trong bude tiép theo ma khong can tinh
ché thém. m/z (ES+), [M+H]+ = 457.

Hop chét trung gian 45

(S)-etyl 4-(2,5-diclopyrimidin-4-y1)-1-(2-(((6-(triflometyl)pyridin-2-
yl)metyl)amino)propyl)-1H-imidazol-2-carboxylat

(
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B6 sung 6-(triflometyl)picolinaldehyt (115mg, 0,66mmol) vao (S)-etyl 1-(2-
aminopropyl)-4-(2,5-diclopyrimidin-4-yl)-1 H-imidazol-2-carboxylat dihydroclorua (hop
chét trung gian 28; 250mg, 0,60mmol) trong DCM (10mL) & nhiét d§ 20°C trong didu
kién khi nito. Khudy dung dich thu dugc & nhiét o 40°C trong thoi gian 4 gio. Sau d6 bd
sung natri triaxetoxybohydrua (254mg, 1,20mmol) & nhiét do 20°C va khudy dung dich
thu duge & nhiét do 20°C trong thdi gian 12 gid. Lam dimg hdn hop phan tng bing nudc
(10mL), chiét bdng DCM (3 x 15mL). Rira cac 16p hitu co két hop bing nuéc mudi
(15mL), 1am kho trén Na,SO,, loc va 1am bay hoi dé thu dugc diu mau vang. Tinh ché
hop chéit thé bing sic ky trén silic oxit nhanh, gradien rira giai MeOH tir 2 dén 2,5%
trong DCM. Lam bay hoi cdc phan doan tinh khiét d&én kho dé thu dugc (S)-etyl 4-(2,5-
diclopyrimidin-4-yl)-1-(2-(((6-(triflometyl)pyridin-2-yl)metyl)Jamino)propyl)- 1 7-
imidazol-2-carboxylat (hop chét trung gian 45; 98mg, 32,5%) duéi dang diu mau vang.
m/z (ES+), [M+H]+ = 503.
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Vidull

(8)-2-(5-clo-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6-metyl-7-((6-
metylpyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
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B6 sung chét tién xuc tac XantPhos thé hé thi 2 (26,4mg, 0,03mmol) vao (S)-2-
(2,5-diclopyrimidin-4-yl)-6-metyl-7-((6-metylpyridin-2-yl)metyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 46; 120mg, 0,30mmol), 1-
metyl-1H-pyrazol-5-amin (72,2mg, 0,74mmol) va Cs,CO; (194mg, 0,60mmol) trong 1,4-
dioxan (8mL) & nhiét d6 25°C trong diéu kién khi nito. Khudy hdn hop thu duoc & nhiét
d6 100°C trong thoi gian 8 gid. Sau d6 loai bé dung mdi trong didu kién &p suit giam.
Tinh ché hop chét thé bang sic ky trén silic oxit nhanh, gradien rira giai MeOH tir 0 dén
6% trong DCM. Lam bay hoi cdc phan doan tinh khiét dén kho & thu duogc phin cin
mau vang. Tinh ché phan cin nay thém bing HPLC diéu ché (cot XSelect CSH Prep C18
OBD, silic oxit 5, dwdng kinh 19 mm, chiéu dai 150mm), bang cach st dung hdn hop
phan cuc giam ciia nude (chira NH; 0,03%) va MeCN 1am chét rira giai. Lam bay hoi cac
phén doan chira hop chit mong muédn dén khé dé thu dugc (S)-2-(5-clo-2-((1-metyl-1H-
pyrazol-5-yl)amino)pyrimidin-4-yl)-6-metyl-7-((6-metylpyridin-2-yl)metyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 11; 50mg, 36,2%) dudi dang chit rin mau
tring. "H NMR (400 Mhz, DMSO, 22°C) & 1,19 (3H, d), 2,47 (3H, s), 3,70 (3H, s), 4,08
(1H, d), 4,32 - 4,43 (2H, m), 4,53 (1H, dd), 5,15 (1H, d), 6,31 (1H, d), 7,21 (2H, dd), 7,34
(1H, d), 7,68 (1H, t), 8,21 (1H, s), 8,53 (1H, s), 9,72 (1H, s). m/z (ES+), [M+H]+ = 464.

Hop chét trung gian 46

(5)-2-(2,5-diclopyrimidin-4-yl)-6-metyl-7-((6-metylpyridin-2-yl)metyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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B6 sung natri axetat (118mg, 1,44mmol) vao (S)-etyl 1-(2-aminopropyl)-4-(2,5-
diclopyrimidin-4-yl)-1 H-imidazol-2-carboxylat dihydroclorua (hop chét trung gian 28;
200mg, 0,48mmol) va 6-metylpicolinaldehyt (63,9mg, 0,53mmol) trong MeOH (10mL) &
nhiét d6 20°C trong didu kién khi nito. Khudy hdn hop thu duge & nhiét do 25°C trong
thoi gian 30 phat. BS sung natri triaxetoxybohydrua (203mg, 0,96mmol) va khudy hdn
hop phan ng & nhiét do 25°C trong thoi gian 18 gio. Lam dung phan tng bang NQHCO3
bdo hoa trong nude (25mL) va chiét pha nudce bing DCM (3 x 50mL). Lam khé cac pha
hitu co két hop trén Na,SOy, loc va lam bay hoi dé thu duoc ph'?m cin mau vang. Tinh
ché hop chit thd bang sic ky trén silic oxit nhanh, gradien rira giai MeOH tir 0 dén 5%
trong DCM. Lam bay hoi cac phan doan tinh khiét dén kho dé thu dugc (S)-2-(2,5-
diclopyrimidin-4-y1)-6-metyl-7-((6-metylpyridin-2-yl)metyl)-6,7-dihydroimidazo[1,2-
a]pyrazin-8(5H)-on (hop chét trung gian 46; 120mg, 62,1%) dudi dang chdt rin mau
trdng. "H NMR (400 Mhz, CDCls, 24°C) & 1,33 (3H, d), 2,60 (3H, s), 4,09 (1H, d), 4,19 -
4,46 (2H, m), 4,52 (1H, d), 5,42 (iH, d), 7,15 (1H, s), 7,34 (1H, s), 7,63 (1H, s), 8,02
(1H, s), 8,61 (1H, s). m/z (ES+), [M+H]+ = 403.

Vidu 12

7-(3-clo-4-flobenzyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-
yl1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(54)-on

O
N
/

B4 sung chit tién xuc tac XantPhos thé hé tht 2 (63.9mg, 0,07mmol) vao 7-(3-
clo—4—ﬂobenzyl)-Z-(Z—clo-5-mety1pyrimidin—4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin—
8(5H)-on (hop chét trung gian 47; 292mg, 0,72mmol), 1-metyl-1H-pyrazol-5-amin
(140mg, 1,44mmol) va Cs,CO; (585mg, 1,80mmol) trong 1,4-dioxan (3mL) & nhiét do
25°C trong diéu kién khi nito. Khudy dung dich thu dugc & nhiét d§ 100°C trong thoi
gian 4 gid. Loai bd dung méi bang cach chung cét trong chan khong va tinh ché hop chat
thd bing sic ky silic oxit nhanh, gradien rira giai tir 0 dén 7% MeOH trong DCM. Lam
bay hoi cac phan doan chira san phdm dén kho dé thu duoc hop chit thd. Tinh ché hop
chét thd nay thém bang HPLC diéu ché (cot XSelect CSH Prep C18 OBD, silic oxit Sy,
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duong kinh 19 mm, chiéu dai 150mm), bang cach st dung hdn hgp phan cyc gidm cla
nude (chira NH,;HCO; 0,05%) va MeCN lam chét rira giai. Lam bay hoi-c4c phan doan
chira hop chit mong mudn dén khd dé thu dugc 7-(3-clo-4-flobenzyl)-2-(5-metyl-2-((1-
metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-
on (vi du 12; 59,7mg, 17,79%) du6i dang chit rin mau trang. 'H NMR (400 Mhz,
CDCl;, 20,1°C) 6 2,70 (3H, s), 3,72 (2H, dd), 3,81 (3H, s), 4,26 - 4,34 (2H, m), 4,77 (2H,
s), 6,31 (1H, d), 6,98 (1H, s), 7,15 (1H, t), 7,23 - 7,32 (1H, m), 7,45 (1H, dd), 7,49 (1H,
d), 7,73 (1H, s), 8,30 (1H, s). m/z (ES+), [M+H]+ = 467.

Hop chét trung gian 47

7-(3-clo-4-flobenzyl)-2-(2-clo-5-metylpyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-
alpyrazin-8(5H)-on
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BS sung NaH (68,3mg, 1,71mmol) vao 2-(2-clo-5-metylpyrimidin-4-yl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chit trung gian 48; 150mg, 0,57mmol)
trong DMF (5mL) & nhiét d6 25°C trong didu kién khi nito. Sau d6 khudy dung dich thu
dugc & nhiét o 25°C trong thoi gian 30 phut. B sung 4-(brommetyl)-2-clo-1-flobenzen
(254mg, 1,14mmol) & nhiét do 25°C va tiép tuc khudy trong thoi gian 2 gid. Lam dimg
hén hop phan g bing NaHCOj; bdo hoa trong nuée (25mL), thu gom chét két tua thu
duoc bing céch loc, rira bang nude (50mL) va lam kho trong chan khong dé thu duoc 7-
(3-clo-4-flobenzyl)-2-(2-clo-5-metylpyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-
8(5H)-on (hop chit trung gian 48; 292mg, >100%) dudi dang chét rén mau vang, ma
duge st dung ma khong cin tinh ché thém. '"H NMR (400 Mhz, DMSO, 20,1°C) § 2,64
(3H, s), 3,74 - 3,82 (2H, m), 4,35 - 4,43 (2H, m), 4,70 (2H, s), 7,34 - 7,49 (2H, m), 7,60
(1H, ddd), 8,25 (1H, s), 8,61 (1H, s). m/z (ES+), [M+H]+ = 406.

Hop chét trung gian 48

2-(2-clo-5-metylpyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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Bé sung NH; (7N trong MeOH, 15mL) vao etyl 1-(2-aminoetyl)-4-(2-clo-5-
metylpyrimidin-4-yl)-1H-imidazol-2-carboxylat dihydroclorua (hop chét trung gian 21;
1,3g, 3,40mmol) & nhiét 46 20°C trong khong khi va khudy dung dich thu dugc & nhiét
d6 20°C trong thdi gian 12 gid. Loai bé dung mdi bang cch chung c4t trong chan khong,
1am nhao chét rén thu dugc bing nudce (50mL), loc va 1am kho trong chan khong dé thu
duoc 2-(2-clo-5-metylpyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (hop
~ chét trung gian 48; 0,80g, 89%) dudi dang chit rin mau tring, ma duoc st dung ma
khong cn tinh ché thém. "H NMR (400 Mhz, DMSO, 20,3°C) § 2,62 (3H, s), 3,61 (2H,
ddd), 4,29 - 4,37 (2H, m), 8,26 (1H, s), 8,35 (1H, t), 8,59 (1H, d). m/z (ES+), [M+H]J+ =
264.

Vidu 13

7-(3-clobenzyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-
6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
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B6 sung'chét tién xtc tac XantPhos thé hé tha 2 (62,0mg, 0,07mmol) vao 2-(2-
clo-5 -metylpyrimidin—4-yl)-7-(3 -clobenzyl)-6,7-dihydroimidazol[ 1,2-a]pyrazin-8(5H)-on
(hop chét trung gian 49; 271mg, 0,70mmol), 1-metyl-1H-pyrazol-5-amin (136mg,
1,40mm01) va Cs,CO; (569mg, 1,75mmol) trong 1,4-dioxan (5mL) & nhiét 4§ 25°C trong
diéu kién khi nito. Khudy dung dich thu dugc & nhiét @6 100°C trong thdi gian 4 gio. Sau
d6 loai bé dung méi bing cach chung cét trong chan khong va tinh ché hop chét tho bing
sic ky silic oxit nhanh, gradien rtra giai tir 0 dén 7% MeOH trong DCM. Lam bay hoi cac
phan doan chira san pham dén kho @& thu duoc hop chét tho. Tinh ché hop chit tho nay
thém bang HPLC diéu ché (cot XSelect CSH Prep C18 OBD, silic oxit 5p, duong kinh

19 mm, chiéu dai 150mm), bing cach sir dung hdn hop phan cuc gidm ctia nuée (chira
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NH,HCO; 0,05%) va MeCN 1am chit rira giai. Lam bay hoi cac phan doan chira hop chit
mong mudn dén khoé d thu duge 7-(3-clobenzyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 13; 43,5mg,
13,9%) dudi dang chét rin mau tring. "H NMR (400 Mhz, CDCls, 20,1°C) § 2,69 (3H, s),
3,68 - 3,76 (2H, m), 3,81 (3H, s), 4,29 (2H, dd), 4,80 (2H, s), 6,31 (1H, d), 7,06 (1H, s),
725 - 7,29 (1H, m), 7,30 - 7,34 (2H, m), 7,36 - 7,39 (1H, m), 7,49 (1H, d), 7,73 (1H, s),
8,29 (1H, s). m/z (ES+), [M+H]+ = 449.

Hop chét trung gian 49

2-(2-clo-5-metylpyrimidin-4-yl)-7-(3-clobenzyl)-6,7-dihydroimidazo[1,2-
alpyrazin-8(5H)-on
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B6 sung NaH (68,3mg, 1,71mmol) vao 2-(2-clo-5-metylpyrimidin-4-yl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chit trung gian 48; 150mg, 0,57mmol)
trong DMF (SmL) A(’y nhiét d6 25°C trong diéu kién khi nito. Khudy dung dich thu duoc &
nhiét do 25°C trong thoi gian 30 phit. B sung 1-(brommetyl)-3-clobenzen (234mg,
1.14mmol) va khudy dung dich thu dugc & nhiét do 25°C trong thdi gian 2 gid. Lam
ding hé)n hop phan tmg bang NaHCO; bdo hoa (25mL), thu gom chat két tia thu dugc
bing céch loc, rira bang nude (50mL) va 1am khé trong chén khong dé thu duge 2-(2-clo-
5-metylpyrimidin-4-yl)-7-(3-clobenzyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
‘(hop chét trung gian 49; 271 mg) duéi dang chét rin mau vang, ma dugc sit dung ma
khong can tinh ché thém. 'H NMR (400 Mhz,CDCls, 20,1°C) & 2,64 (3H, s), 3,74 - 3,82
(2H, m), 4,36-4,44 (2H, m), 4,72 (2H, s), 7,39-7,48 (4H, m), 8,26 (1H, s), 8,61 (1H, s).
m/z (ES+) [M+H]+ = 388.

Vidu 14

7-(3-(diflometyl)benzyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
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B& sung chét tién xtc tac XantPhos thé hé thir 2 (61,6mg, 0,07mmol) vao 2-(2-
clo-5-metylpyrimidin-4-yl)-7-(3-(diflometyl)benzyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-
8(5H)-on (hop chét trung gian 50; 280mg, 0,69mmol), 1-metyl-1H-pyrazol-5-amin
(135mg, 1,39mmol) va Cs,CO;3 (565mg, 1,73mmol) trong 1,4-dioxan (5mL) & nhiét 4o
25°C trong didu kién khi nito. Khudy dung dich thu dugc & nhiét @ 100°C trong thoi
gian 4 gi¢d. Sau do loai béd dung moi bing cach chung cit trong chan khéng. Tinh ché hop
chét tho bang sic ky trén silic oxit nhanh, gradien rira gidi MeOH tir 0 dén 7% trong
DCM. Lam bay hoi hop chit chira cic phan doan dén kho @ thu duge san phim khéng
tinh khiét. Tinh ché san phdm khong tinh khiét nay thém bing HPLC diéu ché (cot
XSelect CSH Prep C18 OBD, silic oxit 5p, duong kinh 19 mm, chiéu dai 150mm), bing
cach sir dung hdn hop phan cuc gidm ctia nudce (chira NH,;HCO; 0,05%) va MeCN lam
chat rira giai. Lam bay hoi c4c phén doan chira hgp chat mong mubn dén kho dé thu duge
7-(3-(diflometyl)benzyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-
6,7-dihydroimidazo{1,2-alpyrazin-8(5H)-on (vi du 14; 14; 69,6mg, 21,6%) dudi dang
chét rin mau tring. 'H NMR (400 Mhz, CDCl;, 20,2°C) § 2,70 (3H, s), 3,68 - 3,76 (2H,
m), 3,81 (3H, s), 4,24 -432 (2H, m), 4,88 (2H, s), 6,31 (1H, d), 6,66 (1H, t), 6,98 (1H,
s), 7,43 - 7,56 (5H, m), 7,73 (1H, s), 8,30 (1H, s). m/z (ES+), [M+H]+ = 465.

Hop chét trung gian 50

2-(2-clo-5-metylpyrimidin-4-y1)-7-(3-(diflometyl)benzyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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B6 sung NaH (68,3mg, 1,71mmol) vao 2-(2-clo-5-metylpyrimidin-4-yl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (150mg, 0,57mmol) trong DMF (5mL) & nhiét
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d6 25°C trong diu kién khi nito va khudy dung dich thu dugc & nhiét 9 25°C trong thoi
gian 30 phit. B sung 1-(brommetyl)-3-(diflometyl)benzen (251mg, 1,14mmol) va khudy
dung dich thu duoc & nhiét d6 25°C trong thdi gian 2 gid. Lam ding hdn hop phan tmg
bang NaHCO; bdo hoa (25mL) va thu gom chét két tia thu duge bing cach loc, rira bing
nuée (50mL) va 1am kho trong chan khéng dé thu duogc 2-(2-clo-5-metylpyrimidin-4-yl)-
7-(3-(diﬂometyl)benzyl)—6,7—dihjfdroimidazo[1,2-a]pyrazin—8(5H)-on (hop chét trung
gian 50; 280 mg) dudi dang chit rin mau vang, ma dugc sir dung ma khong can tinh ché
thém. 'H NMR (400 Mhz, DMSO, 19,9°C) § 2,64 (3H, s), 3,74 - 3,82 (2H, m), 4,36 -
4,44 (2H, m), 4,79 (2H, s), 7,06 (1H, td), 7,49-7,56 (4H, m), 8,26 (1H, ), 8,61 (1H, s).

Vidu 15

7—((6—(diﬂ0metyl)pyridin—2-yl')metyl)--fz-(5—mety1—2-((1-metyl— 1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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B6 sung chit tién xic tac BretfPh.os thé hé tht 3 (22,95mg, 0,03mmol) vao 2-(2-
clo-5-metylpyrimidin-4-yl)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 51; 205mg, 0,51mmol), 1-
metyl-1H-pyrazol-5-amin (123mg, 1,27mmel) va Cs,CO; (330mg, 1,01mmol) trong 1,4-
dioxan (8mL) & nhiét d6 25°C trong diéu kién khi nito va khudy hdn hop thu dugc &
nhiét d¢ 100°C trong thoi gian 8 gig. Sau d6 loai bo dung moi trong didu kién 4p suét
giam. Tinh ché hop chat thd bang sic ky trén silic oxit nhanh, gradien rira giai MeOH tir
0 dén 6% trong DCM. Lam bay hoi hop chit chtra cac phan doan dén kho dé thu duoc
phin cin mau vang. Tinh ché phan cin nay thém bang HPLC diéu ché (cot XSelect CSH
Prep C18 OBD, silic oxit Sy, duong kinh 19 mm, chiéu dai 150mm), béng cach st dung
hdn hop phan cuc gidm cla nuée (chira NH; 0,03%) va MeCN lam chét rira giai. Lam
bay hoi cic phan doan chtra hop chit mong muén dén kho dé thu duoc 7-((6-
(diflometyl)pyridin-2-yl)metyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 15; 122mg,
51,8%) dué6i dang chét rin mau tring. '"H NMR (400 Mhz, DMSO, 20°C) § 2,50 (3H, s),
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3,70 (3H, s), 3,87 - 3,95 (2H, m), 4,42 - 4,50 (2H, m), 4,87 (2H, s), 6,30 (1H, d), 6,95
(1H, t), 7,33 (1H, d), 7,61 (2H, t), 7,94 (1H, s), 8,00 (1H, t), 8,32 (1H, s), 9,24 (1H, s).
m/z (ES+), [M+H]+ = 466.

Hop chit trung gian 51

2-(2-clo-5-metylpyrimidin-4-yl1)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on

0
I
= N /N / N\

B& sung 6-(diflometyl)picolinaldehyt (hop chét trung gian 39; 123mg, 0,78mmol)
vao etyl 1-(2-aminoetyl)-4-(2-clo-5-metylpyrimidin-4-yl)- 1 H-imidazol-2-carboxylat
dihydroclorua (hop chit trung gian 21; 200mg, 0,52mmol), DIPEA (0,274mL,
1,57mmol) va AcOH (0,090mL, 1,57mmol) trong DCM (10mL) & nhiét do 25°C trong
diéu kién khi nito. Sau khi khudy & nhiét d6 25°C trong thoi gian 1 gio, bd sung natri
triaxetoxybohydrua (332mg, 1,57mmol) va khudy hén hop thu duge & nhiét do 25°C
trong thoi gian 1 gi¢ va sau d6 gia nhiét & nhiét do 50°C trong thoi gian 3 gio. Lam dung
hén hop phan tmg biang NaHCO; bdo hoa (20mL), chiét bang DCM (2 x 75mL), 1am kh
cac pha hitu co két hop trén Na,SOy,, loc va 1am bay hoi dé thu duoc phﬁn cin mau vang.
Tinh ché hop chét tho bang sic ky trén silic oxit nhanh, gradien rira giai MeOH tir 0 dén
5% trong DCM. Lam bay hoi c4c phan doan tinh khiét dén kho dé thu duoc 2-(2-clo-5-
metylpyrimidin-4-yl)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-
aJpyrazin-8(5H)-on (hop chit trung gian 51; 205mg, 97%) dudi dang chat rin mau vang.
"H NMR (400 Mhz, CDCls, 20°C) & 2,74 (3H, d), 3,95 - 4,04 (2H, m), 4,27 - 4,39 (2H,
m), 4,94 (2H, s), 6,43 - 6,73 (1H, m), 7,57 (2H, d), 7,84 (1H, t), 7,96 (1H, s), 8,42 (1H,
s). m/z (ES+), [M+H]+ = 405.

Vidu 16

(R)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-
metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-

on
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B& sung chit tién xtc tac BrettPhos thé hé tha 3 (30,3mg, 0,03mmol) vio (R)-2-
(2-clo-5-metylpyrimidin-4-yl)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-(metoxymetyl)-
6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 52; 150mg, 0,33mmol),
1-metyl-1H-pyrazol-5-amin (8 1mg, 0,84mmol) va Cs,CO; (218mg, 0,67mmol) trong 1,4-
dioxan (8mL) & nhiét d 25°C trong diéu kién khi nito va khudy hdn hop thu dugc &
nhiét d6 120°C trong thdi gian 8 gio. Sau d6 loai bé dung mdi trong didu kién ap suét
giam. Tinh ché phdn cén thu dugc bang sic ky silic oxit nhanh, gradien rira giai tir 0 dén
6% MeOH trong DCM d& thu dugc phin cin mau vang. Tinh ché phin cn nay thém
bang HPLC diéu ché (cot XSelect CSH Prep C18 OBD, silic oxit 5p, dudng kinh 19 mm,
chidu dai 150mm), bang cach st dung hdn hop phan cuc gidm ciia nuée (chira NH;
0,03%) va MeCN 1am chét rira giai. Lam bay hoi cac phan doan chira hop chit mong
mudn dén khé dé thu duge (R)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-(metoxymetyl)-2-
(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-
aJpyrazin-8(5H)-on (vi du 16; 27mg, 15,9%) duéi dang chit rdn mau tring. "H NMR
{400 Mhz, DMSO, 25°C) $ 2,50 (3H,s), 3,20 (3H, s), 3,34 - 3,42 (1H, m), 3,52 (1H, dd),
3,71 (3H, s), 4,15 (1H, s), 4,59 (3H, d), 5,24 (1H, d), 6,28 - 6,33 (lH, m), 6,97 (1H, t),
7,34 (1H, d), 7,59 - 7,66 (2H, m), 7,95 - 8,04 (2H, m), 8,32 (1H, s), 9,21 (1H, s). m/z
(ES+), [M+H]+ = 510. "

Hop chat trung gian 52

(R)-2-(2-clo-5-metylpyrimidin-4-y1)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-
- (metoxymetyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on

-138-



36844

Khuidy dung dich chta (R)-etyl 4-(2-clo-5-metylpyrimidin-4-yl)-1-(2-(((6-
(diflometyl)pyridin-2-yl)metyl)amino)-3-metoxypropyl)-1H-imidazol-2-carboxylat (hop
chét trung gian 53; 360mg, 0,73mmol) trong NH; trong MeOH (20mL, 140,00mmol) &
nhiét do 25°C trong thoi gian 48 gid. Sau d6 loai bé chit d& bay hoi trong diéu kién 4p
sudt giam. Tinh ché hop chét thé bang sic ky trén silic oxit nhanh, gradien rira giai
MeOH tir 0 dén 5% trong DCM. Lam bay hoi cac phan doan tinh khiét dén kho dé thu
duoc (R)-2-(2-clo-5-metylpyrimidin-4-yl)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-
(metoxymetyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 52;
300mg, 92%) dudi dang chit rin mau vang. m/z (ES+), [M+H]+ = 449.

