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Linh vye k§ thuat dwgc dé cap
Sang ché d& cap dén quy trinh diéu ché hop chét indazol dugc thé & vi tri 2 ¢6

cong thirc cau tao sau:

() :

dén dang da hinh B ciia hop chit indazol duogc thé & vi tri 2, va hop chét trung gian.

Séang ché d& cap dén quy trinh didu ché hop chét indazol duge thé c6 cong thirc
(I) ma c6 kha ning trc ché kinaza 4 ¢6 lién quan dén thy thé interleukin-1 (IRAK4).
Tinh trang k§ thuét cia sang ché

IRAK4 (kinaza 4 c6 lién quan dén thy thé interleukin-1) ctia ngudi déng vai trd
chinh trong su hoat héa hé mién dich. Do d6, kinaza nay 13 phan tir dich diéu tri quan
trong dé phat trién cac chit wrc ché viém. IRAK4 duoc bidu hién bdi nhidu té bao va 1am
trung gian din truyén tin hiéu ctia cac thu thé gibng Toll (TLR), trir TLR3, va c4c thy thé
ctia ho interleukin (IL)-1p bao gdm IL-1R (thu thé), IL-18R, IL-33R va IL-36R (Janeway
and Medzhitov, Annu. Rev. Immunol., 2002; Dinarello, Annu. Rev. Immunol., 2009;

Flannery and Bowie, Biochemical Pharmacology, 2010).

Té bao chudt da bit hoat gen IRAK4 hodc té bao nguoi tr bénh nhan thiéu IRAK4
khong phan g véi kich thich ctia cac TLR (trr TLR3) va ho IL-1f (Suzuki, Suzuki, et
al., Nature, 2002; Davidson, Currie, et al., The Journal of Immunology, 2006; Ku, von
Bernuth, et al., JEM, 2007; Kim, Staschke, et al., JEM, 2007).

Su lién két cua cac phéi t&r TLR hodc cac phéi tir cua ho IL-1B véi thy thé twong
mg dan dén su thu thap va lién két cuia MyD88 [gen dép tmg so cdp biét hoa tity (88)]
v6i thu thé. Két qua 13, MyD88 tuong tac véi IRAK4, giy ra su tao thanh phirc hoat dong
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ma tuwong tac voi va hoat hoa cac kinaza IRAK1 hodc IRAK?2 (Kollewe, Mackensen, et
al., Journal of Biological Chemistry, 2004; Precious et al., J. Biol. Chem., 2009). Két qua
cla viéc ndy 12 hoat hoa dudng truyén tin hidu NF (yéu t6 nhan)-xB va dwdng truyén tin
hiéu MAPK (protein kinaza dugc hoat hoa bang mitogen) (Wang, Deng, et al., Nature,
2001). Sy hoat héa ca dudong truyén tin hiéu NF-«B va dudng truyén tin hiéu MAPK din
dén cac qua trinh két hop véi cac qué trinh mién dich khac nhau. Vi dy, ting biéu hién
nhiéu phan tir tin hiéu viém va cac enzym khac nhau nhu cac xytokin, cidc chemokin va
COX-2 (xyclooxygenaza-2), va ting do 6n dinh mARN ctia cic gen c6 lién quan dén
viém, vi du COX-2, IL-6, IL-8 (Holtmann, Enninga, et al., Journal of Biological
Chemistry, 2001; Datta, Novotny, et al., The Journal of Immunology, 2004). Hon nita,
céc quy trinh nay c6 thé c6 lién quan dén sy ting sinh va biét hoa clia cac loai té bao cu
thé, vi du bach cAu don nhan, dai thuc bao, t& bio dudi gai, t& bao T va té bao B (Wan,
Chi, et al, Nat Immunol, 2006; McGettrick and J. O'Neill, British Journal of
Haematology, 2007).

