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trong do Ri, Rz, R3, R4, Rs, A, B, va Y 1a nhu dugc mo ta trong ban mo ta, mudi dugc
dung cta nd. Cac hop chit va mudi nay 1a hiru ich dé diéu trj bénh nhdn mic ung thu.

Sang ché cling dé xuat dugc pham bao gom hop chat nay hoac mudi duge dung cia no.
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Linh vuwe k§ thuét dwge dé cap

Sang ché dé cap dén cac hop chat di vong ba vong va mudi duge dung ctia no,
duoc phdm bao gdm cac hop chét va mudi nay, va phuong phap sir dung cic hop chét
va mubi nay dé diéu tri bénh ung thur vi du nhw ung thu phoi, ung thu dai truc trang,
ung thu tuyén tuy, ung thu bang quang, ung thu cd, ung thu mang trong tir cung, ung
thu budng trimg, ung thu ng mat hodc ung thu thuc quan.
Tinh trang ky thuit ciia sing ché

Con dudng tin hiéu MAPK/ERK chuyén tiép cac kich thich ngoai bao dén nhan,
do d6 diéu chinh c4c dap Gng da dang cia té bao bao gom ting sinh, biét hoa va chét
theo chuong trinh cua té bao. Protein KRas 14 chat khéi dau cta 16 trinh tin higu
MAPK/ERK va c6 chirc nding nhu mot cong tac chiu trach nhiém tao ra su phéan chia
té bao. O trang thai bat hoat, KRas lién két véi guanosin diphosphat (GDP), gtii tin
hiéu tiéu cuc mot cach hiéu qua dé ngan chan su phan chia té bao. Dé dap tmg v6i tin
hiéu ngoai bao, KRas dugc kich hoat di tng cho phép trao d6i nucleotit trong GDP
thanh guanosin triphosphat (GTP). O trang théi hoat dong gin két voi GTP, KRas thu
nhan va kich hoat cac protein can thiét cho viéc truyén tin hiéu do yéu té ting truéng
gdy ra, cling nhu céc thu thé tin hiéu té bao khac. Vi du vé cac protein dugc KRas-
GTP thu nhén 1a c-Raf va PI3-kinaza. KRas, véi tu cach 1a mot GTP-aza, chuyén dbi
GTP bi rang budc tré lai GDP, do do6 tu trd vé trang thai bt hoat va truyén tin hiéu lai
dé ngan chan sy phan chia té bao. Mirc tang KRas ctia cac dot bién chirc nang cho thay
mutc do lién két GTP tang 1én va giam kha nang chuyén doi GTP thanh GDP. Két qua
la tang tin hiéu MAPK/ERK thuc ddy su phat trién cia t& bao ung thu. Céc dot bién
sai nghia cia KRas tai codon 12 1a nhitng dot bién phd bién nhét va 1am giam ro rét
hoat dong cua GTPaza.

Céac dot bién KRas gy ung thu da dugc xac dinh trong khoang 30% céc truong
hop ung thu ¢ nguoi va da dugce chimg minh 1a ¢6 kha nang kich hoat nhiéu con duong
truyén tin hiéu xu6i dong. Bat chép su phd bién cta cac dot bién KRas, né van 1a mot

dich diéu tri kho khan. (Cox, A.D. Drugging the Undruggable RAS: Mission Possible?
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Nat. Rev. Drug Disc. 2014, 13, 828-851; Pylayeva-Gupta, y et al. RAS Oncogenes:.
Weaving a Tumorigenic Web. Nat. Rev. Cancer 2011, 11, 761-774).

W02015/054572 va WO2016/164675 boc 16 mot sb din xuét quinazolin co
kha ning gin két véi KRas G12C. WO2016/044772 ciing boc 16 cac phuong phép su
dung cac din xuit quinazolin nhu vay. W02020/0081282 boc 1§ chét uc ché KRas
G12C. WO2018/206539 vA W02020/178282 boc 16 mot sb hop chit heteroaryl nhat
dinh ¢6 kha nang lién két véi protein KRas G12C RAS.

VAn c6 nhu cdu cung cip cac chat e ché KRas phén tir nho thay thé. Dac biét,
can phai cung cip nhiéu hon céc chat trc ché KRas c¢6 thé phan phdi qua dudng ubng,
hitu ich dé diéu tri ung thw. Dac biét hon, can cung cap cac chét @c ché phan tir nho
{rc ché dic hiéu hoat tinh cia KRas GTP. Ciing can cung cip cic chét e ché KRas
phan tir nhd thé hién hiéu qua cao hon & cing muc hoat dong trc ché Kras hodc giam.
Hon nita, c6 mong mudn cung cép cac chét (rc ché KRas thé hién cac dic tinh duoc
dong hoc/duge luc hoc tdt hon. Ngoai ra, can phai cung cép nhiéu chét uc ché KRas
manh hon thé hién hiéu qua ting 1én v6i céc tac dung khong mong mudn hodc khong
mong muén dugce gidm hodc giam thiéu. Sang ché giai quyét mot hodc nhiéu nhu cau
nay bang cach cung cAp cac chét tc ché KRas méi.

Ban chit k§ thuit ciia sang ché

Séang ché dé xuit hop chat c6 cong thuc I:

Ry

Cong thire I
hoac mudi duoc dung cia no, trong do:
A 12 -OCHa-, -N(R6)CHa-, -OCH>CHa-, -N(R6)CH2CH,-, -CH,OCH»-, hoac -
CH2N(R¢)CHa-;
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B 1a -CHaz- hoac -C(O)-;
Y 1a -C(CN)- hodc -N-;

R; 13 -CN, -C(O)C=CRs, hodc nhém c6 cong thirc

Rz 1a H, metyl, hodc -CH2CN;

mdi gbc R3 va Rs ddc 1ap 1a H, halogen, -Co.3 alkyl-xyclopropyl, -Ci.¢ alkyl tuy
¥ duoc thé 1-3 14n bing Rio, hodc -O-Ci.6 alkyl tily y dugc thé 1-3 1an bang Rio;

R4 12 H, halogen, hodc -Ci.6 alkyl tuy y duoc thé 1-3 1an bang Rio;
Re 12 H hoac -Ci6 alkyl tuy y duoc thé 1-3 14n bang Ryo;

R 14 H, halogen, -NR1 Rz, -CHsNRiiR1», -Ci6 alkyl tity ¥ duge thé 1-3 1an
bang Rio hodc Ris, -Co-3 alkyl xyclopropyl, hoac -O-Ci.6 alkyl tuy y duge thé 1-3 lan
bﬁng Rio hodc Rys;

Rg 1a H, -C 1.4 alkyl thy ¥ duoc thé 1-3 1an bang Rio, hodc -Cs.6 xycloalkyl tiry y
duoc thé 1-3 14n bang Rio;

Ry 12 H, halogen, -CN, -Cy.3 alkyl-Cs.6 xycloalkyl, hodc -Ci.6 alkyl tuy y dugc
thé 1-3 14n bang Rio;

Rio tai mdi 14n xuét hién doc 14p 1a halogen, oxygen, hydroxy, -Ci.4 alkyl, hodc
-O0-Ci4 alkyl;

mdi gbc Ri1 va Riz doc 1ap 1a H, -Ci.4 alkyl, hodc -C.4 heteroalkyl, trong d6
Ri1 va Ryz ¢6 thé két hop dé tao thanh heteroxycloalkyl; va

Ry tai mdi 14n xuét hién doc 1ap 1a -N-C .4 alkyl.

Nhu duge st dung trong ban mo ta nay, thuét ngit halogen nghia la flo (F), clo
(Cl), bromo (Br), hoic iodo (I). Nhu dugc sir dung trong ban mo ta nay, thudt ngi

alkyl c6 nghia la gbc hydrocacbon héa tri mot, mach thang hodc nhanh bao hoa c6 mot
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dén sau nguyén tir cacbon, vi du, “-Ci-¢ alkyl.” Vi du vé alkyl bao gom, nhung khong
chi gi6i han &, metyl, etyl, propyl, 1-propyl, isopropyl, butyl, pentyl, va hexyl. Nhu
duoc sir dung trong ban md ta nay, thuat ngit heteroalkyl c6 nghia 1a gbc hydrocacbon
héa tri mot, mach thang hodc nhanh bao hoa c6 chitra hai dén nam nguyén tr cacbon
va {t nhat mot nguyeén tir khéc loai, vi du, “-Ci-4 heteroalkyl.” Nhu dugc st dung trong
ban mo ta nay, thuat ngit xycloalkyl c6 nghia 14 phan tir dang vong hoa tri mot bao
hoa c6 ba dén sau nguyén tir cacbon, vi du, “-Cs xycloalkyl.” Vi du vé nhém
xycloalkyl bao gdm, nhung khong chi gigi han 6, xyclopropyl, xyclobutyl,
xyclopentyl, va xyclohexyl. Nhu dugc sir dung trong ban md ta nay, thuat ngr
xycloheteroalkyl c6 nghia 1a phan tir dang vong hoa tri mot béo hoa ¢ hai dén nam
nguyén tir cacbon va it nhét mét nguyén tir khac loai, vi du, “-Cs.¢ xycloheteroalkyl.”
Vi du vé& nhom xycloheteroalkyl bao gdém, nhung khong chi gi6i han &, pyrolidin,
piperidin, imidazolidin, pyrazolidin, va piperazin.

Trong trudng hop sé 0 dugc thé hién, vi du, -Co-3 alkyl-Cs.6 xycloalkyl, thanh
phan alkyl cia nhém thé c6 thé ving mat, do do, néu Ro ctia Cong thuc 1 1a nhom
xyclopropyl khong c6 alkyl dan, phan tir thé nay c6 thé duge mo ta bang phén tir thé -
Co.3 alkyl-xyclopropyl nhu duge mo ta dbi voi Re (nghia 1a, nhém thé nay c6 thé la -
Co-xyclopropyl).

V& Ry1 va Ry, hai nhom nay c6 thé két hop véi nguyén tir nito ma chung gin
vao khi dac tinh héa hoc cho phép dé tao thanh heteroxycloalkyl. Vi du vé nhém
heteroxycloalkyl bao gdm, nhung khong chi gigi han &, piperidin, piperazin, va
morpholin.

Theo mdt phuong 4n, sang ché dé xuét hop chét co Cong thirc la:

Ry

Cong thuc Ia

4
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trong d6 Ri, R2, R3, R4, Rs, A, B, va Y 1a nhu duge xac dinh trén day, hodc mubi duge
dung cuia no.

Theo mot phuong an, sang ché d& xuét hop chit c6 Cong thirc I hogc Ia, trong
d6 A 1a -OCHa-, -N(R6)CH,-, -OCH2CHa-, -N(R6)CH2CH»-, hoac mudi duoc dung cua
né. Theo phuong an khéc, sdng ché dé xuét hop chat c6 cong thic I hoac Ia, trong do
A 12 -OCH»- hodc -OCH>CHb»-, hoac mudi duoc dung cta n6. Theo phuong an khac
nira, sang ché dé xuit hop chét c6 cong thirc I hodc Ia, trong d6 A 1a -OCH>CHo-, hoac
mudi duoc dung ctia noé.

Theo phuong &n khéc, sang ché d& xuét hop chit c6 Cong thirc I hodc Ia, trong
do B 1a -C(O)-, hodc mubi dugc dung cia no.

Theo phuong an khac, sang ché d& xuét hop chit c6 Cong thirc I hodc Ia, trong
do Y 1a -C(CN)-hoac mubi dugc dung ctia né.

Theo phuong an khéac, sang ché d& xuét hop chat c6 Cong thirc I hodc Ia, trong
do Y 1a -N-, hoac mubi dugc dung cua no.

Theo phuong an khac, sang ché d& xuét hop chit c6 Cong thirc T hodc Ia, trong
doé Ry 1a -CN, -C(O)C=CRg, hodc mubi dugc dung ctia nd. Theo phuong 4n khac nira,

sang ché dé xuét hop chat c6 Cong thirc I hoac Ia, trong d6 Ry 1a nhém c6 cong thirc

Rg

hodc muodi dugce dung cua no.

Theo phuong an khéac, sang ché dé xuit hop chét c6 Cong thure I hodc Ia, trong
d6 R; 12 H hodc metyl, hodc mudi duge dung cua nd. Theo phuong 4n khic nita, sang
ché dé xuét hop chét c6 Cong thtre I hoac Ia, trong do R, 1a H, hoac mubi duogc dung
cua no.

Theo phuong &n khac, sang ché d& xuét hop chat c6 Cong thirc I hodc Ia, trong
d6 Rs 1a H, halogen, metyl, metoxy, etyl, isopropyl, hodc xyclopropyl, hoac mudi dugc
dung cta no. Theo phuong 4n khac nira, sang ché dé xuét hop chéat c6 Cong thirc I

hodc Ia, trong do Rs 1a halogen, (tét hon 1a F hodc Cl), hodc mudi duge dung cua no.
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Theo phuong an khac, sang ché d& xuit hop chét c6 Cong thic I hodc Ia, trong
dé R4 1a H hoac halogen, hoac mudi duge dung ctia né. Theo phuong an khac nira,
sang ché dé xuat hop chét c6 Cong thirc I hoic Ia, trong d6 R4 12 H hodc F, hoac mudi
dugc dung cua no

Theo phuong 4n khéc, sang ché dé xuit hop chat c6 Cong thire I hodc Ia, trong
d6 Rs1a halogen (t6t hon 14 Cl) hodc mudi duoc dung ctia no.

Theo phuong an khac, sang ché d& xuit hop chét co cong thirc I hodc Ia, trong
dé Re 1a H hoac CHs, hoac mubi duogc dung cta no.

Theo phuong 4n khac, sang ché dé xut hop chat c6 Cong thirc I hogc Ia, trong
d6 Ry 1a H, F, Cl, -CH,F, -CF3, hoac -CH>OH, hodc mudi dugc dung cua né. Theo
phuong an khéc nita, sang ché d& xut hop chat c6 Cong thirc I hodc Ia, trong d6 Ry 1a
H, hoac mudi duge dung cua no.

Theo phuong an khac, sang ché dé xuit hop chét c6 Cong thire I hodc Ia, trong
d6 R; 1a H, -CHF,, -CH.F, -CH,OH, -CH:OCHj;, -CH:N(CHs3), hodc
-CH; -morpholin, hoac mudi duoc dung ctia nd. Theo phuong 4n khac nita, sang ché
dé xuét hop chét co Cong thurc T hoac Ia, trong d6 R7 1a H, hoac mubi dugc dung cua
no.

Theo phuong én khéc nita, sang ché d& xuét hop chit c6 Cong thirc I hoic Ia,
trong d6 Ro 1la H va Ry la H, -CHF,, -CHF, -CH,OH, -CH>OCH;,
-CH,N(CHz)2, hodc -CHaz -morpholin, hodc mudi dugce dung ctia noé.

Theo phuong &n khéc nira, sang ché d& xuit hop chit c6 Cong thirc I hoic Ia,
trong d6 Ro 1a H, F, Cl, -CH2F, -CF3, hoac -CH20OH va Ry1a H, hoac mudi duogc dung
cua no.

Theo phuong an khdc nira, sang ché d& xuit hop chit c6 Cong thirc I hodc la,
trong do6 ca hai R7 va Re 1a H, hodc mudi duoc dung ciia noé.

Theo phuong an khéc nira, sang ché @& xuét hop chit c6 Cong thic I hodc Ia,
trong d6 Ry 1a -CN, -C(O)C=CRs va Rg 1a H, metyl, -CHF, hodc -CH.OH hoac mubi

duoc dung cua no.

Theo phuong an khéac nira, sang ché @& xuét hop chit c6 Cong thic I hodc Ia,

trong d6 Ry 1a nhém c6 cong thirc
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Ro

va ca hai R7 va Ry 1a H, hodc muoi dugc dung cua no.

Theo phuong an khéc nira, sang ché d& xuét hop chét c6 Cong thirc I hoic Ia,

trong d6 R 1a nhom c6 cong thie

va Ry la tert-butyl va Re 12 -CN, hoic mudi duge dung ctia no.

Theo phuong an khéc nira, sang ché @ xuét hop chat c6 Cong thirc I hogc Ia,
trong d6 A 1a -OCHa-, -N(R¢)CHa-, -OCH2CHa-, -N(R6)CH2CHb-, va B 1a -C(O)-, hodc
mudi duoc dung ctia noé.

Theo phuong an khac nita, sang ché d& xuét hop chét c6 Cong thirc I hoic Ia,
trong d6 A 1a -OCHaz- hodc -OCH2CH,- va B la -C(O)-, hoac mudi duge dung cua no.

Theo phuong an khac nita, sang ché d& xuét hop chét c6 Cong thirc I hoic Ia,
trong d6 A 1a -OCH,CH>- va B 1a -C(O)-, hodc mudi duoc dung ctia no.

Theo phuong an khac nira, sang ché d& xut hop chéat c6 Cong thic I hogc Ia,
trong d6 A 13 -OCHa-, -N(R¢)CHaz-, -OCH2CHa-, -N(R6)CH2CHz-, B 1a C(O) va Ra la
H hodc -CH3s, hoac mudi dugc dung cta no.

Theo phuong an khéc nira, sang ché d& xuit hop chat c6 Cong thuc I hogc Ia,
trong d6 A 1a -OCHa- hoac -OCH2CHa-, B 1a -C(O)- va Rz 1a H hoac metyl, hodc mudi
duoc dung cua no.

Theo phuong an khéc nira, sang ché d& xuét hop chét c6 Cong thire I hodc Ia,
trong d6 A 1a -OCH>CH»-, B 1a -C(O)- va Rz la H hodc metyl, hoac mudi duogc dung

cua no.
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Theo phuong an khéc nira, sang ché @ xuét hop chit c6 Cong thic I hoic Ia,
trong d6 A 1a -OCHa-, -N(R¢)CHa-, -OCH2CHa-, -N(Rs)CH2CHz-, B 12 -C(O)- va Ry
1a H, hodc mudi duoc dung cua no.

Theo phuwong an khac nita, sang ché d& xuét hop chit c6 Cong thie I hoic Ia,
trong d6 A 1a -OCH»- hoac -OCH>CHa-, B 1a -C(O)- va R» 1a H, hoac mubi dugc dung
cua no.

Theo phuong &n khac nira, sang ché @& xuét hop chit c6 Cong thic I hoic Ia,
trong d6 A 1a -OCH,CHa-, B 1a -C(O)- va Rz 1a H, hoac mubi duoc dung cua no.

Theo phuong &n khac nira, sang ché @ xuét hop chit c6 Cong thic I hoic Ia,
trong do A la -OCH2CHz- va R» 1a H hodc metyl, hoac mudi duoc dung ctia no.

Theo phuong &n khac nita, sang ché @& xuét hop chit c6 Cong thirc I hodc Ia,
trong d6 A 1a -OCH2CHa- va R 12 H, hoac mubi duge dung cua no.

Theo phuong &n khéc nita, sang ché d& xuét hop chit c6 Cong thirc I hoic Ia,
trong d6 B 1a -C(O)- va Ry 1a H hodc metyl, hoéc mudi duoc dung ctia no.

Theo phuong &n khéc nita, sang ché d& xuét hop chit c6 Cong thirc I hoic Ia,
trong d6 B 1a -C(O)- va R, 1a H, hoac mudi duge dung cuia no.

Theo phuong &n khac nita, sang ché d& xuét hop chit c6 Cong thirc I hoic Ia,
trong do mf)i‘géc R; va Rs doc 1ap duoc chon tir H, halogen hodc metyl, hoac mudi
dugc dung cua no.

Theo phuong &n khac nita, sang ché d& xuit hop chit c6 Cong thirc I hogc Ia,
trong d6 R3 hodc Rs 1a halogen, hodc mudi duoc dung ciia no.

Theo phuong &n khac nita, sang ché d& xuét hop chit c6 Cong thirc I hodc Ia,
trong do R3 va Rs 1a halogen, hoac mudi dugc dung ctia né.

Theo phuong &n khéc nita, sang ché d& xuét hop chit c6 Cong thirc I hogc Ia,
trong do mdi géc R3 va Rs doc 14p dugc chon tir F hodc Cl, hodc mubi duoc dung cua
no.

Theo phuong &n khac nita, sang ché dé xuét hop chit c6 Cong thirc I hoac Ia,
trong d6 Y 1a -C(CN)- va R4 1a H hodc halogen (t6t hon 12 F hodc Cl), hoac mudi duoc

dung cua no.
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Theo phuong an khéc nita, sang ché @& xuét hop chat c6 Cong thirc I hodc Ia,
trong d6 Y 1a -N- va R4 1a H hodc halogen (tét hon 1a F hoac Cl), hoac mudi duge dung
cua no.

Theo phuong an khéc nita, sang ché @& xuét hop chat c6 Cong thirc I hodc Ia,
trong d6 Y 1a -C(CN)-, va mdi gbc R3 va Rs doc 1ap duge chon tir metyl hodc halogen,
hoac mubi duoc dung cua no.

Theo phuong an khac nira, sang ché dé xuét hop chét co6 Cong thirc I hodc Ia,
trong d6 Y 1a -C(CN)-, va mdi gbc R3 va Rs 1a halogen (t6t hon 1a F hoac Cl), hodc
mudi dugc dung ctia né.

Theo phuong an khac nita, sang ché d& xuit hop chit c6 Cong thirc I hoic Ia,
trong d6 Y 1a -N-, mdi géc R3 va Rs doc 1ap dugc chon tir metyl hodc halogen, hodc
mudi duoc dung ctia né.

Theo phuong an khac nira, sang ché d& xuit hop chat c6 Cong thire I hogc Ia,
trong d6 Y 1a -N-, mdi gbc R3 va Rs 1a halogen (t6t hon 1 F hodc Cl), hodc mudi dugc
dung cua no.

Theo phuong an khac nita, sang ché d& xuit hop chat c6 Cong thire I hogc Ia,
trong d6 A la -OCHz-, -OCH>CHz-, -N(R¢)CH2CHz-, -CH>OCH-, hoac -
CH2N(R6)CHz; B 1a -CHa- hodc -C(O)-; Y la -C(CN)- hodc -N-; Ry la -CN, -
C(O)C=CRg, hodac nhom c6 cong thirc

Re

R 1a H hodc metyl; mbi géc Rs vaRs1a H, F, Cl hodc metyl; R4 1a H hodc F; Re 1a H
hodc metyl; R; 1a H, -CHF,, -CHaF, -CH,OH, -CH,OCHj3, -CHoN(CHs)z, -CHo-
morpholin hodc tert-butyl; Rg 1a metyl, -CHaF hodc -CH>OH; vaRo 1a H, F, Cl, -CHyF,
-CF3, -CH>OH hodc CN; hodc mubi dugce dung ctia né.

Theo phuong an khac nita, sang ché @& xuét hop chit c6 Cong thire I hodc la
trong d6 A 1a -OCHa- hodc -OCH2CHy-; B 1a -CHa- hodc -C(0)-; Y 1a -C(CN)- hoac -
N-: mdi gbc Ra, Rz, va Rg 1a H; R4 1a H hoac halogen; mdi gbe Rs va Rs 1a halogen;

hodac muoi dugc dung cua no.
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Sang ché con dé xudt hop chat c6 cong thire II:

o)

cl O"’\)m(\N )ﬁ

R N\V/J
N CN
s%/\

X O
Cong thuc II
Sang ché con dé xuit hop chét c6 Cong thirc Ila:

H,N H,N CN
>=N —
éjii:];a S

F F

hodc mudi dugc dung cta no.

Ho

trong do R 1a
X 1a Cl hoac F;

, hodc

vam la 1 hodc 2.

O

X O

Cong thuc Ila

H-oN H-oN CN
>:N —

S i y S

F F

hodc muodi duge dung cta no.

H»

N CN
s%/\

Cach khac d& mé ta hop chét c6 Cong thic IT 1a bang Cong thirc Ib:

trong do R 1a
X 1a Cl hodc F;

, hodc

vam la 1 hodc 2.
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O\\‘/\

N

A

A
*Y]C' e
R4 Rs

Cong thuc Ib
hodc mudi duogc dung cua no, trong do:

A 1a -OCH»- hoac -OCH>CHo»-;

Y la -C(CN)- hodc -N-;

Rz 1a Clhoac F;

R4 1a H hoac F khi Y 1a C(CN); va

R4 13 F khi Y 1a N.
Cach khac dé mo ta hop chit c6 Cong thire I1 12 bang Cong thire Ib, trong d6 A

la

Ojﬁ, O
R hodc L, /)"

Sang ché con dé xuét hop chat duoc chon tir hop chat bat ky trong sb cac hop
chét c6 Cong thac II-VI duéi day:

Céng thire 111 Céng thire IV
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A~
HoN CN I N
= O
S
S
F
5 hOéC >
Cong thirc V Cong thuc VI

hodc mudi duoc dung cua no.

Theo dang khéc, sang ché d& xuét hop chit c6 Cong thirc I1I ma la:

Cong thuece 11,
hoac mubi duoc dung cta nd.

Theo dang khac, sang ché dé xuit hop chét c6 Cong thirc IV ma la:

Cong thuc IV,

hodc muodi dugc dung cta no.

Theo dang khéc, sang ché dé xuit hop chét c6 Cong thirc V ma la:
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Cong thirc V,
hodc mudi dugc dung cua no.

Theo dang khac, sang ché dé xuit hop chit c6 Cong thire VI ma la:

Cong thirc VI,

hodc mudi duoge dung cda no.

Sang ché con dé xuit duoc pham, bao gdm hop chét c6 cong thirc bat ky trong
sb cac Cong thuc I-VI, hodc mubi duge dung cua no, va chét mang, chét pha lodng
hoéc ta dugc dugc dung.

Sang ché con dé xuit phuong phap diéu tri ung thu, bao gdm budc cho bénh
nhan can diéu tri dung lwong hitu hiéu tri liéu cua hop chét c6 cong thuc bat ky trong
s6 cac Cong thuc I-VI, hodc mudi duge dung cta n6. Theo mot sb phuong an, bénh
ung thu 13 ung thu phéi, ung thu dai truc trang, ung thu tuyén tuy, ung thu bang quang,
ung thu ¢d, ung thu mang trong tr cung, ung thu budng tring, ung thu ong mat, hodc
ung thu thuc quéan. Theo cdc phuong an duge wu tién, be¢nh ung thu la ung thu phdi
khong phai té bao nhé, ung thu tuyén tuy, hodc ung thu dai truc trang. Theo cic
phuong an dugc vu tién hon nira, bénh ung thu 1a bénh ung thu phoi khong phai té bao
nho.
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Theo dang khéc nita, sang ché bao gdbm phuong phap diéu tri ung thu, bao gdbm
cho bénh nhén cin didu tri ding lugng hitu hiéu cia hgp chat c6 cong thirc bat ky
trong sd cac Cong thirc I-VI, hodc mubi dugce dung cia no, trong d6 bénh ung thu co6
mot hodc nhiéu té bao biéu hién protein dot bién KRas G12C. Theo phuong an khac,
bénh ung thu 14 ung thu biéu mé phdi khong phai té bao nhé, trong d6 bénh ung thu
c6 mot hoac nhiéu té bao biéu hién protein dot bién KRas G12C. Theo phuong an
khac, bénh ung thu la ung thu biéu mo dai truc trang, trong d6 bénh ung thu c6 mot
hodc nhiéu té bao biéu hién protein dot bién KRas G12C. Theo phuong an khéc nira,
bénh ung thu 1a ung thu tuyén tuy dot bién trong d6 bénh ung thu c6 mot hodc nhiéu
té bao biéu hién protein dot bién KRas G12C. Theo phuong an khac, sang ché bao
gbm phuong phép diéu tri bénh ung thu mang thé dot bién KRas G12C c6 ngudn gde
khac.

Sang ché con dé xuét phwong phéap dilu tri bénh nhan mic ung thu c6 dot bién
KRAS G12C, bao gdm bu6c cho bénh nhan can diéu tri dung lugng hitu hiéu tri liéu
ctia hop chét co cong thirc bét k¥ trong sd cac Cong thic I-VI hodc mubi duge dung
cua no.

Séng ché con dé xuét phuong phap didu hoa enzym dot bién KRas G12C &
bénh nhan can diéu tri, bing cach cho dung hop chat c6 cong thirc bat ky trong s céac
Cong thuc I-VI, hodc mudi duoc dung cda no. Tét hon, néu phuong phéap nay bao
gbm: viée trc ché enzym dot bién KRas G12C cta ngudi.

Sang ché con dé xuét phuong phap diéu tri ung thu & bénh nhan can diéu tri,
trong do bénh nhan nay mic ung thu dugc xéac dinh c6 biéu hién protein dot bién KRas
G12C. Phuong phéap nay bao gbm viéc cho bénh nhan dung lueng hitu higu cta hop
chét c6 cong thirc bat ky trong s6 cac Cong thire I-VI, hodc mubi dugc dung ctia no.
Trang thai dot bién G12C ciia mot hodic nhiéu té bao ung thu c6 thé dwgc xac dinh
bang v6 so thir nghiém da biét trong linh vure nay. Thong thuong, mot hodc nhiéu miu
sinh thiét c6 chta mot hodc nhiéu té bao ung thu dugc liy va trai qua qua trinh giai
trinh tu va/hodc phan tmg chudi polymeraza (polymerase chain reaction - PCR). ADN
khong té bao tuan hoan ciing c6 thé duoc st dung, vi du nhu trong cac bénh ung thu
tién trién. Cac vi du khong gidi han vé k§ thuat x4c dinh trinh tw va PCR dugc st dung
dé xac dinh trang thai dot bién (vi du: trang thai dot bién G12C, trong mot hodc nhiéu
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t€ bao ung thu hoic trong ADN khong té bao tudn hoan) bao gdm gidi trinh tu truc
tiép, giai trinh tu thé hé tiép theo, phan tmg chudi polymeraza phién ma ngugce (RT-
PCR), PCR da mdi va giai trinh tyr bing cach tong hop va 1ap ho so da phén tich.

Sang ché con d& xuat hop chét hoic mudi duoc dung ctia n6 c6 cong thirc bat
ky trong s6 cac Cong thirc I-VI dé st dung trong tri liéu. Hop chét hozc mubi duge
dung cua no, ¢co thé dung dé diéu tri ung thu. Tét hon néu, bénh ung thu 1a ung thu
phoi, ung thr dai truc trang, ung thu tuyén tuy, ung thu bang quang, ung thu cd, ung
thu mang trong tr cung, ung thu budng trimg, ung thu 6ng mat, hodc ung thu thuc
quan. Theo cac phuong an dugc wu tién, ung thu la ung thu phoi khong phai té bao
nho, ung thu tuyén tuy, hodc ung thu dai tryc trang. Theo cac phuong dn dugc wu tién
hon nita, bénh ung thu 1a bénh ung thu phdi khong phai té bao nho. Theo cac phuong
an khac, bénh ung thu c6 mot hodc nhiéu té bao ung thu biéu hién protein dot bién
KRas G12C. Tét hon néu, bénh ung thu dugc chon tir: ung thu phoi khong phai té bao
nho dot bién KRas G12C, ung thu dai truc trang dot bién KRas G12C, va ung thu
tuyén tuy dot bién KRas G12C. Theo phuong an khac, bénh ung thu 1a ung thu phdi
khong phai té bao nho, va mot hodc nhiéu té bao biéu hién protein dot bién KRas
G12C. Theo phuong 4n khac, bénh ung thu 1a ung thu dai tryc trang, va mot hodc
nhiéu t& bao biéu hién protein dot bién KRas G12C. Theo phuong 4n khac, bénh ung
thu 1a ung thu tuyén tuy, va mot hodc nhiéu té bao biéu hién protein dot bién KRas
G12C. Theo phuong an khéc, bénh nhan mic ung thu duge xac dinh c6 mdt hogc nhiéu
té bao biéu hién protein dot bién KRas G12C trudc khi dung hop chét hoic mudi duoc
dung cua no.

Sang ché con dé xudt viéc st dung hop chat c6 cong thirc bét ky trong s cac
Cong thac I-VI, hoac mubi duoc dung cia no, dé san xuét thudc dé diéu tri bénh ung
thu. T6t hon néu, bénh ung thu 12 ung thu phéi, ung thu dai truc trang, ung thu tuyén
tuy, ung thu bang quang, ung thu cd, ung thu mang trong ti cung, ung thu budng
tring, ung thu 6ng mat, hodc ung thu thuc quan. Theo cac phuong 4n dugc uu tién,
ung thu 1a ung thu phdi khong phai té bao nho, ung thu tuyén tuy, hodc ung thu dai
truc trang. Theo cac phuong an dugc wu tién hon nira, bénh ung thu la bénh ung thu
phoi khong phai té bao nho. Theo cac phuong an khac, bénh ung thu c6 mot hodc
nhidu t& bao ung thu biéu hién protein dot bién KRas G12C. Tét hon néu, bénh ung
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thu duge chon tir ung thu phdi khong phai té bao nho dot bién KRas G12C, ung thu
dai truc trang dot bién KRas G12C, va ung thu tuyén tuy dot bién KRas G12C.