Hop chét trung gian 53

(R)-etyl 4-(2-clo-5-metylpyrimidin-4-yl)-1-(2-({((6-(diflometyl)pyridin-2-
yl)metyl}amino)-3-metoxypropyl)-1H-imidazol-2-carboxylat
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B6 sung 6-(diflometyl)picolinaldehyt (442mg, 2,81mmol) vio (R)-etyl 1-(2-

F

amino-3-metoxypropyl)-4-(2-clo-5-metylpyrimidin-4-yl)- 1 H-imidazol-2-carboxylat

dihydroclorua (hop chat trung gian 54; 400mg, 0,94mmol) trong DCM (20mL) & nhiét d6
25°C trong diéu kién khi nito. Sau khi khudy & nhiét d6 40°C trong thoi gian 3 gid, bd
sung natri triaxetoxybohydrua (596mg, 2,81mmol) va khudy hdn hop thu duoc & nhiét do
25°C trong thoi gian 3 gio. Lam dimng hdn hop phan tng bang NaHCO; bdo hoa (20mL),
chiét bang DCM (2 x 50mL), 1am kho 16p hitu co trén Na,SO,, loc va 1am bay hoi dé thu
duogc phan cén mau vang. Tinh ché hop chit thd bang sic ky trén silic oxit nhanh, gradien
rira giai MeOH tir 0 dén 5% trong DCM. Lam bay hoi cac phan doan tinh khiét dén kho
dé thu dugc (R)-etyl 4-(2-clo-5-metylpyrimidin-4-yl)-1-(2-(((6-(diflometyl)pyridin-2-
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yl)metyl)amino)-3-metoxypropyl)-1H-imidazol-2-carboxylat (hop chat trung gian 53;
360mg, 78%) dudi dang chit ran mau vang. m/z (ES+), [M+H]+ = 495.

Hop chét trung gian 54

(R)-etyl 1-(2-amino-3-metoxypropyl)-4-(2-clo-5-metylpyrimidin-4-yl)-1 H-

imidazol-2-carboxylat dihydroclorua

0
04%4N =
/\ N
N N4 2HC
f 0. cl
HNT 7

Khudy dung dich chia (R)-etyl 1-(2-((tert-butoxycarbonyl)amino)-3-
metoxypropyl)-4-(2-clo-5-metylpyrimidin-4-y1)-1H-imidazol-2-carboxylat. - (hop chit
trung gian 55; 1g, 2,20mmol) trong 1,4-dioxan/HCl (20mL) & nhiét 46 25°C qua dém.
Thu gom chét két tua bing cach loc, rira biang EtOAc (20mL) va 1am kho trong chén
khong d& thu duge (R)-etyl 1-(2-aminc-3-metoxypropyl)-4-(2-clo-5-metylpyrimidin-4-
y1)-1H-imidazol-2-catboxylat (hop chét trung gian 54; 0,80g, 85%) dudi dang chét ran
miu tring. '"H NMR (400 Mhz, DMSO, 22°C) & 1,36 (3H, t), 2,64 (3H, s), 3,48 - 3,66
(5H, m), 3,85 (1H, s), 4,39 (2H, q), 4,64 - 4,79 (2H, m), 8,36 (2H, s), 8,41 (1H, s), 8,62 -
8,67 (1H, m). m/z (ES+), [M+H]+ = 354.

Hop chét trung gian 55

(R)-etyl 1-(2-((tert-butoxycarbonyl)amino)-3-metoxypropyl)-4-(2-clo-5-
metylpyrimidin-4-yl)-1H-imidazol-2-carboxylat

\
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B6 sung HCI 1M (20mL, 20,00mmol) vao axit (R)-(tert-butoxycarbonyl)(1-(4-(2-
clo-5-metylpyrimidin-4-yl)-2-(etoxycarbonyl)- 1 H-imidazol-1-yl)-3-metoxypropan-2-
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yl)sulfamic (hop chat trung gian 56; 5g, 9,36mmol) trong EtOH (20mL) & nhiét d6 25°C
trong khong khi va khudy hdn hop thu duge & nhiét d6 50°C trong thoi gian 20 phut. Lam
dung hdn hop phan tng bing NaHCO; bio hoa (50mL), chiét bing DCM (3 x 100mL),
lam kho céc pha hitu co trén Na,SOy, loc va lam bay hot dé thu dugc phﬁn cin mau vang.
Tinh ché hop chit tho bang sic ky silic oxit nhanh, gradien rira giai tr 0 dén 30% EtOAc
trong ete ddu mo. Lam bay hoi céc phan doan tinh khiét dén kho dé thu duogc (R)-etyl 1-
(2-((tert-butoxycarbonyl)amino)-3-metoxypropyl)-4-(2-clo-5-metylpyrimidin-4-yl)-1H-
imidazol-2-carboxylat (hop chit trung gian 55; 1,0g, 23,53%) dudi dang chét rin mau
vang. "H NMR (400 Mhz, CDCls, 22°C) § 1,32 (9H, s), 1,47 (3H, 1), 2,71 (3H, s), 3,40
(3H, s), 3,51 (2H, qd), 4,24 (1H, d), 4,41 - 4,57 (3H, m), 4,73 (1H, dd), 5,11 (1H, d), 7,98
(1H, s), 8,41 (1H, s).

Hop chit trung gian 56

Axit (R)-(tert-butoxycarbonyl)(1-(4-(2-clo-5-metylpyrimidin-4-yl)-2-

(etoxycarbonyl)-1H-imidazol-1-yl)-3-metoxypropan-2-yl)sulfamic

B6 sung timg phin (S)-tert-butyl 4-(metoxymetyl)-1,2,3-oxathiazolidin-3-
carboxylat 2,2-dioxit (hop chét trung gian 57; 3,26g, 12,19mmol) vao etyl 4-(2-clo-5-
metylpyrimidin-4-yl)-1H-imidazol-2-carboxylat  (hop chit trung gian 23; 2,5g,
9,37mmol), K,CO; (3,89¢g, 28,12mmol) va 18-mach vong-6 (0,496g, 1,87mmol) trong
1,4-dioxan (30mL) & nhiét d6 100°C trong diéu kién khi nito va khudy hdn hop thu dugc
& nhiét d6 100°C trong thoi gian 12 gid. Sau d6 loc hdn hop phan tmg va rira bang DCM
va loai bé dung méi trong didu kién 4p sudt giam dé thu dugc hop chit mong muén axit
(R)-(tert-butoxycarbonyl)(1-(4-(2-clo-5-metylpyrimidin-4-yl)-2-(etoxycarbonyl)-1H-
imidazol-1-yl)-3-metoxypropan-2-yl)sulfamic (5,00g, 100%) duéi dang dau mau vang,
ma duoc sit dung truc tiép trong giai doan tiép theo. m/z (ES+), [M+H]+ = 534,
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Hop chét trung gian’57
(S)-tert-butyl 4-(metoxymetyl)-1,2,3-oxathiazolidin-3-carboxylat 2,2-dioxit

o ©O0

VL }\\N;S;O

o
/

Vao dung dich chta (4S5)-tert-butyl 4-(metoxymetyl)-1,2,3-oxathiazolidin-3-
carboxylat 2-oxit (hop chit trung gian 58; 3,34g, 13,29mmol) trong axetonitril (30mL) &
nhiét do 0°C trong didu kién khi nito dugc bd sung tudn tu natri metaperiodat (3,13g,
14,62mmol), Ruteni(IIl) clorua (0,276, 1,33mmol) va nuwdc (30,0mL) va sau d6 khudy &
nhiét dd 0°C trong thoi gian 3 gid. Pha lodng hén hop phan tng bang nude (100mL) va
loc d& loai bo mudi v6 co khong tan. Chiét dung dich thu dugc bing ete (2 x 100mL), rira
bing nudc mudi (2 x100mL) va lam khé trén MgSO, dé tao ra (S)-fert-butyl 4-
(metoxymetyl)-1,2,3-oxathiazolidin-3-carboxylat 2,2-dioxit (hgp chét trung gian 57;
2,86g, 80%) dudi dang dau. '"H NMR (500 Mhz, CDCl;, 27°C) 1,56 (9H, s), 3,41 (3H, s),
3,59 (1H, t), 3,66 (1H, ddd), 4,38 (1H, dddd), 4,52 - 4,67 (2H, m). m/z: ES+ [M+H]+
268.

Diéu ché hop chit trung gian 57 theo cach khac:

B6 sung dung dich chtra natri metaperiodat (95g, 444,49mmol) va ruteni clorua
(0,349g, 1,33mmol) trong nudc (800mL) vao dung dich chwra fert-butyl (4S5)-4-
(metoxymetyl)-1,2,3-oxathiazolidin-3-carboxylat 2-oxit (hop chét trung gian 58; 111,7g,
444 49mmol) trong axetonitril (800mL) & nhiét d6 10°C. Phan ting dugc thé hién 13 hoan
thanh bang 'H NMR ngay sau khi b6 sung. Pha loing hdn hop phan ting bing MTBE
(1000mL) va c4c 16p dugc tach riéng. Rira 16p hitu co bing nude (2 x 500mL) va co dé
thu dugce (S)-tert-butyl 4-(metoxymetyl)-1,2,3-oxathiazolidin-3-carboxylat 2,2-dioxit
(hop chét trung gian 57; 115g, 95%) dudi dang diu. 'H NMR (400 MHz, MeOD) § 1,54
(s, 9H), 3,40 (s, 3H), 3,61 (d, 2H), 4,46 (qd, 1H), 4,60 (dd, 1H), 4,68 (dd, 1H).

Hop cht trung gian 58

(4S)-tert-butyl 4-(metoxymetyl)-1,2,3-oxathiazolidin-3-carboxylat 2-oxit
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B6 sung imidazol (1,629g, 23,92mmol) trong mot phan vao thionyl clorua
(1,75mL, 23,92mmol) va trietylamin (3,33mL, 23,92mmol) trong DCM (100mL) va lam
lanh xubng -78°C trong diéu kién khi nito. Khudy dung dich thu dugc trong thoi gian 20
phut. B sung timg giot dung dich chita (R)-tert-butyl (1-hydroxy-3-metoxypropan-2-
yl)carbamat (hop chét trung gian 59; 4,91¢g, 23,92mmol) trong DCM (26,7mL) trong thoi
gian 10 phat. Khudy dung dich thu duogc & nhiét 4o -78°C ﬁong thoi gian 3 gid va sau 46
dé cho 4m 1én dén nhiét d6 phong. B sung nude (100mL) vao hdn hgp phan tmg nay, va
sau d6 chiét bing DCM (2 x 100mL). C4c chét hitu co dugce két hop va rira bang nudc
mudi (100mL), 1am kho trén MgSO, va 1am bay hoi dé thu dugc hop chét thd. Tinh ché
hop chit tho bang séc ky silic oxit nhanh, rira giai bang Et;0 10% trong DCM. Lam bay
hoi cac phan doan tinh khiét dén kho dé thu dugc (45)-tert-butyl 4-(nletoxymety1)—1,2,3—'
oxathiazolidin-3-carboxylat 2-oxit (hop chat trung gian 58; 3,34g, 55,6%) du6i dang dau
khéng mau va duéi dang hdn hop 2:1 cla céc chét dng phan khong d6i quang. "H NMR
(500 Mhz, CDCls, 27°C) 1,55 - 1,58 (9H, d), 3,31 (0,5H, t), 3,41 (3H, s), 3,52 - 3,63 (1H,
m), 3,90 (0,5 H, dd), 4,17 - 4,4 (1H, m), 4,64 - 4,92 (1H, m), 4,94 - 5,07 (1H, m). m/z:
ES+ [M+H]+ 252.

Diéu ché hop chit trung gian 58 theo cach khéc:

B6 sung trietylamin (568g, 5,61 mol) vao dung dich chia 1H-imdiazole (672g,
9,76 mol) trong diclometan (5 1) va 1am lanh dung dich thu duoc xudng - 60°C. B6 sung
timg giot thionyl clorua (377g, 3,17 mol) v6i hdn hgp duy tri nhiét dd & dudi - 50°C (2
gi0). (R)-tert-butyl (1-hydroxy-3-metoxypropan-2-yl)carbamat (hop chét trung gian 59;
500g, 2,44 mol) hoa tan trong diclometan (5 1) sau do bd sung timg giot trong khoang
thoi gian tir 4 dén 5 gid gitr nhiét do & dudi - 55°C trong qua trinh bd sung. Khi toan bd
nguyén lidu bit ddu dugc bd sung, dé phan tng 4m 1én dén nhiét do phong qua dém. Sau
d6 rét hdn hop phan tmg vao nude (~3 1), cac 16p tach riéng, va chiét 16p nudc bing
DCM (1 1). Lam khé céc 16p hiru co két hop trén MgSO4, va loc hdn hop qua nut silic

oxit (2 Kg) rira giai bang diclometan, va cd trong didu kién 4p suét giam dé tao ra dau.
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Dit diu nay dudi chan khong cao c6 khudy dé loai bo diclometan du dé tao ra (45)-tert-
butyl 4-(metoxymetyl)-1,2,3-oxathiazolidin-3-carboxylat 2-oxit (hop chét trung gian 58;
489¢g, 80%) dudi dang du va dudi dang hdn hop 36:64 cla céc chit ddng phan khong

d6i quang.
Hop chét trung gian 59
(R)-tert-butyl (1-hydroxy-3-metoxypropan-2-yl)carbamat

_/OH
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B sung timg giot iso-butyl cloroformat (0,599mL, 4,56mmol) vao axit (S)-2-
((tert-butoxycarbonyl)amino)-3-metoxypropanoic (1g, 4,56mmol) va N-metylmorpholin
(0,501mL, 4,56mmol) trong THF (6mL) va lam lanh xubng 0°C trong khoang thoi gian
15 phut trong diéu kién khi nito. Khudy hén dich thu dugc & nhiét do 0°C trong thoi gian
15 phut nita. B sung tir tir natri bohydrua (0,500g, 13,23mmol) hoa tan trong nudc
(1,2mL) vao phan tng & nhiét do 0°C. Khuiy phan tng trong thdi gian 30 phut truéce khi
duoc pha lodng bang EtOAc (50mL) vi 1am trung hoa bing HCI trong nudc (2M). BS
sung nudc (50mLj va 16p hitu co duge tach ra, rira bang nuéc mudi (50mL) va lam khd
trén MgSQ,. Sy bay hoi ciia dung moi tao ra hop chét thé ma dugc tinh ché bang sic ky
silic oxit nhanh, gradien rtra giai tir 0 dén 50% EtOAc trong heptan. Lam bay hoi céac
phan doan tinh khiét d&én khé dé thu dugc (R)-tert-butyl (1-hydroxy-3-metoxypropan-2-
yl)carbamat (hop chét trung gian 59; 0,510g, 54,5%) duéi dang du khong mau. '"H NMR
(500 Mhz, CDCls, 27°C) 1,45 (9H, s), 3,36 (3H, s), 3,5 - 3,62 (2H, m), 3,64 - 3,73 (1H,
m), 3,74 - 3,84 (2H, m), 5,16 (1H, s). m/z: ES+ [M+Na]+ 228.

Vidu 17

(R)-7-(3-clobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5/)-on
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B6 sung chét tién xdc tac XantPhos thé hé thir 2 (30,8mg, 0,03mmol) vao (R)-2-
(2-clo-5-metylpyrimidin-4-yl)-7-(3-clobenzyl)-6-(metoxymetyl)-6,7-dihydroimidazo[ 1,2-
a]pyrazin-8(5H)-on (hop chat trung gian 60; 150mg, 0,35mmol), 1-metyl-1H-pyrazol-5-
amin (84mg, 0,87mmol) va Cs,CO; (226mg, 0,69mmol) trong 1,4-dioxan (SmL) & nhiét
do 25°C trong diéu kién khi nito. Khuéy hdn hop thu dugc & nhiét dd 100°C trong thoi
gian 8 gidr. Sau d6 loai bd dung mdi trong didu kién 4p suét giam. Tinh ché hop chit tho
bang sic ky trén silic oxit nhanh, gradien rira giai MeOH tir 0 dén 6% trong DCM. Lam
bay hoi cac phan doan chira san phdm dén kho dé thu duoc phan cin mau vang. Tinh ché
phan cin nay thém bang HPLC diéu ché (cot XSelect CSH Prep C18 OBD, silic oxit 5y,
duong kinh 19 mm, chiu dai 150mm), bang cach sir dung hdn hop phén cuc giam cia
nude (chira NH; 0,03%) v MeCN lam chét rira giai. LAm bay hoi cac phan doan chira
san phdm dén kho dé thu duoc (R)-7-(3-clobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-
metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-
on (vi du 17; 34,0mg, 19,9%) dudi dang chit rin mau tring. '"H NMR (400 Mhz, DMSO,
24°C) 6 2,51(3H, s), 3,18 (3H, s), 3,29 (1H, s), 3,40 (1H, dd), 3,70 (3H, s), 4,04 (1H, s),
439 - 4,57 (3H, m), 5,09 (1H, d), 6,30 (1H, d), 7,31 - 7,50 (5H, m), 7,94 (1H, s), 8,32
(1H, s), 9,21 (1H, s). m/z (ES+), [M+H]+ = 493.

Hop chit trung gian 60

(R)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(3-clobenzyl)-6-(metoxymetyl)-6,7-
dihydroimidazol[1,2-a]pyrazin-8(5H)-on
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B sung 1-(brommetyl)-3-clobenzen (187mg, 0,91mmol) vao (R)-2-(2-clo-5-
metylpyrimidin-4-yl)-6-(metoxymetyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hgp
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chét trung gian 61; 140mg, 0,45mmol) va NaH (54,6mg, 1,36mmol) trong DMF (5mL) &
nhiét do 25°C trong didu kién khi nito va khudy hén hop thu dugc & nhiét do 25°C trong
thoi gian 12 gio. Lam dirng hdn hop phan tng bing nudce (25mL) va chiét bang EtOAc (3
x 25mL). Rira cac pha hiru co két hop bang nudc mubi, 1am kho trén Na,SO,, loc va lam
bay hoi dé thu dugc phan cin mau vang. Tinh ché hop chét tho bang séc ky trén silic oxit
nhanh, gradien rira giai MeOH tir 0 dén 5% trong DCM. Lam bay hoi cac phan doan tinh
khiét dén kho dé thu duoc (R)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(3-clobenzyl)-6-
(metoxymetyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hgp chat trung gian 60;
150mg, 76%) dudi dang chit rin mau vang. "H NMR (400 Mhz, CDCl;, 25°C) § 2,81
(3H, s),3,30 (4H, s), 3,41 (1H, s), 3,84 (1H, s), 4,17 - 4,28 (2H, m), 4,43 (1H, d), 5,44
(1H, d), 7,33 (2H, d), 7,40 (2H, s), 7,97 (1H, s), 8,04 (1H, s). m/z (ES+), [M+H]+ = 432.

Hop chit trung gian 61

(R)-2-(2-clo-5-metylpyrimidin-4-yl)-6-(metoxymetyl)-6,7-dihydroimidazo[1,2-
alpyrazin-8(5H)-on

Khudy dung dich chtta (R)-etyl 1-(2-amino-3-metoxypropyl)-4-(2-clo-5-
metylpyrimidin—4-y1)-IH—imidazol-Z—carboxylat dihydroclorua (hop chit trung gian 54;
400mg, 0,94mmol) trong NH; trong MeOH (15mL, 105,00mmol) & nhiét do 25°C qua
dém. Sau d6 loai bé dung méi trong didu kién 4p suét giam. Tinh ché hop chat thd bing
sdc ky trén silic oxit nhanh, gradien rira gidi MeOH tir 0 dén 5% trong DCM. Lam bay
hoi céc phan doan tinh khiét dén kho dé thu duoc (R)-2-(2-clo-5-metylpyrimidin-4-yl)-6-
(metoxymetyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hgp chit trung gian 61;
280mg, 97%) dudi dang chét rin mau tring. "H NMR (400 Mhz, CDCl;, 23°C) § 2,78
(3H, s), 3,43 (3H, s), 3,49 - 3,58 (2H, m), 4,16 - 4,33 (2H, m), 4,37 (1H, dd), 6,56 (1H, s),
8,01 (1H, s), 8,45 (1H, s). m/z (ES+), [M+H]+ = 308.

Diéu ché hop chét trung gian 61 theo cach khac:
B sung dung dich chita tert-butyl (S)-4-(metoxymetyl)-1,2,3-oxathiazolidin-3-

carboxylat 2,2-dioxit (hop chét trung gian 57; 105g, 383,60mmol) trong axeton (500mL)
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vao hdn dich c6 khudy cua etyl 4-(2-clo-5-metylpyrimidin-4-yl)-1H-imidazol-2-
carboxylat (hop chét trung gian 23; 93g, 348,73mmol) va K,CO; (57,8g, 418,47mmol)
trong hon hop cua axeton (500mL) va 1,4 dioxan (500mL) ¢ nhiét do phong. Khuéy hén
hop thu duge ¢ nhiét d 25°C trong thoi gian 16 gid. Loc hdn hop phan tng va ¢6 dich
loc d@n 500 ml. B sung HCI trong iso-propylalchol (5-6N, 500mL, 2500mmol) vao
dung dich da c6, va khue‘iy & nhiét @ 25°C trong thoi gian 24 gid. Sau do bd sung Et;N
(486mL, 3487,26mmol) véi hdn hop va khudy & nhiét d6 55°C trong thoi gian 16 gio.
Lam dimg hdn hop phan g bing nuée (1500mL) va loc chét ran thu dugc. Rira banh
chét rin bang nuéc (400mL) va hdn hop 1: 1 cla axeton/nude (200 ml x 2) dé thu dugc
(R)-2-(2-clo-5-metylpyrimidin-4-yl)-6-(metoxymetyl)-6,7-dihydroimidazo [1,2-
alpyrazin-8(5H)-on (82g, 76%) duéi dang chat rin. 'H NMR (400 Mhz, DMSO, 20 °C) &
2,62 (s, 3H), 3,27 (s, 3H), 3,39 (dd, 2H), 3,99 (s, 1H), 4,30 (dd, 1H), 4,43 (dd, 1H), 8,26
(s, 1H), 8,42 (d, 1H), 8,59 (s, 1H). m/z (ES+), [M+H]+=1308.

