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va cac bién 1a nhu duge xac dinh trong phan mé ta, hodc mudi duge dung cua no, hitu ich
lam chét e ché JAK kinaza. Sang ché ciing dé cap dén duogc pham chtra hop chat nay, va

quy trinh va cac hop chét trung gian hiru ich dé diéu ché hop chat nay.
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Linh vue ki thuit ciia sang ché

Séng ché dé cap dén hop chét diamino hitu ich lam chét tc ché JAK kinaza.
Séang ché ciing dé cap dén dugc pham chira hop chét nay, mo ta phuong phap sir dung
hop chét nay dé diéu tri bénh hd hép, va quy trinh va cc hop chét trung gian hitu ich
@& didu ché hop chét nay.

Tinh trang ky thuit cia sang ché

Bénh hen 13 bénh man tinh duong khi khéng c6 bién phép ngan ngua hodc
chita tri. Bénh dugc dic trung bodi viém, xo, ting dap Umg, va tai td chirc dudng khi,
tAt ca cac dic trung nay gép phin 1am han ché ludng khong khi. Uéc tinh 300 triéu
ngudi trén thé giGi méc bénh hen va udce tinh 13 s6 ngudi mac bénh hen s& ting 1én
dn 100 tridu vao nim 2025. & Hoa Ky, bénh hen anh huéng dén khoang 6% dén 8%
quﬁn thé, khién n6 tré thanh mot trong s6 cac bénh man tinh phé bién nhat & nudc
nay. Mic di hiu hét bénh nhén c6 thé kiém soat céc tridu chimg clia bénh hen bing
vide str dung corticosteroit dang hit ma c6 thé dugc két hop véi tac nhan cai bién
leukotrien va/hodc chit chu véan beta hoat ddng kéo dai, van con mdt nhém bénh nhan
méc bénh hen nghiém trong ma bénh nay khéng dugc kiém so4t bing céc liéu phap
thong thuong. Bénh hen dai ding nghiém trong dugc xac dinh 12 bénh ma khong
duoc kiém soat bang lidu cao corticosteroit dang hit. Mic du nguoi méc bénh hen
nghiém trong udc tinh chiém x4p xi 5% tdng s6 ngudi méc bénh hen, nhung ho ¢6
nguy co méc bénh va tir vong cao va chiu trach nhiém cho viéc chia sé khong can d6i
khi str dung ngudn luc chim séc strc khoe trong sé nhitng ngudi méc bénh hen. Van

can ¢6 céc liéu phap mai d€ diéu tri cho cac bénh nhén nay.

Xytokin 1a cac phan ti truyén tin hiéu gian bao bao gbm chemokin, interferon,
interleukin, lymphokin, va yéu t& hoai tir khéi u. Xytokin khong chi quan trong a6i
v6i su phat trién té bao binh thuong va sw didu hoa mién dich binh thudng ma con dbi
v6i bénh trung gian mién dich va gép phan vao sy phét trién cta cac té bao 4c tinh.
Mic xytokin ting cao lién quan dén bénh ly cta viém do hen. Vi du, céc liéu phép

dua trén khéng thé huéng dich interleukin (IL)-5, va 13 dugc thé hién d¢ tao ra loi ich
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lam sang & nhém bénh nhan mic bénh hen nghiém trong. Trong sb céc xytokin lién
quan dén viém do hen, nhiéu xytokin hoat déng qua con dudng truyén tin hiéu phu
thudc vao ho Janus cta tyrosin kinaza (JAK), truyén tin hiéu qua ho chét bién dbi tin
hiéu va chét hoat héa phién ma (Signal Transducer and Activator of Transcription -
STAT) cta cac yéu t6 phién ma. Xytokin lién quan dn viém do hen truyén tin hiéu
thong qua con dudng JAK-STAT bao gdm IL-2, IL-3, IL-4, IL-5, IL-6, IL-9, IL-11,
IL-13, IL-23, IL-31, IL-27, lymphopoietin m6é dém tuyén Gc (thymic stromal
lymphopoietin - TSLP), interferon-y (IFNy) va yéu t6 kich thich cum bach cau hat-dai
thuc bao (granulocyte-macrophage colony-stimulating factor - GM-CSF).

Ho JAK bao gém bén thanh vién, JAK1, JAK2, JAK3, va tyrosin kinaza 2
(TYK2). Lién két ctia xytokin véi thy thé xytokin phu thudc JAK gy ra sy dime hoa
thu thé din dén su phosphoryl héa clia cac nhém tyrosin trén JAK kinaza, anh hudng
dén su hoat hoa JAK. JAK d3 phosphoryl hoa, quay trd lai, lién két va phosphoryl
héa cac protein STAT khéac nhau ma dime hoéa, ndi bd hoa trong nhén té bao va diéu
chinh truc tiép sy phién ma gen, din dén cac tic dung hudng xudi lién quan dén bénh
viém trong s céac tac dung khac. JAK thudng lién két v6i thu thé xytokin theo cgp 12
ddng dime hodc di dime. Xytokin cu thé lién quan dén viéc két cap JAK cu thé. Mot
trong s6 bdn thanh vién ctia ho JAK lién quan dén viéc truyén tin hidu cta it nhit mot
trong sb cac xytokin lién quan dén viém do hen. Két qua 13, chat e ché héa hoc bang
hoat dong theo khung chdng lai tAt ca thanh vién ctia ho JAK c6 thé diéu chinh pham

vi rong con duong trudce khi viém ma gop phan vio bénh hen nghiém trong.

Tuy nhién, tdc dung khang viém rdng cua cac chét trc ché nay c6 thé tc ché
chirc ndng t& bao mién dich binh thudng, din dén nguy co lay nhidm tiém ning ting.
Bang chimg cta nguy co lay nhiém ting duoc quan sat vdi tofacitinib chét trc ché
JAK, duoc dung lidu qua miéng dé diéu tri viém khop dang thip. O bénh hen, viém
khu tra & dudng ho hap. Viém dudng khi 1a dic trung ctia cic bénh hd hép khéc ngoai
bénh hen. Bénh phéi tic nghén man tinh (chronic obstructive pulmonary disease -
COPD), bénh xo nang (cystic fibrosis - CF), bénh viém phdi khu trd, bénh phoi k&
(bao gdm bénh xo héa phdi tw phat), tdn thuong phdi cap tinh, hdi chimg suy ho hép
chp tinh, viém phé quéan, bénh tran khi, va thc viém tiéu phé quan cling 12 bénh dudng

hd hép trong d6 sinh 1y bénh hoc duge cho 14 lién quan dén xytokin tin hi¢u JAK.
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Viée dung khu trt chét &re ché JAK cho phdi bing céach hit tao ra tiém ning c6 hiéu

“qua diéu tri bang viéc phan phéi chét chéng xytokin tiém ning truc tiép dén vi trf hoat
dong, han ché tiép xtic toan than va do d6 han ché tiém ning wc ché mién dich toan

than gy bat loi. VAn cin chit (e ché JAK tidm ning thich hop dé dung khu tra cho

phdi dé& diéu tri bénh hd hip.
Ban chit ky thuit ciia sing ché
Vi cac 1y do néu trén, muc dich cia sang ché 1a @& xuét hop chét c6 hoat tinh
Jam chét tc ché JAK kinaza, dugc phdm chita hop chit nay va quy trinh diéu ché hop

chat nay.

Cu thé, sang ché dé xuit hop chét c6 cong thire (I):
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X 1a nhom c6 cong thuce (II):
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nla 0 hodc 1;

R'1a hydro hodc C,salkyl;
R? 13 hydro hogc Csalkyl;
R® 14 hydro ho#c Csalkyl;

hodc R? va R cung v&i nhau tao ra Cy4alkylen;
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hoac, khi n la 1, R? dugc chon tir hydro, —OH, -OC,;salkyl, halo,
-C(0)0C,alkyl, va Cysalkyl, trong d6 Cysalkyl tiry y dugce thé bang ~OH;

R* 14 hydro hoic Csalkyl;

R® duoc chon tir hydro, Cyalkyl, -C(O)OC, salkyl, va phenyl;
hogic khi n 1a 1, R* va R’ ciing véi nhau tao ra Cy.salkylen;

R® 14 hydro hoic Csalkyl;

R’ 14 hydro hodc C,salkyl,

hoac khinla 0, R*vaR’ cung véi nhau tao ra C;salkylen, hodc
R*varR’ cung véi nhau tao ra Cy4alkylen hodc
Cialkylen-O-Cjalkylen;

hoic khin 12 1, R* va R’ ciing v6i nhau tao ra Cyalkylen, tiy y dugc thé bang
C,salkyl ho#c R,

hodc R*vaR’ cung véi nhau tao ra C;salkylen hodc
-O-Csalkylen;

R® duoc chon tir

(a) hydro,

(b) metyl, tiry y duoc thé bang —CN, phenyl hodc Cs.exycloalkyl;

(¢) Cy.alkyl, trong dé Cyealkyl tiry ¥ duoc thé bing mot hodc hai phan tir thé
duoc chon tir —OH, -OCsalkyl, -CN, -SCyalkyl, phenyl, Csexycloalkyl, halo, va tuy
¥, ngodi ra bing hai phan tir thé trén mot nguyén t cacbon duy nhét cling v&i nhau
tao ra Cy.zalkylen;

(d) Cs.¢xycloalkyl, trong d6 Cs.exycloalkyl tily y dugc thé bing -OH, -CN, -
OC,salkyl, hoic Cisalkyl, trong d6 Csalkyl tuy y dugc thé béng -OCy.alkyl hodc
bang mot hozc hai halo,

(e) oxetanyl,

(f) tetrahydropyranyl,

(g) tetrahydrothiophenyl 1,1-dioxit, va
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(h) phenyl,
hosic R7 va R® cling v&i nhau tao ra Cs_salkylen hodc Cralkylen-O-Cialkylen;
trong d6 Cs.salkylen tiy ¥ dugc thé bang mot hogc hai R™;

R* duoc chon tr -OH, -CN, -OC.jalkyl, halo, phenyl, va C;salkyl trong d6
Cysalkyl ty ¥ dugc thé bang -OC, salkyl hodc -OH, hoac

hai phﬁn tr thé R* cuing voi nhau tao ra Cysalkylen hoac -CH,OCH,-,

hodc khinla 1 va R*ZvaR’ cung véi nhau tao ra Cyalkylen, R* va phén tir thé

R* trén C,alkylen cung v&i nhau tao ra Cyalkylen;

v6i diéu kién 1a hai phén tir thé R* trén cuing nguyén tir cacbon khong cung 1a

flo, va

véi diéu kién 13 khi R* duge gin véi nguyén tir cacbon bén canh nguyén tir

nito, R* khong phai -OH, -OC,_jalkyl, hoéc halo;
hodc mudi duge dung clia né.

Nhu duogc st dung sau day, cum tur “hop chét c6 cong thirc (I)” nghia 1a hop
chét co cong thirc (I) hodc mudi duge dung clia n6; nghia 1a, cum tlr nay nghia 12 hop
chét c6 cong thic (I) & dang bazo tu do hodc ¢ dang mudi dugc dung trir khi dugce chi

ra khéc.

Sang ché ciing d& xuét dugc phdm chira hop chat theo sang ché va chit mang

dugc dung.

Theo khia canh khac, sang ché d& xuét hop chat cu thé c6 cong thic (D) 1a
hydrat bazo tu do tinh thé. Hydrat tinh thé cta 5-etyl-2-flo-4-(3-(5-(1-metylpiperidin-
4-y1)-4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)- 1H-indazol-6-yl)phenol
dugc phat hién c6 nhiét 4o néng chay ndm trong khoang tir khoang 206°C dén khoang
216°C, thudng nim trong khoang tir khoang 209°C dén khoang 214°C, bét dau phan
hity & nhiét d6 khoang 245°C, va d& thé hién sy thay ddi khédi lugng nho hon khoang
0.12% khi tiép xtic véi khoang d6 Am tuong déi nim trong khoang 5% dén khoang
90% & nhiét do trong phong.

Sang ché ciing mo ta phuong phap didu tri bénh ho hép, cu thé, bénh hen, &

dong vat c6 v, phuong phap nay bao gdm viéc dung cho dong vat c6 vi luong cho
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hiéu qua diéu tri cia hop chit hodc cua dugc phim theo sang ché. Theo cac khia canh
tach rdi va riéng ré, sang ché ciing d& xuét quy trinh tdng hop va céac hop chit trung

gian dugc mo ta trong ban md tA ndy, 12 hitu ich dé diéu ché hop chét theo sang ché.

Séng ché cling d& xut hop chit theo séng ché duoc mo ta trong ban mo ta nay
dé str dung trong liéu phép y hoc, cling nhu viéc st dung hop chat theo sang ché trong

san xuét dang ché pham hogc thudc dé diéu tri bénh ho hap & dong vat co vu.
M0 ta vin tat cac hinh vé

Céc khia canh khac nhau theo sang ché duoc minh hoa béng viéc tham khdo

dén c4c hinh v& kém theo.

Fig.1 thd hién mAu phd nhidu xa bot tia X (powder x-ray diffraction - PXRD)
cia hydrat tinh thé cta 5-etyl-2-flo-4-(3-(5-(1-metylpiperidin-4-y1)-4,5,6,7-
tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol.

Fig.2 th® hién bidu dd nhiét phan tich nhiét quét vi sai (Differential scanning
calorimetry - DSC) cua hydrat tinh thé cta S-etyl-2-flo-4-(3-(5-(1-metylpiperidin-4-
y1)-4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)- 1H-indazol-6-yl)phenol.

Fig.3 thé hién dd thi phan tich nhiét trong (thermal gravimetric analysis -
TGA) cua hydrat tinh thé cua 5-etyl-2-flo-4-(3-(5-(1-metylpiperidin-4-y1)-4,5,6,7-
tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol.

Fig.4 thé hién biéu dd dang nhiét thAm hat d6 4m dong (dynamic moisture
sorption - DMS) ctia hydrat tinh thé cua 5-etyl-2-flo-4-(3-(5-(1-metylpiperidin-4-yl)-
4.5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol duoc quan
sat & nhiét do khoang 25°C.

MG ta chi tiét sang ché

Theo céac khia canh khac, sang ché d& xuit chét e ché JAK kinaza c6 cong
thire (I), mui duge dung ciia nb, va cac hop chit trung gian dé diéu ché ctia né. Céc
phén tir thé va cac gia tri dudi ddy dwoc dy dinh @& cung cép cac vi du tiéu bidu vé
cac khia canh khac nhau cta sang ché. Céc gi4 tri tiéu biéu nay duoc du dinh dé xac
dinh c4c khia canh nay va dugc du dinh dé loai trir cac gia tri khac hodc han ché

pham vi ctia sang che.



34007

Theo khia canh cu thé X 12 nhém c6 cong thirc (II):

R1 R2 5 RG

an

Theo khia canh khéc cu thé, X dugc chon tir

RS .
R® R3a R8 R7 R R7
N’ NI_s N N _g
N-R® KR m A
R3 R*
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N

O U
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/ﬁRX) 0 2 ) 0-2 R3a R3a
N >N ﬁ)l/\t\N‘Ra %\CN\RB

trong d6 cac bién R*, R, R7, R®, va R* duogc x4c dinh nhu trong cong thue (I)

Theo khia canh khac, X dugc chon tir:

hodc duogc xac dinh nhu sau day, R® 1a hydro hodc Csalkyl, va R3* dugc chon tir
hydro, —-OH, -OC;;alkyl, halo, -C(0)0C, salkyl, va Cysalkyl, trong d6 Cyalkyl tuy y
duoc thé bang —OH. Theo khia canh khac, R* duoc chon tir hydro, —OH,
-0OCysalkyl, halo, -C(0)OC;salkyl, va Cysalkyl,
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_R® .R7 | .R7
8 N ?77_/\/N\R8 :LLL N ‘}LL/\/\N‘RS
“‘L{C/N—R ke /\Q R

R8
}i\[:j and  m~_ NO

trong d6 cac bién R*® R’ va R® duoc x4c dinh nhu duge md ta ngay & trén

)

hodc trong d6, cu thé, R* 14 halo va vong pyrolidin cua tuy y duoc thé

bang C;.alkyl.

Theo khia canh khac, X dugc chon tur:

N,RS ,R7
'.LLL//\\/N_RS ‘?ZL/Q and ‘:H.L/\/N\RS

trong do:
R"1a C,salkyl; va

R® duoc chon tir hydro, metyl, C,4alkyl, C;4xycloalkyl, va

/

O’

Theo khia canh cu thé n 14 0 hodc 1. Theo khia canh khac cu thé, n 14 0. Theo
khia canh cu thé khac, n1a 1.

Theo khia canh cu thé, R'1a hydro hodc Cjsalkyl. Theo khia canh khac cu thé,
R! 14 hydro.

Theo khia canh cu thé, R%1a hydro hodc C;alkyl. Theo khia canh khéc cu thé,
R? 12 hydro.

Theo khia canh cu thé, R® 1a hydro hodc Ci.salkyl; hodc R? va R® cung voi
nhau tao ra C,4alkylen; hodc, khin 1a 1, R? duoc chon tir hydro, —OH, -OCy_salkyl,
halo, -C(0)OCalkyl, va Cyalkyl, trong d6 C;alkyl tuy y duge thé bﬁng -OH;
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Theo khia canh khac cu thé, R® 1a hydro hosic Cysalkyl; hodc, khin 1a 1, R’
duoge chon tir hydro, ~OH, -OCyalkyl, halo, -C(O)OC;.salkyl, va Cysalkyl;

Theo khia canh cu thé, R*vaR® cung véi nhau tao ra Csalkylen;
Céc gia tri cu thé cua R® bao gém hydro, -CH;, -OH, -CH,OH, va flo.

Theo khia canh cu thé, R* 1a hydro hoic C;.salkyl. Theo khia canh khéc cu thé,
R* 12 hydro.

Theo khia canh cu thé, R® duoc chon tir hydro, C;salkyl, -C(O)OC.zalkyl, va
phenyl, hodc khinla 1, R*vaR’ cung véi nhau tao ra Cjsalkylen.

Theo khia canh khéc cu thé, R*vaR’ cung véi nhau tao ra Cjalkylen.

Theo khia canh khéc cu thé, R’ 1a hydro hodc Csalkyl. Theo khia canh cu thé
khéc, R® 13 hydro.

Theo khia canh cu thé, R®1a hydro hodc Cjsalkyl. Theo khia canh khac cu thé,
R® 13 hydro.

Theo khia canh cu thé, R7 13 hydro hodc C;salkyl hodc khi n 1a 0, R* va R’
cung véi nhau tao ra C;salkylen, hoac R*vaR’ cung v6i nhau tao ra C4alkylen hodc
C,alkylen-O-Csalkylen; hodc khin la 1, R*vaR’ cung v&i nhau tao ra Calkylen, tuy
y dugc thé bang C,salkyl, hodc R* va R’ cing v6i nhau tao ra Cjsalkylen hodc
-O-Cyalkylen. Theo khia canh khac cu thé, khinla 1, R* va R’ cing véi nhau tao ra
-0-C,alkylen.

Theo khia canh khac cu thé, R" 1a hydro hodc C;alkyl.

Theo khia canh cu thé, R® dugc chon tir (a) hydro, (b) metyl, ty y duoc thé
bing —CN, phenyl hodc Csgxycloalkyl; (¢) Cpealkyl, trong d6 Cpealkyl tuy y duge
thé bing mot hodc hai phin t thé dugc chon tir —OH, -OCjalkyl,-CN,
-SC, salkyl, phenyl, Cs.exycloalkyl, halo, va tily ¥, ngoai ra bng hai phén tir thé trén
mot nguyén tir cacbon duy nhét clng v6i nhau tao ra Cyalkylen; (d) Cj.¢xycloalkyl,
trong d6  Csexycloalkyl tuy y  duge thé bing -OH, -CN,
-OCysalkyl, hodic Cyalkyl, trong d6 Cysalkyl tay y duoc thé bang -OC;salkyl hodc
bing mot hodc hai halo, (e) oxetanyl, (f) tetrahydropyranyl, (g) tetrahydrothiophenyl

-10-
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1,1-dioxit, va (h) phenyl; hodc R’ va R® cung voi nhau tao ra Cssalkylen hodc
C,alkylen-O- Cyalkylen.

Theo khia canh khac cu thé, R® duoc chon tir (a) hydro, (b) metyl, tuy ¥ duoc
thé bing Cs.exycloalkyl; (c) Coualkyl, trong d6 Cogalkyl tily ¥ duge thé bang mot
phin ti thé dugc chon tir —OH, -OCalkyl, -CN, -SCyalkyl, Cs4xycloalkyl, va halo
va tuy y, ngoai ra, béng hai phan tir thé trén mot nguyén tr cacbon duy nhit ciing voi
nhau tao ra Cyalkylen; (d) Cy.4xycloalkyl, trong d6 Cs4xycloalkyl tiy y duoc thé béng
-OH, -CN, -OC, salkyl, hodc Csalkyl, trong do C,salkyl tuy y duge thé bang -OC,.
;alkyl hodc bing mot hoic hai halo; (e) oxetanyl; (f) tetrahydropyranyl; va (g)
tetrahydrothiophenyl 1,1-dioxit.

Céc gié tri cu thé cla R® bao gdm hydro, -CHs, -C,Hs, isopropyl, xyclopropyl,
xyclobutyl, -CH(CH3)C,H;, -(CH,),CN, -CH,CH,F, -CH,isopropyl

-CH,xyclopropyl, -(CH,),0H, (CH,),30CH3 ,-(CH,),3SCHs,
-(CH,),CH(CH3)SCH, tetrahydropyran-4-yl, pyridin-4-yl,

Q2
O w50
%‘& and \g\g\o/

Theo céc khia canh cu thé khac, R® duge chon tir hydro, metyl, C,.alkyl,
/ /
B >— -5~ >—0
Cs4xycloalkyl, va % © ; va hydro, metyl, Cp4alkyl va % .

Theo khia canh cu thé khéc, R® dugc chon tir hydro, metyl, Cy4alkyl, va
Cs.4xycloalkyl, hodc hydro, metyl, Cy4alkyl va Csxycloalkyl.

Theo khia canh nhét dinh, séng ché d& xuét hop chat c6 cong thirc (I1D):

-11-



34007

F
HO
O LN’Rs
N@l
HN—& N

(T10)
trong d6 bién R® nhu duge xac dinh trong ban mo ta nay.

Theo khia canh khac, sang ché d& xuét hop chat c6 cong thuc (IV):

F
HO .
§ o
N
O ) ]QN
/)
HN-N N

av)
trong d6 bién R® nhu dugc x4c dinh trong ban mo ta nay.

Theo khia canh khéc, sang ché d& xuét hop chét c6 cong thirc (V):

F
HO
illl ‘ R’
O ND‘/\/N\RB
.|
/
HN-N N

V)

trong do cac bién R’ va R® nhu duoc x4c dinh trong ban md ta nay.

Theo khia canh khéc, sang ché dé xuit hop chit duoc chon tir cac hop chit
dudi day

5-etyl-2-ﬂ0—4-(3-(5-(1-metylazetidin=3=yl)=4,5,6,7-tetrahydr0-1H-imidazo[435-
¢]pyridin-2-yl)-1H-indazol-6-yl)phenol,

4-(3-(5-(azetidin-3-y1)-4,5,6,7-tetrahydro-1H-imidazo[4,5 -c]pyridin-2-yl)-1H-
indazol-6-yl)-5-etyl-2-flophenol,
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5-etyl-2-flo-4-(3-(5-(1-isopropylazetidin-3-y1)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol,

4-(3-(5-(1-(sec-butyl)azetidin-3-y1)-4,5,6,7-tetrahydro-1H-imidazo[4,5-
¢]pyridin-2-y1)-1H-indazol-6-yl)-5-etyl-2-flophenol,
4-(3-(5-(1-xyclopropylazetidin-3-yl)-4,5,6,7-tetrahydro-1H-imidazo[4,5-
c]pyridin-2-y1)-1H-indazol-6-yl)-5-etyl-2-flophenol,
5-etyl-2-flo-4-(3-(5-(1-metylpiperidin-4-y1)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol,
4-(3-(5-(2-(dimetylamino)etyl)-4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin-
2-y1)-1H-indazol-6-yl)-5-etyl-2-flophenol,
5-etyl-2-flo-4-(3-(5-(2-((3-metoxyxyclobutyl)amino)etyl)-4,5,6,7-tetrahydro-
1H-imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol,
5-etyl-4-(3-(5-(2-(etyl(metyl)amino)etyl)-4,5,6,7-tetrahydro-1H-imidazo[4,5-
c]pyridin-2-yl)-1H-indazol-6-yl)-2-flophenol,
4-(3-(5-(2-(sec-butyl(metyl)amino)etyl)-4,5,6,7-tetrahydro- 1H-imidazo[4,5-
c]pyridin-2-yl)-1H-indazol-6-yl)-5-etyl-2-flophenol,
(S)-5-etyl-2-flo-4-(3-(5-((1-metylpyrolidin-2-yl)metyl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol,
4-(3-(5-(3-(dimetylamino)-2-flopropyl)-4,5,6,7-tetrahydro-1H-imidazo[4, 5-
¢]pyridin-2-yl)-1H-indazol-6-yl)-5-etyl-2-flophenol,
(S)-5-etyl-2-flo-4-(3-(5-(morpholin-3-ylmetyl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol,
(R)-5-etyl-2-flo-4-(3-(5-(morpholin-3-ylmetyl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol,
(S)-5-etyl-2-flo-4-(3-(5-(2-(2-metylpyrolidin-1-yl)etyl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol,

va mudi dugc dung cta nd.
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Theo mét khia canh, sang ché dé xuét hop chét theo cac vi du 1-18 va céc bang
1-19 dudi day.

Theo khia canh cu thé, sang ché d& xuit hop chét 3-19, 3-28, va 3-29, duoc
boc 10 trong bang 3 ma khong dugc bao gdm trong cong thie (I).

Céc cAu trac héa hoc dugc dit tén trong ban md ta nay theo cong udc IUPAC

nhu duoc thuc hién trong phén mém ChemDraw (PerkinElmer, Inc., Cambridge,
MA). Vi du, hgp chét theo vi du 1:

e
HO
[i.ﬂ /[:P/
(L
HN-& N

duoc thiét ké 1a 5-etyl-2-flo-4-(3-(5-(1-metylazetidin-3-y1)-4,5,6,7-tetrahydro-
1H-imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol.

Hon nita, phin imidazo cta gbc tetrahydroimidazopyridin trong cAu tric c6
cong thire (I) tdn tai & dang hd bién, duogc minh hoa duéi ddy doi véi doan clia hop

chét theo vi du 1

H
/ N ] N\ \
HN=N  H HN-N N

A B

Theo cong udc IUPAC, cac chét dai dién nay tao ra viéc danh sb cac nguyén
tr khédc nhau cua phin imidazol: 2-(1H-indazol-3-yl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin (cAu tric A) véi 2-(1H-indazol-3-yl)-4,5,6,7-tetrahydro-3H-
imidazo[4,5-c]pyridin (ciu tric B). Pugc hiéu ring mic du cac chu trac dugc thé
hién, hodc dugc dat tén, & dang cu thé, sang ché ciing bao gém chét hd bién cta né.

Cac hop chét theo sang ché c6 thé chira mot hodc nhidu tdm bt d6i va do do,
cac hop chit nay (va céc hop chét trung gian clia nd) cé thé ton tai 1a hdn hop
raxemic; chit déng phan 1ap thé tinh khiét (nghia 13, chat ddng phan dbi anh hogc
chit ddng phan khong déi quang); hén hop giau chit ddng phan lap thé va cac hop
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chét tuong tw. Céc hop chét bt d6i duge thé hién va dugc dit tén trong ban md ta nay
khong c6 cdu tric héa hoc 1ap thé xéc dinh & tim bét déi duge dy dinh dé bao gom
bat ky hodc tht ca cic bién doi chit ddng phan lap thé c6 thd & tdm lap thé khong
dugc xéac dinh trir khi duoc chi ra khac. Viéc mo ta hodc dat tén chét déng phéan lap
thé cu thé ngha 1a tam 1ap th duoc chi ra c6 cu trac héa hoc lap thé duoc thiét ké
v6i viée hiéu ring lugng nhé cac chét ddng phén lap thé khac c6 thé cling c6 mit trix
khi duoc chi ra khac, véi diéu kién 1a loi ich ctia hop chit duge mé ta hoic duoc dit

tén khong bi loai trir béi sy c6 mat cua chét ddng phan lap thé khac.

Hop chit c6 cong thic (I) cling bao gdm nhiéu nhém bazo (vi du, cdc nhém
amino) va do dd, cac hop chét nay co thé tdn tai 14 bazo tu do hodc & céc dang mudi
khéac nhau, nhu a dang mudi duge proton héa mot l4n, dang mudi duoc proton héa hai
lan, dang mudi duoc proton hoa ba lan, hodc hdn hop chira chung. T4t ca cac dang

nay duoc bao gdm trong pham vi cua sang che, trir khi duge chi ra khac.

Sang ché ciing d& xuét cac hop chét danh diu ddng vi c6 cong thic (I), nghia
13, hop chét c6 cong thirc (I) trong d6 mot nguyén tr dugc thay thé hoic duge lam
giau bang mot nguyén tir c6 clng s6 nguyén ti nhung khéi lugng nguyén tir khac
khéi lugng nguyén tir ma chiém wu thé v& ban chét. Cac vi du v& dong vi ma c6 thé
duoc két hop vao hop chét c6 cong thie (I) bao gbm, nhung khong bi gi6i han &, ’H,
3, 1, Be, e, BN, PN, P0, 170, '®0, *s, *%Cl, va "*F. Cén quan tam dic biét 1a
hop chét c6 cong thire (I) duge 1am gidu trong triti hodc cacbon-14, 1a cac hop chét c¢6
thé duogc str dung, vi du, trong cac nghién ctru phén bd trong md. Ngoai ra cin quan
tAm cu thé 1a hop chit c6 cong thirc (I) dwoc lam giau trong doteri ddc biét & vi tri
chuyén hoa, 1a hop chit dugc mong doi dé c6 do 6n dinh chuyén hoa cao hon. Ngoai
ra cAn quan tAm cu thé 12 hop chét c6 cong thirc (I) duoc 1am giau trong positron phat
xa ddng vi, nhu He, 1B, 50 va PN, 1a hop chét c6 thé duoc str dung, vi du, trong céc
nghién ctu Chup cét 16p bing ddng vi phat xa positron (Positron Emission

Tomography - PET).
Dinh nghia

Khi mé ta sang ché nay bao gdm céc khia canh va phuong én khac nhau cla

né, céc thuat ngir dudi diy c6 nghia dudi déy, trir khi duoc chi ra khac.

-15-



34007

Thuat ngit "alkyl" nghia 14 nhém hydrocacbon bdo hoa héa tri mot co thé 1a
mach théng hodc nhanh hodc dang két hop ctia ching. Trur khi duoc xé4c dinh khac,
cac nhém alkyl nay thuong chira tir 1 dén 10 nguyén tr cacbon. Cac nhom alkyl tiéu
biéu bao gdm, bang vi du, metyl (Me), etyl (Et), n-propyl (n-Pr) hodc (nPr), isopropyl
(i-Pr) hotc (iPr), n-butyl (n-Bu) hodc (nBu), sec-butyl, isobutyl, tert-butyl (t-Bu) hodc
(tBu), n-pentyl, n-hexyl, 2,2-dimetylpropyl, 2-metylbutyl, 3-metylbutyl, 2-etylbutyl,
2,2-dimetylpentyl, 2-propylpentyl, va cac nhom tuong tu.