Vai tro trung tdm ctia IRAK4 trong bénh 1y hoc cua cac r6i loan viém khac nhau
d3 dugc ching minh bang cach so sanh truc tip giita chudt kiéu hoang dai (WT) véi
dong vat bién dbi gen c6 dang IRAK4 bi bét hoat boi kinaza (IRAK4 KDKI). Cac dong
vt IRAK4 KDKI c6 hinh anh 14m sang cai thién trong mau dong vat bi bénh da xo cling,
X0 vita dong mach, nhdi méau co tim va bénh Alzheimer (Rekhter, Staschke, et al.,
Biochemical va Biophysical Research Communication, 2008; Maekawa, Mizue, et al.,
Circulation, 2009; Staschke, Dong, et al., The Journal of Immunology, 2009; Kim,
Febbraio, et al., The Journal of Immunology, 2011; Cameron, Tse, et al., The Journal of
Neuroscience, 2012). Ngoai ra, da phét hién ra rﬁng, viéc loai bd IRAK4 & m6 hinh dong
vat s€ bdo ve chéng lai bénh viém co tim do virut nh¢ phan Gmg khéng virut duge cai
thién cung v6i qué trinh viém hé thdng giam xubng dong thoi (Valaperti, Nishii, et al.,
Circulation, 2013). Ciing da chitng t6 duoc rang su biéu hién IRAK4 twong ting véi mirc

d6 cua hoi chimg Vogt-Koyanagi-Harada (Sun, Yang, et al., PLoS ONE, 2014).

Ciing nhu vai trd chinh ctia IRAK4 trong mién dich bam sinh, cling c6 ddu hiéu
cho thdy ring IRAK4 anh hudng dén sy biét hoa cta cai duogc goi 13 cac té bao Th17 T,
cac thanh phin mién dich thich ing. Khi khong c6 hoat tinh IRAK4 kinaza, it t& bao T
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san sinh IL-17 (t& bao T Th17) dugc tap thanh hon so v6i chuét WT. Su @c ché IRAK4
c6 kha niing phong ngira va/hoic didu tri xo vita dong mach, dai thao dudng typ 1, viém
khép dang thap, viém cot séng dinh khép, lupus ban d6, bénh vay nén, bach bién, viém
dong mach té bao khéng 16, rdi loan viém rudt man tinh va céc r6i loan do virut, vi du
HIV (virut suy giam mién dich & ngudi), virut viém gan (Staschke, et al., The Journal of
Immunology, 2009; Zambrano-Zaragoza, et al., International Journal of Inflammation,
2014).

