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Linh vuc k§ thuit duge dé cap

Sang ché dé cap dén cac din xuit 3,6-diamino-pyridazin-3-yl, cac dugc phim
chira chiing va viéc st dung chiing 1am tic nhan thic ddy qua trinh chét té bao theo
chuong trinh. Cac hop chét theo sang ché trc ché hoat tinh cta protein Bel-xL va c6 thé

dugc quan tAm trong viéc diéu tri bénh ung thu, cdc bénh mién dich va tu mién.

Tinh trang ky thuit ciia sang ché

Qua trinh chét té bao theo chuong trinh (sw chét té bao theo chuong trinh) 1a con
dudng tién hoa duoc bao tdn can thiét cho ndi can béng ciia mo, su phat trién va loai bo
cc té bao bi hw héng. Viéc giam diéu hoa dbi voi qua trinh chét té bao theo chuong
trinh gép phan gay ra cac bénh & ngudi, bao gdm khdi u 4c tinh, réi loan thoai hoa than
kinh, cac bénh vé h¢ thong mién dich va cac bénh ty mién (Hanahan and Weinberg,
Cell. 2011 Mar 4;144(5):646-74; Marsden and Strasser, Annu Rev
Immunol. 2003;21:71-105; Vaux and Flavell, Curr Opin
Immunol. 2000 Dec;12(6):719-24). Su trén tranh chét té bao theo chwong trinh duoc
cong nhan la mat dau hi¢u cua b¢nh ung thu, tham gia vao sy phat trién cling nhu sy mo
rong bén viing cua cac khdi u va kha ning chdng lai cac phuong phap didu tri chéng
ung thu (Hanahan and Weinberg, Cell. 2000 Jan 7;100(1):57-70).

Ho protein Bcl-2 bao gém céc chét didu hoa chinh déi vé6i su ton tai cua té bao
6 thé ngan ’chén (viduy, Bel-2, Bel-xL, Mcl-1) hodc thiic déy (vi du, Bad, Bax) qua trinh
chét t& bao theo chuong trinh (Gross ef al., Genes Dev. 1999 Aug 1;13(15):1899-911,
Youle and Strasser, Nat. Rev. Mol. Cell Biol. 2008 Jan;9(1):47-59).

Khi d6i mat véi cac kich thich cang thang, viéc mét té bao séng sot hay trai qua
qua trinh chét té bao theo chuong trinh phu thudc vao mic do ghép cap giira cac thanh
vién thudc ho Bcl-2 ma thic ddy qué trinh chét té bao theo chwong trinh vé6i cac thanh
vién thudc ho ma thiic day sy sdng sot ctia té bao. Phin 16n, nhimmg tuong tac nay lién
quan dén viéc gin mién tuong ddng 3 Bcl-2 (BH3) cua céc thanh vién thudc ho tién chét
té bao theo chwong trinh vao nép gip trén bé mit cua cac thanh vién tién song sot. Su
c6 mit cta mién twong déng Bcl-2 (BH) xac dinh thanh vién ctiia ho Bcl-2, duoc chia

thanh ba nh6m chinh tity thudc vio cac mién BH cu thé ¢ trong protein. Céc thanh phén
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tién séng s6t nhu Bel-2, Bel-xL va Mcl-1 chita cic mién BH 1-4, trong khi Bax va Bak,
cic yéu t6 tac dong tién chét té bao theo chuong trinh ciia qué trinh thdm thiu mang
ngoai cla ty thé trong qua trinh chét t& bao theo chuwong trinh, cha cac mién BH 1-3
(Youle and Strasser, Nat. Rev. Mol. Cell Biol. 2008 Jan;9(1):47-59).

Su biéu hién qua mirc ciia cac thanh vién tién sdng sét thudc ho Bel-2 1a du hicu
clia bénh ung thu va da chimg minh dugc rang nhitng protein niy déng mot vai trd quan
trong trong viéc phat trién khéi u, duy tri va khang lai liéu phap chéng ung thu (Czabotar
et al., Nat. Rev. Mol. Cell Biol. 2014 Jan;15(1):49-63). Bcl-xL (cling dugc goi tén 1a
BCL2L1, tir BCL2 gidng 1) thuomg dugc khuéch dai trong bénh ung thu (Beroukhim et
al., Nature 2010 Feb 18;463(7283):899-905) va da chimg minh duoc rang su biéu hién
cta no twong quan nghich véi @6 nhay v6i hon 120 phén ti tri liéu chéng ung thu trong
bing dai dién cta cic dong té bao ung thu (N CI-60) (Amundson et al., Cancer
Res. 2000 Nov 1;60(21):6101-10).

Ngoai ra, mot sb nghién ciru stt dung mo hinh chudt bat hoat chuyén gen va su
bieu hién qua mic cta cac thanh vién ho Bcl-2 chuyén gen da 1am ndi bat thm quan
trong cla céc protein ndy trong cac bénh ctia hé théng mién dich va cac bénh tu mién
(dé xem xét, xem Merino et al., Apoptosis 2009 Apr;14(4):570-83. doi: 10.1007/s10495-
008-0308-4.PMID: 19172396). Su biéu hién qué mirc ciia Bel-xL chuyén gen trong
ngin té bao T dan dén kha ning chdng lai qué trinh chét té bao theo chwong trinh gay ra
badi glucocorticoit, birc xa g va lién két ngang CD3, cho théy réng su biéu hién qua muc
Bel-xL chuyén gen c6 thé 1am giam qué trinh chét té bao theo chuong trinh & cac té bao
T dang nghi ngoi va dugc hoat héa (Droin et al., Biochim Biophys Acta 2004 Mar
1;1644(2-3):179-88. doi: 10.1016/j.bbamcr.2003.10.011.PMID: 14996502 ). Trong céc
mau bénh phdm, d4 quan sat thay sy biéu hién dai dang hodc cao ciia cac protein ho Bel-
2 khang lai su chét té bao theo chuong trinh (Pope et al., Nat Rev Immunol. 2002
Jul;2(7):527-35. doi: 10.1038/nri846 . PMID: 12094227). Pic biét, cac té bao T dwoc
phén 14p tir khép ciia bénh nhan viém khép dang thap c6 biéu hién Bel-xL ting 1én va
¢6 kha ning chdng lai qué trinh chét t& bao theo chuong trinh ty phat (Salmon et al., J
Clin Invest. 1997 Feb 1;99(3):439-46. doi: 10.1172/JCI119178.PMID: 9022077). Viéc
str dung céc chit gia BH3 ciing da cho thiy loi ich trong cac mo hinh tién 14m sang vé
cic bénh clia h¢ théng mién dich va cac bénh ty min. Viée didu tri bing ABT-737 (chét

tic ché Bcl-2, Bel-xL va Bel-w) dan dén tc ché manh su tang sinh té bao lympho in
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vitro. Diéu quan trong la, nhitng con chudt dugc diéu tri béng ABT-737 trén mo hinh
d6ng vat bi viém khép va lupus cho thiy mirc d6 nghiém trong ctia bénh giam dang ké
(Bardwell et al, J Clin Invest. 1997 Feb 1;99(3):439-46. doi:
10.1172/ICT119178 PMID: 9022077). Ngoai ra, di ching minh duoc rang ABT-737
ngan chan sy hoat hoa, tang sinh va gay doc t€ bao T di sinh in vitro va @c ché cac dap
mg ctia t& bao T va B di sinh sau khi c4y ghép da véi tinh chon loc cao dbi véi cac té
bao lympho (Cippa et al., .Transpl Int. 2011 Jul;24(7):722-32. doi: 10.1111/5.1432-
2277.2011.01272.x. Epub 2011 May 25.PMID: 21615547).

Nhitng phét hién dugc chi ra ¢ trén da thuc dy viéc kham pha va phat trién mot
loai thuéc méi c6 tén 1a chit gia BH3. Nhitng phan tir nay c6 thé pha v& sy twong tic
giita cac thanh vién tién chét té bao theo chwong trinh va chéng lai su chét t& bao theo
chuong trinh ciia ho Bel-2 va 13 nhimg chat gy ra su chét té bao theo chuong trinh hitu
hiéu. Nhém thude m&i nay bao gom céc chét tic ché Bel-2, Bel-xL, Bel-w va Mcl-1. Cac
chat gia BH3 dau tién dugc mo ta 1a ABT-737 va ABT-263, nham muc tiéu Bcl-2, Bel-
xL va Bcel-w (Park et al., J. Med. Chem. 2008 Nov 13;51(21):6902-15; Roberts et al., J.
Clin. Oncol. 2012 Feb 10;30(5):488-96). Sau d6, cac chat e ché chon loc Bcl-2 (ABT-
199 va S55746 - Souers et al., Nat Med. 2013 Feb;19(2):202-8; Casara et al., Oncotarget
2018 Apr 13;9(28):20075-20088), Bel-xL (A-1155463 va A-1331852 - Tao et al.,
ACS Med Chem Lett. 2014 Aug 26;5(10):1088-93; Leverson et al., Sci Transl
Med. 2015 Mar 18;7(279):279ra40) va Mcl-1 (A-1210477, S63845, S64315, AMG-176
va AZD-5991 - Leverson et al., Cell Death Dis. 2015 Jan 15;6:¢1590.; Kotschy et al.,
Nature 2016, 538, 477-482; Maragno et al., AACR 2019, Poster #4482; Kotschy et al.,
WO 2015/097123; Caenepeel et al., Cancer Discov. 2018 Dec;8(12):1582-1597; Tron
et al., Nat. Commun. 2018 Dec 17;9(1):5341) cling dugc phat hién. Chét e ché Bel-2
chon loc ABT-199 hién d4 dugc chap thudn dé diéu tri cho bénh nhan mac CLL va AML
trong liéu phap két hop, trong khi cac chét tc ché khac vin dang duoc phat trién tién
Jam sang hodc 1am sang. Trong cdc md hinh tién 14m sang, ABT-263 di cho thiy hoat
tinh trong mot sb khdi u 4c tinh huyét hoc va cac khdi u rin (Shoemaker ef al., Clin.
Cancer Res. 2008 Jun 1;14(11):3268-77; Ackler et al, Cancer Chemother.
Pharmacol. 2010 Oct;66(5):869-80; Chen et al., Mol. Cancer
Ther. 2011 Dec;10(12):2340-9). Trong cac nghién ciru 1am sang, ABT-263 thé hién hoat

tinh chéng khdi u muc tiéu & cac khdi u ac tinh lympho (Wilson et al., Lancet
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Oncol. 2010 Dec;11(12):1149-59; Roberts et al., J. Clin. Oncol. 2012 Feb 10;30(5):488-
96) va hoat tinh ctia né dang dugc nghién ctru két hop véi mot sb lidu phap trong cac
khéi u rén. Céc chit Gre ché Bel-xL chon loc, A-1155463 hodc A-1331852, thé hién hoat
tinh in vivo trong cic mé hinh tién 1am sang cua T-ALL (Bénh bach ciu lympho bao
cap tinh t& bao T) va cac loai khdi u rén khac nhau (Tao et al., ACS Med. Chem.
Lett. 2014 Aug 26;5(10):1088-93; Leverson et al., Sci. Transl. Med. 2015 Mar
18;7(279):279ra40). Céc chat tic ché chon loc Mcl-1 d3 cho thiy hoat tinh in vivo diy
hira hen & mét s6 loai u 4c tinh té bao huyét hoc trong cdc mé hinh tién 1am sang va ba
trong sb 46, S64315, AMG176 va AZD5991, hién dang dugc nghién ctru trong céc thir
nghiém 1am sang (Yang et al., Eur. J. Med. Chem. 2019 May 8;177:63-75). Do d6, cac
chit gia BH3 14 cach tiép can rat hap din dé phat trién céc lidu phép mdi trong ung thu
hoc va trong linh vuc bénh mién dich va tu mién. Dic biét, c6 nhu cau vé cac phéan tir

nhé ma tic ché chon loc protein Bel-xL. Sang ché dap tmg dugc nhu ciu nay.

Ban chit k§ thuat ciia sang ché

Sang ché d& xuit cac chét trc ché Bel-xL chon loc hitu hidu c¢6 cong thuc (I) nhu
duoc dinh nghia dud6i day. Céc tac gia sang ché di chimg minh rang nhiing hop chit nay
c6 thé gay ra qua trinh chét té bao theo chuong trinh ctia céc té bao ung thu in vivo, kich
hoat su thoai trién ctia khéiu & chudt. Dua trén cac dic tinh tién chét té bao theo chuong
trinh cua chung, cac hop chét theo sang ché ¢c6 thé duoc quan tam dé didu trj cac bénh
1y lién quan dén viéc trén tranh qua trinh chét té bao theo chuong trinh, vi du nhw bénh
ung thu, cdc bénh ty mién va cc bénh ciia hé théng mién dich. Ngoai ra, cac hop chét
nay duoc dung nap t6t & chuét, khéng gidm trong lugng co thé lién quan v& mit 14m
sang khi diéu tri véi cac lidu hiéu qua, cho thiy bién tri liéu c6 thé xay ra déi véi vise
stt dung cac phan tir nhé nhim muc tiéu Bel-xL nay trong diéu tri bénh ung thu. DPong
y vé1 vai tro dugc mo ta trude day cua Bcel-xL trong viéce diéu hoa tudi tho tdi da cua
tiéu cau (Zhang et al., Cell Death Differ. 2007 May;14(5):943-51; Mason et al.,
Cell. 2007 Mar 23;128(6):1173-86), céc tic gia sing ché quan sat thdy sw giam s6 luong
tiéu cau tuan hoan sau khi diéu tri cho chudt bang cac chét e ché ndy, v6i su phuc hoi
sau khi ngirng diéu tri. Xem xét anh hudng nay ddi véi su song s6t clia tiéu cAu, cac chét

e ché Bel-xL theo sang ché cling cé thé duoc st dung dé diéu tri cac bénh hoac tinh
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trang dugc dac trung béi hoat tinh qua mirc hoac bi giam diéu hoa cua ti€u cau, chiang

han nhu céc tinh trang tién huyét khdi.

Theo phuong an thit nhat (E1), sang ché d& xuét cac hop chét c6 cong thirc (1):
R4 Ro
H R3

SN 0

N\
Het1/ N—N Hetp

trong do:

é Ry va Rz dgc 1ap v6i nhau 1a nhom duge chon tir: hydro; Ci-Csalkyl mach
thang hodc mach nhanh ty ¥ duogc thé bang hydroxyl hodc nhém Ci-Cealkoxy; Cs-
Cexycloalkyl; triflometyl; Ci-Csalkylen-heteroxycloalkyl mach thiang hodc mach nhanh
trong d6 nh6m heteroxycloalkyl tity y dugc thé bang nhém Ci-Csalkyl mach thing hodc
mach nhanh;

hodc Ri va Ry cung véi nguyén tir cacbon mang cic gbc nay tao ra nhém Cs-
Csxycloalkylen,

¢ R3 1a nhém duoc chon tir: hydro; Cs-Cexycloalkyl; Ci-Cgalkyl mach théng
hodc mach nhénh; -X;-NRaRp; -X1-N*RaRoRe; -X1-0-Re; -X1-COOR¢; -X;-PO(OH),; -
X1-SO2(OH); -X1-N3 va :

—X4——=CH

¢ Ra va Ry d9c 1ap voi nhau 1a nhom duge chon tir: hydro; heteroxycloalkyl;
-SO2-phenyl trong d6 phenyl c6 thé duoc thé bang Ci1-Csalkyl mach thang hodc mach
nhéanh; Ci-Csalkyl mach thang hodc mach nhanh tily ¥ dwoc thé bing mot hoic hai nhém
hydroxyl; Ci-Cealkylen-SO20H; Ci-Csalkylen-SO,07; Ci-Csalkylen-COOH; C;-
Cealkylen-PO(OH); Ci-Cealkylen-NRaRe; Ci-Cealkylen-N*RaRcRs;  Ci-Cealkylen-
phenyl trong d6 phenyl c6 thé dugc thé bang nhém Ci-Cealkoxy;

nhém:

F3

L
Z\\Z§O
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hodc Rava Ry cing v6i nguyén tit nito mang cac gbc nay tao ra vong Bi;
hodc R., R v va R ¢ cing v6i nguyén ti nito mang cic gbc nay tao ra Cs-
Csheteroxycloalkyl lién két cau,
¢ Re, Ry, Re, R¢, doc 14p v6inhau 1a hydro hodc nhém Ci-Csalkyl mach thfmg

hodc mach nhanh,
hodc R4 va Re cling véi nguyén tir nito mang cic goc nay tao ra vong Bo,

hodc Rq, Re va Ry cing véi nguyén tir nito mang cdc goc ndy tao ra Cs-

Csheteroxycloalkyl lién két céu,

3 Het; 1a nhém duoc chon tur:
%”w a Y ™
| \

[ - Ra),,
NN N / K/N ~ N ~ N
Ra)m \ Ra) Ra),, Ra),,
v

/)\f
Zk; \
1;

NN
7 x Egiges
HIN HN
N N N \N
N N\ NS =~
Re)m || Ra)m, R)m Rt)m
(N;Q /N @ @ )
¢ Het> 1a nhém duoc chon tu:
G
N G N—
S~ I f—<\7 —Re
Aq Ao
Rs
G
G
5 \ | Re
Rs
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¢ A1la-NH-, -N(Ci-Csalkyl), O, S hoic Se,
¢ A 1aN, CH hoic C(Rs),

¢ G duoc lva chon ttir nhom bao gém:
-C(0O)ORas, -C(O)NRgiRa2, -C(O)Ra2, -NRGiC(O)Ra, -NRG1C(O)NRG1Ray,
-OC(O)NRGi1Raa, -NRG1C(O)ORGgs, -C(=NORG1)NRGiRa,

-NRGiC(=NCN)NRGi1RG2,  -NRGi1S(0O)2NRaGiRG2,  -S(O)2Re3,  -S(0)2NRgiRa,
-NRG1S(0)2RG2, -NRGiC(=NRG2)NRGiRG2, -C(=S)NRgiRa2, -C(=NRs1)NRagiRa,
halogen, -NO,, va -CN, trong d6:

- Ra1 va Ro2 mbi 1an xuét hién mdi nhém doc 1ap duoc chon tir nhém bao gdm
hydro, Ci-Cealkyl tiy ¥ duoc thé bing 1 dén 3 nguyén tu halogen,
Cr-Cealkenyl, C>-Cealkynyl, Cs3-Cexycloalkyl, phenyl va -(CHz)1-4-phenyl;

- Ro3 dugc chon tir nhém bao gém Ci-Csalkyl ty ¥ duoc thé bang 1 dén 3 nguyén
tir halogen, C2-Csalkenyl, Cz-Csalkynyl, Cs-Cexycloalkyl, phenyl va -(CHa)i4-phenyl;
hoac

Ra1 va Ra, cing voi nguyén tir ma mdi nhém gén vao duoc két hop dé tao thanh

Cs-Csheteroxycloalkyl ; hodc theo cach khac, G duoc chon tir nhém bao gém:
N—"C o) HN=\ o—N N
)I\ >:O LKlk )Q /N )\\% o i iT\ \\
N = -~ 7/
g} H OH 4% % Lg/[k
NI/ N o\//o 0 0 OH 0 0
OH N
/
4,7/‘\>' Lg/ \m/[kRm = ORg4 H)]\Rm
0

O O O (0]
i

I e
o) one \\// D \\// o

AN N A% A

trong d6 Rgs dugc chon tir C1-Cealkyl tity y dwoc thé bang 1 dén 3 nguyén tir
halogen, C>-Cealkenyl, C2-Csalkynyl va Cs-Csxycloalkyl,
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¢ R4 1a nguyén tir hydro, flo, clo hodc brom, metyl, hydroxyl hodc nhém
metoxy,

® Rs 1a nhém duge chon tir: Ci-Cealkyl tity ¥ dwoc thé bang 1 dén 3 nguyén
tir halogen; Ca-Csalkenyl; C2-Csalkynyl; halogen hodc —CN,

6 R¢1a nhém duoc chon tur:

hydro;

-C2-Csalkenyl,

-X2-O-R7;

R o

-X2-NSO;-R7;

-C=C(Ry)-Y1-O-R7;

C3-Cexycloalkyl;

C3-Csheteroxycloalkyl tity y duoc thé bang nhém hydroxyl;

Cs-Cesxycloalkylen-Y2-R7;

nhom C3-Cgheteroxycloalkylen-Y»2-R7,

nhém heteroarylen-R7 tity ¥ dwgc thé bang nhém Ci-Csalkyl mach thang hoic
mach nhanh,

¢ R71a nhém dugc chon tir: nhém Ci-Cesalkyl mach théng hoac mach nhanh;
(C5-Ce)xycloalkylen-Rg; hodc:

@—R11 )LQ /\é )-OCHs

ff

@C f@



48508 9/598

Ri2 R13

R12 Rs R1s

trong d6 Cy 1a C3-Csxcloalkyl,

* Rg 1a nhom duge chon tir: hydro; Ci-Cealkyl mach thiang hoic mach
nhanh, -NR’.R’p; -NR’,-CO-OR’¢; -NR’;-CO-R’¢; -N'R’,R’vR’¢; -O-R’¢; -NH-X’»-
N*R’.R’bR¢; -0-X"2-NR’R’p, -X"2-NR,R’p,-NR¢-X2-N3 va :

NR;—X'5—=—CH

¢ Ry 1a nhém dugc chon tir Ci-Csalkyl mach théng hodac mach nhanh,
triflometyl, hydroxyl, halogen, C;-Csalkoxy,

¢ Rio 1a nhém duoc chon tir hydro, flo, clo, brom, -CF3 va metyl,

¢ Ri11a nhém dwoc chon tir hydro, Ci-Csalkylen-Rs, -O-Ci-Csalkylen-Rs, -
CO-NRuRi va -CH=CH-C;-Csalkylen-NRyR;, -CH=CH-CHO, Cs-Csxxycloalkylen-
CH:-Rs, C3-Cgheteroxycloalkylen-CH»-Rs,

* Ri2 va Ry3 doc 1ap véi nhau la nguyén tir hydro hoac nhém metyl,

3 Ri4 va Ris, doc lap voi nhau 1a nguyén tir hydro hodc nhém metyl, hodc
Ri4 va Rys ciing véi nguyén tir cacbon mang cac gbc nay tao ra xyclohexyl,

* Ru va Ri, doc 1ap vé61 nhau 13 hydro hodac nhém Ci-Csalkyl mach théng
hoac mach nhanh,

. X1 va Xz ddc 1ap véi nhau, 1a nhém Ci-Cesalkylen mach thzing hoac mach
nhanh thy ¥ dugc thé bang mot hodc hai nhom duge chon tir triflometyl, hydroxyl,
halogen, Ci-Csalkoxy,

¢  X’;1a Ci-Cealkylen mach thing hoic mach nhénh,

¢ R’2 va R’% doc lagp v6i nhau 1a nhém duogc chon tir: hydro;
heteroxycloalkyl; -SO2-phenyl trong d6 phenyl c6 thé duoc thé bang C;-Csalkyl mach
théng hodc mach nhanh; C;-Csalkyl mach théng hodc mach nhénh tuy y duoc thé béng
mot hodc hai nhém hydroxyl hodc Ci-Csalkoxy; Ci-Csalkylen-SO2OH; Ci-Csalkylen-
S0207; Ci-Cealkylen-COOH; Ci-Csalkylen-PO(OH)2; Ci-Cealkylen-NR’4R’e; Cj-

9
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Cealkylen-N"R’4R’cR’f; Ci-Csalkylen-O-Ci-Csalkylen-OH; Ci-Csalkylen-phenyl trong
d6 phenyl c6 thé dugc thé bang hydroxyl hodc nhém C;-Csalkoxy;

nhém:
CF3
N
% C 2

hodc R’ava R’y cling v6i nguyén tir nito mang cac goc ndy tao ra vong Bs;

hodc R’s, R’ » va R’c cling v6i nguyén tir nito mang cic gbc ndy tao ra Cs-
Csheteroxycloalkyl lién két cau,

¢ R’¢, R’4, R’¢, R’f, d0c 1ap voi nhau 1a hydro hodc nhém Ci-Csalkyl mach
thflng hoac mach nhanh,

hodc R’g va R’. cling v6i nguyén tir nito mang cac goc ndy tao ra vong Ba,

hodc R’q, R’. va R’ cing v6i nguyén tir nito mang cic gbc nay tao ra Cs-
Csheteroxycloalkyl lién két cau,

13 Y1 1a C1-Csalkylen mach théng hoac mach nhanh,

. Y 14 lién két, -O-, -O-CHa-, -O-CO-, -O-SO»-, -CHa-, -CH,-0, -CH,-CO-
, -CH2-S0O2-,-C;Hs-, -CO-, -CO-0O-, -CO-CHa-, -CO-NH-CH»-, -SO»-, -SO,-CH;-,
-NH-CO-, -NH-SO»-,

3 m=0, 1 hoac 2,

¢ p=1, 2, 3 hoac 4,

¢ B, B2, B3 va By, doc 1ap vé1 nhau, 1a nhom Cs-Csheteroxycloalkyl, nhom
nay c6 thé: (i) 1a nhém mét hodc hai vong, trong d6 nhém hai vong bao gdm hé vong
duoc ngung ty, lién két cau hodc spiro, (ii) c6 thé chira, ngoai nguyén tir nito, mot hodc
hai nguyén tir khac loai ddc 1ap duoc chon tir oxy, lwu huynh va nito, (iii) duoc thé bing
mot hodc hai nhom dugce chon tu: flo, brom, clo, Ci-Csalkyl mach théng hoac mach
nhanh, hydroxyl, -NHa, oxo hodc piperidinyl,

cling duoc hiéu rang:

- "aryl" nghia la nhom phenyl, naphtyl, biphenyl hodc indenyl,

- "heteroaryl" c6 nghia 1a nhém mét vong hodc hai vong bt ky bao gdm tir
5 dén 10 canh trén nhan, c6 it nhit mot gde thom va chira tir 1 dén 4 nguyén tir khac loai
dugc chon tlr oxy, luu huynh va nito (bao gdom nito bac bén),

- "xycloalkyl" 1a nhém vong cacbon khong thom mdt vong hoac hai vong
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bat ky cha tir 3 dén 10 canh trén vong, ching c6 thé gdm cac hé vong ngung tu, lién
két cau hoic spiro,

- “heteroxycloalkyl" nghia 1a nhom vong cacbon khong thom mot vong
hoic hai vong bit ky, bao gom tir 3 dén 10 canh trén vong, va chira tir mot dén 3 nguyén
tir khac loai duoc chon tir oxy, luu huynh, SO, SO va nito, can phai hiéu ring nhém hai
vong co thé 1a loai duoc ngung tu hodc spiro,

- heteroarylen, xycloalkylen, heteroxycloalkylen nghia 1a heteroaryl,
xycloalkyl va heteroxycloalkyl hoa tri hai,

cac chat dong phan dbi anh va cac chit ddng phan khong ddi quang cia nd, va
cac mubi cdng cua nod véi bazo hoac axit dugc dung.

Céc axit dugce dung ¢ thé bao gdm, nhung khong bi gidi han 6, axit clohydric,
axit bromhydric, axit sulphuric, axit phosphonic, axit axetic, axit trifloaxetic, axit lactic,
axit pyruvic, axit malonic, axit sucxinic, axit glutaric, axit fumaric, axit tartric, axit
maleic, axit xitric, axit ascorbic, axit oxalic, axit metansulphonic va axit camphoric.

Céc bazo duoc dung c6 thé bao gém, nhung khong bi giéi han &, natri hydroxit,

kali hydroxit, trietylamin va ter¢-butylamin.
Céc phuong an dugc liét ké khac (E) theo sang ché dugc moé ta ¢ day. Nhan thiy
rang cac d4u hiéu néu cu thé trong mdi phwong 4n c6 thé duoc két hop v6i cac ddu hiéu

cu thé khac dé tao ra cac phuong an khéc theo sang ché.

E2. Hop chit theo phwong 4n E1, trong d6 Het; la:

hoédc

N

E3. Hop chat theo phuong 4n E1 hodc E2, trong d6 R 12 nhém metyl va R 1a
nguyén tir hydro.
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E4. Hop chat theo phuong 4n E1 hodc E2, trong d6 R; va R, mdi nhém 1a
nhom metyl hodc nguyén tir hydro.

ES. Hop chét theo phuong 4n E1 hoac E2, trong @6 R; hodc Rz 1a nhém Ci-
Csalkyl mach thing hodc mach nhénh tiy ¥ duoc thé boi hydroxyl hodc nhém Ci-
Csalkoxy, t6t hon 14 nhém dugc chon tir: metyl, metoxymetyl, hydroxymetyl, etyl va
prop-2-yl.

E6. Hop chét theo phuong an E1 hoac E2, trong @6 R; hodc R, 1a Cs-
Cexycloalkyl, tét hon 1a nhém xyclopropyl.

E7. Hop chit theo phuong 4n E1 hodc E2, trong d6 Ri 14 nhém triflometyl.

E8. Hop chét theo phuong 4n E1 hoac E2, trong d6 Rz la Ci-Csalkylen-
heteroxycloalkyl mach thang hoic mach nhénh, tdt hon 12 nhém (4-metyl-piperazin-1-
yDpropyl.

E9. Hop chit theo phuong an E1 hoic E2, trong do Ri va Ry cung véi cac

nguyén tir cacbon mang ching tao thanh nhém xyclohexen hodc xyclopenten.

E10. Hop chit theo phuong 4n bét ky trong s cac phuong 4n tir E1 dén E9,
trong d6 Rs 1a nguyén tir hydro hodc nhém metyl.

E1l. Hop chit theo phuong 4n bét ky trong sb cac phuong 4n tir E1 dén E9,
trong d6 Rs 1a -X;-PO(OH),, -X1-SO2(OH), -Xi-NRaRp; -Xi-N"R.RuR., trong d6 Ra
hodc Ry, hodc cd hai nhom nay, 1a nhom dugc chon tir Ci-Cealkylen-SO,0OH, C;-
Csalkylen-SO,0" va C1-Csalkylen-PO(OH)..

E12. Hop chét theo phurong 4n bat k¥ trong sb cac phwong 4n tir E1 d&én E9,
trong d6 Rs1a -NR’.R’p; -N'R’.R’bR’c; -NH-X"2-N"R.R’pR’, trong d6 R’, va Ry, hoidc
cd hai nhém nay, 1a nhém duge chon tir Ci-Cealkylen-SO,OH va Ci-Csalkylen-
PO(OH)..
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E13. Hop chét theo phwong an bat ky trong s céc phuong 4n tir E1 dén E9,
trong d6 Rs la nhém duge chon tir: etyl, propyl; 2-metoxy-etyl, 2-(morpholin-4-yl)etyl,
3-(morpholin-4-yl)propyl, 3-dietylamino-propyl, 3-metoxy-propyl, 3-hydroxy-propyl,
3,4-dihydroxy-butyl, 4-metoxy-3-hydroxy-butyl, 4-hydroxy-3-metoxy-butyl, 2,3-
dihydroxy-propyl, 4,5-dihydroxy-pentyl, 4-hydroxy-butyl, 3-hydroxy-2-morpholino-
propyl, 5-hydroxy-4-metoxy-pentyl, S-morpholino-4-hydroxy-pentyl, 3-hydroxy-2-
metoxy-propyl, 5-[2-(dimetylamino)etyl-metyl-amino]-4-hydroxy-pentyl, 5-hydroxy-
pentyl, 5-metoxy-4-hydroxy-pentyl, 5-(dimetylamino)-4-hydroxy-pentyl, 4-hydroxy-5-
(trimetylammonio)pentyl, 5-[3-sulfonat-propyl-dimetyl-ammonio]-4-hydroxy-pentyl,
4-hydroxy-5-(metylamino)pentyl, 3-carboxy-propyl, 5-[metyl(4-
piperidyl)amino]pentyl, 5-(2-morpholinoetylamino)pentyl, 5-[2-(4-metyl-piperazin-1-
yDetylamino)pentyl,  4-[2-(4-metyl-piperazin-1-yl)etylamino)butyl,  4-hydroxy-5-
[metyl-[2-(metylamino)etylJamino]pentyl,  5-[2-(dietylamino)etylamino]-4-hydroxy-
pentyl, 5-(4-Amino-1-piperidyl)-4-hydroxy-pentyl, 4-hydroxy-5-piperazin-1-yl-pentyl,
5-[2-(1-piperidyl)etylaminoJpentyl, 4-(4-Amino-1-piperidyl)butyl, 4-[2-
(dietylamino)etylamino]butyl, 5-(4-Amino-1-piperidyl)pentyl, 4-[metyl-[2-
(metylamino)etylJamino]butyl, ~ 4-(2-morpholinoetylamino)butyl,  4-[2-(4-metyl-
piperazin-1-yl)etylamino)butyl, 4-[(1-metyl-4-piperidyl)amino]butyl, 5-[2-
(dietylamino)etylamino]pentyl, — 4-piperazin-1-ylbutyl, 4-(metylamino)butyl, 5-
piperazin-1-ylpentyl, 5-[metyl-[2-(metylamino)etyl, 5-aminopentyl, 4-aminobutyl, 5-
(metylamino)pentyl, 5-[3-(4-metylpiperazin-1-yl)propylamino]pentyl, 4-hydroxy-5-
[metyl(2-phosphonoetyl)amino]pentyl, 6-(dimetylamino)hexyl, 3-
(dimetylamino)propyl, = 2-(trimetylammonio)etyl, 3-(trimetylammonio)propyl, 2-
(dimetylamino)etyl, 4-(dimetylamino)butyl, 5-[3-sulfonat-propyl-dimetyl-
ammonio|pentyl, 4-(trimetylammonio)butyl, 4-hydroxy-5-quinuclidin-1-ium-1-yl-
pentyl, 4-hydroxy-5-(1-aza-4-azoniabixyclo[2,2,2]octan-4-yl)pentyl, 4-hydroxy-5-(4-
metylmorpholin-4-ium-4-yl)pentyl,  5-(trimetylammonio)pentyl,  4-hydroxy-5-(1-
metylpiperidin-1-ium-1-yl)pentyl, 5-(1,4-dimetylpiperazin-1-ium-1-yl)-4-hydroxy-
pentyl, 6-(trimetylammonio)hexyl, 5-[3-hydroxypropyl(dimetyl)ammonio]pentyl, 5-[2-
hydroxyetyl(dimetyl)ammonio]pentyl, 5-[carboxymetyl(dimetyl)ammonio]pentyl, 5-
[carboxymetyl(dimetyl)ammonio]pentyl, 3-phosphonopropyl, 3-[3-sulfonat-propyl-
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dimetyl-ammonio]propyl, =~ 3-sulfopropyl, 4-sulfobutyl, 4-phosphonobutyl, 4-
carboxybutyl, 3-aminopropyl, 3-azidopropyl, pent-4-yn-1-yl, 4-aminobutyl, 4-
azidobutyl, hex-5-yn-1-yl, 5-azidopenty].

E14. Hop chét theo phuong an bit ky trong s6 cac phuong an tir E1 dén E13,

;—(NI

Re

trong do Het; la:

COOH

E15. Hop chét theo phuong an bat ky trong s cac phuong an tir E1 dén E13,
trong do Het; la:

COOH
N

\ /T

E16. Hop chét theo phuong 4n E14 hoac E15, trong d6 Re 12 nguyén tir hydro.

E17. Hop chét theo phuong 4n E14, trong d6 Re 1a nhém —X»-O-R7 trong d6 X>
la nhém propylen.

=

18. Hop chét theo phuong 4n E17, trong d6 R7 1a nhém sau:

Rs

£

=
[y
\o

Hop chit theo phurong 4n E17, trong d6 Ry 12 nhém sau:

sV N\_ A T
/S N\

E20. Hop chét theo phuong 4n E17, trong d6 R7 12 nhém sau:
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E21. Hop chat theo phuong 4n bat ky trong s6 cac phwong 4n tir E18 dén E20,
trong d6 Rs 1a NR’.Rs.

E22. Hop chat theo phuong 4n bét ky trong s céc phwong an tir E18 dén E20,
trong d6 Rs la nhém duoc chon tir: dimetylamino, metylamino, metyletylamino,
dietylamino, metyl[2-(metylamino)etyl]amino, (2-hydroxyetyl)(metyl)amino, 4-
morpholinyl,  pyrolidin-1-yl,  1-piperidyl, [(tert-butoxy)carbonyl](metyl)amino,
hydroxyl, bis(3-sulfopropyl)amino, 3-sulfopropylamino, metyl(3-sulfopropyl)amino,
metyl(p-tolylsulfonyl)amino, (4-metoxyphenyl)metyl-metyl-amino, 2-

(dimetylamino)etylamino va :

H
| + O\\' //O N\/\N 7
§—/N\/\/‘»\ B £‘7/ ~
H / _O\F://O
g \/\/N\/\/ Yo

E23. Hop chét theo phwong an bat ky trong sé cac phuong 4n tr E18 dén E20,
trong d6 Rs la nhém duwoc chon tir: 3-piperazin-1-yl, 4-metylpiperazin-1-yl, 3-
hydroxypropyl(metyl)amino, [(39)-3,4-dihydroxybutyl]-metyl-amino, 3-
hydroxypropylamino, [(35)-3,4-dihydroxybutyl]amino, 4-hydroxybutyl(metyl)amino,
[(3R)-3,4-dihydroxybutyl]-metyl-amino, 4-hydroxybutylamino, [(3R)-3,4-
dihydroxybutyl]amino.

E24. Hop chét theo phwong 4n E17, trong d6 Ry 1a:

; Ri1
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trong d6 Ry1 dugc chon tir dimetylcarbamoyl, 3-(dimetylamino)propyl, 3-
(metylamino)propyl, 3-(metylamino)propyl.

E25. Hop chat theo phwong 4n E14, trong d6 Re 12 C3-Ceheteroxycloalkylen-
Y»-R7, trong @6 nhom heteroxycloalkylen dugc chon tu:

;_Nq oo s [

Yo—R7

%NO—YQ—% ; N—7Y2——Ry

E26. Hop chét theo phuong 4n E25, trong d6 R7 dugc chon tir: metyl, metyletyl,
tert-butyl, 2-metylpropyl va phenyl, t6t hon 1a phenyl.

E27. Hop chét theo phuong 4n E14 hodc E15, trong dé Re la -C=C(Ro)-Y1-O-
R7trong d6 Y1 la nhém metylen.

28. Hop chit theo phuong 4n E14 hodc E15, trong d6 R la:

E29. Hop chat theo phuwong 4n E28, trong d6 R7 1a nhém duoc chon tur:
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Rs R12 R13
%\Rw %Rw %&3
Ris Rs R12

trong d6 Rgla -O-X"2-NR’.R’, hodc -X’2-NR’aR’, t6t hon 13 -O-X"2-NR.R .

E30. Hop chét theo phuong an E28, trong d6 R7 1a nhom dugc chon tir:

Rs Ri2 R13
R12 Rg R12

trong d6 Rg 1a nhoém duge chon tir: hydro, 2-(metylamino)etoxy va:

oH OH
OH K/OH

NH
NH
O/\/ O/\/

N N

E31. Hop chat theo phuwong 4n E28, trong d6 Ry 1a nhém duoc chon tir:

Re R12 R13
R12 Rs R1s

trong d6 Rs 1a nhom duge chon tir: 2-(dimetylamino)etoxy, 2-[(2-
sulfoetyl)amino]etoxy, 2-[metyl(2-sulfoetyl)amino]etoxy, 2-(3-
hydroxypropylamino)etoxy, 2-(3-metoxypropylamino)etoxy, 2-morpholinoetoxy, 2-
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(2-carboxyetylamino)etoxy, 2-[(3-hydroxyphenyl)metylamino]etoxy, 2-
(metylamino)etoxy, 2-pyrolidin-1-yletoxy, 2-(4-metylpiperazin-1-yl)etoxy, 2-(4-
hydroxybutylamino)etoxy, 2-piperazin-1-yletoxy, 2-[3-
hydroxypropyl(metyl)amino]etoxy, 2-[4-hydroxybutyl(metyl)amino]etoxy; 2-[[3-
hydroxy-2-(hydroxymetyl)propyl]Jamino]etoxy; 2-[bis(3-hydroxypropyl)amino]etoxy.

E32. Hop chat theo phuong én E1 duoc chon tir nhém sau:
- axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl} (4-
hydroxybutyl)amino)-5-(3-{2-flo-4-[ 3-(metylamino)prop-1-yn-1 -yl]phenoxy }propyl)-
1,3-thiazol-4-carboxylic,
- axit 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-metyl-amino]-
5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-phenoxy]propyl]thiazol-4-carboxylic,
- axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
y1} (metyl)amino)-5-(3- {2-flo-4-[3-(metylamino)prop-1-yn-1-ylJphenoxy} propyl)-1,3-
thiazol-4-carboxylic,
- axit 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-(3,4-
dihydroxybutyl)amino]-5-[3-[2-flo-4-[3-(metylamino)prop-1-
ynyl]phenoxy]propyl]thiazol-4-carboxylic,
- axit 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-(3-hydroxy-4-
metoxy-butyl)amino]-5-[3-[2-flo-4-[3-(metylamino)prop-1-
ynyl]phenoxy]propyl]thiazol-4-carboxylic,
- axit 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-y1]-(2,3-
dihydroxypropyl)amino]-5-[3-[2-flo-4-[3-(metylamino)prop-1-
ynyl]phenoxy]propyl]thiazol-4-carboxylic,
- axit 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-(4,5-
dihydroxypentyl)amino]-5-[3-[2-flo-4-[3-(metylamino)prop-1-
ynyl]phenoxy]propyl]thiazol-4-carboxylic,
- axit 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-(3,4-
dihydroxybutyl)amino]-5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-
phenoxy]propyl]thiazol-4-carboxylic,
- axit 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-(3-
hydroxypropyl)amino]-5-[3-[2-flo-4-[3-(metylamino)prop-1-
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ynyl]phenoxy]propyl]thiazol-4-carboxylic,

- 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-[4-hydroxy-5-
(trimetylammonio)pentyl]amino]-5-[3-[2-flo-4-[3-(metylamino)prop-1-
ynyl]phenoxy]propyl]thiazol-4-carboxylat,

- 3-[[5-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-[4-carboxy-5-
[3-[2-flo-4-[3-(metylamino)prop-1-ynyl]phenoxy]propyl]thiazol-2-ylJamino]-2-
hydroxy-pentyl]-dimetyl-ammonio]propan-1-sulfonat,

- axit 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-(4-
hydroxybutyl)amino]-5-[3-[2-flo-4-[3-[metyl(3-sulfopropyl)amino Jprop-1-
ynyl]phenoxy]propyl]thiazol-4-carboxylic,

- axit 5-{1-[(Adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-2-({6-[(1,3-
benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl} (metyl)amino)-1,3-thiazol-4-
carboxylic,

- axit 5-{1-[(Adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-2-({6-[(1,3-
benzothiazol-2-yl)amino]-5-xyclopropylpyridazin-3-yl} (metyl)amino)-1,3-thiazol-4-
carboxylic,

- axit 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-[5-[2-
(dietylamino)etylamino]-4-hydroxy-pentyl]amino]-5-[3-[4-[3-(dimetylamino)prop-1-
ynyl]-2-flo-phenoxy]propyl]thiazol-4-carboxylic,

- axit 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-[5-[2-(4-
metylpiperazin-1-yl)etylamino]pentyl]Jamino]-5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-
2-flo-phenoxy]propyl]thiazol-4-carboxylic,

- axit 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-(4-hydroxy-5-
piperazin-1-yl-pentyl)amino]-5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-
phenoxy|propyl]thiazol-4-carboxylic,

- axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-

y1} (metyl)amino)-5-[(2S)-3-{4-[3-(dimetylamino)prop-1-yn-1-yl]-2-flophenoxy } -2-
metylpropyl]-1,3-thiazol-4-carboxylic,

- axit 2-[4-Aminobutyl-[6-(1,3-benzothiazol-2-ylamino)-5-metyl-pyridazin-3-
yl]Jamino]-5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-phenoxy]propyl]thiazol-4-
carboxylic,

- axit 2-[5-Aminopentyl-[6-(1,3-benzothiazol-2-ylamino)-5-metyl-pyridazin-3-
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yl]lamino]-5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-phenoxy]propyl]thiazol-4-
carboxylic,

- axit 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-[3-
(dimetylamino)propyl]amino]-5-[3-[2-flo-4-[3-(metylamino)prop-1-
ynyl]phenoxy]propyl]thiazol-4-carboxylic,

- axit 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-metyl-amino]-
5-[3-[4-[3-(dimetylamino)but-1-ynyl]-2-flo-phenoxy]propyl]thiazol-4-carboxylic,

- 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-[4-hydroxy-5-
(trimetylammonio)pentyl]amino]-5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-
phenoxy|propyl]thiazol-4-carboxylat,

- 3-[2-[3-[4-[3-[2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-
metyl-amino]-4-carboxy-thiazol-5-yl]propoxy]-3-flo-phenyl]prop-2-ynylamino]etyl-
dimetyl-ammonio Jpropan-1-sulfonat,

- 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-[4-hydroxy-5-(4-
metylmorpholin-4-ium-4-yl)pentyl]Jamino]-5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-
flo-phenoxy|propyl]thiazol-4-carboxylat,

- 2-[3-[4-[3-[2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-metyl-
amino]-4-carboxy-thiazol-5-yl]propoxy]-3-flo-phenyl]prop-2-ynylamino]etyl-trimetyl-
amoni,

- 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-[6-
(trimetylammonio)hexyl]amino]-5-[3-[2-flo-4-[3-(metylamino)prop-1-
ynyl]phenoxy]propyl]thiazol-4-carboxylat,

- 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-[ 5-[2-
hydroxyetyl(dimetyl)ammonio]pentylJamino]-5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-
2-flo-phenoxy]propyl]thiazol-4-carboxylat,

- 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-[ 5-
[carboxymetyl(dimetyl)ammonio]pentyl]amino]-5-[3-[4-[3-(dimetylamino)prop-1-
ynyl]-2-flo-phenoxy|propyl]thiazol-4-carboxylat,

- 3-[[5-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-[4-carboxy-5-
[3-[2-flo-4-[(E)-3-oxoprop-1-enyl]phenoxy]propyl]thiazol-2-ylJamino]-2-hydroxy-
pentyl]-dimetyl-ammonio]propan-1-sulfonat,

- axit 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-metyl-amino]-
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5-[3-[4-[3-(dimetylamino)prop-1-ynyl]phenoxy]propyl]thiazol-4-carboxylic,

- axit 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-metyl-amino]-
5-[3-[4-[1-[(dimetylamino)metyl]-3-bixyclo[ ], 1,1 Jpentanyl]phenoxy]propyl]thiazol-4-
carboxylic,

- axit 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-(3-
phosphonopropyl)amino]-5-[3-[2-flo-4-[3-(metylamino)prop-1-
ynyl]phenoxy]propyl]thiazol-4-carboxylic,

- axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl} (3-
carboxypropyl)amino)-5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl]-2-

flophenoxy } propyl)-1,3-thiazol-4-carboxylic,

- axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-y1}(3-
phosphonopropyl)amino)-5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl]-2-

flophenoxy } propyl)-1,3-thiazol-4-carboxylic,

- axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(3-
sulfopropyl)amino)-5-(3- {4-[3-(dimetylamino)prop-1-yn-1-yl]-2-flophenoxy} propyl)-
1,3-thiazol-4-carboxylic,

- axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-y1} (4-
sulfobutyl)amino)-5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl] -2-flophenoxy } propyl)-
1,3-thiazol-4-carboxylic,

- axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-y1}(4-
phosphonobutyl)amino)-5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl]-2-

flophenoxy} propyl)-1,3-thiazol-4-carboxylic,

- axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl} (4-
carboxybutyl)amino)-5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl]-2-

flophenoxy} propyl)-1,3-thiazol-4-carboxylic,

- axit 2-[{6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl} (pent-4-yn-1-
yl)amino]-5-(3-{2-flo-4-[3-(metylamino)prop-1-yn-1-ylJphenoxy} propyl)-1,3-thiazol-
4-carboxylic, |

- axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-

yl} (metyl)amino)-5-{3-[2-flo-4-(3- {metyl[2-(metylamino)etylJamino} prop-1-yn-1-
yl)phenoxy]propyl}-1,3-thiazol-4-carboxylic,

- axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
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yl} (metyl)amino)-5-[3-(2-flo-4- {3-[(2-hydroxyetyl)(metyl)amino]prop-1-yn-1-
yl}phenoxy)propyl]-1,3-thiazol-4-carboxylic,
- axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl} (metyl)amino)-5-{3-[2-flo-4-(3-hydroxyprop-1-yn-1-yl)phenoxy]propyl}-1,3-
thiazol-4-carboxylic,
- axit 2-[5-azidopentyl-[6-[(1,3-benzothiazol-2-yl)amino]-5-metyl-pyridazin-3-
yl]Jamino]-5-[3-[2-flo-4-[3-(metylamino)prop- 1-ynyl]phenoxyJpropyl]-1,3-thiazol-4-
carboxylic,

c4c chat ddng phan dbi anh va céc chat ddng phan khéng dbi quang ctia no, va

cac muodi cdng chia nd vai bazo hodc axit duoc dung.

E33. Hop chit theo phuong 4n E1 duge chon tir nhém sau:
- axit 6-[ {6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl} (metyl)amino]-3-[ 1-({3-[2-(dimetylamino)etoxy]-5,7-dimetyladamantan-1-
yl}metyl)-5-metyl-1H-pyrazol-4-yl]pyridin-2-carboxylic,
- axit 6-[[6-(1,3-benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-metyl-amino]-
3-[1-[[3-[2-(3-hydroxypropylamino)etoxy]-5,7-dimetyl-1-adamantylJmetyl]-5-metyl-
pyrazol-4-yl]pyridin-2-carboxylic,
- axit 6-[[6-(1,3-benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-metyl-amino]-
3-[1-[[3-[2-(3-metoxypropylamino)etoxy]-5,7-dimetyl-1-adamantylJmetyl]-5-metyl-
pyrazol-4-yl]pyridin-2-carboxylic,
- axit 6-[ {6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
y1} (metyl)amino]-3-(1-{[3-(2-{[(35)-3,4-dihydroxybutylJamino} etoxy)-5,7-
dimetyladamantan-1-ylJmetyl}-5-metyl-1H-pyrazol-4-yl)pyridin-2-carboxylic,
- axit 6-[[6-(1,3-benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-metyl-amino]-
3-[1-[[3,5-dimetyl-7-(2-morpholinoetoxy)- 1 -adamantylJmetyl]-5-metyl-pyrazol-4-
yl]pyridin-2-carboxylic,
- axit 6-[[6-(1,3-benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-metyl-amino]-
3-[1-[[3-[2-(2-carboxyetylamino)etoxy]-5,7-dimetyl-1-adamantyl Jmetyl]-5-metyl-
pyrazol-4-yl]pyridin-2-carboxylic,
- axit 6-[[6-(1,3-benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-metyl-amino]-
3-[1-[[3-[2-[(3-hydroxyphenyl)metylamino]etoxy]-5,7-dimetyl-1-adamantyl Jmetyl]-5-
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metyl-pyrazol-4-yl]pyridin-2-carboxylic,
- axit 2-[[6-(1,3-benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-metyl-amino]-
5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-phenoxy]propyl]thiazol-4-carboxylic,
- axit 2-[[6-(1,3-benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-(3-
hydroxypropyl)amino]-5-[3-[2-flo-4-[3-(metylamino)prop-1-
ynyl]phenoxy]propyl]thiazol-4-carboxylic,
- axit 2-[[6-(1,3-benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-metyl-amino]-
5-[3-[2-flo-4-(3-pyrolidin-1-ylprop-1-ynyl)phenoxy]propyl]thiazol-4-carboxylic,

cac chat ddng phan dbi anh va cic chat ddng phan khong dbi quang ctia n, va

c4c muodi cong cta nd voi bazo hodc axit duge dung.

E34. Quy trinh didu ché hop chét c6 cong thirc (I) theo phuong an batky tir E1
dén E33, quy trinh niy khac biét & chd sir dung nguyén liéu ban dAu 14 hop chét ¢ cong
thue (1D):

Rz
R
1 — | Cl
~ N (Im
H,N“" >N~

trong d6 R1 va Ry 1a nhu duoc dinh nghia trong cong thuc (I),

hop chét c6 cong thuc (I) duge xtt 1y bang phan img Buchwald, trong mdi trudong
chita nuéc hodc moi truong hiru co, véi su c6 mat cua chét xtc tac paladi (tét hon la
Pdy(dba)s), cia bazo (tot hon 1a Cs;COs3 va DIPEA), cua phosphin (t6t hon 14 Xantphos)
va hop chét c6 cong thiae (I11):

Cl
WA

R)

(1m

m

trong d6 R4 va m 1a nhu dugc dinh nghia trong cong thure (1),
dé tao ra hop chat c6 cong thic (IV):

23



48508 24/598

R1f\I(C|
HN NN
A av)

N“"s

G

ma nhém chitc amin cta hop chat ¢6 cong thire (IV) duge bao vé thém dé tao ra

hop chét c6 cong thirc (V):

NJLS @

trong do 12 nhém bao vé (5t hon 1a nhém 2-trimetylsilyletoxymetyl),

hop chit c6 cong thie (V) dugce xit 1y thém bang phan tng Buchwald, trong méi
trudng chira nude hoac moi truong hitu co, véi sy ¢d mat cua chét xtc tac paladi (tét
hon 14 Pda(dba)s), bazo (t6t hon 1a Cs2COs va DIPEA), phosphin (tdt hon 12 Xantphos)
va hop chat c6 cong thirc (VI):

0 o /Alk
R
3\ /N o /Alk R3\ Ne— (o)
u : ’ (VI-a) hoic ”_<\_ /, Re (VI-b)
A
™ Ng, Ay

trong d6 A1, Rs va Re 1a nhu duge xac dinh trong cdng thirc (I) va Alk la nhom
C1-Cealkyl,
dé tao ra hop chit c6 cong thirc (VII-a) hodc(VII-b):
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R3
o b 0
i Y/N A
s N A g—Ak
N N“ b, (0]
\NJLS /U\

\N

-a) hoic (VII-b)
b e Bg

nhém benzothiazol ctia hop chit co cong thiic (VII-a) hodc (VII-b) duge khur bao
vé (tdt hon 12 stt dung HFxPyr) va nhém chiic este dugc thiy phan (t5t hon 1a st dung
LiOHxH,0) dé tao ra hop chit c6 cong thirc (),

hop chét c6 cong thirc (I) ndy c6 thé dugc tinh ché theo ki thuat tach thong
thuong, hop chat nay cé thé dwoc chuyén d6i thanh cac mubi cong cuia né véi axit hodc
bazo duge dung va tity ¥ dwoc tach thanh céc chit dong phan ctia né theo k¥ thuat tach
thong thuong,

can hiéu rang, tai thoi diém bat ky dugc coi 14 thich hop trong tién trinh ctia quy
trinh néu trén, cac nhoém hydroxy, amino carboxylic va phosphono cua cac chat phan
g hoic c4c hop chat trung gian clia qua trinh téng hop co6 thé duoc bao vé va sau do
duoc loai bé bao vé theo céc yéu ciu clia qué trinh tong hop.

35. Quy trinh theo phuong an E34, trong d6 hop chat (VI-b) la:

va trong d6 R7 dwoc chon tir nhém gdm:

Re R12 R13
Ris Ris Rg
Ri2 Rs R12

trong d6 Rs, Ri2 va Ris 1a nhu dugc dinh nghia trong cong thirc (I).
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E36. Quy trinh diéu ché hop chit c6 cong thic (I) theo phwong 4n E28, trong
d6 Re 1a:

va Ry 12 nhu duogc dinh nghia trong cong thire (1),
qua trinh nay khéc biét & ché st dung hop chét c6 cong thire (IT) 1am nguyén liéu

ban dau:
Ro
R.
1 — ' Cl
~ N an
H,N“" SN

trong d6 Ry va R, 1a nhu dugc dinh nghia trong cong thue (1),

hop chét c6 cong thire (II) dugc xit Iy bang phan tmg Buchwald, trong méi trudng
chtra nuéc hodc moi trudng hitu co, véi sy c6 mat cua chit xtic tac paladi (tot hon 13
Pd;(dba)s), ciia bazo (t6t hon 1a Cs;COs va DIPEA), ctia phosphin (t6t hon 1 Xantphos)
va hop chét c6 cong thirc (I1):

trong d6 R4 va m 1a nhu dugc dinh nghia trong cong thire (I),
dé tao ra hop chit co cong thirc (IV):

Ry
R
1 /| Cl
HN SN
A av)
N s

ma nhém chic amin cta hop chét c6 cong thie (IV) duge bao vé thém dé tao ra

hop chit co cong thire (V):
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R2
R1I/k|(CI
NJLS

R4)m

trong do 12 nhom bao vé (5t hon 1a nhém 2-trimetylsilyletoxymetyl),
hop chét ¢ cong thire (V) dugc xur 1y thém bang phan timg Buchwald, trong moi
truong chira nude hodc mdi truong hitu co, véi sw c6 mat cia chét xic tac paladi (tét
hon 13 Pd(dba)s), bazo (tbt hon 1a Cs2CO; va DIPEA), phosphin (t6t hon 1a Xantphos)
va hop chét c¢6 cong thirc (VI):
o]

R; Nj/l Alk
\ o”
N—(” (VI")
< T

trong d6 A1 va R3 1a nhu duge xac dinh trong cong thirc (T) va Alk la nhém Ci-
Cealkyl,
dé tao ra hop chat c6 cong thirc (VIII):

R, T?’ " o All
R4 ~ | N\</ ﬂ/U\o/
NN A
(I o
Ra),

hop chat c6 cong thic (VIII) dwgc halogen hoa (t6t hon 1a s dung N-

bromosucxinimit hodic N-iodosucxinimit) dé tao ra hop chat c6 cong thirc (IX):

R N |
mf\er\(, IU\O/

e ™
(oI B
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trong do Hal 1a nguyén tir halogen,
hop chat c6 cong thirc (IX) dugc xtt 1y them bang phan @ng ndi Suzuki, trong
moi truong chira nude hodc moi truong hitu co, v6i sy c6 mat cua chét xtc tac paladi

(t5t hon 1a Pd(dppf)CLy), bazo (t5t hon 1a kali cacbonat), v6i hop chét c6 cong thirc (X):

O\B ~N
s N ®
Ry

dé tao ra hop chit c6 cong thire (XI):

nhom benzothiazol cua hop chét c6 cong thirc (XI) duge khit bao vé (t6t hon 1a
st dung HFxPyr) va nhéom chure este duoc thuy phan (t6t hon 14 st dung LiOH*H,0)
dé tao ra hop chét c6 cong thic (I),

hop chét c6 cong thirc (I) ndy cé thé dugc tinh ché theo k¥ thuat tach thong
thuong, hop chét nay c6 thé dugc chuyén dbi thanh cac mubi cong clia néd véi axit hodc
bazo dugc dung va tuy y dugc tach thanh cac chét ddng phan ciia n6 theo k¥ thuat tich
thong thuong,

can hiéu ring, tai thoi diém bat ky dugc coi 1a thich hop trong tién trinh cua quy
trinh néu trén, cac nhém hydroxy, amino carboxylic va phosphono cua cac chat phan
{ng hodc céc hop chat trung gian clia qua trinh téng hop c6 thé duge bao vé va sau d6

duoc loai bd bao vé theo cac yéu ciu ctia qua trinh tong hop.

E37. Hop chét trung gian tong hop theo phuwong &n E34 hodc E36 la:
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HN N~
A

4

£

trong d6 R4 va m 1a nhu dwoc dinh nghia trong coéng thirc chung (I), t6t hon 1a R4
1a nguyén tr hydro.

E38. Hop chét theo phuong 4n E1, trong d6 R4 12 nguyén tit hydro, flo, clo hodc

brom, metyl hoac nhém metoxy.

E39. Hop chat theo phwong 4n El, trong d6 Rg 1a nhém duge chon tir: hydro;
Ci-Cesalkyl mach théng hodc mach nhanh, -NR’,R’p; -NR’:-CO-OR’; -N'R’.R’pR’¢; -
O-R’c; -NH-X"2-N"R’:R’pR¢; -O-X"2-NR’aR’p, -NR’-X"2-N3 va :

NR',—X',——CH

E40. Hop chét theo phwong 4n E1, trong d6 R’, va R’y ddc 18p véi nhau 1a nhém
duoc chon tir: hydro; heteroxycloalkyl; -SOz-phenyl trong 6 phenyl c6 thé duoc thé
bé‘mg Ci-Csalkyl mach théng hodc mach nhanh; Ci-Csalkyl mach thfmg hodc mach
nhanh tiy ¥ duoc thé bang mot hodc hai nhém hydroxyl; Ci-Csalkylen-SO20H; Ci-
Cealkylen-SO,07;  Ci-Cealkylen-COOH;  Ci-Cealkylen-PO(OH).;  Ci-Cealkylen-
NR’4R’e; Ci-Csalkylen-N"R’aR’R’f; C1-Cealkylen-O-Ci-Cesalkylen-OH; Ci-Cealkylen-
phenyl trong d6 phenyl c6 thé duoc thé bang nhém C;-Cealkoxy;

nhém:
CF3
/ : : / "N
L\,‘ N&

hodc R’,va R’y cung véi nguyén i nito mang cac goc nay tao ra vong Bs,
hodc R’a, R’» va R’¢ cung véi nguyén tir nito mang cac goc nay tao ra Cs-

Csheteroxycloalkyl duogc lién két cau.
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E41. Hop chét theo phuong 4n bét ky trong s6 céc phuong 4n tir E1 dén E31

trong d6 m=1.

Nghién ciru vé tinh chat duge 1y cia cac hop chét cia sang ché cho thiy rang
ching ¢6 hoat tinh thiic dy qué trinh chét té bao theo chwong trinh. Kha nang téi kich
hoat qua trinh chét té bao theo chuong trinh & céc té bao 1a muc dich y hoc chinh trong
diéu tri cac bénh ung thu va cac bénh mién dich va tu mién dich. Pic biét, c4c hop chit
cua sang ché s& hiru dung trong diéu tri cac bénh ung thu khang xa tri hodc hoa tri.

Theo mot phuong 4n khac, cic hop chat theo sang ché cling c6 thé duoc st dung
dé diéu tri cac bénh hoic tinh trang duoc dic trung boi hoat tinh qua muc hodc bi giam

diéu hoa cia ti€u cau, dac biét l1a cac tinh trang tién huyét khoi.

MO ta chi tiét sang ché

Nhu duoc st dung & day, thuat ngit ‘@ diéu tri’, ‘diéu tri’ hodc ‘viéc diéu tri’
bénh hodc rdi loan bat ky, theo mgt phuong an, dé cap dén sy cai thién bénh hoic rdi
loan (tizc la, lam cham hodc 1am ngung hodc lam giam su phat trién cta bénh hoic it
nhat mot trong cac triéu ching 1am sang ctia n6). Theo phuong 4n khéc, “dé diéu tri”,
“diéu tri" hodc "viéc didu tri" dung dé chi viéc giam nhe hodc 1am thuyén giam it nhat
mot thong s6 vat 1y bao gdm céc thong s6 ma khong thé thay ro boi bénh nhan. Van
theo phuong an khac, “dé diéu tri”, “didu tri" hodc "viéc diéu tri" dung dé chi su didu
bién bénh hoic réi loan, bang cach vat 1y, (v/ du, 1am 6n dinh cac tridu ching thiy 13),
bang cach sinh 1y, (vi du, 1am 6n dinh théng sé vét 1Y), hodc ca hai cach ndy.

Trong sb cac phuong phap diéu tri ung thu du kién, c6 thé ké dén, nhung khong
chi gi6i han &, viéc didu tri cic bénh mau 4c tinh va khéi u rdn. Céc khdi u 4c tinh vé
huyét hoc bao gém u tay, dac biét 1a da u tay, u lympho, dac biét 1a u lympho khong
Hodgkin (NHL), hodc bénh bach cu, dic biét 13 bénh bach ciu lympho bao man tinh
(CLL), bénh bach ciu nguyén bao lympho cip tinh té bao T (T-ALL), bénh bach cau
nguyén bao lympho cép tinh t& bio B (B-ALL) va bénh bach cau sinh tay cp tinh
(AML). Céc khéi u rin bao gdm bénh ung thw bang quang, ndo, v, ti cung, thyc quan
va gan, bénh ung thu dai truc trang, ung thu than, khdi u 4c tinh, ung thu buéng trang,
ung thu tuyén tién liét, ung thu tuyén tuy va ung thu phéi, dic biét 13 ung thu phdi khéng
phai t& bao nhé va ung thu phéi té bao nho.
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Pic biét, T-ALL 14 két qua cta sy bién ddi té bao bach cau cua tién chat té bao
tuyén Uic va su ngan chan chiing & cac giai doan biét hoa cu thé. Mic du c6 nhitng hiéu
biét sau rong va gin day v& cc co ché phan tir va té bao chiu trach nhiém cho sy khoi
phat va tién trién cua T-ALL, kién thirc ndy van chua dugc chuyén thanh cic liéu phap
nhim muc tiéu hiéu qua. Cac phuong phap diéu tri 1am sang hién tai bao gdm hoa tri két
hop hodc khong két hop v6i ghép té bao gbc tao mau véi ty 18 séng sot twong tng 1a
khoang 50 va 70% & cac truong hop ngudi 16m va tré em. Ca ¢ cac trudong hop tre em
va ngudi 1om, sy tai phat cho théy tién lugng rat x4u, cing ¢ nhu ciu kham pha cac lya
chon diéu tri méi (Passaro et al., Immunol. Rev. 2016 May;271(1):156-72). D4 ching
minh duoc ring céc chit e ché Bel-2/Bel-xL kép, nhu ABT-263 va ABT-737, c6 hoat
tinh dAy htta hen & c4c mé hinh ghép ngoai lai c6 ngudn gdc tir bénh nhén T-ALL (Van
Delft et al. Cancer Cell 2006;10:389-99; Suryani et al., Clin. Cancer Res.
2014,20:4520-31). Céc nghién ctru khac da béo céo yéu cau khac biét dbi véi Bel-xL
hodc Bel-2 d6i véi su séng sot cia T-ALL truéng thanh so véi rat non (phan nhom ETP)
(Chonghaile et al., Cancer Discov. 2014;4:1074-87). Chét trc ché chon loc Bel-xL A-
1331852 dwoc md ta trude day ciing cho thiy c6 hoat tinh in vitro va in vivo trong m6
hinh ghép ngoai lai dong té bao T-ALL truéng thanh MOLT-4 (Leverson et al., Sci.
Transl. Med. 2015 Mar 18;7(279):279ra40). Theo mot phuong an cu thé, su e ché sy
phat trién ctia khdi u ciing duoc quan sat thiy trong md hinh ghép ngoai lai MOLT-4
khi didu tri bing cc cht trc ché Bel-xL theo sang ché. Nhitng dit liéu nay hé tro viée
stt dung céc hop chét hién tai trong diéu tri T-ALL.

Trong sb cac phuong phap diéu tri cac bénh ty mién duoc dy kién, c6 thé ké dén,
ma khong gidi han 6, viéc didu tri bénh viém khép dang thip (RA) va lupus ban do hé
théng (SLE).

Séang ché con dé cap dén dugc phdm chira it nhat mot hop chat c6 cong thic (1),
lam thanh phﬁn hoat tinh, Kkét hop véi mot hoac nhiéu ta duoc duoc dung. Cu thé, cac
dugc phdm nay thich hop dé stt dung lam chit thic day su chét té bao theo chuong trinh
va/hodc chéng tang sinh, trong diéu tri cac bénh ung thu va cic bénh tu mién va hé mién

dich.
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Céc ta duge thich hop theo sang ché bao gdbm chét pha lodng, chat 1am trom, chat
két dinh, chét gay ra, chét 8n dinh, chét bao quén, chét hép thu, chét tao mau, chét tao
ngot va chét tao mui vi.

Vi du khdong gi161 han v& céc thanh phin c6 thd duoc dé cip 1a:

¢ chat pha lodng: lactoza, dextroza, sucroza, manitol, sorbitol, xenluloza, glyxerol,

¢ chat lam trom: silic oxit, bot talc, axit stearic va cac mubi magie va canxi cua no,
polyetylen glycol,

¢ chat két dinh: magie nhom silicat, tinh bot, gelatin, tragacan, metylxenluloza,

natri carboxymetylxenluloza va polyvinylpyrolidon,
¢ chét gdy ra: aga, axit alginic va mudi natri ciia né, cdc hdn hop sui bot.

Trong $6 cac duogc phém theo sang ché, dic biét hon c6 thé ké dén cac duoc phém
thich hop dé dung theo duong udng, ngoai duong tidu hoa, dudng mii, dudng da hodc
qua da, duong truc trang, duong ludi, duong mét hodc dudng hé hip, va cu thé hon 1a
vién nén, vién trimg, vién nén ngdm dudi ludi, vién nang, vién keo glossette, vién nang,
vién thudc hinh thoi, ché phém tiém hoac uéng, sol khi, giot nho mét hodc mili, thue
dan, kem, thudc ma, gel dung trén da, v.v..

Céc muc lidu luong thyc té cia cac thanh phan hoat tinh trong cac dugc pham
theo sang ché c6 thé thay dbi sao cho dat dugc luong hoat chit ma hitu hiéu dé dat duoc
dap tmg tri liéu mong muén d6i v6i bénh nhan, ché pham, va phuong thirc ding cu thé
ma khong gy ddc cho bénh nhan. Mirc lidu lwrong dugc lya chon s€ tuy thudc vao cac
yéu t6 khac nhau bao gdm hoat tinh ctia hop chit cu thé theo sang ché duogc sir dung,
dudng dung, thoi gian ding, tdc d6 bai tiét hodc chuyén héa cta hop chit cu thé dugce
st dung, tdc d6 va muirc do hép thu, khoang thoi gian diéu tri, cac thube khac, cac hop
chét va/hoic nguyén liéu duoc sir dung két hop véi hop chét cu thé duoc sir dung, tudi,
gidi tinh, thé trong, tinh trang bénh, stc khde téng thé va tién sir bénh cta bénh nhin
duoc diéu tri, va cac yéu t6 tuong tu da dwoc biét 1 trong linh vuc y té.

Liéu lwong thich hop hing ngiy ctia hop chat theo sang ché s& phu thudc vao cac
yéu t6 dugc md ta & trén va c6 thé nim trong khoang tir 0,01 mg dén 2,5 g mdi ngay
trong mot hoac nhiéu lan sir dung.

Theo khia canh khac, sang ché con d& xuit t6 hop gdm hop chat c6 cong thire (1)
v6i tac nhan chéng ung thu dugc chon tir cic tic nhan gy dot bién gen, cac chit doc

gian phan, c4c chat chong chuyén hoa, cac chat irc ché proteasom, cac chat tre ché kinaza
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va cac khang thé, va ca cac dugc pham chia td hop nay va viéc sir dung chiing dé san
xuét thudc dung trong diéu tri bénh ung thur.

Theo khia canh khac, hop chét theo sang ché ¢6 thé duge st dung Kkét hop véi
liéu phap xa tri trong diéu tri bénh ung thu.

Ngoai ra, cac hop chét theo sang ché c6 thé duoc lién két v6i cac khang thé don
dong. Thé lién hop thudc khang thé (Antibody Drug Conjugate-ADC) 12 mot nhém céc
chét didu tri méi dwoc hinh thanh bing cach lién két hoa hoc thude gay doc té bao véi
khang thé don dong thong qua trinh ty lién két. Khang thé don dong cua ADC lién két
chon loc vdi khang nguyén dich cua té bao (vi du, té bao ung thw) va giai phong thudc
vao té bao. ADC c6 tiém ning diéu tri vi ching két hop tinh dic higu ctia khang thé va
kha nang giy doc té bao cuia thudc. Tuy nhién, cho dén nay, viéc phat trién ADC 1am
tac nhan diéu tri da gip phai mot sé thanh cong han ché do co nhiéu yéu t6 nhu profin
doc tinh khong thuan loi, hiéu qua thép va cac thong s6 dugc 1y kém. Do 4o, van can
nhitng ADC méi khic phuc dwgc nhiing van d@ nay va c6 thé phan phdi chon loc Bel-
xL dén céc t& bao ung thu dich.

Theo khia canh khac, hop chét theo sang ché c6 thé dugc lién két véi cac doan
ctia cac khang thé don dong hodc duoc lién két v6i cac protein khung ma c6 thé lién
quan hodc khong lién quan dén cac khang thé don dong. Cac doan khéang thé can duoc
hiéu 13 cac doan loai Fv, scFv, Fab, F(ab")2, F(ab'), scFv-Fc hodc cic diabody ma noi
chung c6 cung tinh dac hi¢u lién két nhu khang thé tir né cac doan khang thé nay duogc
tao ra. Theo sang ché, c6 thé thu dugc cac doan khang thé theo sang ché tir cac khang
thé bang cac phwong phap nhu thily phan bang cic enzym, nhu pepsin hodc papain,
va/hodc bang cach phéan cit cac cau disulfua bang cac qua trinh khir hoa hoc. Theo cach
khéc, c6 thé thu duoc cac doan khang thé theo sang ché bang cic phwong phap tai tb
hop gen da biét r& dbi voi nguoi c6 hiéu biét trung binh trong linh vuc k¥ thuat nay hodc
bang qua trinh tong hop peptit stt dung cac phuong tién, vi du, cac thiét bi tong hop
peptit tr dong nhur cac thiét bi dugc cung cép boi cong ty Applied Biosystems, v.v..

Céc protein khung ma c6 thé lién quan hodc khong lién quan dén cac khang thé
don dong duoc hiéu 1a protein ma chira hogc khong chira cudn globulin mién dich va
tao ra kha nang lién két twong tu v6i khang thé don dong. Nguoi cé hiéu biét trung binh
trong linh vyc k¥ thudt nay s€ biét cach chon khung protein. Cu thé hon, da biét réng,

dé duogc chon, khung nhu vay can ¢6 mot vai dau hiéu sau (Skerra, J. Mol. Recogn. 2000,
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13, 167-187): tinh bao toan t6t v& mat phat sinh ching loai, cau triic chac chan véi cau
tao phan tir ba chiéu d3 biét 1 (vi dy, tinh thé hoc hoic NMR), kich ¢& nho, khong bién
dbi hodic bién dbi sau dich ma chi & mirc d0 thip, d& sin xudt, biéu hién va tinh ché.
Khung protein nhu vay c6 thé 13, nhung khéng chi giéi han &, cau tric dugc chon tir
nhém gdm c6 fibronectin va wu tién 1a vung fibronectin typ III tha muoi (FNfn10),
lipocalin, anticalin (Skerra, J. Biotechnol. 2001, 74, 257-75), dan xuét protein Z tir vung
B cua staphylococcal protein A, thioredoxin A hodc protein batky c6 ving lip nhu “don
vi 1ap lai ankyrin” (Kohl et al. PNAS 2003, 100, 1700-1705), “don vi 13p lai armadillo”,
“don vi lap lai gidu leuxin” hodc “don vi 1ap lai tetratricopeptit”. Ciing ¢ thé 1a dan xuat
khung tir cac chat doc (vi du, cac noc ddc bo cap, con trung, cac chat doc thuc vat hodc
dong vat than mém) hoic cac chét trc ché protein cua nito oxit synthaza té bao than kinh

(PIN).

Vi du thwe hién sing ché

Céc vi du du6i day nham minh hoa cho séng ché va khong 1am gi6i han pham vi
ctia sang ché theo cach bat ky. Tat ca cac hop cht trung gian dé didu ché cac vi du déu
¢0 ban trén thi trudng hoac co thé duoc diéu ché boi ngudi co hiéu biét trung binh trong
linh vyc k¥ thuit nay theo cac quy trinh phan Gng hoa hoc thong thuong dugc mo ta

trong cac tai li€u chuyén nganh.
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Quy trinh chung

T4t ca cac chit phan Gng thu dwoc tir cac ngudn thwong mai dwgc st dung ma
khong cén tinh ché thém. Cac dung moi khan thu dugc tlr céc ngudn thwong mai va duoc
stt dung khong can 1am kho thém.

Sic ky cot

Séc ky cot nhanh ty dong dugce thuc hién trén ISCO CombiFlash® Rf 200 hoic
CombiFlash® Rf+ Lumen™ sir dung c4c c6t nhanh silic oxit pha binh thuong RediSep®
Rf (35-70pm, 60 A), cot silic oxit tinh ning cao pha binh thudng RediSep Rf Gold®
(20-40um, 60 A), cot C18 pha dao RediSep® Rf (40-63 pum, 60 A), hodc cot C18 tinh
ning cao pha dao RediSep Rf Gold® (20-40 um, 100 A).

TLC

Séc ky 16p mong duge thuc hién véi cac dia 5 x 10 cm ¢6 phu silica-gel Merck
Type 60 Fasa.

Cac phan rng vi song

Gia nhiét béng vi séng duoc thuc hién véi CEM Discover® SP, hoac béng thiét
bi phan Gng vi song Anton Paar Monowave.

NMR

Viéc xéc dinh "H-NMR dugc thyc hién trén phd ké Bruker Avance I 500 MHz,
phd ké Bruker Avance III 400 MHz, hodc phé ké Bruker DPX-400 st dung dung méi
DMSO-ds hodc CDCls. Dix liéu 1H NMR la ¢ dang cac gié tri delta, don vi phﬁn triéu
(ppm), stt dung dinh con lai ciia dung méi (2,50 ppm ddi véi DMSO-ds va 7,26 ppm déi
v6i CDCls) 1am chuén ndi. Cac kiéu chia tach dugc ky hiéu 1a: s (vgch don), d (vach
d6i), t (vach ba), q (vach bdn), quint (vach nim), sept (vach bay), m (da vach), br s (vach
rong), dd (hai vach ddi), td (ba vach d61), dt (hai vach ba), ddd (hai vach hai vach d61).

LC-MS phan tich:

Céc hop chat nhat dinh cua sang ché dwoc x4c dinh bang sic ky 16ng hiéu ning
cao-phd khdi (HPLC-MS) trén Agilent HP1200 v6i LC/MS bon cuc Agilent 6140, van
hanh & ché d6 ion hoa phun dién tir Am hoic duwong. Khodng quét khéi lwong phan tir 13
tr 100 dén 1350. Viéc do UV song song duoc thuc hién & 210 nm va 254 nm. Céc mau
duoc cung cap dudi dang dung dich 1 mM trong ACN, hodc trong THF/H,O (1:1) v6i
chu ky bom 5 pL. Céc phéan tich LCMS dugc thyc hién trén hai thiét bi, mot trong hai
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thiét bi ndy dugc van hanh véi dung méi rira giai bazo, va thiét bi kia v6i dung moéi rira
giai axit.

LCMS bazo: Cot Gemini-NX, 3 um, C18, 50 mm x 3,00 mm i.d. & 23 °C, vé1
tdc d6 dong 1 mL phut-1 st dung 5 mM amoni bicacbonat (Dung moi A) va axetonitril
(Dung mdi B) véi gradien tir 100% Dung moi A va két thuc & 100% Dung méi B trong
khoang thoi gian nhat dinh/khac nhau.

LCMS axit: Cot KINATEX XB-C18-100A, 2,6pum, 50 mm*2,1 mm & 40 °C, v6i
tbc do dong 1 mL phut-1 st dung axit formic trong nudce 0,02% thé tich/thé tich (Dung
méi A) va axit formic trong axetonitril 0,02% thé tich/thé tich (Dung mdi B) véi gradien
bét dAu tir 100% Dung mdi A va két thic & 100% Dung méi B trong khoang thoi gian
nhét dinh/khac nhau.

Mot s6 hop chét khéc theo sang ché dwoc xéc dinh dic tinh bing HPLC-MS theo
cac phuong phép dwgc dit tén cu thé nhu sau. Dbi véi tat ca cac phuong phap ndy, phat
hién tia cuc tim bing may do mang diot & 230, 254 va 270 nm. Thé tich bom méu 1a 1
pL. Cac dung mdi rira giai gradien duoc chay bang cach xac dinh toc d6 dong chay va
phan trim hon hop cla céc pha dong sau day, st dung dung mdi cip HPLC:

Dung méi A: 10 mM amoni fomat chira nudc + 0,04% (thé tich/thé tich) axit
formic

Dung mbi B: Axetonitril + 5,3% (thé tich/thé tich) Dung mdi A + 0,04% (thé
tich/thé tich) axit fomic.

Thoi gian luu (Retention time-RT) cho cac phwong phap dugc goi tén nay dugc
bao cdo theo phut. Qua trinh ion héa dugc ghi & ché d6 duong, ché do 4m hodc ché d6
chuyén duong-am. Chi tiét cu thé cho cac phuong phép riéng 1& nhu sau.

Phuwong phiap LCMS-V-B

St dung thiét bi dong Agilent 1200 SL dugec lién két véi tir cuc don Agilent MSD
6140 v6ingudn da ché d6 ESI-APCI (Phuong phap LCMS-V-B1 va LCMS-V-B2) hoic
stt dung thiét bi dong Agilent 1290 Infinity IT dugc két ndi v6i Agilent TOF 6230 véi

ngudn phat tia phan lyc ESIT (Phuong phap LCMS-V-B1); ct: Thermo Accucore 2,6
pm, C18, 50 mm x 2,1 mm 6 55 °C. Chi tiét vé gradien cho cac phuong phap LCMS-V-
B1 va LCMS-V-B2:
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Thoi LCMS-V-B1 LCMS-V-B2 Dong
gian | Dung | Dung | Dung | Dung | (mL/phit)
(phit) | mdéiA | méiB | moéi A | moi B
(%) | (%) (%) (%)

0 95 5 60 40 1,1
0,12 95 5 60 40 1,3
1,30 5 95 2 98 1,3
1,35 5 95 2 98 1,6
1,85 5 95 2 98 1,6
1,90 5 95 2 98 1,3
1,95 95 5 95 5 1,3

Phwong phap LCMS-V-C

Str dung thiét bi dong Agilent 1200 SL duoc lién két véi t cuc don Agilent MSD
6140 voi ngudn da ché d6 ESI-APCT; cot: Agilent Zorbax Eclipse plus 3,5 pm, C18(2),
30 mm x 2,1 mm & 35 °C. Chi tiét vé gradien cho phuwong phdép LCMS-V-C:

Thoi | Dung | Dung Dong
gian | méi A | méi B | (mL/phut)
(phit) | (%) (“o)

0 95 5 1
0,25 95 5 1
2,50 95 5 1
2,55 5 95 1,7
3,60 5 95 1,7
3,65 5 95 1
3,70 95 5 1
3,75 95 5 1

Phwong phap HPLC diéu ché

Mot s hop chét theo sang ché dugc tinh ché bang sic ky léng tinh ning cao
(HPLC) trén hé théng sac ky 16ng Armen Spot hodc Teledyne EZ v6i cot Gemini-NX®
10 uM C18, 250 mm x 50 mm i.d. chay & tbc d6 dong 118 mL phit-1 c6 bd do mang
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diot UV (210 - 400 nm) st dung dung dich nuéc NHsHCO3 25 mM va MeCN hodc
0,1% TFA trong nuéc va MeCN lam dung moi rira giai.

Mot s6 hop chit khac theo sang ché da dugc tinh ché bang HPLC theo cac phwong
phap dugc goi tén cu thé nhu sau:

Phwong phap HPLC-V-A

Cac qua trinh nay dwoc thyc hién bang hé théng tinh ché ty dong Waters
FractionLynx MS, véi cot Gemini® 5 um C18(2), 100 mm x 20 mm i.d. cua
Phenomenex, chay & toc d6 dong 20 cm*phut! ¢6 do mang diét UV (210400 nm) va
thu gom theo khdi lugng. May do phd khéi 1a may do phé Waters Micromass ZQ2000,
van hanh & cac ché do ion hoa phun dién tir ion &m hodc duwong, véi khoang quét khdi
lwong phén tir 13 tir 150 dén 1000.

Phuong phap HPLC-V-A1 (pH 4):

Dung mdi A: 10 mM amoni axetat chta nudc + axit fomic 0,08% (thé tich/thé
tich); Dung méi B: axetonitril + 5% (thé tich/thé tich) Dung mdi A + 0,08% (thé tich/thé
tich) axit formic

Phuong phap HPLC-V-A2 (pH 9):

Dung mdi A: 10 mM amoni axetat chira nudc + 0,08% (thé tich/thé tich) amoniac
dic; Dung méi B: axetonitril + 5% (thé tich/thé tich) Dung méi A + 0,08% (thé tich/thé
tich) amoniac dédc

Phwong phap HPLC-V-B

Puoc thuc hién trén hé théng AccQPrep HP125 (Teledyne ISCO), vé1 cot

Gemini® NX 5 um C18(2), 150 mm * 21,2 mm i.d. tir Phenomenex, chay & tbc do dong
20 cm®phut? véi phat hién UV (214 va 254 nm) va ELS.
Phuong phap HPLC-V-B1 (pH 4):

Dung méi A: nudc + axit fomic 0,08% (thé tich/thé tich); dung mdi B: axetonitril
+0,08% (thé tich/thé tich) axit fomic.
Phuong phap HPLC-V-B2 (pH 9):

Dung moéi A: nudc + 0,08% (thé tich/thé tich) amoniac dic; dung méi B:

axetonitril + 0,08% (thé tich/thé tich) amoniac dic.

Phuong phap HPLC-V-B3 (trung hoa):

Dung méi A: nudc; Dung moi B: axetonitril.

GC-MS phén tich:
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S4c ky khi két hop va phd khdi phén giai thip (GC-MS) duge thyc hién trén thiét
bi séc ky khi Agilent 6850 va khdi phd ké Agilent 5975C st dung cot 15 m x 0,25 mm
phu 0,25 pm HP-5MS va dung heli 1am khi mang. Nguon ion: EI+, 70 eV, 230°C, bbn
cuc: 150°C, mat phan cach: 300°C.

MS d¢ phan gidi cao

Khéi phé c6 @0 phan giai cao thu dugc trén may do khdi phd thoi gian bay Agilent
6230 duoc trang bi ngudn ion phun dién tir Jet Stream & ché d6 ion duong. Tiém 0,5ul
vao khéi phd véi tdc do dong 1,5 ml/phut (chuong trinh gradien SmM amoni-format
trong nuGe va axetonitril), st dung hé HPLC Agilent 1290 Infinity. Thong s6 dong phan
Iwc: Twu lwong va nhiét do khi sy (N2): 8,0 Uphiit va 325°C, tuong tng; 4p sut khi
phun swong (N2): 30 psi, dién 4p mao dan: 3000 V; luu luong va nhiét do khi vé boc:
325°C va 10,0 I/phtt; cac thong s6 TOFMS: dién 4p bd phan manh: 100 V; dién thé may
tach bot: 60 V; OCT 1 RF Vpp:750 V. Khdi phd quét toan b thu dugc trén dai m/z 105-
1700 vé6i toc dd thu dwoc 995,6 ms/phd va duge xir 1y bang phin mém Agilent
MassHunter B.04.00.

Danh phap hoéa hoc:

Céc tén duoc uvu tién theo ITUPAC dugce tao béng cach st dung chuc néng
‘Structure to Name’ (s2n) ctia ChemAxon trong MarvinSketch hoac JChem for Excel
(JChem phién ban 16.6.13 - 18.22.3) hodc bang chirc nang dit tén hoa hoc do Biovia®

Draw 4.2 cung cip.
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TEA N,N-dietyletanamin

TFA axit 2,2,2-trifloaxetic

pTSA axit 4-metylbenzensulfonic

THF tetrahydrofuran

TIPSCl clo(triisopropyl)silan

Xantphos 4,5-Bis(diphenylphosphino)-9,9-dimetylxanten

Xantphos Pd G3 [(4,5-Bis(diphenylphosphino)-9,9-dimetylxanten)-2-(2'-
amino-1,1’-biphenyl) paladi(Il) metansulfonat

BINAP 2,2'-Bis(diphenylphosphino)-1,1'-binaphtyl

rac-BINAP Pd G3  [(2,2"-Bis(diphenylphosphino)-1,1'-binaphtyl)-2-(2'-amino-
1,1’-biphenyl)]paladi(II) metansulfonat

Pd(dppf)Cl.,CH2Cl; [1,1’-Bis(diphenylphosphino)feroxen]diclopaladi(Il)

Pdx(dba); Tris(dibenzylidenaxeton)dipaladi(0)

Pd(PPh3).Cl2 Bis(triphenylphosphin)paladi clorua

Pd(AtaPhos),Cl,  bis(di-tert-butyl(4-
dimetylaminophenyl)phosphin)diclopaladi(II)
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Cac quy trinh chung dwoc goi tén

Sau déy la cac quy trinh thir nghiém dai di¢n duoc goi bang tén trong cac quy

trinh diéu ché tiép theo.

Quy trinh chung Sonogashira

Hoén hop gom 1 dwong luong aryl halogenua, 2 dwong lugng axetylen, 0,05
duong luong Pd(PPhs),Cl,, 0,05 duong lugng Cul, va DIPA (1 mL/mmol) trong THF
(5 mL/mmol) duoc gitt & 60°C. Sau khi dat tGi sy chuyén héa thich hop, céc chét dé bay
hoi dugc loai bo dudi 4p sudt giam, hop chat trung gian thd duge tinh ché bang séc ky
cOt nhanh.

Khit bio vé voi quy trinh chung HFIP

Chét nén trong 1,1,1,3,3,3-hexaflopropan-2-ol (10 mL/mmol) dugc gitt ¢ 100-
120°C trong lo 4p suat. Sau khi dat t6i sy chuyén hoa thich hop, cic chit d& bay hoi
duoc loai bo duéi 4p suit giam, hop chat trung gian thd dugc tinh ché bang sic ky cot
nhanh.

Quy trinh chung Alkyl héa

Hbn hop gom 1 dwong lwgng phenol/carbamat, 1-2 duong lugng alkyl iodua hodc
bromua, va 2-3 duong luong Cs>COs trong axeton (5 mL/mmol) duoc khudy 6 rt trong
phenol va & 55°C trong carbamat. Sau khi dat t6i sy chuyén hoa thich hop, cac chat dé
bay hoi duoc loai bo dudi ap sudt giam, hop chét trung gian thé dugc tinh ché bang sic
ky cot nhanh hoac sac ky cot nhanh pha déo.

Quy trinh chung Mitsunobu

Hon hop gém 1,0-1,5 duong lwgng rugu béo, 1 duong lugng carbamat/phenol,
va 1-2 duong luong triphenylphosphin trong THF hodc toluen (5 mL/mmol) duoc bd
sung 1-3 dwong lwong ditertbutyl azodicarboxylat | diisopropyl azodicarboxylat trong
mdét phan. Hon hop dugc khudy & rt hoic 50°C, néu cén, trong carbamat va & rt trong
phenol. Sau khi dat té1 su chuyén hoéa thich hop, cac chét d& bay hoi dugc loai bé dudi
ap suét giam, hop chat trung gian tho dugc tinh ché biang sic ky cot nhanh.

Quy trinh chung Buchwald I

Hon hop gdm 1 duong luong clo-chat nén, 2 duong luong 1,3-benzothiazol-2-
amin, 0,1 duong lwgng Pda(dba)s, 0,2 duong lugng XantPhos va 3 duong luong DIPEA
trong CyOH (5 mL/mmol) dugc gitt & 140°C. Sau khi dat t61 su chuyén héa thich hop,
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hdn hop phan tng dugc pha lodng véi DCM (10 mL/mmol), bom 1€n cot silicagel duge
didu chinh trude va duoc tinh ché bang sac ky cot nhanh.
Quy trinh chung Buchwald II

Hon hop gdm 1 dwong hwong thiazol amin, 1,2-1,5 dwong lwong (Z)-N-(6-clo-4-
metyl-pyridazin-3-yl)-3-(2-trimetylsilyletoxymetyl)-1,3-benzothiazol-2-imin, 3 duong
luong Cs2CO3, 0,1 duong lugng Pda(dba)s, 0,2 duong luong XantPhos va 3 duong lugng
DIPEA trong 1,4-dioxan (5 mL/mmol) dugc gitt & hdi lwu. Sau khi dat téi s chuyén
héa thich hop, cac chit d& bay hoi dugc loai bo duéi ap suat giam, hop chét trung gian
thé dwoc tinh ché bang sac ky cot nhanh.

Quy trinh chung Finkelstein

Hon hop gdm 1 duong lugng alkyl clorua va 2 duong lugng Nal trong axeton (5
mI/mmol) dwoc gift & hdi lwu. Sau khi dat tdi sy chuyén hoa thich hop, céc chat dé bay
hoi dugc loai bo dudi ap sut giam, hop chét trung gian thé dugc tinh ché bang sic ky
cOt nhanh.

Quy trinh chung thé 4i nhan

Hoén hop gdm 1 duong luong thiazol amin, 1 dwong lwong 3,6-diclo-4-
metylpyridazin, va 1,5 duong lugng Cs2COs trong toluen (4 mL/mmol) duge gilt &
150°C. Sau khi dat to1 su chuyén hoéa thich hop, cac chét d& bay hoi dugc loai bdé dudi
4p suat giam, hop chit trung gian thé dwoc tinh ché bang séc ky cot nhanh.

Quy trinh chung alkyl héa bing tosylat

Lo duoc sdy khd trong ta sy dugc trang bi thanh khudy tir dugc phu PTFE, va
duogc nap 1 duong lugng tosylat va 5 duong luong 1dm amin thich hop duge tao huyén
phu trong MeCN (5 mL/mmol). Hon hop phan tmg sau d6 dwoc gia nhigt dén 50°C va
dugc khudy ¢ nhiét d6 d6 cho dén khi quan sat thiy su chuyén hoa tiép. Hén hop phan
ung dugc pha loang véi DCM sau do, hdn hop duoc bom [én cot silicagel duge diéu hoa
truéc bing DCM. Sau d6, hdn hop dugc tinh ché bang sic ky cot nhanh st dung DCM
va MeOH (1,2% NH3) lam dung moi rira giai.

Quy trinh chung alkyl héa véi tosylat dwoc tao ra tai chd

Lo dugc say kho trong ti sdy dwoc trang bi thanh khuéy tr dugc phu PTFE, va
dugc nap 1 dwong lugng dan xuét hydroxy, 3 duong lugng N, N-dietyletanamin, luong
xtc tac cua N, N-dimetylpyridin-4-amin va DCM (5 mL/mmol) sau d6 2 duong lugng 4-

metylbenzensulfonyl clorua duoc bd sung vao trong mot phan va dugc khudy & rt cho
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dén khi quan sét thiy sy chuyén héa tiép (thudng >90%, 1-5 h). Sau khi 1am bay hoi cac
chat d& bay hoi béng N2 ¢ 40°C, 30 duong lugng amin bac nhét, bac hai hoic bac ba
thich hop trong axetonitril (3 mL/mmol) dugc bd sung vao va hén hop dugc khudy &
50°C cho dén khi quan sat thiy su chuyén héa hoan toan vé dan xuét tosyl (thuong 1a 1-
3 h). Hon hop phén tng duge cd trén Xelit va tinh ché bang sic ky cot nhanh sir dung
EtOAc va MeOH (1,2% NH3) lam dung mdi rira giai hodc sac ky cot nhanh pha dao
(0,1% TFA trong nuéc : MeCN).

Quy trinh chung alkyl hoa véi iot dwoc tao ra tai chd

Lo duoc sdy kho trong ti sy dugc trang bi thanh khuy tir duge phi PTFE, binh
ndy dugc nap 2 duong lugng PPhs va 2 duong luong imidazol sau d6 DCM (5
mL/mmol) dugc bd sung vao. Hon hop thu dugc duge bd sung timg phan 2 dwong lwong
iot sau d6 khudy trong 15 phiit & rt. Hon hop thu dugc duge bd sung 1 duwong luong
rugu thich hgp, duoc hoa tan trong DCM va dugc khudy & 1t cho dén khi quan sat thay
su chuyén hoa tiép. Hop chét iodo tao thanh duoc bd sung 5 dwong lwong amin thich
hop va sau d6 khuay trong 30 phut & rt, trong khi quan sat thdy su chuyén héa hoan toan.
Xelit duge bd sung vao hdn hop phéan ting va cac chit dé bay hoi dugc loai bé duéi ap
sudt giam. Sau d6, hdn hop dugc tinh ché bang sic ky nhanh sir dung dung méi rira giai
DCM va MeOH (1,2% NH3).

Quy trinh chung alkyl héa phenol dwoc bdo vé bing silyl

Hdn hop gdm 1 duong lwong phenol dugc bao vé bang silyl, 1 duong lwong alkyl
iodua, va 1,15 duong luong TBAF (1 M trong THF) trong THF (2 mL/mmol) duoc
khudy & rt. Sau khi dat t6i su chuyén hoéa thich hop, céc chét d& bay hoi duoc loai bo
dudi ap suét giam, hop chit trung gian thd duoc tinh ché bang sic ky cot nhanh.

Quy trinh chung khw bao vé va thuy phan

Hon hop gdém 1 dwong lugng chét nén va 100 duong lugng HF xPyr trong MeCN
(15 mL/mmol) duoc khudy & 60°C. Sau khi dat t6i sw chuyén héa thich hop, céc chat dé
bay hoi duoc loai bé dudi dp suat gidm va cin dugc tao huyén phu trong hén hop 1:1
cua 1,4-dioxan — nudc (30 mL/mmol), dugc xu 1y bﬁng 150 duong luong LiOH*H-0,
va khudy & 60°C. Sau khi dat t&i sy chuyén hoéa thich hop, céc chat d& bay hoi dwoc loai
b6 duéi 4p sudt giam va san pham tho dugc tinh ché bang sic ky cot nhanh sir dung
DCM va MeOH (chtra 1,2% NH3) 1am dung moi rira giai.

Quy trinh chung tao mubi bac bon

44



48508 45/598

Lo dugc sdy khé trong ti sdy duoc trang bi thanh khudy tir dugce phit PTFE, va
duogc nap 1 duong lugng tosylat va 20 duong luong lam amin thich hop dugce tao huyén
phu trong CyOH (5 mL/mmol). Hon hop phéan ting sau d6 dugc gia nhiét dén 140°C va
duoc khudy & nhiét o d6 cho dén khi quan sat thdy su chuyén héa tiép. Hon hop phan
ung dugc pha loang véi DCM Sau do, hon hop duge bom 1én cot silicagel dugc diéu
hoa trudc béng DCM. Sau d6, hén hop duge tinh ché bﬁng sac ky cot nhanh str dung
DCM va MeOH (1,2% NHs) lam dung mo61 rira giai.

Quy trinh chung khix bdo vé mudi bac bon

Dung dich THF (5 mL/mmol) chua mudi bac bén thich hop duge bd sung 3
duong lugng TBAF, va sau d6, hon hop duoc khudy & rt cho dén khi quan sat thiy su
chuyén héa tiép. Hon hop phan tng dugc lam bay hoi dén kho dudi ap suat giam. Huyén
phu chita 1 duong lugng mudi bac bon da khir silyl trong MeCN khan (15 mL/mmol),
100 duong luong HFxPyr dugc bd sung vao, va sau d6 dugc khudy & 60°C. Sau khi dat
to1 su chuyén hoéa thich hop, céc chat d& bay hoi duoc loai bé dudi ap suit giam, can
duoc tao huyén phu trong hdn hop 1:1 ciia THF —nude (30 mL/mmol), 150 duong lugng
LiOH x H20 dugc bd sung vao, va hon hop duge khuéy o rt. Sau khi dat té1 sy chuyén
hoa thich hop, cac chat d& bay hoi duge loai bo dudi ap sut giam. San pham thé dugc
tinh ché bang séc ky cot nhanh sir dung DCM va MeOH (chira 1,2% NH;s) lam dung
moi rira giai.

Quy trinh chung alkyl héa, khir bdo vé va thiiy phin

Hbn hop gdm amin bac ba (1 duong lugng) va chét alkyl héa (10 dwong luong)
trong axetonitril (3 mL/mmol) dugc khudy & rt. Sau khi dat t6i su chuyén héa thich hop,
cac chit dé bay hoi duoc loai bo dudi ap suét giam va tinh ché bang sdc ky cot nhanh
pha dao, néu can, mat khac can duoc hoa tan truc tiép trong axetonitril (3 mL/mmol),
HF*Pyr (100 dwong luong) dugc bo sung vao va hdn hop dugc khudy & 60°C. Sau khi
dat t6i su chuyén hoa thich hop, cac chét d& bay hoi dugc loai bo dudi ap suat gidm, cin
duge tao huyén phu trong hon hop 1:1 cua 1,4-dioxan — nuéc (10 mL/mmol),
LiOHxH,0 (150 duong luong) dugc bd sung vao va hdn hop duge khudy & 60°C. Sau
khi dat téi sy chuyén hoa thich hop thanh sén phim mong mudn, cic chat dé bay hoi
duoc loai bd dudi ap sudt giam va san pham thé duoc tinh ché bang sac ky cot nhanh
pha dao.

Ouy frinh chung khir bdo vé nhom bao vé tert-butyl-dimetyi-silyi
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Hop chét dugc bao vé bang TBS thich hop va axit [(1S,4R)-7,7-dimetyl-2-oxo-
norbornan-1-yl]metansulfonic (thudng la 0,25 dwong luong, 1,25 duong lugong néu N,N-
dimetyl-amin c¢6 mat trong phan tr) dugc tron trong hén hop gém metanol (2,5
mL/mmol) va diclometan (2,5 mL/mmol) trong 6ng gan kin va khudy & 50°C cho dén
khi quan sat thdy su chuyén hoa hoan toan (thwong la 1-5 h). Sau thoi gian phan tng,
hdn hop duge rét vao phéu riéng biét, pha lodng véi DCM va rira bang NaHCO;3 dac va
nuée. Lam kho bang MgSOs, loc trén Xelit sau do tinh ché bang sic ky cot nhanh.

Quy trinh chung khir bdo vé va thiiy phan axit phosphonic

Dung dich chira dan xuét dietyl phosphonat trong DCM (5 mL/mmol) va MeCN
(5mL/mmol) dugc xb1 rira bang nito sau d6 40 duong lugng TEA dugc bd sung vio va
sau d6 duoc lam lanh xubng 0°C. 20 dwong lugng bromo(trimetyl)silan duoc b6 sung
vao trong mot phan sau d6 khudy trong 30 phut nira & 0°C. Sau d6 dé 4m t6i rt va khudy
cho dén khi chuyén héa hoan toan ddi véi etyl este (thuong 1a 1-5 h). (Cac) nhém bio
vé Boc thuong dugc loai bé nhung chi mot phén, tao ra hon hop gém cac san phém. Sau
khi chuyén hoa hoan toan, hdn hop dwoc lam ding bang vai mL MeOH & 0°C, ¢b trén
Xelit sau d6 tinh ché bang sic k¥ cot nhanh st dung EtOAc va MeOH (chira 1,2% NHs)
lam dung mdi rira giai. Hai san pham (c6 Boc, khdng c6 Boc) duoc két hop va tiép tuc
v6i quy trinh chung khir bao vé va thuy phan.

Quy trinh chung thé amin va thiy phan

San phdm tir Vi du diéu ché 14 trong hon hop 1:1 cla axetonitril va N-metyl-2-
pyrolidon (10 ml/mmol), dugc bd sung vao amin thich hop (3-10 duong luong), va hon
hop dugc khudy & 50°C trong 2-24 h. Sau khi bd sung 70% HF trong pyridin (50-100
duong luong) & rt, hdn hop duge khudy trong 4-18 h. Sau khi tinh ché san phdm thé
bang séc ky cot (silicagel, st dung DCM va MeOH lam dung mdi rira giai), san pham
dugc hoa tan trong THF (8 ml/mmol), va nudc (2 ml/mmol) va LIOHXH20 (5 dwong
luong) dwoc bd sung vao, va khudy & 20-40°C trong 1-4 h. San pham thay phéan duoc
tinh ché bang HPLC diéu ché (sir dung axetonitril va 5 mM dung dich nuéc NHsHCO3

lam dung mdi rira giai) dé tao ra san pham mong muon.
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Vi du diéu ché

Céc vi du chi tiét sau day mo ta vi du didu ché cac hop chit trung gian téng

hop.

Vi du diéu ché 1a: Metyl 2-{[(fert-butoxy)carbonyl]amino}-5-[3-(2-flo-4-

iodophenoxy)propyl]-1,3-thiazol-4-carboxylat

Buwdc A: metyl 2-(tert-butoxycarbonylamino)-5-iodo-thiazol-4-carboxylat

50,00 g metyl 2-(tert-butoxycarbonylamino)thiazol-4-carboxylat (193,55 mmol,
1 duong luong) dwoc tao huyén phu trong 600 mL MeCN khan. 52,25 g N-iodo
sucxinimit (232,30 mmol, 1,2 duong luong) duoc bd sung vao va hdn hop thu duoc duge
khudy qua dém & nhiét d trong phong. Hon hop phan ung duoc pha loang véi nude
mudi bdo hoa, sau d6 duoc chiét bang EtOAc. Céc 16p hitu co thu gom duge chiét bang
1 M Na:S,03, sau d6 chiét 13n nita bang nuéc mudi. Sau do, 1am kho bang NazSOs, loc
va nude loc duge ¢ dudi 4p suat giam. San pham thé duoc tinh ché bang sic ky cot
nhanh sir dung heptan lam dung méi rira giai dé thu duogc 60 g (156 mmol, 80%) san
phim mong mubn.

'"H NMR (400 MHz, DMSO-ds) & ppm 12,03/11,06 (br s), 3,78 (s, 3H), 1,47 (s,
9H); 13C NMR (400 MHz, DMSO-ds) 6 ppm 153,8, 82,5, 77,7, 52,3, 28,3; HRMS-ESI
(m/z): [M+H]" tinh todn d6i v6i C1oH14IN204S: 384,9713, phat hién 384,9708.

Buwdc B: metyl 2-(tert-butoxycarbonylamino)-5-(3-hydroxyprop-1-
ynyl)thiazol-4-carboxylat

Binh day tron mot cd, 500 mL, duogc séy kho trong tu séy, dugc trang bi thanh
khudy tir dwoc phit PTFE va 14p vé6i binh ngung ty hdi lwu. Binh nay dwoc nap 9,6 g san
phém tir Buéc A (25 mmol, 1 duong lugng), 2,80 g prop-2-yn-1-ol (2,91 mL, 50 mmol,
2 duong luong) va 36,10 g DIPA (50 mL, 356,8 mmol, 14,27 duong luong) sau d6 125
mL THF khan dugc b sung vao va hé nay dwgc lam sach bang argon. Sau 5 phut khudy
dudi khi quyén tro, 549 mg Pd(PPhs).Cl: (1,25 mmol, 0,05 duong luong) va 238 mg
Cul (1,25 mmol, 0,05 dwong lugng) dugc bd sung vao. Hon hop thu duge sau d6 dugc
gia nhiét dén 60°C va dwgc khudy ¢ nhiét d6 d6 cho dén khi quan sat thay sy chuyén
hoa tiép. Xelit duoc bd sung vao hon hop phén tmg va cac chat dé bay hoi dugc loai bo
dudi ap sudt giam. Sau d6, hdn hop duoc tinh ché bing sic ky cot nhanh sir dung heptan

va EtOAc lam dung moi rira giai dé tao ra 7,30 g (23 mmol, 93%) san pham mong mudn
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13 chét rin mau vang.

'H NMR (400 MHz, DMSO-ds) & ppm 12,10 (br s, 1H), 5,45 (t, 1H), 4,36 (d,
2H), 3,79 (s, 3H), 1,48 (s, 9H); *C NMR (125 MHz, DMSO-ds) 6 ppm 161,3, 1424,
118,1, 101,4, 73,9, 52,4, 50,2, 28,3; HRMS-ESI (m/z): [M+H]" tinh toan dbi v&i
C13H17N205S: 313,0853, phat hién 313,0866.

Budc C: metyl 2-(tert-butoxycarbonylamino)-5-(3-hydroxypropyl)thiazol-4-
carboxylat

Lo 4p suit 1 L duoc sdy kho trong ti siy duoc trang bi thanh khuay tir dwgc phit
PTFE dugc nap 44,75 g san phém tir Bude B (143,3 mmol, 1 duong luong), 7,62 g Pd/C
(7,17 mmol, 0,05 duong lugng) trong 340 mL etanol, va sau d6 duoc dit duéi moi
trudng nito st dung hé hydro hoa. Sau d6, duoc nap 4 bar khi H» va dugc khqu ort
qua dém. Quan sat thay su chuyén héa hoan toan, nhung chi san pham olefin duoc tao
thanh. Sau khi loc chat xtic tac qua dém Xelit, toan by quy trinh dugc 1ap lai v61 5% mol
chét xtc tac méi. Hon hop thu duge duge khuéy qua dém dé tao ra su chuyén hoa hoan
toan. Xelit dugc bd sung vao hdn hop phan ting va cac chit dé bay hoi dugc loai bo dusi
4p suit giam. Sau d6, hdn hop dugce tinh ché bang sic ky cot nhanh st dung heptan va
EtOAc lam dung méi rira giai dé tao ra 31,9 g (101 mmol, 70%) san pham mong muén
1a tinh thé mau vang nhat

"H NMR (500 MHz, DMSO-ds) 8 ppm 11,61 (br s, 1H), 4,54 (t, 1H), 3,76 (s,
3H), 3,43 (m, 2H), 3,09 (t, 2H), 1,74 (m, 2H), 1,46 (s, 9H); *C NMR (125 MHz, DMSO-
ds) & ppm 162,8, 143,1, 135,4, 60,3, 51,9, 34,5, 28,3, 23,4; HRMS-ESI (m/z): [M+H]"
tinh toan dbi v6i C13H21N205S: 317,1166, phat hién 317,1164.

Budc D: metyl 2-{[(tert-butoxy)carbonyl]amino}-5-[3-(2-flo-4-
iodophenoxy)propyl]-1,3-thiazol-4-carboxylat

Binh ddy tron mot ¢6 250 mL, duogc séy kho trong tu séy, duoc trang bi thanh
khudy tir duoc phi PTFE, dwoc nap 3,40 g 2-flo-4-iodo-phenol (14 mmol, 1 dwong
lwong), 5,00 g san pham tir Buéc C (16 mmol, 1,1 duong lugng) va 4,10 g PPhs (16
mmol, 1,1 dwong lwong) va 71 mL toluen khan. Sau 5 phit khudy duéi méi truong nito,
3,10 mL DIAD (3,20 g, 16 mmol, 1,1 dwong lugng) dugc bd sung vao trong mot phén
trong khi hdn hop phan @mg duoc gia nhiét. Sau d6 hdn hop phéan img dugc gia nhiét téi
50°C va duoc khudy & nhiét o d6 trong 30 phit, khi phan ing dat t6i sy chuyén hoa

hoan toan. Hon hop phan tng duge tiém ngay vao cot silicagel dugc diéu chinh truéc,
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va sau d6, hdn hop duge tinh ché bang sac ky cot nhanh sir dung heptan va EtOAc 1am
dung mdi rira gidi. San phdm thé dugc két tinh ra khoi MeOH dé tao ra 4,64 g (9,24
mmol, 66%) san phém mong mudn.

'H NMR (500 MHz, DMSO-ds) & ppm 11,64 (br s, 1H), 7,59 (dd, 1H), 7,45 (dd,
1H), 6,98 (t, 1H), 4,06 (t, 2H), 3,73 (s, 3H), 3,22 (t, 2H), 2,06 (m, 2H), 1,46 (s, 9H); 1*C
NMR (125 MHz, DMSO-ds) 8 ppm 134,0, 124,9, 117,6, 68,2, 51,9, 30,5, 28,3, 23,2;
HRMS-ESI (m/z): [M+H]* tinh toan d6i v&i CioH23N>OsFSI: 537,0351, phat hién
537,0348.

Vi du diéu ché 1b: Metyl 2-(fert-butoxycarbonylamino)-5-[3-[4-[3-[tert-

butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-flo-phenoxy]propyl]thiazol-4-
carboxylat

Binh day tron mot ¢d, 500 mL, duoc séy kho trong tu séy, duoc trang bi thanh
khudy tir duge phit PTFE va ldp véi binh ngung tu hoi lvu. Binh nay dugc nap 13,41 g
hop chét trong vi du diéu ché 1a (25 mmol, 1 dwong lugng), 8,46 g tert-butyl N-metyl-
N-prop-2-ynyl-carbamat (50 mmol, 2 duong lugng) va 50 mL DIPA (36,10 g, 50 mL,
356,8 mmol, 14,27 duong lugng) sau d6 125 mL THF khan duoc bd sung vao va hé nay
duoc 1am sach bang argon. Sau 5 phut khudy dudi khi quyén tro 549 mg Pd(PPhs).Cl,
(1,25 mmol, 0,05 duong lugng) va 238 mg Cul (1,25 mmol, 0,05 dwong luong) dugc
bd sung vao. Hon hop thu duoc sau d6 duoc gia nhiét dén 60°C va duoc khqu o nhiét
d6 d6 cho dén khi quan sat thiy sy chuyén hoa tiép. Xelit dugc bd sung vao hdn hop
phén (mg va céc chit d& bay hoi dugc loai bo dudi ap sudt giam. Sau d6, hdn hop dugc
tinh ché bang sac ky cot nhanh sir dung heptan va EtOAc 1am dung mdi rira giai dé tao
ra 10,5 g (18,2 mmol, 73%) san phim mong mudn.

"H NMR (500 MHz, DMSO-ds) 8 ppm 11,65 (br s, 1H), 7,31 (br d, 1H), 7,21 (br
d, 1H), 7,14 (t, 1H), 4,23 (s, 2H), 4,10 (t, 2H), 3,73 (s, 3H), 3,23 (t, 2H), 2,86 (s, 3H),
2,07 (m, 2H), 1,46/1,41 (s, 18H); *C NMR (125 MHz, DMSO-ds) 6 ppm 129,1, 119,2,
115,4, 68,1, 51,9, 38,6, 33,8, 30,5, 23,2; HRMS-ESI (m/z): [M+H]" tinh toan ddi véi
C23H37FN307S: 578,2331, phat hién 578,2331.

Vi du diéu ché 1c: Metyl 2-(fert-butoxycarbonylamino)-5-[3-[4-[3-

(dimetylamino)prop-1-ynyl]-2-flo-phenoxy]propyl] thiazol-4-carboxylat
Binh day tron mot c¢d, 250 mL, duoc séy kho trong tu séy, duogc trang bi thanh
khudy tir duge phi PTFE va lap voi binh ngung tu hdi lvu. Binh nay dugc nap 5,36 g
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hop chit trong vi du didu ché 1a (10 mmol, 1 duong luong), 1,66 g N,N-dimetylprop-2-
yn-1-amin (20 mmol, 2 duong luong) va 20 mL DIPA (142,7 mmol, 14,27 duong lugng)
sau d6 50 mL THF khan duoc b6 sung vao va hé nay dugc lam sach bang argon. Sau 5
phut khudy duéi khi quyén tro 220 mg Pd(PPhs).Cl, (0,5 mmol, 0,05 dwong lugng) va
95 mg Cul (0,5 mmol, 0,05 duong lugng) dugc bd sung vao. Hon hop thu duogc sau d6
duoc gia nhiét dén 60°C va duogc khuéy ¢ nhiét @6 do6 cho dén khi quan sat théy su
chuyén hoéa tiép. Xelit dugc bd sung vio hdn hop phan ing va céc chét d& bay hoi dugc
loai bd dudi dp suét giam. Sau d6, hdn hop dugc tinh ché bang séc ky cot nhanh st dung
DCM va MeOH (1,2% NH3) lam dung mdi rura giai dé tao ra 4,5 g (7,8 mmol, 78%) san
phim mong mudn.

"H NMR (500 MHz, DMSO-ds) 6 ppm 11,66 (s, 1H), 7,29 (dd, 1H), 7,19 (m,
1H), 7,12 (t, 1H), 4,09 (t, 2H), 3,73 (s, 3H), 3,44 (s, 2H), 3,23 (t, 2H), 2,24 (s, 6H), 2,07
(m, 2H), 1,45 (s, 9H); C NMR (125 MHz, DMSO-ds) 6 ppm 162,8, 147,3, 129,0,
119,2, 115,4, 84,3, 68,0, 51,9, 48,1, 44,2, 30,6, 28,3, 23,2; HRMS-ESI (m/z): [M+H]"
tinh toan dbi voi C24H31FN30sS: 492,1963, phat hién 492,1956.

Vi du diéu ché 2a: 5-[ter-Butyl(dimetyl)silyl]oxy-4-[tert-

butyl(diphenyl)silyl]oxy-pentan-1-ol

Budc A: pent-4-enyl benzoat

30,00 g pent-4-en-1-ol (0,35 mol, 1 duong luong) va 58,5 mL N,N-
dietyletanamin (0,42 mol, 1,2 duong lugng) dugc tron trong 200 mL DCM sau d6 duge
]am lanh xudng 0°C. 48,5 mL benzoyl clorua (0,42 mol, 1,2 duwong luong) dugc b sung
vio hdn hop & 0°C bing phéu nhé giot dudi khi quyén tro. Sau khi bd sung, hon hop
duge khudy thém & 0°C trong 30 phiit sau d6 & rt qua dém. Hon hop duogc pha lodng véi
100 mL DCM sau d6 pha hitu co duoc rira bing nuée, 1 M NaOH, 1 M HCI, nuéc mudi,
tuong ung. Pha hitu co dugc lam kho bﬁng MgSOs4, loc, 6 va tinh ché béng sdc ky cot
nhanh st dung heptan va EtOAc lam dung moi rira giai dé tao ra 63,19 g (95%) san
phim mong mudn 14 chit 16ng khong mau.

'H NMR (500 MHz, DMSO-ds) 6 ppm 7,97 (dd, 2H), 7,66 (t, 1H), 7,53 (t, 2H),
5,91-5,81 (m, 1H), 5,09-4,97 (m, 2H), 4,27 (t, 2H), 2,17 (q, 2H), 1,81 (qv, 2H); °C
NMR (125 MHz, DMSO-ds) 8 ppm 166,2, 138,2, 133,8, 130,3, 129,6, 129,2, 115,8,
64,5, 30,1, 27,8; GC-MS-EI (m/z): [M]* tinh toan d6i v6i C12H1402: 190,1, phat hién
190.
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Budc B: 4,5-dihydroxypentyl benzoat

42,22 g san pham tr Buéc A (0,26 mol, 1,0 dwong luong), 50,40 g 4-metyl-4-
oxido-morpholin-4-ium, hydrat (0,37 mol, 1,7 duong luong) dugc tron trong 360 mL 2-
metylpropan-2-ol va 40 mL nudc, sau d6 6,57 g tetraoxoosmi (2,5% khdi lwong trong
2-metylpropan-2-ol, 0,64 mmol, 0,002 duong luong) dugc bd sung vao va hdn hop duge
khudy & 60°C trong 24 h. Quan sat thdy su chuyén hoa hoan toan. Hon hop dugc lam
ngudi xudng rt va 1 M Na,S,03 duoc bd sung vao sau d6 khudy trong 10 phut nita & rt.
DCM dugc bd sung vao va pha hitu co duge phan tach, rira bang nude, nudec mudi,
trong Ung. Dung dich duoc lam kho bang MgSO04, loc, ¢o va tinh ché bang sic ky cot
nhanh st dung heptan va EtOAc 1am dung méi rira giai dé tao ra 36,9 g (63%) san pham
mong mudn 14 chét rin mau trang.

'H NMR (500 MHz, DMSO-ds) & ppm 7,99-7,50 (m, 5H), 4,50 (m, 2H), 4,28 (m,
2H), 3,45 (m, 1H), 3,30-3,24 (m+m, 2H), 1,85-1,72 (m+m, 2H), 1,59-1,33 (m+m, 2H);
13C NMR (125 MHz, DMSO-ds) 8 ppm 166,2, 133,8-129,1, 71,2, 66,3, 65,5, 30,3, 25,2;
HRMS-ESI (m/z): [M+Na]* tinh toan d6i véi Ci2HigNaOs: 247,0941, phét hién
247,0941.

Buwéc C: 5-[tert-butyl(dimetyl)silyl]oxy-4-hydroxy-pentyl] benzoat

24,86 g san phém tir Burée B (0,11 mol, 1 dwong lugng) va 15,09 g imidazol (0,22
mol, 2 duong lugng) duge tron trong 120 mL N,N-dimetylformamit sau d6 dugc lam
lanh xubng -20°C dudi khi quyén tro. 16,71 g tert-butyl-clo-dimetyl-silan (0,11 mol, 1
duong luong) trong 40 mL N,N-dimetylformamit dugc bd sung vao véi tbc d6 cham
trong khoang thoi gian 30 phut, dwoc hd trg véi 10 mL DCM sau d6 sau d6 dé 4m toi rt
va khudy tiép qua dém. Quan sat thiy sy chuyén héa hoan toan. Lam dung bang NH4Cl
¢6 dic, sau d6 lam bay hoi phin 16n céc chat dé bay hoi. EtOAc va nude duogc bd sung
vao can, pha hitu co dugc tach, sau do rira bﬁng nuée va nude mudi, lam kho béng
MgSOs4, loc, c6 va tinh ché bang sac ky cot nhanh st dung heptan va EtOAc lam dung
moi rira giai dé tao ra 33,71 g (90%) san pham mong mudn 12 ddu khéng mau.