Vidu 18

(R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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B sung chét tién xtc tac XantPhos thé hé thtr 2 (0,784g, 0,86mmol) vao (R)-2-(2-
clo—5-mety1pyrimidin—4-yl)-7—(3,4-diﬂobenzyl)-6-(metoxymety1)—6,7—
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 62; 7,5g, 17,29mmol), 1-
metyl-1H-pyrazol-5-amin (4,20g, 43,22mmol) va Cs,CO; (11,27g, 34,58mmol) trong
1,4-dioxan (200mL) & nhiét d 25°C trong diéu kién khi nito. Khudy hdn hop thu dugc &
nhiét d6 100°C trong thoi gian 8 gi¢. Sau d6 loai bé dung moéi trong diéu kién 4p suit
giam. Tinh ché hop chét tho bang sic ky trén silic oxit nhanh, gradien rira giai MeOH tir
0 dén 6% trong DCM. Lam bay hoi céc phan doan chtra san phdm dén kho dé thu dugc
phin cén. Tinh ché phan cén nay thém bang sic ky nhanh C18, gradien rira giai tir 5 dén
50% MeCN trong nuée (NH,HCO; 0,1%). Lam bay hoi cic phan doan tinh khiét dén kho
dé thu duoc (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-
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pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du
18; 5,50g, 64,3%) dudi dang chét rin. (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-
metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-
a]pyrazin-8(5H)-on dugc xac dinh 14 v dinh hinh bang XRPD.

Diéu ché hop chat ctia vi du 18 theo cach khac:

Vao hdn hop cta (R)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(3,4-diflobenzyl)-6-
(metoxymetyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 62;
104,7g, 225,64mmol), 1-metyl-1H-pyrazol-5-amin (33,5g, 338,47mmol) trong 2-metyl
tetrahydrofuran (1200mL) va Cs,CO; (147g, 451,29mmol) trong nuée (120mL) dugc bd
sung 2’-(dixyclohexylphosphanyl)-N,N-dimetyl-[ 1,1’-biphenyl]-2-amin (7,10g,
18,05mmol) va Pd,(dba); (8,27g, 9,03mmol) & nhiét 4§ 25°C trong didu kién khi nito.
Khir khi hdn hop thu dwge 3 14n trong diéu kién khi nito va sau d6 khudy & nhiét d6 70°C
trong thoi gian 24 gid. Lam ngudi hdn hop phan ung xudng nhiét d6 phong va cac 16p
dugce tach riéng. Rura i6p hiru co bang lién tuc bang nude (500mL), axit xitric trong nude
(1IN, 600mL) va nude (200mL). B sung silicycle (Si-SH, 150 g) vio 16p hitu co & nhiét
d0 40°C va khudy trong thdi gian 20 gid. Sau khi loc c6 dich loc va tinh ché phén cdn
bang sic ky SFC bing cach sit dung cot Kromasil DIOL, gradien rira giai 25%
EtOH/NH; 100/0,5 trong CO,, 140 bar. Lam bay hoi cc ph4n doan tinh khiét dén kho dé
thu dugc (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 18; 72,6g,
65%) dudi dang chét ran. 'H NMR (500 Mhz, DMSO) § 2,51 (3H, s), 3,17 (3H, s), 3,30
(1H, dd), 3,39 (1H, dd), 3,69 (3H, s), 4,03 (1H, dtd), 4,38 (1H, d), 4,44 (1H, dd), 4,51
(1H, dd), 5,08 (1H, d), 6,30 (1H, d), 7,22 - 7,28 (1H, m), 7,33 (1H, d), 7,41 (1H, dt), 7,47
(1H, ddd), 7,93 (1H, s), 8,31 (1H, s), 9,21 (1H, s). m/z (ES+), [M+H]+ = 495.

Vidu 18a

Didu ché san phidm cong hop axit etansulfonic (R)-7-(3,4-diflobenzyl)-6-
(metoxymetyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on & dang 1
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B6 sung dung dich chira axit etansulfonic (17,02mL, 210,59mmol) trong
axetonitril (100mL) vao dung dich néng cuia (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-
(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-
a]pyrazin-8(5H)-on (vi du 18; 114g, 200,56mmol) trong MeCN (500mL) & nhi¢t do
55°C. Lam lanh tir tir hdn hop phan tmg xudéng 5°C trong 24 gio, loc chét ran thu duoc va ‘_
rira bing MeCN lanh (200mL) dé thu dugc sén phim céng hop axit etansulfonic Dang 1
cua (R)-7-(3,4--diﬂoBenZy})~-6—(metoxymetyl)-2—(5-metyl—2—((1-mety1— 1H-pyrazol-5-
yhamino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-aJpyrazin-8(5H)-on & dang 1 (vi du
18a; 119g, 98%) duéi dang chét rin. San phim cong hop dugc x4c dinh bang 'H NMR 1a
cé ti 1& mol 1:1 cia axit etansulfonic:(R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-
metyl-2-((1-metyl-1H-pyrazol-5-yi)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-
alpyrazin-8(5H)-on. "H NMR (400 MHz, DMSO, 24 °C) 5 1,08 (3H, t), 2,44 - 2,49 (2H,
m), 2,51 (3H, s), 3,16 (3H, s), 3,32 (1H, dd), 3,41 (1H, dd), 3,76 (3H, s), 3,97 - 4,12 (1H,
m), 4,32 - 4,62 (3H, m), 5,08 (1H, d), 6,48 (1H, d), 7,17 - 7,30 (1H, m), 7,34 - 7,52 (2H,
m), 7,55 (1H, d), 8,04 (1H, s), 8,39 (1H, s), 9,67 (1H, s). San phezim cdng hop axit
etansulfonic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-
pyrazoi-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on & dang
1 duoc xac dinh 13 két tinh bing XRPD (Fig.1) va c6 diém noéng chay 1a 203,8°C (bit
dau) (Fig.2).

Hop chét trung gian 62

(R)-2-(2-clo-5-metylpyrimidin-4-y1)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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B6 sung 4-(brommetyl)-1,2-diflobenzen (6,05g, 29,25mmol) vao (R)-2-(2-clo-5-
metylpyrimidin-4-yl)-6-(metoxymetyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop
chét trung gian 61; 6g, 19,50mmol) va NaH (2g, 50.mmol) trong DMF (80mL) & nhiét do
25°C trong diéu kién khi nito. Khudy hdn hop thu dugc & nhiét do 25°C trong thoi gian 2
gid. Lam dimg hdn hop phan tmg bing NaHCO; béo hoa (400mL), chiét bang EtOAc (3
x 250mL), rira cc 16p hitu co bing nuée mudi, 1am khé trén Na,SOy, loc va 1am bay hoi
dé thu dugc phan cin mau vang. Tinh ché hop chét thd bang sic ky trén silic oxit nhanh,
gradien rira giai MeOH tir 0 dén 5% trong DCM. Lam bay hoi cac phén doan tinh khiét
dén khdo @& thu dugc (R)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(3,4-diflobenzyl)-6-
(metoxymetyl)-6,7-dihydroimidazo[1,2-ajpyrazin-8(5H)-on (hgp chit trung gian 62;
8,00g, 95%) du6i dang chét rin mau vang sang. 'H NMR (300 Mhz, CDCl3) § 2,76 (3H,
s), 3,25-3,35 (1H, m), 3,28 (3H, s), 3,35-3,42 (1H, m), 3,78-3,85 (1H, m), 4,18-4,26 (2H,
m), 4,42 (1H, d), 5,34 (1H, d), 7,08-7,30 (3H, m), 7,95 (1H, s), 8,43 (1H, s). m/z (ES+),
[M+H]+ = 434.

Diéu ché hop chit trung gian 62 theo cach khac:

B6 sung Cs,COs (115g, 354,44mmol) vao (R)-2-(2-clo-5-metylpyrimidin-4-yl)-6-
(metoxymetyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chit trung gian 61:
79,5¢g, 253,17mmol) trong MeCN (800mL) & nhiét 4§ 25°C trong diéu kién khi nito. Gia
nhiét hdn hop thu dugc 1én 40°C va chung cit MeCN (100mL) ra. Bb sung 4-
(brommetyl)-1,2-diflobenzen (64,2g, 303,80mmol) & nhiét do 60°C va khudy & nhiét do
60-70°C trong thoi gian 20 gid. C6 hdn hop phan tmg dén 500 ml va pha loang bing
EtOAc (1000mL) va nuéc (500mL). Cac 16p duge tach riéng va rira 16p hitu co bang
nude (2 x 500mL) va loai bo chét dé bay hoi trong diéu kién ap sudt giam. Khudy phan
cén trong hdn hop cia MTBE (120mL) va heptan (480mL) & nhiét do 40°C, loc chat ran
thu dugc va rira bang heptan (250mL) dé thu dugc (R)-2-(2-clo-5-metylpyrimidin-4-yl)-
7-(3,4-diflobenzyl)-6-(metoxymetyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (100g,
91%) dué6i dang chét rin. '"H NMR (400 Mhz, DMSO, 24 °C) § 2,37 (3H.s,), 3,04 3H, s),
3,11 - 3,19 (1H, m), 3,28 (1H, dd), 3,92 (1H, m), 4,27 (1H, d), 4,35 (2H d), 4,95 (1H, d),
7,06 - 7,22 (1H, m), 7,22 - 7,48 (2H, m), 8,13 (1H, s), 8,47 (s, 1H). m/z (ES+), [M+H]+ =
434..

Vidul9
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(8)-7-(3-clobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on

0
N
/

B sung chét tién xuc tac XantPhos thé hé thi 2 (33,1mg, 0,04mmol) vao (S)-2-(2-
clo-5-metylpyrimidin-4-yl)-7-(3-clobenzyl)-6-metyl-6,7-dihydroimidazo[ 1,2-a]pyrazin-
8(5H)-on (hop chit trung gian 63; 150mg, 0,37mmol), 1-metyl-1H-pyrazol-5-amin
(91mg, 0,93mmol) va Cs,CO; (243mg, 0,75mmol) trong 1,4-dioxan (SmL) & nhiét do
25°C trong didu kién khi nito. Khudy hén hop thu dugc & nhiét dd 100°C trong thoi gian
4 giy. Sau d6 loai b6 dung méi trong diéu kién ap sudt giam. Tinh ché hop chét tho bang
sic ky trén silic oxit nhanh, gradien ria giai MeOH tir 0 dén 5% trong DCM. Lam bay
hoi cac phin doan tinh khiét dén kho d thu dugc phan cin mau vang. Tinh ché phéan cin
nay thém bang HPLC diéu ché (cot XSelect CSH Prep C18 OBD, silic oxit 5u, dudng
kinh 19 mm, chidu dai 150mm), bang cach sir dung hén hop phin cuc gidm ctia nudc
(chira NH; 0,03%) va MeCN lam chat rira gii. Lam bay hoi cic phan doan chtra hop
chit mong muébn dén khé dé thu duoc (S)-7-(3-clobenzyl)-6-metyl-2-(5-metyl-2-((1-
metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-
on (vi du 19; 71,0mg, 41,1%) dudi dang chat rin mau tring. "H NMR (400 Mhz, DMSO,
24°C) 81,14 (3H, d), 2,53 (3H, s), 3,70 (3H, s), 4,00 (1H, s), 4,30 - 4,48 (3H, m), 5,07
(1H, d), 6,30 (1H, d), 7,31 - 7,45 (4H, m), 7,48 (1H, s), 7,93 (1H, s), 8,33 (1H, s), 9,22
(1H, s). m/z (ES+), [M+H]+ = 463.

Hop chét trung gian 63

(8)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(3-clobenzyl)-6-metyl-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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B6 sung 1-(brommetyl)-3-clobenzen (1332mg, 6,48mmol) vao (S)-2-(2-clo-5-
metylpyrimidin-4-yl)-6-metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on  (hop chét
trung gian 64; 300mg, 1,08mmol) va NaH (259mg, 6,48mmol) trong DMF (10mL) &
nhiét d6 25°C trong didu kién khi nito. Khudy hén hop thu dugc & nhiét ¢ 25°C trong
thoi gian 2 gid. Lam dimg hdn hgp phan tng bing nudc (25mL), chiét bing EtOAc (2 x
25mL), rira cac 16p hitu co bang nuéce mudi va 1am kho trén Na,SOy, loc va lam bay hoi
dé thu dugc phin cin mau vang. Tinh ché hop chét thd bang sic ky silic oxit nhanh,
gradien rira giai tir 10 dén 60% EtOAc trong ete dau moé. Lam bay hoi cac phan doan tinh
khiét dén kho dé thu duoc (S)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(3-clobenzyl)-6-metyl-
6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 63; 300mg, 69,0%)
dudi dang chét rin mau tring. "H NMR (400 Mhz, CDCls, 22°C) § 1,24 - 1,34 (3H, m),
2,81 (3H, s), 3,34 - 3,92 (1H, m), 4,03 - 4,19 (2H, m), 4,37 (1H, dd), 5,45 (1H, d), 7,27
(1H, d), 7,30 - 7,34 (2H, m), 7,38 (1H, s), 7,99 (1H, s), 8,45 (1H, s). m/z (ES+), [M+H]+
=402.

Hop chét trung gian 64

(S)-2-(2-clo-5-metylpyrimidin-4-y1)-6-metyl-6,7-dihydroimidazo[ 1,2-a]pyrazin-
3(5H)-on
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Khudy dung dich chira (S)-etyl 1-(2-aminopropyl)-4-(2-clo-5-metylpyrimidin-4-
yi)-1H-imidazol-2-carboxylat dihydroclorua (hgp chét trung gian 65; 2,8g, 7,77mmol)
trong NH; (7N trong MeOH, 20mL, 140mmol) & nhiét 4o 25°C qua dém. Loai b6 dung
mdi trong didu kién 4p sudt giam dé thu dugc hop chit mong mudn (S)-2-(2-clo-5-
metylpyrimidin-4-yl)-6-metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (2,1g, 97%)
dudi dang chit rin mau tring, ma dugc st dung trong budc tiép theo ma khéng can tinh

ché. m/z (ES+), [M+H]+ = 278.
Hop chét trung gian 65

(8)-etyl 1-(2-aminopropyl)-4-(2-clo-5-metylpyrimidin-4-yl)-1H-imidazol-2-
carboxylat dihydroclorua
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Khuiy dung dich chita (S)-etyl 1-(2-((tert-butoxycarbonyl)amino)propyl)-4-(2-clo-
5-metylpyrimidin-4-yl)-1 H-imidazol-2-carboxylat (hop chdt trung gian 66; 3,4g,
8,02mmol) trong HCI 33% (khi) trong EtOH (20mL) & nhiét do 25°C qua dém. Loai bo
dung mdi trong diéu kién 4p suit giam dé thu dugc hop chit mong muén (8)-etyl 1-(2-
aminopropyl)-4-(2-clo-5-metylpyrimidin-4-yl)-1H-imidazol-2-carboxylat dihydrociorua
(hop chét trung gian 65; 2,80g, 97%) dudi dang chat rin mau tring. "H NMR (400 Mhz,
DMSO, 24°C) & 1,28 (3H, d), 1,35 (3H, t}, 2,64 (3H, s), 3,74 (1H, s), 4,39 (2H, q), 4,58 -
4,76 (2H, m), 8,37 (2H, s), 8,47 (14, s), 8,61 - 8,67 (1H, m). m/z (ES+), [M+H]+ = 324.

Hop chét trung gian 66

(S)-etyl  1-(2-((tert-butoxycarbonyl)amino)propyl)-4-(2-clo-5-metylpyrimidin-4-
y1)-1H-imidazol-2-carboxylat

B& sung HC1 1M (20mL, 20,00mmol) vao axit (S)-(tert-butoxycarbonyl)(1-(4-(2-
clo-5-metylpyrimidin-4-yl)-2-(etoxycarbonyl)- 1 H-imidazol-1-yl)propan-2-yl)sulfamic
(hop chit trung gian 67; 5g, 9,92mmol) trong EtOH (20mL) & nhiét d6 25°C trong khong
khi. Khudy hén hop thu dugc ¢ nhiét d6 50°C trong thoi gian 20 phut. Lam dimg hdn hop
phan tng bing NaHCO; bo hoa (50mL), chiét bing DCM (3 x 100mL), 1am khé 16p
hitu co trén Na,SOy, loc va lam bay hoi dé thu duoc phén cin mau vang. Tinh ché hop
chét tho bang sic ky silic oxit nhanh, gradien rira giai tir 0 dén 30% EtOAc trong ete dau
mo. Lam bay hoi cic phan doan tinh khiét dén kho dé thu duoc (S)-etyl 1-(2-((tert-
butoxycarbonyl)amino)propyl)-4-(2-clo-5-metylpyrimidin-4-yl)-1 H-imidazol-2-
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carboxylat (hop chét trung gian 66; 3,40g, 81%) duéi dang chét rin mau vang. '"H NMR
(400 Mhz, CDCl;, 24°C) & 1,27 (3H, dd), 1,35 (9 H, s), 1,48 (3H, 1), 2,72 (3H, s), 4,09 -
4,18 (1H, m), 4,47 (3H, qd), 4,64 (2H, dd), 8,01 (1H, s), 8,42 (1H, s). m/z (ES+), [M+H]+
=424,

Hop chét trung gian 67

Axit (S)-(tert-butoxycarbonyl)(1-(4-(2-clo-5-metylpyrimidin-4-yl)-2-
(etoxycarbonyl)-1H-imidazol-1-yl)propan-2-yl)sulfamic
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Bé sung timg phin (S)-tert-butyl 4-metyl-1,2,3-oxathiazolidin-3-carboxylat 2,2-
dioxit (hop chét trung gian 12; 3,34g, 14,06mmol) vao etyl 4-(2-clo-5-metylpyrimidin-4-
y1)-1H-imidazol-2-carboxylat (hop chét trung gian 23; 3g, 11,25mmol) va K,CO; (3,11g,
22,50mmol) trong axetonitril (3mL) & nhiét 4o 80°C trong diéu kién khi nito. Khudy hdn
hop thu dugce ¢ nhiét dd 85°C trong thoi gian 4 gio. Loc hén hop phéan tmg va rira bing
MeCN, loai bé dung moéi trong diéu kién 4p suat giam dé thu dugc hop chit mong mudn
axit (S)-(tert-butoxycarbonyl)(1-(4~(2-clo-5-metylpyrimidin-4-yl)-2-(etoxycarbonyl)-14-
imidazol-1-yl)propan-2-yl)sulfamic (5,00g, 88%) duéi dang diu mau vang. m/z (ES+),
[M+H]+ = 504.

Vidu20

(S)-7-(3,4-diflobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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Khudy (8)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(3,4-diflobenzyl)-6-metyl-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 68; 189mg, 0,47mmol), 1-
metyl-1H-pyrazol-5-amin (91mg, 0,94mmol), Cs,CO; (457mg, 1,40mmol) va chat tién
xtc tic BrettPhos thé hé thar 3 (42,4mg, 0,05mmol) trong 1,4-dioxan (SmL) duéi khi nito
& nhiét dd 110°C trong thoi gian 8 gid. Loai bd dung mdi bang cach chung cét trong chan
khong. Tinh ché hop chit tho bang sic ky trén silic oxit nhanh, gradien rira giai MeOH tir
4 dn 5% trong DCM. Lam bay hoi cac phén doan tinh khiét dén kho dé thu duogc chit
rin mau vang. Tinh ché chét rin thém bang HPLC diéu ché (cot XSelect CSH Prep C18
OBD, silic oxit 5, dudong kinh 19 mm, chidu dai 150mm), bang cach st dung hdn hop
phén cyc gidm cia nude (chira NH,;HCO; 0,01%) va MeCN lam chét rira giai. Lam bay
hoi céc phin doan chtta hop chit mong mudn dén kho & thu duge (S)-7-(3,4-
diflobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-
6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 20; 63,8mg, 29,3%) duéi dang chat
rin mau tring. '"H NMR (400 Mhz, DMSO, 24,8°C) § 1,14 (3H, d), 2,53 (3H, d), 3,70
(3H, s), 3,95 - 4,03 (1H, m), 4,29 - 4,38 (2H, m), 4,44 (1H, dd), 5,06 (1H, d), 6,30 (1H,
d), 7,27 (1H, s), 7,34 (1H, d), 7,37 - 7,53 (2H, m), 7,93 (1H, s), 8,33 (1H, d), 9,21 (1H, s).
m/z (ES+), [M+H]+ = 465.

Hop chét trung gian 68

(8)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(3,4-diflobenzyl)-6-metyl-6,7-
dibydroimidazo[1,2-a]pyrazin-8(5H)-on

B sung NaH (108mg, 2,70mmol) vio (S)-2-(2-clo-5-metylpyrimidin-4-yl)-6-
metyl-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (hop chét trung gian 64; 250mg,
0,90mmol) trong DMF (5mL) & nhiét d6 0°C trong diéu kién khi nito. Khudy dung dich
thu duoc & nhiét d6 0°C trong thoi gian 30 phut. Sau dé bd sung 4-(brommetyl)-1,2-
diflobenzen (373mg, 1,80mmol) va khudy dung dich thu dugc & nhiét dd 20°C trong thoi
gian 12 gid. Lam ding hén hop phan tmg bing nudc (15mL), chiét bing EtOAc (4 x
10mL). Két hop céc 16p hitu co va rira bang nude (3 x 20mL), nude mubi (20mL). Lam
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khé cac 16p hitu co trén Na,SOy, loc va 1am bay hoi dé thu duge ddu mau vang. Tinh ché
hop chét thé bang sic ky trén silic oxit nhanh, gradien rira giai MeOH tir 0 dén 3% trong
DCM. Lam bay hoi cac phan doan tinh khiét dén khoé dé thu dugc (S)-2-(2-clo-5-
metylpyrimidin-4-yl)-7-(3,4-diflobenzyl)-6-metyl-6,7-dihydroimidazo[ 1,2-a]pyrazin-
8(5H)-on (hop chét trung gian 68; 189mg, 52%) dudi dang chit rin mau vang. m/z
(ES+), [M+H]+ = 404.

Vidu 21

(S)-7-(3-(diflometyl)benzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on

i
NJ\F\N)_}/_\\
N
Q/t-k\/N % N:<
N
H

FOF

2N

RN
N-N
/

Bd sung chit tién xuc tac thé hé tht 3 BrettPhos (12,44mg, 0,02mmol) vao
Cs,CO; (304mg, 0,93mmol), 1-metyl-1H-pyrazol-5-amin (91mg, 0,93mmol) va (S)-2-(2-
clo-5-metylpyrimidin-4-y1)-7-(3-(diflometyl)benzyl)-6-metyl-6,7-dihydroimidazol[ 1,2-
a]pyrazin-8(5H)-on (hop chit trung gian 69; 130mg, 0,31mmol) trong 1,4-dioxan (5mL)
trong diéu kién khi nito. Khudy hdn hop thu dugc & nhiét o 100°C trong thoi gian 4 gid.
Sau d6 loai bo dung méi trong didu kién ap sut giam. Tinh ché hop chét thd béng sic ky
trén silic oxit nhanh, gradien rira giai MeOH tir 0 dén 6% trong DCM. Lam bay hoi céc
phan doan tinh khiét dén kho dé thu dugc phan cin. Tinh ché phan cin nay thém bing
HPLC diéu ché (cot XSelect CSH Prep C18 OBD, silic oxit 5p, duong kinh 19 mm,
chidu dai 150mm), bang cach sir dung hdn hgp phéan cuc gidm clia nudce (chura axit formic
0,1%) va MeCN 1am chét rira giai. Lam bay hoi céc phén doan chtra hop chit mong
mudn dén kho @8 thu dugc (S)-7-(3-(diflometyl)benzyl)-6-metyl-2-(5-metyl-2-((1-metyl-
1 H-pyrazol-5-yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on  (vi
du 21; 85mg, 57,1%) du6i dang chét rin mau tring. "H NMR (300 Mhz, DMSO, 23°C) §
1,12 (3H, s), 2,40 (3H, s), 3,70 (3H, s), 3,90-4,10 (1H, m), 4,36-4,44 (3H, m), 5,14 (1H,
d), 6,29 (1H, d), 7,04 (1H, t), 7,33 (1H, d), 7,50-7,59 (4H, m), 7,93 (1H, s), 8,32 (1H, s),
9,21 (1H, s). m/z (ES+), [M+H]+ = 479.
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Hop chit trung gian 69

(S)-2-(2-clo-5-metylpyrimidin-4-y1)-7-(3-(diflometyl)benzyl)-6-metyl-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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B6 sung 1-(brommetyl)-3-(diflometyl)benzen (207mg, 0,94mmol) vao (S)-2-(2-
clo-5-metylpyrimidin-4-yl)-6-metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop
chét trung gian 64; 130mg, 0,47mmol) va NaH (56,2mg, 1,40mmol) trong DMF (3mL).
Khudy hén hop thu duge & nhiét 4o 25°C trong thoi gian 18 gid. Rét hdn hop phan tmg
vao NaHCO; bdo hoa (50mL), chiét bang EtOAc (2 x 50mL), 1am khé 16p hitu co trén
Na,S0,, loc va 1am bay hoi dé thu dugc chit tho. Tinh ché hop chit thd bang sic ky trén
silic oxit nhanh, gradien rira gidi MeOH tir 0 dén 4% trong DCM. Lam bay hoi cac phin
doan tinh khiét dén kho dé thu dugc (S)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(3-
(diflometyl)benzyl)-6-metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (130mg,
66,5%) dudi dang diu mau vang nhat. m/z (ES+), [M+H]+=418.

