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Cong thire 1

hodc muéi duoc dung ctia né hoic dugc phdm chita cdc hop chét nay dé st dung
trong tri liéu. Cu thé, hop chat vong pyridin ngung tu c¢6 5-6 canh ¢6 cong thiic I
theo sang ché c6 thé dung dé diéu tri cac roi loan qua trung gian Tyrosin kinaza
Bruton (Btk).
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Linh vuc k§ thuit dwge dé cip

Sang ché dé cap dén hop chét vong pyridin ngung tu cé 5-6 canh, duoc phim
chtra hop chét nay dé str dung trong tri liéu. Cu thé, sang ché dé cap dén hop chét vong
pyridin ngung tu cé 5-6 canh dung trong didu trj cac réi loan qua trung gian Tyrosin

Kinaza Bruton (Bruton's Tyrosine Kinase: Btk).
Tinh trang ky thuét caa siang ché

Su hoat hoa lympho bao B 1a yéu td then chét trong viéc tao ra ciac dap ung
mién dich thich ing. Su hoat héa lympho bao B bi 1am tréch la dau hiéu phén biét ctua
nhiéu bénh tu mién va do dé viée diéu bién dap tmg mién dich nay la mbi quan tam
trong tri liéu. Gan day, thanh cong clia cdc phuong phap tri liéu té bao B trong céc
bénh tu mién da duoc thiét 1ap. Viéc diéu tri cdc bénh nhan viém khép dang thép (RA)
béng Rituximab (tri liéu khang CD20) 1a tri liéu lam sang duogc chép nhéan hién nay.
Céac nghién ctu thr nghiém lam sang gin day hon cho thdy ring viéc didu tri bang
Rituximab cfling 1am thuyén giam céc triéu ching bénh & cdc bénh nhan méc bénh xo
cung rai rac tai phat-thuyén giam (RRMS) va luput ban do toan than (SLE). Thanh
cong nay ung ho tiém nang dbi voi céc tri lidu twong lai trong cac bénh tu mién nhim

dich mién dich té bao B.

Tyrosin kinaza Bruton (Btk) la protein kinaza khong thu thé ho Tec, duoc bidu
hién trong cac t& bio B va céc té bao tuy. Chirc ning cua Btk trong cac con dudng
truyén tin hiéu duoc hoat héa baoi su tham gia cta thu thé té bao B (BCR) va FceR1
trén céc dudng bao da dugc biét rd. Ngoai ra, chic ning cta Btk lam dich phia dudi
trong qua trinh truyén tin hiéu thu thé kiéu Toll da duoc dé xudt. Céac dot bién chirc
nang trong Btk & ngudi dan dén bénh suy giam mién dich nguyén phat dugc goi 1a
XLA, bénh nay dugc dic trung boi khiém khuyét trong qua trinh phét trién cta té bao
B v&i su phong bé gifta giai doan té bao tién than dong B (pro-B) va té bao tién B (pre-

B). Diéu nay din dén su khong c6 mit hdu nhu hoan toan cua céc té bao lympho B &
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ngudi lam giam 6 rét globulin mi&n dich thudc tit ca cac 16p trong huyét thanh. Cac
phat hién nay ung hd vai trd quan trong cua Btk trong viéc diéu hoa su san xuét c4c tu
khang thé trong céc bénh tu mién. Ngoai ra, su diéu hoa ctia Btk c6 thé anh huéng dén
su san xudt cac xytokin tién viém do BCR gy ra va cac chemokin boi té bao B, cho

thdy tiém nang rong 16n cua Btk trong viée diéu tri cac bénh ty mién.

V6i vai tro didu hoa di duoc thong bao dbi véi Btk trong viée hoat hoa dudng
bao qua trung gian FceR, chit e ché Btk ciing c¢6 thé cho thiy tiém nang trong viéc
diéu tri cac dap ung di ung [Gilfillan et al, Inmunological Reviews 288 (2009) pp149-
169].

Hon nita, Btk cling dd duoc thdng bdo 1a c6 lién quan trong sy biét hoa cta té
bao huy xuong do RANKL gay ra [Shinohara et al, Cell 132 (2008) pp794-806] va do

do cling c6 the dugce quan tam dé diéu tri cac roi loan tiéu xuong.

Céc bénh khic v&i vai tro quan trong dbi véi céc té bao B loan chirc ning la
khéi u 4c tinh té bao B. Thuc vay, tri liéu khang CD20 dugc sir dung mot cach hidu
qué trong diéu tri lam sang u lympho dang nang, u lympho té bao B 1én toa rong va
bénh bach cau lympho bao man tinh [Lim et al, Haematologica, 95 (2010) pp135-143].
Vai trd da duoc biét ddi voi Btk trong viée diéu hoa qua trinh ting sinh va chét theo
chuong trinh ctia cac té bao B cho thdy chat trc ché Btk cling c6 tiém ning dé diéu tri u
lympho té bao B. Viéc tic ché Btk dudng nhu ¢6 lién quan cu thé d6i voi u lympho té
bao B do su truyén tin hiéu BCR hoat d6ng man tinh [Davis et al, Nature, 463 (2010)
pp88-94].

Mot s6 16p hop chét vong pyridin ngung tu c6 5-6 canh di duge mo ta 1a chit
trc ché kinaza, vi du, hop chit imidazo[1,5-f][1,2,4]triazin di dugc md ta trong
W02005097800 va W02007064993; Hop chit imidazo[1,5-a]pyrazin da duge mo ta
trong W0O2005037836 va W0O2001019828 1a chat tic ché enzym IGF-1R.

Mot s chat (e ché Btk da duoc biét 1a khong c6 tinh chon loc ddi voi kinaza ho
Src. Vi céc tac dung bat loi nghiém trong dugc thdong bdo ddi véi cac bat hoat cua
kinaza ho Src, dic biét 1a déi véi cac bat hoat kép va bd ba, diéu nay dugc xem la sy
ngan cAm dbi voi su phét trién chét e ché Btk ma khéng cé tinh chon loc dbi voi

kinaza ho Src.
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Ca chu6t nhat thiéu hut Lyn va chudt nhit thiéu hut Fyn déu thé hién tinh tu
mién giéng nhu phenotyp cua chimg viém than luput & ngudi. Ngoai ra, chudt thiéu
hut Fyn cling cho théy cac khiém khuyét than kinh & rét. Chudt bi bat hoat Lyn ciing
cho thdy phenotyp giéng nhu di tmg, cho thay Lyn la chat diéu hoa 4m rong cta déap
img di Gng qua trung gian IgE bing cach kiém soat dap tng dudng bao va céc tinh
trang ¢6 lién quan dén di ung [Odom et al, J. Exp. Med., 199 (2004) pp1491-1502).
Hon nita, céc con chudt gia bi bat hoat Lyn phét trién ching phi dai lach nghiém trong
(su md& rong cua tuy bao) va khdi u bach cau don nhan to/dai thuc bao toa lan [Harder
et al, Immunity, 15 (2001) pp603-615]. Cac quan sat nay la phu hgp véi cac té bao B,
céc dudng bao va cac té bao tiy ting dép tmg, va mirc Ig ting dugc quan st thdy &

chudt thiéu hut Lyn.

Céac con chudt cai bi bat hoat Src bi vo sinh do su phat trién nang va rung trirng

bi giam [Roby et al, Endocrine, 26 (2005) pp169-176].

Céc bt hoat kép Src” “Fyn” va Src” “Yes™ cho thdy phenotyp nghiém trong véi
cac anh hudéng dén van dong va tho. Cac chuot bét hoat bo ba Src'/'Fyn'/'Yes‘/' chét vao
ngay 9,5 [Klinghoffer et al, EMBO J., 18 (1999) pp2459-2471]. Déi véi bit hoat kép
Src”Hcek™, hai phén ba s6 chudt nhét chét khi sinh ra, véi céc con chudt séng sot phat
trién bénh xuong héa da, su tao huyét ngoai tuy, bénh thiéu mau, su giam bach cu
[Lowell et al, Blood, 87 (1996) pp1780-1792].

Do dé, chét tc ché ma tc ché déng thoi nhiéu hodc tit ca cac kinaza thude ho
Src ¢6 thé gay ra céc tac dung bat loi nghiém trong.

Bin chit ky thuit ciia sang ché

Vi céc 1y do néu trén, muc dich cua sang ché 1a d& xuat hop chat vong pyridin
ngung tu cd 5-6 canh, duoc phdm chira cac hop chét niy va st dung chiing trong tri
liéu. Cu thé, sang ché dé cap dén viéc sir dung hop chit vong pyridin ngung tu c6 5-6
canh d& diéu tri cac rdi loan qua trung gianTyrosin kinaza Bruton (Btk).

Cu thé hon, sang ché dé cap dén hop chit vong pyridin ngung tu ¢6 5-6 canh c6

cong thirc I hodc muoi duge dung cta no.



R2 Cong thuc I
Trong cong thitc nay, cic phan tir thé dugc x4c dinh nhu sau:
X la CH, N, O hoac S;
Y la C(R6), N, O hodc S;
7 1a CH, N hoic lién két;
A la CH hoédc N;
B1 1a N hoac C(R7);
B2 1a N hoac C(R8);
B3 1a N hodc C(R9);
B4 1a N hodc C(R10);
R1 1a R11C(0), R125(0), R13S0, hodc (1-6C)alkyl tiry y dugc thé bang R14;
R2 1a H, (1-3C)alkyl hodc (3-7C)xycloalkyl;
R3 1a H, (1-6C)alkyl hodc (3-7C)xycloalkyl); hoac

R2 va R3 tao thanh, cing vd&i nguyén to¢ N va C chung gan vao, (3-
7C)heteroxycloalkyl tuy y duogc thé bang mot hodc nhiéu flo, hydroxyl, (1-3C)alkyl,
(1-3C)alkoxy hodc oxo;

R4 1a H hoac (1-3C)alkyl;
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R5 la H, halogen, xyano, (1-4C)alkyl, (1-3C)alkoxy, (3-6C)xycloalkyl; tat ca
céc nhom alkyl cua RS tiy ¥ dugc thé bang mot hodc nhiéu halogen; hodc RS la (6-
10C)aryl hodc (2-6C)heteroxycloalkyl;

R6 1a H hoac (1-3C)alkyl; hoac

R5 va R6 cung nhau c6 thé tao thanh (3-7C)xycloalkenyl, hodc (2-
6C)heteroxycloalkenyl; mdi gc nay tiy v duoc thé bang (1-3C)alkyl, hoic mét hoic
nhiéu halogen;

R7 1a H, halogen hoac (1-3C)alkoxy;

R8 la H hoac (1-3C)alkyl; hodc

R7 va R8 tao thanh, cung v&i nguyén tir cacbon ma ching dugc gén vao, (6-
10C)aryl hoac (1-9C)heteroaryl;

R9 1a H, halogen hoéc (1-3C)alkoxy;

R10 1a H, halogen, hoac (1-3C)alkoxy;

R11 ddc lap dugc chon tr nhom bao gbm (1-6C)alkyl, (2-6C)alkenyl va (2-
6C)alkynyl mdi alkyl, alkenyl hodc alkynyl tuy y duoc thé bang mot hodc nhiéu nhom
duoc chon tir hydroxyl, (1-4C)alkyl, (3-7C)xycloalkyl, [(1-4C)alkyl]amino, di[(1-
4C)alkyl]amino,  (1-3C)alkoxy, (3-7C)xycloalkoxy, (6-10C)aryl hodc  (3-
7C)heteroxycloalkyl; hodc

R11 la (1-3C)alkyl-C(O)-S-(1-3C)alkyl; hodc

R11 la (1-5C)heteroaryl tuy y duoc thé béng mdt hodc nhiéu nhém duoc chon

tur halogen hodc xyano.

R12 va R13 ddc lap dugc chon tr nhém bao gém (2-6C)alkenyl hoac (2-
6C)alkynyl ca hai tuy y dugc thé bang mot hodc nhiéu nhém duoc chon tir hydroxyl,
(1-4C)alkyl, (3-7C)xycloalkyl, [(1-4C)alkyl]amino, di[(1-4C)alkyl]amino, (1-
3C)alkoxy, (3-7C)xycloalkoxy, (6-10C)aryl, hodc (3-7C)heteroxycloalkyl; hodc

(1-5C)heteroaryl tuy y duoc thé bing mot hoic nhiéu nhém duoc chon tur

halogen hodc xyano;
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R14 doc 1ap duoc chon tir nhom bao gdm halogen, xyano hodc (2-6C)alkenyl
hodc (2-6C)alkynyl ca hai tiy y duoc thé bing mot hodc nhiéu nhém duge chon tir
hydroxyl, (1-4C)alkyl, (3-7C)xycloalkyl, [(1-4C)alkyl]amino, di[(1-4C)alkyl]amino,
(1-3C)alkoxy, (3-7C)xycloalkoxy, (6-10C)aryl, (1-5C)heteroaryl hoac  (3-
7C)heteroxycloalkyl.

Vi diéu kién la:

- 0 dén 2 nguyén tir cua X, Y, Z c6 thé dong thoi 1a nguyén tur khéc loai;

- khi mot nguyén tt dugce chon tir X, Y 1a O hodc S, thi Z Ia lién két va
nguyén tir khac duge chon tr X, Y ¢ thé khong phai 1a O hodc S;

- khi Z 1a C hodc N thi Y la C(R6) hoac N va X 1a C hodc N;

- 0 dén 2 nguyén tir cia B1, B2, B3 va B4 l1a N.

M3 té chi tiét sang ché

Céc thuat ngit trong ban md ta nay chi cac nghia sau:

(1-2C)alkyl nghia la nhém alkyl co6 1 dén 2 nguyén tir cacbon, 1a metyl hodc
etyl.

(1-3C)alkyl nghia 1a nhém alkyl mach nhanh hodc khong phai mach nhanh c6
1-3 nguyén tir cacbon, 1a metyl, etyl, propyl hodc isopropyl.

(1-4C)alkyl nghia 1a nhém alkyl mach nhanh hogc khong phai mach nhénh cé
1-4 nguyén tir cacbon, 1a metyl, etyl, propyl, isopropyl, butyl, isobutyl, sec-butyl va
tert-butyl, nhém (1-3C)alkyl 1a duoc uu tién.

(1-5C)alkyl nghia 1a nhém alkyl mach nhanh hodc khong phai mach nhanh c6
1-5 nguyén tir cacbon, vi du metyl, etyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl va isopentyl, nhém (1-4C)alkyl 1a dugc wu tién.

(1-6C)alkyl nghia 1a nhém alkyl mach nhanh hodc khong phai mach nhanh c6
1-6 nguyén tir cacbon, vi du metyl, etyl, propyl, isopropyl, butyl, tert-butyl, n-pentyl
va n-hexyl. Nhém (1-5C)alkyl 1a dugc uu tién, (1-4C)alkyl 1a duoc uu tién nhat.

(1-2C)alkoxy nghia 12 nhém alkoxy cé 1-2 nguyén tir cacbon, gbe alkyl c6
nghia gidng nhu da dugc dinh nghia trudce do.
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(1-3C)alkoxy nghia 1a nhém alkoxy c6 1-3 nguyén tir cacbon, gbc alkyl c6
nghia giéng nhu da duoc dinh nghia trude d6. Nhom (1-2C)alkoxy la duge wu tién.

(1-4C)alkoxy nghia 1a nhém alkoxy c6 1-4 nguyén tir cacbon, gbc alkyl c6
nghia giéng nhu da duoc dinh nghia truéc d6. Nhém (1-3C)alkoxy 1a duge wu tién, (1-
2C)alkoxy nhom la duoc uu tién nhét.

(2-4C)alkenyl nghia 1a nhom alkenyl mach nhanh hoédc khong phai mach nhanh

¢6 2-4 nguyén tir cacbon, nhu etenyl, 2-propenyl, isobutenyl hodc 2-butenyl.

(2-6C)alkenyl nghia la nhom alkenyl mach nhanh hodc khong phai mach nhanh
¢6 2-6 nguyén tir cacbon, nhu etenyl, 2-butenyl, va n-pentenyl. Nhom (2-4C)alkenyl la

duoc uu tién.

(2-4C)alkynyl nghia la nhém alkynyl mach nhanh hodc khong phai mach nhanh
c6 2-4 nguyén tir cacbon, nhu etynyl, 2-propynyl hodc 2-butynyl.

(2-6C)alkynyl nghia 1a nhém alkynyl mach nhanh hodc khong phai mach nhanh
c6 2-6 nguyén tir cacbon, nhu etynyl, propynyl, n-butynyl, n-pentynyl, isopentynyl,
isohexynyl hodc n-hexynyl. Nhom (2-4C)alkynyl la dugc wu tién.

(3-6C)xycloalkyl nghia 12 nhom xycloalkyl c6 3-6 nguyén tu cacbon, la
xyclopropyl, xyclobutyl, xyclopentyl hodc xyclohexyl.

(3-7C)xycloalkyl nghia la nhom xycloalkyl cé 3-7 nguyén tu cacbon, la
xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl hodc xycloheptyl.

(2-6C)heteroxycloalkyl nghia 1a nhém heteroxycloalkyl c¢6 2-6 nguyén tu
cacbon, tot hon néu c6 3-5 nguyén tir cacbon, va mot hodc hai nguyén tir khic loai
duoc chon tr N, O va/hoac S, ma co thé duoc gén vao qua nguyén tir khac loai néu c6
thé, hodc nguyén tir cacbon. Nguyén tir khac loai duoc uu tién 1a N hodc O. Dugc uu
tién la piperidin, morpholin, pyrolidin va piperazin. (2-6C)heteroxycloalkyl dugc uu
tién nhat 1a pyrolidin. Nhom heteroxycloalkyl c¢6 thé duoc gin vao qua nguyén tir khac
loai néu c6 thé.

(3-7C)heteroxycloalkyl nghia la nhém heteroxycloalkyl ¢6 3-7 nguyén tu
cacbon, t6t hon néu cé 3-5 nguyén tir cacbon, va mot hodc hai nguyén tir khac loai

duoc chon t N, O va/hodc S. Nguyén tir khac loai duoc uu tién la N hodc O. Nhém
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(3-7C)heteroxycloalkyl dugc wu tién la azetidinyl, pyrolidinyl, piperidinyl,
homopiperidinyl hodc morpholinyl. Nhém (3-7C)heteroxycloalkyl dugc uu tién hon la
piperidin, morpholin va pyrolidin. Nhém heteroxycloalkyl c6 thé dugc gin vao qua

nguyén tir khéc loai néu c6 the.

(3-7C)xycloalkoxy nghia la nhém xycloalkyl cé 3-7 nguyén tir cacbon, voi
nghia gidng nhu di dugce dinh nghia trude do, dugc gin vao qua nguyén tir cacbon

vong véi nguyén tu oxy ngoai vong.

(6-10C)aryl nghia la nhdm hydrocacbon thom cé 6-10 nguyén tir cacbon, nhu
phenyl, naphtyl, tetrahydronaphtyl hodc indenyl. Nhom (6-10C)aryl duoc uu tién la
phenyl.

(1-5C)heteroaryl nghia la nhém thom duoc thé hodc khong duoc thé c6 1-5
nguyén tir cacbon va 1-4 nguyén ti khac loai duoc chon to N, O va/hoac S. (1-
5C)heteroaryl c6 thé tiy y duoc thé. Nhom (1-5C)heteroaryl duge uu tién 14 tetrazolyl,
imidazolyl, thiadiazolyl, pyridyl, pyrimidyl, triazinyl, thienyl hodc furyl, (1-

5C)heteroaryl dugc uu tién hon 1a pyrimidyl.

(1-9C)heteroaryl nghia 1a nhém thom duoc thé hodc khong duoc thé c6 1-9
nguyén tu cacbon va 1-4 nguyén tor khac loai duoc chon tr N, O va/hoac S. (1-
9C)heteroaryl c6 thé ty y duoc thé. Nhém (1-9C)heteroaryl duoc uu tién 1a quinolin,
isoquinolin va indol.

[(1-4C)alkyl]amino nghia la nhém amino, duoc thé mot 1an bang nhom alkyl
chtra 1-4 nguyén tir cacbon c6 nghia gidng nhu di dugc dinh nghia trudc d6. Nhém
[(1-4C)alkyl]amino dugc uu tién la metylamino.

bi[(1-4C)alkyl]amino nghia 1a nhém amino, dugc thé hai 1an bang (cac) nhém
alkyl, mdi nhoém chtra 1-4 nguyén tir cacbon va c6 nghia gidng nhu di duoc dinh nghia
trude d6. Nhém di[(1-4C)alkyllamino duge uu tién la dimetylamino.

Halogen nghia la flo, clo, brom hodc iot.

(1-3C)alkyl-C(0)-S-(1-3C)alkyl nghia la nhém alkyl-cacbonyl-thio-alkyl, mdi
trong s6 cac nhém alkyl c6 tir 1 dén 3 nguyén tir cacbon voi nghia giéng nhu da dugc

dinh nghia trudc do.
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(3-7C)xycloalkenyl nghia 14 nhém xycloalkenyl c¢é 3-7 nguyén tir cacbon, tot
hon néu c6 5-7 nguyén tir cacbon. Nhom (3-7C)xycloalkenyl duoc wu tién la

xyclopentenyl hodc xyclohexenyl. Nhém xyclohexenyl 1a duoc uu tién nhét.

(2-6C)heteroxycloalkenyl nghia la nhém heteroxycloalkenyl cé 2-6 nguyén tu
cacbon, t&t hon néu c6 3-5 nguyén tir cacbon; va 1 nguyén tir khac loai dugc chon tur
N, O wva/hoac S. Nhém (2-6C)heteroxycloalkenyl dugc uwu tién la nhém

oxyxyclohexenyl va azaxyclohexenyl.

Trong cac dinh nghia trén ddy véi cdc nhdm da chire, diém gan 1a & nhdém cudi

cung.

Khi, trong dinh nghia vé phan tir thé, duoc chi dinh ring “tit ci cac nhém
alkyl” cia phan tir thé thy y duoc thé, diéu nay cling bao gom gbc alkyl cia nhom

alkoxy.
Hinh tron trong vong c6 cong thtc I chi ra ring vong la thom.

Tuy thudc vao vong dugc tao thanh, nito, néu c6 mat trong X hoic Y, ¢6 thé

mang hydro.

Thuat ngit “duoc thé” nghia 12 mot hodc nhidu hydro trén nguyén tir/cdc nguyén
ti da néu duogc thay béng nhém duoc chon tir nhém da duoc chi dinh, voi diéu kién
héa tri binh thuong cua nguyén tir di néu trong cac diéu kién hién cé khong bi vuot
qua, va viéc thay thé nay tao ra hop chét én dinh. Su két hop cua cdc phan tir thé
va/hodc cac gié tri bién thién chi cho phép néu su két hop nay tao ra hop chét 6n dinh.
“Hop chit 8n dinh” hodc “cAu tric 6n dinh” duoc dinh nghia 1a hop chét hodc cu truc
ma da manh dé van con tdn tai sau su phén tach dén muc do tinh khiét hiru ich tir hdn

hop phan tmg, va phéi tron thanh chét tri liéu c6 hidu qua.

Thuét ngit “tly y dugc thé” nghia la su thay thé thy ¥ bang cac nhom, gbc hodc

cac goc da dugc chi rd.
Céc khia canh cua sang ché

Theo mot khia canh, sang ché dé cap dén hop chit cé cong thirc I trong d6 Bl
la C(R7); B2 la C(R8); B3 1a C(R9) va B4 1a C(R10).
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Theo khia canh khac, sang ché dé cap dén hop chét c6 cong thirc I trong d6 Bl
la C(R7); B2 la C(R8); B3 1a C(R9); B4 la C(R10); mdi R7, R9, va R10 1a H; va R8

duoc chon tir nhém bao gdm hydro va metyl.

Theo mot khia canh, séng ché dé cap dén hop chét cé cong thic I trong d6 R8
14 hydro hodc metyl, cu thé R8 1a hydro.

Theo khia canh khac, sang ché dé cap dén hop chét co cong thirc I trong dé R7
la hydro, flo hoac (1-3C)alkoxy. Cu thé, R7 la hydro, flo hoac metoxy. Cu thé hon
nira, khia canh ctia sang ché dé cap dén hop chét c6 cong thire I trong dé R7 14 hydro.

Theo khia canh khéc, sang ché dé cap dén hop chit ¢6 cong thic I trong d6 R9
1a hydro, flo hodc (1-3C)alkoxy. Cu thé, R9 1a hydro, flo hoic metoxy. Cu thé hon
nira, khia canh ctia sang ché dé cap dén hop chét c6 cong thiic I trong d6 R9 1a hydro.

Theo khia canh khac, sang ché dé cap dén hop chat cé cong thic I trong d6 R10
la hydro flo hodc (1-3C)alkoxy. Cu thé, R10 1a hydro, flo hodc metoxy. Cu thé hon
nira, khia canh ctia sang ché dé cap dén hop chét c6 cong thirc I trong d6 R10 la hydro.

Theo khia canh khac, sang ché dé cap dén hop chit cé cong thire I trong d6 R7
va R8 tao thanh, cung vdi nguyén tir cacbon chiing duoc gén vao, indol hodc quinolin
hodc naphtyl.

Theo khia canh khéc, sang ché dé cap dén hop chit c6 cong thic I trong d6 Bl
la C(R7); B2 1a C(R8); B3 1a C(R9); B4 1a C(R10) va mdi R7, R8, R9, va R10 1a H;

Theo khia canh khac, sang ché dé cip dén hop chit c6 cong thic I trong d6 R4
1a hydro hodc metyl. Cu thé, R4 1a hydro.

Theo khia canh khac, sang ché dé cap dén hop chat c6 cong thirc I trong d6 A 1a

Theo khia canh khac, sang ché dé cap dén hop chat c6 cong thirc I trong d6 A 1a
CH.

Theo khia canh khéc, sang ché d& cap dén hop chit c6 cong thirc T trong do
vong chira X, Y va Z dugc chon tr nhom bao gbm pyridyl, pyrimidyl, pyridazyl,
triazinyl, thiazolyl, oxazolyl, va isoxazolyl. Cu thé, sang ché d& cap dén hop chat co

cong thuc I trong d6 vong chia X, Y va Z duoc chon tr nhom bao gbém pyridyl,

-11-



22953

pyrimidyl va thiazolyl. Pinh nghia ctiia RS va R6 la ddc lap véi viée lua chon X, Y, va
Z. Vi tri gin ciia RS va tiy y clia R6 véi cac vong heteroaryl nay 1a tuén theo cong

thue L.

Sang ché con dé cap dén hop chat c6 cong thic I trong d6 RS duge chon tur
nhom bao gdm hydro, halogen, xyano, (1-4C)alkyl, (1-3C)alkoxy va (3-6C)xycloalkyl.
Tét ca cac nhom alkyl ctia R5 tuy y duoc thé béng mdt hodc nhiéu halogen. Cu thé,

nhém (1-4C)alkyl trong RS tiy v duoc thé bang mot hodc nhiéu halogen.

Theo khia canh khéc, sang ché d& cap dén hop chét c6 cong thic I trong d6 RS
duoc chon tir nhém bao gém hydro, flo, clo, (1-3C)alkyl va (1-2C) alkoxy, tat ca cac
nhom alkyl cia RS tuy y dugc thé bang mot hodc nhidu halogen. Cu thé, nhom (1-
3C)alkyl trong RS tuy y duoc thé bing mot hoac nhidu flo. Cu thé hon nita, sing ché
dé& cap dén hop chét c¢6 cong thuc I trong d6 RS 1a hydro, flo, metyl, etyl, propyl,

metoxy hodc triflometyl.

Theo khia canh khéc, sang ché dé cap dén hop chét ¢6 cong thic I trong d6 RS
la pyrolidin hodc phenyl.

Theo khia canh khéc, sang ché dé cap dén hop chat c6 cong thie I trong d6 R6
1a hydro hogc (1-3C)alkyl, tt hon néu R6 14 hydro.

Theo khia canh khéc, sing ché dé cap dén hop chét c6 cong thic I trong d6 RS
va R6 cing nhau tao thanh (3-7C)xycloalkenyl hodc (2-6C)heteroxycloalkenyl ca hai
fiy v duoc thé bing (1-3C)alkyl hoic mdt hodc nhiéu halogen. Cu thé, nhom (3-
7C)xycloalkenyl 1a xyclohexenyl va xyclopentenyl. Cu thé, nhém (2-
6C)heteroxycloalkenyl 1a azaxyclohexenyl va oxoxyclohexenyl. Cu thé hon nita, sdng
ché dé cap dén hop chit c6 cong thuc I trong d6 (3-7C)xycloalkenyl trong RS la

xyclohexenyl.

Theo khia canh khéc, sang ché dé cip dén hop chét ¢ cong thire I trong d6 R2
la hydro hoac (1-3C)alkyl. Cu thé, R2 1a hydro hodc metyl. R2 duoc uu tién nhat 1a
hydro.

Theo khia canh khéc, sang ché dé cap dén hop chét c6 cong thirc I trong d6 R3
la (1-6C)alkyl. Cu thé, R3 1a (1-3C)alkyl. R3 dugc uu tién nhat 1a metyl.
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Theo khia canh khac, sang ché dé cap dén hop chét ¢ cong thic I trong d6 R3
la (3-7C)xycloalkyl.

Theo khia canh khac, sang ché dé cap dén hop chit c6 cong thire I trong d6 R2
14 hydro hoac (1-3C)alkyl va R3 1a (1-6C)alkyl. Cu thé, R2 14 hydro hoic metyl va R3
1a (1-3C)alkyl. Cu thé hon nita, sang ché dé cap dén hop chat c6 cong thic I trong d6
R2 1a hydro va R3 1a metyl.