Thuat ngit "alkylen" nghia 12 nhém hydrocacbon bdo hoa héa tri hai c6 thé 1a
mach thing hoic nhanh hogc dang két hop ctia chung. Trir khi duge x4c dinh khac,
cdc nhom alkyl nay thuong chira tir 1 dén 10 nguyén tir cacbon. Céc nhém alkylen
tiéu biéu bao gdm, bang vi du —CH,-, -CH,CH,-, -CH,CH,CH,-, va céc nhém tuong
tu.

Khi sb nguyén tir cacbon cu thé duoc du dinh ddi véi thuat ngit cu thé, thi sb
nguyén tir cacbon nay duoc thé hién trudc thuat ngit d6. Vi du, thuat ngit “C;.; alkyl”
nghia 14 nhém alkyl c6 tir 1 dén 3 nguyén tlr cacbon trong d6 cac nguyén tir cacbon
nay & cAu hinh c¢6 thé chép nhéan dugc v& mat héa hoc bit ky, bao gdm cAu hinh mach
thing hoic nhanh.

Thuét ngtt "xycloalkyl" nghia 12 nhém vong cacbon bdo hoa hoa tri mot c6 thé
1a mot vong hodc nhiéu vong. Trir khi duge x4ac dinh khéc, cidc nhém xycloalkyl nay
thuomg chira tir 3 dén 10 nguyén tir cacbon. Cac nhom xycloalkyl tiéu biéu bao gom,
bing vi du, xyclopropyl (cPr), xyclobutyl (cBu), xXyclopentyl, xyclohexyl,
xycloheptyl, xyclooctyl, adamantyl, va cdc nhom tuong tur.

Thuét ngt "di vong", "tinh di vong", hodc "vong di vong" nghia la nhém
khong thom vong bdo hoa hoa tri mdt hodc nhom khong thom vong chua bao hoa
mot phin, c6 tong cong tir 3 dén 10 nguyén tir vong, trong d6 vong nay chira tir 2 dén
9 nguyén tr vong cacbon va tir 1 dén 4 nguyén tr khac loai trong vong dugc chon tur
nito, oxy, va luu huynh. Cac nhém di vong ti€u biéu c¢6 thé 12 mot vong hodc nhiéu
vong (nghia 13, dugc dung hop hodc ¢6 cAu). Cac nhém di vong bao gdm, bang vi du,
pyrolidinyl, piperidinyl, piperazinyl, imidazolidinyl, morpholinyl, thiomorpholyl,
indolin-3-yl, 2-imidazolinyl, tetrahydropyranyl, 1,2,3,4-tetrahydroisoquinolin-2-yl,

quinuclidinyl, 7-azanorbornanyl, nortropanyl, va cdc nhom tuong tu, trong d6 diém
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gdn 1a & nguyén tir vong cacbon hodc nito ¢6 san bat ky. Trong hoan canh 1am cho
diém gén ctia nhém di vong 13 rang, cic nhém nay cé thé dugc deé cép den bang cach
khac 13 loai khong héa tri, nghia 1a pyrolidin, piperidin, piperazin, imidazol,

tetrahydropyran v.v.
Thuét ngit “halo” nghia 12 flo, clo, brom hodc iot.

Thuét nglt “solvat” nghia la phuc chét hoic hop phén duoc tao ra béng mot
hodc nhidu phén tr cua chét tan, nghia 1a hop chét theo séng ché hodc mudi duoc
dung ctia n6, va mdt hodc nhiéu phan tir ciia dung méi. Cac solvat nay thuong la cac
chét rén tinh thé c6 ty 18 phén tir ctia chat tan va dung moi dugce c¢b dinh déng ké. Cac
dung moi tidu biéu bao gdm bang vi du, nuéc, metanol, etanol, isopropanol, axit
axetic, va cac chit twong tu. Khi dung mdi nay 1a nude, solvat dugc tao ra cu thé 1a

hydrat.

Thuat ngit “luong cho hidu qua diéu tri” nghia 1a luong dii dé tac dung diéu tri

khi dugc dung cho bénh nhén can diéu tri.

Thuét ngit “diéu tri” nhu duge sit dung trong ban mo ta nay nghia la diéu tri
bénh, r6i loan, hoic tinh trang y hoc (nhu bénh ho hép), & bénh nhan, nhu dong vat cé

v (cu thé 1a nguoi) ma bao gdm mot hoge nhidu dudi day:

(a)  ngan ngira bénh, ri loan, hodc tinh trang y hoc tir khi xuét hién, nghia
13, ngin ngira su tdi phat ciia bénh hodc tinh trang y hoc hodc diéu tri phong ngtra cho
bénh nhin ma bi 4nh hudng bdi bénh hodc tinh trang y hoc;

(b)  cai thién bénh, 161 loan, hodc tinh trang y hoc, nghia 14, loai trir hodc
gy ra su thoai hoa cia bénh, 161 loan, hodc tinh trang y hoc & bénh nhén, bao gém
viéc chéng lai tac dung cua cac chét diéu tri khac;

(¢)  ngén nglra bénh, r6i loan, hodc tinh trang y hoc, nghia 13, lam chdm
hodc lam ngung su phat trién ctia bénh, rdi loan, hodc tinh trang y hoc ¢ bénh nhén;

hodc

(d) lam gidm bat céc triéu chimg cua bénh, 161 loan, hodc tinh trang y hoc &
bénh nhan.
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Thuét ngit “mudi dugc dung” nghia 1a mudi c6 thé dwoc chip nhan d& dung
cho bénh nhan hodc dong vat c6 vi, nhu nguoi (vi du, mudi c6 d6 an toan cho dong
vat ¢6 vii chdp nhan dugc déi véi ché do lidu nhit dinh). Mudi dwoc dung tiéu biéu
bao gc‘Sm mudi cla axit axetic, ascorbic, benzensulfonic, benzoic, camphorsulfonic,
xitric, etansulfonic, edisylic, fumaric, gentisic, gluconic, glucoronic, glutamic,
hipuric, hydrobromic, clohydric, isethionic, lactic, lactobionic, maleic, malic,
mandelic, metansulfonic, mucic, naphtalensulfonic, naphtalen-1,5-disulfonic,
naphtalen-2,6-disulfonic, nicotinic, nitric, orotic, pamoic, pantothenic, phosphoric,

suxinic, sulfuric, tartaric, p-toluensulfonic va xinafoic, va cic mudi tuong tu.

Thuat ngit “mubi ctia né” nghia 1a hop chit duoc tao ra khi hydro cta axit
duoc thay thé béng cation, nhu cation kim loai hodc cation hifu co va cac chét tuong
tu. Vi du, cation nay c6 thé 1a dang dugc proton hoa cua hop chét ¢ cong thire (D),
nghia la dang ma mot hodc nhiéu cac nhém amino dugc proton héa béng axit. Thong
thuong, mudi nay 14 mudi dugc dung, mic du diéu nay khong dugc yéu cau ddi véi

céc mudi cua cac hop chét trung gian ma khong dugc du dinh d& dung cho bénh nhéan.

Thuét ngft "nhém bao vé amino" nghia 1a nhém bao v¢ thich hop dé ngan ngira
c4c phan tmg khong mong muén & amino nito. Céc nhém béo vé amino tiéu biéu bao
gdm, nhung khdng bi gidi han ¢, formyl; cac nhém axyl, vi du cadc nhom alkanoyl,
nhu axetyl va tri-floaxetyl; cdac nhom alkoxycacbonyl, nhu tert butoxycacbonyl
(Boc); cic nhoém arylmetoxycacbonyl, nhu benzyloxycacbonyl (Cbz) va
9-florenylmetoxycacbonyl (Fmoc); cac nhom arylmetyl, nhu benzyl (Bn), trityl (Tr),
va 1,1-di-(4’-metoxyphenyl)metyl; cac nhém silyl, nhu trimetylsilyl (TMS), tert-
butyldimetylsilyl (TBDMS), [2-(trimetylsilyl)etoxy]metyl (SEM); va cac nhom tuong
tu. Nhidu nhém bao vé, va viéc dua vao va loai bo ctia chung, nhu duge mo ta boi T.
W. Greene va P.G.M. Wuts, Protecting Groups in Organic Synthesis, Third Edition,
Wiley, New York

Quy trinh téng hop chung

Hop chét clia sdng ché, va cac hop chét trung gian ctia no6, ¢6 thé dugc didu
ché theo phuong phép va quy trinh chung dudi day bang cach st dung nguyén liéu
ban dAu va chét phan ing c6 thé mua dugc trén thi trudng hodc duge didu ché thuong

xuyén. Cac phan tir thé va cac bién (vi du, R!, R% R®, RY, v.v.) duge st dung trong
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cac so dd dudi diy c6 nghia gidng nhau nhu duge xac dinh trong ban md ta nay trir
khi duoc chi ra khac. Ngoai ra, hop chét ¢6 nguyén tir axit hodc bazo hogc nhém chue
¢6 thé duoc st dung hoic c6 thé dugc tao ra 1a mudi trir khi duoc chi ra khac (trong
mdt sd trudng hop, viéc st dung mudi trong phan Ung cu thé s& yéu ciu chuyén hoa
mudi thanh dang khong phai 1a mubi, vi du, bazo tu do, bing cach sir dung cac quy

trinh thong thuong trude khi thuc hién phan tng).

Mac du phuong an cu thé theo sang ché c6 thé duogc thé hién hodc duge mo ta
theo cédc quy trinh dudi day, ngudi c6 hidu biét trung binh trong linh vyc k¥ thuat s&
nhan ra ring cic phuong 4n hodc céc khia canh khac theo sang ché ciing c6 thé duoc
chudn bi bang cach st dung cac quy trinh nay hodc béng cach st dung cac phuong
phép, céc chét phan Umg, va cac nguyén li¢u ban diu khéc da biét dbi v6i ngudi co
hidu biét trung binh trong linh vue k§ thuat. Cu thé, s& duoc dénh gid cao 12 hop chat
theo sang ché c6 thé duge didu ché bang nhiéu quy trinh trong d6 céc chét phan tng
duoc két hop theo céac tht ty khac nhau dé tao ra cac hop chét trung gian khéc nhau

dén khi tao ra cac san pham cudi cung.

Phuong phap diéu ché chung hop chét cudi cing theo sang ché st dung hop
chét trung gian chinh 1 nhu dugc minh hoa trong so dd 1. Cac bién R%, R?, R*, vaR’
duoc xac dinh nhu trong cdng thire (1), R'la hydro, Pg thé hién nhém bao vé amino,
dién hinh Boc, va R* va R® duge x4c dinh sao cho nhém R® dugc tao ra khi hoan
thanh phan tmg, nghia 1a R¥-C(H)-R® 1a R®. Vi dy, khi R® 1a metyl, mdi bién R* va
R® 13 hydro sao cho R*-C(=0)-R* 1a formaldehyt. DPéi voi R® duge xdc dinh 1a

isopropyl, mdi R* va R® 1a metyl sao cho R*.C(=0)-R* 12 axeton.
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So db 1

HO
RBb R2 5 RB
/13
HN‘

)

Trong so d6 1, hop chét trung gian 1 dugc alkyl hoa N khir bang phan tng voi
aldehyt hodc keton 2 dé tao ra hop chét trung gian dugce bao vé 3. Phan ung nay
thuong duoc thuc hién bing cach tiép xtc hop chit trung gian 1 ndm trong khoang tir
khoang 1 dén khoang 2 dwong lugng cla hop chat 2 trong chét pha lodng tro thich
hop, nhu diclometan, metanol, tetrahydrofuran, hodc dimetylformamit trong su co
mit cta chit khir nim trong khoang tir khoang 2 va khoang 4 duong luong. Axit
axetic ndm trong khoang tir khoang 2 dén khoang 3 duong lugng co thé ty y dugc
bao gdm trong phan Umg nay. Phan ing nay dugc thuc hién thuong & nhiét do nam
trong khoang tir khoang 20°C dén khoang 40°C trong khoang 2 dén khoang 48 gid
hodc cho dén khi phan ung gin nhu hoan toan. Céac chét khir théng thuong bao gdm

natri triaxetoxybohydrit va natri xyanobohydrit.

Nhém béao vé duoc loai khéi hop chét trung gian 3 dudi diéu kién dién hinh.
Vi dy, nhom Boc co thé dugc loai bd béng viéc xu ly ti€u chuén bing axit, thuong 1a

axit trifloaxetic ho#c axit clohydric trong dioxan d2 tao ra hop chét trung gian 4 duoc
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phan tmg véi hop chét ¢6 cong thic R*-C(=0)-R*™ dudi diéu kién alkyl héa khir
fuong tu nhu & bude dau tién dé tao ra hop chét cudi cing (1)

Déi voi cac hop chat trong d6 nhom c¢6 cong thire (II) bao gdm nito bic ba, vi
du, trong d6 R’ va R® cung v6i nhau tao ra Cysalkylen hodc Cyalkylen-O- Csalkylen,
hop chét cubi cing c6 thé dugc didu ché truc tiép bang phan tng cta hop chét trung

gian 1 v6i hop chit trung gian 2'

trong d6 nhom bao vé amino Pg cia hop chit c¢6 cong thirc 2 duge thay thé
bing R®. Vi dy, nhu dugc minh hoa trong céc vi du 6 va 17 dudi ddy, hop chit cubi
cung co6 cong thue (IV) ¢6 thé duoc diéu ché bang phan tmg ctia hop chét trung gian 1

v6i hop chit c6 cong thirc 2

e

2"

Quy trinh diu ché hitu ich hop chit trung gian 1 duoc minh hoa trong so dd 2.
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So dod 2

Br.
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5 6
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_— ) /]3“ + BF3K
HN~
8

9
. F
BnO HO O
- 5 ®
(L _ppry™ a8
/ - W N
HN-N N N H

10 1

Nhu dugc mb ta chi tiét trong phan didu ché 9 va 10, va ciing trong 13 va 14,
dudi ddy, bromindazol aldehyt 5 dugc phén Gmg voi hop chit imin dugc bao vé
benzyl 6 dé tao ra hop chét trung gian 7. Phan tmg thong thuong dugce thuc hién trong
sy ¢6 mit clia natri bisulfit, & nhiét dd nam trong khoang tir khoang 130°C dén
khoang 140°C trong khoang tir khoang 1 dén khoang 6 git hodc cho dén khi phén
mg gan nhu hoan toan. San phim ndy c6 thé duge phan tach bing sy két tha tir hdn
hop phan tmg sau d6 bazo tw do va téi tinh thé. Hop chat 7 dugc khir béng cach sir
dung chét khtr nhu natri bohydrit dé tao ra hop chit 8. Phan umg nay duoc thuc hién
mdt cach c6 lgi trong chit pha lodng bao gdm metyltetrahydrofuran, metanol, va

nudc.

Viéc phén tach san phém 8 nay 1a bazo tu do hodc la mubi hydroclorua tao ra
san phim c6 do tinh khiét tot. Hop chit trung gian 8 duoc két hop véi
phenyltrifloborat 9 duge bao vé dudi didu kién két cdp Suzuki-Miyaura dién hinh dé
tao ra hop chét trung gian 10. Phan tng nay thuodng duoc thuc hién & nhiét 46 cao
trong sy ¢ mit cua chit xtc tac paladi. Tuy y, phan ng két cip Suzuki dugc thic
dAy bang cach ca chit bd sung dugc didu ché bang phan mg cta bis(pinacolato)bo

véi kali hydro diflorua, nhu duge mo ta trong phan diéu ché 16. Cudi cing, cc nhém
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benzyl cua hop chit trung gian 10 duoc loai bo dudi diéu kién dién hinh, vi dy trong

khi hydro trong su cé mit cia chit xuc tac paladi, dé tao ra hop chét trung gian 1.

Hop chét imin 6 duogc st dung trong budce thir nhét cta so dd 2 duoc didu ché
thong thuong bing phan {mg pyridin diamin v6i benzyl bromua va dugc cung clp
nhu mudi hydrobromua. Nhu dugc md ta trong phdn didu ché 8, chit phan {mg
Suzuki 9, dugc thé hién trong so dd 2 1a mubi kali trifloborat c6 thé dugc digu ché
bang benzyl bao vé 4-brom-5-etyl-2-flophenol bang phan tGng vé&i benzyl bromua va
phan tmg phenol dugc bao vé bdi benzyl vi bis(pinacolato)dibo dé didu ché bonat
ma sau d6 phan Gmg voi kali hydro diflorua d2 tao ra hop chét trung gian 9. Theo cach

khéc, hop chét trung gian bonat c6 thé dugc st dung thay cho trifloborat 9.

Ngoai ra, theo khia canh vé phuong phap, sang ché @& xuét quy trinh diéu ché
hop chét c6 cong thire (I') hodc mudi duoc dung cta nd, quy trinh nay bao gdm (a)
phan ung hop chit c¢6 cong thitc 1 v6i hop chét c6 cong thuc 2 @ tao ra hop chat
frung gian c6 cong thitc 3, (b) khir bao vé hop chét trung gian 3 d2 tao ra hop chét
trung gian 4, va (c) phan tmg hop chét trung gian 4 voi R%.C(=0)-R* dé tao ra hop
chét c6 cong thic (I') hodc mudi duoc dung cua nd. Sang ché con d& xudt quy trinh
diéu ché hop chit c¢6 cong thirc (IV) hodc mubi dugc dung cua nd, quy trinh nay bao
gdm hop chét phén ung c6 cong thirc 1 v&i hop chét c6 cong thirc 2" dé tao ra hop
chét c¢6 cong thic (IV) hodc mubi dugc dung cua nod.

Theo khia canh vé phuong phép, sang ché @ xuét quy trinh didu ché hop chit
c6 cong thic 1, quy trinh nay bao gbm (a) phan ung hop chét c6 cong thitc 8 v6i hop
chét ¢6 cong thirc 9 d& tao ra hop chat c6 cong thirc 10, va (b) khir bao v hop chét co
cong thirc 10 d tao ra hop chét ¢6 cong thirc 1.

Theo khia canh khac, séng ché dé xut hop chit c6 cong thic 8 va mubi
hydroclorua cta n6 hitu ich trong viéc diéu ché hop chét trung gian 1.

Dang tinh thé

Theo khia canh khac, sang ché dé& xuét hydrat tinh thé cta 5-etyl-2-flo-4-(3-(5-
(1-metylpiperidin-4-y1)-4,5,6,7-tetrahydro-1 H-imidazo[4,5-c]pyridin-2-yl)-1H-
indazol-6-yl)phenol
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Hydrat tinh thé theo sang ché 1a bazo tu do tinh thé ctia hop chét theo vi du 6.
Theo mét khia canh, hydrat tinh thé dugc dic trung bdi mAu phd nhidu xa bt tia X
(powder x-ray diffraction - PXRD) ¢6 céc dinh nhidu xa dang ké, trong céc dinh khac,
& céc gié tri 26 bing 6,20+0,20, 9,58+0,20, 17,53+0,20, 19,28+0,20, va 21,51=0,20.
Hydrat tinh th8 c6 thé con duge dic trung boi méu PXRD c6 hai hodc nhiéu dinh
nhiu xa bd sung, bao gém ba hodc nhiéu va bdn hodc nhiéu dinh nhidu xa bd sung &
gia tri 20 duogc chon tir 10,34+0,20, 11,54+0,20, 12,77+0,20, 13,01+0,20, 16,94+0,20,
20,61+0,20, va 22,10+0,20. Theo khia canh khéc, hydrat tinh thé duoc dic trung bai
miu PXRD c6 cic dinh nhidu xa & céc gia tri 20 bang 6,20+0,20, 9,58+0,20,
10,3440,20, 11,54+0,20, 12,77+0,20, 13,01+0,20, 16,94+0,20, 17,53+0,20,
19,2840,20, 20,61+0,20, 21,51+0,20, va 22,10+0,20.

Nhu duoe biét trong linh vuc vé phd nhifu xa bot tia X, vi tri dinh cia phé
PXRD twong déi it nhay véi céc chi tiét thi nghiém, nhu cc chi tiét vé chuén bi mau
va hinh dang dung cu, hon chiéu cao dinh twong ddi. Do d6, theo mot khia canh,
hydrat tinh thé duoc ddc trung bdi md hinh phd nhidu xa bot tia X trong d6 vi tri dinh
ghn nhu theo vi tri dinh thé hién trong Fig.1.

Theo khia canh khac, hydrat tinh thé duoc dic trung badi trang thai ciia n6 khi
tiép xtic v6i nhiét do cao. Nhu duoc chimg minh trong Fig.2, luong nhé phén tich
nhiét quét vi sai (Differential scanning calorimetry - DSC) dugc ghi lai & toc do gia
nhiét bng 10°C mdi phut thé hién sy thu nhiét ngén can su solvat hoa béng viéc khéi
diu & nhiét do khoang 83°C va dinh & nhiét do khoang 128°C va dinh trong dong
nhiét hép thu, dugc xac dinh 1a su chuyén pha nong chay, nhiét do nam trong khoang
tr khoang 206°C dén khoang 216°C, bao gbm nam trong khoang tir khoang 209°C
dén khoang 214°C. Luong nhé phén tich nhiét trong (thermal gravimetric analysis -
TGA) ctia Fig.3 thé hién viéc bit diu ngén can solvat héa & nhiét d6 khoang 112°C va
bét dAu phan hiy & nhiét do khoang 250°C. Profin TGA thé hién su mét khdi luong
khoang 3,86% & nhiét do 190°C ¢6 thé dwoc hidu 1a mét nude va so véi phén trim
khéi luong theo ly thuyét ctia nuéc d6i v&i monohydrat bang 3,65%. Ngoai ra hydrat

tinh thé c6 mit duoc cho 1a monohydrat.

Hydrat tinh thé duge chimg minh 13 ¢6 profin hép thu/giai hip ngugc c6 xu

hudng nho khac thudng d6i voi tinh hat 4m. Dang I duge chung minh 1a ¢ sy tang
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khéi lwong nhé hon khoang 0,12% & d 4m nim trong khoang tlr 5% dén 90% d6 am
tuong d6i nhu duoc thé hién trong Fig.4. Khong quan sat thdy hién tuong tré & hai
chu ky hép thu va giai hép. Hydrat tinh thé duge xem 1a khéng hit 4m.

Hydrat tinh thé cua S5-etyl-2-flo-4-(3-(5-(1-metylpiperidin-4-y1)-4,5,6,7-
tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol ~ dugc  diéu ché
thong thuong bing sy chuyén héa thanh dang bd nhdo ciia bot nhdo cta san pham
phan tmg cta phan tng alkyl héa N khu cua hop chét trung gian c6 cong thuc 1 véi
1-metylpiperidin-4-on. Sau khi lam ngung phan tmg alkyl hoa N khir ban diu bing
ammoniac trong nude, bdt nhio tao thanh dugc pha lodng trong dung mdi proton hoa,
vi du metanol, etanol, rugu isopropylic, hodc rugu n-propylic, va dugc gia nhiét ¢
nhiét 46 ndm trong khoang tir khoang 40°C dén khoang 60°C trong khoang 1 dén
khoang 24 gio hodc cho dén khi chuyén hoa hoan toan thanh dang solvat. Mdc du
nude nong duge bd sung 1a chit chéng dung moi dé két tua solvat cia san phim phan
tmg, dugc lam mat, vi du, dén khoang 10°C. Chét két tha dugc ria bang hdn hop 1:1
clia nuGe voi dung moi proton hoéa. Thong thuong, solvat bao gbém chét pha loing

trong d6 phan tmg alkyl héa khir duoc thyuc hién, dung mdi proton hoéa, va nudc.

Chuyén hoéa dang bot nhdo thanh hydrat tinh thé cla sang ché duoc thuc hién
béng viéc tao ra bdt nhio cua solvat dugc tao ra nhu duge mod td & trén hodc cua 5-
etyl-2-ﬂo-4-(3-(5-(1-metylpiperidin-4-yl)-4,5,6,7-tetrahydro-1H—imidazo[4,5-
c]pyridin-2-y1)-1H-indazol-6-yl)phenol v6 dinh hinh trong chat pha lodng bao gbm tir
khoang 1 dén khoang 30% thé tich/thé tich nudc cing v6i dung mdi hitu co. Cac
dung méi hitu co hitu ich dbi voi su chuyén hoa dang bao gdm, nhung khong bi gidi
han & metanol, tetrahydrofuran, ruou tert-butylic, axetonitril, isopropylaxetat va
axeton. Sy chuyén hoa dang tuy y bao gém viéc gia nhiét, vi du viéc gia nhiét & nhiét
5 tir khoang 40°C dén khoang 60°C trong khoang 1 git dén khoang 2 ngay hodc cho
dén khi chuyén héa dang hoan toan. Nhu dugc mo ta trong vi du 17, metanol 1a hiru
ich 1am dung méi proton hoa & budc dAu tién trong khi axeton 13 ddc biét hiru ich aé

chuyén héa dang bot nhao.

Ngoai ra theo khia canh vé phuong phap, sang ché @& xuit phuong phap didu
ché hydrat tinh thé coa S-etyl-2-flo-4-(3-(5-(1-metylpiperidin-4-y1)-4,5,6,7-
tetrahydro-1H-imidazo [4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol, phuong phép nay
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bao gdm (a) viéc tao ra bot nhdo chua 5-etyl-2-flo-4-(3-(5-(1-metylpiperidin-4-yl)-
4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol trong
solvat hodc dang vo dinh hinh trong chét pha lodng bao gdm tir khoang 1 dén khoang
30% thé tich/thé tich nudc cing v6i dung mdi hitu co dugc chon tir metanol,
tetrahydrofuran, rugu tert-butylic, axetonitril, isopropylaxetat va axeton, (b) gia nhiét
bot nhdo & nhiét d6 ndm trong khoang tir khoang 40°C dén khoang 60°C trong khoang
1 gitr dén khoang 2 ngdy, va (c) phén tich hydrat tinh thé tir bot nhio.

Dugc phim

Hop chét theo séng ché va mudi dugce dung cia né tong thudng duge sir dung
¢ dang dugc phém hodc dang ché phém. Duoc phém nay co thé thuan loi dugc dung
cho bénh nhan bing cach hit. Ngoai ra, dugc phim c6 thé duge dung bing dudng
dung bt ky c6 thé duge chip nhan bao gdm, nhung khong bi gidi han &, cach ding

qua miéng, dudng tryc trang, miii, khu trd (bao gdm qua da) va ngoai dudng tiéu hoa.

Ngoai ra, theo mot trong sb cac khia canh v& ché phdm cla nd, séng ché dé
xuét dén duogc phém chtra chit mang duoc dung hodc t4 dugc va hop chét c6 cong
thic (I), & ddy, nhu duoc dinh nghia & trén, "hop chét ¢6 cong thirc (I)" nghia 13 hop
chét c6 cong thue (I) hodc mubi dugc dung ctia nd. Tuy y, duoc phim nay c6 thé
chtra cac chét didu tri va/hodic cac chét bao ché khac néu mudn. Khi thao luén vé céc
ché phdm va viéc st dung cta chung, "hop chét theo sang ché" cling c6 thé duoc dé
cap dén trong ban mo ta nay la "chét ¢6 hoat tinh". Nhu duoc st dung trong ban md
ta nay, thudt ngit "hop chét theo sang ché" duoc dy dinh dé bao gdm tit ca cac hop
chét dugc bao gdm boi cong thire (I) cling nhu céc loai duge thé hién trong céc cong

thie (IID), (IV), va (V) va mubi duge dung ctia no

Dugc phim theo sdng ché thuong chira lugng cho hiéu qua diéu tri cuia hop
chit theo sang ché. Tuy nhién, ngudi c6 hiéu biét trung binh trong linh vuc k¥ thuat
s& nhan ra ring, dugc phdm c6 th8 chita nhiéu hon lugng cho hiéu qua diéu tri, nghia
I3, duoc phim khéi lugng 16n, hoic it hon luong cho hiéu qua diéu tri, nghfa 14, timg
céc lidu don vi riéng r& duoc thiét ké dé dung nhidu 1an dé dat dén luong cho hiéu qua

diéu tri.
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Thong thuong, cac duge phim ndy s& chira khdi lwong ndm trong khoang tir
khoang 0,01 dén khoang 95% khdi lugng chét c6 hoat tinh; bao gom, vi dy, tir
khoang 0,05 dén khoang 30% khéi lugng; va tir khoang 0,1% dén khoang 10% khoi

lwong ctia chat c¢6 hoat tinh.

Chét mang hodc t4 dugc thong thuong bat ky c6 thé dugc st dung trong dugc
phém theo sang ché. Viéc lua chon chit mang hoic ta duge cu thé, hoic két hop cia
chét mang hodc ta duge, s& tly thudc vao céch dung duoc st dung dé diéu tri cho
bénh nhan cu thé hodc loai tinh trang y hoc hodc tinh trang bénh. V& vén dé nay, viéc
didu ché duoc phdm thich hop déi voi cach ding cu thé 1a t6t trong pham vi cta
ngudi ¢6 hiéu biét trung binh trong linh vuc k§ thuét. Ngoai ra, chét mang hodc ta
duge dugc st dung trong duge phim theo sang ché c6 thé mua dugc trén thi truong.
Béng cach minh hoa thém, cac k¥ thuat bao ché thong thudng dugec md ta bdi
Remington: The Science and Practice of Pharmacy, tai ban lan thir 20, Lippincott
Williams & White, Baltimore, Maryland (2000); va H.C. Ansel et al., Pharmaceutical
Dosage Forms and Drug Delivery Systems, tai ban 14n tht 7, Lippincott Williams &
White, Baltimore, Maryland (1999).

Céc vi du tiéu bidu vé cac nguyén liéu co thé 14 chit mang dugc dung bao
gdm, nhung khong bi gidi han &, sau ddy: dudng, nhu lactoza, glucoza va sucroza;
tinh bot, nhu tinh bdt ngd va tinh bot khoai tay; xenluloza, nhu xenluloza vi tinh thé,
va cac din xuét cta ching, nhu natri carboxymetyl xenluloza, etyl xenluloza va
xenluloza axetat; tragacan dang bdt; mach nha; gelatin; talc; ta dugc, nhu bo cacao va
sap hinh vién dan; dau, nhu dau lac, dau hat bong, dau cy rum nhudm, dau vimg, dau
oliu, ddu ngd va dau déu tuong; glycol, nhu propylen glycol; polyol, nhu glyxerin,
sorbitol, manitol va polyetylen glycol; este, nhu etyl oleat va etyl laurat; thach; chat
dém, nhu magie hydroxit va nhom hydroxit; axit alginic; nudc khong c6 chit gay sdt;
nuwée mudi ding truong; dung dich Ringer; ruou etylic; dung dich dém phosphat; va

cac chit tuong thich khong doc khac duge sir dung trong duoc phém.