'H NMR (500 MHz, DMSO-ds) 8 ppm 7,95 (m, 2H), 7,66 (m, 1H), 7,52 (m, 2H),
4,58 (d, 1H), 4,29 (m, 2H), 3,51-3,35 (dd+dd, 2H), 3,48 (m, 1H), 1,86-1,74 (m+m, 2H),
1,67-1,34 (m+m, 2H), 0,83 (s, 9H), 0,01 (s, 6H); *C NMR (125 MHz, DMSO-ds) 6 ppm
166,2, 133,7, 130,4, 129,5, 129,2, 70,6, 67,7, 65,3, 30,2, 26,3, 24,9, -4.,9.

Buwdc D: [5-[tert-butyl(dimetyl)silyl]oxy-4-[tert-butyl(diphenyl)silyl]oxy-
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pentyl] benzoat

33,51 g sén pham tir Bude C (0,10 mol, 1 duwong lugng), 16,85 g imidazol (0,25
mol, 2,5 dwong lugng) va 1,21 g N,N-dimetylpyridin-4-amin (0,01, 0,1 dwong lwong)
duoc tron trong 230 mL N,N-dimetylformamit sau d6 38 mL tert-butyl-clo-diphenyl-
silan (0,15 mol, 1,5 duong luong) dugc bd sung vio véi téc d cham, dugc hd trg véi
20 mL N,N-dimetylformamit sau do6 khudy & 50°C trong qua dém. Quan sat thay su
chuyén héa hoan toan. Hon hop duoc lam lanh xuéng rt, lam dung béng NH4Cl1 ¢6 dac,
sau d6 1am bay hoi phin 16n cac chat d& bay hoi. EtOAc va nuée dugce bd sung vao can,
pha hitu co dugc tach sau do rira bang nudc va nuée mudi, 1am khé bang MgSOs, loc,
¢6 va tinh ché bang sic ky cot nhanh sir dung heptan va EtOAc lam dung moéi rira giai
4 tao ra 56,43 g (99%) san phdm mong muén 1a dau ddc khong mau.

'"H NMR (500 MHz, DMSO-ds) & ppm 7,91-7,37 (m, 15H), 4,17 (m, 2 H), 3,76
(m, 1 H), 3,45 (m, 2H), 1,72 (m, 2H), 1,66-1,57 (m+m, 2H), 0,99 (s, 9H), 0,74 (s, 9H),
-0,12/-0,16 (s+s, 6H); *C NMR (125 MHz, DMSO-ds) & ppm 166,1, 136,0-128,0, 73,3,
66,0, 65,1, 30,3, 27,3, 26,1, 24,0, -5,1; HRMS-ESI (m/z): [M+Na]" tinh toan déi voi
C34HasNaO4Si2: 599,2983, phat hién 599,2981.

Buéc E: 5-[tert-butyl(dimetyl)silyl]oxy-4-[tert-butyl(diphenyl)silyl]oxy-
pentan-1-ol

46,10 g san phém tir Bude D (0,08 mol, 1 dwong luong) dugce hoa tan trong 227
mL MeOH va 117 mL THF sau d6 12,79 g NaOH (0,32 mol, 4,0 duong luong) trong
85 mL nude duge bd sung vao tir tir trong khi hdn hop duge 1am lanh bang nudc da. Sau
khi b sung, hdn hop dugc khudy & rt cho dén khi quan sat thiy sy chuyén héa hoan
toan (khoang 4 h). EtOAc va nuéc dugc bd sung vao sau d6 dwgc tach va pha hitu co
duoc rira bang nude mudi, 1am kho bang MgSOs4, loc, co va tinh ché bang sic ky cot
nhanh st dung heptan va EtOAc lam dung méi rira giai dé tao ra 29,32 g (78%) san
phim mong mubdn 1a diu khong mau.

'"H NMR (500 MHz, DMSO-ds) 8 ppm 7,65-7,37 (m, 10H), 4,34 (t, 1H), 3,71 (m,
1H), 3,42 (m, 2H), 3,26 (m, 2H), 1,52 (m, 2H), 1,42 (m, 2H), 0,99 (s, 9H), 0,77 (s, 9H),
-0,13 (s, 6H); *C NMR (125 MHz, DMSO-ds) 6 ppm 135,8, 135,8, 134,3, 134,0, 130,3,
130,2, 128,2, 128,0, 74,0, 66,4, 61,4, 30,4, 28,3, 27,3, 26,2, -5,1; HRMS-ESI (m/z):
[M+Na]* tinh toan d6i v6i C27H4sNaOsSiz: 495,2721, phat hién 495,2706.

Vi du diéu ché 2b: 5-[tert-Butyl(dimetyl)silyl]oxy-4-metoxy-pentan-1-ol
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Buwdc A: [5-[tert-butyl(dimetyl)silyl]oxy-4-metoxy-pentyl] benzoat

3,66 g hop chit trong Vi du diéu ché 2a, Bude C (10,8 mmol, 1 dwong luong),
6,95 g NI1,N1,N8 N8-tetrametylnaphtalen-1,8-diamin (32,4 mmol, 3 duong luong) va
mot phin nho riy phan t& 4A dugc tron trong 210 mL DCM sau d6 4,00 g
trimetyloxonium;, tetrafloborat (27,0 mmol, 2,5 duong lugng) duoc bd sung vio trong
mdt phin va hén hop duge khudy ¢ 1t trong 5 h. Quan sat thy su chuyén hoa hoan toan.
Hon hop duoc loc qua dém Xelit, rira béng DCM sau d6 ¢6. Can duoc hoa tan lai trong
DCM va rira béng nudc, 1 M CuSOs, nudc mudi, tuong ung. Dung dich duoc lam kho
bang MgS0s, loc, co trén Xelit va tinh ché bang sic k¥ cot nhanh sir dung heptan va
EtOAc 1am dung moi rira giai dé tao ra 2,58 g (68%) san phdm mong mubn 1 dau khéng
mau.

'"H NMR (400 MHz, DMSO-ds) & ppm 7,95 (d, 2H), 7,65 (t, 1H), 7,51 (t, 2H),
4,27 (t,2H), 3,56 (ddd, 2H), 3,30 (s, 3H), 3,23-3,18 (m, 1H), 1,84-1,44 (m, 4H), 0,83 (s,
9H), 0,02 (s, 6H); 1*C NMR (100 MHz, DMSO-ds) § ppm 165,7, 133,2, 129,9, 129,0,
128,7, 80,5, 64,7, 63,9, 57,0, 27,2, 25,7, 24,2, 17,9, -5,5, -5,5.

Budc B: 5-[tert-butyl(dimetyl)silylJoxy-4-metoxy-pentan-1-ol

2,54 g san pham tr Buéc A (7,20 mol, 1 dwong lugng) duge hoa tan trong 54 mL
MeOH sau d6 1,44 g NaOH (36 mmol, 5,0 dwong luong) trong 18 mL nude duoc bd
sung tr tir vao hdn hop. Sau khi bd sung, hdn hop duge khudy & rt cho dén khi quan sét
thdy su chuyén héa hoan toan (khoang 1,5 h). EtOAc va nude duoc bd sung vao sau d6
tach va pha hitu co duoc rra béng nude mudi, lam kho béng MgSOs, loc va co dé tao ra
1,76 g (98%) san phim mong mubn 14 ddu mau vang nhat.

"H NMR (400 MHz, DMSO-ds) 6 ppm 4,37 (t, 1H), 3,58-3,50 (m, 2H), 3,39-3,32
(m, 2H), 3,29 (s, 3H), 3,17-3,10 (m, 1H), 1,51-1,32 (m, 4H), 0,86 (s, 9H), 0,03 (s, 6H);
13C NMR (100 MHz, DMSO-ds) 6 ppm 81,0, 64,4, 60,9, 57,0, 28,4, 27,2, 25,8, 18,0, -
5.4, -5.4; LC-MS-ESI (m/z): [M+H]" tinh toan ddi véi C12H2003Si: 249,2, phét hién
249.2.

Vi du diéu ché 2¢: 5-Metoxy-4-triisopropylsilyloxy-pentan-1-ol

Bueéc A: [5-[tert-butyl(dimetyl)silyl]oxy-4-triisopropylsilyloxy-pentyl] benzoat
2,0 g hop chét trong Vi du diéu ché 2a, Burée C (5,91 mmol, 1 duong lugng) va
1,21 g imidazol (17,73 mmol, 3 duong luong) duoc tron trong 6 mL NN-
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dimetylformamit sau 6 1,71 g clo(triisopropyl)silan (8,86 mol, 1,5 dwong lugng) dugc
b6 sung vao trong mdt phan sau d6 khudy & 60°C trong 3,5 h. Clo(triisopropyl)silan
(0,5 duong luong) va imidazol (1 duong lugng) thém nira duoc bd sung vao va khudy 3
h nita. Quan st thiy su chuyén héa hoan toan. Hon hgp dwgc lam lanh xudng 1t sau d6
EtOAc va nude duge bd sung vao, pha hitu co dugc phan tach, rira bang nudc mudi,
lam kho bing MgSOs, loc, ¢b trén Xelit va tinh ché bang sac ky cot nhanh st dung
heptan va EtOAc lam dung méi rira giai dé tao ra 2,27 g (99%) san pham mong mubn
1a dau ddc khong mau.

'"H NMR (400 MHz, DMSO-ds) & ppm 7,94 (d, 2H), 7,66 (t, 1H), 7,52 (t, 2H),
4,29 (t, 2H), 3,86 (qv, 1H), 3,53 (ddd, 2H), 1,83-1,56 (m, 4H), 1,02 (m, 21H), 0,84 (s,
9H), 0,02 (s, 6H).

Buwdc B: (5-hydroxy-4-triisopropylsilyloxy-pentyl) benzoat

St dung quy trinh chung khtr bao vé nhom bao vé tert-butyl-dimetyl-silyl bat dau
flr 2,25 g san pham tir Budc A (4,54 mmol, 1 dwong lwong) tiép d6 tinh ché bang sic ky
cot nhanh sir dung heptan va EtOAc lam dung moi rira giai, 1,13 g (65%) san pham
mong mudn thu duoc.

'"H NMR (400 MHz, DMSO-ds) & ppm 7,95 (d, 2H), 7,65 (t, 1H), 7,52 (t, 2H),
4,63 (t, 1H), 4,29 (qv, 2H), 3,85-3,78 (m, 1H), 3,45-3,26 (m, 2H), 1,83-1,54 (m, 4H),
1,01 (s, 21H); LC-MS-ESI (m/z): [M+H]" tinh toan d6i v6i C21H3704Si: 381,2, phét hién
381,3.

Budc C: (5-metoxy-4-triisopropylsilyloxy-pentyl) benzoat

1,11 g san pham tir Buéc B (2,91 mmol, 1 duong lwong) va 1,87 g NI,NI,N8,N8§-
tetrametylnaphtalen-1,8-diamin (8,7 mmol, 3 duong luong) dugc trén trong 45 mL
DCM sau d6 1,87 g trimetyloxonium;tetrafloborat (8,7 mmol, 3 duong lugng) dugc bd
sung vao trong mot phan va hén hop duoc khudy & rt trong 4 h. Quan sét thiy su chuyén
héa hoan toan. Hon hop duoc loc qua dém Xelit, rira bﬁmg DCM sau d6 pha hitu co dugc
ria béng nudce, 1 M CuSOg4, nudc mudi, twong ung. Dung dich duogc lam kho bfmg
MgSOs, loc, ¢ trén Xelit va tinh ché bﬁng sdc ky cOt nhanh str dung heptan va EtOAc
Jam dung méi rira giai dé tao ra 963 mg (84%) san phim mong muén 1a ddu khéng mau.

'"H NMR (400 MHz, DMSO-ds)  ppm 7,95 (d, 2H), 7,66 (t, 1H), 7,52 (t, 2H),
4,28 (t,2H), 3,96 (qv, 1H), 3,31 (d, 2H), 3,25 (s, 3H), 1,82-1,54 (m, 4H), 1,01 (m, 21H);
3C NMR (100 MHz, DMSO-ds) 6 ppm 165,7, 133,3, 129,8, 129,0, 128,7, 75,9, 70,4,
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64,7, 58,4,30,7,23,5, 18,0, 17,9, 12,0.

Budc D: 5-metoxy-4-triisopropylsilyloxy-pentan-1-ol

953 mg san pham tir Budc C (2,41 mmol, 1 duong lugng) duwoc hoa tan trong 12
mL MeOH va 6 mL THF sau d6 487 mg NaOH (12,1 mmol, 5,0 duong luong) trong 6
mL nuée dugc bd sung vao tir tir. Sau khi bd sung, hdn hop duge khudy & rt cho dén khi
quan sét thay su chuyén hoa hoan toan (khoang 2 h). EtOAc va nude duge bd sung vao
sau d6 tach va pha hiru co dugc rira béng nude mudi, lam kho bang MgSOs, loc, ¢6 trén
Xelit va tinh ché bang sic ky cot nhanh sir dung heptan va EtOAc 1am dung moi rira giai
dé tao ra 687 mg (78%) san pham mong mudn 13 dau khéng mau.

'H NMR (500 MHz, DMSO-ds) & ppm 4,39 (t, 1H), 3,89 (m, 1H), 3,37 (m, 2H),
3,27 (d, 2H), 3,24 (s, 3H), 1,47 (m, 2H), 1,47 (m, 2H), 1,03 (m, 21H); “C NMR (125
MHz, DMSO-ds) 6 ppm 76,8, 71,4, 61,4, 58,8,31,4, 28,3, 18,5, 12,5; HRMS-ESI (m/z):
[M+H]" tinh toén ddi v6i C1sH3503Si: 291,2350, phat hién 291,2349.

Vi du didu ché 2d: 4-[ters-Butyl(dimetyl)silyl]oxy-5-(dimetylamino)pentan-

1-o0l

Buwdc A: 3-(oxiran-2-yl)propyl benzoat

19,01g axit 3-clobenzencarboperoxoic (77% khdi luong, 85,83 mmol, 1,3 duong
luong) dugc hoa tan trong DCM (3 mL/mmol) trong phéu riéng biét sau d6 pha hiru co
(3-4 mL nuéc dugce loai bd) dugce bd sung truc tiép vao dung dich chira 12,41 g hop chit
trong Vi du diéu ché 2a, Buéc 4 (65,25 mmol, 1 duong lugng) trong DCM (3
mL/mmol) va duoc khudy & rt trong 4 h. Quan sét thdy s chuyén hoéa hoan toan. 100
mL DCM duogc bd sung vao sau do6 rira bang 2x100 mL NaHCO;3 dic va 1x100 mL
nuée mubi, 1am kho bang MgSO0s, loc, ¢d va tinh ché bang sic ky cot nhanh sir dung
heptan va EtOAc lam dung moi rira gii dé tao ra 13,92 g (dinh lwong) san pham mong
mudn 1a diu khong mau.

'"H NMR (400 MHz, DMSO-ds) 6 ppm 7,97 (dm, 2H), 7,66 (tm, 1H), 7,53 (tm,
2H), 4,31 (m, 2H), 2,97 (m, 1H), 2,68-2,48 (dd+dd, 2H), 1,84 (m, 2H), 1,67-1,56 (m+m,
2H); *C NMR (100 MHz, DMSO-ds) & ppm 166,2, 133,8, 129,6, 129,3, 64,8, 51,7,
46,6, 29,1, 25,4; HRMS-EI (m/z): [M]" tinh toan d6i véi C12H1403: 206,0943, phét hién
206,0941.

Budc B: [4-[tert-butyl(dimetyl)silyl]oxy-5-(dimetylamino)pentyl] benzoat

7,01 g san phdm tir Budc A (34 mmol, 1 duong lugng) va 51 mL dung dich
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dimetylamin (2 M trong MeOH, 102 mml, 3 duong luong) dugc tron trong éng gan kin
va khudy ¢ 60°C trong 1 h. Quan sat thiy su chuyén hoa hoan toan. Hon hop phan tng
dugc cb va [5-(dimetylamino)-4-hydroxy-pentyl] benzoat thu dugc & dang dau dac mau
vang nhat. HRMS-ESI (m/z): [M+H]" tinh todn d6i v&i C1aH22NOs: 252,1594, phét hién
252,1597.

San phdm tho dugc hoa tan lai trong N,N-dimetylformamit (2 mL/mmol) sau d6
6,95 g imidazol (102 mmol, 3 duong luong), 208 mg N,N-dimetylpyridin-4-amin (1,70
mmol, 0,05 duong lugng) duoc bd sung vao va sau khi tré thanh dung dich trong 12,8
g tert-butyl-clo-dimetyl-silan (85,0 mmol, 2,5 dwong luong) dugc bd sung vao trong mot
phﬁn. Hon hop duoc khudy & 60°C trong 3 h (>95% su chuyén héa duge quan sat thay).
Lam ngudi xubng rt sau d6 3-4 mL NH4Cl dac dugce bd sung vao, khudy trong 5 phut
sau d6 cac chat d& bay hoi duoc lam bay hoi. 300 mL EtOAc, 50 mL nuéc va 50 mL
NaHCO3 dic duoc bd sung vao sau d6 16p hiru co dugce phan tach. Pha hiru co duge rira
bing 1x50 mL H>0, 1x50 mL nudc mudi sau d6 lam kho bang MgSOs, loc sau do cd.
San phim thé duoc tinh ché bang sic ky cot nhanh sit dung DCM va MeOH 1am dung
moi rira giai dé tao ra 8,37 g (67%) sén pham mong muén 1 diu khong mau.

'HNMR (400 MHz, DMSO-ds) & ppm 7,99-7,49 (m, 5H), 4,29-4,27 (m+m, 2H),
3,78 (m, 1H), 2,20-2,17 (dd+dd, 2H), 2,13 (s, 6H), 1,80-1,73 (m+m, 2H), 1,67-1,46
(m+m, 2H), 0,84 (s, 9H), 0,05 (s, 3H), 0,04 (s, 3H); *C NMR (100 MHz, DMSO-ds) &
ppm 166,2, 130,3, 70,0, 66,0, 65,3, 46,6, 32,0, 26,3, 24,5, -3,8, -4,4; HRMS-ESI (m/z):
[M-+H]* tinh toén ddi véi C20H3sNO3Si: 366,2459, phat hién 366,2463.

Buéc C: 4-[tert-butyl(dimetyl)silylJoxy-5-(dimetylamino)pentan-1-ol

3,12 g san pham tir Buéc B (8,53 mmol, 1 duong luong) dwoc hoa tan trong 34
mL MeOH va 17 mL THF sau dé 1,36 g NaOH (34 mmol, 4,0 duong luwong) trong 17
mL nuée dugc bd sung vao tir tir. Sau khi bd sung, hén hop duoc khqu & rt cho dén khi
quan sat thdy su chuyén héa hoan toan (khoéng 1,5 h). EtOAc va nuéc dugc bd sung
vao sau do tach va pha hitu co dugc rira béng nude mudi, 1am kho béng MgSO4; loc, ¢cd
trén Xelit va tinh ché bang sic ky cot nhanh st dung DCM va MeOH lam dung mai rira
giai dé tao ra 1,60 g (72%) san pham mong mudn 13 dau khong mau.

'"H NMR (400 MHz, CDCls) 3,83-3,76 (m, 1H), 3,65-3,55 (m, 3H), 2,31 (ddd,
2H), 2,22 (s, 6H), 1,72-1,54 (m, 4H), 0,87 (s, 9H), 0,05 (s, 3H), 0,05 (s, 3H); BC NMR
(100 MHz, CDCls) & ppm; 70,1, 65,2, 62,9, 46,4, 31,9, 27,9, 26,0, 18,2, -4,36, -4,62;
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HRMS-ESI (m/z): [M+H]* tinh todn d6i v&i CisHzNO,Si: 262,2197, phat hién
262,2197.
Vi du ditu ché 2e: 4-[fer-Butyl(dimetyl)silyl]oxy-5-morpholino-pentan-1-

ol

Buedc A: [4-[tert-butyl(dimetyl)silylJoxy-5-morpholino-pentyl] benzoat

1,50 g hop chit trong Vi du diéu ché 2d, Budc 4 (7,27 mmol, 1 dwong lwong)
va 1,91 g morpholin (21,87 mmol, 3 duong luong) duogc khudy trong 15 mL MeCN &
82°C trong 24 h. Hon hop phan tmg duogc c¢d va (4-hydroxy-5-morpholino-pentyl)
benzoat thu dugc & dang dau dic mau vang nhat. LC-MS-ESI (m/z): [M+H]" tinh toan
dbi v6i Ci16H24NO4: 2942, phét hién 294,2.

San pham tho duoc hoa tan lai trong 7 mL N,N-dimetylformamit sau d6 1,19 g
imidazol (17,52 mmol, 3 duong lwong) duoc bd sung vao va sau khi tré thanh dung dich
trong 1,76 g tert-butyl-clo-dimetyl-silan (11,68 mmol, 2 duong lugng) dugc bd sung vio
trong mot phan. Hon hop duge khudy & 60°C trong 2 h. Lam ngudi xuéng rt sau d6
EtOAc dugc bd sung vao sau d6 16p hiru co duge rira bang H»0, nuéc mudi sau d6 lam
kho bang MgSOs, loc sau d6 cd trén Xelit. San pham thé duogc tinh ché bing sic ky cot
nhanh sir dung heptan va EtOAc 1am dung méi rira giai dé tao ra 2,18 g (92%) san phdm
mong muén 1a ddu khong mau.

'H NMR (400 MHz, DMSO-ds) 8 ppm 7,96 (dd, 2H), 7,66 (t, 1H), 7,53 (t, 2H),
4,29 (t, 2H), 3,85 (m, 1H), 3,52 (t, 4H), 2,42-2,30 (m, 4H), 2,26 (t, 2H), 1,85-1,44 (m,
4H), 0,85 (s, 9H), 0,07 (s, 3H), 0,04 (s, 3H); *C NMR (100 MHz, CDCl3) 6 ppm 165,7,
133,3,129.9, 129,0, 128,7, 68,7, 66,2, 64,8, 64,7, 54,2, 31,6, 25,8, 24,1, 17,8, -4,2, -4.,8;
LC-MS-ESI (m/z): [M+H]" tinh toan dbi véi C22H3sNO4Si: 408,3, phat hién 408,3.

Buwdc B: 4-[tert-butyl(dimetyl)silyl]oxy-5-morpholino-pentan-1-ol

2,18 g san phém tr Bude A (8,53 mmol, 1 duwong lugng) dugce hoa tan trong 20
mL MeOH va 20 mL THF sau d6 2,22 g K,COs3 (16,06 mmol, 3,0 duong lugng) dugc
b sung vio trong mot phan. Sau khi b6 sung, hén hop duoc khudy & rt cho dén khi quan
sét thiy su chuyén hoa hoan toan. Phin 16n cac chit d& bay hoi duge lam bay hoi sau
d6 EtOAc va nude duge bd sung vao, tach va pha hitru co duoc rura béng nuéc mudi,
lam khoé bang MgSOs4, loc, c6. 1,49 g (72%) san phim mong mudn 13 dau khoéng mau
thu duoc.

'H NMR (400 MHz, DMSO-ds) & ppm 7,97 (d, 2H), 7,66 (t, 1H), 7,53 (t, 2H),
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4,37 (t, 1H), 3,80-3,72 (m, 1H), 3,55 (t, 4H), 3,37 (q, 2H), 2,44-2,29 (m, 4 H), 2,22 (ddd,
2H), 1,56-1,29 (m, 4H), 0,85 (s, 9H), 0,06 (s, 3H), 0,04 (s, 3H); *C NMR (100 MHz,
DMSO-ds) & ppm 69,3, 66,2, 65,3, 61,0, 54,3, 32,1, 28,5, 25,8,17,9, -4,2, -4,7, LC-MS-
ESI (m/z): [M+H]" tinh toan d6i v&i C1sH3aNOsSi: 304,2, phat hién 304,3.

Vi du diéu ché 2f: 4-[ter-Butyl(dimetyl)silyl] oxy-5-[2-(dimetylamino)etyl-

metyl-amino|pentan-1-ol

Buwdc A: [4-[tert-butyl(dimetyl)silyl]oxy-5-[2-(dimetylamino)etyl-metyl-
amino]pentyl] benzoat

908 mg hop chit trong Vi du diéu ché 2d, Buéc 4 (4,40 mmol, 1 duong luwong)
va 1,35 g N,N' N-trimetyletan-1,2-diamin (13,2 mmol, 3 duong luong) dugc khudy
trong 12 mL MeCN ¢ 82°C qua dém. Hon hop phan ung dugc cb6 va [5-/2-
(dimetylamino)etyl-metyl-amino]-4-hydroxy-pentyl] benzoat thu dugc & dang dau dic
mau vang nhat. LC-MS-EST (m/z): [M+H]" tinh toan ddi v6i C17H20N203: 309,2, phét
hién 309,3.

San pham tho dugc hoa tan lai trong 4 mL N,N-dimetylformamit sau d6 609 mg
imidazol (8,95 mmol, 3 duong luong) dugc bd sung vao va sau khi tré thanh dung dich
trong 898 mg tert-butyl-clo-dimetyl-silan (5,96 mmol, 2 duong luong) duoc b6 sung
vao trong mot phan. Hon hop duoc khudy & 60°C trong 2 h. Lam ngudi xudng rt sau d6
EtOAc duoc bo sung vao sau d6 16p hitu co duoc rira bang H>0, nuéc mudi sau d6 1am
kho bang MgSOs, loc sau d6 co trén Xelit. San phim thé dugc tinh ché bang sdc ky cot
nhanh sit dung DCM va MeOH 1am dung méi rita giai dé tao ra 1,11 g (88%) sin pham
mong mudn 1a dau khong mau.

'H NMR (400 MHz, DMSO-ds) 6 ppm 7,95 (d, 2H), 7,66 (t, 1H), 7,52 (t, 2H),
4,28 (t,2H), 3,81-3,74 (m, 1H), 2,42-2,36 (m, 2H), 2,32-2,26 (m, 4H), 2,16 (s, 3H), 2,10
(s, 6H), 1,83-1,40 (m, 4H), 0,84 (s, 9H), 0,05 (s, 3H), 0,04 (s, 3H); *C NMR (100 MHz,
DMSO-ds) & ppm 165,7, 133,3, 129,9, 129,0, 128,7, 69,8, 64,8, 63,9, 57,0, 56,1, 45 4,
43,4, 31,5, 25,8, 24,0, 17,8, -4,3, -4.8; LC-MS-ESI (m/z): [M+H]" tinh toén d6i véi
C23H43N2038Si: 423,3, phat hién 423,3.

Buwdc B: 4-[tert-butyl(dimetyl)silyl]oxy-5-[2-(dimetylamino)etyl-metyl-
amino[pentan-1-ol

3,42 g san phém ti Bude A (8,09 mmol, 1 duong lugng) dugce hoa tan trong 40
mL MeOH va 20 mL THF sau d6 1,62 g NaOH (40,5 mmol, 5,0 duong lugng) trong 20
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mL nuée duge bd sung vao trong mot phan. Sau khi bd sung, hdn hop duge khuay & rt
cho dén khi quan sat thay sy chuyén hoa hoan toan. EtOAc va nuéc dugc b sung vio,
tach va pha hitu co dugc ra bé“mg nude mudi, 1am kho béng MgSOs, loc, co6. 2,60 g
(dinh lugng) san pham mong mudn 14 ddu mau vang nhat thu duge.

"H NMR (500 MHz, DMSO-ds)  ppm 3,69 (m, 1H), 3,36 (t, 2H), 2,39 (m, 2H),
2,30 (m, 2H), 2,25 (m, 2H), 2,16 (s, 3H), 2,13 (s, 6H), 1,56-1,30 (m+m, 2H), 1,50-1,40
(m+m, 2H), 0,85 (s, 9H), 0,04 (s, 3H), 0,03 (s, 3H); *C NMR (125 MHz, DMSO-ds) &
ppm 70,7, 64,8, 61,5, 57,5, 56,7, 46,0, 43,8, 32,3, 29,0, 26,3, -3,8, -4,3; HRMS-ESI
(m/z): [M+H]* tinh toan d6i v&i C16H39N20,Si: 319,2775, phat hién 319,2788.

Vi du didu ché 2g: 3-[fert-Butyl(dimetyl)silylloxy-4-morpholino-butan-1-ol

Budc A: 2-(oxiran-2-yl)etyl benzoat

4,063 g but-3-enyl benzoat (23,06 mmol, 1 duong lugng) dugce hoa tan trong 50
mL CHCIs sau d6 4,97 g axit 3-clobenzencarboperoxoic (77% khéi lwong, 28,80 mmol,
1,25 duong luong) dugce bd sung vao va dugc khuéy o rt qua d€m. 60 mL DCM dugc
bd sung vao sau d6 ria b.%lng NaHCO:; dic va nude mudi, 1am kho béng MgSOs4, loc, co
va tinh ché bing sic ky cot nhanh sir dung heptan va EtOAc 1am dung méi rira giai dé
tao ra 3,81 g (86%) san phim mong muén 13 ddu khong mau.

'"H NMR (400 MHz, DMSO-ds) 6 ppm 7,98 (d, 2H), 7,66 (t, 1H), 7,53 (t, 2H),
4,39 (t,2H), 3,11-3,05 (m, 1H), 2,73 (t, 1H), 2,53 (dd, 1H), 2,03-1,82 (m, 2H); *C NMR
(100 MHz, DMSO-ds)  ppm 165,7, 133,4, 129,7, 129,2, 128,8, 62,0, 49,2, 45,9, 31,4,
LC-MS-ESI (m/z): [M+H]" tinh toan dbi véi C11H1303: 193,1, phat hién 193,1.

Budc B: [3-[tert-butyl(dimetyl)silyl]oxy-4-morpholino-butyl] benzoat

723 mg san pham tlr Budc A (3,76 mmol, 1 duong lugng) va 983 mg morpholin
(11,28 mmol, 3 duwong lwong) duoc khudy trong 10 mL MeCN & 82°C trong 24 h. Hon
hop phan tmg duoc cd va (3-hydroxy-4-morpholino-butyl) benzoat thu dugc & dang dau
dic mau vang nhat. LC-MS-EST (m/z): [M+H]" tinh toan d6i v6i CisH2NOs: 280,2,
phat hién 280,2.

San pham thé dwoc hoa tan lai trong 5 mL N,N-dimetylformamit sau d6 487 mg
imidazol (7,15 mmol, 3 duong lugng) dugc bd sung vao va sau khi tr¢ thanh dung dich
trong 719 mg tert-butyl-clo-dimetyl-silan (4,77 mmol, 2 duong lugng) duoc bd sung
vao trong mot phan. Hon hop duge khudy & 60°C trong 2 h. Lam ngudi xudng rt sau d6

EtOAc duge bo sung vao sau d6 16p hitu co duge rua bang H,O, nudc mudi sau do lam
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kho bang MgSO4, loc sau d6 co trén Xelit. San phdm thd dwoc tinh ché bang sic ky cot
nhanh st dung heptan va EtOAc lam dung mdi rtra giai dé tao ra 669 mg (71%) san
phim mong mubn 13 dau khong mau.

'"H NMR (400 MHz, DMSO-ds) 8 ppm 7,96 (d, 2H), 7,66 (t, 1H), 7,53 (t, 2H),
4,42-426 (m, 2H), 4,04-3,97 (m, 1H), 3,54 (t, 4H), 2,45-2,27 (m, 6H), 2,08-1,98 (m,
1H), 1,82-1,73 (m, 1H), 0,85 (s, 9H), 0,07 (s, 3H), 0,02 (s, 3H); *C NMR (100 MHz,
DMSO-ds) & ppm 165,7, 133,3, 129,8, 129,0, 128,8, 66,3, 66,2, 65,1, 61,7, 54,2, 34,3,
25,8,17.,8,-4,2,-5,1; LC-MS-ESI (m/z): [M+H]" tinh toan d6i v6i C21H3eNO4Si: 394,2,
phat hién 394,3.

Buwdc C: 3-[tert-butyl(dimetyl)silyl]oxy-4-morpholino-butan-1-ol

366 mg san pham tir Buéc B (0,93 mmol, 1 dwong lugng) dugc hoa tan trong 2
mL MeOH va 6,75 mL THF sau d6 186 mg NaOH (4,65 mmol, 5,0 duong luong) trong
2,25 mL nuée duoc bd sung vao trong mot phan. Sau khi b sung, hdn hop duge khuiy
& 1t cho dén khi quan sat thiy sw chuyén hoa hoan toan. EtOAc va nude duoc bo sung
vao, tach va pha hitu co dugc rira bang nuéc mudi, 1am kho bang MgSOs, loc, cd. 262
mg (97%) san pham mong mudn 13 ddu khéng mau thu duoc.

'"H NMR (400 MHz, DMSO-ds) 8 ppm 4,42 (br., 1H), 3,93-3,87 (m, 1H), 3,55 (t,
4H), 3,52-3,41 (m, 2H), 2,37 (dm, 4H), 2,29-2,20 (m, 2H), 1,73-1,66 (m, 1H), 1,52-1,44
(m, 1H), 0,85 (s, 9H), 0,06 (s, 3H), 0,04 (s, 3H); *C NMR (100 MHz, DMSO-ds) 6 ppm
66,2, 65,4, 57,4, 54,2, 39,0, 25,8, 17,8, -4,3, -4,8; LC-MS-ESI (m/z): [M+H]" tinh toan
d6i véi C1aH3NOsSi: 290,2, phét hign 290,3.

Vi du didu ché 2h: 3-[tert-Butyl(dimetyl)silyl]oxy-4-metoxy-butan-1-ol

Buwdc A: metyl 3-hydroxy-4-metoxy-butanoat

1,00 g metyl 4-metoxy-3-oxo-butanoat (6,84 mmol, 1 dwong luong) trong 30 mL
MeOH duoc bd sung 264 mg NaBH4 (6,98 mmol, 1 duong luong) theo cac phan & 0°C
va hdn hop duoc khudy & 0°C trong 10 h. Sau khi ¢, cdn dugc pha lodng véi nude va
duoc chiét bang EtOAc. Cac pha hitu co thu gom duge lam kho va co détaora 0,72 g
(71%) san phAm mong mudn.

'"H NMR (400 MHz, DMSO-ds) & ppm 4,97 (d, 1H), 3,97 (m, 1H), 3,58 (s, 3H),
3,27 (dd, 1H), 3,24 (s, 3H), 3,20 (dd, 1H), 2,46 (dd, 1H), 2,27 (dd, 1H).

Budc B: metyl 3-[tert-butyl(dimetyl)silyl]oxy-4-metoxy-butanoat

8,89 g san pham tir Buéc 4 (60 mmol, 1 duong lugng) va 4,3 g imidazol (63,2
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mmol, 1,05 duong lugng) trong 100 mL DMF dugc bd sung 10 g tert-butyl-clo-dimetyl-
silan (66,3 mmol, 1,1 duwong luong) trong mot phan va hdn hop duge khudy trong 18 h.
Sau khi pha loang véi 300 mL nuéce mudi va chiét bang EtOAc, cac pha hitu co thu gom
dugce 1am kho, co, va tinh ché bang sdc ky cot nhanh st dung heptan va EtOAc lam dung
mdi rira giai dé tao ra 11,77 g (75%) san phim mong mudn.

'H NMR (400 MHz, DMSO-ds) 8 ppm 4,17 (sx, 1H), 3,58 (s, 3H), 3,27 (m. 2H),
3,26 (s, 3H), 2,54 (dd, 1H), 2,32 (dd, 1H), 0,82 (s, 9H), 0,03 (d, 6H).

Budc C: 3-[tert-butyl(dimetyl)silyl]oxy-4-metoxy-butan-1-ol

10,77 g san pham tir Bu6c B (41 mmol, 1 dwong luong) trong 288 mL DCM duge
bd sung tir tir 124 mL DIBAL-H (1M trong THF, 124 mmol, 3 duong luong) ¢ 0°C. Sau
khi khudy trong 2,5 h & 0°C, 5 mL nuéc, 5 mL dung dich 15% khéi luong cia NaOH,
0,5 mL nuéc va MgSO: khan dugc bd sung vao 13n luot. Sau 15 phut khudy, hdn hop
duogc loc va cb dé tao ra 6,73 g (70%) san pham mong mudn.

'H NMR (500 MHz, DMSO-ds) 8 ppm 4,34 (t, 1H), 3,89 (m, 1H), 3,48/3,44
(m+m, 2H), 3,24 (s, 3H), 3,24/3,21 (dd+dd, 2H), 1,59/1,46 (m+m, 2H), 0,85 (s, 9H),
0,04/0,03 (s+s, 6H); HRMS-ESI (m/z): [M+H]" tinh toan d6i v6i C11H2705Si: 235,1729,
phat hién: 235,1725.

Vi du diéu ché 2i: 4-[tert-Butyl(dimetyl)silyl]oxy-3-metoxy-butan-1-ol

Buwdc A: 3,4-dihydroxybutyl benzoat

Hdn hop gdm 20,1 g but-3-enyl benzoat (113,5 mmol, 1 duong luong), 21,8 g 4-
metyl-4-oxido-morpholin-4-ium;hydrat (161,3 mmol, 1,42 duong lugng), va 2,83 g
tetraoxoosmi (2,5% khéi lugng trong 2-metylpropan-2-ol, 0,28 mmol, 0,0025 dwong
luong) trong 227 mL 2-metylpropan-2-ol va 27 mL nuéc duge khudy & 60°C trong 18
h. Sau khi phan Gng duoc lam dung bang cach bb sung 270 mL dung dich 1M cua
Na,S,03 & 1t, hdn hop duge pha lodng véi DCM va pha hiru co duge rira bang nudc va
nuéc mudi, 1lam kho, va cb dé tao ra 22,22 g (93%) 3,4-dihydroxybutyl benzoat.

'"H NMR (500 MHz, DMSO-ds) 8 ppm 7,97 (m, 2H), 7,65 (m, 1H), 7,53 (m, 2H),
4,68 (d, 1H), 4,59 (t, 1H), 4,39/4,34 (m+m, 2H), 3,63 (m, 1H), 3,37/3,30 (m+m, 2H),
1,93/1,64 (m+m, 2H); *C NMR (125 MHz, DMSO-ds) 6 ppm 166,2, 133,7, 1295,
129,2, 68,5, 66,4, 62,5, 33,0; HRMS-ESI (m/z): [M+H]" tinh toan d6i v6i C1iHi504:
211,0970, phat hién: 211,0971.

Buwdc B: [4-[tert-butyl(dimetyl)silyljoxy-3-hydroxy-butyl] benzoat
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10 g san pham tir Buée A (47,6 mmol, 1 dwong lugng) va 6,52 g imidazol (0,096
mol, 2 duong lugng) trong 100 mL DMF dugc bd sung 7,17 g tert-butyl-clo-dimetyl-
silan (47,6 mmol, 1 duong lugng) trong mot phan va hdn hop duge khudy trong 1 h.
Sau khi hdn hop duge pha loing véi EtOAc, pha hitu co duge rira bang NaHCOs dic,
nude va nude mudi, lam kho bing MgSOa, loc, c6 dé tao ra 14,1 g (91%) san pham
mong mudn.

'"H NMR (400 MHz, DMSO-ds) 8 ppm 7,95 (m, 2H), 7,64 (m, 1H), 7,51 (t, 2H),
4,76 (s, 1H), 4,38 (m, 2H), 3,65 (m, 1H), 3,56 (dd, 1H), 3,43 (dd, 1H), 1,96 (m, 1H),
1,65 (m, 1H), 0,84 (s, 9H), 0,02 (s, 6H).

Budc C: [4-[tert-butyl(dimetyl)silyl]oxy-3-metoxy-butyl] benzoat

7,03 g san pham tir Buée B (21,7 mmol, 1 duong luong) va 13,9 g NI,N1,N8,N8-
tetrametylnaphtalen-1,8-diamin (64,9 mmol, 3 duong lugng) duoc trén trong 420 mL
DCM sau d6 8,0 g trimetyloxonium;tetrafloborat (54,1 mmol, 2,5 duong lugng) duoc
bd sung vao trong mot phan va hén hop duoc khudy ¢ 1t trong 18 h. Quan sét thay sur
chuyén héa hoan toan. Hn hop dugc loc qua dém Xelit, raa bang DCM sau d6 pha hitu
co duoc rira bang nude, nude mudi, trong tmg. Dung dich dwoc 1lam kho bang MgSOs,
loc, ¢ trén Xelit va tinh ché béng sac ky cot nhanh sir dung heptan va EtOAc lam dung
méi rira giai dé tao ra 4,03 g (55%) san phim mong mubn.

'"H NMR (400 MHz, DMSO-ds) & ppm 7,97 (m, 2H), 7,67 (tt, 1H), 7,52 (t, 2H),
4,35 (m, 2H), 3,63 (m, 2H), 3,35 (m, 1H), 3,33 (s, 3H), 1,94 (m, 1H), 1,80 (m, 1H), 0,85
(s, 9H), 0,03 (s, 6H).

Budc D: 4-[tert-butyl(dimetyl)silyl]oxy-3-metoxy-butan-1-ol

4,0 g san pham tir Buée C (11,83 mmol, 1 duong lugng) trong 100 mL hdn hop
1:1 ctia THF va MeOH duogc bd sung vao 5,1 g K2COs (36,96 mmol, 3 duong lwgng) &
0°C va hon hop duogc khudy trong 3 h & 0°C va trong 2 h & rt. Sau khi b6 sung NH4Cl
dac va DCM ¢ 0°C, pha hitu co dugc rua b.;ing NaHCOs dac, nudc va nude mudi, lam
khé bang MgSO04, loc, va co dé tao ra 4,14 g (94%) hdn hop 1:1 cua san pham mong
mudn va metyl benzoat.

"H NMR (400 MHz, DMSO-ds)  ppm 4,38 (t, 1H), 3,57 (dd, 2H), 3,45 (q, 2H),
3,29 (s, 3H), 3,28 (m, 1H), 1,53 (m, 2H), 0,87 (s, 9H), 0,04 (s, 6H).

Vi du diéu ché 2j: 3-[fert-Butyl(dimetyl)silyl]oxy-2-metoxy-propan-1-ol

Budc A: (2,2-dimetyl-1,3-dioxolan-4-yl)metyl benzoat
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20 g (2,2-dimetyl-1,3-dioxolan-4-yl)metanol (151 mmol, 1 duong luong) va 25
mL N, N-dietyletanamin (182 mmol, 1,2 duong luong) trong 92 mL DCM duogc b6 sung
vao 21 mL benzoyl clorua (182 mmol, 1,2 dwong lwgng) & 0°C va hdn hop duge khudy
& 1t trong 18 h. Phan tng dugce lam diung bang NaHCO; dic va pha hitu co dugc ria
bang nudc mubi, 1am kho, va c6 dé tao ra 37,0 g (98%) san pham mong mudn.

'H NMR (400 MHz, DMSO-ds) 8 ppm 7,98 (dd, 2H), 7,67 (m, 1H), 7,54 (t, 2H),
4,42 (m, 1H), 4,37 (dd, 1H), 4,27 (dd, 1H), 4,09 (dd, 1H), 3,82 (dd, 1H), 1,33 (s, 3H),
1,29 (s, 3H).

Buwdc B: 2,3-dihydroxypropyl benzoat

Hon hop gdm 20 g san pham tit Bude A (80 mmol, 1 dwong luong), 220 mL dung
dich 1IN cua HCI, va 220 mL EtOH duoc khqu & rt trong 18 h. Sau khi phén tng dugc
Jam dumg bang Na,CO; dic va co, cin duge chiét bang EtOAc. Céc pha hitu co thu gom
duogc rira bing nuée mubdi va 1am kho dé tao ra 15,48 g (98,7%) san phdm mong mubn.

"H NMR (400 MHz, DMSO-ds) 8 ppm 8,00 (dd, 2H), 7,67 (tt, 1H), 7,54 (t, 2H),
5,03 (d, 1H), 4,71 (t, 1H), 4,30 (dd, 1H), 4,17 (dd, 1H), 3,79 (sx, 1H), 3,45 (m, 2H).

Budc C: [3-[tert-butyl(dimetyl)silyl]oxy-2-hydroxy-propyl] benzoat

5,62 g san phim tix Burdc B (28,7 mmol, 1 duong luong) va 3,47 g imidazol (51,0
mol, 2 duong lugng) trong 50 mL DMF duoc bd sung 4,04 g tert-butyl-clo-dimetyl-silan
(26,8 mmol, 1 dwong luong) trong mot phan va hdn hop duoc khudy trong 1 h. Sau khi
hdn hop duoc pha lodng véi EtOAc, pha hitu co dugc ria béng NaHCOs dac, nudc va
nude mudi, 1am khé bang MgSOs, loc, ¢ va tinh ché bang sic ky cot nhanh st dung
heptan va EtOAc lam dung moi rira gidi dé tao ra 3,23 g (36%) san phdm mong mudn.

'H NMR (400 MHz, DMSO-ds) & ppm 7,99 (dd, 2H), 7,66 (tt, 1H), 7,53 (t, 2H),
5,13 (d, 1H), 4,31 (dd, 1H), 4,19 (dd, 1H), 3,83 (sx, 1H), 3,63 (m, 2H), 0,85 (s, 9H),
0,03 (s, 6H).

Buwdc D: [3-[tert-butyl(dimetyl)silyl]oxy-2-metoxy-propyl] benzoat

3,0 g sén pham tir Buée C (9,6 mmol, 1 dwong luong) va 6,2 g NI,N1,N8,N§-
tetrametylnaphtalen-1,8-diamin (28,9 mmol, 3 duong luong) dugc tron trong 160 mL
DCM sau d6 3,54 g trimetyloxonium;tetrafloborat (23,9 mmol, 2,5 duong lugng) dugc
bél sung vao trong mot phan va hon hop duoc khudy & rt trong 18 h. Hon hop duoc loc
qua dém Xelit, rira bang DCM sau d6 pha hitu co dugc rira bang nudce, nude mudi, trong

ung. Dung dich dugc lam kho béng MgSOs4, loc, cb trén Xelit va tinh ché b?lng sdc ky
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co6t nhanh stt dung heptan va EtOAc lam dung moi rira giai dé tao ra 1,7 g (55%) san
phdm mong mudn.

"H NMR (400 MHz, DMSO-ds) 6 ppm 7,97 (dd, 2H), 7,67 (tt, 1H), 7,54 (t, 2H),
4,44 (dd, 1H), 4,26 (dd, 1H), 3,72 (d, 2H), 3,57 (m, 1H), 3,38 (s, 3H), 0,86 (s, 9H), 0,05
(s, 3H), 0,04 (s, 3H).

Budc E: 3-[tert-butyl(dimetyl)silyl[oxy-2-metoxy-propan-1-ol

1,68 g san phim tir Burde D (5,17 mmol, 1 duong luong) trong 40 mL hén hop
1:1 ctia THF va MeOH duoc bd sung vio 2,19 g K2COs (15,85 mmol, 3 duong lugng)
& 0°C va hdn hop dwoc khudy trong 3 h & 0°C va trong 2 h & rt. Sau khi b6 sung NH4Cl
dac va DCM ¢ 0°C, pha hitu co dugc rua béng NaHCOs dic, nude va nudc mudi, 1am
kho bang MgSO4, loc, va ¢d dé tao ra 1,26 g (dinh lrgng) hdn hop 1:0,25 cta san phim
mong mudn va metyl benzoat.

'"HNMR (400 MHz, DMSO-ds) & ppm 4,54 (t, 1H), 3,63 (dd, 1H), 3,55 (dd, 1H),
3,39 (m, 2H), 3,32 (s, 3H), 3,15 (m, 1H), 0,86 (s, 9H), 0,03 (s, 6H).

Vi du diu ché 2k: 3-[fert-Butyl(dimetyl)silyl]oxy-2-morpholino-propan-1-

ol

Budc A: dietyl 2-morpholinopropandioat

16 g morpholin (184 mmol, 1,6 dwong lugng), 30 g K2CO3 (217 mmol, 1,9 duong
lwong) trong 50 mL MeCN dugc bd sung 27 g dietyl bromomalonat (113 mmol, 1 dwong
lwong) va phan ng toa nhiét dwgc khuay trong 0,5 h. Sau khi 1am ngudi hdn hop dén
rt, hdn hop dugc loc va ¢d va san phém tho duoc tinh ché béng séc ky cot nhanh st dung
heptan va EtOAc lam dung mdi rira giai dé tao ra 26,2 g (94%) san phém mong mudn.

'H NMR (400 MHz, DMSO-ds) 6 ppm 4,27 (s, 1H), 4,16 (q, 4H), 3,57 (dd, 4H),
2,68 (dd, 4H), 1,20 (s, 6H).

Buwdc B: 2-morpholinopropan-1,3-diol

3,0 g LiAlH4 (79 mmol, 4,8 duong lugng) trong 60 mL THF duoc b6 sung 4,0 g
san phém tx Budc A (16,3 mmol, 1 duong lugng) trong 25 mL THF & 0°C va hdn hop
duoc khudy & 60°C trong 4 h. Sau khi 1am ngudi dén rt, hdn hop dwogc xir Iy bang dung
dich 10N cua NaOH va két tia tao ra dugc loc ra va rira béng DCM. Sau khi céc pha
duogc phan tach, pha chira nude duge chiét bang DCM va céc pha hitu co thu gom dugc
rira bang nuéc mudi, 1am khoé bang MgSO0s4, loc, va cd dé tao ra 1,4 g (53%) san pham

mong muon.
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"H NMR (500 MHz, DMSO-ds) & ppm 4,28 (dd, 2H), 3,52 (m, 4H), 3,49/3,44
(m+m, 4H), 2,59 (m, 4H), 2,40 (qui, 1H); *C NMR (125 MHz, DMSO-ds) 6 ppm 67,5,
67,3, 59,1, 50,5; IR: 3373, 2856; HRMS-EI (m/z): [M]" tinh toan ddi v6i C7H1sNOs:
161,1052, phat hién: 161,1053.

Budc C: 3-[tert-Butyl(dimetyl)silyl]oxy-2-morpholino-propan-1-ol

1,32 g san phém tir Buede B (8,22 mmol, 1 duong luong) va 0,56 g imidazol (8,24
mmol, 1 dwong luong) trong 60 mL DCM duoc bd sung 1,24 g tert-butyl-clo-dimetyl-
silan (8,23 mmol, 1 duong lugng) trong 10 mL DCM tig giot va hén hop duoc khudy
& rt trong 0,5 h. Sau khi b sung DCM, dung dich dugc rira bang nudc va nude mudi,
1am khd, ¢6, va tinh ché bang sic ky cot nhanh st dung heptan va EtOAc lam dung méi
rira giai dé tao ra 0,79 g (35%) san pham mong mubn.

'H NMR (500 MHz, DMSO-ds) & ppm 4,30 (brt, 1H), 3,69/3,65 (dd+dd, 2H),
3,51 (m, 4H), 3,48/3,43 (m+m, 2H), 2,64/2,59 (m+m, 4H), 2,44 (m, 1H), 0,87 (s, 9H),
0,04/0,03 (s, 6H); 1*C NMR (125 MHz, DMSO-ds) & ppm 67,4, 67,4, 61,2, 59,2, 50,8,
26,3, 18,3, -5,0; IR: 2855; HRMS-EI (m/z): [M-CsHs]" tinh todn ddi véi CoHaoNOsSi:
218,1217, phat hién: 218,1202.

Vi du diu ché 3a: Metyl 5-[3-[4-[3-[tert-

butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-flo-phenoxy]propyl]-2-[[S-[terz-
butyl(dimetyl)silyl]oxy-4-[zert-butyl(diphenyl)silyl|oxy-pentyl|amino] thiazol-4-
carboxylat

Buwdc A: metyl 2-[tert-butoxycarbonyl-[5-[tert-butyl(dimetyl)silyl]oxy-4-[tert-
butyl(diphenyl)silyl]oxy-pentyl]amino]-5-[3-[4-[3-[tert-
butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-flo-phenoxy|propyl/thiazol-4-
carboxylat

St dung quy trinh chung Mitsunobu bét dAu tir hop chét trong Vi du diéu ché 1b
1am carbamat thich hop va hop chét trong Vi du diéu ché 2a 1am ruou thich hop, 2,5 g
(61%) san pham mong mudn thu dugc.

'"H NMR (500 MHz, DMSO-d¢) & ppm 7,60-7,33 (m, 10H), 7,28 (dd, 1H), 7,17
(m, 1H), 7,1 (t, 1H), 4,22 (s, 2H), 4,09 (t, 2H), 3,94 (m, 2H), 3,71 (s, 3H), 3,67 (m, 1H),
3,38 (m, 2H), 3,22 (t, 2H), 2,85 (s, 3H), 2,07 (m, 2H), 1,65 (m, 2H), 1,48 (m, 2H),
1,45/1,40 (s+s, 18H), 0,93 (s, 9H), 0,71 (s, 9H), -0,17/-0,22 (s+s, 6H); *C NMR (125
MHz, DMSO-ds) & ppm 1474, 129, 119,3, 115,4, 85,1, 82,3, 73,3, 68,1, 65,6, 51,9,
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46,5, 38,4, 33,8, 30,5, 30,5, 28,5/28, 27,2, 26,0, 23,1, 23,0, -5,3; HRMS-ESI (m/z):
[M+H]" tinh todn d6i véi CssH7oFN3O9SSiz: 1032,5054, phat hién 1032,5060.

Buwéc B: metyl 5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino]prop-1 -ynyl]-2-
flo-phenoxy]propyl]-2-[[5-[tert-butyl(dimetyl)silyl]oxy-4-[tert-
butyl(diphenyl)silylJoxy-pentylJamino]thiazol-4-carboxylat

Str dung quy trinh khir bao vé vé6i quy trinh chung HFIP bt dau tir sén pham tir
Buéc A 1am carbamat thich hop, 1,2 g (53%) san phim mong muén thu duge.

IH NMR (500 MHz, DMSO-ds) 8 ppm 7,68-7,35 (m, 10H), 7,56 (t, 1H), 7,30 (d,
1H), 7,20 (d, 1H), 7,11 (t, 1H), 4,22 (br., 2H), 4,07 (t, 2H), 3,70 (m, 1H), 3,68 (s, 3H),
3,42/3,38 (dd+dd, 2H), 3,11 (t, 2H), 3,04 (brq., 2H), 2,86 (br., 3H), 1,99 (quint., 2H),
1,54 (m, 2H), 1,53/1,45 (m+m, 2H), 1,41 (s, 9H), 0,97 (s, 9H), 0,74 (s, 9H), -0,14/-0,18
(s+s, 6H); °C NMR (125 MHz, DMSO-ds) 5 ppm 164,6, 163,0, 154.,9, 151,4, 1475,
136,9, 136,0, 129,1, 119,3, 115,4, 114,8, 85,2, 82,3, 79,8, 73,6, 68,0, 66,2, 51,7, 44,7,
38,5, 33,8, 31,1, 30,6, 28,5, 27,2, 26,2, 24,3, 23,3, 19,4, 18,3, -5,2; HRMS-ESI (m/z):
[M+H]" tinh todn di véi CsoH71FN307SSia: 932,4530, phat hi¢n 932,4526.

Vi du didu ché 3b: Metyl 2-[ [5-[fert-butyl(dimetyl)silyl]oxy-4-[tert-

butyl(diphenyl)silyl]oxy-pentyl] amino]-5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-
flo-phenoxy]propyl]thiazol-4-carboxylat

Budc A: metyl 2-[tert-butoxycarbonyl-| 5-[tert-butyl(dimetyl)silyl]oxy-4-[tert-
butyl(diphenyl)silyl]oxy-pengzl]amin0]-5—[3-[4-[3-(dimelylamino)prop-l-ynyl]—Z—ﬂo—
phenoxy]propyljthiazol-4-carboxylat

Su dung quy trinh chung Mitsunobu bét dau tir Vi du diéu ché 1c 1am carbamat
thich hop va Vi du diéu ché 2a 1am ruou thich hop, 3,2 g (65%) san phidm mong muén
thu dugc.

'H NMR (500 MHz, DMSO-ds) & ppm 7,60-7,35 (m, 10H), 7,28 (dd, 1H), 7,18
(m, 1H), 7,10 (t, 1H), 4,10 (t, 2H), 3,95 (m, 2H), 3,72 (s, 3H), 3,68 (m, 1H), 3,41 (s,
2H), 3,38 (m, 2H), 3,22 (t, 2H), 2,21 (s, 6H), 2,07 (m, 2H), 1,66 (m, 2H), 1,45 (s, 9H),
1,45 (m, 2H), 0,94 (s, 9H), 0,72 (s, 9H), -0,16/-0,21 (s+s, 6H); “C NMR (125 MHz,
DMSO-d¢) & ppm 162,8, 147,2, 128,9, 119,2, 115,4, 84,2, 73,3, 68,1, 65,6, 52,0, 48,2,
46,7,443,30,7, 30,5, 28,0, 27,2, 26,1, 23,1, 23,0, -5,3; HRMS-ESI (m/z): [M+H]" tinh
toan ddi v6i CsiH73FN307SSiz: 946,4686, phat hién 946,4684.

66



48508 67/598

Buwdc B: metyl 2-[ [5-[tert-butyl(dimetyl)silyl]oxy-4-[tert-
butyl(diphenyl)silylJoxy-pentyl]amino]-5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-
phenoxy|propylfthiazol-4-carboxylat

St dung quy trinh khtr bao vé vdi quy trinh chung HFIP bat dau tir san pham tir
Buée A lam carbamat thich hop, 2,2 g (55%) san pham mong mudn thu dugc.

'H NMR (500 MHz, DMSO-d¢) & ppm 7,64-7,37 (m, 10H), 7,56 (t, 1H), 7,28
(dd, 1H), 7,18 (m, 1H), 7,10 (t, 1H), 4,07 (t, 2H), 3,69 (q, 1H), 3,69 (s, 3H), 3,41 (s, 2H),
3,41 (m, 2H), 3,11 (t, 2H), 3,04 (q, 2H), 2,21 (s, 6H), 2,00 (m, 2H), 1,55 (m, 2H),
1,54/1,45 (m+m, 2H), 0,97 (s, 9H), 0,74 (s, 9H), -0,14/-0,17 (s+s, 6H); *C NMR (125
MHz, DMSO-d¢) 6 ppm 164,6, 147,2, 129,0, 119,2, 115,4, 73,6, 68,0, 66,2, 51,7, 48,2,
448,443, 31,1, 30,7, 27,2, 26,2, 24,4, 23,3, -5,2; HRMS-ESI (m/z): [M+H]" tinh todn
db1 v6i CasHesFN305SSiz: 846,4162, phat hién 846,4160.

Vi du diéu ché 3¢: Metyl 5-[3-[4-[3-[tert-

butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-flo-phenoxy]propyl]-2-[4-[tert-
butyl(dimetyl)silyl]oxybutylamino]thiazol-4-carboxylat

Buwdc A: metyl 2-[tert-butoxycarbonyl-[4-[tert-butyl(dimetyl)silyl]
oxybutyllamino]-5-[3-(2-flo-4-iodo-phenoxy)propyl[thiazol-4-carboxylat

St dung quy trinh chung akyl hoa bt du tir 5,36 g Vi du diéu ché 1a (10 mmol,
1 duong lugng) va 3,77 g tert-butyl-(4-iodobutoxy)-dimetyl-silan (3,10 mL, 12 mmol,
1,2 duwong luong) lam halogenua thich hop, 6,1 g (84%) san pham mong mudn thu duoc.

"H NMR (500 MHz, DMSO-ds) 6 ppm 7,58 (dd, 1H), 7,45 (m, 1H), 6,97 (t, 1H),
4,06 (t, 2H), 4,01 (t, 2H), 3,75 (s, 3H), 3,58 (t, 2H), 3,21 (t, 2H), 2,06 (m, 2H), 1,68 (m,
2H), 1,50 (s, 9H), 1,43 (m, 2H), 0,82 (s, 9H), -0,01 (s, 6H); *C NMR (125 MHz, DMSO-
de) 8 ppm 147,0, 134,0, 124,9, 117,6, 68,2, 62,6, 52,1, 46,4, 30,5, 30,0, 28,1, 26,2, 24,5,
23,2, -4,9; HRMS-ESI (m/z): [M+H]* tinh toan d6i v6i CaoHasN2O6FSiSL: 723,1791,
phat hién 723,1775.

Budc B: metyl 2-[4-[tert-butyl(dimetyl)silyl] oxybutylamino]-5-[3-(2-flo-4-
iodo-phenoxy)propyl|thiazol-4-carboxylat

St dung quy trinh khir bdo v¢ v6i quy trinh chung HFIP bat dau tir 6,0 g san
pham tir Buéc A (8,30 mmol) lam carbamat thich hop, 3,0 g (58%) san phim mong
mudn thu duoc.

'H NMR (500 MHz, DMSO-ds) 8 ppm 7,59 (dd, 1H), 7,58 (t, 1H), 7,45 (dm, 1H),
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6,97 (t, 1H), 4,03 (t, 2H), 3,69 (s, 3H), 3,58 (t, 2H), 3,16 (q, 2H), 3,11 (t, 2H), 1,98 (m,
2H), 1,59-1,44 (m, 4H), 0,84 (s, 9H), 0,01 (s, 6 H); *C NMR (125 MHz, DMSO-ds) &
ppm 164,7,163,0, 152,1, 147,0, 136,9, 136,1, 134,0, 124,9, 117,6, 82,4, 68,0, 62,7, 51,7,
443, 30,6, 30,6, 26,3, 25,6, 23,3, -4,8; HRMS-ESI (m/z): [M+H]" tinh todn dbi véi
C24H37FIN204SSi: 623,1266, phat hién 623,1272.

Buéc C: metyl 5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino[prop-1-ynyl]-2-
flo-phenoxy]propyl]-2-[4-[tert-butyl(dimetyl)silyl]oxybutylamino]thiazol-4-
carboxylat

Su dung quy trinh chung Sonogashira bét dau tix 3,00 g san pham tir Buée B (4,82
mmol, 1 duong luong) va 1,63 g fert-butyl N-metyl-N-prop-2-ynyl-carbamat (9,63
mmol, 2 duong lugng) lam axetylen thich hop, 2,50 g (65%) san pham mong mudn thu |
duoc.

'"H NMR (500 MHz, DMSO-ds) 8 ppm 7,58 (t, 1H), 7,31 (brd., 1H), 7,21 (d, 1H),
7,13 (t, 1H), 4,23 (br., 2H), 4,07 (t, 2H), 3,69 (s, 3H), 3,58 (t, 2H), 3,16 (q, 2H), 3,11 (,
2H), 2,86 (br., 3H), 2 (quint., 2H), 1,54 (m, 2H), 1,49 (m, 2H), 1,41 (s, 9H), 0,84 (s,
9H), 0,01 (s, 6H); *C NMR (125 MHz, DMSO-ds) 6 ppm 129,1, 119,3, 115,4, 68,0,
62,7, 51,7, 44,3, 38,6, 33,8, 30,6, 30,1, 28,5, 26,3, 25,6, 23,3, -4,8; HRMS-ESI (m/z):
[M+H]" tinh toén d6i v6i C3sHsiFN306SSi: 664,3246, phat hién 664,3245.

Vi du diéu ché 3d: Metyl 2-[4-[tert-butyl(dimetyl)silyl]oxybutylamino]-5-

[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-phenoxy]|propyl] thiazol-4-carboxylat

St dung quy trinh chung Sonogashira bét dau tir 3,00 g Vi du diéu ché 3¢, Budc
B (4,82 mmol, 1 duong lugng) va 801 mg N,N-dimetyl-N-prop-2-yn-1-amin (9,63 mmol,
2 duong luong) lam axetylen thich hop, 2,20 g (79%) san phim mong muén thu dugc.

'"HNMR (500 MHz, DMSO-d¢) 8 ppm 7,58 (t, 1H), 7,30 (dd, 1H), 7,20 (dm, 1H),
7,12 (t, 1H), 4,07 (t, 2H), 3,69 (s, 3H), 3,58 (t, 2H), 3,44 (s, 2H), 3,16 (q, 2H), 3,12 (,
2H), 2,24 (s, 6H), 2,00 (m, 2H), 1,60-1,44 (m, 4H), 0,84 (s, 9H), 0,01 (s, 6H); *C NMR
(125 MHz, DMSO-d¢) 8 ppm 129,0, 119,2, 115,4, 84,9, 84,3, 68,0, 62,7, 51,7, 48,1,
443, 442, 30,6, 30,2, 26,3, 25,6, 23,3, -4,8; HRMS-ESI (m/z): [M+H]" tinh toan do6i
v61 C29HasFN304SSi: 578,2878, phat hién 578,28635.

Vi du diéu ché 3e: Etyl 5-(3-clopropyl)-2-(metylamino)thiazol-4-

carboxylat

Huyén phu chira 2,25 g metylthioure (25,0 mmol, 1 duong luong) trong 100 mL
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etanol dugc 1am lanh xudng 0°C, va sau d6 7,46 g etyl 3-bromo-6-clo-2-oxo-hexanoat
(27,5 mmol, 1,1 dwong luong) duoc bd sung vao tung giot & nhiét do nay. Sau 15 phut
khuéy & 0°C, 7mL TEA (5,06 g, 50 mmol, 2 duong luong) dugc bd sung vao. Hon hop
thu dwgc dugce khudy qua dém & rt. Quan sét thiy su chuyén héa hoan toan. Cac chat d&
bay hoi dugc loai bo trong chan khong, sau d6 can thu duoc dugce cho phan b6 gilta
EtOAc va nu6e. Cac 16p duoc tach sau d6 16p hitu co duogc rira bang nudc sau d6 bang
nuée mudi. Cac 16p hitu co thu gom duoc lam kho bﬁng NazSOs4, loc va nude loc dugce
o dudi ap sudt giam. Sau d6, hon hop dugc tinh ché bang sac ky cot nhanh sir dung
heptan va EtOAc lam dung mo6i rira giai dé tao ra 5 g (76%) san phim mong mudn.

'"H NMR (400 MHz, DMSO-ds) 6 ppm 7,55 (q, 1H), 4,21 (q, 2H), 3,65 (t, 2H),
3,09 (m, 2H), 2,78 (d, 3H), 1,98 (m, 2H), 1,26 (t, 3H); *C NMR (125 MHz, DMSO-ds)
& ppm 165,6, 162,5, 137,4, 135,5, 60,5, 45,0, 34,1, 31,2, 24,4, 14,7, HRMS-ESI (m/z):
[M+H]" tinh toan ddi v6i C1oH16CIN202S: 263,0616, phét hién 263,0615.

Vi du diéu ché 3f: Metyl 5-[3-[4-[3-[tert-

butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-flo-phenoxy]propyl]-2-[[S-[tert-
butyl(dimetyl)silyl]oxy-4-metoxy-pentyl]amino]thiazol-4-carboxylat

Budc A: metyl 2-[tert-butoxycarbonyl-[5-[tert-butyl(dimetyl)silylJoxy-4-[tert-
butyl(diphenyl)silylJoxy-pentyl]amino]-5-[3-[4-[3-[tert-
butoxycarbonyl(metyl)amino]prop-1-ynyl[-2-flo-phenoxy|propyl[thiazol-4-
carboxylat

St dung quy trinh chung Mitsunobu bét dau tir 577 mg Vi du diéu ché 1b (1
mmol) lam carbamat thich hop va 496 mg Vi du diéu ché 2b (2 mmol) 1am rugu thich
hop 790 mg (96%) san pham mong mudn thu dugc.

Budc B: metyl 5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-
flo-phenoxy]propyl]-2-[[5-[tert-butyl(dimetyl)silyl]oxy-4-metoxy-
pentyl]aminofthiazol-4-carboxylat

Sir dung quy trinh khir bdo vé véi quy trinh chung HFIP bt dau tr 790 mg san
phim tir Buéc A (0,95 mmol) lam carbamat thich hop, 270 mg (38%) san phim mong
mudn thu duoc.

'H NMR (500 MHz, DMSO-ds) 8 ppm 7,58 (t, 1H), 7,31 (brd, 1H), 7,21 (dm,
1H), 7,13 (t, 1H), 4,23 (brs, 2H), 4,07 (t, 2H), 3,69 (s, 3H), 3,56/3,53 (dd+dd, 2H), 3,29
(s, 3H), 3,16 (m, 1H), 3,15 (m, 2H), 3,11 (t, 2H), 2,86 (brs, 3H), 2,00 (m, 2H), 1,63-1,43
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(m, 4H), 1,42 (s, 9H), 0,84 (s, 9H), 0,02 (s, 6H); HRMS-ESI (m/z): [M+H]" tinh todn
ddi véi C3sHssFN307SSi: 708,3508, phat hién 708,3502.
Vi du diéu ché 3g: Metyl 5-[3-[4-[3-(tert-butoxycarbonylamino)prop-1-

ynyl]-2-flo-phenoxy]propyl]-2-[4-[tert-butyl(dimetyl)silyl]oxybutylamino] thiazol-
4-carboxylat

Str dung quy trinh chung Sonogashira bét dau tir 880 mg Vi du diéu ché 3¢, Budc
B (1,41 mmol, 1 duong lugng) va 438 mg tert-butyl N-prop-2-ynylcarbamat (2,32
mmol, 2 duong lwgng) 1am axetylen thich hop, 918 mg (85%) san phim mong mudn
thu duoc.

'H NMR (500 MHz, DMSO-ds) & ppm 7,58 (t, 1H), 7,34 (t, 1H), 7,26 (ff, 1H),
7,17 (m, 1H), 7,12 (t, 1H), 4,06 (t, 2H), 3,95 (d, 2H), 3,69 (s, 3H), 3,58 (t, 2H), 3,17 (q,
2H), 3,11 (t, 2H), 2,00 (m, 2H), 1,54 (m, 2H), 1,50 (m, 2H), 1,39 (s, 9H), 0,85 (s, 9H),
0,01 (s, 6H); *C NMR (125 MHz, DMSO-ds)  ppm 164,7, 163,0, 147,4, 136,9, 136,1,
129,0, 119,1, 115,4, 68,0, 62,7, 51,7, 44,3, 30,6, 30,5, 30,2, 28,7, 26,3, 25,6, 23,3, 18,4,
-4,8 HRMS-ESI (m/z): [M+H]" tinh toan d6i véi C32HaoFN306SSi: 650,3090, phat hién
650,3093.

Vi du didu ché 3h: Metyl 5-[3-[4-[3-[tert-

butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-flo-phenoxy]propyl]-2-[2-(2,2-
dimetyl-1,3-dioxolan-4-yl)etylamino]thiazol-4-carboxylat

Budc A: metyl 2-[tert-butoxycarbonyl-[2-(2,2-dimetyl-1,3-dioxolan-4-
yl)etyl]amino]-5-[3-(2-flo-4-iodo-phenoxy)propyl|thiazol-4-carboxylat

St dung quy trinh chung Mitsunobu bét d4u tir 2,68 g Vi du diéu ché 1a (5 mmol,
1 dwong lugng) va 1,46 g 2-(2,2-dimetyl-1,3-dioxolan-4-yl)etanol (1,42 mL, 10 mmol,
2 duong luong) lam rugu thich hop, 2,8 g (84%) san pham mong mudn thu duoc.

"H NMR (500 MHz, DMSO-d¢) 8 ppm 7,57 (dd, 1H), 7,44 (dm, 1H), 6,96 (t, 1H),
4,12/4,02 (m+m, 2H), 4,07 (m, 1H), 4,05 (t, 2H), 4,02/3,54 (dd+dd, 2H), 3,75 (s, 3H),
3,21 (t,2H), 2,06 (m, 2H), 1,86/1,82 (m+m, 2H), 1,51 (s, 9H), 1,29 (s, 3H), 1,22 (s, 3H);
BCNMR (125 MHz, DMSO-ds) 6 ppm 134,0, 124,9, 117,6, 73,8, 68,9, 68,1, 52,0, 44,0,
32,2, 30,5, 28,1, 27,3, 25,9, 23,1; HRMS-ESI (m/z): [M+H]" tinh toin d6i voi
Ca26H3sFIN207S: 665,1188, phat hién 665,1175.

Buwdc B: metyl 2-[2-(2,2-dimetyl-1,3-dioxolan-4-yl)etylamino]-5-[3-(2-flo-4-
iodo-phenoxy)propyl]thiazol-4-carboxylat
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Str dung quy trinh khir bdo vé v6i quy trinh chung HFIP bat dau tir 2,5 g san
pham tir Bude 4 (3,80 mmol) lam carbamat thich hop, 1,6 g (75%) san phim mong
muén thu duoc.

'H NMR (500 MHz, DMSO-de) 8 ppm 7,6 (t, 1H), 7,59 (dd, 1H), 7,45 (dm, 1H),
6,97 (dd, 1H), 4,10 (m, 1H), 4,03 (t, 2H), 4,01/3,48 (dd+dd, 2H), 3,69 (s, 3H), 3,27/3,19
(m+m, 2H), 3,11 (t, 2H), 1,99 (m, 2H), 1,76/1,72 (m+m, 2H), 1,31 (s, 3H), 1,25 (s, 3
H); HRMS-ESI (m/z): [M+H]" tinh toén db1 voi Ca1H7FIN,OsS: 565,0663, phat hién
565,0642.

Bugc C: metyl 5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-
ﬂo—phenoxy]propyl]-Z-[Z-(Z,Z-dimelyl-l,3-di0xolan-4-yl)etylamino]thiazol—4—
carboxylat

St dung quy trinh chung Sonogashira bét dau tir 400 mg san phdm tir Buéc B
(0,71 mmol, 1 dwong luong) va 240 mg tert-butyl N-metyl-N-prop-2-ynyl-carbamat
(1,42 mmol, 2 dwong luong) lam axetylen thich hop, 300 mg (70%) san pham mong
mubdn thu duoc.

'H NMR (500 MHz, DMSO-ds) 8 ppm 7,60 (t, 1H), 7,31 (brd, 1H), 7,21 (dd,
1H), 7,13 (t, 1H), 4,23 (brs, 2H), 4,09 (m, 1H), 4,07 (t, 2H), 4,00/3,48 (dd+dd, 2H), 3,69
(s, 3H), 3,27/3,19 (m+m, 2H), 3,12 (t, 2H), 2,86 (brs, 3H), 2,00 (m, 2H), 1,74 (m, 2H),
1,41 (s, 9H), 1,31 (s, 3H), 1,25 (s, 3H); *C NMR (125 MHz, DMSO-de) 5 ppm 164,5,
136,9, 136,4, 129,1, 119,3, 115,4, 85,2, 82,3, 73,8, 69,0, 68,0, 51,7, 41,4, 38,4, 33,8,
33,2, 30,6, 28,5, 27,3, 26,1, 23,3; HRMS-ESI (m/z): [M+H]" tinh toan a6i véi
C30H41FN307S: 606,2644, phat hién 606,2650.

Vi du diu ché 3i: Metyl 5-[3-[4-[3-(dimetyl)amino]prop-1-ynyl]-2-flo-

phenoxy]propyl]-2-[2-(2,2-dimetyl-1,3-dioxolan-4-yl)etylamino] thiazol-4-
carboxylat

St dung quy trinh chung Sonogashira bét dau tir 400 mg Vi du diéu ché 3h,
Buée B (0,71 mmol, 1 duong lugng) va 117 mg N,N-dimetylprop-2-yn-1-amin (1,42
mmol, 2 duong lwong) lam axetylen thich hop, 250 mg (58%) san phim mong muén
thu dugc.

'H NMR (500 MHz, DMSO-ds) 5 ppm 7,61 (t, 1H), 7,29 (dd, 1H), 7,2 (dd, 1H),
7,12 (t, 1H), 4,1 (m, 1H), 4,07 (t, 2H), 4/3,48 (dd+dd, 2H), 3,69 (s, 3H), 3,41 (s, 2H),
3,28/3,19 (m+m, 2H), 3,12 (t, 2H), 2,22 (s, 6H), 2 (qn, 2H), 1,75/1,72 (m+m, 2H), 1,31
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(s, 3H), 1,25 (s, 3H); *C NMR (125 MHz, DMSO-ds) 8 ppm 164,5, 163, 151,5, 147,3,
136,9, 136,4, 128,9, 119,2, 115.,4, 115,3, 108,4, 85,2, 84,2, 73,8, 69,0, 68,0, 51,8, 48,1,
443, 41,4, 33,3, 30,6, 27,4, 26,1, 23,4, HRMS-ESI (m/z): [M+H]" tinh toan ddi véi
C26H35FN30s5S: 520,2281, phat hién 520,2272.

Vi du diéu ché 3j: Metyl 2-[2-(2,2-dimetyl-1,3-dioxolan-4-yl)etylamino]-5-

[3-[2-flo-4-[3-[(4-metoxyphenyl)metyl-metyl-amino]|prop-1-
ynyl]phenoxy]propyl]thiazol-4-carboxylat

St dung quy trinh chung Sonogashira bét dau tir 400 mg san pham tir Vi du diéu
ché 3h, Buéc B (0,71 mmol, 1 dwong lugng) va 268 mg N-/(4-metoxyphenyl)metyl]-N-
metyl-prop-2-yn-1-amin (1,42 mmol, 2 duong luong) lam axetylen thich hop, 280 mg
(63%) san pham mong muén thu duoc.

'H NMR (500 MHz, DMSO-d¢) & ppm 7,61 (t, 1H), 7,33 (dd, 1H), 7,24 (dd, 1
H), 7,23 (d, 2H), 7,13 (t, 1H), 6,89 (d, 2H), 4,10 (qn, 1H), 4,07 (t, 2H), 4/3,48 (dd+dd,
2H), 3,73 (s, 3H), 3,7 (s, 3H), 3,49 (s, 2H), 3,44 (s, 2H), 3,28/3,19 (m+m, 2H), 3,13 (t,
2H), 2,24 (s, 3H), 2,01 (qn, 2H), 1,75/1,73 (m+m, 2H), 1,31 (s, 3H), 1,25 (s, 3H); 1*C
NMR (125 MHz, DMSO-ds) & ppm 164,5, 163,0, 158,8, 151,5, 147,3, 136,6, 136,5,
130,8, 130,5, 129,0, 119,3, 115,4, 115,3, 114,1, 108,4, 84,9, 84,5, 73,8, 69,0, 68,0, 59,4,
55,5,51,8, 45,8, 41,7, 41,4, 33,3, 30,6, 27,3, 26,1, 23,4, HRMS-ESI (m/z): [M+H]" tinh
toan d6i véi C33Ha1FN306S: 626,2694, phat hién 626,2697.

Vi du diéu ché 3k: Metyl 2-[2-(2,2-dimetyl-1,3-dioxolan-4-yl)etylamino]-5-

[3-[2-flo-4-[3-[metyl(p-tolylsulfonyl)amino]prop-1-ynyl]phenoxy]propyl]thiazol-4-
carboxylat

St dung quy trinh chung Sonogashira bét dau tir 400 mg Vi du diéu ché 3h,
Buéc B (0,71 mmol, 1 duong luong) va 316 mg N,4-dimetyl-N-prop-2-ynyl-
benzensulfonamide (1,42 mmol, 2 duong lugng) lam axetylen thich hop, 260 mg (55%)
san phim mong muén thu dugc.

'H NMR (500 MHz, DMSO-ds) 8 ppm 7,72 (d, 2H), 7,61 (t, 1H), 7,4 (d, 2H),
7,07 (t, 1H), 6,88 (dd, 1H), 6,86 (dd, 1H), 4,25 (s, 2H), 4,1 (qn, 1H), 4,05 (t, 2H), 4/3,48
(dd+dd, 2H), 3,69 (s, 3H), 3,27/3,19 (m+m, 2H), 3,11 (t, 2H), 2,79 (s, 3H), 2,33 (s, 3H),
1,99 (qn, 2H), 1,75/1,73 (m+m, 2H), 1,31 (s, 3H), 1,25 (s, 3H); *C NMR (125 MHz,
DMSO-ds) & ppm 164,5, 163,0, 151,2, 147,5, 144,0, 136,9, 136,4, 134,4, 130,2, 128,9,

72



48508 73/598

128,2, 119,1, 115,2, 114,2, 108,4, 84,6, 81,9, 73,9, 69,0, 68,1, 51,8, 41,5, 40,4, 34,9,
333, 30,6, 27,4, 26,1, 23,4, 21,4, HRMS-ESI (m/z): [M+H]" tinh todn déi véi
C32H30FN307S2: 660,22079, phat hién 660,2231.

Vi du diéu ché 31: Metyl 5-[3-[4-[3-[tert-

butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-flo-phenoxy|propyl]-2-[[3-[terz-
butyl(dimetyl)silyl]oxy-4-metoxy-butyl]amino]thiazol-4-carboxylat

Budc A: metyl 2-[tert-butoxycarbonyl-[3-[tert-butyl(dimetyl)silyl]oxy-4-
metoxy-butyl]amino]-5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-
flo-phenoxy][propyl]thiazol-4-carboxylat

St dung quy trinh chung Mitsunobu bét dau tr 577 mg Vi du diéu ché 1b (1
mmol, 1 duong lwong) lam carbamat thich hop va 469 mg Vi du diéu ché 2h (2 mmol,
2 duong lwong) 1am ruou thich hop, 794 mg (99%) san phim mong muén thu dugc.

Buwdc B: metyl 5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino[prop-1-ynyl]-2-
flo-phenoxy]propyl]-2-[[3-[tert-butyl(dimetyl)silyl] oxy-4-metoxy-
butyl]amino]thiazol-4-carboxylat

St dung quy trinh khtr bdo vé vé6i quy trinh chung HFIP bat dau tir 794 mg san
pham tir Buéc A (1 mmol) 1am carbamat thich hop, 320 mg (46%) san phim mong muén
thu duoc.

'"H NMR (400 MHz, DMSO-ds) 8 ppm 7,54 (t, 1H), 7,28 (d, 1H), 7,18 (d, 1H),
7,09 (t, 1H), 4,04 (t, 2H), 4,20 (bs, 2H), 3,89-3,81 (m, 1H), 3,67 (s, 3H), 3,23-3,14 (m,
4H), 3,22 (s, 3H), 3,10 (t, 2H), 2,83 (brs, 3H), 2,03-1,93 (m, 2H), 1,74-1,50 (m, 2H),
1,39 (s, 9H), 0,81 (s, 9H), 0,00 (s, 3H), -0,01 (s, 3H).

Vi du diéu ché 3m: Metyl 5-[3-[4-[3-[tert-

butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-flo-phenoxy|propyl]-2-[5-[zert-
butyl(dimetyl)silyl]oxypentylamino]thiazol-4-carboxylat

Buwdc A: metyl 2-[tert-butoxycarbonyl-[5-[tert-
butyl(dimetyl)silyl]oxypentyl]amino]-5-[3-(2-flo-4-iodo-phenoxy)propyl|thiazol-4-
carboxylat

St dung quy trinh chung akyl héa bét dau tir 5,00 g Vi du didu ché 1a (7,55
mmol, 1 dwong luong) va 2,97 g tert-butyl-(5-iodopentoxy)-dimetyl-silan (9,06 mmol,
1,2 duong lugng) 1am halogenua thich hop, 4,72 g (85%) san phim mong muén thu

duoc.
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'H NMR (500 MHz, DMSO-ds) & ppm 7,59 (dm, 1H), 7,46 (dm, 1H), 6,99 (t,
1H), 4,07 (t, 2H), 4,01 (t, 2H), 3,76 (s, 3H), 3,56 (t, 2H), 3,21 (t, 2H), 2,07 (m, 2H), 1,64
(m, 2H), 1,52 (s, 9H), 1,48 (m, 2H), 1,30 (m, 2H), 0,82 (s, 9H), -0,02 (s, 6H); *°C NMR
(125 MHz, DMSO-de) 8 ppm 163,1, 156,3/153,2, 151,8, 147,0, 143,2, 135,6, 133,9,
124,9, 117,6, 83,5, 82,3, 67,3, 62,5, 52,0, 46,5, 32,3, 30,5, 28,1, 27,6, 26,3, 22,9, 22,6,
18,1, -4,9; HRMS-ESI (m/z): [M+H]" tinh todn ddi véi C3oHasFIN206SSi: 737,1947,
phat hién 737,1948.

Buwdc B: metyl 2-[[5-[tert-butyl(dimetyl)silyl]oxypentyl]amino]-5-[3-(2-flo-4-
iodo-phenoxy)propyl]thiazol-4-carboxylat

Su dung quy trinh khtr bao vé véi quy trinh chung HFIP bt dau tir 2,36 g san
pham tir Buéc A (3,20 mmol) lam carbamat thich hop. Sau khi hoan thanh phan Gmg hon
hop phan ung duoc lam bay hoi dén kho dudi 4p suét giam tao thanh san phim mong
mudn thd.

"H NMR (400 MHz, DMSO-ds) 8 ppm 7,60-7,54 (m, 2H), 7,44 (d, 1H), 6,96 (t,
1H), 4,03 (t, 2H), 3,69 (s, 3H), 3,56 (t, 2H), 3,18-3,08 (m, 4H), 1,98 (qv., 2H), 1,55-1,42
(m, 4H), 1,37-1,29 (m, 2H), 0,84 (s, 9H), 0,00 (s, 6H).

Buwdc C: metyl 5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-
flo-phenoxy]propyl]-2-[5-[tert-butyl(dimetyl)silylJoxypentylamino]thiazol-4-
carboxylat

St dung quy trinh chung Sonogashira bét dAu tir san pham thd tir Budc B va tert-
butyl N-metyl-N-prop-2-ynyl-carbamat 1am axetylen thich hop, 1,92 g (89% trong 2
budc) san pham mong muébn thu duge.

'"H NMR (500 MHz, DMSO-ds) 8 ppm 7,57 (br., 1H), 7,31 (d, 1H), 7,21 (d, 1H),
7,12 (t, 1H), 4,23 (br., 2H), 4,07 (t, 2H), 3,69 (s, 3H), 3,56 (t, 2H), 3,14 (m, 2H), 3,11
(t, 2 H), 2,86 (br., 3 H), 2,00 (quint., 2H), 1,51 (m, 2H), 1,45 (m, 2H), 1,41 (s, 9H), 1,33
(m, 2H), 0,84 (s, 9H), 0,00 (s, 6H); *C NMR (125 MHz, DMSO-ds) 6 ppm 129,1, 119,3,
115,4, 68,0, 62,8, 51,7, 44,5, 38,6, 33,8, 32,4, 30,0, 28,9, 28,5, 26,3, 23,3, 23,2, -4,9;
HRMS-ESI (m/z): [M+H]" tinh todn ddi v6i C3sHs3sFN306SSi: 678,3403, phat hién
678,3393.

Vi du didu ché 3n: Metyl 5-[3-[4-[3-[tert-

butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-flo-phenoxy]propyl]-2-[3-[zert-
butyl(dimetyl)silyl]oxypropylamino]thiazol-4-carboxylat
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Buwéc A: metyl 2-[tert-butoxycarbonyl-[3-[tert-
butyl(dimetyl)silyl]oxypropyl]amino]-5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino]
prop-1-ynyl]-2-flo-phenoxy|propyl[thiazol-4-carboxylat

St dung quy trinh chung Mitsunobu bét dau tir 577 mg Vi du diéu ché 1b (1
mmol, 1 duwong Iugng) lam carbamat thich hop va 380 mg 3-/fert-
butyl(dimetyl)silyl]oxypropan-1-ol (2 mmol, 2 duong lugng) lam ruou thich hop, 600
mg (80%) san phdm mong mudn thu dugc.

Buwdc B: metyl 5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino[prop-1-ynyl]-2-
flo-phenoxy|propyl]-2-[3-[tert-butyl(dimetyl)silyl]oxypropylamino|thiazol-4-
carboxylat

St dung quy trinh khtr bao vé véi quy trinh chung HFIP bét dau tir san pham tir
Bude A lam carbamat thich hop, 310 mg (47%) san pham mong mudn thu duoc.

'"H NMR (400 MHz, DMSO-ds) 8 ppm 7,50 (t, 1H), 7,30 (d, 1H), 7,20 (d, 1H),
7,11 (t, 1H), 4,21 (bs, 2H), 4,05 (t, 2H), 3,62 (t, 2H), 3,67 (s, 3H), 3,19 (q, 2H), 3,10 (t,
2H), 2,84 (brs, 3H), 2,04-1,94 (m, 2H), 1,74-1,63 (m, 2H), 1,40 (s, 9H), 0,84 (s, 9H),
0,00 (s, 6H).

Vi du diu ché 30: Metyl 5-[3-[4-[3-[tert-

butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-flo-phenoxy]propyl]-2-[(2,2-dimetyl-
1,3-dioxolan-4-yl)metylamino]thiazol-4-carboxylat

Buwdc A: metyl 2-[tert-butoxycarbonyl-[(2,2-dimetyl-1,3-dioxolan-4-
yl)metyl]amino]-5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino[prop-1-ynyl]-2-flo-
phenoxy|propyl]thiazol-4-carboxylat

St dung quy trinh chung Mitsunobu bét dau tir 577 mg Vi du diéu ché 1b (1
mmol, 1 duong Iwgng) lam carbamat thich hop va 264 mg (2,2-dimetyl-1,3-dioxolan-4-
yl)metanol (2 mmol, 2 duong lugng) 1am ruou thich hop, 640 mg (92%) san phiam mong

muon thu duoc.

Buwéc B: metyl 5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino[prop-1-ynyl|-2-
flo-phenoxy]propyl]-2-[(2,2-dimetyl-1,3-dioxolan-4-yl)metylamino]thiazol-4-
carboxylat

St dung quy trinh khir bao vé voi quy trinh chung HFIP bét dau tir san pham tir
Budc A lam carbamat thich hop, 282 mg (51%) san phém mong mudn thu dugc.
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'H NMR (400 MHz, DMSO-ds) 8 ppm 7,73 (t, 1H), 7,31 (d, 1H), 7,21 (d, 1H),
7,13 (t, 1H), 4,23 (bs, 2H), 4,19 (q, 1H), 4,07 (t, 2H), 4,05-3,96 (m, 2H), 3,64 (dd, 1H),
3,69 (s, 3H), 3,31-3,24 (m, 1H), 3,11 (t, 2H), 2,86 (brs, 3H), 2,05-1,95 (m, 2H), 1,41 (s,
9H), 1,33 (s, 3H), 1,26 (s, 3H).

Vi du diéu ché 3p: Metyl 5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-

phenoxy]propyl]-2-[(2,2-dimetyl—1,3-dioxolan-4-yl)metylamino]thiazol-4-
carboxylat

Buwdc A: metyl 2-[tert-butoxycarbonyl-[(2,2-dimetyl-1,3-dioxolan-4-
yl)metylJamino]-5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-
phenoxy[propyljthiazol-4-carboxylat

St dung quy trinh chung Mitsunobu bat dau tr 491 mg Vi du diéu ché 1c (1
mmol, 1 dwong luong) lam carbamat thich hop va 292 mg (2,2-dimetyl-1,3-dioxolan-4-
yl)metanol (2 mmol, 2 dwong lwong) lam rugu thich hop, 573 mg (92%) san phim mong
muén thu duoc.

Buwdc B: Metyl 5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-phenoxy[propyl]-
2-[(2,2-dimetyl-1,3-dioxolan-4-yl) metylamino|thiazol-4-carboxylat

Str dung quy trinh khir bo vé véi quy trinh chung HFIP bat ddu tir san pham tix
Buée A 1am carbamat thich hop, 378 mg (74%) hop chét trong Vi du diéu ché 3p thu
duoc.

'H NMR (400 MHz, DMSO-d¢) 8 ppm 7,74 (t, 1H), 7,30 (dd, 1H), 7,21 (d, 1H),
7,13 (t, 1H), 4,21 (qui, 1H), 4,07 (t, 2H), 4,02-3,96 (m, 2H), 3,70 (s, 3H), 3,65 (dd, 1H),
3,42 (s, 2H), 3,33-3,26 (m, 1H), 3,12 (t, 2H), 2,23 (s, 6H), 2,05-1,96 (m, 2H), 1,34 (s,
3H), 1,26 (s, 3H).

Vi du diéu ché 3q: Metyl 5-[3-[4-[3-[tert-

butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-flo-phenoxy]propyl]-2-[[3-[terz-
butyl(dimetyl)silyl|oxy-2-metoxy-propyl]amino]thiazol-4-carboxylat

Bugc A: metyl 2-[tert-butoxycarbonyl-[3-[tert-butyl(dimetyl)silylJoxy-2-
metoxy-propyl]amin0]-5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino]prop-l -ynyl]-2-
flo-phenoxy]propylfthiazol-4-carboxylat

St dung quy trinh chung Mitsunobu bét ddu tir 577 mg Vi du diéu ché 1b (1
mmol, 1 duong lwgng) 1am carbamat thich hop va 440 mg Vi du diéu ché 2j (2 mmol,
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2 duong lugng) lam rugu thich hgp, 780 mg (dinh lugng) san pham mong mudn thu
duoc.

Buwdc B: metyl 5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino]prop-I1-ynyl]-2-
flo-phenoxy[propyl]-2-[[3-[tert-butyl(dimetyl)silyl]oxy-2-metoxy-
propyllamino]thiazol-4-carboxylat

St dung quy trinh khir bao vé v&i quy trinh chung HFIP bat dau tir sin pham ti
Budée A 1am carbamat thich hop, 400 mg (58%) san phim mong mudn thu dugc.

"H NMR (400 MHz, DMSO-ds) 6 ppm 7,60 (t, 1H), 7,31 (d, 1H), 7,21 (d, 1H),
7,13 (t, 1H), 4,23 (bs, 2H), 4,07 (t, 2H), 3,69 (s, 3H), 3,67-3,57 (m, 2H), 3,40-3,31 (m,
2H), 3,33 (s, 3H), 3,26-3,18 (m, 1H), 3,12 (t, 2H), 2,87 (brs, 3H), 2,01 (qui, 2H), 1,42
(s, 9H), 0,86 (s, 9H), 0,03 (s, 3H), 0,02 (s, 3H).

Vi du diu ché 3r: Metyl 5-[3-[4-[3-[tert-

butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-flo-phenoxy]propyl]-2-[[3-[zert-
butyl(dimetyl)silyl] oxy-2-morpholino-propyl]amino]thiazol-4-carboxylat

Budc A: metyl 2-[tert-butoxycarbonyl-[3-[tert-butyl(dimetyl)silyl]oxy-2-
morpholino-propyllamino]-5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino[prop-1-
ynyl]-2-flo-phenoxy[propyl]thiazol-4-carboxylat

St dung quy trinh chung Mitsunobu bit dAu tir 577 mg Vi du diéu ché 1b (1
mmol, 1 duvong lugng) lam carbamat thich hop va 413 mg Vidu diéu ché 2k (1,5 mmol,
1,5 dwong lwong) lam rugu thich hop, 473 mg (56%) san pham mong mudn thu duoc.

Buwdc B: metyl 5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-
[flo-phenoxy]propyl]-2-[[3-[tert-butyl(dimetyl)silyl]oxy-2-morpholino-
propyllaminofthiazol-4-carboxylat

St dung quy trinh khir bao v vdi quy trinh chung HFIP bat dau tir san pham tir
Buée A 1am carbamat thich hop, 390 mg (93%) san pham mong mudn thu duoc.

'"H NMR (400 MHz, DMSO-d¢) 6 ppm 7,38 (t, 1H), 7,32 (d, 1H), 7,21 (d, 1H),
7,12 (t, 1H), 4,23 (bs, 2H), 4,07 (t, 2H), 3,73 (dd, 1H), 3,69 (s, 3H), 3,64 (dd, 1H), 3,58-
3,46 (m, 4H), 3,25 (t, 2H), 3,13 (t, 2H), 2,87 (brs, 3H), 2,72-2,63 (m, 3H), 2,59-2,53 (m,
2H), 2,01 (qui, 2H), 1,42 (s, 9H), 0,86 (s, 9H), 0,03 (s, 6H).

Vi du diéu ché 3s: Metyl 5-[3-(2-flo-4-iodo-phenoxy)propyl]-2-

(metylamino)thiazol-4-carboxylat
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Buwoc A: metyl 2-[tert-butoxycarbonyl(metyl)amino]-5-[3-(2-flo-4-iodo-
phenoxy)propyljthiazol-4-carboxylat

St dung quy trinh chung akyl hoa bét ddu tir 2,68 g Vi du diéu ché 1a (10 mmol,
1 dwong luong) va 1,70 g iodometan (12 mmol, 1,2 duong lwgng) lam alkyl halogenua
thich hop, 2,8 g (77%) san phAdm mong mudn thu dugec.

Buéc B: metyl 5-[3-(2-flo-4-iodo-phenoxy)propyl]-2-(metylamino)thiazol-4-
carboxylat

St dung quy trinh khir bdo vé véi quy trinh chung HFIP bt dau tir 2,0 g san
pham tir Budc A (4,44 mmol) 1am carbamat thich hop, 1,2 g (73%) san pham mong
mubn thu dugc.

'H NMR (500 MHz, DMSO-ds) & ppm 7,59 (dd, 1H), 7,50 (q, 1H), 7,45 (m, 1H),
6,97 (t, 1H), 4,03 (t, 2H), 3,70 (s, 3H), 3,12 (t, 2H), 2,77 (d, 3H), 1,99 (m, 2H); “*C NMR
(125 MHz, DMSO-ds) 8 ppm 165,4, 163,0, 147,0, 134,0, 124,9, 117,6, 68,0, 51,8, 31,1,
30,6, 23,3; HRMS-ESI (m/z): [M+H]" tinh toan d6i véi C1sHi7FIN20:S: 450,9983, phat
hién 450,9971.

Vi du didu ché 3t: Metyl 2-[5-[tert-butyl(dimetyl)silyl]oxypentylamino]-5-

[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-phenoxy]propyl] thiazol-4-carboxylat

St dung quy trinh chung Sonogashira bét du tir hop chét tho trong Vi du diéu
ché 3m, Budc B va N,N-dimetylprop-2-yn-1-amin 1am axetylen thich hop, 3,73 g (dinh
luong trong 2 budc) san pham mong mudn thu duoc.

HRMS-ESI (m/z): [M+H]" tinh toén d6i véi C30Ha7FN3O4SSi: 592,3035, phat
hién 592,3033.

Vi du didu ché 3u: Etyl 2-amino-5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl]-

2-flophenoxy}propyl)-1,3-thiazol-4-carboxylat

Budéc A: etyl 3-bromo-6-clo-2-oxohexanoat

Brom (1,6 mL, 31,2 mmol, 1,2 duong luong) duoc bd sung vao dung dich dugc
khudy chira etyl 6-clo-2-oxohexanoat (5 g, 26,0 mmol, 1 dwong lwgng) trong cloroform
(70 mL). Phan ting duoc khuiy & nhiét @6 moi trudong trong 6,5 h sau d6 pha lodng voi
diclometan va rira bang dung dich nuéc natri thiosulphat 10% tiép d6 1a nudc sau d6 1a
nuée mudi. Chat chiét hitu co duoc lam kho (magie sulfat) va dung méi duoc loai bo
trong chan khong dé tao ra hop chit mong muédn (7 g, 25,8 mmol, 99%) 1a dau khong

mau.
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'H NMR (400 MHz, DMSO-d6) & 5,25 (dd, J =9,0, 4,7 Hz, 1H), 4,30 (q, J =
7,1 Hz, 2H), 3,72 (t, ] = 6,3 Hz, 2H), 2,24 — 2,10 (m, 1H), 2,07 - 1,89 (m, 2H), 1,92 —
1,76 (m, 1H), 1,30 (t, J = 7,1 Hz, 3H).

Budc B: etyl 5-(3-clopropyl)-2-axetamido-1,3-thiazol-4-carboxylat

N-Axetylthioure, (3,05 g, 25,78 mmol, 1 duong lugong) duge b6 sung vao dung
dich dugc khudy chira san pham tir Budc A (7 g, 25,8 mmol, 1 duong lwong) trong
etanol (150 mL). Phan Grng dugc gia nhiét & hdi luu trong 6 h, sau d6 dé nguodi dén nhiét
d6 méi truong va dung moi dugc loai bo trong chan khdng. Cian dugc hoa tan trong
diclometan (150 mL) sau d6 anhydrit axetic (4,74 mL, 50,21 mmol, 2 duong luong) va
4-dimetylaminopyridin (6,13 g, 50,21 mmol, 2 dwong luong) dugc bd sung vao. Sau khi
khudy ¢ nhiét d6 méi truong trong 2 h hdn hop duoc pha lodng véi diclometan sau dé
rira bing nuéc (x2) tiép d6 12 nuée mudi. Chat chiét hitu co duge lam kho (magie sulfat)
sau d6 dung méi dugc loai bo trong chan khong. Nguyén ligu tho duoc nghién véi dietyl
ete va chét rin duoc thu gom bang cach loc va ria bang dietyl ete dé tao ra sin pham
mong mubn (1,1 g, 3,78 mmol, 13,9%). Hai chu ky lam bay hoi nuéc loc, nghién lai, va
loc tao ra cic mé san pham nita (3,42 g, 11,76 g, 43%). Cudi cung, lam bay hoi nuéc
loc cudi va tinh ché bang c6t nhanh ty dong (CombiFlash Rf, 12 g RediSep™ hdp silic
oxit) tach rira v6i gradien 0 — 100% etyl axetat trong iso-heptan tao ra thém san pham
mong mubn (1,46 g, 5,02 mmol, 18,5%) [tong hidu suat: 76%].

LC/MS (C11H15CIN203S) 291 [M+H]"; RT 1,08 (LCMS-V-B1);

'"H NMR (400 MHz, DMSO-d6) 8 12,43 (s, 1H), 4,26 (g, J = 7,1 Hz, 2H), 3,68
(t, T = 6,4 Hz, 2H), 3,27 - 3,18 (m, 2H), 2,13 (s, 3H), 2,19 - 2,00 (m, 2H), 1,29 (t,J =
7,1 Hz, 3H).

Buoc C: etyl 2-axetamido-5-(3-iodopropyl)-1,3-thiazol-4-carboxylat

Dung dich chtta sdn pham tir Buéc B (5,84 g, 20,1 mmol, 1 dwong lwong) va natri
iodua (18,1 g, 0,12 mol, 6 duong lugng) trong axetonitril (130 mL) duoc gia nhiét & hoi
luu trong 6 h. Hon hop duge 1am lanh xubng nhiét &6 moi trudng va dung mdi dugc loai
b6 trong chan khong. Hon hop dugc pha loang vdi etyl axetat va rira bang nudc va nudc
mudi. Chat chiét hitu co duoc 1am kho (magie sulfat) va c6 trong chén khong. Chét ran
thu dugc duoc nghién trong dietyl ete sau d6 dugc thu gom bang cach loc tao ra sin
phim mong muén 13 chét rin mau kem (6,28 g, 16,4 mmol, 82 %).

LC/MS (C11H35IN203S) 383 [M+H]"; RT 0,96 (LCMS-V-B1)
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IH NMR (400 MHz, DMSO0-d6) 12,43 (s, 1H), 4,26 (q, J = 7,1 Hz, 2H), 3,29
(t, J= 6,7 Hz, 2H), 3,18 (t, ] = 7,4 Hz, 2H), 2,12 (s, 3H), 2,16 — 2,04 (m, 2H), 1,30 (t, J
=7,1 Hz, 3H).

Budc D: etyl 5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl]-2-flophenoxy/propyl)-
2-axetamido-1,3-thiazol-4-carboxylat

Natri hydrua (60% trong dau khoang) (0,56 g, 14,1 mmol, 2 dwong lugng) dugc
bd sung vao dung dich duge khuéy chira san phém tr Bude C (1,64 g, 8,46 mmol, 1,2
duong luong) trong dimetylformamit (20 mL). Phan tmg dugc khudy & nhiét 46 moi
truomg trong 30 phit sau d6 dugc lam lanh trong bé nude da va dung dich chira san
phém tir Vi du diéu ché 6b (2,7 g, 7,05 mmol, 1 duong luong) trong dimetylformamit
(20 mL) duoc bd sung vao tir tir. Sau khi 40 phit phan ung duoc dé 4m dén nhiét do
mdi trudong va khudy trong 5 h. Dung méi duoc loai bo trong chén khong, va nguyén
lidu tho duoc cho phén bd gitta etyl axetat va nude, rira bang nuéc mudi, va 1am kho
(magie sulfat). Dung méi dugc loai bo trong chan khong va tinh ché bang sac ky cot
nhanh tu dong (CombiFlash Rf, 80 g RediSep™ hop silic oxit) tich rira v6i gradien 0 —
10% metanol trong diclometan tao ra san phim mong mudn 12 chit rdn mau kem (1,48
g, 3,32 mmol, 47%).

LC/MS (C2H26FN304S) 448 [M+H]"; RT 0,76 (LCMS-V-B1)

IH NMR (400 MHz, DMSO-d6) § 12,41 (s, 1H), 7,30 (dd, J = 11,9, 2,3 Hz, 1H),
7,25 — 7,18 (m, 1H), 7,17 — 7,10 (m, 1H), 4,22 (q, J = 7,1 Hz, 2H), 4,11 (t, J = 6,1 Hz,
2H), 3,42 (s, 2H), 3,24 (dt, ] = 14,7, 7,5 Hz, 2H), 2,23 (s, 6H), 2,10 (s, 3H), 2,12 - 2,01
(m, 2H), 1,27 (t, T = 7,1 Hz, 3H).

Budc E: etyl 2-amino-5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl|-2-
flophenoxy}propyl)-1,3-thiazol-4-carboxylat

Dung dich chira san phém tr Bude D (1,49 g, 3,32 mmol, 1 duong luong) va axit
clohydric (4 M trong 1,4-dioxan) (8,3 mL, 0,03 mol, 10 duong luvong) trong etanol (40
mL) duoc gianhiét & 60 °C trong 18 h. Phan ing duge dé ngudi dén nhiét do moi truong
sau d6 dung mdi dugc loai bo trong chan khong. Dau thu duoc dwoc hoa tan trong mot
luong nho metanol sau d6 dugc nap 1én hop SCX-2 (50 g, dugc rua bang metanol). Hop
nay dugc rua bang metanol sau d6 tach rita v6i 3,5 N amoniac metanolic. Dung moi
duoc loai bo trong chan khong va dau thu duoc duogc tinh ché bﬁng sdc ky cot nhanh tur
dong (CombiFlash Rf, 80 g RediSep™ hdp silic oxit) tich rira v6i gradien 0 — 10%
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metanol trong diclometan dé tao ra san phim mong mudn 12 chit ran mau kem (0,78 g,
1,93 mmol, 58%).

LC/MS (C20H24FN303S) 406 [M+H]*; RT 0,706 (LCMS-V-B1)

I'H NMR (400 MHz, DMSO-d6) & 7,30 (dd, J= 12,0, 2,0 Hz, 1H), 7,25 - 7,17
(m, 1H), 7,13 (t, = 8,7 Hz, 1H), 7,02 (s, 2H), 4,16 (q, 2H), 4,07 (t, 2H), 3,42 (s, 2H),
3,12 (t, T = 7,5 Hz, 2H), 2,23 (s, 6H), 2,09 — 1,94 (m, 2H), 1,23 (t, J = 7,1 Hz, 3H).

Vi du diéu ché 3v: Etyl 2-amino-5-(3-phenoxypropyl)-1,3-thiazol-4-

carboxylat

Budc A: etyl 5-bromo-2-axetamido-1,3-thiazol-4-carboxylat

Dung dich chira etyl 2-amino-5-bromo-1,3-thiazol-4-carboxylat (2 g, 7,96 mmol,
1 dwong lwong), anhydrit axetic (0,83 mL, 8,76 mmol, 1,1 duong lugng) va 4-
dimetylaminopyridin (1,12 g, 9,16 mmol, 1,15 duong luong) trong diclometan (30
mL) dugce khudy & nhiét do moi trudng trong 3 ngay. Phan ung duge pha loang voi
diclometan, rtra 14n luot bang nudce va nude mudi, sau d6 lam khod (magie sulfat) va
dung méi dugc loai bo trong chan khong. Chét rin thu duoc dwoc nghién véi dietyl ete,
loc, va lam kho6 dudi chan khong dé tao ra san pham mong mudn 14 chit rin mau tring
nho (1,8 g, 6,14 mmol, 77%).

LC/MS (CsHoBrN,0sS) 293 [M+H]*; RT 1,01 (LCMS-V-B1)

I'H NMR (400 MHz, DMS0-d6) & 12,80 (s, 1H), 4,28 (q, J = 7,1 Hz, 2H), 2,16
(s,3H), 1,30 (t,J = 7,1 Hz, 3H).

Buwdc B: etyl 2-axetamido-5-(3-phenoxyprop-1-yn-1-yl)-1,3-thiazol-4-
carboxylat

San pham tir Budc A (200 mg, 0,68 mmol, 1 duong lugng), phenyl propargyl ete
(0,18 mL, 1,36 mmol, 2 duwong luong), trietylamin (0,28 mL, 2,05 mmol, 3 duong
luong), dong (I) iodua (13 mg, 0,07 mmol, 0,1 duong lugng) va
tetrakis(triphenylphosphin)paladi(0) (39,4 mg, 0,03 mmol, 0,05 duong lugng) duoc két
hop. Hon hop duge phun rira bang nito (10 phat) sau d6 gia nhiét & 100 °C trong 1 h
trong diéu kién chiéu vi song. Hon hop phan tmg dugc cho phan b giira etyl axetat va
nuGe, va cac chit hiru co duge rita bang nude tiép d6 1a nuée mudi, va lam kho (magie
sulfat). Dung m6i duoc loai bo trong chan khong va tinh ché bang sac ky cot nhanh tu
dong (CombiFlash Rf, 12 g RediSep™ hdp silic oxit) tich rira v6i gradien 0 — 100%
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etyl axetat trong iso-heptan tao ra san phim mong mudn 13 chét rin mau tring nho (122
mg, 0,35 mmol, 52%).

LC/MS (C17H16N204S) 345 [M+H]"; RT 1,21 (LCMS-V-B1)

'"H NMR (400 MHz, DMSO-d6) 8 12,85 (s, 1H), 7,34 (t, J = 7,8 Hz, 2H), 7,09
—7,03 (m, 2H), 7,02 — 6,96 (m, 1H), 5,13 (s, 2H), 4,24 (q, ] = 7,0 Hz, 2H), 2,16 (s,
3H), 1,27 (t,J =7,1 Hz, 3H).

Budc C: etyl 2-axetamido-5-(3-phenoxypropyl)-1,3-thiazol-4-carboxylat

Etyl axetat (10 mL) dwoc bd sung vio binh chira sin phim tir Buée B (122 mg,
0,35 mmol, 1 dwong lugng) va platin(IV) oxit (8,04 mg, 0,04 mmol, 0,1 duong
luong) duéi khi quyén nito. Hdn hop duoc lic & nhiét do mdi trudng dudi khi quyén
hydro trong 6,5h. Platin(IV) oxit nita (dAu que tron) duoc bd sung vao va phan tng duge
1ic dudi khi quyén hydro trong 18 h nita. Hon hop dugc loc qua dém xelit dugc 1am w6t
béng metanol, tich rira véi metanol, va dung méi dugc loai bo trong chan khong. Tinh
ché bang sic ky cot nhanh tw dong (CombiFlash Rf, 12 g RediSep™ hop silic oxit) tach
rira voi gradien 0 — 100% etyl axetat trong iso-heptan tao ra san phim mong mubn 13
chét rin mau kem (77,2 mg, 0,22 mmol, 63%).

LC/MS (C17H20N204S) 349 [M+H]"; RT 1,22 (LCMS-V-B1)

'"H NMR (400 MHz, DMSO-d6) 8 12,41 (s, 1H), 7,36 — 7,24 (m, 2H), 7,03 —
6,88 (m, 3H), 4,23 (q, J = 7,1 Hz, 2H), 4,00 (t, J = 6,2 Hz, 2H), 3,26 (dd, J = 8,3, 6,8
Hz, 2H), 2,12 (s, 3H), 2,11 — 2,01 (m, 2H), 1,28 (t, J = 7,1 Hz, 3H).

Buwdc D: etyl 2-amino-5-(3-phenoxypropyl)-1,3-thiazol-4-carboxylat

Axit clohydric (4M trong 1,4-dioxan; 0,55 mL, 2,22 mmol, 10 duong
lwong) dugc bd sung vao dung dich dugc khuéy chira san phém tor Bude C (77,2 mg,
0,22 mmol, 1 duong luong) trong etanol (5 mL). Phan ung duoc gia nhiét & 60°C trong
5 h. Dung mdi duoc loai bo trong chan khong sau d6 can duoc hoa tan trong metanol va
duogc nap 1én hop SCX-2 duge lam udt bang metanol (5g). Hop ndy dugc rira bang
metanol, sau do tach rira véi 3,5N amoniac metanolic, va dung moi duoc loai bé trong
chan khong. Tinh ché bang sic ky cot nhanh ty dong (CombiFlash Rf, 12 g RediSep™
hop silic oxit) tAch rira v4i gradien 0 — 10% metanol trong diclometan tao ra san pham
mong mudn 12 gdbm mau vang (48,2 mg, 0,16 mmol, 71%).

LC/MS (C15H1sN20sS) 307 [M+H]"; RT 1,16 (LCMS-V-B1)
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'"H NMR (400 MHz, DMSO-d6) & 7,33 — 7,24 (m, 2H), 7,02 (s, 2H), 6,95 —
6,90 (m, 3H), 4,16 (q, J = 7,1 Hz, 2H), 3,97 (t, J = 6,2 Hz, 2H), 3,13 (t, 2H), 2,03 —
1,94 (m, 2H), 1,24 (t, ] = 7,1 Hz, 3H).

Vi du diéu ché 3w: Etyl 2-amino-5-(3-metoxypropyl)-1,3-thiazol-4-

carboxylat

Budc A: etyl 2-axetamido-5-(3-metoxyprop-1-yn-1-yl)-1,3-thiazol-4-
carboxylat

Dimetylformamit (10 mL) dugc bd sung vao san phim tir Vi du diéu ché 3v,
Buéc A (400 mg, 1,36 mmol, 1 dwong lwgng), metyl propargyl ete (0,23 mL, 2,73 mmol,
2 duong lugng), trietylamin (0,57 mL, 4,09 mmol, 3 duong lugng) va ddng (I) iodua
(26 mg, 0,14 mmol, 0,1 dwong lugng) sau do tetrakis(triphenylphosphin)paladi(0) (78,3
mg, 0,07 mmol, 0,05 duong luong) duoc bd sung vao. Binh nay dwgc phun rira bang
nito (10 phat) sau dé gia nhiét & 100°C trong 1 h trong diéu kién chiéu vi séng. Dung
moi duoc loai bé trong chan khong va tinh ché bang sic ky cot nhanh tu dong
(CombiFlash Rf, 12 g RediSep™ hdp silic oxit) tach rira v6i gradien 0 — 5% metanol
trong diclometan tao ra chat ran ma duoc nghién véi dietyl ete dé tao ra san phim mong
mudn 14 chit rén mau kem (213,7 mg, 0,76 mmol, 55%). Nudc loc duge 1am bay hoi dé
tao ra mé thi hai ciia san phdm mong mudn 13 gom mau cam (94,6 mg, 0,34 mmol,
24%) [téng hiéu suit 79%].

LC/MS (C12H14N204S) 283 [M+H]"; RT 1,00 (LCMS-V-B1)

'TH NMR (400 MHz, DMSO-d6) & 12,84 (s, 1H), 4,41 (s, 2H), 4,28 (9, T = 7,1
Hz, 2H), 3,36 (s, 3H), 2,16 (s, 3H), 1,30 (t, J = 7,1 Hz, 3H).

Buwdc B: etyl 2-axetamido-5-(3-metoxypropyl)-1,3-thiazol-4-carboxylat

Dung dich chira san pham tir Buéc A (308 mg, 1,09 mmol, 1 dwong luong) trong
2:1 etyl axetat / metanol (15 mL) dugc bd sung vao binh chira platin(IV) oxit xtc tac
dudi khi quyén nito. Binh ndy dwgc hit chan khong va nap day nito (x3), sau d6 duoc
hat chan khong va dwoc dit dudi khi quyén hydro. Sau khi lac & nhiét d6 moéi truong
trong 18 h, phan tmg dugc loc qua xelit, tach rira v6i metanol, va dung moi duge loai
bo trong chan khong. Tinh ché bang sic ky cot nhanh tu dong (CombiFlash Rf, 12 g
RediSep™ hop silic oxit) tich rira véi gradien 0 — 100% etyl axetat trong iso-heptan tao
ra san phim mong muén 13 chét rin mau kem (207 mg, 0,72 mmol, 66%).

LC/MS (C12HisN>04S) 287 [M+H]*; RT 0,99 (LCMS-V-B1)
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'H NMR (400 MHz, DMSO-d6) 6 12,40 (s, 1H), 4,25 (q, J = 7,1 Hz, 2H), 3,39
—3,31 (m, 2H), 3,24 (s, 3H), 3,17 — 3,08 (m, 2H), 2,12 (s, 3H), 1,89 — 1,77 (m, 2H),
1,29 (t,J=7,1 Hz, 3H).

Budc C: etyl 2-amino-5-(3-metoxypropyl)-1,3-thiazol-4-carboxylat

Axit clohydric (4M trong 1,4-dioxan; 2,1 mL, 8,38 mmol, 10 dwong lugng) dugc
b6 sung vao dung dich duoc khudy chta san pham tir Budc B (240 mg, 0,84 mmol, 1
duong luong) trong etanol (10 mL). Hén hop dugc gia nhiét dén 60 °C trong 7 h sau d6
dé ngudi dén nhiét &6 madi trudong va cd trong chan khong. Tinh ché bang sic ky cot
nhanh ty dong (CombiFlash Rf, 12 g RediSep™ hdp silic oxit) tach rira véi gradien 0 —
10% metanol trong diclometan tao ra san phim mong mudn 13 gdbm mau nau (219 mg,
0,81 mmol, 97%).

LC/MS (C10H16N203S) 245 [M+H]"; RT 0,88 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) 4 8,00 (br s, 2H), 4,25 (q, J = 7,1 Hz, 2H),
3,34 (t, ] = 6,3 Hz, 2H), 3,23 (s, 3H), 3,05 — 2,96 (m, 2H), 1,84 — 1,72 (m, 2H), 1,28 (t,
J=17,1Hz, 3H).

Vi du diéu ché 3x: Etyl 2-amino-5-[3-(2-flophenoxy)propyl]-1,3-thiazol-4-

carboxylat

Buwdc A: etyl 2-axetamido-5-(3-hydroxyprop-1-yn-1-yl)-1,3-thiazol-4-
carboxylat

Hon hop gf“)m san phém tr Vi du diéu ché 3v, Budc A (1 g, 3,41 mmol, 1 duwong
luong), reou propargyl (0,4 mL, 6,82 mmol, 2 duong luong), trietylamin (1,42 mL, 10,2
mmol, 3 duong luong) va dong (I) iodua (65 mg, 0,34 mmol, 0,1 duong lwong) trong
dimetylformamit (20 mL) dugc bd sung tetrakis(triphenylphosphin)paladi(0) (197 mg,
0,17 mmol, 0,05 dwong lugng). Hon hop duoc phun rira bang nito (10 phiit) sau d6 gia
nhiét & 100 °C trong 1 h trong diéu kién chiéu vi séng. Dung mdi dugce loai bo trong
chan khong sau do tinh ché bang sic ky cot nhanh ty dong (CombiFlash Rf, 40 g
RediSep™ hop silic oxit) tach rira véi gradien 0 — 10% metanol trong diclometan tao ra
san phim mong mubn 1a chét rin mau nau (1,01 g, 3,75 mmol, > 100%).

LC/MS (C11H12N204S) 269 [M+H]"; RT 0,82 (LCMS-V-B1)

TH NMR (400 MHz, DMSO-d6) 8 12,80 (s, 1H), 5,45 (t,J = 6,0 Hz, 1H), 4,37
(d, T=6,1 Hz, 2H), 4,27 (q, I = 7,1 Hz, 2H), 2,16 (s, 3H), 1,30 (t, ] = 7,1 Hz, 3H).

Buwdc B: etyl 2-axetamido-5-(3-hydroxypropyl)-1,3-thiazol-4-carboxylat
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Dung dich chira san pham tir Buéc A (1,01 g, 3,75 mmol, 1 duong luong) trong
4:1 etyl axetat / metanol (25 mL) dugc bd sung vao binh chira platin(IV) oxit hydrat
(d4u que tron) dudi khi quyén nito. Phan img dugc hit chan khong va nap day nito (x3),
sau d6 duoc hat chan khong va duoc dat dudi khi quyén hydro. Phan uing duoc lic &
nhiét @9 moi trudng trong 30 h, sau d6 loc qua xelit, tach rira v6i metanol, va dung moi
dugc loai bo trong chan khong. Tinh ché bang sac ky cot nhanh tu dong (CombiFlash
Rf, 24 g RediSep™ hop silic oxit) tach rira véi gradien 0 — 10% metanol trong
diclometan tao ra san phim mong mudn 12 gém mau nau (582 mg, 2,14 mmol, 57%).

