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CHAT NAY, VA PHUONG PHAP DIEU CHE HOP CHAT NAY

(57) Sang ch€ dé cap dén hop chét c6 cong thic (I) hoac mudi duge dung hoac

solvat dugc dung, chét dong phan hé bién, chdt dong phan lap thé hodc hén hop

céc chat dong phan 1ap thé clia né theo ty 1¢ bat ky, nhu hén hop céc chit dong

phan doi anh, t6t hon né€u hén hgp raxemic; duge phdm chita hop chét nay; va

phuong phép diéu ché€ hop chat nay.
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Linh vire k§ thuit dwoc dé cap

Séang ché dé cap dén hop chét azaindazol va diazaindazol hai vong ngung tu; dugce

phdm chira hop chét nay; va phuong phap didu ché hop chét nay.
Tinh trang k¥ thuit ciia sing ché

Protein kinaza 1a enzym d6ng vai trd quan trong trong truyén tin hiéu té bao.
Protein kinaza tham gia vao céc qué trinh sinh 1y, nhu ting sinh, giam phén, biét hoa,

xam l4n, di chuyén va gay chét té bao theo chuong trinh.

Su mét diéu hoa cac co ché sinh 1y do protein kinaza kiém so4t 13 nguyén nhan
gdy ra nhiéu bénh ly, dic biét 13 bénh ung thu. Pic biét 13 nhiéu gen sinh ung thu va gen

tién ung thu ma hoa protein kinaza.

Do d6, enzym ndy dong vai trd quan trong trong cic giai doan phét trién khac

nhau ciia khéi u va 1a dich quan trong dé diéu tri bénh ung thu.

Céc thuy thé tyrosin kinaza 1a nhém enzym protein kinaza dic biét, c6 thé bao gdm
ALK, EGFR, Her2, PDGFR, Kit, VEGFR, IGFR, FGFR, Trk, Axl, Mer, Met, Ron va
Ret. Trong phan nhém ne‘ly,~ ALK 1 dich twong d6i dic biét do bj bién dbi gen trong mot
s6 bénh 1y khdi u, do d6 c6 dic tinh sinh khdi u. Chinh xac hon, su chuyén vi nhiém sic
thé tao ra protein kinaza dung hgp (ALK-X) ma sau d(’) dugc hoat héa va gdy ung thu.
ALK & dang sinh ung thu duogc biéu hién béi cac bénh ly khéi u khac nhau thudc cac loai
md khéc nhau. Do d6, cac bénh 'ly'néy phu thudc vao ALK. ALK ¢ dang sinh ung thu chi
tdn tai trong té bao ung thu va khong dugc bidu hién & t& bao binh thuong. Do d9, protein
kinaza ndy la dich dic hiéu md khdi u phu thuéc ALK ddng thoi gitip cho mé khée manh
khoi bi nhiém doc (Ott GR. et al., Anticancer Agents Med. Chem., 2010, 10(3), 236-49).

Mot sb truong hop chuyén vi nhiém sic thé tao ra ALK, lién quan dén cac bénh
ung thu, dd duoc ghi nhén. Vi duy, protein dung hgp NPM-ALK c6 lién quan dén u
lympho té bio 16n giam biét héa ma céc thube cb hiéu qué diéu trj t6i wu van dang duoc
phat trién. Tuong ty, protein dung hop EML4-ALK lién quan dén sy phat trién khéi u &
mot sd hguéi bénh ung thur phéi té bao khoéng nhé. Ciing quan sat thdy dang do6t bién cia
ALK & u nguyén bao thin kinh.
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c-Src ciing 14 protein kinaza c6 trang thai hoat hod ty 1€ nghich véi kha ning séng
s6t ciia ngudi bénh ung thu, bao gdm ngudi bénh ung thu phdi té bao khoéng nho (Byers
L.A. et al., Clin. Cancer Res. 2009, 15(22), 6852-6861).

Do tham gia vio nhiéu qua trinh quan trong nhu tién trién chu trinh t& bao, bam
dinh, ting sinh, di chuyén va kiém soat co ché gay chét té bao theo chuong trinh, nén

protein nay ciing dugc coi 12 dich quan trong trong diéu tri bénh ung thu.

Cu thé, viéc trc ché dich nay bing ca phuong phép hoa sinh 14n duoc ly, d4 tao ra
céc tac dung c6 lgi, nhu 1am gidm ting sinh t& bao, 1am ngimg chu trinh gidm phan va
1am cham phat trién khéi u in vivo. Trong bénh ung thu phéi t& bao khong nho, viée tc
ché c-Src bai dasatinib d4 tao ra tac dung ngan ngira su di chuyén va xdm nhép cia té bao

ung thu in vitro.

Tuy nhién, viéc kiém soat ting sinh t& bao khdi u bang cach irc ché riéng c-Src chi
gdly ra dap tmg dugc 1y mdt phan va/hodic tam thoi.

Do d6, van cin c6 hop chét trc ché co kha nang can thi€p vao mat sb dich, cu thé
mot sd dich trong qué trinh truyén tin hiéu, c¢6 hiéu quéa diéu tri bénh cao hon va khong
can ting lidu, va tao ra tinh khang thudc hogc khoéng tuan tha phac d6 didu tri.

Ban chit ky thuit ciia sang ché

Hop chit theo sang ché c6 kha ning trc ché hodc didu hoa hoat tinh cta protein
kinaza néi chung va ALK va c-Src néi riéng. Do d6, hop chit nay c6 thé dugc sir dung dé
diéu tri bénh ting sinh, nhu bénh ung thu.

Hop chét nay ciing c¢6 thé duge st dung dé diéu trj bénh viém hodc bénh & hé than

kinh trung wong.

Cu thé, sang ché @ cap dén hop chit c6 cong thirc (I):
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M

hoic mubi duoc dung hodc solvat dugc dung, chit ddng phan hd bién, chit ddng
phén 13p thé hogc hdn hop céc chit ddng phan 14p thé cua né theo ty 18 bt ky, nhu hdn
hop cac chit ddng phan dbi anh, t5t hon néu hén hop raxemic,

trong do:

Y, va Y4 ddc 1ap véi nhau 1a CH hodc nguyén tir nito,

Y, 1a nito hoidc CH hdéc C-X-Ar,

Y3 1a nito hodc C-X-Ar hodc C-W,

v6i diéu kién 1a:

it nhét mot va nhidu nhét 14 hai trong s6 cac nhém Y1, Yy, Y3, va Y, 14 nito,
Y, va Y, khong ddng thi 1a nito,

khi Y, l1a C-X-Ar, thi Y; 1a nito hodc C-W, va

khi Y; 12 C-X-Ar, thi Y, 14 nito hoic CH,

Ar 13 aryl hoic heteroaryl tuy y dugc thé bang mot hodc nhiéu phéan tir thé dugc
chon tr nguyén t& halogen, (C;-Cg)alkyl, (C,-Ce)haloalkyl, (C;-Cg)haloalkoxy,
(Ci-Ce)halothioalkoxy, CN, NO,, OR;y;, SRy, NRj3Ry4, COR; 5, CONR6R;7, SOR;s,
SO,NR;9R), COR3;1, NRy»CORj3, NR2sSO5R;5, va RysNR,7Ryg va/hodc tuy y duge dung
hop véi di Vc‘)ng,

X 1a nhém héa tri ha1 dugc chon tir O, S, S(0), S(O),, NRy, S(NRy), S(O)(NR4)

S(0)1(NRy), NR,S, NR,S(O), NR4$(O)2, CH,, CH,S, CH,S(0), CH;S(O),, SCH,
S(O)CH,, 8(0),CH,, CH,CH,, CH=CH, C=C, CH,0, OCH,, NR,CH,, vd CH,NR,,

W 1a Rs, SRs, ORs hodc NRsRg,

U 1a CH, hoiic NH, mot hoic nhiéu nguyén tir hydro c6 thé dugc thé bﬁng (Ci-
Ce)alkyl,

V 1a C(O), C(S) hodc CH,,

n b::fmg 0 hoac 1,

R; 14 hydro, hodc OR; hoac NR;Rg,
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R; 12 hydro, dj vong ty ¥ dugc thé, NO, ORghoic NRgR,

R3, Ry, cac nhém tir Ry; dén Rys va tir Ry; dén Ryg doc lap v6i nhau 1a nguyén tir
hydro hodc (C;-Cg)alkyl,

Rs va R doc 1ap v6i nhau 13 hydro hodc (C-Cg)alkyl, aryl tiy ¥ duogc thé hodc
benzyl tity y dugc thé,

Rz, Rg, Ry va Ryp doc 1dp v6i nhau 13 hydro hodc (C;-Cg)alkyl hodc (Cs-
Crp)xycloalkyl tity y duge thé hodc di vong tity ¥ duge thé, va

R26 l1a (CI-C6)alkyl.
M6 ta chi tiét sang ché

Trong cac dinh nghia truéc day, c6 thé két hop céac phan tir thé hodc cac bién sé

mién 14 chiing tao ra hop chit bén.
Thuat ngir “halogen” dugc st dung trong ban mé ta dé chi flo, clo, brom hodc iot.

Thudt ngit “(C;-Cq) alkyl” dugc st dung trong ban md ta dé chi chudi
hydrocacbon no, mach thing hodc mach nhénh, chira 1 dén 6 nguyén tir cacbon. Vi du v&
(C1-Ce) alkyl bao gdm metyl, etyl, propyl, isopropyl, butyl, isobutyl, butyl bac hai, tert-
butyl, pentyl hozjc hexyl.

Thudt ngir “(C;-Cg)alkoxy” dugc sir dung trong ban md ta dé chi chudi (C;-Cq)
- alkyl dugc lién két v6i phin con lai cla phan tir nhy nguyén tir oxy. Vi du v& (C;-

Cg)alkoxy bao gdbm metoxy, etoxy, propoxy, isopropoxy, butoxy hodc terz-butoxy.

Thuat ngir “(Cl-C6)thioa1k0xy”_ dugce str dung trong ban mo ta @& chi chudi (C1-Cy)
alkyl dugc lién két v6i phan con lai ciia phén tir nhé nguyén tir luu huynh. Vi du vé (C;-
Cg)thioalkoxy bao gbém thiometoxy, thioetoxy, thiopropoxy, thioisopropoxy, thiobutoxy

hodc thio-fert-butoxy.

~

Thuét ngit “(C;-Ce)haloalkyl” duge st dung trong ban md ta dé chi chudi (C;-Ce)
alkyl nhu néu trén, trong 46 mot hodc nhiéu nguyén tir hydro duge thé bang nguyén tir
halogen. Vi du vé (C;-Ce)haloalkyl bao gdm triflometyl.

~

Thuét ngit “(C;-Ce)haloalkoxy” duge sit dung trong ban mé ta dé chi chudi (C;-
Cg)alkoxy nhu néu trén, trong d6 mot hogic nhiéu nguyén tir hydro dugc thé béng nguyén
tr halogen nhu néu trén. Vi dy vé (C-Ce)haloalkoxy bao gdm triflometoxy.

-5-
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Thuét ngir “(C;-Ce)halothioalkoxy” dugc st dung trong ban md ta dé chi chudi
(C1-Ce)thioalkoxy nhu néu trén, trong 6 mot hogc nhiéu nguyén tir hydro dugc thé bing
nguyén tir halogen. Vi du vé (C1-Ce)halothioalkoxy bao gdm triflothiometoxy.

Thuit ngit “(Cs-Cip)xycloalkyl” duge st dung trong ban mé ta dé chi hé
hydrocacbon mach vong, chira 3 &n 12 nguyén tir cacbon va chira mét hodc nhidu vong,
cu thé 1a vong ngung tu. Vi du vé (C3-Cpp)xycloalkyl bao gém adamantyl hodc
xyclohexyl.

Thuat ngit “aryl” dugc st dung trong ban mé ta d& chi nhém hydrocacbon thom,
t6t hon néu chira 6 dén 14 nguyén tir cacbon va chira mdt hoic nhiéu vong ngung tu, vi

du phenyl hogc naphtyl. Tt hon néu, nh6m aryl 13 phenyl.

Thuat ngir “heteroaryl” ducjc sir dung trong ban mé ta dé chi nhém thom don vong
chira 5 dén 7 nguyén tir thude vong hodc nhém thom hai vong chira 8 dén 11 nguyén ti
thudc vong, trong d6 1 dén 4 nguyén tir thude vong 1a nguyén tir khac loai doc lap duoc
chon tir nguyén tir Iuu huynh, nito va oxy, trong d6 cac nguyén tir con lai thudc vong 1a.
nguyén tir cacbon. Vi du' vé nhém heteroaryl bao gbm furyl, thienyl, pyridinyl, va

benzothienyl.

Thuat ngit “dj vong” dugc sir dung trong ban mé ta dé chi vong don 6n dinh chira
4 dén 7 nguyén tir vong, hodc vong d6i én dinh chira 8 dén 11 nguyén tir vong, ¢6 thé bao
hoa hdaflc chua bdo hoa, trong d6 1 dén 4 nguyén tir vong 1a nguyén tir khic loai doc lap
dugc chon tir nguyén tir luu huynh, nito va oxy, va trong d6, cic nguyén tir vong con lai
1 nguyén tir cacbon. Vi du v& nhém di vong bao gdm furan, pyrol, thiophen, thiazol,
isothiazol, oxadiazol, imidazol, oxazol, isbxazol, pyridin, piperidin, pyrazin, piperazin,
tetrahydropyran, pyrimidin, quinazolin, quinolin, quinoxalin, benzofuran, benzothiopheﬁ,
indolin, indolizin,  benzothiazol, = benzothienyl, = benzopyran,  benzoxazol,
benzo[1,3]dioxol, benzisoxazol, benzimidazol, croman, cromen, dihydrobenzofuran,
dihydrobenzothienyl, dihydroisoxazol, isoquinolin, dihydrobenzo[1,4]dioxan,
imidazo[1,2-a]pyridin, furo[2,3-c]pyridin, 2,3-dihydro-1H-inden, [1,3]dioxolo[4,5-
clpyridin,  pyrolo[1,2-c]pyrimidin,  pyrolo[1,2-a]pyrimidin, tetrahydronaphtalen,

benzo[b][1,4]oxazin.

Thuit ngit “tuy y dugc thé” duge str dung trong ban mé ta dé chi nhém tuy y dugc
thé bang mét hoic nhidu phdn tir thé c6 thé dugc chon tir nguyén tr halogen, (Ci-

-6-
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Ce)alkyl, (Ci-Ce)haloalkyl, (C;-Ce)haloalkoxy, (C;-Cg)halothioalkoxy, CN, NO,, OR;;,
SRi2, NRy3Ryy, CO2Rjs, CONRj¢R;7, SO;Rjs, SONRj9Rz, CORjy;, NRy;CORys,
NR24SO,R 5, va RyNR,7R,, trong d6 Ry dén Ry duge dinh nghia nhu néu trén.

Thuét ngir “dwoc dung” dugc st dung trong ban mo ta dé chi hop chét an toan,
khong doc va khong gy ra tic dong v& mit sinh hoc hodc tac dung khong mong mudn

khac c6 thé ding @& bao ché dugc phdm cho dong vat va nguoi.

Thuét ngit “mudi dugc dung hodc solvat duge dung ctia hop chit” dugc sir dung
trong ban mé ta dé chi mubi va solvat duge dung co6 hoat tinh dugc ly mong mudn cia

hop chit gbc.

Mudi duge dung cia céc hop chit theo sang ché bao gdm muébi khong doc thong

- thudng clia hop chét theo sang ché nhu mudi duge didu ché tir axit hitu co hodc vd co
dugc dung hodc tir bazo hitu co hodc vo co duge dung. Vi du vé mudi theo sang ché bao
gdbm mubi dugc didu ché tir axit vé6 co nhu axit clohydric, axit bromhydric, axit
phosphoric va axit sulfuric, va mudi dugc didu ché tir cdc axit hitu co nhu axit axetic, axit
trifloaxetic, axit propionic, axit sucxinic, axit fumaric, axit malic, axit tartaric, axit xitric,
axit ascorbic, axit male'ic, axit glutémic, axit benzoic, axit salicylic, axit toluensulfonic, .
axit metansulfonic, axit stearic va axit lactic. Vi du v& mudi theo sang ché bao gdm mudi
dugc diéu ché tir bazo v co nhu natri cacbonat, kali cacbonat hodc canxi hydroxit va

muoi dugc di€u che tir bazo hitu co nhu lysin hodc arginin.

Céac mubi ndy cb thé dugc tong hop tir hop chét theo séng ché chira m6t phén bazo

hodc axit va axit hodc bazo tuong ng theo phuong phéap da biét trong linh vyc nay.

Solvat dugc dung ciia cac hop chit theo sang ché, bao gbm solvat thong thuong
nhu solvat dugc tao ra trong budc cubi cing ciia quy trinh didu ché hop chét theo sang
ché do su c6 mit cia dung méi. Vi du v& cac solvat cia hop chét theo sang ché bao gdm

solvat dugrc tao ra do sy c6 mat ciia nude hodc etanol.
Thuét ngir “chit déng phan 1ap thé” duogc sir dung trong ban mo ta dé chi chét
d6ng phén hinh hoc hoic chét dong phan quang hoc.

Céc chit ddng phan hinh hoc thu dugc tir vi tri khéc nhau cia céc phén tir thé trén

mot lién két doi, c6 thé c6 céu hinh Z hogc E.
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T6t hon néu chit ddng phan quang hoc thu dugc tir cic vi tri khac nhau trong
‘khong gian ctia cac phan tir thé trén nguyén tir cacbon chtra bén phan tir thé khac nhau.
Do d6, nguyén tir cacbon ndy tao ra mot tim bit dbi hoic khong dbi xtmg. Chit dong
phan quang hoc bao gém chét dng phan khong dbi quang va chét ddng phan dbi anh.
Céc chét dong phan quang hoc 1a anh qua guong ciia nhau nhung khong thé dit chdng
~ khit 1én nhau dugc goi 13 cic chit ddng phan d6i anh. Cac chit ddng phan quang hoc
khong phai 1a 4nh cta nhau qua guong goi 1a cac chit ddng phan khong dbi quang.

7
An’?

Thuit ngt “chét ddng phan hd bién” duoc st dung trong ban mé ta @& chi chét

ddng phan di ciu cia hop chét thu dwgc bing cach di bién proton, tirc 1a bing cach di
chuyén mét nguyén tir hydro va thay d6i vi tri cia mot lién két doi. Cac chét ddng phan
hd bién khac ‘nhau clia mot hop chit thuong c6 thé chuyén héa 13n nhau va cén bing
~ trong dung dich & céc ty 18 6 thé thay déi thy theo dung méi duge st dung, nhiét do
hodc @6 pH.

Theo phuong an thir nhét, Y, 1a N.
© Y, 12 C-X-Ar va tét hon néu Y; 1a C-W.

Cu thé 1a:

Y 1a CH hogc N, va tot hon néu Y, 1a CH,

Y, 15 C-X-Ar,

Y;1aC-W, va

Y,1aN.

Theo phuong an thir hai, Y; va/hoic Yy 14 nito.
| Trong trudng hop nay, t6t hon néu Y, va Y khong 13 nito.

Cu thé 1a:

Y, va/hodc Y, 1a N,

Y, 14 CH hoac C-X-Ar, va

Y; 1a C-W hodc C-X-Ar.
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Tbt hon néu, X 13 nhém héa tri hai dugc chon tir O, S, S(0), S(O),, NRy, CH,,
CH,S, CH,S(0), CH,S(0),, NHS(0),, SCH,, S(O)CH,, S(0),CH,, S(0),NH, CH,CH,,
CH=CH, C=C, CH,0, OCH,, NR4CH,, va CH,NRj,.

Pic biét 13, X 1a nhém héa tri hai duge chon tir S, S(0), S(O),, NRy, CH,, CH,S,
CH,S(0), CH,S(0),, NHS(0),, SCH,, S(O)CH,, S(0),CH,, S(O),NH, CH,CH,, C=C,
CH,0, OCH,, NR4CH,, vd CH,NR,. '

Cu thé hon, X c6 thé dugc chon tir S, S(O), S(O),, CH, CH,S, CH,S(O),
CH,S(0),, NHS(0),, SCH,, S(O)CH,, S(0),CH,, S(0),NH, CH,CH,, CH=CH, va C=C.

Cu thé 13, X ¢6 thé dugc chon tir S, S(0),, CH,, SCH,, S(0),CH,, S(O),NH,
CH,S, CH,S(0),, NHS(O),, CH,CH,, va C=C.

Tét hon néu X c6 thé duge chon tir S, S(0), S(O),, NRy, CH,, SCH,, S(O)CH,,
S(0),CH,, S(0),NH, CH,CH,, C=C, OCH,, va NR,CH,; t&t hon néu X duoc chon tir tir
S, S(O),, CH,, SCH,, S(0),CH,, S(O),NH, CH,CH,, va C=C, trong d6 nguyén tir diu

tién cta cidc nhém nay dugc li€n két vai nguyén tir C cia mach C-X-Ar.

\ i i |
Cu thé, X c6 thé 1a S, S(O),, SCH,, S(0),CH,, S(0),NH, CH,S, CH,S(O),, hoiic

NHS(O),, va t6t hon n_éu S, S(0),, SCH,, S(0),CH,, hodc S(O),NH, trong d6 nguyén tir

dau tién cua cac nhém nay dugec lién két véi nguyén tir C cia mach C-X-Ar.

T6t hon néu, Ar 1a nhém heteroaryl, nhu pyridin, hodc nhém aryl, nhu phenyl, tuy
y duogc thé béng mot hodc nhiéu phﬁn tr thé duge chon tir nguyén tr halogen, (C;-
Ce)alkyl, (C;-Ce)haloalkyl, (C;-Cg)haloalkoxy, (C;-Cg)halothioalkoxy, CN, NO,, ORU,
SRy2, NRj3Rys, COR;s, CONRjRy7, SO.Ry5, SONR9R5, COR;;, NR,,COR,3, va
NR24SO,R»5; va/hodce tuy y duge dung hop véi di vong.

Cu thé hon, Ar c6 thé 12 nhém aryl, nhu phenyl, tuy y dugc thé bing mot hodc
nhiéu phan tir thé dugc chon tir nguyén tir halogen, (C;-Ce)alkyl, (C;-Ce)haloalkyl, (C;-
Ce)haloalkoxy, (C;-Ce)halothioalkoxy, CN, NO,, OR;;, SRy, NR;j3Ris, CO,Rys,
CONR;6R17, SOzR 15, SO;NR9R29, CORj,1, NR,COR33, va NR,,SO,R 5.

Tét hon néu, Ar c6 thé 1a nhém aryl, nhu phenyl, tuy ¥ duoc thé bing mot hoic
nhiéu phén tir thé dugc chon tir nguyén tir halogen, (C;-C)alkyl, (C;-Ce)haloalkyl, va
CONR;R;7, va cu thé 13 tir nguyén tir halogen nhu flo, (C,-Cg)alkyl nhu metyl, va
CONR 4R ;7 nhu CONH,.



20026
Ar ciing c6 thé 13 pyridin.

Tot hon néu, Ar c6 thé dugc chon tir cac nhom sau:

F Cl
Ve Ng S Q;- Qé-
, , FOE' _F ol
Qg_ CF;
;- Qa- Q%-

To6t hon néu Ar dugc chon tir cac nhom sau:

F

F

F Cl HoN Cl
@g' 3- Qg' | ’ Qg' dFa
F > b CI ’ g_ ) CI s g-, Vé,
r N5
Cu thé, Ar dugc chon tir cdc nhém sau:
R Cl H,N
o)
- ¢ i Qg- ;

F , | , cl ,va i .
Tét hon néu Ar 1a nhém:

F

F

Tét hon néu W 13 Rs, SRs, ORs hodic NRsRg, va tét hon néu W 1a Rs, ORs hoiic
NRsR, trong d6 Rs va Rg doc 14p v6i nhau 1a hydro hodc (C;-Cg)alkyl.

Cu thé, W c6 thé 13 H, OMe, Me, OH hodc NH,, va tét hon néu H.

-10-
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T6t hon néu, R; 13 hydro.
Cu thé hon, U c6 thé 1a CH, hoc NH.
Tét hon néu, n bang 0.
Cu thé hon, V c6 thé 1a C(O) hogic C(S), va tét hon néu V 1a C(O).
Theo mét phuong 4n cu thé cia sang ché:
R;1aH,
U 1a CH, hodc NH,
V 1a C(O) hogc C(S), va tét hon néu V 1a C(0), va
n bang 0 hoic 1, va tét hon néu n bing 0.
Theo mot phuong 4n cu thé khéc cia sang ché:
V 1a C(O) hogc C(S), va tét hon néu V 1a C(0), va
n bang 0.
Theo mgt phuong an cu thé kh4c nita ciia sang ché:
R;1aH,
V 12 C(0) hoic C(S), va tét hon néu V 1a C(0), va
n bang 0. |

Cu thé hon, Ry c6 thé 1a hydro hoic NR;Rg, tdt hon néu trong d6, R 14 hydro va
t6t hon néu Ry 1a (C5-Cip)xycloalkyl tuy y dugc thé hoic di vong tlly y duge thé.

Cu thé, (C5-Cy)xycloalkyl ¢6 thé 13 xyclohexyl. Xyclohexyl nay c6 thé dugc thé

bang m6t hodic nhidu nguyén tir halogen. Cu thé, xyclohexyl nay c6 thé 13 nhém:

HX,

Cu thé, nhém di vong cé thé 1a tetrahydropyran, tdt hon néu nhém di vong la

nhém khéng dugc thé. Do d6, nhém di vong c6 thé 1a:

=

Do d6, cu thé hon, R; ¢6 thé 1a mdt trong sO cac nhom sau:
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F
HN O HN ’ HN o)
H, " va F; vatot hon néu Ry laHva Ve ;va
HN (0]

r r /
tdthonnéula v

Cu thé hon, R, c6 thé 1a di vong tity y dugc thé (t6t hon nu R, dugc thé bing (C;-
Cg)alkyl hoic NH,), NO, hoic NRgR o, trong d6 tét hon néu Ry va Ry, 12 H hoic tét hon
nita néu Ry va Ry 12 H hodc Ry va Ry 12 (C;-Cg)alkyl tuy ¥ duoc thé.

Cu thé 13, R, c6 thé 1a di vong tity ¥ dugc thé, t6t hon néu R, dugc thé bing (C;-
Ce)alkyl hodc NH,. Cu thé, di vong nay c6 thé 1a di vong c6 5 hodc 6 canh chira it nhit
mdt nguyén tir nito, va cu thé 1a mot hodc hai. Do d6, di vong nay c6 thé dugc chon tir

piperazin, piperidin va pyrolidin.

Tot hon néu, R, ¢6 thé 1a mdt trong s6 cdc nhom sau:

WO KO
NH,, NH(CH,);NMe,, NMe(CH,);NMe,, NO,, ° \/ va

—%—N/\j/ ’ , =N N— —%@N—
: va tdt hon néu NH, NO, ° \_/ va
(T H O KO-
: va cu thé 1a __/ va : va cu thé hon 1a

b

Hop chét theo sang ché duogc chon tir cac hop chit dugc thé hién trong bang sau:

N
N
H

HN Cl s HN ,
s
142 \Q T\T\(N 14-10 ©/ \(\/((N
NZTN N Nig N
H N
NI c Q

\

F

\
HN { HNCO 7 HN’C/O
14-11 F\Q/Smnb 5 | © ) lH\NNb
HoN N N
S O

N
N N N
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Sang ché ciing d& cip dén hop chét c6 cong thirc (I) dung d& 1am thudc, t5t hon
néu diing dé diéu tri bénh ung thur, bénh viém va bénh thoai hoé thin kinh nhu bénh
Alzheimer, ddc biét 1a bénh ung thu.

Cu thé, bénh ung thu c6 thé 12 bénh ung thu dai trang, bénh ung thu vi, bénh ung
thu than, bénh ung thu gan, bénh ung thu tuyén tuy; bénh ung thu tuyén tién liét, u
nguyén bao xdp, bénh ung thu phdi té bao khong nhé, u nguyén bao than kinh, khdi u
nguyén bio s¢i co viém, u lympho t& bao B lan toa hodc u lympho t€ bao 16n giam biét
hoa.

Sang ché ciing @& cap dén hop chit co cong thirc (I) dé st dung 1am thubc didu tri
bénh lién quan dén kinaza, va cu thé 1a tyrosin kinaza nhu kinaza ALK, Abl va/hoic c-
Src, va dic biét 1a ALK. Cu thé 13, bénh c6 thé lién quan dén ALK va it nhit mét kinaza
khéc, vi du Abl hoic c-Src, cu thé 13 ALK va c-Sre.

Sang ché ciing d& cap dén hop chét c6 cong thic (1), dé st dung 1am chét e ché
kinaza, va cu thé 1a chét tc ché tyrosin kinaza nhu ALK, Abl va/hodc c-Src, va dic biét
1a ALK. Tt hon néu, hop chit theo sang ché c6 thé dugc st dung 1am chit trc ché ALK
va it nhit mot kinaza khac, vi du Abl hoic c-Src. Tét hon néu, hop chit theo sang ché 1a
chét trc ché ALK va c-Src.
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Thuét ngit “bénh lién quan dén kinaza” hodc “bénh co lién quan dén kinaza” duoc
sir dung trong ban md ta dé chi bénh bat ky, cu thé 1 bénh c6 lién quan dén sy mét didu
hoa ting sinh té bao, dic biét 1a bénh ung thw, do sw mit didu hoa bidu hién hodc hoat
tinh cua kinaza ndy so véi trang thai biéu hién hodc hoat tinh thong thudng cta né. Sy
mat diéu hoa biéu hién ctia kinaza c6 thé bién dbi trinh tw dugc biéu hién hozic bién dbi s6
lugng ciia protein duge biéu hién. Sy mat didu hoa nhu vay c6 thé din dén sy thay di vé
t& bao va gay ra rbi loan ting sinh bao gdm ung thu. Tt hon néu, theo sdng ché, bénh c6
lién quan dén kinaza 13 bénh ung thr lién quan dén sw mit didu hoa hoat tinh ALK
- va/hodc c-Src, vi du bénh ung thu dai trang, bénh ung thu vi, bénh ung thu thin, bénh
ung thu gan, bénh ung thu tuyén tuy, bénh ung thu tuyén tién liét, u nguyén bao xdp,
bénh ung thu phdi t& bao khéng nho, u nguyén bao thin kinh, khéi u nguyén bao sgi co

viém, u lympho té bao B lan téa va u lympho té bao 16n giam biét hoa.

- Thult ngir “chat tc ché cia kinaza” hodc “chat trc ché kinaza” dugc sir dung trong
ban mo ta d€ chi hop chat c6 kha ning tuong tac vadi kinaza va lam giam hoat tinh cia né.

To6t hon néu, chat rc ché kinaza theo sang ché c6 thé tc ché hoat tinh cia kinaza.

Séng ché ciing d& cap dén dugc phim chira it nhit mot hop chit c6 cong thire (D),

va it nhat mot ta duge dugce dung.

Tét hon néu, duge phdm theo sang ché c6 thé duoc bao ché dé sir dung qua duong
miéng hogic dudng tiém, trong d6 dugc pham niy dugc sir dung cho dong vét ¢ vi, bao
gdm ngudi.

~ Hoat chét c6 thé dugc st dung & dang bao ché don vi, & dang hdn hop véi cac chat
mang dugc dung tiéu chudn, cho dong vat hodc ngudi. Hop chit theo sang ché c6 thé
duoc sir dung véi liéu lugng ndm trong khoéang tir 0,01mg dén 1000mg mdi ngay, dudi
dang bao ché don mét 14n mdi ngay hoic da lidu trong ngay, vi du hai 1an mot ngay voi
lidu Irgng bang nhau. Tét hon néu lidu lugng ding mbi ngdy nim trong khoang tir Smg
dén 500mg, tét hon nita néu nim trong khoang tir 10mg dén 200mg. Liéu luong nim

ngoai khoang nay c6 thé dugc sir dung nhu dwoc x4c dinh boi nhan vién y té.

Dugc phém theo sang ché co thé con chira it nhit mot hoat chat khac, nhu hop
chét chéng ung thu.
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Séng ché ciing dé cap dén dugc phim chira (i) it nhat mét hop chét c6 cong thirc
(), va (ii) it nhat mot hoat chit khéc, nhur hop chét chéng ung thy, & dang ché phdm két
hop dé sir dung ddng thoi, riéng ré hodc 14n luot.

Sang ché ciing dé cap dén dugc phim dé sir dung 1am thudc, tbt hon néu dé didu
tri bénh ung thu, bénh viém va bénh thoéi hoa than kinh nhu bénh Alzheimer, dac biét 1a
bénh ung thur.

Séang ché ciing dé cap dén phuong phap diéu ché hop chét c6 cong thuc @.

Theo phuong 4n thir nhét, sang ché d& cip dén phuong phap diéu ché hop chit co
cong thirc (I), trong d6 V 12 C(O) hogc C(S), tot hon néu V 1a C(0), va tét hon néu U 1a

CH,, bao gom céc budc sau:

(al) cho hop chét c6 cong thirc (A):

NH,
Y
YZ/ 1\ \
" ,N
Y3, 2
v, N
R2g
(A)

b

trong 40, Y, Y, Y3 va Y4 nhu néu trén, va Ry 13 hydro hodc nhém bao vé N
ghép ciip v6i hop chét c6 cong thirc (B):
Rz

Q/m

kU n
Rao

(B)

~ trong d6, R;, Ry, U va n nhu néu trén, V 1a C(O) hoidc C(S), va Rsp 12 OH hoic
nhém rdi chuyén nhu Cl,

dé thu dugc hop chét ¢6 cong thire (C):
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trong do, Y1, Yz, Y3, Y4, Ry, Ry, Ryg, U va n nhu néu trén va V=C(O) hoic C(S),

(b1) tuy ¥ thay thé nguyén tir nito lién két v6i V ciia hop chét c6 cong thire (C) thu
dugc & bude (al) bang R; khong phai 13 H va/hoic loai bé nhém béo vé nito Rag dé thu
dugc hop chét c6 cong thire (I) trong d6, V 13 C(O) hodc C(S), va

(c1) tuy ¥ tao mudi ctia hop chit c6 cong thirc (I) thu dwoc & budce (bl) dé thu

dugc mubi duge dung cia hop chit nay.

Thuét ngit “nhém bao vé N duge sit dung trong ban mé ta dé chi phan tir thé bat
ky béo v& nhém NH hodc NH, khéi phan tg khong mong mubn nhu cic nhém bao vé N
dugc mo ta trong tai liéu: Greene, “Protective Groups in Organic Synthesis” (John Wiley
& Sons, New York (1981)) va Harrison et al., “Compendium of Synthetic Organic
Methods”, Vols. 1 to 8 (J. Wiley & Sons, 1971 to 1996). Nhém bao vé N bab gém
carbamat, amit, hgp chit dugc alkyl hoéa tai vi tri N, hop chit amino axetal, hop chét
dugc benzyl héa tai vi tri N, hop chit imin, hop chét enamin va hop chét nguyén tir khac
loai tai vi tri N. Vi du cu thé v& nhém béo vé N bao gﬁ”)m formyl, axetyl, benzoyl,
pivaloyl, phenylsulfonyl, trityL (triphenylmetyl), tert-butyl, benzyL (Bn), t-
butyloxycarbonyL. (BOC), benzyloxycarbonyL. (Cbz), p-metoxybenzyloxycarbonyl, p-
nitrobenzyl-oxycarbonyl, tricloetoxycarbonyl. (TROC), allyloxycarbonyLl. (Alloc), 9-
florenylmetyloxycarbonyL (Fmoc), triflo-axetyl, benzyl carbamat (dugc thé hoic khong
dugc thé) va cac nhém tuong ty. Cu thé, nhém bao vé N c6 thé 1a nhém trityl, fers-butyl
hoiac BOC.

~

Thuit nglt “nhém roi chuyén” duge st dung trong ban md ta dé chi nhém chirc ¢

thé dugc thay thé d& dang bang chit 4i nhan trong phan img thé 4i nhén, trong d6 t5t hon
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néu chét 4i nhan la amin, va tdt hon néu chét 4i nhan 12 amin bic mot hogc bac hai. Tét
hon néu nhém rdi chuyén 13 nguyén tir halogen nhu nguyén tir clo, mesylat (CHj;-
S(0,)0-), triflat (CF5-S(0),0-) hoic tosylat (p-Me-C¢H,4-S(0),0-).

Budc (al):

Phan tmg ghép ciip giita (A) va (B) c6 thé duoc thuc hién bing céac phuong phap
da biét trong linh vuc nay.

Khi R3 1a OH, thi phan tng ghép cip c6 thé dugc thuc hién trong cac didu kién
ghép cdp peptit. Do d6, phan tmg niy c6 thé dugc thuc hién trong sw c6 mit cia chit
ghép cdp nhu diisopropylcarbodiimit (DIC), dixyclohexylcarbodiimit (DCC), 1-(3-
dimetylaminopropyl)-3-etylcarbodiimit hydroclorua (EDC), carbonyldiimidazoL (CDI),
2-(1H-benzotriazol-1-yl)-1,1,3,3-tetrametyluroni  hexaflophosphat (HBTU), 2-(1H-
benzotriazol-1-yl)-1,1,3,3-tetrametyluroni ~ tetrafloborat  (TBTU) hodc  O-(7-
azobenzotriazol-1-yl)-1,1,3,3-tetrametyluroni hexaflophosphat (HATU); tuy y ghép cip
v6i chit ghép cip thir hai nhu N-hydroxysucxinimit (NHS), N-hydroxybenzotriazoL
(HOBt), 3,4-dihydro-3-hydroxy-4-oxo-1,2,3-benzotriazol. (HOOBt), 1-hydroxy-7-
azabenzotriazoL (HAt) hodc N-hydroxysulfosucxinimit (sulfo NHS). Hon nita, phan Gng
ghép cip peptit c6 thé dugc thuc hién trong dung moi khong nhuong proton nhu
tetrahydrofuran, dioxan va diclometan.

Khi Rso 14 nhém rdi chuyén nhu C1, thi phan tmg ghép cip c6 thé duge thuc hién
trong sy c6 mit cua bazo nhu pyridin, trietylamin hodc diisopropyletylamin (DIPEA).
Phin tng c6 thé duoc thuc hién trong dung mdi khdng nhudng proton nhu
tetrahydrofuran, toluen hoéc diclometan, hogc trong dung mdi bazo nhu pyridin.

- Hop chét c6 cong thic (A) va (B) c6 thé dugce didu ché theo phuong phéap dugc
md ta chi tiét dudi day.

Budéce (bl):

Thuét ngit “khir bao vé&” dugc sir dung trong ban mé ta dé chi quy trinh loai bo
nhom bao vé€ khi mt phan tmg chon loc xay ra hoan toan. Mot s6 nhém bao vé c6 thé
dugc wu tién hon so voi cac nhém khac do thuén tién hodc do dé loai bo.

Buéc khir bao vé c¢6 thé duge thuc hién trong céc diéu kién da biét trong linh vuc

nay.
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Budc thé cling c6 thé dugc thuc hién bing cac phuong phap da biét trong linh vuc
nay. Khi cin, cic nhom chirc ma c6 thé nhay véi didu kién phan tmg trong budc thé c6

thé dugc bao vé trude, sau d6 dugc khir bdo vé khi phan tng thé dugc thuc hién.

Do d6, khi cin loai bé nhém bao vé nito R29 va thay thé nguyén tir nito lién két
v6i V bang mot nhém R, hai budce nay s& dugc thyc hién theo thit tu phu thude vio didu
kién phan tmg ctia mdi budc nay.

Hon nifa, ciing c6 thé cin thuc hién cac budc tao nhém chire khéac dbi véi hop chét
nay béng cac phuong phap da biét trong linh virc ndy.

Budc (cl):

Budc nay c6 thé duge thuc hién trong sy c¢d mat cla axit hiru co hodc v6 co duoc

dung hodc bazo hitru co hodc vo co duge dung nhu néu trén.

Theo phuong 4n thir hai, sang ché d& cap dén phuong phap didu ché hop chét co

cdng thirc (I) trong d6, V 1a CH,, va t&t hon néu U 1a CH,, bao gbm céc budc sau:

(a2) cho hop chéit c6 cong thitc (A) nhu néu trén phén ng amin héa khir véi
aldehyt c6 cong thic (D):

trong d6, R;, R,, U va n nhu néu trén,

dé thu dugc hop chit c6 cong thic (E):
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Y
YZ/ 1\ \
T ’N
Y3, 2
vy, N
Ra2g
(E)

tI'OIlg dé, YI, Y2, Y3, Y4, R], Rz, R29, U va n nhu néu trén,

(b2) tuy y loai bé nhém bao vé nito R29 va/hoic thay thé nguyén tir nito lién két -
v6i 'V bﬁng R; khong phai 13 H trong hop chét c6 cong thie (E) thu duge & budc (a2) @&
thu dugc hop chét c6 cong thuc (I) trong d6, V 13 CH,, va

(c2) tuy y.tao mudi ctia hop chét ¢6 cong thire (I) thu duge & bude (b2) dé thu

dugc mubi duge dung ciia hop chit nay.
Buéc (a2):

Budc nay duge thuc hién trong sy c6 mat cia chét khir nhu bohydfua va cu thé 1a
NaBH,, NaBH(OACc); hoic NaBH;CN.

Tét hon néu phan tmg nay dugc thuc hién & nhiét do phong, tic 1a & nhiét d6 ndm

trong khoang tir 15°C dén 40°C, cy thé 12 ndm trong khoang tir 20°C dén 30°C.

Phan tmg ndy c6 thé dugc thuc hién trong dung méi nhu dicloetan (DCE),
tetrahydrofuran (THF) hodc axetonitril, tuy y trong su ¢6 mat cia nudc, axit axetic hodc

axit trifloaxetic.

Hop chit c6 cong thirc (A) va (D) c6 thé dugc didu ché theo phuong phép duge
mo ta chi tiét dudi day.

Buéc (b2): xem budc (bl)

Budc (c2): xem buéce (c1)
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Theo phuong 4n thir ba, sang ché dé cap dén phuong phap diéu ché hop chét c6
cong thirc (I), trong d6 V 1a C(O) hodc C(S), n bang 1 va U 1a NH, bao gbm céc budc

sau:

(a3) cho hop chit c6 cong thirc (A) nhu néu trén ghép cip v6i hop chat c6 cong
- thue (F):

- (®
trong d6, R; va R, nhw néu trén va Z 12 O hoic S,
dé thu dugc hop chit c6 cong thuc (G):

R2

(&)
trong d6, Y1, Y,, Y3, Ys4, Ry, Ry, Ryg, va Z nhu néu trén,

(b3) tuy ¥ loai bé nhém bao vé nito R29 va/hoic thay thé nguyén tir nito lién két
v6i V bang R; khong phai 1a H trong hop chit c6 cong thirc (G) thu duge & bube (a3) dé
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thu dugc hop chét ¢6 cong thire (I) trong d6, V 13 C(O) hodc C(S), n bing 1 va U 1a NH,
va

(c3) tuy ¥ tao mudi ciia hop chit c6 cong thirc (I) thu dugc & bude (b3) dé thu
dugc mudi duogc dung ciia hop chf?it nay.

Budc (a3):

Budc nay co thé duoc thuc hién trong cac diéu kién da bibt trong linh vuc nay.

'T6t hon néu, dung mdi nhudng proton phan cyc hoic khéng phan cuc c6 thé dugc
str dung nhu diclometan, axeton, axetonitril, tetrahydrofuran hodc dioxan.

Hop chét c6 cong thirc (A) va (F) c6 thé dugc didu ché theo phuong phap dugc méb
ta chi tiét dudi day. |

Budc (b3): xem budc (bl)

Budc (c3): xem budc (c1)

Khi hop chét c6 cong thirc (I) duoc diéu ché theo cac phuong phép néu trén, hgp
chét nay c6 thé dugc phan tich khoi hdn hgp phan tmg bing cac phuong phép da biét
trong linh vuc ndy, va tdt hon néu hop chit nay dugc phén tach khoi hdn hgp phéan tng

béng céch bay hoi dung mdi, két tinh va loc, v.v..

Khi can, hop chit nay c6 thé dugc tinh ché bing cic phuong phap da biét trong
linh virc nay, va t6t hon néu hop chit ndy duge tinh ché bing phuong phap sic ky l6ng
hiéu ning cao (HPLC), sic ky silicagel, két tinh lai khi hop chét ndy & dang tinh thé,
V.V..

Do d6, hop chét c6 cong thirc (I) c6 thé dugc didu ché theo cac phuong phap dugc

thé hién trong so db 1a va 1b.

So d6b 1a
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Rj=NO2, halogen, OH, OMe, SMe, S(O)Me SO2Me, OMs, OTf hodc OTs
Rj=H ho#c nhom bio vé N

Rn = Hal, OMe, SO2Me

(Tf 14 —SO2CF3 va Ts 1a tosyl)

Phuong phéap A:
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Hop chét c¢6 cong thie (I) dugc didu ché theo phuong phép A tir hop chét c6 cong

thirc (V) c6 cdu tao nhan dj vong hai vong dugc halogen hdéa ¢6 mdt nhém amin bac mot
nim ngoai vong nay. Hop chét c¢6 cong thirc (V) duoc didu ché tir hop chit trung gian c6
cong thire (IT) hodc (III).

Phuong phép Al:

Hop chét c6 cong thirc (V) duge didu ché theo phuong phép Al tir hop chét iot
héa nhu dugc thé hién trong so dd 2 hogc tir hop chit brom hoéa nhur dugc thé hién trong

so d6 3 trong 6, W dugc x4c dinh nhu trong hop chét c6 cong thire (I), va tot hon néu W
14 H, (Cy-Ce)alkyl hodc aryl, va R;=H hodc nhém bao vé N.

Sodo2
NH,
~-CN I ~CN I CN RINHNH, T A
| — ] _ — | _ — | I~
W N"TOH W~ N” OH W™ N7 el W NN
R;

(I1a) (Va)
Trong so dd 2, 2-clo-5-iodonicotinonitril tuy y dugc thé (ITa) duogc didu ché tir
hydroxynicotinonitril twong tmg bing cach st dung tiép mot chét iot héa nhu N-

iodosucxinimit (NIS), hodc iot phan tir vdi mét bazo vd co, vi du K,CO; ho#ic Na,CO;,

t6t hon néu trong dung mdi phin cyc nhu DMF néng, sau d6 xir ly bang photpho

oxyclorua, tinh khiét hoic pha loang trong dung moi khong phan cuc c6 nhiét d6 sdi cao,
hoic chét phan tng clo hoa tuong duong khac da biét trong linh virc nay. Nhiét do phan
g ndm trong khoang tir -20°C dén 200°C. Sau d6, hop chét (Ila) duoc bién dbi thanh 5-
iodo-pyrazolo[3,4-b]pyridin-3-amin tuy ¥ dugc thé (Va) bing phan g ctia no, t6t hon
néu trong diéu kién gia nhiét, trong su c6 mit cia hydrazin tuy y mang mot nhém bao vé
N nhu trityl, tert-butyl hoac BOC.

Hop chit tuong ty dwgc brom héa c6 cong thirc (V) nhu dugc mo ta trong so
dd1a c6 thé dugc didu ché bing phuong phdp dugc méd ta trong céac tai liéu:
Witherington et al., Bioorg. Med. Chem. Lett., 2003, /3, 1577-1580 va Lijuan Chen et
al., Bioorg. Med. Chem. Lett., 2010, 20, 4273-4278. Dé thuén tién, hop chét nay dugc

diéu ché theo so dd 3.

So db 3
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NH,
~-CN NaOMe ~CN [Br*] BrCN RINHNH, — Br_~
| P _— | ) —_—_— | _ —_— | ) N
W N” Cl W™ N7 TOMe W7 N7 TOMe W NN
R:

(Ilb) vb)

2-metoxy-nicotinotril dugc tao nhém chire tuy ¥ duge diéu ché bing phan ung cua

natri metanolat trong metanol & nhiét 6 nim trong khoang -20°C va nhiét do s6i ctia hdn
hop. Theo céch khac, hgp chét niy c6 thé dugc diu ché bing cich metyl héa 2-
hydroxynicotinonitril hodc cidc phuong phdp néu trén. Phan Gng brom héa 2-metoxy-
nicotinonitril dugc thyc hién véi dibromin trong axit axetic & nhiét 40 nim trong khoadng
tir 20°C dén 110°C. Phuong phép didu ché pyrazol duge thyc hién bing phan ung gifta
mot lugng du hydrazin, d3 dugc tao nhém chirc hodc chura dugc tao nhém chic, & .nhiét
d6 nam trong khoang tir 20°C dn 100°C trong su ¢6 mdt cua dung modi phan cuc nhu
nudc, etanol, tetrahydrofuran (THF) hodc dung méi bit ky khac véi cdc dic tinh tuong
- duong. Theo céch khéc, cling c6 thé sir dung hydrazin & dang mudi hoic hydrat, khong

chira dung moi.
Phuong phép A2:

Hop chét pyrazolopyrazin dwoc tao nhém chic duge didu ché theo phuong phép
A2 dugc thé hién trong so dd 4 trong d6, R; 1a H hogc nhom bao vé N, Hal 13 halogen va
cu thé 1a W 13 H, (C,-Cg)alkyl hodc aryl.