Theo khia canh khéc, sang ché dé cap dén hop chét c6 cong thuc I trong d6 R2
hodc R3 doc 1ap duoc chon tir nhom bao gém xyclopropyl, xyclobutyl va xyclopentyl.

Theo khia canh khac, sang ché dé cap dén hop chét cé cong thic I trong d6, R2
va R3 tao thanh, cung véi nguyén tdr N va C ma chung gin vao, (3-
7C)heteroxycloalkyl tiy y duoc thé biang mot hodc nhiéu halogen, hydroxyl, (1-
3C)alkyl. Cu thé, R2 va R3 tao thanh, cling v6i nguyén tir N va C ma ching gin vao,
vong azetidinyl, pyrolidinyl, piperidinyl, homopiperidinyl hodc morpholinyl, mdi vong
tuy y duoc thé bing m6t hodc nhiéu halogen, hydroxyl, (1-3C)alkyl, (1-3C)alkoxy

hodc oxo, phan tir thé halogen dugc wu tién 1 flo.

Theo khia canh khac, sang ché dé cap dén hop chét c6 cong thirc T trong d6, R2
va R3 tao thanh, cung voi nguyén tr N va C ma ching gan vao, vong azetidinyl,
pyrolidinyl, piperidinyl, homopiperidinyl hodc morpholinyl, mdi vong tuy v duge thé
bang flo, hydroxyl, (1-3C)alkyl, (1-3C)alkoxy hodc oxo. Cu thé, R2 va R3, clung voi
nguyén t¢ N va C ma ching gin vao, tao thanh vong pyrolidinyl, piperidinyl,

morpholinyl hodc homopiperidinyl.

Theo khia canh khac, sang ché d& cép dén hop chit c6 cong thic I trong do, R1
1a R11C(0O) va R11 Ia (1-6C)alkyl, (2-6C)alkenyl hodc (2-6C)alkynyl mdi nhém tuy y
doc 1ap duoc thé bang mot hodc nhiéu nhém duge chon tr hydroxyl, (1-4C)alkyl, (3-
7C)xycloalkyl, (3-7C)heteroxycloalkyl, [(1-4C)alkyl]amino, di[(1-4C)alkyl]amino, (1-
3C)alkoxy, (3-7C)xycloalkoxy, (6-10C)aryl, (1-5C)heteroaryl hodc (1-3C)alkyl-S-
C(0)~(1-3C)alkyl. Cu thé, nhém (1-5C)heteroaryl 1a pyrimidyl hodc triazinyl tiy y
duoc thé béng mot hodc nhidu nhém duoc chon tir halogen hodc xyano. Cu thé, (3-

7C)heteroxycloalkyl 1a pyrolidinyl. Cu thé hon nita, sang ché dé cap dén hop chét co
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cong thue I trong dé phan tu thé (3-7C)xycloalkyl ciia R11 1a xyclopropyl. Cu thé,
phan tir thé (6-10C)aryl ctia R11 1a phenyl.

Theo khia canh khac, sang ché d& cap dén hop chit co cong thic I trong d6, R1
la C(O)R11 va RI1 1a (2-6C)alkenyl hoic (2-6C)alkynyl méi nhém tiy y duoc thé
bang mot hodc nhidu nhém duogc chon tir hydroxyl, (1-4C)alkyl, (3-7C)xycloalkyl, (3-
7C)heteroxycloalkyl, (di)[(1-4C)alkyl]amino, (1-3C)alkoxy hoac (3-7C)xycloalkoxy.
Cu thé, phan tir thé (3-7C)heteroxycloalkyl cua R11 1a pyrolidinyl va phan tir thé (3-
7C)xycloalkyl ctia R11 la xyclopropyl.

Theo khia canh khéc, sang ché dé cap dén hop chét ¢ cong thire I trong do, R1
la C(O)R11 va R11 1a (2-4C)alkenyl hodc (2-4C)alkynyl mdi nhom tiy y dwoc thé
bang mot hodc nhiéu nhém duge chon tur (1-4C)alkyl, (3-7C)xycloalkyl, (3-
7C)heteroxycloalkyl, (di)[(1-4C)alkyl]amino hodc (1-3C)alkoxy. Cu thé, phan tir thé
(3-7C)heteroxycloalkyl ctua R11 1a pyrolidinyl va phan tir thé (3-7C)xycloalkyl la
xyclopropyl. Cu thé hon nita, R11 1a (2-4C)alkenyl hoic (2-4C)alkynyl m3i nhom tuy
y duoc thé biang moét hodc nhidu nhém dugc chon tir metyl, etyl, xyclopropyl,

pyrolidinyl, dimetylamino, metoxy hoac etoxy.

Theo khia canh khéc, sang ché dé cap dén hop chit cé cong thic I trong dé R1
la C(O)RI11 trong d6 R11 la (1-5C)heteroaryl tiy v duoc thé bing mét hodc nhidu
nhoém duoc chon tir halogen hodc xyano. Cu thé, phan tir thé (1-5C)heteroaryl 14 céc
vong pyrimidyl hodc triazinyl, pyrimidyl 1a dugc wu tién, thy y duogc thé bing mét
hodc nhiéu nhém duogc chon tir halogen hodc xyano. Cu thé, ph?m tir thé halogen la

clo.

Theo khia canh khéc, sing ché dé cap dén hop chit c6 cong thic I trong d6 R1
la R13S0,, trong d6 R13 la (2-6C)alkenyl hodc (2-6C)alkynyl. Cu thé, R13 1a (2-
4C)alkenyl. Cu thé hon nita, R13 14 etenyl.

Theo khia canh khéc, sang ché dé cap dén hop chit ¢6 cong thuc I trong d6 R1
la R12S(0), trong d6 R12 la (2-6C)alkenyl hodc (2-6C)alkynyl. Cu thé, R13 1a (2-
4C)alkenyl. Cu thé hon nita, R12 13 etenyl.
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Theo khia canh khac, sang ché dé cap dén hop chit cé cong thirc I trong d6 R1
la (1-3C)alkyl tuy y duge thé bang R14 trong d6 R14 la (2-4C)alkenyl hodc (2-
4C)alkynyl.
Theo khia canh khéc, sang ché dé cap dén hop chét c6 cong thic I dugce chon tur
nhom bao gém
(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-(pyrolidin-1-yl)but-2-enoyl)pyrolidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)pyrolidin-2-
yl)imidazol[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a|pyrazin-1-yl)-N-(pyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-cacbonyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)pyrolidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-flopyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(4-metylpyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a|pyrazin-1-yl)-N-(4-propylpyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(4-(triflometyl)pyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-etylpyridin-2-yl)benzamit,
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(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-
(4,5,6,7-tetrahydrobenzo[d]thiazol-2-yl)benzamit,

(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin- 1-yl)-2-flo-
N-(pyridin-2-yl)benzamit,

(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-2-
metoxy-N-(pyridin-2-yl)benzamit,

(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)pyrolidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-N-(thiazol-2-yl)benzamit,

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit,

(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
flopyridin-2-yl)benzamit,

(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(4-

xyanopyridin-2-yl)benzamit,

(S)-4-(8-amino-3-(1-(vinylsulfonyl)piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-
N-(4-(triflometyl)pyridin-2-yl)benzamit,

(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-
(pyrimidin-2-yl)benzamit,

(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-(4-
metylpyrimidin-2-yl)benzamit,

(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyrimidin-4-yl)benzamit,

(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridazin-3-yl)benzamit,

(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-

(isoxazol-3-yl)benzamit,

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(5-etylthiazol-2-yl)benzamit,
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(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-2-flo-
N-(4-propylpyridin-2-yl)benzamit,

(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)piperidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-2-metoxy-N-(4-propylpyridin-2-yl)benzamit,
4-(8-amino-3-((S)-1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-3-
metyl-N-(pyridin-2-yl)benzamit,
4-(3-(acrylamidometyl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-
yl)benzamit,
(S)-4-(8-amino-3-(1-but-2-ynamidoetyl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit,
(S)-S-2-(2-(8-amino-1-(4-(pyridin-2-ylcarbamoyl)phenyl)imidazo[1,5-
a]|pyrazin-3-yl)pyrolidin-1-yl)-2-oxoetyl etanthioat,
(S)-4-(8-amino-3-(1-(4-hydroxy-4-metylpent-2-ynoyl)pyrolidin-2-
ylimidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-(6-clopyrimidin-4-cacbonyl)pyrolidin-2-yl)imidazo[1,5-
a|pyrazin-1-yl)-N-(pyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-pent-2-ynoylpyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-(3-xyclopropylpropioloyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-hex-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-y1)-N-
(pyridin-2-yl)benzamit,
4-(3-(1-acryloylazepan-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-
2-yl)benzamit,
(R)-4-(8-amino-3-(4-but-2-ynoylmorpholin-3-yl)imidazo[ 1,5-a]pyrazin-1-yl)-
N-(pyridin-2-yl)benzamit,

(S)-4-(8-amino-3-(1-(N-metylbut-2-ynamido)etyl)imidazo[1,5-a]pyrazin-1-yl)-
N-(4-(triflometyl)pyridin-2-yl)benzamit,
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(S)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-ynoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit,

(S)-4-(8-amino-3-(1-(4-metoxybut-2-ynoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit,
(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
flopyridin-2-yl)benzamit,
(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
(pyrolidin-1-yl)pyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(4-flopyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit,
(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(4-propylpyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-metoxy-N-metylbut-2-enamido)etyl)imidazo[ 1,5-
a|pyrazin-1-yl)-N-(4-propylpyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-(vinylsulfonyl)piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-
N-(4-propylpyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-2-
flo-N-(pyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a|pyrazin-1-yl)-N-(4-metoxypyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-2-flo-N-(4-metoxypyridin-2-yl)benzamit,

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-flopyridin-2-yl)benzamit,
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(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(isoxazol-3-yl)benzamit,

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(pyrimidin-2-yl)benzamit,
4-(8-amino-3-((S)-1-(2-clopyrimidin-4-cacbonyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-3-metyl-N-(pyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(4-metylpyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(4-isopropylpyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)pyrolidin-2-
yl)imidazol[1,5-a]pyrazin-1-yl)-N-(4-metylpyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(thiazol-2-yl)benzamit,
(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
propylpyridin-2-yl)benzamit,
(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-(4-
(triflometyl)pyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-
(4-(triflometyl)pyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(4-propylpyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)pyrolidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-isopropylpyridin-2-yl)benzamit,
4-(8-amino-3-((S)-1-(vinylsulfonyl)piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-
3-metyl-N-(pyridin-2-yl)benzamit,

(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-2-
flo-N-(4-propylpyridin-2-yl)benzamit,
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4-(3-((S)-1-acryloylpiperidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-3-
metyl-N-(pyridin-2-yl)benzamit,

(E)-4-(8-amino-3-((4-(dimetylamino)but-2-enamido)metyl) imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-cacbonyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-isopropylpyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-cacbonyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4,5,6,7-tetrahydrobenzo[d]thiazol-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(pyridazin-3-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)piperidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridazin-3-yl)benzamit,
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-cacbonyl)piperidin-2-yl)imidazo[1,5-
a|pyrazin-1-yl)-N-(pyridazin-3-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-metoxy-N-metylbut-2-enamido)etyl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-(triflometyl)pyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)-N-metylbut-2-
enamido)etyl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-propylpyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-(pyrolidin-1-yl)but-2-enoyl)pyrolidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-propylpyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)piperidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-cacbonyl)pyrolidin-2-yl)imidazol[1,5-
a]pyrazin-1-yl)-N-(4-propylpyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-cacbonyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-flopyridin-2-yl)benzamit,

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(4-flopyridin-2-yl)benzamit,
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(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4,5,6,7-tetrahydrobenzo[d]thiazol-2-yl)benzamit,
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-cacbonyl)pyrolidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-2-metoxy-N-(pyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-cacbonyl)pyrolidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-2-flo-N-(pyridin-2-yl)benzamit,
4-(8-amino-3-((S)-1-((E)-4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-3-metyl-N-(pyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(pyrimidin-4-yl)benzamit,
4-(8-amino-3-((S)-1-((E)-4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[ 1,5-
a|pyrazin-1-yl)-3-metyl-N-(4-propylpyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(4-metylpyrimidin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(4-metylpyrimidin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-cacbonyl)piperidin-2-yl)imidazo[ 1,5-
a|pyrazin-1-yl)-N-(pyrimidin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-metacryloylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-(2-(triflometyl)acryloyl)pyrolidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-but-2-enoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-
N-(pyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-(xyanometyl)pyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-
N-(pyridin-2-yl)benzamit,

(E)-4-(8-amino-3-((4-metoxybut-2-enamido)metyl)imidazo[1,5-a]pyrazin-1-
y1)-N-(pyridin-2-yl)benzamit,
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(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-
(4-(pyrolidin-1-yl)pyridin-2-yl)benzamit,

(E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)azepan-2-yl)imidazo[1,5-a]pyrazin-
1-yl)-N-(pyridin-2-yl)benzamit,

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-xyanopyridin-2-yl)benzamit,

(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-2-
metoxy-N-(pyridin-2-yl)benzamit,

(S)-4-(3-(1-acrylamidoetyl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(pyridin-2-

yl)benzamit,

(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-
(thiazol-2-yl)benzamit,

(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-
(4-isopropylpyridin-2-yl)benzamit,

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a|pyrazin-1-yl)-2-metoxy-N-(pyridin-2-yl)benzamit,

(S,E)-4-(8-amino-3-(1-xinamoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit,

(S)-N-(1-(8-amino-1-(4-(pyridin-2-ylcarbamoyl)phenyl)imidazo[ 1,5-a]pyrazin-
3-yl)etyl)-2-clopyrimidin-4-carboxamit,

(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(4-flopyridin-2-yl)benzamit,

(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-cacbonyl)piperidin-2-yl)imidazo[ 1,5-
a]|pyrazin-1-yl)-N-(4-propylpyridin-2-yl)benzamit,

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(4-(triflometyl)pyridin-2-yl)benzamit,

(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-(4-
(triflometyl)pyridin-2-yl)benzamit,
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(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-2-
metoxy-N-(4-propylpyridin-2-yl)benzamit,

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-2-metoxy-N-(4-propylpyridin-2-yl)benzamit,
4-(8-amino-3-(but-2-ynamidometyl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(pyridin-2-
yl)benzamit,
(S)-4-(8-amino-3-(1-(N-metylbut-2-ynamido)etyl)imidazo[1,5-a]pyrazin-1-yl)-
N-(4-propylpyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-2-flo-N-(4-propylpyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-cacbonyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-(triflometyl)pyridin-2-yl)benzamit,
(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-
(5-etylthiazol-2-yl)benzamit,
(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(5-
etylthiazol-2-yl)benzamit,
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-cacbonyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(5-etylthiazol-2-yl)benzamit,
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-cacbonyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-(triflometyl)pyridin-2-yl)benzamit,
(R,E)-4-(8-amino-3-(4-(4-metoxybut-2-enoyl)morpholin-3-yl)imidazo[1,5-
a|pyrazin-1-yl)-N-(pyridin-2-yl)benzamit,
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-propylpyridin-2-yl)benzamit,
(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-(4-
xyanopyridin-2-yl)benzamit,

(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-
(4-metoxypyridin-2-yl)benzamit,
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(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
metylpyridin-2-yl)benzamit,

(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
propylpyridin-2-yl)benzamit,

(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
etylpyridin-2-yl)benzamit,

(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)pyrolidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit,

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(4-(triflometyl)pyridin-2-yl)benzamit,

(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-cacbonyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-metylpyridin-2-yl)benzamit,

(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(4-xyanopyridin-2-yl)benzamit,

(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(4-etylpyridin-2-yl)benzamit,

(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(4-phenylpyridin-2-yl)benzamit, va

(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-(4-
phenylpyridin-2-yl)benzamit.

Sang ché ciing dé cap dén cac hop chat trong d6 tit ca cac dinh nghia cu thé ddi
v6i R1 dén R14 va tht ca cac nhém phan tir thé theo cac khia canh khac nhau cta sang
ché da duoc dinh nghia trén day xuét hién trong su két hop bét ky trong dinh nghia vé
hop chét vong pyridin ngung tu ¢é 5-6 canh tic la cac hop chét 8-amino-imidazo[1,5-
a|pyrazin va 4-amino-imidazo[1,5-f][1,2,4]triazin ¢ cong thuc L.

Hop chit vong pyridin ngung tu c6 5-6 canh nhu hop chat 8-amino-
imidazo[1,5-a]pyrazin va 4-amino-imidazo[1,5-f][1,2,4]triazin theo sang ché e ché
hoat tinh Btk kinaza. Tt ca cac hop chét theo sang ché c6 EC50 béng 10 uM hoac
thap hon.
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Theo khia canh khac, sang ché dé cap dén hop chit c6 cong thire I ma ¢6 EC50
nho hon 100 nM. Theo khia canh khéc, sang ché dé cap dén hop chat c6 cong thuc I
ma c6 EC50 nho hon 10 nM.

Thuat ngit EC50 nghia 14 ndng do cua hop chét thir nghiém can dé e ché 50%
hiéu qua tdi da ctia n6 in vitro.

Su te ché hoat tinh kinaza c6 thé duoc xac dinh bang cach str dung Thtr nghiém
kim loai ¢d dinh d6i v6i thir nghiém Phosphochemical (IMAP). IMAP 1a thtr nghiém
phan cuc huynh quang déng nhat (FP) dua trén sy bét gitr 4i luc co chat peptit duoc
phosphoryl hod. IMAP sir dung co chét peptit duoc ddnh ddu huynh quang ma, trong
qua trinh phosphoryl héa bai protein kinaza, lién két v6i cac hat nano IMAP, ma duoc
tao dan xudt voi phue chat kim loai hoa tri ba. Lién két gay ra su thay ddi toe do
chuyén dong phan tir ctia peptit, va din dén su ting gia tri FP quan sat thiy ddi voi
chat danh dau floresxein dugc gin voi co chét peptit (Gaudet et al. A homogeneous

fluorescence assay adaptable for range of protein serine/threonine and tyrosine

kinases. J. Biomol. Screen (2003) 8, 164-175).

Hop chit co cong thirc (I) ¢6 thé tao thanh cac mudi ma cling nim trong pham
vi clia sang ché. Pé cap dén hop chit ¢6 cong thic (I) trong ban md ta nay duoc hiéu
la bao gbém viéc dé cap dén mudi cua ching, trir khi ¢6 quy dinh khac. Thuat ngir
"(cac) mudi", nhu duoc sir dung trong ban mo ta nay, chi cac mubi axit duoc tao thanh
véi axit vo co va/hodc hitu co, cling nhu céc mubi bazo duoc tao thanh véi cac bazo
v6 co va/hodc hitu co. Ngoai ra, khi hop chat c6 cong thic (I) chira ca gbe bazo, nhu,
nhung khong giéi han &, pyridin hodc imidazol, va gdc axit, nhu, nhung khéng gisi
han 0, axit carboxylic, ion ludng tinh ("céc mubi n6i") ¢é thé duogc tao thanh va duoc
bao gdm trong thuét ngit "(cac) mudi" trong ban md ta nay. Cac mudi axit va bazo nhu
vay dugc st dung trong pham vi cta sang ché 1a cac mudi duoc dung (tac 1a, khong
doc, chép nhéan duoc vé mit sinh ly). Cac mudi cta hop chét c6 cong thue (I) co thé
duoc tao thanh, vi du, bing cach cho hop chét cé cong thire (I) phan ting véi luong cua
axit hoac bazo, nhu luong tuong duong, trong moéi truong nhu moi trudng trong déd

mudi két tia hodc trong méi truong nudc, tiép d6 1a 1am dong khé nhanh.

Mudi cong axit dugc néu lam vi du bao gdm axetat, ascorbat, benzoat,

benzensulfonat, bisulfat, borat, butyrat, xitrat, camphorat, camphorsulfonat, fumarat,
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hydroclorua,  hydrobromua, hydroiodua, lactat,  maleat, metansulfonat,
naphtalensulfonat, nitrat, oxalat, phosphat, propionat, salixylat, sucxinat, sulfat, tartrat,
thioxyanat, toluensulfonat (con duoc goi 1a tosylat,) va cac mudi twong tu. Ngoai ra,
cac axit ma thuong dugc xem la thich hop dé tao ra cac mudi duoc dung tir hop chét
dugc co ban dugc ban luan, vi du, boi P. Stahl et al, Camille G. (eds.) Handbook of
Pharmaceutical Salts. Properties, Selection and Use. (2002) Zurich: Wiley-VCH; S.
Berge et al, Journal of Pharmaceutical Sciences (1977) 66(1) 1-19; P. Gould,
International J. of Pharmaceutics (1986) 33 201-217; Anderson et al, The Practice of
Medicinal Chemistry (1996), Academic Press, New York; va trong The Orange Book
(Food & Drug Administration, Washington, D.C. trén trang web ctia co quan nay).

Céc tai liéu nay duoc dua vao ban md ta ndy bang cich vién dan.

Cac mudi bazo duoc néu lam vi du bao gém mudi amoni, mudi kim loai kiém
nhu mudi natri, lithi va kali, mudi kim loai kiém thé nhu mudi canxi va magie, cac
mubi voi cac bazo hitu co (vi du, amin hitu co) nhu dixyclohexylamin, t-butyl amin,
va cac mudi v6i axit amin nhu arginin, lysin va cdc axit amin twong tw. Nhém chira
nito bazo ¢6 thé duoc thé bdn bac voi chét nhu alkyl bac thép halogenua (vi dy, metyl,
etyl va butyl clorua, bromua va iodua), dialkyl sulfat (vi du, dimetyl, dietyl, va dibutyl
sulfat), halogenua mach dai (vi du, dexyl, lauryl, va stearyl clorua, bromua va iodua),

aralkyl halogenua (vi du, benzyl va phenetyl bromua), va cac mubi khac.

Hop chat c6 cong thire T ¢6 thé chira céc tim khong ddi xtng hodc bat déi xtng,
va, do do, ton tai & cac dang déng phan 1ap thé khac nhau. Du dinh réng tAt ca cac
dang ddng phan l1ap thé ctia hop chét c6 cong thirc (I) cling nhu hdn hgp cua ching,
bao gdm hdn hop raxemic, tao thanh mét phan cla sing ché. Ngoai ra, sang ché bao
gbm tit ca cac chat dong phan hinh hoc va ddng phan vi tri. Vi du, néu hop chét c6
cong thue (I) két hop lién két d6i hodc vong ngung tu, ci dang cis va trans, cling nhu

hdn hop, déu duoc bao gdm trong pham vi ctia sang ché.

Hdn hop dong phan khong ddi quang c6 thé duogc tach thanh cac chat dong
phan khong dbi quang riéng ré ctia chung dua trén sy khac nhau vé mit héa ly cia
chung bang cac phuong phap da biét v6i chuyén gia trong linh vuc k¥ thuat nay, nhu,
vi du, bang cach séc ky va/hodc két tinh phan doan. Chat déng phan déi anh c6 thé
duoc tach bang cach chuyén hoa hdn hop dong phan d6i anh thanh hdn hop dong phan
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khéng déi quang bang cach cho phan tmg véi hop chét c6 hoat tinh quang hoc thich
hop (vi du, chét phu gia khong déi xtmg nhu rugu khong d6i xtmg hodc clorua cua axit
Mosher), tach dang khong dbi quang va chuyén hoa (vi dy, thily phan) dang khong doi
quang riéng r& thanh chat ddng phan ddi anh tinh khiét twong tmg. Ngoai ra, mot s6
hop chat ¢ cong thie (I) ¢6 thé 1a chit ddng phan atrop (vi du, biaryl dugc thé) va
duoc xem 1a mot phin cua sang ché. Chat ddng phan d6i anh ciing c¢6 thé duoc tach

béang cac st dung cot HPLC khong dbi xtmg.

Ciing ¢6 thé rang hop chit c6 cong thic (I) co thé tn tai & cac dang tautome
khac nhau, va tAt ca cac dang nay déu dugc bao gém trong pham vi cla sdng ché.
Ngoai ra, vi du, tit ca cdc dang keto-enol va imin-enamin cta cac hop chat theo sang

ché déu dugc bao gom trong sang ché.

T4t ca cac chat ddng phén lap thé (vi du, chat ddng phén hinh hoc, chat dong
phén quang hoc va dang tuong tu) cua hop chit theo sang ché (bao gém cua cac mudi,
solvat, este va tién dugc chit ctia hop chét ciing nhu mudi, solvat va este cua tién dugc
chét), nhu cac hop chit ma cé thé ton tai do cacbon khong d6i xtmg trén cc phan tir
thé khéc nhau, bao gdm céc dang déng phan ddi anh (ma c6 thé ton tai ngay ca trong
didu kién khong c6 mit cacbon khong ddi xtng), dang rotame, chit dong phan atrop,
va dang dong phan khong d6i quang, dugc bao gdm trong pham vi clia séng ché, nhu
1a cc chat dong phan vi tri. Cac chét ddng phan lap thé riéng ré ctia hop chét theo
sang ché c6 thé, vi du, vé co ban khdng cé céac chét déng phan khac, hodc cé thé duoc
tron, vi du, dudi dang cac raxemat hodc voi tAt ca cac chit déng phan lap thé khac,
hodic céc chat ddng phan lap thé duoc chon khéc. Céc tim khong d6i ximg theo sédng
ché co thé c6 chu hinh S hoigc R nhu dugec xac dinh boi IUPAC 1974

n [13 b "

Recommendations. Viéc st dung céac thudt ngit "mubi", "solvat", “este”, tién duoc
chat" va céc thuat ngit tvong tu, duoc du dinh dé 4p dung ngang bang véi mubi,
solvat, este va tién dugc chat cua chit dong phan d6i 4anh, ddng phan lap thé, rotame,
tautome, chit dong phén vi tri, raxemat hodc tién dugc chat cua hop chét theo sang

cheé.

Phan ban luin vé& tién duogc chit duoc dua ra trong tai lidu T. Higuchi and V.
Stella, Pro-drugs as Novel Delivery Systems (1987) 14 of A.C.S. Symposium Series,
va trong Bioreversible Carriers in Drug Design, (1987) Edward B. Roche, ed.,
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American Pharmaceutical Association va Pergamon Press. Thuat ngit “tién duoc chét”
nghia la hop chét (vi du, tién chat thudc) ma duoc bién dbi in vivo dé tao ra hop chét
c6 cong thire (I) hodc mudi, hydrat hodc solvat duge dung ctia hgp chat. Su bién dbi c6
thé xay ra bai nhidu co ché khac nhau (vi du, bang cac qua trinh trao ddi chét hoic cac
qua trinh hoa hoc), nhu, vi du, thong qua sy thuy phan trong mau. Phan ban ludn vé
viéc st dung tién dugc chat duoc dua ra boi T. Higuchi and W. Stella, “Pro-drugs as
Novel Delivery Systems,” Vol. 14 of A.C.S. Symposium Series, va trong
Bioreversible Carriers in Drug Design, ed. Edward B. Roche, American

Pharmaceutical Association and Pergamon Press, 1987.

Céc hop chét theo sang ché c6 thé tao thanh hydrat hodc solvat. Chuyén gia
trong linh vuc k¥ thuét nay da biét rang hop chét tich dién tao thanh loai dugc hydrat
hoa khi dugc lam dong kho nhanh véi nude, hodc tao thanh loai duoc solvat hoa khi
duoc ¢ trong dung dich v6i dung méi hitu co thich hop. Cac hop chat theo sang ché

bao gém hydrat hoac solvat ctia hop chét d3 duoc liét ké.

Mot hodc nhidu hop chét theo sing ché co thé ton tai & dang khong duoc solvat
héa cling nhu dugc solvat héa véi dung moi duge dung nhu nudce, etanol, va cac dung
mdi tuong tu, va du dinh rdng sang ché bao gdm ca dang duogc solvat héa va khong
duoc solvat hoa. "Solvat" nghia 1a su két hop vat 1y cta hop chit theo sang ché voi
mdt hodc nhiéu phan tir dung méi. Su két hop vét 1y nay bao gbdm cac mirc d6 thay doi
ctia lién két ion va lién két cong hoa tri, bao gdm lién két hydro. Trong mot sb truong
hop nhit dinh, solvat s& c6 kha nang phan tach, vi du, khi mot hodc nhiéu phan tu
dung méi duge két hop trong mang tinh thé ctia chét rin két tinh. "Solvat" gdm ca
solvat pha dung dich va solvat c6 thé tach riéng. Vi du khong gidi han vé céc solvat
thich hop bao gdm etanolat, metanolat, va cac solvat twong tu. "Hydrat" 1a solvat trong

do6 phan tir dung méi la H,O.

Sang ché ciing dé cap dén duoc pham chira hop chét vong pyridin ngung tu cé
5-6 canh nhu hop chét imidazopyrazin va imidazotriazin hodc mudi duoc dung cua
chung c6 cong thirc chung I trong hdn hop vai chét bd trg duge dung va tiy y tic nhan
tri liéu khéc. Chit bd tro phai “chap nhan dugc” theo nghia twong hop véi cac thanh
phin khéc ctia hop phan va khong c6 hai cho ngudi nhan chung.
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Sang ché con bao gdm hop chét ¢ cong thirc T két hop véi mot hodc nhiéu
thuéc khéc. Hop phén bao gdm, vi du, cac hop phan thich hop dé dung qua duong
miéng, dudi ludi, dudi da, tinh mach, trong co, qua mii, khu trd, hoac truc trang, va

céc duong dung tuong tu, tit ca ¢ dang lidu don vi dé sir dung.

pé dung qua duong miéng, hoat chét c6 thé c6 mat dudi dang cac don vi riéng

biét, nhu vién nén, vién nang, bot, hat, dung dich, huyén phu, va cac dang tuong tu.

