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LINH VUC KY THUAT PUQC BE CAP

Séng ché @& xudt hop chét la chit e ché enzym PDEL va st dung ching lam thude,
cu thé 1a dé didu tri r6i loan thodi héa thin kinh va rdi loan tim than. Sang ché con dd
xult duge phdm chira céc hop chét theo sang ché va cac phwong phép didu tri cac réi

loan bang céch st dung céc hop chit theo sdng ché.

TINH TRANG KY THUAT CUA SANG CHE

Trong toan bd don niy cé vién ddn ddy dt dén céc tai liéu cong bd khdc nhau. Viée
B¢ 16 céc tai liéu cong bd trong don ndy-bing cch vidn din nhim mé 2 ddy do hon
tinh trang k¢ thudt cta sang ché.

Nucleotit vong (cN) théng tin th®t hai, adenosin monophosphat vong (cAMP) va
guanosin monophosphat vbng (cGMP) ddéng vai trd chinh trong tAng truyén tin higu
ndi bao , bing cach diéu hoa protein kinaza phu thude oN (PKA va PKG), EPAC
(Protein Trao d6i Pugc hoat hda bang cAMP), phosphoprotein phosphataza, va/hoic
kénh cation qua cira ¢N. Trong noron, diéu ndy bao gdm sy hoat hoa cia kinaza phu
thudc cAMP va cGMP va sau d6 la sw phosphoryl héa protein tham gia vao sy didu
hoa clp tinh cta sy truydn qua synap cling nhu 1a tham gia vao subiét hoa va tdn tai
clia noron. N(‘Sng d6 ndi bao ctia cAMP va cGMP duge diéu hoa nghiém ngit bai tde
d6 sinh tdng hop bing xyclaza va bdi tbe @6 thoai hda bing phosphodiesteraza (PDE,
EC 3.1.4.17). PDE 14 hydrolaza ludng kim lam bit hoat cAMP/cGMP bing cach thuay
phén xtc tac dbi véi lign két este 37, tao thanh monophosphat 5’ bat hoat. Vi PDE tao
* ra phuong thitc duy nhét dé lam thodi héa cc nucleotit vong cAMP va cGMP trong té
bao, PDE déng vai trod thiét yéu trong viée truyén tin hidu nucleotit vong. Hoat tinh
xtic téc ctia PDE tao ra sy hong héc céc cN trén phé cla cac néng do cN trong tht ca té
bao, va co ché diéu chinh bién dbi ciia chiing tao ra su tich thop va giao tiép chéo vfri
v6 sb con dudng truyén tin hiu. Cic PDE cu thé duoc nhim dén dé lam roi rac cac

ngin bén trong t€ bao ma chung ki€ém soat ham lugng cN va khéc tao mdi trudng vi
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md dbi véi nhiéu signalosome ¢N (Sharron H. Francis, Mitsi A, Blount, va Jackie D.
Corbin. Physiol Rev 2011, 91: 651 690).

Trén co s& dic trung chét nén, cac ho PDE c6 thé dugc chia thanh ba nhém: 1) PDE
déc hiéu cAMP, ma bao gém PDE4, PDE7, va PDES, 2) enzym chon lgc cGMP PDES
va PDE9, va 3) PDE chit nén kép, PDE1, PDE2, PDE3, ciing nhu 1a PDE10 va
PDE11.

Tén trudc ddy 1a PDE kich thich calmodulin (CaM-PDE), PDEI1 1a duy nhét ma trong
d6 né duge didu bién phu thude Ca®* qua calmodulin (CaM, 16 kDa protein gén Ca?")
két hop vai bbn Ca?* (tham khao, Sharron H. Francis, Mitsi A. Blount, va Jackie D.
Corbin. Physiol Rev 2011, 91: 651 690), Do d6, PDE1 thé hién lién két diéu chinh ¢6
loi gifta nucleotit vong va Ca*'ndi bao. Ho PDE1 dugc mé héa bdi ba gen: PDEIA
(duoc 14p ban dd trén nhidm séc thd ngudi 2q32), PDEIB (vi tri trén nhiém sic thé
ngudi, hel: 12q13) va PDELC (hel: 7p14.3). Ching ¢ céc viung khdi dong thay thé va
Jam tiing tAp hop protein bing céch ndi thay thé ma khac biét & thudc tinh didu hoa, &
luc chét nén, hoat tinh dic hiéu, hﬁng s6 hoat hoa d6i voi CaM, su phin bb mo va khédi
luong phan 1t cia ching. Hon 10 dong phén & ngudi duge xéc dinh. Khéi lugng phan
tir clia ching thay dbi tir 58 dén 86 kDa ddi v6i m&i monome. Ving diéu chinh du
tin cing N ma chda hai ving lién két Ca**/CaM va hai vi tri phosphorylation kbac
protein twong ng cla ching va didu chinh céc chic nang sinh héa cia ching. PDE1
13 PDE nén kép va kidu phu PDEIC co hoat tinh twong duong dbi v6i cAMP va
¢cGMP (Km = 1-3 uM), trong khi dé kidu phu PDE1A va PDEIB c6 wu tién d6i v6i
¢cGMP (Km déi véi cGMP =~ 1-3 pM va dbi véi cAMP = 10-30 uM).

Kiéu phu PDEI dugc lam giau & mitc dd cao trong ndo va dic biét 1a & trong thé van
(PDE1B), ving hai m3 (PDE1A) va vo nio (PDELA) va sy dinh vi nay dugc bao toan
gifta cac loai (Amy Bernard va cdng sy Neuron 2012, 73, 1083 1099). Trong vo nio,
PDEIA cht yéu c¢6 mit & cic 16p vd ndio séu 5 va 6 (cac 16p ddu ra), va duge ding
lam yéu té danh ddu dic trung d6i voi céc 16p vo ndo sdu. Chit Ge ché PDEL 1am ting
cudng ham luong ctia ¢N thong tin thtt hai din dén tinh d& bi kich thich cia noron

duogc ting cudng.
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Do d6, PDE1 1a dich chita bénh cho viéc didu chinh céc con dudng truyén tin hi¢u ndi
bao, 6t hon 1a trong hé than kinh va cac chit e ché PDEI c6 thé ting cudng cac mirc
ctia céc phén ti truyén tin thi hai cAMP/cGMP dén dén sy diéu bién clia cac qué trinh
noron va biéu hién gen lién quan dén tinh déo noron, yéu t6 dinh dudng than kinh, va
phén tir bao vé thin kinh. Céc thudc tinh ting cudng d6 mém déo ctia noron cling véi
su didu chinh dbi véi sy truyén qua synap Jam cho chét &c ché PDE] 1a tng vién t6t
dé 1a chit trj ligu trong nhidu tinh trang bgnh thin kinh va tim than. Viéc danh gia
chét tc ché PDEI trong m6 hinh ddng vt (dé kiém tra xem vi dy Blokland va céng su
Expert Opinion on Therapeutic Patents (2012), 22(4), 349-354; va Medina, A. E.
Frontiers in Neuropharmacology (2011), 5(Feb.), 21) da dé xuat kha ning cho viée str
dung dé chira bénh ctia céc chit tc ché PDEI trong cic 161 loan thén kinh, nhu vi du
Bénh Alzheimer, Bénh Parkinson va Bénh Huntingtons va rdi loan tAm thin nhu vi du
R&i loan ting dong giam chi y (ADHD), hoi chimg chén khéng yén, trAm cam, lo 4u,
chimg ngu rfi, suy giam nhén thire va suy gidm nhan thirc lién quan dén tAm than phin
liét (CIAS). Ciing ¢6 cdc don sang ché ding ky bao hod céc chét tc ché PDE1 hitu
dung trong céc bénh ma ¢6 thé duoc giam nhe bing cach ting cudng truyén tin hidu
progesteron nhu 161 loan chitc niing tinh dyc nit (vi du WO 2008/070095).

WO 2013/053690 Al boe 16 Imidazopyrazinon ma 13 chit e ché ctia enzym PDES.
Céc hop chét theo sang ché c6 thé tao ra thay thé cho cic diéu tri hién c6 trén thi
trudng d6i voi rbi loan thoai héa than kinh va/hodc rdi loan tim thin, didu tri ma
khong hiéu qua & tht ca céc bénh nhén. Vi vdy, vAn c6 nhu cdu dbi véi phuong phap

didu tri thay thé ctia cac bénh nay.

BAN CHAT KV THUAT CUA SANG CHE

Enzym PDE! dugc biéu hién & H8 Théan kinh Trung wong (CNS), 1am cho ho gen nay
try thanh ngudn hip dn cua céc dich méi dé didu tri cic rdi loan tAm thin va thoai
héa thin kinh,

Muc dich ctia sang ché 13 @& xuét hop chét ma 13 chit &rc ché PDEL, va do do6 hitu

dung @8 didu tri rbi loan thoai hoa than kinh va rdi loan tAm than. Tét hon 13, cic hop
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chét nay lam chét @rc ché PDEL1 it nhit manh hon gip mudi 1an so véi chit wc ché
PDE9 dé phong ngira céc téc ddng khong mong mudn tiém tang lién quan &n viée i

ché PDE9.

Theo d6, séng ché d& cap dén hop chit c6 cong thire (I)

trong dé
nla 0 hodc 1;
q 12 0 hodc 1;

R1 dugc chon tir nhém bao gém benzyl, indanyl, indolin va heteroaryl ¢6 5 canh; tAt
c& trong sb ching c6 thé duoc thé bang nhém thé dugc chon tir nhém bao gbm

halogen va C1-Cs alkyl; hodc

R1 duoc chon tir nhém bao gdm vong don vong bdo hda c6 chia 4-6 nguyén tir
cacbon va 1-2 nguyén tir nito; it ca trong sb ching c6 thd duoc thé mdt hosic nhidu
ldn bing mot hodc nhidu nhém thé duge chon tr nhém bao gbébm metyl, flo va

sulfonamit; hoac

R1 duoc chon tir nhém bao gdm lactam cé chira 4-6 nguyén ti cacbon; tAt c4 trong s6
ching ¢6 thé duoc thé mét hoic nhidu 1An bing mot hodc nhiu nhém thé duge chon
tir nhém bao gdm metyl va flo; hodc

R1 dugc chon tir nhém bao gém ete hai vong nhu, 7-oxabixyclo[2.2.1]heptan; tht ca
trong sd ching ¢6 thé dugc thé mot hodc nhiéu 1An bang mot hodc nhiéu nhém thé
dugce chon tir nhom bao gém metyl va flo; hodc

R1 duge chon tir nhém bao gdm Ci-Cs alkyl mach théng hodc mach nhanh, C3-Cs
xycloalkyl don vong béo hoa, oxetanyl, tetrahydrofuranyl va tetrathydropyranyl; tht ca
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trong sd chung c6 thé duge thé mot hodc nhidu lin b?mg mdt hodc nhidu nhém

théduge chon tir nhém bao gbm metyl, flo, hydroxy, xyano hodc metoxy; hoéc

R1 14 C;-Cs alkyl mach thing ho#ic mach nhanh, dwoc thé bing nhém thé duge chon
tir phenyl va heteroaryl cé 5 canh, trong d6 heteroaryl c6 5 canh nay cé thé duoc thé
bé’mg mdt hodic nhidu Ci-Cs alkyl; hodc

R1 dwgc chon tir nhém bao gdm morpholin, tetrahydrofuran-3-amin, hexahydro-2H-
furo[3,2-b]pyrol va homomorpholin; tit ¢4 trong s& ching c6 thd dwoc thé bang mét
hozc nhidu nhém thé dwoc chon tir nhém bao gdm C1-Cs alkyl;

R2 duoe chon tir nhém bao gdm hydro, Ci-Cs alkyl mach thing hofic mach nhanh,
phenyl, C3;-Cs xycloalkyl don vong bdo hoa, oxetanyl, benzo[d][1,3]dioxolyl,
tetrahydrofuranyl va tetrahydropyranyl; hodc ‘

R2 14 phenyl hodc pyridyl dugc thé bing mot hodc nhidu nhém thé duge chon tir
nhém bao gdm hydroxyl, amino, xyano, halogen, Ci-Cs alkyl, C1-Cs alkoxy, C3-Cs
xycloalkoxy, C3-Cs xycloalkyl-metoxy, C1-Cs floalkoxy, va -NC(O)CHj; hodc

R2 14 heteroaryl ¢6 5 canh ma c6 thé duoc thé mét hoic nhidu 1dn bang C1-Cs alkyl;

R3 dugc chon tir nhém bao gdém hydro, halogen, Ci-Cs alkyl, C3-Cs xycloalkyl va
phenyl; hodc

R3 dugc chon tir nhém bao gém phenyl duogc thé médt hodc nhiéu ldn b%mg Ci-Cs
alkyl; metyl duoc thé mot, hai hodc ba 1an bing flo; etyl duoc thé mét, hai hodc ba 1dn

béng flo;

R4 14 hydro;

va céc chit hd bién va mudi cOng dugce dung cha ching;

véi didu kién 1a R2 va R3 khong thé 14 hydro ciing luc;

v6i didu kién 13, hop chit ¢ cong thire (I) khong phai 1a mét trong ba hop chit sau:
3-metyl-7-(4-(triflometoxy)benzyl)imidazo[1,5-ajpyrazin-8(7H)-on;
7-butyl-3-metylimidazo[1,5-a]pyrazin-8(7H)-on; va

7-(4-metoxybenzyl)-3-metylimidazo[1,5-a]pyrazin-8(7 H)-on.
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Lién quan dén Hop chét I bao gém bazo ty do cia Hop chét I, mudi duoc dung cta
Hop chét I, nhu mudi cong axit ctia Hop chit I, hdn hop raxemic cta Hop chét I, hoic
chit ddng phéan d6i hinh tuong tng va/hodc chit ddng phén quang hoc ctia Hop chét I,
va céc dang da hinh va khéng dinh hinh ctia Hop chét I cing nhu c4c dang hd bién ciia
Hop chit I. Ngoai ra, cac hop chit theo sang ché c6 thé tdn tai & dang khong solvat
héa ciling nhu dang solvat hda vdi cdc dung moi duge dung nhu nude, etanol va tuwong
tu. Nhin chung, cac dang solvat héa duge xem la twong dwong védi dang khong solvat

héa nham thyce hién cac muyc dich cia sang ché.

Theo mdt phuong 4n, sang ché dé cép dén hop chit theo cong thirc (I) dé ding trong
liéu phép chira bénh.

Theo mdt phuong 4n, sang ché dé cp dén hop chét theo cong thirc (I), dé dung trong
didu tri rdi loan thoai héa than kinh, duoc chon tir nhém bao gfim Bénh Alzheimer,
Bénh Parkinson va Bénh Huntington hodc d8 didu tri ri loan tAm thin nhu Rdi loan
ting dong gidm chi ¥ (ADHD), trdm cam, lo Au, chimg ngd rii, suy giam nhan thitc va
suy giam nhén thirc lién quan dén tAm thin phan liét (CIAS), hoic bénh vé& ndo khac

nhu héi chirng chan khong yén.

Theo mdt phuwong 4n, sang ché d& cap dén dugc phim chita hop chit theo cong thirc

(D), va mot hodic nhidu chit mang hoic ta duge duge dung.

Theo mdt phuong 4n, séng ché d& cap dén phuong phap dé didu tri rdi loan thoai hoa
thin kinh, dugc chon tir nhém bao gdm Bénh Alzheimer, Bénh Parkinson va Bénh
Huntington hodic d& didu trj rdi loan tAm thdn nhu R&i loan ting dong gidm chd y
(ADHD), trdm cam, lo 4u, chimg ngd ri, suy gidm nhén thitc va suy giam nhén thirc
lién quan dén tdm thin phan 1iét (CIAS), hodc bénh vé ndo khac nhu héi chimg chén
khong yén, phuong phap ndy bao gdm viéc dung lwong cé hiéu qua chita bénh cla

hop chét theo cong thitc (I) cho bénh nhin cén chiing.

MO TA CHI TIET SANG CHE

CAC PHUONG AN CUA SANG CHE
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Ky hidu sau ddy duoc 4p dung: phwong 4n theo séng ché duoc ky hiéu 14 Ei, trong d6 i
lasé nguyén dé chi sb cua phuong an. Phuong én Ei cu thé héa phuong 4n cu thé ciia
phuong an duge liét ké trude d6 Ei duge xac dinh 1a Ei(Ei), vi du E2(E1) nghia la theo
phuong an E2 cta phuong 4n E1.

Khi mdt phuong 4n 13 két hop cila hai phuong 4n thi ky higu tuong tu Ei (Bi va Ei), vi
du E3(E2 va E1) nghia 1 theo phuong 4n E3 ctia mdt phuong 4n bit ki trong cac
phuong é4n E2 va E1

Khi mdt phuong 4n 14 két hop ctia nhidu hon hai phuong 4n thi ky hiédu twong tu Ei
- (i, Eiva Ei), vi du E4(E1, E2 va E3) nghia 14 theo phuong 4n E4 cia mdt phwong an
bat ky trong cac phuong an E1, E2 vA E3

Theo phuong 4n thirc nhit E1, sang ché dé c4p dén hop chét c6 cong thire (I)

trong d6

nla 0 hodc 1;

q 14 0 hodc 1;

R1 duge chon tir nhém bao gdm benzyl, indanyl, indolin va heteroaryl ¢6 5 canh; tht
c4 trong sb ching c6 thé dwoc thé bing nhém thé dwoc chon tir nhém bao gdm
halogen va C1-Cs alkyl; hodc

R1 duoc chon tir nhém bao gdm vong don vong bdo hoa c6 chira 4-6 nguyén tlr
cacbon va 1-2 nguyén tir nito; tht ca trong sb ching c6 thé duge thé mdt hodc nhidu
14n bing mdt hodc nhiéu nhém thé dugc chon tir nhém bao gbm metyl, flo va

sulfonamit; hodc
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R1 duoc chon tir nhém bao gdm lactam c6 chita 4-6 nguyén tir cacbon; tt ¢ trong s6
ching cé thd duogc thé mot hodc nhidu 14n bing mot hodc nhidu nhém thé duoc chon

tir nhém bao gém metyl va flo; hodc

R1 dugce chon tir nhém bao gém ete hai vong nhu, 7-oxabixyclo[2.2.1]heptan; tat ca
trong sb ching ¢6 thd dugc thé mot hodc nhidu 14n bing mdt hogc nhidu nhém thé

dwoc chon tir nthém bao gdm metyl va flo; hoic

R1 duge chon tir nhém bao gém Ci-Cs alkyl mach thing hodc mach nhanh, C3-Cs
xycloalkyl don vong bdo hoa, oxetanyl, tetrahydrofurany! va tetrathydropyranyl; tit ca
trong s6 ching c6 thd duge thé mdt hoic nhidu 1an bﬁng mot hodic nhidu nhém
théduoe chon tir nhém bao gdm metyl, flo, hydroxy, xyano ho#ic metoxy; hogic

R1 13 C1-C; alkyl mach thing hoic mach nhénh, dugc thé bang nhém thé duoc chon
tlr pheny! va heteroaryl ¢6 5 canh, trong d6 heteroaryl c6 5 canh nay c6 thé duge thé
bang mdt hodc nhidu Ci-Cs alkyl; hodc

R1 dugc chon tir nhém bao gdm morpholin, tetrahydrofuran-3-amin, hexahydro-2H-
furo[3,2-b]pyrol va homomorpholin; tit ca trong s6 ching c6 thé duoc thé bing mot
ho#ic nhidu nhém thé dwoc chon tir nhém bao gf‘)m C1-Cs alkyl;

R2 duoge chon tir nhém bao gdm hydro, Ci-Cs alkyl mach thing hoic mach nhénh,
phenyl, C3-Cg xycloalkyl don vong bdo hoa, oxetanyl, benzo[d][1,3]dioxolyl,
tetrahydrofuranyl va tetrahydropyranyl; hodc

R2 1a phenyl hodc pyridyl dugc thé bang mot hodc nhidu nhém thé dugc chon tir
nhém bao gdm hydroxyl, amino, xyano, halogen, Ci-Cs alkyl, Ci-Cs alkoxy, Cs-Cs
xycloalkoxy, C3-Cs xycloalkyl-metoxy, C1-Cs floalkoxy, va -NC(O)CHs; hodc

R2 12 heteroaryl cé 5 canh ma cé thé dugc thé béng mét hodc nhidu Ci-Ca alkyl;

R3 duoc chon tir nhém bao gdm hydro, halogen, Ci-Cs alkyl, C3-Cs xycloalkyl va
phenyl; hoiic

R3 dugce chon tir nhom bao gé“)m phenyl dugc thé mot hodc nhidu 1in bing Ci-Cs
alkyl; metyl dugc thé mét, hai hogic ba 1in bang flo; etyl duoc thé mot, hai hodc ba lan

bé’mg flo;
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R4 14 hydro;

va céc chit h3 bién va mubi cong duge dung clia ching;

véi didu kién 12 R2 va R3 khong thé 13 hydro ciing Hic;

v6i diéu kién 13, hop chit c6 cong thirc (I) khdng phai 13 mot trong ba hop chit sau:
3-metyl-7-(4-(triflometoxy)benzyl)imidazo[1,5-a]pyrazin-8(7 H)-on;
7-butyl-3-metylimidazo[1,5-a]pyrazin-8(7H)-on; va
7-(4-metoxybenzyl)-3-metylimidazo[1,5-alpyrazin-8(7H)-on.

E2(E1)

n la 0 hodc 1;

q 12 0 hodc 1;

R1 dugc chon tr nhém bao gdm Ci-Cs alkyl mach thing hoic mach nhénh, C3-Cs
xycloalkyl don vong bdo hoa, oxetanyl, tetrahydrofuranyl, va tetrathydropyranyl;

R2 duoc chon tir nhém bao gdm, Ci-Cs alkyl mach thing hoic mach nhénh, phenyl,

va C3-Cg xycloalkyl don vong béo hoa; hodc

R2 duge chon tir nhém bao gdém phenyl duge thé bing mdt hodc nhidu Ian bing mét

hodic nhiéu nhém thé duoc chon tir nhém bao gdm halogen, C1-Cs alkyl va metoxy;
R3 dugc chon tix nhém bao gdm hydro, Ci-Cs alkyl, halogen va benzyl,

R4 14 hydro.

E3(E1 hodc E2) R1 la tetrahydropyranyl.

E4(E1 hoic E2) R1 1a C1-C; alkyl hogc C3-Cs xycloalkyl.

E5(E4) R1 1a propy! hodc xyclopropyl

E6(E1 dén E5) R2 13 phenyl.

E7(E1 dén ES5) R2 dugc thé phenyl, trong d6 mt hodc nhidu nhém thé duge chon tix

nhém bao gdm flo, clo, metyl va metoxy.

E8(E1 dén ES5) R2 14 Cs-Cs xycloalkyl don vong bdo hoa.

-10-
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E9(E1 va E8) R2 1a Cs5-C7 xycloalkyl don vong béo hoa.
E10(E1 dén E5) R2 1a Ci-Cs alkyl.

E11(E1l va E10) R2 1a metyl, etyl ho#c isopropyl
E12(E1 &n E11) R3 la brom

E13(El dén E11) R3 13 metyl

E14(E1 dén E11) R3 dugc chon tir hydro va metyl; va

R2 dugc chon tr nhéom bao gém C1-Cg alkyl mach théng hodc mach nhanh, phenyl,
C3-Cs xycloalkyl don vong bdo hoa, oxetanyl, tetrahydrofuranyl va tetrahydropyranyl;
hoic

R2 1a phenyl hodc pyridyl dugc thé bang mot hosc nhidu nhém thé duge chon tir
nhém bao gém hydroxyl, amino, xyano, halogen, Ci-C3 alkyl, Ci-Cs alkoxy, Ci-C3
floalkoxy, va -NC(O)CHs; hodc

R2 12 heteroaryl ¢6 5 canh ma ¢6 thé dugc thé bing C;-Cs alkyl.

E15(E1 dénEl14)nla 0.

E16(E1 dénEl4)nla 1.

E17(El dén E15)q1a 0.

E18(El dén E15) qla 1.

E19(E1), hop chét ¢ cong thirc (I) duge chon trong s6 céc hop chit dugc liét ké trong
Bang 1, dudi dang bazo tu do, mét hodc nhidu cac chit hd bién cla ching hoic mudi
duge dyng cia ching,

E20(E1 dén E19) hop chét ¢6 gia tri ICso ctia PDE1A, PDEIB hoic PDEIC, dugc xac
dinh nhu duge md ta trong phin "Thir nghiém Gc ché PDE1", cta 10 micro mol hoic
nhd hon, nhu 5 micro mol hodc nhé hon, nha 4 micro mol hodc nhé hon, nhu 3 micro
mol hoic nhé hon, nhu 2 micro mol hodc nhé hon, nhu 1 micro mol hodc nhé hon,

nhu 500 nM ho#c nhd hon, nhue 400 nM hodc nhé hon, nhu 300 nM hodc nhé hon,
nhu 200 nM hodc nhd hon, nhu 100 nM ho#c nho hon.
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E21(E1) hop chit duge chon tir cac hop chét duge 1idt ké trong Bang 1 va mubi duge

dung cua ching.

E22(E1 dén E21) hop chit 14 chit tc ché PDE1 it nhit manh hon 10 14n so véi chét e
ché PDE9, nhu chit Gc ché PDEI1 it nhit manh hon 50 14n so v6i chit te ché PDE9
hodic thim chi chét ¢rc ché PDE! it nhit manh hon 100 14n so v&i chét tc ché PDES9.

E23(E1 dén E22) hop chat d& diung lam thudc.

E24(E1 dén E22) hop chét d& dung trong diéu tri Ri loan ting dong giam chi ¥
(ADHD).

E25(E1 dén E22) dwoc phdm chita luong c6 hidu quéa chita bénh clia hop chit theo
phuong 4n bét ky trong s cic phuong 4n tir (E1) dén (E22), va mdt hogc nhidu chit

mang, chét pha loding va ta dugc duoc dung.

E26(E25) dugc phém dé didu tri rdi loan thoai hoa thin kinh, duoc chon tir nhém bao
gbm Bénh Alzheimer, Bénh Parkinson va Bénh Huntington hoc dé didu tri 161 loan
tAm than nhu Réi loan ting ddng gidm chi ¥ (ADHD), trAm cam, lo 4u, chitng ngi ri,
suy giam nhén thirc va suy gidm nhan thic lién quan dén tAm thin phén liét (CIAS)

hodc bénh vé nfo khac nhu hdi chiing chan khdng yén.

E27(E1 dén E22) hop chét theo phuong 4n bit ky trong sb cac phwong 4n tir (E1) dén
(E22) d& dung trong diéu tri rdi loan thoai héa thin kinh, dugc chon tir nhém bao gdbm
Bénh Alzheimer, Bénh Parkinson va Bénh Huntington ho#c dé diéu tri rdi loan tAm
thin nhu Réi loan ting dong giam chil y (ADHD), trdm cam, lo 4u, chiing ngi rfi, suy
gidm nhén thic va suy giam nhan thic lién quan dén tim than phan liét (CIAS) hogic

bénh vé& nfio khic nhur hdi ching chan khéng yén.

E28(E1 dén E22) phuong phap didu tri cho dbi tuong méc rbi loan thoi héa thin
kinh, dugc chon tir nhém bao gdm Bénh Alzheimer, Bénh Parkinson va Bénh
Huntington hodc dé didu tri r6i loan tAm thdn nhu Réi loan ting ddng giam chb y
(ADHD), trdm cam, lo 4u, chitng ngd rfi, suy gidm nhén thirc vi suy gidm nhén thirc
lién quan dén tAm than phan liét (CIAS) hoic bénh v& ndo khac nhu hoi chimg chén
khéng yén, phuong phap bao gdm viéc ding cho dbi tuong nay lugng clia hop chét cd

cdng thirc I hidu qua trong rc ché PDE1.
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E29 (E1 dén E22) Viéc sir dung hop chét theo phuong 4n bit ky trong sé céc phuong
an tr (E1) dén (B21) trong sén xuét thudc dé ding trong didu tri rbi loan thoai hoa
thn kinh, duwoc chon tir nhém bao gdm Bénh Alzheimer, Bénh Parkinson va Bénh
Huntington hodc d& didu tri r6i loan tim than nhw R&i loan ting ddng giam chi y
(ADHD), trAm cam, lo 4u, chimg ng ril, suy giam nhan thitc va suy giam nhén thic
lién quan dén tAm thin phén liét (CIAS) hodc bénh vé nfo khéc nhu hoi ching chan
khéng yén.

PINH NGHIA

ENZYM PDEI1

Ho isozym PDE1 bao gdm nhidu chét ddng phan PDE1 bién thé ghép nbi. C6 ba kiéu
phu 13 PDE1A, PDEIB va PDEIC, duogc chia tiép thanh nhiéu chit déng phan. Trong
bbi canh clia sang ché PDE1 va cac enzym PDE! 13 ddng nghia va dé cip dén céc
enzym PDE1A, PDEIB va PDEIC ciing nhu céc dang ddng phan ctia chiing trix khi
¢6 quy dinh khac. ‘

NHOM THE
Nhu duoc st dung trong bdi canh ciia sdng ché, thuat ngit “halo” va “halogen” dugce
st dung thay dbi 14n nhau va dé chi flo, clo, brom hoic iot.

Khoang dugc cho ¢6 thé duge bidu thj hoan di véi "-" (ddu gach ngang) hoic "dén",

vi du thuét ngft "C;-C; alkyl" twong duong v6i "Ci dén C; alkyl".

Cac thudt ngtt "Ci-Cs alkyl", "Ci-C4 alkjd“, "Ci-Cs alkyl", "Ci-C¢ alkyl", "Ci-Cs
alkyl" va "Ci-Cg alkyl" d& cap dén hydrocarbon bdo hoa mach théng (tic 1a khong
phén nhanh) hosic mach nhénh c¢é tir mdt dén tim nguyén tir cacbon, tht ca. Cac vi du
clia cdc nhém nay bao gdm, nhung khéng giéi han &, metyl, etyl, 1-propyl, 2-propyl,
1-butyl, 2-butyl, 2-metyl-2-propyl, 2-metyl-1-butyl, n-hexyl, n-heptyl va n-octyl.

Thuit ngit C3-Cs xycloalkyl don vong bdo hoa dé& cip dén xyclopropyl, xyclobutyl,
xyclopentyl, xyclohexyl, xycloheptyl va xyclooctyl. Thuat ngft C3-Cs xycloalkyl d&
cAp dén xyclopropyl, xyclobutyl va xyclopentyl.

Thuét ngit Ci-Cs alkoxy d& cép dén gdc c6 cong thirc OR, trong d6 R thé hién Ci-Cs
alkyl nhu duge xac dinh & trén. Thudt ngit C3-Cs xycloalkoxy dé cip dén gbc ¢6 cong
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thirc OR, trong d6 R thé hién C3-Cs xycloalkyl nhw duogc x4c dinh & trén. Thudt ngit
C3-Cs xycloalkyl-metoxy d& cdp dén gbc c6 cong thirc OCHzR, trong d6 R thé hién
C3-Cs xycloalkyl nhu duge xac dinh & trén. C1-Cs floalkoxy d& cap dén Ci-Cs alkoxy

duoc thé bang mét hoiic nhiéu flo.

heteroaryl ¢é 5 canh duge xac dinh 1a vong thom ¢6 5 canh chira it nhit mdt nguyén
tir duge cho tir nito, luu huynh va oxy. Céc vi du bao gdm, nhung khong giéi han &

thiazol, thiophen va isoxazol.

Thuit ngtt "lactam c6 chira 4-6 nguyén t cacbon" dé cip dén pyrolidin-2-on,

piperidin-2-on ho#c azepan-2-on
DANG DONG PHAN

Khi hop chét theo sédng ché cé chira mdt hodc nhiéu tAm khéng dbi xting vide dé cap
dén hop chét bat ky s&, trir khi dugce xé4c dinh theo cach khac, bao him hop chét tinh
khiét v& mat chit ddng phan dbi anh hodic chit ddng phan khong di quang cling nhu
12 hdn hop clia cac chét ddng phan dbi anh hoic cac chét ddng phan khong dbi quang
&ty 18 bt ky.

Vin @ néu trén cling 4p dung khi hop chit theo sang ché c6 chita hon hai tdm khéng
d6i ximeg.

CAC CHAT UC CHE PDE1 VA CAC CHAT UC CHE PDE9

Trong bbi canh ciia sang ché hop chét duoe xem 14 chit tic ché PDEI néu lugng cin
48 dat mtrc ICso clia mdt hodic nhidu trong sb ba dang ddng phan PDE! 1a 10 micro
mol hodic nhé hon, t6t hon 14 nhé hon 9 micro mol, nhu 8 micro mol hodc nhod hon,
nhu 7 micro mol hodc nhd hon, nhir 6 micro mol hodc nhd hon, nhu 5 micro mol hodc
nhd hon, nhu 4 micro mol hodc nhé hon, nhu 3 micro mol hofic nho hon, tdt hon nita
1a 2 micro mol hofic nhé hon, nhu 1 micro mol hodc nhoé hon, cu thé 14 500 nM hoic
nhé hon. Theo céc phuong 4n duoc wu tién lugng cén cta chit (e ché PDE] cén dé
dat mirc ICso cia PDE1B 14 400nM hodc nho hon, nhu 300 nM hodc nho hon, 200nM
ho#ic nho hon, 100 nM ho#c nhd hon, hodc thdm chi 80 nM hodc nhd hon, nhw 50 nM
hoic nhod hon, vi du 25 nM hodc nhé hon.
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Theo phuong 4n dugc wu tién cic hop chit theo sang ché it nhét 1a chit e ché PDE1
manh hon gAp mudi 14n so v6i chit wc chd PDEY, cu thé 1a lugng cha hop chét can dé
dat mutc ICso clia mdt hodic nhidu trong s6 ba dang ddng phan PDEI1 it nhét 1 nhé hon

mudi 14n luong cta cing hop chit cAn dé dat mic ICso chia enzym PDED.
CAC MUOI DUGC DUNG

Séng ché con bao gdom cdc mudi cta cac hop chat, thudng 13, mudi duge dung. Cac
mudi ndy bao gébm cic mudi cfng axit duoc dung. Cac mudi cdng axit bao gdm cac

muoi ctia axit vo co cling nhwr axit hitu co.

Céc vi du dai dién vé axit v co thich hgp bao gdm axit clohydric, axit bromhydric,
axit hydroiodic, axit phosphoric, axit sulfuric, axit sulfamic, axit nitric va chét twong
fu. Cac vi du dai dién cta axit hitu co thich hgp bao gém axit formic, axit axetic, axit
tricloaxetic, axit trifloaxetic, axit propionic, axit benzoic, axit xinamic, axit xitric, axit
fumaric, axit glycolic, axit itaconic, axit lactic, axit metansulfonic, axit maleic, axit
malic, axit malonic, axit mandelic, axit oxalic, axit picric, axit pyruvic, axit salixylic,
axit sucxinic, axit metan sulfonic, axit etansulfonic, axit tartaric, axit ascorbic, axit
pamoic, axit bismetylen salixylic, axit etandisulfonic, axit gluconic, axit xitraconic,
axit aspartic, axit stearic, axit palmitic, EDTA, axit glycolic, axit p-aminobenzoic, axit
glutamic, axit benzensulfonic, axit p-toluensulfonic, axit theophylin axetic, cling nhu
13 8-halotheophylin, vi du 8-bromotheophylin va chét twong tw. Céc vi du khéc nita vé
mudi cong axit vo ceo hojc hitu co duge dung bao gdm cac mudi duge dung duoc list
ké trong tai liéu Berge, S.M. va cdng sy, J. Pharm. Sci. 1977, 66, 2, dugc vién din ¢
day chi nhidm muc dich tham khao.

Ngoai ra, cac hop chit theo sang ché c6 thé tdn tai & dang khong solvat héa ciing nhu
& dang solvat héa v6i cdc dung méi duge dung nhu nude, etanol va dung mdi twong
tu. Nhin chung, cdc dang solvat héa duge xem la twong dwong véi dang khdng solvat
héa nham thuc hién cac muc dich cia séng ché.

LUGNG CO HIEU QUA CHUA BENH

Trong bdi canh cta sing ché, thuat ngit "lugng hitu hidu d didu tri" ctia hop chét

dimg d& chi luong di @& chita bénh, lam thuyén giam hodc ngin chin mot phén céc
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biéu hién 14m sang cta bénh nhit dinh va cac bién chimg cla né trong can thiép diéu
trj bao gdm viéc ding hop chit ndy. Luong thich hop d& thyc hién didu nay duge xac
dinh 13 "lvong hitu hidu dé didu tri". Luong hitu hidu dbi véi mbi muc dich s& phy
thuoc vao muc do trdm trong cta bénh hodc tdn thuong cling nhw thé trong va tinh
trang chung cta déi tuong. Cin hidu ring c6 thé x4c dinh liéu ding thich hop bang
cach stt dung thi nghiém thong thudng, bing cach x4y dung ma trén cic gid tri va thir
nghiém cdc diém khac nhau trong ma trin, tit ca déu 13 k§ ning thong thudng cta

chuyén gia trong linh vuc.

Trong bdi canh cua sang ché, thudt ngit "vide didu tri" va "diéu tri" ding dé chi viée
quan 1y va chim s6¢ bénh nhan nhim muyc dich d4u tranh v6i tinh trang bénh, nhu 13
bénh holdc ri loan. Thuit ngft ndy nhim bao gdm toan bd phd didu tri ddi véi tinh
trang bénh nhét dinh ma bénh nhin méc phai, nhu 13 ding hop chét ¢ hoat tinh dé
1am thuyén gidm céc triéu chimg hodc cac bién chimg, 1am chim tién trién cla bénh,
rdi loan hodc tinh trang bénh, dé 1am thuyén gidm hodc 1am nhe di cdc trigu chitng va
céc bién chiing, va/hodc d& chita bénh hoic loai trir bénh, rdi loan hodc tinh trang
bénh cling nhu ngin ngtra tinh trang bénh, trong d6 ngin nglra dugc hidu 13 viée quan
Iy va chim séc bénh nhan nhdm muc dich ddu tranh véi bénh, tinh trang bénh, hodc
ri loan va bao gdm viée cho ding céc hop chit hoat tinh d& ngin ngira sy khéi phat
clia céc triéu ching hodic cic bién chimg. Tuy nhién, didu tri phong ngira (ngin ngira)
va chita bénh (khoi bénh) 13 hai khia canh riéng bi¢t cta sang ché. Bénh nhén can diéu

trj tot hon 13 dong vét ¢6 vi, cu thé 1a nguoi.
CAC CHE PHAM DUQC

Séng ché con d& xult duoc phdm chtta lwgng hitu hidu @& diéu trj ctia hop chit ¢6
codng thirc (I) va chit mang hoic chit pha lodng duge dung. Sang ché con d& xudt
dugc phdm chita lvong hitu higu dé didu tri cta mét trong cac hop chét cu thé duoc
boc 16 trong Phin Thi nghiém cia ban md ta ndy va chit mang hoic chit pha loing

dugc dung.

Cac hop chét theo sang ché ¢6 thé duge cho ding mdt minh hodc & dang két hop véi
chét mang, chit pha lofing hoc tA dugce dugc dung, hodic 14 & céc lidu ding don hoic

phttc. Dugc phém theo séng ché c6 thé duge bao ché véi chit mang hodc chét pha
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lodng duoc dung ciing nhu céc chét bd trg va ta dugce bit ky khac da biét theo cac k¥
thuét thong thudng chéng han nhu céc k¥ thuét duge boe 1§ trong tai ligu Remington:
The Science and Practice of Pharmacy, Tai ban 1An thit 21, Gennaro, Ed., Mack

Publishing Co., Easton, PA, 2005.

Dugc phdm c6 thé duoc bio ché riéng dé dimg bing dudng thich hop bt ky nhu
dudng miéng, tryc tring, miii, trong phdi, tiép xic (bao gdm trong miéng va dudi
1udi), 4p da va ngoai rudt (bao gdbm dudi da, trong co va trong tinh mach). Cén hidu
ring dudng ding phu thude vao tinh trang bénh chung va d6 tudi ciia d6i twgng dugc

diéu tri, ban chit cia tinh trang dugc didu tri va thanh phan hoat tinh.

Dugc phdm @ ding qua dudng miéng bao gdm céc dang lidu rin nhu vién nang, vién
nén, vién bao duodng, vién thudc tron, vién thude hinh thoi, thudc bot va cbm. Khi
thich hop, duoc phim c6 thé duge diéu ché véi 16p bao nhu 16p bao tan trong rudt
hodc chung ¢6 thé duoc bao ché sao cho tao ra sy gidi phéng kiém sodt ctia thanh
phén hoat tinh nhu giai phéng duy tri hodc kéo dai theo cac phuong phép da biét trong
linh vuc. Céc dang lidu long dé ding qua dudng miéng bao gdm dung dich, nhii

twong, hdn dich, xi-rd va con ngot.

Dugc phdm dé dung ngoai dudng tiéu héa bao gdm dung dich nuéc v6 tring va dung
dich c6 thé tiém dugc khdng chita nudc, thé phan tan, huyén ph hodc nhil twong cling
nhu bjt vé tring d& duoc hoan nguyén trong dung dich v6 trung hodc thé phén tan c6
thé tiém trude khi sit dung. Céc dang dé dung thich hop khéc bao gém, nhung khong
chi gidi han &, vién thudc dan, thudc xit, thubc m#, kem, gel, thube x0ng, miéng dén

da va manh cy ghép.

Lidu dimg qua duong miéng thong thudng nim trong khoang tir khoang 0,001 dén
khoang 100 mg/kg thé trong cho mét ngay. Lidu ding qua dudng miéng théng thudng
cling nim trong khkoangr tir khoang 0,01 dén khoang 50 mg/kg thé trong cho mét
ngay. Lidu diing qua duong miéng théng thudng con nidm trong khoang tir khoéng
0,05 dén khoang 10 mg/kg thé trong cho mdt ngay. Lidu ding qua dudng miéng
thudng duge ding trong mdt hodc nhidu 1an, thuong 13 tir 1 dén 3 1An cho mdt ngay.
Lidu ding chinh x4c s& phy thudc vao tn sudt va cach ding, gi6i tinh, d§ tudi, thé

trong va tinh trang chung ctia d6i twong dugc didu tri, ban chét va mirc do trdm trong
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clia c4c tinh trang bénh cAn didu trj va bénh kém theo bit ky duge didu tri va cac yéu
t khac ma 13 hién nhién dbi voéi chuyén gia trong linh vire.

Ché phim cfing c6 thé dugc thé hién & dang lidu don vi bing c4c phuong phap da biét
b1 v&i chuyén gia trong linh vuc. Nhim muc dich minh hoa, dang liéu don vi théng
thuomg dé ding qua dudng miéng cé thé chira tir khoang 0,01 dén khoang 1000 mg, tir
khoang 0,05 dén khoang 500 mg, hogc tir khoang 0,5 mg dén 200 mg.

Sang ché con d& xult quy trinh san xuét duge phim bao gbm buéc tron luong hitu
hiéu dé didu tri coa hop chét c6 cong thire (I) va it nhét mdt chit mang hoiic chit pha
lodng duogc dung. Theo mét phuong 4n cua sang ché, hop chét dugc str dung trong
quy trinh duoc dé& cip trén day la mot trong céc hop chét cu thé duge boc 16 trong

Phan Thi nghiém trong ban md ta nay.

Céc hop chit theo sang ché thudmg duge sir dung dudi dang chét ty do hodc dudi dang
mudi duge dung cta nd. Mot vi du 1a mubi cOng axit ctua hop chit ma ¢ cung loi ich
nhu ctia bazo ty do. Khi hop chit c6 cong thire (I)chita bazo tw do cac mudi nay duge
diéu ché theo cach thong thudng béng cach xir Iy dung dich hoic huyén phi ciia bazo
tw do ¢6 cdng thirc (I)véi axit duge dung. Cac vi du dai dién cua axit hitu co va vo co

thich hop dugc md ta trén diy.

Pé dung ngoai rudt, dung dich ctia cac hop chit ¢ cong thire (Itrong dung dich nude
v6 tring, propylen glycol nuéc hoic diu vimg hodc diu lac c6 thé duogc st dung.
Dung dich trong nudc nay nén duge dém thich hgp néu cin thiét va chét pha loing
16ng thir nhit tao ra sy déng traong véi nude mudi hodc glucoza di. Dung dich nuéc
1a dic biét thich hop dé dung trong tinh mach, trong co, dudi da va ding trong mang
bung. Hop chét c6 cong thirc (I) c6 thd d& dang duge két hop vao moi trudng nudce
tiét tring da biét bang cach sir dung céc k¥ thuat tiéu chuén d3 biét dbi voi ngudi cb
hiéu biét trung binh trong linh vyec.

Ch4t mang duge dung thich hgp bao gdm chit pha lofing rén tro hodc chit dén, dung
dich nudc v6 tring va cic dung mdi hitu co khac nhau. Vi du vé& chit mang rén bao
gém lactoza, tera alba, sucroza, xyclodextrin, da talc, gelatin, aga, pectin, gbm acacia,
magie stearat, axit stearic va alkyl ete béc thdp cta xenluloza. Vi du vé chit mang

long bao gém, nhung khong chi gidi han 6, xi-r0, dAu lac, dau 6liu, phospholipit, axit
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béo, amin cla axit béo, polyoxyetylen va nuéc. Tuong ty, chit mang hogc chit pha
lodng c6 thé bao gdm nguyén liéu giai phéng duy tri bt ky da biét trong linh vy, nhu
glyxeryl monostearat hodc glyxeryl distearat, m§t minh hodc tron vdi sap. Dugc phim
duge tao thanh bing cach két hop hop chét c6 cong thire (I) va chit mang duge dung
sau d6 d8dang duoc ding & nhiéu dang lidu lwgng thich hop ddi véi cac dudng ding
dugce boe 16. Cac ché phdm c6 thé duoc thé hién mot cach thuén tién & dang liéu don

vi bing cac phuong phép d3 biét trong linh vuc duge.

Ché phim theo sang ché thich hop dé ding qua dudng miéng c6 thé duge thé hign
dudi dang cac don vi riéng biét nhwr 13 vién nang hodc vién nén, mdi loai chira luong
dinh truéc cta thinh phdn hoat tinh, va ty v t& dugc thich hop. Hon thé nita, ché
phAm @& dung qua dudng miéng c6 thd & dang bdt hodic cbm, dung dich hodc huyén
phit trong chét 16ng ¢6 nuée hodic khéng cé nuée, hode nhil tuong 16ng dau trong nude

hodc nudc trong dau.

Néu chéit mang rén duge sir ding dé ding qua dudng miéng, ché phim c6 thé dugc
tao vién, dat trong bao nang gelatin cimg & dang bdt hodc vién hodc ¢ thé & dang
vién ngdm hozc vién thubc hinh thoi. Lugng chit mang rén s& bién d6i rong, nhung s&
ndm trong khoéng tir khoang 25 mg dén khoang 1 g trong mét don vi lidu luong. Néu
chét mang léng dugc st dung, ché phém c6 thé & dang xi-rd, nhil twong, vién nang
gelatin mém hodc dang I6ng vo tring cé thé tiém nhu dang huyén phit hoic dung dich

long trong nude hodc khdng trong nudec.

Duoc phim theo sédng ché c¢6 thé duoc didu ché bing cic phuong phap thong thudng
trong linh vue. Vi dy, vién nén cé thé duge diéu ché bing cach tron thanh phin hoat
tinh v&i chit bd tro va/holic chit pha lofing théng thudng va sau d6 nén hdn hop nay
trong may tao vién nén thong thudng 8 tao ra vién nén. Céc vi du vé céc chét bb trg
hoic chét pha lofing bao gdm: tinh bot ngd, tinh bot khoai tdy, d4 talc, magie stearat,
gelatin, lactoza, gbm, va chét twong tu. Céc chét bd trg hogic céc phu gia bét ky khéc
thudong duge st dung nhim cac myc dich ndy nhu la chét tao mau, chit tao mui, chét
bao quan v.v. c¢6 thé duge st dung véi diéu kién 13 ching twong thich vé&i cac thanh
phén hoat tinh.

DIEU TRI ROI LOAN
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Nhu néu trén, hop chét c6 cong thirc (I) 13 chit Gc ché enzym PDE1 va do d6 hitu

dung dé didu tri cac rbi loan thén kinh va tdm thin két hop.

Do d6 sdng ché d& xuit hop chit c6 cong thirc () hoic mubi cong axit dugc dung clia
ching, cling nhu dugc phim chita hop chét ndy, @& ding trong didu tri bénh vé nio
khac ma cé thé 1a rbi loan thodi hoa thin kinh hoic rbi loan tAm than. Theo phuong an
dwoc wu tién rdi loan thoai hoéa thin kinh duge chon tr nhém bao gdbm Bénh
Alzheimer, Bénh Parkinson va Bénh Huntington. Theo cac phwong an duge uu tién
khac rdi loan tAm thn duge chon tir nhém bao gbm R&i loan ting dong giam chi y
(ADHD), trAim cam, lo &u, chitng ngl rfl, suy gidm nhén thitc va suy gidm nhén thic
lién quan dén tdm thin phén liét (CIAS). Céc bénh v& nio khac c6 thé 1a vi dy hoi

chitng chan khong yén.

Séng ché d& xuét phuong phép didu tri cho dong vét c6 vii, bao gdm con ngudi, mic
rdi loan thodi héa than kinh dwoc chon tir nhém bao gébm Bénh Alzheimer, Bénh
Parkinson va Bénh Huntington, phuong phéap bao gdm viéc ding cho dbi tugng lugng

¢6 hiéu qua chita bénh ctia hop chét c6 cong thire (1),

Sang ché con d8 xuét phuong phap didu tri rdi loan thoai hoéa than kinh & dong vit c6
v, bao gbm con ngudi, phuong phép bao gdm viéc ding cho dong vat c6 va nay

Iwong ctia hop chit c6 cong thitc (I) higu qua trong tre ché PDE1.

Sang ché con dé xuét phuong phap diéu tri cho d6i twgng méc 1di loan tam thin, trong
d6 phuong phap nay bao gdm bude ding cho dbi tuong lugng hiru higu dé didu tri chia
hop chit c6 cong thire (I). Céc vi du ctia rbi loan tAm thin ma c6 thé duge diéu tr theo
sang ché bao gdm Rbi loan ting dong gidm chii y (ADHD), trdm cam, lo 4u, chimg
ngl rfl, suy giam nhén thic va suy gidgm nhén thitc lién quan dén tAm thin phan Liét
(CIAS).

Sang ché con dé xudt phuong phép diéu tri cho dbi twong mic 181 loan v& ndo khéac
nhu héi chiig chan khong yén.

Ngoai ra, sing ché nhim dén vidc sit dung hop chét ¢6 cong thie (I) trong san xudt
thudc dé didu tri r8i loan thoai hoa than kinh, nhu Bénh Alzheimer, Bénh Parkinson

va Bénh Huntington hodc dé didu tri rdi loan tAm than nhu R&i loan ting dong giam
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chti y (ADHD), trdm cam, lo 4u, chimg ng i, suy gidm nhan thitc va suy gidm nhén

thirc lién quan dén t4m than phén liét (CIAS).

Ngoai ra, séng ché nhim dén viée st dung hop chit cé cong thic (I) trong san xuét

thudc dé diéu tri bénh vé ndo khac, nhu hdi chirng chin khong yén

Sang ché con nhim dén hop chit ¢6 cong thirc (I) & ding 1am thude. Theo phuong dn
cu thé hop chét c6 cong thie (I) d& ding trong didu trj 16i loan thoai héa thén kinh,
nhu Bénh Alzheimer, Bénh Parkinson va Bénh Huntington hodc dé diéu trj r6i loan
tam thin nhu Réi loan ting dong giam chil y (ADHD), trAm cam, lo Au, chimg ngt ril
suy gidm nhan thic va suy gidm nhan thic lién quan dén tm thin phan liét (CIAS)

hodc dé didu tri bénh v& ndo khic nhu hdi chimg chin khéng yén.

TAt ca céc tai liéu tham khao, bao gbm céc tai liéu cong bd, don yéu clu Cép patent va
cac patent, dugc ké ra & day duoc két hop b?mg cach vién din toan bd va dén ciing
mirc d6 nhu 13 m3i tai lién tham khao doc 14p va cu thé dugc chi ra dé két hop bing
cach vién din va duge dua ra véi toan bd ndi dung cita né (dén pham vi t6i da ma luit

cho phép).

Céc tiéu d& 16n va nho duge st dung & day chi 1a dé cho thudn tién, va khdng nén xem
14 gi¢i han pham vi séng ché theo bét ky cach nao.

