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(57) Sang ché dé cap dén nhoém hop chat e ché Janus kinase (JAK) va dugce pham
chtra chiing. Cuy thé hon 13, sang ché dé cap dén hop chét c6 cong thire (G), hop
chat duoc danh déu dong vi phong xa cua chiing, hodc ddng phan quang hoc ctia
chung, dong phan hinh hoc cua chung, dong phan hd bién cta chung hoic hdn
hop cua céc dé)ng phan khac nhau, hodc mudi duge dung cua chung, hoac tién
chat cia chung , hodc chét chuyén héa cta ching.
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Linh vie k§ thuat dwoc dé cap

Sang ché dé cap dén nhom hop chét c6 hoat tinh dugc Iy, c6 thé dugc st dung dé
trc ché Janus kinaza (JAK). Séng ché ciing dé cép dén duoc phdm chira hop chét nay va
duoc phém nady trong bao ché thubc dé diéu tri va/hoic phong cac bénh hoac r6i loan lién

quan dén JAK.
Tinh trang k§ thuit cia sang ché

Protein kinaza 1a m&t ho cac enzym xuc tac qua trinh phosphoryl hoa cac dudi cu
thé trong protein, va duoc phan loai rong rdi thanh tyrosin va serin/threonin kinaza. Cac
hoat tinh kinaza khong thich hop gy ra béi dot bién, bidu hién qua mirc hodc didu tiét
khong phii hop, diéu tiét bat thuong hozc rdi loan diéu tiét, va san xudt qua nhidu hodc
khong du cac yéu t6 ting truong hodc xytokin c6 lién quan dén nhidu bénh, bao gdm, nhung
khoéng gi6i han, ung thu, bénh tim mach, di ing, hen suyén va cic bénh ho hép khac, bénh
tu midn, bénh viém, bénh vé xuong, rbi loan chuyén héa va rdi loan thin kinh, va thoai hoa
thin kinh (nhu bénh Alzheimer). Hoat tinh kinaza khong thich hop giy ra mot loat cac
phan ung té bao sinh hoc lién quan dén su phat trién cta té bao, su biét hoa té bao, chirc
ning té bao, su séng sét, qua trinh chét theo chwong trinh, va su di dong cua té bao lién
quan dén cac bénh ndi trén va céc bénh lién quan khac. Do d6, protein kinaza d tré thanh
mot loai enzym quan trong duéi dang muc ti€u cho can thiép diéu tri. Cu thé, ho JAK cua
protein tyrosin kinaza té bao déng mdt vai trd quan trong trong viéc truyén tin hiéu xytokin

(Kisseleva et al., Gene, 2002, 285, 1; Yamaoka et al., Genome Biology 2004, 5, 253).

K& tir khi chét tc ché JAK d4u tién dugc phat hién vao dau nhimng nim 1990, su
phét trién ctia chét rc ché JAK da trai qua gén 30 nim. JAK 1a mét ho céc tyrosin kinaza
khong thu thé noi bao, déng vai trd quan trong trong con dudng truyén tin hiéu ctia thu thé
xytokin bang cach tuong tac véi yéu té dan truyén tin hiéu va yéu tb hoat hoa phién ma
(STAT). Con dudng tin hiéu JAK/STAT tham gia vao nhiéu qu4 trinh sinh hoc quan trong
nhu ting sinh t& bao, biét héa, chét theo chuong trinh va diéu hoa mién dich. So véi cac

con duong tin hiéu khdc, qua trinh truyén din ctia con dudng tin hiéu nay tuong d6i don
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gian. N6 cht yéu bao gém ba thanh phan, d6 13 thu thé lién két tyrosin kinaza, tyrosin

kinaza JAK, yéu t6 din truyén tin hiéu va yéu t§ hoat ho4 phién ma STAT.

Nhiéu xytokin va céc yéu té ting trudng truyén tin hiéu qua con dwodng tin hiéu
JAK-STAT, bao gém cac intolokin (interleukin, IL) (cu thé nhu IL-2 dén IL-7, IL-9, IL-
10, IL-15, IL-21, v.v... ), GM-CSF (yéu t6 kich thich t& bao hat/dai thuc bao), GH (hormon
ting trudng), EGF (véu t6 ting trudng bidu bi), PRL (prolactin), EPO (erythropoietin),
TPO (thrombopoietin), PDGF (yéu t6 c6 ngudn gbc tir tiu cu) va interferon (bao gbm
IFN-a, IFN-B, IFN-y va twong tu), v.v... Cic xytokin va cac yéu tb ting trudng nay cé cic
thy thé twong tmg trén mang té bao. Pic diém chung cua cac thu thé nay 13 ban than thu
thé khong c6 hoat tinh kinaza, nhung doan ndi bao ciia né ¢6 vi tri lién két véi tyrosin
kinaza JAK. Sau khi thu thé lién két v6i phdi tir, cac gbc tyrosin clia cac protein dich khéc
nhau duoc phosphoryl héa bing cach hoat hod JAK lién két vai thu thé dé nhan ra tin hiéu

truyén tir ngoai bao vao noi bao.

JAK 14 tyrosin kinaza trong t& bao chit c6 chirc ning truyén tin hidu xytokin tir cac
thu thé mang dén cac yéu t6 phién ma STAT. Nhu d3 ndi & trén, JAK 13 tén viét tit cua
Janus kinaza trong tiéng Anh. Trong than thoai La M4, Janus 13 vi thin hai mit phu trach
su khoi dau va két thic. Ly do tai sao né dugc goi 14 Janus kinaza vi JAK c6 thé phosphoryl
hoa cac thu thé xytokin ma n6 lién két, va ciing phosphoryl héa nhiéu phan tir tin hidu c6
chira c4c mién SH2 dic hiéu. Ho protein JAK bao gém 4 thanh vién: JAK1, JAK2, JAK3
va TYK2. Chung c6 céu triic 7 mién twong dong JAK (JH) trong d6 mién JH1 13 mién
kinaza c6 chirc ning m4 héa protein kinaza; mién JH2 13 mién kinaza “gia”, mién niy quy
dinh hoat dong cta JH1; va JH3-JH7 tao thanh mién bén trong mot, diéu chinh su lién két

cta cdc protein JAK véi cac thu thé.

STAT 1 loai protein té bao chit c6 thé lién két véi ADN trong ving diéu hoa cta
cac gen muc ti€u, va l1a co chét phia sau cua JAK. Bay thanh vién ctia ho STAT da dugc
phét hién, d6 1a STAT1, STAT2, STAT3, STAT4, STATSA, STATSB va STAT6. Protein
STAT c6 thé duoc chia thanh céc phan doan chirc ning sau trong cdu tric bao gém trinh
tu bao thu ddu N, ving lién két ADN, ving SH3, ving SH2 va viing hoat héa phién ma &
dAu C. Trong s6 d6, phan doan cuia trinh ty bao thi nhat va quan trong nhit vé chirc ning

1a mién SH2, c6 ciing trinh tu 16i “GTFLLRFSS” nhu mién SH2 cta tyrosin kinaza Src.
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Pudng truyén tin hiéu JAK-STAT c6 nhidu chirc ning va tham gia vao nhidu quéa
trinh sinh hoc quan trong nhu ting sinh t€ bao, biét hoa, qua trinh chét theo chwong trinh
(apoptosis) va diéu hoa mién dich. Hién tai, cac nghién ctru li€n quan dén bénh tat va ddi
mdi thude chu yéu tap trung vao cic bénh viém va bénh ung thu trong d6 cac bénh viém
chi1 yéu bao gdm viém khép dang thip, viém da co dia, vAy nén, viém loét dai trang va
bénh Crohn; va cac bénh ung thu chu yéu lién quan dén bénh xo tiy, bénh da héng cu va
ting san tidu cAu nguyén phat. Ngoai ra, cac dot bién trong ban than phén tir JAK ciing c6
thé gay ra bénh bach ciu dong tiy cdp tinh (AML), bénh bach cau lympho cép tinh (ALL),
ung thur bidu mé vu, va ung thu phdi khong phai té bao nhé (NSCLC), bénh da hdng cu
(PV), bénh ting tiéu cau thiét yéu (ET), bénh xo héa tiy v6 cin (IMF), bénh bach cdu dong
tiy man tinh (CML), va tuong tu.

JAK 1a dich tac dung cua thudc rét quan trong. Cac chét trc ché JAK dugc phét trién
cho muc tiéu nay chu yéu duoc str dung dé sang loc cac loai thubc diéu tri cho cac bénh vé
hé tudn hoan, khdi u, viém khép dang thép, va bénh Véy nén. JAK-1, JAK-2 va TYK-2
duoc bidu hién trong cac té bio md khac nhau cia co thé ngudi. JAK-3 chi yéu duge bidu
hién trong c4c t& bao md tao méau khac nhau, chi yéu & cac té bao tity xuong, té bao tuyén
giap, t& bao giét ty nhién (Natural kill, NK) ciing nhu t& bao lympho B va té bao lympho T
hoat héa. C4c nghién ciru da chi ra rang chét trc ché JAK2 phil hop véi cdc bénh ting sinh
tiy (Santos va cdng su, Blood, 2010, 115:1131; Barosi G. and Rosti V., Curr. Opin.
Hematol., 2009, 16:129; Atallah E. and Versotvsek S., 2009 Exp. Rev. Anticancer Ther.
9:663), va cdc chét trc ché JAK3 thich hop 1am tic nhan tic ché mi&n dich (cu thé nhu séng
ché M¥ s6 6,313, 129; Borie va cong su, Curr. Opin. Investigational Drugs, 2003, 4 :1297).

Hién tai, cac chit trc ché JAK duoc FDA va EMA phé duyét bao gém Tofacitinib,
Ruxolitinib va Oclacitinib. C4c cht trc ché JAK trong giai doan giita va cudi ctia nghién

ctru 14m sang bao gdém Filgotinib, Peficitinib, v.v...

Tofacitinib, mét chét irc ché JAK3, dugc phét trién bsi Pfizer va duge FDA phé
duyét vao thang 11 ndm 2012 dé diéu tri viém khép dang thép vira dén ning (RA) do khong
d4p g day du hodc khong dung nap methotrexat & bénh nhan ngudi 16n. Pay 1a chét tic
ché JAK duong udng du tién duoc phé duyét dé diéu tri RA. Sau d6, né di dugc PMDA
Nhat Ban phé duyét cho niém yét vao thang 3 nim 2013 véi tén thuong mai Xeljanz. Vao
ngdy 16 thang 3 niam 2017, Pfizer Trung Quéc thong bao ring CFDA di chinh thtrc phé

3
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duyét don ding ky cua Pfizer cho viéc tiép thi chat (rc ché JAK dang udng. C6 bao co
rang thudc da duge phé duyét dé diéu tri cho bénh nhan ngudi 16m bi viém khép dang thép
tir trung binh dén ning c6 dap ing khéng dy da hoic khong dung nap véi methotrexat.
Hién tai, Tofacitinib g?m duoc phé duyét cho cac chi dinh nhu bénh Véy nén, viém loét dai
trang, viém khop vo can & tré vi thanh nién; va cac thr nghi€ém 1am sang dé didu tri cac chi
dinh nhu bénh Crohn va rung téc timg mang ciing di budc vao giai doan giita dén cudi.
Céc tac dung phu chinh ciia Tofacitinib 14 ty 1& nhiém tring nghiém trong va ting muc d6
lipoprotein mat d6 thip. Cac tac dung phu thudng gip nhét 13 nhidm tring dwdng hé hép
trén, nhirc dau, tidu chay, nghet miii, dau hong, va viém miii hong. Ngoai ra, dd c6 bdo cédo
rang Tofacitinib ¢6 thé gy ra cac tic dung phu nhu thiu méu va giam bach ciu trong cac

nghién ctru 1am sang.

TofacHini

Ruxolitinib, mot chat trc ché JAK1 va JAK2, duogc phat trién boi Incyte va Novartis
va dugc FDA M§ phé duyét vao thang 11 nam 2011. Pay ciing 1a loai thudc dic hidu dau
tién dugc phé duyét dé diéu tri bénh xo tiy. N6 da dugc EMA phé duyét vao thang 8 nim
2012 va dugc PMDA Nhat Ban phé duyét dé liét ké vao thang 7 nim 2014. Thudc dugc
Incyte ban tai My dudi tén thuong mai Jakafi; va dugc Novartis ban & Chau Au va Nhat
Ban dudi tén thuong mai Jakavi. Ruxolitinib dang dugc thir nghiém 14m sang & giai doan
gitta va giai doan cudi, trong d6 c4c chi dinh bao gdm nhiéu loai ung thu, GVHD (phan
g thai ghép), rung tdc tiig mang, viém da di tmg, viém khép dang thap, bénh bach bién,
bénh vay nén, va twong tw. C4c tac dung ngoai y huyét hoc thuong gap nhit véi ty 16> 20%
ctia Ruxolitinib 13 sé lwong tiéu ciu thip va thiéu mau. Cac tac dung ngoai ¥ khong lién

quan dén huyét hoc thuong gip nhit véi ty 16 >10% 1a bam méu, chéng mit va nhirc dau.
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Fonolitinib

Oclacitinib, dugc FDA My phé duyét vao ndm 2013, dugc st dung dé kiém soat
ngtra va viém da di tmg do viém da di ung & chd. Oclacitinib 1a mét loai cua chét wrc ché
xytokin phu thudc JAK va JAK1. Oclacitinib khéng chi 1a chat trc ché JAK1 rét hiéu qua,
ma con c6 thé e ché chirc ning cua cac xytokin phu thuéc JAK1 trong mét ) phan mg
chéng dji g, viém va ngira. N6 c6 it anh hudng dén céc xytokin khong tham gia vao qué
trinh hoat héa JAK1. Ubng 0,4-0,6 mg/kg Oclacitinib hai 14n m6t ngay 13 an toan va hiéu
qua dé diéu trj ngtra do viém da di img. Trong qua trinh diéu tri, Oclacitinib c6 thé giam
ngtra trong vong 24 gio. Trong céc thi nghiém, hon 70% ddng véat thi nghiém (chd) da giam
b6t phan Gmg ngira hon 50% véao ngay thir 7. Tuy nhién, Oclacitinib van chua thé duoc st

dung dé chita bénh cho con ngudi.
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Filgotinib, mot chét trc ché JAK1, d3 vuot qua thir nghiém 14m sang giai doan III
vao thang 9 ndm 2018 dé didu tri viém khép dang thdp. Pdng thdi, viéc nghién ciu
Filgotinib diéu tri viém loét dai trang va bénh Crohn hién dang trong thtt nghiém l14m sang
giai doan II/II. Filgotinib 1a chat e ché chon loc JAK1 véi ICso twong tmg 14 10 nM, 28
nM, 810 nM va 116 nM d6i v6i JAK1, JAK2, JAK3 va TYK2.
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Peficitinib, mot chat trc ché JAK1 va JAK3, dugc phét trién boi Astellas, hién dang
trong thir nghiém 14m sang giai doan III dé diéu tri viém khép dang thip. Nghién ctru 14m
sang giai doan II dé diéu tri bénh véy nén da duoc hoan thanh. Peficitinib 14 mét chit (e
ché JAK dung dé udng. Peficitinib trc ché hoat dong ctia enzym JAK1, JAK2, JAK3 va
TYK2 véi ICso twong tmg 1 3,9 nM, 5,0 nM, 0,71 nM va 4,8 nM.
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Peficitinip

Miic di mot sb chét trc ché JAK da duoge phé duyét dé dua vao danh muc st dung,
va mot s6 luong 16n chét e ché JAK vin dang dwoc nghién ctru 1am sang, nhitng chét trc
ché JAK nay van chua dat yéu cdu vé& mit hidu qua hodc d¢ an toan. Do d9, yéu chu ditra

14 cAn c4c chét trc ché JAK véi hiéu qua tot hon va/hodc it tAc dung phu hon.
Ban chét k§y thuit ciia sang ché

Muc tiéu ctia sang ché 13 @ xuét chét irc ché JAK thay thé cho cac chét tic ché JAK

hién cd, @€ cung cap nhicu lya chon hon cho viéc di€u tri cdc bénh lién quan dén JAK.

Muc tiéu khac cia sang ché 1a dé€ xuat chat trc ché JAK véi hiéu qua tot hon va/hodc

d6 an toan tbt hon so vé6i chét tc ché JAK hién c6.

Theo khia canh thir nhit, sang ché d& xut hop chét c6 cong thirc (G) 1am chét e
ché JAK
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hodc hop chét duoc danh déu bing ddng vi phéng xa cia chiing, hodc dong phan
quang hoc ctia chiing, déng phan hinh hoc ciia chiing, ddng phan hd bién (tautome) clia
chiing hodc hdn hop clia cic ddng phan khac nhau, hoic mubi duge dung cta ching, hogic

tién chét ctia ching, hozc chit chuyén héa ctia ching,
trong d6
L 12 C=0, 0=S=0, CH; hogic mot lién két; va
Xj laN hodc CRi4; va
X2 1a N hodc CRis; va
X3 1a N hodc CRys; va

Ris, Ris, Ris dugce chon ddc 14p vai nhau tr H, -OH, -SH, -CN, halogen, -NO,
-SFs, -S-Ci.4 alkyl, Ci.6 alkyl, Ca.s alkenyl, Ca.3 alkynyl, Ci.¢ alkoxy, Cs.7 xycloalkyl, di
xycloalkyl (heteroxycloalkyl) c6 3-7 phan tir, Cs.7 aryl, di aryl (heteroaryl) c6 5-7 phan tir,
NR9)R10), -NRi)C(=O)Rp), -C(=0)-NRo)Ri0), -C(=0)-Riz, -C(=0)-ORu,
-OC(=0)R12, -NR11)(S(=0)R12), -S(=0)2-NRo9)(R10), -SRi2 va -ORiz, trong dé6
-S-C1.4 alkyl, C1.¢ alkyl, C1.s alkoxy, Cs.7 xycloalkyl, va di xycloalkyl c¢6 3-7 phén tir dugc
thé tuy y béi 1, 2 hodc 3 nhém thé duoc chon tir halogen, -OH, -NH,, -NH(CH3), -N(CHs),
-CN, Ci alkyl, C3.7 xycloalkyl, C1.4 hydroxyalkyl, -S-Ci-4 alkyl, -C(=O)H, -C(=0)-Ci4
alkyl, -C(=0)-0-Ci4 alkyl, -C(=0)-NH;, -C(=O0)-N(Ci4 alkyl),
-N(C14 alkyl)(C(=0) Ci.4 alkyl), C14 haloalkyl, C1.4 alkoxy va Ci.4 haloalkoxy; va

Riz1aH, -N(R17)(R1s), Ci-6 alkoxy, -SR12, -OR12, -CN, halogen, -NO2, -SFs, -S-Ci-4
alkyl, C1.s alkyl hodc Cs.7 xycloalkyl, di xycloalkyl c6 3-7 phan ti, Cs.7 aryl, di aryl c6

7
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5-7 phan ttr, C7.11 aryl vong doi, di aryl vong d6i c6 7-11 phén tir, vong ba c6 11-15 phin
tir, Cs.11 alkyl vong db6i, hodc di alkyl vong ddi c6 5-11 phan tir, va Ris duge thé bsi 0, 1,
2,3 hodc 4 Ry, trong d6 R17 va Rigsdugce chon ddc 1ap véi nhau tir H, Ci6 alkyl, Ci-6 alkoxy,
C1-¢ haloalkoxy, Ca.¢ alkenyl, Cz.6 alkynyl, C3.7 xycloalkyl, Cs.7 heteroxycloalkyl, Cs.7 aryl,
di aryl ¢6 5-7 phén tir, C7.11 aryl vong dbi, di aryl vong d6i c6 7-11 phén tir, vong ba c6
11-15 phén i, Cs.11 alkyl vong d6i, va di alkyl vong d6i c6 5-11 phan tir va duge thé tuy y
bdi mot hodc nhidu nhém thé duoc chon doc lap tu -OH, -CN, -SH, halogen, -NO3, -SFs,
-S-C14 alkyl, Cis alkyl, Ci6 alkoxy, Ci haloalkoxy, Ca alkenyl, Ca alkynyl, Cs.
xycloalkyl, di xycloalkyl c6 4-10 phan tir, Cs.7 aryl, di aryl c6 5-7 phén tir, C7.11 aryl vong
d6i, di aryl vong d6i c6 7-11 phan tr, -N(Ro)Rio), -NRi)(C(=O0)Ry),
-C(=0)-N(Ro)(R10), -C(=0)-R12, -C(=0)-OR12, -OC(=0)R12, -NR11)(S(=0)2R12),
-S(=0)2-N(R9)(R10), -SR12 va -OR12, trong d6 -S-Ci4 alkyl, Ci- alkyl, Ci.6 alkoxy, Ci-6
haloalkoxy, Cz.6 alkenyl, Ca.¢ alkynyl, C3.7 xycloalkyl, di xycloalkyl c6 4-10 phan tir, Cs.7
aryl, di aryl c6 5-7 phén tir, C7.11 aryl vong d6i, va di aryl vong d6i c6 7-11 phan tir dugc
thé tuy v bai 1, 2 hodc 3 nhém thé dugc chon ddc 14p tir halogen, -CN, -OH, Ci.4 alkyl,
Ci4 alkoxy, Ci4 haloalkyl, Ci4 haloalkoxy, Css xycloalkyl, -N(Ro)(Rio),
-NRi11))(C(=O)R12), -C(=0)-ORp2, -C(=O)H, -C(=O)Rp2, -C(=0)-N(Ro)(Ru0),
NR11)(S(=0)2R12), -S(=0)2-N(R9)(R10), -SR12 va -OR12; hodc Ri7, Ris va nguyén tt N

duoc lién két v6i nhau tao thanh vong 3-14 phén to; va

0, 1, 2, 3 hoac 4 R» ¢6 trong cong thirc (G), va Rz duge chon tir H, halogen, -OH,
-NO, -CN, -SFs, -SH, -S-Ci.4 alkyl, Ci-6 alkyl, Ci.¢ alkoxy, Ci.¢ haloalkoxy, C»-¢ alkenyl,
Cz.6 alkynyl, C3.7 xycloalkyl, di xycloalkyl c6 4-10 phén tir, Cs.7 aryl, di aryl c6 5-7 phin
tir, C7.11 aryl vong doi, di aryl vong dbi c6 7-11 phan tir, -N[Ro)(R10), -NR11)(C(=O0)R12),
-C(=0)-N(R9)(R10), -C(=0)-Ri2, -C(=0)-OR12, -OC(=O0)R12, -NR1)(S(=O)2R12),
-S(=0)2-NRo)(R10), -SR12 va -OR12, trong d6 -S-Ci4 alkyl, Ci.6 alkyl, Ci.6 alkoxy, Ci.6
haloalkoxy, Cz-s alkenyl, Ca-s alkynyl, C.7 xycloalkyl, di xycloalkyl c6 4-10 phan tir, Cs.7
aryl, di aryl c¢6 5-7 phan tir, C7.11 aryl vong d6i, va di aryl vong d6i c6 7-11 phan tir duge
thé tuy y boi 1, 2 hodc 3 nhém thé duoc chon doc 1ap tr nhém bao gém halogen, -CN,
-OH, Ci4 alkyl, C1.4 alkoxy, Ci4 haloalkyl, Ci4 haloalkoxy, Cs.¢ xycloalkyl, -N(R9)(R1o),
-NRu)(C(=0O)R1), -C(=0)-ORiz, -C(=0)H, -C(=O)Ruz, -C(=0)-N(Ro)(R1o),
-NR11)(S(=0)2R12), -S(=0)2-N(R9)(R10), -SRi12 va -OR12; va
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Ri dugc chon tir H, halogen, -OH, -NO», -CN, -SFs, -SH, -S-Ci.4 alkyl, Ci.g alkyl,
Ca.s alkenyl, Cz.s alkynyl, C1.g alkoxy, Cs.7 xycloalkyl, di xycloalkyl c¢6 3-10 phén tit, Cs.7
aryl, di aryl ¢6 5-7 phin tir, C7.11 aryl vong d6i, di aryl vong d6i c6 7-11 phén tir, vong ba
¢6 11-15 phén tir, Cs.11 alkyl vong d6i, di alkyl vong d6i c6 5-11 phan ti, -N(Ro)(Rio),
NR)(C(=O0)Rp2), -C(=0)-NRg)Ri0), -C(=0)-Rpz, -C(=0)-ORy12, -OC(=O)Ry,
-NR1)(S(=0)2R12), -S(=0)2-N(R9)(R10), -SR12 va -OR12, trong d6 -S-Ci4 alkyl, Ci-s
alkyl, Ca-g alkenyl, Cs.g alkynyl, va Ci.s alkoxy dugc thé tuy v bdi 1, 2, 3, hoic 4 Rj, va
trong d6 Cs.7 xycloalkyl, di xycloalkyl c6 3-10 phan tir, Cs.7 aryl, di aryl c6 5-7 phan tt,
C7.11 aryl vong d6i, va di aryl vong ddi c6 7-11 phan tir dwoc thé tuy ¥ béi 1, 2, 3, hoic 4
R4; va

R3 va R4 duge chon doc 14p véi nhau tir H, halogen, -OH, -NOg, -CN, -SFs, Ci.
alkyl, C1.¢ alkoxy, C1.¢ haloalkoxy, C»-6 alkenyl, Ca.¢ alkynyl, C3-7 xycloalkyl, di xycloalkyl
¢6 3-10 phan tir, Cs.7 aryl, di aryl ¢6 5-7 phén tir, C7.11 aryl vong d6i, di aryl vong ddi c6
7-11 phin ti, -NRs)Re), -NRu)(C(=O)R1), -CONR7)Rs), -C(=0)-Ru,
-C(=0)-OR12, -OC(=0)R12, -NR11)(S(=0)2R12), -S(=0)2-N(Ro9)(R10), -SR12 va -OR12,
trong d6 C1. alkyl, Cs.7 xycloalkyl, di xycloalkyl ¢6 3-10 phan tir, Cs.7 aryl, di aryl c6 5-7
phén ttt, C7.11 aryl vong dbi, va di aryl vong d6i c6 7-11 phan tir duge thé tuy ¥ béi 1,2, 3
hoic 4 nhém thé duoc chon ddc lap tir nhém bao g@)m halogen, -CN, -OH, Ci.4 alkyl, Ci-6
alkoxy, Ci-4 haloalkyl, C1.4 haloalkoxy, Cs.s xycloalkyl, -N(Ro)(Ri0), -N(R11)(C(=O)R12),
-C(=0)-ORp2, -C(=O0)H, -C(=O)R1z, -C(=0)-N[Ro)Ri0), -NRi1)(S(=0)R12),
-S(=0)2-N(R9)(R10), -SR12va-OR12; va

Rs, Rs, R7, Rs, Ro, Rio, Ri1, va Rz doc 18p v6i nhau 14 H hodc dugce chon tir nhém
bao gdm Ci.s alkyl, Ci.4 haloalkyl, Cs.7 xycloalkyl, di xycloalkyl c6 4-14 phan tir, Cs.10
aryl, di aryl c6 5-10 phén tir, (C3.7 xycloalkyl)-C1.4 alkyl-, (di xycloalkyl c6 4-10 phan tir)-
Ci4 alkyl-, (Cs-10 aryl)-Ci4 alkyl- va (di aryl c6 5-10 phan tir)-Ci4 alkyl-, trong d6 nhém
thé thudc nhém trén day duoc thé tuy y boi 1, 2, 3 hodc 4 nhém thé duge chon dc 1ap tir
nhom bao gém halogen, -CF3, -OH, -NHa, -NH(CH3), -N(CHs)y, -CN, oxo, Ci-4 alkyl, Co.
¢ alkenyl, Ca alkynyl, C3.7 xycloalkyl, Ci4 hydroxyalkyl, -S-Ci4 alkyl, -C(=O)H,
-C(=0)-Ci4 alkyl, -C(=0)-0-Ci4 alkyl, -C(=0)-NHa, -C(=0)-N(Ci14 alkyl);, Ci4
haloalkyl, Ci-4 alkoxy va Ci.4 haloalkoxy.
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Theo phuong 4n thuc hién wu tién ciia sang ché, hop chit dugc d4nh ddu bang dong
vi phéng xa ctia hop chat duge dé cap trén day c6 cong thie (G) duge dé xuét. Theo phuong
4n thuc hién wu tién khac cta sang ché, hop chét duoge danh ddu bang ddng vi phong xa
ctia hop chit c6 cong thic (G) duge dé xuét, trong d6 tit ca H doc 1ap v6i nhau va dugc

thé tuy y bsiD.

Theo phuong 4n thure hién wu tién ciia sang ché, trong cong thirc (G), X1 12 N. Theo
phuong 4n thyuc hién wu tién ctia sang ché, trong cong thirc (G), X2 12 N. Theo phwong 4n
thuc hién wu tién cua sang ché, trong cong thic (G), X3 14 N. Theo phwong 4n thuc hién
uu tién clia sang ché, trong cdng thic (G), X1 1a CRu4, X2 1a N hodc CRys, va X3 1a CRys.
Theo phwong 4n thuc hién wu tién cta sang ché, trong cong thic (G), X1 14 CRus, Xz 13
CRys, va X3 1a CR16. Theo phuong an thuce hién wu tién ciia sang ché, trong cong thirc (G),
X1 1a CRu4, X2 12 CR1s, X3 1a CRie, va Ris, Ris, va Ris dugc chon ddc 1dp vai nhau tir H,
-OH, -CN, halogen, Ci-s alkyl, C1.s alkoxy, C3-7 xycloalkyl, va di xycloalkyl c6 3-7 phan
tir. Theo phuong 4n thyc hién wu tién ciia sing ché, trong cong thirc (G), X1 14 CRus, X2 13
N, X3 1a CRie, va Ris va Rig duge chon doc 14p v6i nhau tir H, -OH, -CN, halogen, Ci.6
alkyl, C1.6 alkoxy, C3.7 xycloalkyl, va di xycloalkyl c6 3-7 phén tir. Theo phuong 4n thuc
hién wu tién ciia sang ché, trong cong thic (G), X1, X2, va X3 gidng nhau. Theo phwong 4n
thue hién vu tién ctia sang ché, trong cong thirc (G), X1, X2 va X3 1a CH. Theo phwong 4n
thuc hién wu tién cua sang ché, trong cong thirc (G), X1, X2 va X313 N. Theo phuong 4n
thuc hién uu tién cua sang ché, trong cong thirc (G), X1 14 C(CH3), X2 va X3 1a CH. Theo
phuong an thuc hién wu tién cia sang ché, trong cong thic (G), X2 12 C(CH3), X1 va X3 1a
CH. Theo phwong 4n thuc hién uu tién ctia sing ché, trong cong thitrc (G), X3 1a C(CHs),
X1 va X2 1a CH. Theo phuong 4n thyc hién wu tién ctia sang ché, trong cong thire (G), X1
1N, X2 va X3 1a CH. Theo phwong 4n thyc hién wru tién ciia sing ché, trong cong thirc (G),
X 13N, Xi va X313 CH. Theo phuong 4n thuc hién wu tién ciia sang ché, trong cong thirc

(G), X3 AN, X1 va X, 1a CH.

Theo phuong 4n thuc hién wu tién khéc, sang ché dé xuét hop chét dugce danh déu
bing ddng vi phéng xa ciia hop chét c¢6 cong thire (G), trong d6 tat ca H doc 1ap véi nhau
va duoc thé tuy y béi D, va X1, X2 va X3 gibng nhau. Theo phuong 4n thyc hién wu tién
khéc, sang ché d& xuat hop chét dwgc danh ddu bing ddng vi phdng xa ciia hop chit c6
cong thiee (G), trong d6 tt ca H doc 14p v6i nhau va duge thé tuy ¥ béi D, va X1, X2 vaXs
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déu 1a CH. Theo phuong 4n thuc hién wu tién khéc, sang ché d& xuit hop chét duge d4nh
d4u bing ddng vi phéng xa ctia hop chit c¢6 cong thire (G), trong d6 tat ca H doc 1ap vei
nhau va dugce thé tuy ¥ bai D, va X, X2 vaX; 1a N. Theo phuong 4n thuc hién wu tién khac,
sang ché d& xuit hop chét duoc d4nh ddu bing ddng vi phéng xa ctia hop chat c6 cong thirc
(G), trong d6 tht ca H d6c 14p vai nhau va dugc thé tuy v bai D, va Xi 1a C(CHs), ca Xo va
X3 1a CH. Theo phwong 4n thuc hién wu tién khéc, sang ché dé xudt hop chét dugc danh
d4u bing ddng vi phéng xa cia hop chét ¢ cong thic (G), trong d6 tat ca H doc 1ap voi
nhau va duoc thé tuy y bsi D, va X, 1a C(CHs), ca X1 va X3 1a CH. Theo phuong 4n thuc
hién wu tién khéc, sang ché d& xuit hop chit dugc danh du bing ddng vi phéng xa cia
hop chét ¢6 cong thirc (G), trong d6 tit ca H doc lap voi nhau va dugc thé tuy y bsi D, va
X3 12 C(CH3), va X1 va Xz déu 1a CH. Theo phuong 4n thuc hién wu tién khac, sang ché @&
xuét hop chét dugce danh déu bing ddng vi phéng xa ctia hop chét ¢é cong thirc (G), trong
d6 tAt ca H doc 1ap v6i nhau va duogc thé tuy ¥ boi D, va X1 1a N, X, va X3 déu 1a CH. Theo
phuong 4n thuc hién wu tién khac, sang ché dé xuét hop chit dugc dénh diu bing ddng vi
phéng xa ctia hop chit c6 cong thiic (G), trong d6 tit ca H doc 14p véi nhau va dugce thé tuy
v boiD, va X2 1a N, X; va X3 déu 1a CH. Theo phuong 4n thyc hién wu tién khéc, sang ché
& xut hop chit duoc danh d4u bing ddng vi phong xa ctia hop chét c6 cong thire (G), trong
d6 tht ca H doc 14p v6i nhau va duoc thé tuy y boi D, va X3 1A N, va X; va X, déu la CH.

Theo phuong 4n thyc hién uvu tién cta sdng ché, trong cong thuc (G), L 1a C=0,
0=S=0 hodc CHaz. Theo phuong 4n thyuc hién uu tién cu thé coa sang ché, trong cong thirc
(G), L 1a C=0. Theo phuong 4n thuc hién vu tién cu thé ctia sang ché, trong cong thirc (G),
L 13 0=S=0. Theo phuong 4n thuc hién tu tién cu thé ctia sang ché, trong cong thirc (G),
L 12 CHa. Theo phuong 4n thuc hién khéc cta sang ché, trong cong thirc (G), L 1a mot lién

Kkét.

Theo phuong 4n thuce hién wu tién cu thé cta sang ché, trong cong thire (G), Xi, X2

vaXs déula CH, va L 1a C=O.

Theo phuong én thuc hién vu tién cu thé cta sang ché, trong cong thire (G), Xi, X2

vaXs déu la CH, va L 13 0=S=0.

Theo phuong 4n thuc hién wu tién cy thé cua sang ché, trong cong thic (G), X1, Xz

vaX; déula CH, va L la CHa.
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Theo phuong an thuc hién uu tién cu thé cua sang ché, trong cong thiic (G), X1, Xz

vaXs déu la CH, va L 12 mot lién két.

Theo phuong an thuc hién uu tién cu thé cuia sang ché, trong cong thirc (G), X, Xz

vaXs déulaN, vaL 1a C=O0.

Theo phuong an thuc hién vu tién cy thé ctia sang ché, trong cong thic (G), Xi, X2

vaXs déulaN, va L 1a 0=S=0.

Theo phuong 4n thuc hién wu tién cu thé cta sang ché, trong cong thire (G), X1, X2

vaXsdéulaN, vaL la CH,.

Theo phuong 4n thuc hién wu tién cu thé cua séng ché, trong cong thic (G), X, Xz

vaX; ddulaN, va L 1a mot lién két.

Theo phuong an thuc hién vu tién cu thé ciia séng ché, trong cong thuc (G), Xi, X2
va X3 déu 12 CRy4, trong d6 Ris duogc chon tir -OH, -CN, halogen, Ci.s alkyl, Ci- alkoxy,
Cs-7 xycloalkyl, va di xycloalkyl c6 3-7 phén tir, va L 1a C=0.

Theo phuong 4n thuc hién wu tién cu thé cla séng ché, trong cong thirc (G), X1, X2
va X3 déu 12 CRy4, trong @6 Ris dugc chon tir -OH, -CN, halogen, Ci.6 alkyl, Ci- alkoxy,
Cs.7 xycloalkyl, va di xycloalkyl c6 3-7 phén tir, va L 14 0=S=0.

Theo phuong an thuc hién vu tién cu thé coa sang ché, trong cong thic (G), X1, X2
va X3 déu 12 CRy4, trong d6 Ris dugc chon tir -OH, -CN, halogen, Ci- alkyl, Ci- alkoxy,
Cs.7 xycloalkyl, va di xycloalkyl c6 3-7 phén tir, va L 1a CHa.

Theo phuong an thyuc hién vu tién cu thé ciia sang ché, trong cong thic (G), X1, Xz
va X3 déu 1a CRy4, trong d6 Ris duge chon tir -OH, -CN, halogen, C1.s alkyl, Ci.¢ alkoxy,
Cs.7 xycloalkyl, va di xycloalkyl c6 3-7 phén tir, va L 12 mét lién két.

Theo phuong 4n thuc hién uu tién cu thé clia séng ché, trong cong thic (G), X1 1a

C(CH3), X2 va X3 déula CH, va L 1a C=0.

Theo phuong an thyc hién uu tién cu thé ctia sang ché, trong cong thirc (G), X1 1a

C(CH3), X2 va X3 déu la CH, va L 12 0=S=0.
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Theo phuong 4n thuc hién wu tién cu thé ctia sang ché, trong cong thirc (G), X; 1a

C(CH3), X2 vaX; déu la CH, va L 1a CH..

Theo phuong én thuc hién uu tién cu thé cua sang ché, trong cong thic (G), X 1a

C(CHs), X2 vaX; déu la CH, va L 1a mot lién két.

Theo phuong 4n thuc hién wu tién cu thé cta séng ché, trong cong thirc (G), Xz 1a

C(CH3), X1 va X3 déu la CH, va L 1a C=0.

Theo phuong 4n thuc hién wu tién cu thé clia sang ché, trong cong thirc (G), X 1a

C(CH3), X1 va X3 déu 1a CH, va L 13 0=S=0.

Theo phuong 4n thuc hién wu tién cu thé ciia séng ché, trong cong thic (G), Xz 13

C(CH3), X1 va X3 déu la CH, va L 13 CHa.

Theo phuong an thuc hién wu tién cu thé cua sang ché, trong cong thirc (G), Xz 1a

C(CH3), X1 va X3 déu 1a CH, va L 1a mot lién két.

Theo phuong an thue hién uu tién cu thé ctia séng ché, trong cong thirc (G), X3 1a

C(CH3), X1 va X, déu la CH, va L 13 C=0.

Theo phwong 4n thuc hién wu tién cu thé clia sang ché, trong cong thirc (G), X3 14

C(CH3), X1 va X, déu 1a CH, va L 1a 0=S=0.

Theo phuong 4n thuc hién wu tién cu thé ciia sang ché, trong cong thie (G), X3 1a

C(CH3), X1 va X, déula CH, va L 1a CHo.

Theo phuong &n thuc hién uu tién cu thé cua sang ché, trong cong thirc (G), X3 1a

C(CHs), X1 va X2 ddu 1a CH, va L 1a mot lién két.

Theo phuong 4n thuc hién wu tién cu thé ciia sang ché, trong cong thirc (G), Xi 1a

N, X2 vaXs déula CH, va L 1a C=0.

Theo phuong 4n thuc hién wu tién cu thé cta séng ché, trong cong thic (G), X1 1a

N, X2 vaXs déula CH, va L 1a 0=S=0.

Theo phuong 4n thuc hién wu tién cu thé cta séng ché, trong cong thire (G), X; 1a

N, X2 vaXs déula CH, va L 1a CH..
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Theo phuong 4n thyuc hién wu tién cu thé cta sang ché, trong cong thirc (G), X 1a

N, X va X3 déu 1a CH, va L 1a mot lién két.

Theo phuong 4n thuc hién wu tién cu thé ctia séng ché, trong cong thirc (G), X» 14

N, XivaXs déulaCH, vaL 1a C=O.

Theo phuong 4n thuc hién wu tién cu thé cta séng ché, trong cong thirc (G), X 1a

N, X; vaXs déu la CH, va L 1a 0=S=0.

Theo phuong 4n thuc hién wu tién cu thé ciia sang ché, trong cong thic (G), X 1a

N, X;vaXs déula CH, va L 1a CH..

Theo phuong 4n thuc hién wu tién cu thé ctia sang ché, trong cong thic (G), X» 1a

N, X; va X3 déu 1a CH, va L 1a mot lién két.

Theo phuong 4n thuc hién wu tién cu thé ciia séng ché, trong cong thic (G), X; 14

N, X;vaX, déula CH, va L 1a C=0.

Theo phuong 4n thuc hién wu tién cu thé cta sang ché, trong cong thirc (G), X3 1a

N, X;vaX, déula CH, va L 1a 0=S=0.

Theo phuong 4n thuc hién wu tién cu thé cta sing ché, trong cong thirc (G), X3 13

N, X;vaXz déula CH, va L 1a CH..

Theo phuong 4n thuc hién wu tién cu thé ciia sang ché, trong cong thire (G), X; 14

N, X1 vaXs déu 1a CH, va L 1a mot lién két.

Theo phuong 4n thuc hién wu tién cta sang ché, trong cong thic (G), Rz 1a H,
-NR17)(R1s), Ci-6 alkoxy, -OH, -SH, -CN, halogen, -NO,, -SFs, -S-C14 alkyl, Ci-¢ alkyl,
hodc Cs.7 xycloalkyl, di xycloalkyl c6 3-7 phén t, Cs-7 aryl, di aryl c6 5-7 phﬁn t, Cr.1n1
aryl vong dbi, di aryl vong d6i ¢ 7-11 phan tir, vong ba c6 11-15 phan tir, Cs.11alkyl vong
d6i, hodc di alkyl vong d6i c6 5-11 phﬁn tu, trong d6 Ry7 va Ris dugce chon doc 1ap voi
nhau tir H, Ci- alkyl, Ci-6 alkoxy, Cs.7 xycloalkyl, Cs.7 heteroxycloalkyl, Cs.7 aryl, va di
aryl c6 5-7 phin tir, va dugc thé tuy y bdi mot hodc nhiéu -OH, -CN, -SH, halogen, -NO3,
va -SFs, trong d6 Riz duge thé tuy y bai 1, 2, 3 hodc 4 Ri. Theo phuong 4n thyc hién uu
tién ctia sang ché, trong cong thirc (G), Ris 1a H, -N(R17)(R1s), C1.6 alkoxy, -OH, -SH, -CN,
halogen, -NOg, -SFs, -S-C1.4 alkyl, C1 alkyl, hodc Cs.7 xycloalkyl, di xycloalkyl c6 3-7
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phin ti,
Cs.7 aryl, di aryl ¢6 5-7 phén tir, C7.11 aryl vong doi, di aryl vong ddi c6 7-11 phan tir, hodc
vong ba c6 11-15 phén tir, va R17 va Ris dwoc dinh nghia nhu trén, trong d6 Rz duoc thé
tuy ¥ béi 1, 2, 3 hodc 4 Ri. Theo phuong an thyc hién wu tién ctia sang ché, trong cong
thire (G), Rz 1a H, -N(R17)(R1s), C1 alkoxy, Ci-6 alkyl, hodc Cs.7 xycloalkyl, di xycloalkyl
¢6 3-7 phén tir, Cs.7 aryl, hodc di aryl ¢6 5-7 phén tir, va Ri7 va Ris dugc dinh nghia nhu
trén, trong d6 Ris duoc thé tuy y béi 1, 2, 3 hodc 4 Ri. Theo phwong an thuc hién wu tién
clia sang ché, trong cong thirc (G), Ris 13 -N(R17)(Ris), Ci-6 alkoxy, Ci-6 alkyl, hodic Cs.7
xycloalkyl, di xycloalkyl c6 4-6 phén tir, phenyl, hodc di aryl ¢6 5-6 phan tir, v R17 va Rus
dugc dinh nghia nhu trén, trong d6 Ri3 dugce thé tuy y bdi 1, 2, hodc 3 Ri. Theo phuong an
thyre hién wu tién cta sang ché, trong cong thirc (G), Riz 13 -N(R17)(R1s), C1-3 alkoxy, Ca-¢
xycloalkyl, di xycloalkyl c6 4-6 phén tir, phenyl, di aryl c6 5-6 phan tir hoic Ci. alkyl, va
Ri7 va Rig duge dinh nghia nhu trén, trong d6 Ri3 dugc thé tuy y baéi 1, 2, hoac 3 Ri. Theo
phuong 4n thyc hién wu tién ctia sang ché, trong cong thirc (G), Ris 13 -N(H)(C13 alkyl),
-NH)(xycloalkyl ¢6 3-6 phan t), -N(H) (di xycloalkyl c6 4-6 phan tw),
-N (C1.3 alkyl) (C1.3 alkyl), C1.3 alkoxy, C3-6 xycloalkyl, azaxycloalkyl c6 4-6 phan tir hodc
oxaxycloalkyl, phenyl, azaaryl c6 5-6 phan tir hogc Ci-4 alkyl; hodc Ris 1a -N(R17)(Ris), va
Ri7 va Ris va nguyén tr N duoc lién két v6i nhau tao thanh vong 4-10 phén tir (trong d6
Ry3 duge thé tuy y béi 1, 2, hodc 3 Ry). Theo phuong 4n thuc hién uu tién cu thé cta séng
ché, trong cong thirc (G), Ris 12 xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl, metyl,
etyl, propyl, butyl, metoxy, etoxy, propoxy, -N(H)(CH3), -N(H)(CH:CHs),
-N(H)(CH.CH,OH),  -N(H)(CH2CH2CN),  -N(CH3)(CH3),  -N(H)(xyclopropyl),
-NH)(xyclobutyl), -N(H)(tetrahydrofuranyl), pyrazinyl, pyridazinyl, pyrolidinyl,
pyrazolyl, piperidinyl, phenyl, azetidinyl, morpholinyl, piperazinyl hodc
tetrahydropyranyl; hodc Ris 13 -N(R17)(Ris), va Ri7 va Ris va nguyén tir N duoc lién két
v6i nhau tao thanh vong 7 phén tir (trong d6 Ry dugc thé tuy y bdi 1, 2, hoic 3 Ry). Theo
phuong 4n thyc hién wu tién cu thé cta sang ché, trong cong thirc (G), Ris 1a xyclopropyl.
Theo phwong an thuc hién wu tién cu thé cla sing ché, trong cong thic (G), Rys 1a
xyclobutyl. Theo phuong 4n thuc hién wu tién cu thé cta séng ché, trong cong thuc (G),
Ri3 1a xyclopentyl. Theo phuong 4n thuc hién wru tién cu thé ciia sng ché, trong cong thirc
(G), Ru3 12 xyclohexyl. Theo phuong 4n thuc hién wu tién cu thé clia sing ché, trong cong

thitc (G), Ri3 12 nhém metyl. Theo phuong én thuc hién uu tién cu thé cua sang ché, trong
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cong thire (G), Ri3 1a nhém etyl. Theo phuong &n thuc hién wu tién cu thé cta sang ché,
trong cong thirc (G), Ris 1a propyl. Theo phuong an thuc hién wu tién cu thé ciia sang ché,
trong cong thirc (G), Ri3 1a nhém butyl. Theo phuong én thyc hién vu ti€n cu thé cua sang
ché, trong cong thirc (G), Ri3 1a pyrazinyl. Theo phuong 4n thuc hién wu tién cu thé coa
séng ché, trong cong thiic (G), Ri3 14 a pyridazinyl. Theo phuong én thuc hién wu tién cu
thé ctia sang ché, trong cong thirc (G), Ris 14 a pyrolidinyl. Theo phuong 4n thuc hién wu
tién cu thé cta sang ché, trong cong thirc (G), Ri3 14 pyrazolyl. Theo phuong an thyc hién
wu tién cu thé cua sang ché, trong cong thic (G), Ris 13 piperidinyl. Theo phurong 4n thuc
hién vu tién cu thé cua sang ché, trong cong thirc (G), Ris 1a phenyl. Theo phwong 4n thuc
hién wu tién cu thé cia sing ché, trong cong thiic (G), Ris 14 azetidinyl. Theo phuong 4n
thuc hién wu tién cu thé cua sang ché, trong cong thirc (G), Ris 12 morpholinyl. Theo
phuong 4n thuc hién wu tién cu thé cta sing ché, trong cong thirc (G), Ris 1a piperazinyl.
Theo phwong 4n thyc hién wu tién cu thé cta sing ché, trong cong thic (G), Ris 1a
tetrahydropyranyl. Theo phuwong 4n thuc hién wu tién cu thé clia séng ché, trong cong thirc
(G), Ri3 1a metoxy. Theo phuong &n thuc hién vu tién cu thé cta sang ché, trong cong thirc
(G), Ru3 12 etoxy. Theo phuong 4n thuc hién wu tién cu thé clia sing ché, trong cong thirc
(G), Ri3 1a -N(H)(CH3). Theo phuong an thyc hién uu tién cu thé ciia séng ché, trong cong
thitc (G), Ris 1a -N(H)(CH2CH3). Theo phuong &n thyc hién uu tién cy thé cia séng ché,
trong cong thirc (G), Ri3 la
-N(H)(CH2CH20H). Theo phuong 4n thuc hién wu tién cy thé cia sang ché, trong cong
thirc (G), Ris 1a -N(H)(CH2CH2CN). Theo phuong 4n thuc hién vu ti€n cu thé cla sang
ché, trong cong thirc (G), Ri3 1a -N(CH3)(CH3). Theo phuong an thye hién wu tién cu thé
clia sang ché, trong cong thirc (G), Rus 1a -N(H) (xyclopropyl). Theo phuong 4n thuc hién
wu tién cu thé cia sang ché, trong cong thirc (G), Ris 1a -N(H) (xyclobutyl). Theo phuong
4n thuc hién wu tién cu thé cia sang ché, trong cong thic (G), Riz 1a -N(H)
(tetrahydrofuranyl). Theo phuong &n thuc hién vu tién cu thé ctia sang ché, trong cong thirc
(G), Ru3 1a -N(R17)(R1s), va Ri7 va Rys va nguyén tir N duoc két ndi v6i nhau tao thanh
vong 7 phén t.

Theo phuong 4n thuc hién wu tién cu thé cua sang ché, trong cong thire (G), Ri7 va
Ris dugc chon doc 14p véi nhau tir H, Crs alkyl, Ci¢ alkoxy, Cs.; xycloalkyl, Cs.7
heteroxycloalkyl, Cs.7 aryl, va di aryl ¢6 5-7 phan ti, va dugc thé tuy ¥ bdi mot hogic nhiéu
nhém trong s6 -OH, -CN, -SH, halogen, -NO, va -SFs. Theo phuong 4n thyc hién vu tién
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cu thé cua sang ché, trong cong thic (G), Ri7 va Rig duge chon ddc lap véi nhau tir H,
C1.6 alkyl, C3.7 xycloalkyl, va Cs.7 heteroxycloalkyl va duoc thé tuy ¥ béi mot hodc nhiéu
nhém trong s6 -OH, -CN, -SH, halogen, -NO2, va -SFs. Theo phuong an thyc hién wu tién
cu thé cua sang ché, trong cong thirc (G), Ri7 va Ris duge chon ddc 14p véi nhau tir H,
C1-6 alkyl, C3.7 xycloalkyl, va Cs-7 heteroxycloalkyl va dugc thé tuy ¥ béi mot hodc nhiéu
nhém trong s6 -OH va -CN. Theo phuong 4n thuc hién wu tién ciia sang ché, trong cong
thire (G), R17 va Rig dugc chon ddc 18p vai nhau tir H, metyl, etyl, propyl, xycloalkyl c6 3
phén tir, xycloalkyl c6 4 phén tir, xycloalkyl c6 5 phan tir, di xycloalkyl ¢6 5 phan tir, va di
xycloalkyl c6 6 phén tir, va dugc thé tuy ¥ boi mot hodc nhidu nhém trong sé -OH va -CN.
Theo phuong an thuc hién wu tién cta sang ché, trong cong thirc (G), Ri7, Ris va nguyén
tr N dugce lién két véi nhau tao thanh vong 4-10 phan ti. Theo phwong 4n thuc hién wu
tién ctia sang ché, trong cong thitc (G), Ri7, Ris va nguyén tir N dugc lién két v6i nhau tao

thanh vong 7 phén tir.

Theo phuong 4n thuc hién vu tién cu thé cla sang ché, trong cong thic (G), L 1a
C=0, va Rz 1a -N(R17)(R1s), Ci6 alkoxy, -OH, -SH, -CN, halogen, -NO2, -SFs, hodc
-S-Ci4 alkyl, va Rz duogc thé bai 0, 1, 2, 3 hoic 4 Ry trong d6 Ri7 va Ris dugc chon ddc
1ap véi nhau tir H, C1 alkyl, C1- alkoxy, Cs.7 xycloalkyl, Cs.7 heteroxycloalkyl, Cs.7 aryl,
va di aryl ¢6 5-7 phan ttr, va duoc thé tuy ¥ béi mot hodc nhiéu nhém trong sé -OH, -CN,
-SH, halogen, -NOa, va -SFs, hoic Ri7, Ris va nguyén tir N dugc lién két v6i nhau tao
thanh vong 3-14 phin tir. Theo phuong 4n thuc hién wu tién cu thé clia sang ché, trong
cong thie (G), L 1a C=0, va Ry la -N(R17)(Ris), hodc Ci-6 alkoxy, trong d6 Ri7 va Ris
dugc chon doc 14p vai nhau tir H, Ci.6 alkyl, C3.7 xycloalkyl, va Cs.7 heteroxycloalkyl va
dugc thé tuy ¥ béi mot hodc nhiéu nhém trong s -OH, -CN, -SH, halogen, -NO,, va -SFs,
hodc Ri7, Ris v nguyén tir N dwoc lién két v6i nhau tao thanh a 3-10 membered ring.
Theo phuong 4n thuc hién wu tién cu thé ciia sang ché, trong cong thic (G), L 1a C=0, va
Riz 13 metoxy, etoxy, propoxy, -N(H)(CHs), - N(H)(CH2CHs), -N(H)(CH.CH20H),
-N(H)(CH2CH2CN), -N(CH3)(CH3), -N(H)(xyclopropyl), -N(H) (xyclobutyl), -N(H)
(tetrahydrofuranyl); hodc Ri3 13 -N(R17)(Ris), va Ri7, Ris va nguyén tit N dugc lién két voi
nhau tao thanh vong 7 phr?m ttr. Theo phuong 4n thuc hién vu tién cu thé cua sang ché,
trong cong thire (G), L 1a C=0, va Ry3 1a metoxy. Theo phwong 4n thyc hién vu ti€n cu thé
ctia sang ché, trong cong thirc (G), L 14 C=0, va Ry3 14 etoxy. Theo phuong an thyc hién

wu tién cu thé cua sang ché, trong cong thirc (G), L 1a C=0, va Ry3 1a -N(H)(CHs). Theo
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phuong 4n thuc hién wu tién cu thé cia sang ché, trong cong thue (G), L 1a C=0, va Rys 1a
-N(H)(CH2CH3). Theo phuong an thue hién wu tién cu thé cua sang ché, trong cong thirc
(G), L1a C=0, va Ri3 13 -N(H)(CH2CH,0OH). Theo phuong 4n thyrc hién uu ti€n cu thé cua
sang ché, trong cong thire (G), L 1a C=0, va Rz 1a -N(H)(CH2CH2CN). Theo phuong an
thuc hién wu tién cu thé cua sang ché, trong cong thirc (G), L 1a C=0, va Ry3 Ia
-N(CH3)(CH3). Theo phuong an thuc hién wu tién cu thé ctia sang ché, trong cong thirc
(G), L 1a C=0, va Rz 1a -N(H)(xyclopropyl). Theo phuong 4n thyc hién wu ti€n cu thé cua
sang ché, trong cdng thic (G), L 1a C=0, va Rus 1a -N(H)(xyclobutyl). Theo phuong 4n
thuc hién uu tién cu thé cua sang ché, trong cong thie (G), L 14 C=0, va Ry3 Ia
-N(H)(tetrahydrofuranyl). Theo phuong 4n thuc hién wu tién cu thé cua sang ché, trong
cong thirc (G), L 1a C=0, vaRy3 1a -N(R17)(R18),'Vé Ri7, Ris va nguyén tir N duoc lién két
v6i nhau tao thanh vong 7 phan tir.

Theo phuong 4n thuc hién wu tién cy thé cia sang ché, trong cong thirc (G), mot,
hai hodic ba Rz ¢c6 mit va Rz dugc chon tir H, halogen, -OH, -NOa, -CN, -SFs, -SH,
-S-Ci4 alkyl, Ci alkyl, Ci6 alkoxy, Ci haloalkoxy, Cz¢ alkenyl, C2 alkynyl, Cs
xycloalkyl, va di xycloalkyl c6 4-10 phan ti, trong d6 -S-Ci4 alkyl, Ci6 alkyl, Cs
xycloalkyl, va di xycloalkyl c6 4-10 phén ti dugc thé tuy y bdi 1, 2 hodc 3 nhém thé dugc
chon ddc 14p tr nhém bao g6m halogen, -OH, -NHa, -NH(CH3), -N(CHs), -CN, C1.4 alkyl,
Ci-4 haloalkyl, Ci-4 alkoxy, va Ci.4 haloalkoxy. Theo phuong an thuc hién vu tién cu thé
cua sang ché, trong cong thirc (G), mot, hai hodc ba Ra cé mit va Rz duge chon tir halogen,
Ci-6 alkyl va Cs.s xycloalkyl, trong d6 Ci- alkyl va Cs-¢ xycloalkyl duge thé tuy y boi 1, 2
hodc 3 nhém thé duoc chon doc 14p tir nhém bao gém halogen, -OH, -NH>, -NH(CH3),
-N(CHs), -CN, Ci4 alkyl, C14 haloalkyl, C1.4 alkoxy, va Ci+ haloalkoxy. Theo phuong
4n thuc hién wu tién cu thé cta sang ché, trong cong thire (G), mot, hai hodc ba Rz ¢6 mit
va Ry duoc chon tir halogen, va Ci.6 alkyl, trong d6 Ci-6 alkyl dugc thé tuy y béi 1, 2 hoic
3 nhém thé duge chon ddc 14p tir nhom bao gdm halogen, -OH, -NHaz, -NH(CHs), -N(CHs)z,
-CN, Ci.4 alkyl, Ci4 haloalkyl, C1.4 alkoxy, va Ci.4 haloalkoxy. Theo phuong an thyc hién
wu tién cu thé ctia sang ché, trong cong thirc (G), mdt, hodc hai Ra ¢6 mit va R duoc chon
tir halogen, va Ci.6 alkyl. Theo phuong 4n thyuc hién vu tién cu thé ctia sang ché, trong cong
thie (G), mdt hodc hai R2 ¢ mit va Ry duge chon tr flo, clo, brom, metyl, etyl,
n-propyl, isopropyl, n-butyl, va isobutyl. Theo phuong 4n thyc hién vu ti€n cla sang ché,

trong cdng thitc (G), mot hodc hai R c¢6 mit, va Rz dugc chon tir flo, clo, metyl, etyl,
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n-propyl, va isopropyl. Theo phuong 4n thuc hién wu tién cta sang ché, trong cong thic
(G), mot hodc hai Rz c6 mit, va Rz duge chon tir flo, metyl, va etyl. Theo phuong an thuc
hién wu tién cta sang ché, trong cong thirc (G), mét hodc hai Ry ¢6 mit, va R, duoc chon
tir flo va etyl. Theo phwong 4n thuc hién wu tién ctia sing ché, trong cong thirc (G), mot Rz
c6 mat, va Rz dugc chon tir flo va etyl. Theo phwong &n thuc hién wu tién ctia sang ché,
trong cong thirc (G), hai Ra ¢6 mét, va R, duge chon tir flo va etyl. Theo phuong an thuc
hién vu tién cu thé cna sang ché, trong cong thic (G), hai Rz c¢6 mit twong tmg 1a flo va
etyl. Theo phuong 4n thuc hién wu tién cu thé ctia sang ché, trong cong thirc (G), mot Ra

c6 mat, va Rz 1a nhom etyl.

Theo phuong 4n thyc hién wu tién cta sang ché, trong cong thirc (G), Ri3 duoc thé
bdi 0, 1, 2, 3 hodc 4 Ry, va mdi Ry duoce chon ddc 14p tir H, halogen, -OH, -NOa,- CN,
-SFs, -SH, -S-Ci.4 alkyl, Ci.s alkyl, Cz-g alkenyl, Ca-g alkynyl, Ci- alkoxy, Cs.7 xycloalkyl,
di xycloalkyl c6 3-10 phén tit, Cs7 aryl, di aryl c6 5-7 phan tir, C7.11 aryl vong dbi, va di
aryl vong dbi c6 7-11 phdn tir, trong d6 -S-Ci.4 alkyl, C1.s alkyl, C2.s alkenyl, C2-s alkynyl,
va Cis alkoxy duoc thé tuy v boi 1, 2, 3, hodc 4 Rs, va trong d6 Cs.7 xycloalkyl, di
xycloalkyl ¢6 3-10 phdn tir, Cs.7 aryl, di aryl c6 5-7 phan tir, C7-11 aryl vong d6i, va di aryl
vong doi c6 7-11 phén tir duoc thé tuy y béi 1, 2 , 3 hodc 4 Ra. Theo phuong 4n thuc hién
wu tién ciia sang ché, trong cong thire (G), Ri3 dugc thé bsi 0, 1, 2, 3 hodc 4 Ry, vaimbi R,
dugc chon doc 1ap tir H, halogen, -OH, -NOa,- CN, -SFs, -SH, -S-Ci4 alkyl, Ci-s alkyl,
Cs.7 xycloalkyl, di xycloalkyl c6 3-7 phan tit, Cs.7 aryl, va di aryl ¢6 5-7 phn ti, trong d6
-S-C14 alkyl, va C1.s alkyl duoc thé tuy y boi 1, 2, 3 hodc 4 R, va trong d6 Cs.7 xycloalkyl,
di xycloalkyl c6 3-7 phin tir, Cs.7 aryl, va di aryl c6 5-7 phan tir dwgc thé tuy ¥ béi 1, 2, 3,
hodc 4 Rs. Theo phwong 4n thuc hién wu tién ctia séng ché, trong cong thirc (G), Ris dugce
thé b3i 0, 1, 2, 3 hoic 4 Ry, va mdi Ry duoc chon ddc lap tir halogen, -OH, -CN, C1.g alkyl,
Cs.7 xycloalkyl, di xycloalkyl c6 3-7 phén ttt, Cs7 aryl, di aryl c6 5-7 phén ti, trong d6
C1-s alkyl duoc thé tuy y béi 1, 2, 3 hoiic 4 Rs, va trong d6 Cs.7 xycloalkyl, di xycloalkyl
¢6 3-7 phén tir, Cs.7 aryl, di aryl c¢6 5-7 phan tir dugc thé tuy ¥ bai 1, 2, 3 hodc 4 Rs. Theo
phuong 4n thyc hién wu tién ctia séng ché, trong cong thite (G), Ri3 dugce thé bsi 0, 1,2, 3
hoic 4 Ry, va mdi Ry duoc chon doc 1ap tir halogen, -OH, -CN, Cig alkyl, C3.7 xycloalkyl,
va di xycloalkyl c6 3-7 phin ti, trong d6 Ci.s alkyl dugc thé tuy ¥ bdi 1, 2, hodc 3 Rs, va
trong d6 Cs.7 xycloalkyl, va di xycloalkyl c6 3-7 phan tir dugc thé tuy y bdi 1, 2, hoic 3

R4. Theo phuong an thuc hién vu ti€n cua sang ché, trong cong thirc (G), Ris duoc thé boi
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0 hosic 1 Ry, vamdi R; duge chon doc 14p tir halogen, -OH, -CN, Ci.6 alkyl, C3.7 xycloalkyl,
di xycloalkyl ¢6 5-7 phén tir, trong d6 C1.¢ alkyl duoc thé tuy y boi 1, 2, hodc 3 Rs, va trong
d6 Cs.7 xycloalkyl, va di xycloalkyl c6 5-7 phan tir duoc thé tuy ¥ bai 1, 2, hodc 3 Ra. Theo
phuong 4n thue hién wu tién ciia séng ché, trong cong thiic (G), Riz dugc thé boi 0 hodc 1
Ri, va mdi R1 duge chon doc 14p tir halogen, -OH, -CN, Ci4 alkyl, Cs. ¢ xycloalkyl, va di
xycloalkyl ¢6 5-7 phén tir, trong d6 Ci-4 alkyl dugc thé tuy ¥ bdi 1 hodc 2 Rs, va trong d6
Cs. xycloalkyl va di xycloalkyl c6 5-7 phn tir dugc thé tuy y bai 1, 2, hodc 3 Ra. Theo
phuong an thuc hién wu tién cu thé ctia sang ché, trong cong thirc (G), Ris duogc thé bai 0
hoic 1 Ry, va mdi Ry duoc chon ddc 14ap tir metyl, etyl, hydroxyl, -CN, piperidinyl,
morpholinyl, piperazinyl, va xyclopropyl, trong d6 piperidinyl, morpholinyl, va
piperazinyl dugc thé tuy v bdi 1, 2, 3 hodc 4 Ci alkyl. Theo phwong 4n thuc hién wu tién
cu thé cua sang ché, trong cong thirc (G), Riz duge thé bai 0 hodic 1 Ry, va mbi Ry duge
chon ddc 1ap tir metyl, etyl, hydroxy, -CN, piperidinyl, morpholinyl, 1-metylpiperazinyl,
va xyclopropyl. Theo phwong 4n thuc hién wu tién cu thé ctia sang ché, trong cong thirc
(G), Ri1 khong c6 mit. Theo phuong an thuc hién wu tién cu thé ctia séang ché, trong cong
thirc (G), R1 13 1-metylpiperazinyl. Theo phwong 4n thuc hién wu tién cu thé ctia sing ché,
trong codng thirc (G), Ri 1a metyl. Theo phuong an thuc hién wu tién cu thé ctia séng ché,
trong cong thirc (G), Ry 14 etyl. Theo phuong 4n thuc hién wu tién cu thé ctia sing ché,
trong cdng thirc (G), Ry 14 piperidinyl. Theo phuong an thuc hién wu tién cu thé clia sing
ché, trong cong thirc (G), Ry 1a morpholinyl. Theo phuong 4n thuc hién uu tién cu thé ciia
sang ché, trong cong thirc (G), Ry 1a hydroxyl. Theo phuong 4n thyc hién uu tién cy thé
cta sang ché, trong cong thirc (G), Ry 12 -CN. Theo phuong 4n thuc hién wu tién cu thé cta

séng ché, trong cong thirc (G), Ry 14 xyclopropyl.

Céc tuy chon wu tién ctia c4c nhém thé tuong tmg dugc @& cap trong cic phwrong 4n
twhej hién wu tién khac nhau trén day c6 thé dugc két hop v6i nhau theo cach bét ky, céc
td hop bét ky cta ching thudc pham vi ciia sang ché. Theo céc phuong 4n thyc hién wu
tién cua sang ché, timg hop chét c6 cong thirc (G) dugc trinh bay cu thé trong céc Vi du 1
dén Vi du 58 sau day. Cu thé, hop chét c6 cong thie (G) dugc chon tu:

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl1)-4,6-dihydropyrolo[3,4-
d]imidazol-5(1H)-yl)(5-(piperidin-1-yl)pyrazin-2-yl)keton;
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(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5(1H)-yl)(5-morpholinylpyrazin-2-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5(1H)-yl)(1-metyl-1H-pyrazol-4-yl)keton;
(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3,4-d]imidazol-
5(1H, 4H,6H)-yl)(1-metylpiperidin-4-yl)keton;
(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3,4-d]imidazol-
5(1H, 4H,6H)-yl)(5-(4-metylpiperzin-1-yl)pyrazin-2-yl)keton;
(2-(6-(2-etyl-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[ 3,4-d]imidazol-
5(1H,4H,6H)-yl)(5-(4-metylpiperzin-1-yl)pyrazin-2-yl)keton;
5-etyl-2-flo-4-(3-(5-(benzenesulfonyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-

yl)-1H-indazol-6-yl)phenol;

5-etyl-2-flo-4-(3-(5-(pyrazin-2ylmetyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-
2-yl)-1H-indazol-6-yl)phenol;

4-(3-(5-(xyclopropylmetyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-
indazol-6-yl)-5-etyl-2-flophenol;

Xyclopropyl(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3,4-
d]imidazol-5(1H,4H,6H)-yl)keton;

4-(3-(5-(xyclobutylmetyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-
indazol-6-yl)-5-etyl-2-flophenol;

Xyclobutyl(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3,4-
d]imidazol-5(1H,4H,6H)-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3,4-d]imidazol-
5(1H,4H,6H)-y1)(3-hydroxylxyclobutyl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-pyrolo[3,4-d]imidazol-5-
(1H,4H,6H)-yl)(pyridazin-4-yl)keton;
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(2-(6-(2-¢tyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-pyrolo[3,4-d]imidazol-5-
(1H,4H,6H)-yl)(pyridazin-3-yl)keton;

(S)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
dJimidazol-5-(1H)-y1)(3-hydroxylpyrolidin-1-yl)keton;

5-etyl-2-flo-4-(3-(5-(4-hydroxylxyclohexyl)-1,4,5,6-tetrahydropyrolo[3,4-
d]imidazol-2-yl)-1H-indazol-6-yl)phenol;

4-(3-(5-(xyclopropansulfonyl)-1,4,5,6-tetrahydropyrolo[3,4-dJimidazol-2-yl)-1H-
indazol-6-yl)-5-etyl-2-flophenol;

4-(3-(5-(xyclobutylsulfonyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-
indazol-6-yl)-5-etyl-2-flophenol;

4-(3-(5-(xyclopentylsulfonyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-

indazol-6-yl)-5-etyl-2-flophenol;

5-etyl-2-flo-4-(3-(5-((1-metyl-1H-pyrazol-4-yl)metyl)-1,4,5,6-
tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-indazol-6-yl)phenol;

4-(3-(5-(xyclopentyl-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-indazol-6-

yl)-5-etyl-2-flophenol;

5-etyl-2-flo-4-(3-(5-(tetrahydro-2H-pyran-4-yl)-1,4,5,6-tetrahydropyrolo[3,4-
d]imidazol-2-yl)-1H-indazol-6-yl)phenol;

1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5-(1H)-yl)etan-1-on;

1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5-(1H)-yl)propan-1-on;

(1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)- 1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
dJimidazol-5-(1H)-yl)-2-metylpropan-1-on);

2-xyclopropyl-1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-
dihydropyrolo[3,4-d]imidazol-5-(1H)-yl)etan-1-on;
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1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-

dJimidazol-5-(1H)-yl)-3-metylbutan-1-on;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
dJimidazol-5-(1H)-yl)(pyrolidin-1-yl)keton;

Azetidin-1-yl((2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-
dihydropyrolo[3,4-d]imidazol-5-(1H)-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5-(1H)-yl)(piperidin-1-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
dJimidazol-5-(1H)-yl)(morpholino)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5-(1H)-yl)(4-metylpiperzin-1-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5-(1H)-y1)(4-etylpiperzin-1-yl)keton;

Xyclopropyl(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-pyrazolo[4,3-b]pyridin-3-
yl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-yl)keton;

Xyclopropyl(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-4-metyl- 1H-indazol-3 -yl)-4,6-

dihydropyrolo[3,4-d]imidazol-5(1 H)-yl)keton;

(S)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-4-metyl-1H-indazol-3-yl1)-4,6-
dihydropyrolo[3,4-d]imidazol -5(1H)-yl)(3-hydroxylpyrolidin-1-yl)keton;

Xyclopropyl(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-pyrazolo[4,3-c]pyridin-3-
yl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-yl)keton;

23/271

(R)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-

d]imidazol-5(1H )-yl)(3-hydroxylpyrolidin-1-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5(1H)-yl)(3-hydroxylAzetidin-1-yl)keton;
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(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5(1H)-yl)(4-hydroxylpiperidin-1-yl)keton;

2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-N-metyl-4,6-
dihydropyrolo[3,4-d]imidazol-5-(1H)-carboxamit;

2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-N-etyl-4,6-
dihydropyrolo[3,4-d]imidazol-5-(1H)-carboxamit;

2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-N-(2-hydroxyletyl)-4,6-
dihydropyrolo[3,4-dJimidazol-5(1H)-carboxamit;

1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-1,4,5,6-
tetrahydropyrolo[3,4-d]imidazol-5 -carbonyl)azetidin-3-nitril;

1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-1,4,5,6-
tetrahydropyrolo[3,4-d]imidazol-5 -carbonyl)pyrolidin-3-nitril;

2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-N-(tetrahydrofuran-3-yl)-
4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-carboxamit;

Metyl 2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-4,6-
dihydropyrolo[3,4-d]imidazol-5(1 H)-carboxylat;

Etyl 2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-

d]imidazol-5(1H)-carboxylat;

(S)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-pyrazolo[3,4-b]pyridin-3-yl)-4,6-
dihydropyrolo[3,4-d]imidazol-5(1H)-yl)(3-hydroxylpyrolidin-1-yl)keton;

3-(2-(6-(2-¢etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl) -4,6-dihydropyrolo[3,4-
d]imidazol-5(1H)-yl)-3-oxypropionitril;

2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-N,N-dimetyl-4,6-
dihydropyrolo[3,4-d]imidazol-5(1H)-carboxamit;

N-(2-xyanoetyl)-2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-
dihydropyrolo[ 3,4-d]imidazol-5(1H)-carboxamit;
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N-xyclopropyl-2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-4,6-
dihydropyrolo[3,4-d]imidazol-5(1H)-carboxamit;

N-xyclobutyl-2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-
dihydropyrolo[3,4- d]imidazol-5(1H)-carboxamit;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5(1H)-yl1)(2,6-diazaspiro[ 3.3 heptan-2-yl)keton;

(S)-6-(2-etyl-5-flo-4-hydroxyphenyl)-3-(5-prolyl-1,4,5,6-tetrahydropyrolo[3,4-
d]imidazol-2-yl)- 1H-indazol; va

(R)-6-(2-etyl-5-flo-4-hydroxyphenyl)-3-(5-prolyl-1,4,5,6-tetrahydropyrolo[3,4-
dJimidazol-2-yl)- 1H-indazol.

Trong hop chét ¢ cong thirc (G), khi X1, X, va X3 gidng nhau, hop chit c6 cong
thirc (G) cling dugc biéu didn dusi dang hop chét c6 cong thirc (G):

=Ry
N
N ~I
\_~NH
X
N
X X~ N
| H

(@),

trong d6 X 1a N hodc CRi4, va Rig, Ri3, Ry, L, va Rz nhu duge dinh nghia trong hop
chét c6 cong thic (G).

Theo phuong 4n thuc hién wu tién, sing ché dé xuét hop chét c6 cong thirc (G)’
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L7
\_NH
X
x\ Ty
X X N
| H
HO %
2 (G)

hodc hop chét dugc danh diu bé‘mg déng vi phéng xa cua chung, hodc déng phan
quang hoc ciia chiing, ddng phan hinh hoc ctia chiing, ddng phan hd bién ctia chiing hodc
hén hop ctia cic ddng phéan khac nhau, hodc mudi dugc dung ciia chiing, hoic tién thube

ctia chiing, hodc chét chuyén hoa ciia ching,
trong d6
X 1a N hodc CH;
L 14 C=0, 0=S=0, CH; hoic mét lién két; va

Rz 1aH, -N(R17)(R1s), C1-6 alkoxy, -SR12, -OR12, -CN, halogen, -NOa, -SFs, -S-Ci4
alkyl, C1.6 alkyl hodc Cs7 xycloalkyl, di xycloalkyl c6 3-7 phan tir, Cs.7 aryl, di aryl c6
5-7 phn tir, C7.11 aryl vong d6i, di aryl vong d6i c6 7-11 phén tir, vong ba c6 11-15 phan
tr, Cs.11 alkyl vong d6i, hodc di alkyl vong d6i c6 5-11 phﬁn ttr, va Ry3 duoc thé bsi 0, 1,
2,3 hodc 4 Ry, trong d6 Ri17 va Rig dugce chon ddc 1ap véinhau tir H, Ci.6 alkyl, Ci6 alkoxy,
C1-6 haloalkoxy, Cz-6 alkenyl, Cz.¢ alkynyl, Cs.7 xycloalkyl, C3.7 heteroxycloalkyl, Cs.7 aryl,
di aryl ¢6 5-7 phén ttt, C7.11 aryl vong ddi, di aryl vong d6i c6 7-11 phén tir, vong ba c6
11-15 phén tir, Cs.11 alkyl vong dbi, va di alkyl vong d6i c6 5-11 phan tir va duogc thé tuy y
boi mot hodic nhidu nhém thé dwoc chon ddc 14p tir -OH, -CN, -SH, halogen, -NO, -SFs,
-S-C14 alkyl, Ci alkyl, Ci alkoxy, Cis haloalkoxy, Cs.s alkenyl, Ca alkynyl, C3.7
xycloalkyl, di xycloalkyl c6 4-10 phan tir, Cs.7 aryl, di aryl c6 5-7 phan tir, C7.11 aryl vong

d6i, di aryl vong d6i c6 7-11 phdn tI, -NRo)(Ri), -NRi1)(C(=O0)Rmn),
-C(= 0)-N(Ro)(R10), -C(=0O)-Riz, -C(=0)-OR12, -OC(= O)R1z, -NR11)(S(=O0)2R12),
-S(= 0)2-N(R9)(R10), -SR12 va -OR1i2, trong d6 -S-C.4 alkyl, Ci.6 alkyl, C1.6 alkoxy, Ci-6

haloalkoxy, Cz-6 alkenyl, Cz-¢ alkynyl, C3.7 xycloalkyl, di xycloalkyl c6 4-10 phéan tir, Cs.7
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aryl, di aryl c6 5-7 phén ttt, C7.11 aryl vong d6i, va di aryl vong déi c6 7-11 phén tir dugce
thé tuy y béi 1, 2 hodc 3 nhém thé duge chon ddc 14p tir halogen, -CN, -OH, Ci-4 alkyl,
Ci4 alkoxy, Ci4 haloalkyl, Ci4 haloalkoxy, Css xycloalkyl, -N(Ro)(Rio),

-NRu)(C(=0)R12), -C(=0)-ORpz2, -C(=O)H, -C(=O)R12, -C(=0)-N(Ro)(Rio),

-NR11)(S( = O)2R12), -S(= O)2-N(Ro9)(R10), -SRi12 va -ORi2; hodc Ry7, Ris va nguyén tir N
duoc lién két v4i nhau tao thanh vong 3-14 phén tr; va
0, 1, 2, 3 hoac 4 R c6 trong cong thuc (G”), va Rz duge chon tir H, halogen, -OH,

-NO,, -CN, -SFs, -SH, -S-Ci4 alkyl, Ci-6 alkyl, Ci.¢ alkoxy, Ci-6 haloalkoxy, Ca.¢ alkenyl,
Ca-6 alkynyl, C3.7 xycloalkyl, di xycloalkyl c¢6 4-10 phan tir, Cs.7 aryl, di aryl ¢6 5-7 phin

tir, C7.11 aryl vong d6i, di aryl vong d6i c6 7-11 phén tir, -N(Rs)(R10), -NR11)(C(= O)R12),
-C(=0)-NR9)(R10), -C(=0)-Riz, -C(=0)-ORp2, -OC(=O)R12, -NR11)(S( = O)2R12),

-S(=0)2-N([Ro9)(R10), -SR12 va -ORy2, trong d6 -S-Ci4 alkyl, Ci.6 alkyl, Ci-6 alkoxy, Ci

haloalkoxy, Ca.s alkenyl, Ca-s alkynyl, C3.7 xycloalkyl, di xycloalkyl c6 4-10 phén ttr, Cs.7
aryl, di aryl c¢6 5-7 phén tir, C7.11 aryl vong d6i, va di aryl vong d6i cé 7-11 phan tir duoc
thé tuy y béi 1, 2 hodc 3 nhém thé duge chon doc 18p tir nhém bao gdm halogen, -CN,
-OH, Ci14 alkyl, C1.4 alkoxy, C14 haloalkyl, C14 haloalkoxy, Cs-¢ xycloalkyl, -N(Ro)(R10),

-NR1u)(C(=0)R12), -C(=0)-ORpz, -C(=0)H, -C(=O0)R1z, -C(=0)-N(Ro)(Ruo),

-NR11)(S( = O0)2R12), -S(= 0)2-N(R9)(R10), -SR12 va -ORy2; va

R duoc chon tir H, halogen, -OH, -NO,, -CN, -SFs, -SH, -S-Ci.4 alkyl, Ci.g alkyl,
Ca.s alkenyl, Ca.g alkynyl, C1.s alkoxy, Cs.7 xycloalkyl, di xycloalkyl c6 3-10 phan ttt, Cs.7
aryl, di aryl c6 5-7 phén tir, C.11 aryl vong doi, di aryl vong d6i c6 7-11 phan tir, vong ba
¢6 11-15 phén ttt, Cs.11 alkyl vong d6i, di alkyl vong d6i c6 5-11 phan tir, -N(Ro)(Rio),

-NR11)(C(=0O)R12), -C(=0)-N(Ro)(R10), -C(=0)-R12, -C(=0)-OR12, -OC(=O0O)R1,
-NR11)(S(=0)2R12), -S(=0)2-N(R9)(R10), -SR12 va -OR1y2, trong d6 -S-Ci4 alkyl, Ci.g

alkyl, C».s alkenyl, Cz-g alkynyl, va C.g alkoxy dugc thé tuy y boi 1, 2, 3, hodc 4 Rs, va
trong d6 Cs.7 xycloalkyl, di xycloalkyl c6 3-10 phan tir, Cs.; aryl, di aryl ¢6 5-7 phén tt,
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Cy.u1 aryl vong dbi, va di aryl vong do6i cé 7-11 phﬁn tir dugc thé tuy y boi 1, 2, 3, hodc 4
Ra; va

R3 va R4 dugce chon ddc 1ap véi nhau tir H, halogen, -OH, -NO2, -CN, -SFs, C1.6
alkyl, Ci-¢ alkoxy, C1.¢ haloalkoxy, C».¢ alkenyl, C2-¢ alkynyl, C3.7 xycloalkyl, di xycloalkyl
¢6 3-10 phdn ttr, Cs.7 aryl, di aryl c6 5-7 phéan tir, C7.11 aryl vong dbi, di aryl vong d6i c6
7-11 phin t&, -NRs)[Rs), -NRu)C(=O0)R1), -CONR7Rs), -C(=0)-Ryp,

-C(=0)-0OR12, -OC(= O)R12, -NR11)(S( = O)2R12), -S( = 0)2-N(R9)(R10), -SR12 va -ORy2,
trong d6 Ci alkyl, Cs.7 xycloalkyl, di xycloalkyl c6 3-10 phén tir, Cs.7 aryl, di aryl c6 5-7
phén tr, C7.11 aryl vong d6i, va di aryl vong d6i c6 7-11 phan tir dugc thé tuy y béi 1, 2, 3
hodc 4 nhém thé duge chon doc 18p tir nhém bao gém halogen, -CN, -OH, Ci alkyl, Ci

alkoxy, C1.4 haloalkyl, C14 haloalkoxy, Cs.s xycloalkyl, -N(Ro)(R10), -N(R11)(C(= O)R12),
-C(=0)-OR1z, -C(=O0H, -C(=O)Riz, -C(=O0)-NRo)(Rio), -NR1u)(S(=0)Rmn),

-S(= 0)2-N(Ro)(R10), -SR12 va -OR12; va

Rs, Re, R7, Rs, Ro, Rio, Ri1, va Ri2 ddc 1ap v6i nhau 14 H hodc duge chon tir nhém
bao gébm Ci.6 alkyl, Ci4 haloalkyl, Cs.7 xycloalkyl, di xycloalkyl c6 4-14 phan tir, Ce.10
aryl, di aryl c¢6 5-10 phén ti, (C3-7 xycloalkyl)-Ci.4 alkyl-, (di xycloalkyl c¢6 4-10 phan t(r)-
Ci4 alkyl-, (Ce.10 aryl)-Ci4 alkyl- va (di aryl c6 5-10 phén tir)-Ci.4 alkyl-, trong d6 nhém
thé thudc nhoém trén day duogc thé tuy y boi 1, 2, 3 hoic 4 nhém thé duge chon doc 1ap tir
nhém bao gém halogen, -CF3, -OH, -NHa, -NH(CH3), -N(CH3)a, -CN, oxo, Ci1.4 alkyl, C».