Vidu22

(S)-7-(3,5-diflobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1 ,2-a]pyrazin-8 (5H)-on

0]
. R

B& sung chét tién xtc tac thé hé tht 3 BrettPhos (12,88mg, 0,02mmol) vao 1-

4/@
/

metyl-1H-pyrazol-5-amin (94mg, 0,97mmol), (S)-2-(2-clo-5-metylpyrimidin-4-yl)-7-
(3,5-diflobenzyl)-6-metyl-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (hop chat trung
gian 70; 130mg, 0,32mmol) va Cs,CO; (315mg, 0,97mmol) trong 1,4-dioxan (SmL)
trong diéu kién khi nito. Khudy hén hop thu dugc & nhiét o 100°C trong thoi gian 4 gio.
Sau d6 loai bo dung moi trong diéu kién 4p suét giam. Tinh ché hop chét tho bang sic ky
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trén silic oxit nhanh, gradien rira gidi MeOH tu 0 dén 7% trong DCM. Lam bay hoi céc
phan doan tinh khiét dén kho d& thu duoc phin can. Tinh ché hop chét thd further bang
HPLC diéu ché (cot XSelect CSH Prep C18 OBD, silic oxit 5y, dudng kinh 19 mm,
chiéu dai 150mm), bang cach sir dung hdon hop phéan cuc giam cua nude (chira axit formic
0,1%) va MeCN lam chét rira giai. LAm bay hoi céc phén doan chira hop chit mong
mudn dén kho d thu duge (S)-7-(3,5-diflobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-
pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du
22; 60mg, 40,1%) dudi dang chit rin mau trang. "H NMR (300 Mhz, DMSO, 23°C) &
1,15 (3H, d), 2,60 (3H, s), 3,70 (3H, s), 3,90-4,10 (1H, m), 4,32-4,38 (2H, m), 4,46-4,52
(1H, dd), 5,08 (1H, d), 6,29 (1H, d), 7,12-7,18(3H, m), 7,33(1H, s), 7,93 (1H, s), 8,32
(14, s), 9,21 (1H, s). m/z (ES+), [M+H]+ = 465.

Hop chét trung gian 70

(S)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(3,5-diflobenzyl)-6-metyl-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5/)-on
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B6 sung 1-(brommetyl)-3,5-diflobenzen (194mg, 0,94mmol) vao (S)-2-(2-clo-5-
metylpyrimidin—4—yl)-6-méty1—6,7—dihydroimidazo[1,2-a]pyrazin—8(5H)—on, (hop chit
trung gian 64; 130mg, 0,47mmol) va NaH (37,4mg, 0,94mmol) trong DMF (3mL) va
khudy hdn hop thu dugc & nhiét d§ 25°C trong thoi gian 18 gio. Rot hdn hop phén tng
vao NaHCO; bdo hoa (50mL), chiét bang EtOAc (2 x 50mL), 1am khd céac 16p hiru co
trén Na,SO,, loc va lam bay hoi dé thu dugc hop chét tho. Tinh ché hop chét thod bﬁng
~ sic ky trén silic oxit nhanh, gradien ria giai MeOH tir 0 dén 4% trong DCM. Lam bay
hoi c4c phan doan tinh khiét dén kho dé thu dugce (S)-2-(2-clo-5-metylpyrimidin-4-yl)-7-
(3,5-diflobenzyl)-6-metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung
gian 70; 130mg, 68,8%) dudi dang diu mau vang nhat. '"H NMR (400 Mhz, DMSO,
20°C) & 1,15 (3H, d), 2,64 (3H, s), 4,02 (1H, s), 4,26 - 4,42 (2H, m), 4,47 - 4,57 (1H, m),
5,09 (1H, d), 7,15 (3H, d), 8,27 (1H, s), 8,61 (1H, s). m/z (ES+), [M+H]+ = 404.

Vidu 23
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(S)-7-(3-metoxybenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on

N
o]
N/”\rN
. = / \
K/N Z N:<N
T
H NN
/

Khudy (8)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(3-metoxybenzyl)-6-metyl-6,7-
dihydroimidazo[1,2—a]pyrazin—8(5H)-0n (hop chét trung gian 71; 193mg, 0,49mmol), 1-
metyl-1H-pyrazol-5-amin (94mg, 0,97mmol), Cs,CO; (474mg, 1,46mmol) va chét tién
xtc tac BrettPhos thé hé tha 3 (44,0mg, 0,05mmol) trong 1,4-dioxan (5mL) duéi khi nito
& nhiét do 120°C trong thoi gian 8 gidr. Sau d6 loai bé dung méi bang cach chung cit
trong chan khong. Tinh ché hop chét thd bang sic ky silic oxit nhanh, gradien rira giai tir
3 dén 5% MeOH trong DCM, 1am bay hai hop chét chira cdc phan doan dén kho dé thu
dugc chat rén mau vang. Tinh ché chit rin nay thém bang HPLC diéu ché (cot XSelect
CSH Prep C18 OBD, silic oxit 5, duc‘mg kinh 19 mm, chiéu dai 150mm), bing cach sir
dung hon hop phan cuc giam ctia nudc (chra NH;HCO; 0,01%) va MeCN lam chét rira
giai. Lam bay hoi cac phan doan chira hop chit mong mubn dén kho dé thu duoc (S)-7-
(3-metoxybenzyl)-6-metyl-2-(5-metyi-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-
yl1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 23; 81mg, 36,2%) dudi dang chét
rén mau tréng. "H NMR (400 Mhz, DMSO, 22,4°C) & 1,12 (3H, d), 2,53 (3H, d), 3,70
(3H, s), 3,76 (3H, s), 3,90 - 3,99 (1H, m), 4,25 - 4,44 (3H, m), 5,09 (1H, d), 6,31 (1H, d),
6,87 (1H, ddd), 6,92 - 7,00 (2H, m), 7,29 (1H, t), 7,34 (1H, d), 7,93 (1H, s), 8,33 (1H, d),
9,22 (1H, s). m/z (ES+), [M+H]+ = 459.

Hop chat trung gian 71

(8)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(3-metoxybenzyl)-6-metyl-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on

-159-



36844

0]
|
N/\4N 7
\\"’K/N / N:<N

Cl

Mé 1: Bb sung NaH (8,64mg, 0,22mmol) vao (S)-2-(2-clo-5-metylpyrimidin-4-
y1)-6-metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 64; 20mg,
0,07mmol) trong DMF (1mL) & nhiét d 25°C trong diéu kién khi nito. Khudy dung dich
thu duoc & nhiét d6 25°C trong thoi gian 30 phat. B6 sung 1-(brommetyl)-3-
metoxybenzen (29,0mg, 0,14mmol) vao hdn hgp phan tng va khudy dung dich thu dugc
& nhiét d6 25°C trong thoi gian 2 gio. Mé 2: B6 sung NaH (56,2mg, 1,40mmol) vao (S)-
2-(2-clo-5-metylpyrimidin-4-yl)-6-metyl-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
(130mg, 0,47mmol) trong DMF (3mL) & nhiét ¢ 20°C tfong didu kién khi nito. Khudy
dung dich thu dugc ¢ nhiét do 20°C trong thoi gian 30 phut. B6 sung 1-(brommetyl)-3-
metoxybenzen (188mg, 0,94mmol) vao hén hop phan tng va khudy dung dich thu dugc
& nhiét do 20°C trong thoi gian 2 gid. 2 mé nguyén liéu dugce két hop va quy trinh sau
day dugc ap dung voi cadc mé két hop: Lam dimg hén hop phan g bang NaHCO; bio
hoa (15mL) va chiét bang EtOAc (3 x 15mL). Két hop céac 16p hitu co va ria bang nudc
(2 x 15mL), nudc mudi (15mL), 1am kho 16p hitu co trén Na,SOy, loc va lam bay hoi dé
thu duge diu mau vang. Tinh ché hop chit thé bang sdc ky trén silic oxit nhanh, gradien
rira giai MeOH tir 3 dén 4% trong DCM. Lam bay hoi cdc phan doan tinh khiét dén kho
dé¢ thu duoc (S)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(3-metoxybenzyl)-6-metyl-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 71; 193mg, 89%) duéi dang
diu mau vang. '"H NMR (400 Mhz, CDCls, 23,0°C) § 1,29 (3H, d), 2,81 (3H, s), 3,80 -
3,93 (4H, m), 3,98 - 4,13 (1H, m), 4,34 (1H, dd), 5,32 (1H, s), 5,50 (1H, d), 6,84 - 6,99
(3H, m), 7,31 (1H, d), 7,97 (1H, s), 8,45 (1H, s). m/z (ES+), [M+H]+ = 398.

Vidu 24

(S)-7-(4-flo-3-metoxybenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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Khudy  (S)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(4-flo-3-metoxybenzyl)-6-metyl-
6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chat trung gian 72; 205mg, 0,49mmol),
1-metyl-1H-pyrazol-5-amin (96mg, 0,99mmol), Cs,CO; (482mg; 1,48mmol) va chét tién
xtc tac BrettPhos thé hé thr 3 (44,7mg, 0,05mmol) trong 1,4-dioxan (SmL) duéi khi nito
& nhiét do 120°C trong thdi gian 8 gid. Sau do loai bd dung mdi biang cach chung cét
trong chin khong. Tinh ché hop chit thé bang sic ky trén silic oxit nhanh, gradien rira
gidi MeOH tir 3 dén 5% trong DCM. Lam bay hoi cac phan doan tinh khiét dén kho dé
thu duge chit rin mau vang. Tinh ché chét rin ndy thém biang HPLC diéu ché (cot
XSelect CSH Prep C18 OBD, silic oxit 5p, dudng kinh 19 mm, chiéu dai 150mm), bang
cach sir dung hdn hop phin cyc gidm cta nude (chira NH,HCO; 0,01%) va MeCN lam
chét rira giai. Lam bay hoi cac phan doan chira hop chét mong mudn dén kho dé thu duge
(5)-7-(4-flo-3-metoxybenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
vl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 24; 59,0mg,
25,1%) du6i dang chit rén mau tring. "H NMR (400 Mhz, DMSO, 22,3°C) § 1,13 (3H,
d), 2,53 (3H, d), 3,70 (3H, s), 3,85 (3H, s), 3,95 (1H, dd), 4,23 - 4,44 (3H, m), 5,10 (1H,
d), 6,31 (1H, d), 6,96 (1H, ddd), 7,14 - 7,24 (2H, m), 7,34 (1H, d), 7,93 (1H, s), 8,33 (1H,
d), 9,22 (1H, s). m/z (ES+), [M+H]+ =477.

Hop chét trung gian 72

(8)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(4-flo-3-metoxybenzyl)-6-metyl-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on

-161-



36844

o
| ‘
N/Y\N)_g/_\\
\\“'K/N % N:<N
Cl

Mé 1: Bb sung NaH (56,2mg, 1,40mmol) vao (S)-2-(2-clo-5-metylpyrimidin-4-
yl)-6-metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (130mg, 0,47mmol) trong DMF
(3mL) & nhiét do 20°C trong diéu kién khi nito. Khuéy dung dich thu dugc & nhiét do
20°C trong thoi gian 30 phit. B6 sung 4-(brommetyl)-1-flo-2-metoxybenzen (205mg,
0,94mmol) vao hdn hop phan Gmg va khudy dung dich thu dugc & nhiét do 20°C trong
thoi gian 2 gid. Mé 2: B sung NaH (8,64mg, 0,22mmol) vao (S)—2—(2-clo—5-
metylpyrimidin-4-yl)-6-metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5/H)-on (20mg,
0,07mmol) trong DMF (1mL) & nhiét do 20°C trong diéu kién khi nito. Khudy dung dich
thu duoc & nhiét d6 20°C trong thdi gian 30 phut. BS sung 4-(brommetyl)-1-flo-2-
metoxybenzen (31,6mg, 0,14mmol) vao hén hop phan tmg va khudy dung dich thu duoc
& nhiét d6 20°C trong thoi gian 2 gio. 2 mé nguyén liéu dugce két hop va quy trinh sau
day duge ap dung véi cac mé két hop: Lam dimg hén hop phan tmg bang NaHCO, bio
hoa (15mL) va chiét bang EtOAc (3 x 15mL). Két hop céc 16p hitu co va rira bang nude
(2 x 15mL), nuéc mudi (15mL) va 1am kho cAc 16p hitu co trén Na,SO,, loc va 1am bay
hoi @8 thu duoc du mau vang. Tinh ché hop chat thd bang sic ky trén silic oxit nhanh,
gradien rira giai MeOH tir 3 dén 4% trong DCM. Lam bay hoi c4c phan doan tinh khiét
dén kho dé thu duoc (S)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(4-flo-3-metoxybenzyl)-6-
metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (205mg, 91%) dudi dang diu mau
vang. m/z (ES+), [M+H]+ = 416.

Vidu 25

(S)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-
pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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B sung chét tién xuc tac BrettPhos thé hé thi 3 (0,541g, 0,60mmol) vao Cs,CO;
(11,67g, 35,81mmol), 1-metyl-1H-pyrazol-5-amin (3,48g, 35,8 1mmol) va (5)-2-(2-clo-5-
metylpyrimidin—4—yl)—7-((6-(diﬂometyl)pyridin—2-y1)méty1)—6-metyl-6,7-
dihydroimidazol[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 73; S5g, 11,94mmol) trong
1,4-dioxan (100mL). Khudy hdn hop thu duge ¢ nhiét do 100°C trong thoi gian 4 gio.
Sau d6 loc hon hop phan tmg va loai b dung moi trong didu kién 4p suét giam. Tinh ché
hop chat thé bing sic ky trén silic oxit nhanh, gradien rira gidi MeOH tir 0 dén 6% trong
DCM. Lam bay hoi cac phén doan tinh khiét dén kho d& thu dugc phén cin. Tinh ché
phin cin ndy thém bing sic ky nhanh C18, gradien rira giéi tir 5 dén 40% MeCN trong
nude (chira NH,CO3 0,1%). Lam bay hoi ¢ac phén doan tinh khiét dén kho dé thu duoc .
(S)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-metyl-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 25; 3,50g,
61,1%) duéi dang chét rin mau tring. 'H NMR (300 Mhz, DMSO, 23°C) 3 1,19 (3H, d),
2,45 (3H, s), 2,61 (3H, s), 3,70 (3H, s), 4,03-4,17 (1H, m), 4,33-4,41(1H, dd), 4,45-4,520
(2H, m), 5,22 (1H, d), 6,30 (1H, d), 6,97 (1H, t), 7,34 (1H, d), 7,60-7,69 (2H, m), 7,96
(1H, s), 7,97-8,02 (1H, t), 8,33 (1H, s), 9,23 (1H, s); m/z (ES+), [M+H]+ = 430.

Hop chét trung gian 73

(S)-2-(2-clo-5-metylpyrimidin-4-yi)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-
metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on

B6 sung natri axetat (2,047g, 24,95mmol)vao (S)-etyl 4-(2-clo-5-metylpyrimidin-
4-y1)-1-(2-(((6-(diflometyl)pyridin-2-yl)metyl)amino)propyl)-1H-imidazol-2-carboxylat
(hop chat trung gian 74; 5,8g, 12,48mmol) trong etanol (tuyét d6i, 99,5%, 100mL).
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Khudy hén hop thu duge & nhiét d§ 70°C trong thoi gian 18 gid. Sau d6 loai bé dung méi
trong didu kién 4p suét giam. Tinh ché hop chét thd bing sic ky trén silic oxit nhanh,
gradien rira giai MeOH tir 0 dén 5% trong DCM. Lam bay hoi c4c phan doan tinh khiét
dén kho dé thu dugc (S)-2-(2-clo-5-metylpyrimidin-4-yl)-7-((6-(diflometyl)pyridin-2-
yl)metyl)-6-metyl-6,7-dihydroimidazol[1,2-a]pyrazin-8(5/H)-on (hop chét trung gian 73;
5,00g, 96%) dudi dang chét rdn mau vang nhat. m/z (ES+), [M+H]+ = 419.

Hop chit trung gian 74

(S)-etyl 4-(2-clo-5-metylpyrimidin-4-yl)-1-(2-(((6-(diflometyl)pyridin-2-
yl)metyl)amino)propyl)-1H-imidazol-2-carboxylat
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B6 sung natri triaxetoxybohydrua (9,62g, 45,37mmol) vao DIPEA (7,92mL,
45,37mmol), (S)-etyl 1-(2-aminopropyl)-4-(2-clo-5-metylpyrimidin-4-yl)-1H-imidazol-2-
carboxylat dihydroclorua (hop chit trung gian 65; 6g, 15,12mmol), 6-
(diflometyl)picolinaldehyt (3g, 19,09mm01) va axit axetic (2,60mL, 45,37mmol) trong
DCM (100mL). Khudy hén hop thu duoc & nhiét d6 25°C trong thoi gian 1 gid. R6t hdn
hop phan ing vao NaHCO; bdo hoa (300mL) va chiét bang DCM (2 x 150mL). Lam kho
cac pha hiru co trén Na,SO, va loai bd chit d& bay hoi trong diéu kién ap suat giam. Tinh
ché hop chit thd bang sic ky trén silic oxit nhanh, gradien rira gidi MeOH tir 0 dén 5%
trong DCM. Lam bay hoi cac phan doan tinh khiét dén kho @ thu duoc (S)-etyl 4-(2-clo-
5-metylpyrimidin-4-yl)-1-(2-(((6-(diflometyl)pyridin-2-yl)metyl)amino)propyl)- 1 -
imidazol-2-carboxylat (hop chét trung gian 74; 5,8g, 82%) duéi dang dau mau vang nhat.
m/z (ES+), [M+H]+ = 465.

Vidu 26
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(S)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-y1)-7-((2-
(triflometyl)pyrimidin-4-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
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N NN ~
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Khudy (S)-2-(2-clo-5-metylpyrimidin-4-yl)-6-metyl-7-((2-(triflometyl)pyrimidin-
4-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 75; 60mg,
0,14mmol), 1-metyl-1H-pyrazol-5-amin (39,9mg, 0,41mmol), Cs,CO; (134mg,
0,41mmol) va chit tién xtc tac BrettPhos thé hé tha 3 (12,42mg, 0,01mmol) trong 1,4-
dioxan (2,5mL) duéi khi nito & nhiét @9 120°C trong thoi gian 8 gid. Sau do loai bé dung
moi bang cach chung c4t trong chan khéng. Tinh ché hop chit thd bang sic ky trén silic
oxit nhanh, gradien ria giai MeOH tir 0 dén 5% trong DCM. Lam bay hoi cac phan doan
tinh khiét dén kho dé thu duoc chét rén mau vang. Tinh ché chit rin nay thém bing
HPLC diéu ché (cot XSelect CSH Prep C18 OBD, silic oxit 5p, duong kinh 19 mm,
chidu dai 150mm), bang cach st dung hon hgp phén cuc gidm cta nude (chira NH,HCO;
0,01%) va MeCN 1am chat rira gidi. Lam bay hoi céc phan doan éhﬁa hop chit mong
mubén dén kho d& thu duge (S)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yDamino)pyrimidin-4-y1)-7-((2-(triflometyl)pyrimidin-4-yl)metyl)-6,7- ,
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 26; 21mg, 30,7%) duéi dang chat rin mau
vang sang. '"H NMR (400 Mhz, CDCl;, 25,5°C) § 1,44 (3H, d), 2,74 (3H, s), 3,88 (3H, s),
421 (1H, dd), 4,30 (1H, t), 4,42 (1H, d), 4,63 (1H, dd), 5,48 (1H, d), 6,38 (1H, d), 7,52
(1H, d), 7,68 (1H, d), 8,09 (1H, s), 8,31 (1H, s), 8,53 (1H, s), 8,90 (1H, d). m/z (ES+),
[M+H]+ = 499.

Hop chét trung gian 75

(S)-2-(2-clo-5-metylpyrimidin-4-yl)-6-metyl-7-((2-(triflometyl)pyrimidin-4-
yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
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B6 sung NH; (7N trong MeOH, 10mL) vio (S)-etyl 4-(2-clo-5-metylpyrimidin-4-
y1)-1-2-(((2-(triflometyl)pyrimidin-4-yl)metyl)amino)propyl)- 1 H-imidazol-2-carboxylat
(hop chét trung gian 76; 100mg, 0,21mmol) & nhiét dd 20°C trong khong khi. Khuly
dung dich thu dugc & nhiét 46 50°C trong thoi gian 16 gi¢. Sau d6 loai bd dung mdi bing
cach chung cét trong chan khong. Tinh ché hop chét thd bing sic ky trén silic oxit nhanh,
gradien rtra giai MeOH tir 0 dén 6% trong DCM. Lam bay hoi c4c phan doan tinh khiét
d@n khé d thu dugc  (S)-2-(2-clo-5-metylpyrimidin-4-yl)-6-metyl-7-((2-
(triflometyl)pyrimidin-4-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (hop chat
trung gian 75; 60mg, 66,3%) dudi dang dau khong mau. m/z (ES+), [M+H]+ = 438.

