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(57) Sang ché dé cap dén hgp chit c6 cong thie (I) dudi day, hodc mudi cla né.

Hop chat nay 1a hitu dung dé c ché thy thé clia yéu t6 sinh trudng biéu bi

(Epidermal Growth Factor Receptor - EGFR) va tic ché sy ting sinh t€ bao, cling

nhu ding d€ 1am thu6c dé phong va/hoac diéu tri benh ung thu dua trén hiéu qua

tic ch¢ EGFR. Ngoai ra, sdng ch€ con dé cap dén dugc phdm chita hop chat nay

hoic mudi cta nd.
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Linh vuc ky thuit duwge dé cip

Sang ché d& cap dén cac hop chét duge thé quinolin ¢6 hoat tinh tc ché déi véi
thu thé ctia yéu t6 phat trién thuong bi (EGFR-Epidermal Growth Factor Receptor), va
duoc phdm chira céc hop chét nay 1am thanh phan hoat tinh.

Tinh trang k§ thuit ciia sang ché

EGFR 12 tyrosin kinaza dang thu thé, sir dung chic ning sinh Iy ctia né trong
mé théng thuong khi durgc lién két voi yéu td phét trién thuong bi (EGF), ma 1 phéi ti,
va tham gia vao sur phét trién, su tc ché gay chét t& bao theo chuong trinh, v.v., trong
cac biéu mé (tai liu phi séng ché 1).

Ngoai ra, EGFR 1a mét trong sb cac gen dot bién gay ung thur, va su khuéch dai
cta gen EGFR va su biéu hién cao do hodic sy dot bién ctia protein ctia né di dugc tim
thiy & nhiéu loai bénh ung thu nhu ung thu dau va cb, ung thu v, ung thu dai tryc
trang, ung thu thyc quan, ung thu tuyén tuy, ung thu phéi, ung thu budng trimg, ung thur
thén, ung thu bang quang, ung thu da, va u no (tai liéu phi sang ché 2). O Nhat va céc
nude phuong tdy, cir 100000 ngudi thi co xdp xi tir 170 dén 375 ngudi tir vong do ung
thu hang nam, va ung thu dimg & vi tri cao trong cac nguyén nhan gay tr vong (tai liéu
phi sang ché 3). Trong sd ndy, sb tir vong do ung thur phéi 1a khoang 1400000 ngudi
mdi nam trén toan thé gidi, va vi ung thu phi tiéu bao phdi chiém 80% hodc hon trong
s cac bénh ung thu phdi, di c6 mong mudn phét trién liu phép didu tri cho cin bénh
ndy (tai liéu phi séng ché 4).

Trong nhiing nim gan day, cic gen 13 nguyén nhan gay céc bénh ung thu nay
da duoc xac dinh, va sy dot bién trong gen EGFR ciing 13 mt trong s& cic nguyén
nhan ndy va gy ra EGFR d6t bién tich cuc. Protein EGFR dot bién tich cyc 14, vi du,
viée loai bod axit amin & cac vi trf tir 746-750 (EGFR (d746-750)), su dot bién cta axit
amin & vi trf 858 tir leuxin dén arginin (EGFR (L858R)), hoc tuong tu. Nhing dot
bién nay da dugc bao cdo, vi du, chiém 20-40% trudng hop ung thur phi tiéu bao phdi &
Nhit, va chiém 10-15% trudng hop ung thu phi tiéu bao phdi & cac nude phuong tay.
Vi ung thu phi tiéu bao phéi c6 céc dot bién ndy c6 do nhay cao khéng gefitinib (tén san
pham: Iressa (nhén hiéu)) va erlotinib (tén san phdm: Tarceva (nhin hiéu)) ma 1a cac
chét héa hoc (chit Grc ché EGFR) trc ché hoat tinh kinaza ctia EGFR, céc cht héa hoc
ndy dugc str dung dudi dang thude diéu tri & Nhat va cac nudc phuong ty. Tuy nhién,
ung thu can sur dé khang chdng lai gefitinib va erlotinib sau 6 dén 12 thang tir khi bét
dau str dung va hiéu qua diéu tri tré nén yéu. Vi thé, nhu cau dé khang da tr¢ thanh mot
van dé nghiém trong trong viéc diéu tri bénh ung thu phi tiéu bao phédi c6 EGFR dot
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bién ¢6 d6 nhay cao. Cling da bdc 16 réang khoang 50% nhu ciu dé khéng 13 do sy xudt
hién ctia protein EGFR ddt bién khang thé (EGFR (d746-750/T790M) hoac EGFR
(T790M/L858R)) c6 dbt bién thir hai trong gen EGFR tao ra axit amin & vi trf 790 dé
thay dbi tir threonin dén methionin. M6t nhiém vu quan trong 1& cAn phat trién thudc
didu tri ma c6 hidu qua dbi v6i bénh ung thu phi tiéu bao phéi c6 EGFR dbt bién khang
thudc ndy (tai liéu phi sang ché 5).

Mt khac, su thay dbi bat thuong ctia da va rdi loan éng thirc 3n dugc bao cdo
14 céc tac dung phu thong thuong ciia chit trc ché EGER ctia gefitinib va erlotinib, ma
hién nay dugc sir dung trong 1am sang 1am thubc diéu tri, va chit e ché EGFR nhu
BIBW2992, v.v., dang dugc thir nghiém lam sang. Cac tac dung phu duoc cho 1a do cac
chét trc ché EGFR, ma khong chi rc ché hoat tinh cia EGFR dot bién duoc biéu hién &
bénh ung thu phi tiéu bao phdi ma con te ché ca hoat tinh ctia EGFR thé ty nhién
(EGFR (WT)) dugc biéu hién & da hoac dng thire 3n (tai lidu phi sing ché 1). Tir quan
diém 1am giam tic dung phy, t&t hon 13 cin c6 hoat tinh tic ché dbi véi EGFR (WT)
yéu trong mé thong thudng,

Vi thé, da ¢6 nhu cau vé kha ning ngin chin sy phét trién ciia cac t& bao ung
thur phi tiéu bao phdi c6 EGFR dot bién khang thube bang viée sir dung chét héa hoc ¢6
hoat tinh \rc ché yéu hon khéang EGFR thé tir nhién khi so sanh v6i hoat tinh e ché
khéang EGFR d6t bién khang thuéc ma ¢6 axit amin & vi trf 790 da dot bién thanh
methionin, & lidu lugng str dung ma khong c6 tic dung phu manh cho da hodc éng thirc
an. Piéu ndy di bao trudce 14 gép phan diéu tri ung thu, kéo dai sy sdng va céi thién
QOL ctia bénh nhan. Ngoai ra, néu chat hoa hoc ¢6 hoat tinh trc ché yéu khang EGFR
thé tu nhién nhung manh & hoat tinh e ché khéng chi khang EGFR d6t bién khéng
thudc ma con khang cac EGFR ¢6 d6 nhay cao nhu EGFR (d746-750) va EGFR
(L858R) v.v., ma c6 dd nhay cao khang gefitinib va erlotinib; d& c6 nhu ciu vé& kha
ning ngin chin su phét trién ciia cic t& bao ung thur phi tiéu bao phéi thé hién EGFR c6
d nhay cao hodic EGFR d6t bién khéng thudc & lidu luong sir dung ma khong co tac
dung phu manh cho da hogic dng thirc &n, hoic nhu ciu vé kha nang 1am giam su xuét
hién thuong xuyén ctia EGFR dot bién khang thudc, khi cin khang thé tir bénh ung thu
phi tiéu bao phéi biéu hién EGFR dot bién c6 do nhay cao. Piéu nay da duogc tién liéu
14 gép phan diéu tri bénh ung thu, kéo dai sy sdng va cai thién QOL ctia bénh nhan.
Ngoai ra, vi nhitng mong doi vé EGFR dot bién co do nhay cao va EGFR dot bién
khéng thudc ¢6 thé duoc str dung trong thue t diéu tri nhur cac chi s cho su phan tAng
& cho phép chon loc bénh nhén, ching c6 déng gép 16n tir quan diém dao dirc.

Duéi dang hop chét c6 cAu triic twong t v6i hgp chét theo sang ché, dan xut
N-(3-(4-amino-6,7,8,9-tetrahydropyrimido[5,4-b]indolizin-5-yl)phenyl)benzamit da
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durgc biét (tai liéu sang ché 1). Miic d tai lidu sng ché 1 md ta c6 st dung hop chit
amit d& diéu tri cac bénh dic trung bdi B-RAF kinaza, tai liéu khong bdc 16 cac thir
nghiém va két qua cu thé tir d6 da chimg minh cho hoat tinh trc ché kinaza, va hoat tinh
nay khong dugc xac nhan.

Danh muc tai liéu trich dan

Tai liéu sang ché

Tai liéu sang ché 1: Cong bd quéc té s6 W02006/102079

Tai liéu phi sang ché

Tai lidu phi sang ché 1: Nature Rev. Cancer, vol.6, pp803-811 (2006)

Tai liéu phi sang ché 2: J. Clin. Oncol., vol.19, 32s-40s (2001)

Tai liéu phi sang ché 3: Ministry of Internal Affairs and Communications Statistics
Bureau homepage / statistical data / world statistics “World Statistics 2011”
Tai lidu phi séng ché 4: Lung Cancer, vol.69, pp1-12 (2010)

T4i liéu phi sang ché 5: Nature Rev. Cancer, vol.10, pp760-774 (2010)
Ban chat k§ thuit ciia sang ché

Nhu dd mo ta trén day, chit e ché EGFR, du duoc mong doi la cé hi€u qua
trong diéu trj ung thu, hién nay da khong di hitu hiéu trong 14m sang,

Vi thé, myc dich ctia sang ché 14 nhim d& cép dén hop chit m6i ma e ché
manh EGFR hodc mudi ctia nd. Mot muc dich khac ctia sang ché 13 nhim & cap dén
hop chét méi ma e ché EGFR dot bién, vi dy, EGFR (d746-750), EGFR (L858R),
EGFR (d746-750/T790M), va EGFR (T790M/L858R), nhung khong trc ché EGFR
(WT) hoic mudi ctia né.

Vin d@ dugc sang ché giai quyét

Céc tac gia sang ché d4 tién hanh nghién ctru chuyén sau dé dat duoc muc dich
néu trén. Két qua 13, ho d4 phat hién ra ring nhém céc hop chét duoc thé quinolin theo
séng ché c6 hoat tinh trc ché tuyét voi dbi voi EGFR va c6 hoat tinh tic ché sy phét trién
t& bao ung thw, va hitu ich 1am thudc dé diéu tri ung thur. Tir d6 céc téc gia sang ché da
hoan thanh sang ché.

Vi thé, sang ché dé cap dén cac muc dudi day.

Muc 1. Hop chét ¢6 cong thire (I) dudi dy hodc mubi ctia no:
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trong d6 nhom:

R4 ’

[R; 1 nguyén tr hydro hodc nhdm C1-C6 alkyl; va R, 1a nhém dugc thé hién béi:



trong d6 R, R4, va Rs 12 gidng hodic khac nhau, va mdi trong sd ching 14 nguyén tir
hydro, nguyén tir halogen, nhom C1-C6 alkyl, nhom C6-C12 aryl, nhém C4-C9
heteroaryl, nhém aminometyl ma cé thé dugc thé bing nhém C1-C6 alkyl, hosic nhom
1-piperidinometyl,

hoac nhém duogc thé hién béi:

N
trong d6 Rg 1a nguyén tir hydro hodc nhom C1-C6 alkyl],

R; va Rg 13 giéng hosc khac nhau, va mdi trong s6 ching 13 nguyén tir hydro hodc
nhom C1-C6 alkyl; m 1a 0 hodc 1; vanla 1 hoac 2);

(2) nhom c¢6 cong thirc A2:

A2,

(trong cong thirc A2, B va n 13 nhu duoc dinh nghia déi véi cong thirc Al; va Ry 1a
nguyén tir hydro hodc nhém C1-C6 alkyl); hodc

(3) nhém c6 cong thurc A3:

A3,

(trong cong thirc A3, B, m, va n 14 nhu dugc dinh nghia déi véi cong thirc Al; vaRygla
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nhom C1-C6 alkyl).

Muc 2. Hop chét hoac mudi ciia né theo muc 1, trong d6 R, 1a nhéom duogce thé hién boi:

trong d6 Rs, Ry, va Rs 13 gidng hodic khac nhau, va mdi trong sb ching 13 nguyén tir
hydro, nguyén tir halogen, nhém C1-C6 alkyl, nhém aminometyl ma c6 thé dugc thé
bang nhém C1-C6 alkyl, hodic nhém 1-piperidinometyl,

hodc nhém duogce thé hién béi:

%—_—RB ,

trong d6 R la nguyén tir hydro hodc nhdm C1-C6 alkyl.

Muc 3. Hop chét hoic mudi ctia n6 theo muyc 1 hodc 2, trong d6 R, 13 nhém duoc thé
hién boi:

trong d6 Rs, Ry, va Rs 14 gidng hodic khéc nhau, va mdi trong sd chiing 1a nguyén tir
hydro, nguyén tir halogen, nhém aminometyl ma c6 thé duoc thé bing nhém metyl,
hoéc nhom 1-piperidinometyl.

Muc 4. Hop chét hoc mubi cia n6 theo muc bt ky trong s6 cac muc tir 1 dén 3, trong
do nhom:

s

la (1) nhom c6 cong thirc Al:
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B Al ,

trong d6 R, Ry, va Rs 1a gidng hoic khéc nhau, va mdi trong sb chung 13 nguyén tir
hydro hodc nguyén tir halogen,

R, va Rg 12 giéng hozc khéc nhau, va mdi trong s6 ching 13 nguyén tir hydro hodc
nhom C1-C6 alkyl; m 14 0 hoac 1; vanla 1); hodc

(2) nhdm c6 cong thirc A2:

A2 ,
(trong cong thirc A2, B va n 1 nhu duoc dinh nghia di v6i cong thirc Al; va Ry 1a
nguyén tir hydro hoac nhom C1-C6 alkyl).

Muc 5. Hop chét hoic mubi ctia n6 theo muyc bét ky trong sd céc muc tir 1 dén 4, trong
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d6 nhom:
N
s__ A
N
12 (1) nhém c6 cong thurc Al:

trong d6 mdi Rs, Ry, va Rs 13 nguyén tir hydro,
mdi R, va Rg 1a nguyén ti hydro; m 14 0; van 13 1); hodc
(2) nhdm c¢6 cong thirc A2:



(trong cong thic A2, B va n 1a nhu duge dinh nghia déi véi cong thirc Al; va Ry 1a
nhém C1-C6 alkyl).
Muc 6. Hop cht hoac mudi ctia né theo muc bét ky trong sb cac muc tir 1 dén 5, trong
d6 hop chét nay duoc chon tir nthom cac hop chét dudi day:
(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-b]pyrolizin-
7-yl)acrylamit (Hop chét 1);
(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-b]pyrolizin-
7-yhmetacrylamit (Hop chat 2);
(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-b]pyrolizin-
7-yl)but-2-enamit (hdn hop gbm E va Z) (Hop chét 3);
(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-
b]pyrolizin-7-y1)-4-(dimetylamino)but-2-enamit (Hop chét 4);
(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-
blpyrolizin-7-yl)-3-cloacrylamit (Hop chét 5);
(S,Z)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-
b]pyrolizin-7-yl)-3-cloacrylamit (Hop chét 6);
(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-
b]pyrolizin-7-yl)-4-(piperidin-1-yl)but-2-enamit (Hop chét 7);
(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-b]pyrolizin-
7-yl)propiolamit (Hop chét 8);
(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-b]pyrolizin-
7-yl)but-2-ynamit (Hop chét 9);
(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-
b]pyrolizin-7-yl)-4-(dietylamino)but-2-enamit (Hop chét 10);
(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-
b]pyrolizin-7-yl)-4-(etyl(metyl)amino)but-2-enamit (Hop chét 11);
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(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-
b]pyrolizin-7-yl)-4-(isopropyl(metyl)amino)but-2-enamit (Hop chét 12);
(R)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-6,7,8,9-tetrahydropyrimido[ 5,4-
blindolizin-7-yl)acrylamit (Hop chét 13);
(S)-N-(4-amino-6-metyl-5-(quinolin-3-y1)-8,9-dihydropyrimido[5,4-b]indolizin-8-
ylacrylamit (Hop chét 14);
(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-6,7,8,9-tetrahydropyrimido[5,4-
blindolizin-8-yl)acrylamit (Hop chét 15);
(R)-N-(4-amino-6-metyl-5-(quinolin-3-y1)-8,9-dihydropyrimido[5,4-b]indolizin-8-
yDacrylamit (Hop chét 16);
(R)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-6,7,8,9-tetrahydropyrimidol[ 5,4-
bindolizin-8-yl)acrylamit (Hop chét 17);
(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8,9,10-tetrahydro-6H-
pyrimido[5°,4’:4,5]pyrolo[ 1 ,2-a]azepin-8-yl)acrylamit (Hop chét 18);
(S,E)-N-(4-amino-6-etyliden-5-(quinolin-3-yl1)-6,7,8,9-tetrahydropyrimido[ 5,4~
blindolizin-8-yl)acrylamit (Hop chét 19);
(S)-N-(4-amino-6-isopropyl-5-(quinolin-3-y1)-8,9-dihydropyrimido[5,4-b]indolizin-8-
yDacrylamit (Hop chét 20A);
(S)-N-(4-amino-6-(propan-2-yliden)-5-(quinolin-3-yl)-6,7,8,9-tetrahydropyrimido[ 5,4-
blindolizin-8-yl)acrylamit (Hop chat 20B);
(R)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-b]pyrolizin-
7-y1)-N-metylacrylamit (Hop chét 21);
(R)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-6,7,8,9-tetrahydropyrimido[ 5,4-
blindolizin-8-y1)-N-metylacrylamit (Hop cht 22);
(R)-N-(4-amino-6-metyl-5-(quinolin-3-y1)-8,9-dihydropyrimido[5,4-b]indolizin-8-yl)-
N-metylacrylamit (Hop chét 23);
N-((7S)-4-amino-6-metyl-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-b]pyrolizin-
7-yl)acrylamit (Hop chét 24);
(R)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5 ,4-b]pyrolizin-
7-yl)acrylamit (Hop chat 25);
(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-b]pyrolizin-
7-y1)-N-metylacrylamit (Hop chét 26);
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(S)-N-(4-amino-5-(quinolin-3-yl)-8,9-dihydropyrimido[ 5,4-b]indolizin-8-yl)acrylamit
(Hop chét 27);
(R)-N-(4-amino-5-(quinolin-3-y1)-9,10-dihydro-8H-pyrimido[5°,4°:4,5 ]pyrolo[ 1,2~
aazepin-8-yl)acrylamit (Hop chét 28);
N-((6R*,8S)-4-amino-6-metyl-5-(quinolin-3-yl)-6,7,8,9-tetrahydropyrimido[5,4-
blindolizin-8-yl)acrylamit (Hop chét 29A); va
N-((65*,8S)-4-amino-6-metyl-5-(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[ 5,4-
blindolizin-8-yl)acrylamit (Hop chét 29B).
Muc 7. Hop chit hodic mudi ctia né theo muc bat ky trong s cac muyc tir 1 dén 5, trong
d6 hop chét nay duoc chon tir nhém cac hop chat dudi day:
(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-b]pyrolizin-
7-yl)acrylamit (Hop chét 1);
(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4~
bpyrolizin-7-yl)-3-cloacrylamit (Hop cht 5);
(S,Z)-N~(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-
b]pyrolizin-7-y1)-3-cloacrylamit (Hop chét 6);
(S)-N-(4-amino-6-metyl-5-(quinolin-3-y1)-8,9-dihydropyrimido[5,4-b]indolizin-8-
yDacrylamit (Hop chét 14);
(S)-N-(4-amino-6-metylen-5-(quinolin-3-y1)-6,7,8 9-tetrahydropyrimido[ 5,4~
blindolizin-8-yl)acrylamit (Hop chét 15);
(S,E)-N-(4-amino-6-etyliden-5-(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[ 5,4-
blindolizin-8-yl)acrylamit (Hop chét 19);
(R)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-b]pyrolizin-
7-y1)-N-metylacrylamit (Hop chét 21);
(R)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-6,7,8,9-tetrahydropyrimido[ 5,4~
bindolizin-8-y1)-N-metylacrylamit (Hop chét 22);
(R)-N-(4-amino-6-metyl-5-(quinolin-3-y1)-8,9-dihydropyrimido[5,4-b]indolizin-8-yl)-
N-metylacrylamit (Hop chét 23); va
(R)-N-(4-amino-5-(quinolin-3-y1)-9,10-dihydro-8H-pyrimido[5°,4:4 S]pyrolo[l 2-
alazepin-8-yl)acrylamit (Hop chit 28).
Muc 8. (S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-
b]pyrolizin-7-yl)acrylamit (Hop chét 1) hosic mudi ciia no.
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Muc 9. (S)-N-(4-amino-6-metyl-5-(quinolin-3-y1)-8,9-dihydropyrimido[5,4-
blindolizin-8-yl)acrylamit (Hop cht 14) hosic mubi ctia né.

Muc 10. Thudc trc ché EGFR chita hop chét hosic mudi ciia né theo muc bt ky trong
s cae muc tir 1 dén 9, 1am thanh phén hoat tinh.

Muc 11. Duogc phém chira hgp chat hoic mudi cta nd theo muyc bét ky trong sd cée
muyc tir 1 dn 9.

Muc 12. Thubc khang khéi u chira hop chét hodc mudi ctia né theo muc bt ki trong s6
cac muc tir 1 dén 9, 1am thanh phan hoat tinh.

Muc 13. Hop chét hodic mudi ctia n6 theo muc bét ky trong sb cac muyc tir 1 dén 9 dé
ding trong viéc phong hoiic didu tri ung thur.

Hiéu qua thuc hién sang ché

Theo sang ché, hgp chat maéi ¢ cong thurc (I) néu trén hodc mudi ciia nd hitu
ich lam chat e ché EGFR duoc dé xuat .

b3 dugc chimg minh 1a hop chét theo sang ché hodic mudi ctia né 6 hoat tinh
trc ché EGER tuyét voi va c6 hiéu quéa tre ché sy phat trién té bao ung thu. Ngoai ra, 6
101 14 hop chét theo sang ché hoic mudi ctia né ¢6 it tic dung phu do c6 tinh chon loc
tuyét voi dbi v6i cac EGFR. Vi thé, hop chét theo sang ché hosic mudi ctia né hitu ich
lam thubc phong vi/hoic diéu tri bénh ung thur.

MO té chi tiét sang ché
Hop chit c6 cong thire (I) theo séng ché 14 hop chét duoc thé quinolin ¢6 cAu

tric quinolin va cAu triic amit khéng no & vi tri o, B va 13 hop chit méi chua hé duogc
bdc 16 trong tai liéu k thuat bat ky da biét néu trén v.v.

Cu thé, hop chit duoc boc 16 cu thé & tai liéu sang ché 1 13 din xudt N-(3-(4-
amino-6,7,8,9-tetrahydropyrimido[5,4-bJindolizin-5-yl)phenyl)benzamit. Hop chét theo
séng ché khéc véi hop chit duge bdc 16 & ti liéu sang ché 1 & chd hop chit theo sing
ché ¢6 chu triic quinolin va cAu tric amit khong no & vi trf o, P.

Trong ban md ta sang ché ndy, cac vi du vé “nguyén tir halogen” bao gdm flo,
clo, brom va 16t.

Trong ban mé i ndy, thuat ngit “nhém C1-C6 alkyl” d& cap dén nhom alkyl
mach thing hosic mach nhanh c61 dén 6 nguyén ttr cacbon. Céc vi du cu thé vé ching
bao gdm metyl, etyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
va hexyl.

Trong ban mé ta sang ché nay, thudt ngit “nhém C6-C12 aryl” d& cép dén
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nhém aryl ¢6 tir 6 dén 12 nguyén tir cacbon. Céc vi du cu thé vé chiing bao gdm phenyl,
naphthyl, va biphenyl.

Trong ban md ta sang ché nay, thuat ngit “nhém C4-C9 heteroaryl” dé cap dén
nhém C4-C9 heteroaryl don vong hodic hai vong chira tir 1 dén 3 di nguyén tir giéng
hodic khéc nhau dugc chon tir nguyén tir nito, oxy, va luu huynh; va tt hon 14 nhém
C4-C9 heteroaryl don vong va hai vong chira tir 1 dén 3 nguyén tir nito. Cac vi du cu
thé vé ching bao gdm thienyl, furyl, pyrolyl, triazolyl, imidazolyl, pyrazolyl,
isothiazolyl, isoxazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, isobenzofuryl,
indolizinyl, isoindolyl, indolyl, indazolyl, quinolyl, isoquinolyl, phthalazinyl, va
naphthyridinyl.

Trong ban mé ta sang ché ndy, thuat ngit “nhém aminometyl ma c6 thé duoc
thé bang nhém C1-C6 alkyl” dé cap dén nhém aminomety] trong d6 it nhat mot nguyén
tir hydro ctia gc amino ¢6 thé duoc thé bing nhém alkyl mach théng hozic mach nhanh
c6 1 dén 6 nguyén tr cacbon. Cac vi du cu thé bao gdbm aminometyl, N-
metylaminometyl, N,N-dimetylaminometyl, N-etylaminometyl, N,N-dietylaminometyl,
N-metyIN-etylaminometyl, N-metyIN-isopropylaminometyl, N-propylaminometyl, N-
butylaminometyl, N-pentylaminometyl, va N-hexylaminometyl.

Trong c6ng thite () néu trén, gbc dugc thé hién boi:

Al ,

(trong cong thirc A1, B, m, n, R;, va Rg 1a nhu duge dinh nghia & trén);
(2) nhém c6 cong thirc A2:
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(trong cong thic A2, B, n, va Ry 13 nhu dugc dinh nghia & trén); hodc
(3) nhom c6 cong thurc A3:

(trong cong thirc A3, B, m, n, R7, va Rg 1a nhu dugc dinh nghfia & trén),
va t6t hon 14 (1) nhém 6 cong thirc Al:

(trong cong thirc, B, m, n, Ry, va Rq 1a nhu dugce dinh nghia ¢ trén), hodc (2) nhém ¢o6
cong thirc A2:
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B A2 ,

(trong cdng thire, B, n va Ry 1a nhu dugc dinh nghia & trén)
m trong Cong thirc (I) t6t hon 13 0.

n trong cong thire () tdt hon 13 1.

R, trong cong thire (T) tbt hon 13 nguyén tir hydro.

R, trong cong thire (T) tot hon 13 nhém dugc thé hién béi:

(trong d6 R3, Ry, va Rs 1a nhu dugc dinh nghia & trén)

R, Ry, va Rs trong cong thic (I) t6t hon 13 gidng hodc khac nhau, va mdi trong sb
chung 1a nguyén tir hydro, nguyén tir halogen, nhdm C1-C6 alkyl, nhém aminometyl
ma c6 thé dugc thé bang nhém C1-C6 alkyl, hoic nhém 1-piperidinometyl, tdt hon nita
14, Rs, Ry, va Rs 13 gibng hoiic khac nhau, va mdi trong sé ching 13 nguyén tir hydro,
nguyén tr halogen, nhém aminometyl ma c6 thé dugc thé bang nhém metyl, hoic
nhém 1-piperidinometyl, tt hon nita 13, Rs, Ry, va Rs 13 giéng hoic khéc nhau, va mdi
trong sb chiing 13 nguyén tir hydro hosic nguyén tir halogen, dic biét tot hon 13 nguyén
tir hydro.
R; va Rg trong cong thire (I) tot hon 14 gibng hoic khéc nhau, va mbi trong sb ching 13
nguyén ttt hydro hodc nhém C1-C6 alkyl (tdt hon 1a nhém C1-C3 alkyl, t6t hon nita 1
nhém metyl), tot hon nita 13, it nhit mét trong s6 R, va Rg 1a nguyén tir hydro; diic biét
t6t hon 13, ca R, va Rg déu 1a nguyén tir hydro.
Ry trong c6ng thite (I) tot hon 1a nhém C1-C6 alkyl, t6t hon nita 1a nhém C1-C3 alkyl,
t6t hon nita 14 nhém metyl.