Do vai trd trung tdm cta IRAK4 trong tAng tin hiéu qua trung gian MyD88 cua
céc TLR (ngoai trr TLR3) va ho thy thé IL-1, viéc e ché IRAK4 c6 thé duge sir dung
d& phong ngira va/hoic didu tri cac rdi loan dugce trung gian béi cac thy thé néu trén. TLR
va ca cac thanh phﬁn ctia ho thu thé IL-1 ¢6 lién quan dén sinh bénh hoc cta bénh viém
khép dang thip, hdi ching chuyén hoa, bénh tiéu dudng, bénh viém xuong khép, hoi
chirng Sjogren va nhidm tring huyét (Scanzello, Plaas, et al. Curr Opin Rheumatol, 2008;
Roger, Froidevaux, et al, PNAS, 2009; Gambuzza, Licata, et al., Journal of
Neuroimmunology, 2011; Fresno, Archives Of Physiology And Biochemistry, 2011;
Volin and Koch, J Interferon Cytokine Res, 2011; Akash, Shen, et al.,, Journal of
Pharmaceutical Sciences, 2012; Goh and Midwood, Rheumatology, 2012; Dasu,
Ramirez, et al., Clinical Science, 2012; Ramirez and Dasu, Curr Diabetes Rev, 2012; L1,
Wang, et al., Pharmacology & Therapeutics, 2013; Sedimbi, Hagglof, et al., Cell Mol
Life Sci, 2013; Talabot-Aye, et al., Cytokine, 2014). Cac bénh v& da nhu bénh vay nén,
viém da co dia, hdi ching Kindler, viém da tiép xtc di ing, trimg ca ddu den va trimg c4
thong thudng co lién quan dén dudng truyén tin hi¢u TLR qua trung gian IRAK4 (Gilliet,
Conrad, et al., Archives of Dermatology, 2004; Niebuhr, Langnickel, et al., Allergy,
2008; Miller, Adv Dermatol, 2008; Terhorst, Kalali, et al., Am J Clin Dermatol, 2010;
Viguier, Guigue, et al., Annals of Internal Medicine, 2010; Cevikbas, Steinhoff, J Invest
Dermatol, 2012; Minkis, Aksentijevich, et al., Archives of Dermatology, 2012; Dispenza,
Wolpert, et al., J Invest Dermatol, 2012; Minkis, Aksentijevich, et al., Archives of
Dermatology, 2012; Gresnigt and van de Veerdonk, Seminars in Immunology, 2013;
Selway, Kurczab, et al., BMC Dermatology, 2013; Sedimbi, Hagglof, et al., Cell Mol
Life Sci, 2013; Wollina, Koch, et al. Indian Dermatol Online, 2013; Foster, Baliwag, et
al., The Journal of Immunology, 2014).
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Céc rbi loan v& phdi nhrr bénh xo héa phdi, bénh phdi tic nghdn (COPD), hoi
chimg suy hé hép cép tién trién (ARDS), tdn thuong phdi cip (ALI), bénh phdi mo k&
(ILD), bénh sacoit va ting 4p phdi ciing thé hién mdi lién quan dén cc duong tin hiéu
qua trung gian TLR khac nhau. Sinh bénh hoc ctia cac réi loan v& phéi c¢6 thé do cac qué
trinh trung gian theo kiéu nhidm tring hodc trung gian theo kidu khong nhim tring
(Ramirez Cruz, Maldonado Bernal, et al., Rev Alerg Mex, 2004; Jeyaseelan, Chu, et al.,
Infection and Immunity, 2005; Seki, Tasaka, et al., Inflammation Research, 2010; Xiang,
Fan, et al.,, Mediators of Inflammation, 2010; Margaritopoulos, Antoniou, et al.,
Fibrogenesis & Tissue Repair, 2010; Hilberath, Carlo, et al., The FASEB Journal, 2011;
Nadigel, Prefontaine, et al., Respiratory Research, 2011; Kovach and Standiford,
International Immunopharmacology, 2011; Bauer, Shapiro, et al., Mol Med, 2012; Deng,
Yang, et al., PLoS One, 2013; Freeman, Martinez, et al., Respiratory Research, 2013;
Dubaniewicz, A., Human Immunology, 2013). Cac TLR va cac thanh vién thudc ho IL-
IR cling ¢6 lién quan dén sinh bénh hoc cua cac rdi loan viém khac nhu bénh Behget,
gut, lupus ban d6, bénh Still kh&i phat ¢ ngudi 1on, va bénh viém rudt man tinh nhw viém
loét dai trang va bénh Crohn, va thai loai manh ghép, va do do6 sy urc ché IRAK4 & day
la cach tiép can thich hop dé diéu tri (Liu-Bryan, Scott, et al., Arthritis & Rheumatism,
2005; Christensen, Shupe, et al., Immunity, 2006; Cario, Inflammatory Bowel Diseases,
2010; Nickerson, Christensen, et al., The Journal of Immunology, 2010; Rakoff-Nahoum,
Hao, et al., Immunity, 2006; Heimesaat, Fischer, et al., PLoS ONE, 2007; Kobori, Yagi,
et al., J Gastroenterol, 2010; Shi, Mucsi, et al., Inmunological Reviews, 2010; Leventhal
and Schroppel, Kidney Int, 2012; Chen, Lin, et al., Arthritis Res Ther, 2013; Hao, Liu, et
al., Curr Opin Gastroenterol, 2013; Kreisel and Goldstein, Transplant International,
2013; Li, Wang, et al., Pharmacology & Therapeutics, 2013; Walsh, Carthy, et al,,
Cytokine & Growth Factor Reviews, 2013; Zhu, Jiang, et al., Autoimmunity, 2013; Yap
and Lai, Nephrology, 2013). Vi co ché tc dong ctia hop chét c6 cong thirc (I), chiing con
thich hop d& dung nhim phong ngira va/hoic diéu tri cac rdi loan trung gian béi TLR va
ho IL-1R nhu lac ndi mac tir cung va chimg xo vita dong mach (Akoum, Lawson, et al.,
Human Reproduction, 2007; Allhorn, Boing, et al., Reproductive Biology and
Endocrinology, 2008; Lawson, Bourcier, et al., Journal of Reproductive Immunology,

2008; Seneviratne, Sivagurunathan, et al., Clinica Chimica Acta, 2012; Sikora,
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Mielczarek-Palacz, et al., American Journal of Reproductive Immunology, 2012; Falck-
Hansen, Kassiteridi, et al., International Journal of Molecular Sciences, 2013; Khan,
Kitajima, et al., Journal of Obstetrics and Gynaecology Research, 2013; Santulli,
Borghese, et al., Human Reproduction, 2013; Sedimbi, Hagglof, et al., Cell Mol Life Sci,
2013).