So do 4
OMe OMe NH,
L —— O —— e —— "
~ ~ Z b7
W7 NT NH, W7 N7 NH, W N NH, W NT T NH,
NH,
NaNO, | Ny ON R{NHNH, | N\ N
— e 11 — T X~
Hal W7 N” Hal W NN
(tic) vo) R

Hop chit 3-amino-6-iodopyrazin-2-carboxamit dwoc tao nhém chirc tuy y dugc
diéu ché theo hai budc tir metyl 3-aminopyrazin-2-carboxylat twong tmg bing phan tmg
iot héa trong sy ¢6 mit clia N-iodosucxinimit hogc iot phan tir tuy y trong su c6 mit cla

'ddng nhan t6 nhu K103, AgCO,CF3, Ag,SO,, AICl;, CuCl, hodc HgO, duge theo sau bai
phan tmg chuyén héa nhém chirc metyl este thanh carboxamit, tdt hon néu bing cich sir
dung amoniac trong dung mdi phin cyc nhu nuéc, metanol hosic THF & nhiét d6 nam

trong khoang tir 0°C dén 100°C. Tiép theo, nhém chirc carboxamit ciia 3-amino-6-
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iodopyrazin-2-carboxamit dugc tao nhém chirc tuy y dugc chuyén hoa thanh nitril bang
cach sir dung céc chét loai nuéc nhu, CCly/PPh;, SOCI,, PhSO,CI, P,0s, TsCl, COCl,,
DCC/py (N,N’-dixyclohexylcarbodiimit/pyridin) hoic (COCI), dugc st dung tiy theo
hoan cénh trong sy ¢6 mit ciia bazo hitu co nhu pyridin. Phuong phap duge wu tién bao
gbm str dung photpho oxyclorua trong dimetylformamit (DMF). Khtt bao vé& nhém chirc
dimetylformimitamit dugc thyuc hién bang cach xir Iy véi axit nhu dung dich nuéc axit
clohydric hodc cac chit phan tmg bét ky khéc c6 dic tinh tuong duong. Phuong phéap
diéu ché vong pyrazol duge thyc hién béang phan tmg Sandmeyer, da biét trong linh vyuc
nay, sau d6 phan Ung trong sy c6 mat cia hydrazin, d3 dugc tao nhém chirc hoic chua
dugc tao nhém chire, trong cic diéu kién nhu dugec mé ta trong cac phuong phép dudi
day. Theo cach khac, mubi diazoni, hop chét trung gian cia phén (mg Sandmeyer, c6 thé
duoc khir bﬁng cach str dung, vi du thiéc clorua trong moi trudng axit hodc céc tic nhan
trong duong khac, dé tao ra nhém chire hydrazin c6 thé thl,;c hién déng vong ndi phéan tir
dudi tac dong cia nhiét.

Phuong phap A3:

Hop chét c6 cong thirc (V) c6 mdt nhém chirc ¢6 thé thay dbi & vi tri 6 ctia vong

d6i pyrazolopyridin dugc diéu ché theo phuong phap A3 dugce thé hién trong so db 5.

Sodd 5
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W = OH, OAlk, NH,.NHAIKk, Alk, Ar, CHzAr
Rj = H hoic nhém bio vé N
(Alk=(Cy-Ce)alkyl, Ar=aryl, CHyAr=b enzyl, H=halogen)
Phan g clia xyanothioaxetamit véi etyl 3-etoxyacrilat dugc thé khac nhau duoc
~thyre hién theo cac phuong phap duge mo ta trong tai li€u: Litrivnor et al. Russ. Chem.
Bull., 1999, 48(1), 195-196 va Tsann-Long Su et al., J. Med. Chem., 1988, 31, 1209-
1215 c6 thé thu duge, theo phan tg hai budc, etyl 5-xyano-6-(metylthio)nicotinat mang
mot nhém chire ¢6 thé thay dbi & vi tri 2. Cac phuong phap tdng hgp nay dugc thuc hién,
& budc thir nhét, trong dung méi phan cuc khan, vi du etanol & nhiét do ndm trong.
khoang tir 0°C dén 70°C trong sy c6 mit cia bazo hiru co nhu metylmorpholin,
trietylamin, DIPEA (N,N-diisopropyletylamin) hodc DBU (1,8-
diazabixyclo[5,4,0Jundec-7-en). Budc thir hai 1a déng vong ndi phan tr va alkyl hoa
dugc thuc hién bang cach gia nhiét dung dich chira hop chét trung gian thioamidat trong
dung mdi phén cuc, vi du etanol, trong sy c6 mit cia chét alkyl hoa thich hgp nhu

halogenua alkyl hozc dialkyl sulfat dén nhiét d6 ndm trong khoang tir 20°C dén 100°C.

Axit 5-xyano-6-(metylthio)nicotinic dugc thé & vi tri 2 dugc diéu ché bing cach
xa phong hod etyl este tuong mg theo céc phuong phép di biét trong linh vuc nay, tét
hon néu bang cach st dung lithi hydroxit néng. Phan ung khir carboxyl ctia cac hop chét
dugc thuc hién bing cach xir 1y nhiét trong dung mdi c6 nhiét dd s6i cao nhu diphenylete
& nhiét d6 nim trong khoang tir 150°C dén 250°C.
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Phan ting halogen hoa chii yéu nham thu dugc hop chét iot héa, brom héa hoic clo
héa, t6t hon néu hop chét iot héa. Hop chét iot hoa dugc diéu ché bang cach xu 1y iot
phan tir trong su c6 mit cia mubi bac, vi du Ag,SO, trong dung mdi phan cyc nhu etanol
& nhiét d6 ndm trong khoang tir 0°C dén 70°C. C4c phuong phap khac, tdt hon néu cac
phuong phap trén co s& cac mubi khac nhu KIO;, AgCO,CF3, AICl;, CuCl, hodc HgO,
hoic cac chét iot hoa khac nhu N-iodosucxinimit, ciing c6 thé duoc sir dung. Cac phuong
phap brom hoéa c6 thé nhan thirc duge thudng dua trén cic chit nhu N-bromosucxinimit

hoic dibromin theo phurong phap da biét trong linh vuc nay.

Khi W 1a OH (thuong c6 dugce do sir dung dietyl 2-(etoxymetylen)malonat), cac
hop chét trong tmg duge bao vé béi phan tmg alkyl hoa. Tt hon néu, phan tmg nay
dugc thuc hién bang cach sir dung metyl iodua hodc bromometan, va bac cacbonat trong
dioxan, THF, axetonitril hodc axeton, hoadc chét phén Ung tuong duwong khac nhu
dimetylsulfat. Céc 5-halo-2-(metylthio)nicotinonitril thu dugc dugc dua di oxy hoa cac
nhém chirc thiometoxy ciia chiing, thuong 13 bing cich st dung m-CPBA (axit m-
cloperbenzoic), oxon hodc chét twong duong bét ky khéac, din dén sy tao ra sulfoxit
tuong tng. Hop chét nay c6 thé chtra lugng sulfon tuong ung khac nhau, tham gia vao
phén {mg trong su c6 mit ctia hydrazin tuy y duoc thé dé tao ra 5 -halogeno-pyrazolo[3,4-

b]pyridin-3-amin twong tmg mang nhém chirc c6 thé thay dbi & vi tri 6.
Phuong phéap A4:

Hop chit c¢6 cong thirc (V) duoc didu ché tir hop chét c¢6 cong thirc (III) theo
phuong phap A4 nh& su tao ra hop chét trung gian ciia hop chét ¢6 cong thirc (IV). Hop
cﬁét ndy dugc diéu ché theo so dd 6. Phwong phép niy duge md ta trong céc tai liéu:
Gueiffier et al. Hetefocycles, 1999, 51(7), 1661-1667; Gui-Dong Zhu et al. Bioorg. Med.
Chem., 2007, 15, 2441-2452.

S0 dd 6
Hal _Y1‘ CHg Hal. Y‘ GH3 o Hal Y1
Y- | ~ I (N h1 Fu
N, oh —eeee it N = ————— Nz ‘N
Yy THH Ys “NH [Bazo] A ;e
(i) \ U"A\CH;’\ (V) o "CHg
NO, NH,
Hal . Y4 Hal \ ¢ z L. Hall Yy
h N [NO,'] b 1j\/"<ﬁ [Chat Jkhi] i ;(&N
— e NY*" N _._2—‘. N,,Y’ N ———— N. . = N
4 M 4 H Yy M
{Ivb) {Ve}
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Hop chét c6 cong thirc (Illa), d3 dugc axetyl hoa truée theo mot trong sb cac
phuong phap di biét trong linh vuc ndy, dugc xir Iy boi isoamyl nitrit, natri nitrit hodc
nitrit hitu co hodc v6 co tuwowng duong bt ky khac, trong nuée hojc axit axetic, trong
khoéng thdi gian ndm trong khoang tir 1 dén 3 ngay & nhiét d6 ndm trong khoang tir 0°C
dén 40°C. Hop chét c6 cong thirc (IVa) thu duoc dugc duge khir bao vé trong cac didu
kién axit, vi du bing cach sir dung axit clohydric, truéc khi duge dua di xi Iy bing cac
~ chét nitro héa nhu axit nitric ddm dic hodc kali nitrat trong axit sulfuric & nhiét 46 nim
trong khoang tir 0°C dén 25°C.

Cén phai lru y ring, thong thudng c6 thé chuyén hoa tryc tiép hop chit c6 cong
thire (I11a) thanh hop chit duge khir bao vé (IVDb).

Nitropyrazol dugc didu ché theo phuong phap nay dugc khir thanh aminopyrazol
c6 cong thirc (Ve) bing cach sir dung SnCl, trong axit clohydric. Cac phuong phép khac
bao gbm viéc sir dung sét, kém hoic thiéc trong cac didu kién axit va phuong phap hydro
héa c6 xtic téc trong sw c6 mit ctia phirc chét platin, nikel hoic Pd/C trong moi truong
khi hydro hodc trong ‘su c6 mit clia cic chit twong duong nhu xyclohexadien,
xyclohexen, natri bohydrua hodc hydrazin.

Phuong phép B:

Hop chit c6 cong thirc (I) duoc didu ché theo phuong phap B tir hop chit c6 cong
thirc (VI) c¢6 cdu tric nhan di vong hai vong da dugc tao nhém chirc ¢6 nhém amin ndm

ngoai vong. Hop chét nay dugc didu ché tir hop chit trung gian c6 cong thirc (VI).
- Phuong phap B1:

Phuong phép B1 du'qé thé hién trong so db 7, trong d6 tdt hon néu W 1a H, (Cs-

Ce)alkyl, aryl hodc benzyl.

So dd 7
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NH,
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W Y7 ONH, 2 [Chét khit]

LR
1. {mm\ R‘tNHNV (Viia)

Hop chét 3-nitro—6-thioxo-1,6-dihydropyridin—2-carbonitril va 3-nitro-6-thioxo-
1,6-dihydropyrazin-2-carbonitril, tuy ¥ dugc tao nhém chitc & vi tri 5, duge diéu ché tir
2,6-diclo-3-nitropyridin hogc 2,6-diclo-3-nitropyrazin trong (mg bang phan tng tiép theo
ciia mudi xyanua, nhu déng Xyanua, trong dung mdi phan cyc c6 nhiét dd s6i cao nhu N-
metylpyrolidon & nhiét d6 ndm trong khoang tir 100°C dén 200°C; dugc theo sau bédi
phén tng cia dung dich nuéc natri hydrosulfit trong dung méi phéan cuc. Tiép theo, cac
hop chét nay dugc alkyl héa, vi du bﬁng cach st dung benzyl bromua dugc thé, trong moi
trudng bazo, theo phuong phap da biét trong linh vurc nay. Quy trinh dugc vu tién bao
gbm viéc str dung dung moi phén cuc khan va khong proton nhu axeton ¢ nhiét do soi
clia n6 va bazo hitu co nhur pyridin, trietylamin hodc DIPEA, hodc bazo v co nhu natri,
kali hodc canxi cacbonat. Phan trng khir chic nitro trong amin t6t hon néu duoc thue hién
bang cach sir dung SnCl, trong axit qlohydric. Cac phuong phap khéc bao gdm viéc sir
dung sét, kém hodc thiéc trong cac didu kién axit va cac phuong phép hydro hda c¢6 xiic
téc trong su ¢6 mit cia phtrc chit platin, nikel hodc Pd/C trong méi truong khi hydro
hodc trong s c6 mit ciia cac chat twong duong nhu xyclohexadien, xyclohexen, natri

bohydrua hodc hydrazin.

Trong mét s6 trudng hop, hop chit cua phan Ung khir, ngoai viéc ¢6 nhém amin
bac mdt, con ¢ chic carboxamit duge tao ra tir qua trinh thiy phin nhém chirc nitril.
Trong truong hop ndy, viéc phan tich 3-aminopicolinonitril hodc 3-aminopyrazin-2-
carbonitril teong tng c6 thé dugc thuc hién b?mg cach loai nudc carboxamit nay thanh
nitril ¢6 st dung photpho oxyclorua trong sy c6 mit ciia DMF ho#c phuong phap bét ky
khac d3 biét trong linh vic ndy. Cudi cing, viéc tao vong aminopyrazol dugc thuc hién

t6t hon néu bang cach diéu ché diazoni, thu dwgc nhd phan ing tiép theo & nhiét d9 thip
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clia isoamyl nitrit, natri nitrit hogc nitrit hiru co hodc vo co trong duwong bat ky khac,
trong nudc, axit clohydric, axit axetic hoac axit sulfuric, & nhiét do nam trong khoang tir
0°C dén 20°C, dugc theo sau béi phan tng khir hop chit nay thanh hydrazin va phan ung
déng vong ndi phan tir dugc hoat hoa bang cach gia nhiét hdn hop phéan tng. Tét hon
néu, phan g khir duge thuc hién véi thiée clorua trong céc diéu kién axit nhung cling
c6 thé duq§ thire hién bang cach hydro héa c6 xic tac hodc phuong phép bt ky khac da
biét trong linh virc ndy. Theo mdt cach khéc, & budc cudi, co thé hidu réng hop chét trung
gian diazonium thyc hién phan tmg Sandmeyer trong d6, nhém chirc nay dugc thé bang
nguyén tir halogen, nhu iot, bing cach phén tng véi mudi thich hgp, nhu Nal. Khi tuy
choh nay la dugc uu tién, su tao vong aminopyrazol dugc thuc hién béng cach st dung
hydrazin, 4 duoc tao nhém chirc hodc chua duge tao nhém chire, trong dung mdi phan

cuc nhu etanol & nhiét do nim trong khoang tir 25°C dén 150°C.
Phuong phéap B2:

Theo cach khac, c6 thé sir dung phan tmg thé 4i nhan thom dé tao nhém chite cho

vong pyridin hodc pyrazin & vi tri 6. Trong trudng hop nay, chét i nhan duoc sir dung 13

o phenol, thiophenol, rugu benzylic hodc rugu thiobenzylic, anilin hodc benzylamin, da

dugc tao nhém chirc hodic chua dugc tao nhém chire. Phuong phép nay duogc thé hién

trong so dd 8a, trong d6 t6t hon néu W 1a H, (C;-Ce)alkyl, aryl hodc benzyl.

So db 8a

I I _AH I IN02 [Chatklm] I INH

WY, NO: [Bazo] 2

(Vic) vid)
NHp
XN
1. JONO AT T
I I A - “yZ N b
WYL TNH, 2. [Chat khi] LU y (Vilb)
Y19, lonor
oM y RiNHNH;
2. [Hal] ar- X e Na
| I I (Vie)
WYy Hal
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Khi X la O hodc S, 6-clo-3-nitropicolinonitril va 6-clo-3-nitropyrazin-2-
carbonitril, tuy y duoc thé & vi tri 5, dugc phan Gng trong sy cd mit cua chit chét ai
nhén, reou hodc thiol thich hgp, trong dung méi phéan cuc nhu axetonitril trong su ¢6 mit
cla bazo vd co nhu kali hodc natri cacbonat. Cac dung mdi nhu DMSO (dimetylsulfoxit),
DMF (dimetylformamit), axeton, THF (tetrahydrofuran) hodc pyridin ciing c6 thé dugcst
dung. Khi cin, phén tmg ha‘ty c6 thé duoc xuc tac boi tac dung ciia dong va ciing c6 thé
dugc thuc hién ma khéng cin dung méi. Thong thuong, quy trinh dugc wu ti€n c6 nhiét

d6 ndm trong khoang tir 20°C dén 150°C.

Theo cach khéc, bazo nhu pyridin, DIPEA, diisopropylamin, tnetylamm DBU,
kali tert-butylat, NEt; hogic NaH ciing ¢6 thé duoc sir dung.

Khi X 1a N, toluen 1a& dung méi dugc wu tién va trietylamin (NEt3) 14 bazo duge

chon.

Céc budrc tiép theo, cho dén budc tdng hop céc hop chit ¢6 cong thirc (VIIb), 1a

gidng hét v6i cac bude duge néu trong phuong phap B1 néu trén.
Phuong phap B3:

Phuong phép B3, néu trong so dd 8b, 12 bién thé cia phuong phap B2 duge dic
trung b&i bude thir nhit thu duge tir phén tmg ghép cdp c6 xuc tac gifta benzyl boronat, &
dang axit hoic este, va hgp chit 6-clo-3-nitropicolinonitril hodc 6-clo-3-nitropyrazin-2-
carbonitril. Ngudi ¢6 hiéu biét trung binh trong linh vuc nay ciing biét ro ring cling co
thé thuc hién phan tmg ghép cip c6 xtlc tic bang cach sir dung cac chét xic tic va Cac
hop chit benzyl khéc. Trong sd phan {ing ndy, phan (g Stille, trén co s& phirc chét thiéc,

hotic phan g trén co s& cac hop chit k&m hitu co c6 thé duge st dung.

So db 8b
(] IY1 ICN Arf"‘\B\aO ; [Pd’] Ar /IYI.CN
0 — -

W Yy NOg . : W ¥y NQ:

(Vif)
: Yy _CN e
Chat khi NS (] TONO"
e Y L e Y Jf‘
WYy "NHe 2 [Chét khi] W
{Vig) {vnc)
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Hop chét 2-benzyl-4,4,5,5-tetrametyl-1,3,2-dioxaborolan tuy y dugc thé thu duoc

néu trén, vi du tir benzyl clorua va octametyl-bi-dioxaborolan twong tmg trong dioxan
trong su c6 mit cia kali axetat va Pt(dppf)Cl, (dppf=1,1°-bis(diphenylphosphin)feroxen).
Hop chét nay dugc phan tng cung voi 6-clo-3-nitropicolinonitril, 6-clo-3-nitropyrazin-2-
carbonitril tuy y duoc thé & vi tri 5 hodc 5-clo-2-nitronicotinonitril tuy y dugc thé & vi tri
6 va chét xuc tac paladi nhu Pd(dppf)Ciz hodc Pd(PPh;)4, bazo hitu co nhu trietylamin
hodc alcoholat, hodc bazo vd co nhu natri, kali hodc xesi cacbonat trong dung moi nhu
toluen, benzen, THF hoic dioxan. T6t hon néu nhiét d¢ phan Gng niam trong khoang tir
20°C dén 00°C. Hop chit ctia phan mg ndy twong tmg véi hop chét 6-benzyl-3-
nitropicolinonitril, 6-benzy1-3-nitropyrazin—2-cafbonitril hodc 5-benzyl-2-
nitronicotinonitril dugc thé ma cac budce bién ddi chiing tiép theo 13 trong tw nhu phuong
phép Bil.

Phuong phép B4:

Phuong phép B4 duoc thé hién trong so d6 9, cho phép tao ra nhén hai vong
pyrazolopyridin va pyrazolopyrazin tuy y dugc tao nhém chitc véi aryl sulfonamit, trong

d6 R, 14 (C;-Cg)alkyl va tét hon néu W 1a H, (C;-Cg)alkyl, aryl hodc benzyl.

Sodd9

R
\f/ oH ’ O O _ W
crezsf’v, I& 'lArNHRw[Bazo’] Y1 N SIYIKO

2. LioH Ri Ry N CI Ri Rigy Ay "ol
\w §
Q \s’f vi on RN Q f
— XYL T
R4 R[
Vi) Ry R‘w N° O (Vild)

Hop chit etyl 2-clo-5-(closulfonyl)nicotinat can cho trinh tu phan tng nay c6 thé
dugc didu ché theo céc phuong phép dugc Levett P.C. va ddng tic gia mé ta trong tai
liéu: Org. Proc. Res. Dev., 2002, 6(6), 767-772; WO 01/98284 va WO 2008/010964.

Sulfonamit dugc didu ché bang cach tron 2-clo-5-(closulfonyl)nicotinat véi anilin
bac mdt hodc béc hai, tuy y dugce tao nhom chirc, trong dung mdi khéng nhudng proton

nhu diclometan, THF, axeton hodc axetonitril trong sy ¢6 mit cia bazo hitu co nhu
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trietylamin (NEt3), pyridin hoic DIPEA. Bazo v co nhu natri hodc kali cacbonat ciing ¢
thé dugc sir dung. Nhiét do phan tmg t6i wu ndm trong khoang tir 0°C dén 70°C.

Do d6, phan tmg xa phong hoa ctia hop chét dat dugc, tét hon néu bang cach sir
dung lithi hydroxit trong hén hgp THF/nuéc, cho phép tao ra axit 2-clo-5-(N-

phenylsulfamoyl)nicotinic tirong frng.

Axit clorua twong tmg dugc diéu ché bang cach xir ly véi thionyl clorua trong
toluen trong diéu kién hdi luu hoic theo phuong phap loai hydroclorua khéc di biét trong
linh vic ndy. Phan tng ciia cac hop chit trung gian nay véi dung dich nuéc amoniac tao
ra 2-clo-5-(N-phenylsulfamoyl)nicotinamit dugc tao nhém chirc tuy y, hop chit nay sau
d6 tham gia vao phan tng loai nudc, tot hon néu bing cach st dung POCls, & nhiét d6
nam trong khodng tir 75°C dén 150°C. Céc chét khac nhu P,0s hodc trifloaxetic anhydrit

va pyridin cfing c6 thé dugc sir dung.

Cubi cing, hop chit c6 cong thirc (VIh) duge cho phan Ung trong su ¢6 mit cua
hydrazin, da dugc tao nhém chirc hodc chua dugc tao nhém chic, trong dung méi phan
cuc nhu etanol & nhiét 49 nim trong khoang tir 25°C dén 150°C @ tao ra hop chit tuong
tmg ¢6 cong thic (VIIA).

Phuong phap B5:

Hop chét hai vong pyrazolopyridin tuy ¥ dugc tao nhém chirc benzyl ete, t6t hon
néu trong d6, W 1a H, (C;-Ce)alkyl, aryl hogc benzyl dugc didu ché theo phuong phap BS
dugc thé hién trong So db 10.

So dd 10
oL a0 ON [Chit oxy hisa] A O~ ON
WN [Bazo] WN WwooN
0
2
NH2
Ar._ O LCN Ar< O
—— : —_— z
w N el WoNTTN
I {vils} A

Phuong phap dudi day dugc mo ta trong tai liéu: J. Baldwin et al., J. Heterocyclic.
Chem., 1980, 17(3), 445-448. Hop chét 5-hydroxynicotinonitril, tuy y dugc tao nhém

chire & vi tri 6, dugce alkyl héa, thong thuong biang cach sir dung benzyl halogenua dugc
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tao nhém chtrc tuy ¥ trong su c6 mit clia bazo. Phuong phép nay cin sir dung dung mdi
phén cyc khong proton nhu DMF va bazo nhu NaH. Nhiét d@6 phan tng t6i wu nim trong
khoang tir 20°C dén 100°C. Theo cach khéc, cac dung méi co thé dugc sir dung bao gém,
vi du THF, DMSO, dioxan, axetonitril, diclometan ho#ic axeton va cac bazo nhu 'BuOK,

DIPEA,‘pyridin, trietylamin, DBU hodc natri, kali hodc xesi cacbonat.

Phan g oxy ho4 vong pyridin thanh pyridin-N-oxit dugc thuc hién bing cach sir
dung m-CPBA trong diclometan & nhiét d6 phong. Tuy nhién, c6 thé sit dung nhiéu
phuong phép khac, t6t hon néu cac phuong phép dwa trén viéc sir dung natri percarbonat
trong su c6 mat cia chét xtic tac rheni, natri perborat trong sy c6 mdt cla axit axetic hodc
phtrc chét ure-hydro peroxit.

Céac hop chét pyridin-N-oxit dwoc xir 1y bing photpho oxyclorua tao ra 2- |
clonicotinonitril (VI) tuong Gng.

Phan Umg cta ching véi hydrazin, d8 dugc tao nhém chirc hodc chua dugce tao
nhém chire, trong dung moi phan cyc nhu isopropanol hoic etanol trong diéu kién gia
nhiét tao ra hop chit vong doi pyrazoldpyridin (VIIe) mong mubn.

Phuong phéap B6:

Phuong phép B6, néu trong so d 10a, cho phép tao ra pyrazolopyridin tuy y dugc

tao nhoém chirc va vong d6i pyrazolopyrazin c6 cdc nhém chirc sulfonamit ddo ngugc, tot
hon néu c6 W 13 H, (C;-Cg)alkyl, aryl hoic benzyl.

So db 10a
Ar Ar
dS 8] 0=S O NHz
HgM IY1 CN C!st Ar I J: R'NHNHE l‘f I I£N
T Bae] | WoNTG w”NT TN
(Vi) iy B

Phuong phap dudi déy bao gbm budc tao nhém chirc sulfonamit tir amin thom va
arylsulfonyl halogenua, hodc céc chit phan tmg trong duong bt ky khac, trong su cé
mit clia bazo, c6 thé tuy ¥ duoc dua vao & dang dung méi hoic ddng dung méi. Theo
cach khéc, arylsulfonyl halogenua hozc hop chét trong duong ctia né c6 thé duge tao ra

in situ.
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Phan mg ciia cac hop chét nay véi hydrazin, 3 dugc tao nhom chirc hodc chua
duge tao nhom chic, trong dung mdi phan cyc nhu isopropanol hoic etanol trong diéu

kién gia nhiét tao ra vong déi pyrazolopyridin va pyrazolopyrazin (VIIf) mong muén.
Phuong phép C:

Hop chét c6 cong thirc (XI) nhu duge md ta trong so d6 1 dugc diéu ché theo

phuong phéap C.
Phuong phap Cl1:

Phuong phap C1, néu trong so d6 11, duoc sir dung dé didu ché pyrazolopyridin
va pyrazolopyrazin dugc tao nhém chiec & vi tri 6 trong d6, R, 1a halOgeh, mesylat,
tosylat hodc triflat, X 13 O, S, NH, N-(C;-C)alkyl, va tuy y CH, d6i véi (Xc)va (Xd), va
R; 1a H hodc nhém bao vé N.

Phuong phép ndy ciing c6 thé duoc sir dung dé diéu ché hop chit chira nhém hai
nguyén tr X tuong ung, t6t hon néu nhém ArX la: -ArCH,NH-, -ArCH,N(Ry)-, -
ArCH,0-, -ArCH,S-, -ArCH,CH,-, -ArCHCH-, hoidc -ArCC-.

So dd 11
Y1, CN ¥y _CN eN
E I —_ /[ I ArXH J: I
HO™ N"sMe Ry N°SMe - [Bazo] Ar\. M
(iXa) ool
/E’I.GIC'N . Ar‘f\ﬁ"o {Pﬂ] : \/[
G N “sMe 0‘,5 N e
{IXb} o)
‘ NH3
(L, (e (T
ﬁsrwx "N! SMe Ar\x I kr\x‘ N./" NR‘

{Xc) {Xdt (0 )1 ou 2 (Xla)

~ Hop chét 6-hydroxy-2-(metylthio)nicotinonitril hogc 5-hydroxy-3-(metylthio)
pyrazin-2-carbonitril dugc khir hydroclorua, trong sy c¢6 mit cua photpho oxyclorua,
cling v6i hodc khong clng véi dung mdi, & nhiét 6 nim trong khoang tir 70°C dén
180°C. Khi dung mdi dugc sir dung, dung moi khéng phan cuc ¢6 nhiét d sbi cao nhu

‘toluen hodc xylen s& dugc wu tién. Theo cich khac, c6 thé hoat hoa 6-hydroxy-2-
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(metylthio)nicotinonitril va 5-hydroxy-3-(metylthio)pyrazin-2-carbonitril bing cach bién
dd céc hop chét nay thanh hop chét sulfonic este thdng qua qué trinh diéu ché tosylat,
mesylat hodc triflat twong trng. Khi ty chon nay dugc wu tién, viéc sit dung tosyl, mesyl
hogc triflyl clorua trong dung méi nhu toluen, diclometan, THF, axetonitril, axeton hogic

dioxan trong sy c¢6 mit cta bazo hitru co hodc vo co cho phép tao ra hop chit nay.

Tiép theo, hop chat 6-clo-2(metylthio)nicotinonitril va 5-clo-3-(metylthio)pyrazin-
2-carbonitril trong tng thu dugc, hoic chit ddng déng sulfonic este cua chung khi tuy
chon nay dugc uvu tién, dugc cho phan ing véi chét 4i nhan nhu phenol, anilin hodc
thiophenol trong phin tmg thé 4i nhan thom. Trong trudong hop ndy, phan tng dugce thuc
hién trong dung moéi phan cyc nhu DMSO, DMF, axeton, THF hodc axetonitril, trong su
c6 mit clia bazo nhu kali tert-butylat hozic NaH. Khi cin, phan tng nay c6 th8 duge xtic
tac bédi déﬁg va ciing ¢6 thé dugc thuc hién ma khong cin dung mdi. Tét hon néu,

phuong phép nay duge thyc hién & nhiét ¢ ndm trong khoang tir 20°C dén 150°C.

Theo cach khéc, ciing c6 thé st dung bazo hiru co nhu pyridin, diisopropylamin,

trietylamin hodc DBU, hoidc bazo v co nhu natri hoidc kali cacbonat.

Theo cach khéc, hop chit ¢6 cong thirc (IXb) c6 thé tham gia phan img ghép cap
¢6 xuc tic nhu phan tng Suzuki. Trong trudng hop nay, hop chéit nay dugc bd sung vao
cung voi 2-benzyl-4,4,5,5-tetrametyl-1,3,2-dioxaborolan tuy y duoc thé dugc mo ta trong
phuc;'ng phap B3 truée d6, chit xtc tac paladi nhu Pd(dppf)Cl, hodc Pd(PPh;),, bazo hiru
co nhu trietylamin ho#c alcoholat, hodc bazo vd co nhu natri, kali hodc xesi cacbonat
trong dung mdi nhu toluen, benzen, THF ho#c dioxan. Tt hon né'u nhiét d6 phan ung

nam trong khoang tir 20°C dén 100°C.

Tiép theo, hop chét thu dugc theo mot hodc mot trong sb cac phuong phép nay
dugc oxi héa, thudng bang cach sir dung m-CPBA hodc oxon d& tao ra metyl sulfoxit
hozc metyl sulfon tuong tmg. Hop chit nay c6 thé tdn tai dudi dang hdn hop duoc sir
dung tryc tiép trong phuong phap didu ché vong aminopyrazol biang cach sir dung .
hydrazin tuy ¥ dugc thé trong dung méi phan cuc nhu etanol & nhiét ¢ nim trong
khoang tir 25°C dén 150°C.

Theo céch khic, c6 thé bién ddi trinh tw phan img, tdt hon néu bing cach dao

nguoc céc bude tdng hop.

Phuong phép C2:
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Phuong phap C2, néu trong so dd 12, duoc str dung dé didu ché pyrazolopyridin
va pyrazolopyridazin dugc tao nhém chire & vi tri 6 trong d6, X 1a O, S, NH, N-(C;-C.
Jalkyl, hodc CH, va R; 1a H hodc nhém bao vé§ N.

So dd 12
4y - NHZ NHz
NliYg" CN 1 [Chét oxy héa] N"Yﬂ { Nl,‘fq‘ L
———— ————
HO" % “sMe 2 RINHNH; HO” ™~ N CI” PN
{XHia) (Xia) T pva)
NH;
N‘Y1a ) .
e i A 1 N
r-\x. i N‘
{xiby R

Hop chit  6-hydroxy-4-(metylthio)nicotinonitril  hogc 6-hydroxy-4-
(metylthio)pyridazin-3-carbonitril dugc oxy hoéa, thuong biang cich sir dung m-CPBA
ho#c oxon dé tao ra metyl sulfoxit hoic metyl sulfon twrong tng. Hop chit nay co6 thé ton
tai duéi dang hdn hop dugc sir dung truc tiép trong phuong phap diéu ché vong
aminopyrazol bing cach st dung hydrazin tuy ¥ dugc thé trong dung mdi phan cuc nhu

etanol & nhiét d6 nim trong khoang tir 25°C dén 150°C.

Pyrazolopyridin va pyrazolopyridazin thu dugc & trén dugc dua vao phan ung loai -
hydroclorua, thudng trong sy c6 mét ctia photpho oxyclorua, cfmg v6i hodc khong clung
v6i dung mdi, & nhiét 49 ndm trong khoang tir 70°C dén 180°C. Khi dung moi dugc sir
dung, dung mdi khong phén cuc cd nhiét d§ sdi cao nhu toluen hodc xylen s& dugc wu
tién. Tiép theo, 6-clo-pyrazolo[4,3-c]pyridin-3-amin va 6-clo-pyrazolo[4,3-c]pyridazm—3-
amin tuy y dugc thé trong tmg thu duoc dugc cho phan g v6i chét 4i nhan nhu phenol,
anilin hozc thiophenol trong phan g thé 4i nhan thom. Trong trudng hop nay, phan Gmg
nay dugc thuc hién trong dung mdi phan cyc nhu DMSO, DMF, axeton, THF hoic
axetonitril, trong su c6 mdt ctia bazo nhu kali ferz-butylat hodc NaH. Khi can, phan rng
nay c6 thé dugc xtc tac dudi tic dung ctia ddng va ciing c6 thé dugce thuc hién ma khong
cn dung moi. Tt hon néu, phuong phép ndy dugc thuc hién & nhiét do ndm trong
khoang tir 20°C dén 150°C.

Theo cich khdc, ciing c6 thé s dung cic bazo hitu co nhu pyridin,

diisopropylamin, trietylamin hodc DBU, hoic bazo v6 co nhu natri hodc kali cacbonat.
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Theo cach khéc, hop chét ¢6 cong thie (XIVa) c6 thé tham gia phan tng ghép cap
¢6 xtc tdc nhu phan tng Suzuki. Trong trudng hop ndy, hop chét nay dugc bd sung vao
cing v6i 2-benzyl-4,4,5,5-tetrametyl-1,3,2-dioxaborolan tuy ¥ dugc thé néu trong
phuong phap B3, chit xtc tac paladi nhu Pd(dppf)Cl, hodc Pd(PPh,),, bazo hitu co nhu
trietylamin hodc alcoholat, hofic bazo vd co nhu natri, kali hodc xesi cacbonat trong dung
mdi nhu toluen, benzen, THF hodc dioxan. T6t hon néu nhiét d§ phan ung nim trong
khoang tir 20°C dén 100°C.

Phuong phép C3:

Phuong phap C3, néu trong so dd 12a, 12 bién thé cua phuong phap C1 dua trén sy
tao chirc chon loc theo ving ctia 2,6-diclonicotinonitril béng chét chét 4i nhan anion nhu
phenat hoic thiophenat, hoic bang hop chét co-kim nhu benzyl k&m clorua. Trong trudng
hop sir dung benzyl kém clorua, phan tmg dugc xtc téc bdi phirc chét paladi(Il) ching
han. Clonicotinonitril thu duoc néu trén dugc bién dbi thanh pyrazolopyridin tuong Gng,

trong trudng hop Y; = CH, bing phuong phép tuong tu nhu phuong phap Al.

So dd 12a
v NH,
1 -
/[ ArxH, Bazo RiNHNH, | TN
NTrg Ar‘x’[NICt — Al X’EN" N
R
NE
Y, e
I _ACHZCl \/E RINHNH, \/[ r‘gﬂ
N T o —— A AN\ FN
R
Phuong phéap D:

Phuong phép nay dugc sir dung dé diéu ché hop chét c6 cdng thire (I) hoac (VII)
bang céach sir dung cac phuong phap ghép cap co6 xuc tac khac nhau.

Phuong phap D1:

Phﬁong phép D1, néu trong so db 13, str dung phén mg ghép cap nhu duge mo ta
trong J.A.C.S., 1984, 106, 158 giita hop chit kém hiru co dugc didu ché in situ va aryl

bromua dugc xiic tic boi phirc chét paladi.

So dd 13
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kN»RG [Fd] N‘R3
Br Yy A4 N Yy
h j\/én + Az - Af/\_‘lf Y
YayZoN SYZ N
R

Rj = H hodic nhém bao vé N
Ry

e
Rk = H hodc “Uln

- 3-amino-diazaindazol tuy y duoc thé hodc 3-amino-azaindazol dugc bd sung vao
clng v6i kém benzyl clorua, tuy y duge thé, trong dung mdi phan cuc khong proton nhur
THF hodc dioxan, trong su c6 mit cia lugng chit xtc tac phirc chit paladi nhu
(dppf),PdCl,.CH,Cl,. Phan tmg ghép cip dugc thuc hién & nhiét do nim trong khoang tir
25°C dén 100°C.

Phuong phéap D2:

Phuong phép D2, néu trong so dd 14, sir dung phan tng ghép cidp nhu duge mo ta
trong tai liu Gueiffier A. et al., Tetrahedron, 2006, 62, 6042-6049, giita thiol, cu thé 1a

thiophenol hodc benzylthiol, va aryl iodua dugc xtic tic béi phirc chit dong.

So db 14
Ry
% N-Ra Ry N-Rs
Br.._ Y [Cu A S..Y
Y tréﬁ + Ar\f”SH ] - - rﬁn \“/ 1‘ \N
VsyZoN S YsyZoN
R Ry
Rj = H hoéic nhém bio vé N
Cre
Rk = H hodc
. . {U}n
n=0hoicl ¥

Phan tng nay thuc hién trong dung moi phan cuc c¢6 nhiét dd sbéi cao nhu 2-
propanol trong su c¢6 mit clia lugng chit xdc tac polyetylen glycol, mubi kim loai nhu
ddng iodua (Cul) va luong du bazo v6 co nhu Kali cacbonat, canxi cacbonat ho#ic natri

cacbonat. Nhiét 9 phan tmg thudng ndm trong khoang tir 50°C dén 100°C.

Phuong phéap D3:
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Phuong phép D3, néu trong so dd 15, str dung phan tng ghép cap nhu duge mo ta
trong bai bado Sonogashira, K. et al, trong tai liéu: Tetrahedron Lett., 1975, 16, 4467-4470

gita hop chét axetylen va aryl halogenua dugc xic tac béi phirc chit ddng va paladi.

So db 15
R )
* N-Rs N -Ry
Hal Y Ar Pe] \r
T v S — Pa
YayZ~N L

Rj=H hoiic nllém baové N

Q“
Rk = H hoiic (

)n

n=0hoicl

Phén tmg nay dugc thuc hién bing phan img giita heteroaryl halogenua véi
ethynylbenzen tuy y dugc thé theo hé thirc ty lugng trong moi trudong khi tro trong sy ¢6
mit ctia lugng chit xtic tic 12 phirc chit paladi, vi du PdCL(PPhs), hoic Pd(PPhs),, lugng
chét xtc tdc mubi déng, vi du Cul, va bazo hiru co nhu trietylamin hodc DIPEA, hoic
bazo v6 co nhu kali hodc xesi cacbonat. Phuong phap nay dugc thuc hién & nhiét d6 nim
trong khoang tir 20°C dén 45°C trong c4c dung mdi bao gdm DMF, THF, dioxan hoic
dietyl ete.

Phuong phép E:

Quy trinh trong phuong phép E nhim tao nhém chirc amin ngoai vong cia vong
" aminopyrazol bing cach cho né phan tmg vé6i hop chét trung gian c6 mang nhém chic ai

dién tir, tuy y duoc tao ra in situ, nhu axit clorua, isoxyanat, isothioxyanat hogc aldehyt.
Phuong phép E1:

Phuong phép E1, néu trong so db 16, nhdm muc dich bién ddi nhém chirc amin

bac mot ngoai vong ciia cac hop chit aminopyrazol thanh nhém chitc amit.

Sodd 16
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Rz
Ry
D
NH; R NH
Yy Y,
Yy ¥ Y - Yy ° “y
Ya. ey * { I Yo ey
Yy N vy N
R 0 R

OH
Rj = H hoéc nhém bao vé N

Hop chét nay dugc diéu ché tir 3-aminopyrazol twong tmg bing cich bd sung axit
clorua véi lugng thich hop dugce didu ché truge do bing cach st dung oxalyl clorua va
luqhg chit xtic tic DMF trong dung m6i nhu tetrahydrofuran. Axit clorua nay c6 thé
dugc diéu ché bang cac phuong phap khac, nhu cac phuong phép sir dung thionyl clorua
hogc photpho oxyclorua, da biét trong linh vuc nay. Viéc ngung tu axit clorua trén
aminopyrazol dugc thyc hién trong dung moi khéng nhudng proton nhu tetrahydrofuran,

toluen hoic diclometan trong su cO mét cua bazo nhu DIPEA, pyridin hodc trietylamin.
"Theo cach khéc, c6 thé sir dung bazo, cu thé 12 pyridin 1am dung méi.

Theo céch khéc, phan tng nay c6 thé dugc thuc hién trong h¢ hai pha theo phuong

phép Schotten-Baumann d3 biét.

Theo cach khéc, viée tao lién két amit c6 thé duoc thuc hién tir 3-aminopyrazol
turong Ung va axit quan tdm bang cach sir dung cac didu kién phan tng ghép cép peptit c6
sir dung céc chat phan tmg nhu HOBt (hydroxybenzotriazol), TBTU (O-(benzotriazol-1-
yD-N,N,N°,N’-tetrametyluroni tetrafloborat), HATU (2-(1H-7-azabenzotriazol-1-yl)-
1,1,3,3-tetrametyluroni hexaflophosphat), EDCI (1-etyl-3-(3-
dimetylaminopropyl)carbodiimit) hodc carbonyldiimidazol & nhiét d6 nim trong khoang
tir -20°C dén 100°C trong dung méi khéng nhuong proton nhu tetrahydrofuran, dioxan,

diclometan hogc dung mdi bat ky c6 dic tinh tuong tu.
Phuong phép E2:

Céc hop chat dugc déc trung bdi sy c6 miat clia amin bac hai ¢ vi tri 3 ctia vong

aminopyrazol dugc téng hop bing phan g amin héa khir theo so d6 17.

- Sodd17
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Ry
NH (NH
A R [Chétkha] .y,
P Wl -
R; R
Rj=H hoéc nhém bao vé N
Rz
e
Rk=Hhoic N e
“ia

Phan ng amin héa khir dugce thuc hién bﬁhg cach trdn aminopyrazol va aldehyt
theo ty 1¢ thich hop trong dung méi nhu DCE (dicloetan), THF hoic axetonitril, tuy y
trong su ¢6 mit cia mdt lugng nudc, TFA (axit trifloaxetic) hodc axit axetic, bﬁng cach
bb sung 1in lugt cic phan doan chét khir nhw NaBH,, NaBH(OAc); hosic NaBH;CN.
Phéan tmg nay dugc thuc hién & nhiét do phong.

VPhuong phap E3:

Hop chit 3-ureido hoic 3-thioureido dugc didu ché theo so dd 18, giita
aminopyrazol véi isoxyanat hogc isothioxyanat dugc diéu ché theo cac phuong phép da

biét trong linh virc nay.

So dd 18
R2

Ry

Z
& NH
NH5 M Z‘-d\
¥7 1o R Yy
v. J N+ . Y7 R
3'\Y4 N o Y- = N'N
- R; 3"(4 .
R, Rj

Z=0 hoac S

Trong phén g nay, hdn hop phan tmg dugc diéu ché trong dung méi phéan cuc
hodc khoéng phan cuc khong proton nhu diclometan, axeton, DMF, DMA, axetonitril,
THF hogc dioxan dugc thuc hién & nhiét d6 ndm trong khoang tir 20°C dén nhiét do soi
ciia dung méi dugc chon. Khi cin, chét 4i nhan bazo hitu co hodc vb co yéu c6 thé duge

sir dung. Trong trudng hop nay, chét 4i nhan dugc st dung 13 natri hydrua.
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Phuong phép F: khir bao vé va bién dbi sau khi téng hop
Phuong phap F1: khir bao vé
Nhém bao vé trifloaxetat duge loai bo b%lng cach st dung bazo hitu co nhu

trietylamin hodc pyridin trong dung méi phin cyc nhu metanol, etanol hodc THF & nhiét

do hoi luu ciia dung moi dugce str dung.

Nhém bao vé fert-butyl hoic trityl thudc vong pyrazol duge thay thé biang cach st
dung axit manh, thuong 14 TFA, trong dung m6i khong phan cuc nhu diclometan hoic
DCE.

Phuong phap F2: khir alkyn

So dd 19

N ~Ry N -R3
\( r& [Chét khit] r(
:

Rj=Hhoic nhém bao vé N
Rz
Ry

Rk = H hoiic | {?h
Vi
Phéan tng khir diaryl alkyn thanh diaryl alkan dugc thuc hién bing cach hydro hoa
co Xﬁc tac, trong diéu kién 4p suét hydro, trong su c6 mit ctia céc chét xtic tic nhu PtO,,
Pt, Pd/C, Ni hosic Rh. Theo cach khic, c6 thé sir dung DIBAL-H (dusobutylnhom
hydrua) trong su c6 mit hoic ving mit ctia chit xuc tic nhu Cp2T1C12

Phuong phéap F3: oxy hod sulfua thanh sulfon va sulfoxit
So dd20
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Moy S ™ (Chitosyhoal w8y %
2 1, Jiat oxy hoa] A Yy Arg S, .Yy
n \h/ ﬁﬂ T ﬁﬂ\ﬁ, T “n ﬁn \‘r N 1\‘[\;
YsyP~N Yi 2 2 Vi 2hepy
Yo N IF~N  vahoic e N
; R Ry

Rj = H hoic nhém bio vé N
Rg

O Ry
Rk = H hoiic t
(Uln

Phén tng oxy hoa sulfua thanh sulfoxit dugc thuc hién bang cach st dung oxon
trong hén hgp chira dung méi phén cuc nhu THF/MeOH hodc DMF/nuéc. Nhiét d6 phan
trng t8i rru nim trong khoang tir 25°C dén 50°C.

Nhiéu phuong phap khac da biét, va mot sb phuong phép nay c6 kha nang tao ra
hop chit ban oxy héa, cu thé 1a sulfoxit. Cac phuong phap nay bao gdm buéce sir dung m-
CPBA, KMnO4#/MnO, trong diclometan, H,O, (30%) trong moéi trudng hai pha trong sy

c6 mit ciia chit xuc tic chuyén pha hodic chét xuc tac & dang phirc chét ure (UHP).

Viéc str dung két hop H,0, va phirc chit kim loai nhu Sc(OTf); lam tang sy oxy
ho4 mdt phan hop chét.

Vi du v& cic phuong phap da biét khac bao gbm,” phuong phép sir dung
CAN/NaBrO; (CAN la xeric amoni nitrat).

Vi du thye hi¢n séang ché

Séng ché dugc mo ta chi tiet trong céc vi du sau, nhung khong chi giéi han & cac

vi du nay.
Céc chir viét tit sau day duoc sir dung trong ban md ta:
DMSO: Pimetylsulfoxit
EI: Va cham dién tir
ES: Phun dién
LCMS: phuong phép sic ky 16ng két hop khéi phd
mg: miligam

mL: mililit
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NMR: ph cong hudng tir hat nhan
I. Téng hop c4c hop chit theo sang ché
Vi du vé phuong phap Al

Vi du 1: 5-iodo-1H-pyrazolo[3,4-b]pyridin-3-amin

X,

| LN
N

Vi du 1a: 2-hydroxy-5-iodonicotinonitril

9g (0,5 duong luong) N-iodosucxinimit & nhiét d¢ phong dugc bd sung vao dung
dich chira 10g (83mmol) 2-hydroxynicotinonitril trong 150mL dimetylformamit khan.
Hon hop phan tmg ndy dugc khudy & nhiét do 60°C. Sau 30 phut khudy, 9g (0,5 duong
lugng) N-iodosucxinimit duge bd sung, sau d6 hdn hop phén tmg nay dugc khudy & nhiét
d6 60°C trong 5 gid. Dung méi dugc 1am bay hoi va chit két tia thu dugc dugc loc, rira
bang nudc va dietyl ete, sau d6 1am kho trong diéu kién chan khong dé thu duge 18,5 g

(90%) 2-hydroxy-5-iodonicotinonitril duoi dang bot mau be.
LCMS (EL m/z): (M+1) 246,93

'H NMR: §H ppm (400 MHz, DMSO): 12,79 (1H, s, OH), 8,36 (1H, d, CHy,om),
8,04 (1H, d, CHyom).

Vi du 1b: 2-clo-5-iodonicotinonitril

30,7mL (329mmol) photpho oxyclorua & nhiét d6 0°C va 6 giot axit sulfuric dugc
bd sung vao 9g (6,6mmol) 2-hydroxy-5-iodonicotinonitril. Hon hgp phan tmg ndy dugc
gia nhi¢t & nhiét d§ 110°C trong 5 giv, sau d6 & nhiét 46 phong qua d&&m. Hon hop phan
tmg dugc dd vao cbe c6 mé chira nude da va mot it nude, va chét két tia duge tao ra.
Hbn hop dugce dé ngudi tir tir v& nhiét do phong, sau d6 loc va rira bing nuéc. Chét rén

ndy dugc lam khé dé thu dwogc 6,8g (70%) 2-clo-5-iodonicotinonitril.
LCMS (EI, m/z): (M+1) 265,45
'H NMR: 8H ppm (400 MHz, DMSO): 9,61 (1H, d, CHgom), 9,14 (1H, d, CHgom).