Duoc phém théng thuong duoc diéu ché bﬁng c4ch tron hodc pha tron hoan
toan va k¥ chét c6 hoat tinh véi chit mang dugc dung va mdt hodc nhiéu thanh phﬁn

tly y. Hon hop duoc trén ddng nhét tao thanh sau d6 c6 thé duoc tao hinh dang hodc
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dugc nap vao vién nén, vién nang, vién tron va cac dang tuong tu bang cach sir dung

céc quy trinh va thiét bj thong thudng.

Theo mot khia canh, duge phim thich hop dé dung bing cch hit. Dugc phdm
d dung bang cach hit thong thuong & dang sol khi hodc bot. Cac ché phim nay
thudng duge ding bing cach st dung thiét bi phan phdi bang binh xit, nhw binh xit
bot kho (dry powder inhaler - DPI), binh xit dinh lidu (metered-dose inhaler - MDI),
binh xit c6 éng phun, hoic thiét bi phan phéi tuong tu.

Theo phuong an cu thé, dugc pham dugc dung bang cach hit st dung binh xit
bot khd. Céac binh xit bt khd nay thong thuong dung dugce pham 13 bot chay tu do
duge phan tan t6i dong khi ctia bénh nhan khi hit vao. D& dat dugc ché phdm bot
chay tu do, chét didu tri thuong duge bao ché bing ta dugc thich hop nhu lactoza,
tinh bot, manitol, dextroza, axit polylactic (PLA), polylactit-co-glycolit (PLGA) hodc
dang két hop cta ching. Thong thuong, chét didu tri dugc micron héa va két hop véi

chit mang thich hop dé tao ra ché phdm thich hop dé hit.

Duoc phdm tidu biéu d sur dung trong binh xit bot kho chira lactoza va hop
chét theo sang ché & dang micron hoa. Ché phém bot kho nay co thé duoc tao ra, vi
du, bang cach két hop lactoza dugc xay kho véi chit diéu tri va sau d6 pha tron khd
céc thanh phin. Ché phim nay sau do thong thuong dugc nap vao chét phan tan bot

khé, hoiic vao bit tiém hit hogc vién nang dé sir dung bang thiét bi phan phdi bot kho.

Thiét bi phan phéi bing binh xit bot khd thich hop dé dung cac chat diéu tri
bang céach hit nhu duge md ta trong linh vyc k¥ thuat va cac vi du v& c4c thiét bi nay
1 ¢6 thé mua duoc trén thi truong. Vi du, thiét bi phan phdi bang binh xit bot kho
hodc san phdm tidu biéu bao gdm Aeolizer (Novartis); Airmax (IVAX); ClickHaler
(Innovata Biomed); Diskhaler (GlaxoSmithKline); Diskus/Accuhaler
(GlaxoSmithKline); Ellipta (GlaxoSmithKline); Easyhaler (Orion Pharma); Eclipse
(Aventis); FlowCaps (Hovione); Handihaler (Boehringer Ingelheim); Pulvinal
(Chiesi); Rotahaler (GlaxoSmithKline); SkyeHaler/Certihaler ~ (SkyePharma);
Twisthaler (Schering-Plough); Turbuhaler (AstraZeneca); Ultrahaler (Aventis); va

cac thiét bi va san phém tuong tu.
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Theo phuong an cu thé khéc, dugc phim dugc ding bang céch hit bang cach
sir dung binh xit dinh lidu. Binh xit dinh lidu thuong xit ra luong chat diéu trj xac
dinh bang cach st dung khi diy dugc nén. Ngoai ra, dugc phdm duoc dung bang cich
sit dung binh xit dinh lidu thuong chira dung dich hogc huyén phu cta chét diéu tri
trong chét diy hoa long. Chét diy héa 16ng thich hgp c6 thd duge sir dung bao gdm
hydrofloalkan (HFA), nhu 1,1,1,2-tetrafloetan (HFA 134a) va 1,1,1,2,3,3,3-heptaflo-
n-propan, (HFA 227); va cloflocacbon, nhu CCL;F. Theo phuong an cu thé, chat day
ndy 1a hydrofloalkan. Theo mdt vai phuong an, dang ché phdm hydrofloalkan chira
cling dung mdi, nhu etanol hodc pentan, va/hodc chét hoat dong bé mit, nhu sorbitan

trioleat, axit oleic, lexithin, va glyxerin.

Duoc phdm tiéu bidu dé s dung trong binh xit dinh liéu chtra tir khoang
0.01% dén khoang 5% khdi lugng hop chit theo sang ché; tir khoang 0% dén khoang
20% khéi lugng etanol; va tir khoang 0% dén khoang 5% khéi lwong chét hoat dong
b& mat; v6i chit con lai 14 chat diy HFA. Cac ché phim nay thong thuong dugc diéu
ché béng cach bd sung hydrofloalkan dugc lam lanh hodc dugc tao ap dén vat chira
thich hop chtra chét didu tri, etanol (néu c6) va chét hoat dong bé mit (néu co). bé
chuin bi huyén phi, chét didu tri dugc micron héa va sau dé két hop voi chit day.
Ché phdm nay sau d6 dugc nap vao hop nhd sol khi, thong thuong tao thanh mot
phin cua thiét bi binh xit dinh lidu.

Thiét bi binh xit dinh liu thich hop dé ding céc chit didu tri bing cach hit
nhu duwgc md ta trong linh vuc k§ thuat va céc vi du vé céc thiét bi nay c6 thé mua
dwoc trén thi truong. Vi du, thiét bj binh xit dinh lidu hogc sin phém tiéu biéu bao
gdm hé thdng binh xit AeroBid (Forest Pharmaceuticals); Sol khi Hit Atrovent
(Boehringer Ingelheim); Flovent (GlaxoSmithKline); Binh xit Maxair (3M); Binh xit
Proventil (Schering); Sol khi Hit Serevent (GlaxoSmithKline); va cac thiét bi va san
phim tuong tu.

Theo khia canh cu thé khac, duogc phém dugc dung bang cach hit st dung binh
xit c6 dng phun. Thiét bi c6 bng phun nay thong thudng tao ra dong khi ¢6 van tbc
cao lam cho dugc phdm dugc xit ra & dang swong duwoc mang vao dudng ho hép cua
bénh nhan. Ngoai ra, khi duge bao ché dé sir dung trong binh xit ¢ dng phun, chét

diéu tri c6 thé duoc hoa tan trong chit mang thich hop dé tao ra dung dich. Theo cach

-20-



34007

khac, cht didu tri c6 thé duoc micron héa hodc dugce xay nano va ket hop véi chét

mang thich hop dé tao ra huyén phi.

Duoc phdm tiéu biéu dé sir dung trong binh xit c6 bng phun chita dung dich
hodic huyén phit chira tir khoang 0,05 pug/mL dén khoang 20 mg/mL hop chét theo
sang ché va ta duoc tuong thich voi dang ché phim dugc phun. Theo mdt phuong én,

dung dich nay c6 do pH nim trong khoang tlr 3 dén khoang 8.

Thibt bi c6 éng phun thich hop d& ding cac chét didu tri bing cach hit nhu
dugc md ta trong linh vuc k¥ thuat va cic vi du vé cac thiét bi nay c6 thé mua duogc
trén thi truong. Vi du, thiét bi c6 éng phun hogc san phim tiéu biéu bao gbm Binh xit
swong 4m Respimat (Boehringer Ingelheim); H¢ thdng phan phéi trong phéi AERx
(Aradigm Corp.); PARI LC cting véi ng phun tai sir dung (Pari GmbH); va cac thiét

bi va san phim tuong tu.

Theo khia canh khéc, dugc phim theo séng ché c6 thé theo cach khac duoc
diéu ché & dang liéu dugc du dinh dung qua miéng. Dugc pham thich hop @& dung
qua miéng c6 thé & dang vién nang, vién nén, vién tron, vién thudc hinh thoi, vién
nhén, vién bao dudng, bot, hat; hodc dung dich hodc huyén phu trong chét long dang
nuée hodc chit 1ong khdng phéi dang nudc; hodc la nhil twong long dau trong nudc
hodc nudc trong du; hodc 1a cdn ngot hodc siro; va cac dang tuong tu; mdi dang

chira luong duoc dinh trudce ctia hop chét theo sang ché 13 thanh phan c6 hoat tinh.

Khi duoc du dinh diung qua miéng & dang liéu rén, dugc phém theo sang ché
s& thdng thuong chira chét c6 hoat tinh va mot hodc nhiéu chit mang dugc dung, nhu
natri xitrat hodc dicanxi phosphat. Tuy y hodc theo cach khdc, cac dang lidu ran nay
cling ¢6 thé bao gdm: chit nap hodc chit don, chit két dinh, chit giy 4m, dung dich
chét 1am cham, chét tang téc hép thy, chat thdm w6t, chit hip thy, chét bdi tron, chat
mau, va chét dém. Chit giai phéng, cht thim uét, chat pht, chat khir Iuu huynh,
huong liéu va chat thom, chit bao quan va chit chéng oxy héa ciing c6 thé c6 mat

trong dugc phdm theo sang ché.

Céc dang ché phim thay thé cling ¢6 thé bao gém dang ché pham gidi phong
duoc kidm soét, dang liéu 16ng ding qua miéng, miéng dén qua da, va dang ché phim

ngoai duong tiéu hoa. T4 duge va phuong phap thong thuong diéu ché cac dang ché
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phém thay thé nay nhu duge md ta, vi du, trong tai liéu tham khao ciia Remington, &

trén.

Céac vi du khong giéi han dudi ddy minh hoa dugc phim tiéu biéu theo sang

ché.
Ché phim bot kho

Hop chét dugc micron héa ¢ cong thire (I) (1 g) duge tron v6i lactoza dugc
xay (25 g). Hon hop dugc tron nay sau d6 dugce nap vao tung bao bi ctia gdi bao bi ¢co
thé boc lwong du dé cung cAp tir khoang 0,1 mg dén khoang 4 mg hop chét c6 cong

thire T mdi lidu. Lugng trong bao bi duge ding béng cach sir dung binh xit bot kho.
Ché phim bot kho

Hop chit dwoc micron hoa c6 cong thuce (I) (1 g) dugc pha tron v6i lactoza
duge xay (20 g) dé tao ra ché phdm khoi lugng 16n c6 ty 16 khéi lugng cta hop chét
vGi lactoza dugce xay bang 1:20. Ché phém duoc tron duoc dong goéi vao thiét bi hit
bot kho c6 thé phan phdi trong khoang tir khoang 0,1 mg dén khoang 4 mg hop chat
c6 cong thirc I mbi liéu.

Ché phém xit dinh lidu

Hop chét dugc micron hoa c6 cong thie (I) (10 g) duge phn tan trong dung
dich duoc didu ché bing cach hoa tan lexithin (0,2 g) trong nudc dugc khtr khoang
(200 mL). Huyén phtl tao thanh duge phun khé va sau d6 dugc micron hoa dé tao ra
ché phdm dugc micron héa chira céc hat ¢6 dudng kinh trung binh nhé hon khoang
1,5 pm. Ché phim dugc micron héa sau d6 dwoc nap vao binh xit but tiém dinh lidu
chta 1,1,1,2-tetrafloetan dugc nén & luong du d8 cung cép khodng 0,1 mg dén

khoang 4 mg hop chét c6 cong thire I mdi liu khi duge ding bing binh xit dinh lidu.
Ché phim phun

Hop chét c6 cong thic (I) (25 mg) dugc hoa tan trong dung dich chtra 1,5-2,5
duong luong cua axit clohydric, sau do bd sung natri hydroxit dé diéu chinh d6 pH
nim trong khoang tir 3,5 dén 5.5 va 3% khéi luong glyxerol. Dung dich nay duoc
khudy t6t cho dén khi tht ca cac thanh phin dugc hoa tan. Dung dich nay dugc dung
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bang cach st dung thiét bi c6 ng phun ma cung chp khoang 0,1 mg dén khodng 4 mg

hop chét c6 cong thirc I mdi licu.

Tinh hitu ich

Cac chét tc ché JAK theo sang ché dugc thiét ké dé diéu tri viém va bénh soi
clia dudng ho hip. Cu thé, hop chit dugc thibt ké dé co thé phan phdi chét chong

xytokin tiém ning truc tiép dén vi tri hoat dong ctia bénh hd hip trong phdi khi han

ché tiép xtc toan than.

Céc hop chét theo sang ché duge thé hién 1a chét trc ché tiém ning ctia ho JAK
clia cac enzym: JAK1, JAK2, JAK3, va TYK2. Ngoai ra, cac hop chét duoc ching
minh sy c ché tiém ning tién viém va xytokin trudc khi méc bénh sgi ma khong
biéu hién su gy doc té bao trong thir nghiém t& bao. Puoc nhan ra réng tac dung
khang viém rdng cta cac chét trc ché JAK c6 thé ngin chin chiic ning mién dich té
bao binh thudng, din dén nguy co lay nhidm c6 kha ning tang. Hop chat nay do d6
duoc tdi vu hoa dé han ché su hép thu tir phdi vao trong huyét twong, do d6 gidm dén

mue t6i thiéu nguy co e ché mién dich.

Nhu duoc mb ta trong phdn thir nghiém dudi day, su hép thu va phén bd cta
c4c hop chit dién hinh duge profin trong cac thir nghiém tién 1am sang. Cac hop chit
dugce chon duoc kiém tra & chudt nhét thé hién, & cling thoi diém, ndng do cao trong
mo phdi va hip thu chdm vao huyét twong. Cac hop chét duoc kiém tra & chudt nhat
thé hién su tiép xtc & trong phdi tir mot dén hai thit tw do 1on 16n hon khi tiép xue véi
huyét twong. Céac hop chit nay ciing thé hién sy duy tri déng k& trong phdi chudt
duoc ching minh bang thoi gian ban hity tong phdi nhiéu hon khoang 5 giv. Quan
trong 13, ndng do ctia hop chat thir nghiém & phdi chudt duoc thé hién twong tng véi
tac dung duoc dong hoc duge du dodn cua sy uc ché enzym JAK. Cac hop chét theo
sang ché duoc thé hién dé uc ché tac dung cua xytokin IL-13 tién viém trong mo phéi
chudt nht. Cu thé, cc hop chét nay chimg minh liu va ndng d6 phu thude vao sy frc
ché su phosphoryl héa ciia STAT6 gy ra béi IL-13 trong mo phdi tao ra bing ching
vé su tham gia hudng dich JAK & trong phdi in vivo. Tac dung nay dugc quan sat khi
xytokin IL-13 tién viém duoc dung 4 giy sau khi ding hop chat thtr nghiém, tao ra

bang chimg vé su duy tri dang k& trong phdi.
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Hop chit dugc kiém tra dugc ching minh thé hién ca hoat tinh rc ché tiém
nang & muc do t€ bao va su duy tri déng ké trong md phoi. Viéc diéu tra m& rong boi
c4c tac gia sang ché xac dinh rang mic du c6 thé xac dinh cac hop chét c6 tiém ning
& cAp do té bao hodc céc hop chit ma thé hién sy duy tri dang ké trong phéi, né khé
hon d& phat hién ra cac hop chit ma thé hién ca hai dic diém mong mudn & cling thoi
diém.

Chu tric diamino cta hop chét theo séng ché, bao gdm hai nguyén tir amino
nito, thé hién 14 quan trong khi dap tmg ca hai tidu chi vé& hiéu luc t€ bao va duy tri
trong phdi. Nhu dugc md ta trong phin thtr nghiém duéi ddy, hop chét trong d6
nguyén ti nito trong nhém c6 cong thirc (IT) duge thay thé bang nguyén tir cacbon
khong thoa man ca hai tiéu chi. Khong chi la hop chit monoamino nay c6 it tiém
nang dang chu y & muc do té bao hon hop chét diamino twong tmg, ma né con khong
thé hién su @rc ché déng ké trong thir nghiém duogc dong hoc cling nhu khéng thé hién
ndng do cao trong md phéi dudi cung diéu kién thir nghiém trong d6 hop chit nay thé

hién s duy tri dang ké trong phdi.

Hon nita, hop chat theo séng ché duoc ching minh 13 thé hién dt kha ning hoa
tan & cac gid tri pH twong thich v6i dang ché phdm dung bang khi dung hoa. Kha
nang hoa tan cling cé thé lién quan dén viéc kiém tra do doc cia hop chit dugc du
dinh d8 dung bang cach hit. Quan sat thdy ring viéc dung chét chua duge hoa tan cu
thé bing cach hit ¢6 thé lién quan dén tac dung phu & phdi khi kiém tra do doc (Jones
et al, Xenobiotica, 2011,1-8). Kha ning hoa tan cta hop chét nay cling c6 thé thuan
loi dnh gi4 d6 doc bang céch hit.

Hoat tinh khang viém cua cac chat tc ché JAK dugc ching minh manh mé
trong md hinh tién 14m sang cta bénh hen (Malaviya et al., Int Immunopharmacol,
2010, 10, 829,-836; Matsunaga et al., Biochem and Biophys Res Commun, 2011,
404, 261-267; Kudlacz et al., Eur J Pharmacol, 2008, 582, 154-161.) Ngoai ra, cac
hop chét theo sang ché duge mong doi 1a hitu ich dé diéu tri rbi loan hd hép do viém,
cu thé, bénh hen. Viém va xo phéi 13 d#c trung ctia cac bénh ho hép khac ngoai bénh
hen nhu bénh phdi tic nghén man tinh (chronic obstructive pulmonary disease -
COPD), bénh xo nang (cystic fibrosis - CF), bénh viém phdi khu tri, bénh phoi k&
(bao gdm bénh xo héa phdi tu phat), ton thwong phoi cép tinh, hoi chimg suy hd hép
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cp tinh, viém phé quan, bénh tran khi, va téc viém tiéu phé quan. Hop chét nay, do
d6, ciing duge mong doi 1 hitu ich dé diéu tri bénh phdi tdc ngh&n man tinh, bénh xo
nang, bénh viém phdi khu tra, bénh phdi k& (bao gdm bénh xo hda phéi tw phat), t6n
thwong phdi cdp tinh, hoi chimg suy ho hép cép tinh, viém phé quéan, bénh tran khi va
tic viém tidu phé quan.

Do dé, theo mot khia canh, sang ché mé ta phuong phap diéu trj bénh ho hap &
dong vat c6 va (vi dy, ngudi), phuong phap nay bao gbm viéc dung cho dong vat 6
vu lugng cho hiéu qua didu tri cta hop chit theo séng ché hodc ciia duge phim chira

chit mang duogc dung va hop cht theo sang ché.

Theo mot khia canh, bénh ho hip 12 bénh hen, bénh phdi tic nghén man tinh,
bénh x0 nang, bénh viém phdi khu tra, bénh phdi tic nghén man tinh (chronic
obstructive pulmonary disease - COPD), bénh xo nang (cystic fibrosis - CF), bénh
viém phéi khu trt, bénh phéi k& (bao gdm bénh xo héa phoi tw phat), t6n thuong phoi
cép tinh, hoi ching suy ho hép cip tinh, viém phé quan, bénh tran khi hodc tc viem
tidu phé quan. Theo khia canh khac, bénh ho hip 1a bénh hen hodc bénh phdi tic

ngh&n man tinh.

Séng ché con md ta phuong phép diéu tri bénh hen & dong vét c6 vi, phuong
phap nay bao gdm viée ding cho dong vat cé va lugng cho hi€u qua diéu tri ctia hop
chit theo sang ché hogc cua dugc phim chua chit mang dugc dung va hop chét theo

sang che.

Khi duoc st dung dé didu tri bénh hen, hop chit theo sang ché s& thong
thudong duge dung & liéu don mdi ngay hodc & nhiéu lidu mdi ngay, mic du dang
dung khac co thé duoc st dung. Luong chét c6 hoat tinh duwoc dung mdi 1iéu hoic
luong téng cong dugc ding mdi ngay s& thudng duge xéc dinh boi béc si, trong cac
truong hop lién quan, bao gdm tinh trang bénh duoc diéu tri, dudong dung dugc chon,
hop chat thuc té duoc dung va hoat tinh tuong d6i ctia chung, tudi, can ning, va dap
{mg ctia timg bénh nhan, mic d6 nghiém trong clia cac triéu chirng cuia bénh nhén, va

céc yéu tb tuong tu.

Céc hop chét theo sédng ché dugc chimg minh 13 céac chét e ché tiém ning cua

enzym JAK1, JAK2, JAK3, va TYK2 trong thr nghiém lién két enzym, dé c6 hoat
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dong chtc ning tiém ning ma khong gy doc té bao trong thur nghiém té bao, va dé
stt dung tac dung dugce dong hoc ctia sy e ché JAK trong m6 hinh tién 1am sang, nhu

duoc mo ta trong céac vi du dudi day.
Vi du thye hién sing ché

Céc vi du téng hop va sinh hoc duéi day duge dua ra dé minh hoa cho sang
ché, tuy nhién, cin phai hiéu ring cac vi du nay khong lam gi¢i han pham vi cua sang
ché. Theo céc vi du duéi day, cac tlr viét tit dudi day c6 nghia dudi day trir khi duge
chi ra khac. Cac tir viét tit khong dugc dinh nghia dudi ddy c6 nghia chung dugc
chip nhan.

ACN = axetonitril

CPME = xyclopentyl metyl ete
DCM = diclometan

DIPEA = N,N-diisopropyletylamin
DMAc = dimetylaxetamit
DMF = N,N-dimetylformamit
EtOAc = etyl axetat

h = gio

IPAc= isopropylaxetat
KOAc= kali axetat

MeOH= metanol

MeTHF =  2-metyltetrahydrofuran

min = phut

MTBE = metyl tert-butyl ete

NMP = N-metyl-2-pyrolidon

Pd(amphos),Cl, = bis(di-tert-butyl(4-dimetylaminophenyl)-

phosphin)diclopaladi(II)

Pd(dppf)Cl,=diclo(1,1’-bis(diphenylpho sphino)-feroxen)dipaladi(II)
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Pd(PPh;),= tetrakis(triphenylphosphin)paladi(0)

Pd(t-BusP),- bis(tri-tert-butylphosphin) paladi(0)

RT = nhiét d¢ phong

TEA = trietylamin

TFA = axit trifloaxetic

THF = tetrahydrofuran

bis(pinacolato)dibo = 44554455 -octametyl-

[2,27bi[[1,3,2]dioxabolanyl]

Céc chit phan tmg va dung méi dugc mua tir nha cung chp thuong mai
(Aldrich, Fluka, Sigma, v.v.), va dugc st dung ma khong tinh ché thém. Tién trinh
cia hdn hop phan Ung duoc gidm sat bing sic ky I6p mong (thin layer
chromatography - TLC), séc ky 1ong hiéu ning cao phéan tich (HPLC phan tich), va
khdi phé. Hon hop phan tmg lam viéc nhu duge md ta cu thé trong mdi phan tng;
thong thuong ching duge tinh ché bing phuong phap chiét va cac phuong phép tinh
ché khac nhu tinh thé héa va két taa phu thudc nhiét do, va dung moi. Ngoai ra, hon
hop phan tmg thuong duoc tinh ché bing sic ky ¢t hodc bang HPLC didu ché, thong
thuong st dung bao c6t C18 hogc BDS va chit rira giai thong thuong. biéu kién
HPLC diéu ché dién hinh nhu duge md ta dudi day.

Xac dinh dic diém ciia san phdm phén tmg thuong dugc thuc hién bing khdi
va phép do phd 'H-NMR. Dé phan tich NMR, céc mau dugc hoa tan trong dung moi
duoc doteri hoa (nhu CD;0D, CDCls, hodc d¢-DMSO), va phé 'H-NMR thu dugc
bing dung cu Varian Gemini 2000 (400 MHz) du6i diéu kién quan sat chuén. Viéc
xac dinh khdi phd ctia cac hop chét dugc thuc hién biang phuong phép ion héa phun
dien t&t (ESMS) bang dung cu Applied Biosystems (Foster City, CA) md hinh API
150 EX hoic dung cu Waters (Milford, MA) 3100, lién két véi hé théng tw tinh ché.

Piéu kién HPLC diéu ché

Cot: C18, 5pm. 21,2 x 150 mm hodc C18, 5 pum 21 x 250 hodc
C14, 5 pm 21x150 mm

Nhiét d6 cot: Nhiét do phong
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Téc d6 dong: 20,0 mL/phut
Pha dong: A =Nudc + 0,05% TFA
B =ACN + 0,05% TFA,

Thé tich tiém: (100-1500 pL)

Budc song phat hién: 214 nm

Hop chit tho dugc hoa tan trong ty 1€ 1:1 nudc:axit axetic & khoang 50
mg/mL. Chay kiém tra quy md phén tich trong 4 phut dugc thuc hién bang céach st
dung c6t 2,1 x 50 mm C18 sau d6 chay quy mo didu ché trong 15 hodc 20 phut bing
cach st dung 100 pL tiém véi gradien dua trén % B duy tri cua chay kiém tra quy mo
phan tich. Gradient chinh x4c doc 14p véi mau. Cac mau chay gin v6i tap chit duge
kiém tra bing cot 21 x 250 mm C18 vi/hodc cdt 21 x 150 mm C14 d€ tach t6t nht.
Cac phan doan bao gdm san phdm mong muén duoc x4c dinh bang phan tich khéi
ph.

Piéu kién HPLC phén tich

Phuong phap A

Cot:  Advanced Material Technology HALO® C18 (2), 150 x 4,60 nm, 2,7

micron

Nhiét do cot: 30°C

Téc d6 dong: 1,0 mL/phut
Thé tich tiém: 5 uL
Chuén bi mau: Hoa tan trong 1:1 ACN:nudc

Pha d6ng: A = Nudc:ACN:TFA (98:2:0,1)
B = Nudc:ACN:TFA (30:70:0,1)
Budc song phat hién: 254 nm

Gradien: 22 phut tbng sb (thdi gian (phat)/% B): 0/30, 15/100, 18/100,
20/30, 22/30
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Phuong phap B

Cot: Agilent Zorbax Bonus-RP C18, 150 x 4,60 nm, 3,5 micron
Nhiét do cdt: 40°C
Téc d6 dong: 1,5 mL/phtt
Thé tich tiém: 5 uL
Chuén bi mau: Hoa tan trong 1:1 ACN:1 M HCI
Pha dong: A = Nudc: TFA (99,95:0,05)
B = ACN:TFA (99,95:0,05)
Budc song phat hién: 254 nm va 214 nm
Gradien: 26 phat téng s& (thoi gian (phut)/% B): 0/5, 18/90, 22/90,
22,5/90, 26/5
Phuong phap C
Cot: Agilent Poroshell 120 Bonus-RP, 4,6 x 150 mm, 2,7 pm
Nhiét do cot: 30°C
Téc d6 dong: 1,5 mL/phut
Thé tich tiém: 10 pL
Pha dong: A = ACN:Nudc:TFA (2:98:0,1)
B = ACN:Nu6c:TFA (90:10:0,1)
Chuén bi mau: Hoa tan trong Pha dong B
Budc séng phat hién: 254 nm va 214 nm

Gradien: 60 phut tong sb (thdi gian (phit)/% B): 0/0, 50/100, 55/100,
55,1/0, 60/0
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Diéu ché 1: 1-(Benzyloxy)-4-brom-5-etyl-2-flobenzen

F
BnO

Br

(a) 5-Etyl-2-flophenol

Hén hop chira hop chit 5-brom-2-flophenol (80 g, 419 mmol) trong
tetrahydrofuran kho (800 mL) dugc loai khi va duoc thoi nito 3 14n, va Pd(t-BusP),
(4,28 g, 8,38 mmol) dugc bd sung. Dietyl kém (114 g, 921 mmol) duoc bd sung timg
giot vao hdn hop & nhiét do 25°C, va hon hop phan ing dugc khudy & nhiét do 50°C
trong 12 gio dudi nito va dugce rét chdm vao nuéc da lanh (1 L). EtOAc (350 mL)
duoc b sung va hdn hop phéan tng duoc khudy trong 20 phut va duoc loc. Banh loc
duoc rira bing EtOAc (3 x 500 mL). Céc 16p hitu co két hop duoc rira bang nudc
mudi (600 mL), dugc lam khd trén natri sulfat, duoc ¢d, va dugc tinh ché bﬁng sic ky

silica gel dé tao ra hop chét trung gian néu & dé muc (85 g, thd) 1a diu mau vang.
(b) 2-(Benzyloxy)-4-etyl-1-flobenzen

B& sung benzyl bromua (124 g, 728 mmol) va K,CO5 (126 g, 909 mmol) vao
dung dich chtra san phim & budce trude d6 (85 g, 606 mmol) trong ACN (850 mL).
Hon hop phan tmg duoc khudy & nhiét do 25°C trong 12 gid, dugc rét vao nude (1 L)
va duoc chiét bang EtOAc (4 x 500 mL). Céc 16p hiru co két hop dugce rua bang nudc
mudi (600 mL), duoc lam khd trén natri sulfat, dugc cd, va dugc tinh ché bang sic ky

silica gel dé tao ra hop chét trung gian néu & d muc (100 g) 14 ddu mau vang.
(¢) 1-(Benzyloxy)-4-brom-5-etyl-2-flobenzen

B6 sung timg phan N-bromsuxinimit (85 g, 477 mmol) vao dung dich chira san
phim & bude trude do (100 g, 434 mmol) trong ACN (1,0 L). Hon hop phéan tng
dugce khudy & nhiét 4o 25°C trong 5 gid, dugc rét vao nude (1,3 L) va dugce chiét
bang EtOAc (3 x 500 mL). Céc 16p hitu co két hop duge rira bing nudc mubi (800
mL), dugc lam kh trén natri sulfat, dugc cd, va dugc tinh ché bang sic ky silica gel

d4 tao ra hop chit néu & d& muc (83 g) 1a ddu mau vang. "H NMR (CDCls, 400 MHz)
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5 (ppm) 7,27-7,43 (m, 6H), 6,86 (d, J = 8,4 Hz, 1H), 5,10 (s, 2H), 2,64 (4, J = 7,6 Hz,
2H), 1,15 (t, T = 7,2 Hz, 1H).

Pidu ché 2: 2-(4-(Benzyloxy)-2-etyl-5-flophenyl)-4,4,5,5-tetrametyl-1,3,2-

dioxabolan

F
BnO
0
B
\
0

HOn hop chta hop chit & phdn diu ché 1 (83 g 268 mmol),
bis(pinacolato)dibo (102 g, 402 mmol), va KOAc (79,0 g, 805 mmol) trong dioxan
(830 mL) dugc loai khi va duge théi nito 3 lan, va Pd(dppDCL (3,93 &g,
5,37 mmol) duoc bd sung. Hon hop phan tmg duge khudly & nhiét do 120°C trong 4
gio dudi nito. Hon hop nay duge lam mat dén 25°C, duoc rét vao nude (1 L), va dugc
chiét bang EtOAc (3 x 500 mL). Cac 16p hitu co két hop dugce rira bang nuéc mudi
(800 mL), duoc 1am kh trén natri sulfat, va dugc tinh ché bang sic ky silica gel. San
phém nay dugc rua béng metanol (200 mL), dugc loc, va banh loc dugc lam kho dé
tao ra hop chit néu & d& muc (65 g) 1a chit rdn mau tring. 'H NMR (CDCl;, 400
MHz) § (ppm) 7,26-7,42 (m, SH), 6,74 (d, J = 7,6 Hz, 1H), 5,08 (s, 2H), 2,76 (q, J =
7,2 Hz, 2H), 1,25 (s, 12 H), 1,06 (t, ] = 7,6 Hz, 3H).