LC/MS (C11H16N204S) 273 [M+H]"; RT 0,81 (LCMS-V-B1)

'H NMR (400 MHz, DMSO0-d6) & 12,39 (s, 1H), 4,54 (t,J = 5,1 Hz, 1H), 4,25
(q, T=7,1 Hz, 2H), 3,44 (td, J = 6,4, 5,1 Hz, 2H), 3,15 — 3,09 (m, 2H), 2,12 (s, 3H),
1,81 — 1,69 (m, 2H), 1,29 (t, ] =7,1 Hz, 3H).

Budc C: etyl 2-axetamido-5-[3-(2-flophenoxy)propyl]-1,3-thiazol-4-
carboxylat '

Dung dich chita 2-flophenol (0,1 mL, 1,1 mmol, 1,5 dwong luong), san phém tor
Budc B (200 mg, 0,73 mmol, 1 duong lugng) va triphenylphosphin (289 mg, 1,1 mmol,
1,5 dwong lugng) trong tetrahydrofuran (10 mL) dugc 1am lanh trong bé nude da sau d6
diisopropyl azobicarboxylat (0,22 mL, 1,1 mmol, 1,5 dwong luong) duoc bd sung vao
timg giot. Phan mg dugc dé 4m tir tr dén nhiét d6 méi truong va sau d6 khudy trong 18
h. Hon hop duogc pha lodng véi etyl axetat, rira bang nudc mudi, va pha hitu co dugc
1am khd (magie sulfat) va ¢ trong chin khéng. Tinh ché bang sic ky cot nhanh tw dong
(CombiFlash Rf, 24 g RediSep™ hop silic oxit) tach rira véi gradien 0 — 100% etyl
axetat trong heptan tao ra sin pham mong mudn 14 chét rin mau tring (162 mg, 0,44
mmol, 60%).

LC/MS (C17H19FN,04S) 367 [M+H]"; RT 1,22 (LCMS-V-B1)

H NMR (400 MHz, DMSO-d6) 6 12,41 (s, 1H), 7,29 — 7,07 (m, 3H), 7,00 —
6,89 (m, 1H), 4,23 (q, J = 7,1 Hz, 2H), 4,08 (t, ] = 6,2 Hz, 2H), 3,27 (dd, ] = 8,2, 6,9
Hz, 2H), 2,12 (s, 3H), 2,18 — 2,03 (m, 2H), 1,27 (t,J = 7,1 Hz, 3H).

Budc D: etyl 2-amino-5-[3-(2-flophenoxy)propyl]-1,3-thiazol-4-carboxylat

Dung dich chtra san pham tir Buéce C (217 mg, 0,59 mmol, 1 dwong luong) va
axit clohydric (4M trong dioxan; 1,48 mL, 5,92 mmol, 10 duong lwong) trong etanol (8

mL) duoc gia nhiét & 60 °C qua dém. Hon hop dugc dé ngudi dén nhiét o moi trudng
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sau d6 dung moi dugc loai bo trong chan khong. Tinh ché béng sdc ky cot nhanh tu dong
(CombiFlash Rf, 12 g RediSep™ hp silic oxit) tach rira véi gradien 0 — 10% mefanol
trong diclometan tao ra san phém mong mudn 13 bot mau vang (181 mg, 0,56 mmol,
94%).

LC/MS (C1sH17FN20sS) 325 [M+H]"; RT 1,16 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) & 7,62 (br s, 2H), 7,26 — 7,07 (m, 3H), 6,99 —
6,89 (m, 1H), 4,20 (q, J = 7,1 Hz, 2H), 4,07 (t, J = 6,1 Hz, 2H), 3,15 (t, J = 7,5 Hz,
2H), 2,08 — 1,99 (m, 2H), 1,25 (t, J = 7,1 Hz, 3H).

Vi du diéu ché 3y: Etyl 2-amino-5-[3-(4-bromo-2-flophenoxy)propyl]-1,3-

thiazol-4-carboxylat

Budc A: etyl 5-[3-(4-bromo-2-flophenoxy)propyl]-2-axetamido-1,3-thiazol-4-
carboxylat

Dung dich chira san phdm tir Vi du diéu ché 3x, Buée B (248 mg, 0,91 mmol, 1
duong luong), 4-bromo-2-flophenol (0,15 mL, 1,37 mmol, 1,5 duong luong) va
triphenylphosphin (358 mg, 1,37 mmol, 1,5 dwong luong) trong tetrahydrofuran (10
mL) dugc 1am lanh trong bé nudc da sau d6 diisopropylazodicarboxylat (0,27 mL, 1,37
mmol, 1,5 dwong lugng) duge bd sung vao timg giot. Phan tng duoc khudy trong bé
nude da trong 30 phut sau do khudy & nhiét d6 moi trudng trong 3 h. Phan tmg duoc
pha loadng véi etyl axetat va rira bang nudc sau d6 1a nudc mudi. Céc chét hiru co duoc
lam kho (magie sulfat) va dung mdi duoc loai bo trong chan khong. Tinh ché bang sic
ky cot nhanh tw dong (CombiFlash Rf, 24 g RediSep™ hop silic oxit) tach rira voi
gradien 0 — 100% etyl axetat trong heptan tao ra san phim mong mubn 13 chét rdn mau
tréng (229 mg, 0,51 mmol, 56%).

LC/MS (C17H1sBrFN>04S) 445 [M+H]™; RT 1,36 (LCMS-V-BI)

"H NMR (400 MHz, DMSO-d6) & 12,42 (s, 1H), 7,53 (dd, J = 10,9, 2,4 Hz,
1H), 7,32 (ddd, J = 8,8, 2,4, 1,5 Hz, 1H), 7,13 (t, J = 9,0 Hz, 1H), 4,22 (q, J =7,1 Hz,
2H), 4,08 (t, J = 6,1 Hz, 2H), 3,25 (dd, J = 8,4, 6,7 Hz, 2H), 2,12 (s, 3H), 2,18 — 2,02
(m, 2H), 1,27 (t, J = 7,1 Hz, 3H).

Budc B: etyl 2-amino-5-[3-(4-bromo-2-flophenoxy)propyl]-1,3-thiazol-4-

carboxylat
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Dung dich chita san pham tir Buée A (229 mg, 0,51 mmol, 1 duong luong) va
axit clohydric (4M trong dioxan; 1,29 mL, 5,14 mmol, 10 dwong lwgng) trong etanol (8
mL) duoc gia nhiét ¢ 60 °C trong 18 h. Phan ung dugc dé nguoi dén nhiét d6 mdi truong
sau d6 dung mdi dugc loai bo trong chan khong. Tinh ché bang sdc ky cot nhanh tu dong
(CombiFlash Rf, 12 g RediSep™ hdp silic oxit) tach rira v6i gradien 0 — 10% metanol
trong diclometan tao ra san phém mong mudn 14 gdm mau vang (199 mg, 0,49 mmol,
96%).

LC/MS (C1sH16BrFN20sS) 405 [M+H]"; RT 1,30 (LCMS-V-B1)

'TH NMR (400 MHz, DMSO-d6) 8 7,54 (dd, J=11,0, 2,4 Hz, 1H), 7,33 (ddd, J
=8.,8, 2,4, 1,5 Hz, 1H), 7,13 (t, ] = 9,0 Hz, 1H), 4,19 (q, J = 7,1 Hz, 2H), 4,07 (t, J =
6,1 Hz, 2H), 3,16 — 3,10 (m, 2H), 2,11 — 1,96 (m, 2H), 1,24 (t, ] = 7,1 Hz, 3H).

Vi du diéu ché 3z: Etyl 2-[(2-metoxyetyl)amino]-1,3-thiazol-4-carboxylat

Etyl bromopyruvat (2,5 mL, 17,9 mmol, 1,07 duong luong) duoc bd sung vao
huyén phii chira 2-metoxyetylthioure (2,25 g, 16,8 mmol, 1 dwong lwong) trong etanol
(40 mL) & 0 °C duéi khi quyén nito va hdn hop dugc khudy trong 1 h & nhiét 40 moi
trudng. Trietylamin (4,7 mL, 33,5 mmol, 2 duong luwong) dugc bd sung vao va hdn hop
dugc gia nhiét & 75 °C trong 18 h. Dung dich dugc dé ngudi dén nhiét d méi trudng va
duoc cho phan bd gitta etyl axetat (300 mL) va nuéc (200 mL). Pha hitu co duoc rira
bang nude (200 mL) va nudce mubi, 1am kho (magie sulfat) va co trong chan khong.
Tinh ché bang sic ky cot nhanh (100 g silic oxit) tAch rira v6i 1:1 etyl axetat / heptan
tao ra chat rén ma duoc nghién v6i heptan (20 mL), loc, rira bang heptan (2 x 15 mL)
va lam kho dué6i chan khong dé tao ra san phim mong mudn 13 chét ran mau nau nhat
(3,15 g, 13,7 mmol, 82%).

LC/MS (CoH14N,03S) 231 [M+H]*; RT 0,88 (LCMS-V-B1)

TH NMR (400 MHz, CDCls) 8 7,40 (s, 1H), 5,78 (t, 1H), 4,34 (q, /= 7,1 Hz,
2H), 3,60 — 3,54 (m, 2H), 3,48 (td, /= 5,5, 4,4 Hz, 2H), 3,36 (s, 3H), 1,36 (t, /= 7,1
Hz, 3H).

Vi du diéu ché 3za: Etyl 5-[4-(benzyloxy)piperidin-1-yl]-2-(metylamino)-

1,3-thiazol-4-carboxylat

Budc A: etyl 5-[4-(benzyloxy)piperidin-1-yl[-1,3-thiazol-4-carboxylat

Dung dich chira etyl 5-bromothiazol-4-carboxylat (500 mg, 2,12 mmol, 1 duong
luong), 4-benzyloxy-piperidin hydroclorua (579 mg, 2,54 mmol, 1,2 duong lugng) va
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1,8-diazabixyclo[5,4,0]undec-7-en (0,64 mL, 4,24 mmol, 2 duong lugng) trong
axetonitril (10 mL) dugc gia nhiét & 100 °C trong 2 h trong didu kién chiéu vi séng.
Phan g duogc dé nguoi dén nhiét d6 moi truong sau d6 co trong chan khong, duge cho
phan bd giita diclometan va nudc, va pha hitu co dugc rira bang nuéec mubdi, lam khd
(magie sulfat) va c6 trong chan khong. Tinh ché bing sic ky cot nhanh ty dong
(CombiFlash Rf, 24 g RediSep™ hop silic oxit) tich rira v6i gradien 0 — 100% etyl
axetat trong iso-heptan tao ra san phim mong mudn 1& diu mau vang (499 mg, 1,44
mmol, 68%).

LC/MS (C1sH22N»03S) 347 [M+H]"; RT 1,08 (LCMS-V-B1)

'"H NMR (400 MHz, DMSO-d6) & 8,46 (s, 1H), 7,41 — 7,33 (m, 4H), 7,32 —
7,26 (m, 1H), 4,55 (s, 2H), 4,25 (q, J=7,1 Hz, 2H), 3,62 (tt, ] = 7,7, 3,6 Hz, 1H), 3,42
—3,30 (m, 2H), 3,08 — 2,97 (m, 2H), 2,05 — 1,95 (m, 2H), 1,81 — 1,66 (m, 2H), 1,28 (t,
J=17,1Hz, 3H).

Budc B: etyl 5-[4-(benzyloxy)piperidin-1-yl]-2-bromo-1,3-thiazol-4-
carboxylat

N-Bromosucxinimit (308 mg, 1,73 mmol, 1,2 duong lugng) dugc bd sung vao
dung dich dugc khudy chia sin pham tir Budc A (499 mg, 1,44 mmol, 1 duong luong)
trong axetonitril (20 mL) va hén hop duoc khudy & nhiét d6 méi truong qua dém. Phan
ung dugc pha loang véi etyl axetat, rira bang nude tiép d6 1a nuéce mudi, 1am kho (magie
sulfat), va c6 trong chan khong. Tinh ché bang sic ky cot nhanh tu dong (CombiFlash
Rf, 24 g RediSep™ hop silic oxit) tich rira véi gradien 0 — 60% etyl axetat trong iso-
heptan tao ra san pham mong mubn 13 chit ran mau vang (454 mg, 1,07 mmol, 74%)).

LC/MS (C1sH21BrN»03S) 427 [M+H]"; RT 1,26 (LCMS-V-B1)

'"H NMR (400 MHz, DMSO-d6) 8 7,41 — 7,33 (m, 4H), 7,32 — 7,26 (m, 1H),
4,54 (s, 2H), 4,24 (q, J = 7,1 Hz, 2H), 3,62 (tt, ] = 7.5, 3,5 Hz, 1H), 3,43 — 3,28 (m,
2H), 3,07 (ddd, J = 11,8, 8,5, 3,4 Hz, 2H), 2,06 — 1,88 (m, 2H), 1,79 — 1,65 (m, 2H),
1,28 (t,J = 7,1 Hz, 3H).

Budc C: etyl 5-[4-(benzyloxy)piperidin-1-yl]-2-{[(tert-
butoxy)carbonyl](metyl)aminoj}-1,3-thiazol-4-carboxylat

San phdm tir Buéc B (454 mg, 1,07 mmol, 1 dwong lwong) va tert-butyl
metylcarbamat (0,19 mL, 1,28 mmol, 1,2 dwong lugng) duoc bd sung vao dung dich
chira tris(dibenzylidenaxeton)dipaladi(0) (48,9 mg, 0,05 mmol, 0,05 duwong luong) va
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Xantphos (61,8 mg, 0,11 mmol, 0,1 duong lugng) trong 1,4-dioxan (10 mL) dudi khi
quyén nito. Xesi cacbonat (522 mg, 1,6 mmol, 1,5 duong lwong) duge bd sung vio va
hdn hop duge gia nhiét & 100 °C qua dém. Phan (mg duoc dé ngudi dén nhiét o moi
trudng va co trong chan khoéng. Can dugc hoa tan trong etyl axetat, sau do rira bang
nude tiép d6 1a nude mudi, lam kho (magie sulfat) va cd trong chan khong. Tinh ché
bang sic ky cot nhanh tw dong (CombiFlash Rf, 50 g RediSep™ hop silic oxit) tach rira
v6i gradien 0 — 50% etyl axetat trong iso-heptan tao ra san phim mong mudn 14 chit rin
mau kem (339 mg, 0,71 mmol, 67%).

LC/MS (C24H33N30s5S) 476 [M+H]"; RT 1,37 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) § 7,41 — 7,33 (m, 4H), 7,32 - 7,26 (m, 1H),
4,55 (s, 2H), 4,23 (q, J = 7,1 Hz, 2H), 3,59 (it, T = 8,0, 3,7 Hz, 1H), 3,38 (s, 3H), 3,37 -
3,29 (m, 2H), 2,97 (ddd, J = 11,6, 8,8, 3,1 Hz, 2H), 2,06 — 1,91 (m, 2H), 1,76 — 1,62
(m, 2H), 1,52 (s, 9H), 1,28 (t, J = 7,1 Hz, 3H).

Budc D: etyl 5-[4-(benzyloxy)piperidin-1-yl]-2-(metylamino)-1,3-thiazol-4-
carboxylat

Axit trifloaxetic (0,53 mL, 7,11 mmol, 10 duong lugng) duoc bd sung vao dung
dich dugc khudy chira san pham tir Budc C (339 mg, 0,71 mmol, 1 duong lugng) trong
diclometan (10 mL) & 0 °C va hdn hop dugc dé 4m dén nhiét d6 mdi truong va khudy
qua dém. Phan ung dugc cho phén bd gitta diclometan va dung dich nuéc natri
bicacbonat bdo hoa, va pha hitu co dugc rira béng nude mudi, 1am kho (magie sulfat),
va ¢0 trong chan khéng. Nguyén liéu duoc nghién véi dietyl ete, loc, va 1am kho dudi
chan khong dé tao ra san phim mong mudn 1a chit ran mau trang (213 mg, 0,57 mmol,
80%).

LC/MS (Ci9H25N303S) 376 [M+H]"; RT 1,07 (LCMS-V-B1)

'"H NMR (400 MHz, DMSO-d6) 8 7,38 — 7,33 (m, 3H), 7,32 - 7,23 (m, 2H),
4,53 (s, 2H), 4,18 (q, J = 7,1 Hz, 2H), 3,54 (dt, T = 8,2, 4,3 Hz, 1H), 3,19 — 3,08 (m,
2H), 2,83 — 2,72 (m, 5H), 2,02 — 1,89 (m, 2H), 1,76 — 1,60 (m, 2H), 1,26 (t, J=7,1 Hz,
3H).

Vi du diéu ché 3zb: Etyl 5-{1-[(tert-butoxy)carbonyl]azetidin-3-y1}-2-

(metylamino)-1,3-thiazol-4-carboxylat
Budc A: ({1-[(tert-butoxy)carbonyl]azetidin-3-yl}metyl) (iodo) kém
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Binh Schlenk duoc say kho trong ti sdy duoc bd sung kém (3,3 g, 50,5 mmol,
1,5 dwong lwong) va binh ndy duoc gia nhiét & 160 °C trong 20 phut dudi chin khong
sau d6 dé ngudi dén nhiét d6 moi truong va dwoc dat dudi moi trudng nito.
Dimetylaxetamit (25 mL) duoc bd sung vao tiép d6 bd sung tir tr hdn hop gdm
trimetylclosilan (0,69 mL, 5,42 mmol, 0,16 dwong Iugng) va 1,2-dibromoetan (0,49 mL,
5,69 mmol, 0,17 duong luong). Hoén hop thu duge dugc dé ngudi dén nhiét d6 méi
truong sau d6 dung dich chira 1-boc-3-(iodometyl)azetidin (10 g, 33,65 mmol, 1 duong
lugng) trong dimetylaxetamit (7 mL) dugc bd sung vao tlr tir va hdn hop duge Kkhudy
qua dém. Dit éng thong qua bd loc (bong xo/ Xelit / bong x0) vao dng Schlenk 25 mL
khd tao ra san phdm mong mudn 13 dung dich 0,62M (nhu duoc xac dinh bang cach
nghién v6i dung dich chtra iot 0,5M) ma dugc stir dung ma khong can xac dinh dic tinh
thém.

Burdc B: tert-butyl 3-(3-etoxy-2,3-dioxopropyl)azetidin-1-carboxylat

Dung dich chira dong(l) iodua (3,54 g, 18,6 mmol, 2 duong luong) trong
tetrahydrofuran (20 mL) duoc lam lanh xubng -20 °C sau d6 san pham tir Budc A
(0,62M trong dimetylaxetamit; 30 mL, 18,6 mmol, 2 duong lugng) duge bd sung vao tu
tr va hdn hop duge khudy & -20 °C trong 10 phit sau d6 & 0 °C trong 20 phit. Hn hop
duoc lam lanh xuéng -20 °C sau d6 etyl cloglyoxylat (1,04 mL, 9,3 mmol, 1 duong
luong) duoc bd sung vao tu tir va hdn hop duge dé Am dén nhiét 36 moi trudng va khuéy
trong 1 h. Phan ung duogc lam ding bang cach bd sung dung dich nuéc amoni clorua
bdo hoa, dugc chiét bang etyl axetat (x2), va cac chét chiét hiru co thu gom dugc rira
bang nude mudi, lam kho (magie sulfat), va cd trong chan khéng. Tinh ché bang sac ky
cOt nhanh ty dong (CombiFlash Rf, 40 g RediSep™ hop silic oxit) tdch rira v6i gradien
0 — 30% etyl axetat trong iso-heptan tao ra san phim mong mudn 14 dau khéng mau
(0,57 g, 2,1 mmol, 23%).

TH NMR (400 MHz, Cloroform-d) & 4,33 (q, J = 7,2 Hz, 2H), 4,13 (t, ] = 8,5
Hz, 2H), 3,57 (dd, J = 8,9, 5,4 Hz, 2H), 3,20 (d, J = 7,5 Hz, 2H), 2,99 — 2,84 (m, 1H),
1,43 (s, 9H), 1,37 (t, J = 7,1 Hz, 3H).

Budc C: tert-butyl 3-[(1Z)-3-etoxy-3-oxo-2-[(trimetylsilyl) oxy|prop-1-en-1-
yl]azetidin-1-carboxylat

Dung dich chtra san pham tir Buéc B (570 mg, 2,1 mmol, 1 dwong lugng) va
clotrimetylsilan (0,3 mL, 2,35 mmol, 1,12 duong luong) trong tetrahydrofuran (10 mL)
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duoc bé sung tir tir trietylamin (0,38 mL, 2,73 mmol, 1,3 duong luong) va hon hop duge
khudy ¢ nhiét d6 moi truong trong 3,5 h. Phan tmg dugc cho phan b gitra etyl axetat
va nudce, va pha hitu co dugc rira bang nudc mudi, 1am kho (magie sulfat) va co trong
chan khong dé tao ra sin pham mong mubn 13 ddu khong mau (643 mg, 1,87 mmol,
89%).

IH NMR (400 MHz, Cloroform-d) & 6,23 (d, J = 8,9 Hz, 1H), 4,22 (q, T =7,1
Hz, 2H), 4,14 (t, J = 8,5 Hz, 2H), 3,74 (dd, ] = 8,4, 6,0 Hz, 2H), 3,61 — 3,46 (m, 1H),
1,44 (s, 9H), 1,32 (t, J= 7,1 Hz, 3H), 0,20 (s, 9H).

Budc D: tert-butyl 3-(1 -bromo-3-etoxy-2,3-dioxopropyl)azetidin-1-carboxylat

Dung dich chira san phém tir Bude C (643 mg, 1,87 mmol, 1 duong lugng) va N-
bromosucxinimit (367 mg, 2,06 mmol, 1,1 dwong lugng) trong tetrahydrofuran (15
mL) duoc gia nhiét & hdi luu trong 2,5 h sau d6 dé ngudi dén nhiét 46 moi truong. Phan
ung duoc cho phin b giita etyl axetat va dung dich nudc natri bicacbonat béo hoa va
pha hitu co dugc rira béng nudc mudi, lam kho (magie sulfat), va co trong chén khong.
Tinh ché bing sic ki cot nhanh tu dong (CombiFlash Rf, 24 g RediSep™ hop silic oxit)
tach rira vGi gradien 0 — 40% etyl axetat trong iso-heptan tao ra san phim mong mudn
12 gobm mau vang (507 mg, 1,45 mmol, 77%).

'H NMR (400 MHz, Cloroform-d) 5,25 (d, J = 9,3 Hz, 1H), 4,40 (q, 2H),
4,14 (t, 1H), 4,08 (t, J = 8,8 Hz, 1H), 3,85 (dd, J = 9,1, 5,5 Hz, 1H), 3,58 (dd, J=9.3,
5.2 Hz, 1H), 3,25 — 3,10 (m, 1H), 1,44 (s, 9H), 1,40 (t,J = 7,2 Hz, 3H).

Buoc E: etyl 5-(azetidin-3-yl)-2-(metylamino)-1,3-thiazol-4-carboxylat

Dung dich chira san phém tr Bude D (452 mg, 1,29 mmol, 1 duong lwgng) va N-
metylthioure (140 mg, 1,55 mmol, 1,2 duong lugng) trong etanol (8 mL) dugc gia nhiét
& hdi lvu trong 4,5 h sau d6 dé nguoi dén nhiét d6 moi trudong. Két tia thu dugc duoc
thu gom béng cach loc, rra béng etanol (2 mL), va 1am kho6 duéi chan khong dé tao ra
san phdm mong mudn 13 chat rén mau tring (161 mg, 0,5 mmol, 39%). Nuéc loc dugce
chuyén vo lo vi séng va axit clohydric (4M trong 1,4-dioxan, 0,2 mL, 0,8 mmol) dugc
bd sung vao va hon hop dugc gia nhiét & 60 °C trong 40 phut trong didu kién chiéu vi
song. Hon hop phan tmg duoc nap 1én hop SCX-2 dugc diéu hoa bang metanol (10 g),
sau d6 rura b%mg metanol, va tach rira véi 3,5N amoniac metanolic. Dung m61 dugc loai
b6 trong chan khong va tinh ché bang sic ky cdt nhanh tw dong (CombiFlash Rf, 24 g

RediSep™ hop silic oxit) tach rira v6i gradien 0 — 15% 2,33N amoniac metanolic trong
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diclometan tao ra sén phdm mong mudn 13 goém khong mau (115 mg, 0,48 mmol, 37%).
Hai mé san pham duoc két hop va dugc st dung trong budce tiép theo.

LC/MS (C10H15N30,8) 242 [M+H]"; RT 0,34 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 8,84 (s, 1H), 8,57 (s, 1H), 7,83 (¢, J = 4,8
Hz, 1H), 4,76 (p, J = 8,8 Hz, 1H), 4,32 — 4,17 (m, 4H), 3,95 (q, ] = 8,0 Hz, 2H), 2,82
(d,J =4,7Hz, 3H), 1,28 (t, ] = 7,1 Hz, 3H).

Budc F: etyl 2-{[(tert-butoxy)carbonyl](metyl)amino}-5-{1-[(tert-
butoxy)carbonyl]azetidin-3-yl}-1,3-thiazol-4-carboxylat

Dung dich chira san pham trong Buéc E (298 mg, 1,23 mmol, 1 duong lwong)
trong diclometan (10 mL) duoc bd sung di-tert-butyl dicacbonat (809 mg, 3,7 mmol, 3
duong lugng), 4-(dimetylamino)pyridin (45,3 mg, 0,37 mmol, 0,3 duong lugong) va
trietylamin (0,51 mL, 3,7 mmol, 3 dwong lugng) va hén hop duoc khudy & nhiét d6 moi
truong qua dém. Phan tng dugce cho phéin bd gitta diclometan va nuéc, va pha hitu co
duoc rira bang nuéc mudi, lam kho (magie sulfat), va ¢ trong chan khong. Tinh ché
bang sic ky cot nhanh tu dong (CombiFlash Rf, 24 g RediSep™ hop silic oxit) tach rira
véi gradien 0 — 40% etyl axetat trong iso-heptan tao ra san phim mong mudn 14 bot mau
trang (390 mg, 0,88 mmol, 72%).

LC/MS (C20H31N306S) 442 [M+H]"; RT 1,47 (LCMS-V-B1)

'"H NMR (400 MHz, DMSO-d6) § 4,53 (it, J = 8,6, 5,8 Hz, 1H), 4,38 — 4,30 (m,
2H), 4,27 (q, 4H), 3,85 — 3,76 (m, 2H), 3,45 (s, 3H), 1,54 (s, 9H), 1,40 (s, 9H), 1,30 (¢,
J=17,1Hz, 3H).

Buéc G: etyl 5-{1-[(tert-butoxy)carbonyl]azetidin-3-yl}-2-(metylamino)-1,3-
thiazol-4-carboxylat

Dung dich chita san phdm tlr Buéce F (390 mg, 0,88 mmol, 1 dwong lwong) trong
1,1,1,3,3,3-hexaflo-2-propanol (3 mL) dugc gia nhiét & 100 °C trong 55 phut trong didu
kién chiéu vi song. Hon hop dugc cb trong chan khong va tinh ché bang sic ky cot nhanh
tur dong (CombiFlash Rf, 12 g RediSep™ hp silic oxit) tich rira vi gradien 0 — 100%
etyl axetat trong iso-heptan tao ra san phim mong muén 13 chét rin mau trang (199 mg,
0,58 mmol, 66%).

LC/MS (C15sH23N304S) 342 [M+H]"; RT 0,98 (LCMS-V-B1)
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'H NMR (400 MHz, DMSO0-d6) 8 7,70 (q, J = 4,7 Hz, 1H), 4,49 (t, 1= 8,6, 5,9
Hz, 1H), 4,28 (t, T = 8,6 Hz, 2H), 4,21 (q, J = 7,1 Hz, 2H), 3,73 - 3,65 (m, 2H), 2,81
(d, J=4,7 Hz, 3H), 1,39 (s, 9H), 1,26 (t, J = 7,1 Hz, 3H).

Vi du diéu ché 3zc: Metyl 5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl]-2-

flophenoxy}-2,2-dimetylpropyl)-2-(metylamino)-1,3-thiazol-4-carboxylat

Buwdc A: axit 4-metoxy-2,2-dimetyl-4-oxobutanoic

Dung dich chira axit 2,2-dimetylsucxinic (20 g, 137 mmol, 1 dwong luong) trong
metanol (200 mL), dugc lam lanh xuéng 0 °C, duoc bd sung vao axit sulfuric (2 mL) va
hén hop duge khudy & nhiét dd mdi trudng qua dém. Phan tmg dugce cd trong chan
khong sau d6 duogc lam dung bang cach bd sung tung giot dung dich nudc natri
bicacbonat bio hoa (200 mL) va rira bang iso-heptan (x2). Pha chira nuéc dugc lam lanh
xubng 0°C, axit hoa bing dung dich nude axit clohydric 6N, va dugc chiét bang dietyl
ete (x2). Cac chét chiét hitu co thu gom dugc 1am kho (magie sulfat), va cd trong chén
khong dé tao ra san pham mong mudn 13 dau trong (13,7 g, 85,4 mmol, 62%).

'H NMR (400 MHz, Cloroform-d) & 3,67 (s, 3H), 2,62 (s, 2H), 1,30 (s, 6H).

Budc B: metyl 4-hydroxy-3,3-dimetylbutanoat

Dung dich chira san phém tr Bude A (13,7 g, 85,4 mmol, 1 duong luong) trong
tetrahydrofuran (140 mL) dugc lam lanh xubng -30 °C va phirc chét boran dimetyl
sulfua (13 g, 16,2 mL, 171 mmol, 2 duong lugng) duge bd sung vao timg giot. Hon hop
duoc khqu & -30 °C trong 1,5 h, sau d6 duogc lam 4m dén 0 °C va khqu 0 nhiét do nay
trong 45 phat. Phan tng dugc 1am ding bang cach bd sung tir tir metanol (50 mL), sau
d6 co trong chan khong. Tinh ché bang sic ky cot nhanh ty dong (CombiFlash Rf, 220
g RediSep™ hop silic oxit) tach rira v6i gradien 0 — 50% etyl axetat trong iso-heptan
tao ra san phAm mong mudn 1a dau trong (8,14 g, 55,7 mmol, 65%).

'H NMR (400 MHz, DMSO-d6) § 4,65 (t, J = 5,4 Hz, 1H), 3,57 (s, 3H), 3,15
(d, J= 5,4 Hz, 2H), 2,19 (s, 2H), 0,89 (s, 6H).

Buéc C: metyl 4-[(tert-butyldiphenylsilyl)oxy]-3,3-dimetylbutanoat

Dung dich chira san phém tir Budc B (8,14 g, 55,7 mmol, 1 duong lugng) trong
dimetylformamit (200 mL) duoc bd sung tert-butyl(clo)diphenylsilan (17,4 mL, 66,8
mmol, 1,2 dwong lwgng) va imidazol (7,36 mL, 111 mmol, 2 dwong lugng) va hén hop
dugc khudy ¢ nhiét d§ mdi truong qua dém. Phan tng dwoc cho phén bd giita heptan
(500 mL) va 2:1 nuéc / dung dich nude amoni clorua bao hoa (500 mL), va pha chtra
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nuée duge chiét bang heptan (500 mL). Céc chét chiét hitu co thu gom dugc lam kho
(magie sulfat) va tinh ché bang sic ky cot nhanh ty dong (CombiFlash Rf, 330 g
RediSep™ hop silic oxit) tich rira v6i gradien 0 — 10% etyl axetat trong iso-heptan tao
ra san phim mong muén 13 dau trong (14,4 g, 37,4 mmol, 67%).

"H NMR (400 MHz, DMSO-d6) & 7,65 - 7,58 (m, 4H), 7,53 - 7,40 (m, 6H),
3,56 (s, 3H), 3,41 (s, 2H), 2,33 (s, 2H), 1,01 (s, 9H), 0,97 (s, 6H).

Buic D: 4-(tert-butyldiphenylsilyl) oxy]-3,3-dimetylbutan-1-ol

Dung dich chira san phém tr Bude C (14,4 g, 37,4 mmol, 1 duong luong) trong
tetrahydrofuran (70 mL) duoc lam lanh xubng -78°C va diisobutyl nhém hydrua (1M
trong tetrahydrofuran; 112 mL, 112 mmol, 3 duong lugng) dugc bd sung vao va hon
hop duogc khudy & -78 °C trong 2 h. Dung dich nuéc amoni clorua bio hoa dugce b6 sung
vao va hdn hop duoc khudy ¢ -78 °C trong 10 phit, sau d6 dugc dé 4m dén nhiét do méi
truong. Hon hop duoc loc qua dém Xelit tach rira véi etyl axetat, va cac chét hiru co
duoc 1am kho (magie sulfat) va c6 trong chan khong. Tinh ché bang sic ky cot nhanh tu
dong (CombiFlash Rf, 220 g RediSep™ hop silic oxit) tach rira v6i gradien 0 — 15%
etyl axetat trong iso-heptan tao ra san pham mong mudn 12 dau trong (12,5 g, 35 mmol,
94%).

LC/MS (C22H320:S1) 357 [M+H]"; RT 2,68 (LCMS-V-C)

"H NMR (400 MHz, DMSO-d6) 8 7,65 - 7,56 (m, 4H), 7,53 - 7,40 (m, 6H),
4,28 (t,J=5,0 Hz, 1H), 3,50 — 3,41 (m, 2H), 3,30 (s, 2H), 1,48 (dd, ] = 8,1, 7,1 Hz,
2H), 1,02 (s, 9H), 0,88 (s, 6H).

Buéc E: 4-[(tert-butyldiphenylsilyl) oxy]-3,3-dimetylbutyl metansulfonat

Dung dich dugc khudy chita san pham tr Buéc D (12,5 g, 35 mmol, 1 duong
lwong) trong diclometan (200 mL), dwgc 1am lanh xuéng 0 °C, duogc bd sung trietylamin
(7,31 mL, 52,5 mmol, 1,5 dwong lugng) va metansulfonyl clorua (3,25 mL, 42 mmol,
1,2 dwong lugng) va hdn hop duge khudy & nhiét do méi truong qua dém. Phan tng
dugc pha lodng v6i diclometan, rira béng dung dich nudc natri bicacbonat bdo hoa, lam
kho (thiét bi phan tach pha PTFE), va cb trong chan khong dé tao ra san phdm mong
mudn 14 diu mau vang (15,1 g, 34,8 mmol, 99%).

"H NMR (400 MHz, DMSO-d6) & 7,66 - 7,58 (m, 4H), 7,53 - 7,40 (m, 6H),
4,27 (t, T =7,4 Hz, 2H), 3,33 (s, 2H), 3,15 (s, 3H), 1,74 (t, ] = 7,4 Hz, 2H), 1,02 (s,
9H), 0,92 (s, 6H).
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Bugc F: (4-bromo-2,2-dimetylbutoxy)(tert-butyl)diphenylsilan

Dung dich chira san phém tr Bude E (15,1 g, 34,8 mmol, 1 duong Iuong) trong
tetrahydrofuran (400 mL) dugc b6 sung lithi bromua (9,07 g, 105 mmol, 3 dwong luong)
tirng phan va hon hop duge khudy & 70 °C trong 4 h, sau d6 dé ngudi dén nhiét d6 moi
truong. Phan tmg dugce ¢ trong chan khong sau d6 duge cho phan bb giita diclometan
va nude mubi, va pha hiru co dugc rira béng 10% dung dich nudce natri thiosulfat, lam
kh (thiét bi phan tich pha PTFE), va cd trong chan khong. Tinh ché bang séc ky cot
nhanh ty dong (CombiFlash Rf, 220 g RediSep™ hdp silic oxit) tach rira voi gradien 0
— 2% etyl axetat trong iso-heptan tao ra san pham mong mudn 13 dau trong (12,8 g, 30,5
mmol, 88%).

'"H NMR (400 MHz, DMSO-d6) § 7,65 - 7,55 (m, 4H), 7,53 - 7,40 (m, 6H),
3,52 - 3,42 (m, 2H), 3,34 (s, 2H), 1,96 - 1,86 (m, 2H), 1,03 (s, 9H), 0,88 (s, 6H).

Budc G: etyl 6-[(tert-butyldiphenylsilyl)oxy]-5,5-dimetyl-2-oxohexanoat

Binh dugc sdy kho trong ti sdy dugc bd sung magie (496 mg, 20,4 mmol, 1,2
duong luong) va duoc khuiy manh duéi nito trong 20 phat. Dung dich chira san pham
tir Bude F (7,13 g, 17 mmol, 1 duong lugng) trong tetrahydrofuran (12 mL) dugc phun
rira bang nito (10 phut) va mot phan dung dich nay dugc bd sung magie (khong c6
khuéy). Hon hop dugc gia nhiét so bo dén hdi luu (sing gia nhiét) va tinh thé iot dugc
bd sung vao. Viéc khqu duoc bat dau, va dung dich con lai duoc bd sung vao huyén
phu magie voi tdc 6 nhu vay dé duy tri sy hdi lwu nhe. Sau khi b6 sung xong, hdn hop
dugc gia nhiét & hdi luu trong 2 h, sau d6 dé ngudi dén nhiét do moi truong. Dung dich
dugc khudy chia dietyl oxalat (2,31 mL, 17 mmol, 1 duong lugng) trong
tetrahydrofuran (6 mL) dugc phun rira bang nito (10 phit) sau d6 duge lam lanh xudng
-78 °C. Dung dich nay dugc b sung ting phan dung dich chét phan tmg Grignard néu
trén, sau d6 hdn hop dwoc dé 4m tir tir dén nhiét 46 moi trudng trong 2 h. Phan ing duoc
cho phan bd gitra etyl axetat va dung dich nu6c amoni clorua bao hoa, va pha hitu co
dugc 1am kho (magie sulfat) va c6 trong chan khong. Tinh ché bang sic ky cot nhanh tur
dong (CombiFlash Rf, 220 g RediSep™ hop silic oxit) tach rira véi gradien 0 — 8% etyl
axetat trong iso-heptan tao ra san phém mong mudn 13 dau trong (3,06 g, 6,95 mmol,

41%).
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IH NMR (400 MHz, Cloroform-d) & 7,67 - 7,61 (m, 4H), 7,45 - 7,34 (m, 6H),
4,31 (q,J=7,0 Hz, 2H), 3,31 (s, 2H), 2,80 - 2,71 (m, 2H), 1,67 - 1,58 (m, 2H), 1,36 (s,
3H),1,05 (s, 9H), 0,88 (s, 6H).

Budc GH: etyl 3-bromo-6-[(tert-butyldiphenylsilyl)oxy]-5,5-dimetyl-2-
oxohexanoat

Hon hop dugc khudy chira ddng(II) bromua (3,1 g, 13,9 mmol, 2 dwong luong)
trong etyl axetat (80 mL) dugc bd sung ting phan dung dich chira san pham tir Buéc G
(3,06 g, 6,94 mmol, 1 dwong lugng) trong cloroform (40 mL) va phan {mg dugc gia
nhiét & hdi luu trong 16 h. Han hop phan Gng duge dé ngudi dén nhiét do moi trudng
sau d6 loc qua dém xelit, tach rira voi diclometan, va lam bay hoi. Tinh ché bang sic
ky cot nhanh ty dong (CombiFlash Rf, 80 g RediSep™ hop silic oxit) tach ruora véi
gradien 0 — 10% etyl axetat trong iso-heptan tao ra san phim mong mubn 14 dau trong
(2,62 g, 5,04 mmol, 72%).

LC/MS (C26H3sBrO4Si) 441 [M-Ph]*; RT 1,36 (LCMS-V-B2)

IH NMR (400 MHz, Cloroform-d) & 7,69 — 7,61 (m, 4H), 7,50 — 7,34 (m, 6H),
5,28 (dd, T = 8,4, 4,5 Hz, 1H), 4,36 (qd, J = 7,1, 1,4 Hz, 2H), 3,33 (d, J = 1,5 Hz, 2H),
2,56 (dd, J = 14,9, 8,5 Hz, 1H), 2,11 (dd, J= 14,9, 4,5 Hz, 1H), 1,38 (t, ] = 7,1 Hz,
3H), 1,07 (s, 9H), 0,88 (d, J = 3,7 Hz, 6H).

Buwéc H: etyl 5-{3-[(tert-butyldiphenylsilyl) oxy]-2,2-dimetylpropyl}-2-
(metylamino)-1,3-thiazol-4-carboxylat

Dung dich chira san phém tr Budc GH (2,62 g, 5,04 mmol, 1 duong lugng) trong
etanol (35 mL) dwoc bo sung N-metylthioure (455 mg, 5,04 mmol, 1 dwong lwong) va
trietylamin (1,4 mL, 10,1 mmol, 2 duong lugng) va hén hop duogc gia nhiét & 85 °C
trong 4 h, sau do dé nguoi dén nhiét 6 moi truong. Phan Gng duoc cho phan bd gitta
diclometan va nuéc mudi, va pha hitu co duge lam kho (thiét bi phan tach pha PTFE)
vA ¢b trong chan khong. Tinh ché bang sic ky cdt nhanh ty dong (CombiFlash Rf, 80 g
RediSep™ hop silic oxit) tich rira v6i gradien 0 — 50% etyl axetat trong iso-heptan tao
ra san phdm mong mudn 12 chat rin mau vang (1,45 g, 2,84 mmol, 56%).

LC/MS (Ca2sH3sN>03SiS) 511 [M+H]"; RT 1,28 (LCMS-V-B2)

H NMR (400 MHz, DMSO-d6) § 7,66 - 7,58 (m, 4H), 7,52 - 7,40 (m, 6H),
4,15 (q, J=17,1 Hz, 2H), 3,37 (s, 2H), 3,08 (s, 2H), 2,77 (d, J = 4,8 Hz, 3H), 1,20 (¢,
3H), 1,04 (s, 9H), 0,86 (s, 6H).
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Buegc I: etyl 2-{[(tert-butoxy)carbonyl](metyl)amino}-5-{3-[(tert-
butyldiphenylsilyl)oxy]-2,2-dimetylpropyl}-1,3-thiazol-4-carboxylat

Dung dich chira san phém t Buéc H (1 g, 1,96 mmol, 1 duong Iwong) trong
tetrahydrofuran (20 mL) duoc bb sung 4-(dimetylamino)pyridin (23,9 mg, 0,2 mmol,
0,1 dwong luong), trietylamin (0,82 mL, 5,87 mmol, 3 dwong lugng) va di-terz-butyl
dicacbonat (0,84 mL, 3,92 mmol, 2 duong luong) va hdn hop duge khuéy o nhiét do
mdi trudng trong 3 h. Phan tmg dugc cho phén b gitta etyl axetat va nudc, va pha hitu
co duoc 1lam kho (magie sulfat), va c6 trong chan khong. Tinh ché bang sic ky cot nhanh
- tw dong (CombiFlash Rf, 24 g RediSep™ hop silic oxit) tich rira voi gradien 0 — 15%
etyl axetat trong iso-heptan tao ra san phdm mong muédn 1a dau mau vang (1,19 g, 1,95
mmol, 100%).

LC/MS (C33HsN20s5SiS) 611 [M+H]"; RT 1,48 (LCMS-V-B2)

'H NMR (400 MHz, DMSO-d6) & 7,68 - 7,60 (m, 4H), 7,52 - 7,39 (m, 6H),
422 (q, J=17,1 Hz, 2H), 3,44 (s, 3H), 3,37 (s, 2H), 3,20 (s, 2H), 1,54 (s, 9H), 1,23 (t,
3H), 1,04 (s, 9H), 0,87 (s, 6H).

Buéc J: axit 2-{[(tert-butoxy)carbonyl](metyl)amino}-5-(3-hydroxy-2,2-
dimetylpropyl)-1,3-thiazol-4-carboxylic

Dung dich chtra san pham tir Bude I (600 mg, 0,98 mmol, 1 duong lwong) trong
tetrahydrofuran (12 mL) duoc bd sung TBAF (1M trong tetrahydrofuran; 2,95 mL, 2,95
mmol, 3 duong luong) va hdn hop dugc khudy & nhiét 6 méi trudng trong 2 h. Phan
ung dugc cho phan b giita etyl axetat va nudc, va pha hitu co dugce lam kho (magie
sulfat) va cd trong chan khong. Tinh ché bang sac ky cot nhanh ty dong (CombiFlash
Rf, 12 g RediSep™ hop silic oxit) tach rira v6i gradien 0 — 100% etyl axetat trong iso-
heptan tao ra san phim mong mudn 14 chit rén mau tring (178 mg, 0,52 mmol, 53%).

LC/MS (C15H24N205S) 345 [M+H]"; RT 1,87 (LCMS-V-C)

I'H NMR (400 MHz, DMSO-d6) & 12,69 (br s, 1H), 4,72 (br s, 1H), 3,34 (s,
3H), 3,16 (s, 2H), 3,10 (s, 2H), 1,53 (s, 9H), 0,83 (s, 6H).

Buéc K: metyl 2-{](tert-butoxy)carbonyl](metyl)amino}-5-(3-hydroxy-2,2-
dimetylpropyl)-1,3-thiazol-4-carboxylat

Dung dich chtra sén phém tir Buéc J (178 mg, 0,52 mmol, 1 duong luong) trong
1:1 diclometan / metanol (4 mL), dugc lam lanh xuéng 0 °C, dugc bd sung

(trimetylsilyl)diazometan (2M trong hexan; 0,31 mL, 0,62 mmol, 1,2 duong luong) va
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hén hop duoc khudy & nhiét @6 moi trudng qua dém. Phan Gng dugc cho phén bé giita
diclometan va nuéc, va pha hiru co dugce lam kho (thiét bi phan tach pha PTFE) va c6
trong chan khong. Tinh ché bang sic ky cot nhanh tw dong (CombiFlash Rf, 4 g
RediSep™ hop silic oxit) tch rira v6i gradien 0 — 50% etyl axetat trong iso-heptan tao
ra san phim mong muén 13 chét rin mau trang (119 mg, 0,33 mmol, 64%).

LC/MS (C16H26N205S) 359 [M+H]"; RT 2,10 (LCMS-V-C)

"H NMR (400 MHz, DMSO-d6) & 4,74 (t, J = 5,1 Hz, 1H), 3,78 (s, 3H), 3,43
(s, 3H), 3,16 (d, J = 5,2 Hz, 2H), 3,10 (s, 2H), 1,53 (s, 9H), 0,82 (s, 6H).

Budc L: metyl 2-{[(tert-butoxy)carbonyl](metyl)amino}-5-[3-(2-flo-4-
iodophenoxy)-2,2-dimetylpropyl]-1,3-thiazol-4-carboxylat

Dung dich chira sin pham tir Budc K (119 mg, 0,33 mmol, 1 duong lwong) trong
toluen (2 mL) dugc b6 sung 2-flo-4-iodophenol (158 mg, 0,66 mmol, 2 duong luong),
triphenylphosphin (174 mg, 0,66 mmol, 2 dwong lugng) va diisopropylazodicarboxylat
(131 pL, 0,66 mmol, 2 duong lugng) va hdn hop duge gia nhiét ¢ 120 °C trong 24 h.
Phan g dugc cho phén b giita diclometan va nudc, va pha hiru co dugc lam kho (thiét
bi phan tach pha PTFE) va c6 trong chan khong. Tinh ché bang sdc ky cot nhanh ty dong
(CombiFlash Rf, 4 g RediSep™ hdp silic oxit) tach rira voi gradien 0 — 20% etyl axetat
trong iso-heptan tao ra san phim mong mudn 13 gom trong (136 mg, 0,24 mmol, 71%).

LC/MS (C22H2sFIN205S) 579 [M+H]"; RT 2,76 (LCMS-V-C)

"H NMR (400 MHz, DMSO-d6) é 7,60 (dd, J = 10,7, 2,1 Hz, 1H), 7,49 - 7,42
(m, 1H), 3,75 (s, 5H), 3,42 (s, 3H), 3,26 (s, 2H), 1,49 (s, 9H), 1,01 (s, 6H).

Buwéc M: metyl 2-{[(tert-butoxy)carbonyl](metyl) amino}-5-(3-{4-[3-
(dimetylamino)prop-1-yn-1-ylj-2-flophenoxy}-2,2-dimetylpropyl)-1,3-thiazol-4-
carboxylat

Dung dich chita san pham tir Buéc L (136 mg, 0,24 mmol, 1 duong luong) trong
tetrahydrofuran (6 mL) dugc bd sung 3-dimetylamino-1-propyn (38,1 pL, 0,35 mmol,
1,5 duong luong), ddng (I) iodua (4,48 mg, 0,02 mmol, 0,1 dwong lugng) va N,N-
diisopropyletylamin (81,9 pL, 0,47 mmol, 2 dwong luong). Hén hop duogc phun rira
bang nito (10 phut) sau d6 bis(triphenylphosphin)paladi(Il) diclorua (16,5 mg, 0,02
mmol, 0,1 duong lugng) dugc b sung vao va hon hop dugce gia nhiét & 70 °C qua dém.
Phan (g duoc cho phan bb gita etyl axetat va nude mudi, va pha hitu co dugc 1am kho

(magie sulfat) va c6 trong chan khong. Tinh ché bang sic ky cot nhanh tuw dong
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(CombiFlash Rf, 4 g RediSep™ hdp silic oxit) tach rira v6i gradien 0 — 4% metanol
trong diclometan tao ra san phim mong mudn 13 gém mau nau (27 mg, 0,05 mmol,
22%).

LC/MS (C27H36FN30sS) 534 [M+H]"; RT 2,053 (LCMS-V-C)

"H NMR (400 MHz, DMSO-d6) & 7,31 (dd, J = 11,9, 2,0 Hz, 1H), 7,25 - 7,18
(m, 1H), 7,13 (t, J = 8,7 Hz, 1H), 3,78 (s, 2H), 3,75 (s, 3H), 3,43 (s, 2H), 3,42 (s, 3H),
3,27 (s, 2H), 2,24 (s, 6H), (s, 9H), 1,02 (s, 6H).

Budc N: metyl 5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl]-2-flophenoxy;}-2,2-
dimetylpropyl)-2-(metylamino)-1,3-thiazol-4-carboxylat

Dung dich chtra san pham tir Buéc M (27 mg, 0,05 mmol, 1 duong luong) trong
diclometan (5 mL) dugc bd sung axit trifloaxetic (1 mL) va hdn hop dwoc khuiy & nhiét
d6 méi trudong trong 2 h. Phan tng duge pha loang véi diclometan, sau d6 dugc lam
lanh xudng 0 °C va dugc trung hoa bang cach b sung 2N dung dich nuéc natri hydroxit.
Céc 16p duogc tach va lam kho (thiét bi phan tach pha PTFE) va c6 trong chan khong.
Tinh ché bing sic ky cot nhanh ty dong (CombiFlash Rf, 4 g RediSep™ hop silic oxit)
tach rira v6i gradien 0 — 7% metanol trong diclometan tao ra san phim mong muén 13
chét ran mau nau (8 mg, 0,02 mmol, 37%).

LC/MS (C22H2sFN30s8S) 434 [M+H]"; RT 1,62 (LCMS-V-C)

TH NMR (400 MHz, DMSO-d6) & 7,52 — 7,46 (m, 1H), 7,32 (dd, J= 11,3, 2,0
Hz, 1H), 7,24 — 7,19 (m, 1H), 7,13 (t, J = 8,7 Hz, 1H), 3,76 (s, 2H), 3,71 (s, 3H), 3,42
(s, 2H), 3,16 (s, 2H), 2,76 (d, J = 4,8 Hz, 3H), 2,23 (s, 6H), 1,00 (s, 6H).

Vi du diéu ché 3zd: Metyl 5-{[1-({4-[3-(dimetylamino)prop-1-yn-1-yl]-2-

flophenoxy}metyl)xyclopropyl]metyl}-2-(metylamino)-1,3-thiazol-4-carboxylat
Buéc A: 2-(1-{[(tert-butyldiphenylsilyl) oxy]metyl}xyclopropyl)axetonitril
Dung dich chira 2-[1-(hydroxymetyl)xyclopropyl]axetonitril (8 g, 72 mmol, 1
dwong luwong) trong dimetylformamit (200 mL) dugc bd sung tert-
butyl(clo)diphenylsilan (22,5 mL, 86,4 mmol, 1,2 duong lugng) va imidazol (9,51 mL,
144 mmol, 2 duong lugng) va hén hop duoc khudy & nhiét d6 mdi trudng qua dém.
Phan ung dugc cho phan b giita iso-heptan (600 mL) va 2:1 nudc / dung dich nuéc
amoni clorua bdo hoa (600 mL) va pha chira nu6c duoc chiét bang iso-heptan (600 mL).
Céc chét chiét hitu co thu gom dugc lam kho (magie sulfat) va c¢d trong chan khong.

Tinh ché bang sic ky cot nhanh ty dong (CombiFlash Rf, 330 g RediSep™ hop silic
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oxit) tach rira v6i gradien 0 — 6% etyl axetat trong iso-heptan tao ra san pham mong
muén 14 diu trong (23 g, 65,7 mmol, 91%).

"H NMR (400 MHz, DMSO-d6) & 7,67 - 7,57 (m, 4H), 7,53 - 7,36 (m, 6H),
3,54 (s, 2H), 2,71 (s, 2H), 1,02 (s, 9H), 0,57 - 0,50 (m, 2H), 0,50 — 0,43 (m, 2H).

Bugc B: 2-(1-{[(tert-butyldiphenylsilyl) oxy[metyl}xyclopropyl) axetaldehyt

Dung dich chtra san pham tir Buéc A (23 g, 65,7 mmol, 1 duong luong) trong
diclometan (300 mL), dugc lam lanh xuéng 0 °C, duoc bd sung diisobutyl nhém hydrua
(1M trong hexan; 72,3 mL, 72,3 mmol, 1,1 duong luong) ting phan va hdn hop duoc
khudy & 0 °C trong 1,5 h. Phan ng dwgc lam dimg bang cach b sung nude, sau d6 2N
dung dich nuéc axit clohydric (100 mL) duoc bd sung vao, tiép d6 1a dung dich nuéc
kali natri tartrat bao hoa (500 mL). H3n hop dugc chiét bang diclometan (2 x 400 mL),
va cac chét chiét hitu co thu gom duoc lam kho (magie sulfat) va cd trong chan khong.
Tinh ché bing sic k¥ ¢t nhanh tu dong (CombiFlash Rf, 330 g RediSep™ hop silic
oxit) tach rira v6i gradien 0 — 10% etyl axetat trong iso-heptan tao ra san pham mong
mubn 1a dau trong (19,6 g, 55,5 mmol, 85%).

LC/MS (C22H230,S1) 353 [M+H]"; RT 1,19 (LCMS-V-B2)

"H NMR (400 MHz, DMS0-d6) § 9,77 (t, J=2,5 Hz, 1H), 7,61 - 7,56 (m, 4H),
7,50 - 7,38 (m, 6H), 3,33 (s, 2H), 2,41 (d, J = 2,5 Hz, 2H), 0,97 (s, 9H), 0,57 - 0,50 (m,
2H), 0,47 - 0,40 (m, 2H).

Budc C: 2-(1-{{(tert-butyldiphenylsilyl) oxy]metyl}xyclopropyl)etan-1-ol

Dung dich chira san pham trong Buéc B (19,6 g, 55,5 mmol, 1 duong luong)
trong metanol (200 mL), duoc lam lanh xuéng 0 °C, duoc bd sung natri borohydrua
(2,31 g, 61,1 mmol, 1,1 duong lugng) tung phén va hén hop duge khuéy 0 nhiét ¢ mo1
treong trong 3 h. Phan img dugc cb trong chan khong, sau d6 duge cho phan b gitta
etyl axetat va nuéc, va pha hitu co duge lam kho (magie sulfat) va c6 trong chén khong
dé tao ra san phém mong muén 1a dau trong (18,8 g, 53 mmol, 96%).

"H NMR (400 MHz, DMSO0-d6) 8 7,66 - 7,57 (m, 4H), 7,52 - 7,37 (m, 6H),
432 (t,J=5,1Hz, 1H), 3,57 - 3,47 (m, 2H), 3,46 (s, 2H), 1,59 (t, ] = 7,3 Hz, 2H), 1,00
(s, 9H), 0,35 — 0,26 (m, 4H).

Buéc D: 2-(1-{(tert-butyldiphenylsilyl) oxy[metyl}xyclopropyl)etyl

metansulfonat
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Dung dich chtra san phém tr Bude C (18,8 g, 53 mmol, 1 duong luong) trong
diclometan (300 mL), dugc 1am lanh xuéng 0 °C, duoc bd sung trietylamin (22,1 mL,
159 mmol, 3 duong luong) va metansulfonyl clorua (4,92 mL, 63,6 mmol, 1,2 duong
lwong) va hdn hop dugce khudy & nhiét d6 moi trudng qua dém. Phan ing dugc cho phén
b gitra diclometan va dung dich nudc natri bicacbonat béo hoa, va pha hiru co duoc
tach va lam kho (thiét bi phan tach pha PTFE) va c6 trong chan khong dé tao ra san
pham mong mudn 12 diu mau nau (23,3 g, 53 mmol, 100%).

'H NMR (400 MHz, DMSO-d6) § 7,67 - 7,56 (m, 4H), 7,53 - 7,37 (m, 6H),
431 (t,J=7,1 Hz, 2H), 3,48 (s, 2H), 3,13 (s, 3H), 1,84 (t, J = 7,1 Hz, 2H), 1,01 (s,
9H), 0,49 - 0,38 (m, 2H), 0,36 - 0,29 (m, 2H).

Buoc E: {[1 -(2-bromoetyl)xyclopropyl]metoxyj}(tert-butyl)diphenylsilan

Dung dich chtra san phém tr Bude D (23,3 g, 53,9 mmol, 1 duong lugng) trong
tetrahydrofuran (600 mL) dugc b6 sung lithi bromua (14 g, 162 mmol, 3 dwong lugng)
va hon hop duoc gia nhiét & 70 °C trong 5 h sau do dé ngudi dén nhiét do moi trudng va
dung mdi duoc loai bo trong chan khong. Can dugc cho phén b giita diclometan va
nuée mudi, va pha hitu co duoc rira bﬁng 10% dung dich nudc natri thiosulfat, lam kho
(magie sulfat), va c6 trong chan khdng. Tinh ché bang sic ky cot nhanh ty dong
(CombiFlash Rf, 330 g RediSep™ hop silic oxit) tich rira v6i gradien 0 —2% dietyl ete
trong iso-heptan tao ra san pham mong mudn 1a dau trong (17,4 g, 41,6 mmol, 77%).

IH NMR (400 MHz, DMSO0-d6) & 7,65 - 7,58 (m, 4H), 7,53 - 7,39 (m, 6H),
3,54 (dd, J = 8,6, 7,4 Hz, 2H), 3,47 (s, 2H), 1,98 (dd, J = 8,6, 7,3 Hz, 2H), 1,02 (s, 9H),
0,46 - 0,38 (m, 2H), 0,35 - 0,28 (m, 2H).

Buéc F: etyl 4-(1-{[(tert-butyldiphenylsilyl) oxy/metyl}xyclopropyl)-2-
oxobutanoat

Binh duoc séy kho trong tu sdy duoc bd sung magie (1,21 g, 49,9 mmol, 1,2
duwong luong) va dugce khudy manh duéi nito trong 20 phut. Dung dich chtra san phim
tir Bu6e E (17,4 g, 41,6 mmol, 1 duong luong) trong tetrahydrofuran (30 mL) dugce
phun rira bang nito (10 phut) sau d6 mot phan phan uéc cua dung dich nay duoc b sung
magie (khong co khudy), hdn hop duge gia nhiét so bd & hdi Iwu va tinh thé iot duge bd
sung vao. Viéc khuéy duoc bat dau va dung dich con lai dugc bd sung magie véi tdc d6
nay dé duy tri su hdi luu nhe. Sau khi bd sung xong, hon hgp dugc gia nhiét & héi luu
trong 2 h, sau do dé ngudi dén nhiét d6 moi trudng. Dung dich chira dietyl oxalat (5,64
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mL, 41,6 mmol, 1 dwong luong) trong tetrahydrofuran (15 mL) dugc phun rira bang nito
(10 phut) sau d6 dugc lam lanh xubng -78 °C. Dung dich chét phan ing Grignard néu
trén dugc bd sung vao tir tir, sau d6 hdn hop dugce dé 4m dén nhiét 6 mdi truong trong
2 h. Phan tmg dugc cho phan b giita etyl axetat va dung dich nuéc amoni clorua bao
hoa, va pha hitu co duge lam khd (magie sulfat) va c6 trong chan khong. Tinh ché bang
séc ky cot nhanh tw dong (CombiFlash Rf, 330 g RediSep™ hdp silic oxit) tach rua véi
gradien 0 — 8% etyl axetat trong iso-heptan tao ra san phiam mong mubn 13 diu trong
(10 g, 22,8 mmol, 55%).

'H NMR (400 MHz, DMSO-d6) § 7,65 - 7,57 (m, 4H), 7,53 — 7,36 (m, 6H),
4,19 (q, J=24,7,7,1 Hz, 2H), 3,45 (s, 2H), 2,89 - 2,80 (m, 2H), 1,67 - 1,59 (m, 2H),
1,33 - 1,17 (m, 5H), 1,05 — 0,96 (s, 11H).

Buéc G: etyl 3-bromo-4-(1-{[(tert-butyldiphenylisilyl) oxy]metyljxyclopropyl)-
2-oxobutanoat

Dung dich chira san pham tir Buéc F (10 g, 22,8 mmol, 1 duong luong) trong
cloroform (125 mL) dwogc bd sung vao d6ng(Il) bromua (10,2 g, 45,6 mmol, 2 duong
luong) trong etyl axetat (250 mL) va hén hop duoc gia nhiét & 85 °C qua dém. Phan img
duoc loc qua xelit, tich rira v6i diclometan, va co trong chan khong. Tinh ché béng sac
ky cot nhanh ty dong (CombiFlash Rf, 220 g RediSep™ hop silic oxit) tach rira voi
gradien 0 — 8% etyl axetat trong iso-heptan tao ra san phim mong mubn 13 ddu mau
vang (2,09 g, 4,04 mmol, 18%).

'H NMR (400 MHz, DMSO-d6) & 7,68 — 7,59 (m, 4H), 7,53 - 7,40 (m, 6H),
5,52 (dd, T=8,9, 5,2 Hz, 1H), 4,28 (q, 2H), 3,68 (d, 1H), 3,37 (s, 1H), 2,44 (dd, T =
15,2, 5,2 Hz, 1H), 2,02 - 1,88 (m, 1H), 1,26 (t, 3H), 1,03 (s, 9H), 0,62 — 0,53 (m, 1H),
0,48 — 0,39 (m, 1H), 0,39 — 0,32 (m, 1H), 0,32 - 0,23 (m, 1H).

Buwgc H: etyl 5-[(1-{[(tert-butyldiphenylsilyl) oxy[metyl}xyclopropyl) metyl]-2-
(metylamino)-1,3-thiazol-4-carboxylat

Dung dich chira san pham tir Buéc G (2,09 g, 4,04 mmol, 1 duong lugng) trong
etanol (30 mL) dwoc bd sung N-metylthioure (364 mg, 4,04 mmol, 1 duong lugng) va
trietylamin (1,12 mL, 8,08 mmol, 2 duong lugng) va hdn hop duge gia nhiét ¢ 85 °C
qua dém. Phan tng duoc cho phéan bd giita diclometan va nudc mudi, va pha hitu co
duoc 1am khé (thiét bi phan tach pha PTFE), va ¢ trong chan khong. Tinh ché bang sic
ky cot nhanh tu dong (CombiFlash Rf, 40 g RediSep™ hop silic oxit) tach rira voi
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gradien 0 — 50% etyl axetat trong iso-heptan tao ra san phim mong mudn 13 chét rin
mau cam (1,8 g, 3,53 mmol, 88%).

LC/MS (Ca2sH3N>03SiS) 509 [M+H]*; RT 2,69 (LCMS-V-C)

'H NMR (400 MHz, DMS0-d6) & 7,59 - 7,51 (m, 4H), 7,46 — 7,36 (m, 6H),
4,16 (q, T=17,1 Hz, 2H), 3,44 (s, 2H), 3,22 (s, 2H), 2,79 (d, ] = 4,8 Hz, 3H), 1,20 (4,
3H), 0,96 (s, 9H), 0,55 - 0,48 (m, 2H), 0,48 — 0,41 (m, 2H).

Budc I: etyl 2-{[(tert-butoxy)carbonyl](metyl)amino}-5-[(1-{](tert-
butyldiphenylsilyl) oxy]metyl}xyclopropyl)metyl]-1,3-thiazol-4-carboxylat

Dung dich chira san pham tir Buéc H (1,8 g, 3,54 mmol, 1 duong lwong) trong
tetrahydrofuran (40 mL) duoc bd sung 4-(dimetylamino)pyridin (43,2 mg, 0,35 mmol,
0,1 duong lwong), trietylamin (1,48 mL, 10,6 mmol, 3 duong luong) va di-tert-butyl
dicacbonat (1,51 mL, 7,08 mmol, 2 duong luong) va hén hop duoc khuéy 0 nhiét do
mdi trudng qua dém. Phan tng duoc cho phin bb giita etyl axetat va nudc, va pha hiru
co dugc 1am kho (magie sulfat) va c6 trong chan khong. Tinh ché bang sic ky cot nhanh
tu dong (CombiFlash Rf, 40 g RediSep™ hop silic oxit) tach rira v6i gradien 0 — 15%
etyl axetat trong iso-heptan tao ra san phim mong mudn 12 diu mau vang (2,03 g, 3,33
mmol, 94%).

LC/MS (C33H44N2058SiS) 609 [M+H]"; RT 1,98 (LCMS-V-C)

'H NMR (400 MHz, DMSO-d6) & 7,56 - 7,48 (m, 4H), 7,46 - 7,34 (m, 6H),
4,23 (q, J=7,1 Hz, 2H), 3,48 — 3,42 (m, 5H), 3,32 (s, 2H), 1,53 (s, 9H), 1,24 (t, 3H),
0,94 (s, 9H), 0,62 - 0,55 (m, 1H), 0,55 - 0,46 (m, 1H).

Bueéc J: axit 2-{[(tert-butoxy)carbonyl](metyl)amino}-5-{[1-
(hydroxymetyl)xyclopropyl[metyl}-1,3-thiazol-4-carboxylic

Dung dich chtra san phém tir Bude I (2,03 g, 3,33 mmol, 1 duong luong) trong
tetrahydrofuran (35 mL) duoc bd sung tetrabutylamoni florua (1M trong
tetrahydrofuran; 10 mL, 10 mmol, 3 duong luong) va hdn hop duoc khudy ¢ 70 °C trong
2,5 h. Phan g duoc cho phan b gitra etyl axetat va nude, va pha hiru co duoc lam kho
(magie sulfat) va cd trong chan khong. Tinh ché biang sic ky cot nhanh ty dong
(CombiFlash Rf, 24 g RediSep™ hdp silic oxit) tach rira v6i gradien 0 — 100% etyl
axetat trong iso-heptan tao ra san phim mong mudn 13 chit ran mau vang (460 mg, 1,34
mmol, 40%).

LC/MS (C15sH2N20sS) 343 [M+H]"; RT 1,77 (LCMS-V-C)
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H NMR (400 MHz, DMSO-d6) § 4,54 (br s, 1H), 3,44 (s, 3H), 3,22 (s, 2H),
3,19 (s, 2H), 1,53 (s, 9H), 0,50 — 0,42 (m, 4H).

Buwdc K: metyl 2-{[(tert-butoxy)carbonyl](metyl)amino}-5-{[1-
(hydroxymetyl)xyclopropyl[metyl}-1,3-thiazol-4-carboxylat

Dung dich chira san pham tir Buéce J (460 mg, 1,34 mmol, 1 dwong hrqngj trong
1:1 diclometan / metanol (12 mL), dugc lam lanh xuéng 0 °C, dugc bd sung
(trimetylsilyl)diazometan (2M trong hexan; 0,87 mL 1,75 mmol, 1,3 duong lugng) va
hdn hop dugc khudy & nhiét o méi trudng qua dém. Phan tng dugc cho phan b6 gitta
diclometan va nudc, va pha hitu co duoc lam kho (thiét bi phan tich pha PTFE) va c6
trong chan khong. Tinh ché bé‘mg sdc ky cOt nhanh tu dong (CombiFlash Rf, 4 g
RediSep™ hop silic oxit) tach rira véi gradien 0 — 50% etyl axetat trong iso-heptan tao
ra san phim mong mudn 12 chét rin mau tring (418 mg, 1,17 mmol, 87%).

LC/MS (C16H24N205S) 357 [M+H]"; RT 1,98 (LCMS-V-C)

'"H NMR (400 MHz, DMSO-d6) § 4,54 (t, J = 5,5 Hz, 1H), 3,78 (s, 3H), 3,44
(s, 3H), 3,22 (d, 2H), 3,20 (s, 2H), 1,53 (s, 9H), 0,51 — 0,44 (m, 4H).

Buwdc L: metyl 2-{[(tert-butoxy)carbonyl](metyl)amino}-5-({1-[(2-flo-4-
iodophenoxy)metyl]xyclopropyl}metyl)-1,3-thiazol-4-carboxylat

Dung dich chira san pham tir Buéc K (418 mg, 1,17 mmol, 1 duong lugng) trong
toluen (10 mL) dugc bd sung 2-flo-4-iodophenol (558 mg, 2,35 mmol, 2 dwong luong),
triphenylphosphin (615 mg, 2,35 mmol, 2 duong lwong) va diisopropylazodicarboxylat
(0,46 mL, 2,35 mmol, 2 dwong luong) va hdn hop duoc gia nhiét & 120 °C qua dém, sau
do d@é ngudi dén nhiét @6 mdi trudng. Phan ing dugc cho phan bd gitra diclometan va
nude, va pha hiru co dugc tach va lam kho (thiét bi phan tach pha PTFE) va c6 trong
chan khong. Tinh ché bang sic k¥ cot nhanh ty dong (CombiFlash Rf, 12 g RediSep™
hop silic oxit) tach rira v6i gradien 0 — 20% etyl axetat trong iso-heptan tao ra san pham
mong muén 12 ddu mau vang (649 mg, 1,13 mmol, 96%).

LC/MS (C22H26FIN20sS) 577 [M+H]"; RT 2,65 (LCMS-V-C)

TH NMR (400 MHz, DMSO-dé6) & 7,56 (dd, J = 10,8, 2,1 Hz, 1H), 7,39 (dt, J =
8,6, 1,7 Hz, 1H), 6,84 (t,J = 8,8 Hz, 1H), 3,75 (s, 3H), 3,42 (s, 3H), 3,34 (s, 2H), 3,31
(s, 2H), 1,52 (s, 9H), 0,77 - 0,64 (m, 4H).

104



48508 105/598

Buwdc M: metyl 2-{[(tert-butoxy)carbonyl](metyl)amino}-5-{[1-({4-[3-
(dimetylamino)prop-1-yn-1-ylj-2-flophenoxy}metyl)xyclopropyl[metyl}-1,3-thiazol-4-
carboxylat

Dung dich chira san pham tir Buéce L (649 mg, 1,13 mmol, 1 dwong lugng) trong
tetrahydrofuran (12 mL) dugc bb sung 3-dimetylamino-1-propyn (182 pL, 1,69 mmol,
1,5 duong luong), dong(I) iodua (21,4 mg, 0,11 mmol, 0,1 dwong luong) va N,N-
diisopropyletylamin (392 pL, 2,25 mmol, 2 duwong luong). Hdn hop duoc phun rira bang
nito (10 phat) sau d6 bis(triphenylphosphin)paladi(II) diclorua (79 mg, 0,11 mmol, 0,1
duong lugng) dugce b sung vao va hdn hop duoc gia nhiét & 80 °C trong 24 h. Phan tng
dugc cho phéan bd gitra etyl axetat va nudc mudi, va pha hitu co dugce 1am kho (magie
sulfat) va c6 trong chan khong. Tinh ché bang sic ky cot nhanh ty dong (CombiFlash
Rf, 24 g RediSep™ hop silic oxit) tach rira véi gradien 0 — 7% metanol trong diclometan
tao ra san phAm mong mudn 14 chét rin mau nau (173 mg, 0,33 mmol, 29%).

LC/MS (C27H34FN30sS) 532 [M+H]"; RT 2,004 (LCMS-V-C)

'H NMR (400 MHz, DMSO0-d6) 6 7,27 (dd, J=11,9, 2,0 Hz, 1H), 7,18 - 7,10
(m, 1H), 6,99 (t, J = 8,7 Hz, 1H), 3,79 (s, 2H), 3,65 (s, 3H), 3,42 (s, 5H), 3,32 (s, 2H),
2,23 (s, 6H), 1,52 (s, 9H), 0,77 - 0,65 (m, 4H).

Buwdc N: metyl 5-{{1-({4-[3-(dimetylamino)prop-1-yn-1-yl|-2-
flophenoxy}metyl)xyclopropyl]metyl}-2-(metylamino)-1,3-thiazol-4-carboxylat

Dung dich chira sin pham tir Buéc M (173 mg, 0,33 mmol, 1 duong lugng) trong
diclometan (10 mL) duoc bd sung axit trifloaxetic (2 mL) va hén hop dwgc khudy &
nhiét d6 moi trudng trong 2 h. Phan Gmg duoc pha lodng véi diclometan, sau do dugc
lam lanh xudng 0 °C va dugc trung hoa bang cach bd sung 2N dung dich nuéc natri
hydroxit. Pha hitu co dugc tach va lam kho (thiét bi phan tach pha PTFE) va c6 trong
chan khong. Tinh ché bang sic ky cot nhanh tu dong (CombiFlash Rf, 4 g RediSep™
hop silic oxit) tich rira véi gradien 0 — 7% metanol trong diclometan tao ra san pham
mong mudn 14 chit ran mau vang (84 mg, 0,19 mmol, 60%).

LC/MS (C22H26FN303S) 432 [M+H]"; RT 1,55 (LCMS-V-C)

'H NMR (400 MHz, DMSO-d6) & 7,51 (q, J = 4,7 Hz, 1H), 7,28 (dd, J = 11,9,
2,0 Hz, 1H), 7,19 — 7,12 (m, 1H), 7,01 (t, J = 8,7 Hz, 1H), 3,78 (s, 2H), 3,60 (s, 3H),
3,42 (s, 2H), 3,20 (s, 2H), 2,78 (d, J = 4,7 Hz, 3H), 2,23 (s, 6H), 0,69 — 0,60 (m, 4H).
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Vi du didu ché 3ze: Etyl 2-{[4-(tert-butoxy)-4-oxobutyl]amino}-1,3-thiazol-

4-carboxylat

Buwoc A: etyl 2-{[4-(tert-butoxy)-4-oxobutyl][(tert-butoxy)carbonyl]amino}-
1,3-thiazol-4-carboxylat

Dung dich chua etyl 2-[(tert-butoxycarbonyl)amino]-1,3-thiazol-4-carboxylat
(5,2 g, 19,1 mmol, 1 dwong lugng) va tert-butyl 4-hydroxybutanoat (4,59 g, 28,6 mmol,
1,5 dwong luong) trong tetrahydrofuran (150 mL) duoc bd sung triphenylphosphin (7,51
g, 28,6 mmol, 1,5 duong lugng), tiép d6 bd sung ting giot diisopropylazodicarboxylat
(5,64 mL, 28,6 mmol, 1,5 duong luong) va hon hop dugc khuéy & nhiét d0 moi trudng
trong 1 h. Phan Gng duogc cho phan bd giita etyl axetat va nuéc, pha chira nudc duge
chiét bing etyl axetat (3 x 60 mL), va cac chét chiét hitu co thu gom duogc rira bang nudc
mudi (100 mL), 1am kho (magie sulfat), va c6 trong chan khong. Tinh ché bang sic ky
ot nhanh ty dong (CombiFlash Rf, 120 g RediSep™ hop silic oxit) tich rira v6i gradien
0 —20% etyl axetat trong iso-heptan tao ra san phim mong mudn 1a dau khong mau (7,7
g, 18,6 mmol, 97%).

LC/MS (C19H30N206S) 415 [M+H]"; RT 1,49 (LCMS-V-B1)

I'H NMR (400 MHz, DMSO-d6) 8 8,07 (s, 1H), 4,27 (q, ] = 7,1 Hz, 2H), 4,12 -
4,02 (m, 2H), 2,26 (t, T = 7,2 Hz, 2H), 1,90 (p, J = 7,1 Hz, 2H), 1,54 (s, 9H), 1,37 (s,
9H), 1,30 (t, J=7,1 Hz, 3H).

Buwdc B: etyl 2-{[4-(tert-butoxy)-4-oxobutylJamino}-1,3-thiazol-4-carboxylat

Dung dich chira san phém tr Budc A (7,7 g, 18,6 mmol, 1 duong lugng) trong
1,1,1,3,3,3-hexaflo-2-propanol (40 mL) dugc gia nhiét trong binh kin & 80 °Ctrong 7 h.
Phan tng dugc cd trong chan khéng va tinh ché bing sic ky cot nhanh tw dong
(CombiFlash Rf, 80 g RediSep™ hdp silic oxit) tach rira véi gradien 0 —35% etyl axetat
trong iso-heptan tao ra san phém mong mudn 1 chét rin mau trang (3,61 g, 11,5 mmol,
62%).

LC/MS (C14H2N>04S) 315 [M+H]"; RT 1,20 (LCMS-V-B1)

I'H NMR (400 MHz, DMSO-d6) & 7,82 (t, J = 5,4 Hz, 1H), 7,50 (s, 1H), 4,21
(q, J=7,1 Hz, 2H), 3,22 (td, J = 7,0, 5,4 Hz, 2H), 2,29 (t, ] = 7,4 Hz, 2H), 1,76 (p, T =
7,2 Hz, 2H), 1,40 (s, 9H), 1,26 (t, ] = 7,1 Hz, 3H).

Vi du didu ché 3zf: Etyl 5-[(25)-3-{4-[3-(dimetylamino)prop-1-yn-1-yl]-2-

flophenoxy}-2-metylpropyl]-2-(metylamino)-1,3-thiazol-4-carboxylat
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Budc A: [(2R)-3-bromo-2-metylpropoxy](tert-butyl)diphenylsilan

Dung dich chtra (R)~(-)-3-bromo-2-metyl-1-propanol (5 g, 32,68 mmol, 1 duong
lugng) trong dimetylformamit (120 mL) dugc bd sung imidazol (4,32 mL, 65,4 mmol,
2 duong luong) va tert-butyl(clo)diphenylsilan (11,1 mL, 42,5 mmol, 1,3 dwong luong)
va hdn hop duge khudy & nhiét do méi truong qua dém. Phan tmg dugc cho phan bd
gifta iso-heptan (300 mL) va 2:1 nu6c / dung dich nuéc amoni clorua bao hoa (200 mL),
pha chira nuée duoc chiét bang iso-heptan (200 mL), va cac chét chiét hiru co thu gom
duoc 1am kho (magie sulfat) va c6 trong chan khong. Tinh ché bang sic ky cot nhanh tu
dong (CombiFlash Rf, 220 g RediSep™ hop silic oxit) tach rira v6i gradien 0 — 2%
dietyl ete trong iso-heptan tao ra san pham mong mubn 1 dau trong (12,1 g, 30,9 mmol,
95%).

I'H NMR (400 MHz, DMSO0-d6) & 7,67 - 7,59 (m, 4H), 7,53 - 7,40 (m, 6H),
3,63 (d, 2H), 3,61 — 3,54 (m, 2H), 2,10 — 1,98 (m, 1H), 1,01 (s, 9H), 0,96 (d, 3H).

Buwdc B: (3S)-4-[(tert-butyldiphenylsilyl) oxy]-3-metylbutannitril

Dung dich chtra san pham tir Bude A (12,1 g, 30,9 mmol, 1 dwong lugng) trong
dimetylsulfoxit (120 mL) duoc bd sung natri xyanua (4,54 g, 92,7 mmol, 3 duong
luong) va hdn hop duoc gia nhiét & 120 °C trong 5 h. Phan tmg dugc cho phén bd gitta
dietyl ete va nudc va pha hitu co duge 1am khé (magie sulfat) va co trong chan khong.
Tinh ché bang sic ky cot nhanh ty dong (CombiFlash Rf, 220 g RediSep™ hop silic
oxit) tach rira véi gradien 0 — 3% etyl axetat trong iso-heptan tao ra san pham mong
mudn 12 dau trong (7,17 g, 21,2 mmol, 69%).

'H NMR (400 MHz, DMSO-d6) & 7,67 — 7,57 (m, 4H), 7,55 - 7,40 (m, 6H),
3,62 - 3,46 (m, 2H), 2,68 - 2,53 (m, 2H), 2,12 — 1,96 (m, 1H), 1,02 (m, 9H), 0,98 (d,
3H).

Bugc C: (3S)-4-[(tert-butyldiphenylsilyl) oxy]-3-metylbutanal

Dung dich chira san pham tir Buéc B (7,17 g, 21,2 mmol, 1 dwong lugng) trong
diclometan (100 mL), dugc lam lanh xuéng 0 °C, duoc bd sung diisobutylnhdm hydrua
(23,4 mL, 23,4 mmol, 1,1 duong luong) va hdn hop duoc khudy qua dém. Nuéc dugc
b6 sung vao, tiép d6 1a 2N dung dich nuéc axit clohydric (36 mL) va dung dich nuéc
kali natri tartrat bdo hoa (180 mL). Hon hop dugc pha lodng thém véi nudc va
diclometan va pha hitu co dugc rira 1an lugt bang nudc va nude mudi, 1am khé (thiét bi

phan tach pha PTFE), va co trong chan khong. Tinh ché bang sic ky cot nhanh ty dong
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(CombiFlash Rf, 220 g RediSep™ hop silic oxit) tach rira v6i gradien 0 — 6% etyl axetat
trong #so-heptan tao ra san phdm mong mubn 13 du trong (6,21 g, 18,2 mmol, 86%).

'"H NMR (400 MHz, DMSO-d6) 6 9,70 (t, J = 1,9 Hz, 1H), 7,66 - 7,57 (m, 4H),
7,53 - 7,40 (m, 6H), 3,56 - 3,42 (m, 2H), 2,57 - 2,44 (m, 1H), 2,37 - 2,20 (m, 2H), 0,99
(s, 9H), 0,90 (d, J = 6,0 Hz, 3H).

Budc D: (3S)-4-[(tert-butyldiphenylsilyl) oxy]-3-metylbutan-1-ol

Dung dich chtra san pham trong Buéc C (6,21 g, 18,24 mmol, 1 dwong luong)
trong metanol (80 mL), dugc 1am lanh trong bé nude da, duge bd sung natri bohydrua
(759 mg, 20,1 mmol, 1,1 dwong luong) va hdn hop duoc dé 4m dén nhiét do moi truong
va khudy trong 3 h. Phan ting dugc c6 trong chan khong, sau d6 dugc cho phan b6 gitia
etyl axetat va nudc, va pha hitu co duoc 1am kho (magie sulfat) va c6 trong chén khong
dé tao ra san phAm mong mudn 12 dau trong (6,36 g, 18,6 mmol, > 100%).

"H NMR (400 MHz, DMS0O-d6) 8 7,66 - 7,56 (m, 4H), 7,52 - 7,39 (m, 6H),
4,35 (t,J = 5,1 Hz, 1H), 3,56 - 3,34 (m, 4H), 1,85 - 1,70 (m, 1H), 1,65 - 1,51 (m, 1H),
1,31 - 1,21 (m, 1H), 1,01 (s, 9H), 0,91 (d, J = 6,7 Hz, 3H).

Buéc E: (3S)-4-[(tert-butyldiphenylsilyl) oxy]-3-metylbutyl metansulfonat

Dung dich dugc lam lanh chira san pham trong Buéc D (6,36 g, 18,6 mmol, 1
duong lugng) trong diclometan (100 mL) duoc bd sung trietylamin (7,75 mL, 55,7
mmol, 3 duong lugng) va metansulfonyl clorua (1,72 mL, 22,3 mmol, 1,2 duwong lugng)
va h&n hop duge khudy & nhiét o méi tredng qua dém. Phan tmg duge cho phan bd
giita diclometan va dung dich nudc natri bicacbonat bao hoa, va pha hiru co duge tach
va 1am kho (thiét bi phan tach pha PTFE) va c6 trong chén khong dé tao ra san phim
mong mudn 13 ddu mau nau (8,28 g, 19,7 mmol, > 100%).

"H NMR (400 MHz, DMSO-d6) 8 7,66 - 7,58 (m, 4H), 7,53 - 7,40 (m, 6H),
4,25 (t,J = 6,6 Hz, 2H), 3,56 - 3,46 (m, 2H), 3,15 (s, 3H), 1,95 - 1,76 (m, 2H), 1,59 -
1,46 (m, 1H), 1,01 (s, 9H), 0,93 (d, J = 6,7 Hz, 3H).

Budc F: [(2S)-4-bromo-2-metylbutoxy](tert-butyl)diphenylsilan

Dung dich chtra san phém ti Bude E (8,28 g, 19,7 mmol, 1 duong luwong) trong
tetrahydrofuran (180 mL) duoc b6 sung lithi bromua (5,13 g, 59,1 mmol, 3 duong
luong) va hon hop duoc gia nhiét & 70 °C trong Sh. Phan ing dugc c6 trong chan khong,

can duoc cho phéan bo gitta diclometan va nudc muoi, va pha hitu co dugc tach va lam
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kho (thibt bi phan tach pha PTFE) va ¢b trong chan khong. Tinh ché bang sic k¥ cot
nhanh tr dong (CombiFlash Rf, 120 g RediSep™ hdp silic oxit) tach rira voi gradien 0
— 2% dietyl ete trong iso-heptan tao ra san pham mong mudn 13 dau trong (6,3 g, 15,5
mmol, 79%).

'"H NMR (400 MHz, DMSO-d6) & 7,66 - 7,58 (m, 4H), 7,53 - 7,40 (m, 6H),
3,64 - 3,47 (m, 4H), 2,08 — 1,93 (m, 1H), 1,92 - 1,79 (m, 1H), 1,74 — 1,60 (m, 1H),
1,01 (s, 9H), 0,90 (d, J = 6,8 Hz, 3H).

Budc G: etyl (55)-6-[(tert-butyldiphenylsilyl) oxy]-5-metyl-2-oxohexanoat

Binh duoc siy kho trong tu sdy dudi nito dugc bd sung magie (453 mg, 18,7
mmol, 1,2 duong lugng) va chét rén dugc khudy manh trong 20 phut sau d6 dimg
khuéy. Dung dich chtra san phém tu Buéce F (6,3 g, 15,5 mmol, 1 duong lugng) trong
tetrahydrofuran (12 mL) duoc didu ché va mot phan phan wéc duoc bd sung magie tiép
dé 1a iot (39,4 mg, 0,16 mmol, 0,01 duong lwong) va hdn hop duge gia nhiét so bo & hoi
luu. Dung dich con lai duoc bd sung vao voi tdc d6 nhu vay dé duy tri sy hdi Ivu nhe,
va khi b sung xong, hdn hop dugc gia nhiét trong 2 h & hdi luu sau d6 dé nguodi dén
nhiét d6 méi truong. Dung dich dugc khuéy chira dietyl oxalat (2,11 mL, 15,5 mmol, 1
duong luong) trong tetrahydrofuran (6 mL), duoc lam lanh xudng -78 °C, dugc bd sung
dung dich Grignard bang ong thong, va hdn hop duge dé 4m dén nhiét d6 moi trudng
va khudy trong 5 h. Phan ng dugc cho phan bd gifra etyl axetat va dung dich nudc
amoni clorua bdo hoa, va pha hitu co dugc lam khé (magie sulfat), va cd trong chén
khong. Tinh ché bang sic ky cot nhanh tw dong (CombiFlash Rf, 80 g RediSep™ hop
silic oxit) tach rira voi gradien 0 — 8% etyl axetat trong iso-heptan tao ra san phim mong
mudn 12 dau trong (4,13 g, 9,68 mmol, 62%).

'H NMR (400 MHz, DMSO-d6) § 7,65 - 7,57 (m, 4H), 7,53 — 7,38 (m, 6H),
4,32 - 4,18 (m, 2H), 3,53 - 3,45 (m, 2H), 2,86 — 2,74 (m, 1H), 1,74 - 1,61 (m, 1H),
1,32 - 1,14 (m, 6H), 1,01 (s, 9H), 0,88 (d, 3H).

Buéc H: etyl (5S)-3-bromo-6-[(tert-butyldiphenylsilyl) oxy]-5-metyl-2-
oxohexanoat

Hon hop gdm dong(Il) bromua (4,14 g, 18,5 mmol, 2 dwong luong) trong etyl
axetat (120 mL) dugc bd sung vao dung dich chira san pham tr Budc G (3,95 g, 9,26
mmol, 1 dwong lugng) trong cloroform (60 mL) va hdn hop duoc gia nhiét ¢ 85 °C qua
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dém. Phan ting dugc loc qua xelit, tich rira v6i diclometan, sau d6 cd trong chan khong.
Tinh ché bang sic k¥ cot nhanh ty dong (CombiFlash Rf, 80 g RediSep™ hop silic oxit)
tach rtra v6i gradien 0 — 8% etyl axetat trong iso-heptan tao ra san phim mong mudn 13
dau mau vang (1,92 g, 3,8 mmol, 41%) ma duoc st dung truc tiép trong budc tiép theo
ma khong can x4c dinh dic tinh.

Budéc I: etyl 5-[(2S)-3-[(tert-butyldiphenylsilyl) oxy]-2-metylpropyl]-2-
(metylamino)-1,3-thiazol-4-carboxylat

Dung dich chtra san phém ta Buéc H (1,67 g, 3,3 mmol, 1 duwong lugng) trong
etanol (30 mL) dwoc bd sung N-metylthioure (298 mg, 3,3 mmol, 1 dwong luong) tiép
d6 1a trietylamin (0,92 mL, 6,61 mmol, 2 duong lugng) va hdn hop duge gia nhiét & 80
°C trong 4 h. Phan tmg dugc dé nguodi dén nhiét d6 moi truong va dung moi duge loai
b6 bang cach 1am bay hoi quay. Nguyén liéu th6 dugc cho phan b giita diclometan va
nude, pha chira nude duoc chiét bang diclometan, va cac chét hitu co thu gom duoc rira
bang nuéc mudi, 1am kho (magie sulfat), va co trong chan khong. Tinh ché bang sic ky
6t nhanh ty dong (CombiFlash Rf, 40 g RediSep™ hop silic oxit) tch rira v6i gradien
0 — 50% etyl axetat trong iso-heptan tao ra san phim mong muén 13 gdm mau nau (914
mg, 1,84 mmol, 56%).

LC/MS (C27H36N203SiS) 497 [M+H]"; RT 1,46 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 7,64 — 7,56 (m, 4H), 7,55 — 7,36 (m, 6H),
4,16 (q, J=7,1 Hz, 2H), 3,60 — 3,47 (m, 2H), 3,08 (dd, J = 14,4, 6,6 Hz, 1H), 2,92 (dd,
J=14,4,7,7 Hz, 1H), 2,78 (d, ] = 4,8 Hz, 3H), 1,96 — 1,84 (m, 1H), 1,21 (t, J = 7,1 Hz,
3H), 1,01 (s, 9H), 0,92 (d, J = 6,7 Hz, 3H).

Bugc J: etyl 2-{[(tert-butoxy)carbonyl](metyl) amino}-5-[(2S)-3-[(tert-
butyldiphenylsilyl)oxy]-2-metylpropyl]-1,3-thiazol-4-carboxylat

Dung dich chtra san phém tr Bude I (914 mg, 1,84 mmol, 1 duong lugng) trong
tetrahydrofuran (20 mL) dugc bd sung di-tert-butyl dicacbonat (803 mg, 3,68 mmol, 2
duong luong) tiép d6 1a trietylamin (0,77 mL, 5,52 mmol, 3 duong luong) va 4-
(dimetylamino)pyridin (22,5 mg, 0,18 mmol, 0,1 dwong lugng) va hdn hop duge khudy
& nhiét 6 moi trudong trong 2 h. Phan img dugc cho phan bb giita etyl axetat va nudc,
va pha hitu co dugc rua bing nuwéc mudi, 1am kho (magie sulfat), va co trong chan

khong. Tinh ché bing sic ky cot nhanh ty dong (CombiFlash Rf, 24 g RediSep™ hdp
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silic oxit) tach rira véi gradien 0 — 20% etyl axetat trong iso-heptan tao ra san pham
mong muén 13 gdm mau nau (961 mg, 1,61 mmol, 88%).

LC/MS (C32HusN>0s5SiS) 597 [M+H]"; RT 1,67 (LCMS-V-B1)

IH NMR (400 MHz, DMSO-d6) § 7,64 — 7,56 (m, 4H), 7,51 — 7,37 (m, 6H),
4,23 (q, T ="7,1 Hz, 2H), 3,60 — 3,47 (m, 2H), 3,44 (s, 3H), 3,19 (dd, ] = 14,4, 6,8 Hz,
1H), 3,00 (dd, J = 14,3, 7,5 Hz, 1H), 2,06 — 1,94 (m, 1H), 1,54 (s, 9H), 1,24 (t, T =7,1
Hz, 3H), 1,00 (s, 9H), 0,94 (d, J = 6,7 Hz, 3H). '

Budc K: etyl 2-{[(tert-butoxy)carbonyl|(metyl)aminoj-5-[(2S)-3-hydroxy-2-
metylpropyl]-1,3-thiazol-4-carboxylat

Dung dich chtra san pham tir Buée J (961 mg, 1,61 mmol, 1 duong luong) trong
tetrahydrofuran (20 mL) duoc bd sung tetrabutylamoni florua (1M trong
tetrahydrofuran, 4,83 mL, 4,83 mmol, 3 dwong luong) va hdn hop dugc gia nhiét & hoi
luu trong 1,5 h. Phan tmg duoc aé nguoi dén nhiét do moéi truomg, sau d6 duge cho phan
b gifta etyl axetat va nuGce, va pha hitu co duge ria bang nwde mudi, lam khd (magie
sulfat), va c6 trong chan khéng. Tinh ché bang sac ky cot nhanh tw dong (CombiFlash
Rf, 24 g RediSep™ hdp silic oxit) tach rira voi gradien 0 — 80% etyl axetat trong iso-
heptan tao ra san pham mong muén 13 gom khong mau (204 mg, 0,57 mmol, 35%).

LC/MS (C16H26N205S) 359 [M+H]*; RT 1,07 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 4,59 (t, T = 5,2 Hz, 1H), 4,26 (q, J = 7,1 Hz,
2H), 3,43 (s, 3H), 3,37 — 3,22 (m, 2H), 3,12 (dd, T = 14,3, 6,0 Hz, 1H), 2,91 (dd, J =
14,3, 8,2 Hz, 1H), 1,89 — 1,75 (m, 1H), 1,53 (s, 9H), 1,29 (t, ] = 7,1 Hz, 3H), 0,85 (d, J
= 6,7 Hz, 3H).

Budc L: etyl 2-{[(tert-butoxy)carbonyl|(metyl)amino}-5-[(2S)-3-(2-flo-4-
iodophenoxy)-2-metylpropyl]-1,3-thiazol-4-carboxylat

Dung dich chira san pham tir Buéc K (159 mg, 0,44 mmol, 1 duong lugng) trong
toluen (6 mL) dugc bd sung 2-flo-4-iodophenol (211 mg, 0,89 mmol, 2 duong
luong) tiép d6 1a triphenylphosphin (233 mg, 0,89 mmol, 2 duong luong) va
diisopropylazodicarboxylat (0,17 mL, 0,89 mmol, 2 duong lugng) va hdn hop duoc gia
nhiét & 120 °C qua dém. Phan Ung dugc dé ngudi dén nhiét 6 moi truong va dung moi
duoc loai bé bang cach lam bay hoi quay. Diu thu duge dugc cho phin bd giita
diclometan va nudc, va pha hitu co dugc rira bﬁng nudc mudi, [am kho (magie sulfat),

va ¢ trong chan khong. Tinh ché bang sic ky cot nhanh ty dong (CombiFlash Rf, 12 g
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RediSep™ hop silic oxit) tach rira v6i gradien 0 —20% etyl axetat trong iso-heptan tao
ra san phAm mong mudn 1 gdm khong mau (203 mg, 0,35 mmol, 79%).

LC/MS (C22H2sFIN20sS) 579 [M+H]"; RT 1,46 (LCMS-V-B1)

'H NMR (400 MHz, DMSO0-d6) & 7,59 (dd, ] = 10,8, 2,1 Hz, 1H), 7,48 — 7,42
(m, 1H), 6,97 (t, J = 8,8 Hz, 1H), 4,24 (q, 2H), 3,99 — 3,87 (m, 2H), 3,43 (s, 3H), 3,24
(dd, J=14,2, 6,5 Hz, 1H), 3,08 (dd, J = 14,3, 7,9 Hz, 1H), 2,33 — 2,20 (m, 1H), 1,51
(s, 9H), 1,27 (t, = 7,1 Hz, 3H), 1,01 (d, J = 6,7 Hz, 3H).

Budc M: etyl 2-{[(tert-butoxy)carbonyl](metyl)amino}-5-[(2S)-3-{4-[3-
(dimetylamino)prop-1-yn-1-yl]-2-flophenoxyj-2-metylpropyl]-1,3-thiazol-4-
carboxylat

Dung dich chira san pham trong Buéc L (226 mg, 0,39 mmol, 1 duong luong)
trong tetrahydrofuran (5 mL) duoc bd sung 3-dimetylamino-1-propyne (0,08 mL, 0,78
mmol, 2 dwong luong), N, N-diisopropyletylamin (0,19 mL, 1,17 mmol, 3 duong luong)
va d@)ng(I) iodua (7,44 mg, 0,04 mmol, 0,1 duong lugng), tiép do 1la
tetrakis(triphenylphosphin)paladi(0) (45,2 mg, 0,04 mmol, 0,1 duong lugng) va hén hop
duoc gia nhiét & hdi luu trong 24 h. Phan tng dugc cho phin bb giita etyl axetat va
nudce, va pha hitu co dugc rira bang nudc mudi, lam kho (magie sulfat), va cd trong chan
khong. Tinh ché bing séc ky cot nhanh ty dong (CombiFlash Rf, 24 g RediSep™ hop
silic oxit) tach rira v&i gradien 0 — 5% metanol trong diclometan tao ra san phim mong
muén 13 gdm mau nau (68 mg, 0,13 mmol, 33%).

LC/MS (C27H36FN30sS) 534 [M+H]"; RT 1,07 (LCMS-V-BI1)

'"H NMR (400 MHz, DMSO-d6) 8 7,30 (dd, J = 11,9, 2,0 Hz, 1H), 7,25 7,17
(m, 1H), 7,12 (t, J = 8,7 Hz, 1H), 4,24 (q, 2H), 4,02 — 3,90 (m, 2H), 3,43 (s, 3H), 3,42
(s, 2H), 3,25 (dd, J = 14,2, 6,5 Hz, 1H), 3,09 (dd, J = 14,3, 8,0 Hz, 1H), 2,31 — 2,24
(m, 1H), 2,23 (s, 6H), 1,51 (s, 9H), 1,28 (t, I = 7,1 Hz, 3H), 1,02 (d, J = 6,7 Hz, 3H).

Buwdgc N: etyl 5-[(2S)-3-{4-[3-(dimetylamino)prop-1-yn-1-yl|-2-flophenoxy;-2-
metylpropyl]-2-(metylamino)-1,3-thiazol-4-carboxylat

Dung dich chtra san pham tir Buéc M (68 mg, 0,13 mmol, 1 duong luong) trong
diclometan (3 mL) dugc bd sung axit trifloaxetic (0,3 mL, 4,03 mmol, 31,6 duong
luong) va hon hop duoc khudy & nhiét d6 mdi trudng qua dém. Phan uing duoc pha
loang véi diclometan, dugc lam lanh trong bé nudc dé, va lam dirng bang cach bo sung

dung dich nudc natri bicacbonat bdo hoa. Pha hitu co duge rua bang nudc mudi, lam
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khé (magie sulfat) va c6 trong chan khong. Tinh ché bang sic ky cot nhanh ty dong
(CombiFlash Rf, 4 g RediSep™ hop silic oxit) tach rira v6i gradien 0 — 7% metanol
trong diclometan tao ra san phiam mong muén 13 gém mau nau (40 mg, 0,09 mmol,
72%).

LC/MS (C22H2sFN305S) 434 [M+H]*; RT 0,82 (LCMS-V-B1)

IH NMR (400 MHz, DMS0-d6) & 7,52 (q, = 4,8 Hz, 1H), 7,30 (dd, J= 11,9,
2,0 Hz, 1H), 7,25 — 7,17 (m, 1H), 7,12 (t, ] = 8,7 Hz, 1H), 4,19 (q, J = 7,1 Hz, 2H),
4,00 — 3,88 (m, 2H), 3,42 (s, 2H), 3,13 (dd, J = 14,5, 6,6 Hz, 1H), 3,02 (dd, T = 14,4,
7.8 Hz, 1H), 2,78 (d, J = 4,7 Hz, 3H), 2,23 (s, 6H), 2,21 - 2,12 (m, 1H), 1,25 (t, T=7,1
Hz, 3H), 1,01 (d, J = 6,8 Hz, 3H).

Vi du diu ché 3zg: Etyl 5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl]-2-

ﬂophenoxy}-2-(0xan—2-yloxy)propyl)-Z-(metylamino)-l,3-thiazol-4-carboxylat

Budc A: etyl 2-{[(tert-butoxy)carbonyl](metyl)amino}-5-(prop-2-en-1-yl)-1,3-
thiazol-4-carboxylat

Isopropylmagie clorua (2M trong tetrahydrofuran; 6 mL, 12 mmol, 1,2 duong
lugng) dugce bd sung ting giot vao dung dich chia etyl S5-bromo-2-[(tert-
butoxycarbonyl)(metyl)amino]-1,3-thiazol-4-carboxylat (3,65 g, 9,99 mmol, 1 duong
luong) trong diclometan (30 mL) & -78 °C va hén hop dugc khudy trong 30 phat. Dung
dich kém clorua (1,9 M trong 2-metyltetrahydrofuran; 8 mL, 15,2 mmol, 1,52 duong
luong) dugce bd sung vao timg giot va hdn hop dugc khudy trong 60 phit & -78 °C sau
d6 trong 3 h & nhiét d4 moi truong. Dung dich dugc lam lanh trong nude da va phuc
ddng(I) xyanua di(lithi clorua) (IM trong tetrahydrofuran; 2 mL, 2 mmol, 0,2 duong
lugng) va allyl bromua (2 mL, 23,11 mmol, 2,31 duong lugng) duoc bd sung vao tur tu.
Hon hop duge khudy trong 60 phut & 0 °C va sau d6 ¢ nhiét 0 mdi truong trong 18 h.
Diclometan (125 mL) duoc bd sung vao va hén hop dugce rira 1an luot bang dung dich
nuéc amoni clorua bio hoa (75 mL), nude (2 x 75 mL) va nude mudi (75 mL), lam kho
(magie sulfat), va cd trong chan khong. Tinh ché bang sic ky cot nhanh (50 g silic oxit)
tach rira v6i gradien 0 — 10% etyl axetat trong iso-heptan tao ra san phim mong mudn
1a gdm khong mau (1,64 g, 5,02 mmol, 50%).

LC/MS (C15H»N>04S) 327 [M+H]"; RT 1,43 (LCMS-V-BI)
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'H NMR (400 MHz, DMSO-d6) § 6,04 — 5,90 (m, 1H), 5,20 — 5,06 (m, 2H),
4,37 (q,J= 1,1 Hz, 2H), 3,86 (dt, J= 6,6, 1,4 Hz, 2H), 3,55 (s, 3H), 1,56 (s, 9H), 1,39
(t,J= 17,1 Hz, 3H).

Buéc B: etyl 5-(3-bromo-2-hydroxypropyl)-2-{[(tert-
butoxy)carbonyl](metyl)amino}-1,3-thiazol-4-carboxylat

Dung dich chira san pham tir Budce A (1,29 g, 3,95 mmol, 1 duong lugng) trong
axeton (16 mL), dugc 1am lanh trong nuéc da, duge b6 sung N-bromosucxinimit (774
mg, 4,35 mmol, 1,1 duong lugng), amoni axetat (30,5 mg, 0,4 mmol, 0,1 dwong lwong)
va nudc (4 mL) va dung dich thu dugc dugc khudy trong 45 phut ¢ nhiét 40 moi
trudng. Etyl axetat (150 mL) duoc bd sung vao va hdn hop duge roa 14n luot bang nudc
(2 x 75 mL) va nude mudi (75 mL), 1am kho (magie sulfat), va co trong chén
khong. Tinh ché bing sic ky cot nhanh (100 g silic oxit) tich rira véi gradien 0 — 25%
etyl axetat trong iso-heptan tao ra san phiam mong mudn 13 gém khéng mau (960 mg,
2,27 mmol, 57%).

LC/MS (C15H23BrN2OsS) 425 [M+H]*; RT 1,29 (LCMS-V-B1)

I'H NMR (400 MHz, DMSO-d6) & 5,59 (d, J= 5,4 Hz, 1H), 4,27 (q, 2H), 3,95 —
3,80 (m, 1H), 3,54 — 3,45 (m, 3H), 3,44 (s, 3H), 3,08 (dd, /= 14,7, 8,3 Hz, 1H), 1,53
(s, 9H), 1,30 (t, J=7,1 Hz, 3H).

Budc C: etyl 5-[3-bromo-2-(oxan-2-yloxy)propyl]-2-{[(tert-
butoxy)carbonyl](metyl)amino}-1,3-thiazol-4-carboxylat

Dung dich chira san pham tr Buée B (1,15 g, 2,72 mmol, 1 dwong lugng) trong
diclometan (30 mL), dugc lam lanh Xuéng 0 °C, duogc bd sung 3,4-dihydro-2H-pyran (1
mL, 11 mmol, 4 duong lugng), tiép d6 1a pyridini para-toluensulphonat (75 mg, 0,3
mmol, 0,11 dwong lwong) va hdn hop duge khudy trong 30 pht & 0 °C va sau do6 trong
5 h & nhiét dd moi trudng. Diclometan (30 mL) duoc bd sung vao va hdn hop duoc rira
14n lwot bang nudc (2 x 25 mL) va nudce mudi (25 mL), 1am kho (magie sulfat), va co
trong chan khong dé tao ra sén pham mong mudn 13 gdm mau vang (1,52 g, 2,7 mmol,
99%) ma duogc su dyng truc tiép trong budc tiép theo ma khong can xéac dinh dic tinh
thém.

Buéc D: etyl 5-[3-(4-bromo-2-flophenoxy)-2-(oxan-2-yloxy)propyl]-2-{[(tert-
butoxy)carbonyl](metyl)amino}-1,3-thiazol-4-carboxylat
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4-Bromo-2-flophenol (0,4 mL, 3,65 mmol, 1,35 dwong lugng) duoc bd sung vao
huyén phu chira kali ferz-butoxit (400 mg, 3,56 mmol, 1,32 duong lugng) trong
dimetylsulfoxit (5 mL) va hén hop duoc khuiy. Dung dich chita sin phiam tir Bugc C
(1,52 g, 2,7 mmol, 1 duong luong) trong dimetylsulfoxit (10 mL) dugc bd sung vao va
hén hop duoc khudy trong 60 phit & nhiét do moi truedng sau d6 & 60 °C trong 3 h. Phan
ung duoc dé nguoi dén nhiét d6 moi trudong va dugc cho phan bb gitra etyl axetat (150
mL) va nude (75 mL), va pha hitu co dugc rira 14n luot bang nuéce (2 x 75 mL) va nuée
mudi (75 mL), lam kho (magie sulfat), va c6 trong chan khong. Tinh ché bang sic ky
ot nhanh (100 g silic oxit) tich rira véi gradien 0 —25% etyl axetat trong iso-heptan tao
ra sén phAm mong muén 12 gém mau vang nhat (1,05 g, 1,7 mmol, 63%).

LC/MS (C26H34BrFN,07S) 617 [M+H]"; RT 1,61 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 7,54 (dd, J = 10,8, 2,4, 0,8 Hz, 1H), 7,35 —
7,28 (m, 1H), 7,12 (td, J= 9,0, 1,1 Hz, 1H), 4,25 (q, 3H), 4,19 — 4,08 (m, 2H), 3,56 —
3,37 (m, 7H), 1,77 — 1,55 (m, 4H), 1,52 (d, /= 2,2 Hz, 9H), 1,49 — 1,38 (m, 4H), 1,27
(t,J=17,1 Hz, 3H).

Budc E: etyl 2-{[(tert-butoxy)carbonyl](metyl) amino}-5-(3-{4-[3-
(dimetylamino)prop-1-yn-1-ylJ-2-flophenoxyj}-2-(oxan-2-yloxy)propyl)-1,3-thiazol-4-
carboxylat

Dung dich chita san phém tr Budc D (1,05 g, 1,7 mmol, 1 duong luong) trong
dimetylformamit (10 mL) duoc b6 sung dimetyl(prop-2-yn-1-yl)amine (0,25 mL, 2,32
mmol, 1,37 duong luong), déng(l) iodua (32,4 mg, 0,17 mmol, 0,1 duong luong) va
bis(triphenylphosphin)paladi(Il) diclorua (119 mg, 0,17 mmol, 0,1 duong luong). N,N-
Diisopropyletylamin (0,9 mL, 5,1 mmol, 3 dwong luong) dugc bd sung vao va hdn hop
duogc gia nhiét & 75 °C trong 24 h. Phan tng duoc dé nguoi dén nhiét d6 moi trudng va
duoc cho phan bd giita etyl axetat (150 mL) va nu6e (75 mL), va pha hiru co duge ria
14n lwot bang nudce (75 mL) va nude mudi (75 mL), lam khd (magie sulfat), va cd trong
chan khong. Tinh ché bang sdc ky cot nhanh (50 g silic oxit) tach rira voi gradien 0 —
100% etyl axetat trong iso-heptan tao ra san pham mong mudn 13 gém mau nau (395
mg, 0,64 mmol, 38%).

LC/MS (C31H4FN307S) 620 [M+H]*; RT 1,31 (LCMS-V-B1)

Buéc F: etyl 5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl|-2-flophenoxy;-2-
(oxan-2-yloxy)propyl)-2-(metylamino)-1,3-thiazol-4-carboxylat

115



48508 116/598

Dung dich chira san pham trong Buéc E (390 mg, 0,63 mmol, 1 duwong luong)
trong 1,1,1,3,3,3-hexaflopropan-2-ol (7 mL) dugc gia nhiét trong 6ng gan kin & 100 °C
trong 60 phut sau d6 dé ngudi dén nhiét 46 moi truong va cd trong chan khong. Tinh
ché bing sic ky cot nhanh (20 g silic oxit) tach rira voi gradien 0 — 2,5% metanol trong
diclometan tao ra san phim mong mudn 12 gdm mau nau (170 mg, 0,33 mmol, 52%).

LC/MS (CasH3FN305S) 520 [M+H]"; RT 1,05 (LCMS-V-B1)

Vi du diéu ché 3zh: Etyl 5-(2-metoxy-3-{[tris(propan-2-yl)silyl]oxy}propyl)-

2-(metylamino)-1,3-thiazol-4-carboxylat

Buorc A: etyl 2-{[(tert-butoxy)carbonyl](metyl)amino}-5-(2,3-
dihydroxypropyl)-1,3-thiazol-4-carboxylat

Dung dich chira san pham tir Vi du diéu ché 3zg, Budc A (8,39 g, 25,7 mmol, 1
duong lwong) trong 9:1 axeton / nuée (250 mL) dugc bb sung 4-metylmorpholin-N-oxit
(4,75 g, 40,6 mmol, 1,58 dwong luong), tiép d6 13 osmi tetroxit (3,5 mL, 0,28 mmol,
0,01 duong luong) va hén hop thu duogc duoc khuéy trong 18 h & nhié¢t d§ mdi truong.
Nudce (300 mL) duge bd sung vao va hon hop duge chiét bang etyl axetat (4 x 200 mL),
va céc chat hitu co thu gom dugce rira bang nuéc mudi (150 mL), lam kho (magie sulfat),
va ¢6 trong chan khong. Tinh ché bang sic ky cot nhanh (100 g silic oxit) tach rira voi
gradien 0 — 5% metanol trong diclometan tao ra san pham mong muén 13 gdbm mau nau
(8,66 g, 24 mmol, 94%).

LC/MS (C15H24N206S) 361 [M+H]*; RT 1,07 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 4,95 (d, J = 5,4 Hz, 1H), 4,66 (t, J=5,6 Hz,
1H), 4,26 (q, J= 7,1 Hz, 2H), 3,69 — 3,58 (m, 1H), 3,49 - 3,40 (m, 1H), 3,38-3,26
(m, 2H), 2,89 (dd, J = 14,9, 8,7 Hz, 1H), 1,53 (s, 9H), 1,29 (t, /="7,1 Hz, 3H).

Budc B: etyl 2-{[(tert-butoxy)carbonyl](metyl)amino}-5-(2-hydroxy-3-
{[tris(propan-Z-yl)silyl]oxy}propyl)—],3-thiazol-4-carb0)qylat

Dung dich chita san pham tir Buéc A (8,65 g, 24 mmol, 1 duong luong) trong
diclometan (100 mL), duwoc l1am lanh trong nuéce da, dugce b6 sung imidazol (3,5 g, 51,4
mmol, 2,14 duong luong), tiép @6 1a triisopropylsilyl clorua (6 mL, 28 mmol, 1,17
duong lugng) timg giot va hdn hop duoc khudy trong 60 phat ¢ 0 °C sau do6 trong 18 h

& nhiét d6 moi truong. Phan tmg dugc ¢ trong chan khong va tinh ché bang sc ky cot
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nhanh (100 g silic oxit) tach rira v6i gradien 0 — 25% ety axetat trong iso-heptan tao ra
san phdm mong mudn 1a diu khong mau (12,2 g, 23,5 mmol, 98%).

LC/MS (C24H44N>06SiS) 517 [M+H]*; RT 1,69 (LCMS-V-B1)

IH NMR (400 MHz, DMS0-d6) & 5,07 (d, /= 5,2 Hz, 1H), 4,24 (¢, /= 7,1 Hz,
2H), 3,75 — 3,61 (m, 2H), 3,55 — 3,48 (m, 2H), 3,42 (s, 3H), 2,98 (dd, /= 15,0, 8,3 Hz,
1H), 1,53 (s, 9H), 1,28 (t, J=7,1 Hz, 3H), 1,09 — 0,97 (m, 21H).

Buwdc C: etyl 2-{[(tert-butoxy)carbonyl](metyl)amino}-5-(2-metoxy-3-
{[tris(propan-2-ysilyloxy}propyl)-1,3-thiazol-4-carboxylat

Trimetyloxonium tetrafloborat (1,5 g, 10,1 mmol, 2,02 duong legng) dugc bo
sung vao dung dich dugc 1am lanh chira san pham tir Buéce B (2,6 g, 5,03 mmol, 1 duong
luong) va N,N,N’,N -tetrametylnaphtalen-1,8-diamin (2,2 g, 10,3 mmol, 2,04 duong
lugng) trong diclometan (75 mL) va hdn hop duge khudy & 0 °C trong 60 phut sau d6
trong 24 h ¢ nhiét d0 mdi trudong. Hén hop duoc pha lodng vdi diclometan (75 mL) va
rira 1an luot bang 1M dung dich nuéce ddng(1I) sulphat (2 x 75 mL), nu6e (75 mL) va
nude mudi (75 mL), 1am khd (magie sulfat), va ¢d trong chan khong. Tinh ché bang sdc
ky cot nhanh (50 g silic oxit) tAch rira v6i gradien 0 — 5% etyl axetat trong iso-heptan
tao ra san phim mong muén 12 gom khong mau (2,54 g, 4,79 mmol, 95%).

LC/MS (C25H46N206SiS) 531 [M+H]"; RT 1,80 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 4,37 (q, J= 7,1 Hz, 2H), 3,75 (dd, /= 5,0,
2,6 Hz, 2H), 3,55 (s, 3H), 3,52 — 3,44 (m, 2H), 3,41 (s, 3H), 3,26 — 3,14 (m, 1H), 1,39
(t,J=7,1Hz, 3H), 1,09 — 1,01 (m, 21H).

Buéc D: etyl 5-(2-metoxy-3-{[tris(propan-2-ylsilyljoxy}propyl)-2-
(metylamino)-1,3-thiazol-4-carboxylat

Dung dich chira san pham tir Budc C (2,54 g, 4,79 mmol, 1 dwong luong) trong
1,1,1,3,3,3-hexaflopropan-2-ol (20 mL) dugc gia nhi€t trong 6ng gan kin & 100 °C trong
5 h. Dung dich duogc dé ngudi dén nhiét 46 méi trudng, co trong chan khong va lam kho
duéi chan khong dé tao ra san phém mong mubn 12 chét rén mau trang (1,75 g, 4,06
mmol, 85%).

'"H NMR (400 MHz, DMSO-d6) § 5,44 (q, J= 5,1 Hz, 1H), 4,35 (q, J=7,1 Hz,
2H), 3,79 — 3,69 (m, 2H), 3,52 (dd, J = 15,0, 4,1 Hz, 1H), 3,48 — 3,39 (m, 4H), 3,13
(dd, J= 15,0, 7,8 Hz, 1H), 2,95 (d, J= 5,0 Hz, 3H), 1,37 (t, /= 7,1 Hz, 3H), 1,09 —
1,01 (m, 21H).
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Vi du diéu ché 4a: N-(6-clo-4-metyl-pyridazin-3-yl)-3-(2-

trimetylsilyletoxymetyl)-1,3-benzothiazol-2-imin

Buwéc A: N-(6-clo-4-metyl-pyridazin-3-yl)-1,3-benzothiazol-2-amin

Binh day tron, mot ¢b, 2 L duge sﬁy kho trong ti séy, dugc trang bi thanh khuéy
tir duoc phi PTFE va lép v61 binh ngung tu hdi luu. Binh nay duoc nap 34,0 g 6-clo-4-
metyl-pyridazin-3-amin (237 mmol, 1 dwong luong), 34 mL 2-clo-1,3-benzothiazol
(44,2 g, 260 mmol, 1,1 duong luong), 124 mL DIPEA (91,8 g, 710 mmol, 3 duong
lwong) va 137 g Cs2CO3 (710 mmol, 3 duwong lwgng), sau do 1 L DMF duoc bd sung
vao va hé nay dugc lam sach bang argon. Sau 5 phut khudy dudi khi quyén tro, 2,01 g
Pda(dba)s (5,9 mmol, 0,025 dwong lwong) va 6,85 g XantPhos (11,8 mmol, 0,05 duong
luong) duoc bd sung vao. Hon hop thu duge sau d6 dugc gia nhiét dén 75°C va duoc
khudy & nhidt do d6 trong 4 gio dé dat dugc sy chuyén héa hoan toan. Hon hop phan
ting duoc dé mat xudng rt, sau d6 rot vao 3 L nudce trong khi dugc khudy manh. Sau 30
phut, san phém két taa duoc loai bo béng cach loc, va sau do, hon hop duoc rira bﬁng
nude trong 2 1an (2x2 L). San phém duoc 1am kho qua dém ¢ chan khong cao. San phém
tho da lam kho dwoc khudy trong 1 L heptan : EtO (3:2) trong 30 phit sau d6 loc ra dé
tao ra 64,5 g (98%) san phém mong mudn bot mau xanh 14 cay.

'H NMR (500 MHz, DMSO-ds) & ppm 11,96 (brs, 1H), 7,86 (d, 1H), 7,65 (s,
1H), 7,51 (d, 1H), 7,38 (t, 1H), 7,21 (t, 1H), 2,37 (s, 3H); "C NMR (125 MHz, DMSO-
ds) & ppm 130,3, 129,5, 126,6, 122,8, 122,3, 17,2; HRMS-ESI (m/2): [M+H]" tinh toan
dbi v6i C12H10CINGS: 277,0309, phat hién 277,0305.

Buwdc B: N-(6-clo-4-metyl-pyridazin-3-yl)-3-(2-trimetylsilyletoxymetyl)-1,3-
benzothiazol-2-imin

Binh day tron mot co, 2 L, duoc séy kho trong ta séy, duoc trang bi thanh khuéy
tir dugc phit PTFE duoc nap 64,5 g san pham tir Buéc A4 (236 mmol, 1 dwong luong),
123 mL DIPEA (9,16 g, 708 mmol, 3 duwong lugng), 14,43 g N,N-dimetylpyridin-4-amin
(11,81 mmol, 0,05 duong luong) trong 1 L DCM khan dugc lam lanh xuéng 0°C duoi
N, va trong qua trinh khudy co hoc manh, 46,00 mL 2-(clometoxy)etyl-trimetyl-silan
(43,32 g, 259 mmol, 1,1 duong luong) duoc bd sung vao hon hop timg giot trong khoang
thoi gian 5 phtit. Hon hop duge khudy & 0°C trong 30 phut khi phan tng dat t6i su

chuyén héa hoan toan. 24,5 mL nudc dugc bd sung vao hdn hop phéan tmg sau d6 xelit
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duoc bb sung vao hdn hop phan tmg va cac chit d& bay hoi dugc loai bd dudi ap suat
giam. Hon hop duoc tinh ché bang sic ky cot nhanh sir dung heptan va EtOAc 1am dung
méi rira giai dé thu dugc 46,62 g (48%) san phim mong muén.