Sang ché con dé xuét phuong phap dilu tri ung thw, bao gdm cho bénh nhan
can diéu tri dung lwong hitu hiéu cta hop chét c6 cong thirc bat ky trong s6 cac Cong
thire I-VI, hodc mubi duge dung clia né, va mot hodc nhidu chat e ché PD-1, chét (rc
ché PD-L1, chét rc ché CD4/CDK6, hodc mudi dugc dung ciia n6, chét e ché EGFR,
hodc mudi dugc dung cuano, chét (rc ché ERK, hodc mudi duge dung ctia no, tdc nhan
platin, va pemetrexed, hodc mudi duge dung cua no, trong d6 bénh ung thu c6 mot
hodc nhiéu té bao biéu hién protein dot bién KRas G12C. Sang ché con dé xuét hop
chét c6 cong thirc bat ky trong s6 cac Cong thire I-VI, hodc mubi duoc dung cta n,
dé ding ddng thoi, riéng biét hoc lién tiép két hop véi mot hodc nhidu chét e ché
PD-1 hodic PD-L1, chét trc ché CD4/CDK6, hodc mudi duge dung clia né, chét trc ché
EGFR, hoac mubi dugc dung ctia no, chét ac ché ERK, hoic mubi duge dung ctia né,
tac nhan platin, va pemetrexed, hoac mudi duoc dung ctia né, dé diéu tri ung thu. Sdng
ché con dé xuét to hop bao gdm hop chét c6 cong thirc bét ky trong s6 cac Cong thirc
I-VI, hodc mudi duge dung ctia nd, va mét hodc nhiéu chit e ché PD-1 hodc PD-L1,
chét e ché CD4/CDK6, hoic mudi duoc dung cua no, chét tc ché EGFR, hoic mubi
duoc dung cua no, chét tc ché ERK, hoic mudi duogc dung cta nd, tac nhan platin, va
pemetrexed, hodc mubi duoc dung cta no, dé dung déng thoi, riéng biét, hodc lién tiép
dé diéu tri ung thu.

Sang ché con dé xuat phuwong phap diéu tri ung thu, bao gbm cho bénh nhén
can diéu tri dung luong hitu hiéu ciia hop chat c6 cong thirc bat ky trong s6 cac Cong
thace I-VI, hodc mubi duge dung cua no, va chét tc ché PD-1 hoac PD-L1, trong d6
bénh ung thu c6 mot hodc nhiéu té bao biéu hién protein dot bién KRas G12C. Sang
ché con dé xuét hop chét co cong thirc bat k¥ trong sd cac Cong thirc I-VI, hoac mudi
duoc dung ciia n6, dé ding ddng thdi, riéng biét hogc lién tiép két hop véi chat Gic ché
PD-1 hodc PD-L1, dé dung dé diéu tri ung thu. Sang ché con dé xuét to hop bao gdm
hop chat c6 cong thirc bét ky trong s6 cac Cong thirc 1-VI, hodc mudi duge dung cua
n6, va chét e ché PD-1 hoac PD-L1, dé dung dong thoi, riéng biét, hoac lién tiép dé
diéu tri ung thu. Theo mot phuong an, hop chét 12 hop chat co6 Cong thirc I-VI hoac
mubi duge dung cia né. Theo phuong 4n khac, chat Gc ché PD-1 hoac PD-L1 la
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pembrolizumab. Theo phuong 4n khac, chét trc ché PD-1 hodc PD-L1 la nivolumab.
Theo phuong 4n khéc, chat rc ché PD-1 hoac PD-L1 1a cimiplimab. Theo phuong én
khéc, cht e ché PD-1 hoac PD-L1 14 sintilimab. Theo phuong 4n khac, chét Grc ché
PD-1 ho#c PD-L1 14 atezolizumab. Theo phwong an khac, chét tc ché PD-1 hodc PD-
L1 14 avelumab. Theo phuong 4n khéc, chat rc ché PD-1 hodc PD-L1 la durvalumab.
Theo phuong an khac, chét e ché PD-1 hodc PD-L1 1a lodapilimab. Theo phuong an
khac, bénh ung thu 1a ung thu biéu mé phdi khong phai té bao nho, trong d6 bénh ung
thu ¢6 mot hodc nhiéu té bao biéu hién protein dot bién KRas G12C. Theo phuong an
khac, bénh ung thu 1a ung thu biéu mo dai truc trang, trong d6 bénh ung thu c6 mot
hodc nhiéu té bao biéu hién protein dot bién KRas G12C. Theo phuong an khéc, bénh
ung thu 13 ung thu tuyén tuy dot bién trong d6 bénh ung thu c6 mot hoac nhiéu té bao
biéu hién protein dot bién KRas G12C. Theo phuong an khac, sang ché bao gdm
phuong phap diéu tri bénh ung thu mang thé dot bién KRas G12C c6 ngudn gbc khac.

Sang ché con dé xuét phuong phap diéu tri ung thu, bao gdm cho bénh nhan
can diéu tri ding luong hitu hiéu ctia hgp chét c6 cong thuc bat ky trong s6 cac Cong
thae I-VI, hoac mudi dugc dung ctia no, va chét trc ché CDK4/CDK6, hoic mubi duge
dung cta nd, trong d6 bénh ung thu ¢ mot hodc nhiéu té bao biéu hién protein dot
bién KRas G12C. Sang ché con dé& xuat hop chét c6 cong thirc bat ky trong sb cac
Cong thure [-V1, hoac mubi duoc dung cua no, dé dung déng thoi, riéng biét hodc lién
tiép két hop véi chét wrc ché CDK4/CDK6, hoic mubi duge dung cta no, dé dung dé
didu tri ung thu, trong d6 bénh ung thw c6 mot hodc nhidu té bao bicu hién protein dot
bién KRas G12C. Sang ché con dé xuét td hop bao gdm hop chit c6 cong thic bét ky
trong sb cac Cong thtc I-VI, hoac mubdi duge dung cua no, va chat rc ché
CDK4/CDKS6, hoic mudi duge dung cua no, dé ding dong thoi, riéng biét, hodc lién
tiép dé didu tri ung thu, trong d6 bénh ung thu c6 mot hode nhiéu té bao bicu hién
protein dot bién KRas G12C. Theo phuong 4n khac, chét tc ché CDK4/CDKG6 1a
abemaciclib. Theo phuong an khéc, chét e ché CDK4/CDKG6 1a palbociclib. Theo
phuong an khac, chét ttc ché CDK4/CDK6 la ribociclib. Theo phwong an khéac, bénh
ung thu 1a ung thu biéu mé phoi khong phai té bao nho, trong d6 bénh ung thu c6 mot
hoic nhiéu t& bao bidu hién protein dot bién KRas G12C. Theo phuong an khac, bénh
ung thu 1a ung thu biéu mo dai truc trang, trong d6 bénh ung thu c6 mot hodc nhiéu té
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bao biéu hién protein dot bién KRas G12C. Theo phuong an khéc, bénh ung thur 1a ung
thu tuyén tuy dot bién trong d6 bénh ung thu c6 mot hodc nhiéu té bao biéu hién
protein dot bién KRas G12C. Theo phuong an khac, sang ché bao gdm phuong phap
diéu tri bénh ung thu mang thé dot bién KRas G12C c6 ngudn gdc khac.

Séang ché con dé xuit phuong phap diéu tri ung thu, bao gdm cho bénh nhan
can diéu tri dung lwong hitu hiéu cia hop chét c6 cong thire bét ky trong s6 cac Cong
thac I-VI, hoac mubi dugc dung cda no, va chét trc ché EGFR, hoic mudi dugc dung
cua no, trong dé bénh ung thw c6 mot hoac nhiéu té bao biéu hién protein dot bién
KRas G12C. Séng ché con d& xuat hop chit ¢6 cong thire bt ky trong s cac Cong
thire I-VL, hoiic mubi dugc dung ciia n, dé ding dong thoi, riéng biét hoac lién tiép
két hop véi chét ac ché EGFR, hoic mudi dugc dung cua no, dé diéu tri ung thu. Sang
ché con d& xuit td hop bao gdm hop chét c6 cong thire bét ky trong sb cac Cong thirc
I-VI, hoac mubi duge dung ctia né, va chét (rc ché EGFR, hoic mubi duge dung cua
né, dé diing ddng thoi, riéng biét, hoac lién tiép dé diéu tri ung thu. Theo mdt phuong
an, hop chét nay 1a hop chit c6 Cong thirc I-VI hodc mudi duge dung cia n6. Theo
phuong an khac, chét tc ché EGFR 1a erlotinib. Theo phwong an khéc, chit trc ché
EGEFR 12 afatinib. Theo phuong 4n khac, chit tc ché EGFR 1a gefitinib. Theo phuong
an khéc, chét uc ché EGFR 1a cetuximab. Theo phuong an khéc, bénh ung thu la ung
thu biéu mo phdi khong phai té bao nho, trong d6 bénh ung thu c6 mot hoac nhiéu té
bao biéu hién protein dot bién KRas G12C. Theo phuong én khac, bénh ung thu la ung
thu biéu mo dai truc trang, trong d6 bénh ung thu ¢6 mot hodc nhiéu té bao biéu hién
protein dot bién KRas G12C. Theo phuong én khac, bénh ung thu la ung thu tuyén
tuy dot bién trong do bénh ung thu ¢6 mdt hodc nhiéu té bao biéu hién protein dot bien
KRas G12C. Theo phuong an khac, sang ché bao gdm phuong phép diéu tri bénh ung
thu mang thé dot bién KRas G12C c6 ngudn gde khac.

Sang ché con dé xuit phuong phap diéu tri ung thu, bao gom cho bénh nhan
can diéu tri dung luong hitu hiéu cta hop chét c6 cong thire bét ky trong s6 cac Cong
thac I-VI, hoac mubi dugc dung cua no, va chét rc ché ERK, hoic mudi dugc dung
cua nd, trong d6 bénh ung thu c6 mot hoic nhiéu té bao biéu hién protein dot bién
KRas G12C. Sang ché con dé xuét hop chat c6 cong thirc bét ky trong sd cac Cong
thire I-VL, hodc mudi duoc dung cia no, dé ding dong thoi, riéng biét hodc lién tiép
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két hop v6i chét (rc ché ERK, hodc mubdi dugc dung cua no, dé diéu tri ung thu, trong
d6 bénh ung thu c6 mot hodc nhidu té bao biéu hién protein dot bién KRas G12C. Sang
ché con dé xuit td hop bao gom hop chét c6 cong thirc bat ky trong s6 cac Cong thirc
-V, hodc mubi duge dung ciia no, va chét (rc ché ERK, hodc mudi duoc dung cua no,
d dung ddng thoi, riéng biét, hoac lién tiép dé diéu tri ung thu. Theo mot phuong an,
hop chét 12 hop chét c6 Cong thire I-VI hodc mubi duoc dung ciia n6. Theo phuong
an khéc, chit trc ché ERK 1a LY3214996. Theo phwong 4n khéc, chat trc ché ERK 1a
LTT462. Theo phuong 4n khéc, chit tc ché ERK 1a KO-947. Theo phuong 4n khéc,
bénh ung thu 1a ung thu biéu mo phdi khong phai té bao nho, trong d6 bénh ung thu
c6 mdt hodc nhidu t& bao biu hién protein dot bién KRas G12C. Theo phwong 4n
khac, bénh ung thu 1a ung thu biéu mé dai truc trang, trong d6 bénh ung thu c6 mot
hodc nhiéu té bao biéu hién protein d6t bién KRas G12C. Theo phuong an khac, bénh
ung thu 1a ung thu tuyén tuy dot bién trong d6 bénh ung thu c¢6 mét hodc nhiéu té bao
biéu hién protein dot bién KRas G12C. Theo phuong an khac, sang ché bao gdom
phuong phép diéu tri bénh ung thu mang thé dot bién KRas G12C c6 ngudn gde khac.

Sang ché con dé xuét phuong phép diéu tri ung thu, bao gdm cho bénh nhan
can diéu tri ding luong hitu hidu cta hop chat c6 cong thirc bt ky trong s6 cac Cong
thac I-VI, hodc mudi dugc dung ctia né, va tac nhan platin, trong d6 bénh ung thu c6
mot hodc nhiéu té bao biéu hién protein dot bién KRas G12C. Sang ché con dé xuét
hop chét ¢ cong thirc bét ky trong s6 cac Cong thire I-VI, hodc mudi dugc dung cia
n6, dé ding ddng thdi, riéng biét hodc lién tiép két hop véi tac nhan platin, hogc mudi
dugc dung cua no, dé diéu tri ung thu , trong d6 bénh ung thu c6 mot hodc nhiéu té
bao biéu hién protein dot bién KRas G12C. Sang ché con dé xuét t6 hop bao gdm hop
chét c6 cong thirc bat ky trong s6 cac Cong thuc I-VI, hodc mudi duge dung ctia né,
va tac nhan platin, dé dung ddng thoi, riéng biét, hodc lién tiép dé diéu tri ung thu.
Theo mot phuong an, hop chét 1a hop chét c6 Cong thuc I-VI hodc mubi duge dung
ctia n6. Theo phuong 4n khac, tic nhan platin la cisplatin. Theo phuong an khac, tac
nhan platin 1a carboplatin. Theo phwong an khac, tac nhan platin 1a oxaliplatin. Theo
phuong an khac, bénh ung thu 1a ung thu biéu mo phdi khong phai té bao nho, trong
d6 bénh ung thu c6 mot hodc nhiéu t& bao biéu hién protein dot bién KRas G12C.
Theo phuong an khac, bénh ung thu I1a ung thu biéu mo dai truc trang, trong d6 bénh
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ung thu c¢6 mot hodc nhidu té bao biéu hién protein dot bién KRas G12C. Theo phwong
4n khéc, bénh ung thu 13 ung thu tuyén tuy dot bién trong d6 bénh ung thu c6 mdt hodc
nhiéu té bao bidu hién protein dot bién KRas G12C. Theo phuong an khac, sang ché
bao gdbm phuong phap diéu tri bénh ung thu mang thé dot bién KRas G12C c6 ngudn
gbc khac.

Sang ché con d& xuat phuong phép diéu tri ung thu, bao gdm cho bénh nhan
can diéu tri dung lwong hitu hiéu cuia hop chit c6 cong thire bat ky trong s6 cac Cong
thtrc I-VI, hodic mudi duge dung ctia nod, va pemetrexed, trong d6 bénh ung thu c6 mot
hodc nhiéu té bao biéu hién protein dot bién KRas G12C. Séng ché con dé xuat hop
chét ¢6 cong thirc bat ky trong s6 cac Cong thirc I-VI, hodc mudi dugc dung ciia no,
dé dung dong thoi, riéng biét hodc lién tiép két hop véi pemetrexed, dé diéu tri ung
thu, trong d6 bénh ung thu c6 mot hoac nhiéu té bao biéu hién protein dot bién KRas
G12C. Sang ché con dé xuét t6 hop bao gom hop chét c6 cong thirc bat ky trong sO
cac Cong thuc I-VI, hodc mudi duge dung cia né, va pemetrexed, dé ding dong thoi,
riéng biét, hoac lién tiép dé diéu tri ung thu, trong d6 bénh ung thu c6 mot hodc nhiéu
té bao biéu hién protein dot bién KRas G12C. Theo mot phuong an, hop chét nay la
hop chét c6 Cong thirc I-VI, hodc mudi duoc dung ciia néd. Theo phuong an khéc, bénh
ung thu 1a ung thu biéu mo phdi khong phai té bao nhd, trong d6 bénh ung thu c6 mot
hodc nhiéu té bao biéu hién protein dot bién KRas G12C. Theo phwong 4n khac, tac
nhan platin con duge dung cho bénh nhan. Theo phuong én khéc, tdc nhan platin la
cisplatin. Theo phuong an khac, tac nhan platin 1a carboplatin. Theo phuong &n khac,
tac nhan platin 1a oxaliplatin. Theo phuong 4n khac, bénh ung thu la ung thu biéu md
dai truc trang, trong d6 bénh ung thu ¢6 mot hoac nhiéu té bao biéu hién protein dot
bién KRas G12C. Theo phuong 4n khac, bénh ung thu 12 ung thu tuyén tuy dot bién
trong d6 bénh ung thu c6 mot hodc nhiéu té bao biéu hién protein dot bién KRas G12C.
Theo phuong &n khéc, sang ché bao gdm phwong phap diéu tri bénh ung thu mang thé
dot bién KRas G12C ¢6 ngudn goc khac.

M0 téa chi tiét sang ché

Thuat ngir “mudi dugc dung” nhu duge s dung trong ban mo ta nay chi mudi
ctia hop chat duge cho 1a chép nhan duge dé sir dung trong 1am sang va/hodc thu y.
Céac vi du vé mubi duogc dung va cac phurong phap luén chung dé diéu ché chung c6
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thé dugc tim thiy trong “Handbook of Pharmaceutical Salts: Properties, Selection and
Use” P. Stahl, ef al., 2nd Revised Edition, Wiley-VCH, 2011 va S.M. Berge, ef al.,
"Pharmaceutical Salts", Journal of Pharmaceutical Sciences, 1977, 66(1), 1-19.

Céc duge pham theo séng ché c6 thé duge bao ché bang cach sir dung cac chat
phu gia dugc dung. Thuat ngir “(cac) chét phu gia duoc dung” nhu dugc st dung &
day cho dugc phém, dé chi mét hoac nhiéu chét mang, chét pha loang, va ta dugc
tuwong thich voi céac chét phu gia khac cua duoc pham hoic cong thirc phéi ché va
khong lam ton hai cho bénh nhan. Vi du vé dugc phim va cac quy trinh diéu ché duoc
pham nay c6 thé dugc tim thiy trong tai liéu chuyén nganh “Remington: The Science
and Practice of Pharmacy”, Loyd, V., et al. Eds., 22" Ed., Mack Publishing Co., 2012.
Céac vi du khong gidi han vé cac chit mang dugc dung, chét pha loang va ta dugc bao
gém cac chat sau: nuée mudi, nude, tinh bot, dudng, mannitol, va dAn xuit silic dioxit;
chit két dinh nhu carboxymetyl xeluloza, alginat, gelatin, va polyvinyl-pyrolidon;
kaolin va bentonit; va polyetyl glycol.

Nhu duge sit dung trong ban mo ta nay, thuat ngit “luong hitu hi¢u” ding dé
chi lugng 1a dang lidu, ma 1a hitu hiéu dé diéu tri réi loan hodc bénh, chang han nhu
ton thuong ung thu hodc su tién trién cua su phat trién té bao bat thuong va/hodc su
phan chia té bao. Bac sT cham soc, vdi tu cach 1a ngudi ¢6 hiéu biét trung binh trong
linh vuc nay, c6 thé dé dang x4c dinh mot lugng hiru hiéu bang cach sir dung céac k§
thuat thong thuong va bang cach quan st két qua thu dugc trong céc trudong hop tuong
tu. Liu lugng diéu tri mdi ngay thuong nam trong khoang tir khoang 1 mg moi ngay
hodc hai 1an mdi ngay dén 1000 mg mdi ngay hoac hai 14n mdi ngay, tot hon 1a tir 100
mg mdi ngay hoic hai 1an mdi ngay dén 900 mg mdi ngay hodc hai 1an m&i ngay. Céc
yéu td duoc xem xét dé xac dinh lrong hitu hiéu hodc liéu lugng cua hop chét bao
gdm: khi hop chét hoac mudi cua n6 s& duoc sir dung; thi c6 st dung dong thoi cac
chét khac hay khong, néu duoc st dung; cac loai bénh nhan duogc diéu tri; kich thudc,
d6 tudi va strc khoe chung ctia bénh nhan; mirc d6 lién quan hodc tinh trang va’hoéc
muc do nghiém trong cua roi loan; phan tng cua ting bénh nhan; phuong thic sit
dung; dac diém sinh kha dung cta ché phém dugc st dung; ché do liéu da chon; va

viée sir dung dong thoi thude khéc.
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Bic si didu tri, bac st thi y hodc nhan vién y té khac s& c6 thé xac dinh luong
hop chit hidu qua dé diu tri cho bénh nhan cin diéu tri. Cac dugc pham dugc vu tién
6 thé dugc bao ché dudi dang vién nén hodc vién nang dé diung qua duong miéng,
dung dich dé udng hodc duéi dang dung dich tiém. Vién nén, vién nang, hodc dung
dich nay c6 thé chira hop chét theo sang ché véi luvgng hiru hiéu dé diéu tri cho bénh
nhan can diéu tri bénh ung thu.

Nhu duoc st dung trong ban mo ta nay, cac thut ngit “diéu tri”, “dé diéu tri”,
hodc “viéc diéu tri”, bao gém viéc lam cham, lam giam, hodc ddo nguoc su tién trién
hodc mirc do nang cua triéu chung, roi loan, tinh trang bénh hién co6, ma co thé bao
gbém lam chdm mot cach rd rang sy phat trién cta ton thwong ung thu hodc sy tién
trién cua su phét trién té bao bat thudong va/hodc su phéan chia té bao..

Nhu duoc st dung trong ban mo ta nay, thuét ngit "bénh nhan" dugc dung dé
chi dong vat c6 vu can diéu tri. Tbt hon néu, bénh nhan 1a nguoi can diéu tri ung thu,
vi dy, bénh ung thu mang thé dot bién KRas G12C.

Céc ky hiéu viét tit nhét dinh dugc dinh nghia dudi day: “ACN* dung dé chi
axetonitril; AIBN” dung dé chi azobisisobutyronitril; “Boc-Gly-OH” dung dé chi N-
(tert-butoxycacbonyl)glyxin; “DCM” dung dé chi diclometan; “DIEA” ding dé chi
N,N-diisopropyl etylamin; “DMAP” dung dé chi 4-dimetylaminopyridin; “DMEM”
ding dé chi moi truong Eagle cai bién bing Dulbecco; “DMF” ding dé chi N.N-
dimetylformamit; “DMSO” dung dé chi dimetylsulfoxit; “DNA” ding dé chi axit
deoxyribonucleic; “DPEPhosPdCl>” dung aé chi
diclobis(diphenylphophinophenyl)ete paladi (II); “DTT” dung dé chi dithiothreitol;
“EDTA” dung dé chi axit etylendiamintetraaxetic; “EGTA” dung dé chi axit etylen
glycol-bis(J-aminoetyl ete)-N,N,N’,N’-tetraaxetic; “ELISA” dung dé chi phuong
phép hap phu midn dich ding enzym; “ERK” ding dé chi kinaza diéu chinh tin hiéu
ngoai bao; “EtOAc” dung dé chi etyl axetat; “EtOH” dung dé chi etanol; “FBS” dung
dé chi huyét thanh bao thai bé&; “GDP” dung dé chi guanosin diphosphat; “GTP” dung
dé chi guanosin triphosphat; “HPLC” dung dé chi sic ky 16ng hiéu nang cao; “HRP”
ding dé chi peroxidaza cai ngua; “IPA” dung dé chi ruou isopropylic; “IPAm” dung
dé chi isopropyl amin; “LC-ES/MS™ ding d& chi phé khéi/phun dién-sac ky long;
“LC-MS” diing dé chi phd khdi-séc ky 16ng; “MAPK” ding dé chi protein kinaza dugc
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hoat hoa bang mitogen; “MeOH” dung @ chi metanol; “NaOMe” dung dé chi natri
metoxit; “NBS” dung dé chi N-bromosucxinimit; “NCS” ding dé chi N-closucxinimit;
“NMP” ding @& chi 1-metylpyrolidin-2-on; “PCR” dung dé chi phan tng chudi
polymeraza; “RPMI” dung dé chi Roswell Park Memorial Institute; “SCX” ding dé
chi su trao ddi cation manh; “TEA” ding dé chi trietylamin; “TFA” dung dé chi axit
trifluoraxetic; va “THF” ding dé chi tetrahydrofuran.

Céc chit ddng phan, chit dong phan d6i anh, chéat dong phan khong d6i quang
va chat déng phan atropi riéng ré c6 thé dugc phan tach hodc tach & thoi diém thuan
loi bét k¥ trong qué trinh tong hop cac hop chét dugc néu dudi ddy, bang cic phuong
phép nhu, k¥ thuat két tinh chon loc hodc sdc ky bat dbi (Xem vi du, J. Jacques, et al.,
"Enantiomers, Racemates, and Resolutions", John Wiley and Sons, Inc., 1981, and
E.L. Eliel and S.H. Wilen,” Stereochemistry of Organic Compounds”, Wiley-
Interscience, 1994). Sang ché bao gdbm mot s6 hop chit nhét dinh, 1a chat dong phan
atropi va co thé ton tai dudi dang cac conforme khac nhau hodc dudi dang cac chét
dong phan quay khéac nhau. Chét ddng phan atropi 1a hgp chét ton tai trong cac cu
tric khac nhau phat sinh tr sy quay bi han ché xung quanh mot lién két don. Chét
dong phan atropi c6 thé dugc tach thanh cac loai hoa chét riéng biét néu rao can ning
lwong dé quay xung quanh lién két don du cao va téc do chuyén dbi gitra cac chat du
chim dé cho phép cac chét dong phan quay dugc tach riéng biét khoi nhau. Sang ché
bao ham tit ca cac chat ddng phan, chat ddng phan ddi anh, chit ddng phan khong doi
quang, va chat dong phén atropi dugc boc 1§ trong ban md ta nay hodc co thé duoc
didu ché bang cach sir dung hop chét dugc boc 10 trong ban md ta.

Hop chat bat ky trong s& cac hop chét co Cong thirc I-VI dé dang duoc chuyén
hoa thanh va ¢6 thé duogc tach duéi dang mubi dugc dung. Su hinh thanh mubi c6 thé
xay ra khi bo sung axit dugc dung dé tao thanh mudi cong axit. Cac mubi ciing 6 thé
tao thanh mot cach déng thoi khi loai bao vé nito hodc oxy, tizc la, loai bd nhom bao
vé. Vi du, phan tmg va diéu kién hinh thanh mubi ¢6 thé tim thay trong Gould, P.L.,
“Salt selection for basic drugs,” International Journal of Pharmaceutics, 33: 201-217
(1986); Bastin, R.J., et al. “Salt Selection and Optimization Procedures for

Pharmaceutical New Chemical Entities,” Organic Process Research and
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Development, 4: 427-435 (2000); va Berge, SM., et al., “Pharmaceutical Salts,”
Journal of Pharmaceutical Sciences, 66: 1-19, (1977).

Céc hop chét theo sang ché, hogc mudi ciia n6 c6 thé dugce diéu ché bing nhiéu
quy trinh khac nhau, mot sd quy trinh trong d6 dugc minh hoa trong phan Quy trinh
didu ché va Vi du thuc hién sang ché dudi day. Cac budce tong hop cu thé doi véi mdi
trong sb cac con duong dugc md ta co thé duoc két hop theo céc cach khac nhau, hodc
cung véi cac bude tir cac con duong khac, dé diéu ché cac hop chét hoic cac mudi
theo sang ché. Cac san pham ciia mdi bude trong phan Vi du diéu ché du6i day co thé
dugc thu lai béng cac phuong phap thong thuong, bao gém chiét, lam bay hoi, két taa,
sac ky, loc, nghién, va két tinh.

Sodd 1
Br Br Br
Buédc A Budc B Budc C
—_— Br B \\N _— >
Br Br Br
1 2 3

o BL
O
S N3\*0 Buéc D s )o Budc E Vallw
‘/ H _— |/ N _—
4 O’B\O b\
N
o "\ unn

4 5 6

So d6 1, buéc A md ta viéc brom hoa hop chét (1) bang cach sir dung NBS va
AIBN trong dung mdi thich hop, vi du nhu CCly dé tao ra hop chat (2). Buéc B thé
hién viéc thé 4i nhan trén hop chat (2) bang cach sir dung kali xyanua hoi luu trong hé
dung moi thich hop, vi du nhu EtOH va nudc dé tao ra hop chat (3). Viéc bd sung
etoxycacbonyl isothioxyanat vao hop chét (3) bang cach st dung natri hydrua trong
dung méi thich hop, vi du nhu DMF va tiép theo déng vong thanh hop chét (4) dugc
thé hién & bude C. Viéc khir nhom béao vé bazo ciia hop chit (4) bang dung dich nudc
NaOH trong DMSO hdi lwu va tiép theo tai bao vé bang cach sir dung di-rers-butyl
dicacbonat bing bazo thich hop, vi du nhu DIEA va DMAP xic tac trong hé dung
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méi, vi du nhu THF va DMF dé tao ra hop chat (5) dugc mé ti & bude D. Bude E thé
hién phan g gitta brom cta hop chét (5) véi bis(pinacolato)dibo bang cach sir dung
bazo thich hop, vi du nhu kali axetat va hé phéi t-xuc tac, vi du nhu paladi axetat va
1,1'-bis(diisopropylphosphino)feroxen trong dung mdi thich hop vi du nhu 1,4-dioxan
dé tao ra hop chit (6). Ngudi co hiéu biét trung binh trong linh vuc nay s& nhén ra rang
cac loai td hop xtic tac-phdi tir khac nhau c6 thé duoc sit dung dé thuc hién phan tng

nay.

So dd2

Br

Br O Br
Buédc A Budc B Budc C
@ﬁJ\H _— OH—— & @?Cl —_— s
Br Br Br
7 8 9

o ,—
Br Budc D | S N§_O Buéc E
S = OO
Br Br \’il
3 4

So dd 2 minh hoa phuong phéap khac dé tong hop hop chat (6). Buéc A md ta
viéc khtt benzaldehyt (7) bang cach sir dung chat kht thich hop, vi du nhu natri
bohydrua trong dung méi thich hop, vi du nhu EtOH dé tao ra hop chit (8). Budc B
thé hién qua trinh clo hoa hop chét (8) bang cach st dung thionyl clorua trong dung
mbi thich hop, vi du nhu DCM dé tao ra hop chét (9). Bude C md ta viéc thé 4i nhan
trén hop chat (9) bang cach st dung kali xyanua trong dung mai thich hop, vi du nhu
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DMSO dé tao ra hop chét (3). Viéc bd sung etoxycacbonyl isothioxyanat vao hop chét
(3) bang cach sir dung natri hydrua trong dung méi thich hop, vi du nhu DMF va tiép
theo dong vong bing cach str dung L-prolin va Cul dé tao ra hop chét (4) duoc thé
hién & bude D. The vide khir nthém bao vé bazo ctia hop chét (4) bang dung dich nude
NaOH trong DMSO hdi luu va tiép theo, tai bio vé bang cach sit dung di-ferz-butyl
dicacbonat bang bazo thich hop, vi du nhu DIEA va DMAP xuc tac trong dung mdi,
vi du nhu THF d tao ra hop chét (5) duge mo ta & bude E. Bude F thé hién phan Gng
ctia brom cua hop chét (5) vé6i bis(pinacolato)dibo bang cach str dung bazo thich hop,
vi du nhu kali axetat va hé phéi ti-xtc tdc vi du nhu paladi axetat va bis(2-
diphenylphosphinophenyl)ete trong dung méi thich hgp vi du nhu 1,4-dioxan dé tao
ra hop chét (6). Nguoi c6 hiéu biét trung binh trong linh vuc nay s& nhan ra rang cac

loai t6 hop xtc tac-phdi tir khac nhau c6 thé duoc sir dung dé thuc hién phan Gng nay.

So dd 3

Br O Br 0 Br

Budc A s” Bud6e B Buée C
—_— % — Sy
F F
F
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N
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N %

13 14 15

e
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So dd 3, budc A mo ta viéc khir hop chét (10) aldehyt with natri bohydrua trong
MeOH va tiép theo mesyl hoa bang cach sir dung metan sulfonic anhydrit bang bazo
thich hop, vi du nhu DIEA trong dung méi, vi du nhu THF dé tao ra hop chét (11).
Céc didu kién dugc st dung dé chuyén hoa hop chat (11) thanh hop chat (12) gan nhu
tuong tu vdi cac didu kién dugc néu trén So do 1, bude B. Viee bd sung etoxycacbonyl
isothioxyanat vao hop chét (12) bang cach st dung kali fert-butoxit trong dung mdi

thich hop, vi du nhu DMF va tiép theo déng vong thanh hop chat (13) dugc thé hién
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& buée C. Céc didu kién dugc st dung dé chuyén hoa hop chat (13) thanh hop chét
(14) gan nhu tuong tu voi cac diéu kién duoc néu trén So dd 1, bude D. Budc E thé
hién phan Gmg cia brom cua hop chét (14) véi bis(neopentylglycolato)dibo bing cach
st dung bazo thich hgp, vi du nhu kali axetat va hé phéi tir-x0c tac, vi du nhu
DPEPhosPdCI2 trong dung méi thich hgp, vi du nhu 1,4-dioxan dé tao ra hop chat
(15). Nguoi ¢6 hiéu biét trung binh trong linh vuc nay s& nhén ra rang cac loai t6 hop

xuc tac-phdi tir khac nhau c6 thé duoc st dung dé thuc hién phan Gmg nay.