¢ alkenyl, Ca.s alkynyl, C3.7 xycloalkyl, Ci4 hydroxyalkyl, -S-Ci4 alkyl, -C(=O)H,
-C(=0)-Ci4 alkyl, -C(=0)-0-C14 alkyl, -C(=0)-NHz, -C(=0)-N(C14 alkyl)s, Ci4
haloalkyl, Ci.4 alkoxy va Ci-4 haloalkoxy.

Theo phuong 4n thuc hién wu tién cta sang ché, hop chit dugce danh diu biang dong
vi phong xa ciia hop chit dwoc dé cép trén ddy c6 cong thirc (G’) duge @& xuét. Theo
phuong an thuc hién vu tién khéc cua sing ché, hop chit duoc d4nh ddu bing ddng vi

phéng xa cua hop chét c6 cong thirc (G”) duge dé xudt, trong d6 tit ca H doc 1ap véi nhau
va dugc thé tuy y béi D.
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Theo phuong 4n thyc hién wu tién ctia sng ché, trong cong thirc (G*), X 1a N. Theo

phuong 4n thuc hién wu tién khac ctia séng ché, trong cong thire (G”), X 1a CH.

Theo phuong 4n thuc hién wu tién khéc, sang ché @& xuit hop chét dugc d4nh déu
bing ddng vi phong xa ctia hop chat c6 cong thire (G°), trong d6 tat ca H doc lap véi nhau
va duoc thé tuy y bdi D, va X 1a N. Theo phuong 4n thuc hién wu tién khéc, séng ché dé
xuét hop chit duoc danh déu bang dong vi phéng xa ctia hop chét c6 cong thirc (G”), trong
d6 tht ca H doc 1ap voi nhau va duoc thé tuy y béi D, va X 1a CH.

Theo phuong 4n thuc hién wu tién ctia sing ché, trong cong thirc (G*), L 13 C=0,
0=S=0 hoic CHa. Theo phuong 4n thuc hién vu tién cu thé ctia sang ché, trong cong thirc
(G”), L 1a C=0. Theo phuong 4n thuc hién wu tién cu thé cta sing ché, trong cong thirc
(G), L 1a 0=S=0. Theo phuong 4n thyc hién wu tién cu thé ciia séng ché, trong cong thirc
(G*), L 1a CHa. Theo phuong 4n thuc hién khac cta sang ché, trong cong thic (G), L 1a

mot lién két.

Theo phuong 4n thuc hién wu tién cu thé ciia séng ché, trong cong thirc (G”), X 14

CH, vaL la C=0.

Theo phuong 4n thuc hién wu tién cu thé ciia sang ché, trong cong thirc (G”), X 14

CH, vaL la O=S=0.

Theo phuong 4n thuc hién wu tién cu thé cia séng ché, trong cong thire (G”), X 14

CH, vaL la CHa.

Theo phuong 4n thuc hién wu tién cu thé clia sang ché, trong cong thirc (G”), X 1a

CH, va L 12 mot lién két.

‘Theo phuong 4n thuc hién wu tién cu thé clia sang ché, trong cong thirc (G”), X 1a

N, vaL la C=O0.

Theo phuong 4n thuc hién wu tién cu thé clia sang ché, trong cong thic (G*), X 14

N, va L 1a O=S=0.

Theo phuong 4n thuc hién wu tién cu thé ctia sdng ché, trong cong thic (G*), X 14

N, val la CHa.
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Theo phuong 4n thuc hién wu tién cu thé cta sang ché, trong cong thirc (G*), X 1a

N, va L 1a mot lién két.

Theo phuong 4n thuc hién wu tién cta séng ché, trong cong thirc (G°), Ris 1a H,
-NR17)(R1s), Ci6 alkoxy, -OH, -SH, -CN, halogen, -NO, -SFs, -S-C1.4 alkyl, Ci-6 alkyl,
hoic Cs.7 xycloalkyl, di xycloalkyl c6 3-7 phén ttr, Cs.7 aryl, di aryl ¢6 5-7 phan tir, C7.11
aryl vong doi, di aryl vong dbi c¢6 7-11 phén tir, vong ba ¢6 11-15 phan tir, Cs.11alkyl vong
d6i, hodc di alkyl vong d6i c6 5-11 phén tl, trong d6 Ri7 va Rig dugce chon ddc lap vaoi
nhau tir H, Ci-6 alkyl, Ci.6 alkoxy, Cs.7 xycloalkyl, Cs.7 heteroxycloalkyl, Cs.7 aryl, va di
aryl ¢6 5-7 phén tir, va dugc thé tuy ¥ boi mot hodc nhidu nhém trong sé -OH, -CN, -SH,
halogen, -NO>, va -SFs, trong d6 Ri3 dugc thé tuy y bdi 1, 2, 3 hodc 4 Ri1. Theo phuong
4n thuc hién wu tién ctia sing ché, trong cong thirc (G*), Ris 13 H, -N(R17)(Ris), C1-6 alkoxy,
-OH, -SH, -CN, halogen, -NO3, -SFs, -S-Ci4 alkyl, Ci- alkyl, hodc Cs.7 xycloalkyl, di
xycloalkyl c¢6 3-7 phin tir, Cs.7 aryl, di aryl ¢6 5-7 phan tir, C7.11 aryl vong d6i, di aryl vong
ddi c6 7-11 phén tl, hoac vong ba c6 11-15 phén tr va R17 va Rig duge dinh nghia nhu
trén, trong d6 Rz dugce thé tuy y boi 1, 2, 3 hodc 4 R1. Theo phuong 4n thuc hién uu tién
clia sang ché, trong cong thirc (G*), Ri3 1a H, -N(R17)(Ris), Ci1-6 alkoxy, Ci.¢ alkyl, hogc Cs.
7 xycloalkyl, di xycloalkyl c6 3-7 phin tir, Cs.7 aryl, hodc di aryl ¢6 5-7 phan tir, va Ry7 va
Ris duoc dinh nghia nhu trén, trong d6 Ris dugc thé tuy y boi 1, 2, 3 hodic 4 Ri. Theo
phuong 4n thyc hién wu tién ciia sang ché, trong cong thiic (G”), Ri3 1a -NR17)(Ris), Ci-6
alkoxy, Ci-6 alkyl, hodc Cs.7 xycloalkyl, di xycloalkyl c6 4-6 phﬁn t, phenyl, hodc di aryl
¢ 5-6 phﬁn tir, va R17 va Rig dugc dinh nghia nhu trén, trong d6 Ri3 dugce thé tuy y boi 1,
2, hodc 3 Ri. Theo phuong én thuc hién uu tién cia sang ché, trong cong thire (G*), Ris 1a
-N(R17)(Rus), C1.3 alkoxy, Cs.s xycloalkyl, di xycloalkyl c6 4-6 phan tir, phenyl, di aryl c6
5-6 phan tir hodc C1.4 alkyl, va Ri7 va Ris dugc dinh nghia nhu trén, trong d6 Ris dugc thé
tuy y boi 1, 2, hodc 3 Ri. Theo phuong 4n thyc hién uu tién cua sdng ché, trong cong thirc
(G), Ry 1a -N(H)(C1.3 alkyl), -N(H)(xycloalkyl ¢ 3-6 phén tir), -N(H) (di xycloalkyl c6
4-6 phén tir), -N (C123 alkyl) (C1-3 alkyl), Ci-3 alkoxy, C3-6 xycloalkyl, azaxycloalkyl c6
4-6 phin tir hodic oxaxycloalkyl, phenyl, azaaryl c6 5-6 phan tir hogic Ci4 alkyl; hogic Ris
1a -NR17)(Ris), va R17 va Ris va nguyén tir N dugc lién két vi nhau tao thanh vong 4-10
phén tlr (trong d6 Ri3 dugc thé tuy y boi 1, 2, hodc 3 R1). Theo phuong 4n thyuc hién wu
tién cu thé ctia sang ché, trong cong thirc (G*), Ru3 1a xyclopropyl, xyclobutyl, xyclopentyl,
xyclohexyl, metyl, etyl, propyl, butyl, metoxy, etoxy, propoxy, -N(H)(CHas),
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-N(H)(CH:CH3), -N(H)(CHCH20H), -N(H)(CH2CH2CN), -N(CHs)(CHs),
-NH)(xyclopropyl), -N(H)(xyclobutyl), -N(H)(tetrahydrofuranyl), pyrazinyl, pyridazinyl,
pyrolidinyl, pyrazolyl, piperidinyl, phenyl, azetidinyl, morpholinyl, piperazinyl ho#c
tetrahydropyranyl; hoic Ris 1a -N(R17)(Ris), va Ri7 va Ris va nguyén tir N duogc lién két
v6i nhau tao thanh vong 7 phén tir (trong d6 Rz dugce thé tuy y bai 1, 2, hodc 3 Ris). Theo
phuong 4n thyc hién uu tién cu thé ctia séng ché, trong cong thite (G”), Ri3 1a xyclopropyl.
Theo phwong 4n thyc hién wu tién cu thé cta sang ché, trong cong thirc (G*), Ri3 1a
xyclobutyl. Theo phuong 4n thuc hién wu tién cu thé cta sing ché, trong cong thirc (G*),
Ri3 1a xyclopentyl. Theo phuong 4n thue hién uu tién cu thé ctia sang ché, trong cong thirc
(G”), Ri3 la xyclohexyl. Theo phuong an thuc hién wu tién cu thé cua séng ché, trong cong
thirc (G”), Ri3 1a nhém metyl. Theo phwong 4n thuc hién wu tién cu thé ciia sang ché, trong
cong thic (G”), Rz 14 nhém etyl. Theo phuong 4n thuc hién wu tién cu thé ctia sang ché,
trong cong thie (G”), Ris 14 propyl. Theo phuong 4n thyc hién wu tién cu thé ctia sing ché,
trong cong thiec (G”), Ri3 1anhém butyl. Theo phuong 4n thyc hién wu tién cu thé cia sang
ché, trong cong thirc (G*), Ri3 1a pyrazinyl. Theo phuong 4n thyuc hién wu tién cy thé cua
sang ché, trong cong thirc (G”), Ri3 1a a pyridazinyl. Theo phwong én thyc hién wu tién cy
thé cuia sang ché, trong cong thire (G*), Ris 1a a pyrolidinyl. Theo phuong 4n thuc hién wu
tién cu thé ctia sang ché, trong cong thirc (G”), Ri3 12 pyrazolyl. Theo phuong 4n thyc hién
wu tién cu thé cua sang ché, trong cong thirc (G*), Ri3 14 piperidinyl. Theo phwong 4n thyuc
hién wu tién cu thé cta sang ché, trong céng thirc (G*), Ris 1a phenyl. Theo phwong én thyuc
hién wu tién cu thé ctia sang ché, trong cong thirc (G°), Ris 12 azetidinyl. Theo phuong 4n
thuc hién wu tién cu thé cia sang ché, trong cong thitc (G’), Ris 1a morpholinyl. Theo
phuong 4n thyc hién wu tién cu thé cta sang ché, trong cong thirc (G”), Ru3 1a piperazinyl.
Theo phuong 4n thuc hién wu tién cu thé cta sing ché, trong cong thirc (G*), Rus 1a
tetrahydropyranyl. Theo phuong 4n thuc hién wu tién cy thé cla sang ché, trong cong thirc
(G”), Ri3 1a metoxy. Theo phuong 4n thuc hién uvu ti€n cu thé cla sang ché, trong cong
thirc (G’), Ri3 12 etoxy. Theo phuong 4n thuc hién uu tién cu thé ctia sang ché, trong cong
thirc (G”), Ri3 1a -N(H)(CH3). Theo phuong 4n thuc hién wu tién cu thé ctia sang ché, trong
cong thice (G°), Ris 1a -N(H)(CH2CHs). Theo phuong 4n thuc hién uu tién cu thé cta sang
ché, trong cong thirc (G*), Ris 1a -N(H)(CH2CH20H). Theo phuong 4n thuc hién uu tién
cu thé cia sang ché, trong cong thirc (G), Ry 1a -N(H)(CH2CH2CN). Theo phuong an thyuc
hién wu tién cu thé ctia sang ché, trong cong thiic (G*), Ri3 1a -N(CH3)(CHs). Theo phuong

31



44306 321271

an thuc hién wu tién cu thé cua sang ché, trong cong thirc (G?), Ris 12 -N(H) (xyclopropyl).
Theo phwong 4n thuc hién wu tién cu thé clia sang ché, trong cong thirc (G), Ris 1a -N(H)
(xyclobutyl). Theo phurong 4n thuc hién wu tién cu thé ciia sang ché, trong cong thirc (G”),
Ri3 1a -N(H) (tetrahydrofuranyl). Theo phuong 4n thuc hién wu tién cu thé cta sang ché,
trong cong thic (G”), Ris 13 -N(R17)(Ris), va Ri7 va Ris va nguyén tir N duoc két ndi voi
nhau tao thanh vong 7 phan ti.

Theo phuong 4n thuc hién wu tién cu thé cta sang ché, trong cong thirc (G*), Ry
va Ris duoc chon ddc 14p védi nhau tir H, Ci alkyl, Ci6 alkoxy, Cs.7 xycloalkyl, Cs;
heteroxycloalkyl, Cs.7 aryl, va di aryl ¢6 5-7 phan tit, va dugc thé tuy ¥ bdi mot hodc nhidu
nhom trong s6 -OH, -CN, -SH, halogen, -NO>, va -SFs. Theo phuong an thuc hién wu tién
cu thé ciia sang ché, trong cong thirc (G*), Ri7 va Ris dwoc chon ddc 1ap véi nhau tir H,
C1.6 alkyl, C3.7 xycloalkyl, va Cs.7 heteroxycloalkyl va duge thé tuy y bai mot hoic nhidu
nhém trong s6 -OH, -CN, -SH, halogen, -NO,, va -SFs. Theo phuong 4n thuc hién wu tién
cu thé cta sang ché, trong cdng thirc (G”), R17 va Rig dugce chon ddc 14p v6i nhau tir H,
Ci.6 alkyl, C3.7 xycloalkyl, va Cs.7 heteroxycloalkyl va dugc thé tuy ¥ boi mot hoic nhidu
nhém trong s6 -OH va -CN. Theo phwong 4n thyc hién vu tién ctia séng ché, trong cong
thitc (G’), Ri7 va Rig duge chon doc 14p véi nhau tir H, metyl, etyl, propyl, xycloalkyl c6
3 phin tir, xycloalkyl c6 4 phan ti, xycloalkyl c6 5 phén tt, di xycloalkyl ¢6 5 phén tir, va
di xycloalkyl c6 6 phan tir, va dugc thé tuy y béi mot hodic nhidu nhém trong s6 -OH va
-CN. Theo phuong &n thuc hién vu tién cua séng ché, trong cong thirc (G°), Rz, Ris va
nguyén tt N dugc lién két véi nhau tao thanh vong 4-10 phén tir. Theo phuong 4n thuc
hién wu tién cua sang ché, trong cong thirc (G*), Ri7, Ris va nguyén tir N duoc lién két véi

nhau tao thanh vong 7 phén tir.

Theo phuong 4n thuc hién wu tién cu thé ctia séng ché, trong cong thirc (G’), L 1a
C=0, va Ry3 1a -N(Ri17)(Ris), Ci alkoxy, -OH, -SH, -CN, halogen, -NO», -SFs, hodc
-S-Ci.4 alkyl, va Ris duoc thé boi 0, 1, 2, 3 hoic 4 R trong d6 Ry7 va Rig duge chon doc
lap v6i nhau tir H, Ci-6 alkyl, C1.6 alkoxy, Cs.7 xycloalkyl, Cs-7 heteroxycloalkyl, Cs.7 aryl,
va di aryl c6 5-7 phin tir, va dugc thé tuy ¥ béi mot hodc nhidu nhém trong s6 -OH, -CN,
-SH, halogen, -NO>, va -SFs, hodc Ri7, Ris va nguyén t¢t N duoc lién két v6i nhau tao
thanh vong 3-14 phén tir. Theo phuong &n thuc hién vu tién cu thé cua sang ché, trong

cong thirc (G’), L 1a C=0, va Ri3 1a -N(Ri17)(Ris), hodc Ci-¢ alkoxy, trong dé Ri7 va Ris
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duogc chon ddc 1dp v6i nhau tir H, Ci.6 alkyl, C3.7 xycloalkyl, va Cs.7 heteroxycloalkyl va
duoc thé tuy y boi m6t hodc nhiéu nhém trong s -OH, -CN, -SH, halogen, -NO, va -SFs,
hodc Ri7, Ris va nguyén tir N dugc lién két voi nhau tao thanh vong 3-10 phén ttr. Theo
phuong 4n thuc hién wu tién cu thé ctia séng ché, trong cong thic (G°), L 12 C=0, va Ri3
la metoxy, etoxy, propoxy, -N(H)(CHs3), - NMH)(CH2CHs), -N(H)(CH2CH2OH),
-N(H)(CH2CH2CN), -N(CH3)(CH3), -N(H)(xyclopropyl), -N(H) (xyclobutyl), -N(H)
(tetrahydrofuranyl); hodc Ri3 1a -N(R17)(Ris), va Ri7, Ris va nguyén tir N dugc lién két voi
nhau tao thanh vong 7 phan tir. Theo phwong an thuc hién uu tién cu thé cua sang ché,
trong cong thirc (G”), L 1a C=0, va Ri3 l1a metoxy. Theo phuong 4n thyuc hién wu tién cu
thé ctia sang ché, trong cong thiic (G°), L 13 C=0, va Ry3 12 etoxy. Theo phwong 4n thuc
hién wu tién cu thé ciia sang ché, trong cong thic (G°), L 1a C=0, va Ry3 1a -N(H)(CH3).
Theo phuong 4n thuc hién wu tién cu thé ciia sang ché, trong cong thire (G*), L 1a C=0, va
Ri3 14 -N(H)(CH2CH3). Theo phuong 4n thuc hién wu tién cu thé ciia sang ché, trong cong
thire (G”), L 1a C=0, va Ri3 1a -N(H)(CH2CH20H). Theo phuong én thuc hién wu tién cu
thé cta sang ché, trong cong thirc (G”), L 1a C=0, va Ri3 1a -N(H)(CH2CHCN). Theo
phuong 4n thyc hién wu tién cu thé cia sang ché, trong cong thirc (G?), L 14 C=0, va Ry3
14 -N(CH3)(CHs). Theo phurong an thyc hién wu tién cu thé cla sang ché, trong cong thirc
(G”), L 1a C=0, va Ry3 13 -N(H)(xyclopropyl). Theo phwong 4n thuc hién wu tién cu thé
ctia sang ché, trong cong thirc (G”), L 1a C=0, va Ry3 13 -N(H)(xyclobutyl). Theo phuong
4n thuc hién wu tién cu thé cta sang ché, trong cong thic (G°), L 1a C=0, va Rys la
-N(H)(tetrahydrofuranyl). Theo phuong an thyc hién wu tién cu thé cta sang ché, trong
cong thire (G*), L 1a C=0, va Ry3 14 -N(R17)(R1s), va Ri17, Ris va nguyén tir N duoc lién két
v6i nhau tao thanh vong 7 phén ti.

Theo phuong 4n thuc hién uu tién cu thé cia sang ché, trong céng thirc (G’), mot,
hai hodc ba Rz ¢6 mat va R2 dugc chon tir H, halogen, -OH, -NO2, -CN, -SFs, -SH,
-S-C14 alkyl, Ci alkyl, Ci.6 alkoxy, Cis haloalkoxy, Cz.¢ alkenyl, Ca.6 alkynyl, Cs
xycloalkyl, va di xycloalkyl c6 4-10 phén tir, trong d6 -S-Ci4 alkyl, Ci- alkyl, C3
xycloalkyl, va di xycloalkyl c6 4-10 phén tir dugc thé tuy y béi 1, 2 hodc 3 nhém thé duoc
chon dgc 1ap tir nhom bao gém halogen, -OH, -NH>, -NH(CH3), -N(CHs)2, -CN, C14 alkyl,
Ci.4 haloalkyl, Ci.4 alkoxy, va Ci.4 haloalkoxy. Theo phuong 4n thuc hién wu tién cu thé
cla sang ché, trong c6ng thirc (G’), mot, hai hodc ba Rz c6 mét va Rz dugce chon tir halogen,

Ci.s alkyl va Cs.6 xycloalkyl, trong d6 Ci.6 alkyl va Cs.6 xycloalkyl dugc thé tuy y béi 1, 2
| 33



44306 34/271

hodc 3 nhém thé duoc chon ddc 1ap tir nhém bao gdm halogen, -OH, -NH,, -NH(CH3),
-N(CHa)2, -CN, C1.4 alkyl, Ci4 haloalkyl, Ci.4 alkoxy, va Ci4 haloalkoxy. Theo phuong
an thye hién vu tién cu thé ctia sang ché, trong cong thirc (G”), mot, hai hodic ba Rz ¢6 mit
va R, dugc chon tir halogen, va Ci.¢ alkyl, trong d@6 Ci.s alkyl dugc thé tuy y béi 1, 2 hoic
3 nhém thé duoc chon ddc 1ap tir nhém bao gdm halogen, -OH, -NHa, -NH(CH3), -N(CHa)a,
-CN, Ci4 alkyl, Ci-4 haloalkyl, Ci.4 alkoxy, va Ci.4 haloalkoxy. Theo phuong an thuc hién
wu tién cu thé cia sang ché, trong cong thirc (G’), mdt, hodc hai R ¢ mat va Rz dugce chon
tir halogen, va C1-6 alkyl. Theo phuong 4n thuc hién wu tién cu thé ciia sang ché, trong cong
thire (G’), mdt hodc hai Rz ¢6 mét va Rz dugce chon tir flo, clo, brom, metyl, etyl, n-propyl,
isopropyl, n-butyl, va isobutyl. Theo phuong 4n thuc hién rru tién ctia séng ché, trong cong
thire (G”), mdt hodc hai R c6 mat, va Rz dugc chon tir flo, clo, metyl, etyl, n-propyl, va
isopropyl. Theo phwong 4n thyc hién wu tién ctia sing ché, trong cong thirc (G°), mot hoic
hai R2 c6 mat, va Rz dugc chon tir flo, metyl, va etyl. Theo phuong én thuc hién uu tién
cla sang ché, trong cong thic (G”), mdt hodc hai Rz ¢6 mét, va Rz dugce chon tir flo va etyl.
Theo phuong 4n thyc hién vu tién ctia sang ché, trong cong thirc (G’), mdt Rz ¢6 mit, va
R, duoc chon tir flo va etyl. Theo phwong 4n thuc hién wu tién ciia sng ché, trong céng
thire (G?), hai R2 c6 mit, va Rz dugc chon tir flo va etyl. Theo phuong an thuc hién uu tién
cu thé cua sang ché, trong cong thirc (G), hai R, c6 mit twong ung 1a flo va etyl. Theo
phuong 4n thuc hién uu ti€n cu thé cuia sang ché, trong cong thirc (G’), mft Rz c6 mit, va

R> 14 nhém etyl.

Theo phuong 4n thuc hién wu tién ctia sing ché, trong cong thirc (G), Ris dugc thé
bdi 0, 1, 2, 3 hodc 4 Ry, va mdi Ry duge chon ddc 14p tir H, halogen, -OH, -NOa,- CN,
-SFs, -SH, -S-Ci.4 alkyl, Ci.g alkyl, Ca.g alkenyl, Cz.g alkynyl, Ci.g alkoxy, Cs.7 xycloalkyl,
di xycloalkyl ¢6 3-10 phén tir, Cs.7 aryl, di aryl c¢6 5-7 phan tt, C7.11 aryl vong d6i, di aryl
vong d6i ¢6 7-11 phan tir, trong d6 -S-Ci-4 alkyl, Ci.g alkyl, Ca-g alkenyl, C2-s alkynyl, va
Ci-g alkoxy dugc thé tuy y boi 1, 2, 3, hodc 4 R, va trong d6 Cs.7 xycloalkyl, di xycloalkyl
¢6 3-10 phén tir, Cs7 aryl, di aryl ¢6 5-7 phan ti, C7.11 aryl vong d6i, va di aryl vong d6i
cd 7-11 ph?m tr duge thé tuy y bdi 1, 2, 3 hodc 4 Rs. Theo phuong 4n thuc hién uu tién
cua sang ché, trong cong thirc (G’), Ri3 duge thé boi 0, 1, 2, 3 hodic 4 Ry, va mdi R; duge
chon ddc 14p tir H, halogen, -OH, -NO»,- CN, -SFs, -SH, -S-Ci4 alkyl, Ci.s alkyl, Cs7
xycloalkyl, di xycloalkyl ¢6 3-7 phén tit, Cs.7 aryl, di aryl ¢6 5-7 phan tir, trong d6 -S-Ci.4
alkyl, va Ci.s alkyl dugc thé tuy y béi 1, 2, 3 hoic 4 Rs, va trong d6 Cs.7 xycloalkyl, di
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xycloalkyl ¢6 3-7 phin tir, Cs.7 aryl, va di aryl c6 5-7 phan tir dugc thé tuy y boi 1, 2, 3,
hoic 4 Ra. Theo phuong 4n thuc hién wu tién ciia sang ché, trong cong thirc (G”), Ris duoc
thé b1 0, 1, 2, 3 hoic 4 Ry, va mdi R1 duge chon doc 14p tir halogen, -OH, -CN, Ci.s alkyl,
Cs.7 xycloalkyl, di xycloalkyl c6 3-7 phén tir, Cs7 aryl, di aryl c6 5-7 phan ti, trong d6
Ci-s alkyl duoc thé tuy y bdi 1, 2, 3 hodc 4 R3, va trong d6 Cs.7 xycloalkyl, di xycloalkyl
¢6 3-7 phin ttt, Cs.7 aryl, di aryl c6 5-7 phan tir dugc thé tuy ¥ boi 1, 2, 3 hodc 4 Ra. Theo
phuong an thyc hién vu tién cla sdng ché, trong cong thic (G*), Ris duge thé b6i 0, 1, 2,
3 hodc 4 Ry, vambi Ry duge chon ddc lap tir halogen, -OH, -CN, Ci-s alkyl, C3.7 xycloalkyl,
va di xycloalkyl c6 3-7 phén tir, trong d6 C1.s alkyl dugc thé tuy y béi 1, 2, hoic 3 Rz, va
trong d6 Cs.7 xycloalkyl, va di xycloalkyl c6 3-7 phén tir dugc thé tuy y béi 1, 2, hoidc 3
Rs. Theo phuong 4n thyc hién wu tién cta sang ché, trong cong thirc (G”), Ri3 duge thé béi
0 hoic 1 Ry, va mbi Ry duge chon doc 14p tir halogen, -OH, -CN, C1.6 alkyl, C3.7 xycloalkyl,
di xycloalkyl c6 5-7 phdn tir, trong d6 Ci.6 alkyl dugc thé tuy y bdi 1,2, hodc 3 Rs, va trong
d6 Cs.7 xycloalkyl, va di xycloalkyl c6 5-7 phan tir duoc thé tuy ¥ béi 1, 2, hodc 3 R4. Theo
phuong 4n thuc hién uu tién ctia sing ché, trong cong thirc (G”), Ri3 duge thé boi 0 hoic 1
Ry, va mbi R; duge chon doc 14p tir halogen, -OH, -CN, Ci.4 alkyl, Cs.¢ xycloalkyl, va di
xycloalkyl ¢6 5-7 phan tir, trong d6 Ci.4 alkyl dugc thé tuy ¥ bai 1 hodc 2 Rs, va trong d6
Cs.6 xycloalkyl va di xycloalkyl c6 5-7 phan tir dugc thé tuy y boi 1, 2, hodc 3 Ra. Theo
phuong 4n thuc hién wu tién cu thé clia séng ché, trong cong thirc (G*), Ri3 dugc thé boi 0
hodc 1 Ry, va mdi Ri duoc chon doc 14p tir metyl, etyl, hydroxyl, -CN, piperidinyl,
morpholinyl, piperazinyl, va xyclopropyl, trong d6 piperidinyl, morpholinyl, va
piperazinyl dugc thé tuy y bsi 1, 2, 3 hoic 4 Ci.3 alkyl. Theo phuwong an thuc hién wu tién
cu thé cua sang ché, trong cong thirc (G*), Ri3 duge thé boi 0 hodc 1 Ry, va mdi Ry duge
chon ddc 14p tir metyl, etyl, hydroxy, -CN, piperidinyl, morpholinyl, 1-metylpiperazinyl,
va xyclopropyl. Theo phuong 4n thuc hién uu tién cu thé ctia sang ché, trong cong thirc
(G”), Ry khong cé mat. Theo phuwong &n thuc hién uu tién cu thé cua sang ché, trong cong
thitc (G”), Ry 1a 1-metylpiperazinyl. Theo phuong 4n thyc hién vu tién cu thé ctia séng ché,
trong cong thitc (G’), R1 1a metyl. Theo phuong an thuc hién wu tién cu thé clia sang ché,
trong cong thirc (G’), Ry 1a etyl. Theo phuong én thuc hién vu tién cu thé clia sang ché,
trong cong thirc (G’), Ry 1a piperidinyl. Theo phuong 4n thuc hién wu tién cu thé cia sang
ché, trong cong thirc (G”), R1 1a morpholinyl. Theo phwong 4n thyc hién vu tién cu thé ca

séng ché, trong cong thiic (G°), Ry 12 hydroxyl. Theo phuong 4n thuc hién uu tién cu thé
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ctia sang ché, trong cong thirc (G*), R; 13 -CN. Theo phwong 4n thyc hién wu tién cu thé

clia sang ché, trong cong thirc (G°), Ry 1a xyclopropyl.

Tuy chon uu tién ctia nhém thé dwoc d cap trong cc phuong an thuc hién wu tién
khéc nhau trén ddy c6 thé duoc két hop voi nhau theo cach bét ky, va cac td hop khic nhau

cta ching van thudc pham vi cta sang che.

Trong hop chét c6 cong thirc (G*), khi Ry3 12 vong, hop chit ¢6 cong thitc (G*) cling

duoc bidu dién dudi dang hop chit c6 cong thic (I) sau ddy:

X
X X~ N
| H
\;\
R

2 @

HO

trong d6 vong A 1a Cs7 xycloalkyl, di xycloalkyl c6 3-7 phén tir, Cs-; aryl, di aryl
c6 5-7 phan tir, C7.11 aryl vong dbi, di aryl vong doi c6 7-11 phén tir, vong ba ¢6 11-15
phén tir, nhém alkyl vong d6i Cs.11 hodc di alkyl vong d6i c6 5-11 phén tir, c6 thé dugc thé
tuy y boi Ry, va L, R1, Rz, va X duge dinh nghia nhu trén trong hop chét c6 cong thirc (G?).

Cu thé, sang ché d& xuét hop chit c6 cong thirc (I) lam chét e ché JAK:

R @

Hodc hop chit duoc danh ddu bing ddng vi phéng xa cua ching, hodc dong phan

quang hoc ciia chiing, ddng phan hinh hoc cta ching, ddng phan hd bién ctia ching, hozic
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hdn hop clia cac dong phan khdc nhau, hodc mudi dugc dung cua chung, hodc tién thudc

cta ching, hoic chit chuyén ho4 ctia chiing,
trong do
L 12 C=0, 0=S=0, CH; hodc mét lién két; va
X 1a CH hodc N;

Vong A 1a Cs7 xycloalkyl, di xycloalkyl c6 3-7 phan tir, Cs.7 aryl, di aryl c6 5-7
phén tir, C7.11 aryl vong d6i, di aryl vong ddi c6 7-11 phén tir, hoic vong ba c6 11-15 phan
tur;

0, 1, 2, 3 ho#c 4 Ry ¢6 trong cong thire (I), va R1 dugc chon tir H, halogen, Ci.g alkyl,
Ca-s alkenyl, C»-s alkynyl, Ci.g alkoxy, C3.7 xycloalkyl, di xycloalkyl cé 3-7 phén tir, Cs.7
aryl, di aryl c6 5-7 phan tir, C7.11 aryl vong d6i, va di aryl vong dbi c6 7-11 phén tt, trong
d6 Ci.s alkyl, C2-g alkenyl, Cz.g alkynyl, va Ci.g alkoxy dugc thé tuy y béi 1, 2, 3 hoic 4 Rs,
va trong d6 Cs.7 xycloalkyl, di xycloalkyl c¢6 3-7 phan tir, Cs.7 aryl, di aryl ¢6 5-7 phéan tir,
Cy.11 aryl vong dbi, di aryl vong dbi c6 7-11 phan tir dugc thé tuy y bai 1, 2, 3 hogic 4 Ry,

0, 1, 2, 3 hodc 4 R» ¢6 trong cong thirc (I), va Rz duge chon tir H, halogen, -OH,
-NO,, -CN, -SFs, Cialkyl, Cialkoxy, Ci.s haloalkoxy, Cz-s alkenyl, Cz-¢ alkynyl, C3.7

xycloalkyl, di xycloalkyl c6 4-10 phan ti, -NRo)Rio), -NRi1)(C(=O0)R),
-C(=0)-N(Ro)(R10), -C(=0)-Riz, -C(=0)-OR2, -OC(=O)R12, -NR11)(S(=O)2R12),

-S(= 0)2-N(Ro)(R10), -SR12 va -OR12, trong d6 Ci.salkyl, Cs.7 xycloalkyl va di xycloalkyl

¢6 4-10 phan tir dugc thé tuy ¥ boi 1, 2 hodc 3 nhém thé duge chon de 14p tir nhém bao
gdm halogen, -CN, -OH, Ci.4 alkyl, Ci4 alkoxy, Ci4 haloalkyl, Ci4 haloalkoxy, Cs.¢

xycloalkyl, -N(Ro)(R10), -NR11)(C(=O)R12), -C(=0)-ORy1z, -C(=0)H, -C(=O)R1,
-C(= 0)-N(R9)(R10), -NR11)(S( = O)2R12), -S(= 0)2-N(Ro)(R10), -SR12 va -ORuz;
R3 dugce chon tir halogen, xyano, Ci.3 alkyl, hydroxy, Ci alkoxy, -N(Rs)(Re),

-CON(R7)(Rs) hoic di xycloalkyl c6 3-7 phan tir, trong d6 di xycloalkyl c6 3-7 phén tr
dugce thé tuy y béi 1, 2, 3 hodic 4 Ry;
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R4 dugc chon tir halogen, Ci.3 alkyl, hydroxyl, Ci.¢ alkoxy, -NH2, -NHCH3 hodc
-N(CHz3)g;

Rs, Rs, R7, Rg doc 1ap v6i nhau 1a hydro hodc Ci4 alkyl,;
Ro dugc chon tir H, Ci-4 alkyl, Ci-4 haloalkyl hodc Cs.7 xycloalkyl;

Rio 12 H hozic dugc chon tir nhém bao gdm Ci.4 alkyl, C1-4 haloalkyl, Cs.7 xycloalkyl,
di xycloalkyl c6 4-10 phan tit, Ce.10 aryl, di aryl c6 5-10 phén tir, (C3.7 xycloalkyl)-Ci.
alkyl-, (di xycloalkyl c6 4-10 phan ti)-Ci-4 alkyl-, (Ce-10 aryl)-Ci4 alkyl- va (di aryl c6
5-10 phan tr)-Ci.4 alkyl-, trong d6 m&i nhém thé thuéc nhém trén day duogc thé tuy y boi
1, 2, 3 hodc 4 nhém thé duoc chon doc lap tir nhém bao gém -OH, -NHz, -NH(CHa),
-N(CHs)2, -CN, Ci4 alkyl, Cs.7 xycloalkyl, Ci4 hydroxyalkyl, -S-Ci4 alkyl, -C(=O)H,
-C(=0)-Ci14 alkyl, -C(=0)-0-Ci4 alkyl, -C(=0)-NHz, -C( =0)-N(Ci4 alkyl)2, Ci4
haloalkyl, Ci.4 alkoxy va Ci-4 haloalkoxy;

Ri1 dugc chon tir H, Ci4 alkyl va Cs.7 xycloalkyl; va

Ri2 duoc chon tir nhém bao gém Cis alkyl, C3.7 xycloalkyl, di xycloalkyl c6 4-14
phén tir, Ce.10 aryl, di aryl c6 5-10 phan tir, (C37 xycloalkyl)-Ci-4 alkyl-, (di xycloalkyl c6
4-10 phén ttr)-C1.4 alkyl-, (Ce.10 aryl)-Ci4 alkyl- va (di aryl c6 5-10 phan tir)-Ci.4 alkyl-,
trong d6 m&i nhém thé thudc nhém trén day dugce thé tuy y boi 1, 2 hodc 3 nhém thé duoc
chon ddc lap tir nhom bao gdm halogen, -CF3, -CN, -OH, -NHa, -NH(CHj3), -N(CHs),, oxo,
-S-Ci4 alkyl, Ci4 alkyl, Ci.4 haloalkyl, C».¢ alkenyl, Cz.s alkynyl , Cs.7 xycloalkyl, Ci.4
alkoxy va Ci.4 haloalkoxy.

Theo phuong 4n thuc hién wu tién ciia sang ché, trong cong thic (I), L 1a C=0,
0=S=0 hoic CH,. Theo phuong 4n thuc hién wu tién cu thé ciia sang ché, trong cong thirc
(D), L 12 C=0. Theo phwong 4n thyc hién wu tién cu thé ciia séng ché, trong cong thirc (I),
L 1a 0=S=0. Theo phwong 4n thyrc hién wu tién cu thé cia sang ché, trong cong thic (I), L
14 CH,. Theo phuong 4n thuc hién khac cua sang ché, trong cong thic (I), L 12 mét lién

Kkét.

Theo phuong 4n thue hién ru tién cy thé ciia sang ché, trong cong thirc (T), X 1a CH.

Theo phuong 4n thuc hién khac ctia sang ché, trong cong thirc (I), X 1a N.
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Theo phuong an thuc hién vu tién cu thé cta sang ché, trong cong thic (I), X 1a CH,

vaL la C=0.

Theo phuong an thuc hién vu tién cu thé ctia sang ché, trong cong thic (I), X 1a CH,

vaL 1a O=S=0.

Theo phuong 4n thuc hién wu tién cu thé ciia sang ché, trong cong thire (I), X 1a CH,

vaLl la CH2.

Theo phuong an thuc hién wu tién cu thé cta sang ché, trong cong thic (I), X 1a CH,

va L 1a mot lién két.

Theo phuong 4n thuc hién wu tién cu thé cta sang ché, trong cong thic (I), X 1a N,

vaL la C=0.

Theo phuong an thuc hién wu tién cu thé ciia sang ché, trong cong thirc (I), X 1a N,

vaL la O=S=0.

Theo phuong 4n thuc hién vu tién cu thé cua sang ché, trong cong thirc (I), X 1a N,

vaL l1a CHa.

Theo phuong 4n thuc hién wu tién cu thé ciia sang ché, trong cong thirc (I), X 1a N,

vaL la mot lién két.

Theo phuong 4n thuc hién wu tién ctia sang ché, trong cong thirc (I), vong A 14 Cs.
xycloalkyl, di xycloalkyl c6 3-7 phén tit, Cs.7 aryl, di aryl c6 5-7 phén tir, trong d6 vong A
dwoc thé tuy y boi 1, 2, 3 hodc 4 Ry. Theo phwong 4n thuc hién wu tién ciia sing ché, trong
cong thirc (I), vong A 1a Cs.s xycloalkyl, di xycloalkyl c6 5-6 phan ti, phenyl, di aryl ¢6
5-6 phan tir trong d6 vong A dugc thé tuy y béi 1, 2, 3 hoic 4 Ry. Theo phuong 4n thuc
hién wu tién cta sang ché, trong cong thie (I), vong A 14 di xycloalkyl c¢6 5-6 phan tir,
phenyl, di aryl c6 5-6 phan tir trong &6 vong A dwgc thé tuy y béi 1, 2, 3 hodc 4 Ri. Theo
phuong 4n thuc hién wu tién cla sang ché, trong cong thirc (I), vong A 1a azaxycloalkyl c6
5-6 phan tir, phenyl, azaaryl c6 5-6 phan tir, where vong A dugc thé tuy y boi 1, 2, 3 hoic
4 Ry. Theo phuong 4n thyc hién wu tién cla sing ché, trong cong thic (I), vong A 14
pyrazinyl, pyrazolyl, piperidinyl hodc phenyl, where vong A dugc thé tuy y bdi 1,2, 3 hoic

4 Ry. Theo phuong 4n thuc hién wu tién cu thé ciia sing ché, trong cong thirc (I), vong A
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14 pyrazinyl. Theo phwong 4n thuc hién wu tién cu thé ctia sang ché, trong cong thic (I),
vong A 1a pyrazolyl. Theo phuong 4n thuc hién wu tién cu thé cta sang ché, trong cong
thirc (I), vong A 1a piperidinyl. Theo phwong an thuc hién wu tién cu thé cta sing ché,

trong cong thirc (I), vong A 1a phenyl.

Theo phuong 4n thuc hién wu tién cta sing ché, trong cdng thirc (I), Ry khong c6
mit hodc R dugc chon tir Ci-galkyl, Cz-g alkenyl, Ca.g alkynyl, Ci-g alkoxy, Cs.7 xycloalkyl,
di xycloalkyl c6 3-7 phén tr, Cs.7 aryl, vadi aryl cé 5-7 phén tlr, trong d6 Ci.g alkyl, Ca-g
alkenyl, Ca.g alkynyl, va C1.s alkoxy dugc thé tuy y béi 1, 2, 3 hodc 4 Rs, va trong d6 Cs.
xycloalkyl, di xycloalkyl c¢6 3-7 phan tit, Cs.7 aryl, va nhém dj aryl ¢6 5-7 phén tir dugc thé
tuy y bdi 1, 2, 3, hodc 4 Rs. Theo phuong an thyc hién wu tién ctia séng ché, trong cong
thirc (I), R1 khéng ¢6 mat hodc R; duge chon tir Ci.s alkyl, Cs.7 xycloalkyl, di xycloalkyl
¢6 3-7 phén tir, Cs.7 aryl, di aryl c6 5-7 phan tir, trong d6 nhém alkyl C.g alkyl duoc thé
tuy ¥ boi 1, 2, 3 hodc 4 Rs, va trong d6 nhém xycloalkyl Cs.z, di xycloalkyl ¢6 3-7 phan tt,
Cs.7 aryl, di aryl ¢6 5-7 phan tir dugc thé tuy y bdi 1, 2, 3, hodc 4 Ra. Theo phuong 4n thuc
hién wu tién cta sang ché, trong cong thirc (I), R1 khong c6 mit hoic Ry dugc chon tir Ci.g
alkyl, va di xycloalkyl c6 3-7 phan tir, trong d6 C1-8 alkyl duoc thé tuy y bdi 1, 2, 3, hodc
4 R3, va trong d6 di xycloalkyl c6 3-7 phan tir dwoc thé tuy ¥ béi 1, 2, 3, hodc 4 Rs. Theo
phuong 4n thue hién wu tién ciia sang ché, trong cong thirc (), R1 khong c6 mit hoic Ry
duge chon tir Ci.6 alkyl, di xycloalkyl ¢6 5-7 phan tir, trong d6 Ci.s alkyl dugc thé tuy y
badi 1, 2, 3, hodc 4 Rs, va trong d6 di xycloalkyl cé 5-7 phén tr dugce thé tuy y boi 1, 2, 3,
hogic 4 Rs. Theo phwong 4n thyc hién wu tién cta séng ché, trong cong thirc (I), Ri khong
¢6 mit hodc R dugc chon tir Ci6 alkyl, di xycloalkyl c6 5-7 phén tr, trong d6 C1-6 alkyl
duoc thé tuy y boi 1 hodc 2 Rs, va trong d6 di xycloalkyl c¢6 5-7 phan tir dugc thé tuy y béi
1,2, 3 hodc 4 Ci.3 alkyl. Theo phuong 4n thyc hién wu tién ctia séng ché, trong cong thirc
(), R; khong c6 mit hodc Ry dugc chon tir Ci4 alkyl, va di xycloalkyl c6 5-7 phén tir, trong
d6 C1.4 alkyl duogc thé tuy y béi 1 hodc 2 Rs, va trong d6 di xycloalkyl ¢6 5-7 phén tir duoc
thé tuy y béi 1, 2, 3 hoic 4 Ci.3 alkyl. Theo phuong 4n thuc hién vu tién cta sing ché,
trong cong thirc (I), R1 khong c6 mét hodc R duoc chon tir metyl, piperidinyl, morpholinyl,
piperazinyl, trong d6 piperidinyl, morpholinyl, va piperazinyl dugc thé tuy y boi 1, 2, 3
hodc 4 nhém alkyl Ci.3. Theo phuong &n thuc hién uu ti€n cla sdng ché, trong cong thirc
(@), R; khong c6 mit hodc R; dugc chon tir metyl, piperidinyl, morpholinyl, va

1-metylpiperazinyl. Theo phuong 4n thuc hién wru tién cy thé clia séng ché, trong cong thirc
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(D), Ri khéng c6 mit. Theo phuong 4n thuc hién vu tién cu thé cta sang ché, trong cong
thtre (I), R1 14 1-metylpiperazinyl. Theo phuong 4n thuc hién wu tién cu thé ctia sang ché,
trong cong thirc (I), R1 1a metyl. Theo phuong 4n thuc hién wu tién cu thé clia sang ché,
trong cong thirc (I), Ri 1 piperidinyl. Theo phuong 4n thuc hién wu tién cu thé clia séng

ché, trong c6ng thirc (I), R1 1a morpholinyl.

Theo phuong an thyc hién wu tién cu thé cua sang ché, trong cong thirc (I), mot, hai
hodc ba Rz ¢6 mit va Rz dugce chon tir halogen, Cis alkyl, va Cs.¢ xycloalkyl, trong do6
Ci alkyl, va Cs.¢ xycloalkyl dugc thé tuy y bédi 1, 2 hodc 3 nhém thé dugc chon doc lap
tr nhém bao gdébm halogen, -OH, -NH,, -NH(CH3), -N(CH3)2, -CN, Ci4 alkyl, Ci4
haloalkyl, Ci.4 alkoxy, va Ci4 haloalkoxy. Theo phuwong an thyc hién vu tién cu thé cta
sang ché, trong cong thiic (I), mét, hai hogic ba Rz c6 mit va Rz dugce chon tir halogen, va
C1.6 alkyl, trong d6 Ci-¢ alkyl dugc thé tuy y béi 1, 2 hoic 3 nhém thé duge chon ddc 1ap
tr nhém bao gbém halogen, -OH, -NH», -NH(CH3), -N(CHs)2, -CN, Ci4 alkyl, Ci4
haloalkyl, Ci.4 alkoxy, va Ci4 haloalkoxy. Theo phuwong an thuc hién uu tién cu thé ctia
séng ché, trong cong thic (I), mdt hodc hai Ra ¢6 mit va Rz dugc chon tir flo, clo, brom,
metyl, etyl, n-propyl, isopropyl, n-butyl, va isobutyl. Theo phuong &n thuc hién vu tién clia
sang ché, trong cong thirc (I), m§t hodc hai Ra c6 mét, va Ra duoc chon tir flo, clo, metyl,
etyl, n-propyl, va isopropyl. Theo phuong 4n thyc hién wu ti€n cia sing ché, trong cong
thite (I), mot hodc hai R2 ¢é mit, va R, dugce chon tir flo, metyl, va etyl. Theo phwong 4n
thuc hién wu ti€n cla sdng ché, trong cong thirc (I), m§t hodc hai R2 ¢é mdt, va Ra dugce
chon tir flo va etyl. Theo phuong 4n thyc hién wu tién ciia sang ché, trong cong thic (),
mot Rz ¢6 mit, va Rz dugce chon tir flo va etyl. Theo phuong 4n thuc hién vu tién cla sang
ché, trong céng thirc (1), hai Rz ¢6 mit, va Rz duge chon tir flo va etyl. Theo phuong an
thue hién wu tién cu thé cia sang ché, trong cong thirc (I), hai Rz ¢6 mit twong tng 14 flo
va etyl. Theo phuong 4n thuc hién vu tién cu thé ctia sang ché, trong cong thirc (I), mot R,

c6 mit, va Rz 1a nhom etyl.

Tuy chon uu tién clla nhom thé duoc dé cép trong cac phuong &n thuce hién uu tién
khéc nhau trén day c6 thé duoc két hop véi nhau theo cach bat ky, va cac t6 hop khac nhau

ctia chung van thudc pham vi ctia sang che.

Cu thé, sang ché @& xut hop chit c6 cong thirc (I) lam chét tc ché JAK:
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hodc hop chét dwgc danh déu bing ddng vi phéng xa ctia ching, hodc déng phin

quang hoc clia chiing, ddng phan hinh hoc ctia ching, d6ng phan hd bién ciia chiing hoic

hén hop ctia cic ddng phan khéc nhau, hoic mudi duge dung ctia chiing, hoic tién thude

cta ching, hodc chit chuyén ho ctia ching,
trong d6
L 1a C=0, va O=S=0;

X 1aCH;

Vong A 1a di aryl ¢6 5-7 phén tir hodc Cs.7 aryl;

0, 1, 2, 3 hodc 4 Ry ¢6 trong cdng thirc (I), va Ry duogc chon tir Ci-s alkyl, va di

xycloalkyl ¢6 3-7 phin tir, trong d6 Ci.s alkyl dugc thé tuy y béi 1, 2, 3 hodc 4 Rs, va trong

d6 di xycloalkyl c6 3-7 phan tir dugc thé tuy ¥ béi 1, 2, 3 hodc 4 Ra,

1, 2, hodc 3 Rz ¢6 trong cong thire (I), va Rz duge chon tir H, halogen, -OH, -NOa,
-CN, -SFs, Cis alkyl, Ci.s alkoxy, Ci.s haloalkoxy, Cz alkenyl, Cz-¢ alkynyl, Cs.7

xycloalkyl, di xycloalkyl c6 4-10 phin tir, -NRo)Ri), -NRi)(C(=O0)R1),

-C(=0)-N(Ro)(R10), -C(=0)-R12, -C(=0)-OR12, -OC(=O)R12, -NR11)(S(=O0)R12),

-S( = 0)2-N(Ro)(R10), -SR12 va -OR1a, trong d6 Ci.salkyl, Cs-7 xycloalkyl va di xycloalkyl

c6 4-10 phan tir dugc thé tuy y bai 1, 2 hodc 3 nhém thé duge chon ddc 1ap tir nhém bao
gdm halogen, -CN, -OH, Ci.4 alkyl, Ci.4 alkoxy, Ci4 haloalkyl, Ci.4 haloalkoxy, Cs.
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xycloalkyl, -N(Ro)(R10), -N(R11)(C(=O)R12), -C(=0)-ORy12, -C(=0O)H, -C(=O)R12,

-C(=0)-N(Ro)(R10), -NR11)(S( = O)2R12), -S( = 0)2-N(R9)(R10), -SR12 va -OR1i2;

R3 dugc chon tir halogen, xyano, Ci3 alkyl, hydroxy, Cis alkoxy, -N(Rs)(Rs),
-CON(R7)(Rs) hoic di xycloalkyl ¢6 3-7 phn tir, trong d6 di xycloalkyl c6 3-7 phan tir
duoc thé tuy y boi 1, 2, 3 hodc 4 Ry;

R4 dugc chon tir halogen, C13 alkyl, hydroxyl, Ci-s alkoxy, -NH2, -NHCH3 hoac
-N(CHs)z;

Rs, R¢, R7, Rs d0c 1dp v6i nhau 1a hydro hodc Ci-4 alkyl;
Ry duoc chon tir H, Ci.4 alkyl, Ci.4 haloalkyl hodc Cs.7 xycloalkyl;

Rio 12 H hodc duoc chon tir nhém bao gdm C1.4 alkyl, Ci-4 haloalkyl, C.7 xycloalkyl,
di xycloalkyl c¢6 4-10 phdn tir, Cs-10 aryl, di aryl c6 5-10 phan tir, (C3-7 xycloalkyl)-Ci.4
alkyl-, (di xycloalkyl c6 4-10 phan tir)-Ci.4 alkyl-, (Ce-10 aryl)-Ci.4 alkyl- va (di aryl c6
5-10 phan tr)-C1.4 alkyl-, trong d6 m&i nhém thé thudc nhém trén day dugc thé tuy y boi
1, 2, 3 hodc 4 nhém thé duoc chon doc 14p tir nhém bao gém -OH, -NH,, -NH(CHs),
-N(CH3),, -CN, C14 alkyl, C3.7 xycloalkyl, Ci4 hydroxyalkyl, -S-Ci4 alkyl, -C(=O)H,
-C(=0)-C14 alkyl, -C(=0)-0O-Ci4 alkyl, -C(=0)-NH,, -C( =0)-N(C14 alkyl)s, Cis
haloalkyl, Ci-4 alkoxy va Ci-4 haloalkoxy;

Ri1 duge chon tir H, Ci-4 alkyl va Cs.7 xycloalkyl; va

Ri2 duge chon tir nhém bao gdm Ci.6 alkyl, C3.7 xycloalkyl, di xycloalkyl c6 4-14
phan ttr, Ce-10 aryl, di aryl c6 5-10 phan tt, (C3.7 xycloalkyl)-C1.4 alkyl-, (di xycloalkyl c6
4-10 phan tir)-Ci-4 alkyl-, (Ce-10 aryl)-Ci4 alkyl- va (di aryl c¢6 5-10 phén tr)-C14 alkyl-,
trong d6 m3i nhém thé thudc nhém trén ddy duge thé tuy y béi 1, 2 hodc 3 nhém thé duge
chon dgc 1ap tir nhém bao gém halogen, -CF3, -CN, -OH, -NH>, -NH(CH3), -N(CHs)2, oxo,
-S-Ci-4 alkyl, Ci4 alkyl, Ci.4 haloalkyl, C2 alkenyl, C2 alkynyl , Cs.7 xycloalkyl, Ci-4
alkoxy va Ci.4 haloalkoxy.

Theo phuong an thuc hién wu tién cuia sang ché, trong cong thire (I), L 1a 0=S=0.

Theo phuong an thuc hién uu ti€n cta sang ché, trong cong thirc (I), L 1a C=0.
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Theo phuong 4n thuc hién wu tién ctia sang ché, trong cong thirc (I), vong A 13 di
aryl c6 5-6 phan tir hoic phenyl trong d6 vong A duge thé tuy ¥ bai 1, 2, 3 hodc 4 Ry. Theo
phuong 4n thyc hién wu tién cta sang ché, trong cong thic (I), vong A 13 pyrazinyl,
pyrazolyl, hodc phenyl, trong d6 vong A duoc thé tuy y bai 1,2, 3 hodc 4 Ry. Theo phuong
an thyc hién wu tién cu thé ctia sang ché, trong cong thirc (I), vong A 14 pyrazinyl. Theo

phuong 4n thuc hién wu tién cu thé ctia sang ché, trong cong thirc (I), vong A 14 phenyl.

Theo phuong 4n thuc hién wu tién cta sang ché, trong cong thirc (I), R khong c6
miit hoic Ry duoc chon tir Ci.s alkyl, va di xycloalkyl c6 3-7 phén ti, trong d6 C1-8 alkyl
dwoc thé tuy y béi 1, 2, 3, hodc 4 Rs, va trong d6 di xycloalkyl c6 3-7 phan tir duoc thé tuy
y béi 1, 2, 3, hodc 4 R4. Theo phuong &n thyc hién vu tién cuia sang ché, trong cong thirc
(D), R1 khong cé mit hodc Ry dugce chon tir Ci.6 alkyl, di xycloalkyl c6 5-7 ph?m tr, trong
d6 Ci alkyl dugc thé tuy y bdi 1, 2, 3, hodc 4 Rs, va trong do6 di xycloalkyl c6 5-7 phén o
duoc thé tuy y béi 1, 2, 3, hodc 4 Ra. Theo phuong an thuc hién wu tién ctia sang ché, trong
cong thire (I), R1 khéng ¢6 mit hodc Ri dugc chon tir Ci-6 alkyl, di xycloalkyl ¢6 5-7 phan
tlr, trong dé C1-6 alkyl dugc thé tuy y bai 1 hodc 2 Rs, va trong d6 di xycloalkyl c¢6 5-7
phén tir duoc thé tuy y béi 1, 2, 3 hodc 4 Ci3 alkyl. Theo phuong 4n thuc hién wu tién cta
séng ché, trong cong thire (I), Ri khong ¢6 mit hoic R dugc chon tir Ci4 alkyl, va di
xycloalkyl ¢6 5-7 phin ti, trong d6 Ci.4 alkyl dugc thé tuy ¥ boi 1 hodc 2 Rs, va trong d6
di xycloalkyl c6 5-7 phén tir dugc thé tuy ¥ béi 1, 2, 3 hodc 4 C13 alkyl. Theo phuong 4n
thue hién wu tién ciia sang ché, trong cong thirc (I), R1 khéng c6 mit hodc Ri duge chon tir
metyl, piperidinyl, morpholinyl, trong d6 piperidinyl, va morpholinyl dwoc thé tuy ¥ béi 1,
2, 3 hodc 4 nhém alkyl Ci.3. Theo phuong 4n thyc hién wu tién clia sang ché, trong cong
thirc (I), R1 khdng ¢6 mat hodc Ry dugc chon tir metyl, piperidinyl, va morpholinyl. Theo
phuong 4n thuc hién wu tién cu thé cia sang ché, trong cong thirc (I), R1 khong cé mit.
Theo phwong 4n thuc hién wu tién cu thé clia sang ché, trong cong thire (I), Ry 1a metyl.
Theo phwrong 4n thuc hién vu tién cu thé ctia sang ché, trong cong thire (I), R 12 piperidinyl.
Theo phuong 4n thyc hién wu tién cu thé cta sang ché, trong céng thic (I), Ry 14

morpholinyl.

Theo phuong 4n thuc hién vu tién cu thé cua sang ché, trong cong thirc (I), mot hoac
hai Rz ¢6 mit va Rz dugc chon tir halogen, Ci.s alkyl, va Cs.s xycloalkyl, trong d6 Ci-
alkyl, va Cs xycloalkyl dugc thé tuy y béi 1, 2 hoic 3 nhém thé dugc chon ddc lap tir

44



44306 45/271

nhém bao gém halogen, -OH, -NH», -NH(CHj3), -N(CHz3)a, -CN, C14 alkyl, C1.4 haloalkyl,
Ci-4 alkoxy, va C14 haloalkoxy. Theo phwong an thuc hién wu tién cu thé cia sang ché,
trong cong thuc (I), mot, hodc hai Ra ¢6 mit va Rz duge chon tir halogen, va Ci.s alkyl,
trong d6 Ci alkyl dugc thé tuy y bdi 1, 2 hodc 3 nhém thé duoc chon doc 18p tr nhém
bao gém halogen, -OH, -NH>, -NH(CH3), -N(CHz3)2, -CN, Ci4 alkyl, Ci4 haloalkyl, C;4
alkoxy, va Ci.4 haloalkoxy. Theo phuong 4n thuc hién wu tién cu thé ciia sang ché, trong
cong thirc (I), hai Ras c6 mit va Rz duge chon tur flo, clo, brom, metyl, etyl, n-propyl,
isopropyl, n-butyl, va isobutyl. Theo phuong 4n thuc hién wru tién ctia séng ché, trong cong
thire (I), hai Rz ¢6 mit, va Rz dugc chon tir flo, clo, metyl, etyl, n-propyl, va isopropyl.
Theo phuong 4n thuc hién wu tién ciia séng ché, trong cong thire (I), hai Rz ¢6 mit, va Ra
duge chon tir flo, metyl, va etyl. Theo phuong 4n thuc hién wu tién ctia sang ché, trong
cong thirc (I), hai Rz c6 miét, va Rz dugc chon tir flo va etyl. Theo phuwong an thuc hién vu
tién cla sang ché, trong cong thirc (I), hai Rz c6 mat, va Rz duge chon tir flo va etyl. Theo
phuong 4n thuc hién wu tién cu thé ciia sang ché, trong cong thirc (I), hai R» ¢6 mit twong

ung 1a flo va etyl.

Tuy chon uu ti€n cia nhém thé duoc dé cap trong cac phuong an thuc hién uvu tién
khéc nhau trén day c6 thé dugc két hop vai nhau theo cach bét ky, va cac té hop khac nhau

clia chuing van thudc pham vi clia séng ché.

Theo phuong 4n thuc hién vu tién khéc ctia séng ché, hop chét c6 cong thire (I) dwoc

chon tir

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl1)-4,6-dihydropyrolo|[3,4-
d]imidazol-5(1H)-yl)(5-(piperidin-1-yl)pyrazin-2-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5(1H)-yl)(5-morpholinylpyrazin-2-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl1)-4,6-dihydropyrolo[3,4-
d]imidazol-5(1H)-yl)(1-metyl-1H-pyrazol-4-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3,4-d]imidazol-
5(1H, 4H,6H)-yl)(1-metylpiperidin-4-yl)keton;
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(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3,4-d]imidazol-
5(1H,4H,6H)-yl)(5-(4-metylpiperzin-1-yl)pyrazin-2-yl)keton;

(2-(6-(2-etyl-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3,4-d]imidazol-
5(1H,4H,6H)-yl)(5-(4-metylpiperzin-1-yl)pyrazin-2-yl)keton;

5-etyl-2-flo-4-(3-(5-(benzenesulfonyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-
yl)-1H-indazol-6-yl)phenol,;

5-etyl-2-flo-4-(3-(5-(pyrazin-2ylmetyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-
2-yl)-1H-indazol-6-yl)phenol;

4-(3-(5-(xyclopropylmetyl)-1,4,5,6-tetrahydropyrolo[3,4-dJimidazol-2-yl)-1H-
indazol-6-yl)-5-etyl-2-flophenol;

Xyclopropyl  (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3,4-
dJimidazol-5(1H,4H,6H)-yl)keton;

4-(3-(5-(xyclobutylmetyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-
indazol-6-yl)-5-etyl-2-flophenol;

Xyclobutyl (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3,4-
dJimidazol-5(1H,4H,6H)-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-pyrolo[3,4-d]imidazol-5-
(1H,4H,6H)-yl)(pyridazin-4-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-pyrolo[3,4-d]imidazol-5-
(1H,4H,6H)-yl)(pyridazin-3-yl)keton;

4-(3-(5-(xyclopropansulfonyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-
indazol-6-yl)-5-etyl-2-flophenol;

4-(3-(5-(xyclobutylsulfonyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-
indazol-6-yl)-5-etyl-2-flophenol;

4-(3-(5-(xyclopentylsulfonyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-
indazol-6-yl)-5-etyl-2-flophenol;
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5-etyl-2-flo-4-(3-(5-((1-metyl-1H-pyrazol-4-yl)metyl)-1,4,5,6-
tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-indazol-6-yl)phenol;

4-(3-(5-(xyclopentyl-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-indazol-6-
yl)-5-etyl-2-flophenol;

5-etyl-2-flo-4-(3-(5-(tetrahydro-2H-pyran-4-yl)-1,4,5,6-tetrahydropyrolo[3,4 -
d]imidazol-2-yl)-1H-indazol-6-yl)phenol,;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
dJimidazol-5-(1H)-yl)(pyrolidin-1-yl)keton;

Azetidin-1-yl ((2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-
dihydropyrolo[3,4-d]imidazol-5-(1H)-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5-(1H)-yl)(piperidin-1-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl1)-4,6-dihydropyrolo[3,4-
d]imidazol-5-(1H)-yl)(morpholino)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl1)-4,6-dihydropyrolo[3,4-
d]imidazol-5-(1H)-yl)(4-metylpiperzin-1-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5-(1H)-yl)(4-etylpiperzin-1-yl)keton;

Xyclopropyl(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-pyrazolo[4,3-b]pyridin-3-
yl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-yl)keton;

Xyclopropyl(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-4-metyl-1H-indazol-3-yl)-4,6-
dihydropyrolo[3,4-d]imidazol-5(1H)-yDketon;

(S)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-4-metyl-1H-indazol-3-yl)-4,6-
dihydropyrolo[3,4-d]imidazol -5(1H)-yl)(3-hydroxylpyrolidin-1-yl)keton;

Xyclopropyl(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-pyrazolo[4,3-c]pyridin-3-
y1)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-yl)keton;
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(R)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-

d]imidazol-5(1H )-y)(3-hydroxylpyrolidin-1-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
dJimidazol-5(1H)-yl)(3-hydroxylAzetidin-1-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5(1H)-yl)(4-hydroxylpiperidin-1-yl)keton;

1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-1,4,5,6-
tetrahydropyrolo[3,4-d]imidazol-5 -carbonyl)azetidin-3-nitril;

1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-1,4,5,6-
tetrahydropyrolo[3,4-d]imidazol-5 -carbonyl)pyrolidin-3-nitril;

(S)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-pyrazolo[3,4-b]pyridin-3-yl)-4,6-
dihydropyrolo[3,4-dJimidazol-5(1H)-yl)(3-hydroxylpyrolidin-1-yl)keton;

(S)-6-(2-etyl-5-flo-4-hydroxyphenyl)-3-(5-prolyl-1,4,5,6-tetrahydropyrolo[3,4-
d]imidazol-2-yl)- 1H-indazol; va

(R)-6-(2-etyl-5-flo-4-hydroxyphenyl)-3-(5-prolyl-1,4,5,6-tetrahydropyrolo[3,4-
d]imidazol-2-yl)- 1H-indazol.

Theo phuong 4n thuc hién wu tién nhit ctia sang ché, hop chét c6 cong thire (I) 14

tirng hop chét cy thé dugc trinh bay trong cac Vidu 1 dén Vi du 8 sau day. Cu thé, hop

chit c6 cong thic (I) duge chon tir:

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
dJimidazol-5(1H)-yl)(5-(piperidin-1-yl)pyrazin-2-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
dJimidazol-5(1H)-yl)(5-morpholinpyrazin-2-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
dJimidazol-5(1H)-yl)(1-metyl-1H-pyrazol-4-yl)keton;
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5-etyl-2-flo-4-{3-[5-(1-metylpiperidin-4-carbonyl)-1H,4H,5H,6H-pyrolo[3,4-
d]imidazol-2-yl]-1H-indazol-6-y1}phenol;

5-etyl-2-flo-4-{3-[5-(4-metylpiperazin-1-carbonyl)-1H,4H,5H,6 H-pyrolo[3,4-
dJimidazol-2-yl]-1H-indazol-6-yl}phenol;

3-etyl-4-{3-[5-(4-metylpiperazin-1-carbonyl)-1H,4H,5H,6H-pyrolo[3,4-
d]imidazol-2-yl]-1H-indazol-6-yl}phenol;

5-etyl-2-flo-4-(3-(5-(benzensulfonyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-
yl)-1H-indazol-6-yl)phenol; va

5-etyl-2-flo-4-(3-(5-(pyrazin-2-metyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-
yl)-1H-indazol-6-yl)phenol.

Pé don gian, sau day, thuat ngit “hop chat nhu duoc minh hoa béi Cong thirc (G)”
hoiic “hop chét c6 Cong thirc (G)” hoic “hop chét clia sing ché” hoic “hop chit theo sang
ché” ciing bao gdm bét ky ddng phan quang hoc, ddng phan hinh hoc, dong phan h3 bién
hoiic hdn hop ctia cac ddng phan khac nhau ctia hop chét c¢6 cong thirc (G); thuat ngit “hop
chét nhu duge minh hoa béi Cong thire (G*)” hodc “hop chét c6 cong thirc (G’)” hoic “hop
chit ciia sang ché” hoic “hop chét theo sang ché” ciing bao gdm bét ky dong phan quang
hoc, ddng phén hinh hoc, ddng phan h3 bién hodc hdn hop clia cic ddng phan khic nhau
ctia hop chét c6 cong thirc (G’); va thuat ngit “hop chit nhur dugc minh hoa bdi Cong thirc
(D hodc “hop chit c6 Cong thirc (I)” hoic “hop chét ciia sang ché” hodc “hop chit theo
séng ché” ciing bao gdm moi ddng phan quang hoc, ddng phan hinh hoc, ddng phan hd

bién hozic hdn hop cuia cic ddng phan khéc nhau ciia hop chét ¢6 cong thirc (I).

Thuat ngit “ddng phan quang hoc” @& cap dén khi mot hop chét c6 mot hodc nhiéu
tAm bét d6i xtng, mdi tm bét dbi c6 thé c6 cAu hinh R hosc cdu hinh S, va cic ddng phén
khac nhau dugce tao thanh dugc goi 1a ddng phan quang hoc. Pdng phan quang hoc bao
gOm tit ca cac ddng phan khéng ddi quang, dong phan ddi quang, dang meso, chat triét
quang hoic hén hop ctia chiing. Vi du, cac ddng phin quang hoc c6 thé dugc phan tich

bing sic ky bat dbi xtmg hozc téng hop bét ddi xtng.

Thuat ngir “ddng phan hinh hoc” ding dé chi khi c6 mot lién két doi trong hop chét,
hop chit d6 c6 thé tdn tai dudi dang ddng phan cis, ddng phéan trans, déng phan E hoic
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ddng phan Z. Pdng phan hinh hoc bao gém ddng phén cis, déng phan trans, ddng phan E,
ddng phén Z hodc hdn hop ctia ching.

r
A

Thuét ngit “ddng phan hd bién” ding ¢ chi déng phan dwgc hinh thanh do chuyén
dong nhanh cta nguyén tir ¢ hai vi tri trong m¢t phan tir. Nguoi c6 trinh d6 trung binh
trong cling linh vuc k¥ thuat hiéu r6 ring cic ddng phan hd bién c6 thé duoc chuyén hoa
13n nhau, va & mot trang thai nhét dinh, c6 thé ciing t6n tai bing cach dat dén trang thai can
bang. Khi dugc str dung & day, thuat ngit “hop chit nhur duge minh hoa bai Cong thirc (G)”
cling bao gdm bt ky ddng phan hd bién nao ctia hop chét c6 Cong thirc (G); “hop chit nhu
dwoc minh hoa bdi Cong thire (G”) “ciing bao gdm bét ky dong phan hd bién nao ctia hop
chit c6 Cong thirc (G”); va “hop chit nhu duge minh hoa béi Cong thirc (I)” ciing bao gdm
bat ky ddng phan h bién nao cua hop chit c6 Cong thirc (I).

Trir khi ¢6 chi dinh khéac, “hop chit nhu duoc minh hoa boi Cong thic (G)” hodc
“hop chit c6 cong thirc (G)” hodc “hgp chét ctia sang ché” hoic “hop chit theo sang ché”
& day ciing bao gém cac hop chit duge danh ddu ddng vi thu dugc bing cach thay thé bit
ky nguyén tir ndo ciia hop chét bing nguyén tir ddng vi ctia né; “hgp chit nhu dwgc minh
hoa bai Cong thirc (G*)” hoic “hop chét c6 cong thirc (G*)” hodc “hop chét clia sing ché”
hodc “hop chét theo sang ché” & ddy ciing bao gém céc hop chit dwoc danh déu ddng vi
thu dugc bing cach thay thé bt ky nguyén tir nio clia hop chét bing nguyén tir déng vi
cta nd; va “hop chét nhu dugc minh hoa béi Cong thirc (I hogic “hop chét c6 cong thirc
(I hoic “hop chit ciia séng ché” hodc “hop chit theo sang ché” & day ciing bao gdm céc
hop chit dugc danh ddu dong vi thu dugc bing cach thay thé bét ky nguyén tir ndo ctia hop

chét bing nguyén tir dong vi ctia né.

Sang ché bao gbm tit ca cac hop chét dwoc danh ddu ddng vi phéng xa dugc dung
¢6 Cong thirc (G*), trong d6 mot hozc nhiéu nguyén tir dugce thay thé bang cac nguyén tir
c6 cling s6 nguyén tir nhung khdi lugng nguyén tir hodc s6 khdi khac véi nguyén tir thudng
thdy trong ty nhién. Sang ché bao gdm tit ca cic hop chit dugc danh ddu ddng vi phéng
xa dugc dung c6 Cong thire (I), trong d6 mdt hodc nhiéu nguyén tr dugc thay thé béng cac
nguyén tir c6 ciing s6 nguyén tir nhung khdi hrong nguyén tir hozc sé khbi khac véi nguyén

tir thuong thdy trong tw nhién.

50



44306 51/271

Vi du vé cac ddng vi thich hop d& dua vao cic hop chét theo sang ché bao gdm céc
ddng vi cta hydro, cu thé nhu 2H (D) va 3H (T), ctia cacbon, cu thé nhu ''C, 3C va 14C,
ctia clo, cu thé nhu 36Cl, cua flo, cu thé nhu '8F, cua i6t, cu thé nhu 31 va 1251, cia nito, cu

thé nhu ®N va 1N, cta 6xy, cu thé nhu 50, 70 va 180, va cta luu huynh, cu thé nhu 33S.

Mot sb hop chit duoc danh diu déng vi phéng xa c6 cong thirc (G), vi du, nhitng
hop chét két hop ddng vi phong xa, rit hitu ich trong cic nghién ciru phan bd mé thuébe
va/hodc chét nén. Mot sb hop chit duoc danh du déng vi nhit dinh c6 cong thuc (G), vi
du, nhitng hop chét két hop ddng vi phéng xa, rit hitu ich trong cic nghién ctru phan b
m6 thube va/hodic chit nén. Mot sb hop chét dugc danh déu déng vi nhét dinh c6 cong thire
(@), vi du, nhitng hop chét két hop ddng vi phdng xa, rit hitu ich trong c4c nghién ciru phan
b md thude va/hodc chit nén. Déng vi phong xa doteri, titc 1a 2H, va cacbon-14, tirc 1a

14C, dic biét hitu ich cho muc dich nay do ching d& két hop va sén sang phat hién.

Viéc thay thé bing cac ddng vi ning hon nhu doteri, ttrc 14 2H, c6 thé mang lai mot
s loi ich diéu tri nhit dinh do sy 6n dinh chuyén héa cao hon, vi du, ting thoi gian ban
hity in vivo hodc gidm yéu ciu vé lidu lwong, va do d6 cé thé dugc wu tién trong mot sb

truong hop.

Viéc thay thé bing cac ddng vi phat ra positron, cu thé nhu 'C, 8F, 50 va 13N, c6
thé hitu ich trong céc nghién ctru vé chup cit 16p phét xa Positron (PET) dé kiém tra su

chiém giir ciia thu the chat nén.

Céc hop chét dwoc danh déu ddng vi c6 cong thirc (G) thuong c6 thé dugc didu ché
bing cac k¥ thuat thong thudng duoc biét 13 béi ngudi c6 trinh d6 trung binh trong cling
linh vuc k¥ thuit, hodc béng cac quy trinh twong tu nhu duwge mo ta trong céc Vi du va quy
trinh san xuét kém theo bing cach str dung chit phan img duoc d4nh déu ddng vi thich hop
thay cho chit phan tng khéng dugc dénh diu da duge st dung trude ddy. Cac hop chét
dugc danh diu ddng vi c¢6 cong thire (G*) thudng c6 thé dugc didu ché bang cac ki thust
thong thuong duoc biét 16 béi ngudi b trinh d6 trung binh trong ciing linh vuc k¥ thuat,
hoic bang cac quy trinh tuong tu nhu dugc mé ta trong cac Vi du va quy trinh san xuét
kém theo bing cach st dung chét phan g dugc ddnh ddu dong vi thich hop thay cho chét
phén tmg khong dugc danh ddu da duoc sir dung trude ddy. Cac hop chét dugc danh ddu

ddng vi c6 cong thirc (I) thudng cé thé dugc diéu ché bing cac k§ thuat thong thuong duoc
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biét 5 boi ngudi ¢6 trinh d6 trung binh trong ciing linh vuce k¥ thuét, hodc bing cac quy
trinh twong tu nhu duge mo ta trong cac Vi du va quy trinh san xuit kém theo bang cach
stt dung chét phan tmg duoc danh ddu ddng vi thich hop thay cho chit phan @mg khong

duoc danh diu di dugc sir dung trude day

Hop chét c6 cong thirc (G) co6 thé ton tai & dang mubi dugc dung, vi duy, mudi cong
axit va/hodc mudi cong bazo ctia hop chit c6 cong thirc (G). Trir khi ¢é chi dinh khac,
“mudi dugc dung” khi dugc st dung & day bao gém mubi cOng axit hodc mubi cong bazo
¢6 thé xudt hién trong hop chit c6 cong thirc (G). Hop chét c6 cong thirc (G*) ¢ thé tén
tai & dang mubi duge dung, vi du, mubi cdng axit va’/hodc mudi cdng bazo cia hop chét c6
cong thic (G’). Trur khi dugc chi dinh khéc, “mubi dugc dung” khi dugc st dung & day
bao gdm mubi cong axit hodc mudi cong bazo cé thé xuit hién trong hop chét c6 cong thirc
(G”). Hop chit c6 cong thire (I) c6 thé ton tai & dang mubi duoge dung, vi du, mubi cong
axit va/hodc mubi cong bazo clia hop chét c6 cong thac (I). Trir khi dugce chi dinh khac,
“mubi duoc dung” khi dugc st dung & day bao g6m mudi cdng axit hodc mudi cdng bazo

c6 thé xuét hién trong hop chit c6 cong thirc (I).

Mubi duge dung ciia hop chét ¢6 cong thirc (G), hop chét c6 cong thire (G*) va hop
chit c6 cong thuc (I) bao gdm mudi cong axit va mudi céng bazo cua chung. Cac mubi
cong axit thich hgp dugc tao thanh tir axit tao thanh mudi khéng ddc. Vi du bao gém nhung
khong gidi han ¢: axetat, adipat, aspartat, benzoat, benzensulfonat, bicacbonat/cacbonat,
bisulfat/sunfat, borat, long ndo sulfonat, xitrat, xyclohexamin sulfonat, etandisulfonat,
format, fumarat, glucoheptonat, gluconat, glucuronat, hexaflophonat, 2-(4-hydroxybenzyl)
benzoat, hydroclorua/clorua, hydrobromua/bromua, hydroiotua/iotua, 2-isethionat, lactat,
malat, maleat, malonat, metansulfonat, metyl sulfat, naphtalat, 2-naphtalensulfonat,
nicotinat, nitrat, orotat, oxalat, palmitat, photphat/hydro photphat/dihydro photphat,
pyroglutamat, glucarat, stearat, salixylat, tanat, tartrat, tosylat va trifloaxetat. Mudi cong
bazo thich hop dugce tao thanh tir bazo tao thanh mubi khong doc. Vi du vé chiing bao gdm,
nhung khong gidi han ¢: nhdm, arginin, canxi, cholin, dietylamin, dietanolamin, glyxin,
lysin, magie, meglumin, etanolamin, mudi kali, natri, tromethamin va k&m. N6 ciing c6 thé
tao thanh mot nira mudi ctia axit va bazo, cu thé nhue mudi hemisulfat va hemicanxi. D&
xem xét cac loai mubi phu hgp, tham khao Sb tay Duogc phém: Pic tinh, Lya chon va St

dung cua Stahl va Wermuth (Wiley-VCH, 2002). Cac phuong phép didu ché mubi duoc
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dung cuia cac hop chit duoc mé ta & day duoc biét rd bdi ngudi cé trinh d6 trung binh trong

cung linh vyuc k¥ thuat.