'H NMR (500 MHz, DMSO-ds) 8 ppm 7,85 (dm, 1H), 7,72 (q, 1H), 7,53 (dm,
1H), 7,47 (m, 1H), 7,29 (m, 1H), 5,89 (s, 2H), 3,70 (m, 2H), 2,39 (d, 3H), 0,90 (m, 2H),
-0,12 (s, 9H); *C NMR (125 MHz, DMSO-d6) & ppm 159,5, 158,5, 150,0, 138,1, 137.4,
1295, 127,4, 125,5, 123,8,123,2, 112,4, 73,0, 66,8, 17,7, 17,1, -1,0; HRMS-ESI (m/z):
[M+H]" tinh ton d6i v6i C1sH24CIN4OSSi: 407,1123, phat hién 407,1120.

Vi du diéu ché 4b: (22)-N-(6-Clopyridazin-3-yl)-3-{[2-

(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-imin

N,N-Diisopropyletylamin (3 mL, 16,6 mmol, 3 duong luong) dugc b6 sung vao
huyén phu chira san pham tir Vi du diéu ché 9b (1,45 g, 5,52 mmol, 1 dwong lugng)
trong diclometan (75 mL) ¢ 0 °C dudi khi quyén nito. [2-(clometoxy)etyl]trimetylsilan
(1,2 mL, 6,78 mmol, 1,23 duong luong) va 4-dimetylaminopyridin (33,7 mg, 0,28
mmol, 0,05 duong luong) dugce bd sung vao va hon hop duge khuéy ¢ nhi¢t do trong
phong trong 3 h. Diclometan (75 mL) duoc bd sung vao va hdn hop duge rira bang nuée
(2 x 75 mL) va nudc mudi (75 mL). Dung dich dugc lam khd (magie sulfat) va cd trong
chan khong. Nghién véi metanol (20 mL) tao ra chit rin ma duoc loc, rira bang metanol
(2 x 10 mL) va lam kho6 duéi chan khong dé tao ra san phAm mong mudn 13 chét rin
mau niu nhat (1,85 g, 4,71 mmol, 85%).

LC/MS (C17H21CIN4OSiS) 393 [M+H]"; RT 1,56 (LCMS-V-B1).

Vi du diéu ché 5a: Metyl 5-[3-[4-[3-[tert-

butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-flo-phenoxy]propyl]-2-[[4-[ferz-
butyl(diphenyl)silyl]oxy-5-(p-tolylsulfonyloxy)pentyl]-[S-metyl-6-[(£)-[3-(2-
trimetylsilyletoxymetyl)-1,3-benzothiazol-2-yliden]amino]pyridazin-3-
yllamino]thiazol-4-carboxylat

Buéc A: metyl 5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino[prop-1-ynyl]-2-
flo-phenoxy][propyl]-2-[[5-[tert-butyl(dimetyl)silyl]oxy-4-[tert-
butyl(diphenylsilylJoxy-pentyl]-[5-metyl-6-[(Z)-[3-(2-trimetylsilyletoxymetyl)-1,3-
benzothiazol-2-yliden]amino]pyridazin-3-ylJaminojthiazol-4-carboxylat
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St dung quy trinh chung Buchwald II bét dau tir 12 g hop chat trong Vi du diéu
ché 3a (13 mmol) va 6,30 g hop chét trong Vi du diéu ché 4a (15,6 mmol) lam
halogenua thich hop, 14 g (83%) san phdm mong muén thu dugc.

'H NMR (500 MHz, DMSO-ds) & ppm 7,85-7,23 (m, 14H), 7,58 (s, 1H), 7,31 (t,
1H), 7,19 (m, 1H), 7,14 (t, 1H), 5,86 (s, 2H), 4,37 (t, 2H), 4,20 (s, 2H), 4,15 (t, 2H), 3,73
(s, 3H), 3,71 (t, 2H), 3,67 (m, 1H), 3,39 (m, 2H), 3,27 (t, 2H), 2,83 (s, 3H), 2,41 (s, 3H),
2,12 (m, 2H), 1,72 (m, 2H), 1,52 (m, 2H), 1,40 (s, 9H), 0,90 (t, 2H), 0,89 (s, 9H), 0,69
(s, 9H), -0,14 (s, 9H), -0,19/-0,23 (s+s, 6H); °C NMR (125 MHz, DMSO-ds) & ppm
1475, 129,1, 119,3, 117,5, 115,4, 73,4, 72,3, 68,4, 66,8, 65,8, 51,8, 46,6, 38,5, 33,8,
31,0, 30,5, 28,5, 27,1, 26,1,23,0,22,6, 17,9, 17,8, -1,0, -5,3; HRMS-ESI (m/z): [M+H]"
tinh toan ddi v6i CesHosFN705S2S13: 1302,5813, phat hién 1302,5819.

Buwdgc B: metyl 5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino[prop-1-ynyl]-2-
ﬂo-phen0xy]pr0pyl]-2-[[4—[tert—butyl(diphenyl)silyl]oxy-5-hydroxy-pentyl]—[5—metyl—
6-[(Z)-[3-(2-trimetylsilyletoxymetyl)-1,3-benzothiazol-2-yliden]amino[pyridazin-3-
yllamino[thiazol-4-carboxylat

Binh d4y tron mot ¢b, 100 mL, dugc sdy khé trong tii sdy, dwgc trang bi thanh
khudy tir duoc phu PTFE va lap véi binh ngung tu hdi luu. Binh nay dugc nap 1,40 g
san phim tir Buéc A (1,1 mmol, 1 dwong lugng) va 12 mg axit sulfonic long ndo (0,054
mmol, 0,05 duwong lugng), 5 mL DCM va 1 mL MeOH. Hon hop thu duge dugc khuéy
qua dém 6 rt dé dat dugc sy chuyén hoéa hoan toan. Hon hop phan tmg duoc c6 truc tiép
trén Xelit sau d6 tinh ché bang sic ky cot nhanh st dung heptan va EtOAc lam dung
moi rira giai dé tao ra 700 mg (55%) san phim mong mubn 13 chét rin mau vang.

'H NMR (500 MHz, DMSO-ds) & ppm 7,85-7,14 (m, 14H), 7,56 (s, 1H), 7,32
(dd, 1H), 7,20 (m, 1H), 7,15 (t, 1H), 5,86 (s, 2H), 4,56 (t, 1H), 4,33 (m, 2H), 4,20 (s,
2H), 4,15 (t, 2H), 3,74 (s, 3H), 3,72 (t, 2H), 3,65 (m, 1H), 3,27 (t, 2H), 3,27 (t, 2H), 2,83
(s, 3H), 2,41 (s, 3H), 2,13 (m, 2H), 1,73/1,64 (m+m, 2H), 1,52 (m, 2H), 1,40 (s, 9H),
0,90 (t, 2H), 0,86 (s, 9H), -0,13 (s, 9H); *C NMR (125 MHz, DMSO-ds) & ppm 154.9,
147,6, 129,1, 119,4, 117,5, 115,4, 82,4, 73,7, 72,9, 68,4, 66,8, 64,5, 51,9, 46,8, 38,5,
33,8, 31,0, 30,6, 28,5, 27,2, 23,1, 22,5, 17,9, 17,8, -1,0; HRMS-ESI (n/z): [M+H]" tinh
toan ddi véi CeaH7oFN708S,S12: 1188,4949, phat hién 1188,4938.

Budc C: metyl 5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino[prop-1-ynyl]-2-
flo-phenoxy]propyl]-2-[[4-[tert-butyl(diphenyl)silylJoxy-5-(p-
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tolylsulfonyloxy)pentyl]-[5—metyl-6-[(Z)-[3-(2—trimetylsilyletoxymetyl)-],3—
benzothiazol-Z-yliden]amino]pyridazin-3-yl]amino]thiazol-4-carboxylat

Binh day tron mot ¢, 100 mL, duoc séy kho trong tu s:?'ly, duoc trang bi thanh
khudy tir duoc phi PTFE dugc nap 700 mg san pham tir Budc B (0,58 mmol, 1 duong
luong) va 907 mg N,N-dimetyl-1-(p-tolylsulfonyl)pyridin-1-ium-4-amin clorua (2,9
mmol, 5 duong luong, Tetrahedron Lett. 2016, 57, 4620) dugc hoa tan trong 35 mL
DCM va khudy qua dém & rt. Phan img dat dugc su chuyén héa hoan toan. Hon hop
phan Gng dugc cd truc tiép trén Xelit, va sau d6 tinh ché bang sic ky cot nhanh s dung
heptan va EtOAc lam dung mdi rira giai dé tao ra 450 mg (56%) san phim mong mudn.

'H NMR (500 MHz, DMSO-de) 8 ppm 7,88-7,23 (m, 14H), 7,58 (m, 2H), 7,53
(s, 1H), 7,31 (m, 2H), 7,31 (dd, 1H), 7,19 (m, 1H), 7,15 (t, 1H), 5,86 (s, 2H), 4,20 (s,
2H), 4,16 (t, 2H), 4,15 (t, 2H), 3,92 (m, 2H), 3,84 (m, 1H), 3,72 (t, 2H), 3,70 (s, 3H),
3,27 (t, 2H), 2,83 (s, 3H), 2,41 (s, 3H), 2,33 (s, 3H), 2,13 (m, 2H), 1,47 (m, 2H), 1,47
(m, 2H), 1,40 (s, 9H), 0,91 (t, 2H), 0,86 (s, 9H), -0,13 (s, 9H); BC NMR (125 MHz,
DMSO-ds) & ppm 147,5, 145,3, 130,4, 129,1, 128,0, 119,3, 117,4, 115,5, 72,9, 72,6,
70,4, 68,4, 66,8, 51,8, 46,2, 38,6, 33,8, 31,0, 30,1, 28,5, 27,0, 23,1, 22,4, 21,5, 17.8,
17,8, -1,0; HRMS-ESI (m/z): [M+H]" tinh toan d6i voi CeoHssFN7010S3S12: 1342,5037,
phat hién 1342,5039.

Vi du didu ché 5b: Metyl 2-[[4-[tert-butyl(diphenyl)silyl]oxy-5-(p-
tolylsulfonyloxy)pentyl]-[5-metyl-6-[(Z)-[3-(2-trimetylsilyletoxymetyl)-l,3-

benzothiazol-2-yliden]amino]pyridazin-3-yl]amino]-5-[3-[4-[3-
(dimetylamino)prop-1-ynyl]-2-ﬂ0-phen0xy]propyl]thiazol—4-carb0xylat

Budc A: metyl 2-[[5-[tert-butyl(dimetyl)silyl]oxy-4-[tert-
butﬁyl(diphenyl)silyl]oxy—pentyl]—[5—metyl—6-[(Z)-[3-(2-trimelylsilyletoxymelyl)-I ,3-
benzothiazol-Z-yliden]amin0]pyridazin-3-yl]amin0]-5-[3-[4-[3-(dimetylamino)prop—
1-ynyl]-2-flo-phenoxy|propyljthiazol-4-carboxylat

Sir dung quy trinh chung Buchwald 11 bét dau tir 6,0 g Vi du diéu ché 3b (7,1
mmol, 1 duong lugng) va 3,46 g Vi du didu ché 4a (8,51 mmol, 1,2 duong luong) lam
halogenua thich hop, 7,0 g (81%) san pham mong mudn thu dugc.

'H NMR (500 MHz, DMSO-ds) 5 ppm 7,84-7,25 (m, 4H), 7,60-7,11 (m, 10H),
7,58 (s, 1H), 7,29 (t, 1H), 7,19 (dd, 1H), 7,14 (m, 1H), 5,86 (s, 2H), 4,37 (t, 2H), 4,15
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(t, 2H), 3,74 (s, 3H), 3,71 (t, 2H), 3,67 (m, 1H), 3,39 (d, 2H), 3,38 (s, 2H), 3,27 (t, 2H),
2,41 (s, 3H), 2,19 (s, 6H), 2,13 (m, 2H), 1,73 (m, 2H), 1,51 (m, 2H), 0,91 (t, 2H), 0,89
(s, 9H), 0,69 (s, 9H), -0,13 (s, 9H), -0,19/-0,23 (s+s, 6H); BCNMR (125 MHz, DMSO-
d6) & ppm 135,9-111,3, 127,2-112,0, 128,9, 119,2, 117,6, 115,5, 73,4, 72,9, 68,4, 66,8,
65,9, 51,9, 48,1, 46,6, 44,2, 31,0, 30,9, 27,3, 26,0, 23,1, 22,6, 17,9, 17,8, -1,0, -5,3;
HRMS-ESI (m/z): [M+H]" tinh to4n ddi v&i CeaHgrFN706S2S13: 1216,5446, phét hién
1216,5425.

Buwoc B: metyl 2-[[4-[tert-butyl(diphenyl)silyl]oxy-5-hydroxy-pentyl]-[5-metyl-
6—[(Z)—[3-(2-trimetylsilyletoxymelyl)-],3-benzothiazol-2-yliden]amin0]pyridazin—3-
ylJamino]-5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-phenoxy|propyl]thiazol-4-
carboxylat

Binh day tron mot ¢, 100 mL, duoc séy kho trong tu séy, duoc trang bi thanh
khudy tir dwgc phu PTFE va lap v6i binh ngung tu hdi lwu. Binh nay dugc nap 7,0 g sin
phém tir Bude A (5,75 mmol, 1 duong lugng) va 1,60 g axit sulfonic long ndo (6,90
mmol, 1,2 dwong lwgng) duge hoa tan trong 25 mL DCM va 5 mL MeOH. Hdn hop thu
duogc duoc khuéy qua dém o rt dé dat duoc su chuyén héa hoan toan. Hon hop phéan tng
duogc ¢o truc tiép trén Xelit, va tinh ché b?mg sac ky cot nhanh st dung DCM va MeOH
(1,2% NH3) lam dung méi rira gidi dé tao ra 3,0 g (47%) san phim mong mudn 12 chat
ran mau vang.

Buwdéc C: metyl 2-[[4-[tert-butyl(diphenyl)silyl]oxy-5-(p-
tolylsulfonyloxy)pentyl]-[5-metyl-6-[(Z)-[3-(2-trimetylsilyletoxymetyl)-1,3-
benzothiazol-2-yliden]amino]pyridazin-3-ylJamino]-5-[3-[4-[3-(dimetylamino)prop-
1-ynyl]-2-flo-phenoxy|propyl|thiazol-4-carboxylat

Binh day tron mot ¢, 100 mL, duoc séy kho trong tu séy, duoc trang bi thanh
khuéy tir dugc phu PTFE dugc nap 3,80 g san phém tt Budc B (3,40 mmol, 1 duong
luong), 5,40 g N, N-dimetyl-1-(p-tolylsulfonyl)pyridin-1-ium-4-amin clorua (17,0 mmol,
5 duong luong, Tetrahedron Lett. 2016, 57, 4620) va 20 mL DCM sau do khuéy qua
dém o rt. Phan tng dat dwoc sy chuyén héa hoan toan. Ho6n hop phan tng duge ¢d truc
tiép trén Xelit sau d6 tinh ché bang sic ky cot nhanh sit dung DCM va MeOH (1,2%
NH3) 1am dung mdi rua giai 2 tao ra 3,58 g (83%) san pham mong mudn.

'H NMR (500 MHz, DMSO-ds) 5 ppm (m, 10H), 7,85 (d, 1H), 7,59 (d, 2H), 7,53
(m, 1H), 7,47 (d, 1H), 7,44 (t, 1H), 7,32 (d, 2H), 7,3 (dd, 1H), 7,26 (t, 1H), 7,20 (d, 1H),
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7,15 (¢, 1H), 5,87 (s, 2H), 4,16 (t, 2H), 4,16 (br., 2H), 3,92 (m, 2H), 3,84 (m, 1H), 3,72
(t, 2H), 3,70 (s, 3H), 3,38 (s, 2H), 3,27 (t, 2H), 2,42 (s, 3H), 2,33 (s, 3H), 2,19 (s, 6H),
2,13 (m, 2H), 1,47 (br., 2H), 1,47 (br., 2H), 0,91 (t, 2H), 0,87 (s, 9H), 0,13 (s, 9H); 1°C
NMR (125 MHz, DMSO-d6) & ppm 130,5, 128,9, 128,0, 127,2, 1235, 1232, 119,2,
117.4, 115,5, 112,0, 72,9, 72,6, 70,4, 68,4, 66,8, 51,8, 48,1, 46,1, 44,2, 31,0, 30,1, 27,0,
23.1, 22,4, 21,5, 17,8, 17,8, -1,0; HRMS-ESI (m/z): [M+H]" tinh to4n déi véi
CysH7oFN70sSs Sia: 1256,4669, phat hién 1256,4677.

Vi du didu ché 5¢: Metyl 5-[3-[4-[3-[tert-

butoxycarbonyl(metyl)amino]prop-l-ynyl]-2-ﬂo-phen0xy]propyl]-Z-t4-
hydroxybutyl—[S-metyl—6-[(Z)-[3-(2-trimetylsilyletoxymetyl)-1,3-benzothiazol-2-
yliden]amino]pyridazin-3-yl]amino]thiazol-4-carboxylat

Buwéc A: metyl 5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino[prop-I1-ynyl]-2-
ﬂo—phenoxy]propyl]—Z—[4—[tert-butyl(dimetyl)silyl]oxybmfyl—[5-metyl—6—[(Z)-[3-(2-
trimetylsilyletoxymetyl)-1,3-benzothiazol-2-yliden]amino[pyridazin-3-
ylJamino]thiazol-4-carboxylat

St dung quy trinh chung Buchwald IT bt ddu tir 250 mg Vi du diéu ché 3¢ (0,38
mmol, 1 dwong luvong) va 250 mg Vi du diéu ché 4a (0,38 mmol, 1 duong lugng) lam
halogenua thich hop, 295 mg (75%) san pham mong muén thu duge.

IH NMR (500 MHz, DMSO-ds) 8 ppm 7,83-7,25 (m, 4H), 7,64 (s, 1H), 7,31 (dd,
1H), 7,21 (m, 1H), 7,15 (t, 1H), 5,85 (s, 2H), 4,41 (t, 2H), 4,20 (s, 2H), 4,14 (t, 2H), 3,77
(s, 3H), 3,71 (t, 2H), 3,61 (t, 2H), 3,26 (t, 2H), 2,84 (s, 3H), 2,44 (s, 3H), 2,12 (m, 2H),
1,74 (m, 2H), 1,51 (m, 2H), 1,40 (s, 9H), 0,91 (t, 2H), 0,79 (s, 9H), -0,03 (s, 6H), -0,12
(s, 9H); *C NMR (125 MHz, DMSO-ds) & ppm 147,5, 137,6, 129,1, 127,2-112, 1193,
117,7, 115,5, 72,8, 68,4, 66,8, 62,5, 51,9, 46,7, 38,3, 33,8, 31,0, 29,8, 28,5, 26,2, 23,8,
231, 17,9, 17,8, -1,0, -4,9; HRMS-ESI (w/z): [M+H]" tinh toan d6i véi
Cs1H73FN707S,S12: 1034,4530, phat hién 1034,4517.

Buwdc B: metyl 5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino[prop-1-ynyl]-2-

flo-phenoxy]propyl]-2-[4-hydroxybutyl-[5-metyl-6-[(Z)-[3-(2-
trimetylsilyletoxymetyl)-1,3-benzothiazol-2-yliden]amino]pyridazin-3-
ylJamino]thiazol-4-carboxylat
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St dung quy trinh chung dé khir bao vé& nhoém bao vé tert-butyl-dimetyl-silyl bét
dAu tir 650 mg san phim tir Bude 4 (0,63 mmol, 1 dwong lugng) va 36 mg [(1S,4R)-7,7-
dimetyl-2-oxo-norbornan-1-ylJmetansulfonic (0,16 mmol, 0,25 duong lugng), 178 mg
(31%) san pham mong mubdn thu duoec.

'H NMR (500 MHz, DMSO-ds) & ppm 7,84 (d, 1H), 7,68 (s, 1H), 7,46 (d, 1H),
7,43 (td, 1H), 7,32 (brd., 1H), 7,25 (td, 1H), 7,22 (d, 1H), 7,17 (t, 1H), 5,86 (s, 2H), 4,39
(t, 2H), 4,20 (br., 2H), 4,15 (t, 2H), 3,76 (s, 3H), 3,72 (t, 2H), 3,45 (q, 2H), 3,26 (t, 2H),
2,84 (br., 3H), 2,45 (s, 3H), 2,12 (m, 2H), 1,72 (m, 2H), 1,50 (m, 2H), 1,40 (s, 9H), 0,92
(t,2H), -0,11 (s, 9H); *CNMR (125 MHz, DMSO-ds) 6 ppm 129,1, 127,2,123 .4, 1232,
119,3,117,6,115,5,111,9,72,9, 68,4, 66,7, 60,9, 52,0, 46,8, 38,5, 33,8,31,0, 29,9, 28,5,
24,1, 23,2, 17,9, 17,8, -1,0; HRMS-ESI (m/z): [M+H]" tinh toan d6i véi
C4sHs9FN707S,Si: 920,3665, phat hién 920,3650.

Vi du diéu ché 5d: Metyl 5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-
phenoxy]propyl]-2-[4-hydroxybutyl-[5-metyl-6-[(Z)-[3-(2-

trimetylsilyletoxymetyl)-1,3-benzothiazol-2-yliden]amino]pyridazin-3-
ylJamino]thiazol-4-carboxylat

Bueéc A: metyl 2-[4-[tert-butyl(dimetyl)silyl]oxybutyl-[5-metyl-6-[(Z)-[3-(2-
trimetylsilyletoxymetyl)-1,3-benzothiazol-2-yliden]amino]pyridazin-3-ylJamino]-5-
[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-phenoxy[propyl[thiazol-4-carboxylat

St dung quy trinh chung Buchwald II bit dau tir 1800 mg Vi du diéu ché 3d
(3,11 mmol, 1 dwong luong) va 1267 mg Vi du diéu ché 4a (3,11 mmol, 1 duong lugng)
]lam halogenua thich hop, 2035 mg (69%) san phim mong muén thu dugc.

'"H NMR (500 MHz, DMSO-ds) & ppm 7,82 (dm, 1H), 7,61 (s, 1H), 7,44 (dm,
1H), 7,42 (m, 1H), 7,29 (dd, 1H), 7,23 (m, 1H), 7,19 (dm, 1H), 7,13 (t, 1H), 5,83 (s,
2H), 4,40 (t, 2H), 4,13 (t, 2H), 3,77 (s, 3H), 3,70 (m, 2H), 3,60 (t, 2H), 3,38 (s, 2H), 3,25
(m, 2H), 2,42 (s, 3H), 2,19 (s, 6H), 2,11 (m, 2H), 1,73 (m, 2H), 1,51 (m, 2H), 0,90 (m,
2H), 0,78 (s, 9H), -0,03 (s, 6H), -0,13 (s, 9H); *C NMR (125 MHz, DMSO-ds) 8 ppm
128,9,127,1,123,4,123,2,119,2,117,5,115,4,111,9, 72,8, 68,4, 66,7, 62,5, 51,9, 48,1,
46.,5,44,2,30,9,29,7,262,23,7,23,1,17,9, 17,8, -1,0, -4,9; HRMS-ESI (m/z): [M+H]"
tinh toan ddi v6i C47He7FN705S2S12: 948,4162, phat hién 948,4161.

Budc B: metyl 5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-phenoxy]propyl]-
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2-[4-hydroxybutyl—[5—metyl—6—[(Z)—[3-(2—trimetylsilyletoxymetyl)-],3-benzothiazol—2—
yliden]amino]pyridazin-3-ylJamino]thiazol-4-carboxylat

St dung quy trinh chung dé khir bao vé nhém bao vé tert-butyl-dimetyl-silyl bét
dAu tir 7,23 g san phim tix Buede A (7,63 mmol, 1 duong lwong) va 2,22 g [(1S,4R)-7,7-
dimetyl-2-oxo-norbornan-1-ylJmetansulfonic (9,54 mmol, 1,25 duong luong), 5,23 g
(82%) san pham mong mudn thu dugc.

IH NMR (500 MHz, DMSO-ds) & ppm 7,84 (d, 1H), 7,69 (s, 1H), 7,47 (d, 1H),
7,44 (td, 1H), 7,35 (dd, 1H), 7,25 (td, 1H), 7,25 (dm, 1H), 7,18 (t, 1H), 5,86 (s, 2H),
4,46 (t, 1H), 4,39 (t, 2H), 4,15 (t, 2H), 3,78 (s, 3H), 3,72 (m, 2H), 3,65 (s, 2H), 3,45 (q,
2H), 3,27 (t, 2H), 2,46 (s, 3H), 2,39 (s, 6H), 2,13 (m, 2H), 1,72 (m, 2H), 1,50 (m, 2H),
0,92 (m, 2H), -0,11 (s, 9H); *C NMR (125 MHz, DMSO-ds) 6 ppm 163,2,129,2, 127,2,
123.4, 123,2, 119,3, 117,6, 115,5, 112,0, 72,9, 68,4, 66,8, 60,9, 52,0, 47,8, 46,8, 43,6,
31,0, 29,9, 24,1, 23,1, 17,9, 17,8, -0,9; HRMS-ESI (m/z): [M+H]" tinh toén dbi voi
C41Hs3FN705S,Si: 834,3297, phat hién 834,3296.

Vi du diéu ché 5e: Metyl 5-[3-[4-[3-[tert-

butoxycarbonyl(metyl)amino]prop-1-ynyl]-2-flo-phenoxy]propyl]-2-[S-
hydroxypentyl-[S-metyl—6-[(Z)-[3-(2-trimetylsilyletoxymetyl)-l,3-benzothiazol-2-
yliden]amino]pyridazin-3-ylJamino]thiazol-4-carboxylat

Bwdc A: metyl 5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino[prop-1-ynyl]-2-
ﬂo—phen03qv]pr0pyl]—2—[5—[tert—butyl(dimetyl)silyl]oxypenljil-[5-megzl-6-[(Z)-[3-(2-
trimetylsilyletoxymetyl)-1,3-benzothiazol-2-yliden]amino[pyridazin-3-
yllamino]thiazol-4-carboxylat

St dung quy trinh chung Buchwald II bat dau tir 350 mg Vi du diéu ché 3m
(0,52 mmol, 1 duong lugng) va 210 mg Vi du didu ché 4a (0,52 mmol, 1 duong lugng)
lam halogenua thich hgp, 481 mg (88%) san phdm mong muén thu duge.

'H NMR (500 MHz, DMSO-de) & ppm 7,81 (dd, 1H), 7,62 (s, 1H), 7,45 (dd, 1H),
7,42 (m, 1H), 7,28 (dd, 1H), 7,24 (m, 1H), 7,19 (m, 1H), 7,15 (t, 1H), 5,84 (s, 2H), 4,38
(t, 2H), 4,20 (s, 2H), 4,16 (t, 2H), 3,78 (s, 3H), 3,73 (t, 2H), 3,55 (t, 2H), 3,26 (t, 2H),
2,85 (s, 3H), 2,44 (s, 3H), 2,13 (m, 2H), 1,71 (m, 2H), 1,51 (m, 2H), 1,41 (s, 9H), 1,40
(m, 2H), 0,92 (t, 2H), 0,80 (s, 9H), -0,04 (s, 6H), -0,10 (s, 9H); 3C NMR (125 MHz,
DMSO-ds) & ppm 163,2, 147,5, 137,6, 129,0, 127,1, 123,5, 123,1, 119,3, 117,7, 115,7,
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111,9, 73,0, 68,6, 66,8, 62,7, 51,8, 47,0, 38,6, 33,8, 32,4, 31,0, 28,5, 27,1, 26,2, 23,1,
23,0, 17,9, 17,8, -1,0, -5,0; HRMS-ESI (m/z): [M+H]" tinh todn d6i voi
Cs2H75FN707S,S12: 1048,4686, phat hién 1048,4692.

Buwdc B: metyl 5-[3-[4-[3-[tert-butoxycarbonyl(metyl)amino]prop-1-ynyl|-2-
flo-phenoxy[propyl]-2-[5-hydroxypentyl-[ 5-metyl-6-[(Z)-[3-(2-
trimetylsilyletoxymetyl)-1,3-benzothiazol-2-yliden]amino[pyridazin-3-
ylJamino]thiazol-4-carboxylat

Sr dung quy trinh chung dé khir bao vé nhom bao vé tert-butyl-dimetyl-silyl bt
dAu tir 2,52 g san pham tir Bude 4 (2,40 mmol, 1 dwong lwong) va 0,70 g /(1S,4R)-7,7-
dimetyl-2-oxo-norbornan-1-ylJmetansulfonic (3,00 mmol, 1,25 duong lugng), 1,19 g
(53%) san phdm mong mudn thu duorc.

IH NMR (500 MHz, DMSO-ds) & ppm 7,84 (d, 1H), 7,66 (s, 1H), 7,46 (d, 1H),
7,43 (t, 1H), 7,32 (d, 1H), 7,25 (t, 1H), 7,22 (d, 1H), 7,16 (t, 1H), 5,86 (s, 2H), 4,36 (t,
2H), 4,20 (s, 2H), 4,15 (t, 2H), 3,78 (s, 3H), 3,72 (t, 2H), 3,4 (t, 2H), 3,26 (t, 2H), 2,84
(s, 3H), 2,46 (s, 3H), 2,12 (qn, 2H), 1,69 (qn, 2H), 1,49 (m, 2H), 1,40 (s, 9H), 1,40 (qn,
2H), 0,92 (t, 2H), -0,11 (s, 9H); *C NMR (125 MHz, DMSO-ds) & ppm 129,1, 127,2,
123.4,123,2, 119,3, 117,6, 115,5, 112,0, 72,9, 68,4, 66,7, 61,0, 52,0, 47,0, 38,5, 33,9,
32,5,31,0, 28,5, 27,1, 23,2, 23,1, 17,9, 17,8, -1,0; HRMS-ESI (m/z): [M+Na]" tinh toan
ddi voi CasHeoFN7NaO7S: Si: 956,3641, phat hién 956,3646.

Vi du diéu ché 5f: Metyl 5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-

phenoxy]propyl]-2-[5-hydroxypentyl-[5-metyl-6-[(£)-[3-(2-
trimetylsilyletoxymetyl)-1,3-benzothiazol-2-yliden]amino]pyridazin-3-
yllamino]thiazol-4-carboxylat

Budc A: metyl 2-[5-[tert-butyl(dimetyl)silyl]oxypentyl-[5-metyl-6-[(Z)-[3-(2-
trimetylsilyletoxymeljyl)-],3-benzothiazol—Z-yliden]amin0]pyridazin-3-yl]amino]—5-
[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-phenoxy|propyljthiazol-4-carboxylat

St dung quy trinh chung Buchwald I bét dau tir 3,68 g Vi du diéu ché 3t (6,22
mmol, 1 dwong luong) va 3,29 g Vi du didu ché 4a (8,08 mmol, 1,3 duong luong) lam
halogenua thich hop, 3,92 g (65%) san phim mong muén thu dugc.

'H NMR (500 MHz, DMSO-ds) & ppm 7,83 (dm, 1H), 7,66 (s, 1H), 7,46 (dm,
1H), 7,43 (m, 1H), 7,30 (dd, 1H), 7,25 (m, 1H), 7,15 (dm, 1H), 5,85 (s, 2H), 4,40 (t,
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2H), 4,14 (t, 2H), 4,14 (t, 1H), 3,77 (s, 3H), 3,71 (m, 2H), 3,54 (t, 2H), 3,38 (s, 2H), 3,26
(t, 2H), 2,44 (s, 3H), 2,19 (s, 6H), 2,12 (m, 2H), 1,70 (m, 2H), 1,49 (m, 2H), 1,37 (m,
2H), 0,91 (m, 2H), 0,79 (s, 9H), -0,06 (s, 6H), -0,12 (s, 9H); HRMS-ESI (m/z): [M+H]"
tinh toan dbi v6i CasHeoFN70552512:962,4319, phat hién 962,4301.

Budc B: metyl 5-[3-[4-[3-(dimetylamino)prop-1-ynyl[-2-flo-phenoxy[propyl]-
2-[5-hydroxypentyl-[5-metyl-6-[(Z)-[3-(2-trimetylsilyletoxymetyl)-1,3-benzothiazol-2-
ylidenJamino[pyridazin-3-ylJaminothiazol-4-carboxylat

Sir dung quy trinh chung dé khtt bao vé nhém bao vé tert-butyl-dimetyl-silyl bat
dAu tir 3,91 g san pham tir Buéc A (4,06 mmol, 1 dwong lwong) va 1,18 g [(1S,4R)-7,7-
dimetyl-2-oxo-norbornan-1-ylJmetansulfonic (5,08 mmol, 1,25 duong lugng), 2,61 g
(76%) san pham mong mudn thu duoc.

'H NMR (500 MHz, DMSO-ds) & ppm 7,84 (dm, 1H), 7,67 (s, 1H), 7,47 (dm,
1H), 7,42 (td, 1H), 7,31 (dd, 1H), 7,25 (td, 1H), 7,21 (dd, 1H), 7,16 (t, 1H), 5,86 (s, 2H),
4,37 (m, 1H), 4,37 (m, 2H), 4,14 (t, 2H), 3,78 (s, 3H), 3,72 (t, 2H), 3,40 (m, 2H), 3,38
(s, 2H), 3,27 (m, 2H), 2,46 (s, 3H), 2,20 (s, 6H), 2,12 (m, 2H), 1,69 (m, 2H), 1,49 (m,
2H), 1,39 (m, 2H), 0,92 (t, 2H), -0,11 (s, 9H); *C NMR (125 MHz, DMSO-ds) 8 ppm
129,0,127,2, 123,5,123,2,119,2, 117,6,115,5, 111,9, 72,9, 68,4, 66,7, 61,0, 52,0, 48,1,
47,0, 442, 32,5, 31,0, 27,1, 23,1, 23,1, 17,8, 17,8, -0,9; HRMS-ESI (m/z): [M+2H]*
tinh toan ddi v6i Ca2HssFN705S2Si: 424,6764, phat hién 424,6755.

Vi du diéu ché 5g: Etyl 5-(3-iodopropyl)-2-[metyl-[S-metyl-6-[(Z)-[3-(2-

trimetylsilyletoxymetyl)-1,3-benzothiazol-2-yliden]amino]pyridazin-3-
“yllamino]thiazol-4-carboxylat
Budc A: etyl 5-(3-clopropyl)-2-[metyl-[5-metyl-6-[(Z)-[3-(2-
trimetylsilyletoxymetyl)-1,3-benzothiazol-2-yliden|amino[pyridazin-3-
yl]lamino]|thiazol-4-carboxylat
St dung quy trinh chung Buchwald II bat d4u tir 3,15 g Vi du diéu ché 3e (12
mmol, 1,2 duong lugng) va 4,07 g Vi du diéu ché 4a (10 mmol, 1 dwong lugng) lam
halogenua thich hop, 2,6 g (41%) san phidm mong muén thu duge.
'"H NMR (500 MHz, DMSO-ds) & ppm 7,84 (d, 1H), 7,65 (s, 1H), 7,45 (d, 1H),
7,43 (tm, 1H), 7,25 (tm, 1H), 5,85 (s, 2H), 4,30 (q, 2H), 3,77 (s, 3H), 3,71 (t, 2H), 3,71
(t, 2H), 3,22 (t, 2H), 2,48 (s, 3H), 2,10 (quin, 2H), 1,31 (t, 3H), 0,92 (t, 2H), -0,11 (s,
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9H); '>*C NMR (125 MHz, DMSO-d¢) § ppm 162,6, 157,4, 156,38, 155,1, 151,7, 140,5,
137,6, 137,1, 135,3, 125,6, 123,5, 123,2, 123,1, 117,6, 111,9, 72,9, 66,7, 60,7, 45,3,
354, 34,4, 24,3, 18,0, 17,8, 14,7, -1,0; HRMS-ESI (m/z): [M+H]" tinh toédn ddi vai
CasH3sCIN6O3S,Si: 633,1899, phat hién 633,1891.

Buwdc B: etyl 5-(3-iodopropyl)-2-[metyl-[5-metyl-6-[(Z)-[3-(2-
trimetylsilyletoxymetyl)-1,3-benzothiazol-2-yliden|amino[pyridazin-3-
yllamino]thiazol-4-carboxylat

Binh day tron mot ¢6, 100 mL, duoc trang bi thanh khuéy ttr duwgc phu PTFE va
1p v6i binh ngung tu hdi lwu. Binh nay dugc nap 2,6 g san pham tir Budc A (4,10 mmol,
1 duong luong), 1,23 g Nal (8,2 mmol, 2 duong luong) va 20 mL axeton khan. Hon hop
phan g duoc gia nhiét dén 60°C va duoc khudy & nhiét do d6 trong 3 ngay, khi phan
ting dat t6i sy chuyén héa hoan toan. Hon hop phan ting dugc pha lodng két hop véi bd
sung nudc sau do san phém két tiia duge thu gom bang cach loc, rira bang nudc, va sau
d6 1am khé & chan khong cao dé thu dwgc 2,5 g (84%) san phdm mong muén.

'H NMR (500 MHz, DMSO-d¢) 7,82 (d, 1H), 7,61 (s, 1H), 7,47-7,39 (m, 1H),
7,47-7,39 (m, 1H), 7,23 (t, 1H), 5,83 (s, 2H), 4,29 (q, 2H), 3,75 (s, 3H), 3,71 (t, 2H),
3,33 (t, 2H), 3,16 (t, 2H), 2,42 (s, 3H), 2,13 (quint., 2H), 1,33 (t, 3H), 0,91 (t, 2H), -0,12
(s, 9H); *C NMR (125 MHz, DMSO-ds) 8 ppm 162,6, 157,3,156,7, 155,1, 151,6, 140,2,
137,6, 137,1, 135,2, 127,1, 1254, 123,4, 123,2, 117.5, 111,9, 72,8, 66,7, 60,7, 35,2,
35,2, 27,6, 17,8, 17,8, 14,8, 7.8, -1,0; HRMS-ESI (m/z): [M+H]" tinh toédn d6i voi
CasHssl N¢O3S,Si: 725,1255, phat hién 725,1248.

Vi du diu ché 5h: Etyl 5-[3-[4-[3-[tert-butoxycarbonyl-[2-

(dimetylamino)etyl]amino]prop-1-ynyl]-2-flo-phenoxy]propyl]-2-[metyl-[S-metyl-
6-[(Z)-[3-(2-trimetylsilyletoxymetyl)-1,3-benzothiazol-2-yliden]amino]pyridazin-
3-yl]amino]thiazol-4-carboxylat

Bueéc A: tert-butyl N-[2-(dimetylamino)etyl]-N-prop-2-ynyl-carbamat

365 mg N'N'-dimetyl-N-prop-2-ynyl-etan-1,2-diamin (1,83 mmol, 1 duong
lwong) va 22 mg N,N-dimetylpyridin-4-amin (0,18 mmol, 0,1 duong lugng) dugc tron
trong diclometan (2,2 mL/mmol) sau d6 600 mg tert-butoxycarbonyl tert-butyl cacbonat
(2,75 mmol, 1,5 duong luong) dugc bd sung vao trong mdt phan & rt va hon hop duge

khudy & nhiét 6 moi trudng trong 3 h. Sau thoi gian phan ing khodng 10 mL DCM va
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khoang 10 mL NaHCOs3 dac duoc bd sung vao, tach va 16p hitu co duoc lam kho béng
MgSOq, loc va ¢6. Dau mau hoi vang thu duogc 13 sin pham thd: 332 mg (77%) sin pham
mong mudn.

'"H NMR (400 MHz, DMSO-ds) 8 ppm 4,02 (s, 2H), 3,29 (t, 2H), 3,18 (t, 1H),
2,37 (t, 2H), 2,15 (s, 6H), 1,40 (s, 9H); *°C NMR (100 MHz, DMSO-ds) 8 ppm 1493,
106,7, 79,2, 57,0, 45,3, 43,7, 38,6, 28,0.

Budc B: (2-flo-4-iodo-phenoxy)-triisopropyl-silan

Binh day tron mot ¢d, 100 mL, duoc séy kho trong tu séy, duoc trang bi thanh
khudy tir dugc phit PTFE. Binh nay dugc nap 2,38 g 2-flo-4-iodo-phenol (10,00 mmol),
1,98 g K»COs3 (20,00 mmol, 2 duong lugng) va axetonitril (4 mL/mmol). Hoén hop thu
duoc 2,31 g clo(triisopropyl)silan (12,00 mmol, 1,2 duong luong) dugc bd sung vao
timg giot két hop véi khuiy gin manh & rt. Hon hop thu dugc dugc khuéy & rt trong 30
phut, trong khi phan g dat t61 su chuyén hoa hoan toan. Hn hop phan tmg dugc loc
qua dém Xelit sau d6 co trén Xelit va tinh ché bang sac ky cot nhanh st dung heptan va
EtOAc 1im dung mdi rira giai dé tao ra 3,70 g (94%) san pham mong mudn (94%) la
dau khong mau.

'"H NMR (500 MHz, DMSO-ds) & ppm 7,60 (dd, 1H), 7,40 (dm, 1H), 6,82 (dd,
1H), 1,24 (sp, 3H), 1,04 (d, 18H); *C NMR (125 MHz, DMSO-ds) 6 ppm 153,9, 143.8,
134,2, 125,5, 124,1, 83,6, 18,0, 12,5; HRMS-EI (w/z): [M]" tinh toan d6i voi
C1sH24FI0Si: 394,0625, phat hién 394,0616.

Budc C: tert-butyl N-[2-(dimetylamino)etyl]-N-[3-(3-flo-4-
triisopropylsilyloxy-phenyl)prop-2-ynyl]carbamat

St dung quy trinh chung Sonogashira bét dAu tir 99 mg san pham tir Buede B (0,25
mmol, 1 duong lugng) va 73 mg san phém tl Bude A dé tao ra 90 mg (75%) san pham
mong mudn 14 ddu mau vang.

'"H NMR (400 MHz, DMSO-ds) 8 ppm 7,09 (dd, 1H), 7,03 (d, 1H), 6,33 (t, 1H),
4,40-4,15 (br., 2H), 3,46 (brt., 2H), 2,50 (t, 2H), 2,26 (s, 6H), 1,47 (s, 9H), 1,25 (m, 3H),
1,07 (d, 18H); *C NMR (100 MHz, DMSO-ds) 6 ppm 128,1, 121,6, 119,7, 57,5, 45,7,
442, 37,8, 36,8, 28,4, 17,7, 12,7, HRMS-ESI (m/z): [M+H]" tinh todn d6i voi
C27H46FN203S1: 493,3256, phat hién 493,3264.

Buwdc D: etyl 5-[3-[4-[3-[tert-butoxycarbonyl-[2-
(dimetylamino)etyl]amino]prop-1-ynyl]-2-flo-phenoxy|propyl]-2-[metyl-[5-metyl-6-
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[(Z)-[3-(2-trimetylsilyletoxymetyl)-1,3-benzothiazol-2-yliden]amino[pyridazin-3-
ylJamino]thiazol-4-carboxylat

St dung quy trinh chung dé alkyl hoa phenol dugc bao vé bang silyl bt dau tir
147 mg Vi du diéu ché 5g, Buéc B (0,20 mmol, 1 duong lwong) va 100 mg san pham
tt Budc C (0,20 mmol, 1 duong luong) dé tao ra 164 mg (87%) san pham mong mudn
1a chit rdn mau nau.

IH NMR (500 MHz, DMSO-ds) & ppm 7,84 (d, 1H), 7,66 (s, 1H), 7,45 (m, 1H),
7,44 (td, 1H), 7,30 (br, 1H), 7,25 (td, 1H), 7,20 (m, 1H), 7,17 (t, 1H), 5,86 (s, 2H), 4,26
(q, 2H), 4,22 (br, 2H), 4,15 (t, 2H), 3,77 (s, 3H), 3,72 (t, 2H), 3,37 (m, 2H), 3,27 (t, 2H),
2,48 (m, 2H), 2,45 (s, 3H), 2,22 (br, 6H), 2,12 (quin, 2H), 1,41 (s, 9H), 1,28 (t, 3H), 0,92
(t, 2H), -0,10 (s, 9H); *C NMR (125 MHz, DMSO-ds) & ppm 171,0, 157,6, 156,7, 155,3,
154,7,151,7,151,5, 147,6,141,2,137,6,137,1, 135,3,129,0, 127,2, 125,4, 123 .5, 123,1,
119,2, 117,8, 115,5, 114,7, 111,9, 85,6, 82,1, 79,9, 72,8, 68,7, 66,7, 60,3, 57,0, 45,8,
44,0, 36,9, 35,2, 31,2, 28,5, 23,3, 17,8, 17,5, 14,7, -1,0; HRMS-ESI (m/z): [M+H]" tinh
toan d6i voi CasHe2FNsO6S2Si: 933,3982, phat hién 933,3977.

Vi du diéu ché 5i: Metyl 5-[3-[4-[3-(tert-butoxycarbonylamino)prop-1-

ynyl]-2-flo-phenoxy]propyl] -2-[4-[tert-butyl(dimetyl)silyl]oxybutyl-[5-metyl-6-
[(Z)-[3-(2-trimetylsilyletoxymetyl)-1,3-benzothiazol-2-yliden]amino]pyridazin-3-
yllamino]thiazol-4-carboxylat

St dung quy trinh chung Buchwald II bt dau tir 780 mg Vi du diéu ché 3g (1,20
mmol, 1 duong luong) va 489 mg Vi du diéu ché 4a (1,20 mmol, 1 duong lugng) lam
halogenua thich hop, 570 mg (47%) san phim mong muébn thu duge.

'HNMR (500 MHz, DMSO-ds) & ppm 7,83 (dd, 1H), 7,64 (s, 1H), 7,45 (dd, 1H),
7,43 (m, 1H), 7,33 (t, 1H), 7,27 (dd, 1H), 7,26 (m, 1H), 7,18 (m, 1H), 7,15 (t, 1H), 5,85
(s, 2H), 4,41 (t, 2H), 4,14 (t, 2H), 3,93 (d, 2H), 3,76 (s, 3H), 3,71 (t, 2H), 3,61 (t, 2H),
3,25 (t, 2H), 2,44 (s, 3H), 2,12 (m, 2H), 1,74 (m, 2H), 1,51 (m, 2H), 1,39 (s, 9H), 0,91
(t, 2H), 0,79 (s, 9H), -0,03 (s, 6H), -0,12 (s, 9H); *C NMR (125 MHz, DMSO-ds)  ppm
162,2, 147,4, 137,6, 129,0, 127,2, 123,4, 123,2, 119,2, 117,6, 115,4, 111,9, 80,8, 72,8,
68,4, 66,7, 62,5, 51,9, 46,5, 31,1, 30,5, 29,7, 28,7, 26,1, 23,8, 23,1, 17,9, 17,8, -1,0, -
4,9; HRMS-ESI (m/z): [M+H]" tinh toan d6i v6i CsoH71FN707S2Si2: 1020,4373, phat
hién 1020,4373.
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Vi du diéu ché 5i: Etyl 5-(3-{2-flo-4-[3-(metylamino)prop-1-yn-1-
yl]phenoxy}propyl)-Z-[metyl(S-metyl-6-{[(22)-3-{[2-(trimetylsilyl)etoxy]metyl}-

2,3-dihydro-1,3-benzothiazol-2-yliden] amino}pyridazin-3-yl)amino]-1,3-thiazol-4-
carboxylat

Budc A: etyl 5-{3-[4-(3-{[(tert-butoxy)carbonyl|(metyl)amino/prop-1-yn-1-yl)-
2—ﬂophenoxy]propyl}-Z—[melyl(5-metyl—6—{[(2Z)-3-{[2-(trimetylsilyl)etoxy]metyl}-Z,3-
dihydro-],3-benzothiazol-Z-yliden]amino}pyridazin—3—yl)amino]—1,3-thiazol-4-
carboxylat

San pham tr Vi du diéu ché 5g (1,75 g, 2,41 mmol, 1 duong luong) trong
dimetylformamit (50 mL) dwoc bd sung san pham tir Vi du diéu ché 6a (877 mg, 3,14
mmol, 1,3 dwong luong) trong dimetylformamit (10 mL) va xesi cacbonat (2,36 g,7,24
mmol, 3 dwong luong) va hdn hop duoc gia nhiét & 80 °C trong 16 h. Phan tmg duoc c6
trong chan khong sau d6 dugc cho phan b giita etyl axetat va nude mudi, va pha hitu
co duoc 1am kho (magie sulfat) va cd trong chan khong. Tinh ché bang sic ky cot nhanh
tw dong (CombiFlash Rf, 40 g RediSep™ hop silic oxit) tach rira v6i gradien 0 — 50%
etyl axetat trong iso-heptan tao ra san pham mong mudn 12 diu mau vang (1,75 g, 2
mmol, 83%).

LC/MS (C43Hs4FN706SiS2) 876 [M+H]"; RT 1,46 (LCMS-V-B2)

IH NMR (400 MHz, DMSO-d6) § 7,83 (dd, 1H), 7,65 (d, J = 1,1 Hz, 1H), 7,49
-7,39 (m, 2H), 7,35 - 7,28 (m, 1H), 7,27 - 7,12 (m, 3H), 5,86 (s, 2H), 4,25 (¢, J = 7,1
Hz, 2H), 4,19 (s, 2H), 4,14 (t, ] = 6,1 Hz, 2H), 3,77 (s, 3H), 3,76 — 3,68 (m, 2H), 3,26
(t, ] = 7,7 Hz, 2H), 2,84 (s, 3H), 2,45 (s, 3H), 2,19 - 2,05 (m, 1H), 1,41 (s, 9H), 1,30
(t, 3H), 0,97 - 0,88 (m, 2H), -0,12 (s, 9H).

Buwdc B: etyl 5-(3-{2-flo-4-[3-(metylamino)prop-1-yn-1-yl[phenoxy/propyl)-2-
[metivl(5-metyl-6-{[(ZZ)-3-{[2-(trimegzlsilyl)etoxy]meg:l}-z,.?-dihydro—l,3-
benzothiazol-Z-yliden]amino}pyridazin—3—yl)amino]-l,3-thiazol—4—carboxylat

Axit axit trifloaxetic (20 mL) duoc bd sung vao dung dich duoc khudy chira san
pham tir Buéc A (1,5 g, 1,71 mmol, 1 dwong lugng) trong diclometan (60 mL) va hén
hop dugc khudy ¢ nhiét d6 moi truong trong 5 h. Phan ung dwgc pha lodng voi
diclometan, dugc lam lanh xuéng 0 °C va dugc bazo hoa béng cach bd sung dung dich

nuéce natri hydroxit 2N. Pha hitu co dugc 1am kho (magie sulfat) va cd trong chan khong.
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Tinh ché bing séc ky cot nhanh tw dong (CombiFlash Rf, 40 g RediSep™ hop silic oxit)
tach rira v6i gradien 0 — 10% metanol trong diclometan tao ra san phim mong mudn 13
gdbm mau vang (329 mg, 0,42 mmol, 25%).

LC/MS (C3sHaFN704SiS;) 776 [M+H]'; RT 2,58 (LCMS-V-C)

IH NMR (400 MHz, DMSO-d6) & 7,84 (dd, 1H), 7,67 (d, J = 1,0 Hz, 1H), 7,49
- 7,40 (m, 2H), 7,31 - 7,22 (m, 2H), 7,21 - 7,11 (m, 2H), 5,86 (s, 2H), 4,26 (4, I = 7.1
Hz, 2H), 4,15 (1, J = 6,1 Hz, 2H), 3,76 (s, 3H), 3,76 — 3,67 (m, 2H), 3,45 (s, 2H), 3,33 -
3,22 (m, 2H), 2,46 (d, T = 1,0 Hz, 3H), 2,30 (s, 3H), 2,18 — 2,06 (m, 2H), 1,29 (t, J =
7.1 Hz, 3H), 0,97 - 0,88 (m, 2H), -0,11 (s, 9H).

Vi du didu ché 5k: Etyl 2-[metyl(5-metyl-6-{[(22)-3-{[2-

(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-
yliden]amino}pyridazin-3-yl)amino]-5-(piperidin-4-yl)-1 ,3-thiazol-4-carboxylat

Bugc A: bromo({1-[(tert-butoxy)carbonylpiperidin-4-yl})kém

Binh Schlenk 50 mL dugc trang bi thanh khqu tir duge bd sung kém (1,96 g, 30
mmol, 1,5 duong lugng) va lithi clorua (1,27 g, 30 mmol, 1,5 duong lugng) va hén hop
duoc gia nhiét bang sing bén nhiét dudi diéu kién chan khong cao (< 1 mbar) trong 10
phut két hop v6i khudy nhe. Trong khi vin dudi didu kién chan khong cao, hon hop
duoc dé ngudi dén nhiét 6 mdi trudng, va sau d6 dugc chuyén sang dong Schlenk va
nap day nito. Tetrahydrofuran (15 mL) duoc bd sung vao tiép d6 la 1,2-dibromoetan
(0,06 mL, 0,75 mmol, 0,04 duong luong) va hdn hop dugc gia nhiét dén 60 °C trong 10
phut. Phan Gmg sau d6 duoc loai bd khoi su gia nhiét va trimetylclosilan (0,02 mL, 0,15
mmol, 0,01 dwong lwong) duoc bd sung vao, tiép d6 1a iot (0,5M trong tetrahydrofuran;
0,15 mL, 0,175 mmol, 0,05 duong luong). Hoén hop sau d6 duoc gia nhiét ¢ 60 °C trong
10 phut trude khi lam ngudi xubng < 35 °C. Dung dich chua tert-butyl 4-
bromopiperidin-1-carboxylat (5,28 g, 20 mmol, 1 dwong lwong) trong tetrahydrofuran
(10 mL) dugc bd sung vao trong 3 phit va hdn hop sau d6 duge khuéy & 50 °C trong 6
h, sau d6 & nhiét d0 mdi trudng qua dém. Phin ing duoc dé ngudi dén nhiét 36 moi
trudng sau d6 dit 6ng thong qua bd loc (bong xo/ Xelit / bong x0) dusi chin khong nhe
vao 6ng Schlenk 25 mL kho tao ra san pham mong muén 1 dung dich 0,5M (nhu dugc
xac dinh béng cach nghién v6i dung dich chua iot 0,5M) ma duogc sir dung ma khong

¢in xé4c dinh dic tinh thém.
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Buwéc B: tert-butyl 4-[4-(etoxycarbonyl)-2-[metyl(5-metyl-6-{[(2Z)-3-{[2-
(trimetylsilyl)etoxy]metyl}-Z,3-dihydro-1,3-benz0thiazol-Z-yliden]amin0}pyridazin-3-
yl)amino]-1,3-thiazol-5-yl[piperidin-1-carboxylat

Binh d4 duoc 1am khé trong ta sy duoc bd sung san phim tir Vi du diéu ché 11b
(500 mg, 0,79 mmol, 1 duong lugng) va DPong(I) Todua (300 mg, 1,57 mmol, 2 dwong
lwong) va hon hop duge hat chan khong va x0i rira bang nito (x3). Dimetylaxetamit (15
mL) dugc bd sung vao, thu dugc huyén phti mau nau ma dugc khudy trong 5 phut. San
phém tr Budc A (0,5M trong tetrahydrofuran; 9,44 mL, 4,72 mmol, 6 duong
luong) duoc bd sung vao va hdn hop dugce khudy ¢ nhiét & méi trudng qua dém. Phan
ung dugc lam dung béng cach bd sung dung dich nudc amoni clorua bdo hoa (25 mL),
sau d6 pha lodng thém véi 1:1 nude / dung dich nude amoni clorua bdo hoa (150 mL).
Céc chét hitu co dugc chiét bang diclometan (x3) va cac chét chiét hitu co thu gom duoc
rira bang nuée mudi, 1am khd (magie sulfat), va c6 trong chan khong. Tinh ché bang sic
ky cot nhanh tu dong (CombiFlash Rf, 40 g RediSep™ hop silic oxit) tach roa véi
gradien 0 — 40% etyl axetat trong iso-heptan tao ra san phim mong mudn 13 bot mau
vang nhat (429 mg, 0,58 mmol, 74%).

LC/MS (C3sH49N705SiS;) 740 [M+H]"; RT 1,40 (LCMS-V-B2)

IH NMR (400 MHz, CDC13) § 7,63 (dt, J=7,7, 1,0 Hz, 1H), 7,46 — 7,34 (m,
2H), 7,31 (d, T=1,2 Hz, 1H), 7,22 (ddd, J = 7,7, 5,8, 2,6 Hz, 1H), 5,85 (s, 2H), 4,40
(q, J=7,1 Hz, 2H), 4,26 (s, 2H), 3,90 (ddd, J = 12,1, 8,5, 3,7 Hz, 1H), 3,85 (s, 3H),
3,80 — 3,69 (m, 2H), 2,85 (s, 2H), 2,47 (d, J = 1,0 Hz, 3H), 2,04 (d, J = 12,8 Hz, 2H),
1,71 (q, J = 12,1 Hz, 2H), 1,50 (s, 9H), 1,47 (s, OH), 1,44 (t, J = 7,1 Hz, 3H), 1,02 —
0,93 (m, 2H), -0,07 (s, 9H).

Budc C: etyl 2-[metyl(5-metyl-6-{[(2Z )-3-{[2-(trimetylsilyl)etoxy[metyl}-2,3-
dihydro-],3-benzothiazol—Z-yliden]amin0}pyridazin-3—yl)amino]—5-(piperidin-4—yl)-
1,3-thiazol-4-carboxylat

Axit trifloaxetic (0,5 mL, 6,71 mmol, 49,7 duong luong) duoc bd sung tir tir vao
dung dich dugc 1am lanh chira san pham tir Buéc B (100 mg, 0,14 mmol, 1 duong lugng)
trong diclometan (6 mL) va hén hop duoc khudy & 0 °C trong 1,5 h. Phan ting dwoc lam
dimg bing cich bd sung dung dich nudc natri bicacbonat bdo hoa, dugc chiét bang
diclometan, va chét chiét hiru co dugc rira béng nuédc mudi, lam kho (magie sulfat), va

cd trong chan khong. Tinh ché bang sic ky cot nhanh ty dong (CombiFlash Rf, 12 g
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RediSep™ hop silic oxit) tch rira v6i gradien 0 — 10% metanol trong diclometan tao ra
san phdm mong mudn 1a thiy tinh mau tring nho (59 mg, 0,09 mmol, 68%).

LC/MS (C30H41N703SiS2) 640 [M+H]"; RT 1,23 (LCMS-V-B1)

IH NMR (400 MHz, DMSO-d6) § 7,85 (dd, J=17,6, 1,1 Hz, 1H), 7,67 (d, J =
1,1 Hz, 1H), 7,51 — 7,40 (m, 2H), 7,25 (ddd, J = 8,3, 6,9, 1,5 Hz, 1H), 5,87 (s, 2H),
4,29 (q,J=7,1 Hz, 2H), 3,90 - 3,61 (m, 6H), 3,12 (d, J = 12,2 Hz, 2H), 2,68 (td, J =
12,5, 2,3 Hz, 3H), 2,46 (d, J = 1,0 Hz, 3H), 2,00 — 1,89 (m, 2H), 1,71 — 1,54 (m, 2H),
1,32 (t, T=17,1 Hz, 3H), 0,92 (dd, J = 8,6, 7,4 Hz, 2H), -0,11 (s, 9H).

Vi du diéu ché 51: Etyl 5-(azetidin-3-yl)-2-[metyl(5-metyl-6-{[(22)-3-{[2-
(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-

yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Buwéc A: etyl 5-{1-[(tert-butoxy)carbonyl]azetidin-3-yl}-2-[metyl(5-metyl-6-
{[(2Z)-3-{[2-(trimetylsilyl) etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-
yliden]Jamino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Dung dich chira san pham tir Vi du didu ché 4a (401 mg, 0,98 mmol, 2 duong
lugng) trong 1,4-dioxan (5 mL) dugc bd sung san phém tir Vi du diéu ché 3zb (168 mg,
0,49 mmol, 1 duong lugng), N,N-diisopropyletylamin (0,24 mL, 1,48 mmol, 3 duong
luong), xesi cacbonat (481 mg, 1,48 mmol, 3 duong lugng) va Xantphos (56,9 mg, 0,1
mmol, 0,2 dwong luong) va hdn hop duwgc phun rira bang nito (10 phut).
Tris(dibenzylidenaxeton)dipaladi(0) (45,1 mg, 0,05 mmol, 0,1 duong lwong) dugc bd
sung vao va hon hop duge gia nhiét ¢ 120 °C trong 2 h trong didu kién chiéu vi séng.
Phéan ung dugc pha loang véi diclometan sau do rira bang nuée tiép d6 1a nude mudi,
lam kho (magie sulfat), va c6 trong chan khong. Tinh ché bang sic ky cot nhanh ty dong
(CombiFlash Rf, 24 g RediSep™ hop silic oxit) tich rira v6i gradien 0 — 100% etyl
axetat trong iso-heptan tao ra san phidm mong muén 1a chét ran mau nau (99 mg, 0,14
mmol, 28%).

LC/MS (C33H4sN70s5SiS2) 712 [M+H]"; RT 1,52 (LCMS-V-B1)

'"H NMR (400 MHz, DMS0-d6) 6 7,90 — 7,81 (m, 1H), 7,70 (d, J= 1,1 Hz,
1H), 7,52 — 7,39 (m, 2H), 7,29 — 7,21 (m, 1H), 5,87 (s, 2H), 4,59 (it, J = 8,6, 6,0 Hz,
1H), 4,37 (t, T = 8,6 Hz, 2H), 4,29 (q, = 7,1 Hz, 2H), 3,89 (t, J = 7,3 Hz, 2H), 3,79 (s,
3H), 3,76 — 3,68 (m, 2H), 2,46 (d, J = 1,0 Hz, 3H), 1,43 (s, 9H), 1,32 (t, J = 7,1 Hz,
3H), 0,99 — 0,83 (m, 2H), -0,11 (s, 9H).
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Budc B: etyl 5-(azetidin-3-yl)-2-[metyl(5-metyl-6-{[(2Z)-3-{[2-
(trimetylsilyl)etoxy]metyl}-Z,3-dihydro-1,3-benzothiazol-Z-yliden]amin0}pyridazin-3-
yl)amino]-1,3-thiazol-4-carboxylat

Dung dich chita san pham tir Budc A (78 mg, 0,11 mmol, 1 duong luong) trong
diclometan (6 mL), duoc 1am lanh trong bé nuée da, duge bd sung tir tir axit trifloaxetic
(0,5 mL, 6,71 mmol, 61,2 dwong luong) va hén hop duge khudy & 0 °C trong 5 h. Phan
ung duoc lam dung bang cach bd sung dung dich nudce natri bicacbonat bio hoa, sau d6
duge chiét bang diclometan, rira bang nuéc mudi, 1am kho (magie sulfat), va co trong
chan khong. Tinh ché bang sic ky cot nhanh tw dong (CombiFlash Rf, 12 g RediSep™
hop silic oxit) tach rira v6i gradien 0 — 10% metanol trong diclometan tao ra san pham
mong muén 1 chit rén mau kem (29,6 mg, 0,05 mmol, 44%).

LC/MS (C2sH37N703SiS;) 612 [M+H]"; RT 1,18 (LCMS-V-B1)

'H NMR (400 MHz, DMSO0-d6) & 7,83 (d, J = 7,7 Hz, 1H), 7,71 (s, 1H), 7,52 —
7,40 (m, 2H), 7,30 — 7,23 (m, 1H), 5,87 (s, 2H), 4,76 (p, ] = 8,2 Hz, 1H), 4,29 (q, T =
7.1 Hz, 2H), 4,17 (t, ] = 9,0 Hz, 2H), 3,91 (t, J = 8,5 Hz, 2H), 3,79 (s, 3H), 3,75 — 3,66
(m, 2H), 2,47 (s, 3H), 1,32 (t, I = 7,1 Hz, 3H), 0,98 — 0,87 (m, 2H), -0,11 (s, 9H).

Vi du diéu ché 5m: Etyl 5-[(1E)-3-hydroxy-2-metylprop-1-en-1-yl]-2-
[metyl(S-metyl-G-{[(22)-3-{[2-(trimetylsilyl)etoxy]metyl}-2,3-dihydr0-1,3-

benzothiazol-2-yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Burdc A: tert-butyldimetyl(prop-2-yn-1-yloxy)silan

Dung dich dwgc lam lanh chtra ruou propargyl (5,21 mL, 89,2 mmol, 1 duwong
luong) trong diclometan (250 mL) dugc b6 sung imidazol (8,84 mL, 134 mmol, 1,5
dwong luong) va tert-butyldimetylsilyl clorua (20,2 g, 134 mmol, 1,5 duong luong) va
hén hop dugc khudy & 0 °C trong 90 phut. Phan Gmg dwoc cho phén b giira diclometan
va dung dich nuGe amoni clorua bao hoa, phan tach (thiét bi phan tach pha PTFE), va
pha hitu co dugc c6 trong chian khong. Tinh ché bang sic ky cot nhanh tu déng
(CombiFlash Rf, 220 g RediSep™ hdp silic oxit) tich rira v6i gradien 0 — 10% etyl
axetat trong iso-heptan tao ra san pham mong muén 1a dau trong (4,07 g, 23,9 mmol,
27%).

I'H NMR (400 MHz, DMSO0-d6) & 4,28 (d, J = 2,4 Hz, 2H), 3,37 (t, ] = 2,4 Hz,
1H), 0,86 (s, 9H), 0,08 (s, 6H).
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Buwdc B: tert-butyldimetyl{[(2E)-2-metyl-3-(4,4,5, 5-tetrametyl-1,3,2-
dioxaborolan-2-yl)prop-2-en-1-yljoxyjsilan

Binh duoc say kho trong ti sdy duoc bd sung dong(I) clorua (237 mg, 2,39 mmol,
0,1 duong luwong), Xantphos (1,38 g, 2,39 mmol, 0,1 duong luong),
bis(pinacolato)diboron (6,67 g, 26,3 mmol, 1,1 duong lugng) va tetrahydrofuran (17
mL) va hén hop dugc phun rira bang nito (10 phat). Dung dich chira natri 2-
metylpropan-2-olat (2,53 g, 26,3 mmol, 1,1 duong luong) trong tetrahydrofuran (14 mL)
duoc bd sung vao va hon hop duogce khudy trong 5 phut. Dung dich chira san phim tir
Buéc A (4,07 g, 23,9 mmol, 1 duong lugng) trong tetrahydrofuran (14 mL) dugc bd
sung vao tiép d6 1a metyl iodua (5,95 mL, 95,6 mmol, 4 duong luong) va hén hop duoc
khuéy & nhiét 6 mdi trudng qua dém. Phdn tmg dugc cho phan bd gitta etyl axetat va
nuée, va pha hitu co dugc lam khé (magie sulfat), va c6 trong chan khéng. Tinh ché
bing sc ky cot nhanh tu dong (CombiFlash Rf, 80 g RediSep™ hop silic oxit) tach rira
v6i gradien 0 — 5% etyl axetat trong iso-heptan tao ra san pham mong mubn 13 dau trong
(616 mg, 1,97 mmol, 8%).

TH NMR (400 MHz, DMS0-d6) § 5,34 — 5,30 (m, 1H), 4,04 - 3,97 (m, 2H),
1,83 (s, 3H), 1,23 - 1,16 (m, 12H), 0,88 (s, 9H), 0,03 (s, 6H).

Budc C: etyl 5-[(1E)-3-[(tert-butyldimetylsilyl) oxy]-2-metylprop-1-en-1-yl|-2-
[mer(S-mer—6-{[(2Z)-3-{[2-(trimetvlsilyl)etoxy]mel{yl}-2,3-dihydr0-1,3-
benzothiazol—Z-yliden]amino}pyridazin-3-yl)amino]-],3-thiazol-4—carboxylat

Dung dich chtra san pham tir Vi du diéu ché 11e (224 mg, 0,33 mmol, 1 duong
luong) trong tetrahydrofuran (7,5 mL) dugc bd sung san pham tr Buge B (123 mg, 0,39
mmol, 1,2 duong lugng), tiép d6 1a nudce (2,5 mL) va kali cacbonat (136 mg, 0,98 mmol,
3 duong lugng). Hon hop dugc phun rira bang nito (10 phat) trude khi bd sung [1,1'-
bis(diphenylphosphino)feroxen] diclopaladi(Il) (24 mg, 0,03 mmol, 0,1 duong luong)
va hdn hop duge gia nhiét & 100 °C trong 1 h trong diéu kién chiéu vi song. Phan ting
duoc cho phéan bb giita etyl axetat va nuée mubi, va pha hitu co duoc lam khd (magie
sulfat) va co trong chan khong. Tinh ché bang sac ky cot nhanh ty dong (CombiFlash
Rf, 12 g RediSep™ hop silic oxit) tach rira v6i gradien 0 — 40% etyl axetat trong iso-
heptan tao ra san pham mong mubdn 1 cht rin mau tring (192 mg, 0,26 mmol, 79%).

LC/MS (C3sHs2N604Si:S2) 741 [M+H]; RT 1,58 (LCMS-V-B2)
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TH NMR (400 MHz, DMSO-d6) & 7,86 - 7,79 (m, 1H), 7,70 (d, J = 1,1 Hz,
1H), 7,51 - 7,40 (m, 2H), 7,29 - 7,20 (m, 2H), 5,86 (s, 2H), 4,28 (q, 2H), 4,22 (s, 2H),
3,79 (s, 3H), 3,76 - 3,67 (m, 2H), 2,46 (s, 3H), 1,93 (s, 3H), 1,30 (t, 3H), 0,93 (s, 9H),
0,91 — 0,83 (m, 2H), 0,11 (s, 6H), -0,12 (s, 9H).

Bugc D: etyl 5-[(1E)-3-hydroxy-2-metylprop-1 -en-1-yl-2-[metyl(5-metyl-6-
{[(ZZ)-3-{[2-(trimetylsilyl)etoxy]metyl}-Z,3-dihydro—1,3—benzothiazol-2-
yliden]amino}pyridazin-S-yl)amino]-],3-thiazol-4—carboxylat

Dung dich chira san phim tir Buéc C (192 mg, 0,26 mmol, 1 duong luong) trong
tetrahydrofuran (6 mL) dugc b sung tetrabutylamoni florua (1M trong tetrahydrofuran;
0,39 mL, 0,39 mmol, 1,5 duong luong) va hdn hop duge khudy o nhiét d6 moi trudng
trong 2 h. Phan tng dugc cho phéan bb giita etyl axetat va nudc, va pha hitu co duoc lam
kho (magie sulfat) va co trong chan khong. Tinh ché bing sic ky cot nhanh ty dong
(CombiFlash Rf, 4 g RediSep™ hop silic oxit) tach rira voi gradien 0 — 60% etyl axetat
trong iso-heptan tao ra san pham mong mudn 12 chét rin mau vang (160 mg, 0,26 mmol,
99%).

LC/MS (C2H3sN604SiS2) 627 [M+H]"; RT 2,71 (LCMS-V-C)

'H NMR (400 MHz, DMSO0-d6) 8 7,86 - 7,80 (m, 1H), 7,70 (d, J = 1,1 Hz,
1H), 7,49 - 7,39 (m, 2H), 7,28 - 7,21 (m, 2H), 5,86 (s, 2H), 5,12 (t, ] = 5,7 Hz, 1H),
4,29 (q, = 7,1 Hz, 2H), 4,09 — 3,98 (m, 2H), 3,81 (s, 3H), 3,77 - 3,67 (m, 2H), 2,46
(d, = 6,8 Hz, 3H), 1,94 (s, 3H), 1,31 (t, ] = 7,1 Hz, 3H), 0,97 - 0,89 (m, 2H), -0,12 (s,
9H).

Vi du didu ché 6a: tert-Butyl N-[3-(3-flo-4-hydroxy-phenyl)prop-2-ynyl]-

N-metyl-carbamat

St dung quy trinh chung Sonogashira bat dau tr 10,00 g 2-flo-4-iodo-phenol
(42,0 mmol, 1 dwong lugng) 1am phenol thich hop va 10,67 g tert-butyl N-metyl-N-
prop-2-ynyl-carbamat (63,1 mmol, 1,5 duong luong) lam chét phan tng alkyn, 10,8 g
(92%) san phim mong mudn thu dugc.

'H NMR (500 MHz, DMSO-de) & ppm 10,32 (s, 1 H), 7,22 (brd, 1H), 7,08 (dm,
1H), 6,92 (dd, 1H), 4,21 (s, 2H), 2,85 (s, 3H), 1,41 (s, 9H); BCNMR (125 MHz, DMSO-
ds) & ppm 150,8, 146,4,129,0, 119,6, 118,4, 113,2, 84,4, 82,7, 38,5, 33,8, 28,5; HRMS-
ESI (m/z): [M-CsHs+H]" tinh toén ddi v6i C1iH1FNOs: 224,0717, phat hién 224,0720.
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Vi du diéu ché 6b: 4-[3-(Dimetylamino)prop-1-ynyl]-2-flo-phenol

St dung quy trinh chung Sonogashira bat dau tir 10,00 g 2-flo-4-iodo-phenol
(42,0 mmol, 1 dwong luong) lam phenol thich hop va 5,24 g N,N-dimetylprop-2-yn-1-
amin (63 mmol, 1,5 duong luong) 1am chét phan éng alkyn, 7,30 g (90%) san phim
mong mubn thu duge.

'H NMR (500 MHz, DMSO-ds) & ppm 7,20 (dd, 1H), 7,07 (dm, 1H), 6,91 (m,
1H), 3,39 (m, 2H), 2,21 (m, 3H); *C NMR (125 MHz, DMSO-ds) 6 ppm 150,9, 146,2,
128,9, 119,5, 118,4, 113,6, 84,5, 84,2, 48,2, 44,3; HRMS-ESI (m/z): [M+H]" tinh toan
ddi v6i C11H1sFNO: 194,0976, phat hién 194,0981.

Vi du diéu ché 6¢c: 2-Flo-4-(3-pyrolidin-1-ylprop-1-ynyl)phenol

Budc A: 3-(3-flo-4-triisopropylsilyloxy-phenyl)prop-2-yn-1-ol

Binh day tron mot ¢d, 500 mL, duoc séy kho trong tu séy, duoc trang bi thanh
khudy tir dugc phtt PTFE dugc nap 4,76 g 2-flo-4-iodo-phenol (20 mmol, 1 duong
luong) va 3,96 g K2CO3 (40 mmol, 2 duong luong) sau d6 100 mL MeCN khan dugc
bd sung vao. Hoén hop thu duoc 5,13 mL TIPSCI (4,62 g, 24 mmol, 1,2 duong luong)
duoc bd sung tirng giot vao gén khuéy manh & rt. Hon hop thu dugc dugce khuéy O nhiét
d6 trong phong trong 30 phut, trong khi phan {mg dat t61 sy chuyén hoa hoan toan. Hon
hop phan tmg dugc loc qua dém Xelit dé loai bo céc hat chét rin sau d6 nudc loc 2,33
mL prop-2-yn-1-ol (2,24 g, 40 mmol, 2 duong luong) va 20 mL DIPA duogc bd sung vao
va dugc dit dudi moi truong nito thong qua d4u nap khi. Sau khi bd sung 702 mg
Pd(PPh3)2Cl> (1 mmol, 0,05 dwong lugng) va 190 mg Cul (1 mmol, 0,05 duong luong),
hén hop thu dugce duge khudy & nhiét d§ trong phong trong 30 phut, trong khi phan tmg
dat t&1 su chuyén hoa hoan toan. Xelit duoc b6 sung vao hon hop phan tmg va cac chit
d& bay hoi duoc loai bo dudi 4p sudt gidm. Sau d6, hdn hop dugc tinh ché bang sic ky
ot nhanh st dung heptan va EtOAc 1am dung mdi rira giai dé tao ra 5,2 g (81%) san
pham mong muén 12 ddu mau nau.

'H NMR (500 MHz, DMSO-de) 8 ppm 7,26 (dd, 1H), 7,14 (dm, 1H), 6,96 (t, 1H),
4,27 (d, 2H), 1,23 (m, 3H), 1,03 (d, 18H); *C NMR (125 MHz, DMSO-ds) 3 ppm 153,3,
144,1, 128,8, 122,3, 119,6, 116,5, 89,8, 82,8, 49,8, 17,9, 12,5; HRMS-ESI (m/z):
[M+H]" tinh toan d6i v6i C1sHasFO2Si: 323,1837, phat hién 323,1832.

Buwdc B: [2-flo-4-(3-pyrolidin-1-ylprop-1 -ynyl)phenoxy]-triisopropyl-silan
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St dung quy trinh chung dé alkyl hoa v6i iot dugce tao ra tai chd bt dau tir 322
mg san pham tir Buéc A (1 mmol, 1 duong lugng) lam rugu thich hop va 355 mg
pyrolidin (5 mmol, 5 duong lwong), 130 mg (34%) san pham mong mubn thu duoc.

IH NMR (500 MHz, DMSO-ds) & ppm 7,29 (dd, 1H), 7,14 (dm, 1H), 6,97 (t, 1H),
3,56 (s, 2H), 2,55 (m, 4H), 1,71 (m, 4H), 1,25 (m, 3H), 1,05 (d, 18H); BC NMR (125
MHz, DMSO-de) 8 ppm 153,2, 144,0, 129,0, 122,3, 119,8, 116,6, 86,2, 83,2, 52,3, 43,3,
23,8, 18,0, 12,5; HRMS-ESI (m/z): [M+H]" tinh to4n d6i véi Ca2H3sFNOSI: 376,2466,
phat hién 376,2456.

Budc C: 2-flo-4-(3-pyrolidin-1-ylprop-1-ynyl)phenol

Lo 4 mL duogc sdy kho trong ti siy dugc trang bi thanh khuay tir duge phtt PTFE
duoc nap 83 mg san phém tr Budc B (0,221 mmol, 1 duong lwong) va 1,1 mL THF
khan sau d6 265 uL. TBAF (1 M trong THF, 225,9 mg, 0,2652 mmol, 1,2 duong luong)
duoc bd sung vao timg giot & rt. Hon hop thu dwoc dugc khudy o rt trong 15 phut, khi
phan ung dat t61 su chuyén hoa hoan toan. Hon hgp phan tng duoc lam ding bang cach
b6 sung 200 uL. NH4Cl dédc sau do Xelit dugc bd sung vao hdén hop phéan Gng va cac chét
d2 bay hoi duoc loai bo dudi ap suit giam. Sau d6, hdn hop dwoc tinh ché bang sic ky
ot nhanh st dung DCM va MeOH (1,2% NH3) lam dung moi rira giai dé tao ra 43 mg
(88%) san phim mong mudn.

'H NMR (500 MHz, DMSO-de) § ppm 10,30 (brs, 1H), 7,17 (dd, 1H), 7,04 (dm,
1H), 6,88 (t, 1H), 3,53 (s, 2H), 2,54 (m, 4H), 1,70 (m, 4H); BCNMR (125 MHz, DMSO-
de) 5 ppm 151,1, 146,8, 128,9, 119.4, 118,5, 113,1, 84,8, 83,8, 52,3, 43,4, 23,8; HRMS-
ESI (m/z): [M+H]" tinh toan ddi vé6i C13H1sFNO: 220,1132, phat hién 220,1129.

Vi du didu ché 6d: 2-Flo-4-[3-(1-piperidyl)prop-1-ynyl]phenol

Budc A: [2-flo-4-[3-(1-piperidyl)prop-1-ynyl[phenoxy]-triisopropyl-silan

St dung quy trinh chung dé alkyl hoa véi iot dugc tao ra tai chd bit dau tir 322
mg Vi du diéu ché 6¢, Buéc A (1 mmol, 1 dwong luong) lam ruou thich hop va 425 mg
piperidin (5 mmol, 5 duong luong), 250 mg (64%) san pham mong mubn thu duorc.

'H NMR (500 MHz, DMSO-d¢) & ppm 7,3 (dd, 1H), 7,15 (dm, 1H), 6,98 (t, 1H),
3,42 (s, 2H), 2,46 (br., 4H), 1,51 (m, 4H), 1,37 (br., 2H), 1,26 (m, 3H), 1,05 (d, 18H);
13C NMR (125 MHz, DMSO-d¢) & ppm 153,2, 144,0, 129,0, 122,3, 119,8, 116,6, 85,9,
83,8, 53,1, 48,0, 25,9, 24,0, 18,0, 12,5; HRMS-ESI (m/z): [M+H]" tinh toan dé6i véi
C23H37FNOSI: 390,2622, phat hién 390,2608.
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Buwéc B: 2-Flo-4-[3-(1-piperidyl)prop-1-ynyl|phenol

Lo 4 mL duoc séy kho trong tu séy duoc trang bi thanh khuéy tir dugc phu PTFE
dugce nap 272 mg san phém tir Bude A (0,69 mmol, 1 duong luong) duoc hoa tan trong
3,5 mL THF khan va sau d6 698 uL TBAF (1 M trong THF, 0,69 mmol, 1 duong lugng)
dugc bo sung vao timg giot & 1t. Hén hop thu dugc duoc khudy ¢ rt trong 15 phut, khi
phan ting dat t1 su chuyén hoa hoan toan. Hén hop phan ting dugc 1am dung bang cach
b6 sung 200 uL NH4Cl dac sau d6 Xelit duge bd sung vao hdn hop phéan Gmg va céc chét
d3 bay hoi duogc loai b dudi p suat gigm. Sau do, hon hop duge tinh ché bang sic ky
¢6t nhanh st dung DCM va MeOH (1,2% NH3) lam dung mdi rira giai dé tao ra 143 mg
(87%) san phém mong mudn.

'H NMR (500 MHz, DMSO-ds) & ppm 10,27 (s, 1H), 7,20 (dd, 1H), 7,07 (dm,
1H), 6,90 (t, 1H), 3,40 (s, 2H), 2,44 (br, 4H), 1,51 (m, 4H), 1,37 (br, 2H); *CNMR (125
MHz, DMSO-ds) 8 ppm 150,9, 146,1, 128,9, 119,5, 118,4, 113,7, 84,7, 84,2, 53,1, 48,0,
25,9, 24,1; HRMS-ESI (m/z): [M+H]" tinh todn dbi v6i C1sH17FNO: 234,1289, phat
hién 234,1292.

Vi du didu ché 6e: 2-Flo-4-(3-morpholinoprop-1-ynyl)phenol

Buéc A: [2-flo-4-(3-morpholinoprop-1 -ynyl)phenoxy]-triisopropyl-silan

St dung quy trinh chung dé alkyl hoa véi iot duge tao ra tai chd bat dau tir 322
mg Vi du diéu ché 6¢, Burdc A (1 mmol, 1 duong luong) lam rugu thich hop va 435 mg
morpholin (5 mmol, 5 duong lugng), 160 mg (41%) san phim mong mubdn thu dugc.

'H NMR (500 MHz, DMSO-ds) 5 ppm 7,32 (dd, 1H), 7,16 (dd, 1H), 6,98 (t, LH),
3.6 (t, 4H), 3,47 (s, 2H), 2,49 (t, 4H), 1,25 (m, 3H), 1,05 (d, 18H); BCNMR (125 MHz,
DMSO-ds) & ppm 153,3, 144,1, 129,0, 122,3, 119,8, 116,4, 85,3, 84,1, 66,6, 52,3, 47,5,
18,0, 12,5; HRMS-ESI (m/z): [M+H]" tinh todn dbi v6i CooHasFNO:Si: 392,2415, phat
hién 392,2408.

Buéc B: 2-flo-4-(3-morpholinoprop-1-ynyl)phenol

Lo 4 mL duoc séy kho trong tu séy duoc trang bi thanh khqu tir dugc phu PTFE
dugc nap 220 mg san pham tir Buée A (0,56 mmol, 1 dwong lugng) dugc hoa tan trong
3,0 mL THF khan sau d6 525 TBAF (1 M trong THF, 0,52 mmol, 1 duong lugng) dugce
bd sung vao timg giot & rt. Hon hop thu dwoc duoge khudy & rt trong 15 phut, khi phan
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ung dat tdi su chuyén hoéa hoan toan. Hén hop phan tng dugc lam ding bang cach bd
sung 200 uL. NH4Cl déc, sau do Xelit duoc bd sung vao hon hop phan ng va cac chét
d& bay hoi dugc loai bé dudi 4p suit gizm. Hon hop duge tinh ché bang sic ky cot nhanh
st dung DCM va MeOH (1,2% NH3) lam dung moi rira giai dé tao ra 120 mg (91%) sin
phdm mong muén.

'H NMR (400 MHz, DMSO-ds) & ppm 10,28 (s, 1H), 7,22 (dd, 1H), 7,08 (dm,
1H), 6,91 (dd, 1H), 3,60 (m, 4H), 3,45 (s, 2H), 2,48 (m, 4H); 3C NMR (125 MHz,
DMSO-ds) & ppm 150,8, 146,2, 128,9, 119,5, 118,4, 113,6, 84,6, 84,1, 66,5, 52,2, 47.5;
HRMS-ESI (m/z): [M+H]" tinh todn d6i v6i CisHisFNO,: 236,1081, phat hién
236,1082.

Vi du diéu ché 6f: 4-[3-(Dimetylamino)but-1-ynyl]-2-flo-phenol

Buéc A: 4-(3-flo-4-triisopropylsilyloxy-phenyl) but-3-yn-2-ol

Binh day tron mot 6, 500 mL, duoc séy kho trong tu séy, duoc trang bi thanh
khudy tir duge phi PTFE. Binh nay dwoc nap 4,76 g 2-flo-4-iodo-phenol (20 mmol, 1
duong luong) va 3,96 g K2COs (40 mmol, 2 dwong lugng) sau d6 100 mL MeCN khan
duoc bd sung vao. Hon hop thu duoc 5,13 mL TIPSCI (4,62 g, 24 mmol, 1,2 duong
luong) duge bd sung vao timg giot két hop v6i khudy gan manh & rt. Hén hop thu duge
duoc khudy & nhiét 6 trong phong trong 30 phut, trong khi phén Gmg dat t1 sy chuyén
héa hoan toan. Hén hop phan tmg dugc loc qua dém Xelit dé loai bo cac hat ran sau d6
nuée loc 3,10 mL but-3-yn-2-0l (2,81 g, 40 mmol, 2 dwong lwong) va 20 mL DIPA duge
bd sung vao va duoc dit dudi moi truong nito thong qua d4u nap khi. Sau khi bd sung
702 mg Pd(PPh3)>Cl> (1 mmol, 0,05 duong lwgng) va 190 mg Cul (1 mmol, 0,05 duong
luong) hon hop thu duge duge khudy & nhiét do trong phong trong 30 phut, trong khi
phan tmg dat to1 sy chuyén héa hoan toan. Xelit duoc b6 sung vao hon hop phéan tng va
cac chét dé bay hoi dugc loai b dudi ap sut giam. Sau d6, hon hop dugc tinh ché bang
sdc ky cot nhanh sit dung heptan va EtOAc lam dung moéi rira giai détaora 6,2 g (92%)
san phém mong mudn 1a dau mau vang.

'H NMR (400 MHz, DMSO-ds) 8 ppm 7,26 (dd, 1H), 7,12 (dm, 1H), 6,98 (t, 1H),
5,44 (d, 1H), 4,55 (m, 1H), 1,36 (d, 3H), 1,24 (sp, 1H), 1,05 (d, 18H); BC NMR (100
MHz, DMSO-ds) 8 ppm 153,2, 144,1, 128,8, 122,3, 119,6, 116,5, 93,4, 81,4, 57,1, 25,0,
18,0, 12,5; HRMS-ESI (m/z): [M+H]" tinh toén d6i voi C19H30FO,Si: 337,1994, phat
hién 337,1994.
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Buwdc B: 4-(3-flo-4-triisopropylsilyloxy-phenyl)-N,N-dimetyl-but-3-yn-2-amin

St dung quy trinh chung dé alkyl héa véi iot dugc tao ra tai chd bit dau tir 644
mg san pham tir Bude A (2 mmol, 1 dwong luong) lam ruou thich hop va 5 mL N-
metylmetanamin (10 mmol, 5 duong lwong, dung dich 2 M trong MeOH), 360 mg (50%)
sdn phim mong mudn thu dugc.

'HNMR (500 MHz, DMSO-ds) 8 ppm 7,28 (dd, 1H), 7,14 (dm, 1H), 6,97 (t, 1H),
3,67 (q, 1H), 2,19 (s, 6H), 1,27 (d, 3H), 1,25 (m, 3H), 1,05 (d, 18H); BC NMR (500
MHz, dmso-d6) & ppm 153,1, 144,0, 129,0, 122,3, 119,8, 116,6, 83,2, 84,1, 52,3, 41,3,
20,1, 18,0, 12,5; HRMS-ESI (m/z): [M+H]" tinh todn dbi v6i Co1HasFNOSI: 364,2466,
phat hién 364,2470.

Budc C: 4-[3-(dimetylamino)but-1-ynyl]-2-flo-phenol

Lo 4 mL duoc séy kho trong ti séy duoc trang bi thanh khqu tir dugc phu PTFE
dugc nap 200 mg san phém tit Budc B (0,55 mmol, 1 duong luong) duoc hoa tan trong
3,0 mL THF khan, va sau d6 660 uL TBAF (1 M trong THF, 0,66 mmol, 1,1 duong
luong) duge bo sung vao timg giot & rt. Hén hop thu dugc duoc khudy o rt trong 15
phut, khi phén g dat té1 su chuyén hoa hoan toan. Hn hop phan tng dugc lam ding
bang cach bo sung 200 uL NH4Cl dac, sau d6 Xelit dugc bd sung vao hdn hop phan tmg
va cac chit d& bay hoi duge loai bd duéi ap suat giam. Sau d6, hdn hop dugc tinh ché
bang sac ky cot nhanh stt dung DCM va MeOH (1,2% NH;) lam dung mdi rira giai dé
tao ra 80 mg (70%) san phdm mong mudn.

Vi du diéu ché 6g va 6h: 2-Flo-4-(3-morpholinobut-1-ynyl)phenol (cac

chit ddng phéan ddi dnh 1 va 2)

Bugc A: [2-flo-4-(3-morpholinobut-1-ynyl)phenoxy]-triisopropyl-silan

St dung quy trinh chung dé alkyl hoa véi iot dwgc tao ra tai chd bét dau tir 644
mg Vi du diéu ché 6f, Buéc A (2 mmol, 1 duong lugng) lam ruou thich hop va 5 mL
morpholin (10 mmol, 5 dwong lugng, dung dich 2 M trong MeOH), 370 mg (45%) san
phidm mong muén thu dugc.

'H NMR (500 MHz, DMSO-ds) 8 ppm 7,29 (dd, 1H), 7,15 (dm, 1H), 6,98 (t, 1H),
3,69 (q, 1H), 3,60 (m, 4H), 2,6/2,45 (m+m, 4H), 1,30 (d, 3H), 1,25 (m, 3H), 1,05 (d,
18H); *C NMR (500 MHz, dmso-d6) 8 ppm 153,2, 144,0, 129,0, 122,3, 119,8, 116,5,
88,5, 84,1, 66,7, 52,1, 49,5, 19,3, 18,0, 12,5; HRMS-ESI (m/z): [M+H]" tinh todn a6i
v6i C23H37FNO3Si: 406,2572, phat hién 406,2579.
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Budc B: 2-flo-4-(3-morpholinobut-1-ynyl)phenol

Lo 4 mL duge sdy kho trong ti siy dugc trang bi thanh khudy tir dwgc phtt PTFE
dugc nap 370 mg san phém tr Burde A (0,90 mmol, 1 dwong lwong) dugc hoa tan trong
3,0 mL THF khan, va sau d6 990 uL TBAF (1 M trong THF, 0,99 mmol, 1,1 duong
luong) duoc bd sung vio timg giot O rt. Hon hop thu duge dugc khudy & rt trong 15
phut, khi phan ung dat té1 s chuyén hoa hoan toan. Hn hop phan umg dugc lam ding
bang cach bd sung 200 uL NH4Cl dic, sau d6 Xelit dugc bd sung vao hdn hgp phan tmg
va céc cht d& bay hoi dugc loai bo dudi ap sut giam. Sau d6, hon hop dugce tinh ché
bang séc ky cot nhanh sir dung DCM va MeOH (1,2% NH3) lam dung mé1 rira giai aé
tao ra 150 mg (60%) san pham mong mudn.

Céc chét ddng phan dbi anh duoc tach bing sic ky bat déi. Cor: AD-H, Dung
méi rira gidi: heptan /EtOH + 0,1% DEA,; chit dong phan ddi anh tach rira trude duge
thu gom la hop chat trong Vi du diéu ché 6g véi 99,8% ee va chét ddng phan d6i anh
tach rira sau dwoc thu gom 14 hop chét trong Vi du diéu ché 6h v6i 99,4% ee.

Vi du didu ché 6i: 4-[1-[(Dimetylamino)metyl]-3-

bixyclo[Z,1,1]pentanyl]phenol

Budc A: 1-(4-metoxyphenyl)-N,N-dimetyl-bixyclo[1,1,1 [pentan-3-carboxamit

300 mg axit /-(4-metoxyphenyl)bixyclo[1,1,1]pentan-3-carboxylic (1,38 mmol,
1 duong lugng) va 278 mg N,N-dietyletanamin (2,75 mmol, 2 duong lugng) duoc tron
trong EtOAc (3 mL/mmol) sau d6 1312 mg 2,4,6-tripropyl-1,3,5,22"{5 L AINS}, 62N 5 -
trioxatriphosphinan 2,4,6-trioxit (50% khéi luong trong EtOAc, 2,06 mmol, 1,5 duong
lwong) dwoc bd sung vao trong mot phan sau d6 duoc khudy o rt trong 40 phut. Sau thoi
gian phan tng, 1,03 mL N-metylmetanamin (2 M trong MeOH, 2,06 mmol, 1,5 duong
luong) duge bd sung vao va duge khudy & rt cho dén khi quan sét thdy su chuyén héa
hoan toan (30 phit). Hon hop phén tmg dugc pha lodng véi DCM sau do ria béang
NaHCOs3 dac sau d6 pha hitu co dugc rira b?mg NacCl dac, lam kho béng MgSOs4, loc,
cd, lam kho trong chan khong dé tao ra 346 mg (dinh lugng) san phim mong mudn 13
chét ran c6 mau qua dao.

'H NMR (500 MHz, DMSO-ds) 8 ppm 7,14 (m, 2H), 6,86 (m, 2H), 3,72 (s, 3H),
3,08 (s, 3H), 2,81 (s, 3H), 2,26 (s, 6H); *C NMR (125 MHz, DMSO-ds)  ppm 1689,
158,6, 132,5,127,6, 114,1, 55,5, 54,2, 42,0, 39,0, 37,4, 35,9; HRMS-ESI (m/z): [M+H]"
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tinh toan di vdi CisHaoNO»: 246,1488, phat hién 246,1495.

Buéc B: 1-[3-(4-metoxyphenyl)-1-bixyclo[1,1,1]pentanyl]-N,N-dimetyl-
metanamin

289 mg san pham tir Buéc A (1,18 mmol, 1 dwong luong) dwoc hoa tan trong
THF (5 mL/mmol) sau d6 2,36 mL LiAlH4 (1 M trong THF, 2,36 mmol, 2 duong luong)
dugc bd sung vao dudi méi trudng nito ¢ nhiét dd moi truong sau do khuéy cho dén khi
dat dwgc su chuyén héa hoan toan (khoang 1 h). Hén hop duoc 1am lanh xubng 0°C sau
d6 1am dung bang NH4C1 ddm ddc. Sau khi 1am dimng, ~5 mL nu6c va ~10 mL EtOAc
duge bd sung vio va lic k§. 2 M HCI duge bd sung vao va pha nuéce (axit) duoc tach
sau d6 pha hiru co duoc chiét bang 2 M HCl nita. C4c pha nude thu gom dugc tao bazo
bang 2 M NaOH va dugc chiét bang DCM. Céc pha hitu co thu gom duoc rira bang
nuée mudi, 1am kho bing MgSOa va cd, 1am khd trong chan khong. 219 mg (80%) san
phdm mong muén thu duoc 1a dau nhét.

'H NMR (500 MHz, DMSO-ds) 8 ppm 7,10 (m, 2H), 6,84 (m, 2H), 3,71 (s, 3H),
2,35 (s, 2H), 2,16 (s, 6H), 1,89 (s, 6H); *C NMR (125 MHz, DMSO-ds) 4 ppm 1584,
133,4, 127,4, 114, 60,8, 55,5, 52,9, 46,6, 41,9, 38,0; HRMS-ESI (m/z): [M+H]" tinh
toan d6i v6i C1sH2NO: 232,1696, phat hién 232,1700.

Buwdc C: 4-[1-[(dimetylamino)metyl]-3-bixyclo[1,1,1]pentanyl[phenol

50 mg san pham tir Bueée B (0,22 mmol, 1 duong lwong) duge hoa tan trong DCM
(5 mL/mmol) sau d6 0,65 mL BBr3 (1 M trong DCM, 0,65 mmol, 3 dwong lugng) dugc
bd sung vao dudi méi trudng nito & 0°C sau do khudy trong 30 phut & 0°C va & rt cho
dén khi dat duoc su chuyén héa hoan toan (khoang 45 phut). DCM dugc bd sung vao
sau d6 rét vao dung dich NaHCOs, khuay trong vai phut sau d6 lam trung hoa bang
NH.Cl dic. Pha hitu co duoc tach va rira bang nude mudi, lam kho bang MgSOa va ¢d,
lam khd trong chan khong. 47 mg (dinh luong) san phim mong mudn dang thé thu dugc
13 dau nhot.

'"H NMR (400 MHz, CDCl3) & ppm 7,07 (d, 2H), 6,81 (d, 2H), 5,18 (br. s, 1H),
3,83 (s, 2H), 3,17/3,16 (s+s, 6H), 2,23 (s, 6H); C NMR (100 MHz, CDCls) 8 ppm
155,0, 131,3, 127,3, 115,4, 59,6, 54,7, 53,4, 46,0, 44,1; LC-MS-ESI (m/z): [M+H]" tinh
toan ddi v6i C1aHaoNO: 218,2, phat hién 218,2.

Vi du diéu ché 6j: N,N-Dimetyl-3-(4-triisopropylsilyloxyphenyl)prop-2-

yn-1-amin
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500 mg 4-iodophenol (2,27 mmol, 1 duong luong) va 628 mg KoCOs (4,55
mmol, 2 duong lugng) duogc trdn trong axetonitril (5 mL/mmol) sau d6 526 mg
clo(triisopropyl)silan (2,73 mmol, 1,2 dwong lugng) dugc bd sung vao & rt va khudy
trong 1 h. Hén hop phan tng dugc loc qua dém Xelit sau d6 236 mg N,N-dimetylprop-
2-yn-1-amin (2,84 mmol, 1,25 duong luong), 50 mg Pd(PPh3),Cl: (0,11 mmol, 0,05
duong lwong), 22 mg Cul (0,11 mmol, 0,05 dwong lwong) va 2,27 mL N-
isopropylpropan-2-amin (1 mL/mmol) dugc bd sung vao sau d6 khudy & 50°C trong 3
h. Hon hop phan tng duoc c6 trén Xelit va tinh ché bang sic ky cot nhanh st dung
heptan va EtOAc lam dung moi rira giai dé tao ra 449 mg (60%) san phim mong muén
12 diu mau vang.

'"H NMR (500 MHz, DMSO-ds) 8 ppm 7,32 (dm, 2H), 6,84 (dm, 2H), 3,41 (s,
2H), 2,22 (s, 6H), 1,24 (m, 3H), 1,06 (d, 18H); C NMR (125 MHz, DMSO-ds) 156,
133,5, 120,3, 116, 85,1/84,5, 44,3, 18,3, 12,4; HRMS-ESI (m/z): [M+H]" tinh toan a6i
vé1 Ca0H34NOSI: 332,2404, phat hién 332,2405.

Vi du didu ché 6k: 2-Flo-4-{3-[(4-metoxyphenyl)metoxy]prop-1-yn-1-

yl}phenol

Budc A: 4-bromo-2-flophenyl axetat

Dung dich chita 4-bromo-2-flophenol (2,29 mL, 20,9 mmol, 1 duong luong)
trong diclometan (60 mL) duoc b6 sung 4-(dimetylamino)pyridin (5,12 g, 41,9 mmol, 2
duong luong) va anhydrit axetic (4,94 mL, 52,4 mmol, 2,5 duong lugng) va hdn hop
duoc khqu & nhiét @6 mdi truong trong 18 h. Phan ung dugc ¢d, sau d6 dugc cho phéan
bd giita diclometan va nuéc, rira bang nudc mudi, tach (thiét bi tach pha) va co trong
chan khong. Tinh ché bang sic ky cot nhanh tw dong (CombiFlash Rf, 80 g RediSep™
hop silic oxit) tAch rira v6i gradien 0 — 10% etyl axetat trong iso-heptan tao ra san phim
mong muén 13 dau trong (5,1 g, 21,9 mmol, > 100%).

'"H NMR (400 MHz, DMSO-d6) & 7,75 (dd, J= 10,0, 2,3 Hz, 1H), 7,48 (ddd, J
=8,6,2,3, 1,3 Hz, 1H), 7,30 (t, /= 8,5 Hz, 1H), 2,41 (s, 3H).

Budc B: 1-metoxy-4-[(prop-2-yn-1-yloxy)metyl[benzen

Huyén phu duoc khudy chira natri hydrua (phan tan 60%; 856 mg, 21,4 mmol,
1,2 duong luong) trong tetrahydrofuran (25 mL), dwgc lam lanh xudng 0 °C, dugc bd
sung dung dich chira rugu propargyl (1,04 mL, 17,8 mmol, 1 dwong luong) trong
tetrahydrofuran (10 mL), tiép d6 1a 1-(bromometyl)-4-metoxybenzen (3,09 mL, 21,4
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mmol, 1,2 dwong lugng) va hdn hop duge khudy & nhiét do moi trudng trong 18 h. Phan
ung dugc cho phan bb gifta etyl axetat va dung dich nu6c amoni clorua bao hoa, va pha
hitu co duoc 1am kho (magie sulfat), loc va c¢d trong chan khong. Tinh ché bang sic ky
6t nhanh tw dong (CombiFlash Rf, 80 g RediSep™ hop silic oxit) tach rira v6i gradien
0 — 10% etyl axetat trong iso-heptan tao ra san phim mong mudn 14 diu trong (2,44 g,
13,9 mmol, 78%).

IH NMR (400 MHz, DMSO-d6) § 7,31 — 7,18 (m, 2H), 6,97 — 6,86 (m, 2H),
4,44 (s, 2H), 4,13 (d, J= 2,4 Hz, 2H), 3,75 (s, 3H), 3,48 (t, /= 2,4 Hz, 1H).

Buéc C: 2-flo-4-{3-[(4-metoxyphenyl)metoxy[prop-1-yn-1 -yl}phenyl axetat

Ong 4p suat duogc sdy khé trong t sdy duoc bo sung san pham tir Budc A (1,68
g, 7,23 mmol, 1 duong luong), trietylamin (18 mL), san pham tir Buée B (1,91 g, 10,8
mmol, 1,5 duong lugng), df”)ng (I) iodua (275 mg, 1,45 mmol, 0,2 duong lugng) va
tetrakis(triphenylphosphin)paladi(0) (835 mg, 0,72 mmol, 0,1 duong luong) va hén hop
dugc phun rira bing nito (10 phut) trede khi gin kin va gia nhiét & 90 °C trong 4 h. Phan
ung duogc dé ngudi dén nhiét 36 moi trudng, sau d6 dugce cho phan ) gilra diclometan
va nurée mudi, va pha hitu co dwgce tach va lam khé (thiét bi phan tach pha PTFE) va ¢d
trong chan khong. Tinh ché bang sic ky cot nhanh tw dong (CombiFlash Rf, 40 g
RediSep™ hop silic oxit) tach rira v6i gradien 0 — 30% etyl axetat trong iso-heptan tao
ra san phdm mong mudn 13 chit rdn mau cam (2,11 g, 6,43 mmol, 89%).

1H NMR (400 MHz, DMSO-d6) & 7,55 (dd, /= 11,1, 1,7 Hz, 1H), 7,44 — 7,28
(m, 4H), 6,96 — 6,91 (m, 2H), 4,53 (s, 2H), 4,39 (s, 2H), 3,76 (s, 3H), 2,34 (s, 3H).

Bugc D: 2-flo-4-{3-[(4-metoxyphenyl)metoxy[prop-1-yn-1 -yl}phenol

Dung dich chira san pham tir Buéce C (200 mg, 0,61 mmol, 1 dwong lugng) trong
metanol (15 mL) duoc bd sung kali cacbonat (253 mg, 1,83 mmol, 3 duong luong) va
hén hop duoc khudy & nhiét d mdi truong trong 3 h. Phan ing dugc c6 trong chan
khong, dugc cho phin bd gifta diclometan va dung dich nuéc axit clohydric lodng, va
pha hitu co dugc tach (thiét bi phan tach pha PTFE) va c6 trong chén khong. Tinh ché
bing sdc ky cot nhanh ty dong (CombiFlash Rf, 12 g RediSep™ hop silic oxit) tach rira
v6i gradien 0 — 40% etyl axetat trong iso-heptan tao ra san pham mong mudn 12 gém
mau vang (128 mg, 0,45 mmol, 73%).

LC/MS (C17H1sFO3) 285 [M-H]; RT 2,09 (LCMS-V-C)
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'H NMR (400 MHz, DMSO-d6) 10,37 (s, 1H), 7,32 — 7,24 (m, 3H), 7,16 —
7,10 (m, 1H), 6,98 — 6,90 (m, 3H), 4,50 (s, 2H), 4,34 (s, 2H), 3,75 (s, 3H).
Vi du diéu ché 7c: 3,6-Diclo-4-(propan-2-yl)pyridazin

3,6-Diclopyridazin (5 g, 33,6 mmol, 1 duong lwgng), bac nitrat (5,7 g, 33,6 mmol,
1 duong lugng) va axit isobutyric (2,96 g, 33,6 mmol, 1 duong luong) dugc tao huyén
phu trong nudc (100 mL). Hoén hop dugc gia nhiét dén 50°C va axit sulfuric (9,88 g,
101 mmol, 3 duong lugng) duoc bd sung vao. Hon hop dugce gia nhiét dén 60°C va dung
dich nuéc amoni persulfat 1,6M (62,9 mL, 101 mmol, 3 duong lugng) duoc b6 sung
vao tirng giot va phan ing dugc gia nhiét & 70°C trong 30 phut. Hon hop dugc dé ngudi
dén nhiét @6 méi trudmg, sau d6 duoc lam lanh xubng 0°C va trung hoa bang dung dich
amoni hydroxit dc tir tir 4én pH 7 sau d6 diu chinh dén pH 8-9. Két tia mau vang tao
ra duoc loc va rira bfmg nudc va etyl axetat dé tao ra chét rin mau tréng. Nudce loc dugc
két hop, cac 16p dugc tach, va pha chita nuée dugc chiét bang etyl axetat (100 mL). Céc
chét hitu co thu gom dugce rira bang nudc mudi (100 mL), 1am kho (magie sulfat) va c6
trong chan khong 8 thu dugc diu mau vang. Tinh ché bang sdc ky cot nhanh ty dong
(CombiFlash Rf, 80 g RediSep™ hp silic oxit) tich rira voi gradien 0 — 5% etyl axetat
trong heptan tao ra san phidm mong muén 13 dau khong mau (4,61 g, 24,1 mmol, 72%).

LC/MS (C7HsCLN) 191 [M+H]"; RT 1,11 (LCMS-V-B1)

'H NMR (400 MHz, DMSO0-d6) § 8,00 (d, J = 0,6 Hz, 1H), 3,16 (h, 1H), 1,26
(d, J = 6,8 Hz, 6H).

Vi du diu ché 7e: 3,6-Diclo-4-metyl-5-(propan-2-yl)pyridazin

Huyén phu chira 3,6-diclo-4-metyl-pyridazin (0,5 g, 3,07 mmol, 1 duong luong),
axit isobutyric (0,28 mL, 3,07 mmol, 1 duong lugng) va bac nitrat (0,52 g, 3,07 mmol,
1 duong lugng) trong nude (10 mL) duge gia nhiét dén 50°C. Axit sulfuric (0,49 mL,
9.2 mmol, 3 dwong lugng) dugc bd sung vao va hdn hop duoc gia nhiét dén 60°C. Dung
dich nuéc amoni persulfat 1,6M (5,75 mL, 9,2 mmol, 3 duong luong) duoc bd sung vao
tirng giot va hdn hop duge khudy trong 30 phut, sau d6 dé nguoi dén nhiét 6 moi trudng.
Trung hoa bang amoni hydroxit, loc qua xelit, va tach rira véi etyl axetat tao ra hon hop
hai pha. Cac 16p dugc phan tach, pha chira nuée duoce chiét bang etyl axetat, va cac chit
hitu co thu gom duoc 1am khé (magie sulfat) va c6 trong chan khong. Tinh ché bang sic

_ky cot nhanh ty dong (CombiFlash Rf, 40 g RediSep™ hop silic oxit) tach rra vé1

147



48508 148/598

gradien 0 — 15% etyl axetat trong iso-heptan tao ra san pham mong mubn 13 chét ran
mau tréng (476 mg, 2,32 mmol, 76%).

LC/MS (CsH10CLN>) 205 [M+H]"; RT 1,15 (LCMS-V-B1)

IH NMR (400 MHz, DMSO-d6) 8 3,57 (hept, J = 7,2 Hz, 1H), 2,49 (s, 3H),
1,35 (d, J=7,2 Hz, 6H).

Vi du didu ché 7f: 3,6-Diclo-4-etyl-5-metylpyridazin

Huyén phu duoc khudy chira 3,6-diclo-4-metylpyridazin (5 g, 30,7 mmol, 1
dwong lwong) v axit propionic (2,75 mL, 36,8 mmol, 1,2 duong luong) trong nude (100
mL) duoc bd sung bac nitrat (5,21 g, 30,7 mmol, 1 duong lugng) va hon hop duoc gia
nhiét dén 50°C. Axit sulfuric (4,91 mL, 92 mmol, 3 duong lugng) dugc bd sung vao
tirg giot va phan Gng duogc gia nhiét dén 60°C. Dung dich nuéc amoni persulfat 1,6M
(57,5 mL, 92 mmol, 3 duong lugng) sau d6 dugc bb sung ting giot trong 20 phut. Phan
{mg duoc gia nhiét dén 70°C trong 30 phut va sau 6 dé ngudi dén nhiét 46 mdi truong.
Hdn hop duge bazo hoa dén pH 8 sir dung amoni hydroxit dic va sin phim duoc chiét
bang etyl axetat (100 mL x 2). Céc chét chiét hiru co thu gom dugc lam khé (magie
sulfat) va c6 trong chan khong. Tinh ché bang sac ky cot nhanh ty dong (CombiFlash
Rf, 120 g RediSep™ hdp silic oxit) tach rira v6i gradien 0 — 25% etyl axetat trong iso-
heptan tao ra san phim mong mubn 1a chét rin mau tring (4,11 g, 21,5 mmol, 70%).

LC/MS (C7HsChLN>) 191 [M+H]"; RT 2,17 (LCMS-V-C)

I'H NMR (400 MHz, DMSO0-d6) § 2,82 (q, J = 7,6 Hz, 2H), 2,44 (s, 3H), 1,13
(t, J=7,6 Hz, 3H).

Vi du diéu ché 7g: 4-[(Benzyloxy)metyl]-3,6-diclo-5-metylpyridazin

Huyén phu chira 3,6-diclo-4-metylpyridazin (5,1 g, 30,7 mmol, 1 duong luong)
va axit benzyloxyaxetic (5,61 g, 33,7 mmol, 1,1 duong lugng) trong nudc (100
mL) dugc bd sung bac nitrat (5,21 g, 30,7 mmol, 1 duong luong) va hdn hop duoc gia
nhiét dén 50°C. Axit sulfuric (4,91 mL, 92 mmol, 3 duong lwong) dwoc bd sung vao va
hdn hop dugc gia nhiét dén 60°C. Dung dich nuGc amoni persulfat 1,6M (57,5 mL, 92
mmol, 3 duong luong) dugc bd sung vao timg giot va phan img dugc gia nhiét & 70°C
trong 30 pht. Hon hop duoc dé ngudi dén nhiét 36 mdi trudng va dugce bazo hoa dén
pH 8 bang dung dich nudc amoni hydroxit dam dic. Hbn hop duge chiét bang etyl axetat
(2 x 150 mL) va céc chat hitu co thu gom dugc rira bang nude mudi (200 mL), lam khd
(magie sulfat), va cd trong chan khong. Tinh ché bang sic ky cot nhanh tu dong
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(CombiFlash Rf, 120 g RediSep™ hdp silic oxit) tach rira v6i gradien 0 — 25% etyl
axetat trong iso-heptan tao ra san phidm mong muén 13 dau mau vang (4,67 g, 16,5 mmol,
54%).

LC/MS (C13H12CLN20) 283 [M+H]"; RT 1,26 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 7,42 — 7,27 (m, 5H), 4,71 (s, 2H), 4,60 (s,
2H), 2,46 (s, 3H).

Vi du diéu ché 7h: 3,6-Diclo-4-xyclopropyl-5-metylpyridazin

Huyén phu chira 3,6-diclo-4-metylpyridazin (4,88 g, 29,9 mmol, 1 duong luong)
va axit xyclopropancarboxylic (2,63 mL, 32,9 mmol, 1,1 duong lugng) trong nude (100
mL) dugc bd sung bac nitrat (5,09 g, 29,9 mmol, 1 dwong lugng) va hdn hop duoc gia
nhiét dén 50°C. Hon hop nay duoc bd sung axit sulfuric (4,79 mL, 89,8 mmol, 3 duong
lwong) va hon hop duge gia nhiét dén 60°C. Dung dich nuc amoni persulfat 1,6M (56,1
mL, 89,8 mmol, 3 duong lugng) dugc bd sung vao ting giot trong 20 phut sau d6 hon
hop dugc gia nhiét dén 70°C va khudy trong 30 phit. Hon hop duge dé ngudi dén nhiét
do moi trudong va dugc bazo hoa dén pH 8 bang dung dich amoni hydroxit ddm dac. San
pham dugc chiét vao pha hitu co sit dung etyl axetat (2 x 200 mL) va cic chét chiét hiru
co thu gom dugc ra bang nudc mubi, 1am kho (magie sulfat) va cd trong chan khong.
Tinh ché bing séc ky cot nhanh ty dong (CombiFlash Rf, 120 g RediSep™ hop silic
~ oxit) tach rira v6i gradien 0 — 30% etyl axetat trong iso-heptan tao ra san phim mong
mudn 1a chét rin mau trang (3,99 g, 19,7 mmol, 66%).

LC/MS (CsHsCLN») 203 [M+H]*; RT 1,09 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) 8 2,49 (d, J= 0,9 Hz, 3H), 1,98 — 1,88 (m,
1H), 1,26 - 1,11 (m, 2H), 0,78 - 0,67 (m, 2H).

Vi du didu ché 71: 3,6-Diclo-4-xyclopropylpyridazin

Huyén phu chira 3,6-diclopyridazin (2 g, 13,4 mmol, 1 duong lugng) va axit
xyclopropancarboxylic (1,07 mL, 13,4 mmol, 1 duong lugng) trong nude (85 mL) dugce
bd sung bac nitrat (2,28 g, 13,4 mmol, 1 duong lugng) va hdn hop duge gia nhiét dén
50°C. Axit sulfuric (2,15 mL, 40,3 mmol, 3 duong luong) dugc b6 sung vao va hon hop
duoc gia nhiét dén 60°C. Dung dich nuéc amoni persulfat 1,6M (25,2 mL, 40,3 mmol,
3 dwong luong) duge bd sung vao timg giot trong 15 phit va phan tmg sau d6 dugc gia
nhiét & 70°C trong 30 phaut. Hon hop duoc dé ngudi dén nhiét d6 méi trudng va duogc
bazo hoa dén pH 10 bang dung dich amoni hydroxit d@m déc. San pham duogc chiét bang
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etyl axetat (2 x 150 mL) va céc chét chiét dwoc rira bang nuwéc mudi, lam kho (magie
sulfat) va c6 trong chan khong. Tinh ché bang sic ky cot nhanh tw dong (CombiFlash
Rf, 80 g RediSep™ hop silic oxit) tach rira véi gradien 0 — 20% etyl axetat trong iso-
heptan tao ra san pham mong mudn 13 chit rin mau tring (985 mg, 5,21 mmol, 39%).

LC/MS (C7HsCL:N>) 189 [M+H]*; RT 1,00 (LCMS-V-B1)

I'H NMR (400 MHz, DMSO-d6) & 7,61 (d, J = 0,6 Hz, 1H), 2,19 — 2,09 (m,
1H), 1,25 - 1,19 (m, 2H), 1,08 — 1,03 (m, 2H).

Vi du diéu ché 7m: 4-[3-(Benzyloxy)propyl]-3,6-diclo-5-metylpyridazin

Budc A: [(pent-4-yn-1-yloxy)metyl]benzen

Binh duoc sdy kho trong ti sdy duoc bd sung 4-Pentyn-1-ol (5,53 mL, 59,4
mmol, 1 duong luong) va tetrahydrofuran (50 mL) va dung dich dugc 1am lanh xubng
0°C. Natri hydrua (60%; 2,85 g, 119 mmol, 2 duong luong) dugc bb sung vao timg phan
va phan tng dugc khudy trong 30 phit & 0°C. Benzyl bromua (7,42 mL, 62,4 mmol,
1,05 duong lugng) dugce bd sung vao timg giot va phan Gmg duoc dé 4m dén nhiét do
mdi trudng va khudy trong 16 h. Phan img duoc 1am lanh xubng 0°C va lam dimg bang
céch bd sung dung dich nuéc amoni clorua bao hoa (20 mL). Nuée (20 mL) dugc bd
sung vao va cac 16p duge tach. Lép nude dugce chiét bang etyl axetat (2 x 50 mL) va cac
chét hitu co thu gom duoc rira bang nuéc mudi (50 mL), 1am kho (magie sulfat), va co
trong chan khong. Tinh ché bang sic ky cot nhanh tu dong (CombiFlash Rf, 120 g
RediSep™ hdp silic oxit) tach rira véi gradien 0 — 10% etyl axetat trong iso-heptan tao
ra san phdm mong mudn 13 diu mau vang (8,93 g, 51,3 mmol, 86%).

LC/MS (C12H140) 175 [M+H]"; RT 1,25 (LCMS-V-B1)

IH NMR (400 MHz, CDCls) § 7,42 — 7,21 (m, 5H), 4,52 (s, 2H), 3,57 (t, T = 6,2
Hz, 2H), 2,32 (td, T = 7,1, 2,7 Hz, 2H), 1,94 (t, 1 =2,7 Hz, 1H), 1,84 (i, J=7.1, 6,2
Hz, 2H).

Budc B: [(hex-4-yn-1-yloxy)metyl]benzen

Binh duoc sdy khé trong ta sdy dugc bd sung dung dich chira san pham tir Budc
A (3,9 g, 22,4 mmol, 1 duong lwgng) trong tetrahydrofuran (30 mL) dudi nito. Phan img
duoc lam lanh Xuéng -78°C va n-butyllithi (2,2M trong hexan; 12,2 mL, 26,9 mmol, 1,2
duong luong) duoc bd sung vao trong 30 phut va hdn hop dugc khudy & -78 °C trong 1
h. Todometan (2,09 mL, 33,6 mmol, 1,5 duwong lugng) duoc bd sung vao tung giot va
hon hop thu dugc duogc dé 4m dén 0°C trong 2 h. Phan tmg duogc lam ding bang cach
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b6 sung dung dich nuéc amoni clorua bio hoa (20 mL), sau d6 pha loang v6i nude (20
mL), va dugc chiét bang etyl axetat (3x20 mL). Céc chét chiét hitu co thu gom dugc rira
13n Iwot bing dung dich nuéc natri thiosulfat 2M (50 mL) va nuée mudi (50 mL), lam
kho6 (magie sulfat) va cd trong chan khong. Tinh ché bang sic ky cot nhanh tu dong
(CombiFlash Rf, 80 g RediSep™ hop silic oxit) tach rira voi gradien 0 — 10% etyl axetat
trong iso-heptan tao ra san phdm mong mudn 14 chét 16ng mau rom (3,61 g, 19,2 mmol,
86%).

LC/MS (Ci13Hi60) khong ion héa; RT 1,15 (LCMS-V-BI)

'H NMR (400 MHz, DMSO-d6) § 7,43 — 7,19 (m, 5H), 4,46 (s, 2H), 3,48 (t,J
= 6,3 Hz, 2H), 2,23 — 2,14 (m, 2H), 1,72 (t, 3H), 1,71 — 1,62 (m, 2H).

Buwéc C: 4-[3-(Benzyloxy)propyl]-3,6-diclo-5-metylpyridazin

Dung dich chira diclo-1,2,4,5-tetrazin (2,5 g, 16,6 mmol, 1 dwong luong) va san
phim tir Budc B (3,74 g, 19,9 mmol, 1,2 duong luong) trong toluen (15 mL) dugc gia
nhiét trong 6ng gén kin & 160°C trong 20 h. Hon hop dugc dé ngudi dén nhiét 36 moi
truomg va cb trong chan khong. Tinh ché bang sic ky cot nhanh tu dong (CombiFlash
Rf, 80 g RediSep™ hop silic oxit) tch rira véi gradien 0 — 35% etyl axetat trong iso-
heptan tao ra san phém mong mudn 12 ddu mau cam (3,06 g, 9,83 mmol, 62%).