Vi du 1: 5-iodo-1H-pyrazolo[3,4-b]pyridin-3-amin
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Hydrazin (3,86ml, 79mmol) dugc bd sung & nhiét 4§ phong vao 7g (26,5mmol)
dung dich chtra 2-clo-5-iodonicotinonitril trong 25mL propan-2-ol. Hén hop phéan tmg
nay dugc gia nhi€t & nhiét 46 85°C trong 7 gio, sau d6 & nhi€t 46 phong qua dém. Chét
rin & dang huyén phi duoc loc, rira bang isopropanol, sau dé rira bang eté va lam kho
trong ti sy & nhiét d6 50°C dé thu duoc 6g (87%) 5-iodo-1H-pyrazolo[3,4-b]pyridin-3-

amin.
LCMS (EI, m/z): (M+1) 260,95

'H NMR: 8H ppm (400 MHz, DMSO): 12,12 (1H, bs, NH), 8,51(1H, d, CHop),
8,45 (1H, d, CHyom), 5,64 (2H, bs, NH,).

Cac hop chét sau dugc téng hop theo ciing phuong phap.

NH,

| SN

| LN

W NN

Rj
] .. | Pho
dr;* W| R Hop chit I:l:g‘t' khéi
. - MH'

1-2 | H | t-butyl | 1-tert-butyl-5-iodo-1H-pyrazolo[3,4-b]pyridin-3-amin | 68 % | 317,05
1-3 [Me|] H 5-iodo-6-metyl-1H-pyrazolo[3,4-b]pyridin-3-amin | 93 % | 275,02

*+ I NMR, DMSO-dg, Vi du 1-2: 8,55 (1H, bs, CHgpom), 8,42 (1H, bs, CHypor),
6,33 (1H, bs, CHyom), 1,57 (9H, s, CH).; 1-3: 11,92 (1H, s, NH), 8,55 (1H, s, CHyen),
5,59 (2H, bs, NH,), 2,66 (3H, s, CHs).

Vi du 2: 5-bromo-1H-pyrazolo[3,4-b]pyridin-3-amin

NH,
Br N
N

~

Iz /é

N

Vi du 2a: 2-metoxy-nicotinonitril

4,98g (217mmol) natri dugc bd sung vao 80mL metanol khan. Hdn hop phén tng
ndy dugc khudy & nhiét d6 phong trong 10 phdt, sau do 10g (72,2mmol) 2-
clonicotinonitril dugc bd sung vao & nhiét d9 0°C. Hon hop phan tng ny dugc khudy &
nhiét @ 25°C trong 16 gis. Hon hop phéan tmg duge thuy phan bing cach bd sung tir tir
nuée & nhiét @9 0°C. Sau khi dua tré lai nhiét do phong, chét két tia thu duge duge loc,
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rira bang nudc, sau d6 1am khod & nhiét do 50°C dé thu duoc 7,85g (81%) 2-metoxy-

nicotinonitril du6i dang chit rin mau vang.

LCMS (EL, m/z): (M+1) 135,04

"H NMR: 8H ppm (400 MHz, DMSO): 8,46-8,48 (1H, dd, Cch;,m), 8,25-8,27 (1H,
dd, CHiom), 7,17-7,20 (1H, dd, CHgr), 3,99 (3H, s, CH3).

Vi du 2b: 5-bromo-2-metoxy-nicotinonitril

12,23g (149mmol) natri axetat, sau d6 7,66mL (149mmol) brom & nhiét do 0°C
dugc bd sung vao 10g (74,6mmol) dung dich chtra 2-metoxy-nicotinonitril trong 29mL
axit axetic. Hon hop phan ting nay dugc gia nhiét & nhiét do 70°C qua dém. Sau khi dua
trd lai nhiét 4o phong, hdn hop phan tmg duge bd sung vao bé nudc da va chét két tia
thu duogc duge loc, rira bang nudc, sau d6 lam khé & nhiét do 50°C dé thu dugc 11,6¢
(73%) 5-bromo-2-metoxy-nicotinonitril dudi dang chét rin mau tring.

LCMS (EL, m/z): (M+1) 214,95

'H NMR: 8H ppm (400 MHz, DMSO) 8,61 (1H, d, CHyom), 8,60 (1H, d, CHgom),
3,98 (3H, s, CH3)

Vi du 2: 5-bromo- 1H-pyrazolo[3,4-b]pyridin-3-amin

35mL (23,47mmol) hydrazin duge bd sung & nhiét do phong vao 5g (23,47mmol)
5-bromo-2-metoxynicotinonitril. Hon hop ndy dwgc dé phan tmg & nhiét 4 100°C trong
3 gi0. Sau khi dua tré lai nhiét do phong, chét két tia thu dugc dugc loc, rira bing nuéc,
sau d6 lam khd & nhiét d6 50°C dé thu dugc 3 6g (72%) 5 bromo-1H-pyrazolo[3,4-

b]pyridin-3-amin dudi dang chét rin mau vang.
LCMS (EI, m/z): (M+1) 214,05

'"H NMR: 8H ppm (400 MHz, DMSO): 12,18 (1H, s, NH), 8,38 (1H, d, CHon),
8,37 (1H, d, CHom), 5,66 (2H, s, NH).

Viduy Vé phuong phap A2
Vi du 3: 5-iodo-1H-pyrazolo[3,4-b]pyrazin-3-amin

NH,

| N\ {
\E S NN
N H
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Vi du 3a: metyl 3-amino-6-iodopyrazin-2-carboxylat

1,5 duong lugng N-iodosucxinimit dwoc bd sung & nhiét do phong vao 5g
(32,7mmol) dung dich metyl 3-aminopyrazin-2-carboxylat trong 25mL dimetylformamit.
Hdn hop phan mg niy dugc gia nhiét & nhiét do 65°C trong 1 gid, duge bd sung cing
v6i 0,5 duong lugng N-iodosucxinimit va duy tri & nhiét 46 65°C trong 24 gi¢. Sau khi
dua trd lai nhiét 46 phong, dung méi dugc lam bay hoi, sau d6 hop chét thu duge dugce
chiét vai 1an bang diclometan. Pha hitu co dugc thu gom, rira bing dung dich natri
bisulfit 10%, 1am khd bang magie sulfat va c6 dé thu dugc 8g (88%) metyl 3-amino-6-

iodopyrazin-2-carboxylat du6i dang chit rin mau vang. -
LCMS (EIL, m/z): (M+1) 280

'H NMR: 8H ppm (400 MHz, DMSO): 8,50 (1H, s, CHom), 7,50 (2H, bs, NH,),
3,20 (3H, s, CH).

Vi du 3b: 3-amino-6-iodopyrazin-2-carboxamit

30mL dung dich nuéc amoniac duéc bd sung két hop khudy tir vao 15g
(53,8mmol) dung dich chita metyl 3-amino-6-iodopyrazin-2-carboxylat trong 150mL
metanol. Hon hgp phan tmg nay dugc khudy & nhiét do 25°C trong 48 gid. Sau khi lam
bay hoi dung moi, chét két taa thu dugc duoc loc, rira b%lng nudce, sau d6 1lam khd & nhiét
dg 50°C dé thu dugc 12,50g 3-amino-6-iodopyrazin-2-carboxamit (88%) duéi dang chét

rin mau be.
LCMS (EI, m/z): (M+1) 265,02

'H NMR: 8H ppm (400 MHz, DMSO): 8,35 (1H, s, CHgom), 7.85 (1H, bs, NH),
7,60 (3H, bs, NH), 3,25 (3H, s, CHs)

Vi du 3c: N’-(3-xyano-5-iodopyrazin-2-yl)-N,N-dimetylformimidamit

13,59mL (146mmol) photpho oxyclorua dugc bd sung timg giot & nhiét do 0°C

vao 11g (41,7mmol) dung dich chtra 3-amino-6-iodopyrazin-2-carboxamit trong 80mL
dimetylformamit. Hn hop phan tng nay dugc khuiy & nhiét d6 phong qua dém, sau d6
duge d6 vao cbe c6 mé chira nude da va mot it nude. PO pH duge didu chinh dén pH=28
b%mg dung dich natri cacbonat 1N; chét két tia dugc tao ra. Hon hop duogc dua trd lai tir

tir dén nhiét 4§ phong, sau @6 chat ran tao ra dugc loc, rira bang nudc va 1am kho & nhiét
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thu dugc 2,2g (86%) 5-iodo-1H-pyrazolo[3,4-b]pyrazin-3-amin dudi dang chét rin mau

nau.
LCMS (EI, m/z): (M+1) 262,02
'H NMR: 5H ppm (400 MHz, DMSO): 12,59 (1H, bs, NH), 8,60 (1H, d, CHyom),
5,83 (2H, bs, NH,).
Vi du vé phuong phap A3
Vi du 4: 5-iodo-6-metoxy-1H-pyrazolo[3,4-b]pyridin-3-amin
NH,

X
N
P

MeO~ N

I=z /é\

Vi du 4a: etyl 5-xyano-2-hydroxy-6-(metylthio)nicotinat

Etyl 5-xyano-2-hydroxy-6-(metylthio) nicotinat dugc didu ché theo phuong phép
dugc mo ta trong tai li€u: Ya. Yu. Yakunin et al., Russian Chemical Bulletin, 1999,
48(1), 195-6 véi tdng hiéu suét bing 34%.

LCMS (EI, m/z): (M-1) 237,22

'H NMR: 8H ppm (400 MHz, DMSO): 12,72 (1H, bs, OH), 8,40 (1H, s, CHuom)s
4,29 (2H, q, CH,), 2,64 (3H, s, CH3), 1,30 (3H, t, CH;).

Vi du 4b: axit 5-xyano-2-hydroxy-6-(metylthio)nicotinic

4,16g (2 duong lugng) lithi hydroxit monohydrat duoc bd sung & nhiét do phong
vao dung dich chira 11,8g (49,5mmol) etyl 5;xyano-2-hydroxy-6-(metylthio)nicotinat
trong 100mL etanol va 100mL nuéc. Hon hop phan tng nay dugc khudy & nhiét d6 60°C
trong 2 gio. Etanol dugc 1am bay hoi va dung dich nuéc natri cacbonat 1N dugc bd sung
vao. Pha nudc dugc rira béng etyl axetat, sau d6 dugc axit hoa lai bing dung dich nudc
hydroclorua 1IN (pH=1). Chét két tia thu dugc dugc loc, rira b%mg nudce va dietyl ete, sau
d6 1am khd trong didu kién chan khong dé thu dugc 9,9g (95%) axit 5-xyano-2-hydroxy-
6-(metylthio)nicotinic dudi dang b6t mau nau.

LCMS (EI, m/z): (M-1) 209,09

'H NMR: 8H ppm (400 MHz, DMSO): 8,32 (1H, s, CHgon), 2,61 (3H, s, CHs).

- Vi du 4c: 6-hydroxy-2-(metylthio)nicotinonitril
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do 50°C dé thu dugc 10,50g N’-(3-xyano-5-iodopyrazin-2-yl)-N,N-dimetylformimidamit
(84%) duéi dang chit rin mau be.
LCMS (EL, m/z): (M+1) 302,07

'"H NMR: 8H ppm (400 MHz, DMSO): 8,69 (1H, s, CHpon,), 8,67 (1H, 5, CHegy1),
3,20 (3H, s, CH;), 3,11 (3H, s, CH}).

Vi du 3d: 3-amino-6-iodopyrazin-2-carbonitril

77mL (77mmol) dung dich axit clohydric 1M duge b sung vao 7,7g (25,6mmol)
N’-(3-xyano-5-iodopyrazin-2-yl)-N,N-dimetylformimidamit. H3n hop phan tmg duoc gia
nhiét & nhiét d§ 50°C trong 4 gid, sau d6 duoc khudy & nhiét 4o phong qua dém. Chét két
tia thu dugc dugc loc, rira bang nude va lam kho & nhiét d 50°C dé thu dugc 6g (95%)
3-amino-6-iodopyrazin-2-carbonitril duéi dang chit rin mau be.

LCMS (EI, m/z): (M+1) 247,0

'H NMR: 8H ppm (400 MHz, DMSO): 8,49 (1H, s, CHgom), 7,53 (2H, bs, NH,).

Vi du 3e: 3-clo-6-iodopyrazin-2-carbonitril

64,3mL axit clohydric dugc bd sung & nhiét d6 -5°C vao 7,7 g (31,3mmol) 3-
amino-6-iodopyrazin-2-carbonitril. O nhiét d0 ndy, dung dich natri nitrit (4,32g,
~ 62,6mmol) dugc hoa tan trong 9mL nuéc duge bd sung vao hdn hop phén»l’mg va khudy
trong 4 gi¢ & -50°C, sau d6 & nhiét dd phong qua dém. Mot duwong lugng natri nitrit nita
dugc bd sung vao hdn hop phan tmg va chit két tia thu dugce duge loc, rira bang nudc va
lam khé & nhiét d6 50°C dé thu duoc 3,65 g (44%) 3-clo-6-iodopyrazin-2-carbonitril duéi
dang chét rin mau be. '

LCMS (EL m/z): (M+1) 266,49

'H NMR: H ppm (400 MHz, DMSO): 9,13 (1H, s, CHy,om)

Vi du 3: 5-iodo-1H-pyrazolo[3,4-b]pyrazin-3-amin

0,74mL (9,8mmol) hydrazin dugc bd sung vao 2,6g (9,80mmol) dung dich chira
3-clo-6-iodopyrazin-2-carbonitril trong 15mL butanol. Hon hgp phan tng nay duoc gia
nhiét & nhiét d 110°C trong 5 givy, sau d6 dé & nhiét do phong qua dém. Chat rin & dang

huyén phu duoc loc, rira bang butanol, sau d6 lam kho trong ti sdy & nhiét do 50°C dé
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Dung dich chta 6g (28,5mmol) axit 5-xyano-2-hydroxy-6-(metylthio)nicotinic
trong 35mL diphenyl ete duge khudy & nhiét do 250°C trong 4 gid. Sau khi dua trd lai
nhiét do phong, 100mL xyclohexan dugc bd sung vao va hdn hop phan tng nay dugc
nghién trong 30 phat. Chét rin tao ra dugce loc, ria k¥ bang xyclohexan, sau d6 1am kho
trong diéu kién chian khong d&8 thu duge 2,87g (60%) 6-hydroxy-2-

(metylthio)nicotinonitril dudi dang bt mau nau.
LCMS (EI, m/z): (M+1) 167,12

'"H NMR: 8H ppm (400 MHz, DMSO): 12,16 (1H, bs, OH), 7,92 (1H, d, CHyom),
6,46 (1H, d, CHgpom), 2,59 (3H, s, CHs).

Vi du 4d: 6-hydroxy-5-iodo-2-(metylthio)nicotinonitril

6g (1,6 duong lugng) bac sulfat va 4,58¢g (1,5 duong lugng) iot duge bd sung 1an
lugt vao dung dich chita 2g (12mmol) 6-hydroxy-2-(metylthio)nicotinonitril trong
200mL etanol. Hon hgp phan ng nay dugc khudy & nhiét do phong trong 2 gid. Chét rén
thu dugce dugc loc va phén cén dugc rira k¥ bang metanol. Dich loc duge 1am bay hoi,
sau d6 dugc chiét bang etyl axetat. Pha hiru co duge rira biang nudc ba lan, 1am kho bing
magie sulfat va 1am bay hoi dé thu dugc 3,18 g (90%) 6-hydroxy-5-iodo-2-

(metylthio)nicotinonitril dudi dang bdt mau vang.
LCMS (EIL, m/z): (M+1) 292,93

'"H NMR: 8H ppm (400 MHz, DMSO): 12,96 (1H, bs, OH), 8,38 (1H, s, CHom),
2,62 3H, s, CH,).

Vi du 4e: 5-iodo-6-metoxy-2-(metylthio)nicotinonitril

905uL (2 duong luong) metyl iodua va 2,1g (1,05 duong luong) bac cacbonat
dugc bd sung lan lugt vao dung dich chtra 2,12g (7,26mmol) 6-hydroxy-5-iodo-2-
(metylthio)nicotinonitril trong 20mL 1,4-dioxan. Hdn hop phan tmg nay dugc khudy &
nhiét d6 60°C trong 5 gid. Chét rin thu dwgc duge loc va phan cin duoc rira k§ bing
metanol. Dich loc dugc 1am bay hoi va phan cin dugc tinh ché bing phuong phép sic ky
cdt trén silic oxit (dung méi rira gidi 1a hdn hop diclometan/xyclohexan theo ty 18 4:6) dé
thu dugc 1,52g (68%) S-iodo-6-metoxy-2-(metylthio)nicotinonitril duéi dang bot mau

tréng.

LCMS (EL m/z): (M+1) 306,95

-57-



20026

'H NMR: 5H ppm (400 MHz, DMSO): 8,50 (1H, s, CHgom), 4,04 3H, s, CHa),
2,63 (3H, s, CHs).

Vi du 4f: 5-iodo-6-metoxy-2-(metylsulﬁnyl)nicotinpnitril

1,42g (1,1 duong lugng) axit 3-cloperbenzoic 70% dugc bd sung vao dung dich
‘chira 1,6g (5,23mmol) 5-iodo-6-metoxy-2-(metylthio)nicotinonitril trong 20mL
diclometan. Hon hop phan tmg nay dugc khudy & nhiét d6 phong trong 1 gi¢. Ethyl
axetat dugc bd sung vao va pha hiru co dugc rira bing dung dich natri bicacbonat bo
hoa, 1am khd bing magie sulfat, loc va 1am bay hoi @& thu dugc 1,63 g (97%) 5-iodo-6-
metoxy-2-(metylsulfinyl)nicotinonitril duéi dang bot me‘iu trdng, bot ndy ciing c6 thé
chira 5-iodo-6-metoxy-2-(metylsulfonyl)nicotinonitril v&i ty 16 nhé (<20%). Khi can, hdn
hop nay dugc st dung tryc tiép trong cac bude tiép theo ma khong can tinh ché thém.

LCMS (EL m/z): (M+1) 322,95

'H NMR: SH ppm (400 MHz, DMSO): 8,86 (1H, s, CHom), 4,05 (3H, s, CH),
2,95 (3H, s, CH;).

Vi du 4: 5-iodo-6-metoxy-1H-pyrazolo[3,4-b]pyridin-3-amin

294pL (1,2 duong lugng) hydrazin monohydrat duge b sung vao dung dich chira
1,63g (5,05mmol) 5-iodo-6-metoxy-2-(metylsulfinyl)nicotinonitril trong 30mL 2-
propanol. Hon hop phan tmg nay dugc khudy & nhiét d6 80°C trong 9 gid. Sau khi dua
tr& lai nhiét 4o phong, chét rin tao ra loc va rira bing 2-propanol d thu dugc 1,14g

(78%) 5-i0odo-6-metoxy-1H-pyrazolo|[3,4- b]pyr1dm—3 -amin dlIO‘l dang bot mau trang
LCMS (EL m/2): (M+1) 291,00 |

'H NMR: 8H ppm (400 MHz, DMSO): 11,87 (1H, s, NH), 8,49 (1H, s, CHiom),
5,49 (2H, bs, NH,), 3,90 (3H, s, CHy).

Vi du 5: 5-iodo-1H-pyrazolo[3,4-b]pyridin-3,6-diamin

|
A
m'*
N
H

Vi du5a: 4-metylmorpholini (2,4)-etyl-5-amino-2,4-dixyano-5-mercaptopenta-
2,4-dienoat
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4-metylmorpholini  (2,4)-etyl-5-amino-2,4-dixyano-5-mercaptopenta-2,4-dienoat
dugc didu ché theo phuong phap dugc md ta trong tai liéu: V.D. Dyachenko et al.,
Chemistry of Heterocyclic Compounds, 2005, 41(4), 503-10 véi hiéu suét 50%.

'H NMR: 5H ppm (400 MHz, DMSO): 9,60 (1H, bs, NH), 8,66 (1H, s, CH), 8,33
(1H, bs, NH), 7,43 (1H, bs, NH), 4,08 (2H, q, CH,), 3,82-4,02 (2H, m, CH,), 3,55-3,78
(2H, m, CHy), 3,24-3,42 (2H, m, CH,), 3,98-3,17 (2H, m, CH,), 2,81 (3H, s, CHs), 1,19
(3H, t, CH).

Vi du 5b: etyl 2-amino-5-xyano-6-(metylthio)nicotinat

2,73mL (1 duong lugng) metyl iodua duge bd sung vao dung dich chura 14,2¢g
(43,8mmol) 4-metylmorpholinium (2,4)-etyl-5-amino-2,4-dixyano-5-mercaptopenta-2,4-
dienoat trong 78mL N,N-dimetylformamit. Hon hop phan ting nay dugc khudy & nhiét 4o
phong trong 1 gio, sau 46 & 75°C trong 20 gid. Sau khi dua trd lai nhiét d6 phong, nudc
dugc bd sung vao va chit rin tao ra dugc loc va lam khd trong diéu kién chan khong dé
thu dugc 10,31g (100%) etyl 2-amino-5-xyano-6-(metylthio)nicotinat du6i dang bot mau
be.

LCMS (EL m/z): (M+1) 238,20

"H NMR: 8H ppm (400 MHz, DMSO): 8,25 (1H, 5, CHpom)» 8,19 (1H, bs, NH),
7,99 (1H, bs, NH), 4,27 (2H, q, CHy), 2,58 (3H, s, CH;), 1,31 (3H, t, CHs).

Vi du 5c: axit 2-amino-5-xyano-6-(metylthio)nicotinic

3,08g (2 duong lugng) lithi hydroxit monohydraf dugc bd sung & nhiét do phong
vao dung dich chira 8,7g (36,7mmol) etyl 2-amino-5-xyano-6-(metylthio)nicotinat trong
87mL etanol va 87mL nuéc. Hon hop phan tng nay duoc khudy & nhiét do 60°C trong
2 gio. Etanol dugc 1am bay hoi va dung dich nuéc natri cacbonat 1N dugc bd sung vao.
Pha nuéc dugce rira bang etyl axetat, sau d6 duoc axit héa lai bing dung dich nuéc
hydroclorua IN (pH=1). Chét két tia thu dugc dugc loc, rira bing nudc va dietyl ete, sau
d6 1am kho trong diéu kién chan khong dé thu dugc 7,67 g (dinh lugng) axit 2-amino-5-

Xyano-6-(metylthio)nicotinic dudi dang bot mau niu.
LCMS (EIL m/z): (M+1) 210,16

"'H NMR: Hppm (400 MHz, DMSO): 13,28 (1H, bs, CO,H), 8,21 (IH, s,
CHiom), 8,13 (2H, bs, NH,), 2,57 (3H, s, CHy).
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Vi du 5d: 6-amino-2-(metylthio)nicotinonitril

Dung dich chira 3g (14,3mmol) axit 2-amino-5-xyano-6-(metylthio)nicotinic trong
30mL diphenyl ete duoc khudy & nhiét d@ 255°C trong 60 gi¢. Sau khi dua trd lai nhiét
d6 phong, 60mL xyclohexan dugc bd sung vao va hdn hop phan ting nay dugc nghién
trong 30 phiit. Chét rin tao ra duoc loc, sau do rira k¥ bang xyclohexan. Chét rén dugc
hoa tan lai trong etyl axetat, sau d6 pha hitu co dugc rira bing nudc, 1am kho bing magie
sulfat, loc, sau d6 lam bay hoi dé thu duge 1,32g (55%) 6-amino-2-

(metylthio)nicotinonitril du¢i dang bot mau niu.
LCMS (EL, m/z): (M+1) 166,13

'H NMR: 8H ppm (400 MHz, DMSO): 7,58 (1H, d, CHgom), 7,12 (2H, bs, NH,),
6,20 (1H, d, CHpom), 2,51 (3H, s, CH3).

Vi du Se: 6-amino-5-iodo-2-(metylthio)nicotinonitril

3,75 g (1,5 duong lugng) bac sulfat va 2,85¢ (1,4 duong lugng) iot duoc bd sung
14n luot vao dung dich chira 1,32g (8,02mmol) 6-amino-2-(metylthio)nicotinonitril trong
65mL etanol. Hon hgp phan tng nay dugc khudy & nhiét d6 phong trong 3 gid. Chat rin
thu dugc dugc loc va phén cén dugc rira k¥ b%mg metanol. Dich loc dugc 1am bay hoi va
dugc hoa tan lai trong etyl axetat. Pha hitu co dugc rira bing nudc ba lin, 1am kho bing
magie sulfat va lam bay hoi dé thu dugc 1,89g (81%) 6-amino-5-iodo-2-

(metylthio)nicotinonitril duéi dang bot mau nau.
LCMS (EL m/z): (M+1) 291,99

'H NMR: §H ppm (400 MHz, DMSO): 8,13 (1H, s, CHgom), 7,19 (1H, vach don
phéng rong, NIL), 2,51 (3H, s, CHy). |

Vi du 5f: 6-amino-5-iodo-2-(metylsulfinyl)nicotinonitril

1,77g (1,1 duong lugng) axit 3-cloperbenzoic 70% duge bd sung vao dung dich
chra 1,89g (6,51lmmol) 6-amino-5-iodo-2-(metylthio)nicotinonitril trong 60mL
diclometan. Hon hop phan g nay dugc khudy & nhiét d6 phong trong 1 gi0. Etyl axetat
dugc bd sung vao va pha hitu co duge rira bing dung dich natri bicacbonat bdo hoa, lam
kho bang magie sulfat, loc va lam bay hoi dé thu dwoc 1,5g (75%) 6-amino-5-iodo-2-

(metylsulfinyl)nicotinonitril duéi dang bot mau tring, bot nay ciing ¢ thé chira 6-amino-
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5-i0do-2-(metylsulfonyl)nicotinonitril & ty 1¢ nhd (<20%). Khi can, hdn hop nay dugc sir
dung truc tiép trong cac budc tiép theo ma khong can tinh ché thém.

LCMS (EIL m/z): (M+1) 307,98

'H NMR: 8H ppm (400 MHz, DMSO): 8,45 (1H, s, CHypom), 7,70 (2H, vach don
phéng rong, NH,), 2,84 (3H, s, CHj).

Vi du 5: 5-iodo-1H-pyrazolo[3,4-b]pyridin-3,6-diamin

275uL (2 duong lugng) hydrazin monohydrat dugc bd sung vao dung dich chira
872mg (2,84mmol) 6-amino-5-iodo-2-(metylsulfinyl)nicotinonitril trong 11mL 2-
propanol. Hén hop phan tng nay dugc khudy & nhiét d6 80°C trong 3 gid. Nude duge bd
sung vio va hop chét thu dugce dwoc chiét bing etyl axetat. Pha hitu co dugc lam khd
bing magie sulfat, loc va 1am bay hoi. Phin cén dugc nghién trong lwong téi thidu
diisopropyl ete. Chét rén thu dwoc duoc loc dé thu dugc 523 mg (67%) S5-iodo-1H-
pyrazolo[3,4-b]pyridin-3,6-diamin dudi dang bot mau nau.

- LCMS (EI, m/z): (M+1) 276,00

'H NMR: 8H ppm (400 MHz, DMSO): 11,23 (1H, s, NH), 8,26 (1H, s, CHyom),
6,11 (2H, bs, NH,), 5,25 (2H, bs, NH,).

Vi du vé phuong phap B1

Vi du 6: 5-(3,5-diflobenzylthio)-1H-pyrazolo[4,3-b]pyridin-3-amin

F
/©\/ e
F S\ENj\/\(N
Z =N
H

Vi du 6a: 6-clo-3-nitropicolinonitril

2,6-diclo-3-nitropyridin (5,18mmol, 1g) dugc tron v6i SmL N-metyl-2-
pyrolidinon trong thiét bi phan tmg vi séng. Hon hop phan mg nay dugc gia nhiét & nhiét
d6 180°C trong 15 phut (6 bar (600K pa)). Hop chét thé thu duge dugce hoa tan trong etyl
axetat, loc va rira vai lan bffmg pha nuéc. Pha hitu co dugc thu gom, 1am kho bﬁng magie
sulfat va c6 dén khd. Hop chét thd thu duge dugce tinh ché bing phuong phap sic ky
silicagel (heptan/AcOELt) d thu dugc, sau khi.cd, 0,62g (65%) ddu mau nau.

'H NMR: 8H ppm (400 MHz, DMSO): 8,81 (1H, d, CHiom), 8,18 (1H, d, CHgon).
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Vi du 6b: 3-nitro-6-thioxo-1,6-dihydropyridine-2-carbonitril

Mot duong lugng NaSH:H,O duogc bd sung vao dung dich chta 6-clo-3-
nitropicolinonitril (5,45mmol, 1g) trong 20mL EtOH. Dung dich chuyén sang mau cam.
Hon hop phan ting ndy dugc khudy & nhiét do phong trong 30 phut. Tiép theo, hop chét
tho thu dugce duge cd, hoa tan lai trong etyl axetat va chiét vai 1an bﬁng pha nuéc cé tinh
axit (dung dich HC1 1N), sau d6 12 pha trung tinh. Pha hitu co dugc cd va hop chit tho
thu dugc duge két tinh lai trong axeton d& thu dugc 0,64g (79%) tinh thé mau vang.

~ 'H NMR: 8H ppm (400 MHz, DMSO): 8,71 (1H, d, CHyom), 8,27 (1H, d, CHg,omn)-
Vi du 6¢: 6-(3,5-diflobenzylthio)-3-nitropicolinonitril
Hon hop chtra 3-nitro-6-thioxo-1,6-dihydropyridin-2-carbonitril (4,42mmol,
1,34g), 3,5-diflobenzylbenzylbromua (8,83mmol, 1,828g), va K,CO; (11,04mmol,
- 1,525g) trong SmL axeton dugc gia nhiét & nhi¢t do 70°C trong 10 gid, sau d6 1am bay
hoi trong diéu kién 4p sudt giam. Phin cin dugc tinh ché bing phuong phap séc ky
silicagel (AcOEt/heptan) dé thu dugc 1,33 g (98%) hop chit mong muédn.

LCMS (ES-): m/z 306 (M-H+).

'H NMR: 8H ppm (400 MHz, DMSO): 8,53 (1H, d, CHhom), 7,91 (1H, d, CHipom),
7,21 (2H, m), 7,17 (1H, m), 4,55 (2H, CH,).

Vi du 6d: 3-amino-6-(3,5-diflobenzylthio)picolinamit

Hén hop chira 6-(3,5-diflobenzylthio)-3-nitropicolinonitril (0,05g, 0,163mmol) va
PtO, (0,739mg, 3,25umol) trong 10mL MeOH dugc dit két hop khudy & 4p suit khi
quyén hydro trong 2 gidr. Chét xiic tac dugc loc, dung dich dugc c6 va phin cin thu duge
dugc tinh ché bang phuong phép sic ky silicagel (AcOEt/heptan) dé thu dugc 0,04g
(83%) tinh thé mau tring, sau khi co.

LCMS (ES+) m/z: 296 (MH+).

'"H NMR: 8H ppm (400 MHz, DMSO): 7,84 (1H, rong s, NH), 7,40 (1H, réng s,
NH), 7,14 (1H, d, CHyon), 7,08 (4H, m, CHgom), 6,80 (2H, rong s, NHy), 4,43 (2H, s,
CH,).

Vi du 6e: 3-amino-6-(3,5-diﬂobenzylthio)picdlinonitril
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Hdn hop chira 3-amino-6-(3,5-diflobenzylthio)picolinoamit (2,37mmol, 0,7g) va
P,Cls (9,48mmol, 1,346g), 20mL toluen va 1mL dung méi ion (1-butyl-3-metylimidazol
tetrafloborat) durgc dit trong thiét bi phén Ung vi song, sau d6 gia nhiét & nhiét 4o 140°C
trong 30 phut. Tiép theo, hop chét tho thu duge duge cd trong diéu kién 4p suit giam va
tinh thé mau cam thu dwoc dugc hoa tan lai trong etyl axetat va rira bing dung dich nuéc
NaHCOj; bdo hoa. Pha hitu co dugc lam khé bing magie sulfat, sau d6 é() dé thu dugc
0,7g dau mau nau. Hop chit thé thu dugc dugc tinh ché bing phuong phép sic ky
silicagel (AcOEt/heptan + 0,1% NEt;) d& thu dugc 0,15g (23%) tinh thé mau cam, sau
khi cb.

'H NMR: 8H ppm (400 MHz, DMSO): 7,73 (1H, d, CHiom)> 7,25 (2H, m,
CHhom), 7,18 (1H, m), 6,85 (1H, d), 5,43 (2H, CH,).

- Vi du 6: 5-(3,5-diflobenzylthio)-1H-pyrazolo[4,3-b]pyridin-3-amin

Dung dich NaNOz trong 3mL nudc di 1am lanh dén nhiét d6 0°C dugc bd sung
tirng giot vao dung dich chira 3-amino-6-(3,5-diflobenzylthio)picolinonitril (1,587mmol,
0,44g) trong 15mL dung dich HCl 6N & nhiét d0 0°C. Sau 15 phuat, dung dich
SnCl,.2H,0 di lam lahh dén nhiét do6 0°C dugc pha loang trong 4mL dung dich HCI 12N
duge bd sung vao ting giot.’ Tiépr theo, hdn hgp phan tng ndy duoc khudy & nhiét do
25°C trong 1 gid. Dung dich dugc chiét bang etyl axetat, sau d6 rira bing dung dich
NaHCOj; bdo hoa, sau d6 rira bing dung dich NaCl bdo hoa. Pha hitu co dugc thu gom,
1am kho bang magie sulfat, sau d6 cd trong diéu kién 4p sudt giam. Phin cin dugc tinh
ché bing phuong phap séc ky silicagel (AcOEt/heptan) dé thu dugc 0,07g (15%) tinh thé

mau den, sau khi c6 pha hitu co.

'H NMR: H ppm (400 MHz, DMSO): 11,64 (1H, s, NH), 7,63 (1H, d, CHyop),
7,21 (2H, m, CHyon), 7,13 (1H, d, CHom), 7,04 (1H, m, CHom), 5,38 (2H, s, NH,), 4,51
(2H, s, CHp).

Céc hop chét sau ciing dugc didu ché theo phuong phap nay.

NH,
_X__N
Ar I I\<N
w Ty, N
R;
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Phé
Vi du** ArX W | Y| R Hop chit Hiéu suit| khéi
MH'
S\
. 5-(2,5-diflobenzylthio)-1H- 5%
62 H|CHYH | razolo[4,3-blpyridin-3-amin | 4 buse | 250
F
S\
ol 5.(2,5-diclobenzylthio)-1H- 3%
6-3 HCH|H O azolo[4,3-blpyridin-3-amin | 4 buse |27
c

** ' NMR: H ppm (400 MHz, DMSO): 6-2: 11,65 (1H, s, NH), 7,64 (1H, dd,
CHgpom, J=8,8Hz), 7,42-7,51 (1H, m, CHgyom), 7,20-7,25 (1H, m, CHyom), 7,14 (1H, dd,
- CHgpom, J=8,8Hz), 7,01-7,11 (1H, m, CHyom), 5,37-5,41 (2H, m, NH2), 4,49 (2H, s). 6-3:

11,65 (1H, s, NH), 7,83 (1H, m, CHgom), 7,61 (1H, dd, CHyop,, J=8,8Hz), 7,50 (1H, m,
| CHgom), 7,28-7,32 (1H, m, CHpom), 7,10 (1H, dd, CHyom, J=8,8Hz), 7,01-7,11 (1H, m,
CHuom), 5,42 (2H, s, NH2), 4,47 (2H, s).

Vi du vé phuong phap B2

Vi du 7: 5-(3,5-diclophenylthio)-1H-pyrazolo[4,3-b]pyridin-3-amin
NH,
-l SN
Ty
Z =N
H
Cl

Vi du 7a: 6-(3,5-diclophenylthio)-3-nitropicolinonitril

Hén hop chira 6-clo-3-nitropicolinonitril (3,70g, 0,02mol), 3,5-diclobenzenthiol
(3,60g, 0,02mol) va K,CO; (5,6g, 0,04mol) trong IOOmL axetonitril dugc gia nhiét &
nhiét d6 70°C trong 16 gid. Hop chit thd thu dugc duge pha lodng trong phan doan etyl
axetat va rira bang pha nuéc. Pha hiru co duge 1am kho bang natri sulfat va phin cén
dugc tinh ché bang phuong phép séc ky silicagel (AcOEt/ete dau mé) dé thu duoc 5,4g

(80%) chét rin mau vang.
Vi du 7b: 3-amino-6-(3,5-diclophenylthio)picolinonitril

10mL HCI dam dic dugc bd sung vao dung dich chira 6-(3,5-diclophenylthio)-3-
nitropicolinonitril (3,4g, 0,01mol) trong 50mL metanol két hop khudy. H3n hop phan

tmg ndy dugc hdi hru, dugc bd sung cing véi 1,68g (0,03mol) sit va khudy trong 10 '

phut. Sau khi dwa trg lai nhiét do phong, hdn hop phan tmg dugc bd sung vao 100mL etyl
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axetat va 50mL nuéc. PO pH dugc didu chinh ¢én pH = 10 bang dung dich natri cacbonat
30% va pha hitu co duge chiét, sau d6 1am kho bing natri sulfat khan truée khi ¢6. Phén
cin dugc tinh ché bing phwong phép séc ky silicagel (etyl axetat/ete ddu mé) dé thu dugc

2,82g (91%) chét rin mau vang, sau khi ¢ céc phéan doén.
LCMS (m/e): 296(M+H+). %.
Vi du 7: 5-(3,5-diclophenylthio)-1H-pyrazolo[4,3-b]pyridin-3-amin

Dung dich chira 350mg NaNO, (5,07mmol) trong nuéc (2ml) dugc bd sung vao
dung dich dang dugc khudy chira 1,5g 3-amino-6-(3,5-diclophenylthio)picolinonitril
- (5,07mmol) trong 100mL axit sulfuric 50% & nhiét & 0°C. Hon hop niy dugc khudy
trong 20 phat & nhiét d6 nim trong khoang tir 0°C dén 5°C. Dung dich chira 2,9g
SnCl,.2H,0 (12,7mmol, 2,5 duong lugng) trong dung dich axit clohydric (12N, 10mL)
* duge bd sung vao va dung dich dugc khudy trong 1 gi& & nhiét do phong. Chét rin tao ra
dugc loc, sau d6 rira hai 1an bang 20mL nu6e. Chét rin dugc tao huyén phi trong 100mL
va d9 pH dugc diéu chinh dén pH = 10 bing dung dich natri cacbonat 30%. Pha hitu co
dugc phén tach, sau d6 1am khé bang natri sulfat khan trude khi ¢ trong didu kién chan
khong. Sau d6 két tinh lai trong etyl axetat d& thu duqc chit rdn mau vang nhat (470mg,
34%).

LCMS m/z 311 (M+H).

'H NMR: 8H ppm (400 MHz, DMSO): 11,91 (1H, bs, NH), 7,79 (1H, d, CHyr),

7,55 (1H, s, CHgom), 7,36 (2H, s, CHom), 7,33 (1H, m, CHgom), 5,42 (2H, s, NH,).

Céc hop chit sau ciing duoc diéu ché theo phuong phap nay.

NH,
X__N
Ar” SN
T
~
w vy, N
R;
] .. | Pho
d:’;* ArX | Y, |W|R Hop chit I:l::‘t' khéi
* MH"
A
o .
7.1 cululu 5-(3,5—d1ﬂ0benzy.lo?(y)-1H—Pyrazolo[4,3— 28% | 277
b]pyridin-3-amin
F F
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s” '
72 CH 5-(3,5-diﬂopheny}thio)—1H—pyrazolo[4,3- 33%
i . b]pyridin-3-amin 3 bude 2789
SI
F . .
7.3 CH 5-(2,4-dlﬂopheny}tl}10)-1H-pyrazolo[4,3- 24%
b]pyridin-3-amin 3 bude 2790
F
SI
Cl . .
7.4 CH 5-(2,4-dlclopheny.lth10)-1H—pyrazolo[4,3- 24%
b]pyridin-3-amin 3 budc 3110
Cl
cFos”
75 | CH 5-(2~(triflometyl)phenylthio)-1H- 17%
pyrazolo[4,3-b]pyridin-3-amin 3 bude 3110
SI
7.6 N 5-(3,5-diﬂophenyltl}io)-1H-Pyrazolo[3,4- 6% 279
i _ b]pyrazin-3-amin 7 bude &
S/
Cl . .
7.7 N 5-(2,4-dlclopheny1tl}10)-1H-pyrazolo[3,4- 4% 3
b]pyrazin-3-amin 7 bude 11,9
Cl
cFos7
78 | N 5-(2-(triflometyl)phenylthio)-1H- 6%
pyrazolo[3,4-b]pyrazin-3-amin 7 budce 3119
4
(o]
7.9 CH 5-(3,5-diﬂobenzy'lo.xy)-1H—pyrazolo[4,3- 6%
F b]pyridin-3-amin 3 bude 277,0
F
4
o
7-10 F lca 5-(2,5-diﬂobenzy}o?<y)-1H-pyrazolo[4,3- 3% 27
b]pyridin-3-amin 3 budc 70
F
4
o
711 ¢ |cu 5-(2,5-diclobenzy.lo.xy)-lH-.pyrazolo[4,3- 32% 309
b]pyridin-3-amin 3 bude 0
Cl
4
0 - _
712 E |lcu 5-(5-clo-2-(triflometyl)benzyloxy)-1H- 8%
pyrazolo[4,3-b]pyridin-3-amin 3 buse |41

Q
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4
o]
5-(pyridin-3-ylmetoxy)-1H-pyrazolo[4,3- | 6%
713 6 CH|H|H b]pyridin-3-amin 3 buoe | 2421
N

++ 'H NMR: 8H ppm (400 MHz, DMSO): 7-1: 11,61 (1H, s rong, NH), 7,73 (1H,
d, CHyom), 7,24 (2H; m, CHyom), 7,18 (1H, m, CHgom), 6,86 (1H, d, CHyorr). 7-2: 11,95
(1H, sl, NH), 7,78 (1H, d, CHyom, J=11,6Hz), 7,33 (1H, d, CHgpom J=11,6Hz), 7,19 (1H,
t, CHom), 7,04 (2H, 2d, CHyom, J=8,8Hz), 5,51 (2H, s, NH,). 7-3: 11,80 (1H, sl, NH),
7,70 (1H, d, CHyom, J=8,8Hz), 7,60 (1H, t, CHnom), 7,49 (1H, q, CHupom), 7,27-7,33 (1H,
m, CHyom), 7,11 (1H, d, CHyom, J=8,8Hz), 5,41 (2H, s, NH,). 7-4: 11,93 (1H, sl, NH),
7,80 (1H, d, CHypom, J=11,6Hz), 7,62 (1H, d, CHpom, J=11,6Hz), 7,40 (1H, dd, CHyop,
J=11,2Hz), 7,29 (1H, d, CHpom, J=11,6Hz), 7,1 (1H, s, CHpom), 5,51 (H, s, NHy). 7-5:
11,86 (1H, sl, NH), 7,87 (1H, d, CHgom, J=9,6Hz), 7,73 (1H, d, CHipom, J=11,6), 7,50-
7,68 (2H, m, CHyon), 7,44 (1H, d, CHyom, J=10,4Hz), 7,11 (1H, d, CHypom, J=11,6Hz),
5,46 (2H, s, NH,). 7-6: 12,66 (1H, sl, NH), 8,52 (1H, s, CHuom), 7,12-7,20 (1H, m,
CHpom), 7,02-7,10 (2H, m, CHyom), 5,90 (2H, s, NH,). 7-7: 12,70 (1H, s, NH), 8,52 (1H,
S, CHpom), 7,60 (1H, d, CHipoms J=8,8Hz), 7,38 (1H, dd, CHpom, J=8,4Hz), 7,12 (1H, s,
CHaom), 5,92 (2H, s, NH,). 7-8: 12,66 (1H, s, NH), 8,39 (1H, s, CHyop), 7,84 (1H, d,
CHuoms J=7,6Hz), 7,58 (1H, t, CHpom), 7,50 (1H, t, CHyom), 7,34 (1H, d, CHypor,
7=7,6Hz), 5,87 (2H, s, NH,). 7-9: 11,57 (1H, s, NH), 7,74 (1H, d, Charom, J=9Hz), 7,25
(3H, m, CHyen), 6,88 (1H, d, Charom, J=9Hz), 5,44 (2H, s), 5,08 (2H, s). 7-10: 11,58
(1H, s, NH), 7,73 (1H, d, CHyom, J=12,0Hz), 7,48-7,58 (1H, m, CHgpom), 7.21-7,37 (2H,
m, CHypon), 6,85 (1H, d, CHgom, J=12,0Hz), 5,44 (2H, s, CH), 5,10 (2H, sl, NH,). 7-11:
11,60 (1H, sl, NH), 7,70-7,77 (2H, m, CHypom), 7,57 (1H, d, CHgpom, J=11,2Hz), 7,40-7,50
(1H, m, CHpony), 6,89 (1H, d, CHyom, J=12,0Hz), 5,48 (2H, s, CH), 5,06 (2H, sl, NH,). 7-
12: 11,60 (1H, s, NH), 7,91 (1H, s, CHgom), 7,83 (1H, d, CHgpom, J=11,2Hz), 7,75 (1H, d,
CHiom, J=12,0Hz), 7,66 (1H, d, CHypom, J=9,6Hz), 6,88 (1H, d, CHypom, J=12,0Hz), 5,58
(2H, s, CH), 5,01 (2H, sl, NH,). 7-13: 11,56 (1H, sl, NH), 8,77 (1H, s, CHgom), 8,55 (1H,
s, CHiom), 7,96 (1H, d, CHyom, J=10,4Hz), 7,72 (1H, d, CHgpom, J=12,0Hz), 7,42 (1H, dd,
CHihom, J=10,0Hz), 6,83 (1H, d, CHypom, J=11,6Hz), 5,45 (2H, s, CH), 5,15 (2H, sl, NH,).

Vi du 8: N5-(3,5-diflophenyl)-1H-pyrazolo[4,3-b]pyridin-3,5-diamin
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Vi du 8a: 6-(3,5-diflophenylamino)-3-nitropicolinonitril

Hdn hop chua 6,5g 6-clo-3-hitropicolinonitril (0,065mol) va 6,2g 3,5-difloanilin
(0,048mol) trong 100mL toluen dugc gia nhiét & nhiét d6 70°C trong 5 gid. Hop chét thd
thu dugc dugc pha lodng trong phan doan etyl axetat va rira biang dung dich NaCl bdo
hoa. Pha hitu co dugc 1am khé bang natri sulfat va phan cin duoc tinh ché béng phuong

'phép séc ky silicagel (AcOEtete diu mé) dé thu dugc 3,9g (33%) chét rin mau vang.
Vi du 8b: 3-amino-6-(3,5-diflophenylamino)picolinonitril

10mL HCI ddm dic duge bd sung vao dung dich chira 6-(3,5-diclophenylthio)-3-
Anitrop’icolinonitril (3,9g, 0,0141mol) trong 150mL etanol két hop khudy. Hon hop phan
g nay dugc hdi luu, duge bd sung cling véi 2,4g sit (0,0423mol) va khudy & nhiét do
80°C trong 1 gid. Sau khi dua tr& lai nhiét d 0°C, d6 pH duoc diéu chinh dén pH = 8
bing dung dich natri cacbonat IN va hdn hop phan img duoc loc qua dém Celite. H3n
hop phan tng dugc bd sung vao cing véi 100mL etyl axetat va 50mL metanol. Pha hiru
co dugc chiét va pha nuée duoc chibt vai 1in bang cac phan doan etyl axetat. Pha hitu co
dugc thu gom, sau d6 1am kho bing natri sulfat khan trude khi dwoc cd dé thu dugce 2,3 g

(66%) chat rdn mau nau sau khi c6.

Vi du 8: 5-(3,5-diflophenylamino)-1H-pyrazolo[4,3-b]pyridin-3-amin

Dung dich chira 713mg NaNOz (10,3mmol) trong nuée (SmL) dugc bd sung ting

giot vao dung dich dugc khqu chtra 2,3g 3-amino-6-(3,5-diflophenylamino)picolinonitril
(9,4mmol) trong 100mL axit clohydric 6N & nhiét 4 0°C. Hon hgp dugc khudy trong 20
phut & nhiét 49 nim trong khoang tir 0°C dén 5°C. Dung dich chtra 5,3g SnCl,.2H,0
(23,5mmol, 2,5 dwong lugng) trong dung dich axit clohydric (12N, 30mL) duogc bd sung
vao tung giot va dung dich duogc khudy trong 1 gi& & nhiét d6 phong. Sau d6, hén hop
phén tmg dugc 1am lanh & nhiét d6 0°C va kiém hoa dén d6 pH = 8 bing dung dich natri
cacbonat 30%. Hon hop dugc chiét bang etyl axetat va rira bing dung dich NaCl bdo hoa
va pha hiru co duge 1am kho bing natri sulfat khan tru6e khi co trong didu kién chan
khong. Phin cin dugc tinh ché bing phuong phép sic ky cot trén silic oxit (AcOEt) dé
thu dugc chat rin mau vang nhat (530mg, 22%).
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LCMS: m/z 262 (M+H").