Pé ding ngoai dudng tiéu héa, dugc phdm theo sang ché c6 thé c6 mit trong
cac dd chua liéu don vi hodc da lidu, vi dy, cac chét long tiém v&i luong dinh trude, vi
du, trong lo nho va éng thudc tiém da duoc bit kin, va cling cé thé duoc bao quan
trong diéu kién duoc lam kho dong lanh (dugce lam dong kho nhanh) chi can bd sung

chat mang long v6 trung, vi du nudc, trudce khi sir dung.

Puoc tron voi cac chét bd tro duge dung nhu vay, vi du, nhu duoc md ta trong
tai liéu tham khao chudn, Gennaro, A.R. et al., Remington: The Science and Practice
of Pharmacy (20th Edition., Lippincott Williams & Wilkins, 2000, nhat la xem Phan 5:
Pharmaceutical Manufacturing), hoat chét ¢6 thé duoc ép thanh don vi lidu ran, nhu
vién tron, vién nén, hodc dugc xur ly thanh vién nang hodac thudc dan. Béng céc chit
long duoc dung, hoat chét c6 thé duoc ap dung dudi dang hop phﬁn long, vi du, dudi
dang ché pham tiém, & dang dung dich, huyén phu, nhii tvong, hodc dudi dang phun

xit, vi du, xit mi.

Dé bao ché don vi liéu rén, viéc st dung céc chit phu gia thong thuong nhu
chit don, chat mau, chat két dinh polyme va céc chit tuong tu duoc bao gém. Nhin
chung, chit phu gia duoc dung bat ky ma khong gdy anh hudng cho chiic nang cua
hoat chét c6 thé duoc sir dung. Chat mang thich hgp ma hoat chét theo sang ché c6 thé
dugc sir dung dudi dang hop phén ran bao g@)m lactoza, tinh bét, dan xuét xenluloza va
cac chat tuong tu, hoic hdn hop ctia chung, duoc sit dung voi lugng thich hop. pé
dung ngoai duodng tiéu hoa, huyén phi nudc, dung dich nuée mubi dang truong va
dung dich tiém dugc v trung co thé duoc sir dung, chira chat phan tén va/hodc chat

thAm udt duoc dung, nhu propylen glycol hodc butylen glycol.
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Séang ché con dé cap dén duoc phém, nhu dugc mo ta trén day, két hop voi vat
liéu dong géi thich hgp cho dugc pham nay, vat lidu dong goéi nay bao gdm hudéng dan

st dung dugc pham cho cac tmg dung nhu dugc mo ta trén day.

Liéu luong chinh x4c va ché do st dung hoat chit, hoac duoc phém chira
chung, co thé thay ddi theo hop chit cu thé, duong ding thudc, va do tudi va tinh trang

bénh ctia c4 thé duoc dung thube.

Nhin chung, viéc sir dung ngoai dudng tidu héa doi hoi liéu luong thap hon so
v6i cac phuong phép stir dung khac ma phu thudc nhiéu hon vao muc d6 hip thu. Tuy
nhién, liéu lwong dung cho nguoi tot hon 1a chita 0,0001-25 mg cho mdi kg thé trong.
Liéu luong mong mudn ¢ thé c6 mat dudi dang mot lidu hodc dudi dang nhiéu liéu
chia nho duoc dung ¢ cac khoang thoi gian thich hgp trong ngay, hodc, trong truong
hop cua nit, dudi dang cac liéu duoc dung & cac khoang thoi gian thich hop hing ngay
trong subt chu ky kinh nguyét. Liéu luong ciing nhu ché d6 st dung cé thé khac nhau

gifta nam va nt.

Trong hop chit c6 Cong thirc chung I, nguyén tir c6 thé thé hién do giau dong
vi tu nhién cua chung, hodc mot hoac nhiéu nguyén tr co thé duoc lam giau nhan tao
trong chét dong vi cu thé c6 cing sb nguyén tir, nhung khdi lugng nguyén tir hodc sb
khéi khac voi khéi lwong nguyén tir hodc sé khdi chu yéu duge tim thdy trong tu
nhién. Sang ché duoc du dinh bao gém tAt ca cac bién doi déng vi thich hop cua hop
chét ¢6 cong thuc chung I. Vi du, cac dang dong vi khac nhau ctia hydro (H) bao gbém
proti ("H) va doteri (*H). Proti & chét ddng vi hydro chiém wu thé dugc tim thiy trong
tu nhién. Viéc lam giau dbi véi doteri c6 thé thu dugc mot sd uu diém tri liéu nhét
dinh, nhu lam ting chu ky ban ri in vivo hodc lam giam yéu cau liéu lugng, hoic c6
thé tao ra hop chét hitu ich dung lam chuan dé xac dinh dic diém miu sinh hoc. Hop
chit duoc lam giau vé mat déng vi trong cong thic chung I c6 thé duoc diéu ché ma
khong can thir nghiém qua mirc bang cac k¥ thuat thong thuong da biét voi chuyén gia
trong linh vuc k¥ thudt nay hoac bing cac quy trinh twong tu véi cac quy trinh duge
md ta trén So dd va Vi du trong ban md ta nay bang cach str dung chit phan tmg

va/hodc hop chét trung gian duoc lam gidu vé mat dong vi thich hop.

Cac hop chét theo sang ché c6 thé duoc sir dung trong tri liéu.
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Khia canh khac ctia sang ché m6 ta viéc sir dung hop chét vong pyridin ngung
tu ¢6 5-6 canh hodc mudi duoc dung ctia ching, ¢ cong thic chung I dé san xuit
thudc duoc st dung diéu trj cac bénh qua trung gian Btk hodc céc tinh trang bénh qua

trung gian Btk.

Khia canh khic cua sang ché mé ta viéc st dung hop chat vong pyridin ngung
tu ¢6 5-6 canh hoac mudi duoc dung cua chung c6 cong thirc chung | dé san xudt thude
duoc st dung didu tri cac rdi loan té bao B man tinh trong do cac té bao T déng vai tro

quan trong.

Theo khia canh khéc sang ché mo ta viéc str dung hop chét vong pyridin ngung
tu ¢6 5-6 canh nhu hop chat 8-amino-imidazo[1,5-a]pyrazin va 4-amino-imidazo[1,5-
f][1,2,4]triazin c6 cong thirc chung I dé san xuét thue dugc st dung diéu tri cic bénh
hodc cé4c tinh trang bénh qua trung gian Btk. Céc diéu tri nay bao gbm, nhung khong
chi gioi han 0, didu tri u lympho té bao B do su truyén tin hiéu thu thé té bao B hoat

dong man tinh gay ra.

Do vay, hop chét theo sang ché co thé duoc sir dung trong cac phuong phap
didu tri dé diéu tri hodc ngan nglra cic bénh, cc réi loan qua trung gian Tyrosin
kinaza Bruton (Btk). Cac rdi loan qua trung gian Btk hozc tinh trang bénh qua trung
gian Btk trong ban mo ta nay nghia la tinh trang bénh bat ky hodc tinh trang bénh c6
hai khéc trong d6 cac té bao B, cac dudng bao, cac té bao tiy hodc té bao huy xuong
dong vai tro trung tm. Cac bénh nay bao gdm, nhung khong chi gi¢i han &, bénh mién
dich, bénh tuy mién va bénh viém, di Gng, bénh lay nhiém, rdi loan tiéu xwong va cic

bénh tidng sinh.

Bénh mién dich, bénh tu mién va bénh viém cé thé duoc diéu tri hodc duogc
ngan ngira bang hop chit theo sang ché bao gdm bénh thap khop (vi du, viém khop
dang théip, viém khop do bénh vay nén, viém khop nhi®m khuén, viém khoép tién trién
man tinh, viém khdp bién dang, bénh viém xuong-khdp, viem khop do chén thuong,
viém khép théng phong, hoi ching Reiter, viém da sun, viém mang hoat dich cép va
viém dot séng), viém than tiéu ciu (c6 hoac khong cd hoi chiing hu than), cac roi loan
huyét hoc tw mi&n (vi du, thiéu mau tan huyét, thiéu mau bét san, giam luong tiéu cau
tu phat, va giam bach cdu trung tinh), viém da day tu mién, va bénh viém rudt tv mién

(vi du, viém loét dai trang va bénh Crohn), bénh vat chu chéng manh ghép, su dao thai
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di ghép, viém tuyén gidp man tinh, bénh Graves, bénh cling bi, bénh dai thdo duong
(typ 1 va typ 2), bénh viém gan hoat dong (cip tinh va man tinh), viém tuy, xo gan mat
nguyén phat, bénh nhugc co ndng, bénh xo cung rai rac, luput ban d6 toan than, bénh
vay nén, bénh viém da di ung, bénh viém da do tiép xuc, eczema, bénh chay néng o
da, viém mach (vi du, bénh Behcet), suy thdn man tinh, hdi chimg Stevens-Johnson,
chimg dau do bénh viém, bénh spru tu phat, bénh suy mon, bénh sacoit, hdi chimg
Guillain-Barré, viém mang mach nho, viém két mac, viém giéc-két mac, viém tai gifta,
bénh nha chu, chiing xo hda k& phé)i, bénh hen, bénh viém phé quan, viém mii, viém
xoang, bénh bui phéi, hoi chimg hé van ddong mach chu, tran khi phéi, bénh xo0 hoa
phéi, bénh nhim bui silic, bénh phdi viém man tinh (vi du, bénh phdi téc nghén man

tinh) va cac bénh viém hodc tic nghén dudng thé khéc.

Bénh di ung cé thé duoc diu tri hodc duoc ngin nglra bao gém, trong sb cac
bénh khac, di tng vai thire an, chét phu gia thuc phém, chit doc ctia con trung, bui, ve
bét, phan hoa, nguyén liéu cia dong vat va chit gy di ung khi tiép xuc, bénh hen di

mg qua man typ I, viém mii di ing, viém ket mac di img.

Céc bénh 14y nhiém c6 thé dugc diéu tri hodc dugc ngin ngira bao gém, trong
s cac bénh khac, bénh nhidm trung, sb¢ do nhiém khuan, sdc ndi doc t6, bénh nhiém
trung do vi khuin Gram am, bénh ly truc khuén, viém mang ndo, s6t rét thé ndo, viém
phéi, bénh lao, viém co tim do virut, bénh viém gan do virut (bénh viém gan A, bénh
viém gan B va bénh viém gan C), lay nhiém HIV, viém vdng mac do cytomegalovirut
gdy ra, bénh cum, ecpet, diéu tri cac nhim khuan c6 lién quan dén cac vét bong
nghiém trong, chiimg dau co do nhiém khudn gdy ra, bénh suy mon thi phat do nhiém
khuén, va céc nhidm khuén do virut & thu y nhu lentivirut, virut gdy viém khop & de,
virut visna-maedi, virut gdy suy giam mién dich & meo, virut gay suy giam mién dich
& bo hodc virut gdy suy giam mién dich & cho.

R&i loan tidu xuong c6 thé duoc diéu tri hodc dugc ngan ngira bao gém, trong
s6 cac bénh khac, bénh lodng xuong, bénh viém xuong-khdp, viém khop do chin

thuong, viém khop théng phong va cac bénh vé xuong c6 lién quan dén da u tuy.

Céc bénh tang sinh c6 thé duoc diéu tri hodc duoc ngan ngira bao g@)m, trong sb
cac bénh khac, u lympho khong phai Hodgkin (cu thé, cac kiéu phu cta u lympho té
bao B 16n téa rong (DLBCL) va u lympho té bao vo (MCL)), bénh bach cau lympho
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bao man tinh t& bao B va bénh bach cdu nguyén bao lympho cip (ALL) véi té bao B
truong thanh, cu thé 1a ALL.

Cu thé, hop chét theo sang ché c6 thé duogc str dung dé diéu tri u lympho té bao
B do su truyén tin hiéu thu thé t& bao B hoat dong man tinh gay ra.

Su trc ché hoat tinh kinaza c6 thé duoc x4c dinh béng cach st dung Thir nghiém
kim loai ¢b dinh déi voi thir nghiém Phosphochemical (IMAP). IMAP 14 thir nghiém
phén cuc huynh quang dong nhat (FP) dua trén su bat gitt 4i luc co chat peptit dugc
phosphoryl hoa. IMAP sir dung co chét peptit dugc danh dau huynh quang ma, trong
qué trinh phosphoryl héa bdi protein kinaza, lién két véi cdc hat nano IMAP, ma dugc
tao dan xudt v&i phic chat kim loai héa tri ba. Lién két gay ra sy thay doi téc do
chuyén dong phan tir ctia peptit, va din dén 1am ting gia tri FP quan sat thay déi voi

chit danh dau floresxein dugc gan véi co chit peptit.

Hoat tinh Btk cling c6 thé duoc xac dinh trong cac dong té bao B nhu céc té bao
Ramos hodc trong cac thir nghiém té bao so cép, vi du, PBMC hoac méau toan phﬁn tu
nguoi, khi, chudt céng hodc chudt nhit hodc té bao lach da duoc tach tir khi, chuot
céng hodc chudt nhat. Viée te ché hoat tinh Btk c6 thé duoc nghién ctu béng cach do
su san xuat MIP1pB do khang IgM gay ra (Ramos, PBMC, té bao lach), su phosphoryl
hoa Btk va PLCy2 do H,0, gdy ra (cac t& bao Ramos), hodc su ting sinh té bao B do
khang IgM gay ra hodc sy biéu hién CD86 trén céc té bao B so cdp (PBMC va té bao
lach).

Su diéu hoa hoat tinh Btk cling c6 thé duoc xéac dinh trén dudng bao cla ngudi,
khi, chuot céng hodc chudt nhit sau khi hoat hoa qua trinh mét hat do FceR gay ra, su

san xuét xytokin va su biéu hién bé mat té bao do CD63 gay ra.

Hon nita, su diéu hoa hoat tinh Btk c6 thé duoc xac dinh trén cac bach ciu don
nhan to CD14+ duge biét héa sau khi xtr Iy bing M-CSF ddi véi cac té bao huy xuong
va duoc hoat hoa bang RANKL.

Hoat tinh ctia chit trc ché Btk c6 thé duoc nghién ctu & t€ bao lach cta chudt
nhét sau khi dung in vivo. Trong thir nghiém tiéu biéu, chudt nhét cé thé dugc lam
chét binh yén 3 gio sau khi dung hop chat. L4 lach c6 thé dugce chiét tir chudt nhat da

duoc xur ly dé tach té bao lach. Té bao lach c6 thé duoc dan mong trong cac dia nudi
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chy ¢6 96 18 va duoc kich thich biang khang IgM, khong bd sung tiép céc hop chat. Su
kich thich t& bao B do khang IgM gay ra va su ttc ché chiing bai cht e ché Btk c6 thé
duoc xac dinh bdi sy tdng sinh té bao B, su san xuit MIP1B hoac su biéu hién cua

CD86 trén cac té bao B CD19+ té bao lach.

Hiéu qua ctia chit e ché Btk ciing c6 thé duoc nghién ciru trong md hinh thir
nghiém bénh khop do colagen gdy ra ¢ chudt nhét bang cach sir dung protocol tri liéu
trong d6 bat ddu didu tri sau su bit dau ctia bénh, xac dinh diém s6 bénh, phan tich tia

X vé su pha huy xuong, su pha v& sun va nghién ctru moé cac khop.

Hiéu qua cta chét trc ché Btk dén qua trinh diéu hoa dudng bao di dugc hoat
hoa 6 thé duge nghién ctru in vivo biang cach sir dung mé hinh thir nghiém tinh phan

v€ & da thu dong.

Muc do anh hudng cta chit tre ché Btk dén sy tiéu xuong in vivo c6 thé duoc
nghién ctru bang cach str dung md hinh tht nghiém OVX & chuét cdng. Trong mdi
hinh thtr nghiém nay, cac dong vat bi c&t bo budng trung phat trién cac tridu chimg ctia

bénh lodng xwong ma cé thé dugc diéu hoa bang cach str dung chét tic ché Btk.
Quy trinh téng hop chung

Din  xudt  8-amino-imidazo[l,5-a]pyrazin  va  4-amino-imidazo[l,5-
f][1,2,4]triazin theo sdng ché ¢6 thé duoc diéu ché bang cac phuong phap di biét trong
linh vuc hoéa hoc hitu co. Xem, vi dy, J. March, ‘Advanced Organic Chemistry’ 4™
Edition, John Wiley and Sons. Trong cac quy trinh téng hop, c6 thé can thiét va/hodc
mong mudn bao vé nhém nhay cam hodc dé phan mg trén bat ky trong sb cac phan tir
co6 lién quan. Diéu nay dat duogc bdi cac nhém bdo vé thong thuong, nhu cidc nhém
dugc mo ta trong T.W. Greene and P.G.M. Wutts ‘Protective Groups in Organic
Synthesis’ 3" Edition, John Wiley and Sons, 1999. Nhém bao vé tuy y duoc loai bo &
giai doan thuén tién tiép theo bang cach st dung cac phuong phap da biét trong linh

vuc nay.

San phdm cta phan tng tiy y duge tich riéng va dugc tinh ché, néu muén,
bing cach st dung céc k¥ thuat thong thuong, nhung khong gidi han 6, loc, chung cét,

két tinh, séc ky va cac k¥ thuat twong tu. Cac nguyén liéu nay tuy y duoc xdc dinh dac
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diém bang cach sir dung cac bién phéap thong thuong, bao gdm cac hing s6 vat ly va sb
liéu quang ph.

Hop chét 8-amino-imidazo[1,5-a]pyrazin c6 cong thirc I, trong d6 R;-Rs co
nghia da duoc xac dinh trude do, ¢ thé duoc diéu ché bang cac con dudng tong hop
chung duoc thé hién trén So dd I
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Viéc khur 3-clopyrazin-2-cacbonitril (IT) c6 thé dugc thuc hién bang céch hydro
héa voi su ¢ mat ciia hé chét xtc tac va dung mdi thich hop, vi du Raney-Niken dé
tao ra (3-clopyrazin-2-yl)metanamin (III). Hop chét nay sau dé c6 thé dugc phan tmg
véi axit amin dugc bao vé amin thich hop. Phan tng ctia Cbz-N(R;)CR;R4)COOH ¢6
thé duoc tién hanh trong dung mdi nhu DMF, THF hodc DCM v6i su ¢c6 mat cua bazo
nhu DIPEA, N-metylmorpholin, 4-DMAP hoéc trietylamin va véi su ¢6 mit cua chét
phan tng lién hgp nhu PyBOP, TBTU, EDCI hoac HATU dé tao thanh N-((3-
clopyrazin-2-yl)metyl)amit IV. Viéc dong vong clopyrazin IV c6 thé duoc thuc hién
bang cach st dung chét phan tmg ngung tu nhu phospho oxyclorua trong cac diéu kién
gia nhiét dé tao ra dan xut 8-cloimidazo[1,5-a]pyrazin V. Su brom hoéa tiép theo c6
thé duoc thuc hién bang cach sir dung brom hodc N-bromsucxinimit trong dung méi
thich hop nhu DCM hoac DMF ¢ nhiét do thich hop dé thu duoc hop chat cé cong
thire VI. DAn xuét 8-aminoimidazo[1,5-a]pyrazin (VII) c6 thé dugc diéu ché tir hop

chét VI bang cach st dung amoniac (khi) trong isopropanol & nhiét d6 cao trong binh
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ap suit (>4 atm). Hop chat c6 cong thic IX c6 thé duge didu ché tir hop chit c6 cong
thirc VII sir dung axit boronic thich hgp hodc pinacol este (VIII), voi sy cd mat cua hé
chit xuc tac paladi va dung méi thich hop, vi du, phiac chét
bis(diphenylphosphino)feroxen paladi(Il)clorua hodc tetrakis(triphenylphosphin)
paladi(0) voi su c6 mat ciia kali cacbonat trong dioxan/nuéce tao ra hop chét ¢ cong
thire IX. Cudi cling, tach nhom bao vé ctia hop chét c6 cong thire IX tao ra amin khong
duoc bao vé ma sau khi chiic hoa, bang cach sir dung phuong phap da biét trong linh
vue, v6i ddu dan thich hop véi cac nghia da dugc dinh nghia trude do, tao ra hop chét
c6 cong thuc 1. Vi du vé phuong phap bdo vé nhu vay la viéc str dung nhéom bao vé
benzyloxycacbonyl dé bao vé amin tir axit amin duoc sit dung, va sau su khu bao vé

voi 33% HBr/HOAc hoac HCI dac thu dugc amin.

Axit amin HN(R,)CR;3R4)COOH 14 c6 trén thi truong hodc chung cé thé duogc
didu ché mot cach d& dang bang cach sir dung phuong phéap di biét véi chuyén gia hoa
hoc hitu co, dé dua vao nhom bao vé nhu benzyloxycacbonyl hoic tert-

butyloxycacbonyl.

Céc chét xuc tac paladi va cac diéu kién dé tao ra pinacol este hodc dé lién hop
axit boronic hodc pinacol este véi 1-bromimidazo[1,5-a]pyrazin-8-amin la da biét voi
chuyén gia héa hoc hitu co — xem, vi dy, Ei-ichi Negishi (Editor), Armin de Meijere
(Associate Editor), Handbook of Organopaladium Chemistry for Organic Synthesis,
John Wiley and Sons, 2002.

Hop chit 4-amino-imidazo[1,5-f][1,2,4]triazin ¢ cong thirc I, trong d6 R;-Rs
6 nghia da duoc xac dinh trude dé, cé thé duoc didu ché bang cac con dudng tong

hop chung dugc thé hién trén So d6 II
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Nguyén liéu 3-amino-6-(aminometyl)-1,2,4-triazin-5(4H)-on X c6 thé duoc
didu ché qua phan ung ngung tu cua etyl brompyruvat, dibenzylamin, va
aminoguanidin cacbonat, tiép d6 la khir benzyl héa thong qua sy hydro hoa trén chat
xuc tac Pd-C [Mitchel, W.L.et al, J. Heterocycl. Chem. 21 (1984) pp697]. Hop chét
nay sau do6 c6 thé dugce phan tmg véi axit amin duge bao vé amin thich hgp. Phan ting
Cbz-N(R,)CR;3R4)COOH c6 thé dugc tién hanh trong dung mdi nhu DMF, THF hoac
DCM véi su c¢6 mit cua bazo nhu DIPEA, N-metylmorpholin, 4-DMAP hoac
trietylamin va véi su ¢6 mdt cua chét phan tmg lién hop nhu PyBOP, TBTU, EDCI
hoac HATU @ tao ra N-((3-amino-5-oxo-4,5-dihydro-1,2,4-triazin-6-yl)metyl)amit
XI. Viéc dong vong amino-triazinon XI ¢o thé duoc thuc hién béng cach st dung chét
phan tng ngung tu nhu phospho oxyclorua trong céc diéu kién gia nhiét dé tao ra dan
xudt 2-aminoimidazo[1,5-f][1,2,4]triazin-4(3H)-on XII. Sy iot hoa tiép theo c6 thé
duoc thuc hién béng cach su dung iot hodc N-iodosucxinimit trong dung moi thich
hop nhu DCM hodc DMF & nhiét do thich hop dé thu duoc hop chat ¢6 cong thic
XIII. Viéc loai boé nhém 2-amino trong dan xuat 2-aminoimidazo[1,5-f][1,2,4]triazin-
4(3H)-on XIII co thé duoc thuc hién béng cach st dung t-butyl nitrit trong dung moi
nhu DMF/THF & nhiét d6 trong phong dé tao ra dan xuét imidazo[1,5-f][1,2,4]triazin-
4(3H)-on XIV. Dan xuét 4-amino-imidazo[1,5-f][1,2,4]triazin (XV) c6 thé duoc diéu
ché tir hop chit XTIV bang cach st dung phospho oxyclorua, 1,2,4-triazol trong pyridin

va sy phan hiy amoniac tiép theo v&i amoniac (khi) trong isopropanol ¢ nhiét do trong
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phong. Hop chat ¢ cong thirc X VI ¢6 thé duoc diéu ché tir hop chit ¢é cong thirc XV
bang cach str dung axit boronic thich hop hodc pinacol este (VIII), v&i sw c6 mit cia
hé chat xuc tic paladi thich hop va dung méi, vi du phirc chét
bis(diphenylphosphino)feroxen paladi(IT)clorua hodc tetrakis(triphenylphosphin)
paladi(0) v6i su ¢6 mit clia kali cacbonat trong dioxan/nuéc tao ra hop chat c6 cong
thirc XVI. Cudi cung, tach nhom bao vé cua hop chét ¢é cong thirc XVI tao ra amin
chua duoc bao vé ma sau khi chirc hoa, bang cach sir dung phuong phap da biét trong
linh vuc, v&i ddu dan thich hop véi cac nghia dd dugc dinh nghia trude dé, tao ra hop
chét c6 cong thuc 1. Vi du vé phuong phép bao vé nhu vay la viée str dung nhém bao
vé benzyloxycacbonyl dé bao vé amin tir axit amin dugc st dung, va sau su khtr bao

vé voi 33% HBr/HOAc hoac HCI dac tao ra amin.

Axit amin HN(R,)CR3R4)COOH la c¢6 trén thi truong hodc chung cé thé duoc
didu ché mot cach d& dang bang cach sir dung phuong phap da biét véi chuyén gia hoa
hoc hitu co, dé dua vao nhém bao vé nhu benzyloxycacbonyl hodc tert-

butyloxycacbonyl.

Céac chat xuc tac paladi va céc diéu kién dé tao ra pinacol este hodc dé lién hop
axit boronic hodc pinacol este v6i 5-iodoimidazol1,5-f][1,2,4]triazin-4-amin la da biét
voi chuyén gia héa hoc hitu co — xem, vi du, Ei-ichi Negishi (Editor), Armin de
Meijere (Associate Editor), Handbook of Organopaladium Chemistry for Organic
Synthesis, John Wiley and Sons, 2002.

Sang ché cling bao gdm trong pham vi clia n6 tat ca cac dang dong phén lap thé
cta din xuét 8-amino-imidazo[1,5-a]pyrazin va 4-amino-imidazo[1,5-f][1,2,4]triazin
theo sang ché thu dugc, vi du, do hién tuong déng phan cAu hinh hodc hinh hoc. Céc
dang chit ddng phan lap thé nhu vay la chét ddng phan dbi anh, chit dong phan khong
dbi quang, chét ddng phan cis va trans v.v.. Vi du trong dé axit azepan-2-carboxylic
duoc dung 1am axit amin, ton tai hdn hop cua hai chit dong phan ddi anh. Trong
truong hop cac chit dong phan lap thé riéng r& cua hop chit cé cong thie I hodc céc
mudi hodc cac solvat cua chung, sang ché bao gdm cac chét dong phan 1ap thé néu trén
vé co ban khong co, tic la két hop it hon 5%, t5t hon néu it hon 2% va cu thé it hon

1% chat ddng phan lap thé khéc. Hon hop clia cc chat ddng phan 1ap thé theo ty 1¢ bét

-38-



22953

ky, vi du hdn hop raxemic chita cac lwong vé co ban bang nhau ctia hai chit déng phan

doi anh, cling dugc bao gom trong pham vi cua sdng ché.

Dbi voi cac hop chit khong déi ximg, phuong phap tong hop khong ddi xing
nhd d6 cac chét ddng phén 1ap thé tinh khiét thu duoc 1a da dugc biét dén trong linh
vuc nay, vi du tong hop v6i sy cam tmg khong ddi xtmg, tong hop bat dau tir hop chat
trung gian khong d6i xtmg, su chuyén hoa bing enzym chon loc déi anh, phan tach céc
chét ddng phan lap thé sir dung sic ky trén moi truong khong ddi xing. Cac phuong
phép nay dugc mo ta trong Chirality In Industry (dugc bién tap boi A.N. Collins, G.N.
Sheldrake va J. Crosby, 1992; John Wiley). Tuong tu, cac phuwong phap dé téng hop

chét ddng phén hinh hoc ciing d dugc biét trong linh vuc nay.

Dan  xudt  8-amino-imidazo[1,5-a]pyrazin ~ va  4-amino-imidazo[1,5-
f][1,2,4]triazin theo sang ché, ma co thé & dang bazo tu do, 6 thé duoc tach ta tir hon
hop phan tGng dudi dang mudi duge dung. Cac mudi duge dung nay ciing ¢6 thé thu
duoc béng cach xu ly bazo tu do cé cong thirc I béng axit hitu co hoac vo co nhu
hydro clorua, hydro bromua, hydro iodua, axit sulfuric, axit phosphoric, axit axetic,
axit propionic, axit glycolic, axit maleic, axit malonic, axit metansulphonic, axit

fumaric, axit sucxinic, axit tartric, axit xitric, axit benzoic, va axit ascorbic.

Dan  xudt  8-amino-imidazo[1,5-a]pyrazin =~ va  4-amino-imidazo[1,5-
f][1,2,4]triazin theo sang ché ciing tdn tai & dang v6 dinh hinh. Nhiéu dang tinh thé
cling c6 thé ton tai. Tét ca cdc dang vat Iy nay déu duoc bao gdm trong pham vi clia

sang cheé.