Hop chit trung gian 76

(8)-etyl 4-(2-clo-5-metylpyrimidin-4-yl)-1-(2-(((2-(triflometyl)pyrimidin-4-
yl)metyl)amino)propyl)-1H-imidazol-2-carboxylat
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B6 sung 2-(triflometyl)pyrimidin-4-carbaldehyt (147mg, 0,83mmol) vao (S)-etyl
- 1-(2-aminopropyl)-4-(2-clo-5-metylpyrimidin-4-yl)-1 H-imidazol-2-carboxylat
dihydroclorua (hop chét trung gian 65; 250mg, 0,69mmol) trong DCM (10mL) trong
khong khi. Khudy dung dich thu dugc & nhiét do 40°C trong thoi gian 12 gio. B6 sung
natri triaxetoxybohydrua (441mg, 2,08mmol) va khudy dung dich thu dugc & nhiét do
20°C trong thoi gian 12 giv. Lam dimg phan tmg bang nudc (SmL), va chiét bing DCM
(5 x 10mL). Lam khd céc pha hitu co trén Na,SO,, loc va lam bay hoi dé thu dugc dau
mau vang. Tinh ché hop chét thd bing sic ky trén silic oxit nhanh, gradien rira gidi
MeOH tir 2 dén 4% trong DCM. Lam bay hoi c4c phan doan tinh khiét dén kho dé thu
dugce (S)-etyl 4-(2-clo-5-metylpyrimidin-4-yl1)-1-(2-(((2-(triflometyl)pyrimidin-4-
yl)metyl)amino)propyl)-1H-imidazol-2-carboxylat (hgp chit trung gian 76; 110mg,
32,8%) duéi dang ddu khong mau. m/z (ES+), [M+H]+ = 484.
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Vi du 27

(8)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-y1)-7-((6-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
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B6 sung chét tién xtc tac BrettPhos thé hé thu 3 (11,90mg, 0,01lmmol) vio 1-
metyl-1H-pyrazol-5-amin (87mg, 0,89mmol), Cs,CO;3 (291mg, 0,89mmol) va (S)-2-(2-
clo-5-metylpyriridin-4-yl)-6-metyl-7-((6-(triflometyl)pyridin-2-yl)metyl)-6,7-
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/

dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 77; 130mg, 0,30mmol)
trong 1,4-dioxan (5mL) trong diéu kién khi nito. Khudy hdn hop thu dugc & nhiét do
100°C trong thoi gian 4 gid. Sau d6 loai bd dung méi trong didu kién ap suit giam. Tinh
ché hop chét thé bing sic ky silic oxit nhanh, gradien rira giai tir 0 dén 6% MeOH trong
DCM, 1am bay hoi phén doan chtra san phim dé thu dugc chét ran. Tinh ché chét rin nay
thém bing HPLC diéu ché (cot XSelect CSH Prep C18 OBD, silic oxit 5p, dudng kinh
19 mm, chidu dai 150mm), bang cach st dung hdn hop phan cuc giam ctia nuéce (chira
axit formic 0,1%) va MeCN lam chét rira giai. Lam bay hoi cac phan doan chira hop chét
mong mubn dén khé dé thu duoc (S)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-7-((6-(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-
a]pyrazin—S(SH)-on (vi du 27; 100mg, 67,5%) du6i dang chit rin mau tring. '"H NMR
(300 Mhz, DMSO, 23°C) 6 1,20 (3H, d), 2,56 (3H, s), 3,70 (3H, s), 4,05-4,18 (1H, m),
4,37-4,41 (1H, m), 451-4,60 (2H, m),5,212 (1H, d), 6,30 (1H, d), 7,34 (1H, d), 7,76-7,83
(2H, m), 7,96 (1H, s), 8,06-8,11 (1H, m), 8,32 (1H, s). m/z (ES+), [M+H]+ = 498.

Hop chét trung gian 77

(5)-2-(2-clo-5-metylpyrimidin-4-yl)-6-metyl-7-((6-(triflometyl)pyridin-2-
yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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B& sung (S)-etyl 4-(2-clo-5-metylpyrimidin-4-y1)-1-(2-(((6-(triflometyl)pyridin-2-
yl)metyl)amino)propyl)-1H-imidazol-2-carboxylat (hgp chit trung gian 78; 140mg,
0,29mmol) vao NH; (7N trong MeOH) dung dich (10mL) va khudy hén hop thu dugc &
nhiét d6 50°C trong thoi gian 5 gid. Loai bd dung mai trong diéu kién ap suét giam. N6
tao ra (S)—2—(2—010-5-metylpyrimidin%—yl)—6—mety1—7-((6-(triﬂometyl)pyridin—2-
yDmetyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 77; 110mg,
87%) dudi dang chit rin mau tring. m/z (ES+), [M+H]+ = 437.

Hop chét trung gian 78

(S)-etyl 4-(2-clo-5-metylpyrimidin-4-yl1)-1-(2-(((6-(triflometyl)pyridin-2-
yl)metyl)amino)propyl)-1H-imidazol-2-carboxylat

B sung 6-(triflometyl)picolinaldehyt (1 IOmg, 0,63mmol) vao (S)-etyl 1-(2-
aminopropyl)-4-(2-clo-5-metylpyrimidin-4-yl)-1H-imidazol-2-carboxylat ~dihydroclorua
(hop chét trung gian 64; 250mg, 0,63mmol) trong DCM (15mL) va khudy hén hop thu
dugc ¢ nhiét d6 40°C trong thoi gian 4 gid. Sau khi lam ngudi xuéng nhiét d§ phong, bd
sung natri triaxetoxybohydrua (267mg, 1,26mmol) va khudy phan tmg trong thoi gian 1
gid. Sau d6 1am dimg phan tng biang NaHCO; bo hoa (50mL) va chiét bang DCM (2 x
50mL). Lam kh6 cac 16p hitu co trén Na,SOy, loc va lam bay hoi dé thu duoc diu mau
Véng nhat. Tinh ché hop chit tho bang sic ky trén silic oxit nhanh, gradien rira giai
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MeOH tir 0 dén 5% trong DCM. Lam bay hoi c4c phan doan tinh khiét dén kho dé thu
dugce (S)-etyl 4-(2-clo-5-metylpyrimidin-4-yl)-1-(2-(((6-(triflometyl)pyridin-2-
yl)metyl)amino)propyl)-1H-imidazol-2-carboxylat (hop chét trung gian 78; 140mg, 46%)
dudi dang ddu mau vang nhat. m/z (ES+), [M+H]+ = 483.

Vidu28

(S)-7-(3-(diflometoxy)benzyl)-6-metyl-2-(5-metyl-2-((1-metyl- 1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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B& sung chét tién xuc tic BrettPhos thé hé tha 3 (11,99mg, 0,01lmmol) vao 1-
metyl-1H-pyrazol-5-amin (87mg, 0,90mmol), (S)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(3-
(diflometoxy)benzyl)-6-metyl-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on  (hop chét
trung gian 79, 130mg, 0,30mmol) trong 1,4-dioxan (5mL) trong didu kién khi nito va
khudy hdn hop thu duoc & nhiét dd 100°C trong thoi gian 4 gid. Sau d6 loai bé dung méi
trong didu kién 4p suit giam. Tinh ché hop chat thd bang sic ky silic oxit nhanh, gradien
rira giai tir 0 d&n 7% MeOH trong DCM, larn bay hoi hop chat chira cac phan doan dé thu
dugc chét réan. Tinh ché chit rén nay thém bang HPLC diéu ché (cot XSelect CSH Prep
C18 OBD, silic oxit Sp, dudng kinh 19 mm, chiéu dai 150mm), béng cach su dung hén
hop phén cuc giam cua nude (chira 0,1) va MeCN lam chét rira giai. Lam bay hoi céc
phdn doan chua hop chét mong mubn dén khod dé thu duc_yc (5)-7-(3-
(diflometoxy)benzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (vi du 28; 80mg, 54%) dudi dang chét
rén mau tring. "H NMR (300 Mhz, DMSO, 23°C) & 1,11(3H, d), 2,60 (3H, s), 3,70 (3H,
s), 3,90-4,10 (1H, m), 4,31-4,45 (3H, m), 5,10 (1H, d), 6,29 (1H, d), 7,00-7,50 (4H, m),
7,92(1H, s), 7,83 (1H, s), 8,21 (1H, s), 8,32 (1H, s), 9,21 (1H, s). m/z (ES+), [M+H]+ =
495.

Hop chét trung gian 79
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(S)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(3-(diflometoxy)benzyl)-6-metyl-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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B6 sung 3-(diflometoxy)benzaldehyt (108mg, 0,63mmol) vao (S)-etyl 1-(2-
aminopropyl)-4-(2-clo-5-metylpyrimidin-4-yl)-1H-imidazol-2-carboxylat =~ dihydroclorua
(hop chét trung gian 64; 250mg, 0,63mmol) trong DCM (15mL) va khudy hon hop thu
duge & nhiét dd 40°C trong thoi gian 4 gi¢. Sau do bd sung natri triaxetoxybohydrua
(267mg, 1,26mmol) va khudy phéan tmg trong thoi gian 1 gid nira. Sau d6 rét hén hop
phéan tng vao NaHCO; bdo hoa (50mL) va chiét bang DCM (2 x 50mL). Lém kho cac
pha hitu co két hop trén Na,SOy, loc va lam bay hoi dé thu dugc cht thé. Tinh ché hop
chét tho bing sic ky trén silic oxit nhanh, gradien ra giai MeOH tir 0 dén 5% trong
DCM. Lam bay hoi c4c phan doan tinh khiét dén kho dé thu dugc chit ran mau tréng.
Sau d6 xir Iy chét rin nay bing NH; (7N trong MeOH, 15,00mL) va gia nhiét trong thoi
gian 5 gio & nhiét d6 50°C. Sau d6 loai bd chat d& bay hoi trong diéu kién ap sudt giam dé
thu dugec  (S)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(3-(diflometoxy)benzyl)-6-metyl-6,7-
dihydroimidazo[1,2-alpyrazin-8(5H)-on (130mg, 47,5%) dudi dang diu mau vang sang.
m/z (ES+), [M+H]+ = 434.

Vidu 29

(S)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((4-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on

/

B4 sung chét tién xuc tac BrettPhos thé hé that 3 (31,1mg, 0,03mmol) vao (S)-2-
(2-clo-5-metylpyrimidin-4-yl)-6-metyl-7-((4-(triflometyl)pyridin-2-yl)metyl)-6,7-
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dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 80; 300mg, 0,69mmol), 1-
metyl-1H-pyrazol-5-amin (167mg, 1,72mmol) va Cs,COs (448mg, 1,37mmol) trong 1,4-
dioxan (8mL) & nhiét d6 25°C trong didu kién khi nito. Khudy hdn hop thu duge & nhiét
d6 100°C trong thoi gian 8 giv. Sau d6 loai bé dung mdi trong diéu kién 4p suét giam.
Tinh ché hop chét thd bang sic ky trén silic oxit nhanh, gradien rira giai MeOH tir 0 dén
6% trong DCM. Lam bay hoi hop chat chira cac phan doan dén kho dé thu dugc phan cén
mau vang. Tinh ché phan cin nay thém bing HPLC diéu ché (cot XSelect CSH Prep C18
OBD, silic oxit 5p, duong kinh 19 mm, chiéuv dai 150mm), bang cach sir dung hdn hop
phan cuc giam clia nude (chira NH; 0,03 %) va MeCN lam chét rira giai. Lam bay hoi céac
phén doan chira hop chat mong mubn dén khd dé thu duoc (S)-6-metyl-2-(5-metyl-2-((1-.
metyl- L H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((4-(triflometyl)pyridin-2-yl)metyl)-6,7-

dihydroimidazo[1,2-a]pyrazin-8(5H)-on {(vi du 28; 141mg, 41,3%) dudi dang chét ran
mau tring. "H NMR (400 Mhz, DMSO, 20°C) 6 1,21 (3H, d), 2,52 (3H, s), 3,71 3H, s),
4,13 (1H, dd), 4,37 (1H, dd), 4,52 (1H, dd), 4,58 (1H, d), 5,26 (1H, d), 6,31 (1H, d), 7,34
(1H, d), 7,71 (1H, d), 7,82 (1H, s), 7,95 (1H, s), 8,33 (1H, s), 8,84 (1H, d), 9,24 (1H, s).
m/z (ES+), [M+H]+ = 498.

Hop chét trung gian 80

(8)-2-(2-clo-5 —metylpyrimidin-4~yl)—6--mety1-7-((4-(11‘iﬂometyl)pyridin—2—
yl)metyl)-6,7-dihvdroimidazo[1,2-a]pyrazin-8(5H)-on

B sung 4-(triflometyl)picolinaldehyt (136mg, 0,78mmol) vao (S)-etyl 1-(2-
aminopropyl)-4-(2-clo-5-metylpyrimidin-4-yl)-1H-imidazol-2-carboxylat ~dihydroclorua
(hop chét trung gian 64; 280mg, 0,71mmol), DIPEA (0,37mL, 2,12mmol) va AcOH
(0,121mL, 2,12mmol) trong DCM (10mL) & nhiét d§ 25°C trong diéu kién khi nito. Sau
khi khudy & nhiét d6 25°C trong thoi gian 1 gio, bd sung natri triaxetoxybohydrua
(449mg, 2,12mmol) va khudy hén hop thu duge & nhiét do 25°C trong thoi gian 2 gio va
sau d6 gia nhiét & nhiét do 50°C trong thoi gian 8 gi¢. Lam ding hdn hop phan tmg biang
NaHCO; bdo hoa (20mL) va chiét bing DCM (2 x 75mL). Lam kho céc 16p hitu co két
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hop trén Na,SOy, loc va 1am bay hoi dé thu duge phan cin mau vang. Tinh ché hop chat
thd bang sic ky trén silic oxit nhanh, gradien rira gidi MeOH tir 0 dén 5% trong DCM.
Lam bay hoi céc phin doan tinh khiét dén kho dé thu duge (S)-2-(2-clo-5-
metylpyrimidin-4-y1)-6-metyl-7-((4-(triflometyl)pyridin-2-yl)metyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 80; 300mg, 97%) dudi dang
chét rin mau vang. 'H NMR (400 Mhz, CDCl;, 20°C) § 1,60 (3H, s), 2,79 (3H, s), 4,07 -
4,20 (1H, m), 4,26 (1H, s), 4,36 - 4,45 (1H, m), 4,50 (1H, dd), 5,54 (1H, d), 7,49 (1H, d),
7,72 (1H, s), 8,00 (1H, s), 8,45 (1H, s), 8,75 (1H, d).

Vidu 30

(S)-6—metyl—2--(5-mety1—2-((1-metyl-1H—pyrazol-_S-yl)amino)pyrimidin—4-yl)-7—((2-
{triflometyl)pyridin-4-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin- 8(5H)-on

E 0]

F I
/

B& sung chét tién xtic tac BrettPhos thé hé tht 3 (31,1mg, 0,03mmol) vao (S)-2-
(2~clo-5-metylpyrimidin—4—yl)—6-metyl-7—((2-(tn'ﬂometyl)pyn'din—4—y1)mety1)-6,7—
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 81; 300mg, 0,69mmol), 1-
metyl-1H-pyrazol-5-amin (167mg, 1,72mmol) va Cs,CO; (443mg, 1,37mmol) trong 1,4-
dioxan (8mL) & nhiét do 25°C trong didu kién khi nito. Khudy hdn hop thu dugce ¢ nhiét
d6 100°C trong thoi gian 5 gid. Sau d6 loai bé dung moi trong didu kién 4p suét giam.
Tinh ché hop chét tho bang sic ky trén silic oxit nhanh, gradien rira giai MeOH tir 0 dén
6% trong DCM. Lam bay hoi hop chét chira cac phin doan dén kho d8 thu dugc phan cén
mau vang. Tinh ché phan cén nay thém bang HPLC didu ché (cot XSelect CSH Prep C18
OBD, silic oxit 5p, duong kinh 19 mm, chidu dai 150mm), bang cich st dung hdn hop
phan cuc giam cta nude (chira NH; 0,03%) va MeCN lam chét rira giai. Lam bay hoi cac
phéan doan chtra hop chit mong mudn dén kho dé thu duge (S)-6-metyl-2-(5-metyl-2-((1-
metyl- 1H—pyrazol—5—y1)amino)pyrimidin—4-yl)—7-((2-(triﬂometyl)pyridin—4—y1)mety1)—6,7-

- dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 30; 200mg, 58,5%) duéi dang chat rin
mau tring. '"H NMR (300 Mhz, DMSO, 23°C) § 1,18 (3H, d), 2,61 (3H, s), 3,70 3H, S),
4,00-4,13 (1H, m), 4,30-4,40 (1H, d), 4,45-4,60 (2H, m), 5,18 (1H, d), 6,30(1H, s), 6,20
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(1H, d), 7,73 (1H, d), 7,91 (1H, s), 7,96 (1H, s), 8,33 (1H, s), 8,73 (1H, d), 9,23 (1H, s).
m/z (ES+), [M+H]+ = 498.

Hop chit trung gian 81

(S)-2-(2-clo-5-metylpyrimidin-4-yl)-6-metyl-7-((2-(triflometyl)pyridin-4-
yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5/)-on

F 0
N
Cl

B& sung 2-(triflometyl)isonicotinaldehyt (170mg, 0,97mmol) vao (S)-etyl 1-(2-
aminopropyl)-4-(2-clo-3-metylpyrimidin-4-yl)- 1 H-imidazol-2-carboxylat ~ dihydroclorua
(hop chit trung gian 64; 350mg, 0,88mmol), DIPEA (0,462mL, 2,65mmol) va AcOH
(0,152mL, 2,65mmol) trong DCM (15mL) & nhiét d§ 25°C trong diéu kién khi nito. Sau
khi khudy & nhiét d§ 25°C trong thoi gian 1 gid, bd sung natri triaxetoxybohydrua
(561mg, 2,65mmol) va khudy hén hop thu duge & nhiét do 25°C trong thoi gian 1 gio va
gia nhiét & nhiét d6 50°C trong thdi gian 18 giv. Lam dung hén hop phan tmg bing
NaHCO; bdo hda (50mL) va chiét bing DCM (2 x 75mL). Lam khé céc pha hitu co trén
Na, SOy, loc va 1am bay hoi dé thu duoc phin cén mau vang. Tinh ché hop chét thd bang
sdc ky trén silic oxit nhanh, gradien rira giai MeOH tir 0 dén 5% trong DCM. Lam bay
hoi cac phan doan tinh khiét dén kho @ thu dugc (S)-2-(2-clo-5-metylpyrimidin-4-y)-6-
metyl-7-((2-(triflometyl)pyridin-4-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5 H)-on

(320mg, 83%) dudi dang diu mau vang.
m/z (ES+), [M+H]+ = 437.
Vidu 31

(S)-7-((4-(diflometyl)pyridin-2-yl)metyl)-6-metyl-2-(5-metyl-2-((1-metyl- 1 H-
pyrazol-5-yl)amino)pyrimidin-4-yl1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
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B4 sung chét tién xtc tac BrettPhos thé hé tha 3 (51,9mg, 0,06mmol) vao (S)-2-
(2-clo-5-metylpyrimidin-4-yl)-7-((4-(diflometyl)pyridin-2-yl)metyl)-6-metyl-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 82; 240mg, 0,57mmol), 1-
metyl-1H-pyrazol-5-amin (111mg, 1,15mmol) va Cs,CO; (373mg, 1,15mmol) trong 1,4~
dioxan (5mL) & nhiét d 25°C trong didu kién khi nito. Khudy dung dich thu dugc &
nhiét 46 120°C trong thoi gian 8 gid. Sau d6 loai bé dung mdi bang cach chung cét trong |
chan khong. Tinh ché hop chét thd bang sic ky trén silic oxit nhanh, gradien rira giai
MeOH tir 4 dén 6% trong DCM. Lam bay hoi cdc phan doan chira san phim dén kho dé
thu duoc chit rin. Tinh ché chét rin nay thém bing HPLC diéu ché (cot XSelect CSH
Prep C18 OBD, silic oxit 5p, duong kinh 19 mm, chidu dai 150mm), bang cach sir dung
hon hop phan cyc gidm cia nude (chira NH,HCO; 0,05%) va MeCN lam chét rira giai.
Lam bay hoi cac phan doan chira hop chit mong mudn dén kho dé thu dugc (S)-7-((4-
(diflomety])pyridin-2-yl)metyl)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 31; 92mg,
33,5%) dudi dang chit rin mau trang. "H NMR (400 Mhz, CDCl;, 20,2°C) 6 1,36 (3H,
d), 2,69 (3H, s), 3,82 (3H, s), 4,09 (1H, dd), 4,22 (1H, tt), 4,37 - 4,49 (2H, m), 5,50 (1H,
d), 6,31 (1H, d), 6,64 (1H, t), 7,01 (1H, s), 7,36 - 7,43 (1H, m), 7,50 (1H, d), 7,61 (1H, s),
7,75 (1H, s), 8,29 (1H, s), 8,69 (1H, d). m/z (ES+), [M+H]+ = 480.

Hop cht trung gian 82

(:5)-2-(2-clo-5-metylpyrimidin-4-yl)-7-((4-(diflometyl)pyridin-2-yl)metyl)-6-
metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on

B6 sung 4-(diflometyl)picolinaldehyt (hop chét trung gian 83; 154mg, 0,98mmol)
vao (S)-etyl 1-(2-aminopropyl)-4-(2-clo-5-metylpyrimidin-4-yl)-1H-imidazol-2-
carboxylat dihydroclorua (hop chét trung gian 64; 300mg, 0,76mmol), DIPEA (0,396mL,
2,27mmol) va AcOH (0,130mL, 2,27mmol) trong DCM (10mL) & nhi€t d6 25°C trong
didu kién khi nito. Sau khi khudy & nhiét do 25°C trong thoi gian 0,5 gio, bd sung natri
triaxetoxybohydrua (481mg, 2,27mmol) va khudy phan tmg & nhiét 6 25°C trong thoi
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gian 0,5 gi®y va gia nhiét & nhiét 4 50°C trong thoi gian 12 gi¢. Lam ding hdn hop phéan
tng bang NaHCO; bo hoa (20mL) va chiét bing DCM (2 x 75mL). Lam khé céac pha
hitu co trén Na,SOs, loc va 1am bay hoi dé thu dugc phan cin miu vang. Tinh ché hop
chét thd bang sic ky trén silic oxit nhanh, gradien rira gidi MeOH tir 3 dén 4% trong
DCM. Lam bay hoi cac phén doan tinh khiét dén kho dé thu duoc (S)-2-(2-clo-5-
metylpyrimidin-4-y1)-7-((4-(diflometyl)pyridin-2-yl)metyl)-6-metyl-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 82; 240mg, 76%) dudi dang
chét rén mau vang. "H NMR (400 Mhz, CDCl;, 20,5°C) & 1,37 (3H, d), 2,79 (3H, d), 4,10
(1H, dd), 4,25 (1H, tdd), 4,35 - 4,53 (2H, m), 5,50 (1H, d), 6,64 (1H, t), 7,33 - 7,47 (1H,
m), 7,61 (1H, s), 7,95 (1H, s), 8,44 (1H, d), 8,69 (1H, dd). m/z (ES+), [M+H]+ = 419.

Hop chat trung gian 83
o

4-(diflometyl)picolinaldehyt

BS6 sung LiAlH, (0,274g, 7,22mmol) vao 4-(diflometyl)-N-metoxy-N-
metylpicolinamit (hgp chét trung gian 84; 1,2g, 5,55mmol) trong THF (10mL) dugc lam
lanh xudng -78°C trong didu kién khi nito. Khudy dung dich thu dugc & nhiét do -78°C
trong thoi gian 20 phit. B sung EtOAc (1mL), sau d6 lam dung phéan Umg bang nudc
(0,3mL) & nhiét do -78°C. B6 sung dung dich NaOH 15% trong nuéc (1,5mL), thém
nude (0,3mL) va loai bo chét ran thu dugc béng cach loc. Lam khé dich Igc trén Na,SOy,
loc va 1am bay hoi dé thu dugc 4-(diflometyl)picolinaldehyt (hop chét trung gian 83; 1,09
g) dudi dang diu mau xanh 14 cay. San pham duge st dung truc tiép trong budc tiép theo

ma khéng can tinh ché thém. m/z (ES+), [M+H]+ = 158.
Hop chit trung gian 84

4-(diflometyl)-N-metoxy-N-metylpicolinamit
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B6 sung trimetyl nhom (2M trong n-hexan, 40,1mL, 80,15mmol) vao N,O-
dimetylhydroxylamin hydroclorua (6,25g, 64,12mmol) trong DCM (80mL) & nhi€t do
0°C trong khoang thoi gian 20 phut trong didu kién khi nito. Khudy dung dich thu dugc &
nhiét do 0°C trong thoi gian 20 phit. Bo sung metyl 4-(diflometyl)picolinat (hop chét
trung gian 85; 3,0g, 16,03mmol) trong DCM (20mL) vao hdn hop phéan tmg & nhiét 46
0°C va khudy dung dich thu duge & nhiét do 0°C trong thoi gian 2 gio. Lam dimg hdn
hop phan tng bing NaOH 2M (50mL) & nhiét d 0°C va chiét bang DCM (3 x 100mL).
Lam kh6 cac pha hiru co trén Na,SO,, loc va lam bay hoi dé thu dugc dau mau vang.
Tinh ché hop chét thd bing sic ky silic oxit nhanh, gradien ria giai tir 30 dén 40%
EtOAc trong ete ddu mo. Lam bay hoi c4c phan doan tinh khiét dén kho dé thu duoc 4-
(diflometyl)-N-metoxy-N-metylpicolinamit (hop chét trung gian 84; 2,47g, 71,3%) duéi .
dang diu mau vang. '"H NMR (400 Mhz, MeOD, 20,3°C) & 3,42 (3H, s), 3,73 (3H, s),
6,94 (1H, 1), 7,65 - 7,72 (1H, m), 8,75 - 8,82 (1H, m). m/z (ES+), [M+H]+ = 217.