LC/MS (C1sH1sCbN20) 311 [M+H]"; RT 1,35 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 7,47 — 7,14 (m, SH), 4,48 (s, 2H), 3,53 (t,J
= 5,9 Hz, 2H), 2,96 — 2,81 (m, 2H), 2,42 (s, 3H), 1,87 — 1,72 (m, 2H).

Vi du diéu ché 8ca va 8cb: 6-clo-5-(propan-2-yl)pyridazin-3-amin va

6-clo-4-(propan-2-yl)pyridazin-3-amin

San phim tir Vi du diéu ché 7c (3,61 g, 18,9 mmol, 1 duong luong) duoc tao
huyén phi trong amoni hydroxit (20 mL) va gia nhiét & 150°C trong 4 h trong diéu kién
chiéu vi séng. Cac chét ran dugc thu gom béng cach loc, rira bang nuée va lam khd dé
tao ra 6-clo-5-(propan-2-yl)pyridazin-3-amin (2,06 g, 12 mmol, 64%) la chét rin mau
tréng nho [~ hon hop 9:1 véi chét ddng phan vung khac] (Vi du didu ché 8ca).

LC/MS (C7H10CIN3) 172 [M+H]*; RT 0,81 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) 5 6,76 (d, J = 0,7 Hz, 1H), 6,51 (s, 2H), 3,06 -
2,82 (m, 1H), 1,18 (d, 6H).

Nudce loc dugce c6 trong chan khong va can ran thé duoc chiét béng diclometan,

loc, va 1am bay hoi d tao ra 6-clo-4-isopropylpyridazin-3-amin (447 mg, 2,6 mmol,
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14%) 13 ddu mau vang [~ hdn hop 7:3 véi chit dong phan ving khac] (Vi du diéu ché
8chb).

LC/MS (C7H10CIN3) 172 [M+H]*; RT 0,79 (LCMS-V-B1)

IH NMR (400 MHz, DMSO-d6) § 7,23 (s, 1H), 6,53 (s, 2H), 2,95 - 2,80 (m,
1H), 1,15 (d, 6H).

Vi du diéu ché 8d: 6-clo-5-metylpyridazin-3-amin va 6-clo-4-

metylpyridazin-3-amin

Huyén phu chira 3,6-diclo-4-metyl-pyridazin (2 g, 12,3 mmol, 1 duong lugng)
trong amoni hydroxit (40 mL) duoc gia nhi€t trong thiét bi phan tmg &p sudt & 150°C
trong 6 h, sau do dé nguoi dén nhiét d6 moi truong. Két tua thu duoc loc, ria béng nudc
(10 mL) va lam kho dé tao ra san pham mong mudn 12 tinh thé hinh kim mau nau (1,31
g, 0,01 mol, 74%) [~ ty 1¢ 6:4 cuia céc chit ddng phan vimg]. Hon hop gom cdc chét
ddng phan duoc st dung trong budc tiép theo ma khong can tinh ché thém.

LC/MS (CsHsCIN3) khong ion héa; RT 0,28 (LCMS-V-B1)

Vi du diéu ché 8e: 6-clo-4-metyl-5-(propan-2-yl)pyridazin-3-amin va 6-

clo-5-metyl-4-(propan-2-yl)pyridazin-3-amin

San phém tir Vi du diéu ché 7e (480 mg, 2,34 mmol, 1 duong luong) dugc dua
vao dung cu kiéu ‘bom’. Amoni hydroxit (15 mL) dugc bd sung vao, binh nay dugc gin
kin va hdn hop duoc khudy & 160°C trong 6 h. Sau khi dé ngudi dén nhiét d6 moi truong,
binh nay duoc mé va hdn hop phan tmg duoc cb trong chan khong va hdn hop gdm céc
chét ddng phan dugc str dung trong budc tiép theo ma khong can tinh ché.

LC/MS (CsH12CIN3) 186 [M+H]"; RT 0,88 (LCMS-V-B1)

Vi du diéu ché 8f: 6-clo-5-etyl-4-metylpyridazin-3-amin va 6-clo-4-etyl-5-

metylpyridazin-3-amin

Huyén phi chita san pham tir Vi du diéu ché 7f (4 g, 21 mmol, 1 dvong lugng)
trong amoni hydroxit (15 mL) dugc khudy ¢ 160°C trong binh kin trong 24 h. Hén hop
duoc dé ngudi dén nhiét d6 méi truong va chét rin mau nau két tua. Chit ran duoc thu
gom bang céach lgc, ria bang nudc, va lam kho dudi chan khong dé tao ra san phdm
mong muén 13 chat rin mau nau (1,4 g, 8,16 mmol, 39%) [hon hop 2:1 cla céc chét
ddng phan ving]. Hon hop gdm cac chat dong phan dugc st dung trong budce tiép theo
ma khong cin tinh ché.

LC/MS (C-H1oCIN3) 172 [M+H]*; RT 1,53 (LCMS-V-C)
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Vi du diéu ché 8g: 5-[(Benzyloxy)metyl]-6-clo-4-metylpyridazin-3-amin va

4-[(Benzyloxy)metyl]-6-clo-5-metylpyridazin-3-amin

San pham tir Vi du didu ché 7g (600 mg, 2,12 mmol, 1 duong luong) duoc tao
huyén phu & dang dAu trong amoni hydroxit (7 mL) va gia nhiét & 160°C trong 5 h trong
dng gan kin. Hon hop duoc dé ngudi dén nhiét do modi trudng va chét rin mau nau két
tia. Chét rén duoc thu gom bang cach loc, rira bang nude va 1am khd dudi chan khong
dé tao ra san pham mong mudn (455 mg, 1,73 mmol, 81%) la hén hop gdm hai chit
dong phan ving ma duoc sit dung truc tiép trong budc tiép theo.

LC/MS (C1:H14CIN30) 264 [M+H]"; RT 1,02 (LCMS-V-B1)

Vi du didu ché 8ha va 8hb: 6-clo-5-xyclopropyl-4-metylpyridazin-3-

amin va 6-clo-4-xyclopropyl-5-metylpyridazin-3-amin

San pham tir Vi du diéu ché 7h (3,99 g, 19,7 mmol, 1 duong luong) dugc tao
huyén pht trong amoni hydroxit (10 mL) va gia nhiét trong éng gén kin trong 20 h. Hon
hop dugc dé ngudi dén nhiét do moi trudng va chat rin két thia dwoc thu gom bang cach
loc va lam kho dé tao ra 6-clo-5-xyclopropyl-4-metylpyridazin-3-amin (2,44 g, 13,3
mmol, 68%) [Vi du diéu ché 8ha] ma duoc sur dung truc tiép trong budce tiép theo ma
khong can tinh ché thém.

LC/MS (CsH1oCIN3) 184 [M+H]"; RT 0,80 (LCMS-V-B1)

Nudce loc duge co6 dudt ap sudt giam, sau d6 1am bay hoi ra khoi toluen (x 3) dé
loai bo nudce con lai, dé tao ra nguyén liéu thd (2,00 g, 10,89 mmol, 55%) chua 6-clo-4-
xyclopropyl-5-metylpyridazin-3-amin ma dugc su dung truc tiép trong budc tiép theo
ma khong can tinh ché thém [Vi du didu ché 8hb].

LC/MS (CsHioCIN3) 184 [M+H]"; RT 0,79 (LCMS-V-B1)

Vi du diéu ché 8ia va 8ib: (6-Amino-3-clo-5-metylpyridazin-4-yl)metanol

va (3-Amino-6-clo-5-metylpyridazin-4-yl)metanol

Dung dich duoc lam lanh chira san phim tir Vi du diéu ché 8¢ (3,1 g, 11,8 mmol,
1 dwong luong) trong diclometan (100 mL) duoc bd sung dung dich bo triclorua (58,8
mL, 1 M, 0,06 mol, 5 duong lugng) timg giot va hdn hop dugc khudy ¢ nhiét d6 moi
truong trong 2 h. Phan tmg duoc lam lanh xubng 0 — 5°C va lam dung than trong bang
cach bd sung metanol (30 mL). Metanol nita (30 mL) dugc bd sung vao va hdén hop
duoc gia nhiét & hoi luu trong 30 phut. Dung méi duge loai bo trong chan khong va tinh
ché bang sic ky cot nhanh tuw ddng (CombiFlash Rf, 120 g RediSep™ hop silic oxit)
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tach rira voi gradien 0 — 17,5% metanol trong diclometan tao ra cac san phim dong phéan
vung mong mubn:

(3-Amino-6-clo-5-metylpyridazin-4-yl)metanol la chét rdn mau be (0,87 g, 5,0
mmol, 42%) [Vi du diéu ché 8ib].

LC/MS (C¢HsCIN30) 174 [M+H]"; RT 0,26 (LCMS-V-B1)

I'H NMR (400 MHz, DMS0-d6) & 8,13 (s, 2H), 4,57 (s, 2H), 2,40 (s, 3H).

(6-Amino-3-clo-5-metylpyridazin-4-yl)metanol la chét rin mau be (1,38 g, 7,9
mmol, 67%) [Vi du diéu ché 8ia).

LC/MS (C¢HsCIN3O) 174 [M+H]"; RT 0,18 (LCMS-V-B1)

IH NMR (400 MHz, DMSO-d6) & 8,18 (s, 2H), 4,56 (s, 2H), 2,31 (s, 3H).

Vi du didu ché 8ja: 6-clo-5-(metoxymetyl)-4-metylpyridazin-3-amin

Budc A: 5-(bromometyl)-6-clo-4-metylpyridazin-3-amin

Huyén pho chtta san pham tir Vi du diéu ché 8ia (960 mg, 5,53 mmol, 1 dwong
lugng) trong diclometan (50 mL) dugc bd sung phospho tribromua (0,62 mL, 6,34
mmol, 1,2 duong luong) va hon hop duoc khudy trong 1 h & nhiét 46 moi trudng. Phan
ung dugc lam dung bang cach bd sung metanol (20 mL) va cd trong chin khong dé tao
ra chit ran (3,2 g). Nguyén lidu duge s dung truc tiép trong bude tiép theo ma khong
can tinh ché thém.

LC/MS (CeH7BrCIN3) 238 [M+H]"; RT 0,81 (LCMS-V-B1)

Buéc B: 6-clo-5-(metoxymetyl)-4-metylpyridazin-3-amin

Dung dich chita san phém tho tir Buéc A (780 mg) trong metanol (10 mL) duoc
gia nhiét & 120°C trong 1 h trong diéu kién chiéu vi séng. Hon hop dugc ¢d trong chan
khong va tinh ché bang sic ky cot nhanh tu dong (CombiFlash Rf, 12 g RediSep™ hop
silic oxit) tach rira véi gradien 0 — 10% metanol trong diclometan tao ra san phim mong
mudn 12 ddu mau nau (323 mg, 0,90 mmol, 66% trong ca hai budc).

LC/MS (C7H;0CIN30) 188 [M+H]*; RT 0,61 (LCMS-V-B1)

Vi du diéu ché 8jb: 6-clo-4-(metoxymetyl)-5-metylpyridazin-3-amin

Buéc A: 4-(bromometyl)-6-clo-5-metylpyridazin-3-amin

Huyén phu chira san pham tir Vi dy diéu ché 8ib (500 mg, 2,88 mmol, 1 duong
luong) trong diclometan (50 mL) dugc bd sung phospho tribromua (0,32 mL, 3,46
mmol, 1,2 duong lwong) va hon hop dugce khudy trong 1 h & nhiét d6 mdi truong. Phan

ung dugc lam dung bang cach bo sung metanol (20 mL) va sau d6 cac chit hitu co dé
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bay hoi dugc loai bo trong chan khong. Tinh ché b?mg sic ky c6t nhanh tw dong
(CombiFlash Rf, 24 g RediSep™ hp silic oxit) tach rira véi gradien 0 — 5% metanol
trong diclometan tao ra san phém mong mudn 12 chit rin mau cam (695 mg, 2,94 mmol,
100%).

LC/MS (C¢H;BrCIN3) 238 [M+H]*; RT 0,82 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) § 7,84 (br s bao gdm dinh nuéc), 4,76 (s, 2H),
2,38 (s, 3H).

Budc B: 6-clo-4-(metoxymetyl)-5-metylpyridazin-3-amin

Dung dich chira san phém tir Budc A (430 mg, 1,82 mmol, 1 dwong lwong) trong
metanol (10 mL) dugc gia nhiét ¢ 120°C trong 30 phut trong didu kién chiéu vi song.
Hon hop dugc c¢6 trong chan khéng va tinh ché bang sic ky cot nhanh ty dong
(CombiFlash Rf, 24 g RediSep™ hop silic oxit) tich rira v6i gradien 0 — 5% metanol
trong diclometan tao ra san pham mong mudn 12 chit ran két tinh mau tia (91 mg, 0,49
mmol, 27%).

LC/MS (C7H10CIN30) 188 [M+H]"; RT 0,70 (LCMS-V-B1)

IH NMR (400 MHz, DMSO-d6) & 7,66 (s, 2H), 4,50 (s, 2H), 3,32 (s, 3H), 2,38
(s, 3H).

Vi du diéu ché 8ka:6-clo-5-(etoxymetyl)-4-metylpyridazin-3-amin

Dung dich chira san phém tr Vi du diéu ché 8ja, Budc A (500 mg, 2,11 mmol, 1
duong lugng) trong etanol (15 mL) dugc gia nhiét ¢ 120°C trong 1 h trong diéu kién
chidu vi song. Hdn hop duoc cb trong chan khéng va tinh ché bang sdc ky cot nhanh tw
déng (CombiFlash Rf, 24 g RediSep™ hop silic oxit) tach rira véi gradien 0 — 10%
metanol trong diclometan tao ra san phém mong mudn 13 dau dic duogc két tinh khi cao
xudc (136 mg, 0,67 mmol, 32%).

LC/MS (CsH12CIN30) 202 [M+H]*; RT 0,63 (LCMS-V-B1)

IH NMR (400 MHz, DMSO0-d6) & 4,56 (s, 2H), 3,55 (q, J = 7,0 Hz, 2H), 2,28
(s,3H), 1,14 (t,J = 7,0 Hz, 3H).

Vi du diéu ché 8ma va 8mb: 5-[3-(Benzyloxy)propyl]-6-clo-4-

metylpyridazin-3-amin va 4-[3-(Benzyloxy)propyl]-6-clo-5-metylpyridazin-3-
amin
San phém tir Vi du diéu ché 7m (3,06 g, 9,83 mmol, 1 duong luong) va amoni

hydroxit (15 mL) dugc gia nhiét trong binh kin trong 48 h ¢ 160°C. Hbn hop duoc dé
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ngudi dén nhiét do méi truong va duge chiét béng diclometan (2 x 100 mL). Cac chét
hitu co dugc rira bang nudc mubi (50 mL) va c6 trong chén khong. Tinh ché bang sic
ky cot nhanh tu dong (CombiFlash Rf, 80 g RediSep™ hop silic oxit) tach rira véi
gradien 0 — 100% etyl axetat trong iso-heptan tao ra cac san phdm déng phan ving mong
mubn:

5-[3-(Benzyloxy)propyl]-6-clo-4-metylpyridazin-3-amin la chit rdn mau be
(1,3 g, 4,46 mmol, 45%) [Vi du diéu ché 8ma].

LC/MS (C1sHisCIN30) 292 [M+H]"; RT 1,12 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 7,47 — 7,20 (m, SH), 6,33 (s, 2H), 4,48 (s,
2H), 3,49 (t, ] = 6,0 Hz, 2H), 2,79 — 2,66 (m, 2H), 2,08 (s, 3H), 1,84 - 1,65 (m, 2H).

4-[3-(Benzyloxy)propyl]-6-clo-5-metylpyridazin-3-amin la chit rin mau be
(500 mg, 1,71 mmol, 17%) [Vi du diéu ché 8mb].

LC/MS (C1sH1sCIN30) 292 [M+H]"; RT 1,15 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 7,49 — 7,15 (m, SH), 6,34 (s, 2H), 4,48 (s,
2H), 3,47 (t, ] = 6,2 Hz, 2H), 2,72 — 2,54 (m, 2H), 2,22 (s, 3H), 1,83 - 1,61 (m, 2H).

Vi du didu ché 9a: N-(6-clo-4,5-dimetylpyridazin-3-yl)-1,3-benzothiazol-2-

amin

Dung dich chita 3-amino-6-clo-4,5-dimetylpyridazin (450 mg, 2,86 mmol, 1
duong luong) va 2-bromo-1,3-benzothiazol (672 mg, 3,14 mmol, 1,1 duong lugng)
trong 1,4-dioxan (20 mL) dugc bd sung natri hydrua (phan tan 60%; 457 mg, 11,42
mmol, 4 duong luong) ting phin va hdn hop duoc hdi luu trong 16 h. Hon hop phan
ung dugce dé nguoi dén nhiét d6 mdi truong va sau d6 lam dimg bang axit axetic. Hon
hop dugc pha lodng véi etyl axetat (200 mL) va ria bang dung dich nudc natri
bicacbonat bio hoa (100 mL), va nuée mudi (100 mL). Chét chiét hitu co dugc 1am kho
(magie sulfat) va c¢o trong chan khong. Tinh ché bang sac ky cot nhanh tuw dong
(CombiFlash Rf, 40 g RediSep™ hop silic oxit) tach rira v6i gradien 0 — 3% metanol
trong diclometan tao ra san pham mong mudn 13 chit ran mau vang (673 mg, 2,32 mmol,
81%).

LC/MS (C13H11CIN4S) 291 [M+H]"; RT 1,22 (LCMS-V-BI1)

'H NMR (400 MHz, DMSO-d6) § 11,80 (br s, 1H), 7,86 (d, J = 7,75 Hz, 1H),
7,50 (s, 1H), 7,40 (td, J = 1,28, 7,69 Hz, 1H), 7,22 (t, ] = 7,67 Hz, 1H), 2,37 (s, 3H),
2,33 (s, 3H).
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Vi du diéu ché 9b: N-(6-Clopyridazin-3-yl)-1,3-benzothiazol-2-amin

Dung dich chira 3-amino-6-clopyridazin (2 g, 15,4 mmol, 1 dwong luong) va 2-
bromo-1,3-benzothiazol (3,64 g, 17,0 mmol, 1,1 duwong luong) trong 1,4-dioxan (120
mL) dugce bd sung natri hydrua (phén tan 60%; 2,47 g, 61,8 mmol, 4 duong lugng) timg
phin vi hén hop dugc hdi uu trong 30 phit. Han hop phan tmg duoc dé ngudi dén nhiét
do moi truong, va sau d6 dugc lam lanh trong bé nuéc da va lam dimg bang metanol.
Loai bo metanol bang cach 1am bay hoi quay lam cho chét rin két tha. Hon hop duge
lam lanh trong nuée da va chét ran duoc thu gom béng cach loc, rira bé“mg nudc da lanh,
1,4-dioxan (100 mL), sau d6 dietyl ete (100 mL). Cubi cing chat ran duoc tao huyén
phu trong nudc, pH duoc didu chinh dén 7, va chit ran duoc thu gom bang cach loc va
1am kho trong chan khong dé tao ra san phim mong muén (1,94 g, 7,38 mmol, 48%).

LC/MS (C11H7CIN4S) 263 [M+H]"; RT 1,1 (LCMS-V-B1)

I'H NMR (400 MHz, DMSO-d6) § 12,03 (s, 1H), 8,00 - 7,93 (m, 1H), 7,82 (d, J
=93 Hz, 1H), 7,69 (d, J = 8,0 Hz, 1H), 7,59 (d, T = 9,3 Hz, 1H), 7,46 - 7,37 (m, 1H),
7,30 — 7,23 (m, 1H). '

Vi du diéu ché 9ca: N-[6-clo-5-(propan-2-yl)pyridazin-3-yl]-1,3-

benzothiazol-2-amin

Huyén phu chia san pham tir Vi du diéu ché 8ca (2,06 g, 12 mmol, 1 duong
luong) trong 1,4-dioxan (70 mL) dugc bd sung 2-bromo-1,3-benzothiazol (2,83 g, 13,2
mmol, 1,1 duong lwong) tiép d6 13 natri hydrua (phén tan 60%; 0,96 g, 24,01 mmol, 2
duong lugng) timg phin va hdn hop duge gia nhiét & 90 °C trong 30 phut. Sau khi lam
ngudi dén nhiét 6 mdi trudng phan tng dugc lam lanh trong nudce da, lam ding bang
cach bd sung axit axetic, va c¢d trong chén khoéng. Chét rén thu dugc dugc nghién véi
nuée, loc, va 1am khod dudi chan khong. Tinh ché bang sic ky cot nhanh tu dong
(CombiFlash Rf, 120 g RediSep™ hop silic oxit) tich rira véi gradien 0 — 50% etyl
axetat trong iso-heptan tao ra chét rin ma duoc nghién véi etyl axetat, loc, va 1am kho
duéi chan khong dé tao ra san pham mong mudn 12 chit rin mau trang nho (1,54 g, 5,05
mmol, 42%).

LC/MS (C14H13CIN4S) 305 [M+H]"; RT 1;31 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 11,87 (s, 1H), 7,99 — 7,91 (m, 1H), 7,69 (d, J
=8,1 Hz, 1H), 7,51 (s, 1H), 7,42 (ddd, J= 8,3, 7,2, 1,3 Hz, 1H), 7,26 (ddd, J=38.2,
7,3, 1,2 Hz, 1H), 3,25 — 3,06 (m, 1H), 1,26 (d, J = 6,8 Hz, 6H).
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Vi du diéu ché 9cb: N-[6-clo-4-(propan-2-yl)pyridazin-3-yl]-1,3-

benzothiazol-2-amin

Dung dich chita san phim tir Vi du diéu ché 8cb (47 mg, 2,6 mmol, 1 dwong
luong) va 2-bromo-1,3-benzothiazol (669 mg, 3,13 mmol, 1,2 duong luong) trong 1,4-
dioxan (10 mL) duoc b sung natri hydrua (phan tan 60%; 208 mg, 5,21 mmol, 2 duong
luong) timg phin va hdn hop dugc hdi luu trong 1 h. Hon hop duge dé ngudi dén nhiét
do mdi truong sau d6 duoc lam lanh xubng 0°C va lam ding bang cach b6 sung axit
axetic. Sau khi 1am bay hoi can dugc cho phan bb giita etyl axetat va nude va pha hitu
co duge rira bang nude mudi, 1am kho (magie sulfat) va co trong chan khong. Tinh ché
bing séc ky cot nhanh ty dong (CombiFlash Rf, 24 g RediSep™ hp silic oxit) tach rira
voi gradien 0 — 20% etyl axetat trong iso-heptan tao ra san pham mong muén 13 chit rin
mau vang nhat (367 mg, 1,2 mmol, 46%).

LC/MS (C14H13CIN4S) 305 [M+H]*; RT 1,35 (LCMS-V-B1)

H NMR (400 MHz, DMSO-d6) 5 12,64 (s, 1H), 7,82 (br s, 1H), 7,61 (s, 1H),
7,40 (br s +t, T =7,3 Hz, 2H), 7,22 (t, ] = 6,8 Hz, 1H), 3,49 (p, J = 6,8 Hz, 1H), 1,25
(d, T=6,9 Hz, 6H).

Vi du didu ché 9da vi 9db: N-(6-clo-5-metylpyridazin-3-yl)-1,3-

benzothiazol-2-amin va N-(6-clo-4-metylpyridazin-3-yl)-1,3-benzothiazol-2-amin

Huyén phu chira san phém tir Vi du diéu ché 8d (1,31 g, 9,1 mmol, 1 dwong
luong) va 2-bromo-1,3-benzothiazol (2,14 g, 10,01 mmol, 1,1 dwong lugng) trong 1,4-
dioxan (50 mL) dugc bd sung natri hydrua (phén tan 60%; 0,73 g, 18,2 mmol, 2 duong
luong) timg phan va hdn hop duoc hdi luu trong 1 h. Hon hop phén tng dugce dé nguoi
dén nhiét o moi truong, 1am dung bang axit axetic, sau d6 trung hoa bang dung dich
nudc natri bicacbonat. Hon hop duoc chiét bang etyl axetat (100 mL x3) va céc chét
chiét hiru co thu gom dugc rira bang nudc mubi, 1am kho (magie sulfat), va cd trong
chan khong. Tinh ché bing sic ki cot nhanh tu dong (CombiFlash Rf, 120 g RediSep™
hop silic oxit) tich rira véi gradien 0 — 80% etyl axetat trong iso-heptan tao ra san pham
mong mudn:

N-(6-clo-4-metylpyridazin-3-yl)-1,3-benzothiazol-2-amin la chit rin mau
vang (140 mg, 0,51 mmol, 5,6%) [Vi du diéu ché 9db].

LC/MS (C12HoCIN4S) 277 [M+H]"; RT 1,18 (LCMS-V-B1)
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'H NMR (400 MHz, DMSO0-d6) § 7,90 (s, 1H), 7,71 (s, 1H), 7,57 (br s, 1H),
7,41 (t, J=17,5Hz, 1H), 7,24 (t, J= 7,5 Hz, 1H), 2,39 (s, 3H).

N-(6-clo-5-metylpyridazin-3-yl)-1,3-benzothiazol-2-amin la chit rin mau
vang (69 mg, 0,25 mmol, 2,7%) [Vi du diéu ché 9da].

LC/MS (C12HsCIN4S) 277 [M+H]"; RT 1,15 (LCMS-V-B1)

T'H NMR (400 MHz, DMSO-d6) § 11,92 (s, 1H), 7,96 (d, J = 7,7 Hz, 1H), 7,69
(d, J=38,5Hz, 1H), 7,48 (d, J = 1,2 Hz, 1H), 7,42 (ddd, J = 8,2, 7,2, 1,3 Hz, 1H), 7,26
(ddd, J=8,2,7,3, 1,2 Hz, 1H), 2,38 (d, ] = 1,0 Hz, 3H).

Vi du diéu ché 9ea va 9eb: N-[6-clo-4-metyl-5-(propan-2-

yl)pyridazin-3-yl]-1,3-benzothiazol-2-amin va N-[6-clo-5-metyl-4-(propan-2-
yl)pyridazin-3-yl]-1,3-benzothiazol-2-amin

Huyén phu chira san phdm tir Vi du didu ché 8e (434 mg, 2,34 mmol, 1 duong
luong) va 2-bromo-1,3-benzothiazol (551 mg, 2,57 mmol, 1,1 duwong lugng) trong 1,4-
dioxan (10 mL) dugc bd sung natri hydrua (phén tan 60%; 187 mg, 4,68 mmol, 2 duong
luong) timg phan va hdn hop dwoc hdi luu trong 1 h. Hon hop phan ng duge dé nguoi
dén nhiét d6 mdi truong va sau d6 lam dimg bang axit axetic. Hon hop sau d6 duoc pha
lodng v6i dung dich nudc natri bicacbonat va san phim duoc chiét bang diclometan.
Céc chit hitu co dugc rira bang nude mudi, 1lam kho (magie sulfat) va cd trong chin
khong. Tinh ché bang sic ky cot nhanh tw dong (CombiFlash Rf, 40 g RediSep™ hop
silic oxit) tach rira v6i gradien 0 — 30% etyl axetat trong iso-heptan tao ra cac san pham
ddng phan viing mong mudn:

N-[6-clo-5-metyl-4-(propan-2-yl)pyridazin-3-yl]-1,3-benzothiazol-2-amin la
chét rin mau vang (114 mg, 0,36 mmol, 15%) [Vi du diéu ché 9eb].

LC/MS (Ci5H15CINsS) 319 [M+H]"; RT 1,39 (LCMS-V-B1)

'"H NMR (400 MHz, DMSO0-d6) 8 12,48 (s, 1H), 7,73 (d, J = 7,8 Hz, 1H), 7,41
-7,32 (m, 1H), 7,32 — 7,26 (m, 1H), 7,18 (t, J = 7,5 Hz, 1H), 3,76 — 3,58 (m, 1H), 2,41
(s, 3H), 1,41 (d, J = 7,0 Hz, 6H).

N-[6-clo-4-metyl-5-(propan-2-yl)pyridazin-3-yl]-1,3-benzothiazol-2-amin la
chét rdn mau cam (300 mg, 0,94 mmol, 40%) [Vi du diéu ché 9ea].

LC/MS (C15sHisCINgS) 319 [M+H]"; RT 1,36 (LCMS-V-B1)
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'H NMR (400 MHz, DMS0-d6) § 12,64 (br s, 1H), 7,91 - 7,78 (m, 1H), 7,46
(br's, 1H), 7,40 (t, 1H), 7,22 (t, 1H), 3,56 (h, 1H), 2,47 (s, 3H), 1,37 (d, = 7,2 Hz,
6H).

Vi du didu ché 9fa va 9fb: N-(6-clo-5-etyl-4-metylpyridazin-3-yl)-1,3-

benzothiazol-2-amin va N-(6-clo-4-etyl-5-metylpyridazin-3-yl)-1,3-benzothiazol-2-
amin

Huyén phu chira san phim tir Vi du diéu ché 8f (1,4 g, 8,16 mmol, 1 dwong luong)
va 2-bromo-1,3-benzothiazol (2,1 g, 9,79 mmol, 1,2 duong lugng) trong 1,4-dioxan (50
mL) duge bo sung natri hydrua (phén tan 60%; 1,31 g, 32,6 mmol, 4 duong lugng) ting
phf?ln. Hén hop duogc gia nhiét & hdi Iuu trong 1,5 h sau d6 dé nguoi dén nhiét d6 mai
truomg. Phan tng dugce 1am dung bang axit axetic va trung hda bang natri bicacbonat.
Hoén hop duge chiét bang etyl axetat (x2), va céc chét chiét hitu co thu gom dugc rira
bang nuwéc mudi, 1am khd (magie sulfat) va cd trong chan khong. Tinh ché bang sic ky
¢t nhanh ty dong (CombiFlash Rf, 120 g RediSep™ hop silic oxit) tach rira v6i gradien
0 — 35% etyl axetat trong iso-heptan tao ra cic san phim déng phan ving mong mudn:

N-(6-clo-4-etyl-5-metylpyridazin-3-yl)-1,3-benzothiazol-2-amin 1a chét ran
mau vang (330 mg, 1,08 mmol, 13%) [Vi du diéu ché 9fb].

LC/MS (C14H13CIN4S) 305 [M+H]"; RT 1,31 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) 8 7,82 (br s, 1H), 7,38 (br s + t, 2H), 7,21 (t,
1H), 2,91 (q, J = 7,4 Hz, 2H), 2,38 (s, 3H), 1,12 (t, ] = 7,5 Hz, 3H).

N=(6-clo-5-etyl-4-metylpyridazin-3-yl)-1,3-benzothiazol-2-amin 1a chét rin
mau vang (750 mg, 2,46 mmol, 30%) [Vi du diéu ché 9fa].

LC/MS (C14H13CIN4S) 305 [M+H]"; RT 1,30 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) 8 7,86 (s, 1H), 7,49 (br s, 1H), 7,40 (t, 1H),
7,22 (t, 1H), 2,79 (q, J = 7,5 Hz, 2H), 2,41 (s, 3H), 1,14 (t, J = 7,5 Hz, 3H).

Vi du diéu ché 9ga va 9gb: N-{5-[(Benzyloxy)metyl]-6-clo-4-

metylpyridazin-3-yl}-1,3-benzothiazol-2-amin va N-{4-[(Benzyloxy)metyl]-6-clo-
5-metylpyridazin-3-yl}-1,3-benzothiazol-2-amin

Dung dich chtra san phém ttr Vi du diéu ché 8 g (1,16 g, 4,4 mmol, 1 duong luong)
va 2-bromo-1,3-benzothiazol (1,22 g, 5,72 mmol, 1,3 duong luong) trong 1,4-dioxan
(30 mL) dugc b6 sung natri hydrua (phan tan 60%; 352 mg, 8,8 mmol, 2 duong
luong) timg phan va phin Gng duoc gia nhiét & hdi luu trong 2 h. Hon hop dugc &
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nguéi dén nhiét d6 mai truong, 1am dimg bing axit axetic va trung hoa bang natri
bicacbonat. San pham dugc chiét sir dung etyl axetat (200 mL x 2) va ria bang nudc
mubi (100 mL). Chét chiét hitu co dugc lam kho (magie sulfat) va c6 trong chan
khong. Tinh ché bang sic ky cot nhanh tu dong (CombiFlash Rf, 120 g RediSep™ hop
silic oxit) tach rira v&i gradien 0 — 30% etyl axetat trong iso-heptan tao ra cac san pham
d6ng phan viing mong mudn:

N—{4-[(Benzyloxy)metyl]-6-clo-5-metylpyridazin-3-yl}-1,3-benzothiazol-2-
amin 12 chat rin mau vang (250 mg, 0,63 mmol, 14%) [Vi du diéu ché 9gb].

LC/MS (C20H17CIN4OS) 398 [M+H]"; RT 1,43 (LCMS-V-B1)

TH NMR (400 MHz, DMSO-d6) & 12,53 (br s, 1H), 7,84 (d, J = 7,6 Hz, 1H),
7,55 - 7,27 (m, 7H), 7,23 (t, 1H), 4,89 (s, 2H), 4,61 (s, 2H), 2,38 (s, 3H).

N-{S-[(Benzyloxy)metyl]-6-clo-4-metylpyridazin—3-yl}-1,3-benzothiazol—2-
amin 13 chét rén mau vang (253 mg, 0,64 mmol, 14%) [Vi du didu ché 9ga].

LC/MS (C20H17CIN4OS) 398 [M+H]"; RT 1,39 (LCMS-V-B1)

IH NMR (400 MHz, DMSO-d6) & 12,71 (br s, 1H), 7,85 (s, 1H), 7,45 - 7,27
(m, 7H), 7,26 — 7,15 (m, 1H), 4,67 (s, 2H), 4,60 (s, 2H), 2,44 (s, 3H).

Vi du diéu ché 9ha: N-(6-clo-5-xyclopropyl-4-metylpyridazin-3-yl)-1,3-

benzothiazol-2-amin

Dung dich chita san phim ti Vi dy didu ché 8ha (2,44 g, 13,3 mmol, 1 duong
lwong) va 2-bromo-1,3-benzothiazol (3,7 g, 17,3 mmol, 1,3 duong lugng) trong 1,4-
dioxan (50 mL) duoc bd sung natri hydrua (phan tan 60%; 1,06 g, 26,6 mmol, 2 duong
lwong) timg phan va hon hop dugc gia nhiét & hdi Ivu trong 1 h. Phan tng dugce dé nguoi
dén nhiét 46 moi truong, sau d6 1am dung béng axit axetic va dugc trung hoa bang cach
bd sung natri bicacbonat. Két tia thu duoc duoc thu gom béng cach loc va lam kho dudi
chéan khong dé tao ra san phém mong mubn (0,98 g, 3,09 mmol, 23%).

LC/MS (C1sH13CINsS) 317 [M+H]"; RT 1,30 (LCMS-V-B1)

IH NMR (400 MHz, DMSO-d6) & 11,88 (br s, 1H), 7,82 (d, 1H), 7,47 (d, J =
8,0 Hz, 1H), 7,39 — 7,32 (m, 1H), 7,21 — 7,13 (m, 1H), 2,47 (d, J = 1,0 Hz, 3H), 1,93 -
1,79 (m, 1H), 1,23 - 1,08 (m, 2H), 0,69 (td, J = 6,2, 4,4 Hz, 2H).

Vi du diéu ché 9hb: N-(6-clo-4-xyclopropyl-5-metylpyridazin-3-yl)-

1,3-benzothiazol-2-amin
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Dung dich chira 2-bromo-1,3-benzothiazol (2,8 g, 13,1 mmol, 1,2 dwong luong)
va san phém tir Vi du diéu ché 8hb (2 g, 10,9 mmol, 1 dwong lugng) trong 1,4-dioxan
(50 mL) duoc bd sung natri hydrua (phan tan 60%; 0,52 g, 21,8 mmol, 2 duwong
luong) timg phan va phan tmg dwogc gia nhiét & hdi luu trong 1 h. Hén hop duoc dé
ngudi dén nhiét 46 moi trudng va cd trong chan khong. Can dugc cho vao etyl axetat,
loc, va can ran duoc chiét béng etyl axetat. Cac chét chiét hitu co thu gom dugc rira bfmg
nuée mudi, 1am kho (magie sulfat) va co trong chan khong. Tinh ché bang sic ky cot
nhanh tr dong (CombiFlash Rf, 40 g RediSep™ hdp silic oxit) tich rira v6i gradien 0 —
40% etyl axetat trong iso-heptan tao ra san pham mong mubn 13 chét ran mau vang (219
mg, 0,69 mmol, 6%).

LC/MS (C1sHi3CINgS) 317 [M+H]"; RT 1,28 (LCMS-V-BI)

'H NMR (400 MHz, DMSO-d6) & 10,74 (br s, 1H), 8,05 — 7,85 (m, 1H), 7,78 -
7,55 (m, 1H), 7,42 (t, 1H), 7,25 (t, 1H), 2,47 (d, T = 0,9 Hz, 4H), 2,01 - 1,89 (m, 1H),
1,14 - 1,02 (m, 2H), 0,72 - 0,60 (m, 2H).

Vi du diéu ché 9ja: N-[6-clo-5-(metoxymetyl)-4-metylpyridazin-3-yl]-1,3-

benzothiazol-2-amin

Dung dich chita san phim tir Vi du diéu ché 8ja (323 mg, 1 dwong luong) va 2-
bromo-1,3-benzothiazol (442 mg, 2,07 mmol, 1,2 duwong lugng) trong 1,4-dioxan (10
mL) duoc bo sung natri hydrua (phén tén 60%; 138 mg, 3,44 mmol, 2 duong
luong) timg phan va hdn hop dwoc gia nhiét & hdi luu trong 1,5 h. Hon hop duoc lam
lanh xubng nhiét do moi trudng, trung hoa bang axit axetic va c6 trong chan khong.
Nguyén liéu thé dugc cho phin b giita diclometan va nudc, va pha hitu co duge lam
kho (magie sulfat) va co trong chan khong. Tinh ché bang sic ky cot nhanh ty dong
(CombiFlash Rf, 40 g RediSep™ hop silic oxit) tach rira v6i gradien 0 — 50% etyl axetat
trong iso-heptan tao ra san phdm mong mubn 13 chét rdn mau vang nhat (85 mg, 0,26
mmol, 15%).

LC/MS (C14H13CIN4OS) 321 [M+H]"; RT 1,19 (LCMS-V-B1)

"TH NMR (400 MHz, DMSO-d6) 8 8,18 — 6,98 (m, SH), 4,58 (s, 2H), 3,35 (s,
3H), 2,46 (s, 3H).

Vi du didu ché 9jb: N-[6-clo-4-(metoxymetyl)-5-metylpyridazin-3-yl]-1,3-

benzothiazol-2-amin
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Dung dich chira sén phdm tir Vi du didu ché 8jb (140 mg, 0,81 mmol, 1 dwong
luong) va 2-bromo-1,3-benzothiazol (224 mg, 1,05 mmol, 1,3 dwong luong) trong 1,4-
dioxan (7 mL) dwoc bo sung natri hydrua (phan tan 60%; 58,1 mg, 2,42 mmol, 3 duong
lwong) ting phan va hdn hop duoc gia nhiét & hdi Iuu trong 30 phut. Phén tmg dugc 1am
lanh xudng 0°C va lam ding tir tir bang nudc, pha lodng véi etyl axetat va rira bang natri
bicacbonat va nudc mudi. Pha hitu co duoc lam kho (magie sulfat) va co trong chan
khong. Tinh ché bang sic ky cot nhanh tu dong (CombiFlash Rf, 24 g RediSep™ hop
silic oxit) tach rira véi gradien 0 — 100% etyl axetat trong iso-heptan tao ra san pham
mong mudn 14 chét ran mau vang (169 mg, 0,53 mmol, 58%).

LC/MS (C14H13CIN4OS) 321 [M+H]%; RT 1,23 (LCMS-V-B1)

'H NMR (400 MHz, DMSO0-d6) & 12,63 (s, 1H), 7,79 (s, 1H), 7,54 — 7,26 (m,
2H), 7,22 (s, 1H), 4,77 (s, 2H), 3,36 (s, 3H), 2,41 (s, 3H).

Vi du diéu ché 9ka: N-[6-clo-5-(etoxymetyl)-4-metylpyridazin-3-yl]-1,3-

benzothiazol-2-amin

Dung dich chtra san phém tr Vi du diéu ché 8ka (136 mg, 0,67 mmol, 1 duong
lwong) va 2-bromo-1,3-benzothiazol (173 mg, 0,81 mmol, 1,2 dwong luong) trong 1,4-
dioxan (10 mL) dugc b6 sung natri hydrua (phan tin 60%; 53,9 mg, 1,35 mmol, 2 duong
lwong) timg phan va hdn hop dugc gia nhiét & hdi lvu trong 1 h. Phan tng dugc dé ngudi
dén nhiét do mdi truong va 1am dimg bang nudc. Hon hop duge cho phan bb giita etyl
axetat va dung dich nuéc natri bicacbonat bdo hoa, va pha hitu co dugc rira b%tng nudc
mubi sau d6 lam kho (magie sulfat) va cd trong chén khong. Tinh ché bang sic ky cot
nhanh ty dong (CombiFlash Rf, 24 g RediSep™ hop silic oxit) tach rira v6i gradien 0 —
40% etyl axetat trong iso-heptan tao ra san pham mong mudn 14 chit rin mau vang (113
mg, 0,34 mmol, 50%).

LC/MS (C15H15CIN4OS) 335 [M+H]"; RT 1,28 (LCMS-V-B1)

I'H NMR (400 MHz, DMSO-d6) & 7,86 (s, 1H), 7,46 (br s, 1H), 7,41 (t, 1H),
7,23 (t,J=17,7 Hz, 1H), 4,61 (s, 2H), 3,56 (q, J = 7,0 Hz, 2H), 2,47 (s, 3H), 1,16 (t, J =
7,0 Hz, 3H).

Vi du diéu ché 9ma: N-{5-[3-(Benzyloxy)propyl]-6-clo-4-

metylpyridazin-3-yl}-1,3-benzothiazol-2-amin
Dung dich chtra san phém tir Vi du diéu ché 8ma (1,3 g, 4,46 mmol, 1 duwong
luong) va 2-bromo-1,3-benzothiazol (1,14 g, 5,35 mmol, 1,2 duong lvong) trong 1,4-
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dioxan (50 mL) dugc b6 sung natri hydrua (phan tin 60%; 356 mg, 8,91 mmol, 2 duong
luong) timg phan va hdn hop duoc gia nhiét & hoi wu trong 1 h. Phan tmg duoc dé ngudi
dén nhiét d6 moi trudng sau d6 duge lam ding béng cach bd sung nudc va dugc cho
phan bb gitta etyl axetat (100 mL) va natri bicacbonat (50 mL). Pha hitu co dugc ria
bing nuée mudi (50 mL), 1am kho (magie sulfat), va c6 trong chan khong. Tinh ché
bang séc ky cot nhanh ty dong (CombiFlash Rf, 80 g RediSep™ hop silic oxit) tach rira
v6i gradien 0 — 55% etyl axetat trong iso-heptan tao ra san phim mong mudn 13 chét rin
mau kem (1,59 g, 3,74 mmol, 84%).

LC/MS (C2H21CIN4OS) 425 [M+H]"; RT 1,25 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 7,86 (s, 1H), 7,67 — 7,11 (m, 8H), 4,50 (s,
2H), 3,53 (t, J = 6,0 Hz, 2H), 2,94 — 2,81 (m, 2H), 2,41 (s, 3H), 1,89 — 1,72 (m, 2H).

Vi du diéu ché 10a: 1-(1-Adamantylmetyl)-5-metyl-4-(4,4,5,5-tetrametyl-

1,3,2-dioxaborolan-2-yl)pyrazol

Budc A: 1-(1-adamantylmetyl)-4-iodo-pyrazol

HOon hop gbébm 359 g l-adamantylmetanol (216 mmol), 73,48 g
triphenylphosphin (280 mmol, 1,3 duong luong), 54,25 g 4-iodo-1H-pyrazol (280
mmol, 1,3 duong lugng) va 64,4 g tert-butyl N-(tert-
butoxycarbonyliminometylen)carbamat (266 mmol, 1,3 duong luong) trong 1078 mL
THF duoc khudy & rt trong 48 h. Sau khi b6 sung thém 10,94 g 4-iodo-1H-pyrazol (56
mmol, 0,26 duong lwong), 12,81 g tert-butyl N-(tert-
butoxycarbonyliminometylen)carbamat (53 mmol, 0,26 duong luong) va 14,69 g
triphenylphosphin (56 mmol, 0,26 dwong lwrgng), phan ung duge khudy o rt trong 24 h
sau d6 ¢, tinh ché bang sac ky cot nhanh sit dung DCM lam dung mdi rira giai, nghién
trong MeOH lanh, va loc ra dé tao ra 53,6 g (73%) san phdm mong mudn.

Buwéc B: 1-(1-adamantylmetyl)-4-iodo-5-metyl-pyrazol

9,8 mL diisopropylamin (69,5 mmol, 1,1 dwong lwgng) trong 180 mL THF dugc
b6 sung timg giot 33,4 mL dung dich 2,5 M butyl lithi (84 mmol, 1,3 duong lugng) & -
78°C va hdn hop duge khudy & -78°C trong 0,5 h, dugc xi Iy bang 22,0 g san pham tir
Buée A (64,28 mmol, 1 duong lugng) trong 90 mL THF, khuéy & -78°C trong 1 h, duge
xut Iy bang 4,67 mL metyliodua (73,3 mmol, 1,14 dwong lwong), va khudy & -78°C trong
18 h. Sau khi lam ding bing NH4CI dic, phan tmg dugc chiét bang EtOAc va cac pha

164



48508 165/598

hitu co thu gom dugce rua bfmg nuéc mudi, 1lam kho, cd, nghién trong MeOH, va loc ra
dé tao ra 21 g (92%) san phém mong mubn.

'H NMR (400 MHz, CDCls) § ppm 7,44 (s, 1H), 3,77 (s, 2H), 2,30 (s, 3H), 1,99
(bs, 3H), 1,74/1,52 (m, 12H).

Buédc C: 1-(1-adamantylmetyl)-5-metyl-4-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)pyrazol

21 g san pham tir Burée B (58,95 mmol, 1 duong luong) trong 300 mL THF dugc
bd sung 28,3 mL dung dich 2,5 M butyllithi (70,8 mmol, 1,2 duong lugng) ¢ -78°C va
hdn hop duoc khuéy & -78°C trong 0,5 h, dugc xu 1y béng 16,4 g 2-isopropoxy-4,4,5,5-
tetrametyl-1,3,2-dioxaborolan (88,1 mmol, 1,5 dwong lugng) (bd sung ting phén trong
40 phut), va gitr & -78°C trong 24 h. Sau khi lam dung bang NH4Cl dic & rt, phan ung
duoc chiét bang EtOAc va cic pha hitu co thu gom dugc rira bang nude mudi, lam kho,
¢d, nghién trong MeOH, va loc ra dé tao ra 19,7 g (94%) sén phim mong mudn.

'H NMR (500 MHz, DMSO-ds) & ppm 7,45 (s, 1H), 3,69 (s, 2H), 2,36 (s, 3H),
1,91 (m, 1H), 1,64/1,54 (m, 6H), 1,50 (m, 6H), 1,24 (s, 12H); °C NMR (500 MHz, ,
DMSO-ds) & ppm 146,9, 144,1, 104,6, 59,7, 40,6, 36,8, 35,4, 28,1, 25,1, 12,1; HRMS-
ESI (m/z): [M+H]+ tinh toan d6i v6i C21H34BN20s: 357,2713, phét hién 357,2704.

Vi du diéu ché 10b:1-{[1-(3-Metoxypropyl)xyclooctyljmetyl}-5-metyl-4-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol

Buwéc A: metyl 1-(3-metoxypropyl)xyclooctancarboxylat

4,74 g (1,14 duong luong) diisopropylamin trong 90 mL tetrahydrofuran dugc
bd sung 18,8 mL (1,14 duong lugng) dung dich 2,5 M butyl lithi & -78°C va sau khi 0,5
h & -78°C, 7,0 g (41,1 mmol) metyl xyclooctancarboxylat trong 40 mL tetrahydrofuran
duoc b sung vao trong 1 h. Sau 1 h & -78°C, 7,2 g (1,14 duong luong) 1-bromo-3-
metoxy-propan dugc bd sung vao va hdn hop duge khudy trong 18 h. Sau khi lam dung
phan (g bing céch bd sung dung dich NH4Cl bio hoa, hdn hop dugc chiét bing EtOAc
va céc pha hitu co dugc 1lam kho bang MgSOs va cd dé tao ra 8,0 g (80%) san pham
mong mudn.

'"H NMR (400 MHz, CDCls) & ppm 3,66 (s, 3H), 3,33 (t, 2H), 3,31 (s, 3H), 2,03-
1,94 (m, 2H), 1,64-1,38 (m, 16H).

Bwdc B: [1-(3-metoxypropyl)xyclooctyl]metanol
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9,0 g (37,13 mmol) san pham tir Buéc A trong 93 mL dietyl ete dugc bd sung
1,76 g (1,25 dwong lugng) lithi nhom hydrua timg phan & 0°C. Sau khi khudy ¢ 1t trong
2 h, phan ing dugc lam dung bang cach bd sung nudc lanh va EtOAc va dung dich 10%
NaOH duge bb sung vio. Hon hop duoc chiét bang EtOAc, 1am khd, va cd détaora 7,4
g (93%) san pham mong mudn.

'H NMR (400 MHz, CDCl3) § ppm 3,37 (t, 2H), 3,34 (s, 3H), 3,30 (s, 2H), 1,61-
1,23 (m, 18H).

Budéc C: 4-iodo-1-[[1-(3-metoxypropyl)xyclooctyl]metylpyrazol

1,39 g (6,5 mmol) san phém tir Buéc B va 1,64 g (1,3 duong luong) 4-iodo-1H-
pyrazol trong 33 mL tetrahydrofuran dugc bd sung 2,22 g (1,3 duong luong)
triphenylphosphin va 1,95 g (1,3 dwong luong) dizerfbutyl azodicarboxylat va hon hop
dwoc khudy & rt trong 67 h. Hon hop dugc b6 sung 278 mg 4-iodo-1H-pyrazol, 444 mg
triphenylphosphin, va 390 mg ditertbutyl azodicarboxylat va duoc khudy & rt trong 24
h. Sau khi bd sung cac chat phan (g va viéc khudy & rt trong 24 h duoc 1ap lai (115 h
khudy tong cong), hon hop duge cb va tinh ché bang sic ky cot nhanh (silica gel) sir
dung heptan va EtOAc lam dung mdi rira giai dé tao ra 1,24 g (49%) san phim mong
mubn.

'H NMR (400 MHz, CDCl3) § ppm 7,47 (s, 1H), 7,42 (s, 1H), 3,93 (s, 2H), 3,37
(t, 2H), 3,36 (s, 3H), 1,68-1,18 (m, 18H).

Buwdc D: 4-iodo-1-[[1 -(3-metoxypropyl)xyclooctyl]metyl]-5-metyl-pyrazol

1,2 g (3,07 mmol) san pham tir Buéc C trong 5 mL tetrahydrofuran duoc bd sung
3,7 mL (1,2 duong luong) dung dich 1M ciia LDA ¢ -78°C. Sau 0,6 h ¢ -78°C, 0,5 mL
(1,14 duong lugng) metyl iodua duge b6 sung timg giot vao hdn hop va duge dé 4m dén
rt trong 20 h. Phan (g duoc lam dimg bing dung dich bao hoa ciia NH4Cl va dugc chiét
bang EtOAc. Cac pha hitu co thu gom duge 1am khd, cd, va tinh ché bang sac ky cot
nhanh (silica gel) sir dung heptan va EtOAc 1am dung méi rira giai détaora 0,79 g (64%)
sén phim mong muén.

'H NMR (400 MHz, CDCls) § ppm 7,43 (s, 1H), 3,85 (s, 2H), 3,38 (t, 2H), 3,35
(s, 3H), 2,29 (s, 3H), 1,69-1,24 (m, 18H).
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Buéc E: 1-[[1-(3-metoxypropyl)xyclooctyl|metyl]-5-metyl-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)pyrazol

Dung dich chta 0,81 g (2 mmol) san phdm tr Buéc D trong 15 mL
tetrahydrofuran dugc b6 sung 0,96 mL (1,2 dwong luong) dung dich 2,5 M butyl lithi
ting giot & -78°C. Sau khi 0,5 h, 0,5 mL (1,2 duong luwong) 2-isopropoxy-4,4,5,5-
tetrametyl-1,3,2-dioxaborolan dugc b sung vao trong 20 phit va hdn hop duoc gitt ¢ -
78°C trong 6 h va & rt trong 6 h. Sau khi lam dirng phan tng bang dung dich bio hoa
ctia NH4Cl va chiét bang EtOAc, cac pha hitu co thu gom dugc rira bang nudc mudi,
]am kho, va tinh ché bang sic k¥ cot nhanh (silica gel) str dung heptan va EtOAc lam
dung méi rua giai dé tao ra 0,33 g (34%) san phim mong mudn.

'HNMR (500 MHz, dmso-d6) & ppm 7,46 (s, 1H), 3,75 (s, 2H), 3,27 (t, 2H), 3,21
(s, 3H), 2,36 (s, 3H), 1,66-1,1 (m, 14H), 1,57 (m, 2H), 1,24 (s, 12H), 1,24 (m, 2H). BC
NMR (500 MHz, dmso-d6) § ppm 147,3, 144,5,104,5,73,2, 58,2, 54,4,40,5, 33,2, 25,1,
23,6, 11,8, IR: 2922, 1556, 1246, 1144, 1055, HRMS-ESI (m/z): [M+H]+ tinh toan d6i
véi Ca3HaaN203B: 405,3289, phat hién 404,3334.

Vi du diéu ché 10c: 1-{[1-(3-Metoxypropyl)xyclohexyl|metyl}-5-metyl-4-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazol

Budc A: metyl 1-(3-metoxypropyl)xyclohexancarboxylat

6,84g (1,09 duong luong) diisopropylamin trong 130 mL tetrahydrofuran dugc
bd sung 27 mL (1,09 duong luong) dung dich 2,5 M butyl lithi ¢ -78°C va sau khi 0,5 h
& -78°C, 8,8 g metyl xyclohexancarboxylat trong 50 mL tetrahydrofuran dugc bd sung
vao trong 1 h. Sau 1 h & -78°C, 10,7 g (1,13 duwong luong) 1-bromo-3-metoxy-propan
dugc bd sung vao va hdn hop duge khudy trong 18 h. Sau khi lam dung phan img bang
cach bd sung dung dich NH4Cl bdo hoa, hdn hop duoc chiét bang EtOAc va cic pha
hitu co dwoc 1am kho bang MgSO4 va co dé tao ra 12 g (92%) san pham mong mudn.

'H NMR (400 MHz, CDCl3) 3 ppm 3,67 (s, 3H), 3,35 (d, 1H), 3,32 (d, 1H), 3,31
(s, 3H), 2,11-2,03 (m, 2H), 1,60-1,16 (m, 12H).

Buwéc B: [1-(3-metoxypropyl)xyclohexyl[metanol

12 g (56,41 mmol) san pham tir Budc A trong 140 mL dietyl ete duoc bd sung
2,68 g (1,25 duong luong) lithi nhém hydrua tung phan & 0°C. Sau khi khudy & rt trong
2 h, phan tmg duoc 1am dimg bang cach bo sung nude da va EtOAc va dung dich 10%
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NaOH dugc bd sung vao. Hon hop duge chiét béng EtOAc, lam kho, va cd dé tao ra
9,37 g (89%) san phim mong mudn.

'H NMR (400 MHz, CDCls) § ppm 3,41 (s, 2H), 3,38 (t, 2H), 3,35 (s, 3H), 1,56-
1,27 (m, 14H).

Budéc C: 4-iodo-1-[[1-(3-metoxypropyl)xyclohexyl[metylpyrazol

1,21g (6,5 mmol) san phém tr Budc B va 2,58 g (2,05 duong luong) 4-iodo-1H-
pyrazol trong 33 mL tetrahydrofuran dugc bd sung 3,5 g (2,05 duong lugng)
triphenylphosphin va 3,07 g (2,05 dwong luong) ditertbutyl azodicarboxylat va hon hop
duoc khudy & rt trong 2 h. Hon hop duoc bd sung 140 mg 4-iodo-1H-pyrazol, 230 mg
triphenylphosphin, va 200 mg diterrbutyl azodicarboxylat va duoc khudy & rt trong 24
h. Sau khi bd sung cac chit phan Gng va khudy 0 rt trong 24 h dugc 13p lai hai lan (96 h
khudy tong cong), hon hop duge cd va tinh ché bing sic ky cot nhanh (silica gel) st
dung heptan va EtOAc lam dung moi rira giai dé tao ra 1,4 g (59,5%) san phim mong
mubn.

IH NMR (400 MHz, CDCl3) & ppm 7,47 (s, 1H), 7,41 (s, 1H), 4,00 (s, 2H), 3,36
(t, 2H), 3,35 (s, 3H), 1,62-1,21 (m, 14H).

Bwdc D: 4-iodo-1-[[1 -(3-metoxypropyl)xyclohexyl]metyl]-5-metyl-pyrazol

3,7 g (10,21 mmol) san pham tir Budéc C trong 15 mL tetrahydrofuran dugc b
sung 12,3 mL (1,2 dwong luong) dung dich 1M ctia LDA trong tetrahydrofuran ¢ -78°C.
Sau 0,6 h & -78°C, 0,73 mL (1,14 duong luong) metyl iodua dugc bd sung timg giot vao
hén hop va dugc dé 4m dén rt trong 20 h. Phan tng duoc 1am dimg bang dung dich bio
hoa ctia NH4Cl va duoc chiét bﬁng EtOAc. Céc pha hitu co thu gom dugc lam khd, c6,
va tinh ché bang sic ky cot nhanh (silica gel) st dung heptan va EtOAc lam dung mai
rira giai dé tao ra 2,85 g (74%) san phim mong mudn.

'H NMR (400 MHz, CDCls) § ppm 7,44 (s, 1H), 3,92 (s, 2H), 3,38 (t, 2H), 3,35
(s, 3H), 2,29 (s, 3H), 1,58-1,13 (m, 14H).

Buoc E: 1-[[1 -(3-metoxypropyl)xyclohexylmetyl]-5-metyl-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)pyrazol

Dung dich chtra 5,0 g (13,3 mmol) san pham tr Buéc D trong 71 mL
tetrahydrofuran dwoc bd sung 6,38 mL (1,2 duong lwong) dung dich 2,5 M butyl lithi
timg giot & -78°C. Sau 0,5 h, 4,1 mL (1,5 duong lwong) 2-isopropoxy-4,4,5,5-

tetrametyl-1,3,2-dioxaborolan dugc bd sung vao trong 40 phut va hdn hop dugce giit ¢ -
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78°C trong 6 h va & 1t trong 6 h. Sau khi lam ding phéan (mg bang dung dich bio hoa
ctia NH4Cl va chiét bang EtOAc, c4c pha hitu co thu gom duoc rira bang nudc mudi,
]am khd, va tinh ché bang sic ky cot nhanh (silica gel) ‘sfx dung heptan va EtOAc lam
dung mdi rua giai dé tao ra 2,3 g (46%) san pham mong mudn.

'H NMR (500 MHz, dmso-d6) & ppm 7,47 (s, 1H), 3,84 (s, 2H), 3,27 (t, 2H), 3,2
(s, 3H), 2,37 (s, 3H), 1,54-1,07 (m, 10H), 1,46 (m, 2H), 1,32 (m, 2H), 1,24 (s, 12H). BC
NMR (500 MHz, dmso-d6) 6 ppm 147,3, 144,4,104,6, 73,1, 58,2, 55,7, 37,9, 30,6, 25,1,
23.1, 12,0, IR: 2927, 1556, 1257, 1144, 1053, HRMS-ESI (m/z): [M+H]+ tinh todn d6i
véi C21H3sN203B: 376,2897, phat hién 376,3019.

Vi du diéu ché 11a: Etyl 5-bromo-2-[(4,5-dimetyl-6-{[(2Z)-3-{[2-
(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-

yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Buwdc A: (27)-N-(6-clo-4,5-dimetylpyridazin-3-yl)-3-{[2-
(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-imin

N,N-Diisopropyletylamin (3,6 mL, 20,6 mmol, 2 duong lugng) dugc bd sung vao
huyén phu chira san pham tir Vi du didu ché 9a (3 g, 10,3 mmol, 1 duong luong) trong
diclometan (75 mL) & 0 °C dudi khi quyén nito. [2-(clometoxy)etyl]trimetylsilan (2 mL,
11,3 mmol, 1,1 duong lugng) va 4-dimetylaminopyridin (63,0 mg, 0,52 mmol, 0,05
duong lugng) duoc bd sung vao va hon hop dugce khudy & nhiét @6 trong phong trong 3
h. Diclometan (75 mL) duogc bd sung vao va hdn hop dugc rira bang nude (2 x 75 mL)
va nude mudi (75 mL). Dung dich dugc 1am khd (magie sulfat) va cd trong chan khong.
Tinh ché bang sac ky cdt, silic oxit nhanh isolute (20 g) tich rira v6i diclometan tao ra
san phém mong mudn 13 chit rin mau nau nhat (3,95 g, 8,44 mmol, 82%) ma duoc su
dung truc tiép trong budc tiép theo ma khong can x4c dinh dic tinh thém.

Bugc B: etyl 2-[(4,5-dimetyl-6-{[(2Z)-3-{[2-(trimetylsilyl) etoxy[metyl}-2,3-
dihydro-1,3-benzothiazol-2-yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-
carboxylat

San pham tir Budc A (500 mg, 1,19 mmol, 1 duong lugng) va etyl 2-amino-1,3-
thiazol-4-carboxylat (245,4 mg, 1,43 mmol, 1,2 duong lugng) duge b sung dung dich
chura xesi cacbonat (1,16 g, 3,56 mmol, 3 duong
lwong), tris(dibenzylidenaxeton)dipaladi(0) (54,4 mg, 0,06 mmol, 0,05 duwong lugng)
va Xantphos (68,7 mg, 0,12 mmol, 0,1 dwong luong) trong alpha,alpha,alpha-
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triflotoluen (10 mL) dudi khi quyén nito. Hén hop dugc phun rira béang nito (10 phut)
sau do6 gia nhiét ¢ 170 °C trong 1 h trong diéu kién chiéu vi séng. Dung dich duoc dé
ngudi dén nhiét 36 méi truong va cd trong chan khong. Hon hop dugc cho phan b gitta
etyl axetat va nuge va pha hitu co dugc rora bang nude mudi, 1am kho (magie sulfat) va
dung mdi dugc loai bo trong chan khong. Tinh ché bang sic ky cot nhanh tuw dong
(CombiFlash Rf, 24 g RediSep™ hop silic oxit) tach rira véi gradien 0 — 50% etyl axetat
trong iso-heptan tao ra san phim mong mudn 14 bot mau cam (301 mg, 0,54 mmol,
46%).

LC/MS (C2sH3N6038S1S2) 557 [M+H]'; RT 1,49 (LCMS-V-BI1)

'H NMR (400 MHz, DMSO-d6) & 10,98 (s, 1H), 7,93 (s, 1H), 7,81 (dd, J = 7,6,
1,1 Hz, 1H), 7,48 — 7,37 (m, 2H), 7,27 — 7,20 (m, 1H), 5,84 (s, 2H), 4,29 (9, J = 7,1
Hz, 2H), 3,71 (dd, J = 8,4, 7,5 Hz, 2H), 2,41 (s, 3H), 2,35 (s, 3H), 1,31 (t, T =7.1 Hz,
3H), 0,97 — 0,86 (m, 2H), -0,12 (s, 9H).

Budc C: etyl 5-bromo-2-[(4,5-dimetyl-6-{[(2Z)-3-{[2-
(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden]aminojpyridazin-3-
yl)amino]-1,3-thiazol-4-carboxylat

N-Bromosucxinimit (125 mg, 0,7 mmol, 1,3 duong lugng) duoc bd sung vao
dung dich dugc khudy chira san pham tir Budc B (301 mg, 0,54 mmol, 1 duwong luong)
trong diclometan (15 mL). Phan tmg dugc khudy & nhiét do moi trudong trong 1,5 h sau
d6 dung mdi dugc loai bo trong chan khong. Tinh ché bang sac ky cot nhanh ty dong
(CombiFlash Rf, 24 g RediSep™ hdp silic oxit) tach rira véi gradien 0 —60% etyl axetat
trong iso-heptan tao ra san phdm mong muén 13 gobm mau nau (198 mg, 0,31 mmol,
58%).

LC/MS (C25H31BrNgO3SiS2) 637 [M+H]"; RT 1,57 (LCMS-V-B1)

'"H NMR (400 MHz, DMSO0-d6) 8 11,31 (s, 1H), 7,82 (d, 1H), 7,48 — 7,38 (m,
2H), 7,28 — 7,20 (m, 1H), 5,84 (s, 2H), 4,30 (q, J = 7,1 Hz, 2H), 3,70 (dd, J = 8,5, 7.4
Hz, 2H), 2,41 (s, 3H), 2,34 (s, 3H), 1,32 (t, ] = 7,1 Hz, 3H), 0,97 - 0,86 (m, 2H), -0,12
(s, 9H).

Vi du diéu ché 11b:Etyl 5-bromo-2-[metyl(5-metyl-6-{[(22)-3-{[2-
(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-

yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat
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Buwoc A: etyl 2-[(6-clo-5-metylpyridazin-3-yl) (metyl)amino]-1,3-thiazol-4-
carboxylat

Dung dich chta 3,6-diclo-4-metyl-pyridazin (662 mg, 4,06 mmol, 1,02 duong
luong) va etyl 2-(metylamino)-1,3-thiazol-4-carboxylat (742 mg, 3,98 mmol, 1 duong
luong) trong tetrahydrofuran (20 mL) dugc 1am lanh trong bé nuéc da sau d6 natri
hydrua (60% trong dau khoang; 188 mg, 4,7 mmol, 1,18 duwong luong) duoc bd sung
vao tir tir. Hon hop duge gitt trong bé nudc da trong 1 h sau d6 khudy & nhiét &6 moi
truong trong 3 h. Dung dich nuéc amoni clorua bdo hoa dugce bd sung vao va dung dich
dugc chiét bang diclometan (x2). Cac chét chiét hitu co thu gom duge rira bang nudc
(x2) tiép @6 1a nuée mudi sau d6 1am kho (magie sulfat) va dung méi dugc loai bo trong
chan khong. Can dugc nghién trong hon hop gbm diclometan va metanol va céc chét
rin duoc thu gom béng cach loc va lam kho dudi chan khong dé tao ra san pham mong
mudn 13 chit rin mau kem (324 mg, 1,04 mmol, 26%).

LC/MS (C12H13CIN4O2S) 313 [M+H]"; RT 1,15 (LCMS-V-B1)

IH NMR (400 MHz, DMSO-d6) & 8,04 (s, 1H), 7,87 (d, J = 1,2 Hz, 1H), 4,30
(q, J="7,1 Hz, 2H), 3,83 (s, 3H), 2,44 (d, J = 1,0 Hz, 3H), 1,32 (t, ] = 7,1 Hz, 3H).

Buwdéc B: etyl 2-({6-[(1 ,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-1,3-thiazol-4-carboxylat

San phém tr Budc A (467 mg, 1,49 mmol, 1 duwong luong) va 2-
aminobenzothiazol (269 mg, 1,79 mmol, 1,2 dwong luong) duoc bd sung vao hon hop
gém xesi cacbonat (1,46 g, 4,47 mmol, 3 duong
luong), tris(dibenzylidenaxeton)dipaladi(0) (68,3 mg, 0,07 mmol, 0,05 duong luong)
va Xantphos (86,3 mg, 0,15 mmol, 0,1 duong luong) trong alpha,alpha,alpha-
triflotoluen (10 mL) duéi khi quyén nito. Hén hop dwgc phun rira bang nito (10 phut)
sau d6 gia nhiét ¢ 170 °C trong 1 h trong diéu kién chiéu vi song. Dung dich dugc dé
nguoi dén nhiét 46 moi trudng, loc, tach rira voi diclometan, va nude loc ¢d trong chan
khéng. Tinh ché bang sic ky cot nhanh tu dong (CombiFlash Rf, 24 g RediSep™ hdp
silic oxit) tach rira v6i gradien 0 — 5% metanol trong diclometan tao ra san phiam mong
muén 12 chat rin mau vang (133 mg, 0,31 mmol, 21%).

LC/MS (C1oH1sN602S2) 427 [M+H]*; RT 1,30 (LCMS-V-B1)
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IH NMR (400 MHz, DMSO-d6) § 11,10 (s, 1H), 7,99 (d, J = 6,9 Hz, 1H), 7,76
— 7,67 (m, 1H), 7,54 — 7,34 (m, 2H), 7,28 - 7,17 (m, 1H), 4,30 (q, ] = 7,2 Hz, 2H), 3,83
(s, 3H), 2,48 (s, 3H), 1,31 (t, 3H).

Budc C: etyl 2-[metyl( 5-metyl-6-{[(2Z)-3-{[2-(trimetylsilyl) etoxy|metyl}-2,3-
dihydro-],3-benzothiazol-Z-yliden]amino}pyridazin-3-yl)amino]-],3-thiazol—4-
carboxylat

Dung dich chita san pham tir Budc B (133 mg, 0,31 mmol, 1 duong luong) trong
diclometan (5 mL) dugc lam lanh trong bé nudc d4 sau d6 N, N-diisopropyletylamin (0,1
mL, 0,62 mmol, 2 duong lugng) duoc bd sung vao. Sau 5 phut, 4-dimetylaminopyridin
(1,9 mg, 0,02 mmol, 0,05 duong luong) dugc bd sung vao, tiép d6 la 2-
(trimetylsilyl)etoxymetyl clorua (0,06 mL, 0,34 mmol, 1,1 duong luong). Hon hop dugc
d& 4m tir tir dén nhiét d6 moi truong va duge khudy qua dém. Phan tng dugc pha loang
v6i diclometan, rira 14n luot bing nude (x2) va nude mudi, 1am kho (magie sulfat), va
dung moi dugc loai b6 trong chan khong. Tinh ché béng sdc ky cot nhanh tu dong
(CombiFlash Rf, 12 g RediSep™ hdp silic oxit) tach rira véi gradien 0 —50% etyl axetat
trong iso-heptan tao ra san phém mong mubn 1a thity tinh mau vang (56,3 mg, 0,1 mmol,
32%).

LC/MS (C2sH32N60sSiS2) 557 [M+H]"; RT 1,64 (LCMS-V-B1)

'H NMR (400 MHz, DMS0-d6) & 7,97 (s, 1H), 7,85 (dd, J = 7,6, 1,0 Hz, 1H),
7,71 (4,1 =1,1 Hz, 1H), 7,50 — 7,40 (m, 2H), 7,29 — 7,22 (m, 1H), 5,87 (s, 2H), 4,29
(q, J=7,1 Hz, 2H), 3,83 (s, 3H), 3,78 — 3,67 (m, 2H), 2,46 (d, J = 1,0 Hz, 3H), 1,31 (¢,
J=17,1Hz 3H), 0,98 — 0,87 (m, 2H), -0,12 (s, 9H).

Budc D: etyl 5-bromo-2-[metyl(5-metyl-6-{[(2Z)-3-{[2-
(trimetylsilyl)etoxy]metyl}-Z,3-dihydr0-1,3-benzothiazol—Z-yliden]amino}pyridazin-3-
yl)arhino]—],3-thiazol—4—carboxylat

N-Bromosucxinimit (23,4 mg, 0,13 mmol, 1,3 duong luong) duoc bd sung vao
dung dich dugc khuéy chira san phém tr Buéc C (56,3 mg, 0,1 mmol, 1 duong Iwong)
trong diclometan (5 mL). Phan mg duogc khudy ¢ nhiét d6 moi truong trong 1,5 h sau
d6 dung méi dugc loai bo trong chan khoéng. Tinh ché bang sic ky cot nhanh tw dong
(CombiFlash Rf, 24 g RediSep™ hop silic oxit) tich rira vo6i gradien 0 —60% etyl axetat
trong iso-heptan tao ra san phim mong mudn 1a chét rin mau tring (54,7 mg, 0,09 mmol,

85%)
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LC/MS (C2sH31BrNgO3SiS2) 635 [M+H]"; RT 1,73 (LCMS-V-B1)

IH NMR (400 MHz, DMSO0-d6) § 7,86 (dd, J =7,7, 1,0 Hz, 1H), 7,73 (d, J =
1,1 Hz, 1H), 7,52 — 7,38 (m, 2H), 7,25 (ddd, J= 8,3, 7,0, 1,5 Hz, 1H), 5,87 (s, 2H),
431 (q,J=17,1Hz, 2H), 3,78 (s, 3H), 3,76 — 3,66 (m, 2H), 2,46 (d, J = 1,0 Hz, 3H),
1,32 (t,J = 7,1 Hz, 3H), 0,98 — 0,85 (m, 2H), -0,11 (s, 9H).

Vi du diéu ché 11c: Etyl 5-bromo-2-[(3-metoxypropyl)(5-metyl-6-{[(22)-3-
{[2-(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-

yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Budc A: etyl 2-[(3-metoxypropyl)amino]-1,3-thiazol-4-carboxylat

Amoniac (2M trong isopropanol; 60 mL, 0,12 mol, 3,45 duong lugng) dugc b
sung vao dung dich chira 3-metoxypropylisothioxyanat (4,5 g, 34,3 mmol, 1 duong
luong) trong isopropanol (15 mL) & 0 °C va hén hop duoc khudy trong 1 h & 0 °C sau
do trong 18 h ¢ nhiét do moi truong. Huyén phti duoc c6 trong chan khong dé tao ra
gdm mau vang nhat. Etanol (60 mL) va etyl bromopyruvat (5 mL, 35,9 mmol, 1,05
duong lugng) dugc bd sung vao va hdn hop dugc khudy trong 1 h duéi khi quyén nito.
Trietylamin (10 mL, 68,6 mmol, 2 dwong lugng) duoc bd sung vao va hdn hop dugc
khudy & nhiét 46 méi truong trong 18 h. Hon hop phan émg dugc cho phan bb giira etyl
axetat (300 mL) va nudc, va pha hitu co dugc rira 14n luot bang nude (150 mL) va nude
mudi (100 mL), 1am khé (magie sulfat) va c6 trong chan khong. Tinh ché bang sac ky
¢t nhanh (100 g silic oxit) tach rira v6i 99:1 diclometan / metanol tao ra dau mau vang
dam ma dwgc nghién véi heptan (30 mL), loc, rira bang heptan (20 mL) va lam kho dudi
chan khong tao ra san phém mong mudn 14 bdt mau nau nhat (5,75 g, 23,5 mmol, 69%).

LC/MS (C10H16N203S) 245 [M+H]"; RT 0,99 (LCMS-V-B1)

'H NMR (400 MHz, CDCls) § 7,38 (d, J=0,7 Hz, 1H), 6,03 (t, /= 5,6 Hz,
1H), 4,34 (q, J= 7,1 Hz, 2H), 3,54 — 3,42 (m, 2H), 3,40 — 3,33 (m, 2H), 3,32 (s, 3H),
1,97 — 1,83 (m, 2H), 1,36 (t, J= 7,1 Hz, 3H).

Bugc B: etyl 2-[(6-clo-5-metylpyridazin-3-yl)(3-metoxypropyl)amino]-1,3-
thiazol-4-carboxylat

Natri hydrua (phan tan 60%; 350 mg, 8,75 mmol, 1,22 duong lwong) dugce bd
sung vao dung dich chira san phﬁm tr Buéc A (1,75 g, 7,16 mmol, 1 duong luong) va
3,6-diclo-4-metylpyridazin (1,3 g, 7,98 mmol, 1,11 duong lugng) trong 1,4-dioxan (30
mL) ¢ 0 °C duéi khi quyén nito va hon hop duoc khudy trong 1 h & 0 °C sau d6 gia nhiét
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& 60 °C trong 6 h. Hon hop phén tmg dugc dé ngudi dén nhiét 4o moi truong sau d6
duoc cho phan bd giita etyl axetat (300 mL) va dung dich nuwéc amoni clorua béo hoa
(150 mL). Pha hitu co duwoc rira 1an luot bing nuée (2 x 150 mL) va nuée mudi (100
mL), 1am kho (magie sulfat), va c6 trong chén khong. Tinh ché bang sac ky cot nhanh
(50 g silic oxit) tich rira v6i 39:1 diclometan / metanol tao ra dau mau niu ma dugc
nghién véi dietyl ete (10 mL), loc, rira bang dietyl ete (10 mL) va lam kho dudi chan
khéng tao ra san phém mong mudn 13 bot mau nau nhat (1,3 g, 3,51 mmol, 49%).

LC/MS (C15H19CIN4O3S) 371 [M+H]"; RT 1,28 (LCMS-V-B1)

'H NMR (400 MHz, CDCl3) § 7,81 (s, 1H), 7,55 (d, /= 1,1 Hz, 1H), 4,57 —
4,44 (m, 2H), 4,37 (q, J = 7,1 Hz, 2H), 3,45 (t, J = 5,5 Hz, 2H), 3,34 (s, 3H), 2,45 (d, J
= 0,9 Hz, 3H), 2,20 — 2,06 (m, 2H), 1,39 (t, /= 7,1 Hz, 3H).

Budc C: etyl 2-(; £6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(3-
metoxypropyl)amino)-1,3-thiazol-4-carboxylat

San pham tr Buée B (1,3 g, 3,51 mmol, 1 duong luong) va 2-aminobenzothiazol
(600 mg, 3,99 mmol, 1,14 duong lugng) dugc bd sung vao dung dich chua
tris(dibenzylidenaxeton)dipaladi(0) (161 mg, 0,18 mmol, 0,05 dwong luwong) va
Xantphos (203 mg, 0,35 mmol, 0,1 duong luong) trong 1,4-dioxan (20 mL) duéi khi
quyén nito va hdn hop dugc khudy. N,N-Diisopropyletylamin (1,9 mL, 10,5 mmol, 3
duong luong) dwoc bd sung vao va hdn hop duge gia nhiét trong bng gan kin & 150 °C
trong 24 h. Dung dich dugc dé ngudi dén nhiét &6 moi trudong va cd trong chan khong.
Tinh ché bing sic ky cot nhanh (50 g silic oxit) tich rira véi 99:1 diclometan / metanol
tao ra gobm mau do ma duogc nghién v6i metanol (15 mL), loc, rira bang metanol (10 mL)
va 1am kho duéi chan khong dé tao ra san pham mong mudn 14 chit rin mau vang (1,35
g, 2,79 mmol, 80%).

LC/MS (C22H24N603S2) 485 [M+H]"; RT 1,41 (LCMS-V-B1)

IH NMR (400 MHz, DMS0-d6) & 11,15 (br s, 1H), 7,97 (s, 1H), 7,92 (br s,
1H), 7,69 (s, 1H), 7,56 (br s, 1H), 7,40 (t, T = 7,4 Hz, 1H), 7,22 (t, ] = 7.5 Hz, 1H),
4,44 (t, =172 Hz, 2H), 4,29 (q, J = 7,1 Hz, 2H), 3,43 (t, T = 6,0 Hz, 2H), 3,25 (s, 3H),
2,48 (s, 3H), 2,05 - 1,93 (m, 2H), 1,32 (t, J = 7,1 Hz, 3H).

Buéc D: etyl 2-[(3-metoxypropyl)(5-metyl-6-{[(2Z)-3-{]2-
(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden]amino/pyridazin-3-
yl)amino]-1,3-thiazol-4-carboxylat
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Dung dich chira san phém tir Bude C (860 mg, 1,77 mmol, 1 duong luong) trong
diclometan (30 mL) dugc lam lanh trong bé nudc da sau d6 N, N-diisopropyletylamin
(0,59 mL, 3,55 mmol, 2 dwong lwong) dugc b6 sung vao. Sau khi khudy trong 10 phut,
2-(trimetylsilyl)etoxymetyl clorua (0,37 mL, 2,13 mmol, 1,2 dwong luong) dugc bd
sung vio tiép d6 1a 4-(dimetylamino)pyridin (10,8 mg, 0,09 mmol, 0,05 dwong luong).
Phan tng duoc dé Am dén nhiét d6 moi trudng va khudy trong 5 h. Hon hop duge pha
loang vai diclometan sau do6 rira bang nude tiép d6 1a nuéc mudi, 1am khé (magie sulfat),
va ¢0 trong chan khong. Tinh ché bﬁng sdc ky cdt nhanh ty dong (CombiFlash Rf, 24 g
RediSep™ hop silic oxit) tAch rira v6i gradien 0 — 50% etyl axetat trong iso-heptan tao
ra sén phAm mong mudn 13 bot mau kem (0,83 g, 1,35 mmol, 76%).

LC/MS (C2sH3sNs04SiS2) 615 [M+H]"; RT 1,51 (LCMS-V-B1)

'"H NMR (400 MHz, DMSO-d6) 8 7,96 (s, 1H), 7,85 (d, 1H), 7,69 (s, 1H), 7,50
— 7,40 (m, 2H), 7,30 — 7,22 (m, 1H), 5,86 (s, 2H), 4,43 (t, J = 7,2 Hz, 2H), 4,28 (q, J =
7,1 Hz, 2H), 3,78 — 3,67 (m, 2H), 3,42 (t, J = 6,0 Hz, 2H), 3,24 (s, 3H), 2,46 (d, 1= 0,9
Hz, 3H), 2,06 — 1,92 (m, 2H), 1,31 (t, J = 7,1 Hz, 3H), 0,98 — 0,86 (m, 2H), -0,12 (s,
9H).

Buéc E: etyl 5-bromo-2-[(3-metoxypropyl)(5-metyl-6-{[(2Z)-3-{[2-
(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-ylidenJamino/pyridazin-3-
ylamino]-1,3-thiazol-4-carboxylat

N-Bromosucxinimit (63,7 mg, 0,36 mmol, 1,1 duong luong) dugc bd sung vao
dung dich duoc khudy chra san pham trong Buéc A (200 mg, 0,33 mmol, 1 duong
lugng) trong diclometan (10 mL) va hdn hop duge khudy trong 4 h. Dung méi dugc loai
b6 trong chan khong va tinh ché bang sic ky cot nhanh ty dong (CombiFlash Rf, 12 g
RediSep™ hop silic oxit) tAch rira v6i gradien 0 — 60% etyl axetat trong iso-heptan tao
ra san phém mong mudn 1 bot mau kem (193 mg, 0,28 mmol, 85%).

LC/MS (C2sH37BrNs04SiS2) 695 [M+H]"; RT 1,60 (LCMS-V-B1)

'"H NMR (400 MHz, DMS0-d6) 8 7,87 (dd, J = 7,6, 1,1 Hz, 1H), 7,72 (d, ] =
1,2 Hz, 1H), 7,53 — 7,39 (m, 2H), 7,26 (ddd, J = 8,3, 7,0, 1,4 Hz, 1H), 5,87 (s, 2H),
4,43 (t,J=17,1 Hz, 2H), 4,31 (g, = 7,1 Hz, 2H), 3,77 - 3,67 (m, 2H), 3,41 (t, J = 6,0
Hz, 2H), 3,23 (s, 3H), 2,47 (s, 3H), 2,04 — 1,90 (m, 2H), 1,32 (t, ] = 7,1 Hz, 3H), 0,97
- 0,86 (m, 2H), -0,11 (s, 9H).
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Vi du didu ché 11d:Etyl 5-bromo-2-[(5-xyclopropyl-6-{[(22)-3-{[2~
(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-

yliden]amino}pyridazin-3-yl)(metyl)amino]-1,3-thiazol-4-carboxylat

Buwdc A: etyl 2-[( 6-clo-5-xyclopropylpyridazin-3-yl) (metyl)amino]-1,3-thiazol-
4-carboxylat

Dung dich chira san phim tir Vi du diéu ché 71 (495 mg, 2,62 mmol, 1 duong
luong) va etyl 2-(metylamino)-1,3-thiazol-4-carboxylat (488 mg, 2,62 mmol, 1 duong
luong) trong tetrahydrofuran (25 mL) ¢ 0°C dugc bd sung vao tlr tir natri hydrua (60%
trong dau khoang; 124 mg, 3,09 mmol, 1,18 duong luong) dudi khi quyén nito. Hon
hop dugc khudy trong 1 h & 0 °C, sau d6 dugc dé 4m dén nhiét 4o moi trudong va khudy
trong 18 h. Dung dich nudc amoni clorua bio hoa (75 mL) duoc bd sung vao va hon
hop duoc chiét bang diclometan (250 mL). Cac chit hitu co duoc rira 14n lugt bang nuéce
(2x 75 mL) va nudc mudi (75 mL), lam kho (magie sulfat) va c6 trong chan khong. Tinh
ché bang sic ky cot nhanh ty dong (CombiFlash Rf, 40 g RediSep™ hop silic oxit) tach
rira v6i gradien 0 — 60% etyl axetat trong iso-heptan tao ra san pham mong mudn 14 chét
rén két tinh mau tréng (398 mg, 1,17 mmol, 45%).

LC/MS (C14Hi5CIN4O,S) 339 [M+H]"; RT 1,25 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 8,03 (s, 1H), 7,24 (s, 1H), 4,30 (q, J=7,1
Hz, 2H), 3,83 (s, 3H), 2,23 — 2,12 (m, 1H), 1,32 (t, J = 7,1 Hz, 3H), 1,24 - 1,16 (m,
2H), 1,13 — 1,06 (m, 2H).

Buwdéc B: etyl 2-( {6-[(1,3-benzothiazol-2-yl)amino]-5-xyclopropylpyridazin-3-
yl}(metyl)amino)-1,3-thiazol-4-carboxylat

2-Aminobenzothiazol (0,21 g, 1,41 mmol, 1,2 duong luong) va san phém tur
Buéc A (398 mg, 1,17 mmol, 1 duong luong) duoc bd sung vao dung dich chira
Xantphos (68 mg, 0,12 mmol, 0,1 dwong luong) va tris(dibenzylidenaxeton)dipaladi(0)
(53,8 mg, 0,06 mmol, 0,05 dwong lugng) trong 1,4-dioxan (20 mL) dudi khi quyén nito.
N, N-diisopropyletylamin (0,61 mL, 3,52 mmol, 3 duong luong) duogc bd sung vao va
hdn hop duoc gia nhiét trong 6ng gan kin & 150°C trong 24 h. Dung dich dugc dé ngudi
dén nhiét 46 moi truong va cd trong chan khong. Tinh ché bang sic ky cot nhanh tu
dong (CombiFlash Rf, 40 g RediSep™ hop silic oxit) tach rira vGi gradien 0 — 90% etyl
axetat trong iso-heptan tao ra san pham mong mudn 12 chét rdn mau vang (249 mg, 0,55

mmol, 47%).
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LC/MS (C21H20N602S2) 453 [M+H]"; RT 1,38 (LCMS-V-B1)

'H NMR (400 MHz, DMSO0-d6) § 7,96 (s, 1H), 7,90 (s, 1H), 7,50 (br s, L H),
7,39 (t, 1= 7,6 Hz, 1H), 7,29 — 7,08 (m, 2H), 4,30 (q, 3H), 3,82 (s, 3H), 1,32 (t, 3H),
1,21 - 1,07 (m, 2H), 1,06 — 0,95 (m, 2H).

Buéc C: etyl 2-[(5-xyclopropyl-6-{[(2Z)-3-{[2-(trimetylsilyl) etoxy]metyl}-2,3-
dihydro-1,3-benzothiazol-2-yliden]amino}pyridazin-3-yl) (metyl)amino]-1,3-thiazol-
4-carboxylat

Dung dich chira san phdm tir Buéc B (221 mg, 0,49 mmol, 1 duong lwong) trong
diclometan (10 mL) dugc lam lanh trong bé nuée da sau d6 N, N-diisopropyletylamin
(0,16 mL, 0,98 mmol, 2 duong luong) dugc bd sung vao va hon hop duoc khudy trong
10 phut. 2-(Trimetylsilyl)etoxymetyl clorua (0,1 mL, 0,59 mmol, 1,2 duong
lwong) duoc bd sung vao tiép d6 1a 4-(dimetylamino)pyridin (2,98 mg, 0,02 mmol, 0,05
duong lugng) va hon hop dugce khudy & nhiét d6 moi trudng trong 7 h. Phan ing duoc
cho phan b giita diclometan va nudce va pha hiru co dugc rira bang nude tiép d6 1a nude
mubi, 1am kho (magie sulfat), va c6 trong chin khong. Tinh ché bang sic ky cot nhanh
tu dong (CombiFlash Rf, 12 g RediSep™ hdp silic oxit) tich rira véi gradien 0 — 50%
etyl axetat trong iso-heptan tao ra san phim mong muén 13 bot mau kem (185 mg, 0,32
mmol, 65%).

LC/MS (C27H34N603SiS2) 583 [M+H]"; RT 1,45 (LCMS-V-B1)

'H NMR (400 MHz, DMSO0-d6) & 7,95 (s, 1H), 7,84 (dd, 1= 7,9, 1,1 Hz, 1H),
7,51 — 7,40 (m, 2H), 7,29 — 7,21 (m, 1H), 7,11 (s, 1H), 5,88 (s, 2H), 4,29 (q, T = 7,1
Hz, 2H), 3,82 (s, 3H), 3,77 — 3,65 (m, 2H), 2,73 — 2,61 (m, 1H), 1,31 (t, J=7.1 Hz,
3H), 1,24 — 1,12 (m, 2H), 1,11 — 1,03 (m, 2H), 0,96 — 0,86 (m, 2H), -0,13 (s, 9H).

Budc D: etyl 5-bromo-2-[(5-xyclopropyl-6-{[(2Z)-3-{|2-

(trimetylsilyl) etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden]amino}pyridazin-3-
yl)(metyl)amino]-1,3-thiazol-4-carboxylat

N-Bromosucxinimit (62,2 mg, 0,35 mmol, 1,1 duong luong) duge bd sung vao
dung dich dugc khqu chira san phém tir Bude C (185 mg, 0,32 mmol, 1 duong luong)
trong diclometan (10 mL). Sau 2,5 h, dung méi dugc loai bé trong chan khong va tinh
ché bing sic ky cot nhanh ty dong (CombiFlash Rf, 12 g RediSep™ hop silic oxit) tach
rira v6i gradien 0 — 60% etyl axetat trong iso-heptan tao ra san phim mong mudn 1a chat

ran mau kem (149 mg, 0,23 mmol, 71%).
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LC/MS (C27H33BrNgO3SiS2) 663 [M+H]"; RT 1,52 (LCMS-V-BI1)

'H NMR (400 MHz, DMSO-d6) § 7,86 (dd, T =7,8, 1,1 Hz, 1H), 7,52 - 7,39
(m, 2H), 7,30 — 7,22 (m, 1H), 7,09 (s, 1H), 5,88 (s, 2H), 4,31 (q, J = 7,1 Hz, 2H), 3,79
(s, 3H), 3,75- 3,66 (m, 2H), 2,74 — 2,61 (m, 1H), 1,33 (t, ] = 7,1 Hz, 3H), 1,22 - 1,13
(m, 2H), 1,13 — 1,05 (m, 2H), 0,95 — 0,84 (m, 2H), -0,13 (s, 9H).

Vi du diéu ché 11e: Etyl 5-iodo-2-[metyl(5-metyl-6-{[(2Z)-3-{[2-
(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-

yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Buéc A: etyl 2-(metylamino)-1,3-thiazol-4-carboxylat

Huyén phu chira N-metylthioure (5 g, 55,5 mmol, 1 dwong lugng) trong etanol
(80 mL), dugc lam lanh trong nuéc da, duge bd sung etyl bromopyruvat (7,45 mL, 59,4
mmol, 1,07 duwong lwong) tir tir. Sau 10 phut, hdn hop duge dé dm dén nhiét do moi
trudng va khudy trong 1,5 h. Trietylamin (15,4 mL, 111 mmol, 2 dwong lugng) duoc bd
sung vao va hon hop dugc khudy & nhiét d6 méi truong trong 18 h. Phan tmg dwoc cd
trong chan khong, can dugc cho phan bd gifra etyl axetat va nude, pha chira nu6e duoc
chiét bang etyl axetat (x2), va cc chét chiét hitu co thu gom duoc lam khd (magie
sulphat) va c6 trong chan khong. Tinh ché bang sic ky cot nhanh tw dong (CombiFlash
Rf, 80 g RediSep™ hop silic oxit) tach rira v6i gradien 0 — 100% etyl axetat trong iso-
heptan tao ra san phém mong mudn 1a chit rin mau be (5,26 g, 28,2 mmol, 51%).

LC/MS (C7H10N20,S) 187 [M+H]"; RT 0,85 (LCMS-V-B1)

'"H NMR (400 MHz, DMSO0-d6) 8 7,73 (q, J = 4,7 Hz, 1H), 7,51 (d, J = 0,5 Hz,
1H), 4,22 (q, T = 7,1 Hz, 2H), 2,83 (d, T =4,8 Hz, 3H), 1,27 (t, ] = 7,1 Hz, 3H).

Budc B: etyl 2-[(6-clo-5-metylpyridazin-3-yl)(metyl)amino]-1,3-thiazol-4-
carboxylat

Dung dich chira 3,6-diclo-4-metylpyridazin (4,6 g, 28,2 mmol, 1 duong luong)
va san phdm tir Buéc A (5,26 g, 28,2 mmol, 1 dwong lwgng) trong tetrahydrofuran (100
mL) dugc 1am lanh trong bé nudc da va natri hydrua (60% trong dau khoéang; 1,24 g,
31,1 mmol, 1,1 duong luong) duoc bd sung vao timg phin. Hn hop dugc dé am tir tir
dén nhiét &6 moi truong va duge khudy trong 18 h. Diclometan va dung dich nu6c amoni
clorua bao hoa dugc bd sung vio tao ra két tha. Chét rin duoc thu gom bﬁng cach loc,
rira bang nudc sau d6 1am kho dudi chan khong ¢ 40 °C trong 12 h dé tao ra san pham

mong muén 13 chit rin mau kem (4,24 g, 13,6 mmol, 48%).
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LC/MS (C12H13CIN4O2S) 313 [M+H]"; RT 1,19 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 8,04 (s, 1H), 7,87 (d, J = 1,1 Hz, 1H), 4,30
(q,J=17,1 Hz, 2H), 3,83 (s, 3H), 2,44 (d, = 1,0 Hz, 3H), 1,32 (t, ] = 7,1 Hz, 3H).

Buéc C: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-1,3-thiazol-4-carboxylat

Tris(dibenzylidenaxeton)dipaladi(0) (0,62 g, 0,68 mmol, 0,05 duong lugng) tiép
d6 1a N,N-diisopropyletylamin (6,74 mL, 40,7 mmol, 3 duong lugng) duoc bd sung vao
binh gin kin chia san phiam tr Buéc B (4,24 g, 13,6 mmol, 1 dwong luong), 2-
aminobenzothiazol (2,44 g, 16,3 mmol, 1,2 duong lugng) va Xantphos (0,78 g, 1,36
mmol, 0,1 duong luong) trong 1,4-dioxan (250 mL) du6i khi quyén nito va binh nay
duoc gfm kin va gia nhiét & 150 °C trong 24 h. Phan tmg dugc dé nguoi dén nhiét do
mbi trudng va tinh ché bing sic ki cot nhanh tw dong (CombiFlash Rf, 120 g RediSep™
hép silic oxit) tach rira v6i gradien 0 — 100% etyl axetat trong iso-heptan tao ra san pham
mong mudn la chat ran mau be (3,05 g, 7,14 mmol, 53%).

LC/MS (C19H1sN602S;) 427 [M+H]"; RT 1,16 (LCMS-V-B1)

'"H NMR (400 MHz, DMSO0-d6) & 7,97 (s, 1H), 7,95 — 7,82 (m, 1H), 7,71 (s,
1H), 7,55 (br s, 1H), 7,39 (t, I = 7,5 Hz, 1H), 7,22 (t, J = 7,5 Hz, 1H), 4,31 (q, 3H),
3,83 (s, 3H), 2,48 (s, 3H), 1,33 (t, 3H).

Budc D: etyl 2-[metyl(5-metyl-6-{[(2Z)-3-{[2-(trimetylsilyl) etoxy[metyl}-2, 3-
dihydro-1,3-benzothiazol-2-yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-
carboxylat

Huyén phu chira san pham tir Buée C (3,05 g, 7,15 mmol, 1 dwong luong) trong
diclometan (100 mL), dugc lam lanh xubng 0 °C, dugc bd sung N, N-diisopropyletylamin
(2,37 mL, 14,3 mmol, 2 dwong lugng). Sau 10 phut, 2-(trimetylsilyl)etoxymetyl clorua
(1,51 mL, 8,58 mmol, 1,2 duong lugng) dugc bd sung vao tiép ds la 4-
(dimetylamino)pyridin (43,7 mg, 0,36 mmol, 0,05 duong lwgng) va hén hop dwoc dé
4m dén nhiét 46 moi truong va khudy trong 6 h. Hon hop phén tng dugc rira bang nudc,
tiép d6 1a nudc mudi sau d6 lam kho (magie sulphat) va ¢6 trong chan khong. Tinh ché
bang sic ky cot nhanh tw dong (CombiFlash Rf, 80 g RediSep™ hop silic oxit) tach rira
v6i gradien 0 — 50% etyl axetat trong iso-heptan tao ra san phiam mong mubn 12 chét ran
mau trang (1,38 g, 2,47 mmol, 35%).

LC/MS (C2sH32N6038SiS2) 557 [M+H]™; RT 1,65 (LCMS-V-B1)
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'H NMR (400 MHz, DMSO-d6) § 7,96 (s, 1H), 7,84 (dd, 1H), 7,70 (d, I = 0,9
Hz, 1H), 7,51 — 7,39 (m, 2H), 7,25 (ddd, J= 8,3, 6,9, 1,6 Hz, 1H), 5,86 (s, 2H), 4,28
(q, = 17,1 Hz, 2H), 3,83 (s, 3H), 3,77 — 3,66 (m, 2H), 2,46 (d, J = 1,0 Hz, 3H), 1,32 (t,
J=17,1 Hz, 3H), 0,99 — 0,879 (m, 2H), -0,10 (s, 9H).

Budéce E: etyl 5-iodo-2-[metyl(5-metyl-6-{[(2Z)-3-{[2-
(trimetylsilyl) etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden|amino/pyridazin-3-
yl)amino]-1,3-thiazol-4-carboxylat

N-Todosucxinimit (0,05 mL, 2,25 g/mL, 0,54 mmol, 1,5 dwong lugng) dugc bd
sung vao dung dich dugc khudy chira san pham tir Buée D (200 mg, 0,36 mmol, 1 duong
luong) trong diclometan (6 mL) va hdn hop duoc khudy & nhiét do moi trudong trong 18
h. Phan ing duogc rira 14n luot bang nudce va nudce mubi, 1am kho (magie sulphat) va cd
trong chan khong. Tinh ché bing sic ky cot nhanh tw dong (CombiFlash Rf, 12 g
RediSep™ hop silic oxit) tdch rira v6i gradien 0 — 60% etyl axetat trong iso-heptan tao
ra san phim mong mudn 12 chit rin mau kem (180 mg, 0,26 mmol, 73%).

LC/MS (C2sH31IN603SiS2) 683 [M+H]"; RT 1,73 (LCMS-V-B1)

'"H NMR (400 MHz, DMSO-d6) 8 7,88 (dd, J=17.5, 1,0 Hz, 1H), 7,71 (s, 1H),
7,53 — 7,40 (m, 2H), 7,31 — 7,22 (m, 1H), 5,86 (s, 2H), 4,32 (q, ] = 7,1 Hz, 2H), 3,82
(s, 3H), 3,78 — 3,69 (m, 2H), 2,48 (d, J = 1,0 Hz, 3H), 1,34 (t, ] = 7,1 Hz, 3H), 0,99 —
0,89 (m, 2H), -0,13 (s, 9H).

Vi du diéu ché 11f: Etyl 5-bromo-2-[(6-{[(22)-3-{[2-
(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-

yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Buéc A: etyl 2-[(6-{[(2Z)-3-{[2-(trimetylsilyl) etoxy[metyl}-2,3-dihydro-1,3-
benzothiazol-2-yliden]amino}pyridazin-3-yl)aminoj-1,3-thiazol-4-carboxylat

San pham tir Vi du didu ché 4b (1 g, 2,54 mmol, 1 dwong lugng) va etyl 2-amino-
1,3-thiazol-4-carboxylat (500 mg, 2,9 mmol, 1,14 duwong lugng) duge bd sung vao dung
dich chia tris(dibenzylidenaxeton)dipaladi(0) (116,5 mg, 0,13 mmol, 0,05 dwong
luong) va Xantphos (147,2 mg, 0,25 mmol, 0,1 duong luong) trong 1,4-dioxan (20
mL) dudi khi quyén nito. N,N-diisopropyletylamin (1,5 mL, 7,63 mmol, 3 dwong
lugng) dugce bd sung vao va hén hop duoc gia nhiét & 100 °C trong 18 h. Dung dich
dugce dé ngudi dén nhiét d6 moi truong va cd trong chan khong. Tinh ché bang sic ky

cot (50 g silic oxit) tach rira voi 50% etyl axetat trong heptan tao ra chét rdn mau vang
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dam. Nghién v6i heptan (20 mL) tao ra cht rin ma duge thu gom bang cach loc, rira
bang heptan (2 x 10 mL) va lam kho dudi chan khong dé tao ra san pham mong mudn
]a chat rén mau vang (995 mg, 1,88 mmol, 74%) [hdn hop gdm cac chét dong phan].

LC/MS (C23H2sN6038iS2) 529 [M+H]"; RT 1,54 (LCMS-V-B1)

1H NMR (400 MHz, Cloroform-d) § 10,83 (s, 1H), 7,90 — 7,29 (m, 6H), 7,26 —
7,13 (m, 1H), 5,95 — 5,68 (m, 2H), 4,53 — 4,19 (m, 2H), 3,85 — 3,68 (m, 2H), 1,39 —
1,19 (m, 3H), 1,06 — 0,77 (m, 2H), 0,21 —-0,31 (m, 9H).

Buwdc B: etyl 5-bromo-2-[(6-{[(2Z)-3-{[2-(trimetylsilyl)etoxy[metyl}-2,3-
dihydro-],3-benzothiazol—2-yliden]amino}pyridazin-3-yl)amino]-l,3-thiazol-4-
carboxylat

N-Bromosucxinimit (45,2 mg, 0,25 mmol, 1,3 dwong lugong) duoc bd sung vao
dung dich duoc khudy chira san pham tir Buéc A (100 mg, 0,19 mmol, 1 duong luong)
trong diclometan (10 mL) va hén hop duoc khudy & nhiét dd moi truong trong 1 h. Dung
mdi duoc loai bé trong chan khong va tinh ché béng sac ky cot nhanh ty dong
(CombiFlash Rf, 12 g RediSep™ h¢p silic oxit) tach rira v6i gradien 0 — 80% etyl axetat
trong iso-heptan tao ra san pham mong mudn 13 chit rin mau kem (64,1 mg, 0,11 mmol,
56%) [hdn hop gdm cac chat ddng phan].

LC/MS (C23H27BrNs03SiS2) 609 [M+H]"; RT 1,47(LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 12,45 (s, 1H), 12,31 (s, 1H), 8,13 — 8,04 (m,
1H), 8,04 — 7,90 (m, 2H), 7,84 — 7,71 (m, 1H), 7,69 — 7,48 (m, 5H), 7,46 — 7,32 (m,
3H), 5,98 (s, 2H), 5,92 (s, 2H), 4,41 (qd, ] = 7,1, 2,4 Hz, 4H), 3,87 — 3,74 (m, 4H),

1,43 (td, J=7,1, 1,1 Hz, 6H), 1,03 (s, 2H), 1,08 — 0,98 (m, 2H), 0,26 — -0,36 (m, 18H).

Vi du didu ché 12: fert-butyl-diphenyl-[2-[[3,5-dimetyl-7-[[S-metyl-4-
(4,4,5,5-tetrametyl-1,3,2-di0xab0rolan—2-yl)pyrazol-1-yl]metyl]-l-

adamantyl]oxy]etoxy]silan

Budc A: axit 3-bromo-5,7-dimetyladamantan-1-carboxylic

Sau khi khudy sét (6,7 g, 120 mmol) trong Brom (30,7 mL, 600 mmol, 5 dwong
lugng) & 0°C trong 1 h, axit 3,5-dimetyladamantan-1-carboxylic (25 g, 1 dwong luong)
duoc bd sung vao va hon hop phan tng dugc khudy 6 rt trong 2 ngay. Sau khi bd sung
EtOAc, hon hop phan (mg dugc xur Iy tir tix bang dung dich bio hoa cua natri-thiosulfat
& 0°C va khudy trong 15 phut. Sau khi loc qua d¢m Xelit va rua bang EtOAc, pha hitu

co duogc phan tach, rira bang dung dich bdo hoa cua natri-thiosulfat va nudc muoi, lam
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kho, co dé tao ra san phém mong mubn (34,28 g, 74,6%), ma duogc str dung ma khong
can tinh ché thém.

IH NMR (400 MHz, DMSO-ds): & ppm 12,33 (br., 1H), 2,21 (s, 2H), 1,96/1,91
(d+d, 4H), 1,50/1,43 (d+d, 4H), 1,21/1,14 (dm+dm, 2H), 0,86 (s, 6H); 13C NMR (100
MHz, DMSO-ds) & ppm 176,8, 66,8, 54,0, 48,7, 48,5, 45,7, 43,3, 35,5, 29,4; HRMS-
ESI (m/z): [M-H]- tinh toan ddi véi C ;H, BrO,: 285,0496; phat hién 285,0498.

Budc B: 3-bromo-5,7-dimetyl-1-adamantyl-metanol

San phim tir Budc A (34,3 g, 119 mmol) trong THF (77,6 mL) dugc b sung tir
tir dung dich 1M ctia BHs-THF trong THF (358 mL, 3 duong luong) va hon hop phan
mg duogc khudy trong 18 h. Sau khi bb sung metanol va khudy trong 30 phut, tinh ché
béang sac ky cot (silica gel, heptan va MTBE lam dung moi rira giai) tao ra san phém
mong mudn (16,19 g, 49,6%).

'H NMR (400 MHz, DMSO-ds): & ppm 4,51 (t, 1H), 3,05 (d, 2H), 1,91 (s, 2H),
1,91 (s, 4H), 1,19/1,09 (d+d, 2H), 1,19/1,05 (d+d, 4H), 0,85 (s, 6H) 13C NMR (100
MHz, DMSO-ds) & ppm 70,4, 68,9, 54,9, 49,8, 49,3, 43,8, 41,4, 35,7,29,7, HRMS-ESI
(m/z): [M-Br]- tinh todn d6i véi C5H,,0: 193,1598 phat hign: 193,1589.

Buwéc C: 1-[3-bromo-5,7-dimetyl-1-adamantyl|metyl[pyrazol

San phim tir Buéc B (16,19 g, 59,26 mmol) va 1H-pyrazol (4,841 g, 1,2 dwong
lugng) trong toluen (178 mL) dugc b6 sung (xyanometylen)tributylphosphoran (18,64
mL, 1,2 dwong lugng) trong mot phan va hon hop phan ung duoc khudy & 90°C trong 2
h. Tinh ché bang sic ky cot (silica gel, heptan va MTBE lam dung méi rira giai) tao ra
san phém mong mudn (17,88 g, 93%).

IH NMR (400 MHz, DMSO-ds): & ppm 7,63 (d, 1H), 7,43 (d, 1H), 6,23 (t, 1H),
3,90 (s, 2H), 1,92-1,02 (m, 12H), 0,83 (s, 6H); *C NMR (100 MHz, DMSO-de) 8 ppm
139,0, 131,8, 105,2, 67,7, 61,4, 54,4/48,8/44,6, 50,4, 35,7, 29,6; HRMS-ESI (m/z):
[M]+ tinh toén d6i véi C (H,,BIN,. 322,1045 phat hi¢n: 322,1014.

Buwdc D: 5-metyl-1-[[-3-bromo-5,7-dimetyl-1 -adamantyl]metyl[pyrazol

Dung dich chira san pham tir Buée C (17,88 g, 55,3 mmol) trong THF (277 mL)
duoc bd sung butyllithi (2,5 M trong THF, 66 mL, 3 duong lugng) ¢ -78°C, sau d6 sau
1 h, iodometan (17,2 mL, 5 dwong luong) dugc bd sung vao. Sau khi 10 phut, hdn hop
phan ung dugc lam ding bang dung dich bdo hoa cua NH4Cl, duoc chiét bang EtOAc
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va cac 16p hitu co thu gom duge lam kho va ¢ dé tao ra san phAm mong mudn (18,7 g,
100%), ma dugc su dung trong budc tiép theo ma khong can tinh ché thém.

IH NMR (400 MHz, DMSO-ds): 8 ppm 7,31 (d, 1H), 6,00 (d, 1H), 3,79 (s, 2H),
2,23 (s, 3H), 2,01 (s, 2H), 1,89/1,85 (d+d, 4H), 1,23/1,15 (d+d, 4H), 1,16/1,05 (d+d,
2H), 0,83 (s, 6H); *C NMR (100 MHz, DMSO-d¢) 5 ppm 139,2, 138,0, 105,2, 67,8,
57,8, 54,4, 50,6, 48,8, 44,8, 41,5, 35,7, 29,6, 11,8; HRMS-ESI (m/z): [M+H]+ tinh toan
d6i véi C ,H, BrN, : 337,1279 phét hién: 337,1289.

Budgc E: 2-[[3,5-dimetyl-7-[(5-metylpyrazol-1-y)metyl]-1-
adamantyl]oxy]etanol

Hén hop gdm san pham tir Buée D (18,7 g, 55,3 mmol), etylen glycol (123 mL,
40 duong lugng), va DIPEA (48,2 mL, 5 duong luong) duge khudy ¢ 120°C trong 6 h.
Sau khi hén hop phan tmg dugc pha lodng véi nudce va dugce chiét bang EtOAc, cac 16p
hitu co thu gom duge lam kho va cd dé tao ra san phém mong mudn (18,5 g, 105%), ma
dugc st dung trong bude tiép theo ma khong can tinh ché thém.

IH NMR (400 MHz, DMSO-de): & ppm 7,29 (d, 1H), 5,99 (d, 1H), 4,45 (t, 1H),
3,78 (s, 2H), 3,39 (q, 2H), 3,32 (t, 2H), 2,23 (s, 3H), 1,34 (s, 2H), 1,27/1,21 (d+d, 4H),
1,13/1,07 (d+d, 4H), 1,04/0,97 (d+d, 2H), 0,84 (s, 6H); *C NMR (100 MHz, DMSO-
ds) & ppm 139,0, 137,8, 105,1, 74,0, 62,1, 61,5, 58,5, 50,1, 47,0, 46,1, 43,3, 39,7, 33,5,
30,2, 11,9; HRMS-ESI (m/z): [M+H]+ tinh toan db6i voi C,oH;,N,0, : 319,2386 phat
hién: 319,2387.

Budc F: tert-butyl-diphenyl-[2-[[3,5-dimetyl-7-[(5-metylpyrazol-1-yDmetyl]-1-
adamantyl]oxy]etoxy]silan

Hdn hop gdm san pham tir Budce E (17,6 g, 55,3 mmol) va imidazol (5,65 g, 1,5
duong lugng) trong DCM (150 ml) duoc bb sung vao tert-butyl-clo-diphenyl-silan (18,6
g, 1,2 dwong luong) va hdn hop phén img dugc khudy trong 1 h. Tinh ché bang sic ky
cot (silica gel, heptan va MTBE lam dung moi rira gidi) tao ra san phim mong mudn
(27,0 g, 87,8%).

IH NMR (400 MHz, DMSO-ds): & ppm 7,72-7,34 (m, 10H), 7,29 (d, 1H), 5,99
(br., 1H), 3,78 (s, 2H), 3,67 (t, 2H), 3,44 (t, 2H), 2,21 (s, 3H), 1,33 (s, 2H), 1,26/1,18
(d+d, 4H), 1,12/1,06 (d+d, 4H), 1,03/0,96 (d+d, 2H), 0,98 (s, 9H), 0,82 (s, 6H); BcC
NMR (100 MHz, DMSO-dg) 6 ppm 139,0, 137.8, 105,1, 74,2, 64,4, 61,7, 58,5, 50,0,
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46,9, 46,0, 43,4,39,6, 33,5,30,1, 27,1, 19,3, 11,9; HRMS-ESI (m/z): [M+H]+ tinh todn
dbi véi C,H, N,0,Si: 557,3563 phat hign: 557,3564.

Buéc G: tert-butyl-diphenyl-[2-[[3-[(4-iodo-5-metyl-pyrazol-1-yl)metyl]-5,7-
dimetyl-1-adamantylfoxy]etoxy]silan

Dung dich chira san pham tir Buéc F (27,0 g, 48,56 mmol) trong DMF (243 mL)
duoc bd sung N-iodosucxinimit (13,6 g, 1,25 dwong luong) va hdn hop phan Gtng duge
khudy trong 2 h. Sau khi pha logng véi nuéc, hén hop dwoc chiét bang DCM. Céc 1ép
hiru co thu gom duoc rita bang dung dich bdo hoa cua natri-thiosulphat va nuéce mudi,
lam kho, va ¢ dé tao ra san phém mong mubn (30,1g, 90%).

IH NMR (400 MHz, DMSO-de): 8 ppm 7,68-7,37 (m, 10H), 7,45 (s, 1H), 3,89
(s, 2H), 3,67 (t, 2H), 3,44 (t, 2H), 2,23 (s, 3H), 1,30 (s, 2H), 1,26/1,17 (d+d, 4H),
1,12/1,05 (d+d, 4H), 1,00/0,96 (d+d, 2H), 0,98 (s, 9H), 0,82 (s, 6H); 13C NMR (100
MHz, DMSO-ds) & ppm 142,5, 140,8, 133,7, 64,4, 61,7, 60,3, 59,9, 49,9, 46,8, 45,9,
43,2, 39,7, 33,5, 30,1, 27,1, 19,3, 12,2; HRMS-ESI (m/z): [M+H]+ tinh todn dbi véi
C,sH,4IN,0,Si: 683,2530 phat hién: 683,2533.

Buwéc H: tert-butyl-diphenyl-[2-[[3,5-dimetyl-7-[[5-metyl-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)pyrazol-1-yl[metyl]-1 -adamantyl]oxy]etoxy]silan

San pham tr Buée G (17,5 g, 25,6 mmol) trong THF (128 mL) dugc b6 sung
clo(isopropyl)magie-LiCl (1,3 M trong THF, 24 mL, 1,2 duong lwong) ¢ 0°C, khudy
trong 40 phut, dugc xtr 1y béng 2-isopropoxy-4,4,5,5-tetrametyl-1,3,2-dioxaborolan
(15,7 mL, 3 duong lugng), va hdn hop phén ng duoc khudy trong 10 phut. Sau khi pha
loang v&i dung dich NH4Cl bdo hoa va chiét bang EtOAc, cac pha hitu co thu gom dugc
¢d va tinh ché bang sic ky cot (silica gel, heptan va MTBE lam dung méi rira giai) dé
tao ra san phim mong mudn (15,2 g, 86,9%).

I'H NMR (400 MHz, DMSO-ds): & ppm 7,65 (dm, 4H), 7,47 (s, 1H), 7,45 (tm,
2H), 7,40 (tm, 4H), 3,80 (s, 2H), 3,66 (t, 2H), 3,44 (t, 2H), 2,35 (s, 3H), 1,35-0,94 (m,
12H), 1,24 (s, 12H), 0,97 (s, 9H), 0,83 (s, 6H); *C NMR (100 MHz, DMSO-ds) 8 ppm
146,9, 1443, 135,6, 130,2, 128,2, 104,7, 83,0, 74,2, 64,4, 61,7, 58,4, 30,1, 27,1, 25,2,
19,3, 12,0; HRMS-ESI (m/z): [M+H]+ tinh toan d6i véi C, Hy BN,0,Si: 683,4415 phat
hién: 683,4423.

Vi du diéu ché 13: metyl 3-bromo-6-(metylamino)pyridin-2-carboxylat
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Buéc __A: metyl  6-[bis(tert-butoxycarbonyl)amino]-3-bromo-pyridin-2-
carboxylat

Metyl 6-amino-3-bromo-pyridin-2-carboxylat (25,0 g, 108,2 mmol) va DMAP
(1,3 g, 0,1 duong luong) trong DCM (541 mL) duoc bd sung Boc,0 (59,0 g, 2,5 duong
lwong) ¢ 0°C va hdn hgp phéan Gmg duoc khudy trong 2,5 h. Sau khi b sung dung dich
bdo hoa ctia NaHCO3 va chiét bang DCM, céc pha hitu co thu gom dugc lam kho va co
dé tao ra san phAm mong mudn (45,0 g, 72,3%).

LC/MS (C17H23BrN2OgNa) 453 [M+H]".

Budc B: metyl 3-bromo-6-(tert-butoxycarbonylamino)pyridin-2-carboxylat

San pham tir Buéc A (42,7 g, 74,34 mmol) trong DCM (370 mL) dugc bd sung
TFA (17,1 mL, 3 duong lugng) & 0°C va hon hop phan tng duge khudy trong 18 h. Sau
khi rira bing dung dich bdo hoa ciia NaHCO3 va nuée mubi, céc pha hitu co thu gom
duoc 1am kho, ¢d, va tinh ché bang sic ky cdt (silica gel, heptan va EtOAc lam dung
méi rira giai) dé tao ra san pham mong muén (28,3 g, 115,2%).

'H NMR (400 MHz, DMSO-ds): & ppm 10,29 (s, 1H), 8,11 (d, 1H), 7,88 (d, 1H),
3,87 (s, 3H), 1,46 (s, 9H) BC NMR (100 MHz, DMSO-d¢) 8 ppm 165,6, 153,1,
151,8/148,3, 143,5, 116,3, 109,2, 53,2, 28,4, LC/MS (C12H1sBrN204Na) 353 [M+H]".

Buwéc _C: metyl 3-bromo-6-[tert-butoxycarbonyl(metyl)amino]pyridin-2-
carboxylat

San pham tir Buéc B (2,96 g, 8,93 mmol) trong axeton (45 mL) duoc bd sung
Cs2COs (8,7 g, 3 duong lugng) va iodometan (0,67 mL, 1,2 duong lwong) va hdn hop
phan g duoc khudy trong 3 h. Sau khi pha lodng v6i nudc va chiét bang EtOAc, cac
pha hitu co thu gom duoc rira bang nuwdc mudi, lam kho va cd dé tao ra san phidm mong
mudn (3,5 g, 112%).

IH NMR (400 MHz, DMSO-ds): 8 ppm 8,13 (d, 1H), 7,78 (d, 1H), 3,90 (s, 3H),
3,27 (s, 3H), 1,47 (s, 9H); *C NMR (100 MHz, DMSO-ds) & ppm 165,5, 153,6, 153,6,
147,5,142,8,122,5, 111,3, 82,0, 53,3, 34,3, 28,2; HRMS-ESI (m/z): [M+H]+ tinh toan
d6i véi C;H,{BrN,0,: 345,0450 phat hién: 345,0429.

Budc D: metyl 3-bromo-6-(metylamino)pyridin-2-carboxylat

San phém tr Bude C (3,0 g, 8,9 mmol) trong 1,1,1,3,3,3-hexafloisopropanol (90
mL) duoc khudy & 100°C trong 18 h. Tinh ché bang sic ky cot (silica gel, heptan va

EtOAc lam dung mdi rira giai) tao ra san phim mong mudn (2,1 g, 96%).
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IH NMR (400 MHz, DMSO-de): 8 ppm 7,63 (d, 1H), 7,04 (q, 1H), 6,53 (d, 1H),
3,83 (s, 3H), 2,73 (d, 3H); *C NMR (100 MHz, DMSO-ds) & ppm 166,6, 158,2, 148,2,
141,3, 112,1, 101,3, 52,9, 28,3; HRMS-ESI (m/z): [M]+ tinh toan d6i voi CHyBrN,0,:
243,9847 phat hién: 243,9843.

Vi du didu ché 14: metyl 3-[1-[[3,5-dimetyl-7-[2-(p-tolylsulfonyloxy)etoxy]-
1—adamantyl]metyl]-5-metyl—pyrazol-4-yl]-6-[metyl—[5-metyl-6—[(Z)-[3-(2-

trimetylsilyletoxymetyl)—l,3-benzothiazol—Z-yliden]amino]pyridazin-3-
yl]amino]pyridin-2-carboxylat

Budc A: metyl 3-[1-[[3-[2-[tert-butyl(diphenyl)silyl]oxyetoxy]-5,7-
dimetyl—]-adamantyl]metyl]—5—meg)l-pyrazol-4-yl]-6-(mezjylamino)pyridin-Z-
carboxylat

Hén hop gdm san pham tir Vi du diéu ché 13 (2,07 g, 8,45 mmol), san pham tir
Vi du didu ché 12 (6,9 g, 1,2 duong luong), Cs2COs (8,26 g, 3 duong luong), va
Pd(AtaPhos)>Cl, (374 mg, 0,1 duong luong) trong 1,4-dioxan (51 mL) va nude (8,5 mL)
duoc khudy ¢ 80°C trong 1 h. Tinh ché bang sic ky cot (silica gel, heptan va EtOAc lam
dung mdi rira giai) tao ra san pham mong mubn (4,5 g, 74%).