Pidu ché 3: 1-Benzyl-4-imino-1,4-dihydropyridin-3-amin

HoN

HN N—Bn

Bd sung benzyl bromua (306 g, 1,79 mol) vao dung dich chua pyridin-3,4-
diamin (200 g, 1,8 mol) trong ACN (17,0 L) va hdn hop phén tng dugc khudy & nhiét
d6 15°C trong 12 gid, dugc loc va banh loc duge lam kh6 dudi chan khong dé tao ra
hop chit néu & d& muc (250 g) 1a chét rdn mau trang. 'H NMR (d¢-DMSO, 400 MHz)
8 (ppm) 8,02 (dd, J=7,2, 1,6 Hz, 1H), 7,66 (s, 1H), 7,34-7,41 (m, 5H), 6,79 (d, J =
6,8 Hz, 1H), 5,62 (s, 2H), 5,36 (s, 2H).
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Didu ché 4: 5-Benzyl-2-(6-brom-1H-indazol-3-y1)-5H-imidazo[4,5-c]pyridin

Br.

/
HN~ WA

(a) 6-Brom-1H-indazol-3-yl-carbaldehyt

Dung dich chita NaNO, (704 g, 10,2 mol) trong nuée (1 L) duoc bd sung timg
giot vao dung dich chtta 6-brom-1H-indol (400 g, 2,0 mol) trong axeton (7 L) & nhiét
d6 10°C. Hon hop phan tng dugc khudy & nhiét ¢6 10°C trong 30 phut, HC1 3M dang
nudce (437 mL) dugce bd sung chim clng v&i khudy manh, giit nhiét d6 bén trong gitta
10 va 25°C. Dung dich nay dugc khudy & nhiét d6 20°C trong 3 gio, va dugc co trong
khi gift nhiét d§ duéi 35°C. Chét rén thu dugc béng cach loc. Banh loc dugc rua béng
1:2 ete ddu mo:MTBE (800 mL). Cac chit ran thu duoc bang cach loc va dugc 1am
kho duéi chan khong d tao ra hop chét trung gian néu & & muc (450 g) 14 chit ran
mau nau den. "H NMR (CH;0D, 400 MHz) § (ppm) 7,77 (d, J = 8,8 Hz, 1H), 7,69 (s,
1H), 7,22 (dd, J = 8,4, 2,4 Hz, 1H), 5,70 (s, 1H).

b) 5-Benzyl-2-(6-brom-1H-indazol-3-yl)-5H-imidazo[4,5 -c]pyridin

Nap NaHSOs (83,2 g, 799,9 mmol) vao dung dich duoc khudy chitra 6-brom-
1H-indazol-3-yl-carbaldehyt (150,0 g, 666 mmol,) va 1-benzyl-4-imino-1,4-
dihydropyridin-3-amin (127,5 g, 639,9 mmol) trong DMF (750 mL) va hon hop phan
ung dugc khqu trong 6 gid & nhiét do 140°C va dugc rét vao nude (3,5L). Chét két
tia duge loc va duge rira bang nuée (1 L) d tao ra hop chit néu & dé myc (180 g) 1a
chit rin mau ndu den. 'H NMR (ds-DMSO, 400 MHz) 8 (ppm) 8,69 (s, 1H) 8,71 (d, ]
=72 Hz, 1H) 8,37 (d, J = 8,4 Hz, 1H) 8,07 (d, J = 6,4 Hz, 1H) 7,97 (s, 1H) 7,38-
7,43(m, 3H) 7,50-7,54 (m, 4H) 5,87 (s, 2H).

DPidu ché 5: 5-Benzyl-2-(6-brom-1H-indazol-3-yl)-4,5,6,7-tetrahydro-1H-

imidazo[4,5-c]pyridin

Br.
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B4 sung timg phan NaBH, (12,9 g, 341,3 mmol) vao dung dich chira 5-benzyl-
2-(6-brom-1H-indazol-3-yl)-5H-imidazo[4,5-c]pyridin (23,0 g, 56,9 mmol) trong
MeOH (200 mL) va THF (1 L) va hdn hop phan tmg duoc khudy & nhiét do 50°C
trong 2 gid. Axit axetic (10 eq) duogc bd sung, dung dich nay dugc cb dén khi kho va
duoc tinh ché bang sic ky silica gel (30 g silic oxit, 0-10% MeOH/DCM véi 0,1%
TEA) dé tao ra hop chét néu & d& muyc (6,0 g). 'HNMR (de-DMSO, 400 MHz) §
(ppm) 8,24 (d, J = 8,0 Hz, 1H), 7,77 (s, 1H), 7,28 - 7,37 (m, 7H), 3,74 (s, 2H), 3,48
(br.s, 2H), 2,80 (s, 2H), 2,66 (s, 2H).

Pidu ché 6: 5-Benzyl-2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1H-indazol-3-
y1)-4,5,6,7-tetrahydro- 1H-imidazo[4,5-c]pyridin

F
BnO O
Bn
N -
O ) @
/
HN-N N

(a) tert-Butyl 5-benzyl-2-(6-brom-1 ~(tert-butoxycacbonyl)-1H-indazol-3-yl)-
4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin-1-carboxylat

Hai phan Gmg duoc thyc hién song song. Huyén phti chtra 5-benzyl-2-(6-brom-
1H-indazol-3-y1)-4,5,6,7-tetrahydro- 1H-imidazo[4,5-c]pyridin (80 g, 196 mmol), di-
tert-butyl dicacbonat (128 g, 587,8 mmol, 135 mL) va TEA (79,3 g, 784 mmol,
109 mL) trong DCM (1 L) dugc khudy & nhiét do 20°C trong 12 gi¢. Hai huyén phu
phéan tng dugc két hop, dugc c¢d dén khi khd, va dugc tinh ché bang séc ky silica gel
(ete ddu mé: EtOAc 10:1 - 0:1) @8 tao ra hop chét trung gian néu & d& muc (170,0 g).

®) 5-Benzy1—2-(6—brom-1H—indazol-3-yl)-4,5,6,7-tetrahydro-1H—imidazo[4,5-
clpyridin

Hai phan tmg duoc thyc hién song song. Dung dich chtra san phdm & budc
trude d6 (85 g, 140 mmol) va HCI 4M trong MeOH (400 mL) trong DCM (400 mL)
duogc khuéy & nhiét @6 25°C trong 12 gio. Ho6n hop phan ung dugc két hop va duge
¢6 dén khi kho, DCM (250 mL) duoc bd sung cung voi khudy, va hon hgp phan tng
duoc khudy trong 30 phtt va dugc loc. Banh loc dugc rira bang DCM (2 x 20 mL) va

duoc lam kho dé tao ra hop chit néu & d&& muc (85 g) 1a chét rin mau tring duc.
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(c) 5-Benzyl-2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)- 1H-indazol-3-yl)-
4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin

T4m muoi 13m phan ing dugc thyc hién song song. San phim & bude trude d6
(1,0 g, 2,5mmol), 2-(4-(benzyloxy)-2-ety1—5-ﬂophenyl)-4,4,5,5-tetrametyl-1,3,2-
dioxabolan (873 mg, 2,5 mmol), va Pd(PPhs); (227 mg, 196. pumol) dugc hoa tan
trong hon hop chita nude (4 mL) va dioxan (10 mL). Phan ung vial was bubbled with
nito trong 2 phit va Na,COj; (779 mg, 7,4 mmol) dugc b sung nhanh duéi nito. Hon
hop phan tng dugc gia nhiét ¢ nhiét d6 130°C trong 1,5 gio. Hon hop 85 phan ung
duge két hop va dugc ¢b dudi ap sudt gidm. Cin dugc hoa tan trong DCM (500 mL)
va duoc tinh ché bing sic ky silica gel (150 g silic oxit, dugc rira giai bing
DCM:THF (6:1 dén 3:1)) dé tao ra hop chét néu & d& muc (50 g) la chét rin mau

trang duc.

Didu ché 7: 5-Ety1—2-ﬂo-4-(3-(4,5,6,7-tetrahydr0—1H—imidazo[4,5-c]pyridin-2-
yl)-1H-indazol-6-yl)phenol

F
g
N
(0
/
HN—N ﬁ

Hon hop chua 5-benzyl-2-(6-(4—(benzyloxy)-2-etyl-S-ﬂophenyl)—lH-indazol-
3-yl)-4,5,6,7-tetrahydro-1H—imidazo[4,5-c]pyridin (44,5 g, 79,8 mmol), Pd(OH),/C
(25 g, 2,7 mmol, 50% tinh khiét) va TFA (44,5 g, 390 mmol, 28,9 mL) trong MeOH
(500 mL) duogc khudy dudi hydro (50 Psi) trong 4 git va dugc loc. PA(OH),/C (25 g,
2,7 mmol, 50% tinh khiét) duoc bd sung vao dich loc va huyén phu tao thanh dugc
khudy dudi hydro (50 Psi) & nhiét d 25°C trong 12 gio. Huyén phu nay dugc két hop
v6i huyén phil tir phan tng trude & lugng 5,5 g va duge loc. Banh loc dugce rira bang
20:1 MeOH:TFA (2 x 200 mL). Dich loc két hop duoc cd6 va HCI 4M trong MeOH
(200 mL) dugc bd sung vao cin cung voi khudy. Huyén phu tao thanh dugc cd, duge
Jam nhio bang MeOH (80 mL) va duoc khudy trong 30 phit. ChAt rén mau tring
duoc két tta. Chéat rén duoc loc, banh loc dugc rua béng MeOH (2 x 10 mL) va duoc

Jam kho dudi chan khong dé tao ra mudi HCI ctia hop chét néu & dé muc (24,8 g) 14
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chit rén mau tring duc. (m/z): [M+H]" duoc tinh todn ddi voi CyHaFNsO 378,17
tim thiy 378,1. '"HNMR (ds-DMSO, 400 MHz) & (ppm) 8,23 (d, J = 8,4 Hz, 1H),
759 (s, 1H), 7,35 (d, J = 11,2 Hz, 1H), 6,90 — 6,97 (m, 2H), 4,57 (s, 2H), 3,72 (¢, T =
6,0 Hz, 2H), 3,22 (t, J = 6,0 Hz, 2H), 2,51 (q, J = 7,6 Hz, 2H), 1,04 (t, ] = 7.6 Hz,
3H).

Didu ché 8: (4-(Benzyloxy)-2-etyl-5-flophenyltrifloborat, kali

F
BnO

BF:K

(a) 1-(Benzyloxy)-4-brom-5-etyl-2-flobenzen

B sung kali cacbonat (34,7 g, 251 mmol) & nhiét d6 phong vao hdn hop chua
4-brom-5-etyl-2-flophenol (50 g, 228 mmol) va DMF(200 mL). Hon hop phan ung
duoc khudy trong 15 phut; benzyl bromua (25,8 mL, 217 mmol) dugc bd sung ting
giot; hdn hop phan tmg duoc khudy & nhiét do trong phong qua dém va dugc rét vao
nude (1 L). Etyl axetat (1 L) duge bd sung; cac pha nay dugc tach ra; 16p hitu co nay
duoc rira biang nude mudi (1 L), va duge 1am kho bang natri sulfat sau d6 dung moi
loai bd dé tao ra hop chit trung gian thé néu & d muc (71 g) 1a diu dic. HPLC
Phuong phép A Thoi gian duy tri 17,37 phut.

(b) 2-(4-(Benzyloxy)-2-etyl-5-flophenyl)-4,4,5,5 -tetrametyl-1,3,2-dioxabolan

Hon hop chta san phim & budc trude do (70 g, 226 mmol) va dioxan
(800 mL) duoc thdi nito va sau d6 bis(pinacolato)dibo (86 g, 340 mmol) duoc bd
sung sau d6 kali axetat (66,7 g, 679 mmol). Hon hop phan tng duoc théi nito;
Pd(dppf)CL, (3,31 g, 4,53 mmol) dugc bd sung; hon hop phan tmg dugc gia nhict 6
nhiét d6 120°C dudi nito trong 4 gid; duge lam lanh dén nhiét do trong phong va
duge khudy qua dém. Hon hop phan tng dugc cd bang cach lam bay hoi kiéu quay va
tach phan nudc (800 mL) va etyl axetat (800 mL). Lép hitu co nay dugc rira bing
nude mudi (800 mL) va dugc 1am kho bing natri sulfat sau d6 dung moi loai bo. San
phdm thd dugc hoa tan trong DCM (400 mL) va dugc tinh ché bang séc ky silica gel
(1 kg silic oxit, dugc rira giai béng 20% etyl axetat trong hexan (2 L)). Dung moi
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duoc loai bo bang cach 1am bay hoi kiéu quay d tao ra hop chét trung gian néu & @&

muc (81 g) 14 diu mau vang nhat.
(c) (4-(benzyloxy)-2-etyl-5-flophenyDytrifloborat, kali

San phdm & buédc trude d6 (81g, 227 mmol) duge tron véi axeton (400 mL)
cho dén khi hoa tan hoan toan va metanol (400 mL) duge bd sung sau d6 kali hydro
diflorua 3M trong nuédc (379 mL, 1137 mmol) va hdn hop phan tmg duoc khudy &
nhiét 6 phong. Hau hét dung méi duoc loai b bang cach lam bay hoi kiéu quay.
Nuéc (500 mL) duge bd sung va bdt nhdo dic tao thanh dugce khudy trong 30 phut va
duoc loc. Binh thot ¢b va banh loc duoc rira bang nudc (2 x 100 mL) va chit rén
duoc lam kho qua dém. Toluen (400 mL) duoc bd sung, 200 mL dugc loai bo béng
cach 1am bay hoi kiéu quay & nhiét do 50°C. Ho6n hop phéan ung dugc lam mat dén
nhiét d6 trong phong, dugc khudy trong 30 phut va duoc loc. Chét rin dugc 1am khd
d tao ra hop chit néu & d& muc (69,7 g, 205 mmol, 90% hiu sudt) 12 chét rin mau

trang. HPLC Phuong phép A Thoi gian duy tri 10,90 phut.

Diéu ché 9: 5-Benzyl-2-(6-brom-1H—indazol-3-yl)-SH—imidazo[4,5-c]pyridin

Br.
Y/
N~y NNF

(a) 1-Benzyl-4-imino-1,4-dihydropyridin-3-amin

Hbn hop chita pyridin-3,4-diamin (700 g, 6,414 mol) va ACN (15,5 L) duoc
khudy trong 80 phut ¢ nhiét do tir 25°C dén 15°C. Dung dich chira benzyl bromua
(763 mL, 6,414 mol) trong ACN (1 L) dugc bd sung trong 10 phut va hdn hop phéan
ung dugc khudy trong 1 gid & nhiét do 25°C va ¢ nhiét do 20°C qua dém. Hbn hop
phan tng duoc loc. Binh phan Umg va béanh loc duge rira bang ACN (8 L) va duge
lam 4m dén 25°C, va duoc ria 14n nira bing ACN (8 L) va duoc lam Am dén 25°C.
Chét rin duoc lam kho trén bd loc trong 3 gid dudi nito, & nhiét d6 50°C dudi chan
khong trong 2 gi® va sau d6 & nhiét do trong phong qua dém dé tao ra mudi HBR ctia
hop chét trung gian néu & &€ muc (1659 g, 5,922 mol, 92% hi¢u suat). HPLC Phuong
phéap B Thoi gian duy tri 3,74 phut.
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(b) 5-Benzyl-2-(6-brom-1H-indazol-3-yl)-5H-imidazo[4,5 -c]pyridin

Dung dich chita 6-brom-1H-indazol-3-carbaldehyt (558 g, 2,480 mol), san
phim & bude trude d6 (746 g, 2,529 mol) va DMF (4,75 L) duge khudy trong 80 phut
va natri bisulfit (261 g, 2,504 mol) duoc bd sung bang cich tron. Hon hop phéan tng
dugc gia nhiét dén nhiét do 135°C va dugc gift trong 2 gid va dugc cho 1am mat dén
nhiét d6 trong phong trong khoang 3 gio, dugc lam mat dén nhiét @ 2°C va duoc gitt
trong 1 gid ¢ nhiét dd 0-5°C. Bot nhdo duogc loc trén bo loc ap suét béng cach loc
cham. B sung DMF vao binh phén tmg (1 L) va hdn hop phéan ung dugc lam mat
dén nhiét d6 5°C. Banh loc dugc rira va quy trinh duoc lap lai voi phﬁn khac cua
DMF (4 L). Banh loc duoc rira bang ACN (1 L) va dugc lam kho dudi nito va dudi
chan khong qua dém d& tao ra hop chit néu & d& muc (1080 g, 2,591 mol, 105% hiéu
sufit, 97% tinh khiét) 1a chét rin mau vang nhat. HPLC Phuong phap B Thoi gian duy
tri 7,83 phut.

HBn hop chita hop chat néu & d& muc (1000 g, 2,474 mol) va MeTHF (6 1)
duoc gia nhiét dén 55°C va 1 M natri hydroxit (3,216 L) dugc bd sung trong 5 phut.
Nhiét d giam xudng 45°C va hdn hop duge pha lodng bang dung dich natri hydroxit
lanh. Céc 16p nay dugc dé riéng va 16p nudc ¢ dudi duge hut can. Hon hop nay dugc
lam mat dén nhiét do phong va sau d6 dén nhiét d6 5°C va duge gitt qua dém. Hbén
hop duge loc va binh phén tmg va banh loc dugc rira bing MeTHF (1 L). Chét ran tir
mau be dén mau vang tao thanh duoc 1am kho trén bd loc trong 3 ngay dé tao ra hop
chét néu & @& muc (700 g, 1,680 mol, 67,9% hiéu sudt, 97% tinh khiét) 1a chét rén
mau vang nhat. HPLC Phuong phap B Thoi gian duy tri 7,84 phut.

Didu ché 10: 5-benzyl-2-(6-brom-1H-indazol-3-yl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin

Br.
N N,Bn
< |
HN~N N
H

B& sung 5-benzyl-2-(6-brom-1H-indazol-3-yl)-SH-imidazo[4,5-c]pyridin (350
g, 866 mmol) vao 15 L binh thot ¢ sau d6 MeTHF (4 L), metanol (2 L) va nuée (1
L). Bot nhdo dugc khudy & nhiét do 25°C trong 45 phut va NaBH, (197 g
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5195 mmol) duge bd sung thanh hai phin. Hn hop phan tmg dwoc khudy & nhiét do
25°C trong 18 gio. Nudce (1 L) duoc bd sung sau d6 20% khéi lugng. Dung dich natri
clorua (2 L) va hon hop phan tmg duoc khudy trong 30 phut va cac 16p nay duoc aé
riéng r&. Lép nude duge hut can; NaOH (1,732 L) duge bd sung va hdn hop phan tmg

duoc khudy trong 30 phut; cac 16p nay duoc dé riéng r& va l6p nudce duge hat can.

L6p hitu co nay dugc két hop véi san phim clia mé tht hai & lugng tuong tu
va duoc ¢6 dén khoang nira thé tich bang cach lam bay hoi kiéu quay ¢ nhiét do
55°C. Céac 16p nay duogc cho sa ling va 1ép nude duoc hut can. B6 sung HC1 3M
trong CPME (1,732 L) & nhiét 6 35°C vao 16p hitu co nay sau d6 MeTHF (4 L) va
MeOH (4 L) va hdn hop duoc gia nhiét dén 60°C dé tao ra bdt nhio dic, dugc lam
méat dén nhiét dd 25°C trong 5 gid va gitt ¢ nhiét do nay qua dém. BOt nhio duogc
chuyén vao bo loc ap sudt va banh loc uét dugc chuyén vao bd lam kho hai khay &
nhiét dd 55°C va dugc lam khd dudi chan khong va dudi nito trong 6 gio va sau do ¢
nhiét d6 35°C trong 2 ngdy dé tao ra mubi 3HCI ctia hop chat néu & dé muc (609 g,
1153 mmol, 66,6% hidu suit, 98% tinh khiét) Ia chit rdn mau vang/be ctimg. HPLC
Phuong phap B Thoi gian duy tri 5,93 phut.

Diéu ché 11: 5-Benzyl-2-(6-(4-(benzyloxy)-2-ety1—5-ﬂophenyl)-1H-indazol-3-
y1)-4,5,6,7-tetrahydro- 1H-imidazo[4,5-c]pyridin

F
BnO O
Bn
N 7z
O ) @
/
HN—-N N

B sung xesi cacbonat (123 g, 377 mmol) va nudc (455 mL) cung véi khudy &
nhiét do 22°C vao 5 L binh thét cd, sau d6 5-benzyl-2-(6-brom-1H-indazol-3-yl)-
4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin, 3HCI (65 g, 126 mmol) va MeOH
(1365 mL). Bot nhdo duoc gia nhiét hdi luu trong 0,5 gid va xesi cacbonat (127 g,
389 mmol) dugc bd sung sau do (4-(benzyloxy)-2-etyl-5-flophenyl)trifloborat, kali
(52,8 g 157 mmol). Bot nhdo dugc thdi nito ba lan, bis(di-tert-butyl(4-
dimetylaminophenyl) phosphin) diclopaladi(Il) (8,89 g, 12,56 mmol) dugc bd sung
va hdn hop phan Umg duoc gia nhigt hdi lwu trong 42 gid. (4-(benzyloxy)-2-etyl-5-
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flophenyl)trifloborat, kali (5,28 g, 15,7 mmol) bd sung va xesi cacbonat (16,4 g, 50,3
mmol) dugc bd sung va hdn hop phéan tng dugc khudy hdi luu trong thém 18 gio va

duoc 1am mat dén nhiét do 25°C.

B& sung HCI 1M trong nudc (502 mL, 502 mmol) vao hdn hop phéan tmg sau
d6 nude (3 L). Bot nhdo tao thanh dugc khuéy & nhiét o 22°C trong 1 gio, va duogc
loc. Banh loc dugc rira bing nudc (1 L) va duge 1am kho dudi chan khong va dudi
nito d& tao ra mudi 3HCI cta hop chit néu & d& muc (88 g, 132 mmol, 105% hiéu
sut) duoc str dung truc tiép trong budc tiép theo. HPLC Phuong phép B Thoi gian
duy tri 10,07 phut.

Didu ché 12: 5-etyl-2-flo-4-(3-(4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin-2-
yl)-1H-indazol-6-yl)phenol

F
HO
N
(A ey
/)
HN-N M

Dung dich chtra 5-benzyl-2-(6-(4-(benzyloxy)-2-etyl-5-ﬂopheny1)-1H-indazol-
3-yl)-4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin (70,6 g, 127 mmol) trong EtOH
(845 mL) va HCI 1,25 M trong MeOH (203 mL, 253 mmol) dugc khudy dudi nito
trong 10 phut bang cach gia nhiét dén 50°C va sau d6 10% khéi lwong Pd/C (8,45 g)
duge bd sung ngay sau d6 khi hydro. Hon hop phan tmg dugc dé kin trong hydro (50
Psi) & nhiét 46 50°C trong 3 gio, dugce loc qua Celite®, va dugc cd dén 169 mL. Etyl
axetat (845 mL) duoc bd sung, hdn hop phan tmg duoc ¢b dén 169 mL, EtOAc (1521
mL) dugc bd sung va hdn hop phan tng dugc khudy & nhiét do 22°C trong 1 gid,
duoc lam mat dén nhiét 6 0°C, sau d6 dugc gitt trong 1 gio va dugc loc. Banh loc
duoc rira bing EtOAc (100 mL) va duoc lam kh6 dudi chan khong va dudi nito aé
tao ra mudi 3HCI cta san phém néu & d& muc (52 g, 107 mmol, 70,5% hiéu suét).

HPLC Phuong phap B Thoi gian duy tri 6,06 pht.
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Diéu ché 13: 5-Benzyl-2-(6-brom-1H-indazol-3-yl)-5H-imidazo[4,5-c]pyridin

Br.
Q_{/Nj@\rsn
/ —
HN\N N %

(a) 5-Benzyl-2-(6-brom-1H-indazol-3-yl)-5H-imidazo[4,5-c]pyridin

Dung dich chttra 6-brom-1H-indazol-3-carbaldehyt (550 g, 2,444 mol), 1-
benzyl-4-imino-1,4-dihydropyridin-3-amin HBr (721 g, 2,333 mol) va DMAc (2,65
L) dwoc khudy trong 60 phut va natri bisulfit (257 g, 2,468 mol) dugc bd sung. Hon
hop phan tng duoc gia nhiét dén nhiét @6 135°C va dugce gift trong 3 gio, va duge aé
]am mat dén nhiét d6 20°C va duogc gilt & nhiét do 20°C qua dém. Axetonitril (8 L)
duoc bd sung va hon hgp phan tng duge khudy trong 4 gi¢ & nhiét d6 15°C. Bot nhdo
dugc loc trén bd loc ap suét & toc dd loc trung binh. B4 sung ACN (1 L) vao binh
phan Gmg. Banh loc dugc rua bang viéc rira binh phan img ACN va dugc lam kho
dué6i nito qua dém va sau d6 dudi chan khong & nhiét do 50°C trong 24 gid dé tao ra
mudi HBr ctia hop cht néu & d muc (1264 g, 2,444 mol, 100% hiéu suat, 94% tinh
khiét) 1a chat rén mau be/ndu uét ddm dic. HPLC Phuong phép B Thoi gian duy tri
8,77 phut.

Hon hop chira san phim & bude trude d6 (1264 g, 2,444 mol), MeTHF (6 L)
va nude (2,75 L) duge gia nhiét dén nhiét dd 65°C va natri hydroxit 50% khéi luong
(254 g, 3,177 mol) duoc bd sung qua 5 phat va hdn hop phan tmg dugc khudy & nhiét
dd 65°C trong 1 gio, dugce lam mat dén nhiét d6 trong phong, sau d6 dén 5°C va duoc
gift trong 2 gi¢. Bot nhdo duoc loc va binh phéan Gng va banh loc dugc rira béng
MeTHF (1 L). Chat rén tir mau be dén mau vang tao thanh dwoc lam kho trén bo loc
duéi nito trong 3 ngdy dé tao ra hop chdt néu & dé muc (475 g, 1,175 mmol, 48%
hiéu sudt) 12 chét rin mau be/mau vang. Phan 16ng ngung gbc (khoang 8 L) dugc cd
dén khoang 2 L, 101 chit rén bit diu v&. Bot nhdo duge gia nhiét dén 50°C, duoc gitt
trong 2 gio, duoc lam mat dén nhiét d6 5°C qua 2 gio, dugc khqu qua dém, va duoc

loc. Banh loc dugc rua béng MeTHF (100 mL) va duoc lam khd qua dém dudi chan
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khong & nhidt 0 40°C dé tao ra hop chit néu & d& muc bd sung (140 g, 0,346 mol,
14% hiéu suét).

Hn hop chita tdng san phim & bude trude do, két hop véi san phim ctia mé
thir hai & luong twong tur (1500 g, 3,710 mol) va MeTHF (4 L) dugc khudy & nhiét do
20°C trong 2 gid va dugce loc. Binh pha umg va banh loc dugc rira bang MeTHF (1,5
L). Chét rin tir mau be dén mau vang tao thanh dugc lam kho dudi nito trong 3 ngay
dé tao ra hop chét néu & dé muc 1a chit rin mau vang be (1325 g, 3,184 mol, 86%
hiéu suét (tdng 68% hiéu suét), 97% tinh khiét). HPLC Phuong phép B Thoi gian duy
tri 8,77 phut.

Pidu ché 14 : 5-benzyl-2-(6-brom-1H-indazol-3-yl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin

Br.
N N,Bn
< |
HN-NT N
H

B4 sung 5-benzy1—2-(6-brom-1H-indazol-3-yl)-SH-imidazo[4,5-c]pyridin (440
g, 1,088 mol) vao 15 L binh thot ¢d sau d6 MeTHF (4,5 L), metanol (2,25 L) va nude
(1,125 L). Bét nhiio duge lam mat dén nhiét 46 20°C, duge khudy trong 1 gio, va
NaBH, (247 g, 6,530 mol) dugc bd sung. Hon hop phan tmg duge khudy & nhiét do
25°C trong 18 gidr. Nude (1,125 L) duoc bd sung sau d6 20% khéi luong. Dung dich
natri clorua (1,125 L) va hdn hop duoc khudy trong 30 phut va céac 16p nay duoc daé
riéng 18. Lop nude duge hat can. Dung dich trude khi tron chira NaOH (522 g) va
nude (5 L) duge bd sung va hdn hop phan ing duoc khudy trong 60 phtt; cac 16p nay
duoc dé rieng ré va 16p nudc duge hut can. Hai me bd sung & lugng tuong tu dugc

chuén bi.

Lép hitu co tir mot me duge o dudi ap suit giam trong 15 L binh phan Gng da
boc bing vo chin cai dit & nhiét o 50°C, nhiét d6 bén trong 1a 20°C. Cac me bd sung
duoc bd sung vao binh phan tmg va duoc c6 mot & thoi diém tao thanh bot nhdo
khoang 6 L theo thé tich. Bot nhdo dugc gia nhiét dén 50°C, IPAc (6 L) dugc bd sung
va hdn hop duogc gitt & nhiét d6 60°C trong 1,5 gio, duoc lam mat dén nhiét do 20°C
trong 10 gid, duogc gia nhi€t dén 60°C trong 50 gid, dugc lam mat dén nhiét do 20°C
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trong 5 gio, sau d6 duoc lam mat dén nhiét do 5°C va dugc giit trong 3 gio. Hbn hop
duoc loc va binh phéan tmg va banh loc dugc ria béng dung dich trude khi trén chira
IPAc (1 L) va MeTHF (1L), dugc 1am lanh truéc dén nhiét do 5°C. Cac chét rén
duoc 1am khd dudi nito trén bd loc & nhiét do 40°C trong 3 ngdy dé tao ra hop chit
néu & & muc (1059 g, 2,589 mol, 79% hi¢u suét) 1a chit rin mau tring duc. Nguyén
liéu nay con duogc lam kho trong 16 chan khong ¢ nhiét @6 50-60°C trong 8 gio va &
nhiét do 27°C trong 2 ngdy dé tao ra hop chit néu & dé muc (1043 g, 2,526 mol, 77%
hiéu suét, 99% tinh khiét). HPLC Phuong phap B Thoi gian duy tri 6,73 phut.

Didu ché 15: (4-(Benzyloxy)-2-etyl-5-flophenyl)trifloborat, kali

F
BnO

BF3K

(a) 2-(4-(Benzyloxy)-2-etyl-5-flophenyl)-4,4,5,5 -tetrametyl-1,3,2-dioxabolan

Hon hop chira 1-(benzyloxy)-4-brom-5-etyl-2-flobenzen (520 g, 1682 mmol)
va dioxan (5193 mL) duoc thdi nito va sau d6 bis(pinacolato)dibo (641 g,
2523 mmol) duogc bd sung sau do kali axetat (495 g, 5046 mmol). Hon hop phéan tmg
duoc théi nito; Pd(dppf)Cl, (41,2 g, 50,5 mmol) duge bd sung; hon hop phan tmg
duoc thdi nito, duge gia nhiét ¢ nhiét do 103°C dudi nito trong 5 gid; va dugc lam
mét dén nhiét do trong phong. Hon hop phan ting dugc cd bang cach chung cét trong
chan khong va tach phan etyl axetat (5204 mL) va nudc (5212 mL). Hon hop phan
tmg dugc loc qua Celite; 16p hitu co nay duge rira bang nudce mubi (2606 mL) sau d6
dung moi loai bod béng cach chung ct trong chan khong 8 tao ra thd san phdm 1a dau

mau den dic (~800 g).

