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(549 HQP CHAT (6S5,9AS)-N-BENZYL-6-[(4-HYDROXYPHENYL)METYL]-4,7-
DIOXO-8-({6-[3-(PIPERAZIN-1-YL)AZETIDIN-1-YL]PYRIDIN-2-
YL}METYL)-2-(PROP-2-EN-1-YL)- OCTAHYDRO 1H-PYRAZINO[2,1-
C][1,2,4]TRIAZIN-1-CARBOXAMIT VA CHE PHAM DUQC CHUA NO

(57) Hop chat dugc thé hién bdi cong thic (1) hodc mu6i dugc dung clia chiing:

(1)

trong d6 R' 1a nhém C, ¢ alkyl; R? va R? 1a giong hodc khéc nhau va mbi chiing
12 nguyén tir hydro hodc nhém C, ¢ alkyl; X?, X? va X* 1a gi6ng hoic khac nhau
va mdi ching 1a nguyén tr hydro hodc nguyén tir halogen; va X° 1a nguyén tit

hydro hoic -P(=0)(OH), c6 hoat tinh diéu bién dudng dan Wnt.
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Linh vue ky thuit dwoc dé cap

Sang ché dé cap dén hop chit (6S,9aS)-N-benzyl-6-[(4-hydroxyphenyl)metyl]-4,7-
dioxo-8-({6-[3-(piperazin-1-yl)azetidin-1-yl|pyridin-2-yl }metyl)-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin-1-carboxamit va ché phim duoc chira né.

Tinh trang ky thuit ciia sing ché

Puong din tin hiéu Wnt duoe duy tri bat ké sur khac biét gitra cac loai sinh vat, va
duoc biét a duong din quan trong tham gia vao sur phat trién, su phan bi€t va duy tri sinh vat
sdng. Tuy nhién, trong cac nim gin day, da duoc béo céo ring su hoat héa chi yéu cia
duong dan tham gia vo su phat trién bién dbi 4c tinh ctia chimg xo héa va ung thu. Pugc
biét réng, dac biét 1a ¢ ung thu dai tryc trang, khéi u 4c tinh, ung thu ndi mac tir cung, ung thu
gan va ung thu tién liét tuyén, dudng dn tin hiéu Wnt dugc hoat héa chi yéu boi dot bién
ngan chan dugc cua gen da polyp tuyén (APC) hoic hoat hoéa dot bién cta [-catenin hoac
tuong tu. Con biét ring, & ung thu tuy, ung thw méau, ung thur gan va trong ty, dudng din tin
hiéu Wnt ¢6 thé dugc hoat héa sau khi xir ly bang tic nhan chéng u da biét.

Trong céc tai liéu khong phai sang ché 1 va 2, ¢ m6 ta ring hoat tinh chéng u tuyét

voi ¢6 thé dat dugc bang cach e ché dudng dan tin hiéu Wnt. Trong céc tai liéu khong phai
sang ché 12, 13 va 14, da md ta réng tac dong tuyét voi [én chimg xo hoa cd thé dat duoc
bing c4ch tic ché dudng dan tin higu Wnt. Do d6, dudng dan tin hiéu Wnt da thu hat sw chu
y nhu mot dich méi dé diéu tri u hodc didu tri chimg xo hoa.
Trong cAc tai liéu khong phai sang ché 3, 4, 5, 6, 7, 8,9, 10 va 11, hop chét hoic khang thé c6
kha nang ic ché dudng din tin hiéu Wnts duoc boe 16, va duge bao cao réng hop chét hoic
khang thé co thé tac dong lén Tankyraza, Traf2- va Nck-tuong tac kinaza (TNIK), Porcupin,
Thu thé Frizzled va tuong tu.

Ngodi ra, mdi hop chét ¢ mach chinh octahydro-1H-pyrazino[2,1-c][1,2,4]triazin
duoc biét dén 14 chat didu bién cta dudng dan tin hiéu Wnt, va mdi quan hé gitta hop chét va
bénh nhur ung thur va chimg xo héa dugc chi ra (Cac Tai liéu sang ché 1 dén 3).
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Bén chit k§ thuét ciia sing ché
Vén dé k¥ thuat

Van d& duoc giai quyét boi sang ché theo don ndy 13 d& xuét hop chét ¢6 hoat tinh
diéu bién dudng dan Wnt.
Giéi phép cho vén dé

La két qua ctia c4c nghién ctru toan dién dé giai quyét van dé néu trén, tac gia sing
ché da hoan thanh séang ché. Tirc 13, sang ché @& cap dén hop chét [1] dén [21] sau:
[1] Hop chét duoc thé hién bai cong thire (1) hodc mudi duoc dung ciia chiing:

R2
Tk yel
N._O N
M of
N\/g/;@XZ
e
X4 OX®
(1)

trong d6 R 12 nhém Cy¢ alkyl; R* va R’ Ia giéng hogc khac nhau va mdi ching 1& nguyén tix
hydro hogc nhém C,¢ alkyl; X%, X3 va X* 1a gidng hoic khac nhau va mdi chiing 13 nguyén
tlr hydro hoéc nguyén tir halogen; va X’ 14 nguyén tir hydro hosc -P(=0)(OH),.
[2] Hop chét hodic mudi duge dung clia ching theo [1], trong d6 R! 13 nhém metyl,
nhém etyl hogc nhém isopropyl.
[3] Hop chét hoiic mudi duoc dung clia ching theo [1], trong d6 R? va R® 14 giéng hoic
khéac nhau va mdi chiing 1a nguyén tir hydro hodc nhém metyl.
[4] Hop chét hogic mudi dugc dung ciia ching theo [1], trong d6 X? 1a nguyén tir hydro

hoéc nguyén tir flo.

[5] Hop chét hoac mudi dugce dung ciia ching theo [1], trong d6 X 1a nguyén tir hydro
hodc nguyén tir flo.

[6] Hop chét hogic mudi dugc dung ciia ching theo [1], trong d6 X* 14 nguyén tir hydro
hodc nguyén tir flo.

[7] Hop chét hodc mubi duge dung ctia chiing dugc chon tir:

(68,9aS)-N-benzyl-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-6-((2-flo-
4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[ 2,1-
c][1,2,4]triazin-1-carboxamit,
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(6S,9aS)-N-benzyl-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-6-((4-
hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-8-((6-(3-(4-metylpiperazin-1-
yDazetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((3S)-3.4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yDmetyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2~(prop-2-en-1-yl)-octahydro-1H-
pyrazino|2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((3R)-3,4-dimetylpiperazin-1-yl)azetidin- 1-yl)pyridin-2-
yl)metyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin- 1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((2S)-2,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yl)metyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin- 1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)-5-flopyridin-2-yl)metyl)-6-
((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((5-flo-6-(3-(4-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-6-
((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2~(prop-2-en-1-y1)-8-((6-(3-(4-
(propan-2-yl)piperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-8-((5-flo-6-(3-(4-metylpiperazin-1-
yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-8-((6-(3-
(4-(propan-2-yl)piperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-8-
((6~(3-(4~(propan-2-yl)piperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-octahydro- 1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(68S,9aS)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-(4-etylpiperazin-1-
yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
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(68S,9aS)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-(4-metylpiperazin-1-
ylazetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((2S)-2,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yDmetyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2~(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-((3S)-3,4-
dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2~(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-((2S)-2,4-
dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((3S)-4-etyl-3-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yl)metyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-3-((3R)-4-etyl-3-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yl)metyl-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((3S)-4-etyl-3-metylpiperazin-1-yl)azetidin-1-yDpyridin-2-
ylmetyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin- 1 -carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((3R)-4-etyl-3-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yl)metyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(68,9aS)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-((3S)-4-etyl-3-
metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][1,2,4]triazin- 1-carboxamit,
(6S,9aS)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-(3R)-4-etyl-3-
metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((3R)-3,4-dimetylpiperazin-1-yl)azetidin-1yl)-5-flopyridin-2-
yl)metyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
4-(((68,9aS)-1-(benzylcarbamoyl)-8-((6-(3-(4-etylpiperazin- 1-yl)azetidin- 1-yl)pyridin-2-
yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-¢][ 1,2,4]triazin-6-
yl)metyl)-3-flophenyl dihydro phosphat, va,
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4-(((68S,9aS)-1-(benzylcarbamoyl)-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yDmetyl-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-c][ 1,24 ]triazin-6-
yDmetyl)phenyl dihydro phosphat.

[8] Hop chét hodc mudi duoc dung ctia chiing dugc chon tir:
(6S,9aS)-N-benzyl-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-6-((2-flo-
4-hydroxyphenyl)metyl)-4,7-dioxo-2~(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-6-((4-
hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-8-((6-(3-(4-metylpiperazin-1-
yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino|2,1-c][1,2,4]triazin- 1 -carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((3S)-3,4-dimetylpiperazin- 1-yl)azetidin-1-yl)pyridin-2-
yDmetyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((3R)-3,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yl)metyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino|2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((2S)-2,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
ylmetyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((5-flo-6-(3-(4-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-6-
((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-8-
((6-(3-(4-(propan-2-yl)piperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-(4-etylpiperazin-1-
yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((2S)-2,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yl)metyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
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(6S,9aS)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-((3S)-3,4-
dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-((2S)-2,4-
dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][1,2,4]triazin- 1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((3S)-4-etyl-3-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yDmetyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(68S,9aS)-N-benzyl-8-((6-3-((3R)-4-etyl-3-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yDmetyl-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-((3S)-4-¢tyl-3-
metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
4-(((6S,9aS)-1-(benzylcarbamoyl)-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yD)pyridin-2-
yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-6-
yDmetyl)-3-flophenyl dihydro phosphat, va
4-(((6S,9aS)-1-(benzylcarbamoyl)-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yl)metyl-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-6-
yDmetyl)phenyl dihydro phosphat.

[9] (6S,9aS)-N-Benzyl-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-
6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro- 1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit hodc mudi duge dung clia chiing:

[10]  (6S,9aS)-N-Benzyl-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-
6-((4-hydroxyphenyl)mety1)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
¢][1,2,4]triazin-1-carboxamit hodc mudi dirge dung ciia ching;
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[11] (6S,9aS)-N-Benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-8-((6-(3-(4-metylpiperazin-1-
yDazetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin- 1 -carboxamit hogc mudi dugc dung cia chung:

N/
N

[12]  (6S,9aS)-N-Benzyl-8-((6-(3-((3S)-3,4-dimetylpiperazin- 1-yl)azetidin-1-yl)pyridin-
2-yDmetyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit hodc mubi dugc dung ciia ching;

[13]  (6S,9aS)-N-Benzyl-8-((6-(3-((3R)-3,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-
2-yl)metyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit hodc mubi dugc dung cia chiing:
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[14]  (6S,9aS)-N-Benzyl-8-((6-(3-((2S)-2,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-
2-yl)metyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit hogc mubi dugc dung cta ching;

H N
Cl o I

\/\N N /\KN)/N
C “OH

[15]  4-(((6S,9aS)-1-(Benzylcarbamoyl)-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-
yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-6-yl)metyl)-3-flophenyl dihydro phosphat hogc mudi duoc dung cia ching:

@ s

[16]  4-(((6S,9aS)-1-Benzylcarbamoyl)-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-
yl)pyridin-2-yl)metyl-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-6-yl)metyl)phenyl dihydro phosphat hodc mudi dugc dung cia ching:

@H\f" N Hm

© 9
o HH

[17]  Ché phim duogc chira hop chit hosc mudi duge dung clia chiing theo hop chét bét
ky trong s [1] dén [16].
[18]  Téc nhén diéu trj hoic phong ngira ung thrr hodc chimg xo héa, chira hop chét hodic
mudi dugc dung cia chiing theo hop chét bét ky trong sb [1] dén [16].
[19]  Phuong phép diéu tri hodic phong ngira ung thu hodc chimg xo hda, bao gdm viée
dung hop chét hoic mubi duge dung cta ching theo hop chét bit ky trong sb [1] dén [16]
cho ngudi bénh.
[20]  Hop chét hoic mudi dugc dung ciia ching theo hop chét bét ky trong sb [1] dén
[16] dung € diéu tri hoic phong ngira ung thw hodc chimg xo héa.

-10-
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[21] St dung hop chit hodic mudi duoc dung clia chiing theo hop chét bit ky trong s [1]
dén [16] trong san xuét tac nhan diéu tri hodc phong ngira ung thu hogc chimg xo héa.
Hiéu qua c6 10i ciia sang ché

Hop chét theo sang ché 6 hoat tinh didu bién dudng din Wnt va do d6 c6 tiém niing
stt dung nhur tac nhan diéu trj ung thur, chimg xo héa va trong tu.
M5 ta vin tit cic hinh vé

Fig.1 thé hién cac két qua ctia vi du thir nghiém 6.

Fig.2 thé hién cac két qua ctia vi du thtr nghiém 7.

Fig.3 thé hién c4c két qua ciia vi du thir nghiém 7.

M6 ta chi tiét sang ché

Duéi day, ndi dung clia sang ché s& duge mo ta cu thé. Trong phan mé ta, thudt ngit
“hop chét theo sang ché” nghia 13 hop chét dugc thé hién boi cong thire (1) hodic mudi duoc
dung ctia ching. Hop chét dugc thé hién béi cong thire (1) dbi khi duge goi 1a “hop chat (1)”.

Trong hop chét theo sang ché, gbc ¢6 cong thirc (1) trong d6 dic diém héa hoc 1ap
thé dugc xé4c dinh rd rang 1 cAu trac nhw dugc thé hién trong cong thite, va gbc c6 cong thirc
(1) ma 13 phan con lai cia gdc noéi trén va trong d6 dic diém hoa hoc 14p thé khong dugc xéc
dinh 13 rang ¢6 thé chira chit ddng phén 14p thé vi chit dong phan 18p thé c6 thé 14 mdt loai
trong cac chit ddng phan lap thé hodc hdn hop ciia cic chét dong phén 1ap thé. Hop chét co
thé bao gdm tinh da hinh tinh thé cta ching. Tinh da hinh tinh thé khong bi gi¢i han & dang
tinh thé cy thé, va c6 thé 13 dang tinh th don hoiic hdn hop clia céc dang tinh thé. Hop chét
theo sang ché bao gdm dang vo dinh hinh, va con bao g0m anhydrit va solvat nhw hydrat.

Dudi day, nghia cta cac thuét ngft, biéu twong va turong tir duge md ta trong sang
ché s& duoc giai thich d& md ta chi tiét sang ché.

Thuét ngit “nguyén tir halogen” nhu duge st dung & déy dé cap dén nguyén ti flo,
nguyén tir clo, nguyén tr brom hogc nguyén tir i6t.

Thuat ngt “nhém Ci alkyl” nhur dugc sir dung & ddy d€ cap dén nhom alkyl mach
thang hodc mach nhanh c6 1 dén 6 nguyén tir cacbon, va céc vi du cu thé cia nhém bao gbm
nhém metyl, nhom etyl, nhém 1-propyl, nhém 2-propyl, nhém 2-metyl-1-propyl, nhém 2-
metyl-2-propyl, nhém 1-butyl, nhém 2-butyl, nhém 1-pentyl, nhém 2-pentyl, nhém 3-pentyl,
nhom 1-hexyl, nhém 2-hexyl va nhoém 3-hexyl.

R! trong hop chét duoc thé hién boi cong thire (1) 12 nhém Cy alkyl. R' t6t hon Ia
nhoém metyl, nhom etyl hodc nhém isopropyl, va R' tt hon nita 1a nhom etyl.

Trong hop chét duge thé hién boi cong thire (1), R* va R® 1a gidng hodc khéc nhau
va mdi ching 13 nguyén tr hydro hodic nhém Cy alkyl. Tét hon 13, R? va R 1a gidng hoic
khac nhau va mdi chting 1a nguyén tir hydro hogc nhom metyl. Tét honnitala, caR*vaR’ 1a
nguyén t hydro.

-11-
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X? trong hop chét duoc thé hién béi cong thire (1) 12 nguyén tir hydro hodc nguyén
tir halogen, t6t hon 13 nguyén tir hydro.

X2 trong hop chét dugc thé hién boi cong thire (1) 1a nguyén tir hydro hoic nguyén
tir halogen, tt hon 1a nguyén tir hydro hogic nguyén ti flo.

X* trong hop chét dugc thé hién boi cong thire (1) 1a nguyén tir hydro hoic nguyén
tir halogen, tdt hon 13 nguyén tir hydro hosc nguyén tit flo.

X’ trong hop chit dugc thé hién bdi cong thire (1) 1a nguyén it hydro hoic -
P(=0)(OH),, t&t hon 13 nguyén tir hydro.

Thuét ngit “mubi duoc dung” durge sir dung trong sang ché khong c6 gidi han cu thé
mién 13 muéi duge dung 1a mudi dugc tao thanh véi hgp chit duge thé hién béi cong thire (1)
va dung duoc trong linh vue dugce, va cac vi dy mubi duge dung bao g?)m mubi axit vo co,
mudi axit hitu co, mudi bazo v6 co, mudi bazo hitu co, va mudi axit amin axit hofic bazo.

Céc vi du duoc vu tién ctia mubi axit vo co bao gdm hydroclorua, hydrobromua,
mudi sulfat, mudi nitrat va mudi phosphat, va cac vi du dugc wu tién cla mudi axit hitu co
bao gém: mudi carboxylat nhu mudi axetat, mudi sucxinat, mudi fumarat, mudi maleat, mudi
tartrat, mudi xitrat, mudi lactat, mudi stearat, mubi benzoat va mudi mandelat; va mudi
sulfonat nhu mudi metansulfonat, mudi etansulfonat, mudi p-toluensulfonat va mudi
benzensulfonat.

Céac vi du dugc uu tién cia mudi bazo vd co bao gém: mudi kim loai kiém nhu
mudi natri va mubi kali; mudi kim loai kidm thd nhu mubi canxi va mubi magié; mubi nhém;
va mudi amoni. Céc vi du duge wu tién clia mudi bazo hitu co bao gdbm: mubi dietylamin,
mubi dietanolamin, mubi meglumin va mudi N,N'-dibenzyletylendiamin.

Céc vi du duge wu tién ciia mubi axit amin axit bao gbm mubi aspartat va mudi
glutamat. Céc vi du dugc uu tién cuia mudi axit amin bazo bao gdm mubi arginin, mudi lysin
vamubi ornithin,

Hop chét dugc thé hién béi cong thire (1), nhu hop chét dugc mo t trong cAc vi du
1dén 6, 8,12, 13, 15 dén 19 va 22 dé cap dudi day, dic biét 1a hop chit duge mo ti trong céc
vi du 1 dén 6, c6 thé duge st dung 1am chét ding dugc qua dudng miéng tir quan diém ctia
céc thong s6 nhur do tan, tinh 6n dinh chuyén héa va do thim qua mang,

Hop chét duoc thé hién béi cong thire (1) ¢6 thé dugc diéu ché béi phuong phép
nhu d cap dudi day. Phuong phap diéu ché hop chit dugc thé hién bsi cong thire (1) khong
gi¢i han & phuong phép nay, va co thé duoc didu ché bang cach cai bién phuong phép néu
trén bdi chuyén gia trong linh vuc trén co s& hiéu biét chung.

[Phuong phap didu ché 1] Phuong phap diéu ché hop chét (1A)

-12-
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trong d6 R!, R R®, X2 X va X* 1a nhu dugc dinh nghia & trén; X' 13 nguyén tir
halogen; va PG’ 14 nhom bao vé cho nhém phenolic hydroxy.

Phwong phép diéu ché hop chét (1A), 1a mot trong cac hop chét dugc thé hién boi
cong thirc (1) trong d6 X° 14 nguyén tir hydro, duogc & cap dudi day.

Hop chét (2) ¢6 th duoc didu ché bsi phuong phap duge md ta trong vi dy diéu ché
ho#c Phuong phép diéu ché 2 trong cac vi du hoic twong tu.

D6i voi hop chét (3), hop chét ¢6 ban trén thi trudng co thé duoc sir dung ma khong
cAn cai bién bét ky. Tuy ¥, hop chit (3) c6 thé dugc didu ché tir hop chit ¢6 bén trén th
trudng bang phuong phép di biét. Ty ¥, hop chét (3) c6 thé dugc diéu ché boi phuong phép
duge md ta trong vi du diéu ché hoic Phuong phap diéu ché 3 trong cAc vi du hoic trong tur.

Hop chét (4) c6 thé duoc didu ché bsi phuong phap duge mé ta trong vi du diéu ché
hozic Phuong phap diéu ché 4 trong cc vi du hoic tuong tu.

[Bude 1]

Bude ny 1a bude cho hop chét (2) phan tmg v6i amin dugc thé hién boi hop cht
(3) hoic mudi ctia chiing while chiéu xa hgp chit bing vi séng véi sy c6 mit clia bazo dé tao
ra hop chit (1A). Dung méi duge str dung trong phan tmg khong c6 gi6i han cu thé mién 1a
dung mdi c6 thé hoa tan cac vat liéu khéi ddu & mirc do nao d6 va khong trc ché phéan tmg.
V& dung moi, dung mdi kiéu amit nhur N,N-dimetylformamit va N-metylpyrolidinon; dung
méi kidu sulfoxit nhu dimetyl sulfoxit; hodc dung mdi tron 14n clia bit ky hai hogc nhidu
dung moi nay c6 thé duge st dung. V& bazo dugc st dung trong phan tmg, bazo hitu co nhu
N,N-diisopropyletylamin, trietylamin, 1,8-diazabixyclo[5.4.0Jundec-7-ene (con goi la
“DBU”) va pyridin c6 thé dugc sir dung, hogc chinh hgp chét (3) ciing c6 thé dugc str dung,
Hop chét (3) ¢6 thé dugc sir dung véi lrgng bing 1 dwong lugng hoic hon, tét hon 14 1,5 dén
5 duong lugng, so véi lugng cta hop chét (2). Bazo c6 thé dugc sir dung véi lugng bang 1
dwong luong hodc hon, tdt hon 13 1,5 dén 5 duong lugng, so véi luong ciia hop chit (2).

-13-
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Nhiét d6 phan tmg ndm trong khoang tir 50°C dén nhiét d6 hdi huu, va thoi gian phan tmg
nim trong khoang tir 1 dén 72 gio.

Hop chét (1A) c6 thé duoc diéu ché tir hop chit (2) bang phuong phép duge mo t
14 budc thay thé (1) dudi day.

Budc thay thé (1): budc ndy 14 bude gia nhiét hop chit (2) va hop chét (3) trong
dung méi dé tao ra hop chét (1A). Dung méi duge sit dung trong phan tmg khéng c6 gi6i han
cu thé mién 1a dung méi c6 thé hoa tan cac vét lidu khéi diu & mirc do ndo d6 va khong tic
ché phan tmg. Vi du, dung méi kiéu pyridin nhw pyridin hoic dung méi tron 1an ciia dung
mdi néu trén véi nude co thé duoc st dung. Pé thu duoc san lugng t6t, bazo nhu kali
cachonat va cexi cacbonat ¢ thé dugc thém véi lugng bang 1 dén 2 duong hrong. Hop chét
(3) ¢6 thé dugc sir dung véi lugng bang 1 duong lugng hogic hon, t6t hon 14 1,5 dén 5 duong
luong, so véi luong ctia hop chit (2). Nhiét d6 phan tmg nim trong khoang tir 50°C dén nhiét
d6 hdi Iuy, va thdi gian phén tmg ndm trong khoang tir 10 pht dén 72 gio.

[Budce 2]

Budc ndy 13 bude cho hop chat (4) phan tmg dudi didu kién axit d& chuyén dbi gbc
axetal thanh aldehyt, va sau d6 thuc hién phan ing vong héa d& tao ra hop chét (5). Khi
nhém bao vé ma phan g khir bdo vé cho né thyc hién dudi diéu kién axit cia budc ny
duogc st dung 1am nhém béo v PG' cho nhém phenolic hydroxy, nhu nhém tert-butyl, phén
ung vong hoa néu trén cling nhu loai bd nhém bao vé PG' xay ra, tao thanh hop chét (1A).
V& axit dugc str dung trong phan tmg, axit formic, axit p-toluensulfonic hodc twong tw c6 thé
duoc sir dung. Dung moi dugce st dung trong phan ting khong c6 gidi han cu thé mién 1a
dung méi c6 thé hoa tan céc vat liéu khéi dAu & mirc do nao d6 va khdng tc ché phan ting. Vi
dy, dung méi kiéu ete nhur tetrahydrofuran, tert-butyl metyl ete va 1,4-dioxan; dung méi phén
cuc khong proton nhu N,N-dimetylformamit, N,N-dimetylaxetamit, dimetyl sulfoxit,
sulfolan, N-metylpyrolidinon, 1,3-dimetyl-2-imidazolidinon va hexametylphosphoramit;
dung méi kiéu nitril nhur axetonitril va propionitril; dung mdi chira halogen nhu diclometan
va cloform; dung mdi kiéu hydrocacbon thom nhu benzen va toluen; va nuéc c6 thé duoc sir
dung. Ty v, chinh axit hoiic dung méi trén 1An cla bt ky hai hodc nhiéu dung méi néu trén
ciing ¢6 thé dugc st dung. Axit ¢6 thé dugc st dung v6i lugng nim trong khoang tir huong
xtic tac dén luong dung moi, tdt hon 1a 3 duong Iwgng dén hrong dung méi, so véi lugng clia
hop chét (4). Nhiét do phén tmg nim trong khoang tir nhiét 6 phong dén nhiét d6 hdi lwu, va
thi gian phan tmg nim trong khoang tir 10 phut dén 168 gio.

[Bude 3]

Budc nay 1a bude loai nhdém béo vé PG' cho nhém phenolic hydroxy trong hop chét
(5) d& tao ra hop chit (1A). Diéu kién cho phan tng thay dbi phu thudc vao loai nhém béo vé
PG' cho nhém phenolic hydroxy dugc sit dung. Vi du, khi nhém bao v€ loai benzylete nhur
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nhém benzyl dugc loai bd, phan tmg dugc thuc hién duéi didu kién axit dé tao ra hop chét
(1A). V& axit duoc sir dung, axit hiru co nhur axit trifloaxetic va axit metansulfonic; axit vo co
nhur axit sulfuric; va axit Lewis nhu boron triflorua dietyl eterat co thé duge st dung, Pé thu
duoc két qué tdt hon, chét phy gia nhu thioanisol va pentametylbenzen c6 thé dugc thém vao
phan Gmg. Dung méi dugc sir dung trong phéan tmg khong c6 giéi han cu thé mién 13 dung
méi ¢6 thé hoa tan cac vat liéu khoi diu & mire do nao d6 va khong tre ché phan tmg. Tét hon
13, dung mdi kiéu ete nhu dietyl ete va tetrahydrofuran va dung mdi chira halogen nhu
diclometan c6 thé dugc st dung. Tuy y, chinh axit hodc dung méi trdn 1An cta bét ky hai
hodc nhidu dung méi néu trén c6 thé duoc sir dung. V& chit phu gia, thioanisol, etanthiol, dI-
methionin, pentametylbenzen va twong tw ¢6 thé dugc st dung. Axit ¢6 thé dugc sir dung véi
lwong bang 1 duong lwong ctia lugng dung méi so véi lwgng cla hop chét (5). Chét phy gia
¢6 thé duoc sir dung véi luong bang 1 dén 5 duong lwong so véi lugng clia hop chét (5).
Nhiét d6 phan img nim trong khoang tir 0°C dén nhiét d hdi Iuu, va thdi gian phan g ndm
trong khoang tir 10 phut dén 72 gio.

[Phuong phap didu ché 2] Phwong phép didu ché hop chét (2)
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trong d6, X', X% X°, X* va PG' 1a nhu dugc dinh nghia trong céc dinh nghia néu
trén; va PG? 1a nhém béo vé cho nhém amino.

Lién quan dén m&i trong sb cac hop chét (6) va hop chét (7), hop chét ¢6 ban trén thi
truomg 6 thé duge sir dung ma khong cAn cai bién bat ky, hodc hop chit c6 thé duge diéu
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ché tir hop chét ¢6 ban trén thi trurdng bang phurong phép di biét. Thy v, hop chét c6 thé duoc
didu ché bang cach phuong phap duroc mo ta trong vi du didu ché trong céc vi du hodc trong
tur.

Lién quan dén hop chét (9), hop chét c6 béan trén thi trudng c6 thé dugc sir dung ma
khong cin cai bién bét k¥, hodc hop chét c6 thé duge diéu ché tir hop chét c6 ban trén thi
trong bing phwong phap da biét, nhu phuong phap dwoc md t trong J. Am. Chem. Soc.
2010, 132, 863-872 hoic trong tir. Tiy ¥, hop chit c6 thé dugc diéu ché bang cach phuong
phép duge mo ta trong vi du diéu ché trong cac vi du hodc tuong tur.

Lién quan dén hop chét (12), hop chét c6 ban trén thi truong c6 thé duge st dung
ma khong cin cai bién bt ky, hoic hop chét c6 thé dugce didu ché tir hop cht ¢6 ban trén thi
trudng bang phwong phép da biét, nhur phuong phép duge mo t trong Cong b don qubc té
s 2009/148192 hoic twong .

[Budc 4]

Budc nay 12 budc cho hop chét (7) phan tmg véi hop chét (6) hosic mudi ctia chiing
d thuc hién phén tmg amin héa khi, tir d6 tao ra hop chét (8). Dé diy nhanh phan tmg, axit
nhu axit axetic va axit clohydric ¢6 thé dugc thém. Dung méi dugc st dung trong phén tmg
khong c6 gidi han cu thé mién 13 dung méi ¢6 thé hoa tan céc vat lidu khoi ddu & mue do nao
d6 va khong tre ché phan tmg. Vi dy, dung méi kiéu ete nhu 1,4-dioxan va tetrahydrofuran;
dung méi kiéu rugu nhu metanol va etanol; dung mdi chira halogen nhu diclometan va
cloform; dung méi kiéu amit nhur N,N-dimetylformamit va N-metylpyrolidinon; dung méi
kidu sulfoxit nhu dimetyl sulfoxit; hodc dung méi tron 1An chira bét ky hai hogc nhiéu dung
mdi néu trén c6 thé duogc sir dung. V& chét khw, lithi nhém hydrit, natri borohydrit, natri
xyanoborohydrit, natri triaxetoxyborohydrit va phirc chét 2-picolin-boran c6 thé dugc st
dung. Thay vi chét khir, phan Gng khir bang cach hydo héa xtic tic sit dung chét xtic tac dugc
mo tA trong budc thay thé (2) duge md t trong budc 6 ¢6 thé dugc sir dung. Hop chét (7) ¢6
thé dugc st dung v6i luong bing 1 dén 2 dwong lugng so v6i luong ctia hop chit (6). Lugng
ctia chét khir dugc str dung thay ddi phuc thudc vao loai chét khir, va chét khir c6 thé duoc st
dung voi lugng bing 0,25 dén 5 duong luong so véi lugng clia hop chét (6). Khi axit durgc
thém, axit c6 thé dugc thém véi lugng ndm trong khoang tir lugng xuc téc dén luong dung
mdi so v lugng clia hop chit (6). Nhiét do phan tmg ndm trong khoang tir 0°C dén nhiét do
hdi lwu, va thoi gian phan tmg nim trong khoang tir 5 phut dén 24 gid.

[Bude 5]

Bude ndy 13 bude cho hop chét (9) hosic mudi ciia chiing phan tmg v6i hop chét (8)
hodc mudi ciia ching véi sur ¢6 mit clia chét ngung tu dé tao ra hop chét (10). Dung mdi
duoc st dung trong phan tmg khong c6 gidi han cu thé mi&n 14 dung moi c6 thé hoa tan cc
vit liéu khéi dAu & mirc do ndo d6 va khong te ché phan tmg. Vi dy, dung moi chita halogen
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nhu diclometan va cloform; dung méi kiéu ete nhu tetrahydrofuran va 1,4-dioxan; dung moi
kidu amit nhu N,N-dimetylformamit va N-metylpyrolidinon; dung mdi kiéu sulfoxit nhu
dimety! sulfoxit; dung méi kiéu nitril nhu axetonitril va propionitril; dung méi kiéu este nhur
etyl axetat; hodc dung mdi tron 1n chira bat ky hai hodc nhiéu dung mdi néu trén c6 thé dugc
st dung. V& chit ngung tu, HATU (O-(7-azabenzotriazol-1-yl)-N,N,N',N-tetrametyluronium
hexaflophosphat), HBTU (O-(benzotriazol-1-y1)-N,N,N',N'-tetrametyluronium
hexaflophosphat), TBTU (O-(benzotriazol-1-yl)-N,N,N',N'-tetrametyluronium tetrafloborat),
DMT-MM (4-(4,6-dimetoxy-1,3,5-triazin-2-yl)-4-metylmorpholinium clorua n-hydrat), Bop
(1H-1,2,3-benzotriazol-1-yloxytris(dimetylamino)phosphoni hexaflophosphat), WSC (1-etyl-
3-(3-dimetylaminopropyl)carbodiimit hydroclorua), DCC (N,N-dixyclohexylcarbodiimit) ¢6
thé duoc sir dung. D& ddy nhanh phéan tmg, lugng xtic tac ctia 4-dimetylaminopyridin hoac 1-
hydroxybenzotriazol c6 thé duoc thém. Bazo nhu trietylamin ¢6 thé dugc thém véi hugng
bang 1 dén 5 duong lugng va lugng c6 thé thay ddi phu thudc vao loai chét ngung tu dugc six
dung. Hop chét (8) c6 thé duoc sir dung v6i luong bing 1 dén 3 duong lugng, tit hon 1a 1
dén 1,5 duong luong, so véi lugng clia hop chét (9). Chét ngung tu ¢6 thé dugc str dung véi
lwong bang 1 dén 3 dwong lugng, t6t hon 1a 1.dén 1,5 dwong lugng so véi lwgng ctia hop cht
(9). Nhiét do phan tmg nim trong khoang tir 0°C dén nhiét d¢ hdi luu, va thoi gian phan img
ndm trong khoang tir 10 phut dén 48 gio.

[Budce 6]

Buéc ndy 1a budce loai nhém béo vé cho nhém amino cho nhém amino trong hop
chit (10) @ tao ra hop chét (11). Cac diéu kién d& khir bao vé thay d6i phy thudc vao loai
nhém bao vé cho nhém amino duge st dung. Vi dy, khi nhém 9-fluorenylmetyloxycarbonyl
(Fmoc) hodc twong tu duge st dung lam nhém bao vé cho nhém amino, hop chét (11) co thé
duoc didu ché bing cach tién hanh phan tmg duéi céc didu kién bazo. Dung mdi duge st
dung trong phan uimg khong c6 giéi han cu thé mién 13 dung mdi ¢6 thé hoa tan céc vat liéu
khéi diu & mic do ndo d6 va khong trc ché phan ting, va dung méi chira halogen nhu
diclometan va cloform, dung méi kiéu ete nhur tetrahydrofuran va 1,4-dioxan, dung méi kiéu
amit nhu N,N-dimetylformamit va N-metylpyrolidinon; dung moi kiéu sulfoxit nhur dimetyl
sulfoxit; dung méi kiéu nitril nhur axetonitril va propionitril; dung méi kiéu ruou nhu metanol
va etanol; dung mdi kiéu este nhur etyl axetat; nudc; hogic dung méi trdn 14n chira bat ky hai
hodc nhiéu dung mdi néu trén co thé duoc str dung. Chinh bazo ciing co thé duoc sir dung
1am dung méi, mién 13 bazo c6 thé hoa tan vét liéu khéi diu & mire d nao d6 va khong o
ché phan tmg. V& bazo, bazo hitu co nhu piperidin, morpholin, dimetylamin, dietylamin,
dixyclohexylamin, 4-dimetylaminopyridin, N,N-diisopropyletylamin, trietylamin va DBU;
ho#ic bazo vO co nhu natri hydro cacbonat, natri cacbonat, kali cacbonat va cexi cacbonat c6
thé dugce st dung. Bazo c6 thé dugc st dung véi lugng nim trong khoang tir lugng xic tac
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dén Ivong dung méi, tét hon 13 1 dwong luong dén luong dung méi, so véi lwong clia hop
chét (10). Nhiét do phan g nim trong khoang tir 0°C dén nhiét d6 hdi hwu, va thoi gian
phén g nim trong khoang tir 5 phit dén 96 gio.

Hop chét (11) con ¢6 thé duge didu ché bang phuong phép duge md ta trong bude
thay thé (2) dé cap dudi ddy, tirc 13, bang cach tién hanh phan tmg khir bao vé ctia nhém bao
vé cho nhém amino trong hop chét (10), trong d6 nhém benzyloxycarbonyl (Cbz hoic Z),
nhém 9-fluorenylmetyloxycarbonyl (Fmoc) hodc tuong tur dugce st dung 1am nhém béo v¢
cho nhém amino.

Budc thay thé (2): budc ndy 14 budc didu ché hop chét (11) bang phan tng hydro
héa xtc tac. Dung méi dugc sir dung trong phan img khong c6 gi6i han cu thé, mién 13 dung
méi c6 thé hoa tan vat liéu khéi ddu & mirc do nao d6 va khong e ché phan g, Vi du, dung
mdi kiu rugu nhu metanol va etanol; dung méi kiéu ete nhu tetrahydrofuran; dung méi kiéu
amit nhu N,N-dimetylformamit va N-metylpyrolidinon; dung moi kiéu nitril nhu axetonitril
va propionitril; dung méi kiéu este nhur etyl axetat; axit axetic; nuéc; hodc dung méi trdn 1an
chira bét ky hai hodic nhidu dung méi néu trén ¢6 thé dugc sir dung. V& chét xuc tac dugc sir
dung trong budc nay, paladi-carbon hogc paladi hydroxit-carbon ¢6 thé duogc sir dung. Chét
xtc tic ¢6 thé duge st dung véi lugng bing lugng xtc tic hodc nhidu hon so véi lugng ctia
hop chét (10). Nhiét do phan mg nim trong khoang tir nhiét d9 phong dén nhiét do hdi luu,
va thoi gian phén tmg ndm trong khoang tir 10 phut dén 48 gio.

[Budce 7]

Budc ndy 1a budc cho hop chét (12) hoic mudi cta chung phan tmg v6i hop chét
(11) hoc mubi ciia chiing véi sy ¢ mit clia chét ngung tu d& tao ra hop chit (13). Hop chét
(13) c6 thé dugc diéu ché theo cach trong tu nhu & budc 5.