Ngoai cac réi loan d3 néu, cac qua trinh TLR trung gian béi IRAK4 d3 dwgc mo
ta trong sinh bénh hoc cua céc roi loan vé mét nhu thiéu méau vOng mac, bénh viém giac
mac, bénh viém két mac di tng, bénh viém két giac mac kho, thoai héa diém vang va
viém mang mach nho (Kaarniranta and Salminen, J Mol Med (Berl), 2009; Sun and
Pearlman, Investigative Ophthalmology & Visual Science, 2009; Redfern and
McDermott, Experimental Eye Research, 2010; Kezic, Taylor, et al., J Leukoc Biol,
2011; Chang, McCluskey, et al., Clinical & Experimental Ophthalmology, 2012; Guo,
Gao, et al., Immunol Cell Biol, 2012; Lee, Hattori, et al., Investigative Ophthalmology
& Visual Science, 2012; Qi, Zhao, et al., Investigative Ophthalmology & Visual Science,
2014).

Nho vai trd trung tAm cua IRAK4 trong céc qua trinh qua trung gian TLR, viéc trc
ché IRAK4 ciing din dén kha ning didu tri va/hodc ngin nglra cac rdi loan tim mach va
than kinh, vi du thuwong t6n tai twéi mau co tim, nhdi mau co tim, cao huyét ap (Oyama,
Blais, et al., Circulation, 2004; Timmers, Sluijter, et al., Circulation Research, 2008; Fang
and Hu, Med Sci Monit, 2011; Bijani, International Reviews of Immunology, 2012;
Bomfim, Dos Santos, et al., Clin Sci (Lond), 2012; Christia and Frangogiannis, European
Journal of Clinical Investigation, 2013; Thompson and Webb, Clin Sci (Lond), 2013, va
c& bénh Alzheimer, dot quy, chin thuong so nio va bénh Parkinson (Brough, Tyrrell, et
al,, Trends in Pharmacological Sciences, 2011; Carty and Bowie, Biochemical
Pharmacology, 2011; Denes, Kitazawa, Cheng, et al., The Journal of Immunology, 2011;
Lim, Kou, et al., The American Journal of Pathology, 2011; Béraud and Maguire-Zeiss,
Parkinsonism & Related Disorders, 2012; Denes, Wilkinson, et al., Disease Models &
Mechanisms, 2013; Noelker, Morel, et al., Sci. Rep., 2013; Wang, Wang, et al., Stroke,
2013).
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Vi c6 sy lién quan giita tin hiéu TLR va tin hiéu dugc trung gian thu thé IL-1 nho
IRAK4 trong trudng hop ngira va dau, vi dy, dau do ung thw, dau sau phau thuét, dau do
viém va dau mén tinh, c6 thé gia thiét viéc Grc ché IRAK4 cung c6 tac dung didu tri cac
bénh néu trén (Wolf, Livshits, et al., Brain, Behavior, va Immunity, 2008; Kim, Lee, et
al., Toll-like Receptors: Roles in Infection and Neuropathology, 2009; del Rey, Apkarian,
et al., Annals of the New York Academy of Sciences, 2012; Guerrero, Cunha, et al.,
European Journal of Pharmacology, 2012; Kwok, Hutchinson, et al., PLoS ONE, 2012;
Nicotra, Loram, et al., Experimental Neurology, 2012; Chopra and Cooper, J
Neuroimmune Pharmacol, 2013; David, Ratnayake, et al., Neurobiology of Disease,
2013; Han, Zhao, et al., Neuroscience, 2013; Liu and Ji, Pflugers Arch., 2013; Stokes,
Cheung, et al., Journal of Neuroinflammation, 2013; Zhao, Zhang, et al., Neuroscience,

2013; Liu, Y. Zhang, et al., Cell Research, 2014).