Hop chét theo sang ché hosic mubi ciia né tt hon 13 ¢6 hoat tinh tc ché enzym
khang EGFR (T790M/L858R), tot hon nita 13, ndng dd ctia hop chit ma c6 thé e ché
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50% enzym 13 2nM hoic thap hon. Ngoai ra, hop chét theo sang ché hodic mudi ctia n6
t6t hon 13 ¢6 hoat tinh tic ché enzym khang EGFR manh (d746-750/T790M); con tt
hon nita néu ndng d6 tc ché 50% ciia hop chit nay 13 2nM hoic it hon. Ngoai ra, hop
chét theo sang ché hodc mudi cia né tdt hon 13 c6 hidu qua tre ché phat trién t& bao
manh khang céc & bao ung thu bang EGFR (T790M/L858R), tdt hon nita 13 hop chét
ndy c¢6 ndng do tic ché 50% 1 200nM hoic thip hon, t6t hon nita 13 100nM hoc thip
hon, va dic biét tdt hon 13 40nM hoic thip hon.

Tiép theo, phuong phap diéu ché hop chét theo séng ché duoc trinh bay.

Hop chét (I) theo sang ché c6 thé dugce didu ché, vi du, bang phuong phap didu
ché duéi day, cac phuong phdp duge mé ta & phan céc vi du, va twong tw. Tuy nhién,
phuong phép didu ché hop chét theo sang ché 14 khong bi gi6i han & cac vi du nay.

Phuong phép diéu ché 1
N1
cl HOPIJWF“ - ¢ k
L, n. 'm R () NS\ R, NH,
EN 8 (g
le N NN / Rg
~Z
N ” Budc a [ n m Budc b
(n (:’\"/;“‘P
o
NH ©/\Nj\ NN E‘ﬁu—ar
H —
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Trong do6 P, 1a nhdm bao vé ctia nhém amino, L; 1a nhém roi chuyén va Ry, Ry,
Rg, m, va n 1a nhu duge dinh nghia & trén.

Buoc a

O budc nay, hop chit c6 cong thic (IV) duge diéu ché bang phan ung
Mitsunobu béng cach sir dung cac hop chit duoc thé hién bang céc cong thic (II) va
(D).

Céc vi du v& nhém rdi chuyén dugc thé hién bdi L, trong hop cht c6 cong
thtrc (IT) bao gdm nguyén tir brom hoic i6t. Hop chét c6 cong thirc (II) c6 thé 13 san
phém 6 ban sin, hodc ¢ thé duge didu ché béng phuong phap da biét. Céc vi du vé
nhém béo vé& ctia nhém amino dugc thé hién béi P; trong cong thirc (II) bao gém
nhém tert-butoxycarbonyl va nhém benzoyl. Hop chét c6 cong thire (III) c6 thé 1a san
phém c6 ban sin, hoic c6 thé dugc didu ché theo phuong phép da biét. Hop chét c6
cong thire (III) ¢6 thé duge st dung véi luong tir 1 dénl0mol, va t6t hon 1a tir 1 dén
5mol, trén mot mol hop chit c6 cong thire (II).

Phan tmg Mitsunobu c6 thé duoc thuc hién theo phuong phép d biét (vi du,
phuong phap bdc 19 trong tai liéu Synthesis, p,1, 1981) hodc phuong phép tuong tu.

Céc vi du vé este clia axit azodicarboxylic bao gém dietyl azodicarboxylat va
diisopropyl azodicarboxylat. Este ctia axit azodicarboxylic ndy c¢6 thé dugc sir dung
mdt luong tir 1 dén 10mol, va tdt hon 13 tir 1 dén Smol, trén mét mol hop chét ¢6 cong
thire (ID).

Dudi dang hop chét phosphin, triphenylphosphin, tributylphosphin, hogic trong
tur c6 thé duoce sir dung. Hop chit phosphin c6 thé duoc str dung mét lugng tir 1 dén
10mol, va t&t hon 13 tir 1 d¢&n 5mol, trén mdt mol hop chét ¢6 cong thire (ID).

Dudi dang dung mdi, tetrahydrofuran, 1,2-dimetoxyetan, 1,4-dioxan, toluen,
N,N-dimetylformamit, N,N-dimetylaxetamit, dimetyl sulfoxit, N-metylpyrolidin-2-on,
va tuong tu c6 thé duoc sir dung riéng 1&, hogic dudi dang hdn hop. Thoi gian phan tmg
1atir 0,1 dén 100 gid, va t6t hon 13 0,1 dén 24 gid. Nhiét d6 phan tmg 13 0°C dén nhiét
do sbi ctia dung méi, va tét hon 14 tir 0°C dén 100°C.

Hop chét nhor d6 thu duge ¢6 cong thirc (IV) ¢6 thé duge cho tham gia budc
tiép theo sau khi tién hanh hoic khéng tién hanh tach hoic tinh ché bing phuong phép
tach va tinh ché da biét, nhu co, ¢ chan khong, két tinh, chiét dung méi, téi két tia, va
sic ky.

Buéce b

O budc nay, hop chit ¢6 cong thirc (IV) duoc cho phan tmg v6i amonia hodc
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mudi cia nd dé di€u ché hgp chat cd cong thirc (V).

Luong amonia hodc mudi cia né duge st dung & bude ndy thudng nim trong
khoang tir mot duong lugng mol dén lugng mol dur trén mdt mol hop chét c6 cong thirc
(V).

Dung mdi phan tmg bat ky ma khéng gy anh hudng bt loi dén phan tmg c6
thé duoc sir dung. Céc vi du vé dung méi phan tmg c6 thé st dung bao gém nud,
metanol, etanol, isopropanol,- ruou tert-butyl, tetrahydrofuran, 1,2-dimetoxyetan, 1,4-
dioxan, N,N-dimetylformamit, N-metylpyrolidin-2-on, dimetyl sulfoxit, va dung moi
hén hop ciia ching,

Nhiét d6 phan tmg thong thuong 13 tir 0°C dén 200°C, 6t hon 14 tir nhiét do
trong phong dén 150°C. Thoi gian phén tmg théng thudng tir 5 phut dén 7 ngdy, va tt
hon 13 30 phut dén 24 gio.

Hop chét nhd d6 thu duoc 6 cong thite (V) ¢6 thé duoc cho tham gia budc tiép
theo sau khi tién hanh hozic khong tién hanh tach va tinh ché bang phwong phap tach va
tinh ché d4 biét, nhur cd, c¢6 chan khéng, két tinh, chiét dung moi, tai két tiia, va séc ky.

Budc c

O bude nay, hop chét cb cong thirc (V) duoc cho tham gia phan tmg két hop
v6i axit 3-quinolinboronic hodc este ciia axit 3-quinolinboronic dé diéu ché hop chét c6
cong thire (VI).

Budc ndy c6 thé duogc thuc hién theo phuong phép da biét (vi du, Chemical
Reviews, Vol. 95, p. 2457, 1995). Budc nay co thé duoc thuc hién dudi sy c6 mat cuia
chét xtc téac kim loai chuyén tiép va bazo trong dung moi ma khéng gy anh hudéng bét
loi dén phan tmg,

Luong axit 3-quinolinboronic hodc este ciia axit 3-quinolinboronic dugc st
dung c6 thé 14 tir 1 dén 10mol, va tdt hon 12 tir 1 dén 3mol, trén mét mol hop chét c6
cong thire (V).

Céc vi du vé chét xic tac kim loai chuyén tiép bao gdm chét xtic téc paladi (vi
duy, paladi axetat, paladi clorua, tetrakis(triphenylphosphin)paladi, 1,1°-
bis(diphenylphosphino)feroxen-paladi (II) diclorua, va tris(dibenzylidenaxeton)dipaladi
(0)), chét xuc tac niken (vi du, niken clorua), va turong tw. Néu can thiét, c6 thé bd sung
phéi tir (vi du, triphenylphosphin, tri-tert-butylphosphin, hoac 2-
dixyclohexylphosphino-2’ 4’ ,6*-triisopropylbiphenyl), va oxit kim loai (nhur oxit dong
hoiic oxit bac) ¢6 thé dugc str dung dudi dang ddng xtic tac. Lugng chit xtc tac kim
loai chuyén tiép duoc str dung c6 thé thay ddi phu thude vao loai chét xtc tac. Chat xuc
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tac kim loai chuyén tiép thong thudng duoc st dung mét luong tir 0,0001 dén 1mol, va
t8t hon 14 0,01 dén 0,5mol, trén mdt mol hop chét co cong thire (V). Lugng phdi tir
duge sir dung thudong ndm trong khoang tir 0,0001 dén 4mol, va tdt hon 13 0,01 dén
2mol, trén mdt mol hop chét c6 cong thire (V). Lugng chit ddng xuc tac dugc st dung
thuong ndm trong khoang ttr 0,0001 dén 4mol, va tdt hon 130,01 dén 2mol, trén mot
mol hop chét ¢ cong thire (V).

Céc vi du vé bazo c6 thé duoc sir dung bao g(‘?)m cac amin httu co (vi dy,
trimetylamin, trietylamin, diisopropyletylamin, N-metylmorpholin, 1,8-
diazabixyclo[5,4,0Jundec-7-en, pyridin, va N,N-dimetylanilin), mudi kim loai kiém (v
dy, natri hydro cacbonat, kali hydro cacbonat, natri cacbonat, kali cacbonat, xesi
cacbonat, natri phosphat, kali phosphat, natri hydroxit, va kali hydroxit), cdc hydrua kim
loai (vi du, kali hydrua va natri hydrua), cac alkoxit kim loai kiém (vi du, natri metoxit,
natri etoxit, natri tert-butoxit, va kali tert-butoxit), cac disilazit kim loai kiém (vi du, lithi
disilazit, natri disilazit, va kali disilazit), va trong tu. Trong s0 ching, cac mudi kim loai
kiém nhu natri cacbonat, kali cacbonat, Xesi cacbonat, natri phosphat, va kali phosphat;
c4c alkoxit kim loai kiém nhur natri tert-butoxit va kali tert-butoxit; va cac amin hitu co
nhu trietylamin va diisopropyletylamin la duge wu tién. Lugng bazo dugc sir dung
thong thuong 1a tr 0,1 dén 10mol, va tt hon 1a tir 1 dén 5mol, trén mot mol hop chit c¢6
cong thire (V).

Dung mdi bét ky ma khong gdy anh hudng bat loi dén phan g ¢6 thé dugc sir
dung. Céc vi du vé dung mdi co thé duoc st dung bao gdm céc hydrocarbon (vi du,
benzen, toluen, va xylen), cic hydrocarbon da halogen hoa (vi duy, cloform va 1,2-
dicloetan), nitril (vi dy, axetonitril), cac &te (vi du, 1,2-dimetoxyetan, tetrahydrofuran, va
1,4-dioxan), cac ruou (vi dy, metanol va etanol), cac dung mdi cuc aprotic (vi dy, N,N-
dimetylformamit, dimetyl sulfoxit, va hexametyl phosphoryl amit), nuéc, va dung mdi
hdn hop cta ching. Thoi gian phan tmg 13 tir 0,1 dén 100 gio, va tot hon 13 0,5 dén 24
gidr. Nhiét d6 phan tmg 1 tir 0°C dén nhiét do sbi ctia dung méi, va tt hon 14 tir 20 dén
150°C.

Hop chéit nho d6 thu dugc ¢6 cong thie (VI) co thé dugc cho tham gia budc
tiép theo sau khi tién hanh hozc khong tién hanh tach va tinh ché bing phuong phép
tach va tinh ché da biét, nhu ¢6, c6 chan khong, két tinh, chiét dung moi, tai két tha, va
séc ky.

Bude d

& bude nay, hop chét c6 cong thire (VI) duge brom héa bang cach cho phan
ung voi N-bromosucxinimit dé diéu ché hop chét c6 cong thirc (VII).
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Viéc halogen héa c6 thé duogc thuc hién bing phuong phap dugc mé ta trong
WO 2006/102079, hoiic bang phwong phép tuong tur.

Luong N-bromosucxinimit dugc st dung & budc nay 1a tir 0,5 dén 2,0mol, va
t6t hon 14 tir 0,9 dén 1,2mol, trén mét mol hop chét c6 cong thirc (VI).

Dung mdi bt ky ma khong gy anh hudng bét loi dén phan tmg c6 thé duoc sir
dung. Vi du, tetrahydrofuran, 1,4-dioxan, N,N-dimetylformamit, N-metylpyrolidin-2-
on, hoiic dung méi hdn hop ctia chiing c6 thé dugc vu tién str dung.

Nhiét d6 phan tmg thong thuong 1 tir -20 dén 50°C, va tbt hon 14 tir 0°C dén
nhiét d6 trong phong. Thoi gian phan tmg thong thuong tir 1 phit dén 2 ngay, va tt
hon 13 5 phit dén 12 gio.

Hop chét nhd d6 thu duoc ¢ cong thire (VI) ¢6 thé duge cho tham gia budc
tiép theo sau khi tién hanh hoic khéng tién hanh tich hodc tinh ché bang phuong phép
tach va tinh ché da biét, nhw cd, ¢b chan khong, két tinh, chiét dung moi, tai két tia, va
séc ky.

Budc e

Budc nay cho hop chét c6 cong thirc (VII) vao phan tmg déng vong ndi phan
tir dé didu ché hop chit c6 cong thirc (VIII).

Bude ndy c6 thé duge thyc hién theo phuong phép di biét (vi du, phuong phap
duoc mo ta trong tai liéu Chemical Reviews, Vol. 103, p. 2945, 2003).

Céc vi du vé chét xtc téc kim loai chuyén tiép bao gdm chét xdic tc paladi (vi
du, paladi axetat, paladi clorua, 1,1’-bis(diphenylphosphino)feroxen-paladi(I)diclorua,
v.v.), va chét xdc tac paladi héa tri khong (vi du, tetrakis(triphenylphosphin)paladi,
tris(dibenzylidenaxeton)dipaladi, v.v.). Néu can thiét, c6 thé bd sung phdi tir (vi du,
triphenylphosphin, tri-tert-butylphosphin, v.v.). Luong chét xtc tic kim loai chuyén tiép
duoc st dung c6 thé thay ddi phu thudc vao loai chit xtc tac. Chét xtic tac kim loai
chuyén tiép thuong dugc str dung mét lugng tir 0,0001 dén 1mol, va tét hon 14 0,01 dén
0,5mol, trén mdt mol hop chét c6 cong thire (VII). Luong phéi tir duge st dung tir
0,0001 dén 4mol, va tdt hon 14 0,01 dén 2mol, trén mét mol hop cht c6 cong thurc

(VID).

Céc vi du vé bazo c6 thé sir dung bao gdbm bazo v6 co nhu natri hydro
cacbonat, natri cacbonat, kali cacbonat, xesi cacbonat, natri hydroxit, kali hydroxit, xesi
hydroxit, natri hydrua, hoic kali hydrua. Bazo ndy c6 thé duoc sir dung véi luong tir 1
dén 100mol, v t&t hon 13 2 dén 20mol, trén mét mol hop chét ¢6 cong thixe (VII).

Dung méi bit ky ma khong anh hudng bét loi dén phéan tng ¢6 thé duoc sir
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dung. Cac vi du vé dung méi c¢6 thé sir dung bao gdm cac hydrocarbon (vi du, benzen,
toluen, va xylen), éte (vi duy, 1,2-dimetoxyetan, tetrahydrofuran, va 1,4-dioxan), dung
moi cuc aprotic (vi du, N,N-dimetylformamit, dimetyl sulfoxit, va hexametyl
phosphoryl amit), nudc, va dung méi hdn hop clia chiing. Thoi gian phéan tmg 14 tir 0,1
dén 100 giod, va t6t hon 13 0,5 dén 24 gid. Nhiét do phan tng 1& -20°C dén nhiét do soi
ctia dung moi, va tot hon 13 0°C dén 150°C.

Hop chét nhd do6 thu duoc cb cong thire (VIID) ¢6 thé cho tham gia budc tiép
theo sau khi tién hanh hodc khong tién hanh tach hodc tinh ché bang phuong phép tach
va tinh ché da biét, nhu ¢6, c6 chan khong, két tinh, chiét dung mdi, tai két tia, va sic
ky.

Budce £

O bude nay, nhém amino duogc bao vé clia hop chét c6 cong thire (VIIT) duge
loai bd nhém bao vé dé didu ché hop chét c6 cong thirc (IX).

Viéc loai bé nhom bao vé duogc thyc hién theo phuong phép da biét, nhu
phuong phap dugc md ta trong tai liéu: Protective Groups in Organic Synthesis, T.W.
Greene, John Wiley & Sons (1981); hodc phuong phép tuong tu.

Khi nhom tert-butoxycarbonyl dugc str dung 1am nhém béo vé, axit clohydric,
axit sulfuric, axit metansulfonic, axit trifloaxetic va twong ty dugc sir dung lam chét
phan tmg loai béd nhém béo vé. Luong chét phan tmg dugc str dung 5t hon 13 tir 1 dén
100 mol trén mot mol hop chat (VIII).

Dung moi bt ky ma khong gy anh huéng bt loi dén phan tmg co thé duoc sty
dung. Cac vi du vé dung méi co thé st dung bao gdbm nudc, metanol, etanol, metylen
clorua, cloform, va twong tyr, va dung mdi hdn hop clia chiing. Thoi gian phan tng 1 tir
0,1 dén 100 gid, va tt hon 1a tir 0,5 dén 24 gi¢r. Nhiét d6 phan tmg 14 0°C dén nhiét do
sbi clia dung méi, va tt hon 13 tir 0 dén 50°C.

Hop chét nhd d6 thu duge c6 cong thic (IX) ¢6 thé dugc cho tham gia bude
tiép theo sau khi tién hanh hozc khong tién hanh tach va tinh ché béng phuong phép
tach va tinh ché d3 biét, nhu cd, ¢6 chan khéng, két tinh, chiét dung méi, tai két ta, va
sic ky.

Budc g

& bude nay, hop chét c6 cong thire (IX) duoc amit héa bang axit carboxylic
khong no & vi tri o, B, hodc axit clorua hodc bromua khoéng no & vi tri a, 3 dé diéu ché
hop chét c6 cong thie (I-1) theo séng ché.

Khi axit carboxylic dugc sir dung lam chét phan tmg amit hoéa, luong axit
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carboxylic ¢ thé duoc st dung 1a tir 0,5 dén 10mol, t6t hon 14 tir 1 dén 3mol, trén mot
mol hop chit ¢6 cong thic (IX), dudi sy c6 mit cia chit lam cd thich hop. Axit
carboxylic ¢6 thé 13 san pham c6 bén sin, hogic c6 thé dugc diéu ché theo phuong phap
da biét.

Dung mdi phan tmg bét ky ma khéng anh hudng bét loi dén phan tmg c6 thé
dugc str dung. Céc vi du v& dung méi thich hop bao gbm toluen, benzen, metylen
clorua, cloform, tetrahydrofuran, 1,4-dioxan, N,N-dimetylformamit, dimetylaxetamit,
N-metylpyrolidin-2-on, dimetyl sulfoxit, v dung m6i hdn hop cia ching. Nhiét do
phén tmg théng thudng 14 tir -78 dén 200°C, va tt hon 13 tir 0 dén 50°C. Thoi gian
phén tmg thong thudng tir 5 phit dén 3 ngay, va tot hon 13 5 phut dén 10 gid.

Céc vi du vé chét ngung tu bao gdm diphenylphosphoryl azit, N,N’-
dixyclohexylcarbodiimit, mudi benzotriazol- 1-yloxy-trisdimetylaminophosphoni, 4-
(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholini clorua, 1-etyl-3-(3-
dimetylaminopropyl)carbodiimit, hop phan bao gom 1-etyl-3-(3-
dimetylaminopropyl)carbodiimit va 1-hydroxybenzotriazol, 2-clo-1,3-
dimetylimidazolini clorua, O-(7-azabenzotriazo-1-yl)-N,N,N’,N’-tetrametylhexauroni
hexaflophosphat, va tuong tu.

Néu cén thiét, c6 thé tuy y sir dung bazo cho phan ting. Céc vi du vé bazo thich
hop bao gdbm bazo hitu co nhu trietylamin, diisopropyletylamin, pyridin, lutidin,
collidin, 4-(N,N-dimetylamino)pyridin, kali tert-butyrat, natri tert-butyrat, natri metoxit,
natri etoxit, lithi hexametyldisilazit, natri hexametyldisilazit, kali hexametyldisilazit, va
butyl lithi; va bazo v6 co nhu natri hydro cacbonat, natri cacbonat, kali cacbonat, xesi
cacbonat, natri hydroxit, va natri hydrua. C6 thé bd sung luong bazo tir 1 dén 100mol,
va tdt hon 13 tir 1 dén 10mol, trén mot mol hop chét c6 cong thire (IX).

Khi axit clorua hodc axit bromua duogc st dung 1am chét phan tmg amit hoa,
lugng axit halogenua dugc str dung 1a tir 0,5 dén 5mol, va tt hon 1a 0,9 dén 1,1mol,
trén mot mol hop chét ¢6 cong thirc (IX). Axit halogenua c6 thé 13 san phim c6 ban sén,
hodc c6 thé dugc didu ché theo phuong phap da biét.

Dung mdi phan tmg bét k¥ ma khéng anh hudng bét loi dén phan tmg c6 thé
duoc sir dung. Céc vi du Ve ching bao g(‘A)m toluen, benzen, metylen clorua, cloform,
tetrahydrofuran, 1,4-dioxan, N,N-dimetylformamit, dimetylaxetamit, N-metylpyrolidin-
2-on, axetonitril, nudc, va dung méi hdn hop clia ching. Nhiét d6 phan tmg théng
thudng 14 -78 dén 200°C, t6t hon 13 tir 0 ¢én 50°C. Thoi gian phan tmg thong thuong tir
5 phut dén 3 ngay, va tét hon 1a 5 phit dén 10 gio.

Néu can thiét, c6 thé bd sung bazo cho phan tmg. Cac vi du vé bazo thich hop
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bao gdm bazo hitu co nhu trietylamin, diisopropyletylamin, pyridin, lutidin, collidin, 4-
(N,N-dimetylamino)pyridin, kali tert-butyrat, natri tert-butyrat, natri metoxit, natri etoxit,
lithi hexametyldisilazit, natri hexametyldisilazit, kali hexametyldisilazit, va butyl lithi,
va bazo v6 co nhu natri hydro cacbonat, natri cacbonat, kali cacbonat, xesi cacbonat,
natri hydroxit, va natri hydrua. C6 thé bd sung mdt luong bazo tir 1 dén 100mol, va tt
hon 14 tir 1 dén 20mol, trén mét mol hop chét c6 cong thire (IX). Hop chit nhd d6 thu
duogc c6 cong thire (I-1) ¢6 thé dugc tach va tinh ché bing phwong phap tach va tinh ché
da biét, nhur ¢, ¢b chan khong, két tinh, chiét dung méi, tai két tia, va sic ky.

Phuong phép diéu ché 2

Khtt bdo vé

Budc h

b

(-2)

Trong d6 P 1a nhém loai bd nhom bao v¢ cia nhém amino va Ry, Ry, Rg, Ry,
van la nhu duoc dinh nghia & trén.
Budc h

& bube ndy, nhém amino bao vé ctia hop chit ¢6 cong thire (X) duoc loai bd
nhém bao vé dé didu ché hop chat c6 cong thire (XT).

Viéc loai bé nhém bao vé c6 thé duge thye hién bang phuong phap da biét, nhur
phuong phap duge mo ta trong tai li€u: Protective Groups in Organic Synthesis, T.W.
Greene, John Wiley & Sons (1981); hoédc phuong phép tuong tu.

Khi tert-butoxycarbonyl dugc st dung lam nhodm béo ve, axit clohydric, axit
sulfuric, axit metansulfonic, axit trifloaxetic hodc tuong ty cé thé dugc sir dung lam
chét phan tmg loai bd nhom bao vé. Lugng chét phan tmg dugc sir dung t6t hon 13 tir 1
dén 100 mol trén mdt mol hop chét (X).
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Dung méi bat ky ma khéng anh hudng bt loi dén phan tmg c6 thé dugc sir
dung. Céc vi du vé dung moi ¢ thé st dung bao gém nudc, metanol, etanol, metylen
clorua, cloform, va dung mdi hdn hop cta ching. Thoi gian phan tmg 13 tir 0,1 dén 100
gid, va tbt hon 14 0,5 dén 24 gid. Nhiét d6 phan tmg 13 0°C dén nhiét do soi cia dung
mdi, va tdt hon 14 tir 50°C dén nhiét d6 si clia dung mo6i.

Hop chét nhd d6 thu duge c6 cong thire (XXI) c¢6 thé duge cho tham gia budce
tiép theo sau khi tién hanh hoic khéng tién hanh tach va tinh ché bang phuong phap
tach va tinh ché da biét, nhu 6, c6 chan khéng, két tinh, chiét dung moi, téi két tia, va
shc ky.

Budci

Budc nay cb thé duoe thyuc hién theo cling phuong thire nhu & bude g,

Phuong phap diéu ché 3
Cl L, cl Ly
Nl)\l:\g R, Ri—L,  (XII) N‘K)\j:g Ry NH,
SN g N
m . . n ,
" N-p, Budc j R;N‘P‘ Budc k
v ximy

N
NHz Ci“j\ 1N l;(KN-Br
NH, \=
hl"\)\,r\g Ry Z poH), o
™ pa iy
-
af, ™ Budc 1 N [Nw Re Budc m
n

béng vong Khtr bdo vé

Budce n Budc o

(XVII)



20219

Trong d6 P; 1a nhom bao vé cia nhém amino, L va L, 14 nhém roi chuyén va
Ry, Ry, Ry, Rg, m, van la nhur dugc dinh nghia & trén.

Budc j

O bude nay, hop chit 6 cong thire (XII) duoc diéu ché bang phan tmg alkyl
héa sir dung céc hop chét dugc thé hién bing cac Cong thie (IV) va (XII) dudi su co
mat cua bazo.

Theo hop chét ¢6 cong thire (XII), céc vi du vé nhém rdi chuyén duoc thé hién
boi L, bao gdm nguyén tir brom, nguyén tir i-0t, este ctia axit metansulfonic, este ctia
axit p-toluensulfonic, va trong tu. Hop chét ¢6 cong thiic (XII) ¢6 thé 14 san phdm c6
ban sin, hodc ¢6 thé duoc didu ché theo phuong phap da biét. Hop cht ¢ cong thirc
(XID) c6 thé duge sir dung mot lwong tir 1 ¢én 10mol, va tét hon 13 tir 1 dén Smol, trén
mdt mol hop chét co cong thirc (IV). Céc vi du vé bazo thich hop bao gdm céc amin
hitu co (vi dy, trimetylamin, trietylamin, diisopropyletylamin, N-metylmorpholin, 1,8-
diazabixyclo[5,4,0Jundec-7-en, pyridin, va N,N-dimetylanilin), cic mudi kim loai kiém
(vi du, natri hydro cacbonat, kali hydro cacbonat, natri cacbonat, kali cacbonat, xesi
cacbonat, natri phosphat, kali phosphat, natri hydroxit, va kali hydroxit), cac hydrua kim
loai (vi dy, kali hydrua va natri hydrua), alkoxit kim loai kiém (vi dy, natri metoxit, natri
etoxit, natri tert-butoxit, va kali tert-butoxit), cac disilazit kim loai kiém (vi dy, lithi
disilazit, natri disilazit, va kali disilazit), va tuong tu. Trong sd ching, mudi kim loai
kiém nhu natri cacbonat, kali cacbonat, xesi cacbonat, natri phosphat, va kali phosphat;
va céc hydrua kim loai nhu natri hydrua; cac alkoxit kim loai kiém nhur natri tert-butoxit
va kali tert-butoxit duge uu tién. Luong bazo dugce st dung thuong 14 tir 0,1 dén 10mol,
va tdt hon 12 tir 1 dén 5mol, trén mot mol hop chét ¢ cong thire (V).