[Budc 8]

Bude ndy 12 bude cho hop chét (13) phan tmg dudi didu kién axit dé chuyén dbi goc
axetal thanh aldehyt va sau d6 thyc hién phan ing vong héa & tao ra hop chét (14). Hop chét
(14) c6 thé duoc didu ché theo cach turong tw nhur & bude 2. Céc didu kién dé khir bao vé thay
ddi phu thudc vao loai nhém bao vé& cho nhém phenolic hydroxy. Vi dy, khi nhém bao vé
PG' cho nhém phenolic hydroxy 1a nhém bao vé trong d6 viéc khit bao vé c6 thé tién hanh
dudi didu kién axit dugc ding trong budc nay, nhw nhém tert-butyl, phén tmg khtr bao vé
tién hanh ddng thoi v6i phan tmg vong héa trong budc nay, tir d6 tao ra hop chit (2).
[Budce 9]

Bude nay 1a budce loai nhom bao v€ cho nhém phenolic hydroxy trong hop chét (14)
d8 tao ra hop chét (2). Céc diéu kién dé khir bao vé thay ddi phy thudc vao loai nhém béo vé
cho nhém phenolic hydroxy. Vi dy, khi nhém benzyl ete nhu nhém benzyl dugc str dung 1am
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nhém bao vé cho nhém phenolic hydroxy, hop chét (2) ¢6 thé duge diéu ché béi cac didu
kién phan tmg trong t trong budc 3 dé khir bao vé.
[Phuong phap diéu ché 3] Phuong phép didu ché hop chit (3)

OH LG

. J

PGy [Budc 10] PG4

(15) (16)

R:"\‘)\
[Buédc 12]

Rz
R
N [Budc 11]
HN S
(17

HN. LR 2
R .

i % S
N Nv)
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PGS [Budc 13] ,ijf [Budc 14] HN,j

(18) (19) @)

trong d6 R', R? va R® 13 nhu dugc dinh nghia trong dinh nghia; LG 14 nhém roi
chuyén; va PG’ 1a nhém bao vé cho nhém amino.

Lién quan dén méi trong s6 cac hop chit (15), hop chét (16), hop chét (17), hop chét
(18) va hop chét (19), hop chét c6 ban trén thi trudng c6 thé duoc st dung ma khong cn cai
bién bat ky, hotic hop chét c6 thé duge didu ché tir hop chét c6 ban trén thi truong bang
phuwong phép da biét. Tity y, mdi trong sb cac hop chét c6 thé dugc diéu ché bang cach
phuong phap dugc mo ta trong vi du diéu ché trong cac vi du.

[Bude 10]

Bude ndy 1a bude chuyén dbi nhém hydroxy trong hop cht (15) thanh nhém roi
chuyén @ tao ra hop chét (16). Khi LG 1a nguyén ttt clo hogic nguyén ttr brom, budc 1a budc
halogen héa hop chét (15) véi sw ¢6 mit cla triphenylphosphin st dung tetraclometan hodc
tetrabromometan dé tao ra hop chét (16). Dung méi duge sit dung trong phén img khong 6
gi¢i han cu thé mién 13 dung moi c6 thé hoa tan cac vét liéu khéi diu & mic do ndo d6 va
khong trc ché phan tmg. Vi du, dung mdi kiéu ete nhu tetrahydrofuran; dung méi kiéu amit
nhu N,N-dimetylformamit va N-metylpyrolidinon; dung méi chira halogen nhu diclometan
va cloform; hodc dung méi tron 14n chira bét ky hai hogic nhiéu dung méi néu trén c6 thé
duge st dung. Tetraclometan hodc tetrabromometan cling ¢6 thé duoc sir dung 1am dung
moi. Triphenylphosphin ¢6 thé duogc sir dung véi lugng nim trong khoang tir 1 dén 5 dwong
luong so véi lugng cua th chét (15). Tetraclometan hodc tetrabromometan ¢6 thé duoc sir
dung vé6i luong ndm trong khoang tir 1 duong lugng dén luong dung moéi so véi hrgng clia
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hop chét (15). Nhiét d6 phan (mg nim trong khoang tir 0°C dén nhiét do hdi Iy, thoi gian
phan tmg nim trong khoang tir 5 phut dén 48 gid.

Hop chét (16) con c6 thé duoc diéu ché thong qua hop chét (15) bang phuong phap
duge md ta trong theo bét ky trong sé cac bude thay thé (3), (4) va (5) d& cap dudi day.

Budc thay thé (3): Hop chét (15) ¢6 thé dugc chuyén ddi thanh hop chét (16) bing
cach phan tmg dudi didu kién axit. Dung mdi dugc sir dung trong phén tmg khong c6 gi6i
han cu thé, mién 13 dung mo6i c6 thé hoa tan vat lidu khéi ddu & muac do nao d6 va khong tic
ché phan tmg. Vi du, dung mdi kiéu ete nhu dietyl ete, nudc, etyl axetat hodc dung médi tron
14n chira bét ky hai hogic nhidu dung méi néu trén c6 thé duge sir dung. Trong phén tmg, chit
xiic tac chuyén pha nhu tetrabutylamoni bromua ¢6 thé dugc thém vdi lugng nim trong
khoang tir Iuong xtic tic dén 2 dwong luong so véi lwgng ciia hop chét (15). V& axit, axit
clohydric, axit hydrobromic va tuwong tw c6 thé dugc str dung. Dé thu dugc san lugng t6t, axit
sulfuric ciing c6 thé dugc thém. Nhiét d6 phan tmg nim trong khoang tir 0°C dén nhiét do
phong, va thoi gian phan img nidm trong khoang tir 5 phut dén 48 gio.

Bude thay thé (4): Hop cht (16) c6 thé dugc diéu ché bang cach cho hop chét (15)
phén tng véi thionyl clorua. Dung mdi dugce st dung trong phén tmg khdng c6 gidi han cu
thé, mi®n 13 dung méi c6 thé hoa tan vét liéu khoi ddu & mtc d nao d6 va khong trc ché
phén tmg. Vi du, dung mdi kiéu hydrocacbon thom nhu benzen va toluen; dung méi kiéu
nitril nhur axetonitril; dung mdi chira halogen nhur cloform va diclometan; hodic dung méi tron
14n chira bat ky hai hodc nhiéu dung mdi néu trén co thé duoc st dung, va thionyl clorua
ciing ¢6 thé duge sir dung lam dung méi. P& thu duoc san lugng t6t, luong xic tac clia
pyridin ¢6 thé dugc thém. Thionyl clorua c6 thé dugc st dung v6i lwgng nim trong khoang
tir 1 duwong lwong dén luong dung méi so v6i hugng cia hop cht (15). Nhiét d phan tmg
ndm trong khoang tir 0°C dén nhiét d6 hdi Iuu, va thoi gian phan tmg nim trong khoang tir 5
phut dén 48 gio.

Budc thay thé (5): Hop chét (16) c6 thé dugc didu ché bang cach cho hop cht (15)
phén tmg vdi phospho halogenua. Dung méi dugc str dung trong phén ing khong c6 gi6i
han cy thé mién 14 dung méi ¢6 thé hoa tan céc vét liéu khoi ddu & mire do nao do va khong
trc ché phan tmg. Vi du, dung mdi kiéu ete nhu dietyl ete; dung moi kiéu nitril nhu
axetonitril; dung méi chira halogen nhur diclometan va cloform; hodc dung méi trén Ian chira
b4t ky hai hogic nhiéu dung méi néu trén co thé duoc str dung. V& phospho halogenua,
phospho oxyclorua, phospho triclorua, phospho tribromua va tuong ti ¢6 thé duoc sir dung.
Phospho halogenua c6 thé duoc str dung voi luong bang 0,33 dén 3 duong luong so vé6i
lwong cta hop chit (15). Nhiét d phan tmg nim trong khoang tir 0°C dén nhiét d6 hdi lwu,
va thoi gian phan tmg ndm trong khoang tir 5 phut dén 48 gid.
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Khi LG 13 este axit sulfonic nhu nhém metansulfonyloxy, nhoém
triflometansulfonyloxy hodc nhém p-toluensulfonyloxy, budce 1a bude cho hop chét (15) phan
{mg v6i axit sulfonic clorua hofc axit sulfonic anhydrit duéi didu kién bazo d€ tao ra hop chét
(16). Dung moi dugce st dung trong phan tmg khong c6 gi6i han cu thé mién 13 dung méi c6
thé hoa tan cac vét liéu khéi diu & mirc d6 ndo d6 va khéng trc ché phan tmg. Vi dy, dung
moi kiéu ete nhu 1,4-dioxan va tetrahydrofuran; dung méi kiéu hydrocacbon thom nhu
benzen va toluen; dung mdi kiéu amit nhu N,N-dimetylformamit va N-metylpyrolidinon;
dung moi kiéu sulfoxit nhu dimetyl sulfoxit; dung moi chita halogen nhu diclometan; hogic
dung mdi tron 13n chira bit ky hai hoic nhiéu dung méi néu trén c6 thé dugc st dung. Vé
bazo, trietylamin, N,N-diisopropyletylamin va twong tur c6 thé dugc sir dung. V& axit sulfonic
clorua, metansulfonyl clorua, triflometansulfonyl clorua, p-toluensulfonyl clorua va tuwong tu
c6 thé dugc st dung. V& axit sulfonic anhydrit, axit metansulfonic anhydrit, axit
triflometansulfonic anhydrit, axit p-toluensulfonic anhydrit va tuong tu ¢6 thé dugc st dung,
Bazo ¢6 thé duoc str dung véi lugng bing 1 dén 5 dwong lugng so v6i lwgng clia hop chét
(15). Axit sulfonic clorua hogc axit sulfonic anhydrit c6 thé duge st dung vé6i luong bang 1
dén 3 duong luong so véi lugng clia hop chét (15). Nhiét do phan tmg nim trong khoang tir
0°C dén nhiét do phong, va thoi gian phén (mg nim trong khoang tir 5 phut dén 48 gio.

[Bude 11]

Budc ndy 1 bude cho hop chét (16) phan tmg v6i hop chét (17) hodc mubi cia
chiing voi sy c6 mét cua bazo d8 tao ra hop chét (19). Dung mdi dugc st dung trong phan
{mg khong c6 gi6i han cu thé mién 13 dung mbi c6 thé hoa tan cac vat liéu khéi dau & mie do
nao d6 va khong trc ché phan tmg. Vi dy, dung moi kiéu ete nhu tetrahydrofuran va dietyl
ete; dung moi kidu hydrocacbon thom nhu benzen va toluen; dung moi kiéu amit nhu N,N-
dimetylformamit va N-metylpyrolidinon; dung moi kiéu rugu nhu metanol va etanol; dung
moi chira halogen nhu diclometan va cloform; dung moi kiéu nitril nhu axetonitril va
propionitril; dung méi kiéu sulfoxit nhw dimetyl sulfoxit; dung moi bazo nhu pyridin; dung
méi kidu este nhur etyl axetat; hoic dung méi tron Ian chira bét ki hai hodc nhidu dung moi
néu trén c6 thé dugc sir dung. V& bazo dugc sir dung trong phan (g, trietylamin, N,N-
diisopropyletylamin, DBU, natri hydro cacbonat, kali cacbonat va tuong twr c6 thé duoc st
dung, va hop cht (17) itself cling 6 thé duoc st dung. Hop chét (17) c6 thé dugce sir dung
v6i lugng bing 1 dén 10 duong huong, t6t hon 12 1 dén 2 duong Iwong, so véi lugng ctia hgp
chét (16). Bazo c6 thé duoc st dung véi lugng bang 1 duong hrong dén lugng dur so véi
lwong ciia hop chit (16). Nhiét do phén tmg nm trong khoang tir 0°C dén nhiét d¢ hdi luu,
va thoi gian phan tmg nim trong khoang tir 10 phut dén 48 gio.

[Budc 12]
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Budc ny 14 bude oxy hoa hop chét (15) ¢ tao ra hop chét (18). Dung mdi dugc st
dung trong phén tmg khéng ¢6 gi6i han cu thé mién 14 dung méi c6 thé hoa tan céc vét liéu
khoi ddu & muc do nao do va khong tc ché phan mg, va dung moi chira halogen nhu
diclometan va cloform; dung méi kiéu hydrocacbon thom nhur benzen va toluen; dung méi
kiéu amit nhu N,N-dimetylformamit va N-metylpyrolidinon; dung méi kiéu este nhur etyl
axetat; dung mdi kiéu nitril nhw axetonitril va propionitril; dung mbi kiéu sulfoxit nhu
dimetyl sulfoxit; axeton; dung mdi tron Ian chira bét ky hai hogc nhiéu dung méi néu trén,
hoiic twong tr ¢6 thé duoc sir dung. V& chit oxy héa dugc sir dung trong phan g, mangan
dioxit, pyridinium clocromat, pyridinium dicromat, chét hoat héa dimetyl sulfoxit,
tetrapropylamoni peruthenat, diclotris(triphenylphosphin)rutheni (II), 1,1,1-tris(axetyloxy)-
1,1-dihydro-1,2-benziodoxol-3-(1H)-on ~ (Dess-Martin  periodinan),  1-hydroxy-1,2-
benziodoxol-3(1H)-on-1-oxit (IBX) va tuong tw co thé dugc str dung. Chét oxy héa c6 thé
duogc sir dung voi lugng ndm trong khoang tir luong xiic tic dén hugng du so véi lugng cia
hop chét (15). Khi sy oxy hoa duge thuc hién st dung chit hoat hoa dimetyl sulfoxit, axit
anhydrit nhu axetic anhydrit va trifloaxetic anhydrit; axit clorua nhu oxalyl clorua va thionyl
clorua; clo, N-closuccinimit; va tuwong tu ¢co thé duoc st dung lam chit hoat hoéa. Dimetyl
sulfoxit ¢6 thd duge sir dung vé6i luong bang 1 dén 20 duong lwong so véi luong cuia chét
hoat héa. Khi tetrapropylamoni peruthenat hodc diclotris(triphenylphosphin)rutheni (II) dwgc
st dung voi lugng xtic tic, ¢6 thé su dung chét oxy hoa nhu N-metylmorpholin-N-oxit hogc
bis(trimetylsityl)peroxit ddng thoi. Nhiét d phan tmg thay dbi phuc thudc vao loai chit oxy
héa duoc st dung va nim trong khoang tir -78°C dén nhiét do hdi Iy, va thdi gian phan ing
ndm trong khoang tir 10 phut dén 96 gio.

[Budce 13]

Budc ndy 14 bude cho hop chit (18) phan tmg vé6i hop chét (17) hosic mudi cia
chiing d& thuc hién phéan tmg amin hoa khi, tir d6 tao ra hop chét (19). Hop chét (19) c6 thé
duoc diéu ché theo cach trong tir nhur & bude 4.

[Budc 14]

Budc nay 1a budc loai nhém bao v€ cho nhém amino trong hgp chét (19) dé tao ra
hop chét (3). Cac diéu kién d& khtr bao vé thay ddi phu thudc vao loai nhém bao vé cho
nhém amino. Vi dy, khi nhém kiéu benzyl nhu nhém benzyl va nhém benzhydryl, nhém
benzyloxycarbonyl (Cbz hozc Z) hogc twong ty dugce sit dyung lam nhém bao v€ cho nhom
amino, cac didu kién dé khtr bao vé 14 cac diéu kién duoce str dung trong phuong phép hydro
héa xtic tic ma gidng nhur duoc sir dung trong bude thay thé (2) trong bude 6 hoic cac dicu
kién thuong ding dé loai nhém benzyl, va hop chét (3) c6 thé duogc didu ché sir dung céc
diéu kién. Khi nhém tert-butyloxycarbonyl (Boc) hodc tuong tw duge st dung 1am nhém bao
vé& cho nhém amino, c4c diéu kién dé khtr bao vé dugce str dung 13 cac didu kién axit str dung
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axit clohydric, axit trifloaxetic hodc twong tw, cac diéu kién str dung axit Lewis nhu nhom
clorua va k&m bromua, c4c diéu kién str dung tetrabutylamoni florua hodc trong tu, cac diéu
kién sir dung hop chét silyl nh trimety! silyl iodua, trimetyl silyl clorua va tetraclosilan, va
tuong tu.

[Phuong phép diéu ché 4] Phuong phép didu ché hop chét (4)
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trong d6 R, R% R3, X% X%, X!, PG' va PG? 1a nhu dugc dinh nghia trong dinh
nghia.

Lién quan dén hop chét (20), hop chét c6 béan trén thi trudng c6 thé dugc st dung
ma khong cn céi bién bét ky. Tuy ¥, hop cht ¢6 thé dugc didu ché tir hop chit c6 ban trén
thi trudng bing phuong phép da biét. Hop chét con c6 thé dugc diéu ché st dung phuong
phép duge mo ta trong vi du didu ché trong céc vi du, phuong phép diéu ché 5 hodc twong tir.

Lién quan dén mdi trong sb céc hop chét (6), hop chét (9) va hop chét (12), hop chét
¢6 ban trén thi trrdng 6 thé duoc sir dung ma khong can céi bién bit ky. Ty ¥, hop chét co
thé dugc didu ché trong tmg tir cAc san phdm bén trén thi trudng bang phuong phap da biét.
[Budce 15]

Bude ndy 1a bude cho hop chit (20) phan tmg véi hop chét (6) hodic mudi cla
chiing @& thuc hién phan tmg amin héa khi, tir 6 tao ra hop chit (21). Hop cht (21) c6 thé
duoc didu ché theo cach twong tur nhur & bude 4.

[Budc 16]

Budc nay 1a budce cho hop chét (21) hodc mubi ctia ching phan tmg véi hop chét
(9) hodic mudi ctia chiing véi sy ¢6 mét clia chét ngung tu dé tao ra hop chét (22). Hop chét
(22) c6 thé duoc diéu ché theo cach trong tw nhur & budc 5.

[Bude 17]
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Budc ndy 13 budc loai nhém béo vé cho nhém amino trong hop chét (22) dé tao ra
hop chét (23). Hop chit (23) c6 thé dugc diéu ché theo cach twong tw nhu & budc 6.
[Budc 18]

Budc ndy 14 budce cho hop chét (23) hodc mudi ciia chiing phan ting véi hop chit
(12) hodc mudi ctia chung véi sw c6 mit ctia chit ngung tu dé tao ra hop chét (4). Hop chét
(4) c6 thé duoc diéu ché theo cach tuong tr nhur & budc 5.
[Phuong phép didu ché 5] Phuong phap didu ché hop chét (20)
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trong d6 R!, R R®, X! va X? Ia nhw duoc dinh nghia trong dinh nghia; va PG* 1a
nhom bao v€ cho aldehyt.

Lién quan dén hop chét (3), hop chét c6 béan trén thi trudng c6 thé duoc str dung ma
khong can cai bién bét k. Tiy ¥, hop chét c6 thé dugc diéu ché tir hop chit c6 ban trén thi
trrdng bang phuong phép da biét. Hop chét con c6 thé dugc diéu ché sir dung phuong phép
dugc mo ta trong vi du didu ché trong cac vi du, phuong phap diéu ché 3 hoic trong tir.

Lién quan dén mdi trong sb cac hop chét (17), hop chét (24) va hop chét (29), hop
chit c6 ban trén thi trudng 6 thé duoc st dung ma khong cAn cai bién bét ky, hodc hgp chét
c6 thé duge didu ché tir hop chét c6 ban trén thi trrdng bang phuong phép da biét. Mbi trong
sb cac hop chét c6 thé dugc diéu ché bai phuong phap duge mo ta trong vi du diéu ché trong
cac vi du.

[Bude 19]

-24-



20245

Budc ndy 13 bude cho hop chét (24) phan tmg v6i hop chét (3) hodc mudi cta
ching d tao ra hop chét (25). Hop chét (25) ¢6 thé duoc diéu ché theo cach tuong tw nhu &
bude 1.

[Bude 20]

Budc nay 13 budce loai nhém bao vé cho nhém aldehyt trong hop chét (25) dé tao ra
hop chét (20). Céc diéu kién dé khir bao vé thay dbi phu thudc vao loai nhom bao vé cho
nhém aldehyt. Vi duy, khi nhém béo vé¢ kiéu axetal dugc sir dung 1am nhém bao vé cho nhém
aldehyt, hop chét (20) c6 thé dugc didu ché béi cac diéu kién dé khir bao vé ma thuong duge
dung d& loai axetal, nhu cac diéu kién dugc ding trong phuong phép dé phan tmg dudi diéu
kién axit st dung axit formic, axit p-toluensulfonic hoéc tuwong tu.

[Bude 21]

Budc ndy 14 bude cho hop chét (24) phan tmg véi azetidin-3-ol hoic mudi clia
chung dé tao ra hop chét (26). Hop chit (26) ¢6 thé dugc diéu ché theo cach twong tr nhur &
budce 1.

[Budc 22]

Bude ndy 1a bude oxy hoa hop chét (26) dé tao ra hop chét (27). Hop chit (27) ¢6
thé dugc diéu ché theo cach tuong tir nhur & bude 12.

[Budc 23]

Bude ndy 1 bude cho hop chét (27) phan tmg véi hop chét (17) dé thuc hién phan
tmg amin héa kh, tir d6 tao ra hop chét (28). Hop chét (28) c6 thé dugc diéu ché theo céch
twong ty nhu & budc 4.

[Budce 24]

Bude ndy 1 bude loai nhém bao vé cho nhém aldehyt trong hop chat (28) dé tao ra
hop chét (20). Hop cht (20) c6 thé duge diéu ché theo cach tirong tur nhu & bude 20.

[Budce 25]

Budc ndy 13 bude cho hop chét (29) phan tmg véi hop chét (3) hodc mudi cua
chung dé tao ra hop chét (30). Hop chét (30) c6 thé duogc diéu ché theo cach tuong tu nhu &
budce 1.

[Budc 26]

Bude ndy 1a bude oxy hoa hop cht (30) dé tao ra hop chét (20). Hop chét (20) c6
thé duoc didu ché theo cach trong tir nhu & budc 12.

[Phuong phép diéu ché 6] Phuong phép didu ché hop chét (5)
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trong d6R', R% R?, X!, X%, X3, X* vaPG' 1a nhu duoc dinh nghia trong dinh nghia.

Lién quan dén hop chit (3), hop chét c6 bén trén thi trudng c6 thé duge sit dung ma
khong can cai bién bét ky. Ty v, hop chit c6 thé duogc diéu ché tir hop cht c6 ban trén thi
trdng bang phuong phap da biét. Hop chét con c6 thé dugc diéu ché sir dung phuong phap
dugc mo ta trong vi du didu ché trong céc vi du, phuong phép diéu ché 3 hoic twong tur.

Hop chét (14) c6 thé dugc didu ché tir hop chét c6 ban trén thi trudng bang phuong
phép da biét, va con 6 thé duoc diu ché sir dung phuong phép duge mo ta trong vi du diéu
ché trong céc vi du, phuong phap diéu ché 2 hoic turong tu.

[Budce 27]

Budc nay 1a budc cho hop chit (14) phan tmg v6i hop chét (3) hoic mubi cia
ching d& tao ra hop chét (5). Hop chit (5) c6 thé dugc diéu ché theo cach twong tw nhur &
budce 1.

[Phuong phép diéu ché 7] Phuong phép didu ché hop chét (36)
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trong d6 R', R% R, X!, X2, X° va X* 1a nhu dugc dinh nghia trong dinh nghfa; PG’
14 nguyén tir hydro hodc nhém bao v€ nguyén tir hydro hodic nhém phenolic hydroxy; PG®1a
nhém bao vé cho nhém amino; va R* 14 nguyén tir hydro hodc nhém Cys alkyl, khi R'la-
CH,R".
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Hop chét (31) ¢6 thé duoc didu ché tir hop chét c6 ban trén thi trudng bing phuong
phép da biét, va con c6 thé dugc didu ché sir dung phuong phap duge md ta trong vi du diéu
ché trong céc vi du, phuong phap diéu ché 2 hogc trong tur.

Lién quan dén hop chét (32), hop chét c6 ban trén thi trudng c6 thé duogc str dung
ma khong cAn céi bién bt ky. Ty ¥, hop chit c6 thé dugce diéu ché tir hop chit c6 bén trén
thi trudng bang phuong phap da biét. Tuy v, hop chét con co thé dugc didu ché sir dung
phuong phap dugc md ta trong vi du diéu ché trong céc vi du, phuong phép diéu ché 3 hoic
tuong tu.

Lién quan dén hop chét (35), hop chét c6 ban trén thj trudng c6 thé duoc sir dung
ma khong cAn ci bién bt ky. Ty ¥, hop chit c6 thé dugc didu ché tir hop chét ¢6 béan trén
thi trudng bang phuong phap da biét.

[Budc 28]

Budc ndy 1a budc cho hop chit (31) phan tmg véi hop chét (32) hodc mudi cia
chung dé tao ra hop chit (33). Hop chét (33) ¢ thé dugc didu ché theo cach trong tir nhu &
budce 1.

[Budce 29]

Budc nay 13 bude loai nhdm bao v€ PG?® cho nhém amino trong hop chét (33) dé tao
ra hop chét (34). Céc diu kién dé khir bio vé thay ddi phy thudc vao loai nhém béo vé cho
nhoém amino. Vi dy, khi nhém tert-butyloxycarbonyl hodc twong tu duoc stir dyng lam nhom
bao vé& cho nhém amino, hop chit (34) ¢6 thé dugc diéu ché boi didu kién tuong ty dé khir
bao v€ trong budc 14.

[Budc 30]

Budc ndy 1a bude cho hop chét (34) hoic mudi cta chung phan tng v6i hop chét
(35) d& thuc hién phan tmg amin héa kh, tir d6 tao ra hop chét (36). Hop chét (36) ¢6 thé
duge didu ché theo cach tuong tir nhu & budc 4.

[Phuong phap diéu ché 8] Phwong phép diéu ché hop chét (1B)
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trong 4o R, R R3, X2 X va X* 1a nhw dugce dinh nghia trong dinh nghia.
Phuong phap diéu ché hop chét (1B) ma 12 hop chét dugc thé hién boi cong thike (1)
trong d6 X’ 14 -P(=0)(OH), duogc dé cap dudi day.
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[Budc 31]

Budce ndy 1a bude cho nhém phenolic hydroxy trong hop chét (1A) phan tmg véi
chét este héa phosphat nhur phospho oxyclorua, sau d6 thuc hién xit Iy sau san phim thu
duge véi dung dich nude natri hydroxit hodc trong tu, va sau d6 trung hoa san phém dugc
Xt 1y, tir do tao ra hop chét (1B). Nhiét do phan tmg t6t hon 13 0°C hogc thp hon, va thoi
gian phan tmg t5t hon 14 10 phut dén 3 gio. Luong cia chét este hoa phosphat t6t hon 1a 1
dén 5 dwong luong so vdi lugng ciia hop chit (1A).

Sau khi hoan thanh mdi phuong phép hoiic mdi budc, hgp chit mong mudn trong
mdi bude c6 thé duge gom tir hdn hop phan tmg theo phwong phap thong thuong,

Phuong phép chinh dé didu ché hop chét (1) 1a nhur dugc dé cap trén ddy. Mi trong
sb cac hop chét vat liéu khoi du va chit phan tmg dugc sir dung trong diéu ché hop chét (1)
6 thé co dang mudi hoic solvat nhur hydrat, va c6 thé thay d6i phu thudc vao loai vat liéu
khoi déu, dung mdi dugc st dung va tuong tur, va khong c6 gidi han cu thé mién 13 n6 khong
trc ché phan Umg. Dung mdi duoc sir dung con ¢ thé thay ddi phu thude vao loai vét liéu
khéi dAu, chat phan tmg va trong ty, va khong c6 gi6i han cy thé mién 1a ching khong tc
ché phan Gmg va c6 thé hoa tan cac vat liéu khoi dAu & mite d9 no d6. Khi hop chat (1) duge
diéu ché & dang tw do, dang tu do c6 thé duoc chuyén dbi thanh mudi hodic solvat ma hop
chét (1) c6 thé dugc tao thanh bang phuong phép thong thudng.

Khi hop chét (1) duge didu ché & dang mudi hogc solvat, mudi hogc solvat ¢6 thé
duoc chuyén ddi thanh dang tw do ciiahop cht (1) bing phuong phap thong thudng.

Nhiéu chét déng phan khéc nhau (vi du, chét ddng phan hinh hoc, chit déng phan
quang hoc, chit dong phan quay, chit ddng phan 1ap thé, chét hd bién) ciia hop chét (1) hodc
hop chét trung gian cta chiing c6 thé dugc tinh ché va duoc phan 1ap bing cac phuong phép
phén tach thong thuong, nhu phuong phép tinh thé hoa, phuong phép mudi déng phan phi
d5i hinh, phuong phap phan gidi enzym, nhidu kiéu sic ky khac nhau (vi dy, sdc ky 16p
méng, séc ky cot, sic ky khi).

Néu cén, hop chét (1) hodc mubi dugc dung ciia chiing c6 thé duogc tron 18n voi chét
phu gia dugc dung chét phu gia dugc dung d& diéu ché ché phdm duoe. Vi du vé dang liéu
dung ctia ché phim duoc bao gdm ché phdm ding theo dudng miéng (vi dy, vién nén, hat,
bot, vién nang, xi 16), ché phim tiém (vi dy, dé dung trong tinh mach, diing trong co, diing
duéi da, ding trong bung) va ché phim d& ding bén ngoai (vi dy, ché phim ding 4p da,
(thubc md, miéng dan ngoai da, v.v.), thue nhd mét, thude nhé mii, thude dan).

Ché phim rén nhu vién nén, vién nang, hat va bdt c6 thé thudng chira 0,001 dén
99,5 % khéi, t6t hon 13 0,001 dén 90 % khdi hop chét (1) hodc mudi dugc dung clia chiing,

Khi ché phém rén dé ding qua dudng miéng dugc diéu ché, ta dugc, chét lién két,
chét phén rf, chit boi tron, chét tao mau va tuwong ty ¢6 thé duoc thém néu cin vao hop chit
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(1) hodc mubi duoc dung ciia ching dé tao ra vién nén, hat, bdt, vién nang hodc twong tur
bang phuong phép théng thuong, Khi cin thiét, vién nén, hat, bot, vién nang hoic tuong tu
c6 thé dugc bao mang.

Vi du v t4 duge bao gdm lactoza, bdt ngd va xenluloza tinh thé, vi du vé chét lién
két bao gdm hydroxypropyl xenluloza va hydroxypropylmetyl xenluloza, va vi dy vé chét
phén ri bao gbm carboxymetyl xenluloza canxi va croscarmeloza natri.

Vi du v& chét boi tron bao gdm magié stearat va canxi stearat, va vi du vé chét tao
mau bao gdm sét sesquioxit, sét sesquioxit vang VA titan oxit.

Vi du v& chit bao mang bao gdm hydroxypropyl xenluloza, hydroxypropylmetyl
xenluloza va metyl xenluloza.

Vi du vé cc chét phu gia néu trén khong gidi han & cac chét d& cép & trén.

Khi ché phim tiém (vi dy, & ding trong tinh mach, ding trong co, ding dudi da,
dung trong bung) dugc didu ché, ché phém tiém c6 thé dugc diéu ché boi phuong phép thong
thuong béng cach thém chét bién ddi do pH, chit don, chit tao huyén pht, chét trg tan, chat
chdng oxy hoa, chit bao quan (chét chéng nhiém tring), chét bd va trong tur vao hop chét (1)
hotic mudi duge dung cta chung néu cin. Ché phim tiém c6 thé dugc dong kho dé diéu ché
ché phim dong kho ma c6 thé dugce hoa tan ngay trude khi ding. Ché phdm tiém c6 thé dugc
cho dung trong tinh mach, du6i da, trong co hodc twong tu.

Vi du vé& chét bién dbi do pH va chit don bao gdm axit hitu co hodc axit v co
va/hodc mubdi cia ching, natri hydroxit va meglumin, va vi du vé chit tao huyén phi bao
gdm metyl xenluloza, polysorbat 80 va natri carboxymetyl xenluloza. Vi du v& chét tan bao
gdm polysorbat 80 va polyoxyetylen sorbitan monolaurat, vi du vé chét chéng oxy héa bao
gdm axit ascorbic va a-tocopherol, vi du v& cht bao quan bao gdm metyl paraoxybenzoat va
etyl paraoxybenzoat, va vi du vé chét bd bao gdm glucoza, natri clorua va manitol. C4c thanh
phén nay khong gidi han & cac chét néu trén.

Dung dich tiém c6 thé thuong chira hop chét (1) hosic mudi duge dung cia chiing
v6i lwgng bing 0,000001 dén 99,5 % khéi, tt hon 14 0,000001 dén 90 % khoi.

Khi ché phAm ding bén ngoai dugc diéu ché, ché phim c6 thé dugc diéu ché boi
phuong phép thong thuong bang cach thém vat liéu thd bazo vao hop chét (1) hogc mudi
dugc dung ctia ching va, néu cln, con thém chét nhil hoa, chit bao quan, chét bién dbi do
pH, chét tao mau va tuong ty néu trén vao hén hop thu duoc, tir d6 tao ra ché phim 4p da (vi
du, thude md, miéng dan ngoai da), thudc nho mét, thude nhd miii, thudc dan va tuong tu.

V& vat lidu thd bazo duoc sir dung, nhiéu vat liéu thdé khac nhau ma thudng duge
dung trong thudc, chit gidng thubc, my pham va tuong tur. Vi du vé vét liéu thd bazo bao
gE‘)m vét lidu thd nhu dau dong vat/thye v, dau khoang, dau este, sap ong, rrgu béc cao va
nuée chung chét.

-29-



20245

Ché pham dé ding bén ngoai ¢6 thé thudng chira hop chét (1) hodc mudi dwogc dung
cia chiing v6i lugng bang 0,000001 dén 99,5 % khdi, tbt hon 14 0,000001 dén 90 % khdi.

Phan liéu thudc theo sang ché thudng thay dbi phu thudc vao didu kién co thé, do
tudi, gioi tinh, trong lwong co thé va tuong tu, va c6 thé 1a luong vira du dé phét trién tac
dung mong mudn. Vi dy, trong trudng hop ngudi 16n, khoang 0,1 dén 5000 mg (tdt hon 1
0,5 dén 1000 mg) mbi ngdy dugce cho ding mét 1an mbi ngay hodc vai ngay mot lan hodc tir
2 dén 6 lidu chia m&i ngay.

Hop chét theo sang ché bao gdm dang dénh ddu ddng vi cta hop chét (1). Dang
d4anh déu ddng vi cht yéu gidng nhu hop chit (1), ngoai trix it nhit mot nguyén tir duge thé
bdi mot nguyén tir ¢6 nguyén tir khéi khéc nhau hodc sb nguyén tir khéi khac nhau tir d6
thuong tim thy trong tur nhién. Vi du vé chit déng vi ma c6 thé két hop vao hop chét (1) bao
gdm chét ddng vi ciia hydro, chét ddng vi clia carbon, chét déng vi ctia nito, chét ddng vi ctia
oxy, chét ddng vi ctia phospho, chét ddng vi ctia flo, chit ddng vi cta i6t hoic chit ddng vi
ctia clo, nhu °H, °H, "'C, *C, "*F, S, I va L,

Hop chét (1) chira chét ddng vi néu trén va/hoic chit ddng vi khac hoic dan xuét
duge dung ctia ching (vi dy, mudi) déu thudc pham vi hop chét theo sang ché. Hop chét
danh d4u ddng vi theo sang ché, vi du, hop chét trong d6 chat déng vi phéng xa nhur *Hva
¢ duge bao gdm, 14 hitu dung cho thudc hozc thir nghiém phan b md chét nén. Céc chét
dong vi *H va "C dugc xem 12 hitu dung vi d& diéu ché va phét hién ching. Céc chét dong vi
I va '8F duge xem 12 hitu dung di véi PET (chup positron cét 16p), chit dong vi 7 duoc
xem 14 hitu dung d6i v&i SPECT (chup cét 16p bang birc xa don photon), va tét c cic chit
ddng vi 12 hitu dung d& chyp hinh nfo. S thay thé bing chét ddng vi ning hon nhu *H tao ra
hiéu qué chita bénh nhét dinh nhu ting chu ky ban ri trong co thé, giam Iwong liéu ding cin
thiét hodic trong t nhd tinh én dinh chuyén hoéa cao hon, va do d6 dugc xem 13 hiru dung
trong mdt sb truong hop. Dang danh ddu dong vi cta hop chét (1) c¢6 thé duoc diéu ché cd
dinh bang cé4ch tién hanh quy trinh dugc boc 16 trong cc vi du dé cap dudi ddy st dung chit
dénh d4u ddng vi d 4p dung thay vi chit khong danh diu ddng vi.

Hop chét (1) c6 thé duoc sir dung 1am chit do hoa hoc dé giit protein dich ciia hop
chét phén tir khéi thép hoat tinh sinh 1y. Ttc 13, hop chét (1) ¢6 thé dugc chuyén di thanh
mau do séc ky 4i Iyc, mAu thir séc ky 4i lyc quang hodic twong tir bing cach dura nhém danh
dAu, nhém lién két hodic trong tir vao gbe cia hop chét (1) ma khac gbe cdu tric chi yéu dé
phét trién hoat tinh ctia hop chit bang phuong phép dugc boc 1§ trong J. Mass Spectrum.
Soc. Jpn. Tép 51, S 5 2003, tr492-498, Cong bd don quc té sb 2007/139149 hoic tuong tr.

Vi du v& nhém danh diu, nhom lién két hodic twong tur dugce str dung trong mau do
héa hoc bao gdm c4c nhém néu trong céc nhém tir (1) dén (5) dudi day:
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(1) nhém danh déu protein nhu nhém danh déu 4 luc quang (vi du, nhém benzoyl, nhém
benzophenon, nhém azit, nhom carbonylazit, nhom diaziridin, nhém enon, nhém diazo va
nhdém nitro) va nhdm &i lye ho hoc (vi dy, nhém keton trong d6 nguyén tir cacbon alpha duoc
thé bai nguyén tir halogen, nhom carbamoyl, nhém este, nhém alkylthio, ty thé Michael nhur
nhém keton khong béo hoa o, va nhdm este khong bdo hoa a3, va nhém oxiran);

(2) nhém lién két phén cit duge nhu -S-S-, -O-Si-O-, nhém monosaccarit (vi du, nhém
glucoza, nhém galactoza) hodc nhom disaccarit (vi dy, nhém lactoza), va nhém lién két
oligopeptit c6 thé bi phan cit boi phan ing enzym;

(3) nhém gén tai chd lai huynh quang nhu biotin va nhém 3-(4,4-diflo-5,7-dimetyl-4H-3a,4a-
diaza -4-bora-s-indacen-3-yl) propionyl;

(4) nhém danh du phéng xa nhu =1, *P, *H va C; nhém danh d4u huynh quang nhu
fluoresxein, rhodamin, dansyl, umbeliferon, nhém 7-nitrofurazanyl, 3-(4,4-diflo-5,7-dimetyl-
4H-3a,4a-diaza-4-bora-s-indacen-3-yl) propionyl; nhdm phét quang héa hoc nhu luxiferin va
luminol; chit danh ddu c6 kha ning phat hién ion kim loai ning nhw ion kim loai lanthanoit
va ion radi;

(5) nhom c¢6 khé ning dugc lién két véi chit mang rén nhur hat thily tinh, nén thily tinh, tAm
vi chuén, hat agaroza, nén agaroza, hat polystyren, nén polystyren, hat nylon va nén nylon; va
céc chét khac.