Mot s6 hop chét theo sang ché c6 thé tdn tai & dang khong solvat ciing nhu dang
solvat hoa, bao gdm ca dang ngdm nuéc. N6i chung, cac hop chit ¢6 cong thirc (G), cac
hop chét c6 cong thirc (G*) va cac hop chét c6 cong thirc (I), cho dii & dang solvat hda hay

& dang khong solvat, déu nam trong pham vi ca sang cheé.

Mot s6 hop chét theo sang ché c6 thé ton tai & cac dang tinh thé hogc v6 dinh hinh
khéc nhau, va cic hop chét c6 cong thirc (G), cic hop chét cé cong thirc (G”) va cac hop

chit c6 Cong thirc (I) ¢6 & dang bét ky, déu thudc pham vi clia sang ché.

Pé tranh sy mo hd, dinh nghia ciia mot sb thuat ngit dugce st dung ¢ day dugc trinh
bay bén dudi. Trir khi c6 quy dinh khéac, nghia cua céc thudt ngit dugc sir dung & day nhu
sau.

Thuét ngit “duoc dung” c6 nghia 12 hop chit, chit mang hoic phan tir twong tmg
thich hop dé sir dung cho ngudi. Tt hon 1a thuét ngit d& cap dén né dugc phé duyét béi
cac co quan quéan Iy nhu CFDA (Trung Quéc), EMEA (Chau Au), FDA (M%) vi céc co

quan quéan ly qudc gia khac d& phil hop véi dong vat c6 vi, tot nhét 13 con ngudi.

“Tidn chdt” ding dé chi din xuét dugc chuyén ddi thanh hop chét theo sang ché
bing phéan tmg v6i cac enzym, axit dich vi va cAc chét tuong ty trong co thé sdng trong céc
diéu kién sinh ly, vi du, thong qua qu4 trinh oxy héa, khtt, thity phan, va twong tu dugc xtic

tac bdi cac enzym.

“Chét chuyén héa” ding dé chi tét ca cac phan tir c6 ngudn gbc tir hop chit bat ky

theo sang ché trong té bao hoic sinh vat, tt hon 13 & ngudi.
Thuét ngit “hydroxy” ding dé chi -OH.
Thuét ngtt “halogen” hodc “halo” dung dé chi -F, -Cl, -Br, hoic -I.
Thuét ngit “xyano” ding dé chi -CN.

Theo sang ché, khi c6 nhiéu nhém thé thudc mot loai nhit dinh, m&i nhém thé duogce

chon dbc 1ap véi nhau, va cac nhoém thé nay c6 thé giéng nhau ho#c khéc nhau. Vi dy, khi
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¢ 2, 3 hoac 4 Ry, cac Ry nay co thé giéng hodc khac nhau. Vi dy, khi ¢6 2, 3 hodc 4 Ra,
cac Rz ndy c6 thé gibng nhau hozc khac nhau. Vi du: khi R va Rz déula -N (Ro) (R1o), Ro
va Rio c6 trong R1 va Rz co thé dugc chon doc lap, nghia 1a Ro trong Ri va Ro trong Rz ¢
thé gidng hodc khac nhau, va Ryo trong Ri va Rio trong Rz ¢6 thé gibng nhau ho#ic khac
nhau. Vi du: khi ¢6 hai Ry va hai Ry déu 1a -N(Ro)(R10), Ro va Ryo trong hai Ry ¢6 thé dugc
chon ddc lap, nghia 1a Ry trong R; thur nhit va Ry trong R thit hai c6 thé giéng nhau hoic
khéc nhau, va Rio trong R; thir nhét va Rio trong Ry thir hai c6 thé gidng hoic khéc nhau.
Thuyét minh trén cfing 4p dung cho Ry, Rz, R3, Rs, Rs, Re, R7, Rs , Ro, Rio, Ri1, Ri2, Rus,
Ri4, Ris, Ris, R17, Rus.

Khi dugc str dung & day, thuat ngit “duoc thé” c6 nghia 1a mét hodc nhiéu (t5t hon
1a tir 1 dén 5, t&t hon nita 13 tir 1 dén 3) nguyén tir hydro trong mét nhém dugc thay thé

doc 1ap boi sb nhom thé twong tmeg.

AR

Khi dugc st dung & ddy, thuat ngit “doc 1ap” c6 nghia 1a khi sb lwong nhém thé

nhiéu hon mot, cac nhém thé nay c6 thé giéng nhau hoic khic nhau.

Khi duoc sir dung & diy, thuat ngit “tuy chon™ hodc “tuy y” c6 nghia la sy kién dugc
mo ta c6 thé xay ra hodic khong. Vi du: nhém “dugc thé tuy y” c6 nghia la nhém cé thé

khong dugce thé hodc dugc thé.

Khi dugc st dung & day, thudt ngit “di nguyén tir” dugc sir dung & day dé chi oXy
(0), nito (N) hodc S (O)m, trong d6 m c6 thé 12 0, 1 hoc 2, tirc 1a nguyén ti Iuu huynh S,
hodc nhom sulfoxit SO, hodc nhém sulfonyl S(O)2).

Khi duoc st dung & day, thuat ngir “alkyl” ding dé chi cdc hydrocacbon béo no,
bao gém cac mach théng va mach nhanh. Theo mét sb phuong an thyc hién, nhém alkyl
c6 1-8, hodc 1-6, hodc 1-3 nguyén tir cacbon. Vi dy, thuat ngit “Ci.s alkyl” dé cap dén mot
nhém nguyén tir mach thing hoic phan nhanh c6 1-8 nguyén tir cacbon. Thuét ngit “Ci-g
alkyl” bao gdm céc thuat ngit “Ci.¢ alkyl”, “Ci-Cs alky]l” va “C1-C4 alkyl” trong dinh nghia
clia n6. Vi du v& nhém alkyl bao gdm, nhung khong giéi han &, metyl, etyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, 2-pentyl, 3-pentyl, isopentyl,
neopentyl, (R)-2-metylbutyl, (S)-2-metylbutyl, 3-metylbutyl, 2,3-dimetylpropyl,
2,3-dimetylbutyl, hexyl, va cac chat tuong tu. Nhém alkyl c6 thé dugce thé tuy y bing mét
hodc nhidu (vi du, tir 1 dén 5) nhém thé thich hop.
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Khi dugc st dung & ddy, thuat ngit “alkenyl” diing dé chi mgt hydrocacbon béo c6
it nhat mot lién két ddi cacbon-cacbon, bao gém céc mach thing va mach nhanh c6 it nhét
mdt lién két d6i cacbon-cacbon. Theo phuong 4n thuc hién, nhém alkenyl c6 2-8 nguyén
tr cacbon, 2-6 nguyén tir cacbon, 3-6 nguyén tir cacbon hodc 2-4 nguyén tir cacbon. Vi duy,
thuét ngft “Ca.s alkenyl” ding dé chi nhém nguyén tir khong no mach thing hoic phan
nhénh (c6 it nhit mot lién két d6i cacbon-cacbon) ¢ 2-8 nguyén tir cacbon. Lién két dbi
¢6 thé 1a diém gin ctia nhém khac. Cac nhém ankyl bao gdm, nhung khong gi6i han 6,
vinyl, 1-propenyl, 2-propenyl, 2-metyl-2-propenyl, butenyl, pentenyl, 3-hexenyl, va tuong
tu. Cac nhém ankyl ¢6 thé dugc thé tuy ¥ boi mot hodc nhiéu (vi dy, tir 1 ¢én 5) nhém thé
thich hop. Khi hop chét ¢6 cong thirc (I) chira nhém alkenyl, thi nhém alkenyl c6 thé c6 &
dang E tinh khiét, dang Z tinh khiét hodc bt ki hén hgp ndo clia ching.

Khi duge st dung & ddy, thuat ngit “alkynyl” ding dé chi hydrocacbon béo c6 it
nhét mot 1ién két ba cacbon-cacbon, bao gém cac mach thﬁng va mach nhénh c6 it nhét
mot 1ién két ba cacbon-cacbon. Theo mdt sb phuong 4n thuc hién, nhém alkynyl cé 2-8
nguyén tir cacbon, 2-6 nguyén tir cacbon, 3-6 nguyén tir cacbon, hodc 2-4 nguyén tir
cacbon. Vi du, thut ngit “Ca.s alkynyl” ding dé chi nhém nguyén tir khéng no mach thing
hodc phan nhénh (c6 it nhét mot lién két ba cacbon-cacbon) c6 2-8 nguyén tir cacbon. Lién
két ba c6 thé 1a diém gin két ctia nhém khéc hodc khong. Céc nhém alkynyl bao gdm,
nhung khong gidi han, ethynyl, 1-propynyl, 2-propynyl, 2-metyl-2-propynyl, butynyl,
pentynyl, 3-hexynyl, va cac loai tuong twr. Nhom alkynyl c6 thé dugc thé tuy y béi mot
hodc nhiéu (vi dy, tir 1 &n 5) nhém thé thich hop.

Khi dugc st dung & ddy, thudt ngit “Cs.7 xycloalkyl” ding dé chi nhém xycloalkyl
¢6 3-7 nguyén tir cacbon tao thanh vong, cu thé nhu xyclopropyl, xyclobutyl, xyclopentyl,
xyclohexyl, xyclohexenyl, xycloheptyl. Xycloalkyl c6 thé duoc thé tuy y bdi mot hodc
nhidu nhém thé thich hop.

Khi duge sit dung & déy, thuat ngit “di vong c6 n phéan tir’ ding dé chi nhém
xycloalkyl c6 m nguyén tir cacbon tao vong va (n-m) di nguyén tir tao vong, cdc di nguyén
tir duge chon tir O, S va N. Vi du, di xycloalkyl c6 3-7 phan tir bao gdm, nhung khéng gidi
han &, oxetan, thietan, azetidin, tetrahydrofuran, tetrahydrothiophen, pyrolidin,
tetrahydropyran, tetrahydrothiopyran, piperidin, morpholin, piperazin, oxepan, thiepan va
azepin. Di xycloalkyl c6 thé dugc thé tuy y boi mot hogc nhiéu nhém thé thich hop.
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Khi duge st dung & day, thuat ngit “Cs.7 aryl” ding dé chi nhém aryl c6 vong thom
chira 5-7 nguyén tir cacbon, t6t nhat 12 phenyl.

Khi dugc st dung & ddy, thuat ngit “di aryl ¢6 n phan t” dung d& chi nhém dj aryl
c6 m nguyén tir cacbon tao thanh vong va (n-m) di nguyén tir tao thanh vong thom, céc di
nguyén tr dugc chon tir O, S va N. Cu thé nhu, di aryl ¢6 5-7 phén tr bao gém nhung
khéng gidi han & pyrazin, pyrazol, pyrol, furan, thiophen, thiazol va pyridin. Dj aryl c6 thé
duoc thé tuy y béi mot hodc nhiéu nhém thé thich hop.

Khi dugc sir dung & ddy, thuat ngit “Cr.11 aryl vong d6i” ding dé chi nhém aryl
vong d6i ¢6 7-11 nguyén tir cacbon, cu thé nhu naphtalen, inden va tuong tu. Aryl vong

d6i c6 thé dugc thé tuy y bdi mot hodc nhidu nhém thé thich hop.

Khi duoc st dung & day, thudt ngir “di aryl vong d6i ¢6 n phan ti” ding dé chi
nhém di aryl vong d6i ¢c6 m nguyén tir cacbon tao thanh vong thom d6i va (n-m) di nguyén
tir tao thanh vong thom d6i, va céc di nguyén tir dugc chon tr O, S va N. Cu thé nhu, di
aryl vong ddi c6 7-11 phan tir bao gdm, nhung khong gidi han, quinolin, isoquinolin,
benzothiazol, va tuong tw. Dj aryl vong doi c¢6 thé dugc thé tuy y boi mot hodc nhidu nhém

thé thich hop.

Khi duge st dung & ddy, thut ngit “vong ba c6 11-15 phan t” bao gdm nhung
khong gidi han & acridin va céc loai twong tu. Vong ba c6 11-15 phan tir ¢6 thé dugc thé

tuy ¥ béi mot hoic nhiéu nhém thé thich hop.

Khi duoc sir dung & ddy, thuat ngit “haloalkyl” diing dé chi nhém ankyl c6 mét hoic
nhiéu nhém thé halogen (1én dén perhaloalkyl, nghia 12 m&i nguyén tit hydro ctia ankyl
dugc thay thé bing mot nguyén tir halogen). Vi du, thuat ngit “Ci. haloalkyl” ding d¢ chi
nhém Ci.6 alkyl v&i mot hodc nhidu nhém thé halogen (1én dén perhaloalkyl, nghia 1a méi
nguyén tir hydro ctia nhém alkyl dugc thay thé bing mét nguyén tit halogen). Vi du khic,
thut ngit “Ci4 haloalkyl” ding d& chi nhém Ci4 alkyl v6i mot hodc nhiéu nhém thé
halogen (1én dén perhaloalkyl, nghia 12 mdi nguyén tir hydro ctia nhom alkyl dugc thay thé
bing mot nguyén tir halogen ); thuat ngft “Ci3 haloalkyl” ding dé chi nhém Ci3 alkyl v6i
mot hodc nhiéu nhom thé halogen (1én dén perhaloalkyl, nghfa 1 m&i nguyén tit hydro cua
nhém alkyl dugc thay thé bing mot nguyén tir halogen); va thuat ngit “Ci.2 haloalkyl” ding
dé chi nhém Ci-2 alkyl (tic 12 metyl hoic etyl) véi mot hodc nhiéu nhém thé halogen (Ién
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dén perhaloalkyl, nghia 13, m&i nguyén tir hydro ctia nhém ankyl dugc thay thé bing mot
nguyén tir halogen). M6t vi du khac, thuat ngit “C1 haloalkyl” ding dé chi nhém metyl véi
nhom thé halogen 1, 2 hodc 3. Vi du vé cac nhom haloalkyl bao gém: CF3, CoFs, CHF,
CH.F, CH2CF3, CH2Cl, va cac loai tuong tu.

Khi dugc st dung & ddy, thuat ngit “alkoxy” ding dé chi ankyl c6 lién két don gén
v6i nguyén tir oxy. DPiém gin ctia nhém alkoxy vao phén tir 13 théng qua nguyén tir oxy.
Alkoxy c6 thé dugc mo ta 13 alkyl-O-. Thuat ngit “Ci- alkoxy” ding dé chi mot nhém
alkoxy mach théng hoic phan nhanh chita 1 d&n 6 nguyén tir cacbon. Thuét ngtt “Ci.
alkoxy” bao gdm thuat ngit “Ci.; alkoxy” trong dinh nghia ctia né. Alkoxy bao gdm, nhung
khéng gidi han, metoxy, etoxy, propoxy, isopropoxy, butoxy, hexoxy, va céac loai tuong

tu. Nhém alkoxy c6 thé duge thé tuy ¥ bai mot hodc nhiéu nhém thé thich hop.

O day, pham vi s0 lién quan dén s6 nhom thé, so nguyén tir cacbon, hodc s phan
tir vong biéu thi sy liét ké tat ca cac s6 nguyén trong pham vi, va pham vi chi 12 dai dién

don gian cta ching. Vi du:
“1-4 nhém thé” ¢ nghia 13 1, 2, 3 hodc 4 nhom thé;
“1-3 nhom thé” ¢ nghia 1a 1, 2 hodc 3 nhém thé;

“Vong c6 3 dén 12 phén t” c6 nghia 1a vong ¢6 3,4, 5, 6, 7, 8,9, 10, 11 hoic 12
phén tir;

“Vong c¢6 3 dén 14 phén ti” c6 nghia 1a vong ¢6 3,4, 5,6, 7, 8,9, 10, 11, 12, 13
hodc 14 phén tr;

“Vong c6 3 dén 8 phén tir” c6 nghia 12 vong ¢6 3, 4, 5, 6, 7 hodc 8 c6 phan tir;

“1-12 nguyén tit cacbon” hodc “Ci.12” ¢6 nghia 1a 1 (Cy), 2 (C2), 3 (Cs3), 4 (Ca), 5
(Cs), 6 (Cs), 7 (C7), 8 (Cs), 9 (Co), 10 (C10), 11 (C11) hodc 12 (C12) nguyén tir cacbon;

“1-6 nguyén tir cacbon” hodc “Ci.6” ¢6 nghia 14 1 (Cy), 2 (Ca), 3 (Cs), 4 (Cs), 5 (Cs)

hoéc 6 (Cs) nguyén tir cacbon;

“1-4 nguyén ttr cacbon” hodc “Ci4” ¢d nghia la 1 (Cy), 2 (C2), 3 (C3), 4 (C4) nguyén

tr cacbon;
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“2-6 nguyén tir cacbon” hoic “Ca.¢” c6 nghia 2 (C2), 3 (C3), 4 (C4), 5 (Cs) hodc 6

(Cs) nguyén tr cacbon;
“Cs.8” ¢6 nghia 1a 3 (C3), 4 (C4), 5 (Cs), 6 (Cs), 7 (C7), 8 (Cs) nguyén tir cacbon; va
“yong c6 3 dén 8 phan t” c6 nghia 1a vong c6 3, 4, 5, 6, 7 hodc 8 thanh phén.

Do d6, pham vi s6 lién quan dén sd nhém the, s6 nguyén tir cacbon, hodc s6 phan
tir vong ciing bao gdm bat ky mot trong cic pham vi nhd clia n6, va mdi pham vi nhé ciing

thudc pham vi ctia sang che.

Theo khia canh thit hai, séng ché d& xuét dugc phim chira cdc hop chét duge @ cap
O trén, hodc hop chét duoc danh dau bf?lng ddng vi phéng xa cua chiing, hodc déng phén
quang hoc cua chung, ddng phan hinh hoc ctia chiing, ddng phan hd bién ctia ching, hoic
hdn hop cta céc ddng phan khéc nhau, hogc muéi duge dung cila chiing, hogc tién thude
cta chung, hodc chét chuyén hoa cta ching, va m¢t hodc nhiéu chét mang, phu gia hodc

ta dugc dugc dung.

Duoc phim theo sang ché c6 thé duoc bao ché dudi dang liéu lugng thich hop dé
ubng, bdi ngoai (bao gdm, nhung khong gidi han, dang boi bén ngoai, xit, va cac loai twong
ti), tiém (bao gdm tiém duéi da, tiém bép, trong da, va tiém tinh mach), sit dung qua dudng
phé quan hodc mili nhu mong mudn. Tét hon 13, dugc phim theo sang ché c6 thé dugc bao
ché du6i dang lidu lugng thich hop dé ubng hodc boi ngoai. Tét hon nita 13, dugc phdm

theo sang ché c6 thé dugc bao ché dudi dang lidu lwong thich hop dé uéng.

Néu sir dung chét mang dang rén, ché phém c6 thé duge déng thanh vién, dit trong
vién nang gelatin cing & dang bot hodc vién, hodc ¢ dang vién nén hodc hinh thoi. Chét
mang rin c6 thé chira céc t4 duge thong thudng nhu chét két dinh, ch4t d6n, chét 1am tron
dong vién, chét phén ra, chit 1am w6t va cac chat tuong tu. Néu mudn, vién nén c6 thé
duoc boc mang bing céc k¥ thuat thong thudng. Néu str dung chét mang dang 1ong, ché
phém c6 thé & dang xi-r6, nhil twong, bot nhdo, vién nang gelatin mém, dang vo tring dé
tiém, hdn dich 16ng c6 nuée hodc khong chira nudce, hodc c6 thé 1a san phdm kho dé hoan
nguyén v&i nudce hodc dang phit hop khac trudce khi st dung. Céc ché phdm dang long c6
thé chira cc chit phu gia thong thudng nhu chét tao huyén pht, chét tao nhii, chat lam wét,

chét din thuc khong chira nudc (k& ca diu in), chét bao quan, ciing nhu huong liéu
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va/hodc chit tao mau. Péi vai viée sir dung duong ti€m, mdt phuong ti€n thong thudng sé&
bao gdm nudc vo tring, it nhat 13 mot phan 16n, chit dan co6 thé sir dung cac dung dich
mudi, dung dich glucoza va céac chét tuong tw. Hon dich tiém ciing c6 thé dugc sir dung,
trong trudng hop d6 c6 thé st dung cac chét tao huyén phu théng thuong. Cac chat bao
quan thong thudng, chit d&m va cic chat twong tu cling c6 thé duogc thém vao cac dang
thude tiém. Dugc phidm dugce bao ché biang cac k§ thuat thong thudng thich hop véi ché
phdm mong muén c6 chita lugng thanh phéan hoat tinh thich hop, nghia 14 hop chét c6 cong
thirc (G), hop chét ¢6 cong thirc (G°) hoidc hop chit c6 cong thire (I) theo sang ché.

Céc ché phdm thich hop dé tiém c6 thé bao gdm dung dich nudc hodc dung dich
nuéce vo tring tuong thich vé mit sinh ly, chat phan tdn, huyén phit hoic nhii twong va bot
v6 tring dé hoan nguyén thanh dung dich tiém hozc chit phan tan v tring. Vi du v& cac
chit mang, chat pha loéng, dung méi hogc chit dn chira nudc va khéng chira nuée thich
hop bao gdm nudc, etanol, polyol (propylenglycol, polyetylenglycol, glyxerol, va tuong
tir), h8n hop thich hop cta ching, ddu thuc vat (nhu dau 6 liu), va cac este hitu co ¢ thé

tiém dugc nhu etyl oleat.

Céc ché phim nay ciing c6 thé chira ta duge nhu chit bao quan, chit 1am uét, chét
nhii héa va chét pha losng. C6 thé dam bao ngin ngira hoat déng clia vi sinh vat bang cac
chit khang khuén va khang nim khéc nhau, vi du, paraben, clobutanol, phenol, axit sorbic,
va c4c chét tvong tw. Ché phim ciing ¢6 thé bao gdém céc chit ding truong, vi du nhu
duong, natri clorua, va tuong tu. Sw hap thu kéo dai ctia dang dugc phdm tiém c6 thé duogc

tao ra do viéc st dung céc chat lam chém sy hap thu, vi du, nh6m monostearat va gelatin.

Céc dang bao ché réin dé ubng bao gém vién nang, vién nén, thubc vién, bot va hat.
O cac dang bao ché rin nhu vay, hop chét hoat tinh dugc tron véi it nhit mot ta duge tro
(hoac chét mang) nhu natri xitrat hodc dicanxi phosphat hoic (a) chét don, vi du, tinh bot,
lactoza, sucroza, glucoza, manitol, va axit silixic; (b) chit két dinh, vi dy,
carboxymetylxenluloza, alignat, gelatin, polyvinylpyrolidon, sucroza va acacia; (c) chit
gifr Am, vi du, glyxerol; (d) céc chét phan rd, vi dy, thach agar, canxi cacbonat, khoai tay
hoic tinh bot sén, axit alginic, mét s silicat phirc va natri cacbonat; (e) chét 1am dic dung
dich, vi du nhu parafin; (f) chét ting tc hép thy, vi du, hop chit amoni bac bén; (g) chét

lam w6t, vi du, rugu xetyl va glyxerol monostearat; (h) chét hép phu, vi duy, cao lanh va

59



44306 60/271

bentonit; va (i) chit bdi tron, cu thé nhu bét talc, canxi stearat, magie stearat, polyetylen

glycol, natri lauryl sulfat, hodc hén hop ctia ching.

Céc ché phém rén thudc loai trong tu cling c6 thé duoc sir dung lam chit don trong
vién nang gelatin mém va cimg bang cach str dung céc ta dugc nhur lactoza hoic dudng

sfta cling nhu polyetylenglycol cé trong lugng phén tir cao, va céac loai tuong tu.

Céac dang bao ché rn nhu vién nén, vién nang, thubc vién va hat c6 thé duge bao
ché v6i 16p boc va vo, cu thé nhur 16p boc trong rudt va cac dang khéc phd bién trong linh
vuc ndy. Ching c6 thé chira cac chit 1am trang duc, va ciing ¢6 thé cé thanh phén nhu vay
ma chung giai phéng hop chit hoat déng hodc cac hop chit trong mot phin nhit dinh ctia
duong rudt mot cach cham réi. Vidu vé cac ché phém nhung c6 thé duoc str dung 13 cac
chét cao phén tr va sap. Céac hop chét hoat ddng cling c6 thé & dang vi nang, néu thich hop,

vGi mot hodc nhiéu ta duge néu trén.

Céac dang bao ché dang long dé uéng bao g@)m nhii turong dugc dung, dung dich, hdn
dich, xi-rd va thudc tién (elixir). Ngoai cic hop chit hoat dong, cac dang bao ché long c6
thé chira cac chét pha lodng tro thuong dwgc st dung trong cung linh vuc k¥ thuét, cu thé
nhu nuéce hoac cic dung méi khac, chit hoa tan va chit nhii héa, vi du, rugu etylic, rugu
isopropyl, etyl cacbonat, etyl axetat, rugu benzyl, benzyl benzoat, propylenglycol,
1,3-butylenglycol, dimetylformamit, dau, cu thé 1a diu hat bong, dau lac, ddu mam ngod,
dau 6 liu, du thiu diu va dau me, glyxerol, ruou tetrahydrofufuryl, polyetylenglycol va

c4c este axit béo clia sorbitan hodc hdn hop cia chiing, va tuong tu.

Bén canh céc chét pha lodng tro, ché phdm ciing c6 thé bao gdm cac chét bd trg, cu
thé nhur chét 1am w6t, chét tao nhil va chét tao huyén phu, chit lam ngot, huong liéu, va

chét tao mui thom.

Huyén dich, ngoai cic hop chat hoat dong, c6 thé chira cac chit tao huyén phu, vi
dy, ruou etoxylatdisostearyl, polyoxyetylen sorbitol va este sorbitan, xenluloza vi tinh thé,
nhdm metahydroxit, bentonit, thach agar-agar va tragacanth, hodc hdn hop cia chiing, va

tuong tu.

Cac dang bao ché dé str dung tai chd hop chét theo sang ché bao gém thudc dén,

bot, thube xit, va thudc hit. Thanh phén hoat tinh dugc trén 13n véi chét mang tuong thich
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sinh Iy trong diéu kién vé tring va chit bao quan bét ky, chit dém, hodc chat d4y néu cin
thiét. Cac ché phdm duing cho mit, thuéc m& tra mét, bot va dung dich ciing thudc pham vi

cua sang che.

Dang bao ché ding bén ngoai cta hop chit theo sang ché c6 thé & dang nhii tuong
nuée trong diu (W/O) hoic dau trong nuée (O/W), dang da nhii trong, cu thé nhu dang
nudc trong dau trong nude (W/O/W) hoidc dang nhii tuong dau trong nudc trong dau
(O/W/0), hodc & dang phén tadn nudc hodc phén tan lipit, gel hodc dang xit.

Dang bao ché dé str dung bén ngoai ctia hop chét theo sang ché c6 thé chira cac chét
phu gia va chét hd tro, cu thé nhu chét nhii hoa, chit 1am dic, chét tao keo, chit cb dinh
nude, chét 1am cang, chét 6n dinh, thudc nhudm, nuée hoa, va chit bao quan. Chét nhii héa
thich hgp bao gém axit stearic, trietanolamin va PEG-40-stearat. Chét 1am dic thich hop
bao gdm glyxeryl monostearat va PEG600. Cac chét bao quan thich hop bao gém propyl
paraben va clocresol. Cac chit lam cing thich hop bao gbém dimethicon va
polydimetylxyclosiloxan. Céc chét c¢6 dinh nuéc thich hgp bao gdém polyetylen glycol, tét
nhét 14 polyetylen glycol 600.

Dang bao ché d str dung bén ngoai ctia hop chat theo sang ché c6 thé bao gdm bot
nhdo, kem dudng da, gel, nhii tvong, vi nhii twong, thudc xit, miéng dén da va céac loai
tuong tu, c6 thé duoc dung tai chd dé diéu tri viém da di ung, bénh cham, bénh Véy nénva
X0 cung bi, ngtra, bach bién, rung téc, va cac bénh ngoai da khic. Dic biét, dang bao ché
bén ngoai cua hop chét theo sang ché 12 bot nhio, c6 thé duoc dung tai chd dé diu tri cac
bénh ngoai da nhu viém da di tmg, bénh cham, bénh vy nén, xo cting bi, ngira, bach bién,

rung tdc, va cac bénh ngoai da khac.

Luong hop chit c6 cong thirc (G), hop chét c6 cong thire (G*) hoic hop chét c6 cong
thie (I) trong dugc phém va dang bao ché c6 thé dugc x4c dinh mot cach thich hop bédi
ngudi c6 trinh @9 trung binh trong cling linh vuc k§ thuat khi can thiét. Vi du, hop chit c6
cong thirc (G), hop chat c6 cong thirc (G*) hodc hop chét ¢ cong thire (I) ¢6 thé c6 trong

duoc pham hoic dang bao ché véi mot lugng c6 hidu qua didu tri.

“Cac bénh hoic rdi loan lién quan dén JAK” bao gébm nhung khdng gi6i han &:
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Viém khép, bao gdm viém khép dang thip, viém khép thiéu nién va viém khép vay

nén;

Céc bénh hoic rdi loan tu mién, bao gém rbi loan tu mién co quan don hodc loai té
bao don, cu thé nhu viém tuyén giap Hashimoto, thiéu mau tan mau tu mién, thiu mau 4c
tinh cta viém teo da day tu mién, viém co nfo tu mién, viém tinh hoan ty mién, bénh
Goodpasture, giam tiéu cAu tu mién, bénh nhin khoa giao cam, bénh nhugc co, bénh Grave,
X0 gan mat nguyén phat, viém gan ning man tinh, viém loét dai trang va bénh ciu than
mang, nhitng bénh li€én quan dén rdi loan ty mién hé théng (vi du nhu lupus ban d6 hé
théng, viém khdp dang thap, hoi ching Sjogren, hdi chimg Reiter, viém da co-viém co da,
X0 cing toan than, viém nit quanh ddng mach, da xo cliing va pemphigoid bong nuéc) va
cac bénh tu mién té bao O (thé dich) hoic té bao T khac (bao gém héi chirmg Kogan), viém
cot séng dinh khép, U hat Wegener, rung téc tur mién, bénh tidu dudng tuyp I hodc bénh

tiéu dudng thoi nién thiéu hodc viém tuyén giap;

Ung thu hodc khéi u, bao g6m ung thu da day-rudt/dudng ti€u hda, ung thu dai truc
trang, ung thu gan, ung thu da (bao gém khéi u té bao chiim va ung thu biéu md té bao
vay), ung thu vi, ung thu budng trimg, ung thu tuyén tién liét, ung thu hach, bénh bach
ciu (bao gdm bénh bach ciu dong tuy cip tinh va bénh bach cdu dong tily man tinh ), ung
thu than, ung thu phéi, ung thu co, ung thu xuong, ung thu bang quang, ung thu nio, khéi
u 4c tinh (bao gdm khéi u 4c tinh & miéng va di cin), sarcoma Kaposi, u tiy (bao gdm da
u tiy), 16i loan tang sinh tiy, bénh vong mac tidu duodng tang sinh hodc céc 16i loan lién

quan dén hinh thanh mach (bao gdm ca u dic);

Bénh tidu duong, bao gdm bénh tiéu duong tuyp I hodc cac bién chimg cla bénh

tiéu duong;

Céc bénh vé& mit, rdi loan hoic tinh trang, bao gém céc bénh tu mién vé mét, viém
két mac mét, viém két mac mua xuén, viém mang bd dao (bao gdm viém mang bd dao va
viém mang bd dio thiu kinh lién quan dén bénh Behcet), viém giac mac, viém gidc mac
herpetic, viém gidc mac chép, loan dudng biéu md giadc mac, bach san, loét mét, viém cung
mac, bénh mit Grave, hoi chtng Vogt-Koyanagi-Harada, viém giac két mac khé (khd mit),
mun nudc, viém méng mét-thé mi, bénh u hat, bénh nhan khoa n6i tiét, bénh nhén khoa

giao cam, viém két mac di ng hodc tdn mach mat;
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Viém duodng rudt, di ing hodc cac tinh trang bénh, bao gém bénh Crohn va/hoic
viém loét dai trang, bénh viém rudt, bénh khong dung nap gluten, viém tuyén tién liét, viém

da day rudt tang bach cAu 4i toan hoic chirng loan san;

Céc bénh thoai héa than kinh, bao gdm bénh than kinh van dong, bénh Alzheimer,
bénh Parkinson, bénh xo cling teo co bén, bénh Huntington, bénh thoai hdéa than kinh do
thiéu mau cuc bd ndo hoic chin thuong, 6t quy, nhiém ddc than kinh glutamat hozc thiéu
oxy; dot quy do thiéu mau cuc bd/chin thuong tai tudi mau, thiéu mau cuc bd co tim, thiéu
mau cuc bo & than, dau tim, phi dai tim, xo vita ddng mach va xo cimg d6ng mach, thiéu

oxy co quan hodc két tap ti€u cau;

Céc bénh, tinh trang hodc rdi loan v€ da, bao gdm viém da di ing, cham, Véy nén,

X0 cing bi, ngtra hodc céc tinh trang ngira khac, bénh bach bién, rung téc;

Dj tmg, bao gdm viém da di timg & dong vat c6 v (bao gdm céc bénh di tng & ngua,
cu thé nhu di tmg vét cin), chim mua he, hoi chimg ngira do mudi Culex (ngira ngot), khi
phé thiing, bénh viém duong thé, tic nghén duong thé tai phat, phan tmg qua mirc dudng

thé hodic bénh phdi tic nghé&n man tinh;

Hen suyén va cac bénh tic nghén dudng thé khac, bao gdbm hen suyén man tinh
hoic kho chita, hen suyén tién trién, viém phé quan, hen phé quan, hen suyén di tmg, hen

suyén ndi sinh, hen suyén ngoai sinh ho#c hen suyén bui; va

Thai ghép, bao gdm thai ghép dao nho, thai ghép tily xwong, bénh ghép so véi vat
chu, thai ghép co quan va té bao (vi du: tiy xuong, sun, gidc mac, tim, dia dém, dao tuy,
thén, tay, chan, gan, phéi, co, nguyén bao, thén kinh, tuyén tuy, da, rudt non hodc khi quan)

hodc ghép di chuing.

Két qua 13, hop chét theo sang ché dd chimg minh hidu qua 1am chat tc ché JAK
kinaza trong céc thir nghiém vuot trdi hon so véi cac chét trc ché JAK kinaza hién c6, cu

thé nhu Filgotinib, va d6 an toan cao.
Tét hon 13, sang ché dé xuit cac phuong an thuc hién sau:

1. Hop chét c6 cong thirc (G),
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hoic hop chit dugc danh diu bang ddng vi phéng xa ctia ching, hoic ddng phén
quang hoc ctia ching, ddng phéan hinh hoc ciia chiing, ddng phan hd bién ctia ching hoic
hén hop cia cac ddng phan khéac nhau, hoic mubi duge dung ctia ching, hoic tién thude

ctia chung, hodc chit chuyén hod ctia chiing,
trong d6
L 12 C=0, 0=8=0, CH; hogc mét lién két; va
Xi1aN hodc CRis; va
X2 1aN hodc CRys; va
X3 1a N hodc CRis; va

Rus, Ris, Ris dugce chon ddc 14p vaéi nhau tir H, -OH, -SH, -CN, halogen, -NO, -
SFs, -S-Ci-4 alkyl, Ci.6 alkyl, Ca.s alkenyl, C2g alkynyl, C1.6 alkoxy, Cs.7 xycloalkyl, di
xycloalkyl ¢6 3-7 phdn tir, Cs; aryl, di aryl c6 5-7 phin t&r, -NRo)[Rio),

-NR11)(C(=0)R12), -C(=0)-N(Ro)(R10), -C(=0)-R12, -C(=0)-ORy12, -OC(=O0)R12,
-NR11)(S( = 0)2R12), -S(=0)2-N[Ro9)(R10), -SR12 va -OR12, trong d6 -S-Ci.4 alkyl, Ci-

alkyl, C1.6 alkoxy, Cs.7 xycloalkyl, va di xycloalkyl c¢6 3-7 phan tir dugc thé tuy y boi 1, 2
hodc 3 nhém thé dugc chon tir halogen, -OH, -NH,, -NH(CH3), -N(CH3),, -CN, C14 alkyl,

Cs7 xycloalkyl, Ci4 hydroxyalkyl, -S-Ci4 alkyl, -C(=O)H, -C(=0)-Ci4 alkyl,

-C(=0)-0-C14 alkyl, -C(= 0)-NHa, -C( = 0)-N(C1-4 alkyl)z, -N(Ci4 alkyl)(C(=0) Ci.4

alkyl), C14 haloalkyl, C14 alkoxy va Ci.4 haloalkoxy; va
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Riz1aH, -NR17)(R1s), Ci-6 alkoxy, -SR12, -OR12, -CN, halogen, -NO,, -SFs, -S-Ci4
alkyl, C1.6 alkyl hodc C3.7 xycloalkyl, di xycloalkyl c6 3-7 phan tir, Cs-7 aryl, di aryl c6
5-7 phéan tit, C7.11 aryl vong dbi, di aryl vong d6i c6 7-11 phén tir, vong ba c6 11-15 phén
tir, Cs-11 alkyl vong ddi, hodc di alkyl vong d6i c6 5-11 phén tir, va Ris duge thé boi 0, 1,
2,3 hodc 4 Ry, trong d6 Ri7, va Ris dugce chon doc 1ap véi nhau tir H, Ci-6 alkyl, Ci- alkoxy,
Ci6 haloalkoxy, C2-6 alkenyl, C2-¢ alkynyl, C3.7 xycloalkyl, C3.7 heteroxycloalkyl, Cs.7 aryl,
di aryl c6 5-7 phin tit, C7.11 aryl vong d6i, di aryl vong d6i ¢6 7-11 phén tt, vong ba cé
11-15 phan tir, Cs.iialkyl vong d6i, va dj alkyl vong d6i c6 5-11 phan tir va dugc thé tuy y
bdi mot hodic nhidu nhém thé duoc chon doc 1ap tir -OH, -CN, -SH, halogen, -NO3, -SFs,
-S-Ci14 alkyl, Ci¢ alkyl, Ci alkoxy, Ci haloalkoxy, Cs.s alkenyl, Ca¢ alkynyl, Cs.
xycloalkyl, di xycloalkyl c6 4-10 phan ttt, Cs.7 aryl, di aryl c¢6 5-7 phan tir, C7-11 aryl vong

d6i, di aryl vong d6i c6 7-11 phin t&, -NRo)Ri), -NRi)(C(=O0)Rnp),
-C(=0)-N(R9)(R10), -C(=0)-R12, -C(=0)-OR12, -OC(=O)R12, -NR11)(S( =O0)2R12),

-S(=0)2-NRo9)(R10), -SR12 va -ORy2, trong d6 -S-Ci4 alkyl, C1- alkyl, C1.¢ alkoxy, Ci-6

haloalkoxy, Ca- alkenyl, C2-¢ alkynyl, C3.7 xycloalkyl, di xycloalkyl c6 4-10 phan ttr, Cs.7
aryl, di aryl c6 5-7 phan tir, C7.11 aryl vong d6i, va di aryl vong dbi c6 7-11 phan tir dugc
thé tuy y béi 1, 2 hodc 3 nhém thé duoc chon ddc 14p tir halogen, -CN, -OH, Ci.4 alkyl,
Cis4 alkoxy, Cis4 haloalkyl, Ci4 haloalkoxy, Css xycloalkyl, -N(Ro)(Rio),

-NR11)(C(=0O)Rp2), -C(=0)-OR1p2, -C(=0O)H, -C(=0O)Rp2, -C(=0)-N(Ro)[Rio),
-NR11)(S( = O)2R12), -S( = 0)2-N(R9)(R10), -SR12 va -OR12; hodc Ri7, Rig va nguyén tir N
duoc lién két véi nhau tao thanh vong 3-14 phan tir; va

0, 1, 2, 3 hodc 4 Rz cé trong cdng thirc (G), va Rz dugce chon tir H, halogen, -OH,

-NO,, -CN, -SFs, -SH, -S-Ci.4 alkyl, Ci.6 alkyl, C1.¢ alkoxy, Ci-6 haloalkoxy, C».¢ alkenyl,
Ca-s alkynyl, Cs.7 xycloalkyl, di xycloalkyl c6 4-10 phén tir, Cs.7 aryl, di aryl c6 5-7 phin

tir, C7.1 aryl vong d6i, di aryl vong d6i ¢ 7-11 phan tit, -NR9)(R10), -NR11)(C( = O)R12),
-C(=0)-NRo)(R10), -C(=0)-Riz, -C(=0)-OR12, -OC(=O)R12, -NR11)(S(= O)2R12),
-S(=0)2-NRo9)(R10), -SR12 va -OR12, trong d6 -S-Ci4 alkyl, Ci-6 alkyl, Ci-6 alkoxy, Ci-6

haloalkoxy, Ca.s alkenyl, Cz-s alkynyl, C3-7 xycloalkyl, di xycloalkyl c6 4-10 phan ttr, Cs.7
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aryl, di aryl c6 5-7 phan t&, C7.11 aryl vong dbi, va di aryl vong d6i c6 7-11 phén tir dugc
thé tuy ¥ béi 1, 2 hodc 3 nhém thé dugc chon ddc 14p tir nhém bao gdm halogen, -CN,
-OH, Ci4 alkyl, Ci4 alkoxy, C14 haloalkyl, C14 haloalkoxy, Cs.s xycloalkyl, -N(R9)(R1o0),

NRu)(C(=O0Rp), -C(=0)-ORp, -C(=OH, -C(=O0)Rp, -C(=0)-N(Ro)R),

NR11)(S( = 0)2R12), -S(= 0)2-N(R9)(R10), -SRi12 va -ORy2; va

Ri dugc chon tir H, halogen, -OH, -NO», -CN, -SFs, -SH, -S-C.4 alkyl, C1.s alkyl,
Ca-s alkenyl, Ca.3 alkynyl, Ci.g alkoxy, C3.7 xycloalkyl, di xycloalkyl c6 3-10 phén tir, Cs.7
aryl, di aryl c6 5-7 phin tir, C.11 aryl vong dbi, di aryl vong d6i c6 7-11 phén tir, vong ba
¢6 11-15 phén tir, Cs.11 alkyl vong d6i, di alkyl vong ddi c6 5-11 phan tir, -N(Ro)(R1o),

-NR11)(C(=O)R12), -C(=0)-NRo)(R10), -C(=0)-R12, -C(=0)-OR12, -OC(=O)R12,

-NR11)(S(=0)2R12), -S(= 0)2-NR9)(R10), -SR12 va -ORy2, trong d6 -S-Ci4 alkyl, Ci-s

alkyl, C2.g alkenyl, Cz.g alkynyl, va Ci.s alkoxy duoc thé tuy y bai 1, 2, 3, hodc 4 Rs, va
trong d6 Cs.7 xycloalkyl, di xycloalkyl ¢6 3-10 phan tir, Cs.7 aryl, di aryl c6 5-7 phan tir,
C7.11 aryl vong d6i, va di aryl vong d6i c6 7-11 phén tir duge thé tuy y bsi 1, 2, 3, hoic 4
R4; va

R3 va R4 dugc chon ddc 1ap véi nhau tir H, halogen, -OH, -NOg, -CN, -SFs, Ci
alkyl, Ci- alkoxy, Ci.¢ haloalkoxy, Ca.¢ alkenyl, Cz.¢ alkynyl, Cs.7 xycloalkyl, di xycloalkyl
¢6 3-10 phén tit, Cs.7 aryl, di aryl c6 5-7 phéan tir, C7.11 aryl vong dbi, di aryl vong ddi c6

7-11 phin tir, -NRs)Re), -NRu)C(=O0)Rp), -CONR7)Rs), -C(=0)-Run,

-C(=0)-0R12, -OC(= O)R12, -NR11)(S( = 0)2R12), -S( = 0)2-N(R9)(R10), -SR12 va -OR12,

trong d6 Ci-6 alkyl, C3.7 xycloalkyl, di xycloalkyl c6 3-10 phén tir, Cs.7 aryl, di aryl ¢6 5-7
phan tr, C7.11 aryl vong doi, va di aryl vong d6i c6 7-11 phan tir duoc thé tuy y béi 1, 2, 3
hodc 4 nhém thé duoc chon doc 1ap tir nhém bao gbm halogen, -CN, -OH, Ci.4 alkyl, Ci-6

alkoxy, Ci-4 haloalkyl, Ci.4 haloalkoxy, Cs.¢ xycloalkyl, -N(Rg)(R10), -N(R11)(C(= O)R12),
-C(=0)-ORyz, -C(=0)H, -C(=O)Rpz, -C(=0)-NRo)Ri0), -NRu)S(=O0)Rp),

-S(= 0)2-N(Ro)(R10), -SR12 va -OR2; va
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Rs, Rs, R7, Rs, Ro, Rio, Ri1, va Riz2 doc 18p véi nhau 1a H hodc dugc chon tir nhém
bao gdm Ci.6 alkyl, Ci-4 haloalkyl, Cs.7 xycloalkyl, di xycloalkyl c6 4-14 phan tir, C-10
aryl, di aryl ¢6 5-10 phan tir, (C3-7 xycloalkyl)-Ci-4 alkyl-, (di xycloélkyl 6 4-10 phén tir)-
Ci4 alkyl-, (Cé-10 aryl)-Ci.4 alkyl- va (di aryl c6 5-10 phén tir)-Ci.4 alkyl-, trong d6 timg
nhém thé thuéc nhém trén day duoc thé tuy y boi 1, 2, 3 hodc 4 nhém thé duoc chon doc
1ap tr nhém bao gSm halogen, -CFs, -OH, -NH», -NH(CH3), -N(CH3)2, -CN, oxo, Ci4
alkyl,

Ca6 alkenyl, C2¢ alkynyl, C3.7 xycloalkyl, Ci4 hydroxyalkyl, -S-Ci4 alkyl, -C(= O)H,

-C(= 0)-C14 alkyl, -C(=0)-0-C14 alkyl, -C(= 0)-NH,, -C(=0)-N(Ci« alkyl), Ci4

haloalkyl, Ci.4 alkoxy va Ci-4 haloalkoxy.

2. Hop chét, hodc hop chét duge danh ddu bing ddng vi phéng xa ctia chiing, hodc
ddng phan quang hoc ctia chiing, ddng phan hinh hoc ciia chung, ddng phan hd bién cua
chiing hodc hdn hop clia cac ddng phan khac nhau, hodc mudi dugc dung ctia chiing, hoic
tién thudc cua chiing, hodc chét chuyén ho4 ctia ching theo phuong 4n thyc hién 1, 13 hop
chit dugc danh d4u bing ddng vi phdng xa ctia hop chét c6 cong thirc (G), trong d6 tht ca
H doc lap voi nhau dugc thé tuy y béi D.

3. Hop chét, hodc hop chit duge danh déu béng déng vi phéng xa cia ching, hodc
ddng phan quang hoc ctia ching, ddng phan hinh hoc cua ching, ddng phan hd bién cua
chiing hoic hén hop cua cic déng phéan khac nhau, hodc mudi duge dung ctia chiing, hodc
tién thubc ctia ching, hodc chit chuyén hoa ctia chiing theo phuong 4n thuc hién 1, trong

dé Xi11aN.

4. Hop chit, hodc hop chit dwoc danh diu bing ddng vi phéng xa ciia ching, hodc
ddng phan quang hoc ctia chiing, ddng phan hinh hoc cua ching, ddng phan hd bién coa
chiing hodc hén hop clia cac déng phén khéc nhau, hodc mudi duge dung ciia chiing, hoidc
tién thubc cua chung, hodc chat chuyén hoa ctia ching theo phuong an thuc hién 1, trong

dé Xz21aN.

5. Hop chét, hoic hop chét duoc danh diu béng d6ng vi phong xa cuia ching, hoic
ddng phan quang hoc cua chiing, ddng phan hinh hoc cta chiing, ddng phan hd bién ciia

chiing hodc hdn hop ctia cac dong phan khac nhau, hodc mudi duoc dung cla ching, hodc
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tién thudc cua chiing, hosc chit chuyén hoé ctia chiing theo phwong 4n thyc hién 1, trong

do Xs1aN.

6. Hop chit, hoic hop chat dugc danh du bing ddng vi phéng xa ctia ching, hoic
ddng phan quang hoc ctia chung, ddng phan hinh hoc ctia chiing, ddng phan hd bién cta
chiing hodc hén hop ctia cic ddng phan khac nhau, hogic mubi duge dung cla ching, hoic
tién thudc ctia chung, hodc chét chuyén hod ciia chiing theo diém 1, trong d6 X113 CRya,

X3 1a N hodc CRis, va X3 1a CRys.

7. Hop chét, hozc hop chét dugce danh diu bang ddng vi phéng xa clia chiing, hoic
ddng phan quang hoc ctia ching, ddng phan hinh hoc ctia chiing, ddng phan hd bién ctia
chiing hodc hdn hop clia cac ddng phan khéc nhau, hogc mudi dugc dung ctia ching, hogic
tién thudc ciia chiing, hodc chit chuyén hod ctia chiing theo phuong 4n thyc hién 1, trong

d6 X1, X2 va X3 giéng nhau.

8. Hop chét, hodc hop chét duoc danh du béng ddng vi phong xa ctia chiing, hozc
ddng phén quang hoc clia chiing, ddng phan hinh hoc clia ching, d6ng phan hd bién ctia
ching hozc hén hop ctia cdc déng phan khéc nhau, hodc mubi dugc dung ctia chiing, hosic
tién thudc cua chiing, hodc chit chuyén hod ctia chiing theo phuong 4n thyc hién 2, trong

d6 X1, X va X3 gidng nhau.

9. Hop chét, hodc hop cht dugc d4nh ddu bing dong vi phéng xa clia ching, hodc
ddng phan quang hoc ctia chiing, ddng phan hinh hoc cua ching, ddng phan hd bién cta
ching hoic hdn hop cua cac d6ng phan khéc nhau, hoic mudi duoce dung ctia chiing, hoic
tién thudc ctia chiing, hoic chit chuyén hoa ctia ching theo phuong 4n thuc hién 1, trong

dé X1, X2 va X3 1a CH.

10. Hop chét, hodc hop chét dugc danh ddu bfmg déng vi phéng xa cta ching, hodc
ddng phan quang hoc cta chiing, ddng phan hinh hoc cua ching, ddng phan h bién cua
chiing hoc hén hop ctia cac ddng phan khéc nhau, hodc mudi dugc dung ciia chiing, hosic
tién thudc ctia ching, hoic chét chuyén ho4 cua chung theo phuong an thuc hién 8, trong

d6 X1, X2 va X3 la CH.

11. Hop chét, hosc hop chét dugc ddnh d4u bing ddng vi phéng xa ctia chiing, hoic

d6ng phan quang hoc cua ching, ddng phéan hinh hoc ctia chiing, ddng phan hd bién cua
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chung hodc hdn hop ciia cac déng phén khéc nhau, hoéc mubi dugc dung cuda chiing, hodc
tién thuéc cta ching, hodc chit chuyén hoa ciia ching theo phuong 4n thuc hién bét ky

1-10, trong d6 L 1a C=0, O=S=0 hodc CHo.

12. Hop chét, hoic hop chit dugc danh d4u bang ddng vi phéng xa ctia chiing, hozic
ddng phan quang hoc ctia chiing, ddng phéan hinh hoc ciia ching, ddng phan hd bién ctia
ching hozic hdn hop ciia cic ddng phan khac nhau, hosic mudi dugce dung cia ching, hodc
tién thudc ciia ching, hodc chit chuyén hoa ctia chiing theo phuong 4n thyc hién bét ky
1-10, trong d6 Ri3 12 H, -N(R17)(R1s), C1-6 alkoxy, -OH, -SH, -CN, halogen, -NO, -SFs,
-S-Ci4 alkyl, Ci.6 alkyl, hodc Cs.7 xycloalkyl, di xycloalkyl c6 3-7 phén ta, Cs7 aryl, di
aryl ¢c6 5-7 phan tir, C7.11 aryl vong dbi, di aryl vong doéi c6 7-11 phén tir, vong ba c6
11-15 phén tir, Cs.11 alkyl vong d6i, hodc di alkyl vong d6i c6 5-11 phin ti, va Ris duge
thé boi 0, 1, 2, 3 hodc 4 Ry, trong d6 R17 va Risduge chon ddc 1ap v6i nhau tir H, Ci alkyl,
Ci alkoxy, Cs.7 xycloalkyl, Cs.7 heteroxycloalkyl, Cs-7 aryl, va di aryl c6 5-7 phén tir, va
duogc thé tuy ¥ béi mot hodc nhiéu nhém trong sb -OH, -CN, -SH, halogen, -NO, va -SFs.

13. Hop chét, hodic hop chét dugc danh ddu bang ddng vi phéng xa clia chiing, hoic
ddng phén quang hoc ctia chiing, ddng phan hinh hoc cua ching, ddng phan hd bién cla
chiing hodc hén hop cia céc déng phéan khac nhau, hodc mubi duge dung ctia chung, hoac
tién thudc cta chung, hoic chit chuyén hod ctia chiing theo phuong 4n thyc hién bét ky
1-10, trong d6 Ris 1a H, -N(R17)(R1s), Ci1-6 alkoxy, -OH, -SH, -CN, halogen, -NO, -SFs,
-S-C1-4 alkyl, C1.6 alkyl, Cs.7 xycloalkyl, di xycloalkyl c¢6 3-7 phén tir, Cs.7 aryl, di aryl ¢6
5-7 phan tir, C7.11 aryl vong d6i, di aryl vong d6i c6 7-11 phéan tir, hodc vong ba ¢6 11-15
phén tir, va Ry duge thé boi 0, 1, 2, 3 hodc 4 Ri.

14. Hop chét, hogic hop chét dugc danh d4u bang ddng vi phéng xa ciia chiing, hodc
ddng phan quang hoc cta chiing, dng phan hinh hoc cua ching, ddng phan hd bién cua
ching hodc hén hop ctia cac déng phéan khac nhau, hodc mudi duge dung ctia chung, hodc
tidn thudc cua chung, hodc chat chuyén hoa ciia ching theo phwong 4n thyc hién bét ky
1-10, trong d6 Riz 1a H, -N(R17)(Ris), C1-6 alkoxy, Ci-6 alkyl, Cs.7 Xycloalkyl, di xycloalkyl
c6 3-7 phén tir, Cs.7 aryl, hodc di aryl c¢6 5-7 phan tir, va Ri3 duge thé boi 0, 1, 2, 3, hodc 4
Ri.
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15. Hop chét, hoic hop chét duoc danh déu bang ddng vi phong xa clia ching, hoic
ddng phén quang hoc ctia ching, dong phan hinh hoc ctia ching, d6ng phan hd bién cua
chiing hodc hdn hop clia cac ddng phan khéc nhau, hogc mubi duoc dung ctia chiing, hoic
tién thuéc cta ching, hodc chét chuyén hoé cta ching theo phuong 4n thuc hién bét ky
1-10, trong d6 Ri3 12 -N(R17)(R1s), Ci-6 alkoxy, Ci-6 alkyl, Cs-7 xycloalkyl, di xycloalkyl c6
4-6 phén tl, phenyl, hodc di aryl c6 5-6 phén ttr, va Ry3 duoc thé boi 0, 1, 2, hodic 3 Ry.

16. Hop chét, hoic hop chit duge danh ddu béng ddng vi phong xa ctia chiing, ho#ic
ddng phan quang hoc cta chung, ddng phan hinh hoc ctia ching, ddng phan hd bién cia
chung hoc hdn hop ciia cic déng phan khac nhau, hodc mubi duoc dung ctia chiing, hoic
tidn thudc cua ching, hodc chit chuyén ho4 ciia chiing theo phuong én thuc hién bét ky
1-10, trong d6 Ri7 va Ris duge chon ddc 14p voi nhau tir H, Ci-6 alkyl, C3.7 xycloalkyl, va
Cs.7 heteroxycloalkyl, va dugc thé tuy y boi mot hodc nhidu nhém trong sé -OH, -CN,
-SH, halogen, -NO3, va -SFs.

17. Hop chét, hoic hop chét duge danh dAu bing ddng vi phéng xa ctia ching, hodic
ddng phan quang hoc cta ching, ddng phan hinh hoc cta chiing, ddng phén hd bién cta
chung hodc hén hop cua céc d@)ng phéan khac nhau, hodc mubi duoc dyng ctia ching, hodc
tién thudc cua ching, hodc chit chuyén hod clia ching theo phuong 4n thuc hién bét ky
1-10, trong d6 Ri7, R1s va nguyén tr N duoc lién két véi nhau tao thanh vong 4-10 phén
tir.

18. Hop chit, hoic hop chit duge danh dAu bing ddng vi phéng xa clia chiing, hodc
ddng phan quang hoc ctia ching, ddng phan hinh hoc ctia ching, ddng phan hd bién cua
ching hodc hdn hop cua cac déng phan khac nhau, hodc mudi duge dung ctia chiing, hoic
tién thudc cta chung, hodc chit chuyén hod clia ching theo phuong 4n thyc hién bét ky
1-10, trong d6 L 1a C=0, va Rus 1a -N(R17)(Ris), Ci1-6 alkoxy, -OH, -SH, -CN, halogen,
-NO,, -SFs, hodc -S-Ci.4 alkyl, va Ry3 duge thé boi 0, 1, 2, 3 hodic 4 R; trong d6 Ri7 va Rs
dugc chon doc 1dp véi nhau tr H, Cis alkyl, Cis alkoxy, Cs. xycloalkyl, Cs;
heteroxycloalkyl, Cs.7 aryl, va di aryl c6 5-7 phén tir, va dugc thé tuy ¥ bdi mét hode nhiéu
nhom trong sb6 -OH, -CN, -SH, halogen, -NO,, va -SFs, hodc Ri17, Rig va nguyén tir N duoc
lién két v6i nhau tao thanh vong 4-10 phén tir.
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19. Hop chét, hoic hop chét dugc danh dAu bang ddng vi phéng xa ctia chung, hogc
ddng phan quang hoc ctia ching, ddng phan hinh hoc ctia ching, ddng phan hé bién cua
ching hozic hdn hop ctia cdc ddng phan khéc nhau, hogc mudi duge dung ctia chiing, hoic
tidn thudc ctia chung, hodc chét chuyén hod cua chiing theo phwong 4n thyc hién bét ky
1-10, trong d6 1, 2 hodc 3 Rz ¢6 mit va Rz duge chon tir H, halogen, -OH, -NO2, -CN,
-SFs, -SH, -S-Ci4 alkyl, Ci.6 alkyl, C1.6 alkoxy, Ci-s haloalkoxy, Ca-¢ alkenyl, C2-6 alkynyl,
Cs.7 xycloalkyl, va di xycloalkyl c6 4-10 phan tt, trong d6 -S-Ci alkyl, C1.6 alkyl, C37
xycloalkyl, va di xycloalkyl c6 4-10 phan tir dwoc thé tuy y béi 1, 2 hodc 3 nhém thé duge
chon dgc 14p tir nhom bao gém halogen, -OH, -NH», -NH(CH3), -N(CH3)2, -CN, Ci4 alkyl,
C1-4 haloalkyl, Ci.4 alkoxy, va Ci-4 haloalkoxy.

20. Hop chét, hozic hop chét duoc danh ddu bang ddng vi phong xa ctia chiing, hoic
ddng phan quang hoc ctia chung, ddng phan hinh hoc ctia chiing, ddng phan hd bién ciia
chiing hoac hén hop ciia céc déng phén khac nhau, hodc mudi duoc dung cta ching, hoic
tién thudc cta chung, hodc chit chuyén hoa ciia ching theo phwong 4n thyc hién bét ky
1-10, trong @6 1, 2 hodc 3 Rz c¢6 mat, va Ra duoc chon tir halogen, Ci-6 alkyl, va Cs
xycloalkyl trong d6 Ci.6 alkyl va C3-6 xycloalkyl dugc thé tuy ¥ bai 1, 2 hodc 3 nhém thé
duoc chon ddc 1ap tr nhdm bao gbm halogen, -OH, -NHa, -NH(CH3), -N(CHs)z, -CN,
Ci-4 alkyl, Ci4 haloalkyl, C1.4 alkoxy, va Ci4 haloalkoxy.

21. Hop chét, hoic hop chit dugc danh ddu béng déng vi phdng xa cua ching, hodc
ddng phan quang hoc ctia chiing, déng phan hinh hoc ciia chung, ddng phan hd bién cua
chung ho#ic hdn hop cua céc d6ng phén khac nhau, hodc mubi duoc dung clia ching, hoic
tién thudc cua chung, hodc chit chuyén hoa ciia chung theo phwong an thyc hién 15, trong

d6 1 hoic 2 Rz ¢6 mit, va Ry duge chon tir halogen, va Ci.6 alkyl.

22.Hop chét, hodc hop chét duoc danh ddu b%mg d6ng vi phong xa cua chung, hodc
ddng phan quang hoc cta ching, ddng phan hinh hoc cta chiing, ddng phan hd bién ca
ching hodc hdn hgp clia cac déng phéan khac nhau, hodc mudi dugc dung ctia chiing, hodc
tién thubc cta ching, hodc chét chuyén ho4 cua ching theo phuong én thyuc hién bét ky
1-10, trong d6 Ri3 dugc thé bai 0 hodc 1 Ry, va Ry dugc chon tir halogen, -OH, Ci.¢ alkyl,
di xycloalkyl c6 5-7 phin ti, va Cs.7 xycloalkyl, trong d6 Ci- alkyl dugc thé tuy y bai 1,
2, hodic 3 R3 va trong d6 di xycloalkyl c6 5-7 phan tir, va Cs.7 xycloalkyl duoc thé tuy y béi
1, 2, 3 hoic 4 Ci.3 alkyl.
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23. Hop chét, hoic hop chat dugc dénh du bang ddng vi phéng xa clia chung, hodc

ddng phan quang hoc clia ching, ddng phan hinh hoc ciia chung, ddng phan h bién cta

ching hodc hdn hop ctia cac dong phan khac nhau, hodc mudi duoge dung ctia chiing, hogc

tidn thudc cua ching, hoic chit chuyén hoa clia ching theo phwong 4n thuc hién bat ky

1-10, trong d6 hop chit dugc chon tir nhém bao gbm:

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
dJimidazol-5(1H)-yl)(5-(piperidin-1-yl)pyrazin-2-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
dJimidazol-5(1H)-yl)(5-morpholinylpyrazin-2-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
dJimidazol-5(1H)-yl)(1-metyl-1H-pyrazol-4-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3,4-d]Jimidazol-
5(1H, 4H,6H)-yl)(1-metylpiperidin-4-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3,4-dJimidazol-
5(1H, 4H,6H)-yl)(5-(4-metylpiperzin-1-yl)pyrazin-2-yl)keton;

(2-(6-(2-etyl-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[ 3,4-d]imidazol-
5(1H,4H,6H)-y1)(5-(4-metylpiperzin-1-yl)pyrazin-2-yl)keton,;

5-etyl-2-flo-4-(3-(5-(benzenesulfonyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-

yl)-1H-indazol-6-yl)phenol;

5-etyl-2-flo-4-(3-(5-(pyrazin-2ylmetyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-

2-yl)-1H-indazol-6-yl)phenol;

4-(3-(5-(xyclopropylmetyl)-1,4,5,6-tetrahydropyrolo[3,4-dJimidazol-2-yl)-1H-
indazol-6-yl)-5-etyl-2-flophenol;

Xyclopropyl(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)- 1H-indazol-3-yl)pyrolo[3,4-
d]imidazol-5(1H,4H,6H)-yl)keton;
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4-(3-(5-(xyclobutylmetyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-
indazol-6-yl)-5-etyl-2-flophenol;

Xyclobutyl(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3,4-
d]imidazol-5(1H,4H,6H)-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3,4-d]Jimidazol-
5(1H,4H,6H)-yl)(3-hydroxylxyclobutyl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-pyrolo[3,4-d]imidazol-5-
(1H,4H,6H)-yl)(pyridazin-4-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-pyrolo[3,4-d]imidazol-5-
(1H,4H,6H)-yl)(pyridazin-3-yl)keton;

(S)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5-(1H)-yl)(3-hydroxylpyrolidin-1-yl)keton;

5-etyl-2-flo-4-(3-(5-(4-hydroxylxyclohexyl)-1,4,5,6-tetrahydropyrolo[3,4-
d]imidazol-2-yl)-1H-indazol-6-yl)phenol;

4-(3-(5-(xyclopropansulfonyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-
indazol-6-yl)-5-etyl-2-flophenol;

4-(3-(5-(xyclobutylsulfonyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-
indazol-6-yl)-5-etyl-2-flophenol;

4-(3-(5-(xyclopentylsulfonyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-
indazol-6-yl)-5-etyl-2-flophenol;

5-etyl-2-flo-4-(3-(5-((1-metyl-1H-pyrazol-4-yl)metyl)-1,4,5,6-
tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-indazol-6-yl)phenol;

4-(3-(5-(xyclopentyl-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-indazol-6-
yl)-5-etyl-2-flophenol;

5-etyl-2-flo-4-(3-(5-(tetrahydro-2H-pyran-4-yl)-1,4,5,6-tetrahydropyrolo[3,4-
d]imidazol-2-yl)-1H-indazol-6-yl)phenol;
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1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo|[3,4-

d]imidazol-5-(1H)-yl)etan-1-on;

1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-

d]imidazol-5-(1H)-yl)propan-1-on;

(1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-

d]imidazol-5-(1H)-yl)-2-metylpropan-1-on);

2-xyclopropyl-1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-
dihydropyrolo[3,4-d]imidazol-5-(1H)-yl)etan-1-on;

1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[ 3,4-

d]imidazol-5-(1H)-yl)-3-metylbutan-1-on;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5-(1H)-yl)(pyrolidin-1-yl)keton;

Azetidin-1-yl((2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-
dihydropyrolo[3,4-d]imidazol-5-(1H)-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo|[3,4-
d]imidazol-5-(1H)-yl)(piperidin-1-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl1)-4,6-dihydropyrolo|[3,4-
d]imidazol-5-(1H)-yl)(morpholino)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl1)-4,6-dihydropyrolo[3,4-
d]imidazol-5-(1H)-yl)(4-metylpiperzin-1-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl1)-4,6-dihydropyrolo[3,4-
d]imidazol-5-(1H)-yl)(4-etylpiperzin-1-yl)keton;
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Xyclopropyl(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-pyrazolo  [4,3-b]pyridin-3-

yl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-yl)keton;

Xyclopropyl(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-4-metyl-1H-indazol-3-yl)-4,6-

dihydropyrolo[3,4-d]imidazol-5(1H)-yl)keton;
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(S)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-4-metyl-1H-indazol-3-yl)-4,6-
dihydropyrolo[3,4-d]imidazol -5(1H)-yl)(3-hydroxylpyrolidin-1-yl)keton;

Xyclopropyl(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-pyrazolo[4,3-c]pyridin-3-
yl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-yl)keton;

(R)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5(1H )-y1)(3-hydroxylpyrolidin-1-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5(1H)-yl)(3-hydroxylAzetidin-1-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5(1H)-yl)(4-hydroxylpiperidin-1-yl)keton;

2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-N-metyl-4,6-
dihydropyrolo[3,4-dJimidazol-5-(1H)-carboxamit;

2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-N-etyl-4,6-
dihydropyrolo[3,4-d]imidazol-5-(1H)-carboxamit;

2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-N-(2-hydroxyletyl)-4,6-
dihydropyrolo[3,4-d]imidazol-5(1 H)-carboxamit;

1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-1,4,5,6-
tetrahydropyrolo[3,4-d]imidazol-5 -carbonyl)azetidin-3-nitril;

1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl1)-1,4,5,6-
tetrahydropyrolo[3,4-d]imidazol-5 -carbonyl)pyrolidin-3-nitril;

2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-N-(tetrahydrofuran-3-yl)-
4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-carboxamit;

Metyl 2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-
dihydropyrolo[3,4-d]imidazol-5(1 H)-carboxylat;

Etyl 2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5(1H)-carboxylat;
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(S)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-pyrazolo[3,4-b]pyridin-3-yl)-4,6-
dihydropyrolo[3,4-d]imidazol-5(1H)-yl)(3-hydroxylpyrolidin-1-yl)keton;
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3-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl) -4,6-dihydropyrolo[3,4-

d]imidazol-5(1H)-yl)-3-oxypropionitril;

2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-N,N-dimetyl-4,6-
dihydropyrolo[3,4-d]imidazol-5(1 H)-carboxamit;

N-(2-xyanoetyl)-2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-
dihydropyrolo[ 3,4-dJimidazol-5(1H)-carboxamit;

N-xyclopropyl-2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl1)-4,6-
dihydropyrolo[3,4-d]imidazol-5(1H)-carboxamit;

N-xyclobutyl-2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-
dihydropyrolo[3,4- d]limidazol-5(1H)-carboxamit;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
dJimidazol-5(1H)-yl1)(2,6-diazaspiro[3.3]heptan-2-yl)keton;

(S)-6-(2-etyl-5-flo-4-hydroxyphenyl)-3-(5-prolyl-1,4,5,6-tetrahydropyrolo[3,4-
d]imidazol-2-yl)- 1H-indazol; va

(R)-6-(2-etyl-5-flo-4-hydroxyphenyl)-3-(5-prolyl-1,4,5,6-tetrahydropyrolo[3,4-
d]imidazol-2-yl)- 1H-indazol.

24. Duge phim, bao gdm hop chét, hoic hop chit dugc dénh dau bang dong vi

phéng xa ctia chiing, hodc dong phan quang hoc ctia chung, ddng phan hinh hoc ctia ching,

ddng phan hd bién ctia chiing hogic hdn hop cta cac dong phéan khic nhau, hodc mudi dwoc

dung ctia chiing, hoic tién thubc ctia chiing, hodc chat chuyén hoa ctia ching theo phuong

4n thyc hién bét ky 1-23, va mot hodc nhiéu chit mang, phu gia, hoic t4 dugc duge dung.

25. Sir dung hop chat, hodc hop chit dwgc d4nh déu bing ddng vi phong xa cla

chung, hoic ddng phan quang hoc clia chung, ddng phan hinh hoc cta ching, déng phan

hd bién ctia ching hodc hdn hop ciia cic dong phan khéc nhau, hodc mudi duge dung cua

chung, hoic tién thubc ctia chiing, hodc chét chuyén ho4 ctia chiing theo phwong én thuc
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hién bat ky 1-23 hodc duge phim theo phwong 4n thuc hién 23 trong san xuét thudc dé

diéu tri vi&/hodic phong bénh hoic réi loan lién quan dén JAK.

26. Str dung theo phuong an thuc hién 25, trong d6 bénh hodc rdi loan lién quan dén
JAK duoc chon tir nhom bao gém viém khdp, bénh hoic rdi loan ty mién dich, ung thu
hodc khdi u, tiéu dubhg, bénh rdi loan hoic tinh trang bénh vé mét, viém rudt, di ung hodc
tinh trang, bénh thoai hoa than kinh, bénh, tinh trang bénh hozc réi loan vé da, di tmg, hen

suy&n va cac bénh duong thé tic nghén khéc, va thai ghép.

27. Hop chét c6 cong thirc (I),

N R,
N ~
\_NH
X
) N\
L INTN
| 7Y H
Ro @

hodc hop chét dugc danh ddu bing ddng vi phong xa clia ching, hodc ddng phan
quang hoc cila chiing, ddng phén hinh hoc cta ching, ddng phan hd bién cia chiing hoic
hdn hop cua céc déng phéan khéc nhau, hodc mudi duoc dung ctia ching, hosic tién thude

ctia ching, hoic chit chuyén ho4 clia chiing,
trong d6
L 1a C=0, 0=8=0, CH; hogc mdt lién két; va
X 1a CH hoidc N;

vong A 13 C3.7 xycloalkyl, di xycloalkyl c6 3-7 phin tir, Cs.7 aryl, di aryl ¢6 5-7 phan
tir, .11 aryl vong doi, di aryl vong d6i c6 7-11 phén tir, hoic vong ba ¢6 11-15 phan ti;

0, 1, 2, 3 hodc 4 Ri co trong cong thirc (I), va R1 duge chon tir H, halogen, Ci-s alkyl,
Cz-s alkenyl, C2-g alkynyl, C1.s alkoxy, C3.7 xycloalkyl, di xycloalkyl c6 3-7 phén ttr, Cs.7
aryl, dj aryl ¢6 5-7 phan ttt, C7.11 aryl vong dbi, va di aryl vong ddi ¢ 7-11 phén tir, trong
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d6 C1.3 alkyl, Ca-s alkenyl, Ca-g alkynyl, va Cis alkoxy duoc thé tuy y béi 1, 2, 3 hoic 4 Rs,
va trong d6 Cs.7 xycloalkyl, di xycloalkyl c6 3-7 phén tit, Cs.7 aryl, di aryl c6 5-7 phéan ti,
C7-n1 aryl vong d6i, di aryl vong dbi c¢6 7-11 phan tir duge thé tuy y béi 1, 2, 3 hodc 4 Ry,

0, 1, 2, 3 hoac 4 Rz ¢b trong cong thire (I), va R dugce chon tir H, halogen, -OH,
-NO, -CN, -SFs, Ci¢alkyl, Ci.6 alkoxy, Ci haloalkoxy, Cz-s alkenyl, Cz.6 alkynyl, C3.7

xycloalkyl, di xycloalkyl cé 4-10 phén tr, -NRo)(R10), -NRi)(C(=O)R12),
-C(=0)-N(R9)(R10), -C(=0)-R12, -C(=0)-OR12, -OC(=O0)R12, -NR11)(S(=O)2R12),

-S(= 0)2-N(Ro)(R10), -SR12 va -OR12, trong d6 Cialkyl, C3.7 xycloalkyl va di xycloalkyl

¢ 4-10 phﬁn tir dugc thé tuy y bdi 1, 2 hodc 3 nhdm thé duoc chon doc lap tir nhém bao
gbm halogen, -CN, -OH, Ci.4 alkyl, Ci.4 alkoxy, Ci haloalkyl, Ci-4 haloalkoxy, Cs.s

xycloalkyl, -N(Ro)(Ri0), -NR11)(C(=O)R12), -C(=0)-ORyz, -C(= O)H, -C(=O)Ry,

-C(=0)-N(R9)(R10), -NR11)(S( = 0)2R12), -S(= 0)2-N(R9)(R10), -SR12 va -OR12;

R3 dugc chon tir halogen, xyano, Ci-3 alkyl, hydroxy, Cis alkoxy, -N(Rs)(Re),
-CON(R7)(Rs) hoic dj xycloalkyl c6 3-7 phén tir, trong d6 di xycloalkyl c6 3-7 phan tir
duoc thé tuy ¥ béi 1, 2, 3 hodc 4 Ry;

R4 duoc chon tir halogen, Ci-3 alkyl, hydroxyl, Ci-¢ alkoxy, -NH>, -NHCH;3 hodc
-N(CHs)y;

Rs, Rs, R7, Rg d6c 14p véi nhau 1a hydro hodc Ci-4 alkyl;
Ro dugc chon tir H, Ci.4 alkyl, Ci.4 haloalkyl hodc Cs.7 xycloalkyl;

Rio 14 H hodc dugc chon tir nhom bao gém Ci-4 alkyl, C1.4 haloalkyl, C3.7 xycloalkyl,
di xycloalkyl c6 4-10 phin tir, Ce-10 aryl, di aryl c6 5-10 phan tir, (Cs.7 xycloalkyl)-Ci.4
alkyl-, (di xycloalkyl c6 4-10 phan t(r)-C1.4 alkyl-, (Ce-10 aryl)-Ci.4 alkyl- va (di aryl c6
5-10 phan ttr)-C1.4 alkyl-, trong d6 m&i nhém thé thudc nhém trén day duge thé tuy y béi
1, 2, 3 hodc 4 nhém thé dwoc chon doc 14p tir nhém bao gém -OH, -NH,, -NH(CH3),
-N(CH3)2, -CN, Ci4 alkyl, C37 xycloalkyl, Ci4 hydroxyalkyl, -S-Ci4 alkyl, -C(=O)H,
-C(=0)-Ci4 alkyl, -C(=0)-0-Ci4 alkyl, -C(=0)-NHz, -C( =0)-N(Ci4 alkyl)s, Ci4
haloalkyl, Ci-4 alkoxy va Ci.4 haloalkoxy;
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Ri1 dugce chon tir H, Ci.4 alkyl va Cs.7 xycloalkyl; va

Ri2 duoc chon tir nhém bao gdm Ci.s alkyl, C3.7 xycloalkyl, di xycloalkyl c6 4-14
phén ttt, Cs.10 aryl, di aryl c6 5-10 phén tir, (C3.7 xycloalkyl)-Ci.4 alkyl-, (di xycloalkyl c¢6
4-10 phin tir)-Ci-4 alkyl-, (Ce-10 aryl)-Ci4 alkyl- va (di aryl c6 5-10 phan tir)-Ci.4 alkyl-,
trong 6 m&i nhém thé thudc nhém trén day duoe thé tuy ¥ bai 1, 2 hodc 3 nhém thé duoc
chon doc 1ap tir nhém bao gdm halogen, -CF3, -CN, -OH, -NH,, -NH(CHj3), -N(CHj3),, oxo,
-S-C1.4 alkyl, Ci.4 alkyl, Ci4 haloalkyl, Cz alkenyl, Cz.6 alkynyl, C3.7 xycloalkyl, Ci4
alkoxy va Ci.4 haloalkoxy.

28. Hop chit, hoic hop chét duoc d4nh ddu bang ddng vi phéng xa clia ching, hoic
ddng phén quang hoc clia ching, ddng phan hinh hoc ctia chiing, ddng phan hd bién cua
chiing hodc hdn hop clia cac ddng phan khac nhau, hoic mudi duge dung ctia chiing, hozic
tién thubc ctia ching, hoic chit chuyén hoé cia chiing theo phuong 4n thuc hién 27, trong

d6 L 1a C=0, O=S=0 hogc CHa.

29. Hop chét, hoic hop chit dugc d4nh d4u bang ddng vi phéng xa ciia chiing, hogic
ddng phan quang hoc cta chiing, ddng phan hinh hoc ctia chiing, déng phan hd bién ctia
ching hodc hén hop cuia cic déng phéan khéc nhau, hoéac mudi dugc dung ctia ching, hodc
tién thudc ctia chiing, hoiic chat chuyén hod cia chiing theo phuong 4n thuc hién 27, trong

do X'1a CH.

30. Hop chét, hosc hop chét dugc danh ddu bﬁng déng vi phéng xa cuia chiing, hodc
ddng phan quang hoc ctia chiing, ddng phan hinh hoc cta ching, d6ng phan hd bién cua
chiing hodic hdn hop ctia cic ddng phan khac nhau, hoic mudi duoc dung ciia chiing, hoic
tién thudc cta chung, hodic chit chuyén hoé ctia chiing theo phuong 4n thuc hién bét ky
27-29, trong d6 vong A 1a Cs.7 xycloalkyl, di xycloalkyl c6 3-7 phan tir, Cs.7 aryl, hogc di
aryl ¢6 5-7 phan tt.

31. Hop chét, hodic hop chét duoc danh ddu bing ddng vi phdng xa ciia chiing, hodc
ddng phén quang hoc clia chiing, ddng phan hinh hoc cua ching, ddng phan hd bién coa
chiing hozc hdn hop ctia cdc ddng phan khéc nhau, hoic mubi duoc dung ctia ching, hoidc
tién thudc cta chung, hosc chét chuyén hoa ctia chiing theo phuong an thuc hién bét ky

27-29, trong d6 vong A 14 di aryl ¢6 5-6 phan tir, hodc phenyl.
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32. Hop chét, hoic hop chit duge danh ddu béng déng vi phong xa ctia chiing, hoac
ddng phan quang hoc ctia chiing, ddng phan hinh hoc cia ching, ddng phan h3 bién cta
chung hoac hdn hop cua cac déng phan khac nhau, hodc mubi duoc dung cta ching, hodc
tién thudc ciia chung, hoic chit chuyén ho4 cta ching theo phuong 4n thuc hién bét ky
27-29, trong d6 0, hodc 1 Ri c¢6 mit, va Ry dugce chon tir Ci6 alkyl, va di xycloalkyl c6
5-7 phan tir trong d6 C1-s alkyl dugc thé tuy y boi 1 hodc 2 Rs, va trong d¢6 di xycloalkyl
c6 5-7 phan tir duoc thé tuy y bai 1, 2, 3 hoic 4 Ci. alkyl.

33. Hop chét, hoic hop chit dugc d4nh d4u bing ddng vi phdng xa ctia chiing, hodic
ddng phan quang hoc ciia chiing, déng phan hinh hoc ciia ching, ddng phan hd bién cua
ching hozc hdn hop ctia cac d@)ng phén khéc nhau, hoic mubi dugc dung cta ching, hodc
tién thudc cta chung, hodc chat chuyén hoa ciia ching theo phwong 4n thuc hién bét ky
27-29, trong d6 1 hodc 2 Rz cé6 mit, va Ry dugc chon tir halogen, Ci alkyl va Cs.
xycloalkyl, trong d6 Ci-salkyl va Cs. xycloalkyl dugc thé tuy y béi 1, 2 hogc 3 nhom thé
duoc chon doc 1ap tir nhém bao gdm halogen, -OH, -NHa, -NH(CH3), -N(CHs),, -CN,
Ci-4 alkyl, C14 haloalkyl, C1.4 alkoxy, va Ci4 haloalkoxy.