So db 4
~N ~
0 s o 4 0
_C* Budc A N _S Buéc B N Buéc C
N —_— —_—r = \>—NH2 —_—
NH, s
E r HBr
16 17 18
N .
BuocD N 0 Buéc E
HNH, . \>—N>\— —_—
S g H
F HBr .
19 20
0. CFs HO__ OH

ts’ \B

>0

© N O&_OSL Budc F N
. e \>_ N
s” H >/'—O

o1 22

So dd 4, bude A mo ta viéc tao thanh thioure tir phan tmg gitra hop chat (16)
va 5-flo-2-metoxyanilin, trong khi duy tri nhiét 40 phan mg mat, tiép theo 1a viéc khur
nhém bao vé bazo dé thu duge hop chat (17). Buée B thé hién viéc dong vong hop
chét (17) trong clorofom sau bd sung brom dé tao ra hop chét (18). Budc C mod ta viée
khir metyl ctia hgp chét (18) ma c6 thé dat dugc bang cach bd sung BBr; trong khi duy
tri hon hop phan tng lanh trong moéi truong tro dé tao ra hop chét (19). Buéc D thé
hién viéc bao vé hop chét (19) bang di-tert-butyl dicacbonat bang cach str dung bazo
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thich hop, vi du nhu TEA va DMAP xuc tac trong h¢ dung mdi, vi du nhu 1,4-dioxan
dé tao ra hop chat (20). Hop chét (20) dugc xir Iy bang bazo, vi du nhu pyridin, tiép
theo 1a triflometansulfonic anhydrit trong dung mdi, vi du nhu DCM dé tao ra hop
chéit (21) nhu duge thé hién 12 buée E. Bude F md ta phan ting clia triflat ciia hop chét
(21) v6i bis(pinacolato)dibo bang cach sir dung bazo thich hop, vi du nhu kali axetat
va xuc tac, vi du nhu tetrakis(triphenylphosphin)paladi(0) trong dung méi thich hop,
vi du nhu 1,4-dioxan dé tao ra hop chét (22). Ngudi c6 hiéu biét trung binh trong linh
vuc nay s€ nhan ra rang cac loai t6 hop xtic tac-phdi tir khac nhau c6 thé duoc sir dung

dé thuc hién phan (g nay.

So d6 5
0 S Br H Br
_C*~  BudcA NS  BuocB N Buéc C
N "‘I"" — \>—NH2 —_——
F F
23 24 25

o . y‘ HO_ OH
N 0 : N
©: \>_H>\' Bude D NIV

26 22

So d6 5 minh hoa phuong phap khac dé tong hop hop chét (22). Buéc A mo ta
viéc tao thanh thioure tir phan ung gitta hop chét (23) véi 2-bromo-5-floanilin trong
dung moéi, vi du nhu THF, tiép theo 1a viéc khir nhom bao vé bazo dé thu duoc hop
chét (24). Bude B thé hién viéc brom hoa va dong vong hop chét (24) bang cach st
dung chét bom héa thich hgp, vi du nhu pyridini tribromua trong dung mdi, vi du nhu
axit sulfuric dé tao ra hop chat (25). Buéc C thé hién viéc bao vé hop chét (25) bing
di-fert-butyl dicacbonat bang cach sir dung bazo thich hop, vi du nhw DMAP trong hé
dung méi, vi du nhu DCM dé tao ra hop chét (26). Budc D mé ta viée chuyén hoa hop
chét (26) thanh hop chat (22) bang cach xir 1y bang natri hydrua trong dung moéi, vi du
nhu THF & nhiét do thap, tiép theo 1a bd sung n-butyllithi va triisopropyl borat.
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So dd 6

F 0o~ F 07 £ OH
Buorc A Cl o BuécB Cl o Budc C Cljijjl/go
/lij/g N: )\; [ '
Cl Cl Cl

27 28 29 30

So dd 6, budc A md ta viéc clo héa hop chat (27) bang NCS trong dung moi
thich hop, vi du nhu DMF dé tao ra hop chit (28). Budc B thé hién phan mg
Sandmeyer dé chuyén héa nito anilin ctia hop chat (28) thanh iot, diéu kién ctia n6 s&
dwoc ngudi c6 hiéu biét trung binh trong linh vuc nay biét dén, dé tao ra hop chit (29).
Bude C thé hién viéc thily phan bazo este ciia hop chét (29) thanh axit ctia hop chat
(30).

So dd 7
F 07
\/@/g Buoc A Buéc B jib/k Buorc C
0
H,N
31 32 33 34

So dd 7, budes A-C duogce tién hanh theo cach gin nhu twong tu v6i cdc phuong

phap dugc néu & bude A-C cua So dd 6 dé tao ra cac hop chat (32-34).

Sodo 8
F o~ E o~ F o~ F OH
Buéc A Cl Budc A Cl o Buoc C Cl 0
(@] (0] > .
HoN H,N Br Br
F F F F
35 36 37 38

So dd 8, buéc A duge tién hanh theo cach gan nhu twong tw v6i cac phuong
phap duoc néu & bude A cia So dd 6 dé tao ra hop chat (36). Budc B thé hién phan

g Sandmeyer dé chuyén hoéa nito anilin ctia hop chét (36) thanh brom, diéu kién cia
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no6 s& duge ngudi co hiéu biét trung binh trong linh vuc nay biét dén, dé tao ra hop
chit (37). Budc C duoc tién hanh dugc tién hanh theo cach gan nhu twong tu v6i cac

phuong phap dugc néu ¢ bude C cua So dd 6 dé tao ra hop chit (38).

So do 9
F  OH
F  OH , F OH
Bué6ec A F Buéc B F
F f ,g o) 0
o —— _—
H2N Br
N
Hz Cl Cl
39 40 41

So dd 9, budc A duogc tién hanh theo cach gan nhu tuong tu v6i cac phuong
phap duge néu & bude A ciia So dd 6 dé tao ra hop chat (40). Buée B dugc tién hanh
theo cach gan nhu twong tw v6i cac phuong phap dugce néu ¢ bude B cia So do 8 aé
tao ra hop chit (41).

S0 d6 10

42 43 44
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So dd 10, budc A md ta viéc amin hoa khir gitta hop chét (42) va benzaldehyt
trong dung moi thich hop, vi du nhu DCM bang chat khtr thich hop, vi du nhu natri
triaxetoxybohydrua dé tao ra hop chét (43). Bu6c B thé hién viéc lién hop amit gitta
hop chét (43) va axit amin dugc bdo vé boc bang cach st dung propylphosphonic
anhydrit bang bazo thich hop, vi du nhu TEA trong dung méi, vi du nhw DCM dé tao
ra hop cht (44). Bu6c C mo ta viéc khir nh6m bao vé axit va tai sap xép hop chat (44)
bé‘mg cach st dung TFA trong dung moi, vi du nhu DCM détaora hop chét (45). Budce
D thé hién viéc khtt amit toan cu hgp chét (45) bing cach sir dung chét khir, vi du
nhu lithi nhém hydrua trong dung moi, vi du nhu THF dé tao ra hop chét (46). Budc
E md ta viéc bao vé hop chat (46) bang cach st dung di-rert-butyl dicacbonat trong
dung dich nugc natri bicacbonat dé tao ra hop chét (47). Budc F thé hién viéc khr

nhém bao vé ciia hop cht (47) bang cach hydro hoa dé tao ra hop chét (48).

Sodo 11

0.0

O\ O %‘/
N

N T A
/[N h
H 0-$=0

OH I
@)

49 50-R

So dd 11 thé hién viéc dong vong hop chat (49) bang cach st dung thionyl
clorua va imidazol trong dung méi, vi du nhu DCM ¢ -78 °C, tiép theo 1a xtr Iy bang
natri periodat va rutheni (III) clorua trong ACN dé tao ra hop chét (50-R). Chét dong
phan déi anh S (50-S) dugc tong hop bang cach sir dung cliing diéu kién.

31



48142

So dd 12

. Ty O s L
07 NH BucycA 0 NH ( _Bff H; o ON Buéc C
o A 0
o o o

51 52 53
Buge D i ‘
udc 10 Bu6c E HO N OJ< HO p-
- NH o
HN @ \/\I\Q \/;\1(\) HO' "OH
55 56

Trén So dd 12, budc A, viée lién hop amit dwgc thé hién giita hop chét (51) va
benzylglyxin etyl este bang cach st dung chét lién hop thich hop, vi du nhu N,N’-
dixyclohexylcarbodiimit trong dung moi, vi du nhu DCM dé tao ra hop chét (52).
Bude B md ta viec déng vong hop chit (52) thanh hop chét (53) bang céch sir dung
axit, vi du nhu TFA trong dung mdi, vi du nhu DCM. Budc C mo6 ta viéc khir amit
toan ciu va viéc khir nhém bao vé ctia hop chit (53) bang chét khir, vi du nhu lithi
nhém hydrua trong dung méi, vi du nhu THF dé tao ra hop chét (54). Buéce D thé hién
viéc hydro hoa hop chit (54) thanh hop chét (55) bang cach st dung xuc tac thich hop,
vi du nhu Pd(OH), trong dung mdi, vi du nhu MeOH. Budc E mo ta viéc bao vé di-
tert-butyl dicacbonat hgp chét (55) va tiép theo, tao mudi voi axit phosphoric dé tao
ra hop chét (56).

So do 13

57 58 59 60

Trén So dd 13, hop chét (57) 1a axit benzoic tir cac So dd 6-9 cling nhu axit

benzoic ¢6 ban trén thi truomg. Viéce lién hgp amit gitra hop chat (57) va hop chét (58)
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bang cach st dung HATU va bazo thich hgp, vi du nhu DIEA trong dung mdi, vi du
nhu THF dé tao ra hop chat (59) duoc thé hién & budc A. Theo cach khac, viéc lién
hop amit dugc tién hanh bé‘lng cach sur dung 2-clo-4,6-dimetoxy-1,3,5-triazin va bazo
thich hop, vi du nhu 4-metylmorpholin trong dung méi, vi du nhu THF. Nguoi co hiéu
biét trung binh trong linh vic ndy s& nhén ra rang c6 nhiéu diéu kién khac nhau dé nho
d6 thuc hién viéc lién hop amit. Buéc B md ta viéc dong vong ndi phan tir hop chat
(59) thanh hop chét (60) bang cach st dung bazo thich hop, vi du nhu natri hydrua
trong dung moi, vi du nhu DMF.

So dd 14

e g > @ 0
5 , Budéc B N N
0 N Buoc»A NHSNZ i SoH T HN/\(\ ~ /\f
+ [ j —_— _ N . N N
Br N ~"NOH 0
cl H o] o)
Br Br Br
cl cl cl

61 62 63 64 65

So dd 14, budc A dugc tién hanh theo cach gin nhu twong ty v6i cac phuong
phap dugc néu & bude A cua So d6 13 dé tao ra hop chét (63). Budc B bao gdm viéc
dong vong hop chét (63) theo cach gan nhu twong tu v6i cac phuong phap dugce néu
& bude B ciia So dd 13 tiép theo 1a metyl hoa bing metyl iodua. Hop chét (64) va (65)

dugc thu hoi sau budc nay.
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So dd 15

B Budc A gr Budc B Buoc C Br Buoéc D
OH _— o —> 0O —»
HoN \
(0]
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]@ Budc E ]@( ([j Budc F g N Buéc G
E—— OH HCI ——=
OSO (o)
Br

Cl
70 7 50-R 72

Br
Cl

73

So dd 15, bude A, mo ta viéc dong vong hop chét (66) bang cach xir Iy bang
thali(III) trifloaxetat trong TFA, tiép theo 14 bd sung magie oxit, lithi clorua, va MeOH
bang xuc tac, vi du nhu paladi(IT) clorua trong méi truong cacbon monoxit dé tao ra
hop chat (67). Buéc B thé hién viéc nitrat hoa hop chét (67) bang cach sir dung kali
nitrat trong dung dich axit sulfuric ddc dé tao ra hop chat (68). Viéc hydro héa nhom
nitro trén hop chét (68) bang cach sir dung Pt/C trong hé dung méi vi du nhw DCM va
TFA dé tao ra hop chét (69) duoc thé hién ¢ buée C. Bude D thé hién phan ing
Sandmeyer dé chuyén héa nito anilin ctia hop chat (69) thanh clo, cac diéu kién nguoi
c6 hiéu biét trung binh trong linh vuc nay s& biét, dé tao ra hop chét (70). Buéc E md
ta viéc thiy phan hop chét (70) béng cach st dung bazo thich hop, vi du nhu dung
dich nuée NaOH bing nhiét dé tao ra hop chat (71). Viéc alkyl héa hop chét (71) bang
hop chét (50-R) bang cach st dung bazo thich hgp, vi du nhu NaH trong hé dung mdi,
vi du nhu DMF va THF dé tao ra hop chat (72) duge thé hién & buée F. Budc G md
ta viéc lién hop amit ndi phan tir trong hop chét (72) bang céch st dung HATU va
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bazo thich hop, vi du nhu DIEA trong dung moi, vi du nhu DMF dé tao ra hop chit
(73).

So dd 16
o5 ° .
Hop N Budc A HN Buorc B | Budc C N Budc D

OS'

74 75 76 77 50-R

3. <
H: j Budc E o/\/j»\o

OH HCI —> (I

cl
0 | 0o

¢l
78 79

So dd 16, budc A dugc tién hanh theo cach gan nhu twong ty v6i cac phuong
phép dugc néu & bude A cua So dd 6 dé tao ra hop chét (75). Buée B thé hién phan
ung Sandmeyer dé chuyén hoéa nito anilin ctia hop chét (75) thanh iot, diéu kién cua
no6 s& duge ngudi co hiéu biét trung binh trong linh vuc nay biét dén, dé tao ra hop
chét (76). Budc C-E dugce tién hanh theo cach gan nhu twong tu v6i cac phuong phap
duge néu & bude E-G cia So dd 15 dé tao ra cac hop chat (77-79).
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So dd 17
0
OH 07 OH 0~ O\\'/O N\>_O>T
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F Br
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So dd 17, bude A mo ta viéc clo hoa hop chét (80) bang chat clo héa thich hop
vi du nhu NCS trong dung moi thich hop, vi du nhu axetic axit bang nhiét dé tao ra
hop chét (81). Bude B md ta phan tmg Mitsunobu gitra cac hop chit (81) va (82) bang
cach str dung triphenyl phosphin va diisopropyl azodicarboxylat trong dung mdi, vi
du nhu THF dé tao ra hop chét (83). Budc C thé hién viéc khir benzyl ctia hop chat
(83) bang cach st dung diisopropyl amin va 1-cloetyl clofomat trong dung mdi thich
hop, vi du nhu DCM dé tao ra hop chit (84). Buéc D mo ta viéc thiy phén bazo cua
este trén hop chat (84) bang cach st dung bazo thich hop, vi du nhu lithi hydroxit
trong hé dung mdi, vi du nhu THF va nudc dé tao ra hop chét (85). Viéc lién hop amit
nodi phan tir hop chét (85) bang cach st dung propylphosphonic anhydrit bing bazo
thich hgp vi du nhu TEA trong dung moi, vi du nhu DCM détaora hop chét (86) dugc

mo ta & buoc E.
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So dd 18

ey
Ayt B P

" OH Br

37 87 88

So db 18 thé hién viéc lién hop hop chét (37) va hop chat (87) va tiép theo dong
vong dé tao ra hop chét (88) bang cach str dung bazo thich hgp, vi du nhu xeri cacbonat
trong dung moi, vi du nhu DMF bang nhiét.

So doé 19
D Br Budc A Br Buéc B MgBr Budc C
D%/PD — D D —> \%\
D D
Br
89 90 91
0.3 Cl
04 13 Budéc D Sl
w)\ ’ D%L
D
92 93

So dd 19, budc A thé hién viée chuyén hoa hop chét (89) thanh hop chat (90)
bing cach xir Iy bang bazo thich hop, vi du nhu KOH trong hé dung mdi, vi du nhu
EtOH doteri hoa trong D>0O. Budc B mo ta phan tmg Grignard cua hop chat (90) v&i
magie trong dung moi, vi du nhu THF dé tao ra hop chat (91). Viéc carboxyl hoa hop
chét (91) bang 13CO, trong dung méi vi du nhu THF d€ tao ra hop chét (92) duoc thé
hién & bude C. Bude D thé hién phan Gmg cua hop chét (92) véi oxalyl clorua trong
dung méi, vi du nhu DCM véi DMF xic tac dé tao ra hop chét (93).
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So dd 20
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Trén So dd 20, hop chét (94) 1a nhan ba vong dugc mo ta trén cdc So do 13-18.
O bude A, amit trong hop chat (94) duge khi bang cach sir dung chét kht thich hop,
vi du nhu phirc boran dimetyl sulfua trong THF dé tao ra hop chét (95). Hop chét (94)
va hop chit (95) ¢ thé cing tham gia lién hop chéo Suzuki v6i boronat nhur duwge md
té trén cac So do 1-5 béng cach st dung xtc tac thich hop, vi du nhu 1,1°-bis(di-ferz-
butylphosphino)feroxen paladi diclorua v6i bazo thich hop, vi du nhu kali phosphat
tribasic trong hé dung moi, vi du nhu 1,4-dioxan va nudc bé‘mg nhiét dé tao ra hop chét
(96). Theo céch khac, viéc lién hop nay ¢6 thé duge tién hanh bang cach st dung xiic
tac thich hop, vi du nhu DPEPhosPdCla bang bazo vi du nhu xeri cacbonat trong dung
mdi, vi du nhu toluen bang nhiét. Ngudi 6 hiéu biét trung binh trong linh vuc nay s&
nhan ra ring c6 nhiéu chét xuc tac, bazo, va t6 hop dung moi c6 thé dugc st dung dé
thwe hién loai chuyén héa nay. Bude C thé hién viée khir nhom bao vé axit hop chét
(96) bang axit, vi du nhu TFA trong dung méi vi du nhu DCM dé tao ra hop chat (97).
Bude D thé hién viéce lién hop gifta hop chét (97) va cac dbi tac dé tao ra céc hop chat
c6 Cong thuc I. Cac dbi tac co thé 1a axit clorua, axit carboxylic, hodc xyano bromua.
Trong truong hgp véi axit clorua, bazo thich hop vi du nhu TEA hoac DIEA dugc s
dung trong dung méi, vi du nhu DCM. Axit clorua con co thé duoc su dung véi kali

cacbonat du6i dang bazo trong hé dung moi hai pha, vi du nhu EtOAc, THF, va nudc.
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Trong trudng hop ddi tac 12 axit carboxylic, cac diéu kién bao gdbm chit phan ting lién
hop thich hgp, vi du nhu propylphosphonic anhydrit v6i bazo thich hop, vi du nhu
DIEA trong dung moi, vi du nhu DMF. Néu dbi tac 1a xyano bromua, bazo thich hgp,
vi du nhu dung dich nu6e NaOH duoc st dung trong dung moi, vi du nhu DCM.

Vi du thwe hién sang ché

Céc vi du diéu ché va vi du

Cac Vi du diéu ché va cac vi du sau day minh hoa thém cho sang ché va thé
hién qua trinh tong hop dién hinh cta hop chét theo séng ché, nhung khong nén dugc
hiéu 12 gii han pham vi ctia sang ché theo bét ki cach nio. Cac chit phan ting va cac
nguyén liéu ban dau dé dang c6 duge hodc co thé duoc tong hop dé dang béi cac quy
trinh da biét hodc sir dung mot vai cai bién ma ngudi co hiéu biét trung binh trong linh
vuc nay co thé thuc hién duoc.

Céc hop chét c6 thé dugc dac trung béi phuong phép sc ky 1ong khéi phd phun
dién (LC-ES/MS) duge thuc hién trén hé théng sic ky long Agilent HP1100. Céc két
qué do pho khdi phun dién tir (thu dugc theo ché d6 dwong va/hodc am) dugc tao ra
trén phd khdi ké bén cuc Mass Selective Detector ¢6 giao dién véi HP1100 HPLC.
Céc diéu kién LC-MS (do pH thép): cot: PHENOMENEX® GEMINI® NX C-18 2,1 x
50 mm 3,0 um; gradient: 5-100% B trong 3 pht, sau d6 100% B trong 0,75 phut, nhiét
do cot: 50 °C +/-10 °C; tdc do dong: 1,2 mL/phtt; dung moi A: nuée khir ion véi 0,1%
HCOOH; dung m6i B: ACN véi axit formic 0,1%; buéc song 214 nm. Cac diéu kién
LC-MS khac (d6 pH cao): Cot: WATERS™ XTERRA® MS ¢t C-18 2,1 x 50 mm,
3,5 m; gradient: 5% dung moi A trong 0,25 phut, gradien tir 5% dén 100% dung moi
B trong 3 phut va 100% dung moéi B trong 0,5 phut hodc 10% dén 100% dung moi B
trong 3 phut va & 100% dung mdi B trong 0,75 phut; nhiét do cot: 50 °C +/-10 °C; toc
do dong: 1,2 mL/phut; dung méi A: 10 mM NH4HCO;3 pH 9; Dung m6i B: ACN; bude
song: 214 nm.

Séc ky pha dao didu ché duoc thuc hién trén Agilent 1200 LC-ES/MS ¢6 lap
may do phd khdi bo do chon loc khdi va thiét bi thu gom phan doan/thiét bi liy mau
tu dong Leap. Céac phuong phap do pH cao dugce van hanh trén cot PHENOMENEX®
GEMINI®-NX 75 x 30 mm, ¢& hat 5 um ¢6 tim béo vé 10 x 20 mm. Téc do dong 85
ml/phut. Dung moi rira giai 1a amoni bicacbonat (46 pH 10) 10 mM trong ACN.
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Vi du diéu ché 1

1,3-Dibromo-2-(bromometyl)benzen

Br

@(\Br
Br

NBS (35,0 g, 195 mmol) duoc bd sung vao dung dich chira 2,6-dibromotoluen
(50,0 g, 194 mmol) trong cacbon tetraclorua (500 mL). Hoén hop nay duge dun nong
dén 80 °C va AIBN (3,20 g, 19,1 mmol) dugc bd sung vao. Hon hop niy dugc hoi luu
trong 16 gid. Sau thoi gian nay, hon hop duge lam ngudi xubng nhiét do moi trudong
xung quanh va loc. Dich lgc dugc pha loang v6i EtOAc va rira bang nuée, dung dich
nuéc natri bicacbonat bdo hoa, va dung dich nude natri clorua bao hoa. Cac pha hiru
co dugc lam kho trén magie sulfat, loc va co trong chan khong. Phan cidn thu dugc
duoc 1am kho trong chan khong cao dé tao ra hop chét néu ¢ dé muc nay (67,5 g,

84%). '"H NMR (CDCls) d 7,58 (2H, d), 7,04 (1H, 1), 4,86 (2H, s).

Vi du diéu ché 2

(2,6-Dibromophenyl)metanol

Br

@C >
Br

Natri bohydrua (7,83 g, 207 mmol) dugc bd sung vao thanh ba phan 10 phut
mot 14n vao dung dich chtra 2,6-dibromobenzaldehyt (148,7 g, 552,3 mmol) dang
khudy & 0 °C trong EtOH (1,4 L). Sau 1an b6 sung cudi cung, hdn hop nay dugc khudy
trong 30 phut trude khi t6i 1an cudi bang dung dich nuéec NH4Cl bdo hoa (600 mL).
DCM (1,75 L) va nude (200 mL) duoc bd sung va tach riéng cac 16p. Lép nude duge
chiét mot 1an nira béng DCM. Gém cac 16p hitu co, lam kho trén natri sulfat va loc
qua dém silicoxit, roa k§ bang EtOAc (2 x 500 mL). Dich loc duge 6 trong chdn

khong, hap thu trong toluen, va cd trong chdn khong lai dé tao ra hop chét néu ¢ dé
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muc nay dué6i dang chit ran mau tring (148,7 g, 99%). '"H NMR (DMSO-d6) d 7,66
(2H, d), 7,17 (1H, t), 5,20 (1H, t), 4,74 (2H, d).

Vi du diéu ché 3

1,3-Dibromo-2-(clometyl)benzen

Br

@C ’
Br

Dung dich chtra (2,6-dibromophenyl)metanol (199,3 g, 749,4 mmol) 6 0 °C
trong DCM (1,5 L) dugc xtt ly bang DMF (0,5 mL) dugc bd sung vao thionyl clorua
(160 mL, 2196 mmol) nhé giot trong 1 gi¢. Sau thoi gian nay, hén hop nay dugc dé
cho 4m dén nhiét d6 mdi trudng xung quanh va tiép theo, dun nong dén 50 °C qua
dém. Nhiét duoc 14y di va hon hop phan timg duoc lam ngudi xubng 0 °C trude khi toi
bang nude (500 mL). Pha lodng hdn hop bang DCM va téch céc 16p. Cac 16p hitu co
duoc ria béng dung dich nudc natri clorua bdo hoa, nudc, va mot 1an nira bé’mg dung
dich nué6c natri clorua bdo hoa. Céc 16p hitu co dugc lam kho trén natri sulfat, loc, va
¢d trong chan khéng dé tao ra san pham néu & d& muc nay du6i dang chit rin mau
trang (206,98 g, 95%). 'H NMR (DMSO0-d6) d 7,75 (2H, d), 7,26 (1H, 1), 4,95 (2H,
s).

Vi du diéu ché 4

2-(2,6-Dibromophenyl)axetonitril

@(\\\N
Br

Hbdn hop gdm 1,3-dibromo-2-(bromometyl)benzen (57,0 g, 137 mmol) va kali
xyanua (28,0 g, 417 mmol) trong EtOH (350 mL) va nude (90 mL) dugce hdi lwu trong
5 gid. Tiép theo, hdn hop duoc dé ngudi dén nhiét do madi truong va cod trong chan
khong. Phan cin dugc hoa tan trong EtOAc va dugc ria bang dung dich natri
bicacbonat bdo hoa. Chiét pha nude bang EtOAc. Dich chiét hiru co két hop duoc rira

bang nudc va dung dich nudce natri clorua bdo hoa, lam kho trén magie sulfat, loc, va
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cd trong chdn khéng. Phan can thu dugc duge tinh ché bang phuong phap sic ky nhanh
silicagel, rira giai bang 10-100% DCM/hexan dé tao ra hop chit néu & dé muc nay
(34,5 g, 87%). 'HNMR (CDCl3) d 7,62 (2H, d), 7,12 (1H, t), 4,14 (2H, s).

Vi du diéu ché 4 thay thé

Kali xyanua (142,2 g, 2183,5 mmol) duoc bd sung vao dung dich chwra 1,3-
dibromo-2-(clometyl)benzen (206,98 g, 727,83 mmol) trong DMSO (600 mL) va
duoc khudy & nhiét do mdi trudng xung quanh trong 2 ngdy. Sau thoi gian nay, hon
hop nay dugc rét vao hon hop nude dé va duge khudy trong 2 gid trong d6 chét két
tia mau tréng dugc tao thanh. Chét két tia duoc loc va duge rira ba lan béng nudc
truée khi sdy kho trong 16 chan khong. Chét rén thu duoc dugc tinh ché bang sic ky
cot silicagel rira giai bang 10-70% DCM/hexan dé tao ra hop chét néu & dé muc nay
dudi dang chét rin mau tring (189,23 g, 94%). 'H NMR (DMSO0-d6) d 7,78 (2H, d),
7,28 (1H, 1), 4,22 (2H, s).

Vi du diéu ché 5

Etyl N-(4-bromo-3-xyano-benzothiophen-2-yl)carbamat

Bl cNo  —
o0
NN
s H

Dung dich chira 2-(2,6-dibromophenyl)axetonitril (20,0 g, 71,3 mmol) trong
DMF (200 mL) duoc lam ngudi xudng 0 °C. Natri hydrua (60 % khdi lugng trong dau
parafin) (2,85 g, 71,3 mmol) dugc b6 sung vao ting phan. Sau khi b sung, hdn hop
nay dugc khudy o 0 °C trong 10 phut, tiép theo, etoxycacbonyl isothioxyanat (8,60
mL, 71,4 mmol) dugc bd sung nho giot vio & nhiét dd 0-5 °C. Sau khi bd sung, hén
hop nay duge khudy & nhiét dd moi truong xung quanh trong 1 gid tiép theo, dun nong
& 100 °C trong 4 gio. Sau thoi gian nay, dung moi dugce lam bay hoi trong chdn khong.
Phan cin duoc khudy trong hdn hop EtOAc va dung dich natri bicacbonat bdo hoa.
Gom chét rén thu dugc bang cach loc, rira bang nuée, va sdy kho trong 16 chan khong
& 60-65 °C qua dém dé tao ra hop chit néu & dé muc nay (10,5 g, 45%). ES/MS m/z
(™Br/*'Br) 322,8/324,8 [M-H] .
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Vi du diéu ché 5 thay thé
Natri hydrua (60 % khéi lugng trong dau parafin) (24,85 g, 621,3 mmol) duoc

tao huyén phu trong DMF (500 mL) va dwoc 1am mat xudng 0 °C. Huyén phu lanh
nay duoc bd sung theo kiéu nho giot dung dich chira 2-(2,6-dibromophenyl)axetonitril
(169,14 g, 615,19 mmol) trong DMF (600 mL) trong 1 gi¢ sao cho nhiét do khong
tang 1én trén 7 °C. Sau 30 phut, etoxycacbonyl isothioxyanat (77,81 mL, 646,0 mmol)
dugc bd sung vao trong 30 phut trong khi vin ¢ 0 °C. Hon hop nay dugc khudy & 0
°C trong 10 phut trude khi 14y ra khéi bé da va khudy trong 20 phut nita. Sau thoi gian
nay, L-prolin (14,16 g, 123,0 mmol) va déng iodua (11,71 g, 61,49 mmol) duogc bd
sung va hon hgp nay duge dun néng dén 65 °C trong 4,5 gid. Hon hop nay dugc xu ly
bing 0,5M dung dich nuéc EDTA (4 L) pha loang v6i EtOAc (1,6 L) va duogc khudy
manh qua dém. Sau thoi gian nay, vita duc thu dugc dugc loc va chét ran dugc gom
duoc rira bing nuée va EtOAc. Chat rin duge hut kho trong chan khong trong 1,5 gio,
tiép theo, sdy kho trong 10 chan khong trong 2 gid nita dé tao ra hop chét néu & dé muc
nay dudi dang chét rin mau tring (187,24 g, 77%). '"H NMR (DMSO-d6) d 11,76 (1H,
s), 8,01 (1H, d), 7,65 (1H, d), 7,27 (1H, t), 4,90 (2H, q), 1,31 (3H, t).

Vi du diéu ché 6

2-Amino-4-bromo-benzothiophen-3-cacbonitril

Br CN

S

dung dich NaOH 5N (765 mL, 3825 mmol) dugc bd sung vao dung dich chtra
etyl N-(4-bromo-3-xyano-benzothiophen-2-yl)carbamat (155 g, 476,6 mmol) trong
DMSO (480 mL). Hon hop duge gia nhiét dén 125 °C qua dém. Sau thoi gian nay,
nhiét duoc léy di va hon hop phan mg dugc rét vao hdn hop nuée da (4,2 L) va duge
khuéy manh trong 10 phut. Chat két tia duoc tao thanh s& duoc loc, rira béng nudc,
va sy kho trong 16 chan khong trong 2 ngay dé tao ra san pham néu & d& muc nay
dudi dang chit rin mau vang (73,6 g, 61%). 'H NMR (DMSO0-d6) d 7,96 (2H, s), 7,70
(1H, d), 7,46 (1H, d), 7,02 (1H, 1).
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Vi du diéu ché 7

tert-Butyl N-(4-bromo-3-xyano-benzothiophen-2-yl)carbamat

Br CN

\_H
| S N).—(}L
o

Dung dich chtra 2-amino-4-bromo-benzothiophen-3-cacbonitril (20 g, 79,2
mmol), DIEA (21 mL, 120 mmol), va DMAP (800 mg, 6,55 mmol) trong THF (270
mL) va DMF (40 mL) duoc xu ly bang di-tert-butyldicacbonat (19,6 g, 87,1 mmol).
Hbn hop nay dugc khudy trong nito & nhiét do moi truong xung quanh trong 18 gio.
Hon hop phan tng nay dugc pha lOﬁng véi nude, dung dich natri bicacbonat, va
EtOAc, tiép theo, khudy trong 10 phit. Gom chét rén thu duoc bing céch loc, rira bang
EtOAc lanh, va sy kho trong 16 chan khong & 60 °C qua dém dé thu dugc hop chét
néu & d& muc nay duéi dang chat rin mau be (10,8 g, 38,6%). Dich loc dugc chiét
thém hai 1an bang EtOAc. Dich chiét hiru co két hop duge rira bang nudce va dung dich
nudc natri clorua bao hoa, 1am kho trén magie sulfat, loc, va cd trong chdn khong.
Phan cin thu duge duoc tinh ché bang phuong phap sic ky nhanh silicagel, rira giai
bang 20-100% DCM/hexan dé thu dugc hop chét b6 sung (12,5 g, 45%) tao ra tong
san luong 23,3 g (83%). ES/MS m/z (Br/*'Br) 351/353 [M-H] .