Mau do duge didu ché bing cach dua nhém danh ddu hoic twong tir durge chon tix
nhém chira cac muc tir (1) dén (5) néu trén vao hop chét (1) bang phuong phap duoc md ta
trong cic cong bd néu trén hoic tuong twr co thé dugc str dung 1am mAu do héa hoc dé xac
dinh protein d4nh d4u ma hitu dung cho viéc nghién ctru nhim muc dich tim ra thuéc méi va
tuong tur.

Vi du thye hién sang ché

Hop chét theo sang ché ¢6 thé dugc didu ché boi cac phirong phap duge mo ta trong
vi du didu ché va céc vi du nhw dé cap dudi dy. Tuy nhién, céc vi du nay chi nhim muc dich
minh hoa va hgp chét theo sang ché khéng bi gidi han & cac vi du cu thé d& cap dudi day theo
cach batky.

Trong céc vi du diéu ché va cac vi dy, trir khi c6 dé cép cu thé khéc, silica gel dé tinh
ché bang c4ch sir dung séc ky cot silica gel 14 YMC GEL SILICA (YMC Co., Ltd, m catalo:
SLO6I52W), silica gel dé tinh ché bing cach st dung séc ky cdt silica gel NH 1a NH silica gel
(Fuji Silysia Chemical LTD., ma catalo: DM2035), silica gel dé tinh ché bang cach st dung
ODS sic ky cot silica gel 13 YAMAZEN GEL ODS-SM (YAMAZEN Corporation, ma
catalo: W113, W116, v.v.), thm TLC d8 tinh ché bang cach st dung silica gel sic ky 16p
moéng 14 TLC Silica gel 60F,s, (Merck KGaA, mi catalo: 1.05715.0001), va thm TLC ¢ tinh
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ché bang cach sir dung NH silica gel séc ky 16p méng 14 thm NH SILICA GEL TLC (Fuji
Silysia Chemical LTD., ma catalo: T050908).
Céc chir viét tt dugc sir dung trong ban mé ta nay 1a nhur sau:
NMP: N-metylpyrolidinon
THEF: tetrahydrofuran
HATU: O-(7-azabenzotriazol-1-y1)-N,N,N',N'-tetrametyluronium hexaflophosphat
HBTU: O-(benzotriazol-1-y1)-N,N,N',N'-tetrametyluronium hexaflophosphat
TFA: axit trifloaxetic
DMEF: N,N-dimetylformamit
DBU: 1,8-diazabixyclo[5.4.0Jundec-7-ene
[Vidul]
(6S,9aS)-N-Benzyl-8-((6-(3-(4-etylpiperazin-1-yl)azetidin- 1-yl)pyridin-2-yl)metyl)-6-((2-flo-
4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit

H\(/o /3’@/\
N N\ N
5 ¢

Dung dich trdn 1an ctia (6S,9aS)-N-benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-8-((6-

flopyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit (397 mg, 0,689 mmol) dugc md tA trong vi du diéu ché 1-1-6
va NMP (10 mL) duoc thém hdn hop (1,16 g) 1-(azetidin-3-yl)-4-etylpiperazin va
benzylbenzen dugc mo ta trong vi du diéu ché 1-3-2 & nhiét do phong. Hon hop thu dugc
duge chiéu xa bang vi song & 140°C trong 12 gio. Hon hop phén tmg duge lam ngudi dén
nhiét do phong, nudc dugce thém vao sau do, sau d6 dung dich thu dugc duoc chiét béng etyl
axetat, va 16p hitu co dugc rira bang nude mudi bdo hoa. Lép hitu co duge lam khd qua
magié sulfat khan va sau d6 dugc loc. Dung mdi duge 1am bay hoi dudi ap suét giam, va cin
thu dugc dugc tinh ché bing sic ky cdt silica gel (metanol) va sau d6 duge tinh ché thém
bang sic ky cot silica gel NH (etyl axetat : metanol =20 : 1) d& tao ra hop chét tiéu dé (402
mg, san lugng: 80%).
Spektrum 'H-NMR (400 MHz, CDCl3) 8(ppm): 1,00(3H, t, J = 6,8 Hz), 2,10-2,65(10H, m),
3,10-3,21(2H, m), 3,41-3,74(8H, m), 3,84-3,89(1H, m), 3,95-4,05(2H, m), 4,17-4,23(2H, m),
4,51(1H, dd, J = 6,8 Hz, 15,6 Hz), 4,95(1H, d, ] = 13,6 Hz), 5,20-5,30(3H, m), 5,50-5,60(1H,
m), 5,70-5,80(1H, m), 5,82-5,87(1H, m), 6,24(1H, d, J = 8,0 Hz), 6,41(1H, dd, J = 2,0 Hz,
11,2 Hz), 6,47(1H, dd, J = 8,8 Hz, 8,8 Hz), 6,69(1H, d, ] = 7,2 Hz), 6,80-6,86(1H, m), 7,20-
7,31(3H, m), 7,35-7,46(3H, m).
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ESI-MS (m/z): 726,57 [M+H]".
[Vi du didu ché 1-1-1]
(2,2-Dietoxyetyl)((6-flopyridin-2-yl)metyl)amin

O N N F
IV

Dung dich trdn 1An ctia san phim ban trén thi truong clia 2,2-dietoxyetan-1-amin
(926 pL, 6,39 mmol), THF (10,0 mL) va axit axetic (1,00 mL) duoc thém san phim bén trén
thi truomg ciia 6-flopyridin-2-carbaldehyt (800 mg, 6,39 mmol) & nhiét do phong. Hon hop
thu dugc duge khudy & & nhiét do phong trong 25 phut. Tiép theo, natri triaxetoxyborohydrit
(2,71 g, 12,8 mmol) duoc thém vao hdn hop phan tng & nhiét dd phong va sau d6 duoc
khudy trong 1 gid va 10 phit. Hon hop phan tmg duroc thém natri hydro cacbonat va nuéc dé
két thiic phan tmg. Dung dich thu dwoc dugc chiét bing etyl axetat. Lép hitu co duge lam
kho qua magié sulfat khan va sau d6 dugc loc. Dung mdi duoc lam bay hoi dudi ép sut
giam, va can thu duoc duge tinh ché bang sic ky cot silica gel NH (heptan : etyl axetat =1 :
1), va sau d6 duge tinh ché thém bing sic ky cot silica gel (etyl axetat : metanol = 20 : 1) dé
tao ra hop chét tiéu d& (1,14 g, san hugng: 74%).
Spektrum "H-NMR (400 MHz, CDCls) 8(ppm): 1,22(6H, t, J = 7,2 Hz), 2,76(2H, d, J = 5,5
Hz), 3,50-3,61(2H, m), 3,65-3,76(2H, m), 3,89(2H, s), 4,64(1H, t,J = 5,5 Hz), 6,80(1H, dd, J
=2,8 Hz, 8,2 Hz), 7,22(1H, dd, ] =2,4 Hz, 7,3 Hz), 7,74(1H, q, ] = 7,9 Hz).
[Vi dy didu ché 1-1-2]
9H-Fluoren-9-ylmetyl N-((1S)-2-(4-(benzyloxy)-2-flophenyl)-1-(2,2-dietoxyetyl)((6-
flopyridin-2-yl)metyl)carbamoyl)etyl)carbamat

ey
3
P B

Dung dich tron 14n ctia (2,2-dietoxyetyl)((6-flopyridin-2-yl)metyl)amin (3,50 g, 14,4
mmol) duoc md ta trong vi du didu ché 1-1-1 va diclometan (25 mL) dugc thém axit (2S)-3-
(4-(benzyloxy)-2-flophenyl)-2~(((9H-fluoren-9-ylmetoxy)carbonyl)amino)propanoic (7,76 g,
15,1 mmol) dugc md ta trong vi du diéu ché 1-2-7, N-metylmorpholin (2,06 mL, 18,7 mmol)
va HATU (6,04 g, 15,8 mmol) & nhiét 40 phong, Hdn hop thu duoc duoc khuéy & nhiét do
phong trong 13 gio. Natri hydro cacbonat va nuéc duge thém vao hon hop phan ung, va

ON

dung dich thu duoc dugce chiét bang diclometan. Lép hitu co duge lam kho qua magié sulfat
khan va sau d6 dugce loc. Dung mdi dugc 1am bay hoi dudi 4p sudt giam dé tao ra san phim
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th6 (14,4 g) ctia hop chét tiéu dé. San phdm duoc sir dung trong phan tmg tiép theo ma khong
can tinh ché thém.

ESI-MS (m/z): 758,50 [M+Na]".

[Vi du diéu ché 1-1-3]
(2S)-2-Amino-3-(4-(benzyloxy)-2-flophenyl)-N-(2,2-dietoxyetyl)-N-((6-flopyridin-2-
yl)metyl)propanamit

/\[NJ/F
21,
J@o®

Dung dich trén 1an cia 9H-fluoren-9-ylmetyl N-((1S)-2-(4-(benzyloxy)-2-
flophenyl)-1-((2,2-dietoxyetyl)((6-flopyridin-2-yl)metyl)carbamoyl)etyl)carbamat dugc mé
ta trong vi du diéu ché 1-1-2 (14,4 g) va THF (30 mL) duoc thém dietylamin (5,27 mL, 50,4
mmol) & nhiét do phong. Hon hop thu dwoc duge khudy & nhiét d6 phong trong 2 gid. Hon

H,N

hop phén tmg dugc cd dic dudi ap sudt gidm, metanol, nuéce va heptan duge thém vao cin,
va hén hop thu duge duge phan chia. Lép nude duge rira bang heptan, va sau d6 dugc cd dic
dudi ap suét giam. Nudc duge thém vao cén, va dung dich thu duoc duoc chiét béng etyl
axetat. L6p hitu co duge lam kho qua magié sulfat khan va sau do duoc loc. Dung moi duge
1am bay hoi duéi 4p sudt gidm, va can thu duge duge tinh ché bang sic ky cbt silica gel NH
(heptan : etyl axetat = 1 : 1, va sau d6 etyl axetat) @& tao ra hop chit tiéu @& (6,87 g, san
luwong: 93%)).

ESI-MS (m/z): 514,32 [M+H]".

[Vi du diéu ché 1-1-4]

(2S)-2-(2-((Benzylcarbamoyl)amino)(prop-2-en- 1-yl)amino)axetamido)-3-(4-(benzyloxy)-
2-flophenyl)-N-(2,2-dietoxyetyl)-N-((6-flopyridin-2-yl)metyl)propanamit

\/OX\N | N F
A =
H

N Ny N A
0 o

1 0y
Dung dich tron 1in cta (2S)-2-amino-3-(4-(benzyloxy)-2-flophenyl)-N-(2,2-
dietoxyetyl)-N-((6-flopyridin-2-yl)metyl)propanamit (4,87 g, 9,48 mmol) dugc mo té trong
vi du diéu ché 1-1-3 va diclometan (100 mL) dugc thém chit da biét (W02009148192) axit
2-(((benzylcarbamoyl)amino)(prop-2-en-1-yl)amino) axetic (2,62 g, 9,95 mmol), trietylamin
(2,64 mL, 19,0 mmol) va HBTU(3,96 g, 104 mmol) & nhi¢t do phong. Hon hop thu duge
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duge khudy & nhiét do phong trong 1 gid. Hon hop phan tmg duoc ¢d diic dudi 4p sudt giam,
va can thu duge dugce tinh ché bing sic ky cot silica gel NH (etyl axetat va sau do6 etyl
axetat : metanol =30 : 1) dé tao ra hop chét tiéu d& (7,28 g, san lugng: dinh hrong).

ESI-MS (n/z): 759,43 [M+H]".

[Vi du didu ché 1-1-5]
(6S,9aS)-N-Benzyl-6-((4-(benzyloxy)-2-flophenyl)metyl)-8~((6-flopyridin-2-yl)metyl)-4,7-
dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin-1-carboxamit

QMo

Dung dich tdén Idn cta (2S)-2-(2-(((benzylcarbamoyl)amino)(prop-2-en-1-
yl)amino)axetamido)-3-(4-(benzyloxy)-2-flophenyl)-N-(2,2-dietoxyetyl)-N-((6-flopyridin-2-
yl)metyl)propanamit (7,28 g, 9,48 mmol) dugc md ta trong vi du diéu ché 1-1-4 va axit
formic (50 mL) dugc khudy & nhiét dd phong trong 15 gi¢r va 15 phat. Hon hop phén tmg
duogc ¢ dic dudi ap suét giam, dung dich nudc amoni duge thém vao cén, va dung dich thu
dugc duge chiét bing etyl axetat. Lép hitu co dugc 1am kho qua magié sulfat khan va sau d6
dugce loc. Dung moi dugce lam bay hoi dudi ap suét giam, va can thu duge dugce tinh ché
bang séc ky cot silica gel NH (heptan : etyl axetat =1 : 1) & tao ra hop chét tiéu @& (5,04 g,
san luong: 80%).

ESI-MS (n/z): 667,39 [M+H]".

[Vi du diéu ché 1-1-6]
(6S,9aS)-N-Benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-8-((6-flopyridin-2-yl)metyl)-4,7-
dioxo0-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

[: ] H
%/\:,\I\T\O(\N N\ F

H{N\/&w

o} H

Dung dich trdn 14n ctia (6S,9a8)-N-benzyl-6-((4-(benzyloxy)-2-flophenyl)mety1)-8-
((6-flopyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit (5,04 g, 7,56 mmol) dugc md ta trong vi du diéu ché 1-1-5 va
TFA (20 mL) dugc thém thioanisol (3,55 mL, 30,2 mmol) & nhi€t do phong. Hbn hop thu
duge duge khudy & nhiét d6 phong trong 13 gir va 50 phit. Hn hgp phén tmg dugc cd dic

du6i 4p sudt giam, natri hydro cacbonat va nuéc dugce thém vao ¢én, va dung dich thu duoc
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dugce chiét bing etyl axetat. Lép hitu co dugce lam khd qua magié sulfat khan va sau d6 duoc
loc. Dung mdi duoc 1am bay hoi dudi 4p suét giam, va cin thu dugc duge tinh ché bang sic
ky cot silica gel NH (etyl axetat : metanol = 20 : 1) d& tao ra hop chét tiéu d& (4,34 g, san
luong: dinh luong).

ESI-MS (m/z): 577,31 [M+H]".

[Vi du diéu ché 1-2-1]

Metyl (2S)-2-(((9H-fluoren-9-ylmetoxy)carbonyl)amino)-3-hydroxypropanoat

G
Ao M5
O :\OH

Dung dich tron 1&n cta san phdm bén trén thi trudng cta L-serin metyl este
hydroclorua (10,0 g, 64,3 mmol), 1,4-dioxan (15 mL) va nuéc (90 mL) duge thém natri
hydro cacbonat (10,8 g, 129 mmol) & nhiét do phong. Han hop thu duge duge khudy & nhiét
dd phong trong 15 phut. Tiép theo, dung dich ctia 2,5-dioxopyrrolidin-1-yl 9H-fluoren-9-
ylmetylcacbonat (21,7 g, 64,3 mmol) trong 1,4-dioxan (60 mL) duoc thém vao dung dich thu
dugc & nhiét do phong, va hdn hop thu duge duge khudy & nhiét do phong trong 14 gid.
Nude duge thém vao hdn hop phéan ting, dung dich thu duge dugc chiét bang etyl axetat ba
14n, va 16p hitu co két hop dugc rira bang nudc va nude mudi bio hoa. Lép hitu co duge lam
khd qua magié sulfat khan va sau d6 dugc loc. Dung méi duoc lam bay hoi dudi ap suit
giam, dietyl ete va heptan duoc thém vao cin thu dugc, va chét két tiia dugc gom bang cach
loc d& tao ra hop chét tiéu d& (22,3 g, san lugng: dinh lugng).

Spektrum 'H-NMR (400 MHz, CDCly) 8(ppm): 2,00-2,15(1H, m), 3,81(3H, s), 3,89-
4,07(2H, m), 4,20-4,28(1H, m), 4,39-4,53(3H, m), 5,63-5,74(1H, m), 7,29-7,37(2H, m),
7,38-7,46(2H, m), 7,55-7,65(2H, m), 7,74-7,82(2H, m).

[Vi du diéu ché 1-2-2]

Metyl (2S)-2-(((9H-fluoren-9-ylmetoxy)carbonyl)amino)-3-(((4-
metylbenzen)sulfonyl)oxy)propanoat

<
Q. OYHY&O
0 o

0=¢
77
L

Dung dich tron 1an ctia metyl (2S)-2-(((9H-fluoren-9-ylmetoxy)carbonyl)amino)-3-
hydroxypropanoat (5,00 g, 14,6 mmol) dugc m6 ta trong vi du diéu ché 1-2-1 va pyridin (25
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mL) duoc thém 4-dimetylaminopyridin (18,0 mg, 0,146 mmol) va p-toluensulfonyl clorua
(5,58 g, 29,3 mmol) ¢ 0°C, va hén hop thu dugce duge khuéy 6 0°C trong 7 gid. Nudc duge
thém véo hdn hop phan tmg, va dung dich thu duoe duge chiét bang etyl axetat hai 1an. Lép
hitu co két hop duoc rira bang axit clohydric 1N ba 1dn, sau d6 bang dung dich nudc bio hoa
natri hydro cacbonat, va sau d6 bang nuéc mudi bdo hoa. Lép hitu co duge lam kho qua
magié sulfat khan va sau d6 dugc loc. Dung méi dugc 1am bay hoi dudi 4p sudt giam, sau d6
etyl axetat, dietyl ete va heptan dugc thém vao cén thu dugce, va sau do chét két tha duoc gom
bang cach loc dé tao ra hop chét tiéu d& (6,20 g, san luong: 85%).

Spektrum 'H-NMR (400 MHz, CDCl3) 8(ppm): 2,37(3H, s), 3,74(3H, s), 4,16-4,23(1H, m),
4,23-4,31(1H, m), 4,32-4,40(2H, m), 4,41-4,48(1H, m), 4,54-4,62(1H, m), 5,63-5,66(1H, m),
7,26-1,37(4H, m), 7,38-7,45(2H, m), 7,56-7,64(2H, m), 7,72-7,81(4H, m).

[Vi du diéu ché 1-2-3]

Metyl (2R)-2-(((9H-fluoren-9-ylmetoxy)carbonyl)amino)-3-iodopropanoat

2.
(PN o
@) :\I
Dung dich tron 13n ctia metyl (2S)-2-(((9H-fluoren-9-ylmetoxy)carbonyl)amino)-3-
(((4-metylbenzen)sulfonyl)oxy)propanoat (6,20 g, 12,5 mmol) dugc mé ta trong vi du diéu
ché 1-2-2 va axeton (50 mL) dugc thém natri iodua (9,38 g, 62,6 mmol) & nhiét d6 phong.
Hn hop thu dugc dugc khudy & nhiét do phong trong 90 gior va 50 phut. Hén hop phén (mg
duoc loc, va dich loc dugc c6 dac dudi ap suét giam. Nudc duge thém vao cén, va dung dich
thu dugc duogc chiét bang etyl axetat. Lop hitu co duoc rira bang nude, sau d6 bang dung
dich nudc bdo hoa natri thiosulfat, va sau d6 nuée mudi bdo hoa. Lép hitu co duge 1am kho
qua magié sulfat khan va sau d6 dugc loc. Dung moéi dugc lam bay hoi dudi ap suit giam,
sau d6 dietyl ete va heptan dugc thém vao cén thu dugc, va chét két tia dugc gom bang cach
loc d& tao ra hop chét tiéu d& (3,82 g, san huong: 68%).
Spektrum 'H-NMR (400 MHz, CDCl) &(ppm): 3,55-3,66(2H, m), 3,84(3H, s), 4,20-
4,30(1H, m), 4,35-4,482H, m), 4,56-4,62(1H, m), 5,63-5,72(1H, m), 7,30-7,37(2H, m),
7,38-7,45(2H, m), 7,62(2H, d, ] =7,2 Hz), 7,78(2H, d, ] = 7,5 Hz).
[Vi du diéu ché 1-2-4]
4-(Benzyloxy)-1-bromo-2-flobenzen

I;CLO/@
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Dung dich tron 1dn ciia san pham bén trén thi truong ctia 4-bromo-3-flophenol (15,0
g, 78,5 mmol) va DMF (30 mL) dugc thém kali cacbonat (21,7 g, 157 mmol) va benzyl
bromua (10,2 mL, 86,4 mmol) & nhiét do phong, va hdn hop thu dugc duge khue‘iy O nhiét 4
phong trong 20 phtit va sau d6 & 70°C trong 40 phut. Hn hop phan tmg dugc 1am ngudi dén
nhiét d phong, sau d6 nudce duoce thém vao hdn hgp phan tmg, va dung dich thu dugc duge
chiét bang etyl axetat. Lop hitu co duge rira bang nude va sau d6 bang nude mubi béo hoa.
Lép hitu co duge lam kho qua magi€ sulfat khan va sau d6 duge loc. Dung moi dugce lam
bay hoi dudi 4p suét giam, va cin thu duoc duge tinh ché bang sic ky cot silica gel (heptan :
etyl axetat = 5 : 1) dé tao ra hop chét tiéu dé (22,7 g, san luong: dinh Iuong).
Spektrum 'H-NMR (400 MHz, CDCl;) 8(ppm): 5,04(2H, s), 6,65-6,72(1H, m), 6,75-
6,80(1H, m), 7,30-7,45(6H, m).
[Vi dy diéu ché 1-2-5]
4-(Benzyloxy)-2-flo-1-iodobenzen

I

F:©\O/\©

Dung dich trdn 14n ctia 4-(benzyloxy)-1-bromo-2-flobenzen (187 g, 665 mmol)
duge mo ta trong vi du didu ché 1-2-4 va 1,4-dioxan (300 mL) dugc thém ddng iodua (T)
(12,6 g, 66,1 mmol), natri iodua (200 g, 1,33mol) va N,N'-dimetyletylendiamin (14,0 mL,
132 mmol) & nhiét do phong, va hdn hop thu duge dugc khudy dudi khi quyén nito & 110
dén 115°C trong 19 gio. Hén hop phén tmg dugc lam ngudi dén nhiét do phong, sau d6 nuée
va etyl axetat dugc thém vao hdn hop phan tmg, hdn hop thu duge duge loc st dung Xélit,
va dich loc dugc phan chia gitra 16p nude va 16p hitu co. Lép nude duge chiét bang etyl
axetat. Céc 16p hitu co két hop duoc loc st dung phin loc thity tinh ¢6 silica gel dit trén do.
Silica gel duoc rira bang etyl axetat, cic 16p hitu co thu duge duge gom, va dung méi duge
lam bay hoi dudi 4p sudt giam. Can thu dugc dugce tinh ché bing sic ky cot silica gel
(heptan : etyl axetat="7 : 1 vi sau d6 4 : 1) dé tao ra hop chét tiéu d& (195 g, san lugng: 89%).
Spektrum 'H-NMR (400 MHz, CDCls) 8(ppm): 5,04(2H, s), 6,57-6,62(1H, m), 6,73(1H, dd,
J=2,8Hz, 10,0 Hz), 7,31-7,43(5H, m), 7,55-7,60(1H, m).
[Vi dy diéu ché 1-2-6]
Metyl (2S)-3-(4-(benzyloxy)-2-flophenyl)-2-(((9H-fluoren-9-
ylmetoxy)carbonyl)amino)propanoat
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Bot kém (51,6 g, 789 mmol) dugc thém vao axit clohydric IN (100 mL), hdn hop
thu duoc dugc nghién bing song am va sau do gitr nguyén, va sau d6 chit ndi trén mat dwoc
loai bd. Quy trinh ndy duoc lap lai hai 1an. Nudce (300 mL) duge thém vao cin kém thu dugc,
dung dich thu duoc duge khudy va sau do gitt nguyén, va sau d6 chit ndi trén mit dugc loai
bo. Quy trinh nay duoc 1dp lai ba 14n. Axeton (300 mL) duoc thém véo san phim thu duoc,
hén hop dugc khuéy va sau d6 gilt nguyén, chit ndi trén miit duoc loai b, sau do dietyl ete
(300 mL) duogc thém vao dung dich, dung dich thu dugc duge khudy va sau do giit nguyén,
chit ndi trén mat duoc loai bd, va cin sau d6 duoc 1am kho dudi ap sudt gidm dé tao ra kém
hoat héa. Kém hoat héa duge thém DMF (120 mL) va i6t (3,36 g, 13,2 mmol) duéi khi
quyén nito & nhiét d6 phong. Hon hop thu duge duoe khudy & nhiét o phong trong 45 phut.
HOon hop phin tng dugc thém dung dich cia metyl (2R)-2-((9H-fluoren-9-
ylmetoxy)carbonyl)amino)-3-iodopropanoat (120 g, 266 mmol) dugc mo ta trong vi du didu
ché 1-2-3 trong DMF (500 mL) qua 30 phiit dudi khi quyén nito & nhiét do phong. Hon hop
thu duge duge khudy & nhiét do phong trong 40 phtit. Hon hop phén tmg dugc thém 4-
(benzyloxy)-2-flo-1-iodobenzen (104 g, 318 mmol) dugec md ta trong vi du didu ché 1-2-5,
tris(dibenzylidenaxeton)paladi (0) (6,00 g, 6,55 mmol) va 2-dixyclohexylphosphino-2',6'-
dimetoxybiphenyl (5,40 g, 13,2 mmol) duéi khi quyén nito' & nhiét d6 phong. Hon hop thu
duge duoc khudy & nhiét do phong trong 20 gits va 40 phut. Nudc va etyl axetat duge thém
vao hén hop phan tmg, va dung dich thu dugc dugce loc sir dung Xélit. Dich loc duge phan
chia, va 16p nude duogc chiét thém bang etyl axetat ba 1an. L6p hitu co két hop dugce rira bang
nude va nude mudi bio hoa. Lép hitu co duge lam khd qua magié sulfat khan va sau d6
dugc loc. Dung moi duge lam bay hoi dudi ép sult giam, sau d6 dietyl ete (1,00 L) va heptan
(1,00 L) duoc thém vao cén thu duoc, va sau do chét két tia dugc gom béng céch loc. Dietyl
ete (500 mL) va heptan (500 mL) duoc thém vao chét rén da loc, va chét két tia dugc gom
bang cach loc dé tao ra hop chit tiéu dé (107 g, san luong;: 77%).

Spektrum "H-NMR (400 MHz, CDCls) 8(ppm): 3,03-3,20(2H, m), 3,75(3H, s), 4,20(1H, t, J
= 6,6 Hz), 4,25-4,38(1H, m), 4,43(1H, dd, J = 7,1 Hz, 10,4 Hz), 4,58-4,70(1H, m), 4,99(2H,
s), 5,33(1H, d, J = 8,4 Hz), 6,63-6,72(2H, m), 6,94-7,03(1H, m), 7,26-7,48(9H, m), 7,52-
7,622H, m), 7,77(2H, d, ] = 7,7 Hz).

[Vi du diéu ché 1-2-7]
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axit (25)-3-(4-(Benzyloxy)-2-flophenyl)-2-(((9H-fluoren-9-
ylmetoxy)carbonyl)amino)propanoic
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Dung dich trdn 1an clia metyl (2S)-3-(4-(benzyloxy)-2-flophenyl)-2-(((9H-fluoren-
9-ylmetoxy)carbonyl)amino)propanoat (60,0 g, 114 mmol) duwoc md ta trong vi du didu ché
1-2-6 va etyl axetat (1331 mL) dugc thém lithi iodua (92,0 g, 685 mmol) & nhiét do phong.
Hbn hop thu duge duge khudy dudi hdi luu trong 23 gioy va 45 phit. Hon hop phéan tmg duogc
lam ngudi dén 0°C, va chit két tua dugc gom bing cach loc. Chit rin thu duge duogc thém
axit clohydric 1N (228 mL). Dung dich thu duoc dugc chiét bang etyl axetat. Lop hitu co
duoc 1am kho qua magié sulfat khan va sau d6 dugce loc. Dung mdi duge 1am bay hoi dudi
&p suét gidm d€ tao ra hop chét tidu dé (42,2 g, san luong: 72%)).

Spektrum 'H-NMR (400 MHz, CDCl;) 8(ppm): 3,05-3,15(1H, m), 3,18-3,30(1H, m), 4,15-
4,23(1H, m), 4,25-4,50(2H, m), 4,60-4,70(1H, m), 4,99(2H, m), 5,29(1H, d, ] = 7,6 Hz),
6,64-6,73(2H, m), 7,06(1H, dd, J = 8,0 Hz, 9,6 Hz), 7,24-7,44(9H, m), 7,55(2H, dd, J = 6,4
Hz, 6,4 Hz), 7,76(2H, d, ] = 7,6 Hz).

ESI-MS (nm/z): 512,30 [M+H]".

[Vi du diéu ché 1-3-1]

1-(1-(Diphenylmetyl)azetidin-3-yl)-4-etylpiperazin
N>

(\
O
¢

Dung dich trén 14n ciia san phdm bén trén thi trudng ctia 1-(diphenylmetyl)azetidin-
3-on (10,1 g, 42,6 mmol), THF (100 mL) va axit axetic (5,00 mL) dugc thém etylpiperazin
(6,48 mL, 51,1 mmol) & nhiét d phong. Hon hop thu duge duoc khudy & nhiét do phong
trong 45 phiit. Natri triaxetoxyborohydrit (18,1 g, 85,1 mmol) dugc thém vao hén hop phan
tmg & nhiét d6 phong va sau d6 duoc khudy ¢ nhiét d6 phong trong 15 gid. Natri hydro
cacbonat va nudc duoc thém vao hdn hop phan tng, va dung dich thu duoc sau d6 duge
chiét bang etyl axetat. Lop hitu co duge rira bang nude mudi bao hoa, sau dé duge 1am khd
qua magié sulfat khan, va sau d6 dugc loc. Dung mdi dugc 1am bay hoi dudi dp sudt gidm, va

cin thu duge duge tinh ché bang sic ky cot silica gel (etyl axetat-metanol) va sau d6 dirgc
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tinh ché thém bing séc ky cot silica gel NH (heptan : etyl axetat=2: 1 va 1 : 1) dé tao ra hop
chét tiéu d& (12,7 g, san luong: 89%).

Spektrum "H-NMR (400 MHz, CDCls) 8(ppm): 1,07(3H, t, ] = 7,6 Hz), 2,20-2,65(10H, m),
2,85-2,93(2H, m), 2,95-3,05(1H, m), 3,35-3,45(2H, m), 4,41(1H, s), 7,15-7,20(2H, m), 7,23-
7,29(4H, m), 7,37-7,42(4H, m).

[Vi du diéu ché 1-3-2]

1-(Azetidin-3-yl)-4-etylpiperazin

N
T

Dung dich tron 1an cta 1-(1-(diphenylmetyl)azetidin-3-yl)-4-etylpiperazin (12,7 g,
37,9 mmol) duwoc mo ta trong vi du diéu ché 1-3-1 va metanol (50 mL) dugc thém paladi
hydroxit-carbon (5,00 g) & nhiét do phong, Hon hop thu dugc dugc khudy dudi khi quyén
hydro & nhi¢t 40 phong va ¢ 0,35 MPa dén 0,40 MPa trong 10 gio. Hon hop phan timg duge
suc b%lng khi quyén nito va sau d6 dugc loc str dung Xélit. Dich loc duoc ¢d dac dudi ap suét
giam dé tao ra hop chit tiéu dé du6i dang hdn hop (12,4 g) véi benzylbenzen. San phim
dugc sir dung trong phan tmg tiép theo ma khong cAn tinh ché thém.
Spektrum "H-NMR (400 MHz, CDCls) 8(ppm): 1,09(3H, t, J = 7,2 Hz), 2,10-2,80(10H, m),
3,20-3,30(1H, m), 3,53-3,60(2H, m), 3,60-3,70(2H, m).
[Vidu2]
(6S,9aS)-N-Benzyl-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-6-((4-
hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit
DA o S
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Dung dich trdn 1in clia (6S,9aS)-N-benzyl-8-((6-flopyridin-2-yl)metyl)-6-((4-
hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit (30,0 mg, 0,0537 mmol) duwge mo ta trong vi du diéu ché 2-4 va
NMP (2,0 mL) dugc thém hdn hop (45,0 mg) cia 1-(azetidin-3-yl)-4-etylpiperazin va
benzylbenzen dugc mo ta trong vi du diéu ché 1-3-2 & nhiét d6 phong. Hon hop thu duoc
duge chiéu xa bing vi song & 140°C trong 8 gid. Nude duge thém vao hdn hop phan tng,
dung dich thu dugc duge chiét bang etyl axetat, va 16p hitu co dugc rira bing nudec mudi bio

hoa. Lép hitu co duge lam kho qua magié sulfat khan va sau d6 dugc loc. Dung m6i duoc
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lam bay hoi du6i 4p suét giam, cin thu dugc dugc tinh ché bing sic ky cot silica gel NH (etyl
axetat : metanol =20 : 1), va sau d6 dugc tinh ché thém bang silica gel séc ky 16p mong NH
(etyl axetat). San phim thu dugc dugc tinh ché thém bang silica gel sic ky 16p moéng
(metanol) va sau d6 dugc loc st dung silica gel NH détaora hop chét tiéu dé (14,0 mg, sén
lugng: 37%).

Spektrum 'H-NMR (400 MHz, CDCls) 8(ppm): 1,02(3H, t, J = 7,1 Hz), 2,30-2,70(10H, m),
3,05-3,15(1H, m), 3,15-3,30(1H, m), 3,43(2H, d, J = 17,2 Hz), 3,50-3,70(5H, m), 3,75-
3,83(1H, m), 3,83-3,90(1H, m), 4,00-4,102H, m), 4,15-4,302H, m), 4,35-4,45(1H, m),
5,00(1H, d, J = 13,4 Hz), 5,03-5,10(1H, m), 5,15-5,30(3H, m), 5,60-5,80(1H, m), 6,30(1H, d,
J=8,1Hz),6,392H, d, ] = 8,3 Hz), 6,56(2H, d, ] = 8,4 Hz), 6,70-6,78(2H, m), 7,18-7,24(2H,
m), 7,26-7,32(1H, m), 7,34-7,40(2H, m), 7,44-7,52(1H, m).

ESI-MS (m/z): 708,67 [M+H]".

[Vidu diéu ché 2-1]

9H-Fluoren-9-ylmetyl N-((1S)-2-(4-(tert-butoxy)phenyl)-1-((2,2-dietoxyetyl)((6-flopyridin-
2-y1)mety1)carbamoyl)etyl)carbamat

2317

Dung dich trdn 1An clia (2,2-dietoxyetyl)((6-flopyridin-2-yl)metyl)amin (514 mg,
2,12 mmol) duoc mé A trong vi du didu ché 1-1-1 vA DMF (10 mL) duoc thém san phim
ban trén thi truong cla axit  (2S)-3-(4-(tert-butoxy)phenyl)-2-(((OH-fluoren-9-
ylmetoxy)carbonyl)amino)propanoic (886 mg, 2,12 mmol), trietylamin (355 pL, 2,54 mmol)
va HATU (968 mg, 2,54 mmol) & nhi¢t do phong. Hdn hop thu dugc duge khuéy O nhiét do
phong trong 45 phut. Nudce duge thém vao hdn hop phan ing, va hdn hop thu dugc sau do
duogc chiét bang etyl axetat. Lép hitu co dugc rira bang nude va nude mubi bio hoa, sau dé
duoc 1am khd qua magié sulfat khan, va sau d6 duoc loc. Dung moi duge lam bay hoi dudi
&p sudt giam, va cin thu duoc duge tinh ché bang séc ky cét silica gel (heptan : etyl axetat =
1 : 1 vasau do etyl axetat) dé tao ra hop chét tiéu d& (1,37 g, sin lugng: 94%).
ESI-MS (n/z): 684,58 [M+H]".
[Vidu diéu ché 2-2]
(2S)-2-Amino-3-(4-(tert-butoxy)phenyl)-N-(2,2-dietoxyetyl)-N-((6-flopyridin-2-
yDmetyl)propanamit
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Dung dich trdn 13n ctia 9H-fluoren-9-ylmetyl N-((1S)-2-(4-(tert-butoxy)phenyl)-1-
((2,2-dietoxyetyl)((6-flopyridin-2-yl)metyl)carbamoyl)etyl)carbamat (1,37 g, 2,00 mmol)
duge mo ta trong vi du didu ché 2-1 va diclometan (7,0 mL) dugc thém piperidin (7,0 mL) &
nhiét o phong. Hon hop thu duge duge khudy & nhiét do phong trong 30 phut. Hén hop
phan tmg dugc ¢b dic dudi ap sudt giam, va cin thu dugc duge tinh ché bing sic ky cot
silica gel NH (etyl axetat) dé tao ra hop chét tiéu dé (881 mg, san lugng: 95%).

ESI-MS (m/z): 462,49 [M+H]",

[Vi du didu ché 2-3]
(25)-2-(2-(((Benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(tert-
butoxy)phenyl)-N-(2,2-dietoxyetyl)-N-((6-flopyridin-2-yl)metyl)propanamit
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Dung dich tron 14n ctia (2S)-2-amino-3-(4-(tert-butoxy)phenyl)-N-(2,2-dietoxyetyl)-
N-((6-flopyridin-2-yl)metyl)propanamit (881 mg, 1,91 mmol) dugc md ta trong vi du didu
ché 2-2 va DMF (10,0 mL) dugc thém axit 2-(((benzylcarbamoyl)amino)(prop-2-en-1-
yl)amino) axetic (503 mg, 1,91 mmol) dugc mod ti trong Cong bd don qubc té sb
2009148192, trietylamin (532 pL, 3,82 mmol) va HATU (871 mg, 2,29 mmol) & nhi¢t do
phong. Hon hop thu duoc duoc khudy & nhiét do phong trong 35 phut. Nudc dugce thém vao
hdn hop phan tmg, va dung dich thu dugc duge chiét bang etyl axetat. Lop hiru co dugc rira
bang nudc va nude mudi bdo hoa, sau d6 duoc 1am khd qua magié sulfat khan, va sau d6
dugc loc. Dung méi dugc 1am bay hoi dudi 4p sudt gidm, cin thu dugc duge tinh ché bang
séc ky cot silica gel NH (ety] axetat : metanol = 20 : 1) dé tao ra hop chét tiéu d& (1,22 g, san
lugng: 91%).