34. Hop chét, hoic hop chit dugc danh d4u bang ddng vi phdng xa ciia chung, hoic
dong phan quang hoc cuia ching, ddng phén hinh hoc ctia ching, ddng phan hd bién cua
chiing hodc hdn hop ctia cac ddng phan khac nhau, hoic mudi dugc dung ciia ching, hoic
tién thudc cta ching, hoic chét chuyén hoé ctia ching theo phuong 4n thuc hién bét ky

27-29, trong d6
L 1a C=0, va O=S=0;
X 1aCH;
vong A 12 dj aryl ¢6 5-7 phén tir hodc Cs.7 aryl;

0, 1, 2, 3 hodc 4 Ry cé trong cong thirc (I), va Ry dugce chon tir Ci.s alkyl, va di
xycloalkyl ¢6 3-7 phén tir, trong d6 C.g alkyl duoc thé tuy ¥ bai 1, 2, 3 hodc 4 R, va trong
d6 di xycloalkyl ¢ 3-7 phan tir dwoc thé tuy y béi 1, 2, 3 hodc 4 Ra,

1, 2, hodc 3 Ra ¢é trong cong thire (I), va Rz dugce chon tir H, halogen, -OH, -NO3,
-CN, -SFs, Ci.s alkyl, Ci.6 alkoxy, Cis haloalkoxy, Ci¢ alkenyl, Ca.s alkynyl, Cs.;
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xycloalkyl, di xycloalkyl c6 4-10 phin ti, -NRo)(Ri), -NRi1)(C(=O)Rp),
-C(=0)-N(R9)(R10), -C(=0)-Ri2, -C(=0)-OR12, -OC(=O)R12, -NR11)(S( = O)2R12),

-S(= 0)2-N(Ro)(R10), -SR12 va -OR 2, trong d6 Ci.¢ alkyl, Cs.7 xycloalkyl va di xycloalkyl

c6 4-10 phan tir duoc thé tuy ¥y béi 1, 2 hodc 3 nhém thé dwge chon doc lap tir nhém bao
gém halogen, -CN, -OH, Ci4 alkyl, Ci4 alkoxy, Ci4 haloalkyl, Ci4 haloalkoxy,

Cs.6 xycloalkyl, -N(Ro)(R10), -N(R11)(C( = O)R12), -C( = 0)-OR12, -C( = O)H, -C(= O)R12,

-C(=0)-N(Ro)(R10), -NR11)(S( = O)2R12), -S( = 0)2-N(R9)(R10), -SRi2 va -OR2;

R3 dugc chon tir halogen, xyano, Ci.3 alkyl, hydroxy, Ci.s alkoxy, -N(Rs)(Re),
-CON(R7)(Rs) hoic di xycloalkyl ¢é 3-7 phan ti, trong d6 di xycloalkyl c6 3-7 phan tir
duoc thé tuy y béi 1, 2, 3 hodc 4 Ry;

R4 dugc chon tir halogen, Ci-3 alkyl, hydroxyl, Ci.¢ alkoxy, -NH>, -NHCH3 hodc
-N(CH3)g;

Rs, Rs, R7, Rg doc 1dp véi nhau 1a hydro hodc Ci4 alkyl;
Ro dugc chon tir H, Ci.4 alkyl, Ci.4 haloalkyl hodc Cs.7 xycloalkyl;

Rio 12 H hodc dwgc chon tir nhém bao gdm C-4 alkyl, Ci-4 haloalkyl, Cs.7 xycloalkyl,
di xycloalkyl c6 4-10 phan tir, Cs-10 aryl, di aryl c6 5-10 phan ti, (C3.7 Xycloalkyl)-Ci.4
alkyl-, (di xycloalkyl c6 4-10 phan tir)-Ci.4 alkyl-, (Ce.10 aryl)-Ci4 alkyl- va (di aryl c6
5-10 phéan tir)-Ci.4 alkyl-, trong d6 mdi nhém thé thudc nhém trén day duoc thé tuy y boi
1, 2, 3 hodc 4 nhém thé duge chon doc lap tir nhém bao gém -OH, -NH,, -NH(CH3),
-N(CHs)2, -CN, Ci4 alkyl, Cs.7 xycloalkyl, Ci4 hydroxyalkyl, -S-Ci4 alkyl, -C(=O)H,
-C(=0)-C14 alkyl, -C(=0)-O-Ci4 alkyl, -C(=0)-NHz, -C( =0)-N(C14 alkyl);, Ci4
haloalkyl, Ci-4 alkoxy va Ci.4 haloalkoxy;

Ri1 dugc chon tir H, Ci.4 alkyl va Cs.7 xycloalkyl; va

Ri2 duge chon tir nhém bao gém Ci.s alkyl, Cs.7 xycloalkyl, di xycloalkyl c6 4-14
phén tir, Ce-10 aryl, di aryl cé 5-10 phan tir, (C3.7 xycloalkyl)-Ci.4 alkyl-, (di xycloalkyl c6
4-10 phén tir)-Ci.4 alkyl-, (Cs-10 aryl)-Ci4 alkyl- va (di aryl c6 5-10 phén tir)-C1.4 alkyl-,
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trong d6 m&i nhém thé thudc nhém trén day duge thé tuy y béi 1, 2 hodc 3 nhém thé duge
chon doc 1ap tr nhom bao gém halogen, -CF3, -CN, -OH, -NHz, -NH(CH3), -N(CH3)2, oxo,
-S-C14 alkyl, Ci4 alkyl, Ci4 haloalkyl, C2 alkenyl, C2s alkynyl, C3.7 xycloalkyl, Ci.4
alkoxy va Ci-4 haloalkoxy.

35. Hop chét, hoic hop chét duoc d4nh du bing ddng vi phong xa cta ching, hoac
ddng phén quang hoc ciia chiing, ddng phan hinh hoc ciia ching, ddng phan hd bién cta
chiing hozc hdn hop ctia cic déng phan khac nhau, hosic mudi dugc dung ctia ching, hodic
tién thudc ciia chiing, hoc chét chuyén hoa ctia chiing theo phuong 4n thuc hién 34, trong

d6 vong A 1a di aryl c6 5-6 phan tir, hoic phenyl.

36. Hop chét, hoic hop chit duoc danh d4u bing ddng vi phéng xa ctia chiing, hoic
ddng phén quang hoc ctia ching, ddng phan hinh hoc ctia chiing, ddng phan hd bién cua
chiing hoic hdn hop ctia cac ddng phan khéc nhau, hosic mubi duge dung ctia chiing, hozc
tién thubc ctia chiing, hodc chat chuyén hoé ciia chiing theo phuong 4n thyc hién 34, trong
d6 0 hodc 1 Ry c6 mit, vi Ry duge chon tir Cy. alkyl, va di xycloalkyl c6 5-7 phén ti, trong
d6 C1-6 alkyl duoc thé tuy ¥ boi 1 hodc 2 Rs, va trong d6 nhém di xycloalkyl c6 5-7 phin
tir duoc thé tuy v béi 1, 2, 3, hodc 4 Ci.3 alkyl.

37.Hop chét, hoic hop chit dugc d4nh diu béng déng vi phong xa cua ching, hodc
ddng phan quang hoc ctia ching, dong phan hinh hoc ctia chiing, ddng phan h3 bién ctia
ching hozic hdn hop ctia cac ddng phan khac nhau, hodc mubi duge dung ciia chiing, hoic
tién thudc cta ching, hodc chat chuyén hoa ctia chiing theo phuong 4n thuc hién 34, trong
d6 1 hodc 2 Ry ¢6 mit, va Ra duge chon tir halogen, Ci.6 alkyl va Cs.¢ xycloalkyl, trong d6
C1.6 alkyl va Cs.s xycloalkyl duoc thé tuy y béi 1, 2 hodc 3 nhém thé duge chon doc 1ap tir
nhém bao gém halogen, -OH, -NH,, -NH(CHj3), -N(CHs),, -CN, Ci4 alkyl, Ci.4 haloalkyl,
Ci1-4 alkoxy va Ci-4 haloalkoxy.

38. Hop chét, hoic hop chét dugc danh ddu bang ddng vi phéng xa ctia chung, hoic
ddng phan quang hoc cia chiing, ddng phan hinh hoc ciia ching, ddng phan hd bién cua
chiing hodc hdn hop cia cic ddng phan khac nhau, hoic mubi dwgc dung ciia chiing, hogc
tién thudc cta chung, hoiac chét chuyén hoa cta ching theo phuong an thuc hién bét ky

27- 29, trong d6 hop chit duge chon tir nhém bao gm:
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(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5(1H)-yl)(5-(piperidin-1-yl)pyrazin-2-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5(1H)-yl)(5-morpholinpyrazin-2-yl)keton;

(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4,6-dihydropyrolo[3,4-
d]imidazol-5(1H)-yl)(1-metyl-1H-pyrazol-4-yl)keton;

5-etyl-2-flo-4-{3-[5-(1-metylpiperidin-4-carbonyl)-1H,4H,5H,6H-pyrolo[3,4-
d]imidazol-2-yl]-1H-indazol-6-yl} phenol;

5-etyl-2-flo-4-{3-[5-(4-metylpiperazin-1-carbonyl)-1H,4H,5H,6 H-pyrolo[3,4-
d]imidazol-2-yl]-1H-indazol-6-yl} phenol;

3-etyl-4-{3-[5-(4-metylpiperazin-1-carbonyl)-1H,4H,5H,6H-pyrolo[3,4-
d]imidazol-2-yl]-1H-indazol-6-yl1} phenol;

5-etyl-2-flo-4-(3-(5-(benzensulfonyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-
yl)-1H-indazol-6-yl)phenol; va

5-etyl-2-flo-4-(3-(5-(pyrazin-2-metyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-
yl)-1H-indazol-6-yl)phenol.

39. Dugc pham, bao gém hop chit, hoic hop chit dwgc danh diu bang dong vi
phéng xa ctia chiing, hodc ddng phan quang hoc ciia chiing, ddng phéan hinh hoc ciia chiing,
dong phan hd bién ctia chiing hoic hdn hop cia cac ddng phan khac nhau, hodc mubi duoc
dung cta chiing, hoic tién thudc ctia chung, hogc chit chuyén hoa ctia chiing theo phuong

4n thyc hién bat ky 27-38, va mdt hodc nhiéu chét mang, phu gia hodc ta dugc duge dung.

40. St dung hop chét, hoic hop chit dwoc danh diu bang ddng vi phong xa cia
chiing, hodc ddng phan quang hoc ctia chiing, ddng phan hinh hoc ciia chiing, ddng phan
hd bién ciia chiing hodc hdn hop ciia cac ddng phan khac nhau, hodc mubi dugc dung cia
chiing, hodc tién thudc cua chiing, hoic chét chuyén hoé ctia chiing theo phwong 4n thyc
hién bat ky 27-38 hozc dugc phdm theo phuong an thuc hién 39 trong san xuét thudc ding

dé diéu tri va/hodc phong bénh hoic r6i loan lién quan dén JAK.
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41. Str dung theo phuong an thyc hién 40, trong d6 bénh hodc r6i loan lién quan dén
JAK duoc chon tir nhém bao gém viém khdp, bénh hodc rdi loan ty mién, ung thu hodc
khéi u, tidu duong, bénh, rbi loan hoic tinh trang vé mét, viém, di ung hodc tinh trang vé
rudt, bénh thoai hoa thin kinh, bénh, tinh trang hozc réi loan vé da, hen suyén va cic bénh

dudng thd tic nghén khac, va thai ghép.

Sau ddy, sang che s€ dugc minh hoa va mé ta chi ti€t hon thdng qua cac vi du cu

thé cung vai cac hinh v& kém theo.
MG ta viin tiit cdc hinh vé

Fig.1 14 hinh minh hoa phd c6ng huéng tir hat nhan (NMR) ctia hop chit Metylen
diphenyl diisoxyanat (MDI)-2;

Fig.2 12 hinh minh hoa phd NMR ctia hop chit MDI-201;
Fig.3 12 hinh minh hoa phé NMR cua hgp chit MDI-202;
Fig.4 12 hinh minh hoa phé NMR cua hop chit MDI-206;

Fig.5 1a hinh minh hoa dudng cong IC50 cua céc thi nghiém JAK1 cho MDI-201,
MDI-202 va MDI-206, trong d6 Filgotinib dugc sir dung 1am dbi chimg dwong;

Fig.6 13 hinh minh hoa dudng cong IC50 cua céc thi nghiém JAK2 cho MDI-201,
MDI-202 va MDI-206, trong d6 Filgotinib dwgc sir dung lam d6i chimg dwong;

Fig.7 13 hinh minh hoa dudng cong IC50 cua cac thi nghiém JAK3 cho MDI-201,
MDI-202 va MDI-206, trong d6 Filgotinib dwgc str dung 1am d6i chtig duong;

Fig.8 1a hinh minh hoa dudng cong IC50 cua cac thi nghiém TYK2 cho MDI-201,
MDI-202 va MDI-206, trong d6 Filgotinib dwgc st dung 1am d6i ching duong.

MB ta chi tiét sdng ché

Cac hop chit c6 cong thirc (G), cac hop chit c6 cong thirc (G*) hogic céc hop chit
c6 cong thiee (I) theo sang ché co thé dugc tdng hop bing cdc phuwong phap thong thuong
khac nhau duge biét rd boi nguoi co trinh d§ trung binh trong cung linh vyce k¥ thuét. Cac

vi du cu thé sau ddy dua ra mot s6 phuong phap tdng hop mau cac hop chit ¢ cong thirc
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(G), cac hop chat c6 cong thitc (G*) hodc cac hop chét c6 cdng thue (I), va day la cac
phuong phéap phd bién trong linh vuc héa hoc téng hop. RS rang, khi tham khao cac phuong
an thuc hién mAu ciia sang ché, ngudi cé trinh d6 trung binh trong ciing linh vuc k§ thuat
c6 thé diéu chinh thich hop chét phan tmg, didu kién phan tmg ,va nhém bao vé dé d& dang
thiét ké cac con dudng tdng hop khac cho cic hop chét c6 cong thirc (G), cong thire (G”)

hoéc cong thirc ().
Vi du thue hién sing ché

Sau day, sang ché s& dugc md ta rd rang hon thong qua céc vi du. Tuy nhién, cac vi

du dugc md ta khong gidi han pham vi cla sang che.

Vi du 1: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-4.6-
dihydropyrolo[3.4-d]imidazol-5(1 H)-y)(5-(piperidin-1-yl)pyrazin-2-ylketon (MDI-2

Con dudng tdng hop hop chit muc tiéu 8 (cu thé 14 MDI-2):
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Phuong phép tdng hop:

Tbng hop chét trung gian 1: 6-brom-1H-indazol-3 -formaldehit

Natri nitrit (14,00 g, 200 mmol) dugc hoa tan trong 75 ml dimetylformamit (DMF)
va 100 ml nuéc, rdi tiép d6 dugc lam mat vé 0°C. Trong diéu kién bao vé béi nito, HC1 3N
(23 ml, 68,9 mmol) dugc bd sung nho giot tir tir va sau khi duoc bd sung, phan tng duoc
thue hién trong 10 pht. 3 0°C, 6-bromindol (5,00 g, 25,5 mmol) trong DMF (35 ml) dugc
bb sung nho giot tir tir vao dung dich phan tmg. Sau khi viéc bd sung nhé giot hoan tét,
phén tmg duoc tiép tuc & nhiét d6 phong qua dém. Hén hop thu duge dugce chiét bing etyl
axetat 3 14n, rdi tiép d6 pha hitu co duge két hop, dugc rira 3 14n bing nuée, duoc rira bang
nuée mudi bdo hoa, duoc séy kh6 béng natri sulfat khan, duoc c6 dic, va dugc tinh ché

bang cot silica gel dé thu duge chat trung gian 1, v6i hiéu suit 83,6%.

'H NMR (400 MHz, CDCI3) § 10,29 (s, 1H), 8,24 (d, J = 8,0 Hz, 1H), 7,80 (d, ] =
4,0 Hz, 1H), 7,52 (dd, J = 8,0 Hz, T = 4,0 Hz, 1H).

Tbng hop chit trung gian 2: 6-brom-1-((2-(trimetylsilyl)etoxy) metyl)-1H-indazol-

3-formaldehit

Chét trung gian 1 (1,56 g, 6,93 mmol) duoc hoa tan trong tetrahydrofuran khan, rdi
tiép d6 dugc 1am mat vé 0°C. Natri hydrua (0,33 g, 8,32 mmol) dugc b sung tir tir, phan
{tng dugc thyc hién & nhiét do phong trong 1 gid, rdi tiép d6 duge 1am mat vé 0°C. Sau dé,
2-(trimetylsilyl)etoxymetyl clorua (1,73 g, 10,40 mmol) dwgc bd sung nhé giot va phan
g duoc thuc hién ¢ nhiét do phong qua dém. Phan tng dugc ding lai bang cach bd sung
nuée. Hon hop thu dugc duge chiét hai 1an béng etyl axetat, va c4c pha hitu co dugc két
hop va dugc rira bang nuée va nude mudi bio hoa, duoc sy kho béng natri sulfat khan,
dugc co dic, va dugce tinh ché bang cot silica gel dé thu duoc chat trung gian 2, véi hiéu

suit 49,2%.
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'H NMR (400 MHz, CDCI3) & 10,25 (s, 1H), 8,22 (dd, T = 8,0 Hz, J = 4,0 Hz 1H),
7,88 (dd, J = 4,0 Hz, ] = 4,0 Hz, 1H), 7,52 (dd, T = 4,0 Hz, T = 4,0 Hz, 1H), 5,81 (s, 2H),
3,63-3,58 (m, 2H), 0,97-0,93 (m, 2H), 0,04 (s, 9H).

Tdng hop chét trung gian 16: Tert-butyl 3,4-diaminpyrolidinyl-1-carboxylat

1. Téng hop chét trung gian 11: Tert-butyl 2.5-dihydro-1H-pyrol-1-carboxvlat

3-pyrolin (10,0 g, 0,15 mol) duoc hoa tan trong 400 ml diclometan va trietylamin
(40,6 ml, 0,29 mol), rdi tiép d6 duogc lam mét vé 0°C. (Boc)20 (37,9 g, 0,17 mol) dugc bd
sung tir tir. Phan tmg duoc thyc hién ¢ nhiét do phong qua dém. Nudc duoc bd sung va
hén hop duge chiét hai 14n bing diclometan. Céc pha hitu co duge két hop, dugce rira bang
nude ba 1an, duoc rira bing nuéec mudi bdo hoa, duogc siy kho bang natri sulfat khan, duoc
cd dic, va dugc tinh ché bang cot silica gel dé thu dugc chét trung gian 11 v6i hidu suit

91,0%.

2. Téng hop chét trung gian 12: Tert-butyl 6-oxa-3-azabixyclo[3,1.0] hexan-3-

carboxylat

ChAt trung gian 11 (24,5 g, 0,15 mol) dugc hoa tan trong 450 ml diclometan, rdi
tiép @6 dugc lam mét vé 0°C. Axit M-cloperoxybenzoic (37,5 g, 0,22 mol) dugc b sung
tlr tir theo dgt. Phan img dugc thuc hién & nhiét d6 phong qua dém. Sau d6, natri thiosulfat
bdo hoa (40 ml) dugc bd sung, 1di tiép d6 dwoc khudy trong 30 phut. Pha nude dugc chiét
hai 1an béng diclometan, duogc rira béng dung dich kali cacbonat bdo hoa, nude va nude
mubi bdo hoa, dugc sdy kho bang natri sulfat khan, dugc ¢6 dic, va dugc tinh ché bing cot

silica gel dé thu dugc chét trung gian 12 v6i hidu sudt 84,9%.

'H NMR (400 MHz, CDCI3) & 3,85 (d, J = 12,0 Hz, 1H), 3,77 (d, J = 12,0 Hz, 1H),
3,69-3,67 (m, 2H), 3,36-3,30 (m, 2H), 1,45 (s, 9H).

3. Tbéng hop chét trung gian 13: Tert-butyl 3-azido-4-hydroxyl pyrolidinyl-1-

carboxylat

Chét trung gian 12 (20,8 g, 0,12 mol) dugc hoa tan trong 150 ml 1,4-dioxan va 50
ml nuée, rdi tiép d6 natri azua (24,0 g, 0,37 mol) duoc bd sung. Hon hop duge lam néng

dén 106°C va dugc cho phéan tmg trong 18 gid, rdi dwoc lam mét v& nhiét d6 phong, tiép
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d6 b sung 100 ml nuéc mubdi bao hoa. Hon hop thu duge dugc chiét bing diclometan (250
ml*4), va céc pha hiru co duge két hop, duge rira bing nude mudi bao hoa, duge sy kho

b?mg natri sulfat khan, va dugc c6 dic dé thu duoc chét trung gian 13, véi hiéu suét 100%.

'H NMR (400 MHz, CDCI3) § 4,27-4,24 (m, 1H), 3,94 (s, 1H), 3,73-3,59 (m, 2H),
3,41-3,36 (m, 2H), 1,47 (s, 9H).

4. Tbng hop chét trung gian 14: Tert-butyl 3-azido-4-((metansulfonyl)

oxy)pyrolidinyl-1-carboxylat

Chét trung gian 13 (28,0 g, 0,12 mol) dugc hoa tan trong 350 ml diclometan va
trietylamin (37,3 g, 0,37 mol), va duoc 1am mat vé 0°C, sau d6 bd sung nho giot tir tir
metansulfonyl clorua (16,9 g, 0,15 mol). Sau khi bb sung, phan ung dugc thyc hién & nhiét
d6 phong trong 2 gid, phan tmg dugc ding lai bang nuée, va hdn hop thu dugc dugce chiét
hai 14n bing diclometan. Cac pha hitu co duoc két hop, dugce ria bang dung dich natri
bicacbonat bdo hoa, nudc va nudec mudi bdo hoa, duoc séy kho br?mg natri sulfat khan, va

duogc c6 dic dé thu duge chit trung gian 14, voi hiéu suét 98,0%.

5. Tong hop chét trung gian 15: Tert-butyl 3,4-diazidopyrolidinyl-1-carboxylat

Chét trung gian 14 (36,9 g, 0,12 mol) duoc hoa tan trong 250 ml DMF, rdi dugc bd
sung natri azua (23,5 g, 0,36 mol). Hn hop dugc 1am néng dén 90°C, duge cho phan ung
trong 2ngay, va duge lam mét vé nhiét d6 phong, sau d6 bd sung 750 ml nuée. Han hop
thu duge dugc chiét bang butyl tert-butyl ete (400 ml*4), va c4c pha hitu co dugce két hop,
duogc rira bang nuée mudi bdo hoa, duogc sy kho bang natri sulfat khan, va dugc tinh ché

bing cot silica gel dé thu duoc chit trung gian 15 véi hidu suit 62,2%.

6. Tdng hop chét trung gian 16: Tert-butyl 3.4-diaminpyrolidinyl-1-carboxylat

Chét trung gian 15 (18,9 g, 0,08 mol) dugc hoa tan trong 200 ml metanol, va 10%
Pd/C dugce bd sung trong d6 n6 dugc thay thé bing hydro 3 14n. Hdn hop dugc lam néng
dén 40 °C, va duoc cho phén tng trong 2 ngay. Hon hop thu duoc duge loc va duoc ¢o dac

dé thu dugc chit trung gian 16, voi hiéu suit 78 %.

'H NMR (400 MHz, CDCI3) § 3,51-3,49 (m, 2H), 3,40-3,36 (m, 2H), 3,21-3,11 (m,
2H), 1,47 (s, 9H).

89



44306 90/271

Tdng hop chét trung gian 3: Tert-butyl 2-(6-bromo1l-((2-

(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)3.4.6.6a-tetrahydropvyrolo[3.4-dJlimidazol-
5(1H)-carboxylat

Chét trung gian 2 (1,56 g, 6,93 mmol) va tert-butyl 3,4-diaminpyrolin-1-carboxylat
(1,56 g, 6,93 mmol) duoc hoa tan trong 5 ml hexafloisopropanol va dugc 1am néng dén
40°C trong 2 ngay. Hon hop thu duge duge c6 ddc va dugc tinh ché bing cot silica gel dé

thu duoc chit trung gian 3 véi hiéu sudt 54,7%.

Téng hop chit trung gian 4: Tert-butyl 2-(6-brom-1-((2-(trimetylsilyl)
etoxy)metyl)-1H-indazol-3-y1)4,6-dihydropyrolo[3.4-d]imidazol-5(1 H)-carboxylat

Oxalyl clorua (0,53 g, 4,20 mmol) dugc hoa tan trong 15 ml diclometan khan, va
dugc 1am mat vé -78°C trong diéu kién bao vé b?mg nito. DMSO (0,61 g, 7,84 mmol) duoc
bd sung nhé giot tir tir. Sau khi viéc bd sung hoan tit, phan tmg duoc thuc hién trong 30
phit. Chét trung gian 3 (1,00 g, 1,87 mmol) trong diclometan duge bb sung nho giot tir ti.
Sau khi bd sung nhé giot, phan tng duge thuc hién trong 30 phut. Trietylamin khan
(1,89 g, 18,66 mmol) dugc bb sung nhé giot tir tir, va phan tmg dwoc thuc hién trong 10
phut. Nhi€t d§ duge ning tir tir va phan tmg dwoc thuc hién & nhiét d§ phong trong 2 gid.
Phén tmg duoc dimg lai bing dung dich amoni clorua b&o hoa va hdn hop thu dwgc duoc
chiét hai 14n bang diclometan, va c4c 16p hitu co duge két hop, dugc rira bing nude va
nude mudi bdo hoa, dugce séy kho béng natri sulfat khan, dugc c6 dic, va dugc tinh ché

bang cot silica gel dé thu dwoc chét trung gian 4 v6i hiéu suat 36,3%.

'H NMR (400 MHz, CDCI3) & 8,36 (d, ] = 4,0 Hz, 1H), 7,78 (d, J = 4,0 Hz, 1H),
744 (dd, T = 8,0 Hz, J = 4,0 Hz, 1H), 5,69 (s, 2H), 4,64-4,52 (m, 4H), 3,67-3,56 (m, 2H),
1,56 (s, 9H), 0,95-0,89 (m, 2H), 0,03 (s, 9H).

Tong hop chét trung gian 5: Tert-butyl 2-(6-bromo1-((2-

(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4.6-
dihydropyrolo[3.4-d]imidazol-5(1H)-carboxylat

Chét trung gian 4 (110 mg, 0,21 mmol) dwoc hoa tan trong tetrahydrofuran khan,
va dugc 1am mét vé 0°C. Natri hydrua (12,3 mg, 0,31 mmol) dugc bd sung va phan ung

duoc thyc hién & nhiét d6 phong trong 30 phut. Hon hop dwgc 1am mat vé 0°C. 2-(tri
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metylsilyl)etoxymetyl clorua (41,2 mg, 0,25 mmol) dugc bd sung nho giot tir tir, va phan
{mg dugc thuc hién & nhiét d6 phong trong 4 gid. Phan tmg duoc dimg lai bing nude va
hén hop thu dwgc duge chiét hai 1in bing etyl axetat. Pha hitu co duoc két hop, duoc ria
bﬁng nuée va nude mudi bio hod, duge séy kho bﬁng natri sulfat khan, dugc c6 dic, va

duoc tinh ché bang cot silica gel thanh chét trung gian 5 vé&i hidu sudt 73,1%.

'H NMR (400 MHz, CDCI3) § 8,41-8,36 (m, 1H), 7,79 (s, 1H), 7,44 (dd, J = 8,0
Hz, T = 4,0 Hz, 1H), 5,94 (d, J = 12,0 Hz, 2H), 5,73 (s, 2H), 4,65-4,52 (m, 4H), 3,63-3,57
(m, 4H), 1,56 (s, 9H), 0,96-0,91 (m, 4H), 0,03 (s, 18H) ).

Tdng hop chét trung gian 10: Axit 5-(piperidin-1-yl)pyrazin-2 carboxylic

1. Téng hop chét trung gian 9: Metyl 5-(piperidin-1-yl)pyrazin-2-carboxylat

Metyl 5-clo-pyrazin-2-carboxylat (1,72 g, 10 mmol) dugc hoa tan trong 10 ml DMF,
va N,N-diisopropyletylamin (4,3 ml, 25,0 mmol) va piperidin hydroclorua (1,45 g, 12,0
mmol) dugc bd sung. H3n hop duoc khudy qua dém & nhiét d6 phong. Trong didu kién
khuéy manh, nudc duge bd sung. Chét rin duoc két tia, duoc loc, va banh loc dugc rira

bing nudc, va dugc sy kho dé thu dugc chit trung gian 9 véi hiéu suit 80,0%.

2. Téng hop chét trung gian 10: Axit 5-(piperidin-1-yl)pyrazin-2-carboxylic

Chét trung gian 9 (430 mg, 1,95 mmol) dugc hoa tan trong 20 ml tetrahydrofuran
va 20 ml nudc, rdi lithi hydroxit (163 mg, 3,88 mmol) dugc bd sung. Phan tmg dugc thuc
hién & nhiét d6 phong trong 4 giod. Hon hop dugc c¢6 dic bing cach chung cét
tetrahydrofuran duéi 4p suét thip, va pH duoc diéu chinh vé 4 bang HCI 1 N. Chét rén
duge két tia, duoc loc, va banh loc duoc rira bang nudc, va duoc séy khé @é thu dugc chét

trung gian 10 véi hidu suit 91,5%.

'H NMR (400 MHz, CDCI3) & 8,84 (s, 1H), 8,02 (s, 1H), 3,76-3,73 (m, 4H), 1,78-
1,65 (m, 6H).

Téng hop chét trung gian 6 : (2-(6-bromol-((2-(trimetylsilyl)etoxy)metyl)-1H-
indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-

yD(5-(piperidin-1-yl)pyrazin-2-yl)keton
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Chét trung gian 10 (34,3 mg, 0,17 mmol) va N,N-diisopropyletylamin (58,2 mg,
0,45 mmol) duoc hoa tan trong DMF, HATU (85,7 mg, 0,22 mmol) duoc bd sung, va phan
tng duoc thuc hién & nhiét 6 phong trong 10 phut. Chét trung gian 5 (100 mg, 0,15 mmol)
duoc hoa tan trong 5 ml diclometan, rdi 1 ml axit trifloaxetic dwgc bd sung. Hon hop dugc
khue“'ly & nhi¢t dd phong trong 30 phut, va dugc c6 déc dé thu duge cin. Cin dugc hoa tan
trong diclometan va dugc c6 dac dén kho, cdng doan nay duogc lap 3 l4n. Cin thu duoc
duoc hoa tan trong DMF 16i duoc b sung tir tir vao dung dich phan tmg truée d6. Phan
{mg duoc thuc hién qua dém & nhiét & phong. Phan tmg dugc dimg lai bing nuéc, va hdn
hop thu duoc dugc chiét hai 1an bing etyl axetat. Pha hitu co duge két hop, dugc rira bing
nude va nude mudi bio hoa, duoc sa?'xy kho béng natri sulfat khan, dugc ¢6 déc, va duoc

tinh ché bing cot silica gel dé thu dugc chét trung gian 6 v6i higu sudt 57,3%.

'H NMR (400 MHz, CDCLs) § 8,87 (d, J = 8,0 Hz, 1H), 8,41-8,37 (m, 1H), 8,09-
8,04 (m, 1H), 7,80 (s, 1H), 7,44-7,41 (m, 1H), 5,96 (s, 2H), 5,75 (d, T = 8,0 Hz, 2H), 5,28
s, 1H), 5,19 (s, 1H), 4,99 (s, 1H), 4,91 (s, 1H ), 3,74-3,68 (m, 4H), 3,67-3,64 (m, 2H),
3,63-3,59 (m, 2H), 1,71-1,68 (m, 6H), 0,95-0,91 (m, 4H), 0,03 (s , 9F), 0,02 (s, 9H).

Téng hop chit trung gian 20: (2-((5-etyl-2-flo-4-(4.4.5.5-tetrametyl-1,3.2-

dioxaboran-2-yl)phenoxy)metoxy)etyDtrimetylsilan

1. Tdéng hop chét trung gian 17: 5-etyl-2-flophenol

5-brom-2-flophenol (200,0 mg, 1,05 mmol) va bis(tri-tert-butylphospho) paladi
(10,7 mg, 0,02 mmol) dwoc hoa tan trong 10 ml THF. Khong khi dugc thay thé bang nito,
cong doan nay duoc lap 3 14n. Nhiét d6 dugc ha xuéng 10-20°C. dung dich kém dietyl 1
mol/l (2,3 ml, 2,30mmol) dwoc b sung nhé giot. Sau khi viéc bd sung hoan tat, nhiét d6
duoc nang 1én dén 50°C. Phan ung dugc thuc hién qua dém, va nhiét d6 duoc 1am mat vé
0°C. Phan ung dugc ding lai béng nudc, va duoc loc béng xé-lit. TAm xé-lit dugc rira béng
etyl axetat. Dich loc dugc chiét béng etyl axetat, va céc pha hitu co dugc Kkét hop, dugc rira
bang dung dich natri clorua bdo hoa, va dugc sdy khd bang natri sulfat khan. Sau khi siy
kho, san phém duoc c6 dac va dugc tach bi‘mg sic ky cot dé thu dugc dau long v6i hi€u

suit 65,1%.

'H NMR (400 MHz, CDCls) 86,97 (d, J = 8,0 Hz, 1H), 6,85 (d, J = 12,0 Hz, 1H),
6,69 — 6,65 (m, 1H), 2,61 —2,55 (m, 2H), 1,21 (¢, J =8,0 Hz, 3H).
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2. Téng hop chét trung gian 18: 4-brom-5-etyl-2-flophenol

Chét trung gian 17 (200,1 mg, 1,43mmol) dugc hoa tan trong 6 ml axetonitril, roi
CuBr; (957,5 mg, 4,29mmol) dugc bd sung. Hon hop duoc khudy & nhiét d6 phong trong
3 gi®. Phan ting dugc dimg lai bing nudc, dugce chiét bing etyl axetat, va pha hitu co duoc
rira bang dung dich natri clorua bio hoa va dugc siy kho bing natri sulfat khan. San pham

duoc c6 dac va duogc tach béng séc ky cot dé thu duoc dau khéng mau, hiéu suét: 78,1%.

'H NMR (400 MHz, CDCI3) 87,25 (d, J = 12,0 Hz, 1H), 6,89 (d, J = 12,0 Hz, 1H),
2,69 — 2,63 (m, 2H), 1,19 (¢, J = 12,0 Hz, 3H).

3. Téng hop chét trung gian 19: 2-((4-brom-5-etyl-2-

flophenoxy)metoxy)etyDtrimetylsilan

Chét trung gian 18 (220,0 mg, 1,00mmol) dugc hoa tan trong 6 ml DCM, DIPEA
(130,5 mg, 1,10mmol) dwgc bd sung, va nhiét @6 dwoc ha xudng 0°C. SEMCI (168,2 mg,
1,10 mmol) dugc bd sung nho giot & 0°C. Sau khi bd sung, nhiét 3§ dugc nang 1én nhiét
d6 phong, va phan tmg dugc thuc hién trong 8 gid. Phan tmg duoc dimng lai bing nuéce, va
duoc chiét béng DCM. Pha hitu co dugc rira béng dung dich natri clorua bdo hoa, va duogc
sdy kho bang natri sulfat khan. San phdm duogc ¢ dic dé thu duoc dau khong mau, hidu

suét thd: 99,1%.

'H NMR (400 MHz, CDCI3) 87,26 (d, J = 12,0 Hz, 1H), 6,89 (d, J = 12,0 Hz, 1H),
5,24 (s, 2H) 3,82 - 3,78 (m, 2H) 2,67 — 2,62 (m, 2H), 1,19 (t, J = 12,0 Hz, 3H), 0,98 — 0,94
(m, 2H), 0,01 (s, 9H).

4. Tbng hop chét trung gian 20: (2-((5-etyl-2-flo-4-(4.4.5.5-tetrametyl-1.3,2-

dioxaboran-2-yl)phenoxy)metoxy)etyl)trimetylsilan

Hop chit 19 (280,0mg, 0,80mmol), pinacol borat (206,1mg, 0,80mmol),
Pd(dppf)Cl> (59,2mg, 0,08mmol) va KOAc (237,5mg, 2,40mmol) dugc hoa tan trong
1, 4-dioxan (6 ml). Khdng khi dugc thay thé béng nito, cong doan nay dugc ldp 3 14n. Hon
hop dugc 1am néng dn 100°C va phan tmg dwoc thuc hién qua dém. Sau khi phan tmg
hoan tt, n6 dugc dimng lai béng nude, duge chiét béng etyl axetat, va pha hitu co dugc rira
biang dung dich natri clorua bdo hoa, va dugc siy kho bing natri sulfat khan. San phdm
duoc cb dac va dugc tach béng sdc ky cot dé thu duoc dau khong mau, hi€u suit: 56,2%.
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'H NMR (400 MHz, CDCI3) 57,48 (d, J = 12,0 Hz, 1H), 7,02 (d, J = 8,0 Hz, 1H),
5,28 (s, 2H), 3,82 — 3,78 (m, 2H) 2,89 — 2,83 (m, 2H), 1,35 (s, 12H), 1,17 (t, J = 8,0 Hz,
3H), 0,98 — 0,94 (m, 2F), 0,01 (s, 9F).

Tdng hop chét trung gian 7 (2-(6-(2-etyl-5-flo-4-((2-

(trimetylsilyl)etoxy)metyl)hydroxyphenyl)1-((2-(trimetylsilyDetoxy)metyl)-1H-indazol-
3-y1)-1-((2-(trimetylsilyletoxy)metyl)-4.6-dihydropyrolo[3.4-dlimidazol-5(1H)-y1)(5-

(piperidin-1-yl)pyrazin-2-yl)keton

Chét trung gian 6 (65,0 mg, 0,09 mmol), (2-((5-etyl-2-flo-4-(4,4,5,5-tetrametyl-
1,3,2-dioxaboran-2-yl)phenoxy)metoxy)etyl)trimetylsilan (40,9 mg, 0,10 mmol),
Pd(dppf)Cl2 (6,3 mg, 0,01 mmol) va kali phosphat (25,3 mg, 0,26 mmol) dugc hoa tan
trong 1,4-dioxan (10 ml) va nudc (2 ml). Khong khi duoc thay thé bing nito 3 14n. Han
hop dugc lam noéng dén 100°C, duoc cho phén tng qua dém, va dugc lam mat v& nhiét d6
phong. Nuéc duoc bd sung va hdn hop dugce chiét 2 1an bang etyl axetat. Pha hitu co duoc
két hop, duoc rira bing nude va nude mudi bio hoa, duoc siy kho bang natri sulfat khan,
duge ¢6 dic, va duge tinh ché bing cot silica gel dé thu duogc chit trung gian 7 voi hidu

suit 52,8%.

'H NMR (400 MHz, CDCI3) § 8,87 (dd, J = 8,0 Hz, T = 4,0 Hz, 1H), 8,54 (dd, J =
8,0 Hz, J = 20,0 Hz, 1H), 8,10 (dd, J = 8,0 Hz, 1H), 7,48 (s, 1H), 7,27 (s, 1H), 7,20 (d, T =
8,0 Hz, 1H), 7,06 (d, J = 12,0 Hz, 1H), 6,00 (s, 2H), 5,79 (d, T = 4,0 Hz, 2H), 5,35 (s, 2H),
5,33 (s, 1H), 5,29 (s, 1H), 5,20 (s, 1H), 5,01(s, 1H), 3,91 (t, J = 8,0 Hz, J = 20,0 Hz, 2H),
3,76-3,74 (m, 4H), 3,64-3,62 (m, 4H), 2,58 (t, = 8,0 Hz, T = 16,0 Hz, 2H), 1,74 -1,72 (m,
6H), 1,10-1,06 (m, 3H), 0,95-0,91 (m, 6H), 0,06 (s, 9F), 0,04 (s, 9H), 0,03 (s, 9H).

Téng hop hop chit 8 (cu thé 14 MDI-2): (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-
indazol-3-yl)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-y])(5-(piperidin-1-yl)pyrazin-2-

ylketon

Chét trung gian 7 (43,0 mg, 0,05 mmol) dwoc hoa tan trong metanol (4 ml), rdi axit
clohydric dam déc (2 ml) dugc bd sung. Hon hop dugc 1am néng dén 50°C, dugce cho phan
ung trong 6 gio, va dugc cd dic. Chét rén thu dugc dugc hoa tan trong 1 ml metanol, pH
dugc didu chinh vé 8-9 bing dung dich natri bicacbonat, rdi tiép ¢6 hdn hop thu dwgc dugc
chiét 4 14n bing diclometan. Pha hitu co dugc két hop, dwoc sy kho bang natri sulfat khan,
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va duoc tinh ché bang tdm tinh ché d8 thu duoc 4,5 mg san phdm cubi cing v6i hidu suit
18,0%.

'H NMR (400 MHz, MeOD-d4) § 8,67 (s, 1H), 8,28 (dd, J = 8,0 Hz, J = 4,0 Hz,
1H), 8,21 (s, 1H), 7,40 (s, 1H), 7,18 (dd, J = 8,0 Hz, J = 4,0 Hz, 1H), 6,96-6,89 (m, 2H),
5,14 (s, 2H), 4,82 (s, 2H), 3,76-3,73 (m, 4H), 2,58 (dd, T = 12,0 Hz, J = 8,0 Hz, 2H), 1,76-
1,66 (m, 6H), 1,10 (t, J = 8,0 Hz, 3H).

Vi du 2: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-4.6-
dihydropyrolo[3.4-d]imidazol-5(1 H)-y])(5-morpholinpyrazin-2-yl)keton (MDI-201)

(o] —N
Y ) o

N

MDI 201

Con dudng tdng hop MDI-201:
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Phuong phép tdng hop:

T8ng hop chét trung gian MDI-201-1: Metyl 5-morpholin pyrazin-2-carboxylat

Metyl 5-clo-pyrazin-2-carboxylat (1,5 g, 8,7 mmol) dugc hoa tan trong 10 ml DMF,
va N,N-diisopropyletylamin (3,0 ml, 17,4 mmol) va morpholin (0,91 g, 10,4 mmol) dugc
bd sung. Hon hop dugc khudy qua dém & nhiét d6 phong. Trong diéu kién khudy manh,
nude duge bd sung va chit rin dugce két tua, va duoc loc. Banh loc thu dugc duge rira béng

nudc, va duge siy kho dé thu duoc chit trung gian MDI-201-1 véi hiéu suét 72,2%.

T8ng hop chét trung gian MDI-201-2: axit 5-morpholinpyrazin-2-carboxylic

Chit trung gian MDI-201-1 (1,4 g, 6,27 mmol) dugc hoa tan trong 20 ml
tetrahydrofuran va 20 ml nudc, lithi hydroxit (0,32 g, 7,53 mmol) duoc bd sung, va phan
tmg dugc thyc hién & nhiét d6 phong trong 4 gid. Hon hop phan tmg dugc ¢b dic bing
cach chung ct tetrahydrofuran duéi 4p suét thip va dugc diéu chinh bang HC1 1 N vé
pH=4. Chét rdn dugce két tia, va dugce loc. Banh loc thu duge dugc rira béng nudc, va duoc

séy kho dé thu dugc chét trung gian MDI-201-2 véi hiéu suét 99,1%.
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'H NMR (400 MHz, CDCI3) § 8,92 (s, 1H), 8,04 (s, 1H), 3,88-3,86 (m, 4H), 3,80-
3,77 (m, 4H).

Téng  hop  chit  trung  gian  MDI-201-3: (2-(6-brom-1-((2-
(trimetylsilyDetoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyDetoxy)metyl)-4.6-

dihydropyrolo[3.4-dJimidazol-5(1 H)-y])(5-morpholinpyrazin-2-yketon

Chét trung gian MDI-201-2 (27,4 mg, 0,13 mmol) va N, N-diisopropyletylamin
(46,0 mg, 0,36 mmol) duogc hoa tan trong DMF, rdi HATU (67,8 mg, 0,18 mmol) dugc bd
sung. Phan tig dugc thuc hién & nhiét d6 phong trong 10 phit. Chat trung gian tert-butyl
2-(6-bromo 1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1-((2-(trimetylsilyl)
etoxy)metyl)-4,6-dihydropyrolo[3,4-dJimidazol-5(1H)-carboxylat (80 mg, 0,12 mmol)
duoc hoa tan trong 5 ml diclometan, rdi 1 ml axit trifloaxetic duoc bd sung. Hon hop duoc
khqu & nhiét d6 phong trong 30 phut, va dugc c6 dac dé thu dugc cin. Cin duge hoa tan
trong diclometan va dugc c6 ddc dén kho, cong doan nay duoc 13p 3 14n. Cin thu duoc
duoc hoa tan trong DMF, rdi tiép d6 duoc bd sung tir tir vao dung dich phan g trudce déb.
Phan tmg dwoc thuc hién & nhiét d6 phong qua dém, va nudc duge bd sung dé dimg phan
tmg. H8n hop dugc chiét hai 14n bang etyl axetat va cac pha hitu co dugc két hop, duoc
ria béng nude va nude mudi bao hoa, duge séy kho béng natri sulfat khan, dugc cd dic,
va dugce tinh ché qua cot silica gel dé thu duoc chét trung gian MDI-201-3 v&i hiéu suit

47,8%.

'H NMR (400 MHz, CDCLs) & 8,91 (d, J = 8,0 Hz, 1H), 8,44-8,36 (m, 1H), 8,10 (d,
J=8,0 Hz, 1H), 7,80 (s, 1H), 7,46 -7,41 (m, 1H), 5,96 (s, 2H), 5,74 (d, T = 4,0 Hz, 2H),
527 (s, 1H), 5,19 (s, 1H), 5,00 (s, 1H), 4,92 (s, 1H), 3,90-3,88 (m, 4H), 3,75-3,72 (m, 4H),
3,64-3,58 (m, 4H), 0,96-0,89 (m, 4H), 0,03 (s, 9H), 0,02 ( s, 9H).

Téne hop chit trung gian MDI-201-4:  (2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilyl)etoxy)metyl)hydroxyphenyl)1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-
3-y1)-1-((2-(trimetylsilyDetoxy)metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-y1)(5-

morpholinpyrazin-2-yl)keton

Chét trung gian MDI-201-3 (43,0 mg, 0,06 mmol), (2-((5-etyl-2-flo-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)phenoxy)metoxy)etyl)  trimetylsilan (27,1 mg,
0,07 mmol), Pd(dppf)CI2 (4,2 mg, 0,006 mmol) va kali phosphat ( 36,2 mg, 0,17 mmol)
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duoc hoa tan trong 1,4-dioxan (10 ml) va nuée (2 ml). Khong khi dugc thay thé bang nito,
céng doan nay dugc lap lai 3 14n. Hon hop dugc 1am néng dén 100°C, dugc cho phan tng
qua dém, dugc lam mat v& nhiét d6 phong. Nude dugce bd sung va hdn hop thu duoc duoc
chiét bing etyl axetat hai 1in. Pha hitu co dugc két hop, dugc rira bing nuée va nudc mudi
bdo hoa, duogc séy kho béng natri sulfat khan, dugc cd dic, va duge tinh ché béng cOt silica

gel @& thu dugc chét trung gian MDI-201-4 v6i higu suét 40,9%.

'H NMR (400 MHz, CDCI3) & 8,91 (dd, J = 4,0 Hz, J = 4,0 Hz, 1H), 8,52 (dd, T =
8,0 Hz, J = 16,0 Hz, 1H), 8,10 (dd, J = 8,0 Hz, T = 4,0 Hz, 1H), 7,49 (s, 1H), 7,27 (s, 1H),
7,20 (d, T = 8,0 Hz, 1H), 7,06 (d, J = 12,0 Hz, 1H), 6,00 (s, 2H), 5,79 (d, T = 4,0 Hz, 2H),
5,35 (s, 2H), 5,29 (s, 1H), 5,20 (s, 1H), 5,02(s, 1H), 4,94 (s, 1H) ), 3,91-3,86 (m, 6H), 3,76-
3,72 (m, 4H), 3,65-3,61 (m, 4H), 2,58 (t, J = 8,0 Hz, 2H), 1,10-1,03 (m, 3H), 0,95-0,91 (m,
6H), 0,06 (s, 9H), 0,04 (s, 9H), 0,03 (s, 9H).

Tbéng hop MDI-201: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-4.6-

dihydropyrolo[3.4-dlimidazol-5(1 H)-y1)(5-morpholinpyrazin-2-yl)keton

Chét trung gian MDI-201-4 (22,0 mg, 0,02 mmol) dugc hoa tan trong metanol
(4 ml), rdi axit clohydric ddm dic (2 ml) dugc bd sung. Hon hop dugce 1am néng dén 50°C,
duogc cho phan ting trong 6 gio, va duoc co déc. Chét rén thu dugc duge hoa tan véi 1 ml
metanol, rdi 2 ml dung dich amoniac ddm ddc dugc bd sung. Hon hop thu duge duge co
dic thanh cdn. Can duoc hoa tan trong metanol va dugce c6 dic dén kho, cong doan nay
duoc lap lai 3 14n. Cin thu dugc duge tinh ché bing tAm tinh ché dé thu duoc 8 mg san

pham cudi cung, véi higu suat 61,9%.

'H NMR (400 MHz, DMSO0-d6) § 13,35 (s, 1H), 9,89 (s, 1H), 8,66 (d, J = 4,0 Hz,
1H), 8,38-8,33 (m, 2H), 7,42 (s, 1H), 7,15 (d, T = 8,0 Hz, 1H), 7,06 (d, J = 12,0 Hz, 1H),
6,95 (d,J = 8,0 Hz, 1H), 5,05 (s, 2H), 4,72 (s, 2H), 3,76-3,74 (m, 4H), 3,71-3,68 (m, 4H),
2,52 (dd, T = 12,0 Hz, J = 4,0 Hz, 2H), 1,05 (t, ] = 8,0 Hz, 3H).

Vi du 3: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-4.6-
dihydropyrolo[3.4-dlimidazol-5(1H)-y1)(1-metyl-1H-pyrazol-4-yl)keton (MDI-202)

98



44306

MDI 202

Con dudng tdng hop MDI-202:

SEM .
N \
7/ N
Br N\ EM Br N\
S SEM
MDI-202-1

MDI-202-2 MDI-202

Phuong phép tong hop:

Tdng hop chét trung gian MDI-202-1: (2-(6-brom-1-((2-

99/271

(trimetylsilyDetoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsily])etoxy)metyl)-4.6-
dihydropyrolo[3.4-dlimidazol-5(1 H)-y1)(1-metyl-1H-pyrazol-4-yl)keton

Chéat trung gian axit 1-metyl-1H-pyrazol-4-carboxylic (16,5 mg, 0,13 mmol) va
N,N-diisopropyletylamin (46,0 mg, 0,36 mmol) duoc hoa tan trong DMF, rdi HATU
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(67,8 mg, 0,18 mmol) duogc bd sung. Phan tng dugc thuc hién & nhiét d§ phong trong 10
phut. Chét trung gian tert-butyl 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-
y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-carboxylat

(80 mg, 0,12 mmol) dugc hoa tan trong 5 ml diclometan, r6i 1 ml axit trifloaxetic dugc bd
sung. Hon hop duoc khudy & nhiét d6 phong trong 30 phut, va duoc ¢b dic dé thu duge
cin. Cin dugc hoa tan trong diclometan va duoc cd dic dén khd, cdng doan nay dugc ldp
lai 3 14n. Cn thu dugc duoc hoa tan trong DMF rdi tiép d6 duogc bbd sung tur tir vao dung
dich phan tmg trudc do. Phan img dugc thuc hién & nhiét d¢ phong qua d€m, va nudc dugce
b sung @& dimg phan tmg. Hon hop thu dugc dugc chiét hai 1an bing etyl axetat, va cic
pha hitu co dugc két hop, dugc rira bing nudc va nude mudi bio hoa, dwoc sdy khd bing
natri sulfat khan, duogc c6 dic, va duge tinh ché béng cOt silica gel dé thu duoc chét trung

gian MDI-202-1 v&i hiéu sut 41,3%.

'H NMR (400 MHz, CDCI3) & 8,43 (dd, J = 8,0 Hz, J = 20,0 Hz,1H), 7,98 (d, J =
4,0 Hz, 2H), 7,81(s, 1H), 7,45 (d, T = 8,0 Hz, 1H), 5,96 (s, 2H), 5,75 (s, 2H), 5,02-4,85 (m,
4H), 4,01 (s, 3H), 3,64-3,59 (m, 4H), 0,97-0,91 (m, 4H), 0,03 (s, 9H), 0,02 (s, 9H).

Téng hop chit trung gian MDI-202-2:  (2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilyDetoxy)metyl)hydroxyphenyl)1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-
3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-y1)(1-

metyl-1H-pyrazol-4-yl)keton

Chit trung gian MDI-202-1 (33 mg, 0,05 mmol), (2-((5-etyl-2-flo-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)phenoxy)metoxy)etyl) — trimetylsilan (23,3 mg,
0,06 mmol), Pd(dppf)Cl2 (3,6 mg, 0,005 mmol) va kali phosphat ( 31,3 mg, 0,15 mmol)
dwoc hoa tan trong 1,4-dioxan (10 ml) va nudc (2 ml). Khong khi duge thay thé bang nito,
cong doan nay duoc Lip lai 3 14n va hdn hop dugc 1am néng dén 100°C, dugc cho phan
ung qua dém, va dugc lam mat v& nhiét d6 phong. Nudc duge bd sung va hén hop duogc
chiét bing etyl axetat hai l4n. Pha hitu co dwoc két hop, dugce rira bing nudce va nude mudi
bdo hoa, dugc séy kho bing natri sulfat khan, duoc c6 dic, va dugc tinh ché bang cot silica

gel @& thu dugc chét trung gian MDI-202-2 v&i hiéu suét 85,0%.

'H NMR (400 MHz, CDCI3) § 8,48 (d, T = 8,0 Hz, 1H), 7,98 (d, J = 4,0 Hz, 2H),
7,49 (s, 1H), 7,20 (s, 1H), 7,18 (d , T=8,0 Hz, 1H), 7,06 (d, T = 12,0 Hz, 1H), 6,00 (s, 2H),
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5,79 (s, 2H), 5,35 (s, 2H), 5,04-4,87 (m, 4H) , 4,01 (s, 3H), 3,91 (t, J = 8,0 Hz, ] = 20,0 Hz,
2H), 3,67-3,61 (m, 4H), 2,58 (d, ] = 8,0 Hz, 2H), 1,11-1,07 (m, 3H), 0,95-0,91 (m, 6H),
0,06 (s, 9H), 0,03 (s, 9H), 0,02 (s, 9H).

Téng hop hop chit MDI-202: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
y1)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-y1)(1-metyl-1H-pyrazol-4-yl)keton

Chét trung gian MDI-202-2 (36,0 mg, 0,04 mmol) duoc hoa tan trong metanol
(4 ml), r6i axit clohydric ddm déc (2 ml) dugc bd sung. H3n hop dwoc 1am néng dén 50°C,
dugc cho phan Gng trong 6 gio, va dugc c6 dic. Chét rin duoc hoa tan véi 1 ml metanol,
10i 2 ml dung dich amoniac ddm d3c duge bd sung. Hon hop dugc ¢b dic d8 thu duoc cin.
Cin duoc hoa tan trong metanol va dugc c6 dic dén khd, cong doan nay dugc 13p lai 3 lan.
Cin thu dugc dugc tinh ché bang tAm tinh ché dé thu duoc 5,0 mg san phim cubi cing véi

hidu suét 25,4%.

'H NMR (400 MHz, DMSO-d6) & 13,33 (s, 1H), 12,87 (s, 1H), 9,89 (s, 1H), 8,35
(d, T = 8,0 Hz, 2H), 7,94 (s, 1H) , 7,42 (s, 1H), 7,15 (d, J = 8,0 Hz, 1H), 7,06 (d, T = 12,0
Hz, 1H), 6,95 (d, J = 12,0 Hz, 1H), 4,89(s, 2H) , 4,67 (s, 2H), 3,92 (s, 3H), 2,51-2,48 (m,
2H), 1,05 (t, T = 8,0 Hz, 3H).

Vi du 4: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3.4-
dlimidazol-5(1H, 4H.6H)-yl)(1-metylpiperidin-4-yl)keton (MDI-203)

MDI-203 ciing c¢6 thé dwoc goi 1a 5-etyl-2-flo-4-{3-[5-(1-metylpiperidin-4-
carbonyl)-1H,4H,5H,6H-pyrolo[3,4-d]imidazol-2-y1]-1H-indazol-6—y1}phen01.

MDI 203

Con dudng tdng hop MDI-203:
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Phuong phap téng hop:

Tdng hop chét trung gian MDI-203-1: (2-(6-brom-1-((2-
(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl) pyrolo[3.4-
dlimidazol-5(1H.4H,6H)-y])(1-metylpiperidin-4-yl)keton

Axit l-metylpiperidin-4-carboxylic (18,6 mg, 0,13 mmol) va N,N-
diisopropyletylamin (46,0 mg, 0,36 mmol) duoc hoa tan trong DMF, rd6i HATU (67,8 mg,
0,18 mmol) dugc bd sung. Phan ting dwoc thyc hién & nhiét d6 phong trong 10 phut. Chat
trung gian tert-butyl 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1-((2-
(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d] imidazol-5(1H)-carboxylat (80 mg,
0,12 mmol) duogc hoa tan trong 5 ml diclometan, di 1 ml axit trifloaxetic dugc bd sung.
Hbn hop phan tmg duoc khudy & nhiét do phong trong 30 pht, va dugc cd déc & thu dugc
can. Cin duoc hoa tan trong diclometan va dugc c6 dédc dén kho (dé loai bo axit
trifloaxetic), cong doan nay dugc ldp lai 3 lan. Tiép do6 can thu dugc dugce hoa tan trong
DMEF, rdi dugc bd sung tir tir vao dung dich phan tmg truée d6. Phan tmg duoc thuc hién
& nhiét 46 phong qua dém. Nude dugc bd sung dé dimg phan tmg. Hon hop thu dwoc duge
chiét hai 14n bing etyl axetat va cac pha hitu co duge két hop, dugc rira bing nudce va nude
mudi bio hoa, dugc sdy kho béang natri sulfat khan, dugc c6 dic, va dugc tinh ché bang cot
silica gel dé thu duoc chit trung gian MDI-203-1 véi hiéu suét 40,2%.
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'H NMR (400 MHz, CDCI3) 88,29-8,22 (m,1H), 7,76 (s, 1H), 7,41-7,26 (m, 1H),
5,85 (s, 2H), 5,69 (s, 2H), 4,88 -4,59 (m, 4H), 3,63-3,54 (m, 6H), 3,21-2,81 (m, 5H), 2,28-
2,01 (m, 4H), 0,93-0,83 (m, SH), 0,03 (s, 9H) , 0,02 (s, 9H).

Téng hop chit trung  gian  MDI-203-2:  (2-(6-(2-etyl-5-flo-4-((2-

(trimetylsilyl)etoxy)metoxy)phenyl)1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1-
((2-(trimetylsilyl)etoxy)metyl)pyrolo[3.4-d]imidazol-5(1H, 4H.6H)-y1)(1-metylpiperidin-

4-yl)keton

Chét trung gian MDI-203-1 (41,29 mg, 0,06 mmol), (2-((5-etyl-2-flo-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)phenoxy)metoxy)etyl)trimetylsilan (27,1 mg,
0,07 mmol), Pd(dppf)CI2 (4,2 mg, 0,006 mmol) va kali phosphat ( 36,2 mg, 0,17 mmol)
duoc hoa tan trong 1,4-dioxan (10 ml) va nude (2 ml). Khong khi dugc thay thé bang nito,
cong doan nay duoc ldp la1 3 l4n. Hon hop duoc lam néng dén 100 °C, dugc cho phan tmg
qua dém, va dugc lam mat vé nhiét 46 phong. Nuéc duge bd sung va hdn hop thu duoc
duoc chiét bing etyl axetat hai 1dn. Pha hitu co duge két hop, dwgc rira bing nude va nuée
mudi bdo hoa, dugc siy kho béng natri sulfat khan, dugc ¢d dic, va dugc tinh ché bing cot

silica gel d8 thu dwgc chit trung gian MDI-203-2 v&i hiéu sudt 40,9%.

'H NMR (400 MHz, CDCI3) 58,50-8,44 (m,1H),7,49 (s, 1H), 7,22 (dd, J =
12,0Hz,2H), 7,04 (d, T = 12,0Hz,1H), 5,98 (d, ] = 12,0Hz,2H), 5,78(s, 2H), 5,34(s, 2H),
4.84-4.69 (m, 4H), 3,90-3,86 (m, 2H), 3,66-3,58 (m, 4H), 3,38-3,30 (m, 2H), 2,61-2,54 (m,
5H), 2,13-2,05 (m, 4H), 1,10-1,01 (m, 5H), 0,97-0,89 (m, 3H), 0,03 (s, 9H), 0,02 (s, 18H).

Tng hop hop chit MDI-203: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
vDpyrolo[3.4-d]imidazol-5(1H.4H.6H)-y1)(1-metylpiperidin-4-yl)keton

Chét trung gian MDI-203-2 (26,4 mg, 0,03 mmol) dugc hoa tan trong metanol
(4 ml), 1di axit clohydric d4m déc (2 ml) duoc bd sung. Hon hop duoc lam néng dén 50
°C, dugc cho phan ing trong 6 giod, va duge cb déc. Chét rin duoc hoa tan trong 1 ml
metanol, 10i 2 ml dung dich amoniac dam déc dugc bd sung. San phém duoc cb dic dé thu
duoc cin. Cin dugc hoa tan trong metanol va dugc c6 dac dén kho (dé loai bd nudce
amoniac), cong doan nay dugc ldp lai 3 1An. Sau khi tach, 5,0 mg san phdm cudi cung thu

duoc véi hiéu sudt 34,2%.
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'H NMR (400 MHz, DMSO-d6) & 13,35 (s, 1H), 9,87 (s, 1H), 9,24 (s, 1H), 8,32 (d,
J=80Hz, 1H), 7,42 (5, 1H), 7,22 (d, T = 8,0 Hz, 1H), 7,03 (d, J = 12,0 Hz, 1H), 6,96 (d,
J=12,0 Hz, 1H), 4,80 (s, 2H), 4,48 (s, 2H) , 3,04-3,01 (m, 2H), 2,79 (s, 3H), 2,55-2,51 (m,
2H), 2,05-1,99 (m, 3H), 1,85-1,78 (m, 2H), 1,01-0,98 (m, 3H). Tin hiéu cita hai H bj che
bsi dinh nuéc (6=3,37). |

Vi du 5: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3.4-
dlimidazol-5(1H 4H.6H)-y1)(5-(4-metylpiperazin-1-yl)pyrazin-2-yl)keton (MDI-204)

MDI-204 ciing c6 thé duoc goi la 5-etyl-2-flo-4-{3-[5-(4-metylpiperazin-1-
carbonyl)-1H,4H,5H,6H-pyrolo[3,4-d]imidazol-2-yl]-1H-indazol-6-yl } phenol.

MDI-204-2

Phuong phép tdng hop:
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T8ng hop chit trung gian MDI-204-1: (2-(6-brom-1-((2-(trimetylsilyl)
etoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)pyrolo[3.4-d]imidazol-
5(1H, 4H.6H)-y)(5-(4-metylpiperazin-1-yl)pyrazin-2-yl)keton

Axit 5-(4-metylpiperazin-1-yl)pyrazin-2-carboxylic (28,9 mg, 0,13 mmol) va N,N-
diisopropyletylamin (46,0 mg, 0,36 mmol) duoc hoa tan trong DMF, rdi HATU (67,8 mg,
0,18 mmol) dugc b6 sung. Phan ting dugc thuc hién & nhiét d6 phong trong 10 phut. Chét
trung gian tert-butyl 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1-((2-
(trimetylsilyl etoxy)metyl)-4,6-dihydropyrolo[3,4-dJimidazol-5(1H)-carboxylat (80 mg,
0,12 mmol) dugc hoa tan trong 5 ml diclometan, rdi 1 ml axit trifloaxetic duoc bd sung.
H&n hop phan ting duoc khudy & nhiét @6 phong trong 30 phut, va duoc ¢b dic dé thu dugc
cin. Cin dugc hoa tan trong diclometan va dugc cd dic dén kho (dé loai bo axit
trifloaxetic), cong doan nay dugc lap lai 3 lan. Tiép d6 cédn thu dugc dugce hoa tan trong
DMF, 1di dugc bb sung tir tir vao dung dich phén tmg trudc d6. Phan tmg duoc thuc hién
& nhiét 36 phong qua dém. Nudc duge bd sung dé dimg phan tmg, va hdn hop thu dugc
duoc chiét hai 14n bing etyl axetat. Pha hitu co duoc két hop, dugc rira bang nude va nude
mubi bio hoa, duoc séy kho bz‘?mg natri sulfat khan, dugc ¢6 dic, va dugc tinh ché béng cot

silica gel dé thu duoc chét trung gian MDI-204-1 v6i hiéu suat 43%.

'H NMR (400 MHz, CDCI3) 58,86-8,84 (m,1H), 8,41-8,33 (m,1H), 8,07-8,05
(m,1H), 7,76 (d, J = 4,0Hz, 1H), 7,42-7,38 (m, 1H), 5,92 (s, 2H), 5,70(d, J = 4,0Hz, 2H),
5.23-4,88(m, 4H), 3,77-3,65 (m, 4H), 3,61-3,55 ( m, 4H), 2,55 (t, J = 4,0Hz, 4H), 2,37 (s,
3H), 0,94-0,83 (m, 4H), 0,03 (s, 9H), 0,02 (s, 9H).

Téng hop chidt trung gian MDI-204-2:  (2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilyl)etoxy)metoxy)phenyl)1-((2-(trimetylsilyl)etoxy)metyl)- 1H-indazol-3-yl)-1-
((2-(trimetylsilyl)etoxy)metyl)pyrolo[3.4-d]imidazol-5( 1H 4H.6H)-yD(5-(4-

metylpiperazin-1-yl)pyrazin-2-yl)keton

Chét trung gian MDI-204-1 (46,0 mg, 0,06 mmol), (2-((5-etyl-2-flo-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)phenoxy)metoxy)etyl)trimetylsilan (27,1 mg,
0,07 mmol), Pd(dppf)Cl> (4,2 mg, 0,006 mmol) va kali phosphat ( 36,2 mg, 0,17 mmol)
duoc hoa tan trong 1,4-dioxan (10 ml) va nuée (2 ml). Khong khi dugc thay thé bang nito,

cong doan nay dugc 1dp lai 3 14n. H8n hop dwoc 1am néng dén 100 °C, dwoc cho phan tmg
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qua dém, va dugc 1am mat vé nhiét do phong. Nude duge bd sung va hdn hop thu dugc
duoc chiét bing etyl axetat hai 14n. Pha hitu co duge két hop, duge rira bing nudc va nude
mubi bdo hoa, duoc séy kho béng natri sulfat khan, duoc ¢6 dic, va dugc tinh ché b%mg cot

silica gel dé thu duoc chét trung gian MDI-204-2 v6i hiéu suat 47,2%.

'H NMR (400 MHz, CDCI3) $8,86-8,84 (m,1H), 8,51-843 (m,1H), 8,08-8,06
(m,1H), 7,45 (d, T = 4,0Hz, 1H), 7,26 -7,23 (m, 1H), 7,21-7,14 (m, 1H), 7,02 (d, J = 8,0Hz,
1H), 5,97 (s, 2H), 5,75(d, ] = 4,0Hz, 2H), 5,32 (s, 2H), 5,25-5,16 (m, 2H), 4,99-4,90 (m,
2H), 3,87-3,83 (m, 2H), 3,77-3,74 (m, 4H), 3,63-3,56 (m, 4H), 2,56-2,51 (m, 6H), 2,37 (s,
3H), 1,07-1,01 (m, 3H), 0,99-0,88 (m, 6H), 0,03 (s, 9H),-0,07(s, 9H),- 0,09 (s, 9H).

Tng hop hop chit MDI-204: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
yD)pyrolo[3.4-d]imidazol-5(1H.4H.6H)-y1)(5-(4-metylpiperazin-1-yl)pyrazin-2-yl)keton

Chét trung gian MDI-204-2 (28,7 mg, 0,03 mmol) duoc hoa tan trong metanol
(4 ml), rdi axit clohydric ¢dm dic (2 ml) dugc bd sung. Hon hop dugc lam néng dén 50
°C, dugc cho phan tng trong 6 gid, va dugc cb dac. Chét rén thu duoc duge hoa tan trong
1 ml metanol, r6i 2 ml dung dich amoniac ddm d3c dugc bd sung. Hon hop dugc cd dic dé
thu dugc cin. Cin duoc hoa tan trong metanol va duoc c6 déc dén kho (dé loai bd nudc
amoniac), cdng doan nay duoc ldp lai 3 1an. Sau khi tach, 4,0 mg san phim cudi cing thu

duge v6i hiéu sudt 23,51%.

IH NMR (400 MHz, DMSO-d6) & 13,29 (s, 1H), 12,79 (d, J =16,0 Hz, 1H), 9,85 (s,
1H), 8,62 (s, 1H), 8,36 (s, 1H) ,8,34-8,30 (m, 1H),7,40 (s, 1H), 7,14-7,10 (m, 1H), 7,03 (d,
T=12,0 Hz, 1H), 6,92 (d, J = 12,0 Hz, 1H), 5,08-4,65 (m, 4H), 2,55-2,49 (m, 6H), 2,24 (s,
3H), 2,03-1,97 (m, 4H), 1,04-1,02 (m, 3H).

Vi du 6: (2-(6-(2-etyl-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3.4-d]imidazol-
5(1H 4H.6H)-y1)(5-(4-metylpiperazin-1-yl)pyrazin-2-yl)keton ( MDI-205)

MDI-205 ciing c6 thé duoc goi 1a 3-etyl-4-{3-[5-(4-metylpiperazin-1-carbonyl)-
1H 4H,5H,6H-pyrolo[3,4-d]imidazol-2-yl]-1H-indazol-6-y1} phenol.
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Con dudng téng hop MDI-205:
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Phuong phap tong hop:
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Téng hop chat trung gian MDI-205-1: 4-benzyloxy-2-etyl-iodobenzen

3-etyl-4-iodophenol (200 mg, 0,81 mmol), benzyl bromua (165,5 mg, 0,97 mmol)
va kali cacbonat (222,9 mg, 1,61 mmol) dugc hoa tan trong DMF. Phéan tng dugc thyuc
hién & nhiét d6 phong trong hai gio. Nudce dugc bd sung va hdn hop thu duogc duoc chiét
hai 1an béng EA. Pha hitu co dugc két hop, dugc rira bang nudc, nude mudi bdo hoa, duoc
sdy kho bang natri sulfat khan, dugc ¢6 dic, va dugc tinh ché bang cot silica gel dé thu

duge 250 mg san phim diu khong méau voi hiéu suit 91,7%.

'H NMR (400 MHz, CDCI3) §7,70 (d, J = 8,0 Hz, 1H), 7,46-7,36(m, SH), 6,92 (d,
T=4,0Hz, 1H), 6,57 (dd, J = 4,0 Hz, ] =8,0 Hz, 1H), 5,06 (s, 2H), 2,72 (dd, J= 8,0 Hz, J
=16,0 Hz, 2H), 1,22 (t, ] = 8,0 Hz, 3H).

Téng hop chit trung gian MDI-205-2: (2-(4-(phenoxy)-2-etyl phenyl)-4.4.5.5-
tetrametyl-1,3.2-dioxaboran

MDI-205-1 (250,0 mg, 0,74 mmol), pinacol borat (225, mg, 0,89 mmol),
Pd(dppfCl2 (54,0 mg, 0,07 mmol) va KOAc (217,6 mg, 2,22 mmol) dugc hoa tan trong
1,4-dioxan (10 ml). Khong khi dugc thay thé bang nito, cong doan ndy dugc 13p lai 3 lan.
Hbn hop dugc 1am néng dén 100°C va dugce cho phan ing qua dém. Sau khi phan tmg hoan
tat, n6 duoc dimg lai bang nudc, duoc chiét bing etyl axetat, va pha hitu co dugc rira béng
dung dich natri clorua bdo hoa, va dugc séy kh6 bang natri sulfat khan. San phim duoc cb

dic va duogc tach bing séc ky cot dé thu dugc diu khong mau véi hiéu suit 70%.

'H NMR (400 MHz, CDCI3) & 7,77 (d, T = 8,0 Hz, 1H), 7,47-7,34(m, 5H), 6,86-
6,80 (m, 2H), 5,11 (s, 2H), 2,93 (dd, J = 8,0 Hz, J =16,0 Hz, 2H), 1,35 (s, 12H), 1,21 (1, J
= 8,0 Hz, 3H).

Tng hop hop chdt MDI-205-3: (2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-
indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl) pyrolo[3.4-d]imidazol-5(1H.4H.6H)-y1)(5-

(4-metylpiperazin-1-yl)pyrazin-2-yl)keton

Chit trung gian axit 5-(4-metylpiperazin-1-yl)pyrazin-2 carboxylic (64,2 mg,

0,29 mmol) va N, N-diisopropyletylamin (93,2 mg, 0,72 mmol) dugc hoa tan trong DMF,

rdi HATU (109,7 mg, 0,29 mmol) dugc bd sung. Phan img dugc thuc hién & nhiét d phong

trong 10 phut. Chét trung gian tert-butyl 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-
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indazol-3-yl)-1-((2-(trimetylsilyletoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-

carboxylat (160,0 mg, 0,24 mmol) dugc hoa tan trong 5 ml diclometan, r6i 1 ml axit
trifloaxetic dugc bd sung. H3n hop phan tung dwoc khudy & nhiét d6 phong trong 30 phit,
va duoc ¢d dic dé thu duoc cin. Cin duoc hoa tan trong diclometan va dugc cd dic dén
kho (dé loai bé axit trifloaxetic), cong doan nay duoc lap lai 3 lan. Tiép d6 cén thu duoc
duoc hoa tan trong DMF, dugc bd sung tir tir vao dung dich phan tmg trude d6. Phan tmg
duoc thuc hién & nhiét 6 phong qua dém. Nude duge bd sung dé dirng phan tmg, va hdn
hop thu duge dugc chibt hai 14n bing etyl axetat. Pha hitu co dugce két hop, dugc rira bang
nuée va nude mudi bdo hoa, duge siy kho bing natri sulfat khan, dugc cb dic, va duge

tinh ché bang cot silica gel d& thu dugc cht trung gian MDI-205-3 v6i hidu suat 49,2%.

'H NMR (400 MHz, CDCI3) & 8,88 (dd, J = 8,0 Hz, ] = 4,0 Hz 1H), 8,42 (dd, J =
8.0 Hz, J = 20,0 Hz 1H), 8,10 (dd, J = 8,0 Hz, ] = 4,0 Hz 1H), 7,80 (s, 1H), 7,41-7,46 (m,
1H), 5,96 (s, 2H), 5,74 (d, T = 4,0 Hz, 2H), 5,27 (s, 1H), 5,19 (s, 1H), 4,99 (s, 1H), 4,91 (s,
1H), 3,80-3,78 (m, 4H), 3,63-3,59 (m, 4H), 2,59-2,56 (m, 4H), 2,40 (s , 3H), 0,97-0,91(m,
4H), 0,03(s, 9H), 0,02(s, 9H).

Téng hop hop chit MDI-205-4:  (2-(6-(4-(phenoxy)-2-etyl-phenyl)1-((2-
(trimetylsilyletoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy) metyl)pyrolo[3.4-
dlimidazol-5(1H.4H.6H)-y1)(5-(4-metylpiperazin-1-yl)pyrazin-2-yl)keton

Chét trung gian MDI-205-3 (91,0 mg, 0,12 mmol), chét trung gian MDI-205-2
(48,1 mg, 0,14 mmol), Pd(PPh3)4 (13,6 mg, 0,01 mmol) va kali phosphat (75,4 mg,
0,36 mmol) duoc hoa tan trong 1,4-dioxan (20 ml) va nudc (4 ml). Khong khi dugc thay
thé bing nito, cong doan nay duoc lap lai 3 14n. H8n hop duogc 1am nong dén 100°C, dugc
cho phén g qua dém, va duoc lam mat v& nhiét d6 phong. Nudc duge bd sung, va hdn
hop thu duge duge chiét 2 14n bing etyl axetat. Pha hitu co dugce két hop, dugc rira bing
nude va nuée mudi béo hoa, duoc siy kho bing natri sulfat khan, dugc c6 dic, va duge

tinh ché bing cot silica gel d& thu duoc chét trung gian MDI-205-4 v6i hiéu suat 44,1%.

'H NMR (400 MHz, CDCI3) & 8,88 (dd, T = 8,0 Hz, J = 4,0 Hz 1H), 8,46 (dd, ] =
4,0 Hz, ] = 8,0 Hz 1H), 8,11 (dd, T = 8,0 Hz, ] = 4,0 Hz 1H), 7,52-7,31 (m, 6H), 7,27-7,22
(m, 2H), 7,00 (d, J = 4,0 Hz, 1H), 6,91 (dd, J = 4,0 Hz, J = 8,0 Hz,, 1H),6,00 (s, 2H), 5,77
(d,J=4,0Hz, 2H), 5,20 (s, 1H), 5,19 (s, 1H), 5,15 (s, 2H), 5,01 (s, 1H) , 4,93 (s, 1H), 3 81-
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3,77 (m, 4H), 3,65-3,61 (m, 4H), 2,62-2,57 (m, 6H), 2,40 (s, 3H), 1,10 (t, = 8,0 Hz , 3H),
0,95-0,91(m, 4H), 0,03(s, 9H), 0,02(s, 9H).

Tng hop hop chit MDI-205-5:  (2-(6-(2-etyl-4-hydroxyphenyl)1-((2-
(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl) pyrolo[3.4-
dlimidazol-5(1H.4H.6H)-y)(5-(4-metylpiperazin-1-yl)pyrazin-2-yl)keton

Chét trung gian MDI-205-4 (47,0 mg, 0,05 mmol) dugc hoa tan trong 10 ml
metanol, rdi 5 mg 10% Pd/C duoc bd sung. Khong khi dugc thay thé bang hydro, coéng
doan nay dugc ldp ba 14n. Phan tmg duoc thuc hién & nhiét do phong qua dém. Pd/C dugc
loc bo va dich loc dugc co dic dé thu dugce chét trung gian MDI-205 -5 véi hiéu sudt 78,0%,

s& duoc st dung truc tiép trong budc tiép theo.

Tdng hop hop chit MDI-205: (2-(6-(2-etyl-4-hydroxyphenyl)-1H-indazol-3-
yDpyrolo[3.4-d]imidazol-5(1H.4H.6H)-y1)(5-(4-metylpiperazin-1-yl)pyrazin-2-yl)keton

Chét trung gian MDI-205-5 (33,0 mg, 0,04 mmol) dugc hoa tan trong 4 ml metanol,
101 2 ml axit clohydric dam dic dugc bd sung. Hdn hop duge lam néng dén 50°C, duoc
cho phan Gng trong 6 gio, va dugc cb dic dé thu duoc can. Cin duoc hoa tan trong metanol
va dugc ¢d dic dén kho (48 loai bo axit clohydric), cong doan nay dugc 13p lai 3 lan. San
phém thu duge dugc hoa tan trong 1 ml metanol, va 2 ml dung dich amoniac dugc bd sung
dé trung hoa, va hdn hop thu duge dugce cb dic dé thu duogc cin. Cin dugc hoa tan trong
metanol va dugc cd dic dén kho (dé loai bé dung dich ainoniac), cdng doan nay duogc ldp
2 14n. Sén pham thu dugc dugc tinh ché bing tAm tinh ché dé thu dugc 6,2 mg sin phdm

vé6i hiéu suét 27,7%.

'H NMR (400 MHz, MeOD-d4) § 8,72 (d, T = 4,0 Hz, 1H), 8,28 (dd, J = 4,0 Hz, J
= 8,0 Hz2H), 7,40 (s, 1H), 7,18 (dd , ] = 4,0 Hz, ] = 8,0 Hz, 1H), 7,09 (d, J = 8,0 Hz, 1H),
6,80 (d, J = 4,0 Hz, 1H), 6,72-6,69 (m, 1H), 5,17 (s , 2H), 4,85 (s, 2H), 3,83-3,81 (m, 4H),
2.67-2,64 (m, 4H), 2,60 (dd, T = 4,0 Hz, ] = 8,0 Hz, 2H), 2,43 (s, 3H), 1,10 (t, ] = 8,0 Hz,
3H).