'H NMR (400 MHz, DMSO-ds): 8 ppm 7,66 (dm, 4H), 7,47-7,38 (m, 6H), 7,31
(d, 1H), 7,23 (s, 1H), 6,78 (q, 1H), 6,59 (d, 1H), 3,82 (s, 2H), 3,67 (¢, 2H), 3,58 (s, 3H),
3,46 (t, 2H), 2,77 (d, 3H), 2,06 (s, 3H), 1,35 (s, 2H), 1,27/1,20 (d+d, 4H), 1,14/1,09
(d+d, 4H), 1,05/0,97 (d+d, 2H), 0,98 (s, 9H), 0,84 (s, 6H); 13C NMR (100 MHz, DMSO-
de) & ppm 140,1, 137,4, 135,6, 130,2/128,3, 109,8, 74,2, 64,4, 61,7, 58,9, 52,2, 50,0,
46,9, 46,0, 43,4,39,8,33,5,30,1, 28,4,27,1, 10,8; HRMS-ESI (m/z): [M+H]+ tinh toan
d6i voi C,;Hy,N,0,Si: 721,4149 phat hién: 721,4148.

Budc B: metyl 3-[1-[[3-[2-[tert-butyl(diphenyl)silyl]oxyetoxy]-5,7-
dimetyl-1 -adamantyl]metyl]-5-metyl-pyrazol-4-yl]-6-[metyl-[ 5-metyl-6-[(Z)-[3-(2-
trimetylsilyletoxymetyl)-1,3-benzothiazol-2-yliden]amino[pyridazin-3-
yllamino]pyridin-2-carboxylat

Str dung quy trinh chung Buchwald IT bét dau tir san pham tir Budc A & héi lwu
trong 18 h, 4,7 g (86%) san phiam mong mubn thu dugc.

'H NMR (400 MHz, DMSO-ds): & ppm 7,78 (dm, 1H), 7,69-7,36 (m, 10H), 7,63
(q, 1H), 7,63 (d, 1H), 7,47 (dm, 1H), 7,44 (m, 1H), 7,35 (s, 1H), 7,31 (d, 1H), 7,24 (m,
1H), 5,86 (s, 2H), 3,86 (s, 2H), 3,72 (m, 2H), 3,67 (t, 2H), 3,64 (s, 3H), 3,61 (s, 3H),
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3,46 (t, 2H), 2,36 (d, 3H), 2,13 (s, 3H), 1,40-0,94 (m, 12H), 0,97 (s, 9H), 0,92 (m, 2H),
0,85 (s, 6H), -0,11 (s, 9H); HRMS-ESI (m/z): [M+H]+ tinh toéan d6i véi
C,H,oN;O,SSi,: 1091,5433 phat hién: 1091,5426.

Budc C: metyl 3-[1-[[3-(2-hydroxyetoxy)-5, 7-dimetyl-1-adamantyl[metyl|-
5-mezﬁvl—pyrazol—4-yl]—6-[metjyl—[5-metyl—6-[(Z)-[3-(2-trimetylsilyletoxymer)-],3-
benzothiazol-2-yliden]amino]pyridazin-3-ylJamino[pyridin-2-carboxylat

San phim tir Buée B (1,0 g, 0,916 mmol) trong THF (9 mL) dugc bé sung dung
dich 1M ctia TBAF trong THF (1,0 mL, 1,1 duong lugng) ¢ 0°C va hon hop phan tng
dugc khudy trong 1 h. Sau khi lam dung bang dung dich bdo hoa ctia NH4Cl va chiét
bang EtOAc, cac pha hitu co thu gom duogc lam khd, co, va tinh ché bang sic ky cot
(silica gel, DCM va MeOH lam dung mdi rira giai) dé tao ra san phdm mong mubn (752
mg, 96%).

"H NMR (500 MHz, dmso-d6) & ppm 7,79 (dm, 1H), 7,66 (d, 1H), 7,64 (s, 1H),
7,47 (dm, 1H), 7,43 (m, 1H), 7,36 (s, 1H), 7,33 (d, 1H), 7,25 (m, 1H), 5,87 (s, 2H), 4,46
(t, 1H), 3,86 (s, 2H), 3,73 (m, 2H), 3,68 (s, 3H), 3,62 (s, 3H), 3,40 (m, 2H), 3,35 (t, 2H),
2,37 (s, 3H), 2,14 (s, 3H), 1,42-0,96 (m, 12H), 0,92 (m, 2H), 0,86 (s, 6H), -0,10 (s, 9H);
HRMS-ESI (m/z): [M+H]+ tinh toan a6i véi C,HNO,SSi: 853,4255 phat hién:
853,4256.

Bwoc____D: metyl  3-[1-[[3,5-dimetyl-7-[2-(p-tolylsulfonyloxy)etoxy]-1-
adamantyllmetyl]-5-metyl-pyrazol-4-yl]-6-[metyl-[ 5-metyl-6-[(Z)-[3-(2-
trimetylsilyletoxymetyl)-1,3-benzothiazol-2-yliden]amino[pyridazin-3-
yllamino[pyridin-2-carboxylat

San phdm tir Buéc C (752 mg, 0,88 mmol) va trietylamin (0,5 mL, 4 duong
lugng) trong DCM (4,4 mL) duoc b6 sung p-tolylsulfonyl-4-metylbenzensulfonat
(575,4 mg, 1,76 mmol, 2 duong luong) va hdn hop phan tng duoc khuéy trong 1 h. Tinh
ché bang sic ky cot (silica gel, heptan va EtOAc 1am dung méi rira gidi) tao ra san phim
mong mudn (722 mg, 81%).

'H NMR (400 MHz, DMSO-ds): 8 ppm 7,79 (dm, 1H), 7,76 (dm, 2H), 7,68 (d,
1H), 7,64 (s, 1H), 7,47 (m, 1H), 7,46 (dm, 2H), 7,43 (td, 1H), 7,36 (s, 1H), 7,33 (d, 1H),
7,25 (td, 1H), 5,87 (s, 2H), 4,06 (m, 2H), 3,84 (s, 2H), 3,73 (t, 2H), 3,66 (s, 3H), 3,62 (s,
3H), 3,48 (m, 2H), 2,40 (s, 3H), 2,37 (s, 3H), 2,13 (s, 3H), 1,31-0,94 (m, 12H), 0,92 (t,
2H), 0,83 (s, 6H), -0,10 (s, 9H); *C NMR (100 MHz, DMSO-d¢) 8 ppm 141,2, 137.5,
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130,6, 128,1,127,2, 123,4, 123,4, 123,1,114,7, 112,0, 72,9, 71,5, 66,7, 58,8, 58,4, 52,6,
36,6, 30,1, 21,6, 17,8, 17,4, 10,8, -0,9; HRMS-ESI (m/z): [M+H]+ tinh toan déi véi
C,,H,,N,O.S,Si: 1007,4343 phat hién: 1007,4344.
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Vidu 1: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4,5-
dimetylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic
o

OH
i

HN S

BN\
"
N

Y@

Buwdc A: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yl}amino)-1,3-thiazol-4-carboxylat

Lo vi séng dugc siy kho trong tu sdy dugc bo sung etyl 2-aminothiazol-4-
carboxylat (71 mg, 0,41 mmol, 1,2 dwong luong), san phém tir Vi du diéu ché 9a (100
mg, 0,34 mmol, 1 duong luong), Xantphos (19,9 mg, 0,03 mmol, 0,1 duong luong),
tris(dibenzylidenaxeton)dipaladi(0) (15,8 mg, 0,02 mmol, 0,05 duong lugng) va xesi
cacbonat (134,5 mg, 0,41 mmol, 1,2 dwong luong). Binh nay dugc hut chan khong va
x6i rira bang nito (x3), va sau d6 toluen (6 mL) duoc bd sung vao. Hon hop dugc phun
rira bing nito (10 phut) sau dé gia nhidt & 180 °C trong 1,5 h trong diéu kién chiéu vi
song. Hon hop duogc cho phan bb giita etyl axetat (100 mL) va nuéc mudi (50 mL), va
pha hitu co duge lam khod (magie sulfat) va co trong chan khong. Tinh ché bang sac ky
ot nhanh ty dong (CombiFlash Rf, 12 g RediSep™ hop silic oxit) tach rira v6i gradien
0 — 100% etyl axetat trong iso-heptan tao ra san phim mong mudn (63 mg, 0,15 mmol,
43%).

LC/MS (C19sH15N602S2) 427 [M+H]"; RT 1,32 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 10,99 (s, 1H), 10,87 (br s, 1H), 7,95 (s, 1H),
7,89 (brs, 1H), 7,57 (br s, 1H), 7,37 (t, T = 7,59 Hz, 1H), 7,20 (t, 1H), 4,30 (¢, T = 7,10
Hz, 2H), 2,38 (s, 3H), 2,36 (s, 3H), 1,32 (t, ] = 7,11 Hz, 3H).

Buwéc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yl}amino)-1,3-thiazol-4-carboxylic

Dung dich chtra san pham tir Budc A (38 mg, 0,09 mmol, 1 duong lwong) trong
1,4-dioxan (5 mL) duoc bd sung dung dich nuée lithi hydroxit 2M (90 pL, 0,18 mmol,
2 dwong lugng) va hdn hop dugc khudy & nhiét d6 moi trudng trong 30 phut, sau d6 gia
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nhiét & 40 °C trong 1 h, va cudi cing & 80 °C trong 1 h. Sau khi lam ngudi dén nhiét 4o
moi trudng phan tng dugce cho phan b gitra etyl axetat (10 mL) va nudc (10 mL) didu
chinh dén pH 6. Pha chita nugc duoc ¢d trong chan khong va cdn duge nghién véi nude
va duoc thu gom béng cach loc. Rra b::ing nuéc, dietyl ete, sau d6 diclometan, va lam
kho duéi chan khong tao ra san pham mong mudn 13 chat rin mau cam (14 mg, 0,04
mmol, 39%).
HRMS-ESI (m/z) [M+H]+ tinh toan d6i v&i C17H1sNs02S2: 399,0692, phat
hién 399,0729.
Vidu 2: axit 6-({6-[(1,3-Benzothiazol-2-yl)amino]-4,5-
dimetylpyridazin-3-yl}amino)pyridin-2-carboxylic
0.+_OH
N7
N |
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Buoc A: etyl 6-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yl}amino)pyridin-2-carboxylat

Lo vi séng dugc sy kho trong ti siy duoc bd sung etyl 6-aminopyridin-2-
carboxylat (171 mg, 1,03 mmol, 1,5 duong luong), san pham tr Vi du diéu ché 9a (200
mg, 0,69 mmol, 1 duong lugng), Xantphos (39,8 mg, 0,07 mmol, 0,1 duong luong),
tris(dibenzylidenaxeton)dipaladi(0) (31,5 mg, 0,03 mmol, 0,05 dwong lwong) va xesi
cacbonat (336 mg, 1,03 mmol, 1,5 dwong luong). Binh nay dugc hat chan khong va x6i
rira bang nito (x3), va sau d6 toluen (5 mL) duoc bd sung vio. Hon hop dugc phun rira
bang nito (10 phit) sau d6 gia nhiét & 180°C trong 3 h trong didu kién chiéu vi song.
Hdn hop dugc pha lodng véi etyl axetat va nude va loc qua dém silic oxit nhé. Lp hiru
co duogc rua béng nuée mudi, lam kho (magie sulfat), loc va c6 trong chan khong. Tinh
ché bang sic ky cot nhanh tw dong (CombiFlash Rf, 24 g RediSep™ hop silic oxit) tach
rira voi gradien 0 — 100% etyl axetat trong hexan tao ra hop chit mong mudn 13 chat rin
dang thity tinh mau vang (55 mg, 0,13 mmol, 19%).

LC/MS (C21H20N60,S) 421 [M+H]"; RT 1,17 (LCMS-V-B1)
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H NMR (400 MHz, DMSO-d6) 8 10,91 (br s, 1H), 9,17 (s, 1H), 7,85 (br s,
1H), 7,84 (dd, T = 7,32, 8,47 Hz, 1H), 7,66 (d, T = 8,47 Hz, 1H), 7,55 (d, ] = 7,20 Hz,
1H), 7,37 (t, 1= 17,73 Hz, 1H), 7,19 (s, 1H), 4,32 (q, J = 7,13 Hz, 2H), 2,38 (s, 3H),
2,27 (s, 3H), 1,32 (t, ] = 7,10 Hz, 3H).

Buwdc B: axit 6-({6-[1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yl}amino)pyridin-2-carboxylic

Dung dich chra san pham tir Buéc A (50 mg, 0,12 mmol, 1 dwong lugng) trong
1,4-dioxan (5 mL) duogc bd sung dung dich nudc lithi hydroxit 2M (0,12 mL, 0,24 mmol,
2 duong lugng) va hon hop dugc gia nhiét 6 90°C trong 1 h. Hon hop duge lam lanh
xudng nhiét 6 moi trudng, dung mdi lam bay hoi trong chén khong va can dugc nghién
v&i nuée va duge thu gom bang cach loc dé tao ra san phim mong mudn 14 chét rin mau
cam (9 mg, 0,02 mmol, 19%).

HRMS-ESI (m/z) [M+H]+ tinh toan dbi v6i CroH17N602S: 393,1128, phat hién
393,1163.

Vidu 3: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4,5-
dimetylpyridazin-3-yl} amino)-5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl]-2-
flophenoxy}propyl)-1,3-thiazol-4-carboxylic
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Budc A: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yllamino)-5-(3-{4-[3-(dimetylamino)prop-1-yn-1 -yl]-2-flophenoxy}propyl)-1,3-
thiazol-4-carboxylat

Lo vi séng dugc say khd trong ti sdy dugc bd sung san pham tir Vi du diéu ché
9a (376 mg, 1,29 mmol, 1,5 dwong luong), san pham tir Vi du diéu ché 3u (350 mg, 0,86
mmol, 1 duwong lwgng), xesi cacbonat (394 mg, 1,21 mmol, 1,4 duong lugng), Xantphos
(49,9 mg, 0,09 mmol, 0,1 dwong lugng) va tris(dibenzylidenaxeton)dipaladi(0) (39,5

mg, 0,04 mmol, 0,05 duong lugng). Binh nay duoc hit chan khong va x6i rira bang nito
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(x3), va sau d6 triflotoluen (10 mL) duoc bd sung vao. Hon hop duge phun rira bang
nito (10 phut) sau d6 gia nhiét & 180°C trong 1 h trong didu kién chiéu vi song. Tinh
ché bang sic ky nhanh tw dong pha dao (CombiFlash Rf, cot C18 43g RediSep) tach rira
vGi 5 — 95% axetonitril trong nudc tao ra san phidm mong mudn 12 thiy tinh mau vang
sang (266 mg, 0,4 mmol, 47%).

LC/MS (C33H34FN7058,) 660 [M+H]"; RT 1,18 (LCMS-V-B1)

TH NMR (400 MHz, DMSO-d6) § 11,31 (br s, 1H), 10,81 (br s, 1H), 7,88 (d, J
=178 Hz, 1H), 7,50 (d, ] = 7,8 Hz, 1H), 7,37 (ddd, J= 8,2, 7,3, 1,3 Hz, 1H), 7,31 (dd, J
=11,9, 2,0 Hz, 1H), 7,25 — 7,11 (m, 3H), 4,26 (q, 1 = 7,1 Hz, 2H), 4,16 (t, J = 6,2 Hz,
2H), 3,39 (s, 2H), 3,30 (t, ] = 7,6 Hz, 2H), 2,37 (s, 3H), 2,35 (s, 3H), 2,21 (s, 6H), 2,14
(q,7=17.2, 6,5Hz, 2H), 1,29 (t, ] = 7,1 Hz, 3H).

Buwdéc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yl}amin0)-5-(3-{4-[3—(dimetylamin0)prop-1-yn—1-yl]—2-ﬂophenoxy}propyl)-l,3-
thiazol-4-carboxylic

Dung dich chtra san pham tir Buéc A (266 mg, 0,4 mmol, 1 duong lugng) trong
1,4-dioxan (10 mL) dugc bd sung dung dich nudc lithi hydroxit 2M (0,4 mL, 0,81
mmol, 2 dwong luong) va hon hop duoc khudy & hdi luu trong 3 h. Sau khi 1am ngudi
dén nhiét d6 moi trudng, phan tmg duoc cb trong chan khong va nghién véi nuée (10
mL). Cé4c chit ran duge thu gom bang cach loc, ria bang nudc, va lam kho dudi chan
khong dé tao ra san pham mong mudn 13 cht rén mau vang nhat (209 mg, 0,33 mmol,
82%) [& dang mubi lithi].

HRMS-ESI (m/z): [M+H]+ tinh toan dbi véi C31H31FN703S2: 632,1908, phat
hién 632,1914.

Vi du 4: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]pyridazin-3-

yl}amino)-1,3-thiazol-4-carboxylic
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Budc A: etyl 2-( {6-/(1,3-benzothiazol-2-yl)amino]pyridazin-3-yl}amino)-1,3-

thiazol-4-carboxylat
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Binh duoc say khé trong ti sdy dugc bo sung san pham tir Vi du diéu ché 9b (500
mg, 1,9 mmol, 1 duong lugng), etyl 2-amino-1,3-thiazol-4-carboxylat (393 mg, 2,28
mmol, 1,2 duong lwgng), xesi cacbonat (930 mg, 2,85 mmol, 1,5 duong luwong),
Xantphos (110 mg, 0,19 mmol, 0,1 dwong lugng) va tris(dibenzylidenaxeton)dipaladi(0)
(87,1 mg, 0,1 mmol, 0,05 duong luong). Binh duoc hut chan khong va x6i rira bz\?mg nito
(x3) va sau d6 toluen (20 mL) dugc bd sung vao. Hon hop sau 6 dugc phun nito (15
phiit) sau d6 gia nhiét & 180 °C trong 1,5 h trong diéu kién chiéu vi séng. Hén hop duoc
cho phén b giita diclometan (200 mL) va nuéc (200 mL) va pha hitu co duge ¢d trong
chan khong. Nguyén liéu tho duoc nghién véi diclometan va loc, ria bang diclometan
va 1am kho dé tao ra san phim mong mudn 1a chét rdn mau vang (417 mg, 1,05 mmol,
55%).

LC/MS (C17H1sN602S2) 397 [M+H]*; RT 1,20 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 11,86 (s, 2H), 7,97 (s, 1H), 7,95 (s, 1H),
7,65 (d, J=8,1 Hz, 1H), 7,52 (d, J = 9,3 Hz, 1H), 7,46 — 7,32 (m, 2H), 7,23 (t, 1H),
429 (q, J=7,1 Hz, 2H), 1,32 (t,J = 7,1 Hz, 3H).

Buwéc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino[pyridazin-3-yljamino)-1,3-
thiazol-4-carboxylic

Dung dich chira sin pham tir Buéc A (417 mg, 1,05 mmol, 1 duong lugng) trong
1,4-dioxan (20 mL) duoc bd sung dung dich nuée lithi hydroxit 2M (1,05 mL, 2,09
mmol, 2 duong lugng) va phan ung dugc gia nhiét & hdi luu trong 1 h. Hon hop duge
dé ngudi dén nhiét 36 mdi truong, sau d6 dung mdi dugc loai bo trong chan khong va
can duoc nghién véi axeton, tiép d6 1a hdon hop 1:1 cua iso-propanol / nuéc. Chét rén
duge thu gom bang cach loc va lam khé trong chén khong dé tao ra san pham mong
mudn 13 chit rin mau nau (161 mg, 0,43 mmol, 42%).

HRMS-ESI (m/z) [M+H]+ tinh toan d6i v6i C1sH11NsO2S2: 371,0379, phét hién
371,0404.

ViduS: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-(propan-2-
yl)pyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic
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Buéc A: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-(propan-2-yl)pyridazin-3-
yl}amino)-1,3-thiazol-4-carboxylat

Lo vi séng dugc séy kho trong tu séy duoc bd sung san phém tir Vi du didu ché
9¢b (367 mg, 1,2 mmol, 1 dwong lugng), etyl 2-amino-1,3-thiazol-4-carboxylat (249
mg, 1,44 mmol, 1,2 dwong lugng), xesi cacbonat (589 mg, 1,81 mmol, 1,5 duwong lugng),
Xantphos (69,7 mg, 0,12 mmol, 0,1 duong lugng) va
tris(dibenzylidenaxeton)dipaladi(0) (55,1 mg, 0,06 mmol, 0,05 duong lwong). Lo nay
duoc hit chan khong va x6i rira bing nito (x3) va sau d6 toluen (10 mL) dugc bo sung
vao. Hon hop dugc phun rua bang nito (15 phit) sau d6 gia nhiét ¢ 180°C trong 1 h
trong diéu kién chiéu vi séng. Hon hop dugc cho phan bd gitta etyl axetat va nuée, va
pha chira nuéc dugc chiét bing etyl axetat. Cac chit hitu co thu gom duoc rira bang
nude mudi, 1am kho (magie sulfat), va cd trong chan khéng. Tinh ché bang sic ky cot
nhanh ty dong (CombiFlash Rf, 40 g RediSep™ hop silic oxit) tdch rira v6i gradien 0 —
50% etyl axetat trong iso-heptan tao ra san phim mong mudn 13 chét rin mau vang nhat
(303 mg, 0,69 mmol, 57%).

LC/MS (C20H20N602S2) 441 [M+H]"; RT 1,39 (LCMS-V-B1)

'H NMR (400 MHz, DMSO0-d6) & 12,03 (d, J =233,3 Hz, 1H), 11,72 (s, 1H),
7,94 (s, 1H), 7,85 — 7,09 (m, 5H), 4,29 (q, J=7,1 Hz, 2H), 3,33 (s, 1H), 1,32 (t, T = 7,1
Hz, 3H), 1,25 (d, J = 6,8 Hz, 6H).

Buwéc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-(propan-2-yl)pyridazin-
3-yl}amino)-1,3-thiazol-4-carboxylic

Dung dich chira san phém tir Buéc A (300 mg, 0,68 mmol, 1 duong luong) trong
1,4-dioxan (10 mL) dwoc bd sung dung dich nude lithi hydroxit 2M (0,68 mL, 1,36
mmol, 2 dwong luong) va phén tng gia nhiét & 60°C trong 18 h. Hdn hop duoc dé ngudi
dén nhiét do6 méi trudng va co trong chan khong. Cén duoc pha lodng véi nude va axit

héa bang dung dich nuée axit clohydric 2M. Chét rén thu dwoc duge thu gom bang cach
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loc, rira bang nuéc va lam khd dudi chan khong dé tao ra chit rin mau nau (130 mg,
0,32 mmol, 46%) [& dang mubi clia axit clohydric].

HRMS-ESI (m/z) [M+H]+ tinh toan di véi C1sH17NsO2S2: 413,0849, phét hién
413,0885.

Vi du 6: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4-(propan-2-
yl)pyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic
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Budc A: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-4-(propan-2-yl)pyridazin-3-
yl}amino)-1,3-thiazol-4-carboxylat

Binh duoc siy kho trong tu say dugce bd sung san pham tir Vi du didu ché 9ca
(500 mg, 1,64 mmol, 1 dwong luong), etyl 2-amino-1,3-thiazol-4-carboxylat (339 mg,
1,97 mmol, 1,2 duong lugng), Xantphos (94,9 mg, 0,16 mmol, 0,1 dwong luong), xesi
cacbonat (802 mg, 2,46 mmol, 1,5 duong lugng) va tris(dibenzylidenaxeton)dipaladi(0)
(75,1 mg, 0,08 mmol, 0,05 duong luong). Lo nay duoc hat chin khong va xdi rira bﬁng
nito (x3) va sau do toluen (20 mL) duoc b sung vio. Hon hgp duge phun rira bang nito
(10 phut) sau d6 gia nhiét & 200°C trong 1,5 h trong didu kién chiéu vi séng. Xantphos
nita (94,9 mg, 0,16 mmol, 0,1 duong luong) va tris(dibenzylidenaxeton)dipaladi(0)
(75,1 mg, 0,08 mmol, 0,05 dwong luong) duge bd sung vio, hdn hgp duge phun rira
biing nito (10 phit) sau d6 gia nhiét & 180°C trong 3 h trong diéu kién chiéu vi song.
Phan ung dugc cho phan bd giita etyl axetat va nu6e, pha chira nu6e duge chiét bang
etyl axetat, va cac chét hitu co thu gom duge rira bang nudc mubi, 1am kho (magie sulfat)
va cd trong chan khong. Tinh ché bang sic ky cot nhanh tu dong (CombiFlash Rf, 40 g
RediSep™ hop silic oxit) tach rira v6i gradien 0 — 55% etyl axetat trong iso-heptan tao
ra san phdm mong muén 13 chat rdn mau cam (147 mg, 0,33 mmol, 20%).

LC/MS (C20H20N60,S2) 441 [M+H]"; RT 1,35 (LCMS-V-B1)

Buwéc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-4-(propan-2-yl)pyridazin-
3-yl}amino)-1,3-thiazol-4-carboxylic
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Dung dich chtra san phém tir Budc A (147 mg, 0,33 mmol, 1 duwong Iuong) trong
1,4-dioxan (5 mL) duoc bd sung dung dich nudc lithi hydroxit 2M (0,33 mL, 0,67
mmol, 2 duong lugng) va hdn hop duge gia nhiét & hdi Twu trong 1 h. Hon hop duge
lam lanh xuéng nhiét d6 moi trudng va co trong chan khéng. Cén dugc cho vao trong
nuéc va axit hoa dén pH 6. Pha chita nuéc dugc chiét bang etyl axetat, va cac chét hitu
co duge 1am kho (magie sulfat) va c6 trong chan khong. Tinh ché bang sdc ky nhanh tu
dong pha dao (CombiFlash Rf, cot C18 4,3g RediSep) tach rira voi gradien 5 — 95%
axetonitril trong nudc tao ra san pham mong mudn 13 chit rin mau vang (7 mg, 0,02
mmol, 5%).

HRMS-ESI (m/z) [M+H]+ tinh toan d6i v6i C1sH17N6O2S2: 413,0849, phat hign
413,0886.

Vidu7: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-

yl}amino)-1,3-thiazol-4-carboxylic
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Buwdc A: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}amino)-1,3-thiazol-4-carboxylat

Lo vi séng duoc siy kho trong ti sdy dugc bd sung san pham tir Vi du didu ché
9db (400 mg, 1,45 mmol, 1 duong luong), etyl 2-amino-1,3-thiazol-4-carboxylat (373
mg, 2,17 mmol, 1,5 duong lugng), xesi cacbonat (706 mg, 2,17 mmol, 1,5 duwong luong),
tris(dibenzylidenaxeton)dipaladi(0) (66,2 mg, 0,07 mmol, 0,05 duong luong) va
Xantphos (83,6 mg, 0,14 mmol, 0,1 duong lugng). Binh nay duogc hat chan khong va
x61 rira bang nito (x3), va sau d6 toluen (15 mL) dugc bd sung vao. Hon hop duoc phun
rira bang nito (5 phit) sau d6 gia nhiét ¢ 150°C trong 2 h trong diéu kién chiéu vi séng.
Etyl 2-amino-1,3-thiazol-4-carboxylat nita (375 mg, 2,17 mmol, 1,5 duong lugng),
Xantphos (83,6 mg, 0,14 mmol, 0,1 duong lugng), va
tris(dibenzylidenaxeton)dipaladi(0) (66,2 mg, 0,07 mmol, 0,05 duong luong) duoc bd
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sung vao, hdn hgp duge phun rira bang nito (5 phat) sau d6 gia nhiét 6 180°C trong 1 h
trong diéu kién chiéu vi song. Hén hop duoc cd trong chan khong va tinh ché bang séc
ky nhanh ty dong pha déo (CombiFlash Rf, C18 4,3g RediSep column) tach rura voi
gradien 5 — 95% axetonitril trong nu6c tao ra san pham mong mubn (169 mg, 0,41
mmol, 28%).

LC/MS (C1sH16N602S2 ) 413 [M+H]"; RT 1,27 (LCMS-V-B1)

IH NMR (400 MHz, DMSO0-d6) 5 11,81 (s, 1H), 11,04 (br s, 1H), 7,94 (s, 1H),
7,90 (br s, 1H), 7,55 (brs, 1H), 7,39 (t, J = 7,6 Hz, 1H), 7,21 (t, J = 7,5 Hz, 1H), 7,14
(s, 1H), 4,29 (q, J = 7,1 Hz, 2H), 2,40 (s, 3H), 1,32 (t, J = 7,1 Hz, 3H).

Buwdc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}amino)-1,3-thiazol-4-carboxylic

Huyén phu dugc khudy chua san pham tir Budc A (169 mg, 0,41 mmol, 1 duong
lugng) trong 1,4-dioxan (5 mL) dugc bd sung dung dich nude lithi hydroxit 2M (0,49
mL, 0,49 mmol, 1,2 duong lugng) va hdn hop duoc khuéy & 100°C trong 4,5 h. Hon
hop phan ing dugc dé nguoi dén nhiét d6 méi trudng va cb trong chan khong. San pham
thd dugc tao huyén phi trong hon hop 2:1 cua isopropanol / nuée va khudy trong 30
phut. Cac chét ran duoc thu gom bﬁng cach loc va lam kho dudi chan khong dé tao ra
san phAdm mong muén 13 chét rin mau vang nhat (17 mg, 0,04 mmol, 11%) [& dang mudi
lithi].

HRMS-ESI (m/z) [M+H]+ tinh toan dbi v&i C16Hi3N6O2S2: 385,0536, phat
hién 385,0567.

Vidu 8: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metyl-4-(propan-
2-yl)pyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic
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Buwdc A: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metyl-4-(propan-2-
yDpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylat
Lo vi séng dugc sdy kho trong ti sdy duoc bd sung san pham tir Vi du didu ché

9ea (300 mg, 0,94 mmol, 1 duong luong), etyl 2-amino-1,3-thiazol-4-carboxylat (243

197



48508 198/598

mg, 1,41 mmol, 1,5 duong lugng), xesi cacbonat (460 mg, 1,41 mmol, 1,5 duong luong),
Xantphos (218 mg, 0,38 mmol, 0,4 duong luong), va
tris(dibenzylidenaxeton)dipaladi(0) (172,4 mg, 0,18 mmol, 0,2 duong lwgng). Binh nay
dugc hut chan khong va x61 rira bang nito (x3), va sau d6 toluen (4 mL) duoc b6 sung
vao. Hon hgp duogc phun rira bang nito (15 phut) sau d6 gia nhiét & 180°C trong 2 h
trong diéu kién chiéu vi séng. Hon hop duoc cd trong chan khong va cén duoc hép phu
trén isolute. Tinh ché bang sic ky nhanh tw dong pha déo (CombiFlash Rf, c6t C18 4,3g
RediSep) tach rira v6i gradien 5 — 95% axetonitril trong nudce tao ra san phim mong
mudn (22 mg, 0,05 mmol, 5%).

LC/MS (C21H2:N60,S2) 455 [M+H]"; RT 1,42 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 10,96 (s, 1H), 7,92 (s, 1H), 7,87 (br s, 1H),
7,53 (br s, 1H), 7,38 (t, J = 7,5 Hz, 1H), 7,20 (t, J = 7,6 Hz, 1H), 4,30 (q, T = 7,1 Hz,
2H), 3,66 (p, J = 7,0 Hz, 1H), 2,48 (s, 3H), 1,35 (d, 6H), 1,32 (t, 3H).

Buwdc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metyl-4-(propan-2-
yhpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic

Dung dich chira san ph'flm tr Budc A (22 mg, 0,05 mmol, 1 duwong lugng) trong
tetrahydrofuran (2 mL) va metanol (0,5 mL) dugc bd sung dung dich nude lithi hydroxit
2M (50 uL, 0,1 mmol, 2 dwong lugng) va hdn hop duge gia nhiét ¢ 75°C trong 1 h. Hon
hop phéan g dugc dé nguoi dén nhiét d6 moi trudng va cd trong chan khong. Chét ran
thu duoc duoc dua trd lai vao trong nudce (2 mL) va pH dugc didu chinh dén 6. Cac chit
hitu co duge chiét bang etyl axetat (20 mL), 1am kh6 (magie sulfat), ¢d trong chan khong
va 1am khé dudi chan khéng dé tao ra san phim mong mubn 14 chét rin mau cam nhat
(19 mg, 0,04 mmol, 92%).

HRMS-ESI (m/z) [M+H]+ tinh toan dbi v6i C10H19NsO2S2: 427,1005, phét hién
427,1043.

Vidu9: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4,5-
dimetylpyridazin-3-yl}amino)-5-(3-phenoxypropyl)-1,3-thiazol-4-carboxylic
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Buéc A: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yl}amino)-5-(3-phenoxypropyl)-1,3-thiazol-4-carboxylat

Lo vi séng duoc siy kho trong ti sdy duoc bd sung sin phim tir Vi du diéu ché
9a (45,7 mg, 0,16 mmol, 1 dwong lugng), san pham tir Vi dy diéu ché 3v (48,2 mg, 0,16
mmol, 1 duong lugng), Xantphos (9,1 mg, 0,02 mmol, 0,1 duong luong),
tris(dibenzylidenaxeton)dipaladi(0) (7,2 mg, 0,01 mmol, 0,05 dwong lugng) va xesi
cacbonat (61,5 mg, 0,19 mmol, 1,2 duong lugng). Binh nay dugc hut chan khong va xbi
rira bang nito (x3) va sau d6 toluen (2 mL) dwgc b6 sung vao. Hon hop duge phun rira
bing nito (10 phit) sau dé gia nhiét & 180 °C trong 2 h trong diéu kién chiéu vi
séng. Phan tmg dugc cho phan bo gitra etyl axetat va nudc, sau do ria 1an luot bang
nude va nuwde mudi. Pha hitu co duoc 1am kho (magie sulfat) va dung moi duge loai bo
trong chan khong. Tinh ché bang sic ky cot nhanh ty dong (CombiFlash Rf, 12 g
RediSep™ hép silic oxit) tach rira v6i gradien 0 — 10% metanol trong tao ra san pham
mong mudn 12 thiry tinh mau néu (19,2 mg, 0,03 mmol, 22%).

LC/MS (CasH2sN603S2) 561 [M+H]"; RT 1,51 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 10,81 (br s, 2H), 7,65 (s, 1H), 7,38 (s, 1H),
731 (t, 2H), 7,21 (s, 2H), 7,00 - 6,89 (m, 3H), 4,27 (q, J = 7,2 Hz, 2H), 4,06 (t, ] = 6,2
Hz, 2H), 3,30 (d, J = 8,3 Hz, 2H), 2,37 (s, 3H), 2,35 (s, 3H), 2,13 (g, 2H), 1,30 (t, J =
7,1 Hz, 3H).

Buwéc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yl}amino)-5-(3-phenoxypropyl)-1,3-thiazol-4-carboxylic

Dung dich chtra san phém tr Budc A (19 mg, 0,03 mmol, 1 duong luong) trong
1,4-dioxan (2 mL) dugc bo sung dung dich nude lithi hydroxit 2M (14,2mg, 0,34 mmol,
10 dwong lugng) va hdn hop dugc gia nhidt & hdi luu trong 10 h. Sau khi 1am ngudi dén
nhiét d6 méi trudng dung mdi duoc loai bo trong chan khong va can duoc nghién Vol

nude va san pham tho duge thu gom bang céach loc. Tinh ché bang HPLC diéu ché pha
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dao (phuong phap HPLC-V-A2) tao ra san phim mong mubn 13 chat ran mau be (3,5
mg, 6,6 umol, 19%).

HRMS-ESI (m/z) [M+H]+ tinh todn d6i v6i C26HasNeO3S2: 533,1424, phat
hién 533,1460.

Vidu10:  axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4-metyl-5-(propan-
2-yl)pyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic
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Budc A: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-4-metyl-5-(propan-2-
yDpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylat

Lo vi song dugc sdy kho trong ti sdy duoc bd sung san pham tir Vi du diéu ché
9eb (114 mg, 0,36 mmol, 1 duong lugng), etyl 2-amino-1,3-thiazol-4-carboxylat (92,4
mg, 0,54 mmol, 1,5 dwong luong), xesi cacbonat (175 mg, 0,54 mmol, 1,5 duong lugng),
Xantphos (41,4 mg, 0,07 mmol, 0,2 duong luong), va
tris(dibenzylidenaxeton)dipaladi(0) (32,7 mg, 0,04 mmol, 0,1 duwong luong). Binh nay
dwoc hit chan khong va x4i rira bang nito (x3), va sau d6 toluen (4 mL) dugc bd sung
vao. Hon hop dugc phun ria bang nito (15 phit) sau d6 gia nhiét ¢ 180°C trong 1 h
trong didu kién chiéu vi séng. Hon hop dugc cb trong chan khong va tinh ché bang séic
ky nhanh ty dong pha déo (CombiFlash Rf, C18 4,3g RediSep column) tach rira voi
gradien 5 — 70% axetonitril trong nudc tao ra san pham mong mudn 13 chat rin mau
vang (20 mg, 0,04 mmol, 12%).

LC/MS (C21H22N¢0,S) 455 [M+H]"; RT 1,45 (LCMS-V-B1).

Buwéc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-4-metyl-5-(propan-2-
yDpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic

Dung dich chira san pham tir Bude A (20 mg, 0,04 mmol, 1 dwong lugng) trong
tetrahydrofuran (2 mL) va metanol (0,5 mL) dugc bd sung lithi hydroxit monohydrat
(3,69 mg, 0,09 mmol, 2 duong lwgng) va phan tmg dugc gia nhiét 6 hoi luu trong 1 h.
Hon hop duge dé nguoi dén nhiét d6 méi trudng va cd trong chan khong. San phém

duoc cho vao trong nudc (3 mL), axit hoa dén pH 6 bang dung dich nuéc axit clohydric
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1M va duoc chiét bang 19:1 diclometan / isopropanol. Chét chiét hitu co duge lam khd
(magie sulfat) va cd trong chan khong dé tao ra san pham mong mubn 14 chit rin gion
¢6 mau vang (13,5 mg, 0,03 mmol, 72%).

HRMS-ESI (m/z) [M+H]+ tinh toan d6i v6i C19H190N60282: 427,1005, phat hién
427,1043.

Vidull:  axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4-metylpyridazin-3-

yl}amino)-1,3-thiazol-4-carboxylic
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Buwdc A: etyl 2-(; {6-[(1,3-benzothiazol-2-yl)amino]-4-metylpyridazin-3-
yl}amino)-1,3-thiazol-4-carboxylat

Lo vi séng duoc siy kho trong tu sdy dugc bd sung san pham tir Vi du didu ché
9da (240 mg, 0,87 mmol, 1 duong lugng), etyl 2-amino-1,3-thiazol-4-carboxylat (224
mg, 1,3 mmol, 1,5 dwong luong), xesi cacbonat (424 mg, 1,3 mmol, 1,5 duwong luong),
tris(dibenzylidenaxeton)dipaladi(0) (39,7 mg, 0,04 mmol, 0,05 duong luong) va
Xantphos (50,2 mg, 0,09 mmol, 0,1 duong luong). Binh nay dugc hut chan khong va
x6i rira bang nito (x3), va sau d6 toluen (15 mL) dugc bd sung vao. Hon hop dugc phun
rira bang nito (5 phut) sau d6 gia nhiét ¢ 180°C trong 3 h trong didu kién chiéu vi séng.
Hén hop duge ¢d trong chan khong va tinh ché bang sic ky nhanh ty dong pha dio
(CombiFlash Rf, cot C18 26g RediSep) tach rira v6i gradien 5 — 95% axetonitril trong
nuéc dé tao ra san phém mong mudn 12 chit rin mau nau (44 mg, 0,11 mmol, 12%).

LC/MS (Ci1sH16Ns02S2) 413 [M+H]"; RT 1,24 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 11,61 (br s, 1H), 11,17 (s, 1H), 7,97 (s, 1H),
7,95 (br s, 1H), 7,64 (d, J = 8,0 Hz, 1H), 7,39 (ddd, J = 8,2, 7,2, 1,3 Hz, 1H), 7,31 (d,7J
= 1,2 Hz, 1H), 7,22 (ddd, J = 8,2, 7,3, 1,2 Hz, 1H), 4,30 (q, I = 7,1 Hz, 2H), 2,42 (s, 3H),
1,32 (t,J=7,1 Hz, 3H).

M : axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-4-metylpyridazin-3-
yl}amino)-1,3-thiazol-4-carboxylic
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Dung dich chira san phém tir Budc A (44 mg, 0,11 mmol, 1 duong lugng) trong
1,4-dioxan (5 mL) dugc bd sung dung dich nudc lithi hydroxit 2M (0,21 mL, 0,21 mmol,
2 duong lugng) va phan ung duoc gia nhi€t ¢ hdi luu trong 1 h. Hon hop duge dé nguoi
dén nhiét d6 moi trudng sau d6 co trong chan khong. Chat rin dugc nghién véi 4:1
isopropanol / nuéc (4 mL) va khudy trong 30 phut. Chét rin dugc thu gom bang cach
loc, rira bang isopropanol lanh nita (3 mL) va lam khé dudi chan khong dé tao ra san
phim mong mudn 14 chit rin mau nau (33 mg, 0,09 mmol, 80%).

HRMS-ESI (m/z) [M+H]+ tinh todn d6i v6i C1sH13N602S2: 385,0536, phat
hién 385,0572.

Vidu12: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4,5-
dimetylpyridazin-3-yl}amino)-5-(3-metoxypropyl)-1,3-thiazol-4-carboxylic
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Buwdc _A: eyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yl}amino)-5-(3-metoxypropyl)-1,3-thiazol-4-carboxylat

Lo vi séng dugc sdy kho trong ti sdy duoc bd sung san phim tir Vi du diéu ché
9a (260 mg, 0,89 mmol, 1 duong luong), san phém tir Vi du diéu ché 3w (219 mg, 0,89
mmol, 1 duong luong), Xantphos (51,8 mg, 0,09 mmol, 0,1 duong lwong),
tris(dibenzylidenaxeton)dipaladi(0) (41 mg, 0,04 mmol, 0,05 dwong lugng) va xesi
cacbonat (350 mg, 1,07 mmol, 1,2 dwong luong). Binh nay dwgc hut chan khong va x6i
rira bang nito (x3), va sau d6 toluen (5 mL) dugc bd sung vao. Hon hop duge phun rira
bing nito (10 phut) sau d6 gia nhiét & 180 °C trong 1 h trong diéu kién chiéu vi song.
Phéan ung dugc pha loang véi etyl axetat, rira lan lwot bang nuéc va nudce mudi, sau d6
lam kho (magie sulfat) va dung mdi dugc loai bo trong chan khong. Tinh ché bang sic
ky nhanh ty dong pha dao (CombiFlash Rf, cot C18 13g RediSep) tach rira v6i 5 — 95%
axetonitril trong nudc tao ra san pham mong muén 13 thay tinh mau vang (72,5 mg, 0,15
mmol, 16%).

LC/MS (C23H26N603S2) 499 [M+H]"; RT 1,38 (LCMS-V-BI)
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'H NMR (400 MHz, DMSO-d6) & 10,76 (br s, 1H), 7,88 (d, J = 7,7 Hz, 1H), 7,50
(brs, 1H), 7,37 (td, J = 8,1, 7,7, 1,3 Hz, 1H), 7,20 (t, J = 7,7 Hz, 1H), 4,29 (q,J=7,1
Hz, 2H), 3,41 (t, T = 6,3 Hz, 1H), 3,27 (s, 3H), 3,21 — 3,12 (m, 2H), 2,37 (s, 3H), 2,35
(s, 3H), 1,96 — 1,84 (m, 2H), 1,32 (t, ] = 7,1 Hz, 3H).

Buwdc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yl}amino)-5-(3-metoxypropyl)-1,3-thiazol-4-carboxylic

Dung dich chtra san pham tir Buéc A (72,5 mg, 0,15 mmol, 1 duong lugng) trong
1,4-dioxan (5 mL) duogc bd sung lithi hydroxit monohydrat (12,2 mg, 0,29 mmol, 2
dwong lugng) va hdn hop duge gia nhiét & hdi lwu trong 10 h. Phén tmg dugc dé nguoi
dén nhiét d6 mdi trudng va dung mdi dugc loai bo trong chan khong. Can thu duoc duogc
nghién véi nude sau d6 dugce thu gom béng cach loc, rtra béng nudce, va lam kho dudi
chan khoéng dé tao ra san phém mong mudn 12 chit rin mau nau (40,9 mg, 0,09 mmol,
60%) [6 dang mudi lithi].

HRMS-ESI (m/z) [M+H]+ tinh toan d6i v6i C21H23N603S2: 471,1268, phat
hién 471,1306.

Vidu13:  axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4,5-
dimetylpyridazin-3-yl}amino)-S-[3-(2-ﬂophen0xy)pr0pyl]-1,3-thiazol-4-carboxylic

ﬁvq
W WL OH
B

Buwdc A: etyl 2-(; {6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yljamino)-5-[3-(2-flophenoxy)propyl]-1,3-thiazol-4-carboxylat

Lo vi séng duogc siy kho trong ti sdy dugc bo sung san pham tir Vi du didu ché
9a (162 mg, 0,56 mmol, 1 duong lugng), san phém tir Vi du diéu ché 3x (181 mg, 0,56
mmol, 1 duong luong), Xantphos (36,0 mg, 0,06 mmol, 0,11 duong
lugng), tris(dibenzylidenaxeton)dipaladi(0) (25,6 mg, 0,03 mmol, 0,05 duong luong)
va xesi cacbonat (243 mg, 0,75 mmol, 1,34 duong luong). Binh nay duogc hut chan
khong va xdi rira bang nito (x3), va sau do toluen (4 mL) va dimetylformamit (1 mL)
duge bd sung vao. Hon hop duoc phun rira bang nito (10 phuat) sau d6 gia nhiét & 180

oC trong 1 h trong didu kién chiéu vi séng. Phan tmg dugc pha lodng véi etyl axetat, rira
g g g g p g y
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1an Iwot bang nudce va nude mudi, lam kho (magie sulfat), va cd trong chan khong. Tinh
ché bang sic ky nhanh ty dong pha dao (CombiFlash Rf, c6t C18 13g RediSep) tach rira
voi gradien 5 — 95% axetonitril trong nudc tao ra san pham mong mudn 13 thay tinh mau
nau (76,1 mg, 0,13 mmol, 24%).

LC/MS (C2sH27FN603S2) 579 [M+H]*; RT 1,49 (LCMS-V-BI1)

'H NMR (400 MHz, DMSO-d6) & 10,78 (br s, 1H), 7,89 (brs, 1H), 7,42 - 7,28
(m, 2H), 7,28 - 7,08 (m, 4H), 7,00 - 6,86 (m, 1H), 4,26 (q, J = 7,1 Hz, 2H), 4,14 (t, T =
6,2 Hz, 2H), 3,30 (d, J = 6,8 Hz, 2H), 2,37 (s, 3H), 2,35 (s, 3H), 2,21 -2,11 (m, 2H),
1,30 (t,J=7,1 Hz, 3H).

Buéc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yl}amino)-5-[3-(2-flophenoxy)propyl]-1,3-thiazol-4-carboxylic

Dung dich chita san pham tir Buéc A (76 mg, 0,13 mmol, 1 duong lugng) trong
1,4-dioxan (5 mL) dwoc bd sung lithi hydroxit monohydrat (11,02 mg, 0,26 mmol, 2
duong luong) va hon hop dugce gia nhiét & hdi luu trong 8h. Hn hop duoc dé ngudi dén
nhiét d6 mai trudng va dung mdi dugce loai bo trong chan khong. Tinh ché bang sac ky
nhanh ti déng pha dao (CombiFlash Rf, cot C18 13g RediSep) tach rura voi gradien 5 —
95% axetonitril trong nude tao ra nguyén liéu ma dugc tinh ché thém béng HPLC diéu
ché pha dao (phuong phap HPLC-V-A2) d8 tao ra san phAm mong mudn la chét rin mau
be (7,2 mg, 0,01 mmol, 10%).

HRMS-ESI (m/z) [M+H]+ tinh toan ddi v6i Ca6H24FN6O3S2: 551,1330, phat
hién 551,1368.

Vidu 14:  axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4,5-
dimetylpyridazin-3-yl}amino)-5-{3-[4-(dimetylcarbamoyl)-2-flophenoxy]propyl}-
1,3-thiazol-4-carboxylic
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Buegc A: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yllamino)-5-{3-[4-(dimetylcarbamoyl)-2-flophenoxy[propyl}-1,3-thiazol-4-carboxylat

Lo vi s6ng duoc siy kho trong ti sdy duoc bo sung san pham tir Vi du diéu ché
9a (143 mg, 0,49 mmol, 1 duong lugng), sin phim tir Vi du diéu ché 3y (199 mg, 0,49
mmol, 1 duong Iluong), Xantphos (28,5 mg, 0,05 mmol, 0,1 duong
lwong), tris(dibenzylidenaxeton)dipaladi(0) (22,5 mg, 0,02 mmol, 0,05 duwong luong)
va xesi cacbonat (192 mg, 0,59 mmol, 1,2 duong luong). Binh nay dugc hut chan khong
va x6i rira bang nito (x3), va sau d6 toluen (4 mL) va dimetylformamit (1 mL) duoc bd
sung vao. Hon hop dugc phun rira bang nito (10 phiit) sau d6 gia nhiét & 180 °C trong 1
h trong diéu kién chiéu vi séng. Phan ung dugc pha lodng véi etyl axetat sau d6 rira
béng nude tiép d6 1a nwée mudi. Chat chiét hitu co duge lam khé (magie sulfat) va dung
mé6i duoc loai bo trong chan khong. Tinh ché bi?lng sic ky cot nhanh tu dong
(CombiFlash Rf, 12 g RediSep™ hop silic oxit) tach rira véi gradien 0 — 10% metanol
trong diclometan tao ra san phidm mong mudn 14 thity tinh mau nau (60 mg, 0,09 mmol,
19%).

LC/MS (C31H3FN704S2) 650 [M+H]"; RT 1,36 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 10,77 (br s, 1H), 7,87 (s, 1H), 7,42 - 7,28
(m, 2H), 7,26 - 7,17 (m, 4H), 4,26 (q, J = 7,1 Hz, 2H), 4,19 (t, J = 6,2 Hz, 2H), 2,97 -
2,94 (m, 2H), 2,93 (s, 6H), 2,37 (s, 3H), 2,35 (s, 3H), 2,18 (9, ] = 7.3, 6,9 Hz, 2H),
1,29 (t, 3H).

Budc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yl}amino)—5-{3-[4-(dimetylcarbamoyl)-Z-ﬂophenoxy]propyl}-1,3-thiazol-4-carboxylic

Dung dich chira san phém t Budc A (60 mg, 0,09 mmol, 1 duong luong) trong
1,4-dioxan duoc bd sung lithi hydroxit monohydrat (19,4 mg, 0,46 mmol, 5 duong
lwong) va hon hop dugc gia nhiét & hdi lwu trong 14 h. Phan tmg duoc dé ngudi dén
nhiét 36 méi truong va dung mdi dugce loai bo trong chan khong. Can dugc nghién vo1
nude, tiép d6 1a etanol, sau d6 tinh ché bang HPLC diéu ché pha dao (phu’oﬁg phéap
HPLC-V-A2) dé tao ra san phém mong mudn 12 chit rin mau nau (11,6 mg, 0,02 mmol,
20%).

HRMS-ESI (m/z) [M+H]+ tinh toan d6i véi CaoHaoFN7O4Sa: 622,1701, phat
hién 622,1740.
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Vidul5:  axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4-etyl-5-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic

Budc A: etyl 2-(, {6-[(1,3-benzothiazol-2-yl)amino]-4-etyl-5-metylpyridazin-3-
yl}amino)-1,3-thiazol-4-carboxylat

Lo vi séng duogc siy kho trong ti sdy dugc bd sung san pham tir Vi du didu ché
9fa (400 mg, 1,31 mmol, 1 duong luong), etyl 2-amino-1,3-thiazol-4-carboxylat (316
mg, 1,84 mmol, 1,4 duwong luong), xesi cacbonat (599 mg, 1,84 mmol, 1,4 duong luong),
Xantphos (75,9 mg, 0,13 mmol, 0,1 duong luong) va
tris(dibenzylidenaxeton)dipaladi(0) (60,1 mg, 0,07 mmol, 0,05 duong lugng). Lo nay
dugc hat chan khong va x6i rira bang nito (x3), va sau d6 toluen (15 mL) duoc b sung
vao. Hon hop dugce phun rira bang nito (10 phit) sau d6 gia nhiét & 200°C trong 2 h
trong didu kién chiéu vi séng. Phan ting duoc ¢ trong chan khong va tinh ché bang sac
ky nhanh tw dong pha ddo (CombiFlash Rf, cot C18 13g RediSep) tach rura voi gradien
5 — 95% axetonitril trong nuwéc tao ra san pham mong muén (70 mg, 0,16 mmol, 12%)).

LC/MS (C20H20N602S7) 441 [M+H]"; RT 1,37 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 11,08 (s, 1H), 10,88 (br s, 1H), 7,94 (s, 1H),
7,89 (br s, 1H), 7,53 (brs, 1H), 7,38 (t, 1H), 7,20 (t, 1H), 4,30 (q, ] = 7.1 Hz, 2H), 2,93
(q, ] =7,4 Hz, 2H), 2,40 (s, 3H), 1,32 (t, T = 7,1 Hz, 3H), 1,09 (t, ] = 7,4 Hz, 3H).

Buwdc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-4-etyl-5-metylpyridazin-3-
yllamino)-1,3-thiazol-4-carboxylic

Dung dich chtra san phém tr Budc A (70 mg, 0,16 mmol, 1 duong lugng) trong
1,4-dioxan (4 mL) dugc b6 sung lithi hydroxit monohydrat (0,32 mL, 0,32 mmol, 2
duong luong) va hdn hop dugce gia nhiét & hdi luu trong 1 h. Phan tng dugc dé nguoi
dén nhiét d6 moi trudng va cd trong chan khong. Cin sau d6 dugc tao huyén phu trong
nuéc va d6 pH duogc didu chinh dén 6 sau d6 cd lai. Chét ran duogc nghién vO1

isopropanol cong véi vai giot nude, sau d6 dugc thu gom bang cach loc, rua bang
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isopropanol, va lam kh6 dudi chan khong dé tao ra san pham mong mudn 13 chit rin
mau nau (38,8 mg, 0,09 mmol, 59%).

HRMS-ESI (m/z) [M-H]- tinh toan di v6i C1sH1sNs02S2: 411,0703, phat hién
411,0707.

Vidu16:  axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-etyl-4-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic
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Bugc A: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-etyl-4-metylpyridazin-3-
yl}amino)-1,3-thiazol-4-carboxylat

Lo vi séng duoc siy kho trong ti sdy duoc bd sung san phim tir Vi du didu ché
9fb (300 mg, 0,98 mmol, 1 duong lugng), etyl 2-amino-1,3-thiazol-4-carboxylat (220
mg, 1,28 mmol, 1,3 dwong lugng), xesi cacbonat (449 mg, 1,38 mmol, 1,4 duong lugng),
Xantphos (57 mg, 0,1 mmol, 0,1 duong lwong) va tris(dibenzylidenaxeton)dipaladi(0)
(45,1 mg, 0,05 mmol, 0,05 duong lwong). Lo nay dugc hut chan khong va x6i rira bang
nito (x3), va sau d6 toluen (15 mL) duoc bd sung vao. Hon hop dugc phun ria bang
nito (10 phut) sau d6 gia nhiét & 200°C trong 2 h trong diéu kién chiéu vi séng. Phan
tmg dugc cd trong chan khong va tinh ché bang sic ky nhanh tu dong pha dao
(CombiFlash Rf, cdt C18 13g RediSep) tach rira v6i 5 — 95% axetonitril trong nudce aé
tao ra san phim mong muén 13 chit rin mau vang (54 mg, 0,12 mmol, 12%).

LC/MS (C20H20N602S2) 441 [M+H]"; RT 1,38 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) 8 10,98 (s, 1H), 7,95 (s, 1H), 7,84 (s, 1H), 7,43
(br's, 1H), 7,36 (t, J = 7,5 Hz, 1H), 7,18 (t, J = 7,5 Hz, 1H), 4,30 (q, J = 7,1 Hz, 2H),
2,92 (q, T=17,5, 7,1 Hz, 2H), 2,38 (s, 3H), 1,32 (t, J = 7,1 Hz, 3H), 1,11 (t, J = 7,4 Hz,
3H).

Buwdc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-etyl-4-metylpyridazin-3-
yl}amino)-1,3-thiazol-4-carboxylic

Dung dich chira san pham tir Budc A (54 mg, 0,12 mmol, 1 dwong luong) trong
1,4-dioxan (4 mL) duoc bd sung dung dich nude lithi hydroxit 2M (0,12 mL, 0,25 mmol,
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2 duong lwgng) va phan tng duogc gia nhiét & hdi luu trong 2 h. Hén hop duge ¢ trong
chan khong va sau d6 dugc tao huyén phu trong nwde va d§ pH duge didu chinh dén 5-
6 trude khi cd lai trong chén khong. Chét ran tho duoc nghién vO1 nudc, khqu trong 30
phut, sau do duoc thu gom béng cach loc, rira bang nudc lanh va 1am kho dudi chan
khong dé tao ra san phém mong muén 1a chét rin mau vang (28,9 mg, 0,07 mmol, 57%).

HRMS-ESI (m/z) [M+H]+ tinh todn d6i véi C1sH17N602S2: 413,0849, phat hién
413,0848.

Vidul17:  axit 2-[[4-(1,3-Benzothiazol-2-ylamino)-5,6,7,8-
tetrahydrophthalazin-1-yl]amino]thiazol-4-carboxylic
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Buwdc A: 4-bromo-5,6,7,8-tetrahydrophthalazin-1-amin

Hon hop gdm 4,0 g 1,4-dibromo-5,6,7,8-tetrahydrophtalazin (13,7 mmol) trong
50 mL dung dich 25% ctia NH3 trong nuéc duoc gilt & 100°C trong 18 h. Sau khi ¢d,
cin duogc cho vao trong metanol, dugc xur 1y béng than, khuéy, loc, ¢d, cho vao EtOAc,
rira bing dung dich 10% NaOH, lam kh6 bing MgSOs, loc, va ¢d dé tao ra 1,28 g (41%)
sén phdm mong mudn.

LC-MS-ESI (m/z): [M+H]" tinh toan ddi véi CgH11BrN3: 228, 230, phat hién:
228, 230.

Budc B: N-(4-bromo-5,6,7,8-tetrahydrophthalazin-1-yl)-1,3-benzothiazol-2-
amin

Hdn hop gdm 1,05 g san pham tir Buéc A (4,6 mmol, 1 duong luong), 1,8 g 2-
bromo-1,3-benzothiazol (8,4 mmol, 1,8 duong lugng), 736 mg natri hydrua (huyén phu
60%, 18,4 mmol, 3,6 duong lugng) trong 80 mL 1,4-dioxan duoc gilt & hdi luu trong
0,5 h. Sau khi lam ngudi va lam dimg bing metanol, hén hop dugc ¢, duoc xi Iy bang
nude, loc ra va lam kho. Chét rén duge nghién trong EtOAc, loc ra va lam kho dé tao ra
1,56 g (94%) san phim mong mudn.

'"H NMR (500 MHz, DMSO-ds) & ppm 11,51 (br., 1H), 7,83 (d, 1H), 7,53 (brd,,
1H), 7,38 (td, 1H), 7,22 (td, 1H), 2,75/2,62 (m+m, 4H), 1,79 (m, 4H); BC NMR (125
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MHz, dmso-d6) & ppm 126,6, 122,9, 122,2, 28,8/24, 21,4/21,1; HRMS-ESI (m/z2):
[M+H]" tinh toén ddi v6i C1sH14BrN4S: 361,0117, phat hién: 361,0107.

Buwéc C: etyl 2-[[4-(1,3-benzothiazol-2-ylamino)-5,6,7,8-tetrahydrophthalazin-
I-ylJamino]thiazol-4-carboxylat

Hén hop gdm 120 mg san pham tir Budc B (0,33 mmol, 1 duong lwong), 57 mg
etyl 2-aminothiazol-4-carboxylat (0,33 mmol, 1 duwong lwong), 12 mg Pdx(dba); (0,013
mmol, 0,04 duong lwong), 19 mg Xantphos (0,033 mmol, 0,1 duong luong), va 217 mg
Cs2CO:; (0,66 mmol, 2 dwong lugng) trong 10 mL triflometylbenzen dugc gitt ¢ 200°C
trong 0,5 h. Hon hop phan tng dugc ¢ va tinh ché bang HPLC diéu ché dé tao ra 31
mg (21%) san pham mong mudn.

'HNMR (500 MHz, DMSO-ds) 8 ppm 7,90 (s, 1H), 7,86 (br., 1H), 7,55 (br., 1H),
7,36 (t, 1H), 7,19 (t, 1H), 4,31 (q, 2H), 2,75 (br., 4H), 1,81 (br., 4H), 1,33 (t, 3H); BC
NMR (125 MHz DMSO-ds) & ppm 126,3, 122,5, 121,5; HRMS-ESI (m/z): [M+H]" tinh
toan ddi v6i Ca1H21N602S2: 453,1162, phat hién: 453,1151.

Buwdc D: axit 2-[[4-(1,3-benzothiazol-2-ylamino)-5,6,7,8-
tetrahydrophthalazin-1-ylJaminofthiazol-4-carboxylic

Hén hop gdm 31 mg san pham tt Bude C (0,069 mmol, 1 duong lugng), 5,8
mg LiOHxH,O (2 duong lugng), va 8 giot nude trong 10 mL 1,4-dioxan dugc gitt &
hdi lwu trong 2 h. Hon hop phén tmg duge c6 va tinh ché bing HPLC diéu ché dé tao
ra 24 mg (83%) san pham mong mudn.

HRMS-ESI (m/z): [M+H]" tinh toan d6i véi C19H17N6O2S2: 425,0849, phat
hién: 425,0854.

Vidu18:  axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4-(hydroxymetyl)-5-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic

HO
H
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X N S OH
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A

Buwéc A: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino[-4-[(benzyloxy)metyl]-5-
metylpyridin-3-yl}amino)-1,3-thiazol-4-carboxylat
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Lo vi song dugc sdy kho trong ti sdy dugc bd sung san pham tr Vi du diéu ché
9ga (176 mg, 0,44 mmol, 1 duong luong), etyl 2-amino-1,3-thiazol-4-carboxylat (115
mg, 0,67 mmol, 1,5 dwong lugng), xesi cacbonat (202 mg, 0,62 mmol, 1,4 duong luong),
tris(dibenzylidenaxeton)dipaladi(0) (40,6 mg, 0,04 mmol, 0,1 dwuong lwong) va
Xantphos (12,8 mg, 0,02 mmol, 0,05 duong lwgng). Lo nay dugc hut chan khong va x0i
rira bang nito (x3), va sau d6 toluen (15 mL) duoc b6 sung vao. Hon hop dwgc phun rira
bang nito (5 phit) sau d6 gia nhiét & 180°C trong 1 h trong didu kién chiéu vi song. Hon
hop dugc c6 trong chan khong va tinh ché bang sic ky nhanh tu dong pha ddo
(CombiFlash Rf, C18 24g RediSep column) tach rira v6i gradien 5 — 95% axetonitril
trong nudc dé tao ra san phidm mong muén (82 mg, 0,15 mmol, 35%).

LC/MS (C26H24N603S2) 533 [M+H]"; RT 1,44 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) 6 10,91 (br s, 1H), 7,96 (s, 1H), 7,88 (br s,
1H), 7,56 (br s, 1H), 7,43 - 7,26 (m, 6H), 7,23 — 7,18 (m, 1H), 4,87 (s, 2H), 4,65 (s,
2H), 4,31 (q, 1 =7,1 Hz, 2H), 2,40 (s, 3H), 1,33 (t, J = 7,1 Hz, 3H).

Buwéc B: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-4-(hydroxymetyl)-5-
metylpyridin-3-yl}amino)-1,3-thiazol-4-carboxylat

Dung dich chita san phim tir Buéc A (72 mg, 0,14 mmol, 1 dwong luong) trong
diclometan (5 mL) dugc lam lanh xuéng 0°C va dung dich bo triclorua 1M (0,68 mL,
0,68 mmol, 5 duong lwong) duoc bd sung vao timg giot. Hdn hop sau d6 duge dé 4m
dén nhiét d6 moi truong trong 2 h. Hon hgp phan tmg dugc lam ding bang cach b sung
metanol va cd trong chan khong. Chét rén thu duge dwoc nghién véi diclometan, loc,
rira bang diclometan va lam khd du6i chan khong dé tao ra san phim mong mudn 1a
chét rin mau kem (54 mg, 0,12 mmol, 90%).

LC/MS (C19H1sN603S2) 443 [M+H]*; RT 1,23 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) § 7,97 (s, 1H), 7,89 (d, J = 7,7 Hz, 1H), 7,51 (d,
J=8,0 Hz, 1H), 7,39 (ddd, J = 8,2, 7,3, 1,3 Hz, 1H), 7,22 (td, ] = 7,5, 1,2 Hz, 1H), 4,83
(s, 2H), 4,30 (g, J = 7,1 Hz, 2H), 2,43 (s, 3H), 1,32 (t, J = 7,1 Hz, 3H).

Buéc C: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-4-(hydroxymetyl)-5-
metylpyridin-3-yl}amino)-1,3-thiazol-4-carboxylic

Dung dich chira san pham tr Buéc B (50 mg, 0,11 mmol, 1 duong luong) trong
1,4-dioxan (5 mL) dugc bo sung dung dich nuéc lithi hydroxit 2M (0,56 mL, 0,56 mmol,
5 dwong luong) va hdn hop dugc gia nhiét & hdi huu trong 30 phut. Hon hop dwoc lam
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lanh xubng nhiét d6 moi trudng va cd trong chan khong. Chét ran duoc cho vao trong
nuée (5 mL) va trung hoa dén pH 6 bang 1M HCI va sau d6 c6 trong chan khéng. Chéat
ran sau d6 dugc nghién véi 4:1 isopropanol / nudce va khudy trong 30 phut. Cac chét ran
duoc thu gom bang cach loc va lam kho dudi chan khong dé tao ra san phdm mong
mudn 1 chét rin mau cam (30 mg, 0,07 mmol, 64%).

HRMS-ESI (m/z) [M+H]+ tinh todn d6i v6i C17H1sNsO3S2: 415,0642, phat
hién 415,0638.

Vidu19:  axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4-xyclopropyl-5-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic

Budc A: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-4-xyclopropyl-5-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylat

Lo vi séng duoc siy kho trong ti sdy dugc bd sung san pham tr Vi du diéu ché
9ha (300 mg, 0,95 mmol, 1 duong luong), etyl 2-amino-1,3-thiazol-4-carboxylat (245
mg, 1,42 mmol, 1,5 duong luong), xesi cacbonat (463 mg, 1,42 mmol, 1,5 dwong luong),
Xantphos (54,8 mg, 0,09 mmol, 0,1 duong luong) va
tris(dibenzylidenaxeton)dipaladi(0) (43,4 mg, 0,05 mmol, 0,05 duong luong). Lo nay
duoc hat chan khong va x4i rira bang nito (x3), va sau d6 alpha,alpha,alpha-triflotoluen
(10 mL) duoc bd sung vao. Hon hop duge phun ria bang nito (5 phiit) sau d6 gia nhiét
& 180°C trong 1 h trong diéu kién chiéu vi séng. Hdn hop phan ting dugc cd trong chin
khong va tinh ché bing séc ky nhanh ty dong pha dao (CombiFlash Rf, C18 26g RediSep
column) tach rira véi gradien 5 — 95% axetonitril (v61 0,08% chét cai bién axit formic)
trong nudc (voi 0,08% chit cai bién axit formic) tao ra san phim mong mudn 13 chit
rin mau vang nhat (67 mg, 0,15 mmol, 16%).

LC/MS (C21H20N602S>) 453 [M+H]"; RT 1,34 (LCMS-V-B1)

'"H NMR (400 MHz, DMSO0-d6) § 11,37 (br s, 1H), 10,56 (s, 1H), 7,96 (s, 1H),
7,89 (d, ] = 7,7 Hz, 1H), 7,51 (s, 1H), 7,38 (td, T =7,7, 1,3 Hz, 1H), 7,20 (t, 1H), 4,30
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(q, T = 7,1 Hz, 2H), 2,49 (s, 3H), 1,90 (q, 1H), 1,31 (t, 3H), 1,27 - 1,21 (m, 2H), 0,59
(dt, 7=5,9, 3,1 Hz, 2H).

Budc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-4-xyclopropyl-5-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic

Dung dich chtta san pham tir Buéc A (67 mg, 0,15 mmol, 1 dwong lugng) trong
1,4-dioxan (5 mL) dugc b6 sung dung dich nuéc lithi hydroxit 2M (0,15 mL, 0,3 mmol,
2 dwong luong) va hdn hop duoc gia nhiét & hoi luu trong 1 h. Phin ing duoc ¢ trong
chan khong, sau d6 cho vao nuéc va pH duoc diéu chinh dén 6 bang dung dich nudc
axit clohydric 1N, trudc khi ¢6 lai trong chin khong. Nghién véi 5:1 isopropanol / nuéce
(5mL)taora chét rin ma duoc thu gom bang cach loc, rira bang isopropanol va 1am kho
duéi chan khong dé tao ra san pham mong mudn 13 chit rin mau vang (28 mg, 0,07
mmol, 45%).

HRMS-ESI (m/z) [M+H]+ tinh toan d6i v&i C1oH17N602S2: 425,0849, phat hién
425,0857.

Vi du 20: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-xyclopropyl-4-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic
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Buéc A: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-xyclopropyl-4-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylat

Lo vi séng duoc siy kho trong tli sdy dugc bd sung san phim tir Vi du diéu ché
9hb (219 mg, 0,69 mmol, 1 duong luong), etyl 2-amino-1,3-thiazol-4-carboxylat (179
mg, 1,04 mmol, 1,5 dwong lugng), xesi cacbonat (338 mg, 1,04 mmol, 1,5 duong luong),
Xantphos (40 mg, 0,07 mmol, 0,1 dwong lugng) va tris(dibenzylidenaxeton)dipaladi(0)
(31,7 mg, 0,03 mmol, 0,05 duong lugng). Lo ndy dugc hut chin khong va xdi rira béng
nito (x3), va sau d6 alpha,alpha,alpha-triflotoluen (15 mL) duoc b6 sung vao. Hon hop
duge phun rira bang nito (5 phit) sau d6 gia nhiét & 170°C trong 1 h trong diéu kién

chiéu vi séng. Hon hop phan tng duge cb trong chan khong va tinh ché bang sic ky
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nhanh ty dong pha dao (CombiFlash Rf, C18 24g RediSep column) tach rira voi gradien
5 — 95% axetonitril (chira 0,08% axit formic) trong nuéc (chira 0,08% axit formic) tao
ra san phém mong mudn (54 mg, 0,12 mmol, 17%).

LC/MS (C21H20N602S,) 453 [M+H]*; RT 1,16 (LCMS-V-B1)

TH NMR (400 MHz, DMSO-d6) & 10,86 (br s, 1H), 10,56 (s, 1H), 7,96 (s, 1H),
7,87 (s, 1H), 7,55 (br s, 1H), 7,38 (t, J = 7,5 Hz, 1H), 7,20 (t, ] = 7,5 Hz, 1H), 4,30 (q,
J=7.1Hz, 2H), 2,49 (s, 3H), 1,91 (p, ] = 7,7 Hz, 1H), 1,33 (t, 3H), 1,27 - 1,21 (m,
2H), 0,59 (dt, J =5,9, 3,1 Hz, 2H).

Buwdc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-xyclopropyl-4-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic

Dung dich chtra san pham tir Budc A (54 mg, 0,12 mmol, 1 dwong lugng) trong
1,4-dioxan (5 mL) dugc bd sung dung dich nudc lithi hydroxit 2M (0,24 mL, 0,24 mmol,
2 duong luong) va hdn hop duge gia nhiét & hdi luu trong 1 h. Phan tmg dugc dé nguoi
dén nhiét do méi trudng va co trong chan khong. Can duoc cho vao trong nude va trung
hoa dén pH 6 bang dung dich nuéc axit clohydric 1M va sau d6 ¢d trong chén khong.
ChAt rin dugc nghién trong 4:1 isopropanol / nudce va khuy trong 30 phiit. Cac chét rin
dugc thu gom bang cach loc, rira bang cold isopropanol va 1am khé duéi chan khong dé
tao ra san phim mong muén 12 chit rin mau cam (30 mg, 0,07 mmol, 59%).

HRMS-ESI (m/z) [M+H]+ tinh toan d6i v&i C10H17N602S2: 425,0849, phét hién
425,0853.

Vidu21:  axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-1,3-thiazol-4-carboxylic
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Budc A: etyl 2-[(6-clo-5-metylpyridazin-3-yl) (metyl)amino]-1,3-thiazol-4-
carboxylat

Natri hydrua (phan tan 60%, 240 mg, 6 mmol, 1,18 dwong lwong) duoc bd sung
tir tir vao dung dich chira 3,6-diclo-4-metylpyridazin (850 mg, 5,21 mmol, 1,02 dwong
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lwong) va etyl 2-(metylamino)-1,3-thiazol-4-carboxylat (950 mg, 5,1 mmol, 1 dwong
luong) trong tetrahydrofuran (25 mL) & 0 °C dudi khi quyén nito. Hon hop duge khudy
trong 1 h & 0 °C va trong 18 h & nhiét @6 moi truong dé tao ra huyén phu mau nau sam.
Dung dich nuéc amoni clorua bao hoa (75 mL) duoc b sung vao va hdn hop dugc chiét
bang diclometan (250 mL). Cac chit chiét duoc rira bang nudc (2 x 75 mL) va nuéce
mudi (75 mL). Dung dich dugc lam kho (magie sulfat) va c6 trong chan khong. Tinh
ché bang sic ky cot nhanh (100 g silic oxit) tch rira v6i 1% metanol trong diclometan
tao ra chit rin ma dwoc nghién véi dietyl ete (15 mL), loc, rira bang dietyl ete (2 x 10
mL) va lam kho trong chén khong dé tao ra san phdm mong mudn 13 chit rin mau nau
nhat (960 mg, 3,07 mmol, 60%).

LC/MS (C12H13CIN4O2S) 313 [M+H]"; RT 1,17 (LCMS-V-B1)

'"H NMR (400 MHz, DMSO0-d6) § 8,04 (s, 1H), 7,86 (s, 1H), 4,30 (¢, /= 7,1 Hz,
2H), 3,83 (s, 3H), 2,43 (s, 3H), 1,32 (t, J= 7,1 Hz, 3H).

Bwéc B: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-1,3-thiazol-4-carboxylat

2-Aminobenzothiazol (245 mg, 1,63 mmol, 1,16 duong luong) va san phém tur
Buéc A (440 mg, 1,41 mmol, 1 duong luong) duoc bd sung vao dung dich chira
tris(dibenzylidenaxeton)dipaladi(0) (64,4 mg, 0,07 mmol, 0,05 dwong luong) va
Xantphos (81,4 mg, 0,14 mmol, 0,1 duong luong) trong 1,4-dioxan (20 mL) dudi khi
quyén nito va hdn hop duge khudy. N,N-diisopropyletylamin (0,75 mL, 4,22 mmol, 3
dwong lwong) duoc bd sung vao va hdn hop duoc gia nhiét trong dng gan kin ¢ 150 °C
trong 24 h. Dung dich dugc dé ngudi dén nhiét dd0 moi trudng va cd trong chan
khong. Tinh ché bang sic ky cot nhanh (50 g silica), tach rira vdi etyl axetat tao ra chét
ran mau vang ma duoc nghién véi metanol (10 mL), loc, rua bang metanol (15 mL) va
]am kho du6i chan khong dé tao ra san phdm mong mudn 13 chét ran mau vang (315 mg,
0,74 mmol, 53%).

LC/MS (C19H1sN602S2) 427 [M+H]"; RT 1,32 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) & 11,23 (br s, 1H), 7,97 (s, 1H), 7,91 (br s,
1H), 7,70 (s, 1H), 7,54 (br s, 1H), 7,39 (td, J = 7,7, 1,2 Hz, 1H), 7,22 (t, 1H), 4,30 (q,J
=7,1 Hz, 2H), 3,82 (s, 3H), 2,46 (s, 3H), 1,32 (t, ] = 7,1 Hz, 3H).

Budéc C: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-1,3-thiazol-4-carboxylic
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Dung dich chira san pham tr Bugc B (200 mg, 0,47 mmol, 1 duong lugng) trong
1,4-dioxan (3 mL) duogc bd sung lithi hydroxit monohydrat (98,4 mg, 2,34 mmol, 5
duong luong) va hén hop duge khudy ¢ nhiét d6 mdi trudong trong 3 h. Nude (10 mL)
duoc bb sung vao va dung dich loc qua xelit, cac chét ran duoc rua bﬁng nudc (5 mL)
va nudce loc thu gom dugc axit hoa bing axit axetic dé tao ra huyén pht mau vang
nhat. Céc chét ran dugc thu gom bang cach loc, rira bang nuédce (20 mL) va lam kho dudi
chan khong dé tao ra san pham mong mudn 12 chét rén mau vang nhat (150 mg, 0,34
mmol, 72%).

LC/MS (C17H14N¢02S2) 399 [M+H]"; RT 1,1 (LCMS-V-BI)

IH NMR (400 MHz, DMSO0-d6) & 12,21 (br s, 2H), 7,95 — 7,84 (m, 2H), 7,71
(s, 1H), 7,54 (d, T = 8,0 Hz, 1H), 7,39 (ddd, ] = 8,2, 7,3, 1,3 Hz, 1H), 7,22 (td, ] = 7,6,
1,2 Hz, 1H), 3,82 (s, 3H), 2,47 (s, 3H).

Vidu?22:  axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4,5-
dimetylpyridazin-3-yl}amino)-5-(3-{4-[3-(dimetylamino)propyl]-2-
flophenoxy}propyl)-1,3-thiazol-4-carboxylic
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Buwéc A: etyl 5-(3-{4-[(1E)-3-(dimetylamino)prop-1-en-1-ylj-2-
flophenoxy}propyl)-2-axetamido-1,3-thiazol-4-carboxylat

Natri hydrua (60% trong dau khoang) (1,61 g, 40,3 mmol, 2,34 duong
luong) duoc bd sung vao dung dich dugc khudy chtra san pham tir Vi du didu ché 6b
(4,65 g, 24,1 mmol, 1,4 duong lugng) trong dimetylformamit (70 mL). Phan tng dugc
khuﬁy & nhiét @6 mdi trudng trong 30 phit sau d6 duoc lam lanh trong bé nude da va
dung dich chura san phém tir Vi du diéu ché 3u, Buéc C (6,57 g, 17,2 mmol, 1 duong
luong) trong dimetylformamit (30 mL) dugc bd sung vao tir tir. Sau khi 40 phut phan

tmg duoc d& 4m dén nhiét do moi trudng va khudy trong 5 h. Hon hop duge lam lanh,
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axit hda bang dung dich nuéc HCI 2N va cac chit hitu co dugc chiét bang etyl axetat,
sau d6 3:1 diclometan / isopropanol. Cac chét hitu co thu gom duge lam kho (magie
sulfat) va dung méi dugc loai bo trong chan khong. Tinh ché bang sic ky cot nhanh tu
dong (CombiFlash Rf, 80 g RediSep™ hop silic oxit) tach ria véi gradien 0 — 10%
metanol trong diclometan tao ra san phim mong mudn 13 bot mau nau (2,26 g, 5,69
mmol, 33%) ma dugc st dung trong budc tiép theo ma khong can tinh ché thém. Mau
chira nguyén liéu dugc tinh ché thém bang HPLC diu ché (phwong phap HPLC-V-Al)
dé tao ra so lidu phan tich.

LC/MS (C22H2sFN3048) 450 [M+H]*; RT 0,75 (LCMS-V-BI)

'H NMR (400 MHz, DMS0-d6) & 7,25 - 7,08 (m, 2H), 7,05 (dd, J = 8,5, 2,0
Hz, 1H), 6,45 (dt, J= 12,0, 1,9 Hz, 1H), 5,69 (dt, ] = 12,4, 6,4 Hz, 1H), 4,23 (qd, ] =
7.1, 2,2 Hz, 2H), 4,09 (t, 2H), 3,27 (t, ] = 7,5 Hz, 2H), 3,11 (dd, J = 6,4, 1,9 Hz, 2H),
2,16 (s, 6H), 2,12 (s, 3H), 2,11 — 2,06 (m, 2H), 1,27 (t, ] = 7,1 Hz, 3H).

Buwdc B: etyl 2-amino-5-(3-{4-[(1E)-3-(dimetylamino)prop-1 -en-1-ylf-2-
flophenoxy}propyl)-1,3-thiazol-4-carboxylat

Dung dich chtra san pham tir Bude A (2,25 g, 4,99 mmol, 1 duong lugng) trong
etanol (40 mL) duoc bd sung axit clohydric (4M trong 1,4-dioxan; 12,5 mL, 49,9 mmol,
10 duong lwong) va hdon hop duge gia nhiét & 60 °C trong 18 h. Phan tmg dugc dé nguoi
dén nhiét d6 moi trudmg va dung mdi duoc loai bo trong chén khong. Tinh ché béng sdc
ky cot nhanh ty dong (CombiFlash Rf, 40 g RediSep™ hop silic oxit) tach rua vo1
gradien 0 — 20% metanol trong diclometan tao ra san pham thd. San pham nay duoc hoa
tan trong metanol va duoc nap 1én hop SCX-2 duge 1lam udt bang metanol (10 g). Tach
rira voi metanol tiép d6 1a 3,5N amoniac metanolic, sau d6 lam bay hoi tao ra san phém
mong mudn 13 gdm mau nau (2,07 g, 5,07 mmol, 100%).

LC/MS (C20H26FN3038) 408 [M+H]"; RT 0,71 (LCMS-V-BI1)

1H NMR (400 MHz, DMSO-d6) & 7,34 (br s, 2H), 7,26 — 7,15 (m, 3H), 6,74 (d,
J=11,9 Hz, 1H), 5,80 (dt, J = 12,5, 6,5 Hz, 1H), 4,16 (q, 2H), 4,09 (t, 2H), 4,03 (dd,
2H), 3,14 (t, ] = 7,5 Hz, 2H), 2,73 (s, 6H), 2,02 (p, J = 6,3 Hz, 2H), 1,24 (t, 3H).

Bugc C: etyl 2-amino-5-(3-{4-[3-(dimetylamino)propyl]-2-
flophenoxyj}propyl)-1,3-thiazol-4-carboxylat

Dung dich chira san pham tir Bu6e B (0,84 g, 2,06 mmol, 1 dwong lugng) trong
1:1 etyl axetat / metanol (40 mL) duoc b6 sung vao binh chura platin(IV) oxit hydrat,
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(d4u que tron) dudi khi quyén nito. Binh nay dugc hut chan khong va nap day nito (x3),
sau d6 hut chan khong, duoc dat dudi khi quyén hydro, va l3c & nhiét 36 mdi trudong
trong 72 h. Hon hop duoc loc qua Xelit (10g hop duge nhdi trudce), tach rira vé1 metanol,
va dung mdi dugc loai bo trong chan khong. Tinh ché bang sic ky cot nhanh ty dong
(CombiFlash Rf, 40 g RediSep™ hop silic oxit) tich rira v6i gradien 0 — 20% metanol
(chtra 20% amoniac) trong diclometan tao ra san pham mong mudn 14 gom mau vang
(519 mg, 1,27 mmol, 53%).

LC/MS (C20H2sFN3038) 410 [M+H]*; RT 0,70 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 7,15 — 7,03 (m, 2H), 7,02 (s, 2H), 6,95 (dt, J
=83, 1,3 Hz, 1H), 4,16 (q, ] = 7,1 Hz, 2H), 4,02 (t, J = 6,2 Hz, 2H), 3,12 (dd, J = 8,2,
6,8 Hz, 2H), 2,63 — 2,57 (m, 2H), 2,54 (t, 2H), 2,44 (s, 6H), 2,05 — 1,93 (m, 2H), 1,79
(p,J=7,9 Hz, 2H), 1,24 (t,] = 7,1 Hz, 3H).

Buwéc _D: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yl}amino)-5—(3-{4—[3-(dimelylamino)propyl]-Z-ﬂophenoxy}propyl)-1,3-thiazol—4—
carboxylat

Lo vi sébng dugc séy kho trong tu séy duoc bd sung san phém ti Vi du diéu ché
9a (118 mg, 0,41 mmol, 1 duong luong), san pham tir Buéce C (200 mg, 0,49 mmol, 1,2
duong lugng), xesi cacbonat (265 mg, 0,81 mmol, 2 duong luong), Xantphos (23,6 mg,
0,04 mmol, 0,1 duong lwong) va tris(dibenzylidenaxeton)dipaladi(0) (18,6 mg, 0,02
mmol, 0,05 duong luong). Lo nay duoc hut chan khéng va x6i rira bang nito (x3), va
sau do alpha,alpha,alpha-triflotoluen (4 mL) duogc bd sung vao. Hon hop duge phun
rira bang nito (5 phut) sau d6 gia nhiét & 170°C trong 1 h trong diéu kién chiéu vi séng.
Hén hop dugc cho phéan b gifta etyl axetat va nudc, va pha hitu co lam kho (magie
sulfat) va cd trong chan khong. Tinh ché bing sic ky nhanh tg dong pha dao
(CombiFlash Rf, cot C18 13g RediSep) tach rira véi 5 — 95% axetonitril trong nudce tao
ra san phAm mong mubn 13 bot mau vang (36 mg, 0,05 mmol, 13%).

LC/MS (C33H33sFN703S2) 664 [M+H]"; RT 1,01 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 10,71 (br s, 1H), 7,81 (d, J = 7,8 Hz, 1H),
7,44 (d, T = 8,0 Hz, 1H), 7,30 (td, 1H), 7,13 (td, T = 7,5, 1,1 Hz, 1H), 7,05 — 6,95 (m,
2H), 6,91 — 6,82 (m, 1H), 4,20 (g, J = 7,1 Hz, 2H), 4,03 (t, J = 6,2 Hz, 2H), 3,28 - 3,19
(m, 4H), 2,30 (s, 3H), 2,28 (s, 3H), 2,15 — 2,02 (m, 4H), 2,04 (s, 6H), 1,57 (p, J = 7,4
Hz, 2H), 1,23 (t, J= 7,1 Hz, 3H).
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Buwdc E: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yl}amin0)-5-(3-{4-[3-(dimetylamino)propyl]—Z-ﬂophenoxy}propyl)-1,3-thiazol—4-
carboxylic

Dung dich chira san phém tir Buéce D (57,1 mg, 0,09 mmol, 1 duong luong) trong
1,4-dioxan (5 mL) dugc bd sung lithi hydroxit monohydrat (14,4 mg, 0,34 mmol, 4
duong luong) va hdn hop dugc gia nhiét & hdi luu trong 5,5 h. Hon hop duge dé nguoi
dén nhiét 36 m6i truong va dung moi duoc loai bo trong chan khong. Can duge nghién
trong nudc va cac chét rén duoc thu gom bang cach loc. Céc chit rin dugc nghién thém
véi dietyl ete, sau d6 dugce thu gom bang cach loc va lam khd dudi chén khong dé tao
ra san pham mong muén 12 chit rin mau nau (19,1 mg, 0,03 mmol, 35%).

HRMS-ESI (m/z) [M+H]+ tinh todn d6i véi C31HisFN703Sa: 636,2221, phat
hién 636,2224.

Vidu?23:  axit 2-[[1-(1,3-Benzothiazol-2-ylamino)-6,7-dihydro-5H-
xyclopenta[d]pyridazin-4-ylJamino]thiazol-4-carboxylic
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Buwgc A: 1,4-dibromo-6,7-dihydro-5H-xyclopenta[d[pyridazin

Hon hop gdom 1,86 g 2,3,6,7-tetrahydro-1H-xyclopenta[d]pyridazin-1,4(5H)-
dione (12,3 mmol, 1 dwong luong) va 10,55 g (36,8 mmol, 3 duwong lugng) POBr; trong
50 mL 1,2-dicloetan dugc giit & hdi Iuu trong 3 h. Sau khi 1am ngudi dén rt va cd, cin
duoc xur ly béng 100 g nudce da, pH duoc dat dén 7 béng cach bd sung NaHCOs dac, va
Kkét tia rin duoc loc ra dé tao ra 1,88 g (55%) san phim mong mudn.

Buéc B: 4-bromo-6,7-dihydro-5H-xyclopenta/d[pyridazin-1-amin

Hon hop gdm 1,88 g san pham tir Bude A (6,8 mmol) trong 25 mL dung dich
30% ctia NH; trong nude duoc gilt & 130°C trong 18 h. Sau khi ¢6, can duoc cho vao
trong EtOAc, rua béng dung dich 10% NaOH, lam kho béng MgSOg4, loc, va co dé tao
ra 1,28 g (88%) san phdm mong mudn.

LC-MS-ESI (m/z): [M+H]" tinh toan déi v6i CsHoBrNs: 214, 216, phét hién: 214,
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216.

Buwéc C: N-(4-bromo-6,7-dihydro-5H-xyclopenta[d]pyridazin-1-yl)-1,3-
benzothiazol-2-amin

Hon hop gdm 214 mg san pham tir Bude B (1 mmol, 1 duong luong), 321 mg 2-
bromo-1,3-benzothiazol (1,50 mmol, 1,5 dwong lwong), 160 mg natri hydrua (huyén phu
60%) (4 mmol, 4 duong lugng) trong 25 mL 1,4-dioxan dugc gitt & hdi lwu trong 1 h.
Sau khi lam ngudi va lam dung bﬁng metanol, hdn hop duoc co, dugce xt Iy bﬁng nudc,
loc ra va lam khé. Chét ran dugc nghién v&i EtOAc va lam kho dé tao ra 275 mg (79%)
san pham mong muén.

LC-MS-ESI (m/z): [M+H]" tinh toan ddi v6i C14H12BrN4S: 347, 349, phét hién:
347, 349.

Budc D: etyl 2-[[1-(1,3-benzothiazol-2-ylamino)-6,7-dihydro-5H-
xyclopenta[d]pyridazin-4-ylJamino]thiazol-4-carboxylat

Hbn hop gém 270 mg san pham tir Buede C (0,778 mmol, 1 duong lugng), 134
mg etyl 2-aminothiazol-4-carboxylat (0,78 mmol, 1 duong luong), 29 mg Pdx(dba)s
(0,032 mmol, 0,04 duong lugng), 45 mg Xantphos (0,078 mmol, 0,1 duong luong), va
507 mg Cs2COs (1,56 mmol, 2 duong lugng) trong 10 mL triflometylbenzen dugc git
& 200°C trong 0,5 h. Han hop phan tmg dugc ¢b va tinh ché bang HPLC diéu ché dé tao
ra 97 mg (28%) san pham mong mudn.

LC-MS-ESI (m/z): [M+H]" tinh toan d6i v6i C20H19N602S2: 439,5, phat hién:
439.

Budéc E: axit 2-[[1-(1,3-benzothiazol-2-ylamino)-6,7-dihydro-5H-
xyclopenta[d]pyridazin-4-yl]amino]thiazol-4-carboxylic

Hon hop gdm 90 mg sin pham tir Buede D (0,22 mmol, 1 dwong luong), 18 mg
LiOHxH,0 (0,43 mmol, 2 duong luong), va 13 giot nudc trong 5 mL 1,4-dioxan dugc
gift & hdi luu trong 2 h. H3n hop phéan émg dugc ¢d va tinh ché bang HPLC diéu ché
dé tao ra 54 mg (64%) san pham mong mudn.

HRMS-ESI (m/z): [M+H]+ tinh toén d6i véi C1sHisNeO2S2: 411,0697, phat
hién: 411,0685.

Vidu24: axit 6-[[4-(1,3-Benzothiazol-2-ylamino)-5,6,7,8-
tetrahydrophthalazin-1-ylJamino]pyridin-2-carboxylic
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Budc A: etyl 6-[[4-(1,3-benzothiazol-2-ylamino)-5,6,7,8-tetrahydrophthalazin-
1-ylJamino[pyridin-2-carboxylat

Hén hop gdm 245 mg Vi du 17, Buée B (0,68 mmol, 1 dwong lwong), 113 mg
etyl 6-aminopyridin-2-carboxylat (0,68 mmol, 1 duong luwong), 25 mg Pdx(dba)s (0,027
mmol, 0,04 dwong lwgng), 40 mg Xantphos (0,069 mmol, 0,1 duong Iwgng), va 443 mg
Cs2CO;s (1,36 mmol, 2 duong lwong) trong 10 mL triflometylbenzen dugc gitt ¢ 200°C
trong 1,5 h. Hon hop phan tmg dugc cd va tinh ché bang HPLC diéu ché dé tao ra 45
mg (15%) san phiAm mong mubn.

LC-MS-ESI (m/z): [M+H]" tinh todn dbi v6i C23H2NsO2S: 447, phat hién: 447.

Buwdc B: axit 6-[[4-(1,3-benzothiazol-2-ylamino)-5,6,7,8-
tetrahydrophthalazin-1-ylJamino[pyridin-2-carboxylic

Hon hop gdm 45 mg san pham tr Buéc A (0,11 mmol, 1 dwong lugng), 8,5 mg
LiOH>H0 (0,20 mmol, 2 dwong lwgng), va 10 giot nudc trong 10 mL 1,4-dioxan duge
gift & hoi luu trong 2 h. Hon hop phén Gng dugc b va tinh ché bang HPLC diéu ché dé
tao ra 21 mg (50%) san pham mong mudn.

HRMS-ESI (m/z): [M+H]+ tinh toan d6i véi C21H19N602S: 419,1290, phat hién:
419,1294.

Vidu25: axit 6-[[4-(1,3-Benzothiazol-2-ylamino)-6,7-dihydro-5H-
xyclopenta[d]pyridazin-1-ylJamino]pyridin-2-carboxylic
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Buéc A: 6-[[4-(1,3-benzothiazol-2-ylamino)-6,7-dihydro-5H-
xyclopenta[d[pyridazin-1-ylJamino[pyridin-2-carboxylat

Hon hop gbm 290 mg Vi du 23, Budc C (0,84 mmol, 1 duong luong), 139 mg
etyl 6-aminopyridin-2-carboxylat (0,84 mmol, 1 dwong luong), 31 mg Pdz(dba)s (0,034
mmol, 0,04 dwong lugng), 48 mg (0,083 mmol, 0,1 dwong lwong) Xantphos, va 545 mg
Cs,CO;3 (1,67 mmol, 2 duong luong) trong 10 mL triflometylbenzen duoc gitt & 200°C
trong 1,5 h. Hon hop phan tng duoc ¢d va tinh ché bang HPLC diéu ché dé tao ra 70
mg (19,4%) san phim mong mudn.

LC-MS-ESI (m/z): [M+H]" tinh toan d61 véi C2oH21N6O2S: 433,5, phat hién: 433
va 431 [M-HJ.

Buwdc B: axit 6-[[4-(1,3-benzothiazol-2-ylamino)-6,7-dihydro-5H-
xyclopenta[d]pyridazin-1-ylJamino[pyridin-2-carboxylic

Hon hop gdm 70 mg séan pham tir Bude A (0,16 mmol, 1 duong luong), 14 mg
LiOH>H,0 (0,33 mmol, 2 duong lugng), va 10 giot nude trong 10 mL 1,4-dioxan dugc
gitr & hdi luu trong 2 h. Hon hop phén ing duoc ¢d va tinh ché bing HPLC diéu ché dé
tao ra 24 mg (31%) san phém mong mudn.

HRMS-ESI (m/z): [M-+H]+ tinh toan d6i véi C20H17NsO2S: 405,1134, phat hign:
405,1123.

Vidu26: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4,5-
dimetylpyridazin-3-yl}(metyl)amino)-1,3-thiazol-4-carboxylic
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Budc A: etyl 2-[(6-clo-4,5-dimetylpyridazin-3-yl) (metyl)amino]-1,3-thiazol-4-
carboxylat

Natri hydrua (phan tin 60%, 250 mg, 6,25 mmol, 1,16 duong lugng) dugc bo
sung tir tir vao dung dich chtta 3,6-diclo-4,5-dimetylpyridazin (950 mg, 5,37 mmol, 1
duong luogng) va etyl 2-(metylamino)-1,3-thiazol-4-carboxylat (1,2 g, 6,44 mmol, 1,2
duong lugng) trong 1,4-dioxan (20 mL) & 0 °C dudi khi quyén nito. Hon hop duge
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khudy trong 1 h & nhiét do méi truong, sau d6 ¢ 60 °C trong 2 h. Dung dich nudc amoni
clorua bio hoa (75 mL) dugc bd sung vao va hon hop duge chiét bang etyl axetat (150
mL). Chét chiét hitu co dugce ria bang nude (2 x 75 mL), nuée mudi (75 mL), 1am kho
(magie sulfat) va c6 trong chan khong. Tinh ché bang sic ky cot (100 g silic oxit) tich
rira voi etyl axetat tao ra san phim mong muén 13 gdbm mau nau (715 mg, 2,19 mmol,
41%).

LC/MS (C13Hi15CIN4O2S) 327 [M+H]"; RT 1,09 (LCMS-V-B1)

'"H NMR (400 MHz, CDCl3) & 7,56 (s, 1H), 4,34 (q, ] = 7,2 Hz, 2H), 3,66 (s,
3H), 2,43 (s, 3H), 2,23 (s, 3H), 1,36 (t, ] = 7,2 Hz, 3H).

Buwdc B: etyl 2-({6-[(1,3-beﬁzothiazol—2—yl)amin0]-4,5-dimetylpyridazin-3-
yl}(metyl)amino)-1,3-thiazol-4-carboxylat

2-Aminobenzothiazol (250 mg, 1,66 mmol, 1,21 duong lugng) va san phim tir
Buéc A (500 mg, 1,38 mmol, 1 duwong luwong) dugc bd sung vao dung dich chwra
tris(dibenzylidenaxeton)dipaladi(0) (63,1 mg, 0,07 mmol, 0,05 duong luong) va
Xantphos (79,7 mg, 0,14 mmol, 0,1 duong luong) trong 1,4-dioxan (20 mL) dudi khi
quyén nito va hdn hop dugc khudy. N,N-diisopropyletylamin (0,75 mL, 4,13 mmol, 3
duong luong) dugc bo sung vao va hdn hop duoc gia nhiét trong 6ng gan kin & 150 °C
trong 24 h. Dung dich duoc dé ngudi dén nhiét @6 moi trudng va cd trong chan
khong. Tinh ché bang sac ky cot nhanh (50 g silic oxit) tch rira véi 1% metanol trong
diclometan tao ra gdm mau vang dam ma duoc nghién véi dietyl ete (15 mL), loc, ria
bing dietyl ete (15 mL) va lam khé du6i chan khong dé tao ra sin phdm mong muén 1a
chét rin mau vang nhat (365 mg, 0,83 mmol, 60%).

LC/MS (C20H20N602S2) 441 [M+H]"; RT 1,26 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) & 11,22 (br s, 1H), 7,87 (br s, 1H), 7,76 (s,
1H), 7,56 (br s, 1H), 7,40 (t, J = 7,5 Hz, 1H), 7,23 (t, 1= 7,7 Hz, 1H), 4,25 (q, T = 7,1
Hz, 2H), 3,49 (s, 3H), 2,41 (s, 3H), 2,19 (s, 3H), 1,28 (t, ] = 7,1 Hz, 3H).

Budc C: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yl}(metyl)amino)-1,3-thiazol-4-carboxylic

Dung dich chira san pham tir Buéc B (200 mg, 0,45 mmol, 1 duong lugng) trong
1:3 nude / 1,4-dioxan (4 mL) duoc bd sung lithi hydroxit monohydrat (95,3 mg, 2,27
mmol, 5 duong lwong) va hon hop dugc khudy & nhiét d moi truong trong 18 h. Nude

(10 mL) dugc bd sung vio va dung dich duge loc qua xelit, cac chét rén duoc rira bang
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nuée (5 mL) va nude loc thu gom duge axit hoa bing axit axetic dé tao ra huyén phu
mau vang nhat. Cac chit ran dugc thu gom bang cach loc, rtra bang nuée (20 mL) va
lam kho dudi chan khéng d tao ra san phim mong mudn 13 chét ran mau vang nhat
(150 mg, 0,36 mmol, 80%).

HRMS-ESI (m/z) [M-H]- tinh toan ddi v6i C1sHisNeO2S2: 411,0703, phét hign
411,0689.

Vidu27: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-(hydroxymetyl)-4-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic
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Budc A: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-(metoxymetyl)-4-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylat

Lo vi séng duoc siy kho trong tu sdy duoc bd sung sin phim tir Vi du diéu ché
9ib (169 mg, 0,53 mmol, 1 duong luong), etyl 2-amino-1,3-thiazol-4-carboxylat (109
mg, 0,63 mmol, 1,2 dwong lugng), xesi cacbonat (240 mg, 0,74 mmol, 1,4 duwong luong),
Xantphos (30,5 mg, 0,05 mmol, 0,1 duong luwong) va
tris(dibenzylidenaxeton)dipaladi(0) (24,1 mg, 0,03 mmol, 0,05 dwong luong). Binh nay
dwoc hit chan khong va x6i rira bang nito (x3), va sau d6 alpha,alpha,alpha-triflotoluen
(10 mL) dugc bd sung vao. Hén hop duge phun rira bang nito (10 phut) sau d6 gia nhiét
& 180 °C trong 1 h trong diéu kién chiéu vi séng. Hon hop duge cb trong chan khong va
tinh ché bing séc ky cot nhanh ty dong (CombiFlash Rf, 12 g RediSep™ hop silic oxit)
tach rira véi gradien 0 — 5% metanol trong diclometan tao ra san phim mong mudn (138
mg, 0,30 mmol, 57%).

LC/MS (C20H20N603S2) 457 [M+H]"; RT 1,17 (LCMS-V-B1)

I'H NMR (400 MHz, DMSO-d6) & 12,25 (br s, 1H), 11,07 (br s, 1H), 10,63 (br
s, 1H), 7,96 (s, 1H), 7,87 (s, 1H), 7,49 (br s, 1H), 7,38 (t, J = 7,5 Hz, 1H), 7,20 (t, 1H),
4,78 (s, 2H), 4,30 (q, J = 7,1 Hz, 2H), 3,38 (s, 3H), 2,43 (s, 3H), 1,33 (t, J = 7,1 Hz,
3H).
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Bugc B: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-(hydroxymetyl)-4-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylat

Dung dich chira san pham tir Budc A (55 mg, 0,12 mmol, 1 dwong lugng) trong
diclometan (2 mL) duogc bd sung vao bo tribromua (0,6 mL, 1 M, 0,6 mmol, 5 duong
lwong) & 0°C va hén hop duge khudy ¢ nhiét d6 moi truong trong 1 h. Phan umg duoc
lam dirng bang metanol va c6 trong chan khong. Chét ran duoc cho vao metanol va dugc
hdi lwu trong 30 phat sau dé dé ngudi dén nhiét 6 moi truong. Tinh ché bang sdc ky
cOt nhanh t dong pha dao (CombiFlash Rf, C18 4,3g RediSep column) tach ria véi
gradien 5 — 95% axetonitril tao ra san pham thé (53 mg) ma duge chuyén sang budc tiép
theo ma khong céan tinh ché thém.

Budc C: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-(hydroxymetyl)-4-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic

Dung dich chira san pham tir Bu6e B (53,3 mg, 0,12 mmol, 1 dwong luong) trong
1,4-dioxan (5 mL) duogc bd sung dung dich nuéde lithi hydroxit 2M (0,24 mL, 0,24 mmol,
2 duong luong) va hdn hop duoc gia nhiét & hdi luu trong 1 h. Phan tng dwgc d& ngudi
dén nhiét d6 moi trudng va co trong chin khong. Can duoc cho vao trong nudce tbi thiéu,
axit hoa dén pH 6 bang dung dich nuéc axit clohydric 1M va duoc khudy trong 10 phut.
Dung méi dugc loai bo trong chan khdng va can dugc nghién véi 5:1 isopropanol / nude.
Huyén phu duoc khudy trong 30 phiit sau d6 chit rin duoc thu gom bang cach loc, ria
béang isopropanol va lam khd du6i chan khong dé tao ra san phAm mong mubn 14 chat
rin mau nau (16 mg, 0,04 mmol, 32%).

HRMS-ESI (m/z) [M-H]- tinh toan d6i véi C17H13NeO03S2: 413,0496, phat hién
413,0499.

Vidu 28:  axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-(metoxymetyl)-4-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic
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Dung dich chtra san phém to Vi du 27, Bude A (59 mg, 0,13 mmol, 1 duong
luong) trong 1,4-dioxan (5 mL) dugc bd sung dung dich nude lithi hydroxit 2M (0,26
mL, 0,26 mmol, 2 dwong luong) va hdn hop duge gia nhiét & hoi luu trong 1 h. Hon hop
dugce dé nguoi dén nhiét do6 moi truomg va co trong chin khong. Can duoc cho vao trong
nude téi thidu, axit hoa dén pH 6 bang dung dich nudc axit clohydric 1M va dugc khudy
trong 10 phiit. Dung mdi dugc loai bo trong chan khong va cén dugc nghién véi 5:1
isopropanol / nudc. Huyén phu duoc khudy trong 30 phit sau d6 cac chét ran dugc thu
gom bang cach loc, rira bang isopropanol va lam khé dudi chin khong dé tao ra san
pham mong mudn 13 chit rin mau cam (18,5 mg, 0,04 mmol, 33%).

HRMS-ESI (m/z) [M-H]- tinh toan d6i véi CisHisNeO3Sa: 427,0653, phat hién
427,0650.

Vidu29:  axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4-(metoxymetyl)-5-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic

Budc A: metyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-4-(metoxymetyl)-5-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylat

Lo vi song duoc séy kho trong tu séy dugc bd sung san phém tir Vi du diéu ché
9ja (85 mg, 0,26 mmol, 1 duong luong), etyl 2-amino-1,3-thiazol-4-carboxylat (59,3
mg, 0,34 mmol, 1,3 duong luong), xesi cacbonat (121 mg, 0,37 mmol, 1,4 duong luong),
Xantphos (7,67 mg, 0,01 mmol, 0,05 duong lugong) va
tris(dibenzylidenaxeton)dipaladi(0) (24,3 mg, 0,03 mmol, 0,1 dwong luong). Binh nay
dwoc hit chan khong va x6i rira bang nito (x3), va sau d6 alpha,alpha, alpha-triflotoluen
(10 mL) dwgc b sung vao. Hon hop duge phun rira bang nito (10 phit) sau d6 gia nhiét
& 180 °C trong 1 h trong diéu kién chiéu vi séng. Hon hop duge cb trong chan khong va

tinh ché bang sic ky cot nhanh ty dong (CombiFlash Rf, 12 g RediSep™ hop silic oxit)
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tach rira v6i gradien 0 — 5% metanol trong diclometan tao ra san phdm mong muén 14
chét ran dang thury tinh mau cam (82,5 mg, 0,18 mmol, 68%) .

LC/MS (C19H1sN603S2) 443 [M+H]*; RT 1,26 (LCMS-V-B1)

IH NMR (400 MHz, DMSO-d6) 10,78 (br s, 1H), 7,98 (s, 1H), 7,42 — 7,34 (m,
2H), 7,25 — 7,14 (m, 2H), 4,77 (s, 2H), 3,83 (s, 3H), 3,39 (s, 3H), 2,44 (s, 3H).

Buwéc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-4-(metoxymetyl)-5-
metylpyridazin-3-yl}Jamino)-1,3-thiazol-4-carboxylic

Dung dich chira san pham tir Buéc A (82,5 mg, 0,18 mmol, 1 duong lugng) trong
1,4-dioxan (5 mL) dugc bd sung dung dich nude lithi hydroxit 2M (0,18 mL, 0,36 mmol,
2 duong luong) va hdn hop dugc gia nhiét & hdi luu trong 1 h. Phan tng duge dé nguoi
dén nhiét 36 méi trudng va co trong chan khong. Can duoc cho vao trong nude t61 thiéu,
axit hoa dén pH 6 bang dung dich nude axit clohydric IM va duoc khudy trong 10 phut.
Dung méi dugc loai bo trong chan khdng va can duge nghién véi 5:1 isopropanol / nudc.
Céc chit rén duoc thu gom bang cach loc, rira bang isopropanol (2 x 4 mL) va lam kho
trong chan khong. Tinh ché bang HPLC pha ddo (phwong phap HPLC-V-A2) tao ra san
phém mong muén 12 chét rin mau vang (22 mg, 0,05 mmol, 28%).

HRMS-ESI (m/z) [M-+H]+ tinh toan d6i v&i C1sHi17NsO3S2: 429,0798, phat
hién 429,0800.

Vidu30: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4-(etoxymetyl)-5-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic

Budc A: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-4-(etoxymetyl)-5-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylat

Lo vi séng dugc say khd trong ti sdy duoc bo sung san pham tir Vi du diéu ché
9ka (113 mg, 0,34 mmol, 1 duong luong), etyl 2-amino-1,3-thiazol-4-carboxylat (69,7

mg, 0,4 mmol, 1,2 duong luong), xesi cacbonat (154 mg, 0,47 mmol, 1,4 duong lugng),
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Xantphos (19,5 mg, 0,03 mmol, 0,1 duong luvong) va
tris(dibenzylidenaxeton)dipaladi(0) (15,5 mg, 0,02 mmol, 0,05 duong lugng). Binh nay
dwoc hut chan khong va x4i rira bang nito (x3), va sau d6 alpha,alpha,alpha-triflotoluen
(7 mL) dugc bd sung vao. Hon hop duge phun ria bang nito (10 phut) sau d6 gia nhiét
& 180 °C trong 1 h trong diéu kién chiéu vi séng. Hon hop dugc cd trong chan khong va
tinh ché bang sic ky cot nhanh ty dong (CombiFlash Rf, 24 g RediSep™ hop silic oxit)
tach rira v&i gradien 0 — 100% etyl axetat trong iso-heptan dé tao ra san phim mong
mudn (47 mg, 0,1 mmol, 30%).

LC/MS (C21H22Ns03S,) 471 [M+H]"; RT 1,36 (LCMS-V-B1)

'H NMR (400 MHz, CDCl3) 7,82 (s, 1H), 7,73 (d, J = 35,3 Hz, 3H), 7,43 (t,
1H), 7,28 — 7,23 (m, 1H), 4,72 (s, 2H), 4,45 (q, ] = 7,1 Hz, 2H), 3,68 (q, J = 7,0 Hz,
2H), 2,47 (s, 3H), 1,45 (t,J=7,1 Hz, 3H), 1,35 (t, ] = 7,0 Hz, 3H).

Budc B: axit 2-({6-/(1,3-benzothiazol-2-yl)amino]-4-(etoxymetyl)-5-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic

Dung dich chtta sin pham tir Buéc A (49 mg, 0,1 mmol, 1 duong lwong) trong
1,4-dioxan (5 mL) dugc bd sung dung dich nuéc lithi hydroxit 2M (0,1 mL, 0,21 mmol,
2 duong lwong) va hon hop duogc gia nhiét & héi luu trong 2 h. Hon hop dugc dé ngudi
dén nhiét d6 mdi trudng va cd trong chin khong. Can dugce cho vao trong nudce tdi thiéu,
axit hoa dén pH 6 bang dung dich nuéc axit clohydric 1M va dugc khudy trong 10 phut.
M3u dugc nghién véi 5:1 isopropanol / nudc va cac chét rin dugc thu gom bang cach
loc, rira bang isopropanol va lam kho dudi chan khong dé tao ra san phdm mong mubn
1a chit rén mau nau (23,9 mg, 0,05 mmol, 52%).

HRMS-ESI (m/z) [M-H]- tinh toan d6i v&i C1oH17N603S2: 441,0809, phét hién
441,0803.

Vidu3l: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-
xyclopropylpyridazin-3-yl} (metyl)amino)-1,3-thiazol-4-carboxylic

|
N N 0
=z
X N S OH
HN N

N

&

227



48508 208/598

Dung dich chita san phédm tir Vi du diéu ché 11d, Buéc B (249 mg, 0,55 mmol,
1 dwong lugng) trong 1,4-dioxan (10 mL) dugc bd sung dung dich nuge lithi hydroxit
2M (0,55 mL, 1,1 mmol, 2 duong luong) va hdn hop dugc gia nhiét & hdi vu trong 3 h.
Phan tng dugc dé nguoi dén nhiét d6 moi truomg va cod trong chan khong. Tinh ché bang
sac ky nhanh ty dong pha dao (CombiFlash Rf, C18 43g RediSep column) tach rua véi
gradien 5 — 95% axetonitril trong nuGce tao ra san pham mong mudn 13 bot mau vang (33
mg, 0,08 mmol, 14%) [¢ dang mubi lithi].

HRMS-ESI (m/z) [M+H]+ tinh todn di véi C1oH17NsO2S2: 425,0849, phat
hién 425,0851.

Vidu32: axit 5-{1-[(Adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-
2-({6-[(1,3-benzothiazol-2-yl)amino]pyridazin-3-yl}amino)-1,3-thiazol-4-

carboxylic

72

W I
O s

Buwéc A: etyl 5-{1-[(adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-2-[( 6-
{[(2Z)-3-{[2-(trimetylsilyl) etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-
yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Dung dich chtra san phém tir Vi du diéu ché 11f (64 mg, 0,11 mmol, 1 duong
luong), Vi du diéu ché 10a (45,0 mg, 0,13 mmol, 1,2 duong luong) va kali cacbonat
(43,7 mg, 0,32 mmol, 3 duong lugng) trong 3:1 hén hop gdém tetrahydrofuran / nuédc (4
mL) dwoc bd sung [1,1'-bis(diphenylphosphino)feroxen]diclopaladi(II) (7,71 mg, 0,01
mmol, 0,1 dwong luong). Hon hop dugc phun rira bang nito (10 phat) sau d6 gia nhiét
& 120 °C trong 1h trong diéu kién chiéu vi séng. Hon hop dugc pha lodng vai etyl axetat
sau d6 rira 13n luot bang nuée va nude mudi. Chét chiét hitu co duoc lam kho (magie
sulfat) va dung moi dugc loai bo trong chan khong. Tinh ché bang sic ky cot nhanh tur
dong (CombiFlash Rf, 12 g RediSep™ hop silic oxit) tach rira v6i gradien 0 — 50% etyl
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axetat trong iso-heptan tao ra san phim mong mudn 13 chét rin mau kem (39,2 mg, 0,05
mmol, 49%).

LC/MS (C3sH4sN3O3SiS2) 757 [M+H]"; RT 1,64 (LCMS-V-B1)

Buwéc B: etyl 5-{1-[(adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-2-({6-
[(1,3-benzothiazol-2-yl)amino]pyridazin-3-yl}amino)-1,3-thiazol-4-carboxylat

Dung dich chira san pham tir Budc A (39 mg, 0,05 mmol, 1 duong lwong) trong
diclometan (2 mL) dugc 1am lanh xuéng 0 °C sau @6 axit trifloaxetic (0,3 mL, 4,03
mmol, 78,1 duong luong) dugce bd sung vao. Hon hop duge dé 4m dén nhiét do moi
trudng va khudy trong 18 h. Hén hop duoc pha lodng véi diclometan va rita lan lwot
bﬁng dung dich nudc natri bicacbonat bao hoa, nude, va nude mudi. Pha hitu co duoc
lam khé (magie sulfat) sau d6 dung méi dugc loai bo trong chan khong. Tinh ché bang
sic ky cot nhanh tyr dong (CombiFlash Rf, 12 g RediSep™ hop silic oxit) tich rira voi
gradien 0 — 7% metanol trong diclometan tao ra san phim mong mudn 13 chat rin mau
kem (10,5 mg, 0,02 mmol, 33%).

LC/MS (C32H34N3502S;) 627 [M+H]"; RT 1,38 (LCMS-V-B1)

'H NMR (400 MHz, DMSO0-d6) § 11,87 (br s, 1H), 11,67 (br s, 1H), 7,93 (d, J
=7,8 Hz, 1H), 7,64 (d, 1H), 7,57 (s, 1H), 7,51 (d, ] = 27,8 Hz, 1H), 7,44 — 7,33 (m,
2H), 7,21 (t, T = 7,6 Hz, 1H), 4,17 (q, T = 7,1 Hz, 2H), 3,80 (s, 2H), 2,23 (s, 3H), 1,98
(s, 3H), 1,72 — 1,56 (m, 12H), 1,20 (t, J = 7,1 Hz, 3H).

Budéc C: axit 5-{1-[(adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-2-({6-
[(1,3-benzothiazol-2-yl)amino]pyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic

Dung dich chira san pham tir Buée B (10,5 mg, 0,02 mmol, 1 duong lugng) trong
1,4-dioxan (2 mL) dugc bd sung lithi hydroxit monohydrat (3,51 mg, 0,08 mmol, 5
duong luong) va hdn hop dugce gia nhiét & hdi lvu qua dém. Phan ung dugc dé ngudi
dén nhiét d6 moi truong va dung mdi dugce loai bo trong chan khong. Can duge nghién
v6i nudc va cac chat rin duoc thu gom bang cach loc va 1am kho dudi chén khong dé
tao ra san phdm mong mudn 12 chat rin mau be (7,2 mg, 0,01 mmol, 71%).

HRMS-ESI (m/z) [M+H]+ tinh toan d6i véi C30H31Ng02S2: 599,2006, phat hign
599,2037.

Vidu33: axit 5-{1-[(Adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-
2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-yl}amino)-1,3-

thiazol-4-carboxylic
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Budc A: etyl 5-{1-[(adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-2-[(4,5-
dimetyl-6-{{(2Z)-3-{[2-(trimetylsilyl) etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-
yliden]Jamino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Hon hop gdm san phidm tir Vi du didu ché 11a (99 mg, 0,16 mmol, 1 duong
luong), san pham tir Vi du didu ché 10a (66,6 mg, 0,19 mmol, 1,2 duong luong) va kali
cacbonat (64,6 mg, 0 mol, 3 duong lugng) trong 3:1 tetrahydrofuran / nuge (4 mL) dugc
bd sung vao [1,1'-bis(diphenylphosphino)feroxen] diclopaladi(Il) (11,4 mg, 0,02 mmol,
0,1 dwong lwong). Hon hop dugc phun rira bang nito (10 phut) sau d6 gia nhiét & 120
°C trong 1 h trong diéu kién chiéu vi song. Phan ting dugc pha lodng véi etyl axetat sau
d6 rra 1an luot bang nude va nude mudi. Chét chiét hitu co dugc 1am kho (magie sulfat)
sau d6 dung m6i dugc loai bo trong chan khong. Tinh ché bang sac ky cot nhanh ty dong
(CombiFlash Rf, 12 g RediSep™ hdp silic oxit) tach rira véi gradien 0 —50% etyl axetat
trong iso-heptan tao ra san phim mong mudn 14 thiy tinh mau vang (65,5 mg, 0,08
mmol, 54%).

LC/MS (C40Hs2NgO0sSiS2) 785 [M+H]"; RT 1,82 (LCMS-V-BI)

'H NMR (400 MHz, DMSO-d6) & 10,93 (br s, 1H), 7,78 (d, J = 7,6 Hz, 1H),
7,54 (s, 1H), 7,46 — 7,38 (m, 2H), 7,21 (dt, 1H), 5,84 (s, 2H), 4,17 (q, J = 7,1 Hz, 2H),
3,78 (s, 2H), 3,71 (t, 2H), 2,40 (s, 3H), 2,36 (s, 3H), 2,20 (s, 3H), 1,96 (s, 3H), 1,71 —
1,55 (m, 12H), 1,17 (t, 3H), 0,91 (t, 2H), 0,00 (s, 9H).

Buwdc B: etyl 5-{1-[(adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-2-({6-
[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-yl}amino)-1,3-thiazol-4-
carboxylat

Dung dich chira sdn phém t Bude A (65,5 mg, 0,08 mmol, 1 duong luong) trong
diclometan (4 mL) dugc lam lanh trong bé nuGe da sau do axit trifloaxetic (0,4 mL, 5,37
mmol, 64 duong lwong) dwoc bd sung vao. Hon hop dugce dé 4m dén nhiét d6 moi trudng

va khudy trong 18 h. Phan (mg duoc pha lodng véi diclometan va rira 1an luot bang dung
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dich nudc natri bicacbonat bao hoa, nudc, va nude mudi. Céc chét hiru co dugce 1am khd
(magie sulfat) va dung mdi duoc loai bo trong chan khong. Tinh ché bang sic ky cot
nhanh ty dong (CombiFlash Rf, 12 g RediSep™ hdp silic oxit) tich rira v6i gradien 0 —
5% metanol trong diclometan tao ra san phim mong mudn 13 thity tinh mau vang (34,2
mg, 0,05 mmol, 63%).