ESI-MS (m/z): 707,67 [M+H]".

[Vi du diéu ché 2-4]
(6S,9aS)-N-Benzyl-8-((6-flopyridin-2-yl)metyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-
(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-1-carboxamit
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Dung dich tron 1an cua (2S)-2-(2-((benzylcarbamoyl)amino)(prop-2-en-1-
yl)amino)axetamido)-3-(4-(tert-butoxy)phenyl)-N-(2,2-dietoxyetyl)-N-((6-flopyridin-2-
yhmetyl)propanamit (1,22 g, 1,73 mmol) dugc md ta trong vi du diéu ché 2-3 va axit formic
(26 mL) duoc khudy & 70°C trong 3 gio. Hon hop phan ing duoc ¢6 ddc dudi ap suét giam,
nude duoc thém vao cin, va dung dich thu dugc dugce chiét bang etyl axetat. Lop hitu co
duoc rira bing nude va sau d6 bing nude mudi bo hoda, sau d6 duoc 1am khd qua magié
sulfat khan, va sau d6 dugc loc. Dung mdi dugc 1am bay hoi duéi 4p suét giam, va cin thu
duoc duge tinh ché bang séc ky cot silica gel NH (etyl axetat : metanol = 20 : 1) dé tao ra hop
chét tiéu dé (865 mg, san hwong: 90%).

Spektrum 'H-NMR (400 MHz, CDCly) 3(ppm): 3,30-3,42(4H, m), 3.42-3,64(3H, m),
3,81(1H, dd, J = 10,8 Hz, 11,2 Hz), 4,30-4,38(1H, m), 4,40-4,48(1H, m), 4,56-4,68(2H, m),
5,16-5,24(2H, m), 5,30(1H, dd, J = 4,8 Hz, 5,6 Hz), 5,35-5,44(1H, m), 5,54-5,74(2H, m),
6,66(2H, d, J = 8,0 Hz), 6,70-6,76(1H, m), 6,82-6,88(1H, m), 6,96-7,03(2H, m), 7,06-
7,12(1H, m), 7,22-7,34(2H, m), 7,35-7,42(2H, m), 7,74-7,83(1H, m).
ESI-MS (m/z): 559,41 [M+H]".
[Vidu 3]
(6S,9aS)-N-Benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-8-((6-(3-(4-metylpiperazin-1-
ylazetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino|2,1-c][1,2,4]triazin-1-carboxamit
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Dung dich trdn 14n ciia (6S,9aS)-N-benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-8-((6-
flopyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit (40,0 mg, 0,0694 mmol) dugc md ta trong vi du diéu ché 1-1-6
va NMP (2,0 mL) duoc thém hdn hop (112 mg) ciia 1-(azetidin-3-yl)-4-metylpiperazin va
benzylbenzen duge mo ta trong vi du diéu ché 3-2 & nhiét do phong, va hdn hop thu duge
duoc chiéu xa bang vi séng & 140°C trong 12 gid. Sau khi hdn hop dugc 1am ngudi dén nhiét
d0 phong, nudc duge thém vao hdn hgp phén tmg, dung dich thu duge duge chiét bang etyl
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axetat, va 16p hitu co dugce rira bing nudce va sau d6 bang nude mudi bio hoa. Lép hitu co
duoc lam kho qua magié sulfat khan va sau d6 dugc loc. Dung mo6i dugc lam bay hoi duéi
ap sut giam, va cin thu dugc dugc tinh ché bing sic ky cot silica gel NH (etyl axetat :
metanol =20 : 1) va sau d6 duoc tinh ché thém bang silica gel séc ky 16p méng NH (etyl
axetat) dé tao ra hop chét tiéu d& (26,0 mg, san luong: 53%).

Spektrum 'H-NMR (400 MHz, CDCl;) §(ppm): 2,20-2,60(11H, m), 3,10-3,25(2H, m),
3,43(1H, d, J = 17,1 Hz), 3,45-3,75(7H, m), 3,86(1H, dd, ] = 7,3 Hz, 9,9 Hz), 4,01(2H, dd, J
= 3,5 Hz, 6,4 Hz), 4,15-4,30(2H, m), 4,48(1H, dd, ] = 6,8 Hz, 15,2 Hz), 4,95(1H, d, J = 13,8
Hz), 5,20-5,30(3H, m), 5,53(1H, dd, ] = 4,0 Hz, 10,8 Hz), 5,65-5,80(1H, m), 5,85(1H, dd, J =
2,1 Hz, 8,5 Hz), 6,24(1H, d, ] = 8,1 Hz), 6,41(1H, dd, ] =2,2 Hz, 11,6 Hz), 6,47(1H, dd, J =
8.4 Hz, 8,8 Hz), 6,69(1H, d, J = 7,3 Hz), 6,78-6,86(1H, m), 7,20-7,32(3H, m), 7,34-7,47(3H,
m).

ESI-MS (m/z): 712,57 [M+H]".

[Vi du diéu ché 3-1]

1-(1-(Diphenylmetyl)azetidin-3-yl)-4-metylpiperazin

N
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Dung dich trdn 14n ctia san phim ban trén thi truong cia 1-(diphenylmetyl)azetidin-
3-on (1,00 g, 4,21 mmol), THF (20 mL) va axit axetic (1,00 mL) dugc thém metylpiperazin
(561 pL, 5,05 mmol) & nhiét do phong. Hon hop thu duge duge khudy & nhiét d6 phong
trong 15 phtit. Hon hop phan tng dugc thém natri triaxetoxyborohydrit (1,79 g, 8,42 mmol)
& nhiét d6 phong, va hdn hop thu duge duge khudy & nhiét do phong trong 2 gidr va 15 phut.
Natri hydro cacbonat va nudc duge thém vao hdn hop phan tmg, va hdn hop thu dugce duge
chiét bing etyl axetat. Lép hitu co dugc rira bang nudc mudi bdo hoa, sau d6 dugc 1am khd
qua magié sulfat khan, va sau d6 dugc loc. Dung m6i dugc lam bay hoi duéi ap suit giam, va
cin thu duge duoc tinh ché bang sic ky cot silica gel (etyl axetat-metanol) va sau d6 dugc
tinh ché thém bang sic ky cot silica gel NH (heptan : etyl axetat=1: 1) & tao ra hop chét
tiéu d& (1,21 g, san luong: 89%).

Spektrum "H-NMR (400 MHz, CDCls) 8(ppm): 2,20-2,55(11H, m), 2,85-2,95(2H, m), 2,95-
3,05(1H, m), 3,35-3,452H, m), 4,41(1H, s), 7,15-7,20(2H, m), 7,23-7,30(4H, m), 7,37-
7,43(4H, m).

ESI-MS (m/z): 322,29 [M+H]".

[Vi du diéu ché 3-2]
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1-(Azetidin-3-yl)-4-metylpiperazin

N
T

Dung dich trn 14n ctia 1-(1-(diphenylmetyl)azetidin-3-yl)-4-metylpiperazin (1,21 g,
3,75 mmol) dugc mb ta trong vi du diéu ché 3-1 va metanol (20 mL) dugc thém paladi
hydroxit-carbon (500 mg) & nhiét do phong. Hon hop thu duoc dugc khudy dudi khi quyén
hydro & nhiét o phong va & 0,35 MPa dén 0,40 MPa trong 4 gid va 45 phut. Hon hop phan
ung dugc suc béng khi quyén nito, va sau d6 dugc loc str dung Xélit. Dich loc duge co dac
dudi &p sudt giam dé tao ra hop chét tiéu dé dudi dang hdn hop (1,00 g) véi benzylbenzen.
San phdm duoc st dung trong phan tmg tiép theo ma khong can tinh ché thém.
Spektrum "H-NMR (400 MHz, CDCl3) 8(ppm): 2,25-2,60(11H, m), 3,20-3,30(1H, m), 3,50-
3,70(4H, m).
ESI-MS (m/z): 155,96 [M+H]".
[Vidu4]
(6S,9aS)-N-Benzyl-8-((6-(3-((3S)-3,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yDmetyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

» o
N

Dung dich trdn 14n ctia (6S,9aS)-N-benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-8-((6-
flopyridin-2-yl)metyl)-4,7-dioxo-2~(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit (4,00 g, 6,94 mmol) dwgc md ta trong vi du diéu ché 1-1-6 va
pyridin (100 mL) dugc thém (2S)-4-(azetidin-3-yl)-1,2-dimetylpiperazin (2,35 g, 13,9 mmol)
durgc md ta trong vi du diéu ché 4-3 & nhiét d6 phong. Hon hop thu duge duge khudy dudi
hdi Iwu trong 6 gid va 50 phit. Hon hop phan tmg duoc 1am ngudi dén nhiét d6 phong, va
sau do duoc co dic dudi ap suét giam. Can thu dugce duoc tinh ché bang sic ky ¢t silica gel
(metanol), va sau d6 dugc tinh ché by sic ky c6t silica gel NH (etyl axetat : metanol =20 : 1)
d& tao ra hop chét tidu d& (2,93 g, san lugng: 58%).

Spektrum "H-NMR (400 MHz, CDCls) 8(ppm): 1,03(3H, d, ] = 6,2 Hz), 1,76(2H, t, ] = 10,8
Hz), 1,90-2,00(1H, m), 2,10-2,35(6H, m), 2,73(1H, d, J = 11,0 Hz), 3,08-3,20(2H, m), 3,40-
3,50(2H, m), 3,50-3,62(3H, m), 3,62-3,75(3H, m), 3,85(1H, dd, J = 7,0 Hz, 9,9 Hz), 3,95-
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4,10(2H, m), 4,18-4,26(2H, m), 4,50(1H, dd, J = 7,1 Hz, 15,6 Hz), 4,95(1H, d, J = 13,5 Hz),
5,20-5,30(3H, m), 5,55(1H, dd, J = 4,0 Hz, 10,6 Hz), 5,70-5,80(1H, m), 5,84(1H, dd, J = 2,2
Hz, 8,4 Hz), 6,24(1H, d, ] = 8,1 Hz), 6,40(1H, dd, J =2,2 Hz, 11,7 Hz), 6,47(1H, dd, ] = 8,8
Hz, 8,8 Hz), 6,69(1H, d, ] = 7,3 Hz), 6,83(1H, dd, J = 6,0 Hz, 6,8 Hz), 7,22(2H, d, J = 7,3
Hz), 7,24-7,32(1H, m), 7,34-7,46(3H, m).

ESI-MS (m/z): 726,60 [M+H]".

[Vidy didu ché 4-1]

tert-Butyl (2S)-4-(1-((benzyloxy)carbonyl)azetidin-3-y1)-2-metylpiperazin- 1 -carboxylat

: 0

OYN

o)

Dung dich tron 14n coa benzyl 3-oxoazetidin-1-carboxylat (30,0 g, 146 mmol), ma
14 san phém da biét va duoc ban trén thi trudng, THF (100 mL) va axit axetic (60 mL) dugc
thém sén phim bén trén thi trudng clia tert-butyl (2S)-2-metylpiperazin-1-carboxylat (32,2 g,
161 mmol) & nhiét do phong. Hon hop thu duge duge khudy & nhiét do phong trong 1 gio.
Hon hop phan tmg dugc thém natri triaxetoxyborohydrit (46,5 g, 219 mmol) & 0°C. Hon hop
thu duge duoc khudy & nhiét do phong trong 1 gitr va 30 phit. Hon hgp phan tng dugc thém
natri hydro cacbonat va nuge ¢ 0°C. Dung dich thu dugc duoc chiét bang etyl axetat. Lop
hiru co' duge lam khd qua magié sulfat khan va sau d6 dugce loc. Dung mdi dugc 1am bay hoi
dudi ap suét giam, va cn thu dugce dugc tinh ché bang sic ky cot silica gel NH (heptan : etyl
axetat=>5 : 1) dé tao ra hop chét tiéu d& (36,7 g, san lugng: 64%)).
ESI-MS (m/z): 390,31 [M+H]".
[Vi du didu ché 4-2]
Benzyl 3-((3S)-3,4-dimetylpiperazin-1-yl)azetidin-1-carboxylat

?N/

OE,UW

Dung dich tron 1An clia tert-butyl (2S)-4-(1-((benzyloxy)carbonyl)azetidin-3-yl)-2-
metylpiperazin-1-carboxylat (36,7 g, 94,2 mmol) dugc mo ta trong vi du diéu ché 4-1 va
diclometan (20 mL) duoc thém TFA (30 mL) & nhiét &6 phong. Hon hop thu duge dugce
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khudy & nhiét do phong trong 35 phut. Hn hop phan tmg duoc cd dic dudi dp sudt giam.
Dung dich nuéc formaldehyt (70,1 mL, 942 mmol) duge thém vao dung dich tron 13n clia
cén thu dugc va THF (100 mL) & nhi¢t 0 phong va sau d6 duoc khuéy ¢ nhiét do phong
trong 30 phut. Natri triaxetoxyborohydrit (29,9 g, 141 mmol) duoc thém vao hdn hop phan
tmg & 0°C, va hdn hop thu duge duoc khudy & nhiét d6 phong trong 12 gidr va 45 phut. Dung
dich nude formaldehyt (10,0 mL) va natri triaxetoxyborohydrit (17,5 g, 82,6 mmol) duoc
thém tiép vao hdn hop phan mg & nhiét do phong, va hén hop thu duoc dugc khudy & nhiét
d6 phong trong 45 phuit. Natri hydro cacbonat va nuéc duge thém vao hdén hop phan tmg &
0°C, va dung dich thu duoc dugc chiét bing etyl axetat va sau d6 bang diclometan. L6p hitu
co két hop duoc 1am khd qua magié sulfat khan va sau d6 dugc loc. Dung mdi duoc lam bay
hoi duéi &p sut giam, va can thu dugc dugc tinh ché bang sic ky cot silica gel (etyl axetat :
metanol = 3 : 1) va sau d6 duoc tinh ché thém bang séc ky cot silica gel NH (etyl axetat) dé
tao ra hop chét tidu dé (28,6 g, san luong: dinh luong).

ESI-MS (m/z): 304,13 [M+H]".

[Vi du diéu ché 4-3]

(2S)-4-(Azetidin-3-yl)-1,2-dimetylpiperazin

Dung dich trdn lan clia benzyl 3-((3S)-3,4-dimetylpiperazin-1-yl)azetidin-1-
carboxylat (28,6 g, 94,3 mmol) dugc mé ti trong vi du diéu ché 4-2 va metanol (150 mL)
dugc thém 10% paladi-carbon (50% nuée, 10,0 g) & nhi€t do phong. Hon hop thu duge duge
khudy dudi khi quyén hydro & nhiét do phong va & 0,35 MPa dén 0,40 MPa trong 1 gid va
45 phut. Hn hop phan tmg duogc suc bang khi quyén nito, va sau d6 dugc loc sir dung Xélit.
Dich loc duge ¢d ddc dudi ap sudt giam dé tao ra hop chét tiéu dé (21,2 g, san lugng: dinh
luong). San phim duoc str dung trong phan tmg tiép theo méa khong can tinh ché thém.
Spektrum "H-NMR (400 MHz, CDCL3) §(ppm): 1,06(3H, d, J = 6,4 Hz), 1,70-1,82(2H, m),
2,05-2,25(2H, m), 2,25-2,50(4H, m), 2,58(1H, d, J = 10,6 Hz), 2,67(1H, dd, J = 2,2 Hz, 10,6
Hz), 2,75-2,85(1H, m), 3,25-3,38(1H, m), 3,70-3,80(4H, m).

[Vidu 5]
(6S,9aS)-N-Benzyl-8-((6-(3-((3R)-3,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yDmetyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2~(prop-2-en-1-yl)-octahydro-1H-
pyrazino|2,1-c][1,2,4]triazin-1-carboxamit
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Dung dich trdn 14n ctia (6S,9aS)-N-benzyl-6-((2-flo-4-hydroxyphenyl)mety!)-8-((6-
flopyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro- 1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit (20,0 mg, 0,0347 mmol) dugc md ta trong vi du didu ché 1-1-6
va NMP (2,0 mL) dwoc thém hdn hop (59,0 mg) cia (2R)-4-(azetidin-3-yl)-1,2-
dimetylpiperazin va benzylbenzen duoc mé ta trong vi du diéu ché 5-3 & nhiét d6 phong.
Hon hop thu duge duge chiéu xa bang vi song & 140°C trong 12 gio. Hén hop phan tng
duoc 1am ngudi dén nhiét do phong, va sau d6 nude duge thém vao do, dung dich thu dugc
duge chiét bing etyl axetat, va 16p hitu co duogc rira bang nude va sau d6 bang nudc mubi
bdo hoa. Lop hitu co duge lam khd qua magi€ sulfat khan va sau dé dugc loc. Dung moi
duoc lam bay hoi dudi ap sudt giam, va can thu dugc dugc tinh ché b?lng séc ky cdt silica gel
NH (etyl axetat : metanol = 20 : 1) va sau d6 dugc tinh ché thém bang silica gel séc ky 16p
méng NH (etyl axetat) dé tao ra hop chét tiéu dé (10,8 mg, san luong: 43%)).

Spektrum 'H-NMR (400 MHz, CDCl;) 3(ppm): 0,884(3H, d, J = 6,1 Hz), 1,60-1,90(1H, m),
2,13-2,25(2H, m), 2,29(3H, s), 2,33-2,42(1H, m), 2,43-2,54(1H, m), 2,75-2,92(2H, m), 3,08-
3,24(2H, m), 3,25-3,35(1H, m), 3,40(1H, d, J] = 17,1 Hz), 3,45-3,77(7TH, m), 3,83-3,93(1H,
m), 4,002H, d, ] = 7,2 Hz), 4,16-4,25(1H, m), 4,32(1H, dd, J = 5,6 Hz, 14,4 Hz), 4,47(1H,
dd, J=7,1 Hz, 15,3 Hz), 4,95(1H, d, J = 13,8 Hz), 5,16-5,28(2H, m), 5,56-5,66(1H, m), 5,66~
5,80(1H, m), 5,82-5,91(1H, m), 6,24(1H, d, J = 8,3 Hz), 6,39(1H, d, J = 11,4 Hz), 6,47-
6,56(1H, m), 6,67(1H, d, ] =7,0 Hz), 6,76-6,81(1H, m), 7,20-7,33(3H, m), 7,33-7,47(3H, m).
ESI-MS (m/z): 726,71 [M+H]".

[Vi du diéu ché 5-1]

tert-Butyl (2R)-4-(1-(diphenylmetyl)azetidin-3-yl)-2-metylpiperazin-1-carboxylat

O N('\NﬂoJ<
NT

Dung dich tron 14n ctia san phdm bén trén thi trudng cta 1-(diphenylmetyl)azetidin-
3-on (300 mg, 1,26 mmol), THF (6,0 mL) va axit axetic (500 pL) dugc thém sén phidm bén
trén thi trudng cla tert-butyl (2R)-2-metylpiperazin-1-carboxylat (304 mg, 1,51 mmol) &
nhiét d6 phong. Hon hop thu duoc duoc khudy & nhiét d6 phong trong 25 phut. Natri
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triaxetoxyborohydrit (536 mg, 2,52 mmol) dugc thém vao hdn hop phin tmg & nhiét do
phong, va hdn hop thu dugc duge khudy & nhiét d6 phong trong 18 gid va 35 phit. Natri
hydro cacbonat va nuée dirge thém vao hdn hop phan tng, va dung dich thu dugc duoc chiét
bang etyl axetat. Lép hitu co duge rira bang nude mudi bio hoa, sau do dugc 1am khd qua
magié sulfat khan va sau d6 dugc loc. Cén thu dugc dugce tinh ché bang sic ky cot silica gel
NH (heptan : etyl axetat =35 : 1) d& tao ra hop chét tiéu d& (476 mg, san luong: 90%).
Spektrum 'H-NMR (400 MHz, CDCL;) 8(ppm): 1,203H, d, J = 6,8 Hz), 1,44(9H, s),
1,77(1H, td,  =3,4 Hz, 11,7 Hz), 1,96(1H, dd, J =4,0 Hz, 11,2 Hz), 2,40(1H, d, J = 11,0 Hz),
2,56(1H, d, J = 11,2 Hz), 2,78(1H, dd, J = 6,8 Hz, 6,8 Hz), 2,83-2,95(2H, m), 2,98-3,05(1H,
m), 3,39(2H, dd, ] = 5,6 Hz, 6,4 Hz), 3,78(1H, d, ] = 12,8 Hz), 4,12-4,22(1H, m), 4,38(1H, s),
7,15-7,21(2H, m), 7,24-7,30(4H, m), 7,41(4H, d, J = 7,2 Hz).

[Vi du diéu ché 5-2]

(2R)-4-(1-(Diphenylmetyl)azetidin-3-yl)-1,2-dimetylpiperazin

7™
¢

Dung dich tron 1an cta tert-butyl (2R)-4-(1-(diphenylmetyl)azetidin-3-yl)-2-
metylpiperazin-1-carboxylat (476 mg, 1,13 mmol) dugc mé ta trong vi du diéu ché 5-1 va
THF (10,0 mL) duoc thém lithi nhém hydrit (171 mg, 4,52 mmol) & 0°C, va hdn hgp thu
duge duge khudy dudi hdi Iuu trong 1 gidy va 55 phiit. Hén hop phéan tmg duoc 1am ngudi
dén 0°C, nu6e (171 pL) va dung dich nude natri hydroxit S N (171 pL) duoc thém vao do, va
nude (513 pL) duge thém bd sung vao d6. Hn hop phan tmg dugc loc str dung Xélit va sau
d6 duoc rira béng etyl axetat. Dich loc dugc c6 ddc dudi ap suét giam va cin thu duoc duge
tinh ché bang séc ky cot silica gel NH (heptan : etyl axetat =2 : 1) dé tao ra hop chét tiéu dé
(342 mg, san lugng: 90%).

Spektrum 'H-NMR (400 MHz, CDCls) 8(ppm): 1,01(3H, d, J = 6,0 Hz), 1,67(1H, dd, J =
10,4 Hz, 10,8 Hz), 2,00-2,10(2H, m), 2,20-2,33(4H, m), 2,54(1H, d, J = 10,8 Hz), 2,63(1H, d,
J =123 Hz), 2,75(1H, d, J = 11,6 Hz), 2,87-3,00(3H, m), 3,35-3,42(2H, m), 4,14(1H, s),
7,15-7,20(2H, m), 7,23-7,29(4H, m), 7,37-7,42(4H, m).

[Vidu diéu ché 5-3]

(2R)-4-(Azetidin-3-yl)-1,2-dimetylpiperazin
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Dung dich tdn 1&n coa  (2R)-4-(1-(diphenylmetyl)azetidin-3-yl)-1,2-
dimetylpiperazin (342 mg, 1,02 mmol) dugc md ti trong vi du diéu ché 5-2 va metanol (10
mL) dugc thém paladi hydroxit-carbon (200 mg) & nhiét d6 phong. Hon hop thu duge duoc
khudy duéi khi quyén hydro ¢ nhiét d6 phong va ¢ 0,35 MPa dén 0,40 MPa trong 5 gio. Hon
hop phéan tmg duoc suc bang khi quyén nito, va sau dé dugc loc sir dung Xeélit. Dich loc
duge cd dic dudi dp sudt giam dé tao ra hdn hop (287 mg) clia hop chit tiéu @& va
benzylbenzen. San phdm duoc sir dung trong phan tng tiép theo ma khéng can tinh ché
thém.

Spektrum "H-NMR (400 MHz, CDCL3) 8(ppm): 1,06(3H, d, J = 6,0 Hz), 1,65-1,80(2H, m),
1,90-2,20(2H, m), 2,25-2,35(4H, m), 2,58(1H, d, J = 10,6 Hz), 2,67(1H, d, ] = 9,2 Hz),
2,80(1H, d, J = 11,3 Hz), 3,22-3,30(1H, m), 3,60-3,75(4H, m).
[Vidu 6]
(6S,9aS)-N-Benzyl-8-((6-(3-((2S)-2,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yDmetyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin- 1 -carboxamit
Ole

NN S

J I
L,

Dung dich trdn 1in ciia (6S,9aS)-N-benzyl-8-((6-flopyridin-2-yl)metyl)-6-((4-
hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit (3,68 g, 6,59 mmol) dugc md ta trong vi du diéu ché 2-4 va
pyridin (20 mL) dugc thém hdn hop (4,45 g) clia (2S)-1-(azetidin-3-y1)-2,4-dimetylpiperazin
va benzylbenzen dugc md ta trong vi du diéu ché 6-3 & nhiét do phong. Hon hop thu dugc
duge khudy dudi hdi luu trong 5 gir va 45 phut. Hon hop phan ting duoc 1am ngudi dén
nhiét 40 phong, va sau d6 dugc co dac dudi ap suét gidm. Can thu dugc dugc tinh ché béng
séc ky cot silica gel (etyl axetat : metanol = 20 : 1 va tiép theo metanol) v sau d6 dugc tinh
ché thém bang sic ky cot silica gel NH (etyl axetat : metanol = 20 : 1) d tao ra vat lidu rin.
Etyl axetat, dietyl ete va heptan dugc thém vao vét lidu ran, va chit két tha dugc gom bang
cach loc dé tao ra hop chét tiéu d& (3,44 g, san luong: 74%).
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Spektrum 'H-NMR (400 MHz, CDCl;) 8(ppm): 1,07(3H, d, J = 6,2 Hz), 1,50-1,70(1H, m),
1,95-2,10(2H, m), 2,18(3H, s), 2,25-2,402H, m), 2,59(1H, d, J = 11,3 Hz), 3,10(1H, dd, ] =
4,8 Hz, 13,9 Hz), 3,25-3,50(4H, m), 3,52-3,75(6H, m), 3,85-3,92(1H, m), 4,10-4,26(4H, m),
4,37(1H, dd, J = 6,6 Hz, 15,4 Hz), 4,99(1H, d, ] = 13,1 Hz), 5,08-5,15(1H, m), 5,16-5,30(3H,
m), 5,68-5,80(1H, m), 6,33(1H, d, ] = 8,4 Hz), 6,43(2H, d, ] = 8,4 Hz), 6,55(2H, d, ] = §,1
Hz), 6,69(1H, dd, J = 6,0 Hz, ] = 6,4 Hz), 6,78(1H, d, J = 7,3 Hz), 7,192H, d, ] = 7,0 Hz),
7,24-7,32(1H, m), 7,34-7,40(2H, m), 7,46-7,52(1H, m).

ESI-MS (m/z): 708,56 [M+H]".

[Vi du diéu ché 6-1]

tert-Butyl (3S)-4-(1-(diphenylmetyl)azetidin-3-yl)-3-metylpiperazin-1-carboxylat

Hok
L™
4

Dung dich trén 14n ctia san phdm bén trén thi trudng cta 1-(diphenylmetyl)azetidin-
3-on (300 mg, 1,26 mmol), THF (6,0 mL) va axit axetic (500 pL) dugc thém san pham ban
trén thi truong cla tert-butyl (3S)-3-metylpiperazin-1-carboxylat (304 mg, 1,51 mmol) &
nhiét d6 phong. Hon hop thu duoc duge khudy & nhiét d phong trong 1 gio va 40 phit. Natri
triaxetoxyborohydrit (536 mg, 2,52 mmol) dugc thém vao hdn hgp phén ing & nhiét do
phong, va hdn hop thu duge dugc khudy & nhiét d6 phong trong 13 gior va 45 phit. Natri
hydro cacbonat va nuéc duoc thém vao hdn hgp phén tmg, va dung dich thu dugce duge chiét
bang etyl axetat. L6p hitu co duoc rira bang nudc mubi bio hoa va sau dé duge lam khd qua
magié sulfat khan va sau d6 dugce loc. Dich loc dugce ¢d dic dudi ap sudt giam va cin thu
duoc duoc tinh ché bing séc ky cot silica gel NH (heptan : etyl axetat = 5 : 1) & tao ra hop
chét tiéu dé (493 mg, san lugng: 93%).

Spektrum 'H-NMR (400 MHz, CDCls) 8(ppm): 0,89(3H, d, J = 6,4 Hz), 1,44(9H, s), 1,90-
2,05(1H, m), 2,20-2,35(1H, m), 2,54(1H, d, J = 10,6 Hz), 2,65-3,00(4H, m), 3,08-3,23(2H,
m), 3,35-3,42(1H, m), 3,43-3,52(1H, m), 3,60-3,70(1H, m), 4,37(1H, s), 7,15-7,22(2H, m),
7,23-7,30(4H, m), 7,36-7,42(4H, m).

[Vi du didu ché 6-2]

(2S)-1-(1-(Diphenylmetyl)azetidin-3-yl)-2,4-dimetylpiperazin
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Dung dich trdn 1in cta tert-butyl (3S)-4-(1-(diphenylmetyl)azetidin-3-yl)-3-
metylpiperazin-1-carboxylat (493 mg, 1,17 mmol) dwoc md ta trong vi du didu ché 6-1 va
THF (10,0 mL) dugc thém lithi nhdm hydrit (178 mg, 4,68 mmol) & 0°C. Hon hop thu dugc
duoc khudy dudi hdi luu trong 5 gior va 10 phut. Hon hop phén Gmg diroc 1am ngudi dén 0°C,
sau d6 nudce (178 pl) va dung dich nudce natri hydroxit S N (178 pul) duogc thém vao do, va
nuée (534 pl) duge thém tiép vao d6. Hon hop phan tng dugc loc str dung Xélit va sau dé
duoc nia béng etyl axetat. Dich loc dugce co dic dudi ap suét gidm, va cén thu dugc dugc tinh
ché bing sdc ky cbt silica gel NH (heptan : etyl axetat =2 : 1) d& tao ra hop chét tiéu @& (321
mg, san lugng: 82%).

Spektrum "H-NMR (400 MHz, CDCL3) 8(ppm): 0,903H, d, J = 6,4 Hz), 1,85-2,00(1H, m),
2,03-2,13(1H, m), 2,13-2,40(5H, m), 2,52-2,70(3H, m), 2,84(1H, dd, J = 7,2 Hz, 7,2 Hz),
2,94(1H, dd, J = 6,8 Hz, 7,2 Hz), 3,13(1H, dt, J = 6,7 Hz, 13,7 Hz), 3,39(1H, td, ] = 2,6 Hz,
6,6 Hz), 3,49(1H, td, ] = 2,7 Hz, 6,5 Hz), 4,38(1H, s), 7,15-7,21(2H, m), 7,23-7,30(4H, m),
7,36-7,43(4H, m).

[Vi du diéu ché 6-3]

(2S)-1-(Azetidin-3-yl)-2,4-dimetylpiperazin

N
T

Dung dich tdn I1an cda  (2S)-1-(1-(diphenylmetyl)azetidin-3-yl)-2,4-
dimetylpiperazin (321 mg, 0,957 mmol) dugc mo t& trong vi du diéu ché 6-2 va metanol (7,0
mL) duoc thém paladi hydroxit-carbon (150 mg) & nhiét d§ phong. Hon hop thu duoc duge
khudy duéi khi quyén hydro & nhiét d6 phong va ¢ 0,35 MPa dén 0,40 MPa trong 5 gio. Hon
hgp phéan g dugc suc b?mg khi quyén nito va sau d6 dugc loc str dung Xélit. Dich loc duge
cd diic dudi ap sudt giam dé tao ra hdn hop (263 mg) clia hop chét tiéu d& va benzylbenzen.
San phdm dugc str dung trong phén tmg tiép theo ma khéng can tinh ché thém.

ESI-MS (m/z): 170,00 [M-+H]".
[Vidu7]
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(6S,9aS)-N-Benzyl-8-((6-(3-(4-etylpiperazin-1-yl)azetidin- 1-yl)-5-flopyridin-2-yl)metyl)-6-
((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[ 2,1-
c][1,2,4]triazin-1-carboxamit

Clio AT
\/\N N\(\N N

el

QOH

Hop chit tiéu d& (39,0 mg, san luong: 36%) dugc didu ché tir (2S)-2-(2-
(((benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(tert-butoxy)phenyl)-N-
(2,2-dietoxyetyl)-N-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)-5-flopyridin-2-
yl)metyl)propanamit (131 mg, 0,150 mmol) dugc md t trong vi du diéu ché 7-5 sir dung quy
trinh twong ty nhu trong vi du diéu ché 2-4. ‘
Spektrum 'H-NMR (400 MHz, CDCl3) 8(ppm): 1,00(3H, t, J = 7,1 Hz), 2,25-2,72(10H, m),
3,14(1H, dd, J = 5,1 Hz, 13,7 Hz), 3,17-3,25(1H, m), 3,40-3,70(9H, m), 3,80-3,89(2H, m),
4,08(1H, dd, J = 4,5 Hz, 11,1 Hz), 4,18(1H, dd, J = 5,6 Hz, 15,3 Hz), 4,39-4,48(1H, m),
4,95(1H, d, J = 13,9 Hz), 5,00-5,56(1H, m), 5,15-5,29(3H, m), 5,67-5,79(1H, m), 6,46-6,61
(4H, m), 6,67(1H, dd, ] = 2,7 Hz, 7,8 Hz), 6,69-6,75(1H, m), 7,12(1H, dd, J = 7,9 Hz, 11,8
Hz), 7,18-7,42 (SH, m).

ESI-MS (m/z): 726,53 [M+H]".
[Vi du didu ché 7-1]
(6-(3-(4-Etylpiperazin-1-yl)azetidin-1-yl)-5-flopyridin-2-yl)metanol
S
Ho“i";vLN7
“F

Dung dich trén 13n clia san phdm bén trén thi trudng clia (6-clo-5-flopyridin-2-
ylmetanol (200 mg, 1,24 mmol) vd NMP (2,00 mL) dugc thém hdn hop (627 mg) cua 1-
(azetidin-3-yl)-4-etylpiperazin va benzylbenzen dugc mo ta trong vi du diéu ché 1-3-2 va
DBU (565 mg, 3,71 mmol) & nhiét do phong. Hon hop thu duge dugc chiéu xa bing vi séng
& 180°C trong 8 gid. Hn hop phan tmg duoc 1im ngudi dén nhiét d6 phong, sau d6 nude
duoc thém vao d6, va dung dich thu dugc duge chiét béng diclometan. Lép hitu co duge lam
kho qua magié sulfat khan va sau d6 duoc loc. Dung mdi dugc 1am bay hoi dudi 4p suét
gidm, va cin thu duge duge tinh ché bing séc ky cot silica gel NH (etyl axetat : heptan=1: 4
va tip theo etyl axetat) dé tao ra sin pham tho (402 mg) ctia hop chét ticu dé.
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Spektrum "H-NMR (400 MHz, CDCls) 8(ppm): 1,10(3H, t, J = 7,2 Hz), 2,37-2,66(10H, m),
3,26-3,36(1H, m), 4,00-4,08(2H, m), 4,18-4,29(2H, m), 4,56(2H, s), 6,39-6,50(1H, m), 7,05-
7,18(1H, m).
[Vi du diéu ché 7-2]
6-(3-(4-Etylpiperazin-1-yl)azetidin-1-yl)-5-flopyridin-2-carbaldehyt
Sh
=

Dung dich trdn 13n ctia san pham tho (402 mg) clia (6-(3-(4-etylpiperazin-1-
ylazetidin-1-yl)-5-flopyridin-2-yl)metanol dwgc md ta trong vi du diéu ché 7-1 va
diclometan (10,0 mL) duoc thém Dess-Martin periodinan (787 mg, 1,86 mmol) & nhiét do
phong. Hbn hop thu duoce duge khudy & nhiét d6 phong trong 2 gioy. Dung dich nuéc béo hoa
natri thiosulfat va dung dich nuéc bdo hoa natri hydro cacbonat duge thém vao hdn hop phén
{mg, va dung dich thu dugc dugc chiét bang diclometan. Lép hitu co duge 1am kho qua
magié sulfat khan va sau d6 dugc loc. Dung m6i dugc lam bay hoi dudi p sudt giam dé tao
ra san phdm thd (362 mg) ctia hop chét tiéu d&. San phim duorc str dung trong phan (mg tiép
theo ma khong can tinh ché thém.
[Vi du diéu ché 7-3]
(2,2-Dietoxyetyl)((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)-5-flopyridin-2-yl)metyl)amin

S
o N T
SEAvE

Hop chét tidu d& (271 mg, san lugng: 53%) dugc diéu ché tir san phdm thd (362
mg) cia 6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)-5-flopyridin-2-carbaldehyt duoc mod ta
trong vi du diéu ché 7-2 str dung quy trinh twong tw nhu trong vi du diéu ché 1-1-1.
ESI-MS (m/z): 410,28 [M+H]".
[Vidu diéu ché 7-4]
(2S)-2-Amino-3-(4-(tert-butoxy)phenyl)-N-(2,2-dietoxyetyl)-N-((6-(3-(4-etylpiperazin-1-
yl)azetidin-1-yl)-5-flopyridin-2-yl)metyl)propanamit
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Hop chét tiéu dé (118 mg, san luong: 86%) duoc didu ché tir (2,2-dietoxyetyl)((6-(3-
(4-etylpiperazin-1-yl)azetidin-1-yl)-5-flopyridin-2-yl)metyl)amin (90,0 mg, 0,220 mmol)
duge mo ta trong vi du diéu ché 7-3 str dung céc quy trinh twong tir nhu trong vi du diéu ché
2-1 va Vi du diéu ché 2-2.

ESI-MS (m/z): 629,59 [M+H]".

[Vidu diéu ché 7-5]
(2S)-2-(2-((Benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(tert-
butoxy)phenyl)-N-(2,2-dietoxyetyl)-N-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)-5-
flopyridin-2-yl)metyl)propanamit

@/\

\/oﬁ/\N

N NN/\H/VL

R

Hop chit tiéu d& (131 mg, san luong: 79%) duoc didu ché tir (2S)-2-amino-3-(4-
(tert-butoxy)phenyl)-N-(2,2-dietoxyetyl)-N-((6-(3-(4-etylpiperazin- 1-yl)azetidin-1-yl)-5-
flopyridin-2-yl)metyl)propanamit (118 mg, 0,188 mmol) dwgc md ta trong vi du diéu ché 7-4
st dung quy trinh twong tw nhu trong vi du didu ché 2-3.

ESI-MS (m/z): 874,81 [M+H]".