Vi du 7: 5-etyl-2-flo-4-(3-(5-(benzensulfonyl)-1.4.5.6-tetrahydro pyrolo[3.4-
dlimidazol-2-y1)-1H-indazol-6-yl)phenol (MDI-206) '
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MDI 206

Con dudng tdng hop MDI-206:

MDI-206-2 MDI-206

Phuong phap téng hop:

Téneg hop chit trung gian MDI-206-1: (6-brom-3-(5-(benzensulfonyl)-1-(2-

(trimetylsilyl)etoxy)metyl)-1, 4, 5, 6-tetrahydropyrolo[3.4-d]imidazol-2-y1)-1-((2-

(trimetylsilyl)etoxy)metyl)-1H-indazol
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Tert-butyl ~ 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1-((2-
(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]Jimidazol-5(1H)-carboxylat (100 mg,
0,15 mmol) dugc hoa tan trong 5 ml diclometan, rdi 1 ml axit trifloaxetic dugc bd sung.
Hbn hop duoc khqu & nhiét @6 phong trong 30 phut, va duoc c6 dic dé thu duoc cin (dé
loai b axit trifloaxetic). Cin dugc hoa tan trong diclometan va dugc c6 ddc dén kho, cong
doan nay dugc lap lai 3 14n. Cin thu duoc duoc hoa tan trong 5 ml DCM va Et;N (0,08 ml,
0,59 mmol), dwoc 1am mat vé 0°C, va benzensulfonyl clorua (28,6 mg, 0,16 mmol) dugc
bd sung tir tir. Phan (g duoc thuc hién & nhiét d6 phong trong 2 gid, va nudc dugc bd
sung dé dimg phan tmg. Hon hop thu dugc duge chiét hai 14n bing DCM, va céc pha hiru
co duge két hop, duoc rira bang nudc va nude mudi bdo hoa, dugc siy khd bing natri sulfat
khan, duoc ¢cb dic, va duoc tinh ché béng cdt silica gel dé thu duoc chit trung gian MDI -

206-1 vé6i hiéu suét 41,4%.

'H NMR (400 MHz, CDCI3) & 8,32 (d, J = 8,0 Hz, 1H), 7,95 (d, J = 8,0 Hz, 2H),
777 (s, 1H), 7,62-7,55 (m, 3H), 7,42 (d, T = 8,0 Hz, 1H), 5,85 (s, 2H), 5,70 (s, 2H), 4,66-
4.58(m, 4H), 3,59-3,51 (m, 4H), 0,94-0,87 (m, 4H), 0,03 (s, 18H).

Téng hop chit trung  gian  MDI-206-2:  (6-(2-etyl-5-flo-4-((2-

(trimetylsilyl)etoxy)metyl)hydroxyphenyl)-3-(5-benzensulfonyl)-1-((2-

(trimetylsilyl)etoxy)metyl)-1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-2-y1)-1-((2-

(trimetylsilyl) etoxy)metyl)-1H-indazol

Chét trung gian MDI-206-1 (53,0 mg, 0,08 mmol), (2-((5-etyl-2-flo-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)phenoxy)metoxy)etyl)trimetylsilan (35,8 mg,
0,09 mmol), Pd(dppf)Cl (5,5 mg, 0,008 mmol) va kali phosphat ( 47,9 mg, 0,23 mmol)
dugc hoa tan trong 1,4-dioxan (10 ml) va nudc (2 ml). Khong khi duoc thay thé bang nito,
cong doan nay dugc lip lai 3 1an. Hon hop duge 1am nong dén 100 °C, dugc cho phan tmg
qua dém, va dugc lam mat v& nhiét do phong. Nuéc dugce bd sung va hdn hop thu duge
duoc chit bing etyl axetat hai 1dn va cac pha hitu co dugc két hop, dugc rira bang nudc
va nuée mubi bio hoa, duoc sy kho bing natri sulfat khan, dugc c6 dic, va duoc tinh ché

qua cdt silica gel dé thu duoc chit trung gian MDI-206-2 v6i hiéu suit 74,3%.

'H NMR (400 MHz, CDCI3) § 8,42 (d, T = 8,0 Hz, 1H), 7,96-7,94 (m, 2H), 7,62-
7.57 (m, 3H), 7,46 s, 1H), 7,25 (d, T = 8,0 Hz, 1H), 7,19 (d, J = 8,0 Hz, 1H), 7,04 (d, ] =
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12,0 Hz, 1H), 5,89 (s, 2H), 5,75 (s, 2H), 5,34 (s, 2H), 4,67-4,60 (m, 4H), 3,90-3,86 (m,
2H), 3,62-3,51 (m, 4H), 2,58 (dd, T = 8,0 Hz, ] = 16,0 Hz, 2H), 1,09-1,05 (m, 3H), 0,93-
0,88 (m, 6H), 0,06 (s, 9H), 0,03 (s, 9H), 0,02 (s, 9H).

Téng hop hop chdt MDI-206: 5-etyl-2-flo-4-(3-(5-(benzensulfonyl)-1.4.5.6-
tetrahydropyrolo[3.4-d]imidazol-2-y1)-1H-indazol-6-yl)phenol

Chét trung gian MDI-206-2 (50,0 mg, 0,06 mmol) dugc hoa tan trong metanol
(4 ml), rdi axit clohydric d4m dic (2 ml) dugc bd sung. Hén hop duge lam néng dén 50°C,
dugc cho phan tng trong 6 gio, va duoc cd dic. Chét rin thu duoc dugc hoa tan trong 1
ml metanol, va pH dugc diéu chinh bing dung dich natri bicacbonat vé 8-9. Hon hop thu
duoc duoc chiét 4 14n bang diclometan, va cac pha hitu co dugc két hop, dugc séy kho
bing natri sulfat khan, va duoc tinh ché bing tAm tinh ché dé thu dugc 13 mg sin phim

cudi cung véi hidu suat 46,2%.

'H NMR (400 MHz, MeOD-d4) § 8,22 (d, T = 8,0 Hz, 1H), 7,98-7,96 (m, 2H), 7,69-
7,65 (m, 3H), 7,41(s, 1H), 7,16 (d, T = 8,0 Hz, 1H), 6,96-6,89 (m, 2H), 4,61-4,52 (m, 4H),
2,57 (dd, T = 16,0 Hz, T = 8,0 Hz, 2H), 1,08 (t, ] = 8,0 Hz, 3H).

Vi_du_ 8: 5-etyl-2-flo-4-(3-(5-(pyrazin-2ylmetyl)-1.4.5.6-tetrahydropyrolo[3.4-
dlimidazol-2-y1)-1H-indazol-6-yl)phenol (MDI-207)

MDI 207

Con dudng tdng hop MDI-207:
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Pd(dppf)Cly,K3POy,

N\_N_ 1,TFA,DCM
SEM _—
A 2,NaBH(OAc)3,DME
N
Br N‘

MDI-207

MDI-207-2

Phuong phap tdng hop:

Tbng hop chét trung gian MDI-207-1: (6-brom-3-(5-(pyrazin-2ylmetyl)1-((2-
(trimetylsilyl)etoxy)metyl)-1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-2-y1)-1-((2-

(trimetylsilyl)etoxy)metyl)-1H-indazol

Tert-butyl 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1-((2-
(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-carboxylat (47,0 mg,
0,07 mmol) dugc hoa tan trong 5 ml diclometan, rdi 1 ml axit trifloaxetic dugc bd sung.
Hbn hop dugc khudy & nhiét d6 phong trong 30 phut. Nudc dugce bd sung va dung dich
natri bicacbonat bdo hoa dugc sir dung dé didu chinh pH=9. Hdn hop thu dugc duge chiét
b:?mg DCM. Pha hitu co dugc rira béng nuée va nude mudi bio hoa, duge séy kho béng
natri sulfat khan, va dugc cd dac. Chét rén thu duogc duoc hoa tan trong 1,2-dicloetan, roi
2-pyrazincarboxaldehit (30,6 mg, 0,28 mmol) dugc b sung. Hon hop dugc khudy & nhiét
do phong trong 1 gi10, 161 natri triaxetylbohydrua (60,0 mg, 0,28 mmol) duoc bd sung. Phan
{mg duoc thyc hién & nhiét d6 phong trong 4 giv, va nudce duge bd sung dé dumg phan tmg.
H3n hop thu duoc dugc chiét bing DCM hai 1an, va cic pha hitu co duge két hop, duoc
rira bang nudc va nudce mubi bdo hoa, duoc séy kho bang natri sulfat khan, dugc ¢ dic,

va duoc tinh ché bing cot silica gel dé thu dugc san phdm MDI-207-1 véi hiéu suat 49,5%.
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'H NMR (400 MHz, CDCI3) § 8,81 (d, J = 4,0 Hz, 1H), 8,60 (dd, J = 8,0 Hz, J =
4.0 Hz, 1H), 8,54 (d, J = 4,0 Hz, 1H), 8,39 (d, J = 8,0 Hz, 1H), 7,77 (d, ] = 4,0 Hz, 1H),
7.41 (dd, J = 8,0 Hz, J = 4,0 Hz, 1H), 5,88 (s, 2H), 5,72 (s, 2H), 4,28 (s, 2H), 4,12 (dd, J =
4.0 Hz, J = 12,0 Hz, 4H), 3,62-3,55 (m, 4H), 0,96-0,87 (m, 4H), 0,03(s , 9H), 0,02(s, 9H).

Téng hop chét trung gian MDI-207-2: (6-(2-etyl-5-flo-4-((2-
(trimetylsilyl)etoxy)metoxy)phenyl)-3-(5-(pyrazin-2ylmetyl) 1-((2-
(trimetylsilyl)etoxy)metyl)-1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-2-y1)-1-((2-

(trimetylsilyl)etoxy)metyl)-1H-indazol

Chét trung gian MDI-207-1 (20,0 mg, 0,03 mmol), chat trung gian (2-((5-etyl-2-flo-
4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenoxy)metoxy)etyl) trimetylsilan
(14,5 mg, 0,04 mmol), Pd(dppf)Cl> (2,3 mg, 0,003 mmol) va kali phosphat (19,4 mg,
0,09 mmol) dugc hoa tan trong 1,4-dioxan (10 ml) va nuée (2 ml). Khong khi dugc thay
thé béng nito, cong doan nay dugc lap lai 3 14n. Hn hop dugc 1am néng dén 100°C, duoc
cho phan Gng qua dém, va dugc lam mat vé nhiét d6 phong. Nude dugc bd sung va hdn
hop thu duoc duoc chiét bing etyl axetat hai 1an, pha hitu co dugce két hop, dugc rira bing
nude va nude mudi bdo hoa, duge séy kh6 bang natri sulfat khan, dugc ¢ dic, va duge

tinh ché béng cOt silica gel @& thu dugc chét trung gian MDI-207-2 v6i hiéu suét 93,0%.

'H NMR (400 MHz, CDCI3) & 8,82 (d, J = 4,0 Hz, 1H), 8,60 (dd, J = 8,0 Hz, J =
4.0 Hz, 1H), 8,54 (d, T = 4,0 Hz, 1H), 8,48 (d, ] = 8,0 Hz, 1H), 7,47 (d, J = 4,0 Hz, 1H),
723 (dd, J = 8,0 Hz, J = 4,0 Hz, 1H), 7,19 (d, J = 8,0 Hz, 1H), 7,05 (d, J = 12,0 Hz, 1H),
5.92 (s, 2H), 5,77 (s, 2H), 5,34 (s, 2H), 4,30 (s, 2H), 4,13 (dd, J = 4,0 Hz, J = 12,0 Hz, 4H),
3.88-3,86 (m, 2H), 3,63-3,58 (m, 4H), 2,57 (d, ] = 8,0 Hz,2H), 1,07 (t, J = 8,0 Hz, 3H),
0,92-0,90 (m, 6H), 0,06(s, 9H), 0,03(s, 9H), 0,02(s, 9H).

Téng hop hop chit MDI-207: 5-etyl-2-flo-4-(3-(5-(pyrazin-2ylmetyl)-1.4.5.6-
tetrahydropyrolo[3.4-d]imidazol-2-yl)-1H-indazol-6-yl)phenol

ChAt trung gian MDI-207-2 (24,0 mg, 0,03 mmol) duoc hoa tan trong 4 ml metanol,
rdi 2 ml axit clohydric dam ddc duoc bd sung. Hon hop duge 1am néng dén 50°C, dugce
cho phan {rng trong 6 giov, va duoc co dic dé thu dugc cin. Cin duoc hoa tan trong metanol
va dugc ¢b dic dén kho, cong doan nay dugc 13p lai 3 1an. San phdm thu dugc dugc hoa
tan trong 1 ml metanol, va 2 ml dung dich amoniac dugc bd sung dé trung hoa, va hén hop
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thu duge duoc c6 dic dé thu duge cin. Cin duge hoa tan trong metanol va duge c6 dic
dén kho, cong doan nay dugc lap 2 14n. San phém thu duoc dugce tinh ché bﬁng tAm tinh

ché @& thu duoc 8 mg san phim véi higu suit 61,8%.

I'H NMR (400 MHz, MeOD-d4) § 8,80 (d, J = 4,0 Hz, 1H), 8,65 (dd, J = 4,0 Hz, J
=40 Hz, 1H), 8,56 (d,J = 4,0 Hz, 1H), 8,26 (dd, J=4,0 Hz, ] = 4,0 Hz, 1H), 7,41 (d, ] =
40 Hz, 1H), 7,17(dd, T = 12,0 Hz, J = 4,0 Hz, 1H), 6,91- 6,89(m, 2H), 4,30 (s, 2H), 4,07
(s, 4H), 2,56 (dd, T = 8,0 Hz, J = 16,0 Hz, 2H), 1,07 (t, I = 8,0 Hz, 3H).

Vi du 9: 4-(3-(5-(xyclopropylmetyl)-1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-2-
y1)-1H-indazol-6-y1)-5-etyl-2-flophenol (MDI-208)

MDI-208

Con dudng tdng hop MDI-208:

lBoc
N

~

N

) N\SEM Pd(PPh3)s,K3P04 BFAV
\N DMF,60°C
’ EtsN

Br N 3
SEM

MDI-208-1

1,10%Pd/C,H,
—_—

2,4N HCI

MDI-208-2 MDI-208

Phuong phép tdng hop:
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Téng hop chit trung gianMDI-208-1: (2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-
((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1-((2-(trimetylsilyl)etoxy)metyl)-4.6-
dihydropyrolo[3.4-d]imidazol-5(1H)-carboxylat Tert-butyl

Tert-butyl 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1-((2-
(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-carboxylat  (500,0
mg, 0,75 mmol), 2-(4-benzyloxy-2-etyl-5-flophenyl-4,4,5,5-tetrametyl-1,3,2-dioxaboran
(401,9 mg, 1,13 mmol), Pd(PPh3)4(86,9 mg, 0,08 mmol) va kali phosphat (478,9 mg,
2,26 mmol) dugc hoa tan trong 1,4-dioxan (30 ml) va nuédce (6 ml). Khong khi dugc thay
thé bang nito, cong doan nay dugc 13p lai 3 14n. HAn hop dugce 1am néng dén 100°C, duoc
cho phan ing qua dém, va dugc lam mat vé nhiét 6 phong. Nuéc duge bd sung va hén
hop thu duogc duoc chiét hai 14n bing etyl axetat, va cdc pha hitu co dugc két hop, dugc
roa béng nuée va nude mudi bdo hoa, duoc se"ly kho béng natri sulfat khan, duoc cd dic,
va duoc tinh ché qua cot silica gel dé thu dwoc chét trung gian MDI-208-1 v&i hiéu sudt

85,1%.

I'H NMR (400 MHz, CDCI3) § 8,50-8,45 (m, 1H), 7,53-7,37 (m, 6H), 7,26 (d, J =
8.0 Hz, 1H), 7,06 (d, J = 8,0 Hz, 1H) , 6,99 (d, J = 12,0 Hz, 1H), 5,97 (d, ] = 8,0 Hz, 2H),
577 (s, 2H), 5,23 (s, 2H), 4,67-4,54 (m, 4H), 3,65- 3,59 (m, 4H), 2,55 (d, =8,0 Hz, 2H),
1,57 (s, 9H), 1,05 (t, J = 8,0Hz, 3H), 0,95-0,89 (m, 4H), 0,02(s , 9H), 0,01(s, 9H).

Tne hop chét trung gian MDI-208-2: (6-(4-( benzyloxy)-2-etyl-5-flophenyl)-3-(5-
(xyclopropylmetyl)-1-((2-(trimetylsilyl)etoxy)metyl)-1.4.5 .6-tetrahydropyrolo[3.4-
dlimidazol-2-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol

Tert-butyl 2-(6-(4-(phenoxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl)  etoxy)
metyl)-1H-indazol-3-yl)-1 -((2-(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo [3,4-
d]imidazol-5(1H)-carboxylat (80,0 mg, 0,10 mmol) dugc hoa tan trong 5 ml diclometan,
11 1 ml axit trifloaxetic duoc bb sung. Hon hop dugce khudy & nhiét d§ phong trong 30
phut. Nudc duogc bd sung va dung dich natri bicacbonat bdo hoa dugc su dung dé diédu
chinh pH=9. Hon hgp thu dugc dugc chiét bang DCM, va pha hitu co dugc rira bing nudc
va nuée mudi bio hod, duoc sdy khd bing natri sulfat khan, va dugc ¢6 ddc. Chét ran thu
duoc duge hoa tan trong 2 ml DMF, va Et;N (0,1 ml) va brometylxyclopropan (27,0 mg,

0,20 mmol) duoc bd sung. Hon hop dugc lam néng dén 60 °C, dugc cho phéan ing qua
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dém, va duoc 1am mat v& nhiét dd phong. Nude duge bd sung va hdn hop thu duge duge
chiét b%mg EA, duoc rira béng nude va nude mudi bio hoa, duoc séy kho béng natri sulfat
khan, duoc c¢d dic, va dugc tinh ché béng cdt silica gel dé thu dugc MDI-208-2 véi hiéu

suit 33,5%.

'H NMR (400 MHz, CDCI3) § 8,48 (d, J = 8,0 Hz, 1H), 7,53-7,37 (m, 6H), 7,23(dd,
T=8,0Hz ] =40Hz, 1H),7,06(dd, J=12,0 Hz, ] = 4,0 Hz, 1H), 6,98 (d, = 8,0 Hz, 1H),
5.94 (d, J=4,0 Hz, 2H), 5,76 (s, 2H), 5,23 (s, 2H ), 4,13 (d, ] = 36,0 Hz, 4H), 3,67-3,58 (m,
4H), 2,80(d, J = 8,0 Hz, 2H), 2,55(dd, ] = 12,0 Hz, ] = 8,0 Hz, 2H ), 2,32-2,22 (m, 1H),
1,06(t, J = 8,0 Hz, 3H), 0,92-0,90 (m, 4H), 0,63(d, J = 8,0 Hz, 2H), 0,27(d, J = 4,0 Hz, 2H),
0,03(s, 9H), 0,02(s, 9H).

Téne hop hop  chit MDI-208:  4-(3-(5-(xyclopropylmetyl)-1.4.5.6-
tetrahydropyrolo[3.4-d]imidazol-2-yl)-1H-indazol-6-y1)-5-etyl-2-flophenol

Chét trung gian MDI-208-2 (28,0 mg, 0,04 mmol) dugc hoa tan trong 10 ml
metanol, rdi 5 mg 10% Pd/C dugc bd sung. Khong khi dugce thay thé bang hydro, cong
doan ndy duogc lip ba lan. Hn hop dugce 1am néng dén 40°C va dugc cho phan tng qua
dém, duoc loc d loai bé Pd/C, va dugc cb dic. Chét rén thu dugc dugc hoa tan trong
4 ml metanol, rdi 2 ml axit clohydric ddm dic dugc bd sung. Hon hop dugc 1am néng dén
50°C, dugc cho phén g trong 6 gid va duoc co dic dé thu duoc cin. Cin dugc hoa tan
trong metanol va dugc co dic dén kho, cong doan nay dugc 13p lai 3 l4n. San phim thu
dugc dugc hoa tan trong 1 ml metanol, va 2 ml dung dich amoniac dugc b sung dé trung
hoa, va hdn hop thu dugc dugce cd dic dé thu dugc cian. Cin duoc hoa tan trong metanol
va duoc ¢d dic dén kho (dé loai bé dung dich amoniac), cong doan nay duoc 1ap 2 lan. San
phim thu dugc duge tinh ché bing tAm tinh ché dé thu dwoc 2 mg san phim v6i hidu suat

13,1%.

'H NMR (400 MHz, MeOD-d4) § 8,27 (dd, J = 4,0 Hz, J = 8,0 Hz,1H), 7,42 (s, 1H),
7.17(dd, J = 4,0 Hz, ] = 8,0 Hz, 1H), 6,97-6,89 (m, 2H), 4,02 (s, 4H), 2,80(d, ] = 8,0 Hz,
2H), 2,59-2,53 (m, 2H), 1,10( m, 4H), 0,66-0,61( m, 2H), 0,30-0,27(m, 2H).

Vi du 10: xvclopropyl (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
vD)pyrolo[3.4-d]imidazol-5(1H, 4H.6H)-yl)keton (MDI-209)
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Con dudng tdng hop MDI-209:

MDI-209-1 MDI-209-2

MDI 209

Phuong phép tdng hop:

Tdng hop chit trung gian MDI-209-1: (2-(6-brom-1-((2-
(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl) pyrolo[3.4-
dlimidazol-5(1H 4H.6H)-yl)(xyclopropyl)keton

Chét trung gian tert-butyl 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-
3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-
carboxylat (80 mg, 0,12 mmol) dwoc hoa tan trong 5 ml diclometan, rdi 1 ml axit
trifloaxetic duge bd sung. Hon hop duoc khudy & nhiét d6 phong trong 30 phit, va duoc

6 dic dé thu duge cin. Cin duge hoa tan trong diclometan va dugc ¢6 dac dén kho, cong
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doan nay dugc lap lai 3 l4n. Cin thu dwgce duge hoa tan trong 5 ml DCM, 161 trietylamin
(24,3 mg, 0,24 mmol) dugc bd sung. Nhiét d6 dugc ha xudng 0°C, va xyclopropylformyl
clorua (18,8 mg, 0,18 mmol) dwgc bd sung nho giot tr tir. Sau khi viée bd sung nho giot
hoan tAt, hdn hop phan g dugc 1am néng dén nhiét d6 phong va duge cho phan tng trong
1-2h. Nudce dugc bd sung dé dimg phan tmg va dich 1éng duge tach ra. Pha hitu co dugc
sdy kho bang natri sulfat va dugc c6 dic bing sic ky cot dé thu duoc hop chdt MDI-209-1

v6i hiéu suét 45%.

'H NMR (400 MHz, CDCI3) & 8,36 (dd, J = 17,8Hz, J =8,6 Hz, 1H), 7,80-7,79 (m,
1H), 7,41 (d, J = 8,6Hz, 1H), 5,97-5,92 (m, 2H), 5,71 (d, ] = 2,4 Hz, 2H), 4,96-4,66 (m,
4H), 3,62-3,54 (m, 4H), 1,78-1,67(m, 1H), 1,10—1,07 (m , 2H), 0,94 — 0,84 (m, 6H), -0,05
(s, 9H), -0,08 (s, 9H).

Tdng hop chit trung gian MDI-209-2: xyclopropyl(2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilyl)etoxy)metoxy)phenyl)1-((2-(trimetylsilyl)etoxy) metyl)-1H-indazol-3-yl)-
1-((2-(trimetylsilyl)etoxy)metyl)pyrolo[3.4-d]imidazol-5(1H, 4H.6H)-yl)keton

Chéat trung gian MDI-209-1 (50,5 mg, 0,08 mmol), (2-((5-etyl-2-flo-4-(4, 4,5,5-
tetrametyl-1,3,2-dioxaboran-2-yl)phenoxy)metoxy)etyl) trimetylsilan (34,8 mg, 0,1
mmol), Pd(dppf)Cl2 (5,9 mg, 0,008 mmol) va kali phosphat (50,9 mg, 0,24 mmol) dugc
hoa tan trong 1,4-dioxan (10 ml) va nudc (2 ml). Khong khi dugc thay thé bang nito, cong
doan nay dugc 13p lai 3 1an. Hon hop dugc 1am néng dén 100°C, dugc cho phan ng qua
dém, va duoc 1am mat vé nhiét do phong. Nude dugce bd sung va hén hop thu duge dugce
chiét hai 14n bing etyl axetat va céc pha hitu co dugc két hop, duoc rira bing nude va nude
mubi bio hoa, dugc séy kho béng natri sulfat khan, duoc c6 dic, va dugc tinh ché béng cot

silica gel d& thu dugc cht trung gian MDI-209- 2 véi hiu suét 76,1%.

H NMR (400 MHz, CDCI3) & 8,50-8,43 (m,1H), 7,46-7,45 (m,1H), 7,25-7,22
(m,1H), 7,16 (d, J = 8,0Hz, 1H), 7,02 (d, J = 12,0Hz, 1H), 5,99-5,94 (m, 2H), 5,76(s, 2H),
532 (s, 2H), 4,98-4,67(m, 4H), 3,88-3,84 (m, 2H) , 3,64-3,55 (m, 4H), 2,57-2,51 (m, 2H),
1,79-1,68 (m, 1H), 1,07-1,02 (m, 6H), 0,95-0,87 (m, 5H), 0,03 (s, 9H),-0,06-0,08(m, 18H).

Tdng hop hop chdt MDI-209: xyclopropyl (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-
1H-indazol-3-y])pyrolo[3.4-d]imidazol-5(1H, 4H.6H)-yl)keton
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Chét trung gian MDI-209-2 (50 mg, 0,06 mmol) duoc hoa tan trong metanol (4 ml),
rdi axit clohydric ddm dic (2 ml) duoc bd sung. Hdn hop duge 1am néng dén 50°C, duoc
cho phan g trong 6 gid, va duge cd dic. Chét rén duoc hoa tan trong 1 ml metanol, 161 2
ml dung dich amoniac ddm ddc dugc bd sung. Hdn hop dugc b dic dé thu duoc cin. Cin
duoc hoa tan trong metanol va dugc c6 dédc dén kho, céng doan nay dugc lap lai 3 l4n. C3n
thu dugc duoc tinh ché bing tAm tinh ché dé thu duoc 10,0 mg san phim cudi cling vé6i

hiéu suit 38,1%.

H NMR (400 MHz, MeOD -d4) §8,28(d, J = 8,0 Hz,1H), 7,43(s, 1H), 7,18 (dd, J =
8.4Hz, J = 1,4 Hz, 1H), 6,98 (d, J=12,0 Hz, 1H), 6,92 (d, ] =12,0 Hz, 1H), 4,95 (s, 2H),
4,65 (s, 2H), 2,59-2,53 (m, 2H), 1,98-1,89 (m, 1H), 1,08 (t, J = 8,0 Hz, 3H ), 1,02-1,00 (m,
2H), 0,98-0,92 (m, 2H).

Vi du 11: 4-(3-(5-(xyclobutylmetyl)-1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-2-
y1)-1H-indazol-6-y1)-5-etyl-2-flophenol (MDI-210)

ey

z,NII
N
N
F\ N'
HCC i
HO™ NN

MDI-210

Con dudng tong hap MDI-210:
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1, TFA,DCM
2, DIPEA,DMF,60°C

MDI-210-1

1, 10%Pd/C, H,
_—
2, 4N HCI

MDI-210

Phuong phap tdng hop:

T8ng hop chit trung gian MDI-210-1: (6-(4-(benzyloxy)-2-etyl-5-flophenyl)-3-(5-
(xyclobutylmetyl)-1-((2-(trimetylsilyl)etoxy)metyl)-1.4.5.6-tetrahydropyrolo[3.4-
dlimidazol-2-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol

Tert-butyl 2-(6-(4-(phenoxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl)
etoxy)metyl)-1H-indazol-3-yl)-1-((2-(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo [3,4-
d]imidazol-5(1H)-carboxylat (80,0 mg, 0,10 mmol) dugc hoa tan trong 5 ml diclometan,
rdi 1 ml axit trifloaxetic dugc bd sung. Hon hop dugc khuéy & nhiét 4o phong trong 30
phut. Nuéc duge bd sung va dung dich natri bicacbonat bdo hoa dugc sir dung dé diéu
chinh pH=9. Hn hop thu dugc duoc chiét bing DCM, dugec rira bing nuéc va nudc mudi
bdo hoa, duoc séy khé bing natri sulfat va duge cd dic. Chét rén thu dugc duoc hoa tan
trong 3 ml DMF, sau d6 bd sung DIPEA (126,8 mg, 0,98 mmol) va brometylxyclobutan
(29,3 mg, 0,20 mmol). H3n hgp duge lam néng dén 60°C, dugc cho phan g qua dém, va
duoc 1am mat vé nhiét d6 phong. Nudce dugce bd sung va hdn hop thu duge duge chiét béng
EA, dugc rira béng nude va nude mudi bio hoa, duoc séy kh6 bang natri sulfat khan, dugc

cd dic, va dugc tinh ché bang cot silica gel dé thu duwgc MDI-210-1 véi hiéu suét 35,1%.
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'H NMR (400 MHz, CDCI3) § 8,47 (dd, J = 8,0 Hz, J = 4,0 Hz,1H), 7,53-7,51 (mm,
2H), 7,46-7,37 (m, 4H), 7,23(dd, ] = 8,0 Hz, ] = 4,0 Hz, 1H), 7,06(d, J = 12,0 Hz, 1H),
6,98 (d,J=8,0 Hz, 1H), 5,91 (s, 2H), 5,76 (s, 2H), 5,22 (s, 2H), 4,02 (s, 2H), 3,94 (s, 2H),
3,65-3,56 (m, 4H), 2,93(d, J = 8,0 Hz, 2H), 2,68-2,64 (m, 1H), 2,57(dd, ] = 16,0 Hz, ] =
8.0 Hz, 2H), 2,21-2,14(m, 2H), 1,97-1,67 (m, 4H), 1,06 (t, ] = 8,0 Hz, 3H), 0,94-0,89 (m,
4H), 0,02(s, 18H).

Téng hop hop  chit  MDI-210:  4-(3-(5-(xyclobutylmetyl)-1.4.5.6-
tetrahydropyrolo[3.4-d]imidazol-2-yl)-1H-indazol-6-y1)-5-etyl-2-flophenol

Chét trung gian MDI-210-1 (35,0 mg, 0,05 mmol) dugc hoa tan trong 10 ml
metanol, rdi 5 mg 10% Pd/C dugc bd sung. Khong khi dugc thay thé bang hydro, cong
doan nay dugc lip ba 1an. Hn hop dugc 1am néng dén 40°C va duoc cho phan ting qua
dém, duoc loc d loai bd Pd/C, va duge cb dic. Chét rén thu duge dugc hoa tan trong
4 ml metanol, rdi 2 ml axit clohydric dam dic dugc bd sung. H6n hop dugc 1am néng dén
50°C, dugc cho phan ung trong 6 gid va duoc cb ddc dé thu duoc cin. Cin dugc hoa tan
trong metanol va duogc c6 dic dén kho, cong doan nay dugc 13p lai 3 lan. San phém thu
duoc duge hoa tan trong 1 ml metanol, va 2 ml dung dich amoniac ddm dac duge b sung
d8 trung hoa, va hdn hop thu duge dugce cd dic dé thu duoc cin. Cin dugc hoa tan trong
metanol va duge ¢d dic dén khé, cong doan nay dugc 13p 2 1an. San phém thu duoc duogc

tinh ché bing tAm tinh ché d& thu dugc 4 mg san pham véi hiéu suét 20,7%.

'H NMR (400 MHz, MeOD-d4) § 8,27 (dd, = 4,0 Hz, J = 8,0 Hz,1H), 7,42 (s, 1H),
717 (dd, T = 4,0 Hz, T = 8,0 Hz, 1H ), 6,97-6,89 (m, 2H), 3,98 (s, 4H), 3,00(d, ] = 8,0 Hz,
2H), 2,72-2,68 (m, 1H), 2,59-2,53 (m, 2H), 2,21- 2,18 (m, 2H), 1,89-1,85 (m, 4H), 1,07 (,
J=8,0Hz, 3H).

Vi du 12: Xyclobutyl (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
vl)pyrolo[3.4-dlimidazol-5(1H, 4H.6H)-yl)keton (MDI-211)

123



44306 124/271

MDI 211

Phuong phap tdng hop:

Téng hop  chdt  trung  gian  MDI-211-1:  (2-(6-brom-1-((2-
(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy) metyl)
pyrolo[3.4-d]imidazol-5(1H, 4H.6H)-yl)(xyclobutyl)keton

ChAt trung gian tert-butyl 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-
3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-
carboxylat (80 mg, 0,12 mmol) dwgc hoa tan trong 5 ml diclometan, r6i 1 ml axit
trifloaxetic dwoc bd sung. Hon hop dugc khudy & nhiét d phong trong 30 phit, va dugc
b dic @8 thu duoc cin. Cin duge hoa tan trong diclometan va duge c6 ddc dén kho, cong

doan nay dugc ldp lai 3 14n. Cin thu dwoc duge hoa tan trong 5 ml DCM, 16i trietylamin
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(24,3 mg, 0,24 mmol) duogc bd sung. Nhiét d6 duoc ha xudng 0 °C va xyclobutyl carbonyl
clorua (21,3 mg, 0,18 mmol) duoc bd sung nhé giot tir tir. Sau khi viéc bd sung nho giot
hoan tat, hdn hop phan tmg dwoc 1am néng dén nhiét d6 phong va duge cho phan ting trong
1-2h. Nuéc dugc bd sung dé dimg phan tmg va dich 16ng dugc tach ra. Pha hiru co dugc
sy kho bing natri sulfat va dugc c6 dic bang sic ky cot 8 thu duoc hop chit MDI-211-1

v6i hiéu suét 43%.

'H NMR (400 MHz, CDCI3) § 8,39-8,31 (m, 1H), 7,77-7,76 (m, 1H), 7,42-7,38
(m, 1H), 5,92-5,89 (m, 2H), 5,71-5,70 (m , 2H), 4,73-4,57 (m, 4H), 3,60-3,54 (m, 4H),
3,37-327 (m, 1H), 2,46-2,39 (m, 2H), 2,34-2,20 (m, 3H), 2,10 -1,93 (m, 3H), 0,93-0,88
(m, 4H), 0,05 (s, 9H), -0,09 (s, 9H).

Téng hop chit trung gian MDI-211-2: xyclobutyl (2-(6-(2-etyl-5-flo-4-((2-

(trimetylsilyl)etoxy)metoxy)phenyl)1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1-
((2-(trimetylsilyl)etoxy)metyl)pyrolo[3.4-d]imidazol-5(1H, 4H.6H)-yDketon

Chéat trung gian MDI-211-1 (51,6 mg, 0,08 mmol), (2-((5-etyl-2-flo-4-(4, 4,5,5-
tetrametyl-1,3,2-dioxaboran-2-yl)phenoxy)metoxy)etyl)trimetylsilan (34,8 mg, 0,1
mmol), Pd(dppf)Cl2 (5,9 mg, 0,008 mmol) va kali phosphat (50,9 mg, 0,24 mmol) dugc
hoa tan trong 1,4-dioxan (10 ml) va nudce (2 ml). Khong khi dugc thay thé bing nito, céng
doan nay dwoc lip lai 3 1an. Hn hop duoc 1am néng dén 100°C, dugc cho phan img qua
dém, va dugc lam mat vé& nhiét 6 phong. Nudc duge bé sung va hén hop thu duge duge
chiét hai 14n bing etyl axetat, va cac pha hitu co dugc két hop, duoc rira bing nudc va nudce
mubi bio hoa, dugc se“iy kho bang natri sulfat khan, dugc cd dic, va dugc tinh ché bang cot

silica gel dé thu dugc chit trung gian MDI-211- 2 v6i hiéu suét 75,2%.

'H NMR (400 MHz, CDCI3) & 8,49-8,42 (m,1H),, 7,47-7,45 (m,1H), 7,25-7,22
(m,1H), 7,16 (d, T = 8,0Hz, 1H), 7,02 (d, ] = 12,0Hz, 1H), 5,96-5,93 (m, 2H), 5,75(s, 2H),
532 (s, 2H), 4,75-4,58(m, 4H), 3,88-3,83 (m, 2H) ), 3,63-3,55 (m, 4H), 3,38-3,28 (m, 1H),
2.57-2,51 (m, 2H), 2,48-2,20 (m, 4H), 2,06-2,00 (m, 1H), 1,96-1,92 (m, 1H), 1,08-1,05 (m,
3H), 0,93-0,85 (m, 6H), 0,03 (s, 9H), -0,06-0,08 (m, 18H).

Téng hop hop chit MDI-211: xyclobutyl (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-
indazol-3-y1)pyrolo[3.4-d]imidazol-5(1H, 4H.6H)-yl)keton
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Chét trung gian MDI-211-2 (45 mg, 0,054 mmol) dugc hoa tan trong metanol
(4 ml), rdi axit clohydric d4m dic (2 ml) dugc bd sung. Hén hop dugc 1am néng dén 50
°C, dugc cho phan tng trong 6 gig, va dugc cd déc. Chét rin dugc hoa tan trong 1 ml
metanol, 2 ml dung dich amoniac dam déc dugc bd sung, va hdn hop duge co dic dé thu
duoc cidn. Cian dugce hoa tan trong metanol va dugc cd dic dén khé, cong doan niy duoc
1p lai 3 14n. Can thu dugc dugc tich bing tAm tinh ché dé thu dwoc 8,2 mg san phdm cudi

cting v&i hiéu suat 34,2%.

'H NMR (400 MHz, MeOD-d4) & 8,27(d, J = 8,0 Hz, 1H), 7,43 (s, 1H),, 7,17 (dd, J
=84, 1.4 Hz, 1H), 6,93 (dd, J = 20,0Hz, J =12,0 Hz, 2H), 4,68-4,63 (m, 4H), 3,54-3,46
(m, 1H), 2,57-2,53 (m, 2H), 2,43-2,26 (m, 4H), 2,16- 2,04 (m, 1H), 1,98-1,89 (m, 1H), 1,08
(t, ] = 8,0 Hz, 3H ).

Vi du 13: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)pyrolo[3.4-
dlimidazol-5(1H.4H.6H)-y1)(3-hydroxylxyclobutyl)keton (MDI-213)

O\ />,OH
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Con dudng tdng hop MDI-213:
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MDI-213

Phuong phép tdng hop:

Tdng hop chét trung gian MDI-213-1: (3-(benzyloxy)xyclobutyl)(2-(6-brom-1-((2-
(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-( trimétvlsilvl) etoxy)metyl)pyrolo[3.4-
dlimidazol-5(1H, 4H.6H)-yl)keton

Chét trung gian 3-benzyloxy-xyclobutancarboxylic axit (44,6 mg, 0,22 mmol) va
N,N-diisopropyletylamin (69,9 mg, 0,54 mmol) dugc hoa tan trong DMF, r6i HATU
(82,3 mg, 0,22 mmol) dugc bd sung. Hén hgp dugce cho phan tmg & nhiét do phong trong
10 phat. Chét trung gian tert-butyl 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-
indazol-3-yl)-1-((2-(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-
carboxylat (120,0 mg, 0,18 mmol) dugc hoa tan trong 5 ml diclometan, rdi 1 ml axit
trifloaxetic duoc bd sung. Hon hop dwoc khudy & nhiét dd phong trong 30 phiit, va duoc

b dic dé thu dugc cin. Cin duge hoa tan trong diclometan va duoc c6 dic den kho, cong
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doan nay dwoc l3p lai 3 14n. Cin thu dwoc dugc hoa tan trong DMF, 1di tiép d6 duge bd
sung tir tr vao dung dich phan tng trudc dd. Phan tng duge thuc hién & nhiét d6 phong
qua dém, va nudc duge bd sung ¢ dimg phan tmg. Hén hop thu duge dugc chiét hai lan
bing etyl axetat, va cac pha hiru co dugc két hop, duoc rira bing nudc va nude mudi bao
hoa, duoc séy kho béng natri sulfat khan, duoc c6 dic, va dugc tinh ché béng cOt silica gel

d8 thu duoc chét trung gian MDI-213-1 v&i hiéu suét 35,3%.

'H NMR (400 MHz, CDCI3) 5 8,41 (dd, J = 8,0 Hz, T = 20,0 Hz, 1H), 7,80-7,78 (m,
1H), 7,43-7,31 (m, 6H), 5,94 (d, J = 12,0 Hz, 2H), 5,73 (d, ] = 4,0 Hz, 2H), 4,76-4,61 (m,
4H), 4,49 (s, 2H), 4,10-4,04 (m, 1H), 3,63-3,57 (m, 4H) ), 2,80-2,78 (m, 1H), 2,58-2,53
(m, 2H), 2,46-2,41 (m, 2H), 0,96-0,90 (m, 4H), 0,02(s, 9H), -0,03(s, 9H).

Tdng hop chit trung gian MDI-213-2: (3-(benzyloxy)xyclobutyl)(2-(6-(2-etyl-5-
flo-4-((2-(trimetylsilyl)etoxy)metoxy)phenyl)-1-((2-(trimetylsilyl) etoxy)metyl)-1H-
indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)pyrolo[3.4-d]imidazol-5(1H, 4H .6H)-

yl)keton

Chét trung gian MDI-213-1 (48,0 mg, 0,06 mmol), chét trung gian MDI-10-2 (30,4
mg, 0,08 mmol), Pd(dppf)CI2 (4,7 mg, 0,01 mmol) va kali phosphat (40,6 mg, 0,19 mmol)
duoc hoa tan trong 1,4-dioxan (20 ml) va nude (4 ml). Khong khi dugc thay thé bang nito,
cong doan nay dugc lap lai 3 1dn. HOn hop duge 1am néng dén 100°C, duge cho phan tmg
qua dém, va dugc 1am mat v& nhiét 6 phong. Nudce duge bd sung, va hdn hop thu duge
duoc chiét 2 14n bang etyl axetat, va cac pha hitu co dugc két hop, dugc rira bang nuéc va
nuée mudi bio hoa, dugc siy kho bing natri sulfat khan, dugc c6 dic, va dugce tinh ché

béng cot silica gel @8 thu duoc chit trung gian MDI-213-2 v6i hiéu suit 71,5%.

'H NMR (400 MHz, CDCI3) § 8,46 (dd, J = 8,0 Hz, J = 4,0 Hz, 1H), 7,49-7,48 (m,
1H), 7,38-7,32 (m, SH), 7,28-7,24 (m, 1H), 7,19 (d, J = 8,0 Hz, 1H), 7,05 (d, T = 12,0 Hz,
1H), 5,99 (d, J = 12,0 Hz, 2H), 5,78 (d, ] = 4,0 Hz, 2H) , 5,34 (s, 2H), 4,78-4,62 (m, 4H),
4,50 (s, 2H), 4,12-4,05 (m, 1H), 3,90-3,86 (m, 2H), 3,66-3,58 (m, 4H) ,2,80-2,78 (m, 1H),
2,59-2.54 (m, 4H), 2,46-2,44 (m, 2H), 1,10-1,05 (m, 3H), 0,95-0,90 (m, 6H), 0,06(s, 9H),-
0,04(s, 18H).

Téne hop chit trung gian MDI-213-3:  (2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilyl)etoxy)metoxy)phenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-
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1-((2-(trimetylsilyl)etoxy)metyl)pyrolo[3.4-d]imidazol-5(1H.4H.6H)-y1)(3-
hydroxylxyclobutyl)keton

Chét trung gian MDI-213-2 (43,0 mg, 0,05 mmol) dugc hoa tan trong 10 ml
metanol, va 5 mg 10% Pd/C dugc bd sung. Khong khi dugc thay thé bang hydro, cong
doan nay duoc lap ba 14n. Hon hop dugc cho phan tng qua d&m & nhiét do phong, duoc
loc bé Pd/C, va duoc c6 déc dé thu duoc chit trung gian MDI-213-3, s& dugc st dung truc

tiép trong bude tiép theo.

Téng hop hop chit MDI-213: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
vDpyrolo[3.4-d]imidazol-5(1H.4H.6H)-y1)(3-hydroxyl xyclobutyl)keton

Chét trung gian MDI-213-3 (36,1 mg, 0,05 mmol) duoc hoa tan trong 4 ml metanol
va 2 ml axit clohydric ddm ddc dugc bb sung. Hon hop dugc lam néng dén 50°C, dugc cho
phan g trong 6 gio, va dugc co dic dé thu duoc can. Cin dugc hoa tan trong metanol va
duge cd dic dén kho, cong doan nay dugc 13p lai 3 l4n. San phém thu duoc dugce hoa tan
trong 1 ml metanol, va 2 ml dung dich amoniac dugc bd sung dé trung hoa, va hdn hop thu
duoc dugce o dic dé thu duge cin. Cin dugc hoa tan trong metanol va duoc c6 dic dén
kho, cong doan nay duoc lip 2 1an. San phim thu dugc duge tinh ché bing tAm tinh ché dé

thu duoc 4 mg san phém v6i hiéu suét 16,4%.

'H NMR (400 MHz, MeOD-d4) & 8,28 (dd, J = 4,0 Hz, J = 8,0 Hz, 1H), 7,43-7,42
(m, 1H), 7,19 (dd, T = 4,0 Hz, 1= 8,0 Hz, 1H), 6,97-6,89 (m, 2H), 4,72-4,62 (m, 4H), 4,23-
420 (m, 1H), 2,95-2,91 (m, 1H), 2,63-2,53 (m, 4H), 2,26 -2,18 (m, 2H), 1,10(t, ] = 8,0 Hz,
3H).

Vi du 14: (2-(6-(2—etv1-5-ﬂo-4-hvdroxvphehv1)-1H-indazol-3-vl)—pvrolo[ 3.4-
dlimidazol-5-(1H,4H,6H)-yl)(pyridazin-4-yl)keton (MDI-214)

;;

D214
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Con dudng tdng hop MDI-214:

Q
Br N

MDI-214-1 MDI-214-2 MDI-214

Phuong phép tdng hop:

Tng hop chét trung gian MDI-214-1: (2-(6-brom-1-((2-
(trimetylsily])etoxy)metyl)-1H-indazol-3-y1)-1-((2-( trimetylsilyl)etoxy)metyl)-
pyrolo[3.4-d]imidazol-5-(1H, 4H.6H)-yl)(pyridazin-4-yl)keton

Tert-butyl  2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-
(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-carboxylat
(45 mg, 0,06 mmol) dugc hoa tan trong trong 5 ml diclometan, rdi 1 ml axit trifloaxetic
dugce bd sung. Hon hop duge khuéy & nhiét do phong trong 30 phut, va dugc ¢ dac dé thu
duoc cin. Cin duoc hoa tan trong diclometan va dugc ¢d dic dén kho, cong doan nay dugc
1ap lai 3 lan. Cin thu duoc duge hoa tan trong 5 ml DMF, sau d6 bd sung axit pyridazin-
4-carboxylic (9 mg, 0,07 mmol), HATU (32 mg, 0,08 mmol) va DIPEA (0,05 ml,
0,30 mmol). Phan tmg duoc thyc hién & nhiét do phong trong 16 gid va nude duge b6 sung
d4 dimg phan tmg. Hn hop duoc chiét hai 1n bing EA, va céc pha hitu co duge két hop,
duge rira bing nude va nuée mudi bio hoa, duge sdy kho bing natri sulfat khan, dugc cd
dic, va dugc tinh ché bing cét silica gel dé thu dugc 23 mg chét trung gian MDI-214-1 véi
higu suét 51,2%.

'H NMR (400 MHz, CDCI3)5 9,45 — 9,50 (m, 2H), 8,34 (dd, J = 38,3Hz, ] = 8,6
Hz, 1H), 7,79 (t, J = 1,9 Hz, 1H), 7,69-7,66 (m, 1H), 7,45-7,41 (m, 1H), 5,92 (d, J = 31,9
Hz, 2H), 5,72 (d, J = 5,3 Hz, 2H), 4,95-4,93 (m, 2H), 4,68- 4,66 (m, 2H), 3,65-3,54 (m,
4H), 1,08-0,77 (m, 4H), 0,05-0,13 (m, 18H).

Téng hop chit trung gian MDI-214-2:  (2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilyl)etoxy)metoxy)phenyl)-1-((2-( trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-
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1-((2-(trimetylsilyl)etoxy)metyl)-pyrolo[3.4-d]imidazol-5-(1H.4H.6H)-y1)(pyridazin-4-
yhketon

Chét trung gian MDI-214-1 (23 mg, 0,03 mmol), (2-((5-etyl-2-flo-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaboran-2-yl)phenoxy)metoxy)etyl)trimetylsilan (20 mg, 0,05 mmol),
Pd(dppf)Clz (3 mg, 0,003 mmol) va kali phosphat (22 mg, 0,10 mmol) duoc hoa tan trong
1,4-dioxan (5 ml) va nudc (1 ml). Khong khi dugce thay thé bing nito, cong doan nay dugc
1ap lai 3 14n. Hon hop dwgc 1am néng dén 100 °C, duge cho phan tng trong 16 h, va dugc
lam mat v& nhiét d6 phong. Nuéc duge bd sung va hdn hop thu dugc duge chiét 2 14n béng
etyl axetat va cac pha hitu co duoc két hop, dwoc rira bing nude va nude mudi bio hoa,
duoc sr?'ly kho béng natri sulfat khan, duoc c6 dic, va duoc tinh ché béng cot silica gel dé

thu dugc 25 mg chit trung gian MDI-214-2 véi hidu suit 84,7%.

'H NMR (400 MHz, CDCI3) § 9,46 — 9,42 (m, 2H), 8,62 — 8,31 (m, 1H), 7,71-7,67
(m, 1H), 7,51 — 7,47 (m, 1H), 7,25 (dd, T= 8,4, 1,3 Hz, 1H), 7,18 (dd, T = 8,4, 4,0 Hz, 1H),
7.03 (dd, T = 11,6, 6,0 Hz, 1H), 5,96 (d, J=31,6 Hz, 2H), 5,78 (d, J = 5,2 Hz, 2H), 5,34 (d,
T=2.7Hz, 2H), 5,02 — 4,95 (m, 2H), 4,71 — 4,67 (m, 2H), 3,90 — 3,86 (m, 2H), 3,66 — 3,62
(m, 4H), 2,57 — 2,54 (m, 2H), 1,14 — 0,81 (m, 9H), 0,06 (d, J = 2,1 Hz, 9H), -0,04 (dd, J =
12,1Hz, J = 8,6 Hz, 18H).

Tdng hop hop chit MDI-214: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
vDpyrolo[3.4-dlimidazol-5-(1H.4H.6H)-yl)(pyridazin-4-yl)keton

Chét trung gian MDI-214-2 (25 mg, 0,03 mmol) dugc hoa tan trong metanol (4 ml),
rdi axit clohydric ddm dic (2 ml) duge bd sung. Hon hop duge 1am néng dén 50 °C, duoc
cho phan tng trong 6 gio, va dugc ¢ dic dé thu duoc cin. Cin dugc hoa tan trong metanol
va duoc cd dic dén khd, cong doan nay dugce 13p lai 3 l4n. Cin thu duoc duogc hoa tan trong
trong metanol, 1 ml dung dich amoniac dugc bé sung, rdi tiép d6 hén hop dugce ¢6 dic, va

duoc tinh ché bing tAm tinh ché dé thu dwoc 4 mg san phém cudi cling vé6i hiéu suét 29,4%.

'H NMR (400 MHz, MeOD-d4)5 9,48 (dd, T =2,3, T = 1,3 Hz, 1H), 9,42 (dd, J =
5.2.1=13Hz, 1H), 8,26 (s, 1H), 8,02 (dd, T = 5,3, ] =22 Hz, 1H), 7,43 (d, T = 1,1 Hz,
1H), 7,17 (d, T = 8,2 Hz, 1H), 6,93 (dd, T= 19,7, J = 10,4 Hz, 2H), 4,90 (s, 2H), 4,73 (s,
2H), 2,55 (q, J = 7,5 Hz, 2H), 1,08 (t, = 7,5 Hz, 3H).
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Vi du 15: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-pyrolo[3.4-
dlimidazol-5-(1H,4H.6H)-vy1)(pyridazin-3-ylketon (MDI-215)

KMDE2156

Con dudng tdng hop MDI-215:
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Phuong phép tdng hop:

Tbng hop chét trung glan MDI-215-1: (2-(6-brom-1-((2-
(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-
pyrolo[3.4-d]imidazol-5-(1H,4H.6H)-yl)(pyridazin-3-yl)keton

Tert-butyl 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1-((2-
(trimetylsilyl) etoxy)metyl)-4,6-dihydropyrolo[3,4-dJimidazol-5(1H)-carboxylat (200 mg,
0,30 mmol) duoc hoa tan trong 10 ml diclometan, va 2 ml axit trifloaxetic duoc bd sung.
Hbn hop duoc khqu & nhiét dd phong trong 30 phut, va duge c¢6 dic dé thu dugc cin. Cin
duoc hoa tan trong diclometan va dugc c6 dac dén kho, cong doan nay dugce lap lai 3 lan.
Cin thu duoc dugce hoa tan trong 10 ml DMF, sau do6 bd sung axit pyridazin-3-carboxylic
(45 mg, 0,36 m ml), HATU (164 mg, 0,43 mmol) va DIPEA (0,18 ml, 1,08 mmol). Phan
mg dugc thuc hién ¢ nhiét do phong trong 16 gid va nude duge bd sung @& dimg phan
tmg. Hon hop thu duge duoc chiét hai 14n bang EA, va céc pha hitu co dugc Kkét hop, duoc

rira bing nuée va nude mudi béo hoa, dugc sdy khd bang natri sulfat khan, dugc c6 dac va
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duoc tinh ché bing cot silica gel dé thu duoc 98 mg chat trung gian MDI-215-1 véi hiéu
suit 49,2%.

'H NMR (400 MHz, CDCI3)5 9,35 — 9,30 (m, 1H), 8,40 (dd, J = 19,4Hz, ] =8,6 Hz,
1H), 8,25 (dd, J = 4,0Hz, ] =8,0 Hz, 1H), 7,79 (dd, T = 3,1, ] =1,5 Hz, 1H), 7,72-7,68 (m,
1H), 7,46-7,43 (m, 1H), 5,95 (d, J = 21,7 Hz, 2H), 5,73 (d, J = 3,2 Hz, 2H), 5,40 — 5,24
(m, 2H), 5,06 — 4,98 (m, 2H), 3,66 — 3,56 (m, 4H), 0,98 — 0,87 (m, 4H), 0,00-0,05 ( m,
9H),-0,09 (s, 9H).

Tébng hop chit trung gian  MDI-215-2:  (2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilyl)etoxy)metoxy)phenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-
1-((2-(trimetylsilyl)etoxy)metyl)-pyrolo[3.4-d]Jimidazol-5-(1H.4H . 6H)-yl)(pyridazin-3-

yhketon

Chét trung gian MDI-215-1 (98 mg, 0,15 mmol), (2-((5-etyl-2-flo-4-(4, 4.5,5-
tetrametyl-1,3,2-dioxaboran-2-yl)phenoxy)metoxy)etyl)trimetylsilan (100 mg,
0,25 mmol), Pd(dppf)Cl: (15 mg, 0,015 mmol) va kali phosphat (110 mg, 0,50 mmol) duoc
hoa tan trong 1,4-dioxan (25 ml) va nuéc (5 ml). Khéng khi dugc thay thé bing nito, cong
doan nay duoc lip lai 3 14n. Hon hop dwoc 1am néng dén 100°C, dugc cho phan ung trong
16 h, va duge lam mat vé nhiét d6 phong. Nuéc dugc bd sung va hdn hop thu duge dugc
chiét hai 14n biing etyl axetat, va cac pha hitu co dugc két hop, dugc rira bang nude va nude
mudi bio hoa, dugc sdy kho bing natri sulfat khan, duge 6 dic, va dugc tinh ché qua cot

silica gel d& thu dwgc 97 mg chét trung gian MDI- 215-2 véi hiéu suat 77,1%.

I'H NMR (400 MHz, CDCI3)$ 9,33 — 9,32 (d, J = 4,0 Hz, 1H), 8,52 — 8,48 (m, 1H),
8.26-8.21 (m, 1H), 7,71 — 7,69 (m, 1H), 7,48 (dd, J = 2,8Hz, ] =1,2 Hz, 1H), 7,26 (dd, ] =
8 4Hz, J =13 Hz, 1H), 7,18 (dd, J = 8,4Hz, ] =2,4 Hz, 1H) , 7,04 (dd, J = 11,6Hz, T = 4,2
Hz, 1H), 5,99 (d, J = 22,2 Hz, 2H), 5,78 (d, ] = 3,0 Hz, 2H), 5,40 (d, ] = 2,4 Hz , 1H), 5,34
(s, 2H), 5,25 (t, J = 2,1 Hz, 1H), 5,08 — 4,99 (m, 2H), 3,90-3,88 (m, 2H), 3,67 - 3,58 (m,
4H), 2,56 (q, J = 7,5 Hz, 2H), 1,10 — 0,77 (m, 9H), 0,06 (d, J = 1,2 Hz, 9H), 0,01 —0,10
(m, 18H).

Téng hop hop chit MDI-215: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
yD)-pyrolo[3.4-d]imidazol-5-(1H.4H.6H)-yl)(pyridazin-3-yl)keton
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Chat trung gian MDI-215-2 (97 mg, 0,11 mmol) dugc hoa tan trong metanol
(10 ml), 101 axit clohydric dam dic (5 ml) dugc bd sung. Hén hop duoc 1am néng dén
50 °C, duogc cho phan ung trong 6 gio, va duge cd dic dé thu dugc can. Cin duge hoa tan
trong metanol va dugc co dédc dén kho, coéng doan nay dugc lip lai 3 lan. Cian thu duoc
duoc hoa tan trong trong metanol, 1 ml dung dich amoniac dugc bd sung, va hdn hop duoc
b dic, va dugce tinh ché béng tAm tinh ché @& thu duoc 10 mg san phém cubi ciing v&i hidu

suét 18,9%.

'H NMR (400 MHz,DMSO-d6) § 13,31 (s, 1H), 12,83 (d, T = 33,0 Hz, 1H), 9,85 (s,
1H), 9,39 (dd, J = 5,0Hz, J =1,7 Hz , 1H), 8,37 — 8,31 (m, 1H), 8,07 (s, 1H), 7,92 (dd, J =
8.5Hz, J = 5,0 Hz, 1H), 7,40 (s, 1H), 7,13 (d, J = 8,1 Hz, 1H), 7,03 (d, J = 11,9 Hz, 1H),
6,92 (d, ] =9,1 Hz, 1H), 4,84 — 4,45 (m, 4H), 2,49 (q, ] = 7,5 Hz, 2H) , 1,02 (t, J= 7,5 Hz,
3H).

Vi du 16: (S)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-4.6-
dihydropyrolo[3.4-dlimidazol-5-(1H)-y)(3-hydroxylpyrolidin-1-yl)keton (MDI-216)

MDI-216

Con dudng tdng hop MDI-216:
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MDI-216-1

MDI-216

Phuong phap tdng hop:

Tdng hop chit trung gian MDI-216-1: 6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-((2-
(trimetylsilyl)etoxy)metyl)-3-(1-((2-(trimetylsilyl)etoxy) metyl)- 1.4.5.6-
tetrahydropyrolo[3.4-d]imidazol-2-yl)-1H-indazol

Tert-butyl 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indol-3-yI)-1-((2-
(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4—d]imiaazol-5(1H)-carboxylat (500 mg,
0,75 mmol), 2-(4-(benzyloxy)-2-etyl-5-flophenyl)-4,4,5,5-tetrametyl-1,3,2-dioxaboran
(401 mg, 1,13 mmol), Pd(dppf)Cl> (75 mg, 0,075 mmol) va kali phosphat (495 mg,
2,25 mmol) dugc hoa tan trong 1,4-dioxan (30 ml) va nudc (6 ml). Khong khi dugc thay
thé bing nito, cong doan nay dwgc lap lai 3 1An. H3n hop dugc 1am néng dén 100°C, dugc
cho phan ng trong 16 gio va duoc lam mat v& nhiét dd phong. Nude dugce bd sung va hén
hop thu duoc duoc chiét hai 1an béng etyl axetat, va cac pha hitu co dugc két hop, dugc
rua béng nudce va nude mudi bio hoa, duge séy kho bang natri sulfat khan, duge co dic,
va duoc tinh ché bing cot silica gel. San phém tinh khiét dugc hoa tan trong 25 ml
diclometan, va 5 ml axit trifloaxetic dugc bd sung nhé giot. Hdn hop duogc khqu O nhiét
do phong trong 30 phut, va dugc c6 ddc dé thu du’(_jrc can. Cin duogc hoa tan trong

diclometan va duoc c6 dic dén kho, cong doan nay dugc lap lai 3 1an. Cin thu duoc dugc
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tinh ché bing cot silica gel dé thu dugc 210 mg chét trung gian MDI-216-1 v6i hiéu suét
39,2%.

'H NMR (400 MHz, CDCI3) & 8,48 (d, T = 8,3 Hz, 1H), 7,52 (d, J = 7.4 Hz, 1H),
749 —7.37 (m, 5H), 7,25 (d, ] = 8,4 Hz, 1H), 7,23-6,96(m, 2H), 5,93 (s, 2H), 5,77 (s, 2H),
523 (s, 2H), 4,21 (d, T = 35,1 Hz, 4H), 3,66 — 3,52 (m, 4H), 2,54 (g, I = 7,6 Hz, 2H), 1,05
(t, 7="7,5 Hz, 3H), 0,95 — 0,89 (m, 4H), 0,02 (s, 9H), -0,05 (d, ] = 3,4 Hz, 9H).

Tdng hop chit trung gian MDI-216-2: (S)-(2-(6-(4-(benzyloxy)-2-etyl-5-
flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1-((2-
(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1 H)-yD(3-

(benzyloxy)pyrolidin-1-yl)keton

Triphosgen (25,8 mg, 0,09 mmol) duoc hoa tan trong 5 ml tetrahydrofuran, va chét
trung gian MDI-216-1 (80 mg, 0,09 mmol) trong tetrahydrofuran (5 ml) duoc bd sung nhd
giot & 0°C. Hon hop duoc khudy & nhiét d6 phong trong 10 phut va (S)-3-(benzyloxy)
pyrolidin (31,9 mg, 0,18 mmol) trong tetrahydrofuran dugc b sung. Hon hop dugc khudy
& nhiét do phong trong 5 phut, va nude dugce bd sung. Hbn hop thu duge duge chiét hai lan
béng etyl axetat, va cic pha hiru co dugc két hop, dugce rira bing nudce va nudce mudi bio
hoa, dugc séy kho bing natri sulfat, duge cd dic, va dugc tinh ché bing cot silica gel dé

thu dwoc 71 mg chét trung gian MDI-216-2 v6i hiéu suét 86,1%.

I{f NMR (400 MHz, CDCI3) 8 8,46 (d, = 8,3 Hz, 1H), 7,53 — 7,51 (m, 2H), 7,47
742 (m, 3H), 7,39 — 7,29 (m, 6H), 7,24 (dd, J = 8,4 Hz, ] = 4,0 Hz,1H), 7,07 - 6,97 (m,
2H), 5,95 (s, 2H), 5,77 (s, 2H), 5,23 (s, 2H), 4,92 — 4,88 (m, 2H), 4,76 — 4,69 (m, 2H), 4,60
(s, 2H), 4,23 (s, 1H), 3,76 — 3,70 (m, 2H), 3,66 — 3,58 (m, 6H), 2,54 (g, J = 7,5 Hz, 2H),
215 — 2,13 (m, 1H), 2,06 — 2,02 (m, 1H), 1,05 (t, J = 7,5 Hz, 3H), 0,95 — 0,91 (m, 4H),
20,01 - 0,11(m, 18H).

Tdéng hop hop chit MDI-216: (S)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-
indazol-3-y1)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-y1)(3 -hydroxylpyrolidin-1-

yhketon

Chét trung gian MDI-216-2 (83 mg, 0,11 mmol) dugc hoa tan trong metanol
(10 ml), rdi 10 mg Pd/C va axit clohydric ddm ddc (5 ml) dugc bd sung. Hon hop duoc 1am
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nong dén 50°C, dugc cho phan tmg trong 6 gid, duge loc va dugc ¢ dic dé thu duoc cin.
Cin duogc hoa tan trong metanol va dugce c6 ddc dén kho, cong doan niy dugc 13p lai 3 lan.
Cin thu duoc dugce hoa tan trong trong metanol, 1 ml dung dich amoniac dugc bd sung,
rdi tiép d6 hén hop dwoc cd dic, va dugc tinh ché bing tAm tinh ché dé thu dugc 8 mg san

phém cudi cung voi hiéu suat 15,2%.

'H NMR (400 MHz, MeOD-d4) 8,27 (d, J = 8,4 Hz, 1H), 7,43 (d, /= 1,0 Hz, 1H),
7.17 (d, J = 8,4 Hz, 1H), 6,97 — 6,90 (m, 2H), 4,81 — 4,61 (m, 4H), 4,46 — 4,44 (m, 1H),
3,79 — 3,69 (m, 2H), 3,50 — 3,43 (m, 2H), 2,56 (q, J = 7,5 Hz, 2H), 2,09 — 1,99 (m, 2H),
1,08 (t, J= 7,5 Hz, 3H).

Vi du 17: 5-etyl-2-flo-4-(3-(5-(4-hydroxylxyclohexyl)-1.4.5.6-
tetrahydropyrolo[3.4-d]imidazol-2-y1)-1H-indazol-6-yl)phenol (MDI-217)
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Con duong tdng hop MDI-217:
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1 TFA, DCM
2, NaBH(OAc)3,DCE

MDI-217-1

OH

MDI-217

Phuong phép tdng hop:

T8ng hop chit trung gian MDI-217-1: 5-etyl-2-flo-4-(3-(5-(4-hydroxylxyclohexyl)-

1-((2-(trimetylsilyl)etoxy)metyl)-1.4.5 6-tetrahydropyrolo [3.4-d]limidazol-2-y])-1-((2-

(trimetylsilyl)etoxy)metyl)-1H-indazol-6-yl)phenol

Tert-butyl ~ 2-(6-(2-etyl-5-flo-4-((2-(trimetylsilyl)etoxy)metoxy)  phenyl)1-((2-
(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1-((2-(trimetylsilyl)etoxy) metyl)-4,6-
dihydropyrolo[3,4-d]imidazol-5(1H)-carboxylat (65,0 mg, 0,08 mmol) dugc hoa tan trong
5 ml diclometan, va 1 ml axit trifloaxetic duoc bd sung. Hon hop duoc khudy & nhiét o
phong trong 30 phut. Nuéc dugc bd sung, pH duoc diéu chinh bang natri bicacbonat bio
hoa v& pH=9, va hdn hop thu duge duge chiét bing DCM, dugc rira bing nudc va nude
mudi bao hoa, dugc sdy kho bang natri sulfat khan, va dugc cd déc. Chét rén thu dugc duoc
hoa tan trong 1,2-dicloetan, va 4-hydroxyxyclohexanon (17,4 mg, 0,15 mmol) dugc bd

sung, rdi dugc khudy & nhiét do phong trong 1 gio. ROi tiép d6 natri triaxetyl bohydrua
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(32,3 mg, 0,15 mmol) dugc ) sung, va phan ing dugc thuc hién ¢ nhiét 46 phong trong
3 gid. Nude duge bd sung dé dimg phan tmg, va hdn hop thu duge duoc chiét bing DCM
hai 14n, va cé4c pha hitu co duoc két hop, dugce rira bang nude va nudée mudi bdo hoa, dugc
sdy khd bang natri sulfat khan, duoc c6 dic, va dugc tinh ché bang cot silica gel dé thu
duge san phim MDI-217-1 véi hidu suit 38,2%.

'H NMR (400 MHz, CDCI3) & 8,46 (dd, J = 8,0 Hz, T = 4,0 Hz, 1H), 7,44 (s, 1H),
722 (dd, T = 8,0 Hz, J = 4,0 Hz, 1H), 7,02-6,95 (m, 2H), 5,93 (d, J = 4,0 Hz, 2H), 5,77 (d,
=40 Hz, 2H), 4,27-4,07 (m, 4H), 3,76-3,74 (m, 1H), 3,65-3,56 (m, 4H), 2,76-2,74 (m,
1H), 2,55-2,49 (m, 2H), 2,11-2,03 (m, 3H), 1,88-1,86 (m, 2H), 1,74-1,66 (m, 3H), 1,08 (¢,
J = 4,0 Hz, 3H), 0,94-0,89 (m, 4H), 0,02(s, 9H), -0,05(s,9H).

Téng hop hop chit MDI-217: 5-etyl-2-flo-4-(3-(5-(4-hydroxylxyclohexyl)-1.4.5.6-
tetrahydropyrolo[3.4-d]imidazol-2-y1)-1H-indazol-6-yl)phenol

Chét trung gian MDI-217-1 (21,0 mg, 0,03 mmol) duoc hoa tan trong 4 ml metanol,
va 2 ml axit clohydric ddm dic dugc bd sung. Hon hop dugc lam néng dén 50 °C, dugc
cho phan g trong 6 gid, va dugc c6 dic dé thu dugc cin. Cin duogc hoa tan trong metanol
va dugc co dic dén khd, cong doan nay duoc l3p lai 3 14n. Sau khi thu dugce san pham, 1
ml metanol dugc bd sung, 2 ml dung dich amoniac ddm déc dugc bd sung dé trung hoa, va
hdn hop dugc cd dic dé thu duoc can. Cin dugc hoa tan trong metanol va dugc c6 dic dén
kho, céng doan nay dugc ldp 2 14n. Cin thu dugc duge tinh ché béng tAm tinh ché dé thu

duge 5,3 mg san phdm véi hiéu suit 39,5%.

'H NMR (400 MHz, MeOD-d4) & 8,27 (dd, J = 4,0 Hz, J = 8,0 Hz,1H), 7,43-7,42
(m, 1H), 7,19 (dd, J = 4,0 Hz, T = 8,0 Hz, 1H), 6,96-6,88 (m, 2H), 3,98 (s, 4H), 3,93 (m,
1H), 2,74-2,72 (m, 1H), 2,58(q, ] = 8,0 Hz, 2H), 2,04- 2,05 (m, 1H), 1,90-1,80 (m, SH),
1,64-1,62 (m, 2H), 1,10 (t, J = 8,0 Hz, ] = 16,0 Hz, 3H).

Vi du 18: 4-(3-(5-(xyclopropansulfonyl)-1.4.5.6-tetrahydropyrolo [3.4-d]imidazol-
2-y1)-1H-indazol-6-yl)-5-etyl-2-flophenol (MDI-218)
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Phuong phép tdng hop:

Tdng hop chét trung gian MDI-218-1: 6-brom-3-(5-(xyclopropansulfonyl)-1-((2-

(trimetylsilyl)etoxy)metyl)-1.4.5.6-tetrahydropyrolo[3.4-d] imidazol-2-y1)-1-((2-

(trimetylsilyl)etoxy)metyl)-1H-indazol

Tert-butyl ~ 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1-((2-
(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1 H)-carboxylat (100 mg,
0,15 mmol) dugc hoa tan trong 5 ml diclometan, va 1 ml axit trifloaxetic dugc bd sung.
Hbn hop duge khudy & nhiét do phong trong 30 phit, dugc cd dic, duoc ding phéan Gng
béng natri bicacbonat, va duoc chiét hai 14n bang diclometan. Pha hitu co duoc két hop,
duoc rira bing nudce va nudce mudi bio hoa, duoc séy kh6 bang natri sulfat khan va dugc

140



44306 141/271

cd dac. Hop chét thu duoc duge hoa tan trong 5 ml DCM va Et3N (0,08 ml, 0,59 mmol),
va duoc 1am mét vé 0°C. Xyclopropylsulfonyl clorua (22,4 mg, 0,16 mmol) dugc bd sung
tlr tir. Phan tng duge thyc hién & nhiét d6 phong trong 2 gid, va nude duge bd sung dé
dimg phan tmg. Hon hop thu duge duge chiét bing DCM hai 14n, va céc pha hitu co duge
két hop, duoc rira bing nudc va nudc mudi bdo hoa, dugc siy kho béng natri sulfat khan,
duge b dic, va duoc tinh ché bing cot silica gel dé thu duoc chét trung gian MDI-218-1

v6i hiéu suit 36,0%.

'H NMR (400 MHz, CDCI3) § 8,37 (d, ] = 8,0 Hz, 1H), 7,80 (d, J = 4,0 Hz, 1H),
7.43 (d,J = 8,0 Hz, 1H), 5,91 (s, 2H), 5,73 (s, 2H), 4,75-4,74 (m, 2H), 4,66-4,65 (m, 2H),
3,63-3,58 (m, 4H), 2,50-2,44 (m, 1H), 1,33-1,31 (m, 2H), 1,06-1,02 (m, 2H), 0,96-0,91 (m,
4H), 0,00-0,05 (m, 18H).

Tdng hop chit trung gian MDI-218-2: 3-(5-xyclopropansulfonyl)-1-((2-

(trimetylsilyl)etoxy)metyl)-1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-2-y1)-6-( 2-etyl-5-flo-

4-((2-(trimetylsilyl)etoxy)metoxy)phenyl)-1-((2-(trimetylsilyl) etoxy)metyl)-1 H-indazol

Chét trung gian MDI-218-1 (36,0 mg, 0,05 mmol), (2-((5-etyl-2-flo-4-(4, 4,5,5-
tetrametyl-1,3,2-dioxaboran-2-yl)phenoxy)metoxy)etyl)trimetylsilan (25,5 mg,
0,06 mmol), Pd(dppf)CI2 (3,9 mg, 0,005 mmol) va kali phosphat (34,2 mg, 0,16 mmol)
duge hoa tan trong 1,4-dioxan (6 ml) va nudc (1 ml). Khong khi dugc thay thé bang nito,
cong doan nay duoc ldp lai 3 14n. Hon hop duoc 1am nong dén 100 °C, dugc cho phan tng
qua dém, va duoc lam mét vé nhiét d6 phong. Nude duge bd sung, va hén hop thu dugce
duoc chiét hai 14n bing etyl axetat, va cac pha hiru co dugc két hop, dugc rira bing nuée
va nudc mubi bio hoa, duoc séy kho b%mg natri sulfat khan, dugc cd dic, va dugce tinh ché

bing cot silica gel dé thu dugc chét trung gian MDI- 218-2, hiéu sut 70,0%.

I NMR (400 MHz, CDCI3) & 8,47 (d, ] = 8,0 Hz, 1H), 7,48 (s, 1H), 7,26 (d, ] =
7.9 Hz, 1H), 7,18 (d, T = 8,0 Hz, 1H), 7,04 (d, ] = 12,0 Hz, 1H), 5,95 (s, 2H), 5,78 (s, 2H),
534 (s, 2H), 4,76 (s, 2H), 4,68 (s, 2H), 3,88 (t, J = 8,0 Hz, 2H), 3,68- 3,57 (m, 4H), 2,56
(q,J=7,6 Hz, 2H), 2,24 (t, ] = 7,7 Hz, 1H), 1,12- 0,86 (m, 13H),-0,01-0,06 (m, 27H).

Tbébng hop  hop chit MDI-218: 4-(3-(5-(xyclopropansulfonyl)-1.4.5.6-
tetrahvdropvroloB,4-d]imidazol-2-vl)-1H-indazol—6-vl)-5-etvl-2—ﬂ0phen01
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Chéat trung gian MDI-218-2 (36,0 mg, 0,04 mmol) dugc hoa tan trong metanol
(4 ml), 1di axit clohydric ddm dic (2 ml) dugc bd sung. Hbn hop duoc lam néng dén 50°C,
dugce cho phan tmg trong 6 gio, va duoc 6 dic. Chét rin duoc hoa tan trong 1 ml metanol,
va pH dugc didu chinh bing natri bicacbonat vé 8-9, va hdn hop thu dugc dugc chiét 4 lan
bang diclometan. Pha hitu co dugc két hop, dugc siy kho bing natri sulfat khan, va dugc

tinh ché bang tdm tinh ché dé thu dugc 16 mg san phim cubi cing vé6i hiéu suét 81,4%.

'H NMR (400 MHz, MeOD-d4) & 8,27 (d, ] = 8,0 Hz, 1H), 7,43 (s, 1H), 7,18 (dd, J
= 8,0Hz, J =4,0 Hz, 1H), 6,93 (dd, J=20,0Hz, I = 12,0 Hz, 2H), 4,65 (s, 4H), 2,76- 2,69(m,
1H), 2,60- 2,51 (m, 2H), 1,20- 1,18 (m, 2H), 1,10- 1,06 (m, SH).

Vi du 19: 4-(3-(5-(xyclobutylsulfonyl)-1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-2-
y1)-1H-indazol-6-y1)-5-etyl-2-flophenol (MDI-219) |

O
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Con dudng tdng hop MDI-219:
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Phuong phép téng hop

Tdng hop chit trung gian MDI-219-1: 6-brom-3-(5-(xyclobutylsulfonyl)-1-(2-
(trimetylsilyl)etoxy)metyl)-1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-2-y1)-1-(2-

(trimetylsilyl)etoxy)metyl)-1H-indazol

Tert-butyl  2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yI)-1-((2-
(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol-5-(1H)- carboxylat (100
mg, 0,15 mmol) dugc hoa tan trong 5 ml diclometan, va 1 ml axit trifloaxetic dugc b6 sung.
Hbn hop duoc khudy & nhiét &6 phong trong 30 phut, dugce cd dic, va dugc dimg phan Gng
bing natri bicacbonat. H8n hop thu dwogc dugce chiét hai 1n bang diclometan, va céc pha
hitu co duge két hop, dugce rira bing nude va nude mudi bio hoa, duge sdy kho bang natri
sulfat khan va dugc c6 ddac. Hop chét thu dugc dugce hoa tan trong 5 ml DCM va Et3N
(0,08 ml, 0,59 mmol), va dugc lam mét vé 0°C. Xyclobutylsulfonyl clorua (24,6 mg,
0,16 mmol) dugc bd sung tir tir. Phan tg dugc thuc hién & nhiét d6 phong trong 2 giv, va
nuée duge bd sung dé ding phan tmg. Hon hop thu duoc duoc chiét bing DCM hai 1an,
va cac pha hitu co dugc két hop, duge rira bing nude va nude mudi bio hoa, duge siy kho
b?mg natri sulfat khan, duoc ¢ ddc, va dugc tinh ché bang cot silica gel d8 thu dugc chét

trung gian MDI-219-1 véi hidu suét 32,1%.
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I'H NMR (400 MHz, CDCI3) & 8,36 (d, J = 8,0 Hz, 1H), 7,79 (s, 1H), 7,43 (d, =8
Hz, 1H), 5,92 (d, J = 4,0 Hz, 2H ), 5,73 (s, 2H), 4,70 (s, 2H), 4,60 (s, 2H), 4,03- 3,95 (m,
1H), 3,65- 3,56 (m, 4H), 2,75- 2,64 (m, 2H), 2,37- 2,30 (m, 2H), 2,11- 2,04 (m, 2H), 0,95-
0,90 (m, 4H), 0,00-0,05 (m, 18H).

Tdng hop chit trung gian MDI-219-2:  3-(5-(xyclobutylsulfonyl)-1-((2-
(trimetylsilyl)etoxy)metyl)-1.4.5.6-tetrahydropyrolo[3.4-d]Jimidazol-2-yl)-6-(2-  etyl-5-
flo-4-((2-(trimetylsilyl)etoxy)metoxy)phenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-

indazol

Chét trung gian MDI-219-1 (33,0 mg, 0,05 mmol), (2-((5-etyl-2-flo-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaboran-2-yl)phenoxy)metoxy)etyl)trimetylsilan (22,6 mg,
0,06 mmol), Pd(dppf)Cl2 (3,5 mg, 0,005 mmol), va kali phosphat (30,2 mg, 0,14 mmol)
duoc hoa tan trong 1,4-dioxan (6 ml) va nude (1 ml). Khong khi dugc thay thé béng nito,
cbng doan nay dugc lap lai 3 14n. Hdn hop duoc 1am néng dén 100 °C, dugc cho phan g
qua dém, va dugc lam mat vé nhiét d6 phong. Nudc duge bd sung, hdn hop thu duoc duge
chiét hai 14n bing etyl axetat, va cac pha hitu co dugc két hop, duoc rira bing nudc va nude
mubi bdo hoa, duoc séy kho béng natri sulfat khan, duoc cd dic, va duge tinh ché b%mg cOt

silica gel dé thu dugc chét trung gian MDI-219-2 véi hiéu suét 73,5%.

'H NMR (400 MHz, CDCI3) § 8,45 (d, J =8,0 Hz, 1H), 7,48 (s, 1H), 7,26 (dd,J =
8 3Hz, J =13 Hz, 1H), 7,18 (d, ] = 8,0 Hz, 1H), 7,07- 7,02 (m, 1H), 5,93 (s, 2H), 5,77 (s,
2H), 5,34 (s, 2H), 4,74~ 4,70(m, 2H), 4,64- 4,60( m, 2H), 4,00-3,98 (m, 1H), 3,91- 3,86 (m,
2H), 3,66- 3,58 (m, 4H), 2,75 — 2,66 (m, 2H), 2,58- 2,54 (m, 2H), 2,11- 2,02 (m, 4H), 1,10-
1,04 (m, 3H), 1,01- 0,96 (m, 6H), -0,02-0,05 (m, 27H). -

Téng hop  hop chdt MDI-219:  4-(3-(5-(xyclobutylsulfonyl)-1.4.5.6-
tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-indazol-6-y1)-5-etyl-2-flophenol

Chét trung gian MDI-219-2 (31,0 mg, 0,04 mmol) duogc hoa tan trong metanol
(4 ml), rdi axit clohydric dam dac (2 ml) dugc bb sung. Hon hop dugce 1am néng dén 50°C,
dugc cho phén tng trong 6 giv, va duoc cb dic. Chét rin dugc hoa tan trong 1 ml metanol,
va pH dugc diéu chinh bing natri bicacbonat vé pH=8-9. Hdn hop thu dugc dugc chiét

bing diclometan 4 1an, va cc pha hitu co dugc két hop, dugc sdy kho bang natri sulfat
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khan, va duoc tinh ché bing tim tinh ché dé thu dugc 12 mg san pham cubi ciing v6i hidu
suat 65,7%.