Viéc diéu ché cac solvat thuong da duoc biét. Do vay, vi du, M. Caira et al, J.
Pharmaceutical Sci., 93(3), 601-611 (2004) mo ta viéc diéu ché cac solvat cua
fluconazol khdng nim trong etyl axetat cling nhu tir nudc. Viée diéu ché twong tu céc
solvat, hemisolvat, hydrat va cac solvat tuong tu dugc md ta boi E. C. van Tonder et
al, AAPS PharmSciTech., 5(1), article 12 (2004); va A. L. Bingham et al, Chem.
Commun. 603-604 (2001). Quy trinh tiéu biéu, khéng nham giéi han, bao gdm hoa tan
hop chét theo sang ché voi lugng mong mudn cta dung mdi mong mudn (dung moi
hitu co hodc nude hodc hdn hop ctia chiing) & nhiét do cao hon nhiét dé méi truong, va

lam ngudi dung dich & téc d6 du dé tao thanh tinh thé ma sau d6 duoc tach bang
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phuong phap tiéu chuan. Céc k¥ thuat phan tich nhu, vi du, quang phd IR, cho thay su

¢6 mit cta dung mdi (hodc nudc) trong tinh thé dudi dang solvat (hoic hydrat).

Séng ché ciing bao gdbm hop chit duoc déanh dau bang ddng vi theo sang ché ma
giéng vai cac hop chit duoc trich dan trong ban md t4 nay, nhung thuc té mot hodc
nhiéu nguyén tir duge thay thé bang nguyén tir c6 khéi lugng nguyén tir hodc sb khoi
khac v6i khéi lugng nguyén tir hodc sd khdi thuong duge tim thay trong tu nhién. Vi
du vé cac chit dong vi ma c6 thé duoc dua vao trong hop chat theo sang ché bao gdm
cac chat dong vi ctia hydro, cacbon, nito, oxy, phospho, flo va clo, nhu twong tng la
21,30, B, e, BN, 70, 180, *'p, 32p, 35S, 3R, va 3Cl.

Mot sb hop chét duoc danh déu bé“mg déng vi ¢ cong thuc | nhét dinh (vi du,
cac hop chit duoc danh ddu bing *H va '*C) 1a hitu ich trong cac thir nghiém phan
phéi hop chat va/hodc co chét trong mo. Cac chat dong vi dugc triti hoa (tic 13, *H) va
cacbon-14 (tuc la, 14C) la dac biét duoc uu tién do su d& didu ché va phat hién cua
chung. Ngoai ra, viéc thay thé bang cac chat dong vi ning hon nhu doteri (tuc 1a, ’H)
6 thé thu duoc mot sé wu diém tri liéu nhit dinh do do 4n dinh trao ddi chét 16n hon
(vi du, chu ky ban ra in vivo tdng hodc yéu cdu lidu luong giam) va do do6 c6 thé duoc
wu tién trong mot sé truong hop. Hop chit duge dénh diu bang dong vi c6 cong thic I
nhin chung c6 thé duoc diéu ché bang cac quy trinh twong tw véi cdc quy trinh dugce
mo ta trén cac So dd va/hodc trong cac Vi du dudi day trong ban mo ta nay, bang cach
thay thé chdt phan umg duoc dinh dau bang ddng vi thich hop cho chat phan tmg
khéng duoc danh déu bang ddng vi.

Sang ché dugc minh hoa boi céac vi du sau.
Vi du thwe hién sang che

Céc vi du sau 1a cac phuong 4n minh hoa cta séng ché, khong nhdm giéi han
pham vi cua sang ché theo cach bit ky. Chét phan g la c6 trén thi truong hodc duge
diéu ché theo cac quy trinh néu trong tai liéu chuyén nganh.

Phé khéi: Phé phun dién duoc ghi trén khéi phé ké to cuc don Applied
Biosystems API-165 theo kiéu ion dwong va ion dm xen k& st dung Bom dong.
Khoang khdi luong 1a 120-2000 Da va duoc quét véi tde do budc 1a 0,2 Da va dién thé
mao dan duoc dat 1a 5000 V. Khi N2 dugc st dung dé phun.
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B6 do Phd ké LC-MS (Waters): PDA (200-320 nm), Bo do khéi luong: ZQ

Dung mo6i rira gidi: A: axetonitril véi 0,05% axit trifloaxetic, B: axetronitril /

nude = 1/9 (thé tich/thé tich) voi 0,05% axit trifloaxetic
Phuong phap LCMS (A)
Cot 1: Chromolith Performance, RP-18e, 4,6x100 mm,

Phuong phéap gradien: Dong: 4ml./phut

Thoi gian (phut) A (%) B (%)
0,00 100 0
3,60 0 100
4,00 0 100
4,05 100 0
6,00 100 0

Phuong phap LCMS (B)
Cot 2: XBridge C18, 3,5pum, 4,6x20mm

Phuong phap gradien: Dong: 4 ml/phut

Thoi gian (phtt) A (%) B (%)
0,0 100 0
1,60 0 100
3,10 0 100
3,20 100 0
5,00 100 0

UPLC: Hé théng Water acquity UPLC; Cét: BEH C18 1,7 pm, 2,1 x 100 mm,
B6 do: PDA (200-320 nm), Bo do khdi lugng: SQD

Dung mdi rira giai: A: axetonitril vai 0,035% axit trifloaxetic, B: axetronitril /

nude = 1/9 (thé tich/thé tich) vai 0,035% axit trifloaxetic

Phuong phép UPLC (A) UPLC (B) UPLC (C)
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Phuong phap 60 100 Phuong phép 40 80 Phuong phap 0_60

Dong: 0,75mL/phit  Dong: 0,65mL/phtut Dong: 0,60mL/phut

Thoi gian (phit) A (%) B (%) A (%) B (%) A (%) B (%)
0,0 40 60 60 40 100 0
3,00 0 100 20 80 40 60
3,20 0 100 0 100 0 100
3,69 0 100 0 100 0 100
3,70 40 60 60 40 100 0

HPLC diéu ché duoc tién hanh trén ¢t (50 x 10 mm ID, 5um, Xterra Prep MS
C18) & tdc dd dong bing 5 ml/phut, thé tich phun 500 pl, & nhiét do trong phong va do
UV 6210 nm.

Céc chit viét tht dudi day duoc str dung trong toan bo ban mo ta nay déi voi

thuat nglt hoa hoc:

HATU O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetrametyluronihexaflo
phosphat

Cbz Benzyloxycacbonyl

DMF N,N-dimetylformamit

DCM diclometan

EtOAc Etyl axetat

DIPEA N,N-Diisopropyletylamin

THF Tetrahydrofuran

EtOH Etanol

EDCLHCI 1-(3-dimetylaminopropyl)-3-etylcarbodiimit. hydroclorua
4-DMAP 4-dimetylamino pyridin

PyBOP O-benzotriazol-1-yl-oxy-trispyrolidinophosphoni

hexaflophosphat
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TBTU O-benzotriazol-1-yl-N,N,N’,N’-tetrametyluroni tetrafloborat
HBr Hydro bromua

HCl Hydro clorua

HOAc Axit axetic

Z Benzyloxycacbonyl

Pro Prolin

POCl; Phospho oxyclorua

HPLC Séc ky long cao 4p

UPLC

LiHMDS Lithi hexametyldisilazit

MeOH Metanol
Gly Glyxin
Ala Alanin

n-BulLi n-butyllithi
CO, Cacbon dioxit

Tén ctia cac san pham cuoi cung trong cac Vi du duoc tao ra bang cach sir dung

Chemdraw Ultra (phién ban 9.0.7).

Hop chét trung gian 1

Cl Cl Cl
CN
N | N | NH, . N7 | NH [ —
/
\\/N K/N K/N O)'\QN>
o cl Br NH, Br
N)Y\ N%K% NN
N - N N
K/N / K/N / K/N /
Cbz Cbz Cbz
N/ N/ N/
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(S)-benzyl 2-(8-amino-1-bromimidazo|[1,5-a]pyrazin-3-yl)pyrolidin-1-

carboxylat
(a) (3-clopyrazin-2-yl)metanamin.hydroclorua

B& sung Niken Raney (50% huyén phu dac trong nuée, 70 g, 409 mmol) vao
dung dich chtra 3-clopyrazin-2-cacbonitril (160 g, 1,147 mol) trong axit axetic (1,5 L).
Hbn hop thu dugc duoge khudy trong 4 bar hydro & nhiét do trong phong qua dém.
Niken Raney duoc loai bod bfmg cach loc trén decalit va phﬁn dich loc dugc cd dudi ap
suét giam va dugc dong 1am bay hoi véi toluen. Chat ran mau nau con lai duoc hoa tan
trong etyl axetat & nhiét dd 50°C va dugc lam lanh trén bé nudc da. Dung dich hydro
clorua ndng d6 2M trong dietyl ete (1,14 L) dugc bd sung trong 30 phat. Hdn hop
duoc khudy ¢ nhiét do trong phong qua cudi tuan. Céc tinh thé duoc thu gom bing
cach loc, duoc rira béng dietyl ete va dugc lam kho dudi ap suit giam & nhiét do 40°C.
San phém chét rdn mau nau thu duoc duogc hoa tan trong metanol & nhiét do 60°C.
Hon hop duoc loc va dugce ¢d mot phén, duoc lam ngudi tdi nhiét do trong phong va
dietyl ete (1000 ml) duoc bd sung. Hon hop duoc khudy & nhiét do trong phong qua
dém. Chét rin tao thanh duoc thu gom béng cach loc, duoc rira béng dietyl ete va dugc
lam kho duéi 4p sudt giam & nhiét do 40°C dé tao ra 153,5 g (3-clopyrazin-2-

yl)metanamin.hydroclorua dudi dang chét rin mau nau (74,4%, ham lugng 77%).
(b) (S)-benzyl 2-((3-clopyrazin-2-yl)metylcarbamoyl)pyrolidin-1-carboxylat

B6 sung trietylamin (11,85 mL, 85 mmol) vao dung dich chta (3-clopyrazin-2-
yl)metanamin.HCI (9,57 g, 21,26 mmol, 40% khéi lugng) va Z-Pro-OH (5,3 g, 21,26
mmol) trong diclometan (250 mL) va hdn hop phéan tmg dugc lam lanh xudng nhiét do
0°C. Sau 15 phut khudy ¢ nhiét d6 0°C, HATU (8,49 g, 22,33 mmol) duoc bd sung.
Hdn hop duoc khudy trong 1 gio & nhiét do 0°C va sau d6 qua dém & nhiét do trong
phong. Hon hop dugc rira bang dung dich HCI ndng d6 0,1 M, 5% NaHCO;, nudc va
nude mudi, duge 1am kho trén natri sulfat va duogc co trong chan khong. San pham
duoc tinh ché bing cach st dung sic ky silicagel (heptan/etyl axetat = 1/4 % thé
tich/thé tich) dé tao ra 5 g (S)-benzyl 2-((3-clopyrazin-2-yl)metylcarbamoyl)pyrolidin-
1-carboxylat (62,7%).

(c) (S)-benzyl 2-(8-cloimidazol[1,5-a]pyrazin-3-yl)pyrolidin-1-carboxylat
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(S)-benzyl 2-((3-clopyrazin-2-yl)metylcarbamoyl)pyrolidin-1-carboxylat (20,94
mmol, 7,85 g) duoc hoa tan trong axetonitril (75 ml), 1,3-dimetyl-2-imidazolidinon
(62,8 mmol, 6,9 ml, 7,17 g) dugc bd sung va hdn hop phan tng duoc 1am lanh xuéng
nhiét do 0°C trude khi POCl; (84 mmol, 7,81 ml, 12,84 g) duoc bd sung ting giot
trong khi nhiét d6 van con xung quanh 5°C. H3n hop phan tng duoc hdi luu & nhiét d6
60-65°C qua dém. Hon hop phan tmg dugc rét mot cach cin than trong amoni
hydroxit 25% trong nudc (250 ml)/da da duoc nghién vun (500 ml) dé tao ra huyén
pht mau vang (pH ~8-9) ma duoc khudy trong 15 phiit cho dén khi d4 khong con c6
mat trong huyén phu. Etyl axetat dugc bd sung, cac 16p duoc tach va 16p nude dugce
chiét bang etyl axetat (3x). Lép hitu co duoc két hop va duoc rira bang nude mudi,
dugc 1am kho trén natri sulfat, dugc loc va duge lam bay hoi dé taora 7,5 g san phém
thd. San phim thé dugc tinh ché bang cach sir dung sic ky silicagel (heptan/etyl axetat
= 1/4 % thé ticl/thé tich) dé tao ra 6,6 g (S)-benzyl 2-(8-cloimidazo[1,5-a]pyrazin-3-
yl)pyrolidin-1-carboxylat (88%).

(d) (S)-benzyl 2-(1-brom-8-cloimidazo[1,5-a]pyrazin-3-yl)pyrolidin-1-

carboxylat

N-bromsucxinimit (24,69 mmol, 4,4 g) dugc bd sung vao dung dich duogc
khudy cha (S)-benzyl 2-(8-cloimidazo[l,5-a]pyrazin-3-yl)pyrolidin-1-carboxylat
(24,94 mmol, 8,9 g) trong DMF (145 mL). Phan Ung duoc khudy 3 gio & nhiét do
trong phong. Hon hop duoc rét (tir tir) vao hdn hop duge khudy chtra nudc (145 mL),
etyl axetat (145 mL) va nudc mudi (145 mL). Hén hop sau d6 dugce chuyén vao phéu
tach va duoc chiét. Lop nudc duge chiét bang 2x145 mL etyl axetat. Cac 16p hitu co
két hop duoc rua béng 3x300 mL nudce, 300 mL nudc mudi, duoc 1am khé trén natri
sulfat, duoc loc va dugc lam bay hoi. San phém duoc tinh ché béng cach st dung séc
ky silicagel (etyl axetat/heptan = 3/1 % thé tich/thé tich) dé tao ra 8,95 g (S)-benzyl 2-
(1-brom-8-cloimidazo[ 1,5-a]pyrazin-3-yl)pyrolidin-1-carboxylat (82,3%0).

(e) (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-yl)pyrolidin-1-
carboxylat

(S)-benzyl  2-(1-brom-8-cloimidazo[1,5-a]pyrazin-3-yl)pyrolidin-1-carboxylat
(20,54 mmol, 8,95 g) dugc tao huyén phu trong 2-propanol (113 ml) trong binh ap
suét. 2-propanol (50 ml) dugc lam lanh xuéng nhiét d6 -78°C trong binh cau da duoc
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can trude (c6 nut va thanh khudy) va khi amoniac (646 mmol, 11 g) duoc suc qua
trong 15 phut. Dung dich thu dugc duoc bd sung vao huyén phi trong binh 4p suat.
Binh dugc déng kin va dwoc khudy & nhiét do trong phong va quan sat thiy &p suét
tang nhe. Sau d6, huyén ph dugc gia nhiét dén 110°C, didu nay dan dén ap suit ting
1én dén 4,5 bar. Dung dich trong duogc khuéy ¢ nhiét do 110°C, 4,5 bar qua dém. Sau
18 gid, 4p sudt con lai 4 bar. Hon hop phan ting duge cd trong chan khong, phan cin
duoc tao huyén phu trong etyl axetat va tiép theo duoc rira bang nude. Cac 16p duge
tach va 16p nudc duoc chiét bang etyl axetat. Cac 16p hiru co két hop duoc rira bang
nudc, dung dich natri clorua bao hoa, dugce lam kho trén natri sulfat va dugc cd dé tao
ra 7,35 g (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-yl)pyrolidin-1-
carboxylat (86%).

Hop chét trung gian 2

—N —N

I
Iz

NH, NH,

N/ — N/ NTT N

-~
IR e

(S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(pyridin-2-

yl)benzamit

(a) (S)-benzyl 2-(8-amino-1-(4-(pyridin-2-ylcarbamoyl)phenyl)imidazol[1,5-
a]pyrazin-3-yl)pyrolidin-1-carboxylat

(S)-benzyl 2-(8-amino-1-bromimidazo[ 1,5-a]pyrazin-3-yl)pyrolidin-1-
carboxylat (0,237 mmol, 98,5 mg) va axit 4-(pyridin-2-yl-
aminocacbonyl)benzenboronic (0,260 mmol, 63,0 mg) duogc tao huyén phu trong hén
hop chtta dung dich nudc kali cacbonat ndng d6 2N (2,37 mmol, 1,18 mL) va dioxan
(2,96 mL). Nito dugc suc qua hén hop, sau dé bd sung thém 1,1'-
bis(diphenylphosphino)feroxen paladi (ii) clorua (0,059 mmol, 47,8 mg). Hén hop
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phan Gng dugc gia nhiét trong 20 phat & nhiét d§ 140°C trong vi séng. Nudc duoc bd
sung vao hdn hop phan ung, tiép d6 la chiét bang etyl axetat (2x). Lép hitu co két hop
duoc rira bang nude mudi, duoc 1am kho trén magie sulfat va duoc lam bay hoi. San
phim dugc tinh ché bang cach sir dung silicagel va diclometan/metanol = 9/1 % thé
tich/thé tich dé lam dung méi ria giai dé thu duoc 97,1 mg (S)-benzyl 2-(8-amino-1-
(4-(pyridin-2-ylcarbamoyl)phenyl)imidazo[1,5-a]pyrazin-3-yl)pyrolidin-1-carboxylat
(77%).

(b) (S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-

yl)benzamit

Bd sung dung dich axit hydrobromic/axit axetic n6ng dd 33% (11,26 mmol, 2
ml) vao (S)-benzyl 2-(8-amino-1-(4-(pyridin-2-ylcarbamoyl)phenyl)imidazo[1,5-
a]pyrazin-3-yl)pyrolidin-1-carboxylat (0,146 mmol, 78 mg) va hén hop duoc dé &
nhiét do trong phong trong 1 gid. Hon hop dugc pha lodng bing nudc va duge chiét
bang diclometan. Pha nuéc dugc trung hoa bang cach st dung dung dich natri hydroxit
n6ng dd 2N, va sau do duoc chiét béng diclometan. Lop hitu co duge lam kho trén
magie sulfat, dugc loc va dugc lam bay hoi dé tao ra 34 mg (S)-4-(8-amino-3-

(pyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit (58%).

Vidul

f N

—N

Iz

NH,

NZT N

&é 1

(S)-4-(3-(1-acryloylpyrolidin-2-yl1)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit

Bo sung trietylamin (0,626 mmol, 0,087 ml, 63,3 mg) va, timg giot, acryloyl
clorua (0,657 mmol, 0,053 ml, 59,5 mg) vao dung dich chtra (S)-4-(8-amino-3-
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(pyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit (0,626 mmol,
250 mg) trong diclometan (25 ml) & nhiét do 0°C. Hdn hop thu duoc duge khudy o
nhiét d6 0°C trong 2 gid. Hon hop duoc rira biang nude, duoe lam kho trén magie
sulfat. Sau khi lam bay hoi, phan can duoc tinh ché bang HPLC diéu ché. Cac phan
doan chira san phim duoc thu gom va duoc 1am déng kho nhanh dé thu duoce 126 mg
(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-
yl)benzamit (hiéu sudt 44,4%). S6 liéu: UPLC (C) Ry 1,50 phut; m/z 454,3 (M+H)".

Vidu 2

—N

Iz

NH,

N/ -

(S,E)-4-(8-amino-3-(1-(4-(pyrolidin-1-yl)but-2-enoyl)pyrolidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit

B6 sung HATU (18,75 mg, 0,049 mmol) vao dung dich chira (S)-4-(8-amino-3-
(pyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit (hop chat trung
gian 2b, 19,7 mg, 0,049 mmol), trietylamin (20 mg, 0,197 mmol, 0,027 mL) va
hydroclorua cta axit (E)-4-(pyrolidin-1-yl)but-2-enoic (9,45 mg, 0,049 mmol) trong
diclometan (2 mL). Hn hop dugc khudy trong 30 phut & nhiét d§ trong phong. Hon
hop duoc rira bang nude, duge lam kho trén magie sulfat va dugc ¢o trong chin
khong. Phan cin duoc tinh ché bang HPLC diéu ché. Phan doan chira san phém duoc
thu gom va dugc lam giam dén kho dé thu duoc 7,1 mg (S,E)-4-(8-amino-3-(1-(4-
(pyrolidin-1-yl)but-2-enoyl)pyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-
yl)benzamit (hiéu sudt 26,8%). S6 liéu: UPLC (C) R¢: 1,25 phut; m/z 537,4 (M+H)".

Vidu3
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(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)pyrolidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit

Hop chét nay duoc didu ché, theo cach twong tu nhu duge md ta trong Vi du 2,
tir hop chét duoc md ta trong Hop chat trung gian 2b va axit (E)-4-(dimetylamino)but-
2-enoic, dé thu duoc Hop chit néu ¢ dé muc nay (11,8 mg, 46,6%). S lieu: UPLC (C)
Ry 1,29 phat; m/z 511,0 (M+H)".

Hop chét trung gian 3
Axit (E)-4-metoxybut-2-enoic

Natri metoxit (30%/metanol, 30,3 mmol, 5,68 mL) duoc bd sung qua bom tiém
thuy tinh vao dung dich dugc khudy chira axit 4-bromcrotonic (6,06 mmol, 1 g) trong
metanol (60 mL) & nhiét do trong phong. Dung dich mau vang nhat thu dugc duoc
khuay trong 30 phut ¢ nhiét do trong phong va 2 gio' ¢ nhiét do hdi luu. Sau khi lam
ngudi hdn hop phan tmg, dung mdi duoc loai bé dudi ap suat giam. Phan cin dugc
phéan bd gitta nude (50 mL) va dietyl ete (50 mL). Dung dich nudc hydroclorua ndng
d6 2M (3,5 mL) dugc bd sung cho dén khi do pH béng ~pH 1. Lép nude duge tach ra
va duoc chiét bang dietyl ete (3 x 20 mL). Céc 16p hitu co két hop duoc rira bing nuéc
mudi, duoc lam kho trén natri sulfat, duoc loc va dugc ¢d trong chan khong, dé tao ra

650 mg axit (E)-4-metoxybut-2-enoic (92%).

Vidu4
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(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a|pyrazin-1-yl)-N-(pyridin-2-yl)benzamit

Hop chét nay duoc diéu ché, theo cach tuong tu nhu dugc md ta trong Vi du 2,
tir hop chat duoc mo ta trong Hop chét trung gian 2b va axit (E)-4-metoxybut-2-enoic
(Hop chét trung gian 3), dé thu duoc Hop chit néu & dé muc nay (11 mg, 29,9%). S6
lieu: UPLC (C) R¢: 1,58 phut; m/z 498,3 (M+H)".

Vidu5

(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-cacbonyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit

Hop chét nay duoc didu ché, theo cach tuong tuw nhu duge md ta trong Vi du 2,
tir hop chat dugc md ta trong Hop chét trung gian 2b va axit 2-clopyrimidin-4-
carboxylic, dé thu duoc Hop chét néu & dé muc nay (8,3 mg, 40,4%). Sd liéu: UPLC
(C) Ry 1,64 phut; m/z 540,1 (M+H)".
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Vidu6

(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[ 1,5-a|pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit

Hop chét nay duoc diéu ché, theo cach tuong ty nhu dugce mo ta trong Vi du 2,
tir hop chit duoc mo ta trong Hop chét trung gian 2b va axit 2-butynoic, dé thu duogc
Hop chit néu ¢ d& muc nay (10,5 mg, 18,0%). S6 litu: LCMS (B) Ry: 2,08 phuit; m/z
466,1 (M+H)".
Hop chét trung gian 4

F

6] o} / \
OH cl —

0]

N
O/B O/B
\O \O
o B\
o}

K

N-(4-flopyridin-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit
(a) 4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzoyl clorua

B& sung luong chét xic tic DMF vao dung dich lanh (0°C) chua axit 4-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl) benzoic (40,3 mmol, 10,01 g) trong
diclometan (206 mL). Dung dich chia oxalyl clorua (101 mmol, 8,66 mL, 12,8 g)
duoc bd sung ting giot. Sau khi khudy trong 30 phtt & nhiét do 0°C, hon hop phan
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tmg duoc lam 4m t6i nhiét do trong phong va hén hop duoc khudy trong 3 gio nita.
Hoén hop phan tng dugc cd dé tao ra 10,9 g 4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-
2-yl)benzoyl clorua (101%) tho.

(b) N-(4-flopyridin-2-yl1)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-

yl)benzamit

B sung 2-amino-4-flopyridin (4,22 mmol, 473 mg) vao dung dich chua 4-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzoyl clorua (1,688 mmol, 450 mg)
trong axetonitril (24,8 mL). Hon hop phén Gng dugc khudy ¢ nhiét do trong phong
trong 1,5 gid. Hon hop phan tmg dugc ¢ dén thé tich nho, dung dich nudc axit xitric
nong do 3% (18 mL) duoc bd sung va hdn hop dugc chiét bang diclometan (2 x 15
mL). L6p hitu co két hop duoc rira bang dung dich nuéc axit xitric ndng do 3%, duoc
lam kho trén magie sulfat, dugc loc va dugc lam bay hoi dé thu dugc 542,2 mg N-(4-
flopyridin-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit  (94%) dudi

dang chit rdn mau trang nhat.

Hop chat trung gian 5

N N

K/N Va
3

(S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(4-flopyridin-
2-yl)benzamit

Hop chét trung gian nay duoc diéu ché, theo cach tuong tu nhu duge mo ta cho
Hop chéit trung gian 2b, tur (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-
yl)pyrolidin-1-carboxylat (Hop chét trung gian le) va N-(4-flopyridin-2-yl)-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chat trung gian 4b) dé thu duoc
Hop chit néu & dé muc nay (331 mg, 93%).

Vidu7
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(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)pyrolidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-flopyridin-2-yl)benzamit

Hop chét nay duoc diéu ché, theo cach tuong tu nhu dugc mo ta trong Vi du 2,
tir hop chéat duge mé ta trong Hop chat trung gian 5 va axit (E)-4-(dimetylamino)but-
2-enoic, dé thu dugc Hop chit néu & d& muc nay (33,4 mg, 54,1%). S6 liéu: UPLC (C)
Ry 1,72 phat; m/z 529,3 (M+H)".

Hop chat trung gian 6

7N

—N

Iz

N-(4-metylpyridin-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-

yl)benzamit

B6 sung ting giot dung dich chira LIHMDS ndng d6 1M trong THF (8,0 mmol,
8 mL) & nhiét do trong phong vao dung dich dugc khudy chira 4-metylpyridin-2-amin
(7,86 mmol, 850 mg) trong THF (50 mL). Sau khi hén hop phan tmg chuyén thanh
mau xanh 14 cdy sdm, dung dich chua 4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)benzoyl clorua (9,6 mmol, 2,56 g) trong diclometan (55 mL) duoc bd sung timg
giot. Hon hop dugc khuéy & nhiét d6 trong phong trong 2,5 gio va sau do dugc co.
Dung dich nudc axit xitric ndng do 3% (18 mL) duge b6 sung va hdn hop duogc chiét

bang diclometan (2 x 15 mL). Lop hitu co két hop duoc rira bang dung dich nude axit
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xitric néng dd 3%, dugc lam khd trén magie sulfat, dugc loc va dugc lam bay hoi.
Phan cin duoc hoa tan trong THF (15 mL) va dung dich NaOH ndng d6 6M (15 mL)
dugc bd sung. Hon hop duoc khudy trong 4 gid & nhiét do trong phong. Etyl axetat
duoc bd sung va céc 16p duoc tach. Lp hitu co dugc rira bang nude va nude mudi,
duoc lam kho trén natri sulfat, duoc loc va dugc lam bay hoi. Phan cin duoc tinh ché
bing sic ky trén silic oxit (dung moi ria giai: DCM/MeOH=98/2 dén
DCM/MeOH=95/5) dé tao ra 1,1 g N-(4-metylpyridin-2-yl)-4-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)benzamit (40,7%).

Hop chit trung gian 7

Iz

(S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
metylpyridin-2-yl)benzamit

Hop chét trung gian nay duoc diéu ché, theo cach tuong tw nhu duge mo ta dbi
v6i Hop chét trung gian 2, tir (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-
yl)pyrolidin-1-carboxylat (Hop chit trung gian le) va N-(4-metylpyridin-2-yl)-4-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 6) dé thu
duoc Hop chit néu & dé muc nay (125,5 mg, 82%).

Vidu8
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(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-
(4-metylpyridin-2-yl)benzamit

Hop chét nay duoc diéu ché, theo cach twong tu nhu duoc mo ta trong Vi du 2,
tur (S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(4-metylpyridin-2-
yl)benzamit (Hop chat trung gian 7) va axit 2-butynoic, dé thu dugc Hop chét néu & dé

muc nay (6,3 mg, 27,2%). S liéu: UPLC (C) R 1,56 phut; m/z 480,3 (M+H)".

Hop chét trung gian 8

N-(4-propylpyridin-2-yl1)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-

yl)benzamit

Hop chét nay dugc didu ché, theo cach tuong tu nhu duge mé ta trong Hop chat
trung gian 6, bit dau tir 4-propylpyridin-2-amin, dé thu duge Hop chat néu ¢ d¢& muc
nay (371,5 mg, 54,1%).

Hop chét trung gian 9

(S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
propylpyridin-2-yl)benzamit
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Hop chét trung gian nay duoc diéu ché, theo cach twong tu nhu duge mo ta ddi
v6i Hop chat trung gian 2, tir (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-
yl)pyrolidin-1-carboxylat (Hop chit trung gian le) va N-(4-propylpyridin-2-yl)-4-
(4.4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 8) dé thu
duoc Hop chit néu & dé muc nay (147,8 mg, 93%).

Vidu9

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-propylpyridin-2-yl)benzamit

Hop chét nay dugc didu ché, theo cach tuong ty nhu dugc mo ta trong Vi du 2,
tut  (S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-propylpyridin-
2-yl)benzamit (Hop chét trung gian 9) va axit (E)-4-metoxybut-2-enoic (Hop chét
trung gian 3), dé thu dugc Hop chét néu ¢ dé muc nay (30,9 mg, 65,7%). S6 lidu:
UPLC (C) Ry: 2,73 phut; m/z 566,3 (M+H)".