Quan diém nay ciing 4p dung cho mdt sb rbi loan ung thu. Cu thé 13 u lympho, vi
du lympho té bao B 16n lan tod (ABC-DLBCL - activated B-cell diffuse large-cell B-cell
lymphoma), u lymphom t& bao vo va bénh Waldenstrom, va ca bénh bach cau lympho
man tinh, u hic tb, va carxinom té bao gan, dac trung boi cac dot bién trong MyD88 hodc
céc thay dbi trong hoat tinh MyD88 ma c6 thé didu tri duoc bing chat e ché IRAK4
(Ngo, Young, et al., Nature, 2011; Puente, Pinyol, et al., Nature, 2011; Srivastava, Geng,
et al., Cancer Research, 2012; Treon, Xu, et al., New England Journal of Medicine, 2012;
Choi, Kim, et al., Human Pathology, 2013; (Liang, Chen, et al., Clinical Cancer Research,
2013). Ngoai ra, MyD88 dong vai trd quan trong trong cac khéi u phu thudc ras, va nhu
vay céc chét trc ché IRAK4 cling thich hop d didu trj cac khéi u nay (Kfoury, A., K. L.
Corf, et al., Journal of the National Cancer Institute, 2013).

Céc 16i loan viém nhu cac hdi chimg dinh ki lién quan dén cryopyrin (CAPS -
cryopyrin-associated periodic syndromes) bao gbm ca hodi ching ty viém do lanh mang
tinh gia dinh (FCAS - familial cold autoinflammatory syndrome), héi chimg MWS
(Muckle-Wells syndrome), bénh viém da hé thdng khéi phat & tré so sinh (NOMID -
neonatal-onset multisystem inflammatory disease) va hoi chirng than kinh, da va khép
mén tinh & tré em (CONCA - chronic infantile, neurological, cutaneous, and articular);

sot dia trung hai mang tinh gia dinh (FMF - familial mediterranean fever), hoi chung ting
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IgD (HIDS - hyper-IgD syndrome), hoi ching dinh ky lién quan dén thu thé yéu t6 hoai
tir kh6i u 1 (TRAPS - tumour necrosis factor receptor 1-associated periodic syndrom),
viém khép tu phat thiéu nién, bénh Still khoi phéat & ngudi 16n, bénh Adamantiades-
Behget, bénh viém khép dang thip, bénh viém xuwong khép, bénh viém két gidc mac kho
va hoi chiing Sjogren dugc diéu tri bing cach phong bé dudng tin hidu IL-1; do d6 & day,
chit &rc ché IRAK4 ciing thich hop dé diéu tri cic bénh d3 néu (Narayanan, Corrales, et
al., Cornea, 2008; Henderson and Goldbach-Mansky, Clinical Immunology, 2010;
Dinarello, European Journal of Immunology, 2011; Gul, Tugal-Tutkun, et al., Ann
Rheum Dis, 2012; Pettersson, Annals of MedicinePetterson, 2012; Ruperto, Brunner, et
al., New England Journal of Medicine, 2012; Nordstrdm, Knight, et al., The Journal of
Rheumatology, 2012; Vijmasi, Chen, et al., Mol Vis, 2013; Yamada, Arakaki, et al.,
Opinion on Therapeutic Targets, 2013). Phdi tir ctia IL-33R, IL-33, dic biét c6 lién quan
dén sinh bénh hoc cta bénh suy thin cip, va so d6 viéc trc ché IRAK4 dé phong ngira
va/hodc didu tri 13 cach diéu tri thich hop (Akcay, Nguyen, et al., Journal of the American
Society of Nephrology, 2011). Cac thanh phin ciia ho thy thé IL-1 c6 lién quan dén nhdi
mau co tim, cdc rdi loan khic nhau & phéi nhu hen, COPD, viém phéi moé k& vo cén,
viém mii di ¢mg, xo hoa phdi va hoi ching suy hd hép cip (acute respiratory distress
syndrome - ARDS), va do d6 tac dung phong nglra va/hodc diéu tri c6 thé dugc mong
doi dbi v6i cac bénh d3 néu nho viée e ché IRAK4 (Kang, Homer, et al., The Journal of
Immunology, 2007; Imaoka, Hoshino, et al., European Respiratory Journal, 2008;
Couillin, Vasseur, et al., The Journal of Immunology, 2009; Abbate, Kontos, et al., The
American Journal of Cardiology, 2010; Lloyd, Current Opinion in Immunology, 2010;
Pauwels, Bracke, et al., European Respiratory Journal, 2011; Haenuki, Matsushita, et al.,
Journal of Allergy and Clinical Immunology, 2012; Yin, Li, et al., Clinical &
Experimental Immunology, 2012; Abbate, Van Tassell, et al., The American Journal of
Cardiology, 2013; Alexander-Brett, et al., The Journal of Clinical Investigation, 2013;
Bunting, Shadie, et al., BioMed Research International, 2013; Byers, Alexander-Brett, et
al., The Journal of Clinical Investigation, 2013; Kawayama, Okamoto, et al., J Interferon
Cytokine Res, 2013; Martinez-Gonzalez, Roca, et al., American Journal of Respiratory
Cell and Molecular Biology, 2013; Nakanishi, Yamaguchi, et al., PLoS ONE, 2013; Qiu,
Li, et al., Immunology, 2013; Li, Guabiraba, et al., Journal of Allergy and Clinical
Immunology, 2014; Saluja, Ketelaar, et al., Molecular Immunology, 2014).
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Giai phéap k¥ thuat d3 biét boc 16 nhiéu loai chit e ché IRAK4 khac nhau (xem,
vi dy, Annual Reports in Medicinal Chemistry (2014), 49, 117 — 133).