San pham tho duge hoa tan trong DCM (1289 mL) va dugc tinh ché bang sic
ky silica gel (2627 g silic oxit truéc khi duoc lam nhdo trong hexan, dugc rira giai
bing 20% etyl axetat trong hexan (10,35 L)). Dung mbi dugc loai bd bing cach
chung cit trong chan khong @ tao ra diu mau vang nhat (600 g). HPLC Phuong
phap C Thoi gian duy tri 33,74 phut.

(b) (4-(benzyloxy)-2-etyl-5-flophenyD)trifloborat, kali
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San phim & bude trude d6 (200 g, 561 mmol) dugc trén voi axeton (1011 mL)
cho dén khi hoa tan hoan toan va metanol (999 mL) dugc bd sung sau d6 kali hydro
diflorua 3M (307 g, 3930 mmol) dugc hoa tan trong nuéc (1310 mL). Hon hop phan
tmg dugc khudy trong 3,5 gid. Hau hét dung mdi hitu co duge loai bo bang cach
chung cét trong chan khong. Nudc (759 mL) dugc bd sung va bot nhdo dic tao thanh
duoc khudy trong 30 phut va duoc loc. Banh loc duoc ria bang nudc (506 mL) va
cac chét rin duoc 1am khé trén bd loc trong 30 phut. Cac chét rdn dugc 1am nhdo
trong axeton (1237 mL) va dugc khuéy trong 1 gid. Bot nhdo tao thanh duoc loc va
céc chit rdn dugc rira bang axeton (247 mL). Dung dich axeton dugc co bang cach
chung cAt trong chan khong, va thé tich khong dbi (2 L) duoc duy tri bang cach bo
sung chdm toluen (2983 mL) cho dén khi tit ca axeton va nudc duge chung cit. Dung
dich toluen dugc chung cét thanh bot nhdo mau vang dic béng cach lam bay hoti kiéu
quay, trong sudt thoi gian cac san phim nay dugc két tha 1a chét rn mau tring. Phan
toluen bd sung (477 mL) duoc bd sung vao hdn hgp va duge khudy trong 1 gi. Hon
hop nay sau d6 duge loc va dugc rira bang toluen (179 mL) va dugc lam khod dudi
chan khong & nhiét do 50°C trong 24 gitr d& tao ra hop chit néu ¢ d& muc (104 g, 310
mmol, 55% hiéu suét) 1a chét rdn mau tring duc nhat, min, chay ty do. HPLC
Phuong phéap C Thoi gian duy tri 27,71 phut.

Didu ché 16: 5-Benzyl-2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1H-indazol-3-
yl)-4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin

F
BnO O
Bn
N g
(A ey
/
HN-N N

(a) 5-Benzyl-2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1H-indazol-3-yl)-
4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin

Hbn hop chira bis(pinacolato)dibo (250 g, 984 mmol) va IPA (1,88 L) duoc
khudy dé hoa tan va sau d6 dung dich chira kali hydro diflorua (538 g, 6,891 mol)
trong nudc (2,31 L) duoc bd sung timg phan qua 10 phut. Hon hop phén ung duoc
khudy trong 1 gid va dugc loc. Chét rén nhu gel duoc lam nhio bang nuéc (1,33 L)
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cho dén khi hdn hop niy tao ra hydrogel trong va sau dé d8 45 phut. Chét rin/gel tao
thanh duogc loc, sau d6 dugc lam nhio lai trong axeton (1,08 L), duoc loc, khong khi
duoc 1am khd trén bd loc trong 30 phut va duge lam khd qua dém dé tao ra chit rin

mau tring min (196,7 g).

B6 sung 5-benzyl-2-(6-brom-1H-indazol-3-yl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin (135 g, 331 mmol), (4-(benzyloxy)-2-etyl-5-flophenyl)-
trifloborat, kali (133 g, 397 mmol) véo 5 L binh thét c8, va san phdm 1a chét rin mau
tring & budc trude d6 (40,5 g) sau do6 MeTHF (1,23 L) va MeOH (1,75 L). B6t nhdo
tao thanh dugc loai khi ba lAn béng nito. B4 sung dung dich chira xesi cacbonat dugc
khir khi (431 g, 1,323 mol) trong nuéce (1,35 L) vao bot nhdo. Bot nhio duoc loai khi
hai 14n, Pd (amphos),Cl, (11,71 g, 16,53 mmol) duoc bd sung, bot nhdo duge khir khi
hai 13n 14n nita v hdn hop phan ting dugc khudy & nhiét d6 67°C qua dém va dugc
lam mat dén nhiét do 20°C. Céc 16p ndy duoc tich ra va duge chiét tro lai bang
MeTHF (550 mL). L6p hitu co nay dugc két hop va dugc cd béng cach lam bay hoi
kiéu quay cho dn khi cac cht rén duoc két tia. MeTHF (700 mL) duogc bd sung va
hdn hop phan tmg duge khudy & nhiét d6 65°C. Céc 16p ndy dugc tich ra va pha nudc
dwoc chiét trd lai bing MeTHF (135 mL). Pha hitu co duge két hop va duge co dén
khoang 300 mL tao thanh bdt nhdo mau cam déc. B4 sung MeOH (270 mL) vao bot
nhao sau d6 HC1 1M (1,325 L) & nhiét d6 20°C cung voi khu4y nhanh. Hon hop phan
ung duoc khuéy trong 5 phut va nude (1 L) duge bd sung va bot nhéo tao thanh duge
khudy trong 1 gid. Céc chét rin duoc loc, duge ria bang nude (150 mL), duoc lam
kho trén bo loc trong 10 phit va & nhiét do 45°C dudi nito trong 16 gitr dé tao ra mubi
2 HCI ciia hop chét néu & d& muc (221,1 g, 351 mmol, 92,2% tinh khiét) 12 chét rin
mau vang nhat. HPLC Phuong phép C thoi gian duy tri 23,41 phut.

Didu ché 17: 5-etyl-2-flo-4-(3-(4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin-2-
yl)-1H-indazol-6-yl)phenol

F
e
N
(A ey
7N

HN—-N H
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Bb sung 5-benzyl-2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1H-indazol-3-yl)-
4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin, 2 HCI (40 g, 63,4 mmol) la bot nhdo
trong etanol (348 mL) va HCI 1,25M trong MeOH (101 mL) va nuéc (17,14 mL) vao
1 L binh thét ¢d. Hon hop phan tng duge loai khi bang nito trong 5 phut va 10% khdi
lugngPd/C, 50 % khéi luong H,0 (4,05 g, 1,903 mmol) dugc bd sung. Binh phan ung
duoc day kin, dugc thdi béng H, lam tang &p dén 1-2 psi. duoc lam Am dén 50°C, va
hdn hop phén tmg dugc khudy qua dém va dugc loc qua Celite. Binh phan img va bd
loc duoc rira bang metanol (100 mL).

Dung dich dugc loc duge két hop véi san phém cua mé th hai ¢ lugng
98 mmol va duoc c6 dén 390 g. EtOAc (2,04 L) duoc bd sung chim clung voi khudy
va sau d6 dung dich nay dugc lam mat dén nhiét do 5°C cung voi khudy. Céc chit rén
duoc loc, duoc rira b%mg EtOAc (510 mL), va dugc lam kho qua dém ¢ nhiét d6 45°C
dudi nito d tao ra mudi 2 HCI ciia hop chat néu & d& muc (58 g, 80% hiéu sudt) 1a

chit rin mau tring duc. HPLC Phuong phap C thoi gian duy tri 12,83 phut.

Vi du I: 5-Ety1-2-ﬂ0-4-(3-(5-(1-metylazetidin—3-yl)-4,5,6,7-tetrahydro-1H—
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol

F
HO
g ) i
N
a2l
Y/
HN—N H

(a) 4-(3-(5-(azetidin—3-yl)-4,5,6,7-tetrahydro-1H—imidazo[4,5-c]pyridin—2-yl)-
1H-indazol-6-y1)-5-etyl-2-flophenol

Hon hop chira 5-etyl-2-ﬂo-4-(3-(4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin—
2-yl)-1H-indazol-6-yl)phenol HCI (300 mg, 0,795 mmol), tert-butyl 3-oxoazetidin-1-
carboxylat (272 mg, 1,590 mmol) va axit axetic (0,137 ml, 2,385 mmol) trong hdn
hop chita THF (6 mL) va DMF (2 mL) dugc gia nhiét & nhiét do 40°C trong 30 phut.
Hon hop phéan tng duoc lam mat dén nhiét do trong phong, duoc xir ly bang natri
triaxetoxybohydrit (505 mg, 2,385 mmol), va dugc gia nhiét & nhiét d6 40°C trong 2
gid. HOn hop phan tng duge két hop v6i phan g song song & lugng 0,132 mmol va

duoc cd. Can tao thanh dugc tach phan EtOAc (200 mL) va amoni clorua béo hoa (30
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mL). Lop hitu co nay dugc raa bing nuéc (2 x20 mL), duge lam kho trén natri
sulfat, duoc loc, duoc co, va duge tinh ché bz‘?mg sic ky silica gel (24g silica gel, 0-
15% MeOH/DCM). Céc phin doan mong muén duge két hop va dugc 6 chét rin

mém mau trang.

Chét rén duoc xi Iy bing HCI 4N trong 1,4-dioxan (3,97 mL) va nuéce (1 mL)
& nhiét do phong trong 2 gid, duge ¢d, va lam dong kho dé tao ra mubi HCI cta hop
chit trung gian néu & d& muc (388 mg, 0,768 mmol, 83% hiéu suit) 1 chdt rin mau

tring. (m/z): [M+H]" dugc tinh todn ddi v6i CoeH,sFNGO 433,21 tim thy 433.

(b) 5-Etyl-2-flo-4-(3-(5-(1-metylazetidin-3-yl)-4,5 ,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol

B sung dung dich formaldehyt, 37% trong nude (0,076 mL, 1,026 mmol) vao
dung dich chira san phim & bude trude d6 (259,4 mg, 0,513 mmol) trong MeOH
(7 ml) & nhiét 40 phong. Hon hop phén tmg duoc khudy trong 5 phut va sau d6 natri
xyanobohydrit (129 mg, 2,053 mmol) dugc bd sung va hén hop dugc dé qua dém.
Ngay ké tiép natri bohydrit (194 mg, 5,13 mmol) dugc bd sung & nhiét dd phong. Sau
1 gio, phan tmg dugc lam ding béng cach bd sung axit axetic cham (5 mL) va nude
(2 mL). H3n hop phan tmg dugc khudy trong 30 phut, dugc c6, va nude bb sung (3
mL) duoc bd sung. Hn hop phan tmg duoe loc, dwoc tinh ché bing HPLC didu ché,
va 1am dong kho d tao ra mubi TFA cta hop chit néu & dé muc (132 mg) 1a chét rin
mau hoi vang. (m/z): [M+H]+ dugce tinh toan ddi véi CpsHysFNGO 447,22 tim thy
447. "H NMR (400 MHz, Metanol-d4) & 8,17 (dd, J = 8,5, 0,9 Hz, 1H), 7,56 (dd, J =
1,4,0,8 Hz, 1H), 7,33 (dd, T = 8,5, 1,4 Hz, 1H), 6,94 (d, J = 11,6 Hz, 1H), 6,90 (d,J=
8,9 Hz, 1H), 4,58 — 4,43 (m, 1H), 4,41 — 4,28 (m, 1H), 4,23 - 3,97 (m, 2H), 3,81 —
3,67 (m, 3H), 3,00 (s, 3H), 2,97 — 2,88 (m, 4H), 2,53 (q, I = 7,5 Hz, 2H), 1,05 (t,J =
7,5 Hz, 3H).

Vi du 2: 4-(3-(5-(azetidin—3-yl)-4,5,6,7-tetrahydro-1H—imidazo[4,5-c]pyridin—
2-yl)-1H-indazol-6-y1)-5-etyl-2-flophenol
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B6 sung natri xyanobohydrit (50,0 mg, 0,795 mmol) vao dung dich chtra 5-
etyl-2-flo-4-(3-(4,5,6,7-tetrahydro-1H-imidazo[4,5-c] pyridin-2-y1)-1H-indazol-6-
yl)phenol (50mg, 0,132 mmol) va tert-butyl 3-oxoazetidine-1-carboxylat (68,0 mg,
0,397 mmol) trong metanol (2 mL) va hdn hop phéan tmg duoc khudy & nhiét do
phong, dugc hoa tan trong 5 mL chua 2:1 axit axetic:nude (5 mL) va dugc tinh ché
bang HPLC diéu ché. Cac phan doan sén phim duge két hop va dung moi duoc lam
bay hoi. Bd sung ACN (1 mL) va HCI 4N trong dioxan (1 mL) vao san phim kho
tinh khiét. Hon hop phéan tng dugc khudy & nhiét d6 phong trong 30 phut duge co va
duoc tinh ché bang HPLC didu ché @ tao ra mubi TFA cta hop chét néu & d& muc
(20 mg). (m/z): [M+H]" duoc tinh toan dbi véi CpH,sFNGO 433,21 tim thiy 433.

Vi du 3: 5-ety1—2-ﬂo-4-(3-(5-(1-isopropylazetidin—3-yl)-4,5,6,7-tetrahydro-lH-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol

F
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Bb sung natri xyanobohydrit (17,44 mg, 0,277 mmol) vao dung dich chua 4-
(3-(5-(azetidin-3-yl)-4,5,6,7-tetrahydro-1H-imidazo[4, 5-c]pyridin-2-yl)-1H-indazol-
6-yl)-5-etyl-2-flophenol (15 mg, 0,035 mmol) va axeton (10,07 mg, 0,173 mmol)
trong MeOH (2,0 ml) va hdn hop phan tmg duoc khudy & nhiét do trong phong qua
dém, dugc c¢d dudi chan khong va duoc tinh ché bang HPLC didu ché d tao ra mudi
TFA ciia hop chét néu & d& muc (10,4 mg). (m/z): [M+H]" duoc tinh todn dbi voi
C,7H3 FNO 475,25 tim thay 475,1.

Vi du 4 4-(3-(5-(1-(sec-butyl)azetidin-3-yl)-4,5,6,7-tetrahydro- 1H-
imidazo[4,5-c] pyridin-2-yl)-1H-indazol-6-yl)-5-ety1-2-ﬂophenol
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Bing cach sir dung quy trinh tuong tu quy trinh theo vi du 3 & luong 0,045
mmol v&i chit phan tmg 2-butanon thay cho axeton, mudi TFA cua hop chit ndu & dé
muc (10 mg) duge didu ché. (m/z): [M+H]" dugc tinh toan dbi véi CrgHisFNO
489,27 tim thiy 489,2.

Vi du 5 4-(3-(5-(1-xyclopropylazetidin-3-yl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)-5-etyl-2-flophenol

.
HO
A
“]Q“LN
HN= N

B sung natri xyanobohydrit (507 mg, 8,07 mmol) trong metanol (4,03 mL)
dugc bd sung vao dung dich chua 4-(3-(5-(azetidin-3-y1)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)-5-etyl-2-flophenol (349 mg, 0,807
mmol), [(1-etoxyxyclopropyl)oxy]-trimetylsilan (0,811 mL, 4,03 mmol), va axit
axetic (0,185 ml, 3,23 mmol) trong metanol (4,03 mL). Ho6n hop phén ung dugc
khudy & nhiét do 65°C trong 2 gid, dugc co bang cach lam bay hoi kiéu quay, va
duoc tinh ché béng HPLC diéu ché. Céac phan doan dugc két hop détaora mudi TFA
ctia hop chét néu & d& muc (62 mg). (m/z): [M+H]" dugc tinh todn dbi véi
CyHaoFN¢O 473,24 tim thiy 473,2.

Vi du 6: 5-Btyl-2-flo-4-(3-(5-(1-metylpiperidin-4-yl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol
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B sung natri triaxetoxybohydrit (1,229 g, 5,80 mmol) vao dung dich chira 5-
etyl-2-ﬂo-4-(3-(4,5,6,7-tetrahydro-lH-imidazo[4,5-c]pyridin—2-yl)-1H—indazol-6-
yl)phenol HCI (0,80 g, 1,93 mmol), axit axetic (0,33 mL, 5,80 mmol), va 1-
metylpiperidin-4-on (0,29 mL, 2,32 mmol) trong DMF (30 mL). Hon hop phan tng
dugc khqu & nhiét 46 phong trong 48 gid, dugc co, va dugce tinh ché bang HPLC
didu ché dé tao ra hop chét néu & dé muc (612 mg). (m/z): [M+H]" dugc tinh todn d6i
v6i CpyHy FN4O 475,25 tim thay 475,1. 'H NMR (400 MHz, Metanol-d,) & 8,19 (dd,
7=8,5, 1,0 Hz, 1H), 7,51 (d, J = 1,4 Hz, 1H), 7,26 (dd, J = 8,5, 1,5 Hz, 1H), 6,94 d,J
= 11,7 Hz, 1H), 6,89 (d, J = 8,9 Hz, 1H), 4,22 (s, 2H), 3,75 - 3,61 (m, 2H), 3,53 -
3,37 (m, 4H), 3,22 — 3,08 (m, 1H), 3,07 — 3,00 (m, 2H), 2,91 (s, 3H), 2,52 (q, =175
Hz, 2H), 2,43 — 2,30 (m, 3H), 2,19 — 2,01 (m, 3H), 1,05 (t, = 7,5 Hz, 3H).

Vi du 7: 4-(3-(5-(2-(dimetylamino)etyl)-4,5,6,7-tetrahydro-1H—imidazo[4,5-
¢]pyridin-2-yl)-1H-indazol-6-y1)-5-etyl-2-flophenol

F
HO
(J ,
O N\\Q\]/\/N\
|
/
HN-N N

(a) tert-Butyl (2-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3 -yD)-
1,4,6,7-tetrahydro-5H-imidazo[4,5-c]pyridin-5-yl)etyl)carbamat

B& sung tert-butyl (2-oxoetyl)carbamat (277 mg, 1,74 mmol) va axit axetic
(0,25 mg, 4,35 mmol) vao huyén phu chtra 5-etyl-2-flo-4-(3-(4,5,6,7-tetrahydro-1H-
imidazo[4,5-¢]pyridin-2-yl)-1H-indazol-6-yl)phenol HCI (600 mg, 1,45 mmol) trong
DMF (20 mL) sau d6 b6 sung timng phin natri triaxetoxybohydrit (922 mg, 4,35
mmol) qua nhiéu phut va hdn hop phan tmng dugc khudy & nhiét do phong trong 96

gid. Hon hop phan tmg duoc co bang cach lam bay hoi kiéu quay va dugc tinh ché
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bing HPLC diéu ché dé tao ra mudi TFA ctia hop chit trung gian néu & d& muc (364
mg).

(b) 4-(3-(5-(2-aminoetyl)-4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)-
1H-indazol-6-yl)-5-etyl-2-flophenol

B6 sung HC1 4M trong dioxan (3 mL) va nudc (0,1 mL) vao san phim & budc
truoe d6 (364 mg, 0,57 mmol). Hon hop phan tmg duge khudy & nhiét do phong
trong 30 phut, dugc co bing cach lam bay hoi kiéu quay, dugc lam bay hoi béng
EtOAc (3 x 5 mL) bing c4ch lam bay hoi kiéu quay, va dugc lam khd dudi chan
khong cao dé tao ra mudi HCI ctia hop chét trung gian néu & dé muc (283 mg) ma

duoc st dung truc tiép trong budc tiép theo.

(c) 4-(3-(5-(2-(dimetylamino)etyl)-4,5,6,7-tetrahydro-1H-imidazo[4,5-
c]pyridin-2-yl)-1H-indazol-6-yl)-5-etyl-2-flophenol

B sung dung dich formaldehyt, 37% trong nudc (0,171 mL, 2,30 mmol) vao
dung dich chtra san pham & bude trude do (283 mg) trong MeOH (11 mL) & nhiét do
phong. Hon hop phén tng duoc khudy trong 5 phtt va sau dé natri xyanobohydrit
(252 mg, 4,02 mmol) duoc bd sung. Mot gio 15 phut sau do, natri bohydrit (152 mg,
4,02 mmol) dugc bd sung. Sau 1 gid, hdn hop phan tng duge co bang cach lam bay
hoi kidu quay va duoc tinh ché bing HPLC diéu ché dé tao ra mubi TFA ciia hop chat
néu & d& muc (141 mg) la bot mau vang. (m/z): [M+H]" duoc tinh todn d6i véi
C,sH,0FN(O 449,24 tim thdy 449. "H NMR (400 MHz, Metanol-d4) 8 8,16 (dd, J =
8,5, 0,9 Hz, 1H), 7,55 (d, T = 1,3 Hz, 1H), 7,32 (dd, T = 8,4, 1,4 Hz, 1H), 6,94 (d, ] =
11,6 Hz, 1H), 6,90 (d, J = 9,0 Hz, 1H), 3,89 (s, 2H), 3,40 (dd, J = 6,5, 5,0 Hz, 2H),
3,12 (t, J = 5,7 Hz, 2H), 3,06 (t, J = 5,8 Hz, 2H), 2,98 — 2,86 (m, 8H), 2,52 (q, T = 7,5
Hz, 2H), 1,05 (t, T = 7,5 Hz, 3H).

Vi du 8: 5-Etyl-2-flo-4-(3-(5-(2-((3-metoxyxyclobutyl)amino)etyl)-4,5,6,7-
tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)- 1H-indazol-6-yl)phenol
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(a) tert-Butyl (2-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3 -yD)-
1,4,6,7-tetrahydro-5H-imidazo[4,5-c]pyridin-5-yl)etyl)carbamat

B& sung tert-butyl (2-oxoetyl)carbamat (277 mg, 1,74 mmol) va axit axetic
(0,25 mg, 4,35 mmol) vao huyén phu chtta 5-etyl-2-flo-4-(3-(4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol HCI (600 mg, 1,45 mmol) trong
DMF (20 mL) sau d6 natri triaxetoxybohydrit (922 mg, 4,35 mmol) trong céac phan
qua nhidu phit va hdn hop phéan g dugc khudy & nhiét d§ phong trong 96 gio. Hon
hop phan tmg dugc ¢ va duge tinh ché bing HPLC diéu ché (10-70% ACN/Nudc)

& tao ra mudi TFA cua hop chét trung gian néu & d& muc (507 mg).

(b) 4-(3-(5-(2-aminoetyl)-4,5,6,7-tetrahydro- 1H-imidazo[4,5-c]pyridin-2-yl)-
1H-indazol-6-yl)-5-etyl-2-flophenol

San phim & bude trude do (505 mg, 0,80 mmol) dugce hoa tan trong dioxan
(8 mL) va nude (1,6 mL) va sau d6 HCI 4M trong dioxan (8 mL, 32 mmol) dugc bd
sung. HOn hop phan tmg dugc khudy & nhiét do phong trong 20 phut, lam dong, va
duoc lam dong khé nhanh d8 tao ra mubi HCI ctia hop chét trung gian néu & dé muc

ma duoc st dung truc tiép trong budc tiép theo.

(¢) 5-Etyl-2-flo-4-(3-(5-(2-((3-metoxyxyclobutyl) amino)etyl)-4,5,6,7-
tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)- 1H-indazol-6-yl)phenol

San phém & budc trude d6 (393 mg, 0,80 mmol) va axit axetic (0,14 mL,
2,39 mmol) dugc hoa tan trong DMF (10 mL), sau dé 3-metoxyxyclobutan-1-on
(0,094 mL, 0,88 mmol) dugc bd sung. Hon hop phan tmg duoc khudy & nhiét do
phong trong 30 phut va natri triaxetoxybohydrit (507 mg, 2,39 mmol) dugc bd sung.
Hon hop phén tng duoc khudy & nhiét do trong phong qua dém, dugc ¢d va dugc
tinh ché bang HPLC diéu ché d tao ra mudi TFA cta hop chét trung gian néu & &
muc (56 mg). (m/z): [M+H]" duge tinh todn ddi voi CasHzFNgO, 505,26 tim thy
505,3.

Vi du 9: 5-etyl-4-(3-(5-(2-(etyl(metyl)amino)etyl)-4,5,6,7-tetrahydr0—lH-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)-2-flophenol
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(a) tert-butyl (2-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-
1,4,6,7-tetrahydro-5H-imidazo[4,5-c]pyridin-5-yl)etyl)(metyl)carbamat

Axit axetic (0,166 mL, 2,90 mmol), tert-butyl metyl(2-oxoetyl)carbamat (201
mg, 1,160 mmol), va 5-ety1—2-ﬂ0-4-(3-(4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin—
2-yl)-1H-indazol-6-yl)phenol, HCI (400 mg, 0,966 mmol) duoc két hop trong DMF
(3,65 mL). Natri triaxetoxybohydrit (615 mg, 2,90 mmol) dugc bd sung ting phén
trong 5 phit. Hén hop phan tmg dugc khudy qua dém va dugc pha lodng bang EtOAc
(50 mL). Dung dich hitu co dugce rira bang NaHCO; bdo hoa (2 x 20 mL). Pha hitu co
duoge thu, dugce lam kho (MgSO4), va duge cb dudi chan khong. Céan tho dugc tinh
ché bing sic ky silica gel (0% to 15% MeOH trong DCM). Céc phan doan tinh khiét
duoc két hop va dugce ¢o @ tao ra hop chat trung gian néu & d muc (491 mg) 14 chat
rén khong mau, vo dinh hinh. (m/z): [M+H]" dugc tinh toén doi voi CoHisFNOs
535,28 tim thiy 536.

(b) 5-etyl-2-flo-4-(3-(5-(2-(metylamino)ety1)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol

San pham & budc trude d6 (0,491 g, 0,918 mmol) dugc hoa tan trong dioxan
(4,59 mL) va nude (4,59 mL) va HCI 4N trong dioxan (4,59 mL, 18,36 mmol) dugc
bd sung chim trong 5 phut. Hon hop phan tmg duoc khudy trong 1 gid, duoc pha
lodng bang nude (20 mL), 1am dong khd & nhiét d6 -78°C, va dugc lam dong khd
nhanh dé tao ra mudi di-HCL cua hop chét trung gian néu & dé muc (413 mg).

() 5—ety1—4-(3-(5-(2-(etyl(metyl)amino)etyl)-4,5,6,7-tetrahydr0-lH-
imidazo[4,5-¢]pyridin-2-yl)-1H-indazol-6-yl)-2-flophenol

Bb sung axetaldehyt (0,11 mL, 1,971 mmol) vao san phim & bude trude d6
0,2 g, 0,394 mmol) dugc hoa tan trong MeOH (1,971 mL) sau d6 natri
xyanobohydrit (248 mg, 3,94 mmol). Hon hop phan tmg dugc khudy qua dém, duoc

hoa tan trong 2:1 axit axetic:nudc, dng tiém duoc loc, va dugce tinh ché béng HPLC
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didu ché. Céc phan doan tinh khiét dugc két hop va duge 1am déng khé nhanh dé tao
ra mudi TFA cta hop chéit ndu & dé muc (25 mg). (m/z): [M+H]" dugc tinh toan d6i
v&i CagHi FNgO; 436,28 tim thiy 436,2.

Vi du 10:  4-(3-(5-(2-(sec-butyl(metyl)amino)etyl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)-5-etyl-2-flophenol

F
0
/\/N(
O /N]Q“ |
HN-N N

Quy trinh chung dudi day theo vi du 9 bing cach st dung butan-2-on
(0,177 mL, 1,971 mmol) thay cho axetaldehyt & budc () mudi TFA ciia hop chét néu
& d& muc duge didu ché (66 mg). (m/z): [M+H]" duge tinh toan dbi voi CygHasFNOs
491,29 tim thay 492.

Vi du 11: (S)-S-ety1-2-ﬂ0-4-(3-(5-((1-metylpyrolidin-2-y1)metyl)-4,5,6,7-
tetrahydro-1H-imidazo[4,5-c]pyridin-2-y1)- 1H-indazol-6-yl)phenol

F
0
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N N
HN—-N
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H
(a) tert-butyl (S)-2-((2-(6-(2-etyl-5-ﬂo-4-hydroxyphenyl)-1H-indazol-3-yl)-
1,4,6,7-tetrahydro-5H-imidazo[4,5-c]pyridin-5-yl)metyl)pyrolidin-1 -carboxylat

B4 sung natri xyanobohydrit (33,3 mg, 0,530 mmol) vao huyén phu chira 5-
etyl-2-flo-4-(3-(4,5,6,7-tetrahydro-1H-imidazo[4,5 -c]pyridin-2-yl)-1H-indazol-6-
yDphenol (50 mg, 0,132 mmol) va (S)-tert-butyl 2-formylpyrolidin-1-carboxylat
(34,3 mg, 0,172 mmol) trong metanol (1,34 mL) va hdn hop phéan tmg dugc khudy &
nhiét do 25°C qua dém. Natri xyanobohydrit bd sung (33,3 mg, 0,530 mmol) dugc bd
sung va hdn hop phan tmg dugc gia nhiét & nhiét do 70°C trong 30 phut. Vao ngay
sau d6, hai phan bd sung chua (S)-tert-butyl 2-formylpyrolidin-1-carboxylat (34,3
mg, 0,172 mmol) dugc bd sung, mdi phén sau do gia nhiét bd sung & nhiét 4o 70°C
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trong 1 git. Hon hop phan tmg dugc hoa tan trong 8:2 DCM:metanol (8 mL) va dugc
tinh ché bing séc ky silica gel (100% DCM 15 min, 0-5% DCM:metanol, 20 phut,
5% DCM:metanol, 20 phut). Cac phan doan dugc két hop va duoc ¢b d tao ra hop
chét trung gian néu & d& muc 1a chét rin sip mau tring (167 mg). (m/z): [M+H]"

duoc tinh todn ddi véi C3HzFNgO; 561,29 tim thiy 561,3.

(b) (S)-5-etyl-2-flo-4-(3-(5-(pyrolidin-2-ylmetyl)-4,5 ,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol

B6 sung DCM (14,9 mL) vao san phim & budc truge dé (167 mg, 0,298
mmol) sau d6 TFA (14,9 mL) va hon hop phan tmg duoc khudy trong 1 gid, dugc cd,
va duge hoa tan trong 4:1 nude:axit axetic (8 mL) bing 8 giot metanol va dugc tinh
ché béng HPLC diéu ché. Cac phan doan duoc két hop va dugc cd dé tao ra mudi
TFA ctia hop chit trung gian néu & d muc (70 mg) 14 chét rdn mau tréng trong subt .

(m/z): [M+H]" duoec tinh toan dbi v6i CosHaFNGO 461,24 tim thiy 461,1.