Duédi dang dung mdi, tetrahydrofuran, 1,2-dimetoxyetan, 1,4-dioxan, N,N-
dimetylformamit, N,N-dimetylaxetamit, dimetyl sulfoxit, N-metylpyrolidin-2-on, va
tuong tur c6 thé duoc st dung riéng 18, hogic dudi dang hdn hop. Thoi gian phan mg 14
tr 0,1 dén 100 gidy, va tdt hon 14 0,5 dén 24 gi¢r. Nhiét d6 phan tmg 13 0°C dén nhiét d6
sbi ctia dung méi, va tt hon 1a tir 20°C dén 150°C.

Hop chét nho d6 thu dugc c6 cong thire (XIII) co thé duoc cho tham gja budc
tiép theo sau khi tién hanh hodc khong tién hanh tich hoic tinh ché bang phwong phap
tach va tinh ché da biét, nhu cd, cd chan khong, két tinh, chiét dung méi, tai két tia, va
séc ky.

Budc k

Budc nay c6 thé duoc thuc hién theo cting phuong thitc nhur & budc b.
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Budc 1

Budc ndy c6 thé duoc thuc hién theo cling phuong thire nhu & bude c.
Budécm

Budc ndy c6 thé duoc thuc hién theo cling phuong thite nhu & bude d.
Budc n

Budc niy c6 thé duoc thuc hién theo cling phuong thitc nhu & bude e.
Budc o

Bude nay c6 thé duoc thuc hién theo cling phuong thire nhu & bude f.
Budc p

Budc ndy c6 thé duoc thyc hién theo cting phuong thirc nhu & budc g.

Phuong phép diéu ché 4

Loai bd nhém bao vé

Budc g

(XVII)

Amit hbéa

Budc r

Trong d6 P; 1a nhém bao vé clia nhém amino va Ry, Ry, Ry, Rg, Ry, van 1a nhu
dugc dinh nghia & trén.

Budc q
Bude ndy c6 thé duoc thuc hién theo ciing phuong thire nhur & budc h.

Budcr
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Budrc nay c6 thé duoc thuc hién theo cting phuong thirc nhu & bude g.

Phuong phap diéu ché 5

Hydro hoéa Khtr bdo vé
Budc s Buéc t
Amit hoéa
Budc u

Trong d6 P; 14 nhom bao v¢ ctia nhdom amino va Ry, Ry, Ry, Rg, Ryp, m, van 1a
nhu duoc dinh nghia & trén.

Buodc s

O bude nay, hop chét ¢ cong thirc (XX) duoc diéu ché bing hydro héa véi
hop chét c6 cong thire (XVII) dudi si b mit cia chit xic tc.

Céc vi du vé chét xtic tic bao gdm chét xtc téc paladi-cacbon, chét xdic tac
paladi hydroxit-cacbon, va chit xtic tic Raney niken. Chét xtic tac ¢6 thé duoc st dung
v6i lugng tir 0,01 mol dén luong dur, tt hon 13 tir 0,1 mol dén 10mol, trén mot mol hop
chét c6 cong thie (XVII).

Viée hydro héa c6 thé duoc thye hién ¢ 1 atm dén 100 atm, tt hon 3 tir 1 atm
dén 10 atm. Duéi dang dung moi, metanol, etanol, etyl axetat, tetrahydrofuran, 1,2-
dimetoxyetan, 1,4-dioxan, N,N-dimetylformamit, N,N-dimetylaxetamit, N-
metylpyrolidin-2-on, nudc, va tuong tur ¢6 thé duoe str dung riéng 18, hogic dudi dang
hén hop. Thoi gian phan tmg 13 tir 0,1 dén 100 gid, tt hon 14 tir 0,5 dén 48 gi¢r. Nhiét
d6 phéan tmg nam trong khoéang tir nhiét do trong phong dén nhiét do soi ctia dung méi,
t6t hon 14 tir nhiét d6 trong phong dén 100°C.

Hop chit nhd d6 thu dugc ¢6 cong thire (XX) ¢b thé dugc cho tham gia budce
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tiép theo sau khi tién hanh hogic khong tién hanh tach hodc tinh ché bing phuong phép
tach va tinh ché d biét, nhu c6, ¢6 chan khong, két tinh, chiét dung méi, tai két tia, va
shc ky.
Budet
Budc ndy c6 thé duoc thuc hién theo cling phuong thire nhur & budc f.
Budcu
Bude ndy c6 thé duoc thuce hién theo cliing phuong thirc nhu & bude g,
Phuong phap didu ché 6

::: pAc
l\
OAc

béng vong

Budc v Budc w
Khr bao vé Kht

Budc x Buoc y
Amit hoéa

Budc z

Trong d6 P, la nhom béao vé ciia nhém amino va R, va n 1a nhu duge dinh
nghia & trén.
Buée v
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O budce ndy, chit phan tng bo hitu co duge cho vao hop chét ¢6 cong thirc
(XXII) d didu ché chét trung gian alkyl bo trong hé phéan tmg, va sau d6 hop chit ¢6
cong thire (XXIII) duogc didu ché dudi su ¢6 mit coa chét xtc tac kim loai chuyén tiép
va bazo.

Budc nay co thé dugc thyc hién theo phuong phap théng thudng di biét (vi du,
WO 2006/102079).

Céc vi du v& chét phan tmg bo hitu co bao gdm 9-BBN(9-borabixyclo[3,3,1]-
nonan), 9-BBN(9-borabixyclo[3,3,1]-nonan) dime, disiamyl (bis(1,2-
dimetylpropyl)boran), thexylboran(1,1,2-trimetylpropyl)boran), va twong tu. Chét phan
tmg bo hitu co tot hon 1 9-BBN(9-borabixyclo[3,3,1]-nonan) hogic 9-BBN(9-
borabixyclo[3,3,1]-nonan) dime, va dac biét t6t hon 13 9-BBN(9-borabixyclo[3,3,1]-
nonan). Luong chét phan tmg bo hitu co duge str dung la khong bi gidi han dac biét
mi&n 13 chét trung gian alkyl bo c6 thé duoc didu ché. Chét phan tmg bo hitu co ¢6 thé
duge str dung véi lugng tir 1 dén 20 mol trén mdt mol hop chét c6 cong thire (XXII);
luwgng chét phan tng bo hitu co tbt hon 12 tir 6 dén 10 mol tir quan diém 1am thuan loi
cho qua trinh phéan tng.

Duéi dang chit xc tac kim loai chuyén tiép, vi du, chét xtc tac paladi hoa tri
hai (vi duy, paladi axetat, paladi clorua, va 1,1’-bis(diphenylphosphino)feroxen-paladi
(ID) diclorua) c6 thé dugc sir dung, Néu can thiét, phdi tir (vi dy, triphenylphosphin va
tri-tert-butylphosphin) c6 thé dugc sir dung. Luong chét xuc tac kim loai chuyén tiép
duoc st dung ¢ thé thay ddi phu thudc vao loai chét xtc tac. Luong chét xtc tac kim
loai chuyén tiép duoc str dung 14 tir 0,0001 dén 1mol, va tot hon 13 tir 0,01 dén 0,5mol,
trén mot mol hop chét c6 cong thirc (XXII). Lugng phéi tir duoc str dung 13 tir 0,0001
dén 4mol, va tdt hon 12 0,01 dén 2mol, trén mdt mol hop chit c6 cong thire (XXII).

Theo céch khéc, vi du, chit xic tac paladi héa trj khong c¢6 thé duoc sir dung.
Céc vi du v chét xtic téc paladi héa tri khong bao gém
tetrakis(triphenylphosphin)paladi, tris(dibenzylidenaxeton)dipaladi, paladi cacbon, va
tuong tu. Tetrakis(triphenylphosphin)paladi hogc tris(dibenzylidenaxeton)dipaladi dugc
uu tién, va tetrakis(triphenylphosphin)paladi déc biét duoc uu tién. Luong chét xdc tac
paladi hoa trj khong dugc str dung 14 khong bi gii han mién 13 trong pham vi ma phéan
tmg d6ng vong ndi phén tir ¢6 thé thuc hién va c6 thé thay dbi phu thudc vao loai chét
xtic tac. Luong chét xtic tac paladi héa tri khong co thé dugc sir dung 13 tir 0,0001 dén
1mol, va tét hon 12 0,01 dén 0,5mol, trén mdt mol hop chét c6 cong thire (XXII).

Néu cin thiét, c6 thé bd sung chét xtic tac paladi hda tri khéng vao phdi tir. Cac
vi dy vé phéi tir bao gém triphenylphosphin, 1,1’-bis(diphenylphosphino)feroxen, tri-
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tert-butylphosphin, trixyclohexylphosphin, 2-dixyclohexylphosphino-2’,6’-
dimetoxybiphenyl, 2-dixyclohexylphosphino-2’,4’,6’-triisopropylbiphenyl, 2-(di-tert-
butylphosphino)biphenyl, 2-dixyclohexylphosphino-2’-(N,N-dimetylamino)biphenyl,
4,5’-bis(diphenylphosphino)-9,9’-dimetylxanten, va tuong tu. Khi
tris(dibenzylidenaxeton)dipaladi dugc str dung 1am chét xtic tc paladi héa trj khong, ¢6
thé bd sung triphenylphosphin dudi dang phéi tir. Luong phéi tir dugc sir dung 13
khong bi giéi han cu thé mién 14 trong pham vi méa phan tmg déng vong ndi phén ti c6
thé duoc thyc hién. Luong phdi tir c6 thé duoc st dung 12 tir 0,0001 dén 4mol, va tt
hon 12 0,01 dn 2mol, trén mdt mol hop cht c¢6 cong thire (XXII).

Céc vi du vé bazo bao gdm bazo v6 co nhu natri hydro cacbonat, natri
cacbonat, kali cacbonat, xesi cacbonat, va hydroxit kim loai kiém. Céc hydroxit kim
loai kiém duoc uu tién. Cac vi du vé cac hydroxit kim loai kiém bao gom lithi hydroxit,
natri hydroxit, kali hydroxit, va xesi hydroxit. Lithi hydroxit, natri hydroxit, kali
hydroxit, ho#c xesi hydroxit dugc uu tién st dung. Lithi hydroxit hodc natri hydroxit
dac biét duoc uu tién. Luong bazo dugc st dung 1a khong bi gidi han cu thé mién 1a
trong pham vi ma phén tng duoc thuc hién. Bazo co thé dugc st dung véi luong tir 1
dén 100mol, va 8t hon 13 2 dén 20mol, trén mdt mol hop chit ¢ cong thire (XXI).
Hydroxit kim loai kiém c6 thé duoc s dung 13m dung dich hydroxit kim loai kiém
nuéc.

Dudi dang hop phan cia chét phan timg bo hitu co, hydroxit kim loai kiém, va
chét xuc tc paladi hoa tri khong, duoc uu tién 13 hop phan giita chat phan tmg bo hitu
co uu tién, hydroxit kim loai kiém wu tién, va chét xtc tac paladi hoéa tri khong uu tién.
Dic biét duge uu tién 14 hdn hop gdm chit phan tmg bo hitu co uu tién dic biét,
hydroxit kim loai kiém wu tién dic biét, va chét xtc tac paladi hoa tri khong wu tién déc
biét.

Dung mbi bat ky ma khong anh hudéng bt loi dén phan tmg c6 thé dugc sir
dung. Céc vi du vé chiing bao gdm céc hydrocarbon (vi du, benzen, toluen, va xylen),
éte (vi du, 1,2-dimetoxyetan, tetrahydrofuran, va 1,4-dioxan), dung moi cuc aprotic (vi
du, N,N-dimetylformamit, dimetyl sulfoxit, va hexametyl phosphoryl amit), nugc, va
hén hop gifta chiing. 1,2-dimetoxyetan hodc tetrahydrofuran dugc wu tién st dung.
Tetrahydrofuran déc biét dugc uu ti€n xét vé tinh &n dinh ctia chét phan tmg bo hitu co
va chét trung gian alkylboran sinh ra. Lugng dung méi dugc st dung 13 khong bi gidi
han cu thé mién 14 trong pham vi ma phéan tmg duoc thuc hién. Lugng dung méi c¢6 thé
dugce str dung la tir 1 dn 300 14n, va t6t hon 1a 10 dén 96 14n trong lwong cia hop chét
¢d cong thure (XXII).

Thoi gian phan tmg 14 khong bi gidi han cu thé mién 14 trong pham vi ma ¢
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thé thu duogc hop chit ¢ cong thirc (XXIII). Thoi gian phan tmg c6 thé 1 tir 0,1 dén
100 gidy, va tt hon 14 0,5 dén 24 gio.

Nhiét d6 phan Umg khong bi gidi han cu thé mién la cudi cung cd thé thu duoc
hop chét ¢6 cong thirc (XXIIT). Nhiét d6 phan tmg c6 thé tir -20°C dén nhiét do sbi clia
dung mdi, va tét hon 14 tir 0°C dén 150°C. Trong phan ting déng vong ndi phén it clia
chét trung gian alkylboran st dung chét xtic tic paladi héa trj khéng va dung dich
hydroxit kim loai kiém nué6c, nhiét do phan tmg thép c6 xu hudng gay ra cac phan tmg
phu, ma tao ra hi¢u Suét thép. Vi thé, nhiét d6 t6t hon 13 61°C hoc cao hon.

Hop chit nhd d6 thu dugc ¢6 cong thire (XXIII) cb thé duoc cho tham gia
bude tiép theo sau khi tién hanh hoic khong tién hanh tach hoic tinh ché bang phuong
phép tach va tinh ché da bibt, nhur c6, ¢6 chén khong, két tinh, chiét dung mdi, téi két
tiia, va séc ky.

O budc nay, viéc san sinh chét trung gian alkylboran trong hé phan tng c6 thé
duoc x4c nhéan. Vi dy, phd LCMS c6 thé dugc st dung lam phuong phap x4c nhén.

Buodc w

G bude nay, hop chét cb cong thirc (XXIV) duoc didu ché bang cach
cho hop chét c¢6 cong thire (XXIIT) phan Gmg véi iodobenzen diaxetat.

Lugng iodobenzen diaxetat duoc str dung & budc nay 1a tir 1 dén 10mol, bt
hon 13 tir 1 dén 2mol, trén mot mol hop chét c6 cong thire (XXIII).

O phan tmg néu trén, néu cin thiét, c6 thé bd sung tetrabutylamoni iodua. C6
thé bd sung mot lugng tetrabutylamoni iodua tir 0,01 dén 10mol, t6t hon 1a 0,1 dén
1mol, trén mdt mol hop chét c6 cong thire (XXIIL).

Dung méi phan tng bt ky ma khong anh huéng bt loi dén phan tmg c6 thé
duoc st dung. Cac vi du v& dung méi phan ting thich hgp bao gdm metylen clorua,
cloform, 1,2-dicloetan, axit axetic va dung mdi hdn hgp ctia ching,

Nhiét d6 phan ing thong thuong 1a tr 0°C dén nhiét do s6i ctia dung méi, va
t8t hon 13 tir 0°C dén nhiét do trong phong. Thoi gian phan tng 1a tir 0,1 dén 100 gio,
tthon 14 0,1 dén 24 gio.

Hop chit nho d6 thu dugc ¢6 cong thire (XXIV) ¢6 thé dugc cho tham gia
budc tiép theo sau khi tién hanh hodc khong tién hanh tach hodc tinh ché bang phuong
phép tach va tinh ché da biét, nhur ¢, ¢d chan khéng, két tinh, chiét dung mi, tAi két
tia, va sic ky.

Budce x
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O bude ndy, nhém hydroxy bao vé ctia hop chit c6 cong thire (XXIV) duoc
loai bé nhém béo vé dé diéu ché hop chit c6 Cong thirc (XXV).

Viée loai bé nhém béo vé cb thé duge thuc hién bang phuong phép da biét, nhu
phuong phap dugc mo ta trong tai liéu: Protective Groups in Organic Synthesis, T.W.
Greene, John Wiley & Sons (1981); hodc phuong phap tuong tur.

Khi nhém axetyl dugc loai bd nhém bao v&, cac vi du vé chat phan tmg bao vé
bao gdm natri hydroxit, kali hydroxit, va twong tu. Luogng chét phan tmg dugc sir dung
tt hon 1a tir 1 dén 100 mol trén mot mol hop chét ¢ cong thire (XXIV).

Dung mdi bat ky ma khéng anh huéng bét loi dén phan tng c6 thé dugc sir
dung. Cac vi du vé dung méi bao gdm nudc, metanol, etanol, tetrahydrofuran, va dung
méi hdn hop ciia chiing, Thoi gian phan tng 13t 0,1 dén 100 gid, va tét hon 13 0,5 dén
24 gitr. Nhiét d6 phan tmg 13 0°C dén nhiét do sbi ciia dung méi, va tot hon 13 tir 0 dén
50°C.

Hop chit nho d6 thu dugce ¢6 cong thire (XXV) ¢b thé duoc cho tham gia bude
tiép theo sau khi tién hanh hozc khong tién hanh tach hoic tinh ché bang phuong phép
tach va tinh ché da biét, nhu 6, cd chan khong, két tinh, chiét dung méi, téi két tha, va
séc ky.

Budcy

& budce nay, hop chit ¢6 cong thie (XXVI) duge diéu ché bang cach cho hop
chét c6 cong thire (XXV) vao phan tng khir.
O phén tmg khir, cac axit nhur monohydrat cia axit p-toluensulfonic, axit 10-

camphorsulfonic va twong tur dugc st dung. Lugng axit dugc st dyung tir 0,1 dén
100mol, t6t hon 1a tir 1 dén 10mol, trén mot mol hop chét co cong thirc (XXV).

Dung méi bat ky ma khong anh huéng bat loi dén phan tng c6 thé duoc sir
dung. Cac vi du v& dung méi bao g0m toluen, xylen, va dung mdi hdn hop ciia ching,
Thoi gian phéan Gmg 14 tir 0,1 dén 100 gio, va tot hon 14 0,5 dén 24 gid. Nhiét do phan
ung trong pham vi tr nhiét do trong phong dén nhiét d6 s6i ciia dung moi.

Hop chét nhd d6 thu duge ¢ cong thire (XXVI) ¢ thé duge cho tham gia
bude tiép theo sau khi tién hanh hodc khong tién hanh tach hogc tinh ché bing phuong
phép tach va tinh ché da biét, nhur c6, co chan khong, két tinh, chiét dung méi, tai két
tda, va séc ky.

Budc z

Bude ndy c6 thé dugc thyc hién theo cting phuong thitc nhu & bude g.
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O céc phuong phép diéu ché tir 1 dén 6 néu trén, cho cdc nhém phitc ¢6 proton
hoat tinh nhu cac nhém amino, imino, hydroxy, carboxy, cacbonyl va amit, va indol,
chét phan mgu bao vé co thé duoc sir dung, hoac c6 thé dua nhém bao vé vao nhém
phrc ndy theo phuong phap thong thuong; sau d6, ¢ thé loai bd nhém bao vé & budc
thich hop trong ttmg phuong phap diéu ché.

“Nhoém bao vé ciia nhdm amino hoac nhém bao vé cia nhdm imino” 1a khong
bi gidi han cu thé mién 1a né c6 chiic ning bao vé. Céc vi du vé cac nhom bao vé ndy
bao gdbm céc nhém aralkyl nhu benzyl, p-metoxybenzyl, 3,4-dimetoxybenzyl, o-
nitrobenzyl, p-nitrobenzyl, benzhydryl, trityl, va cumyl; cdc nhém alkanoyl bac thip
nhu formyl, axetyl, propionyl, butyryl, pivaloyl, trifloaxetyl, va tricloaxetyl; benzoyl;
cac nhom arylalkanoyl nhu phenylaxetyl va phenoxyaxetyl, cac nhom alkoxycarbonyl
bac thidp nhu metoxycarbonyl, etoxycarbonyl, propyloxycarbonyl, va tert-
butoxycarbonyl, cac nhém aralkyloxycarbonyl nhu p-nitrobenzyloxycarbonyl va
phenetyloxycarbonyl, cdc nhém alkylsilyl bac thdp nhu trimetylsilyl va tert-
butyldimetylsilyl; tetrahydropyranyl, trimetylsilyletoxymetyl, cac nhém alkylsulfonyl
bac thip nhu metylsulfonyl, etylsulfonyl, va tert-butylsulfonyl, cic nhém alkylsulfinyl
bac thip nhu tert-butylsulfinyl, cic nhém arylsulfonyl nhu benzensulfonyl va
toluensulfonyl va cac nhoém imido nhu phthalimido. Pédc biét, trifloaxetyl, axetyl, tert-
butoxycarbonyl, benzyloxycarbonyl, trimetylsilyletoxymetyl, cumyl, va tuong tu dugc
uu tién.

“Nhom bao vé ctia nhém hydroxy” la khong bi gidi han cu thé mién 1a né c6
chirc ning bao vé. Céc vi du vé nhom béo vé ndy bao gdm cac nhém alkyl bac thap nhur
metyl, etyl, propyl, isopropyl, va tert-butyl, cic nhom alkylsilyl béc thip nhu
trimetylsilyl va tert-butyldimetylsilyl; cac nhém alkoxymetyl béc thdp nhu
metoxymetyl va 2-metoxyetoxymetyl; tetrahydropyranyl; trimetylsilyletoxymetyl, cac
nhém aralkyl nhu benzyl, p-metoxybenzyl, 2,3-dimetoxybenzyl, o-nitrobenzyl, p-
nitrobenzyl, va trityl va cac nhém axyl nhu formyl, axetyl, va trifloaxetyl. Dac biét,
metyl, metoxymetyl, tetrahydropyranyl, trimetylsilyletoxymetyl, tert-butyldimetylsilyl,
va axetyl dugc uu tién.

“Nhém béo vé ctia nhém carboxy” 14 khong bi gi6i han cu thé mién 1a né ¢6
chitc ning bao v&. Céc vi du vé nhém bao vé niy bao g6m nhém alkyl bac thép nhu
metyl, etyl, propyl, isopropyl, va tert-butyl, cic nhom halo-béc thip-alkyl nhu 2,2,2-
tricloetyl, nhém alkenyl bac thip nhur allyl, trimetylsilyletoxymetyl va céc nhém aralkyl
nhu benzyl, p-metoxybenzyl, p-nitrobenzyl, benzhydryl, va trityl. Dac biét, metyl, etyl,
tert-butyl, allyl, benzyl, p-metoxybenzyl, trimetylsilyletoxymetyl, va twong tu dugc uu
tién.
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“Nhém bao vé cia nhém cacbonyl” 13 khéng bi gi6i han cy thé mién 14 n6 co
chiic ning bao vé. Céc vi du vé nhém bao vé niy bao gbm etylene ketal, trimetylen
ketal, dimetyl ketal, va cac ketal va axetal tuong tu.

Phuong phép loai bd nhdm bao vé nay co thé thay dbi phu thudc vao loai nhém
bao v&, tinh én dinh ctia hop chét (I) mong mudn, v.v.. Vi dy, phuong phép dudi day c6
thé dugc str dung: phan ly trong dung mdi stir dung mét axit hogic bazo theo phuong
phép duoc mé ta trong t3i liéu 4n phdm (Protective Groups in Organic Synthesis, third
edition, T.W. Green, John Wiley & Sons (1999)) hodc phuong phép tuong tu, tic 1a,
phuong phép bao gdm cho phéan tmg véi 0,01 mol hodc luong du axit, t6t hon 13 axit
trifloaxetic, axit formic, hodc axit clohydric, hodc véi lugng tir ding mol dén lugng du
16n bazo, tbt hon 1a kali hydroxit hodic canxi hydroxit; khir héa hoc st dung phuc
hydrua kim loai, v.v., hoac khir xtc tac sir dung chét xuc tac paladi-cacbon, chét xuc tac
Raney niken, v.v..

Hop chét theo sang ché c6 thé dugc tach va tinh ché béng phuong phap tach va
tinh ché thong thlibng. Céc vi du v& phuong phap nay bao gdm chiét dung méi, téi két
tinh, phép sic ky léng hiéu suéit cao pha nguoc didu ché, phép séc ky cot, phép shc ky
16p mong diéu ché, va tuong tu.

Khi hop chét theo sang ché ¢4 cac chit ddng phan nhu cic chit dong phan
quang, chit déng phan lap thé, chit ddng phan vi tri, chét ddng phan quay, chit dong
phén bt ky va hdn hop clia chiing 13 dugc bao ham trong pham vi hop chét theo sang
ché. Vi du, khi hop chét ¢6 chit dong phan quang, chit dong phén quang dugc tach tir
hén hop raxemic ciing bao ham trong pham vi hop chét theo sang ché. Mdi trong s6 cac
chét ddng phan nay c6 thé thu dugc dudi dang hop chét duy nhét theo phuong phap
tdng hop va tach da biét (vi du, ¢d, chiét dung méi, phép sic ky cot, tai két tinh, v.v.).

Theo séng ché, nguyén tir cacbon lién két v6i phan tir thé B trong cAng thire (I)
1 cacbon khong ddi xtmg; vi thé, hop chét nay ¢6 cac chit ddng phan. Nhu thé hién &
trén, trir khi c6 quy dinh khéc, hop chét theo sang ché bao gdm tAt ca cac chit déng
phén quang va hdn hop ctia chiing. Hop chét theo sang ché c6 thé 13 hdn hop bao gdm
céc chit déng phan quang R va S. Hon hop nay c6 thé 13 hdn hop bao gdm 90% hoic
nhiéu hon, 95% hodc nhiéu hon, hodc 99% hosc nhiéu hon chét df)ng phan quang R,
hosc hon hop bao gém 90% hogic nhiéu hon, 95% hodc nhidu hon, hodic 99% hoic
nhiéu hon chét déng phan quang S.

Cac phuong phap phan giai bat ddi bao gdm, vi du: phuong phép ddng phan
1&p thé 1am cho chét phan giai bit di tic dong 18n hop chét theo sang ché d€ tao thanh
mudi, va phan giai mot trong s6 cac chét ddng phan quang bang cach str dung su khac
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biét vé tinh tan v.v., cia mudi thu duoc; phuong phap két tinh wu tién 13 bd sung mot
trong sd chit ddng phén quang vao dung dich raxemat qué bdo hoa lam mam két tinh;
va phép séc ky ¢ot nhu HPLC st dung cot bat dbi. Chat phan giai bat d6i ma c6 thé
duoc st dung trong phuong phdp dong phan 1ap thé c6 thé duge chon mét cach thich
hop tir, vi dy, cht phan giai ¢6 tinh axit nhu axit tartaric, axit malic, axit lactic, axit
mandelic, axit 10-camphorsulfonic v cac dan xuét ctia ching; va cac chét phan giai co
tinh bazo nhu bruxin, strychnin, quinin, va cic hop chét alkaloit trong tir, cac dAn xuét
axit amin, xinchonidin, va o-metylbenzylamin. Ngoai ra, mdt trong sd cic chit dong
phéan quang ctia hop chét theo sang ché riéng & c¢6 thé thu dugc khong chi bing cach
tao thanh hop chét theo sang ché dudi dang hdn hop chira mdt trong s cac chét dong
phén quang va sau d6 tién hanh cic phuong phép phén giai bt d6i dugc mo ta trén day,
ma con thu duge bang cach phan giai bat dbi theo cac phuong phép duge md ta & trén
V.v., va st dung mot chit dong phén quang ctia hop chét theo sang ché dudi dang chét
tho téng hop. Ngodi ra, phuong phép dé thu dugc mot trong sb cac chit dong phan
quang ctia hop chét theo sang ché hozc hop chét thé ctia n6 bao gdbm phuong phép wu
tién dé thu duoe mot trong sb cac chit ddng phan quang bang cach diéu chinh cac diéu
kién phan tmg cho chét xic tac hodc tuong tr & bude phan tmg tao ra cacbon khong dbi
xung. '

Hop chét theo sang ché hozic mudi ctia né co thé & dang tinh thé. Céc tinh thé
don va hdn hop da hinh duoc bao ham trong pham vi hgp chét theo sang ché hoac mudi
ctia n6. Cac tinh thé ndy ¢6 thé duge didu ché bang két tinh theo phuong phap két tinh
da biét trong linh vure ndy. Hop chét theo sang ché hodic mudi ctia né c6 thé 13 solvat (vi
du, hydrat) hodic phi solvat. Dang bét ky trong sb ching cling dugc bao ham trong
pham vi hop chét theo sang ché hodc mudi cia né. Hop chét duge danh déu bang chat
dong vi (vi du, 3H, 14C, 358, va 125]) cling dugc bao ham trong pham vi hop chét theo
séng ché hoic mudi cia no.