Viéc st dung bét ky va tAt ca cac vi du, hodc cach néi vi du (bao gSm “ching han”,
“vi du”, “vi dy 13”, va “nhu 13”) trong phdn mé ta ndy chi véi ham y d& minh hoa tét
hon séng ché, va khong dua ra giéi han vé pham vi clia séng ché trir khi duge chi dinh
khéc.

Viée liét ké va két hop céc tai liéu patent & ddy duoc 1am chi 1a @& cho thuén tién, va
khong phan 4nh quan didm bit ky v& higu Iuc, kha ning cAp bing va/hodc thyc thi cac
tai liéu patent nay.

Sang ché bao gdm tt ca cac dang bién dbi va cac dang tuong duong cua dbi tuong

duge néu trong céc diém yéu cAu bao ho kém theo, nhu luit cho phép.
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HGOP CHAT THEOQ SANG CHE

Bang 1: Hop chét theo sang ché

% e
PDEI1B, | PDEIC & et
PDEIA, » | che cua
Vidu Tén 1Cso ICso PDE9 &
I1Cso (nM)
@y | @ | 10
microM
7-(3-Flobenzyl)-3-
1 propylimidazo[1,5- 801 790 300 -12
a]pyrazin-8(7H)-on
6-Benzyl-7-(3-flobenzyl)-
3-(tetrahydro-2 H-pyran-4-
2 ( Y P 51 14 11 -14
yhimidazo{1,5-a]pyrazin-
8(7H)-on
6-Benzyl-7-
(xyclohexylmetyl)-3-
3 (tetrahydro-2H-pyran-4- 8 12 6 -6
yl)imidazo[1,5-a]pyrazin-
8(7H)-on
7-(Xyclohexylmetyl)-6-
metyl-3-(tetrahydro-2H-
4 RAE Y 11 25 7 -5
pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on
7-(3-Flobenzyl)-6-metyl-3-
tetrahydro-2 H-pyran-4-
5 ¢ 4 B 108 120 14 18
yl)imidazo[1,5-a]pyrazin-
8(7H)-on
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3-Xyclopropyl-7-(3-

o 81% (62
6 flobenzyl)imidazo{1,5- 68% (62 M) M) 290 25
alpyrazin-8(7H)-on
7-(Xyclopentylmetyl)-3-
(Xyclopentylmetyl) 85% (6 2
7 xyclopropylimidazo[1,5- | 60% (62 M) M) 230 1
a]pyrazin-8(7H)-on
7-(Xyclohexylmetyl)-3-
8 xyclopropylimidazo[1,5- 252 67 100 9
alpyrazin-8(7H)-on
7-(3-Flobenzyl)-3-
: tetrahydro-2 H-pyran-4- 90% (62
9 ( d by 68% (&2 M) 170 2
yl)imidazo[1,5-a]pyrazin- M)
8(7H)-on
7-(Xyclopentylmetyl)-3-
tetrahydro-2 H-pyran-4- 88% (&2
10 ( d by 73% (62 M) 79 8
yl)imidazo{1,5-a]pyrazin- M)
8(7H)-on
7-(Xyclohexylmetyl)-3-
tetrahydro-2 H-pyran-4-
11 ( i’ by ) 113 72 43 18
yl)imidazo[1,5-a]pyrazin-
8(7H)-on
7-(Xycloheptylmetyl)-3-
tetrahydro-2 H-pyran-4-
12 ( Y b 30 21 16 12
yl)imidazo|1,5-a]pyrazin-
8(7H)-on
7-(Xycloheptylmetyl)-3-
13 xyclopropylimidazo[1,5- 87 50 62 7

a]pyrazin-8(7H)-on
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14

7-(4-Clobenzyl)-6-metyi-3-
(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-
8(7H)-on

18

15

51

22

15

6-Bromo-7-(3-flobenzyl)-

3-(tetrahydro-2 H-pyran-4-

yDimidazo[1,5-a]pyrazin-
8(7H)-on

58

115

15

15

16

7-Benzyl-6-metyl-3-
(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-
8(7H)-on

85

57

12

19

17

7-(2-Flobenzyl)-6-metyl-3-
(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-
8(7H)-on

42

36

18

7-(3-Clobenzyl)-6-metyl-3-
(tetrahydro-2H-pyran-4-
ylimidazo[1,5-a]pyrazin-
8(7H)-on

57

49

31

19

7-(2-Clobenzy!)-6-metyl-3-
(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-
8(7H)-on

46

68

10

18

20

7-(3-Metoxybenzyl)-6-

metyl-3-(tetrahydro-2/-

pyran-4-yl)imidazo{1,5-
a]pyrazin-8(7H)-on

416

175

62

-38
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21

6-Metyl-7-(2-metylbenzyl)-
3-(tetrahydro-2H-pyran-4-
yl)imidazo{1,5-a]pyrazin-
8(7H)-on

242

195

30

22

6-Metyl-7-(4-metylbenzyl)-
3-(tetrahydro-2 H-pyran-4-
yhimidazo[1,5-a]pyrazin-
8(7H)-on

75

28

67

50

23

7-(4-Metoxybenzyl)-6-

metyl-3-(tetrahydro-2H-

pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on

14

12

19

16

24

7-(4-Flobenzyl)-6-metyl-3-
(tetrahydro-2 H-pyran-4-
ylimidazo[1,5-a]pyrazin-
8(7H)-on

38

43

17

25

6-Metyl-7-(3-metylbenzyl)-
3-(tetrahydro-2 H-pyran-4-
yl)imidazo[ 1,5-a]pyrazin-
8(7H)-on

63

57

-42

26

7-(3-flobenzyl)-6-metyl-3-
(4-metyltetrahydro-2H-
pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on

234

218

47

27

4-(7-(3-flobenzyl)-6-metyl-
8-0x0-7,8-
dihydroimidazo[1,5-
a|pyrazin-3-yDtetrahydro-
2 H-pyran-4-carbonitril

603

699

103

-25-
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7-(3-flobenzyl)-3-(4-
metoxytetrahydro-2H-

28 pyran-4-y1)-6- 663 737 72 13
metylimidazof1,5-
alpyrazin-8(7H)-on
7-(3-flobenzyl)-3-(4-
flotetrahydro-2 H-pyran-4-
29 493 249 50 16
y1)-6-metylimidazo[1,5-
a]pyrazin-8(7H)-on
7-(3-flobenzyl)-6-metyl-3-
30, chat | (tetrahydro-2H-pyran-2-
ddng | yDimidazo[1,5-a]pyrazin- | 20% (&1 M) | 615 225 -11
phan1 | 8(7H)-on, chit déng phan
lap thé 1
7-(3-flobenzyl)-6-metyl-3-
30,‘chﬁt (tetrahydro-2 H-pyran-2- 40% (6 1
dong yi)imidazo[l,’S-a]‘pyrazin- 27% (61 M) M) 215 28
phdn2 | 8(7H)-on, chat dong phan
lap thé 2
7-(3-flobenzyl)-6-metyl-3-
31, chit (tetrahydrofuran-3-
ddng | ylimidazo[1,5-a]pyrazin- 337 106 27 -1
phan 1 | 8(7H)-on, chit ddng phan
lap thé 1
7-(3-flobenzyl)-6-metyl-3-
31, chét (tetrahydrofuran-3-
ddng | ylimidazo[1,5-a]pyrazin- 347 138 31 5
phan?2 | 8(7H)-on, chit ddng phén

1ap thé 2
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7-(3-flobenzyl)-6-metyl-3-

32, chit | (3-metyltetrahydrofuran-3-
ddng | yl)imidazo[1,5-a]pyrazin- 257 122 22 -1
phin1 | 8(7H)-on, chét ddng phan
1ap thé 1
7-(3-flobenzyl)-6-metyl-3-
32, chit | (3-metyltetrahydrofuran-3-
ddng yl)iﬁlidazo[l,S-a]pyrazm- 401 170 40 16
phén2 | 8(7H)-on, chét ddng phan
1ap thé 2
7-(3-flobenzyl)-6-metyl-3-
(1-
33 94 52 7 -2
metylxyclopropyl)imidazo[
1,5-a]pyrazin-8(7H)-on
3-(2,2-difloxyclopropyl)-7-
34 (3-flobenzyl)-6- 331 359 93 0
metylimidazo[1,5-
a]pyrazin-8(7H)-on
7-(3-flobenzyl)-6-metyl-3-
35, chit (2-
ddng | metylxyclopropyl)imidazo[ 193 75 19 -11
phén 1 1,5-a]pyrazin-8(7H)-on,
chét ddng phan 1ap thé 1
7-(3-flobenzyl)-6-metyl-3-
35, chit (2-
ddng | metylxyclopropyl)imidazo[ 364 166 41 15
phin 2 1,5-a]pyrazin-8(7H)-on,

chét ddng phén 1ap thé 2
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7-(3-flobenzyl)-6-metyl-3-

35, chét -
ddéng | metylxyclopropyl)imidazo{ 82 18 8 0
phén 3 1,5-a]pyrazin-8(7H)-on,
chét ddng phén 1ap thé 3
7-(3-flobenzyl)-6-metyl-3-
35, chét (2-
ddng | metylxyclopropyl)imidazo[ | 43% (& 1 M) 360 85 5
phin 4 1,5-a]pyrazin-8(7H)-on,
chét ddng phén 1ap thé 4
7-(3-flobenzyl)-6-metyl-3-
36, chat | (2-metyltetrahydrofuran-3-
ddng | yDimidazo[1,5-a]pyrazin- 152 59 15 3
phan1 | 8(7H)-on, chit déng phan
lap thé 1
7-(3-flobenzyl)-6-metyl-3-
36, chét | (2-metyltetrahydrofuran-3-
dbng yl)imidazo[1,5-a]pyrazin- 282 107 38 11
phdn2 | 8(7H)-on, chit déng phan
1ap thé 2
7-(3-flobenzyl)-6-metyl-3-
36, chit | (2-metyltetrahydrofuran-3-
ddng | yljimidazo[1,5-a]pyrazin- 77 21 7 -10
phan 3 | 8(7H)-on, chét ddng phan
1ap thé 3
36, chét 7-(3-flobenzyl)-6-metyl-3-
ding (2-metyltetrahydrofuran-3- 51 520 40% (& 1 "
ohin 4 yl)imidazo[1,5-a]pyrazin- M)

8(7H)-on, chit ddng phan

-28-
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1ap thé 4
7-(3-flobenzyl)-3-(cis-2-
37, chét floxyclopropyl)-6- _
ddng metylimidazo[1,5- 1140 1180 345 2
phéan 1 a]pyrazin-8(7H)-on, chét
ddng phan 14p thé 1
7-(3-flobenzyl)-3-(cis-2-
37, chit floxyclopropyl)-6-
dong metylimidazo[1,5- 149 164 55 13
phéan 2 a]pyrazin-8(7H)-on, chét
ddng phén 14p thé 2
7-(3-flobenzyl)-3-(trans-2-
38, chit floxyclopropyl)-6-
ddng metylimidazo[1,5- 582 601 118 -1
phén 1 a]pyrazin-8(7H)-on, chét
ddng phan 1ap thé 1
7-(3-flobenzyl)-3-(trans-2-
38, chit floxyclopropyl)-6-
ddng metylimidazo[1,5- 667 667 153 2
phén 2 a]pyrazin-8(7H)-on, chét
ddng phan 14p thé 2
7-(4-xyclopropoxybenzyl)-
6-metyl-3-(tetrahydro-2H-
39 i3 Y 413 118 364 23
pyran-4-yl)imidazo[1,5-
alpyrazin-8(7H)-on
7-(4-(diflometoxy)benzyl)-
40 6-metyl-3-(tetrahydro-2 H- 73 27 52 -25
pyran-4-yl)imidazo[1,5-

-20-
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a]pyrazin-8(7H)-on

41

6-metyl-3-(tetrahydro-2 H-
pyran-4-yl)-7-(4-
(triflometoxy)benzyl)imida
zo[1,5-a]pyrazin-8(7H)-on

27

18

52

42

7-(4-
(xyclopropylmetoxy)benzyl
)-6-metyl-3-(tetrahydro-
2H-pyran-4-
yl)imidazo[1,5-alpyrazin-
8(7H)-on

50% (&1 M)

155

55% (& 1
M)

i5

43

7-benzyl-6-etyl-3-
(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-
8(7H)-on

105

32

44

6-etyl-7-(4-metoxybenzyl)-

3-(tetrahydro-2 H-pyran-4-

yl)imidazo[1,5-a}pyrazin-
8(7H)-on

40

16

18

45

3-((6-metyl-8-0x0-3-
(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-
7(8H)-yDmetyl)benzonitril

64 (32 M)

54% (& 1
M)

149

46

4-((6-metyl-8-0x0-3-
(tetrahydro-2 H-pyran-4-
ylimidazo[1,5-a]pyrazin-
7(8H)-yDmetyl)benzonitril

809

58% (& 1
M)

9% (& 1
M)

14

-30-
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47

N-(4-((6-metyl-8-0x0-3-
(tetrahydro-2 H-pyran-4-
ylimidazo[1,5-a]pyrazin-
7(8H)-
yDmetyl)phenyl)axetamit

0% (51 M)

388

10% (& 1
M)

10

48

7-(4~-clo-3-metoxybenzyl)-
6-metyl-3-(tetrahydro-2H-
pyran-4-yl)imidazo[1,5-
a|pyrazin-8(7H)-on

54% (& 1
M)

34% (& 1
M)

10

49

7-(2-etylbenzyl)-6-metyl-3-
(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-
8(7H)-on

44 (&2 M)

60% (& 1
M)

173

50

7-(benzo[d]{1,3]dioxol-5-
ylmetyl)-6-metyl-3-
(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-
8(7H)-on

50

16

38

12

51

7-(3-clo-4-metoxybenzyl)-
6-metyl-3-(tetrahydro-2H-
pyran-4-yl)imidazo[1,5-
a|pyrazin-8(7H)-on

199

36

46

52

7-(4-aminobenzyl)-6-
metyl-3-(tetrahydro-2/1-
pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on

0% (& 1 M)

388

10% (& 1
M)

53

7-(4-hydroxybenzyl)-6-
metyl-3-(tetrahydro-2H-
pyran-4-yl)imidazo[1,5-

401

35

84

-41
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a]pyrazin-8(7H)-on

6-etyl-7-(3-flobenzyl)-3-
(tetrahydro-2 H-pyran-4-

54 62 53 12 23
yl)imidazo[1,5-a]pyrazin-
8(7H)-on
7-(4-metoxybenzyl)-6-
, metyl-3-(2-
55, chat -3+
. metyltetrahydrofuran-3-
dong 20 10 17 18
ylimidazo[1,5-a]pyrazin-
phén 1 -
8(7H)-on, chat dong phén
1ap thé 1
7-(4-metoxybenzyl)-6-
, metyl-3-(2-
55, chat yi3-
X metyltetrahydrofuran-3-
dong 86 64 51 -13
yl)imidazo[1,5-a]pyrazin-
phén 2 £
8(7H)-on, chat dong phan
lap thé 2
7-(4-metoxybenzyl)-6-
a metyl-3-(2-
55, chat RAES
. metyltetrahydrofuran-3-
dong 13 3 8 27
yl)imidazo[1,5-a]pyrazin-
phén 3 ¢
8(7H)-on, chit dong phan
14p thé 3
7-(4-metoxybenzyl)-6-
55, chét metyl-3-(2-
ddng metyltetrahydrofuran-3- 137 208 131 1
phdn 4 | yl)imidazo{l,5-a]pyrazin-

8(7H)-on, cht ddng phén
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1ap thé 4

56

7-(4-metoxybenzyl)-6-
metyl-3-
propylimidazo{1,5-
a]pyrazin-8(7H)-on

65

21

43

57

7-((6-metoxypyridin-3-
yDmetyl)-6-metyl-3-
(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-
8(7H)-on

45

26

84

58

6,7-dimetyl-3-(tetrahydro-
2H-pyran-4-
yl)imidazo[ 1,5-a]pyrazin-
8(7H)-on

58% (& 10

M)

1767

44% (&
10 M)

36

59

7-etyl-6-metyl-3-
(tetrahydro-2H-pyran-4-
yl)imidazo[1,5-a]pyrazin-
8(7H)-on

2333

496

1737

-13

60

6-metyl-7-propyl-3-
(tetrahydro-2H-pyran-4-
yl)imidazo[1,5-a]pyrazin-
8(7H)-on

810

221

423

61

7-isopropyl-6-metyl-3-
(tetrahydro-2H-pyran-4-
yhimidazo{1,5-a]pyrazin-
8(7H)-on

4% (510 M)

50% (&
10 M)

47% (&
10 M)

62

7-isopentyl-6-metyl-3-

1078

558

93

-33-
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(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-
8(7H)-on

63

7-(xyclopentylmetyl)-6-

metyl-3-(tetrahydro-2H-

pyran-4-yl)imidazo[1,5-
a|pyrazin-8(7H)-on

183

82

17

64

2-((6-metyl-8-0x0-3-
(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-
7(8H)-yl)metyl)benzonitril

624

528

103

11

65

7-(xycloheptylmetyl)-6-

metyl-3-(tetrahydro-2H-

pyran-4-yl)imidazo[1,5-
a|pyrazin-8(7H)-on

10

11

66, trans

6-metyl-7-(((trans)-4-
metylxyclohexyl)metyl)-3-
(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-
8(7H)-on

35

11

46

66, cis

6-metyl-7-(((cis)-4-
| metylxyclohexyl)metyl)-3-
(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-
8(7H)-on

67

7-(({cis)-4-
metoxyxyclohexylymetyl)-
6-metyl-3-(tetrahydro-2 -
pyran-4-yl)imidazo[1,5-

234

87

307

10

-3Y-
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alpyrazin-8(7H)-on

68

7-(((trans)-4-
metoxyxyclohexyl)metyl)-
6-metyl-3-(tetrahydro-2 H-
pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on

323

127

1859

69

7-(4-metoxybenzyl)-6-
metyl-3-(3-
metyltetrahydro-2 H-pyran-
4-yimidazo[1,5-
alpyrazin-8(7H)-on

13

24

70

7-(4-metoxybenzyl)-6-
metyl-3-((1R,2R,45)-2-
metyl-7-
oxabixyclo[2.2.1]heptan-2-
yl)imidazo[1,5-a]pyrazin-
8(7H)-on

29

17

28

-11

71

(S)-7-(4-metoxybenzyl)-6-
metyl-3-(1-
phenyletyl)imidazo[1,5-
ajpyrazin-8(7H)-on

211

238

538

13

72

(R)-7-(4-metoxybenzyl)-6-
metyl-3-(1-
phenyletyl)imidazo[1,5-
a]pyrazin-8(7H)-on

90

12

43

73

3-(1,4-dimetylpiperidin-4-
y1)-7-(4-metoxybenzyl)-6-
metylimidazo[1,5-

1923

1446

2450

nd
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a]pyrazin-8(7H)-on

3-(6-clo-2,3-dihydro-1H-
inden-1-y1)-7-(4-
metoxybenzyl)-6-
metylimidazo[1,5-
a]pyrazin-8(7H)-on

74

7-(4-metoxybenzyl)-6-
metyl-3-(3-metyl-5-
oxopyrolidin-3-
yl)imidazo[1,5-a]pyrazin-

8(7H)-on

75 236

297

360

3-(1-metoxy-2-
metylpropan-2-yl)-7-(4-

metoxybenzyl)-6- 122

76
metylimidazo{1,5-

alpyrazin-8(7H)-on

44

126

3-isopropyl-7-(4-

metoxybenzyl)-6-
metylimidazo[1,5-
a]pyrazin-8(7H)-on

77 13

20

nd

6-metyl-7-((2-metylthiazol-
4-yymetyl)-3-(tetrahydro-

2H-pyran-4-
yDimidazo[1,5-a]pyrazin-

8(7H)-on

78 1691

641

251

6-metyl-3-(tetrahydro-2 H-

pyran-4-yl)-7-(thiophen-3- 228

79

ylmetyl)imidazo[1,5-

112

15

14
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a]pyrazin-8(7H)-on

80

6-metyl-3-(tetrahydro-2f-

pyran-4-yl)-7-(thiazol-4-
ylmetyl)imidazo{1,5-
a|pyrazin-8(7H)-on

72% (& 10
M)

1310

496

18

81

7-((3,5-dimetylisoxazol-4-

yDmetyl)-6-metyl-3-
(tetrahydro-2 H-pyran-4-
yl)imidazo{1,5-a]pyrazin-
8(7H)-on

27% (& 10
M)

36% (&
10 M)

2305

36

82

6-metyl-7-((5-
metylisoxazol-3-yl)metyl)-
3-(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-
8(7TH)-on

67% (& 10
M)

1498

1034

83

6-metyl-7-((3-
metylisoxazol-5-yDmetyl)-
3-(tetrahydro-2 H-pyran-4-
yDimidazo[1,5-a]pyrazin-
8(7H)-on

4444

2289

1606

84

3-(2,6-dimetyltetrahydro-
2H-pyran-4-yD)-7-(4-
metoxybenzyl)-6-
metylimidazo[1,5-
a]pyrazin-8(7H)-on

627

103

337

85

7-(xyclohexylmetyl)-6-
metyl-3-

propylimidazo(1,5-

120

32

32
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a]pyrazin-8(7H)-on

86

3-(2-hydroxypropan-2-yl})-
7-(4-metoxybenzyl)-6-
metylimidazo[1,5-

a]pyrazin-8(7H)-on

193

118

214

-11

87

3-(2-flopropan-2-y1)-7-(4-
metoxybenzyl)-6-
metylimidazo[1,5-

a|pyrazin-8(7H)-on

108

124

276

10

88

7-(4-metoxybenzyl)-6-
metyl-3-(7-oxoazepan-4-
yl)imidazo[1,5-a]pyrazin-
8(7H)-on

484

308

548

-32

89

7-(4-metoxybenzyl)-6-
metyl-3-(5-
metyltetrahydrofuran-3-
yl)imidazo[1,5-a]pyrazin-
8(7H)-on

65% (& 10
M)

128

303

90

7-(4-metoxybenzyl)-6-
metyl-3-(1-(4-metylthiazol-
2-ybhetylimidazo[1,5-
alpyrazin-8(7H)-on

34

15

23

10

91

3-(7-(4-metoxybenzyl)-6-
metyl-8-oxo0-7,8-
dihydroimidazo[1,5-
a|pyrazin-3-yl)-3-
metylpyrolidin-1-

suifonamit

181

185

417

20
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92

6-(xyclopentylmetyl)-7-(4-
metoxybenzyl)-3-
(tetrahydro-2 H-pyran-4-
yllimidazo[1,5-a]pyrazin-
8(7H)-on

71

11

79

57

93

3-(morpholino)-7-(4-
metoxybenzyl)-6-
metylimidazo[1,5-

alpyrazin-8(7H)-on

96

52

99

23

94

7-(4-metoxybenzyl)-6-
metyl-3-((tetrahydrofuran-
3-yDamino)imidazo[1,5-

a|pyrazin-8(7H)-on

2516

465

1231

95

(R)-7-(4-metoxybenzyl)-6-
metyl-3-(3-
metylmorpholino)imidazo[

1,5-a]pyrazin-8(7H)-on

258

162

218

96

(S)-7-(4-metoxybenzyl)-6-
metyl-3-(3-
metylmorpholino)imidazo[

1,5-a]pyrazin-8(7H)-on

48

38

51

nd

97

7-(4-metoxybenzyl)-6-
metyl-3-(1,4-oxazepan-4-
yl)imidazo[1,5-a]pyrazin-
8(7H)-on

202

82

128

98

3-(2,2-dimetylmorpholino)-
7-(4-metoxybenzyl)-6-
metylimidazol[1,5-
a]pyrazin-8(7H)-on

287

102

135
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7-(3-flobenzyl)-3-
, (hexahydro-4 H-furo{3,2-
99, chat b La-y1)-6
. ol-4-y1)-6-
dong pyljr Y 241 134 27 9
metylimidazo[1,5-
phén 1 .
a|pyrazin-8(7H)-on, chat
ddng phén 1
7-(3-flobenzyl)-3-
. (hexahydro-4 H-furo[3,2-
7%, chi blpyrrol-4-yl)-6 47% (6 10
. ol-4-y1)-6- 0 (O
dong py1:r Y 760 119 6
metylimidazo[1,5- M)
phén 2 .
ajpyrazin-8(7H)-on, chat
ddng phén 2
10-0 7-(3-flobenzyl)-6-metyl-3-
- (tetrahydro-2 H-pyran-3-
chat
& yl)imidazo[1,5-a]pyrazin- 306 223 43 11
on O
s 8(7H)-on, chat dong phan
phén 1 .
lap the 1
100 7-(3-flobenzyl)-6-metyl-3-
N (tetrahydro-2 H-pyran-3-
chat
. yl)imidazo[1,5-a]pyrazin- 333 93 33 21
dong Lo
8(7H)-on, chat dong phéan
phéan 2 ,
14p the 2

nd nghéi 13 "khong xac dinh"

Bang 1 1iét k& gid tri ICso cho trc ché ciia PDE1 boi cac hop chét theo sang ché. Gi tri
ICso d& cap dén ndng d6 (nM) ctia hop chit cin dé dat 50% trc ché clia enzym PDE1 &

ndng d6 chit nén cu thé,

Dbi voi mét s6 hop chit nhét dinh, Gc ché cia PDE duge liét ké 12 % tc ché & ndng
d6 nhét dinh.

Nhim muyc dich so sanh, bang cong liét ké % tc ché cia PDE9 & 10 pM.
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Thir nghiém PDE] va PDE9 duge md ta trong Phan thir nghiém.
vi DU THU'C HIEN SANG CHE

PIEU CHE HOP CHAT THEO SANG CHE

0
Ry N7 N

@

Céc hop chét ¢6 cong thire (I) ¢6 thd duoc didu ché boi cac phuong phép duge md ta
dudi diy, cing v6i cac phuong phap tdng hop di biét trong linh vuc héa hitu co, hoiic
cac cai bién ma quen thudc véi chuyén gia trong linh vuc. Cac vt lidu khoi ddu duoc
st dung & ddy c6 ban trén thi trudng hoic 6 thd duoc didu ché bai cac phuong phap
thong thuong d3 biét trong linh vuc, nhu céc phuong phap duge mé ta trong séch
tham khao tidu chudn nhu "Compendium of Organi¢ Synthetic Methods, Tap I-XII"
(duge xut ban voi Wiley-Interscience, ISSN: 1934-4783). Cac phuong phap duoc wu

tién bao gbm, nhung khong giéi han &, cic phiong phép duoc md ta dudi day.

Céc so dd thé hién cic phuong phép hiru dung trong vide tbng hop céc hop chat theo
sang ch'é. Chung khédng nhém gi6i han pham vi cua sdng ché theo cach b'ét ky. Trir khi
¢6 chi dinh khac, trong céac so dd phén tng va md ta sau diy, Ri-Rq4 12 nhu duge x4c
dinh theo diém 1.

Ciac phwong phs'lp chung:

Phuong phap 1:
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ct
cl 0 cl 0
R1 <
- Yia N NJ\H‘R‘ N)\f\n
: 1 . L/ N o —— K\/N p
oN ZHCL o 2N \'g)
v 1 wogn
o 0
NS Ry LG Rz/\n)j\(\N
K/N Y, ( ™ N\X
) R )
i R n 1R R, n
q=0Rg=H
Re=H

Tém lai, cac hop chit theo séng ché c6 thé duge didu ché tir (3-clopyrazin-2-
yDmetanamin dihydroclorua V ¢6 trén thi truong (CAS: 867165-53-5). Cho (3-
clopyrazin-2-yl)metanamin dihydroclorua V phan tmg véi dAn xudt axit vi du nhu
nhung khéng gidi han & axit clorua dudi cac didu kién thich hop dé tao thanh amit, sir
dung bazo vi du nhu nhung khong giéi han & trietylamin va dung moi/hdn hop dung
mdi nhu dimetylformamit va diclometan tao thanh amit IV. Hop chét trung gian ITI c6
thé duoc diéu ché tir IV bing cach xir Iy véi phosphoryl clorua trong dung méi nhu
dioxan. 8-cloimidazo[1,5-a]pyrazin IIT dugc chuyén b1 thanh imidazo[1,5-alpyrazin-
8(7H)-on II dudi cac didu kién thiy phén tidu chuén vi dy nhw nhung khong gi¢i han
& hydrocloric axit trong hdn hgp dung méi nhu nuge va 1,4-dioxan, Hop chét T duoc
tao thanh tir imidazo[1,5-alpyrazin-8(7H)-on II bing cach xi ly véi chit phan ting
alkyl héa vi du nhu nhung khong giéi han & alkyl bromua st dung bazo vi du nhu

nhung khéng giéi han & dung méi kali carbonat nhu dimetylformamit.
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Phwong phap 2:

VI Vi

— (p)\/N ¢ —_— { N N\S JESRTOR— (p)ﬁ/N [N
q q q
R In ) R In
3 Ry Rs & n Rs Ry R,
i 0 '
R4 = H

Tém lai, cac hop chét theo sang ché c6 thé duge didu ché tir S-amino-3-
metoxypyrazin-2-carbonitril X cé trén thi truong (CAS: 1137478-55-7). Phén img cta
5-amino-3-metoxypyrazin-2-carbonitril X véidi-tert-butyl dicarbonat va chét xtic tac
vi du nhu nhung khoéng gi6i han & N,N-dimetylpyridin-4-amin dung mdi nhu
diclometan tao ra pyrazin IX. Hydrat héa cta IX véi chét xdc tac vi du nhu nhung
khong gi¢i han & Raney Nikendudi khi quyén clia dung moi hydro nhu metanol tao
thanh amin VIIL Hop chit c6 cong thitc VII c6 thé duge didu ché bang céach sir dung
hop chét ¢ cong thitc VIII va carboxylic axit st dung céc didu kién tao lién két amit
tiéu chuén vi du nhu nhung khéng gi¢i han & HATU (1-[Bis(dimetylamino)metylen]-
1H-1,2,3-triazolo[4,5-b]pyridini 3-oxid hexaflophosphat), bazo, vi du nhu nhung
khong gidi han & dung mdi trietylamin nhu diclometan. Hop chét duoc bao vé boc cb
cong thitc VII ¢6 thé dugce khir bao vé thanh hop chét ¢d cong thic VI sit dung cée
diéu kién khir bao v& tidu chuin vi du nhu nhung khong gi6i han ¢ trifloaxetic axit
dung moi nhu diclometan. Xir Iy hop chit c6 cong thire VI véi isoamyl nitrit, ddng
iodua va dung mdi diiodometan nhu tetrahydrofuran tao thanh hop chét ¢6 cong thic
V. Hop chét c6 cong thirc V ¢6 thé duge chuyén ddi thanhcac midazopyrazin c6 cong

thitc IV bang céch xir Iy véi dung méi phosphoryl clorua nhw 1,4-dioxan. Céc
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imidazopyrazin ¢6 cong thirc III duge didu ché tir IV sir dung céc didu kién phan g
lién hop chéo tidu chun vi du nhu nhung khéng giéi han & phan tGng lién hop chéo
Suzuki-Miyaura. Céc diéu kién nay cho phan Gng lién hop chéo 12 vi du nhu nhung
khong gidi han & stir dung; boronic axit este, kali carbonat 1am bazo, hdn hop ciia 1,4-
dioxan va nuéc lam dung mdi va [1,1'-bis(diphenylphosphino)
feroxen]diclopaladi(IT) (Pd(dppf)Cl2) lam chét xtc tac. Imidazo[1,5-alpyrazin-8(7H)-
on ¢6 cong thire IT duge didu ché bing cach xir 1y hop chét ¢ cbng thirc III vé6i axit
vi du nhu nhung khéng giéi han & hydrocloric axit trong hdn hop cua cac dung moi
nhu nuée va metanol. Imidazo[1,5-a]pyrazin-8(7H)-on ¢ cong thirc T duge diéu ché
bing cach alkyl héa II véi chét phan tmg alkyl héa vi du nhu nhung khong gi6i han &
alkylbromua sit dung bazo vi dy nhu nhung khong giéi han & dung moi kali carbonat

nhu dimetylformamit.

Phwong phap 3:
o]
> JHA e N/J R Hﬁ%\

q
vi Ry y Ry w ]

o) Q

HNJY\N
RG\H/]\VN ¢ — - Ra 2 Nt
| ) “ 1)
H Ry " n

Tém lai, cac hop chét theo sang ché c6 thé duoc didu ché tir metyl 1H-imidazol-5-
carboxylat VI c6 trén thi truong (CAS: 17325-26-7). Phan ung cta metyl 14-
imidazol-5-carboxylat VI vé&i keton duge halogen héa vi du nhu nhung khong giti
han & cloketon, duéi 4nh hudng ctia bazo vi du nhu nhung khéng gidi han & dung moi
kali carbonat nhu axeton tao thanh imidazol V. Xit Iy imidazol V v6i chit phan tmg
brom hoéa vi du nhir nhung khong gi6i han & N-bromosucxinimit (NBS) v&i sy ¢6 mét
ctia chit khdi ddu gbe vi dy nhu nhung khéng gidi han & azobisisobutyronitril
(AIBN) tao ra imidazol I'V. Cac hop chit ¢6 cong thirc T dugce tao thanh bang céch
xtr ly imidazol IV v&i dung mdi amoni axetat nhy 1,4-dioxan. Cac hop chit ¢6 cong

thire I ¢6 thé duoc diéu ché tix hop chét trung gian I str dung cac diéu kién phan
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{mg lién hop chéo tiéu chuin vi dy nhu nhung khong giéi han & phan tng lién hop
chéo Suzuki-Miyaura. Cac diéu kién nay cho phan tng lién hop chéo 1a vi du nhu
nhung khéng gidi han & st dung; boronic axit este, kali carbonat lam bazo, hdn hop
cia 1,4-dioxan va nuée 1lam dung méi va Pd(dppf)Cl 1am chit xtc téc. Trong mot s6
vi du R; chta lién két cacbon-cacbon khéng bdo hda ma c6 thé duge khir bang phan
{mg hydrat héa dudi cdc diéu kién dd biét dbi véi chuyén gia trong linh vuc.
Imidazo[1,5-a]pyrazin-8(7H)-on c6 cdng thirc I duge didu ché bang cach alkyl héa I
v6i chit phan Ung alkyl héa vi du nhu nhung khong giéi han & alkylbromua st dung

bazo vi du nhur nhung khdng gidi han & dung méi kali carbonat nhu dimetylformamit.

Phwong phap 4:

n=0,1 &
vi v v
~,

0 0 0
N7 HN)H%\N Ry LG Rz/\NJ\f\N
TTTT—— )\._/N\X ’ N ’ N
In ) )
g n R | R

Tém lai, cac hop chét theo sang ché c6 thé duge didu ché tir 2-clo-6-metylpyrazin X
¢ trén thi trudong (CAS: 38557-71-0). Cho 2-clo-6-metylpyrazin X phéan Gng véi
Natri metoxit trong metanol tao thanh pyrazin IX. N-oxit VIII c6 thé dugc didu ché tir
IX, bang céch xi ly v6i chét oxy héa, khong gi6i han & natri metaborat va hydro
peroxit, dung mdi nhu axetic axit. Cho VIII phén (mg voi ngudn xyanua, nhu
trimetylsilyl xyanua va kém(II)bromua, st dung bazo vi du nhu nhung khong giti han
& trictylamin va dung mdi/hdn hop dung mdi nhu axetonitril tao thanh xyanua VII,
Phan tng cta VII, khong giéi han & Raney niken va hydro, v6i sy c¢6 mét clia Boc-

anhydrit, tao thanh carbamat VL. Amin V ¢6 thé duoc giai phéng bing cich st dung
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triflo axetic axit, nhung khong gi¢i han &, tir VI. Cho amin V phén tmg véi din xudt
axit vi du nhu nhung khong giéi han & axit clorua dudi cac didu kién thich hop dé tao
thanh amit, si dung bazo vi du nhu nhung khong giéi han & trietylamin va dung
mdi/hdn hop dung méi nhu dimetylformamit va diclometan tao thanh amit IV. Hop
chit trung gian III c¢6 thé dwoc didu ché t IV bing cach xir Iy véi dung méi
phosphoryl clorua nhu dioxan. 8-cloimidazo[1,5-a]pyrazin HI dugc chuyén d6i thanh
imidazo[1,5-alpyrazin-8(7H)-on II duéi cac diéu kién thiy phén tiéu chuén vi du nhu
nhung khéng giéi han & hydrocloric axit trong hdn hop dung mdi nhu nude va 1,4-
dioxan. Hop chét I duogc tao thanh tir imidazo[1,5-alpyrazin-8(7H)-on I bang cach xu
1y véi chit phan tmg alkyl héa vi dy nhu nhung khéng giéi han & alkyl bromua si
dung bazo vi du nhu nhung khong giéi han & dung moi kali carbonat nhu

dimetylformamit.
Cac phwong phap phéan tich

Dix liéu LC-MS phén tich thu dugce bing céch st dung cac phuong phap duge xac
dinh dudi day.

Phwong phap 1: Hé Agilent 1200 LCMS véi b do ELS dugce sir dung. Cot: XBridge
ShieldRP18, 5 m, 50x2,1 mm; Nhiét d6 cot: 40 °C; HE dung moéi: A =
mude/NH3*Hz0 (99,95:0,05) va B = axetonitril; Phuong phap: Tach rita gradien tuyén
tinh véi A:B = tir 99:1 dén 0:100 trong 3,4 phut va véi téc dd dong chay bing 0,8
ml/phat.

Phwong phap 2: Dung cu Shimadzu 20 MS dugc trang bi ngdn ion cta su ion héa
bing photon tai 4p suat giam va hé Shimadzu LC-20AB duge sit dung. Cot: MERCK,
RP-18¢ 25-2mm; Nhiét do cot: 50°C; Hé dung mdi: A = nudc/trifloaxetic axit
(99.9625.0375) va B = axetonitril /trifloaxetic axit (99.981:0.019); Phuong phap: Téach
rira gradien tuyén tinh véi A:B = 95:5 dén A:B=5:95 trong 0,7 phut, sau d6 A:B=5:95
trong 0,4 phut, sau dé tach rtra gradien tuyén tinh v&i A:B 95:5 trong 0,4 phiit v&i tbe
d6 dong chay khéng dbi bang 1,5 mL/phut.

Phuong phap 3: Hé Agilent 1200 LCMS véi bd do ELS dugc sir dung. Cot: Agilent
TC-C18 5 um; 2,1x50mm; Nhiét d6 cot: 50°C; HE dung mdi: A = nudc/axit
trifloaxetic (99,9:0,1) va B = axetonitril /axit trifloaxetic (99,95:0,05); Phuwong phap:
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Tach rita gradien tuyén tinh véi A:B = tir 99:1 dén 0:100 trong 4,0 phit va véi tbe d6
dong chay bang 0,8 ml/phut.

Phwong phap 4: Hé Agilent 1200 LCMS véi bd do ELS dugc st dung. Cot: Agilent
TC-C18 5 pm; 2,1x50mm; Nhiét d§ cdt: 50°C; Hé dung mdi: A = nudc/axit
trifloaxetic (99,9:0,1) va B = axetonitril /axit trifloaxetic (99,95:0,05); Phuong phap:
Téch riva gradien tuyén tinh véi A:B = tir 90:10 dén 0:100 trong 4,0 phut va véi tde 86
dong chay bang 0,8 ml/pht.

Phuong phap 5: Waters Acquity UPLC-MS duoc st dung. Cot: Acquity UPLC BEH
C18 1,7pm; 2,1x50mm; Nhiét do cot: 60 °C; Hé dung mdi: A = nudc/axit trifloaxetic
(99,965:0,035) va B = axetonitril /nudc/axit trifloaxetic (94,965:5:0,035); Phuong
phép: Tach rira gradien tuyén tinh véi A:B = 90:10 dén 0:100 trong 1,0 phat va véi toe
d6 dong chay bing 1,2 mL/phut.

Phwong phap 6: Waters Acquity UPLC-MS duge str dung. Cot: Acquity UPLC BEH
C18 1,7um; 2,1x50mm; Nhiét do cot: 60 °C; Hé dung mdi: A = nudce/axit formic
(99,9:0,1) va B = axetonitril /nudc/axit formic (94,9:5:0,1); Phuong phéap: Tach rira
gradien tuyén tinh véi A:B = 90:10 dén 0:100 trong 1,0 phut va véi tde 6 dong chay
bang 1,2 mL/phut.

Phwong phz’up 7: Waters Acquity UPLC-MS duogc st dung. Cot: Acquity UPLC HSS
T3 C18 1,8um; 2,1x50mm; Nhiét d6 cot: 60 °C; Hé dung mdi: A = nudc/axit
trifloaxetic (99,965:0,035) va B = axetonitril /nude/axit trifloaxetic (94,965:5:0,035);
Phuong phap: Tach ria gradien tuyén tinh v6i A:B = 98:02 dén 0:100 trong 1,0 phut
va voi toe d6 dong chay bing 1,2 mL/phit.

Phwong phap 8: Hé Agilent 1200 LCMS v6i bd do ELS dugc sit dung. Phenomenex
Luna-C18, 5 m; 2,0x50mm; Nhiét d6 cot: 50°C; Hé dung méi: A = nudc/axit
trifloaxetic (99,9:0,1) va B = axetonitril /axit trifloaxetic (99,95:0,05); Phuong phép:
Téch riva gradien tuyén tinh v6i A:B = tir 99:1 dén 0:100 trong 4,0 phut va véi toe do
dong chay bing 0,8 ml/pht.

Phwong phap 9: Hé Agilent 1200 LCMS v6i b) do ELS duge st dung, Cot: Xtimate
C18 2,1*30mm,3um; 2,0x50mm; Nhiét d6 cdt: 50°C; Hé dung méi: A = nudc/axit
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trifloaxetic (99,9996:0,0004) va B = axetonitril /axit trifloaxetic (99,9998:0,0002);
Phuong phap: Téch rira gradien tuyén tinh v6i A:B = tir 100:0 dén 70:30 trong 3,0
phiit va véi tde d6 dong chay bang 0,8 ml/phut.

Phwong phap 10: Hé Agilent 1200 LCMS véi by do ELS duogc st dyng. Cot:
Xtimate C18 2,1*30mm,3um; 2,0x50mm; Nhiét d¢ cft: 50°C; Hé dung méi: A =
nudc/axit trifloaxetic  (99,9996:0,0004) va B = axetonitril /axit trifloaxetic
(99,9998:0,0002); Phuong phap: Tach rira gradien tuyén tinh véi A:B = tir 100:0 dén
40:60 trong 1,5 phiit va v6i tbe d6 dong chay bang 1,2 ml/phut.

Phwong phap 11: Hé Agilent 1200 LCMS véi bd do ELS duogc str dung. Cot: Waters
XBridge ShieldRP18, 2,1*50mm,5 m; Nhiét dé cft: 40 °C; HE dung moi: A =
nudc/amoniac (99,95:0,05) va B = axetonitril; Phuong phap: Tach rira gradien tuyén
tinh véi A:B = tir 95:5 dén 0:100 trong 4,0 phut va vai tdc d6 dong chay bing 0,8
ml/phut.

Phwong phap 12: Hé Agilent 1100 LCMS voi bg do ELS dugc skt dung. Cot: YMC
ODS-AQ 5 pm; 2,0x50mm; Nhiét d6 cdt: 50°C; Hé dung méi: A = nudc/axit
trifloaxetic (99,9:0,1) va B = axetonitril /axit trifloaxetic (99,95:0,05); Phuong phap:
Téch rira gradien tuyén tinh véi A:B = tir 99:1 dén 5:95 trong 3,5 phut va véi tbc do
dong chay bang 0,8 ml/phit.

Phwong phap 13: H¢ Agilent 1200 LCMS véi bd do ELS duge st dung. Phenomenex
Luna-C18, 5 m; 2,0x50mm; Nhiét do cot: 50°C; Hé dung méi: A = nudc/axit
trifloaxetic (99,9:0,1) va B = axetonitril /axit trifloaxetic (99,95:0,05); Phuong phap:
Téch rita gradien tuyén tinh véi A:B = tir 99:1 dén 0:100 trong 4,0 phit va véi téc 4o
dong chay bang 0,8 ml/phit.

Phwong phép 14: Hé Agilent 1200 LCMS véi by dd ELS duge sir dung. Cot:
Xtimate C18 2,1*30mm,3um; 2,0x50mm; Nhiét d6 cot: 50°C; Hé dung mébi: A =
nuéc/trifloaxetic axit (99.9996:0.0004) va B = axetonitril / trifloaxetic axit
(99.9998:0.0002); Phuong phap: Tach rira gradien tuyén tinh véi A:B = tir 100:0 dén
40:60 trong 6,0 phiit va véi tde d dong chay bang 0,8 mi/phit.
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Phwong phap 15: Hé Agilent 1200 LCMS véi by do ELS duoc sit dung. Cot:
MERCK,RP-18e 25-2mm; Nhiét d6 c6t: 50°C; Hé dung mdi: A = nudc/axit
trifloaxetic (99,9996:0,0004) va B = axetonitril /axit trifloaxetic (99,9998:0,0002);
Phuong phap: Téach rira gradien tuyén tinh véi A:B = 95:5 dén 5:95 trong 0,7 phtit va
v6i tbe d6 dong chay bing 1,5 mL/phut.

Phwong phap 16: Hé Agilent 1200 LCMS vdi b do ELS duge st duyng. Cot:
Xtimate C18 2,1*¥30mm,3um; 2,0x50mm; Nhiét d6 cdt: 50°C; H¢ dung moi: A =
nudc/axit trifloaxetic  (99,9996:0,0004) va B = axetonitril /axit trifloaxetic
(99,9998:0,0002); Phuong phap: Téach rira gradien tuyén tinh v&i A:B = tir 100:0 dén
40:60 trong 0,9 phit va vai tdc d6 dong chay bang 1,2 ml/phut.

Phwong phap 17: Hé Agilent 1200 LCMS v6i bd do ELS duge sit dung. Phenomenex
Luna-C18, 5 m; 2,0x50mm; Nhiét d§ cot: 50°C; Hé dung mdi: A = nudc/axit
trifloaxetic (99,9:0,1) va B = axetonitril /axit trifloaxetic (99,95:0,05); Phuong phap:
Téch rira gradien tuyén tinh v6i A:B = tir 90:10 dén 0:100 trong 4,0 phtit va véi toe dd
dong chay bang 0,8 ml/phit.

Phwong phap 18: Hé Agilent 1200 LCMS véi bd dd ELS dugce sit dung. Cot: Waters
XBridge ShieldRP18, 2,1*50mm,5 m; Nhiét d§ cot: 40 °C; H¢ dung méi: A =
nude/amoniac (99,95:0,05) va B = axetonitril; Phuong phap: Tach rra gradien tuyén
tinh v6i A:B = tir 85:15 dén 0:100 trong 3,4 phut va véi téc d6 dong chay bing 0,8
ml/phut.

Phwong phap 19: Waters Acquity UPLC-MS dugc st dung. Cot: Acquity UPLC
BEH C18 1,7um; 2,1x50mm; Nhiét dd ct: 60 °C; Hé dung mdi: A = nudc/axit formic
(99,9:0,1) va B = axetonitril /nuéc/axit formic (94,9:5:0,1); Phwong phéap: Tach rira
gradien tuyén tinh v6i A:B = 98:2 dén 0,1:99,9 trong 1,0 phit va véi tbe do dong chay
bing 1,2 mL/phit.

Tinh ché LC-MS dy bi duge thuc hién trén thiét bi PE Sciex API 150EX véi ion hoa
héa hoc ép suat khi quyén. Cot: 50 X 20 mm YMC ODS-A véi kich thude hat 5 um;
Hé dung mdi: A = nudc/axit trifloaxetic (99,965:0,035) va B = axetonitril /nudce/axit

trifloaxetic (94,965:5:0,035); Phuong phéap: Tach rira gradien tuyén tinh v&i A:B = tir
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80:20 dén 0:100 trong 7 phiit va véi tdc d6 dong chay bang 22,7 ml/phit. Tién hanh
gom céac phan doan bing cach dd MS dong chay tach,

SFC didu ché dugc thue hién trén thidt bi Thar 80. Céc didu kién thir nghiém c6 thé 13,
nhung khéng giéi han &: Cot AD 250 X 30mm véi kich thuée hat 20 pm; Nhigt do
cot: 38°C, Pha dong: CO; sidu t&i han/ EtOH(NH3H20 0,2%) =45/55.

Cac hop chit trung gian:

N-((3-clopyrazin-2-yl)metyl)butyramit:

cl | Q
K ey
=N

=N 2HCI

Thém vao dung dich d4 lanh cua (3-clopyrazin-2-yl)metanamin (2,0 g, 14 mmol)
trong diclometan (50 mL) va dimetylformamit (10mL) trietylamin(4,5 g, 45 mmol),
sau d6 thém butyryl clorua (2.0 g, 14 mmol). Phan Umg dugc dé 4m dén nhigt do
phong va dugc khudy trong 1 gid. HOn hop phan ing duge ding véi nuée va dugce
chiét voi diclometan (2x250 mL). Céc pha hitu co két hop duoc rira véi nuée mudi,
duoc lam khé qua NaxSOs va duge cd ddc trong chdn khing d8 tao ra N-((3-
clopyrazin-2-yl)metyl)butyramit 2.4 g (81%).

8-Clo-3-propylimidazo[1,5-a]pyrazin:

o]

Thém vao dung dich N-((3-clopyrazin-2-yl)metyl)butyramit (2,4 g, 11 mmol) trong
1,4-dioxan (20 mL) POCIs (3,44 g, 22,5 mmol). Hén hop duge khudy & 100°C trong 2
gi® va sau d6 lam ngudi trén bé nude d4. NaHCO; nuée bio hoa duge thém tir tir va
hdn hop duogc chiét véi diclometan (2x50 mL). Céc pha hitu co két hop duge rira voi
nuée mudi, duge 1am khd qua NaxSOs va duge cbd ddc trong chdn khong dé tao

thanh8-clo-3-propylimidazo[1,5-alpyrazin2 g (63%).

3-Propylimidazo[1,5-a}pyrazin-8(7H)-on:
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Cl o}

Z
N = N RNJ\(\N

K,N\é K/Néf

Dung dich 3-propylimidazo[1,5-a]pyrazin-8(7H)-on (100 mg, 0,51 mmol) trong hdn
hop cta 1,4-dioxan (10 mL) va H>O (4mL) duge khudy & 100°C trong 2 gier. Hon hop
phan Gng dwgce ¢ dic trong chdn khong va cin duge pha lodng véi diclometan (50
mL), dugc rira v6i NaHCOs(nudce), sau d6 nude mudi, duoc 1am khd qua NaxSO4 va
duge cb dic trong chdn khongdé tao ra 3-propylimidazo[1,5-alpyrazin-8(7H)-on50
mg (55%).

Metyl 1-(2-oxopropyl)-1 H-imidazol-5-carboxylat:

Hon hop ctia metyl 1H-imidazol-5-carboxylat (20 g, 0,16 mol),1-clopropan-2-on (22
g, 0,24 mol), va kali carbonat (44 g, 0,32 mol) trong axeton (400 mL) dugc khudy &
30°C trong 12 gi¢. Hn hop phan g duge cd dic frong chdn khong, can duge pha
lodng véi etyl axetat (200 mL) va duge riva voi HoO (3x50 mL). Lép hitu co duge lam
khé qua NapSO4 va duge cb dic trong chdan khéng. Can duge tinh ché bﬁng sic ky
nhanh st dung gradien ete diu hoa va etyl axetat d& tao ra metyl 1-(2-oxopropyl)-1H-
imidazol-5-carboxylat 10 g (35%).

Metyl 2-bromo-1-(2-oxopropyl)-1H-imidazol-5-carboxylat:

o]

o]
A, N PN

N~Z N/J(N
/LO );O Br

Hon hop ctia metyl 1-(2-oxopropyl)-1H-imidazol-5-carboxylat (10 g, 55 mmol), N-

bromosucxinimit (12,7 g, 71,4 mmol) va azobisisobutyronitril (1,8 g, 11 mmol) trong

cloform (100 mL) dugc khudy & 50°C trong 12 git, C6 hdn hop trong chédn khing.

Cin duge tinh ché bing séc ky nhanh sir dung gradien ete dAu hoa va ety axetat dé tao

ra metyl 2-bromo-1-(2-oxopropyl)-1H-imidazol-5-carboxylat 13 g (91%).