() S)-S—etyl-2-ﬂo-4-(3-(5-((1-metylpyrolidin—2—y1)metyl)-4,5,6,7-tetrahydro-
1H-imidazo[4,5-c]pyridin-2-y1)-1H-indazol-6-yl)phenol

Bd sung natri xyanobohydrit (38,2 mg, 0,608 mmol) vao dung dich chira san
phdm & bude trude d6 (70 mg, 0,152 mmol) va dung dich formaldehyt 37% trong
nuée (0,023 mL, 0,304 mmol) trong metanol (15,2 mL) va hdn hop phéan ung dugc
khuy & nhiét d6 25°C qua dém. Phan formaldehyt b6 sung (0,023 mL, 0,304 mmol)
duoc bd sung va hdn hop phan tng duge khudy & nhiét d 25°C qua dém va dugc cd.
Metanol (1,52 mL) va natri xyanobohydrit (382 mg, 6,08 mmol) dugc bd sung; hdn
hop phan ung dugc khudy trong 3 gid; natri xyanobohydrit bd sung (382 mg, 6,08
mmol) duoc bb sung; hdn hop phan img dugc khudy & nhiét d§ 25°C qua cudi tuan;
dugc ¢6; duge hoa tan 1:1 axit axetic:nude (4 mL), dugce loc va dugc tinh ché bang
HPLC didu ché d& tao ra mudi TFA cta hop chit néu & d& muc (36,4 mg).
(m/z): [M+H]" dugc tinh toan dbi voi Co7H3 FNeO 475,25 tim thdy 475,2.
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Vi du 12: 4-(3-(5-(3-(dimetylamino)-2-flopropyl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)-5-etyl-2-flophenol

F
HO
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HN-N H

(a) tert-butyl (3-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)- 1H-indazol-3-y1)-
1,4,6,7-tetrahydro-5H-imidazo[4,5-c]pyridin-5-yl)-2-flopropyl)carbamat

Bb sung timg giot dung dich chia tert-butyl (3-brom-2-flopropyl)carbamat
(248 mg, 0,966 mmol) trong DMF (2,416 mL) vao dung dich chira DIPEA (0,505
th, 2,90 mmol) va 5-ety1-2-ﬂ0-4—(3-(4,5,6,7-tetrahydro-1H—imidazo[4,5-c]pyridin—2-
yl)-1H-indazol-6-yl)phenol, HCI (400 mg, 0,966 mmol) trong DMF (2,416 mL). Hon
hop phan Umg duoc khudy & nhiét d trong phong qua dém. tert-butyl (3-brom-2-
flopropyl)carbamat bd sung (248 mg, 0,966 mmol) dugc bd sung va hdn hop phan
tmg duge khudy qua dém, duoc ¢o dudi chan khong, va dugc tinh ché bang sic ky
silica gel (MeOH:DCM) d tao ra hop cht trung gian néu & d& muc (286 mg, 0,518
mmol, 54% hiéu suit). (m/z): [M+H]" dugc tinh toan dbi v6i CaoHsaFaNeO; 553,27
tim thdy 553.

(b) 4-(3-(5-(3-amino-2-flopropyl)-4,5,6,7-tetrahydro- 1H-imidazo([4,5-
c]pyridin-2-yl)-1H-indazol-6-yl)-5-etyl-2-flophenol

San phim & budc trude d6 (0,286 g, 0,518 mmol) dugc hoa tan trong dioxan
(2,15 mL) va nuéce (0,48 mL) va HCI 4M trong dioxan (2,15 mL, 8,60 mmol) dugc
bd sung chdm qua 5 phtt va hdn hop phan tmg dugc khudy & nhiét do phong trong 30
phat, 1am dong, va dugc lam dong kho nhanh @8 tao ra mudi HCI ctia hop chét trung
gian néu & d& muc (261 mg). (m/z): [M+H]" duge tinh todn dbi voi CoHagFaNgO
453,21 tim thiy 453.
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(¢) 4-(3-(5-(3-(dimetylamino)-2-flopropyl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)-5-etyl-2-flophenol

San phim & budce trude do (0,261 g, 0,497 mmol) va dung dich formaldehyt
37% trong nude (0,083 mL, 1,043 mmol) duoc két hop trong MeOH (4,97 mL). Natri
xyanobohydrit (0,156 g, 2,484 mmol) duoc bd sung va hdn hgp phan ing dugc khudy
& nhiét do phong trong nhiéu gid. Natri bohydrit dugc bd sung. Hon hop phéan tmg
duoc 6 va duoc tinh ché bing HPLC didu ché. Céc phan doan tinh khiét dugc két
hop va duoc lam dong kho nhanh dé tao ra mubi TFA clia hop chit néu & dé muc (30
mg). (m/z): [M+H]" duoc tinh toan dbi voi CreH3oFNgO 481,24 tim théy 481.

Vi du 13: (S)-S-Etyl-2-ﬂo-4-(3-(5-(morpholin-3-ylmetyl)-4,5,6,7-tetrahydro-
1H-imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol
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B sung natri xyanobohydrit (167 mg, 2,65 mmol) vao dung dich chtra 5-etyl-
2-ﬂ0-4-(3-(4,5,6,7-tetrahydr0-1H-imidazo[4,5-c]pyridin-2-y1)-1H—indazol-6-
yl)phenol TFA (100 mg, 0,203 mmol) va tert-butyl (R)-3-formylmorpholine-4-
carboxylat (285 mg, 1,325 mmol) trong MeOH (5 mL), va hdn hop phan ung dugc
khudy & nhiét d6 trong phong qua dém.

Hdn hop phan tmg duge cb va TFA (3 mL) dugc bd sung & nhiét d6 0°C. Sau
30 phat, hdn hop phan tmg duge ¢b va dugc tinh ché bang HPLC didu ché (2-70%
ACN/Nuéc) dé tao ra muéi TFA cta hop chit néu & d& muc (55,2 mg).
(m/z): [M+H]" dugc tinh toan dbi v6i CasHaoFNeO, 477,23 tim thdy 477,1. '"H NMR
(400 MHz, Metanol-d4) § 8,16 (dd, J = 8,5, 0,9 Hz, 1H), 7,55 (d, J = 1,2 Hz, 1H),
7,31 (dd, J = 8,5, 1,4 Hz, 1H), 6,94 (d, J = 11,6 Hz, 1H), 6,90 (d, J = 9,0 Hz, 1H),
4,04 (ddd, T = 15,8, 12,7, 3,4 Hz, 2H), 3,97 — 3,72 (m, 4H), 3,66 (td, J=8,2, 7.3, 3,1
Hz, 1H), 3,57 (dd, T = 12,5, 9,1 Hz, 1H), 3,35 - 3,32 (m, 1H), 3,28 — 3,12 (m, 2H),
3,07 — 2,96 (m, 1H), 2,96 — 2,90 (m, 2H), 2,88 (d, J = 7,3 Hz, 2H), 2,52 (9, J = 7,5
Hz, 2H), 1,05 (t, ] = 7,5 Hz, 3H).
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Vi du 14: (R)-5-Etyl-2-flo-4-(3-(5-(morpholin-3-ylmetyl)-4,5,6,7-tetrahydro-
1H-imidazo[4,5-c]pyridin-2-y1)-1H-indazol-6-yl)phenol
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Béng céach st dung quy trinh twong tw quy trinh theo vi du 13 ¢ luong 0,159
mmol, mudi TFA cta hop chit néu & dé muc (29,1 mg) dugc diéu ché.
(m/z): [M+H]" duogc tinh toan d6i voi CogHagFNgO, 477,23 tim thiy 477,1
Vi du 15: (S)-5-ety1-2-ﬂo-4-(3-(5-(2-(2-mety1pyrolidin—1-y1)etyl)-4,5,6,7-
tetrahydro-1H-imidazo[4,5-c]pyridin-2-yD)- 1H-indazol-6-yl)phenol
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(@) 4-(3-(5-(2,2-dimetoxyetyl)-4,5,6,7-tetrahydro- 1H-imidazo[4,5-c]pyridin-
2-yl)-1H-indazol-6-yl)-5-etyl-2-flophenol

B sung natri xyanobohydrit (121mg, 1,933 mmol) vao hdn hop chia 5-etyl-2-
flo-4-(3-(4,5,6,7-tetrahydro-1H-imidazo[4,5-c] pyridin-2-yl)-1H-indazol-6-yl)phenol
HCI (200 mg, 0,483 mmol) va 2,2-dimetoxyaxetaldehyt (0,146 mL, 0,966 mmol)
trong MeOH (4,83 mL) va hdn hop phan tmg dugc khudy qua d&m & nhiét 6 phong,
duge ¢6, va duoc tinh ché bang sic ky silica gel (10% MeOH trong DCM) dé tao ra
hop chét trung gian néu & d& muc, (210 mg). (m/z): [M+H]" dugc tinh todn dbi véi
C,sHsFN50; 466,22 tim thiy 466.

(b) 2-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)- 1H-indazol-3-y1)-1,4,6,7-
tetrahydro-5H-imidazo[4,5-c]pyridin-5-yl)etan-1,1-diol

San phim & bude trude d6 (210 mg, 0,0,451 mmol) dugc hoa tan trong
MeTHF (4 mL) va HCI 3N trong nuéc (4 mL, 12 mmol) duoc bd sung. Hon hop

phan tmg duoc khqu trong 4 ngay, dugc cd, dugc hoa tan trong 1:1 axit axetic: nudc,
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va duogc tinh ché bing HPLC didu ché. Cac phan doan tinh khiét dugc két hop va
duge lam dong kho nhanh @& tao ra hop chét trung gian néu & d& muc (150 mg)
(m/z): [M+H]" duoc tinh todn déi véi CpsHap4FN5O; 438,19 tim thay 438.

(c) (S)-5-etyl-2-flo-4-(3-(5-(2-(2-metylpyrolidin-1-yl)etyl)-4,5,6,7-tetrahydro-
1H-imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol

B6 sung natri xyanobohydrit (28,7 mg, 0,457 mmol) trong MeOH (0,5 mL)
vao hdn hop chira san phim & budc trudée d6 (20 mg, 0,046 mmol) va (S)-2-
metylpyrolidin (19 mg, 0,229 mmol) trong MeOH (0,5 mL). Hbn hop phan ting duge
khudy qua dém, duoc hoa tan trong 2:1 axit axetic: nudc va dugc tinh ché bing
HPLC didu ché d8 tao ra mudi TFA cua hop chit néu & d& muc (6 mg, 0,0084 mmol,
18% hidu sudt). (m/z): [M+H]" duoc tinh todn dbi v6i CogHssFN4O 489,27 tim thiy
489,2.

Vi du 16: 5-Etyl-2-flo-4-(3-(5-(2-(pyrolidin-1-yl)etyl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol

HO
(L pomyt

B6 sung 1-(2-brometyl)pyrolidin (21,23 mg, 0,119 mmol) va DIPEA (69,2 pL,
0,397 mmol) vao dung dich chtra 5-etyl-2-flo-4-(3-(4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol (30 mg, 0,079 mmol) trong DMF
(500 pL). Hdn hop phan tmg dugc day nip va dugc khudy & nhiét 46 phong trong 1
gio, dugc ¢, duge hoa tan trong 1:1 axit axetic:nude, va dugc tinh ché bang HPLC
diéu ché d8 tao ra mudi TFA cua hop chét néu & d& muc (18 mg, 0,026 mm, 32% hiéu

sudt). (m/z): [M+H]" duoc tinh toan dbi véi Cp7Hs FNGO 475,25 tim thay 475,2.

Béng cach sir dung cac phuong phép téng hop gibng nhau, cac hop chét trong
céc bang 1-19 dugc didu ché. Trong céc bang dudi ddy, khoang tréng trong cot bat ky
chi ra nguyén tit hydro, * & trén ddu cta cAu tric chi ra tdm bat dbi, va ky hiéu (R)
hodc (S) phia trudc phén tir thé chi ra cAu hinh ctia nguyén tir cacbon ma phén tir thé

gan vao.
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I
HN-N N
, [M+H]" | [M+H]"

Vi du so RS R’ Cong thuc duogc tinh dugc tim

toan thay
1-1 -(CH,),OH CygHpoFNgO, | 477,23 4772
1-2 -CH; | CpsHyFNgO | 447,22 447
1-3 -C,H; CosHyoFNgO | 461,24 461,2
1-4 -(CH,);SCHj3 CosH33FNgOS | 521,24 521,2
1-5 Y SZCN CyoH30FN,O | 512,25 512,3
1-6 -(CH,),0OCHj; Cy7H3FNgO, | 491,25 491,1
1-7 -(CH,);0CHj; CygH33FNgO, | 505,27 505,2
1-8 -(CH,),CN Co7HysFN,O | 486,23 486,1
1-9 -(CH,),SCH; C,7sH31FNgOS | 507,23 507,2
1-10 cBu CygH3 FNgO | 487,25 487,2
1-11 -CHziPI' C28H33FN60 489,27 489,2
1-12 oxetan-3-y1 C27H29FN602 489,23 489,1
1-13 (CH,),CH(CH;)SCH, CyoH35FNgOS | 535,26 535,1
1-14 -CH; -CH; | C)HyoFNgO | 461,24 461

0
1-15 3 ‘OS/:O CasH3 FNGOS | 551,22 | 5511
1-16 tetrahydropyran-4-yl CyoH33FNgO, | 517,27 517,3
/
1-17 3~<—0 CosHsFNGO, |51727 | 5172
1-18 -CH,cPr CosH31FNgO | 487,25 487,2
Bang 2
F
R5
R4 . R8

R

N
/

/
HN—N ﬁ
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[M-+H]" | [M+H]"
Vi du| s 4 55 pxl px2 A , duge duoc
<6 R R, R, R", R Cong thuc tinh tim
todn thay
R® = -
21 |-CH; C(O)OCH, CoH3FNgO; | 533,26 | 533
R' = -
2-2 COOCH, | ColsFNOs 533,26 |533.1
2-3 CoeHpoFNeO [ 461,24 | 461,2
2-4 R'=(R)ICH; | CyHyFNO [475.25 [475.2
] R° = (R)CH;
2-5 RY = Ry, | CoHsFNO | 489,27 1489
26 |cBu CyHasFNeO [ 515,29 | 515,2
2-7 | -CH,iPr CiH;FNeO | 517,30 | 517,2
2
2-8 _§_©=0 C30H3sFN6O5S | 579,25 | 579,2
2-9 oxetan-3-yl C29H33FN602 517,27 51 7,2
2-10 -CHz-thfl}’l C33H35FN6O 55 1,29 55 1,2
2-11__ | -(CH,),CN CpoHuFN,O | 514,27 [514,2
2-12 tetrahydropyran-4-yl C3H37FNgO, | 545,30 | 545,3
2-13_ | cPr I CpoHyFNO 501,27 [501,2
2-14 | oxetan-3-yl lf(cvl‘j‘lz)lj_ 202 | 0 HLFaNGO, | 561,27 | 561,2
41 _ s x2
2-15 | tetrahydropyran-4-yl lf(gﬁz)lj_ dang | o HL.F,NGO, | 589,30 | 5892
4 X2
2-16 | -CH,iPr lf(gflz)lj_ W | o HGFINO | 55929 | 559,2
4 5 x2
217 | 4>~ S oty 8| CallaNGO, | 589,30 | 5892
2-18 | -C,H; CsHFNGO | 489,27 | 489,2
2-19 | -CH,CH,F CosHpFaNO [ 507,26 | 507.3
220 |iPr CpoHssFNgO | 503,29 | 503,3
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[MCHH] | [M+H]
Vi du | .8 2 53 pd BT N A , * duogc |7 duge
<6 R R, R’, R, R Cong thuc tinh tin}
todn thay
3-1 7@?@1 827H28FN7 486,23 | 486,1
32 | cBu R’=-CH, SZSH”FNﬁ 489,27 | 4892
33 |ibr R’ = -CH; Ot 477,27 14772
R’= -CH;
34 | -CH, R'= _CH, 827H33FN6 47727 | 477.1
R’=-CH,
R’= -CH; C,¢H; FNg
3.5 | -CH, RI— -CH, ®) | g 46325 | 4632
36 | _on e 49125 4912
3-7 823H25FN6 421,21 |421,1
R*> va R’ dang
3-8 | -CH; —(CH,)s- 828H33FN6 489,27 | 489,2
R’=-CH,
3-9 R® = -CH; ) 824H27FN6 43522 | 435
Gyl 1 1
3-10 | (CH,),SCH; JFNOS 9523 | 95,1
CoH 1 4
3-11 | cBu L FNO 7525 | 752
ol 5 5
3-12 | -(CH,);SCH; SFNOS | 0924 | 09,1
Gyl 4 4
3-13 | (CHCN 2FN-O 7423 | 741
Cooll 5 5
3-14 ‘:‘\>D FN,O 0329 | 03,2
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v LM;H] [M+H]
14du | s 2 p3 pd p7 % A . uoc dugce
o R R, R, R, R Cong thuc tinh tin;
toén thay
] ] CpsH 4 4
3-15 | -C,H;s 5 FNO 4924 | 492
] ] CpH 4 4
3-16 | -CH; 17FN4O 3522 | 35,1
317 R’= -CH; CysH 4 4
R*= -CH; 20FNGO 4924 |49,1
318 | “(CH2).CH(CH3)S CasH 5 5
CH, 1sFN4OS 23,26 |23,2
R= CpsH 4 4
3-19 ca@cmon | ® N0, 6523 |65
_ CyH 4 4
320 | 4= >—oH JFNO, 91,25 |912
301 Ri= -CH, CysH 4 4
R*=-CH; ,oFN4O 4924 | 49,2
] . / 7_ CooH 5 5
322 | >0 R"=-CH, WFNO, 1928 |19
_ F CpH 5 5
3-23 %—<>—<F 3 F3N,O 25,25 |252
CpH 4 4
3-24 %é WFN,O 89,27 | 89,2
_ CysH 5 5
325 | =< —on 10FN;0 00,25 | 00,2
1sFNO, 1928 |19,2
397 | “CH2C(CHy),CH, CsoH 5 5
OC,H; 30FN¢O, 35,31 353
R’>= (R)CH,OH CyH 4 4
3-28 | -CH; R’ = -CH, 4FNO, 7925 |79
R’ = (S)CH,OH C,H 4 4
3-29 | -CHs R’ = -CH, JFNO, 7925 |79
K / ngH 5 5
3-30 2<>—0 13 FNO, 05,27 | 05,2
tetrahydropyran- 7_ CyH 5 5
331 | 41 R'=-CH; SFN©O, 1928 |19
3-32 | oxetan-3-yl R’ =-CHj; FN,O, 9125 |91,2
. 7_ CysH 4 4
7 — C27H 4 4
3-34 | cPr R'=-CH, +FNO 7525 | 753
o 7_ CooH S 5
3-35 | pyridin-4-yl R"=-CH; WFN,O 1225 |122
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HN-N N
Vi + [M+H]"
du |[R® * | Cong thuc [M+H], duge dugc  tim
£ tinh toan A
0 | thay
41 ) CrdlFNGO 46124 461.2
42 (R) | CagHlaFNO 161.24 461.2
43 | -CH, (R) | CoyHy FNGO 47525 475.2
44 | -CH; (R) | CosHssFNO 489.27 489.2
45 | -CH,iPr (R) | CaoHyFNGO 517.30 517.2
46 | cBu (R) | CaoHysFNGO 515,29 515.2
47 |iPr (R) | CroHsFNGO 503,29 503,
48 | oxetan-3yl (®) CrollsF NGO, 517,27 517.2
49 | -CHyiPr (S) | CagHarFNGO 517.30 517.2
‘1‘;) -cBu ) C30H3sENgO 515,29 515,2
4- | tetrahydropyran- | (S) CsHaFNGO, 545,30 545,
11 | 4-yl
4- (S)
" | -Cas CysH3sFN,O 48927 489.2
‘1‘; -CHycPr (R) | €4 H,sFNO 515,29 515,2
‘1‘;1 iPr () | €,0H,FNO 503,29 503,2
‘11‘5 -CHycPr () | €4 H,sFNO 515,29 515,2
‘1"6 oxetan-3-yl ) CyoHyFNGO, 517,27 5172
‘1"7 phenyl R) | ¢y H,FN;0 538,27 538.2
‘1‘;; phenyl ) | ¢y H FN,0 538,27 538,2
‘1“9 cPr () | €,5H,FNO 501,27 501,2
‘2‘6 cPr R) | ¢, 0H,FNGO 501,27 501,2
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H
) R®. R* RS [M+H]" [M+H]"
Vidusé | R R7’ > 777 1 Cong thtc dugc  tinh du’c,yc tim
todn thay

R’=-CH,

5.1 CH, R'—CHL C,sH;sFN . 491, , 491
R’=-CH; «O ’

. R’=-OH CpsH33FN 505,

5-2 1Pr RZ=-CH3 O, 27 505
R’=-OH C26H31FN 479,

5-3 -CH;, R—CH, | .0, )5 479
R’=-0H

5-4 -CH; R*=-CH; 0 CorHyEN 7 493, 493
].{37='CH3 6\J2
R’=-OH C25H29FN 465,

> R'=-CH; |40, 23 465

s R’=(S)phe C50H3,FN 511, 511
n3311 <O 25 1
R =(S)OH C26H3 1FN 479,

5-7 0, 55 479
R’=(R)OH CyH; FN 479,

5-8 O, 55 479
R’=-OH, C,sH;,FN 518, 518

>-9 -(CH,),CN RZ=-CH3 0, 26 2
R =-OH, C28H35FN 523, 523

5-10 -(CH,),0CH; R—CH, | O, )8 2
R’=-OH

. 7 oy C,sH3sFN 507, 507

5-11 iPr R’=-CH, 0, )8 2
R’=-OH, C,,H3;FN 493, 493

12 | -Gl R'=CH; |0, 27 2
R =-CH3 C27H33FN 477,

5-13 -CH; R'—-CH, |0 7 477
R’=F CpqHycFy 453,

5-14 NO ) 453
R’=-CH, C,6H3,FN 463, 463

5-15 -CH; 0 ’s 1
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. 8 R’ R R’ [M+H]" [M+H]"
Viduso | R R7’ > 772 | Cong thure duoc tinh du’qc tim
toan thay
R’=-CH, C,gH33FN 489, 489
5-16 cPr O 27 2
. R’=-CH, C,sH3sFN 491, 491
5-17 iPr 0 - 1
R’=-CH;, C,oH;sFN 503, 503
5-18 cBu O 9 6
T_
519 | 3<XO>-0" |R=CHs | oyHgFN©O, 53330 | 5336
7=_
5-20 ;erfffyyldmpyr R=CHL | o PN, (53330 | 5336
5-21 -CH,CH,F R’=-CH; | C,yH3;FoNsO 49526 495,1
Bang 6
F
HO
g -
|
% N
(A gt
HN—-N H o
_|_ +
Vi du| s . , [M+H]" duoc [M+H] .
£ R * Cong thurc . \ dugc  tim
sO tinh toan ;
thay
6-1 -CH, () C,7H;3;FNsO, 491,25 491,1
6-2 -CH, (R) | Co7H;5,FN4O, 491,25 491,2
6-3 -CH,phenyl (R) | C33H35FN,O, 567,28 567,2
6-4 -g{}w (R) | C30H35FNO5 547,28 547,2
6-5 -CH,CH,OH (R) | CosH33FNGO; 521,26 521,3
Bang 7
F
HO Rx1 sz RX3
O %RM
(2 ey
y/
HN-N N
+
Vi RS RS o thae [M+H]" duge Etl\lf;cH] fim
du s6 R®, RM & tinh toan iy
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+
VPR R e thie [M+H]" duge Eil\lfo_t:H] i
du sb R¥, R¥ g tinh toan A- m
thay
71 | R*=R)F Cy7H30F,N4O 493,25 493,2
7-2 | R%=(S)F Cy7H30F,N4O 49325 4932
7-3 C,7H5,FN4O 47525 4752
R® va R®
74 | dang —CHL- C,eH;3,FNO 487,25 487.6
Rxl — _
7.5 | CH,OCH, CpoH3sFNGO, 519,28 519,2
7-6 |R¥=0H C,7H;,FN4O, 491,25 491,2
7-7 | R®=-C,H; CpoH3sFNGO 503,29 503,2
R* =
78 | phenyl C33H35FNO 551,29 551,2
R* =
710 | (8)CH,0H C,eH33FNO, 505,27 505,2
7-11 | R® = -OiPr C50H;3,FN4O, 533,30 533,2
R® = .
7-12 | CHLOCH, C,oH35FNO, 519,28 519,2
Béang 8
F
HO
Yo
N
eS s
HN-N N
-
P o [M+H]" duge | MTHD
Viduso |K Cong thuc , j dugc  tim
tinh todn P
thay
8.1 C,sH,7FNO 447,22 4472
5 8- -CH; CoeHyoFNO 461,24 461,2
3 8- cBu CaoH33FNGO 501,27 501,2
4 8- -CH,cPr C,oH33FNGO 501,27 501,2
5 8 | ipr CasH3FNO 489,27 489.1
. Ze_tyrf‘hydmpyran' CaoHzsFNGO, 531,28 531,2
7 8- -CHziPI’ C29H35FN6O 503,29 503,2
8- | -C,H; C,7H3,FN4O 475,25 4751
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N [M+H]"
Vidusé |R® Cong thirc [M+H] duoc | g 00 tim
tinh toan A
thay
8
9 8- phenyl C30H30FN,0 524,25 524,2
10 8- cPr C23H31FN6O 487,25 487,2
1 8- oxetan-3-yl C,psH3,FNO, 503,25 503,2
Bang 9
F
HO O
O /N]QNCN‘RB
/) N \
HN-N
¥ [M-+H]"
Vi du sb RS Cong thirc [M+H], duge dugc  tim
tinh toan £
thay
9-1 CpsHy7FNGO 447,22 447,1
92 |-CH; CyHFNO 461,24 4612
9-3 oxetan-3-yl Cyo3H3,FNgO, 503,25 503,1
9-4 | -CH,iPr C,oH3sFN,O 503,29 503,2
0
9-5 _§_©’=0 Cy9H33FNGO;3S 565,23 565,2
9-6 cBu CroH33FNO 501,27 501,3
9-7 -C,H; Cy7H3 FN,O 475,25 475,2
9-8 iPr C,sH33FN(O 489,27 489,2
9-9 -CHzCPI' C29H33FN6O 501 ,27 501 ,2
9-10 f_t;fhydmpyran' CaoHasFNGO, 531,28 531,2
9-11 cPr CpsH3 FN,O 487,25 4872
9-12 phenyl C3oH30FN,0 524,25 5242
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, * duge | IMFHT
Vi du s6 R® Cong thitc [M+H] " duge | 3i0c * im
tinh toan £
thay
10-1 |iPr CyoH;35FNgO 503,29 503,2
10-2 | -CH,iPr C50H37FNgO 517,30 517,2
10-3 -CH2CPI' C30H35FN6O 51 5,29 51 5,2
10-4 | -C,H; C,3H33FNGgO 489,27 489,2
10-5 | cBu C50H;35FNgO 515,29 515,2
10-6 | oxetan-3-yl C,9H33FNgO, 517,27 517,2
tetrahyd an-
Lo 4_; yaropyran C3,H3,FN¢O, 545,30 5452
10-8 | -CHjs C,7H3,FNgO 475,25 475,2
10-9 | cPr Cy9H33FNGO 501,27 501,2
10-10 | phenyl C51H3,FN,0O 538,27 538,2
Béang 11
F
HO
(] °
|
N
(O
HN- N
, ‘ [M+H]" [M+H]"
Vidu so R® Cong thirc duoc tinh duqq tim
toan thay
C,gH33FNg 489,2 489,
11-1 -CH; 0 7 2
C,oH35FNg 503,2 503,
112 “CoHs 0 9 2
C30H35FNg 531,2 531,
113 oxetan-3-yl 0, g 5
. C51H39FNg 531,3 531,
11-4 ~CHolPr 0 2 2
C51H37FNg 529.,3 529,
11-5 ~CHycPr 0 0 2
11-6 cBu C31H37FN6 529,3 529,
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) . [M+H]" [M+H]"
Viduso R Cong thuc duoc tinh duqq tim
toén thay
0 0 2
tetrahydropyra C3,H30FNg 5593 559,
11-7 n-4-yl 0, 1 2
P C30H37FNg 5173 517,
11-8 0 0 2
C30H35FNg 515,2 515,
11-9 cPr 0 9 2
11- C,7H;,FNg 4752 475,
10 0 5 2
Bang 12
F
HO
g
x3
|l:: N NN éi
) 4 \ RX1
HN-N H
M-+H]"
..+ | RRZ RS L , [M+H]" duoc [ .
Vidu so R Cong thuc tinh todn du:Ac_rc tim
thay
. 12- 1 g = oN Cy7H,FN;0 486,23 486,1
12- |[R® = -CN,
5 R = _CH, CoH30FN,0 500,25 500,2
xI - _
S e CasH3sFNO 489,27 4892
A 12- R® =-CH; C,7H;3FN,O 475,25 4751
12- | R®=-CH;, R®
5 —.OCH, 3 C,3H33FNO, 505,27 505,2
12-|R® = - C,sH33FN,O 505,27 505,2
6 CHZCHZOH 281133 62 5 5
X3 - _
7 1 §X4=-CH(3:H3’ CasHi3FNO 489,27 489,2
12- R = - CaofLsFNO 519.28 519.2
8 CH20C2H5 291135 62 5 5
. 12- | R® —phenyl CapHasFNLO 537.27 537.2
x3= _
o IR o™ CaHyFNGO, 491,25 491,2
. 12- CagHsFNGO 461,24 4612
12- | R®=-CH,0H C,7H3,FN4O, 491,25 491,1
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) xl px2 px3 + [M+H]+
Vi du so §x4’ R R, Cong thuc [M+H], duge dugc  tim
tinh toan ;
thay
12
1. R® va R®
13 dang C31H37,FNgO 529,30 529,2
—(CHy)s-
19 R® va R™
14 dang C28H31FN602 503,25 503,2
—CH,0CHs,-
s 12- R* = phenyl C3,H;3FNsO 537,27 536,6
Béang 13
F 2
HO R R
i]n ii:fR”
[ /”DNN -
HN-N N
- [M+H]"
Vidusd | RZ RS R™ | Cong thic [MHH] " duoc | 4oc ™ tim
tinh toan 1
thay
13-1 C,3H33FNO 489,27 489,2
13-2 |R® =-OH C,3H33FN¢O, 505,27 505,2
X3 — _
133 IéCH CyoH35F NGO, 519,28 519,2
- 3
13-4 |R®=F C,3H3,F,NqO 507,26 507,2
13-5 | R® =-CN CaoH3,FN;0 514,27 514,2
x3 — _
13-6 léH OH CyoH;35F NGO, 519,28 519,2
- 2
R¥ va R®
dang C31H37FN60 529,30 529,3
13-7 | «(CH,);-
R® = -
13-8 | CH.OH Cy9H;35FNGO, 519,28 519,2
- 2
13-9 | R¥=-OH C,3H33FNgO, 505,27 505,2
Bang 14
F
HO
O O R3
N N
/ g tﬂ:::) N-ge
HN-N N
H
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’ R [M+H]" [M+H]"
Vidu sd RS 3 Cong thuc dugc  tinh du,qc tim
toan thay