'H NMR (400 MHz, MeOD-d4) § 8,26 (d, ] = 8,0 Hz, 1H), 7,43 (s, 1H), 7,17 (dd, J
= 8 4Hz, J =1,4 Hz, 1H), 6,93 (dd, J = 20,0Hz, J =12,0 Hz, 2H), 4,60 (s, 4H), 4,26-4,18 (m,
1H), 2,68- 2,52 (m, 4H), 2,40- 2,31 (m, 2H), 2,13- 2,02 (m, 2H), 1,08 (t, ] = 7,5 Hz, 3H).

Vi du 20: 4-(3-(5-(xyclopentylsulfonyl)-1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-
2-y1)-1H-indazol-6-y1)-5-etyl-2-flophenol (MDI-220)

MDI-220

Con dudng tdng hop MDI-220:
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Phuong phap tdng hop:
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T8ng hop chit trung gian MDI-220-1: 6-brom-3-(5-(xyclopentylsulfonyl)-1-((2-
(trimetylsilyl)etoxy)metyl)-1.4.5.6-tetrahydropyrol[3.4-d]imidazol-2-y1)-1-((2-
(trimetylsilyl)etoxy)metyl)-1H-indazol

Tert-butyl 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)- 1 H-indazol-3-yl)-1-((2-
(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol-5-(1H)-  carboxylat (100
mg, 0,15 mmol) dugc hoa tan trong 5 ml diclometan, va 1 ml axit trifloaxetic duoc bd sung.
Hon hop duge khudy & nhiét 6 phong trong 30 phit, dugc ¢b dic, va dugc dimg phan ung
bing natri bicacbonat. Hon hgp thu duoc dugce chiét hai 14n bing diclometan, va cac pha
hitu co duoce két hop, dugc rira bing nuwde va nudc mubdi bio hoa, duge siy kho bang natri
sulfat khan va dugc c6 ddc. Hop chét thu dugc dugce hoa tan trong 5 ml DCM va Et3N
(0,08 ml, 0,59 mmol), va dugc lam mat vé 0°C. Xyclopentylsulfonyl clorua (26,8 mg, 0,16
mmol) dugc bd sung tir tir va phan ing dugc thuc hién ¢ nhiét d¢ phong trong 2 gio. rdi
tiép d6 nuée duoc bd sung dé dimg phan tmg. H8n hop thu dugc duge chiét bing DCM
hai 13n, va céc pha hiru co dugc két hop, dugc rira béng nuGce va nude mudi bio hoa, duge
sdy kho bang natri sulfat khan, dwoc ¢b dic, va dugc tinh ché bang cot silica gel dé thu

dugc chit trung gian MDI-220-1 véi hiéu suit 38,1%.

I'H NMR (400 MHz, CDCI3) 5 8,36 (d, ] = 8,0 Hz, 1H), 7,80 (s, 1H), 7,43 (dd, ] =
8,0Hz, 1 =1,6 Hz, 1H), 5,90 (s, 2H) ), 5,73 (s, 2H), 4,78- 4,72 (m, 2H), 4,68- 4,62 (m, 2H),
433 (t,J=8,0 Hz, 1H), 3,63- 3,57(m, 4H), 2,14- 2,03 (m, 4H), 1,75 1,56 (m, 4H), 0,96-
0,90 (m, 4H), -0,02-0,05 (m, 18H).

Tdng hop chit trung gian MDI-220-2: 3-(5-(xyclopentylsulfonyl)-1- ((2-
(trimetvlsilvl)etoxv)metvl)-1,4,5,6-tetrahvdropvrolo[3,4-d1imidazol-2-vl)—6-(2- etyl-5-
flo-4-((2-(trimetylsilyl)etoxy)metoxy)phenyl)-1-((2-(trimetylsilyl) etoxy)metyl)-1H-

indazol

Chéit trung gian MDI-220-1 (40 mg, 0,06 mmol), (2-((S-etyl-2-flo-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)phenoxy)metoxy)etyl)trimetylsilan (27,3 mg,
0,07 mmol), Pd(dppf)CI2 (4,2 mg, 0,006 mmol) va kali phosphat (36,5 mg, 0,17 mmol)
duoc hoa tan trong 1,4-dioxan (6 ml) va nude (1 ml). Khong khi duge thay thé bang nito,
cong doan nay dugc 1dp lai 3 14n. Hon hop duoc 1am nong dén 100 °C, dugc cho phan ing

qua dém, va duoc lam mat vé nhiét do phong. Nudce dugce bd sung va hdn hop thu duge
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dugc chiét bang etyl axetat hai 1an, va céc pha hitu co duoc két hop, duoc rira béng nudc
va nude mudi bdo hod, duge sdy kho bing natri sulfat khan, dwoc cd dic, va dugc tinh ché

bing cot silica gel dé thu dwgc chat trung gian MDI-220-2 véi hiéu sut 62,9%.

'H NMR (400 MHz, CDCI3) 5 8,46 (d, J = 8,0 Hz, 1H), 7,48 (s,1H), 7,26 (dd, J =
8.0Hz, J = 12 Hz, 1H), 7,18 (d, J = 8,0 Hz, 1H), 7,04 (d, ] = 12,0 Hz, 1H), 5,94 (s, 2H),
578 (s, 2H), 5,34 (s, 2H), 4,80- 4,75 (m, 2H), 4,70 -4,65 (m, 2H), 4,33 (t, J = 8,0 Hz, 1H),
3.82-3.80 (m, 2H), 3,73- 3,58 (m, 4H), 2,58- 2,53 (m, 2H), 2,18 — 2,05 (m, 4H), 1,79-1,58
(m, 4H), 1,11- 1,04 (m, 3H), 0,93- 0,90 (m, 6H), -0,02-0,06 (m, 27H).

Tne hop hop chit MDI-220:  4-(3-(5-(xyclopentylsulfonyl)-1.4,5.6-
tetrahydropyrolo[3.4-d]imidazol-2-yl)-1H-indazol-6-yl)-5-etyl-2-flophenol

Chét trung gian MDI-220-2 (32,0 mg, 0,04 mmol) dugc hoa tan trong metanol
(4 ml), rdi axit clohydric d4m ddc (2 ml) dugc bd sung. Hon hop dugc 1am néng dén 50
°C, duoc cho phan ung trong 6 gid, va duoc c6 dic. Chét rdn duoc hoa tan trong 1 ml
metanol, va pH duoc diéu chinh bang natri bicacbonat vé 8-9. Han hop thu duge dugce chiét
4 1an bang diclometan, va cic pha hitu co duoc két hop, dugc sdy kho bing natri sulfat
khan, va duge tinh ché bing tAm tinh ché ¢ thu dwgc 10 mg san phim cubi cling v6i hidu

suit 55,8%.

'H NMR (400 MHz, MeOD-d4) § 8,27 (dd, T = 8,0 Hz, J = 4,0 Hz,1H), 7,43 (s, 1H),
7.17 (dd, J = 8,0Hz, T = 1,4 Hz, 1H), 6,93 (dd, ] = 20,0Hz, J =12,0 Hz, 2H), 4,65 (s, 4H),
3.91-3,83 (m, 1H), 2,58- 2,52 (m, 2H), 2,13 — 2,03 (m, 4H), 1,89- 1,78 (m, 2H), 1,75- 1,64
(m, 2H), 1,08 (t, T = 8,0 Hz, 3H).

Vi du 21: 5-etyl-2-flo-4-(3-(5-((1-metyl-1H-pyrazol-4-yl)metyl) -1.4.5.6-
tetrahydropyrolo[3.4-d]imidazol-2-y1)-1H-indazol-6-yl)phenol (MDI-221)
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Téng hop chét trung gian 21: Tert-butyl 2-(6-(2-etyl-5-flo-4-((2-(trimetylsilyl)

etoxy)metoxy)phenyl)1-((2-( trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-

(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-carboxylat

Chét trung gian tert-butyl 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-

3-y1)—1-((2-(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-
carboxylat (39,8 mg, 0,06 mmol), chét trung gian (2-((5-etyl-2-flo-4-(4,4,5,5-tetrametyl-
1,3,2-dioxaboran-2-yl)phenoxy)metoxy)etyl)trimetylsilan (27,1 0,07 mmol),

Pd(dppf)CI2 (4,2 mg, 0,006 mmol) va kali phosphat (36,2 mg, 0,17 mmol) dugc hoa tan
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trong 1,4-dioxan (10 ml) va nudc (2 ml). Khong khi duoc thay thé bang nito, cong doan
nay dwoc lap lai 3 14n. H6n hop dugc 1am néng dén 100 °C, dugc cho phan tmg qua dém,
va dwoc 1am mat vé& nhiét d6 phong. Nudce duge bd sung va hdn hop thu duge duge chiét
hai 14n bing etyl axetat, v cic pha hitu co duoc két hop, duoc rira bang nude va nuée
mudi bdo hoa, duoc séy kho bang natri sulfat khan, duoc cb dic, va dugce tinh ché béng cot

silica gel @8 thu dwoc chit trung gian 21 véi hidu sut 78%.

'H NMR (400 MHz, CDCI3) 88,46 (dd, J = 12,0 Hz, J = 8,0Hz, 1H), 7,45 (s, 1H),
724-721 (m,1H), 7,15 (d,J = 8,0 Hz,1H), 7,01 (d, = 12,0Hz,1H), 5,93 (d, J = 12,0Hz,2H),
5,75(s, 2H), 5,31(s, 2H), 4,65-4,50 (m, 4H) ), 3,88-3,84 (m, 2H), 3,63-3,55 (m, 4H), 2,57-
2,51 (m, 2H), 1,54 (s, 9H), 1,07-1,03 (m, 3H), 0,90-0,85 (m, 4H), 0,03 (s, 9H), -0,07 (s,
18H).

Téng hop chit trung gian 22: 5-etyl-2-flo-4-(1-((2-(trimetylsilyl)etoxy)metyl)-3-

((2-trimetylsilyl)etoxy)metyl)-1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-2-yl)-1H-indazol-
6-yl)phenol

Chét trung gian Tert-butyl 2-(6-(2-etyl-5-flo-4-((2-(trimetylsilyl)
etoxy)metoxy)phenyl)1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1-((2-
(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-carboxylat (40 mg,
0,046 mmol) dugc hoa tan trong 5 ml diclometan, 1di 1 ml axit trifloaxetic dwgc bd sung.
Hbn hop duoc khuéy & nhiét @6 phong trong 30 phut, va duoc cd déc dé thu duoc can. Cin
duoc hoa tan trong diclometan va dugc c6 dac dén kho, cong doan nay dugc 13p lai 3 lan.
Cin thu dugc dugce tinh ché bang cot silica gel dé thu dwoc chit trung gian 22 véi higu sudt

43%.

'H NMR (400 MHz, CDCI3) & 8,44 (d, J = 8,0Hz,1H), 7,20 (dd, J = 8,3Hz, J =
1.4Hz, 1H), 6,95 (dd, J = 20,0Hz, ] = 8,0 Hz, 1H), 5,91 (s, 2H), 5,47 (s, 2H), 4,26-4,16 (m,
4H), 3,64-3,55 (m, 4H), 2,53-2,47 (m, 2H), 1,04 (t, J = 8,0Hz, 3H), 0,92-0,86 (m, 4H),
20,07 (s, 9H), -0,08 (s, 9H).

T8ne hop chit trung gian MDI-221-1: 5-etyl-2-flo-4-(3-(5-((1-metyl-1H-pyrazol-4-
yvD)metyl)-1-((2-(trimetylsilyl)etoxy)metyl)-1.4.5 .6-tetrahydropyrolo[3.4-d]imidazol-2-
v)-1-((2-(trimetylsily])etoxy)metyl)-1H-indazol-6-yl)phenol

149



44306 150/271

5-etyl-2-flo-4-(1-((2-(trimetylsilyl)etoxy)metyl)-3-((2-trimetylsilyl) etoxy)metyl)-
1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-indazol-6-yl)phenol (40 mg,
0,064 mmol) va 1-metyl-1H-pyrazol-4-formaldehit (8,5 mg, 0,077 mmol) dugc hoa tan
trong 5 ml 1,2-dicloetan. Phén ing dugc thyc hién & nhiét d6 phong trong 10 pht. Hdn
hop phéan tmg dwoc lam mat v& 0°C va natri triaxetoxybohydrua (26,9 mg, 0,128 mmol)
duogc bd sung. Sau khi viéc bd sung hoan tat, hdn hop duoc lam néng dén nhiét 46 phong
va dugc cho phan ing trong 1- 2h. Sau khi hoan tAt phan tmg, nwdc dugc bd sung dé dimg
phan tmg, hdn hop thu dwogc dugc chiét hai 1an bing diclometan, va cac pha hitu co dugc
két hop, duoc rira bing nuée va nude mudi bio hoa, duge siy kho bang natri sulfat khan,
dugc cd dic, va duge tinh ché b?mg cdt silica gel dé thu duoc chét trung gian MDI-221-1,
hiéu suét 43,4%.

'H NMR (400 MHz, CDCI3) § 8,41 (d, J = 8,0 Hz, 1H), 7,51 (s, 1H), 7,40 (d, ] =
4,0 Hz, 2H), 7,19-7,16 (m, 1H), 6,93 (dd, J = 24,0 Hz, ] = 12,0 Hz, 2H), 5,87 (s, 2H), 5,73
(s, 2H), 4,01-3,98(m, 4H), 3,95 (s, 2H), 3,91 (s, 3H), 3,62-3,52(m, 4H), 2,51-2,45(m, 2H),
1,01 (t, J = 6,0Hz, 3H), 0,91-0,85 (m, 4H),-0,08 (s, 9H), -0,09 (s, 9H).

Téng hop hop chit MDI-221: 5-etyl-2-flo-4-(3-(5-((1-metyl-1H-pyrazol-4-
yDmetyl)-1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-2-yl)-1H-indazol-6-yl) phenol

Chét trung gian MDI-221-1 (28 mg, 0,039 mmol) dugc hoa tan trong metanol
(4 ml), 1di axit clohydric d4m ddc (2 ml) dugc bd sung. Hon hop dugc 1am néng dén 50
°C, dugc cho phan ting trong 6 gio, va duogc co dic. Chét rén dugc hoa tan trong 1 ml
metanol, va 2 ml dung dich amoniac ddm dic duoc bd sung va duge co dic dé thu duoc
can. Cin dugc hoa tan trong metanol va dugc c6 déc dén kho, cong doan nay duoc 13p lai
3 1An. Can thu dwge dugc tinh ché bing tAm tinh ché dé thu dugc 5,0 mg san phdm cudi

cung vai hiéu suat 28%.

'H NMR (400 MHz, MeOD-d4) & 8,25 (d, J = 8,0 Hz, 1H), 7,68 (s, 1H), 7,56 (s,
1H), 7,42 (s, 1H), 7,16 (dd, J= 8,4Hz, J=1,4 Hz, 1H), 6,93 (dd, ] = 20,0Hz, J=12,0 Hz, 2H),
4,03-3,96 (m, 6H), 3,92 (s, 3H), 2,58-2,53 (m, 2H), 1,08.(t, J = 8,0 Hz, 3H).

Vi du 22: 4-(3-(5-xyclopentyl-1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-2-yl)-1H-
indazol-6-y1)-5-etyl-2-flophenol (MDI-224)
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MDI-224-1 MDI-224

Phuong phap tdng hop:

Tdéng  hop chit trung gian MDI-224-1:  4-(3-(5-(xyclopentyl)-1-((2-
(trimetylsilyl)etoxy)metyl)-1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-2-y1)-1-((2-

(trimetylsilyl)etoxy)metyl)-1H-indazol-6-y1)-5-etyl-2-flophenol

5-etyl-2-flo-4-(1-((2-(trimetylsilyl)etoxy)metyl)-3-((2-trimetylsilyl)etoxy)metyl)-
1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-indazol-6-yl)phenol (31,2 mg,
0,05 mmol) va xyclopentanon (5,1 mg, 0,06 mmol) duoc hoa tan trong 5 ml 1,2-dicloetan.
Phan tmg duoc thyc hién ¢ nhiét 46 phong trong 10 phit. San pham phan tmg dugc lam
mat vé 0°C, va natri triaxetoxybohydrua (21 mg, 0,1 mmol) dugc bd sung. Sau khi viéc bd
sung hoan tit, hdn hop dugc lam nong dén nhiét d6 phong va dugc cho phan tmg trong
1-2h. Sau khi hoan t4t phan tmg, nuéc dugc b sung dé dimg phan tmg, hdn hop thu dugc
duoc chiét hai 14n bang diclometan, va céc pha hitu co dugc két hop, dugc rira bing nudce
va nude mubi bio hoa, duoc séy kho bang natri sulfat khan, duge c6 dic, va dugc tinh ché

béng cot silica gel d8 thu dugc chét trung gian MDI-221-1 v&i hiéu suét 56,8%.
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'H NMR (400 MHz, CDCI3) § 8,40 (d, J = 8,0Hz, 1H), 7,41 (s, 1H), 7,16 (dd, J =
8.3Hz, J = 1,4Hz, 1H), 6,93 (dd, J = 24,0Hz, ] = 12,0Hz, 2H), 5,89 (s, 2H), 5,73 (s, 2H),
4,08 (s, 2H), 3,99 (s, 2H), 3,62-3,55(m, 4H), 3,22 -3,19(m, 1H), 2,50-2,45(m, 2H), 1,98-
1,89(m, 2H), 1,84-1,75(m, 2H),1,70-1,56(m,4H), 1,01 (t, J = 8,0Hz, 3H), 0,91-0,86 (m,
4H), -0,08 (s, 9H), -0,09 (s, 9H).

Tdng hop hop chit MDI-224: 4-(3-(5-(xyclopentyl-1.4.5.6-tetrahydropyrolo[3.4-
dlimidazol-2-y1)-1H-indazol-6-y1)-5-etyl-2-flophenol

Chét trung gian MDI-224-1 (25 mg, 0,036 mmol) dugc hoa tan trong metanol
(4 ml), rdi axit clohydric ddm ddc (5 ml) duogc bd sung. Hon hop duoc lam néng dén 50
°C, duoc cho phan ng trong 6 gio, va dugc co dic. Chét rén dugc hoa tan trong metanol
va 2 ml dung dich amoniac ddm dic dugc bd sung, va hdn hgp dugce co dic dé thu duoc
cin. Cin duoc hoa tan trong metanol, va duoc cd dic dén khé, cong doan nay dugc l3p lai
3 14n. Cin thu dugc duoc tinh ché b%mg tAm tinh ché dé thu duoc 7,0 mg san phém cudi

cting v6i hiéu suit 45,1%.

'H NMR (400 MHz, MeOD-d4) & 8,26(d, J = 8,0 Hz, 1H), 7,42(s, 1H),7,17 (d, J =
8.0 Hz, 1H),6,93 (dd, J = 20,0Hz, J=12,0 Hz, 2H),4,05-3,94 (m, 4H), 3,27-3,25 (m, 1H),
2.59-2.54 (m, 2H), 2,08-2,01(m, 2H), 1,87-1,79(m, 2H), 1,73-1,56(m,4H), 1,08 (t, J = 8,0
Hz, 3H).

Vi du 23: 5-etyl-2-flo-4-(3-(5-(tetrahydro-2H-pyran-4-yl)-1.4.5.6-
tetrahydropyrolo[3.4-dlimidazol-2-y1)-1H-indazol-6-yl)phenol (MDI-225)

N
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S NH
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F S ] \'N
N
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Con dudng tdng hop MDI-225:
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MDI-225-1 MDI-225

Phuong phap téng hop:

Tdng hop chét trung gian MDI-225-1: 5-etyl-2-flo-4-(3-(5-(tetrahydro-2H-pyran-4-
v1)-1-((2-(trimetylsilyl)etoxy)metyl)-1.4.5 .6-tetrahydropyrolo[3.4-d]imidazol-2-y1)-1-((2-

(trimetylsilyl)etoxy)metyl)-1H-indazol-6-yl)phenol

5-etyl-2-flo-4-(1-((2-(trimetylsilyl)etoxy)metyl)-3-(1-((2-

(trimetylsilyl)etoxy)metyl)-1,4,5,6-tetrahydropyrolo[3,4-dJimidazol-2-yl)-1H-indazol-6-

yl)phenol (60 mg, 0,096 mmol) dugc hoa tan trong 5 ml 1,2-dicloetan, va tetrahydropyron
(14 mg, 0,14 mmol) dugc bd sung. Hdn hop duoc khuiy & nhiét 46 phong trong 5 phut, va
natri triaxetyl bohydrua (41 mg, 0,19 mmol) duoc bd sung. Phan tmg dugc thuc hién &
nhiét dd phong trong 2 giv, va nude duoc bd sung d& dimg phan tmg. Hon hop thu dugc
duoge chiét hai 1an bing DCM, va céc pha hitu co dugc két hop, dugc rira bang nudc va
nuéc mudi bio hoa, duoc séy kho béng natri sulfat khan, duogc ¢6 dac, va dugc tinh ché

béng cot silica gel d8 thu dugce chét trung gian MDI-225-1 véi hiéu suét 51,4%.

'H NMR (400 MHz, CDCI3) 8 8,43 (d, T = 8,0 Hz, 1H), 7,44 (s, 1H), 7,20 (dd, J =
8.0Hz, ] =14 Hz, 1H), 6,96 (dd, J = 20,0Hz, J =12,0 Hz, 2H), 5,93 (s, 2H), 5,76 (s, 2H),
4,08 (s, 4H), 4,00 (s, 2H), 3,66- 3,56 (m, 4H), 3,55 -3,47 (m, 2H), 2,95- 2,86 (m, 1H), 2,54-
2,46 (m, 2H), 1,99- 1,90 (m, 2H), 1,80- 1,71 (m, 2H), 1,04 (t, J = 8,0 Hz, 3H), 0,95- 0,87
(m, 4H), -0,03-0,08 (m, 18H).

Téng hop hop chit MDI-225: 5-etyl-2-flo-4-(3-(5-(tetrahydro-2H-pyran-4-yl)-
1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-2-yl)- 1H-indazol-6-yl)phenol

Chét trung gian MDI-225-1 (35,0 mg, 0,05 mmol) dugc hoa tan trong metanol
(4 ml), 1di axit clohydric ddm ddc (2 ml) dugc b sung. Hon hop dugc lam néng dén 50°C,
dugc cho phan tmg trong 6 gio, va duge cd déc. Chét rin duoc hoa tan trong 1 ml metanol,

va pH dugc didu chinh bing natri bicacbonat vé 8-9. Hon hop thu dugc duge chiét 4 14n
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bing diclometan, va céc pha hitu co duge két hop, duoc siy khd bang natri sulfat khan, va
duge tinh ché bing tAm tinh ché dé thu dwoc 12 mg san phdm cudi cing v6i hidu suét

64,1%.

'H NMR (400 MHz, MeOD-d4) & 8,26 (dd, J = 12,0 Hz, J = 4,0 Hz,1H), 7,42 (s,
1H), 7,16 (dd, J = 8,0Hz, ] = 4,0 Hz, 1H ), 6,93 (dd, J = 20,0Hz, J =12,0 Hz, 2H), 4,07-
3,99 (m, 6H), 3,52- 3,49 (m, 2H), 2,95- 2,90 (m, 1H), 2,58- 2,53 ('m, 2H), 2,00- 1,97 (m,
2H), 1,69- 1,59 (m, 2H), 1,08 (t, J = 8,0 Hz, 3H).

Vi du 24: 1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-4.6-
dihvdropyrolo[3.4-d]imidazol-5-(1H) - yl)etan-1-on (MDI-226)

MDI-226

Con duong tdng hop MDI-226:
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Phuong phap tdng hop:
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Tdng hop chét trung  gian MDI-226-1: 1-(2-(6-brom-1-((2-
(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4.,6-
dihvydropyrolo[3.4-d]imidazol-5-(1H)-yl)etan-1-on

Tert-butyl 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1-((2-
(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol-5-(1H)-carboxylat (200 mg,
0,30 mmol) duoc hoa tan trong 10 ml diclometan, va 2 ml axit trifloaxetic dugc bd sung.
Hon hop duoc khudy & nhiét &6 phong trong 30 phut, dugc cb dic, va dugc ding phan ting
bing natri bicacbonat. H8n hop thu dwgc duge chiét hai 14n bang diclometan, va cac pha
hitu co duge két hop, duoc rira bang nudce va nude mudi bio hoa, duoc siy kho bang natri
sulfat khan va dugc c¢6 ddc. Hop chét thu dugc dugc hoa tan trong 10 ml DCM, va Et3N
(0,16 ml, 1,18 mmol) dugc bd sung. Hn hop dugc lam mat v& 0°C, va axetyl clorua
(25,0 mg, 0,32 mmol) duoc bd sung tir tir. Phan g dugc thuc hién & nhiét 6 phong trong
2 gioy, va nude duge bd sung dé ding phan tng. Hén hop thu dwgc duge chiét bing DCM
hai 14n, v céc pha hitu co dugc két hop, dugc rira bing nude va nude mudi bao hoa, dugc
sr?iy kho béng natri sulfat khan, dugc ¢d dic, va dugce tinh ché bang cot silica gel dé thu

dugc chét trung gian MDI-226-1 véi hiéu suit 54,8%.

'H NMR (400 MHz, cloform-d) & 8,36-8,29 (m, 1H), 7,78-7,77 (m, 1H), 7,42-7,39
(m, 1H), 5,93-5,88 (m, 2H), 5,71 (d, J =4 Hz, 2H), 4,76-4,73 (m, 2H), 4,67-4,63 (m, 2H),
3.61-3,54 (m, 4H), 2,20 (s, 3H), 0,94-0,88 (m, 4H) ), -0,03-0,09 (m, 18H).

Téng hop chit trung gian MDI-226-2:  1-(2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilyl)etoxy)metoxy)phenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-1 H-indazol-3-yI)-
1-((2-(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)etan-1-on

Chét trung gianMDI-226-1 (100 mg, 0,16 mmol), (2-((5-etyl-2-flo-4-(4, 4.,5,5-
tetrametyl-1,3,2-dioxaboran-2-yl)phenoxy)metoxy)etyl)trimetylsilan (78,3 mg, 0,20
mmol), Pd(dppf)CI2 (12,0 mg, 0,016 mmol) va kali phosphat (104,8 mg, 0,49 mmol) dugc
hoa tan trong 1,4-dioxan (12 ml) va nuge (2 ml). Khong khi duge thay thé bang nito, cong
doan nay duoc lap lai 3 14n. Hon hop dugc 1am néng dén 100 °C, duogc cho phan tng qua
dém, va duoc lam mat vé nhiét d6 phong. Nudc duoc bd sung va hdn hop thu duge dugc

chiét hai lan bing etyl axetat, va céc pha hitu co duoc két hop, duge rira bang nude va nude
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mudi bdo hoa, duoc siy kho bang natri sulfat khan, duoc ¢d dic, va dugce tinh ché béng cot

silica gel d& thu dugc chét trung gian MDI- 226-2 v6i hiéu suat 76,2%.

'H NMR (400 MHz, cloform-d) § 8,52-8,45 (m, 1H), 7,49 (s, 1H), 7,27-7,25 (m,
1H), 7,18 (d, ] = 8 Hz, 1H), 7,03 (d, T = 12 Hz, 1H) 6,00 — 5,95 (m, 2H), 5,78 (s, 2H), 5,34
(s, 2H), 4,80-4,77 (m, 2H), 4,71-4,69 (m, 2H), 3,90-3,86 (m, 2H), 3,66-3,58 (m, 4H), 2,59-
2,54 (m, 2H), 2,22 (d, J = 8 Hz, 3H), 1,10-1,06 (m, 3H), 1,03- 0,91 (m, 6H), -0,02-0,06 (m,
27H).

T8ng hop hop chit MDI-226: 1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-
3-y1)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)etan-1-on

Chét trung gian MDI-226-2 (100 mg, 0,13 mmol) dugc hoa tan trong metanol
(5 ml), rdi axit clohydric dam dc (2,5 ml) dugc bd sung. Hon hop duoc 1am néng dén
50 °C, duoc cho phan ung trong 6 gio, va duoc co dic. _Chét rén dugc hoa tan trong 1 ml
metanol, va pH dugc diéu chinh vé 8-9 bing dung dich amoniac. Hén hop thu dwoc dugc
¢b dic, va duoc tinh ché bang cot silica gel dé thu dugc 5 mg san phdm cudi ciing véi hiéu

suit 9,8%.

'H NMR (400 MHz, metanol-d4) 3 8,28 (d,J = 8 Hz, 1H), 7,43 (s, 1H), 7,18 (d, =
8 Hz, 1H), 6,94 (dd, J = 22, 10 Hz, 2H), 4,79 (s, 2H), 4,65 (s, 2H), 2,59-2,53 (m, 2H), 2,23
s, 3H), 1,08 (t, = 7,5 Hz, 3H).

Vi _ du 25: 1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4.6-
dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)propan-1-on (MDI-227)

~A
F S N \‘NI
ISONL
HO™ T

MDI-227

Con dudng tdng hop MDI-227:
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Phuong phép tong hop:

Tébng  hop chit trung gian MDI-227-1: 1-(2-(6-brom-1 -((2-
(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1 -((2-(trimetylsilyl)etoxy)metyl)-4.6-
dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)propan-1-on

Tert-butyl 2-(6-brom-1 -((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1 -((2-
(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol-5 -(1H)-carboxylat (200 mg,
0,30 mmol) duoc hoa tan trong 10 ml diclometan, va 2 ml axit trifloaxetic duoc bd sung..
Hdn hop dugc khuéy & nhiét d6 phong trong 30 phut, duge cd dic, va duge dung phan Umg
bing natri bicacbonat. Hén hop thu dugc duoc chiét hai 14n bing diclometan, va céc pha
hitu co duoc két hop, dugc rira bing nude va nude mudi béo hoa, duoc sdy kho bang natri
sulfat khan va duoc c6 diac. Hop chit thu dugc duoc hoa tan trong 10 ml DCM va Et3N
(0,16 ml, 1,18 mmol), va duoc lam mat v& 0°C. Propionyl clorua (29 mg, 0,32 mmol) dugc
bd sung tir tir. Phan tng dugc thyc hién & nhiét d0 phong trong 2 gio, va nudc duge bd
sung dé dirng phan tng. Hdn hop thu duge dugc chiét bang DCM hai 14n, va céc pha hitu
co duoc két hop, duoc rira béng nudc va nude mudi bio hoa, duoc séy kho bang natri sulfat
khan, duogc cb dic, va dugc tinh ché bang cdt silica gel dé thu dugc chit trung gian MDI-
227-1 véi hi¢u suat 53,5%.

{H NMR (400 MHz, cloform-d) & 8,39-8,32 (m, 1H), 7,77-7,76 (m, 1H), 7,42-7,38
(m, 1H), 5,93-5,89 (m, 2H), 5,71 (d, J = 4 Hz, 2H), 4,76-4,70 (m, 2H), 4,65-4,63 (m, 2H),
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3,61-3,55 (m, 4H), 2,46-2,40 (m, 2H), 1,25-1,23 (m, 3H), 0,93-0,89 (m, 4H), -0,05-0,08(m,
18H).

Téng hop chit trung gian MDI-227-2:  1-(2-(6-(2-etyl-5-flo-4 _ -((2-
(trimetylsilyl)etoxy)metoxy)phenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1

-((2-(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)propan-1-on

Chét trung gian MDI-227-1 (100 mg, 0,16 mmol), (2-((5-etyl-2-flo-4-(4, 4.5,5-
tetrametyl-1,3,2-dioxaboran-2-yl)phenoxy)metoxy)etyl)trimetylsilan (76,5 mg,
0,19 mmol), Pd(dppf)CI2 (11,8 mg, 0,016 mmol) va kali phosphat (102,4 mg, 0,48 mmol)
duge hoa tan trong 1,4-dioxan (12 ml) va nudc (2 ml). Khong khi dugc thay thé bang nito,
cong doan ndy dugc lap lai 3 1dn. Hon hop duge 1am néng dén 100 °C, dugc cho phan tng
qua dém, va duoc lam mat vé nhiét 46 phong. Nudc duge bd sung, hdn hop thu duge dugc
chiét hai 14n bang etyl axetat, va cac pha hiru co duge két hop, dwoc rira bing nude va nude
mubi bio hoa, duoc séy kho bang natri sulfat khan, duge cd didc, va dugc tinh ché béng cot

silica gel d& thu dugc chét trung gian MDI- 227-2 véi hiéu suat 76,7%.

'H NMR (400 MHz, cloform-d) § 8,52-8,45 (m, 1H), 7,48 (d, T = 4 Hz, 1H), 7,28-
7.25 (m, 1H), 7,18 (d, T = 8 Hz, 1H), 7,04 (d, J = 12 Hz, 1H), 5,98 (d, T = 12 Hz, 2H), 5,78
(s, 2H), 5,34 (s, 2H), 4,78 (s, 2H), 4,69- 4,68 (m, 2H), 3,90-3,86 (m, 2H), 3,66-3,58 (m,
4H), 2,59-2,54 (m, 2H), 2,49-2,40 (m, 2H), 1,31-1,26 (m, 5H)), 1,10-1,05 (m, 3H), 0,96-
0,91 (m, 4H), -0,02-0,05 (m, 27H).

Téng hop hop chit MDI-227: 1-(2-( 6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-
3-y1)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-yl) propan -1-on

Chét trung gian MDI-227-2 (100 mg, 0,12 mmol) dugc hoa tan trong metanol
(5 ml), rdi axit clohydric ddm dic (2,5 ml) dugc bd sung. Hén hgp dugc 1am nong dén
50 °C, duoc cho phan ung trong 6 gio, va dugc cd dac. Chét rén dugc hoa tan trong 1 ml
metanol va pH duoc didu chinh vé 8-9 bang dung dich amoniac. Hon hop thu duge dugc
co dic, va duge tinh ché bang cot silica gel 8 thu duoc 18 mg san phim cudi cung véi

hiéu suit 34,8%.

'H NMR (400 MHz, DMSO-d6) § 13,29 (s, 1H), 12,80 (s, 1H), 9,85 (s, 1H), 8,33
(d,J=8 Hz, 1H), 7,40 (s, 1H), 7,12 (d, J = 8 Hz, 1H), 7,03 (d, ] = 12 Hz, 1H), 6,92 (d, I =
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12 Hz, 1H), 4,73-4,58 (m, 2H), 4,50-4,42 (m, 2H), 2,50-2,47 (m, 2H), 2,43-2,37 (m, 2H),
1,08-1,01 (m, 6H). |

Vi du 26: 1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-4.6-
dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)-2-metylpropan-1-on (MDI-228)

MDi 228

228-1 228-2

MDI 228

Phuong phap tdng hop:
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Téng hop  chht  trung  gian  MDI-228-1:  (1-(2-(6-brom-1-((2-
(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4.6-
dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)-2-metylpropan-1-on)

Chét trung gian tert-butyl 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-
3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-
carboxylat (80 mg, 0,12 mmol) dugc hoa tan trong 5 ml diclometan, rdi 1 ml axit
trifloaxetic dwgc bd sung. Hon hop dugc khudy & nhiét d6 phong trong 30 phut, va dugc
b dic dé thu dugce cin. Cin dugc hoa tan trong diclometan va duge c6 dic dén kho, cong
doan nay duoc lap lai 3 lan. Cin thu duoc dugc hoa tan trong 5 ml DCM, 1di tiép @6
trietylamin (24,3 mg, 0,24 mmol) duoc bd sung. Nhiét d6 dugc ha xubng 0°C, va isobutyryl
clorua (19,2 mg, 0,18 mmol) duoc bd sung nhé giot tir tir. Sau khi viéc bd sung nho giot
hoan tAt, hdn hop duoc 1am néng dén nhiét 46 phong va duoc cho phan tmg trong 1-2h.
Nude duge bd sung dé dimg phan tmg. Dich 16ng duoc tach ra, va pha hitu co duoc sy
kho bang natri sulfat va dugc cd dic bing sic ky cot dé thu duge hop chat MDI-228-1 véi
higu suét 58,7%.

'H NMR (400 MHz, CDCI3) 'H NMR (400 MHz, CDCI3) § 8,39-8,32 (m, 1H),
7.77-7.76 (m, 1H), 7,42-7,38 (m, 1H), 5,92-5,89 (m, 2H); 5,71-5,69 (m, 2H), 4,83-4,64 (m,
4H), 3,63-3,55 (m, 4H), 2,81-2,70 (m, 1H), 1,22 (d, J = 8Hz, 6H), 0,98-0,86 (m, 4H),
-0,05-0,08 (m, 18H).

Tdng hop chit trung gian MDI-228-2:  1-(2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilyl)etoxy)metoxy)phenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-
1-((2-(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5-( 1H)-y1)-2-

metylpropan-1-on

Chét trung gian MDI-228-1 (50,65 mg, 0,08 mmol), (2-((5-etyl-2-flo-4-(4, 4,5,5-
tetrametyl-1,3,2-dioxaboran-2-yl)phenoxy)metoxy)etyl)trimetylsilan (34,8 mg, 0,1
mmol), Pd(dppH)CI2 (5,9 mg, 0,008 mmol) va kali phosphat (50,9 mg, 0,24 mmol) duoc
hoa tan trong 1,4-dioxan (10 ml) va nu6e (2 ml). Khong khi duge thay thé bang nito, cong
doan nay duoc lap lai 3 1an. Hon hop dugc 1am néng dén 100°C, duoc cho phén ung qua
dém, va dugc lam mat v& nhiét d6 phong. Nude dugce bd sung, va hdn hop thu duge dugce

chiét hai 14n bing etyl axetat, va cac pha hitu co dugc ket hop, dugce rira bang nude va nude
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mubi bdo hoa, dugc siy kho bang natri sulfat khan, dugc ¢ dédc va duoc tinh ché béng cot

silica gel dé thu duogc chét trung gian MDI-228- 2 véi hiéu suit 77,5%.

'H NMR (400 MHz, CDCI3) § 8,49-8,42 (m, 1H), 7,46-7,45 (m, 1H), 7,25-7,22 (m,
1H), 7,16 (d, J = 8Hz, 1H), 7,02 (d, T = 12Hz, 1H), 5,97-5,92 (m, 2H), 5,76(s, 2H), 5,32 (s,
2H), 4,83-4,67 (m, 4H), 3,88-3,84 (m, 2H), 3,64 -3,56 (m, 4H), 2,82-2,73 (m, 1H), 2,57-
2,51 (m, 2H), 1,22 (d, J = 8Hz, 6H), 1,08-0,99 (m, 5H), 0,93-0,88 (m, 4H), 0,03 (s, 9H), -
0,06-0,07(m, 18H).

Tdng hop hop chit MDI-228: 1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-
3-y1)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)-2-metylpropan-1-on

Chét trung gian MDI-228-2 (50 mg, 0,061 mmol) dugc hoa tan trong metanol
(4 ml), 1i axit clohydric ddm ddc (2 ml) duoc b sung. Hon hop duoc lam néng dén 50°C,
duoc cho phan ung trong 6 gio, va dugc co dac. Chét rin duoc hoa tan trong 1 ml metanol,
2 ml dung dich amoniac ddm déc duoc b sung, va hdn hop duoc cd dic dé thu duoc cin.
Cin duge hoa tan trong metanol va duge cd dac dén kho, cong doan nay dwoc lap lai 3 lan.
Cin thu dugc dugc tinh ché bang tm tinh ché dé thu duoc 15 mg san phim cubi cling véi

hiéu suit 57,0%.

IH NMR (400 MHz, MeOD-d4) & 8,26 (d, ] = 8,0 Hz, 1H), 7,43 (s, 1H), 7,17 (d,
= 8Hz, 1H), 6,93 (dd, J = 20, 12 Hz, 2H), 4,83-4,59 (m, 4H), 2,94-2,90 (m, 1H), 2,58-2,52
(m, 2H), 1,22 (d, T = 8,0 Hz, 6H), 1,08 (t, J = 8,0 Hz, 3H).

Vi du 27: 2-xyclopropyl-1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-
4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)etan-1-on (MDI-229)
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Con dudng tdng hop MDI-229:

161



44306 162/271

MDI-229-1 MDI-229-2

MDI-229

Phuong phap tdng hop

Téng hop  chit  trung  gian  MDI-229-1:  1-(2-(6-brom-1-((2-
(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl) etoxy)metyl)-4.6—
dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)-2-xyclopropyletan-1-on

Axit 2-xyclopropylaxetic (14,5 mg, 0,14 mmol) va N,N-diisopropyletylamin
(46,6 mg, 0,36 mmol) duoc hoa tan trong DMF, va HATU (54,9 mg, 0,14 mmol) dugc bd
sung. Phan tmg dugc thuc hién & nhiét d6 phong trong 10 phit. Chiét trung gian tert-butyl
2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)- 1H-indazol-3-y1)-1-((2-
(trimetylsilyl)etoxy)metyl)-4,6—dihydropyrolo[3,4—d]imidazol-5(lH)-carboxylat (80,0 mg,
0,12 mmol) dugc hoa tan trong 5 ml diclometan, rdi 1 ml axit trifloaxetic dugc bb sung.
Hdn hop dugc khudy & nhiét d6 phong trong 30 phit, va duge cb dic dé thu duoc cin. Cin
duoc hoa tan trong diclometan va dugc ¢6 dac dén kho, cong doan nay dugc lap lai 3 lan.
Cin thu duogc duge hoa tan trong DMF, 1di tiép d6 duoc bd sung tir tir vao dung dich phan
{mg truéc d6. Phan tmg dugc thyc hién ¢ nhiét 6 phong qua dém, va nude duge bd sung
@& dimg phan img. Hon hop thu duoc dugce chiét hai 14n bing etyl axetat, va cac pha hiru
co dugce két hop, dugc ria bang nuéc va nude mudi bdo hoa, duge siy kho bang natri sulfat
khan, duoc c6 dic, va dugc tinh ché bang cdt silica gel dé thu duoc chét trung gian MDI-
229-1 v6i hidu suét 57,8%.
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I'H NMR (400 MHz, CDCI3) 8,40 (dd, J = 8,0 Hz, J = 20,0 Hz,1H), 7,80 (s, 1H),
7.44-7 41 (m, 1H), 5,92 (s, 2H), 5,74 (s, 2H), 4,78-4,66 (m, 4H), 3,63-3,58 (m, 4H), 2,39-
2,35 (m, 2H), 2,04 (s, 1H), 0,96-0,91 (m, 4H), 0,66 (d, J = 8,0 Hz, 2H), 0,27 (d, J=4,0 Hz,
2H), 0,02(s, 18H).

Téng hop chit trung gian MDI-229-2: 2-xyclopropyl-1-(2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilyl)etoxy)metoxy)phenyl)-1-((2-(trimetylsilyl)etoxy) metyl)-1H-indazol-3-yl)-
1-((2-(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)etan-1-on

Chét trung gian MDI-229-1 (45,0 mg, 0,07 mmol), (2-((5-etyl-2-flo-4-(4, 4,5,5-
tetrametyl-1,3,2-dioxaboran-2-yl)phenoxy)metoxy)etyl)trimetylsilan (33,1 mg, 0,08
mmol), Pd(dppf)CI2 (5,1 mg, 0,007 mmol) va kali phosphat (44,3 mg, 0,21 mmol) dugc
hoa tan trong 1,4-dioxan (20 ml) va nudc (4 ml). Khong khi duge thay thé bang nito, cong
doan nay duoc l3p lai 3 1an. Hon hop dugc lam néng dén 100°C, dugc cho phan tng qua
dém, va dugc lam mat v& nhiét d6 phong. Nuéde dugce bd sung, hon hop thu dugc dugce
chiét hai 14n bang etyl axetat, va cac pha hitu co dugc két hop, dwoc rira bing nude va nudce
mudi bdo hoa, duoc séy kho br?mg natri sulfat khan, dugc'co dic, va dugce tinh ché béng cot

silica gel dé thu dwgc chét trung gian MDI-229-1 v6i hiéu suit 55,0%.

IH NMR (400 MHz, CDCI3) & 8,50 (dd, T = 8,0 Hz, J = 16,0 Hz, 1H), 7,49 (s, 1H),
7.27 (s, 1H), 7,19 (d, T = 8,0 Hz, 1H), 7,05 (d, J = 12,0 Hz, 1H), 5,96 (s, 2H), 5,78 (s, 2H),
534 (s, 2H), 4,79-4,66 (m, 4H), 3,88 (t, ] = 8,0 Hz, 2H), 3,66-3,58 (m, 4H), 2,59-2,54 (m,
2H), 2,39-2,36 (m, 2H), 2,06-2,04 (m, 1H), 1,05 (t, J = 8,0 Hz, 3H), 0,96-0,91(m, 6H),
0,66-0,63(m, 2H), 0,28-0,26(m, 2H), 0,06-0,05(m, 27H).

Téng hop hop  chit MDI-229: 2-xyclopropyl-1-(2-(6-(2-etyl-5-flo-4-
hydroxyphenyl)-1H-indazol-3-y1)-4.6-dihydropyrolo[3.4-d] imidazol-5-(1H)-yl)etan-1-on

Chét trung gian MDI-229-4 dugc hoa tan trong 4 inl metanol va 2 ml axit clohydric
dam dic duge bd sung. Hon hop duge 1am néng dén 50°C, dugc cho phan g trong 6 gio,
va duge co dic dé thu dugc cin. Cin dugc hoa tan trong metanol va duge c6 dic dén khd,
cong doan nay duoc lip lai 3 14n. Can thu duge dugc hoa tan trongd 1 ml metanol va 2 ml
dung dich amoniac dugc bd sung dé trung hoa, va hdn hop thu duge duge ¢b dic dé thu
duoc can. Can duge hoa tan trong metanol va duge cb dédc dén kho, cong doan nay dugc
lap 2 14n, qua d6 thu duge 3,8 mg san pham v6i hi¢u suét 12,2%.
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'H NMR (400 MHz, MeOD-d4) § 8,29 (d, J = 8,0 Hz, 1H), 7,43 (s, 1H), 7,19-7,17
(m, 1H), 6,98-6,90 (m, 2H), 4,73-4,61 (m, 4H), 2,59-2,53 (m, 2H), 2,46 (d, J = 8,0 Hz,
2H), 1,17 (m, 1H), 1,08 (t, J= 8,0 Hz, 3H), 0,64-0,59 (m, 2H), 0,30-0,26(m, 2H).

Vi du 28: 1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-4.6-
dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)-3-metylbutan-1-on (MDI-230)

HO
MDI-230

Con dudng tdng hop MDI-230:
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Phuong phap tdng hop:

Téng hop  chit  trung  gian  MDI-230-1:  1-(2-(6-brom-1-((2-
(trimetylsilyletoxy)metyl)-1H-indazol-3-y1)-1-((2-( trimetylsilyl)etoxy)metyl)-4.6-
dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)-3-metylbutan-1-on

Tert-butyl 2-(6-brom-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indol-3-yl)-1-((2-
(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol-5(1H)-carboxylat (100 mg,
0,15 mmol) dugc hoa tan trong trong 5 ml diclometan, va 1 ml axit trifloaxetic dugc b
sung. Hon hop duoc khudy & nhiét &6 phong trong 30 phut, va duge cd dic dé thu duoc
can. Cin duoc hoa tan trong diclometan va dugc c6 déc dén kho, cong doan nay duoc 13p

lai 3 14n. Can thu dugc duoc hoa tan trong 5 ml diclometan va trietylamin (0,08 ml,
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0,59 mmol) va dugc lam mat vé 0°C. 3-metylbutyryl clorua (36,6 mg, 0,30 mmol) dugc
bd sung tir tir. Phan tng dugc thuc hién & nhiét d6 phong trong 2 gio, va nude duge bd
sung d& dimg phan tmg. Hon hop thu dugc dugc chiét hai 14n bing diclometan, va cac pha
hitu co duge két hop, dugc rra bing nude mudi bdo hoa, duogc séy khd bing natri sulfat
khan, dwoc ¢6 dic, va duge tinh ché bing cot silica gel dé thu duge 64 mg chét trung gian

MDI-230-1, v6i hiéu suét 65,8%.

'H NMR (400 MHz, CDCI3) § 8,42 — 8,35 (m, 1H), 7,80-7,79 (m, 1H), 7,45-7,41
(m, 1H), 5,96 — 5,91 (m, 2H), 5,74-5,73 (m, 2H), 4,78 — 4,69 (m, 4H), 3,67 — 3,58 (m, 4H),
231222 (m, 3H), 1,08 — 1,05 (m, 6H), 0,97 — 0,90 (m, 4H), -0,02 -0,05 (m, 18H).

Téng hop chit trung gian MDI-230-2:  1-(2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilyl)etoxy)metoxy)phenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-1 H-indazol-3-y1)-
1-((2-(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d]Jimidazol-5-(1H)-yl)-3-

metylbutan-1-on

Chit trung gian MDI-230-1 (98 mg, 0,15 mmol), (2-((5-etyl-2-flo-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaboran-2-yl)phenoxy)metoxy)etyl)trimetylsilan (64 mg, 0,10 mmol),
Pd(dppf)CI2 (10 mg, 0,01 mmol) va kali phosphat (70 mg, 0,30 mmol) duoc hoa tan trong
1,4-dioxan (20 ml) va nude (4 ml). Khong khi duge thay thé bang nito, cong doan nay
dugc 1ap lai 3 14n. H6n hop duoc gia nhiét dén 100 °C, duoc cho phan ung trong 16 h, va
duoc 1am mét v& nhiét do phong. Nude duge bd sung, hdn hop thu duge duge chiét hai 1an
bing etyl axetat, va cac pha hitu co dugc két hop, dugc rira bing nudc va nudce mudi bao
hoa, dugc siy khd béng natri sulfat khan, duoc c6 déc, va dugc tinh ché bang cot silica gel

@ thu dugc 50 mg chit trung gian MDI-230-2 v6i higu suét 59,7%.

IH NMR (400 MHz, CDCI3) 88,52 — 8,45 (m, 1H), 7,49 (s, 1H), 7,25 (d, J=2,8 Hz,
1H), 7,18 (d, J = 8,6 Hz, 1H), 7,04 (d, J = 11,8 Hz, 1H), 5,98 (d, J = 15,6 Hz, 2H), 5,78 (s,
2H), 5,36 (s, 2H), 4,78-4,72 (m, 4H), 3,91 — 3,86 (m, 2H), 3,66 — 3,59 (m, 4H), 2,60 — 2,56
(m, 2H), 2,32 — 2,30 (m, 3H), 1,11- 1,01 (m, 6H), 0,99 - 0,89 (m, 7H), 0,03 (s, 9H), -0,03
20,05 (m, 18H).

Téng hop hop chit MDI-230: 1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-
3-y1)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)-3-metylbutan- 1-on
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Chét trung gian MDI-230-2 (50 mg, 0,06 mmol) dugc hoa tan trong metanol (6 ml),
rdi axit clohydric dm dic (3 ml) dugc bd sung. H3n hop dugc 1am néng dén 50°C va dugc
cho phan g trong 6 gio. Hén hop phan g duoc cb dic dé thu duoc cin. Cin dugc hoa
tan trong metanol va duoc c6 ddc dén kho (dé loai bo axit clohydric), cong doan nay dugc
lap lai 3 14n. Cin thu dugc duge hoa tan trong metanol, rdi 1 ml nudc amoniac duge bd
sung. R6i hdn hop dugce ¢d dic va duoc loc, dich loc dugc ¢b dédc va duge tinh ché béng

tAm tinh ché dé thu duoc 15 mg san pham cudi cing véi hidu suét 55,9%.

'H NMR (400 MHz, MeOD-d4) § 8,29 — 8,26 (m, 1H), 7,43 (s, 1H), 7,19 7,16 (m,
1H), 6,97 — 6,89 (m,2H), 4,75 — 4,70 (m, 4H), 2,56 (q, J = 7,5 Hz, 2H), 2,36 (m, 2H), 2,29
~2.20 (m, 1H), 1,10 — 1,05 (m, 9H).

Vi du 29: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4.6-
dihydropyrolo[3.4-d]imidazol-5-(1H) - yl)(pyrolidin-1-yl)keton (MDI-231)

MDI-231

Con dudng tdng hop MDI-231:

MDI-231-1 MDI-231

Phuong phép tdng hop:
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Tdng hop chit trung gianMDI-231-1: (2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-
((2-(trimetylsilyl)etoxy)metyl)- 1H-indazol-3-y1)-1-((2- __ (trimetylsilyl)etoxy)metyl)-4.6-
dihydropyrolo[3.4-d]imidazol-5-(1H)-yl) (pyrolidin-1-yl)keton

Triphosgen (64,4 mg, 0,21 mmol) dugc hoa tan trong 15 ml diclometan, ri chét
trung gian 6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1- ((2-(trimetylsilyl) etoxy)metyl)-3-(1-
((2~(Trimetylsilyl)etoxy)metyl)-1-1,4,5,6-tetrahydropyrolo[ 3,4-dJimidazol-2-yl)-1H-
indazol (150 mg, 0,21 mmol) trong diclometan (5 ml) dugc bd sung nhé giot & 0°C, sau d6
bd sung trietylamin (63,6 mg, 0,63 mmol). Hdn hop duoc khudy & nhiét 6 phong trong 5
phtt va pyrolidin (29,8 mg, 0,42 mmol) trong diclometan dugc bd sung. Hon hop thu duoc
duoc khudy & nhiét @6 phong trong 10 phut, va nudc duoc bd sung. Hon hop thu dugc
duoc chiét hai 14n bang etyl axetat, va cc pha hitu co duoc két hop, dwoc rira bang nudc
va nude mudi bio hoa, duoc séy kho béng natri sulfat khan, duoc c6 dic, va duoc tinh ché

bing cot silica gel dé thu duoc 140 mg chét trung gian MDI-231-1 véi hiéu sudt 82,4%.

I'H NMR (400 MHz, CDCI3) § 8,48 (d, ] = 8 Hz, 1H), 7,53-7,38 (m, 6H), 7,22 (d, J
=8 Hz, 1H), 7,03 (d, 7= 12 Hz, 1H), 6,95 (d, J =8 Hz, 1H), 5,96 (s, 2H), 5,77 (s, 2H), 5,23
(s, 2H), 4,81 (s, 2H), 4,67 (s, 2H), 3,66-3,59 (m, 4H), 3,53-3,51 (m, 4H), 2,56-2,52 (m,
2H), 1,93-1,88 (m, 4H), 1,03 (t, ] = 8 Hz, 3H), 0,93 -0,87 (m, 4H), -0,05-0,09 (m, 18H).

Téng hop hop chit MDI-231: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
y1)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H) - yl)(pyrolidin-1-yl)keton

Chét trung gian MDI-231-1 (140 mg, 0,173 mmol) dwgc hoa tan trong metanol
(6 ml), i 15 mg Pd/C dugc bd sung va axit clohydric ddm dic (3 ml) duoc bb sung nhé
giot. Hon hop dugc lam néng dén 50 °C, dugc cho phan tng trong 6 gid, dugc loc, va duge
¢d dic dé thu duoc cin. Cin dugc hoa tan trong metanol va duoc c6 déc dén kho, cong
doan nay duoc lap lai 3 1an. Cin thu duoc duoc hoa tan trong metanol, va 1 ml amoniac
dugce bd sung. Han hop thu dugc duge ¢b dic, va duge tinh ché bing tim tinh ché dé thu

duoc 21 mg san phdm cudi ciing véi higu suét 26,3%.

'H NMR (400 MHz, DMSO-d6) § 13,25 (s, 1H), 12,69 (s, 1H), 9,83 (s, 1H), 8,31
(d,J=8Hz, 1H), 7,39 (s, 1H), 7,11 (d, J=8 Hz, 1H), 7,02 (d, J = 12 Hz, 1H), 6,91 (d, ] =
12 Hz, 1H), 4,57-4,56 (m, 2H), 4,49-4,48 (m, 2H), 3,32-3,31 (m, 4H), 2,48-2,44 (m, 2H),
1,85-1,79 (m, 4H), 1,02 (t, ] = 7 Hz, 3H).
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Vi du 30: Azetidin-1-y1(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-
4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)keton (MDI-232)

MDI-232

Con dudng tdng hop MDI-232:

MDI-232-1 MDI-232

Phuong phap téng hop:

Téng hop chét trung gian MDI-232-1: Azetidin-1-yl(2-(6-(4-(benzyloxy)-2-etyl-5-
flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1 -((2-
( trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5-( 1H)-yl)keton

Triphosgen (49,1 mg, 0,165 mmol) dugc hoa tan trong 15 ml tetrahydrofuran, rdi
chit trung gian 6-(4-(benzyloxy)-2-ety1—5—ﬂophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-3-
(1-((2-(trimetylsilyl)etoxy)metyl)-1-1 4 5 6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-
indazol (118 mg, 0,165 mmol) trong tetrahydrofuran (5 ml) duoc bd sung nho giot & 0°C
rdi tiép 6 trietylamin (50,0 mg, 0,495 mmol) dugc bd sung. Hon hop duge khudy & nhiét
d6 phong trong 5 phut, va azetidin (18,8 mg, 0,330 mmol) trong tetrahydrofuran dwgc bd
sung. Hon hop thu duge duge khqu & nhiét d6 phong trong 10 phut. Nudc dugc bd sung
va h3n hop thu duge duge chiét hai lan bing etyl axetat, va céc pha hitu co dugc két hop,

duoc rira bing nudc va nude mudi béo hoa, duge say kho bang natri sulfat khan, dugc c6
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dic, va dugc tinh ché bing cot silica gel dé thu dugc 105 mg chét trung gian MDI-232-1,

véi hiéu sudt 79,8%.

I'H NMR (400 MHz, CDCI3) § 8,52 (d, T = 8,3 Hz, 1H), 7,58 — 7,55 (m, 2H), 7,52
—7.40 (m, 4H), 7,30 — 7,28 (m, 1H), 7,11 — 7,01 (m, 2H), 5,82 (s, 2H), 5,43 (s, 2H), 5,27
(s, 2H), 4,78-4,61 (m, 4H), 4,22 — 4,19 (m, 4H), 3,70-3,56 (m, 4H),2,62 (q, ] = 7,5 Hz,
2H), 2,41-2,36(m, 2H), 1,03 (t, T = 7,5 Hz, 3H), 0,99 — 0,94 (m, 4H), 0,07(d, T =2,7 Hz,
18H).

Tdng hop hop chit MDI-232: Azetidin-1-v1 (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-
1H-indazol-3-y1)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)keton

Chét trung gian MDI-232-1 (105 mg, 0,132 mmol) dwgc hoa tan trong metanol
(6 ml), i 11 mg Pd/C dugc bd sung va axit clohydric dam dic (3 ml) duge bd sung nhé
giot. Hon hop dugc lam néng dén 50°C, dugc cho phéan (g trong 6 gio, duoc loc, va duge
¢b dic @8 thu duoc cin. Cin duogc hoa tan trong metanol va dugc co ddc dén kho, cong
doan nay duoc lap lai 3 14n. Cin thu duoc duge hoa tan trong metanol, va 1 ml amoniac
duge bd sung. Han hop thu duge dugc ¢d dic, va duge tinh ché bing tAm tinh ché @& thu

dugc 25 mg san phdm cudi ciing v6i hiéu suét 42,6%.

'H NMR (400 MHz, MeOD-d4) § 8,29 (dd, J= 8,4 Hz, J= 4,0 Hz,1H), 7,43 (s, 1H),
7.19-7.16 (m, 1H), 6,97 — 6,90 (m, 2H), 4,62 — 4,53 (m, 4H), 3,69 - 3,66 (m, 2H), 3,43 -
3.40 (m, 2H), 2,54 (q, J = 7,5 Hz, 2H), 2,09 - 2,02 (m, 2H), 1,06 (t, /=75 Hz, 3H).

Vi du 31: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4.6-
dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)(piperidin-1-yl)keton ( MDI-233)

MDI-233

Con dudng tdng hop MDI-233:
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\
©/\O
MDI-233-1

MDI-233

Phuong phap tdng hop:

Tdng hop chét trung gian MDI-233-1: (2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-
((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-( trimetylsilyl)etoxy)metyl)-4.6-
dihydropyrolo[3,4-d]imidazol-5-(1H)-yl)(piperidin-1-yl)keton

Triphosgen (54,1 mg, 0,182 mmol) dugc hoa tan trong 5 ml tetrahydrofuran, roi
chit trung gian 6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-3-
(1-((2-(trimetylsilyl)etoxy)metyl)-1-1,4,5,6-tetrahydropyrolo[3,4-d] imidazol-Z-yl)- 1H-
indazol (130 mg, 0,182 mmol) trong tetrahydrofuran (5 ml) duoc bd sung nhé giot & 0°C,
sau d6 bd sung trietylamin (55,2 mg, 0,550 mmol). Hon hop duge khudy & nhiét dd phong
trong 5 phiit, va piperidin hydroclorua (44,4 mg, 0,364 mmol) trong tetrahydrofuran dugc
bb sung. Hon hop thu duge duge khudy & nhiét d6 phong trong 10 phut. Nude duge bd
sung va hdn hop thu dugc duge chiét hai 1an bing etyl axetat, va céc pha hitu co duoc két
hop, dugc rira bing nwéce va nudce mudi bio hod, duoc siy khd bing natri sulfat khan, dugc
cb dic, va dugc tinh ché bing cot silica gel @8 thu dwoc 105 mg chét trung gian MDI-233-

1, v6i hidu sudt 66,6%.

'H NMR (400 MHz, CDCls) § 8,44 (d, /=83 Hz, 1H), 7,50 — 7,48 (m, 2H), 7,44 -
7.35 (m, 4H), 7,23 — 7,20 (m, 1H), 7,04 — 6,94 (m, 2H), 5,93 (s, 2H), 5,74 (s, 2H), 5,20 (s,
2H), 4,69 (d, J = 54,8 Hz, 4H), 3,64 — 3,56 (m, 4H), 3,31 (s, 4H),2,54 (q, /= 7,5 Hz, 2H),
1,64 (s, 6H), 1,03 (t, J = 7,5 Hz, 3H), 0,93 — 0,86 (m, 4H), -0,07(d, /=2,7 Hz, 18H).

Téng hop hop chat MDI-233: (2-(6-(2—etvl—5-ﬂo§4-hvdroxvphenvl)—1H-indazol—3-
y1)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)(piperidin-1-yl)keton

Chét trung gian MDI-233-1 (100 mg, 0,121 mmol) dugc hoa tan trong metanol
(6 ml), rdi 10 mg Pd/C dugc bd sung va axit clohydric dam ddc (3 ml) duoc bb sung nhé
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giot. Hon hop dugc lam néng dén 50°C, dugc cho phan tng trong 6 gid, duoc loc, va duge
¢d dic d& thu duoc cin. Cin dugce hoa tan trong metanol va dugc co dic dén khd, cong
doan nay dugc ldp lai 3 14n. Cin thu duoc duge hoa tan trong metanol, va 1 ml amoniac
dugc bd sung. Hon hop thu duge duge cd dic, va duge tinh ché bang tAm tinh ché dé thu

duoc 33 mg san phém cubi cling v6i hidu suét 57,3%.

'H NMR (400 MHz, MeOD-d4) § 8,25 (d, J= 8,4 Hz, 1H), 7,40 (s, 1H), 7,16 - 7,14
(m, 1H), 6,95 — 6,87 (m, 2H), 4,83 — 4,65 (m, 4H), 3,35 — 3,33 (m, 4H), 2,54 (q, J= 17,5
Hz, 2H), 1,67 — 1,65 (m, 6H), 1,06 (t, J= 7,5 Hz, 3H).

Vi du 32: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4.6-
dihydropvrolo[3.4-d]imidazol-5-(1H)-yl)(morpholino)keton (MDI-234)

N
03\"”\,)‘0
N
N ""“>
\_NH
X
F N SN
| H
HO™ P
MDI-234

MDI-234-1 MDI-234

Phuong phap tdng hop:

Tng hop chét trung gian MDI-234-1: (2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-
((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4.6-
dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)(morpholino)keton
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Triphosgen (54,1 mg, 0,182 mmol) duoc hoa tan trong 5 ml tetrahydrofuran, 1di
chit trung gian 6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-3-
(1-((2-(trimetylsilyl)etoxy)metyl)-1-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-
indazol (130 mg, 0,182 mmol) trong tetrahydrofuran (5 ml) dugc bd sung nho giot & 0°C,
sau d6 bd sung trietylamin (55,1 mg, 0,546 mmol). Hdn hop dugc khudy & nhiét d6 phong
trong 5 phut, va morpholin (31,7 mg, 0,364 mmol) trong tetrahydrofuran dugc bd sung.
Hbn hop thu duge duge khqu & nhiét do phong trong 10 phut. Nuéc duoc bd sung va hdn
hop thu duge duge chiét hai 14n bing etyl axetat, va cac pha hitu co duoc két hop, dugc
roa béng nuée va nude mudi bio hoa, duoc séy kho b::ing natri sulfat khan, dugc co6 déc,
va duoc tinh ché bang cot silica gel dé thu duoc 120 mg chit trung gian MDI-234-1, véi
hiéu suit 79,7%.

'H NMR (400 MHz, CDCls) & 8,45 (d, J= 8,3 Hz, 1H), 7,53 - 7,51 (m, 2H), 7,47 -
7.35 (m, 4H), 7,26 — 7,23 (m, 1H), 7,06 — 6,97 (m, 2H), 5,96 (s, 2H), 5,77 (s, 2H), 5,23 (s,
2H), 4,68 (d, J = 54,8 Hz, 4H), 3,80 — 3,78 (m, 3H),3,67 — 3,59 (m, 4H), 3,43 - 3,40 (m,
3H), 3,27 - 3,21 (m, 6H), 2,54 (q,J= 7,5 Hz, 2H), 1,05 (t, /= 7,5 Hz, 3H), 0,96 - 0,89 (m,
4H), -0,04(d, J=2,7 Hz, 18H).

Téng hop hop chit MDI-234: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
y1)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-yI)( morpholino)keton

Chét trung gian MDI-234-1 (120 mg, 0,145 mrﬁol) dugc hoa tan trong metanol
(6 ml), 10i 12 mg Pd/C duge bd sung va axit clohydric dam déc (3 ml) dugc bd sung nhod
giot. Hbn hop dugc 1am néng dén 50°C, dugc cho phan tng trong 6 gio, dugc loc, va dugc
¢d diac @ thu duoc cin. Cin dugc hoa tan trong metanol va duge cd dic dén kho, cong
doan nay dugc ldp lai 3 1an. Cian thu duoc duge hoa tan trong metanol, va 1 ml amoniac
duoc bd sung. Hon hop thu dugc duge ¢ dic, va duoc tinh ché bing tAm tinh ché dé thu

duoe 42 mg san phdm cudi ciing véi higu sudt 60,9%.

'H NMR (400 MHz, MeOD-d4) 5 8,28 (d, J= 8,4 Hz, 1H), 7,43 (s, 1H), 7,19~ 7,16
(m, 1H), 6,97 — 6,90 (m, 2H), 4,71 — 4,66 (m, 4H), 3,78 — 3,75 (m, 4H), 3,41-3,39 (m, 4H),
2.54 (q,J=17,5 Hz, 2H), 1,06 (t, J = 7,5 Hz, 3H).

Vi du 33: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4.,6-

dihvdropyrolo[3,4-d]imidazol-5-(1H)-yl)(4-metylpiperazin-1-yl)keton (MDI-235)
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MDI-235

Con dudng tdng hop MDI-235:

MDI-235-1 MDI-235

Phuong phap téng hop:

T8ng hop chit trung gian MDI-235-1: (2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-
((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4.6-
dihydropyrolo[3.4-d]imidazol-5-(1H)-y1)(4-metylpiperazin-1-yl)keton

Triphosgen (8,3 mg, 0,028 mmol) dugc hoa tan trong 5 ml tetrahydrofuran, 1di chat
trung gian 6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-3-(1-
((2-(trimetylsilyl)etoxy)metyl)-1-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-
indazol (20 mg, 0,028 mmol) trong tetrahydrofuran (5 ml) dugc bd sung nho giot & 0°C,
sau d6 bd sung trietylamin (8,5 mg, 0,084 mmol). Hon hop dugc khudy & nhiét dd phong
trong 5 phit, va 1-metylpiperazin (5,60 mg, 0,056 mmol) trong tetrahydrofuran dugc bd
sung. Hbn hop thu dugc dugce khqu & nhiét d6 phong trong 10 phut. Nudc duge bd sung
va hdn hop thu duge duge chiét hai 1an béng etyl axetat, va cac pha hitu co dugc két hop,
duge rira bing nudce va nude mudi bdo hoa, duge sdy kho bang natri sulfat khan, dugc ¢
dic, va duogc tinh ché béng ct silica gel dé thu duoc 20 mg chét trung gian MDI-235-1,

vé6i hiéu suét 85,1%.

173



44306 174/271

'H NMR (400 MHz, CDCls) & 8,44 (d, J= 8,3 Hz, 1H), 7,50 — 7,48 (m, 2H), 7,44 —
733 (m, 4H), 7,23 — 7,21 (m, 1H), 7,04 — 6,94 (m, 2H), 5,93 (s, 2H), 5,75 (s, 2H), 5,20 (s,
2H), 4,70 (d, J = 54,8 Hz, 4H), 3,64 — 3,56 (m, 4H), 3,43 — 3,41 (m, 4H), 2,56 — 2,49 (m,
6H), 2,34 (s, 3H), 1,03 (t, J = 7,5 Hz, 3H), 0,93 — 0,86 (m, 4H), -0,07(d, J= 2,7 Hz, 18H).

Tng hop hop chdt MDI-235: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
y1)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)(4-metylpiperazin-1 -ylketon

Chét trung gian MDI-235-1 (20 mg, 0,024 mmol) dugc hoa tan trong metanol
(6 ml), 16i 5 mg Pd/C dugc bd sung va axit clohydric ddm ddc (3 ml) duoc bd sung nhod
giot. Hon hop duoc 1am néng dén 50°C, dugc cho phan rng trong 6 gio, duoc loc, va duge
¢6 dic @8 thu duoc cin. Cin dugc hoa tan trong metanol va dugc cb dic dén kho, cong
doan nay duoc lap lai 3 14n. Can thu duoc duoc hoa tan trong metanol, va 1 ml amoniac
duoc bb sung. Hn hop thu duge dugc cb dic, va duge tinh ché bing tim tinh ché dé thu

duoc 3 mg san phim cubi cung véi hiéu suat 14,8%.

'H NMR (400 MHz, MeOD-d4) & 8,25 (d, J= 8,4 Hz, 1H), 7,40 (s, 1H), 7,16 - 7,14
(m, 1H), 6,95 — 6,87 (m, 2H), 4,83 — 4,66 (m, 4H), 3,44 — 3,41 (m, 4H), 2,56 — 2,51 (m,
6H), 2,35 (s, 3H), 1,06 (t, J=7,5 Hz, 3H).

Vi du 34: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-4.6-
dihydropyrolo[3.4-d]imidazol-5-(1H) - v1)(4-etylpiperazin-1-yl)keton (MDI-236)

Con dudng tdng hop MDI-236:
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MDI-236-1

Phuong phép tdng hop:

Téng hop chit trung gian MDI-236-1: (2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-
((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2- _ (trimetylsilyl)etoxy)metyl)-4.6-
dihydropyrolo[3.4-d]imidazol-5-(1H)-y1)(4-etyl piperazin-1-yl)keton

Triphosgen (54,07 mg, 0,182 mmol) dwgc hoa tan trong 15 ml diclometan, 10i chét
trung gian 6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-3-(1-
((2-(trimetylsilyl)etoxy)metyl)-1-1,4,5,6-tetrahydropyrolo[ 3,4-d]imidazol-2-y1)-1H-
indazol (20 mg, 0,028 mmol) trong diclometan (5 ml) dugc bd sung nho giot & 0°C, sau d6
bd sung trietylamin (55,2 mg, 0,55 mmol). Hbn hop dugc khudy & nhiét dd phong trong 5
phiit, va 1-etylpiperazin (41,5 mg, 0,364 mmol) trong diclometan dugc bd sung. Hon hop
thu duge dugc khudy & nhiét d6 phong trong 10 phit. Nuée duge bd sung va hdn hop thu
duoc duoc chiét hai 1an bing etyl axetat, va céc pha hitu co dugc két hop, dwgc rira bang
nuéde va nude mudi bio hoa, duge séy kho béng natri sulfat khan, dugc ¢d ddc, va duge
tinh ché bang cot silica gel dé thu dugc 100 mg chét trung gian MDI-236-1, v6i hiéu suét
64,3%.

'H NMR (400 MHz, CDCLs) & 8,44 (d, J = 8 Hz, 1H), 8,28 (s, 1H), 7,50 - 7,33 (m,
5H), 7,22 (d, J = 8 Hz, 1H), 7,03 (d, J= 12 Hz, 1H), 6,95 (d, J = 8 Hz, 1H), 5,93 (s, 2H),
574 (s, 2H), 5,20 (s, 2H), 4,77 (s, 2H), 4,63 (s, 2H), 3,63-3,61 (m, 4H), 3,43 - 3,42 (m,
4H), 2,53 - 2,46 (m, 8H), 1,03 (t, /= 6 Hz, 3H), 0,93 - 0,86 (m, 7H), -0,06 - -0,08 (m, 18H).

Téng hop hop chit MDI-236: (2-( 6-(2-etvl-5-ﬂo;4-hvdrovahenvl)-1H-indazol-3-
y1)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-y1)(4-etylpiperazin-1-yl)keton

Chét trung gian MDI-236-1 (100 mg, 0,117 mmol) dugc hoa tan trong metanol
(10 ml), rdi 10 mg Pd/C duogc bd sung va axit clohydric dam déc (5 ml) dugc b sung nho
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giot. Hon hop dugc 1lam néng dén 50°C, dugc cho phan g trong 6 gid, duoc loc, va duge
¢b dic dé thu duoc cin. Cin dugc hoa tan trong metanol va duoc c6 dic dén kho, cong
doan nay duoc lap lai 3 1an. Cin thu dugce dugc hoa tan trong metanol, va 1 ml amoniac
duge b sung. Hén hop thu duoc duge o dic, va dugc tinh ché bing tAm tinh ché dé thu

duge 21 mg san phim cudi ciing v6i hiéu suit 35,6%.

I'H NMR (400 MHz, MeOD-d4) § 8,27 (d, J= 8 Hz, 1H), 7,43 (s, 1H), 7,17 (d, J =
8 Hz, 1H), 6,96 (d,J = 12 Hz, 1H), 6,91 (d, /=8 Hz, 1H), 4,75 - 4,60 (m, 4H), 3,48 - 3,44
(m, 4H), 2,61 - 2,48 (m, 8H), 1,17 (t, J= 8 Hz, 3H), 1,08 (t, /= 8 Hz, 3H).

Vi du 35: Xyclopropyl (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-pyrazolo[4.3-
blpyridin-3-y1)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-yl)keton (MDI-237)

MDI-237

Con dudng tdng hop MDI-237:
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MDI-237-1 MDI-237-2

MDI-237-3 MDI-237-4

MDI-237-6 MDI-237-7 MDI-237

Phuong phip téng hop:

Téng hop chit trung gian MDI-237-1: 6-brom-1H-pyrazolo[4.3-b]pyridin-3-

formaldehit

Natri nitrit (2,81 g, 40,72 mmol) duoc hoa tan trong 12 ml DMF va 16 ml nude, va
duoc 1im mat v& 0°C. Trong diéu kién bao vé béi nito, HC12 N (17,7 ml, 35,4 mmol) dugce
bd sung nhé giot tlr tir, va sau khi dugc bd sung hoan tit, phan tmg dugc tiép tuc trong 10
phut. 3 0°C, 6-brom-4-azaindol (1,0 g, 5,08 mmol) trong DMF (8 ml) dugc bd sung nhéd
giot tir tir vao dung dich phan tmg. Sau khi viéc bd sung hoan tat, phan tmg dugc thyuc hién
& nhiét ¢6 phong qua dém. Sau khi phén trng hoan tAt, 50 ml nudec duoc bd sung sin phim
phén img. Hon hop thu dugc dugce khudy & nhiét 6 phong trong 0,5 giod, va dugc loc bing
céch hiit chan khong d& thu duoc 580 mg chat trung gian MDI-237-1 véi hiéu suét 50,5%.

'H NMR (400 MHz, DMSO) & 14,52 (s, 1H), 10,27 (s, 1H), 8,80 (d, J = 2,0 Hz,
1H), 8,55 (d, J=2,0 Hz, 1H). "
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Tng hop chét trung gian MDI-237-2: 6-brom-1-((2-(trimetylsilyl) etoxy)metyl)-
2H-pyrazolo[4.3-b]pyridin-3-formaldehit

Chét trung gian MDI-237-1 (250 mg, 1,11 mmol) dugc hoa tan trong 5 ml DMF,
rdi tiép d6 duogc lam mat vé 0°C. NaH (60%) (53,1 mg, 1,33 mmol) duoc bd sung theo dot
& 0°C. Sau khi viéc b sung hoan tAt, phan tmg duogc thuc hién trong 30 phut, rdi tiép d6
SEMCI (276,6 mg, 1,66 mmol) dugc bb sung nho giot vao hén hop phan tmg. Sau khi viéc
bd sung nhé giot hoan tat, nhiét d6 dugc nang 1én nhiét 46 phong d& phan tng. Sau khi
phan ung hoan tat, n6 duoc dimg lai béng nudce, va hdn hop thu duge duge chiét béng etyl
axetat, va pha hitu co dugc rira bang nudc mudi bio hoa, duoc séy kho br?mg natri sulfat
khan, va dugc co dac béng sdc ky cot dé thu duoc 157,4 mg chét trung gian MDI-237-2

véi hiéu suét 39,9%.

' NMR (400 MHz, CDCI3) 8 10,57 (s, 1H), 8,82 (d, J = 2,0 Hz, 1H), 8,39 (d, ] =
2.0 Hz, 1H), 6,14 (s, 2H), 3,69-3,65 (m, 2H), 0,98-0,92 (m, 2H), -0,03 (s, 9H).

Téng  hop  chét  trung  gian  MDI-237-3:  6-(2-etyl-5-flo-4-((2-

(trimetylsilanyl)etoxy)metoxy)phenyl)-2-((2-( trimetvlsilénvl)etoxv)metvl)-2H-

pyrazolo[4,3-b]pyridin-3-formaldehit

Chét trung gian MDI-237-2 (176 mg, 0,49 mmol), (2-((5-etyl-2-flo-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)phenoxy)metoxy)etyl)trimetylsilan (196 mg,
0,49 mmol), Pd(dppf)CI2 (36,1 mg, 0,05 mmol) va kali cacbonat (205 mg, 1,48 mmol)
duoc hoa tan trong 1,4-dioxan (20 ml) va nude (4 ml). Khong khi dugc thay thé bing nito,
cong doan nay duoc lip lai 3 14n. Hon hop duoc 1am nong dén 100 °C, dugc cho phan ing
qua dém, va dugc lam mét vé nhiét do phong. Nuée duge bd sung, hdn hop thu dugc dugc
chiét bing etyl axetat hai 14n, va c4c pha hiru co duoc két hop, duoc rira bing nude va nudce
mudi bdo hoa, duge sdy khd bing natri sulfat khan, dugc c6 dic, va dugc tinh ché bing cot

silica gel dé thu duoc 169,5 mg chét trung gian MDI-237-3 vo6i hiéu suét 62,7%.

'H NMR (400 MHz, CDCI3) & 10,58 (s, 1H), 8,76 (d, J =2,0 Hz, 1H), 8,08 (d,J =
2.0 Hz, 1H), 7,21 (d, J = 8,3 Hz, 1H), 7,02 (d, J = 11,3 Hz, 1H), 6,19 (s, 2H), 5,33 (s, 2H),
3,88-3,83 (m, 2H), 3,72-3,69 (m, 2H), 2,59-2,53 (m, 2H), 1,10 (t, T = 8,0 Hz, 3H), 1,02-
0,94 (m, 4H), 0,03 (s, 9H), -0,03 (s, 9H).
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Tdng hop chit trung gian MDI-237-4: tert-butyl 2-(6-(2-etyl-5-flo-4-((2-

(trimetylsilanyl)etoxy)metoxy)phenyl)-2-((2-(trimetylsilanyl)etoxy)metyl)-2H-

pyrazolo[4.3-b]pyridin-3-yl)-3a.4.6.6a-tetrahydropyrolo[3.4-d]imidazol-5(1H)-carboxylat

Chét trung gian MDI-237-3 (170 mg, 0,31 mmol) va tert-butyl 3,4-diaminpyrolin-
1-carboxylat (69,0 mg, 0,34 mmol) dugc hoa tan trong 10 ml tert-butanol, 10i 12 (98,8 mg,
0,39 mmol) va K»CO3 (129 mg, 0,93 mmol) dugc bd sung. Hén hop duoc lam nong dén
70°C va dugc cho phan ung trong 3 gio. Sau khi phan ung hoan tat, dung dich natri
thiosulfat dugc bd sung dé dimg phan tmg. Hon hop thu duge dugc chiét hai 1in bang etyl
axetat, va cdc pha hitu co duoc két hop, duge ria bing nude va nude mudi bdo hod, dugce
sdy kho béng natri sulfat khan, duoc c6 dic, va dugc tinh ché bang cot silica gel dé thu

duge 150 mg chit trung gian MDI-237-4 v6i higu suat 66,2%.