Vi du diéu ché 7 thay thé
DIEA (77 mL, 441 mmol) va DMAP (2 g, 16 mmol) duoc bd sung vao dung

dich chira 2-amino-4-bromo-benzothiophen-3-cacbonitril (74,5 g, 294 mmol) trong
THF (2 L), tiép theo 1 b sung di-zert-butyl dicacbonat (73,1 g, 325 mmol). Hén hop
nay duoc khudy o nhiét do moi truong xung quanh qua dém. Sau thoi gian nay, hdn
hop nay dugc pha loang v6i nude, EtOAc, va dung dich nude natri bicacbonat bdo hoa
ma 1a tiép theo, loc dé tao ra chét rén mau tring duc. Chét rin nay dugc rira bang nudce
va EtOAc tiép theo, sdy kho qua dém dé tao ra san phdm néu & dé muc nay (32 g,
31%). Tiép theo, tach riéng cac 16p dich loc va dung dich nude duoc chiét hai lan bang

EtOAc. Gom céc 16p hitu co, rua bang dung dich nuéc natri clorua bao hoa, 1am kho
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trén natri sulfat, loc, va cd trong chdn khong. Phén cin thu dugc duge cho hép thu
trong DCM (260 mL), siéu am, pha loang tiép v6i hexan (275 mL), siéu am, nghién,
va loc dé tao ra san phém néu & d& muc nay véi luong bd sung (60,5 g, 58%) va hiéu
suét két hop 92,5 g (89%). ES/MS m/z (Br/*'Br) 351/353 [M-H] ",

Vi du diéu ché 8

tert-Butyl N-[3-xyano-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzothiophen-
2-yl]carbamat

(@) O
‘B” ¢N
\ H
0 -
(@)

Dung dich chira fert-butyl N-(4-bromo-3-xyano-benzothiophen-2-yl)carbamat
(10,90 g, 30,7 mmol), bis(pinacolato)dibo (23,50 g, 92,54 mmol), va kali axetat (9,05
g, 92,2 mmol) trong 1,4-dioxan (150 mL) dugc vay nito ¢ 50 °C trong 30 phut. Binh
phan tmg dugc nap 1,1'-bis(diisopropylphosphino)feroxen (2,25 g, 5,38 mmol) va
paladi axetat (0,700 g, 3,12 mmol) va tiép theo, dun néng & 100 °C trong mdi truong
nito. Sau 2 gid, hon hgp nay duoc lam ngudi xubng nhiét do moi truong xung quanh,
pha loang véi EtOAc, loc qua dét tao, va duoc rira bé‘mg EtOAc. Dich loc dugce xur Iy
béng silicagel (150 g), co dén kho, va tiép theo, nap vao 6ng. Chét tho dugc tinh ché
bing phuong phép sic ky nhanh silicagel, rira giai bang 0-50% DCM/hexan dé tao ra
hop chét néu & dé muc nay (9,15 g, 67%). ES/MS m/z: 399,2 (M-H).

Vi du diéu ché 8 thay thé

1,4-dioxan (500 mL) dwoc dun néng dén hdi luu trong khi vay nito trong 1 gio.
Tiép theo, gidm nhiét do xudng 80 °C trong khi tiép tuc vay nito. O nhiét do nay, tert-
butyl N-(4-bromo-3-xyano-benzothiophen-2-yl)carbamat (32 g, 90,59 mmol),
bis(pinacolato)dibo (60 g, 236 mmol), kali axetat (26,67 g, 271,8 mmol), va cudi cung,
paladi axetat (2,03 g, 9,04 mmol) va bis(2-diphenylphosphinophenyl)ete (8,54 g, 15,9
mmol) duoc bd sung vao. Hon hgp nay duge dun néng ¢ 100 °C trong ba gio. Sau thoi
gian nay, nhiét dugc liy di va hdn hop nay dugc pha loang véi EtOAc, loc qua dat tao,
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va ¢0 trong chdn khéng. Phan cin thu duge dugc hoa tan trong DCM, xir ly bang 200
g silic oxit, va cd trong chdn khéng. Silic oxit ndy dugc cho vao cot chuén bi truée,
va céc chét duoc tinh ché bang séc ky silicagel rira giai bang dung dich 10-95% DCM
va 95% DCM/EtOAc dugc tron so bd. Cac phan doan thu dugce duge tach rieng dua
trén do tinh khiét twong déi. Mbi bo duoc co riéng biét trong chdn khéng, siéu 4m
trong heptan, nghién, loc, va rira bang heptan. Céc chét ran thu dugce duge sdy qua
dém, tiép theo, gom dé tao ra hop chét néu ¢ dé muc nay (23,86 g, 65%). 'H NMR
(DMSO-d6) d 11,32 (1H, s), 8,02 (1H, d), 7,59 (1H, d), 7,34 (1H, t), 1,53 (9H, s), 1,37
(12H, s).

Vi du diéu ché 9

6-Bromo-2,3-diflobenzenmetanol

F@(\OH
Br

6-Bromo-2,3-diflobenzaldehyt (20,0 g, 88,7 mmol) duogc hoa tan trong MeOH
(250 mL) va natri bohydrua (6,70 g, 177 mmol) duoc bd sung vao ting phan. Sau khi
phan Ging téa nhiét dwgc lam mat xubng nhiét d6 méi trudng xung quanh (~1 gio), hon
hop phan (g nay dugc rét vao dung dich amoni clorua bao hoa va chiét ba 14n bang
DCM. Dich chiét hitu co két hop duoc rira bing nuée va dung dich nudce natri clorua
bdo hoa, lam kho trén magie sulfat, loc, va cd trong chdan khong. Phén can duoc lam
kho trong chan khong cao qua dém dé tao ra hop chét néu & dé muc nay duéi dang
chit rén mau tring (19,5 g, 97%). '"H NMR (CDCl3) d 7,37 (1H, m), 7,07 (1H, m),
4,88 (2H, m), 2,13 (1H, m).

Vi du diéu ché 10

(6-Bromo-2,3-diflophenyl)metyl metansulfonat
Br o)
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6-Bromo-2,3-diflobenzenmetanol (19,5 g, 85,7 mmol) dugc hoa tan trong THF
(200 mL) va DIEA (18,0 mL, 103 mmol) duoc bd sung vao. Hon hop nay dugc lam
ngudi xudng 0 °C va tiép theo, xr Iy bang metansulfonic anhydrit (17,1 g, 94,2 mmol).
Sau khi khudy & nhiét d6 moi truong xung quanh trong 18 gid, hdn hop nay duoc pha
loang v6i EtOAc:metyl terz-butyl ete (1:1) va dugc rira bang lanh nuée. Cac 16p duoc
tach riéng va dung dich nugc dugce chiét hai 14n bang EtOAc:metyl fert-butyl ete (1:1).
Gom cac 16p hiru co rira bang nuée va dung dich nudc natri clorua béo hoa, lam kho
trén magie sulfat va kali cacbonat, loc, va co trong chdn khong 8 tao ra hop chét néu
& dé muc nay dudi dang dau mau vang (26,0 g, 99+%). 'H NMR (CDCls) d 7,44 (1H,
m), 7,18 (1H, m), 5,43 (2H, d), 3,12 (3H, s).

Vi du diéu ché 11

2-(6-Bromo-2,3-diflo-phenyl)axetonitril

F
Y
Br

Hén hop gdm (6-bromo-2,3-diflophenyl)metyl metansulfonat (26,0 g, 82,0
mmol) va kali xyanua (6,06 g, 90,3 mmol) trong EtOH (200 mL) va nudc (40,0 mL)
duoc hdi luu trong 30 phit va tiép theo, dugc lam mat xubng nhiét do moi trudng xung
quanh. Dung moi dugc loai bd trong chdn khéng va can dugce tao huyén phu trong
DCM. Hon hop nay dugc rira bang nudc, dung dich natri bicacbonat bdo hoa, va dung
dich nudc natri clorua bdo hoa. Cac pha hitu co dugce lam kho trén magie sulfat, loc
va cO trong chan khong. San pham tho duoc tinh ché bang phuong phap sac ky cot
nhanh silicagel, rira giai bang 10-100% DCM/hexan dé tao ra hop chat néu & dé& muc
nay (17,9 g, 94%). 'H NMR (CDCl3) d 7,44 (1H, m), 7,15 (1H, m), 3,91 (2H, d).

Vi du diéu ché 12

Etyl N-(4-bromo-3-xyano-7-flo-benzothiophen-2-yl)carbamat
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Dung dich chira 2-(6-bromo-2,3-diflo-phenyl)axetonitril (17,9 g, 77,2 mmol)
trong DMF (200 mL) duoc lam mat trong bé d4 va tiép theo, xtt Iy bang kali terr-
butoxit (9,30 g, 81,2 mmol) timg phan. Sau khi bd sung, hdn hop nay dugc khudy
trong 10 phut (hdn hop phan tng chuyén sang mau dé thim) va etoxycacbonyl
isothioxyanat (9,80 mL, 81,4 mmol) duoc bd sung vao nhé giot. Hon hop phan ung
nay dugc khudy & nhiét do méi trudng xung quanh trong 1 gio, va tiép theo, dun nong
& 100 °C trong 30 phut. Tiép theo, hdn hop nay dugc lam mat trong bé dé trong 10
phut va nude (500 mL) dugc bd sung vao tir tir trong khi khudy. Gom chat két tua tao
ra bang cach loc, rira bang nude va hexan, va sdy kho trong khong khi. Chét rén duoc
sdy kho tiép trong 16 chan khong & 60 °C qua dém dé tao ra hop chat néu & dé muc

nay (24,5 g, 84%). ES/MS m/z (Br/8'Br) 340,8/342,8 [M-H] .

Vi du diéu ché 13

2-Amino-4-bromo-7-flo-benzothiophen-3-cacbonitril

Br CN
N—NH,
s

F

Hbn hop gdém etyl N-(4-bromo-3-xyano-7-flo-benzothiophen-2-yl)carbamat
(24,5 g, 71,4 mmol), DMSO (100 mL), va dung dich NaOH 5N (80,0 mL, 400 mmol)
dugc hdi luu trong 4 giod. Hon hop nay duge 1am ngudi xudng nhiét do mdi truong
xung quanh va dugc xur ly bang nude lanh trong khi khudy manh. Gom chat két tha
tao ra bang céch loc, rira bing nudc, va say kho trong 10 chan khong ¢ 65 °C qua dém
d8 tao ra hop chit néu & d& muc nay (15,5 g, 80%). ES/MS m/z ("Br/*'Br) 268,8/270,8
[M-H] .

48

48/189



48142

Vi du diéu ché 14

tert-Butyl N-(4-bromo-3-xyano-7-flo-benzothiophen-2-yl)carbamat

Br SN OyosL

s H
Hop chit néu & d& muc nay dugc didu ché tir 2-amino-4-bromo-7-flo-
benzothiophen-3-cacbonitril theo cach gan nhu tuong tw véi phwong phép cia Vi du

diéu ché 7. ES/MS m/z ("Br/*'Br) 314,8/316,8 [M-t-Bu+H] *.

Vi du diéu ché 15

tert-Butyl N-[3-xyano-4-(5,5-dimetyl-1,3,2-dioxaborinan-2-yl)-7-flo-benzothiophen-
2-yl]carbamat

tert-Butyl N-(4-bromo-3-xyano-7-flo-benzothiophen-2-yl)carbamat (16,0 g,
41,4 mmol) va bis(neopentylglycolato)dibo (37,0 g, 157 mmol) dugc hoa tan trong
1,4-dioxan (300 mL) trong mdi treong nito. Kali axetat (12,2 g, 124 mmol) dugc bd
sung vao, va hdn hop nay duoc vay nito trong 1 gio & 50 °C. DPEPhosPdCI2 (3,0 g,
4,2 mmol) dugc bd sung vao, va binh phan tmg dugc dun néng & 95 °C trong 1 gio.
Tiép theo, hdn hop nay duoc lam mat xubng nhiét d6 moi trudng xung quanh, ¢d trong
chdn khéng to ~100 mL, pha loang véi heptan (200 mL), duoc khudy trong 10 phut,
va tiép theo, loc qua dit tao, rira bang heptan va heptan:metyl fert-butyl ete (1:1). Dich
loc dugce cd, duge hoa tan trong mot lugng tdi thiéu DCM, va loc qua dém silicagel
rua béng EtOAc:heptan (1:1). Dich loc dugc rira béng dung dich amoni clorua bao hoa
va dung dich nudc natri clorua bao hoa. Cac pha hitu co duge lam kho trén magie
sulfat, loc va cb trong chan khong. Phan cin duoc tinh ché bing phuong phap sic ky
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cot nhanh silicagel, rira giai bang 5-50% (20% axeton trong DCM)/hexan dé tao ra
hop chét néu ¢ d& muc nay (13,0 g, 78%). 'H NMR (DMSO-d6) d 11,6 (1H, s), 7,61
(1H, m), 7,20 (1H, m), 3,78 (4H, s), 1,54 (9H, s), 1,03 (6H, s).

Vi du diéu ché 16

(5-flo-2-metoxy-phenyl)thioure
F
S

M

N~ NH,
5 H

~N

Benzoyl isothioxyanat (110 g, 671 mmol) va THF (875 mL) duoc gom va lam
mat xudng 5 °C trong mdi trudng nito. 5-flo-2-metoxyanilin (83,2 mL, 705 mmol)
duoc bd sung nho giot vao trong khi duy tri nhiét d§ phan tmg bén trong nhé hon 10
°C. Hon hop nay duge lam 4m dén nhiét do6 moi truong xung quanh va khudy trong
30 phut. dung dich NaOH 5N (161 mL, 805 mmol) va nuéc (200 mL) duoc bd sung
va hdn hop nay dugc dun nong & hoi lwu trong 3,5 gio. Sau thoi gian nay, nude (500
mL) va isopropyl axetat (800 mL) duoc bd sung va hdn hop nay duge 1am ngudi xubng
nhiét d6 méi truong xung quanh. Dung dich nudc HCI dic duoc bd sung vao diéu
chinh d6 pH dén ~9-10. Tach riéng cic 16p. Lép hitu co dugc lam kho trén magie
sulfat khan, loc, va c6 trong chdn khéng. EtOAc (360 mL) va hexan (840 mL) dugc
bd sung vao can va hdn hop nay duge hdi luu trong nam phut. Sau thoi gian nay, hdn
hop nay dugc lam ngudi xudng -20 °C va dé yén qua dém. Chét ran thu duoc dugce loc
ra va chit ran gom duoc dugc rira béng hexan lanh dé tao ra hop chét néu ¢ dé muc

nay dudi dang chét rin khong mau (118 g, 88%). ES/MS m/z: 201 (M+H).

Vi du diéu ché 17

7-flo-4-metoxy-1,3-benzothiazol-2-amin hydro bromua

F

S
»—NH,
N

(0] HBr

50



48142

Dung dich chtra (5-flo-2-metoxy-phenyl)thioure (118 g, 571 mmol) va CHCIs
(2 L) dugc lam ngudi xudng 5 °C trong moi trudng nito. Brom (30,1 mL, 582 mmol)
duoc b sung nho giot vao trong khi duy tri nhiét do phan ung bén trong nhé hon 7
°C. Hdn hop nay duoc khudy & 0 °C trong 30 phut trude khi dun néng & nhiét do hoi
luu trong 2,25 gid. Sau thoi gian nay, hdn hop nay dugc lam ngudi xubng -20 °C va
dé yén qua dém. Cac chét ran thu duge duoc loc ra va duge ria bing hexan lanh dé
tao ra hop chit néu ¢ dé muc nay duéi dang chét rin mau vang (141 g, 89%). ES/MS
m/z: 199 (M+H).

Vi du diéu ché 18

2-Amino-7-flo-1,3-benzothiazol-4-ol hydro bromua
F

S
| )—NH,
N
OH HBr

BBr;3 (150 mL, 1589 mmol) dugc bd sung qua éng thong vao DCM (1,5L) 6 0
°C trong méi truong nito. 7-flo-4-metoxy-1,3-benzothiazol-2-amin hydro bromua
(141 g, 506 mmol) dugc bd sung vao ting phan trong 15 phit va hon hop phan tng
nay dé cho tir tir &m dén nhiét d6 moi trudng xung quanh va trong khi khudy qua dém.
Hbn hop nay duoc 1am ngudi xudng 0 °C va duoc toi cén than bang MeOH trong khi
duy tri nhiét 46 bén trong nhé hon 10 °C. Trong khi t6i, khi thoat ra dugc suc vao dung
dich NaOH 5N lanh. Chét rén thu duoc duge loc va duoc rira bang DCM lanh dé tao
ra hop chét néu & d& muc nay dudi dang chét rin khéng mau (117 g, 87%). ES/MS
m/z: 185 (M+H).

Vi du diéu ché 19

tert-Butyl (7-flo-4-hydroxy-1,3-benzothiazol-2-yl)carbamat

F
S H

| )—N
N )0
OH 0 X
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2-Amino-7-flo-1,3-benzothiazol-4-ol hydro bromua (117 g, 441 mmol) trong
1,4-dioxan (1,5 L) duge 1am ngudi xudng 10 °C. TEA (129 mL, 926 mmol) duge bo
sung vao trong khi duy tri nhiét d§ phan ing bén trong nho hon 15 °C. DMAP (2,7 g,
22 mmol) va di-tert-butyl dicacbonat (228 g, 1014 mmol) dugc bd sung va hon hop
phan ing nay la tur tur dé Am dén nhiét o mdi truong xung quanh va duge khudy trong
hai ngay. Hon hop nay dugc pha lodng voi nude, EtOAc, va dung dich nudc natri
clorua bdo hoa va cac 16p duoc tach riéng. Lép hitu co dugce cd trong chdn khong.
MeOH (900 mL) va NaOMe (5M trong MeOH, 132 mL) duoc bd sung va hdn hop
nay dugc khudy & nhiét d6 moi trudng xung quanh qua dém. Mot luong NaOMe nita
(5M trong MeOH, 10 mL) dugc bd sung vao va hdn hop nay dugc khudy 6 nhiét do
mdi trudong xung quanh trong ba gio trude khi cd trong chdn khong. Nudce va EtOAc
duoc bd sung va cac 16p duge tach riéng. Lép hiru co 1a lam khé trén magie sulfat
khan, loc, va cd trong chdn khéng cho dén khi cac chét ran tao thanh. Hexan duoc bd
sung va cac chit ran thu duge duge loc va ria bing hexan dé tao ra hop chit néu & dé
muc nay dudi dang chit rin mau vang nau nhat (97,2 g, 78%). ES/MS m/z: 283 (M-
H).

Vi du diéu ché 20

2-[(tert-Butoxycacbonyl)amino]-7-flo-1,3-benzothiazol-4-yl triflometansulfonat

F
S H
| >N
0 N O
Y .0 ° X
F s
LN

tert-Butyl (7-flo-4-hydroxy-1,3-benzothiazol-2-yl)carbamat (116 g, 407
mmol), DCM (1,4 L), va pyridin (66 mL, 814 mmol) dugc gom va dugc lam mat
xubng 5 °C trong moi trudng nito. Triflometansulfonic anhydrit (83 mL, 488 mmol)
dugce bd sung nho giot vao trong khi duy tri nhiét do phan tng bén trong nho hon 10
°C. Hon hop nay dugc pha lodng véi nude va cac 16p duge tach riéng. Lép hiru co
duogc rira bang 10% dung dich nuée axit xitric. Lop hitu co duge lam kho trén magie

sulfat khan, loc, va co trong chdn khong. Phén can thu dugce duge tinh ché bé‘mg sic
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ky pha thong thuong, rira giai bang 25-28% B trong gradient (A: hexan, B: 25% DCM
trong EtOAc), dé tao ra hop chét néu & d& muc nay dudi dang chét rin mau vang (123

2, 73%). ES/MS m/z: 415 (M-H).

Vi du diéu ché 21

N-[(2-Bromo-5-flo-phenyl)carbamothioyl|benzamit

Dung dich chtra 2-bromo-5-floanilin (250 g, 1289,4 mmol) trong THF (400
mL) dugc khudy bang thiét bi khudy co phia trén. Benzoyl isothioxyanat (130 g, 780,6
mmol) trong THF (800 mL) dugc bd sung vao trong 30 pht bang céach sir dung phéu
bd sung. Bé nude duge sir dung dé giit nhiét do bén trong nhé hon 30 °C trong qua
trinh bd sung. Sau 1,5 gid, hon hop phan tng nay dugc rét thanh cac phan bang nhau
vao ba binh phan tng 4 lit chtra nude (3 L). Cac chét rin thu duoc duoc loc chan khong
qua phéu thiy tinh thiéu két. Cac chét ran duoc rira bang nudce khir ion (8 L) va dé kho
trong khong khi trong chan khong dé tao ra hop chéat néu & d& muc nay dudi dang chit

ran mau vang nau (456 g, 99+%). ES/MS m/z (Br/*'Br) 353/355 [M-H].

Vi du diéu ché 22

(2-Bromo-5-flo-phenyl)thioure

F

N~ >NH,
Br H
Huyén phu chira N-[(2-bromo-5-flo-phenyl)carbamothioyl]benzamit (1600 g,
4,53 mol), THF (6 L), va MeOH (1,6 L) dugc bd sung vao dung dich nudc dung dich
NaOH 5N (1 L). Sau khi khudy 18 gid & nhiét do moi trudng xung quanh, hdn hop
phan Gng nay dugc loc qua dém dét tao dé loai bo cac hat mau den. Pém nay duoc rira

bang THF/MeOH, tiép theo, 100% MeOH. Dung mdi dugc loai bo trong chdn khong
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dé thu duogc chét rin mau vang nau. Nudce da (4 L) dugce bd sung vao chét rin va bang
cach bd sung thiét bi khudy phia trén, SN HCI (~ 300 mL) dugc bd sung vao timg phan
100 mL dé diéu chinh do pH dén 7. Mot hon hop nudc da nira duge bd sung vao, va
hén hop nay dugc khudy trong ~1 gid. Nudce (4 L) duge bd sung vao va huyén phu
nay duge loc qua phéu thiy tinh thiéu két 16n trong chan khong. Céc chét ran duoc
rda béng nuée khir ion va sau khi hdu hét nude duoc loai bo, cac chét ran duoc rira
bang hexan (8 L), va sdy kho trong khong khi. Céc chét rin dugc cho vao 16 chan
khong & 50 °C trong 24 gio dé tao ra hop chit néu & d& muc nay dudi dang chit rin

mau tring duc (1035 g, 92%). ES/MS m/z ("Br/*'Br) 249/251 [M-HJ".

Vi du diéu ché 23

4-Bromo-7-flo-1,3-benzothiazol-2-amin

F

S
>—NH,
N
Br

Axit sulfuric (350 mL), duge lam mat bang bé déa/natri clorua, dugc khudy bang
thiét bi khudy co phia trén. (2-Bromo-5-flo-phenyl)thioure (130,5 g, 523.9 mmol)
duoc bd sung vao timg phan trong thdi gian 5 phut. Sau 10 phut, nhiét do bén trong
dat dén ~1 °C. Trong méi trudng nito, pyridini tribromua (185 g, 549,53 mmol) dugc
bd sung thanh 8 phan vao trong thoi gian ~15 phut trong khi duy tri nhiét do bén trong
nho hon 5 °C. Hoi dugc tao ra dugce cho suc qua béy NaOH duogc lam mat trong da.
Sau khi khudy & ~0 °C trong 75 phit, hdn hgp phan tmg dugc lam 4m dén nhiét do
moi trudng xung quanh. Tiép theo, dun néng hdn hop phan Gng dén nhiét do bén trong
ban dau 1a 50 °C, tiép theo, dun néng tir tir dén 59 °C. Sau 1,5 gio, hon hop phan Gng
duge 1am ngudi xubng nhiét dd mdi trudng xung quanh. Hon hop phan ing nay dugc
rét vao binh phan Gng 16n chira nuéce da. Bo pH duoc diéu chinh c¢in than dén ~7 bang
18,9N NaOH (620 mL). Céc chét rdn duoc loc qua phéu thiy tinh thiéu két va ria
bang nude khir ion cho dén khi do pH dich loc phu hop v6i pH ctia nu6e khir ion. Chat
ran dugc dé kho trong khong khi tiép theo, cho vao 10 chan khong & ~50 °C trong 24
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gidr dé tao ra hop chat néu & dé muc nay dudi dang chét rin mau vang nau (129,3 g,

99+%). ES/MS m/z ("Br/$'Br) 247/249 [M+H] *.

Vi du diéu ché 24

tert-Butyl N-(4-bromo-7-flo-1,3-benzothiazol-2-yl)carbamat
F

S. H
| >N
N 0
Br OX

Huyén phu chira 4-bromo-7-flo-1,3-benzothiazol-2-amin (370,6 g, 1500 mmol)
va DMAP (36,6 g, 300 mmol) trong khi khudy trong DCM (1500 mL) dwgc bd sung
vao ting phan dung dich chira di-zerz-butyl dicacbonat (388 g, 1724 mmol) dugc hoa
tan trong DCM (150 ml) bang phéu bd sung véi tbc dd sao cho kiém soat duoc lugng
khi thoat ra. Hon hop phan ung nay dugc khudy & nhiét do mdi truong xung quanh
trong 1 gio va tiép theo, mot phén di-tert-butyl dicacbonat nira (5,0 g, 23 mmol) duoc
b6 sung vao. Hén hop phan tng nay dugc khudy ¢ nhiét 46 moi trudng xung quanh
trong 30 phut va tiép theo, 10% dung dich nuéc axit xitric (800 mL) dugc b sung vao
va cac 16p dugc tach riéng. Lép nude duge chiét hai 14n bang DCM va the gom hitu
co dich chiét duge rira mot 1an bang dung dich nuée natri bicacbonat bdo hoa. Lop
hitu co dugc ¢6 trong chan khéong va to can dugce bd sung vao DCM (200 mL) va
hexan (1800 mL). Vita thu duoc duoc loc, sdy kho trong khong khi, va chét ran gom
duoc duogc bao quan. Dich loc dugce co trong chdn khéng va to can duoc ) sung vao
MeOH (500 mL) va natri metoxit (20 mL, 5N trong MeOH, 100 mmol). Hon hop nay
dwogc co trong chdn khéng ¢ 45 °C. B6 sung vao can MeOH (500 mL) va dung dich
NaOH 5N (100 mL, 500 mmol). Hon hgp nay dugc cb trong chan khong ¢ 45 °C. B6
sung vao can nudc va DCM va céc 16p dugce tach riéng. Lop nude duge chiét mot lan
bé‘mg DCM. Céc 16p hitu co duge lam kho trén magie sulfat khan, loc, va ¢6 trong
chdn khéng. B6 sung vao cin 100 mL DCM va 900 mL hexan, Chét ran thu duge duoc
tao thanh vira, loc, séy kho trong khong khi, va két hop vai chét ran thu dugc ban dau
dé tao ra hop chit néu ¢ dé muc nay dudi dang chét rdn mau tring duc (489,55 g,

94%). ES/MS m/z ("Br/*'Br) 290,8/292,8 [M-t-Bu+H] *.
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Vi du diéu ché 25

Axit [2-(tert-Butoxycacbonylamino)-7-flo-1,3-benzothiazol-4-yl]boronic
F

| >N

N )0
HO’B\OH © X
2-[(tert-Butoxycacbonyl)amino]-7-flo-1,3-benzothiazol-4-yl
triflometansulfonat (20,0 g, 48,1 mmol), kali axetat (14,2 g, 144 mmol),
bis(pinacolato)dibo (97,7 g, 385 mmol), tetrakis(triphenylphosphin)paladi(0) (5,55 g,
4,8 mmol) va 1,4-dioxan (240 mL) dugc gom va lam sach bang nito trong muoi phut.
Hodn hop nay duge dun néng & 80 °C qua dém truge khi 1am mat xubng nhiét do moi
trrong xung quanh va pha lodng véi nude va EtOAc. Tach riéng cac 16p. Lép hitu co
dugc 1am kho trén magie sulfat khan, loc, va co trong chdn khong. Axeton (500 mL),
nuée (500 mL), va amoni axetat (112 g, 1443 mmol) dugc bd sung vao. Tiép theo, bd
sung NalOs4 (309 g, 1443 mmol), trong khi duy tri nhiét d¢ phan Ung bén trong gitta
18-23 °C. Hon hop nay duoc khudy manh & nhiét d6 moi truong xung quanh qua dém.
Sau thoi gian nay, EtOAc dugce b6 sung vao. Hon hop nay duoc khudy trong 30 phut,
loc qua dat tdo, va cac 16p dugc tach riéng. Lop hitu co dugce cb trong chdn khong.
L6p nude duge pha lodng véi dung dich nudce natri clorua bao hoa va chiét hai lan
bang EtOAc. Dich chiét hitu co duoc két hop v6i 16p hitu co ¢d dic & trén. Gom dich
chiét, rira bé‘mg nudc, dung dich nudce natri clorua bao hoa, nudce, va dung dich nude
natri bicacbonat bdo hoa. L6p hiru co dugc 1am kho trén magie sulfat khan, loc, va c6
trong chdn khéng. Phan cin duoc tao thanh vita trong hexan bang luong nhé DCM.
Cac chét ran thu dugce duogc loc va ria béng hexan dé tao ra hop chit néu & dé muc

nay dudi dang chét rin mau vang nau (13,4 g, 89%). ES/MS m/z: 313 (M+H).

Vi du diéu ché 25 thay thé

Huyén phu chita natri hydrua (60% trong dau parafin) (34,6 g, 865 mmol) trong
THF (2000 mL) ¢ nhiét d bén trong -17 °C dugc bd sung vao dung dich chira tert-
butyl N-(4-bromo-7-flo-1,3-benzothiazol-2-yl)carbamat (250,18 g, 720,6 mmol) dugc
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hoa tan trong THF (500 mL) trong 15 phut duy tri nhiét do bén trong ¢ -10 °C dén -
15 °C trong thoi gian bd sung. Sau khi bd sung, hdn hop nay duoc khudy & -10 °C dén
-15 °C trong 15 phut, & thoi diém dé viéc thoat khi dung lai. Hon hop phan tng nay
dugc 1am ngudi xubng nhiét do bén trong 14 -65 °C va tiép theo, n-butyllithi (350 mL,
2,5M trong hexan, 875 mmol) dugc bd sung nhé giot vao bang phéu bo sung trong 30
phut & nhiét do dé duy tri nhiét do bén trong tir -60 °C dén -65 °C. Sau khi b6 sung,
hén hop phan mg nay dugc khudy ¢ nhiét do nay trong 20 phut va tiép theo,
triisopropyl borat (416 ml, 1800 mmol) dugc bd sung nho giot vao trong 15 phut duy
tri nhiét d bén trong nhd hon -60 °C. Hdn hop phan ting nay dugc dé cho tir tir 4m
dén nhiét do bén trong 0 °C trong 5 gio 45 phut va tiép theo, dung dich nuéc amoni
clorua bdo hoa (400 mL) dugc bd sung vao cin than dé kiém soat khi thoat ra. Hon
hop nay duge bo sung nude (400 mL) va EtOAc (400 mL) va cac 16p dugce tach riéng.
Lép nuée duoc bd sung vao du dung dich nwde HCI 1N d@ tang do pH 1én 3-4 va tiép
theo, 16p nudc duoc chiét hai 1an béng EtOAc. Lam kho cac dich chiét hitu co thu gom
duoc trén magie sulfat khan, loc, va co trong chdn khong. B6 sung vao cin n-heptan
(500 mL) va hon hop nay duoc cd trong chdn khéng ¢ 55 °C. B& sung vao cin mot
phan nita n-heptan (500 mL) va hon hop nay dugc cd trong chdn khéng ¢ 55 °C. Can
ran duoc bd sung 200 mL DCM va 1800 mL hexan va hdn hop nay dugc tao vita. Chét
ran duoc loc, rira béng hexan, va dé khé trong khong khi dé tao ra hop chét néu & dé

muc nay dudi dang chét rin mau trang duc (217,2 g, 94%). ES/MS m/z: 313 (M+H).