3-Bromo-6-metylimidazo|1,5-alpyrazin-8(7H)-on:
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N\< /l\/N\/<N
Br
0 Br
Hbn hop clia metyl 2-bromo-1-(2-oxopropyl)-1H-imidazol-5-carboxylat (14 g, 50
mmol) va amoni axetat (16,5 g, 215 mmol) trong 1,4-dioxan (150 mL) duoc khudy &
60°C trong 12 git. Hén hop sau d6 duge khudy & 90°C thém 24 gid nita. Hon hop
phéan tmg dugc c¢b dic trong chdn khéng va cgn duoc pha lodng voi etyl axetat (600
mL) va dugce rira voi nude (3x100 mL). Pha hitu co két hop duge lam khé véi NaxSO4
khan va duoc ¢ dic rong chdn khong. Can duge tinh ché bing sic ky nhanh sir dung
gradien ete diu hoa va etyl axetat dé tao ra 3-bromo-6-metylimidazo[1,5-a]pyrazin-
8(7H)-on 4,8 g (39%).

3-(3,6-Dihydro-2H-pyran-4-yl)-6-metylimidazo[1,5-ajpyrazin-8(7H)-on:

o]
HN Gl

mhl R A«Ng
4
(8]

a

Br

Hon hop cua 3-bromo-6-metylimidazo[1,5-a}pyrazin-8(7H)-on (4.5 g, 20 mmol), 2-
(3,6-dihydro-2 H-pyran-4-yl)-4,4,5,5-tetrametyl-1,3,2-dioxaborolan (4,97 g, 23,7
mmol), Pd(dppH)Clz (2,9 g, 3,95 mmol), kali carbonat (5,5 g, 39 mmol) vaH20 (10
mL) trong 1,4-dioxan (40 mL) dugc khudy & 100°C trong 12 gio. Hdn hop dugce loc
va phdn loc duge ¢ dic trong chdn khong. Can duge tinh ché bing sic ky nhanh st
dung gradien diclometan va metanol dé tao ra 3-(3,6-dihydro-2H-pyran-4-yl)-6-
metylimidazo[1,5-a]pyrazin-8(7H)-on 4,0 g (88%).

6-Metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on:

o 0
HNJ\F\ HNT ==

ANt A
b
o o

Hdn hop ctia 3-(3,6-dihydro-2H-pyran-4-yl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on
(4,0 g, 17 mmol) va 10% Pd/C (300 mg) trong tetrahydrofuran (15 mL) dugc khudy &
15° C trong 7 gi&r dudi khi quyén ctia hydro. HOn hop phan tng dugce loc va phén loc
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dwoc ¢d dic trong chdn khéng d& tao ra 6-metyl-3-(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-8(7H)-on 3,5 g (87%).

Tert-butyl (S-xyano-6-metoxypyrazin-2-yl)carbamat:

~9 ~0
CN e CN
S NJY
NIJ\'/ R /k/N
P HN
2! I

Boe

Dung dich 5-amino-3-metoxypyrazin-2-carbonitril (4,70 g, 31,3 mmol), di-fert-butyl
dicarbonat (8,9 g, 41 mmol), N,N-dimetylpyridin-4-amin (38 mg, 0,31 mmol) trong
diclometan (150 mL) dwoc khudy & 30°C trong 12 gid. Hon hop phan tng dugc cd
ddc trong chan khéng. Cin duge tinh ché bing sic ky nhanh st dung gradien ete dau
hoa va etyl axetat dé tao ra fert-butyl (5-xyano-6-metoxypyrazin-2-yl)carbamat 9,0 g
(80%).

Tert-butyl (5-(aminometyl)-6-metoxypyrazin-2-yl)carbamat:

\O ~,
CN
=N =N
Hl}l HI}I
Boc Boc

Hbn hop ctia fert-butyl (5-xyano-6-metoxypyrazin-2-yl)carbamat (9,0 g, 36 mmol),
mit sang Raney Ni 40-60 (5 g) vA NH3 bio hoa trong metanol (2 mL) trong metanol
(100 mL) duge khudy & 30°C trong 12 giv dudi Ha (45 psi). Phan tmg dugc loc va
dwoc ¢ dic trong chdn khéng dé tao ra tert-butyl (5-(aminometyl)-6-metoxypyrazin-

2-yl)carbamat 10 g, di tinh khiét cho budc tiép theo.

Tert-butyl (6-metoxy-5-((tetrahydro-2H-pyran-4-carboxamido)metyl)pyrazin-2-

yl)carbamat:
~o ~o 0
NJ\Y\NHZ N/S/\NJ‘\O
i i H
=N [ N o]
Boc Boc

Dung dich tert-butyl (5-(aminometyl)-6-metoxypyrazin-2-yl)carbamat (10,0 g, 31,5
mmol), tetrahydro-2H-pyran-4-carboxylic axit (4,50 g, 34,6 mmol), trietylamin (6,37
g, 62,9 mmol) va 1-[bis(dimetylamino)metylen]-1H-1,2,3-triazolo[4,5-b]pyridini 3-
oxit hexaflo phosphat (13,2 g, 34,6 mmol) trong diclometan (120 mL) dugc khudy &
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30°C trong 12 gir. H8n hop phan Gng dugce ¢d dic trong chdn khdng va cin dugc tinh
ché bing séc ky nhanh sir dung gradien ete diu hoa va etyl axetat dé tao ra fert-butyl
(6-metoxy-5-((tetrahydro-2 H-pyran-4-carboxamido)metyl)pyrazin-2-yl)carbamat 8 g
(69,4%).

N-((5-Amino-3-metoxypyrazin-2-ylymetyl)tetrahydro-2H-pyran-4-carboxamit:
L\ o) o 9
Boc

Dung dich tert-butyl (6-metoxy-5-((tetrahydro-2 H-pyran-4-
carboxamido)metyl)pyrazin-2-yl)carbamat (8 g, 21,8 mmol) va trifloaxetic axit (40
mL) trong diclometan(40 mL) dugc khudy & 30°C trong 12 gid. Hon hop phan tmg
duoc ¢b ddc trong chdn khdéng. Can dugce pha lodng vdi diclometan (100 mL), va duge
rtra v6i NaHCO3 dén pH=8. Lép hitu co dugc rira v6i nude (3x20 mL), duge 1am kho
va duge ¢d dic trong chdn khéng. Cin duge tinh ché bing sic ky nhanh sir dung
gradien ete dau hoa va etyl axetat dé thu duge N-((5-amino-3-metoxypyrazin-2-
ymetyl)tetrahydro-2 H-pyran-4-carboxamit 4 g (65,4%).

N-((5-Iodo-3-metoxypyrazin-2-yl)metyl)tetrahydro-2H-pyran-4-carboxamit:

= N™™ N

Y0 — G

Dung dich N-((5-amino-3-metoxypyrazin-2-yl)metyl)tetrahydro-2 H-pyran-4-
carboxamit (2,40 g, 9,01 mmol), déng(T)iodua (1,72 g, 9,01 mmol), isoamyl nitrit
(1,58 g, 13,5 mmol) va diiodometan (2,41 g, 9,01 mmol) trong tetrahydrofuran (50
mL) duoc khudy & 75°C trong 6 gid. Hon hop duge loc va duge ¢d dic trong chdn
khéng. Can duge tinh ché bing séc ky nhanh st dung gradien ete diu hoa va etyl
axetat d8 tao ra N-((5-iodo-3-metoxypyrazin-2-yl)metyl)tetrahydro-2 H-pyran-4-
carboxamit 2,20 g (64,7%).

6-Iodo-8-metoxy-3-(tetrahydro-2 H-pyran-4-yDimidazo[1,5-a]pyrazin:
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Thém vao dung dich N-((5-iodo-3-metoxypyrazin-2-yl)metyl)tetrahydro-2H-pyran-4-
carboxamit (2 g, 5,30 mmol) trong 1,4-dioxan (60 mL.) phosphoryl clorua(8,13 g, 53,0
mmol) & 0°C. Phan ung duge khudy & 85°C trong 12 gid. Hon hop dugce cb dic trong
chdn khéng. Cin dugce pha lodng véi diclometan (100 mL) va nuée da (60 mL), sau
d6 NaHCO3 nudc bio hoa (30 mL). Pha hitu co duge tich va pha nude duge chiét v6i
diclometan (3x20 mL). Pha hitu co két hop dwoc gom, duge 1am khd va duge b dic
trong chdn khéng. Cin duge tinh ché bang séc ky nhanh sir dung gradien ete diu hoa
va etyl axetat dé thu dwogc 6-iodo-8-metoxy-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-
alpyrazin500 mg (23,6%).

6-Benzyl-8-metoxy-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin:

~ ~

0 )
o o

Hdn hop ctia 6-iodo-8-metoxy-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin
(500 mg, 1,39 mmol), 2-benzyl-4,4,5,5-tetrametyl-1,3,2-dioxaborolan (911 mg, 4,18
mmol), Pd(dppf)Clz (51 mg, 0,07 mmol), K2CO;3 (577 mg, 4,18 mmol) va H,0 (3 mL)
trong 1,4-dioxan (15 mL) duoc khudy & 80°C trong 12 gi¢r duéi khi quyén ciia Na. Sau
d6 hdn hop dugc loc va phin loc dugc ¢d dic trong chdn khéng. Cin duge tinh ché
bang sic ky nhanh sir dung gradien ete ddu hoa va etyl axetatdé thu dugc 6-benzyl-8-
metoxy-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin 260 mg (52%).

6-Benzyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a}pyrazin-8(7H)-on:

~,

O
N&\

Q
HN)klf\
Sk\ .Ng—' N N\éi)
o 0
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Dung dich 6-benzyl-8-metoxy-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin
(320 mg, 0,990 mmot) va 2 M HCl nuée (8 mL) trong metanol (20 mL) duge khudy &
60°C trong 12 git. Dung dich duge cb dic trong chdn khong. Can duge tinh ché bing
sic ky nhanh sir dung gradien ete diu hoa va etyl axetat d& thu dugc 6-benzyl-3-
(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on 230 mg (68%).

N-((3-clopyrazin-2-yl)metyl)tetrahydro-2H-pyran-4-carboxamit:

cl cl o]

Thém vao dung dich (3-clopyrazin-2-yl)metanamin dihydroclorua (3,8 g, 18 mmol)
trong DMF khan (20 mL) trietylamin (5,7g, 56 mmol). Hon hop duge 1am ngudi dén
0°C, tetrahydro-2H-pyran-4-carbonyl clorua (2,9 g, 19 mmol) duge thém nhé giot.
Khudy hdn hop & 0°C trong 0,5 gid. Hon hop phan tmg duge pha lodng véi nude (50
mL) va duge chiét véi etyl axetat (3x80 mL). Céc pha hitu co két hop duoc rira véi
nude mudi (50 mL), dugc lam khd qua NazSO4 va dugce cb ddc trong chdn khdng. Can
dwoc tinh ché bang sic ky nhanh pha lofing véi etyl axetat d8 tao ra N-((3-clopyrazin-
2-yDmetyl)tetrahydro-2 H-pyran-4-carboxamit 2,4 g (54%).

8-Clo-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin:
N" =
GO — Uéﬂ
o]

Thém vao dung dich N-((3-clopyrazin-2-yl)metyl)tetrahydro-2H-pyran-4-carboxamit
(2,5 g, 9,8 mmol) trong 1,4-dioxan khan (20 mL) phosphoryl clorua (3,4 g, 22 mmol).
Phén g duge khudy & 80°C trong 2 gid. Sau d6 dung dich dwoce 1am ngudi va duoce
rét vao nude (100 mL), pH duge didu chinh dén 8-9 bing cach thém K2CO;3 nuée bo
hoa. Hon hop thd duoc chiét voi etyl axetat (2x100 mL). Céc pha hitu co két hop
duoc 1ira v6i nude mubi (50 mL), duge 1am kho qua NaxSO4 va duge ¢d dic rong
chén khéng. Cin duge tinh ché bing sic ky nhanh st dung gradien ete dAu hoa va etyl
axetat dé thu duoc 8-clo-3-(tetrahydro-2/-pyran-4-yl)imidazo[1,5-a]pyrazin2.1 g
(90%).
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3-(Tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on:

Cl

o

N HNJHé\

Mf\) Mg
o o

Thém vao dung dich 8-clo-3-(tetrahydro-2 H-pyran-4-yDimidazo{1,5-alpyrazin (2,1 g,
8,8 mmol) trong 1,4-dioxan (20 mL) 2 M HC] nuéc (10 mL). Dung dich dugc khudy &
80°C trong 2 gid. Hn hop duoc 1am ngudi va pH duge diéu chinh dén 8-9 bang cach
th&m K2CO3 nuee bao hoa, HON hop thd dwoc ¢b dic trong chdn khéng va cin duge hoa tan
trong metanol (150 mL) va dugc loc. Phéan loc dwoc ¢ dic trong chdn khéng va cin
duoc tinh ché bing sic ky nhanh str dung hdn hop clia diclometan va metanol (10:1)
d8 tao ra 3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on 1,6 g (81%).

'H NMR (DMSO-ds, 400 MHz): 10,55 (s, 1H), 7,63 (s, 1H), 7,39 (d, J = 6,0 Hz, 1H),
6,60 (s, 1H), 3,91-3,88 (m, 2H), 3,49-3,42 (m, 2H),3,34-3,29 (m, 1H), 1,82-1,72 (m,
4.

LC-MS: (m/z) 220,1 (MH") tr (phut, Phwong phép 3) = 1,37 phut
N-((3-Clopyrazin-2-yl)metyl)xyclopropancarboxamit:

STUNH
_N 2HC!

Thém vao dung dich (3-clopyrazin-2-yl)metanamin dihydroclorua (4,0 g, 19 mmol)
trong DMF khan (20 mL) EtN (1,9 g, 18,5 mmol). Hdn hop dugce 1am ngudi dén 0°C
va xyclopropancarbonyl clorua(2,3 g, 22 mmol) duge thém nhé giot. Phan ing duge
khudy & 0°C trong 0,5 gid. Hon hgp phan tng dugce pha lofing véi nude (50 mL),
duoc chiét véi etyl axetat (2x100 mL). Céc pha hitu co két hop duogc rira véi nude
mudi (40 mL), duoc 1am khd qua NazSO4 va dugc ¢b dic trong chdn khéng. Cin duoc
tinh ché bing sic ky nhanh pha lodng vé6i ete ddu hoa/etyl axetat 2/1 dé thu duge N-
((3-clopyrazin-2-yl)metyl)xyclopropancarboxamit 3,3 g (85%).

8-Clo-3-xyclopropylimidazo{1,5-a]pyrazin:
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Cl cl

0
R N

LN K/N‘i

Thém vao dung dich N-((3-clopyrazin-2-yl)metyl)xyclopropancarboxamit (3,3 g, 15,6
mmol) trong 1,4-dioxan (30 mL) khan phosphoryl clorua (5,3 g, 35 mmol). Phin tng
duoc khudy & 80°C trong 2 gid. Sau d6 dung dich duge 1am ngudi trén bé nudc da va
duge 1ot vao nuée (50 mL). pH dugc didu chinh dén 8-9 bang cach thém K2CO3 nude
bdo hoa. Hon hop duogce chiét véi etyl axetat (2x50 mL). Céc pha hitu co két hop duoc
rira v6i nude mudi (50 mL), duoe 1am khd qua NaxSO4 va duge ¢d dic trong chdn
khong. Can duogc tinh ché béng sic ky nhanh st dung ete dau héaletyl axetat 3:1 dé
thu duge 8-clo-3-xyclopropylimidazo[1,5-a]pyrazin2.4 g (80%).

3—Xyci0propyiimidazo[l,Sua] pyrazin-8(7H)-on:

cl

NZ N

(e}
Thém vao dung dich 8-clo-3-xyclopropylimidazo[1,5-alpyrazin (2,5 g, 13 mmol)
trong 1,4-dioxan (20 mL) 2 M HC! nude (10 mL). Dung dich duoc khudy & 80°C
trong 2 gid. Hon hop dugc 1am ngudi trén bé nuée d4 va pH dugc didu chinh dén 8-9
bing céch thém K»CO3 nude bio hda. Hon hop duge cbd dic trong chdn khéng va cin
duoc hoa tan trong metanol (150 mL) va duoc lgc. Phén loc duge ¢d dic trong chdn
khdng va cin dugce tinh ché bing séc ky nhanh st dung diclometan/metanol 10/1) dé
tao ra 3-xyclopropylimidazo[1,5-a]pyrazin-8(7H)-on 1,9 g (83%).

'H NMR (DMSO-ds, 400 MHz): 10,49 (s, 1H), 7,54 (s, 1H), 7,41 (d, J = 5,6 Hz, 1H),
6,61 (d, J= 5,6 Hz, 1H), 2,29-2,24 (m, 1H), 0,99-0,89 (m, 4H).

LC-MS: (m/z) 176,1 (MH") tr (phtt, Phuong phap 1) = 1,04 phut

N-((5-Bromo-3-metoxypyrazin-2-yl)metyDtetrahydro-2H-pyran-4-carboxamit:

~o 0 o o]

Dung dich NaNOz (972 mg, 14,09 mmol) trong H2O (100 mL) dugc thém vao dung
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dich khudy ctia N-((5-amino-3-metoxypyrazin-2-yl)metyl)tetrahydro-2 H-pyran-4-
carboxamit (2,5 g, 9,4 mmol) trong 40% HBr nuéc (33 mL) & 0°C. Sau khi khudy
trong 1,5 gio, CuBr (2,02 g, 14,1 mmol) dugc thém va hdn hop duoc khudy & 70°C
trong 1 gid. Gi4 tri pH dugc didu chinh dén pH 8 béng céch thém NaHCO3 nude bio
hoa. Hon hop duoc loc va phén loc dugc ¢ diic trong chdn khéng. Cin duge tinh ché
bing sic ky nhanh st dung gradien ete diu hoa va etyl axetat d& thu dugc N-((5-
bromo-3-metoxypyrazin-2-yl)metyl)tetrahydro-2 H-pyran-4-carboxamit 800  mg
(25%).

LC-MS: (m/z) 331,8 (MH*) tr (phat, Phuong phép 2) = 0,723 phit

6-Bromo-8-metoxy-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin:

~o

Thém vao dung dich N-((5-bromo-3-metoxypyrazin-2-ylymetyltetrahydro-2H-pyran-
4-carboxamit (800 mg, 2,42 mmol) trong 1,4-dioxan (30 mL) phosphoryl clorua (3,8
g, 25 mmol) & 0°C. Hn hop duge gia nhiét dén 70°C va dugc khudy trong 1 gid. Hon
hop duoc c6 dic trong chdn khdéng vacin dugc pha lodng véi diclometan (100 mL) va
nude da (60 mL). Gia trj pH dugc didu chinh dén pH 8 bing cach thém NaHCO3 nude
béio hoa. Pha hitu co duge tach va pha nuéc duge chiét véi diclometan (3x30 mL).
Pha hitu co két hop dugc lam khd va duge ¢d dic trong chdn khong. Cin duge tinh
ché bing séc ky nhanh stt dung gradien diclometan va metanol dé thu dugc 6-bromo-

8-metoxy-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin 500 mg (66%).
LC-MS: (m/z) 313,7 (MH") tr (phit, Phwong phap 2) = 0,740 phut

6-Bromo-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on:

NZ =

e}
. M)
v, 7
Br)\\,uéj Br)wé)
(¢ (o]
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Thém vao dung dich6-bromo-8-metoxy-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-
alpyrazin (200 mg, 0,641 mmol) trong diclometan (30 mL) boron tribromua (1,61 g,
6,41 mmol) ¢ 0°C. Phan ng duge 1lam 4m dén 20°C va dugc khudy trong 3 gid. Dung
dich dugc ding véi nude (2 mL) & 0°C. Phan tmg duge cd dic trong chdn khéng va
cin duge tinh ché bing sic ky nhanh sir dung gradien diclometan va metanol dé thu
duoc 6-bromo-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-alpyrazin-8(7H)-on 130 mg
(68%).

LC-MS: (m/z) 299,7 (MH") tr (phtit, Phuong phap 2) = 0,730 phit

2-metoxy-6-metylpyrazin

cl ~o

N7 N7
Thém vao huyén phii cha 2-clo-6-metylpyrazin (24 g, 186,7 mmol) trong MeOH khan
(240 mL) NaOMe (12,1 g, 224 mmol). Hon hop duoc khudy & 60-70°C trong 16 gid.

Hbn hop duge 1am ngudi va duoe loc. Phén loc duoc cb dic trong chdn khong dé tao
ra 2-metoxy-6-metylpyrazin (22 g, 95% san lugng). 'THNMR (CDCl3 400 MHz): 7,98
(s, 1H), 7,94 (s, 1H), 3,91 (s, 3H), 3,40 (s,3H). LC-MS:tx = 1,47 phat (Phuong phép
14), m/z = 124,8 [M + H]".
3-metoxy-5-metylpyrazin I-oxit

\0 \o

/N\o
]

Thém vao dung dich 2-metoxy-6-metylpyrazin(21,3 g, 171,6 mmol) trong AcOH (150
mL) NaBO; H202 3H20 (31,7 g, 205,9 mmol). Khudy hdn hop & 80°C trong 16 gid.
Hdn hop duge cb dic trong chdn khdong va duge pha loding véi 2 M NaOH nude (300
mL). Hon hop duge chiét véi EtOAc (200 mL x 4). Lép hitu co duge rira véi nudce
mudi (100 mL), duoc lam khd qua NazSO4 va duge lam khé qua d8 tao ra 3-metoxy-

5-metylpyrazin 1-oxit(14,4 g, 60% san luong).

3-metoxy-5-metylpyrazin-2-carbonitril

-60-



30635

\0 \o

NAﬁ Niﬁ/%N
)]\¢N?° /k%"
)

Thém vao hdn hgp cla 3-metoxy-5-metylpyrazin 1-oxit (10 g, 71,4 mmol) trong
MeCN (200 mL) TMSCN (24,8 g, 249,8 mmol) va trietylamin (36,1 g, 356,8 mmol),
ZnBr, (32,1 g, 142,7 mmol). H3n hop dugc khudy & 85-90°C trong 16 gid. Hon hop
duoc ¢b dic trong chin khdng. Cin duge pha lodng voi DCM (500 mL) va duge loc.
Phin loc duge rira véi nuée (300 mL) va nuée mubi (200 mL). Lép hitu co duge lam
khd qua NaxSO4 va duge lam kho qua. Cin dugce tinh ché bing séc ky silica gel (ete
diu hoaetyl axetat=5:1) dé tao ra 3-metoxy-5-metylpyrazin-2-carbonitril (4,1 g, 38%
san luong).

tert-butyl ((3-metoxy-5-metylpyrazin-2-yl)metyl)carbamat

~ 0 \o

Thém vao dung dich 3-metoxy-5-metylpyrazin-2-carbonitril (6,22 g, 41,7 mmol) trong
MeOH (100 mL) (Boc)0 (13,65 g, 62,6 mmol) va Raney Ni (2,0 g). Hon hop dugc
khudy & 20-25°C duéi Ha (45 psi) trong 16 gidr. Hon hop duge loc va phan loc duge
1am khd qua. Cin duoc tinh ché bang sic ky silica gel (ete diu hoa:etyl axetat=>5:1) dé
tao ra tert-butyl ((3-metoxy-5-metylpyrazin-2-yl)metyl)carbamat (7,7 g, 72% séan
lugng).

LC-MS: tr = 0,70 phit (Phuwong phép 15), m/z = 254,0 [M + H]*".

(3-metoxy-5-metylpyrazin-2-yl)metanamin
~o j\ k o

Thém vao dung dich fert-butyl ((3-metoxy-5-metylpyrazin-2-yl)metyl)carbamat (7,7
g, 30,3 mmol) trong THF (50 mL) TFA (20 mL). Khudy hdn hop & 80°C trong 2 gid.
H&n hop duoe ¢b dic trong chian khéng. Can duge pha lodng véi 2 M NaOH nude
(200 mL), duge chiét véi DCM (100 mL x 2). Lép hitu co duge rira véi nuée mudi
(50 mL), dugc lam kh6é qua NaxSO4 va duge lam kh6é qua dé tao ra (3-metoxy-5-
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metylpyrazin-2-yl)metanamin (2,5 g, 54% san luong).

TH NMR (CDCl3 400 MHz): 7,90 (s, 1H), 3,96 (s, 3H), 3,93 (s, 2H), 2,42 (s,3H) , 1,69
(s,2H).

LC-MS: fr = 0,73 phat(Phuong phap 16), m/z = 154,2 [M + H]*.
CAC HQP CHAT THEO SANG CHE:

Vidu 1
o
\QALN{\

7-(3-Flobenzyl)-3-propylimidazo[1,5-a]pyrazin-8(7H)-on:

Thém vio dung dich 3-propylimidazo[1,5-aJpyrazin-8(7H)-on (1,2 g, 6,8 mmol) trong
DMF (10 mL) kali carbonat(1,4 g, 10 mmol) va 1-(bromometyl)-3-flobenzen (1,54 g,
8,13 mmol). Hdn hop dugc khudy & 60-70°C trong 2 gidy va sau d6 lam ngudi dén
nhiét 46 phong. Phan tng duoc thém nuée (75 ml) va phan Gng duge chiét vi etyl
axetat (2x50mL). Céc pha hitu co két hop dugc rira véi nude mudi, duge 1am khd va
duoc co dic trong chén khong. Can dugc tinh té bing séc ky nhanh dé thu duge 1,5 g
(78%) 7-(3-flobenzyl)-3-propylimidazo[1,5-a]pyrazin-8(7H)-on.

'H NMR (DMSO-ds, 400 MHz): 7,70 (s, 1H), 7,46-7,37 (m, 2H), 7,17-7,09 (m, 3H),
7,00 (d, J=6,0 Hz, 1H), 5,02 (s, 2H), 2,83 (t, 2H),1,75-1,66 (m, 2H), 0,91 (t, 3H).

LC-MS: (m/z) 286,1 (MH") tr (phtt, Phuong phap 3) = 2,19 phit

Vidu2

6-Benzyl-7-(3-flobenzyl)-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on:
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Hon hop cha 6-benzyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(200 mg, 0,647 mmol), 1-(bromometyl)-3-flobenzen (159 mg, 840 pmol) va kali
carbonat (179 mg, 1,29 mmol) trong DMF (6 mL) dugc khudy & 60°C trong 12 giv,
Hdn hop phan ung dugc cd dic trong chdn khong vacan dugc pha loZng véi
diclometan (20 mL) va dugc rira véi nude (3%5 mL). Pha hitu co két hop duge lam
kho, duoc loc va duge ¢b dic trong chdn khéng. Cén dugc tinh ché bing TLC diéu
ché, pha lofing véi ete diu hoa va etyl axetat 1:2,d8 thu dugc 6-benzyl-7-(3-
flobenzyl)-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on80 mg (28%).

'H NMR (CDCls, 400 MHz): 7,97 (s, 1 H), 7,39-7,30 (m, 4 H), 7,17 (d, J=7,53 Hz, 2
H), 6,94-6,92 (m, 2 H), 6,83 (d, J=9,54 Hz, 1 H), 6,74 (s, 1 H), 5,06 (s., 2 H), 4,12 (d,
J=12,05 Hz, 2 H), 3,74 (s, 2 H), 3,58 - 3,52 (m, 2 H), 3,03 - 3,09 (m, 1 H), 2,19 - 2,09
(m, 2 H), 1,89 (d, /=13,55 Hz, 2 H).

LC-MS: (m/z) 418,2 (MH") tr (phtt, Phuong phép 3) = 2,69 pht

Vidu 3

6-Benzyl-7-(xyclohexylmetyl)-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-
alpyrazin-8(7H)-on:

Hdn hop ctia 6-benzyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(60 mg, 0,19 mmol), (bromometyl)xyclohexan (52 mg, 0,29 mmol) va kali carbonat
(54 mg, 0,39 mmol) trong DMF (10 mL) dugc khudy & 75°C trong 12 gid. Hon hop
phan Gng duge ¢b dic rong chdn khéng. Can duge pha lodng véi diclometan (20 mL)
va duge riva véi nuée (3x5 mL). Pha hitu co két hop duge 1am khd, duge loc va duge
¢b dac trong chdn khong. Can duge tinh ché bing TLC didu ché, pha lodng v6i ete
diu hoa va etyl axetat 1:2,dé thu dugc 6-benzyl-7-(xyclohexylmetyl)-3-(tetrahydro-
2H-pyran-4-yl)imidazo{[1,5-a]pyrazin-8(7H)-on 15 mg (8,1%).
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'H NMR (CDCls, 400 MHz): 7,87 (s, 1 H), 7,42-7,30 (m, 3 H), 7,19 (d, J=7,34 Hz, 2
H), 6,65 (s, 1 H), 4,11 (d, J=11,25 Hz, 2 H), 3,90 (s, 2 H), 3,66 (d, J=6,36 Hz, 2 H),
3,54 (t, J=10,76 Hz, 2 H), 3,05-2,99 (m, 1 H), 2,18 - 2,04 (m, 2 H), 1,86 (d, J=13,94
Hz, 2 H), 1,63 - 1,77 (m, 7 H), 1,18-1,15 (m, 2 H), 1,04-1,01 (m, 2 H).

LC-MS: (m/z) 406,2 (MH?) tr (phiit, Phuong phap 4) = 2,38 phut

Vi du 4

O

Q

7-(Xyclohexylmetyl)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-
alpyrazin-8(7H)-on:

HOn hop cla 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(50 mg, 0,21 mmol), (bromometyl)xyclohexan (57 mg, 0,32 mmol) va kali carbonat
(59 mg, 0,43 mmol) trong DMF (2 mL) duge khudy & 60°C trong 12 gid. Hon hop
phan ting dugce ¢d ddc trong chin khong. Cin duge pha lodng véi diclometan (20 mL)
va duge rira voi nude (3x5 ml). Pha hitu co két hop duge lam khé, duge loc va duge
¢ dic trong chdn khéng. Can duge tinh ché bang LC-MS diéu ché dé thu dwoc 7-
(xyclohexylmetyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on 20 mg (28%),

'H NMR (CDCl, 400 MHz): 7,85 (s, 1 H), 6,71 (s, 1 H), 4,13 (d, J=11,04 Hz, 2 H),
3,78 (d, 1=7,03 Hz, 2 H), 3,66-3,53 (m, 2 H), 3,11-3,05 (m, 1 H), 2,27 (s, 3 H), 2,20-
2,05 (m, 2 H), 1,88 (d, I=12,05 Hz, 2 H), 1,80-1,64 (m, 6 H), 1,25-1,13 (m, 3 H),
1,12-0,99 (m, 2 H).

LC-MS: (m/z) 330,2 (MH") tr (phut, Phuong phap 3) = 2,49 phut
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Vidu$5

o

7-(3-Flobenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on:

Hon hop cha 6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(50 mg, 0,21 mmol), 1-(bromometyl)-3-flobenzen (60 mg, 0,32 mmol) va K2CO3 (59
mg, 0,43 mmol) trong DMF (2 mL) duogc khudy & 60°C trong 12 gid. Hon hop phan
tng duoc cb dic trong chdn khéng. Can duge pha lodng vé6i diclometan (20 mL) va
dugc rira voi nudce (325 mL). Lop hitu co duge 1am khd va duge cb dic trong chidn
‘khéng. Cin duge tinh ché bing LC-MS diéu ché dé tao ra 7-(3-flobenzyl)-6-metyl-3-
(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on 20 mg (27%).

'H NMR (CDCl, 400 MHz): 7,94 (s, 1 H), 7,34-7,29 (m, 1 H), 7,03-6,94 (m, 2 H),
6,90 (d, J=9,70 Hz, 1 H), 6,77 (s, 1 H), 5,23 (s, 2 H), 4,14 (d, /=10,14 Hz, 2 H), 3,59
(td, J=11,69, 1,76 Hz, 2 H), 3,15-3,05 (m, 1 H), 2,18 (s, 3 H), 2,17-2,08 (m, 2 H), 1,90
(d, J=13,45 Hz, 2 H),

LC-MS: (m/z) 342,2 (MH*) tr (phit, Phuong phap 3) = 2,34 phat

Vidu6
o]

3-Xyclopropyl-7-(3-flobenzyl)imidazo[1,5-a]pyrazin-8(7H)-on:

Thém vao dung dich 3-xyclopropylimidazo[1,5-a]pyrazin-8(7H)-on (300 mg, 1,71
mmol) trong DMF khan (5 mL) K2COs (355 mg, 2,57 mmol) va 1-(bromometyl)-3-
flobenzen (388 mg, 2,05 mmol). Khudy hdn hop & 65°C trong 16 git. Hon hop duge
loc va phin loc duge tinh ché bang HPLC diéu ché d8 thu dugc 3-xyclopropyl-7-(3-
flobenzyl)imidazo[1,5-a]pyrazin-8(7H)-on 280 mg (58%).
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'H NMR (DMSO-ds 400 MHz): 7,59-7,56 (m, 2H), 7,36-7,33 (m,1H), 7,13-7,09 (m,
3H), 6,98 (d, J/=6,0 Hz, 1H), 4,98 (s,2H), 2,29-2,24 (m, 1H), 1,00-0,90 (m,4H),

LC-MS: (m/z) 284,1 (MH") tr (phtt, Phuong phép 3) = 2,23 phut

Vidu7

7-(Xyclopentylmetyl)-3-xyclopropylimidazo[1,5-a]pyrazin-8(7H)-on:

Thém vao dung dich 3-xyclopropylimidazo[l,5-alpyrazin-8(7H)-on (300 mg, 1,71
mmol) trong DMF khan (5 mL) KoCOs (355 mg, 2,57 mmol) va
(bromometyl)xyclopentan (335 mg, 2,05 mmol). Phan ting duge khudy & 65°C trong
16 gio. Hon hop duge loc va pha"‘m loc dugce tinh ché b%ng LC-MS diéu ché dé thu
duoc  7-(xyclopentylmetyl)-3-xyclopropylimidazo([1,5-a]pyrazin-8(7H)-on 210 mg
(47%).

IH NMR (DMSO-d, 400 MHz): 7,53 (s, 1H), 7,51 (d, J = 6,0 Hz, 1H), 6,90 (d, J =
6,0 Hz, 1H), 3,69 (d, J = 7,6 Hz, 2H), 2,29-2,24 (m, 2F), 1,58-1,45 (m,6H), 1,22-1,19
(m, 2H), 1,00-0,89 (m,4H).

LC-MS: (m/z) 258,2 (MH") tr (phit, Phuong phép 3) = 2,24 phut
Vidu$8

o]
7-(Xyclohexylmetyl)-3-xyclopropylimidazo[1,5-a]pyrazin-8(7H)-on:

Thém vao dung dich 3-xyclopropylimidazo[1,5-a]pyrazin-8(7H)-on (300 mg, 1,71
mmol) trong DMF khan (5 mL) KoCO; (355 mg, 2,57 mmol) va
(bromometyl)xyclohexan (363 mg, 2,05 mmol). Phdn Gng duge khudy & 65°C trong
16 gidr. H8n hop phan tng duoc loc va phén loc duge tinh ché bing LC-MS didu ché
dé thu dugc 7-(xyclohexylmetyl)-3-xyclopropylimidazo[1,5-a]pyrazin-8(7H)-on 195
mg (42%).
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IH NMR (DMSO-ds,400 MHz): 7,53-7,49 (m, 2H), 6,84 (d, J = 6,0 Hz, 1H), 3,59 (d, J
= 7,6Hz, 2H), 2,27-2,25 (m,1H), 1,68-1,55 (m, 6H), 1,10-0,89 (m,9H).

LC-MS: (m/z) 272,2 (MH™) tr (phut, Phuong phéap 3) = 2,40 phit

Vidu 9

e

7-(3-Flobenzyl)-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on:

Thém vao dung dich 3-(tetrahydro-2H-pyran-4-yl)imidazo[l,5-a]pyrazin-8(7H)-on
(200 mg, 0,91 mmol) tron‘g DMF khan (5 mL) K2COj3 (189 mg, 1,37 mmol) va 1-
(bromometyl)-3-flobenzen (207 mg, 1,10 mmol). Hén hop phan ting duge khudy &
60°C trong 16 gid. Hdn hop duge loc va phin loc duge tinh ché bing LC-MS diéu ché
dé tao ra 7-(3-flobenzyl)-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-
on 190 mg (64%).

'H NMR (DMSO-ds,400 Mhz): 7,68 (s, 1H), 7,54 (d, J = 6,0 Hz, 1H), 7,36-7,33 (m,
1H), 7,14-7,09 (m, 3H), 6,99 (d,J = 6,0 Hz, 1H), 4,99 (s, 2H), 3,91-3,88 (m,2H), 3,48-
3,42 (m, 2H), 3,30-3,29 (m, 1H), 1,81-1,73 (m, 4H).

LC-MS: (m/z) 328,1 (MH") tr (phut, Phuong phap 1) = 1,92 phit

Vidy 10

o

o

7-(Xyclopentylmetyl)-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-

on:

Thém vao dung dich 3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(400 mg, 1,82 mmol) trong DMF khan (5 mL)'K2C03 (503 mg, 3,64 mmol) va
(bromometyl)xyclopentan (445 mg, 2,73 mmol). Hdn hop phan tng duoc khudy &
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60°C trong 16 gid. Hdn hop duoc loc va phén loc dugc tinh ché bing LC-MS didu ché
dé tao ra 7-(xyclopentylmetyl)-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on 290 mg (53%).

'H NMR (DMSO-de, 400 Mhz): 7,62 (s, 1H), 7,49 (d, J= 6,0 Hz, 1H), 6,90 (d, /= 6,0
Hz, 1H), 3,91-3,88 (m, 2H), 3,69 (d,J = 7,6Hz, 2H), 3,48-3,43 (m, 2H), 3,42-3,31
(m,1H), 2,27-2,24 (m, 1H), 1,78-1,73 (m, 4H), 1,58-1,44 (m, 6H) , 1,21-1,20 (m, 2H).
LC-MS: (m/z) 302,2 (MH") tz (phut, Phuong phap 3) = 2,29 phut

Vidu 11

0
OReY

o

7-(Xyclohexylmetyl)-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-
on:

Thém vao dung dich 3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-
on(300 mg, 1,37 mmol) trong DMF khan (5 mL) K2COs3 (379 mg, 2,74 mmol) va
(bromometyl)xyclohexan (364 mg, 2,06 mmol). Hén hop phan Ung duge khudy &
60°C trong 16 git. Han hop duge loc va phin loc duge tinh ché bing LC-MS diéu ché
d thu duge 7-(xyclohexylmetyl)-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on 240 mg (55%).

'H NMR (DMSO0-de,400 Mhz): 7,62 (s, 1H), 7,47 (d, J= 6,0 Hz, 1H), 6,84 (d, J= 6,2
Hz, 1H), 3,91-3,88 (m,2H), 3,60 (d, J= 7,2 Hz, 2H), 3,48-3,42 (m, 2H),3,30-3,29 (m,
1H), 1,78-1,52 (m, 10H), 1,10-1,06 (m, 3H), 0,93-0,91 (m, 2H).

LC-MS: (m/z) 316,2 (MH") tr (phut, Phuong phéap 3) = 2,44 phat.
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Vidu 12
o]
I
o

0

7-(Xycloheptylmetyl)-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-

on:

Thém vao dung dich 3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(300 mg, 1.37 mmol) trong DMF khan (4 mL) KoCO; (568 mg, 4,11 mmol) va
xycloheptylmetyl metansulfonat (565 mg, 2,74 mmol). Hon hop phan tng duge khudy
& 95°C trong 16 gid. Hon hop duoc loc va phén loc dugc tinh ché bﬁng LC-MS diéu
ché @ tao ra 7-(xycloheptylmetyl)-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-
alpyrazin-8(7H)-on 140 mg (30%).

'H NMR (DMSO-ds, 400 MHz): 7,62 (s, 1H), 6,48 (d, J = 5,6 Hz, 1H), 6,87 (d, J =
6,0 Hz, 1H), 3,91-3,88 (m, 2H), 3,59 (d,J = 7,6 Hz, 2H), 3,48-3,42 (m, 2H), 3,31-3,26
(m,1H), 1,90-1,73 (m, 5H), 1,57-1,43 (m, 10H), 1,13-1,11 (m, 2H). '

LC-MS: (m/z) 330,2 (MH") tr (phiit, Phuong phép 3) = 2,58 phit

Vidu13

-69-



30635

7-(Xycloheptylmetyl)-3-xyclopropylimidazo|[1,5-a]lpyrazin-8(7H)-on:

Thém vao dung dich 3-xyclopropylimidazo[1,5-a]pyrazin-8(7H)-on (300 mg, 1,71
mmol) trong DMF khan (4 mL) K2CO3 (709 mg, 5,1 mmol) va xycloheptylmetyl
metansulfonat (706 mg, 3,42 mmol). Hon hgp phén tng dugc khudy & 95°C trong 16
gidy. Hon hop dugc loc va phén loc duge tinh ché bing LC-MS diéu ché dé tao ra 7-
(xycloheptylmetyl)-3-xyclopropylimidazo[1,5-a]pyrazin-8(7H)-on 115 mg (24%).

'H NMR (DMSO-ds,400 MHz): 7,55-7,52 (m, 2H), 6,89 (d, J = 6,0 Hz, 1H), 3,61 (d, J
= 7,6 Hz, 2H), 2,32-2,27 (m, 1H), 1,91 (brs,1H), 1,91-1,02 (m, 12H), 1,01-0,91
(m,4H).

LC-MS: (m/z) 286,2 (MH") t (phut, Phuong phap 3) = 2,54 pht.

Vi du 14
0
N = N
cl )\\/N ¢

7-(4-Clobenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-ylimidazo[1,5-a]pyrazin-
8(7H)-on:

Hon hop cta 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(100 mg, 0,429 mmol), 1-(bromometyl)-4-clobenzen (132 mg, 0,643 mmol) va
Cs2C0;3 (280 mg, 0,857 mmol) trong DMF (2,0 mL) dugc khudy & 70°C trong 12 gid.
Hon hop phan Gng dugc loc va phz}in loc duoc ¢d dic trong chdn khong. Cén duoc tinh
ché bing LC-MS diéu ché d tao ra 7-(4-clobenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-
4-yDimidazo[1,5-a]pyrazin-8(7H)-on 53 mg (34%).
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'H NMR (CDCls, 400 MHz): 7,93 (s, 1H), 7,30 (d, J = 8,4 Hz, 2H), 7,16 (d, J = 8,4
Hz, 2H), 6,76 (s, 1H), 5,20 (s, 2H), 4,13 (d, J = 10,8 Hz, 2H), 3,62 - 3,56 (m, 2H),
3,12 - 3,05 (m, 1H), 2,18 (s, 3H), 2,16 - 2,09 (m, 2H), 1,89 (d, /= 13,2 Hz, 2H).

LC-MS: (m/z) 358,1 (MH") tr (phuit, Phuong phép 3) = 2,46 phut

Vidy 15

6-Bromo-7-(3-flobenzyl)-3-(tetrahydro-2 H-pyran-4-yDimidazo[1,5-e]pyrazin-
8(7H)-on:

Hdn hop cha 6-bromo-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(100 mg, 0,335 mmol), 1-(bromometyl)-3-flobenzen (95 mg, 0,50 mmol) va K2CO3
(93 mg, 0,67 mmol) trong DMF (2,0 mL) dugc khudy & 60°C trong 12 gid. Hon hop
phan ang duoc cd ddc trong chdn khéng. Can duge tinh ché bing LC-MS didu ché dé
tao ra 6-bromo-7-(3-flobenzyl)-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on 30 mg (22%).

'H NMR (CDCls, 400 MHz): 7,95 (s, 1H), 7,34 - 7,27 (m, 1H), 7,18 (s, 1H), 7,11 (d, J
= 7,6 Hz, 1H), 7,03 - 6,99 (m, 2H), 5,39 (s, 2H), 4,13 (d, /= 12,0 Hz, 2H), 3,62 - 3,56
(m, 2H), 3,11 - 3,05 (m, 1H), 2,18 - 2,08 (m, 2H), 1,88 (d, J= 14,0 Hz, 2H).

LC-MS: (m/z) 408,0 (MH) tr (phtit, Phuong phap 3) = 2,65 phut

Vidu 16
o]
(o]

7-Benzyl-6-metyl-3-(tetrahydro-2 H-pyran-4-ylimidazo[1,5-ajpyrazin-8(7H)-on:
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Hon hop ciia 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(100 mg, 0,429 mmol), (bromometyl)benzen (110 mg, 0,643 mmol) va K2COs3 (119
mg, 0,857 mmol) trong DMF (1,0 mL) dugc khudy & 60°C trong 3 gid. HOn hop duge
loc va phén loc duoc ¢b dic trong chdn khéng. Cin duge tinh ché bang LC-MS diéu
ché dé& thu dugec 7-benzyl-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-
alpyrazin-8(7H)-on 39 mg (28%).

'H NMR (CDCl, 400 MHz): 7,93 (s, 1H), 7,35 - 7,29 (m, 3H), 7,21 (d, J = 7,6 Hz,
2H), 6,75 (s, 1H), 5,25 (s, 2H),4,13 (d, J = 11,6 Hz, 2H), 3,61 - 3,56 (m, 2H), 3,13 -
3,06 (m, 1H), 2,19 (s, 3H), 2,15 - 2,08 (m, 2K), 1,89 (d, J = 13,2 Hz, 2H).

LC-MS: (m/z) 324,2 (MH") tr (phit, Phuong phap 3) = 2,25 phut

Vidu 17
F 0
0

7-(2-Flobenzyl)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on:

Hon hop ciia 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(100 mg, 0,429 mmol), 1-(bromometyl)-2-flobenzen (122 mg, 0,643 mmol) va
Cs2C0s3 (279 mg, 0,857 mmol) trong DMF (2,0 mL) dugc khudy & 70°C trong 1 gid.
H3n hop dugce loc va phin loc duge lam khé qua. Cin duge tinh ché bang LC-MS
diéu ché dé tao ra 7-(2-flobenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-
a|pyrazin-8(7H)-on 49 mg (33%).

1H NMR (CDCls, 400 MHz): 7,93 (s, 1H), 7,27 - 7,23 (m, 1H), 7,11 - 7,06 (m, 3H),
6,77 (s, 1H), 5,28 (s, 2H), 4,13 (d, J = 10,4 Hz, 2H), 3,62-3,56 (m, 2H), 3,12 - 3,07
(m, 1H), 2,19 (s, 3H), 2,16 - 2,10 (m, 2H), 1,89 (d, J = 12,0 Hz, 2H).

LC-MS: (m/z) 342,1 (MH") tr (phut, Phuong phap 3) = 2,30 phat

Vidy 18
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o]

7-(3-Clobenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a|pyrazin-
8(7H)-on:

Hén hop ctia 6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(100 mg, 0,429 mmol), 1-(bromometyl)-3-clobenzen (132 mg, 0,643 mmol) va K2CO3
(119 mg, 0,857 mmol) trong DMF (1,0 mL) dugc khudy & 65°C trong 12 gio. Hon
hop duge thém Cs:CO3 (280 mg, 0,857 mmol) va phan Gng duge khudy & 80°C thém
1 git. Hon hop phan tng dugc loc va phﬁn Ioc dugc ¢o dic trong chdn khéng. Can
duoc tinh ché bing LC-MS didu ché dé tao ra 7-(3-clobenzyl)-6-metyl-3-(tetrahydro-
2H-pyran-4-yl)imidazo{1,5-a]pyrazin-8(7H)-on 49 mg (32%).

'H NMR (CDCl, 400 MHz): 7,92 (s, 1H), 7,25 - 7,24 (m, 2H), 7,16 (s, 1H), 7,10 -
7,07 (m, 1H), 6,75 (s, 1H), 5,19 (s, 2H), 4,11 (d, J = 10,4 Hz, 2H), 3,60 - 3,54 (m,
2H), 3,12 - 3,05 (m, 1H), 2,16 (s, 3H), 2,14 - 2,07 (m, 2H), 1,87 (d, J= 12,0 Hz, 2H).
LC-MS: (m/z) 358,1 (MH") tr (phut, Phuong phép 3) = 2,44 phut

Vidy 19

7-(2-Clobenzyl)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-ajpyrazin-
8(7H)-on: '

Hdn hop cta 6-metyl-3-(tetrahydro-2 H-pyran-4-y1)imidazo[1,5-a]pyrazin-8(7H)-on
(100 mg, 0,429 mmol), 1-(bromometyl)-2-clobenzen (132 mg, 0,643 mmol) va
Cs2C03 (279 mg, 0,857 mmol) trong DMF (2,0 mL) duge khudy & 80°C trong 12 gid.
H&n hop duoc loc va phén loc dwoc ¢b dic trong chdn khéng. Cin duge tinh ché béng
LC-MS diéu ché d thu dugc 7-(2-clobenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-8(7H)-on 55 mg (36%).
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'H NMR (CDCls, 400 MHz): 7,95 (s, 1H), 7,42 - 7,40 (m, 1H), 7,25 - 7,20 (m, 2H),
6,93 (d, J = 7,2 Hz, 1H), 6,80 (s, 1H), 5,32 (s, 2H), 4,14 (d, J = 10,8 Hz, 2H), 3,63 -
3,57 (m, 2H), 3,14 - 3,07 (m, 1H), 2,20 - 2,10 (m, 2H), 2,13 (s, 3H), 1,91 (d, /= 13,2
Hz, 2H).

LC-MS: (m/z) 358,1 (MH") tz (phit, Phuong phap 3) = 2,46 phut

Vi du 20

e}
~° N
)\/N ¢

o

7-(3-Metoxybenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo{1,5-a}pyrazin-
8(7H)-on:

Hbn hgp cta 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(100 mg, 0,429 mmol), 1-(bromometyl)-3-metoxybenzen (129 mg, 0,643 mmol) va
Cs2C03 (280 mg, 0,857 mmol) trong DMF (1,0 mL) duoc khudy & 80°C trong 12 gio.
Hbn hop phan tmg duge loc va phan loc dugce ¢6 dic trong chdn khéng. Can dugc tinh
ché bang LC-MS diéu ché dé thu dugc 7-(3-metoxybenzyl)-6-metyl-3-(tetrahydro-2H-
pyran-4-y1)imidazo[1,5-a|pyrazin-8(7H)-on 68 mg (45%).

'H NMR (CDCls, 400 MHz): 7,92 (s, 1H), 7,27 - 7,23 (m, 1H), 6,82 - 6,77 (m, 2H),
6,74 (s, 2H), 5,21 (s, 2H), 4,13 (d, J = 10,8 Hz, 2H), 3,78 (s, 3H), 3,62 - 3,56 (m, 2H),
3,12 - 3,08 (m, 1H), 2,19 (s, 3H), 2,19 - 2,10 (m, 2H), 1,89 (d, /= 13,2 Hz, 2H).
LC-MS: (m/z) 354,2 (MH") tr (phut, Phuong phap 3) = 2,28 phit

Vidy 21

O

6-Metyl-7-(2-metylbenzyl)-3-(tetrahydro-2 H-pyran-4-yl)imidazo{1,5-a|pyrazin-
8(7H)-on:
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Hén hop cta 6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(100 mg, 0,429 mmol), 1-(bromometyl)-2-metylbenzen (119 mg, 0,643 mmol) va
K2COs3 (119 mg, 0,857 mmol) trong DMF (2,0 mL) dugce khudy & 60°C trong 12 gid.
Han hop duge thém bd sung Cs2CO3 (280 mg, 0,86 mmol) va phan tmg duge khudy &
70°C thém 13 gi¢r. Hon hop phan img duge loc va phin loc duge c6 dic trong chdn
khong. Can dugc tinh ché bing LC-MS diéu ché d tao ra 6-metyl-7-(2-metylbenzyl)-
3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-alpyrazin-8(7/H)-on 23 mg (16%).

IF NMR (CDCls, 400 MHz): 7,93 (s, 1H), 7,21 - 7,12 (m, 3H), 6,80 (s, 1H), 6,78 (d, J
= 7.6 Hz, 1H), 5,18 (s, 2H), 4,15 (d, /= 10,8 Hz, 2H), 3,63 - 3,57 (m, 2H), 3,15 - 3,09
(m, TH), 2,40 (s, 3H), 2,20 - 2,13 (m, 2H), 2,11 (s, 3H), 1,92 (d, J = 13,2 Hz, 2H).
LC-MS: (m/z) 338,2 (MH™") tr (phit, Phuong phap 3) = 2,37 phut

Vidu 22

Q

6-Metyl-7-(4-metylbenzyl)-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on:

Hon hop cia 6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(100 mg, 0,429 mmol), 1-(bromometyl)-4-metylbenzen (119 mg, 0,643 mmol) va
Cs2CO3 (280 mg, 0,857 mmol) trong DMF (2,0 mL) dugc khudy & 70°C trong 12 gid.
H3n hop duoc loc va phin loc dugce ¢b dic trong chdn khong. Cin duge tinh ché bing
LC-MS diéu ché dé tao ra 6-metyl-7-(4-metylbenzyl)-3-(tetrahydro-2H-pyran-4-
yl)imidazol1,5-a]pyrazin-8(7H)-on 68 mg (47%).