Hop chit trung gian 85

Metyl 4-(diflometyl)picolinat

Khudy 2-clo-4-(diflometyl)pyridin (hop chét trung gian 86; 6,9g, 42,19mmol), kali
axetat (8,28g, 84,38mmol) va Pd(dppf)Cl, (1,543g, 2,11mmol) trong MeOH (150mL)
dudi khi CO & 10 atm & nhiét dd 70°C trong thoi gian 24 gid. Sau d6 loc hdn hop va lam
bay hoi dich loc trong diéu kién ap sudt giam. Tinh ché hop chat tho bang sic ky silic
oxit nhanh, gradien rua giai tr 20 dén 30% EtOAc trong ete ddu mé. Lam bay hoi cac
phéan doan tinh khiét dén kho dé thu duoc metyl 4-(diflometyl)picolinat (hop chét trung
gian 85; 6,30g, 80%) dudi dang diu mau vang. "H NMR (400 Mhz, MeOD, 20,1°C)
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4,03 (3H, s), 6,98 (1H, 1), 7,79 - 7,86 (1H, m), 8,30 (1H, dd), 8,86 (1H, dd). m/z (ES+),
[M+H]+ = 188.

Hop chit trung gian 86

2-clo-4-(diflometyl)pyridin

B6 sung timg giot DAST (20,53mL, 155,42mmol) vao 2-cloisonicotinaldehyt
(10g, 70,64mmol) trong DCM (150mL) & nhiét d6 0°C trong khoang thoi gian 10 phut
trong diéu kién khi nito. Tang nhiét do 1én dén nhiét do phong va khudy trong thoi gian
12 gid. Lam dumng hdn hop phan tng va didu chinh vé do pH 7-8 bing NaHCO; béo hoa
& nhiét d6 0°C. Chiét pha nuéc bing DCM (3 x 150mL), 1am khé pha hiru co trén
Na,SO,, loc va 1am bay hoi @& thu duge ddu mau vang. Tinh ché hop chét thd bang sic
ky silic oxit nhanh, gradien rira giai tir 5 dén 10% EtOAc trong ete diu mé. Lam bay hoi
cac phan doan tinh khiét dén kho dé thu dugc 2-clo-4-(diflometyl)pyridin (hop chét trung
gian 86; 7,00g, 60,6%) dudi dang dau mau vang. "H NMR (400 Mhz, CDCl;, 20,5°C) &
6,65 (1H, t), 7,38 (1H, dd), 7,49 (1H, s), 8,55 (1H, dd). m/z (ES+), [M+H]+ = 164.

Vidu 32

(S)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-y1)-7-((6-
(triflometyl)pyrimidin-4-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on

FF T
o 0
/

B4 sung chét tién xuc tac BrettPhos thé hé tht 3 (12,42mg, 0,01mmol) vao (S)-2-
(2-clo-5-metylpyrimidin-4-yl)-6-metyl-7-((6-(triflometyl)pyrimidin-4-yl)metyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 87; 120mg, 0,27mmol), 1-
metyl-1H-pyrazol-5-amin (66,5mg, 0,69mmol) va Cs,CO; (179mg, 0,55mmol) trong 1,4-
dioxan (4mL) & nhiét do 25°C trong didu kién khi nito. Khudy hdn hop thu dugc & nhiét
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d6 100°C trong thoi gian 8 gid. Sau d6 loai bé dung mdi trong diéu kién ap suét giam.
Tinh ché hop chét thd bang sic ky trén silic oxit nhanh, gradien rtra gidi MeOH tir 0 dén
6% trong DCM. Lam bay hoi cac phan doan tinh khiét dén kho dé thu duoc phan cén
mau vang. Tinh ché phan cén nay thém bang HPLC diéu ché (cot XSelect CSH Prep C18
OBD, silic oxit 5y, dudng kinh 19 mm, chidu dai 150mm), bang cach st dung hdn hop
phén cuc giam cia nuée (chita NH; 0,03%) va MeCN lam chét rira giai. Lam bay hoi cac
phén doan chira hop chét mong mudn dén kho dé thu dugc (S)-6-metyl-2-(5-metyl-2-((1-
metyl-1H-pyrazol-5-yl) amino)pyrimidin-4-y1)-7-((6-(triflometyl)pyrimidin-4-yl)metyl)-
6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (vi du 32; 60mg, 43,9%) dudi dang chét rin
mau tring. "H NMR (300 Mhz, DMSO) & 1,25 (d, 3H), 3,71 (s, 3H), 4,14 - 4,21 (m, 1H),
4,34 - 4,46 (m, 1H), 4,56 - 4,71 (m, 2H), 5,27 (d, 1H), 6,32 (d, 1H), 7,35 (d, 1H), 7,98 (s,
1H), 8,13 (d, 1H), 8,34 (s, 1H), 9,24 (s, 1H), 9,41 (s, 1H). m/z (ES+), [M+H]+ = 499.

Hop chit trung gian 87

(S)-2-(2-clo-5-metylpyrimidin-4-yl)-6-metyl-7-((6-(triflometyl)pyrimidin-4-
yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-3(5H)-on

F 0O
F I
N N
;&r/A'K N/\f / \N
No N NN N=(

Cl

B& sung natri axetat (212mg, 2,58mmol) vao (S)-etyl 4-(2-clo-5-metylpyrimidin-
4-y1)-1-(2-(((6-(triflometyl)pyrimidin-4-yl)metyl)amino)propyl)- L H-imidazol-2-
carboxylat (hop chét trung gian 88; 250mg, 0,52mmol) trong EtOH (5SmL) va khudy hén
hop thu duge & nhiét d§ 80°C trong thoi gian 20 gid. Sau d6 loai bd dung moi trong didu
kién 4p suét giam. Tinh ché hop chét tho béng séic ky trén silic oxit nhanh, gradien rira
giai MeOH tir 0 dén 5% trong DCM. Lam bay hoi cdc phan doan tinh khiét dén kho dé
thu duge (S)-2-(2-clo-5-metylpyrimidin-4-yl)-6-metyl-7-((6-(triflometyl)pyrimidin-4-
yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 87; 120mg,
53,1%) du6i dang chét rin mau vang nhat. "H NMR (300 Mhz, CDCl;, 20,5°C) & 1,45 (d,
3H), 2,79 (s, 3H), 4,43 (d, 1H), 4,15-4,25 (m 1H), 4,60 (dd, 1H), 5,50 (d, 1H), 7,82 (d,
1H), 8,03 (s, 1H), 8,46 (s, 1H), 9,34 (s, 1H). m/z (ES+), [M+H]+ = 438.

Hop chét trung gian 88
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(S)-etyl 4-(2-clo-5-metylpyrimidin-4-y1)-1-(2-(((6-(triflometyl)pyrimidin-4-
yl)metyl)amino)propyl)-1H-imidazol-2-carboxylat

B6 sung Cp,ZrHCI  (492mg, 1,91mmol) vao N-metoxy-N-metyl-6-
(triflometyl)pyrimidin-4-carboxamit (hop chét trung gian 89; 300mg, 1,28mmol) trong
THF (10mL) trong didu kién khi nito. Khudy hdn hop thu duge ¢ nhiét do 25°C trong
thoi gian 20 phit va sau d6 sit dung trurc tiép. B sung natri triaxetoxybohydrua (385mg,
1,81mmol), axit axetic (0,104mL, 1,81mmol), (S)-etyl 1-(2-aminopropyl)-4-(2-clo-5-
metylpyrimidin-4-y1)- 1 H-imidazol-2-carboxylat dihydroclorua (hop chét trung gian 64;
240mg, 0,60mmol) va DIPEA (0,317mL, 1,81mmol) trong DCM (15mL) va khudy hdn
hop thu dwgc & nhiét d0 25°C trong thoi gian 1 gio. B6 sung thém natri
friaxetoxybohydrua (385mg, 1,81mmol) va khudy trong thoi gian 1 gio nita. Sau d6 rot
hén hop phan éng vao NaHCO; bio hoa (75mL) va chiét baing DCM (3 x 25mL). Lam
kho cac pha hiru co trén Na,SOy, loc va lam bay hoi. Tinh ché hop chét tho bang sic ky
silic oxit nhanh, gradien rira giai tir 0 dén 5% DCM trong MeOH. Lam bay hoi cac phan
doan tinh khiét dén kho d& thu duoc (S)-etyl 4-(2-clo-5-metylpyrimidin-4-y1)-1-(2-(((6-
(triﬂometyl)pyﬂm_idin—4-yl)metyl)amino)propy1)- 1H-imidazol-2-carboxylat (hop chét
trung gian 88; 250mg, 85%) dudi dang chét rin mau vang nhat. m/z (ES+), [M+H]+ =
484.

Hop chét trung gian 89

N-metoxy-N-metyl-6-(triflometyl)pyrimidin-4-carboxamit
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B4 sung timg giot trimetyl nhém (2M trong n-hexan, 72,8mL, 145,54mmol) vao
N, O-dimetylhydroxylamin hydroclorua (10,65g, 109,16mmol) trong DCM (150mL) &
nhiét d6 0°C trong khoang thdi gian 20 phut trong diéu kién khi nito. Khuy dung dich
thu dugc ¢ nhiét do 0°C trong thoi gian 20 phit. BS sung timg giot metyl 6-
(triflometyl)pyrimidin-4-carboxylat (hop chit trung gian 90; 7,5g, 36,39mmol) trong
DCM (70mL) vao hdn hop phan tng & nhiét 4o 0°C. Sau d6 khudy hdn hop phan tmg
trong thoi gian 1 gid ¢ nhiét do 0°C. Lam dung phan tmg bang NaOH 2M (100mL) va
chiét bing DCM (3 x 150mL). Lam khé c4c pha hitu co trén Na,SOy, loc va lam bay hoi
@ thu dugce ddu mau vang. Tinh ché hop chét thd bang sic ky silic oxit nhanh, gradien
rira giai tir 0 dén 25% BEtOAc trong ete ddu mo. Lam bay hoi cac phan doan tinh khiét
dén khod dé thu dugc N-metoxy-N-metyl-6-(triflometyl)pyrimidin-4-carboxamit (hop chat
trung gian 89;‘ 5,63g, 65,8%) duéi dang diu mau vang. '"H NMR (400 Mhz, CDCl,
20,2°C) & 3,42 (3H, s), 3,79 (3H, s), 7,90 (1H, s) , 9,41 - 9,47 (1H, m). m/z (ES+),
[M+H]+ = 236.

Hop chét trung gian 90

Metyl 6-(triflometyl)pyrimidin-4-carboxylat
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Khudy 4-clo-6-(triﬂomety1)pyrimidin (10g, 54,79mmol), kali axetat (10,75g,
109,57mmol) va Pd(dppf)Cl, (2,00g, 2,74mmol) trong MeOH (300mL) dudi khi CO ¢ 10
atm va 70°C trong thoi gian 6 gio. Loc hdn hop va lam bay hoi dich loc trong diéu kién
ap suét giam. Tinh ché hop chét tho bang sic ky silic oxit nhanh, gradien rira giai tir 0
dén 20% EtOAc trong ete ddu mo. Lam bay hoi cac phéan doan tinh khiét dn kho dé thu
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‘duqc metyl 6-(triflometyl)pyrimidin-4-carboxylat (hop chét trung gian 90; 7,86g, 69,6%)
duéi dang chét rin mau vang. "H NMR (400 Mhz, CDCls, 20,3°C) 8 4,11 (3H, s), 8,37
(1H, d), 9,55 - 9,61 (1H, m). m/z (ES+), [M+H]+ = 207.

Vidu33

7-(3,4-diflobenzyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-
y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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B4 sung chit tién xac tac XantPhos thé hé thtr 2 (78mg, 0,09mmol) vao 2-(2-clo-
5-metylpyrimidin-4-y1)-7-(3,4-diflobenzyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
(hop chat trung gian 91; 340mg, 0,87mmol), 1-metyl-1H-pyrazol-5-amin (169mg,
1,74mmol) va Cs,CO; (568mg, 1,74mmol) trong 1,4-dioxan (5SmL) & nhiét d§ 25°C trong
didu kién khi nito. Khudy dung dich thu dugc & nhiét do 100°C trong thoi gian 12 gio.
Sau d6 loai bd dung méi bang cach chung cit trong chan khong. Tinh ché hop chit tho
bing sic ky trén silic oxit nhanh, gradien rira giai MeOH tir 3 dén 5% trong DCM. Lam
bay hoi cac phan doan tinh khiét dén kho dé thu dugc chét rén. Tinh ché chét rin nay
thém bing HPLC diéu ché (cot XSelect CSH Prep C18 OBD, silic oxit 5u, dudong kinh
19 mm, chiéu dai 150mm), bang cach st dung hdn hop phéan cyc gidm ciia nuée (chira
NH4HCO; 0,05%) va MeCN lam chét rira giai. Lam bay hoi cac phﬁn doan chtra hop cht
mong mubn dén kho dé thu dugc 7-(3,4-diﬂober_12y1)-2—(5-mety1-2—((1-metyl- 1H-pyrazol-
5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (vi du 33; 89mg,
22,6%) dudi dang chét rin mau tring. "H NMR (400 Mhz, CDCly, 20,1°C) 5 2,68 (3H,
d), 3,68 - 3,76 (2H, m), 3,80 (3H, s), 4,25 - 4,33 (2H, m), 4,77 (2H, s), 6,29 (1H, d), 6,90
(1H, s), 7,07 - 7,28 (3H, m), 7,49 (1H, d), 7,69 (1H, s), 8,29 (1H, d). m/z (ES+), [M+H]+
=451.

Hop chét trung gian 91

2-(2-clo-5-metylpyrimidin-4-yl)-7-(3,4-diflobenzyl)-6,7-dihydroimidazo[1,2-
a]pyrazin-8(5H)-on
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Bé sung NaH (91mg, 2,28mmol) vao 2-(2-clo-5-metylpyrimidin-4-yl)-6,7-
dihydroimidazo[l,2—a]pyrazin—8(5H)—oﬁ (hop chit trung gian 48; 200mg, 0,76mmol)
trong DMF (5mL) & nhiét do 25°C trong didu kién khi nito. Khudy dung dich thu duogc &
nhiét d6 25°C trong thdi gian 30 phut. Bb sung 4-(brommetyl)-1,2-diflobenzen (314mg,
1,52mmol) va khudy dung dich thu dugc & nhiét d6 25°C trong thoi gian 12 gio. Rot hon
hop phéan ung vao nuéc (50mL), thu gom chét két tha bang cach loc, ria bang nudc
(50mL) v lam kho trong chan khong dé thu duge 2-(2-clo-5-metylpyrimidin-4-yl)-7-
(3 ,4-diﬂobenzyl)-6,7-dihydroimidazo[1,2-a]pyrazin—8(5H)-on (hop chit trung gian 91;
340 fng) duéi dang chit rdn mau vang, ma duﬁdc stt dung truc tiép c6 tinh ché thém. 'H
NMR (400 Mhz, DMSO, 19,9°C) 8 2,64 (3H, s), 3,74 - 3,82 (2H, m), 4,36 - 4,44 (2H, m),
4,70 (2H, s), 7,37 - 7,51 (3H, m), 8,26 (1H, s), 8,61 (1H, s). m/z (ES+), [M+H]+ = 390.

Vidu 34

Diéu ché san phém cong hop axit adipic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-
2-(5-metyl-2-((1-metyl- lH-pyrazo]_—S-yl)amino)pyrimidin-él—yl)—6,7-dihydroimidazo[1 ,2-
alpyrazin-8(5H)-on, dang 1
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Hoa tan 50 mg (R)-7—(3,4-diﬂobenzy1)—6-(metoxymetyl)-2—(5-mety1-2—((1—metyl-
1H—pyrazol—5-yl)amino)pyrimidin—4-yl)-6,7—dihydroimidazo[1,2—a]pyrazin—8(5H)-0n (vi
du 18) trong Xép xi 0,5 ml metanol. Sir dung sing nhiét dé hd trg hoa tan. Hoa tan 16 mg
axit adipic trong xép xi 0,5 ml metanol. St dung sung nhiét dé hd trg hoa tan. Sau dé tir
tr bd sung dung dich (R)-7-(3 ,4-diﬂ0benzy1)-6-(metoxymety1)—2-(5-mety1-2—((1—metyl-
1H-pyrazol-5-yl) amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1 ,2-a]pyrazin-8(5H)-on vao
dung dich axit adipic. N6 van con & dang dung dich. B6 sung thanh khudy tir tinh va aé
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dung dich c6 khudy & nhiét do mdi truong. Nhin thdy chét két tia sau x4p xi 15 phut. Bb
sung thém thé tich ciia metanol dugc dén khi dat dugc chét két tua chay tu do va dé chét
két tha co khudy qua dém. Sau d6 loc chit két taa dé thu duoc san pham cong hop axit
adipic  (R)-7-(3 .4-diflobenzyl)-6-(metoxymetyl)-2-(5 -metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin—4-yl)—6,7-dihydroimidazo[1,2—a]pyrazin—8(5H)—on (vi du 34), dang 1,
& ti 18 mol 1:2 cia adipic acid:(R)—7-(3,4-diﬂobenzyl)—6-(metoxymetyl)-Z—(S—metyl-Z—((1—
metyl-1H-pyrazol-5-yl) amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1 ,2-a]pyrazin-8(5H)-
on nhu xéc dinh bing 'H NMR. 'H NMR (500 MHz, Metanol-ds, 27 °C) & 8,24 (1H, s),
7,82 (1H, 5), 7,41 (1H, d), 7,35 (1H, ddd), 7,28 - 7,20 (3H, m), 6,31 (1H, d), 5,18 (1H, d),
4,52 - 439 (3H, m), 4,03 - 4,00 (1H, m), 3,73 (3H, s), 3,46 - 3,43 (1H, m), 3,39 - 3,35
(1H, m), 3,23 (3H, s), 2,53 (3H, s), 2,30 (2H, m), 1,63 (2H, m), khong quan sat thay
proton axit carboxylic co thé trao ddi. Phan tich mau bang XRPD (xem Fig.3) va DSC
(xem Fig.4). San phim cong hop axit adipic (R)-7—(3,4-diﬂobenzyl)-6-(metoxymetyl)-2—
(5-metyl-2-((1-metyl-1H-pyrazol-5-yl) amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-
a]pyrazin-8(5H)-on ¢ dang 1 dugc xac dinh 13 k&t tinh bang XRPD va c6 diém noéng chay
14 185,4°C (bét dau).

Vi du 35

Piéu ché san phidm cong hop axit etansulfonic cia (S)-7-(3,4-diflobenzyl)-6-
(metoxymetyl)-2-(5-metyl-2-((1-metyl-15- _pyrazol-5-yl)amino)pyrimidin-4-y1)-6,7-
dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
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Hoa tan (S)-2-(2-clo-5-metylpyrimidin-4-y1)-7-(3 /4-diflobenzyl)-6-(metoxymetyl)-
6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (hop chét trung gian 35a; 2,2g, 5,07mmol),
1-metyl-1H-pyrazol-5-amin (0,754g, 7,61lmmol) va xesi carbonat (3,30g, 10,14mmol)
trong 2-MeTHF (25mL) va nudc (2,5mL) va khu khi bang nito. B sung 2’-
(dixyclohexylphosphanyl)-N,N-dimetyl—[1,1’—biphenyl]-Z—amin (0,160g, 0,41mmol) va
Pd,dba; (0,186g, 0,20mmol) va hdn hop duge khir khi thém bang nito. Sau d6 gia nhiét
phan tng & nhiét 46 80 °C trong thoi gian 24 gio. Dé phan g ngudi xubng nhiét do moi
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trudong va bd sung thém 2’-(dixyclohexylphosphanyl)-N,N-dimetyl—[1,1’-biphenyl]—2-
amin (0,160g, 0,41 mmol) va Pd,dba; (0,186g, 0,20mmol) va khir khi phan tng béng nito.
Sau d6 khudy phan g & nhiét do 80 °C trong thoi gian 16 gidr. B6 sung Silicycle (1,2g,
SiliaMetS Thiol) va dé phan tmg ngudi xubng nhiét do mdi truong. Loc hdn hgp phan
ung qua xelit rira bang EtOAc. Chiét phan tmg bang etyl axetat, rira bang axit xitric trong
nuée (0,5 M) va natri bicarbonat bdo hoa. Sau do loai bé chat d& bay hoi trong diéu kién
4p suit giam. Tinh ché bang sic ky 1éng siéu t6i han didu ché (c6t Kromasil DIOL, 250
mm x 50mM, 10 um, pha ddng 25% EtOH/NH; 100/0,5 trong CO,, 140 bar) tao ra (S)-7-
(3 4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1 -metyl-1H-pyrazol-5-
yl)amino)pyrimidin—4—yl)-6,7—dihydroimidazo[1,2-a]pyrazin—8(5H)—on (1,38 g) ma dugc
st dung ma khong cin tinh ché thém trong giai doan tiép theo. Hoa tan (S)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1L/ _pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (1,3g, 1,93mmol) tir buée trude trong
axefonitril (2mL) va gia nhiét 1én 66°C. Sau do bd sung axit etansulfonic (0,22mL,
2,63mmol) trong axetonitril (2mL). Sau d6 khudy phan mg & nhiét 46 moi trudng trong
thoi gian 1 gid. Quan sat thiy két tua. Bb sung thém axetonitril (3mL) va loc chét két tia,
rira bang axetonitril (3mL) va lam khé trong chn khong trong thoi gian 66 gid dé thu
dugc san phdm cong hop etansulfonic cta (5)-7-(3 [4-diflobenzyl)-6-(metoxymetyl)-2-(5-
metyl-2-((1-metyl-1H-pyrazol- 5-yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-
a]pyrazin-8(5H)-on (0,41 g). Lam bay hoi dich loc trong didu kién 4p suit giam va
axetonitril (3mL) va bd sung MTBE (2mL). Loc chét két tha thu duoc va lam kho trong
chan khong dé thu duge thém san phim cong hop etansulfonic cia (S)-7-(3,4-
diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H: -pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (0,73 g). 2 mé dugc két hop dé thu
dugce san pham cong hop axit etansulfonic clia (S)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-
2-(5-metyl-2-((1-metyl- lH-pyrazol-5-y1)amino)pyrimidin—4-yl)-6,7-dihydroimidazo[1 ,2-
a]pyrazin-8(5H)-on (vi du 35; 1,14g, 72%) ¢ ti 16 mol 1:2 cua axit etan suflonic:(S)-7-
(3,4-diﬂobenzyl)-6—(metoxymetyl)-2-(5-metyl-2—((1-metyl- 1H-pyrazol-5-
yl)amino)pyrimidin—4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin—8(5H)-on nhu x4c dinh bing
'H NMR. 'H NMR (500 Mhz, DMSO, 27°C) 1,08 (1,5H, 1), 2,42 (1H, q), 2,52 3H, m),
3,18 (3H, s), 3,32 (1H, dd), 3,41 (1H, dd), 3,73 (3H, s), 4,05 (1H, dtd), 4,39 (1H, d), 4,43
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_ 4,56 (2H, m), 5,09 (1H, d), 6,38 (1H, d), 7,19 - 7,32 (1H, m), 7,38 - 7,45 (2H, m), 7,48
(1H, ddd), 7,98 (1H, s), 8,36 (1H, d), 9,38 (1H, 5). m/z (ES+) [M+H]+ 495.