Vi du diéu ché 26

Metyl 4-amino-3,5-diclo-2-flo-benzoat

F SO0
Cl
0

HyN
Cl

Metyl 4-amino-2-flo-benzoat (27,0 g, 160 mmol) va NCS (46,3 g, 336 mmol)
duoc hoa tan trong DMF (300 mL) va dun néng ¢ 80 °C. Sau 40 phit, hdn hop phéan
g nay dugc rét vao hon hop nuée da va chiét hai 1an bang EtOAc. Dich chiét hiru
co két hop duge rira mot 1an bang dung dich NaOH 5N, hai lan bang 0,2N dung dich
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nude LiCl, 1am kho trén magie sulfat khan, loc, va co trong chdn khong dé tao ra hop

chét néu & dé& muc nay (37,0 g, 97%). ES/MS m/z (3C1/37Cl) 238/240 [M+H] *.

Béang 1: Céc hop chét dugc téng hop theo cach gan nhu twong tu v6i cach cia Vi du

diéu ché 26
Vi du diéu , ,
ohé Cau trac Tén hop chat NMR
F  OH 'H NMR (DMSO-d6)
. F o | Axit 4-amino-5-clo- | d 12,96 (s, 1H), 7,54
H,N 2,3-diflo-benzoic (dd, J= 2,1, 6,9 Hz,
Cl 1H), 6,56 (bs, 2H)
£ ~o 'H NMR (CDCl) d
- o Metyl 4-amino-5-clo- | 7,80 (d, J=7,2 Hz, 1H),
H,N 2-flo-3-metyl-benzoat | 4,56 (bs, 2H), 3,16 (s,
cl 3H), 2,14 (d, 3H)
Vi du diéu ché 29

Axit 3,5-diclo-2-flo-4-iodo-benzoic

F OH

Cl
O

Cl

DPong iodua (10,0 g, 51,5 mmol), ACN (128 mL) va fert-butyl nitrit (13,6 mL,

103 mmol) duoc gom va hdn hop nay duge dun nong & 50 °C trong 30 phut va tiép

theo, hdn hop nay dugc bd sung vao metyl 4-amino-3,5-diclo-2-flo-benzoat (6,11 g,

25,7 mmol). Quan sat thay c6 khi thoat ra. Sau 1 gi® 40 phut ¢ 50 °C dung moéi duoc

loai bo trong chan khong. Nudce, EtOAc, va IN dung dich nudc HCI duogc b6 sung

vao. Lop nuée duge chiét hai lan bang EtOAc. Dich chiét hiru co két hop duge ria

bang dung dich nudc natri bisulfit, lam kho trén magie sulfat khan, loc, va co trong
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chén khéng. Hon hop thd dugc tinh ché biang phuong phép sic ky nhanh rira giai bang
3-5% EtOAc trong hexan. Cac phan doan sach nhét duoc gom va cd trong chdn khong
dé tao ra chit trung gian metyl este (5,85 g, 65%).

Metyl 3,5-diclo-2-flo-4-iodo-benzoat (5,85 g, 16,8 mmol) duoc b6 sung vao
MeOH (170 mL) va dung dich nwéc NaOH 1IN (17 mL). Trong thoi gian khudy & nhiét
d6 moi truong xung quanh trong 40 phut, cac chit duoc hoa tan hoan toan. MeOH
duoc loai bo trong chdn khéng. B6 sung vao cin EtOAc va dung dich nuge HCL IN.
L6p nude duge chiét hai 1an bang EtOAc va dich chiét hitu co két hop dugc 1am kho
trén magie sulfat khan, loc, va co trong chdn khong dé tao ra hop chit néu & dé muc

nay (5,56 g, 99%): 'H NMR (CDCls d 8,063-8,08 (d, 1H, J= 6,34 Hz).

Vi du diéu ché 30
Metyl 5-clo-2-flo-4-iodo-3-metyl-benzoat

F SO

@)

Cl

Metyl 4-amino-5-clo-2-flo-3-metyl-benzoat (14,8 g, 68,0 mmol) trong ACN
(100 mL) duoc bd sung vao hdn hop dang khudy chitra dong iodua (15,7 g, 82,4 mmol),
ACN (100 mL) va ftert-butyl nitrit (12,3 mL, 103 mmol). Hon hop nay dugc dun nong
trong N> & 40 °C trong 18 gid. Hon hop nay dugc cd trong chdan khong dén mot nira
thé tich ban diu, pha losng véi EtOAc, va loc hai 1an qua dat tdo. Gom cac dich va co
trong chdn khéng. Hon hop thd dwoc tinh ché bang phuong phap sic ky nhanh silicagel
rira giai bang EtOAc trong hexan. Gom céac phan doan sach nhit va c¢d trong chdn
khong dé tao ra hop chét néu ¢ dé muc nay (22,46 g, 52,8%). 'H NMR (CDCls) d 7,91
(d, J= 6,6 Hz, 1H), 3,95 (s, 3H), 2,53 (d, J= 3,1 Hz, 3H).

Vi du diéu ché 31

Metyl 4-amino-3-clo-2,5-diflo-benzoat
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Dung dich chira metyl 4-amino-2,5-diflobenzoat (25 g, 127 mmol) trong DMF
(100 mL) dugc bd sung vao NCS (19,9 g, 146 mmol) & nhiét d0 moi trudng xung
quanh va tiép theo, hdn hop nay duge dun néng & 45 °C trong 18 gio. Hon hop phan
g nay duoc rét vao hon hop gbdm nudée (1,5 L) va dietyl ete (1,2 L), va cac 16p duge
tach riéng. Lop nude duge chiét bang dietyl ete (1 L). Dich chiét hitu co két hop dugc
rira bang dung dich nuéc NaOH 1N lanh, nuéc, va dung dich nude natri clorua béo
hoa. Cac 16p hitu co dugce lam kho trén khan natri sulfat, loc, va co6 trong chdn khong.
Phén cin duoc tinh ché bing phwong phap sac ky cot nhanh silicagel, rira giai bing
10-30% (75% BtOAc trong DCM)/hexan dé tao ra hop chat néu & dé muc nay (24,5
g, 87%). ES/MS m/z: 222,2 (M+H).

Vi du diéu ché 32
Metyl 4-bromo-3-clo-2,5-diflo-benzoat

F O
Cl
o~
Br
F

Metyl 4-amino-3-clo-2,5-diflo-benzoat (24,5 g, 111 mmol) trong ACN (100
mL) duge bd sung vao lanh hdn hop déng bromua (6,2 g, 28 mmol) va ferz-butyl nitrit
(20 mL, 168 mmol) trong ACN (100 mL). Hén hgp mau xanh 1a dugc lam 4m dén
nhiét d6 moi truong xung quanh trong 18 gio. Tiép theo, pha lodng hon hop phan ting
voi ACN, loc qua dém dét tao, va rira béng DCM. Dich loc dugc ¢6 va dugc pha loang
vl DCM, loc lai qua dét tao, va rira béng DCM. Dich loc duoc ria béng nudc, dung
dich amoni clorua bdo hoa (2X), dung dich nudc natri clorua bao hoa (2X), 1am kho
trén natri sulfat, loc, va co trong chdn khéong. Phén cdn dugc tinh ché bang phuong

phép sic ky cot nhanh silicagel, rira giai bang 0-50% (10% EtOAc trong DCM)/hexan
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dé tao ra hop chit néu & d& muc nay (23,5 g, 70%). '"H NMR (CDCls) d 7,68 (1H, m),
3,99 3H, s).

Bang 2: Hop chit dugc tong hop theo cach gin nhu tuong tu v6i cach cia Vi du diéu
ché 32

Vidu diéu | | i
. Cau trac Tén hop chat NMR
ché
F  OH
E 'H NMR (DMSO-
0 Axit  4-bromo-5-clo-
33 d6) d 7,89 (dd, J=
Br 2,3-diflo-benzoic
Ql 2,2, 6,2 Hz, 1H)
Vi du diéu ché 34

Axit 4-bromo-3-clo-2,5-diflo-benzoic

F O

I
c OH

Br
F

Dung dich chira metyl 4-bromo-3-clo-2,5-diflo-benzoat (10,8 g, 37,8 mmol)
trong THF (100 mL) duoc bd sung vao MeOH (50 mL). Dung dich dong nhét nay
duge 1am mat trong bé da va NaOH 2N (60 mL, 120 mmol) dugc bd sung vao nhod
giot. Sau khi b6 sung, hdn hop nay dugc khudy & nhiét do mdi trudng xung quanh
trong 30 phut. Dung méi hitu co duoc loai bo trong chdn khong. Dung dich nuéce duge
lam lanh bang da va pH dugc diéu chinh dén ~2,0 bang HCI 5N (24 mL). Dung dich
nuéde duoc chiét bang EtOAc (3X). Dich chiét hiru co két hop duogc ria bang dung
dich nudc natri clorua bao hoa, lam kho trén magie sulfat, loc, va cd trong chdn khong.
Phan can thu dugce dugce lam kho trong 16 chan khong & 60 °C qua dém dé tao ra hop
chét néu & dé muc nay (10,3 g, 99%). '"H NMR (DMSO0-d6) d 7,81 (dd, J=6.0, 8,6 Hz,
1H).
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Bang 3: Hop chit duoc tong hop theo cach gan nhu twong tw v6i cach cia Vi du diéu
ché 34

62/189

Vidudiéu| | )
) Céau tric Tén hgp chat NMR
ché
'H NMR (DMSO-
T d6) d 13,62 (s, 1H),
o) Axit 5-clo-2-flo-4-
35 7,84 (d, = 6,7 Hz,
| iodo-3-metyl-benzoic
i 1H), 2,45 (d, 3H).
Vi du diéu ché 36

Metyl 4-bromo-3-clo-5-flo-2-hydroxy-benzoat
Cl OH

O_
Br
(0]

F

Dung dich chira metyl 4-bromo-5-flo-2-hydroxy-benzoat (9 g, 34,3 mmol)
trong axit axetic (70 mL) dugc bd sung vao NCS (14 g, 104,8 mmol) va hon hop nay
duge dun noéng dén 55 °C. Sau 18 gio, mot lugng NCS bd sung (5,5 g, 37,7 mmol)
dugc bd sung vao va hdn hop nay duoc khudy trong 24 gi & 55 °C. Tiép theo, hon
hop phan tmg dugc lam mat xudng nhiét d6 moi trudng xung quanh va lugng du axetic
axit duoc loai bé rong chdn khéng. Phan cin dugc tinh ché bang phuong phap sic ky
cot nhanh silicagel, rira giai bing 100% DCM dé tao ra hop chit néu & dé muc nay
dudi dang chit ran (7,1 g, 73%). ES/MS m/z ("’Br/*'Br) 281/283 [M-H] .

Vi du diéu ché 37

tert-Butyl (3aR)-1,1-dioxo-3a,4,6,7-tetrahydro-3H-oxathiazolo[3.4-a]pyrazin-5-

carboxylat
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0o

Huyén phu chira imidazol (24,9 g, 362 mmol) trong DCM (181 mL) ¢ 0 °C
duoc bd sung vao thionyl clorua (8,0 mL, 110 mmol) nhé giot. Hon hop dugc khudy
&0 °C trong 5 phiit va ¢ nhiét d6 moi trrong trong 1 gio. Hon hop nay dwgc lam ngudi
xubng -78 °C va dung dich chita tert-butyl (3R)-3-(hydroxymetyl)piperazin-1-
carboxylat (8,00 g, 36,2 mmol) trong DCM (181 mL) dugc bd sung nhé giot vio trong
45 phuat. Hon hop nay duoc lam 4m dén nhiét do moi truong xung quanh va khudy
trong 2,5 ngay. Lam dung phan ung bang dung dich nuéc amoni clorua bao hoa va
pha loang véi nude va DCM. Céc 16p dugc tach riéng va 16p nude dugc chiét lai bang
DCM. Rura céc 16p hitu co thu gom bang dung dich nuéc natri clorua bdo hoa, lam
kho trén natri sulfat, loc, va ¢b trong chdn khéng dé tao ra siro mau hd phach. Dung
dich chira siro trong axetonitril (282 mL) ¢ 0 °C dugc bd sung vao dung dich chira
natri periodat (10,2 g, 47,6 mmol) trong nuée (92 mL). Rutheni(III) clorua (76 mg,
0,37 mmol) dugc bd sung vao. Huyén phu thu duge duoc khudy & 0 °C trong 5 phut
va & nhiét d6 méi truong xung quanh trong 5 gi¢. Lam dimg phan img bang dung dich
nudc amoni clorua bao hoa va pha lodng véi nude va EtOAc. Céc 16p duoc tach riéng
va 16p nude duge chiét lai bang EtOAc. Cac 16p hitu co két hop dugc rira bang dung
dich nuGc natri clorua bdo hoa, lam kho trén natri sulfat, va loc qua giéy loc va tiép
theo, qua nit ngin chia silicagel. Co dic dich loc trong chdn khong. B6 sung vao cin
DCM, va hdn hop nay duoc cd trong chdn khéng va cho vao chan khong qua dém dé
tao ra hop chét néu & dé muc nay dudi dang chit rin mau vang nau (9,39 g, 93%). 'H
NMR (CDCls) d 4,63 (1H, dd), 4,23 (1H, 1), 4,23 (1H, br s), 4,07 (1H, br s), 3,64 (1H,
m), 3,45 (1H, d), 3,13 (1H, m), 2,96 (2H, td), 1,47 (9H, s).

Bang 4: Céc hop chét duoc tong hop theo cach gan nhu tuong tu v6i cach cta Vi du
diéu ché 37
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Vi du diéu | ,
14 Cau truc Tén hop chat "H NMR (CDCls)
che
4,63 (1H, dd), 4,23
tert-Butyl (3aS)-1,1-
(1H, t), 4,23 (1H,
e) dioxo-3a,4,6,7-
)\ br s), 4,07 (1H, br
N tetrahydro-3H-
38 e s), 3,64 (1H, m),
o} N\) oxathiazolo[3.4-
S’ 3,45 (1H, d), 3,13
0" o a|pyrazin-5-carboxylat
(1H, m), 2,96 (2H,
td), 1,47 (9H, s)
Vi du diéu ché 39

5-Bromo-4-metyl-3H-isobenzofuran-1-on

Br

Huyén phu chira (3-bromo-2-metylphenyl)metanol (15,0 g, 73,1 mmol) trong
TFA (75 mL) duoc bd sung vio thali(IlI) trifloaxetat (41,8 g 73,1 mmol). Mot luong
TFA ntra (25 mL) dugc st dung dé rira thali(III) trifloaxetat vao binh hon hop phan
tmg. Hon hop nay duoc khudy trong nito & nhiét do méi trudong xung quanh qua dém
va ¢0 trong chdn khéng va lam kho trong chin khong dé tao ra chat rdn mau vang nau
nhat. Chét ran dugc cho vao trong nito va két hop vai magie oxit (6,01 g, 149 mmol),
lithi clorua (6,32 g, 149 mmol), va MeOH (300 mL). Paladi(II) clorua (1,32 g, 7,38
mmol) duge bd sung vao. Hon hop nay duge lam sach ndm 14n bang cacbon monoxit
va cho vao trong moi truong cacbon monoxit (ap suit binh cau). Hon hop nay duoc
khudy & nhiét do mdi truong xung quanh trong 2 gid va paladi(Il) clorua (262 mg,
1,46 mmol) va magie oxit (1,18 g, 29,2 mmol) duoc bd sung vao. Hon hop nay dugc
lam sach ba 1in bang cacbon monoxit va cho vao trong méi trudng cacbon monoxit
(4p suat binh cau). Hon hop nay duoc khudy & nhiét d moi truong xung quanh trong
30 phut va paladi(Il) clorua (262 mg, 1,46 mmol) va magie oxit (1,18 g, 29,2 mmol)
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duge bd sung vao. Hon hop nay dugce lam sach bbn 14n bang cacbon monoxit va cho
vao trong moi truong cacbon monoxit (4p suét binh cau). Hén hop nay dugc khudy &
nhiét do moi trudng xung quanh trong 1,5 gio va paladi(II) clorua (327 mg, 1,83 mmol)
va magie oxit (1,77 g, 43,9 mmol) duogc bb sung vao. Hon hop nay dugce lam sach
bang cacbon monoxit va cho vao trong moi truong cacbon monoxit (ap suét binh cau).
Hbn hop nay duoc khudy & nhiét d6 moi trudong xung quanh trong 1,5 gio, loc qua dat
tao, va rira k¥ dét tao bang EtOAc. Dich loc dugc o trong chdn khong dé tao ra can.
San phdm tho dugce tinh ché bang phwong phép sic ky nhanh silicagel rira giai bang 0-
30% EtOAc/hexan. Cac phan doan chtra san pham duoc co trong chdn khong dé tao
ra hop chit néu & dé muc nay dudi dang chit rin mau tring (14,48 g, 70%). ES/MS
m/z ("Br/4'Br) 227,0/229,0 [M+H]".

Vi du diéu ché 40

5-Bromo-4-metyl-6-nitro-3H-isobenzofuran-1-on

Br

Dung dich chira 5-bromo-4-metyl-3H-isobenzofuran-1-on (14,4 g, 50,7 mmol,
do tinh khiét 80%) trong dung dich axit sulfuric dic (160 mL) dugc lam ngudi xubng
-5 °C va kali nitrat (9,62 g, 95,2 mmol) dugc bd sung vao. Hoén hop nay duoc khqu
trong nito trong 2,5 gio va da (750 g) duoc bd sung vao trong khi khudy. Hon hop nay
duoc chiét ba 1an bang EtOAc. Cac 16p hitu co két hop dugc rira bang dung dich nuéc
natri clorua bao hoa, 1am khé qua natri sulfat, duogc loc, va co trong chdn khong. Cac
chét tho duoc tinh ché bang phuong phap sic ky nhanh silicagel rtra giai bang 10-70%
EtOAc/hexan. Cac phan doan chira san pham dugc co trong chdn khong dé tao ra hop
chdt néu ¢ dé muc nay dudi dang chit ran mau tring duc dén mau vang/mau

cam (11,98 g, 87%). ES/MS m/z (Br/'Br) 289,0/291,0 [M+H]".

Vi du diéu ché 41

6-Amino-5-bromo-4-metyl-3H-isobenzofuran-1-on
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Binh phén ung chiu 4p duoc bd sung vao 5-bromo-4-metyl-6-nitro-3H-
isobenzofuran-1-on (11,98 g, 44,04 mmol), DCM (1000 mL), TFA (300 mL, 4 mol),
va platin (5% trén cacbon, sulfu héa, 3,00 g, 0,769 mmol). Hoén hop nay duoc 1am sach
bang hydro va diéu ap dén 45 PSI trong 1,25 gio. Hon hop phéan tmg nay dugc loc qua
dat tao va duogc ria k§ b@ing DCM. Dich loc dugc cd trong chdan khong dé tao ra can.
Phan cin duoc lam khd trong chan khong va tinh ché biang phwong phap sic ky nhanh
silicagel rira giai bang 10-60% EtOAc/DCM. Céc phan doan chta san pham duoc
cd trong chan khéng dé tao ra hop chét néu & d muc nay dudi dang chit rin mau qua

d20 (9,86 g, 96%). ES/MS m/z ("Br/8'Br) 242,0/244,0 [M+H]".

Vi du diéu ché 42

5-Amino-4,6-diclo-3H-isobenzofuran-1-on

Dung dich chira 5-amino-3H-isobenzofuran-1-on (10,44 g, 68,60 mmol) trong
DMF (100 mL) ¢ nhiét do mdi truong xung quanh dugc bb sung vao NCS (20,56 g,
150,9 mmol). Hdn hop nay duoc khudy & 50 °C trong 2,5 gid va ¢ nhiét dd méi truong
xung quanh qua dém. Hon hop nay duge rét vao nude (1 L) va chat két tia duoc loc
ra bang thuy tinh phdi liéu, rira hai 14n bang nude va tiép theo, bang dietyl ete, va lam
kho bang cach hit khi qua phdi liéu thity tinh. Chat két tia duge cho hap thu trong
EtOAc, lam kho trén natri sulfat, loc, va co trong chan khong dé tao ra hop chit néu &
dé muc nay dué6i dang chit rin mau hoi vang-mau cam (14,27 g, 93%). ES/MS m/z
(3C1A7Cl) 218,2/220,0 [M+H]".

Vi du diéu ché 43

4,6-Diclo-5-iodo-3H-isobenzofuran-1-on
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Huyén phu chita 5-amino-4,6-diclo-3H-isobenzofuran-1-on (8,00 g, 35.6
mmol) trong axetonitril (237 mL) ¢ -15 °C duoc bd sung vao dung dich axit sulfuric
dic (6,5 mL, 120 mmol) nho giot. Dung dich chira natri nitrit (4,96 g, 71,2 mmol)
trong nuée (36 mL) duge bd sung vao tir tir. Khudy hén hop & 0 °C trong 30 phut.
Dung dich chira kali iodua (23,6 g, 142 mmol) trong nuéc (36 mL) duoc b sung vao
nhé giot. Hon hop nay dugc khudy & 0 °C trong 15 phiit va & nhiét d méi trudng xung
quanh trong 30 phut. Hon hop nay dugc pha lodng v6i dung dich nude natri sulfit bao
hoa va ¢o timg phan trong chan khong dé loai bo hau hét axetonitril. Pha loang hdn
hop bang EtOAc va tach cic 16p. Lép hitu co duge rira bang dung dich nuéc natri
clorua bdo hoa, lam kho trén natri sulfat, loc, va cd trong chdn khéng. Cac chét thd
duoc tinh ché bang phuong phap sic ky nhanh silicagel rtra giai bang 0-25%
EtOAc/hexan. Cac phan doan chira san pham khong tinh khiét dugc co trong chdn
khong va tinh ché tiép bing phuong phap séc ky nhanh silicagel rira gii bang 100%
DCM. Gom céc phan doan chira san phim tinh khiét tir hai lin tinh ché bang séc ky,
c0 trong chdn khong, va cho vao chan khong qua dém dé tao ra hop chit néu ¢ dé muc
nay du6i dang chét rin mau vang nhot (6,62 g, 51%). '"H NMR (CDCls) d 7.89 (1H,
s), 5,25 (2H, s).

Vi du diéu ché 44

5-Bromo-6-clo-4-metyl-3H-isobenzofuran-1-on

Br
0
Cl

o
Huyén phil chtra dong clorua (5,85 g, 43,5 mmol) trong axetonitril (150 mL)
trong bé nudc lanh duge bd sung vao rert-butyl nitrit (12,9 mL, 108 mmol) trong 5
phut. Hon hop nay duoc khudy trong 10 phut va bé nude lanh duge ldy di. Hon hop

nay duoc khudy trong nito trong 25 phut nita. Dung dich chtra 6-amino-5-bromo-4-

67

67/189



48142

metyl-3H-isobenzofuran-1-on (8,73 g, 36,1 mmol) trong axetonitril (550 mL) duoc bd
sung nhé giot vao va hdn hop nay dugc khudy trong nito trong 1,5 gio. Hon hop nay
duoc co ting phan trong chdn khéng dé 1am giam thé tich xuéng khoang 275 mL. Hon
hop nay duoc pha lodng v6i dung dich nude natri clorua bao hoa (300 mL) va IM HCI
(500 mL) va chiét hai 1an v6i EtOAc. Gom céc 16p hitu co, ria hai lan véi dung dich
nuéc natri bicacbonat bdo hoa, rira hai 1an véi dung dich nuéc natri clorua béo
hoa, lam kho trén natri sulfat, loc, va c6 trong chdn khong. Cac chét tho duoc tinh ché
bing phuong phap sic ky nhanh silicagel rira giai bing 5-30% EtOAc/DCM. Céc phan
doan chira san pham dugc cd trong chdn khéng dé tao ra hop chét néu ¢ dé& muc nay
duéi dang pale mau vangchit rin (9,03 g 96%). ES/MS
m/z ("Br/*'Br) 278,0/280,0 [M+H]".

Vi du diéu ché 45

Natri 4-bromo-5-clo-2-(hydroxymetyl)-3-metyl-benzoat

OH
Br Na+
o
Cl \
O

Ong c6 nap van dugc lap thanh khudy duoc bd sung vao 5-bromo-6-clo-4-
metyl-3H-isobenzofuran-1-on (2,459 g, 8,557 mmol)
va 1M NaOH (9,4 mL, 9,4 mmol). Day 6ng va dun néng & 100 °C trong 2 gio. Hén
hop phan Gng nay duoc lam ngudi xubng nhiét d6 moi trudng xung quanh va dugce
chuyén véao binh phan ting 1 L. Toluen (100 mL) dugc bd sung vao va hdn hop nay
dugc co trong chdn khéng va cho vao chan khong trong 3 ngay dé tao ra hop chit néu
& d& muc nay dudi dang chét ran mau vang nau (2,81 g, 99+%). ES/MS m/z (”Br/*'Br)
276,8/278,8 [M-H]J".
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Bang 5: Cac hop chét dugc tong hop theo cach gin nhu tuong tu vé6i cach cua Vi du
diéu ché 45

Vidudiéu | ) ES/MS  m/z
, Cau tric Tén hop chat
ché (M+H)
Cfoo | Nawi 3,5-diclo-2-
Na
46 j@o‘ (hydroxymetyl)-4-iodo- | 344,8/346,8
Cl
o) benzoat

Vi du diéu ché chuén bi 47

Benzyl (3S)-4-[benzyl-(2-etoxy-2-oxo-etyl)amino]-3-(tert-butoxycacbonylamino)-4-

oxo-butanoat

>

Ly SO

ol
@A §

4-benzyl este cua axit boc-L-Aspartic (114 g, 352,6 mmol) dugc bd sung vao
binh phan tng. DCM (950 mL) va N,N’-dixyclohexylcarbodiimit (74,5 g, 361 mmol)
duoc bd sung vao, va hdn hop nay duge lam mat xubng 10-20 °C. Benzylglyxin etyl
este (68,2 g, 353 mmol) dugc bd sung vao nho giot, gilt nhiét do nho hon 20 °C. Hén
hop nay duge khudy & 10-20 °C trong 17 gio, tiép theo, loc va co trong chdn khong.
MTBE (230 mL) duoc bd sung vao va hén hop nay dwogc khudy trong 0,5 gio. Hon
hop nay dugc loc va co trong chan khong dé tao ra hop chét néu & dé muc nay dudi

dang dau (174.4 g, 99%).

Vi du diéu ché 48

Benzyl 2-[(2S)-4-benzyl-3,6-dioxo-piperazin-2-yl]axetat
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Benzyl (3S)-4-[benzyl-(2-etoxy-2-oxo-etyl)Jamino]-3-(tert-
butoxycacbonylamino)-4-oxo-butanoat (174,4 g, 349,8 mmol) dugc bd sung vao binh
phan tmg cung v6i DCM (500 mL) va TFA (230 mL). Hon hop nay duoc khudy & 15-
20 °C trong 16 gio, tiép theo, cd trong chdn khong dén kho. Phan cin dugc hoa tan
trong isopropanol (500 mL) va dun néng dén 80 °C trong 1 gid. Hon hop nay dugce co
trong chan khéng, tiép theo, pha loing v6i nudc (230 mL). Hoén hop nay duge trung
hoa bang 15% NaOH trong nuréc dén pH 8-9 (109 g dung dich nuéc NaOH 15% duoc
st dung). Hon hop nay duoc loc va rira bang nude (2 x 100 mL). Céc chét rin duoc
lam kho trong chan khong & 50-55 °C trong 2 ngay dé tao ra hop chét néu & dé muc
nay du6i dang chét rin (95,9 g, 78%). 'H NMR (CDCl3) § 7,44 — 7,29 (m, 8H), 7,32
— 17,23 (m, 2H), 6,91 (br s, 1H), 5,18 (d, J= 12,1 Hz, 1H), 5,14 (d, J = 12,2 Hz, 1H),
4,64 (d, J= 14,5 Hz, 1H), 4,54 (d, J = 14,5 Hz, 1H), 4,44 (br d, J= 7,9 Hz, 1H), 3,88
(d, J=17,7 Hz, 1H), 3,82 (d, J= 17,7 Hz, 1H), 3,15 (dd, J = 17,5, 3,4 Hz, 1H), 2,93
(dd, J=17.5, 8,3 Hz, 1H).

Vi du diéu ché 49

2-[(2S)-4-Benzylpiperazin-2-yl]etanol

Lithi nhoém hydrua (13 g, 342,5 mmol) dugc bd sung vao binh phin tng cung
v6i THE (200 mL). Hon hop nay dugc lam ngudi xubng -5-0 °C. Benzyl 2-[(2S)-4-
benzyl-3,6-dioxo-piperazin-2-yl]axetat (50 g, 141,9 mmol) dugc bd sung vao binh
phan tng thir hai cung v6i THF (400 mL). Dung dich chira benzyl 2-[(25)-4-benzyl-
3,6-dioxo-piperazin-2-yl]axetat dugc bd sung tir tir vao dung dich lithi nhdom hydrua,

giit nhiét do gitta -5 va 0 °C. Hon hop phan ung nay dugc dun nong dén 60-65 °C va
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duoc khudy trong 2 gid. Hon hop duogc lam lanh dén 20-30 °C va duogc khudy trong
16 gio. nudce (13 g) duge b sung vao, tiép theo, 4% NaOH trong nudc (52 g) duoc b
sung vao. Hon hop nay dugc khudy trong 1 gio, loc, va cb trong chdn khéong. Isopropyl
axetat (200 mL) va 2M HCI (150 g) duogc bd sung vao. Cac 16p dugce tach riéng va 16p
nude duge rira lai vai isopropyl axetat (100 mL). Lép nuéce duoc diéu chinh dén pH
11-12 bang NaOH, va DCM (150 mL) duge bd sung vao. Céc 16p duge tach riéng va
16p hitu co duge rua bang nude (100 mL). C4c 16p duge tach riéng va 16p hitu co duge
cd trong chdn khéng dé tao ra hop chit néu & @& muc nay dudi dang chét ran (20,1 g,
64%).

'"H NMR (CDCls) & 7,44 — 7,20 (m, 5H), 3,81 (t, /= 5,2 Hz, 2H), 3,50 (s, 2H), 3,08 —
2,93 (m, 2H), 2,93 — 2,82 (m, 1H), 2,76 (d, J = 11,5 Hz, 2H), 2,02 (td, J= 11,1, 3,3
Hz, 1H), 1,85 (t, J=10,4 Hz, 1H), 1,67 — 1,52 (m, 2H).

Vi du diéu ché 50
2-[(2S)-Piperazin-2-yl]etanol

HO
NH
\/m\j/\\)

2-[(2S)-4-Benzylpiperazin-2-yl]etanol (20 g, 91 mmol) dugc bd sung vao binh
phan tmg duge x6i Ho. MeOH (200 mL) dugc bd sung vao va PA(OH), (2 g) dugc bd
sung vao. Hon hop nay duoc xbi Hy, tiép theo, diéu ap dén 45 psi Ho. Hon hop nay
duge dun néng dén 50 °C va dugce khudy trong 44 gid. Hon hop phan (mg nay dugc
loc va cd trong chdn khéng dé tao ra hop chét néu ¢ d& muc nay dudi dang dau (12,7
g, 99+%). 'H NMR (CDCI3) 6 3,84 — 3,65 (m, 2H), 3,44 (s, 1H), 2,99 — 2,83 (m, 4H),
2,78 (td, J = 11,6, 2,5 Hz, 1H), 2,68 (td, J = 11,4, 2,8 Hz, 1H), 2,54 — 2,42 (m, 1H),
1,65 1,43 (m, 2H).

Vi du diéu ché 51

tert-Butyl (3S)-3-(2-hydroxyetyl)piperazin- 1-carboxylat;axit phosphoric
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2-[(2S)-Piperazin-2-yl]etanol (9,2 g, 70,4 mmol) dugc bd sung vao binh phan
tng, cung v6i MeOH (83 mL) va nudce (9 mL). Hon hop nay dugc khudy trong 0,5 gi&r
& 15 °C. Di-tert-butyl dicacbonat (15,4 g, 70,6 mmol) dugc bd sung vao binh phan
mg thtt hai, cing véi MeOH (92 mL). Dung dich di-fer¢-butyl dicacbonat dugc b
sung vao the 2-[(2S)-piperazin-2-yl]etanol dung dich trong 0,5 gio, gitt nhi€t d§ nho
hon 15 °C. Hon hop nay dugc khudy trong 2 gid & 15 °C. Axit phosphoric (ndng do
85%, 8,11 g, 70,4 mmol) va EtOH dugc gom trong binh phan (g riéng biét, va dung
dich axit phosphoric dugc bd sung vao hdn hop phan tmg nay trong 30 phat. Hon hop
nay dugc khudy trong 20 phut & 15 °C, tiép theo, 1am mat xubng -5 °C trong 3 gio.
Hon hop nay duoc khudy & -5 °C trong 1 gio, loc va duge ria bing EtOH, tiép theo,
sdy kho & 50 °C trong 4 gid dé tao ra hop chét néu & dé muc nay dudi dang chét ran
(5,82 g, 25%). 'H NMR (D,0) 8 4,11 — 4,03 (m, 1H), 4,00 (br s, 1H), 3,75 — 3,62 (m,
2H), 3,43 — 3,30 (m, 2H), 3,30 — 3,18 (m, 1H), 3,17 — 2,95 (m, 2H), 1,86 — 1,78 (m,
2H), 1,38 (s, 9H).