[Vidu §]

(6S,9aS)-N-Benzyl-8-((5-flo-6-(3-(4-metylpiperazin- 1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-
6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit

@\/H\?o I’@/
vN'N\(\N N\ N/j/
H(N\i/goUF

0] :\©\
OH
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Hop chét tiéu d& (650 mg, san luong: 57%) dugc didu ché tir (2S)-2-(2-
((benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(tert-butoxy)phenyl)-N-
(2,2-dietoxyetyl)-N-((5-flo-6(3-(4-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yDmetyl)propanamit (134 mg, 0,156 mmol) dugc mo ta trong vi du diéu ché 8-5 sir dung quy
trinh trong ty nhur trong vi du diéu ché 2-4.

Spektrum 'H-NMR (400 MHz, CDCLy) 8(ppm): 2,25(3H, s), 2,29-2,78(8H, m), 3,14(1H, dd,
J=5,0 Hz, 13,8 Hz), 3,18-3,25(1H, m), 3,38-3,70(9H, m), 3,78-3,89(2H, m), 4,08(1H, dd, J
=43 Hz, 11,3 Hz), 4,20(1H, dd, J = 5,6 Hz, 15,7 Hz), 4,35-4,46(1H, m), 4,95(1H, d, ] = 13,9
Hz), 4,99-5,06(1H, m), 5,14-5,29(3H, m), 5,66-5,79(1H, m), 6,47-6,53(2H, m), 6,55-
6,61(2H, m), 6,64-6,74(2H, m), 7,13(1H, dd, J = 7,8 Hz, 11,9 Hz), 7,18-7,23(2H, m), 7,28-
7,42(3H, m).
ESI-MS (m/z): 712,60 [M-+H]".
[Vi du didu ché 8-1]
(5-Flo-6-(3-(4-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metanol
N~
N_

Ho/\EN;LNT

F

Hop chit tiéu d& (267 mg, san luong: 77%) dugc diéu ché tir san phim bén trén thi
truong cuia (6-clo-5-flopyridin-2-yl)metanol (200 mg, 1,24 mmol) va hén hop (450 mg) clia
1-(azetidin-3-yl)-4-metylpiperazin va benzylbenzen dugc mo ta trong vi du diéu ché 3-2 str
dung quy trinh tuong tw nhu trong vi du diéu ché 7-1.

Spektrum "H-NMR (400 MHz, CDCly) §(ppm): 2,31(3H, s), 2,36-2,63(8H, m), 3,20(1H, m),
3,97-4,07(2H, m), 4,18-4,27(2H, m), 4,56(2H, m), 6,40-6,50(1H, m), 7,06-7,18(1H, m).
[Vi du didu ché 8-2]
5-Flo-6-(3-(4-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-carbaldehyt
N~
N
T 7

ZF

San phdm thd (265 mg) ciia hop chit tiéu dé duge didu ché tir (5-flo-6-(3-(4-
metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metanol (267 mg, 0,952 mmol) dugc md ta
trong vi du diéu ché 8-1 sir dung quy trinh twong tw nhu trong vi du diéu ché 7-2. San phdm
duoc st dung trong phan tmg tiép theo ma khong cén tinh ché thém.

[Vi du diéu ché 8-3]
(2,2-Dietoxyetyl)((5-flo-6-(3-(4-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl )metyl)amin
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Hop chét tiéu d& (240 mg, san luong: 64%) duoc didu ché tir san pham tho (265

mg) cia 5-flo-6-(3-(4-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-carbaldehyt dugc mo ta

trong vi du diéu ché 8-2 str dung quy trinh twong ty nhw trong vi du diéu ché 1-1-1.

ESI-MS (m/z): 396,24 [M+H]".

[Vi du didu ché 8-4]

(2S)-2-Amino-3-(4-(tert-butoxy)phenyl)-N-(2,2-dietoxyetyl)-N-((5-flo-6-(3-(4-

metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)propanamit

N/
N

SO N N

\/OVLUF

HN_ g
Tk

Hop chit tiéu d& (120 mg, san lwong: dinh lwong) dugc diéu ché tir (22-
dietoxyetyl)((5-flo-6-(3-(4-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)amin (80,0
mg, 0,202 mmol) dugc mo ta trong vi du diéu ché 8-3 sir dung quy trinh twong tr nhu trong
vi dy diéu ché 2-1 va Vi du diéu ché 2-2.

ESI-MS (m/z): 615,58 [M+H]".

[Vi du diéu ché 8-5]
(2S)-2-(2~((Benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(tert-
butoxy)phenyl)-N-(2,2-dietoxyetyl)-N-((5-flo-6-(3-(4-metylpiperazin-1-yl)azetidin-1-
yDpyridin-2-yl)metyl)propanamit

\/orN/\ENIN/j
~ ZF
@wﬁg“lo
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Hop chét tiéu dé& (134 mg, sén luong: 80%) duoc didu ché tir (2S)-2-amino-3-(4-
(tert-butoxy)phenyl)-N-(2,2-dietoxyetyl)-N-((5-flo-6-(3-(4-metylpiperazin-1-yl)azetidin-1-
yDpyridin-2-yl)metyl)propanamit (120 mg, 0,202 mmol) dugc mo ta trong vi du didu ché 8-4
st dung quy trinh trong tir nhu trong vi du diéu ché 2-3.
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ESI-MS (m/z): 860,94 [M+H]".

[Vidu9]
(6S,9aS)-N-Benzyl-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-8-((6-(3-(4-
(propan-2-yl)piperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-octahydro- 1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit

X
Tl Ho Y
RO e

v ,N N
o} H
: OH

Hop chit tidu d& (28,5 mg, san lugng: 37%) dugc diéu ché tir (6S,9aS)-N-benzyl-8-
((6-flopyridin-2-yl)metyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin-1-carboxamit (60 mg, 0,107 mmol) dugc mo ta
trong vi du diéu ché 2-4 va hdn hop (164 mg) clia 1-(azetidin-3-yl)-4-(propan-2-yl)piperazin
va benzylbenzen dugc md ta trong vi du didu ché 9-2 sir dung quy trinh twong t nhu trong vi
du 2.

Spektrum 'H-NMR (400 MHz, CDCl;) 8(ppm): 0,94-1,01(6H, m), 2,20-2,80(9H, m),
3,10(1H, dd, J = 13,7 Hz, 5,1 Hz), 3,20(1H, ddd, J = 6,6 Hz, 6,6 Hz, 6,6 Hz), 3,37-3,47(2H,
m), 3,50-3,70(5H, m), 3,79(1H, dd, J = 9,8 Hz, 6,6 Hz), 3,88(1H, dd, J = 9,8 Hz, 7,0 Hz),
3,98-4,09(2H, m), 4,14-4,23(2H, m), 4,43(1H, dd, J = 15,2 Hz, 7,0 Hz), 4,99(1H, d, J = 13,3
Hz), 5,05(1H, dd, J = 10,9 Hz, 4,3 Hz), 5,17(1H, dd, J = 4,7 Hz, 3,1 Hz), 5,20-5,23(1H, m),
5,23-5,27(1H, m), 5,66-5,78(1H, m), 6,29(1H, d, J = 7,8 Hz), 6,36-6,43(2H, m), 6,52-
6,58(2H, m), 6,69-6,77 (2H, m), 7,19-7,23(2H, m), 7,28-7,32(1H, m), 7,34-7,40(2H, m),
7,47(1H, dd, J = 8,4 Hz, 7,2 Hz)

ESI-MS (nv/z): 722,59 [M+H]".

[Vi du didu ché 9-1]

1-(1-(Diphenylmetyl)azetidin-3-yl)-4-(propan-2-yl)piperazin

PN
7™

Hop chét tiéu d& (800 mg, san lrong: 91%) dugc diéu ché tir san phém ban trén thi
truong cua 1-(diphenylmetyl)azetidin-3-on (600 mg, 2,53 mmol) va 1-(propan-2-yl)piperazin
(389 mg, 3,03 mmol) sir dung quy trinh trong tw nhu trong vi du diéu ché 1-3-1.
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ESI-MS (m/z): 350,30 [M+H]".
[Vi dy diéu ché 9-2]
1-(Azetidin-3-yl)-4-(propan-2-yl)piperazin

TN
N
HN-T

Hop chét tiéu @& dugc didu ché dudi dang hdn hop (680 mg) véi benzylbenzen tir 1-

(1-(diphenylmetyl)azetidin-3-yl)-4-(propan-2-yl)piperazin (550 mg, 1,57 mmol) dugc mo ta -
trong vi du diéu ché 9-1 st dung quy trinh twong tyr nhr trong vi du diéu ché 1-3-2.
ESI-MS (m/z): 184,03 [M+H]".
[Vidu 10]
(6S,9aS)-N-Benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-8-((5-flo-6-(3-(4-metylpiperazin-1-
yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

Hop chét tiéu d& (15,0 mg, san luong;: 33%) dugc diéu ché tir (6S,9aS)-N-benzyl-6-
((4-(benzyloxy)-2-flophenyl)metyl)-8-((5-flo-6-(3-(4-metylpiperazin-1-yl)azetidin-1-
yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
¢][1,2,4]triazin-1-carboxamit (52,0 mg, 0,0634 mmol) durge mé ta trong vi du diéu ché 10-3
str dung quy trinh twong ty nhur trong vi du diéu ché 1-1-6.

Spektrum 'H-NMR (400 MHz, CDCly) 8(ppm): 2,21(3H, s), 2,22-2,76(8H, m), 3,09-
3,21(2H, m), 3,39-3,87(11H, m), 4,08(1H, dd, J = 4,3 Hz, 11,1 Hz), 4,16-4,23(1H, m),
4,50(1H, dd, J =7,2 Hz, 15,4 Hz), 491(1H, d, J = 13,9 Hz), 5,19-5,29(3H, m), 5,52(1H, dd, J
= 4,0 Hz, 10,8 Hz), 5,69-5,81(1H, m), 6,01(1H, dd, J = 2,3 Hz, 8,2 Hz), 6,42-6,54(2H, m),
6,61(1H, dd, ] =2,8 Hz, 7,9 Hz), 6,78-6,86(1H, m), 7,09(1H, dd, J = 7,8 Hz, 11,9 Hz), 7,19-
7,42(5H, m). ‘

ESI-MS (m/z): 730,62 [M+H]".

[Vi du diéu ché 10-1]
(2S)-2-Amino-3-(4-(benzyloxy)-2-flophenyl)-N-(2,2-dietoxyetyl)-N-((5-flo-6-(3-(4-
metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)propanamit
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Hop chét tiéu d& (63,0 mg, san luong: 24%) dugc didu ché tir (2,2-dietoxyetyl)((5-
flo-6-(3-(4-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)amin (160 mg, 0,405 mmol)
duge mo ta trong vi du didu ché 8-3 sir dung céc quy trinh tuong tw nhu trong vi du diéu ché
1-1-2 va Vi dy diéu ché 1-1-3.
ESI-MS (m/z): 667,66 [M+H]".
[Vi du diéu ché 10-2]
(2S)-2-(2-((Benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(benzyloxy)-2-
flophenyl)-N-(2,2-dietoxyetyl)-N-((5-flo-6~(3-(4-metylpiperazin-1-yl)azedin-1-yl)pyridin-2-
yDmetyl)propanamit

TNI
@ﬁl
Aoy

Hop chét tiéu d& (58,0 mg, san luong: 68%) dugc diéu ché tir (2S)-2-amino-3-(4-
(benzyloxy)-2-flophenyl)-N-(2,2-dietoxyetyl)-N-((5-flo-6-(3-(4-metylpiperazin-1-
ylazetidin-1-yl)pyridin-2-yl)metyl)propanamit (63,0 mg, 0,0945 mmol) dugc mo ta trong vi
du didu ché 10-1 st dung quy trinh twong tu nhur trong vi du diéu ché 1-1-4.

ESI-MS (nv/z): 912,93 [M+H]".

[Vi du diéu ché 10-3]
(6S,9aS)-N-benzyl-6-((4-(benzyloxy)-2-flophenyl)metyl)-8-((5-flo-6-(3-(4-metylpiperazin-1-
yDazetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro- 1H-
pyrazino|2,1-c][1,2,4]triazin-1-carboxamit

ey
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Hop chét tiéu d& (52,0 mg, san lwong: dinh luong) dugc didu ché tir (2S)-2-(2-
((benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(benzyloxy)-2-
flophenyl)-N-(2,2-dietoxyetyl)-N-((5-flo-6~(3-(4-metylpiperazin-1-yl)azedin-1-yl)pyridin-2-
yl)metyl)propanamit (58,0 mg, 0,0634 mmol) dugc md ta trong vi du didu ché 10-2 st dung
quy trinh trong tu nhu trong vi du diéu ché 1-1-5.

ESI-MS (nvz): 820,74 [M+H]".

Hop chét ciia cac vi du 11 dén 23 duge md ta duéi ddy dugc téng hop bang quy
trinh twong tw nhu trong vi du 1 sir dung cac két hop néu dudi ddy trong bang 1 ctia hop chét
ctia cée vi du diéu ché 12-2-4, 18-3 va 19-3 dugc md ta dudi ddy va hop chét clia cac vi du

didu ché 1-1-6, 1-3-2, 24, 3-2, 4-3, 6-3 va 9-2 duge md ta trén day.

[Bang 1]

Céc vi du Céc vat liéu khoi dau Céc vt liéu khoi dau
11 Vi du diéu ché 1-1-6 Vi du diéu ché 9-2
12 Vi dy diéu ché 9-2 Vi du diéu ché 12-2-4
13 Vi du diéu ché 1-3-2 Vi du diéu ché 12-2-4
14 Vi du diéu ché 3-2 Vi du diéu ché 12-2-4
15 Vi du diéu ché 1-1-6 Vi du diéu ché 6-3
16 Vi du diéu ché 4-3 Vi du diéu ché 12-2-4
17 Vi du didu ché 6-3 Vi du diéu ché 12-2-4
18 Vi du diéu ché 2-4 Vi du diéu ché 18-3
19 Vi du diéu ché 2-4 Vi du diéu ché 19-3
20 Vi du diéu ché 1-1-6 Vi du diéu ché 18-3
21 Vi du diéu ché 1-1-6 Vi du diéu ché 19-3
22 Vi du diéu ché 12-2-4 Vi du diéu ché 18-3
23 Vi du didu ché 12-2-4 Vi du diéu ché 19-3
[Vidu11]

(6S,9aS)-N-Benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-8-((6-(3-
(4-(propan-2-yl)piperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-octahydro-1H-pyrazino[2,1-

c][1,2,4]triazin-1-carboxamit
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Spektrum "H-NMR (400 MHz, CDCls) 8(ppm): 0,97 (6H, t, ] = 6,6 Hz), 2,10-2,80(9H, m),
3,05-3,25 (2H, m), 3,35-3,75 (8H, m), 3,87 (1H, dd, ] =74, 10 Hz), 3,95-4,05 (2H, m), 4,14-
4,23 (2H, m), 4,54(1H, dd, ] = 15,6 Hz, 7.4 Hz), 4,95(1H, d, ] = 13,3 Hz), 5,19-5,29(3H, m),
5,52(1H, dd, J=10,9 Hz, 3,9 Hz), 5,75(1H, m), 5,86(1H, dd, J] = 8,2 Hz, 2,3 Hz), 6,25(1H, d,
J=82Hz), 6,41(1H, dd, J = 11,7 Hz, 2,3 Hz), 6,46(1H, dd, ] = 8,6 Hz, 8,6 Hz), 6,70(1H, d, J
=17,0Hz), 6,84(1H, dd, J=7,0 Hz, 5,9 Hz), 7,21-7,33(3H, m), 7,38(2H, m), 7,43(1H, dd, J =
8,4 Hz, 7,2 Hz).

ESI-MS (mv/z): 740,66 [M+H]".

[Vidu12]
(6S,9aS)-N-Benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-8-
((6-(3-(4-(propan-2-yl)piperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-octahydro-1H-
pyrazino|[2,1-c][1,2,4]triazin-1-carboxamit

Spektrum 'H-NMR (400 MHz, CDCL) 8(ppm): 0,93-1,00(6H, m), 2,25-2,75(9H, m),
321(1H, ddd, J = 6,5 Hz, 6,5 Hz, 6,5 Hz), 3,27-3,42(3H, m), 3,50-3,86(6H, m), 3,88-
4,03(3H, m), 4,03-4,13(1H, m), 4,24(1H, dd, ] = 15,6 Hz, 5,5 Hz), 4,55(1H, dd, J = 154 Hz,
72 Hz), 4,87(1H, m), 5,13-5,28(2H, m), 5,31(1H, dd, J = 4,5 Hz, 4,5 Hz), 5,74(1H, m),
5,89(1H, m), 6,05(2H, d, J = 10,2 Hz), 6,20(1H, d, ] = 8,2 Hz), 6,62(1H, d, ] = 7,0 Hz),
6,83(1H, dd, ] = 6,2 Hz, 6,2 Hz), 7,22-7,32(3H, m), 7,32-7,44(3H, m)

ESI-MS (m/z): 758,67 [M+H]".

[Vi du didu ché 12-1-1]

5-(Benzyloxy)-2-bromo-1,3-diflobenzen

-63-



20245

San pham tho (2,68 ) ciia hop chét tiéu d& duoc didu ché tir sin phim bén trén thi
truong cla 4-bromo-3,5-diflophenol (1,00 g, 4,79 mmol) st dung quy trinh twong tw nhu
trong vi du didu ché 1-2-4. San phim duoc st dung trong phan g tiép theo ma khong cin
tinh ché thém.

[Vi du didu ché 12-1-2]
5-(Benzyloxy)-1,3-diflo-2-iodobenzen
F

F:CLO/\Q

Séan phim thd (1,66 g) clia hop chét tiéu d& dugc diéu ché tir 5-(benzyloxy)-2-
bromo-1,3-diflobenzen (1,43 g) duoc md ta trong vi du didu ché 12-1-1 sir dung quy trinh
twong tu nhur trong vi du diéu ché 1-2-5. San pham dugc sir dung trong phan tng tiép theo
ma khong cén tinh ché thém.

[Vi du diéu ché 12-1-3]
Metyl (2S)-3-(4-(benzyloxy)-2,6-diflophenyl)-2-(((9H-fluoren-9-
ylmetoxy)carbonyl)amino)propanoat

()

(1o H.Z
a o\gNév&o -

moﬁ

Hop chét tiéu d& (264 mg, san lugng: 22%) duoc diéu ché tir 5-(benzyloxy)-1,3-
diflo-2-iodobenzen (844 mg, 2,44 mmol) dugc md ta trong vi du didu ché 12-1-2 va metyl
(2R)-2-(((9H-fluoren-9-ylmetoxy)carbonyl)amino)-3-iodopropanoat (1,15 g, 2,22 mmol)
duge md ta trong vi du didu ché 1-2-3 sir dung quy trinh twong tw nhu trong vi du didu ché 1-
2-6.

ESI-MS (m/z): 5452 [M+H]".

[Vi du diéu ché 12-1-4]

axit (2S)-3-(4-(Benzyloxy)-2,6-diflophenyl)-2-(((9H-fluoren-9-
ylmetoxy)carbonyl)amino)propanoic
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Hop chét tiéu d& (80,0 mg, san luong: 31%) dugc didu ché tir metyl (2S)-3-(4-
(benzyloxy)-2,6-diflophenyl)-2-(((9H-fluoren-9-ylmetoxy)carbonyl)amino)propanoat (264
mg, 0,486 mmol) duoc md ta trong vi du diéu ché 12-1-3 sir dung quy trinh tirong tr nhur
trong vi du diéu ché 1-2-7.

ESI-MS (m/z): 531,3 [M+H]".

[Vidy didu ché 12-2-1]
(2S)-2-Amino-3-(4-(benzyloxy)-2,6-diflophenyl)-N-(2,2-dietoxyetyl)-N-((6-flopyridin-2-
yl)metyl)propanamjt

ey’
i

o@

Hop chit tiéu dé (1,64 g, san luong: 91%) duogc didu ché tir (2,2-dietoxyetyl)((6-
flopyridin-2-yl)metyl)amin (821 mg, 3,39 mmol) dwgc md ta trong vi du diéu ché 1-1-1 va
axit (2S)-3-(4-(benzyloxy)-2,6-diflophenyl)-2-(((9H-fluoren-9-
ylmetoxy)carbonyl)amino)propanoic (1,67 g, 3,39 mmol) dugc md ta trong vi dy didu ché
12-1-4 stt dung céc quy trinh twong tw nhu trong vi du didu ché 1-1-2 va Vi du diéu ché 1-1-
3.

ESI-MS (m/z): 532,46 [M+H]".

[Vi du diéu ché 12-2-2]
(2S)-2-(2-(((Benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(benzyloxy)-
2,6-diflophenyl)-N-(2,2-dietoxyetyl)-N-((6-flopyridin-2-yl)metyl)propanamit
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Hop chét tiéu d& (1,51 g, san luong: 63%) dugc didu ché tir (2S)-2-amino-3-(4-
(benzyloxy)-2,6-diflophenyl)-N-(2,2-dietoxyetyl)-N-((6-flopyridin-2-yl)metyl)propanamit
(1,64 g, 3,08 mmol) dugc md ta trong vi du didu ché 12-2-1 sir dung quy trinh tuong tir nhur
trong vi du diéu ché 1-1-4.

ESI-MS (m/z): 777,61 [M+H]".

[Vi du diéu ché 12-2-3]
(6S,9aS)-N-Benzyl-6-((4-(benzyloxy)-2,6-diflophenyl)metyl)-8-((6-flopyridin-2-yl)metyl)-
4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin- 1 -carboxamit

i o
SN N\(\N/\U

Fj@o@

Hop chit tiéu d& (1,08 g san luong: 81%) dugc diéu ché tir (25)-2-(2-
((benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(benzyloxy)-2,6-
diflophenyl)-N-(2,2-dietoxyetyl)-N-((6-flopyridin-2-yl)metyl)propanamit (1,51 g, 1,95
mmol) dugc mo t trong vi du diéu ché 12-2-2 s dung quy trinh twong twr nhu trong vi du
diéu ché 1-1-5.

Spektrum "H-NMR (400 MHz, CDCls) §(ppm): 3,20-3,30(2H, m), 3,35-3,50(2H, m), 3,51-
3,60(2H, m), 3,61-3,69(1H, m), 3,93(1H, dd, J = 11,2 Hz, 11,6 Hz), 4,36-4,56(3H, m),
4,76(1H, d, J = 15,0 Hz), 4,94(2H, d, ] = 2,4 Hz), 5,17-5,26(2H, m), 5,45(1H, dd, ] = 4,9 Hz,
9,0 Hz), 5,64-5,76(1H, m), 6,16(1H, dd, J = 4,0 Hz, 11,0 Hz), 6,45(2H, d, J = 9,5 Hz),
6,76(1H, dd, J = 6,0 Hz, 6,0 Hz), 6,85(1H, dd, J = 2,4 Hz, 8,2 Hz), 7,20(1H, dd, ] = 2,4 Hz,
7,5 Hz), 7,24-7,33(3H, m), 7,33-7,42(7H, m), 7,77(1H, dd, J = 8,0 Hz, 8,0 Hz).

[Vidu diéu ché 12-2-4]
(6S,9aS)-N-Benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-flopyridin-2-yl)metyl)-4,7-
dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin- 1 -carboxamit

i o
NS \I\T N._F
\/\N N N
ey
o F
Hop chét tiéu d& (755 mg, san lugng: 80%) dugc didu ché tir (6S,9aS)-N-benzyl-6-
((4-(benzyloxy)-2,6-diflophenyl)metyl)-8-((6-flopyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-
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1-yl)-octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin-1-carboxamit (1,08 g, 1,58 mmol) duoc md
ta trong vi du diéu ché 12-2-3 st dung quy trinh twong tir nhur trong vi du diéu ché 1-1-6.
Spektrum 'H-NMR (400 MHz, CDClLy) 8(ppm): 3,20-3,30(1H, m), 3,40-3,70(5H, m),
3,97(1H, dd, J = 104 Hz, 12,0 Hz), 4,35-4,55(3H, m), 4,84(1H, d, J = 14,9 Hz), 5,18-
5,28(2H, m), 5,45(1H, dd, J = 4.6 Hz, 9,0 Hz), 5,65-5,75(1H, m), 6,14-6,26(3H, m), 6,76(1H,
dd, J = 6,0 Hz, 64 Hz), 6,82-6,88(1H, m), 7,18-7,24(1H, m), 7,24-7,34(3H, m), 7,34-
7,42(2H, m), 7,76-7,90(2H, m).

[Vidu 13]
(6S,9aS)-N-Benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-(4-etylpiperazin-1-
ylazetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

o @“ON&
O

Fjij\OH

Spektrum "H-NMR (400 MHz, CDCls) 8(ppm): 1,01(3H, t, J = 7,1 Hz), 2,25-2,70(10H, m),
3,18-3,28(1H, m), 3,35-3,50(3H, m), 3,50-3,80(6H, m), 3,85-3,92(1H, m), 3,92-4,05(2H, m),
4,18-4,28(2H, m), 4,54(1H, dd, ] = 6,8 Hz, 15,9 Hz), 5,01(1H, d, J = 13,9 Hz), 5,20-5,30(3H,
m), 5,70-5,80(2H, m), 6,002H, d, J = 9,5 Hz), 6,22(1H, d, ] = 8,1 Hz), 6,67(1H, d, ] = 7,3
Hz), 6,85(1H, dd, J =5,2 Hz, 7,2 Hz), 7,20-7,32(3H, m), 7,34-7,46(3H, m).

ESI-MS (m/z): 744,60 [M+H]".

[Vidu 14]
(6S,9a8S)-N-Benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-(4-metylpiperazin-1-
yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro- 1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

O N
VN'

Spektrum "H-NMR (400 MHz, CDCls) 8(ppm): 2,18-2,30(5H, m), 2,30-2,60(6H, m), 3,18-
325(1H, m), 3,30-3,45(3H, m), 3,50-3,80(6H, m), 3,85-3,95(1H, m), 3,95-4,032H, m),
4,18-428(2H, m), 4,51(1H, dd, T = 7,1 Hz, 15,9 Hz), 5,06(1H, d, ] = 13,9 Hz), 5,20-5,30(3H,
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m), 5,70-5,80(2H, m), 6,002H, d, J = 9,9 Hz), 6,22(1H, d, J = 8,4 Hz), 6,67(1H, d, J =73
Hz), 6,84(1H, dd, ] = 6,0 Hz, 6,4 Hz), 7,20-7,32(3H, m), 7,34-7,46(3H, m).

ESI-MS (m/z): 730,62 [M+H]".

[Vidu 15]
(6S,9aS)-N-Benzyl-8-((6-(3-((2S)-2,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yDmetyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

Ko il

VN’\N? N N\ N/j/N\)
LY
Y

F::OH

Spektrum "H-NMR (400 MHz, CDCl3) 8(ppm): 1,05(3H, d, J = 6,0 Hz), 1,95-2,10(2H, m),
2,10-2,35(5H, m), 2,40-2,65(1H, m), 3,10-3,20(1H, m), 3,30-3,50(3H, m), 3,50-3,75(8H, m),
3,88(1H, dd, J = 7,2 Hz, 9,6 Hz), 4,05(1H, dd, ] = 6,8 Hz, 6,8 Hz), 4,13(1H, dd, J = 6,8 Hz,
7,2 Hz), 4,18-4,25(2H, m), 4,49(1H, dd, = 7,0 Hz, 15,7 Hz), 4,94(1H, d, J = 13,5 Hz), 5,18-
5,30(3H, m), 5,56(1H, dd, J = 4,2 Hz, 10,4 Hz), 5,70-5,80(1H, m), 5,90(1H, dd, J = 2,4 Hz,
8,2 Hz), 6,27(1H, d, ] = 8,1 Hz), 6,40-6,48(2H, m), 6,74(1H, d, ] = 7,2 Hz), 6,81(1H, dd, ] =
5,6 Hz, 7,2 Hz), 7,22(2H, d, ] = 7,2 Hz), 7,24-7,32(1H, m), 7,38(2H, dd, ] = 7,2 Hz, 8,0 Hz),
7,45(1H, dd, J = 8,0 Hz, 8,0 Hz).

ESI-MS (m/z): 726,67 [M+H]".

[Vidu 16]

(6S,9aS)-N-Benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-((3S)-3.4-
dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2~(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin-1-carboxamit

N

Spektrum "H-NMR (400 MHz, CDCl) 8(ppm): 1,04(3H, d, T = 6,2 Hz), 1,60-1,85(2H, m),
1,90-2,00(1H, m), 2,15-2,30(6H, m), 2,74(1H, d, J = 11,7 Hz), 3,10-3,20(1H, m), 3,35-
3,50(3H, m), 3,50-3,80(6H, m), 3,89(1H, dd, J = 7,1 Hz, 10,1 Hz), 3.98(2H, dd, ] =3,1 Hz,
6,4 Hz), 424(2H, dd, J = 4,6 Hz, 14,8 Hz), 4,52(1H, dd, J=7,1 Hz, 16,3 Hz), 5,00(1H, d, ] =
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13,9 Hz), 5,20-5,30(3H, m), 5,75-5,81(2H, m), 5,99(2H, d, ] = 9,5 Hz), 6,22(1H, d, ] = 8,4
Hz), 6,67(1H, d, J = 7,3 Hz), 6,85(1H, dd, J = 6,0 Hz, 6,4 Hz), 7,20-7,32(3H, m), 7,34-
7,46(3H, m).

ESI-MS (mv/z): 744,69 [M+H]".

[Vidu 17]

(6S,9aS)-N-Benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-((2S)-2,4-
dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin-1-carboxamit

DA o S
N

Spektrum "H-NMR (400 MHz, CDCl;) 8(ppm): 1,05(3H, d, J = 6,6 Hz), 1,50-1,90(2H, m),
1,93-2,05(1H, m), 2,10-2,25(5H, m), 2,50-2,65(2H, m), 3,30-3,50(4H, m), 3,50-3,78(6H, m),
3,91(1H, dd, J = 7,1 Hz, 9,7 Hz), 4,02-4,12(2H, m), 4,18-4,30(2H, m), 4,52(1H, dd, ] =7,3
Hz, 15,7 Hz), 5,00(1H, d, T = 13,5 Hz), 5,20-5,30(3H, m), 5,70-5,81(2H, m), 6,03(2H, d, ] =
9,5 Hz), 6,25(1H, d, J = 8,4 Hz), 6,71(1H, d, ] = 7,3 Hz), 6,83(1H, dd, J = 6,4 Hz, 6,4 Hz),
7,20-7,32(3H, m), 7,34-7,48(3H, m).

ESI-MS (m/z): 744,65 [M+H]".

[Vidu 18]
(6S,9aS)-N-Benzyl-8-((6-(3-((3S)-4-etyl-3-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yl)metyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

Spektrum "H-NMR (400 MHz, CDCLy) 8(ppm): 0,948(3H, t, J = 6,8 Hz), 1,05(3H, d, J = 6,4
Hz), 1,70-2,00QH, m), 2,27-2,60(4H, m), 2,70-2,90(2H, m), 3,05-3,22(2H, m), 3,30-
3,70(8H, m), 3,70-3,90(2H, m), 4,00-4,10(2H, m), 4,19(2H, d, J = 10,4 Hz), 4,35-4,50(1H,
m), 499(1H, d, J = 13,6 Hz), 5,03-5,12(1H, m), 5,13-5,30(3H, m), 5,68-5,80(1H, m),
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6,29(1H, d, J = 8,8 Hz), 6,39(2H, d, J = 8,0 Hz), 6,56(2H, d, ] = 7,6 Hz), 6,68-6,78(2H, m),
7,14-7,32(3H, m), 7,32-7,42(2H, m), 7,44-7,50(1H, m).

ESI-MS (m/z): 722,72 [M+H]".

[Vi dy diéu ché 18-1]

tert-Butyl (2S)-4-(1-(diphenylmetyl)azetidin-3-yl)-2-metylpiperazin-1-carboxylat

? N/LCJ)\OJ<
7™

Hop chét tiéu d& (451 mg, 85%) duoc dicu ché tir sn phim bén trén thi trudng clia
1-(diphenylmetyl)azetidin-3-on (300 mg, 1,26 mmol) va san phédm ban trén thi trudng clia
tert-butyl (2S)-2-metylpiperazin-1-carboxylat (304 mg, 1,51 mmol) st dung quy trinh twong
tir nhu trong vi du diéu ché 6-1.

Spektrum 'H-NMR (400 MHz, CDCls) 8(ppm): 1,20(3H, d, J = 6,8 Hz), 1,44(9H, s), 1,73-
1,82(1H, m), 1,96(1H, dd, J =4,0 Hz, 11,0 Hz), 2,40(1H, d, ] = 11,0 Hz), 2,56(1H, d, J = 11,0
Hz), 2,78(1H, dd, ] = 6,4 Hz, 7,6 Hz), 2,83-2,95(2H, m), 3,01(1H, td, ] = 3,3 Hz, 12,8 Hz),
3,35-3,43(2H, m), 3,78(1H, d, ] = 12,8 Hz), 4,13-4,22(1H, m), 4,38(1H, s), 7,15-7,21(2H, m),
7,23-7,30(4H, m), 7,38-7,43(4H, m).

[Vi du diéu ché 18-2]

(2S)-4-(1-(Diphenylmetyl)azetidin-3-y1)-1-etyl-2-metylpiperazin

S
T
g

Hop chét tiéu d& (381 mg, sén lrong: dinh lugng) duoc diéu ché tir tert-butyl (2S)-4-

(1-(diphenylmetyl)azetidin-3-yl)-2-metylpiperazin-1-carboxylat (451 mg, 1,07 mmol) duoc
md t4 trong vi du diéu ché 18-1 va axetaldehyt (180 pL, 3,21 mmol) st dung quy trinh tuong
tu nhu trong vi du didu ché 4-2.
Spektrum 'H-NMR (400 MHz, CDCl;) 8(ppm): 0,95-1,05(6H,m), 1,73(1H, dd, ] = 10,4 Hz,
104 Hz), 1,98-2,10(1H, m), 2,30-2,45(3H, m), 2,53(1H, d, J = 11,0 Hz), 2,64(1H, d,J = 11,0
Hz), 2,78-2,98(5H, m), 3,39(2H, dd, J = 5,6 Hz, 7,2 Hz), 4,42(1H, s), 7,18(2H, td, J = 0,80
Hz, 8,0 Hz), 7,23-7,29(4H, m), 7,64(4H, dd, ] = 1,6 Hz, 8,0 Hz).
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[Vi du diéu ché 18-3]
(2S)-4-(azetidin-3-yl)-1-etyl-2-metylpiperazin

NS
N
HN—
Hop chét tiéu d& duoc diéu ché dudi dang hdn hop (288 mg) véi benzylbenzen tix
(25)-4-(1-(diphenylmetyl)azetidin-3-yl)-1-etyl-2-metylpiperazin (381 mg, 1,09 mmol) dugc
md ta trong vi du diéu ché 18-2 sir dung quy trinh twong tu nhw trong vi du diéu ché 6-3. San
phém duoc sir dung trong phéan g tiép theo ma khong can tinh ché thém.
[Vidu 19]
(6S,9aS)-N-Benzyl-8-((6-3-((3R)-4-etyl-3-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yDmetyl-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

Do N@“
.

N

Spektrum "H-NMR (400 MHz, CDCls) 8(ppm): 0,91(3H, d, T = 5,9 Hz), 1,033H, t, ] = 6,8
Hz), 1,50-1,95(1H, m), 2,13-2,25(1H, m), 2,35-2,552H, m), 2,60-2,75(1H, m), 2,80-
2,95(3H, m), 3,05-3,25(3H, m), 3,35-3,48(2H, m), 3,50-3,60(5H, m), 3,75(1H, dd, ] = 6,4
Hz, 9,2 Hz), 3,89(1H, dd, J = 7,0 Hz, 9,5 Hz), 4,03(2H, d, ] = 6,6 Hz), 4,19(1H, dd, ] = 4,2
Hz, 11,2 Hz), 4,25-4,42(2H, m), 4,98(1H, d, J = 13,5 Hz), 5,15-5,30(4H, m), 5,65-5,78(1H,
m), 6,28(1H, d, J = 8,4 Hz), 6,39(2H, d, ] = 8,4 Hz), 6,59(2H, d, J = 8,4 Hz), 6,68-6,76(2H,
m), 7,20-7,33(3H, m), 7,37(2H, dd, ] = 7,2 Hz, 8,0 Hz), 7,46(1H, dd, ] = 7,6 Hz, 8,0 Hz).
ESI-MS (m/z): 722,68 [M+H]".

[Vi du didu ché 19-1]

tert-Butyl (2R )-4-(1-(diphenylmetyl)azetidin-3-yl)-2-metylpiperazin-1-carboxylat

O NH\NJOLOJ<
-
N
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Hop chét tiéu d& (491 mg, san luong: 92%) dugc didu ché tir san phadm bén trén thi
truong ctia 1-(diphenylmetyl)azetidin-3-on (300 mg, 1,26 mmol) va san phim bén trén thi
truong cla tert-butyl (2R)-2-metylpiperazin-1-carboxylat (304 mg, 1,51 mmol) st dung quy
trinh twong tw nhu trong vi du didu ché 6-1.

Spektrum 'H-NMR (400 MHz, CDCl3) 8(ppm): 1,203H, d, J = 6,8 Hz), 144(9H, s),
1,77(1H, td, ] = 3,5 Hz, 11,6 Hz), 1,96(1H, dd, J = 4,0 Hz, 11,3 Hz), 2,40(1H, d, J = 11,3 Hz),
2,56(1H, d, J = 11,0 Hz), 2,78(1H, dd, J = 6,4 Hz, 6,8 Hz), 2,83-2,95(2H, m), 3,01(1H, td, J =
2,9 Hz, 12,6 Hz), 3,35-3,45(2H, m), 3,78(1H, d, ] = 13,5 Hz), 4,10-4,22(1H, m), 4,38(1H, s),
7,18(2H, dd, J=7,2 Hz, 7,2 Hz), 7,23-7,30(4H, m), 7,41(4H, d, ] = 7,2 Hz).

[Vidu didu ché 19-2]

(2R)-4-(1-(Diphenylmetyl)azetidin-3-y1)-1-etyl-2-metylpiperazin

NS

7™
g

Hop chét tiéu d& (410 mg, san lwong: dinh huong) duge diéu ché tir tert-butyl (2R)-
4-(1-(diphenylmetyl)azetidin-3-yl)-2-metylpiperazin-1-carboxylat (491 mg, 1,16 mmol)
duge mo ta trong vi du didu ché 19-1 va axetaldehyt (196 pL, 3,48 mmol) sit dung quy trinh
tuong ty nhu trong vi du diéu ché 4-2.