Mudi ctia hop chét theo sang ché hodc chit trung gian ctia né d& cap dén mudi
théng thuodng dugc stir dung trong linh vuc hda hitu co. Céc vi du vé mubi ndy bao gdbm
mudi cong bazo vao carboxy khi hop chét c¢6 carboxy, va mubi cong axit vao amino
hoac nhom di vong bazo khi hop chét c6 amino hozc nhém dj vong bazo.

Céc vi du v& mudi cong bazo bao gdm mudi kim loai kiém nhu mudi natri va
mudi kali, mudi kim loai kiém thd nhu mudi canxi va mudi magie, mudi amoni, va
mudi amin hitu co nhu mudi trimetylamin, mudi trietylamin, mudi dixyclohexylamin,
mudi etanolamin, mudi dietanolamin, mudi trietanolamin, mudi procain, va mudi NN’-
dibenzyletylenediamin.

Céc vi du vé mudi cdng axit bao gdbm mudi cta axit vé co nhu céc hydroclorua,
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sulfat, nitrat, phosphat, va perclorat; mudi cla axit hitu co nhu axetat, format, maleat,
fumarat, tartrat, xitrat, ascorbat, va trifloaxetat; va sulfonat nhu metansulfonat, isethionat,
benzensulfonat, va p-toluensulfonat.

Hop chét theo sang ché hogic mubi clia né ¢6 hoat tinh {ic ché EGFR tuyét voi
va hitu ich 1am chét chéng khéi u. Nigoai ra, hop chit theo sang ché hozic mudi clia nd
co tinh chon lgc tuyét voi déi v6i EGFR, va c6 loi 1a ¢6 it tac dung phu do cac kinaza
khac. Loai u ac tinh duogc diéu tri b&ng hop chét theo sang ché hodc mudi cua né 1a
khong bi gidi han cu thé, Céc vi du vé u 4c tinh bao gé)m ung thu biéu mo (vi dy, cac
bénh ung thu hé ho hép, cac bénh ung thur hé tiéu hoa, cac bénh ung thu hé sinh san, céc
bénh ung thur hé bai tiét, va twong t), xacdm, u tao huyét, u hé than kinh trung vong, va
u than kinh ngoai vi. Cac vi du dugc wu tién bao gdm ung thu biéu mé. Céc vi du duge
uu tién hon bao gdm céc bénh ung thu hé hd hap. Ngoai ra, co quan ma tir d6 khéi u
phat trién khong bi gitioi han cu thé. Céc vi du bao gdm ung thu dau va cb, ung thur
thuc quan, ung thu da day, ung thu két trang, ung thu truc trang, ung thur gan, ung thu
t0i mat, ung thur dudng mat, ung thu duong din mat, ung thu tuyén tuy, ung thu phéi,
ung thu v, ung thur budng trimg, ung thu ¢d tir cung, ung thu tir cung, ung thur than,
ung thu bang quang, ung thur tuyén tién liét, ung thu tinh hoan, ung thu xuong, ung thu
phin mém, ung thu méu, da u tuy xuong, ung thu da, u ndo, va u trung biéu mo. THt
hon 13, bénh ung thu muc tiéu 13 ung thu dau va cd, ung thu da day, ung thu két trang,
ung thu tryc trang, ung thu gan, ung thu tuyén tuy, ung thu phdi, ung thu v, ung thu
budng trimg, ung thur than, hodic ung thu tuyén tién liét, ddc biét tot hon 13 ung thu phéi.

Ngoai ra, hop chit theo sing ché hodic mubi cia né ¢6 hoat tinh tc ché tuyét
voi khang EGFR dot bién. Céc vi du v& EGFR dot bién nady bao gém EGFR dot bién
do dung nap thudc va EGFR d6t bién do huyét 4p cao. Vi thé, hop chét theo sang ché
hozic mudi ctia né hitu ich 1am thubc chéng khéi u dé diéu tri cac khéi u 4c tinh néu trén
c6 EGFR dot bién.

Khi hop chét theo sang ché hoic mudi cia né dugc st dung lam dugc pham,
c6 thé bd sung chit mang duoc dung, khi can thiét, bang cach do tao thanh dang lidu
luong thich hop theo muc dich phong va didu tri. C4c vi du v& dang liéu luong bao gdm
ché phdm ding dudng miéng, tiém, thubc dan, thuéc m&, miéng dén, va tuong tu.
Trong s6 nay, ché pham ding duong miéng duge wu tién. Cac dang lidu luong c6 thé
duoc hinh thanh bang cac phuong phép thng thuong da biét v6i nhing ngudi ¢6 trinh
d6 trong linh vyc nay.

O dang chit mang dugc dung, cac chét mang hitu co hogic v co thudng duoc
st dung lam nguyén liéu bao ché 6 thé duoc két hop & dang ta duoc, chit két dinh,

chét gay ra, chét 1am tron, chét tao mau cho cac ché phém rén; hodc & dang dung moi,
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chit hoa tan, chét tao huyén phu, chét déng truong, chét dém va chét 1am diu cho cac
ché phim 16ng. Hon nita, c4c phu gia didu ché nhu chét bao quan, nhur chét khtr tring,
chét chéng oxy hda, chét tao mau, chét tao ngot va chit 6n dinh c6 thé duoc st dung
néu can.

Céc ché phim rin ding dudng miéng dugc bao ché nhu sau. Sau khi tily ¥ bb
sung t4 duoc vao hop chét theo sing ché bing chét két dinh, chét gy ra, chét lam tron,
chét tao mau, chét tao vi hodc tao mui thom, v.v., hdn hop thu duge duge bao ché thanh
vién nén, vién nén phy, hat, bot, vién nang, hodc twong tur bang phuong phép thong
thuong,.

Vidu vé t4 duoc bao gém lactoza, sucroza, D-manitol, glucoza, tinh bdt, canxi
cacbonat, kaolin, xenluloza tinh thé, axit silixic khan nhe. Vi du vé chét két dinh bao
gdm nudc, etanol, 1-propanol, 2-propanol, sird, glucoza 1éng, tinh bot o 1ong, gelatin
16ng, D-mannitol, carboxymetyl xenluloza, hydroxypropyl xenluloza, tinh bot
hydroxypropyl, metyl xenluloza, etyl xenluloza, senlac, canxi phosphat,
polyvinylpyrolidon, va tuong tu. Cac vi du vé chét gdy rd bao gdm tinh bot kho, natri
alginat, thach tréng bot, natri hydro cacbonat, canxi cacbonat, natri lauryl sulfat, -
monoglyxerit cuia axit stearic, lactoza, va twong tu. Cac vi du v& chét [am tron bao gbm
d4 tan tinh khiét, mudi natri clia axit stearic, magié stearat, borax, polyetylen glycol, va
tuong ty. Céc vi du vé chét tao mau bao gém oxit titan, oxit sit, va tuong tu. Céc vi du
vé chit tao vi hodc mui thom bao g@)m sucroza, vo cam déng, axit xitric, axit tartaric, va
tuong tu. '

Khi ché pham léng ding dudng miéng dugc bao ché, ¢6 thé bd sung chét tao vi,
chit dém, chét n dinh, chét tao mui thom, va tuong tur vao hop chét theo sang ché; va
hdn hop thu dugc ¢b thé duge bao ché thanh ché phim 16ng ding duong miéng, sird,
cdn ngot, v.v., theo phuong phép thong thudng,

Trong trudng hop ndy, chét tao vi hodc mui thom giéng nhu nhitng chat néu
trén c6 thé duoc st dung. Vi du vé chét dém 12 natri xitrat, va cac vi du chét én dinh bao
gdm tragacan, gém arabic, va gelatin. Khi can thiét, ché pham diing dudng miéng nay
¢ thd duoc phu theo phuong phép da biét trong linh vuc bang 16p phi tan trong rudt
hodc 16p pht khac vi muc dich, vi du, duy tri hi¢u qua. Céc vi du vé cac chét phtl ndy
bao gdbm hydroxypropyl metylxenluloza, etyl xenluloza, hydroxymetyl xenluloza,
hydroxypropyl xenluloza, polyoxyetylene glycol, va Tween 80 (nhén hi¢u).

Khi thudc tiém duge bao ché, ¢6 thé bd sung chét diéu chinh d6 pH, chit dém,
chét n dinh, chét déng truong, chét giy mé cuc bg, va twong tu, vao hop chét theo séng
ché; va hdn hop c6 thé dugc bao ché thanh thudc tiém dudi da, trong co hodc trong tinh
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mach theo phuong phép thong thudng.

Céc vi du vé chit diéu chinh d6 pH va chit dém duoc str dung & ddy bao gdbm
natri Xitrat, natri axetat, va natri phosphat. Cac vi du vé chét én dinh bao g@)m natri
pyrosulfit, EDTA, axit thioglycolic, v axit thiolactic. Cac vi du v& chét giy mé cuc bd
bao gdm procain hydroclorua va lidocain hydroclorua. Céc vi du vé chit lam truong
bao gdm natri clorua, dextroza, D-manitol, va glyxerol.

Khi bao ché thube dan, c6 thé bd sung chit mang dugc dung d biét trong linh
vuc nhu polyetylen glycol, lanolin, chit dém cacao, va triglyxerit clia axit béo va khi
can thiét, chat hoat dong bé mit nhu Tween 80 (nhan hidu), vao hop chét theo sang ché,
va hén hop thu duge ¢ thé duge bio ché thanh thubc dan theo phuong phép thong
thuong.

Khi bao ché thubc m&, c6 thé tron chét nén, chét &n dinh, chat lam uét, cht
bao quan dugc st dung thdng thuong va tuong tu, vao hop chét theo sang ché, khi can
thiét; va hdn hop thu duoc c6 thé duogc tron va bao ché thanh thubc mé theo phuong
phép thdng thuong.

Céc vi du vé bazo bao gdm paraffin 16ng, m& dau hoa tring, sap ong tring,
ruou oxtyl dodexyl, va paraffin.

Céc vi du vé chét bao quan bao gdm metyl paraoxybenzoat, etyl
paraoxybenzoat, va propyl paraoxybenzoat.

Khi diéu ché cao dén, c6 thé sir dung thubc ma, kem, gel, bot nhdo, hodc tuong
tur, vao chét nén thng thuong theo phuong phap thong thudng,

O dang chét nén, vai len hodic vai khéng pha len bao g6m béng, soi bong, hoic
soi héa hoc va mang phim hodc tAm bot vinyl clorua mém, polyetylen, polyuretan, v.v.,
la phu hop.

Luong hop chét theo sang ché duoc dua vao mdi dang don vi dinh litu phu
thudc vao tinh trang bénh nhan ma st dung hop chét, dang dinh liéu ctia no, v.v. Thong
thudng, trong trudng hop thude ding qua dudng miéng, luong hop chét 14 tir 0,05 dén
1000mg trén mdi dang don vi dinh lidu. Trong truong hop thudc tiém, luong hop chét
14 tir 0,01 dén 500mg trén mdi dang don vi dinh lidu; va trong truong hop thude dan,
luong hop chét 1 tir 1 d&n 1000mg trén mdi dang don vi dinh lidu.

Liéu thudc ding hang ngay & dang dinh liéu nay phu thudc vao tinh trang bénh,
thé trong, do tudi, gi6i tinh, v.v., clia bénh nhan, va khong thé duoc tdng quéat hoa. Vi du,
liu ding hang ngay cho ngudi 1én (thé trong: 50 kg) thuong 14 tir 0,05 dén 5,000mg,
va tbt hon 14 0,1 dén 1,000mg; va t6t hon 1 duoc str dung & mét lidu, hodc hai hodc ba
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liéu chia ra, moi ngay.

Céc vi du vé dong vat co6 vl ma hgp chat theo sang ché dugc str dung bao gom
nguoi, khi, chudt, chudt nhat, tho, chd, meo, bo, ngura, lon, va ctru.

Vi du thuc hién sing ché

Sang ché duoc mé ta cu thé hon dudi ddy bang ¢c vi du, tuy nhién, sing ché
khong bi gidi han & cac vi du nay.

Trong phén céc vi du, cic chat phan tmg c6 ban san dugc str dung, trir phi dugce
quy dinh khac. Purif-Pack® SI, do Moritex Corp. san xuét (do Shoko Scientific Co.,
Ltd. san xuét); cot KP-Sil® Silica déng géi sin, do Biotage san xuat; cot HP-Sil(r)
Silica dong g6i sén, do Biotage san xuét, hodc cot HP-Sphere® Silica dong gdi san, do
Biotage san xuét, duoc sir dung cho séc ky cdt silica gel. Purif-Pack® NH, do Moritex
Corp. san xuét (do Shoko Scientific Co., Ltd. san xuét); hoic cot KP-NH® dong goi
s&n, do Biotage san xuét, dugc sit dung cho séc ky cot silica gel bazo. Kieselgel TM
60F254, Art. 5744, do Merck san xuét, hoic NH2 Silica Gel 60F254 Plat, do Wako sén
xuht, duge str dung cho phép séc ky 16p méng diéu ché. Phd NMR dugc do béng cach
str dung AL400 (400 MHz; do JEOL san xuét), hodc may do phd Mercury 400 (400
MHz, do Agilent Technologies, Inc. san xudt). Khi dung méi dotori héa chira
tetrametylsilan, tetrametylsilan dugc str dung & dang tham chiéu ndi bd. Mot cach khac,
dung m6i NMR dugc st dung lam tham chiéu ndi bo. Tht ca cac tri sb & dugce thé hién
bang ppm. Phan tmg vi séng dugc thuc hién st dung chit khoi mao, do Biotage san
Xuét.

Ngoai ra, phd LCMS duoc do st dung Acquity SQD (mach bén cuc), do
Waters Corporation san xut, theo cac diéu kién duéi day.

Cot: Acquity UPLC® BEH C18, 2,1 X 50mm, 1,7pm, do Waters Corporation san xuit
Do MS: ESI duong

Do UV: 254 va210 nm

Téc dd dong chay cot: 0,5ml/phut

Pha dong: Nudc/axetonitril (0,1% axit formic)

Thé tich tiém: 1l

Gradient (Bang 1)
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Thoi gian (phut) Nudc  Axetonitril
0 95 5
0,1 95 5
2,1 5 95
3,0 STOP.

Viée tinh ché HPLC didu ché pha nguoc duoc thuce hién bang cach st dung hé
thdng tach diéu ché c6 ban sin tir Gilson.

Cot: CombiPrep Pro C18, 50 X 30mm I.D., S-5um (do YMC sén xuét).
Do UV : 254 nm
Téc do dong chay cot: 40ml/phut
Pha dong: Nudc/axetonitril (0,1%o axit trifloaxetic)
Thé tich tiém: 0,1 dén 1ml.
M3 biéu tuong dugc thé hién nhu dudi day.
s: vach don
d: vach doi
t: vach ba
q: vach bén
dd: vach d6i dap
dt: vach ba dap
ddd: vach dbi dup hai lan
m: vach bdi
brs: dai rong
DMSO-dg: dimetyl sulfoxit doteri hoa
CDCl;: cloform doteri hoa
CD;0D: metanol doteri hoa
THEF: Tetrahydrofuran
DMF: N,N-dimetylformamit
DME: 1,2-Dimetoxyetan

DMSO: Dimetylsulfoxit
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HATU: O-(7-azabenzotriazol-1-yl)-N,N,N’ N’-tetrametyluroni hexaflophosphat
Vidul

(S)-N-(4-amino-6-metylen-5-(quinolin-3-y1)-7,8-dihydro-6H-pyrimido[ 5,4-b]pyrolizin-
7-yl)acrylamit (Hop chat 1)

Budc 1: Tong hop (S)-tert-butyl (1-(4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)but-
3-en-2-yl)carbamat

NHBoc

Bb sung tir tir diisopropyl azodicarboxylat (2,44ml) vao dung dich chira
triphenylphosphin (13,1g) trong THF (70ml) trong khi lam lanh bang nude da. Khudy
hén hop phan tng trong khi lam lanh bing nudc d4 trong 1 gid, va sau d6 dung dich
(S)-tert-butyl (1-hydroxybut-3-en-2-yl)carbamat (7,0g) dugc tdng hop theo phuong
phap duge md ta trong tai liéu NPD Org. Lett., 2005, vol. 7, No. 5, pp. 847-849 va bd
sung tir tir 4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin (6,97g) trong THF (35ml) vao do.
Sau khi khudy hén hop phan tmg & nhiét d9 trong phong trong 2 gid;, loc dung méi dudi
&p sut giam. Chét cin thu dugc duge tinh ché bang séc ky cot silica gel (dung mdi phat
trién: hexan/etyl axetat), bang cach d6 thu dugc hop chét néu & d& muc (20,84g) ¢ dang
chét diu mau vang nhat.

ESI-MS m/z 448, 450 [M-+H]".

Budc 2: Tong hop (S)-tert-butyl (1-(4-amino-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)but-3-en-2-yl)carbamat
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‘NHBOC ’

Bé sung dung dich amonia-metanol 8N (89,4ml) vao (S)-tert-butyl (1-(4-clo-5-
iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)but-3-en-2-yl)carbamat (20,84g) thu dugc & bude
1, va khudy hn hop trong ndi hdp & 120°C trong 6 gid. Hon hop phéan tmg dugc lam
lanh bang nude d4, va loc dung mdi dudi 4p sudt giam. Sau khi pha loéing chét cin thu
duge bang mot luong nhd metanol, chét két tiia thu duoc bang cach loc, rira bang
metanol lanh (11ml), va sau d6 dugc 1am khé dudi 4p suat giam, bang cach d6 thu duoc
hop chét néu & d& muc (8,28g) & dang chét rin mau tring sfta.

ESI-MS m/z 430 [M+H]".

Bude 3: Téng hop (S)-tert-butyl (1-(4-amino-5-(quinolin-3-yl)-7H-pyrolo[2,3-
d]pyrimidin-7-yl)but-3-en-2-yl)carbamat

N
A

—NHBoc 5

Khudy hén hop bao gdm (S)-tert-butyl (1-(4-amino-5-iodo-7H-pyrolo[2,3-
d]pyrimidin-7-yl)but-3-en-2-yl)carbamat (8,26g) thu dugc & budc 2, axit 3-
quinolinboronic (4,99g), xesi cacbonat (12,54g), 1,1 -bis(diphenylphosphino)feroxen-
paladi(Il)diclorua (785,6mg), DME (66ml), va nuéc (33ml) dudi khi quyén nito &
100°C trong 2 gidr. Sau khi 13m lanh hén hop phan tng, b6 sung nude va etyl axetat vao
d6 @8 téch 16p hitu co. Sau d6 16p nude dugce chiét hai 1an bang etyl axetat. Lop hitu co
thu duoc dugc lam kho bing magié sulfat khan, va loc dung méi dudi 4p sudt giam.
Chét cin thu duoc dugc tinh ché bing séc ky cot silica gel (dung méi phat trién:
hexan/etyl axetat, etyl axetat/metanol), béng cach do6 thu dugc hop chét néu & d& muc
(8,0g) & dang chét rdn mau cam nhat.

ESI-MS m/z 431 [M+H]".
Budc 4: Tong hop (S)-tert-butyl (1-(4-amino-6-bromo-5-(quinolin-3-y1)-7H-
pyrolo[2,3-d]pyrimidin-7-yl)but-3-en-2-yl)carbamat
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b

B& sung N-bromosucxinimit (3,63g) vao dung dich chira (S)-tert-butyl (1-(4-
amino-5-(quinolin-3-yl)-7H-pyrolo[2,3-d]pyrimidin-7-yl)but-3-en-2-yl)carbamat
(7,98g) thu duoc & bude 3 trong DMF (64ml) & -15°C, va hon hop dugc khudy & -15°C
trong 1 gid. B sung dung dich nudc natri thiosulfat 10% va etyl axetat vao hdn hop
phén tmg, va khudy & nhiét d6 trong phong trong 10 phut. Tach 16p hitu co, va 16p nude
duge chiét hai 1an bing etyl axetat. Lop hitu co thu duoc dugc rira hai lan bang dung
dich natri clorua bdo hoa, va duge lam kho bing magié sulfat khan. Loc dung méi dudi
ap suét giam. Chét cin thu duge dugc tinh ché bang séc ky cot silica gel (dung mdi phét
trién: etyl axetat/metanol), bing cach dé thu duogc hop chit néu & @& muc (6,30g) &
dang chét rin méu néu nhat.

ESI-MS m/z 509, 511 [M+H]".

Budc 5: Tng hop (S)-tert-butyl (4-amino-6-metylen-5-(quinolin-3-y1)-7,8-dihydro-6H-
pyrimido[5,4-b]pyrolizin-7-yl)carbamat

B sung dung dich nudc natri hydroxit 4N (28,8ml) vao dung dich chira (S)-
tert-butyl(1-(4-amino-6-bromo-5-(quinolin-3-yl)-7H-pyrolo[2,3-d]pyrimidin-7-yl)but-
3-en-2-yl)carbamat (5,00g) thu dugc & budc 4 trong THF (100ml), va hén hop dugc
khit khi dudi ép sut gidm, sau d6 khr khi nito. Sau khi bd sung
tetrakis(triphenylphosphin)paladi (1,13g), hon hop duoc khudy qua dém trong khi gia
nhiét & didu kién hdi luu. Sau khi hdn hop phan tng duoc 1am lanh dén nhiét do trong
phong, chiét bing etyl axetat, va 16p hitu co thu dugc duoc rira bing dung dich natri
clorua bdo hoa va dugc lam kho br?mg natri sulfat khan. Sau khi loc va ¢d, chit cin thu
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duge duoc tinh ché bang sic ky silica gel (dung mdi phét trién: etyl axetat/metanol),
bang cach d6 thu dugc hop chét néu & d& muc & dang chit rin mau vang (5,01g).

ESI-MS m/z 429 [M-+H]".
Budc 6: Téng hop hop chét 1

B sung dung dich hydro clorua - dioxan 4N (1ml) va metanol (1ml) vao dung
dich chira (S)-tert-butyl(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6 H-
pyrimido[5,4-b]pyrolizin-7-yl)carbamat (100mg) thu duoc & bude 5 trong cloform
(1ml), va hdn hop duoc khudy trong 5 git: & nhiét d6 trong phong, Hon hop phén tmg
duoc ¢ dudi &p sudt giam, bing cach d6 thu dugc (S)-6-metylen-5-(quinolin-3-y1)-7,8-
dihydro-6H-pyrimido[5,4-b]pyrolizin-4,7-diamin hydroclorua.

B sung diisopropyletylamin (0,187ml) vao dung dich (S)-6-metylen-5-
(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-b]pyrolizin-4,7-diamin hydroclorua trong
cloform (4ml), va bd sung 100mg/ml dung dich acryloyl clorua trong cloform (0,19ml)
trong khi 1am lanh bang nuéc d4. Hon hop duge khudy trong 40 phiit. Hon hop phan
ung duogc tinh ché béng séc ky silica gel (dung méi phat trién: etyl axetat/metanol); sau
khi ¢8, chét cin thu dugc duge tao huyén phil va rira trong etyl axetat/hexan. Chét rén
thu dugc bang cach loc va dugc 1am kho dudi &p sudt giam, bang cach d6 thu dugc hop
chét néu & d& muc (49mg) & dang chét rin mAu xanh 14 cy nhat.

'H-NMR (DMSO-dq)s: 3,88-3,93 (1H, m), 4,57-4,63 (1H, m), 5,03 (1H, d, J=2,4Hz),
524 (1H, d, J=2,4Hz), 5,55-5,62 (1H, m), 5,68 (1H, dd, J=10,0, 2,4Hz), 6,12-6,38 (4H,
m), 7,65 (1H, dd, J=7.8, 7,8Hz), 7,77-7,83 (1H, m), 8,04-8,11 (2H, m), 8,15 (1H, s),
8,41 (1H, d, J=2,2Hz), 8,82 (1H, d, J=7,8Hz), 8,98 (1H, d, J=2,2Hz).

ESI-MS m/z 383[M-+H]".

Vidu2

(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-b]pyrolizin-
7-yDmetacrylamit (Hop chét 2)

Budc 1: Tong hop (S)-6-metylen-5-(quinolin-3-y1)-7,8-dihydro-6H-pyrimido[ 5,4-
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b]pyrolizin-4,7-diamin

Bb sung axit clohydric SN (12ml) vao dung dich chira (S)-tert-butyl(4-amino-
6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-b]pyrolizin-7-yl)carbamat
(5,01g) thu dugc & budce 5 clia vi du 1 trong etanol (25ml), va hén hop thu duge duge
khudy trong 1 gior & nhiét d bén ngoai tir 70 dén 80°C. Sau khi hdn hop phéan tmg dugc
lam lanh dén nhiét do trong phong, hdn hop phan ting dugc rira bing cloform, va 16p
nude duge didu chinh dén khoang do pH 10 str dung dung dich natri hydroxit SN nudc,
sau do chiét bang cloform. Lép hitu co thu duge duge lam kho bing natri sulfat khan,
sau d6 loc va cd. Chat can thu duoc dugc tinh ché bang sic ky silica gel bazo (dung
moi phét trién: cloform/metanol), béng cach d6 thu dugc hop chét néu & d& muc (2,10g)
& dang chét rin mau vang.

ESI-MS mv/z 329 [M+H]".
Budc 2: Tong hop hop chit 2

Bb sung lién tiép diisopropyletylamin (0,0318ml) va metacryloyl clorua
(0,0148ml) vao dung dich chta (S)-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-
pyrimido[5,4-b]pyrolizin-4,7-diamin (50,0mg) thu dugc & budc 1 trong axetonitril
(2,0ml) va nuée (2,0ml) & 0°C, va hdn hop thu duge duge khudy trong 45 phit & cling
nhiét d6. Rét hon hop phan tmg vao dung dich nude natri bicarbonat bdo hoa, sau d6
chiét bang cloform. Sau khi 16p hitu co dugc lam kho bang natri sulfat khan, loc dung
mdi dudi 4p suét giam. Chat cin thu dugc dugce tinh ché bang sic ky cdt silica gel
(dung méi phét trién: etyl axetat/metanol), bang cach do6 thu dugc hop chét néu & dé
muc (38,0mg) & dang chét rin mau vang nhat.

'H-NMR (CDCLy)s: 2,02 (3H, s), 4,03 (1H, dd, J=11,6, 4,9Hz), 4,70 (1H, dd, J=11,6,
8,2Hz), 5,20-5,22 (3H, m), 5,44 (2H, d, J=1,7Hz), 5,73-5,75 (1H, m), 5,82 (1H, s), 6,89
(1H, d, J=7,6Hz), 7,61-7,65 (1H, m), 7,76-7,80 (1H, m), 7,87 (1H, d, J=8,3Hz), 8,15
(1H, d, J=8,5Hz), 8,21-8,25 (2H, m), 9,06 (1H, d, ]=2,2Hz).