Vi du diéu ché 52

(3S)-3-(Benzylamino)tetrahydrofuran-2-on

140

Huyén phu L-homoserin lacton hydroclorua (100 g, 726,93 mmol, bot rdy phan
tir 4A (178 g), va benzaldehyt (57 mL, 561,3 mmol) trong DCM (2500 mL) dugc
khudy qua dém trong mai trrong nito ¢ 35 °C. Sau thoi gian nay, nhiét dugc lay di va
hdn hop nay duge lam ngudi xudng 20 °C. Natri triaxetoxybohydrua (208 g, 981,41
mmol) dugc bd sung vao hdon hop nay ma tiép theo, n6é dugc dé cho 4m dén nhiét do
moi truong xung quanh sau 20 phut va khudy trong 2 gio. Sau thoi gian nay, hon hop

nay duoc lam ngudi xuong -10 °C va dugc t6i can than véi dung dich nude natri
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bicacbonat bdo hoa (400 mL). D6 pH dugc diéu chinh dén 8 bang dung dich née natri
bicacbonat bdo hoa va chét ran natri bicacbonat. Hon hop nay dugc loc qua dém dat
tao va ria k§ bang DCM. Céc 16p dugce tach riéng va dung dich nudc duge chiét mot
l4n nira bang DCM (1 L). Gom cac 16p hitu co 1am kho trén natri sulfat, loc, va cd
trong chan khéng dé tao ra hop chét néu ¢ d& muc nay dudi dang dau trong sudt (87
g, 66,5%, 81 % khéi lugng). ES/MS m/z: 192,2 (M+H). Dé phan tich tiép, mau hop
chét duoc néu & dé muc nay (1 g) dugc tinh ché bang phwong phap sic ky nhanh
silicagel rira gidi bing 10-50% EtOAc/DCM dé tao ra 422 mg hop chat duge néu & dé
muc ndy da tinh ché. Chat nay duoc phan tich bing cach st dung Chiralpak® IC, 4,6
x 150 mm, 10% IPA (0,2% IPAm)/COz, 5 mL/phut, 225 nm cho thay >98% lwong dur
chat dong phan dbi anh

Vi du diéu ché 53
tert-Butyl N-[2-[benzyl-[(3S)-2-oxotetrahydrofuran-3-ylJamino]-2-oxo-

etyl]carbamat

o 1)
O&Nrmiok

Hbn hop gdm (3S)-3-(benzylamino)tetrahydrofuran-2-on (86 g, 364,27 mmol,
81 % khdi luong), boc-Gly-OH (97 g, 553,71 mmol), va TEA (103 mL, 739 mmol)
trong DCM (700 mL) dugc lam ngudi xubng ~5 °C. Propylphosphonic anhydrit (50
% khéi luong trong EtOAc) (430 mL, 737 mmol) dugc bd sung nho giot vao trong
mot gio vao hdn hop nay trong khi giit nhiét do bén trong ~10 °C. Sau khi b6 sung
xong, hon hop nay duoc dé cho 4m dén nhiét do mdi truong xung quanh. Sau bay gio,
hdn hop nay dugc lam ngudi xubng 10 °C va mot lugng boc-Gly-OH nira (3,1 g, 18
mmol), TEA (5 mL, 35,9 mmol), va propylphosphonic anhydrit (50 % khdi luong
trong EtOAc) (22 mL, 37,7 mmol) dugc bd sung vao. Lam Am hdn hop dén nhiét do
moi truong xung quanh va khudy qua dém. Sau thoi gian nay, hdn hop nay dugc lam
ngudi xubng 8 °C va mot lugng boc-Gly-OH nita (9,6 g, 55 mmol), TEA (10 mL, 71,7
mmol), va propylphosphonic anhydrit (50 % khéi luong trong EtOAc) (42 mL, 71,9
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mmol) duoc bo sung vao. Hon hop nay duge lam 4m dén nhiét do moi truong xung

quanh va duoc khudy trong ~7 gid. Sau thdi gian nay, hon hop nay duoc rét vao da va

t61 can than bang dung dich nudc natri bicacbonat bio hoa (1 L). P pH duoc didu

chinh dén 8 biang natri bicacbonat rin va cac 16p duoc tich riéng. Dung dich nuéc

duoc chiét hai 1an nita bing DCM. Gom céc 16p hitu co rira bang dung dich nu6c natri

clorua bdo hoa (500 mL). L6p hitu co duoc loc qua dém dat to va natri sulfat. Cac

16p hitu co duoc cb trong chdn khong dén thé tich 1 L va dugce rira hai 14n bang dung

dich nudc natri clorua bdo hoa. Céac 16p hitu co dugce lam kho trén magie sulfat, loc,

va c0 trong chdn khéng dé tao ra hgp chat néu & dé muc nay dé s dung ma khong can

tinh ché thém (194 g, 53,5%, 35 % khdi lwong). ES/MS m/z: 249,0 (M-t-Bu+H)

Bang 6: Cac hop chét dugc tong hop theo cach gan nhu tuong tw v6i cach cia Vi du

diéu ché 53

Vi du diéu

r
A

ché

Cau truc

Tén hop chét

ES/MS m/z
(M+H)

54

tert-Butyl N-[(1S)-2-[benzyl-
[(3S)-2-oxotetrahydrofuran-
3-yl]Jamino]-1-metyl-2-oxo-

etyl]carbamat

263,0

55

tert-Butyl N-[(1R)-2-[benzyl-
[(3S)-2-oxotetrahydrofuran-
3-ylJamino]-1-metyl-2-oxo-

etyl]carbamat

263,0

Vi du diéu ché chuén bi 56

(6S)-1-Benzyl-6-(2-hydroxyetyl)piperazin-2,5-dion
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O N/© OH
L

TFA (100 mL, 1310 mmol) dugc bd sung vao hdn hop gdm fert-butyl N-[2-
[benzyl-[(3S)-2-oxotetrahydrofuran-3-ylJamino]-2-oxo-etyl]carbamat (194 g, 194,9
mmol, 35 % khdi lugng) trong DCM (500 mL). Hbn hop nay dugc khudy & nhiét do
moi truong xung quanh qua dém. Sau thoi gian nay, mot lugng TFA nira (50 mL, 653
mmol) dugc bd sung vao va hon hop nay duoc khudy & nhiét do mdi truong xung
quanh. Sau hai gio, mdt lugng TFA nita (50 mL, 653 mmol) dugc bd sung vao va hén
hop nay duoc khudy & nhiét 46 moi truong xung quanh qua dém. Sau thoi gian nay,
hdn hop nay dugc co trong chdn khéng. Phan cin thu duoc duge pha loing véi nudc
(600 mL) va duoc rira hai 1an bang dietyl ete. Do pH duoc didu chinh dén 7 bang
dung dich nuéc NaOH 1N va duogc diéu chinh tiép dén pH=12 bang dung dich nuéc
NaOH 5N. MeOH (~10 mL) dwoc bd sung vao va hén hop nay duoc khudy & nhiét do
moi trudmng xung quanh. Mot lugng dung dich nuéec NaOH 5N nita dugce bd sung vao
hdn hop nay nam phat mot 1an dé didu chinh lai do pH dén 12. N6i chung, hdn hop
nay dugc khudy & pH 12 for 35 phut. Sau thoi gian nay, d6 pH dugc diéu chinh dén 8
bang dung dich nuéc HCI 10% va chiét bing DCM (5 x 1 L). Tiép theo, diéu chinh
d6 pH dung dich nu6c dén 5 bang dung dich nude HCI 10% va chiét lai bang DCM (1
L). Gom céc 16p hiru co, lam kho trén natri sulfat, loc, va cd trong chdn khong dé tao
ra hop chat néu ¢ dé muc nay duéi dang chét rin mau vang nau nhat (17 g, 33,4%).
Tién hanh chiét tiép dung dich nuéc bang cach xen ké& 25% IPA/clorofom va DCM
cho dén khi san phém néu & dé muc nay duoc loai bo khdi dung dich nudc theo
LC/MS. Cac 16p hitu co gom dugce duoc bd sung IPA (150 mL). Cac 16p hiru co duge
rira bang dung dich nudc natri clorua bdo hoa hai lan, lam kho trén natri sulfat va
magie sulfat, loc, va c0 trong chdn khong dé tao ra mot lugng hop chit duoc néu & deé
muc nay nita (17,2 g, 35,5%) vai téng hiéu suit 34,2 2 (68,9%). ES/MS m/z: 249,0
(M+H)
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Bang 7: Céc hop chét dugc tong hop theo cach gin nhu tuong tur véi cach ctia Vi du
diéu ché 56

76/189

Vi du diéu | | ) ES/MS m/z
) Cau truc Tén hop chat
ché M+ H)

p (3S,65)-1-benzyl-6-(2-
57 O NI\/O H hydroxyetyl)-3-metyl- 263,0
iperazin-2,5-dion

/@ (3R,6S)-1-benzyl-6-(2-
58 O__N OH hydroxyetyl)-3-metyl- 263.0
T j\fo\/ piperazin-2,5-dion

=z

Vi du diéu ché chuén bi 59

2-[(2S)-1-Benzylpiperazin-2-yljetanol

A,

(T

Dung dich chira 2M lithi nhom hydrua ¢ 45 °C trong THF (131 mL, 262 mmol)
duoc bd sung vao dung dich chira (6S)-1-benzyl-6-(2-hydroxyetyl)piperazin-2,5-dion
(34 g, 131,5 mmol) trong THF (200 mL) theo kiéu nho giot. Sau khi bd sung, hdn hop
nay dugc dun néng dén 60 °C. Sau ~3,5 gio, mot lugng lithi nhom hydrua 2M nita
trong THF (33 mL, 66 mmol) duoc bd sung vao va hdn hgp nay dugc khudy & 60 °C.
Sau mot gio, mot lugng lithi nhdm hydrua 2M nita trong THF (131 mL, 262 mmol)
duoc bd sung vao va hdn hop nay duoc khudy ¢ 60 °C qua dém. Sau thoi gian nay,
lithi nhém hydrua 2M trong THF (6 mL, 12 mmol) dugc bd sung vao va hdn hop nay
duoc khudy ¢ 60 °C. Sau bon gio, lithi nhém hydrua 2M trong THF (6 mL, 12 mmol)
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duge bd sung vao va hdn hop nay duoc khudy trong hai gio & 60 °C. Nhiét dugc 14y
di va hon hop nay dugc lam ngudi xubng 10 °C. Nudc (16 mL) duge bd sung vao nhod
giot, tiép theo 13 bd sung nhé giot 3,75M dung dich nwéc NaOH (16 mL) tiép theo,
THF (300 mL). Nuéc (48 mL) duge bd sung vao va hdn hop thu duge duge khudy qua
dém & nhiét d6 moi truong xung quanh. Sau thoi gian nay, hdn hgp nay dugc loc qua
dém dét tao va rira k¥ bang EtOAc. Dich loc duoc ¢d trong chdn khong dé tao ra hop
chit néu ¢ dé muc nay (28,8 g, 67,6%, 68 % khoi lugng). ES/MS m/z: 221,0 (M+H)

Bang 8: Cac hop chat duge tong hop theo cach gan nhu tuong tu véi cach cta Vi du
diéu ché 59

ES/MS m/z

Vi du didu ché | Cu tric Tén hop chét
(M + H)

(© 2-[(2S,5S)-1-Benzyl-
N]/\/O H

N

H

60 5-metyl-piperazin-2- | 235,0
)i yl]etanol
61 5-metyl-piperazin-2- | 235,0

\\\‘.[

yl]etanol

K@ 2-[(2S,5R)-1-Benzyl-
N j/\/ OH

N

H

Vi du diéu ché chuin bi 62

tert-Butyl (3S)-4-benzyl-3-(2-hydroxyetyl)piperazin-1-carboxylat
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A,
(T
O)%O

Natri bicacbonat (80 g, 952 mmol) trong nudc (500 mL) duoc bd sung vao 2-
[(2S)-1-benzylpiperazin-2-yl]etanol (28 g, 86,43 mmol) trong 1,4-dioxan (500 mL) &
nhiét d6 moi truong xung quanh. Di-zert-butyl dicacbonat (26,6 g, 122 mmol) dugc
b6 sung vao va hdn hop nay dwoc khudy & nhiét do méi truong xung quanh trong 20
phut. Sau thoi gian nay, da (400 mL), nude (200 mL), va EtOAc (1 L) dugc bd sung
va cac 16p dugc tach riéng. dung dich nude dugce chiét mot 1an nira with EtOAc (1 L).
Gom céc 16p hiru co rira bang nuée (250 mL) va dung dich nuéc natri clorua bao hoa
(250 mL), 1am kho trén natri sulfat, loc, va cd trong chdan khong. Dau thu dugce duge
tinh ché biang phuong phép sic ky nhanh silicagel rira giai bang 10-70% EtOAc/hexan
8 tao ra hop chét néu & dé muc nay (20,79 g, 74%). ES/MS m/z: 321,2 (M+H) Chat
nay duoc phén tich bang cach sir dung Chiralpak® IC, 4,6 x 150 mm, 15% IPA (0,2%
IPAm)/CO;, 5 mL/phut, 225 nm cho thiy 96% lugng du chat dong phan déi anh

Bang 9: Cac hop chét duge tong hop theo cach gén nhu twong tu vé6i cach cia Vi du
diéu ché 62

Vi du diéu | , ES/MS m/z
, Cau trtc Tén hop chat
che (M+H)
/© tert-Butyl (2S,5S)-4-
N OH benzyl-5-(2-
63 /[ N]N hydroxyetyl)-2- 335,0
metyl-piperazin-1-
00 yl-pip
/’\ carboxylat

78

78/189



48142

N OH
o [ ]/\/

tert-Butyl (2R,55)-4-
benzyl-5-(2-
hydroxyetyl)-2-
metyl-piperazin-1-

carboxylat

335.0

Vi du diéu ché chuén bi 65

tert-Butyl (35)-3-(2-hydroxyetyl)piperazin- 1-carboxylat

T
O/KO

20% Pd(OH), on cacbon (24,39 g, 176.4 mmol) duoc bd sung vao binh phan
mg da dugc 1am sach bang nito. EtOH (620 mL) dugc bd sung vao binh phan tng
nay, tiép theo 1a tert-butyl (3S)-4-benzyl-3-(2-hydroxyetyl)piperazin-1-carboxylat
(61,93 g, 193,3 mmol) va EtOH (620 mL). Binh phan tng nay dugc bit kin, lam sach
bang nito, 1am sach bang hydro, va diéu ap trong hydro (60 psi). Binh phan tmg nay
dwoc cho vao binh lic Parr trong 15 gio & nhiét do moi trudng xung quanh. Sau thoi

gian nay, hon hop phan g nay duoc loc va cd trong chdn khong dé tao ra hop chét

néu & d& muc nay (42,74 g, 98%). ES/MS m/z 231,0: (M+H).
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diéu ché 65
Vidudidu| , ES/MS m/z
. Cau truc Tén hop chat
che (M+H)
H
Nj/\/OH tert-Butyl (2S,5S)-5-
/[ (2-hydroxyetyl)-2-
66 N 245,0
O’KO metyl-piperazin-1-
/‘\ carboxylat
H
Nj/\/o H tert-Butyl (2R,5S)-5-
[ (2-hydroxyetyl)-2-
67 N d g 2450
O/go metyl-piperazin-1-
“’ carboxylat

Vi du diéu ché chuin bi 68

tert-Butyl

carboxylat

Cl Cl

Axit 3,5-diclo-2-flo-4-iodo-benzoic (0,80 g, 2,4 mmol) duoc bd sung vao DIEA
(2 mL, 11,5 mmol) trong THF (22 mL), tiép theo 1a HATU (0,84 g, 2,2 mmol) va
khudy trong 1 gid. Tiép theo, bd sung tert-Butyl (3S)-3-(2-hydroxyetyl)piperazin-1-
carboxylat (0,50 g, 2,2 mmol) va hdn hop phan Gng nay duoc hdi luu qua dém. Sau
thoi gian nay, dung dich NaOH 5N dugc b6 sung vao va hon hop phan tng duge Khuay

trong 1 gio. EtOAc va nudce duoc bd sung vao. Lép nude duge chiét hai 14n bang

(3S)-4-(3,5-diclo-2-flo-4-iodo-benzoyl)-3-(2-hydroxyetyl)piperazin-1-
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EtOAc. Lam kho cac dich chiét hitu co thu gom duoc trén magie sulfat khan, loc, va
cd trong chan khéng. Hon hop thd dugce tinh ché bang phwong phap sic ky nhanh
silicagel rira giai bang EtOAc: hexan (30:70) dé tao ra hop chét néu & d& muc nay
(0,858 g, 72%). ES/MS m/z (3C1/*7C1) 491/493 [M-t-Bu+H] .

Bang 11: Cac hop chit duge tong hop theo cach gan nhu twong tu véi cach cta Vi du
diéu ché 68.

Vi du| |, ) ES/MS m/z
. | Cau trac Tén hop chat
diéu ché M+ H)
HO o tert-Butyl (3S)-4-(4-
lﬁNJ\Ok bromo-5-clo-2,3-diflo-
o N benzoyl)-3-(2-
69 ~ e 427,0/429,0
F hydroxyetyl)piperazin-1-
F cl carboxylat
Br
HO o tert-Butyl (3S)-4-(4-
\LﬁN/U\Ok bromo-5-clo-2-flo-
o_N_J benzoyl)-3-(2-
70 2 408,8/410,8
F hydroxyetyl)piperazin-1-
Cl carboxylat
Br
HO o tert-Butyl (3S)-4-(4-
\H/\ NJ\OJ< bromo-3-clo-2-flo-
O N benzoyl)-3-(2-
71 ~ v _ 408,9/411,0
F hydroxyetyl)piperazin-1-
cl carboxylat
Br
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tert-Butyl (3R)-4-(5-
3hloro-2-flo-4-iodo-5-

metyl-benzoyl)-3-

72 E 457,0/459,2
(hydroxymetyl)piperazin-
Cl 1-carboxylat
[
OH 0 J< tert-Butyl (3R)-4-(5-clo-
k(\N/U\ 0] 2,3-diflo-4-iodo-
O N benzoyl)-3-
73 F 461,0/463,0
(hydroxymetyl)piperazin-
F Cl 1-carboxylat
I
OH 0 J< tert-Butyl ~ (3R)-4-(3.5-
k‘/\ N/U\ 0 diclo-2-flo-4-iodo-
© NJ benzoyl)-3-
74 F 476,8/478,8
(hydroxymetyl)piperazin-
cl Cl 1-carboxylat
I
OH 0] J< tert-Butyl (3R)-4-(4-
H/\N)L 0 bromo-5-clo-2-flo-
75 O N\/' benzoyl)-3-
E 394,8/396,8
(hydroxymetyl)piperazin-
Cl 1-carboxylat
Br
OH 0 J< tert-Butyl (3R)-4-(4-
Hﬁ N)L o bromo-3-clo-2-flo-
° NJ benzoyl)-3-
76 F 394,8/396,8
(hydroxymetyl)piperazin-
Cl

1-carboxylat
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tert-Butyl (3R)-4-(3-clo-
2,5-diflo-4-10do-
benzoyl)-3-

77 F 461,0/463,0
(hydroxymetyl)piperazin-
Cl F 1-carboxylat
I
(I)H O J< tert-Butyl (3S)-4-(3-clo-
(\N)LO 2.5-diflo-4-iodo-
° NJ benzoyl)-3-
78 = 461,2/463,0
(hydroxymetyl)piperazin-
Cl F 1-carboxylat
I
(|) H o) J< tert-butyl (35)-4-(3,5-
(\N/U\O diclo-2-flo-4-i0do-
© N\) benzoyl)-3-
79 = 477,0/478.,9
(hydroxymetyl)piperazin-
Cl Cl 1-carboxylat
|
HO 0 ] N ]
j 1 k tert-butyl  (3R)-4-(3,5
@ o diclo-2-flo-4-iodo-
@]
80 . benzoyl)-3-(2- 490,9/492,8
hydroxyetyl)piperazin-1-
cl | cl carboxylat
OH O
tert-butyl  (3S)-4-(5-clo-
., ~ A e ert-butyl  (38)-4-(
o N J 2,3-diflo-4-10do-
81 benzoyl)-3- 461,0/463,0

(hydroxymetyl)piperazin-

1-carboxylat
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OH 0O

tert-butyl 3S)-4-(4-
"wﬁN)Lok ert-buty (38)-4~(
o N \) bromo-5-clo-2-flo-
82 . benzoyl)-3- 394,8/396,8
(hydroxymetyl)piperazin-
Cl
Br 1-carboxylat
HO
j )OL J< tert-butyl (3R)-4-(4-
(\N o)
bromo-5-clo-2-flo-
o N
83 - benzoyl)-3-(2- 408,8/410,8
hydroxyetyl)piperazin-1-
Cl
B carboxylat
HO
Lp )OL J< tert-Butyl  (3S)-4-(2-
N™ "0 amino-4-bromo-5-clo-
O N
84 HN benzoyl)-3-(2- 406,0/408.0
2
hydroxyetyl)piperazin-1-
Cl carboxylat
Br

Vi du diéu ché chuén bi 85
tert-Butyl

carboxylat

HO Niok
e
CD?B?\F

Dung dich chira axit 4-bromo-3-clo-2,5-diflo-benzoic (10,2 g, 37,6 mmol) va
4-metylmorpholin (7,50 mL, 68,0 mmol) trong THF (200 mL) dugc lam ngudi xubng
0 °C trong bé da va dugc xir Iy bang 2-clo-4,6-dimetoxy-1,3,5-triazin (9,10 g, 50,8

84

(3S)-4-(4-bromo-3-clo-2,5-diflo-benzoyl)-3-(2-hydroxyetyl)piperazin-1-

84/189
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mmol). Hén hop nay dwoc khudy trong bé da trong 30 phut, va tiép theo, fert-butyl
(3S)-3-(2-hydroxyetyl)piperazin-1-carboxylat (0,93M trong THF, 40,0 mL, 37,2
mmol) duogc bd sung nhé giot vao qua phéu nho giot. Sau 1 gio ¢ 0 °C, dung dich
NaOH 5N (35,0 mL, 180 mmol) dugc bd sung vao va hdn hop nay dugc khudy & nhiét
d6 méi truong xung quanh trong 30 phiit. Hon hop nay dugc pha lodng voi EtOAc, xi
Iy bang dung dich natri bicacbonat bdo hoa, va dugc khudy trong 15 phit. Pha hitu co
duogc tach riéng, rira bang dung dich nudc natri clorua bio hoa, lam kho trén magie
sulfat, loc, va co trong chdn khéng. Phan can duoc tinh ché bang phuong phap sic ky
cot nhanh silicagel, rira giai bang 0-90% (20% axeton trong DCM)/hexan dé tao ra
hop chat néu ¢ & muc nay (16,0 g, 88%). ES/MS m/z ("Bt/*'Br) 427/429 [M-t-Bu+H]

+

Bang 12: Hop chét dugc tong hop theo cach gan nhu twong tu véi cach cia Vi du diéu
ché 85

Vi du| , . ES/MS m/z
. .| Cautrac Tén hop chat
diéu ché M+ H)
CQA j\ J< tert-Butyl (3R)-4-(4-
N~ ~O .
o N \) bromo-3-clo-2,5-diflo-
86 . benzoyl)-3- 412,8/414,8
(hydroxymetyl) piperazin-
Cl F
Br 1-carboxylat

Vi du diéu ché chuén bi 87
tert-Butyl (3S)-4-(2-amino-4-bromo-5-clo-benzoyl)-3-[2-(p-

tolylsulfonyloxy)etyl|piperazin-1-carboxylat
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Cl
Br

Dung dich chita tert-butyl (3S)-4-(2-amino-4-bromo-5-clo-benzoyl)-3-(2-
hydroxyetyl)piperazin-1-carboxylat (1 g, 2,16 mmol) va TEA (1 mL, 7,14 mmol)
trong DCM (25 mL) ¢ 0 °C dugc bd sung DMAP (45 mg, 0,36 mmol) va p-
toluensulfonyl clorua (469 mg, 2,39 mmol). Hon hop phan mg nay duoc khudy & 0
°C trong 15 phit trude khi @& 4m dén nhiét do moi truong xung quanh. Mot luong p-
toluensulfonyl clorua nita (122 mg, 0,62 mmol) duoc bb sung vao sau 3 gio. Sau 1
gid, hon hop phan ting dugc pha lodng véi DCM va duge rira bang dung dich nuéc
natri bicacbonat bao hoa. Céc 16p hitu co dugce rira bang dung dich nuéc natri clorua
bao hoa, lam kho trén natri sulfat, va co trong chdn khong. Phén cin thu dugc dugc
tinh ché bang phwong phap sac ky nhanh silicagel dé tao ra hop chét néu & dé muc nay
(473 mg, 35%). ES/MS m/z (Br/4Br) 616,0/618,0 [M+H] *

Vi du diéu ché 88

Hydroclorua ctia axit  4-Bromo-2-[[(2R)-4-tert-butoxycacbonylpiperazin-2-
yl]metoxymetyl]-5-clo-3-metyl-benzoic

P
o)\N/\NH

HCI
@)

Br

Cl OH
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Natri 4-bromo-5-clo-2-(hydroxymetyl)-3-metyl-benzoat (2,05 g, 6,39 mmol)
trong binh phan tng 250 mL dugc bd sung toluen (50 mL) va hdn hop nay dugc co
trong chdn khéng. Phan cin duge hoa tan trong DMF (21 mL) va THF (11 mL) va
duoc lam mat xudng 0 °C. Natri hydrua (60 % khéi lwong trong dau parafin) (511 mg,
12,8 mmol) duoc bd sung vao. Sau khi bo sung, hdn hop nay duoc khudy & 0 °C trong
10 phat.  fert-butyl  (3aR)-1,1-dioxo-3a,4,6,7-tetrahydro-3H-oxathiazolo[3,4-
a]pyrazin-5-carboxylat (1,96 g, 7,04 mmol) trong binh phan tng thir hai dugc b6 sung
toluen (20 mL) va hdn hop nay dugc co trong chan khéng. Phan cin duge hoa tan
trong THF (11 mL) va duoc bd sung nhé giot vao cac chét clia binh phan tmg thi nhat
& 0 °C. Hon hop nay dugc 1am 4m dén nhiét ¢ moi truong xung quanh va khudy trong
1,5 gio. Dung dich HCI 5M (7 mL) duoc bd sung tlr tir va hdn hop nay duogc khudy &
nhiét do méi truong xung quanh trong 5 phut va tiép theo, duoc toi bang dung dich
nudc natri bicacbonat bao hoa. P§ pH duge giam xudng pH 2 bang cach bd sung tir
tir dung dich HCI 5M, va hon hop nay duoc pha loang véi EtOAc. Cac 16p dugce tach
riéng va 16p nude duoc chiét ba 1an bang EtOAc. Lam khd cic 16p hitu co thu gom
duogc trén natri sulfat, loc, va ¢6 dac trong chdan khong. Phén can duoc hoa tan trong
THF (40 mL) va dung dich HCI 5M (6 mL) dugc bd sung vao. Hon hop nay dugc
khudy & nhiét d6 méi truong trong 20 phut. Hon hop duogc pha lodng v6i dung dich
nudc natri clorua bdo hoa va EtOAc va céac 16p dugc tach riéng. Lép hitu co dugce lam
kho trén natri sulfat, loc, va ¢6 trong chdn khong, va cho vao chan khong trong 2 gio dé
tao ra hop chat néu & dé muc nay dudi dang chét rin mau vang nau (4,27 g, 73%).

ES/MS m/z (®Br/*'Br) 477,2/479,2 [M+H]".
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diéu ché 88
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Vi du . . ES/MS m/z
. . | Cau truc Tén hop chat
diéu ché (M+H)
>Lo Hydroclorua cua axit 2-
O)\N [[(2R)-4- tert-
NH . .
Butoxycacbonylpiperazin-
89 K[ HCI Y 545,2/547,2
Cl ~0 2-ylmetoxymetyl]-3,5-
! diclo-4-iodo-benzoic
Cl OH
O
>Lo Hydroclorua ctua axit 2-
O)\N/\ [[(2S)-4-tert-
NH : :
k,/ Butoxycacbonylpiperazin-
90 : HCI pip 545,0/547,2
cl SO 2-ylJmetoxymetyl]-3,5-
! diclo-4-iodo-benzoic
cl OH
O

Vi du diéu ché chuin bi 91
tert-Butyl

phenoxy)etyl]|piperazin-1-carboxylat

T2
o>/_c\_§ b

O—
Br
@]

F

O

88

(3S)-4-benzyl-3-[2-(3-bromo-2-clo-4-flo-6-metoxycacbonyl-
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Dung dich chtta metyl 4-bromo-3-clo-5-flo-2-hydroxy-benzoat (3,0 g, 11,0
mmol), triphenyl phosphin (4,19 g, 16,0 mmol), va tert-butyl (3S)-4-benzyl-3-(2-
hydroxyetyl)piperazin-1-carboxylat (12 mL, 1,039M trong THF) trong THF (~50 mL)
duoc 1am ngudi xubng 0 °C trong 10 phut. Diisopropyl azodicarboxylat (3,1 mL, 16
mmol) duge bd sung nhoé giot vao va hdn hop nay duoce dé cho am dén nhiét d6 moi
trudmg xung quanh. Sau khi nguyén liéu ban dau rugu duge tiéu thu hét, d4 duoc bd
sung vao, va hon hop phan ting dugc pha lodng v6i EtOAc. Hon hop nay duoc rira hai
14n bang dung dich nuéc natri clorua bio hoa va 16p hitu co 14 1am kho trén natri sulfat,
loc, va ¢b trong chdn khéng thanh diu mau ho phach. Phén cin duoc tinh ché bing
sdc ky cot silicagel, rira giai bang 0-10% EtOAc/hexan dé tao ra hop chit néu & dé
muc ndy (6,2 g, 99+%). MAu phan tich c6 do tinh khiét ~ 95% thu dugc bang sic ky
cot silicagel, rira giai bang 25-50% (1:1 EtOAc:DCM)/hexan dé tao ra hop chat néu &
dé muc nay duéi dang dau khong mau. ES/MS m/z ("Br/*'Br) 585/587 [M+H] ™.

Vi du diéu ché 92
tert-Butyl (35)-3-[2-(3-bromo-2-clo-4-flo-6-metoxycacbonyl-

phenoxy)etyl|piperazin-1-carboxylat

+Z>_N\/:§\|\J H

Cl O
@i‘
Br
O
F

Dung dich chira fert-butyl (3S)-4-benzyl-3-[2-(3-bromo-2-clo-4-flo-6-
metoxycacbonyl-phenoxy)etyl]piperazin-1-carboxylat (7,0 g, 11,35 mmol) trong
DCM (75 mL) duogc bd sung vao N,N-diisopropylamin (5,94 mL, 34,1 mmol). dung
dich dugc lam mat trong bé dava 1-cloetyl clofomat (3,7 mL, 34 mmol) dugc bd sung
vao nho giot. Sau khi bd sung, bé da dugc 1dy di, va hdn hop phan tmg duge khudy &
nhiét d6 moi treong xung quanh trong 18 gio. Mot luong 1-cloetyl clofomat nita (2

mL, 17 mmol) va N,N-diisopropylamin (3 mL, 17 mmol) dugc b6 sung nho giot vao
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& nhiét do moi truong xung quanh va sau 7 gio, mot luong 1-cloetyl clofomat nira
(0,60 mL, 5,67 mmol) va N,N-diisopropylamin (1 mL, 5,67 mmol) duoc bd sung vao
dé tiéu thu nguyén liéu ban dau con lai. Hon hop phan tmg nay duoc ¢d trong chdn
khéng. B6 sung vao cian toluen va hon hop nay dugce b (1ap lai 2X). Chét ban rin thu
dugc dugce pha loang voi MeOH (100 mL) va khudy ¢ nhiét do moi trurong xung quanh
cho dén khi viéc tao thanh san phém két thuc. Dung mdi dugc loai bo trong chdn
khong dé tao ra cin mau ho phéch. Phan cin dugc tinh ché bang sic ky cot silicagel
rira giai bang 0-10% MeOH/DCM dé tao ra hop chit néu & dé muc nay duéi dang chat
ran (5,11 g, 91%). ES/MS m/z ("°Br/*'Br) 495/497 [M+H]".