'H NMR (CDCls, 400 MHz): 7,92 (s, 1H), 7,14 - 7,09 (m, 4H), 6,74 (s, 1H), 5,20 (s,
2H), 4,13 (d, J = 10,4 Hz, 2H), 3,62 - 3,56 (m, 2H), 3,11 - 3,06 (m, 1H), 2,32 (s, 3H),
2,19 (s, 3H), 2,19 - 2,08 (m, 2H), 1,88 (d, T = 13,2 Hz, 2H).

LC-MS: (m/z) 338,2 (MH+) tR (phut, Phuong phap 3) = 2,41 phit.

Vi du 23
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7-(4-Metoxybenzyl)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on:

Hon hop ciia 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(100 mg, 0,43 mmol), 1-(bromometyl)-4-metoxybenzen (129 mg, 0,643 mmol) va
Cs2CO3 (280 mg, 0,857 mmol) trong DMF (2,0 mL) duoc khudy & 70°C trong 12
gid. Hon hop dugce loc va phén loc duge 1am khd qua. Cin duge tinh ché bang LC-MS
diéu ché @ tao ra  7-(4-metoxybenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-8(7H)-on 60 mg (39%).

'H NMR (CDCls, 400 MHz): 7,93 (s, 1H), 7,17 (d, J = 8,4 Hz, 2H), 6,86 (d, J = 8,4
Hz, 2H), 6,73 (s, 1), 5,17 (s, 2H), 4,13 (d, J= 10,0 Hz, 2H), 3,79 (s, 3H), 3,58 (t, J =
12,0 Hz, 2H), 3,11 - 3,05 (m, 1H), 2,21 (s, 3H), 2,18 - 2,08 (m, 2H), 1,88 (d, J = 13,6
Hz, 2H).

LC-MS: (m/z) 354,2 (MH*) tr (phut, Phuong phap 3) = 2,26 phut.

Vi du 24

e

7-(4-Flobenzyl)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on:

Hdn hop cia 6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(100 mg, 0,429 mmol), 1-(bromometyl)-4-flobenzen (122 mg, 0,643 mmol) va
Cs2CO3 (279 mg, 0,857 mmol) trong DMF (2,0 mL) duogc khudy & 70°C trong 12 gid.
Hdn hop duoge loc va phan loc duge b dic trong chdn khéng. Cin duge tinh ché bang
LC-MS didu ché d& thu dugc 7-(4-flobenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-alpyrazin-8(7H)-on 30 mg (21%).
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'H NMR (CDCls, 400 MHz): 7,93 (s, 1H), 7,22 - 7,19 (m, 2H), 7,04 - 7,00 (m, 2H),
6,75 (s, 1H), 5,20 (s, 2H), 4,13 (d, J = 11,2 Hz, 2H), 3,62 - 3,60 (m, 2H), 3,17 - 3,06
(m, 1H), 2,19 (s, 3H), 2,14 - 2,08 (m, 2H), 1,88 (d, J= 13,6 Hz, 2H).

LC-MS: (m/z) 342,1 (MH") t (phtit, Phuong phép 3) = 2,30 phut

Vi du 25
[e]
(o]

6-Metyl-7-(3-metylbenzyl)-3-(tetrahydro-2 H-pyran-4-yDimidazo[1,5-a]pyrazin-
8(7H)-on:

Hon hop cia 6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(100 mg, 0,429 mmol), 1-(bromometyl)-3-metylbenzen (119 mg, 0,643 mmol) va
Cs2C03 (280 mg, 0,857 mmol) trong DMF (1 mL) duoc khudy & 80°C trong 12 gid.
Hbn hop duge loc va phén loc duoc cd dic trong chdn khong. Cén dugce tinh ché bing
LC-MS didu ché d& tao ra 6-metyl-7-(3-metylbenzyl)-3-(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-8(7H)-on 62 mg (43%).

'H NMR (CDCls, 400 MHz): 7,93 (s, 1H), 7,21 (t, /= 7,2 Hz, 1H), 7,08 (d, /= 7,6
Hz, 1H), 7,02 - 6,98 (m, 2H), 6,74 (s, 1H), 5,21 (s, 2H), 4,13 (d, / = 10,8 Hz, 2H),
3,62 - 3,56 (m, 2H), 3,12 - 3,07 (m, 1H), 2,33 (s, 3H), 2,19 (s, 3H), 2,19 - 2,09 (m,
2H), 1,89 (d, /= 13,2 Hz, 2H).

LC-MS: (m/z) 338,1 (MH") tr (phtit, Phuong phép 3) = 2,40 phut.

Vi du 26:

(o]

7-(3-flobenzyl)-6-metyl-3-(4-metyltetrahydro-2 H-pyran-4-yl)imidazo[1,5-
alpyrazin-8(7H)-on:
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Budc 1: Thém vao dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin (150 mg,
0,98 mmol) va 4-metyltetrahydro-2H-pyran-4-carboxylic axit (212 mg, 1,5 mmol)
trong DCM (6 mL) HATU (670 mg, 1,8 mmol) va EtzN (198 mg, 1,96 mmol). Hén
hop dwoc khudy & 20-25°C trong 1 giy. Hon hop duge pha lodng véi DCM (50 mL),
duge rira véi nude (30 mL) va nude mudi (30 mL). Lép hitu co duge lam khd qua
Na2SO4 va duoc lam khd qua. Cin duge tinh ché biang sic ky silica gel (ete dau
hoa:etyl axetat=3:1) d tao ra N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-4-
metyltetrahydro-2 H-pyran-4-carboxamit (250 mg, 91% san luong).

Budc 2: Thém vao dung dich N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-4-
metyltetrahydro-2 H-pyran-4-carboxamit (300 mg, 1,07 mmol) trong dioxan (5 mL)
POC; (660 mg, 4,3 mmol). Dung dich dugc khudy & 80-90°C trong 3 gid. Hon hop
duge ¢6 dic trong chin khong, duge pha lodng véi DCM (50 mL) va duge thém tix tir
vio nuée (30 mL). Lép hitu co duge rira v6i nude mudi (20 mL) va duge 1am khd qua
Na;SO4, duoc lam khd qua dé tao ra 8-metoxy-6-metyl-3-(4-metyltetrahydro-2H-
pyran-4-yl)imidazo[1,5-a]pyrazin (250 mg, 89% san lugng).

Buée 3: Thém vao dung dich 8-metoxy-6-metyl-3-(4-metyltetrahydro-2H-pyran-4-
yl)imidazo[1,5-a]pyrazin (200 mg, 0,77 mmol) trong dioxan (10 mL) 2M HCl(nuéc)
(10 mL). Dung dich duoc khudy & 80-90°C trong 1 gio. Hon hop dugc 1am ngudi va
duge thém vao NaHCO3 nude bio hoa (100 mL), duoc chiét véi DCM (100 mL x 2).
Lép hitu co duge rita voi nude mudi (50 mL), dwoc lam khd qua NazSO4 va duge lam
khd qua d& tao ra  6-metyl-3-(4-metyltetrahydro-2H-pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on (160 mg, 68% sin lugng).

LC-MS: fr = 0,89 phit (Phuong phép 10), m/z = 248,3 [M + HI*.

Budc 4: Thém viao dung dich 6-metyl-3-(4-metyltetrahydro-2H-pyran-4-
yl)imidazo[1,5-a]pyrazin-8(7H)-on (200 mg, 0,81 mmol) va 1-(bromometyl)-3-
flobenzen (183 mg, 0,97 mmol) trong DMF khan (5 mL) K>CO; (168 mg, 1,21
mmol). Hén hop duoc khudy & 60-70°C trong 16h. Hén hop duge lam ngudi va duge
pha lofing véi nude (20 mL), duge chiét véi EtOAc(30 mL x 2). Lép hitu co duge rira
v6i nuwée mudi (20 mL), duge lam khé qua NazSOs va duge lam khd qua. Cin duge

tinh ché bang sic ky silica gel (ete diu hoaetyl axetat=1:2) d& tao ra 7-(3-flobenzyl)-
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6-metyl-3-(4-metyltetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on (90 mg,

31% san lugng) la chét rin mau tring duc.

'H NMR (CDCls 400 MHz): 7,94 (s, 1H), 7,33-7,28 (m, 1H), 7,02-6,91 (m, 4H), 5,22
(s, 2H), 3,85-3,80 (m,2H), 3,73-3,67 (m, 2H), 2,45-2,41 (m, 2H), 2,17 (s, 3H), 1,86-
1,79 (m, 2H), 1,49 (s, 3H).

LC-MS: fr = 2,46 phut (Phuong phap 3), m/z = 356,2 [M + H]".

Vi du 27:

4-(7-(3-flobenzyl)-6-metyl-8-0x0-7,8-dihydroimidazo[1,5-a]pyrazin-3-
yDtetrahydro-2 H-pyran-4-carbonitril:

Buéc 1: Thém vao dung dich cua (3-metoxy-5-metylpyrazin-2-yl)metanamin (100
mg, 0,65 mmol) va 4-xyanotetrahydro-2H-pyran-4-carboxylic axit (152 mg, 0,98
mmol) trong DCM (6 mL) HATU (447 mg, 1,18 mmol) va EtsN (132 mg, 1,31 mmol).
Hbn hop duge khudy & 20-25°C trong 1 gid. Hén hop duge pha lodng véi DCM (30
ml), duge rira véi nude (20 mL) va nude mudi (20 mL). Lép hitu co dugc 1am khd
qua NaS04 va duge lam kho qua. Can dugce tinh ché bing sic ky silica gel(ete déu
héaetyl axetat=1:1) 4 tao ra  4-xyano-N-((3-metoxy-5-metylpyrazin-2-
yDmetyl)tetrahydro-2 H-pyran-4-carboxamit (100 mg, 53% san lugng).

LC-MS: tr = 0,61 phit (Phuong phép 2), m/z =290,9 [M + HJ".

Buéc 2: Thém viao dung dich 4-xyano-N-((3-metoxy-5-metylpyrazin-2-
yDmetyl)tetrahydro-2H-pyran-4-carboxamit (100 mg, 0,34 mmol) trong dioxan (5
mL) POCI; (330 mg, 2,15 mmol). Dung dich dugc khudy & 80-90°C trong 2h. Hén
hop duoc 1am ngudi va duge thém tir tir vio nude (50 mL), duge chiét véi EtOAc(30
mL x 2). Lép hitu co duoe rira véi nude mudi (20 mLL), duge 1am kho qua NaxSO4 va
dwoc lam kho qua d& tao ra 4-(8-metoxy-6-metylimidazo[l,5-a]pyrazin-3-

yDtetrahydro-2 H-pyran-4-carbonitril (80 mg, 85% san lugng).
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Buéc 3: Thém vao dung dich 4-(8-metoxy-6-metylimidazo[l,5-a]pyrazin-3-
yDtetrahydro-2H-pyran-4-carbonitril (80 mg, 0,29 mmol) trong dioxan (4 mL) 2M
HCl(nuéc) (2 mL). Dung dich duge khudy & 80-90°C trong 2h. Hon hop duge ¢b dic
trong chan khong va dugc thém vao NaHCOs nuée bdo hoa (50 mL). Hén hop dugc
chiét véi DCM (50 mL x 2). Lép hitu co duoe rira véi nude mudi (20 mL) vi duge b
dac trong chin khéng dé tao ra 4-(6-metyl-8-oxo-7,8-dihydroimidazo[1,5-a]pyrazin-3-
yDtetrahydro-2 H-pyran-4-carbonitril (70 mg, 92% san lugng) la chét rin mau tring

duc.
LC-MS: fr = 0,98 phtit (Phuong phap 10), m/z =259,2 [M +HJ".

Budc 4: Thém vao dung dich 4-(6-metyl-8-0x0-7,8-dihydroimidazo[1,5-a]pyrazin-3-
yl)tetrahydro-2 H-pyran-4-carbonitril (70 mg, 0,27 mmol) trong DMF khan (5 mL) 1-
(bromometyl)-3-flo-benzen (77 mg, 0,41 mmol) va K2COs3 (75 mg, 0,54 mmol). Hén
hop duge khudy & 70-80°C trong 2h. HOn hop duge 1am ngudi va duge loc. Phan loc
duge tinh ché bing LC-MS diéu ché dé tao ra 4-(7-(3-flobenzyl)-6-metyl-8-0x0-7,8-
dihydroimidazo[ 1,5-a]pyrazin-3-yl)tetrahydro-2 H-pyran-4-carbonitril (65 mg, 65%
sén luong).

'"H NMR (CDCl3 400 MHz): 7,97 (s, 1H), 7,34-7,31 (m, 1H), 7,16 (s, 1H), 7,02-6,92
(m, 3H), 5,26 (s, 2H), 4,13-4,10 (m,2H), 3,97-3,91 (m, 2H), 2,50-2,43 (m, 2H), 2,35~
2,32 (m, 2H), 2,24 (s, 3H).

LC-MS: tr = 2,69 phut (Phuong phap 3), m/z =367,1 [M + H]".

Vi dy 28:

7-(3-flobenzyl)-3-(4-metoxytetrahydro-2 H-pyran-4-yl)-6-metylimidazo[1,S-
a]pyrazin-8(7H)-on:

Buée 1: Thém vao dung dich 3-bromo-6-metylimidazo[1,5-a]pyrazin-8(7H)-on (500
mg, 2,2 mmol) va 1-(bromometyl)-3-flobenzen (497 mg, 2,6 mmol) trong DMF (5
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mL) K2COs (605 mg, 4,4 mmol). Hdn hop dugc khudy & 60 °C trong 12 gio. Hon hop
duoc pha lofing véi nude (20 mL) va duge chiét véi EtOAc (10 mL x 3). Lép hitu co
két hop duge rira v6i nude (10 mL x 2); duge 1am khé qua NaxSO4 va duge lam bay
hoi duéi chan khong dé tao ra 3-bromo-7-(3-flobenzyl)-6-metylimidazo[1,5-
a]pyrazin-8(7H)-on (420 mg, 57% sé&n lugng).

Buéc 2: Thém vao dung dich 3-bromo-7-(3-flobenzyl)-6-metylimidazo[1,5-a]pyrazin-
8(7H)-on (200 mg, 0,6 mmol) trong THF (10 mL) n-BuLi (0,31 mL, 0,77 mmol) & -78
°C. H8n hop dugc khudy & -78 °C trong 30 phit. tetrahydro-4H-pyran-4-on (77 mg,
0,77 mmol) duoc thém & -78 °C. Hon hop duge khudy & -78 °C trong 1 gié. Hon hop
duoe dimg v&i NH4Cl nude bdo hoa (0,5 mL) va dugc 1am bay hoi dudi chén khong,
Cin dugce hoa tan trong DCM (20 mL) va duge rira véi nuwde (10 mL). Lop hitu co
dugc 1am khd qua Na2SO4 va duge 1am bay hoi. Cén dugc rira véi EtOAc (3 mL) va
duoc loc. B3 loc duoc 1am khd dudi chan khéng dé tao ra 7-(3-flobenzyl)-3-(4-
hydroxytetrahydro-2 H-pyran-4-yl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on (100 mg,
47% séan luong).

Bude 3: Thém vao dung dich 7-(3-flobenzyl)-3-(4-hydroxytetrabydro-2H-pyran-4-yl)-
6-metylimidazo[1,5-a]pyrazin-8(7H)-on (80 mg, 0,22 mmol) trong THF (5 mL) NaH
(60% trong dau khoang, 13,4 mg, 0,36 mmol) & 0 °C. Hén hop duoc khudy & 20 °C
trong 30 phuat. Mel (64 mg, 0,45 mmol) dugc thém & 0 °C. Hén hop duoce khudy & 20
°C trong 11,5 gio.Hon hop dugc dimg véi NH4Cl nuée béo hoa (0,5 mL) va duge lam
bay hoi dudi chin khong. Can dugc hoa tan trong DCM (10 mL) va duge rira voi
nude (4 mL). Lép hitu co duge 1lam khé qua NapSO4 va duge lam bay hoi. Cén dugce
tinh ché bang TLC diéu ché (EtOAc) dé tao ra 7-(3-flobenzyl)-3-(4-metoxytetrahydro-
2H-pyran-4-yl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on (25 mg, 30% san lugng).

'H NMR (CDCl, 400 MHz): 7,93 (s, 1H), 7,36 (s, 1H), 7,31 (dd, J = 8,0 Hz, J = 14,0
Hz, 1H), 7,03-6,92 (m, 3H), 5,23 (s, 2H), 3,91-3,80 (m, 4H), 3,07 (s, 3H), 2,38-2,31
(m, 2H), 2,17 (s, 3H), 2,14-2,10 (m, 2H).

LC-MS: fg = 2,73phtt (Phuong phép 3), m/z=372,1 [M + H]".

Vi dy 29:
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N Né’g%
o
7-(3-flobenzyl)-3-(4-flotetrahydro-2H-pyran-4-yI)-6-metylimidazo|1,5-a]pyrazin-
8(7H)-on:
Buédc 1: Thém nhé giot vao dung dich 3-bromo-7-(3-flobenzyl)-6-metylimidazo[1,5-
a]pyrazin-8(7H)-on (100 mg, 0,3 mmol) trong THF kh6 (5 mL) n-Buli (2,5 M, 0,15
muLl) (2,5 M trong n-hexan). Khudy hdn hop & -78°C trong 0,5 gid. Sau dé
tetrahydro-4 H-pyran-4-on (45 mg, 0,45 mmol) dugc thém vao hdn hop. Khudy hdn
hop & -78°C trong 2 gid. Hdn hop duge dimg v6i NH4Cl nuée bdo hoa (2 mL). Hon
hop duogc chiét v6i DCM (20 mL x 2). Lép hitu co két hop duge rita véi H20 (10
mlL), nudc mudi (10 mL), duge 1am khd qua NaxSOs, duge loc va duge ¢d dic dé tao
ra san phim thé. San phim thé dugc tinh ché bing sic ky nhanh trén silica gel
(1%~10% MeOH trong DCM) dé tao ra 7-(3-flobenzyl)-3-(4-hydroxytetrahydro-2 H-
pyran-4-yl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on (40 mg, 38% san luong).

LC-MS: & = 0,671 phut (Phuong phap 2), m/z =358,1 [M + H]".

Buéc 2: Thém vao dung dich 7-(3-flobenzyl)-3-(4-flotetrahydro-2 H-pyran-4-yl)-6-
metylimidazo(1,5-a]pyrazin-8(7H)-on (40 mg, 111,9 upmol) trong DCM kho (4 mL)
DAST (dietylaminosulfur trifluoride) (28 mg, 170 pmol) & 0°C. Hbn hop duge khudy
& 0°C trong 2 gid. Nude (10 mL) duoc thém vao hdn hop. Hon hop duoc chiét voi
DCM (20 mL x 2). Lép hitu co két hop duge rira véi H20 (20 mL), duge 1am kho qua
Na280s4, duge loc va duge cb dic dé tao ra san phém thd. San phim thé dwgc tinh ché
bing TLC diéu ché (DCM/MeOH=10/1) d8 tao ra 7-(3-flobenzyl)-3-(4-flotetrahydro-
2 H-pyran-4-y1)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on (12,83 mg, 32% san lugng).

'H NMR (CDCls 400 MHz): 7,93 (s, 1H), 7,34-7,28 (m, 1H), 7,21 (s, 1H), 7,01-6,98
(m, 2H), 6,92 (d, J= 9,6 Hz, 1H), 5,24 (s, 2H), 4,00-3,89 (m, 4H), 2,57-2,42 (m, 2H),
2,23-2,18 (m, SH).

LC-MS: fr = 2,753 phiit (Phuong phap 3), m/z = 360,1 [M + H]".
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7-(3-flobenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-2-yl)imidazo[1,5-a]pyrazin-
8(7H)-on, chit ddng phan lap thé 1 va 2:

Budc 1: Thém vao dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin (200 mg,
1,31 mmol) trong DCM (8 mL) tetrahydro-2 H-pyran-2-carboxylic axit (255 mg, 1,96
mmol) va HATU (894 mg, 2,35 mmol), EtsN (264 mg, 2,61 mmol). Dung dich duge
khudy & 20-25°C trong 1 gi&. Hon hop duge pha lofing véi nude (30 mL), duoc chiét
v6i DCM (40 mL x 2). Lép hivu co duge rira véi nude mudi (20 mL), duge lam khd
qua Na2SO4 va dugc lam khd qua. Cin dugc tinh ché bing séc ky silica gel (ete déu
hoa:etyl axetat=1:1) d& tao ra N-((3-metoxy-5-metylpyrazin-2-yl)metyl)tetrahydro-
2H-pyran-2-carboxamit (250 mg, 72% san luong). LC-MS: = 0,70 phut (Phuong
phap 2), m/z = 266,2 [M + HJ".

Budc 2: Thém vao dung dich N-((3-metoxy-5-metylpyrazin-2-yl)metyl)tetrahydro-
2 H-pyran-2-carboxamit (250 mg, 0,94 mmol) trong dioxan (8 mL) POCI; (480 mg,
3,13 mmol). Dung dich dwoc khudy & 90°C trong 2h, HOn hop duge 1am ngudi va
duge 1am khd qua. Cin duge pha loding véi DCM (50 mL), duge rira voi NaHCO3
nude bio hoa (nuée) (50 mL) va nuée mudi (50 mL). Lép hitu co duge 1am khé qua
Na;SOq va duge lam khd qua dé tao ra 8-metoxy-6-metyl-3-(tetrahydro-2 H-pyran-2-
yl)imidazo[1,5-a]pyrazin (200 mg, 86% san lugng).

Buée 3: Thém vao dung dich 8-metoxy-6-metyl-3-(tetrahydro-2H-pyran-2-
yDimidazo[1,5-a]pyrazin (270 mg, 1,09 mmol) trong dioxan (8 mL) 2M HCl(nuéc) (4
mL). Dung dich dugc khudy & 90°C trong 1 giy. Hon hop dugc ¢d dic trong chin
khong va dugc thém vao NaHCO; nude béo hoa (50 mL). Hbn hop duge chiét voi
DCM (50 mL % 2). L&p hitu co duge rira voi nude mubi (50 mL) va duge 1am kho qua
dé tao ra 6-metyl-3-(tetrahydro-2 H-pyran-2-yl)imidazo[1,5-a]pyrazin-8(7H)-on (200

mg, 79% san lugng).
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Budc 4: Thém vao dung dich 6-metyl-3-(tetrahydro-2H-pyran-2-yl)imidazo[1,5-
a]pyrazin-8(7H)-on (200 mg, 0,86 mmol) trong DMF khan (10 mL) K2CO3 (237 mg,
1,71 mmol) va 1-(bromomety!)-3-flobenzen (243 mg, 1,29 mmol). Hdn hop duge
khudy & 80°C trong 24 gid. Hén hop dugc lam ngudi va dugc pha lodng véi nude
(100 mL), duge chiét véi EtOAc (50 mL x 3). Lép hitu co duge rira v6i nude mudi
(50 mL), dugce lam kho qua Na;SO4 va duge lam kho qua dé tao ra 7-(3-flobenzyl)-6-
metyl-3-(tetrahydro-2 H-pyran-2-yl)imidazo[1,5-a]pyrazin-8(7H)-on (130 mg, 44%

san lugng).

Bude 5: 7-(3-flobenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-2-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (130 mg, 380,8 pmol) dugc tinh ché bang SFC.

7-(3-flobenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-2-yl)imidazo| 1,5-a]pyrazin-8(7 H)-
on, thu dugc chit ddng phan lap thé 1 (35 mg, 27% san lugng).

'H NMR (CDCls 400 MHz): 7,91 (s, 1H), 7,32-7,28 (m, 1H), 7,19(s, 1H), 6,98-6,94
(m, 2F), 6,89 (d, J = 9,6 Hz, 1H), 5,23 (s, 2H), 4,76 (1, J = 6,4 Hz, 1H), 4,06 (d, J =
10,8 Hz, 1H), 3,67 (t, J = 10,8 Hz, 1H), 2,23 (s, 3H), 2,17-2,05 (m, 3H), 1,74-1,68 (m,
3H).

LC-MS: f = 2,33 phut (Phuong phap 3), m/z = 342,1 [M + HJ*.SFC: r = 5,478 phut,
ee% = 99,90%. p 20 +16,00 (c = 0,10, CHCl).

7-(3-flobenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-2-yl)imidazo[1,5-a]pyrazin-8(7H)-
on, thu dwge chit ddng phan 13p thé 2 (33 mg, san lugng: 35%).

'H NMR (CDCl; 400 MHz): 7,92 (s, 1H), 7,32-7,28 (m, 1H), 7,19(s, 1H), 6,98-6,94
(m, 2H), 6,89 (d, J = 9,2 Hz, 1H), 5,23 (s, 2H), 4,77 (t, J = 6,8 Hz, 1H), 4,06 (d, J =
10,8 Hz, 1H), 3,67 (t, J= 10,8 Hz, 1H), 2,17 (s, 3H), 2,12-2,02 (m, 3H), 1,74-1,68 (m,
3H).

LC-MS:fr = 2,33 phiit (Phuong phap 3), m/z = 342,1 [M + H]*. SFC: fr = 5,789 pht,
ee% = 98,92%. p2° -23,33 (c = 0,10, CHCl3).
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Vi du 31:

7-(3-flobenzyl)-6-metyl-3-(tetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-8(7H)-on,
chét ddng phan lap thé 1 va 2:

Buéc 1: Thém vao dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin (200 mg, 1,3
mmol) trong DCM khd (10 mL) tetrahydrofuran-3-carboxylic axit (228 mg, 2,0
mmol), EtN (265 mg, 2,6 mmol) va HATU (747 mg, 2,0 mmol). Khudy hén hop &
15°C trong 16 gid. Nuéc (10 mL) duge thém vao hdn hop. Lép hitu co duge rira véi
nuéde mubi (10 mL), duoc 1dm khd qua NaxSQs, duge loc va duoe ¢b dic d@ tao ra san
phim thé. San phdm thé duogc tinh ché bing sic ky nhanh trén silica gel (10%~100%
etyl axetat trong ete ddu hoa) dé8 tao ra N-((3-metoxy-5-metylpyrazin-2-
yl)metyl)tetrahydrofuran-3-carboxamit (200 mg, 61% san lugng).

Bugse  2: Thém  vao  dung dich  N-((3-metoxy-5-metylpyrazin-2-
yl)metyl)tetrahydrofuran-3-carboxamit (300 mg, 1,19 mmol) trong dioxan (5 mL)
POCl; (366 mg, 2,39 mmol). Hdn hgp duge gia nhiét & 90°C trong 2 gid. Hon hop
duoc 1am ngudi dén 15°C va duge didu chinh dén pH=8 bing NaHCO3 nuéc bio hoa.
Lép nude duge chiét véi DCM (20 ml, x 2). Lép hitu co két hop duge ria véi H20
(20 ml), nuée mudi (20 mL), duge 1am khé qua NazSOs, duge loc va duge cd dic dé

tao ra 8-metoxy-6-metyl-3-(tetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin (300 mg).

Budc 3: Thém vao dung dich 8-metoxy-6-metyl-3-(tetrahydrofuran-3-yl)imidazo{1,5-
alpyrazin (300 mg, 1,29 mmol) trong dioxan (5§ mL) 2 N HCI (2 mL). Hbn hop dugc
gia nhiét & 90°C trong 1 gid. Hon hop duoc lam ngudi dén 15°C va duge chiét véi
DCM (20 mL x 2). Lép hitu co két hop dugc rira véi H20 (20 mL), nude mudi (20
mL), duoc 1am khdé qua Na;SOs, duge loc va duge cd dic dé tzo ra 6-metyl-3-

(tetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-8(7H)-on (210 mg, 74% san lugng).

Budc 4: Thém vao dung dich 6-metyl-3-(tetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (200 mg, 912.24 pmol) trong DMF khé (5 mL) 1-(bromometyl)-3-
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flobenzen (259 mg, 1,37 mmol) va K>CO3 (252 mg, 1,82 mmol). Khudy hdn hop &
60°C trong 16 gid. Hon hop dugce ¢b dic va cin duge hoa tan trong DCM (20 mL) va
H,0 (10 mL). Lép nuée duge chiét voi DCM (20 mL x 2). Lép hitu co két hop duge
rira v&i HoO (20 mL), nwde mubi (20 mL), duge 1am khd qua NaxSOq, duge loc va
duoc c6 dic d8 tao ra san phim tho. San phdm thé duge tinh ché bang séc ky nhanh
trén silica gel (10%~100% etyl axetat trong ete dAu hoa) d8 tao ra 7-(3-flobenzyl)-6-
metyl-3-(tetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-8(7H)-on (40 mg, 13% san

lugng).

Budc 5:  7-(3-flobenzyl)-6-metyl-3-(tetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (40 mg, 122,2 pmol) duge tinh ché bing SFC & tao ra 7-(3-flobenzyl)-6-
metyl-3-(tetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-8(7H)-on, chdt déng phan 13p
thé 1 (16,43 mg, 41% san luong).

'H NMR (CDCl3 400 MHz): 7,90 (s, 1H), 7,31-7,28 (m, 1H), 6,98-6,93 (m, 2H), 6,89
(d, J=9,2 Hz, 1H), 6,79 (s, 1H), 5,21 (s, 2H), 4,19-4,17 (m, 1H), 4,12-4,09 (m, 1H),
4,05-3,95 (m, 2H), 3,66-3,62 (m, 1H), 2,40 (q, J= 7,2 Hz, 2H), 2,16 (s, 3H).

LC-MS: tr = 1,964 phiit (Phuong phép 3), m/z = 328,0 [M + H]". SFC: r = 4,503
phut, ee% =99,8%; p2® +14,7 (¢ = 0,10, DCM).
7-(3-flobenzyl)-6-metyl-3-(tetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-8(7 H)-on,

chéit ddng phan lap thé 2 (15,58 mg, 38% san lugng).

'H NMR (CDCls 400 MHz): 7,90 (s, 1H), 7,29-7,27 (m, 1H), 6,98-6,92 (m, 2H), 6,89
(d, J= 9,6 Hz, 1H), 6,79 (s, 1H), 5,21 (s, 2H), 4,19 (t, J = 8,4 Hz, 1H), 4,11-4,09 (m,
1H), 4,05-4,03 (m, 1H), 3,97-3,95 (m, 1H), 3,66-3,62 (m, 1H), 2,38 (q, J = 7,6 Hz,
2H), 2,16 (s, 3H).

LC-MS: fr = 1,957 phit (Phuong phép 3), m/z = 328,0 [M + H]". SFC: r = 4,779
phit, ee% =96%; p2° -14,0 (c = 0,10, DCM).
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Vidu 32:
o}
F
“)H“N
0

7-(3-flobenzyl)-6-metyl-3-(3-metyltetrahydrofuran-3-yl)imidazo{1,5-a]pyrazin-
8(7H)-on, chat ddng phén 1ap thé 1 va 2:

Budc 1: Thém vao dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin (200 mg, 1,3
mmol) trong DCM (6 ml) 3-metyltetrahydrofuran-3-carboxylic axit (255 mg, 1,9
mmol) va HATU (894 mg, 2,4 mmol), EtsN (264 mg, 2,6 mmol). Dung dich dugc
khudy & 20-25°C trong 1 gid. Nudce (40 ml) dugc thém, hdn hop duge chiét véi DCM
(40 mL x 2). Lép hitu co duge rita vdi nude mudi (30 mL), dwoc 1am khd qua NazaSOq4
va dugc lam khd qua. Can duoc tinh ché bing sic ky silica gel(ete dau hoazetyl
axetat=1:1) daé tao ra N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-3-
metyltetrahydrofuran-3-carboxamit (300 mg, 67% san lugng, 78% tinh khiét).

Buéc 2: Thém vao dung dich N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-3-
metyltetrahydrofuran-3-carboxamit (400 mg, 1,5 mmol) trong dioxan (6 mL) POCl;
(880 mg, 5,7 mmol). Dung dich dugc khudy & 80-90°C trong 2h. Hon hop dugce lam
ngudi va duge 1am khd qua. Cin duge pha lodng véi DCM (50 mL), dugc rira voi
NaHCOsnuéce bio hoa (50 mL) va nuée mudi (50 mL). Lép hitu co duge lam khd qua
NazS04 va duge 1am kho qua d tao ra 8-metoxy-6-metyl-3-(3-metyltetrahydrofuran-
3-yl)imidazo[1,5-a]pyrazin (350 mg, 94% san luong).

Buéc 3: Thém vao dung dich 8-metoxy-6-metyl-3-(3-metyltetrahydrofuran-3-
yl)imidazo[1,5-alpyrazin (300 mg, 1.2 mmol) trong dioxan (8 mL) 2M HCI (nuéc) (4
mL). Dung dich dwoc khudy & 80-90°C trong 1 gid. Hon hop duge cd dic trong chén
khong va duge thém vao NaHCO3 nuée bdo hoa (50 mL). Hén hep dugc chiét véi
DCM(50 mL x 2). Lép hitu co duge rira véi nude mudi (20 mL) va duge lam khd qua
48 tao ra 6-metyl-3-(3-metyltetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(260 mg, 92% san lugng).
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Budc 4: Thém vao dung dich 6-metyl-3-(3-metyltetrahydrofuran-3-yl)imidazo[1,5-
a]pyrazin-8(7H)-on (260 mg, 1.1 mmol) trong DMF khan (10 mL) K2COs (308 mg,
2,2 mmol) va 1-(bromometyl)-3-flobenzen (316 mg, 1,7 mmol). Hbn hop duogc khudy
& 70-80°C trong 2h. Hén hop duoc 1dm ngudi va duge pha lodng véi nude (50 mL),
duge chiét véi EtOAc (50 mL x 2). Lép hitu co duge rira véi nude mudi (20 mL),
duoc 1am khd qua Na:SOs va duoc 1am khé qua dé tao ra 7-(3-flobenzyl)-6-metyl-3-
(3-metyltetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-8(7H)-on (160 mg, 42% san
Iugng).

Bude 5: 7-(3-flobenzyl)-6-metyl-3-(3-metyltetrahydrofuran-3-yl)imidazo[1,5-
alpyrazin-8(7H)-on (160 mg, 0,.47 mmol) duwoc tach bing SFC d tao ra 7-(3-
flobenzyl)-6-metyl-3-(3-metyltetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-8(7H)-on,
chit ddng phan 1ap thé 1 (37 mg, 23% san luong) 14 chét rén mau tring duc. 'H
NMR (CDCI3 400 MHz): 7,88 (s, 1H), 7,32-7,26 (m, 1H), 6,94-6,82 (m, 4H), 5,21 (s,
2H), 4,33 (d, J = 8,8 Hz,1H), 4,07-4,04 (m, 1H), 4,00-3,98 (m, 1H), 3,87 (d, /= §,8
Hz,1H), 2,62-2,57 (m, 1H), 2,16 (s, 3H), 2,14-2,09 (m, 1H), 1,60 (s, 3H), . LC-MS: #r
= 2,47 phit (Phuong phip 3), m/z = 342,1 [M + HJ". SFC:#r = 4,91 phut, ee% > 99%.
p20=+5,0 (¢ = 0,10, MeOH).
7-(3-flobenzyl)-6-metyl-3-(3-metyltetrahydrofuran-3-yl)imidazo[ 1,5-a]pyrazin-8(7H)-
on, chit ddng phan Hap thé 2 (44 mg, 27% san hrong) 14 chit rin mau tring duc.

'H NMR (CDCl; 400 MHz): 7,82 (s, 1H), 7,24-7,20 (m, 1H), 6,94-6,82 (m, 4H), 5,15
(s, 2H), 4,27 (d, J = 8,8 Hz,1H), 4,01-3,99 (m, 1H), 3,96-3,92 (m, 1H), 3,81 (d, J=8,8
Hz,1H), 2,57-2,51 (m, 1H), 2,10 (s, 3H), 2,09-2,04 (m, 1H), 1,54 (s, 3H).

LC-MS:tr = 2,47 phut (Phuong phap 3), m/z = 342,1 [M + HJ".

SFC: fr = 5,33 phut, ee% > 99%. p 2°=-3,0 (¢ = 0,10, MeOH).

Vi du 33:
o
F
N o=

7-(3-flobenzyl)-6-metyl-3-(1-metylxyclopropyl)imidazo[1,5-ajpyrazin-8(7H)-on:
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Bude 1. Thém vao dung dich 1-metylxyclopropan-1-carboxylic axit (500 mg, 4,99
mmol) trong DCM (2 mL) (COCl): (3,17 g, 24,95 mmol). Dung dich dugc khudy &
40°C trong 2h. H8n hop phan tmg duoc 1am khd qua dé tao ra 1-metylxyclopropan-1-
carbonyl clorua (500 mg, 85% san lugng).

Buédce 2: Dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin (100 mg, 0,65 mmol)
trong DCM khan (3 mL) dugc lim ngudi dén 0°C. Sau d6 dung dich 1-
metylxyclopropan-1-carbony! clorua (100 mg, 0,85 mmol) trong DCM khan (2 mL)
duoc thém nhé giot va duge khudy & 0°C trong 15 phit. Hon hop dwoc pha lodng véi
DCM (20 mL), duge rira vdi NaHCO;3; nuéce béo hoa (20 mL), nude mubi (20 mL) va
dugc 1am khd qua NazSOs. Lép hitu co duge lam kho qua dé tao ra N-((3-metoxy-5-
metylpyrazin-2-yl)metyl)-1-metylxyclopropan-1-cartboxamit (120 mg, 78% sin

luong).
LC-MS: tr = 0,66 phat (Phwong phdp 2), m/z = 236,1 [M + H]*.

Buéc 3: Thém vao dung dich N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-1-
metylxyclopropan-1-carboxamit (120 mg, 0,51 mmol) trong dioxan (5 mL) POCls
(590 mg, 3,85 mmol). Dung dich duoc khudy & 80-90°C trong 2h. Hon hop duge 1am
ngudi va duge thém tir tr vao nude (50 mL), duge chiét véi EtOAc (30 mL x 2), Lép
hitu co duoc rira véi nude mudi (20 mL), duge lam khé qua NazSO4 va dugc 1am khé
qua & tao ra 8-metoxy-6-metyl-3-(1-metylxyclopropyl)imidazo[1,5-a]pyrazin (80 mg,
72% san lugng).

Buée 4: Thém vao dung dich 8-metoxy-6-metyl-3-(1-metylxyclopropyl)imidazo[1,5-
a]pyrazin (80 mg, 0,37 mmol) trong dioxan (5 mL) 2M HCI (nudc) (2 mL). Dung dich
duoc khudy & 80-90°C trong 1 gio. Hon hop duge ¢d dic trong chén khong va duge
thém vao NaHCOj3 nudc bio hoa (50 mL). Hon hop dugce chiét véi DCM (50 mL x 2).
Lép hitu co duge ria voi nude mudi (20 mL) va duge ¢b dic trong chin khéng dé tao
ra 6-metyl-3-(1-metylxyclopropyl)imidazo[1,5-a]pyrazin-8(7H)-on (70 mg, 94% san

lugng).

Buéde 5: Thém vao dung dich 6-metyl-3-(1-metylxyclopropyl)imidazo[1,5-a]pyrazin-
8(7H)-on (70 mg, 0,34 mmol) trong DMF khan (4 mL) 1-(bromometyl)-3-flo-benzen
(98 mg, 0,52 mmol) va K2CO;3 (95 mg, 0,69 mmol). Hbn hop duge khudy & 70-80°C
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trong 1 gid. Hbn hop duoe lam ngudi va dugc loc. Phin loc duge tinh ché bang LC-
MS didu ché d tao ra 7-(3-flobenzyl)-6-metyl-3-(1-metylxyclopropyl)imidazo[1,5-
a|pyrazin-8(7H)-on (35 mg, 32% san luong).

'H NMR (CDCl; 400 MHz): 7,84 (s, 1H), 7,33-7,39 (m, 1H), 7,01-6,89 (m, 4H), 5,23
(s, 2H), 2,20 (s,3H), 1,60 (s, 3H), 1,11-1,09 (m, 2H), 0,88-0,85 (m, 2H).

LC-MS: fr = 2,34 phit (Phuong phap 3), m/z =312,1 [M + HJ".

Vi du 34:

3-(2,2-difloxyclopropyl)-7-(3-flobenzyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on:

Bude 1: Thém vao dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin (100 mg,
0,65 mmol) trong DCM (5 mL) 2,2-difloxyclopropan-1-carboxylic axit (120 mg, 0,98
mmol) va HATU (447 mg, 1,18 mmol), EtN (132 mg, 1,31 mmol). Dung dich dugc
khudy & 20-25°C trong 1 gio. Hon hop dugc pha lodng véi nude (20 mL), dugce chiét
véi DCM (30 mL x 2). Lép hitu co duge rira véi nuée mudi (20 mL), duge 1am khod
qua NaxSO4 va duge lam khd qua. Cén duoc tinh ché bing sic ky silica gel (ete diu
hoatetyl  axetat=1:1) d& tao ra  2,2-diflo-N-((3-metoxy-5-metylpyrazin-2-
ylmetyl)xyclopropan-1-carboxamit (200 mg, 89% san lugng, 75% tinh khiét).

Buéc 2. Thém vao dung dich 2,2-diflo-N-((3-metoxy-5-metylpyrazin-2-
yDmetyl)xyclopropan-1-carboxamit (200 mg, 0,58 mmol, 75% tinh khiét) trong
dioxan (5 mL) POCIz (1,12 g, 7,3 mmol). Dung dich dugc khudy & 90°C trong 2h,
Hbn hop duoce 1am ngudi va duge 1am khd qua. Cin duge pha lodng véi DCM (50
mL), duge rira voi NaHCOsnude bio hoa (nude) (50 mL) va nude mudi (50 mL). Lép
hitu co duge lam khd qua NaySOs va duoc lam khd qua dé tao ra 3-(2,2-

difloxyclopropyl)-8-metoxy-6-metylimidazo[1,5-a]pyrazin(120 mg, 86% san lugng).

Budce 3: Thém vao dung dich 3-(2,2-difloxyclopropyl)-8-metoxy-6-metylimidazo[1,5-
a]pyrazin (120 mg, 0,50 mmol) trong dioxan (5 mL) 2M HCI (nu6c) (3 mL). Dung
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dich duoc khudy & 80°C trong 1 gid. H8n hop duge ¢d dic trong chan khong va duoc
thém vao NaHCOs nuée bio hoa (50 mL). Hon hop duge chiét véi DCM (50 mL x 2).
Lép hitu co duoc rira v6i nude mubi (20 mL) va duge cb dic trong chin khong 8 tao
ra 3-(2,2-difloxyclopropyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on (100 mg, 89%

s&n lugng).
LC-MS:fr = 0,94 phiit (Phuong phap 10), m/z = 226,2 [M + H]".

Buéc 4: Thém vao dung dich 3-(2,2-difloxyclopropyl)-6-metylimidazo[1,5-a]pyrazin-
8(7H)-on (100 mg, 0,44 mmol) trong DMF khan (5 mL) K2COs (123 mg, 0,89 mmol)
va 1-(bromometyl)-3-flobenzen (126 mg, 0,67 mmol). Hdn hop duge khudy & 80°C
trong 2h. Hon hop dugc 1am ngudi va duoc loc. Phin loc duoc tinh ché b%mg LC-MS
didu ché dé tao ra 3-(2,2-difloxyclopropyl)-7-(3-flobenzyl)-6-metylimidazo[1,5-
a]pyrazin-8(7H)-on (40 mg, 27% san lugng) 1a chit rin mau tring,

'H NMR (CDCl; 400 MHz): 7,90 (s, 1H), 7,30-7,28 (m, 1H), 6,98-6,84 (m, 4H), 5,28-
5,16 (m, 2H), 2,80-2,73 (m,1H), 2,38-2,37 (m, 1H), 2,19 (s, 3H), 2,05-2,04 (m, 1H).

LC-MS: fr = 2,67 phtit (Phwong phap 3), m/z = 334,1 [M + HJ".

Vi du 35:

T

7-(3-flobenzyl)-6-metyl-3-(2-metylxyclopropyl)imidazo[1,5-a]pyrazin-8(7H)-on,
chit ddng phan lap thé 1,2,3 va 4:

Bude 1: Thém vio dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin (100 mg,
652,8 umol) va 2-metylxyclopropan-1-carboxylic axit (98 mg, 979,2 umol) trong
DCM (5 mL) HATU (446,8 mg, 1,2 mmol) va trietylamin (132,1 mg, 1,3 mmol). Hén
hop duoc khudy & 24°C trong 16h. Hon hop dugc pha lodng véi DCM (20 mL) va
duge riya véi nude (15 mL). Lép nude dugce chiét véi DCM (2*30 mL). Lép hitu co
Kkét hgp duge rira véi nude mubi (20 mL), dugce lam khd qua NaxSOs, duge loc va
dwoe b dic. Can duge tinh ché bang TLC didu ché (etyl axetat) dé tao ra N-((3-
metoxy-5-metylpyrazin-2-yl)metyl)-2-metylxyclopropan-1-carboxamit (150 mg, 95%
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san luong).

Bugc 2: Thém vao dung dich N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-2-
metylxyclopropan-1-carboxamit (150 mg, 636 pmol) trong dioxan (5 mL) POCl
(400 mg, 2,6 mmol). Hbn hop dugc khudy & 90°C trong 2h. Hn hop duge lam ngudi
xubng 25°C, duge trung hda véi NaHCO3 nude bdo hoda va duge chiét voi etyl axetat
(3 x 30 mL). Lép hitu co két hop duge rira véi nuée mudi (30 mL), duge 1am khd qua
Na;SO4, duge loc va duge cb dic @8 tao ra 8-metoxy-6-metyl-3-(2-
metylxyclopropyl)imidazo[1,5-a]pyrazin thé (130 mg, 94% san luong). San phdm thd

nay dugc st dung truc tiép cho budc tiép theo.

Bude 3: Dung dich 8-metoxy-6-metyl-3-(2-metylxyclopropyl)imidazo[1,5-a]pyrazin
(120 mg, 552,3 pmol) trong dioxan (5 mL) va HC1 (2 M, 2 mL) dugc khudy & 80°C
trong 1 gid. HOn hop duge 1am ngudi dén 25°C, duge trung hoa véi NaHCO3 nude
bado hoa va duge chiét vé6i etyl axetat (3 x 20 mL). Lép hitu co két hop duge ria véi
nuée mudi (20 mL), duge 1am khé qua NaxSOs, duge loc va duge cb dic d8 tao ra 6-
metyl-3-(2-metylxyclopropyl)imidazo[1,5-a]pyrazin-8(7H)-on thd (100 mg, 89% san

lugng). San phdm thé ndy duge sir dung true tiép cho budc tiép theo.

Budc 4: Thém vao dung dich 6-metyl-3-(2-metylxyclopropyl)imidazo[1l,5-a]pyrazin-
8(7H)-on (100 mg, 492,0 pmol) va 1-(bromometyl)-3-flobenzen (139,5 mg, 738,0
umol) trong DMF (5 mL) K2COs (136 mg, 984 pmol). Hdn hop duge khudy & 60-
70°C trong 16h. HOn hop duge 1am ngudi dén 25°C, duoge pha lodng véi nude (15
mL), duoc chiét voi etyl axetat (3 x 30 mL). Lép hitu co két hop dugc rira v6i nude
mudi (30 mL), duge lam khd qua NaxSOs, duge loc va duge ¢d dic. Can duge tinh
ché bing séc ky cdt trén silica gel (cht rira giai bing 0%~50% etyl axetat trong ete
diu hoa) @ tao ra 7-(3-flobenzyl)-6-metyl-3-(2-metylxyclopropyl)imidazo[1,5-
a|pyrazin-8(7H)-on {80 mg, 52% san lugng).

Bude 5:  7-(3-flobenzyl)-6-metyl-3-(2-metylxyclopropyl)imidazo{1,5-a]pyrazin-
8(7H)-on (100 mg, 321,2 pmol) duge tinh ché bing SFC.

7-(3-flobenzyl)-6-metyl-3-(2-metylxyclopropyl)imidazo[1,5-a]pyrazin-8(7H)-on, thu
dugc chit ddng phan 1p thé 1 (35 mg, 27% san luong).
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'H NMR (CDCl; 400 MHz): 7,83 (s, 1H), 7,33-7,29 (m, 1H), 7,00-6,94(m, 2H), 6,91-
6,89 (m, 2H), 5,23 (s, 2H), 2,19 (s, 3H), 1,59-1,55 (m, 1H), 1,54-1,50 (m, 1H), 1,35-
1,30 (m, 1H), 1,27 (d, J= 6,0 Hz, 3H), 0,89-0,88 (m, 1H).

LC-MS: #r = 2,03 phit (Phuong phap 3), m/z = 312,1 [M + H]".SFC: tr = 4,466 phut,
ee% > 99%. p2° +29,3 (c = 0,10, CHCls).
7-(3-flobenzyl)-6-metyl-3-(2-metylxyclopropyl)imidazo[1,5-alpyrazin-8(7H)-on, thu
duoc chéit dong phan 1p thé 2 (26 mg, 26% san lwong).

'H NMR (CDCl; 400 MHz): 7,84 (s, 1H), 7,32-7,29 (m, 1H), 7,00-6,96(m, 2H), 6,90-
6,89 (m, 2H), 5,23 (s, 2H), 2,19 (s, 3H), 1,62-1,60 (m, 1H), 1,55-1,53 (m, 1H), 1,36-
1,34 (m, 1H), 1,27 (d, /= 5,6 Hz, 3H), 0,91-0,89 (m, 1H).

LC-MS: fr = 2,02 phat (Phuong phap 3), m/z = 312,1 [M + H]". SFC: & = 5,227 phut,
ee% > 99%. p2* -15,0 (c = 0,10, CHCL).
7-(3-flobenzyl)-6-metyl-3-(2-metylxyclopropyl)imidazo[1,5-a]pyrazin-8(7H)-on, thu
duoc chit ddng phan lap thé 3 (8,0 mg, 8% san luong).

'H NMR (CDCIls 400 MHz): 7,89 (s, 1H), 7,33-7,30 (m, 1H), 7,01-6,91(m, 4H), 5,29
(d, J= 16,0 Hz, 1H), 5,17 (d, J= 16,0 Hz, 1H), 2,19 (s, 3H), 2,01-1,97(m, 1H), 1,39~
1,27 (m, 1H), 1,23-1,20 (m, 2H), 0,91 (d, /= 6,0 Hz, 3H).

LC-MS: tr = 1,98 phtit (Phuwong phdap 3), m/z = 312,1 [M + H]". SFC: tr = 6,995 phuit,
ec% > 99%. p 2’ +37,0 (¢ = 0,10, CHClL).
7-(3-flobenzyl)-6-metyl-3-(2-metylxyclopropyl)imidazo[1,5-alpyrazin-8(7H)-on, thu
dugc chéat ddng phan lap thé 4 (9.0 mg, 9% san lugng).

'H NMR (CDCl; 400 MHz): 7,86 (s, 1H), 7,29-7,26 (m, 1H), 6,99-6,88(m, 4H), 5,27
(d, J= 16,0 Hz, 1H), 5,15 (d, J= 16,0 Hz, 1H),2,17 (s, 3H), 1,97-1,95(m, 1H), 1,58-
1,53 (m, 1H), 1,23-1,20 (m, 2H), 0,91 (d, J= 6,0 Hz, 3H).

LC-MS: fr = 1,98 phiit (Phuong phap 3), m/z = 312,1 [M + H]".SFC: r = 8,704 phut,
ee% > 99%. p2° -66,7 (c = 0,10, CHCl).

Vidu 36:
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7-(3-flobenzyl)-6-metyl-3-(2-metyltetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-
8(7H)-on, chét ddng phan lap thé 1,2, 3 va 4:

Buéc 1: Thém vao dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin (300 mg, 2,0
mmol), 2-metyltetrahydrofuran-3-carboxylic axit (382 mg, 2,9 mmol) trong DCM (10
ml) HATU (1,3 g, 3,5 mmol) va trietylamin (396 mg, 3,9 mmol). Hén hop dugc
khudy & 24°C trong 16h. Hon hop dugce pha lodng véi DCM (30 mL) va dugc rira voi
nude (20 mL). Lép nuée duge chibt voi DCM (2 x 30 mL). Lép hitu co két hop duge
rira véi nude mudi (30 mL), dwoc lam kho qua NapSOq, dugc loc va duge ¢b dic. Can
duoc tinh ché bing sic ky cot trén silica gel (0%~70% etyl axetat trong ete dau hoa)
d8 tao ra  N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-2-metyltetrahydrofuran-3-

carboxamit (350 mg, 62% san luong).