ESI-MS m/z 397[M+H]".
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Vidu3

(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-b]pyrolizin-
7-yl)but-2-enamit (hdn hop bao 2dm E va Z) (Hop chét 3)

Thuc hién quy trinh tdng hop nhu & bude 2 clia vi du 2 sit dung crotonoyl
clorua thay cho metacryloyl clorua duge sir dung & budéc 2 cua vi du 2, béng cach do
thu duoc hdn hop néu & dé muc (8,8mg) & dang chét rin mau vang nhat.

'H-NMR (CDCL)3: 1,83-1,90 (3H, m), 4,01 (1H, dd, J=11,6, 5,2Hz), 4,73 (1H, dd,
J=11,6, 8,2Hz), 5,00 (2H, s), 5,19 (1H, d, J=1,5Hz), 5,44 (1H, d, J=2,0Hz), 5,75-5,77
(1H, m), 5,87-5,91 (1H, m), 6,27 (1H, d, J=8,3Hz), 6,92-7,01 (1H, m), 7,62-7,66 (1H,
m), 7,78-7,82 (1H, m), 7,88 (1H, d,J=7,3Hz), 8,18 (1H, d, ]=8,0Hz), 8,28-8,29 (2H, m),
9,08 (1H, d, J=2,2Hz).

ESI-MS m/z 397[M+H]".

Vidu4

(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-y1)-7,8-dihydro-6H-pyrimido[ 5,4-
b]pyrolizin-7-yl)-4-(dimetylamino)but-2-enamit (Hop chét 4)

BS sung lién tiép hydroclorua cla axit (E)-4-(dimetylamino)but-2-enoic
(60,6mg), HATU (139mg), diisopropyletylamin (0,106ml), va DMF (1,0ml) vao hén
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dich chira (S)-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-b]pyrolidin-
4,7-diamin (100mg) thu dugc & budce 1 cia vi du 2 trong metylen clorua (3,0ml) & nhiét
do trong phong, va hdn hop duoc khudy trong 1,5 gid' & ciing nhiét d6. Rot hdn hop
phén tmg vao dung dich nudc natri bicarbonat bdo hod, sau dé chiét bang etyl axetat.
Sau khi 16p hitu co duoc lam khé béng natri sulfat khan, loc dung méi dudi ép suat
giam. Chét cin thu duge dugc tinh ché bing séc ky cot silica gel (dung méi phét trién:
etyl axetat/metanol), bang cach d6 thu duoc hop chét néu & ¢& muc (114mg) & dang
chét rin mau vang nhat.

'H-NMR (CDCL)8: 2,23 (6H, s), 3,07 (2H, dd, J=6,0, 1,3Hz), 4,01 (1H, dd, J=11,6,
5,0Hz), 4,70 (1H, dd, J=11,6, 8,2Hz), 5,09 (2H, brs), 5,20 (1H, d, J=2,0Hz), 5,43 (1H, d,
J=2,0Hz), 5,73-5,79 (1H, m), 6,07 (1H, dt, J=15,4, 1,3Hz), 6,72 (1H, brs), 6,94 (1H, dt,
J=154, 6,0Hz), 7,61-7,65 (1H, m), 7,77-7,81 (1H, m), 7,87 (1H, d, J=8,0Hz), 8,16 (1H,
d, J=8,5Hz), 8,25-8,26 (2H, m), 9,05 (1H, d, J=2,0Hz).

ESI-MS m/z 440[M-+H]".

Vidu5

(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-
b]pyrolizin-7-yl)-3-cloacrylamit (Hop chét 5)

Thue hién quy trinh tong hop nhu & vi du 4 sir dung axit trans-3-cloacrylic thay
cho hydroclorua cua axit (E)-4-(dimetylamino)but-2-enoic dugc st dung & vi du 4,
bang cach d6 thu dugc hop chét néu & d& muc (49,2mg) & dang chét rin mau vang.
"H-NMR (CDCly)é: 4,04 (1H, dd, J=11,7, 4,6Hz), 4,69 (1H, dd, J=11,7, 8,0Hz), 5,03
(2H, s), 5,22 (1H, d, J=1,7Hz), 5,44 (1H, d, J=1,7Hz), 5,72-5,75 (1H, m), 6,34 (1H, d,
J=13,0Hz), 6,89 (1H, brs), 7,41 (1H, d, J=13,0Hz), 7,63-7,65 (1H, m), 7,79-7,81 (1H,
m), 7,87 (1H, d, J=8,0Hz), 8,16 (1H, d, J=8,3Hz), 8,25-8,26 (2H, m), 9,02 (1H, d,
J=2,0Hz).
ESI-MS nvz 417, 419]M+H]".
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Vidu6

(S,Z)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-
bpyrolizin-7-yl)-3-cloacrylamit (Hop chét 6)

Thuc hién quy trinh tdng hop nhur & vi du 4 sir dung axit cis-3-cloacrylic thay
cho hydroclorua clia axit (E)-4-(dimetylamino)but-2-enoic dugc st dung & vi du 4,
bang cach d6 thu dugc hop chét néu & d& muc (74,7mg) & dang chét rén mau vang,
'H-NMR (CDCl5)8: 4,07 (1H, dd, J=11,6, 5,4Hz), 4,82 (1H, dd, J=11,6, 8,2Hz), 4,96
(2H, s), 5,26 (1H, d, J=2,0Hz), 5,48 (1H, d, J=2,0Hz), 5,75-5,78 (1H, m), 6,28 (1H, d,
J=8,3Hz), 6,61 (1H, d, J=8,3Hz), 6,81 (1H, d, J=7,3Hz), 7,64-7,67 (1H, m), 7,79-7,33
(1H, m), 7,90 (1H, d, J=7,1Hz), 8,19 (1H, d, J=8,5Hz), 8,31 (1H, d, J=2,0Hz), 8,33 (1H,
©8),9,12 (1H, d, J=2,2Hz).
ESI-MS m/z 417, 419[M+H]".
Vidu7

(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-y1)-7,8-dihydro-6H-pyrimido[ 5,4-
blpyrolizin-7-y1)-4-(piperidin-1-yl)but-2-enamit (Hop chét 7)

Thyc hién quy trinh tdng hop nhu & vi du 4 st dung hydroclorua clia axit (E)-4-
(piperidin-1-yl)but-2-enoic thay cho hydroclorua clia axit (E)-4-(dimetylamino)but-2-
enoic dugc sit dung & vi du 4, bang cach d6 thu dugc hop chét néu & & muc (122mg) &
dang chét rin mau vang,

'H-NMR (CDCly)3: 1,42-1,59 (SH, m), 2,14 (1H, s), 2,39 (4H, brs), 3,10 (2H, dd, J=6,0,
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1,4Hz), 4,01 (1H, dd, J=11,6, 5,0Hz), 4,69 (1H, dd, J=11,5, 8,0Hz), 5,10 (2H, brs), 5,20
(14, d, J=2,1Hz), 5,43 (1H, d, J=2,1Hz), 5,73-5,79 (1H, m), 6,06 (1H, dt, =153,
1,4H7), 6,76 (1H, brs), 6,96 (1H, dt, J=15,3, 6,0Hz), 7,62-7,64 (1H, m), 7,77-7,80 (1H,
m), 7,87 (1H, d, J=8,0Hz), 8,16 (1H, d, J=83Hz), 8,24-8,25 (2H, m), 9,04 (1H, d,
J=2,0Hz).

ESI-MS m/z 480[M+H]".
Vidu8

(S)-N-(4-amino-6-metylen-5-(quinolin-3-y1)-7,8-dihydro-6H-pyrimido[ 5 4-b]pyrolizin-
7-yl)propiolamit (Hop chét 8)

H

Thuc hién quy trinh tdng hop nhu & vi du 4 st dung axit propiolic thay cho
hydroclorua cta axit (E)-4-(dimetylamino)but—2—enoic duoe st dung & vi du 4, bang
cach d6 thu dugc hop chét néu & d muc (30,0mg) & dang chét rdn mau vang.

'H.NMR (CDCLy)3: 2,91 (1H, s), 4,08 (1H, dd, J=11,7, 49Hz), 4,76 (1H, dd, J=11,7,
8 0Hz), 491 (2H, 5), 5,24 (1H, d, J=1,2Hz), 5,49 (1H, d, J=1,7Hz), 5,68-5,69 (1H, m),
6,34-637 (1H, m), 7,65-7,67 (1H, m), 7,81-7,83 (1H, m), 7,90 (1H, d, J=8,3Hz), 8,20
(1H, d, J=8,5Hz), 8,30 (1H, d, ]=2,0Hz), 8,34 (1H, ), 9,11 (1H, d, J=2,2Hz).

ESI-MS m/z 381[M+H]".

Vidu9

(S)-N-(4-amino-6-metylen-5-(quinolin-3-y1)-7,8-dihydro-6H-pyrimido[ 5,4-b]pyrolizin-
7-yl)but-2-ynamit (Hop chit 9)
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Thyc hién quy trinh tdng hop nhu & vi du 4 sir dung axit but-2-ynoic thay cho
hydroclorua cta axit (E)-4-(dimetylamino)but-2-enoic dugc st dung & vi du 4, bang
cach d6 thu duoc hop chét néu & dé muc (98,0mg) & dang chét rén mau vang.

'H-NMR (CDCl)8: 1,96 (3H, s), 4,02 (1H, dd, J=11,6, 5,0Hz), 4,70 (1H, dd, J=11,6,
8,3Hz), 5,05 (2H, 5), 5,24 (1H, d, J=1,6Hz), 5,45 (1H, d, J=1,6Hz), 5,70-5,72 (1H, m),
6,95-7,01 (1H, brs), 7,63-7,67 (1H, m), 7,78-7,83 (1H, m), 7,88 (1H, d, J=8 3Hz), 8,21
(1H, d, J=8,5Hz), 8,26-8,28 (2H, m), 9,02 (1H, d, J=2,0Hz).

ESI-MS m/z 395[M+H]".
Viduy 10

(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-
b]pyrolizin-7-yl)-4-(dietylamino)but-2-enamit (Hop chét 10)

Thuc hién quy trinh tdng hop nhu & vi du 4 st dung hydroclorua ctia axit (E)-4-
(dietylamino)but-2-enoic thay cho hydroclorua cta axit (E)-4-(dimetylamino)but-2-
enoic duoge sit dung & vi du 4, bang cach d6 thu dugc hop chét néu & d& muyc (38,2mg)
& dang chit rin mau vang,

'H-NMR (CDCL)S: 1,00 (6H, t, J=7,2Hz), 2,51 (4H, q, J=7,2Hz), 3,22 (2H, dd, J=5,9,
1,5Hz), 4,00 (1H, dd, J=11,5, 4,9Hz), 4,62 (1H, dd, J=11,5, 8 2Hz), 5,22-5,24 (3H, m),
5,40 (1H, d, J=2,0Hz), 5,74-5,80 (1, m), 6,12 (1H, dt, J=15,4, 1,5Hz), 6,98 (1H, dt,
=154, 59Hz), 7,50 (1H, brs), 7,58-7,62 (1H, m), 7,74-7,78 (1H, m), 7,84 (1H, d,
=7,6Hz), 8,12-8,14 (2H, m), 8,22 (1H, d, J=1,7Hz), 8,99 (1H, d, J=2,0Hz).

ESI-MS nvz 468[M-+H]".
Vidull

(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-
b]pyrolizin-7-y1)-4-(etyl(metyl)amino)but-2-enamit (Hop chét 11)
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Thyc hién quy trinh tong hop nhu & vi du 4 st dung hydroclorua cia axit (E)-4-

(etyl(metyl)amino)but-2-enoic thay cho hydroclorua ctia axit (E)-4-(dimetylamino)but-
2-enoic dugc st dung & vi du 4, bé'lng cach dé6 thu duge hop chit néu & dé muc
(13,5mg) & dang chét rdn mau vang,
'H-NMR (CDCl;)8: 1,06 (3H, t, J=7,2Hz), 2,24 (3H, s), 2,44 (2H, q, F7,2Hz), 3,15
(2H, dd, J=6,0, 1,6Hz), 4,03 (1H, dd, J=11,6, 5,1Hz), 4,73 (1H, dd, J=11,6, 8,2Hz), 5,01
(2H, s), 5,20 (1H, d, J=1,7Hz), 5,44 (1H, d, J=1,7Hz), 5,75-5,77 (1H, m), 6,05 (1H, dt,
J=154, 1,6Hz), 6,42 (1H, d, J=6,8Hz), 6,96 (1H, dt, J=15,4, 6,0Hz), 7,62-7,66 (1H, m),
7,78-7,82 (1H, m), 7,88 (1H, d, J=8,0Hz), 8,18 (1H, d, J=8,5Hz), 8,29 (2H, s), 9,08 (1H,
d, J=2,2Hz).

ESI-MS nvz 454[M+H]".
Viduy 12

(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-
b]pyrolizin-7-yl)-4-(isopropyl(metyl)amino)but-2-enamit (Hop chét 12)

Thue hién quy trinh tng hop nhu & vi du 4 st dung hydroclorua cia axit (E)-4-
(isopropyl(metyl)amino)but-2-enoic thay cho hydroclorua cuia axit (E)-4-
(dimetylamino)but-2-enoic dugc str dung & vi du 4, béng cach dé thu duoc hop chét
néu & d& muc (25,8mg) & dang chét réin mau vang,

'H-NMR (CDCL)5: 1,00 (6H, d, J=6,6Hz), 2,15-2,36 (3H, m), 2,79-2,88 (1H, m), 3,18
(2H, dd, J=5.9, 1,5Hz), 4,01 (1H, dd, J=11,5, 5,0Hz), 4,70 (1H, dd, J=11,5, 8,0Hz), 5,11
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(2H, s), 5,21 (1H, d, J=1,8Hz), 5,43 (1H, d, J=1,8Hz), 5,73-5,79 (1H, m), 6,10 (1H, dt,
J=15,4, 1,5Hz), 6,74 (1H, brs), 6,94 (1H, dt, =154, 59Hz), 7,61-7,65 (1H, m), 7,77-
7,81 (1H, m), 7,87 (1H, d, J=8,5Hz), 8,16 (1H, d, J=8,8Hz), 8,23-8,26 (2H, m), 9,05
(1H, d, J=2,2Hz).

ESI-MS nvz 468[M+H]".

Vidu13

(R)-N-(4-amino-6-metylen-5-(quinolin-3-y1)-6,7,8,9-tetrahydropyrimidol[ 5,4-
blindolizin-7-yl)acrylamit (Hop chit 13)

B4 sung N-metylmorpholin (3,63ml) va etyl cloformate (3,01ml) vao dung
dich axit (R)-3-((tert-butoxycarbonyl)amino)-5-(metylthio)pentanoic (7,92g) trong THF
(79,2ml) & -10°C. Sau khi khudy & -10°C trong 15 phut, chét khong tan sinh ra duoc loc.
B sung dung dich nude natri borohydrua (1,55g) (15ml) vao chét loc & -10°C, va hdn
hop duoc khudy & -10°C trong 1 gio. B sung dung dich amoni clorua nuéc bo hoa
vao hdn hop phan tmg, va hdn hop duoc khudy & nhiét do trong phong trong 30 phit.
Bb sung etyl axetat vao hon hop phén tng dé tach 16p hitu co. Lép hitu co dugce ria
bang dung dich nudc kali hydro sulfat 0,5N, nudc, dung dich nude natri hydroxit 0,5N,
va dung dich natri clorua béo hoa, va dugc lam kho bang natri sulfat khan. Dung méi
sau d6 duoc chung cit dudi 4p sudt giam. Chét cin thu duoc dugc tinh ché bang sic ky
cot silica gel (dung méi phét trién: cloform/etyl axetat), bang cach do thu duge hop chét
néu & dé muc chit c6 ddu mau vang nhat (7,18g).

Budc 2: Tong hop tert-butyl ((3R)-1-hydroxy-5-(metylsulfinyl)pentan-3-yl)carbamat
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HO _~ S
rfJHBoc s

B sung hdn dich natri periodat (7,0g) trong nude (32ml) vao dung dich chira
(R)-tert-butyl (1-hydroxy-5-(metylthio)pentan-3-yl)carbamat (8,16g) thu dugc & bude 1
trong metanol (98ml) & nhiét d6 10°C hozc thap hon, va hdn hop dugc khudy & nhiét
do trong phong trong 2 gid. Chét khong tan sinh ra duoc loc, va chét loc duge chung cét
duéi ép suét giam. Chét cin thu duge dugc hoa tan trong dung dich natri clorua bdo hoa,
sau d6 chiét bang cloform 3 1an. Lép hitu co duge lam kho bang natri sulfat khan, va
loc dung méi dudi 4p sudt giam, bang cach d6 thu dugc hop chét néu & dé muc (9,38g)
& dang chét rin mAu vang nhat.

Budc 3: Téng hop (R)-tert-butyl (5-hydroxypent-1-en-3-yl)carbamat

HO_~
riIHBoc

B6 sung natri axetat (13,45g) vao dung dich chtra tert-butyl ((3R)-1-hydroxy-5-
(metylsulfinyl)pentan-3-yl)carbamat (9,38g) thu duoc & bude 2 trong 1,2-diclobenzen
(140ml) & nhiét d trong phong. Hon hop duoc khudy & nhiét d6 bén ngoai 166°C
trong 18 gio. Sau khi 1am lanh hdn hop phan tmg, chét khong tan duoc loc, va 1,2-
diclobenzen duge chung cat dudi ap suét giam. Chét can thu dugc duoc hod tan trong
etyl axetat, dugc rira bang dung dich natri hypoclorit nuée, nuée, va dung dich natri
clorua bo hod, va duge 1am kho béng natri sulfat khan. Dung méi sau d6 dwoc chung
cét dudi &p suét gidm. Chét cin thu duoc dugc tinh ché bang sic ky cot silica gel (dung
mdi phat trién: hexan/etyl axetat), bang cach dé thu duoc hop chit néu & d& muc
(2,50g) chit c6 dau méau vang nhat.

Bude 4: Tong hop (R)-tert-butyl (5-(4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)pent-
1-en-3-yl)carbamat
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B& sung triphenylphosphin (3,25g) va hoa tan trong dung dich (R)-tert-butyl (5-
hydroxypent-1-en-3-yl)carbamat (2,5g) thu dugc & buéc 3 va 4-clo-5-iodo-7H-
pyrolo[2,3-d]pyrimidin (2,31g) trong DME (23ml) trong khi lam lanh bang nudc da.
Sau d6, bd sung tir tir diisopropyl azodicarboxylat (2,44ml). Khudy hdn hop phan tmg
trong khi 1am lanh bing nudc d4 trong 30 phiit, va & nhiét d6 trong phong trong 1 gio,
va dung méi sau d6 dugc chung cét dudi ap suat giam. Chét cin thu duoc duoc hoa tan
trong etyl axetat, rira bang nudc, va dugc lam kho bang natri sulfat khan. Dung méi sau
d6 duge chung cit dudi 4p suét giam. Chét cin thu duge duge tinh ché bing séc ky cot
silica gel (dung méi phat trién: hexan/etyl axetat), bang cach d6 thu duge hop chét néu
& dé muc (3,49g) & dang chét rin miu vang nhat.

ESI-MS m/z 463, 465 [M+H]".

Bude 5: Toéng hop (R)-tert-butyl (5-(4-amino-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-
yl)pent-1-en-3-yl)carbamat

L

BocHN™ :

B sung amonia nudc 28% (17,5ml) vao dung dich (R)-tert-butyl (5-(4-clo-5-
iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)pent-1-en-3-yl)carbamat (3,49g) thu duoc & bude
4 trong DME (17,5ml), va khudy hdn hop trong ndi hép & nhiét do bén ngoai 105°C
trong 8 gio. Sau khi 1am lanh hdn hop phén tmg, bd sung nude (70ml), va hdn hop
duoc khudy & nhiét do trong phong trong 4 gio. Chét két tia thu dugc bing cach loc,
rira bing nudc, va 1am khd, bang cach d6 thu dugce hop chit néu & dé muyc (3,20g) &
dang chét rin mau vang nhat.

ESI-MS nvz 444 [M+H]".

Budc 6: Tong hop (R)-tert-butyl (5-(4-amino-5-(quinolin-3-y1)-7H-pyrolo[2,3-
d]pyrimidin-7-yl)pent-1-en-3-yl)carbamat
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s

BocHN'

Hon hop bao gdm (R)-tert-butyl (5-(4-amino-5-iodo-7H-pyrolo[2,3-
d]pyrimidin-7-yl)pent-1-en-3-yl)carbamat (3,2g) thu dugc & budc 5, axit 3-
quinolinboronic (1,37g), natri cacbonat (843mg), tetrakis(triphenylphosphin)paladi
(250mg), DME (32ml) va nudce (32ml) duoc khudy dudi khi quyén nito & 100°C trong
6 gidr. Sau khi 1am lanh hdn hgp phan tng, b6 sung dung dich nudc natri bicarbonat béo
hoa va etyl axetat. Hon hop thu dugc duge khudy & nhiét d6 trong phong trong 30 phut.
Sauk hi loc chét khong tan, tach 16p hitu co va dugc 1am kho bang natri sulfat khan.
Dung mdi sau d6 dugc chung cét dudi &p sut giam, Chét ciin thu dugce duoc tinh ché
bang sic ky cot silica gel (dung méi phét trién: hexan/etyl axetat, etyl axetat/metanol),
bing cach d6 thu dugc hop chét néu & d& muc (3,21g) & dang chét rin mau cam nhat.

ESI-MS m/z 445 [M+H]".

Budc 7: Tong hop (R)-tert-butyl (5-(4-amino-6-bromo-5-(quinolin-3-yl)-7H-
pyrolo[2,3-d]pyrimidin-7-yl)pent-1-en-3-yl)carbamat

L

BocHN" ,

B6 sung dung dich N-bromosucxinimit (1,35g) trong THF (23ml) vao dung
dich (R)-tert-butyl (5-(4-amino-5-(quinolin-3-yl)-7H-pyrolo[2,3-d]pyrimidin-7-yl)pent-
1-en-3-yl)carbamat (3,21g) thu duge ¢ bude 6 trong THF (26ml) trong khi lam lanh
bang nudc da hon 30 phit. Hon hop duogc khudy trong khi 1am lanh bang nuéc d trong
30 phut. Sau khi bd sung dung dich natri thiosulfat nudc 5% vao hdn hop phan tng,
hén hop duge rét vao dung dich nude natri bicarbonat bdo hoa, sau d6 chiét bang etyl

-56-



20219

axetat. L6p hitu co dugc rira bing dung dich natri clorua bdo hoa, va duge lam khd
bang natri sulfat khan. Dung méi sau d6 duoc chung cht dudi 4p sut giam. Chét can
thu dugc duoc tinh ché bing sic ky cot silica gel (dung méi phét trién: hexan/etyl axetat,
etyl axetat/metanol), bang cach dé thu dugc hop chét néu & d& muc (3,15g) & dang chat
rin mau nu nhat.

ESI-MS m/z 523, 525 [M+H]".

Budc 8: Téng hop (R)-tert-butyl (4-amino-6-metylen-5-(quinolin-3-y1)-6,7,8,9-
tetrahydropyrimido[5,4-bJindolizin-7-yl)carbamat

B sung dung dich nuéc natri hydroxit 4N (0,454ml) vao dung dich (R)-tert-
butyl (5-(4-amino-6-bromo-5-(quinolin-3-yl)-7H-pyrolo[2,3-d]pyrimidin-7-yl)pent-1-
en-3-yl)carbamat (475mg) thu dugc & bude 7 trong THF (Sml). Sau do, hén hop duoc
khit khi dusi 4p suét gidm, sau d6 khit khi nito. Sau khi b0 sung
tetrakis(triphenylphosphin)paladi (41,6mg), hén hop dugc khudy qua dém trong khi gia
nhiét & didu kién hdi luu. Sau khi hdn hop phan tmg dugc 1am lanh dén nhiét d¢ trong
phong, rét hdn hgp phan img vao nudc, va chiét bang etyl axetat. Lop hitu co thu duge
duoc rira bang dung dich natri clorua bdo hoa, va duge lam kho bang natri sulfat khan.
Sau khi loc va ¢, cht can thu dugc dugc tinh ché bang séc ky silica gel (dung moi phat
trién: etyl axetat/metanol), bang cach d6 thu dugc hop chét néu & d& muc (293mg) &
dang chét rin méau vang,

ESI-MS my/z 443 [M+H]".

Budc 9: Téng hop (R)-6-metylen-5-(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[5,4-
blindolizin-4,7-diamin
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Bb sung axit clohydric SN (Iml) vao dung dich (R)-tert-butyl (4-amino-6-
metylen-5-(quinolin-3-yl)-6,7,8 9-tetrahydropyrimido[5,4-bJindolizin-7-yl)carbamat
(290mg) thu duoc & bude 8 trong etanol (4ml). Sau d6, hdn hop duge khudy trong 6 gio
& 70°C. Sau khi hdn hop phan tng duoc 1am lanh dén nhiét d6 trong phong, hdn hop
phan tmg duoc didu chinh dén khoang do pH 10 st dung dung dich natri hydroxit SN
nude, sau d6 chiét bang cloform. Ldp hitu co thu duge durge 1am khé bing natri sulfat
khan, sau d6 loc va ¢d. Chét cin thu dugc duoc tinh ché bing sic ky silica gel bazo
(dung mdi pht trién: cloform/metanol), bing cach d6 thu dugc hop chat néu & d& muyc
(218mg) & dang chét rin mau nau nhat.

ESI-MS m/z 343 [M+H]".
Budc 10: Téng hop hop chét 13

B sung diisopropyletylamin (0,129ml) va dung dich acryloyl clorua (56,1mg)
trong cloform (0,5ml) vao dung dich (R)-6-metylen-5-(quinolin-3-yl)-6,7,8,9-
tetrahydropyrimido[5,4-b]indolizin-4,7-diamin (215mg) thu dugc & budc 9 trong
cloform (4ml) trong khi 1am lanh bang nudc d4, va hon hop thu dugc duge khudy trong
30 phut. Sau khi hdn hop phéan tmg duoc cd, chét can dugc tinh ché bing sic ky silica
gel (dung méi phét trién: etyl axetat/metanol), bang cach d6 thu dugc hop chit néu & dé
muc (117mg) & dang cht rén mau vang.

'H-NMR (CDCl)8: 2,28-2,41 (2H, m), 4,32-4,50 (2H, m), 4,64 (2H, brs), 4,97 (1H, s),
5,07 (1H, s), 5,05-5,12 (1H, m), 5,72 (1H, dd, J=10,2, 1,2Hz), 5,75-5,85 (1H, m), 6,14
(1H, dd, J=16,8, 10,2Hz), 6,36 (1H, dd, J=16,8, 1,2Hz), 7,61-7,68 (1H, m), 7,77-7,84
(1H, m), 7,87 (1H, d, J=8,4Hz), 8,18 (1H, d, J=8,4Hz), 8,27 (1H, d, J=2,0Hz), 8,33 (1H,
s), 8,98 (1H, d, J=2,0Hz).

ESI-MS m/z 397[M+H]".

Vidu 14

(S)-N-(4-amino-6-metyl-5-(quinolin-3-y1)-8,9-dihydropyrimido[5,4-bJindolizin-8-
yDacrylamit (Hop chét 14)
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Budc 1: Téng hop (S)-metyl 2-((tert-butoxycarbonyl)amino)pent-4-enoat

B sung dung dich nudc natri hydroxit 5N (2,1ml) va di-tert-butyl dicarbonat
(2,128ml) vao hén dich chira axit (S)-2-amino-4-pentenoic (1,016g) trong metanol
(20ml) & nhiét do trong phong, va hdn hop thu duge duge khudy trong 8 gid & cling
nhiét do. B sung di-tert-butyl dicarbonat (0,304ml) & nhiét d¢ trong phong, va hdn hop
duge khudy trong 1 gidr & cting nhiét d6. B6 sung 4-hydroxy-1H-benzotriazol (1,796g)
va 1-(3-dimetylaminopropyl)-3-etylcarbodiimit hydroclorua (3,882g) vao hén hop phan
ting & nhiét do trong phong, va hdn hop duoc khudy qua dém & cling nhiét d6. Hon hop
phan tmg dugc cd dudi ap suat giam, va sau d6 duoc rét vao dung dich nudc natri
bicarbonat bdo hod, sau dé chiét bang etyl axetat. Lép hitu co thu duge duoc 1am kho
bang natri sulfat khan, sau d6 loc va co. Chét can thu duge dugc tinh ché bang sic ky
silica gel (dung méi phét trién: cloform/metanol), bang cach d6 thu duoc hop chét néu &
dé muc (2,0311g) chét ¢6 du mau vang nhat.