I'H NMR (400 MHz, CDCI3) & 8,54 (d, T = 1,9 Hz, 1H), 7,99 (d, J = 1,9 Hz, 1H),
7.20 (d, J = 8,3 Hz, 1H), 7,01 (d, T = 11,3 Hz, 1H), 6,60-6,20 (m, 2H), 5,33 (s, 2H), 5,00-
4.87 (m, 1H), 4,58-4,46 (m, 1H), 3,88-3,83 (m, 2H), 3,79-3,64 (m, 6H), 2,58-2,52 (m, 2H),
1,57 (s, 9H), 1,09 (t, J = 8,0 Hz, 3H), 1,02-0,96 (m, 4H), 0,03 (s, 9H), -0,03 (s, 9H).

Téne hop chét trung gian MDI-237-5: Tert-butyl 2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilanyl)etoxy)metoxy)phenyl)-2-((2-(trimetylsilanyl) etoxy)metyl)-2H-pyrazolo
[4.3-blpyridin-3-y1)-4,6-dihydropyrolo[3.4-d]imidazol-5(1H)-carboxylat

Chét trung gian MDI-237-4 (100 mg, 0,14 mmol) va axit 2-iodoyl benzoic (77,0
mg, 0,28 mmol) dugc hoa tan trong 10 ml DMSO, duge lam néng dén 45 °C va dugc cho
phan mg trong 5 gid. Sau khi phan {rng hoan tat, phan tng dugc dung lai bang dung dich
natri thiosulfat. Hon hop thu dugc dugce chiét hai 14n bang etyl axetat, va cac pha hiru co
duge két hop, duoc rira bing nudce va nude mudi bdo hoa, dugc siy khd bing natri sulfat
khan, dugc cd dic, va dugce tinh ché bing cot silica gel dé thu duogc 75,0 mg chit trung

gian MDI-237-5, véi hiéu suét 75,2%.

'H NMR (400 MHz, CDCI3) § 11,78 (d, T = 8,8 Hz, 1H), 8,52-8,50 (m, 1H), 7,99-
7.98 (m, 1H), 7,21 (d, J = 8,4 Hz, 1H), 7,03 (d, = 11,3 Hz, 1H), 6,44 (s, 2H), 5,33 (s, 2H),
4,66-4.51 (m, 4H), 3,88-3,79 (m, 4H), 2,60-2,54 (m, 2H), 1,54 (s, 9H), 1,11 (t, T=8,0 Hz,
3H), 1,03-0,98 (m, 4H), 0,03 (s, 9H), -0,05 (s, 9H).
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Tdng hop chéit trung gian MDI-237-6: tert-butyl 2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilanyl)etoxy)metoxy)phenyl)-2-((2-(trimetylsilanyl)etoxy)metyl)-2H-
pyrazolo[4.3-b]pyridin-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3.4-
dJimidazol-5(1H)-carboxylat

Chét trung gian MDI-237-5 (20,0 mg, 0,03 mmol) duogc hoa tan trong 10 ml THF,
nhiét d6 duogc ha xudng 0 °C, 1di tiép 6 NaH (60%) (1,2 mg, 0,03 mmol) dugc bd sung.
Hbn hop phéan tmg dugc khudy trong 0,5 gid. SEMCI (5,1 mg, 0,03 mmol) dugc bd sung
vao hdn hop, 1di duoc 1am néng dén nhiét do phong va dugc khudy trong 1 gio. Sau khi
phén g hoan tit, nuéc dugce bd sung dé dimg phan tmg. Hbn hop thu duge duge chiét
hai 14n bang etyl axetat, va cac pha hitu co dugc két hop, duoc rira bang nudc va nude
mudi bdo hoa, duoc séy kho béng natri sulfat khan, duoc cd dic va dugc tinh ché br?mg cot

silica gel dé thu duge 15,0 mg chét trung gian MDI-237-6 v&i hiéu suét 63,5%.

'H NMR (400 MHz, CDCI3) & 8,54 (d, J = 2,0 Hz, 1H), 8,00 (¢, J = 2,1 Hz, 1H),
720 (d, ] = 8,3 Hz, 1H), 7,03 (d, T = 11,4 Hz, 1H), 6,13 (d, J = 4,5 Hz, 2H), 5,57 (d, T =
3.7 Hz, 2H), 5,33 (s, 2H), 4,66-4,50 (m, 4H), 3,88-3,84 (m, 2H), 3,75-3,64 (m, 2H), 3,43-
3,38 (m, 2H), 2,60-2,54 (m, 2H), 1,54 (s, 9H), 1,11 (t, J = 8,0 Hz, 3H), 1,02-0,98 (m, 2H),
0,93-0,88 (m, 2H), 0,82-0,77 (m, 2H), 0,03 (s, 9H), -0,03 (s, 9H), -0,06 (s, 9H).

Tdng hop chét trung gian MDI-237-7: xyclopropyl (2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilanyl)etoxy)metoxy)phenyl)-2-((2-(trimetylsilanyl)etoxy)metyl)-2H-
pyrazolo[4.3-b]pyridin-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3.4-
d]imidazol-5(1H)-yhketon

Chét trung gian MDI-237-6 (30,0 mg, 0,04 mmol) dugc hoa tan trong 10 ml DCM,
roi k&m bromua (31,6 mg, 0,14 mmol) dugc bd sung. Hon hop duge khudy trong 5 gi®, va
nuéc duge bd sung dé dimg phan ting. Hon hop thu dugc duge chiét hai 1an bing DCM,
va c4c pha hitu co dugce két hop, dugc rira bing dung dich amoniac, 1di duge rira bang
nuée va nude mudi bio hoa, dugc séy kho béng natri sulfat khan, va dugc c6 ddc. San
phim thd duge hoa tan trong 10 ml DCM, rdi DIPEA (5,4 mg, 0,04 mmol) dugc bd sung
rdi tiép d6 hdn hop duogc 1am mat vé& 0°C. Réi, xyclopropylformyl clorua (4,4 mg,
0,04 mmol) duoc bd sung nhé giot. Sau khi viéc bd sung hoan tAt, nhiét d§ dugc nang 1én

nhiét @6 phong d& phan tng. Sau khi phén tng hoan tAt, nuéc duge bd sung @ dimg phan
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tmg, va hdn hop thu duoc dugc chiét hai 1in bing DCM, va céc pha hitu co dugce két hop,
dugc rira bing nudc va nude mudi bao hoa, duge siy kho bang natri sulfat khan, va dugc
¢d dic dé thu duoc 23,0 mg MDI-237-7 thd, s& dugc sir dung truc tiép trong phan tmg tiép
theo. Hiéu suét thd 12 79,6%.

Tdng hop hop chit MDI-237: xyclopropyl (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-
1H-pyrazolo[4.3-b]pyridin-3-y1)-4,6-dihydropyrolo[3.4-d] imidazol-5(1H)-yl)keton

Chét trung gian MDI-237-7 (23,0 mg, 0,03 mmol) dugc hoa tan trong 4 ml MeOH,
10i 2 ml axit clohydric ddm ddc duoc bd sung. Sau khi bd sung, nhiét 46 dugc nang 1én
50°C dé phan tng. Sau 6 gid phan ung, nhiét d6 duoc ha xudng nhiét d6 phong, va dung
mdi pha ng dugc 1am bay hoi bing cach ¢b dic dudi ap suit thip. Sau d6, 4 ml metanol
va 0,5 ml dung dich amoniac dugc bd sung. Sawu khi c6 dic, can dugc dua vao sdc ky 16p

mong dé thu duoc 3,2 mg chét rin mau tring MDI-237 v6i hiéu suit 26,5%.

'H NMR (400 MHz, DMSO) § 13,60 (s, 1H), 12,60-12,48 (m, 1H), 10,02 (s, 1H),
8,53 (d, J=1,6 Hz, 1H), 7,95 (s, 1H), 7,16 (d, J = 11,8 Hz, 1H), 6,98 (d, J = 9,1 Hz, 1H),
4,91-4,41 (m, 4H), 2,51-2,47 (m, 2H), 1,96-1,84 (m, 1H)), 1,03 (t, J = 8,0 Hz, 3H), 0,87-
0,80 (m, 4H). LC-MS m/z (EST) [M+H]+ gid tri dugc tinh toan cho Ca3H2FNeO2: 433,2;
gia tri do dugc: 433,2.

Vi du 36: xyclopropyl (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-4-metyl-1H-indazol-
3-y1)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-yl)keton(MDI-239)

MDI-239

Con dudng tdng hop MDI-239:
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Phuong phép tdng hop:

Tng hop chét trung gian MDI-239-1: 6-brom-4-metyl-1H-indazol-3-formaldehit

Natri nitrit (1,05 g, 15,2 mmol) dugc hoa tan trong 5 ml DMF va 5 ml nude, va duge
1am mét v& 0°C. Trong didu kién bao vé béi nito, HCI 3N (4,5 ml, 13,3 mmol) duoc bd
sung nho giot tir tir, va phan tmg hoan tat trong 10 phat. G 0°C, 6-brom-4-metyl-1H-indol
(400 mg, 1,90 mmol) trong DMF (20 ml) dugc bd sung nho giot tir tir vao dung dich phan
ung. Sau khi viéc bd sung nhé giot hoan tat, phan ng duoc thue hién & nhiét d6 phong
qua dém. Hon hop dugc chiét bing etyl axetat 3 14n, va cac pha hitu co dugc két hop, duoc
rira 3 14n béng nude, duogc rira béng nuw6e mudi bdo hoa, duge séy kho br?mg natri sulfat
khan, duoc c¢6 dic, va dugc tinh ché béng cdt silica gel dé thu duoc 388 mg chét trung gian
MDI-239-1 véi hiéu sudt 84,3%.
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I'H NMR (400 MHz, CDCI3) & 10,61 (s, 1H), 10,24 (s, 1H), 7,58(d, J = 1,3 Hz, 1H),
727 (d,J = 1,2 Hz, 1H), 2,90 (s, 3H).

Tdng hop chit trung gian MDI-239-2: 6-brom-4-metyl-1-((2-

(trimetylsilyl)etoxy)metyl)-1H-indazol-3-formaldehit

Chét trung gian MDI-239-1 (388 mg, 1,62 mmol) dugc hoa tan trong 25 ml
tetrahydrofuran khan, va dugc lam mat v& 0°C. Natri hydrua (60%) (117 mg, 4,86 mmol)
duoc bd sung tir tir, va hdn hop dugce khudy trong 10 phit. 2-(Trimetylsilyl)etoxymetyl
clorua (540 mg, 3,24 mmol) duoc bd sung nhé giot tir tir, va phan tng dugc thyc hién &
nhiét do phong trong 1 gid. Nude dugc bd sung @& dirmg phan tng, va hdn hop thu dugc
dugc chiét hai 14n bing etyl axetat, va céc pha hitu co dugc két hop, dwgc rira bang nudc
va nudc mudi bio hoa, dugc séy kho béng natri sulfat khan, duoc c6 dic, va dugce tinh ché

bing cot silica gel dé thu dwoc 371 mg chét trung gian MDI-239-2 véi hiéu suét 61,9%.

I'H NMR (400 MHz, CDCI3) & 10,20 (s, 1H), 7,68 (s, 1H), 7,30 (s, 1H), 5,78 (s,
2H), 3,61-3,57 (m, 2H), 2,89 (s, 3H), 0,96-0,89 (m, 2H), -0,02 (s, 9H).

Tbéng hop chit trung gian MDI-239-3: tert-butyl 2-(6-brom-4-metyl-1-((2-
(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-3 a.4.6.6a-tetrahydropyrolo[3.4-d]imidazol-
5(1H)-carboxylat

Chét trung gian MDI-239-2 (371 mg, 1,00 mmol) va tert-butyl 3,4-diaminpyrolin-
1-carboxylat (242 mg, 1,20 mmol) dugc hoa tan trong 10 ml tert-butanol, sau d6 bd sung
iot (317 mg, 1,25 mmol) va kali cacbonat (414 mg, 3,00 mmol), va phan tng dugc thuc
hién & 70°C trong 3 gid. Phan ung duoc dung lai bing cach bd sung dung dich natri
thiosulfat b3o hoa va hdn hop thu duge duoc chiét hai 14n bang etyl axetat. Pha hitu co
duwoc két hop, duoc rira bing nude va nude mudi bao hoa, dugc siy khd béng natri sulfat
khan, duoc cb dic, va duge tinh ché bing cot silica gel dé thu dugc 330 mg chit trung gian
MDI-239-3 v6i hiéu suét 60,0%.

'H{ NMR (400 MHz, CDCI3) & 7,62 (s, 1H), 7,20 (s, 1H), 5,68 (s, 2H), 4,77-4,66
(m, 2H), 3,77-3,60 (m, 4H), 3,57- 3,53 (m, 2H), 2,89 (s, 3H), 1,46 (s, 9H), 0,94-0,89 (m,
2H), -0,02 (s, 9H).
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Téng hop chit trung gian MDI-239-4: tert-butyl 2-(6-brom-4-metyl-1-((2-
(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-

carboxylat

MDI-239-3 (330 mg, 0,60 mmol) dugc hoa tan trong 15 ml DMSO, va IBX (252
mg, 0,90 mmol) dugc bd sung. Phan tng dugc thuc hién ¢ 50°C trong 16 gio. Phan ting
duogc dung lai béng cach bd sung nudc, va hdn hop thu duge duge chiét hai 14n bang etyl
axetat. Pha hitu co duge két hop, duoc rira bang nuéce va nudce mubi bdo hoa, dugc sy khd
bang natri sulfat khan, dugc ¢d dic, va duge tinh ché qua cot silica gel dé thu dugc 240 mg

chét trung gian MDI-239-4 v&i hidu suit 73,0%.

'H NMR (400 MHz, CDCI3) § 7,60 (s, 1H), 7,19 (s, 1H), 5,67 (s, 2H), 4,62-4,50
(m, 4H), 3,67-3,54 (m, 2H), 2,98 (d, J=7,2 Hz, 3H), 1,55 (s, 9H), 0,98-0,89 (m, 2H), -0,03
(s, 9H).

Tdneg hop chit trung gian MDI-239-5: tert-butyl 2-(6-brom-4-metyl-1-((2-
(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl) -4.6-
dihydropyrolo[3.4-d]imidazol-5(1H)-carboxylat

Chét trung gian MDI-239-4 (145 mg, 0,26 mmol) duoc hoa tan trong 15 ml
tetrahydrofuran khan, va dugc lam mat v& 0°C. Natri hydrua (60%) (19,0 mg, 0,79 mmol)
dugc bd sung tir tir, va hdn hop duge khudy trong 10 phit. 2-(Trimetylsilyl)etoxymetyl
clorua (86,7 mg, 0,52 mmol) dugc bb sung nhd giot tir tir. Sau khi bd sung, phan tng duge
thuc hién & nhiét d§ phong trong 1 gio. Phan ung dugc dung lai béng cach bd sung nuéc,
hdn hop thu duge duge chiét hai 1in béng etyl axetat, va céc pha hitu co dugc két hop,
duoc rira bing nude va nude mudi bdo hoa, dugc siy khd bing natri sulfat khan, dugc co
diic, va duoc tinh ché bing cot silica gel dé thu dugc 148 mg chit trung gian MDI-239-5

v6i hiéu suat 84,0%.

'H NMR (400 MHz, CDCI3) 8 7,67 (s, 1H), 7,17 (s, 1H), 5,73 (s, 2H), 5,44 (d, T =
47 Hz, 2H), 4,65-4,51 (m, 4H), 3,61-3,57 (m, 2H), 3,38 -3,34 (m, 2H), 2,54 (d, 1= 5,8 Hz,
3H), 1,56 (s, 9H), 0,97-0,88 (m, 4H), 0,02 (s, 9H), -0,11(s, 9H).
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Téng hop chit trung gian MDI-239-6:  (2-(6-brom-4-metyl-1-((2-
(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4, 6-
dihydropyrolo[3.4-d]imidazol-5(1H)-yl)(xyclopropyl)keton

Chét trung gian MDI-239-5 (148 mg, 0,22 mmol) duoc hoa tan trong 15 ml
diclometan, v k&m bromua (197 mg, 0,87 mmol) duoc bd sung. Hén hop duge khudy &
25°C trong 4 gio, va 10 ml dung dich amoniac dugc bd sung vao dung dich phéan tmg. Sau
khi tach dung dich, pha hitu co duoc rira bing dung dich natri bicacbonat bdo hoa, va natri
clorua bdo hoa, dugc sdy kho bang natri sulfat khan, va dugc c6 dic. San phém c6 dic
dugc hoa tan trong 10 ml diclometan va trietylamin (66,8 mg, 0,66 mmol), va duoc lam
mat vé& 0°C. Xyclopropionyl clorua (46,0 mg, 0,44 mmol) dugc bd sung tir tir, va phéan {mg
duge thuc hién & nhiét d§ phong trong 1 gio. Phan ung dugc dung lai bing céch bd sung
nuée. H3n hop thu duoc duge chiét bing diclometan hai 14n, va céc pha hitu co dugc két
hop, dugc rira béng nuée va nude mudi bio hoa, duoc séy kho béng natri sulfat khan, dugc
¢6 diic, va duoc tinh ché bing cot silica gel dé thu dugc chét trung gian MDI-239-6 94 mg,

vé6i hiéu suit 65,8%.

'H NMR (400 MHz, CDCI3) § 7,70 (s, 1H), 7,20 (s, 1H), 5,75 (s, 2H), 5,48 (d, T =
15,8 Hz, 2H), 5,00-4,69 (m, 4H), 3,63-3,59 (m, 2H), 3,46-3,34 (m, 2H), 2,57 (d, T =77
Hz, 3H), 2,09-2,05 (m, 1H), 1,09-1,00 (m, 4H), 0,98 -0,89 (m, 4H), 0,00-0,05 (m, 18H).

Tdng hop chit trung gian MDI-239-7: xyclopropyl(2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilanyl)etoxy)metoxy)phenyl)-4-metyl-1-((2-(trimetylsilanyl) etoxy)metyl)-1H-
indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-

yl)keton

Chét trung gian MDI-239-6 (40,0 mg, 0,06 mmol), (2-((5-etyl-2-flo-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)phenoxy)metoxy)etyl)trimetylsilan (36,8 mg,
0,09 mmol), tetrakistriphenylphosphin paladi (6,9 mg, 0,01 mmol) va kali phosphat
(39,4 mg, 0,19 mmol) dugc hoa tan trong 1,4-dioxan (10 ml) va nudc (2 ml). Khong khi
duge thay thé bing nito, cong doan nay dugc 1dp lai 3 lan. Hon hop dugce lam néng dén
100 °C, duoc cho phan (ng trong 16 gio, va dugc lam mat vé nhiét d6 phong. Nude duge
bb sung, hdn hop thu dwge duge chiét hai 1dn bang etyl axetat, va cc pha hitu co dugc Kkét

hop, dugc rira bang nude va nude mudi bdo hoa, duge say khd bang natri sulfat khan, duogc
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¢d dic, va duogc tinh ché b?mg cOt silica gel d8 thu dugc 27,3 mg chét trung gian MDI-239-

7 v6i hiéu sudt 52,6%.

'H NMR (400 MHz, CDCI3) & 7,36 (s, 1H), 7,17 (d, J = 8,4 Hz, 1H), 7,06-6,92 (m,
2H), 5,79 (d, J= 7,0 Hz, 2H), 5,53 (d, ] = 14,4 Hz, 2H), 5,33 (d, J = 5,3 Hz, 2H), 5,00-4,69
(m, 4H), 3,90-3,86 (m, 2H), 3,64-3,58 (m, 2H), 3,42-3,37 (m, 2H), 2,64-2,56 (m, 5H), 2,06-
2,03 (m, 1H), 1,13- 1,07 (m, 4H), 1,05-1,01 (m, 3H), 0,95-0,89 (m, 6H), 0,02 (s, 9H), -
0,03-0,12 (m, 18H).

Tdng hop hop chit MDI-239: xyclopropyl (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-4-
metyl-1H-indazol-3-y1)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-yl)keton

Chét trung gian MDI-239-7 (27,3 mg, 0,03 mmol) dugc hoa tan trong metanol
(6 ml), rdi axit clohydric ddm d&c (3 ml) dugc bd sung. Hon hop dugc lam néng dén 50
°C, dugc cho phan (g trong 6 gio, va duge co dic dé thu duoc cian. Cin duoc hoa tan
trong metanol, va dugc c6 dic dén khd, cong doan nay-duoc l3p lai 3 lan. Cin thu duoc
duoc hoa tan trong metanol, va 1 ml dung dich amoniac duoc bd sung. Hon hop dugc ¢d
dic, va dugce loc. Dich loc dugce ¢d dic, va dugce tinh ché béng tAm tinh ché @ thu dugc

5,1 mg san phém cubi cung vai hiéu suit 34,7%.

IH NMR (400 MHz, MeOD) & 7,27 (s, 1H), 6,95-6,88 (m, 3H), 4,96 (s, 2H), 4,66
(s, 2H), 2,63 (s, 3H), 2,55 (q, T = 7,5 Hz, 2H), 1,98-1,92 (m, 1H), 1,07 (t, ] = 7,5 Hz, 3H),
1,04-0,92 (m, 4H).

Vi du 37: (S)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-4-metyl-1H-indazol-3-yl)-4,6-
dihydropyrolo[3.4-d]imidazol-5(1H)-y1)(3-hydroxylpyrolidin-1 -yDketon(MDI-240)

OH

OE,O'

MDI-240
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Con duong tdng hop MDI-240

MDI-240-2

MDI-240

Phuong phép tdng hop:

Téne hop chit trung gian MDI-240-1: tert-butyl 2-(6-(4-(benzyloxy)-2-etyl-5-
flophenyl)-4-metyl-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yI)-1-((2-
(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d] imidazol-5(1H)-carboxylat

Tert-butyl 2-(6-brom-4-metyl-1-(((2-(trimetylsilanyl)etoxy)metyl)-1H-indazol-3-
yl)-1-(((2-(trimetylsilanyl)etoxy)metyl)-4,6-dihydropyrolo[3,4-d]imidazol—5(1H)-
carboxylat (60,0 mg, 0,09 mmol), 2-(4-(benzyloxy)-2-etyl-5-flophenyl)-4,4,5,5-
tetrametyl-1,3,2-dioxaboran (47,2 mg, 0,13 mmol), tetrakistriphenylphosphin paladi
(10,4 mg, 0,01 mmol) va kali phosphat (55,9 mg, 0,26 mmol) dugc hoa tan trong 1,4-
dioxan (10 ml) va nuéc (2 ml). Khong khi duge thay thé bang nito, cong doan ndy dugc
lp lai 3 14n. H8n hop duge 1am nong dén 100°C, duoc cho phén tng trong 16 gio, va duoc
[am mét v& nhiét d6 phong. Nude duge bd sung, hdn hop thu dugc duoc chiét 2 lan bing

etyl axetat, va cdc pha hitu co duoc ket hop, duge rira biang nudc va nudc muoi bio hoa,
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duoc sdy kho bang natri sulfat khan, dugc 6 dic va dugc tinh ché bang cot silica gel ¢é

thu dwoc 63,2 mg chét trung gian MDI-240-1 v6i hiéu suit 86,7%.

'H NMR (400 MHz, CDCI3) § 7,52 (d, T = 7,4 Hz, 2H), 7,46-7,34 (m, 4H), 7,03-
6.96 (m, 3H), 5,77 (s, 2H), 5,50 (d, = 4,1 Hz, 2H), 5,22 (s, 2H), 4,67-4,53 (m, 4H), 3,64-
3,60 (m, 2H), 3,40-3,35 (m, 2H), 2,59-2,51 (m, 5H), 1,56 (s, 9H), 1,06 (t, J = 7,5 Hz, 3H),
0,98-0,89 (m, 4H), -0,04 (s, 9H), -0,12 (s, 9H).

Tdng hop chit trung gian MDI-240-2: (S)-(2-(6-(4-(benzyloxy)-2-etyl-5-
flophenyl)-4-metyl-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-
(trimetylsilyletoxy)metyl)-4.,6-dihydropyrolo[3.4-d]imidazol-5(1H)-y1)(3-hydroxyl

pyrolidin-1-yl)keton

Chét trung gian MDI-240-1 (63,2 mg, 0,08 mmol) dugc hoa tan trong 10 ml
diclometan, va k&m bromua (68,7 mg, 0,31 mmol) dugc bd sung. Hon hop duoc khuéy 4]
25°C trong 4 gi®, va 6 ml dung dich amoniac duoc bd sung vio dung dich phan ing. Sau
khi tach dung dich, pha hitu co duoc rira béng dung dich natri bicacbonat bdo hoa va natri
clorua bdo hoa, dugc séy kho béng natri sulfat khan, va dugc c6 ddc. San phém co dic
duoc hoa tan trong 8 ml diclometan, & 0°C triphosgen (22,5 mg, 0,08 mmol) dugc bd sung,
va trietylamin (76,7 mg, 0,76 mmol) dugc b sung nho giot tir tir. Hon hgp dugc khudy &
nhiét d6 phong trong 10 phit, va (S)-pyrolidin butan-3-ol (13,2 mg, 0,15 mmol) trong
diclometan duoc bd sung. Hon hop dugce khudy & nhiét d6 phong trong 20 phut. Nude dugc
b sung, hén hop thu dugce duge chiét hai 14n bing etyl axetat, va cac pha hitu co dugc két
hop, dugc rira bing nuéce va nude mudi bdo hoa, duge siy kho bang natri sulfat khan, dugc
¢b dic va dugc tinh ché béng cot silica gel dé thu duogc 44,0 mg chét trung gian MDI-240-

2 v6i hidu suét 68,9%.

IH NMR (400 MHz, CDCI3) § 7,51 (d, T = 7,0 Hz, 2H), 7,45-7,34 (m, 4H), 7,03-
6,95 (m, 3H), 5,77 (s, 2H), 5,49 (s, 2H), 5,22 (s, 2H), 4,76 -4,53 (m, 4H), 4,46-4,44 (m,
1H), 3,64-3,54 (m, 4H), 3,44-3,33 (m, 4H), 2,57-2,51 (m, 5H), 2,06-1,90 (m, 2H), 1,05 (t,
=75 Hz, 3H), 1,00- 0,88 (m, 4H), -0,04 (s, 9H), -0,13 (s, 9H).

Téng hop hop chit MDI-240: (S)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-4-metyl-
1H-indazol-3-y1)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-yl)(3-hydroxylpyrolidin-1-

ylketon
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MDI-240-2 (44,0 mg, 0,05 mmol) duoc hoa tan trong 6 ml metanol, 16i 5 mg 10%
Pd/C duge bd sung. Khong khi duoc thay thé béng hydro. Phan tmg duge thuc hién & 40°C
trong 1 gid. Sau khi phan tmg hoan tAt, hdn hop thu dugc dugce loc, va dich loc dugc co
dic. San phém ¢ dic dugce hoa tan trong 6 ml metanol, va 3 ml axit clohydric ddm dic
dugc bd sung. Phan tmg duge thuc hién trong 7 gio ¢ 50°C, va hdn hgp duge cd dic dé thu
dugce cin. Cin duge hoa tan trong metanol va dugce ¢d ddc dén khd, cong doan nay dugc
lap lai 3 14n. Can thu dugc dugc hoa tan trong 5 ml metanol, va 0,5 ml dung dich amoniac
duoc bd sung. H3n hop thu dugc dwgce cd dic, va duge tinh ché bing tAm tinh ché dé thu

duoc 5,7 mg san phim cudi cung véi hiéu suét 22,3%.

'H NMR (400 MHz, MeOD) & 7,27 (s, 1H), 6,95-6,88 (m, 3H), 4,85 -4,82 (m, 2H),
4,62-4.59 (m, 2H), 4,46-4,45 (m, 1H), 3,79-3,69 (m, 2H), 3,64-3,57 (m, 1H), 3,46-3,42 (m,
1H), 2,61 (s, 3H), 2,56 (q, ] = 7,5 Hz, 2H), 2,09- 1,98 (m, 2H), 1,07 (t, = 7,5 Hz, 3H).

Vi du 38: xvclopropyl(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-pyrazolo[4.3-
clpyridin-3-y1)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-yl)keton ( MDI-242)

MDI-242

Con dudng tdng hop MDI-242:
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Phuong phép tdng hop:

Téng hop chAt trung gian MDI-242-1: 6-brom-1H-pyrazolo[4,3-c]pyridin-3-
formaldehit '

Natri nitrit (1,68 g, 24,4 mmol) dugc hoa tan trong 15 ml DMF va 15 ml nuéce, va
HCI 3 N (7,1 ml, 21,3 mmol) dugc bd sung & 0°C. Hon hop duge khudy trong 10 pht, va
6-brom-1H-pyrolo[3,2-c]pyridin (600 mg, 3,04 mmol) trong DMF (15 ml) duoc bd sung
nho giot & 0°C. Phan tng duoc thuc hién & nhiét 46 phong trong 30 phut, va dugc cho phan
tng & 50 °C trong 3 gid. Hon hop thu dwoc dugc chiét 3 14n bing etyl axetat, va céc pha
hitu co dugc két hop, duge rira bing nude va nude mudi bio hoa, dugc sy khd bang natri
sulfat khan, duoc cb dic, va duge tinh ché bing cot silica gel d& thu duoc 350 mg chit

trung gian MDI-242-1 v6i higu suét 50,9%.
'H NMR (400 MHz, CDCI3) & 10,40 (s, 1H), 9,25 (s, 1H), 7,88 (s, 1H).

T8ng hop chét trung gian MDI-242-2: tert-butyl 2-( 6-brom-1H-pyrazolo[4.3-

clpyridin-3-y1)-3a.4.6.6a-tetrahydropyrolo[3.4-d]imidazol-5( 1H)-carboxylat
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Chét trung gian MDI-242-1 (350 mg, 1,55 mmol) duoc hoa tan trong 15 ml tert-
butanol, sau d6 bd sung tert-butyl 3,4-diaminpyrolidin-1-carboxylat (3734 mg, 1,86
mmol), kali cacbonat (775 mg, 5,57 mmol) va iodin (590 mg, 2,32 mmol). Hén hop dugc
khudy & 60°C trong 3 gidy, va dung dich natri thiosulfat bdo hoa dugc bd sung. Hdn hop
thu duoc dugc chiét 3 14n bing etyl axetat, va cac pha hitu co duoc két hop, duoc rira bing
nuée va nude mudi bio hoa, duoc séy khd béng natri sulfat khan, dugc ¢ dic, va dugce
tinh ché bang cot silica gel dé thu dugc 240 mg chét trung gian MDI-242-2 véi higu suat
38,1%.

'H NMR (400 MHz, CDCI3) § 9,29 (d, J = 0,9 Hz, 1H), 7,78 (d, J = 1,0 Hz, 1H),
5.00-4,95 (m, 1H), 4,52-4,49 (m, 1H), 3,77-3,70 (m, 3H), 3,57-3,53 (m, 1H), 1,42 (s, 9H).

Téng hop chét trung gian MDI-242-3: Tert-butyl 2-(6-brom-1H-pyrazolo[4.3-
clpyridin-3-y1)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-carboxylat

Chét trung gian MDI-242-2 (240 mg, 0,59 mmol) durgc hoa tan trong 15 ml DMSO,
va IBX (330 mg, 1,18 mmol) dugc bd sung. Hon hop dugc khudy qua dém & 45 °C, va
duoc chiét 3 14n bing etyl axetat. Pha hitu co dugc két hop, dwoc rira bing nude va nudce
mudi bdo hoa, dwgc siy kho béng natri sulfat khan, dugc ¢d dic, va dugc tinh ché b?mg cOt

silica gel dé thu dugc 100 mg chét trung gian MDI-242-3, v6i hiéu sult 41,9%.

I NMR (400 MHz, CDCI3) 8 9,46 (d, T = 6,1 Hz, 1H), 7,78 (s, 1H), 4,65-4,53(m,
4H), 1,54 (s, 9H).

Téng hop chét trung gian MDI-242-4: Tert-butyl 2-(6-brom-1H-pyrazolo[4,3-
clpyridin-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4 -d]imidazol-
5(1H)-carboxylat

ChAt trung gian MDI-242-3 (100 mg, 0,25 mmol) duoc hoa tan trong 15 ml THF va
duoc 1am mat vé 0°C. NaH (60%) (21,7 mg, 0,54 mmol) duge bd sung va hén hop dugc
khudy & 0°C trong 20 phit. Sau 6, SEM-CI (103 mg, 0,62 mmol) dugc bd sung. Phan tmg
dugc thuc hién trong 2 g10. Hén hop thu duge duge chiét 3 1an béng etyl axetat, va cac pha
hitu co duge két hop, dugc rira bing nude va nudce mudi bo hoa, duoc siy kho bing natri
sulfat khan, duoc ¢d dic, va dugc tinh ché qua cot silica gel dé thu duoc 100 mg chét trung

gian MDI-242-4 v6i hidu suat 75,7%.
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I'H NMR (400 MHz, CDCI3) 8 9,53-9,51 (m, 1H), 7,77 (d,J = 1,2 Hz, 1H), 5,85 (d,
J =72 Hz, 2H), 4,65-4,52 (m, 4H), 3,66-3,61 (m, 2H), 1,54 (s, 9H), 0,90-0,86 (m, 2H), -
0,02 (s, 9H).

Tdng hop chét trung gian MDI-242-5: (2-(6-brom-1H-pyrazolo[4,3-c]pyridin-3-yl)-
1-((2-(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5(1 H)-

vI)(xyclopropyl)keton

Chét trung gian MDI-242-4 (100 mg, 0,19 mmol) dugc hoa tan trong 5 ml
diclometan, va k&m bromua (168 mg, 0,75 mmol) duoc bd sung. Hon hop duge khudy &
nhiét d6 phong trong 4 gid va dung dich amoniac dugc bd sung. Hon hop thu duge duge
chiét hai 1in bing diclometan, va cac pha hiru co dugc két hop, dugc rira bing nudc va
nude mudi bdo hoa, duge sdy khd bing natri sulfat khan, va dugc co ddc. Hop chét thu
duoc duoc hoa tan trong 5 ml diclometan, va trietylamin (56,6 mg, 0,56 mmol) dugc bd
sung. Hon hop dugc 1am mat vé 0°C, va xyclopropylformyl clorua (29,3 mg, 0,28 mmol)
duge bd sung. Phan tmg duge thyc hién 6 nhiét do phong trong 2 gio. Nudce dugc bd sung
@ dimg phan tmg, va hdn hop thu duge dugc chiét hai 1an bang diclometan, va cic pha
hitu co duoc két hop, dugc rira bing nudc va nuée mubdi bdo hoa, dugc shy kho bing natri
sulfat khan, dugc cd dic, va dugce tinh ché béng cOt silica gel dé thu dugc 60,0 mg chét

trung gian MDI-242-5 véi hiéu suat 63,8%.

'H NMR (400 MHz, CDCI3) § 9,53 (d, J = 7,4 Hz, 1H), 7,78 (d, ] = 2,4 Hz, 1H),
5,86 (s, 2H), 4,97-4,67 (m, 4H), 3,68 -3,61 (m, 2H), 1,77-1,72 (m, 1H), 1,13-1,09 (m, 2H),
0,99-0,89 (m, 4H), -0,05 (s, 9H).

Téng hop chit trung gian MDI-242-6: xyclopropyl (2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilyl)etoxy)metoxy)phenyl)-1H-pyrazolo[4.3 -c]pyridin-3-y1)-1-((2-
(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d] imidazol-5(1H)-yl)keton

Chét trung gian MDI-242-5 (60 mg, 0,12 mmol) duoc hoa tan trong 5 ml dioxan va
1 ml nuée, sau d6 bd sung (2-((5-ety1-2-ﬂo-4-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan—2-
yl)phenoxy)metoxy)etyl)trimetylsilan (56,7 mg, 0,14 mmol), Pd(PPhs)s (13,8 mg,
0,01 mmol) va kali cacbonat (49,4 mg, 0,36 mmol). Khong khi dugc thay thé bang nito.
Han hop duoc khudy & 100°C trong 2 gid. Nude duge bd sung dé dimg phén tmg, va hdn
hop thu dugce duge chiét hai 1an bing etyl axetat, va céc pha hitu co duoc két hop, duoc
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ria bﬁng nuéce va nude mudi bio hoa, duoc séy kho béng natri sulfat khan, dugc co dac,
va duoc tinh ché bang cot silica gel dé thu duoc 40 mg chét trung gian MDI-242-6 v6i hiéu
suat 48,4%.

'H NMR (400 MHz, CDCI3) § 9,79 (d, ] = 8,7 Hz, 1H), 7,58 (d, J = 1,2 Hz, 1H),
7.26-7.18 (m, 2H), 5,95-5,90 (m, 2H), 5,33 (s, 2H), 5,00-4,70 (m, 4H), 3,86-3,82 (m, 2H),
3,69-3,62 (m, 2H), 2,74-2,68 (m, 2H), 1,79-1,70 (m, 1H); 1,14-1,08 (m, 5H), 1,02-0,96 (m,
4H), 0,92-0,88 (m, 2H), 0,03 (s, 9H), -0,02-0,04 (m, 9H).

Téng hop hop chit MDI-242: xyclopropyl (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-
1H-pyrazolo[4.3-c]pyridin-3-y1)-4,6-dihydropyrolo[3.4-d]imidazol-5(1H)-yl)keton(MDI-

242)

Chét trung gian MDI-242-6 (40 mg, 0,06 mmol) dwgc hoa tan trong 4 ml metanol,
va 2 ml axit clohydric ddm dic duoc bd sung. Hon hop duge 1am néng dén 50 °C, duoc
cho phan ung trong 6 gio, va dugc cb dac. Chét rin duoc hoa tan trong 1 ml metanol, va
pH dugc diéu chinh béng dung dich amoniac to 8-9. Hon hop thu duge duge cb dic va
duoc tinh ché bing tAm tinh ché dé thu dugc 8,0 mg san phdm cudi ciing véi hiéu suAt

32,0%.

'H NMR (400 MHz, MeOD) § 9,61 (d, J = 1,0 Hz, 1H), 7,77 (d, T = 1,1 Hz, 1H),
716 (d, = 11,6 Hz, 1H), 6,93 (d, T = 8,8 Hz, 1H), 5,07-4,88 (m, 2H), 4,68-4,62 (m, 2H),
2,69-2,64 (m, 2H), 1,98-1,89 (m, 1H), 1,09-1,05 (m, 3H)), 1,01-0,98 (m, 2H), 0,96-0,94
(m, 2H).

Vi du 39: (R)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-4.6-
dihydropyrolo[3.4-dlimidazol-5(1H)-y1)(3-hydroxylpyrolidin-1-yl)keton (MDI-243)

OH

oh?/ N/:j

MDI-243
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Con dudng tdbng hop MDI-243:

MDI-243-1 MDI-243

Phuong phap tdng hop:

Tdng hop chit trung gian MDI-243-1: (R)-(2-(6-(4-(benzyloxy)-2-etyl-5-
flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1-((2-
(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-y1)(3-

hydroxylpyrolidin-1-yl)keton

Triphosgen (54,1 mg, 0,18 mmol) dugc hoa tan trong 10 ml diclometan, va & 0°C,
chit trung gian 6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-3-
(1-((2~(trimetylsilyl)etoxy)metyl)-1-1,4,5,6-tetrahydropyrolo[3,4-d] imidazol-2-yl)-1H-
indazol (130 mg, 0,18 mmol) trong diclometan (5 ml), dugc bd sung nhé giot. Sau khi bd
sung, trietylamin khan (55,2 mg, 0,55 mmol) dugc bd sung nho giot. Hon hop dugc khudy
& nhiét d6 phong trong 10 phuat. TLC dé giam sat nguyén liéu tho da hét. (R)-Pyrolidin-3-
ol (31,8 mg, 0,36 mmol) trong diclometan (5 ml) dugc bd sung. Hon hgp thu duge dugce
khudy & nhiét d6 phong trong 20 phut. Nude duge bd sung dé dimg phan tmg va hdn hop
thu duoc duoc chiét hai 14n bing etyl axetat, va céc pha hitu co dugc két hop, dugc rira
bing nuée mubi bio hoa, duge sdy kho béng natri sulfat khan, dugc cd déc, va dugc tinh

ché biing cot silica gel d& thu dwoc 118 mg chit trung gian MDI-243-1, v6i hiéu suat 78,4%.

'H NMR (400 MHz, CDCI3) & 8,47 (d, J = 8,3 Hz, 1H), 7,75 - 7,73 (m, 2H), 7,47
—7.35 (m, 4H), 7,25 (d, J= 8,4 Hz, 1H), 7,06-6,96 (m, 2H), 5,96 (s, 2H), 5,78 (s, 2H), 5,23
(s, 2H), 4,95 — 4,56 (m, 4H), 4,50 — 4,45 (m, 1H), 3,79 — 3,72 (m, 2H), 3,66 — 3,58 (m,
5H), 3,46 — 3,42 (m, 1H), 2,54 (q, J="7,6 Hz, 2H), 2,06 - 2,01 (m, 2H), 1,06 (t, /= 7,5 Hz,
3H), 0,99 — 0,89 (m, 4H), 0,02 (s, 9H), -0,05 (d, J = 3,4 Hz, 9H).
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Tdng hop hop chit MDI-243 - (R)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-
indazol-3-y1)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-y1)(3-hydroxylpyrolidin-1-

yl)keton

MDI-243-1 (118 mg, 0,14 mmol) duge hoa tan trong 20 ml metanol, va 20 mg Pd/C
dugce bd sung. Khong khi duge thay thé bing hydro. Phan g dugc thuc hién & 40 °C trong
1 gio. Sau khi phan ng hoan tat, hdn hop duoc loc, va dich loc dugce ¢ dac. San phém co
dic dugc hoa tan trong 12 ml metanol va 6 ml axit clohydric ddm déc dugc bd sung. Phan
tmg duge thye hién ¢ 50°C trong 7 gid va hdn hop duoc co dic dé thu duoc cin. Cin duoc
hoa tan trong metanol va duoc c6 ddc dén khé, cong doan nay duoc 13p lai 3 14n. Cin thu
dugc dugc hoa tan trong 8 ml metanol, va 0,8 ml dung dich amoniac duoc bd sung. Hon
hop thu dugc duge cb dic, va duge tinh ché @ thu dugc 28 mg san phdm cudi cing véi

hiéu suét 41,2%.

'H NMR (400 MHz, MeOD) & 8,27 (d, J = 8,4 Hz, 1H), 7,43 (d, J= 1,0 Hz, 1H),
717 (d, J = 8,4 Hz, 1H), 6,98 — 6,90 (m, 2H), 4,82 — 4,60 (m, 4H), 4,47 — 4,45 (m, 1H),
379 — 3,70 (m, 2H), 3,60 — 3,57 (m, 1H), 3,46 — 3,43 (m, 1H), 2,56 (q, J = 7,5 Hz, 2H),
2,09 — 1,98 (m, 2H), 1,08 (t, J= 7,5 Hz, 3H).

Vi du 40: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-4.6-
dihydropyrolo[3.4-d]imidazol-5(1H)-yl)(3-hydroxylazetidin-1 -yDketon (MDI-244)

MDI-244

Con dudng tdng hop MDI-244:
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MDI-244-1 MDI-244

Phuong phép téng hop:

Tédng hop chit trung gian MDI-244-1: (2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-
((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4.6-
dihydropyrolo[3.4-d]imidazol-5(1H)-y1)(3-hydroxylazetidin-1-yl)keton

Triphosgen (54,1 mg, 0,18 mmol) dugc hoa tan trong 10 ml diclometan, va & 0°C,
chét trung gian 6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-3-
(1-((2-(trimetylsilyl)etoxy)metyl)-1-1,4,5,6-tetrahydropyrolo[3,4-d] imidazol-2-yl)-1H-
indazol (130 mg, 0,18 mmol) trong diclometan (5 ml), duoc bd sung nhd giot. Sau khi bd
sung, trietylamin khan (185 mg, 1,8 mmol) duoc bb sung nho giot. Hoén hop duge khuéy o
nhiét d6 phong trong 10 phat. TLC dé gidm sat nguyén liéu tho d& hét. Azetidin-3-ol
(26,7 mg, 0,36 mmol) trong diclometan (5 ml) dugc bd sung. Hon hop thu duge dugce
khudy & nhiét do phong trong 20 phut. Nude dugce bd sung dé dimng phan tng va hdn hop
thu duge duge chiét hai 14n bing etyl axetat, va céc pha hitu co duge két hop, dugc rira
béng nuée mubi bio hoa, duge siy khd bang natri sulfat khan, dugc c6 déc, va dugc tinh

ché bang cotsilica gel dé thu dugc 110 mg chét trung gian MDI-244-1, v6i hiéu suét 74,3%.

'H NMR (400 MHz, CDCls) & 8,45 (d, J=8,3 Hz, 1H), 7,73 - 7,51 (m, 2H), 7,48 -
7.35(m, 4H), 7,25 (d, J = 8,4 Hz, 1H), 7,06-6,96(m, 2H), 5,96 (s, 2H), 5,76 (s, 2H), 5,23
(s, 2H), 4,73 — 4,58 (m, 4H), 4,39 — 4,31 (m, 2H), 4,22 — 4,18 (m, 1H), 4,03 — 4,00 (m,
1H), 3,88 — 3,85 (m, 1H),3,65 — 3,57(m, 4H), 2,54 (q, /= 7,6 Hz, 2H), 1,05 (t, /= 7,5 Hz,
3H), 0,99 — 0,89 (m, 4H), 0,02 (s, 9H),-0,05 (d, J = 3,4 Hz, 9H).

Tdng hop hop chdt MDI-244: (2-(6-( 2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
y1)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-y1)(3 -hydroxylazetidin-1-yl)keton

MDI-241-1 (110 mg, 0,14 mmol) dugc hoa tan trong 20 ml metanol, va 20 mg Pd/C
dugc bd sung. Khong khi dugce thay thé bang hydro. Phan ung duoc thyuc hién ¢ 40 °C trong
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1 gi. Sau khi phan tmg hoan tat, hdn hop dugce loc, va dich loc dugc c6 déc. San pham cb
dic duge hoa tan trong 12 ml metanol va 6 ml axit clohydric ddm dic dugc bd sung. Phan
{mg dugc thuc hién & 50°C trong 7 gio va hdn hop duge cd dic dé thu duoc cin. Cin duge
hoa tan trong metanol va dugc cd dic dén khé, cong doan nay duoc 13p lai 3 14n. Cin thu
duge duge hoa tan trong 8 ml metanol, va 0,8 ml dung dich amoniac dugc bd sung. Hon
hop thu dugce dugce cd déc, va duge tinh ché @ thu duoc 34 mg san phém cubi cliing voi

hiéu suét 54,4%.

'H NMR (400 MHz, MeOD-d4) 5 8,27 (d, J = 8,4 Hz, 1H), 7,43 (s, 1H), 7,18 (d, J
= 8.4 Hz, 1H), 6,97 — 6,90 (m, 2H), 4,62 — 4,56 (m, 4H), 4,00 — 3,94 (m, 1H), 3,70 — 3,66
(m, TH), 3,62 — 3,55 (m, 1H), 3,51 — 3,46 (m, 1H), 3,41 - 3,37 (m, 1H), 2,56 (q, J = 7,5
Hz, 2H), 1,08 (t, J= 7,5 Hz, 3H).

Vi du 41: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-4.6-
dihydropyrolo[3.4-d]imidazol-5(1H)-y1)(4-hydroxylpip eridin-1-yDketon(MDI-245)

OH

MDI-245

Con dudng tdng hop MDI-245:

MDI-245-1 MDI-245

Phuong phap tdng hop:

197



44306 198/271

Tbng hop chét trung gian MDI-245-1: (2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-
((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-( trimetylsilyl)etoxy)metyl)-4.6-
dihydropyrolo[3.4-d]imidazol-5-(1H)-yl)(4-hydroxylpiperidin-1-yl)keton

Triphosgen (54,1 mg, 0,18 mmol) dwoc hoa tan trong 10 ml diclometan, 10i chét
trung gian 6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl) etoxy)metyl)-3-(1-
((2-(trimetylsilyl)etoxy)metyl)-1-1,4,5,6-tetrahydropyrolo[3,4-d] imidazol-2-yl)-1H-
indazol (130 mg, 0,18 mmol) trong diclometan (5 ml) duge bd sung nhé giot & 0°C, sau d6
b sung trietylamin khan (185 mg, 1,8 mmol). Hdn hop dwoc khudy & nhiét d6 phong trong
10 phat. TLC dé gidm sat nguyén lidu tho da hét. Piperidin-4-ol (36,9 mg, 0,36 mmol)
trong diclometan (5 ml) duoc bd sung. Hon hop thu duge duoc khudy & nhiét d6 phong
trong 20 phut. Nu6c dugc b sung dé dimg phan tmg va hdn hop thu dwoc duge chiét hai
14n bing etyl axetat, va cac pha hitu co duoc két hop, duoc rira bang nudce mudi bdo hoa,
duoc séy kho béng natri sulfat khan, duoc c6 dic, va dugc tinh ché bing cot silica gel dé

thu duoc 116 mg chét trung gian MDI-245-1, v6i higu suét 75,7%.

'HH NMR (400 MHz, CDCI3) 8 8,46 (d, J = 8,3 Hz, 1H), 7,53 — 7,51 (m, 2H), 7,47
_7.35(m, 4H), 7,25 (d, J = 8,4 Hz, 1H), 7,06-6,97(m, 2H), 5,96 (s, 2H), 5,75 (s, 2H), 5,37
(s, 2H), 4,79 — 4,66 (m, 4H), 3,95 — 3,92 (m, 1H), 3,75 — 3,72 (m, 2H), 3,66-3,52 (m, 4H),
3.12 3,07 (m, 2H), 2,54 (q, J = 7,6 Hz, 2H), 2,02 — 1,91 (m, 2H), 1,68 — 1,63 (m, 2H),
1,06 (t, J= 7,5 Hz, 3H), 0,99 — 0,89 (m, 4H), 0,02 (s, 9H),-0,05 (d, J = 3,4 Hz, 9H).

Tong hop hop chit MDI-245: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
y1)-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-y1)( 4-hydroxylpiperidin-1-yl)keton

MDI-243-1 (116 mg, 0,14 mmol) dugc hoa tan trong 20 ml metanol, va 20 mg Pd/C
dugc bd sung. Khong khi dugc thay thé bang hydro. Phén tng duoc thuc hién ¢ 40 °C trong
1 gi¢. Sau khi phan tmg hoan tAt, hdn hop duoc loc, va dich loc dugc b déc. San phim cb
d3c dugc hoa tan trong 12 ml metanol va 6 ml axit clohydric dam ddc dugc bd sung. Phan
g dugc thyuc hién 6 50°C trong 7 gio va hdn hop dugce cd dic dé thu duoc cin. Cin duogc
hoa tan trong metanol va dugc c6 ddc dén kho, cong doan nay dugc lap lai 3 14n. Can thu
duoc dugc hoa tan trong 8 ml metanol, va 0,8 ml dung dich amoniac dugc bd sung. Hon
hop thu dwoc dugc cd dic, va dugc tinh ché @8 thu dugc 30 mg san phim cudi cing véi

hidu sut 44,4%.
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'H NMR (400 MHz, MeOD) & 8,27 (d, J = 8,4 Hz, 1H), 7,43 (s, 1H), 7,18 (d, J =
8.4 Hz, 1H), 6,97 — 6,90 (m, 2H), 4,72 — 4,65 (m, 4H), 3,88 — 3,82 (m, 1H), 3,76 — 3,73
(m, 2H), 3,13 — 3,06 (m, 2H), 2,56 (q, /= 7,5 Hz, 2H), 1,97 — 1,95 (m, 2H), 1,63 — 1,55
(m, 2H), 1,08 (t, /= 7,5 Hz, 3H).

Vi du 42: 2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-N-metyl-4.6-
dihydropyrolo[3.4-d]imidazol-5-(1H)-carboxamit(MDI-246)

MDI-246

Con dudng tdng hop MDI-246:

MDI-246-1 MDI-246

Phuong phép tdng hop:

Téng hop chit trung gian MDI-246-1: 2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-
((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-N-metyl-1-((2-
(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5-( 1H)-carboxamit

Triphosgen (20,8 mg, 0,07 mmol) dugc hoa tan trong 5 ml diclometan khan, 10i chét
trung gian 6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-3-(1-
((2~(trimetylsilyl)etoxy)metyl)-1-1,4,5,6-tetrahydropyrolo[3,4-d] imidazol-2-yl)-1H-
indazol (50 mg, 0,07 mmol) trong diclometan (5 ml) duoc bd sung nho giot & 0°C, 1di
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trietylamin khan (70,9 mg, 0,70 mmol) duoc bd sung tir tir. Hdn hop duge khqu O nhiét
do phong trong 10 phut. TLC dé giam sat nguyén lidu tho da hét. Metylamin hydroclorua
(9,5 mg, 0,14 mmol) dugc bd sung. Hén hop thu dugc duoc khudy & nhiét d6 phong trong
2 gid. Nuéde duge bd sung dé dirng phan tng va hdn hop thu duge dugc chiét hai 1an bang
diclometan, va cac pha hitu co dugc két hop, dugce rira béng nuéc mudi béo hoa, duge siy
kho b%ing natri sulfat khan, duoc ¢d dic, va dugc tinh ché bing cot silica gel dé thu duoc

42 mg chét trung gian MDI-246-1, v6i hiéu suét 77,8%.

'H NMR (400 MHz, CDCI3) & 8,47 (d, J = 8,3 Hz, 1H), 7,53 — 7,51 (m, 2H), 7,47
—737(m, 4H), 7,25 (d, J = 8,4 Hz, 1H), 7,07 — 6,96(m, 2H), 5,96 (s, 2H), 5,78 (s, 2H),
523 (s, 2H), 4,72 — 4,54 (m, 4H), 3,65 — 3,58 (m, 4H), 2,64 (s, 3H), 2,56 (q, /= 7,6 Hz,
2H), 1,08 (t, J = 7,5 Hz, 3H), 0,95 — 0,89 (m, 4H), 0,02 (s, 9H), -0,04 — -0,05 (m, 9H).

Téng hop hop chit MDI-246: 2-(6-(2-etyl-5-flo-4-hydroxyphenyl) -1H-indazol-3-
y1)-N-metyl-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-carboxamit

MDI-246-1 (42 mg, 0,055 mmol) dugc hoa tan trong 10 ml metanol, va 8 mg Pd/C
dugc b sung. Khong khi duoc thay thé bang hydro. Phan ung duoc thuc hién ¢ 40 °C trong
1 git. Sau khi phan tmg hoan tat, hdn hop duoc loc, va dich loc duoc c6 dic. San phém co
dic dugc hoa tan trong 6 ml metanol va 3 ml axit clohydric ddm ddc duoc bd sung. Phan
tmg dugc thuc hién ¢ 50°C trong 7 gid va hdn hop dugc o dic dé thu duoc cin. Cin duge
hoa tan trong metanol va dugc cd dic dén kho, cong doan nay dugc 1p lai 3 l4n. Cin thu
dugc dugc hoa tan trong 5 ml metanol, va 0,5 ml dung dich amoniac duoc bd sung. Hon
hop thu duge dugce ¢ dic, va duge tinh ché dé thu dugc 10,3 mg san phém cubi cing véi

hidu suét 45,1%.

'H NMR (400 MHz, MeOD) § 8,27 (d, J = 8,4 Hz, 1H), 7,43 (s, 1H), 7,18 (d, J =
8.4 Hz, 1H), 6,97 — 6,90 (m, 2H), 4,56 (s, 4H), 2,84 (s, 3H), 2,56 (q, J = 7,5 Hz, 2H), 1,08
(t,J=17,5 Hz, 3H).

Vi du 43: 2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-N-etyl-4.6-
dihydropyrolo[3.4-d]imidazol-5-(1H)-carboxamit(MDI-247)
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MDI-247

Con dudng tdng hop MDI-247:

MDI-247-1 MDI-247

Phuong phip téng hop:

Tdng hop chit trung gian MDI-247-1: 2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-
((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-N-etyl-1-((2-(trimetylsilyl)etoxy)metyl)-
4 .6-dihydropyrolo[3.4-d]limidazol-5-(1H)-carboxamit

Triphosgen (22,9 mg, 0,08 mmol) dugc hoa tan trong 6 ml diclometan khan, rdi chét
trung gian 6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-3-(1-
((2-(trimetylsilyl)etoxy)metyl)-1-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-
indazol (55 mg, 0,08 mmol) trong diclometan (5 ml) dugc bd sung nhé giot & 0°C, tiép d6
trietylamin khan (78,0 mg, 0,8 mmol) dugc bd sung tir tir. Hn hop dwoc khudy & nhiét do
phong trong 10 phut. TLC d& gidm sat nguyén liéu tho dd hét. Etylamin hydroclorua
(12,6 mg, 0,16 mmol) dugc bd sung. Hon hop thu duge dugc khqu & nhiét 4o phong trong
20 gid. Nude duge bd sung dé dimg phan tmg va hén hop thu dugce duge chiét hai 14n bang
etyl axetat, va cdc pha hitu co dugc két hop, duogc rira béng nude mudi bio hoa, duge séy
kho béng natri sulfat khan, duoc cd dic, va dugc tinh ché béng cOt silica gel dé thu duoc

47 mg chat trung gian MDI-247-1, véi hidu suét 77,7%.
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'H NMR (400 MHz, CDCI3) & 8,46 (d, J = 8,3 Hz, 1H), 7,53 — 7,51 (m, 2H), 7,47
—7,35(m, 4H), 7,25 (d, J = 8,4 Hz, 1H), 7,07 — 6,97(m, 2H), 5,96 (s, 2H), 5,78 (s, 2H),
5,3 (s, 2H), 4,72 — 4,54 (m, 4H), 3,65 — 3,58 (m, 4H), 3,45 — 3,38 (m, 2H), 2,54 (q, J =
7,6 Hz, 2H), 1,18 — 1,14 (m, 3H), 1,05 (t, J = 7,5 Hz, 3H), 0,95 — 0,89 (m, 4H), 0,02 (s,
9H),-0,05 (d, J = 3,4 Hz, 9H).

Tbng hop hop chit MDI-247: 2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
v1)-N-etyl-4.6-dihydropyrolo[3.4-d]imidazol-5-(1H)-carboxamit

MDI-247-1 (47 mg, 0,06 mmol) dugc hoa tan trong 10 ml metanol, va 8 mg Pd/C
duoc bd sung. Khong khi dugc thay thé bang hydro. Phan tng dugc thyuc hién & 40 °C trong
1 gio. Sau khi phdn tmg hoan tat, hdn hop dugc loc, va dich loc dugc cd dic. San phém co
dic duoc hoa tan trong 6 ml metanol va 3 ml axit clohydric ddm déc dugc bd sung. Phan
ung dugc thuc hién & 50°C trong 7 gio va hdn hop dugc co dic dé thu duoc cin. Cin duoc
hoa tan trong metanol va dugc c6 déic dén khé, cong doan nay dugc 13p lai 3 l4n. Cin thu
dugc duogc hoa tan trong 5 ml metanol, va 0,5 ml dung dich amoniac duogc bd sung. Hon
hop thu dugc duge cb dic, va dugc tinh ché d@é thu duoc 11 mg san phém cudi cung voi

hiéu suét 42,4%.

I'H NMR (400 MHz, MeOD) § 8,27 (d, J = 8,4 Hz, 1H), 7,43 (s, 1H), 7,18 (d, J =
8.4 Hz, 1H), 6,98 — 6,90 (m, 2H), 4,57 (s, 4H), 3,38 — 3,28 (m, 2H), 2,56 (q, J = 7,5 Hz,
2H), 1,21 (t, J = 7,2 Hz, 3H), 1,08 (t, J="7,5 Hz, 3H).

Vi du 44: 2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-N-(2-
hydroxvletyl)-4,6-dihydropyrolo[3.4-d]imidazol-5(1H)-carboxamit(MDI-248)

OH

MDI-248

Con dudng tong hop MDI-248:
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MDI-248-1 MDI-248

Phuong phip téng hop:

Tdng hop chét trung gian MDI-248-1: 2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-
((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-N-(2-hydroxylety])-1-((2-
(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-dlimidazol-5-(1H)-carboxamit

Triphosgen (22,9 mg, 0,08 mmol) duoc hoa tan trong 6 ml diclometan, rdi chit trung
gian 6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-3-(1-((2-
(trimetylsilyl)etoxy)metyl)-1-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-indazol
(55 mg, 0,08 mmol) trong diclometan (5 ml) dugc bd sung nho giot & 0°C, tiép d6
trietylamin khan (78 mg, 0,8 mmol) dugc bd sung tir tir. Hon hop duoc khuéy O nhiét do
phong trong 10 phit. TLC d gidm st nguyén lidu tho di hét. Etanolamin (9,4 mg,
0,16 mmol) trong diclometan (5 ml) dugc bd sung. Hon hop thu duge duoc khqu O nhiét
d6 phong trong 1 gid. Nudc duge bd sung dé dimg phén tmg va hdn hop thu duge duge
chiét hai 14n bing diclometan, va cac pha hitu co duge két hop, duge rira bang nudc mudi
bédo hoa, dugc séy kho béng natri sulfat khan, duge cd dic, va dugc tinh ché béng cOt silica

gel d8 thu dugc 44 mg chit trung gian MDI-248-1, véi higu suit 71,3%.

'H NMR (400 MHz, CDCL) § 8,46 (d, J = 8,3 Hz, 1H), 7,73 — 7,51 (m, 2H), 7,48 —
7,35(m, 4H), 7,27 — 7,24 (m, 1H), 7,07 — 6,97(m, 2H), 5,96 (s, 2H), 5,78 (s, 2H), 5,23 (s,
2H), 4,73 — 4,57 (m, 4H), 3,65 — 3,53 (m, 6H), 3,33 — 3,29 (m, 2H), 2,54 (q, J = 7,6 Hz,
2H), 1,05 (t, J="7,5 Hz, 3H), 0,95 — 0,89 (m, 4H), 0,02 (s, 9H),-0,05 (s, 9H).

Tdng hop hop chit MDI-248: 2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
v1)-N-(2-hydroxyletyl)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-carboxamit

MDI-248-1 (44 mg, 0,06 mmol) dugc hoa tan trong 10 ml metanol, va 8 mg Pd/C
dugc bd sung. Khéng khi dugc thay thé béng hydro. Phan tng dugc thuc hién & 40 °C trong
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1 gio. Sau khi phan g hoan t4t, hdn hop duoc loc, va dich loc dugc ¢ dic. San phém co
dic duoc hoa tan trong 6 ml metanol va 3 ml axit clohydric ddm dic duoc bd sung. Phan
ung dugce thuc hién ¢ 50°C trong 7 gio va hdn hop duoc co dic dé thu duoc can. Cin duoc
hoa tan trong metanol va dugc c6 dic dén kho, cong doan nay duoc lap lai 3 lan. Cin thu
duoc duge hoa tan trong 5 ml metanol, va 0,5 ml dung dich amoniac dwgc bé sung. Hn
hop thu dugc dugce ¢ dic, va duge tinh ché @ thu dugc 14 mg san phém cudi cung véi

hiéu suét 56,6%.

'H NMR (400 MHz, MeOD) & 8,28 (d, J = 8,4 Hz, 1H), 7,43 (s, 1H), 7,18 (d, J =
8.4 Hz, 1H), 6,97 — 6,90 (m, 2H), 4,59 (s, 4H), 3,68 (t, /= 5,8 Hz, 2H), 3,40 (t, J= 5,8 Hz,
2H), 2,56 (q, J="7,5 Hz, 2H), 1,08 (t, J=7,5 Hz, 3H)

Vi du 45: 1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl)-1.4.5.6-
tetrahydropyrolo[3.4-d]imidazol-5 -carbonyl)Azetidin-3-nitril(MDI-249)

(o] CN
N
r‘?f

MDI-249

Con dudng tdng hop MDI-249:

MDI-249-1 MDI-249

Phuong phép tdng hop:

204



44306 205/271

Tdng hop chét trung gian MDI-249-1: 1-(2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-
1-((2-(trimetylsilyletoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-

1.4.5.6-tetrahydropyrolo[3.4-d]limidazol-5-carbonyl)azetidin-3-nitril

Triphosgen (15,8 mg, 0,05 mmol) dugc hoa tan trong 5 ml diclometan khan, rdi chét
trung gian 6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-3-(1-
((2-(trimetylsilyl)etoxy)metyl)-1-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)- 1H-
indazol (38 mg, 0,05 mmol) trong diclometan (5 ml) dugc bd sung nhé giot & 0°C, tiép d6
trietylamin khan (53,9 mg, 0,50 mmol) dugc bd sung tir tir. Hon hop dugc khudy & nhiét
d6 phong trong 10 phit. TLC dé gidm sét nguyén liéu tho da hét. Azetidin-3-nitril
hydroclorua (8,8 mg, 0,10 mmol) dugc b sung. Hén hop thu duge duge khudy & nhiét d6
phong trong 2 gid. Nudc duge bd sung dé dimg phan tmg va hdn hop thu dugce dugc chiét
hai 14n bang diclometan, va cac pha hiru co dwgc két hop, dugc rira bing nuéce mudi bio
hod, dugc siy khod béng natri sulfat khan, dugc c6 dic, va dugc tinh ché béng cot silica gel

8 thu dwoc 26 mg chét trung gian MDI-249-1, v6i hidu suét 59,4%.

'H NMR (400 MHz, CDCl;) 5 8,45 (d, J = 8,3 Hz, 1H), 7,53 — 7,51 (m, 2H), 7,48 —
7,36(m, 4H), 7,25 (d, J = 8,4 Hz, 1H), 7,06— 6,97(m, 2H), 5,96 (s, 2H), 5,77 (s, 2H), 5,23
(s, 2H), 4,72 — 4,56 (m, 4H), 4,42 — 4,34 (m, 2H), 4,26 — 4,17 (m, 2H), 3,65 — 3,58 (m,
4H), 3,46 — 3,39 (m, 1H), 2,53 (q, J=7,6 Hz, 2H), 1,05 (t, /="7,5 Hz, 3H), 0,95 — 0,89 (m,
4H), 0,02 (s, 9H), -0,04 — -0,05 (m, 9H).

Ténge hop hop chit MDI-249: 1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-
3-y1)-1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-5 -carbonyl)azetidin-3-nitril

MDI-249-1 (26 mg, 0,03 mmol) dugc hoa tan trong 10 ml metanol, va 6 mg Pd/C
duge bd sung. Khong khi dugc thay thé béng hydro. Phan g dugc thuc hién ¢ 40°C trong
1 gio. Sau khi ph&n tmg hoan tat, hdn hop duoc loc, va dich loc dugce c6 dic. San phém co
dic duoc hoa tan trong 6 ml metanol va 3 ml axit clohydric ddm dic duoc bd sung. Phan
tmg duoc thyc hién & 50°C trong 7 gio va hdn hop dugce co dic d8 thu duoc cin. Cin duge
hoa tan trong metanol va duogc co dic dén kho, céng doan nay dugc lip lai 3 14n. C3n thu
duogc duge hoa tan trong 5 ml metanol, va 0,5 ml dung dich amoniac dugc bb sung. Hon
hop thu dugc duge cd dic, va dugce tinh ché @ thu duoc 5,3 mg san phérn cudi cung véi

hiéu suét 33,5%.
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'H NMR (400 MHz, MeOD) & 8,28 (d, J = 8,4 Hz, 1H), 7,43 (s, 1H), 7,18 (d, J =
8,4 Hz, 1H), 6,97 — 6,90 (m, 2H), 4,60 (s, 4H), 3,86 — 3,81 (m, 2H), 3,65 — 3,53 (m, 2H),
3,19 — 3,13 (m, 1H), 2,56 (q, J= 7.5 Hz, 2H), 1,08 (t, J="7,5 Hz, 3H).

Vi du 46: 1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-1.4.5.6-

tetrahydropyrolo[3.4-d]imidazol-5 -carbonyl)pyrolidin-3-nitril (MDI-250)

MDI-250

~ Con dudng tdng hop MDI-250:

MDI-250-1 MDI-250

Phuong phép tdng hop:

Téng hop chit trung gian MDI-250-1: 1-(2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-

1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-

1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-5-carbonyl)pyrolidin-3-nitril

Triphosgen (14,9 mg, 0,05 mmol) dugc hoa tan trong 6 ml diclometan, rdi chét trung
gian 6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-3-(1-((2-
(trimetylsilyl)etoxy)metyl)-1-1,4,5,6-tetrahydropyrolo[3,4-d]Jimidazol-2-yl)-1H-indazol
(36 mg, 0,05 mmol) trong diclometan (5 ml) duoc bd sung nhod giot & 0°C, tiép d6
trietylamin khan (51,1 mg, 0,50 mmol) dugc bd sung tir tir. Hon hop dwoc khudy & nhiét
d6 phong trong 10 phut. TLC dé gidm sat nguyén liéu tho da hét. Pyrolidin-3-nitril
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hydroclorua (9,7 mg, 0,10 mmol) dugc bd sung. Hon hop thu duoe duoc khudy & nhiét 6
phong trong 20 phit. Nudc duge bb sung @& dimg phan tmg va hdn hop thu duoc duoc
chiét hai 14n bang etyl axetat, va cac pha hiru co dugc két hop, duoc rira bing nudc mubi
bdo hoa, duoc séy kho béng natri sulfat khan, dugc b dic, va duge tinh ché béng cOt silica

gel dé thu dugc 26 mg chét trung gian MDI-250-1, véi hidu suét 61,6%.

'H NMR (400 MHz, CDCI3) & 8,46 (d, J = 8,3 Hz, 1H), 7,53 — 7,51 (m, 2H), 7,47
—7,35(m, 4H), 7,25 (d, J = 8,4 Hz, 1H), 7,06 — 6,97(m, 2H), 5,96 (s, 2H), 5,77 (s, 2H),
5,23 (s, 2H), 4,80 — 4,67 (m, 4H), 3,79 — 3,46 (m, 8H), 3,12 — 3,05 (m, 1H), 2,54 (q, J =
7,6 Hz, 2H), 2,38 — 2,16 (m, 2H), 1,05 (t, J = 7,5 Hz, 3H), 0,96 — 0,89 (m, 4H), 0,02 (s,
9H),-0,05 (d, J = 3,4 Hz, 9H).

Tdng hop hop chit MDI-250: 1-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-

3-y1)-1.4.5.6-tetrahydropyrolo[3.4-dlimidazol-5-carbonyl) pyrolidin-3-nitril

MDI-250-1 (26 mg, 0,03 mmol) dugc hoa tan trong 10 ml metanol, va 6 mg Pd/C
duoc bd sung. Khong khi dugc thay thé béng hydro. Phan trng dugc thuc hién ¢ 40 °C trong
1 gio. Sau khi phan tng hoan tat, hdn hop dugc loc, va dich loc duge c6 dic. San phém co
dic dugc hoa tan trong 4 ml metanol va 3 ml axit clohydric ddm dédc dugc bd sung. Phan
ung dugc thuc hién & 50°C trong 7 gio va hdn hop dugce co dic dé thu duoc cin. Cin duoc
hoa tan trong metanol va dugc cd déc dén kho, cong doan nay duoc lap lai 3 l4n. Cin thu
duoc dugce hoa tan trong 5 ml metanol, va 0,5 ml dung dich amoniac dugc bd sung. Hon
hop thu duge duoce b déc, va dugce tinh ché @ thu duoc 6 mg san phém cudi cung vai hiéu

sut 39,8%.

'H NMR (400 MHz, MeOD) & 8,27 (d, J = 8,4 Hz, 1H), 7,43 (s, 1H), 7,18 (d, J =
8,4 Hz, 1H), 6,98 — 6,90 (m, 2H), 4,70 (s, 4H), 3,89 — 3,85 (m, 1H), 3,78 — 3,76 (m, 1H),
3,70 — 3,59 (m, 2H), 3,23 — 3,18 (m, 1H), 2,56 (q, J = 7,5 Hz, 2H), 2,42 — 2,19 (m, 2H),
1,08 (t, J= 7,5 Hz, 3H).

Vi du 47: 2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-N-
(tetrahydrofuran-3-yl)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-carboxamit (MDI-251)
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MDI-251

Con dudng tdng hop MDI-251:

MDI-251-1 MDI-251

Phuong phép tdng hop:

Téng hop chét trung gianMDI-251-1: 2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-
((2-(trimetylsily])etoxy)metyl)-1H-indazol-3-y1)-N-(tetrahydrofuran-3-yl)-1-(((2-

(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5(1 H)-carboxamit

Triphosgen (19,1 mg, 0,06 mmol) dugc hoa tan trong 6 ml diclometan khan, ri chét
trung gian 6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-3-(1-
((2-(trimetylsilyl)etoxy)metyl)-1-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-
indazol (46 mg, 0,06 mmol) trong diclometan (5 ml) dugc b sung nho giot & 0°C, tiép d6
trietylamin khan (65,3 mg, 0,6 mmol) duoc bd sung tir tir. Hon hop dugc khudy & nhiét 46
phong trong 10 phat. TLC dé gidm sit nguyén lidu tho da hét. Tetrahydrofuran-3-amin
hydroclorua (16,4 mg, 0,13 mmol) dugc bd sung. Phan tmg duoc thyc hién & 38 °C trong
5 gidr. Nudc duge bd sung dé dimg phan ting va hén hop thu duge dugce chiét hai 14n bing
diclometan, va cac pha hitu co dugc két hop, dugc ria bﬁng nude mudi bdo hoa, duge séy
kho6 béng natri sulfat khan, duoc c¢b dic, va duoc tinh ché béng cot silica gel dé thu duoc

32 mg chét trung gian MDI-251-1, véi hiéu suét 60,3%.
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'HNMR (400 MHz, CDCL) § 8,46 (d, J= 8,3 Hz, 1H), 7,73 — 7,51 (m, 2H), 7,47 —
7,35(m, 4H), 7,27 — 7,24 (m, 1H), 7,07 — 6,97(m, 2H), 5,96 (s, 2H), 5,77 (s, 2H), 5,23 (s,
2H), 4,70 — 4,53 (m, 4H), 4,51 — 4,41 (m, 1H), 4,06 — 3,58 (m, 8H), 2,54 (q, J = 7,6 Hz,
2H), 2,40 — 1,99 (m, 2H), 1,05 (t, J="7,5 Hz, 3H), 0,95 — 0,89 (m, 4H), 0,02 (s, 9H),-0,05
(s, 9H).

T8ng hop hop chit MDI-251: 2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
y)-N-(tetrahydrofuran-3-y1)-4.6-dihydropyrolo[3.4-d]limidazol-5(1H)-carboxamit

MDI-251-1 (32 mg, 0,04 mmol) dugc hoa tan trong 10 ml metanol, va 6 mg Pd/C
duoc bd sung. Khong khi dugce thay thé bing hydro. Phan tmg dugc thuc hién & 40 °C trong
1 gio. Sau khi phan g hoan tat, hdn hop duoc loc, va dich loc duge c6 dic. San phém co
dédc dugc hoa tan trong 6 ml metanol va 3 ml axit clohydric d@m dac duoc bd sung. Phan
ting duoc thuc hién & 50°C trong 7 gity va hdn hop duge ¢b dic @ thu duge cin. Cin duoc
hoa tan trong metanol va dugc c6 dic dén kho, cong doan nay dugc lap lai 3 14n. C3n thu
duoc dugc hoa tan trong 5 ml metanol, va 0,5 ml dung dich amoniac dugc bd sung. Hén
hop thu dugc duoc cd dic, va duoc tinh ché dé thu dugc 3 mg san pham cubi ciing véi hiéu

suit 16,3%.

'H NMR (400 MHz, MeOD) § 8,28 (d, J = 8,4 Hz, 1H), 7,43 (s, 1H), 7,18 (d, J =
8,4 Hz, 1H), 6,97 — 6,90 (m, 2H), 4,63 (s, 4H), 4,45 — 4,40 (m, 1H), 4,03 — 3,94 (m, 2H),
3,87 — 3,81 (m, 1H), 3,71 — 3,68 (m, 1H), 2,56 (q, J = 7.5 Hz, 2H), 2,32 — 1,87 (m, 2H),
1,08 (t, /= 7,5 Hz, 3H).

Vi du 48: Metyl 2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-4.6-
dihvdropyrolo[3.4-dlimidazol-5(1 H)-carboxylat (MDI-252)

MDI-252
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Con dudng tdng hop MDI-252:

MDI-252-1 MDI-252

Phuong phép tdng hop:

Tdéng hop chit trung gian MDI-252-1: Metyl 2-(6-(4-(benzyloxy)-2-etyl-5-
flopheny])-1-((2-(trimetylsilyDetoxy)metyl)-1H-indazol-3-y1)-1-((2-
((trimetylsilyDetoxy)metyl)-4.6-dihydropyrolo|3.4-dJimidazol-5(1H)-carboxylat

Triphosgen (16,6 mg, 0,06 mmol) dugc hoa tan trong 5 ml diclometan khan, rdi chit
trung gian 6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-3-(1-
((2-(trimetylsilyl)etoxy)metyl)-1-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-y1)-1H-
indazol (40 mg, 0,06 mmol) trong diclometan (5 ml) dwgc bd sung nhé giot & 0°C, tiép d6
trietylamin khan (56,8 mg, 0,56 mmol) dwoc b sung tir tir. Hon hop duoc khudy & nhiét
d6 phong trong 10 phut. TLC dé giam st nguyén liéu tho di hét. Hon hop phan tmg dugc
¢6 dic va dugc hoa tan trong 10 ml metanol. DMAP (6,9 mg, 0,06 mmol) dugc bd sung.
Phan tng duoc thuc hién & 70 °C trong 4 gio. Hdn hop phan tng duoc cb dic roi nudce
duogc bd sung. Hon hop thu dugc duge chiét hai lan béng diclometan, va cac pha hitu co
duogc két hop, dugc rira béng nude mudi bdo hoa, dugc séy khé béng natri sulfat khan,
duoge c6 dic, va dugc tinh ché béng cOt silica gel dé thu duoc 30 mg chét trung gian MDI-

252-1, véi hiu suét 69,4%.

'H NMR (400 MHz, CDCI3) & 8,44 — 8,39 (m, 1H), 7,53 — 7,51 (m, 2H), 7,48 —
7,36(m, 4H), 7,23 (d, J = 8,4 Hz, 1H), 7,05 — 6,96(m, 2H), 5,95 (s, 2H), 5,78 (s, 2H), 5,23
s, 2H), 4,75 — 4,59 (m, 4H), 3,85 (s, 3H), 3,66 — 3,57 (m, 4H), 2,53 (q, J = 7,6 Hz, 2H),
1,04 (t, J= 7.5 Hz, 3H), 0,95 — 0,88 (m, 4H), 0,02 (s, 9H), -0,04 — -0,05 (m, 9H).

Téng hop hop chit MDI-252: Metyl 2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-
indazol-3-yl)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-carboxylat
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MDI-252-1 (30 mg, 0,04 mmol) dugc hoa tan trong 10 ml metanol, va 6 mg Pd/C
dugc bd sung. Khéng khi durge thay thé bang hydro. Phan tmg duoc thwe hién ¢ 40°C trong
1 gio. Sau khi phan Gng hoan tat, hdn hop dugc loc, va dich loc duge ¢6 dac. San phém co
dic dugc hoa tan trong 6 ml metanol va 3 ml axit clohydric ddm dic dugc bd sung. Phan
ting dugc thuc hién & 50°C trong 7 gier va hdn hop dugc c6 dic dé thu duoc cin. Cin dugce
hoa tan trong metanol va duoc ¢ dic dén kho, cong doan nay duoc lap lai 3 14n. Cin thu
dwoc dugc hoa tan trong 5 ml metanol, va 0,5 ml dung dich amoniac dwgc bd sung. Hn
hop thu dugc duge cb dic, va duge tinh ché ¢ thu dwoc 8 mg san phdm cudi cing v6i hidu

sut 48,9%.

'H NMR (400 MHz, MeOD) & 8,28 (d, J = 8,4 Hz, 1H), 7,43 (s, 1H), 7,18 (d, J =
8,4 Hz, 1H), 6,97 — 6,90 (m, 2H), 4,61 (s, 4H), 3,83 (s, 3H), 2,56 (q, J = 7,5 Hz, 2H), 1,08
(t,J =175 Hz, 3H).

Vi du 49: FEtyl 2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-4.6-
dihydropyrolo[3.4-d]imidazol-5(1H)-carboxylat (MDI-253)

MDI-253

Con dudng tdng hop MDI-253:

MDI-253-1 MDI-253

Phuong phap tdng hop:
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Tdéng hop chit trung gian MDI-253-1: Etyl 2-(6-(4-(benzyloxy)-2-etyl-5-
flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)
metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-carboxvylat

Triphosgen (20,1 mg, 0,07 mmol) duoc hoa tan trong 5 ml diclometan khan, rdi cht
trung gian 6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-3-(1-
((2-(trimetylsilyl)etoxy)metyl)-1-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-
indazol (48 mg, 0,07 mmol) trong diclometan (5 ml) dugc bd sung nhé giot & 0°C, tiép d6
trietylamin khan (68,1 mg, 0,67 mmol) dugc bd sung tir tir. Hon hop duoc khudy & nhiét
d6 phong trong 10 phut. TLC dé gidm sat nguyén liéu thé da hét. Hn hop phéan tmg duoc
b dic va duge hoa tan trong 10 ml etanol. DMAP (8,2 mg, 0,07 mmol) duoc bd sung.
Phan tmg dugc thuc hién & 80 °C trong 4 gi. Hon hop phan tmg dugc ¢b dic roi nudce
duoc bd sung. Hon hop thu duge duoc chiét hai 14n bang diclometan, va cac pha hitu co
duoc két hop, duoc rira bing nuéec mudi bdo hoa, duwoc sdy kho bing natri sulfat khan,
duoc ¢b dic, va duoc tinh ché béng cOt silica gel dé thu dugc 33 mg chét trung gian MDI-

253-1, v6i hibu suét 62,5%.