Buéc 2: Thém viao dung dich N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-2-
metyltetrahydrofuran-3-carboxamit (350 mg, 1,3 mmol) trong dioxan (5 mL) POCI3
(720 mg, 4,7 mmol). Hdn hgp duge khudy & 90°C trong 2h. Hon hep dugc 1am ngudi
dén 25°C, duge trung hoa véi NaHCO; nude bdo hoa va duge chiét voi etyl axetat (2
x 30 mL). Lép hitu co két hop duge rira v6i nuwde mudi (20 mL), duge lam khé qua
Na;SQs, duge loc va duge cb6 dic d8 tao ra 8-metoxy-6-metyl-3-(2-
metyltetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin thé (320 mg). Chat thd dugc sk

dung true tiép cho bude tiép theo.

Buée 3: Dung dich 8-metoxy-6-metyl-3-(2-metyltetrahydrofuran-3-yl)imidazo[1,5-
a]pyrazin (320 mg, 1,3 mmol) trong dioxan (5 mL) va HCI (2 M, 2 mL) dugc khudy &
80°C-90°C trong 21,5 gid. HOn hop duge 1am ngudi xué")ng 25°C, dugc trung hoa véi
NaHCO; nuée bio hoa, duoe chiét véi DCM (3 x 30 mL). Lép hitu co két hop dugce
rira v6i nude mubdi (30 mL), duge 1am khd qua NaxSO4, duge loc va duge ¢b dic dé
tao ra 6-metyl-3-(2-metyltetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-8(7H)-on thd
(300 mg). San phdm thd dugc sir dung tryc tiép cho bude tiép theo.
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Budc 4: Thém vao dung dich 6-metyl-3-(2-metyltetrahydrofuran-3-yl)imidazo[1,5-
alpyrazin-8(7H)-on (250 mg, 1,immol) trong DMF (8 mL) I-(bromometyl)-3-
flobenzen (304 mg, 1,6 mmol) va K2CO3 (296 mg, 2,1 mmol). Hén hop duoc khqu G
60-70°C trong 16h. Hdn hop duge lam ngudi xudng 25°C va duge pha lodng véi nude
(15 mL), duoc chiét véi etyl axetat (3 x 30 mL). Lép hitu co két hop duoc rira véi
nude mudi (30 mL), duge lam khd qua Na2SOs, duge loc va duge ¢b ddc. Cin duge
tinh ché bing séc ky cot trén silica gel (chét rira giai bing 0%~30% etyl axetat trong
ete diu hoa) @& tao ra 7-(3-flobenzyl)-6-metyl-3-(2-metyltetrahydrofuran-3-
yDimidazo[1,5-a]pyrazin-8(7H)-on (170 mg, 47% san lugng).

Budée 5: 7-(3-flobenzyl)-6-metyl-3-(2-metyltetrahydrofuran-3-yl)imidazo[ 1,5~
a]pyrazin-8(7H)-on (220 mg, 644 pmol) dugc tinh ché bang SFC.
7-(3-flobenzyl)-6-metyl-3-(2-metyltetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-8(7 H)-
on, chit ddng phan 1ap thé 1 (20 mg, 9% san lugng) .

'H NMR (CDCl3 400 MHz400 MHz): 7,95 (s, 1H), 7,34-7,28 (m, 1H), 7,01-6,89 (m,
3H), 6,79 (s, 1H), 5,23 (s, 2H), 4,35-4,30 (m, 1H), 4,13-4,07 (m, 2H), 3,12-3,06 (m,
1H), 2,50-2,37 (m, 2H), 2,19 (s, 3H), 1,35 (d, J= 6,0 Hz, 3H.

LC-MS: tr = 2,12 phiit (Phuong phap 3), m/z =342,1 [M + HJ",

SFC: tr = 4,812 phut, ee% > 99%. p2° -24,3 (c = 0,10, CHCl).

7-(3-flobenzyl)-6-metyl-3-(2-metyltetrahydrofuran-3-yl)imidazo[ 1,5-a]pyrazin-8(7 H)-
on, chit ddng phan 14p thé 2 (10 mg, 5% san lugng) .

'H NMR (CDCls 400 MHz): 7,93 (s, 1H), 7,31-7,26 (m, 1H), 6,99-6,87 (m, 3H), 6,76
(s, 1H), 5,21 (s, 2H), 4,32-4,27 (m, 1H), 4,10-4,04 (m, 2H), 3,10-3,03 (m, 1H), 2,48-
2,35 (m, 2H), 2,17 (s, 3H), 1,33 (d, J= 6,4 Hz, 3H).

LC-MS: #z = 2,07 phtt (Phuong phap 3), m/z = 342,1 [M + H]".
SFC: tr = 5,088 phiit, ee% = 97,9%. p2° +10,3 (¢ = 0,10, CHCls).

7-(3-flobenzyl)-6-metyl-3-(2-metyltetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-8(7H)-
on, chit ddng phan lap thé 3 (38,0 mg, 17% san lugng) .
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'H NMR (CDCl; 400 MHz): 7,95 (s, 1H), 7,31-7,29 (m, 1H), 7,01-6,89 (m, 3H), 6,83
(s, 1H), 5,29 (d, J= 16,4 Hz, 1H), 5,17 (d, J= 16,4 Hz, 1H), 4,35-4,28 (m, 2H), 3,91-
3,87 (m, 1H), 3,71-3,67 (m, 1H), 2,72-2,67 (m, 1H), 2,44-2,40 (m, 1H), 2,18 (s, 3H),
0,90 (d, J= 6,4 Hz, 3H).

LC-MS: r = 2,02 phut (Phuong phép 3), m/z = 342,1 [M + HJ*. SFC: fz = 5,516 phut,
ee% > 99%. p2° +46,3 (c = 0,10, CHCL).

7-(3-flobenzyl)-6-metyl-3-(2-metyltetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-8(7H)-
on, chAt ddng phan 1ap thé 4(30,0 mg, 14% san lugng).'H NMR (CDCl; 400 MHz):
7,95 (s, 1H), 7,33-7,30 (m, 1H), 7,01-6,90 (m, 3H), 6,83 (s, 1H), 5,29 (d, /= 16,4 Hz,
1H), 5,17 (d, J= 16,4 Hz, 1H), 4,37-4,28 (m, 2H), 3,91-3,87 (m, 1H), 3,71-3,69 (m,
1H), 2,72-2,68 (m, 1H), 2,45-2,40 (m, 1H), 2,18 (s, 3H), 0,90 (d, J= 6,8 Hz, 3H).

LC-MS: fr = 1,98 phut (Phuong phép 3), m/z = 342,1 [M + H]".SFC: fr = 6,304 phut,
ee% > 99%. n2? -47,0 (c = 0,10, CHCL).

Vidu 37:

N

7-(3-flobenzyl)-3-(cis-2-floxyclopropyl)-6-metylimidazo{1,5-a]pyrazin-8(7H)-on,
chét dong phan lap thé 1 va 2:

Buéc 1: Dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin hydroclorua (400 mg,
2,1 mmol) va trietylamin (662 mg, 6,5 mmol) trong DCM (8 mL) dwgc lam ngudi dén
0°C, 2-floxyclopropan-1-carbonyl clorua (251 mg, 2,1 mmol) duge thém nho giot va
hén hop duge khudy & 0°C trong 0,5h. Hon hop duge pha lodng véi nude (10 mL),
duoc chiét véi DCM (20 mL x 2). Lép hitu co duge rita véi nude mudi (20 mL), duge
lam khé qua Na;SOq va duoc ¢ dic trong chin khong. Can duge tinh ché bing TLC
didu ché (ete diu hoawetyl axetat=1:1) dé tao ra cis-2-flo-N-((3-metoxy-5-
metylpyrazin-2-yl)metyl)xyclopropan-1-carboxamit (200 mg, 40% san lagng) va
(1S,2R)-2-flo-N-((3-metoxy-5-metylpyrazin-2-yl)metyl)xyclopropan- 1 -carboxamit
(200 mg, 40% san heong) tAt ca.
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Budéc 2: Thém vao dung dich cis-2-flo-N-((3-metoxy-5-metylpyrazin-2-
yl)metyl)xyclopropan-1-carboxamit (260 mg, 1,1 mmol) trong dioxan (10 mL) POCI;
(500 mg, 3,3 mmol). Dung dich dugc khudy & 80-90°C trong 2h. Hdn hop duge cd
dic trong chin khong va dugc pha lodng voi NaHCO; (30 mL), duge chiét véi DCM
(50 mL x 2). L&p hitu co duoe rira véi nude mudi (30 mL), duge lam khd qua NazSOq
va duoec lam khé qua d& tao ra 3-(cis-2-floxyclopropyl)-8-metoxy-6-
metylimidazo[1,5-a]pyrazin (220 mg, 91% san lugng).

Budc 3: Dung dich 3-(cis-2-floxyclopropyl)-8-metoxy-6-metylimidazo[1,5-a]pyrazin
(220 mg, 994 pmol) trong 2N HCI (nude) (5 mL) va dioxan (10 mL) dugc khudy &
80-90°C trong 1 gi¢v. HOn hop dugce ¢b dic trong chin khong. Cin duge pha loéng vdi
NaHCO;(nude) (30 mL), duge chiét véi DCM (30 mL x 3). Lép hitu co duge rira véi
nude mubi (30 mL), dugc 1am khé qua NaSOs va duge 1am khé qua dé tao ra 3-(cis-

2-floxyclopropyl)-6-metylimidazo[1,5-a}pyrazin-8(7H)-on (200 mg, 97% san luong).

Budc 4: Thém vao dung dich 3-(cis-2-floxyclopropyl)-6-metylimidazo[1,5-a]pyrazin-
8(7H)-on(200 mg, 965 umol) trong DMF khan (10 mL) K2COs3 (133 mg, 965 pmol)
va 1-(bromometyl)-3-flobenzen (274 mg, 1,5 mmol). Hdn hop duge khudy & 60-70°C
trong 16h va 80°C trong 21h. Hon hop duge 1am ngudi va duge loc va phan loc duoc
tinh ché bing LC-MS didu ché dé tao ra 7-(3-flobenzyl)-3-(cis-2-floxyclopropyl)-6-
metylimidazo[1,5-a]pyrazin-8(7H)-on (80 mg, 26% san lugng).

Buéc 5:  7-(3-flobenzyl)-3-(cis-2-floxyclopropyl)-6-metylimidazo[1,5-a]pyrazin-
8(7H)-on (80 mg, 253 pmol) dugc tach béng SFC.
7-(3-flobenzyl)-3-(cis-2-floxyclopropyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on,
chit ddng phan lap thé 1 (25 mg, 30% san lugng).

'H NMR (CDCl3 Varian H_400 MHz): 7,92 (s, 1H), 7,32-7,26 (m, 1H), 7,00-6,88 (m,
4H), 5,29-5,15 (m, 2H), 5,02-4,84 (m, 1H), 2,18 (s, 3H), 2,12-1,99 (m, 2H), 1,44-1,25
(m, 1H).

LC-MS: fr = 2,00 phut (Phuong phép 8), m/z = 316,1 [M + H]*. SFC: tr = 6,53 phut,
ee% > 99%. p2® -84,00 (¢ = 0,10, MeOH).
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7-(3-flobenzyl)-3-(cis-2-floxyclopropyl)-6-metylimidazo{1,5-a]pyrazin-8(7H)-on,
chit ddng phan lap thé 2 (15 mg, 18% san lugng).'H NMR (CDCl; Varian_H_400
MHz): 7,93 (s, 1H), 7,33-7,30 (m, 1H), 7,00-6,90 (m, 4H), 5,31-5,17 (m, 2H), 5,04~
4,86 (m, 1H), 2,20 (s, 3H), 2,12-2,00 (m, 2H), 1,46-1,42 (m, 1H).

LC-MS: i = 1,99 phit (Phuong phap 8), m/z = 316,1 [M + H]".SFC: & = 5,06 phut,
ee% > 99%. p2° +75,00 (c = 0,10, MeOH).

Vi du 38:
: )j\f\
N =
m/u\i
"

7-(3-flobenzyl)-3-(trans-2-floxyclopropyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-
on, chit ddng phén l4p thé 1 va 2:

Buéc 1: Thém vao dung dich #rans-2-flo-N-((3-metoxy-5-metylpyrazin-2-
yDmetyl)xyclopropan-1-carboxamit (280 mg, 1,1 mmol) trong dioxan (10 mL) POCls
(540 mg, 3,5 mmol). Dung dich dugc khudy & 80-90°C trong 2h. Hon hop duge cd
d3c trong chin khong va dugc pha lofing voi NaHCO;3 (30 mL), duge chiét v6i DCM
(50 mL x 2). Lop hitu co dugce ria véi nude mubi (30 mL), dugce lam khd qua NaxSO4
va dugc lam khé qua d& tao ra 3-(trans-2-floxyclopropyl)-8-metoxy-6-

metylimidazo[1,5-a]pyrazin (240 mg, 93% san lugng).

Buéc 2: Dung dich 3-(trans-2-floxyclopropyl)-8-metoxy-6-metylimidazo[1,5-
a]pyrazin (240 mg, 1,1 mmol) trong 2N HCI (nuée) (5 mL) va dioxan (10 mL) dugc
khudy & 80-90°C trong 1 gid. Hon hop duge ¢d ddc trong chan khong. Cin duge pha
lodng v&i NaHCOs3(nudce) (30 mL), duge chiét véi DCM (30 mL x 3). Lop hitu co
duge rira voi nude mudi (30 mL), duge 1dm khd qua NaS04 va dugce 1am khéd qua dé
tao ra 3-(trans-2-floxyclopropyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on (220 mg,
98% san lugng).

Budc 3: Thém vao dung dich 3-(trans-2-floxyclopropyl)-6-metylimidazo[1,5-
alpyrazin-8(7H)-on (220 mg, 1,1 mmol) trong DMF khan (10 mL) K2CO3 (293 mg,
2.1 mmol) va 1-(bromometyl)-3-flobenzen (300 mg, 1,6 mmol). H3n hop duge khudy
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& 60-70°C trong 16h va 80°C trong 21h, Hon hop duge 1am ngudi va duge loc va
phén loc duge tinh ché bing LC-MS diéu ché dé tao ra 7-(3-flobenzyl)-3-(trans-2-
floxyclopropyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on (250 mg, 77% san lugng).

Budc 4: 7-(3-flobenzyl)-3-(trans-2-floxyclopropyl)-6-metylimidazo[1,5-a]pyrazin-
8(7H)-on (250 mg, 793 pmol) duge tach béng SFC.

7-(3-flobenzyl)-3-(trans-2-floxyclopropyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on,
chét ddng phan lap thé 1 (15 mg, 17% san lugng).

'H NMR (CDCl; 400 MHz): 7,81 (s, 1H), 7,31-7,27 (m, 1H), 6,98-6,86 (m, 4H), 5,22
(s, 2H), 5,01-4,84 (m, 1H), 2,43-2,38 (m, 1H), 2,19 (s, 3H), 1,72-1,65 (m, 1H), 1,58-
1,55 (m, 1H).

LC-MS: fr = 2,24 phut (Phuong phéap 8), m/z = 316,1 [M + H]*.SFC: rr = 2,83 phit,
ee% > 99%. 20 +29,00 (c = 0,10, MeOH).

7-(3-flobenzyl)-3-(trans-2-floxyclopropyl)-6-metylimidazo[1,5-a]pyrazin-8(7 H)-on,
chit ddng phan 1ap thé 2 (45 mg, 17% san lugng).

'H NMR (CDCl; 400 MHz): 7,81 (s, 1H), 7,29-7,28 (m, 1H), 6,98-6,86 (m, 4H), 5,22
(s, 2H), 5,01-4,84 (m, 1H), 2,45-2,38 (m, 1H), 2,19 (s, 3H), 1,71-1,64 (m, 1H), 1,59-
1,54 (m, 1H).

LC-MS: #r = 2,23 phiit (Phuong phép 8), m/z = 316,1 [M + HJ".SFC: tr = 3,69 phit,
ee% > 99%. p2° -31 (¢ = 0,10, MeOH).

Vi du 39:

NS ee

7-(4-xyclopropoxybenzyl)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on:
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Buéc 1: Dung dich 1-bromo-4-xyclopropoxybenzen (900 mg, 4,22 mmol) trong THF
(20 mL, khan) dugc thém n-Buli (2,5 M, 2,6 mL) & -78°C va dugc khuéy o -78°C
trong 2 gid dudi N2. Sau d6, duge thém nhé giot vao d6 DMF (926 mg, 12,66 mmol,
khan) & -78°C va dung dich dugc khudy trong 2 gi¢r. Dung dich duogc ditng véi NH4Cl
(1mL nuéc) & -78°C va duge khudy & 0°C trong 0,5 gid. Hon hop duge pha lodng véi
etyl axetat (10 mL). H8n hop dugc loc va phin lge duge ¢ dic duéi chan khong. Ciin
dugce pha lofng véi etyl axetat (30 mL), duge rira véi nude mudi (3 x 15 mL). Lép
hitu co duge 1am khd véi NaxSOs khan, duge loc va duge ¢b dac trong chén khong
détao ra 4-xyclopropoxybenzaldehyt (700 mg). LC-MS: # = 0,800 phit (Phuong phap
2), m/z = 162,8 [M + HJ".

Buéc 2: Dung dich 4-xyclopropoxybenzaldehyt (700 mg) trong MeOH (15 mL, khan)
duogc thém NaBH4 (319 mg, 8.44 mmol) & 0°C va duge khudy & 0°C trong 1 gid.
Dung dich duge dimg v&i NH4Cl nuée béo hoa (0,5mL nudc). Hn hop duge ¢6 dic
duéi chan khéng. Cin dugc tinh ché bing sic ky silica gel ete diu hoa/etyl
axetat=10/1, 1/1) d tao ra (4-xyclopropoxyphenyl)metanol (540 mg, 78% san lugng).

Buée 3: Dung dich (4-xyclopropoxyphenylmetanol (500 mg, 3,1 mmol) va EtsN (617
mg, 6,1 mmol) trong DCM khan (10 mL) duge 1am ngudi dén 0°C, sau d6 MsCl (1,41
g, 12,3 mmol) duge thém nho giot. Dung dich dugc khuéy & 0°C trong 0,5h. Hon hop
dugce pha lodng véi nuée (50 mL), duoc chiét vé6i DCM (50 mL x 2). Lép hitu co
duge rira véi nude mubi (30 mL), duge 1dm khd qua NazSOs va duoc 1am khé qua dé

tao ra 4-xyclopropoxybenzyl metansulfonat (600 mg, 81% san lugng).

Bu6c 4: HOn hop cla 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (250 mg, 1,07 mmol), 4-xyclopropoxybenzyl metansulfonat (311 mg, 1,28
mmol) va Cs2CO3 (698 mg, 2,14 mmol) trong DMF (6,0 mL, khan) duge khudy &
60°C trong 12 gid. Hn hop duge loc va phan loc duge ¢b dic dudi chan khong. Cin
duoc tinh ché bing séc ky silica gel (ete dAu hoa/etyl axetat=10/1, 0/1) d€ tao ra 7-(4-
xyclopropoxybenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[ 1,5-a]pyrazin-
8(7H)-on (320 mg, 77% san luong).

'H NMR (CDCls, 400 MHz): 7,92 (s, 1), 7,15 (d, J= 8,8 Hz, 2H), 6,99 (d, J= 8,8 Hz,
2H), 6,73 (s, 1H), 5,17 (s, 2H), 4,12 (d, J= 10,4 Hz, 2H), 3,71 - 3,69 (m, 1H), 3,67 -
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3,55 (m, 2H), 3,09 - 3,07 (m, 1H), 2,21 (s, 3H), 2,18 - 2,03 (m, 2H), 1,88 (d, J= 13,2
Hz, 2H), 0,79 - 0,71 (m, 4T1).

LC-MS: fr = 2,154 phit (Phuong phép 3), m/z = 380,1 [M + H]".

Vi du 40:
0
Ory
o) )\/N ¢
F)\F

o}

7-(4-(diflometoxy)benzyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo{1,5-
alpyrazin-8(7H)-on

Hon hop clia 6-metyl-3-(tetrahydro-2H-pyran-4~yl)imidazo[1,5-a]pyrazin-8(7H)-on
(400 mg, 1,7 mmol), 1-(bromometyl)-4-(diflometoxy)benzen (608 mg, 2,6 mmol),
Cs2CO3 (1,11 g, 3,4 mmol) trong DMF (50 mL) duge khudy & 60 °C trong 12 gid.
Hdn hop phan img dwoc ¢6 dic. Cin duge tinh ché bing séc ky silica gel (ete dau
hoaetyl axetat=5:1~0:1) d& tao ra 7-(4-(diflometoxy)benzyl)-6-metyl-3-(tetrahydro-
2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on (360 mg, san lugng: 52%).

"H NMR (CDCls, 400 MHz): 7,91 (s, 1H), 7,20 (d, J= 9,2 Hz, 2H), 7,07 (d, J= 8,0 Hz,
2H), 6,73 (s, 1H), 6,46 (1, J= 73,6 Hz, 1H), 5,19 (s, 2H), 4,11 (d, J= 10,8 Hz, 2H),
3,56 (td, J= 12,0, 2,0 Hz, 2H), 3,10 - 3,04 (m, 1H), 2,17 - 2,06 (m, 5H), 1,86 (d, J=
13,2 Hz, 2H).

LC-MS: tr = 1,85 phiit (Phuong phép 3), m/z = 390,1 [M + H]*".

Vidu 41:

: »i“%

6-metyl-3-(tetrahydro-2H-pyran-4-yl)-7-(4-(triflometoxy)benzyl)imidazo[1,5-
a]pyrazin-8(7H)-on:
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Hn hop cta 6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(400 mg, 1,7 mmol), 1-(bromometyl)-4-(triflometoxy)benzen (654 mg, 2,6 mmol) va
Cs2C03 (1,11 g, 3,4 mmol) trong DMF (50 mL) duge khudy & 60 °C trong 12h. Hon
hop phan tng duge b dic. Cin duoc tinh ché bing séc ky silica gel (ete dau hoazetyl
axetat=5:1~0:1) dé tao ra 6-metyl-3-(tetrahydro-2 H-pyran-4-y1)-7-(4-
(triflometoxy)benzyl)imidazo[1,5-a]pyrazin-8(7H)-on (300 mg, san luong: 41%).

'H NMR (CDCls, 400 MHz): 7,91 (s, 1H), 7,25 - 7,22 (m, 2H), 7,17 - 7,15 (m, 2H),
6,74 (s, 1H), 5,21 (s, 2H), 4,11 (d, /= 10,4 Hz, 2H), 3,56 (td, J= 11,2, 2,0 Hz, 2H),
3,10 - 3,04 (m, 1H), 2,17 - 2,06 (m, 5H), 1,86 (d, /= 13,6 Hz, 2H).

LC-MS: g = 2,05 phut (Phuong phap 3), m/z =408,1 [M + H]".

Vidy 42:

Nj\f\u
v/\o/©/\)\\/hl /

7-(4-(xyclopropylmetoxy)benzyl)-6-metyl-3-(tetrahydro-2H-pyran-4-
ylimidazo{1,S-a]pyrazin-8(7H)-on:

BuSc 1: HOn hop cta 4-hydroxybenzaldehyt (1,0 g 8,19 mmol),
(bromometyl)xyclopropan (1,33 g, 9,83 mmol) va K>CO;3 (2,26 g, 16,38 mmol) trong
DMF (10,0 mL, khan) duoc khudy & 20°C trong 12 gid. Dung dich dugc pha lodng
véi nude (20 mL). Pha nude duge chiét voi etyl axetat (60 mL x 3). Pha hitu co két
hop duge rira véi nude mudi (20 mL x 1), duge 1am khd qua khan NaaSO4, duge loc
vi duoc b dic dudi chan khong. Cin duoc tinh ché bing séc ky silica gel (ete dau
hoéaletyl axetat=10/1, 1/1) d& tao ra 4-(xyclopropylmetoxy)benzaldehyt (1,3 g, 87%

san luong).

Budc 2: Dung dich 4-(xyclopropylmetoxy)benzaldehyt (1,3 g, 7,4 mmol) trong
MeOH (30 mL) duoc 1am ngudi dén 0°C, sau d6 NaBHq (558 mg, 14,8 mmol) duoc
thém va hdn hop duge khudy & 0°C trong 1 gid. Hon hop duge dimg véi nude mubi
bdo hoa (nude) (50 mL), duge chiét v6i EtOAc(50 mL x 2). Lép hitu co dugc rira véi
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nuée mudi, duge lam khd qua NaxSOs4 va duge lam kh6 qua dé tao ra (4-

(xyclopropylmetoxy)phenyl)metanol (1,21 g, 92% san lugng).

Bude 3. Dung dich (4-(xyclopropylmetoxy)phenyl)metanol (800 mg, 4,5 mmol) va
EtzN (907 mg, 9,0 mmol) trong DCM (10 mL) duge 1am ngudi dén 0°C, then MsCl
(617 mg, 5,4 mmol) duge thém nhd giot. Dung dich duoc khqu & 0°C trong 0,5h.
Hbn hop duge pha lofing véi nude (50 mL), duge chiét véi DCM (50 mL x 2). Lép
hitu co duge rira véi nude mubi (30 mL), duoe 1am khd qua NaxSOs va duge lam kho
qua dé tao ra 4-(xyclopropylmetoxy)benzyl metansulfonat (760 mg, 66% san lugng).
Buéc 4: Hdn hop clia 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (300 mg, 1,29 mmol), 4-(xyclopropylmetoxy)benzyl metansulfonat (429
mg, 1,68 mmol) va Cs2CO3 (841 mg, 2,58 mmol) trong DMF (6 mL, khan) dugc
khudy & 60°C trong 12 gid. Hbn hop duge loc va phin loc duge ¢6 dic dudi chan
khéng. Cin duge tinh ché bing séc k¥ silicagel (chidu cao ct: 250 mm, dudng kinh:
100 mm, 100-200 mesh silica gel, Ete dau hoa/Etyl axetat=10/1, 0/1) dé tao ra 7-(4-
(xyclopropylmetoxy)benzyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-
alpyrazin-8(7H)-on (360 mg, 68% san hrong).

'H NMR (CDCls, 400 MHz): 7,92 (s, 1H), 7,14 (d, J= 8,8 Hz, 2H), 6,85 (d, /= 9,2 Hz,
2H), 6,73 (s, 1H), 5,16 (s, 2H), 4,12 (d, J= 10,8 Hz, 2H), 3,77 (d, J= 6,8 Hz, 2H), 3,61
- 3,55 (m, 2H), 3,10 - 3,04 (m, 1H), 2,20 - 2,09 (m, 5H), 1,88 (d, J= 13,2 Hz, 2H),
1,27 - 1,24 (m, 1H), 0,66 - 0,61 (m, 2H), 0,35 - 0,33 (m, 2H).

LC-MS: fr = 2,238 phut (Phuong phép 3), m/z =394,1 [M + H]J".

Vidu 43:
0O
A
o

7-benzyl-6-etyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on:
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HOn hgp cha 6-etyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(100 mg, 404 pmol), bromometylbenzen (83 mg, 485,26 pmol) va Cs2CO3 (264 mg,
809 pmol) trong DMF (3,0 mL) dugc khudy & 60°C trong 16 gid. Hon hop phan tmg
duoce loc va phén loc duge ¢b dic. Cin duge tinh ché bang HPLC d8 tao ra 7-benzyl-
6-etyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on (56,0 mg, 41,0%
san luong).

'H NMR (CDCl3 400 MHz): 7,91 (s, 1H), 7,32 - 7,26 (m, 3H), 7,22 - 7,15 (m, 2H),
6,69 (s, 1H), 5,25 (s, 2H), 4,12 (d, /= 10,8 Hz, 2H), 3,62 - 3,56 (m, 2H), 3,14 - 3,07
(m, 1H), 2,53 - 2,48 (m, 2H), 2,17 - 2,09 (m, 2H), 1,89 (d, J= 13,2 Hz, 2H), 1,22 (1, J
=17,2 Hz, 3H).

LC-MS: fr = 2,042 phut (Phuong phap 3), m/z=338,2 [M + HJ".

Vidu 44:
O
ER
™~ &/N A
o]

6-etyl-7-(4-metoxybenzyl)-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on:

Hdn hop clia 6-etyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(100 mg, 404 umol), 1-(bromometyl)-4-metoxy-benzen (98 mg, 485 pmol) va
Cs2C0;3 (264 mg, 809 pmol) trong DMF (5,0 mL) duge khudy & 60°C trong 16 gid.
H3n hop phan tmg duoc loc va phan loc duge ¢b dic. Cin duge tinh ché bing HPLC
d8 tao ra 6-etyl-7-(4-metoxybenzyl)-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on (65 mg, 42,3% san luong).

'H NMR (CDCl; 400 MHz): 7,91 (s, 1H), 7,12 (d, /= 8,0 Hz, 2H), 6,83 (d, J= 7,6 Hz,
2H), 6,68 (s, 1H), 5,18 (s, 2H), 4,12 (d, J= 11,6 Hz, 2H), 3,77 (s, 3H), 3,61 - 3,55 (m,
2H), 3,12 - 3,07 (m, 1H), 2,56 - 2,51 (m, 2H), 2,16 - 2,08 (m, 2H), 1,88 (d, J = 13,2
Hz, 2H), 1,22 (t, J=7,2 Hz, 3H).
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LC-MS: fr = 2,050 phat (Phuong phap 3), m/z = 368,2 [M + HJ*.

Vi du 45:

3-((6-metyl-8-0x0-3-(tetrahydro-2 H-pyran-4-yDimidazo[1,5-a]pyrazin-7(8H)-
yDmetyl)benzonitril:

HOn hop cta 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(100 mg, 428,69 upmol), 3-(bromometyl)benzonitril (126 mg, 643,03 pmol) va
Cs2C03(279 mg, 858 pmol) trong DMEF (3 mL) dugc khudy & 70°C trong 6 gid. Hon
hop duge loc va phin loc duge ¢b dic dudi chan khong, Cin duge tinh ché bing LC-
MS didu ché dé tao ra 3-((6-metyl-8-oxo-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-
a|pyrazin-7(8H)-yl)metyl)benzonitril (35 mg, 23% san luong).

'H NMR (CDCl 400 MHz): 7,95 (s, 1H), 7,59 (d, J = 6,8 Hz, 1H), 7,51 - 7,45 (m,
3H), 6,80 (s, 1H), 5,25 (s, 2H), 4,14 (d, J = 10,8 Hz, 2H), 3,63 - 3,57 (m, 2H), 3,14 -
3,08 (m, 1H), 2,19 - 2,10 (m, 5H), 1,91 (d, /= 13,2 Hz, 2H).

LC-MS: fr = 2,164 phit (Phuong phap 3), m/z = 349,1 [M + H]*.

Vi du 46:

4-((6-metyl-8-0x0-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-7(8H)-
yDmetyl)benzonitril:

Hén hop cia 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(100 mg, 428,69 umol), 4-(bromometyl)benzonitril (126 mg, 643,04 pmol) va
Cs2C03 (279 mg, 858 pmol) trong DMF (3 mL) duoc khudy & 60°C trong 2 giv. Hon
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hop duoce loc va phé‘.n loc dugce ¢d dic dudi chin khéng. Cin duge tinh ché bing sic
ky silica gel (ete diu hoaletyl axetat=10/1, 1/5) dé tao ra 4-((6-metyl-8-oxo-3-
(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-ajpyrazin-7(8H)-yl)metyl)benzonitril (65 mg,
43% san lugng).

'H NMR (CDCl; 400 MHz): 7,94 (s, 1H), 7,64 (d, J = 8,0 Hz, 2H), 7,32 (d, /= 8,4
Hz, 2H), 6,79 (s, 1H), 5,28 (s, 2H), 4,14 (d, J = 11,2 Hz, 2H), 3,62 - 3,56 (m, 2H),
3,13 - 3,07 (m, 1H), 2,19 - 2,09 (m, SH), 1,89 (d, J = 13,2 Hz, 2H).

LC-MS: fr = 2,160 phut (Phuong phép 3), m/z = 349,2 [M + H]*".

Vidu 47:
O
o /O/\NJY\N
/U\N )\/N%
H
0

N-(4-((6-metyl-8-0x0-3-(tetrahydro-2H-pyran-4-ylimidazo{1,5-a]pyrazin-7(8H)-
yDmetyl)phenyl)axetamit:

Buée 1: Hon hop cla 6-metyl-3-(tetrahydro-2/-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (200 mg, 858 umol), 1-(bromometyl)-4-nitrobenzen (278 mg, 1,29 mmol)
va Cs2C0s (559 mg, 1,71 mmol) trong DMF (4 mL) duoc khudy & 60°C trong 2 gid.
Hdn hop dwoc loc va phan loc duge ¢b dic dudi chan khong. Cin dugc tinh ché bing
sic ky silica gel (ete diu hoaletyl axetat=10/1, 1/5) dé tao ra 6-metyl-7-(4-
nitrobenzyl)-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on (270 mg,
85% san luong). LC-MS: fr = 0,612 phat (Phuong phap 2), m/z = 368,8 [M + HJ".

Budc 2: HOn hop cla 6-metyl-7-(4-nitrobenzyl)-3-(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-8(7H)-on (200 mg, 542,90 pmol), Fe (152 mg, 2,71 mmol),
NH4Cl (88 mg, 1,63 mmol) va MeOH (10 mL) trong H20O (10 mL) dugc khudy &
70°C trong 4 gid. Hon hop duge loc va phﬁn loc duge ¢ dic dudi chén khdng. Can
duge tinh ché bing séc ky silica gel (diclometan /metanol=1/0, 15/1) d€ tao ra 7-(4-
aminobenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
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(170 mg, 93% san lugng).LC-MS: & = 0,287 phit (Phuong phéap 2), m/z = 338,9 [M +
HI*.

Buéc 3: Hdn hop cha 7-(4-aminobenzyl)-6-metyl-3-(tetrahydro-2H-pyran-4-
ylimidazo[1,5-a]pyrazin-8(7H)-on (120 mg, 354,61 pmol), axetyl axetat (60 mg,
588,65 pmol) va trietylamin (144 mg, 1,42 mmol) trong dioxan (10 mlL) dugc khudy
& 90°C trong 6 gid. Dung dich duge ding voi nuwde (2 mL) va duge khudy & 60°C
trong 2 gid. Sau d6 dung dich duge cé dic dudi chan khdng, Cén dugce tinh ché bing
sic ky silica gel (diclometan / metanol=1/0, 15/1) d8 tao ra N-(4-((6-metyl-8-ox0-3-
(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a] pyrazin—’?(SH)-yl)metyl)phenyl)axetamit
(120 mg, 86,52% san lugng).

'H NMR (CDCl; 400 MHz): 7,92 (s, 1H), 7,44 (d, J = 8,4 Hz, 2H), 7,17 (d, J = 8,4
Hz, 2H), 6,74 (s, 1H), 5,19 (s, 2H), 4,13 (d, J = 10,4 Hz, 2H), 3,59 (t, J = 10,0 Hz,
2H), 3,12 - 3,06 (m, 1H), 2,19 - 2,09 (m, 8H), 1,88 (d, J= 13,2 Hz, 2H).

LC-MS: #r = 1,593 phut (Phuong phap 3), m/z =381,1 [M + H]".

Vidu 48:

7-(4-clo-3-metoxybenzyl)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on:

Thém vao huyén phi clla 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on (100 mg, 429 pmol) trong DMF khé (2 mL) Cs2CO3 (279 mg, 858
pmol) va 4-(bromometyl)-1-clo-2-metoxybenzen (151 mg, 643 pmol). Hon hop dugce
suc véi N trong 2 phut va duge gia nhiét & 60°C trong 16 git. Hon hop duge cd dic.
DCM (30 ml) duge thém vao ciin. N6 duge loc va bé loc duge rira véi DCM (20 mL).
Phin loc duge ¢6 dic va duoc tinh ché bing séc ky nhanh trén silica gel (10%~100%
etyl axetat trong ete ddu hoa) dé tao ra 7-(4-clo-3-metoxybenzyl)-6-metyl-3-
(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on (99,01 mg, 60% san
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lugng).

'H NMR (CDCls 400 MHz): 7,93 (s, 1H), 7,30 (d, J = 8,4 Hz, 1H), 6,85 (d, /= 1,6
Hz, 1H), 6,75 (s, 1H), 6,72 - 6,69 (m, 1H), 5,17 (s, 2H), 4,14 - 4,11 (m, 2H), 3,86 (s,
3H), 3,61 - 3,55 (m, 2H), 3,10 - 3,06 (m, 1H), 2,20 (s, 3H), 2,18 - 2,11 (m, 2H), 1,89 -
1,86 (m, 2H).

LC-MS: fr = 2,466 phit (Phuong phép 3), m/z =388,1 [M + H]*".

Vi du 49:

7-(2-etylbenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on :

Bude 1: Dung dich (2-etylphenyl)metanol (500 mg, 3,67 mmol) va trietylamin (742
mg, 7,34 mmol) trong DCM (5 mL) dugc thém MsCl (1,0 g, 8,73 mmol) & 0°C va
duge khudy & 0°C trong 0,5 gid. Sau d6 dung dich duge khudy & 20°C trong 1 gio.
Hén hop dugc ding véi nuée (0,5 mL), va duge pha lodng véi DCM (10 mL). Hon
hop duge thém NaHCOs (nuéc) dén khi pH=8. Lép hitu co duge rira voi nuée (3 x 5
mL), duogc lam khd véi NazSOs khan, duge loc va duoe ¢6 ddc dudi chin khong aé
tao ra 2-etylbenzyl metansulfonat (600 mg), ma duge st dung vao bude tiép theo ma
khéng cén tinh ché thém.

Budc 2: HOn hop clia 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (150 mg, 643 pmol), 2-etylbenzyl metansulfonat (276 mg) va Cs2CO3 (419
mg, 1,29 mmol) trong DMF (5 mL) dugc khudy & 60°C trong 12 gid. Hon hop dugc
loc va phan loc duoc c6 dic dudi chin khong, Cin duge tinh ché bing LC-MS didu
ché d& tao ra 7-(2-etylbenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on (90 mg, 40% san lugng).

'H NMR (CDCls 400 MHz): 7,93 (s, 1H), 7,25 - 7,21 (m, 2H), 7,14 - 7,10 (m, 1H),
6,81 - 6,77 (m, 2H), 5,25 (s, 2H), 4,14 (d, J = 11,2 Hz, 2H), 3,60 (t, J = 12,0 Hz, 2H),
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3,15 - 3,09 (m, 1H), 2,78 — 2,72 (m, 2H), 2,21 - 2,13 (m, 5H), 1,91 (d, J = 13,6 Hz,
2H), 1,31 (t, J= 7,6 Hz, 3H).
LC-MS: r = 2,533 phut (Phwong phap 3), m/z = 352,2 [M + HJ".

Vi du 50:

SO

7-(benzo[d][1,3]dioxol-5-ylmetyl)-6-metyl-3-(tetrahydro-2H-pyran-4-
yDimidazo[1,5-a]pyrazin-8(7H)-on:

Thém vao huyén phii cha 6-metyl-3~(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on (100 mg, 429 umol) trong DMF khé (2 mL) Cs2CO3 (279 mg,
858 umol) va 5-(bromometyl)benzo[d][1,3]dioxol (138 mg, 643 pmol). Hbn hop
duge tao bot véi Ny trong 2 phut va duge gia nhiét & 60°C trong 16 gidy. Hon hop duge
¢b dic. DCM (30 mL) duoc thém véo cin. Hon hop duge loc va bé loc duge rira voi
DCM (20 mL). Phdn loc duoc ¢b dic va duge tinh ché bing séc ky nhanh trén silica
gel (10%~100% etyl axetat trong ete dAu hoa) dé tao ra 7-(benzo[d][1,3]dioxol-5-
ylmetyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo{1,5-a]pyrazin-8(7H)-on (81,74

mg, 52% san lugng).

'H NMR (CDCl 400 MHz): 7,92 (s, 1H), 6,76 - 6,69 (m, 4H), 5,95 - 5,93 (m, 2H),
5,13 (s, 2H), 4,14 - 4,11 (m, 2H), 3,61 - 3,55 (m, 2H), 3,10 - 3,05 (m, 1H), 2,21 (s,
3H), 2,20 - 2,10 (m, 2H), 1,90 - 1,86 (m, 2H).

LC-MS: fg = 2,245 phut (Phuong phap 3), m/z = 368,2 [M + HJ".

Vi du 51:
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7-(3-clo-4-metoxybenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on:

HOn hop cta 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo|1,5-a]pyrazin-8(7H)-on
(100 mg, 427 pmol), 4-(bromometyl)-2-clo-1-metoxybenzen (151 mg, 643 umol) va
Cs2C0;3 (279 mg, 858 pmol) trong DMF (3 mL) duge khudy & 60°C trong 2 giér. Hon
hgp duge loc va phén loc duge ¢6 diac dudi chan khong. Cén duge tinh ché b%mg sic
ky silica gel (ete diu hoa/etyl axetat=10/1, 0/1) & tao ra 7-(3-clo-4-metoxybenzyl)-6-
metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7/)-on (110 mg, 65%
san luong).

'H NMR (CDCl; 400 MHz): 7,93 (s, 1H), 7,24 (d, J = 0,8 Hz, 1H), 7,12 - 7,10 (m,
1H), 6,88 (d, /= 8,4 Hz, 1H), 6,75 (s, 1H), 5,15 (s, 2H), 4,13 (d, J = 10,4 Hz, 2H),
3,88 (s, 3H), 3,62 - 3,56 (m, 2H), 3,12 - 3,06 (m, 1H), 2,20 - 2,09 (m, 5H), 1,89 (d, /=
13,2 Hz, 2H).

LC-MS: tr = 2,414 phit (Phuong phap 3), m/z = 388,1 [M + H]*.

Vi du 52:
O
N)Hé\
Hsz/Ng
6]

7-(4-aminobenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on :

Dung dich N-(4-((6-metyl-8-ox0-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
7(8H)-yl)metyl)phenyl)axetamit (100 mg, 263 pmol), NaOH (63 mg, 1,58 mmol) va
MeOH (1 mL) trong H2O (1 mL) dugc khuéy & 90°C trong 12 gio. Dung dich duge
thém KHSO4 (nudc) dén khi pH=7 va dugc cd dic dudi chan khéng. Cin duoc tinh
ché bang TLC didu ché (DCM: MeOH = 10:1). dé tao ra 7-(4-aminobenzyl)-6-metyl-
3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on (50 mg, 56% san

lugng).

'H NMR (CDCl 400 MHz): 7,91 (s, 1H), 7,04 (d, J = 8,4 Hz, 2H), 6,71 (s, 1H), 6,63
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(d, J = 8,4 Hz, 2H), 5,12 (s, 2H), 4,13 (d, J = 12,0 Hz, 2H), 3,67 (brs, 2H), 3,61 - 3,55
(m, 4H), 3,10 - 3,05 (m, 1H), 2,21 (s, 3H), 2,17 - 2,08 (m, 2H), 1,88 (d, J = 13,2 Hz,
2H).

LC-MS: tr = 1,273 phut (Phuwong phép 3), m/z =339,1 [M + H]*".

Vi du 53:

7-(4-hydroxybenzyl)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on:

Dung dich 7-(4-metoxybenzyl)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on (2,0 g, 5,66 mmol) trong DCM (32 mL) dugc thém BBr3 (4,3 g,
16,98 mmol) & 0°C va duoc khudy & 20°C trong 3 gidr. Dung dich duge dimng véi H20
(5 mL) & 0°C. H8n hop duoc khudy & 0°C trong 1 gidy va sau d6 dung dich duge thém
NaHCO; (nuée bdo hoa) dén khi pH=6. Hon hop duge cd dic dudi chén khong. Can
duoce pha lodng véi DCM (20 mL) va MeOH (2 mL). Sau d6 né dugc loc va phan loc
duoc ¢b dic dudi chan khong. Can duge thém vao KOH (60 mL, 2 M, nudc) & 20°C
v4 duge khudy & 50°C trong 1 gid. Dung dich duoc thém KHSO4 (nude bio hda) dén
khi pH=6, h3n hop dugc cb dic duGi chan khong. Can duge tinh ché bing sic ky
silica gel (diclometan/ metanol=1/0, 15/1) d8 tao ra 7-(4-hydroxybenzy!)-6-metyl-3-
(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on (460 mg, 24% san luong).

'H NMR (DMSO Varian H_400 MHz): 9,39 (s, 1H), 7,70 (s, 1H), 7,46 (s, 1H), 6,99
(d, J = 8,4 Hz, 2H), 6,70 (d, J = 8,4 Hz, 2H), 5,06 (s, 2H), 3,96 - 3,93 (m, 2H), 3,52 -
3,45 (m, 2H), 3,29 - 3,16 (m, 111, 2,15 (s, 3H), 1,83 — 1,77 (m, 4H).

LC-MS: fr = 1,62 phut (Phirong phap 8), m/z = 340,1 [M + HJ".

Vi du 54:
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6-etyl-7-(3-flobenzyl)-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-

on:

Buéc 1: HOn hop cia metyl 1H-imidazol-5-carboxylat (1,6 g, 13 mmol), 1-
bromobutan-2-on (2,0 g, 13 mmol) va K2COs (3,5 g, 25 mmol) trong axeton (20 mL)
duoc khudy & 40°C trong 12 gio. Hon hop duge ¢b ddc dudi chan khong. Cin duge
tinh ché bing sic ky silica gel (ete dau hoa/etyl axetat=10/1, 0/1) 8 tao ra metyl 1-(2-
oxobutyl)-1H-imidazol-5-carboxylat (750 mg, 30% san lugng).

Budc 2: HOn hop cta metyl 1-(2-oxobuty1)-1H—imidazobS-carboxy]at (700 mg, 3,59
mmol), NBS (831 mg, 4,67 mmol), va AIBN (118 mg, 718 pmol) trong CHCl3 (20
mL) duge khudy & 50°C trong 12 gi¢r. Hon hop duge ¢d dic dudi chan khéng. Cén
duge tinh ché bing sic ky silica gel (ete diu hoa/etyl axetat=10/1, 1/2) dé tao ra metyl
2-bromo-1-(2-oxobutyl)-1H-imidazol-5-carboxylat (650 mg, 66% san luong). LC-
MS: fr = 0,585 phut (Phuong phap 2), m/z = 274,7 [M + H]*

Buéc 3: Hon hop clia metyl 2-bromo-1-(2-oxobutyl)-1H-imidazol-5-carboxylat (650
mg, 2,36 mmol) va NH4OAc (727,64 mg, 9,44 mmol) trong 1,4-dioxan (15 mL) dugc
khudy & 90°C trong 3 ngay. Hon hop duogc ¢6 dic duéi chan khong. Cin duoc tinh
ché bing séc ky silica gel (ete ddu hoaletyl axetat=10/1, 1/1) dé tao ra 3-bromo-6-
etylimidazo[1,5-a]pyrazin-8(7H)-on (500 mg, 88% sdn lugng). LC-MS: fr = 0,542
phit (Phuong phap 2), m/z = 241,8 [M + HJ"

Budc 4: Hon hop cia 3-bromo-6-etylimidazo{1,5-a]pyrazin-8(7H)-on (500 mg, 2,07
mmol), 2-(3,6-dihydro-2H-pyran-4-y1)-4,4,5,5-tetrametyl-1,3,2-dioxaborolan (522
mg, 2,48 mmol), K2CO3 (572 mg, 4,14 mmol), Pd(dppf)CL (303 mg, 414 pmol) va
0 (5 mL) trong 1,4-dioxan (20 mL) duge khudy & 100°C trong 12 gio. Hon hop
dugc loc va phf}“m loc duge ¢6 dic dudi chdn khéng. Cin duge tinh ché b%mg sfic ky
silica gel (Diclometan/Metanol=1/0, 15/1) dé tao ra 3~(3,6-dihydro-2H-pyran-4-yl)-6-
etylimidazo[1,5-a]pyrazin-8(7H)-on (400 mg, 78,78% san lugng). LC-MS: & = 0,430
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phiit (Phuong phép 2), m/z = 245,8 [M + HJ*

Buée 5: Hn hop ctia 3-(3,6-dihydro-2H-pyran-4-yl)-6-etylimidazo{1,5-a]pyrazin-
8(7H)-on (400 mg, 1,63 mmol) va Pd/C (khd, 10% Pd, 20 mg) trong THF (15 mL)
duoc khudy & 15°C trong 4 givy dudi Ha (15 psi).H8n hop dugce loc va phén loc duge
¢ dic dudi chan khong dé tao ra 6-etyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on (300 mg, 74% san lugng). LC-MS: fr = 1,324 phat (Phuong phap
9), m/z = 248,0 [M + H]*.

Buéc 6: Hon hop cia 6-etyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (300 mg, 1,21 mmol), 1-(bromometyl)-3-flobenzen (297 mg, 1,57 mmol) va
K2CO3 (334 mg, 2,42 mmol) trong DMF (20 mL) dugc khudy & 60°C trong 12 gid.
Hn hop duoc loc va phin loc duge ¢d dic dudi chan khong, Ciin duge tinh ché bing
sic ky silica gel (Ete dAu hoa/Etyl axetat=3/1, 0/1) @& tao ra 6-etyl-7-(3-flobenzy1)-3-
(tetrahydro-2 H-pyran-4-yl)imidazo[ 1,5-a]pyrazin-8(7H)-on (150 mg, 34% san lugng).

'H NMR (CDCl; 400 MHz): 7,94 (s, 1H), 7,32 - 7,27 (m, 1H), 6,98 - 6,94 (m, 2H),
6,86 (d, J = 9,6 Hz, 1H), 6,72 (s, 1H), 5,25 (s, 2H), 4,14 (d, J = 11,2 Hz, 2H), 3,64 —
3,58 (m, 2H), 3,15 - 3,09 (m, 1H), 2,53 — 2,48 (m, 2H), 2,18 — 2,13 (m, 2H), 1,91 (d, J
=13,2 Hz, 2H), 1,25 (t, J= 7,2 Hz, 2H).

LC-MS: fr = 2,475 phtt (Phuong phép 3), m/z = 356,1 [M + HJ*.

Viduy 55:

7-(4-metoxybenzyl)-6-metyl-3-(2-metyltetrahydrofuran-3-ylimidazo[1,5-
a]pyrazin-8(7H)-on, chat ddng phan 13p thés 1,2,3 va 4:

Bude 1: Thém nhd giot vao dung dich lanh (0°C) ctia 2-metyltetrahydrofuran-3-
carboxylic axit (110 mg, 845 pmol) trong DCM kh6 (2 mL) oxalyl diclorua (107 mg,
845 umol). Sau d6 thém mot giot DMF va hdn hop dugce khudy & 26°C trong 1 gid.
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Dung dich ctia 2-metyltetrahydrofuran-3-carbonyl clorua (126 mg) trong DCM (2 mL)

dugc st dung truc tiép cho budc tiép theo.

Buéce 2: Thém nhé giot vao dung dich lanh (0°C) cuia 2-metyltetrahydrofuran-3-
carbonyl clorua (160 mg, 844 pmol, HCI) trong DCM khé (5 mL) trietylamin (256
mg, 2,53 mmol) va (3-metoxy-5-metylpyrazin-2-ylymetanamin (125 mg, 843,70
umol) trong DCM (2 mL). Khudy hén hop & 26°C trong 1 gid. LCMS thé hién phan
ting d& hoan thanh. Nude (5 mL) dugc thém vao hdn hgp. Hn hop duge chiét véi
DCM (30 mL x 2). Lép hitu co két hop duge rira véi H20 (20 mL), nude mudi (20
mL), duoc 1am khé qua NaxSOs, dugce loc va duge ¢b dic. San phdm thd duoc tinh
ché bing sic ky nhanh trén silica gel (10~50% etyl axetat trong ete diu hoa) dé tao ra
N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-2-metyltetrahydrofuran-3-carboxamit (100

mg, 45% san lugng) 14 chét dau mau vang sang.

Budc 3: Thém vao dung dich N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-2-
metyltetrahydrofuran-3-carboxamit (150 mg, 565 pmol) trong dioxan kh6 (5 mL)
POCI3 (173 mg, 1,13 mmol). Hén hop dugc gia nhiét & 80°C trong 2 gid. Hén hop
dwoc lam ngudi dén 26°C va dung dich mau ndu clha 8-metoxy-6-metyl-3-(2-
metyltetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin (140 mg) trong dioxan (5 mL) dugc

st dung tryc tiép cho bude tiép theo.