Vi du diéu ché 93

Axit  4-Bromo-2-[2-[(2S)-4-tert-butoxycacbonylpiperazin-2-yl]etoxy]-3-clo-5-flo-

benzoic
*\‘O \
>N NH
o) \_§

Cl O

OH
Br
(0]

F

Dung dich chita tert-butyl (3S)-3-[2-(3-bromo-2-clo-4-flo-6-metoxycacbonyl-
phenoxy)etyl]piperazin-1-carboxylat (5 g, 10,08 mmol) trong THF (100 mL) va
MeOH (12 mL) duoc 1am mat bang bé d4. Dung dich nuéc chia lithi hydroxit (6,5
mL, 6,25M) va nude khi ion (10 mL) dwoc bd sung vao. Bé da dugce lay di va hdn
hop nay duge khudy & nhiét @ moi truong xung quanh. Sau 3 gio, d4 duoc bd sung
vao hon hop phéan tmg nay va do pH dugc diéu chinh dén giira 5-6 bumng axit xitric
10% (12 mL). Dung dich nudc natri clorua bao hoa (100 mL) dugc bd sung vao va
hon hop nay duge pha lodng v6i EtOAc (400 mL) va cac 16p duge tach riéng. Lép
nuée duge duoc chiét lai bang EtOAc (300 mL) va céac 16p hitu co da gom duge lam
kho trén natri sulfat, loc, va cd trong chdn khong dé tao ra hop chét néu & dé muc nay

dudi dang chit rin (4,83 g, 98%). ES/MS m/z ("Br/*'Br) 481/483 [M+H]".
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Vi du diéu ché 94
tert-Butyl (13aS)-8,10-diclo-9-iodo-6-0x0-1,3,4,12,13,13a-hexahydropyrazino[2,1-

d][1,5]benzoxazoxin-2-carboxylat

@) N
Cl
O
I
Cl
tert-Butyl (3S)-4-(3,5-diclo-2-flo-4-i0odo-benzoyl)-3-(2-

hydroxyetyl)piperazin-1-carboxylat (4,438 g, 8,110 mmol) trong DMF (100 mL) dugc
1am ngudi xubng 0 °C va tiép theo, dung dich nay duoc bd sung chat ran natri hydrua
(60 % khbi lugng trong dau parafin) (0,81 g, 20 mmol). Sau 1 gid & 0 °C, hdn hop
phan tng nay dugc t6i bang dung dich nudce natri bicacbonat bdo hoa. Nuée va EtOAc
duoc bd sung vao. Lop nude duoc chiét hai 14n bang EtOAc. Dich chiét hitu co két
hop duge rira hai 1an bang 0,2 M dung dich nuréc lithi clorua, 1am kho trén magie sulfat
khan, loc, va ¢6 trong chdn khéng. Hon hop thd duge tinh ché bang phwong phap sic
ky nhanh silicagel rira giai bang 30-50% EtOAc/hexan dé tao ra hop chit néu & dé
muc nay (3,394 g, 79%). ES/MS m/z (**C1/*’Cl) 471/473 [M-t-Bu+H] *.
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Bang 14: Céc hop chat duoc tong hop theo cach gan nhu twong tr v6i cach cta Vi du

48142

diéu ché 94
viodu ES/MS m/
\ , , z
diéu Cau trtic Tén hgp chat
ché (M)
tert-Butyl (13aS)-9-
bromo-10-clo-8-flo-6-
/\Q ox0-1,3,4,12,13.13a-
95 0 N 407,0/409,0
Cl o hexahydropyrazino[2,1-
Br d][1,5]benzoxazoxin-2-
F carboxylat
tert-Butyl (13aS)-9-
bromo-8-clo-10-flo-6-
/\C) ox0-13.4,12,13,13a-
96 0 N 406,9/409,0
F o hexahydropyrazino[2,1-
Br d][1,5]benzoxazoxin-2-
Cl carboxylat
tert-Butyl (13aS)-9-
bromo-8-clo-6-0x0-
~ 1.3.4.12,13,13a-
97 o] N\) 388,8/390,8
o hexahydropyrazino[2,1-
Br d][1,5]benzoxazoxin-2-
Cl carboxylat
tert-Butyl (13aS)-9-
bromo-10-clo-6-0xo0-
A~ 13.4.12.13.13a-
98 O N\) 389.0/391,0

hexahydropyrazino[2,1-
d][1,5]benzoxazoxin-2-

carboxylat
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tert-Butyl (4aR)-8-
o M-
-0 bromo-7-clo-9-flo-11-
/_(_’N> 0x0-2,4,4a,5-
99 ol ? N tetrahydro-1H- 393,0/395,0
O pyrazino[2,1-
B
' - c][1,4]benzoxazepin-3-
carboxylat
o \/ tert-Butyl (4aR)-7-clo-
-0 8-iodo-7-metyl-11-o0xo0-
N
2.,4,4a,5-tetrahydro-1H-
100 oﬁ(N—j 9437,0
pyrazino[2,1-
| ° c][1,4]benzoxazepin-3-
Cl carboxylat
o \/ tert-Butyl (4aR)-9-clo-
-0 7-flo-8-iodo-11-ox0-
N
ﬁ[_ j 2,4,4a,5-tetrahydro-1H-
101 o] N 441,0/443,0
= pyrazino[2,1-
| ° c][1,4]benzoxazepin-3-
Cl carboxylat
o \ / tert-Butyl  (4aR)-7.9-
-0 diclo-8-iodo-11-0x0-
N
ﬁ( J 2.,4,4a,5-tetrahydro-1H-
102 o) N 456,8/458,8
cl pyrazino[2,1-
l ° c][1,4]benzoxazepin-3-
Cl carboxylat
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tert-Butyl (4aR)-8-

-0 bromo-9-clo-11-oxo-
N
~ D 2,4,4a,5-tetrahydro-1H-
103 o) N 374,8/376,8
pyrazino[2,1-
5 ° c][1,4]benzoxazepin-3-
;
Cl carboxylat
tert-Butyl (4aR)-8-
o Y-
§'O bromo-7-clo-11-0x0-
N
2,4,4a,5-tetrahydro-1H-
104 Of‘{:) 374,8/376,8
o N pyrazino[2,1-
@/AO c][1,4]benzoxazepin-3-
Br carboxylat
o \‘{ tert-Butyl (4aR)-7-clo-
-0 9-flo-8-iodo-11-0x0-
N
/_(’ _—) 2,4,4a,5-tetrahydro-1H-
105 o] N 441,0/443,0
cl pyrazino[2,1-
| Q c][1,4]benzoxazepin-3-
F carboxylat
o \1{ tert-Butyl (4aS)-7-clo-
N0 9-flo-8-iodo-11-oxo0-
- 2.4,4a,5-tetrahydro-1H
,4,4a,5-tetranydro-1H-
106 o’ N_> 441,0/443,0
cl pyrazino[2,1-
O

c][1,4]benzoxazepin-3-

carboxylat
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tert-Butyl ~ (4aS)-7,9-
o Y-

N0 diclo-8-iodo-11-oxo0-
o ( ’N> 2.,4,4a,5-tetrahydro- 1H-
107 ol N pyrazino[2,1- 456,9/458.9
J:j/éo c][1,4]benzoxazepin-3-
|
Cl carboxylat

o K tert-Butyl (13aR)-8,10-
»\O diclo-9-10do-6-0x0-

v, /=N
oK Q 1,3,4,12,13,13a-

108 cl N 470,8/472,8
o hexahydropyrazino[2,1-
' d][1,5]benzoxazoxin-2-

Cl
carboxylat
0 5/ tert-Butyl (4aS)-9-clo-
o 7-flo-8-iodo-11-oxo0-
(-—N
s 2.4,4a,5-tetrahydro-1H-
109 O NJ g 441,0/443,0
F pyrazino[2,1-
| © c][1,4]benzoxazepin-3-
Cl carboxylat
o 5/ tert-Butyl (4aS)-8-
o bromo-9-clo-11-oxo-
(—N
2 2.,4.4a,5-tetrahydro-1H-
110 O N—-> Y 374,8/376,8
pyrazino[2,1-
B ° c][1,4]benzoxazepin-3-
.
Cl carboxylat
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o \/[ tert-Butyl ~ (13aR)-9-
[\?\"O bromo-8-clo-6-oxo-
(’ 1,3,4,12,13,13a-
111 / N——> 388,8/390,8
© hexahydropyrazino[2,1-
@]
d][1,5]benzoxazoxin-2-
Br ¢ carboxylat
o g\ tert-Butyl (3S,13aS)-9-
N&-o bromo-10-clo-8-flo-3-
o/\ﬁ:)\ metyl-6-0xo-
112 cl o 1,3,4,12,13,13a- 421,0/423,0
Br hexahydropyrazino[2,1-
F
d][1,5]benzoxazoxin-2-
carboxylat

Vi du diéu ché chuin bi 113
tert-Butyl

(13aS)-9-bromo-8-clo-11-metyl-6-ox0-1,3,4,12,13,13a-
hexahydropyrazino[2,1-d][1,5]benzodiazoxin-2-carboxylat va tert-Butyl (13aS)-9-
bromo-8-clo-6-0x0-3,4,11,12,13,13a-hexahydro-1H-pyrazino[2,1-

d][1,5]benzodiazoxin-2-carboxylat

=N

e
o

\) HN

e
o
J

B

Cl

N
0
Br

Br
Cl va

tert-Butyl (3S)-4-(2-amino-4-bromo-5-clo-benzoyl)-3-[2-(p-
tolylsulfonyloxy)etyl]piperazin-1-carboxylat (473 mg, 0,767 mmol) trong DMF (15
mL) duge 1am ngudi xudng 0 °C va tiép theo, dung dich nay dugc bd sung chat ran
natri hydrua (60 % khdi lugng trong dau parafin) (49 mg, 1,225 mmol). Hon hop phéan
g nay duoc khudy ¢ 0 °C trong 2 gio truée khi dé 4m dén nhiét do moi truong xung
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quanh va khudy trong 2 gid nita. Sau thoi gian nay, hon hop phéan tmg nay dugc lam
ngudi xudng -78 °C va metyl iodua (50 pL, 0,803 mmol) dugc b6 sung vao. Sau 30
phut, hdn hop phan tmg nay dugc lam Am dén 0 °C va duoc khudy trong 18 gid va 1am
4m dén nhiét d6 moi trudong xung quanh. Hon hop nay duge lam mat lai xudng 0 °C
va mot lugng metyl iodua ntra (50 pL, 0,803 mmol) dugc bd sung vao. Sau 1 gio,
khong quan st thdy viéc metyl héa nita, hdn hop phéan ing nay dugc lam 4m dén nhiét
dd méi truong xung quanh va trietylamin (100 pL, 0,717 mmol) dugc bd sung vao.
Sau 1 gio' nita, hdn hop phan ting nay dugc t6i voi nudce, pha lodng véi bao hoa dung
dich nuéc NH4Cl dung dich va EtOAc. Céac 16p duogc tach riéng va dung dich nude
duoc chiét hai 1an nita with EtOAc. Gom céc 16p hiru co rira bang dung dich nuéc
natri clorua bdo hoa, lam kho trén natri sulfat, va ¢b trong chdn khéng. Chét ran thu
duoc 12 nghién v6i ACN va lam kho trong chan khong khong can tinh ché thém dé tao
ra hdn hop gdm cac hop chit néu & d& muc nay (3:2 NH v6i NMe, 345 mg, 99+%).
ES/MS m/z ("Br/3'Br) 444,0/446,0 [M+H] * va 458,0/460,0 [M+H] .

Vi du diéu ché 114
tert-Butyl (13aR)-9-bromo-8-clo-10-metyl-6-oxo0-1,3,4,11,13,13a-

hexahydropyrazino[2,1-d][2,5]benzoxazoxin-2-carboxylat

b

Br
Cl

Dung dich chta hydroclorua cuia axit 4-bromo-2-[[(2R)-4-tert-
butoxycacbonylpiperazin-2-ylJmetoxymetyl]-5-clo-3-metyl-benzoic (500 mg, 0,749
mmol) va DIEA (0,39 mL, 2,2 mmol) trong DMF (3,7 mL) duoc b6 sung nhé giot vao
dung dich chta HATU (581 mg, 1,50 mmol) trong DMF (3,7 mL) ¢ 0 °C. Hon hop
nay dugc khudy & 0 °C trong 1 gio va & nhiét do moi truong xung quanh trong 30 phit.

Trong binh phéan ung riéng biét, dung dich chira hydroclorua cua axit 4-bromo-2-
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[[(2R)-4-tert-butoxycacbonylpiperazin-2-yljmetoxymetyl]-5-clo-3-metyl-benzoic

(2,62 g, 3,92 mmol, d6 tinh khiét 77%) va DIEA (2,1 mL, 12 mmol) trong DMF (20
mL) duoc bd sung nho giot vao dung dich chira HATU (3,04 g, 7,84 mmol) trong
DMF (20 mL) & 0 °C. Hdn hop nay duge khuay & 0 °C trong 1 gio va & nhiét do moi
truong xung quanh trong 30 phiit. Gom hai hdn hop phén mg nay, pha loang voi
EtOAc, varua bé‘mg dung dich HC1 0,5M, nuéc, dung dich nude natri bicacbonat bao
hoa, va dung dich nudc natri clorua bdo hoa. Lép hitu co 1a lam kho trén natri sulfat,
loc, va ¢b trong chdn khéng. Cac chat thd dugc tinh ché bang phwong phap sic ky
nhanh silicagel rira giai bang 0-65% EtOAc/hexan. Céac phan doan tinh khiét duoc cd
trong chdn khong. B6 sung vao can DCM va hon hop nay duoc ¢ trong chdan khong
va cho vao chan khong trong 3 gior dé tao ra hop chat néu & d& muc nay dudi dang chat

rén mau tréng (1,95 g, 86%). ES/MS m/z ("Br/8'Br) 459/461 [M+H]".

Bang 15: Céc hop chat dugc tong hop theo cach gan nhu twong tur véi cach cta Vi du
diéu ché 114

Vi du| , ES/MS m/z
. .| Cautric Tén hop chat
dicu che (M+H)
o % tert-Butyl (13aR)-8,10-
N\>—O diclo-9-i0do-6-0x0-
0"~ ) 1,3,4,11,13,13a-
115 N 527,2/529,0
o hexahydropyrazino[2,1-
Cl
d][2,5]benzoxazoxin-2-
! cl carboxylat
0 % tert-Butyl (13aS)-8,10-
>\_O diclo-9-iodo-6-0xo0-
N
o~ (J 1,3.4,11,13,13a-
116 N 471,0/473,0
o hexahydropyrazino[2,1-
Cl
d][2,5]benzoxazoxin-2-
' Cl carboxylat
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Vi du diéu ché chudn bi 117

tert-Butyl (13aS)-9-bromo-10-clo-8-flo-6-0x0-1,3,4,12,13,13a-
hexahydropyrazino[2,1-d][1,5]benzoxazoxin-2-carboxylat

0O
K\(\Njﬁ
Q NJ
Cl
O
Br

F

Dung dich chtra axit 4-bromo-2-[2-[(2S)-4-tert-butoxycacbonylpiperazin-2-
ylJetoxy]-3-clo-5-flo-benzoic (4,8 g, 10 mmol) trong DCM (50 mL), dugc lam mat
bang bé d4, b6 sung vao TEA (2,8 mL, 20 mmol). Propylphosphonic anhydrit (11 mL,
18,8 mmol, 50 % khéi luong trong EtOAc) dugc bd sung vao nhé giot. Sau khi bd
sung, hon hop nay duoc khudy trong 10 phut. DCM (250 mL) va dung dich amoni
clorua bao hoa (100 mL) dugc bd sung vao. Lép nuée dugce loai bo va chiét bang
DCM (100 mL) va céc 16p hiru co két hop dugc rira bang dung dich nuéc natri clorua
bdo hoa (100 mL), 1am kho trén natri sulfat, va loc. Dich loc dugc xur ly b%mg activated
charcoal (3,5 g) va dugc khudy trong 10 phut. Hon hgp nay duoc loc qua dém dat tao
va c0 trong chdan khong thanh dau. Clorofom dugc bd sung vao va cd trong chdn khong
(lap lai 2X) dé tao ra hop chit néu ¢ dé muc nay dudi dang chét ran (4,64 g, 99%).
ES/MS m/z ("Br/3'Br) 407/409 [M-t-Bu+H] .

Vi du diéu ché 118
tert-Butyl (3R,13a8S)-9-bromo-10-clo-8-flo-3-metyl-6-ox0-1,3,4,12,13,13a-

hexahydropyrazino[2,1-d][1,5]benzoxazoxin-2-carboxylat

,,,,,
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Dung dich chira metyl 4-bromo-3-clo-2,5-diflo-benzoat (1,00 g, 3,50 mmol) va
tert-butyl (2R,5S)-5-(2-hydroxyetyl)-2-metyl-piperazin-1-carboxylat (1,07 g, 4,38
mmol) trong DMF (17,5 mL) duogc lam mat bang bé d4. Xeri cacbonat (2,31 g, 7,01
mmol) dugc bd sung vao. hén hgp phan tng dugc dé cho tir tir Am dén nhiét do moi
truomg xung quanh qua dém. Sau 18 gid, hon hop phan tmg dugce dun nong dén 80 °C
trong 24 gi¢. Sau khi lam mat xubng nhiét do trong phong, mot ntra dung dich nude
natri clorua bdo hoa (50 mL) dwoc bd sung vao va hon hop nay duge pha lodng voi
EtOAc (100 mL) va céac 16p dugc tach riéng. Lép nude duoc chiét hai 14n nira bang
EtOAc (50 mL) va gom céac 16p hitu co rua bang nude (2 x 50 mL), dung dich nuéce
natri clorua bao hoa (50 mL), va tiép theo, lam kho trén natri sulfat, loc, va c6 trong
chan khong. Céac chit tho dugc tinh ché bang phuong phép sic ky nhanh silicagel rira
giai bang 0-100% MTBE/hexan dé tao ra hop chit néu ¢ @& muc nay duéi dang chat
ran (690 mg, 41%). ES/MS m/z ("Br/*'Br) 476,0/478,0 [M+H]".

Vi du diéu ché 119
tert-Butyl (13aS)-8,10-diclo-9-iodo-3,4,6,12,13,13a-hexahydro-1H-pyrazino[2,1-

d][1,5]benzoxazoxin-2-carboxylat
o Y-
Yo
N

/\(N'J

)
Cl

Cl

IM boran dimetyl sulfua phitc trong THF (2 mL, 2 mmol) dugc bb sung vao
hén hop dang khqu chtra fert-butyl (13aS)-8,10-diclo-9-iodo-6-o0x0-1,3,4,12,13,13a-
hexahydropyrazino[2,1-d][1,5]benzoxazoxin-2-carboxylat (1,0 g, 1,9 mmol) trong
THF (20 mL) va dun nong dén hdi huu trong 18 gid. Sau thoi gian nay, mét luong
phirc boran dimetyl sulfua 1M nita trong THF (2 mL, 2 mmol) dugc bd sung vao hén
hop nay va duge khuay & hdi luu trong 5 gid nita. Hon hop nay dugc 1am ngudi xubng
nhiét d6 moi truong xung quanh, dugc toi can than v6i MeOH, va ¢d trong chdn khong.

Phén cin duoc tinh ché bang phuong phap sic ky cot nhanh silicagel, rtra giai bang
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30-70% EtOAc/hexan dé tao ra hop chét néu & dé muc nay (900 mg, 90%). ES/MS
m/z (°C1A7Cl) 512,8/514,8 [M+H] ™.

Bang 16: Cac hop chat duoc tong hop theo cach gan nhu twong tu véi cach cia Vi du
diéu ché 119

Vi
diéu

r
A

ché

du

Cau truc

Tén hop chat

ES/MS m/z
(M+H)

120

Br
Cl

tert-Butyl (13aS)-9-
bromo-8-clo-
3,4,6,12,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][1,5]benzoxazoxin-2-

carboxylat

430,9/433,0

121

Cl

tert-Butyl  (4aR)-7.9-
diclo-8-iodo-
1,2,4,4a,5,11-
hexahydropyrazino[2,1-
c][1.,4]benzoxazepin-3-

carboxylat

498,8/500,8

122

tert-Butyl (4aR)-7-clo-
9-flo-8-iodo-
1,2,4,4a,5,11-
hexahydropyrazino[2,1-
c][1.4]benzoxazepin-3-

carboxylat

483,2/485,2
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tert-Butyl (4aR)-9-clo-

Yo 7-flo-8-iodo-
N
~ D 1.2,4.4a,5,11-
@)
123 £ N hexahydropyrazino[2,1- | 483,0/485,0
c][1.,4]benzoxazepin-3-
|
Cl carboxylat
tert-Butyl 4aR)-8-
o r-Buty (4aR)
N0 bromo-7-clo-
N
~ D 1,2,4,4a,5,11-
@)
124 Cl N hexahydropyrazino[2,1- | 417,0/419,0
c][1,4]benzoxazepin-3-
Br
carboxylat
tert-Butyl (4aS)-7-clo-
o Y- .
N0 9-flo-8-iodo-
N
1,2,4,4a,5,11-
o/“'”(’,) )
125 ol N hexahydropyrazino[2,1- | 483,2/485,2
c][1,4]benzoxazepin-3-
|
F carboxylat
But 43S)-7.9-
o \‘{ tert-Butyl ~ (4aS)-7.9
Y0 diclo-8-iodo-11-0xo0-
- 2.4,4a,5-tetrahydro-1H
,4,4a,5-tetrahydro-1H-
126 o’ N,> _ Y 499,0/501,0
cl pyrazino[2,1-

Cl

c][1,4]benzoxazepin-3-

carboxylat
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127

Cl

tert-Butyl (13aR)-8,10-
diclo-9-iodo-
3,4,6,12,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][1,5]benzoxazoxin-2-

carboxylat

512,9/514.,8

128

tert-Butyl (4aS)-9-clo-
7-flo-8-10do-
1,2,4,4a,5,11-
hexahydropyrazino[2,1-
c][1,4]benzoxazepin-3-

carboxylat

483,0/485,0

129

ey

tert-Butyl (4aS)-8-
bromo-9-clo-
1,2,4,4a,5,11-
hexahydropyrazino[2,1-
c][1,4]benzoxazepin-3-

carboxylat

416,8/419,0

130

Br
Cl

tert-Butyl (13aR)-9-
bromo-8-clo-10-metyl-
3,4,6,11,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][2,5]benzoxazoxin-2-

carboxylat

445,2/447.2
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o K tert-Butyl (13aR)-8,10-

O’\(\ N)\O diclo-9-10do-
Cl N\) 3’4363119133133'
131 hexahydro-1H- 513,2/515,2

' pyrazino[2,1-
Cl
d][2,5]benzoxazoxin-2-

carboxylat

Vi du diéu ché chuin bi 132

tert-Butyl (13aS)-9-[2-(tert-butoxycacbonylamino)-7-flo-1,3-benzothiazol-4-yl]-
8,10-diclo-6-0x0-1,3,4,12,13,13a-hexahydropyrazino|2,1-d][ 1,5]benzoxazoxin-2-

carboxylat

Ong bit dugc bang nap vin c6 thanh khudy duoc bd sung vao tert-butyl (13aS)-
8,10-diclo-9-iodo-6-0x0-1,3,4,12,13,13a-hexahydropyrazino[2,1-
d][1,5]benzoxazoxin-2-carboxylat (750 mg, 1,423 mmol), axit [2-(tert-
butoxycacbonylamino)-7-flo-1,3-benzothiazol-4-yl]boronic (650 mg, 2,083 mmol),
kali phosphat tribasic (450 mg, 2,12 mmol), va 1,1°-bis(di-ters-
butylphosphino)feroxen paladi diclorua (100 mg, 0,15 mmol). 1,4-dioxan da loai khi
va tron trude (15 mL) va nude (5 mL) duge bd sung va hdn hop nay duge lam sach
bang nito trong 20 phut. Ong nay dugc day nap va dun néng & 80 °C trong 1 gio. Tiép
theo, r6t hdn hgp phan mg nay vao nude, dung dich nudc natri clorua bao hoa, va
EtOAc. Cac 16p dugc tach riéng, va 16p nude duoc chiét mot 1an béng EtOAc. Lam
kho céc dich chiét hiru co thu gom dugc trén magie sulfat khan, loc, va cd frong chdn

khéng. Cac chit thd duoc tinh ché bang phuong phap sic ky nhanh silicagel rira giai

104
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bang 30-70% EtOAc/hexan dé tao ra hop chit néu & dé muc nay (724 mg, 76%).
ES/MS m/z (3CIA7Cl) 667/669 [M+H] *. Ti 1& 45:55 cuachét dong phan atropi (LC).

Bang 17: Céc hop chat dugc téng hop theo cch gan nhu tuong ty voi cach cua Vi du
diéu ché 132

Vi
diéu

7
A

ché

du

Cau trac

Tén hop chat

ES/MS m/z
M +H)

133

tert-Butyl  (4aR)-8-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-9-clo-7-flo-11-
o0x0-2,4,4a,5-
tetrahydro-1H-
pyrazino[2,1-
c][1,4]benzoxazepin-3-

carboxylat

537,2/539,2

134

tert-Butyl  (4aR)-8-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-9-clo-7-flo-
1,2,4,4a,5,11-
hexahydropyrazino[2,1-
c][1,4]benzoxazepin-3-

carboxylat

623,2/625.2

105
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135

tert-Butyl  (4aS)-8-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-9-clo-7-flo-
1,2,4,4a,5,11-
hexahydropyrazino[2,1-
c][1,4]benzoxazepin-3-

carboxylat

623,2/625,2

136

tert-Butyl (13aS)-9-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-yl1]-8-clo-10-flo-6-
ox0-1,3,4,12,13,13a-
hexahydropyrazino[2,1-
d][1,5]benzoxazoxin-2-

carboxylat

551,1/553,1

137

tert-Butyl  (4aR)-8-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-7-clo-9-flo-11-
0x0-2,4,4a,5-
tetrahydro-1H-
pyrazino[2,1-
c][1.,4]benzoxazepin-3-

carboxylat

537,2/539,2
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138

tert-Butyl  (4aS)-8-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-yl1]-7-clo-9-flo-
1,2,4,4a,5,11-
hexahydropyrazino[2,1-
c][1 ,4]bénzoxazepin-3 -

carboxylat

623,4/625,4

139

tert-Butyl  (4aR)-8-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-yl1]-9-clo-7-metyl-11-
0x0-2,4.,4a,5-
tetrahydro-1H-
pyrazino[2,1-
c][1.,4]benzoxazepin-3-

carboxylat

533,2/534,2

140

tert-Butyl (13aS)-9-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-10-clo-8-flo-6-
oxo-1,3,4,12,13,13a-
hexahydropyrazino[2,1-
d][1,5]benzoxazoxin-2-

carboxylat

551,0/553,0
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141

tert-Butyl (13aS)-9-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-10-clo-6-0xo0-
1,3,4,12,13,13a-
hexahydropyrazino[2,1-
d][1,5]benzoxazoxin-2-

carboxylat

533,0/535.,0

142

tert-Butyl  (4aR)-8-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-7-clo-11-oxo0-
2.4,4a,5-tetrahydro-1H-
pyrazino[2,1-
c][1.,4]benzoxazepin-3-

carboxylat

519,0/521,0

143

tert-Butyl (13aS)-9-[2-
(tert-
butoxycacbonylamino)-
3-xyano-
benzothiophen-4-yl]-
10-clo-6-oxo0-
1,3,4,12,13,13a-
hexahydropyrazino[2,1-
d][1,5]benzoxazoxin-2-

carboxylat

539,0/541,0
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144

HN CNCI

tert-Butyl  (4aS)-8-[2-
(tert-
butoxycacbonylamino)-
3-xyano-
benzothiophen-4-yl]-
7,9-diclo-1,2,4,4a,5,11-
hexahydropyrazino[2,1-
c][1,4]benzoxazepin-3-

carboxylat

645,4/647,4

145

tert-Butyl  (4aR)-8-[2-
(tert-
butoxycacbonylamino)-
3-xyano-
benzothiophen-4-yl]-7-
clo-9-flo-11-oxo0-
2.,4,4a,5-tetrahydro-1H-
pyrazino[2,1-
c][1,4]benzoxazepin-3-

carboxylat

587,2/589,2

146

tert-Butyl (13aR)-9-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-yl]-8-clo-6-0x0-
1,3,4,12,13,13a-
hexahydropyrazino[2,1-
d][1,5]benzoxazoxin-2-

carboxylat

533,0/535.0

109
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147

tert-Butyl (13aS)-9-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-yl1]-8-clo-6-0xo0-
1,3,4,12,13,13a-
hexahydropyrazino[2,1-
d][1,5]benzoxazoxin-2-

carboxylat

533,0/535,0

148

tert-Butyl  (4aR)-8-[2-
(tert-
butoxycacbonylamino)-
7-tlo-1,3-benzothiazol-
4-y1]-9-clo-11-o0x0-
2,4,4a,5-tetrahydro-1H-
pyrazino[2,1-
c][1,4]benzoxazepin-3-

carboxylat

519,0/521,0

149

tert-Butyl  (4aR)-8-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-7,9-diclo-11-0x0-
2,4,4a,5-tetrahydro-1H-
pyrazino[2,1-
c][1,4]benzoxazepin-3-

carboxylat

553,0/555,0
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150

tert-Butyl  (4aS)-8-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-7,9-diclo-11-oxo0-
2.,4,4a,5-tetrahydro-1H-
pyrazino[2,1-
c][1,4]benzoxazepin-3-

carboxylat

553,0/555,0

151

tert-Butyl  (4aS)-8-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-9-clo-
1,2,4,4a,5,11-
hexahydropyrazino[2,1-
c][1.,4]benzoxazepin-3-

carboxylat

605,0/607,0

152

tert-Butyl (4aR)-8-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-9-clo-
1,2,4,4a,5,11-
hexahydropyrazino[2,1-
c][1,4]benzoxazepin-3-

carboxylat

605,0/607,0
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153

tert-Butyl  (4aS)-8-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-7,9-diclo-
1,2,4,4a,5,11-
hexahydropyrazino[2,1-
c][1,4]benzoxazepin-3-

carboxylat

639,0/641,0

154

tert-Butyl  (4aS)-8-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-7,9-diclo-
1,2,4,4a,5,11-
hexahydropyrazino[2,1-
c][1.,4]benzoxazepin-3-

carboxylat

639,0/641,0

155

tert-Butyl (4aR)-8-[2-
(tert-
butoxycacbonylamino)-
3-xyano-7-flo-
benzothiophen-4-yl1]-9-
clo-7-flo-11-oxo0-
2,4,4a,5-tetrahydro-1H-
pyrazino[2,1-
c][1.,4]benzoxazepin-3-

carboxylat

605,0/607,0

112



48142

113/189

156

tert-Butyl (13aS)-9-[2-
(tert-
butoxycacbonylamino)-
3-xyano-
benzothiophen-4-yl]-8-
clo-6-oxo0-
1,3,4,12,13,13a-
hexahydropyrazino[2,1-
d][1,5]benzoxazoxin-2-

carboxylat

639,2/641,2

157

tert-Butyl (13aS)-9-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-yl]-8,10-diclo-
3,4,6,12,13,13a-
hexahydro-1H-
pyrazino[2,1-

d][1 ,5]benzoxaszin-2-

carboxylat

653,0/655,2

158

tert-Butyl (13aR)-9-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-yl]-8,10-diclo-
3,4,6,12,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][1,5]benzoxazoxin-2-

carboxylat

653,0/655,0
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159

tert-Butyl  (4aR)-8-[2-
(tert-
butoxycacbonylamino)-
3-xyano-
benzothiophen-4-yl]-
7.,9-diclo-11-ox0-
2,4,4a,5-tetrahydro-1H-
pyrazino|2,1-
c][1,4]benzoxazepin-3-

carboxylat

603,0/605,0

160

tert-Butyl (13aS)-9-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-yl1]-8-clo-11-metyl-6-
oxo-1,3,4,12,13,13a-
hexahydropyrazino[2,1-
d][1,5]benzodiazoxin-

2-carboxylat

646,2/648,2

161

tert-Butyl (13aS)-9-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-yl1]-8-clo-6-ox0-
3,4,11,12,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][1,5]benzodiazoxin-