'H NMR: 8H ppm (400 MHz, DMSO): 11,47 (s, 1H), 9,45 (s, 1H), 7,65 (m, 3H),
6,87 (d, 1H, J=7,8 Hz), 6,60 (m, 1H), 5,09 (s, 2H).

Céc hop chét sau ciing dugc diéu ché theo phuong phép nay.

NH,
X N
e
w Ty, N
R;
vi | ] _ | Pho
dut* ArX | Y4|W(R; Hop chat Higu suat | khoi
‘ HN” _
F N-(2,5-diflophenyl)-1H-pyrazolo[4,3- 4%
8-1 \© CH H | H blpyridin-3,5-diamin 4buse | 2620
F
HN”
cl N-(2,5-diclophenyl)-1H-pyrazolo[4,3- 9%
8-2 \© CH H | H bpyridin-3,5-diamin 4buge | 22H0
cl

** IH NMR: §H ppm (400 MHz, DMSO): 8-1: 11,46 (1H, s, NH), 8,75-8,82 (2H,
m, CHypom), 7,65 (1H, dd, CHyom, J=9,2Hz), 7,19-7,31 (2H, m, CHyom), 6,67-6,63 (1H, s,
CHinom)s 5,06 (2H, s, NHy). 8-2: 11,58 (1H, sl, NH), 8,65 (1H, s, CHgon), 8,35 (1, s,
CHgpom); 7,69 (1H, d, CHypom, J=12,0Hz), 7,45 (1H, d, CHpom, J=11,6Hz), 7,24 (1H, d,
CHgoms J=12,0Hz), 6,96 (1H, dd, CHypom, J=11,2Hz), 5,03 (2H, s, NH,).

Vi du vé phuong phap B3

Vi du 9: 5-(3,5-diflobenzyl)-1H-pyrazolo[4,3-b]pyridin-3-amin

NH,
F N

N

S
F

IZ -

F

Hop chit nay c6 thé dugc didu ché tir cac hop chét trung gian sau theo phuong
phép B3.

Vi du 9a: 2-(3,5-diflobenzyl)-4,4,5,5-tetrametyl-1,3,2-dioxaborolan

Vi du 9b: 6-(3,5-diflobenzyl)-3-nitropicolinonitril
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Vi du 9c: 3-amino-6-(3,5-diflobenzyl)picolinonitril
Vi du v& phuong phép B4

Vi du 10: 3-amino-N-(3,5-diflophenyl)-1H-pyrazolo[3,4-b]pyridin-5-sulfonamit
F

0
/@\ A7 NH,
Z

A\
H | .
N" H

Vi du 10a: axit 5-(N-(3,5-diflophenyl)sulfamoyl)nicotinic

Dung dich chira 2,74g (9,64mmol) etyl 2-clo-5-(closulfonyl)nicotinat trong 20mL
diclometan khan dugc bd sung timg giot & nhiét do 0°C vao hdn hop chita 623mg
(4,82mmol) 3,5-difloanilin va 1,68mL (12,05mmol) trietylamin dugc pha lodng trong
10mL diclometan khan. Dung dich dugc khudy & nhiét d6 phong trong 3 gid. Dung méi
dugc 1am bay hoi dé thu dugc chit rin mau nau nhat. Chét rin na‘& dugc nghién trong

20mL metanol, loc, sau d6 rira bang 3mL metanol d& thu dugc 2,85 g chit rin mau tréng.

Chét rén nay dugc hoa tan lai trong 25mL tetrahydrofuran va bd sung vao dung
dich chtra 0,421g (10,04mmol) lithi monohydrat hydroxit trong 10mL nuéc. Hn hop
phan tmg dugce dé yén két hop khudy trong 3 gi0 ¢ nhiét do 35°C, sau d6 pha lodng trong
nuée, axit héa bing dung dich axit clohydric 1IN va chiét bing etyl axetat. Pha hitu co
duge thu gom, lam kho b%mg natri sulfat, loc va c¢6 d thu duoc 1,12g axit 5-(N-(3,5-

diflophenyl)sulfamoyl)nicotinic duéi dang chit rin mau cam (hiéu SUAt=67%).

'H NMR: 8H ppm (400 MHz, DMSO): 8,91 (1H, s, CHihom), 8,51 (1H, s, CHyom),
7,02 (14, dd, CHgon), 6,83 (2H, d, CHpom).

Vi du 10b: 2-clo-5-(N-(3,5-diflophenyl)sulfamoyl)nicotinamit

0,288mL (3,87mmol) thionyl clorua va mét giot DMF duge bd sung 1an lugt vao

0,450g (1,29mmol) axit 2-clo-5-(N-(3,5-diflophenyl)sulfamoyl)nicotinic trong S5mL
toluen khan. Hn hop nay dugc khudy & nhiét d6 hdi luu cia toluen, trong 2 gio. Tiép
theo hdn hgp phin g axit clorua ndy duoc bd sung timg giot vao dung dich nuéc da
chira 4,5mL amoni hydroxit 25% két hop khudy. Quan sat thdy sy thoat khi. Hdn hop
phan tmg dugc khudy & nhiét 46 phong trong 30 phut. Hén hop phéan tmg duoc chiét vai

14n bang etyl axetat. Pha hitu co thu gom dugc dugc 1am kho bing natri sulfat khan, sau
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d6 co dé thu duogc 0,315g 2-clo-5-(N-(3,5-diflophenyl)sulfamoyl)nicotinamit dugi dang

chét rin mau nau nhat (hiéu SUAt=72%).

'H NMR: 8H ppm (400 MHz, DMSO): 11,18 (1H, bs, NH), 8,86 (1H, s, CHgyom),
8,22 (1H, s, CHgyom), 8,21 (1H, bs, NH), 7,98 (1H, bs, NH), 6,96 (1H, dd, CHyop), 6,79
(2H, d, CHgpom).

Vi du 10c: 6#clo-5-xyano-N-(3,5-diﬂopheny1)pyridin-3-sulfonamit

3,4mL (36,2mmol) phosphoryl clorua va mdt giot axit sulfuric dim dic dugc bd
sung vao 0,315¢g (0,906mmol) 2-clo-5-(N-(3,5-diflophenyl)
sulfamoyl)nicotinamit. Hdn hgp phan tmg dugc khudy trong 2 gid & nhiét do 90°C, sau
d6 duge bd sung timg giot vao nude d4. Chét rin mau nau dugc loc, rira bang nudc, sau
d6 1am kho trong diéu kién chan khong dé thu dugc 0,217g 6-clo-5-xyano-N-(3,5-
diflophenyl)pyridin-3-sulfonamit du6i dang chét rin mau niu nhat (hiéu sudt=72%).

'H NMR: 8H ppm (400 MHz, DMSO): 11,34 (1H, bs, NH), 9,04 (1H, s, CHyom),
8,92 (1H, s, CHom), 7,03 (1H, dd, CHyom); 6,85 (2H, d, CHgpom).

Vi du 10: 3-amino-N-(3,5-diflophenyl)-1H-pyrazolo[3,4-b]pyridin-5-sulfonamit

0,377mL (2,63mm61) 35% hydrazin dugc bd sung vao 0,217g (0,658mmol) 6-clo-
5-xyano-N-(3,5-diflophenyl)pyridin-3-sulfonamit dugc pha lodng trong 6ml isopropanol.
Dung dich dugc gia nhiét & 75°C trong 2 gi¢. Dung méi duge lam bay hoi dé thu dugc
0,214g 3-amino-N-(3,5-diflophenyl)-1H-pyrazolo[3,4- b]pyr1d1n-5 sulfonamit dudi dang

chét rin mau vang (hiéu sudt=100%)).

"H NMR: 8H ppm (400 MHz, DMSO): 8,74 (1H, d, CHgom), 8,68 (1H, d, CHypom),
6,88 (1H, dd, CHom), 6,80 (2H, d, CHyom), 6,04 (2H, bs, NH).

Vi du vé phuong phap B5

Vidu 11: 5-(3,5-diflobenzyloxy)-1H-pyrazolo[3,4-b]pyridin-3-amin

Hop chit nay c6 thé dugc didu ché tir cac hop chét trung gian sau theo phuong
phap B5. '
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Vi du 11a: 5-hydroxynicotinonitril

Hdn hop chita 1g 5-metoxynicotinonitril (7,46mmol) va 8,62g pyridin hydroclorua
dugc gia nhiét & nhiét do 200°C trong 2 gidr. Hop chét thé thu dwgc dugc pha lodng trong
phan doan nuéc vai 14n bing dietyl ete. Pha nudc duge kidm hoa bing natri bicacbonat
va tiép theo chiét lai b%mg dietyl ete. Pha hitu co dugc 1am kho, sau d6 cb dé thu dugc
850mg 5-hydroxynicotinonitril (95%) duéi dang chat rin mau be.

LCMS: m/z 120,94 (M+H").

'H NMR: 8H ppm (400 MHz, DMSO): 10,79 (s, 1H), 8,46 (s, 1H, CHuom-), 8,42
(s, 1H, CHgom-), 7,60 (s, 1H, CHgom.)-

Vi du 11b: 5-(3,5-diflobenzyloxy)nicotinonitril

876mg (2 dwong lugng) natri hydrua duoc bd sung tir tir & nhiét do 0°C trong moi
truong nito vao dung dich chira 865mg 5-hydroxynicotinonitril (7,2mmol) trong 15mL
dimetylaxetamit. Hon hgp dugc khudy 10 phit & nhiét do 0°C truée khi bd sung 2,24¢g
(1,5 duwong lugng) 3,5-diflobenzyl bromua. Hn hop dugc khudy trong 2,5 gitr nita trude
khi pha lodng trong phan doan etyl axetat va rira bing cac phan doan nudc. Pha hitu co
dugc phén tach, lam khd va cd. Phan cén rén thu duoc dugce két tinh lai trong metanol dé

thu dugc 1,1g (68% 5-(3,5-diflobenzyloxy)nicotinonitril duéi dang bot mau be.

LCMS: m/z 247,11 (M+H").

'H NMR: 8H ppm (400 MHz, DMSO): 8,69 (s, 1H, CH), 8,65 (s, 1H, CH), 8,08
(s, lH,.CH), 7,26 (m, 3H, CH), 5,28 (d, 2H, CH,). |

Vi du 11c: 3-xyano-5-(3,5-diflobenzyloxy)pyridin 1-oxit

224mg m-CPBA dugc bd sung & nhiét do 0°C vao dung dich chira 250mg 5-(3,5-
diflobenzyloxy)nicotinonitril trong axetonitril. Hn hgp phan tng dugc khudy trong 20
gio déng thoi chit két taa dugc tao ra tir tir. Tiép theo, chit ran thu dugc duoc loc va rira
- d thu dugc 200mg (75%) 3-xyano-5-(3,5-diflobenzyloxy)pyridin 1-oxit duéi dang bot
mau tring.

LCMS: m/z 263,06 (M+H").

Vi du 11d: 2-clo-5-(3,5-diflobenzyloxy)nicotinonitril
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Hon hop chita 650mg 3-xyano-5-(3,5-diflobenzyloxy)pyridin 1-oxit trong 2,3mL
POCI; dugc bd sung vao vai giot H,SO, dugce gia nhiét & 110°C trong 1 gid30. Tiép theo,
hdn hop phan fing tho duge dd vao nude da va chit két tia thu duge duge tach bing cach
loc va 1am kho trong diéu kién chan khong dé thu dugce 600mg chit rin mau be & dang
hdn hop chira ddng phan ving chi yéu chira 2-clo-5-(3,5-diflobenzyloxy)nicotinonitril
mong mubn, hop chét ndy dugc sir dung ma khéng can tinh ché tiép.

LCMS: m/z 281,02 (M+H").

Vi du 11: 5-(3,5-diflobenzyloxy)-1H-pyrazolo[3,4-b]pyridin-3-amin

313mg hydrazin hydrat (5 dwong lugng) duge bd sung vio dung dich chira 1,6g 2-

- clo-5-(3,5-diflobenzyloxy)nicotinonitril (450pmol) trong 10mL propan-2-ol. Hén hop

phan Ung nay dugc gia nhiét & nhiét d§ 100°C trong 6 gid. Sau khi dua trd lai nhiét do
phong, két tha dugc tao ra, hon hgp phéan tng thd dugc loc, chét rin duoc loai bd va dich
loc duge 1am bay hoi dén kho. Tiép theo, phan cin duoc tinh ché bang phuong phép sic
ky cdt silic oxit, rira giai bing gradien gdm etyl axetat va metanol, trong d6 phan doan
phén cyc hon duge phan tach, co va tai huyén phi hoa trong phin doan nhd metanol két
hép khudy. Chit rin thu dugc dugc tich va 1am khd dé thu dwoc 221mg. 5-(3,5-
diflobenzyloxy)-1H-pyrazolo[3,4-b]pyridin-3-amin dudi dang chét rin mau be, chét rin

nay dugce sir dung truc tiép ma khong can tinh ché thém.
LCMS: m/z 277,07 (M+H").
Vi du vé phuong phéap B6

Vi du llbis: N-(3-amino-1H-pyrazolo[3,4-b]pyridin-5-y1)-3,5-diflobenzen

sulfonamit

Vi du 11bis-a: N-(6-clo-5-xyanopyridin-3-yl)-3,5-diflobenzen-sulfonamit

1,132g (5,32mmol) 3,5-diflobenzen-1-sulfonyle clorua dugc bd sung trong moi
trudng khi argon vao dung dich chtra 545mg (3,55mmol) 5-amino-2-clonicotinotril trong

20mL hdn hop khan chira THF va pyridin theo ty 16 1:1. Hn hop phan tng dwoc gia
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nhiét dén nhiét d6 70°C trong 3 gir va dé trong 12 giy nita két hop khudy & nhiét do

phong. Dung moéi dugc lam bay hoi dén kho va hop chit tho thu dugc duge hoa tan lai
trong etyl axetat va rira bing vai phan doan nuéc. Pha hiru co duge lam kho bing magie
sulfat, loc, cd va tinh ché bang phuong phép sic ky silicagel dé thu dugc 784mg (67%)
N-(6-clo-5-xyanopyridin-3-y1)-3,5-diflobenzen-sulfonamit.

'"H NMR: §H ppm (400 MHz, DMSO) : 11,39 (1H, sl, NH), 8. 34 (1H, m, CHgom),
8,10 (1H, m, CHgom), 7,67 (1H, m, CHy,om), 7,59 (2H, m, CHpom).

Vi du 1lbis: N-(3-amino-1H-pyrazolo[3,4-b]pyridin-5-yl)-3,5-diflobenzen-

sulfonamit

1,786g (35,7mmol) hydrazin hydrat dugc bd sung trong méi truomg khi argon vao

dung dich chtra 784mg (2,38mmol) N-(6-clo-5-xyanopyridin-3-yl)-3,5-diflobenzen-
“sulfonamit trong 6mL etanol. Dung dich dugc gia nhiét dén nhiét 9 100°C trong 20 gio,
sau d6 1am ngudi dén nhiét d6 phong. Dung méi duge lam bay hoi dé thu dugc 810mg N-
(3-amino-1H-pyrazolo[3,4-b]pyridin-5-y1)-3,5-diflobenzen-sulfonamit (100%) dugc sir
“dung truc tiép trong cac budc tiép theo ma khong can tinh ché thém.
LCMS: m/z 326,07 (M+H").
Vi du v& phuong phap Cl1

Vi du 12: N6-(2,4-diflophenyl)-1H-pyrazolo[3,4-b]pyridin-3,6-diamin

NH,
F F
AN

Hop chét nay c6 thé dugc didu ché tir cac hop chét trung gian sau theo phuong
phép C1.

Vi du 12-a: 5-xyano-6-(metylthio)pyridin-2-yl triflometansulfonat

15,26mL (1,2 duong lugng) kali 2-metylpropan-2-olat, sau d6 9,03g (1,2 duong
lugng) 1,1,1-triflo-N-phenyl-N-(triflometylsulfonyl)metansulfonamit dugc bd sung nhod
giot vao dung dich chia 3,5g (21,06mmol) 6-hydroxy-2-(metylthio)nicotinonitril trong
180mL tetrahydrofuran trong méi trudng nito. Hon hgp phéan tmg nay dugc khudy & nhiét
do phong trong 2 gir 45 phit. Nude duge bd sung vao va hop chit thu dugc duge chiét
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bang etyl axetat. Pha hitu co dugc 1am kho bing magie sulfat khan, loc va 1am bay hoi dé
thu dugc chit rin mau cam. Hop chét nay dugc tinh ché bang cbt silicagel (chit rira giai:
xyclohexan/diclometan 5:5) dé thu duoc 5,31g (85%) 5-xyano-6-(metylthio)pyridin-2-yl

triflometansulfonat duéi dang chit rin mau vang.

- 'H NMR: 8H ppm (400 MHz, DMSO): 8,57 (1H, 4, CH), 7,52 (1H, d, CH), 2,59

(3H, s, CHy).
Vi du 12-b: 6-(2,4-diflophenylamino)-2-(metylthio)nicotinonitril

0,81mL (1,2 duong luong) ,4-difloanilin va 1,53g (1,4 duong lugng) cesium(l)
cacbonat dugc bd sung trong moi truong nito vao dung dich chira 2g (6,71mmol) 5-
xyano-6-(metylthio)pyridin-2-yl triflometansulfonat trong 30mL 1,4-dioxan. Hon hop
nay dugc loai khi trong 5 phut trong moi trudng khi argon truée khi bd sung 0,25g (0,06
duong lugng) 2,2’-bis(diphenylphosphin)-1,1°-binaphtyl va 0,08g (0,04 dwong luogng)
(1E,4E)-1,5-diphenylpenta-1,4-dien-3-on, phtic chit paladi(IT). H6n hop phan Ung nay
dugc khudy & nhiét d6 100°C trong 2 gi0. Sau khi dua trd lai nhiét d§ phong, etyl axetat
va nuée mubi duge bd sung vao. Pha hitu co duge lam kho bang magie sulfat khan, loc
va 1am bay hoi. Phin cén thu ‘duc_rc dugc tinh ché trén sic ky silicagel (chét rta giai:
xyclohexan/etyl axetat 8:2 sau d6 7:3) dé& thu dugc 1,52g (82%) 6-(2,4-

diflophenylamino)-2-(metylthio)nicotinonitril duéi dang chat rin mau tring.
LCMS (IE, m/z): (M+1) 278,06.

'H NMR: 8H ppm (400 MHz, DMSO): 9,57 (1H, s, NH), 7,73-7,86 (2H, m, CH),
7,28-7,44 (1H, m, CH), 7,02-7,18 (1H, m, CH), 6,60 (1H, d, CH), 2,41 (3H, s, CH3).

Vi du 12: N6-(2,4-diflophenyl)-1H-pyrazolo[3,4-b]pyridin-3,6-diamin

769mg (3,12mmol) axit m-cloperbenzoic (mCPBA) dugc bd sung trong moi
truong khi argon vao dung dich dwogc khudy chua 786mg (2,83mmol) 6-(2,4-
diflophenylamino)-2-(metylthio)nicotinonitril trong 25mL diclometan. Hon hop phéan
g duge khudy 1 giy & nhiét d6 phong trude khi bd sung phan doan etyl axetat v rira
phé hitu co nay bing dung dich NaHCO; bdo hoa. Pha hitu co thu gom dugc duge lam
kho bing magie sulfat va 1am bay hoi dén kho. Hop chit thd thu dugc dugc hoa tan lai
trong 10mL propanol va 2 duong lugng hydrazin hydroclorua trong nu6c dugc bd sung

vao. Hon hop dugc gia nhiét & nhiét 4o 90°C trong 6 gi¢ trude khi pha lodng trong nudce
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va chiét bang etyl axetat. Pha hitu co duge 1am khd bing magie sulfat va lam bay hoi dén
khd truée khi tinh ché bang phuong phép sic ky silicagel dé thu dugc 495mg N6-(2,4-
diflophenyl)-1H-pyrazolo[3,4-b]pyridin-3,6-diamin duéi dang chét rin mau vang cam
(67%).

'LCMS (IE, m/z): (M+1) 262,14.

'H NMR: 8H ppm (400 MHz, DMSO): 11,40 (1H, s, NH), 8,76 (1H, s, NH), 8,15

(1H, m, CH), 7,81 (1H, d, CH), 7,28 (1H; m, CH), 7,06 (1H, m, CH), 6,55 (1H, d, CH),
5,24 (2H, s, NHy).

Céc hop chét sau ciing dugc didu ché theo phuong phép nay.

NH,

Y1, A

X

AX“ NN
Higa | PHO
Vi du** ArX Y, Hop chit suk¢ | Khoi
_ MH"

: F\QAN/

N6-(3,5-diflobenzyl)-1H- o -
121 I CH | pyrazolo[3 4-b]pyridin-3,6-diamin | 707 | 27613

** 'H NMR, DMSO-dg, Vi du: 12-1: 11,17 (1H, s, NH), 7,66 (1H, d, CH), 7,37

(1H, s, NH), 7,04 (3H, m, CH), 6,24 (1H, d, CH), 5,11 (2H, s, NH,), 4,52 (2H, s, CH,).

Vi du 12bis: N6-(2,4-diflophenyl)-N6-metyl-1H-pyrazolo[3,4-b]pyridin-3,6-

diamin

NH,
F F
N
N
H

N" N
|
Vi du 12bis-a: 6-((3,5-diflophenyl)(metyl)amino)-2-(metylthio)
nicotinonitril

3,05mL (5,04mmol) kali 2-metylpropan-2-olat, sau d6 286uL (1,8 duong lugng)
iodometan dugc bd sung timg giot trong moi truong nito vao dung dich chira 700mg

(2,52mmol) 6-(2,4-diflophenylamino)-2-(metylthio)nicotinonitril trong 20mL N,N-
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dimetyl formamit. Hn hgp phan tng nay dugc khudy & nhiét d6 phong trong 24 gid, sau
d6 126pL (0,8 duong lugng, 2,02mmol) iodometan duge bd sung vao. Hon hop phén ing
nay dugc khudy & nhiét 6 phong trong 2 gi nita. Nude dugc bd sung vao va hop chét
thu dugce duge chiét bang etyl axetat. Pha hitu co duogc 1am kho bang magie sulfat khan,
loc, va 1am bay hoi dé thu dugc 660mg (90%) 6-((2,4-diflophenyl)(metyl)amino)-2-

(metylthio)nicotinonitril du6i dang chit rén mau nau.

LCMS (IE, m/z): (M+1) 292,09.

'"H NMR: 8H ppm (400 MHz, DMSO): 7,74-7,80 (1H, m, CH), 7,55-7,63 (1H, m,

CH), 7,43-7,52 (1H, m, CH), 7,18-7,27 (1H, m, CH), 6,16-6,30 (1H, m, CH), 3,43 (3H, s,
CH), 2,42 (3H, s, CHs).

Vi du 12bis: " N6-(2,4-diflophenyl)-N6-metyl-1H-pyrazolo[3,4-b]pyridin-3,6-

diamin

452mg (1,84mmol) mCPBA dugc b sung trong moi truong khi argon vao dung
dich dugc khudy chira 486mg (1,67mmol) 6-((2,4-diflophenyl)(metyl)amino)-2-
(metylthio)nicotinonitril trong 15mL diclometan. Hén hgp phan timg dugc khudy trong 30
phut & nhiét d6 phong trude khi bd sung phan doan etyl axetat. Pha hiru co dugc rira bing

dung dich NaHCOj; bdo hoa, 1am khé bing magie sulfat va lam bay hoi dén kho. Hop

chét thé thu dugc dugc hoa tan lai trong 6mL propanol va 164uL (3,38mmol) hydrazin

hydroclorua trong nuéc dugc bd sung vao. Hon hop dugc gia nhiét & nhiét d6-90°C trong
6 gid trude khi pha lodng trong nuéc va chiét bang etyl axetat. Pha hiru co dugc 1am kho
bang magie sulfat va 1am bay hoi dén khé trudc khi tinh ché bing phuong phép sic ky
‘silicagel dé thu dugc 328mg N6-(2,4-diflophenyl)-N6-metyl-1H-pyrazolo[3,4-b]pyridin-
3,6-diamin dué6i dang chat rin mau vang cam (70%).
LCMS (IE, m/z): (M+1) 276,15.
'H NMR: §H ppm (400 MHz, DMSO): 11,41 (1H, s, NH), 7,75 (1H, d, CH), 7,51-
7,55 (1H, m, CH), 7,40-7,43 (1H, m, CH), 7,17-7,22 (1H, m, CH), 6,03 (1H, d, CH), 5,23
(2H, s, NH,), 3,28 (3H, s, CHj;).
Vi du vé phuong phap C3

Vi du 12ter: 6-(2,4-diflophenylthio)-1H-pyrazolo[3,4-b]pyridin-3-amin
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Vi du 12ter-a: 2-010-6-(2,4-diﬂophenylth_io)nicotinonitril

Dung dich chira 362mg (1,05 duong lugng) kali hydroxit trong 10mL etanol dugc
b6 sung trong moi trudng nito vio dung dich chua 698uL (6,16mmol) 2,4-

diflobenzenthiol trong 30mL etanol. Hon hgp phan tng niy dugc khudy & nhiét d6 phong

trong 15 phut, sau d6 1am lanh trong nuéc d4 trude khi bd suhg dung dich chtra 1,015g
(0,95 duong hrgng) 2,6-diclonicotinonitril trong 30mL etanol. Hon hop phan tmg dugc
khudy trong 2 gid & nhiét d6 nim trong khoang tir 0°C dén 5°C. 63mL dung dich HCI
-0,IN dugc bd sung vao dé dimg phan tng. Nudc duge bd sung vao va hop chét thu duge
duoc chiét bﬁng etyl axetat. Pha hitu co c’fuqc lam kho béng magie sulfat khan, loc va lam
bay hoi. Phin cén dugc tinh ché bing phwong phap sic ky silicagel (chét ria giai:
- xyclohexan/etyl axetat 94:6) dé thu duoc 1,09g (66%) 2-clo-6-(2,4-diflophenylthio)-

nicotinonitril dudi dang chit rin mau tring.
" LCMS (IE, m/z): (M+1) 282,98.

'H NMR: SH ppm (400 MHz, DMSO) 8,24 (1H, d, CH), 7 77-1,85 (lH m, CH),
7,52-7,63 (lH m, CH), 7,25- 735 (2H, m, CH), 2,41 (3H, s, CH3).

V1 du 12ter: 6-(2,4- dlﬂophenylthlo) 1H- pyrazolo[3 4-b]pyridin-3-amin

0,561mL (11,57mmol) hydrazin monohydrat dugc bd sung trong moi trudng nito
vao dung dich dugc khudy chira 1,09 (3,86mmol)  2-clo-6-(2,4-
diflophenylthio)nicotinonitril trong 15mL propanol. Hén hop phan Umg nay dugc gia
nhiét & nhiét d6 80°C trong 4 gid d& thu dwoc chit két tiia khi hdn hop phan tmg dua tré

lai nhiét 9 phong. Chét két tia nay dwogc loc va rira bing etanol. Chét rin duoc hoa tan

trong phan doan etyl axetat va rira bang dung dich HCI IN. Pha hitu co dugc lam kho
bing magie sulfat va lam bay hoi dén khd dé thu dugc 420mg (39%) 6-(2,4-
diflophenylthio)-1H-pyrazolo[3,4-b]pyridin-3-amin duéi dang chit rin mau vang.

'H NMR: 8H ppm (400 MHz, DMSO): 12,10 (1H, s, NH), 8,11 (1H, d, CH), 7,82-
7,89(1H, m, CH), 7,58-7,63 (1H, m, CH), 7,32-7,36 (1H, m, CH), 6,86 (1H, d, CH), 4,59
(2H, s, NH,).
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Céc hop chét sau ciing dugc diéu ché theo phuong phép nay.

NH

Yy
s
AX“ NN
R

- .. | Pho
Vidut*| ArX |V |R Hop chit Hen ) knéi
MH'

O/

F . '
12ter-1 cu|n| 6-@#diflophenoxy)-1H-pyrazolo[3,4- | \py | 5¢5 6
b]pyridin-3-amin :

Vi du 12quater: 6-(3,5-diﬂobenzyl)-lH-pyraZolo[3,4-b]pyridin-3-amin

17,35mL dung dich (3,5-diflobenzyl)kém clorua 0,5M (8,58mmol) trong THF
dugc bd sung trong mdi trudng khi argon vao dung dich chta 416mg paladi(Il) clorua
(510mmol) va 883mg 2,6-diclonicotinonitril (5,1mmol) trong 2mL THF Kkhan. Phan (g

dugc hdi luu trong 7 gid, sau d6 lam ngudi dén nhiét d6 phong. Dung dich nuéc natri
| cacbonat 1N dugc bd sung vao va ho'p chét thu d&qc dugc chiét bang vai phan doan etyl
axetat lién tiép. Pha hitu co dwgc 1am kho bing magie sulfat va 1am bay hoi dén kho
 true khi tinh ché bing phuong phép sic ky silicagel dé thu dwge 680mg hén hop chira 2-
clo-6-(3,5-diflobenzyl)-nicotinonitril va san phdm phu, hén hop nay dugc sir dung truc
tiép trong cac budc tiép theo ma khong cin tinh ché thém.

Hon hop trén dugc hoa tan trong 10mL isopropanol két hop khudy va 750pL
hydrazin hydrat 35% dugc bb sung vao. Dung dich dugc gia nhiét & nhiét do 80°C trong
4 gid. Dung mdi dugc 1am bay hoi dén kho va hop chét thu dwge dwoc tinh ché bing
phuong phap sic ky silicagel (diclometan/metanol 9:1) @& thu duoc 290mg 6-(3,5-
diflobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-amin (64%).

LCMS (IE, m/z): (M+1) 261,16.

| 'H NMR: 8H ppm (400 MHz, DMSO): 11,82 (1H, s, NH), 8,01 (1H, d, CH), 6,99-
7,04 3H, m, CH), 6,91 (1H, d, CH), 5,49 (2H, s, NH,), 4,12 (2H, s, CH,).
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Vi du vé phuong phép D1
Vi du 13: 5-(3,5-diflobenzyl)-1H-pyrazolo[3,4-b]pyridin-3-amin

NH,

A
N
P

n
-
4
IZ 2

| 0,575g (0,704mmol) (dppf),PdCl,.CH,Cl, va 28mL (14,08mmol) 3,5-diflobenzyl
kém (II) clorua dirgc bd sung vao 1,5g (7,04mmol) dung dich chira 5-bromo-1H-
pyrazolo[3,4-b]pyridin-3-amin trong 10mL tetrahydrofuran. Hdn hop phan tng nay dugc

gia nhiét & nhi€t d§ 90°C trong 18 gid. Sau khi dua trd lai nhiét d6 phong, phan tng dugc
' thuy phan bing céch bé sung tir tr nuéc & nhict d 0°C. Sau khi loc chét két tia thu
duoc, chét rin duogc rira bang tetrahydrofuran va nuéc loc dugc chiét vai 14n bing etyl
axetat. Pha hitu co dugc thu gom, 1am khé bang magie sulfat va cd. Phan cén dugc tinh
ché bang phuong phap sic ky silic oxit (chét rira giai diclometan/metanol/amoni oty 1€

95:4,5:0,5, sau d6 95:4:1) @ thu duogc 1,7g (93%) 5-(3,5-diflobenzyl)-1H-pyrazolo[3,4-

 blpyridin-3-amin dudi dang chét rin mau be.

LCMS (EL m/z): (M+1) 261,41.

'H NMR: 5H ppm (400 MHz, DMSO): 11,87 (1H, s, NH), 8,31 (1H, d, CHpom),

7,92 (1H, d, CHyory), 6,98-7,08 (3H, m, CHom), 5,47 (2H, s, NH), 4,04 (2H, s, CH,).

Céc hop chét sau ciing dugc didu ché theo phuong phép nay.

NH,

WIYr.

Vi S Higu | PhO
s | AX | Y | W R Hop chit DE | ki
: MH'

diflobenzyl)-1H- 8%

5:3.5-
13-1 /é\ CH | H | H pyrazolo[4,3- 4 bude 261,1
F F b]pyridin-3-amin

5-(3,5-
diflobenzyl)-1H- 21%

pyrazolo[3,4- 3 bude

F b]pyrazin-3-amin

13-2 262,1
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** 1H NMR: 8H ppm (400 MHz, DMSO): 13-1: 11,61 (1H, sl, NH), 7,65 (1H, d,
CHpom, J=11,6Hz), 7,20 (1H, d, CHyom, J=11,2Hz), 6,95-7,10 (3H, m, CHgom), 5,32 (2H,
sl, NHy), 4,18 (2H, s, CH,). 13-2: 12,31 (1H, s, NH), 8,44 (1H, s, CHyom), 7,03-7,08
(3H, m, CHgom), 5,61 (2H, s, NH,), 4,25 (2H, s, CH,).

Vi du vé phuong phap D2
Vi du 14: 5-(3,5-diﬂophenylthio)-1H-pyrazolo[3,4-b]pyrazin—3-amin

OTFNHZ

0,7 g (2,68mmol) - 5-iodo-1H-pyrazolo[3,4-b]pyridin-3-amin, 0,74g (5,36mmol) -
kali cacbonat khan va 0,10g dong iodua (0,536mmol) duqc tron trong binh day tron co
dung tich 50mL. Tiép theo, 15mL propan-2-ol, 0,0lg.(0,2mmol) polyetylen glycol va
0,43g (2,95mmol) 3,5-diflothiophenol dugc bd sung vao. Hén hop phan ung nay dugc
gia nhiét & nhiét 6 80°C trong 2 gi®r. Dung moi dugc 1am bay hoi va chit rin tao ra dugc
loc, rira bang nudc, sau‘dé rira bang pentan va 1am kho trong ti siy & nhiét d6 50°C dé
thu duge 0,75g (100%) 5-(3,5- dlﬂophenylthlo) 1H-pyrazolo[3,4-b]pyrazin-3-amin duéi

dang chét rin mau niu.
LCMS (EI, m/z): (M+1) 280,03.

'H NMR: 6H ppm (400 MHz, DMSO): 12,65 (1H, bs, NH), 8,52 (1H, s, Cch(,m) _
7,18 (1H, t, CHihom), 7,05-7,18 (2H, m, CHgom), 5,89 (2H, s, NH).
Céc hop chét sau ciing dwgc didu ché theo phuong phép nay.

R

" N-Rs
Ary xS.__Yq
vl g jj\(N
YayZ N

S
. .. | Phd
d?:il:* Ar Ry n Y,Y5Ys [R3| Ry Hop chét ?‘:gltl khéi
: MH*

2-(3-amino-1H-

. Oy NH,
14-1 H 0| CH,CH,N |H| H | pyrazolo[3,4-b]pyridin- | ND ND
: : : 5-ylthio)benzamit
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142

CH, CH, N

N-(5-(3,5-
dimetylphenylthio)-1H-
pyrazolo[3,4-b]pyridin-

3-yl)-4-(4-
metylpiperazin-1-yl)-2-
(tetrahydro-2H-pyran-4-

ylamino)benzamit

14-3

<

CH,CH,N

5-(3,5-diflophenylthio)-
1H-pyrazolo[3,4-
b]pyridin-3-amin

45%

M+1)
279,28

14-4

Q

o

Q

CH, C-OMe,
N

5-(2,5-diclophenylthio)-
6-metoxy-1H-
pyrazolo[3,4-b]pyridin-
3-amin

80%

14-5

Q

o}

Q

CH, C-NH,, N

5-(2,5-diclophenylthio)-
1H-pyrazolo[3,4-
b]pyridin-3,6-diamin

35%

14-6 | -

o

CH, CH,N

‘Bu

1-tert-butyl-5-(3,5-
diflobenzylthio)-1H-
pyrazolo[3,4-b]pyridin-
3-amin

M+1)
293,08

M|

147 |

CH, CMe, N

5-(3,5-diflophenylthio)-
6-metyl-1H-
pyrazolo[3,4-b]pyridin-
3-amin

M+1)
293,06

14-8

CH, C-OMe,
N

5-(3,5-diflophenylthio)-
6-metoxy-1H-
pyrazolo[3,4-b]pyridin-
3-amin

28%

M+1)
610,30

14-9

n

-4

CH, CH,N

‘Bu

1-tert-butyl-5-(3,5-
diflophenylthio)-1H-
pyrazolo[3,4-b]pyridin-
3-amin

79%

M+1)
335,26

14-10

Q

Cl

' CH, CH,N

N-(5-(2,5-
diclophenylthio)-1H-
pyrazolo[3,4-b]pyridin-
3-yl)-4-(4-
metylpiperazin-1-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)benzamit

31%

M+1)
612,37

14-11

k'

CH, C-NH,, N

N-(6-amino-5-(3,5-
diflophenylthio)-1H-
pyrazolo[3,4-b]pyridin-
3-yl)-4-(4-
metylpiperazin-1-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)benzamit

68%

~ ** 'H NMR, DMSO-dg, Vi du: 14-3: 12,65 (1H, bs, NH), 8,52 (1H, s, CHyon),
7,18 (1H, t, CHpom), 7,05-7,18 (2H, m, CHyom), 5,89 (2H, s, NH). 14-6: 8,21 (2H, bs,
- CHgom)s 7,07 (1H, m, CHpom), 6,90 (2H, m, CHyon), 6,27 (2H, bs, NH), 4,03 (2H, s,

CH), 1,63 (9H, s, CH). 14-7: 12,16 (1H, bs, NH), 8,39 (1H, s, CHpom), 7,00-7,08 (1H, m,
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' CHgom), 6,64-6,72 (2H, m, CHyom), 5,73 (2H, bs, NHy), 2,54 (3H, s, CH;). 14-9: 8,51
(1H, bs, CHom), 8,35 (1H, bs, CHyom), 7,02 (1H, m, CHgom), 6,72 (2H, bs, CHypom), 6,52
(2H, bs, NH), 1,67 (9H, s, CH). (ND: khéng x4c dinh).

Vi dy 14bis: N-(5-(3,5-diflophenylamino)-1H-pyrazolo[3,4-b]pyridin-3-y1)-4-(4-
metylpiperazin-1-yl)-2-(tetrahydro-2H-pyran-4-ylamino)benzamit.

\
N
N H

Dung dich chira 225mg N-(5-iodo-1-trityl-1H-pyrazolo[3,4-b]pyridin-3-yl)-
| 4-(4-metylpiperazin—1-yl)-2-(tetrahydro-2H-pyran-4-y1ami116)benzamit (0,25mmol),

o 36mg difloanilin (0,275mmol), 19mg R-(+)-2,2’-bis(diphenylphosphin)-1,1’-binaphtyle

(0,030mmol), 11mg (0,013mmol) tris(dibenzylidenaxeton)dipaladium(0) va 75mg -
(0,75mmol) natri tcrt-bﬁtoxit trong 10mL THF dugc hdi luu trong méi truong khi argon
o qua dém. Hon hop phan tmg thé dugc 1am lanh, chiét bing etyl axetat va rira bang nudc.

| .Phd hiru co duge lam kho bang magie sulfat va tinh ché bing phuong phap sic ky
sﬂlcagel dé thu duoc N-(5 3.,5- dlﬂophenylammo) 1-trityl-1H-pyrazolo[3,4-b]pyridin-3-
__ yl) 4-(4-metylpiperazin-1-yl)-2-(tetrahydro-2H-pyran-4-ylamino)benzamit, hop chét nay

dugc sir dung trong cac budc tiép theo ma khong cén tinh ché thém.

Hop cht thu dugc dugc hoa tan trong 10mL diclometan & nhiét d§ 0°C va 56mg
V(O,Smmol) TFA dugc b6 sung vao. Hdn hop phan tmg duge khudy trong 4 giv. Nude
dugc bd sung vao va d6 pH cia hén hop phan tmg dugc diéu chinh d&én pH = 7 bing
dung dich NaHCOs. Pha nuéc duge thu gom, dwoc bazo héa (pH 9-10) béng dung dich
KéCO:; dam dic va chiét bang diclometan. Pha hitu co dugc thu gom, 1am kho bing
mégie sulfat va cd dic dén kho dé thu duoc 40mg N-(5-(3,5-diflophenylamino)-1H-
pyrazolo[3,4-b]pyridin-3-yl)-4-(4-metylpiperazin-1-yl)-2-(tetrahydro-2H-pyran-4-
ylamino)benzamit.

LCMS (IE, m/z): (M+1) 562,12.

'"H NMR: SH ppm (400 MHz, DMSO): 13,45 (1H, sl, NH), 10,47 (1H, sl, NH),
8,65 (1H, s, CHpom), 8,55 (1H, s, CHpom), 8,14 (1H, d, NH), 7,77 (1H, d, CHpom), 7:26
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(2H, m, CHgom), 7,05 (1H, m, CHipom), 6,25 (1H, d, CHyom), 6,14 (1H, s, NH), 6,77 (1H,
s, NH), 3,82-3,84 (2H, dt, CH), 3,72 (1H, m, CH), 3,47-3,52 (2H, m, CH), 3,28-3,34 (4H,
m, CH), 2,43 (4H, m, CH), 2,23 (3H, s, CH3), 1,94 -1,97 (2H, m, CH), 1,37-1,39 (2H, m,
CH).

Vi du vé phuong phap D3:

Vi dul15: N-(5-((3,5-diflophenyl)etynyl)-1H-pyrazolo[3,4-b]pyridin-3-yl)-4-(4-
metylpiperazin-1-yl)-2-(tetrahydro-2H-pyran-4-ylamino)benzamit

F
e
£ T HN
® f@
'Y
NI

N

IZz 2

\

0,94mg (0,926mmol) trietylamin dugc bé sung Qéo 400mg (0,712mmol) N-(5-
iodo-1H-pyrazolo[3,4-b]pyridin-3-yl)-4-(4-metylpiperazin-1-yl)-2-(tetrahy dro-2H-pyran-
4-ylamino)benzamit, 67,8mg (0,356mmol) Cul, va 50mg (0,071mmol) Pd(PPh;),Cl, -
trong méi truong khi argon trong 12ml dioxan khan két hop khudy. Phan ung dugc gia
nhiét trong 3,5 gio & nhiét d§ 100°C. Hon hop phin tmg dugc pha lodng bing 30mL
nuée va chiét bing etyl axetat. Pha hifu co dugc lam khd bing natri sulfat, loc va cd.
Phdn cin thu duoc dugc tinh ché bing phuong phip sic ky silicagel
(diclometan/metanol) d& thu dugc 152mg  N-(5-((3,5-diflophenyl)etynyl)-1H-
pyrazolo[3,4-b]pyridin-3-yl)-4-(4-metylpiperazin-1-yl)-2-(tetrahydro-2H-pyran-4-
ylamino)benzamit duéi dang chét rin mau vang (hiéu sudt=37%).

LCMS (EL m/z): (M+1) 572,17.

'H NMR: 6H ppm (400 MHz, DMSO): 13,57 (1H, bs, NH), 10,56 (1H, bs, NH),
- 8,68 (1H, s, CHuom), 8,43 (1H, s, CHupom), 8,13 (1H, d, NH), 7,80 (1H, d, CHgom), 7,38
Av(2H, m, Cch(m;), 6,27 (1H, d, CHpom), 6,15 (1H, d, CHgom), 3,84-3,82 (2H, dt, CH), 3,70
(1H, m, CH), 3,45-3,50 (2H, m, CH), 3,21-3,33 (4H, m, CH), 2,42-2,46 (4H, m, CH),
2,28 (3H, s, CH3), 1,94-1,97 (2H, m, CH), 1,37-1,39 (2H, m, CH).

Céc hop chit sau ciing dugc diéu ché theo phuong phap nay.
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NH,
ArX Y1
Yk
3vZ N
Y4 H
' % Hi€u Phé
Vi du** ArX Y1,Y3,Y, Hgp chat %t khoi
SU v+
= .
- - 1 o - o
15-1 N.CHN 5-((3,5 dlﬂophenyl)etynyl) IH 6A)' 272.1
pyrazolo[3,4-b]pyrazin-3-amin | 6 budc
F %

** 'H NMR, DMSO-dg, Vi du: 15-1: 12,71 (1H, sl, NH), 8,66 (1H, s, CHom),
7,40-7,47 (3H, m, CH,om), 6,01 (2H, sl, NH,).

Vi du vé phuong phép E
Phuong phép E dugc st dung dé diéu ché nhém chirc amin ngoai vong cia -nhén
aminopyrazol bing cich cho ching phén Ung véi hop chét trung gian chira nhom chirc ai

dién tir, tuy ¥ duoc didu ché tai chd, nhu axit clorua, isoxyanat, isothioxyanat hodc

| » 'aldehyt.
Diéu ché cic hop chét trung gian

Vi dul6: axit 2-(N-(4,4-difloxyclohexyl)-2,2,2-trifloaxetamido)-4-(4-metyl

piperazin-1-yl)benzoic

CF3

e ogj’
N
QL
F
()
N
|
Vi du 16a: tert-butyl 4-(4-metylpiperazin-1-yl)-2-nitrobenzoat

Hop chét nay digc md ta trong WO 2008/74749.

5,28mL (47,6mmol) 1-metylpiperazin dugc bd sung vao 4,1g (17mmol) tert-butyl
4-flo-2-nitrobenzoat. Hon hop phan tmg duoc khudy ma khong bd sung dung méi trong 5
gid. 150mL nudc duge bd sung vao hdn hop phan tng va hdn hop dugc khudy trong

24 gio. Chét két taa thu dugc dugc loc, rira bz"mg nude va lam kho trong diéu kién chan
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khéng dé thu dugc 4,9g (90%) tert-butyl 4-(4-metylpiperazin-1-yl)-2-nitrobenzoat dudi

~ dang c_:hfit rin mau vang.
LCMS (EL m/z): (M+1) 322,37.

'"H NMR: 8H ppm (400 MHz, DMSO): 7,69 (1H, d, CHipom), 7,30 (1H, d, CHporn),
7,20 (1H, dd, CHgem), 3,38 (4H, m, CH), 2,40 (4H, m, CH), 2,22 (3H, s, CH;), 1,45 (9H,
S, CH3)

Vi du 16b: tert-butyl 2-amino-4-(4-metylpiperazin-1-yl)benzoat
Hop chit nay duge mé ta trong WO 2008/74749.

0,160g (1,500mmol) paladi trén cacbon (10%) va 15,19mL (150mmol)
xyclohexen dugc b sung vao dung dich chua 4,82¢ (15mmol) tert-butyl 4-(4-
| metylpiperazin— -yl)-2-nitrobenzoat trong 100mL etanol. Hon hop phan tmg nay dugc
gla nhiét & nhiét do 80°C trong 8 giv. Hon hop phéan tmg dugc loc, sau d6 rira bang
A etanol dé thu duoc 4 2g (hidu sudt=96%) tert-butyl 2-amino-4-(4- -metylpiperazin-1-

| yl)benzoat dudi dang chit rin mau vang.
LCMS (EL m/z): (M+1) 292,39.

"H NMR: 8H ppm (400 MHz, DMSO): 7,44 (1H, d, CHpy), 6,40 (2H, bs, NH,),
6,19 (1H, dd, CHypow), 6,12 (1H, d, CHgpom), 3,17 (4H, m, CH), 2,40 (4H, m, CH), 2,22
(H, s, CH), 1,49 (9H, s, CHy).

Vi dulé6c: tert-butyl 2-(4,4-difloxyclohexylamino)-4-(4-metylpiperazin-1-
YI)benzoat

1,045mL (13,57mm01) axit triﬂoaxeﬁc, lg (7,46mmol) 4,4-difloxyclohexanon ife‘l
12,158g (8,20mmol) tetrametylamoni triaxetoxyborohydrua dugc bd sung vao 1,521 g
(5,22mmol) tert-butyl 2-amino-4-(4-metylpiperazin-1-yl)benzoat dugc hoa tan trong
60mL diclometan. Phan tmg dugc khudy & nhiét d6 phong trong 24 giy. Dung mdi dugc
1am bay hoi, sau d6 hop chét thé thu dugc duge hoa tan lai trong 30mL etyl axetat. Dung
dich 14n luot dugc rira b%mg dung dich HCI 0,5M, dung dich natri cacbonat 0,5M va cudi
“ clng ria bang duﬁg dich NaHCO; béo hoa. Pha hitu co durge 1am khé bang natri sulfat,

loc va ¢ dé thu dugc 2,2g tert-butyl 2-(4,4- dlﬂoxyclohexylammo) 4-(4-metylpiperazin-
| 1-yl)benzoat & dang gdm mau nau nhat (hiéu sudt=72%)).

LCMS (EL, m/z): (M+1) 410,3.
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'"H NMR: 8H ppm (400 MHz, DMSO): 7,73 (1H, bs, NH), 7,58 (1H, m, CHyp),
7,77 (1H, m, CHyon), 6,09 (1H, bs, CHyom), 3,37 (4H, m, CH), 3,27 (4H, m, CH), 2,47
(4H, m, CH), 2,25 (3H, s, CH), 1,99 (4H, s, CH), 1,40 (9H, s, CH).