Budc 2: Tong hop (S)-tert-butyl (1-hydroxypent-4-en-2-yl)carbamat
r;lHBoc
/\/\/OH >

B sung lithi alumini hydrua (668,2mg) vao dung dich (S)-metyl2-((tert-
butoxycarbonyl)amino)pent-4-enoat (1,983g) thu dugc & budc 1 trong THF (50ml)
trong khi 1am lanh bang nuéc d4, va hdn hop dugc khudy trong 1,5 gio & cliing nhiét do.
B6 sung natri sulfat decahydrat (1,1375g) va THF (10ml) vao hén hop phan tmg & nhiét
do trong phong, va hon hop duge khudy qua dém & cling nhiét do. Chét khong tan duoc
loc. Sau khi rira bang THF va etyl axetat, chét loc dugc cd dudi ap sudt giam. Chét can
thu duoc duge tinh ché bing sic ky silica gel (dung méi phat trién: hexan/etyl axetat),
bang cach d6 thu dugc hop chét néu & d& muc (1,2601g) chét c6 ddu méu vang nhat.
Bude 3: Tong hop (S)-tert-butyl (1-(4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)pent-
4-en-2-yl)carbamat
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Thuc hién quy trinh tdng hop nhu & budc 4 ctia vi dy 13 st dung (S)-tert-butyl
(1-hydroxypent-4-en-2-yl)carbamat thu dugc & budc 2 thay cho (R)-tert-butyl (5-
hydroxypent-1-en-3-yl)carbamat dugc sir dung & budc 4 ctia vi du 13, bang cach d6 thu
dugc hop chit néu & d& muc (2,7679g) & dang chét rin mau vang nhat.

ESI-MS m/z 463, 465 [M+H]".

Budrc 4: Tong hop (S)-tert-butyl (1-(4-amino-6-bromo-5-(quinolin-3-yl)-7H-
pyrolo[2,3-d]pyrimidin-7-yl)pent-4-en-2-yl)carbamat

b

Thuc hién quy trinh tdng hop nhu & cic Budc tir 5 dén 7 ctia vi du 13 sir dung
(S)-tert-butyl (1-(4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)pent-4-en-2-yl)carbamat
thu duge & bude 3 thay cho (R)-tert-butyl (5-(4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin-
7-yl)pent-1-en-3-yl)carbamat dugc sir dung & budc 5 cua vi du 13, bang cach d6 thu
dugc hop chit néu & d& muc (2,669g) & dang chit rn mau niu nhat.

ESI-MS m/z 523, 525 [M+H]".
Bude 5: Téng hop (S)-tert-butyl (4-amino-6-metyl-5-(quinolin-3-y1)-8,9-

dihydropyrimido[5,4-bJindolizin-8-yl)carbamat va (S)-tert-butyl (4-amino-6-metylen-5-
(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[5,4-bJindolizin-8-yl)carbamat

NHBoc T\IHBoc R

Bb sung dung dich nuéc natri hydroxit 4N (5,1ml) va
tetrakis(triphenylphosphin)paladi (235,4mg) vao dung dich chira (S)-tert-butyl(1-(4-
amino-6-bromo-5-(quinolin-3-yl)-7H-pyrolo[2,3-d]pyrimidin-7-yl)pent-4-en-2-
yl)carbamat (2,669g) thu dugc ¢ budc 4 trong THF (50ml), va hdn hop duge khir khi
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dudi 4p suét giam, sau d6 khir khi nito. Khu4y hdn hop phan tmg overnight trong khi
gia nhiét & diéu kién hdi luu. Sau khi hdn hop phan tng dugc lim lanh dén nhiét d6
trong phong, rét hdn hop phan tmg vao dung dich nude natri bicarbonat béo hoa, va
chiét bing etyl axetat. Lép hitu co thu duge dugc 1am khd bang natri sulfat khan. Sau
khi loc va cd, chit can thu duoc duge tinh ché bing séc ky silica gel (dung mdi phat
trién: cloform/metanol), bing cach d6 thu dugc hdn hop chira hop chit néu & d& muc
(2,427g) & dang chét rin mau vang.

ESI-MS nvz 443 [M+H]".
Budc 6: Tong hop (S)-6-metyl-5-(quinolin-3-y1)-8 9-dihydropyrimido[5,4-b]indolizin-

4,8-diamin va (S)-6-metylen-5-(quinolin-3-yl)-6,7,8,9-tetrahydropyrimido[ 5,4-
bJindolizin-4,8-diamin

B4 sung axit clohydric SN (5,1ml) vao dung dich hén hop (2,427g) bao gdm
(S)-tert-butyl (4-amino-6-metyl-5-(quinolin-3-yl)-8,9-dihydropyrimido[5,4-bJindolizin-
8-yl)carbamat va (S)-tert-butyl (4-amino-6-metylen-5-(quinolin-3-yI)-6,7,8,9-
tetrahydropyrimido[5,4-b]indolizin-8-yl)carbamat thu duogc & budc 5 trong etanol
(20ml), va hdn hop dugc khudy qua dém & 60°C. Sau khi b sung thém axit clohydric
5N (5,1ml), hdn hop duoc khudy trong 10 gidr trong khi gia nhiét & diéu kién héi luu.
Sau khi hdn hop phan tmg dugc lam lanh dén nhiét d6 trong phong, hdn hop phan tmg
dugce pha loang voi nudce, va ria bang cloform. B6 sung dung dich natri hydroxit SN
nuée (10ml) vao 16p nude, sau do chiét bang cloform. Lép hitu co thu dugc dugce 1am
kho bang natri sulfat khan, sau d6 loc va cd. Chét cin thu dwoc duoce tinh ché b::ing sic
ky silica gel bazo (dung mdi phat trién: etyl axetat/metanol), bang cach d6 thu dugc hén
hop bao gdm hop chat néu & d& muc (1,4098g) & dang chit rin mau vang nhat.

ESI-MS nvz 343 [M+H]".
Budc 7: Téng hop hop chét 14
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B& sung lién tiép diisopropyletylamin (0,8452ml) va dung dich acryloyl clorua
(0,35ml) trong axetonitril (3,5ml) vao dung dich hdn hop (1,407g) bao gdm (S)-6-
metyl-5-(quinolin-3-y1)-8,9-dihydropyrimido[5,4-b]indolizin-4,8-diamin va (S)-6-
metylen-5-(quinolin-3-y1)-6,7,8 9-tetrahydropyrimido[5,4-b]indolizin-4,8-diamin thu
dugce & bude 6 trong axetonitril (10ml) va nude (10ml) & 0°C, va hdn hop duogc khudy
trong 45 phiit & cling nhiét do. Sau khi hén hgp phén tmg dugc pha loding v6i nudc, rét
hén hop phan tng vao dung dich nudce natri bicarbonat bdo hoa, sau d6 chiét bang etyl
axetat. Sau khi 16p hitu co dugc lam kho bang natri sulfat khan, loc dung méi dudi 4p
suét giam. Chét cn thu duoc dugc tinh ché bing sic ky cot silica gel (dung moi phat
trién: etyl axetat/metanol), bang cach d6 thu duoc hop chit néu & dé muc (897,1mg) &
dang chét rin mau vang nhat.

'H-NMR (DMSO-de)s: 1,51 (3H, s), 4,17 (1H, dd, J=13,2, 5,1Hz), 4,25 (1H, dd, J=13.2,
5,1Hz), 4,73-4,83 (1H, m), 5,61 (1H, dd, J=9,8, 2,7Hz), 5,65-6,00 (2H, brs), 5,81 (1H,
dd, J=5,1, 1,2Hz), 6,14 (1H, dd, J=17,1, 2,4Hz), 6,24 (1H, dd, J=17,1, 9,8Hz), 7,67 (1H,
ddd, 1=8,1, 7,1, 1,0Hz), 7,81 (1H, ddd, J=8,3, 7,1, 1,5Hz), 8,05 (1H, d, ]=8,1Hz), 8,09
(1H, d, J=8,3Hz), 8,13 (1H, 5), 8,39 (1H, brs), 8,46 (1H, d, J=7,3Hz), 8,94 (1H, s).

ESI-MS mv/z 397[M+HT]".
Vidu 15

(S)-N-(4-amino-6-metylen-5-(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[5,4-
b]indolizin-8- ‘

N
,\
NHZ —
N

\
kN/ N

H'N~<§
o

Phan doan hdn hop thu dugc bing cach tinh ché bang sic ky cot silica gel &
bude 7 ctia vi du 14 duoc tinh ché bang HPLC didu ché pha nguoc, bang cach do thu

b

duoc hop chit néu & d& muc (32,2mg) & dang chét rin mau vang nhat.

'H-NMR (DMSO-dg)s: 2,56-2,70 (1H, m), 2,72-2,82 (1H, m), 4,19 (1H, dd, J=14,1,

8 3Hz), 4,25-4,36 (1H, m), 4,72 (1H, d, J=13,7Hz), 5,62 (1H, dd, J=10,0, 2,2Hz), 5,80

(1H, dt, 1=12.2, 4,6Hz), 6,00-6,20 (3H, m), 6,20-6,31 (2H, m), 7,65 (1H, t, ]=8,1Hz),

7,80 (1H, t, 8,3Hz), 8,05 (1H, d, ]=8,5Hz), 8,08 (1H, d, J=8,3Hz), 8,15 (1H, s), 8,28-
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8,39 (2H, m), 8,87 (1H, d, J=2,2Hz).
ESI-MS m/z 397[M+H]".
Vidu16

(R)-N-(4-amino-6-metyl-5-(quinolin-3-yl)-8,9-dihydropyrimido[5,4-b]indolizin-8-
yl)acrylamit (Hop chét 16)

Budc 1: Tong hop (R)-tert-butyl (1-(4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)pent-
4-en-2-yl)carbamat

c

N
NHBoc )

Thye hién quy trinh tbng hop nhu & cac budc tir 1 dén 3 clia vi du 14 str dung
axit (R)-2-amino-4-pentenoic thay cho axit (S)-2-amino-4-pentenoic duoc st dung &
bude 1 cta vi du 14, bang cach d6 thu duge hop chét néu & d& muc (1,4217g) & dang
chét rin mau vang nhat.

ESI-MS m/z 463, 465 [M+H]".
Budc 2: Téng hop hop chét 16

Thue hién quy trinh tong hop nhu & céc bude tir 4 dén 7 ctia vi du 14 st dung
(R)-tert-butyl(1-(4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)pent-4-en-2-yl)carbamat
thu dugc & budc 1, bing cach do6 thu dugc hop chét néu & @& muc (21,0mg) & dang cht
rdn mau vang nhat.

"H-NMR (DMSO0-dy): 1,51 (3H, 5), 4,17 (1H, dd, J=13,2, 5,1Hz), 4,25 (1H, dd, J=13,2,
5,1Hz), 4,73-4,83 (1H, m), 5,61 (1H, dd, J-9,8, 2,7Hz), 5,65-6,00 (2H, brs), 5,81 (1H,
dd, J=5,1, 1,2Hz), 6,14 (1H, dd, J=17,1, 2,4Hz), 6,24 (1H, dd, J=17,1, 9,8Hz), 7,67 (1H,
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t, J=7,1Hz), 7,81 (1H, t, J=7,6Hz), 8,05 (1H, d, J=8,1Hz), 8,09 (1H, d, J=8,6Hz), 8,13
(1H, s), 8,39 (1H, brs), 8,46 (1H, d,J=7,1Hz), 8,94 (1H, s).

ESI-MS nmvz 397[M+H]".
Vidu17

(R)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-6,7,8 9-tetrahydropyrimido[ 5,4-
blindolizin-8-yl)acrylamit (Hop chét 17)

N
,\
NH2 —
N

FZ

b

N N
HN~<§
0

Phan doan hdn hop thu duoc bang cach tinh ché bang sic ky cot silica gel & vi
du 16 dugc tinh ché theo cting phuong phép nhu & vi du 15, bang cach d6 thu duoc hop

b

chét néu & d& muc (8,4mg) & dang chét rén mau vang nhat.

'H-NMR (DMSO-dg): 2,57-2,70 (1H, m), 2,71-2,82 (1H, m), 4,19 (1H, dd, J=13,2,
8,3Hz), 4,25-4,36 (1H, m), 4,72 (1H, d, J=13,2Hz), 5,62 (1H, dd, J=10,0, 2,2Hz), 5,30
(1H, dt, J=12,2, 4,6Hz), 6,00-6,20 (3H, m), 6,20-6,31 (2H, m), 7,65 (1H, t, J=7,6Hz),
7,79 (1H, ddd, J=8,3, 7,1, 1,5Hz), 8,05 (1H, d, J=8,5Hz), 8,08 (1H, d, J=8,5Hz), 8,15
(1H, s), 8,33 (1H, d, J=2,2Hz), 8,36 (1H, d, J=7,6Hz), 8,87 (1H, d, J=2,2Hz).

ESI-MS m/z 397[M+H]".

Viduy 18

(S)-N-(4-amino-6-metylen-5-(quinolin-3-y1)-7,8,9,10-tetrahydro-6H-
pyrimido[5°,4”:4,5]pyrolo[ 1,2-a]azepin-8-yl)acrylamit (Hop chét 18)

Budc 1: Téng hop (S)-tert-butyl (1-hydroxyhex-5-en-3-yl)carbamat
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HO A~ ~F
NHBoc ,

B6 sung N-metylmorpholin (2,1g) vao dung dich axit (S)-3-((tert-
butoxycarbonyl)amino)hex-5-enoic (4,0g) trong THF (40ml), va bd sung tir tir etyl
cloformat (1,75ml) & -10°C. Sau d6, hén hop duge khudy trong 20 phiit & cling nhiét do,
va chét khong tan tinh ra dugc loc qua Celite. Bb sung tir tir dung dich natri
tetrahydroborat (904mg) trong nudc (8ml) vao chét loc thu duge & -10°C. Sau khi hdn
hop duoc khudy trong 30 phtit & ciing nhiét do, bd sung dung dich amoni clorua nuéc
bio hoa. Sau khi chiét bing ety axetat, rira bang dung dich nuéc kali hydro sulfat 0,5N,
dung dich nudc natri bicarbonat béo hoa, va dung dich natri clorua béo hoa theo trinh tu.
L6p hitu co thu duge dugc lam kho béng natri sulfat khan va sau d6 loc va cd. Chét cin
thu duge dugc tinh ché bing séc ky silica gel (dung méi phat trién: hexan/etyl axetat),
béng cach d6 thu duoc hop chét néu & d& muc (3,54g) & dang cht ¢ dau.

Budc 2: Téng hop hop chét 18

Thuc hién quy trinh tdng hop nhu & céc budc 4 dén 10 ctia vi du 13 sir dung
(S)-tert-butyl (1-hydroxyhex-5-en-3-yl)carbamat thu dugc & budc 1 thay cho (R)-tert-
butyl (5-hydroxypent-1-en-3-yl)carbamat dugc st dung & budce 4 cia vi du 13, bang
cach d6 thu dugc hop chét néu & d& muc (147mg) & dang chét réin khong mau.

'H-NMR (DMSO-dg)8: 1,68-1,82 (1H, m), 2,17-2,25 (1H, m), 2,42-2,53 (1H, m), 2,75~
2,83 (1H, m), 3,86-4,16 (2H, m), 4,64-4,78 (1H, m), 4,84 (1H, d, J=1,7Hz), 5,26 (1H, s),
5,60 (1H, dd, J=10,0, 2,4Hz), 6,00 (2H, brs), 6,11 (1H, dd, J=17,1, 2,4Hz), 6,27 (1H, dd,
J=17,1, 10,0Hz), 7,60-7,64 (1H, m), 7,73-7,77 (1H, m), 7,99-8,04 (2H, m), 8,17 (1H, s),
8,22 (1H, d, J=8,0Hz), 8,30 (1H, d, J=2,0Hz), 8,78 (1H, d, J=2,0Hz).

ESI-MS nvz 411[M+H]".

Vidu 19

(S,E)-N-(4-amino-6-etyliden-5-(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[5,4-
blindolizin-8-yl)acrylamit (Hop chét 19)
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Budc 1: Tong hop (S)-metyl 3-((tert-butoxycarbonyl)amino)-4-hydroxybutanoat

HO” >""CcooMe
NHBoc

9

B sung N-metylmorpholin (9,78ml) va etyl cloformat (8,09ml) vao dung dich
axit (S)-2-((tert-butoxycarbonyl)amino)-4-metoxy-4-oxobutanoic (20,0g) trong THF
(200ml) trong khi 1am lanh bing nudc d4, va hén hop dugce khudy trong 1 gi¢r trong khi
lam lanh bing nudc d4. Chét khong tan sinh ra dugc loc. B sung dung dich natri
borohydrua (4,14g) trong nudc (41,4ml) vao chét loc trong khi lam lanh bang nudc da,
va hdn hop duoc khudy trong 30 phit trong khi 1am lanh bang nude da. BS sung dung
dich nuée kali hydro sulfat va etyl axetat vao hdn hop phéan ung. T4ch 16p hitu co, rira
bang dung dich nuéc natri bicarbonat bio hoa va dung dich natri clorua bdo hoa, va
duoc 1am kho bing magié sulfat khan. Dung mdi sau d6 duoc chung cét dudi 4p sudt
giam, bang cach do thu duoc hop chat néu & d& muc (10,82g).

Budc 2: Tong hop (S)-tert-butyl 4-(2-metoxy-2-oxoetyl)-2,2-dimetyloxazolidin-3-
carboxylat

b

bd sung 2,2-dimetoxypropan (28,52ml) va phic boron triflorua-dietyléte
(0,294ml) vao dung dich (S)-metyl 3-((tert-butoxycarbonyl)amino)-4-hydroxybutanoat
(10,82¢g) thu dugc & budc 1 trong axeton (108,2ml) & nhiét do trong phong, va hén hop
duoc khudy trong 4 gidr & cling nhiét d§. Rét hdn hop phan tmg vao dung dich nude
natri bicarbonat bdo hod, va chiét bang etyl axetat. Lop hitu co thu duge dugce 1am khd
bing magié sulfat khan, va sau d6 duge loc va co. Chét can thu duge dugc tinh ché
bang séc ky silica gel (dung méi phét trién: hexan/etyl axetat), bang cach dé thu duoc
hop chit néu & d& muc (8,72g).

Budc 3: Tong hop (S)-tert-butyl 4-(2-hydroxyetyl)-2,2-dimetyloxazolidin-3-carboxylat
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OH

b

O/\:/\/
)VNBOC

Bd sung dung dich diisobutylalumini hydrua-toluen 1M (65,7ml) vao dung
dich chta (S)-tert-butyl4-(2-metoxy-2-oxoetyl)-2,2-dimetyloxazolidin-3-carboxylat
(8,71g) thu duogc & budc 2 trong metylen clorua (87,1ml) trong khi lam lanh bing nudc
d4, va hdn hop duoc khudy trong 2 gid trong khi 1am lanh bang nudc da. B4 sung dung
dich nuée kali natri tartrat 5% va etyl axetat vao hdn hop phan tmg, va hdn hgp duoc
khudy qua dém & nhiét do trong phong. Lép hitu co thu duge dugce lam kho bang magié
sulfat khan, va sau d6 duoc loc va ¢d. Chét cin thu duoc duge tinh ché béng séc ky
silica gel (dung mdi phat trién: hexan/etyl axetat), bang cach d6 thu duoc hop chit néu
& d& muc (5,94g).

Budc 4: Tong hop (S)-tert-butyl 2,2-dimetyl-4-(2-oxoetylJoxazolidin-3-carboxylat

B sung trietylamin (16,9ml) va phuc sulfur trioxit pyridin (12,56g)'vé0 dung
dich chta (S)-tert-butyl4-(2-hydroxyetyl)-2,2-dimetyloxazolidin-3-carboxylat (5,94g)
thu duogc & bude 3 trong DMSO (59,4ml) & nhiét do trong phong, va hén hop duoc
khudy trong 1 gi& & cling nhiét do. Rét hén hop phan tng vao dung dich nudc natri
bicarbonat bdo hod, va chiét bang etyl axetat. Lp hitu co thu dugc duogc 1am khd bang
magié sulfat khan, va sau d6 dugc loc va cd. Chét cin thu duge dugc tinh ché béng séc
ky silica gel (dung mdi phat trién: hexan/etyl axetat), bang cach d6 thu dugc hop chét
néu & dé muc (6,06g).

Budc 5: Téng hop (S)-tert-butyl 4-(but-2-en-1-yl)-2,2-dimetyloxazolidin-3-carboxylat

NN
0)

Z

)TbiBoc

B sung dung dich n-butyllithi-hexan 2,69M (7,0ml) véo hdn dich bao gbm
etyltriphenylphosphoni bromua (5,60g) trong THF (25,2ml) trong khi lam lanh bang
nuée da, va hdn hop duge khudy trong 30 phit trong khi lam lanh bang nudc da. BS
sung dung dich chira (S)-tert-butyl2,2-dimetyl-4-(2-oxoetyl)oxazolidin-3-carboxylat
(3,06g) thu dugc & bude 4 trong THF (3,06ml) vao hdn hop phéan tmg trong khi lam
lanh bing nudc da, va hon hop dugce khudy trong 14 gio & nhiét d6 trong phong. Bb

sung hexan vao hdn hgp phéan tmg, va chit khéng tan duoc loc, sau d6 rira bang THF-
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hexan=2/1. Chét loc duge cd dudi p suét giam. Chét can thu duge duge tinh ché bang
séc ky silica gel (dung méi phat trién: hexan/etyl axetat), bang cach d6 thu duoc hop
chét néu & d& muc (1,81g).

Budc 6: Téng hop (S)-tert-butyl (1-hydroxyhex-4-en-2-yl)carbamat

Ho/\;/\/v"‘m
NHBoc

B sung dung dich hydro clorua-dioxan 4N (18,1ml) vao (S)-tert-butyl 4-(but-
2-en-1-y1)-2,2-dimetyloxazolidin-3-carboxylat (1,81g) thu duoc & budc 5 & nhiét do
trong phong, va hon hop duge khudy trong 2 gid & 70°C. Hon hop phan tmg dugc lam
lanh, va sau d6 cd dudi 4p sudt giam. Chét cin thu duoc dugc hoa tan trong THF
(18,1ml), va bd sung dung dich nudc natri bicarbonat béo hoa (18,1ml) va di-tert-butyl
dicarbonat (1,53g) vao d6 & nhiét do trong phong. Hon hop dugc khudy qua dém &
cting nhiét d9. Rét hén hop phan g vao nude, va chiét bing etyl axetat. Lop hitu co
thu duge duoc 1am kho bing magié sulfat khan, va sau d6 dugc loc va co. Chét cin thu
duge dugc tinh ché bing séc ky silica gel (dung moi phat trién: hexan/etyl axetat), bang
cach d6 thu duoc hop chét néu & dé muc (1,57g).

Budc 7: Téng hop hop chit 19

Thye hién quy trinh téng hop nhur & céc budc tir 4 dén 10 cta vi du 13 st dung
(S)-tert-butyl (1-hydroxyhex-4-en-2-yl)carbamat thu dugc & budc 6 thay cho (R)-tert-
butyl (5-hydroxypent-1-en-3-yl)carbamat dugc str dung & bude 4 cua vi du 13, bang
cach d6 thu duge hop chét néu & d& muc (327mg).

'H-NMR (DMSO-dg)d: 1,47 (3H, d, J=7,1Hz), 2,64-2,70 (1H, m), 2,81-2,85 (1H, m),
4,00-4,09 (1H, m), 4,32-4,43 (2H, m), 5,41-5,46 (1H, m), 5,60-5,63 (1H, m), 5,82 (2H,
brs), 6,11-6,16 (1H, m), 6,21-6,31 (1H, m), 8,05 (1H, d, J=7,3Hz), 8,08 (1H, d,
J=8,5Hz), 8,13 (1H, s), 8,35-8,39 (2H, m), 8,87-8,92 (1H, m).

ESI-MS nv/z 411[M+H]".

Vidu20

Hdn hop bao gdm (S)-N-(4-amino-6-isopropyl-5-(quinolin-3-yl)-8,9-
dihydropyrimido[5,4-b]indolizin-8-yl)acrylamit (Hop chit 20A) va (S)-N-(4-amino-6-
(propan-2-yliden)-5-(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[5,4-blindolizin-8-
yl)acrylamit (Hop chét 20B)
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Thuc hién quy trinh tng hop nhu & vi du 19 sir dung
isopropyltriphenylphosphoni iodua thay cho etyltriphenylphosphoni bromua dugc str
dung & bude 5 clia vi du 19, bang cach d6 thu duoc hdn hop (18,9mg) chita hop chit
néu & dé muc.

'H-NMR (DMSO-dg)8: 0,85-4,71 (11H, m), 5,63-5,68 (1H, m), 5,88 (1H, brs), 6,03
(1H, brs), 6,12-6,19 (1H, m), 6,24-6,31 (1H, m), 7,59-7,64 (1H, m), 7,72-7,78 (1H, m),
7.96-7.99 (1H, m), 8,01-8,05 (1H, m), 8,16 (1H, d, J=3,4Hz), 8,24-8,28 (1H, m), 8,39-
8,44 (1H, m), 8,90 (1H, d, ]=2,0Hz).

ESI-MS vz 425[M+H]".
Vidu2l

(R)-N-(4-amino-6-metylen-5-(quinolin-3-y1)-7,8-dihydro-6H-pyrimido[ 5,4-b]pyrolizin-
7-y1)-N-metylacrylamit (Hop chét 21)

NN
NH2 b
N™ N\
L 0
N N
rl\l/u\%

Bude 1: Téng hop (R)-tert-butyl (1-(4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)but-
3-en-2-yl)carbamat

Cl I

b
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Thuc hién quy trinh tong hop nhu & budc 1 cia vi dy 1 st dung (R)-tert-butyl
(1-hydroxybut-3-en-2-yl)carbamat thay cho (S)-tert-butyl (1-hydroxybut-3-en-2-
yl)carbamat duge st dung d budce 1 ciavidu 1, bang cach d6 thu dugc hop chét néu &
d& muc (1,083g) & dang chét rin mau vang nhat.

ESI-MS m/z 448, 450 [M+H]".

Budc 2: Tong hop (R)-tert-butyl (1-(4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)but-
3-en-2-yl)(metyl)carbamat

Ci 1

NBoc
/

b

B6 sung metyl iodua (1,58ml), va natri hydrua (224mg) phén tan trong
paraffin long vao dung dich (R)-tert-butyl (1-(4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin-
7-yl)but-3-en-2-yl)carbamat (2,28g) thu duoc & budc 1 trong DMF (11,4ml) & nhiét do
trong phong, va hdn hop dugc khudy trong 1 gior & cling nhiét d6. Rét hdn hop thu dugce
vao nudc, va chiét bing etyl axetat. Lép hitu co thu dugc dugce rira bang nudc va dung
dich natri clorua bdo hoa, va dugc lam kho béng natri sulfat khan; sau do, loc dung méi
dudi 4p sudt giam. Chét cin thu duge duge tinh ché bing séc ky cot silica gel (dung
moi phét trién: hexan/etyl axetat), bang cach d6 thu dugc hop chit néu & dé muc
(2,41g) 6 dang chét rin mau vang nhat.