Hop chét trung gian 10

4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-N-(4-(triflometyl)pyridin-2-

yl)benzamit
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Hop chét nay duoc diéu ché, theo cach twong tu nhu dugc mé ta trong Hop chat
trung gian 6, bat dau tir 4-(triflometyl)pyridin-2-amin, dé thu duge Hop chét néu & e
muc nay (657,2 mg, 89%).

Hop chét trung gian 11

(S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
(triflometyl)pyridin-2-yl)benzamit

Hop chét trung gian nay duoc diéu ché, theo cach tuong ty nhu duoc mo ta doi
v6i Hop chit trung gian 2, tit (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-
yl)pyrolidin-1-carboxylat (Hop chat trung gian le) va 4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-y1)-N-(4-(triflometyl)pyridin-2-yl)benzamit (Hop chét trung gian 10)
dé thu duoc Hop chét néu & d& muc nay (163 mg, 87%).

Vidu 10

—N

Iz

NH,

K/N A
é\,)\
(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(4-(triflometyl)pyridin-2-yl)benzamit

Hop chét nay dugc diéu ché, theo cach tuong tu nhu duoc mo ta trong Vi du 2,

tlr (S)-4-(8-amino-3-(pyrolidin-2-yl)imidazol[ 1,5-a]pyrazin-1-y1)-N-(4-
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(triflometyl)pyridin-2-yl)benzamit (Hop chat trung gian 11) va axit 2-butynoic, dé thu
duoc Hop chét néu & dé muc nay (7,1 mg, 31,1%). S6 liéu: UPLC (C) Ry: 2,63 phut;
m/z 534,2 (M+H)".

Hop chét trung gian 12

/i N

—N

o B\

N-(4-etylpyridin-2-yl1)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit

Hop chét nay duoc diéu ché, theo cach tuong tu nhu duge mo ta trong Hop chét

trung gian 4, bat dau tlr 4-etylpyridin-2-amin, dé thu duoc Hop chét néu & dé muc nay

(334,5 mg, 50,6%).

NK
a

(S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-etylpyridin-

Hop chét trung gian 13

Z

(

2-yl)benzamit

Hop chét trung gian nay dugc didu ché, theo cach tuong tu nhu duoc moé ta ddi
v6i Hop chét trung gian 2, tir (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-
yl)pyrolidin-1-carboxylat (Hop chit trung gian le) va N-(4-etylpyridin-2-yl)-4-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 12) d thu
duoc Hop chét néu & d&& muc nay (133,8 mg, 89%).
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Vidull

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a|pyrazin-1-yl)-N-(4-etylpyridin-2-yl)benzamit

Hop chét nay duoc didu ché, theo cach twong tu nhu duge md ta trong Vi du 2,
tr  (S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-etylpyridin-2-
yl)benzamit (Hop chét trung gian 13) va axit (E)-4-metoxybut-2-enoic (Hop chit trung
gian 3), dé thu duoc Hop chit néu & d& muc nay (10,6 mg, 28,8%). S6 liéu: UPLC (C)
R;: 1,60 phut; m/z 526,3 (M+H)".

v

Hop chét trung gian 14

.
E’ B’ 1

N-(4,5,6,7-tetrahydrobenzo[d]thiazol-2-y1)-4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)benzamit
(a) 4-brom-N-(4,5,6,7-tetrahydrobenzo[d]thiazol-2-yl)benzamit

4-brombenzoyl clorua (1,5 g, 6,83 mmol) va 4,5,6,7-tetrahydro-1,3-
benzothiazol-2-amin (1,054 g, 6,83 mmol) dugc hoa tan trong pyridin (15 ml) va dugc
khudy & nhiét d6 50°C trong 1,5 git. Hon hop phan tmg duoc lam ngudi toi nhigt do

trong phong va duoc rot vao nude. Chat ran tao thanh duoc loc, dugc rua bang nude.
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Chat rin dugc dong lam bay hoi voi toluen hai lan dé thu dugc 1,8 g 4-brom-N-

(4,5,6,7-tetrahydrobenzo[d]thiazol-2-yl)benzamit (78%) duéi dang chat rin mau vang.

(b) N-(4,5,6,7-tetrahydrobenzo[d]thiazol-2-y1)-4-(4,4,5,5-tetrametyl-1,3,2-

dioxaborolan-2-yl)benzamit

B6 sung bis(pinacolato)dibo (1,762 g, 6,94 mmol) va kali axetat (1,048 g, 10,68
mmol) vao dung dich chtta 4-brom-N-(4,5,6,7-tetrahydrobenzo[d]thiazol-2-
yl)benzamit (1,8 g, 5,34 mmol) dioxan (40 ml). Hon hop phan tmg dugc loai khi bang
nito. Sau dé 1,1'-bis(diphenylphosphino)feroxenpaladi(Il) diclorua (0,218 g, 0,267
mmol) duoc bd sung va hdn hop phan tng duoc khudy & nhiét do 80°C trong 5 ngay.
Hon hop duoc lam ngudi téi nhiét do trong phong va sau khi bd sung nudc dugce chiét
ba lan be“ing EtOAC. Lép hitu co duge két hop, dugc rra bﬁng nude mudi, duge lam
kho trén natri sulfat, duoc loc va dugc lam bay hoi. San phém thd duoc tinh ché béng
cach str dung sic ky silicagel (heptan/etyl axetat 3/7 dén 7/3 % thé tich/thé tich) dé tao
ra 600 mg N-(4,5,6,7-tetrahydrobenzo[d]thiazol-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)benzamit (29,3%).

Hop chét trung gian 15

Iz

NH,

NZT N=—

K/N Va
&

(S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4,5,6,7-
tetrahydrobenzo[d]thiazol-2-yl)benzamit

Hop chét trung gian nay duoc didu ché, theo cach tuong tu nhu duge mo ta dbi
v6i Hop chét trung gian 2, tir (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-
yl)pyrolidin-1-carboxylat  (Hop chit trung gian le) va N-(4,56,7-
tetrahydrobenzo[d]thiazol-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
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yl)benzamit (Hop chét trung gian 14b) dé thu duoc Hop chat néu ¢ dé muc nay (260
mg, 60%).

Vidu 12

Iz

2

N N

ot o

Jo
(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-

(4,5,6,7-tetrahydrobenzo[d]thiazol-2-yl)benzamit

Hop chét nay dugc didu ché, theo cach tuong tu nhu duge md ta trong Vi du 2,
tr (S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(4,5,6,7-
tetrahydrobenzo[d]thiazol-2-yl)benzamit (Hop chét trung gian 15) va axit 2-butynoic,
dé thu duoc Hop chét néu & d& muc nay (7 mg, 19,2%). S6 liéu: UPLC (C) R;: 2,41
phut; m/z 526,3 (M+H)".

Hop chét trung gian 16

—N

Iz

2-flo-N-(pyridin-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit
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Hop chét nay duoc diéu ché, theo cach tuong tu nhur duge mo ta trong Hop chét
trung gian 14, bat dau tir axit 4-brom-2-flobenzoic, dé thu duoc Hop chat néu & dé

muc nay (2,54 g, 76%).

Hop chét trung gian 17

NH,
N

N
S N/

NH

(S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-2-flo-N-(pyridin-
2-yl)benzamit

Hop chat trung gian nay dugc diéu ché, theo cach tuong tu nhu duoe mo ta doi
voi Hop chét trung gian 2, tir (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-
yl)pyrolidin-1-carboxylat (Hop chit trung gian le) va 2-flo-N-(pyridin-2-yl)-4-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chat trung gian 16) dé thu
duoc Hop chit néu ¢ dé muc nay (160 mg, 76%).

Vidu 13

Iz

-62-



22953

(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-2-flo-
N-(pyridin-2-yl)benzamit

Hop chit nay duoc diéu ché, theo cach twong tu nhu duge md ta trong Vi du 1,
tr  (S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-2-flo-N-(pyridin-2-
yl)benzamit (Hop chét trung gian 17) va acryloylclorua, dé thu dugc Hop chat néu &

dé muc nay (13 mg, 38,4%). S6 lidu: UPLC (C) R;: 1,67 phut; m/z 472,3 (M+H)".

Hop chét trung gian 18

Iz

2-metoxy-N-(pyridin-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)benzamit

Hop chat nay duoc diéu ché, theo cach tuong tu nhu dugc mo ta trong Hop chat
trung gian 14, bit dau tir axit 4-brom-2-metoxybenzoic, dé thu duogc Hop chit néu & dé

muc nay (2,6 g, 90%).

Hop chét trung gian 19

/ N
—N
o)
N
H
0
N
NH,
N —
N
K/N /

-63-



22953

(S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-2-metoxy-N-
(pyridin-2-yl)benzamit

Hop chét trung gian nay dugc didu ché, theo cach twong tu nhu duoc md ta db6i
v6i Hop chat trung gian 2, tir (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-
yl)pyrolidin-1-carboxylat (Hop chét trung gian le) va 2-metoxy-N-(pyridin-2-yl)-4-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 18) dé thu
dugc Hop chit néu ¢ d& muc nay (175 mg, 56,6%).

Vidu 14

= —

(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-2-
metoxy-N-(pyridin-2-yl)benzamit

Hop chét nay duoc diéu ché, theo cach twong tu nhu dugc md ta trong Vi du 1,
tur (S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-2-metoxy-N-(pyridin-
2-yl)benzamit (Hop chét trung gian 19) va acryloylclorua, dé thu duoc Hop chét néu &

dé muc nay (14 mg, 35,5%). S6 liéu: UPLC (C) R¢: 1,74 phut; m/z 484,3 (M+H)".

Hop chét trung gian 20
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(S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(thiazol-2-
yl)benzamit

Hop chét trung gian nay duoc diéu ché, theo cach twong tu nhu duge mo ta ddi
v6i Hop chét trung gian 2, tir (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-
yl)pyrolidin-1-carboxylat (Hop chat trung gian le) va N-2-thiazolyl 4-boronobenzamit

co trén thi trudng dé thu duoc Hop chit néu ¢ dé muc nay (229 mg, 73,1%).

Vidu 15

.
e

N
H

N~

A

(S.E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)pyrolidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-N-(thiazol-2-yl)benzamit

Hop chit nay dugc didu ché, theo cach tuong tw nhu dugc md ta trong Vi du 2,
tlr (S)-4-(8-amino-3-(pyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(thiazol-2-
yl)benzamit (Hop chat trung gian 20) va axit (E)-4-(dimetylamino)but-2-enoic, dé thu
duoc Hop chét néu ¢ d& muc nay (18,9 mg, 29,7%). S6 liéu: UPLC (C) Ry: 1,38 phut;
m/z 517,3 (M+H)".
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Hop chat trung gian 21

=

(S)-4-(8-amino-3-(piperidin-2-yl)imidazo| 1,5-a]pyrazin-1-yl)-N-(pyridin-2-

yl)benzamit

Hop chét trung gian nay duoc diéu ché, theo cach tuong tu nhur dwoe mo ta doi
v6i hop chit trung gian 1, tir axit (S)-1-(benzyloxycacbonyl)piperidin-2-carboxylic dé
thu duogc (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-yl)piperidin-1-
carboxylat. Phan tmg tiép theo véi axit 4-(pyridin-2-yl-aminocacbonyl)benzenboronic
co trén thi trudng, céac chét tuong tu nhu duge mo ta dbi vai Hop chét trung gian 2 tao

ra Hop chét néu & d& muc nay (491 mg, 91%).

Vidu 16

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit
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Hop chét nay duoc diéu ché, theo cach twong ty nhu dugc mo ta trong Vi du 2,
tir (S)-4-(8-amino-3-(piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-
yl)benzamit (Hop chit trung gian 21) va axit (E)-4-metoxybut-2-enoic (Hop chat trung
gian 3), d& thu duoc Hop chét néu & d& muc nay (21,1 mg, 54,3%). S6 lidu: LCMS (B)
R 2,22 phit; m/z 512,3 (M+H)".

Hop chit trung gian 22

(S)-4-(8-amino-3-(piperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(4-flopyridin-
2-yl)benzamit

Hop chét trung gian nay duoc diéu ché, theo cach tuong tu nhu dugc md ta do6i
v6i Hop chét trung gian 1, tir axit (S)-1-(benzyloxycacbonyl)piperidin-2-carboxylic dé
thu duoc (S)-benzyl 2-(8-amino-1-bromimidazol1,5-a]pyrazin-3-yl)piperidin-1-
carboxylat. Phan tng tiép theo voi N-(4-flopyridin-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)benzamit (Hop chat trung gian 4), cac chét tuong tu nhu dugc mé ta

cho hop chét trung gian 2 tao ra Hop chét néu & dé muc nay (160 mg, 71,8%).

Vidu 17
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(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
flopyridin-2-yl)benzamit

Hop chit nay dugc didu ché, theo cach tuong tu nhu duge mé ta trong Vidu 1,
tt  (S)-4-(8-amino-3-(piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-flopyridin-2-
yl)benzamit (Hop chat trung gian 22) va acryloylclorua, dé thu dugc Hop chat néu &
dé muc nay (12 mg, 42,7%). S liéu: UPLC(C) Ry 2,29 phut; m/z 486,3 (M+H)".

Hop chit trung gian 23

NC

—N

Iz

N-(4-xyanopyridin-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-

yl)benzamit

Hop chit nay duoc diéu ché, theo céch twong tu nhu dugc md ta trong Hop chét
trung gian 4, bat dau tir 2-aminoisonicotinonitril, dé thu duoc Hop chit néu ¢ d& muc

nay (1,3 g, 99%).

Hop chét trung gian 24
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(S)-4-(8-amino-3-(piperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(4-

xyanopyridin-2-yl)benzamit

Hop chét trung gian nay dugc diu ché, theo cach twong tu nhu duoc mo ta doi
v&i Hop chét trung gian 1, tir axit (S)-1-(benzyloxycacbonyl)piperidin-2-carboxylic dé
thu duoc (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-yl)piperidin-1-
carboxylat. Phan tUng tiép theo v&i N-(4-xyanopyridin-2-yl)-4-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)benzamit (Hop chit trung gian 23), cac chit tuong tu nhu

duoc md ta déi voi Hop chét trung gian 2 tao ra Hop chit néu ¢ d& muc nay (82 mg,

35,7%).

Vidu 18

(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(4-

xyanopyridin-2-yl)benzamit

22953

NC
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Hop chét nay duogc diéu ché, theo cach tuong tu nhu dugc mo ta trong Vidu 1,
tur (S)-4-(8-amino-3-(piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-xyanopyridin-2-
yl)benzamit (Hop chét trung gian 24) va acryloylclorua, dé thu dugc Hop chit néu &
dé muc nay (4,8 mg, 10,4%). S6 licu: UPLC(C) Ry: 2,31 phut.

Hop chit trung gian 25

(S)-4-(8-amino-3-(piperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
(triflometyl)pyridin-2-yl)benzamit

Hop chét trung gian nay duoc diéu ché, theo cach tuong tu nhu duge mo ta doi
véi Hop chét trung gian 1, tir axit (S)-1-(benzyloxycacbonyl)piperidin-2-carboxylic dé
thu duoc (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-yl)piperidin-1-
carboxylat. Phan tng tiép theo v&i 4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-N-
(4-(triflometyl)pyridin-2-yl)benzamit (Hop chét trung gian 10), cdc chat tuong tu nhu
duoc mo ta déi voi Hop chét trung gian 2 tao ra Hop chit néu & dé muc nay (144 mg,

59,1%).

Vidu 19
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(S)-4-(8-amino-3-(1-(vinylsulfonyl)piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-
N-(4-(triflometyl)pyridin-2-yl)benzamit

Hop chét nay duoc diéu ché, theo cach twong tw nhu duge md ta trong Vi du 1,
tlr (S)-4-(8-amino-3-(piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
(triflometyl)pyridin-2-yl)benzamit (Hop chét trung gian 25) va etensulfonyl clorua
duoc diéu ché theo cac phuong phap duge md ta boi King et.al. in Can. J. Chem. 66
(1988) pp1109-1116, d& thu duoge Hop chat néu & d& muc nay (6,1 mg, 20,5%). S6
liew: UPLC(B) Ry 1,24 phut; m/z 572,2 (M+H)".

Hop chit trung gian 26

N

8
(0] ?;N

o~ B\
7‘7{
N-(pyrimidin-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit

Hop chét nay duogc diéu ché, theo cach tuong tu nhu dugc mo ta trong Hop chat
trung gian 14, bat dau tir 2-aminopyrimidin, dé thu dugc Hop chét néu ¢ dé muc nay

(855 mg, 42,6%).

Hop chét trung gian 27

-71-



22953

(S)-4-(8-amino-3-(piperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(pyrimidin-2-
yl)benzamit

Hop chét trung gian nay dugc didu ché, theo cach tuong tu nhu dugc md ta dbi
v6i Hop chét trung gian 1, tir axit (S)-1-(benzyloxycacbonyl)piperidin-2-carboxylic dé
thu duoc (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-yl)piperidin-1-
carboxylat. Phan ung tiép theo v&i N-(pyrimidin-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)benzamit (Hop chat trung gian 26), cac chét tuong tu nhu duge mo

ta ddi v6i Hop chit trung gian 2 tao ra Hop chét néu & dé& muc nay (100,8 mg, 95,4%).

Vidu 20

(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-
(pyrimidin-2-yl)benzamit

Hop chat nay duoc diéu ché, theo cach tuong tu nhu duge md ta trong Vi du 1,

tur (S)-4-(8-amino-3-(piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyrimidin-2-
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yl)benzamit (Hop chét trung gian 27) va acryloylclorua, dé thu dwoc Hop chat néu &
d& muc nay (5,9 mg, 26,2%). S6 liéu: UPLC(C) R: 1,70 phut; m/z 469,3 (M+H)".

Hop chit trung gian 28

N-(4-metylpyrimidin-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)benzamit

Hop chat nay dugc didu ché, theo cach twong ty nhu duge mé ta trong Hop chat
trung gian 14, bit dau tir 2-amino-4-metylpyrimidin, dé thu duoc Hop chit néu ¢ dé

muc nay (420 mg, 60,6%).

Hop chét trung gian 29

(S)-4-(8-amino-3-(piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
metylpyrimidin-2-yl)benzamit

Hop chat trung gian nay dugc diéu ché, theo cach tuong tu nhu dugc mo ta doi
v6i hop chit trung gian 1, tir axit (S)-1-(benzyloxycacbonyl)piperidin-2-carboxylic dé
thu duoc (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-yl)piperidin-1-
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carboxylat. Phan tmg tiép theo véi N-(4-metylpyrimidin-2-yl)-4-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 28), cac chét tuong ty nhu
duoc md ta dbi véi Hop chét trung gian 2 tao ra Hop chat néu & d& muc nay (83 mg,

50,4%).

Vidu 21

(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(4-

metylpyrimidin-2-yl)benzamit

Hop chét nay dugc didu ché, theo cach twong tw nhu duge md ta trong Vi du 1,
tir (S)-4-(8-amino-3-(piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-metylpyrimidin-
2-yl)benzamit (Hop chat trung gian 29) va acryloylclorua, dé thu dugc Hop chét néu &
d& muc nay (4,5 mg, 27,4%). S6 lidu: UPLC(C) R: 1,79 phit; m/z 483,3 (M+H)",

Hop chét trung gian 30

N

[ )

—N

N
N

O/B\
M

N-(pyrimidin-4-yl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit
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Hop chat nay duoc diéu ché, theo cach twong tu nhu duge mé ta trong Hop chat
trung gian 14, bit dau tir 4-aminopyrimidin, dé thu duoc Hop chit néu ¢ dé muc nay

(1 g 59,4%).

Hop chét trung gian 31

(S)-4-(8-amino-3-(piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyrimidin-4-

yl)benzamit

Hop chét trung gian nay dugc diéu ché, theo cach tuong tu nhu dugc mo ta dbi
v6i Hop chét trung gian 1, tir axit (S)-1-(benzyloxycacbonyl)piperidin-2-carboxylic dé
thu dugc (S)-benzyl 2-(8-amino-1-bromimidazo[l,5-a]pyrazin-3-yl)piperidin-1-
carboxylat. Phan ung tiép theo véi N-(pyrimidin-4-yl)-4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)benzamit (Hop chét trung gian 30), cac chét tuong tu nhu duoc mo

ta di voi Hop chat trung gian 2 tao ra Hop chat néu & dé muc nay (66 mg, 42,8%).

Vi du 22
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(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyrimidin-4-yl)benzamit

Hop chit nay dugc diéu ché, theo cach tuong tu nhu dugc md ta trong Vi du 2,
tur (S)-4-(8-amino-3-(piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyrimidin-4-
yl)benzamit (Hop chat trung gian 31) va axit 2-butynoic, dé thu dugc Hop chét néu &
dé muc nay (10,3 mg, 26,9%). S6 liéu: UPLC(C) Ry 1,91 phut; m/z 481,3 (M+H)".

Hop chét trung gian 32

N-(pyridazin-3-yl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit

Hop chit nay dugc didu ché, theo cach tuong tu nhur duge md ta trong Hop chat
trung gian 14, bat ddu tir 3-aminopyridazin, dé thu duogc Hop chit néu & d& muc nay

(1,25 g, 71,3%).

Hop chat trung gian 33

(S)-4-(8-amino-3-(piperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(pyridazin-3-

yl)benzamit
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Hop chéat trung gian nay duoc diéu ché, theo cach twong tu nhu duoc mo ta dbi
v6i Hop chét trung gian 1, tir axit (S)-1-(benzyloxycacbonyl)piperidin-2-carboxylic dé
thu duoc (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-yl)piperidin-1-
carboxylat. Phan tng tiép theo vé&i N-(pyridazin-3-yl)-4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)benzamit (Hop chét trung gian 32) va khir bio vé, cic chat twong tu
nhu duge mé ta dbi véi Hop chat trung gian 2 tao ra Hop chéit néu & dé muc nay (258

mg, 85%).

Vidu 23

(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridazin-3-yl)benzamit

Hop chét nay duoc didu ché, theo cach tuong tw nhu duge md ta trong Vi du 2,
tur (S)-4-(8-amino-3-(piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridazin-3-
yl)benzamit (Hop chat trung gian 33) va axit 2-butynoic, dé thu duoc Hop chat néu &

dé muc nay (11 mg, 31,8%). S6 liéu: UPLC(C) R¢: 1,92 phut; m/z 481,3 (M+H)".

Hop chét trung gian 34
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N-(isoxazol-3-yl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit

Hop chét nay duoc diéu ché, theo cach twong tu nhur duge md ta trong Hop chat
trung gian 14, bat du tr 3-aminoisoxazol, d& thu duoc Hop chét néu & dé muc nay

(1,64 g, 95%).

Hop chét trung gian 35

(S)-4-(8-amino-3-(piperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(isoxazol-3-

yl)benzamit

Hop chét trung gian nay duogc diéu ché, theo cach tuong tu nhu duoc mé ta dbi
v&i Hop chat trung gian 1, tir axit (S)-1-(benzyloxycacbonyl)piperidin-2-carboxylic dé
thu duogc (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-yl)piperidin-1-
carboxylat. Phan tng tiép theo vo&i N-(isoxazol-3-yl)-4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)benzamit (Hop chét trung gian 34) va khir bao vé, céc chat tuong tu
nhu duge md ta ddi véi Hop chét trung gian 2 tao ra Hop chit néu ¢ dé& muc nay (72
mg, 129%).

Vidu 24
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(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-
(isoxazol-3-yl)benzamit

Hop chét nay duoc diéu ché, theo cach tuong tu nhu duge md ta trong Vi du 2,
tur (S)-4-(8-amino-3-(piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(isoxazol-3-
yl)benzamit (Hop chat trung gian 35) va axit 2-butynoic, dé thu duoc Hop chit néu &
dé muc nay (2 mg, 6,6%). Sb liéu: UPLC(C) Ry: 2,23 phut; m/z 470,3 (M+H)".

Py

>;N

R

0
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M

N-(5-etylthiazol-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit

Hop chét trung gian 36

Hop chét nay dugc diéu ché, theo cach tuong tu nhu duge mo ta trong Hop chat
trung gian 4, bt dau tir S-etylthiazol-2-amin, dé thu duogc Hop chét néu & dé muc nay

(191 mg, 34,2%).

Hop chét trung gian 37
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ZT

(S)-4-(8-amino-3-(piperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(5-etylthiazol-
2-yl)benzamit

Hop chét trung gian nay duoc diéu ché, theo cach twong tu nhu dugc mé ta cho
Hop chat trung gian 1, tir axit (S)-1-(benzyloxycacbonyl)piperidin-2-carboxylic dé thu
duoc (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-yl)piperidin-1-
carboxylat. Phan tmg tiép theo v&i N-(5-etylthiazol-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)benzamit (Hop chét trung gian 36) va khir bao vé, céc chat tuong tu
nhu duge md ta dbi véi Hop chat trung gian 2 tao ra Hop chét néu & dé muc nay (146

mg, 52,4%).

Vidu 25

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[1,5-
a|pyrazin-1-yl)-N-(5-etylthiazol-2-yl)benzamit
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Hop chét nay duoc diéu ché, theo cach twong tu nhu dugc md ta trong Vi du 2,
tr  (S)-4-(8-amino-3-(piperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(5-etylthiazol-2-
yl)benzamit (Hop chét trung gian 37) va axit (E)-4-metoxybut-2-enoic (Hop chét trung
gian 3), dé thu duoc Hop chét néu ¢ dé muc nay (11,7 mg, 47,6%). S6 liéu: UPLC(C)
Ry 2,59 phut; m/z 546,3 (M+H)".

Hop chat trung gian 38

2-flo-N-(4-propylpyridin-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-

yl)benzamit

Hop chit nay duoc diéu ché, theo cach tuong tw nhu duge mé ta trong Hop chat
trung gian 4, bat diu tir axit 2-flo-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)benzoic va 4-propyl-pyridin-2-ylamin c¢ trén thi truong, dé thu duoc Hop chét néu
& d& muc nay (830 mg, 63,3%).

Hop chét trung gian 39
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(S)-4-(8-amino-3-(piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-2-flo-N-(4-
propylpyridin-2-yl)benzamit

Hop chét trung gian nay dugc diéu ché, theo cach twong ty nhu duge mo ta doi
véi Hop chét trung gian 1, tir axit (S)-1-(benzyloxycacbonyl)piperidin-2-carboxylic dé
thu duoc (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-yl)piperidin-1-
carboxylat. Phan tUng tiép theo voi 2-flo-N-(4-propylpyridin-2-yl)-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)benzamid (Hop chét trung gian 38) va khir bao vé,
céc chat tuong tu nhu dugc mo ta dbi voi Hop chét trung gian 2 tao ra Hop chit néu &

dé muc nay (75,4 mg, 62%).

Vi du 26

(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazol[ 1,5-a]pyrazin-1-yl)-2-flo-
N-(4-propylpyridin-2-yl)benzamit

Hop chéit nay duoc didu ché, theo cach tuong tu nhu duoc mo ta trong Vi du 2,
tr (S)-4-(8-amino-3-(piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-2-flo-N-(4-
propylpyridin-2-yl)benzamit (Hop chét trung gian 39) va axit acrylic, dé thu duoc Hop
chét néu & dé muc nay (5,9 mg, 28,9%). S4 liéu: UPLC(C) Ry: 2,41 phut; m/z 528,4
(M+H)",

Hop chét trung gian 40
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2-metoxy-N-(4-propylpyridin-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-

yl)benzamit

Hop chét nay duoc didu ché, theo cach twong tw nhur duge mo ta trong Hop chat
trung gian 14, bat ddu tir axit 4-brom-2-metoxybenzoic va 4-propyl-pyridin-2-ylamin

c6 trén thi truong, dé thu duoc Hop chét néu & d& muc nay (240 mg, 15,1%).

Hop chét trung gian 41

(S)-4-(8-amino-3-(piperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-2-metoxy-N-(4-
propylpyridin-2-yl)benzamit

Hop chat trung gian niy duoc didu ché, theo cach tuong tu nhu dugc mé ta doi
v6i Hop chét trung gian 1, tir axit (S)-1-(benzyloxycacbonyl)piperidin-2-carboxylic dé
thu duoc (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-yl)piperidin-1-
carboxylat. Phan tng tiép theo vo&i 2-metoxy-N-(4-propylpyridin-2-yl)-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 40) va khir bao vé,
céc chat twong tu nhu duoc mé ta ddi véi Hop chit trung gian 2 tao ra Hop chit néu &

dé muc nay (74,5 mg, 75%).
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Vidu 27

Iz

(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)piperidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-2-metoxy-N-(4-propylpyridin-2-yl)benzamit

Hop chat nay duoc didu ché, theo cach tuong tw nhur duge md ta trong Vi du 2,
tur (S)-4-(8-amino-3-(piperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-2-metoxy-N-(4-
propylpyridin-2-yl)benzamit  (Hop chdt trung gian 41) va axit (E)-4-
(dimetylamino)but-2-enoic, dé thu dugc Hop chét néu ¢ d& muc nay (13,1 mg, 38,4%).
S& litu: UPLC(C) R 1,86 phat; m/z 597,4 (M+H)"

Hop chat trung gian 42

/i N

—N

(@)
Iz

3-metyl-N-(pyridin-2-yl)-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-

yl)benzamit

Hop chit nay duoc diéu ché, theo cach twong tu nhu duge md ta trong Hop chét
trung gian 14, bat dau tr axit 4-brom-3-metylbenzoic va 2-aminopyridin c6 trén thi

trudong, dé thu duge Hop chét néu & dé muc nay (2,5 g, 71,3%).
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Hop chit trung gian 43

4-(8-amino-3-((S)-piperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-3-metyl-N-
(pyridin-2-yl)benzamit

Hop chét trung gian nay duoc diéu ché, theo cach tuong tw nhu dugc md ta doi
v6i Hop chét trung gian 1, tir axit (S)-1-(benzyloxycacbonyl)piperidin-2-carboxylic dé
thu dugc (S)-benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-yl)piperidin-1-
carboxylat. Phan tng tiép theo v&i 3-metyl-N-(pyridin-2-yl)-4-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 42) va khir bao vé, cac chét
tuong tu nhu duge mo ta ddi voi Hop chét trung gian 2 tao ra Hop chit néu & dé muc

nay (150 mg, 71,7%).