Vi duléd: tert-butyl 2-(N-(4,4-difloxyclohexyl)-2,2,2-trifloaxetamido)-4-(4-

metylpiperazin-1-yl)benzoat

0,99mL (6,98mmol) trifloaxetic anhydrit va 1,12mL (8,06mmol) trietylamin dugc
b6 sung vio 22g (53mmol) tert-butyl  2-(4,4-difloxyclohexylamino)-4-(4-
metylpiperazin-1-yl)benzoat dugc hoa tan trong 40mL diclometan. Hn hgp phan tng
dugc khudy & nhiét do phong trong 3 gi0. Dung mdi dugc lam bay hoi, sau d6 hop chét
'thd thu dugc duge xir ly trong 30mL etyl axetat. Dung dich dugc rira bing dung dich
' NaHCO3 bao hoa. Pha hitu co dugc lam kho b%mg natri sulfat, loc va c¢d dé thu duoc 2,5 g
tért-butyl 2-(N-(4,4-difloxyclohexyl)-2,2,2-trifloaxetamido)-4-(4-metylpiperazin-1-yl)

benzoat & dang gobm mau nau nhat (hiéu suét=92%).
LCMS (EL m/z): (M+1) 506,26.

'H NMR: 8Hppm (400 MHz, DMSO): 7,84 (1H, m, CHpom), 7,09(1H, m,
CHipom), 6,89 (1H, bs, CHyen), 3,45-3,39 (8H, m, CH), 2,83 (4H, m, CH), 2,20 (4H, m,
CH), 2,05 3H, s, CH), 1,46 (9H, s, CH).

Vi dul6: axit 2-(N-(4,4-difloxyclohexyl)-2,2,2-trifloaxetamido)-4-(4-metyl

piperazin-1-yl)benzoic

7,62mL (99mmol) axit trifloaxetic dugc bd sung vao 2,5g (4,95mmol) tert-butyl 2-
(N-(4,4-diﬂoxyclohexyl)—Z,Z,2-triﬂoaxetamido)-4—(4-mety1piperaziﬁ-I—yl)
benzoat dugc hoa tan trong 30mL diclometan. Phan tng dugc khudy & nhiét d6 phong
qua dém. Dung m6i dugc lam bay hoi, sau d6 hop chit tho thu dugc duge hoa tan lai
“trong 30mL etyl axetat. Dung méi dugc 1am bay hoi, chit rin tao ra dugc hoa tan lai
trong etyl ete va dung mdi dugc 1am bay hoi lai. Buéc niy dugc lap lai ba 1in cho dén
khi thu dugc chét rin mau nau nhat dé thu dugc 2,2g axit 2-(N-(4,4-difloxyclohexyl)-
2,2 2-trifloaxetamido)-4-(4-metylpiperazin-1-yl)benzoic & dang muédi trifloaxetic (hiéu
SUAt=79%).

LCMS (EL m/z): (M+1) 450,1.
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'H NMR: §H ppm (400 MHz, DMSO): 10,01 (1H, bs, OH), 7,92 (1H, m, CHgom),
7,13 (1H, m, CHgom), 7,01 (1H, bs, CHgon), 4,39 (1H, m, CH), 3,12-3,52 (8H, m, CH),
2,86 (3H, s, CH), 1,75-2,0 (8H, m, CH).
Céc hop chét sau ciing dugc didu ché theo phuong phap nay:

Axit 4-(4-rhetylpiperazin- 1-y1)-2-(2,2,2-triflo-N-(tetrahydro-2H-pyran-4-yl)

axetamido)benzoic.

Hop chit niy dugc mod ti trong WO 2008/74749, WO 2009/13126 va WO
2010/69966.

LCMS (EL m/z): (M+1) 416,40,

'"H NMR: 5H ppm (400 MHz, DMSO): 12,60 (1H, bs, OH), 10,08 (1H, bs, OH),

17,90 (1H, d, CHpony), 7,13 (1H, dd, CHyomy), 6,90 (1H, d, CHipom), 4,40 (1H, m, CH), 4,10

(2H, m, CH), 3,70-3,90 (2H, m, CH), 3,59-3,62 (4H, m, CH), 3,30-3,32 (4H, m, CH),

2,87 (3H, s, CH;), 1,87-1,98 (1H, m, CH), 1,59-1,60 (1H, m, CH), 1,00-1,54 (2H, m,
CH). \

Axit 4-((3-(dimetylamino)propyl)(metyl)amino);2-(2,2,2—triﬂo-N—(tetrahydro-2H-
pyran-4-yl)axetamido)benzoic.

Hop chit nay dugc mé ta trong WO 2009/13126 va WO 2008/74749.

Vi dul7: axit (S)-2-(2,2,2-triflo-N-(tetrahydro-2H-pyran-4-yl)axetamido)-4-(3-
(2,2,2-trifloaxetamido)pyrolidin-1-yl)benzoic

e F
F>'\1¢90 o
N
5
N
(—ZNH

(o)
F

F F

Vi dul7a: tert-butyL (S)-4-(3-(tert-butoxycarbonylamino)pyrolidin-1-yl)-2-
(tetrahydro-2H-pyran-4ylamino)benzoat '

Hop chét nay duoc didu ché bang cach lip lai quy trinh néu trong vi du 16d , chi
khac 1a str dung tert-butyL (S)-pyrolidin-3-ylcarbamat.
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Vi  dul7b: axit (S)-4-(3-aminopyrolidin-1-yl)-2-(tetrahydro-2H-pyran-4-

ylamino)benzoic

19,7mL (25 duong lugng) axit trifloaxetic dugc bd sung vao dung dich chira 4,72¢g
(10,23mmol) tert-butylL (S)-4-(3-(tert-butoxycarbonylamino)pyrolidin-1-yl)-2-
(tetrahydro-2H-pyran-4-ylamino)benzoat trong 100mL diclometan. Hén hgp phan tmg
nay dugc khudy & nhiét @6 phong trong 30 gi¢. Dung méi duge 1am bay hoi va phin cin
dugce hoa tan lai trong dietyl ete va nghién cho dén khi thu dugc chét rén. Chét rén tao ra
dugc loc va lam khd trong diu kién chan khong dé thu duogc 4,3g (100%) bot mau vang
| axit (S)-4-(3-aminopyrolidin-1-yl)-2-(tetrahydro-2H-pyran-4-ylamino)benzoic & dang

mudi clia axit trifloaxetic.
LCMS (EI m/z): (M+1) 306,22.
Vi dul7: axit (S)-2-(2,2,2-triflo-N-(tetrahydro-2H-pyran-4-yl)axetamido)-4-(3-
(2,2,2-trifloaxetamido)pyrolidin-1-yl)benzoic

1,74mL (3,5 duong lugng) trietylamin va 1,6mL (2,1 duong luong) trifloaxetic
anhydrit dugc bd sung vio dung dich chia 1,5g (3,58mmol) axit (S)-4-(3-
aminopyrolidin-1-y1)-2-(tetrahydro-2H-pyran-4-ylamino)benzoic & dang mubi cua axit
trifloaxetic trong 40mL diclometan & nhiét 4§ 0°C. Hon hgp phan tmg nay duoc khudy &
nhiét do phong trong 24 gio. Nudc (10mL) duge bd sung timg giot, sau d6 pha hitu co
dugc rira bang dung dich natri clorua bdo hoa, 1am khd bing magie sulfat, loc va lam bay
hoi. Phén cén dugc tinh ché bang phuong phap sic ky silicagel (96:4 diclometan/metanol )
1am chét rira giai) dé thu dugc 250mg (14%) axit (S)-2-(2,2,2-triflo-N-(tetrahydro-2H-
pyran-4-yl)axetamido)-4-(3-(2,2,2-trifloaxetamido)pyrolidin-1-yl)benzoic dugi dang -bot -
mau vang. '

LCMS (EL m/z): (M+1) 498,07.

Vi du 18: axit 2-(2-floetoxy)-4-(4-metylpiperazin-1-yl)benzoic.

Hop chét nay c6 thé dugc didu ché tir cac hop chét trung gian sau.

Vi du 18a: tert-butyl 4-flo-2-(2-floetoxy)benzoat.

Vi du 18b: tert-butyl 2-(2-floetoxy)-4-(4-metylpiperazin-1-yl)benzoat.

Céc hop chét sau ciing duoc diéu ché theo phuong phép nay:
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Axit 2-(2-floetoxy)-4-(4-(1-metylpiperidin-4-yl)piperazin-1-yl)benzoic.

Vi du 19: axit 4-(4-mety1piperazin—1-yl)-2-(2,2,2-friﬂo-N-(2-ﬂoetyl)-axetamido)-
benzoic

Hop chat nay c6 thé dugce didu ché tir cac hop chét trung gian sau déy.

Vi du 19a: tert-butyl 4-flo-2-(2-floetylamino)benzoat.

Vi . du 19b: tert-butyl 4-flo-2-(2,2,2-triflo-N-(2-floetyl)axetamido)
benzoat.

Vi dul9c: tert-butyl - 4-(4-metylpiperazin-1-yl)-2-(2,2,2-triflo-N-(2-floetyl)-
~ axetamido)-benzoat
Cac hop chét sau ciing duoc diéu ché theo phuong phap nay:
CAxit 4-((3-(dimetylamino)propyl)(metyl)amino)-2-(2,2,2-triflo-N-(2-floetyl)
axetamido)benzoic.
Vi du 20: hydrotrifloroaxetat ctia axit 4-(1-metylpiperidin—4-yl)—2-(2,2,2-triﬂo-N—
~ (tetrahydro-2H-pyran-4-yl)axetamido)benzoic
o) o)
F
OH

N CF5COOH

7

Hop chét nay c6 thé dugc didu ché tir cac hop chét trung gian sau day.
Vi dy 20a: tert-butyl 2-nitro-4-(pyridin-4-yl)benzoat

1,67g bis(triphenylphosphin)paladi(Il)clorua (2,38mmol) va 15,8g natri cacbonat
(149mmol) dugc bd sung vao dung dich chira 18g tert-butyl 4-bromo-2-nitrobenzoat
(59,6mmol) va 10,98g axit pyridin-4-ylboronié (89mmol) trong hdén hop chira 200mL
dimetoxyetan va 100mL nuéc. Hon hop phan tmg ndy duoc gia nhiét & nhiét do 100°C
trong 24 gid, sau d6 cb trong diu kién 4p suét giam. Phin cin thu dwgc duogc tinh ché
bing phuong phép sic ky nhanh (CH,Cl/AcOEt: 100:0 dén 70:30, 30 phit). Hop chit
ndy dugc phan tich & dang dau, két tinh diu nay d& thu duoc 14,64g (82%) tinh thé.

MS (m/z): (M+1) 301,0.
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'H NMR: 8H ppm (400 MHz, DMSO): 8,73 (2H, d, CHnoms J=6,0Hz), 8,44 (1H, s,
CHgpom)s 8,24 (1H, dd, CHyom, J=8,0Hz), 7,97 (1H, d, CHypom, J=8,0Hz), 7,85 (2H, dd,
CHinom, J=4,4Hz), 1,54 (9H, s).

Vi du 20b: 4-(4-(tert-butoxycarbonyl)-3-nitrophenyl)-1-metylpyridinium iodua

7,55mL iodometan (121mmol) dugc bd sung vao dung dich chira 16,2g tert-butyl

2-nitro-4-(pyridin-4-yl)benzoat (60,6mmol) trong 20mL axeton. Hdn hop phan tng nay

dudc gia hhiét & nhiét 4o 60°C trong 4 gid, sau d6 & nhiét do phong qua dém. Sau khi co
dén khd, thu duge 27g tinh thé mau cam (100%).

MS (m/z): (M+1) 315,0.

'"H NMR: 8H ppm (400 MHz, DMSO): 9,14 (2H, d, CHoms J=6,4Hz), 8,71 (1H, s,
CHgpom)s 8,63 (2H, d, CHypom, J=6,4Hz), 8,47 (1H, dd, CHpom, J=8,0Hz), 8,08 (1H, d,
CHioms J=8,0Hz), 4,37 (3H, s, CH), 1,54 (9H, s).

Vi du 20c: tert-butyl 2-amino-4-(1-metylpiperidin-4-yl)benzoat

0,48g oxit platin (IV) (2,12mmol) dugc bb sung vio duhg dich chira 26,8g 4-(4-
(tert-butoxycarbonyl)-3-nitrophenyl)-1-metylpyridinium iodua (60,6mmol) trong 200mL
metanol dugc dit trong thiét bi phan ng lam bing thép khong gi. Hon hop phan tmg
dugc dit trong diéu kién 4p sudt hydro bing 5 bar (500Kpa) trong 24 gid. Chit xuc tac
dugc loc va dich loc dugc cb trong diéu kién 4p suét giam dé thu duoc 24,82 (98%) tinh
thé mau tring.

MS (m/z): (M+1) 291,1.

'H NMR: 8H ppm (400 MHz, DMSO): 9,18 (1H, s, HI), 7,60 (1H, d, CHom,
- J=8,4Hz), 6,54-6,40 (3H, m, CHnom), 6,39 (1H, d, CHipom, J=8,0Hz), 3,48-3,53 (2H, m,
CH), 3,06 (2H, t, CH), 2,81 (3H, s, CH), 2,60-2,70 (1H, m, CH), 1,89-1,97 (2H, m, CH),
1,70-1,80 (2H, m, CH), 1,52 (94, s).

Vi du 20d: tert-butyl 4-(1-metylpiperidin-4-yl)-2-(tetrahydro-2H-pyran-4-
ylamino)benzoat

7,18mL‘ axit 2,2,2-trifloaxetic (93mmol), 4,11mg dihydro-2H-pyran-4(3H)-on
" (44,5mmol), sau 36 14,5g tetrametylamoni triaxetoxyborohydrua (53,8mmol) duoc 1an
lugt bd sung vao dung dich chira 15g tert-butyl 2-amino-4-(1-metylpiperidin-4-
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- yl)benzoat trong 200mL diclometan két hgp khudy. H6n hop phéan g nay dugc khudy &
" nhiét d9 phong trong 2 gid, sau d6 dugc xir Iy bing dung dich natri cacbonat 1N. Pha hitu

co dugc phén tach, 1am khé bing magie sulfat, sau d6 c6 dén kho. Phén cén chira HI. Do,

6, phan cin nay dugc xir Iy trong diclometan va rira bang 100mL dung dich natri
cacbonat 1N. Pha hitu co duge gan, 1am khd bang magie sulfat va ¢6 dén kho dé thu dugc

14,6g4 chét rén mau vang (hiu suit dinh lugng).
MS (m/z): (M+1) 375,2.

'"H NMR: 8H ppm (400 MHz, DMSO): 7,69 (1H, d, CHypom, J=8,4Hz), 7,63 (1H,
d, CHom, J=7,6Hz), 6,65 (1H, s, CHgom), 6,44 (1H, dd, CHgom, J=8,4Hz), 3,74-3,86 (2H,
m, CH), 3,66-3,71 (1H, m, CH), 3,51 (2H, t, CH), 3,05-3,12 (2H, m, CH), 2,6-2,5 (1H,
‘m‘,'cH)‘, 2,42 (3H, s, CH), 2,30-2,40 (2H, m, CH), 1,89-1,97 (2H, m, CH), 1,64-1,77 (4H,
“m, CH), 1,52 (9H, s), 1,33-1,45 (2H, m, CH).

Vi du 20e: 'tert-butyl 4-(1-metylpiperidin-4-yl)-2-(2,2,2-triflo-N-(tetrahydro-2H-

pyran-4-yl)axetamido)benzoat

6,35mL triétylamin va 5,50mL 2,2,2-trifloaxetic anhydrit (39,6mmol) dugc bd
sung & nhiét do 0°C vao dung dich chira 11,4g tert-butyl 4-(1-metylpiperidin-4-yl)-2-
(tetrahydro-2H-'pyran-4-y1amino)benzoat (30,4mmol) trong 240mL diclometan két hop
* Kkhudy. H3n hop phan img nay duoc khudy & nhiét do phong trong 1 gid, sau d6 100mL
‘nuée .&uqc b6 sung timg giot. Pha hitu co duoc gan, 1am kho bing magie sulfat va c6 dén
kho. Phén cin dugc xir 1y trong hdn hop chira etanol/dietyl ete dé thu dwogc chit rin, chét
rin ndy duge loc trén phéu thay tinh va 12,06g tinh thd mau tring dugc tach. Dich loc
duge cd (4,5g) va tiép theo duoc tinh ché ‘_ bing cach sic ky nhanh trén silic oxit
(CH,Cl,/meOH: 95:5 dén 90:10, 20 phut). Horp chét thu dugc dugc két tinh lai trong
- dietyl ete dé thu dugc thém 1,04 tinh thé mau tring (t5ng hiéu sult = 74%). |

MS (m/z): (M+1) 471,1.

'H NMR: 8H ppm (400 MHz, DMSO): 9,45 (1H, sl, NH"), 7. 96 (1H, d, CHyoms
J=8Hz), 7,51 (1H, d, CHem, J=8Hz), 7,31 (1H, s, CHyom), 4,6-4,5 (1H, m, CH), 3. 90-

3,75 (2H, m, CH), 3,5-3,35 (4H, m, CH), 3,1-2,85 (3H, m, CH), 2,79 (3H, s, CHj), 2,1-
1,95 (3H, 3, CH), 1,9-1,75 (2H, m, CH), 1,55-1,40 (11H, m), 1,0-0,85 (1H, m, CH).
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Vi du 20: hydrotrifloaxetat ciia axit 4-(1-metylpiperidin-4-yl)-2-(2,2,2-triflo-N-
(tetrahydro-2H-pyran-4-yl)axetamido)benzoic.

6,33mL axit 2,2,2-trifloaxetic (82mmol) dugc bd sung vao dung dich chia 3,2¢g
tert-butyl 4-(1-metylpiperidin-4-yl1)-2~(2,2,2-triflo-N-(tetrahydro-2H-pyran-4-
'yl)axetamido)benzoat (5,47mmol) (¢ dang muéi cua axit ‘triﬂoaxetic) trong 30mL
diclometan két hop khudy. Hon hop phan tng niy dugc khudy & nhiét d6 phong trong
16h, sau d6 1am bay hoi trong didu kién 4p suit giam. Phin cén dugc xt ly trong etanol,
va chét rin mau tring tao ra dugc loc trén phéu loc thuy tinh dé thu duoc 1,61g (53%)

tinh thé mau tring.
MS (m/z): (M+1) 415,1.

'H NMR: 8H ppm (400 MHz, DMSO): 13,39 (1H, sl, COOH), 9,46 (1H, sl,
COOH du TFA), 7,99 (1H, d, CHgom, J=8,4Hz), 7,49 (1H, d, CHnom, J=8,4Hz), 7,30 (1H,
s, CHyom), 4,53 (1H, m, CH), 3,74-3,86 (2H, m, CH), 3,35-3,45 (SH, m, CH), 2,90-3,01
(3H, m, CH), 2,76 (3H, s, CH), 1,65-2,04 (SH, m, CH), 1,44-1,54 (2H, m, CH).

Vidu 21: 1-(4-isothioxyanatophenyl)-4-metylpiperazin

Hop chit nay dugc didu ché bang cach tuan theo phuong phap dugc mo ta trong
EP1215208.

~ Céac hop chét sau ciing duoc diéu ché theo phu:bﬁg phép nay:
- tert-butyl 2-isothioxyanato-5—(4-metylpiperazin-l-yl)phenylcarbamat.
Vi du 22: tert-butyl 2-isoxyanato-3 -(4-rriety1pi§¢razin-l-yl)phenylcarbamat
Hop chét nay duqc;diéu ché tir cac hop chét trung gian sau day.
Vi du 22a: tert-butyl 5 -(4-metylpiperazin—1-yl)-2-nitrophenylcarbamat
Vi du 22b: tert-butyl 2-amino-5-(4-metylpiperazin-1-yl)phenylcarbamat
Vi du 22: tert-butyl 2-isoxyanato-5-(4-metylpiperazin-1-yl)phenylcarbamat

Vi du 23: 4-(4-metylpiperazin-1-yl)-2-(tetrahydro-2H-pyran-4-ylamino)
- benzaldehyt
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Vi du 23a: (4-(4-metylpiperazin-1-yl)-2-(tetrahydro-2H-pyran-4-ylamino)
phenyl)metanol

500mg (1,060mmol) axit 4-(4-metylpiperazin-1-yl)-2-(2,2,2-triflo-N-(tetrahydro-
2H-pyran-4-yl)eixetamido)benzoic duoc hoa tan trong SmL tetrahydrofuran dugc bd sung
& nhiét @ 0°C vao huyén phu chia 20lmg (5,30mmol) LiAlH; trong 9mL
tetrahydrofuran. Hon hop phén mg dugc khudy & nhiét d6 0°C trong 1 gid, sau d6 &
- nhiét d6 phong trong 3 gis. Hon hop phan img dugc 1am lanh & nhigt d 0°C, sau d6 bd
* sung timg giot 2001 nude, tiép theo 1a 2001 dung dich natri cacbonat (15% khéi luong)
va cudi clng 13 ImL nuéc. Hon hop phan tmg nay dugc khudy & nhiét do phong trong

2 gid, sau d6 loc va rira bing tetrahydrofuran. Dich loc duge c6 dé thu dugc 250mg (hi€u

SUAt=77%) (4-(4-metylpiperazin-1-yl)-2-(tetrahydro-2H-pyran-4- -

ylamino)phenyl)metanol dudi dang chat rin mau tréng.
LCMS (EI, m/z): (M+1) 306,14.

"H NMR: 8 pomy (400 MHz, DMSO): 6,85 (1H, d, CHyom), 6,20 (1H, d, CHipom),
6,10 (1H, d, CHyom), 4,95 (1H, bs, OH), 4,87 (1H, d, NH), 4,37 (2H, d, CH,), 3,83-3,86
(2H, m, CH), 3,56 (1H, m, CH), 3,46-3,56 (3H, m, CH), 3,45 (1H, m, CH), 3,05-3,07
(4H, m, CH), 2,41-2,44 (4H, m, CH), 2,21 (3H, s, CHs), 1,89-1,92 (2H, m, CH).

Vi du 23:  4-(4-metylpiperazin-1-yl)-2-(tetrahydro-2H-pyran-4-ylamino)
benzaldehyt

85mg (0,982mmol) mangan dioxit dugc bd sung vio dung dich chira (4-(4-
metylpiperazin-1-yl)-2-(tetrahydro-2H-pyran-4-ylamino)phenyl)metanoL (100mg,
0,327mmol) trong hdn hgp chira etyl axetat (10mL) va diclometan (9mL) & nhiét do
phong. Hon hop phan tng dugc dit trong bé siéu am trong 5 gio. Hon hop phan tng
dugce loc, dung moi duge 1am bay hoi va hop chét thé dugc tinh ché bang phuong phéap
sic ky dé thu dugc 50,0mg (hiéu sudt=50,3%) (4-(4-metylpiperazin-1-yl)-2-(tetrahydro-

2H-pyran-4-ylamino)benzaldehyt dudi dang chat rin mau tring.
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LCMS (EL m/z): (M+1) 304,19.

'H NMR: Ot ppm (400 MHz, DMSO): 9,43 (1H, d, CH), 7,32 (1H, d, CHipom), 6,36
(1H, d, CHgom), 6,08 (1H, d, CHom), 3,94-3,99 (2H, m, CH), 3,77 (1H, m, CH), 3,61-
3,63 (2H, m, CH), 3,42-3,45 (4H, m, CH), 2,57-2,60 (4H, m, CH), 2,36 (3H, s, CH;),
- 2,04-2,08 (2H, m, CH), 1,51-1,60 (2H, m, CH).
Vi du 24: axit 2-(4-(4-metylpiperazin-1-yl)phenyl)axetic

COOH

[(55]
N
‘ |
Vi du 24a: 2,2,2-triclo-1-(4-(4-metylpiperazin-1-yl)phenyl)etanol

1,0mL (10,00mmol) axit tricloaxetic va, timg phin nhé 1,854g (10mmol) natri

2,2,2-tricloaxetat dugc bd sung & nhiét do phong vao dung dich chtra 1,362g (6,67mmol)

4-(4-metylpiperazin-1-yl)benzaldehyt trong 13,5mL dimetylformamit. Hon hgp phan tmg
dﬁqc khuy trong 3 gi' & nhiét do phong. Dung méi dugce cd va hop chét thd thu dugc
duogc chiét bang etyl axetat. Pha hiru co dugc rira bing cach st dung dung dich natri
bicacbonat bdo hoa. Pha hitu co duge thu gom, 1am khd bing magie sulfat, sau d6 c6 dé
thu dugc 1,760g (hiéu suit = 82%) 2,2,2-triclo-1-(4-(4-metylpiperazin-1-yl)phenyl)etanol
dudi dang chét rin mau tring.

LCMS (EL m/z): (M+1) 324,04.

"H NMR: 8y ppm (400 MHz, DMSO): 7,41 (2H, d, CHiom), 7,02 (1H, bs, OH), 6,90
(2H, d, CHpom), 5,08 (1H, bs, CH), 3,14-3,16 (4H, m, CH), 2,42-2,47 (4H, m, CH), 2,21
(3H, s, CHs).

Vi du 24: axit 2-(4-(4-metylpiperazin-1-yl)phenyl)axetic

0,559¢g (14,77mmol) natri bohydrua dugc bd sung nhanh vao 2,294¢g (7,35mmol)
dibenzyl diselenua trong 28mL etanol. Hon hop phan tng ndy duoc khudy & nhiét do
phong trong 1 gid. Tiép theo, 2,266g (7mmol) 2,2,2-triclo-1-(4-(4-metylpiperazin-1-
yl)phenyl)etanol va 1,680g (42,0mmol) natri hydroxit dugc bd sung vao. Hén hop phan
1’1'rig nay dugc khudy & nhiét do 35°C trong 24 gi¢. Dung méi dugc ¢b va hop chit thd
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dugc chiét bang etyl axetat sau khi bd sung pha nuéc c6 d@6 pH = 5. Pha hitu co dugc thu
gom, 1am khé bing magie sulfat, sau d6 c6 dé thu dugc axit 2-(4-(4-metylpiperazin-1-

yl)phenyl)axetic, hop chét niy dugc str dung ma khong cén tinh ché thém.
LCMS (EI m/z): (M+1) 235,294.
Vi du 25: axit 2-(4-(4-metylpiperazin-1-yl)-2-nitrophenyl)axetic
Hop chét nay c6 thé dugc didu ché tir cic hop chét trung gian sau day.
Vi du 25a: dietyl 2-(4-flo-2-nitrophenyl)malonat
Vi du 25b: dietyl 2-(4-(4-metylpiperazin-1-yl)-2-nitrophenyl)malonat
Vi du vé phuong phép E1

Vi du26: N-(5-(3,5-diflophenylthio)-1H-pyrazolo[3,4-b]pyridin-3-yl)-4-(4-
metylpiperazin-1-yl)-2-(2,2,2-triflo-N-(tetrahydro-2H-pyran-4-yl)

axetamido)benzamit
)
0
o) N# E
HN FF

0,95mL (11,21mmol) oxalyl clorua va 2 giot dinietylformamit khan duoc b sung
vao 2,97g (5,61mmol) dung dich chira axit 4-(4-metylpiperazin-1-yl)-2-(2,2,2-triflo-N-
(tetrahydro-2H-pyran-4-yl)axetamido)benzoic trong 95mL diclometan. Hén hgp phéan
g dugc khudy trong 2 giy & nhiét do phong. Dung mdi duogc 1am bay hoi, chét rin tao
ra dugc x1r Iy trong toluen va dung méi dugce 1am bay hoi. Budc niy duge 13p lai ba 1in
cho dn khi thu dugc chit rin mau tring. Axit clorua dugc hoa tan trong 35mL
tetrahydrofuran khan & -20°C, sau d6 dung dich tao ra dugc bd sung vao dung dich chira
1,56g (5,61mmol) 5-(3,5-diflophenylthio)-1H-pyrazolo[3,4-b]pyridin-3-amin va 3,71mL
(21,30mmol) N-etyl-N-isopropylpropan-2-amin trong 30mL tetrahydrofuran khan. Hon
hop phan tmg dugc khudy trong 3 gio' & nhiét dd -20°C, sau d6 qua dém & nhiét do
phong. Chét két tiia thu duge loc va rira bing tetrahydrofuran va nudc, sau d6 lam kho dé
thu duoc 2g (53%) N-(5-(3,5-diflophenylthio)-1H-pyrazolo[3,4-b]pyridin-3-y1)-4-(4-
metylpiperazin-1-yl)-2-(2,2,2-triflo-N-(tetrahydro-2H-pyran-4-yl)axetamido)benzamit.
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LCMS (EL m/z): (M+1) 676,20.

'H NMR: 8H ppm (400 MHz, DMSO): 13,66 (1H, bs, NH), 11,08 (1H, bs, NH),
8,61 (1H, s, CHyon), 8,46 (1H, s, CHuom), 7,83 (1H, d, CHpom), 7.05-7,10 (2H, m,
CHom), 6,83-6,89 (3H, m, CHgom), 4,39-4,44 (1H, m, CH), 3,83-3,85 (1H, m, CH), 3,69-
3,72 (1H, m, CH), 3,59-3,62 (1H, m, CH), 3,30-3,32 (4H, m, CHy), 2,30-2,44 (4H, m,
CH,), 2,27 (3H, s, CHj), 1,87-1,90 (1H, m, CH), 1,59-1,60 (1H, m, CH), 1,49-1,50 (1H,
m, CH), 1,20-1,40 (1H, m, CH).

Céc hop chét sau ciing dugc diéu ché theo phwong phép nay.

Ry
R4

O )n

o)
NH
Yo Yio A
T
N
R

W Yy

Vi ] Hiéy | FHO
dl.l ‘ Y ' Rl Rz n| W Rj Yl, Yy H(_)’p chat X khoi

*% Sl.lét MH'
‘ N-(5-(2-
carbamoylphenylthio)-
NH, Q N 1H-pyrazolo[3,4- -
b]pyridin-3-yl)-4-(4-
S\ . 3
[ j 0| H | HICHN metylpiperazin-1-yl)-2- ND | ND
(2,2,2-triflo-N-

F (tetrahydro-2H-pyran-4-
' yl)axetamido)benzamit

26-1

O
\
l 4
—~
, (o]

N-(5-(3,5-

0y | diﬂophenylsulfdny.l)tIH-

oxg” Q N pyrazolo[3,4-b]pyridin-3-

26-2 T | () |o| & | B |cH N|y1)4-(4-metylpiperazin- | ND | ND
- 1-yl)-2(tetrahydro-2H-

F F FEF pyran-4-

ylamino)benzamit

N-(5-iodo-1H-
Q ,L pyrazolo[3,4-b]pyridin-3-
yl)-4-(4-metylpiperazin-
[N] O H|H CELN 1-yD)-2-(2,2,2-triflo-N-
IF t _ (tetrahydro-2H-pyran-4-
F yl)axetamido)benzamit

26-3 I

N-(5-(3,5-

s” diflophenylthio)-1H-

26-4 H | NO, |1| H | H |CH, N |pyrazolo[3,4-b]pyridin-3-| ND |442,21
: yl)-2-(4-

F F nitrophenyl)axetamit”

-97-



20026

26-5

CH,N

N-(5-(3,5-
diflobenzylsulfonyl)-1H-
pyrazolo[3,4-b]pyridin-3-
yl)-4-(4-metylpiperazin-

1-y1)-2~(2,2,2-triflo-N-
(tetrahydro-2H-pyran-4-
'yl)axetamido)benzamit

26-6

CH, N

2-(N-(4,4-
difloxyclohexyl)-2,2,2-
trifloaxetamido)-N-(5-
(3,5-diflophenylsulfonyl)-
1H-pyrazolo[3,4-
b]pyridin-3-yl)-4-(4-
metylpiperazin-1-
yl)benzamit

26-7

CH,N

N-(5-(3,5-diflobenzyl)-
1H-pyrazolo[3,4-
b]pyridin-3-yl)-4-(4-
metylpiperazin-1-yl)-2-
(2,2,2-triflo-N-
(tetrahydro-2H-pyran-4-
yl)axetamido)benzamit

22%

676,2

26-8

CH,N

N-(5-(3,5-
diflophenylthio)-1H-
pyrazolo[3,4-b]pyridin-3-
yl)-2-(4-(4-
metylpiperazin-1-
yl)phenyl)axetamit

495,17

26-9

= %

a0
>
i

(]

oM

CH,N

N-(5-iodo-6-metoxy-1H-
pyrazolo[3,4-b]pyridin-3-
yl)-4-(4-metylpiperazin-
1-y1)-2+(2,2,2-triflo-N-
(tetrahydro-2H-pyran-4-
yl)axetamido)benzamit

688,18

- |26-10

%

CH,N

N-(6-amino-5-iodo-1H-
pyrazolo[3,4-b]pyridin-3-
yl)-4-(4-metylpiperazin-
1-y1)-2-(2,2,2-triflo-N-
(tetrahydro-2H-pyran-4-
yl)axetamido)benzamit

673,06

26-11

4
o

\

-

-

HN

-Z

CH,N

(S)-N-(5-(3,5-
diflophenylthio)-1H-
pyrazolo[3,4-b]pyridin-3-
y1)-2-(2,2,2-triflo-N-
(tetrahydro-2H-pyran-4-
yl)axetamido)-4-(3-
(2,2,2-
trifloaxetamido)pyrolidin-
1-yD)benzamit

26-12

CH, N

N-(5-(3,5-
diflophenylthio)-1H-
pyrazolo[3,4-b]pyridin-3-
yl)-4-(4-metylpiperazin-
1-yl)benzamit

46%

481,38
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26-13

-

N, CH

N-(5-(3,5-diflobenzyl)-
1H-pyrazolo[4,3-
b]pyridin-3-yl)-4-(4-
metylpiperazin-1-yl)-2-
(2,2,2-triflo-N-
(tetrahydro-2H-pyran-4-
yl)axetamido)benzamit

35%

658,1

26-14

\

“
-
Q

Z—

(/]

N, CH

N-(5-(3,5-
diflobenzyloxy)-1H-
pyrazolo[4,3-b]pyridin-3-
yl)-4-(4-metylpiperazin-
1-y1)-2-(2,2,2-triflo-N-
(tetrahydro-2H-pyran-4-
yl)axetamido)benzamit

63%

674,1

26-15

(o}

,,
\_¢

N, CH

N-(5-(3,5-
diflobenzyloxy)-1H-
pyrazolo[4,3-b]pyridin-3-
yl)-4-(1-metylpiperidin-4-
y1)-2-(2,2,2-triflo-N-
(tetrahydro-2H-pyran-4-
yl)axetamido)benzamit

673,1

26-16

\

m
M i—0

N, CH

N-(5-(2,5-
diflobenzyloxy)-1H-
pyrazolo[4,3-b]pyridin-3-
yl)-4-(4-metylpiperazin-
1-y1)-2-(2,2,2-triflo-N-
(tetrahydro-2H-pyran-4-
ylaxetamido)benzamit

62%

674,2

26-17

\

-n
| i—O

N, CH

N-(5-(2,5-
diflobenzyloxy)-1H-
pyrazolo[4,3-b]pyridin-3-
yl)-4-(1-metylpiperidin-4-
y1)-2-(2,2,2-triflo-N-
(tetrahydro-2H-pyran-4-
yl)axetamido)benzamit

673,3

26-18

Cl

Q

e

Cl

b4

N, CH

N-(5-(2,5-
diclobenzyloxy)-1H-
pyrazolo[4,3-b]pyridin-3-
yl)-4-(4-metylpiperazin-
1-y1)-2-(2,2,2-triflo-N-
(tetrahydro-2H-pyran-4-
yl)axetamido)benzamit

26-19

Cl

O

O

Cl

N, CH

N-(5-(2,5-
diclobenzyloxy)-1H-
pyrazolo[4,3-b]pyridin-3-
yl)-4-(1-metylpiperidin-4-
y1)-2-(2,2,2-triflo-N-
(tetrahydro-2H-pyran-4-
ylaxetamido)benzamit

26-20

CF; 07

<

N, CH

N-(5-(5-clo-2-
(triflometyl)benzyloxy)-
1H-pyrazolo[4,3-
b]pyridin-3-yl)-4-(4-
metylpiperazin-1-yl)-2-
(2,2,2-triflo-N-
(tetrahydro-2H-pyran-4-
yl)axetamido)benzamit

55%

740,2
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N-(5-(5-clo-2-
. o (triflometyl)benzyloxy)-
. CFs O Q r!l 1H-pyrazolo[4,3-
b]pyridin-3-yl)-4-(1- "
26-21 B f %) H | H N CH| o . | ND | 7393
CI N (2,2,2-triflo-N-

' F (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
4-(4-metylpiperazin-1-

o 0 | yI)-N-(5-(pyridin-3-

: y Q N ylmetoxy)-1H-
2622 [ Ao | () |o| H | H |N, CH pyrazolo[4,3-blpyridin-3-| 90% | 6392
| I o - y1)-2-(2,2,2-triflo-N-
FEF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
4-(1-metylpiperidin-4-yl)-
0" 0 | N-(5-(pyridin-3-
/' Q N ylmetoxy)-1H-
26-23 < _N_O H | H |N, CH | pyrazolo[4,3-b]pyridin-3-| ND | 638,2
N I | y1)-2-(2,2,2-triflo-N-
FEF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(3,5-
0 | diflophenylthio)-1H-
s” Q N pyrazolo[4,3-b]pyridin-3-
26-24 Ao | () |o| H | H N, CH| y)-4-(4-metylpiperazin- | ND | ND
- I N 1-y1)-2-(2,2,2-triflo-N-
F F FEF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
, N-(5-(3,5- |
0 | diflophenylthio)-1H-
o s” Q N pyrazolo[4,3-b]pyridin-3-
26-25 _N_o H | H |N, CH |yl)-4-(1-metylpiperidin-4-| 50% | ND
I y1)-2-(2,2.2-triflo-N-
F F FEF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(2,5-
0 | diflophenylthio)-1H-
s” Q N. pyrazolo[4,3-b]pyridin-3- |-
26-26 F | & o [( ] |0 H|H N, CH| y-4-4-metylpiperazin- | ND | ND
| I N 1-y1)-2-(2,2,2-triflo-N-
F FeF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(2,5-
, 0o | diflophenylthio)-1H-
| s” Q N pyrazolo[4,3-b]pyridin-3-
26-27 F | _N_oO H | H |N, CH |yl)-4-(1-metylpiperidin-4-| ND | ND
Jij X %) y1)-2-(2,2,2-triflo-N-
_ F PP (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(3,5-
0 | diclophenylthio)-1H-
. s . Q N pyrazolo[4,3-b]pyridin-3-
26-28 Q Ao | () |o| H | H N, CH| yD-4-(4-metylpiperazin- | ND | ND
DS I N 1-y1)-2-(2,2,2-triflo-N-

: FEF (tetrahydro-2H-pyran-4-

yl)axetamido)benzamit
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N-(5-(3,5-

0 | diclophenylthio)-1H-

s” Q N pyrazolo[4,3-b]pyridin-3-
26-29 Q Ao H | H |N, CH |yl)-4-(1-metylpiperidin-4-| ND
G I y1)-2-(2,2,2-triflo-N-

FEF (tetrahydro-2H-pyran-4-

yl)axetamido)benzamit
T N-(5-(2,5-

o | diclophenylthio)-1H-

s” Q N pyrazolo[4,3-b]pyridin-3-
126-30 C'O Ao | () |0] H| H|N,CH| yh-4-4-metylpiperazin- | ND
- o I N 1-y1)-2-(2,2,2-triflo-N-

FEF (tetrahydro-2H-pyran-4-

yl)axetamido)benzamit
, N-(5-(2,5-

o | diclophenylthio)-1H-

: s” Q N pyrazolo[4,3-b]pyridin-3-
26-31 C'\@ Ko H | H [N, CH |yl)-4-(1-metylpiperidin-4-| ND
NG I y1)-2-(2,2,2-triflo-N-

FEF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
4-(4-metylpiperazin-1-

0 - y1)-2-(2,2,2-triflo-N-

s” Q N (tetrahydro-2H-pyran-4-
26-32 Fa°<j Ao | () |o| H| H|N,CH| yDaxctamido)}N-(5-(2- | ND
| I N (triflometyl)phenylthio)-

FEF "~ 1H-pyrazolo[4,3-
blpyridin-3-yl)benzamit

4-(1-metylpiperidin-4-yl)-

0 | 2-(2,2,2-triflo-N-

s” Q N (tetrahydro-2H-pyran-4-
26-33 m@ Ao %j H | H |N,CH| yDaxetamido)}N-(5-2- | ND
: R I (triflometyl)phenylthio)-
FEF 1H-pyrazolo[4,3-
' b]pyridin-3-yl)benzamit
N-(5-(3,5-
o diflobenzylthio)-1H-
. s” Q r!J pyrazolo[4,3-b]pyridin-3-
yl)-4-(4-metylpiperazin-
26-34 @2 ,NIO [N] H HANCH Y 00,2 2-trifloN- | NP
F EDE ¥ (tetrahydro-2H-pyran-4-
: F yl)axetamido)benzamit
N-(5-(3,5-
& 0 | diflobenzylthio)-1H-
F Q N pyrazolo[4,3-b]pyridin-3-
26-35 \Q) _N_O H | H |N, CH |yl)-4-(1-metylpiperidin-4-| 73%
f I %J y1)-2-(2,2,2-triflo-N-

FEF (tetrahydro-2H-pyran-4-

yl)axetamido)benzamit
N-(5-(2,5-

0 | diflobenzylthio)-1H-

s” Q N pyrazolo[4,3-b]pyridin-3-

26-36 .F\d o [ ] H | H |N, CH | yl)-4-(4-metylpiperazin- | ND
] I N 1-y1)-2-(2,2,2-triflo-N-
: FEF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
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N-(5-(2,5-
o | diflobenzylthio)-1H-
s” Q N pyrazolo[4,3-b]pyridin-3-
26-37 K@f W_o H | H | N, CH |yl)-4-(1-metylpiperidin-4-| ND | ND
- FIF y1)-2-(2,2.2-triflo-N-
F (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(2,5-
. 0 | ~ diclobenzylthio)-1H-
g $ Q N pyrazolo[4,3-b]pyridin-3-
26-38 @5 Ao | () H | H |N, CH| yl)-4-(4-metylpiperazin- | ND | ND
o FIF N 1-y1)-2-(2,2,2-triflo-N-
F (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(2,5-
. o | diclobenzylthio)-1H-
$ Q N pyrazolo[4,3-b]pyridin-3-
26-39 °'\(:(' _N_O H | H | N, CH |yl):4-(1-metylpiperidin-4-| ND | ND
' o X y1)-2-(2,2,2-triflo-N-
FEF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(3,5-
o | diflophenylamino)-1H-
HN” Q N pyrazolo[4,3-b]pyridin-3-
26-40 Ao | () H | H |N, CH| yl)-4-(4-metylpiperazin- | 79% | 659,2
PN FIF N (l-yL)}-IZ;i(Z,2,2-triﬂo-N-
F tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(3,5-
0 | diflophenylamino)-1H-
HN” Q N pyrazolo[4,3-b]pyridin-3-
26-41 Q o H | H |N, CH |yl)-4-(1-metylpiperidin-4-| ND | 6582
PN FIF y1)-2-(2,2,2-triflo-N- ’
F (tetrahydro-2H-pyran-4-
yDaxetamido)benzamit
N-(5-(2,5-
|0 | diflophenylamino)-1H-
HN” Q N pyrazolo[4,3-b]pyridin-3-
26-42| F Ao | (] |o] H| H |N,CH| yD-4-(4-metylpiperazin- | ND | 6592
. FIF N 1-y1)-2-(2,2,2-triflo-N-
F (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
_ N-(5-(3,5-
0 | diflophenylamino)-1H-
HN” Q N pyrazolo[4,3-b]pyridin-3-
26-43| F hoo H | H |N, CH |yl)-4-(1-metylpiperidin-4-| ND | 6582
. FIF yl)-ﬁ-%2,2,2-triﬂo—N—
F (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(2,5-
o | diclophenylamino)-1H-
- W7 Q N pyrazolo[4,3-b]pyridin-3-
26-44 C‘O Ao | () |o| H | H N, CH| y)-4-(4-metylpiperazin- | 26% | 691,2
o . ‘FIF N | 11)2-2,2.2-triflo-N-
F (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
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N-(5-(2,5-
o | diclophenylamino)-1H-
HN Q N pyrazolo[4,3-b]pyridin-3-
26-45 C'\@ _N_O H | H |N, CH |yl)-4-(1-metylpiperidin-4-| 98% | 692,2
o I y1)-2-(2,2,2-triflo-N-
FEF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(3,5-diflobenzyl)-
o | 1H-pyrazolo[3,4-
Q N b]pyrazin-3-yl)-4-(4-
26-46 KS\ Ao | () |o| H|H| NN | metylpiperazin-1-y)-2- | ND | ND
AN | TN (2,2,2-triflo-N-
Fef (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(3,5-diflobenzyl)-
o | 1H-pyrazolo[3,4-
' Q N b]pyrazin-3-yl1)-4-(1-
26-47 /(S\ _N_O H | H | N,N | metylpiperidin-4-yl)-2- [ ND | ND
A |7 X (2,2,2-triflo-N-
Fef (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-((3,5-
diflophenyl)etynyl)-1H-
E E r0 SN pyrazolo[3,4-b]pyrazin-3-
Q - yD)-4-(3-
26-48 _N_O 5 H | H | N,N |(dimetylamino)propyl)(m| ND | ND
‘ I I Y etyl)amino)-2-(2,2,2-
» Fer | triflo-N-(tetrahydro-2H-
pyran-4-
yl)axetamido)benzamit
N-(5-((3,5-
F F o | diflophenyl)etynyl)-1H-
, Q N pyrazolo[3,4-b]pyrazin-3-
126-49 _N_O H | H | N,N |yD)-4-(1-metylpiperidin-4-| ND | ND
I I y1)-2(2,2.2-triflo-N-
FEF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(3,5-
diflophenylthio)-1H-
P 0 SN pyrazolo[3,4-b]pyrazin-3-
$ Q 5 yD)-4-((3-
26-50 _N_O H | H | N,N |(dimetylamino)propyl)(m | 43% | 693,2
S F/@F I ~N etyl)amino)-2-(2,2,2-
’ Fef \ triflo-N-(tetrahydro-2H-
pyran-4-
yl)axetamido)benzamit
N-(5-(2,5-
0 | diclophenylthio)-1H-
‘ s~ Q N pyrazolo[3,4-b]pyrazin-3- ‘
26-51 C'O Mo H | H| N,N | yl)-4-(4-metylpiperazin- | ND | ND
o I 1-y1)-2-(2,2,2-triflo-N-
FEF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
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4-(4-metylpiperazin-1-
o | y1)-2-(2,2,2-triflo-N-
s7 Q N (tetrahydro-2H-pyran-4-
| 26-52 Fs°© Ao | () H | H |N,CH| yl)axetamido)-N-(5-(2- | 66% | 709,1
I N (triflometyl)phenylthio)-
FeF 1H-pyrazolo[3,4-
b]pyrazin-3-yl)benzamit
N-(5-(3,5-
o, Y | diflophenylsulfonyl)-1H-
0% Q N pyrazolo[4,3-b]pyridin-3-
12653 oo | () H | H |N, CH| yl)-4-(4-metylpiperazin- | 28% | 7082
. . I N 1ay1)-2(2,2,2-triflo-N-
FeF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(3,5-
o o | diflophenylsulfonyl)-1H-
o®S Q N pyrazolo[4,3-b]pyridin-3-
26-54 o Q H | H | N, CH |yl)-4-(1-metylpiperidin-4-| 74% | 707.2
i . I y1)-2-(2,2.2-triflo-N-
FeF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(2,5-
Oy 0 | diflophenylsulfonyl)-1H-
0*} Q N pyrazolo[4,3-b]pyridin-3-
26-55 OF Ao | [ J|o| H| H |N,CH| yh-4-(4-metylpiperazin- | ND | ND
- I N 1-y1)-2-(2,2,2-triflo-N-
' FeF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(2,5-
o ., 0 | diflophenylsulfonyl)-1H-
o=% Q N pyrazolo[4,3-b]pyridin-3- :
26-56 N g %) H | H |N, CH |yl)-4-(1-metylpiperidin-4-| ND | ND
| i I y1)-2-(2,2.2-triflo-N-
: FEF (tetrahydro-2H-pyran-4-
ylaxetamido)benzamit
N-(5-(3,5-
0, 0 | diclophenylsulfonyl)-1H-
0= Q N pyrazolo[4,3-b]pyridin-3-
26-57 _N_O [ ] H | H |N, CH| yl)-4-(4-metylpiperazin- | ND ND
aiINg |7 1-y1)-2-(2,2,2-triflo-N-
FeF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(3,5-
o 0 | diclophenylsulfonyl)-1H-
oS Q N pyrazolo[4,3-b]pyridin-3-
126-58 | . Q _N_O H | H | N, CH |yl)-4-(1-metylpiperidin-4-| ND | ND
R y1)-2-(2,2,2-triflo-N-
FefF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(2,5-
o o | diclophenylsulfonyl)-1H-
025" Q N pyrazolo[4,3-b]pyridin-3-
12659 /@m Ao | () H | H |N, CH| yl)-4-(4-metylpiperazin- | ND | ND
. I N 1-y1)-2(2,2,2-triflo-N-
- Fef (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
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N-(5-(2,5-
o 0 | diclophenylsulfonyl)-1H-
S Q N pyrazolo[4,3-b]pyridin-3-
26-60 o | _n_o H | H |N, CH |yl)-4-(1-metylpiperidin-4-| ND
/©/ I Q y1)2-(2,2,2-triflo-N-
c Fef (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(3,5-
Q. 0 | diflobenzylsulfonyl)-1H-
NS Q N pyrazolo[4,3-b]pyridin-3-
26-61 _N_O [ j H | H |N, CH| yl)-4-(4-metylpiperazin- | 94%
I N 1-y1)-2-(2,2,2-triflo-N-
F FEF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(3,5-
Q. o | diflobenzylsulfonyl)-1H-
NS Q N pyrazolo[4,3-b]pyridin-3-
26-62 _N_O H | H |N, CH |yl)-4-(1-metylpiperidin-4-| 99%
| I %) y1)-2-(2,2,2-triflo-N-
F Fef (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(2,5-
o o | diflobenzylsulfonyl)-1H-
0=8" Q N pyrazolo[4,3-b]pyridin-3-
26-63 | F Ao [ (J]o| H | H |N, CH| yD-4-(4-metylpiperazin- | 60%
3 i I N 1-y1)-2-(2,2,2-triflo-N-
Fef (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(2,5-
o 0 | diflobenzylsulfonyl)-1H-
0=8" Q N pyrazolo[4,3-b]pyridin-3-
26-64 F\d _N_O H | H [N, CH |yl)-4-(1-metylpiperidin-4-| 36%
i I y1)-2-(2,2,2-triflo-N-
Fef (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(2,5-
0 | diflobenzylsulfinyl)-1H-
: Osg” Q N pyrazolo[4,3-b]pyridin-3-
26-65 F\d _N_O H | H [N, CH |yl)-4-(1-metylpiperidin-4-| ND
_ I y1)-2-(2,2,2-triflo-N-
FeF (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(2,5-
o 0 | diclobenzylsulfonyl)-1H-
0=8" Q N pyrazolo[4,3-b]pyridin-3-
26-66 CI\CK _N_O H | H |N, CH| yl)-4-(4-metylpiperazin- | 52%
. I 1-y1)-2-(2,2,2-triflo-N-
Fef (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit
N-(5-(2,5-
o 0 | diclobenzylsulfonyl)-1H-
: 0=5" Q N pyrazolo[4,3-b]pyridin-3-
26-67| ¢ _N_O H | H [N, CH |yl)-4-(1-metylpiperidin-4-| 90%
o | X y1)-2-(2,2,2-triflo-N-
Fef (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit

-105-




20026

N-(5-(2,5-

0 | diclobenzylsulfinyl)-1H-
Q N pyrazolo[4,3-b]pyridin-3-

26-68 C|\d N0 0| H | H |N, CH |yl)-4-(1-metylpiperidin-4-| 50% | ND
cl I y1)-2-(2,2,2-triflo-N-
FTF

F (tetrahydro-2H-pyran-4-
yl)axetamido)benzamit

o : N-(5-iodo-1-trityl-1H-
Q I | pyrazolo[3,4-b]pyridin-3-

N . .
CP y1)-4-(4-metylpiperazin- 0
IO [N] 01 5 1y, | “ N 1y1)-2-tetrahydro-21. | 677 | 900,23
FTF ' - pyran-4- -
ylamino)benzamit

26-69 I

N-(5-(3,5-
o diflophenylsulfonamido)-
o, Q ,L ) 1H-pdyrazolc1)[3,4(-4
0 Ipyridin-3-y1)-4-(4- 0
26-70 DF o IO [N] Of H | H [CHN| o i ioly. | 11% | ND
(2,2,2-triflo-N-
F (tetrahydro-2H-pyran-4-

m

m

m
-

yl)axetamido)benzamit

** I NMR, DMSO-dg, Vi du: 26-4: 13,64 (1H, sl, NH), 11,26 (1H, sl, NH), 8,68
(lHa da CHﬂl(Ym)a 8:58 (1H> da CchO’m): 8920 (2H3 d: Ccho‘m)a 7564 (2Ha da Cchom): 7503
(1H, m, CHpen), 6,78 (2H, m, CHaom), 3,95 (2H, m, CHp). 26-8: 13,59 (1H, sI, NH),

11,05 (1H, sl, NH), 8,68 (1H, d, CHpom), 8,57 (1H, d, CHyom), 7,19 (2H, d, CHipom),

6,99-7,08 (1H, m, CHpom), 6,88 (2H, d, CHyom), 6,75-6,79 (2H, m, CHgpom), 3,61 (2H, m,
CH,), 3,07-3,09 (4H, m, CH), 2,41-2,44 (4H, m, CH), 2,20 (3H, s, CHz). 26-9: 13,17
(1H, s1, NH), 10,90 (1H, s1, NH), 8,55 (1H, 5, CHom), 7,79 (1H, d, CHiperr), 7,07 (1HL dd,
' CHpom). 6,90 (1H, d, CHyom), 4,40-4,50 (1H, m, CH), 3,96 (3H, s, CH), 3,82-3.89 (1H,
m, CH), 3,74-3,80 (1H, m, CH), 3,34-3,41 (2H, m, CH), 3,28-3,33 (4H, m, 2*CH,), 2,43-
2,47 (4H, m, 2*CH,), 2,23 (3H, s, CHj), 1,85-1,92 (1H, m, CH), 1,58-1,63 (1H, m, CH),
1,45-1,53 (1H, m, CH), 1,22-1,33 (1H, m, CH). 26-10: 12,48 (1H, s, NH), 10,72 (1H, sl,
NH), 8,30 (1H, s, CHyon)> 7,77 (1H, d, CHyom), 7,06 (1H, dd, CHuom), 6,88 (1H, d

&

CHinom), 6,40 (2H, sl, NH,), 4,40-4,50 (1H, m, CH), 3,82-3,89 (1H, m, CH), 3,74-3,80

(1H, m, CH), 3,34-3,41 (2H, m, CH), 3,28-3,33 (4H, m, 2*CH,), 2,43-2,47 (4H, m,
2*CH,), 2,23 (3H, s, CH), 1,85-1,92 (1H, m, CH), 1,58-1,65 (1H, m, CH), 1,45-1,55
(1H, m, CH), 1,22-1,34 (1H, m, CH). (ND: khéng x4c dinh). 26-14: 12,99 (1H, sl, NH),
10,25 (1H, s, NH), 7,96 (1H, d, CHgom, J=9,2Hz), 7,90-7,80 (1H, m, CHyom), 7,23-7,16
(3H, m, CHypgm), 7,12-7,08 (1H, m, CHyorn), 6,96 (1H, d, CHgom, J=8,8Hz), 6,87 (1H, s,
CHgpom)> 5.31 (2H, 5), 4,49-4,42 (1H ,m), 3,86-3,75 (2H, m), 3,45 (1H, m), 3,37 (1H,m),
3,35 (4H, s), 2,42 (4H, 5), 2,22 (3H, s), 1,90-1,75 (2H, m), 1,53-1,49 (1H, m), 1,31-1,25

-106-




20026

(1H, m). 26-16: 13,00 (1H, s, NH), 10,27 (1H, s, NH), 7,95 (1H, d, CHgom, J=8,8Hz),
7,89-7,84 (1H, m, CHyom), 7,50-7,40 (1H, m, CHgpon), 7.35-7,20 (2H, m, CHyop), 7,12-
7,09 (1H, m, CHpom), 6,94 (1H, d, CHpom, J=8,8Hz), 6,87 (1H, s, CHinom), 5,30 (2H, s),
4,52-4,43 (1H, m), 3,85-3,75 (2H, m), 3,46-3,43 (1H, m), 3,36 (SH, s), 2,45 (4H, s); 2,22
(3H, s), 1,92-1,82 (2H, m), 1,60-1,52 (1H, m), 1,33-1,26 (1H, m). 26-20: 13,01 (1H, s,
NH), 10,22 (1H, s, NH), 7,97 (1H, d, CHiom, J=8,8Hz), 7,90-7,78 (3H, m, CHyyp), 7,68-
7,64 (1H, m, CHyem), 7,12-7,08 (1H, m, CHgom), 6,97 (1H, d, CHypom, J=8,8Hz), 6,85
(1H, s, CHpom), 5,43 (2H, s), 4,45-4,40 (1H, m), 3,86-3,70 (2H, m), 3,46-3,42 (1H, m),
3,30-3,28 (5H, m), 2,46 (4H, s), 2,23 (3H, s), 1,90 (1H, d, J=11,2Hz), 1,77 (lH d,
J=11,2Hz), 1,58-1,50 (1H, m), 1,30-1,20 (1H, m).

Trong mdt sb truong hop, hop chit chinh cua phan tng ndy tuwong Ung véi hop
chét dugc thé hai 14n chira nhém chirc bd sung clia vong pyrazol.Khi dé, hop chit nay
dugc phén tach va bién ddi thanh hop chit dugc thé mot 1an bing cach xit 1y véi bazo
nhu mo ta dudi day.

Vi  du27: N—(S-(3‘,5-diﬂophenylthio)-1-H—pyrazolo[3,4-b]pyrazin-3-yl)—4-(4-
‘metylpiperazin-1-yl)-2-(tetrahydro-2H-pyran-4-ylamino)benzamit

r;rm%z

\
Vi du 27a: N-(5-(3,S-diﬂOphenylthio)-1_-(4-(4-metylpiperazin—1-yl)-2-(2,2,2-triﬂo—
N-(tetrahydro-2H-pyran-4-yl)axetamido)benzoyl)- 1H-pyrazolo[3,4-b]pyrazin-3-yl)-4-(4-
metylpiperazin-1-yl)-2-(2,2,2-triflo-N-(tetrahy dro-2H-pyran-4-yl)axetamido)benzamit

1,51mL (17,90mmol) oxalyl clorua va 2 giot dimetylformamit khan dugc bd sung
vao 4,74g (8,95mmol) dung dich chira axit 4-(4-metylpiperazin-1-yl)-2-(2,2,2-triflo-N-
(tetrahydro-2H-pyran-4-yl)axetamido)benzoic trong 60mL diclometan. Hon hgp phéan
ung vduqc khudy trong 2 gir & nhiét do phong. Dung méi dugc lam bay hoi, chét rén tao
ra-~dltgc xur ly trong toluen va dung méi dugc 1am bay hoi; bude ndy duge lip lai ba lan

cho dén khi thu duoc chit rin mau tring.

~ Axit clorua dugc bd sung timg phan & nhiét d6 0°C vao 1g (3,58mmol) 5-(3,5-
diﬂophenylthio)—1H-pyrazolo[3,4-b]pyrazin—3—amin dugc hoa tan trong 15mL pyridin.
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Hdn hgp phan tng nay dugc khudy & nhiét do 25°C qua dém & nhiét @6 phong. Sau khi
lam bay hoi dung méi, phan cin dugc tinh ché bang phuong phép sic ky silicagel (chat
rua - gidi  90:10 diclometan/metanol, sau d6 90:9:1, sali d  90:5:5
diclometan/metanol/amoni) d& thu  dugc N-(5-(3,5-diflophenylthio)-1-(4-(4-
metylpiperazin- 1-yD)-2-(2,2,2-triflo-N-(tetrahydro-2H-pyran-4-yl)axetamido)

- benzoyl)-1H-pyrazolo[3,4-b]pyrazin-3-yl)-4-(4-metylpiperazin-1 -yl)-2-(2,2,2-triﬂo-N- .
(tetrahydro-2H-pyran-4-yl)axetamido)benzamit.

LCMS (EL m/z): (M+1) 1074,64. | -

Vi du27: N-(5-(3, S-diﬂophenylthio)-1-H-pyrazolo[3,4-b]pyrazin-3-y_l)-4-(4-
- metylpiperazin-1-yl)-2-(tetrahydro-2H-pyran-4-ylamino)benzamit.

- 0,27mL (1,95mmol) trietylamin dugc bd sung vao 0,21g (0,19mmol) dung dich

chl’ra ) ~ N-(5-(3,5-diflophenylthio)-1-(4-(4-metylpiperazin-1-yl)-2-(2,2,2-triflo-N-
(tetrahydro-2H-pyran-4-yl)axetamido)benzoyl)-1H-pyrazolo[3,4-b]pyrazin-3-yl)-4-(4-
~ metylpiperazin-1-yl)-2-(2,2,2-triflo-N-(tetrahy dro-2H-pyran-4-yl)axetamido)benzamit
‘trong SmlL metanol. H8n hgp phan tmg nay dugc gia nhiét & nhiét do 65°C trong 4 gid,
séu d6 qua dém & nhiét do phc‘)ng. Sau khi 1am bay hoi dung méi, hop chit thu dugc duge
chiét vai 14n bang etyl axetat. Pha hitu co dugc thu gom, rira bing dung dich natri

bicacbonat bdo hoa, lam khd bing magie sulfat va c6. Phin cin dugc tinh ché béng

phuong phdp sic ky silicagel (95:4:1 diclometan/metanol/amoni lam chét rtra giai) @& thu

dugc 0,065g (57%) N-(5-(3,5-diflophenylthio)-1-H-pyrazolo[3,4-b]pyrazin-3-yl)-4-(4-
metylpiperazin— 1_A-y1)-2-(tetrahydro}2H—pyran—4-ylamino)benzamit du6i dang chit rin

mau vang.

LCMS (EI, m/z): (M-1) 579,21.

'H NMR: 8H ppm (400 MHz, DMSO): 13,95 (1H, bs, NH), 10,25 (1H, bs, NH),

8,62 (1H, s, CHuom), 8,27 (1H, d, NH), 7,80 (1H, d, CHyom), 7,17-7,27 3H, m, CHgom),
6,27 (1H, d, CHyom), 6,12 (1H, d, CHpom), 3,79-3,82 (2H, m, CH), 3,67 (1H, m, CH),
3,45-3,50 (2H, m, CH), 3,26-3,29 (4H, m, CH), 2,42-2,44 (4H, m, CH), 2,22 (3H, s,
CHs), 1,90-1,93 (2H, m, CH), 1,31-1,36 (2H, m, CH).

Cac hop chét sau ciing dugc didu ché theo phuong phap nay.
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R4

O )n

O™ H
Y Y;

I
T
W NN

R

Vi
du**

Y,

W 'Rj

Hop chit

Hiéu
suat

Khéi phd

27-1

CH

N-(5-(3,5-
diflophenylsulfonyl)-1H-
pyrazolo[3,4-b]pyridin-3-
yl)-4-(4-metylpiperazin-

1-yl)-2-(tetrahydro-2H-
pyran-4-
ylamino)benzamit

18,6%

(M+H)
612,13

27-2

N-(5-(3,5-
diflophenylsulfinyl)-1H-
pyrazolo[3,4-b]pyrazin-3-
yl)-4-(4-metylpiperazin-
1-yl)-2-(tetrahydro-2H-
pyran-4-
ylamino)benzamit

(M+Na)
619,6

27-3

Z—

N-(5-(3,5-
diflophenylsulfonyl)-1H-
pyrazolo[3,4-b]pyrazin-3-
y1)-4-(4-metylpiperazin-
1-y1)-2-(tetrahydro-2H-
pyran-4-
ylamino)benzamit

(M+H)
613,5

27-4

CH

N-(6-(3,5-diflobenzyl)-
1H-pyrazolo[3,4-
b]pyridin-3-yl)-4-(4-
metylpiperazin-1-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)benzamit

24%

(M+H)
562,00

27-5 |

CH

N-(6-(3,5-
diflobenzylamino)-1H-
pyrazolo[3,4-b]pyridin-3-
yl)-4-(4-metylpiperazin-
1-yl)-2-(tetrahydro-2H-
pyran-4-
ylamino)benzamit-

(M-H)
275,1

hinh hoc clia hop chét. Vi du sau diy md th mot phan ng thudc loai nay.

y1)-4-(4-metylpiperazin-1-yl)-2-(2,2,2-triflo-N-(tetrahydro-2H-pyran-4-

yl)axetamido)benzamit
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Phan tmg dugc thyc hién trong pyridin c6 thé 1am bién dbi phan bd ddng phén

Vi du 27-bis: N-(5-(N-(3,5-diflophenyl)sulfamoyl)-1H-pyrazolo[3,4-b]pyridin-3-




0,224mL (2,63mmol) oxalyl clorua va 2 giot dimetylformamit khan dugc bd sung
vao 0,697g (1,316mmol) dung dich chira axit 4-(4-metylpiperazin-1-yl)-2-(2,2,2-triflo-N-
(tetrah'ydro-2H-pyran-4-y1)axetamido)benzoiq trong 20mL diclometan. Hon hgp phan
tmg dugc khudy trong 2 gio & nhiét do phong. Dung méi dugc 1am bay hoi, chét rin tao
ra dugc hoa tan lai trong toluen va dung méi duoc 1€1m bay hoi. Budc ndy dugc lip lai ba

lan cho dén khi thu dugc chat ran mau trang.

Axit clorua duge hoa tan trong SmL pyridin khan, saﬁ d6 dung dich tao ra duoc bd
sung vao dung dich chira 0,214g (0,658mmol) 3-amino-N-(3,S-diﬂbphenyl)-lH-
pyrazolo[3,4-b]pyridin-5-sulfonamit trong SmL pyridin & nhiét d6 0°C. Hdn hop phéan
mg dugc khudy trong ‘3 gior & nhiét d 0°C, sau d6 dé qua dém & nhiét do phong. Pyridin
~ dugc 1am bay hoi va hop chét thd thu duge dugc hoa tan lai trong toluen, sau d6 lam kho
dugc c6. Hon hop phan tng dugc pha lodng bang dung dich NaHCO; bdo hoa va chiét
bang etyl axetat. Pha hiru co duge lam khd bang MgS'O4, loc va ¢d va hop chét thd duge
sir dung truc tiép trong phan tmg khir bao vé ma khong can tinh ché hodc xac dinh dic

" tinh.

Céc hop chét sau ciing dugc didu ché theo phuong phap nay.
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Hicu] Khdi

Vide**|Y| R, | R, [Vijn| W [R Hop chét cuit| phd
© | & N-(6-(2,4-diflophenylthio)-1H-
N F pyrazolo[3,4-b]pyridin-3-yl)-4-(4- 676.18
27bis-1 [H_n_o | J|cH|o H|  metylpiperazin-1-y)-2{2.2.0- | ND | (o
I f;l triflo-N~(tetrahydro-2H-pyran-4-
F'LF F yl)axetamido)benzamit
° | N N-(6-(2,4-diflophenylamino)-1H-

N F pyrazolo[3,4-b]pyridin-3-yl)-4-(4- 657.13
27bis2 [H_n_o | J|cH|o H| metylpiperazin-1-y)-22,22-  |28% | ovyo
I N triflo-N-(tetrahydro-2H-pyran-4-

FLF F yl)axetamido)benzamit
o . N-(6-((2.4-
Q | V|| diflophenyl)(metyDamino)-1H-
. : pyrazolo[3,4-b]pyridin-3-yl)-4-(4- 671,05
27bis-3 | H|_N_o [Nj CHI0 ©/ ™ netylpiperazin-1-yD)-2-2,22- | "2 | (v-H)
. I el F triflo-N-(tetrahydro-2H-pyran-4-
F yl)axetamido)benzamit

Vi du vé phuong phéap E2

Vi du 28: 5-(3,5-diflophenylthio)-N-(4-(4-metylpiperazin-1-yl)benzyl)-1H-

T,

AN

pyrazolo[3,4-b]pyridin-3-amin

41,5ul  axit trifloaxetic  (0,539mmol) va 129mg (0,611mmol) natri
triaxetoxyborohydrua dugc chia thanh cic phin nhéd dugc bd sung vao dung dich chira
100mg (0,35mmol) 5-(3,5-diflophenylthio)-1H-pyrazolo[3,4-b]pyridin-3-amin va 81mg
(0,395mmol) 4-(4-metylpiperazin-1-yl)benzaldehyt trong 20mL hdn hgp chua
diclometan va tetrahydrofuran theo ty 1¢ 1:1. Hon hop phén tmg dugc khudy trong 16 gio
& nhiét d phong. Mot phin chira thém 125 puL axit trifloaxetic va 388mg natri
triaxetoxyborohydrua dugc bd sung vao va hén hop phan tng nay dugc khudy thém
trong 24 git. Tiép theo, dung méi duge cd va hdn hop phén ting duge chiét bang etyl
axetat va rira bing dung dich natri bicacbonat bdo hoa. Pha hitu co duge thu gom, 1am
khd bing magie sulfat, sau d6 c6 dé thu dugc ddu mau vang. Nghién ddu nay trong

metanol 1am tach ra 135mg chét rin mau vang.

LCMS (EL m/z): (M+1) 467,57.
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'H NMR: §H ppm (400 MHz, DMSO): 12,43 (1H, bs, NH), 8,49 (1H, d, CHyom),
8,47 (1H, d, CHpom), 7,25 (H, d, CHgpom), 7,03-7,08 (1H, m, CHyom), 6,89 (2H, d,
CHupom), 6,76-6,77 (3H, m, NH vi CHyom), 4,34 (2H, d, CH), 3,08 (4H, m, CH), 2,44
(4H, m, CH), 2,21 (3H, 5, CH).

Céc hop chét sau ciing dugc diéu ché theo phuong phép nay.

R2
R4
O )n
NH
X
< X
\r | ) \N
W N" N
R;
. .. | Khdi
dV,f* ArX R, R, |n|W|R Hop chit Hi¢u |~ ohé
u . : suat ME

Fd

i 5-(3,5-diflophenylthio)-N-(4-(4-

I
N
28-1 NO, [ ] 0 | H|H| metylpiperazin-1-yl)-2-nitrobenzyl)- | 91% | 512,16
. . ’;l 1H-pyrazolo[3,4-b]pyridin-3-amin

*+!] NMR, DMSO-ds, Vi du: 28-1: 12,43 (1H, bs, NH), 8,49 (1H, d, CHyor),
8,47 (1H, d, CHgom), 7,51 (1H, d, CHgom), 7,45 (1H, m, CHuom), 7,27 (1H, m, CHyporn),
7,03-7,08 (1H, m, CHgpom), 7,00 (1H, t, NH), 6,77-6,80 (2H, m, CHgpom), 4,63 (2H, d,
CH), 3,19-3,21 (4H, m, CH), 2,42-2,45 (4H, m, CH), 2,21 (3H, s, CH).

Vi du v& phuong phap E3

Vi du29: 1-(5-(3,5-diflophenylthio)-1H-pyrazolo[3,4-b]pyridin-3-yl)-3-(4-(4-
metylpiperazin-1-yl)phenyl)thioure

0,507g (2,17mmol) 1-(4-isothioxyanatophenyl)-4-metylpiperazin dugc Abé sung &
nhiét 4o 25°C vao 0,540g (2,17mmo_l) 3,5-diflophenylthio-1H-pyrazolo[3,4-b]pyridin-3-
amin dugc hoa tan trong 12ml dimetylaxetamit khan. Hdn hop dugc khudy trong 15 gids &
85°C. Hon hgp phan tmg dugc xir Iy bang cach bd sung 20mL nudc, sau d6 duogc chiét

b%mg etyl axetat. Pha hitu co dugc l1am kho bz"mg natri sulfat, loc va cd. Hop chét thu duoc
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dugc tinh ché bang phuong phap séc ky silic oxit (diclometan/metanol theo ty 1€ 15:1 1am
chit rira giai) dé thu duoc 0,156g (hidu sudt=15%) 1-(1-tert-butyl-5-(3,5-
diflophenylthio)-1H-pyrazolo[3,4-b]pyridin-3-yl)-3-(4-(4-metylpiperazin-1-

yl)phenyl)thioure duéi dang chét rén mau niu nhat.
LCMS (EI m/z): (M+1) 512,08.

'H NMR: 8H ppm (400 MHz, DMSO): 13,69 (1H, bs, NH), 11,50 (1H, bs, NH),
11,19 (1H, bs, NH), 8,96 (1H, d, CHgpom), 8,66 (1H, d, CHgom), 7,41 (H, d, CHgporr), 7,10
(1H, ddd, CHgom), 6,95 (2H, d, CHgom), 6,89 (2H, bd, CHim), 3,13-3,16 (4H, m, CH),
2,45-2,47 (4H, m, CH), 2,23 (3H, s, CH). |

Vi du 29-bis: 1-(5-(3,5-diflophenylthio)-1H-pyrazolo[3,4-b]pyridin-3-yl)-3-(4-(4-

metylpiperazin-1-yl)phenyl)ure

o} //\N/
: -4 N
F S A N
{ .
I: N NN
N" H

0,048g (1,19mmol) natri hydrua dugc bd sung & nhiét d6 0°C vao 0,200g
(0,598mmol) 1-tert-butyl-5-(3,5-diflophenylthio)-1H-pyrazolo[3,4-b]pyridin-3-amin
dugc hoa tan trong 10mL dimetylaxetamit khan. Phan tmg dugc khudy trong 10 phut.

Tiép theo, 0,130g (0,598mmol) 1-(4-isoxyanatophenyl)-4-metylpiperazin dugc bd sung &

nhiét d6 0°C. Hdn hop dugc khudy trong 3 gio & nhiét d6 phong. Hon hop phan g dugc
xir Iy bang cach bd sung timg giot 20mL nuéc & nhiét do 0°C, sau d6 duge chiét bing
etyl axetat. Pha hitu co dugc lam kho b:ing natri sulfat, loc va c6. Hop chét thu duoc
dugc tinh ché bang phuong phép sic ky silic oxit d& thu duoc 0,150g (hiéu sudt=45%) 1-
(1-tert-butyl-5-(3,5-diflophenylthio)-1H-pyrazolo[3,4-b]pyridin-3-yl)-3-(4-(4-
metylpiperazin-1-yl)phenyl)ure du6i dang chit rin mau ndu nhat.

LCMS (EL m/z): (M+1) 552,21.

"H NMR: 8H ppm (400 MHz, DMSO): 8,92 (1H. bs, NH), 8,58 (1H, bs, NH), 8,51
(1H, bs, CHnem), 8,30 (1H, bs, CHom), 7,31 (2H, d, CHipom), 7,05 (1H, m, CHgom), 6,83-

- 6,85 (2H, m, CHgom), 3,03-3,08 (4H, m, CH), 2,45-2,48 (4H, m, CH), 2,21 (3H, s, CH),
1,76 (9H, s, CH).
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Dung dich chura 0,150g (0,272mmol) 1-(1-tert-butyl-5-(3,5-diflophenylthio)-1H-
pyrazolo[3,4-b]pyridin-3-yl)-3-(4-(4-metylpiperazin-1-yl)phenyl)ure dugc hoa tan trong
- 20mL TFA (axit trifloaxetic) dugc hdi hru trong 3 gidr. Dung méi dugc 1am bay hoi va
hop chét thé thu duge duge pha loang bing dung dich NaHCO; bdo hoa va chiét bing
etyl axetat. Pha hiru co duqc lam kho béng MgSO;, loc va ¢d. Chét rin thu dugc duge
nghién trong metanol, loc va lam khdé dé thu dugc 110mg (82%) 1-(5-(3,5-
- diflophenylthio)-1H-pyrazolo[3,4-b]pyridin-3-yl)-3-(4-(4-metylpiperazin-1-yl)phenyl)ure

duéi dang chét rin mau be.
LCMS (EL m/z): (M+1): 496,06.
"H NMR: 8H ppm (400 MHz, DMSO): 10,85 (1H, bs, NH), 9,57 (1H, bs, NH),

8,57 (1H, bs, CHgom), 8,30 (1H, bs, CHuom), 7,39 (2H, d, CHipgm), 6,99 (1H, m, CHy,),
6,89 (2H, d, CHyom), 6,70 (2H, bd, CHgom), 3,03-3,08 (4H, m, CH), 2,45-2,48 (4H, m,

- CH),2,21 (3H, s, CH).

Vi du vé phuong phap F
Vi du vé phuong phap F1: khir béo vé

- Vi du30: N-(5-(3, 5-diflophenylthio)-1-H-pyrazolo[3, 4-b]pyridin-3-yl)-4-(4-
- metylpiperazin-1-yl)-2-(tetrahydro-2H-pyran-4-ylamino)benzamit

N

HN .
F S A
O
N N
H
.= o
N\
9,08mL (65,1mmol) trietylamin dugc bd sung vio 2g (2,96mmol) dung dich chira
N-(5-(3,5-diflophenylthio)-1H-pyrazolo[3,4-b]pyridin-3-yl)-4-(4-metylpiperazin-1-yl)-2-
(2,2,2-triflo-N-(tetrahydro-2H-pyran-4-yl)axetamido)benzamit trong 65mL metanol. Hon
hop phan ing nay dugc gia nhiét ¢ nhiét d§ 65°C trong 2 gid, sau d6 qua dém & nhiét d6
phong. Chét két tia thu duge dugc loc, ria bﬁng pentan, rira béng nudc, sau do rira béng
dietyl ete, sau d6 lam khd trong diéu kién chan khéng dé thu duoc 0,73g (43%) (N-(5-
(3,5-diflophenylthio)-1-H-pyrazolo[3,4-b]pyridin-3-y1)-4-(4-metylpiperazin-1-yl)-2-

(tetrahydro-2H-pyran-4-ylamino)benzamit dudi dang chit rin mau tring.

LCMS (EIL, m/z): (M+1) 580,23.
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'H NMR: 5H ppm (400 MHz, DMSO): 13,59 (1H, bs, NH), 10,56 (1H, bs, NH),
8,61 (1H, s, CHon), 8,50 (1H, s, CHyom), 8,17 (1H, d, NH), 7,80 (1H, d, CHyop), 7,07
(1H, m, CHyom), 6,86 (2H, m, CHgpom), 6,23 (1H, d, CHpom), 6,13 (1H, d, CHyon), 3,79-
3,82 (2H, dt, CH), 3,60 (1H, m, CH), 3,45-3,50 (2H, m, CH), 3,21-3,33 (4H, m, CH),
2,42-2,46 (4H, m, CH), 2,22 (3H, s, CHs), 1,91-1,94 (2H, m, CH), 1,35-1,38 (2H, m,
CH).

Céc hop chét sau ciing duoc diéu ché theo phuong phép nay.

Vi
du

%%

ArX

R,

R,

(O)a

v

Y19Y25Y35Y4

R

Hop chit

Hiéu
suat

Khéi
pho

-30-1

®

¥

n:

CO

CH,CXAr,CH,
N

N-(5-(2- .
carbamoylphenylthio)-1H-
pyrazolo[3,4-b]pyridin-3-yl)-
4-(4-metylpiperazin-1-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)benzamit

30-2

n:

60)

CH,CXAr,CH,
N

N-(5-iodo-1H-pyrazolo[3,4-
b]pyridin-3-yl)-4-(4-
metylpiperazin-1-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)benzamit

30-3

n=0

(60)

CH,CXAr,CH,
N

N-(5-(3,5-
diflobenzylsulfonyl)-1H-
pyrazolo[3,4-b]pyridin-3-yl)-
4-(4-metylpiperazin-1-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)benzamit

(M+1)
626,14

30-4

n=0

CO

CH,CXAr,CH,
N

2-(4,4-
difloxyclohexylamino)-N-(5-
(3,5-diflophenylthio)-1H-
pyrazolo[3,4-b]pyridin-3-yl)-
4-(4-metylpiperazin-1-
yl)benzamit

- 30-5

n=

CO

CH,CXAr,CO
MeN

N-(5-(3,5-diflophenylthio)-6-
metoxy-1H-pyrazolo[3,4-
b]pyridin-3-yl)-4-(4-
metylpiperazin-1-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)benzamit

610,20

30-6

n=0

CO

CH,CXAr,CO
Me N

N-(5-iodo-6-metoxy-1H-
pyrazolo[3,4-b]pyridin-3-yl)-
4-(4-metylpiperazin-1-yl)-2-

(tetrahydro-2H-pyran-4-

ylamino)benzamit

592,12

. 30-7

n=0

CO

CH,CXAr,CNH
2 :N

N-(6-amino-5-iodo-1H-
pyrazolo[3,4-b]pyridin-3-yl)-
4-(4-metylpiperazin-1-yl)-2-

(tetrahydro-2H-pyran-4-

ylamino)benzamit

(M-1)
574,87
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N-(5-(N-(3,5-
diflophenyl)sulfamoyl)-1H-
CH,CXAr,CH, pyrazolo[3,4-b]pyridin-3-yl)-

N 4-(4-metylpiperazin-1-yl)-2-
(tetrahydro-2H-pyran-4-

ylamino)benzamit

(e}
1,0
/2
\

30%
2
budce)

(M+1)

30-8 627.20

n=0| CO

I
>
/\
z r4
—/

\

'n
4
X

-

N-(5-(3,5-diflobenzyl)-1H-
pyrazolo[3,4-b]pyridin-3-yl)-
4-(4-metylpiperazin-1-yl)-2- | 20%

(tetrahydro-2H-pyran-4-
ylamino)benzamit

CH,CXAr,CH,
N

(M+1)

30-9 562,42

n=0 [ CO

N/
22— .
I
-

0
/_\z /~\ _
7/ -/

as)

N-(5-(3,5-diflobenzylthio)- |
1H-pyrazolo[3,4-b]pyridin-3-
10| co | FHXANCEL |y |1y 4-(4-metylpiperazin-1-
yl)-2-(tetrahydro-2H-pyran-
4-ylamino)benzamit

\

20,6 | (M+1)

30-10 % | 594,11

\
r4
I

-

| ' ‘ N-(5-(3,5-diflophenylthio)-
1H-pyrazolo[3,4-b]pyridin-3-| 59,4

CHLEXALCEL | 1 | y)-4-(1-metylpiperidins- | % (2
yl)-2-(tetrahydro-2H-pyran- | budc
4-ylamino)benzamit

(M+1)

n=0| CO 579,11

30-11

\

o
z(_p
~« %

N-(5-(3,5-diflophenylthio)-6-
N ' metyl-1H-pyrazolo[3,4- o
[”] 0| co |CH.CXAr.CCH blpyridin-3-yD-4-(4- |, o, | (M+1])
3,N metylpiperazin-1-yl)-2- 579,11
(tetrahydro-2H-pyran-4-
ylamino)benzamit

\

(7]

:%} A
>

30-12

\
r4
I

N-(5-(3,5-diflobenzyl)-1H-

N pyrazolo[4,3-b]pyridin-3-yl)-
( J|m=0|co|™ Argg CH, | § | 4-(4-metylpiperazin-1-yI)}-2- | 70% | 562,27
N (tetrahydro-2H-pyran-4-
ylamino)benzamit

30-13

\
Zz
I

-

RS

N-(5-(3,5-diflobenzyloxy)-
I . 1H-pyrazolo[4,3-b]pyridin-3-
'[N ] =0 | co | N-AXC, CH, | 11 | y)-4-(4-metylpiperazin-1-
CH yl)-2-(tetrahydro-2H-pyran-

4-ylamino)benzamit

30-14

p
<%

55% | 578,27

\
4
x

| N-(5-(3,5-diflobenzyloxy)-
1H-pyrazolo[4,3-b]pyridin-3-| 49%

N, Aré(g CH | | | y)4-(1-metylpiperidin4- | 2 |577.27
yl)-2-(tetrahydro-2H-pyran- | bude
4-ylamino)benzamit

30-15 n=0| CO

4
I

\

18
—Co
<-<:z

N-(5-(2,5-diflobenzyloxy)-

1H-pyrazolo[4,3-b]pyridin-3-

H | yl)-4-(4-metylpiperazin-1- [ 61% | 578,27
yl)-2-(tetrahydro-2H-pyran- | -
4-ylamino)benzamit

N, ArXC, CH,

30-16 CH

n=0 [ CO

o

2 8;
r4

—/

4
X
-

X

| : N-(5-(2,5-diflobenzyloxy)-
, 1H-pyrazolo[4,3-b]pyridin-3-| 54%
N, Argg CH. | g | yl)4-(1-metylpiperidin4- | 2 |577.27
yl)-2-(tetrahydro-2H-pyran- | bude

4-ylamino)benzamit

30-17 CO

4
T

-

\

Rl
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N-(5-(2,5-diclobenzyl%)§l}1'?;_ 0%
X T e 1Y 1001
(0] rll N, ArXC, CH, H | yl)-4-(4-metylpiperaz N
] =01 Co CH yl)-2-(tetrahydr0'2H'p¥ran
e c [N 4-ylamino)benzamit
cl NH | Y N_(S_(z,S-diclobenzylpﬁ);_ 0%
ci lH-pyraZ010[4’3-p]p}"(I;i(Iill-I:1- 2 | 609,03 |
0] l!l N, ArXC, CH, H yl)_4_(1_mety]p1per1 N page
=0|CO| CH 1)-2-(tetrahydro-2H-p}'ran
e C Q i Y 4-ylamino)benzamit
i i N-(5-(5-clo-2-
(triflometyl)benzyloxy)-1H-
! razolo[4,3-b]pyridin-3-yl)- 64% | 644,24
O & Ns AI'XC, CH’ H py ] 1 i erazin_ l-yl)-z— ‘
co 4-(4-metylpip )
¢ [ j n=0 CH (tetrahydro-2H-pyran-4-
- M ylamino)benzamit
R . N-(5-(5-clo-2- -
- | (tri )benzyloxy)-1H- 399
o] (triflomety )-b rdin3-y1y | % 1324
I yrazolo[4,3-b]py
p = O i 4-( -m! 4
c Q e A (tetrahydro-2H-pyran
- N ylamino)benzamit
. F E F Ca 4- ( 4_metylpiperaZin'1'yl)1-g:
O oth 2 tioyriar | 30% | 543,28
I 3-b]pyridin-3-yl)-
o N, ArXC, CH, H |pyrazolo[4,3-b]p /
/N| [ ] n=0| CO ’ CH 2-(tetrahydro-2H-pyr.iIl' -
30-22 |\ A _q N | lamine henzam;
NH | 4_(l_metylpiperidm""'yl)l'g: 67%
(5-(pyridin-3-y1me.t((i)'>;y;- | 2 |s42.20
I -b]pyridin-3-yl)- s
° CH, lo[4,3-b]py:
A " |a=0| co | ™ Aré(ICII H pzr_?tzeiragydm_m_pyr?n_ i P
- (\)\/C %j ’ ylamino)benzamit _
g N-(5-(3,5-diflophenylthio)- .
-pyrazolo[4,3-blpyridin-3-| 65%
1H-pyrazolo[4,3-b]py ot | 2 | 58023
F o l N, ArXC, CH, | 1 yl)-4-(4-metylpiperaz ol A
] n=01 CO |~ CH 1)-2-(tetrahydro-2H-pyr
- § [ Y 4-ylamino)benzam1t.
‘ F T NH | N-(5-(3,5-diflophenylthio)- .
b]pyridin-3-| 56%
— 1H-pyra2010[4=3'. ]py:;i " 2 |579.23
F o r!1 N, ArXC, CH, H | yl)-4-(1-metylpiperidin bbe
= n= CO ? CH yl)_z_(tetr ahy dro_zH_p};ran-
e S l ] 4-y1amino)benzam1.
F _NH N_(S_(2,5_diﬂopheny1F§}°?;_ y75%
I lH-pyrazolo[4,13-.‘t)]pyrlinlfl1 2 | 58023
v I - iperazin-1- i
° » CH, -4-(4-metylpip
[N j n=0| CO N, A%(I?I H y)lliz 5. (getrahydroaH-pyran- budc
e ~ \ 4-ylamino)benzamit
NH | 7 - . _
F - * ' N-(5-(2,5-dlﬂophenyljth.10)3_ 54%
I 1H—pyrazolo[4,3-p]py(rilgl_1;—_ 7 | 57923
o) r!l N, ArXC, CH, H | yl)-4-(1-metylpiperi " |pse
=0|CO| " CH 1)-2-(tetrahydr0-2H-p}’ra
o ~ %) ' a 4-ylamino)benzamit
F ~NH
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(o]

N-(5-(3,5-diclophenylthio)-

4-ylamino)benzamit

o] 1
1H-pyrazolo[4,3-b]pyridin-3-| 31%
30-28 /@ Q () |n0|co|MA%E CH. yl)-4-(4-metylpiperazin-1- | 2 | 612,17
cl 3 NH | N yl)-2-(tetrahydro-2H-pyran- | buéc
4-ylamino)benzamit
I ° I lﬁ-(s-(3’5-1di[fllgp£]enyl'tclll'i0); 43%
N -pyrazolo[4,3-b]pyridin-3- o|
30-29 /@ Q 10| co | N ARXE, O y1)-4-(1-metylpiperidin-4- | 2 |611,17
cl 3 _NH yl)-2-(tetrahydro-2H-pyran- | budc
4-ylamino)benzamit
s o | N-(5-(2,5-diclophenylthio)-
: N 1H-pyrazolo[4,3-b]pyridin-3-| 31%
30-30 @5 Q ([ )|n=0]| co| ™AXS CH, yl)-4-(4-metylpiperazin-1- | 2 |612,20 |
o | _NH ’;‘ yl)-2-(tetrahydro-2H-pyran- | budc )
4-ylamino)benzamit
¢l o | N-(5-(2,5-diclophenylthio)-
: N ' 1H-pyrazolo[4,3-b]pyridin-3-| 57%
30-31 | QS Q n=0| co | N ARE, O yl)-4-(1-metylpiperidin-4- | 2 | 611,18
¢ | _NH yl)-2-(tetrahydro-2H-pyran- | bude
' 4-ylamino)benzamit
E 4-(4-metylpiperazin-1-yl)-2-
o r!l (tetrahydro-2H-pyran-4- 38%
: _ N, ArXC, CH, ylamino)-N-(5-(2-
30-32 @Ci Q ENJ n=0 { CO CH (triflometyl)phenylthio)-1H- buzéc 612,24
LNH pyrazolo[4,3-b]pyridin-3-
- yl)benzamit
El- 4-(1-metyipiperidin-4-yl)-2-
: o] ,!l (tetrahydro-2H-pyran-4- 57%
_ N, ArXC, CH, ylamino)-N-(5-(2-
30-33 @f Q %J n=0| €O CH (triflometyT)phenylthio)-1H- bjéc 611,24
- ~NH pyrazolo[4,3-b]pyridin-3-
- yl)benzamit
’ § ° | N-(5-(3,5-diflobenzylthio)-
, N 1H-pyrazolo[4,3-b]pyridin-3-| 21%
30-34 Q ( J|n=0|co N, A%(g CH, yl)-4-(4-metylpiperazin-1- | 2 |594,25
- NH | N yl)-2-(tetrahydro-2H-pyran- | budc
E - ¥ . .
_ 4-ylamino)benzamit
é o | N-(5-(3,5-diflobenzylthio)-
N 1H-pyrazolo[4,3-b]pyridin-3-
30-35 Q n=0 [ CO N, Aré(lil, CH, yl)-4-(1-metylpiperidin-4- | 91% | 593,25
_NH yl)-2-(tetrahydro-2H-pyran-
F 4-ylamino)benzamit
g N-(5-(2,5-diflobenzylthio)-
o '!l 1H-pyrazolo[4,3-b]pyridin-3- 86%
' F. - N, ArXC, CH, yl)-4-(4-metylpiperazin-1-
30-36 A Q [Nj n=0| CO CH yl)-2-(tetrahydro-2H-pyran- b1126c 594,25
- LNH 4-ylamino)benzamit 2,2,2-
: trifloaxetat
g o | N-(5-(2,5-diflobenzylthio)-
: N 1H-pyrazolo[4,3-b]pyridin-3-| 55%
3037 |F Q n=0|co| ™ A%(g CH, y1)-4-(1-metylpiperidin-4- | 2 |593.25
NH yl)-2-(tetrahydro-2H-pyran- | budc
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N-(5-(2,5-diclobenzylthio)-

X

(tetrahydro-2H-pyran-4-

4
S
o e
1H-pyrazolo[4,3-b]pyridin-3-| 24%
30-38 C'ﬁ Q ( )|n=0|co|™ Afé(g CH, y1)-4-(4-metylpiperazin-1- | 2 | 626,19
_NH ’;‘ yl)-i—(_tftra!lyd)r;)-ZH-pyran- bude
-ylamino)benzamit
4 o | N-(5-(2,5-diclobenzylthio)-
N 1H-pyrazolo[4,3-b]pyridin-3-| 50%
30-39 C'\é Q n=0|co | ™ Aré(g CH, yl)-4-(1-metylpiperidin-4- | 2 | 625,19
_NH yl)-2-(tetrahydro-2H-pyran- | bude
4-ylamino)benzamit
| N-(5-(3,5-
F\©/|‘ o r!l diflophenylamino)-1H-
_ N, ArXC, CH, pyrazolo[4,3-b]pyridin-3-y1)-| -,
30'40 I Q [N] n=0| CO 'CH 4-(4-metylpiperazin-1-yl)-2- 0% 563,27
LNH [y (tetrahydro-2H-pyran-4-
ylamino)benzamit
H N-(5-(3,5-
F | ~- O rll diﬂophenylamin_o?-lH— 27%
30-41 _ Q Y=ol co N, Ar():(g__,CH, Izyrazolo[4,3.-b]p.yr.1<im-3-yl)- 2 | 562,27
x -(1-metylpiperidin-4-yl)-2- bude
~NH (tetrahydro-2H-pyran-4-
ylamino)benzamit
F N-(5-(2,5-
N | o ! diflophenylamino)-1H- | -,
042 Q ("Y|nm0] co | Aré(C, CH, pyrazolol4,3-blpyridin-3-yl)- | °7° | <
N H 4-(4-metylpiperazin-1-yl)-2- bude
F. ~NH (tetrahydro-2H-pyran-4-
ylamino)benzamit
E - N-(5-(2,5-
N.| o ! diflophenylamino)-1H- | .,
30-43 Q a=0| co N, Aréig, CH, Iiyrazolo[4,3‘-b]p_y1.rldln-3-yl)- 2 | 56227
-(1-metylpiperidin-4-yl1)-2- bude
F ~NH (tetrahydro-2H-pyran-4-
ylamino)benzamit
oy N-(5-(2,5-
©/N\ o r!l diclophenylamino)-1H-
_n N, ArXC, CH, pyrazolo[4,3-b]pyridin-3-yl)-| ., .,
30-44 Q [N] n=01CO | "y 4-(4-metylpiperazin-1-yl)-2- | 140 | 39521
% LNH (tetrahydro-2H-pyran-4-
ylamino)benzamit
o ' N-(5-(2,5-
©/H\ o] r!1 diclophenylamino)-1H-
- N, ArXC, CH, pyrazolo[4,3-b]pyridin-3-yl)-{ , .,
30451 Q %J n=01 €O e 4-(1-metylpiperidin-4-yl)-2- | 3370 39421
Ci ~NH (tetrahydro-2H-pyran-4-
ylamino)benzamit
F o | N-(5-(3,5-diflobenzyl)-1H-
N pyrazolo[3,4-b]pyrazin-3-yl)-| 12%
30-46 ; Q [ J|n=0|co | -AXECH: 4-(4-metylpiperazin-1-y1)-2- | 2 | 563,07
: F _NH r;l : (tetrzlihy(jlro-)%H-pyranA- budc
ylamino)benzamit
- F oyl | N-(5(3,5-diflobenzyl)-1H- | | .,
3047 Q n=0| co N, Ar)I(\IC, CH, ?rz;zolo[3i4.-b]p.yr.azm-3-yl)- 2 | 562,04
F 8 -(1-metylpiperidin-4-yl)-2- bude
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6,91 (1H, d, CHyon, J=8,8Hz), 6,27 (1H, d, CHgpom, J=8,8Hz), 6,15 (1H, s, CHipomr), 5,35
(2H, s), 3,83-3,77 (2H, m), 3,70-3,64 (1H, m), 3,47 (2H, t), 3,59 (4H, s), 2,59 (4H, s),
2,34 (3H, ), 1,95-1,88 (2H, m), 1,40-1,28 (2H, m). 30-23: 13,03 (1H, s, NH), 10,17 (1H,
s, NH), 8,70 (1H, s, CHom), 8,52 (1H, dd, CHgom, J=4,8Hz), 8,06 (1H, d, NH, J=7,6Hz),
7,96 (1H, d, CHyom, J=8,8Hz), 7,94-7,88 (2H, m, CHiom), 7,37-7,34 (1H, m, CHiop),
6,93 (1H, d, CHyom, J=9,2Hz), 6,69 (1H, s, CHpom), 6,52 (1H, d, CHipom, J=8,0Hz), 5,36
(2H, s, CHpom), 3,83-3,79 (2H, m), 3,68-3,64 (1H, m), 3,46 (2H, 1), 3,25-3,15 (2H, m),
2,65-2,55 (3H, m), 2,54 3H, s), 2,00-1,85 (6H, m), 1,41-1,28 (2H, m). 30-24: 13,21 (1H,
s, NH), 10,00 (1H, s, NH), 8,30 (1H, d, NH, J=7,6Hz), 8,00 (1H, d, CHiom, J=8,8Hz),
7,79 (1H, d, CHomy, J=9,2Hz), 7,33 (1H, d, CHypom, J=8,8Hz), 7,26-7,16 (3H, m, CHyor),
6,24 (1H, d, CHyom, J=8,8Hz), 6,13 (1H, s, CHyom), 4,06-3,99 (2H, m), 3,67 (1H, s),
3,47 (2H, 1), 3,28 (4H, s), 2,47 (4H, s), 2,25 H, s), 1,94-1,88 (2H, m), 1,37-1,26 (2H,
m). 30-25: 13,26 (1H, s, NH), 10,28 (1H, s, NH), 8,02 (1H, d, CHyom, J=8,8Hz), 7,97
(1H, d, NH, J=7,6Hz), 7,83 (1H, d, CHyom, J=8,0Hz), 7,34 (1H, d, CHyoms J=8,8Hz),
7,27-7,17 (3H, m, CHyom), 6,68 (1H, s, CHipom), 6,51 (1H, d, CHypom, J=8,0Hz), 3,85-3,78
(2H, m), 3,71-3,65 (1H, m), 3,47 (2H, t), 2,87 (2H, d, J=11,2Hz), 2,48-2,40 (1H, m), 2,19
(3H, s), 1,98-1,88 (4H, m), 1,74-1,66 (4H, m), 1,36-1,27 (2H, m). 30-26: 13,12 (1H, s,
NH), 9,95 (1H, s, NH), 8,32 (1H, d, NH, J=7,6Hz), 7,93 (1H, d, CHiom, J=8,8Hz), 7,79
(1H, d, CHyom, J=8,8Hz), 7,73 (1H, t, CHgom), 7,52-7,40 (2H, m, CHom), 7,12 (1H, d,
CHgom,» J=8,8Hz), 6,25 (1H, d, CHyom, J=8,8Hz), 6,13 (1H, s, CHyom), 3,83-3,77 (2H,
m), 3,69 (1H, sl), 3,48 (2H, t), 3,28 (4H, s), 2,44 (4H, s), 2,27 (3H, s), 1,96-1,89 (2H, m),
1,37-1,27 (2H, m). 30-27: 13,17 (1H, s, NH), 10,21 (1H, s, NH), 7,99-7,92 (2H, m,
CHipom €t NH), 7,81 (1H, d, CHyom, J=8,4Hz), 7,77-7,70 (1H, m, CHgom), 7,51-7,40 (2H,

m, CHpom), 7,13 (1H, dd, CHgpom, J=8,8Hz), 6,69 (1H, s, CHipom), 6,51 (1H, d, CHgpom,

J=8,4 Hz), 3,85-3,78 (2H, m), 3,72-3,67 (1H, m), 3,48 (2H, t), 2,87 (2H, d, J=11,2Hz),
2,47-2,40 (1H, m), 2,20 (3H, s), 1,96-1,87 (4H, m), 1,75-1,65 (4H, m), 1,38-1,28 (2H,
m). 30-28: 13,31 (1H, sl, NH), 9,95 (1H, sl, NH), 8,31 (1H, d, NH, J=7,6Hz), 7,99 (1H,
d, CHipom, J=7,6Hz), 7,78 (1H, d, CHypom, J=9,2Hz), 7,58-7,49 (3H, m, CHypom), 7,31 (1H,
d, CHipom, 7=8,8Hz), 6,24 (1H, d, CHyom, J=8,8Hz), 6,10 (1H, 5, CHipom), 3,83-3,76 (2H,
m), 3,70-3,60 (1H, m), 3,45 (2H, 1), 3,21 (4H, s), 2,43 (4H, s), 2,22 3H, s), 1,94-1,86
(2H, m), 1,38-1,28 (2H, m). 30-29: 13,26 (1H, s, NH), 10,25 (1H, s, NH), 8,01 (1H, d,
CHioms J=8,8Hz), 7,94 (1H, d, NH, J=7,6Hz), 7,82 (1H, d, CHyon, J=8,4Hz), 7,59-7,54
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ylamino)benzamit

30-48

/}}1
5

r4
I

\

n=

CO

N, ArXC, CH,
N

N-(5-((3,5-
diflophenyl)etynyl)-1H-
pyrazolo[3,4-b]pyrazin-3-yl)-
4-((3-
(dimetylamino)propyl)(metyl
)amino)-2-(tetrahydro-2H-
pyran-4-ylamino)benzamit

12%

budc

589,24

30-49

}}“

O
I

\

COo

N, ArXC, CH,
N

N-(5-((3,5-
diflophenyl)etynyl)-1H-
pyrazolo[3,4-b]pyrazin-3-yl)-
4-(1-metylpiperidin-4-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)benzamit

16%

budc

572,07

| 30-50

g

o

8

4
I

\

n=

CcO

N, ArXC, CH,
N

N-(5-(3,5-diflophenylthio)-
1H-pyrazolo[3,4-b]pyrazin-
3-yl)-4-((3-
(dimetylamino)propyl)(metyl
)amino)-2-(tetrahydro-2H-
pyran-4-ylamino)benzamit

27%

597,26

30-51

Cl

T

Cl

r4
I

\

—Co

COo

N, ArXC, CH,
N

N-(5-(2,5-diclophenylthio)-
1H-pyrazolo[3,4-b]pyrazin-
3-yl)-4-(4-metylpiperazin-1-
yl)-2-(tetrahydro-2H-pyran-
4-ylamino)benzamit

23%

bubec

613,16

| 30-52

T
n

ya

<%

4
I

\

n=

CO

N, ArXC, CH,
N

4-(4-metylpiperazin-1-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)-N-(5-(2-
(triflometyl)phenylthio)-1H-
pyrazolo[3,4-b]pyrazin-3-
yl)benzamit

64%

613,23

| 30-53

\

2
\

ﬂ.
as
S

e
I

\

CO

N, ArXC, CH,
CH

N-(5-(3,5-
diflophenylsulfonyl)-1H-
pyrazolo[4,3-b]pyridin-3-yl)-
4-(4-metylpiperazin-1-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)benzamit

64%

612,22

30-54

\ ?\/O
o
\
<_»

-n

z
I

X

n=

CO

N, ArXC, CH,
CH

N-(5-(3,5-
diflophenylsulfonyl)-1H-
pyrazolo[4,3-b]pyridin-3-yl)-
4-(1-metylpiperidin-4-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)benzamit

48%

611,22

1 30-55

Z
X

X

>

n=

CO

N, ArXC, CH,
CH

N-(5-(2,5-
diflophenylsulfonyl)-1H-
pyrazolo[4,3-b]pyridin-3-yl)-
4-(4-metylpiperazin-1-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)benzamit

50%

bube

612,22

30-56

=8

CO

N, ArXC, CH,
CH

N-(5-(2,5-
diflophenylsulfonyl)-1H-
pyrazolo[4,3-b]pyridin-3-yl)-
4-(1-metylpiperidin-4-yl)-2-
(tetrahydro-2H-pyran-4-.
ylamino)benzamit

28%

bude

611,22
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N-(5-(3,5-

| . diclophenylsulfonyl)-1H-

N co | N ArXC, CH, pyrazolo[4,3-b]pyridin-3-y1)-

CH 4-(4-metylpiperazin-1-yl)-2-

(tetrahydro-2H-pyran-4-
ylamino)benzamit

29%
2 | 644,16
budc

30-57

o
D‘—’
Os4
<
/~\
\_/
=
Il

\
Zz
X

‘ N-(5-(3,5-

| diclophenylsulfonyl)-1H-

=0 co N, ArXC, CH, pyrazolo[4,3-b]pyridin-3-yl)-

CH 4-(1-metylpiperidin-4-yl)-2-

(tetrahydro-2H-pyran-4-
ylamino)benzamit

28%

30-58 . | 643,17
budc

\

)
< :

O,
4
=

N-(5-(2,5-

I diclophenylsulfonyl)-1H-
N 0| co | N AXC, CH, pyrazolo[4,3-b]pyridin-3-yl)-
CH 4-(4-metylpiperazin-1-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)benzamit

21%
2 |[644,16
budc

30-59

Oy,
O .