Spektrum 'H-NMR (400 MHz, CDCls) 8(ppm): 0,95-1,05(6H, m), 1,73(1H, dd, J = 10,0 Hz,
10,4 Hz), 1,98-2,10(1H, m), 2,28-2,48(3H, m), 2,53(1H, d, J = 10,3 Hz), 2,64(1H, d, ] = 10,3
Hz), 2,78-3,00(5H, m), 3,39(2H, dd, ] = 5,6 Hz, 6,8 Hz), 4,42(1H, s), 7,18(2H, dd, ] = 6,8 Hz,
7,2 Hz), 7,23-7,29(4H, m), 7,37-7,42(4H, m).

[Vidu diéu ché 19-3]

(2R)-4-(Azetidin-3-yl)-1-etyl-2-metylpiperazin

A

N/\
Nugas

Hop chét tiéu d& duoc didu ché dudi dang hdn hop (343 mg) v6i benzylbenzen tir
(2R)-4-(1-(diphenylmetyl)azetidin-3-y1)-1-etyl-2-metylpiperazin (410 mg, 1,17 mmol) dugc
md ta trong vi du didu ché 19-2 st dung quy trinh turong tw nhu trong vi du diu ché 6-3. San
phim dugc str dung trong phan tmg tiép theo ma khéng can tinh ché thém.

[Vidu20]

-72-



20245

(6S,9a8S)-N-Benzyl-8-((6-(3-((3S)-4-etyl-3-metylpiperazin- 1-yl)azetidin-1-yl)pyridin-2-
ylmetyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

H SN
©\/N\]¢O f\‘l/\
VN’

Spektrum 'H-NMR (400 MHz, CDCl) 8(ppm): 0,926(3H, t, ] = 7,2 Hz), 1,04(3H, d, ] = 5,9
Hz), 1,70-1,85(1H, m), 1,88-1,98(1H, m), 2,25-2,40(3H, m), 2,45-2,55(1H, m), 2,70-
2,85(2H, m), 3,10-3,20(2H, m), 3,3 8-3,75(9H, m), 3,80-3,90(1H, m), 3,95-4,05(2H, m),
4,15-4,25(2H, m), 4,53(1H, dd, J = 7,1 Hz, 15,9 Hz), 4,95(1H, d, J = 13,5 Hz), 5,20-5,30(3H,
m), 5,50-5,60(1H, m), 5,65-5,80(1H, m), 5,80-5,90(1H, m), 6,24(1H, d, J = 8,4 Hz), 6,40(1H,
dd, J=2,8 Hz, 11,6 Hz), 6,47(1H, dd, ] = 8,8 Hz, 8,8 Hz), 6,69(1H, d, J = 7,2 Hz), 6,84(1H,
dd, J=5,6 Hz, 6,4 Hz), 7,20-7,32(3H, m), 7,34-7,46(3H, m).

ESI-MS (m/z): 740,70 [M+H]".

[Vidu2l]
(6S,9aS)-N-Benzyl-8-((6-(3-((3R)-4-etyl-3-metylpiperazin- 1 -yl)azetidin- 1 -yl)pyridin-2-
yl)mety1)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro- 1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

@VHYO I\H\N/\
N

Spektrum "H-NMR (400 MHz, CDCL;) §(ppm): 0,893H, d, J = 8,0 Hz), 1,033H, t, ] = 7,3
Hz), 1,50-1,90(1H, m), 2,15-2,25(1H, m), 2,35-2,50(2H, m), 2,60-2,70(1H, m), 2,80-
2,95(GH, m), 3,10-3,303H, m), 3,35-3,75(8H, m), 3,88(1H, dd, J = 7,1 Hz, 10,1 Hz),
4,002H, dd, J = 3,8 Hz, 6,4 Hz), 421(1H, dd, ] = 4,4 Hz, 11,0 Hz), 432(1H, dd, ] = 5,3 Hz,
152 Hz), 447(1H, dd, J = 6,6 Hz, 15,4 Hz), 4,95(1H, d, J = 13,9 Hz), 5,20-5,30(3H, m),
5,62(1H, dd, J = 3,5 Hz, 7,5 Hz), 5,65-5,80(1H, m), 5,85-5,90(1H, m), 6,24(1H, d, ] = 8,1
Hz), 6,39(1H, dd, T = 2,4 Hz, 11,5 Hz), 6,51(1H, dd, J = 8,4 Hz, 8,8 Hz), 6,67(1H, d, ] = 7,0
Hz), 6,82 (1H, dd, ] = 6,0 Hz, 6,4 Hz), 7.22-7,32 (3H, m), 7,37 (2H, dd, ] = 6,8 Hz, 7,2 Hz),
743 (1H, dd, T = 7,6 Hz, 8,0 Hz).
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ESI-MS (m/z): 740,66 [M+H]".

[Vidu22]
(6S,9aS)-N-Benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-((3S)-4-¢tyl-3-
metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin- 1 -carboxamit

©VHYO Ol/\
"

Spektrum 'H-NMR (400 MHz, CDCls) 8(ppm): 0,93(3H, t, J = 6,8 Hz), 1,053H, d, J = 6,2
Hz), 1,70-2,102H, m), 2,25-2,40(3H, m), 2,45-2,55(1H, m), 2,70-2,852H, m), 3,15-
3,30(1H, m), 3,30-3,82(11H, m), 3,85-3,95(1H, m), 3,95-4,05(2H, m), 4,15-4,25(2H, m),
4,55(1H, dd, 1= 7,0 Hz, 154 Hz), 5,00(1H, d, J = 13,9 Hz), 5,20-5,30(3H, m), 5,70-5,82(2H,
m), 6,002H, d, ] =9,9 Hz), 6,22(1H, d, ] = 8,1 Hz), 6,67(1H, d, ] = 7,3 Hz), 6,86(1H, dd, J =
6,0 Hz, 6,8 Hz), 7,20-7,26(1H, m), 7,26-7,32(1H, m), 7,35-7,46(3H, m).

ESI-MS (m/z): 758,76 [M+H". |

[Vidu 23]

(6S,9aS)-N-Benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-((3R)-4-etyl-3-
metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

DA o @N&
N

NT

Spektrum 'H-NMR (400 MHz, CDCl3) 8(ppm): 0,893(3H, d, J = 6,4 Hz), 1,02(3H, t, ] =6,8
Hz), 1,50-1,90(1H, m), 2,15-2,40(1H, m), 2,35-2,502H, m), 2,55-2,68(1H, m), 2,80-
2,95(3H, m), 3,15-3,25(2H, m), 3,30-3,80(10H, m), 3,90-4,02(3H, m), 4,21(1H, dd, ] =4.,2
Hz, 11,2 Hz), 4,32(1H, dd, J = 5,8 Hz, 15,2 Hz), 4,50(1H, dd, J = 6,8 Hz, 14,8 Hz), 4,99(1H,
d, T =13,9 Hz), 5,20-5,30(3H, m), 5,66-5,84(2H, m), 6,02(2H, d, J = 9,9 Hz), 6,22(1H,d, J =
8,1 Hz), 6,65(1H, d, J = 7,3 Hz), 6,83(1H, dd, ] = 5,6 Hz, 6,4 Hz), 7,22-7,33(2H, m), 7,35-
7,46(3H, m).

ESI-MS (m/z): 758,72 [M+H]".
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[Vidu 24]
(6S,9aS)-N-Benzyl-8-((6-(3-((3R)-3,4-dimetylpiperazin-1-yl)azetidin-1yl)-5-flopyridin-2-
yDmetyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

Hop chit tiéu d& (47,0 mg, san luong: 24%) dugc didu ché tir (25)-2-(2-
((benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(tert-butoxy)phenyl)-N-
(2,2-dietoxyetyl)-N-((6-(3-((3R)-3,4-dimetylpiperazin-1-yl)azetidin-1-yl)-5-flopyridin-2-
yl)metyl)propanamit (241 mg, 0,276 mmol) duge md ta trong vi du diéu ché 24-1-6 sir dung
quy trinh trong tu nhu trong vi du diéu ché 2-4.

Spektrum "H-NMR (400 MHz, CDCls) 8(ppm): 0,91(3H, d, J = 6,2 Hz), 1,65-1,76(1H, m),
2,10-2,21(2H, m), 2,30(3H, s), 2,38-2,56(2H, m), 2,77-2,91(2H, m), 3,12(1H, dd, ] = 4,7 Hz,
13,9 Hz), 3,17-3,242H, m), 3,39-3,70(8H, m), 3,74-3,81(1H, m), 3,84-391(1H, m),
4,07(1H, dd, J = 4,4 Hz, 11,2 Hz), 4,26-4,44(3H, m), 4,94(1H, d, ] = 13,8 Hz), 5,17-5,27(3H,
m), 5,64-5,77(1H, m), 6,47-6,53(2H, m), 6,59-6,66(3H, m), 6,69-6,74(1H, m), 7,11(1H, dd, J
=178 Hz, 12,1 Hz), 7,21-7,42(5H, m).

ESI-MS (m/z): 726,59 [M+H]".

[Vidu diéu ché 24-1-1]

2-Clo-6~(dietoxymetyl)-3-flopyridin

L

o)
—~0 |N\ cl
“F

Dung dich trén 1An cta san phim béan trén thi truong cla 6-clo-5-flopyridin-2-
carbaldehyt (820 mg, 5,14 mmol) va etanol (10,0 mL) dugc thém trietyl orthofromat (2,56
mL, 15,4 mmol) va pyridinium p-toluensulfonat (64,6 mg, 0,257 mmol) & nhi€t d§ phong.
Hon hop thu duge duge khudy & 80°C trong 5 gidr. Hon hop phén tng dugc ¢ dic dudi ap
suét gidm, nudc duge thém vao cén, va dung dich thu dugc duge chiét bé‘mg etyl axetat hai
1an. Lép hitu co dugce 1dm kho qua magié sulfat khan va sau d6 dugce loc. Dung méi dugce
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1am bay hoi du6i 4p sudt giam, d& tao ra san phdm tho (977 mg) cta hop chét tidu dé. San
phim dugc sir dung trong phan (mg tiép theo ma khong cn tinh ché thém.

ESI-MS (m/z): 234,91 [M+H]".

[Vi du diéu ché 24-1-2]
(2R)-4-(1-(6-(Dietoxymetyl)-3-flopyridin-2-yl)azetidin-3-yl)-1,2-dimetylpiperazin

A

L B

o) N
L

San phém thd (157 mg) cia hop chét tiéu d& dugc diéu ché tir 2-clo-6-
(dietoxymetyl)-3-flopyridin (100 mg, 0,428 mmol) dugc mo ta trong vi du didu ché 24-1-1
va san pham tho (229 mg) ciia (2R)-4-(azetidin-3-yl)-1,2-dimetylpiperazin dwgc md ta trong
vi du diéu ché 24-2-3 sir dung quy trinh tuong ty nhu trong vi du didu ché 7-1. San phim
duoc st dung trong phén tmg tiép theo ma khong cén tinh ché thém.

ESI-MS (m/z): 367,24 [M+H]".
[Vi du diéu ché 24-1-3]
6-(3-((3R)-3,4-Dimetylpiperazin-1-yl)azetidin-1-yl)-5-flopyridin-2-carbaldehyt

e
N
S cull
“F
(2R)-4-(1-(6-(dietoxymetyl)-3-flopyridin-2-yl)azetidin-3-yl)-1,2-dimetylpiperazin
(157 mg, 0,428 mmol) dugc mb ta trong vi du diéu ché 24-1-2 dugc thém axit formic (5,00
mL) & nhiét do phong. Hon hop thu duge duge khuy & nhiét do phong trong 30 phdt. Hon
hop phén tng dugc co dic dudi ap sudt giam, dé tao ra san phdm thé (125 mg) clia hop chét
tiéu d&. San phdm dugc sir dung trong phén tmg tiép theo ma khong cén tinh ché thém.
ESI-MS (/z): 293,13 [M+H]".
[Vi du didu ché 24-1-4]
(2,2-Dietoxyetyl)((6-(3-((3R)-3,4-dimetylpiperazin-1-yl)azetidin-1-yl)-5-flopyridin-2-
yl)metyl)amin
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N
~_O N N N/j
~_O H/UF
Hop chét tiéu d& (176 mg, san luong: dinh hrong) dugc didu ché tir sin phim thd
(125 mg) cta 6-(3-((3R)-3,4-dimetylpiperazin-1-yl)azetidin-1-yl)-5-flopyridin-2-carbaldehyt
duoc md ta trong vi du didu ché 24-1-3 sir dung quy trinh trong tu nhu trong vi du diéu ché
1-1-1.
ESI-MS (m/z): 410,35 [M+H]".
[Vi du didu ché 24-1-5]
(2S)-2-Amino-3-(4-(tert-butoxy)phenyl)-N-(2,2-dietoxyetyl)-N-((6-(3-(3R)-3,4-
dimetylpiperazin-1-yl)azetidin-1-y1)-5-flopyridin-2-yl)metyl)propanamit

.

NJ

e
i
Tk

Hop chit tiéu d& (206 mg, san lugng: 77%) dugc diéu ché tir (2,2-dietoxyetyl)((6-
(3-((3R)-3,4-dimetylpiperazin-1-yl)azetidin-1-yl)-5-flopyridin-2-yl)metyl)amin (176 mg,

H,N

0,430 mmol) dugc mo ta trong vi du diéu ché 24-1-4 str dung cc quy trinh twong tw nhu
trong vi du diéu ché 2-1 va Vi du diéu ché 2-2.
ESI-MS (m/z): 629,57 [M+H]".
[Vi du didu ché 24-1-6]
(2S)-2-(2-((Benzylcarbamoyl)amino)(prop-2-en- 1 -yl)amino)axetamido)-3-(4-(tert-
butoxy)phenyl)-N-(2,2-dietoxyetyl)-N-((6-(3-((3R)-3,4-dimetylpiperazin-1-yl)azetidin-1-yl)-
5-flopyridin-2-yl)metyl)propanamit

iy

N

\/OY\N

s, l
5 o
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Hop chét tiéu d& (241 mg, san luong: 82%) dugc didu ché tir (2S)-2-amino-3-(4-
(tert-butoxy)phenyl)-N-(2,2-dietoxyetyl)-N-((6-(3-((3R)-3,4-dimetylpiperazin-1-yl)azetidin-
1-y])-5-flopyridin-2-yl)metyl)propanamit (206 mg, 0,328 mmol) dugc mo ta trong vi du didu
ché 24-1-5 str dung quy trinh twong t nhu trong vi du diéu ché 2-3.

ESI-MS (v/z): 874,84 [M+H]'".
[Vi du diéu ché 24-2-1]
tert-Butyl (2R)-4-(1-((benzyloxy)carbonyl)azetidin-3-y1)-2-metylpiperazin-1-carboxylat

Ak
@@YHW

O

Hop chét tiéu d& (610 mg, san lrong: 83%) dugc diéu ché tir sin phdm bén trén thi
trudng cla tert-butyl (2R)-2-metylpiperazin-1-carboxylat (451 mg, 2,25 mmol) va benzyl 3-
oxoazetidin-1-carboxylat (500 mg, 1,88 mmol) st dung quy trinh turong tu nhu trong vi du
diéu ché 4-1.
ESI-MS (m/z): 390,35 [M+H]".
[Vi du didu ché 24-2-2]
Benzyl 3-((3R)-3,4-dimetylpiperazin-1-yl)azetidin-1-carboxylat

i

~
@powﬂw
O

Hop chét tiéu d& (423 mg, san lugng: 82%) duge di€u ché tir tert-butyl (2R)-4-(1-
((benzyloxy)carbonyl)azetidin-3-yl)-2-metylpiperazin-1-carboxylat (660 mg, 1,70 mmol)
duge mo ta trong vi du diéu ché 24-2-1 st dung quy trinh twong tw nhu trong vi du didu ché
4-2.

ESI-MS (m/z): 304,18 [M+H]".
[Vi du didu ché 24-2-3]
(2R)-4-(azetidin-3-yl)-1,2-dimetylpiperazin

San phim tho (236 mg) ctia hop chit tiéu d& dugc di€u ché tir benzyl 3-(3R)-3,4-
dimetylpiperazin-1-yl)azetidin-1-carboxylat (423 mg, 1,39 mmol) dugc mo 4 trong vi du
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diéu ché 24-2-2 sir dung quy trinh trong tw nhu trong vi du didu ché 4-3. San phim dugc sir
dung trong phéan ting tiép theo ma khong can tinh ché thém.

ESI-MS (nv/z): 169,83 [M+H]".

[Vi du tham khéo 1]
(6S,9aS)-N-Benzyl-8-((6-(3-(4-(dimetylamino)piperidin-1-yl)azetidin-1-yl)-5-flopyridin-2-
yl)metyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

Hop chit tiéu d& (37,1 mg, sin lugng: 22%) dugc didu ché tir (2S)-2-(2-
(((Benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(tert-butoxy)phenyl)-N-
(2,2-dietoxyetyl)-N-((6-(3-(4-(dimetylamino)piperidin-1-yl)azetidin-1-yl)-5-flopyridin-2-
yl)metyl)propanamit (200 mg, 0,225 mmol) dugc mo ta trong vi du diéu ché 25-7 st dung
quy trinh twong ty nhu trong vi du didu ché 2-4.

Spektrum 'H-NMR (400 MHz, CDCly) 8(ppm): 1,60-2,00(6H, m), 2,08-2,18(1H, m),
2,21(6H, s), 2,95(1H, d, J = 10,7 Hz), 3,09-3,22(2H, m), 3,35-3,71(8H, m), 3,86(2H, d, J =
7,0 Hz), 4,09(1H, dd, ] =4,1 Hz, 11,1 Hz), 4,20(1H, dd, ] = 5,3 Hz, 15,2 Hz), 4,27-4,47(3H,
m), 4,90-5,02(2H, m), 5,12-5,33(3H, m), 5,64-5,79(1H, m), 6,45-6,62(4H, m), 6,63-6,73(2H,
m), 7,13(1H, dd, J = 7,9 Hz, 11,4 Hz), 7,19-7,44(5H, m), 9,82(1H, brs).

ESI-MS (m/z): 740,70 [M+H]".

[Vi du didu ché 25-1]

1-(1-(Diphenylmetyl)azetidin-3-yl)-N,N-dimetylpiperidin-4-amin

N_
(i @O
J

Hop chét tiéu d& (1,30 g, san lugng: 89%) dugc diéu ché tir san phim bén trén thi
truong ctia N,N-dimetylpiperidin-4-amin (640 mg, 5,00 mmol) str dung quy trinh tuong tu
nhu trong vi du diéu ché 1-3-1.

ESI-MS (m/z): 350,35 [M+H]".
[Vi du diéu ché 25-2]
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1-(Azetidin-3-yl)-N,N-dimetylpiperidin-4-amin

Hop chét tiéu d& duoc didu ché dudi dang hdn hop (1,24 g) v6i benzylbenzen tir 1-
(1-(diphenylmetyl)azetidin-3-y1)-N,N-dimetylpiperidin-4-amin (1,30 g, 3,71 mmol) dugc md
ta trong vi du diéu ché 25-1 sir dung quy trinh twong tu nhur trong vi du didu ché 1-3-2.
Spektrum "H-NMR (400 MHz, CDCls) 8(ppm): 1,46-1,60(2H, m), 1,73-1,87(4H, m), 2,07-
2,22(1H, m), 2,28(6H, s), 2,77-2,87(2H, m), 3,12-3,21(1H, m), 3,50-3,58(2H, m), 3,59-
3,66(2H, m).

[Vi du didu ché 25-3]
(6-(3-(4-(Dimetylamino)piperidin-1-yl)azetidin-1-y1)-5-flopyridin-2-yl)metanol

|

N
J

H O/\ENINT
F

Hop chét tiéu d& (240 mg, san lrong: 63%) dugc diéu ché tir san phdm ban trén thi

truong cla (6-clo-5-flopyridin-2-yl)metanol (200 mg, 1,24 mmol) va hén hop (650 mg) clia

1-(azetidin-3-y1)-N,N-dimetylpiperidin-4-amin va benzylbenzen dugc mo ta trong vi du diéu

ché 25-2 sir dung quy trinh trong tw nhu trong vi du 1.

ESI-MS (m/z): 309,11 [M+H]".

[Vi du didu ché 25-4]

6-(3-(4-(Dimetylamino)piperidin-1-yl)azetidin-1-y1)-5-flopyridin-2-carbaldehyt

N
J

el
ZSF

Dung dich trdn 1in cia (6-(3-(4-(dimetylamino)piperidin-1-yl)azetidin-1-y1)-5-
flopyridin-2-yl)metanol (240 mg, 0,779 mmol) dugc md ta trong vi du diéu ché 25-3 va
diclometan (6,00 mL) dirgc thém Dess-Martin periodinan(400 mg) & 0°C. Hon hop thu dugc
duge khudy trong 1,5 gio. Puge dimg bing dung dich nudc natri hydro cacbonat va natri
thiosulfat, va dung dich phan tmg duoc chiét bang cloform. Lép hitu co duge lam kho qua
natri sulfat va sau d6 dugc loc, va dung moi sau d6 duge lam bay hoi dudi ap suét gidm dé
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tao ra hop chit tiéu d& (320 mg). San phdm dugc sir dung trong phan tng tiép theo ma khong
can tinh ché thém.

[Vi du diéu ché 25-5]
1-(1-(6-(((2,2-Dietoxyetyl)amino)metyl)-3-flopyridin-2-yl)azetidin-3-yl)-N,N-
dimetylpiperidin-4-amin

N
J

O N N/j

e hve
Hop chit tiéu d& (230 mg, san luong: 54%) dugc didu ché tir 6-(3-(4-

(dimetylamino)piperidin-1-yl)azetidin-1-y1)-5-flopyridin-2-carbaldehyt (320 mg, 1,04 mmol)
duoc mo ta trong vi du didu ché 25-4 va san phAm bén trén thi trudng clia 2,2-dietoxyetan-1-
amin (170 mg, 1,28 mmol) st dung quy trinh twong tw nhu trong vi du diéu ché 1-1-1.
ESI-MS (m/z): 424,42 [M+H]".
[Vi du diéu ché 25-6]
(28)-2-Amino-3-(4-(tert-butoxy)phenyl)-N-(2,2-dietoxyetyl)-N-((6-(3-(4-

(dimetylamino)piperazin-1-yl)azetidin-1-yl)-5-flopyridin-2-yl)metyl)propanamit
!

N<
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Hop chét tieu d& (250 mg, san luong: 72%) dugc didu ché tir 1-(1-(6-(((2.2-
dietoxyetyl)amino)metyl)-3-flopyridin-2-yl)azetidin-3-yI)-N,N-dimetylpiperidin-4-amin (230
mg, 0,542 mmol) dugc md ta trong vi du diéu ché 25-5 str dung cac quy trinh trong tu nhu
trong vi du diéu ché 2-1 va vi du didu ché 2-2 (trong d6 chit ngung tu dugc st dung 14
HBTU thay vi HATU).

ESI-MS (m/z): 643,64 [M+H]".

[Vi du diéu ché 25-7]
(2S)-2-(2-(((Benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(tert-
butoxy)phenyl)-N-(2,2-dietoxyetyl)-N-((6-(3-(4-(dimetylamino)piperidin-1-yl)azetidin-1-yl)-
5-flopyridin-2-yl)metyl)propanamit
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Hop chét tiéu d& (290 mg, sin lwong: 84%) dugc didu ché tir (2S)-2-amino-3-(4-
(tert-butoxy)phenyl)-N-(2,2-dietoxyetyl)-N-((6-(3-(4-(dimetylamino)piperidin-1-yl)azetidin-
1-yl)-5-flopyridin-2-yl)metyl)propanamit (250 mg, 0,389 mmol) duge md ta trong vi du diéu
ché 25-6 stt dung quy trinh twong tw nhw trong vi du diéu ché 1-1-4.

ESI-MS (m/z): 888,99 [M+H]".

[Vi du tham khéo 2]
(6S,9aS)-N-Benzyl-8-((6-(3-((3R)-3-(dimetylamino)pyrrolidin-1-yl)azetidin-1-yl)pyridin-2-
yhmetyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

Hop chét tiéu d& (5,90 mg, sin lugng: 16%) duge diéu ché tir (6S,9aS)-N-benzyl-6-
((2-flo-4-hydroxyphenyl)mety1)-8-((6-flopyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin-1-carboxamit (30,0 mg, 0,0520 mmol) duge md
ta trong vi du didu ché 1-1-6 v (3R)-1-(azetidin-3-y1)-N,N-dimetylpyrolidin-3-amin (88,0
mg, 0,260 mmol) duge mo ta trong vi du diéu ché 26-2 sir dung quy trinh twong tw nhu trong
vidu 1.

Spektrum 'H-NMR (400 MHz, CDCl;) 3(ppm): 1,56-1,69(1H, m), 1,84-1,96(1H, m),
2,18(6H, s), 2,27-2,36(1H, m), 2,71-2,87(2H, m), 2,92-3,00(1H, m), 3,08-3,18(2H, m), 3,29-
3,35(1H, m), 3,48-3,60(3H, m), 3,60-3,72(2H, m), 3,75-3,82(1H, m), 3,84-3,91(1H, m),
3,94-4,00(1H, m), 4,01-4,07(1H, m), 4,17-4,302H, m), 4,37-4,50(1H, m), 4,93-5,01(1H, m),
5,17-5,24(2H, m), 5,24-5,28(1H, m), 5,38-5,47(1H, m), 5,65-5,80(2H, m), 5,86-5,93(1H, m),
6,22-6,25(1H, m), 6,37-6,39(1H, m), 6,44-6,48(1H, m), 6,68-6,72(1H, m), 6,75-6,81(1H, m),
721-7,26(2H, m), 7,28-7,32(1H, m), 7,34-7,40(2H, m), 7,41-7,47(1H, m).

ESI-MS (nv/z): 726,59 [M+H]".

[Vi du diéu ché 26-1]

-82-



20245

(3R)-1-(1-(Diphenylmetyl)azetidin-3-y1)-N,N-dimetylpyrolidin-3-amin

N
X
5
Hop chit tiéu d& (458 mg, san lwong: 65%) duge diéu ché tir san phdm bén trén thi
truong cua 1-(diphenylmetyl)azetidin-3-on (500 mg, 2,11 mmol) va san phdm ban trén thi
truong cua (3R)-(+H)-3-(dimetylamino)-pyrolidin (289 mg, 2,53 mmol) st dung quy trinh
trong ty nhu trong vi du didu ché 1-3-1.
Spektrum "H-NMR (400 MHz, CDCl;) §(ppm): 1,63-1,74(1H, m), 1,91-2,03(1H, m), 2,09-
2,15(1H, m), 2,18(6H, s), 2,27-2,37(1H, m), 2,66-2,76(2H, m), 2,79-2,83(1H, m), 2,92-
2,96(2H, m), 3,06-3,13(1H, m), 3,33-3,38(2H, m), 4,40(1H, s), 7,15-7,20(2H, m), 7,24-
7,29(4H, m), 7,38-7,42(4H, m).
[Vidu didu ché 26-2]
(3R)-1-(azetidin-3-y1)-N,N-dimetylpyrolidin-3-amin

Hop chét tiéu d& dugc didu ché dudi dang hon hop (408 mg) voi benzylbenzen tir
(3R)-1-(1-(diphenylmetyl)azetidin-3-yl)-N,N-dimetylpyrolidin-3-amin (458 mg, 1,37 mmol)
duoc md ta trong vi du diéu ché 26-1 str dung quy trinh twong tir nhur trong vi du didu ché 1-
3-2. San phim dugc st dung trong phan ing tiép theo ma khong cén tinh ché thém.

ESI-MS (m/z): 170,0 [M+H]",

[Vi du tham khéo 3]
(6S,9a8)-N-Benzyl-8-((6-(3-(4-(dimetylamino)piperidin-1-yl)azetidin-1-yl)-5-flopyridin-2-
yl)metyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin- 1-carboxamit
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Hop chét tiéu d& (19,0 mg, san luong: 39%) dugc diéu ché tir (6S,9aS)-N-benzyl-8-
((6-clo-5-flopyridin-2-yl)metyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-
yl)-octahydro—1H—pyrazino[2,1-c][1,2,4]tn'azin—l-carboxairﬁt (40,0 mg, 0,0655 mmol) dugc
mé ta trong vi du didu ché 27-4 va 1-(azetidin-3-yl)-N,N-dimetylpiperidin-4-amin (40,0 mg,
0,0655 mmol) dugc md ta trong vi du diéu ché 25-2 str dung quy trinh trong tu nhu trong vi
dul.

Spektrum 'H-NMR (400 MHz, CDCl;) 8(ppm): 1,21-2,16(7H, m), 2,20(6H, s), 2,88-
2,98(1H, m), 3,09-3,20(1H, m), 3,35-3,78(10H, m), 3,81-3,89(1H, m), 4,09(1H, dd, J = 4,2
Hz, 11,2 Hz), 4,16-4,31(2H, m), 4,34-4,42(1H, m), 4,52(1H, dd, J = 74 Hz, 15,6 Hz),
491(1H, d, J = 13,9 Hz), 5,19-5,293H, m), 545-5,53(1H, m), 5,67-5,81(1H, m), 6,00-
6,07(1H, m), 6,42-6,51(2H, m), 6,62(1H, dd, J=2,7 Hz, 7,8 Hz), 6,77-6,83(1H, m), 7,09(1H,
dd, J=8,0 Hz, 11,9 Hz), 7,23-7,43(5H, m).

ESI-MS (m/z): 758,67 [M+H]".

[Vi du diéu ché 27-1]

((6-Clo-5-flopyridin-2-yl)metyl)(2,2-dietoxyetyl)amin

~_O N N\ Cl

~_O HUF

Hop chét tidu d& (233 mg, san lurong: 68%) duge diéu ché tir san pham ban trén thi

trudng clia 6-clo-5-flopyridin-2-carbaldehyt (198 mg) str dung quy trinh twong tur nhu trong
vi du diéu ché 1-1-1.
Spektrum 'H-NMR (400 MHz, CDCl3) 8(ppm): 1,22(6H, t, J = 7,1 Hz), 2,75(2H, d, ] = 5,5
Hz), 3,47-3,61(2H, m), 3,64-3,77(2H, m), 3,902H, s), 4,63(1H, t, ] = 5,5 Hz), 7,32(1H, dd, J
=3,3 Hz, 8,2 Hz), 7,40-7,49(1H, m).
[Vi du diéu ché 27-2]
(2S)-2-Amino-3-(4-(benzyloxy)-2-flophenyl)-N-((6-clo-5-flopyridin-2-yl)metyl)-N-(2,2-
dietoxyetyl)propanamit
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Hop chét tiéu d& (445 mg, san luong: 97%) duge diéu ché tir ((6-clo-5-flopyridin-2-
yDmetyl)(2,2-dietoxyetyl)amin (233 mg, 0,842 mmol) dugc md ta trong vi dy diéu ché 27-1
str dung céc quy trinh twong tir nhu trong vi du didu ché 1-1-2 va vi du diéu ché 1-1-3.
ESI-MS (m/z): 548,38 [M+H]".

[Vi du diéu ché 27-3]
(2S)-2-(2-(Benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(benzyloxy)-2-
flophenyl)-N-((6-clo-5-flopyridin-2-yl)metyl)-N-(2,2-dietoxyetyl)propanamit

\/O\(\N/\LNICI

o
O
Hop chét tiéu d& (579 mg, san lugng: 90%) dugc diéu ché tir (2S)-2-amino-3-(4-
(benzyloxy)-2-flophenyl)-N-((6-clo-5-flopyridin-2-yl)metyl)-N-(2,2-dietoxyetyl)propanamit
(445 mg, 0,812 mmol) dugc md ta trong vi du diéu ché 27-2 str dung quy trinh twong tw nhu
trong vi du diéu ché 1-1-4.
ESI-MS (m/z): 793,62 [M+H]".
[Vi du diéu ché 27-4]
(6S,9aS)-N-Benzyl-8-((6-clo-5-flopyridin-2-yl)metyl)-6-((2-flo-4-hydroxyphenyl)metyl)-
4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin-1-carboxamit
\f
SN

YJ\\/\RN/\[CI
o

Hop chit tiéu d& (288 mg, san lwong: 65%) dugc didu ché tir (25)-2-(2-
((benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(benzyloxy)-2-
flophenyl)-N-((6-clo-5-flopyridin-2-yl)metyl)-N-(2,2-dietoxyetyl)propanamit (579 mg, 0,730
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mmol) duge mo ta trong vi du diéu ché 27-3 sir dung cac quy trinh trong tw nhu trong vi du
diéu ché 1-1-5 va Vi du diéu ché 1-1-6.

ESI-MS (mv/z): 611,34 [M+H]".

[Vi du tham khao 4]
(6S,9a8S)-N-Benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-8-((5-flo-6-(3-((1S,4S)-5-(propan-2-
yl)-2,5-diazabixyclo[2.2.1]heptan-2-yl)azetidin-1-yl)pyridin-2-yl)mety1)-4,7-dioxo-2-(prop-
2-en-1-yl)-octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

Hop chét tidu d& (14,6 mg san luong: 16%) dugc didu ché tir (29)-2-(2-
((benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(benzyloxy)-2-
flophenyl)-N-(2,2-dietoxyetyl)-N-((5-flo-6-(3-((1S,4S)-5-(propan-2-y1)-2,5-
diazabixyclo[2.2.1]heptan-2-yl)azetidin-1-yl)pyridin-2-yl)metyl)propanamit (116 mg) dugc
mé ta trong vi du didu ché 28-7 sir dung céc quy trinh tuong tur nhur trong vi du didu ché 1-1-
5va Vi dy diéu ché 1-1-6.

Spektrum "H-NMR (400 MHz, CDCl) 8(ppm): 0,97(3H, d, J = 6,3 Hz), 1,043H, d,J =59
Hz), 1,61-1,70(1H, m), 1,73-1,81(1H, m), 2,36-2,46(1H, m), 2,59-2,83(4H, m), 2,98-
3,05(1H, m), 3,10-3,18(1H, m), 3,39-3,79(10H, m), 3,82-3,90(1H, m), 4,08(1H, dd, J = 4.3
Hz, 11,1 Hz), 4,13-4,21(1H, m), 4,21-4,34(2H, m), 4,49(1H, dd, J = 7,1 Hz, 15,9 Hz),
491(1H, d, T = 13,9 Hz), 5,18-5,30(3H, m), 5,49(1H, dd, ] = 4,2 Hz, 10,8 Hz), 5,69-5,82(1H,
m), 6,03-6,09(1H, m), 6,42-6,52(2H, m), 6,57-6,63(1H, m), 6,80-6,88(1H, m), 7,08(1H, dd, J
=7,8 Hz, 11,9 Hz), 7,18-7,42(5H, m).

ESI-MS (m/z): 770,73 [M+H]".

[Vi du diéu ché 28-1]

1-(6-(Dietoxymetyl)-3-flopyridin-2-yl)azetidin-3-ol

\
0 OH
/\O)\LN;\[N/T
L

Hop chit tieu d& (89,0 mg, sin lugng: 51%) duoc diéu ché tr 2-clo-6-
(dietoxymetyl)-3-flopyridin (150 mg, 0,642mol) dwoc mo ta trong vi dy diéu ché 24-1-1 va
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s4n phim bén trén thi trudng ciia azetidin-3-ol hydroclorua (105 mg, 0,963 mmol) sir dung
quy trinh trong tu nhu trong vi du diéu ché 24-1-2.

Spektrum "H-NMR (400 MHz, CDCls) §(ppm): 1,19-1,31(6H, m), 3,51-3,76(4H, m), 3,93-
4,04(2H, m), 4,34-4,47(2H, m), 4,68-4,81(1H, m), 5,29(1H, s), 6,85-6,94(1H, m), 7,10-
7,21(1H, m).

[Vi du diéu ché 28-2]

1-(6-(Dietoxymetyl)-3-flopyridin-2-yl)azetidin-3-on

L

®) O
L

San phdm tho (212 mg) ctia hop chét tiéu d& dugc didu ché tir 1-(6-(dietoxymetyl)-
3-flopyridin-2-yl)azetidin-3-ol (214 mg, 0,792 mmol) dugc md ta trong vi du diéu ché 28-1
st dung quy trinh twong tu nhu trong vi du didu ché 7-2. San phim dugc sir dung trong phan
ting tiép theo ma khong can tinh ché thém.

Spektrum 'H-NMR (400 MHz, CDCly) &(ppm): 1,20-1,32(6H, m), 3,53-3,77(4H, m),
4.92(4H, d, ] =2,0 Hz), 5,32(1H, s), 7,01-7,09(1H, m), 7,27-7,32(1H, m).

[Vi du diéu ché 28-3]
(18,4S)-2-(1-(6-Dietoxymetyl)-3-flopyridin-2-yl)azetidin-3-yl)-5-(propan-2-y1)-2,5-
diazabixyclo[2.2.1]heptan

N
N

N
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Hop chét tiéu d& (66,0 mg, san lugng: 78%) duoc didu ché tir 1-(6-(dietoxymetyl)-
3-flopyridin-2-yl)azetidin-3-on (57,6 mg, 0,215 mmol) dugc m ta trong vi du diéu ché 28-2
va san phadm ban trén thi trudong cia (1S,4S)-2-(propan-2-yl)-2,5-diazabixyclo[2.2.1]heptan
(95,0 mg, 0,258 mmol) sir dung quy trinh twong ti nhu trong vi du diéu ché 1-3-1.
ESI-MS (mv/z): 393,33 [M+H]".
[Vi du diéu ché 28-4]
5-Flo-6-(3-((1S,4S)-5-(propan-2-yl)-2,5-diazabixyclo[2.2.1]heptan-2-yl)azetidin-1-
yl)pyridin-2-carbaldehyt
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San phim thd (53,5 mg) ciia hop chit tidu d& dugc didu ché tir (18,4S)-2-(1-(6-
dietoxymetyl)-3-flopyridin-2-yl)azetidin-3-y1)-5-(propan-2-yl)-2,5-diazabixyclo[2.2.1 ]heptan
(157 mg, 0,428 mmol) dugc mo ta trong vi du diéu ché 28-3 str dung quy trinh twong tw nhu
trong vi du didu ché 24-1-3. San phém duoc sir dung trong phén tmg tiép theo ma khéng can
tinh ché thém.
ESI-MS (m/z): 319,18 [M+H]".
[Vi du diéu ché 28-5]
(2,2-Dietoxyetyl)((5-flo-6-(3-((1S,4S)-5-(propan-2-yl)-2,5-diazabixyclo[2.2.1 Jheptan-2-
yl)azetidin-1-yl)pyridin-2-yl)metyl)amin

[@Nk
g N NT
~.0 H/\E;[F

Hop chét tidu d& (62,0 mg, sén luong: 82%) duge didu ché tir san pham tho (53,5
mg) 5-flo-6-(3-((18,4S)-5-(propan-2-yl)-2,5-diazabixyclo[2.2.1]heptan-2-yl)azetidin-1-
yl)pyridin-2-carbaldehyt dugc mo ta trong vi du diéu ché 28-4 sir dung quy trinh twong tu
nhu trong vi du diéu ché 1-1-1.
ESI-MS (mv/z): 436,39 [M+H]".
[Vi du didu ché 28-6]
(2S)-2-Amino-3-(4-(benzyloxy)-2-flophenyl)-N-(2,2-dietoxyetyl)-N-((5-flo-6-(3-((1S,4S)-5-
(propan-2-yl)-2,5-diazabixyclo[2.2.1]heptan-2-yl)azetidin-1-yl)pyridin-2-
ylmetyl)propanamit

R
O NN
Eie

HaN A
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Hop chét tiéu d& (84,0 mg, san lugng: 86%) duge diéu ché tir (2,2-dietoxyetyl)((5-
flo-6-(3-((18,48)-5-(propan-2-yl)-2,5-diazabixyclo[2.2.1]heptan-2-yl azetidin-1-yl)pyridin-2-
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yDmetyl)amin (62,0 mg, 0,142 mmol) duge mo ta trong vi du diéu ché 28-5 str dung cac quy
trinh twong tur nhu trong vi du didu ché 1-1-2 va Vi du diéu ché 1-1-3.