'H NMR (400 MHz, CDCI3) § 8,50 — 8,45 (m, 1H), 7,53 — 7,51 (m, 2H), 7,47 —
7,37(m, 4H), 7,25 (d, J= 8,4 Hz, 1H), 7,07 — 6,96(m, 2H), 5,96 (s, 2H), 5,77 (s, 2H), 5,23
(s, 2H), 4,72 — 4,59 (m, 4H), 4,29 — 4,25 (m, 2H), 3,65 — 3,58 (m, 4H), 2,54 (q, /=17,6 Hz,
2H), 1,38 — 1,34 (m, 3H), 1,05 (t, /= 7,5 Hz, 3H), 0,95 — 0,89 (m, 4H), 0,02 (s, 9H),-0,05
(s, 9H).

Tdng hop hop chit MDI-253: Etyl 2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-
indazol-3-y1)-4.6-dihydropyrolo[3.4-d]Jimidazol-5(1H)-carboxylat

MDI-253-1 (33 mg, 0,04 mmol) dugc hoa tan trong 10 ml etanol, va 6 mg Pd/C
duoc bd sung. Khong khi dugc thay thé bang hydro. Phan tmg duoc thuc hién & 40 °C trong
1 gio. Sau khi phan tmg hoan tat, hdn hop dugc loc, va dich loc duge ¢ déc. San phém cd
dédc duogc hoa tan trong 6 ml etanol va 3 ml axit clohydric ddm dac dugc bd sung. Phan ing
duge thuc hién & 50°C trong 7 gid va hdn hop dugce co dic dé thu duoc cin. Cin duge hoa
tan trong etanol va dugc cd dac dén kho, cong doan nay dugc 13p lai 3 14n. Cin thu dugc

duoc hoa tan trong 5 ml etanol, va 0,5 ml dung dich amoniac dwoc bb sung. Hon hop thu
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duge duge cd dic, va duoc tinh che dé thu dugc 10 mg san pham cudi ciing voi hiéu suit

54,8%.

'H NMR (400 MHz, MeOD) § 8,27 (d, J = 8,4 Hz, 1H), 7,43 (s, 1H), 7,18 (d, J =
8,4 Hz, 1H), 6,97 — 6,90 (m, 2H), 4,60 (s, 4H), 4,26 (q, J = 7,1 Hz, 2H), 2,57 (q, J = 7,5
Mz, 2H), 1,36 (t, J="7,1 Hz, 3H), 1,08 (t, J = 7,5 Hz, 3H).

Vi du 50: (S)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-pyrazolo [3.4-blpyridin-3-
y1)-4.6-dihydropyrolo[3.4-d]imidazol-5(1 H)-y1)(3-hydroxylpyrolidin-1-yDketon (MDI-

2595)

MDI-255

Con dudng tdng hop MDI-255:
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Poc Boc

N Boc \ NH \NH
Nanoz _lBx.omso
N P Iz KoCO; - | N

H N N
MDI-255-1 MDI- 55 2 MDI-255-3
,Boc H
Poc N
. L A~
J;1> NS N N\SEM
N SEM
NaH \_N Pd(PPhj3)s,KoCO3 ZnBr,,DCM {
SEMCI > \ E )
XN F N
| N H
— N'
Br™ N" SEMO SEMO
MDI-255-4 MDI-255-5 MDI-255-6
OH

N \_NH
\SE 4NHCI N
A
| N Z
F A<\ N
N
N H
SEMO
MDI-255-7 MDI-255
Phuong phép tong hop:

Tdng hop chét trung gian MDI-551-1: 6-brom-1H-pyrazolo[3.4-blpyridin-3-

formaldehit

Natri nitrit (2,80 g, 40,6 mmol) dugc hoa tan trong 15 ml DMF va 20 ml nudc, va
duoge 1am mat vé 0°C. HC1 3 N (11,9 ml, 35,6 mmol) duoc bd sung nho giot tir tir, va sau
khi dugc bd sung, phan tmg duoc thuc hién trong 10 phit. G 0°C, 6-brom-1H-pyrolo[2,3-
b]pyridin (1,00 g, 5,08 mmol) trong DMF (15 ml) dwgc bd sung nho giot tir tir vao dung
dich phan tmg. Sau khi b6 sung, hdn hop duoc 1am néng dén 50°C. Phan ung dugc thuc
hién trong 5 gid. Hon hop thu duge duge chiét bang etyl axetat 3 1in, va céc pha hitu co
duoce két hop, dugc rira 3 lan béng nudéce, duogce rira béng nuée mudi bio hoa, dugc séy kho
béng natri sulfat khan, dwoc c6 dic, va duoc tinh ché béng cot silica gel dé thu duoc

540 mg chét trung gian MDI-255-1 véi hiéu suét 47,0%.
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'H NMR (400 MHz, CDCI3) 5 10,36 (s, 1H), 8,40 (d, J = 8,0 Hz, 1H), 7,70 (d, J =
8,0 Hz, 1H).

Tong hop chét trung gian MDI-255-2: Tert-butyl 2-(6-brom-1H-pyrazolo[3.4-
blpyridin-3-yl)-3a.4,6.6a-tetrahydropyrolo[3.4-dlimidazol-5(1H)-carboxylat

Chét trung gian MDI-255-1 (540 mg, 2,39 mmol) va tert-butyl 3,4-diaminpyrolin-
1-carboxylat (529 mg, 2,63 mmol) dugc hoa tan trong 30 ml tert-butanol va dugc khudy &
nhiét d6 phong trong 30 phut, sau d6 bd sung I» (759 mg, 2,99 mmol) va K2COs3 (989,1
mg, 7,17 mmol). Hon hop dugc lam nong dén 70°C trong 3 gid, va duogc lam mat vé nhiét
d6 phong. Natri thiosulfat bdo hoa duge bd sung va hdn hop duge khudy trong 20 phit cho
dén khi mau iot bién mat. Hn hop thu duge duge chiét hai 14n bing etyl axetat, va cac pha
hitu co duge két hop, dugc rira bing nuée va nude mudi bao hoa, duoc sdy kho bang natri
sulfat khan, dugc ¢d dic, va dugc tinh ché bang cot silica gel dé thu dwoc 396 mg chat

trung gian MDI-255-2 véi hidu suét 40,7%.

'H NMR (400 MHz, CDCI3) & 8,46 (d, T = 8,0 Hz, 1H), 7,62 (d, J = 8,0 Hz, 1H),
4,99-4,94 (m, 1H), 4,54-4,50 (m, 1H), 3,76-3,68 (m, 3H), 3,60-3,58 (m, 1H), 1,45 (s, 9H).

Tdng hop chit trung gian MDI-255-3: Tert-butyl 2-(6-brom-1H-pyrazolo[3.4-
blpyridin-3-yl)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-carboxylat

MDI-255-2 (396 mg, 0,97 mmol) dugc hoa tan trong 6 ml DMSO, va IBX (543 mg,
1,94 mmol) dugc bd sung. Phan tng dugc thyc hién & 50°C trong 6 gid. Phan Gng dugc
dimg lai bang cach bd sung nude. Hon hop thu dwoc duge chiét hai 1in béng etyl axetat va
cac pha hitu co duogc két hop, dugce rira bing nude va nude mudi bio hoa, duge sdy kho
béng natri sulfat khan, duoc ¢ dic, va duge tinh ché qua cdt silica gel d8 thu dugc 227 mg

chét trung gian MDI-255-3 v6i hidu sudt 57,6%.

'H NMR (400 MHz, CDCI3) & 10,59 (s, 1H), 8,64 (dd, J=8,0 Hz, J = 12,0 Hz, 1H),
7,64 (d, T = 8,0 Hz, 1H), 4,67-4,53 (m, 4H), 1,56 (s, 9H).

Tdng hop chit trung gian MDI-255-4: Tert-butyl 2-(6-brom-1H-pyrazolo[3.4-
blpyridin-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo [3.4-d]imidazol-
5(1H)-carboxylat
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Chét trung gian MDI-255-3 (227 mg, 0,56 mmol) dugc hoa tan trong 15 ml
tetrahydrofuran khan, va dugc lam mat vé 0°C, rdi natri hydrua (60%) (67,2 mg, 1,68
mmol) duge bd sung tir tir. H3n hop dugc khudy trong 10 phut. 2-(Trimetylsilyl)etoxymetyl
clorua (280,3 mg, 1,68 mmol) dugc bd sung nhé giot tir tir, va sau khi dwgc bd sung, phan
g dugc thyc hién & nhiét d§ phong trong 1 gid. Nude duge bd sung dé dimg phan tng.
Hbn hop thu dugc duge chiét hai 14n bing etyl axetat, va cac pha hitu co dugc két hop,
duoc rua béng nude va nude mudi bio hoa, duge séy kho béng natri sulfat khan, dugc cd
dic, va duge tinh ché bing cot silica gel dé thu duoc 126 mg chét trung gian MDI-255-4

véi hiu suét 42,0%.

'H NMR (400 MHz, CDCI3) § 8,72 (dd, J = 8,0 Hz, J = 12,0 Hz, 1H), 7,63 (dd, J =
8,0 Hz, J = 4,0 Hz, 1H), 5,90 (d, J = 8,0 Hz, 2H), 4,67-4,52 (m, 4H), 3,69-3,64 (m, 2H),
1,56 (s, 9H), 1,01-0,97 (m, 2H), 0,02 (s, 9H).

Tdng hop chit trung gian MDI-255-5: Tert-butyl 2-(6-(2-etyl-5-flo-4-((2-

(trimetylsilyl)etoxy)metoxy)phenyl)-1H-pyrazolo[3.4-blpyridin-3-y1)-1-((2-

(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-d]limidazol-5(1 H)-carboxylat

Chét trung gian MDI-255-4 (126 mg, 0,24 mmol), (2-((5-etyl-2-flo-4-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)phenoxy)metoxy)etyl)trimetylsilan (143 mg,
0,36 mmol), Pd(PPh3)4 (27,2 mg, 0,02 mmol) va kali cacbonat (99,4 mg, 0,72 mmol) dugc
hoa tan trong 1,4-dioxan (20 ml) va nuéc (4 ml). Khong khi duoc thay thé bang nito, cong
doan nay duoc 13p lai 3 14n. Hon hop dugc lam néng dén 100 °C, dugc cho phén ung trong
3 gio, duoc 1am mat vé nhiét d6 phong. Nude duoc bb sung, va hdn hop thu duge duge
chiét hai 14n bing etyl axetat. Pha hitu co dugc két hop, dugc rira bang nuée va nude mudi
bdo hoa, dugc séy kho béng natri sulfat khan, dugc c6 dic, va dugce tinh ché qua c0t silica

gel dé thu dugc 83 mg chét trung gian MDI-255-5 v&i hidu suét 47,7%.

'H NMR (400 MHz, CDCI3) 8,88 (dd, J = 8,0 Hz, J = 12,0 Hz, 1H), 7,52 (d,J =
8,0 Hz, 1H), 7,25-7,21 (m, 2H), 5,95 (d, J = 8,0 Hz, 2H), 5,36 (s, 2H), 4,69-4,54 (m, 4H),
3,89-3,84 (m, 2H), 3,72-3,65 (m, 2H), 2,82-2,76 (m, 2H)), 1,59 (s, 9H), 1,18-1,12 (m, 3H),
1,04-0,99 (m, 4H), 0,05 (s, 9H), 0,02 (s, 9H).
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Tbng hop chét trung gian MDI-255-6: 6-(2-etyl-5-flo-4-((2-
(trimetylsilanyl)etoxy)metoxy)phenyl)-3-(1-((2-(trimetylsilanyl)etoxy)metyl)-1.4.5.6-

tetrahydropyrolo[3.4-d]imidazol-2-y1)-1H-pyrazolo[3.4-blpyridin

Chat trung gian MDI-255-5 (83 mg, 0,11 mmol) dugc hoa tan trong 15 ml
diclometan, va kém bromua (103 mg, 0,46 mmol) duoc bd sung. Hon hop duoc khuéy &
25°C trong 4 gid, va 10 ml dung dich amoniac dugc bd sung vao dung dich phan img. Sau
khi tich dung dich, pha hitu co dugc rira bing natri bicacbonat bio hda va natri clorua bio
hoa, duoc séy kho bing natri sulfat khan, va duogc cd dic dé thu duoc 65 mg chét trung
gian MDI-255-6, v6i hiéu suit 95,6%. San phim thd duoc sir dung truc tiép trong budce

tiép theo.

Tébng hop chit trung gian MDI-255-7:  (S)-(2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilyl)etoxy)metoxy)phenyl)-1H-pyrazolo[3.4-blpyridin-3-y1)-1-(((2-
(trimetylsilyl)etoxy)metyl)-4,6-dihydropyrolo[3.4-d]imidazol-5(1 H)-y1)(3-hydroxyl

pyrolidin-1-yDketon

Chét trung gian MDI-241-6 (20 mg, 0,03 mmol) dugc hoa tan trong 5 ml diclometan
khan, va duoc 1lam mat vé 0°C, rdi triphosgen (9,5 mg, 0,03 mmol) duoc bd sung, va
trietylamin (32,3 mg, 0,32 mmol) duoc bd sung nho giot. Sau khi bd sung, hdn hop duoc
khudy & nhiét ¢ phong trong 10 phut, rdi (S)-3-hydroxypyrolidin hydroclorua (7,7 mg,
0,06 mmol) dugc bd sung. Hon hop dugc khudy & nhiét d6 phong trong 1 gid. Nude duoc
b6 sung va hdn hop thu dugc duoc chiét hai 14n bing diclometan. Pha hitu co duoc két
hop, dugc rira béng nude va nude mudi bio hoa, duge sdy kho béng natri sulfat khan, va
dugc b ddc @ thu duge 19 mg chét trung gian MDI-255-7. San phim thé dugc sir dung
truc tiép trong budc tiép theo.

Téng hop hop chit MDI-255: (S)-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-
pyrazolo[3.4-b]lpyridin-3-y1)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-y1)(3-

hydroxylpyrolidin-1-yl)keton

Chét trung gian MDI-255-1 (19 mg, 0,03 mmol) dugc hoa tan trong 4 ml metanol,
rdi 2 ml axit clohydric ddm dic dugc bb sung. Hon hop duoc 1am néng dén 50 °C, duoc
cho phan tmg trong 6 gid, va dugc cd dic dé thu duoc cin. Cin duge hoa tan trong metanol
va duogc b dic dén kho, cdng doan nay duoc ldp lai 3 14n. Cin thu duge dugc hoa tan trong
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metanol rdi 1 ml dung dich amoniac dugc bd sung dé trung hoa. Hdn hop thu duge duogc
cd dic va dugc tinh ché bang tAm tinh ché d thu duoc 4,9 mg san phdm cudi cung 4,9 mg

véi hiéu suét téng cOng cua hai budc 1a 32,0%.

'H NMR (400 MHz, DMSO) § 13,61 (s, 1H), 10,22 (s, 1H), 8,78 (d, J = 8,0 Hz,
1H), 7,71 (d, 7 =8,0 Hz, 1H), 7,34 (d, T = 12,0 Hz, 1H), 6,97 (d, J = 8,0 Hz, 1H), 4,93 (d,
1=4,0 Hz, 1H), 4,75-4,42 (m, 4H), 4,30-4,27 (m, 1H), 3,58-3,53 (m, 2H), 3,41-3,40 (m,
1H), 3,26-3,23 (m, 1H), 2,73-2,71 (m, 2H), 2,01-1,79 (m, 2H), 1,09 (t, J = 8,0 Hz, 3H).

Vi_du 51: 3-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl) -4.6-
dihydropyrolo[3.4-dJimidazol-5(1H)-y])-3-oxypropionitril (MDI-256)

MDI-256

Con dudng tdng hop MDI-256:
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MDI-256-1

1,H,,10%Pd/C

—

2, 4NHCI

MDI-256

Phuong phap tdng hop:

Tng hop chét trung gian MDI-256-1: 3-(2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-
1-((2-(trimetylsilyDetoxy)metyl)-1H-indazol-3-y1)-1-((2-(trimetylsilyl)etoxy)metyl)-4.6-

dihydropyrolo[3.4-dlimidazol-5(1H)-yl)-3- oxypropionitril

6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-((2-(trimetylsilyl)etoxy) —metyl)-3-(1-((2-
(trimetylsilyl)etoxy)metyl)-1,4,5,6-tetrahydropyrolo[3,4-d]imidazol-2-yl)-1H-indol
(50 mg, 0,07 mmol) dugc hoa tan trong 5 ml diclometan, 161 E3N (21,2 mg, 0,21 mmol)
duoc bd sung. Hén hop dugc 1am mat vé 0 °C va rdi 2-xyanoaxetyl clorua (8,7 meg,
0,08 mmol) duogc bd sung tur tir. Phan (g dugc thyc hién & nhiét 3§ phong trong 1 gio, va
nuée duge bd sung dé dimg phan tmg. Hon hop thu dwgc dwgc chiét hai 14n bing
diclometan, va c4c pha hitu co dwoc két hop, dugce rira bing nuée va nude mudi bao hoa,
duoc sy khd bang natri sulfat khan, dwoc c6 dic, va dugc tinh ché bang cot silica gel dé

thu dugc 31 mg chit trung gian MDI-256-1 véi hidu suét 56,7%.

Tng hop hop chit MDI-256: 3-(2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-
3-y1)-4,6-dihydropyrolo[3.4-dlimidazol-5(1H)-y1)-3-oxypropionitril
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Chét trung gian MDI-256-1 (31 mg, 0,04 mmol) duoc hoa tan trong metanol (6 ml),
va 6 mg 10% Pd/C duge bd sung. Khong khi dugc thay thé bang hydro 3 1in. H3n hop
duoc 1am néng dén 40 °C, duge cho phén tng trong 1 gid, duoc loc, va duoc ¢b dic, roi
4 ml metanol va 1 ml axit clohydric ddm dic dugc bd sung. Hén hop duoc 1am néng dén
50°C, duogc cho phan g trong 6 gid, va dugc c6 dic dé thu duoc cin. Cin dugc hoa tan
trong metanol va dugc cd dac dén kho, cdng doan nay dugc lap lai 3 14n. Cin thu duoc
duogc hoa tan trong metanol, rdi 1 ml dung dich amoniac dugc bd sung dé trung hoa. Hon
hop thu dugce duge ¢ dic va dugce tinh ché bang tAm tinh ché dé thu duoc 3 mg san phim

cuoi cung voi hiéu suat 17,4%.

'H NMR (400 MHz, MeOD) & 8,27 (d, J = 8,0 Hz, 1H), 7,43 (s, 1H), 7,18 (d, J =
8,0 Hz, 1H), 6,97 (dd, J = 8,0 Hz, T = 20,0 Hz, 2H), 4,77-4,70 (m, 4H), 3,62 (s, 2H), 2,59-
2,53 (m, 2H), 1,09 (t, J = 8,0 Hz, 3H).

Vi du 52: 2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-N.N-dimetyl-4.6-
dihydropyrolo[3.4-dJimidazol-5(1H)-carboxamit(MDI-257)

MDI-257

Con dudng téng hop MDI-257:
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MDI-257-1

1,H,,10%Pd/C

—_—

2, 4NHCI

Phuong phap tdng hop:

Téng hop chét trung gian MDI-257-1: 2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-
((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-N.N-dimetyl-1-((2-
(trimetylsily])etoxy)metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5(1 H)-carboxamit

Quy trinh tdng hop twong tu nhu ddi véi chit trung gian MDI-246-1 ngoai trir

dimetylamin hydroclorua dugc st dung thay vi metylamin hydroclorua.

Téng hop hop chit MDI-257: 2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
v1)-N.N-dimetyl-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-carboxamit

Chét trung gian MDI-257-1 (41 mg, 0,05 mmol) dugc hoa tan trong metanol (6 ml),
va 8 mg 10% Pd/C duoc bd sung. Khong khi dwgc thay thé bang hydro 3 14n. Hdn hop
duogc 1am néng dén 40 °C, duoc cho phan tmg trong 1 gid, dugc loc, va duge cb dic, rdi
4 ml metanol va 1 ml axit clohydric ddm déc dugc bd sung. Hon hop dugc 1am néng dén
50°C, dugc cho phan ing trong 6 gio, va dugc cb dac dé thu duoc cin. Cin duoc hoa tan
trong metanol, va dugc cd dic dén kho, cdng doan nay duoc ldp lai 3 14n. Cn thu duoc

dwoc hoa tan trong metanol, rdi 1 ml amoniac dwgc bd sung dé trung hoa. Hon hop thu
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duge duge ¢6 dic va duoc tinh ché béng tAm tinh ché dé thu duoc 8 mg san phém cudi

cling vé6i hidu suit 35,2%.

'H NMR (400 MHz, DMSO) & 13,28 (s, 1H), 9,85 (s, 1H), 8,32 (d, J = 8,0 Hz, 1H),
7,40 (s, 1H), 7,13 (d, J = 8,0 Hz, 1H), 7,03 (d, T = 12,0 Hz, 1H), 6,93 (d, J = 12,0 Hz, 1H),
4,54-4,53 (m, 4H), 2,85 (s, 6H), 2,50-2,46 (m, 2H), 1,04 (¢, J = 8,0 Hz, 3H).

Vi du 53: N-(2-xyanoetyl)-2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y])-
4.6-dihydropyrolo| 3.4-d]imidazol-5(1H)-carboxamit(MDI-258)

CN

MDI-258

Con dudng tdng hop MDI-258:

MDI-258-1 MDI-258

Phuong phap tdng hop:

Téng hop chét trung gian MDI-258-1: 2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-
((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-N-(2-xyanoetyl)-1-((2-

(trimetylsilyletoxy)metyl)-4,6-dihydropyrolo[3.4-dlimidazol-5(1 H)-carboxamit
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Quy trinh tdng hop twong tw nhu dbi véi chét trung gian MDI-246-1 ngoai trir

3-aminpropionitril dugc str dung thay vi metylamin hydroclorua.

Téng hop hop chit MDI-258:  N-(2-xyanoetyl)-2-(6-(2-etyl-5-flo-4-
hydroxyphenyl)-1H-indazol-3-y1)-4,6-dihydropyrolo[3.4-dlimidazol-5(1H)-carboxamit

Chét trung gian MDI-258-1 (36 mg, 0,04 mmol) dwoc hoa tan trong metanol (4 ml),
va 3,6 mg 10% Pd/C dugce b sung. Khong khi dugc thay thé bang hydro 3 1in. Hon hop
dugc lam néng dén 40 °C, duge cho phén tng trong 1 gio, dugce loc, va duge ¢b dic. San
phém cd dic duoc hoa tan trong 4 ml metanol rdi 2 ml axit clohydric dam dic duge bd
sung. Hon hop dugc lam néng dén 60 °C, dwoc cho phan tmg trong 6 gid, va duge cd dic.
Chét rén dugc hoa tan trong metanol, dugc didu chinh béng dung dich amoniac vé
pH=8-9. Hdn hop thu dugc duge cd dic va duge tinh ché béng tAm tinh ché @& thu duoc

7,0 mg san pham cubi ciing véi hiéu suét 34,2%.

'H NMR (400 MHz, MeOD) § 8,25 (d, J = 8,4 Hz, 1H), 7,41 (s, 1H), 7,16 (d, J =
8,4 Hz, 1H), 6,91 (dd, J = 20,8, 10,3 Hz, 2H), 4,61 - 4,54 (m, 4H), 3,55 - 3,50 (m, 2H),
2,66 - 2,51 (m, 4H), 1,06 (t, J="7,5 Hz, 3H).

Vi _du 54: N-xyclopropyl-2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-vy])-
4.6-dihydropyrolo[3.4-d]imidazol-5(1H) -carboxamit(MDI-259)

MDI-259

Con dudng tdng hop MDI-259:
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MDI-259-1 MDI-259

Phuong phip tdng hop:

Tdng hop chét trung gian MDI-259-1: 2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-
((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-N-xvyclopropyl-1-(((2-

(trimetylsilyl)etoxy)metyl)-4.6-dihydropyrolo[3.4-dlimidazol-5(1 H)-carboxamit

Quy trinh téng hop tuong tu nhw dbi véi chit trung gian MDI-246-1 ngoai trir

xyclopropylamin dugc str dung thay vi metylamin hydroclorua.

Tbng hop hop chdt MDI-259: N-xvyclopropyl-2-(6-(2-etyl-5 -flo-4-hydroxyphenyl)-
1H-indazol-3-y1)-4.6-dihydropyrolo[3.4-d]imidazol-5(1 H)—carboxamit

Chét trung gian MDI-259-1 (36 mg, 0,04 mmol) dwgc hoa tan trong metanol (4 ml),
va 3,6 mg 10% Pd/C dugc bd sung. Khong khi dugc thay thé bang hydro 3 1in. Hn hop
duogc lam néng dén 40 °C, dugc cho phan tmg trong 1 gid, dugc loc, va duge cd dic. San
phém cd dac dugc hoa tan trong 4 ml metanol rdi 2 ml axit clohydric dam dic duge bd
sung. Hon hop duoc 1am néng dén 60 °C, dwoc cho phan tmg trong 6 gidy, va duge cd dic.
Chét rin dugc hoa tan trong metanol, duoc didu chinh béng dung dich amoniac vé
pH=8-9. Hén hop thu duoc duge ¢ dic va duge tinh ché béng tAm tinh ché @& thu dugc

8,0 mg san phim cubi ciing v6i hiéu suit 39,6%.

'H NMR (400 MHz, MeOD) 8,25 (d, J = 8,4 Hz, 1H), 7,43 (s, 1H), 7,16 (dd, J =
8,4, 1,4 Hz, 1H), 6,91 (dd, J=20,6, 10,4 Hz, 2H), 4,66 - 4,48 (m, 4H), 2,68 - 2,62 (m, 1H),
2,59 - 2,53 (m, 2H), 1,08 (t, /= 7,5 Hz, 3H), 0,76 - 0,71 (m, 2H), 0,60 - 0,56 (m, 2H).

Vi _du 55: N-xyclobutyl-2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-yl) -
4.6-dihydropyrolo[3.4- dJimidazol-5(1H)-carboxamit (MDI-260)
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MDI-260

Con dudng tdng hop MDI-260:

(] o]
YNH NH
N N
L L
—>
Ny N Ny NH

MDI-260-1 MDI-260

Phuong phép tdng hop:

Tbng hop chét trung gian MDI-260-1: 2-(6-(4-(benzyloxy)-2-etyl-5-flophenyl)-1-
((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-N-xyclobutyl-1-(((2-
(trimetylsily])etoxy)metyl)-4.6-dihydropyrolo[3.4-d]imidazol-5(1 H)-carboxamit

Quy trinh tdng hop twong tr nhu ddi v6i chét trung gian MDI-246-1 ngoai trir

xyclobutylamin dugc st dung thay vi metylamin hydroclorua.

Tbng hop hop chit MDI-260: N-xyclobutyl-2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-
1H-indazol-3-vl) -4.6-dihydropyrolo[3.4- dlimidazol-5(1H)-carboxamit

Chét trung gian MDI-260-1 (37 mg, 0,04 mmol) dugc hoa tan trong metanol (4 ml),
va 3,7 mg 10% Pd/C dugc bd sung. Khong khi duge thay thé bang hydro 3 14n. Hén hop
dugc 1am néng dén 40 °C, dugc cho phén Umg trong 1 gid, dugce loc, va dugce c6 dic. San
phém ¢d dac dugc hoa tan trong 4 ml metanol rdi 2 ml axit clohydric dam dédc duoc bd

sung. H3n hop duoc 1am néng dén 60 °C, duge cho phan tmg trong 6 gid, va duoc ¢b dic.
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Chét rin dugc hoa tan trong metanol, dugc diéu chinh béng dung dich amoniac vé&
pH=8-9. Hén hop thu duoc dugc cd dic va duoc tinh ché bﬁng tAm tinh ché dé thu duoc

4,0 mg san phim cudi ciing v&i hiéu suit 19,0%.

"H NMR (400 MHz, MeOD) & 8,27 (d, J = 8,4 Hz, 1H), 7,43 (s, 1H), 7,18 (d, ] =
8,4 Hz, 1H), 7,01-6,85 (m, 2H), 4,57 (s, 4H), 4,35-4,31 (m, 1H), 2,59-2,53 (m, 2H), 2,36-
2,30 (m, 2H), 2,11-2,04 (m, 2H), 1,76-1,69 (m, 2H), 1,08 (t, J = 7,5 Hz, 3H).

Vi du 56: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-y1)-4.6-
dihydropyrolo[3.4-d]imidazol-5(1H)-y1)(2,6-diazaspiro[3.3]heptan-2-yl)keton (MDI-261)

MDI-261

Con dudng tong hop MDI-261:
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MDI-261-1

1,H,,10%Pd/C

—_——

2, 4NHCI

MDI-261

Phuong phép tdng hop:

Tbng hop chit trung gian MDI-261-1: Tert-butyl 6-(2-( 6-(4-(benzyloxy)-2-etyl-5-
flophenyl)-1-((2-(trimetylsilyl)etoxy)metyl)-1H-indazol-3-y1)-1-((2-
(trimetylsilyl)etoxy)metyl)-1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-5-carbonyl)-2.6-

diazaspiro[3.3]heptane-2-carboxylat

Quy trinh téng hop tuong tw nhur d6i véi chét trung gian MDI-246-1 ngoai trit tert-
butyl 2,6-diazaspiro[3,3]heptan-2-carboxylat oxalat dugc st dung thay vi metylamin

hydroclorua.

Tng hop hop chdt MDI-261: (2-(6-(2-etyl-5-flo-4-hydroxyphenyl)-1H-indazol-3-
yD)-4.6-dihydropyrolo[3.4-d]imidazol-5(1H)-y1)(2,6-diazaspiro[3.3]heptan-2-yl)keton

Chét trung gian MDI-261-1 (52 mg, 0,06 mmol) duoc hoa tan trong metanol (6 ml),
va 10,1 mg 10% Pd/C dugc bd sung. Khéng khi dwgc thay thé bang hydro, cong doan nay
duoc 13p lai 3 14n. HOn hop dugc 1am néng dén 40 °C, dugc cho phan tng trong 1 gid, duge
loc, va duoc cd dic, sau d6 bd sung 4 ml metanol va 1 ml axit clohydric ddm dic. Hon hop
dugc 1am néng dén 50 °C, dugc cho phan g trong 6 gid, va duoc cb dic dé thu duoc cin.

Cin duoc hoa tan trong metanol, va dugc ¢b dic dén kho, cong doan nay duoc lap lai 3
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l4n. Cin thu duoc dugce hoa tan trong metanol, rdi 1 ml amoniac dugec bd sung dé trung
hoa. Hon hop thu duoc duoc ¢ dic va duge tinh ché béng tAm tinh ché d8 thu dugc 6 mg

san pham cudi cung vadi higu suat 22,2%.

'H NMR (400 MHz, MeOD) § 8,28 (d, J = 8,0 Hz, 1H), 7,45 (s, 1H), 7,19 (d, J =
8,0 Hz, 1H), 6,95 (dd, J=12,0 Hz, J = 12,0 Hz, 2H), 4,90 (s, 2H), 4,66 (s, 2H), 4,22 (d, J
= 12,0 Hz, 2H), 4,02-3,94 (m, 4H), 3,60 (d, J = 4,0 Hz, 2H), 2,59-2,54 (m, 2H), 1,09 (t, J
= 8,0 Hz, 3H).

Vi du 57: (S)-6-(2-etyl-5-flo-4-hydroxyphenyl)-3-(5-prolyl-1.4.5.6-
tetrahydropyrolo[3.4-d]imidazol-2-y1)- 1H-indazol (MDI-262)

MDI-262

Con dudng tdng hop MDI-262:

MDI-262-1 MDI-262

Phuong phép tdng hop:

Téng hop chét trung gian MDI-262-1: Tert-butyl (S)-2-(2-(6-(2-etyl-5-flo-4-((2-
(trimetylsilyl)etoxy)metoxy)phenyl)-1-((2-(trimetylsilyl)etoxy) metyl)-1H-indazol-3-yl)-
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1-((2-(trimetylsilyl)etoxy)metyl)-1.4.5.6-tetrahydropyrolo[3.4-d]imidazol-5-

carbonyl)pyrolidin-1-carboxylat

Tert-butyl ~ 2-(6-(2-etyl-5-flo-4-((2-(trimetylsilyl)etoxy)metoxy) — phenyl)1-((2-
(trimetylsilyl)etoxy)metyl)-1H-indazol-3-yl)-1-((2-(trimetylsilyl)etoxy) metyl)-4,6-
dihydropyrolo[3,4-d]imidazol-5(1H)-carboxylat (65,0 mg, 0,08 mmol) duoc hoa tan trong
10 ml DCM, rdi kém bromua (68,6 mg, 0,31 mmol) duogc bd sung. H6n hop duoc khuéy
trong 5 gid, va nudc duge bd sung dé dimg phan tng. Hn hop thu dugce duge chiét béang
DCM hai 14n, va c4c pha hitu co dugc két hop, duoc rira bang dung dich amoniac, tiép d6
duoc rira béng nude va nude mudi bao hoa, duoc séy kho béng natri sulfat khan, va duoc
cd dac. San phém thd thu duoc duge hoa tan trong 10 ml DMF, rdi Boc-L-prolin (19,7 mg,
0,09 mmol), HATU (34,71 mg, 0,09 mmol), va DIPEA (11,8 mg, 0,09 mmol) dugc bd
sung. Sau khi bd sung, phan tmg dugc thyc hién & nhiét 46 phong. Nude duge bd sung dé
dung phén tmg. Hon hop thu duge dugc chiét hai 14n bing etyl axetat, va cac pha hitu co
dugc két hop, dwoc rira bing nude va nude mudi bao hoa, duogce say kho bang natri sulfat

khan va dugc ¢6 dic dé thu duoc 43,0 mg chét trung gian MDI-262-1 v6i hiéu sudt 59,4%.

'H NMR (400 MHz, CDCI3) § 8,50-8,41 (m, 1H), 7,47-7,45 (m, 1H), 7,25-7,22 (m,
1H), 7,16 (d, T = 8,0 Hz, 1H), 7,01 (d, ] = 10,3 Hz, 1H), 6,05-5,87 (m, 2H), 5,76-5,75 (m,
2H), 5,31 (s, 2H), 5,02-4,23 (m, 5H), 3,89-3,83 (m, 2H), 3,70-3,42 (m, 6H), 2,57-2,51 (m,
2H), 2,37-1,88 (m, 3H), 1,73-1,70 (m, 1H), 1,47 (s, 9H), 1,07-0,98 (m, SH), 0,94-0,88 (m,
4H), 0,03(s, 9H), -0,06-0,08 (m, 18H).

Téng hop hop chit MDI-262: (S)-6-(2-etyl-5-flo-4-hydroxyphenyl)-3-(5-prolyl-
1,4.5.6-tetrahydropyrolo[3.4-d]imidazol-2-y1)-1H-indazol

Chét trung gian MDI-262-1 (33,0 mg, 0,04 mmol) duge hoa tan trong 4 ml MeOH,
rdi 2 ml axit clohydric ddm dic dugc bd sung. Sau khi b sung, nhiét 6 dugc nang 1én
50°C dé phan tmg. Sau 6 gi® phan tmg, nhiét d6 dwoc ha xubng nhiét @6 phong, va dung
m6i phan {mg dugc 1am bay hoi bang cach c6 dic dudi ap sudt thip, sau d6 bd sung 4 ml
metanol va 0,5 ml dung dich amoniac. Sau khi ¢ dic, cin dugc dua vao sic ky 16p mong

dé thu duoc 1,8 mg chét rén mau tréng MDI-262 véi hiéu suit 11,3%.

'H NMR (400 MHz, MeOD) & 8,28 (d, T = 8,0 Hz, 1H), 7,44 (s, 1H), 7,18 (d,J =
8,5 Hz, 1H), 6,96 (d, J = 11,7 Hz, 1H), 6,91 (d, J = 8,9 Hz, 1H), 4,80-4,64 (m, 4H), 4,09-
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4,05 (m, 1H), 3,26-3,22 (m, 2H), 2,59-2,53 (m, 2H), 2,06-1,86 (m, 4H), 1,08 (t, J= 8,0 Hz,
3H). LC-MS m/z (ESI) [M+H]" gia tri duoc tinh toan cho CasH26FNsO: 461,2; gia tri do
duoc: 461,2.

Vi du 58: (R)-6-(2-etyl-5-flo-4-hydroxyphenyl)-3-(5-prolyl-1.4.5.6-
tetrahydropyrolo[3.4-d]imidazol-2-y])- 1H-indazol(MDI-263)

MDI-263

Quy trinh tdng hop twong tw nhw d6i v6i of MDI-262, ngoai trix Boc-D-prolin dugc
str dung thay vi Boc-L-prolin.

'H NMR (400 MHz, MeOD) § 8,27 (d, J = 8,0 Hz, 1H), 7,44 (s, 1H), 7,18 (d,J =
8,4 Hz, 1H), 6,96 (d, J = 12,2 Hz, 1H), 6,91 (d, J = 8,8 Hz, 1H), 4,82-4,60 (m, 4H), 4,21-
4,15 (m, 1H), 3,33-3,23 (m, 1H), 3,08-2,99 (m, 1H), 2,59-2,53 (m, 2H), 2,08-1,86 (m, 4H),
1,08 (t, J = 8,0 Hz, 3H).

Vi du 59: Panh gia I vé hoat tinh duoc 1y

1. Nguyén tic thi nghiém

Hé théng sang loc thudc dua trén kinaza JAK1, JAK2, JAK3 va TYK?2 da duoc st
dung dé phét hién kha ning @c ché ciia cac hop chat phan tir nhé dbi véi hoat dong cua
kinaza. Kinaza trai qua phan (ng enzym véi cdc co chit ctia né 1a IRS1, IGF1Rtide va Poly
(4: 1 Glu, Tyr), tiéu thu ATP d tao ra ADP, trong d6 chét phan tmg ADP-Glo va phuong
phép phét quang c6 thé duoc sir dung dé phat hién lugng san phdm phan 4nh hoat dong cia

kinaza.

2. So db thi nghiém
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2.1. Vat liéu va dung cu thi nghiém
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Muc Tén Ngudn/Nha cung cdp | S8 danh muc
1 HEPES Life Technologies 15630-080
2 Chét tAy rira BRIJ 35 (10%) Merck 203728
3 mgCl, Sigma M1028
4 EGTA Sigma E3889
5 ADP-Glo Kinaza Assay Promega V9101
6 JAK1 Invitrogen PV4774
7 JAK2 Invitrogen PV4210
8 JAK3 Invitrogen PV3855
9 TYK2 Invitrogen PV4790

10 ATP Promega VI915B
11 IRS1 Signalchem 140-58-1000
12 IGF1Rtide Signalchem 115-58

13 Poly (4: 1 Glu, Tyr) Sigma P0275

14 Topseal A PerkinElmer E5341

15 OptiPlate-384 PerkinElmer 6007290
16 | Pia vi thé polypropylen 384 giéng Labcyte PP-0200
17 Envision Perkin Elmer 2104

18 Echo Labcyte 550

19 May ly tdm Eppendorf 5810R

2.2. Phuong phép thi nghiém

2.2.1. Cong thirc chit phan tmg kinaza

2.2.1.1. bém phan tng kinaza 1X (400 ml)
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Tén Nong d6 gbc Thé tich Nong d6 cudi ciing
HEPES 1 M (20X) 20 ml 50 mM
mgCly 1 M (100X) 4 ml 10 mM
BR1J-35 10%(1000X) 400 pl 0,01%
EGTA Bot 152 mg 1 mM
ddH.O 375,6 ml

2 mM DTT, sén sang dé sir dung
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2.2.1.2. Coéng thic Kinaza 2X
Dung dich kinaza JAK1
. . i Nong d6 cudi | Nong do
Tén Nong do goc The tich ciing 2X cubi cing
JAK1 7072,4 nM (884X) | 0,8 pl 8§ nM 4 nM
Dém phén tng Kinaza 1X 706,5 ul
Dung dich kinaza JAK2
. ) ) Nodng d6 cudi | Noéng do
Te Nong do go Theé tich .
- ong €0 goe e He cung 2X cudi cung
JAK2 4955 nM (4955X) | 0,2l 1 nM 0,5 nM
Dém phan tng Kinaza 1X 990,8 ul
Dung dich kinaza JAK3
. ) . Nong d6 cubi | Nong d6
& No 0 g0 Theé tich .
Ten ong 46 goc eHe cung 2X  |cudi cung
JAK3 5341,2nM (5341,2X) | 0,2 ul 1 nM 0,5 nM
Dém phan tmg Kinaza 1X 1068 pl
Dung dich kinaza TYK?2
. ) ) N6ng d6 cudi Néng do
& 0 0 g0 Theé tich .
Tén Nong do goc e tic ciing 2X cubi cing
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TYK2 6104,7 nM (763X) 1l 8§ nM 4 nM
Dém phén Uimg Kinaza 1X 762 ul
2.2.1.3. Cong thirc hdn hop co chit 2X
Dung dich hdn hop co chit JAK1
. ) . Néng d6 cubi | Ndng do
Té N© 0 g0 Thé ti .
en ong dd goc ¢ tich cung 2X cudi cung
ATP 10 mM (250X) | 2,8 pul 40 uM 20 uM
IRS1 1 mg/ml (10X) | 70 pl 0,1 mg/ml | 0,05 mg/ml
bém phan ing Kinaza 1X 627,2 ul
Dung dich hdn hop co chit JAK2
. ) i Néng d6 cudi | Ndng do
Té Nong d6 g0 Thé tich .
- onig 6o goc eHe cung 2X cudi cung
ATP 10 mM (500X) | 1,4l 20 uM 10 pM
IGF1Rtide I mg/ml (50X) | 14 pl 0,02 mg/ml | 0,01 mg/ml
Dém phan Umg Kinaza 1X 684,6 pl

Dung dich hdn hop co chit JAK3

Nong do cudi

Nong d6 cuodi

Tén Nong d6 goc | Thé tich ciing 2X ciing
ATP 10 mm (500X) 1,4 ul 20 uM 10 uM
Poly (4: 1 Glu, Tyr) Peptit| 5 mg/ml (83,3X) | 8,4pul | 0,06 mg/ml | 0,03 mg/ml
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Dém phan tmg Kinaza 1X 690,2 pl

Dung dich hén hop co chit TYK2
. ) ) Néng @6 cudi | Ndng do
Tén Nong do goc Thé tich ciing 2X cubi cing
ATP 10 mM (500X) 1,4 ul 20 pM 10 pM
IRS1 1 mg/ml (16,67X) | 42 ul 0,06 mg/ml | 0,03 mg/ml
Dbém phan tng Kinaza 1X 656,6 pl
2.2.1.4. Hop chét duoc kiém tra
Tén Khdi lugng/mg | Trong lugng phan tir Néng d6/mM
Filgotinib 5,0 420,5 10
MDI-2 3,3 552,24 10
MDI-201 2,0 554,59 10
MDI-202 1,9 471,50 10
MDI-206 2,0 503,55 10
MDI-203 1,8 488,57 10
MDI-204 2,1 567,63 10
MDI-205 1,9 549,64 10
MDI-207 1,5 455,50 10
MDI-209 1,9 431,47 10
MDI-211 1,6 445,50 10
MDI-213 L5 461,50 10
MDI-217 1,6 461,54 10
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2.2.2. Quy trinh thi nghiém phan (g Kinaza
2.2.2.1. Quy trinh thi nghiém phéan ing JAK1 & JAK2 Kinaza

a) Pha loang Filgotinib (dung dich gbc 10 mM) 10 14n, va pha lodng dung dich hop
chét duoc kiém tra 10 14n bing DMSO 100%, va sau d6 thuc hién mét loat céc dung dich
pha lodng theo ty 1¢ 1: 3 trong dia pha lodng 384 giéng (Labcyte, PP-0200). Nong d6 cua
Filgotinib: 1000, 333,33, 111,11, 37,04, 12,35, 4,12, 1,37, 0,46, 0,15, 0,05, 0,02, va 0 uM;
va ndng o ciia hop chét duoc kiém tra: 1000, 333,33, 111,11, 37,04, 12,35, 4,12, 1,37,
0,46, 0,15, 0,05, va 0 pM.

b) Sir dung Echo dé chuyén 0,1 pl dung dich hop chat dugc kidm tra (chuén bi &
budc a) vao dia phan ting 384 giéng (PE, 6007290), va ly tim & 1000 vong/phut trong 1
phut.

¢) Chuyén 5 pl kinaza (chuén bj theo 2.2.1.2) vao dia phan tmg 384 giéng (chuin bi
¢ bude b), ly tim & 1000 vong/phut trong 1 phut va i & 25°C trong 15 phit.

d) Chuyén 5 pl hdn hop co chat (chudn bj theo 2.2.1.3) vao dia phan timg 384 giéng,
ly tdm & 1000 vong/phiit trong 1 phut va i & 25°C trong 60 phut. Trong hé thdng phan tmg,
ndng d6 cudi ciing ctia Filgotinib 1a 10, 3,33, 1,11, 0,37, 0,12, 0,04, 0,014, 0,0046, 0,0015,
0,0005, va 0 pM. Nong dd cudi ciing ciia hop chit dugc kiém tra 1a: 10, 3,33, 1,11, 0,37,
0,12, 0,04, 0,014, 0,0046, 0,0015, 0,0005, va 0 uM. Nong d6 cudi cing ciia DMSO 12 1%.

e) Chuyén 10 ul ADP-Glo vao dia phan ting 384 giéng, ly tdm & téc d6 1000
vong/phit trong 1 phut va 4 & 25°C trong 40 phat.

f) Chuyén 20 pl dung dich phat hién vao dia phan {ng 384 giéng, ly tim & téc do
1000 vong/phut trong 1 phut va u & 25°C trong 40 phat.

g) Str dung thiét bi doc dia vi thé da chtc ning Envision @& doc tin hiéu RLU (Pon
vi phét quang tuong d6i). Cudng d6 tin hiéu duge sir dung dé dic trung cho mirc do hoat

dong cuda kinaza.

2.2.2.2. Quy trinh thi nghiém phan ing JAK3 Kinaza
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a) Pha loang Filgotinib (dung dich gdc 10 mM) va dung dich hop chét duoc kiém
tra 10 1an v6i 100% DMSO, va sau d6 thuc hién moét loat cdc dung dich pha lodng véi ty
1¢ 1: 3 trong dia pha lodng 384 giéng (Labcyte, PP -0200). Nong d6 Filgotinib 13: 10000,
3333,33, 1111,11, 370,37, 123,46, 41,15, 13,72, 4,57, 1,52, 0,51, 0,17, va 0 uM; va ndng
d6 ciia hop chat duoc kidm tra 1a: 1000, 333,33, 111,11, 37,04, 12,35, 4,12, 1,37, 0,46,
0,15, 0,05, va 0 uM.

b) Str dung Echo @ chuyén 0,1 pl dung dich hop chit dugc kiém tra (chudn bj &
buéc a) vao dia phan tmg 384 giéng (PE, 6007290), va ly tim & 1000 vong/phit trong 1
phut.

¢) Chuyén 5 pl kinaza (chuén bi theo 2.2.1.2) vao dia phan ting 384 giéng (chuén bi
& bude b), ly tim & 1000 vong/phut trong 1 phut va i & 25°C trong 15 phat.

d) Chuyén 5 pl hdn hop co chit (chuén bi theo 2.2.1.3) vio dia phan ting 384 giéng,
ly tim & 1000 vong/phit trong 1 phut va i & 25°C trong 60 phut. Trong hé thdng phan tng,
ndng @6 cudi cling cua Filgotinib 1a 100, 33,33, 11,11, 3,70, 1,23, 0,412, 0,137, 0,046,
0,015, 0,005, 0,002, va 0 uM. Néng d6 cudi ciing ctia hop chit dugc kidm tra 1a: 10, 3,33,
1,11, 0,37, 0,12, 0,04, 0,014, 0,0046, 0,0015, 0,0005, va 0 uM. Néng d6 cudi cing cua
DMSO 14 1%.

e) Chuyén 10 pl ADP-Glo vao dia phan tmg 384 giéng, ly tdm né & téc do 1000
vong/phut trong 1 phut va u & 25°C trong 40 phat.

f) Chuyén 20 pl dung dich phat hién vao dia phan tng 384 giéng, ly tim & téc do
1000 vong/phut trong 1 phut va u & 25°C trong 40 phut.

g) St dung thiét bi doc dia vi thé da chic nang Envision d doc tin hiéu RLU (Pon
vi phét quang tuong d6i). Cudng d6 tin hidu dwoc st dung dé diic trung cho mitc do hoat

dong cuia kinaza.
2.2.2.3. Quy trinh thi nghiém phan ing TYK?2 Kinaza

a) Pha loéng Filgotinib (dung dich gc 10 mM) gép 3,3 14n va dung dich hdn hop
duogc kiém tra 10 14n béng DMSO 100%, va sau d6 thuc hién mét loat cac dung dich pha
loang theo ty 1& 1: 3 trong dia pha lodng 384 giéng (Labcyte, PP-0200). C4c ndng do cua
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Filgotinib 1a: 3000, 1000, 333,33, 111,11, 37,04, 12,35, 4,12, 1,37, 0,46, 0,15, 0,05, va 0
uM; va néng dd cua hop chét dugc kiém tra 1a: 1000, 333,33, 111,11, 37,04, 12,35, 4,12,
1,37, 0,46, 0,15, 0,05, va 0 pM.

b) Str dung Echo dé chuyén 0,1 pl dung dich hop chét dugc kiém tra (chuén bi &
budc a) vao dia phan tng 384 giéng (PE, 6007290) va ly tim & 1000 vong/phut trong 1
phut.

¢) Chuyén 5 pl kinaza (dwoc chudn bi theo 2.2.1.2) vao dia phén tng 384 giéng
(duoc chudn bi & bude b), Iy tim & 1000 vong/phit trong 1 phut, va 0 & 25°C cho 15 phat.

d) Chuyén 5 pl hén hop co chét (duge chuén bi theo 2.2.1.3) vao dia phan tng 384
giéng, ly tAm & 1000 vong/phut trong 1 phut va u & 25°C trong 60 phit. Trong hé théng
phan tmg, ndng d6 cudi ciing cua Filgotinib 1a 30, 10, 3,3333, 1,1111, 0,3704, 0,1235,
0,0412, 0,0137, 0,0046, 0,0015, 0,0005, va 0 M. Nong d6 cudi ciing ctia hop chét duoc
kiém tra 1a: 10, 3,33, 1,11, 0,37, 0,12, 0,04, 0,014, 0,0046, 0,0015, 0,0005, v4 0 uM. Ndng
d6 cudi cing cia DMSO 13 1%.

e) Chuyén 10 pl ADP-Glo vao dia phan tmg 384 giéng, ly tim & 1000 vong/phut
trong 1 phut va 0 & 25°C trong 40 pht.

f) Chuyén 20 pl dung dich phat hién vio dia phan tmg 384 giéng, ly tAm & 1000
vong/phut trong 1 phuat va 4 & 25°C trong 40 phut.

g) St dung thiét bi doc dia vi thé da ndng Envision dé doc tin hiéu RLU (Pon vi
phét quang twong dbi). Cuong @0 tin hiéu dugc sir dung dé dac trung cho mirc d6 hoat dong

cta kinaza.
2.2.3. Phuong phép xt ly dit liéu thi nghiém

Ty 1¢ c ché hop chét (% inh) = (dbi ching 4m - hop chét)/(dbi chung 4m - dbi
chiing duong) * 100%

Déi chitng am: DMSO

Déi chimg duong: 10 uM/100 pM/30 pM Filgotinib
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IC50 (ndng d6 trc ché mot nira) ciia hop chét c6 thé thu duoc bing cach st dung

cong thirc phit hop phi tuyén sau:
Y =DPay + (Pinh - Bay)/(1 + 10 ~ (LogIC50-X) * HillSlope))
X: gié tri log ctia ndng d6 hop chét
Y: Ty 18 trc ché hop chét (% inh)
Phuong trinh tinh hé s6 Z°:
Z’=1-3 (SDmin + SDmax)/(AVEmax-AVEmin)
trong d6:

Min 14 gi4 tri RLU ctia d6i chimg dwong 10 pM/100 pM/30 pM Filgotinib, va Max

14 gi4 tri RLU cta d6i chiing am; va
SD 14 sai s6 tiéu chudn va AVE 12 gia tri trung binh ctia RLU.

3. Két qua thi nghiém

3.1 Két qua kiém tra chét luong cua thi nghiém lién két

3.1.1 Két qua kiém soét chét lwong cua thi nghiém lién két JAK1

Z’=0,77CV% (ti thiéu) = 0% CV% (tbi da) = 6,2%

3.1.2 Két qua kiém so4t chét lugng cta thi nghi€ém lién két JAK2

Z°=0,78CV% (t6i thidu) = 2,9% CV% (ti da) = 5,7%

3.1.3 Két qua kiém soét chat lugng cua thi nghiém lién két JAK3

Z’=0,71CV% (t6i thiéu) = 7,0% CV% (tdi da) = 11,3%

3.1.4 Két qua kiém soat chat luong cta thi nghiém lién két TYK2
2°=0,77CV% (t6i thiéu) = 3,9% CV% (t6i da) = 6,8%

3.2. Tém tét két qua kiém tra thu duoc

239



44306 240/271

Muc Hop chit duoc kiém tra Hillslope IC50 (nM)
Filgotinib 1,067 25,550
MDI-2 1,356 0,8056
Thi nghi¢m
MDI-201 3,487 0,138
JAK1
MDI-202 5,052 0,125
MDI-206 1,091 0,943
Filgotinib 1,142 67,920
MDI-2 1,271 0,7723
Thi nghiém
MDI-201 1,633 0,217
JAK2
MDI-202 2,385 0,279
MDI-206 1,457 0,556
Filgotinib 1,318 1343
MDI-2 1,569 0,7649
Thi nghiém
MDI-201 1,989 0,187
JAK3
MDI-202 2,038 0,160
MDI-206 1,216 0,628
Filgotinib 1,037 128,0
MDI-2 1,630
Thi nghiém
MDI-201 1,411 0,281
TYK2
MDI-202 1,416 0,318
MDI-206 0,744 7,229

Tém lai, chi cac gia tri IC50 dugc trinh bay cho cic hop chit duoc kiém tra dudi
day.

Muc Hop chét dugc kiém tra | IC50 (nM)
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Filgotinib 25,550
MDI-203 0,160
MDI-204 0,152
MDI-205 0,121
Thi nghi¢m
MDI-207 0,120
JAK1
MDI-209 0,128
MDI-211 0,162
MDI-213 0,146
MDI-217 0,122
Filgotinib 67,920
MDI-203 0,208
MDI-204 0,176
MDI-205 0,158
Thi nghiém
MDI-207 0,160
JAK2
MDI-209 0,165
MDI-211 0,198
MDI-213 0,166
MDI-217 0,217
Filgotinib 1343
MDI-203 0,212
Thi nghiém MDI-204 0,238
JAK3 MDI-205 0,178
MDI-207 0,132
MDI-209 0,158
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MDI-211 0,160
MDI-213 0,116
MDI-217 0,137
Filgotinib 128,0
MDI-203 0,328
MDI-204 0,200
MDI-205 0,194
Thi nghiém
MDI-207 0,474
TYK2
MDI-209 0,281
MDI-211 0,266
MDI-213 0,146
MDI-217 0,391

242/271

Két qua thi nghiém trén chimg minh ring: MDI-2, MDI-201, MDI-202, MDI-206,
MDI-203, MDI-204, MDI-207, MDI-209, MDI-211, MDI-213, va MDI-217 c6 thé tc ché
JAK1, JAK2,JAK3 vaTYK2 & néng do cucky thép, va hoat dong trc ché cuia cac hop chit

trong cac vi du niy cao hon nhiéu so véi hoat tinh cua Filgotinib.

Vi du 60: Panh gia IT v& hoat tinh duoc Iy

1. Nguyén tic thi nghiém

Nguyén téc thi nghiém ciia viéc danh gia hoat tinh dugc 1y trong vi du nay gidng

v&i nguyén tic dugc mo ta trong Vi du 59, nhung céc vét li€u hodc dung cu thi nghiém

dugc st dung va/hodc mot sb tham sb diéu kién thir nghiém cu thé (cu thé nhu cOng thirc

kinaza, céng thitc co chat, quy trinh thi nghiém phén tng kinaza, va tuong tu) khic nhau

va duge diéu chinh.

2. So d6 thi nghiém

2.1. Vat liéu va dung cu thi nghiém
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TT Tén Ngudn/Nha cung cip | S6 danh muc
1 HEPES Life Technologies 15630-080
2 Chét tay rira BRIJ 35 (10%) Sigma 1018940100
3 mgClh Sigma M1028
4 EGTA Sigma E3889
5 ADP-Glo Kinaza Assay Promega V9101
6 JAK1 Carna 08-144
7 JAK2 Carna 08-045
8 JAK3 Carna 08-046
9 TYK2 Carna 08-147
10 ATP Promega VI915B
11 IRS1 Signalchem 140-58-1000
12 IGF1Rtide Signalchem 115-58
13 Poly (4: 1 Glu, Tyr) Sigma P0275

Pia vi thé néng phing mau tréing
15 polypropylen 384 giéng Greiner 784075
16 | Bia vi thé polypropylen 384 giéng Labcyte PP-0200
17 May doc dia vi thé Biotek Biotek Synergy 4
18 | May ly tm t6c do thip cho dia vi thé XiangZhi TD5B

2.2. Phuong phép thi nghiém

2.2.1. Céng thirc chit phan tng kinaza

2.2.1.1. Bém phan tng kinaza 1X (400 ml)

Céng thirc nay gidng nhu cong thirc dém phéan g kinaza 1X trong Vi du 59.

2.2.1.2. Cong thuc kinaza 2X
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Dung dich kinaza JAK1
‘ , 7 Néng d6 cudi | Néng do
Tén Nong d6 goc | The tich ciing 2X cubi ciing
JAK1 3225 nM (884X) | 5,21 ul 40 nM 20 nM
Pém phén ung Kinaza 1X 414,79 pl
Dung dich kinaza JAK2
. ] , Nong do cubi| Nong do
Tén Nong do goc Theé tich cing 2X | cubi ciing
JAK2 4256 nM (4955X) | 0,2 pl 2nM 1 nM
Dém phan ting Kinaza 1X 419,8 pl
Dung dich kinaza JAK3
. ) ) Nbng d6 cudi | Nong do
Tén Nong dd goc The tich cing 2X | cubi cing
JAK3 3195 nM (5341,2X)| 0,5 pl 4 nM 2nM
Dbém phan ing Kinaza 1X 419,5
Dung dich kinaza TYK2
. ) . Néng d6 cubi| Nong do
Tén Nong d6 goc | Theé tich ciing 2X cubi ciing
TYK2 3174 nM (763X) | 2,65 pl 20 nM 10 nsM
bém phan ung Kinaza 1X 417,35 pl
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2.2.1.3. Cong thitc hdn hop co chit 4X

Dung dich h8n hop co chét JAK1

. ) ) Nong d6 cubi | Ndng do
Tén Nong d6 goc | The tich ciing 4X cubi ciing
ATP 10 mM (125X) | 2,4l 80 uM 30 M
IRS1 1 mg/ml (5X) 60 ul 0,2 mg/ml | 0,05 mg/ml
Pém phan tmg Kinaza 1X 237,6 pl
Dung dich h8n hop co chit JAK2
. ) i Ndng d6 cudi| Nbdng do
Tén Nong do goc | The tich ciing 4X cubi cing
ATP 10 mM (500X)| 6 pul 20 pM 5 uM
IGF1Rtide 1 mg/ml (25X)| 12 pl 0,04 mg/ml [0,01 mg/ml
Pém phén tng Kinaza 1X 2874 ul
Dung dich hdn hop co chit JAK3
. ) . Nong d6 cubi| Nong do
Tén Nong d6 goc | Thé tich cing 4X | cubi cing
ATP 10 mM (250X) 1,2 ul 40 pM 10 pM
Poly (4: 1 Glu, Tyr) Peptit | 5 mg/ml (41,6X) 6 ul 0,12 mg/ml [0,03 mg/ml
Dém phan Umg Kinaza 1X 292.,8 ul
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Dung dich hdn hop co chit TYK2
. ) . Néng d6 cudi Néng do
Tén Nong d6 goc | The tich ciing 4X cuéi cing
ATP 10 mM (250X) | 1,2l 40 uM 10 uM
IRS1 1 mg/ml (5X) 60 ul 0,08 mg/ml {0,02 mg/ml
Pém phan ung Kinaza 1X 238,8 ul

2.2.1.4. Hop chat duoc kiém tra

Tén Khéi lwong/mg | Trong lwong phén tir Nong d6/mM
Filgotinib 5,0 420,5 10
MDI-208 1,6 417,49 10
MDI-210 1,4 431,52 10
MDI-214 1,5 469,48 10
MDI-215 1,5 469,48 10
MDI-218 1,5 467,52 10
MDI-219 1,7 481,55 10
MDI-220 1,5 495,57 10
MDI-221 1,5 457,51 10
MDI-224 L5 431,52 10
MDI-225 1,6 447,51 10
MDI-216 1,5 476,51 10
MDI-226 1,7 405,43 10
MDI-227 1,6 419,46 10
MDI-228 L5 433,49 10
MDI-229 1,5 445,50 10
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MDI-230 1,4 447,51 10
MDI-233 1,6 474,54 10
MDI-235 1,8 489,56 10
MDI-231 1,5 460,51 10
MDI-232 1,8 446,49 10
MDI-234 L5 476,51 10
MDI-236 1,8 503,58 10
MDI-237 2,3 432,5 10
MDI-239 1,5 445,5 10
MDI-240 1,6 490,5 10
MDI-242 1,4 432,5 10
MDI-243 1,7 476,5 10
MDI-244 1,8 462,5 10
MDI-245 1,6 490,5 10
MDI-246 1,5 420,5 10
MDI-247 1,8 434,5 10
MDI-248 1,5 450,5 10
MDI-249 1,9 471,5 10
MDI-250 1,6 485,5 10
MDI-251 2,1 476,5 10
MDI-252 1,8 421,4 10
MDI-253 1,6 435,5 10
MDI-255 14 477,5 10
MDI-256 1,4 430,4 10
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MDI-257 1,6 434,5 10
MDI-258 L5 459,5 10
MDI-259 1,7 446,5 10
MDI-260 1,7 460,5 10
MDI-261 1,6 487,5 10
MDI-262 1,7 460,5 10
MDI-263 1,3 460,5 10

2.2.2. Quy trinh thi nghiém phan tmg Kinaza
2.2.2.1. Quy trinh thi nghi¢ém phan tmg JAK1 & JAK2 Kinaza

a) Pha lodng dung dich hop chat dugc kiém tra 5 14n bang DMSO 100%. Sau d6, str
dung DMSO 100% lam chit pha long, thuc hién mot loat cac dung dich pha lodng theo ty
18 1: 3 d@bi voi Filgotinib (dung dich gbc 10 mM) va dung dich hop chét duogc kiém tra
trong dia pha lodng 96 giéng. LAy ra 1 ul dung dich hop chit va thém vao 49 ul dung dich

dém phan tmg kinaza, va lic hdn hop thu duoc trén méy lic dia vi thé trong 20 phut.

b) Chuyén 2 pl kinaza (dwoc chuén bj theo 2.2.1.2) vao dia phan tmg 384 giéng,
thém 1 pl dung dich hop chét duge kiém tra (chudn bi & budc a) vao dia phin img 384
giéng (Greiner, 784075 ), ly tim & t6c dd 1000 vong/phiit trong 1 phut va i & 25°C trong
10 phat.

¢) Chuyén 1 pl hdn hop co chét (dugc chudn bi theo 2.2.1.3) vao dia phan ng 384
giéng, ly tAm & tbc d6 1000 vong/phit trong 1 phut va G & 25°C trong 60 phut. Trong hé
théng phan tmg, ndng d cudi ciing cua Filgotinib 14 1a 50, 12,5, 3,125, 0,7812, 0,1953,
0,0488, 0,0122, 0,003, 0,00076, 0,00019, va 0,000047 pM. Nong dd cubi ciing ctia hop
chit dwoc kiém tra 1a: 10, 2,5, 0,625, 0,15625, 0,039, 0,0097, 0,0024, 0,0006, 0,0015,
0,000038, va 0,0000095 M. Néng d6 cudi cing ctia DMSO 14 0,5%.

d) Chuyén 4 pl ADP-Glo vao dia phan tmg 384 giéng, ly tim & 1000 vong/phut
trong 1 phut va i & 25°C trong 40 phut.
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¢) Chuyén 8 pl dung dich phét hién vao dia phan tmg 384 giéng, ly tAm & 1000
vong/phut trong 1 phtt va u & 25°C trong 40 phut.

f) Str dung thiét bi doc dia vi thé da ning Biotek dé doc tin hiéu RLU (Pon vi phat
quang tuong d6i). Cudng d6 tin hidu duoc str dung dé dic trung cho mire d hoat dong ciia

kinaza.
2.2.2.2. Quy trinh thi nghiém phan tmg JAK3 & TYK2 Kinaza

a) Pha loang dung dich hop chit duoc kiém tra 5 14n bang DMSO 100%. Sau d6, sir
dung DMSO 100% lam chét pha lodng, thuc hién mét loat cdc dung dich pha lodng theo ty
16 1: 3 dbi véi Filgotinib (dung dich gbc 10 mM) va dung dich hop chét dugc kiém tra
trong dia pha lodng 96 giéng. LAy ra 1 ul dung dich hop chét va thém vao 49 pl dung dich

dém phan tmg kinaza, va lac h6n hop thu dugc trén méy lic microplate trong 20 phut.

b) Chuyén 2 pl kinaza (dwoc chuén bi theo 2.2.1.2) vao dia phan tmg 384 giéng, va
thém 1 pl dung dich hop chét duoc kiém tra (chudn bi & budc a) vao dia phan ing 384
giéng (Greiner, 784075), ly tim & tdc do 1000 vong/phut trong 1 phut va u & 25°C trong
10 phut.

¢) Chuyén 1 pl hdn hop co chét (duge chuén bi theo 2.2.1.3) vao dia phan ing 384
giéng, ly tim & tbc d6 1000 vong/phit trong 1 phut va i & 25°C trong 60 phut. Trong hé
théng phan img, ndng d6 cudi ciing ctia Filgotinib 1a 50, 16,67, 5,555, 1,851, 0,617, 0,205,
0,0686, 0,0228, 0,00762, va 0,0025 pM. Ndng d6 cudi ciing ctia hop chat dwoc kiém tra 13
10, 3,33, 1,11, 0,37, 0,12, 0,04, 0,014, 0,0046, 0,0015, va 0,0005 uM. Nong d¢ cudi cling
ctia DMSO 14 0,5%.

d) Chuyén 4 pl ADP-Glo vao dia phan tng 384 giéng, ly tim & 1000 vong/phut
trong 1 phut va u ¢ 25°C trong 40 phut.

¢) Chuyén 8 ul dung dich phat hién vao dia phén {mg 384 giéng, ly tim & 1000
vong/phut trong 1 phut va 4 & 25°C trong 40 phut.

f) St dung thiét bj doc dia vi thé da niing Biotek dé doc tin hiéu RLU (Pon vi phat

quang tuong d61). Cudong d6 tin hidu duoc sir dung dé dic trung cho mtrc d9 hoat dong cua

kinaza.

249



44306

2.2.3. Phuong phép xtt ly dit liéu thuc nghi€ém

Gidng nhu phuong phap xit ly dit liéu thuc nghiém dugc st dung trong Vi du 59.

3. Két qua thi nghiém

Muc Hop chit duoc kiém tra IC50 (nM)
Filgotinib 88
MDI-208 0,153
MDI-210 0,347
MDI-214 0,303
MDI-215 0,197
MDI-218 0,825
MDI-219 1,38
MDI-220 2,02
MDI-221 0,128
Thi nghiém MDI-224 0,248
JAK1 MDI-225 0,226
MDI-216 0,134
MDI-226 0,308
MDI-227 0,224
MDI-228 0,398
MDI-229 0,753
MDI-230 0,819
MDI-233 1,31
MDI-235 0,0395
MDI-231 0,530
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MDI-232 0,745
MDI-234 0,206
MDI-236 0,0403
Filgotinib 71
MDI-208 0,440
MDI-210 1,11
MDI-214 0,273
MDI-215 0,277
MDI-218 0,614
MDI-219 1,38
MDI-220 1,38
MDI-221 0,363
MDI-224 0,754
Thi nghiém
MDI-225 0,390
JAK2

MDI-216 0,233
MDI-226 0,371
MDI-227 0,246
MDI-228 0,355
MDI-229 0,356
MDI-230 0,555
MDI-233 1,33
MDI-235 0,166
MDI-231 1,17
MDI-232 1,04
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MDI-234 0,737
MDI-236 0,329
Filgotinib 1463
MDI-208 1,11
MDI-210 0,979
MDI-214 0,352
MDI-215 0,308
MDI-218 0,948
MDI-219 2,29
MDI-220 3,15
MDI-221 0,379
MDI-224 2,01
Thi nghiém MDI-225 0,487
JAK3 MDI-216 0,247
MDI-226 0,676
MDI-227 0,441
MDI-228 0,565
MDI-229 0,481
MDI-230 0,821
MDI-233 2,60
MDI-235 0,183
MDI-231 0,893
MDI-232 0,868
MDI-234 0,375
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MDI-236 0,141
Filgotinib 532
MDI-208 9,31
MDI-210 31,5
MDI-214 2,8
MDI-215 1,58
MDI-218 1,75
MDI-219 1,88
MDI-220 5,56
MDI-221 7,60
MDI-224 16,1
Thi nghiém MDI-225 3,50
TYK2 MDI-216 1,62
MDI-226 4,18
MDI-227 3,89
MDI-228 4,76
MDI-229 4,71
MDI-230 6,57
MDI-233 3,50
MDI-235 0,142
MDI-231 1,31
MDI-232 2,26
MDI-234 0,438
MDI-236 0,0954
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Muc Hop chit duoc kiém tra | IC50 (nM)
Filgotinib 46,2
MDI-237 0,758
MDI-239 1,15
MDI-240 0,450
MDI-242 67,2
MDI-243 0,118
MDI-244 0,248
MDI-245 0,178
MDI-246 0,241
MDI-247 0,557
Thi nghiém MDI-248 0,093
JAK1 MDI-249 0,307
MDI-250 0,395
MDI-251 0,144
MDI-252 1,8
MDI-253 2,9
MDI-255 57,2
MDI-256 0,700
MDI-257 0,185
MDI-258 0,939
MDI-259 0,659
MDI-260 2,28
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MDI-261 0,154
MDI-262 0,319
MDI-263 0,120
Filgotinib 47,6
MDI-237 0,588
MDI-239 1,20
MDI-240 0,842
MDI-242 28,6
MDI-243 0,499
MDI-244 0,915
MDI-245 0,648
MDI-246 0,973
MDI-247 1,88
Thi nghiém
MDI-248 0,560
JAK2

MDI-249 0,697
MDI-250 0,974
MDI-251 0,818
MDI-252 2,6

MDI-253 1,6

MDI-255 37,4
MDI-256 3,06
MDI-257 0,600
MDI-258 3,31

MDI-259 1,30
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MDI-260 2,99
MDI-261 0,703

MDI-262 1,54

MDI-263 0,717

Filgotinib 1051

MDI-237 1,39

MDI-239 4,94

MDI-240 2,02

MDI-242 152

MDI-243 0,269

MDI-244 0,550

MDI-245 0,306

MDI-246 0,709

Thi nghiém MDI-247 1,30
JAK3 MDI-248 0,303
MDI-249 0,398

MDI-250 0,497

MDI-251 0,406

MDI-252 2,2

MDI-253 1,5

MDI-256 2,71

MDI-257 0,381

MDI-258 2,36

MDI-259 1,29
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MDI-260 2,47
MDI-261 0,473
MDI-262 1,22
MDI-263 0,458
Filgotinib 233
MDI-237 9,68
MDI-239 19,2
MDI-240 5,34
MDI-242 583
MDI-243 0,167
MDI-244 1,31
MDI-245 0,365
MDI-246 1,52
Thi nghiém MDI-247 2,35
TYK2 MDI-248 0,578
MDI-249 1,93
MDI-250 0,993
MDI-251 1,33
MDI-252 22
MDI-253 31
MDI-256 6,14
MDI-257 0,684
MDI-258 6,27
MDI-259 2,94

257

257/271



44306

MDI-260 8,98
MDI-261 1,16
MDI-262 2,59
MDI-263 0,717

258/271

Cac két qua thi nghiém trén ddy cho thiy ring trong s cac hop chét theo sang ché

dugc kiém tra trong Vi du 60, ngoai trir mét s6 hop chét trong vi du ¢6 hoat tinh tuong

duong nhu Filgotinib, hdu hét cac hop chét duoc kiém tra c6 thé te ché JAK1, JAK2, JAK3

va TYK3 & mitc ndng d6 rit thip va hoat tinh trc ché ciia cac hop chét niy cao hon nhidu

so véi Filgotinib.

Mic du cac phuong &n thuc hién cu thé cla sang ché dd duoc minh hoa va md ta,

nhung cdc phuong dn thuc hién duge mé ta chi nham muc dich 1am rd sang ché ma khong

gi6i han pham vi clia sing ché. Ngudi c6 trinh d6 trung binh trong cung linh vuc k¥ thuat

hi€u rd rdng, c6 the thyc hién nhiéu thay ddi va cai bién khac nhau ma van thugc pham vi

cua sang ché.
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YEU CAUBAO HQ

1. Hop chét c¢6 cong thire (I),

\_-NH
Ry X”x[ N
R 7
HO &
M M

hoic mubi duge dung, hodc ddng phan quang hoc ciia chiing,
trong d6
L 1a CHa, -C(O)-, hodc -S(O),-

vong A 12 mot Cs.7 xycloalkyl, di xycloalkyl ¢6 3-7 phan tir, Cs.7 aryl vong don, Cr.
11 aryl vong d6i, di aryl vong don c6 5-7 phan tir, di aryl vong ddi c6 7-11 phén tir, hodic
mdt vong ba c¢6 11-15 phan tir;

mbi Ry doc 14p 1a halogen, CN, Ci.s alkyl, Ca.g alkenyl, C2 alkynyl, OH, OCi.g
alkyl, Cs.7 xycloalkyl, mét di xycloalkyl c6 3-7 phan tit, Cs.7 aryl vong don, C7.11 aryl vong
doi, di aryl ¢6 vong don c6 5-7 phan tir, hodc di aryl vong d6i c6 7-11 phén tir;

trong d6 mdi Ci.s alkyl, Ca.s alkenyl, C2.s alkynyl, va OC1.s alkyl dugc thé
tuy y va doc 1ap véi 1, 2, 3, hodc 4 nhém thé R3 duogc lya chon doc 1ap; va

trong d6 mdi Cs.7 xycloalkyl, di xycloalkyl c6 3-7 phan ttr, Cs.7 aryl vong
don, Cr.11 aryl vong d6i, di aryl vong don c6 5-7 phan tir, va di aryl vong d6i
c6 7-11 phén tir dugc thé tuy ¥ va doc 1ap véi 1, 2, 3, hogc 4 nhém thé Ry

duoc lua chon doc lap;

259



44306 260/271

mdi Ry doc 14p 14 halogen, CN, NO,, Ci.6 alkyl, OH, OCi.s alkyl, hogc OCi-6
haloalkyl, trong d6 m3i Ci.6 alkyl dugc thé tuy ¥ va doc 1ap véi 1, 2, hodc 3 nhém thé duoc
lya chon ddc 14p tir nhém bao gdm halogen, CN, Ci.4 alkyl, C14 haloalkyl, OH, OC1.4 alkyl,
va OCi-4 haloalkyl;

mdi R; doc 14p 1a halogen, CN, Cy.3 alkyl, C(O)NR7Rs, NRsRs, OH, OCi.6 alkyl,
hodc mot di xycloalkyl c¢6 3-7 phén tir, trong d6 mdi di xycloalkyl c6 3-7 phén tir duge thé

tlly ¥ va doc 1ap véi 1, 2, 3, hodc 4 nhém thé Ry duge lya chon ddc 1ap;
mbi R4 ddc 14p 1 halogen, C1.3 alkyl, NH2, NHCH3, N(CH3)2, OH, hodc OCi.6 alkyl;
mbi Rs doc 1ap 1a H hoic Ci4 alkyl;
mbi Re doc lap 1a H hodic C14 alkyl,
mdi Ry doc 1ap 1a H hodc Ci4 alkyl;
mdi Rg ddc 14p 14 H hoic Ci4 alkyl;
mdi X doc 1ap 1a CH.
2. Hop chét theo diém 1, trong d6 L 1a -CO- hodc -S(O)2-.

3. Hop chét theo diém 1, hoic mudi duge dung hoic ddng phan quang hoc cia
ching, trong d6 vong A 1a C3.7 xycloalkyl, di xycloalkyl ¢6 3-7 phén ttr, Cs.7 aryl vong don,
hodc di aryl vong don c6 5-7 phén tt.

4.Hop chét theo diém 1 hoic mudi dugc dung hoic d@)ng phéin quang hoc ctia chung,

trong d6 vong A la di aryl vong don c6 5-6 phén tr, hozc phenyl.

5. Hop chit theo diém 1, hodc mudi duge dung hodc ddng phan quang hoc cua

chuing, trong d6 0, hodc 1 Ry c6 mit, va
R 1a Ci-6 alkyl hodc di xycloalkyl c6 5-7 phén tir;

trong d6 C1.¢ alkyl dugc thé tuy y boi 1 hodc 2 céc nhém thé Rs duge Iva chon doc

lap, va
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trong d6 di xycloalkyl c6 5-7 phin tir dugc thé tuy y béi 1, 2, 3 hodc 4 nhém thé R

duoc lua chon ddc 14p; va
mdi nhém thé Ry doc 1ap 14 Ci.3 alkyl.

6. Hop chét theo diém 1, hoic mudi dugc dung hodc ddng phan quang hoc cia
ching, trong d6 1 hodc 2 R> c6 mat, va mdi R; d6c 14p 1a halogen hodc Cisalkyl, trong d6
mdi C1.¢ alkyl duoc thé tuy y va doc 14p bai 1, 2 hodc 3 nhém thé duge chon doc 1ap tir
nhém bao g@)m halogen, -CN, Ci4 alkyl, Ci4 haloalkyl, OH, OCi4 alkoxy, va Ci4
haloalkoxy.

7. Hop chét theo diém 1, hodic mubdi dugc dung hoic déng phén quang hoc cua

chiing, trong do
L 14 -CO-, va -S(O)2-;
vong A 12 di aryl vong don c6 5-7 phan tir; va
m&i Ry doc 1ap 1a Ci.s alkyl hogic di xycloalkyl c6 3-7 phan tir;

trong d6 mdi Ci-s alkyl duoc thé tuy y va doc 1ap bdi 1, 2, 3 hodc 4 nhém thé Rs

duogc lua chon ddc lap; va

trong d6 mdi di xycloalkyl ¢6 3-7 phén tir dugc thé tuy v va doc 1ap béi 1, 2, 3 hodc
4 nhém thé Rs duge Iya chon doc 1ap.

8. Hop chét theo diém 7, hoic mudi dugc dung hoic d6ng phan quang hoc cua

chiing, trong d6 vong A 1a di aryl vong don ¢6 5-6 phén ttr, hogic phenyl.

9. Hop chét theo diém 7, hogc mudi duoc dung hoic ddng phin quang hoc cua

chung, trong d6 0 hodc 1 Ry ¢6 mit, va
R, 14 C1.¢ alkyl hoic di xycloalkyl c¢6 5-7 phan tir;

trong d6 C1.s alkyl dwgc thé tuy ¥ béi 1 hodc 2 nhém thé R; dugc lua chon ddc 1ap;

va
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trong d6 di xycloalkyl c6 5-7 phan tir dugc thé tuy ¥ va doc 1ap béi 1, 2, 3, hodc 4

nhém thé R4 duoc lua chon doc 1ap; va
mdi nhém thé R4 ddc 1ap 1a Ci3 alkyl.

10. Hop chét theo diém 7, hodc mudi duoc dung hoic ddng phan quang hoc ciia
chung, trong d6 1 hodc 2 Rz c6 mit, va mdi Rz doc 14p 1a halogen hodc Ci.6 alkyl, trong d6
mdi Ci6 alkyl duoc thé tuy y va doc 1ap béi 1, 2 hodc 3 nhém thé duge chon dc lap tir
nhém bao gdém halogen, -CN, C alkyl, C1.4 haloalkyl, OH, OC1.4 alkyl va Ci-4 haloalkoxy.

11. Hop chit theo diém 1, hogic ddng phan quang hoc ctia chung, trong d6 hop chét

hoac déng phan quang hoc ciia ching, dugc chon tir nhém bao gém:
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» hodc mudi dugc dung ctia chung.

12. Duoc phdm, bao gdm hop chit theo diém 1 hodc mudi duoc dung hoic dong

phan quang hoc ctia chiing, va mot hodc nhiéu chét mang, phu gia hodc ta dugc dugc dung.

13. Hop chét dugc lya chon trong nhém bao gém:

OH
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b

hodc mubi dugc dung hodic déng phén quang hoc cua chung.
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Chuén @5 lidu Filgotinib frong phantich ADP-Glo JAK1
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Chuén d6 liéu MDI-201 trong phantich ADP-Glo JAK?
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Chuén 6 lidu Filgetinib trong phén tich ADP-Glo JAK2

Chuén d5 liéu MDL-201 trong phan tich ADP-Glo JAK2
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Chuén d6 ligu Filgotinib trong phan tich ADP-Glo JAK3
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