LC/MS (C3sH3sN30,S2) 655 [M+H]"; RT 1,47 (LCMS-V-B1)

IH NMR (400 MHz, DMSO-d6) § 10,94 (br s, 1H), 7,88 (br s, 1H), 7,64 (br s,
1H), 7,55 (s, 1H), 7,36 (t, 1H), 7,22 — 7,13 (m, 1H), 4,18 (q, J = 7,1 Hz, 2H), 3,80 (s,
2H), 2,38 (s +s, 6H), 2,21 (s, 3H), 1,99 (d, ] = 8,2 Hz, 3H), 1,73 — 1,54 (m, 12H), 1,18
(t,J=7,1 Hz, 3H).

Buéc C: axit 5-{1-[(adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-2-({6-
[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-yl}amino)-1,3-thiazol-4-
carboxylic

Dung dich chira sin pham tir Buéc B (34,2 mg, 0,05 mmol, 1 dwong lugng) trong
1,4-dioxan (5 mL) duogc bd sung lithi hydroxit monohydrat (22 mg, 0,52 mmol, 10
dwong lwong) va hon hop dugc gia nhiét & hdi lwu trong 18 h. Phén tmg dugc dé ngudi
dén nhiét d6 méi trudng sau d6 dung moi dugc loai bo trong chan khong. Can dugc
nghién v6i nude, va cac chat ran duoc thu gom béng cach loc va lam khd dudi chan
khong dé tao ra san phim mong mudn 1 chit rin mau vang (28 mg, 0,04 mmol, 86%)
[6 dang mudi lithi].

HRMS-ESI (m/z) [M+H]+ tinh toan d6i v6i C32H3sNgO2S2: 627,2319, phat
hién 627,2357.

Vi du 34: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-(propan-2-
yl)pyridazin-3-yl} (metyl)amino)-1,3-thiazol-4-carboxylic
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Budc A: etyl 2-{[6-clo-5-(propan-2-yl)pyridazin-3-yl(metyl)amino}-1,3-

thiazol-4-carboxylat
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Dung dich chita san phim tir Vi du diéu ché 7c (300 mg, 1,57 mmol, 1 duong
luong) va etyl 2-(metylamino)-1,3-thiazol-4-carboxylat (292 mg, 1,57 mmol, 1 duong
luong) trong tetrahydrofuran (25 mL) ¢ 0°C duoc bd sung tir tir natri hydrua (60% trong
dau khoang; 75,4 mg, 1,88 mmol, 1,2 duong lugng) dudi khi quyén nito va hén hop
duge khudy ¢ 0 °C trong 1 h, sau d6 ¢ nhiét d6 méi truong trong 18 h. Dung dich nudc
amoni clorua bao hoa (20 mL) duoc b6 sung vao va hdn hop duge chiét bang diclometan
(75 mL). Céc chét chiét hitu co dugc rira 1an luot bing nude (2 x 50 mL) va nuée mudi
(50 mL), sau d6 1am kho (magie sulfat) va c6 trong chan khong. Tinh ché bang sic ky
¢t nhanh ty dong (CombiFlash Rf, 24 g RediSep™ hop silic oxit) tach rira Véi gradien
0 — 50% etyl axetat trong iso-heptan tao ra san phim mong mudn 12 chét rin két tinh
mau trang (340 mg, 1 mmol, 64%).

LC/MS (C14H17CIN4O2S) 341 [M+H]"; RT 1,31 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 8,05 (s, 1H), 7,67 (s, 1H), 4,30 (q, J = 7,1
Hz, 2H), 3,88 (s, 3H), 3,20 (hept, J = 6,9 Hz, 1H), 1,32 (dt, ] = 7,1, 3,7 Hz, 9H).

Buwdc B: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-(propan-2-yl)pyridazin-3-
yl}(metyl)amino)-1,3-thiazol-4-carboxylat

Dung dich chtra san pham tr Buéc A (340 mg, 1 mmol, 1 dwong lugng) va 2-
aminobenzothiazol (180 mg, 1,2 mmol, 1,2 duong lugng) trong 1,4 dioxan (15 mL)
dugc bd sung Xantphos (115 mg, 02 mmol, 02 duong luong) va
tris(dibenzylidenaxeton)dipaladi(0) (91,4 mg, 0,1 mmol, 0,1 duong luong) dudi khi
quyén nito. N,N-Diisopropyletylamin (0,52 mL, 2,99 mmol, 3 duwong luong) dugc bd
sung vao va hdn hop dugc gia nhiét trong éng gan kin & 150°C trong 18 h. Hon hop
dugce dé ngudi dén nhiét d6 moi trudng va dung mdi duge loai bod trong chan khong. ,
Tinh ché bing séc ky cot nhanh tu dong (CombiFlash Rf, 24 g RediSep™ hop silic oxit)
tach rira voi gradien 0 — 3% metanol trong diclometan tao ra san pham mong mudn 13
chét rén mau vang (110 mg, 0,24 mmol, 24%).

LC/MS (C21H22N60:S,) 455 [M+H]"; RT 1,44 (LCMS-V-BI1)

IH NMR (400 MHz, DMSO-d6) & 12,40 (br s, 1H), 7,97 (s, 1H), 7,79 (br s,
1H), 7,55 (s, 1H), 7,37 (br s + t, 2H), 7,19 (br s, 1H), 4,30 (q, J = 7,1 Hz, 2H), 3,87 (s,
3H), 3,57 (p, J = 6,8 Hz, 1H), 1,40 - 1,27 (m, 9H).

Buéc C: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-(propan-2-yl)pyridazin-
3-yl}(metyl)amino)-1,3-thiazol-4-carboxylic
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Dung dich dugce khudy chira san phém t Buée B (111 mg, 0,24 mmol, 1 duong
luong) trong 1,4-dioxan (5 mL) duoc bd sung dung dich nuéc lithi hydroxit 2M (0,24
mL, 0,49 mmol, 2 dwong lugng) va hén hop duge gia nhiét & hoi lwu trong 2 h. Phan
ung duoc dé ngudi dén nhiét d6 mdi truomg va cd trong chan khong. Nguyén liéu thd
dugc nghién véi dietyl ete (10 mL) va cac chét ran duoc thu gom bang cach loc, rira
bang dietyl ete va 1am khd dudi chan khong. Nguyén liéu thu duge duge hoa tan trong
nude va axit héa dén pH 5-6 bang dung dich nuéc axit clohydric 1M sau d6 cb trong
chén khéng. Cac chét ran dugc nghién véi 4:1 isopropanol / nudc (5 mL), dugce thu gom
bang cach loc va lam kho dudi chan khong dé tao ra san phim mong mudn 13 chét ran
mau vang (66,7 mg, 0,16 mmol, 64%).

HRMS-ESI (m/z) [M+H]+ tinh todn d6i véi C1oH1sN6O2S2: 427,1005, phat
hién 427,1042.

Vidu 35: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-
3-yl}amin0)-5-(1-{[1-(3-metoxypropyl)xyclooctyl]metyl}-5-metyl—1H—pyrazol—4-
yl)-1,3-thiazol-4-carboxylic

Budc A: etyl 2-[(4,5-dimetyl-6-{[(2Z)-3-{[2-(trimetylsilyl) etoxy[metyl}-2,3-
dihydro-1,3-benzothiazol-2-yliden]amino/}pyridazin-3-yl)amino]-5-(1 -{[1-(3-
metoxypropyl)xyclooctylmetyl}-5-metyl-1H-pyrazol-4-yl)-1,3-thiazol-4-carboxylat

Hbn hop gdm san pham tir Vi du diéu ché 11a (99 mg, 0,16 mmol, 1 duong
luong), san pham tir Vi du didu ché 10b (75,6 mg, 0,19 mmol, 1,2 dwong luong) va kali
cacbonat (64,6 mg, 0 mol, 3 duong iu:o*ng) trong 3:1 tetrahydrofuran / nuéc (4 mL) duoc
b6 sung vao [1,1'-bis(diphenylphosphino)feroxen] diclopaladi(Il) (11,4 mg, 0,02 mmol,
0,1 duwong lugng). Hon hgp dugc phun rira bang nito (10 phut) sau d6 gia nhiét & 120
°C trong 2 h trong diéu kién chiéu vi séng. Phan tmg dugc pha lodng véi etyl axetat sau
d6 rira bang nudc tiép d6 1a nude mudi. Chét chiét hitu co duge lam khd (magie sulfat)
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va dung méi dugc loai bé trong chan khong. Tinh ché bang sic ky cot nhanh tu dong
(CombiFlash Rf, 12 g RediSep™ h¢p silic oxit) tich rira véi gradien 0 — 50% etyl axetat
trong iso-heptan tao ra san phdm mong mudn 13 thiy tinh mau cam (43,4 mg, 0,05 mmol,
33%).

LC/MS (C42HeoN3gO4SiS,) 834 [M+H]"; RT 1,88 (LCMS-V-B1)

H NMR (400 MHz, DMSO-d6) 6 10,92 (br s, 1H), 7,77 (d, I = 7,8 Hz, 1H),
7,56 (s, 1H), 7,45 — 7,37 (m, 2H), 7,21 (t, I = 7,0 Hz, 1H), 5,84 (s, 2H), 4,17 (q, T = 7,1
Hz, 2H), 3,85 (s, 2H), 3,71 (t, J = 8,0 Hz, 2H), 2,67 (q, 3H), 2,41 (s, 3H), 2,36 (s, 3H),
2,33 (q, 2H), 2,19 (s, 3H), 1,65 — 1,52 (m, 6H), 1,49 — 1,36 (m, 6H), 1,34 — 1,22 (m,
8H), 1,18 (t,J = 7,1 Hz, 3H), 1,07 (s, 2H), 0,91 (t, 3H), -0,11 (s, 9H).

Budc B: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yllamino)-5-(1-{[1-(3-metoxypropyl)xyclooctyljmetyl}-5-metyl-1H-pyrazol-4-y))-1,3-
thiazol-4-carboxylat

Dung dich chira san phém tir Bude A (43,4 mg, 0,05 mmol, 1 duong luong) trong
diclometan (4 mL) dugc lam lanh trong bé nude da sau d6 axit trifloaxetic (0,4 mL, 5,37
mmol, 103 duong luong) duge bd sung vao. Hon hop duge dé 4m dén nhiét do moi
trudong trong d6 hén hop duge khudy trong 18 h. Phin tng dugc pha lodng véi
diclometan sau d6 rira 1an luot bang dung dich nudc natri bicacbonat bdo hoa, nuéc, va
nuwée mudi. Cac chét hitu co dugc lam kho (magie sulfat) va dung moi duge loai bo
trong chan khong. Tinh ché bing sic ky cot nhanh tu dong (CombiFlash Rf, 12 g
RediSep™ hdp silic oxit) tach rira voi gradien 0 — 5% metanol trong diclometan tao ra
san phim mong mudn 13 thity tinh mau vang (21,3 mg, 0,03 mmol, 58%).

LC/MS (C3H46Ns03S2) 703 [M+H]"; RT 1,33 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) 4 10,94 (br s, 1H), 7,88 (br s, 1H), 7,63 (br s,
1H), 7,57 (s, 1H), 7,40 — 7,32 (m, 1H), 7,22 — 7,14 (m, 1H), 4,18 (q, J = 7,1 Hz, 2H),
3,86 (s, 2H), 3,25 (s, 3H), 2,38 (s + s, 6H), 2,21 (s, 3H), 1,70 — 1,51 (m, 9H), 1,50 —
1,35 (m, 6H), 1,34 — 1,23 (m, 95), 1,18 (t, 3H).

Buéc C: axit 2-({6-[(1,3-benzothiazol-2-yl)amino/-4,5-dimetylpyridazin-3-
yllamino)-5-(1-{[1-(3-metoxypropyl)xyclooctyljmetyl}-5-metyl-1H-pyrazol-4-yl)-1,3-
thiazol-4-carboxylic

Dung dich chtra san pham tir Bude B (21,3 mg, 0,03 mmol, 1 dwong lwong) trong
1,4-dioxan (4 mL) duoc bd sung lithi hydroxit monohydrat (12,7 mg, 0,3 mmol, 10
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duong lugng) va hon hop duge gia nhiét & hoi lwu trong 18 h. Phan ing duge dé ngudi
dén nhiét @6 méi trudng va dung moi duoc loai bo trong chan khong. Can duge nghién
v&i nude va cac chit rin dugc thu gom bang cach loc va 1am kho dudi chan khong tao
ra san phém mong mubn 12 chit ran mau be (13,9 mg, 0,02 mmol, 68%) [ dang mudi
lithi].

HRMS-ESI (m/z) [M+H]+ tinh to4n ddi v&i C3sHasNsO3S2: 675,2894, phat
hién 675,2933.

Vi du 36: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-
3-yl}amino)-5-(1-{[1-(3-metoxypropyl)xyclooctylmetyl}-5-metyl-1H-pyrazol-4-
yl)-1,3-thiazol-4-carboxylic

Budc A: etyl 2-[(4,5-dimetyl-6-{[(2Z)-3-{[3-(trimetylsilyl)propoxy[metyl}-2,3-
dihydro-1,3-benzothiazol-2-yliden]amino}pyridazin-3-yl)amino]-5-(1-{[1-(3-
metoxypropyl)xyclohexylJmetyl}-5-metyl-1H-pyrazol-4-yl)-1,3-thiazol-4-carboxylat

Hén hop gdm san pham tir Vi du diéu ché 11a (110 mg, 0,17 mmol, 1 duong
luong), san phém tir Vi du diéu ché 10c (81 mg, 0,22 mmol, 1,25 dwong luong) va kali
cacbonat (71,4 mg, 0,52 mmol, 3 duong lugng) trong 3:1 tetrahydrofuran / nu6e (4 mL)
duoc bd sung vao [1,1'-bis(diphenylphosphino)feroxen] diclopaladi(Il) (12,6 mg, 0,02
mmol, 0,1 dwong luong). Hon hop dugc phun rira bang nito (10 phut) sau d6 gia nhiét
& 120 °C trong 1 h trong diéu kién chiéu vi séng. Phan ing dugc pha lodng véi etyl
axetat va rira 1an lugt bing nudce va nuée mudi. Cac chét hitu co duoc lam khd (magie
sulfat) va dung mdi dugc loai bo trong chan khong. Tinh ché bang sic k¥ cot nhanh tir
dong (CombiFlash Rf, 12 g RediSep™ hdp silic oxit) tach rira v6i gradien 0 —50% etyl
axetat trong iso-heptan tao ra san phim mong muén 13 gdbm mau cam (81,2 mg, 0,1
mmol, 59%).

LC/MS (C4HssNsO4SiS2) 805 [M+H]"; RT 1,85 (LCMS-V-B1)

235



48508 236/598

TH NMR (400 MHz, DMSO-d6) § 10,94 (s, 1H), 7,77 (d, ] = 7,7 Hz, 1H), 7,56
(s, 1H), 7,47 — 7,37 (m, 2H), 7,24 — 7,19 (m, 1H), 5,84 (s, 2H), 4,17 (9, J = 7,1 Hz,
2H), 3,93 (s, 2H), 3,71 (t, 2H), 3,24 (s, 3H), 2,41 (s, 3H), 2,37 (s, 3H), 2,21 (s, 3H),
1,56 — 1,47 (m, 5H), 1,42 — 1,31 (m, 8H), 1,24 — 1,14 (m, 6H), 0,91 (t, 2H), -0,11 (s,
9H).

Buwéc B: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yl}amino)-5-(1-{[1 -(3-metoxypropyl)xyclohexyl]metyl}-5-metyl-1H-pyrazol-4-y)-1,3-
thiazol-4-carboxylat

Dung dich chtra san pham tir Budce A (81,2 mg, 0,1 mmol, 1 dwong lugng) trong
diclometan (5 mL) dugc lam lanh trong bé nude da va axit trifloaxetic (0,5 mL, 6,71
mmol, 67 duong luong) dugc bd sung vao. Hon hop dugce dé 4m dén nhiét 6 moi trudong
va khudy trong 18 h. Phan tmg duoc pha lodng véi diclometan sau do rira 14n luot bang
dung dich nudc natri bicacbonat bdo hoa, nuége, va nude mudi. Cac chét hitu co dugc
1am khé (magie sulfat) va dung mdi duoc loai bo trong chan khong. Tinh ché bang sic
ky cot nhanh ty dong (CombiFlash Rf, 12 g RediSep™ hop silic oxit) tach rtra v&i1
gradien 0 — 5% metanol trong diclometan tao ra san phim mong mudn 13 thiry tinh mau
vang (49,6 mg, 0,07 mmol, 73%).

LC/MS (C3sH42N303S2) 675 [M+H]"; RT 1,54 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 10,94 (br s, 1H), 7,88 (br s, 1H), 7,57 (s,
1H), 7,40 — 7,32 (m, 1H), 7,22 — 7,13 (m, 1H), 4,18 (q, 2H), 3,95 (s, 2H), 3,25 (s, 3H),
2,37 (s +s, 6H), 2,22 (s, 3H), 1,60 — 1,45 (m, 6H), 1,44 — 1,34 (m, 8H), 1,28 — 1,22
(m, 2H), 1,19 (t, J = 7,1 Hz, 3H).

Budc C: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-4,5-dimetylpyridazin-3-
yl}amino)-5-(1 -{[1-(3-metoxypropyl)xyclohexyl|metyl}-5-metyl-1H-pyrazol-4-yl)-1,3-
thiazol-4-carboxylic

Dung dich chtra sin pham tir Buéc B (49,6 mg, 0,07 mmol, 1 dwong lugng) trong
1,4-dioxan duogc bd sung lithi hydroxit monohydrat (14,7 mg, 0,37 mmol, 5 duong
luong) va hdn hop duoc gia nhiét & hdi luu trong 2 h. Phan tmg duge dé ngudi dén nhiét
d6 moi trudng va dung méi duoc loai bo trong chan khong. Cén duge nghién véi nudc
va c4c chét ran dugc thu gom b::ing cach loc, rira lan luot béng dung dich nudc axit
clohydric 2M, sau d6 diclometan, va 1am kho6 duéi chan khong dé tao ra san phém mong

mudn 12 chit rén mau vang nhat (10,8 mg, 0,02 mmol, 23%).
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HRMS-ESI (m/z) [M+H]+ tinh toan d6i véi C32H3oNsO3S2: 647,2581, phat hién
647,2620.

Vi du 37: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl} (etyl)amino)-1,3-thiazol-4-carboxylic

=z N /N >
PRVt
HN N
s

&

Buegc A: etyl 2-[(6-clo-5-metylpyridazin-3-yl) (etyl)amino]-1,3-thiazol-4-
carboxylat

Natri hydrua (phan tan 60%; 150 mg, 3,75 mmol, 1,25 dwong lugng) duoc bo
sung vao dung dich chira 3,6-diclo-4-metylpyridazin (530 mg, 3,25 mmol, 1,09 duong
lugng) va etyl 2-(et3}1amin0)-1,3-thiazol-4-carboxylat (600 mg, 3 mmol, 1 duong lugng)
trong 1,4-dioxan (20 mL) ¢ 0 °C dudi khi quyén nito. Hon hop duge khudy trong 1 h &
0 °C va trong 18 h & nhiét d moi truong. Etyl axetat (150 mL) duoc bd sung vao va hén
hop duoc rira 1an lugt bang dung dich nuéc amoni clorua bdo hoa (75 mL), nude (2 x
75 mL), va nude mudi (75 mL), 1am khd (magie sulfat) va c6 trong chan khong. Tinh
ché bang sic ky cot nhanh (50 g silic oxit) tach rira véi diclometan tao ra chat rdn mau
vang nhat. Nghién véi dietyl ete (10 mL) tao ra chit rén ma duoc thu gom bang cich
loc, rira bang dietyl ete (2 x 5 mL) va 1am kho duéi chan khong dé tao ra san phAm mong
mudn 12 chit rén mau tring nho (475 mg, 1,45 mmol, 49%).

LC/MS (C13H;15CIN4O2S) 327 [M+H]"; RT 1,25 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) & 8,03 (s, 1H), 7,89 (s, 1H), 4,46 (q, 2H), 4,30
(g, 2H), 2,44 (s, 3H), 1,35 — 1,26 (m, 6H).

Buedc B: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(etyl)amino)-1,3-thiazol-4-carboxylat

2-Aminobenzothiazol (250 mg, 1,66 mmol, 1,2 duong luong) va san phim tir
Budc A (450 mg, 1,38 mmol, 1 duong luong) dugc bd sung vao dung dich chira
tris(dibenzylidenaxeton)dipaladi(0) (63,1 mg, 0,07 mmol, 0,05 duong luong) va
Xantphos (79,7 mg, 0,14 mmol, 0,1 duong lugng) trong 1,4-dioxan (10 mL) dudi khi
quyén nito. N,N-Diisopropyletylamin (0,75 mL, 4,13 mmol, 3 duong luong) duoc b6
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sung vao va hon hop dugc gia nhiét trong éng gin kin & 150 °C trong 7 h. Dung dich
dugc dé ngudi dén nhiét do mdi trudng va cd trong chan khong. Tinh ché bang sic ky
cot nhanh (50 g silic oxit) tach rira véi etyl axetat tao ra chit rin mau vang. Nghién vai
metanol (10 mL) tao ra chét ran ma duoc thu gom bang cach loc, rira bang metanol (2 x
5 mL) va lam khd duéi chan khong dé tao ra san pham mong mudn 14 chit rin mau vang
(265 mg, 0,6 mmol, 44%).

LC/MS (C20H20N60,S2) 441 [M+H]"; RT 1,37 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 11,12 (br s, 1H), 7,97 (s, 1H), 7,92 (s, 1H),
7,74 (s, 1H), 7,57 (br s, 1H), 7,39 (t, J = 7,5 Hz, 1H), 7,22 (t, ] = 7,5 Hz, 1H), 4,46 (q,
J=6,9 Hz, 2H), 4,30 (q, J = 7,1 Hz, 2H), 2,49 (s, 3H), 1,31 (t + t, 6H).

Buéc C: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(etyl)amino)-1,3-thiazol-4-carboxylic

Dung dich chira san pham tir Bugc B (210 mg, 0,48 mmol, 1 dwong lugng) trong
1:3 nude / 1,4-dioxan (4 mL) dugce bd sung lithi hydroxit monohydrat (80,0 mg, 1,91
mmol, 4 dwong lugng) va hén hop duoc khudy & nhiét @6 moi truong qua dém. Nudc
(5 mL) duoc bd sung vao, hdn hop dugce loc qua xelit, va cac chét rin dugc rira béng
nuée (10 mL). Nude loc thu gom duoc axit hoa bang axit axetic dé tao ra huyén phu
mau vang va cac chit ran dugc thu gom bang cach loc, rira bang nudc (30 mL) va lam
kho dudi chan khong dé tao ra sin pham mong mudn 1 chit rin mau vang (170 mg,
0,41 mmol, 86%).

HRMS-ESI (m/z) [M-+H]+ tinh toan d6i v6i C1sH17Ns02S2: 413,0849, phat
hién 413,0882.

Vi du 38: axit 6-({6-[(1,3-Benzothiazol-2-yl)amino]pyridazin-3-
yl} (metyl)amino)pyridin-2-carboxylic

Budéc A: tert-butyl N-[(tert-butoxy)carbonyl]-N-(6-clopyridazin-3-yl)carbamat
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4-dimetylaminopyridin (122 mg, 1 mmol, 0,02 dwong luong) dugc bd sung vao
huyén phu chtra 3-amino-6-clopyridazin (6,5 g, 50,2 mmol, 1 duwong luong) va di-tert-
butyl dicacbonat (25,2 g, 115 mmol, 2,3 duong lugng) trong dimetylformamit (45
mL) du6i khi quyén nito. Huyén phu dwgc gia nhiét & 50 °C trong 3 h sau d6 dé ngudi
dén nhiét d6 méi trudng va nuée (350 mL) duge bd sung vao. Cac chét rén duge thu
gom bang cach loc, rira bang nude (250 mL) sau d6 duge hoa tan trong diclometan (250
mL) va dung dich loc qua silic oxit (25 g), tach rira véi diclometan. Nudge loc duoc c6
trong chan khéng va nghién véi heptan (50 mL) tao ra chit rin ma dugc thu gom bang
cach loc, rira bang heptan (50 mL) va lam khé du6i chan khong dé tao ra san phém mong
mudn 12 chit rén mau tring (9,85 g, 29,9 mmol, 60%).

LC/MS (C14Hx0CIN304) 174 [M-Boc-Bu+3H]"; RT 1,28 (LCMS-V-B1)

TH NMR (400 MHz, DMSO-d6) & 7,53 (d, 2H), 1,46 (s, 18H).

Buwéc B: metyl 6-[(6-{bis[(tert-butoxy)carbonyl]amino}pyridazin-3-
yl)amino[pyridin-2-carboxylat

Metyl 6-aminopyridin-2-carboxylat (1,65 g, 10,8 mmol, 1,1 dwong Iwong) va san
phém tr Bude A (3,25 g, 9,86 mmol, 1 duong luong) duge bd sung vao dung dich chira
tris(dibenzylidenaxeton)dipaladi(0) (451 mg, 0,49 mmol, 0,05 dwong luong) va
Xantphos (570 mg, 0,99 mmol, 0,1 dwong lugng) trong 1,4-dioxan (60 mL) dudi khi
quyén nito. N,N-Diisopropyletylamin (5,2 mL, 29,6 mmol, 3 duong luong) duge bd
sung vao va hon hop duge gia nhiét & 100 °C trong 3 h. Dung dich dugc dé ngudi dén
nhiét dd moi trudng va cd trong chan khong. Can dugc cho phan b giita diclometan
(300 mL) va nudc (200 mL) va pha hitu co dugc rira lan luot bang nudc (200 mL) va
nuée mudi (150 mL), sau d6 1am kho (magie sulfat) va cd trong chan khong. Tinh ché
bang sic ky cot nhanh (100 g silic oxit) tach rira voi 2:3 etyl axetat / heptan tao ra chat
rén mau vang. Nghién véi dietyl ete (20 mL) tao ra chit rén ma duoc thu gom bang cach
loc, rira bang dietyl ete (20 mL) va lam khé dudi chan khong dé tao ra san phdm mong
mudn 14 chit rin mau vang nhat (3,35 g, 7,52 mmol, 76%).

LC/MS (C21H27N50¢) 446 [M+H]"; RT 1,27 (LCMS-V-B1)

"H NMR (400 MHz, DMSO0-d6) 6 10,41(s, 1H), 9,02 (d, 1H), 7,97 (dd, 1H),
7,83 — 7,73 (m, 2H), 7,45 (d, 1H), 4,01 (s, 3H), 1,46 (s, 9H).
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Buéc C: metyl 6-[(6-{bis[(tert-butoxy)carbonyl]amino}pyridazin-3-
yl)(metyl)amino[pyridin-2-carboxylat

Kali tert-butoxit (750 mg, 6,68 mmol, 1,32 duong Iuong) duoc bd sung vao
huyén phu chtta sin phim tr Buéc B (2,25 g, 5,05 mmol, 1 dwong luong) trong
dimetylsulfoxit (25 mL) dudi khi quyén nito va hdn hop duge khudy trong 30 phut.
Metyl iodua (0,5 mL, 8,03 mmol, 1,59 duong lugng) duge bd sung vio va huyén phu
dugce khudy trong 3 h. Hn hop duoc cho phan b giita etyl axetat (250 mL) va dung
dich nudc amoni clorua bao hoa (150 mL), rira bang nude (2 x 150 mL) va nube mubi
(100 mL), 1am khd (magie sulfat) va c6 trong chan khong. Tinh ché bang sac ky cot
nhanh (100 g silic oxit) tach rira v6i 2:3 etyl axetat / heptan tao ra san phim mong mudn
1 chit rdn mau vang (1,4 g, 2,59 mmol, 51%) ma duoc st dung truc tiép trong budc
tiép theo ma khong can tinh ché thém.

LC/MS (C22H20Ns06) 460 [M+H]*; RT 1,29 (LCMS-V-B1).

Buwéc D: metyl 6-[(6-aminopyridazin-3-yl)(metyl)amino[pyridin-2-carboxylat

Axit trifloaxetic (5 mL, 64,7 mmol, 25 duong lugng) duoc bd sung vao san phém
tr Bude C (1,4 g, 2,59 mmol, 1 duong luong) trong diclometan (35 mL) ¢ 0 °C va dung
dich duoc khqu trong 1 h & 0 °C sau d6 18 h ¢ nhiét d6 moi truong. Dung dich duge
¢ trong chan khong va nude (25 mL) dugc bd sung vio dé tao ra huyén phi mau vang
nhat ma dugc trung hoa bang natri bicacbonat cacbonat va cac chét ran duoc thu gom
bang cach loc, rira bang nuéce (75 mL) va lam kho dudi chén khong dé tao ra san phim
mong muén 14 chit rin mau vang (650 mg, 2,51 mmol, 97%) ma dugc sir dung truc tiép
trong budec tiép theo ma khong cAn tinh ché thém hodc x4c dinh dic tinh.

Budc E: metyl 6-({6-[(1,3-benzothiazol-2-yl)amino[pyridazin-3-
yl}(metyl)amino)pyridin-2-carboxylat

San pham tir Buéc D (650 mg, 2,51 mmol, 1 duong lugng) va 2-bromo-1,3-
benzothiazol (600 mg, 2,8 mmol, 1,12 duong lugng) dugc bd sung vao dung dich chtra
tris(dibenzylidenaxeton)dipaladi(0) (115 mg, 0,13 mmol, 0,05 duong luong) va
Xantphos (145 mg, 0,25 mmol, 0,1 dvong luong) trong 1,4-dioxan (10 mL) dudi khi
quyén nito. N,N-Diisopropyletylamin (1,4 mL, 7,52 mmol, 3 dwong luong) dugc b
sung vao va hon hop duoc gia nhiét & 100 °C trong 24 h. Phan mg duoc dé nguoi dén
nhiét dd moi trudng va cd trong chin khong. Nude (20 mL) duogc bd sung vao dé tao ra

huyén phtt mau néu va cac chét ran duoc thu gom bang céach loc, rira bang nude (40 mL)
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va 1am khé duéi chan khong. Tinh ché bang sic ky cot nhanh (50 g silic oxit) tich rira
v6i 39:1 diclometan / metanol tao ra chét ran ma dugc nghién v41 metanol (10 mL), loc,
rira bang metanol (10 mL) va lam kho6 dudi chan khong dé tao ra san phdm mong mudn
13 chét rdn mau nau nhat (225 mg, 0,57 mmol, 23%).

LC/MS (Ci1sH16N6028) 393 [M+H]"; RT 1,14 (LCMS-V-BI1)

'H NMR (400 MHz, DMSO-d6) § 11,73 (br s, 1H), 7,94 (d, 1H), 7,91 - 7,85
(m, 1H), 7,80 (d, J = 9,5 Hz, 1H), 7,70 - 7,59 (m, 2H), 7,46 (d, 1H), 7,43 - 7,35 (m,
2H), 7,28 - 7,19 (m, 1H), 3,86 (s, 3H), 3,64 (s, 3H).

Buwdc F: axit 6-({6-/ (1,3-benzothiazol-2-yl)aminolpyridazin-3-
yl}(metyl)amino)pyridin-2-carboxylic

Dung dich chtra san phém tr Bude E (200 mg, 0,51 mmol, 1 duong lugng) trong
1:3 nudc / 1,4-dioxan (4 mL) dugc bd sung lithi hydroxit monohydrat (85,5 mg, 2,04
mmol, 4 duong lwong) va hdn hop dugce khudy ¢ nhiét do méi trudng trong 2 h. Nudce
(5 mL) duogc b6 sung vao, dung dich dugc loc qua xelit, va cac chat ran rira bang nudc
(10 mL). Nuéc loc thu gom dugce axit hoa béng axit axetic dé tao ra chét rin, ma duoc
thu gom bang céch loc, rira bang nuéde (20 mL) va 1am khd dudi chan khong dé tao ra
san phim mong muén 12 chit rén mau vang (160 mg, 0,42 mmol, 83%).

HRMS-ESI (m/z) [M-+H]+ tinh todn dbi v6i Ci1sH1sN6O2S: 379,0972, phat hién
379,0993.

Vi du 39: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(2-metoxyetyl)amino)-1,3-thiazol-4-carboxylic
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Budc A: etyl 2-[(6-clo-5-metylpyridazin-3-yl) (2-metoxyetyl)amino]-1,3-
thiazol-4-carboxylat

Natri hydrua (phéan tan 60%; 650 mg, 16,3 mmol, 1,2 duwong lugng) dugc bd sung
vao dung dich chtra san phém tir Vi du diéu ché 3z (3,15 g, 13,7 mmol, 1 duong lugng)
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va 3,6-diclo-4-metylpyridazin (2,5 g, 15,3 mmol, 1,12 dwong lwgng) trong 1,4-dioxan
(50 mL) & 0 °C dudi khi quyén nito. Hn hop dugc khudy trong 1 h ¢ 0 °C sau d6 gia
nhiét & 60 °C trong 24 h. Hn hop dwoc dé ngudi dén nhiét 46 moi truong sau d6 dugce
cho phan bd giita etyl axetat (300 mL) va dung dich nuéc amoni clorua bdo hoa (150
mL), va pha hitu co dugc rira 1an luot bang nude (2 x 150 mL) va nude mubdi (100 mL),
lam kho (magie sulfat) va co trong chan khong. Nghién véi dietyl ete (25 mL) tao ra
chit rén ma duoc thu gom bang cich loc, rira bang dietyl ete (15 mL) va lam kho duéi
chan khong dé tao ra san phim mong mudn 13 chit rin mau hong nhat (2,55 g, 7,15
mmol, 52%).

LC/MS (C14H17CIN4O3S) 357 [M+H]"; RT 1,22 (LCMS-V-B1)

'H NMR (400 MHz, CDCl3) § 7,83 (s, 1H), 7,65 (s, 1H), 4,60 (t, 2H), 4,39 (q,
2H), 3,91 (t, 2H), 3,32 (s, 3H), 2,46 (s, 3H), 1,41 (t, 3H).

Bugc B: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(2-
metoxyetyl)amino)-1,3-thiazol-4-carboxylat

2-aminobenzothiazol (1,15 g, 7,66 mmol, 1,09 duong luong) va san phém tur
Buéc A (2,5 g, 7,01 mmol, 1 duwong luong) dugc bd sung vao dung dich chtra
tris(dibenzylidenaxeton)dipaladi(0) (321 mg, 0,35 mmol, 0,05 duong luong) va
Xantphos (405 mg, 0,7 mmol, 0,1 dwong lugng) trong 1,4-dioxan (45 mL) du6i khi
quyén nito. N,N-Diisopropyletylamin (3,8 mL, 21,0 mmol, 3 duong luong) duoc bd
sung vao va hdn hop duge gia nhiét trong binh kin ¢ 150 °C trong 18 h. Dung dich dugc
dé nguoi dén nhiét @6 mdi truong, loc qua xelit, va cac chit rin duoc ria bﬁng
diclometan. Nuéc loc thu gom dugc cd trong chan khong va nghién véi metanol (25
mL) dé tao ra chét rin ma dwgc thu gom béang cach loc, ria bang metanol (3 x 15 mL)
va 1am kho duéi chan khong dé tao ra san pham mong mudn 14 chit rdn mau cam (2,55
g, 5,42 mmol, 77%).

LC/MS (C21H22N603S2) 471 [M+H]"; RT 1,35 (LCMS-V-B1)

"H NMR (400 MHz, CDCls) 8 7,85 — 7,80 (m, 1H), 7,79 (s, 1H), 7,77 — 7,69
(m, 1H), 7,66 (d, J = 1,3 Hz, 1H), 7,48 — 7,36 (m, 1H), 7,31 - 7,21 (m, 1H), 4,64 —
4,48 (m, 2H), 4,41 (q, J = 7,1 Hz, 2H), 3,94 — 3,85 (m, 2H), 3,40 — 3,31 (m, 3H), 2,44
(s, 3H), 1,43 (t, J=7,1 Hz, 3H).

Budc C: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(2-

metoxyetyl)amino)-1,3-thiazol-4-carboxylic
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Dung dich chtra san pham tir Buéc B (250 mg, 0,53 mmol, 1 dwong luong) trong
1:3 nuée / 1,4-dioxan (4 mL) duoc bd sung lithi hydroxit monohydrat (89,2 mg, 2,13
mmol, 4 dwong lwong) va hdn hop duge khudy ¢ nhiét @6 mdi trudng trong 18 h. Nude
(10 mL) dugc bd sung vao va huyén phu axit héa bang axit axetic. Cac chit ran dugc
thu gom bang cach loc, rira bang nude (3 x 25 mL) va 1am kho trong chén khong dé tao
ra sén phim mong mudn 13 chét ran mau vang (175 mg, 0,4 mmol, 74%).

HRMS-ESI (m/z) [M+H]+ tinh toan dbi v&i C1oH19N603S2: 443,0955, phat
hién 443,0983.

Vidu40:  axit 5-{1-[(Adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-
2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(metyl)amino)-1,3-

thiazol-4-carboxylic

Buéc A: etyl 5-{1-[(adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-2-
[metyl(5-metyl-6-{[(2Z)-3-{[2-(trimetylsilyl)etoxy[metyl}-2,3-dihydro-1,3-
benzothiazol-2-yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Hon hop gdm san pham tir Vi du diéu ché 11b (54,7 mg, 0,09 mmol, 1 duong
luong), Vidu diéu ché 10a (36,8 mg, 0,1 mmol, 1,2 duong lwong) va kali cacbonat (35,7
mg, 0,26 mmol, 3 dwong lugng) trong 3:1 tetrahydrofuran / nuéc (4 mL) dugc bd sung
vao [1,1'-bis(diphenylphosphino)feroxen] diclopaladi(Il) (6,3 mg, 0,01 mmol, 0,1
duong luong). Hon hop duge phun rira bang nito (10 phit) sau d6 gia nhiét ¢ 120 °C
trong 1 h trong didu kién chiéu vi séng. Phan tng dugc cho phén b giita etyl axetat va
nudc, va pha hitu co duge roa bang nuéc mudi, 1am kho (magie sulfat), va c6 trong chan
khong. Tinh ché bang sic ky cot nhanh tu dong (CombiFlash Rf, 12 g RediSep™ hop
silic oxit) tach rira véi gradien 0 — 50% etyl axetat trong iso-heptan tao ra san pham
mong mudn 14 thity tinh mau nau (46,7 mg, 0,06 mmol, 69%).

LC/MS (CaoHs:N503SiS5) 785 [M+H]*; RT 1,91 (LCMS-V-B1)
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"H NMR (400 MHz, DMSO0-d6) 8 7,82 (dd, J=7,7, 1,1 Hz, 1H), 7,71 (d, ] =
1,1 Hz, 1H), 7,53 (s, 1H), 7,48 — 7,39 (m, 2H), 7,23 (ddd, J = 8,3, 7,0, 1,5 Hz, 1H),
5,86 (s, 2H), 4,16 (q, J = 7,1 Hz, 2H), 3,82 (s, 3H), 3,78 (s, 2H), 3,71 (t, 2H), 2,46 (s,
3H), 2,18 (s, 3H), 1,95 (s, 3H), 1,72 — 1,54 (m, 12H), 1,16 (t, J = 7,1 Hz, 3H), 0,92 (t,
3H), -0,11 (s, 9H).

Buwéc B: etyl 5-{1-[(adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-2-({6-
[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(metyl)amino)-1,3-thiazol-4-
carboxylat

Dung dich chira san pham tir Buéc A (46,7 mg, 0,06 mmol, 1 duong luong) trong
diclometan (3 mL) dugc lam lanh trong bé nude da sau d6 axit trifloaxetic (0,3 mL, 4,03
mmol, 67,7 duwong luwong) dugce bd sung vao sau do hén hop duge dé 4m dén nhiét 4o
mdi trudng va khudy trong 18 h. Phan ting dugc cho phan bd gitta diclometan va dung
dich nudc natri bicacbonat bao hoa va pha hitu co dugce rua 1an luot bﬁng nudc va nudc
mudi, sau d6 lam kho (magie sulfat) va dung méi dugc loai bo trong chan khong. Tinh
ché bing sic ky cot nhanh tw dong (CombiFlash Rf, 12 g RediSep™ hop silic oxit) tach
rira vOi gradien 0 — 5% metanol trong diclometan tao ra san phim mong mudn 13 thay
tinh mau vang (24,2 mg, 0,04 mmol, 62%).

LC/MS (C34H33N30:2S») 655 [M+H]"; RT 1,53 (LCMS-V-B2)

'H NMR (400 MHz, DMSO-d6) 6 7,90 (br s, 1H), 7,73 (s, 1H), 7,54 (s, 1H),
7,37 (t,J=17,7 Hz, 1H), 7,24 — 7,15 (m, 1H), 4,17 (q, J = 7,1 Hz, 2H), 3,81 (s, 3H),
3,79 (s, 2H), 2,47 (s, 3H), 2,20 (s, 3H), 1,97 (s, 3H), 1,72 - 1,55 (m, 12H), 1,17 (t, J =
7,1 Hz, 3H).

Buwdc C: axit 5-{1-[(adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-2-({6-
[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(metyl)amino)-1,3-thiazol-4-
carboxylic

Dung dich chtra san phém tr Bude B (24,2 mg, 0,04 mmol, 1 duong lugng) trong
1,4-dioxan (3 mL) duoc bd sung lithi hydroxit monohydrat (7,8 mg, 0,18 mmol, 5 duong
lwong) va hon hop duoc gia nhiét & héi Iuu trong 18 h. Phan tng dwoc dé ngudi dén
nhiét d6 moi trudng sau d6 dung moi duge loai bo trong chan khong. Can duge nghién
véi nude, loc va lam kho dudi chan khong dé tao ra san phém mong mudn 13 chit rin

mau vang (16,3 mg, 0,03 mmol, 70%) [¢ dang mudi lithi].
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HRMS-ESI (m/z) [M+H]+ tinh todn d6i véi C32H3sNsO2S2: 627,2319, phat
hién 627,2358.

Vidu 41: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yI}[2-(morpholin-4-yl)etylj]amino)-1,3-thiazol-4-carboxylic
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Budc A: etyl 2-[(2,2-dimetoxyetyl)amino]-1,3-thiazol-4-carboxylat

Amoniac (2M trong isopropanol; 25 mL, 50 mmol, 2,1 duwong lwgng) duoc bd
sung vao dung dich chtra 1,1-dimetoxy-2-isothioxyanatoetan (3,5 g, 20 mmol, 1 duong
lugng) trong isopropanol (15 mL) ¢ 0 °C dudi khi quyén nito va hdn hop dugc khuiy
trong 1 h & 0 °C sau d6 18 h & nhiét @6 mdi truong. Dung modi duoc loai bo trong chan
khong va can dugc hoa tan trong etanol (60 mL) va dugc lam lanh xuéng 0 °C. Hon hop
nay dugc bd sung etyl bromopyruvat (3,6 mL, 25,8 mmol, 1,09 dwong luong) dudi khi
quyén nito va hdn hop duge dé 4m dén nhiét 46 moi trudng va khudy trong 1,5 h.
Trietylamin (5,6 mL, 39,9 mmol, 2 duong lugng) dugc bd sung vao va hdn hop duge
khudy trong 2 h sau d6 c6 trong chan khdng. Can dugc cho phan bb giita etyl axetat (250
mL) va nuée (150 mL) va pha hitu co duge rira 1an lugt bing nude (150 mL) va nude
mubi (150 mL), lam kho (magie sulfat), va cd trong chan khong. Tinh ché bang sic ky
cot nhanh (100 g silic oxit) tach rira v6i 2:3 etyl axetat / heptan tao ra chét rin mau vang
nhat ma dugc nghién véi heptan (40 mL), loc, rira bang heptan (40 mL) va lam khé duéi
chan khong dé tao ra san phdm mong mudn 12 chét rin mau tring nho (2,95 g, 11,33
mmol, 48%).

LC/MS (C10H16N204S) 261 [M+H]"; RT 0,92 (LCMS-V-B1)

'"H NMR (400 MHz, CDCls) 8 7,41 (s, 1H), 5,59 (t, /= 5,5 Hz, 1H), 4,52 (t, J =
5,4 Hz, 1H), 4,35 (q, J = 7,1 Hz, 2H), 3,41 (dd + s, 8H), 1,36 (t, /= 7,1 Hz, 3H).

Buwdc B: etyl 2-[(6-clo-5-metylpyridazin-3-yl)(2,2-dimetoxyetyl)amino]-1,3-
thiazol-4-carboxylat
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Natri hydrua (phan tan 60%; 500 mg, 12,5 mmol, 1,25 duong luong) dugce bd
sung vao dung dich chira san phém tr Budc A (2,6 g, 9,99 mmol, 1 duong lugng) va
3,6-diclo-4-metylpyridazin (1,85 g, 11,4 mmol, 1,14 duong lugng) trong 1,4-dioxan (40
mL) & 0 °C duéi khi quyén nito va hdn hop duge khudy trong 1 h & 0 °C sau d6 trong 5
h & 60 °C. Dung dich duogc dé ngudi dén nhiét d6 moéi trudng sau d6 dugce cho phan bd
gitra etyl axetat (300 mL) va dung dich nuwéc amoni clorua bdo hoa (150 mL). Pha htru
co duoc rira 13n luot bing nude (2 x 150 mL) va nuée mubi (150 mL), 1am kho (magie
sulfat), va co trong chan khéng. Tinh ché bang sic ky ¢t nhanh (100 g silic oxit) tich
rira v&i 99:1 diclometan / metanol tao ra gdbm mau cam ma duoc nghién véi dietyl ete
(15mL) dé tao ra chit rdn ma duoc thu gom bang cach loc, rira bang dietyl ete (20 mL)
va 1am khd duéi chan khong dé tao ra san phim mong mudn 12 bot mau hong nhat (1,95
g, 5,04 mmol, 50%).

LC/MS (Ci5H19CIN4O4S) 387 [M+H]"; RT 1,26 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) 8 8,06 (s, 1H), 7,95 (d, J= 1,1 Hz, 1H), 4,78 (t,
J=52Hz, 1H), 4,51 (d, J=5,2 Hz, 2H), 4,29 (q,J=7,1 Hz, 2H), 3,34 (s, 6H), 2,42 (d,
J=10,9 Hz, 3H), 1,31 (t, /= 7,1 Hz, 3H).

Budc C: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(2,2-
dimetoxyetyl)amino)-1,3-thiazol-4-carboxylat

San pham tir Budce B (1,6 g, 4,14 mmol, 1 duong lwong) va 2-aminobenzothiazol
(700 mg, 4,66 mmol, 1,13 duong luong) duoc bd sung vao dung dich chua
tris(dibenzylidenaxeton)dipaladi(0) (189 mg, 0,21 mmol, 0,05 duong luong) va
Xantphos (239 mg, 0,41 mmol, 0,1 duong luong) trong 1,4-dioxan (20 mL) dudi khi
quyén nito va hdn hop khudy. N,N-Diisopropyletylamin (2,2 mL, 12,4 mmol, 3 dwong
luong) dugc bd sung vao va hdn hop duge gia nhiét trong 6ng gin kin & 150 °C trong
18 h. Dung dich duoc dé ngudi dén nhiét do méi truong va cd trong chan khong. Nghién
véi dietyl ete (20 mL) tao ra chét rén ma duoc thu gom bang céach loc, rira bang dietyl
ete (2 x 10 mL) va lam kho dudi chan khong dé tao ra san pham mong mudn 13 chét rin
mau vang/ xanh 14 cay (1,9 g, 3,42 mmol, 83%) ma dugc su dung trong budc tiép theo
ma khong cén tinh ché thém.

LC/MS (C2H24N604S;) 501 [M+H]*; RT 1,37 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) 6 11,11 (br s, 1H), 7,99 (s, 1H), 7,92 (br s, 1H),
7,78 (s, 1H), 7,57 (br s, 2H), 7,40 (t, J= 7,6 Hz, 1H), 7,22 (t, J= 7,6 Hz, 1H), 4,78 (t, J
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= 5,2 Hz, 1H), 4,48 (d, J = 5,2 Hz, 2H), 4,29 (q, J = 7,1 Hz, 2H), 3,35 (s, 6H), 2,46 (s,
3H), 1,31 (t, J=17,1 Hz, 3H).

Buwéc D: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}[2-
(morpholin-4-yl)etyl]amino)-1,3-thiazol-4-carboxylat

Axit formic (10 mL, 0,27 mol, 177 duong luong) dugc bd sung vao huyén phu
chra san phdm tr Buée C (750 mg, 1,5 mmol, 1 duong luong) trong nude (5 mL) va
hon hop duge gia nhiét ¢ 85 °C trong 3 h. Dung dich duge dé nguoi dén nhiét d6 méi
truomg va cd trong chin khong. Diclometan (20 mL) duoc bd sung vao tiép d6 la
morpholin (0,5 mL, 5,78 mmol, 3,86 duong lwong) va natri triaxetoxyborohydrua (1,59
g, 7,49 mmol, 5 duong lugng) va hén hop duoc khudy trong 18 h. Phan tng dugc cho
phan b6 giita diclometan (125 mL) va dung dich kali cacbonat 10% (75 mL) va pha hitu
co duoc rira 1an luot bang nude (2 x 75 mL) va nude mudi (75 mL), lam khé (magie
sulfat), va cd trong chan khong. Tinh ché bang sic ky cot nhanh (20 g silic oxit) tach
rira v6i 19:1 diclometan / metanol tao ra cht rin mau vang ma dugc nghién véi dietyl
ete (15 mL), loc, rira bang dietyl ete (15 mL), va 1am khé dudi chan khong dé tao ra san
phim mong mudn 12 chét rin mau cam (375 mg, 0,71 mmol, 48%)).

LC/MS (C24H27N703S2) 526 [M+H]"; RT 1,08 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 11,18 (br s, 1H), 7,97 (s, 1H), 7,91 (br s, 1H),
7,75 (s, 1H), 7,55 (br s, 1H), 7,39 (t, 1H), 7,22 (t, J= 7,6 Hz, 1H), 4,53 (t, /= 6,5 Hz,
2H), 4,29 (q, J= 7,1 Hz, 2H), 3,48 (t, J = 4,5 Hz, 4H), 2,65 (t, J = 6,5 Hz, 2H), 2,47 (s,
3H), 1,31 (t,J=17,1 Hz, 3H).

Buéc E: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}[2-
(morpholin-4-yl)etyl]amino)-1,3-thiazol-4-carboxylic

Dung dich chtra san pham tir Buéc D (275 mg, 0,52 mmol, 1 dwong lwong) trong
2:3 nuéce / 1,4-dioxan (5 mL) duoc bd sung lithi hydroxit monohydrat (87,8 mg, 2,09
mmol, 4 duong lwong) va hdn hop duge khudy o nhiét @ moi trudng trong 18 h. Nudce
(10 mL) duoc bb sung vao va hon hop dugc axit hoa bang axit axetic. Cac chat ran dugc
thu gom bang cach loc, rira bang nudc va lam kho dudi chan khong dé tao ra san phim
mong mudn 14 chét rdn mau cam (215 mg, 0,43 mmol, 83%).

HRMS-ESI (m/z) [M-H]- tinh todn d6i véi C22H22N703S2: 496,1231, phét hién
496,1232.
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Vidu 42: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl} (metyl)amino)-5-(1-{[1-(3-metoxypropyl)xyclohexyl| metyl}-5-metyl-1H-
pyrazol-4-yl)-1,3-thiazol-4-carboxylic
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Budc A: etyl 5-(1-{[1-(3-metoxypropyl)xyclohexyl[metyl}-5-metyl-1H-pyrazol-
4-yl)-2-[metyl(5—metyl-6-{[(2Z)-3-{[2-(trimetylsilyl)etoxy]metyl}-Z,3-dihydr0-1,3-
benzothiazol-2-yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Hon hop gdm sén phém tir Vi du diéu ché 11b (110 mg, 0,17 mmol, 1 duong
lwong), sén phdm tir Vi du didu ché 10c (78,2 mg, 0,21 mmol, 1,2 dwong lugng) va kali
cacbonat (71,8 mg, 0,52 mmol, 3 duong lugng) trong 10:1 tetrahydrofuran (4 mL) /
nuée (0,4 mL) duge bd sung vao [1,1'-bis(diphenylphosphino)feroxen] diclopaladi(IT)
(12,7 mg, 0,02 mmol, 0,1 dwong lugng). Hon hop duge phun rua bang nito (10 phit)
sau do6 gia nhiét ¢ 120 °C trong 1 h trong diéu kién chiéu vi séng. Phin ting duoc cho
phan bb gitta etyl axetat va nuéc va pha hitu co duoc rira bang nuée mudi, 1am kho
(magie sulfat), va dung méi duoc loai bo trong chan khong. Tinh ché bang sac ky cot
nhanh ti dong (CombiFlash Rf, 12 g RediSep™ hop silic oxit) tdch rira v6i gradien 0 —
50% etyl axetat trong iso-heptan tao ra san phdm mong mudn 1a bot mau vang (56,1 mg,
0,07 mmol, 40%).

LC/MS (C40HssNs04SiS2) 805 [M+H]"; RT 1,74 (LCMS-V-B2)

'H NMR (400 MHz, DMSO0-d6) 8 7,92 (dd, J=7,6, 1,0 Hz, 1H), 7,82 (d, J=1,1
Hz, 1H), 7,66 (s, 1H), 7,61 — 7,47 (m, 2H), 7,35 (ddd, ] = 8,3, 7,0, 1,5 Hz, 1H), 5,96 (d,
J =9,8 Hz, 2H), 4,28 (q, ] = 7,1 Hz, 2H), 4,05 (s, 2H), 3,93 (s, 3H), 3,83 (t, 2H), 3,35
(s, 3H), 2,58 (d, J = 1,0 Hz, 3H), 2,31 (s, 3H), 1,69 — 1,58 (m, 5H), 1,52 — 1,44 (m, 7H),
1,38 — 1,32 (s, 4H), 1,28 (t, T = 7,1 Hz, 3H), 1,03 (t, 2H), 0,00 (s, 9H).

Buéc B: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-(1-{[1-(3-metoxypropyl)xyclohexyl[metyl}-5-metyl-1H-pyrazol-4-
yl)-1,3-thiazol-4-carboxylat
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Dung dich chira san pham tir Buéc A (56,1 mg, 0,07 mmol, 1 dwong luong) trong
diclometan (3 mL) dugc lam lanh trong bé nudc da va axit trifloaxetic (0,5 mL, 6,71
mmol, 96 duong lugng) duoc bd sung vao. Hon hop duoc dé Am dén nhiét d6 moi truong
trong d6 dwoc khudy qua d&m. Dung méi dugc loai b trong chén khong va tinh ché
bang sdc ky nhanh ty dong pha dao (CombiFlash Rf, cot C18 13g RediSep) tach rira véi
gradien 5 — 95% axetonitril (pH 4; axit formic) trong nuéc (pH 4; axit formic) tao ra san
phém mong muén 13 thuy tinh mau vang (34,2 mg, 0,05 mmol, 73%).

LC/MS (C34sH42N3g03Sy) 675 [M+H]"; RT 1,47 (LCMS-V-B2)

H NMR (400 MHz, DMSO-d6) 8 7,88 (br s, 1H), 7,73 (s, 1H), 7,55 (s, 1H),
7,52 (br s, 1H), 7,37 (t, 1H), 7,19 (t, 1H), 4,17 (q, J = 7,1 Hz, 2H), 3,94 (s, 2H), 3,82 (s,
3H), 3,24 (s, 3H), 2,48 (s, 3H), 2,20 (s, 3H), 1,60 — 1,45 (m, 6H), 1,45 — 1,31 (m, 8H),
1,29 — 1,21 (m, 2H), 1,17 (t, 3H).

Buwdc C: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl)(metyl)amino)-5-(1-{[1-(3-metoxypropyl)xyclohexylmetyl}-5-metyl-1 H-pyrazol-4-
yl)-1,3-thiazol-4-carboxylic

Dung dich chira san pham tir Buéc B (34 mg, 0,05 mmol, 1 dwong luong) trong
1,4-dioxan (3 mL) duogc bd sung lithi hydroxit monohydrat (10,6 mg, 0,25 mmol, 5
duong luong) va hdn hop duge gia nhiét & hdi luu qua dém. Phan g duoc dé ngudi
dén nhiét d6 méi truong sau d6 dung moi duge loai bo trong chan khong. Can dugc pha
loang véi nudc, axit hoa bang dung dich axit clohydric 2N, va duoc chiét bang 3:1
diclometan / isopropanol. Cac chét chiét hiru co duoc 1am kho (magie sulfat), cd trong
chin khong, va lam kh6 dudi chan khong tao ra san phim mong muédn 14 chat rin mau
kem (16,7 mg, 0,03 mmol, 51%).

HRMS-ESI (mn/z) [M+H]+ tinh toan ddi véi C32H3oNsO3S,: 647,2581, phat
hién 647,2591.

Vi du 43: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-

yl} (metyl)amino)-5-(1-{[1-(3-metoxypropyl)xyclooctyljmetyl}-5-metyl-1H-
pyrazol-4-yl)-1,3-thiazol-4-carboxylic
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Buwdc A: etyl 5-(1-{[1-(3-metoxypropyl)xyclooctyllmetyl}-5-metyl-1H-pyrazol-
4-yl)-2-[metyl(5-metyl-6-{[(2Z)-3-{[2-(trimetylsilyl) etoxy|metyl}-2,3-dihydro-1,3-
benzothiazol-2-yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Hén hop gdm san phdm tir Vi du diéu ché 11b (106 mg, 0,17 mmol, 1 dwong
lugng), san phém tr Vi du diéu ché 10b (80,9 mg, 0,2 mmol, 1,2 duong luong) va kali
cacbonat (69,1 mg, 0,5 mmol, 3 duong luong) trong 3:1 tetrahydrofuran / nu6e (4 mL)
duoc bd sung vao [1,1'-bis(diphenylphosphino)feroxen] diclopaladi(Il) (12,2 mg, 0,02
mmol, 0,1 dwong lugng). Hon hop dwoc phun rira bang nito (10 phit) sau d6 gia nhiét
¢ 120 °C trong 1 h trong diéu kién chiéu vi séng. Phan ting du’qc‘ cho phan bb giita etyl
axetat va nudc va pha hitu co dugc rira bang nude mudi, lam kho (magie sulfat), va dung
mdi dugc loai bé trong chén khéng. Tinh ché bang sic ky cot nhanh tuy dong
(CombiFlash Rf, 12 g RediSep™ hop silic oxit) tach rira véi gradien 0 — 50% etyl axetat
trong iso-heptan tao ra san pham mong mudn 14 gdém khéng mau (81,3 mg, 0,1 mmol,
59%).

LC/MS (C42HeoNgO4SiS;) 833 [M+H]"; RT 1,81 (LCMS-V-B2)

TH NMR (400 MHz, DMSO-dé6) § 7,92 (d, J = 7,6 Hz, 1H), 7,82 (s, 1H), 7,66
(s, 1H), 7,61 — 7,50 (m, 2H), 7,37 — 7,28 (m, 1H), 5,98 (s, 2H), 4,28 (q, J = 7,1 Hz,
2H), 3,96 (s, 2H), 3,93 (s, 3H), 3,83 (t, J = 8,0 Hz, 2H), 3,35 (s, 3H), 2,58 (s, 3H), 2,29
(s, 3H), 1,76 — 1,64 (m, 9H), 1,60 — 1,45 (m, 5H), 1,46 — 1,33 (m, 6H), 1,28 (t,J =7,1
Hz, 3H), 1,03 (t, 3H), 0,00 (s, 9H).

Buwdc B: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-(1-{[1-(3-metoxypropyl)xyclooctyl[metyl}-5-metyl-1H-pyrazol-4-
yl)-1,3-thiazol-4-carboxylat

Dung dich chtra san phém tr Bude A (81,3 mg, 0,1 mmol, 1 duong lugng) trong
diclometan (3 mL) dugc lam lanh trong bé nuée d4 sau d6 axit trifloaxetic (0,3 mL, 4,03
mmol, 41 duong luong) duoc bd sung vao va hdn hop duge khudy & nhiét d6 moi truong
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trong 18 h. Dung méi dugc loai bo trong chan khdng va tinh ché bang séc ky cot nhanh
tu dong (CombiFlash Rf, 12 g RediSep™ hdp silic oxit) tach rira v6i gradien 0 — 5%
metanol trong diclometan tao ra san pham mong muén 13 chit rin mau tring (81,5 mg,
0,12 mmol, > 100%).

LC/MS (C36H46NsO3S2) 703 [M+H]"; RT 1,56 (LCMS-V-B2)

'H NMR (400 MHz, DMSO-d6) 7,88 (br s, 1H), 7,73 (s, 1H), 7,56 (s, 1H), 7,50
(brs,1 H), 7,38 (t, ] = 7,5 Hz, 1H), 7,20 (t, I = 7,6 Hz, 1H), 4,17 (q, ] = 7,1 Hz, 2H),
3,85 (s, 2H), 3,81 (s, 3H), 3,33 (t, J = 6,5 Hz, 2H), 3,25 (s, 3H), 2,48 (s, 3H), 2,19 (s,
3H), 1,66 - 1,54 (m, 9H), 1,49 — 1,36 (m, 4H), 1,33 — 1,22 (m, 5H), 1,18 (t, J=7,1 Hz,
3H).

Budc C: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(melyl)amino)-5-(1-{[1-(3-metoxypropyl)xyclooczyl]metyl}-5-metyl—]H—pyrazol-zI-
yl)-1,3-thiazol-4-carboxylic

Dung dich chita san phém tir Budc B (81,5 mg, 0,12 mmol, 1 duong lugng) trong
1,4-dioxan (5 mL) duoc bd sung lithi hydroxit monohydrat (24,3 mg, 0,58 mmol, 5
duong lugng) va hon hop duoc gia nhiét & hdi lvu qua dém. Phan Gmg duoc dé ngudi
dén nhiét d6 méi truong va dung moi duge loai bo trong chan khong. Can dugc pha
lodng véi nude, axit héa bang dung dich axit clohydric 2N, va dugc chiét bang 3:1
diclometan / isopropanol. Cac chit chiét hitu co duoc 1am kho (magie sulfat) va c6 dudi
ap suét giam dé tao ra san phém mong mudn 14 chét rin mau kem (53,6 mg, 0,08 mmol,
69%).

HRMS-ESI (m/z) [M-+H]+ tinh toan d6i v6i C34Ha3NgO3S2: 675,2894, phat
hién 675,2890.

Vidu 44: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl} [3-(morpholin-4-yl)propyl]amino)-1,3-thiazol-4-carboxylic
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Budc A: etyl 2-{[3-(morpholin-4-yl)propyljamino}-1,3-thiazol-4-carboxylat

Etyl bromopyruvat (2,5 mL, 17,9 mmol, 1,18 duong luwong) duoc bd sung vao
huyén phu chira 3-(morpholin-4-yl)propylthioure (3,1 g, 15,3 mmol, 1 duong lugng)
trong etanol (50 mL) & 0°C du6i khi quyén nito va hon hop duoc khudy trong 1 h & nhiét
dd moi truong. Trietylamin (4,5 mL, 30,5 mmol, 2 duong luong) dugc bd sung vao hoén
hop duoc gia nhiét ¢ 85 °C trong 4 h. Dung dich duogc dé ngudi dén nhiét d6 moi truong
va c6 trong chan khong. Dung dich kali cacbonat 10% (150 mL) dugc bd sung vao va
hdn hop dugc chiét bang etyl axetat (5 x 100 mL). Cac chét chiét hitu co thu gom dugc
rira bang nude (2 x 150 mL) va nuée mudi (100 mL), sau d6 1am kho (magie sulfat) va
c6 trong chan khong. Tinh ché bang sac ky cot nhanh (100 g silic oxit) tach rira véi 19:1
diclometan / metanol (19:1) tao ra chét ran ma duoc nghién véi heptan (50 mL), loc, rira
bang heptan (50 mL) va lam kho dudi chén khong dé tao ra san phAm mong mudn 1a
chét rdn mau nau nhat (4 g, 13,4 mmol, 88%).

LC/MS (C13H21N303S) 300 [M+H]"; RT 0,58 (LCMS-V-B1)

'H NMR (400 MHz, CDCl3) & 7,41 (s, 1H), 6,48 (t, 1H), 4,37 (q, J = 7,1 Hz,
2H), 3,75 (t, J = 4,7 Hz, 4H), 3,42 (q, J= 6,0 Hz, 2H), 2,54 — 2,43 (m, 6H), 1,83 (p, /=
6,4 Hz, 2H), 1,39 (t, J=7,1 Hz, 3H).

Budc B: etyl 2-[(6-clo-5-metylpyridazin-3-yl)[3-(morpholin-4-
yl)propylJamino]-1,3-thiazol-4-carboxylat

Natri hydrua (phan téan 60%; 350 mg, 8,75 mmol, 1,31 duong luong) dugc )
sung vao dung dich chura san pham tr Buéc A (2 g, 6,68 mmol, 1 dwong lwong) va 3,6-
diclo-4-metylpyridazin (1,25 g, 7,67 mmol, 1,15 duong luong) trong 1,4-dioxan (30
mL) & 0 °C duéi khi quyén nito va hdn hop dugce khudy trong 1 h & 0 °C sau d6 trong 3
h & 60 °C. Dung dich dugc dé nguoi dén nhiét d6 méi truong sau d6 dugc cho phan bd

gitta etyl axetat (300 mL) va dung dich nuéc amoni clorua bao hoa (100 mL). Pha hiru
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co duoge ria 1an luot bang nude (150 mL) va nude mudi (100 mL), 1am kho (magie
sulfat), va ¢o trong chén khong. Tinh ché bang sac ky cot nhanh (50 g silic oxit) tich
rira voi etyl axetat tao ra diu mau nau. Nghién véi heptan (15 mL) tao ra chét rin ma
duoc thu gom bang cach loc, rira bang heptan (20 mL) va 1am khd du6i chan khong dé
tao ra san phém mong mudn 13 chat rin mau nau nhat (1,5 g, 3,52 mmol, 53%)).

LC/MS (CisH24CINsO3S) 426 [M+H]*; RT 0,96 (LCMS-V-B1)

'H NMR (400 MHz, CDCls) § 7,83 (s, 1H), 7,56 (d, J = 1,1 Hz, 1H), 4,51 (t,
2H), 4,40 (q, /= 7,1 Hz, 2H), 3,75 (t, J = 4,6 Hz, 4H), 2,52 — 2,42 (m, 9H), 2,06 (p, 2H),
1,41 (t,J=17,1 Hz, 3H).

Buwdc C: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}[3-
(morpholin-4-yl)propyljamino)-1,3-thiazol-4-carboxylat

San phim tr Buéc B (900 mg, 2,11 mmol, 1 duong luong) va 2-
aminobenzothiazol (350 mg, 2,33 mmol, 1,1 duong luong) dugc b6 sung vao dung dich
chua tris(dibenzylidenaxeton)dipaladi(0) (96,8 mg, 0,11 mmol, 0,05 duong luong) va
Xantphos (122 mg, 0,21 mmol, 0,1 dwong lugng) trong 1,4-dioxan (20 mL) dudi khi
quyén nito va hon hop duge khudy. N,N-Diisopropyletylamin (1,1 mL, 6,34 mmol, 3
duong lugng) dugc bd sung vao va hon hop duge gia nhiét trong 6ng gan kin & 150 °C
trong 24 h. Dung dich duoc dé ngudi dén nhiét 46 moi trudng va cd trong chan khong.
Tinh ché bang sic ky cot nhanh (50 g silic oxit) tach rira v6i 10:1 diclometan / metanol
tao ra gdm mau dé/mau nau. Nghién véi dietyl ete (20 mL) tao ra chét rin ma duoc thu
gom bing cach loc, rira bing dietyl ete (2 x 10 mL) va lam kho6 du6i chan khong dé tao
ra san phim mong mudn 13 chit rin mau nau nhat (875 mg, 1,62 mmol, 77%).

LC/MS (C25H29N703S2) 540 [M+H]"; RT 1,12 (LCMS-V-B1)

IH NMR (400 MHz, DMSO-d6) 8 11,16 (br s, 1H), 7,96 (s, 1H), 7,92 (s, 1H),
7,76 (s, 1H), 7,63 — 7,47 (m, 1H), 7,39 (t, 1H), 7,22 (t, ] = 7,5 Hz, 1H), 4,43 (t, T =7,4
Hz, 2H), 4,29 (q, T = 7,1 Hz, 2H), 3,59 (t, ] = 5,0 Hz, 4H), 2,48 (s, 3H), 2,43 - 2,33
(m, 6H), 1,99 — 1,85 (m, 2H), 1,32 (t, J = 7,1 Hz, 3H).

Buwéc D: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}[3-
(morpholin-4-yl)propylJamino)-1,3-thiazol-4-carboxylic

Dung dich chtra san pham tir Buée C (300 mg, 0,56 mmol, 1 dwong luong) trong
3:1 1,4-dioxan / nudc (4 mL) duoc bd sung lithi hydroxit monohydrat (93,3 mg, 2,22

mmol, 4 dwong lwgng) va hdn hop duoc khudy ¢ nhiét d6 moi trudong qua dém. Nudc
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(5 mL) dwoc bd sung vao va hdn hop dugc loc qua Xelit va dwoc rira bang nudce nita (10
mL). Nudc loc duge axit hoa bang axit axetic va khudy trong 15 phut, sau d6 cac chét
rin duoc thu gom bang cach loc, rira bang nuée (10 mL) va lam kho dudi chan khong
dé tao ra san phdm mong mudn 13 chét ran mau vang (180 mg, 0,35 mmol, 63%).
HRMS-ESI (m/z) [M-H]- tinh toan ddi v&i C2sH24N703S:: 510,1388, phat hién
510,1406.
Vi du 45: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
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Budc A: etyl 2-(propylamino)-1,3-thiazol-4-carboxylat

yl} (propyl)amino)-1,3-thiazol-4-carboxylic

Etyl bromopyruvat (4 mL, 28,7 mmol, 1,13 duong luong) dugc bd sung dung
dich chita propylthioure (3 g, 25,4 mmol, 1 dwong lugng) trong etanol (50 mL) ¢ 0 °C
duéi khi quyén nito va hn hop dugce khudy trong 1 h & nhiét d6 méi truong. Trietylamin
(7 mL, 50,8 mmol, 2 duong lugng) dugc b6 sung vao hdn hop duge khudy trong 18 h.
Hon hop phan ting dugc cho phan b giita etyl axetat (300 mL) va nuge (150 mL) va
pha hitu co duoc rira 1An lugt bang nude (150 mL) va nuée mubi (100 mL), 1am kho
(magie sulfat), va cd trong chan khong. Tinh ché bang sic ky cot nhanh (50 g silic oxit)
tach rira véi diclometan tao ra san phim mong mudn 1a dAu mau nau nhat ma héa ran
khi dé yén (3,4 g, 15,9 mmol, 63%).

LC/MS (CoH14N20,8) 215 [M+H]*; RT 1,04 (LCMS-V-B1)

TH NMR (400 MHz, CDCl3) 8 7,42 (s, 1H), 5,63 (s, 1H), 4,37 (q, 2H), 4,40 (q, J
=7,1 Hz, 2H), 3,24 (q, 2H), 1,75 — 1,64 (m, 2H), 1,39 (t, 3H), 1,00 (t, /= 7,1 Hz, 3H).

Buwéc B: etyl 2-[(6-clo-5-metylpyridazin-3-yl) (propyl)amino]-1,3-thiazol-4-
carboxylat

Natri hydrua (phan tan 60%; 500 mg, 12,5 mmol, 1,25 duong luong) dugc bd
sung dung dich chira san pham tir Buée A (2,15 g, 10,0 mmol, 1 duong luong) va 3,6-
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diclo-4-metylpyridazin (1,75 g, 10,7 mmol, 1,07 duong lwong) trong 1,4-dioxan (30
mL) & 0 °C duéi khi quyén nito va hdn hop dwge khudy trong 1 h ¢ 0 °C sau d6 trong
18 h & nhiét dd mdi trudng. Hon hop phan ting duge cho phan bd gifra etyl axetat (300
mL) va dung dich nu6c amoni clorua bdo hoa (150 mL) va pha hitu co dugc rira 1an luot
bang nude (2 x 150 mL) va nudce mudi (100 mL), 1am khd (magie sulfat), va cd trong
chan khong. Tinh ché bang sic ky cot nhanh (100 g silic oxit) tach rira v6i diclometan
tao ra chit rén ma dugc nghién véi heptan (30 mL), loc, rira bang heptan (15 mL) va
]am khé duéi chan khong dé tao ra san phdm mong mudn 13 chét rin mau tring (1,3 g,
3,81 mmol, 38%).

LC/MS (C14H17CIN4O2S) 341 [M+H]"; RT 1,32 (LCMS-V-B1)

"H NMR (400 MHz, CDCls) & 7,82 (s, 1H), 7,39 (d, 1H), 4,47 — 4,35 (m, 4H),
2,48 (d, J=1,0 Hz, 3H), 1,93 — 1,78 (m, 2H), 1,42 (t, /= 7,1 Hz, 3H), 1,05 (t, /= 7,4
Hz, 3H).

Buéc C: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(propyl)amino)-1,3-thiazol-4-carboxylat

San phdm tr Buéc B (850 mg, 2,49 mmol, 1 duong luong) va 2-
aminobenzothiazol (425 mg, 2,83 mmol, 1,13 duong luong) dugc bd sung vao dung
dich chua tris(dibenzylidenaxeton)dipaladi(0) (114 mg, 0,12 mmol, 0,05 dwong luong)
va Xantphos (144 mg, 0,25 mmol, 0,1 duong luong) trong 1,4-dioxan (10 mL) dudi khi
quyén nito va hdn hop dugce khudy. N,N-Diisopropyletylamin (1,3 mL, 7,48 mmol, 3
duong lugng) dugc b6 sung vao va hon hop duoc gia nhiét trong bng gan kin ¢ 150 °C
trong 24 h. Dung dich dugc dé nguoi dén nhiét ¢6 méi trudng va co trong chan khong.
Tinh ché bang sic ky cot nhanh (50 g silic oxit) tach rira v6i 39:1 diclometan / metanol
tao ra chét rén mau vang ddm ma duoc nghién vdi metanol (15 mL), loc, rora béng
metanol (15 mL) va lam kho du6i chan khong dé tao ra san phAm mong mudn 13 chét
rin mau vang (915 mg, 2,01 mmol, 81%).

LC/MS (C21H2N60,S2) 455 [M+H]"; RT 1,44 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) 3 11,12 (br s, 1H), 7,96 (s, 1H), 7,92 (br s, 1H),
7,73 (s, 1H), 7,59 (br s, 1H), 7,39 (t, I = 7,5 Hz, 1H), 7,22 (t, ] = 7,3 Hz, 1H), 4,37 (dd,
J=9,0, 6,3 Hz, 2H), 4,29 (q, ] = 7,1 Hz, 2H), 2,48 (s, 3H), 1,74 (q, J = 7,5 Hz, 2H), 1,32
(t, J=7,1 Hz, 3H), 0,96 (t, ] = 7,4 Hz, 3H).
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Buoc D: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-m etylpyridazin-3-
yl)(propyl)amino)-1,3-thiazol-4-carboxylic

Dung dich chira san phém tr Bude C (250 mg, 0,55 mmol, 1 duong lugng) trong
3:1 1,4-dioxan / nuéc (4 mL) dugc bd sung lithi hydroxit monohydrat (92,3 mg, 2,2
mmol, 4 duong lwong) va hdn hgp duge khudy & nhiét do mdi truong trong 18 h. Nudc
(5 mL) duoc bd sung vao va dung dich dugce loc qua Xelit va duoc rira bang nude (10
mL). Nudc loc dugc axit hoa bing axit axetic dé tao ra huyén phii, ma duoc thu gom
bang céch loc, rira bang nude (10 mL) va lam kho dudi chan khong dé tao ra san pham
mong mudn 1a chét ran mau vang nhat (185 mg, 0,43 mmol, 79%).

HRMS-ESI (m/z) [M-H]- tinh todn d6i véi C1oH17Ns02S2: 425,0860, phat hign
425,0867.

Vi du 46: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl} [3-(dietylamino)propyl]amino)-1,3-thiazol-4-carboxylic

é
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Buwéc A: etyl 2-{[3-(dietylamino)propyllaminoj}-1,3-thiazol-4-carboxylat

Amoniac (2M trong isopropanol; 60 mL, 0,12 mol, 3,45 duong luvgng) duoc bd
sung vao dung dich chira 3-(dietylamino)propyl isothioxyanat (6 g, 34,8 mmol, 1 duong
luong) trong isopropanol (15 mL) ¢ 0 °C va hdn hop duge khudy trong 1 h & 0 °C va
sau d6 18 h & nhiét 6 moi trudng. Huyén phi duge co trong chan khong sau d6 nghién
v6i heptan (50 mL), loc, va rua bang heptan (2 x 25 mL). Etanol (150 mL) va etyl
bromopyruvat (5 mL, 39,8 mmol, 1,14 duong lwgng) dugc bo sung vao va hdn hop duge
khudy dud6i khi quyén nito trong 1 h. Trietylamin (10 mL, 69,7 mmol, 2 dwong
luong) dugc bd sung vao va hdn hop dugce gia nhiét & 85 °C trong 4 h. Dung dich duoc
dé nguoi dén nhiét d6 moi trudng va co trong chan khong. Tinh ché bang sic ky cot
nhanh (100 g silic oxit) tach rtra v6i 19:1 diclometan / metanol tao ra san pham mong

muén 12 gdm mau nau sim (3,95 g, 13,8 mmol, 40%).
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LC/MS (C13H23N30:8) 286 [M+H]"; RT 0,78 (LCMS-V-B1)

"H NMR (400 MHz, CDCls) & 7,39 (s, 1H), 7,05 (s, 1H), 4,37 (q, J = 7,1 Hz,
2H), 3,42 (td, J= 6,2, 3,1 Hz, 2H), 2,64 — 2,51 (m, 6H), 1,84 — 1,76 (m, 2H), 1,39 (t, J
=7.,1 Hz, 3H), 1,06 (t,J=7,1 Hz, 6H).

Buéc B: etyl 2-[(6-clo-5-metylpyridazin-3-yl)[3-(dietylamino)propyl]amino]-
1,3-thiazol-4-carboxylat

Natri hydrua (phan tan 60%; 700 mg, 17,5 mmol, 1,26 duong lugng) dugc bd
sung vao dung dich chira sdn phém tr Budc A (3,95 g, 13,8 mmol, 1 duong luong) va
3,6-diclo-4-metylpyridazin (2,5 g, 15,3 mmol, 1,11 duong luong) trong 1,4-dioxan (50
mL) & 0 °C duéi khi quyén nito va hon hop duge khudy trong 1 h & 0 °C sau d6 trong
18 h & nhiét @0 mdi truong. Phan tng dugc cho phin bb giita etyl axetat (300 mL) va
nuée (150 mL) va pha hitu co dugc rira 14n Iugt bang nude (150 mL) va nuée mudi (100
mL), 1am khé (magie sulfat), va c6 trong chan khong. Tinh ché bang sic ky cot nhanh
(100 g silic oxit) tdch rira voi 19:1 diclometan / metanol tao ra san pham mong muén 13
gdm mau nau (2,3 g, 5,58 mmol, 40%).

LC/MS (Ci1sH26CINsO,S) 412 [M+H]"; RT 1,00 (LCMS-V-B1)

"H NMR (400 MHz, CDCl3) & 7,80 (s, 1H), 7,63 (d, J = 1,1 Hz, 1H), 4,47 (q,
2H), 4,37 (q, J = 7,1 Hz, 2H), 2,64 — 2,54 (m, 6H), 2,45 (d, J = 0,9 Hz, 3H), 1,98 (q,
2H), 1,39 (t, J=7,1 Hz, 3H), 1,06 (t, /= 7,1 Hz, 6H).

Budc C: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}[3-
(dietylamino)propyl]amino)-1,3-thiazol-4-carboxylat

San phém tr Bude B (2,1 g, 5,1 mmol, 1 duong lugng) va 2-aminobenzothiazol
(850 mg, 5,66 mmol, 1,11 duong luwong) duoc bd sung vao dung dich chira
tris(dibenzylidenaxeton)dipaladi(0) (233 mg, 0,25 mmol, 0,05 dwong luong) va
Xantphos (295 mg, 0,51 mmol, 0,1 duong luong) trong 1,4-dioxan (20 mL) dudi khi
quyén nito va hon hop duoc khudy. N,N-Diisopropyletylamin (2,7 mL, 15,3 mmol, 3
duong luong) dugce bd sung vao va hon hop duge gia nhiét trong dng gan kin & 150 °C
trong 24 h. Dung dich duoc dé ngudi dén nhiét dd mdi trudng va cd trong chan khong.
Tinh ché bing sic k¥ cot nhanh (100 g silic oxit) tach rira v6i gradien 5 — 10% metanol
trong diclometan tao ra gom mau vang dam ma dugc nghién véi dietyl ete (10 mL), loc,
rira bang dietyl ete (10 mL) va 1am kho dudi chén khong d8 tao ra san phAm mong mudn

1a chit rdn mau vang (240 mg, 0,46 mmol, 9%).
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LC/MS (C2sH31N702S2) 526 [M+H]"; RT 1,18 (LCMS-V-B1)

IH NMR (400 MHz, DMSO-d6) & 11,78 (br s, 1H), 7,88 — 7,67 (m, 4H), 7,44 —
7,34 (m, 1H), 7,26 — 7,18 (m, 1H), 4,49 (s, 2H), 4,36 (q, J = 7,1 Hz, 2H), 3,31 — 3,22
(m, 2H), 3,22 — 3,12 (m, 4H), 2,52 — 2,39 (m, 5H), 1,39 (t, J = 7,1 Hz, 9H).

Buwdc D: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}[3-
(dietylamino)propyl]amino)-1,3-thiazol-4-carboxylic

Dung dich chira san pham tr Bugc C (200 mg, 0,38 mmol, 1 duong luong) trong
3:1 1,4-dioxan / nu6c (4 mL) duoc bo sung lithi hydroxit monohydrat (63,9 mg, 1,52
mmol, 4 duong lwong) va hdn hgp duge khudy & nhiét d6 méi trudng trong 18 h. Nudce
(5 mL) duoc bo sung vao va hdn hop duoc loc qua xelit, rira qua bang nudc (10 mL).
Nudce loc dugce axit hoa bé“mg axit axetic dé tao ra chét rdn ma duogc thu gom bﬁng cach
loc, rira bang nude (10 mL) va lam kho dudi chan khong dé tao ra san phdm mong mudn
12 chit rdn mau vang nhat (105 mg, 0,21 mmol, 55%).

HRMS-ESI (m/z) [M-H]- tinh toan d6i véi C23HasN702S2: 496,1595, phat hign
496,1614.

Vi du 47: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yI} (3-metoxypropyl)amino)-1,3-thiazol-4-carboxylic
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Dung dich chtta san phdm tir Vi du diéu ché 11c, Buée C (300 mg, 0,62 mmol, 1
duwong luong) trong 3:1 1,4-dioxan / nudc (4 mL) duoc b6 sung lithi hydroxit
monohydrat (104 mg, 2,48 mmol, 4 duong lugng) va hdn hop duoc khudy & nhiét do
moi trudng qua dém. Nude (15 mL) duoc bd sung vao va hdn hop dugc axit hoa bang
axit axetic dé tao ra chit ran ma dugc thu gom bang céach loc, rira bang nude (25 mL)
va 1am kho dudi chan khong dé tao ra san pham mong mudn 13 chét rin mau cam (245

mg, 0,54 mmol, 87%).
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HRMS-ESI (m/z) [M+H]+ tinh toan d6i v6i CaoH21N603S2: 457,1111, phat
hién 457,1119.
Vidu 48:  axit 2-[[4,5-Dimetyl-6-[(4-metyl-1,3-benzothiazol-2-

yl)amino]pyridazin-3-ylJamino]thiazol-4-carboxylic

H
N N ¢
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Buéc A: N-(6-clo-4,5-dimetyl-pyridazin-3-yl)-4-metyl-1,3-benzothiazol-2-
amin

611 mg 6-clo-4,5-dimetyl-pyridazin-3-amin (3,9 mmol, 1 duong luong) va 834
mg 2-bromo-4-metyl-1,3-benzothiazol (3,9 mmol, 1 dwong luong) trong 13 mL /,4-
dioxan duge bd sung 1,5 g natri hydrua (60% khéi lwong, 37,5 mmol, 9,6 duong luong)
va hén hop duoc khudy & hoi Iuu trong 1 h. Sau khi 1am lanh, phan (mg dugc rét trén
nudc da-nude va axit hoa béng 2 N HCI. Két taa duoc loc ra va rira bz"mg dung dich
NaHCOj3 va lam khd d tao ra 810 mg (67%) san phdm mong mudn.

LC-MS-ESI (m/z): [M+H]" tinh toan d6i véi C14H14CIN4S: 305, phat hién 305.

Buwéc B: etyl 2-[[4,5-dimetyl-6-[(4-metyl-1,3-benzothiazol-2-
ylamino[pyridazin-3-ylJamino[thiazol-4-carboxylat

Hén hop gdm 600 mg san pham tir Buée 4 (1,96 mmol, 1 dwong lugng), 730 mg
etyl 2-aminothiazol-4-carboxylat (4,24 mmol, 2,1 duong luong), 78 mg Pda(dba)s
(0,085 mmol, 0,04 duong luong), 124 mg 4,5-bis(diphenylphosphino)-9,9-
dimetylxanten (0,21 mmol, 0,1 duwong lugng) va 2,8 mL DIPEA (8 duong lugng) trong
16 mL 1,4-dioxan dwgc khudy & 185°C trong binh phan Gng vi séng trong 1,5 h. Sau
khi 1am lanh, cac chat d& bay hoi dugc loai bo va hop chét trung gian tho duoc tinh ché
bang sic ky cot nhanh st dung heptan va EtOAc lam dung moi rira giai dé tao ra 328
mg (38%) san phim mong mudn.

'"H NMR (500 MHz, DMSO-ds) & ppm 11,00/10,81 (s+brs, 2H), 7,94 (s, 1H),
7,72 (brs, 1H), 7,19 (d, 1H), 7,10 (t, 1H), 4,29 (q, 2H), 2,57 (brs, 3H), 2,39/2,36 (sts,
6H), 1,31 (t, 3H); *C NMR (125 MHz, DMSO-de) 6 ppm 126,9, 1224, 121,7, 119.4,
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60,8, 18,4, 14,7; HRMS-ESI (m/z): [M+H]" tinh to4n d6i véi C20H2oN602S2: 441,1167,
phat hién: 441,1165,

Budc C: axit 2-[[4,5-dimetyl-6-[(4-metyl-1,3-benzothiazol-2-
yl)amino]pyridazin-3-yljamino]thiazol-4-carboxylic

H&n hop gdm san phim tx Bude B, LIOHxH:20, nuée va 1,4-dioxan dugc khudy
& hoi luu trong 1 h. Sau khi lam ngudi va c6, 1 N HCI duogc bd sung vao va két tha duoc
loc ra, tinh ché thém bing sic ky didu ché pha déo dé tao ra san phim mong mudn.

HRMS-ESI (m/z): [M+H]* tinh todn di v&i CisHi7N6O2S2: 413,0854, phat
hién: 413,0855.

Vi du 49: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-S-metylpyridazin-3-
y1}(3-hydroxypropyl)amino)-1,3-thiazol-4-carboxylic
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Budc A: etyl 2-[(6-clo-5-metylpyridazin-3-yl)(3-hydroxypropyl)amino]-1,3-
thiazol-4-carboxylat

Boron tribromua (1M trong diclometan; 16 mL, 16,2 mmol, 2 dwong lugng) dugc
bb sung vao dung dich chira sén pham tir Vi du diéu ché 11c, Budc B (3 g, 8,09 mmol,
1 duong lugng) trong diclometan (50 mL) & -78 °C dudi khi quyén nito. Hén hop dugc
khudy trong 1 h & -78 °C sau d6 gia nhiét ¢ 50 °C trong 1 h. Huyén phu duge dé ngudi
dén nhiét 6 moi trudng sau d6 duge cho phan bd gitta diclometan (250 mL) va dung
dich natri hydro cacbonat bdo hoa (150 mL). Pha hitu co dugc rua 14n luot bang nudce
(2 x 150 mL) va nuéc mudi (100 mL), 1am kho (magie sulfat), va c6 trong chan khong.
Tinh ché bing sic ky cot nhanh (50 g silic oxit) tach rira véi 39:1 diclometan / metanol
tao ra chat rén ma duoc nghién véi dietyl ete (15 mL), loc, rira bang dietyl ete (20 mL)
va 1am khé du6i chan khong tao ra san pham mong mudn 12 chét rin mau cam (900 mg,
2,52 mmol, 31%). |

LC/MS (C14H17CIN4O3S) 357 [M+H]"; RT 1,15 (LCMS-V-B1)
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'"H NMR (400 MHz, DMSO-d6) & 8,04 (s, 1H), 7,87 (dd, J= 13,1, 1,1 Hz, 1H),
4,71 (td, J=5,4, 1,1 Hz, 1H), 4,46 (t, 2H), 4,29 (q, J= 7,1 Hz, 2H), 3,50 (q, /= 5,9 Hz,
2H), 2,43 (dd, J = 2,6, 0,9 Hz, 3H), 1,89 (p, /= 6,5 Hz, 2H), 1,31 (t, /= 7,1 Hz, 3H).

Buwéc B: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(3-
hydroxypropyl)amino)-1,3-thiazol-4-carboxylat

San phim tr Buéc A (500 mg, 1,4 mmol, 1 duong luong) va 2-
aminobenzothiazol (240 mg, 1,6 mmol, 1,14 duong luong) duge bd sung vao dung dich
chira tris(dibenzylidenaxeton)dipaladi(0) (64,2 mg, 0,07 mmol, 0,05 dwong lugng) va
Xantphos (81,1 mg, 0,14 mmol, 0,1 duong luong) trong 1,4-dioxan (10 mL) duéi khi
quyén nito va hdn hop khudy. N,N-Diisopropyletylamin (0,75 mL, 4,2 mmol, 3 duong
luong) duoc bo sung vao va hdn hop dugc gia nhiét trong bng gin kin & 150 °C trong
24 h. Dung dich duoc dé ngudi dén nhiét 36 moi trudng va cod trong chan khong. Tinh
ché bang sic ky cot nhanh (50 g silic oxit) tach rira véi 19:1 diclometan / metanol tao ra
gdm mau do/mau cam ma dugc nghién voéi dietyl ete (15 mL), loc, rira bang dietyl ete
(2 x 10 mL) va lam kh6 dudi chan khong dé tao ra san pham mong mubn 13 chét rin
mau cam (490 mg, 0,94 mmol, 67%).

LC/MS (C21H22N603S2) 471 [M+H]"; RT 1,31 (LCMS-V-B1)

IH NMR (400 MHz, DMSO0-d6) 6 11,12 (br s, 1H), 7,98 (s, 1H), 7,92 (br s, 1H),
7,72 (s, 1H), 7,63 (br s, 1H), 7,40 (t, T = 7,6 Hz, 1H), 7,23 (t, 1H), 4,74 (t, J = 5,4 Hz,
1H), 4,46 (t, ] = 7,1 Hz, 2H), 4,30 (q, ] = 7,1 Hz, 2H), 3,54 - 3,46 (m, 2H), 2,48 (s, 3H),
1,90 (p, J = 6,5 Hz, 2H), 1,32 (t, J = 7,1 Hz, 3H).

Buwdc C: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(3-
hydroxypropyl)amino)-1,3-thiazol-4-carboxylic

Dung dich chira san pham tir Budc B (275 mg, 0,53 mmol, 1 dwong luong) trong
hén hop 3:1 cua 1,4-dioxan / nude (4 mL) duge b sung lithi hydroxit monohydrat (88,3
mg, 2,1 mmol, 4 duong luong) va hén hop duoc khudy & nhiét 40 mdi trudng trong 18
h. Nuée (15 mL) dugc bo sung vao va hdn hop dugce loc qua xelit. Nude loc duge axit
héa bing axit axetic d tao ra chit rén ma dwoc thu gom bang cach loc, rira bang nudc
(30 mL) va lam kho dudi chan khong dé tao ra san pham mong mudn 13 chit rdn mau
vang (190 mg, 0,43 mmol, 82%).

HRMS-ESI (m/z) [M+H]+ tinh toan di véi C1oH19N6O3S2: 443,0955, phét
hién 443,0996.
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Vidu50:  axit 2-[[6-(1,3-Benzothiazol-2-ylamino)-5-metyl-pyridazin-3-
yl]-metyl-amino]-5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-
phenoxy]propyl]thiazol-4-carboxylic
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Buéc A: etyl 5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-phenoxy[propyl]-2-
[metyl-[5-metyl-6-[(Z)-[3-(2-trimetylsilyletoxymetyl)-1,3-benzothiazol-2-
yliden]amino]pyridazin-3-yljamino[thiazol-4-carboxylat

St dung quy trinh chung akyl hoa bét dau tr Vi du diéu ché 5g va Vi du didu
ché 6b 1am phenol thich hop, thu dugc san phim mong mudn.

'H NMR (500 MHz, DMSO-ds) & ppm 7,84 (d, 1H), 7,67 (s, 1H), 7,47 (d, 1H),
7,44 (t, 1H), 7,33 (dd, 1H), 7,25 (t, 1H), 7,22 (dd, 1H), 7,16 (t, 1H), 5,86 (s, 2H), 4,26
(q, 2H), 4,15 (t, 2H), 3,77 (s, 3H), 3,72 (t, 2H), 3,49 (brs, 2H), 3,27 (t, 2H), 2,46 (s, 3H),
2,27 (s, 6H), 2,13 (qn, 2H), 1,29 (t, 3H), 0,92 (t, 2H), -0,11 (s, 9H); >*C NMR (125 MHz,
DMSO-ds) & ppm 129,0, 127,2, 123,5, 123,2, 119,2, 117,7, 115,5, 111,9, 72,8, 68,5,
66,7, 60,7, 48,2,44,0,35,3,31,1,23,2,17,9, 17,8, 14,6, -0,9; HRMS-ESI (m/z): [M+H]"
tinh toan ddi v&i C3oH49FN704S,Si: 790,3035, phat hién 790,3023.

Buwdc B: axit 2-[[6-(1,3-benzothiazol-2-ylamino)-5-metyl-pyridazin-3-yl]-
metyl-amino]-5-[3-[4-[3-(dimetylamino)prop-1-ynyl]-2-flo-phenoxy[propylfthiazol-
4-carboxylic

St dung quy trinh chung khir bao vé¢ va thiy phan bét dAu tir san pham tir Budc
A 1am etyl este thich hop, thu duoc san phim mong mudn.

HRMS-ESI (m/z): [M+H]" tinh toan dbi véi C31H31FN703S2: 632,1908, phat
hién 632,1913.

Vi du 51: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metyl-4-[3-(4-
metylpiperazin-1-yl)propyl]pyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic
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Buoc A: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino[-4-[3-(benzyloxy)propyl]-5-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylat

Lo vi séng duoc siy kho trong ti sdy dugc bo sung san pham tir Vi du diéu ché
9ma (500 mg, 1,18 mmol, 1 duong lugng), etyl 2-amino-1,3-thiazol-4-carboxylat (284
mg, 1,65 mmol, 1,4 dwong lugng), xesi cacbonat (575 mg, 1,76 mmol, 1,5 duong luong),
Xantphos (68,1 mg, 0,12 mmol, 0,1 duong 'lu’ong) va
tris(dibenzylidenaxeton)dipaladi(0) (53,9 mg, 0,06 mmol, 0,05 duong lugng). Binh nay
dwoc hit chan khong va x6i rira bang nito (x3), va sau d6 alpha,alpha,alpha-triflotoluen
(20 mL) duogc bd sung vao. Hén hop duge phun rira bang nito (10 phut) sau d6 gia nhiét
& 180 °C trong 1 h trong didu kién chiéu vi séng. Phan tung dugc ¢b trong chan khong
va tinh ché bang sac ky cot nhanh ty dong (CombiFlash Rf, 40 g RediSep™ hop silic
oxit) tach rira véi gradien 0 — 70% etyl axetat trong iso-heptan tao ra san phiam mong
mudn 12 chit rin mau vang (336 mg, 0,6 mmol, 51%).

LC/MS (C2sH2sN603S2) 561 [M+H]"; RT 1,53 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) & 11,08 (br s, 1H), 7,95 (d, 1H), 7,88 (br s, 1H),
7,40 — 7,33 (m, 6H), 7,32 — 7,26 (m, 1H), 7,20 (t, 1H), 4,51 (s, 2H), 4,30 (9, J = 7,1 Hz,
2H), 3,54 (t, ] = 6,2 Hz, 2H), 2,96 (t, ] = 7,8 Hz, 2H), 2,39 (s, 3H), 1,76 (p, 2H), 1,32 (¢,
J=17,1Hz, 3H).

Buéc B: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-4-(3-hydroxypropyl)-5-
metylpyridazin-3-yl}amino)-1,3-thiazol-4-carboxylat

Dung dich dugc lam lanh chira san phém tt Bude A (330 mg, 0,59 mmol, 1
dwong luong) trong diclometan khan (15 mL) duoc bd sung bo triclorua (IM trong
diclometan; 1,18 mL, 1,18 mmol, 2 duong luong) tirng giot va hdn hop duoc khqu
trong 3 h. Phan ung duoc lam lanh xubng 0°C va lam dung bang cach bd sung dung

dich nuéce natri bicacbonat bio hoa. Hon hop dugc pha loang véi diclometan va cac 16p
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dugc phan tach. Pha hitu co duoc rira 1an luot béng nuée va nude mudi, 1am khod (magie
sulfat), va c6 trong chan khong dé tao ra san pham mong mudn (301 mg, 0,64 mmol, >
100%) 1a hdn hop véi metyl este twong Gtng ma duoc sir dung truc tiép trong budc tiép
theo ma khéng cén tinh ché thém.

LC/MS (C21H22N6O0s3S2) 471 [M+H]"; RT 1,295 (LCMS-V-B1).

Buwdc C: etyl 2-{[4-(3-hydroxypropyl)-5-metyl-6-{[(2Z)-3-{[2-
(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden|amino/pyridazin-3-
ylJamino}-1,3-thiazol-4-carboxylat

Dung dich dugc lam lanh chtra san phém te Buée B (300 mg, 0,64 mmol, 1
duong luong) trong diclometan (15 mL) duoc bd sung 2-(trimetylsilyl)etoxymetyl
clorua (0,12 mL, 0,7 mmol, 1,1 dwong lugng), N,N-diisopropyletylamin (0,22 mL, 1,28
mmol, 2 duong luong) va DMAP (3,89 mg, 0,03 mmol, 0,05 dwong luong). Hén hop
dugc khudy trong 2 h & nhiét 46 moi truong sau d6 duge 1am lanh xuéng 0°C va lam
dimg bang cach bd sung dung dich nuéce natri bicacbonat. Cac 16p dugc tach va pha hiru
co duge rira bing nudce tiép d6 1a nude mubi, 1am kho (magie sulfat), va cd trong chan
khong. Tinh ché bang sic ky cot nhanh ty dong (CombiFlash Rf, 24 g RediSep™ hop
silic oxit) tach rira voi gradien 0 — 70% etyl axetat trong iso-heptan tao ra san pham
mong mudn 12 chit rin mau cam (105 mg, 0,17 mmol, 27%) ma dugc phat hién la hén
hop véi metyl este tuong tmg. Hon hop dugc st dung truc tiép trong budc tiép theo ma
khong can tinh ché thém.

LC/MS (C27H36N604SiS2) 601 [M+H]"; RT 1,59 (LCMS-V-BI)

Budc D: etyl 2-{[5-metyl-4-(3-oxopropyl)-6-{[(2Z)-3-{[2-
(trimetylsilyl)etoxy[metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden]amino/pyridazin-3-
yllamino}-1,3-thiazol-4-carboxylat

Binh duoc siy kho trong tu siy duoc bd sung dimetyl sulfoxit (29,6 L, 0,42
mmol, 2,5 duong lugng) trong diclometan (5 mL) va dung dich dugc khudy dugc lam
lanh xuéng -78°C. Dung dich oxalyl clorua (2M; 91,5 pL, 0,18 mmol, 1,1 duwong
luong) duwoc bd sung vao timg giot va hdn hop duoc khudy trong 1 h. Dung dich chtta
san pham tir Buéc C (100 mg, 0,17 mmol, 1 dwong lwong) trong diclometan (5 mL)
dugc bd sung vao timg giot va hdn hop thu duge dugce khudy & -78°C trong 1 h.
Trietylamin (0,14 mL, 1 mmol, 6 dwong luong) duoc bd sung vao va hdn hop duge dé

4m dén 0°C trong 1 h. Phan tmg dugc 1am ding bang nude (10 mL), pha lodng véi natri
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bicacbonat (10 mL) va dugc chiét bang diclometan (2 x 50 mL). Céc cht chiét hitu co
thu gom duogc rira bang nudc mudi (50 mL), lam kho (magie sulfat) va cd trong chan
khong. Tinh ché béng sdc ky cot nhanh tu dong (CombiFlash Rf, 12 g RediSep™ hop
silic oxit) tich rira v6i gradien 0 — 50% etyl axetat trong iso-heptan tao ra san pham
mong mudn 13 thiry tinh mau cam (68 mg, 0,11 mmol, 68%) ma dugc phat hién la hdn
hop v&i metyl este tuong timg va duoc su dung truc tiép trong budc tiép theo ma khong
can tinh ché thém.

LC/MS (C27H34N604SiS2) 599 [M+H]™; RT 1,62 (LCMS-V-B1).

Budc E: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metyl-4-[3-(4-
metylpiperazin-1-yl)propyl]pyridazin-3-yl}amino)-1,3-thiazol-4-carboxylat

Dung dich chira san pham tir Buéc D (68 mg, 0,11 mmol, 1 dwong lwong) trong
3:1 metanol / axit axetic (8 mL) dugc bd sung 1-metylpiperazin (25,2 pL, 0,23 mmol, 2
duong luong) tiép d6 1a natri xyanoborohydrua (14,3 mg, 0,23 mmol, 2 duong lwong)
va hdn hop duoc khudy & nhiét d6 mdi trudng trong 40 phut. Phan tmg dugc lam dimg
bang bang cach b sung 1M dung dich nuéc natri hydroxit va hén hop dugc chiét bang
diclometan (3 x 50 mL). Cac chét chiét hiru co thu gom dugc ria bang nudc tiép dola
nuée mudi (50 mL), 1am kho (magie sulfat) va c6 trong chén khong. Can duogc hoa tan
trong diclometan (5 mL), axit trifloaxetic (1 mL) duoc b6 sung vao, va hon hop dugc
khudy trong 1 h. Hon hop duoc pha lodng véi diclometan (20 mL) va rira bang 1M dung
dich nuéce natri hydroxit (20 mL). Pha hitu co dugc rua bang nudc mubi, 1am kho (magie
sulfat) va c6 trong chan khong. Tinh ché bang sic ky cot nhanh tu dong (CombiFlash
Rf, 12 g RediSep™ hop silic oxit) tch rira v6i gradien 0 — 20% 7N amoniac metanolic
trong diclometan tao ra san phdm mong mudn 14 thity tinh mau cam (40 mg, 0,07 mmol,
64%) ma duogc phét hién 1a hdn hop véi metyl este twong tng va duoc st dung truc tiép
trong budc tiép theo ma khong can tinh ché thém.

LC/MS (C26H3:N302S2) 553 [M+H]"; RT 1,17 (LCMS-V-B1).

Buwdc F: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metyl-4-[3-(4-
metylpiperazin-1-yl)propyl|pyridazin-3-yl}amino)-1,3-thiazol-4-carboxylic

Dung dich chira san phdm trong Buéc E (40 mg, 0,07 mmol, 1 duong luong)
trong 1,4-dioxan (5 mL) dugc bd sung dung dich nudc lithi hydroxit 2M (0,14 mL, 0,14
mmol, 2 duong lugng) va hon hop dugc gia nhiét & hdi luu trong 1 h. Phan tmg duogc cb

trong chan khong sau d6 axit clohydric (4M trong 1,4-dioxan) dugc bd sung vao va hon
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hop dugce khudy trong 1 h. Hon hop duoc ¢d trong chan khong va nghién véi dietyl ete,
loc, rira bang dietyl ete va 1am kho dudi chin khong dé tao ra san pham mong mubn 13
chét rin mau vang dam (14,4 mg, 0,03 mmol, 38%) [12 mudi clia bis-axit clohydric].
HRMS-ESI (m/z) [M+H]+ tinh todn d6i véi C24H20N30,S,: 525,1849, phat
hién 525,1888.
Vidu52:  axit 5-{1-[(Adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-
2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-y1}(3-

metoxypropyl)amino)-1,3-thiazol-4-carboxylic

Buwdc A: etyl 5-{1 -[(adamantan-l-yl)metyl]-5-metyl—]H-pyrazol—4-yi}—2—[(3-
metoxypropyl)(5-metyl—6—{[(2Z)—3—{[2-(trimetylsilyl)etoxy]metyl}-Z,3-dihydro-1,3-
benzothiazol-2-yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Hon hop gdm san phim tir Vi du diéu ché 11c (100 mg, 0,14 mmol, 1 duong
luong), san pham ti Vi du didu ché 10a (61,6 mg, 0,17 mmol, 1,2 duong luong) va kali
cacbonat (59,8 mg, 0,43 mmol, 3 duong luong) trong 4:1 tetrahydrofuran / nuéce (5 mL)
duoc bd sung vao [1,1'-bis(diphenylphosphino)feroxen] diclopaladi(Il) (10,6 mg, 0,01
mmol, 0,1 duong luong). Hon hop dugc phun ria bang nito (10 phit) sau d6 gia nhiét
& 120 °C trong 1 h trong diéu kién chiéu vi séng. Phan tmg dugc pha lodng véi etyl
axetat, rira bang nude tiép do6 1a nuéce mudi, 1am kho (magie sulfat), va cd trong chan
khong. Tinh ché bang sac ky ¢t nhanh tw dong (CombiFlash Rf, 12 g RediSep™ hop
silic oxit) tach rira v&i gradien 0 — 50% etyl axetat trong iso-heptan tao ra san pham
mong mudn 1 bot mau kem (89,2 mg, 0,11 mmol, 73%).

LC/MS (C43HssNgO4SiS;) 843 [M+H]"; RT 1,88 (LCMS-V-B2)

IH NMR (400 MHz, DMSO-d6) & 7,82 (dd, J = 7,7, 1,0 Hz, 1H), 7,70 (d, J =
1,1 Hz, 1H), 7,52 (s, 1H), 7,48 — 7,40 (m, 2H), 7,23 (ddd, J = 8,3, 7,0, 1,5 Hz, 1H),
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5,87 (s, 2H), 4,44 (t, T = 7,2 Hz, 2H), 4,14 (q, ] = 7,1 Hz, 2H), 3,78 (s, 2H), 3,72 (t,
2H), 3,44 (t, ] = 6,0 Hz, 2H), 3,25 (s, 3H), 2,45 (s, 3H), 2,19 (s, 3H), 2,06 — 1,91 (m,
5H), 1,72 — 1,54 (m, 12H), 1,14 (t, J = 7,1 Hz, 3H), 0,91 (t, 2H), -0,13 (s, 9H).

Budc B: etyl 5-{1-[(adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-2-({6-
[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(3-metoxypropyl)amino)-1,3-
thiazol-4-carboxylat

Dung dich chtra san pham tir Buéc A (89 mg, 0,11 mmol, 1 duong luong) trong
diclometan (5 mL) dugc lam lanh trong bé nuéc da va axit trifloaxetic (0,5 mL, 6,71
mmol, 64 duong lwong) dwoc bd sung vao. Hon hop duoc dé 4m dén nhiét do moi trudng
va khudy qua dém. Phan tmg duoc pha lodng v6i pha lodng véi diclometan, rira bang
dung dich nugc natri bicacbonat bdo hoa, lam khé (magie sulfat), va c6 trong chén
khong. Tinh ché bing sic ky cot nhanh ty dong (CombiFlash Rf, 12 g RediSep™ hop
silic oxit) tich rira véi gradien 0 — 5% metanol trong diclometan tao ra san phim mong
mudn 14 thuy tinh mau vang (63,2 mg, 0,09 mmol, 84%).

LC/MS (C37H44N303S2) 713 [M+H]"; RT 1,48 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) 3 11,10 (br's, 1H), 7,93 (br s, 1H), 7,71 (br s +
s, 2H), 7,54 (s, 1H), 7,38 (t, 1H), 7,25 — 7,16 (m, 1H), 4,44 (t, ] = 7,2 Hz, 2H), 4,16 (q,
J=17,1Hz, 2H), 3,79 (s, 2H), 3,46 (t,J = 6,0 Hz, 2H), 3,26 (s, 3H), 2,48 (s, 3H), 2,20
(s, 3H), 2,07 — 1,97 (m, 5H), 1,72 - 1,56 (m, 12H), 1,16 (t, J = 7,1 Hz, 3H).

Buwéc C: axit 5-{1-[(adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-2-({6-
[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(3-metoxypropyl)amino)-1,3-
thiazol-4-carboxylic

Dung dich chira san phdm tir Buéc B (63 mg, 0,09 mmol, 1 duong lugng) trong
1,4-dioxan (5 mL) duoc bd sung lithi hydroxit monohydrat (18,5 mg, 0,44 mmol, 5
duong lwong) va hon hop duge gia nhiét & hdi lvu qua dém. Phan tmg dugc dé ngudi
dén nhiét do mai trudng sau d6 cd trong chan khong. Can dugc nghién vO1 nudc va cac
chét ran dugc thu gom bing cach loc, rira béng nude va lam kho dudi chan khong tao ra
san phim mong mudn 14 chat ran mau vang (11,5 mg, 0,02 mmol, 19%) [& dang mudi
lithi].

HRMS-ESI (m/z) [M+H]+ tinh toan d6i v6i C3sH4aNsO3S2: 685,2738, phat
hién 685,2753.
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Vidu53: axit 5-{1-[(Adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-
2-({6-[(1,3-benzothiazol-2-yl)amino]-5-xyclopropylpyridazin-3-yl} (metyl)amino)-
1,3-thiazol-4-carboxylic

Buéc A: etyl 5-{1-[(adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-2-[(5-
xyclopropyl-6-{[(2Z)-3-{[2-(trimetylsilyl) etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-
2-yliden]amino}pyridazin-3-yl) (metyl)amino]-1,3-thiazol-4-carboxylat

Hon hop gdm san pham tir Vi du diéu ché 11d (149 mg, 0,23 mmol, 1 dwong
lugng), san phadm tir Vi du didu ché 10a (96,3 mg, 0,27 mmol, 1,2 dwong lugng) va kali
cacbonat (93,4 mg, 0,68 mmol, 3 duong lwgng) trong 5:2 tetrahydrofuran / nudc (7 mL)
dugc bbd sung vao [1,1'-bis(diphenylphosphino)feroxen] diclopaladi(II) (16,5 mg, 0,02
mmol, 0,1 dwong luwong). Hon hop dugc phun ria bang nito (10 phit) sau d6 gia nhiét
& 120 °C trong 1 h trong diéu kién chiéu vi séng. Hon hop phan tng dugc cho phan bb
gifta etyl axetat va nude va pha hitu co dugc rira bang nudc mudi, 1am kho (magie sulfat),
va ¢0 trong chan khong. Tinh ché bang séc ky cot nhanh ty dong (CombiFlash Rf, 12 g
RediSep™ hdp silic oxit) tach rira véi gradien 0 — 50% etyl axetat trong iso-heptan tao
ra san phAdm mong mudn 13 bot mau trang (130 mg, 0,16 mmol, 71%)).

LC/MS (C42HssNgO38SiS2) 811 [M+H]"; RT 1,64 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) 3 7,81 (dd, J = 7,6, 1,0 Hz, 1H), 7,52 (s, 1H),
7,49 — 7,40 (m, 2H), 7,23 (ddd, J= 8,3, 7,0, 1,4 Hz, 1H), 7,10 (s, 1H), 5,88 (s, 2H), 4,15
(q, T=7,1 Hz, 2H), 3,80 (s, 3H), 3,79 (s, 2H), 3,70 (t, 2H), 2,72 — 2,62 (m, 1H), 2,18 (s,
3H), 2,01 — 1,92 (m, 3H), 1,71 — 1,54 (m, 12H), 1,21 — 1,13 (m, SH), 1,12 — 1,07 (m,
2H), 0,90 (t, 3H), -0,13 (s, 9H).

Budc B: etyl 5-{1-[(adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-2-({6-
[(1,3-benzothiazol-2-yl)amino]-5-xyclopropylpyridazin-3-yl}(metyl)amino)-1,3-

thiazol-4-carboxylat
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Axit trifloaxetic (1 mL, 13,4 mmol, 78,9 duong lugng) duoc bd sung vao dung
dich duoc khudy chira san pham tir Bu6c A (138 mg, 0,17 mmol, 1 dwong luong) trong
diclometan (3 mL) va hon hop duge khudy trong 18 h. Phan tmg duoc cho phan b6 gitta
diclometan va dung dich nude natri bicacbonat bdo hoa, rira 1an luot bﬁng nudc va nudc
mudi, 1am kho (magie sulfat), va c6 trong chan khong. Tinh ché bang sic ky cot nhanh
ty ddong (CombiFlash Rf, 12 g RediSep™ hop silic oxit) tach rira véi gradien 0 — 5%
metanol trong diclometan tao ra san pham mong mudn 13 thay tinh mau vang (104 mg,
0,15 mmol, 90%).

LC/MS (C36H40N30:S) 681 [M+H]"; RT 1,45 (LCMS-V-B1)

TH NMR (400 MHz, DMSO-d6) 8 11,16 (br s, 1H), 7,76 (br s, 2H), 7,51 (s, 1H),
7,41 — 7,33 (m, 1H), 7,24 — 7,14 (m, 2H), 4,16 (q, J = 7,1 Hz, 2H), 3,81 (s, 3H), 3,78 (s,
2H), 2,18 (s, 3H), 2,00 — 1,92 (m, 3H), 1,72 — 1,53 (m, 12H), 1,20 — 1,12 (m, 5H), 1,07
—1,00 (m, 2H).

Buwdc C: axit 5-{1-[(adamantan-1-yl)metyl]-5-metyl-1H-pyrazol-4-yl}-2-({6-
[(1,3-benzothiazol-2-yl)amino]-5-xyclopropylpyridazin-3-yl}(metyl)amino)-1,3-
thiazol-4-carboxylic

Dung dich chira san pham tir Bu6e B (104 mg, 0,15 mmol, 1 duong luong) trong
1,4-dioxan (5 mL) duoc bd sung lithi hydroxit monohydrat (32 mg, 0,76 mmol, 5 dwong
lwong) va hén hop duoc gia nhiét & hdi lvu qua dém. Phan tmg duge dé nguoi dén nhiét
dd moi truong va cd trong chan khong. Chét rén thu dugc duoc nghién vo1 nudce, loc,
va 1am kho duéi chan khong dé tao ra san pham mong mudn 13 chit ran mau vang (83,5
mg, 0,13 mmol, 84%) [¢ dang mudi lithi].

HRMS-ESI (m/z) [M+H]+ tinh toan ddi v&i C34H37NsO2S2: 653,2475, phat
hién 653,2475.

Vi du 54: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-

yI}(3-metoxypropyl)amino)-5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl]-2-
flophenoxy}propyl)-1,3-thiazol-4-carboxylic
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Budc A: etyl 5-(3-hydroxyprop-1-yn-1-yl)-2-[(3-metoxypropyl) (5-metyl-6-
{(2Z)-3-[2-(trimetylsilyl) etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-
yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Tetrakis(triphenylphosphin)paladi(0) (140,6 mg, 0,12 mmol, 0,1 duong
lwong) duge bd sung vao dung dich dugce khudy chira san pham tir Vi du didu ché 11c
(844 mg, 1,22 mmol, 1 duong lugng), ruou propargyl (0,28 mL, 4,86 mmol, 4 duong
luong), trietylamin (1,02 mL, 7,3 mmol, 6 duong luong) va dong(I) iodua (46,4 mg,
0,24 mmol, 0,2 duong lugng) trong dimetylformamit (20 mL) duéi khi quyén nito va
hdn hop duogc gia nhiét & 100 °C qua dém. Phan tmg dugc dé ngudi dén nhiét 6 moi
trudng sau d6 c6 trong chan khoéng. Tinh ché bang sic ky cot nhanh ty dong
(CombiFlash Rf, 40 g RediSep™ hop silic oxit) tich rira v6i gradien 0 — 100% etyl
axetat trong iso-heptan tao ra san pham mong mudn 12 gdm mau nau (671 mg, 1 mmol,
83%).

LC/MS (C31H4N6OsSiS2) 669 [M+H]"; RT 1,43 (LCMS-V-B1)

TH NMR (400 MHz, DMSO-d6) 6 7,88 (d, 1H), 7,73 (s, 1H), 7,50 - 7,41 (m,
2H), 7,26 (ddd, J = 8,3, 7,0, 1,5 Hz, 1H), 5,88 (s, 2H), 4,45 (t, 2H), 4,29 (q, J = 7,1 Hz,
2H), 4,17 (d, J = 6,1 Hz, 2H), 3,72 (t, 2H), 3,42 (t, ] = 5,9 Hz, 2H), 3,22 (s, 3H), 2,47
(s, 3H), 1,98 (p, J = 6,7 Hz, 2H), 1,33 (t, T = 7,1 Hz, 3H), 0,92 (t, 2H), -0,11 (s, 9H).

Budc B: etyl 5-(3-hydroxypropyl)-2-[(3-metoxypropyl) (5-metyl-6-{[(2Z)-3-{[2-
(trimetylsilyl) etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden]amino}pyridazin-3-
yl)amino]-1,3-thiazol-4-carboxylat

Huyén phu chira san pham tir Budc A (671 mg, 1 mmol, 1 dwong luong) trong
1:1 etyl axetat / metanol (30 mL) dugc b6 sung vao binh chira platin (IV) oxit (0,02 g,
0,1 mmol, 0,1 dwong lwong) dudi khi quyén nito. Hon hop dwoc hit chan khong va nap
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day nito (x3) sau d6 dugc hit chan khong va dwoc dat dudi khi quyén hydro. Hon hop
dugc lic trong 3,5 h sau d6 loc qua Xelit (10g) va dugc rira bang metanol. Dung méi
duoc loai bo trong chan khong va tinh ché béng sic ky ¢6t nhanh ty dong (CombiFlash
Rf, 12 g RediSep™ hop silic oxit) tach rira voi gradien 0 — 60% etyl axetat trong iso-
heptan tao ra san phém mong mudn 14 bot mau vang (431 mg, 0,64 mmol, 64%).

LC/MS (C31H14N6OsSiS2) 673 [M+H]"; RT 1,43 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) 7,86 (d, 1H), 7,66 (s, 1H), 7,49 — 7,40 (m,
2H), 7,28 — 7,22 (m, 1H), 5,87 (s, 2H), 4,39 (t, ] = 7,2 Hz, 2H), 4,27 (4, T = 7,1 Hz,
2H), 3,72 (t, 2H), 3,48 (q, 2H), 3,42 (t, 2H), 3,24 (s, 3H), 3,12 (t, 2H), 2,46 (s, 3H),
1,96 (p, J = 6,2 Hz, 2H), 1,80 (p, 2H), 1,30 (t, J = 7,1 Hz, 3H), 0,92 (t, 2H), -0,11 (s,
9H).

Budc C: etyl 5-(3-iodopropyl)-2-[(3-metoxypropyl) (5-metyl-6-{[(2Z)-3-{]2-
(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden]amino}pyridazin-3-
ylamino]-1,3-thiazol-4-carboxylat

Dung dich duoc khuéy chira san phém tu Bude B (431 mg, 0,64 mmol, 1 duong
luong) trong 4:1 dietyl ete / axetonitril (25 mL) dugc bd sung imidazol (65,4 mg, 0,96
mmol, 1,5 dwong lwgng), triphenylphosphin (252 mg, 0,96 mmol, 1,5 duong luong), va
iot (244 mg, 0,96 mmol, 1,5 dwong luong) va hdn hop duge khudy trong 18 h. Hon hop
phan g dugc pha loang voi bang etyl axetat va rira lan luot bang 10% dung dich nuée
natri thiosulfat, nuéc, va nude mudi, 1am kho (magie sulfat), va cd trong chan khéng.
Tinh ché bing sic ky cot nhanh ty dong (CombiFlash Rf, 12 g RediSep™ hop silic oxit)
tach rira voi gradien 0 — 60% etyl axetat trong iso-heptan tao ra san phim mong muén
la gdbm mau vang (378 mg, 0,48 mmol, 75%).