ESI-MS (m/z): 707,69 [M+H]".

[Vi du diéu ché 28-7]
(2S)-2-(2-((Benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(benzyloxy)-2-
flophenyl)-N-(2,2-dietoxyetyl)-N-((5-flo-6-(3-((1S,4S)-5-(propan-2-yl)-2,5-
diazabixyclo[2.2.1]heptan-2-yl)azetidin-1-yl)pyridin-2-yl)metyl)propanamit

Hop chét tiéu d& (116 mg, san luong: dinh lugng) dugc didu ché tir (2S)-2-amino-3-
(4-(benzyloxy)-2-flophenyl)-N-(2,2-dietoxyetyl)-N-((5-flo-6-(3-((1S,4S)-5-(propan-2-yl)-
2,5-diazabixyclo[2.2.1]heptan-2-yl)azetidin-1-yl)pyridin-2-yl)metyl)propanamit (84,0 mg,
0,119 mmol) dugc mo ta trong vi du diéu ché 28-6 sir dung quy trinh twong ty nhu trong vi
du didu ché 1-1-4.

ESI-MS (nv/z): 952,95 [M+H]".

[Vi du tham khao 5]
(6S,9aS)-N-Benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-8-((6-(3-(metyl(2-(morpholin-4-
yD)etyl)amino)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

Ao
NN NW/\N/\LN;(
S,

Hop chét tieu d& (35,0 mg, san lugng: 39%) dugc diéu ché tir (2S)-2-(2-
(((benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(benzyloxy)-2-
flophenyl)-N-(2,2-dietoxyetyl)-N-((6-(3-(metyl(2-(morpholin-4-yl)etyl)amino)azetidin-1-
yD)pyridin-2-yl)metyl)propanamit (110 mg, 0,117 mmol) dugc mo ta trong vi du diéu ché 29-

NT wbo

7 str dung cac quy trinh twong tw nhu trong vi du didu ché 1-1-5 va vi du diéu ché 1-1-6.
Spektrum 'H-NMR (400 MHz, CDCly) §(ppm): 2,27(3H, s), 2,37-2,52(6H, m), 2,54-
2,71(2H, m), 3,11-3,20(1H, m), 3,34-3,44(2H, m), 3,48-3,77(11H, m), 3,87-3,95(2H, m),
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3,99-4,06(1H, m), 4,16-4,30(2H, m), 4,43(1H, dd, J = 6,7 Hz, 15,3 Hz), 497(1H, d, ] = 13,9
Hz), 5,18-5,28(3H, m), 5,39(1H, dd, J =4,2 Hz, 10,6 Hz), 5,66-5,78(1H, m), 5,93(1H, dd, J =
2,1 Hz, 8,4 Hz), 6,25(1H, d, ] = 8,4 Hz), 6,33-6,39(1H, m), 6,40-6,47(1H, m), 6,68-6,77(2H,
m), 7,21-7,47(6H, m).

ESI-MS (m/z): 756,62 [M+H]".

[Vidu didu ché 29-1]

1-(6-(1,3-Dioxolan-2-yl)pyridin-2-yl)azetidin-3-ol

Qi@j@"“

Hop chét tiéu d& (263 mg, san lugng: dinh luong) dugc diéu ché tir san phdm bén
trén thi truong cta 2-(1,3-dioxolan-2-yl)-6-flopyridin (200 mg, 1,18 mol) va san phdm ban
trén thi truong clia azetidin-3-ol hydroclorua (194 mg, 1,77 mmol) st dung quy trinh tuong
tw nhu trong vi du diéu ché 24-1-2.

Spektrum 'H-NMR (400 MHz, CDCls) 8(ppm): 3,83-3,91(2H, m), 4,00-4,20(4H, m), 4,26-
4,35(2H, m), 4,70-4,83(1H, m), 5,72(1H, s), 6,24-6,31(1H, m), 6,80-6,89 (1H, m), 7,42-
7,53(1H, m).

[Vi du didu ché 29-2]

1-(6-(1,3-Dioxolan-2-yl)pyridin-2-yl)azetidin-3-on

QU%

San phAm tho (261 mg) ctia hop chét tiéu dé duge diéu ché tir 1-(6-(1,3-dioxolan-2-
yDpyridin-2-yl)azetidin-3-0l(263 mg, 1,18 mmol) dwoc mo ta trong vi du diéu ché 29-1 str
dung quy trinh trong tu nhu trong vi du didu ché 7-2. San phém dugc sir dung trong phan
{mg tiép theo ma khéng can tinh ché thém.

Spektrum 'H-NMR (400 MHz, CDCl3) 8(ppm): 3,99-4,23(4H, m), 4,82(4H, s), 5,75(1H, s),
6,47-6,57(1H, m), 6,98-7,04(1H, m), 7,55-7,65(1H, m).
[Vi du didu ché 29-3]
1-(6-(1,3-Dioxolan-2-yl)pyridin-2-yl)-N-metyl-N-(2-(morpholin-4-yl)etyl)azetidin-3-amin

|

N
Qifjw N
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Hop chét tiéu d& (157 mg, san lugng: 76%) dugc diéu ché tir 1-(6-(1,3-dioxolan-2-
yD)pyridin-2-yl)azetidin-3-on (130 mg, 0,590 mmol) dugc md ta trong vi dy diéu ché 29-2 va
san phim bén trén thi trudng cla metyl(2-(morpholin-4-yl)etyl)amin (176 mg, 0,767 mmol)
str dung quy trinh trong tw nhu trong vi du didu ché 1-3-1.

ESI-MS (mv/z): 349,22 [M+H]".
[Vi du diéu ché 29-4]
6-(3- (Metyl(2-(morpholin—4-yl)etyl)amino)azetidin—1-yl)pyridin—2-carbaldehyt

N\/\
O/\ENJ/ N/j N

Dung dich trdn 1in cta 1-(6-(1,3-dioxolan-2-yl)pyridin-2-yl)-N-metyl-N-(2-
(morpholin-4-yl)etyl)azetidin-3-amin (157 mg, 0,451 mmol) dugc md té trong vi du diéu ché
29-3, axetonitril (5,00 mL) va nudce (0,500 mL) dugc thém axit p-toluensulfonic monohydrat
(386 mg, 2.03 mmol). H3n hop thu dugc duge khudy & 100°C trong 5 gio. Hon hop duogc
1am ngudi dén nhiét do phong, va sau d6 dung méi dugc lam bay hoi dudi 4p suét giam.
Dung dich nuéc bdo hoa natri hydro cacbonat duoc thém vao cén, va dung dich thu duoc
duoc chiét bing diclometan ba 1an. Lép hitu co duge 1am khd qua magié sulfat khan va sau
d6 duoc loc. Dung méi duge 1am bay hoi du6i 4p sudt giam dé tao ra san pham tho (122 mg)
ctia hop chét tiéu d&. San phém duogc sir dung trong phan (mg tiép theo ma khong cAn tinh
ché thém.

ESI-MS (m/z): 305,19 [M+H]".

[Vi du diéu ché 29-5]
1-(6-(((2,2-Dietoxyetyl)amino)metyl)pyridin-2-yl)-N-mety]l-N-(2-(morpholin-4-
yl)etyl)azetidin-3-amin

l
T
o) N._N

g hvl
Hop chit tiéu d& (55,0 mg, san luong: 33%) dugc didu ché tir san phim tho (122
mg) 6-(3-(metyl(2-(morpholin-4-yl)etyl)amino)azetidin-1-yl)pyridin-2-carbaldehyt dugc md
ta trong vi du didu ché 29-4 str dung quy trinh twong tw nhu trong vi du diéu ché 1-1-1,
ESI-MS (m/z): 422,40 [M+H]".
[Vi du diéu ché 29-6]
(2S)-2-Amino-3-(4-(benzyloxy)-2-flophenyl)-N-(2,2-dietoxyetyl)-N-((6-(3-(metyl(2-
(morpholin-4-yl)etyl)amino)azetidin-1-yl)pyridin-2-yl)metyl)propanamit
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Hop chét tiéu d& (94,0 mg, san lugng: dinh lugng) dugc di€u ché tr 1-(6-((2.2-
dietoxyetyl)amino)metyl)pyridin-2-yl)-N-metyl-N-(2-(morpholin-4-yl)etyl)azetidin-3-amin

H,N

(55,0 mg, 0,130 mmol) duge md ta trong vi dy diéu ché 29-5 sir dung cac quy trinh twong tur
nhu trong vi du didu ché 1-1-2 va vi du didu ché 1-1-3.
ESI-MS (m/z): 693,62 [M+H]".
[Vi du didu ché 29-7]
(2S)-2-(2-((Benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(benzyloxy)-
2-flophenyl)-N-(2,2-dietoxyetyl)-N-((6-(3-(metyl(2-(morpholin-4-yl)etyl)amino)azetidin-1-
yl)pyridin-2-yl)metyl)propanamit

!
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Hop chit tiéu d& (110 mg, san luong: 92%) duge diéu ché tir (2S)-2-amino-3-(4-
(benzyloxy)-2-flophenyl)-N-(2,2-dietoxyetyl)-N-((6-(3-(metyl(2-(morpholin-4-
yl)etyl)amino)azetidin-1-yl)pyridin-2-yl)metyl)propanamit (94,0 mg) dugc m ta trong vi du
didu ché 29-6 sir dung quy trinh tuwong tw nhu trong vi dy diéu ché 1-1-4.

ESI-MS (v/z): 938,84 [M+H]".

[Vi du tham khdo 6]

(6S,9aS)-N-Bénzyl-8-((6-(3 -((2-(dimetylamino)etyl)(metyl)amino)azetidin-1-yl)-5-
flopyridin-2-yl)metyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][1,2,4]triazin- 1 -carboxamit

@vnxl//o lll\/\N/
XN N\(\NU |
l’:@\OH
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Hop chit tiéu d& (59,0 mg, san lwong: 28%) dugc diéu ché tir (2S)-2-(2-
(((benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(benzyloxy)-2-
flophenyl)-N-(2,2-dietoxyetyl)-N-((6-(3-((2-(dimetylamino)etyl)(metyl)amino)azetidin-1-y)-
5-flopyridin-2-yl)metyl)propanamit (263 mg, 0,288 mmol) dugc md ta trong vi du diéu ché
30-5 sir dung quy trinh twong ty nhu trong vi du diéu ché 27-4.

Spektrum 'H-NMR (400 MHz, CDCl;) §(ppm): 2,23(3H, s), 2,24(6H, 5), 2,24-2,44(2H, m),
2,54-2,66(2H, m), 3,15-3,72(10H, m), 3,76-3,93(2H, m), 4,07-4,31(3H, m), 4,39-4,51(1H,
m), 4,96(1H, d, J = 13,8 Hz), 5,15-5,28(3H, m), 5,34-5,42(1H, m), 5,65-5,80(1H, m), 6,09-
6,17(1H, m), 6,36-6,45(1H, m), 6,48-6,56(1H, m), 6,59-6,74(2H, m), 7,09(1H, dd, J = 8,0
Hz, 11,7 Hz), 7,20-7,43(SH, m).
ESI-MS (m/z): 732,63 [M+H]".
[Vi du didu ché 30-1]
1-(6-(Dietoxymetyl)-3-flopyridin-2-y1)-N-(2-(dimetylamino)etyl)-N-metyl azetidin-3-amin

L l
o NN T
ZNF

Hop chét tiéu d& (128 mg, san luong: 54%) dugc diéu ché tir 1-(6-(dietoxymetyl)-3-
flopyridin-2-yl)azetidin-3-on (180 mg, 0,671 mmol) dugc md ta trong vi du didu ché 28-2 va
san pham bén trén thi truong cla (2-(dimetylamino)etyl)(metyl)amin (103 mg, 1,01 mmol)
stt dung quy trinh twong ty nhu trong vi du didu ché 1-3-1.

ESI-MS (m/z): 355,27 [M+H]".
[Vi du didu ché 30-2]
6-(3-((2-(Dimetylamino)etyl)(metyl)amino)azetidin-1-yl)-5-flopyridin-2-carbaldehyt

|
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San phim thé (101 mg) ctia hop chét tiéu d& duoc diéu ché tir 1-(6-(Dietoxymetyl)-
3-flopyridin-2-yl)-N-(2-(dimetylamino)etyl)-N-metylazetidin-3-amin (128 mg, 0,361 mmol)
dugc md ta trong vi du diéu ché 30-1 sir dung quy trinh trong tw nhu trong vi du didu ché 24-
1-3. San phdm duoge str dung trong phan tmg tiép theo ma khong cén tinh ché thém.

ESI-MS (m/z): 281,11 [M+H]".

[Vi du didu ché 30-3]
1-(6-(((2,2-Dietoxyetyl)amino)metyl)-3-flopyridin-2-yl)-N-(2-(dimetylamino)etyl)-N-metyl
azetidin-3-amin
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Hop chét tiéu d& (125 mg, san leong: 87%) dugc didu ché tir san phim tho (101
mg) cua 6-(3-((2-(dimetylamino)etyl)(metyl)amino)azetidin-1-yl)-5-flopyridin-2-carbaldehyt
duoc mo ta trong vi du diéu ché 30-2 st dung quy trinh twong tw nhu trong vi du diéu ché 1-
1-1.

ESI-MS (m/z): 398,33 [M+H]".

[Vi du didu ché 30-4]
(2S)-2-Amino-3-(4-(benzyloxy)-2-flophenyl)-N-(2,2-dietoxyetyl)-N-((6-(3-((2-
(dimetylamino)etyl)(metyl)amino)azetidm-1-y1)-5 -flopyridin-2-yl)metyl)propanamit

\/\N/
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Hop chit tidu d& (250 mg, san lugng: dinh luong) dugc diéu ché tir 1-(6-((2.2-
dietoxyetyl)amino)metyl)-3-flopyridin-2-y1)-N-(2-(dimetylamino)etyl)-N-metylazetidin-3-
amin (125 mg, 0,314 mmol) dugc mo ta trong vi du diéu ché 30-3 st dung c4c quy trinh
tuong ty nhu trong vi du diéu ché 1-1-2 va Vi du didu ché 1-1-3.
ESI-MS (m/z): 669,64 [M+H]".
[Vi du didu ché 30-5]
(25)-2-(2-(((Benzylcarbamoyl)amino)(prop-2-en-1-yl)amino)axetamido)-3-(4-(benzyloxy)-
2-flophenyl)-N-(2,2-dietoxyetyl)-N-((6-(3-((2-(dimetylamino)etyl)(metyl)amino)azetidin-1-
yl)-5-ﬂopyﬁdin-Z-yl)metyl)propanamit

\/\/
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Hop chét tiéu d& (263 mg, san luong: 94%) duoc didu ché tir (2S)-2-amino-3-(4-
(benzyloxy)-2-flophenyl)-N-(2,2-dietoxyetyl)-N-((6-(3-(((2-
(dimetylamino)etyl)(metyl)amino)azetidin-1-yl)-5-flopyridin-2-yl)metyl)propanamit (250
mg) dugc md ta trong vi du diéu ché 30-4 sir dung quy trinh twong tr nhu trong vi du diéu
ché 1-1-4.

ESI-MS (m/z): 914,82 [M+H]".

[Vidu25]
4-(((68,9aS)-1-(Benzylcarbamoyl)-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin-6-
yDmetyl)-3-flophenyl dihydro phosphat

@n\?o Sh

vNN N N/j

Dung dich trén 1An ctia phospho oxyclorua (257 pl, 2,76 mmol) va THF (10,0 mL)
duge thém nhé giot dung dich tron 14n cla (6S,9aS)-N-benzyl-8-((6-(3-(4-etylpiperazin-1-
yl)azetidin-1-yl)pyridin-2-yl)metyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-
en-1-yl)-octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-1-carboxamit (1,00 g, 1,38 mmol) dugc
mo ta trong vi du 1, trietylamin (768 pL, 5,52 mmol) va THF (10,0 mL) qua 10 phtt dudi khi
quyén nito & -15°C hoic thip hon. Hén hop phan tmg duge khudy & -15°C hojc thép hon
trong 1 gid va 10 phut. Hon hop phan tmg dugc thém nho giot dung dich tron 1an cia dung
dich nudc natri hydroxit 5 N (2,03 mL, 10,1 mmol) va nuéc (21,0 mL) qua 5 phat & 10°C
hodc thdp hon. H3n hop phan g duge khudy & nhiét do phong trong 35 phut, sau d6 etyl
axetat dugc thém vao hdn hop phan tmg, va sau d6 dung dich thu dugc dugc phan chia. Lop
nuée duge rira thém bing etyl axetat, va sau d6 axit clohydric 5 N dugc thém vao dung dich
dé diéu chinh gia tri pH ctia dung dich & gia trj trung tinh. Dung moi duge trung ct bo tir hdn
hop phén mg dudi 4p suét giam. Diclometan, etanol va metanol dugc thém vao cin thu duge
va sau d6 duge khudy, va sau d6 huyén phii thu duge dugc loc sir dung Xélit. Dung moi dugc
trung cAt bo tir dich loc dudi 4p sudt gidm, va ciin thu dugce duge tinh ché bang ODS séc ky
cdt silica gel (dung méi rira gidi: nuéc/metanol) dé tao ra hop chit tiéu dé (881 mg, sin
lugng: 79%).

Spektrum 'H-NMR (400 MHz, CDCl;) §(ppm): 1,08(3H, t, J = 7,2 Hz), 2,10-2,50(4H, m),
2,55-2,68(2H, m), 2,70-2,90(4H, m), 3,00-3,20(2H, m), 3,23-3,40(3H, m), 3,45-3,90(9H, m),
4,03(1H, dd, J = 7,2 Hz, 7,6 Hz), 4,41(2H, d, ] = 6,4 Hz), 5,18-5,28(2H, m), 5,30-5,44(2H,
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m), 5,62-5,78(2H, m), 6,14(1H, d, J = 8,4 Hz), 6,51(1H, d, ] = 6,4 Hz), 6,70-6,87(2H, m),
6,95(1H, dd, J = 8,0 Hz, 9,2 Hz), 7,14(1H, d, ] = 11,6 Hz), 7,20-7,33(2H, m), 7,33-7,44(3H,
m).

ESI-MS (m/z): 806,58 [M+H]".

[Vidu26]

4-(((6S,9aS)-1-(Benzylcarbamoyl)-8-((6-(3-(4-etylpiperazin- 1 -yl)azetidin-1-yl)pyridin-2-
yl)metyl-4,7-dioxo-2~(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin-6-
yDmetyl)phenyl dihydro phosphat

Cio Sh
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L

Hop chét tiéu d& (183 mg, san lugng: 55%) dugc diéu ché tir (6S,9aS)-N-benzyl-8-
((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-6-((4-hydroxyphenyl)metyl)-
4,7-dioxo-2-(prop-2-en—l-yl)-octahydro-1H—pyrazino[2,l-C][l,2,4]triazin—l-carboxamit (298
mg, 0,421 mmol) dugc mé ta trong vi du 2 str dung quy trinh trong tur nhu trong vi du 25.
Spektrum "H-NMR (400 MHz, CDCly) 8(ppm): 1,10(3H, t, J = 7,6 Hz), 1,60-2,30(4H, m),
2,60-2,80(2H, m), 2,80-3,15(4H, m), 3,20-3,42(3H, m), 3,45-3,70(7H, m), 3,78-4,10(5H, m),
4,28-4,45(2H, m), 5,06-5,38(5H, m), 5,62-5,74(1H, m), 6,20(1H, d, J = 8,4 Hz), 6,61(1H, d,J
=6,8 Hz), 6,70(1H, dd, ] = 6,0 Hz, 6,0 Hz), 6,84(2H, d, ] = 8,0 Hz), 7,09(2H, d, ] = 8,0 Hz),
7,16-7,32(3H, m), 7,32-7,46(2H, m).

ESI-MS (m/z): 788,57 [M+H]".

[Vidu27]
(68,9aS)-N-Benzyl-8-((6-(3-((3S)-3,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yD)metyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

Hop chét tiéu d& (33,0 mg, san lugng: 74%) duge didu ché tir (6S,9aS)-N-benzyl-8-
((6-flopyridin-2-yl)metyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
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octahydro-1H-pyrazino[2,1-c][1,2,4 triazin-1-carboxamit (35,0 mg, 0,0627 mmol) dugc mo
ta trong vi du didu ché 2-4 va (2S)-4-(azetidin-3-yl)-1,2-dimetylpiperazin (106 mg, 0,314
mmol) dugc mé ta trong vi du didu ché 4-3 st dung quy trinh trong tw nhu trong vi du 2.
Spektrum 'H-NMR (400 MHz, CDCls) 8(ppm): 1,05(3H, d, J = 6,0 Hz), 1,50-1,85(1H, m),
'1,88-2,00(1H, m), 2,23(3H, s), 2,25-2,50(3H, m), 2,70-2,82(1H, m), 3,05-3,23(2H, m), 3,28-
3,38(1H, m), 3,40-3,50(2H, m), 3,52-3,70(5H, m), 3,72-3,82(1H, m), 3,82-3,90(1H, m),
4,00-4,102H, m), 4,15-4,28 2H, m), 4,33-4,45(1H, m), 4,99(1H, d, J = 13,2 Hz), 5,03-
5,13(1H, m), 5,15-5,30(3H, m), 5,65-5,80(1H, m), 6,29(1H, d, J = 7,6 Hz), 6,39(2H, d, ] =
8,0 Hz), 6,56(2H, d, J = 8,4 Hz), 6,65-6,77(2H, m), 7,16-7,25(2H, m), 7,24-7,32(1H, m),
7,34-7,40(2H, m), 7,44-7,52(1H, m).

ESI-MS (m/z): 708,56 [M+H]".

[Vidu 28]

(6S,9aS)-N-Benzyl-8-((6-(3-((3R)-3,4-dimetylpiperazin- 1-yl)azetidin-1-yl)pyridin-2-
yl)metyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en- 1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4triazin- 1 -carboxamit

Hop chét tiéu d& (23,0 mg, san lugng: 52%) duge didu ché tir (6S,9aS)-N-benzyl-8-
((6-flopyridin-2-yl)metyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-1-carboxamit (35,0 mg, 0,0627 mmol) dugc mo
ta trong vi du diéu ché 2-4 va (2R)-4-(azetidin-3-yl)-1,2-dimetylpiperazin (106 mg, 0,314
mmol) duge md ta trong vi du diéu ché 24-2-3 st dung quy trinh twong tw nhu trong vi dy 2.
Spektrum 'H-NMR (400 MHz, CDCls) 8(ppm): 0,91(3H, d, J = 6,4 Hz), 1,60-2,00(2H, m),
2,10-2,25(1H, m), 2,30(3H, s), 2,40-2,55(2H, m), 2,80-2,95(2H, m), 3,09(1H, dd, ] = 4,8 Hz,
13,6 Hz), 3,15-3,252H, m), 3,35-3,48(2H, m), 3,50-3,78(6H, m), 3,85-3,93(1H, m),
4,03(2H, d, ] = 6,4 Hz), 4,15-4,22(1H, m), 4,30-4,42(2H, m), 4,98(1H, d, J = 13,6 Hz), 5,18-
5,30(3H, m), 5,13-5,30(1H, m), 6,28(1H, d, J = 8,0 Hz), 6,39(2H, d, ] = 8,0 Hz), 6,60(2H, d, J
= 8,0 Hz), 6,72(2H, d, J = 6,8 Hz), 7,20-7,28(2H, m), 7,28-7,32(1H, m), 7,33-7,40(2H, m),
7,43-7,50(1H, m).

ESI-MS (m/z): 708,70 [M+H]".
[Vidu29]
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(6S,9aS)-N-Benzyl-6-((4-hydroxyphenyl)metyl)-8-((6-(3-(4-metylpiperazin-1-yl)azetidin-1-
yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit

i o N
%/\N,\N?\(\N N N/jN\)
Kﬂ/N\s/&;U

O:
:OH

Hop chit tiéu d (14 mg, séin lugng: 38%) dugc diéu ché tir (6S,9aS)-N-benzyl-8-
((6-flopyridin-2-yl)mety1)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-1-carboxamit (30,0 mg, 0,0537 mmol) dugc md
ta trong vi du didu ché 2-4 va hdn hop (87 mg) clia 1-(azetidin-3-yl)-4-metylpiperazin va
benzylbenzen duge mo ta trong vi du diéu ché 3-2 sir dung quy trinh tuong ty nhu trong vi du
2.

Spektrum 'H-NMR (400 MHz, CDCls) §(ppm): 2,30-2,65(11H, m), 3,05-3,15(1H, m), 3,18-
3,25(1H, m), 3,43(2H, d, ] = 16,8 Hz), 3,48-3,72(5H, m), 3,78(1H, dd, ] = 6,4 Hz, 10,0 Hz),
3,87(1H, dd, J = 7,2 Hz, 9,6 Hz), 3,95-4,10Q2H, m), 4,15-4,25(2H, m), 4,39(1H, dd, J = 6,8
Hz, 15,2 Hz), 4,99(1H, d, J = 13,6 Hz), 5,03-5,12(1H, m), 5,15-5,30(3H, m), 5,65-5,80(1H,
m), 6,29(1H, d, J = 8,4 Hz), 6,39(2H, d, J = 8,4 Hz), 6,56(2H, d, J = 8,0 Hz), 6,67-6,79(2H,
m), 7,20(2H, d, J = 6,8 Hz), 7,30(1H, d, J = 7,2 Hz), 7,38(2H, dd, J = 7.2 Hz, 7,2 Hz),
7,48(1H, dd, J=7,2 Hz, 8,0 Hz).
ESI-MS (1v/z): 694,64 [M+H]'".
Vi du tham khao 7
4-(((6S,9aS)-1-(Benzylcarbamoyl)-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-
yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-6-yl)metyl)-3-flophenyl dihydro phosphat dwoc didu ché trong vi du 25 duoc
hoa tan trong metanol va isopropanol va sau d6 dugc tinh thé hoa bang phan tmg tinh thé hoa
dé bay hoi d8 tao ra tinh thé don cta hop chét. Thir nghiém nhiéu xa tia X dugc thyc hién st
dung tinh thé don thu duge. Dit liéu tinh thé hoc va dit liéu phén tich ciu tric duge thé hién
trong bang 2, va dit lidu toa d nguyén tir dugc thé hién trong bang 3. Cu tric tuyét ddi ciia
hop chét tiéu d& dugc xéc dinh tir céc két qua.

[Béng 2]

Nhiét do 100K

Budc séng 0,7107 A

Hé tinh thé, nhém khong gian He truc giao, P2,2,2
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Hing s6 mang ludi a=12,9468(13) A

b=22,869(3) A

c=35,197(3) A
Theé tich 10421(2) A°
gid tri Z, mét d¢ tinh toén 8.1,138 g/em’
Kich thudc tinh thé 1,00 x 0,30 x 0,30 mm
Tong s6 phan xa/sb lwong phan xa don 98007/28649

[R(cudng d6)=0,0803]
Dd nguyén ven 80,3%
Xac dinh pha Phuong phép truc tiép (SHELX97)
Phwong phép tinh loc Phuong phap binh phuong nho nhét lién quan

dén F*
Dit liéw/thong s6 28649/1135
DJ twong thich 1,432
Gi4 tri R (gi4 tri tong) 0,1102
Giatri R (I>20()) 0,1020
Théng s Flack 0,03(10)
Cheénh 1éch dinh 16n nhit va nhd nhat 1,61 va-0,61 e/A’°
[Béang 3]
Nguyén tr | X y z Beq
Pl 0,22234(6) 0,38251(4) 1,02549(2) 2,25(2)
P2 0,32512(7) 0,30387(3) 0,92569(2) 2,26(2)
F1 0,4191(3) 0,59169(11) 1,02897(8) 4,12(5)
F2 0,3083(3) 0,3996(2) 0,78853(10) 5,66(8)
01 0,2310(3) 0,31558(11) 1,02242(7) 3,18(5)
02 0,2399(3) 0,41207(10) 0,98840(7) 2,81(4)
03 0,1257(3) 0,4002(2) 1,04576(8) 3,80(6)
04 0,3191(2) 0,39571(9) 1,05376(7) 2,40(4)
05 0,4814(4) 0,73884(13) 1,06753(13) 4,95(8)
06 0,5379(3) 0,5895(2) 1,16918(9) 3,87(6)
07 0,6929(3) 0,53722(12) 1,00665(8) 3,27(5)
08 0,3017(2) 0,27330(10) 0,96224(7) 2,58(4)
09 0,3168(3) 0,37158(11) 0,92926(7) 3,20(5)
010 0,4265(2) 0,2892(2) 0,90698(8) 3,28(5)
011 0,2326(2) 0,28383(11) 0,89774(7) 2,44(4)
012 0,2243(4) 0,4451(2) 0,70258(10) 5,22(9)
013 0,0128(4) 0,2671(2) 0,71820(12) 543(09)
014 -0,0428(3) 0,4552(2) 0,84388(9) 4,18(7)
015 0,4986(5) 0,2079(2) 0,8593(2) 6,34(11)
016 -0,0930(5) 0,1662(2) 0,6886(2) 6,25(11)
017 0,2815(7) 0,7842(3) 1,0760(3) 9,8(3)
018 0,0947(6) 0,3995(3) 1,1241(2) 7,08(13)
019 0,1129(12) 0,4790(10) 1,1796(5) 26,1(11)

-99-




20245

N1 0,5761(3) 0,65699(13) 1,07684(10) 3,15(6)
N2 0,7111(4) 0,6892(2) 1,01973(12) 4.11(3)
N3 0,7036(4) 0,6299(2) 1,02987(10) 3,44(6)
N4 0,6828(3) 0,5949(2) 1,13256(9) 2,9005)
NS 0,7190(3) 0,6124(2) 0,96551(10) 3,45(6)
N6 0,7146(3) 0,47859(13) 1,12094(8) 2,58(5)
N7 0,6868(3) 0,40412(11) 1,07900(8) 2,37(4)
N8 0,6136(2) 0,36936(10) 1,00168(7) 2,01(4)
NO 0,6018(3) 0,34302(12) 0,92130(3) 2,48(4)
N10 0,0996(4) 0413902) 0,74283(10) 3,87(7)
N1l 0,0527(4) 0,5270(2) 0,76191(10) 425(8)
N12 0,0262(4) 0,4807(2) 0,78709(10) 411(8)
N13 20,0719(3) 0,3400(2) 0,74727(10) 3,57(6)
N14 -0,0007(4) 0,5509(2) 0,83309(10) 3,84(7)
NI5 20,1204(3) 0,2845(2) 0,81466(12) 3,66(6)
N16 -0,0632(3) 0,2677(2) 0,87552(12) 3,89(7)
N17 20,0736(3) 0,35284(13) 0,95238(9) 2,65(5)
N18 20,0585(3) 0,4280(2) 1,01814(9) 2,82(5)
Cl 0,3399(2) 0,45232(13) 1,06553(8) 2,03(4)
C2 0,3664(3) 0,4954(2) 1,03944(10) 2,57(5)
C3 0,3929(3) 0,5495(2) 1,05433(11) 2,83(6)
C4 0,3922(3) 0,5634(2) 1,09257(11) 2,84(6)
C5 0,3668(4) 0,5178(2) 1,11731(11) 3,.28(7)
C6 0,3396(3) 0,4628(2) 1,1041009) 2,76(5)
C7 0,4105(4) 0,6247(2) 1,10682(13) 3,50(7)
C8 0,5217(3) 0,6453(2) 1,11250(12) 3,24(6)
C9 0,5499(4) 0,7051(2) 1,0570(2) 3,90(8)
C10 0,6120(6) 0,7163(2) 1,0220(2) 4.92(11)
Cll 0,6558(3) 0,6140(2) 1,06547(11) 2,96(6)
C12 0,7331(3) 0,6083(2) 1,09723(12) 3,19(6)
C13 0,5819(3) 0,6061(2) 1,14004(11) 3,00(6)
Cl4 0,7962(5) 0,7192(2) 1,0410(2) 4,59(10)
Cl15 0,8250(5) 0,7739(3) 1,0216(2) 5,02(11)
Cl16 0,8265(7) 0,8253(3) 1,0382(3) 6,12)
Cl17 0,7041(3) 0,5897(2) 0,99958(11) 2,95(6)
C18 0,7248(4) 0,5748(2) 0,93229(12) 3,64(7)
CI19 0,6190(4) 0,5596(2) 0,91520(13) 3,61(7)
C20 0,5296(4) 0,5593(2) 0,9367(2) 4,13(8)
C21 0,4356(5) 0,5418(3) 0,9203(3) 5,72(13)
C22 0,4335(7) 0,5245(4) 0,8828(3) 7,02)
C23 0,5230(7) 0,5239(3) 0,8609(2) 5,8(2)
C24 0,6150(6) 0,5421(3) 0,8773(2) 4.80(10)
C25 0,7441(3) 0,5640(2) 1,16079(11) 3,11(6)
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C26 0,7566(3) 0,4989(2) 1,15272(11) 3,04(6)
C27 0,8072(5) 0,4642(3) 1,1790(2) 439(9)
C28 0,8197(5) 0,4059(3) 1,1703(2) 5,10(12)
C29 0,7808(4) 0,3837(2) 1,13708(11) 3,20(6)
C30 0,7276(3) 04221(2) 1,11295(9) 2,56(5)
C31 0,6457(3) 0,34570(13) 1,06995(9) 2,29(5)
C32 0,5732(3) 0,37504(12) 1,04045(9) 2,15(4)
C33 0,6031(3) 0,43445(13) 1,05912(9) 2,38(5)
C34 0,5597(3) 0,40909(13) 0,97555(9) 2,45(5)
C35 0,6066(3) 0,40460(13) 0,93616(9) 2,60(5)
C36 0,6495(3) 0,3024(2) 0,95006(10) 2,68(5)
C37 0,5985(3) 0,30966(13) 0,08811(9) 2,41(5)
C38 0,6583(4) 0,3356(2) 0,88433(12) 3.43(7)
C39 0,6107(7) 0,3707(3) 0,8525(2) 5,32(13)
C40 0,2292(3) 0,2956(2) 0,85944(9) 2,50(5)
C41 0,2745(4) 0,3448(2) 0,84311(11) 3,14(6)
C42 0,2643(3) 03513(2) 0,80431(12) 3,61(7)
C43 02127(4) 03121(3) 0,78028(11) 3,77(8)
Ca4 0,1689(4) 0,2641(2) 0,79812(10) 3,39(7)
C45 0,1742(3) 0,2555(2) 0,83699(10) 2,84(6)
C46 0,2039(4) 0,3209(3) 0,73806(12) 422(9)
C47 0,1054(4) 0,3541(3) 0,72612(11) 3,79(8)
C48 0,1634(4) 0,4543(3) 0,72876(12) 4.33(10)
C49 0,1539(4) 0,5138(3) 0,7461(2) 4,58(10)
C50 0,0291(4) 0,4209(2) 0,77466(11) 3,26(6)
C51 -0,0772(4) 0,3993(2) 0,76231(11) 3,33(6)
C52 0,0103(4) 0,3169(2) 0,73076(13) 4,02(3)
C53 20,0283(5) 0,5374(2) 0,73249(13) 3,93(8)
C54 -0,0084(4) 0,5947(3) 0,7133(2) 4,18(8)
C55 20,0153(4) 0,6019(3) 0,6762(2) 4,54(10)
C56 -0,0085(4) 0,4939(2) 0,82284(12) 3,49(7)
C57 20,0469(4) 0,5706(2) 0,86781(13) 3,88(8)
C58 0,0244(4) 0,5685(2) 0,90212(12) 3,24(6)
C59 0,0123(4) 0,6092(2) 0,93148(13) 3,71(7)
C60 0,0725(5) 0,6060(3) 0,9637(2) 4,69(10)
C61 0,1455(5) 0,5624(3) 0,9671(2) 4.88(11)
C62 0,1606(4) 0,5226(2) 0,9388(2) 4,18(9)
C63 0,1002(4) 0,5259(2) 0,90636(13) 3,41(7)
Co4 20,1668(5) 0,3054(3) 0,7500(2) 431(9)
C65 -0,1730(4) 02671(2) 0,7847(2) 3,60(7)
C66 20.2357(5) 0,2169(3) 0,7847(2) 5,02(11)
C67 -0.2466(5) 0,1859(2) 0,8184(2) 529(12)
C68 20,1899(4) 0,2027(2) 0,8494(2) 3,80(8)
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C69 -0,1275(4) 0,2516(2) 0,8462(2) 3,58(7)
C70 20,0814(4) 0,2561(2) 0,01611(12) 334(7)
C71 20,0222(3) 0,3131(2) 0,92553(11) 3,07(6)
C72 20,0325(4) 0,3292(2) 0,88304(12) 3,29(6)
C73 -0,0220(3) 0,4097(2) 0,95049(11) 2,87(6)
C74 -0,0689(3) 0,4520(2) 0,97953(12) 3,07(6)
C75 20,1122(3) 0,3691(2) 1,01965(11) 2,81(6)
C76 20,0647(3) 0,3288(2) 0,99046(10) 2,64(5)
C77 20,0963(3) 0,4678(2) 1,0486(2) 3,58(7)
C78 20,0344(5) 0,5233(3) 1,0504(2) 4.91(11)
C79 0,4788(8) 0,2282(3) 0,8201(3) 6,8(2)
C80 20,1914(5) 0,1814(3) 0,6753(2) 4,77(10)
C81 20,1845(7) 0,2308(4) 0,6471(2) 6,12)
C82 -0,2448(7) 0,1290(4) 0,6581(3) 7,7(3)
C83 0,2174(13) 0,7528(6) 1,1004(5) 142(7)
C84 0,284(3) 0,7610(8) 1,1401(4) 16,009)
C85 0,1134(11) 0,7816(6) 1,1022(5) 12,2(6)
2 0,3665 0,4881 1,0129 3,08
H5 0,3681 0,5247 1,1439 3,93
H5A 0,7255 0,6503 0,9629 4,14
H6 03211 0,4327 1,1214 331
H7A 0,3743 0,6288 1,1314 42
H7B 0,3769 0,652 1,0888 42