ESI-MS m/z 462, 464 [M+H]".
Budc 3: Téng hop hop chat 21

<z

N

Thue hién quy trinh tng hop nhu & céc budc tir 5 dén 10 ctia vi du 13 st dung
(R)-tert-butyl (1-(4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)but-3-en-2-
yl)(metyl)carbamat thu dugc & budc 2 thay cho (R)-tert-butyl (5-(4-clo-5-iodo-7H-
pyrolo[2,3-d]pyrimidin-7-yl)pent-1-en-3-yl)carbamat duoc str dung & bude 5 ca vi du
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13, bang cach d6 thu dugc hop chit néu & d& muc (256mg) & dang chét rén mau vang
nhat.

"H-NMR (DMSO-dg)8: 2,75 va 2,94 (total 3H, each s), 4,06-4,20 (1H, m), 4,46-4,72
(1H, m), 4,81-4,89 (1H, m), 5,26-5,35 (1H, m), 5,70-5,80 (1H, m), 5,98-6,37 (4H, m),
6,77-7,01 (1H, m), 7,62-7,68 (1H, m), 7,77-7,83 (1H, m), 8,03-8,10 (2H, m), 8,14-8,18
(1H, m), 8,41-8,45 (1H, m), 8,96-9,01 (1H, m).

ESI-MS m/z 397[M+H]".

Vidu22

(R)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-6,7,8,9-tetrahydropyrimido[ 5,4-
blindolizin-8-yl)-N-metylacrylamit

(Hop chit 22)
N
) N
NHZ —
N™ "\
|
kN/ N

/N\\(§
o) ,

Budc 1: Tong hop (R)-tert-butyl (1-(4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)pent-
4-en-2-yl)(metyl)carbamat

cl

/NBoc ,

Thyc hién quy trinh tbng hop nhu & budc 2 cta vi du 21 st dung (R)-tert-butyl
(1-(4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)pent-4-en-2-yl)carbamat thu duogc &
bude 1 cla cac Vi du 16 va 17 thay cho (R)-tert-butyl (1-(4-clo-5-iodo-7H-pyrolo[2,3-
dJpyrimidin-7-yl)but-3-en-2-yl)carbamat dugc sir dung & budc 2 cia vi du 21, bang
céch d6 thu duge hop chit néu & dé muc (2,743g) & dang chét rin mAu vang nhat.

ESI-MS m/z 477, 479 [M-+H]".

Bude 2: Tong hop (R)-tert-butyl (4-amino-6-metylen-5-(quinolin-3-y1)-6,7,8,9-
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tetrahydropyrimido[5,4-b]indolizin-8-yl)(metyl)carbamat

N
A

Thye hién quy trinh tdng hop nhu & cac budce 5 dén 8 ctia vi du 13 sir dung (R)-
tert-butyl (1-(4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)pent-4-en-2-
yl)(metyl)carbamat thu dugc & budc 1 thay cho (R)-tert-butyl (5-(4-clo-5-iodo-7H-
pyrolo[2,3-d]pyrimidin-7-yl)pent-1-en-3-yl)carbamat dugc st dung & budce 5 clia vi du
13, bing cach d6 thu dugc hop chét néu & d& muc (1,366g) & dang chét rén mau niu
nhat.

ESI-MS m/z 457 [M+H]".

Budc 3: Téng hop (R)-N*-metyl-6-metylen-5-(quinolin-3-y1)-6,7,8,9-
tetrahydropyrimido[5,4-bJindolizin-4,8-diamin

N
) N
NH, \=—

SN

/:Z

N N

NH
/

b

B4 sung axit clohydric SN (0,5ml) vao dung dich (R)-tert-butyl (4-amino-6-
metylen-5-(quinolin-3-yl)-6,7,8,9-tetrahydropyrimido[5,4-b]indolizin-8-
yl)(metyl)carbamat (228mg) thu duge & bude 2 trong etanol (3ml), va hén hop duoc
khudy trong 4 ngay & 50°C. Sau khi lam lanh, hdn hop phan tng dugc bazo hoa bang
dung dich natri hydroxit SN nudc , sau do chiét bang cloform. Sau khi 16p hitu co thu
duoc duge 1am kho bang natri sulfat khan, loc dung méi dudi 4p sudt giam. Chét can
thu dugc duoc tinh ché bing basic sic ky cot silica gel (dung méi phét trién:
cloform/metanol), bing cach d6 thu dugc hop chét néu & d& muc (197mg) & dang chat
rin mau niu nhat.
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ESI-MS m/z 357 [M+H]".
Budc 4: Téng hop hop chét 22

Thue hién quy trinh téng hop nhu & bude 10 ciia vi du 13 st dung (R)-N°-
metyl-6-metylen-5-(quinolin-3-yl1)-6,7,8,9-tetrahydropyrimido[ 5 ,4-bJindolizin-4,8-
diamin thu dugc & budc 3 thay cho ((R)-6-metylen-5-(quinolin-3-yl)-6,7,8,9-
tetrahydropyrimido[5,4-bJindolizin-4,7-diamin dugc st dung & budc 10 cua vi du 13,
bang cach d6 thu duoc hop chét néu & dé muc (68,5mg) & dang chét rin mau vang nhat.
'H-NMR (DMSO-dg)8: 2,53-2,68 (1H, m), 2,88-3,11 (4H, m), 4,04-4,20 (1H, m), 4,34-
4,96 (4H, m), 5,58-6,21 (4H, m), 6,72-7,01 (1H, m), 7,62-7,68 (1H, m), 7,78-7,83 (1H,
m), 8,02-8,10 (2H, m), 8,15 (1H, brs), 8,37-8,44 (1H, m), 8,86-8,90 (1H, m).
ESI-MS m/z 411[M+H]".
Vidu23

(R)-N-(4-amino-6-metyl-5-(quinolin-3-y1)-8,9-dihydropyrimido[5,4-b]indolizin-8-yl)-
N-metylacrylamit (Hop chat 23)

Bude 1: Tong hop (R)-N°* 6-dimetyl-5-(quinolin-3-y1)-8,9-dihydropyrimido[5,4-
bJindolizin-4,8-diamin

B6 sung axit clohydric SN (Iml) vao dung dich (R)-tert-butyl (4-amino-6-
metylen-5-(quinolin-3-yl)-6,7,8 9-tetrahydropyrimido[5,4-b]indolizin-8-
yl)(metyl)carbamat (228mg) thu dugc & budc 2 clia vi du 22 trong etanol (4ml), va hén
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hop dugc khudy trong 24 gior trong khi gia nhiét & diéu kién héi luu. Sau khi 1am lanh,
hdn hop phéan tng dugc bazo hda bing dung dich nudc natri hydroxit SN, sau d6 chiét
béng cloform. Sau khi 16p hitu co thu duge dugce lam kho béng natri sulfat khan, loc
dung mdi dudi 4p sudt giam. Chét cin thu dugc dugc tinh ché bang basic sic ky cot
silica gel (dung méi phat trién: cloform/metanol), bang cach do thu duoc hop chit néu &
dé muc (190,8mg) ¢ dang chét rén mau nu nhat.
ESI-MS nv/z 357 [M+H]".
Budc 2: Tong hop hop chét 23

| Thyc hién quy trinh tdng hop nhu & budc 10 ctia vi du 13 st dung R)-N 6-
dimetyl-5-(quinolin-3-y1)-8,9-dihydropyrimido[5,4-b]indolizin-4,8-diamin thu dugc &
budc 1 thay cho ((R)-6-metylen-5-(quinolin-3-yl)-6,7,8,9-tetrahydropyrimido[ 5 ,4-
b]indolizin-4,7-diamin dugc st dung & budce 10 cia vi dy 13, bang cach d6 thu dugc
hop chét néu & d& muc (150,9mg) & dang chét rin miu vang.
"H-NMR (DMSO-dg)d: 1,52 (3H, s), 2,74 va 2,88 (total 3H, each brs), 4,14-4,42 (2H,
m), 5,21-5,98 (5H, m), 6,09-6,22 (1H, m), 6,71-7,03 (1H, m), 7,64-7,69 (1H, m), 7,79-
7,85 (1H, m), 8,02-8,07 (1H, m), 8,08-8,12 (1H, m), 8,14 (1H, s), 8,43-8,49 (1H, m),
8,89-8,96 (1H, m).
ESI-MS m/z 411 [M+H]".
Vidu24

N-((7S)-4-amino-6-metyl-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-b]pyrolizin-
7-yDacrylamit (Hop chét 24)

Budc 1: Tong hop tert-butyl ((7S)-4-amino-6-metyl-5-(quinolin-3-y1)-7,8-dihydro-6H-
pyrimido[5,4-b]pyrolizin-7-yl)carbamat
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b

B sung 10% paladi-cacbon (50% uét, 15,0mg) vao dung dich chira (S)-tert-
butyl(4-amino-6-metylen-5-(quinolin-3-y1)-7,8-dihydro-6H-pyrimido[ 5,4-b]pyrolizin-
7-yl)carbamat (15,0mg) thu dugc & bude 5 cia vi du 1 trong etyl axetat (2ml)-etanol
(1ml), va hdn hop duoc khudy trong 12 gid & nhiét d6 trong phong dudi khi quyén
hydro. Hon hop phan tmg duoc loc qua Celite, va chét loc duoc ¢b dudi 4p sudt giam.
Chét cin thu duge duge tinh ché bang cach séc ky 16p méng diéu ché (dung méi phat
trién: cloform/metanol), bang cach d6 thu dugc hop chit néu & d& muc (10,0mg).
ESI-MS m/z 357 [M+H]".

Bude 2: Téng hop hop chit 24

Thye hién quy trinh tong hop nhur & cac bude 9 va 10 cta vi dy 13 sir dung tert-
butyl ((7S)-4-amino-6-metyl-5-(quinolin-3-yl)-7,8-dihydro-6 H-pyrimido[5,4-
b]pyrolizin-7-yl)carbamat thu dugc & budc 1 thay cho (R)-tert-butyl (4-amino-6-
metylen-5-(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[5,4-b]indolizin-7-yl)carbamat
duoc st dung ¢ bude 9 cia viduy 13, bing cach d6 thu dugc hop chét néu & d& muc
(3,10mg) & dang chét rdn khong mau.

'H-NMR (DMSO-d)s: 0,86 (2,7H, d, J=7,6Hz), 1,08 (0,3H, d, J=7,6Hz), 3,43-4,02
(2H, m), 4,34-4,62 (1H, m), 5,08-5,19 (1H, m), 5,59-5,68 (1H, m), 5,99-6,17 (3H, m),
6,18-6,33 (1H, m), 7,62 (1H, dd, J=7.,6, 7,6Hz), 7,75 (1H, dd, J=7,6, 7,6Hz), 7,99-8,07
(2H, m), 8,12 (1H, s), 8,29-8,36 (1H, m), 8,53-8,76 (1H, m), 8,98 (1H, d, J=2,2Hz).
ESI-MS m/z 385[M+H]".

Vidu25

(R)-N-(4-amino-6-metylen-5-(quinolin-3-y1)-7,8-dihydro-6H-pyrimido[5,4-b]pyrolizin-
7-yDacrylamit (Hop chat 25)
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N
/\
NH2 —
NS\
(g 0
N~ N
”/U\/

Thuc hién quy trinh tdng hop nhu & céc budc 2 &én 6 ctia vi du 1 sir dung (R)-
tert-butyl (1-(4-clo-5-iodo-7H-pyrolo[2,3-d]pyrimidin-7-yl)but-3-en-2-yl)carbamat thu
duoc & bude 1 ctia vi du 21 thay cho (S)-tert-butyl (1-(4-clo-5-iodo-7H-pyrolo[2,3-
d]pyrimidin-7-yl)but-3-en-2-yl)carbamat dugc str dung & bude 2 cua vi du 1, bang cach
d6 thu duoc hop chit néu & ¢& muc (44,6mg) & dang chét rin mau vang nhat.

'"H-NMR (DMSO-dq)3: 3,88-3,93 (1H, m), 4,57-4,63 (1H, m), 5,03 (1H, d, J=2,4Hz),
5,24 (1H, d, J=2,4Hz), 5,55-5,62 (1H, m), 5,68 (1H, dd, J=10,0, 2,4Hz), 6,12-6,38 (4H,
m), 7,65 (1H, dd, J=7.8, 7,8Hz), 7,77-7,83 (1H, m), 8,04-8,11 (2H, m), 8,15 (1H, s),
8,41 (1H, d, J=2,2Hz), 8,82 (1H, d, J=7,8Hz), 8,98 (1H, d, J=2,2Hz).

ESI-MS m/z 383[M+H]".

Vidu 26

(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-b]pyrolizin-
7-y1)-N-metylacrylamit (Hop cht 26)

Thyc hién quy trinh tong hop nhur & cac bude 2 va 3 clia vi du 21 sir dung (S)-
tert-butyl(1-(4-clo-5-iodo-7H-pyrolo[2,3-d[pyrimidin-7-yl)but-3-en-2-yl)carbamat  thu
duoc & bude 1 cha vi du 1 thay cho (R)-tert-butyl (1-(4-clo-5-iodo-7H-pyrolo[2,3-
dJpyrimidin-7-yl)but-3-en-2-yl)carbamat duoc stir dung & bude 2 cua vi du 21, bang
cach d6 thu dugc hop chét néu & dé muyc (143mg) & dang chét rin mau vang nhat.

'H-NMR (DMSO-dg)d: 2,75 va 2,94 (total 3H, each s), 4,06-4,20 (1H, m), 4,46-4,72
(1H, m), 4,81-4,89 (1H, m), 5,26-5,35 (1H, m), 5,70-5,80 (1H, m), 5,98-6,37 (4H, m),
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6,77-7,01 (1H, m), 7,62-7,68 (1H, m), 7,77-7,83 (1H, m), 8,03-8,10 (2H, m), 8,14-8,18
(1H, m), 8,41-8,45 (1H, m), 8,96-9,01 (1H, m).

ESI-MS m/z 397[M+H]".
Vidu?27

(S)-N-(4-amino-5-(quinolin-3-y1)-8,9-dihydropyrimidol[ 5,4-b]indolizin-8-yl)acrylamit
(Hop chit 27)

Budc 1: Tong hop (S)-tert-butyl (4-amino-5-(quinolin-3-y1)-6,7,8,9-
tetrahydropyrimido[5,4-blindolizin-8-yl)carbamat

N

,\
NH, \=
N

\
l\N/ N

;NHBoc R

Bd sung dung dich 9-borabixyclo[3,3,1]nonan 0,5M trong tetrahydrofuran
(141,3ml) vao dung dich chia (S)-tert-butyl(1-(4-amino-6-bromo-5-(quinolin-3-yl)-7H-
pyrolo[2,3-d]pyrimidin-7-yl)but-3-en-2-yl)carbamat (6,0g) thu duoc & budc 4 ctia vi du
1 trong tetrahydrofuran (42ml) dudi khi quyén nito. Hon hop dugc khudy & nhiét do
trong phong trong 2 gio. B sung tir tir dung dich natri hydroxit 2N nuée (84,8ml) vao
hén hop phan tng & nhiét do trong phong, va khir khi dudi ép suat giam. Duéi khi
quyén nito, bd sung (tetrakistriphenylphosphin)paladi(0) (1,70g), va hén hop duogc
khudy & 66°C trong 12 gid. Sau khi hén hop phan (mg 1am lanh, tach 16p hitu co va rira
bing dung dich nuéc amoni clorua 20% (60ml). Sau do bd sung SH silica gel (6,0g)
vao 16p hitu co, va hon hop dugc khudy & 50°C dudi khi quyén nito trong 14 gio, va
sau d6 duoc loc. BS sung mot 1an nita SH silica gel (do Fuji Silysia Chemical Ltd. san
xuét) (6,0g) vao chét loc, va hdn hop durgc khudy dudi khi quyén nito & 50°C trong 14
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gid, va sau d6 duoc loc. Dung mdi duoc chung cit tir chit loc dudi 4p sudt gaim. Chét
cin thu duge duge tinh ché bang sic ky cot silica gel (dung méi phat trién: etyl
axetat/metanol), bang cach do6 thu duoc hop chit néu & d& muc (4,46 g; hiu sudt =
88%) & dang chét rdn miu vang nhat.

ESLI-MS m/z 431 [M+H]".

Budc 2: Tong hop (8S)-4-amino-8-((tert-butoxycarbonyl)amino)-5-(quinolin-3-yl)-
6,7,8,9-tetrahydropyrimido[5,4-b]indolizin-6-yl axetat

;NHBoc ,

B sung tetrabutylamoni iodua (37mg) va iodobenzen diaxetat (24 1mg) vao
dung dich chira (S)-tert-butyl(4-amino-5-(quinolin-3-yl1)-6,7,8,9-
tetrahydropyrimido[5,4-bJindolizin-8-yl)carbamat (215mg) thu dugc & bude 1 trong
axit axetic (2ml) va metylen clorua (2ml) trong khi lam lanh bing nudce da. Hon hop
duoc khudy trong 2 gi¢ trong khi 13m lanh bang nudc d4 va trong 2 gidr & nhiét do trong
phong, Sau khi c6 dudi ap suit giam, hdn hop phan tmg dugc bazo héa bang dung dich
nudc natri bicarbonat bdo hod, sau d6 chiét bang etyl axetat. Lép hitu co thu dirge duge
lam kho bang natri sulfat khan, sau d6 loc. Sau d6 loc dung méi duéi 4p suat giam. Chét
cin thu dugc duoc tinh ché bang séc ky silica gel (dung moi phét trién: etyl
axetat/metanol), bang cach d6 thu dugc hop chit néu & d& muc (216mg) & dang chét
rén méu nau nhat.

ESI-MS nvz 489 [M+H]".

Budc 3: Tong hop tert-butyl ((8S)-4-amino-6-hydroxy-5-(quinolin-3-y1)-6,7,8,9-
tetrahydropyrimido[5,4-bJindolizin-8-yl)carbamat
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B4 sung dung dich nudc natri hydroxit 2N (1ml) vao dung dich (8S)-4-amino-
8~((tert-butoxycarbonyl)amino)-5-(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[5,4-
blindolizin-6-yl1 axetat (215mg) thu dugc & budce 2 trong metanol (3ml) & nhi¢t do trong
phong, va hdn hop dugc khudy trong 1 gio & nhiét do trong phong. Rét hdn hop phan
{mg vao nudc, va chibt bing cloform. Lép hitu co thu duge duge lam khd bang natri
sulfat khan, sau d6 dugc loc. Sau do, loc dung moi dudi ap suat giam. Chét can thu
duoc duoc tinh ché bing séc ky silica gel (dung modi phat trién: etyl axetat/metanol),
bang cach d6 thu dugc hop chit néu & d& muc (166,7mg) & dang chit rin mau vang
nhat.

ESLI-MS m/z 447 [M+H]".

Budc 4: Tong hop (S)-5-(quinolin-3-y1)-8,9-dihydropyrimido[5,4-bJindolizin-4,8-
diamin

Khu4y hdn hop bao gbm tert-butyl ((8S)-4-amino-6-hydroxy-5-(quinolin-3-yl)-
6,7,8,9-tetrahydropyrimido[5,4-b]indolizin-8-yl)carbamat (44,6mg) thu dugc ¢ budc 3,
monohydrate clia axit p-toluensulfonic (95mg), va toluen (3ml) dugc khudy trong 4 gior
& 100°C. Sau khi 1am lanh hdn hop phan tng, loc dung méi dudi 4p sudt giam. Chét
cin thu dugc duge tinh ché bing sic ky silica gel (dung moi phét trién:
cloform/metanol), bng cach do thu dugc hop chit néu & d& muc (39mg) & dang chét ¢6
diu mau ndu nhat.

ESI-MS mv/z 329 [M+H]".
Budc 5: Téng hop hop chét 27

Thuce hién quy trinh tong hop nhu & bude 10 cla vi du 13 st dung (S)-5-
(quinolin-3-y1)-8,9-dihydropyrimido[5,4-b]indolizin-4,8-diamin thu dugc & budc 4 thay
cho  (R)-6-metylen-5-(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[5,4-b]indolizin-4,7-
diamin duoc st dung & budc 10 ciia vi du 13, bing céch d6 thu duge hop chit néu & dé
muc (44,1mg) & dang chét ran mau vang,
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'H-NMR (DMSO-de)5: 4,19-4,30 (2H, m), 4,86-4,94 (1H, m), 5,63 (1H, dd, J=9.8,
2,7Hz), 6,08-6,32 (5H, m), 6,70 (1H, dd, J=9,8, 1,1Hz), 7,62-7,69 (1H, m), 7,75-7,82
(1H, m), 8,04-8,09 (2H, m), 8,17 (1H, s), 8,34 (1H, d, J=2,0Hz), 8,55 (1H, d, J=7,3Hz),
8,91 (1H, d, J=2,4Hz).
ESI-MS m/z 383[M+H]".
Vidu28

(R)-N-(4-amino-5-(quinolin-3-y1)-9,10-dihydro-8H-
pyrimido[5°,4’:4,5]pyrolo[1,2-alazepin-8-yl)acrylamit (Hop chét 28)

Thuye hién quy trinh téng hop nhu & vi du 27 st dung (R)-tert-butyl (5-(4-
amino-6-bromo-5-(quinolin-3-yl)-7H-pyrolo[2,3-d]pyrimidin-7-yl)pent-1-en-3-
yl)carbamat thu dugc & bude 7 cua vi du 13 thay cho (S)-tert-butyl (1-(4-amino-6-
bromo-5-(quinolin-3-y1)-7H-pyrolo[2,3-d]pyrimidin-7-yl)but-3-en-2-yl)carbamat duoc
st dung & budc 1 cta vi du 27, bang cach d6 thu dugc hop chét néu & dé muc
(101,8mg) & dang chat rén mau vang,

'H-NMR (DMSO-dg): 2,01-2,12 (1H, m), 2,23-2,33 (1H, m), 4,28-4,38 (1H, m), 4,55-
4,63 (1H, m), 4,34-4,92 (1H, m), 5,62 (1H, dd, J=10,0, 2,4Hz), 5,68 (1H, dd, J=12,6,
3,8Hz), 6,08-6,31 (5H, m), 7,63-7,69 (1H, m), 7,78-7,83 (1H, m), 8,03-8,10 (2H, m),
8,18 (1H, s), 8,31 (1H, d, J=2,0Hz), 8,51 (1H, d, J=8,2Hz), 8,84 (1H, d, J=2,2Hz).
ESI-MS m/z 397[M+H]".

Vidu?29

N-((6R*,8S)-4-amino-6-metyl-5-(quinolin-3-y1)-6,7,8,9-
tetrahydropyrimido[5,4-blindolizin-8-yl)acrylamit (Hop chit 29A) va N-((6S*,8S)-4-
amino-6-metyl-5-(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[ 5,4-b]indolizin-8-
yDacrylamit (Hop chét 29B)
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Budc 1: Téng hop (S)-tert-butyl (4-amino-6-metylen-5-(quinolin-3-y1)-6,7,8,9-
tetrahydropyrimido[5,4-blindolizin-8-yl)carbamat

N
N
NH, \=
N

\
I\N/ N

;NHBoc s

Hbn hop bao gdm (S)-tert-butyl (4-amino-6-metyl-5-(quinolin-3-y1)-8,9-
dihydropyrimido[5,4-blindolizin-8-yl)carbamat va (S)-tert-butyl (4-amino-6-metylen-5-
(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[5,4-bJindolizin-8-yl)carbamat thu dugc
b%xng cach tdng hop nhur & budc 5 ctia vi du 14 st dung (S)-tert-butyl (1-(4-amino-6-
bromo-5-(quinolin-3-yl)-7H-pyrolo[2,3-d]pyrimidin-7-yl)pent-4-en-2-yl)carbamat
(1,263g) thu dugc & budc 4 cta vi du 14 dugce tinh ché béng sic ky silica gel (dung moi
phat trién: etyl axetat/metanol), bang cach d6 thu dugc hop chét néu & d& muc (0,805g)
& dang chét rin mau vang nhat.

ESI-MS nvz 443 [M+H]".

Budc 2: Tong hop tert-butyl ((8S)-4-amino-6-metyl-5-(quinolin-3-y1)-6,7,8,9-
tetrahydropyrimido[5,4-bJindolizin-8-yl)carbamat

NN
NHz/
N\

U _

N N

"NHBoc

M
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Bb sung paladi-cacbon 10% (50% uét, 100,6mg) vao dung dich chira (S)-tert-
butyl(4-amino-6-metylen-5-(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[5,4-b]indolizin-
8-yl)carbamat (100,0mg) thu dugc & bude 1 trong metanol (10ml), va hén hop duoc
khudy trong 12 gid & nhiét d6 trong phong dudi khi quyén hydro. Hon hop phan tmg
duoc loc qua thiét bi loc soi thay tinh, va chét loc duoc cd dudi ap suét giam. Chét can
thu dugc duoc tinh ché bang sic ky cot silica gel bazo (dung mdi phét trién:
cloform/metanol), bang cach d6 thu duoc hop chét néu & d& muc (122,1mg).

ESI-MS m/z 445 [M+H].

Budc 3: Tong hop (8S)-6-metyl-5-(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[5,4-
blindolizin-4,8-diamin

N
)N

B4 sung axit trifloaxetic (1ml) vao dung dich tert-butyl ((8S)-4-amino-6-metyl-
5-(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[5,4-b]indolizin-8-yl)carbamat  (122,1mg)
thu dugce & bude 2 trong cloform (3ml), va hon hop ndy dugce khudy trong 30 phit &
nhiét d6 trong phong. Hon hop phén tmg duge ¢d dudi ap suat giam, va chét cin thu
dugc duoc hoa tan trong metanol. Sau khi khur mudi bing cot chiét pha rén bazo
(VARIAN BondElut), hén hop dugc ¢6 dudi 4p sudt giam, bang cach d6 thu dugc hop
chét néu & d& muc (58,9mg) & dang chat rén mau vang nhat.

ESI-MS m/z 345 [M+H]".

Budc 4: Téng hop N-((8S)-4-amino-6-metyl-5-(quinolin-3-y1)-6,7,8,9-
tetrahydropyrimido[5,4-bJindolizin-8-yl)acrylamit

NN
NH2 —



20219

Thuec hién quy trinh tdng hop nhwr & bude 7 cia vi du 14 st dung (8S)-6-metyl-
5-(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[5,4-b]indolizin-4,8-diamin (58,9mg) thu
duoc & budc 3, bang cach d6 thu duge hop chét néu & d& muc (30,3mg) & dang chét rin
mau vang nhat.

ESI-MS m/z 399 [M+H]".
Budc 5: Téng hop hop chét 29A va hop chét 29B

Hon hop chét ddng phan phi ddi anh chita chét dong phan (6R*,8S) va chat
ddng phan (6S*,8S) thu duoc & budc 4 duge tach bang cach sic ky cot bat ddi diu ché
(cot: CHIRALCEL OZ-H (20mm X 250mm X 5pm), do Daicel Chemical Industries,
Ltd. sén xuét, dung moi phat trién: hexan/etanol/trietylamin =60/40/0,01), bang cach d6
thu duge hop chit 29A va hop chét 29B 1an luot 13 phan doan thir nhét (15,8mg) va
phan doan thir hai (6,1mg), 14 cac chét rin khong mau.

Hop chit 29A

'"H-NMR (CDCl)8: 0,96 (3H, d, J=6,6Hz), 1,68 (1H, m), 2,29-2,39 (1H, m), 3,49-3,63
(1H, m), 3,81 (14, dd, J=11,7, 102Hz), 4,56-4,69 (1H, m), 4,76 (1H, dd, J=12,2,
5,1Hz), 4,81 (2H, brs), 5,70 (1H, dd, J=10,5, 1,2Hz), 6,17 (1H, dd, J=16.6, 10,2Hz),
6,15-6,25 (1H, m), 6,36 (1H, dd, J=17,1, 1,2Hz), 7,64 (1H, t, J=7,6Hz), 7,75-7,82 (1H,
m), 7,88 (1H, d, J=8,0Hz), 8,18 (1H, d, J=8,5Hz), 8,21-8,29 (2H, m), 9,05 (1H, d,
J=2,0Hz).