Dy,
/
2
/\
z
—/

4
X
-

X

N-(5-(2,5-

I diclophenylsulfonyl)-1H-

=0 co N, ArXC, CH, pyrazolo[4,3-b]pyridin-3-yl)-

CH 4-(4-metylpiperazin-1-yl)-2-

(tetrahydro-2H-pyran-4-
ylamino)benzamit

36% '
2 1 643,17
bude

30-60

4
I

X

g
\\(l)\
f O
'y’
iy

o]

N-(5-(3,5-

I diflobenzylsulfonyl)-1H-

=0 co N, ArXC, CH, pyrazolo[4,3-b]pyridin-3-yl)-

- CH 4-(4-metylpiperazin-1-yl)-2-

(tetrahydro-2H-pyran-4-
ylamino)benzamit

+:

o=

30-61 66% | 626,24

2 S
z Zz
——/

m
s
\
4
I
-

o)

N-(5-(3,5-

I diflobenzylsulfonyl)-1H-

co N, ArXC, CH, pyrazolo[4,3-b]pyridin-3-yl)-

CH 4-(1-metylpiperidin-4-yl)-2-

(tetrahydro-2H-pyran-4-
ylamino)benzamit

=
¥

30-62 67% | 625,24

T

\
4
X

<%
<Cz

o}

N-(5-(2,5-

| ' : diflobenzylsulfonyl)-1H-

=01 co N, ArXC, CH, pyrazolo[4,3—b]pyridin-3-yl)-

CH 4-(4-metylpiperazin-1-yl)-2-

(tetrahydro-2H-pyran-4-
ylamino)benzamit

o
\

1 30-63 |F 74% | 626,24

s ]
\
r4
X

O=
2
‘ /~\
-2Z P4
—

o

N-(5-(2,5-

I diflobenzylsulfonyl)-1H-

=0 | co N, ArXC, CH, pyrazolo[4,3-b]pyridin-3-yl)-

CH 4-(1-metylpiperidin-4-yl)-2-

(tetrahydro-2H-pyran-4-
ylamino)benzamit

=
1

30-64 |© 58% | 625,24

ul
\

Z

=

8-
~« =

o N-(5-(2,5-
) | diflobenzylsulfinyl)-1H-

| pyrazolo[4,3-blpyridin-3-y1)-| 31%
F

CH H | 4-(1-metylpiperidin-4-yl)-2- | 2 | 629,24
(tetrahydro-2H-pyran-4- | budc :
ylamino)benzamit 2,2,2-

trifloaxetat

et
sz
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30-66

Cl

Y

n=0

CO

N, ArXC, CH,
CH

N-(5-(2,5-
diclobenzylsulfonyl)-1H-
pyrazolo[4,3-b]pyridin-3-yl)-
4-(4-metylpiperazin-1-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)benzamit

55%

658,18

| 30-67

Cl

=8

N
_NH

CcO

N, ArXC, CH,
CH

N-(5-(2,5-
diclobenzylsulfonyl)-1H-
pyrazolo[4,3-b]pyridin-3-yl)-
4-(1-metylpiperidin-4-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)benzamit

57%

657,18

| 30-68

n=0

Cco

N, ArXC, CH,
CH

N-(5-(2,5-
diclobenzylsulfinyl)-1H-
pyrazolo[4,3-b]pyridin-3-yl)-
4-(1-metylpiperidin-4-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)benzamit

20%

641,19

| 30-69

CoO

|CH, ArXC, CH,

N

N-(5-(3,5-diflophenylthio)-

1H-pyrazolo[3,4-b]pyridin-3-

yh-4-((3-
(dimetylamino)propyl)-
(metyl)amino)-2~(tetrahydro-
2H-pyran-4-
ylamino)benzamit

57%

596,26

| 30-70

9 Q (Yo

CcOo

CH, CH, ArXC,
N

N-(6-(2,4-
diflophenylamino)-1H-
pyrazolo[3,4-b]pyridin-3-yl)-
4-(4-metylpiperazin-1-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)benzamit

33%

561,19
(M-1)

30-71

n=0

Cco

CH, CH, ArXC,
N

N-(6-((2,4-diflophenyl)-
(metyl)amino)-1H-
pyrazolo[3,4-b]pyridin-3-yl)-
4-(4-metylpiperazin-1-yl)-2-
(tetrahydro-2H-pyran-4-
ylamino)benzamit

577,26
M+1)

30-72

n=0

CcO

CH, ArXC, CH,
N

N-(5-(3,5-
diflophenylsulfonamido)-1H-
pyrazolo[3,4-b]pyridin-3-yl)-
4-(4-metylpiperazin-1-yl)-2-

(tetrahydro-2H-pyran-4-
ylamino)benzamit

74%

627,19
M+1)

°30-73

n=0

ey
NH N

CO

CH, CH, ArXC,
N

N-(6-(2,4-diflophenylthio)-
1H-pyrazolo[3,4-b]pyridin-3-
yl)-4-(4-metylpiperazin-1-
yl)-2-(tetrahydro-2H-pyran-
4-ylamino)benzamit

42 %
Q2
budc

M+1)
580,23

Lk 'H NMR, DMSO-dg, Vi du: 30-3: 13,86 (1H, bs, NH), 10,70 (1H, bs, NH),

. 8,67 (2H, bs, CHgom), 8,10 (1H, d, NH), 7,77 (1H, d, CHipom), 7,22 (1H, m, CHop), 6,95
(2H, d, CHyem), 6,26 (1H, d, CHsom), 6,16 (1H, bs, CHgom), 4,85 (2H, bs, CH), 3,82-3,86
 (2H, dt, CH), 3,70 (1H, m, CH), 3,47-3,53 (2H, m, CH), 3,28-3,32 (4H, m, CH), 2,42-
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2,46 (4H, m, CH), 2,20 (3H, s, CHs), 1,94-1,98 (2H, m, CH), 1,34-1,41 (2H, m, CH).; 30-
5: 13,25 (1H, bs, NH), 10,48 (1H, bs, NH), 8,42 (1H, s, CHpeu), 8,11 (1H, d, NH), 7,76
" (1H, d, CHom), 7,00-7,10 (1H, m, CHyen), 6,79-6,87 (2H, m, CHpon), 6.23 (1H, dd,
* CHaem)s 6,12 (1H, d, CHye), 3,94 (3H, s, CH), 3,75-3,83 (2H, m, CH), 3,63-3,71 (1H,
‘m, CH), 3,42-3,52 (2H, m, CH), 3,22-3,32 (4H, m, 2*CH,), 2,36-2,48 (4H, m, 2*CH,),
12,22 3H, 5, CH), 1,88-1,97 (2H, m, CH), 1,32-1,42 (2H, m, CH). 30-6: 13,10 (1H, bs,
NH), 10,38 (1H, bs, NH), 8,56 (1H, s, CHgom), 8,12 (1H, d, NH), 7,75 (1H, d, CHyy),
6,23 (1H, dd, CHgon), 6,14 (1H, d, CHgom), 3,97 (3H, s, CHs), 3,80-3,86 (2H, m, CH),
3,62-3,74 (1H, m, CH), 3,40-3,55 (2H, m, CH), 3,22-3,32 (4H, m, 2*CH)), 2.36-2.48
(4H, m, 2*CHy), 2,23 (3H, 5, CHz), 1,90-1,99 (2H, m, CH), 1,32-1,45 (2H, m, CH). 30-7:
12,43 (1H, bs, NH), 10,22 (1H, bs, NH), 8,32(1H, s, CHyo), 8,13(1H, d, NH), 7.73 (1L,
d, CHgom), 6,37 (2H, bs, NH), 6,22 (1H, dd, CHyper), 6,13 (1H, d, CHir). 3,78-3.86
(2H, m, CH), 3,65-3,74 (1H, m, CH), 3,44-3,54 (2H, m, CH), 3,22-3,32 (4H, m, 2*CH,),
2,36-2,48 (4H, m, 2*CH,), 2,23 (3H, s, CHs), 1,90-1,99 (2H, m, CH), 1,32-1,45 (2H, m,
'CH). 30-8: 13,79.(1H, bs, NH), 10,91 (1H, bs, NH), 10,69 (1H, bs, NH), 8,83 (1H, s,
CHyom), 8,76 (1H, s, CHypgr), 8,18 (1H, d, NH), 7,80 (1H, d, CHon), 6,82-6,75 (3H, m,
CHagom), 6,26 (1H, d, CHipom), 6,15 (1H, d, CHipom), 3,87-3,82 (2H, dt, CH), 3,72 (1H, m,
CH), 3,54-3,47 (2H, m, CH), 3,32-3,29 (4H, m, CH), 2,42-2,46 (4H, m, CH), 2,28 (31, s,
CHs), 1,97-1,95 (2H, m, CH), 1,43-1,36 (2H, m, CH). 30-13: 12,99 (1H, s, NH), 9,92
(1H, s, NH), 8,38 (1H, d, NH, J=7,6Hz), 7,92 (1H, d, CHpom, J=8,4Hz), 7,84 (1L, d,
' CHyoms J=9,2H), 7,32 (1H, d, CHgpoms J=8,4Hz), 7,07-7,00 (3H, m, CHyop), 6.26 (1L d,
CHoms =8,8Hz), 6,14 (1H, s, CHgom), 421 (2H, s), 3,82-3,76 (2H, m), 3,69-3,63 (1L,
m), 3,48 (2H, 1), 3,28 (4H, ), 2,46 (4H, 5), 2,25 (3H, 5), 2,00-1,90 (2H, m), 1,37-1,26
(2H, m). 30-14: 12,96 (1H, sl, NH), 9,84 (1H, s, NH), 8,34 (1H, d, NH, J=7,6Hz), 7,96
(1H, d, CHypom, J=9,2Hz), 7,81 (1H, d, CHgpoms J=8,8Hz), 7,25 (1H, s, CHypom), 7,23 (1H,
s, CHaom), 7,17 (1H, t, CHgm), 6,96 (1H, d, CHyam, J=9.2Hz), 6.25 (1H, d, CHyyr
J=7,6Hz), 6,14 (1H, s, CHyon), 5,35 (2H, s), 3,82-3,77 (2H, m), 3,67 (1H, sl), 3,46 (2H,
£), 3,29 (4H, s), 2,50 (4H, s), 2,29 (3H, s), 1,93-1,88 (2H, m), 1,35-1,25 (2H, m). 30-15:
13,01 (1H, sl, NH), 10,11 (1H, s, NH), 7,99 (1H, s1, NH), 7,97 (1H, d, CHyom, J=9,2Hz),
7,84 (1H, d, CHgom, 1=8,4Hz), 7,25-7,14 (3H, m, CHom), 6,97 (1H, d, CHop, J=8,8H2),
6,67 (1H, s1, CHygm), 6,51 (1H, d, CHypom, J=8,0Hz), 5,35 (2H, 5, CHupem), 3,83-3,78 (2H,
m), 3,68-3,63 (1H, m), 3,47 (2H, 1), 2,87 (2H, d, J=11,2Hz), 2,45-2,40 (1H, m), 2,19 3H,
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s), 2,00-1,87 (4H, m), 1,75-1,65 (4H, m), 1,34-1,28 (2H, m). 30-16: 12,95 (1H, sl, NH),
9,85 (1H, s, NH), 8,33 (1H, d, NH, J=7,6Hz), 7,95 (1H, d, CHypom, J=8,8Hz), 7,81 (1H, d,
CHuoms 1=8,8Hz), 7,48 (1H, q, CHgom), 7.31-7,20 (2H, m, CHgom), 6,93 (1H, d, CHypomn,
J7=9,2Hz), 6,25 (1H, d, CHgom, J=9,2Hz), 6,14 (1H, s, CHuom), 5,35 (2H, s), 3,81-3,76
(2H, m), 3,68 (1H, sl), 3,47 (2H, 1), 3,26 (4H, s), 2,44 (4H, s), 2,29 3H, s), 1,94-1,88
(2H, m), 1,36-1,27 (2H, m). 30-17: 13,06 (1H, s, NH), 10,12 (1H, sl, NH), 7,93 (1H, sl,
NH), 7,86 (2H, d, CHpom, J=8,4Hz), 7,51-7,44 (1H, m, CHgom), 7,30-7,20 (2H, m,
CHiom), 6,90 (1H, sl, CHuem), 6,64 (1L s1, CHypom), 6,49 (1, s1, CHyor). 5.37 (2H, s,
CHupom), 3,83-3,76 (2H, m), 3,68-3,63 (1H, m), 3,46 (2H, 1), 2,86 (2H, d, J=10,4Hz),
12,44-2,38 (1H, m), 2,19 3H, s), 1,99-1,90 (4H, m), 1,75-1,65 (4H, m), 1,40-1,30 (2H,
m). 30-18: 12,94 (1H, sl, NH), 9,81 (1H, s, NH), 8,32 (1H, d, CHyom, J=7,7Hz), 7,96
(1H, d, CHyom, J=9Hz), 7,81 (1H,d, CHpom, J=9Hz), 7,71 (1H, d, NH), 7,51 (1H, d,
CHipoms J=8,6Hz), 7,43 (1H, dd, CHyom, J=8,6Hz), 6,97 (1H, d, CHiom, J=8,6Hz), 6,24
(1H, d, CHypom, J=8,9Hz), 6,13 (1H, s, CHgpom), 5,39 (2H, s), 3,82-3,74 (2H, m), 3,72-3,62
(1H, m), 3,46 (2H, 1), 3,28-3,22 (4H, m), 2,46-2,40 (4H, m), 2,22 3H, s), 1,95-1,87 (2H,
m), 1,37-1,26 (2H, m). 30-19: 13,01 (1H, sl, NH), 10,09 (1H, s, NH), 7,97 (2H, d,
CHuoms J=9Hz), 7,83 (1H,d, CHyom, J=8,2Hz), 7,71 (1H, dd, NH), 7,50 (1H, d; CHyop,

J=1,4Hz), 7,43 (1H, dd, CHyom, J=8,6Hz), 6,98 (1H, d, CHyem, J=9Hz), 6,67 (1H, s, -

CHipom), 6,51 (1H, d, CHypomy, J=8,2Hz), 5,38 ( 2H, s), 3,84-3,75 (2H, m), 3,72-3,62 (1H,
‘m), 3,46 (2H, 1), 2,86 (2H, d), 2,43 (1H, m), 2,19 (3H, s), 1,99-1,88 (4H, m), 1,74-1,64
(4H, m), 1,38-1,26 (2H, m). 30-20: 12,97 (1H, s, NH), 9,82 (1H, s, NH), 8,32 (1H, d,
NH, J=8,0Hz), 7,97 (1H, d, CHgom, J=8,8Hz), 7,87 (1H, s, CHpom), 7,80-7,76 (2H, m,
CHupom)s 7,64 (1H, d, CHgom, J=8,4Hz); 6,96 (1H, d, CHyom, J=8,8Hz), 6,24 (1H, d,
CHipom, J=8,8Hz), 6,13 (1H, s, CHyom), 5,47 (2H, s), 3,81-3,76 (2H, m), 3,66 (1H, sl),
3,46 (2H, 1), 3,26 (4H, s), 2,43 (4H, s), 2,29 (3H, s), 1,93-1,88 (2H, m), 1,35-1,25 (2H,
m). 30-21: 13,03 (1H, s, NH), 10,08 (1H, s, NH), 8,00-7,95 (2H, m, CHyp), 7,87-7.75
(3H, m, CHypom), 7,63 (1H, d, CHypom, J=8,4Hz), 6,97 (1H, d, CHpom, J=8,8Hz), 6,67 (1H,
s, CHom), 6,51 (1H, d, CHyom, J=8,0Hz), 5,47 (2H, s, CHypom), 3,83-3,76 (2H, m), 3,68-
3,64 (1H, m), 3,47 (2H, t), 2,87 ( 2H, d, J=10,4Hz), 2,45-2,40 (1H, m), 2,20 (3H, s), 2,00-
1,87 (4H, m), 1,74-1,65 (4H, m), 1,36-1,25 (2H, m). 30-22: 12,93 (1H, s, NH), 9,86 (1H,
s, NH), 8,70 (1H, s, CHpom), 8,51 (1H, dd, CHyom, J=5,2Hz), 8,38 (1H, d, NH, J=8,0Hz),
7,96-7,90 2H, m, CHyor), 7,84 (1H, d, CHypom, J=8,8Hz), 7,73-7,33 (1H, m, CHyep),
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(H, m, CHyom), 7,32 (1H, d, CHypom, J=8,8Hz), 6,67 (1H, s, CHpom), 6,54 (1H, d,
CHupom, J=7,6Hz), 3,84-3,78 (2H, m), 3,71-3,62 (1H, m), 3,47 (H, 1), 2,87 (2H, d,
J=11,2Hz), 2,45-2,41 (1H, m), 2,19 (3H, s), 1,96-1,90 (4H, m), 1,74-1,68 (4H, m), 1,34-
1,27 (2H, m). 30-30: 13,23 (1H, s, NH), 9,98 (1H, s, NH), 8,29 (1H, d, NH, J=7,6Hz),
8,01 (1H, d, CHpom, J=8,8Hz), 7,79 (1H, d, CHypom, J=8,8Hz), 7,62 (1H, d, CHypor,
J=8,4Hz), 7,52 (1H, s, CHyom), 7,44 (1H, d, CHpom J=7,6Hz), 7,24 (1H, d, CHypop,
J=8,4Hz), 6,25 (1H, d, CHyom, J=8,0Hz), 6,12 (1H, s, CHpom), 3,82-3,75 (2H, m), 3,73-
3,67 (1H, m), 3,47 (2H, t), 3,27 (4H, s), 2,43 (4H, s), 2,22 3H, s), 1,95-1,87 (2H, m),
1,35-1,28 (2H, m). 30-31: 13,28 (1H, s, NH), 10,25 (1H, s, NH), 8,02 (1H, d, CHyp,
J=8,8Hz), 7,95 (1H, d, NH, J=7,6Hz), 7,81 (1H, d, CHyom, J=8,0Hz), 7,61 (1H, d, CHyyor,
J=8,4Hz), 7,56 (1H, s, CHpom), 7,43 (1H, dd, CHgom, J=8,4Hz), 7,25 (1H, d, CHipom,
" J=8,8Hz), 6,68 (1H, s, CHpom), 6,51 (1H, d, CHpom, J=7,2 Hz), 3,84-3,78 (2H, m), 3,69-
3,61 (1H, m), 3,47 (2H, 1), 2,87 (2H, d, J=11,2Hz), 2,47-2,41 (1H, m), 2,20 (3H, ), 2,00-
1,90 (4H, m), 1,76-1,69 (4H, m), 1,40-1,30 (2H, m). 30-32: 13,16 (1H, s, NH), 9,95 (1H,
s, NH), 8,33 (1H, d, NH, J=8,0Hz), 7,93 (1H, d, CHupom, J=8,8Hz), 7,89 (1H, d, CHyor, |
J=9,2Hz), 7,79 (1H, d, CHyom, J=9,2Hz), 7,70-7,63 (2H, m, CHypom), 7,60 (1H, t, CHyporr),
6,97 (1H, d, CHyom, J=8,8Hz), 6,25 (1H, d, CHgom, J=9,2Hz), 6,14 (1H, s, CHypory), 3,83-
3,78 (2H, m), 3,68 (1H, sl), 3,48 (2H, 1), 3,28 (4H, s), 2,44 (4H, s), 2,23 (3H, s), 1,95-
1,90 (2H, m), 1,38-1,28 (2H, m). 30-33: 13,21 (1H, s, NH), 10,22 (1H, s, NH), 7,99 (1H,
d, NH, J=7,6Hz), 7,94 (1H, d, CHom, J=9,2Hz), 7,89 (1H, d, CHyom, J=7,2Hz), 7,82 (1H,
d, CHypom, J=8,4Hz), 7,71-7,57 (3H, m, CHyor), 6,98 (1H, d, CHypom, J=8,8Hz), 6,69 (1H,
s, CHpom), 6,52 (1H, d, CHyoms J=8,0 Hz), 3,85-3,79 (2H, m), 3,72-3,62 (1H, m), 3,48
" (2H, 1), 2,87 (2H, d, J=11,2Hz), 2,47-2,41 (1H, m), 2,19 (3H, s), 2,00-1,90 (4H, m), 1,76-
1,69 (4H, m), 1,40-1,30 (2H, m). 30-34: 13,07 (1H, s, NH), 10,11 (1H, s, NH), 8,32 (1H,
d, NH, J=7,6Hz), 7,90-7,85 (2H, m, CHym), 7,22 (1H, d, CHgpom, J=8,8Hz), 7,19 (1H, s,
" CHpom)s 7,17 (1H, s, CHyom), 7,03 (1H, t, CHgpom), 6,30 (1H, d, CHipom, J=8,4Hz), 6,19
(1H, s, CHpem), 4,43 (2H, 5), 4,02 (2H, sl), 3,80-3,74 (2H, m), 3,67 (1H, sl), 3,44 (2H, 1),
3,10 (4H, s), 2,84 (3H, s), 1,89-1,84 (2H, m), 1,30-1,14 (4H, m). 30-35: 13,08 (1H, s,
NH), 10,28 (1H, s, NH), 7,96 (1H, d, NH, J=7,6Hz), 7,88 (1H, d, CHgom, J=8,8Hz), 7,86
(1H, d, CHpom, J=6,8Hz), 7,22 (1H, d, CHom, J=8,8Hz), 7,18 (1H, s, CHiom), 7,17 (1H,
s, CHinom)s 7,02 (1H, t, CHpom), 6,66 (1H, 5, CHpom), 6,51 (1H, d, CHypom, J=8,4Hz), 4,43
{(2H, s), 3,80-3,74 (2H, m), 3,64 (1H, sI), 3,44 (2H, 1), 2,89-2,84 (2H, m), 2,43 (1H, sl),
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2,20 3H, s), 1,98-1,95 (2H, m), 1,89-1,84 (2H, m), 1,72-1,69 (4H, m), 1,29-1,20 (2H,
m). 30-36: 13,10 (1H, sl, NH), 10,11 (1H, s, NH), 9,73 (1H, sl, COOH), 8,34 (1H, sl,
NH), 7,92-7,86 (2H, m, CHuom), 7.47-7,40 (1H, m, CHgom), 7,23 (1H, d, CHypom,
J=8,8Hz), 7,20-7,13 ( 1H, m, CHpom), 7,11-7,05 (1H, m, CHyom), 6,31 (1H, dd, CHyorn,

- J=9,2Hz), 6,20 (1H, s, CHyom), 4,41 (2H, 5), 4,04 (2H, d, J=8,8Hz), 3,81-3,75 (2H, m),
3,70-3,66 (1H, m), 3,51 (2H, d, J=11,2Hz), 3,44 (2H, 1), 3,16-2,97 ( 4H, m), 2,87 3L, 5),
1,91-1,84 (2H, m), 1,34-1,22 (2H, m). 30-37: 13,09 (1H, s, NH), 10,29 (1H, s, NH), 7,97
(1H, d, NH, J=7,6Hz), 7,90-7,86 (2H, m, CHypem), 7:47-7,41 (1H, m, CHyn), 7,23 (1H,
d, CHom, J=8,8Hz), 7,19-7,13 ( 1H, m, CHgpom), 7,11-7,05 ( 1H, m, CHypom), 6,67 (1H, s,
CHgom); 6,52 (1H, d, CHyom, J=8,0Hz), 4,41 (2H, s), 3,79-3,74 (2H, m), 3,66-3,62 (1H,
m), 3,44 (2H, 1), 2,86 ( 2H, d, J=11,2Hz), 2,45-2,40 (1H, m), 2,19 (3H, s), 2,00-1,85 (4H,

" m), 1,74-1,65 (4H, m), 1,33-1,23 (2H, m). 30-38: 13,02 (1H, s, NH), 10,04 (1H, s, NH),

8,28 (1H, d, NH, J=8,0Hz), 7,88-7,84 (2H, m, CHpom), 7,74 (1H, s, CHaom), 7,43 (1H, d,

CHiom, J=8,8Hz), 7,29 (1H, dd, CHgom, J=8,4Hz), 7,22 (1H, d, CHipoms J=8,8Hz), 6,25

(1H, dd, CHyom, J=9,2Hz), 6,12 (1H, 5, CHaom), 4,50 (2H, s), 3,78-3,74 (2H, m), 3,66-

3,62 (1H, m), 3,44 (2H, 1), 3,26 (4H, s), 2,43 (4H, s), 2,22 (3H, s), 1,91-1,84 (2H, m),
1,35-1,23 (2H, m). 30-39: 13,09 (1H, s, NH), 10,32 (1H, s, NH), 8,28 (1H, d, NH,

J=8,0Hz), 7,90 (2H, D, CHom), 7,74 (1H, s, CHpom), 7,43 (1H, d, CHypom, J=8,4Hz), 7,29

(1H, dd, CHyom, J=8,4Hz), 7,25 (1H, d, CHypom, J=8,8Hz), 6,67 (1H, s, CHypom), 6,54 (1H,

dd, CHpoms J=8,4Hz), 4,51 (2H, s), 3,79-3,76 (2H, m), 3,70-3,64 (1H, m), 3,44 (2H, 1),

2,95-2,92 (2H, m), 2,52-2,51 (1H, m), 2,27 (3H, s), 2,13-2,01 (2H, m), 1,90-1,87 (2H,

m) 1,77-1,69 (4H, m), 1,32-1,24 (2H, m). 30-40: 12,77 (1H, s, NH), 9,86 (1H, s, NH),

9,60 (1H, s, NH), 8,40 (1H, d, NH, J=7,6Hz), 7,86 (1H, d, CHyom, J=8,8Hz), 7,83 (1H, d,

 CHypom, 1=9,2Hz), 7,56 (2H, d, CHom, 1=8,8Hz), 6,93 (1H, d, CHpom, J=9,2Hz), 6,55
(1H, t, CHyom), 6,23 (1H, dd, CHypom, J=9,2Hz), 6,13 (1H, s, CHpom), 3,82-3,75 (2H, m),
3,69-3,61 (1H, m), 3,46 (2H, 1), 3,27 (4H, s), 2,44 (41, s), 2,29 (3H, s), 1,96-1,88 (2H,
m), 1,38-1,26 (2H, m). 30-41: 12,85 (1H, s, NH), 10,13 (1H, s, NH), 9,62 (1H, s, NH),
8,03 (1H, d, NH, J=7,2Hz), 7,90-7,84 (2H, m, CHgom), 7,57 (2H, dd, CHgpom, J=10,4Hz),

16,95 (1H, d, CHgom, J=8,8Hz), 6,68 (1H, S, CHgpom), 6,60-6,50 (2H, m, CHyon), 3,83-3,78
(2H, m), 3,68-3,63 (1H, m), 3,46 (2H, 1), 2,87 (2H, d, J=11,2Hz), 2,45-2,40 (1H, m), 2,20
(3H, s), 2,00-1,92 (4H, m), 1,75-1,65 (4H, m), 1,37-1,27 (2H, m). 30-42: 12,77 (14, s,
NH), 9,87 (1H, s, NH), 9,02 (1H, s, NH), 8,80-8,72 (1H, m, CHgom), 8,41(1H, d, NH,
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J=7,6Hz), 7,86 (1H, d, CHypom, J=8,8Hz), 7,83 (1H, d, CHypom, J=9,2Hz), 7,28 (1H, d,
CHgpom, J=9,2Hz), 7,22-7,15 (1H, m, CHgom), 6,63-6,57 (1H, m, CHpom), 6,23 (1H, d,
CHgpom, J=8,8Hz), 6,13 (1H, s, CHyom), 3,83-3,75 (2H, m), 3,70-3,64 (1H, m), 3,46 (2H,

t), 3,27 (4H, s), 2,44 (4H, s), 2,23 (3H, s), 1,95-1,88 (2H, m), 1,39-1,26 (2H, m). 30-43: |

12,84 (1H, s, NH), 10,13 (1H, s, NH), 9,05 (1H, s, NH), 8,81-8,74 (1H, m, CHypp), 8,05
(1H, d, NH, J=7,2Hz ), 7,89-7,84 (2H, m, CHgom), 7,30 (1H, d, CHypom, J=8,8Hz), 7,23-
7,15 (1H, m, CHgom), 6,67 (1H, s, CHuom), 6,64-6,58 (1H, m, CHyom), 6,51 (1H, d,
CHupom, J=8,4Hz), 3,83-3,76 (2H, m), 3,68-3,64 (1H, m), 3,47 (2H, t), 2,89 ( 2H, d,
~ J=10,8Hz), 2,45-2,40 (1H, m), 2,21 (3H, s), 2,01-1,91 (4H, m), 1,74-1,66 (4H, m), 1,38-
' 1,27 (2H, m). 30-44: 12,80 (1H, s, NH), 10,16 (1H, s, NH), 8,89 (1H, s, CHycm), 8,52

~ (1H, s, NH), 8,34 (1H, d, NH, J=7,6Hz), 7,89 (1H, d, CHyom, J=9,2Hz), 7,81 (1H, d,

‘CHgom, J=9,2Hz), 7,41 (1H, d, CHpoms J=8,8H2), 7,35 (1H, d, CHpomy J=9,2Hz), 6,89
(1H, dd, CHipoms J=8,4Hz), 6,21 (1H, d, CHypom, J=9,2Hz), 6,11 (1H, s, CHypomy), 3,83-3,75
 (2H, m), 3,66-3,60 (1H, m), 3,46 (2H, 1), 3,25 (4H, s), 2,44 (4H, s), 2,23 3H, s), 1,95-
1,87 (2H, m), 1,37-1,26 (2H, m). 30-45: 12,86 (1H, s, NH), 10,10 (1H, s, NH), 8,91 (1H,
s, CHgnom), 8,54 (1H, s, NH), 8,00 (1H, d, NH, J=7,6Hz ), 7,90 (1H, d, CHyom, J=9,2Hz),
7,85 (1H, d, CHyom, J=8,0Hz), 7,41 (1H, d, CHgpom, J=8,4Hz), 7,37 (1H, d, CHyomn,
J=9,2Hz), 6,88 (1H, dd, CHyom, J=8,4Hz), 6,64 (1H, s, CHpom), 6,48 (1H, d, CHyor,
J=8,4Hz), 3,83-3,77 (2H, m), 3,67-3,60 (1H, m), 3,47 (2H, 1), 2,88 (2H, d, J=11,2Hz),
2,45-2,38 (1H, m), 2,21 (3H, s), 2,00-1,87 (4H, m), 1,75-1,65 (4H, m), 1,37-1,26 (2H,
m). 30-46: 13,74 (1H, sl, NH), 10,14 (1H, s, NH), 8,62 (1H, s, CHinom), 8,33 (1H, d, NH),
7,81 (1H, d, CHom, J=8,7Hz), 7,12-7,03 (3H, m, CHgom), 6,26 (1H, d, CHipom, J=8,8Hz),
6,13 (1H, s, CHpom), 4,31 (2H, s), 4,14-4,07 (4H, m), 3,68 (1H, sl), 3,28 (4H, s), 2,43
(4H, s); 2,23 3H, s), 1,92 (2H, d, J=12,4Hz), 1,38-1,26 (2H, m). 30-47: 13,80 (1H, sl,
NH), 10,41 (1H, s, NH), 8,64 (1H, s, CHgom), 8,02 (1H, d, NH), 7,85 (1H, d, CHyom,
J=8,1Hz), 7,12-7,03 3H, m, CHpom), 6,69 (1H, s, CHpom), 6,52 (1H, d, CHgpom,
J=8,1Hz), 4,30 (2H, s), 3,81 (2H, d, J=11,1Hz), 3,68 (1H, sl), 3,48 (2H, 1), 2,87 (2H, d,
J=10,5Hz), 2,47-2,39 (1H, sl), 2,19 (3H, s), 2-1,88 (4H, m), 1,76-1,66 (4H, m), 1,39-1,27
(2H, m). 30-48: 13,99 (1H, s, NH), 10,17 (1H, s, NH), 8,34 (1H, s, CHom), 8,29 (1H, dl,
NH), 7,78 (1H, d, CHgpom, J=8,9Hz), 7,54-7,41 (3H, m, CHiom), 6,07 (1H, d, CHyom
J=8,9Hz), 5,87 (1H, s, CHgom), 3,82 (2H, dl), 3,62 (1H, sl), 3,51-3,37 (4H, m), 2,97 3H,
s), 2,28-2,19 (2H, m), 2,15 (6H, s), 2-1,90 (2H, m), 1,71-1,61 (2H, m), 1,42-1,28 (2H,
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m). 30-49: 14,06 (1H, sl, NH), 10,56 (1H, s, NH), 8,85 (1H, s, CHwom), 7,97 (1H, sl, NH),
7,85 (1H, d, CHom, I=8,1Hz), 7,50-7,40 (3H, m, CHygn), 6,71 (1H, s, CHyom), 6,54 (1H,

d, CHyom, J=8,1Hz), 3,83-3,76 (2H, m), 3,70 (I1H, sl), 3,48 (2H, t), 2,88 (2H, d,

J=10,6Hz), 2,48-2,40 (1H, m), 2,20 (3H, s), 2,01-1,89 (4H, m), 1,76-1,66 (4H, m), 1,40-
1,28 (2H, m). 30-50: 13,94 (1H, sl, NH), 10,11 (1H, sl, NH), 8,59 (1H, s, CHpom), 8,30
(1H, sl, NH), 7,76 (1H, d, CHgom, J=9,2Hz), 7,27-7,13 (3H, m, CHgep), 6,04 (1H, dd,
CHuom, J=9,2Hz), 5,85 (1H, s, CHyom), 3,87-3,76 (2H, m), 3,66-3,55 (1H, m), 3,49-3,26

(4H, m), 2,96 (3H, s), 2,22 (2H, t), 2,14 (6H, s), 1,97-1,89 (2H, m), 1,69-1,60 (2H, q),

1,40-1,28 (2H, m). 30-51: 13,95 (1H, sl, NH), 10,17 (1H, sl, NH), 8,54 (1H, s, CHiom),
8,28 (1H, sl, NH), 7,78 (1H, d, CHypom, J=8,8Hz), 7,59 (1H, d, CHoms J=9,2Hz), 7,42-
7,38 (2H, m, CHgom), 6,23 (1H, d, CHipom, J=8,0Hz), 6,11 (1H, s, CHinom). 3,82-3,77 (2H,
m), 3,66 (1H, sl), 3,46 (2H, 1), 3,26 (4H, s), 2,43 (4H, s), 2,22 (3H, s), 1,92-1,88 (2H, m),

1,34-1,24 (2H, m). 30-52: 13,97 (1H, sl, NH), 10,20 (1H, s, NH), 8,38 (1H, s, CHuom),
8,27 (1H, d, NH), 7,88 (1H, d, CHwom, J=7,2Hz), 7,78 (1H, d, CHuem, J=9,2Hz), 7,66-

7,55 (3H, m, CHgpom), 6,26 (1H, dd, CHpmom, J=9,2Hz), 6,13 (1H, s, CHgom), 3,85-3,76

(2H, m), 3,75-3,63 (1H, m), 3,48 (2H, t), 3,37-3,26 (4H, m), 2,61-2,52 (4H, m), 2,32 (3H, .

sl), 1,96-1,88 (2H, m), 1,39-1,26 (2H, m). 30-53: 13,64 (1H, s, NH), 10,20 (1H, s, NH),
8,30 (1H, d, CHyom, J=8,8Hz), 8,23 (1H, d, CHgem, J=8,0Hz), 8,19 (1H, d, CHgyom,
J=8,8Hz), 7,81 (1H, d, CHuyom, J=9,2Hz), 7,75-7,65 (3H, m, CHgyom), 6,28 (1H, dd,

CHihoms J=8,8Hz), 6,14 (1H, s, CHwom), 3,83-3,77 (2H, m), 3,70-3,64 (1H, m), 3,48 (2H,

t), 3,29 (4H, s), 2,44 (4H, s), 2,23 (3H, s), 1,95-1,89 (2H, m), 1,38-1,26 (2H, m). 30-54:
13,64 (1H, sl, NH), 10,48 (1H, sl, NH), 8,32 (1H, d, CHyop, J=8,8Hz), 8,19 (1H, d,
CHioms J=8,8Hz), 7,91 (1H, sl, NH), 7,85 (1H, d, CHuoms J=8,4Hz), 7,77-7.65 (3H, m,
CHuom), 6,71 (1H, s, CHpom), 6,54 (1H, d, CHgpom, J=8,4Hz), 3,86-3,80 (2H, m), 3,71-
3,64 (1H, m), 3,48 (2H, 1), 2,89 (2H, d, J=11,2Hz), 2,45-2,40 (1H, m), 2,21 (3H, s), 2,00-
1,90 (4H, m), 1,75-1,65 (4H, m), 1,38-1,27 (2H, m). 30-55: 13,64 (1H, s, NH), 10,16
(1H, s, NH), 8,29 (1H, d, CHyom, J=8,8Hz), 8,24 (1H, d, NH, J=7,6Hz), 8,17 (1H, d,
CHiom, J=8,8Hz), 8,09 (1H, t, CHgpom), 7,88-7,85 (1H, m, CHipom), 7,81 (1H, d, CHipoms
J=9,2Hz), 7,67 (1H, q, CHom). 6,28 (1H, d, CHypom, J=8,8Hz), 6,14 (1H, s, CHypom), 3,83-
3,75 (2H, m), 3,72-3,67 (1H, m), 3,48 (2H, t), 3,29 (4H, s), 2,44 (4H, s), 2,23 (3H, s),
1,96-1,89 (2H, m), 1,35-1,28 (2H, m). 30-56: 13,67 (1H, s, NH), 10,43 (1H, s, NH), 8,31
(1H, d, CHypom, J=8,8Hz), 8,18 (1H, d, CHypom, J=8,8Hz), 8,13-8,05 (1H, m, CHom), 7,92
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(1H, d, NH, J=7,6Hz), 7,90-7,82 (2H, m, CHgpom), 7,66 (1H, q, CHpom), 6,71 (1H, s, .
CHgom); 6,54 (1H, d, CHyom, J=8,4Hz), 3,85-3,80 (2H, m), 3,73-3,65 (1H, m), 3,49 (2H,
1), 2,89 (2H, d, J=11,2Hz), 2,48-2,42 (1H, m), 2,21 (3H, s), 1,99-1,90 (4H, m), 1,76-1,68
‘(4H, m), 1,37-1,27 (2H, m). 30-57: 13,66 (1H, s, NH), 10,17 (1H, s, NH), 8,30 (1H, d,
" CHiom, J=8,8Hz), 8,24-8,16 (2H, m, CHyom et NH), 8,03-7,97 ( 3H, m, CHygp), 7,81
(1H, d, CHypoms J=9,2Hz), 6,28 (1H, d, CHypoms J=7,2Hz), 6,14 (1H, s, CHypopy), 3,83-3,77
" (2H, m), 3,71-3,67 (1H, m), 3,48 (2H, 1), 3,29 (4H, s), 2,44 (4H, s), 2,23 (3H, s), 1,96-
1,89 (2H, m), 1,34-1,28 (2H, m). 30-58: 13,71 (1H, s, NH), 10,45 (1H, s, NH), 8,32 (1H,
d, CHypoms J=9,2Hz), 8,22 (1H, d, CHgom, J=8,8Hz), 8,02-7,96 (3H, m, CHyp), 7,86-7,81
" (1H, m, NH), 7,83 (1H, d, Charom), 6,71 (1H, s, CHpom), 6,54 (1H, d, CHyom, J=7,6H2),
©.3,85-3,78 (2H, m), 3,72-3,65 (1H, m), 3,48 (2H, 1), 2,88 (2H, d, J=11,2Hz), 2,48-2,44
 (1H, m), 2,21 (3H, s), 1,97-1,87 (4H, m), 1,76-1,70 (4H, m), 1,36-1,28 (2H, m). 30-59:
13,69 (1H, s, NH), 10,04 (1H, s, NH), 8,34 (1H, d, NH, J=8,8Hz), 8,26-8,16 (3H, m,
CHyom), 7,81 (1H, dd, CHyom, J=8,4Hz), 7,74 (1H, d, CHuoms J=9,2Hz), 7,66 (1H, d,
CHguom; J=8,4Hz), 6,24 (1H, dd, CHioms J=9,2Hz), 6,10 (1H, s, CHyom), 3,82-3,76 (2H,
m), 3,68-3,62 (1H, m), 3,48 (2H, 1), 3,27 (4H, s), 2,43 (4H, s), 2,22 (3H, s), 1,93-1,86
(2H, m), 1,31-1,21 (2H, m). 30-60: 13,74 (1H, s, NH), 10,31 (1H, s, NH), 8,35 (1H, d,
CHgom, J=8,8Hz), 8,25 (1H, d, CHgom, J=8,8Hz), 8,21 (1H, s, CHupom), 7,85 (1H, d, NH,
1=7,2Hz), 7,81 (1H, dd, CHypom, J=8,8Hz), 7,76 (1H, d, CHypom, J=8,0Hz), 7,66 (1H, d,
CHgom, J=8,8Hz), 6,67 (1H, s, CHyom), 6,50 (1H, d, CHoms J=8,0Hz), 3,85-3,78 (2H,
" m), 3,68-3,62 (1H, m), 3,48 (2H, 1), 2,87 (2H, d, J=11,2Hz), 2,46-2,40 (1H, m), 2,20 (3H,
s), 1,97-1,87 (4H, m), 1,75-1,67 (4H, m), 1,32-1,24 (2H, m). 30-61: 13,61 (1H, s, NH),
10,32 (1H, s, NH), 8,71 (1H, d, NH, J=8,0Hz), 8,21 (1H, d, CHyom, J=8,8Hz), 7,87 (1H,
d, CHiom, J=9,2Hz), 7,80 (1H, d, CHom, J=8,8Hz), 7,17 (1H, t, CHgpom), 7,05-7,02 (2H, |
m, CHyom), 6,29 (1H, d, CHgom, J=9,2Hz), 6,14 (1H, s, CHiom), 4,93 (2H, s), 3,74-3,68
(3H, m), 3,43 (2H, 1), 3,29 (4H, s), 2,44 ( 4H, s), 2,28 (3H, s), 1,90-1,84 (2H, m), 1,28-
1,20 (2H, m). 30-62: 13,67 (1H, sl, NH), 10,59 (1H, s, NH), 8,23 (1H, d, CHyop,
J=8,8Hz), 8,10 (1H, d, NH, J=7,6Hz), 7,92 (1H, d, CHom, J=8,0Hz), 7,82 (1H, d, CHyor
J=8,8Hz), 7,17 (1H, t, CHgom), 7,05-7,02 (2H, m, CHyom), 6,71 (1H, s, CHipom), 6,56 (1H,
- d, CHgom J=8,0Hz), 4,94 (2H, s), 3,77-3,70 (3H, m), 3.43 (2H, t), 2,87 (2H, 4,
J=11,2Hz), 2,45-2,40 (1H, m), 2,20 (3H, s), 1,98-1,91 (2H, m), 1,89-1,95 (2H, m), 1,75-
1,67 (4H, m), 1,30-1,20 (2H, m). 30-63: 13,63 (1H, sl, NH), 10,28 (1H, s, NH), 8,37 (1H,
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d, NH, J=8,0Hz), 8,24 (1H, d, CHyom, J=8,8Hz), 7,88-7,82 (2H, m, CHyop), 7,24-7,17
(3H, m, CHyom), 6,29 (1H, d, CHyom, J=9,2Hz), 6,14 (1H, s, CHyom), 4,87 (2H, s), 3,75-
© 3,70 3H, m), 3,43 (2H, 1), 3,28 ( 4H, s), 2,45 ( 4H, s), 2,23 (3H, s), 1,90-1,85 (2H, m),
1,32-1,20 (2H, m). 30-64: 13,69 (1H, sl, NH), 10,55 (1H, s, NH), 8,26 (1H, d, CHyom,
J=8,8Hz), 8,05 (1H, d, NH, J=7,6Hz), 7,90 (1H, d, CHyom, J=8,4Hz), 7,86 (1H, d, CHyorn,
J=8,8Hz), 7,24-7,15 (3H, m, CHgpom), 6,70 (1H, s, CHpom), 6,56 (1H, d, CHypom,
J=8,0Hz), 4,88 (2H, s), 3,80-3,65 (3H, m), 3,43 (2H, 1), 2,87 (2H, d, J=11,2Hz), 2,46-