Budéc 4: Thém vao dung dich 8-metoxy-6-metyl-3-(2-metyltetrahydrofuran-3-
yl)imidazo[1,5-a]pyrazin (140 mg, 566 pmol) trong dioxan (5 mL) 2 N HCI (2 M, 2
mL). H3n hop duoc gia nhiét & 80°C trong 1 gid. HOn hop duoc 1am ngudi dén 25°C,
duoc didu chinh dén pH=7 bing NaHCO3 nudc bio hoa va duge chiét véi DCM (20
mL x 2). Céc pha hitu co két hop duge rira véi Hz0 (20 mL), nude mudi (20 mL),
duoc lam khdé qua NaxSOs, loc va duge cd dic dé tao ra 6-metyl-3-(2-
metyltetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-8(7H)-on (131 mg).

Buée 5: Thém vao dung dich 6-metyl-3-(2-metyltetrahydrofuran-3-yl)imidazo[1,5-
alpyrazin-8(7H)-on (131 mg, 562 pmol) trong DMF khd (5 mL) 1-(bromometyl)-4-
metoxybenzen (169 mg, 842 pmol) va Cs2CO3 (366 mg, 1,12 mmol). Hbn hop duge
gia nhiét & 60°C trong 16 gid. Hon hop dugc ¢b dic va thém nuée (10 mL). Hon hop
duge chiét véi DCM (30 mL x 2). Lép hitu co két hop duoe rira véi H20 (30 mL x 2),
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nude mubdi (30 mL), dugc lam kh6 qua NaxSO4, dugce loc va duge c¢6 dic. Cin duge
tinh ché bang sdc ky nhanh trén silica gel (10%~100% etyl axetat trong ete dau hoa)
dé tao ra 7-(4-metoxybenzyl)-6-metyl-3-(2-metyltetrahydrofuran-3-yl)imidazo[1,5-
a]pyrazin-8(7H)-on (90 mg, 45% san lugng).

7-(4-metoxybenzyl)-6-metyl-3-(2-metyltetrahydrofuran-3-yl)imidazo{1,5-a]pyrazin-
8(7H)-on (100 mg, 283 pmol) duge tinh ché bang SFC.

Chét ddng phan 1ap thé1: (9,4 mg, 9% san hugng).

'H NMR (CDCls 400 MHz): 7,92 (s, 1H), 7,15 (d, /= 8,8 Hz, 2H), 6,84 (d, J= 8,4 Hz,
2H), 6,74 (s, 1H), 5,16 (s, 2H), 4,30-4,26 (m, 1H), 4,12-4,04 (m, 2H), 3,78 (s, 3H),
3,09-3,03 (m, 1H), 2,46-2,34 (m, 2H), 2,20 (s, 3H), 1,32 (d, J= 6,0 Hz, 3H).

LC-MS: fr = 2,074 phut (Phuong phép 13), m/z = 354,1 [M + H}*. SFC: tr = 5,177
phiit, ee% > 99%. p2° -26 (¢ = 0,10, DCM).

Chét dong phéan 1ap thé 2: (7,3 mg, 7% san lugng) .

IH NMR (CDCls 400 MHz): 7,92 (s, 1H), 7,15 (d, J= 8,8 Hz, 2H), 6,84 (d, J= 8,4 Hz,
2H), 6,73 (s, 1H), 5,16 (s, 2H), 4,30-4,26 (m, 1H), 4,10-4,02 (m, 2H), 3,78 (s, 3H),
3,09-3,03 (m, 1H), 2,44-2,35 (m, 2H), 2,20 (s, 3H), 1,32 (d, J= 6,0 Hz, 3H).

LC-MS: r = 2,072 phut (Phuong phap 13), m/z = 354,1 [M + H]". SFC: &r = 5,458
phit, ee% = 99,7%. p20 +24 (c = 0,10, DCM).

Chét dong phén 13p thé 3: (39,7 mg, 40% san lugng) .

'H NMR (CDCls 400 MHz): 7,92 (s, 1H), 7,15 (d, J= 8,4 Hz, 2H), 6,84 (d, J= 8,4 Hz,
2H), 6,78 (s, 1H), 5,22-5,10 (m, 2H), 4,31-4,26 (m, 2H), 3,88-3,82 (m, 1H), 3,77 (s,
3H), 3,70-3,60 (m, 1H), 2,71-2,67 (m, 1H), 2,43-2,40 (m, 1H), 2,19 (s, 3H), 0,87 (d,
J= 4,4 Hz, 3H).

LC-MS: fx = 1,983 phtt (Phuong phap 13), m/z = 354,1 [M + H]*. SFC: &k = 5,932
phit, ee% = 98,8%. p2° +48 (c = 0,10, DCM).

Chét ddng phén 13p thé 4:(26,4 mg, 26% san lugng) .

'H NMR (CDCls 400 MHz): 7,92 (s, 1H), 7,15 (d, J= 8,8 Hz, 2H), 6,84 (d, /= 8,4 Hz,
2H), 6,78 (s, 1H), 5,22-5,09 (m, 2H), 4,32-4,26 (m, 2H), 3,87-3,85 (m, 1H), 3,77 (s,
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3H), 3,68-3,64 (m, 1H), 2,70-2,65 (m, 1H), 2,42-2,37 (m, 1H), 2,19 (s, 3H), 0,87 (d,
J= 6,4 Hz, 3H).

LC-MS: fz = 1,983 phut (Phuong phap 13), m/z = 354,1 [M + H]*. SFC: & = 6,570
pht, ee% = 99,6%. p2 -64 (¢ = 0,10, DCM).

Vi dy 56:
0
NJ\K\N
~o AN N\’R

7-(4-metoxybenzyl)-6-metyl-3-propylimidazo[1,5-ajpyrazin-8(7H)-on:

Thém vao dung dich 3-bromo-7-(4-metoxybenzyl)-6-metylimidazo[1,5-aJpyrazin-
8(7H)-on (500 mg, 1,44 mmol, 1 duwong lugng) trong THF (10 mL) Ni(dppp)Cl
(327,83 mg, 604,80 umol, 0,42 duong lupgng) & 0°C qua 10 phit, sau d6 & -78°C
trong 10 phut. propylmagié bromua (1 M, 3 mL, 2.1 duwong luong) dugc thém nho giot
& 0°C. Han hop thu duge duoc khudy & 0°C trong 1,5 hour. Phan {ing dugc ding béng
dung dich nuéc NH4Cl béo hoa (5 mL). Cin dugc tinh ché bing silica sic ky cot
(Gradien: 0~50, EtOAc trong PE véi 1% trietylamin) d8 tao ra 220 mg san phim thé.
San phim thé duge tinh ché bing TLC diéu ché ( PE:EtOAc=1:1 v6i 1% trietylamin).
Can duoc rira véi hexan (3 mL) va duge loc va bi loc duge 1am khé dudi chin khong
dé tao ra 7-(4-metoxybenzyl)-6-metyl-3-propylimidazo[1,5-ajpyrazin-8(7H)-on (82

mg, 18% san lugng).

'HNMR (CDCls, 400 MHz): 7,90 (s, 1H), 7,16 (d, J= 8,8, 2H), 6,85 (d, J = 8,8, 2H),
6,68 (s, 1H), 5,17 (s, 2H), 3,78 (s, 3H), 2,82 (¢, J = 7,2, 2H), 2,19 (s, 3H), 1,90-1,81
(m, 2H), 1,03 (t, J= 7,2, 3H),

LC-MS: tR = 1,927 phtt (Phuong phép 13), m/z = 312,1 [M + HJ*.

Vi du 57:

-116-



30635

O
jspee
\O N/ )\/N ¢

o

7-((6-metoxypyridin-3-yl)metyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-
yDimidazo{1,5-a]pyrazin-8(7H)-on:

Thém vao lo 6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(200mg, 0,86 mmol), 5-(clometyl)-2-metoxypyridin (162 mg, 1,03 mmol), x&si
carbonat (559 mg, 1,72 mmol) va natri iodua (154 mg, 1,03 mmol) trong DMF (9,44
g, 10 ml, 129 mmol). Phan tng dugce khudy qua dém & 70°C. Thém vao phan Gng
etylaxetat, va phan tng duge loc va duge c¢6 ddc. Phan ing dugce tinh ché bing sic ky
trén silicagel d& thu duoc 7-((6-metoxypyridin-3-yl)metyl)-6-metyl-3-(tetrahydro-2 H-
pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on (127 mg, 0,358 mmol) trong 42% san

luong.

'H NMR (600 MHz, CDCL) 8,06 (dd, J = 2,5, 0,8 Hz, 1H), 7,91 (d, J = 0,6 Hz, 1H),
7,55 (dd, J = 8,6, 2,5 Hz, 1H), 6,74 (1, J= 1,1 Hz, 1H), 6,71 (dd, J = 8,6, 0,7 Hz, 1H),
5,15 (s, 2H), 4,12 (m, 2H), 3,91 (s, 3H), 3,58 (td, J = 11,7, 2,2 Hz, 2H), 3,07 (tt, J =
11,4, 3,9 Hz, 1H), 2,25 (d, J = 1,2 Hz, 3H), 2,12 (dtd, J= 13,7, 11,6, 4,3 Hz, 2H), 1,87
(ddd, J=13,5, 4,2, 2,1 Hz, 2H).

LC-MS: tr = 0,38 phut (Phuong phap 6), m/z =355,2 [M + H]".

Vi du 58:
6,7-dimetyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on:
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Thém vao dung dich 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (100 mg, 428,69 umol, 1 duwong luwong) trong DMSO (2 mL) Cs2CO3
(139,68 mg, 428,69 nmol, 1 duong lrong) va metyliodua(121,70 mg, 858 pmol,
53,38 uL, 2 duwong lwgng) Hdn hop duoc khudy & 50 °C trong 12 gidn.H8n hop phan
ung duge pha lo2ng véi H2O (25mL) va duge chiét voi DCM (50 mL % 2). Céc 16p
hitu co két hop dugce rira v6i nude mubi (15 mL), duwoc lam khd qua NaxSO4, duoc loc
va duge ¢b dic dudi ap sudt giam. Can dugc tinh ché bing TLC difu ché (etyl axetat).
Thu dugc 6,7-dimetyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(73 mg, 68% san luong, 98% tinh khiét).

'H NMR (CDCl; 400 MHz): 7,87 (s, 1H), 6,76 (s, 1H), 4,13 (d, J= 11,2 Hz, 2H), 3,59
(t, J= 11,2 Hz, 2H), 3,46 (s, 3H), 3,11-3,05 (m, 1H), 2,28 (s, 3H), 2,16-2,08 (m, 2H),
1,88 (d, J= 14,0 Hz, 2H).

LC-MS: tr = 1,300 phut (Phuong phéap 13), m/z = 248,1 [M + H]*,

Vidu 59:

0
/\N g

)“\\/N /N

o)

7-etyl-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-alpyrazin-8(7H)-on:

Thém vao dung dich 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (100 mg, 429 umol, 1 dwong lugng) trong DMF khan (2 mL) K.COs3 (119
mg, 858 umol, 2 duwong lugng) va iodoetan (134 mg, 858 pmol, 69 pL, 2 duong
lieong).Hon hop duoe khudy & 50°C trong 12 giy. Hon hop phan tmg duge cd dic
trong didu kién 4p suit giam. Cin dwoc pha losing véi H20 (20 mL) va duge chiét véi
EA(40 mL x 2). Céc 16p hitu co két hop duoe rira véi nude mudi (15 mL), duge lam
khd qua Na2SOs, dugce loc va duoc ¢b dic dudi dp sudt gidm & tao ra cin. Thu duge
7-etyl-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[ 1,5-a]pyrazin-8(7H)-on (40 mg,
34% san lwong, 96% tinh khiét).
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'H NMR (CDClL 400 MHz): 7,85 (s, 1H), 6,73 (s, 1H), 4,12 (d, J = 10,8 Hz, 2H),
4,03-3,99 (m, 2H), 3,58 (t, J = 10,8 Hz, 21), 3,10-3,04 (m, 1H), 2,30 (s, 3H), 2,16-
2,07 (m, 2H), 1,87 (d, J= 13,2 Hz, 2H), 1,29 (t, J= 6,8 Hz, 3H).

LC-MS: fr = 1,490 phit (Phuong phéap 11), m/z = 262,1 [M + H]".

Vi dy 60:
0
N

Py

(o)

6-metyl-7-propyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on:

Thém vao dung dich~ 6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (100 mg, 429 umol, 1 duong lwong) trong DMF khan (2 mL) K2COs (119
mg, 858 pmol, 2 duong hrong) va 1-bromopropan (105 mg, 858 pmol, 78,11 pL, 2
dwong lwong),Hbn hop duge khudy & 50 °C trong 12 gid.Hon hop phén tmg duge cd
dac dudi ap sudt giam dé loai DMF. Can dugc pha loging v6i H20 (20 mL) va duoge
chiét véi EA(40 mLx 2). Cac 16p hitu co két hop dugce rira véi nude mudi (15 mL),
dugce 1am kho qua NaxSOs, duge loc va duge ¢b dic dudi ap sudt giam.Cin duoc tinh
ché bing TLC didu ché (etyl axetat). Thu dugc 6-metyl-7-propyl-3-(tetrahydro-2H-
pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on (45 mg, 37% san luong, 98% tinh khiét),

'H NMR (CDCL 400 MHz): 7,85 (s, 1H), 6,72 (s, 1H), 4,12 (d, J = 10,4 Hz, 2H), 3,88
(t, J = 8,0 Hz ,2H), 3,62-3,56 (m, 2H), 3,10-3,07 (m, 1H), 2,28 (s, 3H), 2,14-2,09 (m,
2H), 1,87 (d, J= 13,2 Hz, 2H), 1,73-1,67 (m, 2H), 1,00 (t, /= 7,2 Hz, 3H).

LC-MS: fg = 1,666 phut (Phuong phép 11), m/z =276,1 [M + HJ".
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Vi du 61:

I

(o)

7-isopropyl-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-

on:

Thém vao dung dich 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (350 mg, 1,50 mmol, 1 dwong lugng) trong DMF khan (4 mL) Cs2CO3 (978
mg, 3 mmol, 2 dwong lwgng) va 2-iodopropan (510 mg, 3 mmol, 300 pL, 2 duwong
heong).Hon hop duge khudy & 50 °C trong 12 gio.Hon hop phan ing dugc ¢d dic
dudi ap suit giam d& loai DMF. Cin duoc pha lodng v&i H20 (15mL) va duoe chiét
véi BtOAc(40mL x 2). Cac 16p hitu co két hop duge rira véi nude mudi(10 mL), duge
lam khd qua NazS04, duge loc va duge ¢b dic dudi dp sult gidm. Cin duoc tinh ché
bang TLC didu ché (etyl axetat). Thu dugc 7-isopropyl-6-metyl-3-(tetrahydro-2H-
pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on (68 mg, 16% san lugng, 96% tinh khiét).

'H NMR (CDCls 400 MHz): 7,81 (s, 1H), 6,67 (s, 1H), 4,40 (m, 1H), 4,12 (d, J= 11,6
Hz, 2H), 3,58 (1, J = 11,3 Hz ,2H), 3,09-3,03 (m, 1H), 2,27 (s, 3H), 2,14-2,06 (m, 2H),
1,86 (d, J= 13,2 Hz, 2H), 1,62-1,61 (m, 6H).

LC-MS: r = 1,576 phut (Phwong phép 13), m/z=276,1 [M + H]".

Vi du 62:

/]\/\ i
N/k‘&\

N
o N7

(o]

7-isopentyl-6-metyl-3-(tetrahydro-2 H-pyran-4-yhimidazo|1,5-a]pyrazin-8(7H)-

on:
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Thém vao dung dich 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (100 mg, 428,69 pmol, 1 dwong heong) trong DMF khan (2 mL) K2COs
(118,50 mg, 858 umol, 2 dwong lwong) va 1-bromo-3-metylbutan (129,50 mg, 858
umol, 108 pL, 2 duwong leong).Hon hop duge khudy & 50 °C trong 12 gid. Hon hop
phéan tmg dugc ¢d dic dudi 4p suit giam dé loai DMF. Cin duge pha loing véi H20
(20 mL) va dugc chiét v6i EtOAc(40 mL x 2). Céc 16p hitu co két hop dugc rira véi
nuée mudi(15 mL), duoc 1am khé qua NaxSOs, duge loc va dugce c6 dic dudi dp sut
gidgm. Cin duoc tinh ché bang TLC didu ché (ety! axetat). Thu duge 7-isopentyl-6-
metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on (65 mg, 50% san
Iuong).

'H NMR (CDCls 400 MHz): 7,84 (s, 1H), 6,73 (s, 1H), 4,12 (d, J= 10,4 Hz, 2H), 3,93
(t, J= 8,0 Hz ,2H), 3,61-3,55 (m, 2H), 3,08-3,04 (m, 1H), 2,28 (s, 3H), 2,10-2,09 (m,
2H), 1,87 (d, J = 14,0 Hz, 2H), 1,74-1,69 (m, 1H), 1,56-1,52 (m, 2H), 1,00-0,98 (m,
6H).

LC-MS: & = 1,968 phit (Phuong phéap 13), m/z = 304,2 [M + H]".

Vi du 63:
A

7-(xyclopentylmetyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo{1,5-
a]pyrazin-8(7H)-on:

Thém vao hdn hop cta 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo{1,5-a]pyrazin-
8(7H)-on (150 mg, 0,64 mmol) va (bromometyl)xyclopentan (157 mg, 0,96 mmol)
trong DMSO (2 mL) Cs2CO3 (419 mg, 1,29 mmol). Hon hop duoc khudy & 60°C
trong 12 gid. Hn hop duoc pha lodng v6i nuée (10 mL) va duge chiét véi DCM (5
mL x 3). Lép hitu co kbt hop dugc rira véi nude (5 mL x 2) va duge 1am kho qua

Naz804. Cac 16p hitu co duge 1am bay hoi dudi chan khéng. Cin dugc tinh ché bing
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TLC didu ché (etyl axetat) d& tao ra 7-(xyclopentylmetyl)-6-metyl-3-(tetrahydro-2 H-
pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on (95 mg, 46% san lugng). 'HNMR
(CDCls, 400 MHz): 7,85 (s, 1H), 6,72 (s, 1H), 4,14-4,11 (m, 2H), 3,91 (d, /= 7,6 Hz,
2H), 3,61-3,56 (m, 2H), 3,12-3,05 (m, 1H), 2,29 (s, 3H), 2,27-2,25 (m, 1H), 2,14-2,10
(m, 2H), 1,90-1,86 (m, 2H), 1,71-1,54 (m, 6H), 1,34-1,32 (m, 2H).

LC-MS: R = 1,98 phiit (Phuong phép 13), m/z = 316,2 [M + H}+.

Vi du 64:

2-((6-metyl-8-0x0-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-7(8H)-
yhmetyl)benzonitril:

Hon hop cia 6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(100 mg, 429 mol), 2-(bromometyl)benzonitril (126 mg, 643 mol) va Cs2COs (279
mg, 857 mol) trong DMF (3,0 mL) duoc khudy & 70°C trong 6 gi¢r. Hon hop duoc loc
va phén loc duoc ¢b dic duéi chan khéng. Ciin duge tinh ché bing séc ky silica gel
(Ete dAu hoa/Btyl axetat=10/1, 0/1)détao ra 2-((6-metyl-8-oxo0-3-(tetrahydro-2H-
pyran-4-ylimidazo[1,5-a]pyrazin-7(8H)-yl)metyDbenzonitril (92 mg, 59% san

lugng).

-122-



30635

'H NMR (CDCls 400 MHz): 7,96 (s, 1H), 7,72 (d, J= 7,6 Hz, 1H), 7,55 (t, J= 7,2 Hz,
1H), 7,40 (t, J = 7,2 Hz, 1H), 7,19 (d, J = 8,0 Hz, 1H), 6,80 (s, 1H), 5,45 (s, 2H), 4,14
(d, J= 12,0 Hz, 2H), 3,63 - 3,57 (m, 2H), 3,14 - 3,08 (m, 1H), 2,20 - 2,09 (m, 5H),
1,90 (d, J = 13,2 Hz, 2H).

LC-MS: fr = 2,202 phit (Phuong phap 3), m/z =349,1 [M + H]".

Vidu 65:

7-(xycloheptylmetyl)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-
alpyrazin-8(7H)-on:

Bugc 1: Thém timg phin vao dung dich xycloheptancarboxylic axit (500 mg, 3,52
mmol) trong THF (40 mL) LiAIH4 (401 mg, 10,6 mmol) & 0 °C. H3n hop duoc khuly
& 65 °C trong 3 gior. Phan (ng duge ding véi H20 (0.4 mL) va 10% NaOH (0,4 mL,
nuée). Thém vao hdn hop NaxSOs. Hn hop duge loc. Phin loc duge ¢b dic. Cin
duge tinh ché bing sic ky nhanh silica gel dé tao ra xycloheptylmetanol (383 mg,
85% san luong).

'H NMR (CDCls 400 MHz): 3,43 (d, J = 6,4 Hz, 2H), 1,80 - 1,62 (m, 5H), 1,56 - 1,40
(m, 4H), 1,31 (br, s, 1H), 1,84 (s, 3H), 1,10 - 1,22(m, 2H).

Buéce 2: Thém vio dung dich xycloheptylmetanol (313 mg, 2,44 mmol) va trietylamin
(494 mg, 4,88 mmol) trong DCM (5 mL) MsC1 (490 mg, 4,28 mmol) ¢ 0 °C va dung
dich duoc khudy & 20 °C trong 40 phat. Dung dich duge rira véi NaHCO3 (nude béo
hoa SmL x 4), nue (5 mL x 2), nudc mudi (3 mL) va sau d6 duge lam khd qua
NazSO04, duge loc va duge ¢d diic dé tao ra xycloheptylmetyl metansulfonat (381 mg)

ma duge st dung true tiép trong bude tiép theo ma khong can tinh ché thém.,

Buéc 3: Thém vao dung dich 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-
a|pyrazin-8(7H)-on(150 mg, 643 umol) va xycloheptyimetyl metansulfonat (159 mg,
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772 pmol) trong DMF (3 mL) Cs2CO3 (419 mg, 1,29 mmol). Khudy hdn hop & nhiét
d6 60 °C trong thoi gian 6 gid. Hon hop dugce pha loging véi DCM (20 mL) va duge
ra véi nuoce (5 mL x 2), nude mudi (10 mL), dwoc 1am khé qua NaxSO4, duge loc va
duoc ¢ dic. Cin duge tinh ché bing sic ky nhanh silica gel va sau 6 dugc tinh ché
bing LC-MS didu ché d& tao ra 7-(xycloheptylmetyl)-6-metyl-3-(tetrahydro-2H-
pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on (25,15 mg, 11% san luong).

'H NMR (CDCl3 400 MHz): 7,84 (s, 1H), 6,71 (s, 1H), 4,12 (d, J= 5,2 Hz, 2H), 3,77
(d, J= 3,6 Hz, 2H), 3,65 - 3,52 (m, 2H), 3,15 - 3,02 (m, 1H), 2,26 (s, 3H), 2,17 - 2,07
(m, 2H), 2,07 - 2,98 (m, 1H), 1,87 (d, J= 6,6 Hz, 2H), 1,63 - 1,75 (m, 4H), 1,55 - 1,62
(m, 2H), 1,54 - 1,45 (m, 2H), 1,44 - 1,33 (m, 2H), 1,30 - 1,18 (m, 2H).

LC-MS: tr = 2,227 phut (Phuong phép 13), m/z = 344,2 [M + H]".

Vi du 66:
0O
Ao

o}

6-metyl-7-((4-metylxyclohexyl)metyl)-3-(tetrahydro-2 H-pyran-4-yl)imidazo|[1,5-

alpyrazin-8(7H)-on, cis va trans:

Bude 1: Thém vao dung dich (4-metylxyclohexyl)metanol(400 mg, 3,12 mmol, 1
duwong luong) trong DCM khan (20 mL) trietylamin (631 mg, 6,24 mmol, 865 pL, 2
duwong luwong). Hon hop duge thém nhé giot vao metansulfonyl clorua (465 mg, 4,06
mmol, 314 pL, 1,30 duong lugng) & 0°C va hdn hop dugce khudy & 0 °C trong 1 gid.
Hbn hop phén tng duoce rira véi nuée (SmL x 3), nude mudi (3mL), duge 1am khé va
dugce ¢6 dic. Thu duge (4-metylxyclohexyl)metyl metansuifonat (700 mg).

Budc 2: Thém vao dung dich 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-
alpyrazin-8(7H)-on (260 mg, 1,11 mmol, 1 dwong Iuong) va (4-
metylxyclohexyl)metyl metansulfonat (572 mg, 2,78 mmol, 2,50 duwong heong) trong
DMF khan (6 mL) Cs2C03(723 mg, 2,22 mmol, 2 dwong lwong). Khudy hdn hop & 60
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°C trong 12 gid. H8n hop phan g dugc c¢b dic dudi 4p suét giam dé loai DMF. Cin
duoge pha loging voi H20 (3 mL) va duoge chiét véi DCM (10 mL x 2). C4c 16p hitu co
két hop dugce 1am kho qua NaxSOs ,duge loc va duge ¢b dic . Cin duge tinh ché bang
TLC didu ché (SiO2, EA). Thu dugc 6-metyl-7-((4-metylxyclohexyl)metyl)-3-
(tetrahydro-2 H-pyran-4-yl)imidazo[ 1,5-a]pyrazin-8(7H)-on(175 mg, 45% san lugng).

(o}
‘\\\\N)J\%\N
)\/N ¢

(o]

trans-6-metyl-7-((-4-metylxyclohexyl)metyl)-3-(tetrahydro-2 H-pyran-4-
yDimidazo[1,5-a]pyrazin-8(7H)-on:

6-metyl-7-((4-metylxyclohexyl)metyl)-3-(tetrahydro-2 H-pyran-4-yl)imidazo[ 1,5~
a]pyrazin-8(7H)-on(160 mg, 466 pmol, 1 duong lrong) duge tinh ché bang SFC dé
tao ra  6-metyl-7-(((trans)-4-metylxyclohexyl)metyl)-3-(tetrahydro-2 H-pyran-4-
yDimidazo[1,5-a]pyrazin-8(7H)-on (60 mg, 37% san lugng, 98% tinh khiét).

'H NMR (CDCls 400 MHz): 7,84 (s, 1H), 6,71 (s, 1H), 4,12 (d, J = 10,8 Hz, 2H),
3,79-3,77 (m, 2H), 3,61-3,55 (m, 2H), 3,09-3,05 (m, 1H), 2,26 (s, 3H), 2,14-2,07 (m,
2H), 1,88 (d, J = 10,8 Hz, 2H), 1,69-1,67 (m, SH), 1,34-1,32 (m, 2H), 1,11-1,09 (m,
2H), 0,91-0,86 (m, 4H).

LC-MS: tr = 2,256 phiit (Phuong phap 13), m/z = 344,2 [M + H]*".

cis-6-metyl-7-((-4-metylxyclohexyl)metyl)-3-(tetrahydro-2 H-pyran-4-
ylDimidazo[1,5-a]pyrazin-8(7H)-on:
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6-metyl-7-(((cis)-4-metyixyclohexyl)metyl)-3-(tetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-8(7H)-on(90 mg, 54% san luong).

'H NMR (CDCl; 400 MHz): 7,85 (s, 1H), 6,72 (s, 1H), 4,12 (d, J = 10,8 Hz, 2H),
3,89-3,87 (m, 2H), 3,61-3,55 (m, 2H), 3,09-3,05 (m, 1H), 2,28 (s, 3H), 2,14-2,11 (m,
2H), 1,87 (d, /= 14,4 Hz, 2H), 1,50-1,40 (m, 8H), 0,97-0,95 (m, 3H).

LC-MS: tr = 2,240 phut (Phuong phép 13), m/z = 344,2 [M + H]".

Vidu 67:

0O
NJ\f\N
\0 )\/N 4
o]

7-(((cis)-4-metoxyxyclohexyl)metyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-
ylimidazo[1,5-a]pyrazin-8(7H)-on:

Thém vao dung dich 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (60 mg, 257 pmol, 1 duong luwong) trong DMF khd (5 mL) ((cis)-4-
metoxyxyclohexyl)metyl metansulfonat (74 mg, 334 pmol, 1,30 dwong lugng) va
Cs2C03 (168 mg, 514 pmol, 2 dwong luong). Hon hop duge gia nhiét & 60°C trong
16 gid. Hdn hop duge ¢6 dic. DCM (20 mL) va H20 (10 mL) duge thém. Hén hop
duoge chiét véi DCM (20 mL). Lép hitu co dugc rira véi H20 (20 mL), duge lam khd
qua NaxSQs, duge loc va duge cb ddc. Cin duge tinh ché bang TLC didu ché
(DCM/MeOH=20/1) @& tao ra 7-(((cis)-4-metoxyxyclohexyl)metyl)-6-metyl-3-
(tetrahydro-2 H-pyran-4-yl)imidazo[ 1,5-a]pyrazin-8(7H)-on (15 mg, 16% san luong).

'H NMR (CDCl; 400 MHz): 7,83 (s, 1H), 6,69 (s, 1H), 4,10 (d, J = 11,2 Hz, 2H), 3,75
(d, J= 172 Hz, 2H), 3,56 (¢, J = 11,2 Hz, 2H), 3,42 (m, 1H), 3,29 (s, 3H), 3,11-3,03 (m,
1H), 2,24 (s, 3H), 2,15-2,06 (m, 2H), 1,94-1,84 (m, SH),1,44-1,37 (m, 6H).

LC-MS: fr = 1,887 phut (Phuong phép 13), m/z =360,2 [M + HJ".
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Vi du 68:

7-(((trans)-4-metoxyxyclohexyl)metyl)-6-metyl-3-(tetrahydro-2H-pyran-4-
yDimidazo{1,5-a]pyrazin-8(7H)-on:

Thém vao dung dich 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (60 mg, 257 pmol, 1 duong lugng) trong DMF khé (5 mL) ((trans)-4-
metoxyxyclohexyl)metyl metansulfonat (74 mg, 334 pmol, 1,30 duwong lugng) va
Cs2C0;3 (168 mg, 514 pmol, 2 dwong lugng). Hon hop duge gia nhiét & 60°C trong
16 gid. HOn hop duge ¢b dic. DCM (20 mL) va H0 (10 mL) duge thém. Hdn hop
duoe chiét véi DCM (20 mL). Lép hitu co duge rira véi H20 (20 mL), duge 1am khd
qua Na2SOs, dugc loc va duge cb dic. Cian dugc tinh ché bing TLC didu ché
(DCM/MeOH=20/1) & tao ra 7-(((trans)-4-metoxyxyclohexyl)metyl)-6-metyl-3-
(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on(35 mg, 38% san lugng).
'H NMR (CDCl; 400 MHz): 7,84 (s, 1H), 6,71 (s, 1H), 4,11 (d, J= 10,4 Hz, 2H), 3,79
(d, J= 5,6 Hz, 2H), 3,57 (t, J = 10,0 Hz, 2H), 3,33 (s, 3H), 3,10-3,05 (m, 2H), 2,26 (s,
3H), 2,15-2,07 (m, 4H), 1,88-1,84 (m, 2H),1,75-1,71 (m, 3H), 1,15-1,11 (m, 4H).
LC-MS: fr = 1,831 phut (Phuong phép 13), m/z = 360,2 [M + H]".

Vi du 69:

O
A
\O /j\\\/N ¢
O

7-(4-metoxybenzyl)-6-metyl-3-(3-metyltetrahydro-2 H-pyran-4-ylimidazo[1,5-
ajpyrazin-8(7H)-on:
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Buée 1: Thém vao dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin hydroclorua
(150 mg, 0,79 mmol, 1 duong lugng) va 3-metyltetrahydro-2 H-pyran-4-carboxylic
axit (125 mg, 870 umol, 1,1 duong lugng) trong DCM (5§ mL) HATU (451 mg, 1,19
mmol, 1,5 duong luong) va DIPEA (204 mg, 1,58 mmol, 276 pL, 2 duong lugng).
Han hop duoc khudy & 25 °C trong 18 gid. Hon hop duge ¢b dic. San phim thd duoge
tinh ché bing sic ky nhanh vdi ete dau hoazetyl axetat = 3:1 ~ 2:1. Thu duge N-((3-
metoxy-5-metylpyrazin-2-yl)metyl)-3-metyltetrahydro-2 H-pyran-4-carboxamit (220
mg, 780 pmol, 99% san lugng).

Buée 2: Thém vao dung dich N-((3-metoxy-5-metylpyrazin-2-yhmetyl)-3-
metyltetrahydro-2 H-pyran-4-carboxamit (220 mg, 788 umol, 1 dwong luong) trong
dioxan (8 mL) POCl3 (242 mg, 1,58 mmol, 146 pL, 2 duong hwgng). Khudy hdn hop &
80 °C trong 2 gid. Hon hop duoce cd dic. 6-metyl-3-(3-metyltetrahydro-2 H-pyran-4-
yDimidazo[1,5-a]pyrazin-8-ol (223 mg, mudi hydroclorua) dugc st dung trong bude
tiép theo ma khéng cin tinh ché thém.

Buéc 3: Thém vao dung dich 6-metyl-3-(3-metyltetrahydro-2 H-pyran-4-
yl)imidazo[1,5-a]pyrazin-8-ol (170 mg, 0,6 mmol) trong DMF (5 mL) Cs2CO; (586
mg, 1,80 mmol, 3 duong lugng) va l-(clometyl)-4-metoxybenzen (113 mg, 719
pmol, 98 pL, 1,20 duong lrgng). Khudy hén hop & 60°C trong 18 gid. Hon hop phan
ting duge loc, va phin loc duoe ¢6 dic. Hn hop tho dugc tinh ché bing LC-MS diéu
ché, va sau d6 bang TLC didu ché véi etyl axetat 13 chét ria gidi. Thu duge 7-(4-
metoxybenzyl)-6-metyl-3-(3-metyltetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (76 mg, 207 pmol, 35% san lugng).

IH NMR, hdn hop cta cdc chit ddng phan khong ddi quang (CDCl3 400 MHz): 7,96 -
7,94 (m, 1H),7,18 (d, J = 8,0 Hz, 2H), 6,86 (d, J = 8,0 Hz, 2H), 6,76 (s, 0,73H), 6,71
(s, 0,28H), 5,22 - 5,12 (m, 2H), 4,17 - 4,01 (m, 2H), 3,79 (s, 3H), 3,55 - 3,49 (m, 1H),
3,19 - 3,14 (m, 1H), 2,66 - 2,64 (m, 1H), 2,36 - 2,33 (m, 1H), 2,21 (s, 3H), 2,13 - 2,10
(m, 1H), 1,78 - 1,61 (m, 1H), 0,87 (d, J= 7,2 Hz, 1H), 0,71 (d, J = 6,8 Hz, 2H).
LC-MS: tr = 2,370 phiit (Phwong phéap 11), m/z =368,1 [M + H]".

Vi du 70:
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=4

7-(4-metoxybenzyl)-6-metyl-3-((1R,2R,4S5)-2-metyl-7-oxabixyclo[2.2.1]heptan-2-
yl)imidazo|[1,5-a]pyrazin-8(7H)-on triét quang:

Budce 1: Thém vao dung dich (3-metoxy-5-metylpyrazin-2-y)metanamin hydroclorua
(150 mg, 791 pmol, 1 duong lupng) trong DCM khd (5 mL) trietylamin (240 mg,
2,37 mmol, 329 ul, 3 duong lwong), (1R,25,4S)-2-metyl-7-oxabixyclo[2.2.1]heptan-
2-carboxylic axit triét quang (124 mg, 791 pmol, 1 duong leong) va HATU (361 mg,
949 pmol, 1,20 duong heong). Khudy hdn hop & 15°C trong 16 givr. H20 (5 mL) duge
thém va hén hop duge chiét véi DCM (20 mL x 2). Lép hitu co két hop duge rira véi
H0 (20 mL), nuée mudi (20 mL), duge 1am khd qua NazSO4, duge loc va duoc cb
dic. Cn dugc tinh ché bing sic ky nhanh trén silica gel (0%~50% etyl axetat trong
ete ddu hoa) dé tao ra racemic (1R,2S,48)-N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-
2-metyl-7-oxabixyclo[2.2.1]heptan-2-carboxamit (200 mg, 87% san luong).

Bude 2: Thém vao dung dich (1R,2S5,4S)-N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-2-
metyl-7-oxabixyclo[2.2.1]heptan-2-carboxamit tri§t quang (150 mg, 515 pmol, 1
duong lugng) trong dioxan khé (5 mL) POCl3 (158 mg, 1,03 mmol, 96 pl, 2 duvong
luong). Hon hop duoc gia nhiét & 80°C trong 2 gitn, Hén hop duge lam ngudi dén
15°C va duoc rét vao nuée (5 mL). Hdn hop duge diéu chinh dén pH 8 bang NaHCOs
nuée bio hoa va duge chiét véi DCM (20 mL x 2). Céc hitu co két hop duge ria véi
H,0 (20 mL), nude mudi (20 mL), duge lam khd qua NazSO4, duge loc va duge cd
dic d tao ra  6-metyl-3-((1R,2R48)-2-metyl-7-oxabixyclo[2.2.1Theptan-2- .
ylimidazo[1,5-a]pyrazin-8-ol triét quang (120 mg).

Buéc 3: Thém vao dung dich  6-metyl-3-((1R,2R,4S5)-2-metyl-7-
oxabixyclo[2.2.1]heptan-2-yl)imidazo[1,5-a]pyrazin-8-ol tri§t quang (100 mg, 386
umol, 1 duong luong) trong DMF kho (5 mL) 1-(clometyl)-4-metoxy-benzen (72 mg,
463 pmol, 63 pl, 1,20 duwong lugng) va Cs:CO3 (251 mg, 771 umol, 2 duong
ligng). Hdn hop duoc gia nhiét & 60°C trong 2 git. Hon hop duge c6 dic. DCM (20
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mL) va H20 (10 mL) dugc thém. Hdn hop duge chiét véi DCM (20 mL). Lép hitu co
duogc rira véi H20 (20 mL), duge 1am khd qua NaxSOa, dugce loc va duge ¢b ddc. Cin
duge tinh ché bing LC-MS didu ché @& tao ra 7-(4-metoxybenzyl)-6-metyl-3-
((1R,2R 48)-2-metyl-7-oxabixyclo[2.2.1heptan-2-yl)imidazo[1,5-a]pyrazin-8(7 H)-on

triét quang (40 mg, 27% san lugng).

'H NMR (CDCls 400 MHz): 7,87 (s, 1H), 7,17 (d, J = 8,4 Hz, 2H), 6,84 (d, J = 8,8
Hz, 2H), 6,69 (s, 1H), 5,23-5,07 (m, 2H), 4,67 (d, J = 4,8 Hz, 2H), 3,78 (s, 3H), 2,71
(d, J= 12,0 Hz, 1H), 2,20 (s, 3H), 1,90-1,86 (m, 1H), 1,70-1,66 (m, 2H), 1,57 (s, 3H),
1,39-1,37 (m, 1), 1,25-1,22 (m, 1H).

LC-MS: fr = 2,228 pht (Phuong phap 13), m/z = 380,2 [M + HJ*.

Vidu 71:
O
P
\O /K\/N 7

(5)-7-(4-metoxybenzyl)-6-metyl-3-(1-phenyletyl)imidazo{1,5-a] pyrazin-8(7H)-on:

Budc 1: Thém vao dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin hydroclorua
(300 mg, 1,58 mmol) va (S)-2-phenylpropanoic axit (261 mg, 1,74 mmol, 237 pL,
1,10 dwong lwong) trong DCM (10 mL) trietylamin (400 mg, 3,95 mmol, 548 pL,
2,50 dwong luong) va HATU (901 mg, 2,37 mmol, 1,50 duong heong). Khudy hdn
hop & 15°C trong 12 giv. Nude (50 mL) duge thém vio dung dich. Hon hop duoc
chiét véi DCM (50 mL x 2). Céc 16p hitu co két hop duge rira véi nude mubi (50
mL), duge 1am khd qua NapSOs, duge loc va duge ¢ déc dudi ap suét giam. Cén
dugc tinh ché bing sc ky nhanh silica gel (Chét rira giai bang 0~20% Etyl axetat/ete
dau hoéa). Thu dugc (S)-N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-2-
phenylpropanamit (450 mg, 1.56 mmol, 99% san lugng).

'H NMR (CDCL; 400 MHz): 7,81(s, 1H),7,24-7,37 (m, SH), 6,74 (s, 1H), 4,37-4,52
(m, 2H), 3,92 (s, 3H), 3,67 (q, J= 7,1 Hz, 1H), 2,40 (s, 3H),1,56 (d, J = 7,2 Hz, 3H).

Bude 2: Thém vao dung dich (S)-N-((3-metoxy-S-metylpyrazin-2-yl)metyl)-2-
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phenylpropanamit (450 mg, 1,58 mmol, 1 duwong lugng) trong dioxan (10 mL) POCl3
(485 mg, 3,16 mmol, 294 ul, 2 dwong luong). Khuéy hdn hop & 90°C trong 12 gio.
Hon hop phan tng duoc cb dic dudi 4p sudt gidm dé loai dioxan. Cin duge dimg
bang cach thém H20 (50 mL) & 0°C, bazo hoéa bing cach thém NaHCO3 nude bio hoa
(10 mL) va sau dé duoc chiét véi EtOAc (50 mL x 2). Céc 16p hitu co két hgp duge
rra v&i nude mudi (50 mL), duoc 1am khd qua NaxSQs, duge loc va duge c6 dic dusi
&p sut giam. Cn duoc tinh ché bing sic ky nhanh silica gel (Chét riva giai bing
0~100% Etyl axetat/ete dau hoa). (S)-6-metyl-3-(1-phenyletyl)imidazo[1,5-a]pyrazin-
8-0l (128 mg, 505 pmol, 32% san luong).

Bude 3: Thém vao dung dich (S)-6-metyl-3-(1-phenyletyl)imidazo[1,5-a]pyrazin-8-ol
(128 mg, 505 pmol, 1 duwong leong) va 1-(clometyl)-4-metoxybenzen (95 mg, 0,61
mmol, 83 pL, 1,20 dwong heong) trong DMF (10 mL) Cs2CO3 (329,29 mg, 1,01
mmol, 2 duwong hwong). Khudy hdn hop & 60°C trong 3 gid. Hon hop phan tmg duoc
c6 dic trong didu kién ap sult gidm. Ciin duoc tinh ché bing LC-MS diéu ché va dugc
tinh ché thém bing SFC. Thu duge (S)-7-(4-metoxybenzyl)-6-metyl-3-(1-
phenyletyl)imidazo[1,5-a]pyrazin-8(7H)-on (76.40 mg, 203 pmol, 40% san lugng).
IH NMR (CDCl; 400 MHz): 7,98 (s, 1H), 7,17-7,31 (m, 5H), 7,12 (d, J = 8,4 Hz,
2H),6,82 (d, J = 8,4 Hz, 2H),6,46 (s, 1H), 5,10 (dd, J = 15,6 Hz, 2H),4,26 (q, J = 7,2
Hz, 1H), 3,76 (s, 3H), 2,05 (s, 3H),1,81 (d, J= 7,6 Hz, 3H).

LC-MS: & = 2,218 phut (Phuong phap 17), m/z = 374,2 [M + HJ*. SFC: 1z = 1,641
phut, ee% > 99%, [a]p?® = -51,4 (¢=0,11, MeOH).

Vidu 72:

0 .
R
~ 0 )\/ N~
(R)-7-(4-metoxybenzyl)-6-metyl-3-(1-phenyletyl)imidazo[1,5-a]pyrazin-8(7H)-on:

Budce 1: Thém vao dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin hydroclorua

(200 mg, 1,05 mmol, 1 dwong lwong) va (R)-2-phenylpropanoic axit (190 mg, 1,27
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mmol, 173 pl, 1,20 duong luong) trong DCM (10 mL) trietylamin (267 mg, 2,64
mmol, 365 uL, 2,50 duwong lwong) va HATU (602 mg, 1,58 mmol, 1,50 duwong lirong).
Khudy hdn hop & 15°C trong 12 gid. Nude (50 mL) duoge thém vao dung dich. Hon
hop duoc chiét véi DCM (50 mL x 2). Cac 16p hitu co két hop duge rira véi nuée
mudi (50 mL), duge lam khd qua NaxSOs, duge loc va duge cd dic dudi ap sudt giam.
Cin duoc tinh ché bing séc ky nhanh silica gel (Chit ria gidi bing 0~20% Etyl
axetat/ete ddu hoa). Thu duoc (R)-N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-2-
phenylpropanamit (300 mg, 1.02 mmol, 97% san lugng).

'H NMR (CDCl; 400 MHz): 7,81(s, 1H),7,24-7,37 (m, 5H), 6,75 (s, 1H), 4,37-4,52
(m, 2H), 3,91 (s, 3H), 3,67 (q, J= 7,2 Hz, 1H), 2,40 (s, 3H),1,56 (d, J = 7,2 Hz, 3H).

Buéc 2: Thém vao dung dich (R)-N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-2-
phenylpropanamit (450 mg, 1,58 mmol, 1 dwong luwong) trong dioxan (10 mL) POClI;s
(727 mg, 4,74 mmol, 440 pL, 3 dirong lwong). Khudy hdn hop & 90°C trong 12 gid.
Hbn hop phan tmg duge ¢b dic dudi 4p sult giam dé loai dioxan. Cin dugc dimg
bing cach thém H20 (50 mL) & 0°C, dugc bazo héa bing cach thém NaHCO3 nuéce
bdo hoa (10 mL) va sau d6 dugc chiét vai BtOAc (50 mL % 2). Céc 16p hitu co két hop
duoc rira v6i nuée mubi (50 mL), duge lam khd qua NaxSOy4, duge loc va duge cd dic
dudi ap sut gidm. Ciin dugc tinh ché bing sic ky nhanh silica gel (Chét rira giai bing
0~100% Etyl axetat/ete ddu hoa). Thu dugc (R)-6-metyl-3-(1-phenyletyl)imidazo[1,5-
ajpyrazin-8-ol (150 mg, 592 pmol, 37% san lugng).

Buéc 3: Thém vao dung dich (R)-6-metyl-3-(1-phenyletyl)imidazo{1,5-a]pyrazin-8-ol
(100 mg, 395 pmol, 1 duong lugng) va 1-(clometyl)-4-metoxybenzen (74 mg, 474
umol, 65 pL, 1,20 duong lwong) trong DMF (5 mL) Cs2COs3 (257 mg, 790 pmol, 2
duwong luong). Khudy hdn hop & 60°C trong 3 gid. Hon hop phan tng dugc cb dic
trong diéu kién 4p sudt gidm. Cin duogc tinh ché bang LC-MS diéu ché. Thu duge (R)-
7-(4-metoxybenzyl)-6-metyl-3-(1-phenyletyl)imidazo[1,5-a}pyrazin-8(7H)-on (140

mg, 95% san lugng).

'H NMR (CDCl; 400 MHz): 7,98 (s, 1H), 7,17-7,32 (m, SH), 7,12 (d, J = 8,4 Hz, 2H),
6,82 (d, J = 8,4 Hz, 2H), 6,46 (s, 1H), 5,10 (dd, J = 16,0 Hz, 2H), 4,26 (q, J= 7,2 Hz,
1H), 3,76 (s, 3H), 2,05 (s, 3H), 1,81 (d, J= 6,8 Hz, 3H).
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LC-MS: & = 2,184 phut (Phuong phap 18), m/z = 374,1 [M + H]*. SFC: tr = 1,324
phit, ee% = 97,8%, [a]o? = +50,7 (¢=0,11, MeOH).

Vidu 73:

3

3-(1,4-dimetylpiperidin-4-yl)-7-(4-metoxybenzyl)-6-metylimidazo[1,5-a]pyrazin-
8(7H)-on:

Bude 1: Thém vao dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin hydroclorua
(150 mg, 791 pmol) trong DCM (5 mL) 1,4-dimetylpiperidin-4-carboxylic axit
hydroclorua (169 mg, 870 umol, 1,10 duong lwong, HCI), trietylamin (240 mg, 2,37
mmol, 329 pL, 3 duong luong) va HATU (361 mg, 949 pmol, 1,20 duong luong).
Khudy hdn hop & 15°C trong 16 gid. Hdn hop duge ¢b dic. Cin duge tinh ché bang
TLC didu ché (DCM/MeOH=10/1) & tao ra N-((3-metoxy-5-metylpyrazin-2-
yhmetyl)-1,4-dimetylpiperidin-4-carboxamit (150 mg, 65% san lugng).

Buéc 2: Thém vao dung dich N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-1,4-
dimetylpiperidin-4-carboxamit (100 mg, 342 pmol, 1 duwong luong) trong dioxan kho
(5 mL) POCI; (105 mg, 684 umol, 64 uL, 2 diwong lwgng). Hon hop dugc gia nhiét &
80°C trong 4 gio. HOn hop duge 1am ngudi dén 15°C va duge rét vao nuse (5 mL).
Hdn hop duoc didu chinh dén pH 8 bing NaHCO; nuée béo hoa va duge b dic. 10%
MeOH trong DCM (20 mL) dugc thém véao cin va duge loc, phin loc duge ¢ dic dé
tao ra 3-(1,4-dimetylpiperidin-4-yl)-6-metylimidazo[1,5-a]pyrazin-8-ol (90 mg).

Buéc 3: Thém vao dung dich 3-(1,4-dimetylpiperidin-4-yl)-6-metylimidazo{1,5-
a|pyrazin-8-ol (60 mg, 230 umol, 1 duwong lwong) trong DMF (2 mL) 1-(clometyl)-4-
metoxybenzen (54 mg, 346 pmol, 47 uL, 1,50 duwong lrong) va Cs2COs3 (150 mg, 461
pmol, 2 dwong lwong). Hon hop dugce gia nhiét & 60°C trong 2 gio. Hon hep dugce cb
dic. DCM (20 mL) va H20 (10 mL) duoc thém. Hdn hop dugc chiét véi DCM (20
mL). Lép hitu co duge rira véi H20 (20 mL), duge 1am kho qua NaxSOs, duoce loc va
dwoc cb dic. Cin duoc tinh ché bing LC-MS diéu ché dé tao ra 3-(1,4-
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dimetylpiperidin-4-yl)-7-(4-metoxybenzyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on
(20 mg, 23% san lugng).

'H NMR (CDCls 400 MHz): 7,92 (s, 1H), 7,17 (d, J = 8,8 Hz, 2H), 6,94 (s, 1H), 6,84
(d, J = 8,8 Hz, 2H), 5,15 (s, 2H), 3,78 (s, 3H), 2,58-2,56 (m, 2H), 2,49-2,45 (m, 2H),
2,38-2,35 (m, 2H), 2,25 (s, 3H), 2,19 (s, 3H), 1,86-1,80 (m, 2H), 1,42 (s, 3H).

LC-MS: f = 1,747 phut (Phuong phép 13), m/z=381,2 [M + HJ*.

Vidu 74:

3-(6-clo-2,3-dihydro-1H-inden-1-yl)-7-(4-metoxybenzyl)-6-metylimidazo[1,5-
ajpyrazin-8(7H)-on:

Budgce 1: Thém vao dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin hydroclorua
(200 mg, 1,05 mmol) va 6-clo-2,3-dihydro-1H-inden-1-carboxylic axit (206 mg, 1,05
mmol, 1 dwong luong) trong DCM (5 mL) HATU (479 mg, 1,26 mmol, 1,20 duwong
lugng) va DIPEA (407 mg, 3,15 mmol, 550 pL, 3 duwong luong). Khudy hdn hop &
18°C trong 16 gid. Han hop duge rira véi H20 (20 mL) va duge chiét véi DCM (20
mL x 3). Hitu co két hop duoc 1am khé qua NaxSO4 va duge cb dic dudi chan khong,
Thu dugc 6-clo-N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-2,3-dihydro-1H-inden-1-
carboxamit (312 mg, 864 pmol, 82% san lugng).

Budc 2: Thém vao dung dich 6-clo-N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-2,3-
dihydro-1H-inden-1-carboxamit (0,262 g, 1 dwong luwong) trong dioxan (10 mL)
POCI: (363 mg, 2,37 mmol, 220 pL, 3 duong hegng). Khudy hdn hop & 80°C trong 3
gitr. H8n hop duoc dimg bing H0 (20 mL) va adjusted pH > 7 bing NaHCO3 nude
bio hoa. H8n hop duoc chiét voi DCM (25 mL x 3). Hitu co két hop duge lam khd
qua NazS04 va duge c¢6 dic dudi chin khéng. Thu duoc 3-(6-clo-2,3~-dihydro-14-
inden-1-yl)-6-metylimidazo[1,5-alpyrazin-8(7H)-on (236 mg) va dugc sk dung truc

tiép cho bude tiép theo.