ESI-MS mv/z 399[M+H]".
Hop chit 29B

'H-NMR (CDCL,)3: 1,06 (3H, d, J=6,8Hz), 1,83-2,08 (1H, m), 2,18-2,31 (1H, m), 3,46-
3,59 (1H, m), 4,00 (1H, dd, J=12,4, 7,6Hz), 4,59 (1H, dd, J=12,4, 4,6Hz), 4,73-4,93 (3H,
m), 5,70 (1H, d, J=10,5Hz), 6,18 (1H, dd, J=16,8, 10,2Hz), 6,26-6,42 (2H, m), 7,63 (1H,
t, J=7,6Hz), 7,78 (1H, t, J=8,3Hz), 7,88 (1H, d, J=8,0Hz), 8,17 (1H, d, J=8,0Hz), 8,20-
8,27 (2H, m), 9,02 (1H, d, J=1,7Hz).

ESI-MS nmvz 399[M-+H]".
Viduso sanh 1

N-(3-(4-amino-6,7,8,9-tetrahydropyrimido[ 5,4-b]indolizin-5-
yl)phenyl)benzamit (Hop chét so sanh 1)
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Hop chét dugc tdng hop theo phuong phap duge mé ta trong tai lidu Cong bb
quéc t& s6 WO2006/102079.

ESI-MS m/z 384 [M+H]".
Cac vi du thir nghiém

Céc hop chét theo sang ché duogc danh gia bang cach sir dung céc phuong phap
thir nghiém dudi day.
Vi du thir nghiém 1: Panh gia hoat tinh Gic ché ddi véi cic hoat tinh kinaza EGFR (In
Vitro)

1) Panh gi hoat tinh trc ché kinaza EGFR (T790M/L858R)

C4c hoat tinh trc ché cac hop chét theo sang ché khéng hoat tinh kinaza EGFR
(T790M/L858R) dugc danh gia.

Trong s6 cac vat liéu danh gid hoat tinh (rc ché, peptit co chét va protein kinaza
thu dugc nhu sau. Peptit ¢6 ddu chin mach N dugc biotinyl héa (biotin-
EEPLYWSFPAKKK) dugc tong hop theo FL-Peptit 22, chit phan tmg c6 seri
LabChip® cua PerkinElmer, Inc. Pbi véi protein kinaza, protein ngudi téi t6 hop dugc
tinh ché EGFR (T790M/L858R) duoc mua tir hing Carna Biosciences, Inc.

Viéc danh gia hoat tinh trc ché duoc thuc hién nhu dudi day. Timg hop chét
theo séng ché duoc hoa tan riéng 1& v6i dimetyl sulfoxit (DMSO), va cic dung dich pha
lodng lién tiép cta cac hop chét nay dugc didu ché bang cach str dung DMSO. Tiép
thoe, dung dich chtra peptit co chét (ndng do cubi: 250nM), magié clorua (ndng d6
cudi: 10mM), mangan clorua (ndng do cubi: 10mM), va ATP (ndng d6 cubi: 1uM)
trong dung dich dém dting cho phan tmg kinaza (Carna Biosciences, Inc.) dugc tron voi
cac dung dich pha lodng cta cic hop chét (ndng do cudi ctia DMSO sau phan tmg
kinaza: 2,5%) hodc DMSO (ndng do cudi: 2,5%). Protein EGFR (T790M/L858R)
duoc bd sung thém vao, va cac hdn hop duge U & 25°C trong 120 phut dé thyc hién
phan tng kinaza. EDTA dugc bd sung vao dé dat n6ng do cudi 1a 24mM dé nho @6
chim dut phan tmg. Dung dich phét hién thyrosin dugc phosphoryl héa chira khang thé
tyrosin khang phosphory hoa dugc danh dau bang europi (Bu) PT66 (PerkinElmer,
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Inc.) va SureLight APC-SA (PerkinElmer, Inc.) dugc bd sung vao cac hdn hop phan
ting, va cac hon hop ndy dugc giit yén & nhiét d6 trong phong trong 2 gir hodc 1au hon.
P8 lam dbi chimg, miu ma duoc bd sung EDTA trude khi bd sung protein EGFR
(T790M/L858R) duoc 0 ¢ 25°C trong 120 phut, st dung DMSO thay vi dung dich
DMSO chita hop chét. Dung dich do ciing durgc bd sung vao mau nay, va hdn hop nay
duoc gitt yén trong 2 gid hodc 1au hon. Cudi cling, tht ca cac mu thir nghiém déu dugc
x4c dinh mirc huynh quang quang & thoi diém chiéu anh séng kich thich c6 budc séng
337nM & cac budc séng kép 14 620nM va 665nM bang PHERAstar FS (BMG
LABTECH), va ty 1€ gifta cac mirc huynh quang quang & hai budc song nay dugc lay
lam s6 ligu.

Khi phén tich dir liéu d& duge xac dinh, ty 1€ gilta cdc mic huynh quang cua
mau trong d6 phén tng kinaza duge thyc hién ma khong b6 sung DMSO & néng do
cudi 14 2,5% duoc dit 1am ty 18 tic ché su phosphoryl héa 1a 0%, va ty 18 gifta cac mirc
huynh quang ctia mau dbi chimg duoc dat 1am ty 18 tic ché su phosphoryl héa 13 100%.
Dua vao cée ty 18 néu trén, ty 18 tc ché sw phosphoryl héa (%) duge tinh cho cac mAau
ma dugc bd sung cac dung dich chira hop chét véi cac ndng do khac nhau. Cudi ciing,
ty 1€ tc ché phan tng thu dugc (%) & cac ndng d6 tuong tmg dugc lap db thi cho timg
hop chit, va tri s6 ICs, (nM), ma la néng do hop chét ma tai d6 qua trinh phosphoryl
héa bai EGFR (T790M/L858R) bi trc ché 50%, durgc x4c dinh bing cach st dung phan
mém XLfit curve-fitting (IDBS).

2) Panh gi4 hoat tinh trc ché kinaza EGFR (d746-750/T790M)

Céc hoat tinh Grc ché cta cac hop chét theo séng ché ddi voi hoat tinh kinaza
EGFR (d746-750/T790M) duoc danh gia.

Céc vat liéu, phuong phéap danh gié va phuong phap phén tich sb liéu vé co ban
1 gibng vai cac vat lidu, phuong phép dénh gia va phuong phap phén tich sb lidu duoc
thé hién trong phan mo ta trén dy lién quan dén “Panh gid hoat tinh @c ché kinaza
EGFR (T790M/L858R)” ngoai trir protein ngudi téi to hop da tinh ché EGFR (d746-
750/T790M) mua tir hiing Carna Biosciences, Inc. dugc str dung lam protein kinaza, va
viéc danh gid dugc thyc hién & néng do cta cua ATP 1a 1,5um. Cudi cung, tri $0 ICs
(nM) ctia timg hop chat ddi v6i EGFR (d746-750/T790M) dugc xac dinh bang cach
phan tich s6 liéu.
3) Bénh gi hoat tinh tic ché kinaza EGFR (L858R)

Céc hoat tinh e ché ctia cac hop chét theo sang ché ddi véi hoat tinh kinaza
EGFR (L858R) dugc danh gia.

C4c vit liéu, phuong phép danh gia va phuong phép phan tich sb liéu v& co ban
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14 gidng nhu céc vat lidu, phuong phép danh gia va phuong phép phén tich duoc thé
hién & phin mo ta trén ddy lién quan dén “Péanh gia hoat tinh rc ché kinaza EGFR
(T790M/L858R),” ngoai trir protein ti t& hop EGFR (L858R) mua tir hing Carna
Biosciences, Inc. dugc st dung lam protein kinaza, va viéc danh gid dugc thuc hién
bang ATP & ndng d6 cubi 1a 4um. Cubi ciing, tri s6 ICs, (nM) ctia mdi hop chét déi véi
EGFR (L858R) duoc x4c dinh bing cach phén tich s liéu.

4) Panh gi4 hoat tinh tic ché kinaza EGFR (d746-750)

Céc hoat tinh trc ché cta céc hop chét theo sang ché dbi véi hoat tinh kinaza
EGFR (d746-750) dugc xac dinh.

Céc vat lidu, phuong phép danh gid va phuong phap phén tich s6 lidu vé co ban
14 gidng nhu céc vét liéu, phuong phap danh gia va phuong phap phén tich dugc thé
hién & phin mo ta trén ddy lién quan dén “Panh gia hoat tinh e ché kinaza EGFR
(T790M/L858R),” ngoai trir protein tai tb hop EGFR (d746-750) mua tir hing Camna
Biosciences, Inc. duge st dung lam protein kinaza, viéc danh gia dugc thuc hién bﬁng
ATP & ndng do cubi 13 Spum, va qué trinh 0 cho phan ting kinaza dugc thuc hién trong
90 phit. Cudi cling, tri s ICs, (nM) ctia m&i hop chét ddi véi EGFR (d746-750) dugc
x4c dinh bing cach phan tich s6 lidu.

5) Panh gi4 hoat tinh tic ché kinaza EGFR (WT)

Céc hoat tinh rc ché cta cic hop chét theo sang ché d6i voi hoat tinh kinaza
EGFR (WT) activity dugc xéc dinh.

Céc vét lidu, phuong phép danh gid va phuong phap phan tich s6 liéu vé co ban
14 giéng nhu céc vét liéu, phuong phap danh gia va phuong phap phan tich duoc thé
hién & phin mé ta trén dy lién quan dén “Pénh gia hoat tinh e ché kinaza EGFR
(T790M/L858R),” ngoai trir protein kinaza dugc diéu ché bang cach biéu hién mién
bao twong cia EGFR (WT) ngudi véi dau chin mach N dugc ngung tu vao dudi
FLAG trong céc t& bao con tring SO bang cach st dung hé biéu hién baculovirut va
sau d6 tinh ché né bang agaroza khang thé khang FLAG (Sigma-Aldrich) duoc str dung
lam protein kinaza, néng do cudi ciia peptit co chét 13 500nM, va ndng d6 cudi ctia ATP
14 4,7um. Cudi ciing, trj sb ICsy (nM) cta timg hop chét ddi véi EGFR (WT) dugc xac
dinh bang cach phan tich sd liéu.

Bang 1 thé hién cac két qua thir nghiém sir dung EGFR khac nhau.

Puoc xé4c nhén 1a cac hop chit theo sang ché ¢6 hoat tinh trc ché manh khong
chi déi véi EGFR (L858R) va EGFR (d746-750), ma ddi véi ca EGFR
(T790M/L858R) va EGFR (d746-750/T790M). Ciing dugc x4c nhan 1a cac hoat tinh
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trc ché déi véi EGER (WT) thép hon hoat tinh trc ché dbi véi cac protein EGFR.

Tréi lai, cling duoc x4c nhan 13 hop cht ctia vi du so sanh 1, ma 13 hop chét c6
cu truc tuong tu vi cu tric cia hop chit theo sang ché, hau nhu khong c6 hoat tinh
tic ché ddi véi cac kinaza EGFR nay.

Bang 1
EGFR EGFR
Loai EGFR | (T790M/ | (d746-750/ ‘(EL(;?;R) ](Ecgzgﬂ %) f\%‘
L858R) T790M)

Vidu
1 <0,50 <0,15 <0,50 <0,15 0,70
2 77 30 230 78 1400
3 6,1 1.8 5 76 110
4 0,40 <0,50 0,63 0,45 6,0
5 <0,15 <0,15 <0,15 <0,15 0,78
6 0,24 <0,15 0,45 0,24 49
7 1,0 0,53 1,7 12 12
8 <0,50 <0,15 <0,50 <0,15 1,0
9 2,1 0,45 59 23 52
10 15 0,61 2,6 1,8 22
11 0,76 0,32 14 0,88 12
12 0,66 0,29 12 0,75 11
13 2,1 1,1 2.8 2,1 24
14 0,24 <0,50 0,32 0,19 2.9
15 1,6 12 13 1,4 7.9
16 11 3,0 39 15 480
17 23 11 50 39 580
8 477 13 12 45 68
19 0,26 0,28 027 0,42 22
20 3,7 2.4 4,1 2.9 28
21 0,60 0,34 1,1 0,72 78
2 035 0,23 037 0,33 5,5
23 0,44 0,30 0,63 0,29 73
24 0,83 031 1,1 0,85 86
25 36 11 100 59
26 1,0 031 1,7 1,1
27 0,34 0,25 035 0,38
28 0,30 <0,50 0,49 027
29 14 84 19 21
Viduso 5000 >5000 >5000 1500 >5000
sanh 1
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Vi du thir nghiém 2: Thir nghiém hoat tinh tc ché sur phat trién ddi véi céc dong t& bao
biéu hién EGFR trudng thanh va thé hoang dai (In Vitro)

(1) Dong t& bao ung thu tiéu bao phdi ngudi NCI-H1975 biéu hién EGFR
(T790M/L858R), (2) dong t& bao ung thu phi tiu bao phdi ngudi HCC827 biéu hién
EGFR (d746-750), va (3) dong t& bao ung thu biéu md A431 biéu hién EGFR (WT)
duoc tao huyén phi riéng timg loai trong méi trudng phat trién hoan thién theo khuyén
nghi ctia ATCC. Céc dich huyén pht té bao duoc cy vao timg 15 cta vi dia phing c6
384 15 hoic dia phing c6 96 18, va dugc nudi cy trong thiét bi u chita 5% khi cacbon
dioxit & 37°C trong mdt ngay. Mdi hop chét clia sang ché dugc hoa tan trong DMSO,
va cac dung dich pha lofing hang loat chira hop chét thir nghiém duoc didu ché bang
cach sir dung DMSO (dén néng do gép 500 lan ndng do6 cubi). Dung dich DMSO cua
hop chét thir nghiém hosic DMSO dugc pha logng véi méi truong phét trién hoan thién,
va dung dich tao thanh duoc cho vao timg 15 clia dia nu6i céy t& bao sao cho ndng do
cudi ctia DMSO 14 0,2%. Tiép db, cac té bao duge nudi cly trong thiét bi i chira 5% khi
cacbon dioxit & 37°C trong ba ngdy. S6 luong € bao dugc nuéi cdy trude khi bd sung
dung dich DMSO chita hop chét thir nghiém, ciing nhur sau khi bd sung va nudi cay
bang céach sir dung thiét bj CellTiter-Glo Assay® (do Promega san xuét) theo quy trinh
dugc Promega khuyén nghi.

Péi véi mbi 16, ty 18 tic ché phat trién t& bao clia cac 16 ma céc hop chit thir
nghiém dugc bd sung véi cac ndng do khac nhau dugc tinh theo cong thirc dudi day.
Sau d6, ty 18 tre ché thu dugc (%) & cac ndng d6 tuong tmg duoc 1ap do thi cho timg
hop chét thir nghiém, va tri s6 Gls, (nM), ma 14 ndng d6 hop chét thir nghiém ma tc
ché 50% sy phat trién, duoc x4c dinh bang cach str dung phan mém XLfit (IDBS).

Ty 18 tic ché sy phét trién t& bao (%) = (C-T)/ (C-C0) X 100

T: mat d6 huynh quang cta 16 duoc nudi ciy trong ba ngay sau khi bd sung dung dich
chira hop chét thir nghiém

C: mét do huynh quang ctia 15 dugc nubi ciy trong ba ngay sau khi bd sung DMSO

CO: mét d6 huynh quang ctia 15 trude khi bd sung dung dich chira hop chét thir nghiém
Bang 2 thé hién cac két qua.

Puoc xé4c nhan 14 cac hop chét theo sang ché khong nhimg thé hién hiéu qua
tic ché sy phat trién dbi véi céc té bao biéu hién EGFR (d746-750), ma thé hién hién
qué trc ché s phat trién dbi vé6i ca cac té bao biéu hién EGFR (T790M/L858R). Ciing
x4c nhén ring hiéu quéa tc ché sy phat trién cta ching ddi véi cac t& bao biéu hién
EGFR (WT) 1 thép hon hiéu qua tic ché sy phat trién ctia ching dbi véi cac protein
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EGFR néu trén.
Béang 2

Loai EGFR EGFR EGFR
EGFR (T790M/L858R) | (d746-750) | (WT)
Téntébao | NCI-H1975 HCC827 A431
Vidu

1 9,0 1,9 370

2 4200 780 >10000
3 560 16 >10000
4 140 5,5 2400

5 51 8,1 2200

6 54 33 520

7 150 5,6 2600

8 800 66 1100

9 770 7,5 4200
10 310 8,1 4400
11 260 9,7 3900
12 240 7.9 3500
13 150 13 1200
14 22 2,5 1900

15 85 22 2000
16 600 27 >10000
17 2900 160 >10000
18 160 8,9 4000
19 49 5,6 990

20 310 23 3900
21 56 8,1 2600
22 56 5,7 1500
23 47 3,3 5100
24 110 4,9 3400
25 2500 260 >10000
26 150 18,4 4700
27 110 15 1000
28 48 14 1200
29 1600 89 >10000
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YEU CAUBAO HQ

1. Hop chét c6 cong thirc (I) duéi day hodc mubi ctia no:

trong d6 nhoém:

b
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[R la nguyén tir hydro hogic nhém C1-C6 alkyl va R, 1a nhém duge thé hién bdi:

trong d6 Rs, Ry, va Rs 14 gidng hodc khac nhau, va mdi trong s6 chung 14 nguyén tir
hydro, nguyén tir halogen, nhom C1-C6 alkyl, nhom C6-C12 aryl, nhém C4-C9
heteroaryl, nhém aminometyl ma c6 thé dugc thé bing nhém C1-C6 alkyl, hosic nhém
1-piperidinometyl,

hodc nhom dugce thé hién béi:

=—"R
trong d6 R 1a nguyén tir hydro hoac nhom C1-C6 alkyl],

R; va Rg 13 gibng hodc khac nhau, va mdi trong s6 ching 13 nguyén tir hydro hoic
nhém C1-C6 alkyl, m 1a 0 hodc 1, vanla 1 hoac 2);

(2) nhom c6 cong thirc A2:

AZ ,

(trong cbng thitc A2, B va n 13 nhu dugc dinh nghia dbi véi cong thirc Al va Ry 14
nguyén ti hydro hodc nhom C1-C6 alkyl); hodc

(3) nhom c6 cong thirc A3:
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(trong cong thirc A3, B, m, va n 1a nhu dugc dinh nghia dbi voi cong thitc Al va Ry 1a
nhém C1-C6 alkyl).

2. Hop chét hoc mudi ciia n6 theo diém 1, trong d6 R, 13 nhém duoc thé hién béi:

trong d6 Ry, Ry, v Rs 13 gibng hodc khac nhau, va mdi trong sb chung 14 nguyén tir
hydro, nguyén tr halogen, nhom C1-C6 alkyl, nhém aminometyl ma c6 thé duoc thé
bang nhém C1-C6 alkyl, hozic nhém 1-piperidinometyl,

hoéc nhom dugce thé hién béi:

=, ’
trong d6 R¢ 1a nguyén tir hydro hodc nhém C1-C6 alkyl.

3. Hop chit hodc mudi ctia né theo diém 1 hoic 2, trong d6 R 13 nhém duoc thé hién
boi:

trong d6 R, Ry, va Rs 13 gidng hoic khac nhau, va mdi trong sb ching 13 nguyén tir
hydro, nguyén tr halogen, nhém aminometyl ma c6 thé dugc thé bang nhom metyl,
hogc nhom 1-piperidinometyl.

4. Hop chét hoic mubi cia nd theo diém bét ky trong sb cac diém tir 1 dén 3, trong d6
nhom:

s *

la (1) nhdm c6 cong thic Al:
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trong d6 R, Ry, va Rs 12 gidng hodc khéc nhau, va mdi trong s6 chung 14 nguyén tir
hydro hoéc nguyén tir halogen,

R, va Ry 14 gibng hoic khéc nhau, va mdi trong s6 ching 13 nguyén tir hydro hoic
nhém C1-C6 alkyl, m 1a 0 hodc 1, vanla 1); hoac

(2) nhém c6 cong thirc A2:

A2 ,

(trong cong thirc A2, B va n 1a nhu duoc dinh nghia ddi véi cong thirc Al va Ry 1a
nguyén ti hydro hoac nhom C1-C6 alkyl).
-93-
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5. Hop chét hodic mudi ctia n6 theo diém bt ky trong s6 céc diém tir 1 dén 4, trong d6
nhom:

trong do mdi Rs, Ry, vaRs 1a nguyén tir hydro,
mdi R; va Rg 12 nguyén tir hydro, m 14 0, van 1a 1); hodc
(2) nhom co6 cong thuc A2:

-94-



(trong cong thirc A2, B va n 13 nhu duoc dinh nghia dbi v6i cong thiic Al va Ry 13
nhom C1-C6 alkyl).
6. Hop chét hoic mudi ctia n6 theo diém bét ky trong s6 céc diém tir 1 dén 5, trong d6
hop chét nay dugc chon tir nhém cac hop chét dudi day:
(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-b]pyrolizin-
7-yDacrylamit;
(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-b]pyrolizin-
7-yl)metacrylamit;
(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-b]pyrolizin-
7-yl)but-2-enamit (hdn hop bao gbm E va Z);
(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-
b]pyrolizin-7-yl)-4-(dimetylamino)but-2-enamit;
(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-
b]pyrolizin-7-yl)-3-cloacrylamit;
(S,Z)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-
b]pyrolizin-7-yl)-3-cloacrylamit;
(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-y1)-7,8-dihydro-6H-pyrimido[ 5,4-
b]pyrolizin-7-yl)-4-(piperidin-1-yl)but-2-enamit;
(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5 ,4-b]pyrolizin-
7-yl)propiolamit;
(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-b]pyrolizin-
7-yhbut-2-ynamit;
(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-
b]pyrolizin-7-yl)-4-(dietylamino)but-2-enamit;
(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-
b]pyrolizin-7-y1)-4-(etyl(metyl )amino)but-2-enamit;
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(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-
b]pyrolizin-7-yl)-4-(isopropyl(metyl)amino)but-2-enamit;
(R)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-6,7,8,9-tetrahydropyrimido[ 5,4-
blindolizin-7-yl)acrylamit;
(S)-N-(4-amino-6-metyl-5-(quinolin-3-y1)-8,9-dihydropyrimido[ 5,4-b]indolizin-8-
yl)acrylamit;
(S)-N-(4-amino-6-metylen-5-(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[5,4-
blindolizin-8-yl)acrylamit;
(R)-N-(4-amino-6-metyl-5-(quinolin-3-y1)-8,9-dihydropyrimido[ 5,4-b]indolizin-8-
yl)acrylamit;
(R)-N-(4-amino-6-metylen-5-(quinolin-3-yl1)-6,7,8,9-tetrahydropyrimido[ 5,4-
blindolizin-8-yl)acrylamit;
(S)-N-(4-amino-6-metylen-5-(quinolin-3-y1)-7,8,9,10-tetrahydro-6H-
pyrimido[5°,4’:4,5]pyrolo[ 1,2-a]azepin-8-yl)acrylamit;
(S,E)-N-(4-amino-6-etyliden-5-(quinolin-3-yl)-6,7,8,9-tetrahydropyrimido[ 5,4-
blindolizin-8-yl)acrylamit;
(S)-N-(4-amino-6-isopropyl-5-(quinolin-3-yl1)-8,9-dihydropyrimido[5,4-b]indolizin-8-
ylacrylamit;
(S)-N-(4-amino-6-(propan-2-yliden)-5-(quinolin-3-yl)-6,7,8,9-tetrahydropyrimido[ 5 ,4-
blindolizin-8-yl)acrylamit; '
(R)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-b]pyrolizin-
7-yl)-N-metylacrylamit;
(R)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-6,7,8,9-tetrahydropyrimido[ 5,4-
blindolizin-8-yl)-N-metylacrylamit;
(R)-N-(4-amino-6-metyl-5-(quinolin-3-y1)-8,9-dihydropyrimido[5,4-b]indolizin-8-y1)-
N-metylacrylamit;
N-((7S)-4-amino-6-metyl-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-b]pyrolizin-
7-yDacrylamit;
(R)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-b]pyrolizin-
7-yl)acrylamit;
(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-b]pyrolizin-
7-yl)-N-metylacrylamit;
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(S)-N-(4-amino-5-(quinolin-3-y1)-8,9-dihydropyrimido[ 5,4-b]indolizin-8-yl)acrylamit;
(R)-N-(4-amino-5-(quinolin-3-y1)-9,10-dihydro-8H-pyrimido[5°,4:4,5]pyrolo[ 1,,2-
aJazepin-8-yl)acrylamit;
N-((6R*,8S)-4-amino-6-metyl-5-(quinolin-3-y1)-6,7,8,9-tetrahydropyrimido[ 5,4-
blindolizin-8-yl)acrylamit; va

N-((6S*,8S)-4-amino-6-metyl-5-(quinolin-3-yl)-6,7,8 9-tetrahydropyrimido[5,4-
blindolizin-8-yl)acrylamit.

7. Hop chét hoic mubi ctia n6 theo diém bét ky trong sb cac diém 1 dén 5, trong d6 hop
chét nay dugc chon tir nhém céc hop chét dudi day:
(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-b]pyrolizin-
7-yDacrylamit;
(S,E)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-
b]pyrolizin-7-yl)-3-cloacrylamit;
(S,Z)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-
b]pyrolizin-7-yl)-3-cloacrylamit;
(S)-N-(4-amino-6-metyl-5-(quinolin-3-y1)-8,9-dihydropyrimido[5,4-bJindolizin-8-
yDacrylamit;
(S)-N-(4-amino-6-metylen-5-(quinolin-3-yl1)-6,7,8,9-tetrahydropyrimido[ 5,4~
blindolizin-8-yl)acrylamit;
(S,E)-N-(4-amino-6-etyliden-5-(quinolin-3-yl)-6,7,8.9-tetrahydropyrimido[5,4-
blindolizin-8-yl)acrylamit;
(R)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[5,4-b]pyrolizin-
7-yl)-N-metylacrylamit;
(R)-N-(4-amino-6-metylen-5-(quinolin-3-yl)-6,7,8,9-tetrahydropyrimido[ 5,4-
b]indolizin-8-yl)-N-metylacrylamit;
(R)-N-(4-amino-6-metyl-5-(quinolin-3-yl)-8,9-dihydropyrimido[5,4-b]indolizin-8-y1)-
N-metylacrylamit; va
(R)-N-(4-amino-5-(quinolin-3-y1)-9,10-dihydro-8H-pyrimido[5°,4°:4,5 |pyrolo[ 1,2-
alazepin-8-yl)acrylamit.

8. Hop chét hoiic mudi ctia n6 theo diém 6 hoiic 7, trong d6 hop chét 1 (S)-N-(4-amino-
6-metylen-5-(quinolin-3-yl)-7,8-dihydro-6H-pyrimido[ 5,4-b]pyrolizin-7-yl)acrylamit
hodic mudi cia nd.
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9. Hop chét hodic mubi ctia n6 theo diém 6 hodic 7, trong d6 hop chét 13 (S)-N-(4-amino-
6-metyl-5-(quinolin-3-y1)-8,9-dihydropyrimido[5,4-b]indolizin-8-yl)acrylamit hodc
mudi cta nod.

10. Duge phim chira hop chit hosic mudi ctia né theo diém bét ki trong s cac diém tir
1 d&#no.

11. Thudc chdng khéi u chira hop chét hoic mudi ctia né theo diém bét ky trong s6 cc

diém tir 1 dén 9, 1am thanh phan hoat tinh.

12. Dugc phim dé phong ngira hodc didu tri bénh ung thu chita hop chit hoic mubi ciia
né theo diém bt ky trong sb cac diém tir 1 dén 9.
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