Vidu28

4-(8-amino-3-((S)-1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-3-
metyl-N-(pyridin-2-yl)benzamit
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Hop chit nay duoc didu ché, theo cach twong tu nhu duoc mo ta trong Vi du 2,
tr  4-(8-amino-3-((S)-piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-3-metyl-N-(pyridin-
2-yl)benzamit (Hop chit trung gian 43) va axit 2-butynoic, dé thu dugc Hop chit néu
& dé muc nay (13,7 mg, 59,1%). S4 lidu: UPLC(C) Ry: 2,28 phiit; m/z 494,3 (M+H)",

Hop chét trung gian 44

/ N

—N

=z

NH,

N —
N

~

4-(8-amino-3-(aminometyl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-

NH,

yl)benzamit

Hop chét trung gian nay duoc diéu ché, theo cach tuong tu nhu dwoc mo ta ddi
v6i Hop chét trung gian 1, tr Z-Gly-OH dé thu dugc benzyl (8-amino-1-
bromimidazo[1,5-a]pyrazin-3-yl)metylcarbamat. Phan ung tiép theo véi axit 4-
(pyridin-2-yl-aminocacbonyl)benzenboronic ¢é trén thi truong, cac chét twong tu nhu
duoc md ta dbi voi Hop chat trung gian 2 tao ra Hop chit néu & d&& muc nay (261 mg,
81%).

Vidu 29
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4-(3-(acrylamidometyl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(pyridin-2-

yl)benzamit
Hop chét nay dugc diéu ché, theo céach tuong tu nhu duge md ta trong Vi du 1,
tr  4-(8-amino-3-(aminometyl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit
(Hop chit trung gian 44) va acryloylclorua, dé thu duge Hop cht néu & dé muc nay
(1,7 mg, 4%). S6 liéu: UPLC(C) R 1,22 phut; m/z 414,2 (M+H)".
Hop chét trung gian 45
/B

—N

Iz

(S)-4-(8-amino-3-(1-aminoetyl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-

yl)benzamit

Hop chét trung gian nay dugc diéu ché, theo cach twong tu nhu duge mo ta doi
v6i Hop chit trung gian 1, tir Z-Ala-OH dé thu duoc benzyl (S)-benzyl 1-(8-amino-1-
bromimidazo[1,5-a]pyrazin-3-yl)etylcarbamat. Phan ung tiép theo véi axit 4-(pyridin-
2-yl-aminocacbonyl)benzenboronic c¢é trén thi truong va khur bao vé€ vai 33%
HBr/HOAc, céac chat tuong tw nhu duoc md ta dbi véi Hop chit trung gian 2 tao ra
Hop chit néu & & muc nay (133,6 mg, 80%).

Vidu 30
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(S)-4-(8-amino-3-(1-but-2-ynamidoetyl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit

Hop chét nay duoc diéu ché, theo cach tuong tu nhu dugc mo ta trong Vi du 2,
tur (S)-4-(8-amino-3-(1-aminoetyl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-
yl)benzamit (Hop chét trung gian 45) va axit 2-butynoic, dé thu dugc Hop chit néu &
dé muc nay (9,5 mg, 26,9%). S6 liéu: UPLC(C) R;: 1,38 phut; m/z 440,3 (M+H)".

Vidu31

Iz

(S)-S-2-(2-(8-amino-1-(4-(pyridin-2-ylcarbamoyl)phenyl)imidazo[1,5-
a]pyrazin-3-yl)pyrolidin-1-yl)-2-oxoetyl etanthioat

Hop chét nay duoc didu ché, theo cach tuong tw nhu duge mo ta trong Vi du 1,
tir hop chit dugc md ta trong Hop chét trung gian 2b va 2,5-dioxopyrolidin-1-yl 2-
(axetylthio)axetat, dé thu duoc Hop chit néu & dé& muc nay (12,3 mg, 31,8%). S6 liéu:
UPLC (C) Ry 1,51 phut; m/z 516,3 (M+H)".

Vidu 32
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(S)-4-(8-amino-3-(1-(4-hydroxy-4-metylpent-2-ynoyl)pyrolidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit

Hop chat nay duoc diéu ché, theo cach tuong tw nhu duge md ta trong Vi du 2,
tir hop chat duoc mo ta trong Hop chét trung gian 2b va axit 4-hydroxy-4-metylpent-2-
ynoic, dé thu dugc Hop chét néu & dé muc nay (8,0 mg, 25,1%). S6 lieu: UPLC (C) Rg:
1,53 phit; m/z 510,3 (M+H)".

Vidu 33

(S)-4-(8-amino-3-(1-(6-clopyrimidin-4-cacbonyl)pyrolidin-2-yl)imidazo[ 1,5-
a|pyrazin-1-yl)-N-(pyridin-2-yl)benzamit

Hop chit nay duoc diéu ché, theo cach tuong tu nhu duoc mé ta trong Vi du 2,
tr hop chat duoc mo ta trong Hop chét trung gian 2b va axit 6-clopyrimidin-4-
carboxylic, dé thu duoc Hop chét néu & dé& muc nay (2,5 mg, 6,2%). S6 ligu: UPLC
(C) R¢: 1,64 phut; m/z 540,3 (M+H)".
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Vidu 34

(S)-4-(8-amino-3-(1-pent-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit

Hop chét nay duogc diéu ché, theo cach twong tu nhu duge md ta trong Vi du 2,
tir hop chit duoc mo ta trong Hop chat trung gian 2b va axit pent-2-ynoic, dé thu duoc
Hop chét néu ¢ dé muc nay (7,4 mg, 24,7%). S6 licu: UPLC (C) R;: 1,73 phut; m/z
480,3 (M+H)".

Vidu35

(S)-4-(8-amino-3-(1-(3-xyclopropylpropioloyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit

Hop chét nay dugc didu ché, theo cach tuong tu nhu duge mo ta trong Vi du 2,

tir hop chat dugc md ta trong Hop chét trung gian 2b va axit 3-xyclopropylpropiolic,
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dé thu duoc Hop chat néu & dé muc nay (8 mg, 26%). S6 lieu: UPLC (C) R;: 1,73
phut; m/z 492,3 (M+H)".

Vidu 36
/B
—N
0
N
NH,
NEge
N
QN 7 0
N %

(S)-4-(8-amino-3-(1-hex-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit

Hop chét nay duoc didu ché, theo cach tuong tu nhu dugc mé ta trong Vi du 2,
tir hop chat duoc mb ta trong Hop chit trung gian 2b va axit hex-2-ynoic, dé thu duoc
Hop chét néu ¢ dé muc nay (8,1 mg, 26,2%). S6 lidu: UPLC (C) R;: 1,94 phit; m/z
494,3 (M+H)".

Hop chét trung gian 46

4-(8-amino-3-(azepan-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-

yl)benzamit
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Hop chit trung gian nay duoc didu ché, theo cach tuong tuw nhu duoc mo ta dbi
v6i Hop chét trung gian 1, tlr axit 1-(benzyloxycacbonyl)azepan-2-carboxylic dé thu
duoc benzyl 2-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-yl)azepan-1-carboxylat. Phan
tmg tiép theo véi axit 4-(pyridin-2-yl-aminocacbonyl)benzenboronic ¢ trén thi
truomg, cic chét twong tu nhu dwoc md ta d6i véi Hop chét trung gian 2 tao ra Hop

chét néu ¢ & muc nay (436 mg, dinh luong, tho).

Vidu 37

4-(3-(1-acryloylazepan-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(pyridin-
2-yl)benzamit

Hop chét nay duoc diéu ché, theo cach tuong tu nhu duoc md ta trong Vidu 1,
tr  4-(8-amino-3-(azepan-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit
(Hop chét trung gian 46) va acryloylclorua, dé thu duoc Hop chit néu ¢ dé muc nay

(11 mg, 32,6%). Sb licu: UPLC(C) Ry: 1,88 phut; m/z 482,3 (M+H)'".

Hop chét trung gian 47
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(R)-4-(8-amino-3-(morpholin-3-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(pyridin-2-

yl)benzamit

Hop chit trung gian nay duoc diu ché, theo cach tuong tu nhu duoc mb ta ddi
v6i Hop chét trung gian 1, tir axit (S)-4-(benzyloxycacbonyl)morpholin-3-carboxylic
dé thu dugc (R)-benzyl 3-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-yl)morpholin-4-
carboxylat. Phan tng tiép theo v&i axit 4-(pyridin-2-yl-aminocacbonyl)benzenboronic
c6 trén thi trudng, cac chat twong tu nhur duoc mo ta d6i voi Hop chit trung gian 2 va

tiép theo khir bao vé st dung TFA ¢ nhiét do 60°C, tao ra Hop chét néu & dé muc nay

(62 mg, 69,5%).

Vidu 38

(R)-4-(8-amino-3-(4-but-2-ynoylmorpholin-3-yl)imidazo[1,5-a]pyrazin-1-yl)-

N-(pyridin-2-yl)benzamit

22953
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Hop chét nay dugc diéu ché, theo cach tuong tw nhu dugc mé ta trong Vi du 2,
tu (R)-4-(8-amino-3-(morpholin-3-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-
yl)benzamit (Hop chit trung gian 47) va axit 2-butynoic, dé thu dugc Hop chit néu &
dé muc nay (4,9 mg, 14,1%). S6 licu: UPLC(C) Ry: 1,38 phuit; m/z 482,3 (M+H)".

Hop chit trung gian 48

Iz

(S)-4-(8-amino-3-(1-(metylamino)etyl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
(triflometyl)pyridin-2-yl)benzamit

Hop chét trung gian nay duoc diéu ché, theo cach tuong tu nhu duge mo ta déi
v6i Hop chét trung gian 1, tir axit (S)-2-((benzyloxycacbonyl)(metyl)amino)propanoic
dé thu duoc (S)-benzyl 1-(8-amino-1-bromimidazo[1,5-a]pyrazin-3-
yl)etyl(metyl)carbamat. Phan tmg tiép theo v&i 4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)-N-(4-(triflometyl)pyridin-2-yl)benzamit (Hop chat trung gian 10),
céc chat twong tu nhu duoc mo ta ddi voi Hop chét trung gian 2 tao ra Hop chit néu 6

dé muc nay (71 mg, 64,7%).

Vidu 39
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(S)-4-(8-amino-3-(1-(N-metylbut-2-ynamido)etyl)imidazo[1,5-a]pyrazin-1-yl)-
N-(4-(triflometyl)pyridin-2-yl)benzamit

Hop chét nay duogc diéu ché, theo cach tuong tu nhu duge mo ta trong Vi du 2,
tlr (S)-4-(8-amino-3-(1-(metylamino)etyl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
(triflometyl)pyridin-2-yl)benzamit (Hop chat trung gian 48) va axit 2-butynoic, dé thu
duoc Hop chét néu & dé muc nay (11,5 mg, 33,4%). S6 lidu: UPLC(C) R;: 2,54 phut;
m/z 522,2 (M+H)"

Hop chét trung gian 49
Axit 4-(dimetylamino)but-2-ynoic

n-BuLi trong hexan (2,5 M, 24,06 mmol, 9,62 mL) dugc bd sung tu tur vao
dung dich chtta N,N-dimetylprop-2-yn-1-amin (24,06 mmol, 2,59 mL, 2 g) trong THF
kho (10 mL) & nhiét d§ -78°C. Hon hop duoc khuéy trong 1 gio ¢ nhiét do -78°C, sau
d6 CO, da duoc nén (241 mmol, 10,59 g) dugc bd sung trong mot phan va hdn hop
phan ung dugc khudy trong 10 phut bd sung. Dung dich thu dugc dugce rét vao nude
va duoc rira bang etyl axetat. Lép nuédce duoc lam bay hoi trong chin khong dé tao ra
axit amin tho. Axit amin nay duoc hoa tan trong metanol, va cac mubi khong tan duoc
loai bd béng cach loc. Phan dich loc duoc lam bay hoi dé tao ra 3,25 g axit 4-

(dimetylamino)but-2-ynoic (106%).

Vidu 40
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(S)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-ynoyl)pyrolidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit

Hop chét nay duoc diéu ché, theo cach tuong tu nhu duge md ta trong Vi du 2,
tir hop chit duge mo ta trong Hop chét trung gian 2b va axit 4-(dimetylamino)but-2-
ynoic (Hop chat trung gian 49), dé thu duoc Hop chit néu ¢ d& muc nay (5,6 mg,
12%). S liéu: UPLC (C) R¢: 0,97 phut; m/z 509,3 (M+H)".

Hop chat trung gian 50
Axit 4-metoxybut-2-ynoic

n-BuLi trong hexan (2,5 M, 28,5 mmol, 11,41 mL) duoc bd sung tu tr vao
dung dich chta 3-metoxyprop-1-yn (28,5 mmol, 2,41 mL, 2 g) trong THF kho6 (10
mL) & nhiét d6 -78°C. Hdn hop duoc khuéy trong 1 gio & nhiét do -78°C, sau d6 CO,
da duoc nén (285 mmol, 12,56 g) duoc bd sung trong mot phin va hdn hop phan tmg
duoc khuéy trong 10 phut bd sung. Dung dich thu dugc duoc rét vao nude va duge rira
bang etyl axetat. L&p nude duge lam bay hoi trong chin khong dé tao ra axit amin thd.
Axit amin nay dugc hoa tan trong metanol, va céac mubi khong tan duoc loai bd bang
céch loc. Phan dich loc dugc lam bay hoi dé tao ra 3,35 g axit 4-metoxybut-2-ynoic

(103%).

Vidu41
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(S)-4-(8-amino-3-(1-(4-metoxybut-2-ynoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit

Hop chat nay duoc diéu ché, theo cach tuong tu nhu dugc moé ta trong Vi du 2,
tir hop chét duoc mé ta trong Hop chét trung gian 2b va axit 4-metoxybut-2-ynoic
(Hop chét trung gian 50), dé thu duoc Hop chit néu & dé muc nay (9,1 mg, 24,7%). S6
liéu: UPLC (C) R: 1,44 phuit; m/z 496,2 (M+H)".

Céc vi du sau duoc tdng hop theo cac phuong phap duge mé ta ddi voi vi du 1-

41.
Vidu Chu tric Tén (M+H) | UPLC
‘ ; } ' + (©)
f - , m/z Rt
42 F/ \ (S)-4-(3-(1-acryloylpyrolidin-2- | 472,3 2,25
o VPV yl)-8-aminoimidazo[1,5- phut
M a]pyrazin-1-yl)-N-(4-flopyridin-

2-yl)benzamit

43 Q (S)-4-(3-(1-acryloylpyrolidin-2- | 523,3 1,72
TN yl)-8-aminoimidazo[1,5- phut
o a]pyrazin-1-yl)-N-(4-(pyrolidin-

1-yl)pyridin-2-yl)benzamit

3
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2-flo-N-(pyridin-2-yl)benzamit

 Vidu | Cautme Tén (M+H) | UPLC
’ o+ ©
' . m/z Rt
44 F/ \ (S)-4-(8-amino-3-(1-but-2- 498,3 2,47
e ynoylpiperidin-2- phut
yl)imidazo[1,5-a]pyrazin-1-yl)-
N N-(4-flopyridin-2-yl)benzamit
> b»x
45 & (S)-4-(8-amino-3-(1-but-2- 480,3 2,26
oy ynoylpiperidin-2- phut
yl)imidazo[1,5-a]pyrazin-1-yl)- LCMS
/“”1/ N-(pyridin-2-yl)benzamit (B)
"
46 [ (S)-4-(3-(1-acryloylpiperidin-2- | 468,3 2,49
o yl)-8-aminoimidazo[1,5- phut
a]pyrazin-1-yl)-N-(pyridin-2-
| yl)benzamit
‘e
47 (S)-4-(8-amino-3-(1-but-2- 508.,3 2,00
B ynoylpyrolidin-2- phut
o T yl)imidazo[1,5-a]pyrazin-1-yl)-
N-(4-propylpyridin-2-
N yl)benzamit
Ng/N//N Q
48 \ (S,E)-4-(8-amino-3-(1-(4- 5283 1,89
L metoxy-N-metylbut-2- phut
Mo enamido)etyl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-
L propylpyridin-2-yl)benzamit
K/N N o o—
Y~
b
49 \ (S)-4-(8-amino-3-(1- 546,3 2,15
- (vinylsulfonyl)piperidin-2- phut
Mo yl)imidazo[1,5-a]pyrazin-1-yl)-
N-(4-propylpyridin-2-
N/“ _ yl)benzamit
50 - N (S)-4-(8-amino-3-(1-but-2- 4843 1,84
) // ynoylpyrolidin-2- phut
A yl)imidazo[1,5-a]pyrazin-1-yl)-
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[ Vidu CAu truc Tén (M+H) | UPLC
. ‘ ' - ©
' : m/z Rt
51 d (S,E)-4-(8-amino-3-(1-(4- 528.4 1,60
() metoxybut-2-enoyl)pyrolidin-2- phut
3 yl)imidazo[1,5-a]pyrazin-1-yl)-
. N-(4-metoxypyridin-2-
WA yl)benzamit
K/Ngjg\/\/o\
52 & (S,E)-4-(8-amino-3-(1-(4- 516,3 1,79
R metoxybut-2-enoyl)pyrolidin-2- phut
" yl)imidazo[1,5-a]pyrazin-1-yl)-
W7 Z/N 2-flo-N-(4-metoxypyridin-2-
K/N&ﬁ\/\/o\ yl)benzamit
53 D (S,E)-4-(8-amino-3-(1-(4- 516,3 2,31
o metoxybut-2-enoyl)pyrolidin-2- phut
5 yl)imidazo[1,5-a]pyrazin-1-yl)-
s N-(4-flopyridin-2-yl)benzamit
54 g/;ﬁj (S,E)-4-(8-amino-3-(1-(4- 502,3 2,01
R metoxybut-2-enoyl)piperidin-2- phut
yl)imidazo[1,5-a]pyrazin-1-yl)-
N/N _ N-(isoxazol-3-yl)benzamit
K/Ng}\//\/o\
55 D (S,E)-4-(8-amino-3-(1-(4- 5133 1,79
° g’ ' metoxybut-2-enoyl)piperidin-2- phut
yl)imidazo[1,5-a]pyrazin-1-yl)-
A N-(pyrimidin-2-yl)benzamit
K/Néi\\//\/o\
56 B 4-(8-amino-3-((S)-1-(2- 568,3 2,23
o clopyrimidin-4- phut
cacbonyl)piperidin-2-
h yl)imidazo[1,5-a]pyrazin-1-yl)-
e 3-metyl-N-(pyridin-2-
\bw:(\ yl)benzamit
57 \O (S,E)-4-(8-amino-3-(1-(4- 512,4 1,67
o I metoxybut-2-enoyl)pyrolidin-2- phut
yl)imidazo[1,5-a]pyrazin-1-yl)-
A N-(4-metylpyridin-2-
N l)benzamit
Sl B
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Vidu Céu truc Tén (M+H) | UPLC
v ' , 4 ©
. - , m/z Rt
58 (S,E)-4-(8-amino-3-(1-(4- 540,3 1,74
() metoxybut-2-enoyl)pyrolidin-2- phut
54 yl)imidazo[1,5-a]pyrazin-1-yl)-
" N-(4-isopropylpyridin-2-
N)\2§ yl)benzamit
K/Ngj\wo\
59 b (S,E)-4-(8-amino-3-(1-(4- 5254 1,11
o I (dimetylamino)but-2- phut
’ enoyl)pyrolidin-2-
Al yDimidazo[1,5-a]pyrazin-1-yl)-
&E [ PN N-(4-metylpyridin-2-
J yl)benzamit
60 N/\j (S)-4-(8-amino-3-(1-but-2- 472,0 2,24
N ynoylpyrolidin-2- phut
yl)imidazo[1,5-a]pyrazin-1-yl)-
A N-(thiazol-2-yl)benzamit
gﬂégo
NJ\
61 \ (S)-4-(3-(1-acryloylpiperidin-2- | 510,3 2,11
o yl)-8-aminoimidazo[1,5- phut
Mo a]pyrazin-1-yl)-N-(4-
propylpyridin-2-yl)benzamit
i §
Ies
62 E g (S)-4-(3-(1-acryloylpyrolidin-2- | 522,0 2,37
y\Q yl)-8-aminoimidazo[1,5- phut
oy a]pyrazin-1-yl)-N-(4-
(triflometyl)pyridin-2-
N)N\/ yl)benzamit
K/Néj |
63 CF’/ \ (S)-4-(8-amino-3-(1-but-2- 5483 1,09
o Y ynoylpiperidin-2- phut
" yl)imidazo[1,5-a]pyrazin-1-yl)- UPLC
N N-(4-(triflometyl)pyridin-2- (B)
k/”g)\ yl)benzamit
64 \ (S)-4-(8-amino-3-(1-but-2- 522,3 2,29
(L ynoylpiperidin-2- phut
Y4 yl)imidazo[1,5-a]pyrazin-1-yl)-
)\ﬁ N-(4-propylpyridin-2-
N/NHZ _ yl)benzamit
K/Ngi\\
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Vidu Cau tric Ten (M+H) | UPLC
- ©
, , miz Rt
65 2y (S,E)-4-(8-amino-3-(1-(4- 553,3 1,31
) ®/< (dimetylamino)but-2- phut
WA enoyl)pyrolidin-2-
K/”%L/\/L\ yhimidazo[1,5-a]pyrazin-1-yl)-
} N-(4-isopropylpyridin-2-
yl)benzamit
66 B 4-(8-amino-3-((S)-1- 518,3 2,20
o (vinylsulfonyl)piperidin-2- phut
yl)imidazo[1,5-a]pyrazin-1-yl)-
) 3-metyl-N-(pyridin-2-
s, yl)benzamit
67 (S)-4-(8-amino-3-(1-but-2- 540,3 2,56
TN\ C .
= ynoylpiperidin-2- phut
g yl)imidazo[1,5-a]pyrazin-1-yl)-
&F 2-flo-N-(4-propylpyridin-2-
AN yl)benzamit
K/Ngi\\
68 Q 4-(3-((S)-1-acryloylpiperidin-2- | 482,2 1,98
og J yl)-8-aminoimidazo[1,5- phiit
a]pyrazin-1-yl)-3-metyl-N-
B (pyridin-2-yl)benzamit
'\/N\g)ov
69 I (E)-4-(8-amino-3-((4-(dimetyl 471,2 1,16
o N/N amino)but-2-enamido)metyl) phut
imidazo[1,5-a]pyrazin-1-yl)-N-
4 (pyridin-2-yl)benzamit
O)\\\\\
70 ° “/ \ (S)-4-(8-amino-3-(1-(2-clo 582,2 1,89
" N pyrimidin-4-cacbonyl)pyrolidin- phut
VA 2-yl)imidazo[1,5-a]pyrazin-1-
v’& S~ y1)-N-(4-isopropylpyridin-2-
) yl)benzamit
71 S (S)-4-(8-amino-3-(1-(2-clo 600,2 2,49
" Sb pyrimidin-4-cacbonyl)pyrolidin- phut
NA 2-yl)imidazo[1,5-a]pyrazin-1-
%& S~ yD)-N-(4,5,6,7-
g tetrahydrobenzo[d]thiazol-2-
“ yl)benzamit
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Vidy Cau truc Tén (M+H) | UPLC
+ (C)
. m/z Rt
72 [y (S,E)-4-(8-amino-3-(1-(4- 513,3 1,84
o I metoxybut-2-enoyl)piperidin-2- phut
' yl)imidazo[1,5-a]pyrazin-1-yl)-
)& N-(pyridazin-3-yl)benzamit
X NSS\\/\/O\
73 [y (S,E)-4-(8-amino-3-(1-(4- 526,4 1,26
o (dimetylamino)but-2- phut
’ enoyl)piperidin-2-
I yl)imidazo[1,5-a]pyrazin-1-yl)-
« NSM\N\ N-(pyridazin-3-yl)benzamit
74 a (S)-4-(8-amino-3-(1-(2- 555.3 1,96
N clopyrimidin-4- phut
’ cacbonyl)piperidin-2-
| yl)imidazo[1,5-a]pyrazin-1-yl)-
QO N-(pyridazin-3-yl)benzamit
. S (py ybh
75 Lr (S,E)-4-(8-amino-3-(1-(4- 554,2 2,47
KQ metoxy-N-metylbut-2- phut
W enamido)etyl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-
N, (triflometyl)pyridin-2-
Qer o yl)benzamit
X M\/
\
76 \ (S,E)-4-(8-amino-3-(1-(4- 541,3 1,41
v@ (dimetylamino)-N-metylbut-2- phut
o enamido)etyl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-
e \ propylpyridin-2-yl)benzamit
K/N N (3\\//\/1\(\
\
77 N (S,E)-4-(8-amino-3-(1-(4- 579,3 1,64
- (pyrolidin-1-yl)but-2- phut
AN enoyl)pyrolidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-
1 N-(4-propylpyridin-2-
LN%OL//\/NO yl)benzamit
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Vidu Cau truc Tén (M+H) | UPLC
| - ©
. m/z Rt
78 B (S.E)-4-(8-amino-3-(1-(4- 5253 2,10
° N/N (dimetylamino)but-2- phut
enoyl)piperidin-2- LCMS
I yl)imidazo[1,5-a]pyrazin-1-yl)- (B)
K/N%:M\/\N\ N-(pyridin-2-yl)benzamit
79 . (S)-4-(8-amino-3-(1-(2- 582,3 1,95
L clopyrimidin-4- phut
be. cacbonyl)pyrolidin-2-
" yl)imidazo[1,5-a]pyrazin-1-yl)-
WA N-(4-propylpyridin-2-
K/Né/'; j% yl)benzamit
N e lN
80 F/ \ (S)-4-(8-amino-3-(1-(2- 572,3 2,45
o M clopyrimidin-4- phut
H cacbonyl)piperidin-2-
N, yl)imidazo[1,5-a]pyrazin-1-yl)-
T N-(4-flopyridin-2-yl)benzamit
50
NigN
81 F/ A (S,E)-4-(8-amino-3-(1-(4- 530,3 2,38
o PV metoxybut-2-enoyl)piperidin-2- phut
M yl)imidazo[1,5-a]pyrazin-1-yl)-
N, N-(4-flopyridin-2-yl)benzamit
K/Ng»\//\ﬁ\
82 ° “% (S,E)-4-(8-amino-3-(1-(4- 558,3 2,33
" S\b metoxybut-2-enoyl)pyrolidin-2- phut
A yhimidazo[1,5-a]pyrazin-1-yl)-
R/Né/;j\wo\ N-(4,5,6,7- .
} tetrahydrobenzo[d]thiazol-2-
yl)benzamit
83 [ (S)-4-(8-amino-3-(1-(2- 570,3 2,01
o clopyrimidin-4- phiit
A cacbonyl)pyrolidin-2-
" yl)imidazo[1,5-a]pyrazin-1-yl)-
o, 2-metoxy-N-(pyridin-2-
éjkﬂ yl)benzamit
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Vidu | Canme Tén (M+H) | UPLC
| L ©
_ _ - m/z Rt
84 ® (S)-4-(8-amino-3-(1-(2- 558,2 1,95
o clopyrimidin-4- phit
’ cacbonyl)pyrolidin-2-
I yl)imidazo[1,5-a]pyrazin-1-yl)-
W 2-flo-N-(pyridin-2-yl)benzamit
Jege
85 Q 4-(8-amino-3-((S)-1-((E)-4- 526,3 2,12
oy " metoxybut-2-enoyl)piperidin-2- phut
yl)imidazo[1,5-a]pyrazin-1-yl)-
I 3-metyl-N-(pyridin-2-
K,Ngwo\ yl)benzamit
86 C\) (S,E)-4-(8-amino-3-(1-(4- 513,3 1,83
oy " metoxybut-2-enoyl)piperidin-2- phut
yl)imidazo[1,5-a]pyrazin-1-yl)-
X N-(pyrimidin-4-yl)benzamit
\ Né;»\//\/O\
87 N 4-(8-amino-3-((S)-1-((E)-4- 5544 1,86
. P metoxybut-2-enoyl)pyrolidin-2- phut
A yl)imidazo[1,5-a]pyrazin-1-yl)-
s 3-metyl-N-(4-propylpyridin-2-
o yl)benzamit
~ Ao~
88 >—\> (S,E)-4-(8-amino-3-(1-(4- 5273 1,88
oy metoxybut-2-enoyl)piperidin-2- phut
H yl)imidazo[1,5-a]pyrazin-1-yl)-
A N-(4-metylpyrimidin-2-
N yl)benzamit
b/\‘\y\/"\
89 >—\> (S)-4-(8-amino-3-(1-but-2- 495,3 1,97
o )= ynoylpiperidin-2- phut
H yl)imidazo[1,5-a]pyrazin-1-yl)-
L N-(4-metylpyrimidin-2-
NP yl)benzamit
90 ‘) (S)-4-(8-amino-3-(1-(2- 555,3 1,91
3 u>_N clopyrimidin-4- phut
i cacbonyl)piperidin-2-
Q! yl)imidazo[1,5-a]pyrazin-1-yl)-
Né)ok\/\‘ N-(pyrimidin-2-yl)benzamit
N
N\(N
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Viduy Céu tric Tén (M+H) | UPLC
‘ | + (©)
, . m/z Rt
91 [ (S)-4-(8-amino-3-(1- 468.,4 1,61
R " metacryloylpyrolidin-2- phut
yl)imidazo[1,5-a]pyrazin-1-yl)-
I N-(pyridin-2-yl)benzamit
92 Q (S)-4-(8-amino-3-(1-(2- 5223 1,99
oy " (triflometyl)acryloyl)pyrolidin- phut
2-yl)imidazo[ 1,5-a]pyrazin-1-
I yl)-N-(pyridin-2-yl)benzamit
93 [ (S,E)-4-(8-amino-3-(1-but-2- 468,4 1,59
o] " enoylpyrolidin-2- phut
yl)imidazo[1,5-a]pyrazin-1-yl)-
" N-(pyridin-2-yl)benzamit
94 [ (S)-4-(8-amino-3-(1- 4393 1,55
oy " (xyanometyl)pyrolidin-2- phut
yl)imidazo[1,5-a]pyrazin-1-yl)-
. N-(pyridin-2-yl)benzamit
&/Né/; I
95 [ (E)-4-(8-amino-3-((4- 458,2 1,35
R ' metoxybut-2- phut
enamido)metyl)imidazo[1,5-
I a]pyrazin-1-yl)-N-(pyridin-2-
Ng/f{‘ 3~ yl)benzamit
96 ™ (S)-4-(8-amino-3-(1-but-2- 5353 2,27
T\ ynoylpyrolidin-2- phut
o I yl)imidazo[1,5-a]pyrazin-1-yl)- LCMS
’ N-(4-(pyrolidin-1-yl)pyridin-2- (B)
& yl)benzamit
K/N//N o
&J\
97 Q (E)-4-(8-amino-3-(1-(4- 526,3 1,97
o5 " metoxybut-2-enoyl)azepan-2- phut