14- - Cy6H,9FNg 477,2 477
1 OCH; 0, 3

14- - CyeHoFNg 4772
5 -CH; OH 0, 3 477

14- - C,sH,7FNg 463,2
3 OH 0, 2 463

14- - C,7H3,FNg 491,2
4 -CHs OCH, |0, 5 490

14- Cy6HoF N 461,2 461,
5 “CH; 0 4 1

14- Cy6HgFoNg 479,2
6 -CH; F 0 3 479

14- Cy5H,7FNg 4472 447,
7 ) 2 1

14- CysH,6FoNg 465,2
g F 0 1 465

14- CysH;31FNg 487,2 487,
9 cPr 0 5 2

14- CysH30FN5 500,2 500,
10 “(CHoCN 0 5 2

14- | . / C30H;35FNg 531,2 531,
11 +<(O-o 0, 8 3

14- CyoH33FNg 501,2 501,
12 cBu 0 7 3

14- | (CH):OCH CyoH35FNg 519,2 519,

0, 8 3

13 3

14- | (CHy),0CH CogH33FNg 505,2 505,

0, 7 2

14 3

14- CygH31FNg 503,2 503,
15 oxetan-3-yl 0, 5 5

Bang 15

F
HO
O R3
(A
HN-N N
Vi d [M+H]" | [M+H]
;1 YIRS R? * | Cong thuc duoc tinh | dugc tim
o) . X
todn thay
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. [M+H]" | [M+H]
:2 du R® R * | Cong thirc duoc tinh du,qc tim
toan thay
] -OH C,H; F 491 49
15-1 CHs N:O, 25 1
1 C,eHyoF 477 47
5-2 OH N¢O, 23 7
1 R 46
53 g C,6HyFN(O 461,24 11
1 P C,oH;sF 503 50
5.4 N,O ,29 3,6
1 C;0HssF 515 51
5.4 cBu N(O 29 5,6
1 . / CyH3F 545 54
5.6 (o N¢O, 30 5.6
1 C,oHs3F 501 50
5.7 cPr N¢O 27 12
1 C,sHsoF, 507 50
5-8 -CHCHF NO ,26 7,1
1 C,7H;, F 475 47
5-9 -CH; NO ,25 5.2
1 tetrahydrop CsH3F 545 54
5-10 yran-4-yl NgO, ,30 5,2
Bang 16
F
HO O
* _R8
(2 T
HN-N N
* + [M+H]"
Vi du sb R® Cong thirc [M+H] duge | 400 im
tinh toan A
thay
16-1 -CH; (R) | C,sH3,FN(O, 491,25 4912
16-2 (R) C,6HFNO, 477,23 4772
16-3 (S) C,6H0FN4O, 477,23 4772
16-4 | cBu (S) C30H;35FNO, 531,28 531,2
16-5 cPr (S) C29H33FN602 5 17,27 5 17,3
16-6 | iPr (S) C,oH;35FNO, 519,28 519,6
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(A o,

HN—1 N
, [M+H]" [M-+H]"
Vidusé |R’ R* * | Cong thie dugc  tinh | dwoc  tim
todn thay
-OH (S) C,7H3:FNgO 491,2
491
17-1 ) 5
17 R C,7H3:FNO 491,2 491
-2 OH ) |2 5
17 - C,sH31F3Ng 525,2 525,
-3 CHF, ) 5 2
Bang 18
F
HO
i!n R7
N
N “R8
“[D/ /IIE::T—<$X%GR
HN-N N
Vi R [M+H] [M+H]
A g 7 Congthtic |* duwoc tinh |* dugc tim
du so ,R , P
todn thay
18 R’ Cp7H31FNg
1 CH, ~ .CH, 0 475,25 4752
R®
CH3 = -CH3, C23H33FN6
18 R = .|lo 489,27 489
-2 CH;
18 CasHartNe 447,22 447,2
-3 )
Bang 19
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F
“Q
N -
iGN
/
HN-N N

[M+H]" | [M+H]"
Vidusd |R Cong thuce duogc tinh | dugc tim
todn thdy
19-1 /\/Nj C,Hy FNO, | 49125 | 491.1
:\\/\/\N
19-2 (:L C,oH3,F,NGO | 521,28 521,1
F

Vi du 17: Hydrat tinh thé cta 5-etyl-2-flo-4-(3-(5-(1-metylpiperidin-4-yl)-
4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol

N
(|
V,
H

B6 sung NMP (239 mlL) va 5-etyl-2-flo-4-(3-(4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol, 2 HCI (74,5 g, 165 mmol) cling
v6i khudy sau d6 NMP (74 mL) vao 3 L binh thét ¢b. Axit axetic (31,3 mL) dwoc bd
sung va hdn hop phan tng dugc lam 4m dén nhiét d6 55°C trong 10 phut va sau d6
duoc lam mat dén nhiét d6 25°C. 1-metylpiperidin-4-on (61,0 mL, 496 mmol) duoc
bd sung trong mdt phan va hén hop phan tmg duoc khudy & nhiét d6 25°C trong 30
phtit va dugc lam mat dén nhiét d6 15°C. Natri triaxetoxybohydrit (98 g, 463 mmol)
duoc bd sung va 16p ngoai duoc cai dit nhiét do dén 20°C sau 5 phit. Sau 3 gid,
amoni hydroxit (365 mL, 5790 mmol) dugc bd sung timg giot qua 45 phit duy tri
nhiét d6 dudi 25°C. Hon hop phan tng duoc khqu trong 1,5 gio & nhiét do 20°C, tao
ra bot nhdo mau tring duc. Metanol (709 mL) duoc bd sung va hdn hop phan tmg
duoc khudy cham qua dém & nhiét d6 55°C. Nude (1,19 L) duoc bd sung qua 30 phut
& nhiét d6 55°C va hdn hop nay duoc 1am lanh dén nhiét d6 10°C, duogc khqu trong
2 gi0, va duoc loc. Banh loc dugc rua béng ty 1€ 1:1 MeOH:nudc (334 mL), duoc
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lam kho trén bd loc trong 20 phut va & nhiét d§ 45°C dudi chan khong bang cach thdi

nito dé tao ra chét rdn mau vang (87 g).

Bb sung 5% nudc/axeton (1,5 L) & nhiét d6 55°C béng cach khudy chdm vao
cac chét rén va hdn hop phan tmg dugc gia nhiét & nhiét do 55°C trong 6 givy, duge
lam mat dén nhiét d6 10°C, duoc loc, va duoc rira béng 5% nudc/axeton (450 mL).
Céc chit rdn dugc 1am khé qua dém & nhiét d6 50°C dudi chan khong bing cach théi
nito, dugc lam can bang trong khong khi trong 20 gid, duoc lam kho trong 16 chan
khong trong 48 gi&r va dugc 1am can bing bang khong khi dé tao ra hop chit néu & dé
muc (71,3 g, 91% hiéu suit) 1a chét rin mau vang nhat chay tw do. HPLC Phuong
phéap C Thoi gian duy tri 12,29 phut.

Vi du 18: Hydrat tinh thé cia 5-etyl-2-flo-4-(3-(5-(1-metylpiperidin-4-yl)-
4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)- 1H-indazol-6-yl)phenol

B6 sung 5-etyl-2-flo-4-(3-(5-(1-metylpiperidin-4-yl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol (45,4 g, 95 mmol) va nudc (450
mL) va 37% NH4OH (11,25 mL) vao binh thét c6 va bt nhio duge khudy trong 10
phit va dugc loc. Banh loc wét dugc chuyén vao binh thét ¢d 2L va 2,5%
nude/axeton (900 mL) duge bd sung va bot nhdo duge khudy qua dém. Nude bd sung
(23 mL) dugc bd sung va hdn hop duoc khudy trong 48 gioy, duoc lam 4m dén nhiét
do 55°C va duoc khuéy & nhiét 46 55°C qua dém. Nudc bd sung (69 mL) duoc bd
sung va bot nhdo duoc khudy & nhiét d6 25°C qua dém va duoc lam 4m dén 55°C.
Sau 3 gi®, phan nuéc bd sung (23 mL) duoc bd sung, hdn hop nay duge lam mét dén
RT, duoc loc, va duogc rira béng 15% nuéc/axeton (250 mL). Cac chit rin dugc lam
kho qua dém trong 16 chan khong & nhiét d§ 50°C dé tao ra hop chit néu & dé muc
(32,4 g, 68,3 mmol, 72% hiéu suét, 99/2% tinh khiét). HPLC Phuong phap C Thoi
gian duy tri 12,27 phtt. '"H NMR (400 MHz, Metanol-d4) & 8,24 (dd, J = 8,4, 0,8 Hz,
1H), 7,39 (t, ] = 1,1 Hz, 1H), 7,13 (dd, J = 8,4, 1,4 Hz, 1H), 6,93 (d, J = 11,7 Hz, 1H),
6,88 (d, 1= 9,0 Hz, 1H), 3,78 (s, 2H), 3,00 (dd, J = 10,0, 4,0 Hz, 4H), 2,81 (t, ] = 5,8
Hz, 2H), 2,68 — 2,57 (m, 1H), 2,53 (q, J = 7,5 Hz, 2H), 2,30 (s, 3H), 2,18 — 2,06 (m,
2H), 1,99 (d, J = 11,9 Hz, 2H), 1,75 (td, J = 12,4, 3,7 Hz, 2H), 1,05 (t, J = 7,5 Hz,
3H).
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Vi du so sanh C-1: 5-Etyl-2-flo-4-(3-(5-(3-metylxyclobutyl)-4,5,6,7-
tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol

g
O N ad

B sung natri xyanobohydrit (77 mg, 1,221 mmol) vao dung dich chtta 5-etyl-
2-flo-4-(3-(4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-
yDphenol TFA (60 mg, 0,122 mmol) va 3-metylxyclobutan-1-on (51 mg, 0,610
mmol) trong MeOH (1,221 mL) va hdn hop phan tmg dugc khudy trong 4 gio. Hon
hop phan tmg dugc c6 bing cach lam bay hoi kiéu quay, dugc hoa tan trong ty 1€ 2:1
axit axetic:nude (1,5 mL) va dugce tinh ché br?mg HPLC diéu ché d tao ra mubi TFA
cia hop chit néu ¢ d& muc (40 mg). (m/z): [M+H]" dugc tinh toan dbi véi
CaHasFN5O 446,23 tim thay 446,1.

Béng cach st dung quy trinh tuong tu, viéc thay thé chét phan tng thich hop
cho 3-metylxyclobutan-1-on, c4c hop chat so sanh dudi day dugc diéu ché:

Hop chét so sanh C-2 dén C-4

«/<
e
ios

Tinh toan | Tim thay
Vi du s6 Cong thirc [M+H]* IM-+H]*
C-2 C26H30FN50 448,24 448,2
Cy7H30FNsO, | 476,24 476,2
C-3
ca CysH3,FN5O 474,26 474,2

Céc vi du 19-21: Céc tinh chét cia dang ran theo sang ché
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Vi du v& hydrat tinh thé 5-etyl-2-flo-4-(3-(5-(1-metylpiperidin-4-y1)-4,5,6,7-
tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol theo vi du 18
dwoc phan tich bing phé nhidu xa bdt tia X (powder x-ray diffraction - PXRD), phén
tich nhiét quét vi sai (Differential scanning calorimetry - DSC), phén tich nhi€t trong
(thermal gravimetric analysis - TGA), va thdm hut 6 4m dong (dynamic moisture

sorption - DMS) .
Vi du 19 Phd nhifu xa bot tia X

M3u phd nhidu xa bét tia X theo Fig.1 duoc thu bang nhiéu xa ké tia X Bruker
D8-Advance bing cach sir dung phéng xa Cu-Ka (A = 1,54051 A) véi dién ap dau ra
bing 45 kV va cudng d6 dong dién 40 mA. Dung cu nay dugc hoat dong trong hinh
hoc Bragg-Brentano khe t¢i, khe phan ky, va khe phan tan cai dat t61 da dén cuomg do
& miu. P& xdc dinh, Iuong bt nhd (5-25 mg) duoc nén nhe vao trong thiét b gifr
miu d& 1am b mat min va cho tiép xtic véi tia X. Cac mAu nay duge quét & ché do
20-20 tir 2° dén 40° trong 20 v6i kich thude budce bing 0,02° va téc do quét bing
0,30° gidy mdi budc. Viéce thu thap s lidu duogc kiém soat béi phﬁn mém do Bruker
DiffracSuite va duoc phan tich béi phin mém Jade (phién ban 7.5.1). Dung cu nay
duoc didu chinh bang chit chudn corundum, trong +0,02° hai goc teta. PXRD hai vi
tri dinh teta dugc quan sat va khoang cach d duge thé hién trong bang 20.

Bang 20: S6 liéu PXRD dbi voi hydrat tinh thé

2-Teta d(A) Diéntich |A%
6,20 14,24 81639 45,70
9,58 9,22 178629 100,00
10,34 8,55 30022 16,80
10,65 8,30 12801 7,20
11,54 7,66 27220 15,20
12,77 6,93 27705 15,50
13,01 6,30 48785 27,30
13,39 6,61 9261 5,20
16,94 5,23 40031 22,40
17,53 5,05 83718 46,90
18,67 4,75 9542 5,30
19,28 4,60 152922 85,60
20,02 4,43 22391 12,50
20,61 4,31 30308 17,00
21,51 4,13 92875 52,00
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22,10 4,02 37495 21,00
22,79 3,90 13802 7,70
23,22 3,83 12117 6,80
25,16 3,54 13792 7,70
28,80 3,10 14487 8,10
29,62 3,01 14810 8,30
30,20 2,96 9709 5,40

Vi du 20: Phéan tich nhiét

Phan tich nhiét quét vi sai (Differential scanning calorimetry - DSC) duoc thuc
hién bang cach st dung modun Dung cu TA méu Q-100 véi BY kiém soé4t phan tich
nhiét. S8 lidu duge thu thap va duoc phén tich bing cach st dung phin mém phan
tich nhiét bang Dung cu TA. MAu cta mdi dang tinh thé dugc can chinh xéc vao chao
nhom duoc bao phi. Sau 5 phut 1a thoi gian cin bing ding nhiét & nhiét d6 5°C, mu
nay dugc gia nhiét bing cach sir dung d6 dc gia nhiét tuyén tinh 10°C/phut tir nhiét
d5 0°C dén 250°C. Biu dd nhiét DSC tiéu biéu ciia tinh thé bazo tu do dang I theo

sang ché duoc thé hién trong Fig.2.

Phép do phan tich nhiét trong (thermal gravimetric analysis - TGA) dugc thyuc
hién béng cach st dung médun Dung cu TA md hinh Q-50 duoc trang bi khd nang
phan giai cao. S6 liéu duoc thu thap béng cach st dung Dung cu TA c6 Bo kiém soat
phén tich nhiét va dugc phan tich bang céch st dung phin mém phan tich toan ciu
dung cu TA. Mau d3 can duoc dit trén chdo nhom va tbc do gia nhiét béng 10°C tur
nhiét d6 moi trudng xung quanh dén 300°C. Budng can bing va budng dbt dugc thdi
dong nito khi stt dung. Luong nhé TGA tiéu bidu cta tinh thé bazo tu do dang I theo

séng ché dugc thé hién trong Fig.3.
Vi du 21: Panh gi4 sy thAm hut 6 4m dong

Phép do sy thAm hiat d6 4m dong (dynamic moisture sorption - DMS) dugc
thuc hién bing céch sit dung can vi luong khi quyén VTI, hé théng SGA-100 (VTI
Corp., Hialeah, FL 33016). MAu da cin dugc st dung va d6 4m 1a gid tri thip nhét c6
thé (gin v6i 0% RH) & thoi diém bt dAu phén tich. Phan tich DMS bao gdm budc
1am kho ban dau (~0%RH) trong 120 phut, sau d6 hai chu ky thAm hut va giai hp véi
tde do quét bing 5% RH/budc & d6 4m ndm trong khoang tir 5% RH dén 90% RH.
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Viéc chay DMS duoc thuc hién déng nhiét & nhiét 46 25°C. Luong nhd DMS i véi
tinh thé bazo tu do dang I theo sang ché duoc thé hién trong Fig.4.

Céc thir nghiém sinh hoc

Hop chét theo sang ché duoc dic trung trong mot hoic nhiéu thir nghiém sinh

hoc duoi day.
Thtr nghiém 1: C4c thir nghiém hoda sinh JAK va kinaza khong hudng dich

T4m bdn thir nghiém sinh héa LanthaScreen JAK (JAK1, 2, 3 va Tyk2) dugc
thuc hién trong dém phan g kinaza thong thuong (50 mM HEPES, pH 7,5, 0,01%
Brij-35, 10 mM MgCl,, va 1 mM EGTA). Enzym JAK huéng dich GST tai t6 hop va
chat nén peptit STAT1 huéng dich GFP thu dugc tir Life Technologies.

Hop chét duoc pha lodng lan luot duge U trudc bing mdt trong bbn enzym
JAK va chit nén trong vi tAm 384 16 (Corning) & nhiét d6 xung quanh trong 1 gio.
ATP duoc bd sung sau d6 dé bét dAu phan img kinaza trong 10 pL tdng thé tich, bang
DMSO 1%. Ndng do enzym cudi cung dbi voi JAK1, 2, 3 va Tyk2 1an luot 14 4,2 nM,
0,1 nM, 1 nM, va 0,25 nM; néng do Km ATP tuong ing dugc st dung 1a 25 pm, 3
um, 1,6 pm, va 10 pm; trong khi néng do chét nén 1a 200 nM d6i voi tht ca bdn thir
nghiém. Phan tng kinaza duoc cho tiép tuc trong 1 gid & nhiét o xung quanh trudce
khi 10 pL didu ché cia EDTA (ndng d6 cudi cling bing 10mM) va khéng thé
pSTATI1 khang Tb (pTyr701) (Life Technologies, ndng d6 cudi cling bang 2 nM)
trong dém pha lodng TR-FRET (Life Technologies) dugc bd sung. Cac tAm duoc U &
nhiét dd xung quanh trong 1 gid trude khi doc trén thiét bi doc EnVision (Perkin
Elmer). Tin hiéu ty 1& phat xa (520nm/495nm) duoc ghi chép lai va duoc st dung dé

tinh todn gié tri phan trim tc ché dwa trén DMSO va sy d6i chimg chung.

Déi véi viéc phan tich dap tmg lidu, s6 lidu phin trim e ché duge v& biéu do
v6i ndng d6 hop chét, va céc gid tri ICso dugce xéc dinh tir mé hinh 1ap khit 8 rang 4
théng sb bang phin mém Prism (Phdn mém GraphPad). Cac két qua dugc biéu hién 14
pICs, (logarit am ctia IC50) va duge chuyén dbi sau d6 thanh pK; (logarit &m cua
hing sb phén ly, Ki) bing cach str dung phwong trinh Cheng-Prusoff.

Hop chit thir nghiém c6 gié tri pK; cao hon trong mét trong bbn thir nghiém

JAK th& hién su tc ché hoat tinh cia JAK manh hon. Hop chét theo sang ché duoc
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kiém tra trong thir nghiém nay thong thuong biéu hién gia tri pK; ndm trong khoang
tir khoang 9 dén khoang 10,5.

TAm thtr nghiém tyrosin kinaza khong huéng dich (F1t3, RET, FGFR2, TrkA,
va pDGFRB) dugc phat trién bang céch st dung phuong phép tuwong tu, bing enzym
tai td hop thu dugc tir Life Technologies va chit nén peptit duoc biotinyl héa téng
hop & AnaSpec. Tt ci cac thir nghiém dugc thuc hién & nhiét d6 xung quanh bang
ndng d6 ATP cudi cing bang 100 um. Chat phan tmg phat hién, bao gdm khéng thé
phosphotyrosin khang Eu (pY20) va SureLight APC-SA, duoc mua tir Perkin Elmer.
Tin hiéu ty 1é phat xa (665nm/615nm) dugc ghi chép lai va duge st dung cho viéc

phan tich 36 liéu, va cac két qua cubi cling duoe biéu hién 13 pICs.
Thtt nghiém 2: Thir nghiém hiéu lwc JAKT t& bao

Thtr nghiém hiéu luc té bao AlphaScreen JAKI dugc thuc hién bing cach xic
dinh interleukin-13 (IL-13, R&D Systems) giy ra su phosphoryl héa STAT6 trong té
bao biéu méd phdi BEAS-2B & ngudi (ATCC). Khang thé khang STAT6 (Cell
Signaling Technologies) duoc lién hop véi cac hat nhan AlphaScreen (Perkin Elmer),
trong khi khang thé khang pSTAT6 (pTyr641) (Cell Signaling Technologies) dugc
biotinyl hoa bang cich st dyung EZ-Link Sulfo-NHS-Biotin (Thermo Scientific).

Cac t& bio BEAS-2B dugc phét trién & nhiét do 37°C trong ti u 4m 5% CO,
trong 50% mdi truong DMEM/50% F-12 (Life Technologies) duoc bd sung 10%
FBS (Hyclone), 100 U/mL penixilin, 100 pg/mL streptomyxin (Life Technologies),
va 2 mM GlutaMAX (Life Technologies). Vao ngay 1 cta thit nghi€ém, céc té bao
duge nudi & mat do 7,500 té bao/15 trong céc tim 384 15 phu poly-D-lysin mau tring
(Corning) bang 25uL mdi trudng, va duge cho két dinh qua dém trong ti 0. Vao ngay
2 cta thir nghiém, méi truong duge loai bo va duge thay thé bang 12 pL dém thi
nghiém (Dung dich mudi can bang Hank/HBSS, 25mM HEPES, va 1 mg/ml albumin
huyét thanh bd/BSA) chira dap tmg lidu ctia hop chit thir nghiém. Hop chét duoc pha
logng 1an lugt trong DMSO va sau d6 duge pha lodng 1000 1an trong moi truong dé
tao ra néng do cudi cung cia DMSO dén 0,1%. Céc t€ bao duoc 0 véi hop chét thir
nghiém & nhiét d6 37°C trong 1 gio, va sau d6 bd sung 12 pl IL-13 dugc lam 4m
trude (80 ng/ml trong dém thir nghiém) dé kich thich. Sau khi 1 & nhiét @6 37°C trong
30 phut, dém thir nghiém (chtra hop chét va IL-13) duoc loai bd, va 10 pl dém phén
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giai t€ bao (25 mM HEPES, 0,1% SDS, 1% NP-40, 5 mM MgCl2, 1,3 mM EDTA, 1
mM EGTA, va bd sung chét tic ché proteaza Complete Ultra mini va PhosSTOP tir
Roche Diagnostics). Cac tim dugc lac & nhiét &6 xung quanh trong 30 phut trude khi
bd sung chit phan ung phét hién. Hon hop chita pSTAT6 khang biotin va cac hat
nhin dugc lién hop khang STAT6 dugc bd sung diu tién va duoc U & nhiét do xung
quanh trong 2 gid, sau d6 bd sung streptavidin dugc lién hop cac hat cho (Perkin
Elmer). Sau khi @ t6i thiéu 2 gid, cac tAm thir nghiém dugc doc trén thiét bi doc tAm
EnVision. Céc tin hiéu phat quang AlphaScreen duoc ghi chép va duoc st dung dé
tinh toan cac gié tri phan trdm @c ché dya trén DMSO va dbi chung chung.

Dbi véi viée phan tich dap tmg lidu, s6 liéu phin trim Gc ché duoc bidu hién
béng néng do hop chét, va cac gia tri ICso duge x4c dinh tir mo hinh lép khit rd rang 4
théng sb bing phan mém Prism. Cac két qua duoc biéu hién 1a logarit am clia gid tri
ICsp, pICso.

Hop chét thir nghiém c6 gia tri pICsy cao hon trong thir nghi¢m nay thé hién su
trc ché IL-13 16n hon gay ra su phosphoryl héa STAT6. Hop chét theo séang ché duge
kiém tra trong thir nghiém ndy thong thuong biéu hién cac gia tri pICsp nim trong

khoang tir khoang 7,5 dén khoang 8,5.
Thtr nghiém 3: Thir nghi¢ém gay doc té bao

Thir nghiém kha néng séng cua té bao/gdy doc té bao CellTiter-Glo phat quang
duoc thuc hién trong cac té bao bidu md phdi BEAS-2B ¢ ngudi (ATCC) dudi diéu
kién phat trién binh thudng.

Céc té bao duge phat trién & nhiét d6 37°C trong ti 4 &m 5% CO, trong moi
truong 50% DMEM/50% F-12 (Life Technologies) dugc bd sung 10% FBS
(Hyclone), 100 U/mL penixilin, 100 pg/mL streptomyxin (Life Technologies), va 2
mM GlutaMAX (Life Technologies). Vao ngay 1 cta thr nghiém, cac té bao duoc
nudi & mat do 500 t& bao/13 trong tAm nudi cAy mo 384 15 mau tring (Corning) béng
moi trudong 25 pL, va duge cho két dinh qua dém trong td . Vao ngady 2 cua thu
nghiém, 5 pL moi truong chira dap Umg lidu cta hop chét thir nghiém duge b sung,
va duoc U & nhiét d6 37°C trong 48 gid. 30 puL dung dich phét hi¢n CellTiter-Glo

(Promega) dugc bd sung sau d6, dugce tron trén thiét bi lic theo quy dao trong 5 phit,
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va duoc U trong thém 10 phut trude khi dugc doc trén thiét bi doc EnVision. Céc tin
hiéu phét quang dugc ghi chép va phin trim céc gia tri dbi ching DMSO dugc tinh

toan.

Dbi véi vide phan tich dap tmg lidu, sb liéu phin trim DMSO kiém soét duoc
biéu hién v6i ndng d6 hop chat dé tao ra dudng cong dép ung lidu bang dudong nbi
timg diém sb lisu. Nong d6 trén mdi dudng cong vuot qua ngudng tic ché 15% duoc

xac dinh 1a CCys. Céc két qua duogc biéu hién 12 logarit &m cta gid tri CCys, pCCis.

Puoc mong doi 1a hop chét thir nghiém thé hién gi4 tri pCCis thip hon trong
fhit nghiém nay c6 it kha ning hon gay doc té bao. Hop chit theo sang ché dugc kiém
tra trong thtr nghi€ém nay thong thudng biéu hién cac gid tri pCCys nam trong khoang
gia tri nho hon 5 dén khoang 6,6.

Céc két qua thir nghiém In Vitro

T4t ca hop chat theo cac vi du 1 dén 16 va céc bang 1 dén 19 duoc kiém tra
trong mot hoc nhidu cta thir nghiém duoc md ta & trén. Trong cac bang dudi day,
d6i voi cac thir nghiém enzym JAK1, JAK 2, JAK3, va TYK2, A thé hién gid tri pK;
> 10 (K; <0,1 nM), B thé hién gia tri pK; nidm trong khoang tr 9 dn 10 (K; nim
trong khoang tir 1 nM dén 0,1 nM), C thé hién gia tri pK; ndm trong khoang tir 9 dén
9,5 (K; ndim trong khoang tir 1 nM dén 0,32 nM), va D thé hién gi4 tri pK; ndm trong
khoang tir 8,5 dén 9 (K; nim trong khoang tir 32 nM dén 1 nM). B6i v6i BEAS-2B
thir nghiém hiéu luc t& bao, A thé hién gi4 tri pICs > 8 (ICso < 10 nM) va B thé hién
gid tri pICs nim trong khoang tir 7,4 dén 8 (ICso ndm trong khoéang tir 40 nM dén 10

nM). Hop chit dugc kidm tra dusi day trong tat ca céc thir nghiém in vitro dugc md

ta O trén.
Vi du JAK 1|JAK 2[JAK  3|Tyk 2 |BEAS-2B
' ()9) (pKy) (pKy) (pKi) pICso
1 A A A B A
2 A A A B B
3 A A B B A
4 A A B B A
5 A A B C A
6 A A B B A
7 A A B C A
8 A A B B A
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Vi du 56 JAK 1]JAK 2|JAK 3|Tyk 2 |BEAS-2B
' ()9) (PKy) (pPKy) (pKi) pICso

9

10
11
12
13
14
15
16
1-1
1-3
1-6
1-8
2-3
3-30
4-1
4-2
7-3
9-1
9-2
14-7

D1 | 3 |3 | 3| 3 | 3 | | || [ | | || R
D1 |3 | B | 3 || | || | | ||| P
>0 w2 O W ||| || > ||| | O
alalalwlalglm|m|alalaa|E aEiaaO|wE a
w>w>ww>w>>ww>>>>>>>>

Pugc quan sat réng hiéu luc enzym JAK 1 dd du dodn hiu luc té bao trong
thir nghiém BEAS-2B. Do d6 tht ca cac hop chit con lai dugc kiém tra trong thir
nghiém enzym JAKI va thr nghiém té bao va thé hién gia tri enzym pKi nim trong
khoang tir 9 dn 10,5 va gié tri BEAS-2B plICs nim trong khoang tr 7,4 dén 8,5
ngoai trir hop chat 3-32, 4-8. 4-16. va 8-11, biéu hién sy ttc ché JAK ¢ gia tri enzym

pK; ndm trong khoang tir 8,5 dén 9 va hiéu luc & bao nim trong khoang tir 6 dén 7,4.
Thit nghiém 4: Dugc dong hoc trong huyét tuong va phéi & chudt nhit

Mitc d6 ctia hop chit thir nghiém va ty 18 clia n6 trong huyét tuong va phoi
duoc x4c dinh theo céac sau day. Chudt nhit BALB/c tir Charles River Laboratories
dugc st dung trong thr nghiém. Hop chit thit nghiém duoc bao ché riéng & trong
propylen glycol 20% & d6 pH 4 dém xitrat & ndng do bang 0,2 mg/mL va 50 uL dung
dich liéu dugc dwa vao khi quan cta chudt nhét béng céch hit vao bing miéng. O céc
diém thoi gian khac nhau (thong thuong 0,167, 2, 6, 24 git) sau khi dung liéu, céac
mau mau dugc loai bd nhd choc qua tim va phéi nguyén ven dugc cAt tir chudt nhit.

Cac miu méu duogc ly tim (ly tim Ependorf, 5804R) trong 4 phut & xap xi 12.000
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vong/phut & nhiét d6 4°C dé thu huyét twong. Phdi duge bit cho khd, dugc cén, va
duoc ddng nhat khi pha lodng theo ty 1€ 1:3 trong nudc v6 tring. Mic huyét tuong va
phdi ctia hop chit thir nghiém duoc xéc dinh bing viéc phan tich LC-MS chong lai
tiéu chudn phan tich 4p dung duong cong chuén trong ma trin thit nghiém. Ty 1& phdi
trén huyét tuong duoc xac dinh 14 ty 1& cia AUC trong phdi theo pg gid/g trén huyét
tuong AUC theo pg gido/mL, trong d6 AUC duge xac dinh thong thuong la dién tich
dudi dudng cong ctia ndng do hop chit thir nghidm theo thoi gian. Hop chét theo
sang ché bidu hién s tiép xtc trong phi tir mot dén hai thtt tu c6 d 16n 16n hon tiép
xuc trong huyét twong & chuot nhit. Tt ca hop chét dugc profin trong thit nghiém

nay bidu hién thoi gian ban hity ndm trong khoang thoi gian tir 5 dén khoang 12 gio.