LC/MS (C31H43IN604SiS2) 783 [M+H]"; RT 1,78 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 7,85 (d, 1H), 7,67 (s, 1H), 7,49 — 7,40 (m,
2H), 7,25 (ddd, = 8,2, 6,9, 1,6 Hz, 1H), 5,87 (s, 2H), 4,38 (t, ] = 7,2 Hz, 2H), 4,29 (q,
J=17,1Hz, 2H), 3,72 (t, 2H), 3,42 (t, ] = 6,0 Hz, 2H), 3,33 (t, 2H), 3,23 (s, 3H), 3,21 -
3,14 (m, 2H), 2,46 (s, 3H), 2,14 (p, J = 6,9 Hz, 2H), 1,97 (p, ] = 6,2 Hz, 2H), 1,32 (t,J
=7,1 Hz, 3H), 0,92 (t, 2H), -0,11 (s, 9H).

Bugc D: etyl 5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl|-2-flophenoxy/propyl)-
2-[(3-metoxypropyl) (5-metyl-6-{[(2Z)-3-{[2-(trimetylsilyl) etoxy| metyl}-2,3-dihydro-
1,3-benzothiazol-2-ylidenJamino}pyridazin-3-yl)aminoj-1,3-thiazol-4-carboxylat
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Natri hydrua (60% trong dau khoang; 38,6 mg, 0,96 mmol, 2 duong lugng) duoc
b6 sung vao dung dich chira san pham tir Vi du diéu ché 6b (103 mg, 0,53 mmol, 1,1
duong luwong) trong dimetylformamit (8 mL). Sau 10 phut, phin (ng dugc lam lanh
xudng 0 °C va dung dich chira san pham tir Buée C (378 mg, 0,48 mmol, 1 dwong lugng)
trong dimetylformamit (8§ mL) duoc b sung vao. Hon hop dugc dé 4m dén nhiét d6 moi
truong va khudy trong 5 h. Phan tmg dwgc 1am dimg bang nudc, axit hoa bang 2N dung
dich nudc axit clohydric va dugc chiét bang etyl axetat (x2). Cac chét chiét hitu co thu
gom dugc rira bang nudce mudi, 1am kho (magie sulfat) va cd trong chan khong. Tinh
ché bang séc ky cot nhanh ty dong (CombiFlash Rf, 24 g RediSep™ hop silic oxit) tach
rira voi gradien 0 — 10% metanol trong diclometan tao ra san pham mong mudn 14 bot
mau nau (115 mg, 0,14 mmol, 28%).

LC/MS (C42Hs4FN70s5SiS>) 848 [M+H]"; RT 1,43 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 7,84 (dd, J = 7,5, 1,1 Hz, 1H), 7,67 (s, 1H),
7,49 — 7,41 (m, 2H), 7,39 — 7,34 (m, 1H), 7,28 — 7,23 (m, 2H), 7,19 (t, ] = 8,6 Hz, 1H),
5,86 (s, 2H), 4,38 (t, ] = 7,3 Hz, 2H), 4,24 (q, ] = 7,1 Hz, 2H), 4,16 (t, ] = 6,1 Hz, 2H),
3,72 (t,J = 8,0 Hz, 2H), 3,41 (t, T = 5,9 Hz, 2H), 3,33 (s, 2H), 3,31 — 3,25 (m, 2H), 3,24
(s, 3H), 2, 35 (s, 2H), 2,48 — 2,41 (m, 9H), 2,13 (p, 2H), 1,97 (p, 2H), 1,29 (t, ] = 7,1
Hz, 3H), 0,92 (t, 2H), -0,12 (s, 9H).

Buwéc E: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(3-
metoxypropyl)amino)-5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yljJ-2-
flophenoxy}propyl)-1,3-thiazol-4-carboxylat

Axit trifloaxetic (1 mL, 13,4 mmol, 99 duong luong) duoc bd sung vao dung dich
dugc khuay chira san phim tir Budc D (115 mg, 0,14 mmol, 1 duong lugng) trong
diclometan (3 mL) va hdn hop dugc khudy trong 18 h. Phan tmg dugc pha lodng véi
diclometan, rira béng dung dich nuéc natri bicacbonat bdo hoa, lam kho (magie sulfat),
va cd trong chan khong. Tinh ché bang sdc ky cot nhanh ty dong (CombiFlash Rf, 12 g
RediSep™ hop silic oxit) tAch rira véi gradien 0 — 10% metanol trong diclometan tao ra
san phdm mong mudn 1a thiy tinh mau vang (32,2 mg, 0,04 mmol, 33%)).

LC/MS (C36H4FN704S5) 718 [M+H]"; RT 1,32 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) 6 7,91 (d, J=7,6 Hz, 1H), 7,67 (s, 1H), 7,54 (d,
J=8,2Hz, 1H), 7,44 — 7,37 (m, 1H), 7,31 (dd, 1H), 7,26 — 7,12 (m, 3H), 4,39 (1, J= 7,2
Hz, 2H), 4,26 (q, J = 7,0 Hz, 2H), 4,16 (t, J = 6,1 Hz, 2H), 3,43 (t, ] = 6,0 Hz, 2H), 3,40
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(s, 2H), 3,31 — 3,26 (m, 2H), 3,25 (s, 3H), 2,47 (s, 3H), 2,21 (s, 6H), 2,17 — 2,10 (m,
2H), 1,97 (p, 2H), 1,30 (t, ] = 7,1 Hz, 3H).

Budc F: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(3-
metoxypropyl)amino)-5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl[-2-
flophenoxy}propyl)-1,3-thiazol-4-carboxylic

Dung dich chira san pham tir Bu6c E (32,2 mg, 0,04 mmol, 1 duong luong) trong
1,4-dioxan (3 mL) dugc bd sung lithi hydroxit monohydrat (9,41 mg, 0,22 mmol, 5
duong luong) va hon hop dugc gia nhiét & hdi lvu qua dém. Phan tmg duoc dé nguoi
dén nhiét do moi trudng va co trong chan khong. Can duge nghién véi nuéce sau d6 ly
tam va dung méi dugc gan. Toluen dugc bd sung vao chét ran con lai va hdn hop dugc
nghién bang séng am, ly tdm, va dung moi duge gan. Lam kho dudi chan khong tao ra
san phdm mong mudn 13 chét rin mau vang (29,6 mg, 0,04 mmol, 96%) [& dang mudi
lithi].

HRMS-ESI (m/z) [M+H]+ tinh todn dbi véi C3aH37FN704S2: 690,2327, phat
hién 690,2318.

Vidu55:  axit 2-[[6-[(4-Flo-1,3-benzothiazol-2-yl)amino]-4,5-dimetyl-

pyridazin-3-ylJamino]thiazol-4-carboxylic
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Buedc A: N-(6-clo-4,5-dimetyl-pyridazin-3-yl)-4-flo-1,3-benzothiazol-2-amin

158 mg 6-clo-4,5-dimetyl-pyridazin-3-amin (1 mmol, 1 dwong luong) va 232 mg
2-bromo-4-flo-1,3-benzothiazol (1 mmol, 1 duong luong) trong 8 mL /,4-dioxan dugc
bd sung 160 mg natri hydrua (60% khéi lwong, 4 mmol, 4 duong lugng) va hén hop
duoc khudy & hdi Iuu trong 1 h. Sau khi 1am lanh, phan img dugc lam dimng bing nuéc
va hén hop duge chiét bang EtOAc. Céc pha hitu co thu gom va duoc lam khé dugc co
dé tao ra 311 mg (101%) san pham mong mudn.

LC-MS-ESI (m/z): [M+H]* tinh toan d6i v&i C13H11CIFN4S: 309, phat hién 309.

Buedc B: etyl 2-[[6-[(4-flo-1,3-benzothiazol-2-yl)amino]-4,5-dimetyl-pyridazin-
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3-ylJamino]thiazol-4-carboxylat

Hdn hop gdm 300 mg san pham tir Buée 4 (0,97 mmol, 1 duong lugng), 167 mg
etyl 2-aminothiazol-4-carboxylat (0,97 mmol, 1 duwong lwong), 33 mg Pdx(dba)s (0,036
mmol, 0,04 duwong lugng), 53 mg 4, 5-bis(diphenylphosphino)-9,9-dimetylxanten (0,092
mmol, 0,1 duong lugng) va 0,23 mL DIPEA (2 duong luong) trong 8 mL 1,4-dioxan
duge khudy & 160°C trong binh phan tmg vi séng trong 0,75 h. Sau khi lam lanh, san
phim thé duoc tinh ché bing sic ky diéu ché pha d4o dé tao ra 110 mg (26%) san pham
mong mudn.

"H NMR (400 MHz, DMSO-ds) 6 ppm 11,17 (s, 1H), 11,05 (s, 1H), 7,96 (s, 1H),
7,81 (m, 1H), 7,24 (m, 1H), 7,22 (m, 1H), 4,29 (q, 2H), 2,39/2,37 (s+s, 6H), 1,31 (t, 3H).

Buwdc C: axit 2-[[6-[(4-flo-1,3-benzothiazol-2-yl)amino]-4,5-dimetyl-
pyridazin-3-ylJamino[thiazol-4-carboxylic

Hdn hop gdm san phdm tir Buéc B, LIOHXH,0, nuéce va 1,4-dioxan duge khudy
& hoi luu trong 9 h. Sau khi lam ngudi va cd, 1 N HCI duge bo sung vao va két tua duoge
loc ra dé tao ra san phim mong mudn.

HRMS-ESI (m/z): [M+H]* tinh toan d6i véi Ci17H14FN6O2S2: 417,0604, phat
hién: 417,0595.

Vidu56: axit 5-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)thiophen-2-carboxylic

0
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Buwdc A: tert-butyl N-[(tert-butoxy)carbonyl]-N-(6-clo-4-metylpyridazin-3-
yl)carbamat

Dung dich chira di-tert-butyl dicacbonat (5,7 g, 26,1 mmol, 3 dwong luong) trong
diclometan (40 mL) dugc bo sung 6-clo-4-metylpyridazin-3-amin (1,25 g, 8,71 mmol,
1 duong luong) tiép d6 13 4-dimetylaminopyridin (53,2 mg, 0,44 mmol, 0,05 dwong
lwong) va hdn hop duogc khuy qua dém. Hén hop phan tmg dugc cd trong chan khong
va tinh ché bang sic ky cot nhanh (50 g silic oxit) tach rira véi 2:3 etyl axetat / heptan

274



48508 275/598

tao ra cht rin mau vang. Nghién véi heptan (15 mL) tao ra chit ran ma duge thu gom
bang cach loc, rira bang heptan (2 x 15 mL) va lam kho dudi chén khéng dé tao ra san
phém mong muén 12 chit rin mau vang nhat (1,85 g, 5,38 mmol, 62%).

LC/MS (C15H22CIN304) 188 [M-Boc-Bu+3H]"; RT 1,28 (LCMS-V-B1)

TH NMR (400 MHz, CDCls) 8 7,43 (d, 1H), 2,27 (d, 3H), 1,40 (s, 9H).

Buwdc B: metyl 5-[(6-{bis[(tert-butoxy)carbonyl[amino}-5-metylpyridazin-3-
yl)amino[thiophen-2-carboxylat

Tris(dibenzylidenaxeton)dipaladi(0) (107 mg, 0,12 mmol, 0,05 duong
luong) duoc bd sung vao dung dich duge khudy chira san pham tir Buéc A (800 mg,
2,33 mmol, 1 duong lugng), metyl 5-aminothiophen-2-carboxylat (439 mg, 2,79 mmol,
1,2 duong luong), N,N-diisopropyletylamin (1,16 mL, 6,98 mmol, 3 duong luong) va
Xantphos (135 mg, 0,23 mmol, 0,1 duong luong) trong 1,4-dioxan (20 mL) dudi khi
quyén nito va hdn hop duoc gia nhiét & 100 °C qua dém. Phan tmg duoc dé ngudi dén
nhiét d méi trudng va cod trong chan khong. Tinh ché bang sic ky cot nhanh tu dong
(CombiFlash Rf, 24 g RediSep™ hdp silic oxit) tach rira véi gradien 0 — 10% metanol
trong diclometan tao ra nguyén liéu ma dugc nghién trong dietyl ete va céc chat rin
duoc thu gom bang cich loc dé tao ra san phdm mong muén 14 chat rin mau be (442
mg, 0,95 mmol, 41%).

LC/MS (C21H23N406S) 465 [M+H]"; RT 1,10 (LCMS-V-B1)

H NMR (400 MHz, DMSO-d6) 11,22 (s, 1H), 7,64 (d, ] = 4,2 Hz, 1H), 7,17
(s, 1H), 6,74 (d, ] = 4,3 Hz, 1H), 3,78 (s, 3H), 2,17 (s, 3H), 1,39 (s, 18H).

Buedc C: metyl 5-[(6-{bis[(tert-butoxy)carbonyl]amino}-5-metylpyridazin-3-
yl)(metyl)amino[thiophen-2-carboxylat

Natri hydrua (phén tan 60%; 60,9 mg, 1,52 mmol, 1,6 duong lugng) duoc bo
sung vao dung dich dugc khudy chira san pham tir Budc B (442 mg, 0,95 mmol, 1 dwong
luong) trong dimetylformamit (10 mL). Sau khi 15 phit, iodometan (0,12 mL, 1,9
mmol, 2 duong luong) duoc bd sung vao va hdon hop duge khudy ¢ nhiét &6 mdi trudng
trong 5 h. Phan g duoc pha lodng véi etyl axetat sau do rira bang nudc (x2) tiép d6 1a
nude mudi, lam kho (magie sulfat), va c¢o trong chan khong. Tinh ché bang sic ky cot
nhanh tir dong (CombiFlash Rf, 24 g RediSep™ hop silic oxit) tdch rira voi gradien 0 —
100% etyl axetat trong iso-heptan tao ra san phdm mong mubn 13 chét ran mau kem (295

mg, 0,62 mmol, 65%).
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LC/MS (C22H30N406S) 479 [M+H]"; RT 1,23 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) 6 7,73 (s, 1H), 7,69 (d, 1H), 6,92 (d, ] = 4,4
Hz, 1H), 3,79 (s, 3H), 3,66 (s, 3H), 2,22 (d, ] = 0,9 Hz, 3H), 1,40 (s, 18H).

Budéc D: metyl 5-[(6-amino-5-metylpyridazin-3-yl)(metyl)aminofthiophen-2-
carboxylat

Dung dich chira san pham tir Buge C (343 mg, 0,72 mmol, 1 duong lugng) trong
diclometan (8 mL) duoc 1am lanh trong bé nuéc da sau do axit trifloaxetic (2 mL, 26,8
mmol, 37 duong lugng) dugc bd sung vao. Hon hop duoc dé Am dén nhiét do moi trudng
va khudy trong 18 h. Dung méi dugc loai bé trong chan khong sau d6 cin duge hoa tan
trong metanol va dugc nap lén hop SCX-2 dugc didu hoa bang metanol (5 g). Hop nay
duoc rira bang metanol, sau d6 tach rira véi 3,5N amoniac metanolic. Dung méi dugc
loai bé trong chan khong va chét rn thu duogc nghién véi dietyl ete va loc dé tao ra san
phdm mong mubn 14 chit rin mau kem (142 mg, 0,51 mmol, 71%).

LC/MS (Ci2H14N40,8) 279 [M+H]*; RT 0,67 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 7,59 (d, J = 4,4 Hz, 1H), 7,35 (s, 1H), 6,58
(d, J=4,4 Hz, 1H), 6,00 (s, 2H), 3,75 (s, 3H), 3,50 (s, 3H), 2,16 (s, 3H).

Buwdc E: metyl 5-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl)(metyl)amino)thiophen-2-carboxylat

Tris(dibenzylidenaxeton)dipaladi(0) (23,4 mg, 0,03 mmol, 0,05 duong
luong) duoc bd sung vao dung dich duge khudy chira san pham tir Buéc D (142 mg,
0,51 mmol, 1 dwong luong), 2-bromo-1,3-benzothiazol (131 mg, 0,61 mmol, 1,2 dwong
luong), N,N-diisopropyletylamin (0,25 mL, 1,53 mmol, 3 duong luong) va Xantphos
(29,5 mg, 0,05 mmol, 0,1 duong lugng) trong 1,4-dioxan (5 mL) dudi khi quyén nito va
hdn hop duoc gia nhiét & 100 °C trong 18 h. Phan tmg dwoc dé ngudi dén nhiét 6 moi
truong va c6 trong chan khong. Tinh ché bang sic ky cot nhanh ty dong (CombiFlash
Rf, 12 g RediSep™ hop silic oxit) tach rira vdi gradien 0 — 6% metanol trong diclometan
tao ra san pham mong mudn 13 chit rin mau nau (158 mg, 0,38 mmol, 75%).

LC/MS (C1oH17N50,S2) 412 [M+H]*; RT 1,18 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) 6 11,04 (br s, 1H), 8,01 (brs, 1H), 7,70 — 7,63
(m, 3H), 7,43 — 7,35 (m, 1H), 7,27 - 7,17 (m, 1H), 6,80 (d, J = 4,4 Hz, 1H), 3,81 (s,
3H), 3,63 (s, 3H), 2,46 (s, 3H).
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Buwdc F: axit 5-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)thiophen-2-carboxylic

Huyén phu chira san phdm tir Buéc E (158 mg, 0,38 mmol, 1 duong lwong) trong
1,4-dioxan (10 mL) dugc bd sung lithi hydroxit monohydrat (161 mg, 3,84 mmol, 10
duong luong) va hdn hop duge gia nhiét & hoi lvu qua dém. Phan Gmg dugc dé ngudi
dén nhiét d6 moi trudng va huyén phu thu dugc dugce ly tdm, dugc gan, va lam kho dudi
chan khong dé tao ra san pham mong mubn 13 chit rin mau vang (90,5 mg, 0,23 mmol,
59%).

HRMS-ESI (m/z) [M-H]- tinh toan d6i v6i CisHisNs0,S2: 396,0594, phat hién
396,0576.

Vidu57:  axit 2-[[6-[(5,6-Diflo-1,3-benzothiazol-2-yl)amino]-4,5-dimetyl-

pyridazin-3-yljamino]thiazol-4-carboxylic

Budc A: N-(6-clo-4,5-dimetyl-pyridazin-3-yl)-5,6-diflo-1,3-benzothiazol-2-
amin

158 mg 6-clo-4,5-dimetyl-pyridazin-3-amin (1 mmol, 1 dwong luong) va 250 mg
2-bromo-35,6-diflo-1,3-benzothiazol (1 mmol, 1 duwong luong) trong 8 mL /,4-dioxan
duoc bd sung 160 mg natri hydrua (60% khdi lugng, 4 mmol, 4 duong luong) va hén
hop duge khudy & hdi luu trong 1 h. Sau khi 1am lanh, phan ing dugc lam dimg bing
nuée va hdn hop dwoc chiét bang EtOAc. Cac pha hitu co thu gom va dugc lam kho
duoc cb dé tao ra 300 mg (92%) san pham mong mudn.

LC-MS-ESI (m/z): [M+H]" tinh toan d6i v&i Ci3H1oCIF2N4S: 327, phat hién
327.

Budc B: etyl 2-[[6-[(5,6-diflo-1,3-benzothiazol-2-yl)amino]-4,5-dimetyl-
pyridazin-3-ylJamino]thiazol-4-carboxylat

Hon hop gdm 300 mg san pham tir Budc A4 (0,9 mmol, 1 duong luong), 155 mg
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etyl 2-aminothiazol-4-carboxylat (0,9 mmol, 1 duwong lwgng), 33 mg Pdx(dba)s (0,036
mmol, 0,04 dwong lugng), 53 mg 4, 5-bis(diphenylphosphino)-9,9-dimetylxanten (0,092
mmol, 0,1 dwong lugng) va 0,23 mL DIPEA (2 duong luong) trong 8 mL 1,4-dioxan
duoce khudy & 200°C trong binh phan tmg vi séng trong 1 h. Sau khi lam lanh, san pham
tho duge tinh ché bing sic ky diéu ché pha dao dé tao ra 110 mg (26%) san phim mong
muén.

LC-MS-ESI (m/z): [M+H]" tinh todn d6i v6i C19H17F2N602S2: 463, phat hién
463.

Budc C: axit 2-[[6-[(5,6-diflo-1,3-benzothiazol-2-yl)amino]-4,5-dimetyl-
pyridazin-3-ylJamino[thiazol-4-carboxylic

Hén hop gdm san pham tir Bude B, LIOHXH,0, nude v 1,4-dioxan duge khuiy
& hoi luu trong 9 h. Sau khi 1am lanh, san pham thé duogc tinh ché bang sac ky diéu ché
pha dao dé tao ra san pham mong mudn.

HRMS-ESI (m/z): [M+H]" tinh toan ddi véi Ci17H13F2N602S2: 435,0509, phat
hién: 435,0506.

Vidu58: axit  2-[[6-[(5-Flo-1,3-benzothiazol-2-yl)amino]-4,5-dimetyl-

pyridazin-3-yl]amino]thiazol-4-carboxylic
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Budc A: N-(6-clo-4,5-dimetyl-pyridazin-3-yl)-5-flo-1,3-benzothiazol-2-amin

158 mg 6-clo-4,5-dimetyl-pyridazin-3-amin (1 mmol, 1 dwong luong) va 348 mg
2-bromo-5-flo-1,3-benzothiazol (1,5 mmol, 1,5 duong lugng) trong 20 mL 1,4-dioxan
duoc bd sung 160 mg natri hydrua (60% khéi luong, 4 mmol, 4 duong lwong) va hon
hop dugc khudy ¢ hdi luu trong 1 h. Sau khi 1am lanh, phan g dugc 1am dimg bang 2
mL EtOH, co6, va dugc xu ly béng 20 mL nuéc. Chat ran két tua duoc loc ra dé tao ra
300 mg (97%) san phdm mong mudn.

'H NMR (500 MHz, DMSO-ds) & ppm 7,81 (dd, 1 H), 7,29 (dd, 1 H), 7,00 (td, 1
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H); 2,34 (s, 3 H), 2,29 (s, 3 H); *C NMR (125 MHz DMSO-ds) & ppm 162,2, 161,9,
154,1, 152,0, 145,5, 137,4, 131,1, 125,8, 123,3, 110,6, 103,5, 15,7, 13,3; LC-MS-ESI
(/z): [M+H]" tinh toén d6i v6i C13H11CIFN4S: 309,8, phat hién: 309 va 307 [M-H]",

Buéc B: etyl 2-[[6-[(5-flo-1,3-benzothiazol-2-yl)amino]-4,5-dimetyl-pyridazin-
3-ylJamino]thiazol-4-carboxylat

Hon hop gdm 300 mg san pham tir Budc A (0,97 mmol, 1 duong luong), 167 mg
etyl 2-aminothiazol-4-carboxylat (0,97 mmol, 1 dwong lwong), 36 mg Pd>(dba)s (0,039
mmol, 0,04 dwong lwong), 56 mg 4,5-bis(diphenylphosphino)-9,9-dimetylxanten (0,097
mmol, 0,1 duwong luong) va 0,34 mL DIPEA (2 duong lugng) trong 10 mL 1,4-dioxan
duoc khudy & 200°C trong binh phan ting vi song trong 1 h. Sau khi 1am lanh, san phim
thd duoc tinh ché bing sic ky didu ché pha dao dé tao ra 150 mg (35%) san pham mong
mubn.

LC-MS-ESI (m/z): [M+H]" tinh todn d6i v&i C1oH1sFN602S2: 445,5, phat hién:
445 va 443 [M-HJ".

Buwéc C: axit 2-[[6-[(5-flo-1,3-benzothiazol-2-yl)amino]-4,5-dimetyl-
pyridazin-3-ylJamino]thiazol-4-carboxylic

Hon hop gdm 150 mg san pham tir Buée B (0,338 mmol, 1 duong luong), 28 mg
LiOHXHzO (0,67 mmol, 2 dwong lugng), va 10 giot nude trong 10 mL 1,4-dioxan duogc
khudy & hoi lvu trong 3 h. Sau khi 1am ngudi va cd, san phim thé duoc tinh ché bang
sdc ky didu ché pha dao dé tao ra 112 mg (79%) san phim mong mudn.

HRMS-ESI (m/z): [M+H]+ tinh toan d6i véi C17H14FNgO2S2: 417,0604, phat
hién: 417,0598.

Vi du 59: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl} (metyl)amino)-5-[3-(2-flophenoxy)propyl]-1,3-thiazol-4-carboxylic
I
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Buwdc A: etyl 5-[3-(2-flophenoxy)propyl]-2-[metyl(5-metyl-6-{[(2Z)-3-{[2-
(trimetylsilyl)etoxy[metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden]amino/pyridazin-3-
ylamino]-1,3-thiazol-4-carboxylat

Natri hydrua (60% trong dau khoang; 19,5 mg, 0,49 mmol, 2 duong lugng) duge
b sung vao dung dich chira 2-flophenol (0,03 mL, 0,29 mmol, 1,2 dwong lugng) trong
dimetylformamit (4 mL). Sau khi 15 phut phan rng dwoc lam lanh xudng 0 °C va dung
dich chura san phim tir Vi du diéu ché 5g (177 mg, 0,24 mmol, 1 dwong luong) trong
dimetylformamit (3 mL) duoc bd sung vao. Hon hop duge dé 4m dén nhiét do méi
treong va khudy trong 18 h. Phan tmg dugc 1am ding bang cach bd sung nudc, axit hoa
bang 2N dung dich nuéc axit clohydric va duge chiét bang etyl axetat (x2). Cac chét
chiét hitu co thu gom duoc rira bang nuwde mubi, 1am kho (magie sulfat) va co trong chan
khong. Tinh ché bing sic ky c6t nhanh tu dong (CombiFlash Rf, 12 g RediSep™ hop
silic oxit) tach rira véi gradien 0 — 10% metanol trong diclometan tao ra san pham mong
mudn 14 bot mau be (144 mg, 0,2 mmol, 83%).

LC/MS (C34H41FN604SiS,) 709 [M+H]"; RT 1,62 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) 6 7,84 (dd, J=17,6, 1,0 Hz, 1H), 7,67 (d, T = 1,1
Hz, 1H), 7,49 — 7,40 (m, 2H), 7,28 — 7,08 (m, 4H), 6,96 — 6,89 (m, 1H), 5,86 (s, 2H),
4,26 (q, J=17,1 Hz, 2H), 4,13 (t,J = 6,2 Hz, 2H), 3,77 (s, 3H), 3,72 (t, 2H), 3,31 - 3,25
(m, 2H), 2,45 (d, J = 1,0 Hz, 3H), 2,17 — 2,08 (m, 2H), 1,29 (t, J = 7,1 Hz, 3H), 0,92 (t,
2H), -0,12 (s, 9H).

Budc B: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-[3-(2-flophenoxy)propyl]-1,3-thiazol-4-carboxylat

Axit trifloaxetic (1 mL, 13,4 mmol, 66 duong lugng) dugc bd sung vao dung dich
duoc khudy chtra san phim tir Buéc A (144 mg, 0,2 mmol, 1 dwong luong) trong
diclometan (3 mL) va hdn hop duogc khudy & nhiét d6 moi truong qua dém. Phan g
duogc cho phan bd gitta diclometan va dung dich nuéc natri bicacbonat bao hoa, va pha
hitu co dwgce rira bang nuée mudi, 1am kho (magie sulfat), va co trong chan khong. Tinh
ché bang sic ky nhanh ti dong pha dao (CombiFlash Rf, cot C18 13g RediSep) tach rira
voi gradien 5 — 95% axetonitril (pH 4; axit formic) trong nuée (pH 4; axit formic) tao
ra san phidm mong mudn 1a chét rin mau vang (71 mg, 0,12 mmol, 61%).

LC/MS (CasH27FNs05S2) 579 [M+H]"; RT 1,37 (LCMS-V-B1)
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'"H NMR (400 MHz, DMS0-d6) § 11,07 (br s, 1H), 7,92 (s, 1H), 7,69 (s, 1H),
7,61 (brs, 1H), 7,40 (t, J = 7,6 Hz, 1H), 7,32 — 7,08 (m, 4H), 6,98 — 6,90 (m, 1H), 4,27
(q, T=17,1 Hz, 2H), 4,13 (t, J = 6,2 Hz, 2H), 3,77 (s, 3H), 3,34 — 3,24 (m, 2H), 2,47 (s,
3H), 2,14 (p, ] = 6,2 Hz, 2H), 1,30 (t, J = 7,1 Hz, 3H).

Buwéc C: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-[3-(2-flophenoxy)propyl]-1,3-thiazol-4-carboxylic

Dung dich chura san pham tir Buéc B (71 mg, 0,12 mmol, 1 duong luong) trong
1,4-dioxan (4 mL) duoc b6 sung lithi hydroxit monohydrat (25,7 mg, 0,61 mmol, 5
duong luong) va hon hop duoc gia nhiét & héi Iwu qua dém. Phin tng dugc dé ngudi
dén nhiét do moi trudmg va cd trong chan khong. Can dugc nghién trong nuéc va cac
chét ran duoc thu gom béng cach loc. Chat ran duge nghién thém trong dietyl ete, loc,
va lam kho dudi chan khong dé tao ra san phim mong mudn 13 chit rin mau vang (49
mg, 0,09 mmol, 73%) [& dang mudi lithi].

HRMS-ESI (m/z) [M+H]+ tinh todn d6i v6i C26H24FNsO3S2: 551,1330, phat
hién 551,1335.

Vi du 60: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
ylI} (metyl)amino)-5-(3-metoxypropyl)-1,3-thiazol-4-carboxylic

Budc A: etyl 5-(3-metoxyprop-1-yn-1-yl)-2-[metyl(5-metyl-6-{[(2Z)-3-{[2-
(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden]amino}pyridazin-3-
yl)amino]-1,3-thiazol-4-carboxylat

Tetrakis(triphenylphosphin)paladi(0) (36,4 mg, 0,04 mmol, 0,1 duong
lwong) dwoc bo sung vio dung dich duge khudy chtra san pham tr Vi du didu ché 11b
(200 mg, 0,31 mmol, 1 duong lugng), métyl propargyl ete (0,06 mL, 0,76 mmol, 2,4
duong lugng), trietylamin (0,26 mL, 1,88 mmol, 6 duong lugng) va ddng(I) iodua (12
mg, 0,06 mmol, 0,2 duong lugng) trong dimetylformamit (5 mL) dudi khi quyén nito
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va hdn hop duoc gia nhiét & 100 °C qua dém. Phan img dugc dé ngudi dén nhiét 46 moi
truong sau d6 co trong chan khong. Tinh ché biang sic ky cot nhanh tw dong
(CombiFlash Rf, 12 g RediSep™ hop silic oxit) tach rira véi gradien 0 — 100% etyl
axetat trong iso-heptan tao ra san phim mong mudn 13 chat rin mau kem (78 mg, 0,12
mmol, 40%).

LC/MS (C20H36N604SiS2) 625 [M+H]"; RT 1,56 (LCMS-V-BI)

TH NMR (400 MHz, DMSO-d6) 8 7,86 (d, J = 7,7 Hz, 1H), 7,74 (s, 1H), 7,51 —
7,41 (m, 2H), 7,26 (td, J = 7,6, 1,5 Hz, 1H), 5,87 (s, 2H), 4,43 (s, 2H), 4,31 (q, J = 7,1
Hz, 2H), 3,82 (s, 3H), 3,72 (t, J = 8,0 Hz, 2H), 3,38 (s, 3H), 2,47 (s, 3H), 1,32 (t, ] = 7,1
Hz, 3H), 0,91 (dd, J = 10,7, 5,4 Hz, 2H), 0,00 (s, 9H).

Buéc B: etyl 5-(3-metoxypropyl)-2-[metyl(5-metyl-6-{[(2Z)-3-{[2-
(trimetylsilyl) etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden]amino/pyridazin-3-
yl)amino]-1,3-thiazol-4-carboxylat

Huyén phu chtra san pham tir Budc A (78 mg, 0,12 mmol, 1 duong lugng) trong
1:1 etyl axetat / metanol (8 mL) duoc bd sung vao binh chira platin (IV) oxit (2,83 mg,
0,01 mmol, 0,1 dwong luong) dudi khi quyén nito. Binh ndy dugc hit chan khéng va
nap day nito (x3) sau d6 dugc hut chan khong va dugc dat dudi khi quyén hydro va lac
qua dém. Hon hop dugc loc qua Xelit (2,5g), tach rira v6i metanol, va dung mdi dugc
loai bo trong chan khong. Tinh ché bang sac ky cot nhanh ty dong (CombiFlash Rf, 12
g RediSep™ hop silic oxit) tAch rira véi gradien 0 — 10% metanol trong diclometan tao
ra san phém mong muén 13 bot mau tréng (56,1 mg, 0,09 mmol, 71%).

LC/MS (C29H4N604SiS») 629 [M+H]"; RT 1,54 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) é 7,84 (dd, J = 7,7, 1,0 Hz, 1H), 7,66 (d, ] =
1,1 Hz, 1H), 7,49 — 7,41 (m, 2H), 7,25 (ddd, J = 8,4, 6,9, 1,6 Hz, 1H), 5,86 (s, 2H),
4,28 (q, 1= 7,1 Hz, 2H), 3,77 (s, 3H), 3,72 (t, 2H), 3,38 (t, = 6,3 Hz, 2H), 3,26 (s,
3H), 3,189 — 3,09 (m, 2H), 2,46 (d, J= 1,1 Hz, 3H), 1,86 (p, 1H), 1,31 (t, J = 7,1 Hz,
3H), 0,97 — 0,87 (m, 2H), 0,00 (s, 9H).

Buéc C: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-(3-metoxypropyl)-1,3-thiazol-4-carboxylat

Axit trifloaxetic (1 mL, 13,4 mmol, 150 duong luong) duoc bd sung vao dung
dich dugc khudy chira san pham tir Buéc B (56 mg, 0,09 mmol, 1 duong lugng) trong

diclometan (3 mL) va hdn hop dwoc khudy & nhiét 36 méi trudng qua dém. Phan tng

282



48508 283/598

duoc cho phan bd gitta diclometan va dung dich nud¢c natri bicacbonat bao hoa, va pha
hitu co dugc rira bang nude mudi, 1am kho (magie sulfat), va co trong chan khong. Tinh
ché bang sic ky cot nhanh tu dong (CombiFlash Rf, 12 g RediSep™ hop silic oxit) tach
rita vGi gradien 0 — 6% metanol trong diclometan tao ra san pham mong muén 13 thiy
tinh mau vang (40 mg, 0,08 mmol, 90%).

LC/MS (C23H26N603S2) 499 [M+H]*; RT 1,25 (LCMS-V-B1)

'H NMR (400 MHz, DMSO0-d6) 8 11,11 (br s, 1H), 7,93 (br s, 1H), 7,69 (s,
1H), 7,58 (br s, 1H), 7,39 (t, J = 7,5 Hz, 1H), 7,22 (t, 1H), 4,29 (q, J = 7,1 Hz, 2H),
3,77 (s, 3H), 3,39 (t, J = 6,3 Hz, 2H), 3,27 (s, 3H), 3,18 — 3,10 (m, 2H), 2,47 (s, 3H),
1,94 — 1,82 (m, 2H), 1,33 (t, J=7,1 Hz, 3H).

Buwdc D: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-(3-metoxypropyl)-1,3-thiazol-4-carboxylic

Dung dich chira san phém tr Bude C (40 mg, 0,08 mmol, 1 duong lugng) trong
1,4-dioxan (3 mL) duoc bd sung lithi hydroxit monohydrat (16,8 mg, 0,4 mmol, 5 dwong
luong) va hdn hop dugc gia nhiét & hdi luu trong 5 h. Phan ting dugc dé ngudi dén nhiét
d6 moi trudng, cb trong chan khéng, nghién véi nudce va cac chat ran dugc thu gom
bang cach loc. Chét ran duoc tao huyén phu trong 1,4-dioxan (4 mL) sau d6 axit
clohydric (4M trong 1,4-dioxan; 0,5 mL) duoc b sung vao. Huyén phu duogc khudy &
nhiét d6 moi trudng trong 2 h sau d6 ly tim va dung méi dugc loai bo bang cach gan.
Chét rén duoc rira bang 1,4-dioxan (2 x 2 mL) sau d6 ly tim 14n nita va dung méi duoc
loai bo bang cach gan. Cudi cing, chét rin dwoc nghién véi nudc, loc, va lam kho duéi
chan khong dé tao ra san phAm mong mudn la chit rin mau tring nho (28,4 mg, 0,06
mmol, 75%) [6 dang mudi cta axit clohydric].

HRMS-ESI (m/z) [M+H]+ tinh toan ddi v&i C21H23N603S,: 471,1268, phét
hién 471,1271.

Vi du 61: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl} (metyl)amino)-5-[3-(xyclohexyloxy)propyl]-1,3-thiazol-4-carboxylic
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Budc A: etyl 5-[3-(xyclohexyloxy)prop-1-yn-1-yl]-2-[metyl(5-metyl-6-{[(2Z)-3-
{[2-(trimetylsilyl)etoxy[metyl}-2,3-dihydro-1,3-benzothiazol-2-
yliden]amino}pyridazin-3-yl)amino]—],3-thiazol-4-carboxylat

Tetrakis(triphenylphosphin)paladi(0) (36,4 mg, 0,04 mmol, 0,1 duong
lwong) duoc bd sung vao dung dich dwgc khudy chira san pham tir Vi du diéu ché 11b
(200 mg, 0,31 mmol, 1 duwong luong), (prop-2-yn-1-yloxy)xyclohexan (120 mg, 0,86
mmol, 2,76 duong lwong), trietylamin (0,26 mL, 1,88 mmol, 6 dwong luong) va dong(I)
iodua (12 mg, 0,06 mmol, 0,2 duong lugng) trong dimetylformamit (6 mL) duéi khi
quyén nito va hén hop dugc gia nhiét & 100 °C qua dém. Phan tng dwoc dé ngudi dén
nhiét d6 méi trudng, sau d6 pha lodng véi etyl axetat, rira bang nude (x2) tiép d6 1a nude
mudi, 1am khé (magie sulfat) va ¢ trong chan khong. Tinh ché bang sac ky cot nhanh
tu dong (CombiFlash Rf, 12 g RediSep™ hdp silic oxit) tach rira véi gradien 0 — 70%
etyl axetat trong iso-heptan tao ra san phdm mong mudn 1a chét ran mau kem (50 mg,
0,07 mmol, 23%).

LC/MS (C34H44N604SiS2) 693 [M+H]"; RT 1,66 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) & 7,85 (d, J = 7,7 Hz, 1H), 7,75 (d, J = 1,1 Hz,
1H), 7,52 - 7,39 (m, 2H), 7,25 (td, J = 7,5, 1,4 Hz, 1H), 5,88 (s, 2H), 4,48 (s, 2H), 4,30
(g, J=7,1 Hz, 2H), 3,82 (s, 3H), 3,72 (t, 2H), 3,57 — 3,49 (m, 1H), 2,48 (d, J = 1,0 Hz,
3H), 1,95 - 1,86 (m, 2H), 1,73 — 1,65 (m, 2H), 1,55 — 1,46 (m, 2H), 1,32 (t, 3H), 1,32 —
1,22 (m, 4H), 0,92 (dd, J =38,5, 7,5 Hz, 2H), 0,00 (s, 9H).

| Budc B: etyl 5-[3-(xyclohexyloxy)propyl]-2-[metyl(5-metyl-6-{[(2Z)-3-{[2-
(trimetylsilyl)etoxy[metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden]amino/pyridazin-3-
yl)amino]-1,3-thiazol-4-carboxylat .

Huyén phti chtra san pham tir Budc A (50 mg, 0,07 mmol, 1 dwong lugng) trong
1:1 etyl axetat / metanol (6 mL) duoc bd sung vao binh chira platin (IV) oxit (21,6 mg,
0,01 mmol, 0,1 dwong luong) dudi khi quyén nito. Binh ndy dugc hat chan khéng va

nap day nito (x3), sau d6 dugc hit chan khong va duge dit dudi khi quyén hydro va lic
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trong 18 h. Phan ting dugc loc qua Xelit (2,5 g), tach rira véi etyl axetat va metanol, va
dung méi duoc loai bo trong chan khong. Tinh ché bang sic ky cot nhanh ty dong
(CombiFlash Rf, 12 g RediSep™ hop silic oxit) tach rira véi gradien 0 — 60% etyl axetat
trong iso-heptan tao ra san pham mong mudn 14 thuy tinh khong mau (42,2 mg, 0,06
mmol, 84%).

LC/MS (C34H4sNs04SiS2) 697 [M+H]"; RT 1,71 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) 6 7,82 (d, J = 7,5 Hz, 1H), 7,67 (d, J=1,1 Hz,
1H), 7,50 — 7,41 (m, 2H), 7,28 — 7,23 (m, 1H), 5,87 (s, 2H), 4,28 (q, J = 7,1 Hz, 2H),
3,77 (s, 3H), 3,72 (t, 2H), 3,45 (t, J = 6,1 Hz, 2H), 3,27 — 3,20 (m, 1H), 3,18 — 3,11 (m,
2H), 2,46 (d,J=1,0 Hz, 3H), 1,90 — 1,79 (m, 4H), 1,72 — 1,62 (m, 2H), 1,51 — 1,42 (m,
2H), 1,31 (t,J=7,1 Hz, 3H), 1,28 — 1,17 (m, 5H), 0,96 — 0,89 (m, 2H), 0,00 (s, 9H).

Buwdoc C: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-[3-(xyclohexyloxy)propyl]-1,3-thiazol-4-carboxylat

Axit trifloaxetic (0,6 mL, 8,06 mmol, 134 duong lugng) duoc bo sung vao dung
dich duoc khudy chira san phdm tir Buéc B (42 mg, 0,06 mmol, 1 duong lugng) trong
diclometan (3 mL) va hdn hop dwoc khudy & nhiét d6 méi trudng qua dém. Phan tng
dugc cho phan bé giita diclometan va dung dich nude natri bicacbonat béo hoa, va pha
hitu co dugc rira bang nuwéc mudi, 1am kho (magie sulfat), va c6 trong chan khong. Tinh
ché bang séc ky nhanh ty dong pha déo (CombiFlash Rf, ¢t C18 13g RediSep) tach rira
véi gradien 5 — 95% axetonitril (pH 4; axit formic) trong nude (pH 4; axit formic) tao
ra san phdm mong mudn 13 thiy tinh mau vang (19,6 mg, 0,03 mmol, 57%).

LC/MS (C28H3aN603S2) 567 [M+H]"; RT 1,43 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 11,085 (br s, 1H), 7,90 (s, 1H), 7,68 (s, 1H),
7,60 (br s, 1H), 7,38 (t, 1H), 7,22 (t, 1H), 4,29 (q, J = 7,1 Hz, 2H), 3,77 (s, 3H), 3,46 (t,
J=6,2 Hz, 2H), 3,28 — 3,20 (m, 1H), 3,15 (t, 2H), 2.47 (s, 3H), 1,92 — 1,81 (m, 4H),
1,73 — 1,62 (m, 2H), 1,52 — 1,43 (m, 2H), 1,32 (t, 3H), 1,29 - 1,15 (m, 4H).

Buwdc D: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-[3-(xyclohexyloxy)propyl]-1,3-thiazol-4-carboxylic

Dung dich chira san pham tir Budc C (19,6 mg, 0,03 mmol, 1 dwong luong) trong
1,4-dioxan (4 mL) dugc bd sung lithi hydroxit monohydrat (7,26 mg, 0,17 mmol, 5
dwong luong) va hén hop dugc gia nhiét & 100 °C trong 6,5 h sau d6 dé ngudi dén nhiét

d6 moi trurong va co trong chan khong. Can dugc nghién véi nudec, loc, va lam kho dudi
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chan khong dé tao ra san phdm mong mudn 13 chét rin mau vang (11 mg, 0,02 mmol,
59%) [6 dang mudbi lithi].

HRMS-ESI (m/z) [M+H]+ tinh toan di vdi C26H31N603S2: 539,1894, phat
hién 539,1895.

Vi du 62: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-
xyclopropylpyridazin-3-yl}(metyl)amino)-5-(3-{4-[3-(dimetylamino)prop-1-yn-1-
yl]-2-flophenoxy}propyl)-1,3-thiazol-4-carboxylic

A\

/
N

\

Buwdc A: etyl 2-[(5-xyclopropyl-6-{[(2Z)-3-{[2-(trimetylsilyl) etoxy]metyl}-2,3-
dihydro-1,3-benzothiazol-2-yliden]amino/pyridazin-3-yl) (metyl)amino]-5-(3-
hydroxyprop-1-yn-1-yl)-1,3-thiazol-4-carboxylat o ‘

Tetrakis(triphenylphosphin)paladi(0) (422 mg, 0,36 mmol, 0,1 duwong
luong) duoc bd sung vao dung dich dugc khudy chira san pham tir Vi du didu ché 11d
(2,42 g, 3,65 mmol, 1 duong luong), ruou propargyl (0,86 mL, 14,6 mmol, 4 duong
luong), trietylamin (3,04 mL, 21,9 mmol, 6 duong luong) va dong(I) iodua (139 mg,
0,72 mmol, 0,2 duong lwong) trong dimetylformamit (50 mL) du6i khi quyén nito va
hdn hop duoc gia nhiét & 100 °C qua dém. Phan tmg dugc dé ngudi dén nhigt 6 moi
truong sau d6 co trong chan khong. Tinh ché bang sic ky cot nhanh tw dong
(CombiFlash Rf, 80 g RediSep™ hop silic oxit) tdch rira v6i gradien 0 — 100% etyl
axetat trong iso-heptan tao ra san phdm mong mudn 13 chat ran mau kem (0,91 g, 1,43
mmol, 39%).

LC/MS (C30H36N604SiS2) 637 [M+H]"; RT 1,44 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) 6 11,18 (br s, 1H), 7,87 (d, 1H), 7,50 - 7,40 (m,
2H), 7,26 (td, 1H), 7,11 (s, 1H), 6,00 (d, J = 10,2 Hz, 2H), 5,88 (s, 2H), 5,43 (t, 1H),
4,39(d,J=15,9,0,8 Hz, 2H), 4,30 (q, J = 7,1 Hz, 2H), 3,82 (s, 3H), 3,75 - 3,67 (m, 2H),
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2,72 - 2,62 (m, 1H), 1,32 (t, ] = 7,1 Hz, 3H), 1,22 — 1,12 (m, 2H), 1,12 — 1,06 (m, 2H),
0,94 — 0,85 (m, 2H), 0,00 (s, 9H).

Buwdc B: etyl 2-[(5-xyclopropyl-6-{[(2Z)-3-{[2-(trimetylsilyl)etoxy[metyl}-2,3-
dihydro-1,3-benzothiazol-2-yliden]amino/pyridazin-3-yl)(metyl)amino]-5-(3-
hydroxypropyl)-1,3-thiazol-4-carboxylat

Huyén phu chira san pham tir Budc A (913 mg, 1,43 mmol, 1 dwong lugng) trong
1:1 etyl axetat / metanol (40 mL) duoc b sung vao binh chira platin (IV) oxit (32,6 mg,
0,14 mmol, 0,1 dwong lwong) duéi khi quyén nito. Binh ndy dugc hit chan khong va
nap day nito (x3) sau d6 dugc hut chan khong va duge dit duéi khi quyén hydro va lic
trong 3,5 h. Phan ung dugc loc qua Xelit (10 g), tach rora véi metanol, va dung moi duge
loai bé trong chan khéng. Tinh ché bang sic k¥ ¢ot nhanh ty dong (CombiFlash Rf, 12
g RediSep™ hdp silic oxit) tach rira v6i gradien 0 — 70% etyl axetat trong iso-heptan
tao ra san phém mong muén 12 bot mau kem (762 mg, 1,19 mmol, 83%).

LC/MS (C30H40N6O4SiS2) 641 [M+H]"; RT 1,44 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) 6 7,85 (dd, J=17,5, 1,0 Hz, 1H), 7,49 — 7,39 (m,
2H), 7,28 — 7,22 (m, 1H), 7,07 (s, 1H), 5,87 (s, 2H), 4,56 (t, J = 5,1, 3,1 Hz, 1H), 4,28
(q,T=7,1Hz, 3H), 3,76 (s, 3H), 3,75 — 3,66 (m, 2H), 3,48 (q, 2H), 3,17 — 3,07 (m, 2H),
2,71 = 2,62 (m, 1H), 1,79 (p, 2H), 1,31 (t, J = 7,1 Hz, 3H), 1,19 — 1,12 (m, 2H), 1,11 —
1,04 (m, 2H), 0,94 — 0,86 (m, 2H), 0,00 (s, 9H).

Budc C: etyl 2-[(5-xyclopropyl-6-{[(2Z)-3-{[2-(trimetylsilyl)etoxy[metyl}-2,3-
dihydro-1,3-benzothiazol-2-yliden]amino}pyridazin-3-yl) (metyl)amino]-5-(3-
iodopropyl)-1,3-thiazol-4-carboxylat

Dung dich duoc khudy chira san phdm tir Buéc B (762 mg, 1,19 mmol, 1 dwong
lwong) trong 10:3 dietyl ete / axetonitril (26 mL) duoc bd sung imidazol (122 mg, 1,78
mmol, 1,5 dwong lugng), triphenylphosphin (468 mg, 1,78 mmol, 1,5 duong luong) va
iot (453 mg, 1,78 mmol, 1,5 duong lugng) va hdn hop duge khuéy 6 nhiét do mai truong
qua dém. Phan tng dugc pha loang véi etyl axetat, rira bang 10% dung dich nudc natri
thiosulfat tiép d6 1 nudc sau d6 1a nudc mudi, 1am kho (magie sulfat), va c6 trong chan
khong. Tinh ché bang sic ky cot nhanh tw dong (CombiFlash Rf, 40 g RediSep™ hop
silic oxit) tach rira voi gradien 0 — 60% etyl axetat trong iso-heptan tao ra san pham
mong mudn 1a bot mau kem (613 mg, 0,82 mmol, 69%).

LC/MS (C30H30IN6O3SiS2) 751 [M+H]"; RT 1,62 (LCMS-V-B1)
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"H NMR (400 MHz, DMSO-d6) 6 7,84 (dd,J =7,7, 1,0 Hz, 1H), 7,49 — 7,38 (m,
2H), 7,25 (ddd, 1 = 8,2, 7,0, 1,5 Hz, 1H), 7,07 (s, 1H), 5,88 (s, 2H), 4,30 (q, ] = 7,1 Hz,
2H), 3,75 (s, 3H), 3,74 — 3,65 (m, 2H), 3,38 — 3,29 (m, 2H), 3,17 (t, J = 6,8 Hz, 2H),
2,70 — 2,60 (m, 1H), 2,14 (p, 2H), 1,32 (t, J = 7,1 Hz, 3H), 1,20 — 1,11 (m, 2H), 1,10 —
1,04 (m, 2H), 0,95 — 0,85 (m, 2H), 0,00 (s, 9H).

Buwdc D: etyl 2-[(5-xyclopropyl-6-{{(2Z)-3-{[2-(trimetylsilyl)etoxy]metyl}-2,3-
dihydro-1,3-benzothiazol-2-yliden]amino}pyridazin-3-yl)(metyl) amino]-5-(3-{4-[3-
(dimetylamino)prop-1-yn-1-yl]-2-flophenoxy}propyl)-1,3-thiazol-4-carboxylat

Natri hydrua (60% trong dau khoang; 65,3 mg, 1,63 mmol, 2 dwong lugng) duge
bd sung vao dung dich chia san pham tir Vi du didu ché 6b (189 mg,v 0,98 mmol, 1,2
duong luong) trong dimetylformamit (10 mL). Sau 10 phut, phdn ng dugc lam lanh
xudng 0 °C va dung dich chtra san pham tir Buéc C (613 mg, 0,82 mmol, 1 duong lwong)
trong dimetylformamit (10 mL) duoc bd sung vao. Hon hop dwgc dé am dén nhiét 46
moi truong va khudy trong 3,5 h. Phan tng duge lam dung bang cach bd sung nuée,
axit héa bang 2N dung dich nuée axit clohydric va dugc chiét bang diclometan (x2).
Céc chét chiét hitu co thu gom duoc ria bang nudc mudi, 1am kho (magie sulfat) va co
trong chan khong. Tinh ché bang sic ky cot nhanh tu dong (CombiFlash Rf, 24 g
RediSep™ hop silic oxit) tach rira v4i gradien 0 — 10% metanol trong diclometan tao ra
chét rin ma duogc tinh ché thém bang HPLC diéu ché (phuong phap HPLC-V-Al) dé
tao ra san phAm mong mudn 1a chit rin mau tring nhd (283 mg, 0,35 mmol, 43%).

LC/MS (C41Hs0FN704SiS2) 816 [M+H]"; RT 1,41 (LCMS-V-B1)

TH NMR (400 MHz, DMSO-d6) & 8,35 (s, 1H), 7,82 (d, 1H), 7,48 — 7,39 (m,
2H), 7,33 — 7,11 (m, 3H), 7,06 (s, 1H), 5,86 (s, 2H), 4,25 (q, ] = 7,1 Hz, 2H), 4,13 (t, ]
= 6,2 Hz, 2H), 3,75 (s, 3H), 3,70 (t, 2H), 3,37 (s, 2H), 3,25 (t, ] = 7,6 Hz, 2H), 2,69 —
2,59 (m, 1H), 2,19 (s, 6H), 2,10(p, J = 6,3 Hz, 2H), 1,28 (t,J = 7,1 Hz, 3H), 1,19 - 1,11
(m, 2H), 1,10 — 1,02 (m, 2H), 0,89 (dd, J= 8,7, 7,4 Hz, 2H), 0,00 (s, 9H).

Budc E: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-xyclopropylpyridazin-3-
yl}(metyl)amino)-5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl]-2-flophenoxy/propyl)-
1,3-thiazol-4-carboxylat

Axit trifloaxetic (4 mL, 53,7 mmol, 155 duong lugng) dugc bd sung vio dung
dich dugc khudy chira san pham tir Bude D (283 mg, 0,35 mmol, 1 dwong lugng) trong

diclometan (10 mL) va hdn hop duoc khudy & nhiét 6 mdi trudng qua dém. Phan tmg
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dwoc cho phan b gifra diclometan va dung dich nudc natri bicacbonat bio hoa, rira bang
nuéc mubdi, lam khé (magie sulfat), va c6 trong chan khong. Tinh ché bang sic ky nhanh
tu dong pha dado (CombiFlash Rf, cdt C18 13g RediSep) tach rira véi gradien 5 — 95%
axetonitril (pH 4; axit formic) trong nuéc (pH 4; axit formic) tao ra san pham mong
muén 13 thuy tinh mau vang (56,5 mg, 0,08 mmol, 24%).

LC/MS (C3sH36FN703S2) 686 [M+H]"; RT 1,12 (LCMS-V-B1)

'H NMR (400 MHz, DMS0-d6) § 11,71 (br s, 1H), 7,89 (d, 1H), 7,50 (d, J= 8,0
Hz, 1H), 7,39 (ddd, J=8,2, 7,3, 1,3 Hz, 1H), 7,31 (dd, J = 12,0, 2,0 Hz, 1H), 7,27 — 7,10
(m, 4H), 4,26 (q, J = 7,1 Hz, 2H), 4,15 (t, J = 6,2 Hz, 2H), 3,77 (s, 3H), 3,40 (s, 2H),
3,30 — 3,24 (m, 2H), 2,49 — 2,45 (m, 1H), 2,21 (s, 6H), 2,13 (p, J = 6,3 Hz, 2H), 1,30 (t,
J=17,1Hz, 2H), 1,20 — 1,10 (m, 2H), 1,06 — 0,99 (m, 2H).

Budc F: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-xyclopropylpyridazin-3-
yl}(metyl)amino)-5-(3-{4-[3-(dimetylamino)prop-1-yn-1-yl]-2-flophenoxy}propyl)-
1,3-thiazol-4-carboxylic

Dung dich chira san pham tir Budc E (56,5 mg, 0,08 mmol, 1 duong lwong) trong
1,4-dioxan (4 mL) duogc bd sung lithi hydroxit monohydrat (17,3 mg, 0,41 mmol, 5
duong lwong) va hdn hop duge gia nhiét & 100 °C trong 6,5 h. Phan tng duoc dé ngudi
dén nhiét d6 méi trudng va cd trong chan khong. Can duoc nghién vo1 nudce, loc, va lam
kho dué6i chan khong dé tao ra san phdm mong mudn 13 chit rin mau vang (46,5 mg,
0,07 mmol, 86%) [¢ dang muébi lithi].

HRMS-ESI (m/z) [M+H]+ tinh toan dbi véi C33H33FN703S,: 658,2065, phét
hién 658,2070.

Vi du 63: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino|-5-metylpyridazin-3-
yl} (metyl)amino)-5-(3-phenoxypropyl)-1,3-thiazol-4-carboxylic

|
N N
ZY ¥

X N S /
N N OH

v
N S 0

v

289



48508 290/598

Budc A: etyl 2-[metyl(5-metyl-6-{[(2Z)-3-{[2-(trimetylsilyl)etoxy[metyl}-2,3-
dihydro-1,3-benzothiazol-2-yliden]amino}pyridazin-3-yl)amino]-5-(3-phenoxyprop-
1-yn-1-yl)-1,3-thiazol-4-carboxylat

Tetrakis(triphenylphosphin)paladi(0) (85,2 mg, 0,08 mmol, 0,1 duong
luong) dugc bd sung vao dung dich dugc khudy chira san pham tir Vi du didu ché 11b
(469 mg, 0,74 mmol, 1 dwong luong), phenyl propargyl ete (0,38 mL, 2,96 mmol, 4
duong lugng), trietylamin (0,62 mL, 4,42 mmol, 6 duong luong) va ddng(I) iodua (28,1
mg, 0,14 mmol, 0,2 duong lugng) trong dimetylformamit (12 mL) duéi khi quyén nito
va hdn hop duoc gia nhiét & 100 °C qua dém. Phan tmg duoc dé ngudi dén nhiét d6 moi
truong va cb trong chan khong. Tinh ché bang sic ky cot nhanh ty dong (CombiFlash
Rf, 40 g RediSep™ hop silic oxit) tach rira véi gradien 0 — 100% etyl axetat trong iso-
heptan tao ra san phém mong mudn 1a bot mau nau (296 mg, 0,43 mmol, 58%).

LC/MS (C34H33N604SiS») 687 [M+H]"; RT 1,57 (LCMS-V-B1)

TH NMR (400 MHz, DMSO-d6) § 7,87 (dd, J=7,8, 1,0 Hz, 1H), 7,74 (d,J= 1,1
Hz, 1H), 7,51 — 7,42 (m, 2H), 7,38 — 7,33 (m, 2H), 7,26 (ddd, J =9,2, 5,5, 1,5 Hz, 1H),
7,10 — 7,06 (m, 2H), 7,00 (tt, J = 7,4, 1,1 Hz, 1H), 5,87 (s, 2H), 5,15 (s, 2H), 4,26 (q, J
=17,1 Hz, 2H), 3,83 (s, 3H), 3,76 — 3,70 (m, 2H), 2,47 (d, J = 1,0 Hz, 3H), 1,28 (t, J =
7,1 Hz, 3H), 0,97 — 0,88 (m, 2H), 0,00 (s, 9H).

Buworc B: etyl 2-[metyl(5-metyl-6-{[(2Z)-3-{[2-(trimetylsilyl) etoxy[metyl}-2,3-
dihydro-1,3-benzothiazol-2-yliden]amino}pyridazin-3-yl)amino]-5-(3-
phenoxypropyl)-1,3-thiazol-4-carboxylat

Huyén phil chita san pham tir Budc A (296 mg, 0,43 mmol, 1 duong lugng) trong
1:1 etyl axetat / metanol (10 mL) duoc bd sung vao binh chira platin (IV) oxit (9,78 mg,
0,04 mmol, 0,1 duong luong) dudi khi quyén nito. Binh nay dugc hat chan khong va
nap dy nito (x3) sau d6 dugc hit chan khong va dwoc dit dudi khi quyén hydro va lic
qua dém. Phan tng dugc loc qua Xelit (2,5 g), tdch rira voi metanol, va dung mo1 duge
loai bé trong chan khéng. Tinh ché bﬁng sdc ky cot nhanh ty dong (CombiFlash Rf, 12
g RediSep™ hdp silic oxit) tach rira vdi gradien 0 — 40% etyl axetat trong iso-heptan
tao ra san phém mong mudn 12 gom mau nau (148 mg, 0,21 mmol, 50%).

LC/MS (C34H4Ns04SiS2) 691 [M+H]™; RT 1,59 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 7,84 (d, J = 7,7 Hz, 1H), 7,67 (d, J = 1,2 Hz,
1H), 7,51 — 7,40 (m, 2H), 7,33 — 7,22 (m, 3H), 7,05 — 6,88 (m, 3H), 5,76 (s, 2H), 4,26
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(q, 2H), 4,04 (t, J = 6,2 Hz, 2H), 3,78 (s, H), 3,73 (t, 2H), 3,33 — 3,22 (m, 2H), 2,46 (s,
3H), 2,11 (p, 1H), 1,30 (t, J = 7,1 Hz, 3H), 0,93 (t, J = 8,0 Hz, 2H), 0,00 (s, 9H).

Buwdc C: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-(3-phenoxypropyl)-1,3-thiazol-4-carboxylat

Axit clohydric (4M trong 1,4-dioxan; 3 mL) dugc bd sung tir tir vao dung dich
chtra san pham tir Buée B (148 mg, 0,21 mmol, 1 duong lugng) trong tetrahydrofuran
(5 mL) va hdn hop duge khudy & nhigt d6 méi truong qua dém. Phan tmg dugc cho phan
b giita etyl axetat va dung dich nuéc natri bicacbonat bio hoa, rira bang nudc mubi,
lam kho6 (magie sulfat), va c6 trong chan khong. Tinh ché bang sic ky nhanh ty dong
pha ddo (CombiFlash Rf, cot C18 13g RediSep) tach rira v6i gradien 5 — 95% axetonitril
(pH 4; axit formic) trong nudc (pH 4; axit formic) tao ra san pham mong mubn 13 thay
tinh mau vang (46,7 mg, 0,08 mmol, 39%).

LC/MS (C23H2sN603S2) 561 [M+H]*; RT 1,37 (LCMS-V-B1)

TH NMR (400 MHz, DMSO-d6) & 11,07 (br s, 1H), 8,01 - 7,81 (m, 2H), 7,69 (s,
1H), 7,39 (t, 1H), 7,35 — 7,26 (m, 2H), 7,25 — 7,19 (m, 1H), 7,00 — 6,88 (m, 3H), 4,28
(g, T =7,1 Hz, 2H), 4,05 (t, J = 6,2 Hz, 2H), 3,78 (s, 3H), 3,34 — 3,24 (m, 2H), 2,47 (s,
3H), 2,21 - 1,99 (m, 2H), 1,31 (t, J = 7,1 Hz, 3H).

Budce D: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-(3-phenoxypropyl)-1,3-thiazol-4-carboxylic

Dung dich chira san pham tir Budc C (46,7 mg, 0,08 mmol, 1 duong lugng) trong
1,4-dioxan (4 mL) duoc bd sung lithi hydroxit monohydrat (17,5 mg, 0,42 mmol, 5
duong luong) va hdn hop duge gia nhiét & 100 °C trong 6 h. Phan Gmg duoc dé ngudi
dén nhiét d6 méi trudng va co trong chan khong. Can dugc nghién trong nudc, loc, va
lam kho dudi chan khong dé tao ra san phim mong mubn 13 chit rin mau vang (28,7
mg, 0,05 mmol, 65%) [¢ dang mudi lithi].

HRMS-ESI (m/z) [M-H]- tinh todn d6i véi C26H23N603S2: 531,1279, phat hién
531,1285.

Vi du 64: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(3-metoxypropyl)amino)-5-(3-metoxypropyl)-1,3-thiazol-4-carboxylic
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Budc A: etyl 5-(3-metoxyprop-1-yn-1-yl)-2-[(3-metoxypropyl) (5-metyl-6-
tH[(2Z)-3-{[2-(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-
yliden]amino/}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Tetrakis(triphenylphosphin)paladi(0) (83,3 mg, 0,08 mmol, 0,1 duong
lwong) duoc bd sung vao dung dich duoc khudy chtta san pham tir Vi du diéu ché 11c
(500 mg, 0,72 mmol, 1 duong luong), metyl propargyl ete (0,24 mL, 2,88 mmol, 4
duong lugng), trietylamin (0,6 mL, 4,32 mmol, 6 dwong lwong) va déng(l) iodua (27,5
mg, 0,14 mmol, 0,2 dwong luwong) trong dimetylformamit (10 mL) duéi khi quyén nito
va hdn hop duoc gia nhiét & 100 °C qua dém. Phan ing duoc dé ngudi dén nhiét d6 moi
trudng sau d6 c6 trong chan khéng. Tinh ché bang sic ky c6t nhanh tw dong
(CombiFlash Rf, 40 g RediSep™ hop silic oxit) tach rira véi gradien 0 — 80% etyl axetat
trong iso-heptan tao ra san phdm mong mudn 1a gom mau niu (337 mg, 0,49 mmol,
68%).

LC/MS (C3:H4NgOs5SiS2) 683 [M+H]"; RT 1,57 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) & 7,87 (dd, J = 7,4, 1,1 Hz, 1H), 7,73 (d, T = 1,1
Hz, 1H), 7,51 — 7,42 (m, 2H), 7,26 (dt, 1H), 5,87 (s, 2H), 4,51 — 4,44 (m, 2H), 4,43 (s,
2H), 4,30 (q,J =7,1 Hz, 2H), 3,72 (t, 2H), 3,42 (t, J = 5,9 Hz, 2H), 3,37 (s, 3H), 3,23 (s,
3H), 2,48 (d,J = 0,9 Hz, 3H), 1,99 (p, J = 6,6 Hz, 2H), 1,32 (t, J = 7,1 Hz, 3H), 0,92 (t,
J=28.,6, 7,4 Hz, 2H), 0,00 (s, 9H).

Buwdc B: etyl 5-(3-metoxypropyl)-2-[(3-metoxypropyl) (5-metyl-6-{[(2Z)-3-{]2-
(trimetylsilyl)etoxy|metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden]amino}pyridazin-3-
yl)amino]-1,3-thiazol-4-carboxylat

Huyén phi chtra san phdm tir Bude A (337 mg, 0,49 mmol, 1 duong lwong) trong
1:1 etyl axetat / metanol (10 mL) dugc bd sung vao binh chira platin (IV) oxit (11,2 mg,
0,05 mmol, 0,1 dwong luong) dudi khi quyén nito. Binh nay dugc hat chan khéng va
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nap day nito (x3) sau d6 dwoc hit chan khong va duge dit dwdi khi quyén hydro va lic
qua dém. Phan ung duoc loc qua Xelit (2,5 g), tach rira véi etyl axetat sau d6 metanol,
va dung mdi dugc loai bo trong chan khong. Tinh ché béng sdc ky cdt nhanh ty dong
(CombiFlash Rf, 12 g RediSep™ hdp silic oxit) tach rira véi gradien 0 — 3% metanol
trong diclometan tao ra sin phdm mong muén 1a gdm mau vang (286 mg, 0,42 mmol,
84%).

LC/MS (C32Ha6N60sSiS2) 687 [M+H]™; RT 1,58 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) § 7,85 (d, 1H), 7,66 (s, 1H), 7,49 — 7,41 (m,
2H), 7,29 — 7,22 (m, 1H), 5,86 (s, 2H), 4,39 (t,J = 7,2 Hz, 2H), 4,28 (q, J = 7,1 Hz, 2H),
3,77 — 3,68 (m, 2H), 3,48 — 3,36 (m, 4H), 3,27 (s, 3H), 3,24 (s, 3H), 3,16 — 3,09 (m, 2H),
2,46 (s, 3H), 2,02 — 1,93 (m, 2H), 1,92 — 1,82 (m, 2H), 1,31 (t, J = 7,1 Hz, 3H), 0,97 —
0,88 (m, 2H), 0,00 (s, 9H).

Budc C: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(3-
metoxypropyl)amino)-5-(3-metoxypropyl)-1,3-thiazol-4-carboxylat

Axit clohydric (4M trong 1,4-dioxan; 5 mL, 20 mmol, 48 duwong luong) duoc bd
sung vao dung dich dugc khudy chita san pham tir Buéc B (286 mg, 0,42 mmol, 1 dwong
luong) trong 1,4-dioxan (2 mL) va hon hop duoc khudy & nhiét d6 méi truong qua dém.
Phan ting duoc cho phin bé gifta etyl axetat va dung dich nuéc natri bicacbonat bio
hoa, rira bang nudc mudi, 1am kho (magie sulfat) va ¢6 trong chan khong. Tinh ché bang
sac ky nhanh ty dong pha dao (CombiFlash Rf, cot C18 13g RediSep) tach rira véi
gradien 5 — 95% axetonitril (pH 4; axit formic) trong nuéc (pH 4; axit formic) tao ra san
phim mong mudn 14 bot mau vang (162 mg, 0,29 mmol, 70%).

LC/MS (C26H3:N604S2) 557 [M+H]"; RT 1,28 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) 6 11,06 (br s, 1H), 7,94 (s, 1H), 7,67 (br s + s,
2H), 7,40 (t, ] = 7,5 Hz, 1H), 7,22 (s, 1H), 4,39 (t, ] = 7,2 Hz, 2H), 4,29 (q, ] = 7,1 Hz,
2H), 3,49 — 3,37 (m, 4H), 3,28 (s, 3H), 3,25 (s, 3H), 3,14 (dd, J = 8,7, 6,7 Hz, 2H), 2,47
(s, 3H), 2,03 — 1,93 (m, 2H), 1,96 — 1,82 (m, 2H), 1,32 (t, = 7,1 Hz, 3H).

Buoc D: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(3-
metoxypropyl)amino)-5-(3-metoxypropyl)- 1,3-thiazol-4-carboxylic

Dung dich chira san pham tir Buéc C (162 mg, 0,29 mmol, 1 duong luong) trong
1,4-dioxan (4 mL) duogc bd sung lithi hydroxit monohydrat (60,9 mg, 1,45 mmol, 5

duong luong) va hdn hop duoc gia nhiét & hdi luu trong 7 h. Phan tng duoc dé ngudi '
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dén nhiét d6 moi treong va cd trong chan khong sau d6 duoc hoa tan trong nuéde, axit
héa bang 2N dung dich nuée axit clohydric va 1am bay hoi lai. Cin dwoc nghién véi
nuée, loc, va 1am khé duéi chan khong dé tao ra san phdm mong mudn 13 chat rin mau
be (87,8 mg, 0,17 mmol, 57%) [¢ dang mudi cua axit clohydric].

HRMS-ESI (m/z) [M+H]+ tinh todn d6i v&i CasaHaoNsO4Ss: 529,1686, phat
hién 529,1685.

Vi du 65: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl} (3-metoxypropyl)amino)-5-(3-phenoxypropyl)-1,3-thiazol-4-carboxylic

I
o
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Budc A: etyl 2-[(3-metoxypropyl) (5-metyl-6-{[(2Z)-3-{[2-
(trimetylsilyl)etoxy[metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden]aminopyridazin-3-
ylamino]-5-(3-phenoxyprop-1-yn-1-yl)-1,3-thiazol-4-carboxylat

Tetrakis(triphenylphosphin)paladi(0) (83,3 mg, 0,08 mmol, 0,1 duong
lwong) duoc bd sung vao dung dich duoc khudy chia san pham tir Vi du didu ché 11c
(500 mg, 0,72 mmol, 1 duwong lugng), phenyl propargyl ete (0,36 mL, 2,88 mmol, 4
duong luong), trietylamin (0,6 mL, 4,32 mmol, 6 duong lugng) va déng(I) 1odua (27,5
mg, 0,14 mmol, 0,2 duong lrong) trong dimetylformamit (10 mL) duéi khi quyén nito
va hon hop duoc gia nhié¢t & 100 °C qua dém. Phan ing duogc dé nguoi dén nhiét do moi
truong va co trong chan khong. Tinh ché bang sic ky cot nhanh tu dong (CombiFlash
Rf, 24 g RediSep™ hop silic oxit) tach rira vo1 gradien 0 — 100% etyl axetat trong iso-
heptan tao ra san phém mong mudn 14 bot mau nau (356 mg, 0,48 mmol, 66%).

LC/MS (C37H4sN¢OsSiS2) 745 [M+H]'; RT 1,67 (LCMS-V-B1)

'TH NMR (400 MHz, DMSO-d6) & 7,87 (dd, J = 7,9, 1,1 Hz, 1H), 7,73 (s, 1H),
7,52 17,42 (m, 2H), 7,38 — 7,32 (m, 2H), 7,30 — 7,24 (m, 1H), 7,10 — 7,05 (m, 2H), 7,00
(tt, J=7,4, 1,1 Hz, 1H), 5,88 (s, 2H), 5,15 (s, 2H), 4,45 (t, J =7,1 Hz, 2H), 4,25 (q, J =
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7,1 Hz, 2H), 3,77 — 3,67 (m, 2H), 3,41 (t, J = 5,9 Hz, 2H), 3,21 (s, 2H), 2,47 (s, 3H),
1,98 (p, 2H), 1,28 (t, J=7,1 Hz, 3H), 0,92 (dd, J = 8,5, 7,5 Hz, 2H), 0,00 (s, 9H).

Buwdc B: etyl 2-[(3-metoxypropyl)(5-metyl-6-{[(2Z)-3-{[2-
(trimetylsilyl)etoxy|metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden]amino/pyridazin-3-
yl)amino]-5-(3-phenoxypropyl)-1,3-thiazol-4-carboxylat

Huyén phi chtta san phdm tir Bude A (356 mg, 0,48 mmol, 1 dwong lugng) trong
etyl axetat (5 mL) duoc bd sung vao binh chira platin (IV) oxit (10,8 mg, 0,05 mmol,
0,1 duwong lwong) dudi khi quyén nito. Binh nay dwgc hat chan khong va nap day nito
(x3) sau do dugc hut chan khong va duge dat dudi khi quyén hydro va lic qua dém.
Phéan tmg dugc loc qua Xelit (2,5 g), tach rira véi etyl axetat va metanol, va dung moi
dugc loai bo trong chan khong va tinh ché bang sdc ky cot nhanh ty dong (CombiFlash
Rf, 12 g RediSep™ hop silic oxit) tach rira véi gradien 0 — 40% etyl axetat trong iso-
heptan tao ra san pham mong mudn 14 gobm mau vang (286 mg, 0,38 mmol, 80%)).

LC/MS (C37H4sN6OsSiS2) 749 [M+H]"; RT 1,66 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 7,84 (dd, J = 7,7, 1,0 Hz, 1H), 7,66 (s, 1H),
7,50 — 7,40 (m, 2H), 7,32 — 7,23 (m, 3H), 6,98 — 6,88 (m, 3H), 5,88 (s, 2H), 4,40 (t, J =
7,3 Hz, 2H), 4,26 (q, 2H), 4,05 (t, J = 6,1 Hz, 2H), 3,78 — 3,68 (m, 2H), 3,42 (t, ] = 6,0
Hz, 2H), 3,31 — 3,26 (m, 2H), 3,23 (s, 3H), 2,46 (s, 3H), 2,17 — 2,06 (m, 2H), 2,03 —
1,92 (m, 2H), 1,30 (t, J =7,1, 5,2 Hz, 3H), 0,97 — 0,88 (m, 2H), 0,00 (s, 9H).

Buwdc C: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(3-
metoxypropyl)amino)-5-(3-phenoxypropyl)-1,3-thiazol-4-carboxylat

Axit clohydric (4 M trong 1,4-dioxan; 5 mL, 20 mmol, 52 duong lugng) dugc bd
sung tir tir vao dung dich chtta san pham tir Bu6c B (286 mg, 0,38 mmol, 1 dwong lugng)
trong 1,4-dioxan (2 mL) va hdn hop dugc khudy ¢ nhiét d6 mdi truong qua dém. Phan
mg dugc cho phéan bé giita etyl axetat va dung dich nuéc natri bicacbonat bdo hoa, va
pha hitu co dugc rira bang nudc mudi, 1am kho (magie sulfat) va co trong chan khong.
Tinh ché bang sic ky nhanh tu dong pha dao (CombiFlash Rf, cot C18 13g RediSep)
tach rira vai gradien 5 — 95% axetonitril (pH 4; axit formic) trong nuéc (pH 4; axit
formic) tao ra san phdm mong mudn 13 bot mau vang (145 mg, 0,23 mmol, 62%).

LC/MS (C31H34N604S2) 619 [M+H]"; RT 1,40 (LCMS-V-B1)

'"H NMR (400 MHz, DMSO-d6) & 11,07 (br s, 1H), 7,95 (br s, 1H), 7,68 (br s +
s, 2H), 7,40 (t, 1H), 7,29 (dd, ] =8,8, 7,3 Hz, 2H), 7,26 — 7,19 (m, 1H), 7,00 — 6,89 (m,
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3H), 4,39 (t, ] = 7,2 Hz, 2H), 4,27 (q, J = 7,1 Hz, 2H), 4,05 (t, J = 6,2 Hz, 2H), 3,44 (t,
J = 6,0 Hz, 2H), 3,33 — 3,27 (m, 2H), 3,25 (s, 3H), 2,47 (s, 3H), 2,18 — 2,06 (m, 2H),
2,03 — 1,93 (m, 2H), 1,31 (t, ] =7,1 Hz, 3H).

Budc D: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(3-
metoxypropyl)amino)-5-(3-phenoxypropyl)-1,3-thiazol-4-carboxylic

Dung dich chira san pham tir Buge C (145 mg, 0,23 mmol, 1 duong lugng) trong
1,4-dioxan (4 mL) duoc bd sung lithi hydroxit monohydrat (49,3 mg, 1,17 mmol, 5
duong luong) va hdn hop dugc gia nhiét & 100 °C trong 7 h. Phan ting dugc dé ngudi
dén nhiét d6 moi truong va c6 trong chan khong, nghién vo1 nudc, loc, va lam kho dudi
chan khong dé tao ra san phdm mong mudn 13 chit rin mau nau (90,6 mg, 0,15 mmol,
65%) [¢ dang mudi lithi].

HRMS-ESI (m/z) [M+H]+ tinh todn d6i véi CaoH31N604S2: 591,1843, phat
hién 591,1843.

Vi du 66: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl} (3-metoxypropyl)amino)-5-[3-(xyclohexyloxy)propyl]-1,3-thiazol-4-carboxylic
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Buwdc A: etyl 5-[3-(xyclohexyloxy)prop-1-yn-1-yl]-2-[(3-metoxypropyl)(5-
metyl-6-{{(2Z)-3-{[2-(trimetylsilyl) etoxy|metyl}-2,3-dihydro-1,3-benzothiazol-2-
yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Tetrakis(triphenylphosphin)paladi(0) (83,3 mg, 0,08 mmol, 0,1 duong
lwong) duoc bd sung vao dung dich dugc khudy chira sin pham tir Vi du diéu ché 11c
(500 mg, 0,72 mmol, 1 duong luong), (prop-2-yn-1-yloxy)xyclohexan (400 mg, 2,88
mmol, 4 duong lwong), trietylamin (0,60 mL, 4,32 mmol, 6 duong lwong) va dong(I)
iodua (27,5 mg, 0,14 mmol, 0,2 duong lugng) trong dimetylformamit (10 mL) dudi khi
quyén nito va hdn hop dwogc gia nhiét & 100 °C qua dém. Phéan tmg dugc dé nguoi dén

nhiét d6 méi trudng va cd trong chan khéng. Tinh ché bang sic k¥ cot nhanh ty dong
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(CombiFlash Rf, 40 g RediSep™ hop silic oxit) tdch rira véi gradien 0 — 70% etyl axetat
trong iso-heptan tao ra san phim mong mudn i gom mau nau (330 mg, 0,44 mmol,
61%).

LC/MS (C37Hs0N6OsSiS2) 751 [M+H]"; RT 1,81 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 7,86 (d, 1H), 7,73 (s, 1H), 7,51 — 7,39 (m,
2H), 7,27 (ddd, J = 8,3, 7,1, 1,4 Hz, 1H), 5,88 (s, 2H), 4,50 (s, 2H), 4,46 (t, 2H), 4,30
(g, T=17,1 Hz, 2H), 3,73 (t, 2H), 3,60 — 3,50 (m, 1H), 3,42 (t, ] = 6,0 Hz, 2H), 3,23 (s,
3H), 2,48 (s, 3H), 1,98 (p, J = 6,3 Hz, 2H), 1,94 — 1,86 (m, 2H), 1,75 — 1,63 (m, 2H),
1,54 — 1,45 (m, 2H), 1,36 — 1,17 (m, 7H), 0,92 (dd, J = 8,4, 7,6 Hz, 2H), 0,00 (s, 9H).

Buwdc B: etyl 5-[3-(xyclohexyloxy)propyl]-2-[(3-metoxypropyl) (5-metyl-6-
t[(2Z)-3-{[2-(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-
yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Huyén phu chita san phim tir Bude A (330 mg, 0,44 mmol, 1 dwong luong) trong
1:1 etyl axetat / metanol (10 mL) duoc bo sung vao binh chia platin (IV) oxit (9,98 mg,
0,04 mmol, 0,1 dwong lwong) dudi khi quyén nito. Binh niy dugc hat chan khong va
nap day nito (x3) sau d6 dugc hit chan khong va dugc dit dudi khi quyén hydro va lic
qua dém. Phan Gmg dugc loc qua Xelit (2,5 g), tach rira voi etyl axetat va metanol, va
dung méi duoc loai bé trong chin khéng. Tinh ché bang sic ky cot nhanh tu dong
(CombiFlash Rf, 12 g RediSep™ hop silic oxit) tach rira v6i gradien 0 —40% etyl axetat
trong iso-heptan tao ra san pham mong mudn 1a gdm mau vang (272 mg, 0,36 mmol,
82%).

LC/MS (C37Hs54N6OsSiS2) 755 [M+H]"; RT 1,79 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 7,82 (d, J = 7,7 Hz, 1H), 7,66 (s, 1H), 7,51 —
7,40 (m, 2H), 7,26 (ddd, J=8,2, 6,9, 1,6 Hz, 1H), 4,38 (t, 2H), 4,27 (q, ] = 7,0 Hz, 2H),
3,71 (t, 2H), 3,50 — 3,38 (m, 4H), 3,24 (s, 3H), 3,23 — 3,19 (m, 1H), 3,14 (t, ] = 7,6 Hz,
2H), 2,45 (s, 3H), 1,97 (p, 2H), 1,91 — 1,79 (m, 5H), 1,72 — 1,58 (m, 2H), 1,52 - 1,39
(m, 2H), 1,31 (t, J = 7,1 Hz, 3H), 1,28 — 1,14 (m, 4H), 0,92 (t, 2H), 0,00 (s, 9H).

Buwdc C: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(3-
metoxypropyl)amino)-5-[3-(xyclohexyloxy)propyl]-1,3-thiazol-4-carboxylat

Axit clohydric (4 M trong 1,4-dioxan; 4 mL, 16 mmol, 45 duwong luong) dugc bd
sung vao dung dich duoc khudy chira san pham tir Bude B (272 mg, 0,36 mmol, 1 dwong
lwong) trong 1,4-dioxan (4 mL) va hdn hop duge khudy & nhiét d6 méi truong qua dém.
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Phan tng duoc cho phan b gifta etyl axetat va dung dich nu6c natri bicacbonat béo
hoa, va pha hitu co dugc rira bang nude mudi, 1am kho (magie sulfat), va ¢6 trong chan
khéong. Tinh ché bang sic k¥ nhanh ty dong pha dio (CombiFlash Rf, c6t C18 13g
RediSep) tach rira véi gradien 5 — 95% axetonitril (pH 4; axit formic) trong nuée (pH
4; axit formic) tao ra san phim mong mudn 13 bot mau vang (120 mg, 0,19 mmol, 53%).

LC/MS (C31H40Ns04S2) 625 [M+H]"; RT 1,45 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) 6 11,09 (br s, 1H), 7,93 (s, 1H), 7,67 (br s + s,
2H), 7,39 (t, 1H), 7,23 (t, 1H), 4,39 (t, ] = 7,2 Hz, 2H), 4,28 (q, J = 7,1 Hz, 2H), 3,45
(dt,7=9,9, 6,1 Hz, 4H), 3,25 (s, 3H), 3,24 — 3,20 (m, 1H), 3,15 (t, J = 7,6 Hz, 2H), 2,47
(s, 3H), 1,97 (p, J = 6,3 Hz, 2H), 1,94 — 1,78 (m, 4H), 1,74 — 1,62 (m, 2H), 1,54 — 1,41
(m, 2H), 1,32 (t, J=7,1 Hz, 3H), 1,29 — 1,16 (m, 4H).

Budc D: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(3-
metoxypropyl)amino)-5-[3-(xyclohexyloxy)propyl]-1,3-thiazol-4-carboxylic

Dung dich chtra san pham tir Bude C (120 mg, 0,19 mmol, 1 duong lwong) trong
1,4-dioxan (4 mL) duoc bd sung lithi hydroxit monohydrat (40,3 mg, 0,96 mmol, 5
duong lwong) va hon hop duoc gia nhiét & 100 °C qua dém. Phan tng duoc dé ngudi
dén nhiét d6 moi trudng va cd trong chan khong, nghién vo1 nudc, loc, va lam kho dudi
chan khong dé tao ra san phdm mong mudn 13 chit rin mau vang (98 mg, 0,16 mmol,
86%) [¢ dang mudi lithi].

HRMS-ESI (m/z) [M+H]+ tinh todn d6i véi CaoH37N604S2: 597,2312, phat
hién 597,2314.

Vi du 67: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl} (3-metoxypropyl)amino)-5-[3-(2-flophenoxy)propyl]-1,3-thiazol-4-carboxylic
I

H/O
N N
=z
T
X, N S OH
H N
N7 s e} E

& &

298



48508 299/598

Budc A: etyl 5-(3-hydroxyprop-1-yn-1-yl)-2-[(3-metoxypropyl)(5-metyl-6-
t[(2Z)-3-{[2-(trimetylsilyl)etoxy]metyl}-2,3-dihydro-1,3-benzothiazol-2-
yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Tetrakis(triphenylphosphin)paladi(0) (83,3 mg, 0,08 mmol, 0,1 duong
lwong) dugc bd sung vao dung dich duoc khudy chira san pham tir Vi dy didu ché 11c
(500 mg, 0,72 mmol, 1 duong luong), ruou propargyl (0,16 mL, 2,88 mmol, 4 duong
lwong), trietylamin (0,60 mL, 4,32 mmol, 6 dwong luong) va ddng(I) iodua (27,5 mg,
0,14 mmol, 0,2 dwong lwong) trong dimetylformamit (10 mL) dudi khi quyén nito va
hén hop duge gia nhiét & 100 °C qua dém. Phan tmg dwoc dé ngudi dén nhiét d6 moi
truong sau d6 cd trong chan khéng. Tinh ché bang sic ky cot nhanh ty dong
(CombiFlash Rf, 40 g RediSep™ hop silic oxit) tach rira véi gradien 0 — 100% etyl
axetat trong iso-heptan tao ra san phim mong mudn 14 chét rin mau nau (362 mg, 0,54
mmol, 75%).

LC/MS (C31H4N6Os5SiS2) 669 [M+H]"; RT 1,45 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 7,88 (dd, J = 7,4, 1,1 Hz, 1H), 7,72 (s, 1H),
7,51 — 7,41 (m, 2H), 7,27 (ddd, J = 8,3, 7,1, 1,4 Hz, 1H), 5,89 (s, 2H), 5,44 (t, I = 6,0
Hz, 1H), 4,45 (t,J= 7,2 Hz, 2H), 4,40 (d, ] = 5,9 Hz, 2H), 4,29 (q, J = 7,1 Hz, 2H), 3,77
— 3,68 (m, 2H), 3,42 (t, ] = 6,0 Hz, 2H), 3,24 (s, 3H), 2,48 (s, 3H), 1,99 (p, ] = 6,3 Hz,
2H), 1,33 (t, J =7,1 Hz, 3H), 0,99 — 0,88 (m, 2H), 0,00 (s, 9H).

Buworc B: etyl 5-(3-hydroxypropyl)-2-[(3-metoxypropyl) (5-metyl-6-{[(2Z)-3-{[2-
(trimetylsilyl)etoxy|metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden]amino}pyridazin-3-
yl)amino]-1,3-thiazol-4-carboxylat

Huyén phu chira san phim tir Bu6c A (362 mg, 0,54 mmol, 1 dwong lwgng) trong
1:1 etyl axetat / metanol (10 mL) duoc bd sung vao binh chira platin (IV) oxit (12,3 mg,
0,05 mmol, 0,1 dwong lwong) dudi khi quyén nito. Binh nay duoc hit chan khéng va
nap day nito (x3) sau d6 dugc hut chan khéng va duoc dat dudi khi quyén hydro va lic
qua dém. Hon hop duoc loc qua Xelit (2,5 g), tach rira v6i metanol, va dung méi dugc
loai bo trong chan khong. Tinh ché bang sic ky cot nhanh ty dong (CombiFlash Rf, 24
g RediSep™ hop silic oxit) tach rira véi gradien 0 — 80% etyl axetat trong iso-heptan
tao ra san phdm mong mudn 14 bot mau kem (230 mg, 0,34 mmol, 63%).

LC/MS (C31H4Ns0sSiS,) 673 [M+H]*; RT 1,47 (LCMS-V-B1)
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'H NMR (400 MHz, DMSO-d6) & 7,86 (dd, J = 7,5, 1,1 Hz, 1H), 7,66 (s, 1H),
7,51 — 7,40 (m, 2H), 7,25 (ddd, J = 8,3, 6,9, 1,6 Hz, 1H), 5,87 (s, 2H), 4,57 (t, J = 5,1
Hz, 1H), 4,39 (t,J = 7,2 Hz, 2H), 4,28 (q, J = 7,1 Hz, 2H), 3,72 (dd, ] = 8,5, 7,5 Hz, 2H),
3,52 — 3,44 (m, 2H), 3,43 (t, 2H), 3,23 (s, 3H), 3,16 — 3,08 (m, 2H), 2,46 (s, 3H), 1,96
(p, T =6,4 Hz, 2H), 1,86 — 1,75 (m, 2H), 1,31 (t, J = 7,1 Hz, 3H), 0,92 (dd, J = 8,6, 7,4
Hz, 2H), 0,00 (s, 9H).

Budc C: etyl 5-(3-iodopropyl)-2-[(3-metoxypropyl) (5-metyl-6-{{(2Z)-3-{[2-
(trimetylsilyl)etoxy[metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden]aminopyridazin-3-
yl)amino]-1,3-thiazol-4-carboxylat

Dung dich dwgc khudy chtra san phdm tir Bude B (230 mg, 0,34 mmol, 1 duong
luong) trong 3:1 dietyl ete / axetonitril (16 mL) duoc bd sung imidazol (34,9 mg, 0,51
mmol, 1,5 duong lugng), triphenylphosphin (135 mg, 0,51 mmol, 1,5 duong luong) va
iot (130 mg, 0,51 mmol, 1,5 duong lugng) va hdn hop duoc khqu & nhiét d§ mai trudong
qua dém. Phan tmg duoc pha lodng véi etyl axetat, rira bang 10% dung dich nuéc natri
thiosulfat tiép d6 12 nudc sau d6 1a nuéc mudi, 1am kho (magie sulfat), va cb trong chan
khong. Tinh ché bing sic ky cot nhanh ty dong (CombiFlash Rf, 12 g RediSep™ hop
silic oxit) tach rira v6i gradien 0 — 50% etyl axetat trong iso-heptan tao ra san pham
mong mudn 12 gdm mau vang (129 mg, 0,16 mmol, 48%).

LC/MS (C31H43IN604SiS2) 783 [M+H]"; RT 1,63 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 7,85 (dd, J = 7,5, 1,1 Hz, 1H), 7,67 (s, 1H),
7,49 — 7,41 (m, 2H), 7,26 (ddd, J = 8,3, 6,9, 1,6 Hz, 1H), 5,87 (s, 2H), 4,40 (t, J = 7,3
Hz, 2H), 4,29 (q,J = 7,1 Hz, 2H), 3,73 (dd, J = 8,6, 7,4 Hz, 2H), 3,42 (t, ] = 6,0 Hz, 2H),
3,40 — 3,28 (m, 2H), 3,24 (s, 3H), 3,21 — 3,14 (m, 2H), 2,45 (s, 3H), 2,14 (p, ] = 7,0 Hz,
2H), 2,02 — 1,95 (m, 2H), 1,34 (t, J = 7,1 Hz, 3H), 0,92 (dd, J = 8,6, 7,4 Hz, 2H), 0,00
(s, 9H).

Budc D: etyl 5-[3-(2-flophenoxy)propyl]-2-[(3-metoxypropyl)(5-metyl-6-
t[(2Z)-3-{[2-(trimetylsilyl)etoxy[metyl}-2,3-dihydro-1,3-benzothiazol-2-
yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Natri hydrua (60% trong dau khoang; 13,2 mg, 0,33 mmol, 2 duong lwong) dugc
bb sung vao dung dich chia 2-flophenol (0,02 mL, 0,2 mmol, 1,2 dwong lugng) trong
dimetylformamit (3 mL). Sau khi 15 phait hdn hop dugc 1am lanh xuéng 0 °C va dung
dich chua san phém tr Budéc C (129 mg, 0,16 mmol, 1 duong lugng) trong
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dimetylformamit (3 mL) duoc bd sung vao. Hon hop duwoc dé 4m dén nhiét d6 moi
truong va khudy qua dém. Phan Gmg duoc 1am dimg bang cach bd sung nudc, axit hoa
bang dung dich axit clohydric 2N, va duoc chiét bang etyl axetat (x2). Cac chit chiét
hiru co thu gom duoc rira bang nuée mudi, lam khd (magie sulfat) va co trong chin
khong. Tinh ché bang sic ky cot nhanh tu dong (CombiFlash Rf, 12 g RediSep™ hop
silic oxit) tach rira v6i gradien 0 — 6% metanol trong diclometan tao ra san phdm mong
mudn 13 gdm mau kem (75,6 mg, 0,1 mmol, 60%).

LC/MS (C37H47FN6OsSiS2) 767 [M+H]"; RT 1,61 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 7,84 (d, 1H), 7,67 (s, 1H), 7,51 — 7,40 (m,
2H), 7,30 — 7,07 (m, 4H), 6,97 — 6,89 (m, 1H), 5,87 (s, 2H), 4,40 (t, J = 7,2 Hz, 2H),
4,26 (q,J =17,0 Hz, 2H), 4,13 (t, J = 6,1 Hz, 2H), 3,78 — 3,69 (m, 2H), 3,42 (t, J = 6,0
Hz, 2H), 3,31 — 3,25 (m, 2H), 3,24 (s, 3H), 2,46 (s, 3H), 2,25 — 2,05 (m, 2H), 1,97 (p,J
=6,2 Hz, 2H), 1,29 (t, J = 7,1 Hz, 3H), 0,98 — 0,89 (m, 2H), 0,00 (s, 9H).

Budc E: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(3-
metoxypropyl)amino)-5-[3-(2-flophenoxy)propyl]-1,3-thiazol-4-carboxylat

Axit clohydric (4M trong 1,4-dioxan; 1 mL, 4 mmol, 40,6 duong luong) dugc )
sung vao dung dich dugc khuéy chira san phém ti Buge D (75,6 mg, 0,1 mmol, 1 duong
lwong) trong 1,4-dioxan (2 mL) va hdn hop dugc khuay & nhiét @ moi truong qua dém.
Phén g duoc cho phan bé gifra etyl axetat va dung dich nudc natri bicacbonat bao hoa
va pha hitu co dugc rira bang nude mudi, 1am kho (magie sulfat), va c6 trong chan
khong. Tinh ché bang sic k¥ nhanh ty dong pha dio (CombiFlash Rf, c6t C18 13g
RediSep) tach rira voi gradien 5 — 95% axetonitril (pH 4; axit formic) trong nuée (pH
4; axit formic) tao ra san phim mong muén 13 thuy tinh mau vang (36,2 mg, 0,06 mmol,
58%).

LC/MS (C31H33FN604S2) 637 [M+H]"; RT 1,39 (LCMS-V-B1)

'TH NMR (400 MHz, DMSO-d6) 7,92 (br s, 1H), 7,67 (br s + s, 2H), 7,39 (t,J =
7,5 Hz, 1H), 7,27 — 7,08 (m, 4H), 6,99 — 6,89 (m, 1H), 4,39 (t, J = 7,3 Hz, 2H), 4,26 (q,
J=17,1Hz, 2H), 4,14 (t, ] = 6,1 Hz, 2H), 3,44 (t, ] = 6,0 Hz, 2H), 3,34 — 3,24 (m, 2H),
3,25 (s, 3H), 2,47 (s, 2H), 2,22 — 2,06 (m, 2H), 1,97 (p, 2H), 1,30 (t, J = 7,1 Hz, 3H).

Buorc F: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-yl}(3-
metoxypropyl)amino)-5-[3-(2-flophenoxy)propyl]-1,3-thiazol-4-carboxylic
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Dung dich chtra san phém tr Bude E (36,2 mg, 0,06 mmol, 1 dwong luong) trong
1,4-dioxan (3 mL) duoc bd sung lithi hydroxit monohydrat (11,9 mg, 0,28 mmol, 5
duwong lugng) va hdn hop duge gia nhiét & hdi lvu qua dém. Phan ung dwoc dé ngudi
dén nhiét 6 moi trudng va co trong chan khong. Tinh ché bang sic ky nhanh tiy dong
pha dao (CombiFlash Rf, cot C18 13g RediSep) tach rira véi gradien 5 — 95% axetonitril
(pH 4; axit formic) trong nuwdc (pH 4; axit formic) tao ra san pham mong mudn 13 chit
ran mau be (19,5 mg, 0,03 mmol, 56%).

HRMS-ESI (m/z) [M+H]+ tinh toan d6i v&i CaoH30FNsO4S2: 609,1749, phat
hién 609,1753.

Vi du 68: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl} (metyl)amino)-5-[3-(benzyloxy)azetidin-1-yl]-1,3-thiazol-4-carboxylic
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Budc A: etyl 5-[3-(benzyloxy)azetidin-1-yl]-2-[metyl(5-metyl-6-{[(2Z)-3-{[2-
(trimetylsilyl)etoxy[metyl}-2,3-dihydro-1,3-benzothiazol-2-yliden]amino}pyridazin-3-
yl)amino]-1,3-thiazol-4-carboxylat

Lo vi séng duoc 1am kho trong ti sdy dugc bd sung san phdm tir Vi du didu ché
11b (500 mg, 0,79 mmol, 1 duong lugng), 3-(benzyloxy)azetidin hydroclorua (314 mg,
1,57 mmol, 2 duong lugng), xesi cacbonat (769 mg, 2,36 mmol, 3 duong luong), va 1,4-
dioxan (10 mL). H3n hop dwoc phun rira bang nito (10 phiit) truée khi bo sung Xantphos
Pd G3 (74,7 mg, 0,08 mmol, 0,1 duong lugng) va hdn hop duoc gia nhiét & 140 °C trong
2 h trong diéu kién chiéu vi séng. Phan tmg duoc pha lodng véi etyl axetat sau d6 rira
bang nudc tiép d6 12 nude mubi, va pha hitu co duoc 1am kho (magie sulfat) va c6 trong
chan khong. Tinh ché bang sic ky ¢t nhanh tu dong (CombiFlash Rf, 24 g RediSep™
hép silic oxit) tach rira véi gradien 0 — 50% etyl axetat trong iso-heptan tao ra san pham

mong mudn 13 bot mau vang (380 mg, 0,53 mmol, 67%).

LC/MS (C3sHi3N704SiS,) 718 [M+H]; RT 1,53 (LCMS-V-B1)

302



48508 303/598

TH NMR (400 MHz, DMS0-d6) § 7,82 (d, 1H), 7,57 (d, J = 1,0 Hz, 1H), 7,50 —
7,42 (m, 2H), 7,40 — 7,35 (m, 4H), 7,34 — 7,28 (m, 1H), 7,27 — 7,21 (m, 1H), 5,84 (s,
2H), 4,52 (s, 2H), 4,52 — 4,44 (m, 1H), 4,32 (ddd, J=8.9, 6,3, 1,2 Hz, 2H), 4,19 (q, ] =
7,1 Hz, 2H), 4,03 — 3,94 (m, 2H), 3,76 — 3,70 (m, 2H), 3,66 (s, 3H), 2,44 (d, J= 1,0 Hz,
3H), 1,26 (t, J=7,1 Hz, 3H), 0,97 — 0,88 (m, 2H), 0,00 (s, 9H).

Buwdc B: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-[3-(benzyloxy)azetidin-1-yl]-1,3-thiazol-4-carboxylat

Axit trifloaxetic (1 mL, 13,4 mmol, 96,3 duong lugng) dugc bd sung vao dung
dich dugc khudy chira san pham tir Bude A (100 mg, 0,14 mmol, 1 duong luong) trong
diclometan (3 mL) va hdn hop dugc khudy & nhiét d6 méi truomg qua dém. Phan ung
dugc pha lodng voi diclometan va rira bang dung dich nude natri bicacbonat bdo hoa
sau d6 14 nuée mudi, 1am khé (magie sulfat), va c6 trong chan khong. Tinh ché bang sic
ky nhanh ty dong pha ddo (CombiFlash Rf, cot C18 13g RediSep) tach rira voi gradien
5 — 95% axetonitril (pH 4; axit formic) trong nuéc (pH4; axit formic) tao ra san pham
mong mudn 1a thity tinh mau vang (48 mg, 0,08 mmol, 59%).

LC/MS (C29H29N703S,) 588 [M+H]"; RT 1,31 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) § 11,02 (br s, 1H), 7,90 (br s, 1H), 7,59 (br s +
s, 2H), 7,44 — 7,28 (m, 6H), 7,21 (t, ] = 7,5 Hz, 1H), 4,52 (s, 2H), 4,51 — 4,46 (m, 1H),
4,37 -4,28 (m, 2H), 4,20 (q, J = 7,1 Hz, 2H), 4,01 — 3,96 (m, 2H), 3,66 (s, 3H), 2,45 (s,
3H), 1,27 (t,J=7,1 Hz, 3H).

Budc C: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-[3-(benzyloxy)azetidin-1-yl]-1,3-thiazol-4-carboxylic

Dung dich chira san pham tir Buéc B (48 mg, 0,08 mmol, 1 duong lwong) trong
1,4-dioxan (4 mL) dugc bd sung lithi hydroxit monohydrat (17,1 mg, 0,41 mmol, 5
duong lwong) va hdn hop duoc gia nhiét & 100 °C qua dém. Phan tng dugc dé ngudi
dén nhiét 36 méi trudng va cd trong chan khong. Can duoc nghién trong nudc, loc, va
1am kho dudi chan khong dé tao ra san pham mong mudn 14 chat rin mau be (33,2 mg,
0,06 mmol, 73%) [ dang mudi lithi].

HRMS-ESI (m/z) [M+H]+ tinh toan d6i véi C27H26N703S2: 560,1533, phat
hién 560,1531.

303



48508 304/598

Vi du 69: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-(3-phenoxyazetidin-1-yl)-1,3-thiazol-4-carboxylic
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Budc A: etyl 2-[metyl(5-metyl-6-{[(2Z)-3-{[2-(trimetylsilyl) etoxy]metyl}-2, 3-
dihydro-1,3-benzothiazol-2-yliden]amino}pyridazin-3-yl)amino]-5-(3-
phenoxyazetidin-1-yl)-1,3-thiazol-4-carboxylat

Lo duogc say kho trong ti sdy dwoc bd sung san pham tir Vi du didu ché 11b (100
mg, 0,16 mmol, 1 dwong luong), 3-phenoxy-azetidin hydroclorua (58,4 mg, 0,31 mmol,
2 duong lugng), xesi cacbonat (154 mg, 0,47 mmol, 3 duong lugng), va 1,4-dioxan (4
mL). Hén hop duge phun rira bang nito (10 phit) va rac-BINAP Pd G3 (15,6 mg, 0,02
mmol, 0,1 duong lugng) duoc bd sung vao va hon hop duoc gia nhiét & 100 °C trong 24
h. Phan img duoc pha lofing véi etyl axetat, rira bang nudc tiép d6 1a nudc mudi, lam
kho (magie sulfat), va cb trong chan khong. Tinh ché bang sic ky cot nhanh ty dong
(CombiFlash Rf, 12 g RediSep™ hop silic oxit) tdch rira v4i gradien 0 — 50% etyl axetat
trong iso-heptan tao ra san phim mong mudn 13 thiy tinh mau vang (55,7 mg, 0,08
mmol, 50%).

LC/MS (C33H41N704Si1S;) 704 [M+H]"; RT 1,60 (LCMS-V-B1)

TH NMR (400 MHz, DMSO-d6) § 7,82 (d, 1H), 7,59 (d, J = 1,1 Hz, 1H), 7,51 —
7,39 (m, 2H), 7,39 — 7,30 (m, 2H), 7,29 — 7,20 (m, 1H), 7,00 (tt, J = 7,4, 1,1 Hz, 1H),
6,91 (dt,J=7,7, 1,1 Hz, 2H), 5,85 (s, 2H), 5,16 (tt, J = 6,6, 3,8 Hz, 1H), 4,62 — 4,53 (m,
2H), 4,22 (q, J = 7,1 Hz, 2H), 4,18 — 4,09 (m, 2H), 3,73 (dd, J = 8,5, 7,5 Hz, 2H), 3,69
(s, 3H), 2,45 (d, J = 1,0 Hz, 3H), 1,28 (t, J = 7,1 Hz, 3H), 0,97 — 0,88 (m, 2H), 0,00 (s,
9H).

Budc B: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino[-5-metylpyridazin-3-
yl}(metyl)amino)-5-(3-phenoxyazetidin-1-yl)-1,3-thiazol-4-carboxylat

Axit trifloaxetic (1 mL, 13,4 mmol, 170 duwong lugng) duoc bd sung vao dung
dich duoc khqu chira san phém to Bude A (55,7 mg, 0,08 mmol, 1 duong luong) trong

diclometan (3 mL) va hdn hop duoc khudy & nhiét 36 méi truong qua dém. Phan tng
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dugc pha lodng véi diclometan, rira bang dung dich nudc natri bicacbonat bao hoa sau
d6 1a nuéc mubi, 1lam kho (magie sulfat), va c6 trong chan khong. Tinh ché bang sic ky
nhanh ty dong pha dao (CombiFlash Rf, cdt C18 13g RediSep) tach rira véi gradien 5 —
95% axetonitril (pH4; axit formic) trong nude (pH 4; axit formic) tao ra san pham mong
mudn 13 thay tinh mau vang (20,4 mg, 0,04 mmol, 45%).

LC/MS (C23H27N703S2) 574 [M+H]'; RT 1,31 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 7,92 (br s, 1H), 7,60 (br s + s, 2H), 7,41 —
7,30 (m, 3H), 7,21 (s, 1H), 7,01 (tt, J = 7,4, 1,1 Hz, 1H), 6,91 (dt, J = 7,8, 1,1 Hz, 2H),
5,16 (tt, J = 6,5, 3,7 Hz, 1H), 4,62 — 4,53 (m, 2H), 4,22 (q, J = 7,1 Hz, 2H), 4,17 — 4,10
(m, 2H), 3,68 (s, 3H), 2,45 (s, 2H), 1,28 (t, J = 7,1 Hz, 3H).

Budc C: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-(3-phenoxyazetidin-1-yl)-1,3-thiazol-4-carboxylic

Dung dich chtra san pham tir Budc B (20 mg, 0,03 mmol, 1 dwong lugng) trong
1,4-dioxan (3 mL) duoc bd sung lithi hydroxit monohydrat (7,31 mg, 0,17 mmol, 5
duwong luong) va hdn hop duoc gia nhiét & 100 °C qua dém. Phan tng duoc dé ngudi
dén nhiét d6 méi trudng, ¢ trong chan khéng, nghién véi nudc, loc, va lam khé dudi
chan khong dé tao ra san phdm mong mudn 1a chat ran mau be (11,2 mg, 0,02 mmol,
59%) [¢ dang mudi lithi].

HRMS-ESI (m/z) [M+H]+ tinh toan d6i v6i Ca6H2aN703S2: 546,1377, phét
hién 546,1381.

Vi du 70: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl} (metyl)amino)-5-[(3:5)-3-(benzyloxy)pyrolidin-1-yl]-1,3-thiazol-4-carboxylic
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Buoc A: etyl 5-[(3S)-3-(benzyloxy)pyrolidin-1-yl]-2-[metyl(5-metyl-6-{[(2Z)-3-
{[2-(trimetylsilyl) etoxy[metyl}-2,3-dihydro-1,3-benzothiazol-2-
yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat
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Lo duoc 1am kho trong ti siy dugc bd sung san pham tir Vi du diéu ché 11b (200
mg, 0,31 mmol, 1 duong lugng), (S)-3-benzyloxy-pyrolidin hydroclorua (135 mg, 0,63
mmol, 2 duong lugng), xesi cacbonat (308 mg, 0,94 mmol, 3 duong lugng), va 1,4-
dioxan (8 mL). Hon hop duoc phun rira bang nito (10 phit) trude khi bd sung rac-
BINAP Pd G3 (15,6 mg, 0,02 mmol, 0,05 duong lugng) va hén hop duge gia nhiét &
100 °C trong 24 h. Phan tng duoc pha lodng vdi etyl axetat, sau d6 rua bang nudc tiép
d6 12 nuéc mudi, 1am kho (magie sulfat), va c6 trong chin khong. Tinh ché bang sic ky
¢t nhanh ty dong (CombiFlash Rf, 12 g RediSep™ hdp silic oxit) tdch rira v6i gradien
0 — 50% etyl axetat trong iso-heptan tao ra san phim mong mudn 13 bot mau vang (113
mg, 0,15 mmol, 49%).

LC/MS (C36H4sN704SiS2) 732 [M+H]"; RT 1,54 (LCMS-V-B1)

'H NMR (400 MHz, DMSO0-d6) & 7,82 (d, 1H), 7,57 (d, 1H), 7,49 — 7,40 (m,
2H), 7,36 — 7,31 (m, 4H), 7,31 — 7,22 (m, 2H), 5,84 (s, 2H), 4,60 — 4,48 (m, 2H), 4,30
— 4,26 (m, 1H), 4,25 —4,17 (m, 2H), 3,71 (t, 2H), 3,68 (s, 3H), 3,64 — 3,52 (m, 2H), 3,48
— 3,36 (m, 2H), 2,44 (d, ] = 1,0 Hz, 3H), 2,14 (s, 2H), 1,29 (t, J = 7,1 Hz, 3H), 0,97 -
0,38 (m, 2H), 0,00 (s, 9H).

Buéc B: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metjyl)amin0)-5-[(3S)-3-(benzyloxy)pyrolidin-l-yl]-],3-thiazol-4-carb03qylat

Axit clohydric (4M trong 1,4-dioxan; 4 mL, 16 mmol, 104 duong luong) duge
bd sung vao dung dich dugc khuiy chira san pham tir Buéc A (113 mg, 0,15 mmol, 1
duong lugng) trong 1,4-dioxan (5 mL) va hdn hop duoc khuéy 6 40 °C qua dém. Phan
ung dugc pha lodng véi etyl axetat, raa bang dung dich nudc natri bicacbonat bio hoa
sau d6 1a nude mudi, lam kho (magie sulfat), va co trong chan khong. Tinh ché bang sac
ky cot nhanh tu dong (CombiFlash Rf, 12 g RediSep™ hdp silic oxit) tach rura voi
gradien 0 — 5% metanol trong diclometan tao ra san phiam mong mudn 13 thiy tinh mau
vang (83 mg, 0,14 mmol, 89%).

LC/MS (C30H31N703S2) 602 [M+H]"; RT 1,32 (LCMS-V-BI)

"H NMR (400 MHz, DMSO-d6) & 10,96 (br s, 1H), 7,96 (br s, 1H), 7,60 (br s +
s, 2H), 7,42 — 7,23 (m, 5H), 7,21 (s, 2H), 4,61 — 4,48 (m, 2H), 4,33 — 4,26 (m, 1H), 4,25
— 4,16 (m, 2H), 3,73 (dd, J = 11,4, 4,6 Hz, 1H), 3,67 (s, 3H), 3,64 — 3,53 (m, 1H), 3,45
—3,36 (m, 2H), 2,45 (s, 3H), 2,26 — 2,05 (m, 2H), 1,29 (t, J = 7,1 Hz, 3H).
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Budc C: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-[(3S)-3-(benzyloxy)pyrolidin-1-yl]-1,3-thiazol-4-carboxylic

Dung dich chtra san pham tir Budce B (83 mg, 0,14 mmol, 1 duong luong) trong
1,4-dioxan (8 mL) dwoc b6 sung lithi hydroxit monohydrat (28,9 mg, 0,69 mmol, 5
duong lwong) va hdn hop duge gia nhiét & 100 °C qua dém. Phan tmg dugc dé ngudi
dén nhiét d6 mdi trudng va cd trong chin khong, nghién voi nuée, loc, va lam kho dudi
chan khong & tao ra san phdm mong mudn 12 chit rdn mau vang (65,6 mg, 0,11 mmol,
83%).

HRMS-ESI (m/z) [M+H]+ tinh todn d6i v6i CasHasN703S2: 574,1690, phat
hién 574,1687.
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Vi du 71: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-

yl} (metyl)amino)-5-[(3R)-3-(benzyloxy)pyrolidin-1-yl]-1,3-thiazol-4-carboxylic
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Budc A: etyl 5-[(3R)-3-(benzyloxy)pyrolidin-1-yl]-2-[metyl(5-metyl-6-{[(2Z)-
3-{[2-(trimetylsilyl)etoxy[metyl}-2,3-dihydro-1,3-benzothiazol-2-
yliden]amino}pyridazin-3-yl)amino]-1,3-thiazol-4-carboxylat

Lo duoc siy kho trong ti sdy dugc bd sung san pham tir Vi du didu ché 11b (200
mg, 0,31 mmol, 1 dwong lugng), (R)-3-benzyloxy-pyrolidin hydroclorua (135 mg, 0,63
mmol, 2 duong luong), xesi cacbonat (308 mg, 0,94 mmol, 3 duong lugng), va 1,4-
dioxan (8 mL). Hon hop duoc phun ria bang nito (10 phit) trude khi bd sung rac-
BINAP Pd G3 (31,2 mg, 0,03 mmol, 0,1 duong lugng) va hdn hop duogc gia nhiét & 100
°C trong 24 h. Phan ung dugc pha lodng véi etyl axetat, rira bang nudce tiép d6 1a nudc
mubi, 1am kho (magie sulfat), va co trong chan khong. Tinh ché bé’mg sac ky cot nhanh
tu dong (CombiFlash Rf, 12 g RediSep™ hop silic oxit) tach rira v6i gradien 0 — 50%
etyl axetat trong iso-heptan tao ra san phdm mong mudn la thity tinh mau vang (101 mg,
0,14 mmol, 44%).
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LC/MS (C36HasN704Si1S2) 732 [M+H]"; RT 1,55 (LCMS-V-B1)

'H NMR (400 MHz, DMSO-d6) & 7,82 (d, 1H), 7,57 (d, J= 1,1 Hz, 1H), 7,49 —
7,38 (m, 2H), 7,36 — 7,31 (m, 4H), 7,30 — 7,21 (m, 2H), 5,84 (s, 2H), 4,60 — 4,47 (m,
2H), 4,32 — 4,25 (m, 1H), 4,25 — 4,16 (m, 2H), 3,77 — 3,68 (m, 2H), 3,67 (s, 3H), 3,62 —
3,52 (m, 2H), 3,45 — 3,36 (m, 2H), 2,43 (s, 3H), 2,22 - 2,09 (m, 2H), 1,29 (t, ] =7,1 Hz,
3H), 0,91 (dd, J = 8,4, 7,5 Hz, 2H), 0,00 (s, 9H).

Budc B: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-[(3R)-3-(benzyloxy)pyrolidin-1-yl-1,3-thiazol-4-carboxylat

Axit clohydric (4M trong 1,4-dioxan; 4 mL, 16 mmol, 117 duong luong) dugc
bd sung vao dung dich duoc khudy chira san pham tir Buc A (101 mg, 0,14 mmol, 1
duong luong) trong 1,4-dioxan (5 mL) va hén hop dugce khudy ¢ 40 °C qua dém. Phan
ung duoc pha lodng véi diclometan, rira bang dung dich nuéc natri bicacbonat bao hoa
sau d6 1a nude mudi, lam kho (magie sulfat), va o trong chan khéng. Tinh ché bang sic
ky cot nhanh tw dong (CombiFlash Rf, 12 g RediSep™ hdp silic oxit) tich rira véi
gradien 0 — 5% metanol trong diclometan tao ra san phim mong muén 12 gém mau vang
(80 mg, 0,13 mmol, 97%).

LC/MS (C30H31N70sS,) 602 [M+H]"; RT 1,32 (LCMS-V-B1)

"H NMR (400 MHz, DMSO-d6) 10,98 (br s, 1H), 7,91 (s, 1H), 7,60 (br s +s,
2H), 7,42 17,11 (m, 7H), 4,60 — 4,48 (m, 2H), 4,33 —4,27 (m, 1H), 4,27 - 4,13 (m, 2H),
3,67 (s, 3H), 3,63 — 3,55 (m, 2H), 3,42 (td, J = 9,3, 8,7, 3,4 Hz, 2H), 2,46 (s, 3H), 2,25
—2,06 (m, 2H), 1,30 (t, J = 7,1 Hz, 3H).

Budc C: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-[/(3R)-3-(benzyloxy)pyrolidin-1-yl]-1,3-thiazol-4-carboxylic

Dung dich chira san phdm tir Buéc B (80 mg, 0,13 mmol, 1 dwong luong) trong
1,4-dioxan (5 mL) duoc bd sung lithi hydroxit monohydrat (28 mg, 0,67 mmol, 5 duong
lugng) va hdn hop duoc gia nhiét & 100 °C qua dém. Phan Gmg duoc dé ngudi dén nhiét
d6 moi truong va c6 trong chan khong, nghién véi nuéce, loc, va lam kho duéi chan
khong dé tao ra san phadm mong mudn 12 chat rin mau vang (50,1 mg, 0,09 mmol, 65%)
[& dang mudi lithi].

HRMS-ESI (m/z) [M+H]+ tinh toan d6i v6i C2sH2sN703S2: 574,1690, phat
hién 574,1723.
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Vi du 72: axit 2-({6-[(1,3-Benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl} (metyl)amino)-5-(3-hydroxyazetidin-1-yl)-1,3-thiazol-4-carboxylic
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Budc A: etyl 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-(3-hydroxyazetidin-1-yl)-1,3-thiazol-4-carboxylat

Dung dich chtra san phém tir Vi du 68, Buwée B (94,2 mg, 0,16 mmol, 1 duong
lugng) trong diclometan (5 mL) duoc lam lanh xudng -78 °C va bo triclorua (1M trong
diclometan; 0,48 mL, 0,48 mmol, 3 duong luong) dugc bd sung vao tu tu. Hén hop
duoc gitr ¢ -78 °C trong 1 h, sau do6 dugc dé 4m dén nhiét 46 mai truong trong 2 h. Phin
g duoc 1am dimg bang cach b6 sung dung dich nuéce natri bicacbonat béo hoa sau d6
duoc chiét bang diclometan (x2) tiép d6 1a 3:1 diclometan / isopropanol, va cac chit
chiét hitu co thu gom dugc lam kho (magie sulfat) va co trong chan khong. Tinh ché
bang sic ky cot nhanh ty dong (CombiFlash Rf, 12 g RediSep™ hop silic oxit) tich rira
v6i gradien 0 — 6% metanol trong diclometan tao ra san pham mong mudn 13 chét ran
mau vang (13,4 mg, 0,03 mmol, 17%).

LC/MS (C22H23N703S2) 498 [M+H]"; RT 1,00 (LCMS-V-B1)

'"H NMR (400 MHz, DMSO-d6) 8 7,87 (d, J = 7,7 Hz, 1H), 7,56 (s, 1H), 7,51
(br s, 1H), 7,41 — 7,32 (m, 1H), 7,18 (t, J = 7,6 Hz, 1H), 5,75 (d, 1H), 4,55 (h, J = 6,0
Hz, 1H), 4,40 — 4,31 (m, 2H), 4,21 (4, J = 7,1 Hz, 2H), 3,88 — 3,80 (m, 2H), 3,65 (s, 3H),
2,43 (s, 3H), 1,28 (t, J = 7,1 Hz, 3H).

Buwdc B: axit 2-({6-[(1,3-benzothiazol-2-yl)amino]-5-metylpyridazin-3-
yl}(metyl)amino)-5-(3-hydroxyazetidin-1-yl)-1,3-thiazol-4-carboxylic

Dung dich chtta san phém tir Bude C (13,4 mg, 0,03 mmol, 1 dwong luong) trong
1,4-dioxan (5 mL) dugc bd sung lithi hydroxit monohydrat (5,65 mg, 0,13 mmol, 5
duong lugng) va hdn hop duogc gia nhiét & 100 °C qua dém. Phan tmg duoc d