Hop chét trung gian 35a

(S)-2—(2-clo—5-mety1pyrimidin—4-y1)-7-(3,4-diﬂobenzyl)—6—(metoxymety1)-6,7—
dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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Lam nhdo (S)-2—(2-clo~5-metylpyrimidin—4-y1)-6-(metoxymety1)—6,7-

dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 35b; 1,8g, 5,85mmol) va
Cs,CO; (2,67g, 8,19mmol) trong axetronitril (20mL) va gia nhiét 1én 70 °C trong diéu
kién khi nito. B sung 4-(brommetyl)-1,2-diflobenzen (1,48g, 7,02mmol) trong
axetonitril (3mL) qua bom tiém v6i bot nhdo va khudy phan tng & nhiét 46 70 °C trong
thoi gian 23 gid. Sau d6 loai bd chét dé bay hoi trong didu kién 4p sudt giam va etyl
axetat (30mL) va sau do bd sung nude (20mL) vao phin cin. Cac pha duoc tach riéng-
chiét pha nuéc biang etyl axetat (2 x 20mL). Céc pha hiru co dugc két hop va loai bd chét
dé bay hoi trong didu kién ap suét giam. Tao hén dich chit ran thu dugc trong
heptan/MTBE (4:1, 30mL) va khudy ¢ nhiét d6 50°C trong thoi gian 2 gi¢. Loc chét rin
ra va 1am kho trong didu kién 4p suét giam dé thu duoc (S)—2—(2-clo-5-metylpyrimidin—4—‘
y1)-7-(3 ,4—diﬂobenzy1)-6-(metoxymetyi)—6,7-dihydr0imidazo[ 1,2-a]pyrazin-8(5H)-on
(hop chét trung gian 35a; 2,36g, 93%) dudi dang chét rén. "H NMR (400 Mhz, CDCl;,
25°C) & 2,77 (3H, s), 3,28 (4H, s), 3,38 (1H, dd), 3,81 (1H, m), 4,22 (2H, m), 4,41 (1H,
dd), 5,37 (1H, d), 7,10 - 7,26 (3H, m), 7,94 (1H, s), 8,42 (1H, s). m/z (ES+), [M+H]+ =
434.

Hop chét trung gian 35b

(8)-2-(2-clo-5 -metylpyrimidin—4-yl)—6—(metoxymetyl)-6,7-dihydroimidazo[ 1,2-
a]pyrazin-8(5H)-on
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Tao hén dich etyl 4-(2-clo-5—mety1pyrimidin—4-y1)—1H—imidazol—2—carboxylat (hop
chét trung gian 23; 2g, 7,42mmol) va K,CO; (1,23g, 8,91mmol) trong 1,4-dioxan (20mL)
va axeton (20mL). Bé sung tert-butyl (R)-4-(metoxymetyl)-1,2,3-oxathiazolidin-3-
carboxylat 2,2-dioxit (hop chét trung gian 35c; 2,18g, 8,17mmol) trong axeton (15mL) &
nhiét 46 moi truong trong thoi gian 3 ngay. Loc hon hop qua xelit va suc rira chét rin
bang axeton (15mL). Sau d6 co dich loc dén tdng thé tich bang (10mL). B6 sung dung
dich chira HC1 (5M trong isopropanol, 10,39mL) va khudy phan tng & nhiét do mdi
trudng trong thoi gian 16 gio. B4 sung tir tir trietylamin (10,33mL, 74,24mmol) sau d6 1a
isopropanol (15mL) dé thu duoc hdn dich. Sau @6 gia nhiét phan tng & nhiét do 50 °C
trong thoi gian 3 gio. Bb sung nude (40mL) ma tao ra hdn dich tinh. Khudy hdn dich &
phiét d§ 50 °C trong thdi gian 30 phut va sau d6 ¢ nhiét do moi truong trong thoi gian 16
gi0. Sau dod loc chit két tia, va rira bang axeton 50% trong nudc (2 x 25mL) va lam kho
trong didu kién 4p suét giam & nhiét do 40 °C trong thoi gian 4 ngay dé thu dugc (S)-2-(2-
clo—S-metylpyrimidin—-4-yl)-6-(met0xymety1)—6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-
on (hop chét trung gian 35b; 1,95g, 85%) dudi dang chét rin. 'H NMR (400 Mhz,
DMSO, 20 °C) 6 2,61 (s, 3H), 3,26 (s, 3H), 3,33 - 3,45 (m, 2H), 3,99 (br s, 1H), 4,30 (dd,
1H), 4,44 (dd, 1H), 8,26 (s, 1H), 8,42 (d, 1H), 8,58 (s, 1H). m/z (ES+), [M+H]+=308.

Hop chét trung gian 35¢ dugc tao ra theo phuong thire tuwong tu vo1 Hop chat
trung gian 57 bét dau tir (S)-tert-butyl (1-hydroxy-3-metoxypropan-2-yl)carbamat

Hop chit trung gian 35¢

tert-butyl (R)-4-(metoxymetyl)-1,2,3-oxathiazolidin-3 -carboxylat 2,2-dioxit
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"H NMR (400 Mhz, MeOD) & 1,54 (s, 9H), 3,40 (s, 3H), 3,61 (d, 2H), 4,46 (qd,
1H), 4,60 (dd, 1H), 4,68 (dd, 1H). m/z: ES+ [M+H]+ 268.
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Vidu 36

(R)—6-metyl—2-(5-metyl-2-((1-metyl-1H-pyrazol—5-yl)amino)pyrimidin—4—yl)-7—((6-
(triﬂometyl)pyridin—2-y1)mety1)-6,7—dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
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Khudy (R)-2-(2-clo-5-metylpyrimidin—4-yl)—6-mety1—7-((6-(t1iﬂ0metyl)pyridin—2-
yl)metyl)»637—dihydr0imidazo[1,2-a]pyrazin—8(5H)-on (hop chat trung gian 91; 187mg,
0,43mmoi), l-metyl-1H-pyrazol-5-amin (104mg, 1,07mmol), Cs,CO; (279mg,
0,86mmol) va chét tién xic thc XantPhos thé hé thir 2 (38,0mg, 0,04mmol) trong 1,4-
dioxan (5mL) dudi khi nito & nhi¢t o 110°C trong thoi gian 16 gid. Loai bo dung moi
bang cach chung cit trong chan khong. Tinh ché hop chét thd bing sic ky silic oxit
phanh, gradien rira giai tr 3 dén 5% MeOH trong DCM. Tinh ché san phim thém bang
HPLC didu ché (cot XSelect CSH Prep C18 OBD, silic oxit 5p, duong kinh 19 mm,
chidu dai 150mm), bang cich st dung hdn hop phén cyc giam cla nude (chia NH,HCO;
0,01%) va MeCN lam chit rira giai. Lam bay hoi cac phan doan chira hop chit mong
mubn  dén kho d& thu duoc  (R)-6-metyl-2-(5-metyl-2-((1-metyl- 1H-pyrazol-5-
yl)amino)pyrimidin—4-yl)—7-((6-(triﬂometyl)pyridin—2—yl)metyl)-6,7-dihydroimidazo[ 1,2-
a]pyrazin-8(5H)-on (112mg, 52,6%) dudi dang chét rin mau tring. 'H NMR (400
Mhz,DMSO, 20,9°C) § 1,22 (3H, d), 2,52 (3H, s), 3.35 (1H, s), 3,71 (3H, s), 4,13 (1H,
ddd), 4,40 (1H, dd), 4,51 - 4,63 (2H, m), 5,22 (1H, d), 6,31 (1H, d), 7,34 (1H, d), 7,78
(1H, d), 7,84 (1H, d), 7,97 (1H, s), 8,10 (1H, 1), 8,33 (1H, d), 9,24 (1H, s). m/z (ES+),
[M+H]+ = 498.

Hop chét trung gian 92

(R)—2-(2-clo-5-metylpyrimidin—4-yl)—6-metyl-7-((6-(triﬂometyl)pyridin—2-
yl)metyl)-6,7-dihydroimidazo[ 1 ,2-a]pyrazin-8(5H)-on
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B sung 6-(triflometyl)picolinaldehyt (126mg, 0,72mmol) vao (R)-etyl 1-(2-
aminopropyl)-4-(2-clo-5-metylpyrimidin-4-yl)- 1 H-imidazol-2-carboxylat dihydroclorua
(hop chét trung gian 93; 260mg, 0,66mmol), DIPEA (0,343mL, 1,97mmol) va AcOH
(0,113mL, 1,97mmol) trong DCM (10mL) & nhiét do 25°C trong diéu kién khi nito.
Khudy dung dich thu dugc & nhiét do 25°C trong thdi gian 20 phut. B6 sung natri
triaxetoxybohydroa (417mg, 1,97mmol) vao hén hop phan tng va khudy dung dich thu
dwoc & nhiét dd 25°C trong thdi gian 1 gid va sau do ¢ nhi¢t d0 50°C trong thoi gian 12
gid. R6t hon hop phén tmg vao nude (10mL), chiét bang DCM (3 x 15mL), 1am khé 16p
hitu co trén Na,SOy, loc va lam bay hoi @2 thu duge ddu mau vang. Tinh ché hop chét tho
bang sic ky trén silic oxit nhanh, gradien rira giai MeOH tir 3 dén 4% trong DCM. Lam
bay hoi cc phan doan tinh khiét dén kho dé thu dugce (R)-2-(2-clo-5-metylpyrimidin-4-
yl)-6-metyl-7-((6-(triﬂometyl)pyridin-2-yl)mety}.)—@7-dihydroimidazo[1 ,2-ajpyrazin-
8(5H)-on (hop chét trung gian 92; 187mg, 65,3%) dudi dang dau khong mau. m/z (ES+),
[M+H]+ = 437.

Hop chat trung gian 93

(R)-etyl 1-(2-aminopropyl)-4-(2-clo-5-metylpyrimidin-4-yl)-14-imidazol-2-
carboxylat dihydroclorua

O
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. N
N_/ N——/<
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Hop chét trung gian 93 duoc diéu ché theo phuong thuc twong tu véi Hop chét
- trung gian 65, bing cich si dung (R)-fert-butyl 4-metyl-1,2,3-oxathiazolidin-3-
carboxylat 2,2-dioxit. Hop chét trung gian 93 thé hién dir liéu phén tich sau day. "H NMR
(400 Mhz, DMSO, 22°C) § 1,27 (3H, d), 1,36 (3H, 1), 2,64 (3H, s), 3,57 (3H, s), 3,74
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(1H, s), 4,33 - 4,44 (2H, m), 4,58 - 4,75 (2H, m), 8,33 (3H, s), 8,47 (1H, s), 8,64 (1H, s).
m/z (ES+), [M+H]+ = 324.

Vidu 37

(R)-7—((6-(diﬂomety1)pyridin—2-yl)metyl)—6-mety1—2-(5-mety1—2-((l-metyl— 1H-
pyrazol—5-yl)amino)pyrimidin—4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
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B sung chét tién xtic tac BrettPhos thé hé tha 3 (60,6mg, 0,07mmol) vao (R)-2-
(2—0'10-5—metylpyrimidin—4-yl)—7-((6—(diﬂometyl)pyridm-2-y1)mety1)-6—metyl—6,7 -
dihydroimidazo[l,Z-a]pyrazin-S(SH)-on (hop chét trung gian 94; 280mg, 0,67mmol), 1-
metyl-1H-pyrazol-5-amin (162mg, 1,67mmol) va Cs,CO; (436mg, 1,34mmol) trong 1,4-
dioxan (10mL) & nhiét d6 25°C trong diéu kin khi nito. Khudy hon hop thu dugc & nhiét
d6 100°C trong thoi gian 8 gidr. Sau d6 loai bd dung mdi trong didu kién 4p sut giam.
Tinh ché hop chét thd béng sic ky trén silic oxit nhanh, gradien rira giai MeOH tir 0 dén
6% trong DCM. Lam bay hoi cdc phan doan tinh khiét dén kho dé thu dugc phan cén
mau vang. Tinh ché phf?m cén thém bang HPLC diéu ché (cot XSelect CSH Prep C18
ORD, silic oxit 5p, duong kinh 19 mm, chiéu dai 150mm), béng cach s dung hén hop
phan cuc gidm cia nudce (chira NH;z 0,03%) va MeCN lam chét rira gidi. Lam bay hoi céc
phén doan chira hop chit mong mudn dén kho dé thu duoc (R)-7-((6-(diflometyl)pyridin-
2-yl)metyl)-6-mety1—2-(5-metyl—2-((1-metyl-lH-pyrazol-S-yl)amino)pyrimidin—4-yl)-6,7—
dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (vi du 37; 119mg, 37,1%) dudi dang chét rin. 'H
NMR (400 Mhz, DMSO, 20°C) 8 1,20 (3H, d), 2,51 (3H, s), 3,70 (3H, s), 4,10 (1H, d),
434 - 443 (1H, m), 4,47 - 4,61 (2H, m), 5,21 (1H, d), 6,30 (1H, d), 6,97 (1H, t), 7,34
(1H, d), 7,59 - 7,66 (2H, m), 7,94 - 8,04 (2H, m), 8,33 (1H, s), 9,23 (1H, s). m/z (ES+)
[M+H]+ 480.

Hop chét trung gian 94
(R)—2-(2—clo—5-metylpyrimidin—4-y1)-7-((6-(diﬂometyl)pyridin—2—yl)mety1)-6-
metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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B sung 6-(diflometyl)picolinaldehyt (214mg, 1,36mmol) vao (R)-etyl 1-(2-
aminopropyl)—4-(2-c10—5-metylpyrimidin—4-yl)-lH-imidazol-Z-carboxylat dihydroclorua
(hop chét trung gian 93; 270mg, 0,68mmol), DIPEA (0,357mL, 2,04mmol) va AcOH
(0,117mL, 2,04mmol) trong DCM (10mL) & nhiét d6 25°C trong diéu kién khi nito. Sau
khi khudy & nhiét do 25°C trong thoi gian 1 gi0, bd sung natri triaxetoxybohydrua
(433mg, 2,04mmol) va khuAy hdn hop thu dugc & nhiét 4o 25°C trong thoi gian 1 gio va
gia nhiét & nhiét do 50°C trong thoi gian 5 gio. Lam dimg hén hop phén {mg bang
NaHCO; bic hoa (20mL) va chiét bing DCM (2 x 75mL). Lam khd 16p hitu co trén
Na,SO,, loc va lam bay boi d thu dugc phin cin mau vang. Tinh ché hop chét thd bang
sic ky trén silic oxit nhanh, gradien rira giai MeOH tir 0 dén 5% trong DCM. Pure
fractions were evaporated to dryness to afford (R)-2-(2-chloro-5-methylpyrimidin-4-yl)-
7-((6-(difluoro methyl)pyridin-2-y1)methyl)-6-methyl-6,7-dihydroimidazo[ 1 ,2-a]pyrazin-
8(5H)-one (Intermediate 94; 280mg, 98 %) as a yellow solid. '"H NMR (400 Mhz,
DMSO, 20°C) & 1,21 (3H, d), 2,64 (3H, d), 4,09 - 4,16 (1H, m), 4,35 (1H, dd), 4,49 -
4,64 (2H, m), 5,22 (1H, d), 6,82 - 7,12 (1H, m), 7,60 - 7,68 (2H, m), 7,95 - 8,05 (1H, m),
8,30 (1H, s), 8,61 (1H, s). m/z (ES+) [M+H][+ 419.

Vidu3®

(R)-7-(3-(diﬂometyl)benzyl)~6-(metoxymetyl)—2-(5—mety1-2—((1-metyl— 1H-
pyrazol-5-yl) amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
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Tao hén dich (R)-2-(2-clo-5-metylpyrimidin-4-yl)-7-(3-(diflometyl)benzyl)-6-
(metoxymetyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chit trung gian 95;
- 288mg, 0,64mmol), 1-metyl-1H-pyrazol-5-amin (68,7mg, 0,71mmol), xesi carbonat
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(419mg, 1,29mmol) va chét tién xtc tdc thé hé thi 3 BrettPhos (29,1mg, 0,03mmol)
trong tert-butanol (6mL) va khir khi trong thoi gian 10 phut. Gia nhiét phan tng 1én 80°C
trong thoi gian 18 gio trong diéu kién khi nito. Sau d6 pha loang phan Ung bing etyl
axetat (75mL) va rira bing natri bicarbonat bdo hoa trong nudc (25mL), lam kho (natri
sulfat) va ¢6 trong chan khong dé tao ra gdbm mau nau. Tinh ché hop chit tho bing HPLC
didu ché (cot Waters XBridge Prep C18 OBD, silic oxit Su, duong kinh 30mM, chiéu dai
100mm), bang cach st dung hdn hop phan cuc gidm cua nude (chira NH; 1%) va MeCN
lam chét rira giai. Lam bay hoi cac phan doan chia hop chAt mong mudn dén kho dé thu
dugc (R)-7-(3 -(diflometyl)benzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-14- -pyrazol-
5-y1)amjno)p}ft‘imidin-4-yl)—6,7-dihydroimidazo[1,2—a]pyrazin—8(5H)-on (vi du 38; 88mg,
26,9%) du6i dang chit rin mau tring. 'H NMR (500 Mhz, DMSO, 30°C) 2,53 (2H, s),
3,19 (1H, d), 3,33 (3H, d), 3,40 (1H, dd), 3,71 (3H, d), 4,03 (1H, q), 4,09 (1H, q), 4,4 -
4,57 (3H, m), 5,17 (1H, d), 6,31 (1H, d), 7,05 (1H, 1), 7,34 (1H, d), 7,5 - 7,56 (2H, m),
7,56 - 7,63 (2H, m), 7,95 (1H, s), 8,33 (1H, s), 9,20 (1H, 5). m/z ES+ [M+H]+ 509.

Hop chét trung gian 95

( R_)-Z—(2-clo-5-1nety1pyrimidin—4-yl)—7-(3-(diﬂometyl)benzyl)-6-(metoxymetyl)—
6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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B6 sung natri hydrua (dich phén tan 60%) (28,6mg, 0,71mmol) vao (R)-2-(2-clo-
5-metylpyrimidin-4-yl)-6-(metoxymetyl)-6,7-dihydroimidazo[ 1 ,2-a]pyrazin-8(5H)-on
(hop chét trung gian 61; 200mg, 0,65mmol) trong DMF (15mL) trong diéu kién khi nito.
Khuéy hén dich thu duge & nhiét d6 20°C trong thoi gian 30 phut. Bé sung 1-(clometyl)-
3-(diflometyl)benzen (126mg, 0,71mmol) sau do la tetrabutylamoni iodua (24,01mg,
0,06mmol) va khudy dung dich thu dugc ¢ nhiét do 20°C trong thoi gian 18 gi0. Pha
lodng n6 bang amoni clorua bdo hoa trong nuéc (30mL) va chiét bing etyl axetat (2 x
70mL.). Lam kho cac chét hitu co két hop (natri sulfat) va c6 trong chan khong dé tao ra
(R)-2-(2-clo-5-metylpyrimidin—4—yl)-7—(3-(diﬂometyl)benzyl)—6-(metoxymetyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on (hop chét trung gian 95; 321mg, >100%) dudi
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dang gobm ma dugc sir dung trong budc tiép theo ma khong cAn tinh ché thém. "H NMR
(400 Mhz, DMSO, 30°C) 2,64 (3H, s), 3,17 3H, s), 3,40 (2H, dd), 3,99 - 4,11 (1H, m),
4,4 - 4,59 (3H, m), 5,15 (1H, d), 7,03 (1H, 1), 7,5 - 7,53 (2H, m), 7,59 (1H, d), 7,96 (1H,
s), 8,25 (1H, s), 8,59 (1H, s). m/z ES+ [M+H]+ 448.

Vidu 39

(R)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 14 _pyrazol-5-yl)amino)pyrimidin-4-
y1)-7-((6-(triflometyl)pyridin-2-yl)metyl)- 6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on

Tao hdn dich (R)-2—(2—clo-5-metylpyrimidin—4-yl)-6-(metoxymetyl)—7-((6—
(triﬂometyl)pyridin—2-y1)mety1)—6,7-dihydroi.midazo[1,2-a]pyrazin—8(5H)—on (hop chét
trung gian 96; 201mg, 0,43mmol), 1-metyl-1H-pyrazol-5-amin (46,0mg, 0,47mmol), xesi
carbonat (281mg, 0,86mmol) va chét tién xuc tac thé hé thir 3 BrettPhos (19,51mg,
0,02mmol) trong fert-butanol (5mL) va kht khi trong thoi gian 10 phut. Gia nhi€t phan
tmg 1én 80°C trong thoi gian 18 gio trong diéu kién khi nito. Sau d6 pha loang phéan ng
bang etyl axetat (75mL) va rira bang natri bicarbonat bao hoa trong nudc (25mL), 1am
kho (natri sulfat) va cd trong chan khong dé tao ra gom mau nau. Tinh ché hop chit thd
bang HPLC didu ché (cot Waters XBridge Prep C18 OBD, silic oxit Sy, duong kinh
30mM, chiéu dai 100mm), bang cach st dung hdn hop phan cuc gidm cla nude (chira
NH; 1%) va MeCN lam chét rira gidi. Lam bay hoi cac phéan doan chira hop chit mong
mubn dén kho dé thu dugc (R)-6—(metoxymetyl)-2-(5-metyl-2—((l—metyl-1H—pyrazol—5-
yl) amino)pyrimidin—4-yl)—7—((6—(triﬂometyl)pyridin—2—y1)mety1)-6,7-dihydroimidazo[ 1,2-
alpyrazin-8(5H)-on (vi du 39; 68mg, 29,9%) dudi dang chét ran. 'H NMR (500 Mhz,
DMSO, 30°C) 3,18 (1H, d), 3,20 (3H, d), 3,32 (3H, s), 3,39 (1H, dd), 3,54 (1H, dd), 3,71
(3H, d), 4,51 - 4,63 (2H, m), 4,66 (1H, d), 5,24 (1H, d), 6,31 (1H, d), 7,34 (1H, dd), 7,78
(1H, d), 7,83 (1H, d), 7,98 (1H, s), 8,09 (1H, 1), 8,33 (1H, s), 9,20 (1H, s). m/z ES+
[M+H]+ 528.

Hop chit trung gian 96
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(R)—2—(2-clo-5-metylpyr'1midin—4-yl)-6-(metoxymetyl)-7—((6-(triﬂometyl)pyridin—
2-yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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B6 sung natri hydrua (dich phén tdn 60%) (19,16mg, 0,48mmol) vao (R)-2-(2-clo-
5-metylpyrimidin—4—yl)-6—(metoxymety1)—6,7—dihydr0imidazo[ 1,2-a]pyrazin-8(5H)-on
(hop chit trung gian 61; 134mg, 0,44mmol) trong DMF (10mL) trong diéu kién khi nito. .
Khudy hdn dich thu duge & nhiét do 20°C trong thoi gian 30 phut. B sung 2-
(brommetyl)-6-(triflometyl)pyridin (115mg, 0,48mmol) va ldlﬁéy dung dich thu dugc ¢
nhiét d6 20°C trong thdi gian 18 gio. Lam dumg phan ung bing amoni clorua bdo hoa
trong nude (30mL) va chiét bang etyl axetat (2 x 70mL). Lam kho céac chit hiru co két
hop (natri sulfat) va cd trong chén khong dé tao ra (R)-2-(2-clo-5-metylpyrimidin-4-yl)-
6-(met0xymety1)-7—((6-(tﬁﬂometyi)pyridin--Z-yl)metyl)-6,7-dihydroimidazo[1 ,2-
alpyrazin-8(5H)-on (hop chét trung gian 96; 203mg, 100%) dudi dang gom. '"H NMR
(400 Mhz, DMSO, 30°C) 2,63 (3H, s); 3,20 (3H, s), 3,37 - 3,42 (1H, m), 3,54 (1H, dd),
4,20 (1H, dt), 4,56 (2H, d), 4,67 (1H, d), 5,23 (1H, d), 7,80 (2H, dd), 8,09 (14, t), 8,29
(1H, s), 8,59 (1H, d). m/z ES+ [M+H]+ 467.