-134-



30635

Budc 3. Thém vao dung dich 3-(6-clo-2,3-dihydro-1H-inden-1-yl)-6-
metylimidazo[1,5-a]pyrazin-8(7H)-on (236 mg, 787 pmol, 1 duong luong) va 1-
(clometyl)-4-metoxybenzen (148 mg, 945 pmol, 1,20 duong lwong) trong DMF (12
ml) Cs2CO3 (513 mg, 1,57 mmol, 2 duwong lwong). Khudy hdn hop & 60°C trong 2,5
gid. Hon hop duge ¢b dic dudi chan khdng. Can duge dimg voi H2O (15 mL) va duge
chiét v6i DCM (20 mL x 3). Pha hitu co két hop dugc 1am khd qua NaxSO4 va duge
6 dic dudi chan khong. Cin duoc tinh ché bing HPLC didu ché. Thu duge 3-(6-clo-
2,3-dihydro-1H-inden-1-yl)-7-(4-metoxybenzyl)-6-metylimidazo[1,5-a]pyrazin-
8(7H)-on (99 mg, 237 pmol, 30% san luong).

'H NMR (CDCl3 400 MHz): 7,93 (s, 1H), 7,30-7,18 (m, 4H), 6,98 (s, 1H), 6,88 (d, J
=8,8 HZ, 2H), 6,64 (s, 1H), 5,18 (s, 2H), 4,71 (t, J=8,4 HZ 1H), 3,79 (s, 3H), 3,16-
3,13 (m, 1H), 3,05-2,96 (m, 1H), 2,64-2,61 (m, 1H), 2,52-2,49 (m, 1H), 2,17 (s, 3H).
LC-MS: tr = 2,358 phut (Phuong phap 17), m/z = 420,1 [M + H]*".

Vidu 75:
/©/\N’U\,4\N

7-(4-metoxybenzyl)-6-metyl-3-(3-metyl-5-oxopyrolidin-3-yl)imidazo[1,5-
a]pyrazin-8(7H)-on:

Budc 1: Thém vao dung dich etyl 3-metyl-5-oxopyrolidin-3-carboxylat (200 mg, 1,17
mmol, 1 drong luong) trong THF (4 mL) va H2O (2 mL) LiOH H20 (147,06 mg, 3,50
mmol, 3 dirong heong). Khudy hdn hop & 20°C trong 16 gid. Hon hep duge axit héa
dén pH=2 bing 1 M HCI va dugc chiét véi etyl axetat (20 mL x 3). Céc 16p hitu co
két hop duge rira v6i HhO (20 mL), nuée mubi (20 mL), duge 1am khd qua NazSOs,
dugc loc va duge cd dic dé tao ra 3-metyl-5-oxopyrolidin-3-carboxylic axit (100 mg,

60% san luong).

Budc 2: Thém vao dung dich lanh (0°C) cta 3-metyl-5-oxopyrolidin-3-carboxylic axit
(100 mg, 0,7 mmol, 1 duong luwong) trong DCM (2 mL) oxalyl diclorua (98 mg, 768
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umol, 67 pL, 1,10 duong lzong) va mdt giot DMF khd duge thém. Hén hop duge
khudy & 20°C trong 1 gid. Dung dich khong mau cta 3-metyl-5-oxopyrolidin-3-
carbonyl clorua (112,89 mg) trong DCM (2 ml.) dugc st dung truc tiép cho budc tiép
theo.

Bude 3: Thém nho giot vao dung dich lanh (0°C) cla (3-metoxy-5-metylpyrazin-2-
yDmetanamin (120 mg, 633 pmol, 1 dwong lwpong, HCl) trong DCM khd (3 mL)
trietylamin (192 mg, 1,90 mmol, 263 pL, 3 dwong lwong) va dung dich 3-metyl-5-
oxopyrolidin-3-carbonyl clorua (112 mg, 696 pmol, 1,10 duvong heong) trong DCM
khé (2 mL). Khudy hdn hop & 20°C trong 1 gid. H20 (5 mL) duge thém va hén hop
dugc chiét véi DCM (20 mL x 2). Lép hitu co két hop duge rira véi H20 (20 mL),
nude mubdi (20 mL), dugce 1am khd qua NaxSOqs, duge loc va duge cd dac. Cin duge
tinh ché bing TLC didu ché (DCM/MeOH=10/1) d& tao ra N-((3-metoxy-5-
metylpyrazin-2-yl)metyl)-3-metyl-5-oxopyrolidin-3-carboxamit (75 mg, 42% san

lugng).

Buéc 4: Dung dich N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-3-metyl-5-
oxopyrolidin-3-carboxamit (100 mg, 359 pmol, 1 dwong luong) trong chit phan tng
Eaton (7,7 % khéi luong dung dich phosphorus pentoxit trongmetansulfonic axit) (2
mL) duoc gia nhiét & 60°C trong 16 git. Hon hop dugc 1am ngudi dén 15°C va duge
rét vao nude dé (5 g). Hon hop duge didu chinh dén pH=8 bing 7 M NHz/MeOH va
dugc ¢d dic. 10% MeOH trong DCM (20 ml) duge thém vao cén va dugce loc, phén
loc dugec cb dic dé tao ra 4-(8-hydroxy-6-metylimidazo[1,5-a]pyrazin-3-yl)-4-
metylpyrolidin-2-on (100 mg).

Budc 5: Thém vao dung dich 4-(8-hydroxy-6-metylimidazo[l,5-a]pyrazin-3-yl)-4-
metylpyrolidin-2-on (100 mg, 406 umol, 1 duong luwong) trong DMF (5 mL) 1-
(clometyl)-4-metoxybenzen (76 mg, 487 pmol, 66 uL, 1,20 duong luong) va Cs2CO3
(265 mg, 812 pmol, 2 duwong lwong). Hon hep duoc gia nhiét & 60°C trong 2h. Hon
hop duoc ¢6 dic. DCM (20 mL) va H>O (10 mL) duoce thém. Hbn hop dugce chiét véi
DCM (20 mL). Cac 16p hitu co duge roa voi Ha0 (20 mL), duoe lam khé qua
Naz804, duoc loc va duge ¢b dic. Hdn hop duge tinh ché bing HPLC didu ché dé tao
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ra 7-(4-metoxybenzyl)-6-metyl-3-(3-metyl-5-oxopyrolidin-3-yl)imidazo[1,5-
alpyrazin-8(7H)-on (40 mg, 27% san lugng).

'H NMR (CDCl3 400 MHz): 7,87 (s, 1H), 7,15 (d, J = 8,4 Hz, 2H), 6,84 (d, J = 8,4
Hz, 2H), 6,65 (s, 1H), 5,93(brs, 1H), 5,16 (s, 2H), 4,25 (d, J = 9,6 Hz, 1H), 3,77 (s,
3H), 3,53 (d, /= 10,4 Hz, 1H), 3,00 (d, J= 16,8 Hz, 1H), 2,57 (d, J = 16,4 Hz, 1H),
2,20 (s, 3H), 1,63 (s, 3H).

LC-MS: tr = 1,764 phut (Phuong phép 11), m/z = 367,1 [M + HJ",

Vidu 76:
o]
N/kl;\N
~o /K/N’y\

O—

3-(1-metoxy-2-metylpropan-2-yl)-7-(4-metoxybenzyl)-6-metylimidazo[1,5-
a]pyrazin-8(7H)-on:

Bude 1: Thém vao dung dich 3-metoxy-2,2-dimetylpropanoic axit (115 mg, 870
umol, 1 dwong lugng) trong DCM (5 mL) oxalyl diclorua (121 mg, 957 pmol, 84 uL,
1,10 duwong lwong) & 0 °C, sau d6 mét giot DMF, Khudy hdn hop & 20 °C trong 1 gid.
Hdn hop dugc sir dung true tiép cho bude tiép theo.

Buéc 2: Thém vao dung dich 3-metoxy-2,2-dimetylpropanoyl clorua (150 mg, 791
umol, 1 duwong hrong, HCI) va trietylamin (120 mg, 1,19 mmol, 164 pL, 1,50 dwong
luong) trong DCM (10mL) (3-metoxy-5-metylpyrazin-2-yl)metanamin (131 mg, 870
pmol, 1,10 duwong lwgng) trong DCM (5mL). Khudy hén hop & 20°C trong 1 gid. Hon
hop duge dimg véi H20 (20 mL) va dugc chiét véi DCM (15 mL x 3). Céc 16p hitu co
két hop dwoc 1am khd qua NaxSOs va duge ¢b dic dudi chin khong. Thu duoe 3-
metoxy-N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-2,2-dimetylpropanamit (142 mg,
522 umol, 66% san luong).

Budc 3: Thém vao dung dich 3-metoxy-N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-
2,2-dimetylpropanamit (102 mg, 382 umol, 1 dwong luong) trong dioxan (5 mL)
POCI: (117 mg, 763 pmol, 71 uL, 2 dwong heong). Khudy hdn hop & 80 °C trong 2

-137-



30635

gid. Hon hop duge dimg véi nude (20 mL) va duge chiét véi DCM (20 mL x 3). Cac
16p hitu co két hop dugc 1am khd véi NaxSOs va duge ¢b dic duéi chan khong. Thu
duoc  3-(1-metoxy-2-metylpropan-2-yl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on (45
mg, 191 pmol, 50% san lugng).

BuéGc 4: Thém vao dung dich 3-(1-metoxy-2-metylpropan-2-y1)-6-metylimidazol[1,5-
alpyrazin-8(7H)-on (62 mg, 264 pumol, 1 dwong Iluwong) va 1-(clometyl)-4-
metoxybenzen (49,52 mg, 316 pmol, 43,06 pL, 1,20 duwong luong) trong DMF (5
mL) Cs2COs (171,72 mg, 527 pmol, 2 duwong lwgng). Khudy hdn hop & 60°C trong 3
git. Hon hop duoc ria voi H20 (20 mL) va duge chiét véi DCM (20 mL x 3). Céc
16p hitu co két hop duge 1am khd qua NaxSOs va duge ¢d dic dudi chin khong. Cén
dugce tinh ché bang HPLC didu ché. Thu dugc 3-(1-metoxy-2-metylpropan-2-yl)-7-(4-
metoxybenzyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on (25,15 mg, 71 pmol, 27%

san luong).

'H NMR (CDCls 400 MHz): 7,91 (s, 1H), 7,20-7,17 (m, 3H), 6,86 (d, J =8,4 Hz, 2H),
5,15 (s, 2H), 3,79 (s, 3H), 3,59 (s, 2H), 3,35 (s, 3H), 2,18 (s, 3H), 1,52 (s, 6H).

LC-MS: #r = 2,050 phut (Phwong phap 13), m/z = 356,1 {M + H]".

Vidu 77:

|

3-isopropyl-7-(4-metoxybenzyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on:

Buéc 1: Thém vao dung dich lanh (0°C) cta (3-metoxy-5-metylpyrazin-2-
yl)metanamin hydroclorua (150 mg, 791 pmol), Et:N (176 mg, 1,74 mmol, 241 pL,
2,20 duwong lugng) trong DCM khan (5 mL) isobutyryl clorua (93 mg, 870 umol, 91
ul, 1,10 duwong lwong). Dung dich duge khudy & 0°C trong 0,5h. H3n hop dugce pha
loding véi nude (20 mL), duge chiét véi DCM (20 mL x 2). Lép hitu co duge rira véi

nuée mudi (20 ml), duoc lam kho qua NaxSO4 va duge 1am khé qua. Thu duge N-((3-
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metoxy-5-metylpyrazin-2-yl)metyl)isobutyramit (160 mg, 717 pmol, 91% san

lugng).

Budc 2: Thém vao dung dich N-((3-metoxy-5-metylpyrazin-2-yl)metyl)isobutyramit
(160 mg, 717 pmol, 1 dwong lwong) trong dioxandioxan (5 mL) POCl3 (220 mg, 1,43
mmol, 133 pL, 2 duong lwong). Hon hop duge khudy & 90°C 2 gid. Hon hop duge cb
dic trong chan khéng, Thu duge 3-isopropyl-8-metoxy-6-metylimidazo{1,5-a]pyrazin
(130 mg, 633 umol, 88% san luong).

Budce 3: Dung dich 3-isopropyl-8-metoxy-6-metylimidazo[1,5-a]pyrazin (130 mg, 633
umol, 1 dwong luwgng) trong 2M HCI (nudc) (4 mL) va dioxan (8 mL) dugc khudy &
90°C trong 2 gi®r. Hon hgp duge c6 dic trong chin khéng. Can dugce tinh ché bang sic
ky silica gel (DCM:MeOH=10:1). 3-isopropyl-6-metylimidazo[1,5-ajpyrazin-8(7H)-
on (120 mg, 628 pmol, 99% san lugng) thu dugc.

Buéc 4: Thém vao dung dich 3-isopropyl-6-metylimidazo[1,5-a]pyrazin-8(7H)-on
(120 mg, 628 pmol, 1 dwong lheong) trong DMF (8 mL) 1-(clometyl)-4-metoxy-
benzen (118 mg, 753 umol, 103 pL, 1,20 duong heong) va Cs2COs (307 mg, 941
umol, 1,50 duong heong). Khudy hén hop & 60°C trong 16 gid. Hon hop duge loc.
Phén loc duoc tinh ché bing HPLC didu ché (bazo). Thu duge 3-isopropyl-7-(4-
metoxybenzyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on (90 mg, 287 pmol, 46% san
lugng).

'H NMR (CDCl3 400 MHz): 7,90 (s, 1H), 7,16 (d, /=8,4 Hz, 1H), 6,85 (d, /=8,4 Hz,
1H), 6,71 (s, 1H), 5,16 (s,2H), 3,78 (s, 2H), 3,18-3,11 (m, 1H), 2,19 (s, 3H), 1,41-1,79
(d, J=7,2 Hz, 6H).

LC-MS: tr = 1,92 phtt (Phuong phap 13), m/z = 312,1 [M + HJ".

Vidu 78:
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6-metyl-7-((2-metylthiazol-4-yl)metyl)-3-(tetrahydro-2H-pyran-4-yl)imidazo{1,5-
alpyrazin-8(7H)-on:

Thém vao lo 6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(30mg, 0,13 mmol), x&si carbonat (84 mg, 0,26 mmol), 4-(clometyl)-2-metylthiazol
(23 mg, 0,15 mmol) va natri iodua (23 mg, 0,15 mmol) trong DMF (2 mL). Phan tng
duoc gia nhidt dén 70°C, va duge khudy qua dém. Hdn hop duge loc va duge lam bay
hoi va sau d6 duge sic ky trén silicagel dé thu duoc san phim thd, Tinh ché cudi cling
trén LC-MS diéu ché tao ra 6-metyl-7-((2-metylthiazol-4-yl)metyl)-3-(tetrahydro-2H-
pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on (3,9 mg, 0,013 mmol) trong 10% san

luong.

'H NMR (600 MHz, DMSO-de) 8,17 (s, 1H), 7,63 (m, 1H), 7,30 (m, 1H), 5,17 (s,
2H), 3,99 (t, J= 3,3 Hz, 1H), 3,97 (t, J= 3,1 Hz, 1H), 3,49 (m, 3H), 2,61 (s, 3H), 2,36
(d, J= 1,2 Hz, 3H), 1,83 (m, 4H).

LC-MS: fr = 0,39 phtt (Phuong phap 5), m/z = 344,9 [M + HJ".

Vi du 79:

O
= N =
Sg\)H/\
== /K\/N a

o)

6-metyl-3-(tetrahydro-2 H-pyran-4-yl)-7-(thiophen-3-ylmetyl)imidazo[1,5-
a]pyrazin-8(7H)-on:

Thém vao lo 6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(30mg, 0,129 mmol), xési carbonat (84 mg, 0,26 mmol),3-(clometyl)thiophen (20 mg,
0,15 mmol) va natri iodua (23 mg, 0,15 mmol) trong DMF (2 mL). Phan trng dugc
gia nhiét dén 70°C, va dugc khudy qua dém. Hdn hop duge loc va duge 1am bay hoi
va sau d6 duge séc ky trén silicagel dé thu dwoc san phim thé. Tinh ché cubi ciing trén
LC-MS didu ché tao ra 6-metyl-3-(tetrahydro-2H-pyran-4-yl)-7-(thiophen-3-
ylmetyl)imidazo[1,5-a]pyrazin-8(7H)-on (10 mg, 0,0324 mmol) trong 25% san lugng.
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IF{ NMR (600 MHz, DMSO-ds) 8,21 (s, 1H), 7,66 (m, 1H), 7,53 (dd, J = 5,0, 2,9 Hz,
1H), 7,35 (dq, J = 2,2, 1,0 Hz, 1H), 7,05 (dd, J = 5,0, 1,3 Hz, 1H), 5,17 (s, 2H), 3,98
(dt, J= 11,4, 3,4 Hz, 2H), 3,49 (m, 3H), 2,26 (d, J = 1,2 Hz, 3H), 1,84(m, 4H).
LC-MS: fr = 0,45 phat (Phuong phap 5), m/z =329,9 [M + H]".

Vi du 80:

O
S Nkﬂ

\=N A/N/

o]

6-metyl-3-(tetrahydro-2H-pyran-4-yl)-7-(thiazol-4-ylmetyl)imidazo[1,5-
a]pyrazin-8(7H)-on:

Thém vao lo 6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a}pyrazin-8(7H)-on
(30mg, 0.129 mmol), x&si carbonat (147 mg, 0,450 mmol), 4-(clometyl)thiazol
hydroclorua (26 mg, 0,15 mmol) va natri iodua (23 mg, 0,15 mmol) trong DMF (2
mL). Phan ting dugc gia nhiét dén 70°C, va duge khudy qua dém. Hon hop duge loc
va dugce lam bay hoi va sau d6 dugce sic ky trén silicagel d8 thu duge san phim thé.
Tinh ché cudi cing trén LC-MS didu ché tao ra 6-metyl-3-(tetrahydro-2 H-pyran-4-yl)-
7-(thiazol-4-ylmetyl)imidazo[1,5-a]pyrazin-8(7H)-on (7 mg, 0,0153 mmol) trong 12%

san luong.

'H NMR (600 MHz, DMSO-ds) 9,07 (d, J = 1,9 Hz, 1H), 8,12 (s, 1H), 7,63 (m, 1H),
7,57 (dd, J= 1,9, 0,9 Hz, 1H), 5,27 (s, 2H), 3,97 (dt, J = 11,3, 3,3 Hz, 2H), 3,48 (m,
3H), 2,36 (d, J= 1,2 Hz, 3H), 1,84 (m, 4H).

LC-MS: f = 0,34 phtit (Phuong phap 5), m/z =331,0 [M + H]".

Vidu 81:
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7-((3,5-dimetylisoxazol-4-yl)metyl)-6-metyl-3-(tetrahydro-2H-pyran-4-
yDimidazo[1,5-a]pyrazin-8(7H)-on:

Thém vao lo 6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(25mg, 0,107 mmol), xé&si carbonat (70 mg, 0,21 mmol),4-(clometyl)-3,5-
dimetylisoxazol (19 mg, 0,129 mmol) va natri iodua (19 mg, 0,129 mmol) trong DMF
(1,6 mL). Phan tmg dugc gia nhiét dén 70°C, va dugc khudy qua dém. H8n hgp duge
loc va duge 1am bay hoi va sau d6 dugc séc ky trén silicagel dé thu dugc san phdm
thd. Tinh ché cudi cing trén LC-MS diéu ché tao ra 7-((3,5-dimetylisoxazol-4-
yl)metyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on (11
mg, 0,024 mmol) trong 23% san lugng.

'H NMR (600 MHz, DMSO-ds) 8,11 (s, 1H), 7,63 (m, 1H), 5,00 (s, 2H), 3,97 (dt, J =
11,3, 3,3 Hz, 2H), 3,46 (m, 3H), 2,27 (s, 3H), 2,24 (d, J = 1,2 Hz, 3H), 2,08 (s, 3H),
1,82 (dd, J= 7,8, 3,5 Hz, 4H).

LC-MS: tr = 0,38 phut (Phuong phéap 5), m/z = 343,0 [M + H]".

Vi du 82:

6-metyl-7-((5-metylisoxazol-3-yl)metyl)-3-(tetrahydro-2 H-pyran-4-
yhimidazo[1,5-a]pyrazin-8(7H)-on:

Thém vao lo 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(25mg, 0,107 mmol), x&si carbonat (70 mg, 0,21 mmol),3-(clometyl)-5-metylisoxazol
(34 mg, 0,13 mmol, 50 %) va natri iodua (19 mg, 0,13 mmol) trong DMF (1,6 mL).
Phan tmg dugc gia nhiét dén 70°C, va dugc khudy qua dém. Hén hop duge loc va
dugc lam bay hoi va sau d6 dugce sic ky trén silicagel dé thu dwoc san pham thé. Tinh
ché cubi ciing trén LC-MS didu ché tao ra 6-metyl-7-((5-metylisoxazol-3-yl)metyl)-3-
(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-aJpyrazin-8(7H)-on (9 mg, 0,0194 mmol)

trong 18% san lugng.
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IH NMR (600 MHz, DMSO-de) 8,05 (s, 1H), 7,60 (m, 1H), 6,19 (g, J = 0,8 Hz, 1H),
5,18 (s, 2H), 3,97 (dt, J = 11,3, 3,4 Hz, 2H), 3,45 (m, 3H), 2,37 (d, J = 0,9 Hz, 3H),
2,27 (d, J=1,2 Hz, 3H), 1,86 — 1,79 (m, 4H).

LC-MS: fr = 0,38 phut (Phuong phap 5), m/z = 328,9 [M + H]".

Vi du 83:

0]
WNJJ\l&\
N /N

»

0

6-metyl-7-((3-metylisoxazol-5-y)metyl)-3-(tetrahydro-2 H-pyran-4-
yDimidazo(1,5-a]pyrazin-8(7H)-on:

Thém vao lo 6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(25mg, 0,107 mmol), xési carbonat (70 mg, 0,21 mmol), 5-(clometyl)-3-metylisoxazol
(17 mg, 0,13 mmol) va natri iodua (19 mg, 0,13 mmol) trong DMF (1,6 mL). Phan
g duge gia nhiét dén 70°C, va duoc khudy qua dém. Hon hop duge loc va dugce lam
bay hoi va sau d6 duge sic ky trén silicagel d& thu duge san phim thé. Tinh ché cubi
cing trén LC-MS didu ché tao ra 6-metyl-7-((3-metylisoxazol-5-yl)metyl)-3-
(tetrahydro-2H-pyran-4-yl)imidazo[ 1,5-a]pyrazin-8(7H)-on (14 mg, 0,0313 mmol)
trong 29 % san lugng.

I NMR (600 MHz, DMSO-ds) 8,20 (s, 1H), 7,70 (m, 1H), 6,31 (s, 1H), 5,29 (m,
2H), 3,98 (dt, J = 11,4, 3,5 Hz, 2H), 3,49 (m, 3H), 2,32 (d, / = 1,2 Hz, 3H), 2,19 (s,
3H), 1,85 (m, 4H). |

LC-MS: tr = 0,37 phut (Phuong phap 5), m/z = 328,9 [M + H]".

Vi du 84:
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o)

3-(2,6-dimetyltetrahydro-2 H-pyran-4-yl)-7-(4-metoxybenzyl)-6-
metylimidazo[1,5-a]pyrazin-8(7H)-on:

Buéc 1: Thém vao dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin hydroclorua
(200 mg, 1,05 mmol, 1 duwong hrong) va 2,6-dimetyltetrahydro-2 H-pyran-4-carboxylic
axit (167 mg, 1,05 mmol, 1 dwong lugng) trong DCM (10 mL) HATU (481 mg, 1,27
mmol, 1,20 duong luong) va DIPEA (409 mg, 3,16 mmol, 552 pL, 3 duwong luong)
H&n hop duoe khudy & 18°C trong 16 gid. Hbn hep duge rira véi H20 (20 mL) va
duoc chiét véi DCM (20 mL x 3). Céc 16p hitu co két hop duge lam khd qua Na;SO4
va duge c6 dic dudi chian khong. N-((3-metoxy-S-metylpyrazin-2-yl)metyl)-2,6-
dimetyltetrahydro-2 H-pyran-4-carboxamit (300 mg, 0,95 mmol, 90% sén lugng) thu

duoc.

Buéc 2: Thém vao dung dich N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-2,6-
dimetyltetrahydro-2 H-pyran-4-carboxamit (280 mg, 954 pmol, 1 duong lugng) trong
dioxan (10 mL) POCIs (293 mg, 1,91 mmol, 177 pL, 2 duwong luong). Khuéy hon hop
& 80°C trong 2 gid. Hon hop duge rira véi H20 (20 mL) va duge chiét véi DCM (20
mL x 3). Cac 16p hitu co két hop dwoc 13m khé qua NaxSO4 va duoc ¢b dic dudi chan
khong. 3-(2,6-dimetyltetrahydro-2 H-pyran-4-yl)-6-metylimidazo[1,5-a]pyrazin-
8(7H)-on (249 mg) thu duoc.

Buéc 3: Thém vao dung dich 3-(2,6-dimetyltetrahydro-2 H-pyran-4-yl)-6-
metylimidazo[1,5-a]pyrazin-8(7H)-on (200 mg, 765 umol, 1 duong luong) va 1-
(clometyl)-4-metoxybenzen (156 mg, 995 umol, 135 pL, 1,30 duong Iuwong) trong
DMF (10 mL) Cs2CO3 (500 mg, 1,53 mmol, 2 duwong long). Khudy hdn hop & 60°C
trong 4 git. Hon hop dugce ¢d dic dudi chdn khéng. Hon hop duge rira véi H20 (20
mL) va duge chiét véi DCM (15 mL x 3). Cac 16p hitu co két hop duge rira véi H2O

(40 mL x 3, nudc mudi, duoc 1am khd qua Na2SO4 va duge ¢6 dic dudi chan khong.
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C3n duoc tinh ché bing LC-MS diéu ché dé tao thanh 3-(2,6-dimetyltetrahydro-2 H-
pyran-4-yl)-7-(4-metoxybenzyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on (48 mg, 126
umol, 16% san lugng).

I NMR (CDCl; 400 MHz): 7,91 (s, 1H), 7,16 (d, J =8,4 HZ, 2H), 6,85 (d, J=8,4 HZ,
2H), 6,73 (s, 2H), 5,17 (s, 2H), 3,79 (s, 3H), 3,67-3,63 (m, 2H), 3,14-3,08 (m, 1H),
2,21 (s, 3H), 1,90-1,87 (m, 3H), 1,75-1,62 (m, 2H), 1,28 (d, J =6,0 HZ, 6H),

LC-MS: tr = 2,133 phut (Phuong phap 17), m/z =382,1 [M + HJ".

Vi du 85:
O
Jon
Oﬁv{;

7-(xyclohexylmetyl)-6-metyl-3-propylimidazo[1,5-a]pyrazin-8(7 H)-on:

Buéc 1: Thém vao dung dich 3-bromo-6-metylimidazo[1,5-a]pyrazin-8(7H)-on (1 g,
4,39 mmol, 1 duong lugng) va Cs2COs3 (2,86 g, 8,78 mmol, 2 duwong lugng) trong
DMF (20 mL) (bromometyl)xyclohexan (1,55 g, 8,78 mmol, 1,22 mL, 2 duong
lwong). Khudy hdn hop & 60°C trong 18 gid. Hon hop phan img dugce loc va phan loc
duoc ¢6 dic. Hdn hop thd duoc tinh ché bang sic ky nhanh véi ete dAu hoaetyl axetat
= 5:1 ~ 3:1. 3-bromo-7-(xyclohexylmetyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on (1
g, 3,02 mmol, 69% san lugng) thu dugc.

'H NMR (CDCl, 400 MHz): 7,86 (s, 1H), 6,80 (s, 1H), 3,79 (d, J = 7,2 Hz, 2H), 2,29
(s, 3H), 1,75 -1,66 (m, 6H), 1,22 - 1,04 (m, 5H).

LC-MS: fr = 0,791 phut (Phwong phép 15), m/z = 325,9 [M + H]".

Budc 2: Thém vao dung dich 3-bromo-7-(xyclohexylmetyl)-6-metylimidazo|[1,5-
a]pyrazin-8(7H)-on (200 mg, 617 pmol, 1 duong luwong) va (E)-4,4,5,5-tetrametyl-2-
(prop-1-en-1-yD)-1,3,2-dioxaborolan (155 mg, 925 pmol, 1,50 duong luong) trong
dioxan (4 mL) va H>O (1 mL) Pd(dppf)CI2 (90 mg, 123 pmol, 0,20 duong luong) va
Cs2C0O3 (402 mg, 1,23 mmol, 2 duong lugng) dudi khi quyén N». Hbn hop dugc

khudy & 90°C trong 2 gidr dudi didu kién vi séng. Nudc (50 mL) duge thém va hdn
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hop duoc chibt véi EtOAc (50 mL x 3), cac 16p hiru co két hop duge ria véi nuée
mudi (20 mL), duge 13m khé qua Na2SOs va duge ¢d dic. Hon hop thd duge tinh ché
bing sic ky nhanh v6i ete diu hoaetyl axetat= 1:1. Thu dugc (E)-7-
(xyclohexylmetyl)-6-metyl-3-(prop-1-en-1-yl)imidazo[1,5-a]pyrazin-8(7H)-on (150
mg, 504,59 pmol, 82% san lugng).

Budc 3: Thém vao dung dich (E)-7-(xyclohexylmetyl)-6-metyl-3-(prop-1-en-1-
ylimidazo[1,5-alpyrazin-8(7H)-on (150 mg, 526 umol, 1 duong lugng) trong EtOAc
(30 mL) Pd-C (10%, 40 mg, u6t) dudi Na. Huyén phit dugc khir khi trong chén khéng
va dugc suc voi Hp nhidu 1an. Khudy hdn hop trong méi trudmg khi Ha (15 psi) & 25°C
trong 18 gid. Hon hop duoc loc va cin dwge rira véi EtOAc (20 mL x 2). Cac 16p hiru
co két hop duge ¢b dic. Cin duge tinh ché bing LC-MS didu ché dé tao thanh 7-
(xyclohexylmetyl)-6-metyl-3-propylimidazo[1,5-a]pyrazin-8(7H)-on (95,5 mg, 321

pumol, 61% san lugng).

'H NMR (400 MHz): 7,83 (s, 1H), 6,66 (s, 1H), 3,78 (d, J= 7,2 Hz, 2H), 2,81 (t, J =
7,6 Hz, 2H), 2,26 (s, 3H), 1,86 -1,84 (m, 2H), 1,76 - 1,67 (m, 6H), 1,19 - 1,17 (m,
3H), 1,05 - 1,01 (m, SH).

LC-MS: tr = 1,68 phut (Phuong phap 17), m/z = 288,3 [M + HJ*.

Vi du 86:
O
N = N
~o /R\/er

3-(2-hydroxypropan-2-yl)-7-(4-metoxybenzyl)-6-metylimidazo[1,5-a]pyrazin-
8(7H)-on:

Bude 1: NaH (2,64 g, 66 mmol, 60% trong dau khoang, 2,20 duwong luong) duoc thém
vao 2-hydroxy-2-metylpropanoic axit (3,12 g, 30 mmol, 1 duwong lwong) trong DMF
(30 mL) & 0°C. H8n hop dugc khudy & 20°C trong 30 phut. (bromometyl)benzen
(10.26 g, 60 mmol, 7,13 mL, 2 duong luwpng) duoc thém vao hén hop phan tmg &
20°C va duge khudy & 20°C trong 16 giyr. Hon hop duge dimg bang H>0 (30 mL) va
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duge didu chinh pH=7 bing HCI (1 M, dwong hrong). Hdn hop duge chiét véi etyl
axetat (30 mL x 3). Céc 16p hitu co két hop dugc rira bing HoO (20 mL) va nuéc
mudi. Can dugc lam khd qua NaxSOs va duge ¢d dic dudi chan khong. 'H NMR thé
hién hop chit 1 san phim mong mudn. benzyl 2-(benzyloxy)-2-metylpropanoat (3,98
g, 14 mmol, 47% san luong) thu duoc.

'H NMR (CDCls 400 MHz): 7,40-7,32 (m, 10H), 5,24 (s, 2H), 4,48 (s, 2H), 1,58 (s,
6H).

Buéce 2: Thém vao dung dich benzyl 2-(benzyloxy)-2-metylpropanoat (2 g, 7,03
mmol, 1 duwong lwgng) trong HO (20 mL), THF (20 mL) va MeOH (20 mL) NaOH
(1,12 g, 27,98 mmol, 3,98 duong heong). Khudy hdn hop & 80°C trong 1 gid. Hén hop
dwoc didu chinh dén pH=2 biang HCI nuée (1 M) va duge chiét véi DCM (10 mL x
3). Céc 16p hitu co két hop duoe ¢6 dic dudi chan khéng. Cin duge rira voi NaOH
nude (1 M, 5 mL) va duoe chiét véi DCM (15 mL x 3). Dung dich nuéc duge diéu
chinh dén pH=2 biang HCI nuéc (1 M, dwong lugng) va duge chiét véi DCM (10 mL
x 3). Cac 16p hitu co két hop duge rira véi H20 (15 mL x 2) va nude mudi. Hén hop
duge 1am kho qua NaxSO4 va dugce ¢b didc dudi chan khong. Thu duge 2-(benzyloxy)-
2-metylpropanoic axit (1,36 g, 7 mmol, 100% san luong).

Buée 3: Thém vao dung dich 2-(benzyloxy)-2-metylpropanoic axit (500 mg, 2,64
mmol, 1 dwong lwong, HCI) trong DCM (10 mL) DIPEA (1,02 g, 7,92 mmol, 1,38
mL, 3 duwong lueng). Hon hop duoc thém (3-metoxy-5-metylpyrazin-2-yl)metanamin
hydroclorua (513 mg, 2,64 mmol, 1 duwong lugng) va HATU (1,20 g, 3,17 mmol, 1,20
dwong leong) . Khudy hdn hop & 18 °C trong 16 git. Hon hop duge rira véi HaO (20
mL) va duge chiét véi DCM (20 mL x 3). Céc 16p hitu co két hop duge lam khd qua
NaxS04 va duge ¢6 diac dudi chan khong. Thu duge 2-(benzyloxy)-N-((3-metoxy-5-
metylpyrazin-2-yl)metyl)-2-metylpropanamit (617 mg, 1,75 mmol, 66% san lugng).

Budc 4: Thém vao dung dich 2-(benzyloxy)-N-((3-metoxy-5-metylpyrazin-2-
yl)metyl)-2-metylpropanamit (1,40 g, 4,25 mmol, 1 duong luong) trong dioxan (20
mL) POC; (1,30 g, 8,50 mmol, 790 pL, 2 dwong leong). Hn hop duge khudy & 80°C
trong 2 gid. Hdn hop duge dimg véi HO (15 mL) va duge didu chinh pH >7 bing
NaHCO; nude bdo hoda. Hon hop duoe chiét véi DCM (20 mL x 3). Cac 16p hitu co
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Kkét hop duge rira véi nude mudi, duge lam khd qua NapSO4 va duge ¢ dic dudi chan
khong. Thu duge 3-(2-(benzyloxy)propan-2-yl)-6-metylimidazol1,5-ajpyrazin-8(7H)-
on (375 mg, 1,26 mmol, 30% san luong).

Bude 5: Thém vao dung dich 3-(2-(benzyloxy)propan-2-yl)-6-metylimidazo[1,5-
alpyrazin-8(7H)-on (264 mg, 888 pmol, 1 duong luong) trong DMF (10 mL) Cs2COs
(579 mg, 1,78 mmol, 2 duong luong) vd 1-(clometyl)-4-metoxybenzen (180,76 mg,
1,15 mmol, 1578 pL, 1,30 duwong hrong). Khudy hdn hop & 60°C trong 4 gis. Hén
hop duge ¢d ddc dudi chén khong. Hbn hop duge rira véi H0 (25 mL) va duge chiét
véi DCM (20mL). Céac 16p hitu co két hop dugce lam khé qua NaxSO4 va duoc c6 dac
dudi chan khong. Thu duge 3-(2-(benzyloxy)propan-2-yl)-7-(4-metoxybenzyl)-6-
metylimidazo[1,5-a]pyrazin-8(7H)-on (445 mg, 998 umol, 64% san luong).

Budc 6: Thém vao dung dich 3-(2-(benzyloxy)propan-2-yi)-7-(4-metoxybenzyl)-6-
metylimidazo[1,5-a]pyrazin-8(7H)-on (345 mg, 826 pmol, 1 duong luong) trong
MeOH (60 mL) Pd/C (10%, uét) (40 mg). Hdn hop duoc khudy & 4p suét ctia Ha (30
psi). Khudy hén hop & 18°C trong 8 gid. Hon hop duge loc. Dung dich loc duge ¢d
dac dudi chan khong, Cin dugc tinh ché bing TLC (ete diu hdaetyl axetat=1.1). Thu
duge  3-(2-hydroxypropan-2-yl)-7-(4-metoxybenzyl)-6-metylimidazo[1,5-a]pyrazin-
8(7H)-on (98 mg, 292 umol, 35% san luong).

'H NMR (CDCl; 400 MHz): 7,86 (s, 1H), 7,47 (s, 1H), 7,17 (d, J =12 Hz, 2H), 6,85
(d, J=8,4 Hz, 2H), 5,17 (s, 2H), 3,79 (s, 3H), 2,216-2,192 (m, 4H), 1,76 (s, 3H).
LC-MS: tr = 1,906 phit (Phuong phép 13), m/z = 328,2 [M + H]".

Vidu 87:

<

3-(2-flopropan-2-yl)-7-(4-metoxybenzyl)-6-metylimidazo{1,5-a]pyrazin-8(7H)-on:

Thém  vao  dung dich  3-(2-hydroxypropan-2-yl)-7-(4-metoxybenzyl)-6-
metylimidazo[1,5-a]pyrazin-8(7H)-on (75 mg, 229,09 pmol, 1 duong luwong) trong
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DCM (10 ml) DAST (40,6 mg, 252 umol, 33 pL, 1,10 duong lugng) & -78°C. Hon
hop duge khudy & 18°C trong 2 gid. Hon hop duge ding véi HaO (10mL) va duge
chiét véi DCM (15 mL x 3). Céc 16p hitu co két hop duge lam khé qua NaxSO4 va
duoc cd dic dudi chln khong. Cin dugce tinh ché voi TLC (ete diu hoa:etyl
axetat=1:1). Thu dwgc 3-(2-flopropan-2-y1)-7-(4-metoxybenzyl)-6-metylimidazo[1,5-
alpyrazin-8(7H)-on (68 mg, 206 pmol, 64% san lugng).

'H NMR (CDCls 400 MHz): 7,89 (s, 1H), 7,19-7,16 (m, 3H), 6,86 (d, J =8,4 Hz, 2H),
5,18 (s, 2H), 3,79 (s, 3H), 2,20 (s, 3H), 1,91 (s, 3H), 1,86 (s, 3H).

LC-MS: f = 1,906 phut (Phuong phap 13), m/z = 328,2 [M + H]*.

Vi du 88:
QO
I,

0]

7-(4-metoxybenzyl)-6-metyl-3-(7-oxoazepan-4-yl)imidazo[1,5-a]pyrazin-8(7H)-

on:

Buée 1: Thém vao dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin hydroclorua
(500 mg, 2,64 mmol, 1 duwong lwong) va T-oxoazepan-4-carboxylic axit (456 mg, 2,90
mmol, 1,10 duong lwong) trong DCM (45 mL) HATU (1,20 g, 3,17 mmol, 1,20
duong lwong) va DIPEA (1,02 g, 7,92 mmol, 1,38 mL, 3 duong lwgng). Khudy hon
hop & 18 °C trong 16 gid. Hon hop duoc ding véi H20 (30 mL) va duge chiét véi
DCM (25 mL x 3). Céac 16p hitu co két hop dugce 1am kho qua NazSO4 va duge cb dic
dudi chan khong, Thu duge N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-7-oxoazepan-
4-carboxamit (493 mg, 1,58 mmol, 60% san luong).

Bude 2: N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-7-oxoazepan-4-carboxamit (463
mg, 1,58 mmol, 1 dwong lwong) dugc thém vao chét phan tmg Eaton (7,7 % khbi
luong dung dich phosphorus pentoxit trongmetansulfonic axit) (3,04 g, 12,77 mmol, 2
mL, 8,08 duong hrong). Khudy hdn hop & 60°C trong 7 gid. Hon hop dugce thém vao
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nuée dé (30 g). Hdn hop duge didu chinh pH>7 bing NH3z (MeOH). Hdn hop duge ¢
dic dudi chan khong. Cin duge rira véi DCM : MeOH =10:1. Hdn hop duoc loc.
Dung dich loc dugc ¢b ddc dudi chan khoéng. Thu dugc 6-metyl-3-(7-oxoazepan-4-

yl)imidazo[1,5-a]pyrazin-8(7H)-on (45 mg, 165,83 pmol, 11% san luong).

'H NMR (MeOD 400 MHz): 7,77 (s, 1H), 7,23 (s, 2H), 3,49-3,39 (m, 3H), 2,83-2,79
(m, 2H), 2,55-2,51 (m, 1H), 2,19 (s, 3H), 2,11-2,09 (m, 2H), 1,93-1,86 (m, 2H).

Bude 3: Thém vao dung dich 6-metyl-3-(7-oxoazepan-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (45 mg, 173 upmol, 1 duong luong) va 1-(clometyl)-4-metoxybenzen (32
mg, 207 pmol, 28 pL, 1,20 duwong lirong) trong DMF (3 mL) Cs2CO3 (113 mg, 346
pmol, 2 dwong hrong). Khudy hdn hop & 60°C trong 2 git. Hon hop duge rira vo6i
H;0 (10 mL) va duoe chiét véi DCM (15 mL x 3). Céc 16p hitu co két hop duge rira
véi nude (30 mL x 3), duge 1am kho qua NaxSOs va duge ¢6 dic dudi chan khong.
Cin duoc tinh ché bing TLC (DCM:MeOH=10:1). Thu dugc 7-(4-metoxybenzyl)-6-
metyl-3-(7-oxoazepan-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on (12 mg, 32 pmol, 18%
san luong).

'H NMR (CDCIl3 400 MHz): 7,89 (s, 1H), 7,15 (d, J=8,8 HZ, 2H), 6,84 (d, /=8,4 HZ,
2H), 6,70 (s, 1H), 6,36 (brs, 1H), 5,16 (s, 2H), 5,16 (s, 2H), 3,77 (s, 3H),3,62-3,49 (m,
1H), 3,42-3,30 (m, 1H), 3,20-3,10 (m, 1H), 2,77-2,72 (m, 1H), 2,61-2,55 (m, 1H),
2,21 (s, 3H), 2,10-2,01 (m, 4H).

LC-MS: fr = 1,748 phuit (Phuong phép 13), m/z=381,2 [M + H]*.

Vi du 89:
0
A

o}

7-(4-metoxybenzyl)-6-metyl-3-(S-metyltetrahydrofuran-3-yl)imidazo[1,5-
a]pyrazin-8(7H)-on:
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Bude 1: Thém vao dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin (200 mg,
1,05 mmol, 1 duong luong, HCI) va S-metyltetrahydrofuran-3-carboxylic axit (137
mg, 1,05 mmol, 1 duwong lwgng) trong DCM (10 mL) HATU (481 mg, 1,27 mmol,
1,20 duwong lwong) va DIPEA (409 mg, 3,16 mmol, 553 pL, 3 duwong luong). Khudy
hén hop & 18°C trong 16 gid. Hdn hop dwgc rira véi HLO (20 mL) va duge chiét véi
DCM (20 mL % 3). Céc 16p hitu co két hop duoc 1am khé qua NaxSO4 va duge b dic
dudi  chin khoéng. Thu duge N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-5-
metyltetrahydrofuran-3-carboxamit (211 mg, 795 pmol, 76% san lugng).

Buéc 2: Thém vao dung dich N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-5-
metyltetrahydrofuran-3-carboxamit (191 mg, 720 pmol, 1 duwong luong) trong dioxan
(5 mL) POCI3 (221 mg, 1,44 mmol, 134 pL, 2 duong lugng). Hbn hop duoc khudy &
80°C trong 3 gi¢. Hon hop dugc ria véi H20 (20 mL) va duge chiét véi DCM (20 mL
x 3). Cac 16p hitu co két hop duge lam khé qua NaxSO4 va duge ¢d dic dudi chan
khéng. Thu dugec 6-metyl-3-(5-metyltetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-
8(7H)-on (167 mg).

Budc 3: Thém vao dung dich 6-metyl-3-(5-metyltetrahydrofuran-3-yl)imidazo[1,5-
alpyrazin-8(7H)-on (138 mg, 592 pmol, 1 duong lwong) va 1-(clometyl)-4-
metoxybenzen (120 mg, 769 pmol, 1,30 duwong luong) trong DMF (10 mL) Cs2CO3
(386 mg, 1,18 mmol, 2 duong lupng). Khudy hdn hop & 60°C trong 4 gid. Hon hop
duge ¢d dic dudi chan khong. Hén hop duge ria véi H20 (20 mL) va duge chiét vei
DCM (15 mL x 3). Céc 16p hifu co két hgp dugc rira véi H20 (40 mL x 3, nude mubi,
duge 1am kho qua NaxSO4 va duoc ¢d dic dudi chin khéng. Can duge tinh ché bing
HPLC didu ché (bazo). Thu dugc 7-(4-metoxybenzyl)-6-metyl-3-(5-
metyltetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-8(7H)-on (10 mg, 28 pmol, 5% san

lugng).

'H NMR (CDCls 400 MHz): 7,90 (s, 1H), 7,16 (d, J=8,4 HZ, 2H), 6,87-6,82 (m, 3H),
5,17 (s, 2H), 4,19-4,14 (m, 3H), 3,79-3,71 (m, 4H), 2,54-2,47 (m, 1H), 2,20 (s, 3H),
2,04-1,96 (m, 1H), 1,40 (s, J=6,0 HZ, 3H).

LC-MS: fr = 2,036 phit (Phuong phép 13), m/z = 354,2 [M + HJ*.

Vi du 90:
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7-(4-metoxybenzyl)-6-metyl-3-(1-(4-metylthiazol-2-yletyl)imidazo[1,5-a]pyrazin-
8(7H)-on:

Budc 1. Thém vao dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin
hydroclorua(150 mg, 791 pmol, 1 duwong hrong) trong DMF khé (5 mL) trietylamin
(240 mg, 2,37 mmol, 329 uL, 3 duwong heong), natri 2-(4-metylthiazol-2-yl)propanoat
(153 mg, 791 umol, 1 dwong lwong) va HATU (361 mg, 949 nmol, 1,20 duwong
liong). Khudy hdn hop & 15°C trong 16 givr. Hon hop dugce b dic. H20 (5 mL) duge
thém va hén hop duge chiét véi DCM (20 mL x 2). Lép hitu co két hop duoc ria véi
H20 (20 mL), nuée mudi (20 mL), dugce lam khéd qua NaxSOs, duoce loc va dugc cb
ddc. Cin duge tinh ché bing sic ky nhanh trén silica gel (0%~50% etyl axetat trong
ete diu hoa) dé tao ra N-((3-metoxy-S-metylpyrazin-2-yl)metyl)-2-(4-metylthiazol-2-
yl)propanamit (210 mg, 87% san luong).

Bude 2: Thém vao dung dich N-((3-metoxy-5-metylpyrazin-2-yl)metyl)-2-(4-
metylthiazol-2-yl)propanamit (200 mg, 653 upmol, 1 dwong lupng) trong dioxan khd
(5 mL) POCls (200 mg, 1,31 mmol, 121 pL, 2 duong luong). Hon hop duge gia nhiét
& 80°C trong 4 gid. Hn hop dugc 1am ngudi dén 15°C va dugce rét vao nude (5 mL).
H3n hop duoc diu chinh dén pH 8 bing NaHCOs nudce bio hda va duge chiét véi
DCM (20 mL % 2). Céc hitu co két hop duoc rira véi HoO (20 mL), nude mudi (20
mL), dugc lam khd qua NaxSOq, duoc loc va duge cd dic dé tao ra 6-metyl-3-(1-(4-
metylthiazol-2-yi)etyl)imidazo[1,5-a]pyrazin-8-ol (160 mg).

Bude 3: Thém vao dung dich 6-metyl-3-(1-(4-metylthiazol-2-yl)etyl)imidazo[1,5-
aJpyrazin-8-ol (180 mg, 656 pmol, 1 dwong lwong) trong DMF (5 mL) 1-(clometyl)-
4-metoxy-benzen (123 mg, 787 pmol, 107 pL, 1,20 duwong luong) va Cs;CO; (428
mg, 1,31 mmol, 2 dwong lwong). Hdn hop dwoce gia nhiét & 60°C trong 2h. Hon hop
duoc ¢b dic. DCM (20 mL) va H>O (10 mL) duge thém. Hon hop duge chiét véi
DCM (20 mL). Lép hitu co duge rira véi H2O (20 mL), duge lam khé qua NazSOs,
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duoc loc va duoc ¢b dic. Cin duge tinh ché bang LC-MS diéu ché dé tao ra 7-(4-
metoxybenzyl)-6-metyl-3-(1-(4-metylthiazol-2-yDetyl)imidazo[ 1,5-a]pyrazin-8(7H)-
on (30 mg, 12% san lugng).

'H NMR (CDCl; 400 MHz): 7,95 (s, 1H), 7,13 (d, J = 8,4 Hz, 2H), 6,91 (s, 1H), 6,82
(d, J= 8,4 Hz, 2H), 6,79 (s, 1H), 5,19-5,06 (m, 2H), 4,76 (q, J = 7,2 Hz, 1H), 3,76 (s,
3H), 2,41 (s, 3H), 2,14 (s, 3H), 1,92 (d, J= 7,2 Hz, 1H).

LC-MS: fr = 2,532 phut (Phuong phép 11), m/z =395,1 [M + H]".

Vi du 91:
)
S=0

O
A
\O /l\\\/N %
N—~
1]
@]

3-(7-(4-metoxybenzyl)-6-metyl-8-0x0-7,8-dihydroimidazo[1,5-a]pyrazin-3-yl)-3-

metylpyrolidin-1-sulfonamit:

Bude 1: Thém vao dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin (200 mg,
1,05 mmol, 1 duwong lwong, HCl) va 1-((benzyloxy)carbonyl)-3-metylpyrolidin-3-
carboxylic axit (304 mg, 1,16 mmol, 1,10 duong luwong) trong DCM (10 mL) HATU
(479 mg, 1,26 mmol, 1,20 duong liong) va DIPEA (407 mg, 3,15 mmol, 550 pL, 3
dwong lrong). Khudy hén hop & 18°C trong 16 gid. Hdn hop duge ding véi H20 (30
mL) va duge chiét véi DCM (25 mL x 3). Céc 16p hitu co két hop duge lam khd qua
Na;SOQs va duoc ¢6 ddc dudi chldn khong. Thu duge benzyl 3-(((3-metoxy-5-
metylpyrazin-2-yl)metyl)carbamoyl)-3-metylpyrolidin-1-carboxylat (420 mg, 1,01

mmol, 96% san lugng).

Buéc 2: Thém vao dung dich benzyl 3-(((3-metoxy-5-metylpyrazin-2-
yl)metyl)carbamoyl)-3-metylpyrolidin-1-carboxylat (390 mg, 979 pmol, 1 duong
leong) trong dioxan (15 mL) POCLs (300 mg, 1,96 mmol, 182 pL, 2 duong luong).
Khudy hdn hop & 80°C trong 3 gid. Dung dich duge dimg véi H20 (20 mL) va dugce
chiét v6i DCM (20 mL x 3). Céc 16p hitu co két hop duoc 1am khé qua NaxSO4 va
duge ¢6 dic dudi chin khéng. Thu duge benzyl 3-metyl-3-(6-metyl-8-ox0-7,8-
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dihydroimidazo[1,5-a]pyrazin-3-yl)pyrolidin-1-carboxylat (170 mg, 423 pmol, 43%

san lugng).

Buéc 3: Thém vao dung dich benzyl 3-metyl-3-(6-metyl-8-oxo0-7,8-
dihydroimidazo[1,5-a]pyrazin-3-yDpyrolidin-1-carboxylat (290 mg, 791 pmol, 1
duong luong) va di-fert-butyl dicarbonat (207 mg, 950 pmol, 218 pl, 1,20 duong
lwong) trong MeOH (200 mL) Pd/C (10%, uét) (140 mg). Huyén phti dwoc khir khi
trong chan khong va duoc suc v6i Ha nhidu 14n. Khudy hdn hop trong mdi trudng khi
Ha (30 psi) & 25°C trong 5 gié. Hon hop duge loc. Dung dich loc duge ¢6 dac dudi
chin khéng. Thu dugc tert-butyl 3-metyl-3-(6-metyl-8-oxo-7,8-dihydroimidazo[1,5-
a]pyrazin-3-yDpyrolidin-1-carboxylat (204 mg, 614 pmol, 78% san lugng).