yl)imidazo[1,5-a]pyrazin-1-yl)-
N-(pyridin-2-yl)benzamit
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Vidy CAu tric Tén (M+H) | UPLC
+ ©
, ' - m/z Rt
98 "\ (S,E)-4-(8-amino-3-(1-(4- 5233 2,12
\g\? metoxybut-2-enoyl)pyrolidin-2- phut
- yl)imidazo[1,5-a]pyrazin-1-yl)-
N-(4-xyanopyridin-2-
N/NH _ yl)benzamit
K/NENEK/\/O\
99 [ (S)-4-(8-amino-3-(1-but-2- 496,3 1,87
oy ) ynoylpyrolidin-2- phut
— yl)imidazo[1,5-a]pyrazin-1-yl)-
e 2-metoxy-N-(pyridin-2-
LN//“ 9 yl)benzamit
T
100 [ (S)-4-(3-(1-acrylamidoetyl)-8- 4283 1,15
oy " aminoimidazo[1,5-a]pyrazin-1- phut
yl)-N-(pyridin-2-yl)benzamit
K/N\Qj\\/
101 ) (S)-4-(3-(1-acryloylpyrolidin-2- | 460,2 2,03
° g/ yl)-8-aminoimidazo[1,5- phut
a]pyrazin-1-yl)-N-(thiazol-2-
e yl)benzamit
i
102 A (S)-4-(8-amino-3-(1-but-2- 507,8 1,82
. '®/< ynoylpyrolidin-2- phut
A yhimidazo[1,5-a]pyrazin-1-yl)-
(" j\ N-(4-isopropylpyridin-2-
P yl)benzamit
103 [ (S,E)-4-(8-amino-3-(1-(4- 528,3 1,84
oy " metoxybut-2-enoyl)pyrolidin-2- phut
o yl)imidazo[1,5-a]pyrazin-1-yl)-
& 2-metoxy-N-(pyridin-2-
NK:/N%MO\ yl)benzamit
104 I (S,E)-4-(8-amino-3-(1- 530,4 2,09
o I xinamoylpyrolidin-2- phut

yl)imidazo[1,5-a]pyrazin-1-yl)-
N-(pyridin-2-yl)benzamit
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Vidy Cau tric Tén (M+H) | UPLC
+ ©
, m/z Rt
105 [ (S)-N-(1-(8-amino-1-(4- 514,3 1,56
oy " (pyridin-2- phut
ylcarbamoyl)phenyl)imidazo[ 1,
1 5-a]pyrazin-3-yl)etyl)-2-
NK/N/XN o clopyrimidin-4-carboxamit
N \\N
106 M (S)-4-(8-amino-3-(1-but-2- 4842 2,38
o I ynoylpyrolidin-2- phut
yl)imidazo[1,5-a]pyrazin-1-yl)-
A N-(4-flopyridin-2-yl)benzamit
kN o
&=
107 N (S)-4-(8-amino-3-(1-(2- 596,3 2,19
A clopyrimidin-4- phut
Mo cacbonyl)piperidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-
1 N-(4-propylpyridin-2-
s Db it
g N)\@N yl)benzami
4
108 CF’/ N (S,E)-4-(8-amino-3-(1-(4- 580,3 1,03
R Q metoxybut-2-enoyl)piperidin-2- phut
H yl)imidazo[1,5-a]pyrazin-1-yl)- UPLC
N, N-(4-(triflometyl)pyridin-2- (B)
NN, o yl)benzamit
o
109 A (S)-4-(3-(1-acryloylpiperidin-2- | 536,3 1,02
o yl)-8-aminoimidazo[1,5- phut
H a]pyrazin-1-yl)-N-(4- UPLC
NH (triflometyl)pyridin-2- (B)
N, yl)benzamit
5
110 \ (S)-4-(8-amino-3-(1-but-2- 552,4 2,57
i ynoylpiperidin-2- phut

yl)imidazo[1,5-a]pyrazin-1-yl)-
2-metoxy-N-(4-propylpyridin-2-
yl)benzamit
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Vidy Céu tric Tén (M+H) | UPLC
| - ©
- m/z Rt
111 N (S,E)-4-(8-amino-3-(1-(4- 584.,4 2,49
. - metoxybut-2-enoyl)piperidin-2- phut
H yl)imidazo[1,5-a]pyrazin-1-yl)-
J’&ﬁ - 2-metoxy-N-(4-propylpyridin-2-
NN )benzamit
vgwo\ yD
112 B 4-(8-amino-3-(but-2- 426,2 1,35
ol ynamidometyl)imidazo[1,5- phut
a]pyrazin-1-yl)-N-(pyridin-2-
gy yl)benzamit
R
P
113 (S)-4-(8-amino-3-(1-(N- 496,3 1,94
\ﬂQ metylbut-2- phut
o ynamido)etyl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-
N/NHZ/ propylpyridin-2-yl)benzamit
" 3
=
114 \ (S,E)-4-(8-amino-3-(1-(4- 572,4 2,48
\/@ metoxybut-2-enoyl)piperidin-2- phut
ba. yl)imidazo[1,5-a]pyrazin-1-yl)-
" f 2-flo-N-(4-propylpyridin-2-
WA yl)benzamit
K/Né‘)i\\//\/o\
115 - N (S)-4-(8-amino-3-(1-(2- 622,2 1,15
o PV clopyrimidin-4- phut
d cacbonyl)piperidin-2- UPLC
N, yl)imidazo[1,5-a]pyrazin-1-yl)- (B)
N N-(4-(triflometyl)pyridin-2-
&Né;)\(j yl)benzamit
N\il
116 {\‘ (S)-4-(8-amino-3-(1-but-2- 514,3 2,68
s ynoylpiperidin-2- phut

o
IZ\«
z

\

[

yl)imidazo[1,5-a]pyrazin-1-yl)-
N-(5-etylthiazol-2-yl)benzamit
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Vidy Cau tric Tén (M+H) | UPLC
' ' + ©)
v ' v m/z Rt
117 (S)-4-(3-(1-acryloylpiperidin-2- | 502,3 2,53
stN yl)-8-aminoimidazo[1,5- phut
Y a]pyrazin-1-yl)-N-(5-etylthiazol-
2-yl)benzamit
o
118 f\‘ (S)-4-(8-amino-3-(1-(2- 588.,3 2,71
s>;N clopyrimidin-4- phut
N cacbonyl)piperidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-
B N-(5-etylthiazol-2-yl)benzamit
K/N Va No ~,
it
119 : y (S)-4-(8-amino-3-(1-(2- 608,2 2,68
XQ\? clopyrimidin-4- phut
4 cacbonyl)pyrolidin-2-
. yl)imidazo[1,5-a]pyrazin-1-yl)-
Py N-(4-(triflometyl)pyridin-2-
K/Ng 3\(\\ yl)benzamit
N \ 4
120 & (R,E)-4-(8-amino-3-(4-(4- 514,3 1,34
" NO metoxybut-2-enoyl)morpholin- phut
3-yl)imidazo[1,5-a]pyrazin-1-
N yl)-N-(pyridin-2-yl)benzamit
K/N/jiNo)\//\/O\
o\) )
121 \ (S,E)-4-(8-amino-3-(1-(4- 554,4 2,07
o~ metoxybut-2-enoyl)piperidin-2- phut
o yl)imidazo[1,5-a]pyrazin-1-yl)-
N-(4-propylpyridin-2-
N/“”’/ yl)benzamit
ol
122 N (S)-4-(3-(1-acryloylpyrolidin-2- | 479,0 1,86
o " yl)-8-aminoimidazo[1,5- phut
! a]pyrazin-1-yl)-N-(4-
He xyanopyridin-2-yl)benzamit
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Vidu | Cautrig Tén (M+H) | UPLC
. , m/z Rt
123 d (S)-4-(8-amino-3-(1-but-2- 496,3 1,50
& ynoylpyrolidin-2- phut
ﬁ yl)imidazo[1,5-a]pyrazin-1-yl)-
N-(4-metoxypyridin-2-
N/NH _ yl)benzamit
A
G
124 \C\ (S)-4-(3-(1-acryloylpyrolidin-2- | 468,1 1,37
o yl)-8-aminoimidazo[1,5- phut
" a|pyrazin-1-yl)-N-(4-
AW metylpyridin-2-yl)benzamit
125 \ (S)-4-(3-(1-acryloylpyrolidin-2- | 496,1 1,76
4 yl)-8-aminoimidazo[1,5- phit
H alpyrazin-1-yl)-N-(4-
" propylpyridin-2-yl)benzamit
126 /@ (S)-4-(3-(1-acryloylpyrolidin-2- | 482,1 1,53
o I yl)-8-aminoimidazo[1,5- phut
! a]pyrazin-1-yl)-N-(4-
A, etylpyridin-2-yl)benzamit
127 & (S,E)-4-(8-amino-3-(1-(4- 511,0 1,29
g " (dimetylamino)but-2- phut
enoyl)pyrolidin-2-
I yl)imidazo[1,5-a]pyrazin-1-yl)-
K/N//NNJD!\/\/}K N-(pyridin-2-yl)benzamit
128 Y (S,E)-4-(8-amino-3-(1-(4- 566,3 2,73
OXQ metoxybut-2-enoyl)pyrolidin-2- phut
N yl)imidazo[1,5-a]pyrazin-1-yl)-
e N-(4-(triflometyl)pyridin-2-
O yl)benzamit
X N&j\/\/o\
129 D (S)-4-(8-amino-3-(1-(2- 554,2 1,38
o clopyrimidin-4- phut

cacbonyl)pyrolidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-
N-(4-metylpyridin-2-
yl)benzamit
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Vidu | Chutric Tén (M+H) [ UPLC
- + (C)
, ‘ m/z Rt
130 CN/ \ (S)-4-(8-amino-3-(1-but-2- 491,2 2,20

o 7V ynoylpyrolidin-2- phat

yl)imidazo[1,5-a]pyrazin-1-yl)-
N-(4-xyanopyridin-2-

E/N//” . yl)benzamit
Lo
131 b (S)-4-(8-amino-3-(1-but-2- 4943 1,65
o T ynoylpyrolidin-2- phut

yl)imidazo[1,5-a]pyrazin-1-yl)-
N-(4-etylpyridin-2-yl)benzamit

132 (S)-4-(8-amino-3-(1-but-2- 542,3 2,57
TN ynoylpyrolidin-2- phut

yl)imidazo[1,5-a]pyrazin-1-yl)-
N-(4-phenylpyridin-2-

NH, yl)benzamit
K/N//N Q
the
133 (S)-4-(3-(1-acryloylpyrolidin-2- | 530,3 2,38
R yl)-8-aminoimidazo[1,5- phut
o IV a]pyrazin-1-yl)-N-(4-

phenylpyridin-2-yl)benzamit

Vi du 134: Phuong phéap thu nghiém
Hoat tinh enzym Btk

Hoat tinh enzym Btk dugc xéc dinh béng cach st dung tht nghiém IMAP (su
phén cuc huynh quang dua trén i luc ion kim loai cd dinh) nhu dugc néu dudi day.

Enzym Btk (His-Btk (Millipore catalog# 14-552), dugc pha lodng dén 0,4
U/mL trong chét dém KR (10 mM Tris-HCI, 10 mM MgCl,, 0,01% Tween-20, 0,05%
NaN3, 1 mM DTT, 2 mM MnCl,, d6 pH 7,2).

Tién hanh pha lodng theo bac logl0 tir 2 mM dén 63,2 nM cua hop chét thu
nghiém trong 100% DMSO. Céc dung dich pha lodng trong DMSO sau d6 duoc pha
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lodng 50 lan trong chit dém KR. Khoang ndng do hop chit cudi trong thir nghiém nim

trong khoang tir 10 uM dén 0,316 nM.

5 uL/13 hop chat thir nghiém trong chdt dém KR (ndéng d6 DMSO cudi trong
thtr nghiém 1a 1%) duoc tron v6i 5 pl/1d enzym Btk ndng do 0,4 U/mL (ndng do cubi
trong thtr nghiém 1a 0,1 U/mL). Hop chat thir nghiém va enzym Btk duge 4 so bd 60
phut & nhiét d§ trong phong, truéc khi bd sung 5 pL/I18 peptit co chat duge ddnh dau
bang Fluorescin ndng d6 200 nM (co chit Blk/Lyntide, vi du #R7188/#R7233,
Molecular Devices) trong chit dém KR. Nong do co chét peptit cudi trong thir nghiém
1a 50 nM. Thtr nghiém kinaza dwoc bét du bang cach bd sung 5 pl/156 ATP ndéng do
20 pM trong chét dém KR (ndng do ATP cubi la 5 pM ATP, Km ATP trong thu
nghiém Btk IMAP). Sau khi u trong 2 gio ¢ nhiét do trong phong, phan Ung enzym
duoc lam dimg bing cach bd sung 40 puL/16 Dung dich lién két Iiiy tién IMAP (theo
protocol cua nha cung cip (Molecular Devices) st dung 75% 1x chat dém A va 25%
1x chét dém B véi 1:600 Dung dich lién két liy tién). Sau khi 0 60 phat & nhiét do
trong phong trong bong tdi, tin hiéu FP dugc doc. Sy phat huynh quang ¢ 535 nm
duoc xac dinh béng cach sur dung céc bd loc song song va vudng goc dé xac dinh cac
chénh léch trong phép quay do lién két cua peptit co chat phosphoryl héa véi céc hat.
Céc gia tri dugce tinh toan dudi dang ty 1€ phén tram chénh léch trong s6 doc ra (AmPi)
clia cac dbi chimg cé va khong c6 ATP. Cac gid tri ECso duoc xac dinh béng céach hiéu

chinh duong cong ctia cac két qua thir nghiém bang cach sir dung Activity Base.

Tét ca cac vi du déu c6 EC50 bing 10 uM hoic thap hon.

Bang 1 Céc gia tri hoat tinh Btk EC50
EC50 v Vidu '
>1 pM 91
>100 nM
<1 uM 52,53, 54, 55, 68, 72, 74, 85, 86, 87, 88, 90, 92, 93, 94, 104

>10 nM 2,4,5,7,11, 24, 40, 41, 50, 51, 56, 57, 58, 59, 60, 69, 70, 71, 73, 80,

<100 nM | 81, 82, 83, 84, 89, 95, 96, 97, 98, 99, 103, 105, 106, 112, 113, 114, 119

1,3,6,8,9, 10,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 25, 26, 27,

<10 nM 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 42, 43, 44, 45, 46, 47, 48,

49, 61, 62, 63, 64, 65, 66, 67, 75, 76,77, 78, 79, 100, 101, 102, 107,

108, 109, 110, 111, 115, 116, 117, 118, 120, 121, 122, 123, 124, 125,
126, 127, 128, 129, 130, 131, 132, 133

Hoat tinh enzym Lck
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Hoat tinh enzym Lck dugc x4c dinh béng cach su dung thu nghiém IMAP (su

phéan cuc huynh quang dua trén ai lyc ion kim loai ¢b dinh) nhu dugc néu dudi day.

Enzym Lck (Millipore catalog# 14-442), dwoc pha lodng dén 0,4 U/mL trong
chat dém KR (10 mM Tris-HCI, 10 mM MgCI2, 0,01% Tween-20, 0,05% NaNj, 1
mM DTT, 2 mM MnCl,, d6 pH 7,2).

Tién hanh pha lodng theo bac logl0 tir 2 mM dén 63,2 nM ctia hop chét thir
nghiém trong 100% DMSO. Cac dung dich pha loadng trong DMSO sau dé duoc pha
lodng 50 1an trong chat dém KR trong sé d6 5 ul dugc sir dung trong thir nghiém, dan

dén khoang ndng do hop chét cubi trong thir nghiém 14 tir 10 pM dén 0,316 nM.

5 uL/18 hop chat thir nghiém trong chit dém KR (ndng d6 DMSO cudi trong
thtr nghiém 1a 1%) duogc tron véi 5 pl/1d enzym Lek néng do 0,4 U/mL (néng do cudi
trong thir nghiém 1a 0,1 U/mL). Hop chit thir nghiém va enzym Lck dugc 1 so bo 60
phtt ¢ nhiét do trong phong, trudc khi bd sung 5 pL/16 peptit co cht duge danh déu
bing Fluorescin ndng do 400 nM (peptit co chit p34cdc2, vi du #R7157/4#R7172,
Molecular Devices) trong chat dém KR. Nong do co chat peptit cudi trong thir nghiém
1a 100 nM. Thtr nghiém kinaza duoc bat diu bang cach bd sung 5 uL/I5 ATP ndng do
24 uM trong chat dém KR (ndng do ATP cudi 1a 6 uM ATP, Km ATP trong thir
nghiém IMAP Lck). Sau khi u trong 2 gi¢ ¢ nhiét do trong phong, phan ung enzym
duoc lam dung bang cach bd sung 40 pL/15 Dung dich lién két ldy tién IMAP (theo
protocol ctia nha cung cap (Molecular Devices) sir dung 75% 1x chat dém A va 25%
1x chdt dém B v6i 1:600 Dung dich lién két lity tién). Sau khi 4 60 phut & nhiét do
trong phong trong bong t6i, tin hiéu FP duoc doc. Su phat huynh quang & 535 nm
duoc xac dinh béng cach st dung céc bd loc song song va vuong goc dé xac dinh cac
chénh 1éch trong phép quay do lién két cta peptit co chat phosphoryl héa véi céc hat.
Céc gia tri dugc tinh todn dudi dang ty 1€ phdn tram chénh l&ch trong s6 doc ra (AmPi)
clia cac dbi chimg c6 va khong c6 ATP. Céc gié tri ECsy duoc x4c dinh bing cach higu

chinh dudng cong cta céc két qua thir nghiém bang cach st dung Activity Base.

Bang 2 ~ Céc gid tri hoat tinh Lck EC50
EC50 , ' Vidy
>1 uM 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
- 23, 24,25, 26,217, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
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42,43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 61,
63, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74,75, 77, 78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101,
102, 103, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116,
117,118, 119, 120, 121, 123, 127, 128, 129, 130, 131

>100 nM
<1 pM 60, 62, 64, 76, 104, 122, 124, 125, 126, 132, 133

Hoat tinh enzym Src

Hoat tinh enzym Src dugc xdc dinh béng cach sir dung thr nghiém IMAP (su

phén cuc huynh quang dua trén i luc ion kim loai ¢d dinh) nhu dugc néu dudi day.

Enzym Src (Millipore catalog# 14-326), dugc pha loing dén 0,8 U/mL trong
chét dém KR (10 mM Tris-HCI, 10 mM MgCl,, 0,01% Tween-20, 0,05% NaNs, | mM
DTT, 2 mM MnCl,, d6 pH 7,2).

Tién hanh pha loang theo bic logl0 tir 2 mM dén 63,2 nM cua hop chit thtr
nghiém trong 100% DMSO. Céc dung dich pha loang trong DMSO sau d6 dugc pha
lodng 50 lan trong chéat dém KR trong s6 d6 5 ul duge sir dung trong thir nghiém, dén

dén khoang ndng do hop chat cudi trong thir nghiém 1a tir 10 pM dén 0,316 nM.

5 uL/13 hop chat thir nghiém trong chit dém KR (ndng d6 DMSO cubi trong
thtr nghiém 1a 1%) duoc tron v6i 5 ul/1d enzym Src néng ds 0,8 U/mL (néng do cudi
trong thtr nghiém 1a 0,2 U/mL). Hop chét thur nghiém va enzym Src dugc 0 so bd 60
phat & nhiét do trong phong, trudc khi bd sung 5 pl/16 peptit co chat duoc danh diu
bing Fluorescin ndng d6 400 nM (peptit co chédt p34cdc2, vi du #R7157/#R7172,
Molecular Devices) trong chit dém KR. Nong do co chit peptit cudi trong thir nghiém
la 100 nM. Thtr nghiém kinaza duoc bat dau bang cach bo sung 5 uL/16 ATP ndng do
16 uM trong chit dém KR (ndng d6 ATP cudi la 4 uM ATP, Km ATP trong thir
nghiém IMAP Src). Sau khi u trong 2 gi¢ ¢ nhiét d§ trong phong, phan Ung enzym
dugc lam dimng bang cach bé sung 40 pL/16 Dung dich lién két ity tién IMAP (theo
protocol cua nha cung cAp (Molecular Devices) sir dung 75% 1x chit dém A va 25%
1x chit dém B v6i 1:600 Dung dich lién két lity tién). Sau khi G 60 phat & nhiét do
trong phong trong béng t6i, tin hiéu FP duoc doc. Su phat huynh quang & 535 nm
duoc xac dinh béng cach sir dung cac bd loc song song va vudng goc dé xac dinh cac

chénh léch trong phép quay do lién két peptit co chat phosphoryl hoa véi cac hat. Cac
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gia tri dugc tinh toan dudi dang ty 1€ phé”m trdm chénh léch trong sd doc ra (AmP1i) cua
cac dbi chimg c6 va khong c6 ATP. Cac gid tri ECso duoc xac dinh bang cach hiéu

chinh duong cong ctia cac két qua thir nghiém bang cach st dung Activity Base.

. Bang3  Céc gia tri hoat tinh Src EC50
EC50 Vidu
1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26,27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,116, 117,
118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132,
133

>1 uM

Hoat tinh enzym FynT

Hoat tinh enzym FynT duoc x4c dinh bang cach sir dung thir nghiém IMAP (su

phan cuc huynh quang dua trén ai luc ion kim loai ¢ dinh) nhu duoc néu dudi day.

Enzym FynT (Biomol catalog# SE-287), duoc pha lodng dén 0,5 pg/mL trong
chét dém KR (10 mM Tris-HCI, 10 mM MgCl,, 0,01% Tween-20, 0,05% NaNs, ] mM
DTT, 2 mM MnCl,, d6 pH 7,2).

Tién hanh pha lodng theo bac logl0 tir 2 mM dén 63,2 nM ctia hop chét thu
nghiém trong 100% DMSO. Céc dung dich pha loang trong DMSO sau d6 dugc pha
lodng 50 lan trong chit dém KR trong s6 d6 5 pl duge str dung trong thir nghiém, dan

dén khoang ndng do hop chit cudi trong thir nghiém 14 tir 10 uM dén 0,316 nM.

5 pL/16 hop chét thir nghiém trong chit dém KR (ndng d6 DMSO cudi trong
thr nghiém 1a 1%) duoc tron v6i 5 ul/Id enzym FynT ndng d6 0,5 ug/mL (ndng do
cudi trong thtr nghiém 1a 125 ng/mL). Hop cht thir nghiém va enzym FynT duoc 0 so
bo 60 phut & nhiét d6 trong phong, trudce khi bd sung 5 uL/I3 peptit co chat dugc danh
du bing Fluorescin ndng do 400 nM (peptit co chét p3dcdc2, vi du #R7157/#R7172,
Molecular Devices) trong chit dém KR. Nong d6 co chat peptit cudi trong thir nghiém
la 100 nM. Thtr nghiém kinaza duoc bat dau bang cach bb sung 5 pL/15 ATP nong do
0,8 uM trong chit dém KR (ndng do ATP cubi 1a 0,2 uM ATP, Km ATP trong thir
nghiém IMAP FynT). Sau khi 0 trong 2 gi¢' ¢ nhiét do trong phong, phan img enzym
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dugc lam dimg bang cach bé sung 40 pL/16 Dung dich lién két Ity tién IMAP (theo
protocol ctia nha cung cip (Molecular Devices) str dung 75% 1x chat dém A va 25%
1x chat dém B véi 1:600 Dung dich lién két liy tién). Sau khi u 60 phut & nhiét do
trong phong trong bong tbi, tin hiéu FP dugc doc. Su phat huynh quang ¢ 535 nm
dugc xac dinh bing cach str dung cic bd loc song song va vudng géc dé xac dinh céc
chénh léch trong phép quay do lién két ctia peptit co chit phosphoryl héa véi céc hat.
Céc gié tri duogc tinh todn dudi dang ty 1€ phén tram chénh léch trong s6 doc ra (AmPi)
cla cac ddi chiig c6 va khéng c6 ATP. Cac gia tri ECsy dugc xéc dinh béng cach hiéu

chinh duong cong cia cac két qua thir nghiém bang cach str dung Activity Base.

Bang 4 Céc gia tri hoat tinh FynT EC50

“EC50 WL
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25,26,27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
~1 uM 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83,
= 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117,
118,119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132,

133

Hoat tinh enzym Lyn

Hoat tinh enzym Lyn dugc x4c dinh béng cach st dung thir nghiém IMAP (su
phén cuc huynh quang dua trén 4i luc ion kim loai ¢b dinh) nhu duoc néu dudi day.
Enzym Lyn (Millipore catalog# 14-510), dugc pha lodng dén 250 mU/mL trong

chit dém KR (10 mM Tris-HCI, 10 mM MgCl,, 0,01% Tween-20, 0,05% NaN3, 1 mM
DTT, 2 mM MnCl,, d6 pH 7,2).

Tién hanh pha lodng theo bac logl0 tir 2 mM dén 63,2 nM ctia hop chét thi
nghiém trong 100% DMSO. Cac dung dich pha lodng trong DMSO sau d6 duoc pha
lodng 50 1an trong chit dém KR trong sb d6 S pl dugc str dung trong thir nghiém, dén

dén khoang ndng d6 hop chat cudi trong thir nghiém 1a tir 10 uM dén 0,316 nM.

5 uL/18 hop chét thir nghiém trong chat dém KR (ndng d6 DMSO cudi trong
thtr nghiém 14 1%) duoc tron véi 5 ul/Id enzym Lyn ndng d6 250 mU/mL (ndng dd

cubi trong thtr nghiém 14 62,5 mU/mL). Hop chét thir nghiém va enzym Lyn duoc u so
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b6 60 phut & nhiét do trong phong, trude khi bd sung 5 uL/I5 peptit co chat duoc danh
ddu bang Fluorescin ndng d6 400 nM (co chat Blk/Lyntide, vi du #R7188/#R7233,
Molecular Devices) trong chat dém KR. Nong d6 co chat peptit cudi trong thir nghiém
1a 100 nM. Thir nghiém kinaza dugc bit ddu bang cach bd sung 5 uL/I5 ATP nong do
8 uM trong chit dém KR (ndéng d6 ATP cudi la 2 pM ATP, Km ATP trong thi
nghiém IMAP Lyn). Sau khi u trong 2 gio ¢ nhiét do trong phong, phan ing enzym
duoc lam dung bing cach bd sung 40 pL/I56 Dung dich lién két liiy tién IMAP (theo
protocol ctia nha cung cdp (Molecular Devices) st dung 75% 1x chat dém A va 25%
1x chdt dém B véi 1:600 Dung dich lién két lity tién). Sau khi & 60 phut & nhiét do
trong phong trong béng tdi, tin hiéu FP duoc doc. Su phat huynh quang ¢ 535 nm
duoc x4c dinh bing cach st dung cac bd loc song song va vudng géc dé xac dinh cac
chénh léch trong phép quay do lién két peptit co chit phosphoryl hoa véi cac hat. Céc
gia tri dugc tinh toan dudi dang ty 1€ phén tram chénh léch trong s6 doc ra (AmP1i) cua
cac dbi chimg cé va khong c6 ATP. Cac gia tri ECsy duge xac dinh bang cach hiéu

chinh dudng cong cta cac két qua thir nghiém béang cach st dung Activity Base.