2,40 (1H, m), 2,20 (3H, s), 2,00-1,86 (4H, m), 1,75-1,67 (4H, m), 1,29-1,23 (2H, m). 30-

. 65: 13,49 (1H, sl, NH), 10,45 (1H, s, NH), 9,31 (1H, sl, COOH), 8,21 (1H, d, CHgyom,
J=8,8Hz), 8,06 (1H, sl, NH), 7,92 (1H, d, CHyom, J=8.4Hz), 7,57 (1H, d, CHgpom,
- J=8,8Hz), 7,17-7,11 ( 2H, m, CHpom), 6,96-6.91 (1H, m, CHyom), 6,67 (1H, s, CHipom),
- 6,53 (1H, d, CHuom, J=8,0Hz), 4,51 (1H, d, J=13,2Hz), 4,20 (1H, d, J=13,2Hz), 3,81-3,76
(2H, m), 3,71-3,62 (1H, m), 3,56-3,41 (4H, m), 3,08 (2H, t), 2,83 (3H, s), 2,45-2,40 (1H,
m), 2,07-2,00 (2H, m), 1,95-1,86 (4H, m), 1,41-1,29 (2H, m). 30-66: 13,62 (1H, sl, NH),
10,22 (1H, sl, NH), 8,36 (1H, d, NH, J=7,6Hz), 8,23 (1H, d, CHyoy, J=8,8Hz), 7,85 (1H,
d, CHipom, =9,2Hz), 7,80 (1H, d, CHgom, J=8,8Hz), 7,48 (1H, s, CHupom), 7,45-7,37 ( 2H,
m, CHuyom), 6,29 (1H, d, CHypon, J=7,2Hz), 6,14 (1H, s, CHpom), 4,97 (2H, s), 3,76-3,70
(3H, m), 3,44 (2H, t), 3,28 (4H, s), 2,44 ( 4H, s), 2,23 (3H, s), 1,91-1,86 (2H, m), 1,30-
1,24 (2H, m). 30-67: 13,67 (1H, sl, NH), 10,49 (1H, s, NH), 8,25 (1H, d, CHom,
J=8,8Hz), 8,02 (1H, d, NH, J=7,2Hz), 7,89 (1H, d, CHgom, J=8,0Hz), 7,82 (1H, d, CHgom,
J=8,8Hz), 7,49 (1H, t, CHyom), 7,45-7,35 (2H, m, CHgom), 6,70 (1H, s, CHiom), 6,56 (1H,
d, CHyom, J=8,0Hz), 4,97 (2H, s),A 3,78-3,64 (3H, m), 3,44 (2H, t), 2,88 (2H, d,
J=11,2Hz), 2,45-2,40 (1H, m), 2,20 (3H, s), 1,98-1,86 (4H, m), 1,76-1,66 (4H, m), 1,32-
1,22 (2H, m). 30-68: 13,46 (1H, s, NH), 10,36 (1H, s, NH), 8,21 (1H, d, CHyom
J=8,8Hz), 8,00 (1H, d, NH, J=7,6Hz), 7,86 (1H, d, CHyom, J=8,4Hz), 7,59 (1H, d, CHg,om,
- J=8,8Hz), 7,43-7,33 ( 2H, m, CHuom), 7,28 ( 1H, s, CHyom), 6,69 (1H, s, CHipom), 6,54
(1H, d, CHom, I=7,6Hz), 4,58 (1H, d, J=12,8Hz), 4,30 (1H, d, J=12,8Hz), 3,78-3,75 (2H,
m), 3,70-3,65 (1H, m), 3,46 (2H, t), 2,92-2,88 (2H, m), 2,45-2,40 (1H, m), 2,24 (3H, s),
2,05-1,95 (2H, m), 1,93-1,89 (2H, m), 1,77-1,70 (4H, m), 1,34-1,24 (2H, m). (ND: khong
xac dinh). ‘
Vi du30-bis:  (S)-4-(3-aminopyrolidin-1-y1)-N-(5 -(3,5-diﬂophenylthio)—lH-
"pyra’zolo‘[?’;4—b]pyridiri-3-yl)-2-(tetra.hydro-2H‘—pyr‘an-4-ylam'ino)benzamit
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876uL (20 duong lugng) trietylamin duge bd sung vao dung dich chira 238mg
(0,314mmol)  (S)-N-(5-(3,5-diflophenylthio)- 1H-pyrazolo[3,4-b]pyridin—3-yl)-2-(2,2,2-
triflo-N-(tetrahydro-2H-pyran-4-yl)axetamido)-4-(3-(2,2,2-trifloaxetamido)pyrolidin-1-
yl)benzamit trong 6ml metanol. Hén hgp phan tng nay dugc khudy & nhiét do 65°C
trong 4 gio. Sau khi dua trd lai nhiét d6 phong, 8mL n-butanol va 260mg (6 durong
luqng) kali cacbonat dugc bd sung vao. Hén hop phéan tmg ndy dwoc khudy & nhiét do
80°C trong 24 gi¢. Sau khi dua trd lai nhiét d6 phong, dung mdi dugc 1am bay hoi, nude
duoc bé sung vao va hop chét thu dugc dugc chiét béng diclometan. Pha hitu co duoc rira
_ bing dung dich natri clorua bo hoa, 1am khé bing magie sulfat, loc va 1am bay hoi. Phin
cén dugc tinh ché bing phuong phép séc ky silicagel (diclometan/metanol theo ty 1¢ 8:2
1am chét rira giai) dé thu dugc 87mg (hidu suit=49%) (S)-4-(3-aminopyrolidin-1-yl)-N-
(5-(3,5-diflophenylthio)- 1H-pyrazolo[3,4-b]pyrazin-3-yl)-2-(tetrahy dro-2H-pyran-4-

ylamino)benzamit dudi dang bdt mau nau.

LCMS (EL, m/z): (M+1) 566,24.

| 'H NMR: §H ppm (400 MHz, DMSO): 10,46 (1H, bs, NH), 8,60 (1H, s, CHgom),

8,50 (1H, s, CHuoem), 8,26 (1H, d, NH), 7,78 (1H, d, CHgpom), 7,08 (1H, t, CHgom), 6,86
(2H, d, CHgom), 5,86 (1H, dd, CHmem), 5,71 (1H, d, CHyom), 3,80-3,88 (2H, m, CH),
3,63-3,70 (2H, m, CH), 3,40-3,55 (5H, m, CH), 3,01-3,08 (1H, m, CH), 2,08-2,13 (1H,
m, CH), 1,92-1,99 (2H, m, CH3), 1,76-1,82 (1H, m, CH), 1,30-1,41 (2H, m, CHyyranon)-

Vi du vé phuong phép F2: khir

Vi du 31: N-(5-(3,5-diflophenetyl)-1H-pyrazolo[3,4-b]pyridin-3-y1)-4-(4-
metylpiperazin-1-yl)-2-(tetrahydro-2H-pyran-4-ylamino)benzamit

F
. Z
F\l HNOH"VC/O )
[ L~
.N,\,
RN

IZ 2

N

\
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10mg 10% Pd/C dugc bd sung vao 100mg (0,175mmol) N-(5-((3,5-
diflophenyl)etynyl)-1H-pyrazolo[3,4-b]pyridin-3-yl)-4-(4-metylpiperazin-1-yl)-2-
(tetrahydro-2H-pyran-4-ylamino)benzamit & dang dung dich trong hdn hop chira 10mL
tetrahydrofuran va 5mL metanol truéc khi dit hdn hop phan ng vao méi truong khi
hydro. Hon hop phan tng dugc khudy trong 12 gid & nhiét do phong, sau do loc trén
Celite va c6. 62mg (hi¢u su§t=60%) N-(5-(3,5-diflophenetyl)-1H-pyrazolo[3,4-b]pyridin- = =
3-yl)-4-(4-metylpiperazin-1-yl)-2-(tetrahydro-2H-pyran-4-ylamino)benzamit dugc taichra

dué6i dang chét rin mau tring.
LCMS (EI, m/z): (M+1) 576,23.

'H NMR: 6H ppm (400 MHz, DMSO): 13,14 (1H, bs, NH), 10,32 (1H, bs, NH),
8,40 (1H, d, CHmom), 8,22 (1H, d, NH), 7,96 (1H, d, CHyom), 7,80 (1H, d, CHyom), 7,03-
6,98 (3H, m, CHgom), 6,23 (1H, d, CHgom), 6,16 (1H, bs, CHyom), 3,84-3,81 (2H, dt, CH),
3,70 (1H, m, CH), 3,52-3,46 (2H, m, CH), 3,04-2,93 (4H, m, CH), 2,59-2,69 (4H, m,
CH), 2,42-2,46 (4H, m, CH), 2,38 (3H, s, CH3), 1,96-1,93 (2H, m, CH), 1,40-1,33 (2H,
m, CH).

Céc hop chit sau ciing dugc didu ché theo phuong phép nay.

R2
R4
) )n
O \H
AX Y1
T
W N7 N
R;
Vi £ Hiéu | Khoi
ayss|  ATX R, | R; [Yy|n[W|R, Hop chét suit | phé
0
Q | N-(5-(3,5-diflophenetyl)-1H-
pyrazolo[3,4-b]pyrazin-3-yl)-4-(4- o, | 577,07
31-1 o |C JINJoH|B metylpiperazin-1-yl)-2-(tetrahydro- | 477 |(M+H)
E E t : 2H-pyran-4-ylamino)benzamit

*+ 'H NMR, DMSO-dg, Vi du : 31-1: 13,68 (1H, sl, NH), 10,11 (1H, s, NH), 8,52
(1H, s, CHpom), 8,35 (1H, dl, NH), 7,82 (1H, d, CHyem, J=9Hz), 7,05-6,97 (3H, m,
CHihom), 6,27 (1H, dd, CHgom), 6,14 (1H, s, CHyom), 3,83-3,76 (2H, m), 3,74-3,64 (1H,
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m), 3,47 (2H, t), 3,32-3,20 (6H, m), 3,07 (2H, dd), 2,44 (4H, dd), 2,23 (3H, s), 1,91 (2H,
d), 1,38-1,27 (2H, m).

Vi du32: 5-(3,5-diﬂophenylthio)-N—(4-(4-metylpiperazin-1-y1)-2-(tetrahydro-2H-
pyran-4-ylamino)benzyl)-1H-pyrazolo[3,4-b]pyridin-3-amin

/

o

pepey

N

IZ/

- *100mg (0,173mmol) N-(5-(3,5-diflophenylthio)-1-H-pyrazolo[3,4-b]pyridin-3-yl)-
4;(4-1nety1piperazin-1-yl)-2-(tetrahydro-2H-pyran-4-ylamino)benzamit dugc bd sung, &
3 dang nhiéu phan nhé, vao dung dich chtra 19,64mg (0,518mmol) LiAlH, trong 3mL
tetrahydrofuran khan trong moi trudng khi argon & nhiét 46 0°C. Hdn hop phan tmg nay
duoc gia nhiét & nhi¢t do 90°C trong 15 gid. Mot phe“m 20mg LiAlH, nita dugc bé'sung
vao va hdn hop phan tmg nay dugc khudy & nhiét do 90°C trong 5 gio. Tiép theo, 45ul
nuéc & nhiét 46 0°C dugc bd sung vao hdn hop phan ung, dugc theo sau badi 45ul natri
hydroxit (15% khdi luong) va cudi cing la 120ul nuéc. Hon hop phan mg nay dugc
khudy & nhiét d6 25°C trong 1 gi0, sau do loc qua dém Dicalite. Sau khi lam bay hoi
dung mdi, hop chét thd dugc tinh ché bing phuong phap sic ky dé thu dugc 16,80mg
(17%)  5-(3,5-diflophenylthio)-N-(4-(4-metylpiperazin- 1-yl)-2-(tetrahydro—2H-pjran—4-
ylamino)benzyl)-1H-pyrazolo[3,4-b]pyridin-3-amin duéi dang chét rin mau vang.

LCMS (EI m/z): (M+1) 566,68.

'H NMR: 8H ppm (400 MHz, DMSO): 12,57 (1H, bs, NH), 8,45 (2H, d, CHgom),
~ 6,97-7,06 (2H, m, CHgom), 6,73-6,75 (2H, m, CHpom), 6,65 (1H, t, NH), 6,13-6,19 (2H,
m, CHgom), 4,98 (1H, d, NH), 4,30 (2H, m, CH,), 3,73-3,77 (2H, m, CH), 3,60 (1H, m,

CH), 3,45-3,50' 2H, m, CH), 3,04 (4H, m, CH), 2,42 (4H, m, CH), 2,18 (3H, s, CHa),
1,80-1,83 (2H, m, CH), 1,27-1,32 (2H, m, CH).

Céac hop chét sau ciing dugc diéu _ché theo phuong phép nay.
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Vi £ Hiéu | Khoi
du’:* ArX | Ry | R, |(U)| V| Yi,Y5,Y5,Y4 [Rs Hop chét - ph%
5-(3,5-diflophenylthio)-N-(4-

o I (4-metylpiperazin-1-yl)-2-

. s” N AT A
32-1 Q [ ] n=0|CH,|N ArxC,caN|p| (tetrahydro-2H-pyran-4 1% |567.3
N ylamino)benzyl)-1H-
NH :
F Fl~ i

pyrazolo[4,3-b]pyrazin-3-
amin

Vi du 33: 2-(4-aminophenyl)-N-(5-(3,5-diflophenylthio)-1H-pyrazolo[3,4-
b]pyridin-3-yl)axetamit

0
=N\_NH
HN 2
F s w
X
Ty
N H
F

Dung dich chtra 152mg (2,72mmol) sit va 70mg (1,3mmol) amoni clorua trong
- 100pul nuéc dugc bd sung vao dung dich chta 0,24g (0,544mmol) N-(5-(3,5-
diflophenylthio)-1H-pyrazolo[3,4-b]pyridin-3-yl)-2-(4-nitrophenyl)axetamit trong 10mL
hén hop etanol/nuée & ty 1€ 2:1. Axit axetic (vai giot) duge bd sung vao hdn hop nay va
hén hop dugc gia nhiét & nhiét d6 60°C trong 4 gidr. Sau khi 1am ngudi va co dic dung
moi, hop cht thd thu dugc dugc chiét bing etyl axetat va rira bing dung dich natri
bicacbonat bdo hoa. Pha hitu co duge thu gom, 1am khd bing magie sulfat, sau d6 cd.
~ Hop chét thd duoc tinh ché bang phuong phép sic ky silicagel (DCM/MeOH) dé thu

_dugc  1lmg (4%) 2-(4-aminophenyl)-N-(5-(3,5-diflophenylthio)-1H-pyrazolo[3,4-

- b]pyridin-3-yl) axetamit duéi dang chét rdn mau nau.
LCMS (ElL, m/z): (M+1) 412,09.

'H NMR: SH ppm (400 MHz, DMSO): 13,60 (1H, bs, NH), 10,96 (1H, bs, NH),
8,68 (1H, d, CHpom), 8,55 (1H, d, CHyom), 7,06 (1H, m, CHgpom), 6,98 (2H, d, CHyom),
6,79 (2H, m, CHyonn), 6,50 (2H, m, CHgom), 4,92 (2H, s, NH), 3,51 (2H, m, CHp).

Vi du vé phuong phap F3: oxy hoa sulfua

Vi du 34: 5-(3,5-diflophenylsulfonyl)-1H-pyrazolo[3,4-b]pyridin-3-amin

N
S

1O T
N

N" K
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Dung dich chtra 663mg (1,078mmol) oxon trong 1,ImL nuéc dugc bd sung vao
dung dich chira 300mg (1,078mmol) 5-(3,5-diflophenylthio)-1H-pyrazolo[3,4-b]pyridin-
3-amin trong 10mL hén hop chira tetrahydrofuran va metanol theo ty 18 1:1 & nhiét do
0°C. Hon hop phan tmg nay dugc khudy & nhiét do phong trong 16 gid. Tiép theo, mot
phin nira chira 663mg oxon & nhiét do 0°C dugc bd sung vao va hdn hop phan tmg nay
duoc khudy & nhiét d phong trong 24 gid. Dung mdi dugc 1am bay hoi va hdn hop phan
tmg dugc pha loing bing natri bicacbonat dung dich, chiét bang etyl axetat, lam kho
bang MgSO,, sau d6 co6 dé thu dugc 340mg (81%) 5-(3,5-diflophenylsulfonyl)-1H-

pyrazolo[3,4-blpyridin-3-amin dudi dang chit rin mau vang.
LCMS (EL, m/z): (M+1) 311,03.

'H NMR: 8H ppm (400 MHz, DMSO): 12,72 (1H, bs, NH), 8,92 (1H, d, CHy.p),
8,84 (1H, d, CHyonm), 7,89-8,01 (1H, d, CHyom), 7,62-7,80 (2H, m, CHyorr), 6,06 (2H, bs,
NH).

Céc hop chét sau ciing dugc didu ché theo phuong phéap nay.

Q
N-H
XY
Ar II\(N
N
H

W Y,
Vi £ Hiéu Khéi
du** ArX Q Y, Yy [ W Hop chat suit | PhO
Océ\s’ '
| F 5-(3,5-diflobenzylsulfonyl)-1H- (M+1)
34-2 \©) H CHN | H pyrazolo[3,4-b]pyridin-3-amin ND 325,07
F
O. ,
0=3 L tert-butyl 5-(3,5-
34.3 0”0 | NcH | H dlclophenylsulfony-l)le- ND | ND
pyrazolo[4,3-b]pyridin-3-
Cl cl ylcarbamat

** ' NMR, DMSO-ds, Vi du: 33-2: 12,64 (1H, bs, NH), 8,56 (1H, d, CHy,em),
8,49 (1H, d, CHipom), 7,24 (1H, ddd, CHpom), 6,94 (2H, bd, CHyor), 6,03 (2H, bs, NH),
4,80 (2H, s, CH). (ND: khong xac dinh).
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Theo cach khac, budc bao vé co thé duge thuc hién trudc phan rng oxy hoa, dugc

theo sau bai budc khir bao vé ¢6 thé tao ra sulfon hodc sulfoxit tuong ing.
Vi du 34-bis: 5-(3,5-diflophenylsulfinyl)-1H-pyrazolo[4,3-b]pyrazin-3-amin

0 NH,
F S Ny A
T
NN
F

0,55mL trietylamin va 22mg 4-dimetylaminopyridin dugc bd sung trong moi
truong khi argon vao dung dich chira 500mg (1,790mmol) 5-(3,5-diflophenylthio)-1H-
pyrazolo[3,4-b]pyrazin-3-amin trong 10mL tetrahydrofuran. Dung dich dugc khudy &
nhiét d 0°C va 0,915mL di-tert-butyl dicacbonat duoc bd sung vao va hdn hop phéan tng
" ndy dugc khudy qua dém. Mot phin nude duge bd sung vao hdn hop phin tng, moi
treong nay tiép theo dugc chiét bing etyl axetat. Pha hitu co duge lam kho bang MgSO0,
va ¢ trong chan khong dé thu dugc hop chét thd, hop chit nay duoc sir dung trong budc

oxy hoa ma khong can tinh ché thém.

Hop chét tho thu dugc dugc hoa tan trong 10mL hdn hop chira tetrahydrofuran va
metanol theo ty 1€ 1:1 & nhiét do 0°C, sau d6 dung dich chira 1,103g (1,794mmol) oxon
trong 2mL nuée dugc bd sung vao. Hén hop phan ng nay duoc khudy & nhiét do phong
troﬁg 16 gio. Tiép theo, mot phén 5 50mg oxon nita duogc bd sung vao va hdn hop phan
g niy dugc khudy & nhiét d6 phong trong 5 gi®. Dung mdi dugc 1am bay hoi va hén
hop phan tng dugc pha loﬁ.ng bing dung dich natri bicacbonat, chiét bang etyl axetat,
1am khé bing magie sulfat va c6 dé tao ra hdn }hop chira cac sulfon va sulfoxit trong tng,

hén hgp nay dugc st dung ma khong cin tinh ché tiép trong budc khir béo ve.

0,373mL TFA trong 4mL THF khan duogc bd sung & nhiét d 0°C vao dung dich
chira 600mg hén hop thu dugc & trén trong 6mL diclometan. Hon hop dugc khudy 1 gid
& nhiét 4 phong va mét phan 4 duong lugng TFA nita trong 4mL THF dugc bd sung
vao. Sau 1 gior khudy, budc nay duoc 1ap lai va hdn hgp phéan tmg dugc khudy trong tdng
thoi gian 1a 3h45. Dung mdi dugc 1am bay hoi va hén hgp phéan ng dugc pha lodng bang
dung dich kali cacbonat, chiét bing etyl axetat, 1am kho bing magie sulfat va c6 dé thu
dugc hdn hop chira 5-(3,5-diflophenylsulfonyl)- 1H-pyrazolo[3,4-b]pyrazin-3-amin va 5-
(3,5-diflophenylsulfinyl)- 1H-pyrazolo[3,4-b]pyrazin-3-amin theo ty 1¢ 1:1. Hon hop nay

dugc sir dung trong cac budc tiép theo ma khoéng cAn tinh ché thém.
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Céc hop chét sau ciing duoc diéu ché theo phuong phép nay

NH,
AX Yy
T In
Y, ”
: Higy | KbOI
Vidut* | ArX | Yy, Y, Hop chit et | phid
MH
F
: . 5-(2,5-diflophenylsulfonyl)-1H- 58% | (M+1)
34bis-1 ©\§9 CHN|  razolo[4,3-b]pyridin-3-amin |3 buoe | 310.9
. i 01, N
Cl

34bis-2

/@\ o |cH N 5-(3,5-diclophenylsulfonyl)-1H- 38% |[(M+1)
>*|  pyrazolo[4,3-b]pyridin-3-amin 3 bude | 342,8
0]

Ci
. 5-(2,5-diclophenylsulfonyl)-1H- 41% [ (M+1)
34bis-3 Q O O N 2olo[4,3-blpyridin-3-amin |3 buoe | 342.9
cl o

0

F >
i B S\ 5-(3,5-diflobenzylsulfonyl)-1H- 58% |(M+1)
34bis-4 \Q/; CH,N pyrazolo[4,3-b]pyridin-3-amin 3 bude | 325,0

0]
- S 5-(2,5-diflobenzylsulfonyl)-1H- 45% | (M+1)
34bis-5 @AO CH. N\ byrazolo[4,3-blpyridin-3-amin |3 buse | 325,0

F
F
34bis6 s7 o n| 52 5-diflobenzylsulfinyl)-1H- 5% | (M+1)
18- 0 g pyrazolo[4,3-blpyridin-3-amin |3 budc | 308,9
F

(o]
Cl “ .
. S\ 5-(2,5-diclobenzylsulfonyl)-1H- 3%
34bis-7 \@@ CH NI irazolo[4 3-b]pyridin-3-amin |3 buée| 2

” .
. S 5-(2,5-diclobenzylsulfinyl)-1H- 18% ND
34bis-8 ©/\0 CH,N pyrazolo[4,3-b]pyridin-3-amin | 3 budc

Cl

** 'H NMR, DMSO-dg, Vi du: 34bis-1: 12,31 (1H, sl, NH), 8,08-8,18 (1H, m,
CHgom), 8,05 (1H, d, CHyom, J=11,6Hz), 7,97 (1H, d, CHyom, J=11,6Hz), 7,87-7,93 (1H,
'm, CHypom), 7.64-7,76 (1H, m, CHypom), 5,81 (2H, sl, NHp). 34bis-2: 12,32 (1H, sl, NH),
7,94-8,11 (5H, m, CHgom), 5,85 (2H, sl, NHy). 34bis-3: 12,34 (1H, sl, NH), 8,27 (1H, s,
CHihom)» 8,12 (1H, d, CHyom, J=11,6Hz), 8,01 (1H, d, CHyom, J=11,6Hz), 7,82-7,89 (1H,

-138-




20026

m, CHyom), 7,67 (1H, d, CHpom, J=11,2H7), 5,70 (2H, sl, NH,). 34bis-4: 12,28 (1H, s,
NH), 7,89 (1H, d, CHipom, J=8,8Hz), 7,68 (1H, d, CHipoms J=8,8Hz), 7,21 (1H, m, CHyr),
6,91-6,97 (2H, m, CHyon), 5,87 (2H, s, NH2), 4,94 (2H, s, CH). 34bis-5: 12,28 (1H, s,
NH), 7,89 (1H, d, CHypom, J=8,8Hz), 7,68 (1H, d, CHpom, J=8,8Hz), 7,20-7,25 (2H, m,
CHuom), 7,10-7,15 (1H, m, CHom), 5,84 (2H, s, NH2), 4,87 (2H, s, CH). 34bis-6: 12,04
(1H, s, NH), 7,87 (1H, d, CHgpom, J=8,8Hz), 7,40 (1H, d, CHyop, J=8,8Hz), 7,10-7,25
(2H, m, CHpem), 6,90-6,97 (1H, m, CHgem), 5,61 (2H, s, NH2), 4,47 (1H, d, CH,
J=13,2Hz), 4,18 (1, d, CH, J=13,2Hz). 34bis-7: 12,28 (1H, s, NH), 7,89 (1H, d, CHyor,
 J=8,8Hz), 7,64 (1H, d, CHpom, J=8,8Hz), 7,40-7,50 (3H, m, CHiom), 5,81 (2H, s, NH2),
4,96 (2H, s, CH).

Vi du vé phuong phap F4: khir metyl

Vi du 35: N-(5-(3,5-diﬂophenylt_hio)-6-hydroxy-1H—pyrazolo[3,4-b]pjlridin-3-yl)-
~4-(4-metylpiperazin-1-yl)-2-(tetrahydro-2H-pyran-4-ylamino)benzamit

Ries ”b“oN

A\
N
HO™ N H
E
N\

443 pL (3 duong lugng) (iung dich chtra 1M bo tribromua trong diclometan dugc
b'é_ sung vao dung dich chira 90mg (0,148mmol) N—(S-(3,5-diﬂophenylthio)—6-metoxy-
1H-pyrazolo[3,4-b]pyridin-3-yl)-4-(4-metylpiperazin-1 -yl)-2-(tetrahydro-2H-pyran-4-
ylamino)benzamit (vi du 18) trong 4mL 1,2-dicloetan & nhiét do 0°C. Hon hgp phan tmg
~ nay dugc khudy & nhiét d6 60°C trong 3 gi®, sau 6 @& ngudi trong bé nude da trude khi
bb sung metanol. Dung méi dugc lam bay hoi va phén cin duqcvhoé tan lai trong hdn
hop chira metanol va etyl axetat. Chét rin tao ra dugc loc, hod tan lai trong 3mL
tetrahydrofuran va bd sung vao dung dich natri cacbonat 1N. Hdn hgp phan tmg dugc
khudy trong 18 git & nhiét do phong. D6 pH ciia dung dich dwoc didu chinh dén 8-9 va
| pha nuéc duogc chiét bfing etyl axetat. Pha hitu co dugc 1am kho bing magie sulfat va hop
chét thd dugc tinh ché trén cot silicagel (diclometan/metanol lam chit rira giai) dé thu
- duogc ilmg (24%) N-(5-(3,5-diflophenylthio)-6-hydroxy-1H-pyrazolo[3,4-b]pyridin-3-
yl)—4-(4-mety1-piperazin—1-yl)-2-(tetrahydro-2H-pyran-4-ylamino)benzamit duéi dang bot

mau vang.
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LCMS (EL m/z): (M+1) 596,13.

'H NMR: 8H ppm (400 MHz, DMSO): 12,96 (1H, vach don phing rong), 12,02
(1H, vach don phﬁng rong), 10,64 (1H, bs, NH), 8,46 (1H, bs), 8,09 (1H, bs), 7,72 (1H, d,
" CHgom), 6,97-7,10 (1H, m, CHiom), 6,60-6,74 (2H, m, CHipm), 6,28 (1H, dd, CHyor).
6,13 (1H, d, CHpn), 3,80-3,90 (2H, m, CHypranen), 3,65-3,77 (IEL, m, CHyyranen) 3,50
(2H, t, CHppranor), 3,25-3,32 (4H, m, 2*CHy), 2,37-2,45 (4H, m, 2*CH,), 2,22 (3H, s,
CH3), 1,91-2,00 (2H, m, CHyyranon), 1,28-1,43 (2H, m, CH, ranen).

I1. Céc thir nghiém sinh hoc trén hop chét theo sang ché
Thir nghiém dénh gid mirc d6 (rc ché ALK kinaza ctia hop chit theo sang ché

. Vi dia ViewPlate (Packard) dugc 1 v6i 0,1mg/mL co chdt GST-PLCy!1 (dang ti tb
" hop d4 tinh ché) trong dung dich dém phosphat (PBS, pH = 7,4) (100uL/giéng) trong mot
gio két hop khudy. Tiép theo, dia nay duqé 1am bao hoa bang dung dich phong bé chua
5% albumin huyét thanh bd (bovvine serum albumin - BSA) (Sigma) trong dung dich
dém PBS, pH="74.

Sau khi bd sung hop chét theo sang ché dén ndng d6 mong muén cubi cliing (nim
trong khoang tir 30uM dén 10nM), phan tmg dugc thuc hién bang cach bd sung
180ng/mL ALK vao dung dich d¢m phan Ung chira 13mM Tris, pH = 7,5 (Sigma);
6,5mM MgCl, (Merck); 0,65mM dithiothreitol. (DTT) (Acros); 39mM natri B-

| glyxerophosphat (TCI); 0,65mM natri orthovanadat (Sigma); va 250uM ATP (Sigma).
Buéc  duge thyc hién trong 30 phit & nhiét d6 30°C két hop khudy.

Sau khi rira ba 1an két hop khudy trong dung dich dém 0,1% PBS/Tween-20
(Sigma), khang thé khang-phosphotyrosin lién hgp HRP (UBI) di pha loang 1.000 14n
trong dung dich dém PBS/BSA 5mg/mL, dugc i trong mot gior két hop khudy. Sau ba lan
rira méi trong 0,1% PBS/Tween-20, c4c giéng dugc 1 trong hai phut véi 100 uL hén hop

- SuperSignal ELISA (Pierce).

Tin hiu dugc doc bang thiét bi quang phd (SpectraMax M5e, Molecular Devices).
Céc tri s6 ICso dugc xéc dinh bing phuong trinh hdi quy phi tuyén tinh dua trén
 md hinh méi twong quan sigma gitta lidu luong va dép umg, trong d6 hé sb Hill 1a bién

trai, dugc thuc hién trén phin mém GraphPad theo thuét toan da dua ra.
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Thir nghiém dénh gia muc @ e ché ting sinh té bao Karpas 299 cia hop chit

theo sang ché

Hoat tinh chéng ting sinh cia hop chét theo sang ché dugc x4c dinh bing k¥ thuét
ATPlite (Perkin Elmer).

Té bao u lympho giam biét hoa & ngudi khong gan két (Karpas 299) duge o trong
dia 96 giéng (300000 té bao/mL) & ngay tht 1, & ndng do twong thich véi tde do phat
trién logarit & 72 gir duge sir dl,ing dé danh gia cac hop chét. T4t ca cac t& bao duoc xir ly
& ngay 1, sau d6 dugc dit trong ti nudi cdy & nhiét d6 37°C trong moi trudng khi quyén
chira 5% CO,. Kha ning sbéng sét cua té bao duge danh gid & ngay 4 bang cach phan tich
ATP giai phéng, dic trung cho té bao séng s6t. Cac tri sb ICs, duoc xéac dinh bing
phuong trinh hdi quy phi tuyén tinh dya trén md hinh méi tuong quan sigma giira liéu
lugng va dap tng, trong d6 hé s§ Hill 14 bién trai, thuc hién trén phin mém GraphPad

theo thuét toan d3 dé ra.

Két qua thir nghiém d6i véi hop chét theo sang ché duoc thé hién trong bang sau:

Hop chit Mikc d9 e ché ALK | Mirc d irc ché tiing sinh t& bao
* kinaza (I1Csy, kM) Karpas 299 (ICs, pM)
30-1 0,020 2,2

30 0,001 0,16
30-9 0,001 ND
28 0,036 ND
31 0,017 0,83
30-5 0,066 2,6

(ND: khong xéc dinh)
Hoat tinh dugc ly in vivo clia hgp chit theo sang ché

'Céc hop chit dugc thir nghiém theo sang ché c¢6 hoat tinh chéng ung thu manh
trong diu kién in vivo mét cach hoan toan bt ngd béi hidu qué diéu tri bénh cao, do d6
cac hop chét nay dugc dung nap rat t6t. Pidu nay da dugc kidm chiing bang cach danh
gia hoat tinh in vivo cta cic hop chit trén mé hinh khéi u lympho t& bao 16n giam biét
héa (ALCL) & ngudi. Cac hop chét nay dugc sir dung hang ngay qua dudng miéng & cic
liu lugng khac nhau cho chudt nhét bi khéi u ALCL dugc cdy dudi da. Kich thude khéi
u duge do thudng xuyén trong sudt qué trinh nghién ctru va céc con chudt thir nghiém
dugc can vai 14n mdi tudn dé x4c dinh tac dung khéng mong mudn bét ky. Mot hop chét
duoc cho 13 ¢6 hoat tinh néu tc ché it nhit 58% su phat trién khdi u ALCL. Mot sb hoo

chét theo sang ché, cu thé 12 hop chit 30 va 30-9 c6 téc dung te ché 100% phat trién khéi
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~ u, ma khéng c6 tac dung khdng mong mubn, trong tmg v6i ngimg phat trién hoan toan
ctia khéi u.

" Hon nita, cac hop chét dugc thir nghiém theo sang ché c6 dic tinh duge 1y rat hitu
hiéu. Dic biét 13, cac hgp chét ndy tich tu lau trong khéi u thir nghiém sau khi st dung in
vivo. Cudi ciing, khéi u ALCL dugc ciy dudi da cho chudt nhit, sau d6 khi kich thuéc
khéi u nay dat khoang 70-130mm’, cac hop chét theo sang ché duoc sir dung qua duong
~miéng & lidu ding c6 tac dung diéu tri. Khéi u dugc cit ra & cac thoi didm khéac nhau sau
khi dung cac hop chit, sau d6 nghién. Su c6 mit cua cac hop chét trong mau khéi u

- ALCL dugc kiém chimg bang phuong phap sic ky UV va khdi phé.

Thir nghiém danh gia mirc d§ e ché cac kinaza khic cta hop chat theo sang ché

Céc kinaza nay do Millipore san xut va duoc sang loc theo quy trinh cia nha san

xuat.

Két qua duoc thé hién trong bang dudi day:

. Mikc d§ wrc ché cac kinaza (ICsy, nM)
Kinaza 30-9 30
ALK 15 7
Abl 38 18
. ¢-Src 9 4
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1. Hop chét c6 cong thirc (1):

hodc mudi dugc dung, chit déng phan hd bién, chit ddng phéan 1ap thé hoic hdn

hop céc chit ddng phan lap thé ctia n6 theo ty 18 bat ky, trong d6:

Y, 1a CH,

Y, 1a nguyén tir nito,

Y;1a C-X-Arva Y;1a C-W,

Ar 12 aryl hoic heteroaryl tuy y duoc thé bing mot hodc nhidu phén tir thé dugc
chon tir nguyén ti halogen, (C;-Cg)alkyl, (C;-Ce)haloalkyl, (C;-Cg)haloalkoxy, (C;-
Ce)halothioalkoxy, CN, NO,, ORj;, SRy, NRj3Rj;, COR;s, CONR¢R;7, SO,Rys,
SO,NR;9R29, CORy;, NR3;CORy3, NR2sSO,R;5, va RysNRy7Ryg va/hodc tuy ¥ duge dung

hop véi di vong,

X 1a nhom hoéa tri hai dugc chon tir O, S, S(O), S(0),, NRy, S(NRy), S(O)(NRy),
S(0)(NRs), NR,S, NR,S(0), NR;S(0),, CH,, CH,S, CH,S(0), CH,S(O);, SCH,,
S(O)CH,, $(0),CH,, CH,CH,, CH=CH, C=C, CH,0, OCH,, NR4CH,, va CH,NR,,

W la R5, SR5, OR5 hOElC NR5R6 R

Co)alkyl ,

V 1a C(0), C(S) hodc CH,,

n bﬁng 0 hoac 1,

20026

YEU CAU BAO HQ

\N‘RS
Y

YZ/ 1\ \
PR
3. P

v, N

U la CH, hodc NH, mét hodc nhiéu nguyén tir hydro c¢6 thé dugc thé bing (C;-
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Rl la hydI'O, hO;iC OR7 hO;iC NR7R8 .
R, 14 hydro, di vong tity ¥ dugc thé, NO, ORohoic NRoR;j,

R3, R4, Ri1, Ri2, Ris, Rig, Ris, Rig, Ry7, Ris, Rig, Rag, Ro1, Rao, Ros, Ros, Ros, Ry; va
Ryg ddc 1ap vé&i nhau 13 hydro hodc (C;-Cg)alkyl,

Rs va Rg ddc 14p véi nhau 13 hydro hogc (C;-Cg)alkyl, aryl tiy ¥ duogc thé hodc
benzyl iy ¥ dugc thé,

R7, Rg, Rg va Ryp doc lap v6i nhau la hydro hodc (C;-Cg)alkyl hodc (Cs-
Cpp)xycloalkyl tity y duoc thé hodc di vong tity ¥ dugce thé, va

Rys 12 (C-Ce)alkyl,

trong d6 di vong cia Ry, Ry, Rg, Ry va Ryp, nhom benzyl va aryl cia Rs va Rg, va

'nhém (C;-Cg)alkyl va (C3-Cpp)xycloalkyl ciia Ry, Rg, Ry va Ry doc 14p v6i nhau tiy ¥

dugce thé bing mdt hodc nhiéu phén tir thé dugc chon tir halogen, (C;-Cg)alkyl, (C;-
Ce)haloalkyl, (C;-Ce)haloalkoxy, (C;-Ce)halothioalkoxy, CN, NO,, OR;;, SRz, NRy3R 4,
CO;R;5, CONRj6R37, SO;R;13, SONRj9Ry, CORj;;, NRpCORy;, NRpSO,Rps, va
Ry6NR37R 3. | |

2. Hop chét theo diém 1, trong d6 Ar 13 aryl thy y dugc thé bang mot hodc nhidu phin tir
thé duogc chon tir halogen, (C;-Ce)alkyl, (C;-C¢)haloalkyl, (C;-C¢)haloalkoxy, (C;-
Ce)halothioalkoxy, CN, NO,, OR;;, SRj;, NRyj3Ryj;, COyR; 5, CONRgR17, SO,R;s,
SO,NR9R59, CORy;1, NR»,COR33 va NR4,SO;,R,5; hodc pyridin.

3. Hop chét theo diém 2, trong d6 Ar 1a phenyl tity ¥ dugc thé bing mot hodc nhidu phan

tr thé dugc chon tir halogen, (C;-Cg)alkyl, (C;-Ce)haloalkyl, (C;-C¢)haloalkoxy, (C;-

Cg)halothioalkoxy, CN, NO,, OR;;, SRy, NRjsRy, CO,R;s, CONRyRy7, SO,Rys,
SO,NR9R30, COR3;1, NR3;COR33 va NR»4SO,R,s; hodc pyridin.

4. Hop chét theo diém 2, trong d6 Ar 1a nhém duoc chon tir cac nhém sau:
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5. Hop chét theo diém 1, trong d6 R; 1a H, U 1a CH, hogc NH, V 1a C(O) hodc C(S), van
bang 0 hoic 1.

6. Hop chét theo diém 5, trong d6 V 1a C(O).
. Hop chét theo diém 3, trong d6 n bang 0.

8. Hop chét theo diém 1, trong d6 X 1a nhém héa tri hai dugc chon tir S, S(O), S(O),,

NR4, CH;, CH,S, CH,S(0), CH,S(0),, CH,0, CH,NR,, NHS(0),, SCH;, S(O)CH,,

S(0),CH,, S(O),NH, CCH,, NR4CH,, CH,CH,, CH=CH, va C=C, trong &6 nguyén tir
dAu tién ctia cac nhoém nay dugc lién két v6inguyén tir C ciia mach C-X-Ar..

9. Hop chét theo diém 8, trong d6 X 12 nhom héa trj hai dugc chon tir S, S(O), S(O),,
NRy, CH,, SCH,, S(O)CH,, $(0),CH,, S(0),NH, CH,CH,, C=C, OCH,, va NR,CH,,
trong d6 nguyén tr dAu tién cta cac nhém nay duoc lién két voi nguyén tr C cia mach
C-X-Ar.

10. Hop chét theo diém 9, trong d6 X 1a nhom héa tri hai dugc chon tir S,'_S(O)z, CH,,
SCH,, S(0),CH,, S(O),NH, CH,CH,, va C=C, trong d6-nguyén t dAu tién cla c4c nhém
nay dugc lién két véi nguyén tir C ciia mach C-X-Ar.

11. Hop chét theo diém 1, trong d6 R; 12 hydro hoic NRRg, v6i R 13 hydro va Rg 13 (Cs-
Cpp)xycloalkyl tity y dugc thé hoic di vong ty v dugc thé.

12. Hop chét theo diém 11, trong d6 R; 1a dugc chon tir cdc nhém sau:

F

O

|'£N H/N
H, ‘q/’l’b va % F.

13. Hop chét theo diém 1, trong d6 R, 1a NO,, NRgR hodc di vong tity ¥ dugce thé bing
(C1-Ce)alkyl hodc NH,.
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14. Hop chét theo diém 13, trong d6 R, 1a dugc chon tir cac nhém sau:

(e
__/

NH29 NH(CH2)3N(CH3 )25 NCH3 (CH2)3N(CH3 )29 NOZa s

O T

b

15. Hop chét theo diém 1, trong d6 W 1a Rs, SRs, ORs hodc NRsR, v6i Rs va Rg doc 1ap
v6i nhau 13 hydro hodc (C;-Ce)alkyl.

16. Hop chét theo diém 1, trong d6 hop chit nay duge chon tir cac hop chét sau:

] S :
14-2 mNb 14-10 ©/ \(\TSN
N

N N
X Q
\ \
F
Oy o
a4 Y » 9 HN
F s F
14-11 \Q I\/E\(N 15 N b b
HN" NN N’» s N
N~ N NN
F H
K’N\ § K,N

26-4 F\Q/S A 26-8 F\©/S S
N"N N I')l'

F F
F
0 ,CO HN
HN
/@\ By HN F\@/S = B D
F S N
27-1 TN 28 >
ol _ NN NN @
NTN N’\ F N,
K’N
N\
S - 0 I N—
F s HNJ(N S F S HNJ(N S
29 O A, H 29-a \Q WN H
\N N N/ N
F H £ H
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17. Dugc phim, chira it nhét mot hop chit c6 cong thirc (I) theo diém 1, va it nhit mot ta
dugce duge dung.

18. Phuong phép diéu ché hop chét ¢6 cong thic (I) theo diém 1, trong d6 V 1a C(O)
hoic C(S), bao gdm céc budc lién tiép sau:

(al) cho hop chét c6 cong thirc (A):

NH,
/Y1
Y. N
vz \,N
y/
3. Y4 N‘
Ra2g
A)

trong d6, Y1, Y2, Y3 va Y4 nhu duge xé4c dinh theo diém 1, va Ry 14 hydro hoidc

nhom bao vé N,
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ghép ciip v6i hop chét c6 cong thire (B):

B)
trong d6, Ry, Ry, U va n nhu duge x4c dinh theo diém 1, V 12 C(O) hodc C(S), va
R;) 12 OH ho#c nhém rdi chuyén duge chon tir nhém bao gdém Cl, Br, I, 0SO,CHs,
OSOz(:Fg, va OSOZC6H4-p-CH3,
dé thu dugc hop chét co cong thirc (C):

Rz

©

tfong do, Y1, Y,, Y3, Yu, Ry, Ry, U va n nhu dugc xéc dinh theo diém 1, R,¢ nhu
néu trén va V 1a C(O) hoic C(S),

(b1) khi Ry9 1a nhém bao vé N thi khir bdo v€ nguyén tir nito mang Ry dé thu
dugc hgp chét c6 cong thire (I) voi V 1a C(O) hodc C(S), va tuy ¥ thay thé nguyén tir nito
lién két véi V trong hop chét c¢6 cong thirc (C) thu dugc & bude (al) bing R; khong phai
laH,

(c1) tuy ¥ cho hop chét c6 cong thire (1) phan Umg véi axit hitu co hodc v6 co duogc
dung hoic bazo hitu co hodc vo co duge dung dé thu dugc mubi dugce dung cua hgp chét

nay.
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19. Phuong phép diéu ché hop chit c6 cong thic (I) theo diém 1, trong 6 V 12 CH,, bao

g0m céc budc lién ti€p sau:

(a2) cho hop chét c6 cong thirc (A):

NH,
AL .
g
=z
3. Y4 N‘
Rag
(A)

trong d6, Y1, Ya, Y3 va Y4 nhur duoc xac dinh theo diém 1, va Ry 12 hydro hoic

nhom bao vé N,

phan tng amin hoéa khir v4i aldehyt ¢6 cong thirc (D):

D)

trong d6, Ry, Ry, U va n nhu duge xac dinh theo diém 1,
d€ thu dugc hop chét ¢6 cong thire (E):

Ry

NH
/Y1
Y. N \
oA
s, &
v, N
Ra2g
(E)

trong d6, Y1, Ya, Y3, Y4, Ry, Ry, U va n nhu duge x4c dinh theo diém 1 va Ry9 nhu

néu trén,
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(b2) khi Ry9 1a nhém bao vé N thi khir bao v€ nguyén tir nito mang Ry va tlly y
thay thé nguyén tir nito lién két véi V bang R; khong phai 14 H ctia hop chét c6 cong thire
(E) thu dugc & budc (a2) dé thu duoc hop chit c6 cong thirc (1) trong d6, V 1a CH,, va

(c2) tuy y cho hop chét c6 cong thire (I) phan tng véi axit hitu co hodc vo co duge

dung hoic bazo hitu co hoic v6 co dugc dung dé thu duoc mudi duge dung ctia hop chét
nay.

20. Phuong phap diéu ché hop chét c6 cong thuc (I) theo diém 1, trong d6 V 1a C(O)
hozc C(S), n bang 1 va U la NH, bao gdm céc buéc lién tiép sau:

(a3) cho hop chét c6 cong thuc (A):

NH,
/Y1 )
Y. N
i
s
3.Y4 N‘
R2g
(A)

trong d6, Y}, Y, Y3 va Y, nhu dugc x4c dinh theo diém 1, va Ry 14 hydro hoac

nhom bao vé N,
ghép cip véi hop chét co cong thire (F):

Rz

(F)
trong d6, R; va R, nhu dugc x4c dinh theo diém 1vaZ1a 0 hoac S,

dé thu duoc hop chit co cong thirc (G):
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R,
R4
NH
24
NH
Y
Y2/ 1\ \
" ’N
Y3, =
vy, N
R2g

G)
trong d6, Y1, Ya, Y3, Y4, R; va R, nhu dugce xdc dinh theo diém 1, R29 va Z nhu

néu trén,

(b3) khi Ry9 1a nhém bao vé N thi khir bdo v€ nguyén tir nito mang Ryg va tly y
thay thé nguyén tir nito lién két v6i V bang R; khong phai 1a H ctia hop chét ¢6 cong thirc
(G) thu dugc & bude (a3) dé thu duge hop chét ¢ cong thire (1) trong do, V 1a C(O) hoidc
C(S), nbiang 1 va U 1a NH, va

(c3) tuy y cho hop chit c6 cong thic (I) phan ung véi axit hitu co hodc v co
duogc dung hodc bazo hitu co hodc v6 co duge dung dé thu dugc mubi dugc dung cua hop

chét nay.
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