Buéc 4: Thém vao dung dich tert-butyl 3-metyl-3-(6-metyl-8-oxo-7,8-
dihydroimidazo[1,5-a]pyrazin-3-yl)pyrolidin-1-carboxylat (274 mg, 824 pmol, 1
dwong lheong) va 1-(clometyl)-4-metoxybenzen (155 mg, 989 pmol, 135 pl, 1,20
dwong leong) trong DMF (15 mL) Cs2COs3 (537 mg, 1,65 mmol, 2 duong luong).
Khuéy hdn hop & 80°C trong 14 git. HOn hop duge ¢b dic dudi chan khong. Hon hop
duoce rira voi H20 (15 mL) va duge chiét véi DCM (15 mi, x 3). C4c 16p hitu co két
hop duoe rira voi H2O (30 mL x 2), duge 1am kh6 qua NaxSO4 va dugce ¢d dic dudi
chdn khong. Thu duge tert-butyl 3-(7-(4-metoxybenzyl)-6-metyl-8-oxo-7,8-
dihydroimidazo[1,5-a]pyrazin-3-yl)-3-metylpyrolidin-1-carboxylat (291 mg, 3537

pmol, 65% sén lugng).

Buéc 5: Thém vao dung dich tert-butyl 3-(7-(4-metoxybenzyl)-6-metyl-8-oxo-7,8-
dihydroimidazo[1,5-a]pyrazin-3-yl)-3-metylpyrolidin-1-carboxylat (288 mg, 636
umol, 1 dwong lwong) trong etyl axetat (4 mL) HCI/EtOAc (4 M, 4 mL, 25 duong
lwong). Khuly hdn hop & 18°C trong 4 gid. Hon hop dugce ¢d dic dudi chin khong. 7-
(4-metoxybenzyl)-6-metyl-3-(3-metylpyrolidin-3-yl)imidazo[1,5-a]pyrazin-8(7H)-on
(247 mg, chat thd, HCI) thu duge. San phém duge st dung trye tiép buse tiép theo.
Bude 6: Thém vao dung dich 7-(4-metoxybenzyl)-6-metyl-3-(3-metylpyrolidin-3-
yDimidazo[1,5-a]pyrazin-8(7H)-on (250 mg, 709 pmol, 1 dwong legng) va sulfuric
diamit (82 mg, 851 pmol, 51 pL, 1.20 dwong lwong) trong dioxan (20 mL) DIPEA
(183 mg, 1,42 mmol, 248 pL, 2 dwong luong). Khudy hdn hop & 100°C trong 24 gid.
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Hbn hop duge dimg véi H20 (20 mL) va duge chiét véi DCM (20 mL x 3). Cac 16p
hitu co két hop duoce 1am khd qua NaxSOq va duge ¢6 dic dudi chan khong. Cin dugc
tinh ché HPLC didu ché (bazo). Thu duge 3-(7-(4-metoxybenzyl)-6-metyl-8-0x0-7,8-
dihydroimidazo[1,5-a]pyrazin-3-yl)-3-metylpyrolidin-1-sulfonamit (14 mg, 32 pmol,

5% san lugng).

'H NMR (CDCls 400 MHz): 7,91 (s, 1H), 7,16 (d, J =8,4 HZ, 2H), 7,85 (s, 1H), 7,18
(d, J =8,0 HZ, 2H), 6,88-6,82 (m, 3H), 5,17 (s, 2H), 4,79 (m, 1H), 4,30 (d, J =10,4
HZ, 1H), 3,79 (s, 3H), 3,52-3,47 (m, 2H), 3,26-3,20 (m, 1H), 2,73-2,64 (m, 1H), 2,23-
2,17 (m, 5H), 1,65-1,59 (m, 4H).

LC-MS: tr = 2,055 phtt (Phuong phap 13), m/z = 432,2 [M + H]".

Vidu 92:

6-(xyclopentylmetyl)-7-(4-metoxybenzyl)-3-(tetrahydro-2 H-pyran-4-
ylimidazo[1,5-a]pyrazin-8(7H)-on:

6-(bromometyl)-7-(4-metoxybenzy!)-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-

a]pyrazin-8(7H)-on (250 mg, 0,439 mmol) dugc hoa tan trong THF (20 ml), & -78°C.
xyclopentylmagié bromua (0,9 ml, 1,8 mmol, 2 molar trong ete) dugc thém va phén
tng duoc dé 4m dén nhiét do phong qua dém. Xyclopentylmagié bromua (0,9 ml, 1,8
mmol, 2 molar trong ete) duge thé8m. Sau 1 gio phan Gng duoc lam Am dén nhiét 4o
phong, Sau hai gi®, hdn hop phan tmg duge dimg véi NHACI béo hoa, duge chiét véi
AcOEt va céc chét hitu co duge rira v6i nude mudi. Cae 16p hitu co két hop duge 1am
khd voi Na2S04, duoc loc va duge cd dic. Hdn hop duoc tinh ché qua LC-MS didu
ché va 6-(xyclopentylmetyl)-7-(4-metoxybenzyl)-3-(tetrahydro-2 H-pyran-4-
yDimidazo[1,5-a]pyrazin-8(7H)-on (26 mg, 0,049 mmol) dugc phén l4p trong 11%

san lwong, 14 mudi TFA.
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'H NMR (500 Mi1z, Cloroform-d) 13,26 (bs, 1H), 8,14 (s, 1H), 7,12 (d, J = 8,2 Hz,
2H), 6,88 (m, 3H), 5,21 (s, 2H), 4,16 (d, J = 11,7 Hz, 2H), 3,80 (s, 3H), 3,60 (t, J =
11,8 Hz, 2H), 3,46 (t, /= 12,4 Hz, 1H), 2,74 (s, 1H), 2,57 (d, J = 7,0 Hz, 2H), 2,25 -
2,07 (m, 2H), 1,90 (m, 4H), 1,65 (m, 4H), 1,23 (dt, /= 13,2, 7,1 Hz, 2H).

LC-MS: fr = 0,69 phat (Phuong phép 5), m/z = 422,0 [M + H]*.

Vi du 93:

0
jspee
\O A\/ N"(
)
-
7-(4-metoxybenzyl)-6-metyl-3-morpholincimidazo[1,5-a]pyrazin-8(7H)-on:
Hon hop clia 3-bromo-7-(4-metoxybenzyl)-6-metylimidazo{1,5-a]pyrazin-8(7H)-on
(300 mg, 0,86 mmol) va morpholin (150 mg, 1,72 mmol) trong DMSO (5 mL) duge
thém CsF(261 mg, 1,72 mmol) va K>COs (238 mg, 1,72 mmol). Khuéy hdn hop &
100°C trong 24 gid. Hdn hop duge pha loing véi nuée (20 mL) va duge chiét voi
DCM (10 mL x 3). Céc 16p hitu co két hop duge rira véi nude (10 mL x 2); duge lam
kho qua Na2SO4 va duge lam bay hoi dudi chan khong, Cin duge tinh ché bing TLC
didu  ché (etyl axetat) d& tao ra  7-(4-metoxybenzyl)-6-metyl-3-
morpholinoimidazo[1,5-a]pyrazin-8(7H)-on (18 mg, 6% san lugng).
'H NMR(CDCl3 400 MHz): 7,76 (s, 1H), 7,16 (d, J= 8,8 Hz, 2H), 6,85 (d, /= 8,8 Hz,
2H), 6,63 (s, 1H), 5,15 (s, 2H), 3,89 (t, J = 4,8 Hz, 4H), 3,79 (s, 3H), 3,21 (t, /= 4,8
Hz, 4H), 2,18 (s, 3H).
LC-MS: fr = 2,03 phit (Phuong phéap 13), m/z=355,1 [M+H] *.

Vi du 94:
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7-(4-metoxybenzyl)-6-metyl-3-((tetrahydrofuran-3-yl)amino)imidazo(1,5-
a|pyrazin-8(7H)-on:

3-bromo-7-(4-metoxybenzyl)-6-metylimidazo{1,5-a]pyrazin-8(7H)-on (60 mg, 0,172
mmol) va tetrahydrofuran-3-amin (0,04 ml, 0,465 mmol) dugc trén trong NMP (2
mL) va DIPEA (0,23 ml, 1,317 mmol).

Phéan ing dugc gia nhiét trong 4 gio & 250°C trong 10 vi séng.

Phan tmg duoc tinh ché trén silica gel, qua LC-MS didu ché, va TLC diéu ché (10%
EtOH trong etyl axetat) dé tao ra 7-(4-metoxybenzyl)-6-metyl-3-((tetrahydrofuran-3-
yl)amino)imidazo{1,5-a]pyrazin-8(7H)-on (2 mg, 0,005 mmol) trong 3% san lugng.

'H NMR (600 MHz, Dimetylsulfoxit-ds) 8,50 (m, NH), 7,68 (s, 1H), 7,31 (s, 1H) 7,22
(d, J=17,1 Hz, 2H), 6,88 (d, J = 7,1 Hz, 2H), 4,87 (m, 1H), 4,35 (d, J = 14 Hz, 2H),
4,11 (m, 1H), 4,02 (m, 1H), 3,92 (m, 1H), 3,86 (m, 1H), 3,71 (s, 3H), 2,60 (m, 1H),
2,5 (m, 1H) 2,31 (s, 3H).

LC-MS: fr = 0,54 phut (Phuong phép 19), m/z = 355,2 [M + H]*.

Vidu 95:
Q
jogen
\O )\\\/N\{
N\>
-

(R)-7-(4-metoxybenzyl)-6-metyl-3-(3-metylmorpholino)imidazo[1,5-a]pyrazin-
8(7H)-on:
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3-bromo-7-(4-metoxybenzyl)-6-metylimidazo[1,5-a|pyrazin-8(7H)-on (80 mg, 0,23
mmol) va (R)-3-metylmorpholin (34,7 mg, 0,039 ml, 0,343 mmol) duge trén trong
NMP (2,0 mL) va DIPEA (0,2 ml, 1,1 mmol) dugc thém.

Phan ing dugc gia nhiét trong 6,5 gid & 250°C trong 16 vi séng.

Phan Ung dugc tinh ché tryc tiép bing LC-MS diéu ché dé tao ra (R)-7-(4-
metoxybenzyl)-6-metyl-3-(3-metylmorpholino)imidazo[1,5-a]pyrazin-8(7H)-on (10
mg, 0,024 mmol) trong 10% san lugng.

'H NMR(500 MHz, Cloroform-d) 8,00 (s, 1H), 7,18 (d, J= 7,1 Hz, 2H), 6,90 (d, J =
7,1 Hz,, 2H), 6,79 (s, 1H), 5,23 (d, J = 14,0 Hz, 1H), 5,13 (d, J = 15,7 Hz, 1H), 3,94
(m, 1H), 3,85 (m, 1H), 3,81 (s, 3H), 3,60 (m, 1H), 3,48 (dd, J = 11,7, 7,9 Hz, 1H),
3,32 (t, J= 10,3 Hz, 1H), 3,22 (d, J= 12,2 Hz, 1H), 2,28 (d, J= 1,6 Hz, 3H), 1,29 (td,
J=1,1, 1,6 Hz, 1H), 1,00 (dd, J= 6,4, 1,5 Hz, 3H).

LC-MS: & = 0,65 phut (Phuong phap 7), m/z=369,1 [M + H]*".

Vi du 96:
0
'\0 A\/N\{
N
o]

(S)-7-(4-metoxybenzyl)-6-metyl-3-(3-metylmorpholineo)imidazo[1,5-a]pyrazin-
8(7H)-on:

3-bromo-7-(4-metoxybenzyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on (80 mg, 0,230
mmol) va (8)-3-metylmorpholin (0,039 ml, 0,343 mmol) dugc tron trong NMP (2 mL.)
va DIPEA (148 mg, 0,2 ml, 1,1 mmol).

Phan ing duoc gia nhiét trong 6,5 gitv & 250°C, trong 10 vi séng. Phan tmg dugc tinh
* ché truc tiép biang LC-MS diéu ché dé tao ra (S)-7-(4-metoxybenzyl)-6-metyl-3-(3-
metylmorpholino)imidazo{1,5-a]pyrazin-8(7H)-on (10 mg, 0,028 mmol) trong 12%

sén lugng.
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H NMR (500 MHz, Cloroform-d) 8,00 (s, 1H), 7,18 (d, /= 7,1 Hz, 2H), 6,90 (d, J =
7,1 Hz,, 2H), 6,79 (s, 1H), 5,23 (d, J= 14,0 Hz, 1H), 5,13 (d, J = 15,7 Hz, 1H), 3,94
(m, 1H), 3,85 (m, 1H), 3,81 (s, 3H), 3,60 (m, 1H), 3,48 (dd, J = 11,7, 7,9 Hz, 1H),
3,32 (t, J=10,3 Hz, 1H), 3,22 (d, /= 12,2 Hz, 1H), 2,28 (d, J= 1,6 Hz, 3H), 1,29 (td,
J=17,1,1,6 Hz, 1H), 1,00 (dd, J= 6,4, 1,5 Hz, 3H).

LC-MS: fr = 0,65 phiit (Phuong phap 7), m/z =369,1 [M + H]*".

Vidu 97:

@

7-(4-metoxybenzyl)-6-metyl-3-(1,4-0xazepan-4-yl)imidazo[1,5-a]pyrazin-8(7H)-
on:

3-bromo-7-(4-metoxybenzyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on (149 mg, 0,428
mmol) va 1,4-oxazepan hydroclorua (100 mg, 0,727 mmol) duoc tron trong NMP (2,2
mL) va DIPEA (296 mg, 0,4 mL, 2,29 mmol). Phdn Gtng dugc gia nhiét trong 3 gi¢ &
250°C.

Phan tmg duoc tinh ché tryc tiép qua LC-MS didu ché d tao ra 7-(4-metoxybenzyl)-
6-metyl-3-(1,4-oxazepan-4-yl)imidazo[1,5-a]pyrazin-8(7H)-on (27 mg, 0,073 mmol)
trong 17% san lugng.

'H NMR (500 MHz, Cloroform-d) 7,84 (s, 1H), 7,14 (m, 2H), 6,87 (m, 2H), 6,64 (s,
1H), 5,13 (s, 2H), 3,93 (m, 2H), 3,88 (m, 2H), 3,80 (d, /= 1,7 Hz, 3H), 3,73 (m, 4H),
2,22 (s, 3H), 2,09 (m, 2H).

LC-MS: & = 0,56 phut (Phuong phéap 7), m/z =369,1 [M + H]*".

Vi du 98:
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3-(2,2-dimetylmorpholino)-7-(4-metoxybenzyl)-6-metylimidazo[1,5-a]pyrazin-
8(7H)-on:
Hbn hop cta 3-bromo-7-(4-metoxybenzyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-on
(500 mg, 1,44 mmol) va 2,2-dimetylmorpholin (331 mg, 2,88 mmol) trong DMSO (5
mL) dugc thém CsF(328 mg, 2,88 mmol) va K2CO3 (299 mg, 2,88 mmol). Khudy hdn
hop & 100°C trong 24 gidr. Hon hop duoc pha lodng v6i nuwée (20 mL) va duge chiét
v6i DCM (10 mL x 3). Lép hitu co két hop duge rira véi nude (10 mL x 2); duge lam
khd qua NapSO4 va duoc lam bay hoi duéi chan khong. Cin duge tinh ché bing TLC
didu ché (etyl axetat) @& tao ra 3-(2,2-dimetylmorpholino)-7-(4-metoxybenzyl)-6-
metylimidazo[1,5-a]pyrazin-8(7H)-on (15 mg, 3% san lugng).
'"H NMR (CDCl3400 MHz): 7,75 (s, 1H), 7,15 (d, J = 8,8 Hz, 2H), 6,85 (d, J = 8,8
Hz, 2H), 6,60 (s, 1H), 5,15 (s, 2H), 3,93 (t, J = 4,8 Hz, 2H), 3,79 (s, 3H), 3,16 (t, J =
4,8 Hz, 2H), 2,98 (s, 2H), 2,18 (s, 3H), 1,37 (s, 6H).
LC-MS: & = 2,26 phut (Phuong phép 13), m/z=383,1 [M+H] *.

Vidu 99:

O
APPSR
/J*§/N~{N
T
O
7-(3-flobenzyl)-3-(hexahydro-4H-furo[3,2-b]pyrrol-4-yl)-6-metylimidazo{1,5-

a]pyrazin-8(7H)-on, chit ddng phan 1ap thé 1 va 2:

Budce 1: Thém vao dung dich 3-bromo-6-metylimidazo[1,5-a]pyrazin-8(7H)-on (3 g,
13,16 mmol) va 1-(bromometyl)-3-flobenzen (2,99 g, 15,79 mmol) trong DMF (50
mL) K2COs (3,64 g, 26,3 mmol). Khudy hdn hgp & 60°C trong 12 gid. Hon hop duoc
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pha lodng v6i nude (100 mL) va duge chiét véi EtOAc (50 mL x 3). Lép hitu co két
hop duge rira voi nude (50 mL x 2); duge 1am khd qua NaxSO4 va duge lam bay hoi
dudi chin khdng. Cin duge riva véi EtOAc (10 mL) va duge lge. Bi loc duge lam khd
dudi chan khong dé tao ra 3-bromo-7-(3-flobenzyl)-6-metylimidazo[1,5-a]pyrazin-
8(7H)-on (2 g, 45% san lugng). |

Budc 2: Hn hop ctia 3-bromo-7-(3-flobenzyl)-6-metylimidazo[1,5-a}pyrazin-8(7H)-
on (1,2 g, 3,57 mmol) va hexahydro-2H-furo{3,2-b]pyrol (0,5 mudi oxalic axit) (678
mg, 4,28 mmol) trong DMSO (20 mL) dugc thém CsF(542 mg, 3,57 mmol) va K2COs
(1,23 g, 8,92 mmol). Khudy hdn hop & 120°C trong 72 git. Hon hop dugc pha lodng
v6i nude (100 mL) va duoce chiét véi DCM (50 mL x 3). Lép hitu co két hop duoc
rira v6i nude (50 mL x 2); duge lam khd qua NaxSO4 va dugce lam bay hoi dudi chan
khong. Cin duge tinh ché bing HPLC diéu ché dé tao ra hop chét 3 (200 mg, 15% san

lugng).

Buéce 3: 7-(3-flobenzyl)-3-(hexahydro-4 H-furo[3,2-b]pyrrol-4-yl)-6-
metylimidazo[1,5-alpyrazin-8(7H)-on (200 mg, 0,54 mmol) was dugc tinh ché bang
SFC d8 tao ra chat ddng phén lap thé 1 (48 mg).
'H NMR (CDCls, 400 MHz): 7,74 (s, 1H), 7,33 - 7,29 (m, 1H), 7,01 - 6,89 (m, 3H),
6,73 (s, 1H), 5,19 (s, 2H), 4,72 - 4,66 (m, 2H), 3,92 - 3,86 (m, 2H), 3,75 - 3,73 (m,
1H), 3,50 - 3,47 (m, 1H), 2,16 - 2,09 (m, 6H), 1,91 - 1,86 (m, 1H).
LC-MS: tr = 1,90 phit (Phuong phép 12), m/z = 369,1 [M + H]*.SFC-MS: i = 4,44
phut, ee% > 99%. p2° +133,00 (¢ = 0,10, DCM).
_chét ddng phan 14p thé 2 (32 mg).
'H NMR (CDCls, 400 MHz): 7,74 (s, 1H), 7,32 - 7,28 (m, 1H), 7,01 - 6,89 (m, 3H),
6,73 (s, 1H), 5,19 (s, 2H), 4,74 - 4,67 (m, 2H), 3,92 - 3,87 (m, 2H), 3,75 - 3,72 (m,
1H), 3,50 - 3,47 (m, 1H), 2,16 - 2,09 (m, 6H), 1,91 - 1,86 (m, 1H).
LC-MS: & = 1,89 phut (Phuong phap 12), m/z = 369,1 [M + H]".SFC-MS: & = 5,71
phut, ee% > 99%. p2° -82,00 (c = 0,10, DCM).

Vi du 100:
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7-(3-flobenzyl)-6-metyl-3-(tetrahydro-2H-pyran-3-yl)imidazo[1,5-a]pyrazin-
8(7H)-on, chit ddng phén lap thé 1 va 2:

Budc 1: Thém vao dung dich (3-metoxy-5-metylpyrazin-2-yl)metanamin (150 mg,
979,2 mol), tetrahydro-2 H-pyran-3-carboxylic axit (127,4 mg, 979,2 mol) trong DCM
(10 mL) HATU (670,2 mg, 1,8 mmol) va trietylamin (198,2 mg, 1,9 mmol). Hén hop
duoc khudy & 25°C trong 16 gid. Hon hop duoge pha lofing véi nuée (15 mL), duge
chiét véi DCM (3 x 30 mL). Lép hitu co két hop dwoc rira v6i nuée mudi (30 mL),
duge lam khod qua NaxSOs, dugce loc va duge ¢ dic. Can dugce tinh ché b%.ng TLC
didu ché (BEA/MeOH=20/1) dé tao ra N-((3-metoxy-5-metylpyrazin-2-
yl)metyl)tetrahydro-2 H-pyran-3-carboxamit (130 mg, 50% san luong).

Buée 2: Thém vao dung dich N-((3-metoxy-5-metylpyrazin-2-yl)metyl)tetrahydro-
2H-pyran-3-carboxamit (130 mg, 490 mol) trong dioxan (3 mL) POCl; (1,28 g, 490
mol). Hn hop dugc khudy & 80°C trong 3h. Hbn hop dugc 1am ngudi xudng 25°C va
duge b dic. Cin duoc trung hoa bing NaHCOsmrde bio hoa, duoe chibt voi etyl
axetat (2 x 20 mL). Lép hitu co két hop duge rira v6i nuée mubi (20 mL), duge 1am
khd qua NaxSOgs, duge loc va duge b dac dé tao ra 8-metoxy-6-metyl-3-(tetrahydro-
2 H-pyran-3-yl)imidazo[1,5-a]pyrazin tho (120 mg, 99% sin lugng). Chit thd dugc st
dung tryc tiép cho budc tiép theo.

Budc 3: Thém vao dung dich 8-metoxy-6-metyl-3-(tetrahydro-2H-pyran-3-
yl)imidazo[1,5-a]pyrazin (120 mg, 485,3 mol) trong dioxan (3 mL) HC1 (2 M, 3 mL).
Hdn hop duge khudy & 80°C trong 3h, Hdn hop dugc 1am ngudi xudng 25°C va dugce
¢d dic, dugce trung hoa véi NaHCO3 nudce béo hoa, duge chiét véi DCM (3 x 30 mL).
Lép hitu co két hop dwoc rira véi nude mudi (20 mL), duge 1am khd qua NaxSOs,
duoc loc va duoce ¢d dic dé tao ra 6-metyl-3-(tetrahydro-2 H-pyran-3-yl)imidazo[1,5-
alpyrazin-8(7H)-on thé (110 mg, 97% san lugng). San phim thé dwoc sir dyung truc

tiép cho bude tiép theo.
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Buéc 4: Thém vao dung dich 6-metyl-3-(tetrahydro-2H-pyran-3-yl)imidazo[1,5-
a]pyrazin-8(7H)-on (100,0 mg, 428,7 mol) va 1-(bromometyl)-3-flobenzen (121,6 mg,
643,0 mol) trong DMF (5 mL) K2COs (118,5 mg, 857,4 mol). H3n hop dugc khudy &
80°C trong 2h. H8n hop duge lam ngudi xubng 25°C va dugce pha lodng véi nude (20
mL), dwoc chiét véi etyl axetat (3 x 30 mL). Lép hitu co két hop dugc rira v6i nuée
mudi (30 mL), dugc lam khd qua NaxSO4, duge loc va duge ¢d dic. Cin duge tinh
ché bing TLC diéu ché (PE/EA=1/1) d8 tao ra 7-(3-flobenzyl)-6-metyl-3-(tetrahydro-
2H-pyran-3-yl)imidazo[1,5-a]pyrazin-8(7H)-on (80 mg, 54% san lugng).
7-(3-flobenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-3-yl)imidazol[ 1,5-a]pyrazin-8(7H)-on
(80 mg, 234,3 mol) duoe tinh ché bing SFC.

Thu dugce 7-(3-flobenzyl)-6-metyl-3~(tetrahydro-2 H-pyran-3-yl)imidazo(1,5-
a]pyrazin-8(7H)-on, chit ddng phan 1ip thé 1 (26 mg, 33% san luong).

'H NMR (CDCl; 400 MHz): 7,92 (s, 1H), 7,33-7,27 (m, 1H), 7,00-6,89 (m, 3H), 6,81
(s, 1H), 5,23 (s, 2H), 4,11-4,03 (m, 2H), 3,69 (t, J= 11,2 Hz, 1H), 3,57-3,53 (m, 1H),
3,17-3,14 (m, 1H), 2,18-2,11 (m, 5H),1,85-1,79 (m, 2H).

LC-MS: r = 2,06 phut (Phuong phép 3), m/z = 342,1 [M + H]*. SFC: &z = 5,286 phiit,
ee% > 99%. p20 = -3,0 (¢ = 0,10, CHCl).

7-(3-flobenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-3-yl)imidazo[1,5-a]pyrazin-8(7H)-
on, chit dong phén 13p thé 2 (28 mg, san lugng: 35%) thu duge.

'H NMR(CDCls 400 MHz): 7,92 (s, 1H), 7,31-7,27 (m, 1H), 7,00-6,89 (m, 3H), 6,81
(s, 1H), 5,22 (s, 2H), 4,11-4,03 (m, 2H), 3,68 (t, J = 11,2 Hz, 1H), 3,57-3,53 (m, 1H),
3,17-3,14 (m, 1H), 2,18-2,11 (m, 5H), 1,84-1,78 (m, 2H).

LC-MS: g = 2,06 phiit (Phwong phap 3), m/z = 342,2 [M + H]*. SFC: & = 6,404 phut,
ee% > 99%. p?’ =+3,0 (c = 0,10, CHCL).

THU NGHIEM TRONG ONG NGHIEM
THU NGHIEM U'C CHE PDE1

Tién hanh céc thir nghiém PDE1A, PDE1B va PDE1C nhu sau: cac thir nghiém duoc
thyc hién trong cac miu 60 L c6 chira lugng cb dinh ctia enzym 1 PDEI (du dé
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chuyén héa 20-25% chit nén nucleotit vong), chét #&m (50 mM HEPES do6 pH 7.6;
10 mM MgClz; Tween20 0,02 %), 0,1 mg/ml BSA, 15 nM cAMP dugc ghn nhin triti
va cac ham luong thay ddi ciia céc chit tic ché, Khoi dAu cac phan ng bing céch bd
sung chit nén nucleotit vong, va d& cho phan ting dién ra trong thoi gian 1 git & nhiét
d6 trong phong trude khi 1am dimg bing cich trdn v6i 20 L (0,2 mg) hat SPA ytri
silicat (PerkinElmer). Céc hat duge dé cho ling xudng trong thdi gian 1 gi&y trong t5i
trude khi cac dia dugc dém trén thiét bj dém Wallac 1450 Microbeta. Tin hidu do
dugc c6 thé duoc chuyén héa hoat tinh twong ddi so véi ddi chiing khéng bi tc ché

(100%) va céc gia tri ICso dugc tinh bang cach sir dung XIFit (mau 205, IDBS).
THU NGHIEM U'C CHE PDE9

Thir nghiém PDE9 ¢6 thé vi dy, duoc tién hanh nhu sau: Tién hanh thir nghiém trong
céc miu 60 pL c6 chira luong c¢b dinh clia enzym PDE (dd dé chuyén héa 20-25%
chét nén nucleotit vong), dém (50 mM HEPES7,6; 10mM MgCh; 0,02% Tween20),
0,1mg/ml BSA, 225 pCi chét nén nucleotit vong duoc gén nhan *H, cAMP duge gin
nhan triti dén ndng do cudi bing 5 nM va cac ham luong thay ddi cia céc chiét trc ché.
Khoi ddu cac phan {mg bing cach bd sung chit nén nucleotit vong, va d cho phan
ting dién ra trong thdi gian mdt gid & nhiét do trong phong trude khi lam dimg bing
céch tron v6i 15 pL 8 mg/mL hat SPA ytri silicat (Amersham), Céc hat duge dé cho
ling xubng trong mot gidr trong tdi trude khi cac dia dugc dém trén thiét bi dém
Wallac 1450 Microbeta. Tin hiéu do duoc ¢ thé duge chuyén hoa thanh hoat tinh so
v6i @i chung khong duge e ché (100 %) va céc gid tri ICso ¢b thé duge tinh béng
cach st dung mé rong X1fit cho EXCEL.

Trong bdi canh séng ché tién hanh thir nghiém trong 60 pL dém thtt (50 mM HEPES
dd pH 7,6; 10mM MgCly; 0,02% Tween20) chita di PDE9 d& chuyén héa 20-25% 10
nM 3H-cAMP va cac ham luong thay dbi cta cic chit e ché. Sau 1 gid 0 dimg phan
mg bing cach bd sung 15 pL. 8 mg/mL hat SPA ytri silicat (Amersham). Céc hat
duge cho ling xudng trong mét gidr trong t6i trude khi céc dia duge dém trén cac thiét
bi dém hiéu Wallac 1450 Microbeta.
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YEU CAU BAO HOQ

1. Hop chét ¢6 cong thie (D):

0]
Ry N7 N
N
( o N—”
q
R3 R4 \6) n
R4
@
trong do:
n la 0 hodc 1;

q la 0 hodic 1;

R1 duoc chon tir nhém bao gf‘)m benzyl, indanyl, indolin va heteroaryl c6 5 canh; tht
ca trong s& ching c6 thé duge thé bing nhém thé duge chon tir nhém bao gdm
halogen va Ci-Cj3 alkyl; hodc

R1 duge chon tir nhém bao gdm vong don bdo hoa chira 4-6 nguyén tir cacbon va 1-
2 nguyén tix nito; tt ca trong s6 ching c6 thé duge thé mét hodic nhidu l4n bing mot

hodc nhidu nhém thé dugc chon tir nhém bao gdm metyl, flo va sulfonamit; hodc

R1 duge chon tir nhom bao gdm lactam chira 4-6 nguyén tir cacbon; tAt ca trong s&
chang ¢6 thé dugc thé mdt hodc nhidu lan bing mdt hodc nhidu nhém thé duge chon

tr nhém bao gdm metyl va flo; hodc

R1 duge chon ti nhém bao gdm ete hai vong nhu, 7-oxabixyclo[2.2.1]heptan; tat ca
trong s6 chiing c6 thé dugc thé mt hodic nhiéu 1dn bing mot hodc nhidu nhém thé

duoc chon tir nhém bao gbm metyl va flo; hodc

R1 duge chon tir nhém bao gém Ci-Cs alkyl mach théng hodc mach nhénh, C3-Cs
xycloalkyl don vong bio hoa, oxetanyl, tetrahydrofuranyl va tetrahydropyranyl; tht
ca trong s6 ching c6 thé duoc thé mdt hodc nhidu 1dn bﬁng mgt hodc nhidu nhém thé

dugce chon tir nhém bao gém metyl, flo, hydroxy, xyano ho#ic metoxy; hodic
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R1 1a C;-Cj alkyl mach thing ho#c mach nhanh, dugc thé bing nhom thé dugc chon
tir phenyl va heteroaryl ¢6 5 canh, trong d6 heteroaryl c6 5 canh nay ¢4 thé dugc thé
bing mét hoiic nhiéu C;1-C; alkyl; hodc

R1 duge chon tir nhém bao gém morpholin, tetrahydrofuran-3-amin, hexahydro-
2 H-furo[3,2-b]pyrol va homomorpholin; tht ca trong sb ching c6 thé dugc thé bang
mot hodic nhidu nhém thé duge chon tir nhém bao gdm Ci-Cs alkyl;

R2 dugce chon tir nhdém bao gém hydro, C1-Cs aikyl mach théng hodc mach nhanh,
phenyl, C3-Cg xycloalkyl don vong bio hoa, oxetanyl, benzo [d][1,3]dioxolyl,
tetrahydrofuranyl va tetrahydropyranyl; hodc

R2 1a phenyl ho#c pyridyl dugc thé bing mot hodic nhidu nhém thé dwoc chon t
nhém bao gdm hydroxyl, amino, xyano, halogen, C1-Cs alkyl, C1-Cs alkoxy, C3-Cs
xycloalkoxy, C3-Cs xycloalkyl-metoxy, Ci-Cs floalkoxy, va -NC(O)CHs; ho#c

R2 13 heteroaryl cé 5 canh co thé dugc thé bing mot hodc nhidu C1-Cs alkyl;

R3 duge chon tit nthém bao gdm hydro,halogen, C1-Cs alkyl, C3-Cs xycloalkyl va
phenyl; hodc

R3 duogc chon tir nhém bao gﬁr_n phenyl dugc thé mét hoic nhidu 14n bing C1-C3
alkyl; metyl dugc thé mét, hai hodic ba 1in bing flo; etyl duge thé mot, hai hodc ba

14n béng flo;

R4 12 hydro;

va cdc chit h3 bién va cac mudi cfng duge dung ctia n.
2. Hop chét theo diém 1, trong do:

R1 duge chon tir nhém bao gbm C1-Cs alkyl mach thing hodc mach nhénh, C3-Cs
xycloalkyl don vong béo hoa, oxetanyl, tetrahydrofuranyl, va tetrahydropyranyl;

R2 duge chon tir nhém bao gdm, Ci-Cg alkyl mach thing hodc mach nhénh, phenyl,

va C3-Cs xycloalkyl don vong béo hoa; hogic

R2 dwoe chon tir nhém bao gdm phenyl dugc thé bing nhém thé duge chon tir nhém
bao gdm halogen, Ci-C; alkyl va metoxy;
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R3 dugce chon tir nhém bao gém hydro, Ci-Cs alkyl va halogen va;
R4 14 hydro.

3. Hop chit theo diém 1, trong d6 R1 13 duge chon tir tetrahydrofuranyl va
tetrahydropyranyl.

4. Hop chét theo diém 1, trong d6 hop chit nay dugc chon tir nhém bao gbm:

6-Benzyl-7-(3-flobenzyl)-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on;

6-Benzyl-7-(xyclohexylmetyl)-3-(tetrahydro-2H-pyran-4-yl)imidazo[ 1 ,5-a]pyrazin-
8(7H)-on;

7-(Xyclohexylmetyl)-6-metyl-3-(tetrahydro-2H- -pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on;

7-(3 -Flobenzyl)—6-metyl-3-(tetrahydro—2H-pyran—4—yl)imidazo[1,5-a}pyrazin-—8(7H)-
on;

7-(4-clobenzy1)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1 ,5-a|pyrazin-8(7H)-

on;

6-Bromo-7-(3-flobenzyl)-3 -(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on;

7-Benzyl-6-metyl-3 ~(tetrahydro-2H-pyran-4-y1)imidazo[1,5-a]pyrazin-8(7H)-on;

7-(2-Flobenzy1)-6-metyl-3-(tetrahydro-2H—pyran—4-yl)imidazo[1 ,5-a]pyrazin-
8(7H)-on;
7-(3-clobenzyl)-6~metyl-3-(tetrahydro-2H—pyran—4-y1)imidazo[1,5~a]pyrazin—8(7H)—-
on;

7—(2—clobenzyl)—G-metyl-B-(tetrahydro—ZH—pyran—4—yl)imidazo [1,5-a]pyrazin-8(7H)-
on; |

7-(3—-Met0xybenzy1)-6—metyl—3 ~(tetrahydro-2H-pyran-4-yl)imidazo[1, 5-a]pyrazin-
8(7H)-on;
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6-Metyl-7-(2-metylbenzyl)-3-(tetrahydro-2H-pyran-4-yl)imidazo[ 1,5-a]pyrazin-
8(7H)-on;

6-Metyl-7-(4-metylbenzyl)-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on; A '

7-(4-Metoxybenzyl)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on;

7-(4-Flobenzyl)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-8(7H)-

on;

6-Metyl-7-(3-metylbenzyl)-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a] pyrazin-
8(7H)-on;
7-(3-flobenzyl)-6-metyl-3-(4-metyltetrahydro-2H-pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on; ’ ’ ’
4-(7-(3-flobenzyl)-6-metyl-8-ox0-7,8-dihydroimidazo[1,5-a]pyrazin-3-

yDtetrahydro-2H-pyran-4-carbonitril;

7-(3-flobenzyl)-3 -(4-metoxytetrahydro-2H-pyran-4-yl)-6-metylimidazo[1,5-
a]pyrazin-8(7H)-on;

7-(3-flobenzyl)-3 -(4—ﬂotetrahydro—2H-pyrén-4-yl)—6-mety1imidazo[1 ,5-a]pyrazin-
8(7H)-on;

(R)-7-(3-flobenzyl)-6-metyl-3-(tetrahydro-2H -pyran-2-yl)imidazo[1,5-a]pyrazin-
8(7H)-on;

(S)-7—(3~ﬂ0benzy1)-6-mety1f3-(tetrahydro—ZH _pyran-2-yl)imidazo[1,5-a]pyrazin-
8(7H)-on,

R)-7-(3 -ﬂobenzyl)-6-metyl-3—(tetrahydrofurén&-yl)imidazo[l ,5-a]pyrazin-8(7H)-

on;

(S)-7-(3 -flobenzyl)-6-metyl-3-(tetrahydrofuran-3-yl)imidazo[1,5-a] pyrazin-8(7H)-

on;
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R)-7-(3 -ﬂobenzyl)—6-mety1—3-(3-metyltetrahydr0ﬁ1ran—3-yl)imidazo[I ,5-a]pyrazin-
8(7H)-on;
(S)-7-(3-flobenzyl)-6-metyl-3-(3-metyltetrahydrofuran-3-yl)imidazo[1,5-a] pyrazin-
8(7H)-on;

7-(3-flobenzyl)-6-metyl-3-(1-metylxyclopropyl)imidazo[ 1,5-a]pyrazin-8(7H)-on;
3-(2,2-difloxyclopropyl)-7 -(3-ﬂobénzyl)-G—metyiimidazo[1,5-a]pyrazin—8(7H)—on;

7-(3-flobenzyl)-6-metyl-3-((1R,2S)-2-metylxyclopropyl)imidazo[1,5-a]pyrazin-
8(7H)-on;
7-(3-flobenzyl)-6-metyl-3-((1R,2R)-2-metylxyclopropyl)imidazo[1,5 -alpyrazin-

8(7H)-on;
7-(3-flobenzyl)-6-metyl-3-((15, 25)-2-metylxyclopropyl)imidazo[ 1 ,5-a]pyrazin-

8(7H)-on;
7-(3-flobenzyl)-6-metyl-3-((1S, 2R)-2-metylxyclopropyl)imidazo[1,5-a]pyrazin-

8(7H)-on;

7-(3-ﬂobénzy})-6-mety}~3-((2S, 3R)-2-metyltetrahydrofuran-3-yl)imidazo{1,5-
a]pyrazin-8(7H)-on;

7-(3-flobenzyl)-6-metyl-3-((2S, 3S)-2-metyltettahydrofuran—3 -yDimidazo[1,5-
alpyrazin-8(7H)-on,

7-(3-flobenzyl)-6-metyl-3-((2R, 3R)-2-metyltetrahydrofuran-3 -yl)imidazo[1,5-
a]pyrazin-8(7H)-on;

7-(3-flobenzyl)-6-metyl-3-((2R, 3S5)-2-metyltetrahydrofuran-3-yl)imidazo[1,5-
a|pyrazin-8(7H)-on,

7-(3-flobenzyl)-3-((1R, 285)-2-floxyclopropyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-
on;

7-(3-flobenzyl)-3-((1R, 2R)—2—ﬂoxyclopropyl)—6-mety1imidazo[1,5~a}pyrazin-8(7H)—
on;

7-(3-flobenzyl)-3-((15, 28)-2-floxyclopropyl)-6-metylimidazo[1 ,5-a]pyrazin-8(7H)-

on;
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7-(3-flobenzyl)-3-((1S, 2R)-2-floxyclopropyl)-6-metylimidazo[1,5-a]pyrazin-8(7H)-

on;

7-(4-xyclopropoxybenzyl)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]
pyrazin-8(7H)-on;

7-(4-(diflometoxy)benzyl)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[ 1,5-a]
pyrazin-8(7H)-on;

6~mety1-3-(tetrahydro»2H—pyré.n-4-y1)-7-(4—(triﬂometoxy)benzyl)imidazo{1,S-a}
pyrazin-8(7H)-on;

7-(4-(xyclopropylmetoxy)benzyl)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo
[1,5-a]pyrazin-8(7H)-on;

7-benzy1—6-ety1-3—(tetrahydro-ZH-pyraﬁ-4-yl)imidazo[1,5 -a]pyrazin-8(7H)-on;

6-etyl-7-(4-metoxybenzyl)-3-(tetrahydro-2H-pyran-4-yl)imidazo{ 1,5-a]pyrazin-
8(7H)-on;

3 —((6-metyl-8~oxo-3 -(tetrahydro-2H. -pyran-4-yl)imidazo[1,5-a]pyrazin-7(8 H)-
yl)metyl)benzonitril;

4-((6-metyl-8-ox0-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-7(8 H)-
yl)metyl)benzonitril;

N-(4-((6-metyl-8-oxo-3-(tetrahydro-2H-pyran-4-yl)imidazo{1, 5-a]pyrazin-7(8H)-
yDmetyl)phenyl)axetamit; |

7-(4-clo-3 -metoxybenzyl)-G-metyI—3-(tetrahydro-2H-pyran—4-yl)imidazo[1 ,5-
ajpyrazin-8(7H)-on;

7-(2-etylbenzyl)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5 -alpyrazin-
8(7H)-on; '

7-(benzo[d][1 ,3]dioxol-S-ylmetyl)—6-metyl—-3-(tetrahydro-2H—pyran~4-yi)imidazo
[1,5-a]pyrazin-8(7H)-on;

7-(3-clo-4-metoxybenzyl)-6-metyl-3-(tetrahydro-24- -pyran~4—yl)imidazo[1 ,5-a]
pyrazin-8(7H)-on,

-170-



30635

7-(4-aminobenzyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[ 1,5-a}pyrazin-
8(7H)-on;

7-(4-hydroxybenzyl)-6-metyl-3 ~(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on;

6-etyl-7-(3-flobenzyl)-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a] pyrazin-8(7H)-

on;

7-(4-metoxybenzyl)-6-metyl-3-((2S, 3R)-2-metyltetrahydrofuran-3 -yDimidazo[1,5-
a]pyrazin-8(7H)-on;

7-(4-metoxybenzyl)-6-metyl-3-((28, 35)-2-metyltetrahydrofuran-3-yl)imidazo[1,5-
alpyrazin-8(7H)-on;

7-(4-metoxybenzyl)-6-metyl-3-((2R, 3R)-2-metyltetrahydrofuran-3-yl)imidazof1,5-
ajpyrazin-8(7H)-on; -

7-(4-metoxybenzyl)-6-metyl-3-((2R, 3S)-2-metyltetrahydrofuran-3 -ylimidazo[1,5-
a|pyrazin-8(7H)-on;

7-(4-metoxybenzyl)-6-metyl-3-propylimidazo(1 ,5-a]pyrazin-8(7H)-on;

7-((6-metoxypyridin-3-yl)metyl)-6-metyl-3-(tetrahydro-2 -pyran-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on;

6,7-dimetyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1 ,5-a]pyrazin-8(7H)-on;
7-ety1-6—metyl-3«(tetrahydronH-pyran-4 -yl)imidazo[1,5-a]pyrazin-8(7H)-on;
6-metyl—7-propyl-3-(tetrahydro-2H-pyran~4-y1)imidazo[1,5-a}pyrazin—8(7 -on;
7-isopropyi—G-metyl—3~(tetrahydro-ZH—pyran-4-yl)imidazo[1,5 -a]pyrazin-8(7H)-on;
7-isopentyl-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo{ 1,5 -a]pyrazin-S( 7H)-on;

7-(xyclopentylmetyl)-6-metyl-3-(tetrahydro-2H -pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7Hy-on;

2-((6-metyl-8-oxo-3-(tetrahydro-2H- -pyran-4-yl)imidazo[1,5-a]pyrazin-7(8H)-
yDmetyl)benzonitril;
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7-(xycloheptylmetyl)-6-metyl-3-(tetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on;

7-(4-metoxybenzyl)-6-metyl-3-(3-metyltetrahydro-2 H-pyran-4-yl)imidazo[1,5-a]
pyrazin-8(7H)-on;

7-(4-metoxybenzyl)-6-metyl-3-((1R,2R,48)-2-metyl-7-oxabixyclo[2.2.1]heptan-2-
yDimidazo[1,5-a]pyrazin-8(7H)-on;

(S)-7-(4-metoxybenzyl)-6-metyl-3-(1 -phenyletyl)imidazo[1,5-a]pyrazin-8(7H)-on;
(R)-7-(4-metoxybenzyl)-6-metyl-3-(1-phenyletyl)imidazo[1,5-a]pyrazin-8(7H)-on;

3-(1,4-dimetylpiperidin-4-y1)-7-(4-metoxybenzyl)-6-metylimidazo[1,5-a}pyrazin-
8(7H)-on;

3-(6-clo-2,3-dihydro-1H-inden-1-yl)-7-(4-metoxybenzyl)-6-metylimidazo[1,5-a]
pyrazin-8(7H)-on;

7-(4-metoxybenzyl)-6-metyl-3-(3-metyl-5-oxopyrolidin-3-yl)imidazo[1,5-
a|pyrazin-8(7H)-on;

3-(1-metoxy-2-metylpropan-2-yl)-7-(4-metoxybenzyl)-6-metylimidazo[1 ,5-a)
pyrazin-8(7H)-on;

3-isopropyl-7-(4-metoxybenzyl)-6-metylimidazo[1,5-a] pyrazin-8(7H)-on;

6-metyl-7-((2-metylthiazol-4-yl)metyl)-3-(tetrahydro-2H -pyran-4-yl)imidazo[1,5-
aJpyrazin-8(7H)-on;

6-metyl-3-(tetrahydro-2H-pyran-4 -y1)-7-(thiophen-3-ylmetyl)imidazo[1,5-a]
pyrazin-8(7H)-on,

6-metyl-3 ~(tetrahydro-2H-pyran-4-yl)-7-(thiazol-4-ylmetyl)imidazo[ 1 ,5-a]pyrazin-
8(7H)-on;

7-((3,5-dimetylisoxazo 1-4-yl)metyl)-6-metyl-3-(tetrahydro-2H- -pyran-4-yl)
imidazo[1,5-a]pyrazin-8(7H)-on;

6-metyl-7-((5-metylisoxazol-3-yl)metyl)-3 ~(tetrahydro-2H-pyran-4-yl)imidazo[1,5-

ajpyrazin-8(7H)-on;
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6-mety1-7-((3-metylisoxazol;S-yI)metyI)-3-(tetrahydro-2H—pyran—4-yl)imidazo[I ,5-
a]pyrazin-8(7H)-on;

3-(2,6-dimetyltetrahydro-2H-pyran-4-y1)-7-(4-metoxybenzyl)-6-metylimidazo[1,5-
a]pyrazin-8(7H)-on; '

7-(xyclohexylmetyl)-6-metyl-3-propylimidazo[1,5-a]pyrazin-8(7H)-on;

3-(2-hydroxypropan-2-yl)-7-(4-metoxybenzyl)-6-metylimidazo{1,5-a]pyrazin-
8(7H)-on;

3-(2-ﬂopropan—2-y1)-7-(4-metoxybenzy1j-6-metylimidazo [1,5-a]pyrazin-8(7H)-on;
7-(4-metoxybenzyl)-6-metyl-3-(7-oxoazepan-4-yl)imidazo[ 1,5-a]pyrazin-8(7H)-on;

7-(4-metoxybenzyl)-6-metyl-3-(5-metyltetrahydrofuran-3-yl)imidazo[1,5-a]pyrazin-
8(7H)-on;

7-(4-metoxybenzyl)-6-metyl-3-(1-(4-metylthiazol-2-yl)etyl)imidazo[ 1,5-a]pyrazin-
8(7H)-on; .

3-(7-(4-metoxybenzyl)-6-metyl-8-oxo-7,8-dihydroimidazo[1,5-a]pyrazin-3-yl)-3-

metylpyrolidin-1-sulfonamit;

6-(xyclopentylmetyl)~7—(4-metoxybenzy1)-3—(tetrahydro-2H-pyran—4-yl)imidazo
[1,5-alpyrazin-8(7H)-on;

3-(morpholino)-7-(4-metoxybenzyl)-6-metylimidazo(1,5-a]pyrazin-8(7H)-on;

7-(4-metoxybenzyl)-6-metyl-3-((tetrahydrofuran-3-yl)amino)imidazo{1,5-
a]pyrazin-8(7H)-on;
(R)-7—(4-metoxybenzy1)—6—metyl;3-(3-metylmorpholino)imidazo[1 ,5-a]pyrazin-
8(7H)-on;

(S)-7-(4-metoxybenzyl)-6-metyl-3-(3 -metylmorpholino)imidazo{1,5-a]pyrazin-
8(7H)-on;

7-(4-metoxybenzyl)-6-metyl-3 -(1,4-oxazepan-4-yl)imidazo[1,5-a]pyrazin-8(7H)-

on;
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3-(2,2-dimetylmorpholino)-7-{4-metoxybenzyl)-6-metylimidazo{1,5-2]pyrazin-
8(7H)-on; o

7-(3-flobenzyl)-3-((3aS,6a8)-hexahydro-4H-furo[3,2-b]pyrrol-4-yl)-6-metylimidazo
[1,5-a]pyrazin-8(7H)-on;

7-(3-flobenzyl)-3-((3aR,6aR)-hexahydro-4 H-furo[3,2-b]pyrrol-4-yl)-6-
metylimidazo{1,5-a]pyrazin-8(7H)-on;

R)-7-(3 -ﬂobenzyl)—6-metyi—3-(tetrahydro-Z’H -pyran-3-yl)imidazo[1,5-a]pyrazin-
8(7H)-om;

(S)-7-(3-flobenzyl)-6-metyl-3 -(tetrahydr6—2H ~-pyran-3-yl)imidazo[1,5-a]pyrazin-
8(7H)-on;

hoiic mubi duge dyng cta bét ky trong s cac hop chét nay.
5. Hop chét theo didm 1, trong d6 hop chét nay la:

7-(Xyclohexylmetyl)-6-metyl-3-(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on; o

hogic mudi dugc dung clia nd.
6.  Hop chit theo diém 1, trong d6 hop chat nay la:

6-Metyl-7-(4-metylbenzyl)-3-(tetrahydro-2H: -pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on;

hodc mudi duoc dung ciia nd.
7. Hop chét theo diém 1, trong d6 hop chét nay la:

7-(4«Metoxybenzj1)-6-metyl—3 ~(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on; '

- A 5 7
hodc muoi duge dung cua no.

8. Hop chét theo diém 1, trong d6 hop chét nay 13 7-(benzo[d][1,3]dioxol-5-
ylmetyl)—ﬁ-metyl—S-(tetrahydro-ZH—pyran—4-yl)imidazo[l,5-a]pyrazin—8(7H)—on;

v K L) » 7
hoic mudi duge dung cua no.
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9. Hop chét theo diém 1, trong d6 hop chét nay 1a:

7-((6-metoxypyridin-3-yl)metyl)-6-metyl-3-(tetrahydro-2H- -pyren-4-yl)imidazo[1,5-
a]pyrazin-8(7H)-on;

hodic mudi duge dung clia nd.
10.  Hop chit theo diém 1, trong d6 hop chit nay 1

7-(xycloheptylmetyl)-6-metyl-3 ~(tetrahydro-2H-pyran-4-yl)imidazo[1,5-a]pyrazin-
8(7H)-on;

hodic mubi duge dung cla nd.
11.  Hop chét theo diém 1, trong d6 hop chit nay 1a:

7-(4-metoxybenzyl)-6-metyl-3-(1-(4-metylthiazol-2-yl)etyl)imidazo[1,5 -ajpyrazin-
8(7H)-on;

hoc mudi dugc dung ciia nd.
12.  Hop chét theo diém 1, trong d6 hop chét nay la:

7-(4-metoxybenzyl)-6-metyl-3-(1-(4 -metylthiazol-2-yl)etyl)imidazo[1,5-a]pyrazin-
8(7H)-on;

- ‘ + 7 14
hodc mubi duge dung cla no.

13.  Ché phim duoc chita hrong c6 hiéu qua chita bénh ctia hop chit theo mot diém
bat ky trong s6 cac didm tir 1 dén 12 hoiic mudi duge dung cha nd, va mdt hodc nhidu

chét mang, chét pha lofing va t4 dugc dugc dung.
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