2-carboxylat

632,2/634,2
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162

tert-Butyl (13aR)-9-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-8-clo-10-metyl-6-
oxo-1,3,4,11,13,13a-
hexahydropyrazino[2,1-
d][2,5]benzoxazoxin-2-

carboxylat

645,2/647,2

163

tert-Butyl (13aR)-9-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-8-clo-10-metyl-
3,4,6,11,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][2,5]benzoxazoxin-2-

carboxylat

633,4/635,4

164

tert-Butyl (13aR)-9-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-8,10-diclo-6-ox0-
1,3,4,11,13,13a-
hexahydropyrazino[2,1-
d][2,5]benzoxazoxin-2-

carboxylat

665,2/667.2
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165

tert-Butyl (13aR)-9-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-8,10-diclo-
3,4,6,11,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][2,5]benzoxazoxin-2-

carboxylat

653,4/655,2

166

tert-Butyl (13aS)-9-[2-
(tert-
butoxycacbonylamino)-
7-flo-1,3-benzothiazol-
4-y1]-8,10-diclo-
3,4,6,11,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][2,5]benzoxazoxin-2-

carboxylat

665,2/667,2

Trong mdt s6 trudng hop, K»COs3 duoc sit dung thay cho K3POq4

Vi du diéu ché 167

tert-Butyl

(13aS)-9-[2-(tert-butoxycacbonylamino)-3-xyano-benzothiophen-4-yl]-

10-clo-8-flo-6-0x0-1,3,4,12,13,13a-hexahydropyrazino[2,1-d][ 1,5]benzoxazoxin-2-

carboxylat

116
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Binh phan tng dugc bit kin duoc bd sung toluen (300 mL), tert-butyl (13aS)-
9-bromo-10-clo-8-flo-6-0x0-1,3,4,12,13,13a-hexahydropyrazino[2,1-
d][1,5]benzoxazoxin-2-carboxylat (6,20 g, 11,0 mmol), va tert-butyl N-[3-xyano-4-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzothiophen-2-yl]carbamat (6,20 g,
15,5 mmol). Hon hop nay dugc vy nito trong 30 phit, va tiép theo, DPEPhosPdCl,
(1,20 g, 1,68 mmol) duoc bd sung vao, tiép theo 1a xeri cacbonat (9,00 g, 27,6 mmol).
Binh phan tng la duoc bit kin va duoc khudy & 105 °C trong 6 git. Hon hop nay duoc
1am nguoi xubng nhiét do mdi tredng xung quanh va loc qua dét tao, rira bang EtOAc,
va dich loc duoc ¢d trong chdn khéng. Phan can duoc tinh ché bang phwong phép sdc
ky cot nhanh silicagel, rua giai bang 0-30% axeton/hexan. Chét dong phan khong ddi
quang mong mudn dugc rira gidi sau mot chét khong mong mudn dé tao ra hop chat
néu & d& muc nay (phan chi yéu, 3,50 g, 49%). ES/MS m/z (**C1*"Cl) 657,0/659,0
[M+H] .
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Bang 18: Cac hop chit duge téng hop theo cach gan nhu twong tu véi cach cta Vi du

diéu ché 167

Vi
diéu

r
A

ché

du

Cau truc

Tén hop chat

ES/MS m/z
M +H)

168

tert-Butyl (13aS)-9-[2-
(tert-
butoxycacbonylamino)-
3-xyano-7-flo-
benzothiophen-4-yl]-
10-clo-8-flo-6-0xo0-
1,3,4,12,13,13a-
hexahydropyrazino[2,1-
d][1,5]benzoxazoxin-2-

carboxylat

675,2/677,2

169

tert-Butyl  (4aR)-8-[2-
(tert-
butoxycacbonylamino)-
3-xyano-7-flo-
benzothiophen-4-yl1]-7-
clo-9-flo-11-oxo0-
2.,4,4a,5-tetrahydro-1H-
pyrazino[2,1-
c][1,4]benzoxazepin-3-

carboxylat

605,2/607.2
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170

tert-Butyl (13aS)-9-[2-
(tert-
butoxycacbonylamino)-
3-xyano-7-flo-
benzothiophen-4-yl]-8-
clo-10-flo-6-0xo0-
1,3,4,12,13,13a-
hexahydropyrazino[2,1-
d][1,5]benzoxazoxin-2-

carboxylat

675,2/677,2

171

tert-Butyl  (4aR)-8-[2-
(tert-
butoxycacbonylamino)-
7-flo-3-metyl-
benzothiophen-4-yl1]-9-
clo-7-metyl-11-oxo-
2,4,4a,5-tetrahydro-1H-
pyrazino[2,1-
c][1,4]benzoxazepin-3-

carboxylat

601,2/603.3

172

tert-Butyl  (4aR)-8-[2-
(tert-
butoxycacbonylamino)-
3-metyl-
benzothiophen-4-yl1]-9-
clo-7-metyl-11-oxo-
2,4,4a,5-tetrahydro-1H-

pyrazino[2,1-

583,2/585.2
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c][1,4]benzoxazepin-3-

carboxylat

173

,,,,,

tert-Butyl (3R,13aS)-9-
[2-(tert-
butoxycacbonylamino)-
3-xyano-7-flo-
benzothiophen-4-yl]-
10-clo-8-flo-3-metyl-6-
oxo-1,3,4,12,13,13a-
hexahydropyrazino[2,1-
d][1,5]benzoxazoxin-2-

carboxylat

689,2/691,2

174

tert-Butyl (3S,13aS)-9-
[2-(tert-
butoxycacbonylamino)-
3-xyano-7-flo-
benzothiophen-4-yl}-
10-clo-8-flo-3-metyl-6-
oxo0-1,3,4,12,13,13a-
hexahydropyrazino[2,1-
d][1,5]benzoxazoxin-2-

carboxylat

633,4/635.4

Vi du diéu ché chuén bi 175

(13aS)-9-(2-Amino-7-flo-1,3-benzothiazol-4-yl)-8,10-diclo-2,3,4,12,13,13a-

hexahydro-1H-pyrazino[2,1-d][1,5]benzoxazoxin-6-on

120



carboxylat (724 mg, 1,084 mmol) dugc hoa tan trong DCM (4 mL) va TFA (2 mL,
26,45 mmol) va dugc khudy & nhiét do moi trudng xung quanh. Sau 6 gio, hdn hop
nay duoc co trong chdn khong. Chét tho duoc nap vao cdt SCX, rira biang MeOH, va
rira giai bang dung dich NH3 7N trong MeOH. Dich loc dugc ¢ trong chdn khong dé
tao ra hop chét néu & d& muc nay (500 mg, 98%). ES/MS m/z (**C1*7Cl) 467/469

tert-Butyl (13aS)-9-[2-(tert-butoxycacbonylamino)-7-flo-1,3-benzothiazol-4-
yl]-8,10-diclo-6-0x0-1,3,4,12,13,13a-hexahydropyrazino[2,1-d][ 1,5 ]benzoxazoxin-2-

[M+H] .

Bang 19: Cac hop chit duoc téng hop theo cich gan nhu twong tu véi cach cta Vi du

diéu ché 175

48142

d][1,5]benzoxazoxin-9-
yl]-2-amino-7-flo-
benzothiophen-3-

cacbonitril

Vi du
5 . , ES/MS m/z
dicu Cau tric Tén hop chat
) M+ H)
che
4-[(13aS)-10-clo-8-flo-
6-0x0-2,3,4,12,13,13a-
hexahydro-1H-
razino[2,1-
176 P [ 475,0/477,0
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177

(4aR)-8-(2-Amino-7-
flo-1,3-benzothiazol-4-
yl)-7-clo-9-flo-
1,2.3.4,4a,5-
hexahydropyrazino[2,1-
c][1,4]benzoxazepin-

11-on

437,2/439,2

178

4-[(4aS)-7-clo-9-flo-
2,3.4,4a,5,11-
hexahydro-1H-
pyrazino[2,1-
c][1,4]benzoxazepin-8-
yl]-7-flo-1,3-

benzothiazol-2-amin

423,2/425,2

179

4-[(4aR)-9-clo-7-metyl-
11-ox0-1,2,3.4,4a,5-
hexahydropyrazino[2,1-
c][1.,4]benzoxazepin-8-
yl]-2-amino-7-flo-
benzothiophen-3-

cacbonitril

457,2/459,2

180

(4aR)-8-(2-Amino-7-
flo-1,3-benzothiazol-4-
y1)-9-clo-7-metyl-
1,2,3,4,4a,5-
hexahydropyrazino[2,1-
c][1,4]benzoxazepin-

11-on

433,2/435,2
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181

(4aR)-8-(2-Amino-3-

H metyl-benzothiophen-
4-y1)-9-clo-7-metyl-
1,2,3,4,4a,5-
hexahydropyrazino[2,1-
c][1,4]benzoxazepin-

11-on

439,1/441,2

182

4-[(4aS)-7,9-Diclo-
2,3,4,4a,5,11-
hexahydro-1H-

N pyrazino[2,1-
c][1,4]benzoxazepin-8-
yl]-2-amino-
benzothiophen-3-

cacbonitril

445,0/447.,0

183

4-[(4aR)-7-clo-9-1lo-
11-ox0-1,2,3.,4,4a,5-
hexahydropyrazino[2,1-
c][1,4]benzoxazepin-8-
yl]-2-amino-
benzothiophen-3-

cacbonitril

443.2/445,2

184

4-[(13aS)-8,10-Diclo-
1,2,3,4,6,12,13,13a-
octahydropyrazino[2,1-

d][1,5]benzoxazoxin-9-

453,0/455,0
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y1]-7-flo-1,3-

benzothiazol-2-amin

185

4-[(13aR)-8,10-Diclo-
1,2,3,4,6,12,13,13a-
octahydropyrazino[2,1-
d][1,5]benzoxazoxin-9-
yl]-7-flo-1,3-

benzothiazol-2-amin

453,0/455,0

4-[(4aR)-7,9-Diclo-11-
oxo-1,2,3,4,4a,5-

j hexahydropyrazino[2,1-

c][1,4]benzoxazepin-8-
yl]-2-amino-
benzothiophen-3-

cacbonitril

458,9/460,9

Vi du diéu ché chuén bi 187

4-[(13aS)-10-clo-8-flo-6-0x0-2,3,4,12,13,13a-hexahydro- 1H-pyrazino[2,1-

d][1,5]benzoxazoxin-9-yl]-2-amino-benzothiophen-3-cacbonitril

Huyén phu chira tert-butyl (13aS)-9-[2-(ferz-butoxycacbonylamino)-3-xyano-

benzothiophen-4-yl]-10-clo-8-flo-6-0x0-1,3,4,12,13,13a-hexahydropyrazino[2,1-

d][1,5]benzoxazoxin-2-carboxylat (2,64 g, 4,02 mmol) trong DCM (10,0 mL) 6 0 °C
duoc bd sung vao TFA (10 mL) nhé giot. Hon hop nay dugc khudy ¢ nhiét do moi
treong xung quanh trong 1 gio. Hon hop nay duoc cd trong chdn khéng, duge hoa tan

trong EtOAc, va c0 trong chdn khong mot lan nira. Quy trinh nay dugc 1ap lai mot lan
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nita. Phin cn thu duge duge tinh ché bing phuong phép sic ky cot nhanh silicagel,
rira giai 14n du bang 0-80% (10% MeOH trong DCM)/DCM, va lan thtt hai bang 0-
100% [10% (NH;z 7N trong MeOH) trong DCM]/DCM dé tao ra hop chit néu & dé
muc nay (1,58 g, 86%). ES/MS m/z (*>C1/’Cl) 457,0/459,0 [M+H]".

Bang 20: Céc hop chit dugc téng hop theo cach gan nhu twong tu v6i cach cua Vi du
diéu ché 187

125/189

Vi
diéu

ché

du

Cau truc

Tén hop chat

ES/MS m/z
(M + H)

188

4-[(4aR)-9-clo-7-flo-
11-ox0-1,2,3,4,4a,5-
hexahydropyrazino[2,1-
c][1,4]benzoxazepin-8-
yl]-2-amino-7-flo-
benzothiophen-3-

cacbonitril

461,0/463,0

189

(4aR)-8-(2-Amino-7-
flo-1,3-benzothiazol-4-
y1)-9-clo-7-flo-
1,2,3,4,4a,5-
hexahydropyrazino[2,1-
c][1,4]benzoxazepin-

11-on

437,0/439.,0
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190

4-[(4aR)-9-clo-7-flo-
2,3,4,4a,5,11-
hexahydro-1H-
pyrazino[2,1-
c][1,4]benzoxazepin-8&-
yl]-7-flo-1,3-

benzothiazol-2-amin

423,0/425,0

191

4-[(4aS)-9-clo-7-flo-
2,3,4,4a,5,11-
hexahydro-1H-
pyrazino[2,1-
c][1,4]benzoxazepin-8-
yl]-7-flo-1,3-

benzothiazol-2-amin

423,0/425,0

192

4-[(13aS)-8-clo-10-flo-
6-0x0-2,3,4,12,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][1,5]benzoxazoxin-9-
yl]-2-amino-7-flo-
benzothiophen-3-

cacbonitril

475,0/477,0

193

(13aS)-9-(2-Amino-7-
flo-1,3-benzothiazol-4-
y1)-8-clo-10-flo-
2,3,4,12,13,13a-
hexahydro-1H-

451,0/453,0
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pyrazino[2,1-
d][1,5]benzoxazoxin-6-

on

194

4-[(13aS)-8-clo-10-flo-
6-0x0-2,3,4,12,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][1,5]benzoxazoxin-9-
yl]-2-amino-
benzothiophen-3-

cacbonitril

457,0/459,0

195

(13aS)-9-(2-Amino-7-
flo-1,3-benzothiazol-4-
y1)-10-clo-8-flo-
2,3,4,12,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][1,5]benzoxazoxin-6-

on

451,0/453.0

196

(13aS)-9-(2-Amino-7-
flo-1,3-benzothiazol-4-
yl)-10-clo-
2,3,4,12,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][1,5]benzoxazoxin-6-

on

433,0/435.0
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197

(4aR)-8-(2-Amino-7-
flo-1,3-benzothiazol-4-
yl)-7-clo-1,2,3,4,4a,5-
hexahydropyrazino[2,1-
c][1,4]benzoxazepin-

11-on

419,0/421,0

198

4-[(13aS)-10-clo-6-
0x0-2,3,4,12,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][1,5]benzoxazoxin-9-
yl]-2-amino-
benzothiophen-3-

cacbonitril

439,0/441,0

199

(13aR)-9-(2-Amino-7-
flo-1,3-benzothiazol-4-
yl)-8-clo-
2,3,4,12,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][1,5]benzoxazoxin-6-

on

433,0/435,0
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200

(13aS)-9-(2-Amino-7-
flo-1,3-benzothiazol-4-
yl)-8-clo-
2,3,4,12,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][1,5]benzoxazoxin-6-

on

432,9/435,0

201

(4aR)-8-(2-Amino-7-
flo-1,3-benzothiazol-4-
y1)-9-clo-1,2,3,4,4a,5-
hexahydropyrazino[2,1-
c][1,4]benzoxazepin-

11-on

418,9/420,9

202

(4aR)-8-(2-Amino-7-
flo-1,3-benzothiazol-4-
y1)-7,9-diclo-
1,2,3,4,4a,5-
hexahydropyrazino[2,1-
c][1.4]benzoxazepin-

11-on

452.,8/454,8

203

(4aS)-8-(2-Amino-7-
flo-1,3-benzothiazol-4-
yl)-7,9-diclo-
1,2,3,4.,4a,5-
hexahydropyrazino[2,1-
c][1.4]benzoxazepin-

11-on

452.,8/454,8
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204

4-[(4aS)-9-clo-
2,3,4,4a,5,11-
hexahydro-1H-
pyrazino[2,1-
c][1,4]benzoxazepin-8-
yl]-7-flo-1,3-

benzothiazol-2-amin

405,0/407,0

205

4-[(4aR)-9-clo-
2,3,4,4a,5,11-
hexahydro-1H-
pyrazino[2,1-
c][1,4]benzoxazepin-8-
yl]-7-flo-1,3-

benzothiazol-2-amin

405,0/407,0

206

4-[(4aS)-7,9-Diclo-
2,3,4,4a,5,11-
hexahydro-1H-
pyrazino|2,1-
c][1,4]benzoxazepin-8-
yl]-7-flo-1,3-

benzothiazol-2-amin

438,9/441,0

207

4-[(4aR)-7,9-Diclo-
2,3,4,4a,5,11-
hexahydro-1H-
pyrazino|2,1-
c][1.,4]benzoxazepin-8-
yl]-7-flo-1,3-

benzothiazol-2-amin

438,8/440.9
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208

4-[(4aR)-9-clo-7-flo-
N 11-0x0-1,2,3,4.4a,5-
hexahydropyrazino[2,1-

O o c][1,4]benzoxazepin-8-

yl]-2-amino-7-flo-
benzothiophen-3-

cacbonitril

461,0/463,0

209

4-[(13aS)-8-clo-6-0x0-
2,3,4,12,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][1,5]benzoxazoxin-9-
yl]-2-amino-
benzothiophen-3-

cacbonitril

439,0/441,0

210

4-[(3R,13aS)-10-clo-8-
flo-3-metyl-6-0x0-
2,3,4,12,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][1,5]benzoxazoxin-9-
yl]-2-amino-7-flo-
benzothiophen-3-

cacbonitril

489,0/491.,0

211

4-[(3S,13aS)-10-clo-8-
flo-3-metyl-6-o0x0-
2,3,4,12,13,13a-
hexahydro-1H-
pyrazino[2,1-

d][1,5]benzoxazoxin-9-

489,2/491,2
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yl1]-2-amino-7-flo-
benzothiophen-3-

cacbonitril

212

(13aS)-9-(2-Amino-7-
flo-1,3-benzothiazol-4-
y1)-8-clo-11-metyl-
2,3,4,12,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][1,5]benzodiazocin-

6-on

446,0/448,0

213

(13aS)-9-(2-Amino-7-
flo-1,3-benzothiazol-4-
yl)-8-clo-
1,2,3,4,11,12,13,13a-
octahydropyrazino[2,1-
d][1,5]benzodiazocin-

6-on

432,0/434,0

214

(13aR)-9-(2-Amino-7-
flo-1,3-benzothiazol-4-
yl)-8-clo-10-metyl-
2,3,4,11,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][2,5]benzoxazoxin-6-

on

447,2/449.2
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215

4-[(13aR)-8-clo-10-
metyl-
1,2,3,4,6,11,13,13a-
octahydropyrazino[2,1-
d][2,5]benzoxazoxin-9-
yl]-7-flo-1,3-

benzothiazol-2-amin

433,2/435,2

216

(13aR)-9-(2-Amino-7-
flo-1,3-benzothiazol-4-
y1)-8,10-diclo-
2,3,4,11,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][2,5]benzoxazoxin-6-

on

467,2/469,2

217

4-[(13aR)-8,10-Diclo-
1,2,3,4,6,11,13,13a-
octahydropyrazino[2,1-
d][2,5]benzoxazoxin-9-
yl]-7-flo-1,3-

benzothiazol-2-amin

453,2/455,2

218

(13aS)-9-(2-Amino-7-
flo-1,3-benzothiazol-4-
y1)-8,10-diclo-
2,3,4,11,13,13a-
hexahydro-1H-
pyrazino[2,1-
d][2,5]benzoxazoxin-6-

on

467,2/469.,2

Vi du diéu ché chuin bi 219
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4-[(13aS)-10-clo-2-(2-xyanoaxetyl)-8-flo-6-oxo0-1,3,4,12,13,13a-
hexahydropyrazino[2,1-d][1,5]benzoxazoxin-9-yl]-2-amino-7-flo-benzothiophen-3-

cacbonitril

Axit xyanoaxetic (138 mg, 1,61 mmol), 1-hydroxybenzotriazol (222 mg, 1,61
mmol), DIEA (0,5 mL, 3 mmol), va 1-(3-dimetylaminopropyl)-3-etylcarbodiimit
hydroclorua (306 mg, 1,60 mmol) dugc bd sung vao huyén phu chita 4-[(13aS)-10-
clo-8-flo-6-0x0-2,3,4,12,13,13a-hexahydro-1H-pyrazino[2,1-d][ 1,5]benzoxazoxin-9-
yl]-2-amino-7-flo-benzothiophen-3-cacbonitril (500 mg, 1,05 mmol) trong DCM (10
mL). Hon hop phan tng nay dugc khudy & nhiét do mdi truong xung quanh trong 18
gio trudce khi pha loang véi DCM va rira bang dung dich nu6c amoni clorua bao hoa
dung dich va dung dich nudc natri clorua bao hoa. Cac 16p hitu co dugc lam kho trén
natri sulfat, loc, va co trong chdan khong. Phén can dugc hoa tan trong DCM (5 mL)
va vai giot MeOH, tiép theo, hexan duoc bd sung vao chit két ta tir san phém. Chét
két tua duoc loc dé tao ra hop chat néu & dé muc nay dudi dang chét rin mau tring

(410 mg, 72%). ES/MS m/z (5CIA7Cl) 542,4/544.4 [M+H]".

Vi du diéu ché 220

1-Bromo-1,2,2-tridoteri-etylen
Br
o Ao
D
1,2-Dibromoetan-ds (25,0 g, 130,28 mmol) dugc bd sung nho giot vao dung
dich chura kali hydroxit (15,19 g, 243,63 mmol) trong 95% etanol-OD (95 mL) va D>O
(5mL) & 33 °C. Hdn hop nay duoc khudy dau tién & 60 °C trong 1,5 gid, va tiép theo,

§ 63 °C trong 1,5 gior dé tao ra hop chét néu ¢ dé& muc nay dudi dang dau khong mau,
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ma no6 dugc cét lién tuc tir hdn hop phan tng trong qua trinh dun néng va gom trong
binh phan ng thu dugc dugce lam mat trong bé nuéc da-axeton khé (7,3 g, 50%).
Vi du diéu ché 221

2,3,3-Tridoteriprop-2-enoic axit—'>C
O\\%oH
o L,
D

S¢i magie (1,67 g, 69,71 mmol), tinh thé iot, va THF khan (20 mL) duoc cho
vao binh phan tng. Trong khi d6 dung dich chta 1-bromo-1,2,2-tridoteri-etylen (7,3
g, 66,39 mmol) trong THF khan (30 mL) duoc didu ché. Hon hop chira magie nay
duoc dun néng dén 50 °C va mot phan dung dich vinyl bromua (2 mL) dugc b6 sung
vao. Hon hop nay duge dun noéng & 50 °C cho dén khi phan tmg Grignard dugc bat
du va hdn hop nay bét dau hdi luu (65 °C). Dung dich vinyl bromua con lai trong
THF duogc bd sung nho giot vao & nhiét do 55 dén 65 °C trong 1,5 gid. Hon hop thu
duge duge dun néng ¢ 65 °C trong 1,5 gio dé dam bao rang hén hop niy phan ting
hoan toan. Dung dich (1,2,2-tridoterivinyl)magie bromua trong THF m&i dugc diéu
ché dugc 1am ngudi xudng nhiét 6 trong phong va duoc str dung ngay 1ap tirc.

Khi cacbon dioxit->C duoc cho suc qua THF khan (50 mL) & -65 °C trong 5
phat. Dung dich (1,2,2-tridoterivinyl)magie bromua méi duogc didu ché trong THF
(66,39 mmol) duoc bd sung nho giot vao & nhiét d tai do nhiét do hén hop phan tmg
tang 1én -20 °C. Hén hop nay duoc lam 4m dén -10 °C va duoc khudy trong 10 phiit.
Khi cacbon dioxit-'3C dugc cho suc qua hdn hop nay trong 2 phut nita. Hon hop nay
duge 1am 4m dén nhiét do moi truong xung quanh va duge khudy trong 10 phut.
Hydroquinon (10 mg) duoc bd sung vao, tiép theo 1a bd sung nho giot dung dich axit
sulfuric 6M (6,5 mL) dé t6i hdn hop phan ting trong khi duy tri nhiét d6 nhé hon 20
°C. Hon hop nay dugc pha lodng voi dietyl ete (400 mL) va natri sulfat (100 g) duoc
bd sung vao. Hon hop nay duge khudy o nhiét d6 moi truong xung quanh trong 5 phit,
loc, va cd trong chan khong o 0 dén 5 °C dé tao ra san phdm tho (7,5 g) duéi dang dau
mau vang. San phim tho nay dugc tinh ché bang cach chung cAt chan khong ngan dé

tao ra hop chit néu & dé muc nay duéi dang dau khong mau (1,2 g, 24%).
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Vi du diéu ché 222

Clorua—"3C cua axit 2,3,3-Tridoteriprop-2-enoic
O.13 C,CI

o

D
Oxalyl clorua (0,24 mL, 2,85 mmol) dugc bd sung vao dung dich chua 2,3,3-
tridoteriprop-2-enoic axit-'3C (0,181 g, 2,38 mmol) va DMF (1 drop) trong DCM
khan (10 mL) & 0 °C va hdn hgp nay duoc khudy & nhiét d trong phong trong 1 gio.
Hop chét néu & dé muc nay dugc sir dung truc tiép & buédc tiép theo dudi dang dung

dich.

Vi du diéu ché 223
Mau do Kras
N-(2-{2-[2-({6-clo-8-flo-7-(3-hydroxynaphtalen-1-yl)-4-[4-(prop-2-enoyl)piperazin-

1-yl]quinazolin-2-yl}amino)etoxy]etoxy } etyl)-5-[(3aS,4S,6aR)-2-oxohexahydro-1H-

thieno[3,4-d]enzoxaze-4-yl|pentanamit

‘ F 0

H
_N S

Ci HN

N NH
() §
o
Budc A: tert-Butyl 4-(7-bromo-2,6-diclo-8-floquinazolin-4-yl)piperazin-1-
carboxylat (0,51 g, 1,1 mmol) va IPA (5 mL) dugc gom trong binh phan (mg vi séng.
DIPEA (0,55 mL, 3,3 mmol) va 5-[(3aS,4S,6aR)-2-oxohexahydro-1H-thieno[3,4-
d]enzoxaze-4-yl]-N-[2-[2-(2-aminoetoxy)etoxy]etyl]pentanamit (0,48 g, 1,32 mmol)
duge bd sung va hdn hop nay dugce dun nong dén 120 °C trong 16 phan tng vi séng
trong sau gio. Sau thoi gian nay, hdn hop nay dugc pha loang voi dung dich nudce
amoni clorua bo hoa dung dich va 25% IPA trong CHCI; va céc 16p duoc tach ri€ng.

L6p hitu co dugce rira bang dung dich nu6c natri clorua bdo hoa, lam kho trén khan
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natri sulfat, 1oc, va co trong chdn khong. Phén cin thu duge duge tinh ché béng sic ky
pha thong thuong, rira giai bang 50-100% B trong gradient (A: hexan, B: 10% MeOH
trong DCM), dé tao ra the tert-butyl 4-{7-bromo-6-clo-8-flo-2-[(2-{2-[2-({5-
[(3aS,4S,6aR)-2-oxohexahydro-1H-thieno[3,4-d]enzoxaze-4-yl]pentanoyl }amino)
etoxyJetoxy } etyl)amino]quinazolin-4-yl}piperazin-1-carboxylat dudi dang chat ran
mau vang (0,68 g, 78%). ES/MS m/z: 819 (M+H).

Bude B: fert-Butyl 4-{7-bromo-6-clo-8-flo-2-[(2-{2-[2-({5-[(3aS,4S,6aR)-2-
oxohexahydro-1H-thieno[3,4-d]enzoxaze-4-yl|pentanoyl }amino)etoxy]
etoxy }etyl)Jamino]quinazolin-4-yl} piperazin-1-carboxylat (0,30 g, 0,37 mmol), 1,4-
dioxan (4 mL) va nuéc (0,75 mL) dugc gom. Kali cacbonat (0,24 g, 1,11 mmol), 4-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)naphtalen-2-ol (0,20 g, 0,74 mmol), va
tetrakis(triphenylphosphin) paladi(0) (0,085 g, 0,074 mmol) dugc bd sung va hén hop
nay duoc khudy & 85 °C trong moi trudng nito trong 12 gid. Sau thoi gian nay, hon
hop nay dugc lam ngudi xudng nhiét do mdi tredng xung quanh va loc dé loai bo chit
ran. Dich loc dugc pha lodng v6i dung dich nude amoni clorua bao hoa dung dich va
EtOAc va céac 16p duoc tach riéng. Lép hitu co duge rira bang dung dich nuéc natri
clorua bdo hoa, 1am kho trén khan natri sulfat, loc, va co trong chan khong. Phén can
thu duoc duge tinh ché bang sic ky pha thong thuong, rira giai bang 90-100% B trong
gradient (A: hexan, B: 10% MeOH trong DCM), dé tao ra fert-butyl 4-{6-clo-8-flo-7-
(3-hydroxynaphtalen-1-y1)-2-[(2-{2-[2-({5-[(3aS.4S,6aR)-2-oxohexahydro-1H-
thieno[3.4-d]enzoxaze-4-yl|pentanoyl jamino)etoxy |etoxy } etyl)amino]quinazolin-4-
yl}piperazin-1-carboxylat duéi dang chit rin mau vang (0,31 g, 96%). ES/MS m/z:
881 (M+H).

Budce C: Dung dich chua fert-butyl 4-{6-clo-8-flo-7-(3-hydroxynaphtalen-1-
yD)-2-[(2-{2-[2-({5-[(3aS,4S,6aR )-2-oxohexahydro-1H-thieno[3,4-d]enzoxaze-4-
yl]pentanoyl } amino)etoxy|etoxy }etyl)amino]quinazolin-4-yl} piperazin-1-carboxylat
(0,31 g, 0,35 mmol) trong MeOH (4 mL) dugc lam ngudi xubng 0 °C. HCI (3 M trong
MeOH, 6 mL, 17,5 mmol) dugc bd sung vao va hon hop nay duge khuay ¢ 0 °C trong
30 phut trude khi dé 4m dén nhiét do moi truong xung quanh. Sau ~18 gid, hon hop
phan Gng nay dugc cd trong chdn khong. Phan cin dugc pha lodng voi DCM va ¢
trong chan khong mot 14n nita. Phan can thu duoc duge pha loang voi hexan va duge

137

137/189



48142

khuéy & nhiét d6 moi trrong xung quanh trong hai gio. Chét rin thu duoc duge loc va
lam kho trong chan khong dé tao ra N-{2-[2-(2-{[6-clo-8-flo-7-(3-hydroxynaphtalen-
1-y1)-4-(piperazin-1-yl)quinazolin-2-yl]Jamino } etoxy )etoxy]etyl }-5-[(3aS,4S,6aR)-2-
oxohexahydro-1H-thieno[3,4-d]enzoxaze-4-yl|pentanamit hydro clorua. Mudi
hydroclorua nay (0,19 g, 0,23 mmol) dugc trung hoa bing cach két hop véi DIEA
(0,16 mL, 0,92 mmol) trong DCM (2,5 mL). Hon hop nay dugc lam ngudi xudng -78
°C va acryloyl clorua (0,5 M trong DCM, 0,4 mL, 0,21 mmol) dugc bd sung vao. Sau
30 phut, hdn hop nay duge dé Am dén nhiét dd mdi truong xung quanh. Sau mot gio,
hdn hop nay dugc pha lodng véi MeOH (1 mL) va cd trong chdn khéng. Phan can thu
duge duge tinh ché bang sac ky pha dao, rira giai bang 35-60% B trong gradient (A:
10 mM dung dich nuéc NHsHCO3 véi MeOH 5%; B: ACN), dé tao ra hop chat néu &
dé muc nay dudi dang chét ran mau trang (0,027 g, 14%). ES/MS m/z: 835 (M+H).

Vidul
(13aS)-9-(2-Amino-7-flo-1,3-benzothiazol-4-yl1)-8,10-diclo-2-prop-2-enoyl-
1,3,4,12,13,13a-hexahydropyrazino[2,1-d][1,5]benzoxazoxin-6-on

(13aS)-9-(2-Amino-7-flo-1,3-benzothiazol-4-y1)-8,10-diclo-2,3,4,12,13,13a-
hexahydro-1H-pyrazino[2,1-d][1,5]benzoxazoxin-6-on (500 mg, 1,070 mmol) duoc
hoa tan trong DCM (5 mL) va TEA (0,75 mL, 5.4 mmol). Hon hop nay dugc lam
ngudi xudng -78 °C va tiép theo, acryloyl clorua (0,085 mL, 1,0 mmol) duoc bo sung
vao va hon hop nay duge khudy & -78 °C. Sau 5 phut, vai giot rugu isopropylic dugc
bd sung & -78 °C va tiép theo, hdn hop nay dugc cd trong chdan khong va cho vao sic
ky pha d4o dé tao ra hon hop gbm hai chéat dong phan atropi. Hon hop gbm cac chit
ddng phén atropi nay dugc tich riéng bang céch st dung Chiralpak® IC, 4,6 x 150
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mm, 40% EtOH/CO,, 5 mL/phut, 225 nm. Hop chat thi hai ciia cdt duoc x4c dinh 1a
chat ddng phan atropi hoat dong (165 mg, 55%). ES/MS m/z (**CI*’Cl) 521/523
[M+H]* (>98% luong du chit dong <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>