HS 0,5161 0,6841 1,1255 3,89
HIOA | 0,5709 0,7034 0,9998 591
HIOB | 0,6219 0,7591 1,0196 591
HIl 0,6213 0,5752 1,062 3,55
HI2A | 0,7831 0,577 1,091 3,83
HI2B | 0,7718 0,6455 1,0999 3,83
H14 0,0327 0,5757 0,8185 461
HI4A | 0,773 0,728 1,0672 5,51
HI4B | 0,857 0,6931 1,0426 5,51
H15 0,8437 07718 0,9956 6,03
HIGA | 0,8082 0,8287 1,0642 7,37
HI6B | 0,8458 0,859 1,042 737
HISA | 0,7604 0,5381 0,9394 437
HISB | 0,7671 0,5945 0,9126 437
H20 0,5317 0,5709 0,9627 495
H21 0,374 0,5418 0,9349 6,86
H22 0,3698 0,5129 0,8718 8,46
123 0,5211 0,5112 0,8352 7,01
H24 0,6762 0,5427 0,8624 5,76
H25A | 0,7111 0,5689 1,186 3,74
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H25B 0,8134 0,5822 1,1621 3,74
H27 0,8324 0,48 1,2022 5,27
H28 0,8555 0,3809 1,1874 6,12
H29 0,7895 0,3437 1,1306 3,84
H31A 0,6089 0,3268 1,0913 2,75
H31B 0,6973 0,3189 1,0586 2,75
H32 0,4987 0,3643 1,0432 2,58
H33A 0,6271 0,4643 1,0408 2,86
H33B 0,5494 0,4505 1,0762 2,86
H34A 0,5654 0,4498 0,9849 2,94
H34B 0,4856 0,3986 0,9745 2,94
H35A 0,5688 0,4309 0,9186 3,12
H35B 0,6795 0,4176 0,9371 3,12
H36A 0,6415 0,2614 0,9414 3,22
H36B 0,7242 0,3108 0,9524 3,22
H37A 0,5238 0,3013 0,9859 2,9
H37B 0,6288 0,2817 1,0065 2,9
H38A 0,6581 0,2937 0,8772 4,11
H38B 0,731 0,3478 0,8877 4,11
H39A 0,6137 0,4124 0,8588 6,38
H39B 0,5385 0,3588 0,8491 6,38
H39C 0,649 0,3636 0,8289 6,38
H41 0,3108 0,3727 0,858 3,77
H44 0,1337 0,236 0,783 4,07
H45 0,1411 0,2228 0,8484 34
H46A 0,2045 0,2823 0,7254 5,06
H46B 0,265 0,343 0,7291 5,06
H47 0,1125 0,3603 0,6981 4,55
H49A 0,206 0,5174 0,7666 3,5
H49B 0,1705 0,5434 0,7266 5,5
H50 0,0538 0,396 0,7962 3,91
HS51A -0,1248 0,4001 0,7843 4
H51B -0,1053 0,4258 0,7426 4
HS53A -0,0974 0,5379 0,7446 4,72
H353B -0,027 0,5055 0,7135 4,72
H54 0,0101 0,6274 0,7286 5,01
HS55A -0,0337 0,5699 0,6604 5,45
H55B -0,0019 0,6392 0,6653 5,45
HS57A -0,1085 0,5462 0,8731 4,66
H57B -0,0708 0,6114 0,8643 4,66
H59 -0,0378 0,6393 0,9292 4,45
H60 0,0638 0,6338 0,9835 5,63
H61 0,1859 0,56 0,9896 5,85

-103-




20245

H62 0,2118 0,4931 0,9413 5,02
H63 0,1108 0,4983 0,8868 4,1
H64A -0,1724 0,2804 0,7271 5,17
H64B -0,2266 0,3323 0,75 5,17
H66 -0,2698 0,2045 0,7622 6,02
H67 -0,2926 0,1537 0,8199 6,35
H68 -0,1933 0,1813 0,8725 4,56
H70A -0,0472 0,2202 0,9256 4,01
H70B -0,1552 0,2569 0,9235 4,01
H71 0,0511 0,3053 0,9329 3,69
H72A -0,0874 0,3582 0,8777 3,95
H72B 0,0335 0,3407 0,8709 3,95
H73A -0,0295 0,4262 0,9246 3,44
H73B 0,0526 0,4048 0,9557 3,44
H74A -0,0331 0,4902 0,978 3,69
H74B -0,1428 0,4584 0,9736 3,69
H75A -0,1048 0,352 1,0453 3,37
H75B -0,1868 0,3741 1,0143 3,37
H76A 0,0092 0,3227 0,9966 3,16
H76B -0,0997 0,2904 0,9914 3,16
H77A -0,0921 0,4475 1,0734 4,3
H77B -0,1697 0,4775 1,0438 4,3
H78A -0,0394 0,5439 1,0261 5,9
H78B 0,0381 0,514 1,0556 5,9
H78C -0,0615 0,5483 1,0707 5,9
H&0 -0,2334 0,1951 0,6974 5,72
HB1A -0,1421 0,2186 0,6254 7,36
HR1B -0,153 0,2649 0,6592 7,36
H81C -0,254 0,2409 0,6382 7,36
HE2A -0,251 0,0981 0,6773 9,25
H&2B -0,2044 0,1145 0,6365 9,25
H&2C -0,3139 0,1403 0,6493 9,25
H&3 0,2121 0,7108 1,0928 17,04
HB84A 0,2873 0,8026 1,1466 19,21
HR4B 0,3538 0,7457 1,1365 19,21
H84C 0,2495 0,7395 1,1606 19,21
HB5A 0,0801 0,7793 1,0772 14,65
H&5B 0,1217 0,8227 1,1095 14,65
HR5C 0,0705 0,7616 1,1211 14,65

Vi du thir nghi€ém 1: Do tin hiéu Wnt

pcDNA3.1(+) (invitrogen) dugc phin cit bang enzym gi6i han Bglll va Notl, va
doan ndi BEHKS c¢6 trinh tw dugc thé hién dudi dy (chira cac vi tri enzym giGi han Bglll,
EcoRI, HindIII, Kpnl, Sacl va Notl) dugc chén vao do, tir d6 tao ra plasmit pNeo-HKS.
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BEHKS-F 5'-gatctgaattcaagcttctcgagggtacctetagagagetege-3' (SEQ IDNO: 1)
BEHKS-R 5'-ggccgegagctctetagaggtaceetcgagaagettgaattca-3' (SEQ ID NO: 2)

Tiép theo, doan c6 chiéu dai khoang 2700 bp (chira trinh ty dép ing Wnt va gen
luciferaza), ma dugc tao ra biang cach phén cit tir TOPglow plasmit chira trong b
TOPglow/FOPglow TCF Reporter Kit (upstate Catalog#17-366) v6i enzym gi6i han HindIII
va Kpnl, dugc chén vao gitta HindIII va Kpnl trong pNeo-HKS, tir d6 tao ra plasmit pNeo-
TOP. Plasmit pNeo-TOP duoc dua vao ching t& bao than chiét xuét tir thai ngudi HEK293,
sau d6 hop chét dugc chon sir dung G418, va sau d6 ching dong t€ bao duoc thiét lap bang
phuong phép pha lodng gidi han. Chung dong t& bao duoc dua vao thir nghiém do tin hiéu
Wnt.

Ching dong té bao dugc cdy truyén trong moi trudng nudi cdy gidu glucoza D-
MEM (Wako Pure Chemical Industries, Ltd.) chita 10% FBS, va cac té bao trong pha ting
trudng dugc st dung trong thir nghiém. Cac té bao dugc gom bang cach sir dung trypsin-
EDTA, sb t& bao dugc dém, va sau d6 céc té bao duoc tao huyén phtt trong moi trudng nudi
chy gidu glucoza D-MEM chira 10% FBS d& s6 té bao thanh 2 x 10° té bao/mL. Huyén phu
t& bao dugc thém vao dia nudi cdy té bao 96 giéng (Greiner Bio-One Co., Ltd., sb san pham:
655083) v6i luong bing 0,1 mL/giéng va sau d6 duge nudi cdy qua dém trong 16 4 5% CO,
(37°C). Sau khi nuéi cdy, chét dé thir nghiém, ma da hoa tan trong DMSO, dugc pha lodng
v&i moi trudng nudi cdy gidu glucoza D-MEM chira 10% FBS va 80 mM LiCl dé tao ra
dung dich mAu. Dung dich mAu (0,1 mL) dugc thém vao mdi giéng va sau d6 dugc nudi cy
trong 1 1 CO, 5% (37°C) qua dém. Séu gits sau khi thém dung dich mau, chét ndi trén mt
dugc loai khoi mdi giéng, va sau d6 50 pL chét nén Bright-Glo™ Luciferaza (Promega, sb
san phém: F2620) dwoc thém vao dé. Tém duoc dat én thiét bi tron tAm trong vai gidy, va
sau d6 phat xa 4nh sang tir mdi giéng duoc do bing cach st dung thiét bi doc tAm
EnVision™ Multilabel (PerkinElmer Co., Ltd.). Ty 1€ hoat hoa tin hiéu Wnt (%) clia mdi
giéng duge xac dinh, va ndng do (ICs) can dé e ché hoat tinh tin hiéu Wnt cia chét nén
mong mubn & 50% dugc tinh todn, trong d6 do sang clia giéng ma dung dich miu khong
duoc thém vao dé va LiCl duge thém dugce x4c dinh bing 100% hoat tinh tin hiéu Wnt va do
séng cta giéng ma hoc 1a dung dich mau hogc LiCl khong duge thém vao duge xac dinh
bang 0% hoat tinh tin hiéu Wnt. Tl cac két qua clia thir nghiém, chimg minh dugc ring hop
chét theo sang ché da (e ché tin hiéu Wnt va c6 thé 4p dung lam téc nhén chita bénh ddi véi
c4c bénh bao gdbm ung thu va chimg viém.

Vi du thir nghiém 2: Panh gié tinh bn dinh chuyén héa

Chét thtr nghiém duge hoa tan trong DMSO sao cho ndng d dung dich thu duoc
béng 20 mM, va dung dich dugc pha logng vdi DMSO sao cho néng d6 dung dich thu dugrc
bang 1 mM. Tinh én dinh chuyén héa cta chét thir nghiém duoc danh gia bang céch sir dung
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vi lap thé gan ngudi (HLM) trong d6 gan nguoi ¢6 tu mau. Dung dich dém thir nghiém chira
0,2 mg/mL HLM, dung dich dém phosphat kali 0,1 M (pH 7,4), 0,1 mM EDTA, 0,33 mM
NADP+, 8 mM glucoza-6-phosphat, 0,1 U/ mL glucoza-6-phosphat dehydroaza, 6mM
MgCly, 0,1 pM chét thir nghiém (ndng do cudi trong DMSO: 0,01%) trong 0,15 mL thé tich
0 cubi. Mudi lam phit saukhi bit ddu phan tng & 37°C, 0,15 mL dung dich trdn l4n
axetonitril/metanol (7 : 3, theo thé tich) duoc thém vao dung dich dé két thic phan tng. Sau
khi ly tAm, chét ndi trén mit thu duge duge phan tich bing LC-MSMS, vimg dinh dugc so
sanh ¢6 hodc khong tao ra NADPH, va ty 1€ cén cia chét thur nghi¢ém dugc tinh toan.

Vi du thir nghiém 3: DPanh gid do tan

0,25 mL dung dich thir nghi€ém dé cap dudi day duoc thém 2,5 pl dung dich
DMSO ¢6 ndng dd hop chit bang 20 mM. Dung dich thu dugc duge Idc & nhiét do phong
trong khoang 15 phit (cac didu kién lc 12 nhw d& cap dudi day). Tiép theo, chat ndi trén mit
duge gom bang cach loc hut dudi ap suét giam. Dung dich DMSO ¢6 ndng do hop chét bing
200 1M dugc dung lam dung dich chudn, va ndng do ctia hop chét trong dich loc ma dugc
dinh lwong bang phuong phap HPLC-UV dugce ding 1a d§ tan (duoc lam tron tdng sb).
Trong dénh gié nay, do gié trj 200 pM trd thanh gioi han hoat dong trén, tht ca céc gia tri dinh
lugng 16n hon 200 uM duge xem 1a 200 M.

Dung dich thir nghiém: GIBCO (nhan hiéu dang ky) mubi dém phosphat Dulbecco (pH 7,
Life Technologies Corporation)
Céc didu kién Iic: thiét bj lc vi tim N-704 (Nissinrika Corporation), tc 40 6

Vi du thir nghiém 4: Thi nghiém PAMPA (thtr nghiém do thdm qua mang nhén tao
song song)

Dung dich thir nghiém (xem dudi ddy) dugc khudy trong khi ldc ¢ nhiét do phong
trong khodng 5 gi¢ st dung tAm PAMPA 96 giéng (BD Biosciences) trong d6 lipit dugc bao
truGe 1én mang polyvinyliden florua (PVDF) dé danh gia hé s thAm qua mang P, (cm/s) cta
mdi hop chét dugc hoa tan trong dung dich thir nghiém (ndng do: khoang 200 pM) khi
chuyén hop chét tir bén cho sang bén nhan qua mang lipit. Gié trj P, duoc tinh toén theo cic
phuong trinh 1 va 2, va ndng do ctia hop chét & bén cho va bén nhén duge do bang phuong
phap HPLC-UV. Trong 0,3 mL dung dich thir nghiém & bén cho chira khoang 1% (thé
tich/thé tich) DMSO, do 3 pL dung dich DMSO chira hop chét & ndng do bing 20 mM dugc
thém vao dung dich thir nghiém.

Dung dich thir nghiém: dung dich dém phosphat c6 gid tri pH bang 6,8 (90 mM phosphat, 48
mM NaCl, 5,4 mM KCl)
Céc diéu kién khudy: thiét b da lic MS-300 (AS ONE Corporation), 350 rpm

-106-



20245

p = -In[1 - CA(l)/Ccénbﬁng

€

A*UV +1V)*t
(duong lugng 1)
g Ch(t) % Vi + C, () x V,
cn bing
Vp+V,y

(duong luong 2)
Cp(t): hop chit ndng d6 trong giéng cho & thoi gian t
Ca(t): hop chit ndng d6 trong giéng nhan & thoi gian t
Vp: thé tich giéng cho (0,3 mL)
V,: thé tich giéng nhén (0,2 mL)
A: dién tich loc (0,3 cm?)

Hop chét s6 199 trong bang 3 trong tai liéu sang ché 1 duoc sir dung trong vi du so
sanh 1 va hop chit duoc mo ta trong céc vi du I-5 va I-7 trong tai liéu sang ché 3 dugc st
dung trong céc vi du so sanh 2 va 3, twrong Ung, va cac két qua ctia thir nghiém vé cac hop
chét nay duoc thé hién,

[Vidu so sanh 1]
(6S,9a8)-N-Benzyl-6-(4-hydroxybenzyl)-4,7-dioxo-8-((2-(4-(pyrrolidin-1-yl)piperidin-1-
yl)pyridin-3-yl)metyl)-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-¢][1,2,4]triazin-1-

carboxamit

[Vi du so sanh 2]
(6S,95)-N-Benzyl-6-(4-hydroxybenzyl)-2,9-dimetyl-4,7-dioxo-8-(quinolin-8-
ylmetyl)octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-1-carboxamit

.,

[Vi du so sanh 3]
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4-(((6S,98)-1-(Benzylcarbamoyl)-2,9-dimetyl-4,7-dioxo-8-(quinolin-8-ylmetyl)octahydro-
1H-pyrazino[2,1-c][1,2,4]triazin-6-yl)metyl)phenyl dihydro phosphat

L %{9
NNo
™

\Q 9
_P<
e
(@ o H
Céc két qua cia thir nghiém vé hop chat trong cac vi du, cac vi du tham khéo va cac

vi du so sanh trong cac vi du thir nghiém 1 dén 4 dugc thé hién trong bang 4.
[Bang 4]
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vi du thir nghiém1| vi du thir nghiém 2 | vi du thie nghiém 3 | vidu thte nghiém 4
IC 5 (?M) (%) (M) Pe (x10° cm/sec)
vi du tham khéo 1 0,06 47 197 2,01
vi duy tham khao 2 029 58 200 1,32
vi du tham khdo 3 015 54 200 1.33
vi du tham khao 4 0,06 44 199 2,03
vi dy tham khdo 5 0,082 39 200 1,18
vi du tham khao 6 0,25 55 195 127
vi duthamkhdo 7 0.095 29 189 277
vi du tham khdo 8 02 40 195 23
vi du tham khdo 9 0.15 34 194 1,38
vi du tham khéo 10 0,044 28 184 3,75
vi du tham khdo 11 0.039 26 192 255
vi du tham khdo 12 0,096 38 188 0,87
vi dutham khdo 13 0,14 56 200 052
vi du tham khao 14 027 69 197 0,39
vi du tham khdo 15 0,075 45 195 238
vi du tham khao 16 022 63 197 0,51
vi du tham khao 17, 0,21 60 195 0,89
vi du tham khéo 18 0,32 37 200 1,13
vi du tham khao 19 0,23 30 200 0,91
vi du tham khdo 20 0.061 23 197 217
vi du tham khao 21 0,063 23 200 1,47
vi du tham khéo 22 0,18 43 200 057
vi du tham khao 23 0,19 38 195 043
vi du tham khao 24 0,077 26 200 1,91
vi dy tham khdo 1 024 54 193 0,62
vi duthamkhao 2 0,33 51 195 065
vi dutham khao 3 0,11 50 199 055
vidutham khdo 4
0,15 34 198 0,68
vidy thamknéoS 013 22 181 225
vidythamkndo 019 28 190 17
vi du tham khdo 25 018
i dy tham khao 26 1.19
vi du tham khdo 27 04 57 199 1,04
vi du tham khao 28 0.38 55 198 095
vi dutham khdo 29 047 63 200
vidusosanh 1 232 529 97 1,34
vidy so sénh 2 0,33 06 122 0,85
vidusosanh3

Vi du thtr nghiém 5: Déanh gia d¢ tan (cac vi du 25 va 26)
Khoang 10 mg miu duge cin chinh xic va dit vao dng nghiém polypropylen 10-
mL, dung dich thr nghiém dugc thé hién dudi day duge thém vao d6 timg phén (0,1 mL)
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dén khi mau dugc hoa tan hoan toan. Khi dung dich thir nghiém dugc thém, dung dich trn
1an dugc khudy gidn doan trong khoang tir khoang 30 gidy dén 3 phut sir dung thiét bi tron
Vortex mdi lan dung dich thir nghiém dugc thém. D9 tan (mM) cia mau dugce tinh todn tir
lugng thém cia dung dich thtr nghiém cn thiét dén khi sy c6 mit cia vét liéu rin bit ky
khong quan st thdy bing mét thudng.

Dung dich thir nghiém: GIBCO (nhan hi¢u déng ky) (mudi dém phosphat Dulbecco c6 gia tri
pH bang 7, Invitrogen Corporation)

Céc gia tri d6 tan ctia cac vi du 25 va 26 dugce thé hién trong bang 5.

[Bang 5]
Cacvidy Do tan
25 124 mM hoéc hon
26 42 mM hoic hon va it hon 62 mM

Vi dy thir nghiém 6: Hiéu qua thoai héa polyp rudt non & chugt APC™™*

Gen APC (gen da polyp tuyén), nhén t6 diéu chinh suy bién tin hiéu Wnt, duoc goi
14 “gen triét ung thu dai tryc trang” va 1a gen giy ra polyp tuyén di truyén. Néu dot bién xay
ra trong gen APC, té bao niém mac dai truc tring bét dAu sinh s6i ngoai du kién d tao thanh
polyp dai truc trang ma ¢ thé goi 1a throng tdn trude ung thu. Do d6, duge biét 1 gen c6 vi
tri quan trong trong giai doan bt dAu ctia quy trinh khéi phat ung thur dai tryc trang.

Trong chudt ma gen APC bj dot bién (chudt APCY™"), nhidu polyp dugc phét trién
trong ving rudt gidng nhw bénh nhan polyp tuyén di truyén. Do d6, chudt hitu dung dé lam
1o co ché khoi phét hogic xAm nhap cla ung thu trén co s¢ tin higu WNT, va 1a mo hinh tiéu
chuén dugc st dung trong cic nghién ctru vé viéc phong bénh, chén don va diéu trj ung thu
dai truc trang.

Chudt APCMI* (C57BL/6J-APC<Min>/J Hetero, con céi, Sunplanet Co., Ltd.)
duoc tao nhdém sao cho trung binh trong lugng co thé chudt trong nhom la gn nhur giéng
nhém khéc vio ngdy cho ding thé: nhét. Chét phan tich dugc didu ché bing céch hoa tan chat
thir nghiém (hgp chét vi dy) trong HC1 0,1 N sao cho ndng do bang ndng do cho diing mong
mubn, va sau d6 duogc luu trit trong th lanh & 4°C. D8i v6i nhém dbi chimg (chét dan thube),
dung méi cho ding dugc cho ding theo duong mi¢ng dudi cling diéu kién nhu vat liéu thir
nghiém. Chét phén tich duoc cho ding lién tuc qua dudng miéng véi liu ding bang 50
mg/kg va 75 mg/kg hai 1an mdi ngdy trong 4 ngay, va ba ngdy sau nghi ding thude. Quy
trinh ndy duoc xé4c dinh 12 mdt chu ky, va viée cho ding dugc thuc hién trong 16 ngay tht ca
(tire 13, 4 ngay x 4 chu ky). Thir nghi¢ém dugc thyuc hién trén 6 dén 7 chudt mdi nhém. Lién
quan dén mdi trong sd cac nhém dbi chimg va nhém ding chit thir nghiém, gia tri trong
lugng co thé vao ngay cudi cling so véi trong lugng co thé vao ngay dau tién (tirc 13, trong
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luong co thé tuong d6i: RBW) dugc tinh todn. Nhém ding chét thir nghiém ma (RBW ctia
nhém dimng chét thir nghiém)/(RBW cita nhém ddi chimg) bang 0,8 hodc hon dugce xéc dinh
1a nhém c6 thé cho ding an toan. Lién quan dén nhém diing chét thir nghiém, s& Iuong polyp
thye t& sau khi cho ding chét thir nghiém va 13i tiéu chuén ctia s6 lugng thyc té so véi sb
luong polyp tong ddi chimg vao ngay cudi ciing (tte 13, ngdy thir 25tinh tir ngdy cho ding
thtr nhét) duge thé hién trén Fig.1. Trong thir nghiém nay, polyp dugc hinh thanh trong rudt
non va rudt két dugc tinh. Phan tich thdng ké (thir nghiém Dunnett) ctia nhém diing chét thir
nghi€m so v4i nhom déi chimg duogc thue hién, va gid tri P dugc bao cdo.
Vi du thr nghiém 7: Hiéu quéa chéng khdi u & mé hinh cy dudi da K562 nguoi

Pidu ché chiing té bao bénh bach ciu myeloid man tinh & ngudi K562 (ma da duge
nudi cdy trong moi trudong nudi cly 1éng RPMI-1640 dugc bd sung 10% FBS va
penixilin/streptomyxin) ma duogc diéu ché bang PBS (Wako Pure Chemical Industries, Ltd.;
Cat# 045-29795) ma mat do bing 2 x 10® t& bao/mL dugc trén v6i MATRIGEL (BD
Biosicence, Cat#: 354234) vdi ty 16 tron bang 1 : 1, tir d6 didu ché huyén phi té bao c6 mat
d6 bang 1 x 10® t& bao/mL. Huyén phu t& bao thu dugc duge cdy dudi da vao sudn phai clia
mdi trong sb cac chudt trui 16ng sdu tuan tudi (CAnN.Cg-Foxn1nw/CrlCrlj, con céi, Charles
River Laboratories Japan) véi lidu ding bang 100 pL. Bay ngay sau khi cy, dudng kinh
ngén hon va dudng kinh dai hon ciia khéi u dugc do bing thude kep hién thi sb dién tir
(Digimatic TM Caliper, Mitutoyo Corporation) dé tinh toan thé tich khdi u theo phwong trinh
sau day.

Thé tich khéi u (mm®) = (dudng kinh dai hon (mm)) x (dudng kinh ngén hon (mm))
x (dudng kinh ngén hon (mm))/2
_ Chudt dugc chia nhém theo gié tri trung binh cta thé tich khi u & chudt trong

nhém, ma dugc x4c dinh trén co s6 thé tich khéi u vao ngdy cho dung thr nhét . Chét phan

tich duoc didu ché bing céch hoa tan hop chit vi du trong HCI 0,1 N sao cho lugng liéu dimg
bang 10 mL/kg. Dung dich cho dung Dasatinib dugc didu ché bang cach hoa tan Dasatinib,
Free Base (LC Laboratories, Catalo s&: D-3307) trong dung dich nude trung cét Otsuka 1 :1
(Otsuka Pharmaceutical Co., Ltd., Cat#: 1324) va PROPYLENE GLYCOL (Wako Pure
Chemical Industries, Itd., Cat#: 164-04996) sao cho lidu ding bing 10 mL/kg. hop chét vi
du dugc cho dung theo dudng miéng lién tuc trong 5 ngay bt dAu tir ngdy thir nhat khi cho
dung thanh hai lidu chia m&i ngay (bid). Dasatinib dugc cho ding theo dudng miéng mdi lan
mdt ngay (qd) trong 5 ngay lién tuc, va nghi thudc hai ngay sau dugc thiét 1ap. Quy trinh nay
duoge xé4c dinh 14 mot chu ky, va viée cho dung duge thuc hén thanh hai chu ky tAt ca. Nhom
dbi chimg 1a nhém ma hop chét vi du bét ky dugc cho ding. Trong thir nghiém, mdt nhém
bao gdm 9 dén 10 chudt. Lién quan dén nhom ddi chimg, nhém ma chi cho ding hép chét vi
du, nhém ma chi cho ding Dasatinib, va nhém ma cho ding ¢4 hop chét vi du va Dasatinib
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(sau day goi la ‘nhém cho ding két hop’), thé tich khéi u va trong lugng co thé duoc do qua
thoi gian trong khoang tlir ngay thur nhét dén ngay th 28. Lién quan dén nhom dbi ching va
nhém ma chi cho diing hop chét vi du, viéc do dugc thuc hién trong khoang tir ngay thir nhét
dén ngay thtr 11. Trong mbi 14n do, thé tich khdi u (thé tich khéi u twong ddi: RTV) va trong
lugng co thé (trong lugng co thé twong d6i: RBW) dugc tinh theo céc gid tri cho ngay thir
nhét, va cac do thi duge xac dinh cho khoang thoi gian tir ngdy cho dung thir nhét dén ngay
thtr 28 duge thé hién trén cac Fig.2 va Fig.3. Ngoai ra, phin tich théng ké (thir nghiém
Dunnett) dugc thue hién 1én nhém ma cho ding ca hop chét vi du va Dasatinib so véi nhém
chi cho ding Dasatinib st dung gié tri RTV vao ngay 28, va nhém ma gid tri P bang 0,05
hogic nhé hon dugc danh déu sao (*). Ngoai ra, sb luong céc c4 thé trong d6 khéi u khong
quan sét dugc bang mét thuong va rat nhé (tic 13, ¢6 khdi u khdng 16 rang) vao ngay 28 cling
duoc thé hién trong bang 6. Vao thoi diém nay, phan tich thong ké (thir nghiém Fisher) dugc
thure hién trén nhom ma cho dung ¢4 hop chét vi du va Dasatinib so v6i nhom chi cho ding
Dasatinib, va nhém ma gid tri P bing 0,05 hodc nhé hon duge danh du sao (*) va nhém
trong do6 gid tri P béng 0,01 hodc nhé hon dugc danh céac dAu sao (¥**).

[Béng 6]
Hop chét cho diing sd luong céc ca thé trong d6 khoi u
khong quan st dugc bang mét thudng
/ tng s6 chudt
D6i chimg 0/10
Dasatinib Smg/kg 0/9
Dasatinib Smg/kg 10/10%**
+ Hop chét cia vi du 1 75mg/kg
Dasatinib Smg/kg 9/10%**
+Hop chét ctia vi du 1 50mg/kg
Dasatinib Smg/kg 6/10%*
-+ Hop chét ciia vi du 1 35mg/kg
Danh muc trinh ty
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YEU CAUBAO HQ
1. Hop chét duoc thé hién bdi cong thiic (1) hodc mudi duoc dung clia ching:

trong do R! 1a nhom C,4 alkyl; R? va R® 14 gibng hodc khéc nhau va mdi chiing 13 nguyén tir
hydro hodc nhém Cy.¢ alkyl; X2, X° va X* 1a gibng hogic khac nhau va mdi chung 1a nguyén
tr hydro hodc nguyén tir halogen; va X° 1a nguyén tir hydro hodc -P(=0)(OH),.

2. Hop chét hodc mudi duge dung ciia chiing theo diém 1, trong do6 R' 1 nhém metyl,
nhom etyl hodc nhom isopropyl.

3. Hop chét hoic mudi dugc dung ctia ching theo diém 1, trong d6 R?va R’ 1a gibng
hoic khac nhau va mdi chiing 1 nguyén tt hydro hodc nhém metyl.

4, Hop chét hoic mudi duge dung clia ching theo diém 1, trong d6 X* 1a nguyén tix
hydro hodc nguyén tir flo.

5. Hop chét hodc mudi dugc dung ctia chiing theo diém 1, trong d6 X 14 nguyén tir
hydro hodc nguyén it flo.

6. Hop chét hoic mudi duge dung ctia chiing theo didm 1, trong do X' 1a nguyén tir
hydro hodc nguyén it flo.

7. Hop chit hoic mudi duoc dung ctia chiing dwgc chon tir:

(6S,9a8S)-N-benzyl-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-6-((2-flo-
4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit,

(6S,9aS)-N-benzyl-8-((6-(3-(4-etylpiperazin- 1-yl)azetidin- 1-yl)pyridin-2-yl)metyl)-6-((4-
hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,24]triazin-1-carboxamit,
(6S,9a8)-N-benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-8-((6-(3-(4-metylpiperazin-1-
yD)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((3S)-3,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yDmety1)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
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(6S,9aS)-N-benzyl-8-((6-(3-((3R)-3,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yl)metyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((2S)-2,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yl)metyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro- 1 H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)-5-flopyridin-2-yl)mety1)-6-
((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((5-flo-6-(3-(4-metylpiperazin-1-yl)azetidin-1-yD)pyridin-2-yl)metyl)-6-
((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit,
(6S,9a8)-N-benzyl-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-y1)-8-((6-(3-(4-
(propan-2-yl)piperazin-1-yl)azetidin- 1-yl)pyridin-2-yl)metyl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit,
(6S,9a8)-N-benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-8-((5-flo-6-(3-(4-metylpiperazin-1-
yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin- 1-carboxamit,
(6S,9aS)-N-benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-8-((6-(3-
(4-(propan-2-yl)piperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-y1)-8-
((6-(3-(4-(propan-2-yl)piperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9a8)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-(4-etylpiperazin-1-
yDazetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin- 1-carboxamit,
(6S,9a8)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-(4-metylpiperazin-1-
yl)azetidin-1-yl)pyridin-2-yl)mety1)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((2S)-2,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yDmetyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-((3S)-3,4-
dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
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(6S,9aS)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-((25)-2,4-
dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin-1-carboxamit,
(68,9aS)-N-benzyl-8-((6-(3-((3S)-4-etyl-3-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yl)metyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(68,9a8S)-N-benzyl-8-((6-3-((3R)-4-etyl-3-metylpiperazin- 1-yl)azetidin-1-yl)pyridin-2-
yl)metyl-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((3S)-4-etyl-3-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yDmetyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((3R)-4-etyl-3-metylpiperazin- 1-yl)azetidin-1-yl)pyridin-2-
yDmetyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9a8S)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-((3S)-4-etyl-3-
metylpiperazin- 1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][1,2,4]triazin- 1 -carboxamit,
(6S,9a8S)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-((3R)-4-etyl-3-
metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-y1)-
octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9a8S)-N-benzyl-8-((6-(3-((3R)-3,4-dimetylpiperazin-1-yl)azetidin-1yl)-5-flopyridin-2-
yl)metyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
4-(((6S,9a8)-1-(benzylcarbamoyl)-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro- 1H-pyrazino[2,1-c][1,2,4]triazin-6-
yl)metyl)-3-flophenyl dihydro phosphat, va,
4-(((68,9aS)-1-(benzylcarbamoyl)-8-((6-(3-(4-etylpiperazin- 1-yl)azetidin-1-yl)pyridin-2-
yl)metyl-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin-6-
yl)metyl)phenyl dihydro phosphat.

8. Hop chét hoic mubi dugc dung ciia chiing dugc chon tir:
(6S,9aS)-N-benzyl-8-((6-(3-(4-etylpiperazin-1-yl)azetidin- 1-yl)pyridin-2-yl)metyl)-6-((2-flo-
4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit,
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(6S,9aS)-N-benzyl-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-6-((4-
hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro- 1H-pyrazino[2,1-
c][1,2.4]triazin-1-carboxamit,
(68,9aS)-N-benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-8-((6-(3-(4-metylpiperazin-1-
yl)azetidin-1-yl)pyridin-2-yl)mety!)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin- 1 -carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((3S)-3,4-dimetylpiperazin-1-yl)azetidin- 1-yl)pyridin-2-
yDmetyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((3R)-3,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yl)metyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((2S)-2,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yDmetyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(68S,9aS)-N-benzyl-8-((5-flo-6-(3-(4-metylpiperazin- 1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-6-
((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit,
(68,9a8S)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-8-
((6-(3-(4-(propan-2-yl)piperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9a8)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-(4-etylpiperazin-1-
yD)azetidin-1-yl)pyridin-2-yl)mety1)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9a8)-N-benzyl-8-((6-(3-((2S)-2.4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yl)metyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-((3S)-3,4-
dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9aS)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-((25)-2,4-
dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][1,2,4]triazin- 1-carboxamit,
(6S,9aS)-N-benzyl-8-((6-(3-((3S)-4-etyl-3-metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yDmetyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino|2,1-c][1,2,4]triazin- 1-carboxamit,
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(6S,9aS)-N-benzyl-8-((6-3-((3R)-4-etyl-3-metylpiperazin-1-yl)azetidin- 1-yl)pyridin-2-
yl)metyl-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
(6S,9a8)-N-benzyl-6-((2,6-diflo-4-hydroxyphenyl)metyl)-8-((6-(3-((3S)-4-etyl-3-
metylpiperazin-1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-
octahydro-1H-pyrazino[2,1-c][1,2,4]triazin-1-carboxamit,
4-(((6S,9aS)-1-(benzylcarbamoy!)-8-((6-(3-(4-etylpiperazin- 1-yl)azetidin-1-yl)pyridin-2-
yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin-6-
yl)metyl)-3-flophenyl dihydro phosphat, va
4-(((6S,9aS)-1-(benzylcarbamoy!)-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-yl)pyridin-2-
yl)metyl-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-c][ 1,2,4]triazin-6-
yl)metyl)phenyl dihydro phosphat.

9. (6S,9aS)-N-Benzyl-8-((6-(3-(4-etylpiperazin- 1-yl)azetidin-1-yl)pyridin-2-yl)metyl)-
6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en- 1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-1-carboxamit hodc mudi duoc dung ciia chiing:

H N
©\/N\fo N(\
vNa

10. (68,9aS)-N-Benzyl-8-((6-(3-(4-etylpiperazin-1-yl)azetidin- 1-yl)pyridin-2-yl)metyl)-
6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2.4]triazin-1-carboxamit hogc mubi duoc dung ctia chiing;

11. (6S,9aS)-N-Benzyl-6-((2-flo-4-hydroxyphenyl)metyl)-8-((6-(3-(4-metylpiperazin-1-
yD)azetidin-1-yl)pyridin-2-yl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit hodc mubi duge dung ciia ching;
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12. (6S,9aS)-N-Benzyl-8-((6-(3-((3S)-3,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-
2-yDmetyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit hodc mudi dugc dung cua chung:

vN,

F OH

13. (6S,9aS)-N-Benzyl-8-((6-(3-((3R)-3,4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-
2-yDmetyl)-6-((2-flo-4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit hodc mubi dugce dung clia ching;:

14. (6S,9aS)-N-Benzyl-8-((6-(3-((2S)-2.4-dimetylpiperazin-1-yl)azetidin-1-yl)pyridin-
2-yl)metyl)-6-((4-hydroxyphenyl)metyl)-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-
pyrazino[2,1-c][1,2,4]triazin-1-carboxamit hodc mudi dugc dung clia ching;
Lo Y
N
%/\N,\Nf N/\(Nj/N/j
|
H(N\s/&o ~
0] =\©
OH
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15. 4-(((68S,9aS)-1-(Benzylcarbamoyl)-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-
yl)pyridin-2-yl)metyl)-4,7-dioxo-2~(prop-2-en-1-yl)-octahydro- 1H-pyrazino[2,1-
c][1,2,4]triazin-6-yl)metyl)-3-flophenyl dihydro phosphat hodc mudi duoe dung ciia chiing:

L S8

O
1 N NT

Zz ZT

08
P
F OleH

16. 4-(((6S,9aS)-1-(Benzylcarbamoyl)-8-((6-(3-(4-etylpiperazin-1-yl)azetidin-1-
yl)pyridin-2-yl)metyl-4,7-dioxo-2-(prop-2-en-1-yl)-octahydro-1H-pyrazino[2,1-
c][1,2,4]triazin-6-yl)metyl)phenyl dihydro phosphat hodc mudi duoc dung ctia ching:

17. Ché phém dugc chtra hop chit hoac mubi duoc dung ciia chiing theo bt ky trong s6

cac diém tir 1 dén 16.
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