. Bang5 Céc gia tri hoat tinh Lyn EC50 "
- EC50 ' Viduy

1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25,26, 27,28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42,43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 61,
~1 uM 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
=L H 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113,
114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 127, 128, 129, 130,

131, 132

>100 nM
<1 uM 60, 124, 125, 126, 133
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YEU CAU BAO HOQ

1. Hop chét c6 cong thice (I):

Cong thuce (I)
hodc mudi duoc dung cua no,
trong do:
X la CH, N, O hoac S;
Y la C(R6), N, O hodc S;
Z 1a CH, N hodc lién két;
A la CH hoac N;
B1 1a N hoac C(R7);
B2 la N hodc C(R8);
B3 1a N hoac C(R9);
B4 1a N hoac C(R10);
R1 12 R11C(0), R12S(0), R13S0, hoic (1-6C)alkyl tiry y dugc thé bing R14;

R2 1a H, (1-3C)alkyl hodc (3-7C)xycloalkyl;
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R3 1a H, (1-6C)alkyl hoac (3-7C)xycloalkyl); hoac

R2 va R3 tao thanh, ciing voi nguyén tir N ma R2 gén vao va nguyén tr C ma R3
gin vao, (3-7C)heteroxycloalkyl tuy y duoc thé bang mot hodc nhiéu flo,
hydroxyl, (1-3C)alkyl, (1-3C)alkoxy hoéc oxo;

R4 1a H hoac (1-3C)alkyl;

R5 1a H, halogen, xyano, (1-4C)alkyl, (1-3C)alkoxy, (3-6C)xycloalkyl, nhém alkyl
bét ky ctia nd tuy ¥ duge thé bang mot hodc nhidu halogen; hoic R5 14 (6-10C)aryl
hodc (2-6C)heteroxycloalkyl;

R6 14 H hodc (1-3C)alkyl; hoac

R5 va R6 cung nhau c6 thé tao thanh (3-7C)xycloalkenyl, hoic (2-
6C)heteroxycloalkenyl; mdi vong nay tiy y duoc thé bang (1-3C)alkyl, hogc mot
hodc nhiéu halogen;

R7 1a H, halogen hoac (1-3C)alkoxy;

R8 1a H hodc (1-3C)alkyl; hodc

R7 va R8 tao thanh, cling véi nguyén tir cacbon ma ching gin vao, (6-10C)aryl
hodc (1-9C)heteroaryl,;

R9 Ia H, halogen hodc (1-3C)alkoxy;

R10 la H, halogen hodc (1-3C)alkoxy;

R11 doc lap duge chon tir nhom bao gom (1-6C)alkyl, (2-6C)alkenyl va (2-
6C)alkynyl mdi alkyl, alkenyl hodc alkynyl tuy y duoc thé bing mét hodc nhiéu
nhom dugc chon tir hydroxyl, (1-4C)alkyl, (3-7C)xycloalkyl, [(1-4C)alkyl]amino,
di[(1-4C)alkyl]amino, (1-3C)alkoxy, (3-7C)xycloalkoxy, (6-10C)aryl hodc (3-
7C)heteroxycloalkyl; hodc

R11 14 (1-3C)alkyl-C(O)-S-(1-3C)alkyl; hodc

R11 1a (1-5C)heteroaryl tiy ¥ duoc thé bang mot hoic nhiéu nhém duoc chon tir
halogen hodc xyano;

R12 va R13 doc lap duogc chon tu nhom bao gém (2-6C)alkenyl hodc (2-

6C)alkynyl ca hai gbc nay tiy v duge thé bang mot hodc nhidu nhém dugce chon tir
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hydroxyl, (1-4C)alkyl, (3-7C)xycloalkyl, [(1-4C)alkyl]amino, di[(1-
4C)alkyl]amino, (1-3C)alkoxy, (3-7C)xycloalkoxy, (6-10C)aryl hoac (3-
7C)heteroxycloalkyl; hoac

(1-5C)heteroaryl tuy y duoc thé béng mdt hodc nhiéu nhém duoe chon tur halogen
hodc xyano;

R14 doc lap duoc chon tir nhém bao gém halogen, xyano hoic (2-6C)alkenyl hodc
(2-6C)alkynyl ca hai gdc nay tuy y duoc thé bang mot hoac nhidu nhom duoge
chon tuo hydroxyl, (1-4C)alkyl, (3-7C)xycloalkyl, [(1-4C)alkyl]amino, di[(1-
4C)alkyl]lamino, (1-3C)alkoxy, (3-7C)xycloalkoxy, (6-10C)aryl, (1-5C)heteroaryl
hodc (3-7C)heteroxycloalkyl;

voi diéu kién la:

tir 0 dén 2 nguyén tir ctia X, Y, Z c6 thé dong thoi 1a nguyén tir khéac loai;

- khi m6t nguyén tir duoc chon tir X, Y 14 O hoac S, thi Z 1a lién két va nguyén tu

kia dugc chon tir X, Y khong thé 12 O hoac S;
- khi Z 1a CH hodc N thi Y 1a C(R6) hodc N va X la CH hoac N;
- tir 0 dén 2 nguyén tir cia B1, B2, B3 vaB4 1aN.

2. Hop chét theo diém 1, trong d6 B1 1a C(R7); B2 1a C(R8); B3 1a C(R9); B4 1a
C(R10);

R71aH, R9 1aH, vaR10 1a H; va
R8 duoc chon tir nhém bao gém hydro va metyl.
3. Hop chit theo diém 2, trong d6 R4 dugc chon tir nhém bao gém hydro va metyl.

4. Hop chét theo diém 1, trong d6 vong chira X, Y va Z duoc chon tir nhém bao gém
pyridyl, pyrimidyl, pyridazyl, triazinyl, thiazolyl, oxazolyl, va isoxazolyl.

5. Hop chét theo diém 1, trong d6 vong chtta X, Y va Z duoc chon tur nhom bao gém
pyridyl, pyrimidyl, va thiazolyl.

6. Hop chét theo diém 1, trong d6 RS duoc chon tir nhém bao gdm hydro, flo, clo, (1-
3C)alkyl va (1-2C) alkoxy; nhom (1-3C)alkyl ctia n6 tuy y duoc thé bang mot hodc

nhiéu halogen.
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7. Hop chat theo diém 1, trong d6 RS dugc chon tir nhém bao gom hydro, flo, metyl,
etyl, propyl, metoxy va triflometyl.

8. Hop chit theo diém 1, trong d6 R2 13 hydro hodc (1-3C)alkyl; va R3 14 (1-6C)alkyl.

9. Hop chit theo diém 1, trong d6 R2 va R3 tao thanh, cing v&i nguyén tir N ma R2
gin vao va nguyén tr C ma R3 gin vio, vong heteroxycloalkyl duoc chon tir
azetidinyl, pyrolidinyl, piperidinyl, homopiperidinyl hodc morpholinyl, tuy y duoc thé
bang mot hodc nhiéu flo, hydroxyl, (1-3C) alkyl, (1-3C)alkoxy, hoic oxo.

10. Hop chét theo diém 1, trong d6 R1 1a R11C(0O) va R11 doc lap dugc chon tir nhom
bao gém (1-6C)alkyl, (2-6C)alkenyl hodc (2-6C)alkynyl mdi gbc nay tuy y duoc thé
bang mot hodc nhiéu nhém duge chon tir hydroxyl, (1-4C)alkyl, (3-7C)xycloalkyl, [(1-
4C)alkyl]amino, di[(1-4C)alkyl]amino, (1-3C)alkoxy, (3-7C)xycloalkoxy, (6-10C)aryl
hodc (3-7C)heteroxycloalkyl; hodc R11 1a (1-5C)heteroaryl tuy y duoc thé bang mot

hodc nhiéu nhém duge chon tir halogen hodc xyano.

11. Hop chit theo diém 1, trong d6 R1 la R11C(O) va R11 dugc chon tir nhém bao
gbm (2-6C)alkenyl hodc (2-6C)alkynyl mdi gbc nay tuy y duoc thé bang mot hodc
nhiéu nhém duoc chon tu hydroxyl, (1-4C)alkyl, (3-7C)xycloalkyl, di[(1-
4C)alkyl]amino, (1-3C)alkoxy, (3-7C)xycloalkoxy hodc (3-7C)heteroxycloalkyl.

12. Hop chét theo diém 1 duoc chon tir nhém bao gom:
(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-(pyrolidin-1-yl)but-2-enoyl)pyrolidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-carbonyl)pyrolidin-2-yl)imidazo[1,5-
a|pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;
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(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-flopyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
metylpyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a|pyrazin-1-yl)-N-(4-propylpyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
(triflometyl)pyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-etylpyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-y1)-N-
(4,5,6,7-tetrahydrobenzo[d]thiazol-2-yl)benzamit;

(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-2-flo-N-
(pyridin-2-yl)benzamit;

(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-2-
metoxy-N-(pyridin-2-yl)benzamit;

(S.E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(thiazol-2-yl)benzamit;

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-
a|pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;

(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-(4-
flopyridin-2-yl)benzamit;

(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-y1)-N-(4-
xyanopyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-(vinylsulfonyl)piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(4-(triflometyl)pyridin-2-yl)benzamit;
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(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-
(pyrimidin-2-yl)benzamit;

(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
metylpyrimidin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyrimidin-4-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-
(pyridazin-3-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(isoxazol-3-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(5-etylthiazol-2-yl)benzamit;
(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[1,5-a|pyrazin-1-yl)-2-flo-N-
(4-propylpyridin-2-yl)benzamit;

(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-2-metoxy-N-(4-propylpyridin-2-yl)benzamit;

4-(8-amino-3-((S)-1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-3-
metyl-N-(pyridin-2-yl)benzamit;

4-(3-(acrylamidometyl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-

yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynamidoetyl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-

yl)benzamit;

(S)-S-2-(2-(8-amino-1-(4-(pyridin-2-ylcarbamoyl)phenyl)imidazo[ 1,5-a]pyrazin-
3-yl)pyrolidin-1-yl)-2-oxoetyl etanthioat;

(S)-4-(8-amino-3-(1-(4-hydroxy-4-metylpent-2-ynoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-(6-clopyrimidin-4-carbonyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;
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(S)-4-(8-amino-3-(1-pent-2-ynoylpyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-(3-xyclopropylpropioloyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-hex-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit;

4-(3-(1-acryloylazepan-2-yl)-8-aminoimidazo| 1,5-a]pyrazin-1-yl)-N-(pyridin-2-
yl)benzamit;
(R)-4-(8-amino-3-(4-but-2-ynoylmorpholin-3-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-(N-metylbut-2-ynamido)etyl)imidazo[1,5-a]pyrazin-1-yl)-N-
(4-(triflometyl)pyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-ynoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-(4-metoxybut-2-ynoyl)pyrolidin-2-yl)imidazo[1,5-a]pyrazin-
1-yl)-N-(pyridin-2-yl)benzamit;

(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-(4-
flopyridin-2-yl)benzamit;

(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
(pyrolidin-1-yl)pyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
flopyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit;

(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
propylpyridin-2-yl)benzamit;
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(S,E)-4-(8-amino-3-(1-(4-metoxy-N-metylbut-2-enamido)etyl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-propylpyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-(vinylsulfonyl)piperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-
(4-propylpyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-2-flo-
N-(pyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-metoxypyridin-2-yl)benzamit;
(S.E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-2-flo-N-(4-metoxypyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-flopyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(isoxazol-3-yl)benzamit;

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyrimidin-2-yl)benzamit;

4-(8-amino-3-((S)-1-(2-clopyrimidin-4-carbonyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-3-metyl-N-(pyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-metylpyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-isopropylpyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-metylpyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(thiazol-2-yl)benzamit;

(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-(4-
propylpyridin-2-yl)benzamit;
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(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
(triflometyl)pyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
(triflometyl)pyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
propylpyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)pyrolidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(4-isopropylpyridin-2-yl)benzamit;
4-(8-amino-3-((S)-1-(vinylsulfonyl)piperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-3-
metyl-N-(pyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-2-flo-
N-(4-propylpyridin-2-yl)benzamit;
4-(3-((S)-1-acryloylpiperidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-3-metyl-
N-(pyridin-2-yl)benzamit;
(E)-4-(8-amino-3-((4-(dimetylamino)but-2-enamido)metyl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-carbonyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-isopropylpyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-carbonyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-y1)-N-(4,5,6,7-tetrahydrobenzo[d]thiazol-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridazin-3-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)piperidin-2-yl)imidazo[ 1,5~
a]pyrazin-1-yl)-N-(pyridazin-3-yl)benzamit;
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-carbonyl)piperidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(pyridazin-3-yl)benzamit;

(S,E)-4-(8-amino-3-(1-(4-metoxy-N-metylbut-2-enamido)etyl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-(triflometyl)pyridin-2-yl)benzamit;
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(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)-N-metylbut-2-
enamido)etyl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-propylpyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-(pyrolidin-1-yl)but-2-enoyl)pyrolidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(4-propylpyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)piperidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-carbonyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-propylpyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-carbonyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-flopyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-flopyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-y1)-N-(4,5,6,7-tetrahydrobenzo[d]thiazol-2-yl)benzamit;
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-carbonyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-2-metoxy-N-(pyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-carbonyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-2-flo-N-(pyridin-2-yl)benzamit;
4-(8-amino-3-((S)-1-((E)-4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-3-metyl-N-(pyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyrimidin-4-yl)benzamit;
4-(8-amino-3-((S)-1-((E)-4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[ 1,5-
a|pyrazin-1-yl)-3-metyl-N-(4-propylpyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(4-metylpyrimidin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
metylpyrimidin-2-yl)benzamit;
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(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-carbonyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyrimidin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-metacryloylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-(2-(triflometyl)acryloyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;

(S,E)-4-(8-amino-3-(1-but-2-enoylpyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-(xyanometyl)pyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit;

(E)-4-(8-amino-3-((4-metoxybut-2-enamido)metyl)imidazo[ 1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
(pyrolidin-1-yl)pyridin-2-yl)benzamit;

(E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)azepan-2-yl)imidazo[1,5-a]pyrazin-1-
y1)-N-(pyridin-2-yl)benzamit;

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-xyanopyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-2-
metoxy-N-(pyridin-2-yl)benzamit;

(S)-4-(3-(1-acrylamidoetyl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(pyridin-2-

yl)benzamit;

(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-
(thiazol-2-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
isopropylpyridin-2-yl)benzamit;

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-2-metoxy-N-(pyridin-2-yl)benzamit;
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(S,E)-4-(8-amino-3-(1-xinamoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit;

(S)-N-(1-(8-amino-1-(4-(pyridin-2-ylcarbamoyl)phenyl)imidazo[ 1,5-a]pyrazin-3-
yletyl)-2-clopyrimidin-4-carboxamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
flopyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-carbonyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-propylpyridin-2-yl)benzamit;

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-(triflometyl)pyridin-2-yl)benzamit;

(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-(4-
(triflometyl)pyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-2-
metoxy-N-(4-propylpyridin-2-yl)benzamit;

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-2-metoxy-N-(4-propylpyridin-2-yl)benzamit;

4-(8-amino-3-(but-2-ynamidometyl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(pyridin-2-

yl)benzamit;

(S)-4-(8-amino-3-(1-(N-metylbut-2-ynamido)etyl)imidazo[1,5-a]pyrazin-1-yI)-N-
(4-propylpyridin-2-yl)benzamit;

(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-2-flo-N-(4-propylpyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-carbonyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-(triflometyl)pyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(5-
etylthiazol-2-yl)benzamit;

(S)-4-(3-(1-acryloylpiperidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-(5-
etylthiazol-2-yl)benzamit;
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(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-carbonyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(5-etylthiazol-2-yl)benzamit;

(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-carbonyl)pyrolidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(4-(triflometyl)pyridin-2-yl)benzamit;
(R,E)-4-(8-amino-3-(4-(4-metoxybut-2-enoyl)morpholin-3-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-propylpyridin-2-yl)benzamit;
(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo|[1,5-a]pyrazin-1-yl)-N-(4-
xyanopyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
metoxypyridin-2-yl)benzamit;
(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo|[ 1,5-a]pyrazin-1-yl)-N-(4-
metylpyridin-2-yl)benzamit;

(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
propylpyridin-2-yl)benzamit;
(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo|[ 1,5-a]pyrazin-1-yl)-N-(4-
etylpyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(4-(triflometyl)pyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-(2-clopyrimidin-4-carbonyl)pyrolidin-2-yl)imidazo[1,5-
a|pyrazin-1-yl)-N-(4-metylpyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
xyanopyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
etylpyridin-2-yl)benzamit;
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(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
phenylpyridin-2-yl)benzamit va

(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo|[1,5-a]pyrazin-1-yl)-N-(4-
phenylpyridin-2-yl)benzamit.

Dugc phdm chtta hop chat theo diém 1 va ta duge duoc dung.

Hop chét theo diém 1 duoc chon tir nhém bao gom:
(S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a|pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-1-yl)-N-(4-
(triflometyl)pyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-(4-hydroxy-4-metylpent-2-ynoyl)pyrolidin-2-yl)imidazo[1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;
(R)-4-(8-amino-3-(4-but-2-ynoylmorpholin-3-yl)imidazo[1,5-a]pyrazin-1-yl)-N-
(pyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-ynoyl)pyrolidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;
(S,E)-4-(8-amino-3-(1-(4-metoxybut-2-enoyl)piperidin-2-yl)imidazo[ 1,5-
a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit;
(S)-4-(8-amino-3-(1-(N-metylbut-2-ynamido)etyl)imidazo[1,5-a]pyrazin-1-yl)-N-
(4-(triflometyl)pyridin-2-yl)benzamit;

(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-y1)-N-
(pyridin-2-yl)benzamit; va
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(S)-4-(8-amino-3-(1-but-2-ynoylpiperidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(4-
(triflometyl)pyridin-2-yl)benzamit.

15. Hop chét theo diém 1, trong do:
X la CH;
Y la CH;
Z la CH;
B1 la C(R7);
B2 1a C(R8);
B3 1a C(R9);
B4 1a C(R10);
R11a R11C(=0);

R2 va R3 tao thanh, cung véi nguyén t N ma R2 gdn vao va nguyén tr C ma

R3 gin vio, pyrolidinyl;
R4 1a H;

R71a H;

R9 1a H;

R101a H; va

R8 1a H hodc metyl.

16. Hop chét c¢6 cong thie (I) theo diém 1:
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B, Il
NH2 \ Bz
N N\
N
L§§//N /
A
R4
Ry N\/
R
3 R,

Cong thic (I)

hoacrnuéiduchungcﬂané,

trong do:

X 1a CH hoéc S;

Y la C(R6);

Z 1a CH hodc lién két;

A 'la CH;

B1 1a N hoac C(R7);

B2 1a N hoac C(R8);

B3 la N hoac CH;

B4 1a N hoac CH;

R11a R11C(=0);

R2 la (1-3C)alkyl;

R3 la (1-3C)alkyl;

R2 va R3, cung vdi nguyén trt N ma R2 gin vao va nguyén tor C ma R3 gin vao, tao
thanh vong (3-7C)heteroxycloalkyl dugc chon tor nhom bao gém azetidinyl,
pyrolidinyl, piperidinyl va morpholinyl, ty y duoc thé bang mot hodc nhiéu flo,
hydroxyl, (1-3C)alkyl, hodc (1-3C)alkoxy;

R4 1a H;

R5 1a H, halogen, xyano, (1-4C)alkyl, (1-3C)alkoxy, hodc (3-6C)xycloalkyl, nhém
alkyl bit ky ctia n6 tiy y duge thé bang mot hogc nhiéu halogen;
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R6 1a H hoac (1-3C)alkyl;

R7 la H, halogen hoac (1-3C)alkoxy;

R8 la H hoac (1-3C)alkyl; hodc

R7 va R8 tao thanh, cung v6i cac nguyén tir cacbon ma ching gan vao, (6-10C)aryl
hoac (1-9C)heteroaryl;

R5 va R6 cing nhau c6 thé tao thanh (3-7C)xycloalkenyl hoic (2-
6C)heteroxycloalkenyl, mdi vong nay tuy v duge thé bang (1-3C)alkyl hodc mot
hodc nhiéu halogen;

R11 doc lap duoc chon tir nhém bao gdm (2-6C)alkenyl va (2-6C)alkynyl, trong dé
mdi alkenyl hodc alkynyl tiy v dugc thé bing mot hodc nhiéu phan tir thé dugc
chon tr nhém bao gbébm hydroxyl, (1-4C)alkyl, (3-7C)xycloalkyl, [(1-
4C)alkyl]lamino, di[(1-4C)alkyllamino, (1-3C)alkoxy, (3-7C)xycloalkoxy, (6-
10C)aryl va (3-7C)heteroxycloalkyl;

véi diéu kién la:

tir 0 dén 2 nguyén tir cia B1, B2, B3 va B4 1a N.

17. Hop chét c6 cong thic (I) theo diém 1:

/ B4
B, Il
NH, \_—B,
N = ——
N
LQ//N /
A
R4
Ry w/
R
3 R,

Cong thuc (I)

hodc mudi dugc dung cia nd,

trong do:
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vong chita X, Y va Z dugc chon tir nhém bao gdm pyridyl, pyrimidyl, pyridazyl,

triazinyl, thiazolyl, oxazolyl va isoxazolyl;

A la CH;

B1 la CH;

B2 la CH;

B3 1a CH;

B4 la CH;

R11a C(=O)R11;

R2 va R3 tao thanh, cing v6i nguyén tir N ma R2 gin vao va nguyén tir C ma R3 gan

vao, vong (3-7C)heteroxycloalkyl dugc chon tur azetidinyl, pyrolidinyl, piperidinyl,

homopiperidinyl hozc morpholinyl, mdi vong nay tuy y duoc thé bang flo, hydroxyl,

(1-3C)alkyl, (1-3C)alkoxy hoac oxo;

R4 14 hydro;

R5 la H, halogen, xyano, (1-4C)alkyl, (1-3C)alkoxy, hodc (3-6C)xycloalkyl, nhom
alkyl bit ky ciia n6 tiy y dugc thé bing mot hodc nhiéu halogen;

R11 la (2-6C)alkenyl hodc (2-6C)alkynyl, mdi gdc nay tuy y duge thé bang mot hodc
nhiéu nhém duoc chon tir hydroxyl, (1-4C)alkyl, (3-7C)xycloalkyl, di[(1-
4C)alkyl]amino, (1-3C)alkoxy, (3-7C)xycloalkoxy, hodc (3-7C)heteroxycloalkyl.

18. Hop chét 1a (S)-4-(3-(1-acryloylpyrolidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-
y1)-N-(pyridin-2-yl)benzamit, cé cong thirc:
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19. Duoc pham chira chit mang hodc chat pha lodng duoc dung va hop chit theo diém
18.

20. Mubi duoc dung cua hop chit, trong d6 hop chit nay la (S)-4-(3-(1-
acryloylpyrolidin-2-yl)-8-aminoimidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit

va co cong thuc:

21. Mubi duoc dung theo diém 20, trong d6 mudi nay duge chon tir nhém bao gdm
axetat, ascorbat, benzoat, benzensulfonat, bisulfat, borat, butyrat, xitrat, camphorat,
camphorsulfonat, fumarat, hydroclorua, hydrobromua, hydroiodua, lactat, maleat,
metansulfonat, naphtalensulfonat, nitrat, oxalat, phosphat, propionat, salixylat,

sucxinat, sulfat, tartrat, thioxyanat va toluensulfonat.

22. Duoc phém chtra chét mang hoac chét pha loang dugc dung va mubi duge dung

theo diém 20.

23. Duoc phém chira chit mang hoic chét pha lodng dugc dung va mubi duge dung

theo diém 21.

24. Hop chéat 1a (S,E)-4-(8-amino-3-(1-(4-(dimetylamino)but-2-enoyl)pyrolidin-2-
yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit, cé cong thirc:
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NH

25. Dugc pham chira chat mang hodc chit pha loing dugc dung va hop chat theo diém
24.

26. Mubi duoc dung ctia hop chét, trong d6 hop chét nay 1a (S,E)-4-(8-amino-3-(1-(4-
(dimetylamino)but-2-enoyl)pyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-

yl)benzamit va c6 cong thuc:

/ A\

—N
(o]
NH
NH,
N/ —
N
.

o

27. Mubi duoc dung theo diém 26, trong do6 mudi nay duoc chon tir nhém bao gém
axetat, ascorbat, benzoat, benzensulfonat, bisulfat, borat, butyrat, xitrat, camphorat,

camphorsulfonat, fumarat, hydroclorua, hydrobromua, hydroiodua, lactat, maleat,
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metansulfonat, naphtalensulfonat, nitrat, oxalat, phosphat, propionat, salixylat,

sucxinat, sulfat, tartrat, thioxyanat va toluensulfonat.

28. Dugc phdm chira chit mang hodc chit pha lodng duge dung va mudi duge dung

theo diém 26.

29. Dugc phdm chira chit mang hodc chit pha lodng duogc dung va mudi dugc dung
theo diém 27.

30. Hop chét 1a (S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[ 1,5-a]pyrazin-
1-yl)-N-(pyridin-2-yl)benzamit, c6 cong thurc:

31. Duoc phém chtra cht mang hodc chét pha lodng dugc dung va hop chét theo diém
30.

32. Mubi duge dung ctia hop chét, trong dé hop chét nay la (S)-4-(8-amino-3-(1-but-2-
ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit va c6 cong

thuc:
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33. Mubi duoc dung theo diém 32, trong dé mubi nay dugc chon tir nhom bao gém
axetat, ascorbat, benzoat, benzensulfonat, bisulfat, borat, butyrat, xitrat, camphorat,
camphorsulfonat, fumarat, hydroclorua, hydrobromua, hydroiodua, lactat, maleat,
metansulfonat, naphtalensulfonat, nitrat, oxalat, phosphat, propionat, salixylat,

sucxinat, sulfat, tartrat, thioxyanat va toluensulfonat.

34. Duoc phdm chira chdt mang hodc chét pha loang dugc dung va mudi dugc dung

theo diém 32.

35. Duoc phém chira chét mang hodc chét pha lodng dugc dung va mudi duoc dung

theo diém 33.

36. Hop chat 1a  (S)-4-(8-amino-3-(1-(3-xyclopropylpropioloyl)pyrolidin-2-
ylimidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-yl)benzamit, c6 cong thirc:
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37. Dugc pham chira chit mang hodc chat pha lodng dugc dung va hop chat theo diém

36.

38. Mudi dugce dung cua hop chét, trong d6 hop chit nay 1a (S)-4-(8-amino-3-(1-(3-
xyclopropylpropioloyl)pyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-N-(pyridin-2-

yl)benzamit va cé cong thirc:
/ A\

o]

—N
NH
NH,
NF =
N
i
N %
39. Mudi dugc dung theo diém 38, trong do6 mudi nay duoc chon tr nhom bao gém

axetat, ascorbat, benzoat, benzensulfonat, bisulfat, borat, butyrat, xitrat, camphorat,

camphorsulfonat, fumarat, hydroclorua, hydrobromua, hydroiodua, lactat, maleat,
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metansulfonat, naphtalensulfonat, nitrat, oxalat, phosphat, propionat, salixylat,

sucxinat, sulfat, tartrat, thioxyanat va toluensulfonat.

40. Duoc phdm chitra chdt mang hodc chat pha lodng dugc dung va mudi duoe dung

theo diém 38.

41. Duoc phém chira chét mang hodc chét pha loang dugc dung va mudi duoc dung
theo diém 39.

42. Hop chat 1a (S)-4-(8-amino-3-(1-hex-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-
1-y1)-N-(pyridin-2-yl)benzamit, c6 cong thuc:

—N
o
NH
NH,
N/ =
N
‘\/N / o
N %

~43. Dugc pham chira cht mang hodc chét pha loing dugc dung va hop chit theo diém
42.

44, Mubi duoc dung ciia hop chét, trong d6 hop chét nay 1a (S)-4-(8-amino-3-(1-hex-
2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin- 1-y])-N-(pyridin-2-yl)benzamit = va ¢

cong thtrc:
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45. Mubi duoc dung theo diém 44, trong d6 mubi nay duge chon tir nhém bao gdm
axetat, ascorbat, benzoat, benzensulfonat, bisulfat, borat, butyrat, Xitrat, camphorat,
camphorsulfonat, fumarat, hydroclorua, hydrobromua, hydroiodua, lactat, maleat,
metansulfonat, naphtalensulfonat, nitrat, oxalat, phosphat, propionat, salixylat,

sucxinat, sulfat, tartrat, thioxyanat va toluensulfonat.

46. Duoc phém chira chit mang hodc chét pha lodng dugc dung va mudi duoc dung

theo diém 44.

47. Duogc phém chira chit mang hoic chét pha lodng duoc dung va mubdi duoc dung

theo diém 45.

48. Hop chét 14 (S)-4-(8-amino-3-(1-but-2-ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-
1-yl)-2-metoxy-N-(pyridin-2-yl)benzamit, c6 cong thirc:
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—N

Ir=z

—0

49. Duoc pham chira chit mang hoic chat pha loang duoc dung va hop chat theo diém
48.

50. Mudi duoc dung ctia hop chat, trong d6 hop chét nay 1 (S)-4-(8-amino-3-(1-but-2-
ynoylpyrolidin-2-yl)imidazo[1,5-a]pyrazin-1-yl)-2-metoxy-N-(pyridin-2-yl)benzamit

va ¢ cong thuc:

—N

Ir=z

—0

NH,

N7 =
N
K/N ¢ Q
NK
51. Mudi duoc dung theo diém 50, trong dé mudi nay duge chon tir nhém bao gém
axetat, ascorbat, benzoat, benzensulfonat, bisulfat, borat, butyrat, xitrat, camphorat,
camphorsulfonat, fumarat, hydroclorua, hydrobromua, hydroiodua, lactat, maleat,

metansulfonat, naphtalensulfonat, nitrat, oxalat, phosphat, propionat, salixylat,

sucxinat, sulfat, tartrat, thioxyanat va toluensulfonat.
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52. Duogc phém chtra chat mang hoic chét pha loang dugc dung va mubi dugc dung

theo diém 50.
53. Duoc phdm chita chit mang hodc chét pha lodng dugc dung va mudi duge dung

theo diém 51.
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