Vidu40

(R)—7-(3,S—diﬂobenzyl)—6-(metoxymetyl)—Z-(S—metyl-?_-((1-‘nety1— 1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazof 1 ,2-a]pyrazin-8§(5H)-on
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Tao hdn  dich (R)-2—(2—clo—5-mety1pyrimidin—4—y1)—7—(3,5-diﬂobenzy1)—6-
(metoxymetyl)-6,7-dihydroimidazo[1,2-a]pyrazin—8(5H)-on (hop chit trung gian 97;
280mg, 0,65mmol), 1-metyl-1H-pyrazol-5-amin (68,9mg, 0,71mmol), xesi carbonat
(421mg, 1,29mmol) va chit tién xtc téc thé hé thi 3 BrettPhos (29,3mg, 0,03mmol)
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trong tert-butanol (6mL) va khir khi trong thoi gian 10 phit. Gia nhiét phan tng lén 80°C
trong thoi gian 18 gio trong didu kién khi nito. Pha lodng hdn hop phan tmg bing etyl
axetat (75mL) va rira bing natri bicarbonat bdo hoa trong nue (25mL), 1am khé (natri
sulfat) va c6 trong chin khong dé tao ra gom mau nau. Tinh ché hop chét tho bing HPLC
didu ché (cot Waters XBridge Prep C18 OBD, silic oxit 5p, dudng kinh 30mM, chiéu dai
100mm), bing céach st dung hdn hop phén cuc giém cta nudce (chra NH; 1%) va MeCN
1am chét rira giai. Lam bay hoi cac phan doan chira hop cht mong mudn dén kho dé thu
duogc (R)-7-(3,5-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on (vi du 40; 80mg,
25,1%) du6i dang chit rin mau tring nhat. "H NMR (500 Mhz, DMSO, 30°C) 2,52 (3H,
s), 3,19 (1H, s), 3,19 (3H, s), 3,35 (1H, dd), 3,43 (1H, dd), 3,71 (3H, s), 4,43 (1H, d), 4,48
- 4,57 (2H, m), 5,12 (1H, d), 6,30 (1H, d), 7,15 (3H, td), 7,34 (1H, d), 7,94 (1H, s), 8,32
(1H, 5), 9,18 (1H, s). m/z ES+ [M+H]+ 495. |

Hop chét trung gian 97 dugc tao ra theo phuong thic twong ty véi Hop chét trung
gian 96, bang cach sir dung Hop chét trung gian 61 va 1-(brommetyl)-3,5-diflobenzen.

Hop chit trung gian 97

(R)-2-(2-clo-5-metylpyrimidin-4-y1)-7-(3,5-diflobenzyl)-6-(metoxymetyl)-6,7-
dihydroimidazo[1,2-a]pyrazin-8(5H)-on

t;“““f 2

Cl

'H NMR (400 Mhz, DMSO, 30°C) 2,64 (3H, s), 3,18 (3H, s), 3,44 (2H, dd), 4,08
(1H, dd), 4,4 - 4,59 (3H, m), 5,10 (1H, d), 7,13 (3H, dt), 8,25 (1H, s), 8,56 - 8,62 (1H, m).
m/z ES+ [M+H]+ 434.

Vidu4l

(R)-7-(3-metoxybenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
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Tao hdén dich (R)—2-(2-clo-5-mety1pyrimidin—4-yl)-7-(3-metoxybenzyl)—6—
(metoxymetyl)—6,7—dihydroimidazo[1,2-a]pyrazin—8(5H)-on (hop chit trung gian 98;
164mg, 0,38mmol), 1-metyl-1H-pyrazol-5-amin (40,9mg, 0,42mmol), xesi carbonat
(250mg, 0,77mmol) va chét tién xtc téc thé hé thir 3 BrettPhos (17,37mg, 0,02mmol)
trong fert-butanol (5SmL) va khir khi trong thoi gian 10 phut. Gia nhiét phan tng 1é€n 80°C
trong thoi gian 18 gio trong diéu kién khi nito. Pha lo2ng phan Ung bang etyl axetat
(75mL) va rtra bang natri bicarbonat bdo hoa trong nudc (25mL), 1am kho (natri sulfat)
va ¢d trong chan khong dé tao ra gdm mau niu. Tinh ché hop chét tho bing HPLC diéu
ché (cot Waters XBridge Prep C18 OBD, silic oxit 5p, duong kinh 30mM, chiéu dai
100mm), bang cach st dung hdn hop phén cuc giam ciia nudce (chira NH; 1%) va MeCN
1am chét rira giai. Lam bay hoi cac phan doan chira hop chit mong muén dén kho dé thu
duoc  (R)-7-(3 _metoxybenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1 -metyl-1H-pyrazol-5-
yl)amino)pyrimidin—4--yl)-6,7-dihydroimidazo[1,2-a]pyrazin—8(5H)-on (vi du 41; 58,0mg,
31%) dui dang chat rin mau tring nhat. "H NMR (500 Mhz, DMSO, 30°C) 2,53 (3H, s),
3,18 (3H, d), 3,19 (1H, d), 3,38 (1H, dd), 3,70 (3H, s), 3,76 (3H, s), 3,95 - 4,02 (1H, m),
433 - 4,43 (2H, m), 4,49 - 4,55 (1H, m), 5,12 (1H, d), 6,30 (1H, d)', 6,88 (1H, dd), 6,98
(2H, 5), 7,27 - 7,31 (1H, m), 7,34 (1H, d), 7,93 (1H, s), 8,29 - 8,36 (1H, m), 9,18 (1H, s).
m/z BES+ [M+H]+ 489.

Hop chit trung gian 98 dugc tao ra theo phuong thirc twrong tu v6i Hop chét trung
gian 96, bang cach st dung Hop chét trung gian 61 va 1-(brommetyl)-3-metoxybenzen.

Hop chét trung gian 98

(R)-2—(2—clo-5—mety1pyrimidin—4—yl)-7—(3-metoxybenzyl)—6-(metoxymety1)-6,7 -
dihydroimidazo[1,2-a]pyrazin-8(5H)-on

-195-



gspes

'H NMR (400 Mhz, DMSO, 30°C) 2,64 (3H, s), 3,17 (3H, 5), 3,37 - 3,42 (2H, m),
376 (3H, s), 3,98 (1H, s), 4,33 - 4,45 (2H, m), 4,49 (1H, d), 5,04 - 5,19 (1H, m), 6,88
(1H, d), 6,97 (2H, d), 7,29 (1H, 1), 8,24 (1H, 5), 8,60 (1H, 5). m/z ES+ [M+H]+ 428.
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1.Hop chét c6 cong thire (I) hodc san pham cong hop dugc dung clia nd

Rs
-0
R1)\/ N/ N=<
NH
—\_
N

@
trong do:
R'12 hydro, Cy_; alkyl hodc -CH,OMe;

R? 13 pyridinyl, tuy ¥ dugc thé & 1 nguyén tir cacbon trén vong bang phéan tir thé
doc 1ap duge chon tir nhém bao gf‘)m C;.; alkyl, diflometyl va triflometyl; hodc

R? 13 pyrimidinyl, tiy ¥ duoc thé & 1 nguyén tr cacbon trén vong bang phan tir thé
doc lap duge chon tir nhém bao gdm C,; alkyl, diflometyl va triflometyl; hodc

R? 13 phenyl tiy ¥ dugc thé & 1 hodc 2 nguyén tir cacbon trén vong béng phan tir
thé doc 1ap dugce chon tir nhom bao gém halo, diflometyl, triflometyl, metoxy va -
OCHF,; va |

R 12 hydro, C,.; alkyl hodc clo.

2. Hop chét c6 cong thirc (I) hodc san phim cong hop dugc dung cua nd, theo diém 1,

trong do:
R!1a hydro, metyl hodc -CH,OMe;

R? 13 pyridinyl, thy ¥ dugc thé & 1 nguyén tir cacbon trén vong bing phan tir thé

ddc 1ap duge chon tir nhém bao gém metyl, diflometyl va triflometyl; hodc

R? 13 pyrimidinyl, thy ¥ dugc thé & 1 nguyén tr cacbon trén vong bing phén tir thé
p

ddc 1ap duge chon tir nhém bao gbm metyl, diflometyl va triflometyl; hodc
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R? 1a phenyl tuy y dugc thé & 1 hodc 2 nguyén tr cacbon trén vong bang phan tir
thé doc lap dugce chon tir nhém bao g@)m flo, clo, diflometyl, triflometyl, metoxy va -

OCHF»; va
R?3 13 hydro, metyl hodc clo.

3. Hop chit co cong thic (I) hodc san phém cong hop dugc dung ctla no, theo diém 1

hodc diém 2, trong do:
R!1a hydro, metyl hodc -CH20Me;

R? 1a pyridinyl, tuy y dugc thé & 1 nguyén tr cacbon trén vong bing phan tir thé

ddc 1ap dugce chon tir nhom bao g61n metyl, diflometyl va triflometyl; hodc

R? 1a pyrimidinyl, tuy y dugc thé & 1 nguyén ti cacbon trén vong bang triflometyl;

hodc

R? 14 phenyl tuy y dugc thé & 1 hodc 2 nguyén tir cacbon trén vong bang phan ti

thé doc 14p dugc chon tir nhém bao g61n flo, clo, diflometyl va metoxy; va

R3 14 hydro, metyl hodc clo.
4. Hop chét theo diém bat ky trong sé cac diém tir 1 dén 3, hodc san pham cong hop duoc
dung ctia né, trong do R* 1a 6-(diflometyl)pyridin-2-yl, 3-clophenyl, 3,4-diflophenyl hodc
3,5-diflophenyl.
5. Hop chét theo diém bat ky trong s6 cac diém tur 1 dén 4, hodc san phém cdng hop dugc
dung cta né, trong d6 R? 1a 6-(diflometyl)pyridin-2-yl.
6. Hop chét theo diém bét ky trong s6 cac diém tir 1 dén 4, hodc san phém cong hgp duoc
dung ctia n6, trong d6 R? 1a 3-clophenyl.
7. Hop chit theo diém bit ky trong s& cac diém tir 1 dén 4, hodc san phdm cong hop dugc
dung cta no, trong d6 R? 1a 3,4-diflophenyl.
8. Hop chit theo diém bit ky trong s cac diém tir 1 dén 4, hodc san phdm cong hop dugc
dung ctia né, trong d6 R? 1a 3,5-diflophenyl.
9. Hop chét theo diém 1, hodc san phém cong hop dugc cia ching, trong dé hop chét nay

1a hop chét bt ky trong s6 cac hop chét sau:
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2-(2-((1-metyl-1H-pyrazol-5-yl) amino)pyrimidin-4-yl)-7-((6-metylpyridin-2-
yl)metyl)-6,7-dihydroimidazo[1,2-a]pyrazin- 8(5H)-on

(S)-7-(3-clobenzyl)-6-metyl-2-(2-((1-metyl-1 4 -pyrazol-5-yl)amino)pyrimidin-4-
yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on

(S)-7-(3-clo-4-flobenzyl)-6-metyl-2-(2-((1 -metyl-1H-pyrazol-5-
yl)amino)pyrimidin—4-yl)-6,7—dihydroimidazo[1 ,2-a]pyrazin-8(5H)-on

(S)-7-(3 ,4-diflobenzyl)-6-metyl-2-(2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-
4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on

2-(5-metyl-2-((1-metyl-1H-pyrazol-5-yl) amino)pyrimidin-4-y1)-7-((6-
(triﬂometyl)pyridin-Z-yl)metyl)-6,7—dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on

(S)-2-(5-clo-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-y1)-7-(3,4-
diflobenzyl)-6-metyl-6,7-dihydroimidazo[1,2-a]pyrazin-8 (5H)-on

(S)-2-(5-clo-2-({1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-y1)-7-(3-
metoxybenzyl)-6-metyl-6,7-dihydroimidazo[ 1 ,2-a]pyrazin-8(5H)-on

(.S)—2-(5-c10-2-((1-mety1—lH-pyrazol-5-yl)amino)pyrimidin—4-yl)-6-mety1—7 -((2-
(triflometyl)pyrimi din-4-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin- 8(5H)-on

(S)-2-(5-clo-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-y1)-7-((6-
(diﬂometyl)pyridin—2—y1)mety1)-6-mety1—6,7—dihydroimidazo [1,2-a]pyrazin-8(5H)-on

(S)-2-(5-clo-2-((1-metyl- 1H—pyrazol-5-yl)amino)pyrimidin-4—yl)—6—mety1—7—((6-
(tﬁﬂometyl)pyridin—2-yl)metyl)—6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on

(S)-2-(5-clo-2-((1-metyl- lH—pyrazol-5-yl)amino)pyrimidin—4-yl)—6—mety1—7—((6—
metylpyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1 ,2-a]pyrazin-8(5H)-on

7-(3—clo-4-ﬂobenzy1)-2-(5—mety1—2-((l-metyl-lH-pyrazol-5-y1)amino)pyrimidin—4-
y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on

7-(3-clobenzyl)-2-(5-metyl-2-((1-metyl- 1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-
6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on

7-(3-(diflometyl)benzyl)-2-(5-metyl-2-((1-metyl-15- -pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1 ,2-a]pyrazin-8(5H)-on
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7-((6-(diflometyl)pyridin-2-yl)metyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
(R)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-
metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1 ,2-a]pyrazin-8(5H)-
on
(R)-7-(3-clobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
(R)-7-(3 ,4-diﬂobénzyl)-6-(metoxymetyl)-2—(5-mety1—2—((1 -metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
(S)-7-(3~clobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
(S)-7-(3 4-diflobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
(S)-7-(3-(diflometyl)benzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
(S)-7-(3,5-diflobenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
(S)-7-(3-metoxybenzyl)-6-metyl-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
(S)-7-(4-flo-3-metoxybenzyl)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on |
(S)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-metyl-2-(5-metyl-2-((1-metyl-14-
pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1 ,2-a]pyrazin-8(5H)-on
(S)-6-metyl-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((2-
(triflometyl)pyrimidin-4-yl)metyl)-6,7-dihydroimidazo[ 1,2-aJpyrazin-8(5H)-on
(S)-6-metyl-2-(5-metyl-2-((1-metyl-1H-pyrazol- 5-yl)amino)pyrimidin-4-yl)-7-((6-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
(S)-7-(3-(diflometoxy)benzyl)-6-metyl-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
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(S)-6-metyl-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((4-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
(S)-6-metyl-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-y1)-7-((2-
(triﬂometyl)pyridin—4-y1)metyl)-6,7-dihydr0imidazo[ 1,2-a]pyrazin-8(5H)-on
(S)-7-((4-(diflometyl)pyridin-2-yl)metyl)-6-metyl-2-(5-metyl-2-((1-metyl-14-
pyrazol-5-yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1 ,2-a]pyrazin-8(5H)-on
(S)-6-metyl-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-yl)-7-((6-
(triflometyl)pyrimidin-4-yl)metyl)-6,7-dihydroimidazo[1,2-a}pyrazin-8(54)-on
7-(3,4-diflobenzyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-yl)amino)pyrimidin-4-
y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on
san phdm cong hop axit adipic (R)-7-(3 ,A-diflobenzyl)-6-(metoxymetyl)-2-(5-
metyl-2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-
a]pyrazin-8(5H)-on, dang 1
san phdm cdng hop axit etansulfonic caa (S)-7-(3 ,A-diflobenzyl)-6-(metoxymetyl)-
2-(5-metyl-2-((1-metyl-1H-pyrazol-53-yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-
a]pyrazin-§(5H)-on
(R)-6-metyl-2-(5-metyl-2-((1-metyl- L H-pyrazol-5-yl)amino)pyrimidin-4-y1)-7-((6-
(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-cn
(R)-7-((6-(diflometyl)pyridin-2-yl)metyl)-6-metyl-2-(5-metyl-2-((1-metyl-1/4-
pyrazol-5-yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1 ,2-a|pyrazin-8(5H)-on
(R)-7-(3-(diflometyl)benzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-14-
pyrazdl-5—yl)amino)pyrimidin—4-y1)—6,7—dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
(R)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-
y1)-7-((6-(triflometyl)pyridin-2-yl)metyl)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8 (5H)-on
(R)-7-(3,5-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
(R)-7-(3-metoxybenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-metyl-1H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1,2-a]pyrazin-8(5H)-on
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10. Hop chét theo diém 1, ho#c san phém cong hop duoc dung cua no, trong do hop chét
nay la:
(S)-7-(3-clobenzyl)-6-metyl-2-(2-((1-metyl- 1 H-pyrazol-5-yl)amino)pyrimidin-4-
y1)-6,7-dihydroimidazo[1,2-a]pyrazin-8(5H)-on;
(S)-7-((6-(diﬂometyl)pyridin—Z-yl)metyl)—6-mety1-2—(5—metyl—2-(( 1-metyl-1H-
pyrazol-S-yl)amino)pyrimidin—4-yl)-6,7-dihydroimidazo[1,2-a]pyrazin—8(5H)-on;
(R)-7—(3,4~diﬂobenzy1)-6-(metoxymety1)—2-(5—mety1—2-((1-metyl-lH-pyrazol—S-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1 ,2-a]pyrazin-8(5H)-on; hodc
(9-7-33 ,5-diflobenzyl)-6-mety}-2-(5-metyl-2-((1-metyl- 1 H-pyrazol-5-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1 ,2-a]pyrazin-8(5H)-on.
11. Hop chét theo diém 1, hodc san phém cdng hop dugc dung cta nd, trong d6 hop chét
nay la (R)-7-(3,4-diﬂobenzy].)—6-(metoxymety})—Z-(S-metyl-2—((1—metyl—lH—pyrazol—S-
yl)amino)pyrimidin-4-y1)-6,7-dihydroimidazo[ 1 ,2-a]pyrazin-8(5H)-on.
12. San pham cong hop duge dung cta hop chit c6 cong thirc (T) theo diém 1, 12 san
pham cong hop axit etansulfonic (R)-7-(3 4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-
((1-metyl-1H-pyrazol-5-yl) amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1,2-a] pyrazin-
8(5H)-on.
13. San pham cong hop axit etansulfonic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-
metyl-2-((1-metyl-1H-pyrazol-5-yl) amino)pyrimidin-4-y1)-6,7-dihydroimidazo[1,2-
a]pyrazin-8(5H)-on theo diém 12 & dang tinh thé.
14. San pham cdng hop dugc dung cla hop chét c6 cong thuc (I) theo diém 1, ma 12 san
phim cong hop axit adipic (R)-7-(3 4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-2-((1-
metyl-1H-pyrazol-5 -yl)amino)pyrimidin-4-yl)-6,7-dihydroimidazo[ 1 ,2-a]pyrazin-8(5H)-
on.
15. San pham cong hop axit adipic (R)-7-(3,4-diflobenzyl)-6-(metoxymetyl)-2-(5-metyl-
2-((1-metyl- IH-pyrazol-5-yl)amino)pyrimidin—4-yl)—6,7-dihydroimidazo[1 ,2-a]pyrazin-
8(5H)-on theo diém 14 & dang tinh thé.
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16. Dugc phim chira hop chit c6 cong thire (I) hodc san phdm cong hop duge dung cua
noé, theo diém bat ky trong sb cac diém tir 1 dén 15, va chét pha loang hodc chit mang
dugc dung.

17. Dugc pham két hop thich hop dé st dung trong diéu tri bénh ung thu chia hop chét
¢ cong thire (I) hodc san phim cong hop dugc dung ctia no, theo diém bét ky trong 50

céc diém tir 1 dén 15, va duge chit khang khdi u khac.
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nho (\SCLC) daot bién KRAS bane; vidy 18 Két hop voi selumetmlb (ARRY-142886).
MO hinh cong tinh Loewe dwge tir qwdng cong dap wng liéu legng don liéu phap.

Fig.7
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Vidu 18 [uM]

Sy e ché sinh trudmg té bao & dong té bao A549 ung thu phéi té bao
khong nhd (NSCLC) dot bién KRAS bing vi du 18 Kkét hop véi selumetinib
(ARRY-142886). Ban do nhigt du (higp dbng) tinh duge bing cich trir md

hinh dit liéu cdng tinh Loewe tir dit liéu duge higu chinh.

Fig.8
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Vidu 18 [pM]
Sy e ché sinh trudéng _té bao & dong té bao H2122 ung thw phéi té bao
khéong nhé (NSCLC) dot bién KRAS bing vi du 18 két hop véi selumetinib

(ARRY-142886). Ma trin lidu lwong thé hign gia tri {rc ché sinh truéng theo i
1 phéan trim dugc 14y tir dudng cong dap g liéu lugng duge hiéu chinh.

Fig.9
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Vidy 18 [pM]

Sw e ché sinh truéng té bio & dong t& bao H2122 ung thu phdi té bao
Khong nhé (NSCLC) ddt bién KRAS biing vi du 18 két hop v6i selumetinib
(ARRY-142886). M hinh chng tinh Loewe dugc tir dwdng cong dap ung liéu
lwrgng don li¢u phap.

Fig.10
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Vidy 18 [UM]
Sy ue ché sinh truéng té bao & dong té bao H21 22 ung thu phdi té bao
khong nhé (NSCLC) dot bién KRAS bang vidy 18 két hop voi selumetinib

(ARRY-142886). Ban db nhiét du (hiép dong) tinh dugc biing cich trir md
hinh dir liéu cOng tinh Loewe tir dir liu dwgc hiéu chinh.

Fig.11
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vidy 18 [M]

Sy e ché sinh truong té bae & dong té bao H2009 ung thw phéi té bao
khong nhé (NSCLC) dot bien KRAS i)ana vi du 18 Kkét hop voi selumetinib
(ARRX -142886). Ma trin lidu lwgng thé hién gid trj tre ché sinh truéng theo ti
g phan tram duoc l‘w tir dwdng cong dap Ung lidu lwong dugce hi¢u chinh.

Fig.12
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Vi duy 18 [BM]

Sy irc ché sinh truéng té bio & dong t& bio H2009 ung thw phdi té bao
khong nhé (NSCLC) dot bien KRAS bing vi du 18 két hop voi selumetinib
(ARRY-142886). Ma tran lidu lwgng thé hién gid tri rc ché sinh trudng theo ti

5

1¢ phan trim duge 13y tir dudng cong dap wng lieu hreng dwoc hi¢u chinh.

Fig.13
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Vidy 18 [UM]
Sy e ché sinh truéng té bao & dong té biao H2009 ung thw phéi té bao
khong nho (NSCLC) dot bién KRAS bing vi dy 18 két hop voi selumetmib

(ARRY-142886). ] M5 hinh cdng tinh Loewe dwgc tir dudng cong dip ¥ng lidu
lwong don ligu phap.

Fig.14
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Vidy 18 [WM]

Sy e ché sinh trudng té bio & dong té bao Calu6 ung thuw 'phéi té bao
khdng nhd (NSCLC) dot bién IKRAS bang vi du 18 két hop v6i selumetinib
(ARRY-142886). Ma trin liéu lugng thé hign gid tri @c ché sinh trudng theo ti

r .

1¢ phén trim duwgc lay tir dudng cong déap tng liu lwgng duge higu chinh.

Fig.135
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Sy e ché sinh truéng té bao ¢ dong té bao Calu6 ung thu phdi té bao
khong nhé (NSCLC) dot bién KRAS bing vi du 18 két hop v6i selumetinib
(ARRY-142886). M5 hinh cfng tinh Loewe dugc tir dwdng cong dip ang lidu
lwong don liéu phap.

Fig.16
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Vi dy 18 [EM]

Sy te ché sinh truéng té bao ¢ dong té bao Calu6 ung thu phoi té bao
khéong nhé (NSCLC) dot bien KRAS bang vi du 18 két hop véi selumetinib
(ARRY-142886). Béin do nhiét du (hiép dong) tinh dwge bing cach trir mo

hinh dit liéu cdng tinh Loewe tir div liéu dwgc hi¢u chinh.

Fig.17
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