Thir nghiém 5: M6 hinh chudt (chudt nhét) ctia su cam tmg pSTAT6 dugc gay
ra boi IL-13 trong md phdi

11-13 1a xytokin quan trong phu thudc sinh ly bénh hoc ctia bénh hen (Kudlacz
et al. Bur. J. Pharmacol, 2008, 582,154-161). IL-13 lién két v6i thy thé bé mit t€ bao
hoat héa thanh vién ctia ho Janus cta kinaza (JAK) sau d6 phosphoryl hoa STAT6 va
sau d6 hoat héa con dudong phién ma. Trong md hinh dugc mo ta, lidu TL-13 dugc
phan phéi vao trong phdi ctia chudt nhit @& gy ra su phosphoryl hoa ciia STAT6
(pSTATG) sau d6 duoc xac dinh 1a diém cubi.

Chuot nhét balb/c trudng thanh tir Harlan dugc sir dung trong thir nghiém. Vao
ngay nghién ctru, cac con vét dugc gy mé nhe béang isofluran va dugc dung chét dan
thubc hodic hop chét thir nghiém (0,5 mg/mL, 50 L téng thé tich qua nhiéu lan thd)
nho hit qua miéng. Céc con vat duoc dit nim nghiéng sang mot bén sau khi ding lidu
va duoc giam sat dé phuc hdi hoan toan khoi sy gdy mé trude khi trd lai chudng ctia
chung. Bén gio sau d6, cac con vat mot 14n nita lai dugc gy mé va dugc dung chét
dAn thubc hodc IL-13 (0,03 pg tdng lidu dwoc phan phdi, 50 pL tdng thé tich) nho hit
qua miéng trude khi dugc gidm sat dé phuc hdi khoi sy gy mé va trd lai chu(‘ing cua
chtng. M6t gio sau khi dung chét dn thudc hodc IL-13, phdi dugce thu tir ca hai phat
hién pSTAT6 bing cach sit dung khéang pSTAT6 ELISA (khang thé bat gitt/phu
mAb tho; khang thé phat hién/béo c4o mAb chudt nhét: khang pSTAT6-pY 64; khing
thé tht hai: khang IgG-HRP & chudt) va duoc phan tich d6i véi ndng do thude tong

s6 nhu dugc mo ta & trén trong Thir nghiém 4.
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Céc hop chat theo sang ché duge chon dugc kiém tra trong thir nghiém nay.
Hoat tinh trong md hinh dugc chimg minh bang sy giam mirc d6 ciia pSTAT6 c6 mit
trong phoi clia cac con vat duge diéu tri & nhiét do 5 gid so voi cht din thudc duogc
didu tri, cac con vat dbi chimg ding IL-13. Su khéc biét gifta cac con vét d6i chung
duoc diéu tri béng chét din thudc, dugc dung IL-13 va cc con vét dbi chung duoc
didu tri bing chét din thubc, duge ding chét din thudc e ché 0% va 100% tac dung
te ché, 1an luot, theo thi nghiém nhét dinh bit ky. Hop chét theo sang ché tiéu biéu
duoc kiém tra trong thtr nghiém, va biéu hién sy uc ché cta su phosphoryl héa
STATG6 & nhiét dd 4 gid sau khi dung IL-13 nhu tai liéu sau day. Hop chat 1-15 va 3-

1 dugce luu y 1a ngoai 1€ dudi cac didu kién ctia thir nghiém.

X4c nhan su lién quan ctia con dudng JAK-STAT trong viém dudng khi, hop
chét duoc ching minh in vivo huéng dich trong md hinh chudt nhit pSTAT6 gy ra
IL13 duoc kiém tra sau d6 va duge chimg minh 13 ¢6 hiéu qua trong m6 hinh chudt

nhét méc viém ua eosin do chét gay di img.
Két qua thir nghiém In Vivo

Céc hop chit dugc chon theo séng ché dugc dic trung & ca hai tht nghiém
dugc dong hoc (Thir nghiém 4) va thir nghiém duoc lyc hoc (Thr nghiém 5). Mot
mdi twong quan tdt dugc quan sat gifta ndng dd hop chét thir nghiém trong phdi duge
xé4c dinh trong thir nghiém dugc dong hoc va trong thir nghiém duoc luc hoc & céc
diém thoi gian twong tu sau khi dung lifu. Quan sat ndng d6 hop chét dang k& & phoi
chu6t nhét trong thir nghiém dugc lyc hoc duge xac dinh 1a sy e ché duoc quan sat
clia sy cam tng pSTATG gdy ra bdi IL-13 1a két qua hoat dong clia hop chat thit
nghiém.

Trong bang dudi day, dbi voi ty 1¢ tiép xuc phdi trén tiép xtc huyét tuong
(Thir nghiém 4), A chi ty 1€ > 100, B chi ty 1€ ndm trong khoang tir 50 dén 100, va C
chi ty 18 ndm trong khoang tir 10 dén 50. Pbi voi phin trim e ché clia sy cam Ung
pSTAT6 gay ra bdi IL-13 (Thir nghiém 5), A thé hién > 65% su tc ché, B the hién
ndm trong khoang tir 50% dén 65% tc ché va C thé hién ndm trong khoang tir 33%

dén 50% tc ché.
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Ty 186 phdi trén | Uc ché
Vi du s6 huyét trong pSTAT6
Thr nghi€ém 4 Thir nghiém 5
1 B A
2 C C
3 C A
4 B A
5 C A
6 B B
7 B A
8 A B
9 B B
10 B C
11 A C
12 C C
13 A C
14 A A
15 A B
1-7 B C
1-11 C C
1-18 B C
3-33 A C
14-7 A B

Thit nghiém 6: M6 hinh chudt cua viém wa eosin gdy ra do Luén phién

alternata ctia phdi

Sy ting t& bao wa eosin & dudng khi 1a d4u hiéu cta ngudi bénh hen. Luan
phién alternata 1a chat gay di Umg dudng thd c6 thé 1am trAm trong bénh hen & ngudi
va gdy ra viém ua eosin ¢ phéi cua chudt nhit (Havaux et al. Clin Exp Immunol.
2005, 139(2):179-88). & chudt nhét, dugc chimg minh 13 luan phién hoat héa khdng
truc tiép md khu trt typ 2 céc té bao lymphoit bam sinh & phéi, dép tmg (vi du IL-2
va IL-7) va giai phong xytokin phu thudc JAK (vi du IL-5 va IL-13) va phdi hop
viém ua eosin (Bartemes et al. J Immunol. 2012, 188(3):1503-13).

Chudt nhit C57 duc bay dén chin tudn tudi tir Taconic dwoc st dung trong
nghién ctru. Vao ngdy nghién ctru, cic con vét dugc gdy mé nhe bing isofluran va
duoc ding chét din thudc hodc hop chét thtr nghiém (0,1 — 1,0 mg/mL, 50 pL tong
thé tich qua nhidu lin th®) nho hit vio qua dudng miéng hiu. Céc con vét duge dat
nim nghiéng sang mot bén sau khi ding lidu va duge gidm sat dé phuc hdi hoan toan

khoi sy gdy mé trudc khi tro lai chudng cua ching. Mot gio sau, cdc con vat mot lan
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nita lai dugc gdy mé va dugc dung chét din thudc hodc chat chiét luan phién (200 ug
tdng dich chiét dwoc phan phdi, 50 uL tdng thé tich) nho hit vao qua dudng miéng
hau trude khi duge giam sat @& phuc hdi khéi su gdy mé va trd lai chudng ctia ching.
Bén muéi tam gior sau khi ding luan phién, dich rira phé quan phé nang (BALF) duoc
thu va ua eosin dugc dém trong BALF bang cach str dung Hé théng huyét hoc Advia
120 (Siemens).

Céc hop chit dugc chon theo séng ché dugc kiém tra trong thit nghiém luan
phién nay. Hoat dong trong m6 hinh duoc chimg minh bang sy gidm muc ua eosin co
mat trong BALF cuia céc con vat dugc didu tri trong bdén muoi tim gid so Vi chét
din thude dugc didu tri, cac con vat dbi chimg. S liéu biéu hién 13 phan tram e ché
clia chit din thudc duoc didu tri, dap tng dugc thir thach luan phién BALF ua eosin.
P2 tinh to4n phan trim e ché, sé BALF wa eosin ddi v6i mdi tinh trang bénh dugce
chuyén déi thanh phan trim chat din thubc trung binh duoc diéu tri, duoc thir thach
luAn phién BALF ua eosin va trir tir mot tram phén tram. Hop chét theo sdng ché tieu
biéu duoc kiém tra trong thir nghiém va bidu hién su Gc ché cta eosinophil BALF
tinh toan & bdn muoi tAm gio sau khi thir thach luéin phién nhu tai ligu dudi day.

Céc két qua thtr nghiém In Vivo

Tét ci cc hop chat kiém tra d chimg minh khoang trc ché (60% - 98%) cta
BALF giy ra bang cach thay thé ua eosin. Bang dudi diy phan anh phn tram tc ché
c6 y nghia théng ké ti da ctia chit dn thubc duoc xir Iy, mire d6 duoc thir thach luan

phién cua viéc cam Ung wa eosin.
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Phin trim Gc ché cua
Vi du sb BALF gy ra bang cich
ludn phién ua eosin

98

93

61

88

96

60

11 71

13 82

DPic di€ém clia hop chat so sanh

O|J[N| W[+

Su tuong ung gitta hop chit so sanh va hop chit theo sang ché dugc minh hoa
duoi day.

H
Hop chét theo sang ché Hop chét so sanh
Vidusd R Vi du s6 R
7~
! L c-l Vud

7 ‘/\(\/N/\ C-2 \/\(\/<
:\///,' N ,\\
13 ‘ [ ] c3 m
O (0]
N/
6 \ Q C-4 \ ,O/

Céc hop chét so sanh duge ddc trung trong thir nghiém enzym JAKI, thir

nghiém té bao BEAS-2B va thit nghiém duoc luc hoc tic ché pSTAT6. Hop chét so
sanh C-1, C-2, C-3, va C-4 it ¢6 hiéu lyc hon 2 lan, 3 14n, 6 1an, va 2,5 1an, lan luot,
s0 v6i hop chét tuong tmg theo sang ché trong thir nghiém enzym va it c6 hiéu luc
bing 6 14n, 6 lin, 3 14n, va 6 lan, lAn lugt, so v6i hop chit twong tmg theo séng ché
trong thir nghiém t& bao BEAS-2B. Hop chit so sanh khong thé hién su Gc ché
pSTAT6 trong thir nghiém dugc luc hoc. Ngoai ra, trong thtr nghiém nay, hop chét
nay thé hién ndng do trong phdi khong dang ké. Ndng do trong phdi duge quan sat
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d6i v6i hop chét so sanh C-1, C-2, C-3, va C-4 nho hon duoc quan sat dbi véi hop
chét twong Gng theo sang ché 1an luot bang cac yéu td 36, 52, 13, va 23.

Trong khi sang ché dugc mé ta bing cach tham chiéu dén céc khia canh cu thé
ho#c phuong 4n ctia nd, duogc hiéu boi nguoi 6 hiéu biét trung binh trong linh vuc k¥
thuét 1a cé cac thay ddi khac nhau c¢6 thé dugce tao ra hodc twong duong ¢ thé duoc
thay thé ma khéng ndm ngoai pham vi thuc cua sing ché. Ngoai ra, d6i voi mutc do
duoc cho phép theo quy ché va quy dinh vé sang ché hién hanh, tAt ca cong bd, séang
ché va don sang ché dugc trich din trong ban mod ta nay dugc néu trong ban mo ta
ndy & mitc d6 tuong tw nhu khi mdi tai lidu da duoc két hop riéng 1¢ bing cach tham

chiéu & day.
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YEU CAU BAO HQ

1. Hop chét ¢6 cong thire (I):

HN-N/ H
@
trong do:
X 1a nhom c¢6 cong thue (I1):
R' R2 RSR®
‘}‘1_ /7N<R7
RS R4 R®
ay
n la 0 hoac 1;

R' 14 hydro hodc C 3 alkyl;
R? 14 hydro hoic C.3alkyl;
R 1a hydro hodc C, 3 alkyl;
hodc R? va R cung vGi nhau tao ra C,4 alkylen;

hoic, khi n 1a 1, R® duoc chon tir hydro, -OH, -OCjsalkyl, halo,
-C(0)OC,salkyl, va Cyjalkyl, trong d6 Csalkyl tuy y duge thé béng —OH;

R* 14 hydro hodc C,3 alkyl;

R® duge chon tir hydro, C;salkyl, -C(O)OC; salkyl, va phenyl,
hodckhinla 1, RZvaR’ clng véi nhau tao ra Cysalkylen;

R® 12 hydro hozc C,.;alkyl;

R 1a hydro ho#c C,3 alkyl,
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hoac khin 14 0, R*vaR’ cung vai nhau tao ra Cy3 alkylen, hodc
R*varR’ cung véi nhau tao ra C,4 alkylen hodc
Cialkylen-O-C, alkylen;

hoic khin 1a 1, R* va R” ciing v6i nhau tao ra C, alkylen, tiy y dugc thé bang
Cy3alkyl hodac R,

hozc R* va R’ cung véi nhau tao ra C; .3 alkylen hodc

-O-C, alkylen;

R® duoc chon tir

(a) hydro,

(b) metyl, tuy y duoc thé bang —~CN, phenyl hodc Cs.6 xycloalkyl;

(¢) Cpgalkyl, trong dé Cy.¢alkyl tly ¥ duge thé bing mot hogc hai phan tir thé
duoc chon tr —OH, -OC,; alkyl, -CN, -SC,; alkyl, phenyl, Cs. xycloalkyl, halo, va
tly ¥, ngoai ra bang hai phdn tir thé trén mot nguyén tir cacbon duy nhét cling véi

nhau tao ra C,3 alkylen;

(d) Cs. xycloalkyl, trong d6 Cs.¢ xycloalkyl tily ¥ duoc thé bing -OH, -CN, -
OC, 3 alkyl, hodc C,;alkyl, trong d6 C,; alkyl tuy y duoc thé bang -OC, 3 alkyl hodc

bé“lng mdt hodc hai halo,
(e) oxetanyl,
() tetrahydropyranyl,
(g) tetrahydrothiophenyl 1,1-dioxit, va
(h) phenyl,
hoac R” va R® cing v6i nhau tao ra Cs.s alkylen hodc C, alkylen-O-Cy alkylen;
trong d6 Cs_salkylen tuy y dugc thé bang mot hodc hai R,

R* dugc chon tir -OH, -CN, -OC, 3 alkyl, halo, phenyl, va C;3alkyl tuy y dugc
thé bang -OC, 3 alkyl hodc -OH, hodc

hai phin tir thé R* ciing v6i nhau tao ra Cy.s alkylen hodc -CH,OCHy-,
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hodc khi n 1a 1 va R? va R” cling véi nhau tao ra C, alkylen, R* va phan tir thé
R* trén C, alkylen cung véi nhau tao ra C, alkylen;

v6i didu kién 12 hai phan tir thé R trén cling nguyén tir cacbon khong cung 1a

flo, va

v6i didu kién 13 khi R* duoc gin v6i nguyén tir cacbon bén canh nguyén tir
nito, R* khong phai -OH, -OCy_; alkyl, hoéc halo;

hodc muoi dugce dung cua no.

2. Hop chét theo diém 1, hoic mubi duoc dung ciia né, trong d6 X dugc chon tir:

R3 R7 $8 B R7
N-gs N N-gs
N—-R® }{\(_7 R3a R4
R3 R4

N
GRE .
(0] )
N

< Rx> 0-2 0 2 R3a Re
;{\/N/ﬁ Z(\/N Yw@ 3{\CN\RB m

R’ (\ 0 LN
) O en v GRLY
trong do
R? 13 hydro hoidc C 3 alkyl;

R3* duoc chon tir hydro, ~OH, -OCy3 alkyl, halo, -C(O)OC,; alkyl, va Ci3
alkyl, trong d6 C,3alkyl tiry y dugc thé bang ~OH;

R* 14 hydro hoic C 3 alkyl;
R® duoc chon tir hydro, C;3alkyl, -C(O)OC;; alkyl, va phenyl;
R®1a hydro hoac Cy;alkyl;

R’ 1a hydro hodc C,;alkyl; va
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R® duoc chon tir
(a) hydro,
(b) metyl, ty y duoc thé bing —CN, phenyl hodc C;.¢xycloalkyl;

(c) Cagalkyl, trong d6 C,. alkyl tily ¥ dugc thé bing mdt hodc hai phan tir thé
duoc chon tt —OH, -OC,; alkyl,-CN, -SC;3 alkyl, phenyl, Cs.¢ xycloalkyl, halo, va
tly V, ngoai ra bang hai phin tir thé trén mot nguyén ti cacbon duy nhit cing véi

nhau tao ra C,; alkylen;

(d) Cs.6 xycloalkyl, trong d6 Cs.¢ xycloalkyl tity ¥ dugc thé béng -OH, -CN, -
OC, 3 alkyl, hodc C,3alkyl, trong d6 C;3 alkyl tuy y dugc thé bang -OC, 3 alkyl hodc

béng mot hodc hai halo,
(e) oxetanyl,
(f) tetrahydropyranyl,
(g) tetrahydrothiophenyl 1,1-dioxit, va
(h) phenyl.
3. Hop chét theo diém 2, hodc mudi duoc dung clia né, trong do:

R duge chon tir hydro, -OH, -OCy3 alkyl, halo, -C(O)OC, alkyl, va Cis
alkyl; va

R® duoc chon tir

(a) hydro,

(b) metyl, tuy y duoc thé bang Cs.¢xycloalkyl,

(c) Cyy alkyl, trong d6 Cy4 alkyl ty y duoc thé béng mot phﬁn tt thé dugc
chon tir —OH, -OC 3 alkyl,-CN, -SCy; alkyl, Cs4 xycloalkyl, va halo va tuy y, ngoai

ra, bang hai phén tir thé trén mot nguyén tir cacbon duy nhét cling v&i nhau tao ra C,

alkylen;

(d) Cs.4 xycloalkyl, trong d6 C;4 xycloalkyl tuy y dugc thé bang -OH, -CN, -
OC . alkyl, hodc Cy.; alkyl, trong d6 C, alkyl tity ¥ duoc thé bang -OC,; alkyl hogc

bang mot hodc hai halo,
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(e) oxetanyl,
(f) tetrahydropyranyl, va
(g) tetrahydrothiophenyl 1,1-dioxit.
4. Hop chét theo didm 2, hodc mudi dugc dung ctia n6, trong d6 X duoc chon tir:

8
.R® Y R R
% %
RS
|
ok o
(@)

trong d6 R* 12 halo va

)

5. Hop chét theo diém 4, hoic mubi duge dung cua no, trong do R® duoc chon tir:

vong pyrolidin cua tiy ¥ duoc thé bang C,.; alkyl.
(a) hydro,
(b) metyl, tuy y duoc thé bang Cs.¢xycloalkyl,

(c) Cyy alkyl, trong d6 C,.4 alkyl tuy y duoc thé bang mot phén t thé dugc
chon tir —OH, -OC, 3 alkyl,-CN, -SC,; alkyl, C34 xycloalkyl, va halo va tiy ¥, ngoai
ra, bing hai phan tir thé trén mot nguyén t cacbon duy nhét cing voi nhau tao ra C,

alkylen;

(d) Cs.4 xycloalkyl, trong d6 Cs.4 xycloalkyl tuy y duoge thé bing -OH, -CN, -
0C, 5 alkyl, hodc C,.; alkyl, trong d6 C,3 alkyl tlly y dugc thé bing -OC, 3 alkyl hodc

bang mdt hodc hai halo,
(e) oxetanyl,
(f) tetrahydropyranyl, va
(g) tetrahydrothiophenyl 1,1-dioxit.

6. Hop chét theo didm 5, hodc mudi dugc dung ctia nd, trong dé R® duge chon tir

hydro, -CHs, -C,Hs, isopropyl, xyclopropyl, xyclobutyl, -CH(CHj3)C,Hs, -(CH,),CN,
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-CH,CH,F -CH,isopropyl, -CH,xyclopropyl, -(CH,),OH, (CH;),30CH; ,-(CH,),-
3SCH3, -(CH,),CH(CH;)SCHj, tetrahydropyran-4-yl,

(X Loy on O+ Oon

/

O O P
;é va 56\ O/.

7. Hop chét theo diém 5, hodc mudi duoc dung ctia nd, trong d6 X dugc chon tir:

N/RB ,R7
ANF ?JQ v R

trong do:

R® dugc chon tir hydro, metyl, C,4alkyl, Cs4xycloalkyl, va
/
O

8. Hop chit theo diém 1, trong d6 hop chit c6 cong thic (T) 12 hop chét c6 cong
thue (II):

HO O
.R8
N
A

Ly
1)

N N

(1)

hodic mubi dugc dung ctia no,
trong do R® duoc chon tir:
(a) hydro,
(b) metyl, tity ¥ duoc thé bang C;.¢xycloalkyl,

(c) Cy4 alkyl, trong d6 C,4 alkyl tiy y duoc thé bang mot phén tr thé duoc
chon tir —OH, -OC, alkyl,-CN, -SC,3 alkyl, Cs.4 xycloalkyl, va halo va tuy y, ngoai
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ra, bang hai phan tir thé trén mot nguyén tir cacbon duy nhét cling v&i nhau tao ra C,

alkylen;

(d) Cs4 xycloalkyl, trong d6 Cs4 xycloalkyl tuy y duoc thé bang -OH, -CN, -
OC, s alkyl, hodc C,;alkyl, trong d6 C, alkyl tiry y duge thé béng -OC;;alkyl hodc

bang mot hozc hai halo,
(e) oxetanyl,
(f) tetrahydropyranyl, va
(g) tetrahydrothiophenyl 1,1-dioxit.

9. Hop chét theo diém 8, hodc mudi duoc dung ctia n6, trong dé R® duoc chon tir
hydro, -CH3, -C,Hs, isopropyl, xyclopropyl, -CH(CH;)C,Hs, -(CH,),CN, -CH,CH,F,
-CHaisopropyl, -CH,xyclopropyl, -(CH,),OH, (CH,),30CHj; ,-(CH,),SCHa,

0

/l
a %< >—o/

=0 v
-(CH,),CH(CH;)SCHs, §'©

10. Hop chét theo didm 8, hoic mudi duge dung cua no, trong do R® duoc chon tir

hydro, metyl, C,4alkyl, va C;xycloalkyl.

11. Hop chét theo diém 1, trong d6 hop chit c6 cong thite (I) 14 hop chét c6 cong
thace (IV):

F

HO .
S/ o
Ly

av)
hodc mudi duge dung cua no,
trong do R® duoc chon tir hydro, metyl, C,4alkyl, va Cs4xycloalkyl.

12.  Hop chét theo diém 1, trong d6 hop chat c6 cong thire (I) 1a hop chét c6 cong
thae (V):
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HO
iim R’
) v
HN-N N
V)
hozic mubi dugc dung ctia no,
trong do:

/
R” 13 hydro hotc Cys alkyl va R 1a metyl, Cy4alkyl hoge © O,

13. Hop chét theo didm 1, trong d6 hop chét c6 cong thuc (I) dugce chon tir:

5-etyl-2-flo-4-(3-(5-(1-metylazetidin-3-y1)-4,5,6,7-tetrahydro-1H-imidazo[4,5
c]pyridin-2-yl)-1H-indazol-6-yl)phenol,
4-(3-(5-(azetidin-3-y1)-4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin-2-y1)-1H-
indazol-6-y1)-5-etyl-2-flophenol,
5-etyl-2-flo-4-(3-(5-(1-isopropylazetidin-3-yl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol,
4-(3-(5-(1-(sec-butyl)azetidin-3-y1)-4,5,6,7-tetrahydro-1H-imidazo[4,5-
c]pyridin-2-yl)-1H-indazol-6-yl)-5-etyl-2-flophenol,
4-(3-(5-(1-xyclopropylazetidin-3-yl)-4,5,6,7-tetrahydro-1H-imidazo[4,5-
¢]pyridin-2-yl)-1H-indazol-6-yl)-5-etyl-2-flophenol,
5-etyl-2-flo-4-(3-(5-(1-metylpiperidin-4-yl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol,
4-(3-(5-(2-(dimetylamino)etyl)-4,5,6,7-tetrahydro- 1H-imidazo[4,5-c] pyridin-
2-yl)-1H-indazol-6-yl)-5-etyl-2-flophenol,
5-etyl-2-flo-4-(3-(5-(2-((3-metoxyxyclobutyl)amino)etyl)-4,5,6,7-tetrahydro-
1H-imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol,
5-etyl-4-(3-(5-(2-(etyl(metyl)amino)etyl)-4,5,6,7-tetrahydro-1H-imidazo[4,5-
c]pyridin-2-yl)-1H-indazol-6-yl)-2-flophenol,
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4-(3-(5-(2-(sec-butyl(metyl)amino)etyl)-4,5,6,7-tetrahydro-1H-imidazo[4,5-
c]pyridin-2-y1)-1H-indazol-6-yl)-5-etyl-2-flophenol,

(S)-5-etyl-2-flo-4-(3-(5-((1-metylpyrolidin-2-yl)metyl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol,

4-(3-(5-(3-(dimetylamino)-2-flopropyl)-4,5,6,7-tetrahydro-1H-imidazo[4,5-
c]pyridin-2-yl)-1H-indazol-6-yl)-5-etyl-2-flophenol,

(S)-5-etyl-2-flo-4-(3-(5-(morpholin-3-ylmetyl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol,

(R)-5-etyl-2-flo-4-(3-(5-(morpholin-3-ylmetyl)-4,5,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol,

(S)-5-etyl-2-flo-4-(3-(5-(2-(2-metylpyrolidin-1-yl)etyl)-4,5 ,6,7-tetrahydro-1H-
imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol,

va muoi dugc dung cua no.

14. Hop chat theo diém 1, trong d6 hop chét nay c6 cong thic:

E
HO
liln /[:F/
(A 2y
HN-N N

hodc mubi dugce dung cua no.

15. Hop chét c6 cong thic:

F
HO
{ or
N
() /@
/
HN-N N

hodc mudi dugc dung cua nd.

16. Hop chét theo diém 15, trong d6 hop chét nay c6 cong thuc:
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17. Hydrat tinh thé cta S5-etyl-2-flo-4-(3-(5-(1-metylpiperidin-4-y1)-4,5,6,7-
tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol trong d6 dang
tinh thé duoc ddc trung bdi mAu phd nhidu xa bot tia X bao gdm céc dinh nhidu xa &
gid tri 26 bing 6,20+0,20, 9,58+0,20, 17,53+0,20, 19,28+0,20, va 21,51+0,2.

18. Hydrat tinh thé theo diém 17 trong d6 mau phé nhiéu xa bt tia X khac biét hon &
chd c6 hai hoic nhidu dinh nhiu xa bd sung & gia tri 20 duge chon tir 10,34+0,20,
11,54+0,20, 12,77+0,20, 13,01+0,20, 16,94+0,20, 20,61+0,20, va 22,10+0,20.

19. Hydrat tinh thé theo diém 17, trong d6 dang tinh thé dugc dac trung bdi luong
nhé phan tich nhiét quét vi sai dugc ghi lai & tde do gia nhiét bing 10°C mdi phut the
hién t8i da sy hdp thu dong nhiét & nhiét d6 ndm trong khoang tir khoang 206°C dén
khoang 216°C.

20. Duoc phém chtra hop chét theo diém bt ky trong sb cac diém tir 1 dén 16, hodc
hydrat tinh thé theo diém 17 hoic 18, va chét mang dugc dung.

21. Quy trinh didu ché hop chit c6 cong thic (I):

@)
trong do R% R, RY R’ R® R’ R®, va n duoc x4c dinh nhu trong diém 1, hoic

mudi duoc dung cia nd, quy trinh nay bao gom:

(a) phan tmg hop chét c6 cong thirc 1:
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F
HO i]
N
O /@H
/
HN—N ﬁ

1

v6i hop chit c6 cong thire 2:

trong d6 Pg 14 nhém bao vé amino @8 tao ra hop chat trung gian c6 cong thirc

F
HO
o i
N n_RrR
O /@1 N<
y/
HN-N N R® R P

3;

(b) khir bao vé hop chit trung gian 3 8 tao ra hop chét trung gian 4:

F
HO
A o
N n_R?
O /D N/
) H
HN-N N R® R

4,

va (¢) phan tng hop chét trung gian 4 véi R*.C(=0)-R®, trong d6 R®* " R®

dugc xac dinh sao cho Rga‘-C(H)-R8b 1a R®, @ tao ra hop chét c¢6 cong thirc (I') hodc

muoi dugc dung ctia nd.

22. Quy trinh didu ché hop chit c6 cong thic (IV):
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V)
hodc mudi duge dung ctia nod,

trong do R® duoc chon tir hydro, metyl, Cy4alkyl, va Cs4xycloalkyl, quy trinh
nay bao gdm phan tmg hop chét c6 cong thuc 1:

F
0
N
O /@H
/
HN-N N

1

v6i hop chat 6 cong thirc 2"

o

2"
dé tao ra hop chit c6 cong thie (IV) hodc mudi duge dung ctia no.
23. Quy trinh didu ché hop chét c6 cong thirc 1:

F

g

hoac muoi cua no,

quy trinh nay bao gom:
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(a) phan tmg hop chit c6 cong thic 8;

Br
_Bn
AN~ N
H

8
trong d6 Bn thé hién nhom bao vé benzyl v6i hop chit c6 cong thic 9:

F
BnO

BF3K

9

dé tao ra hop chit c6 cong thirc 10:

F
BnO O
Bn
N s
O ; ]QN
7N

10,
va (b) khit bao vé& hop chit ¢6 cong thirc 10, d8 tao ra hop chit c6 cong thirc 1
hodc mudi cta né.
24. Hop chit c6 cong thic 8:

Br.

hodc mudi cta né.
25. Hop chéat theo diém 24, trong d6 hop chit nay 12 mubi hydroclorua ctia hop chét

c6 cong thuc 8.
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26. Phuong phép diéu ché hydrat tinh thé ctia 5-etyl-2-flo-4-(3-(5-(1-metylpiperidin-
4-y1)-4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol,
phuong phap nay bao gbm céc budc:

(a) viéc tao ra bot nhfo cta 5-etyl-2-flo-4-(3-(5-(1-metylpiperidin-4-yl)-
4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridin-2-yl)-1H-indazol-6-yl)phenol trong
dang solvat hodc v dinh hinh trong chét pha loang nidm trong khoang tir khoang 1
dén khoang 30% thé tich/thé tich nudc cing véi dung mdi hitu co duge chon tir
metanol, tetrahydrofuran, rugu tert-butylic, axetonitril, isopropylaxetat va axeton;

(b) gia nhiét bot nhdo & nhiét do nim trong khoang tir khoang 40°C dén
khoang 60°C trong thoi gian khoang tir khoang 1 gi¢ dén khoang 2 ngay; va

(c) phén tach hydrat tinh thé tir bot nhdo.
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