US8293923 va US20130274241 bdc 16 cac chit trc chéd IRAK4 c6 ciu tric indazol

duogc the & vi tri s0 3. Khong c6 tai liéu ndo mo ta veé cac indazol duoc the & vi tri s6 2.

W02013/106254 va W0O2011/153588 boc 16 cac dan xuit indazol duogc thé hai

lan & vi tri 2, 3.

W02007/091107 mb ta cac din xuit indazol dugc thé & vi tri sb 2 dé diéu tri bénh

loan dudng co Duchenne. Cac hop chét dugc boc 16 khong c6 nhém thé 6-hydroxyalkyl.

W02015/091426 md ta hop chét indazol, nhém alkyl ctia n6 duge thé & vi tri 2

bang cau trac carboxamit.

W02015/104662 bdc 16 hop chat indazol c6 cong thirc (I)
H\@ >
o

14 hitu ich trong didu tri & dang chét @rc ché kinaza, dic biét 1a chit e ché IRAK4, va
mudi duoc dung hodc chit ddng phan l4p thé ctia né ma hitu ich trong phong ngira hodc
diéu tri bénh hodc tinh trang, dic biét sit dung ching cho bénh hodc tinh trang qua trung
gian enzym kinaza, dac biét 1a enzym IRAK4.

WO02016/083433, duge cong bd sau ngdy wu tién cua don ndy, md td hop chat

indazol dugc thé méi ¢ cdng thure sau

| X
R N/ (o]
HN
e
Ho . 7/
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quy trinh didu ché chiing, viéc sir dung chiing riéng r& hoic két hop dé diéu trj va/hoic
phong ngtra cac bénh, va viéc str dung chung dé san xuét thube dé didu tri va/hodc phong
ngtra cac bénh, dac biét 1a dé& diéu tri va/hoic phong ngira lac ni mac tir cung va dau lién
quan dén lac ndi mac tir cung va céc triéu chimg lién quan dén lac n6i mac tir cung nhur
dau bung kinh, dau giao hop, tiéu bubt va dau khi dai tién, u lympho, viém khép dang
thép, viém cot séng dinh khép (dc biét 13 viém cot séng dinh khép vy nén va bénh
Bekhterev), lupus ban do, da xo cling, thoai héa diém vang, COPD, gut, céc 16i loan gan

nhiém md, khang insulin, cic r6i loan khoi u va bénh vay nén.

Céc chit e ché IRAK4 méi dic biét thich hop dé didu tri va ngin ngira cac rdi
loan tang sinh hoa va rdi loan viém dic trung bai hé mién dich phén ing qué mic. Céc
16i loan cy thé c6 thé dugc kéra g day 1a cac 1di loan viém da, cdc r6i loan tim mach, cac
rdi loan vé phéi, céc rbi loan v& mit, cac 16i loan tu mién, cac i loan phu khoa, dic biét

bénh lac ndi mac tt cung, va ung thu.

Ban chét k§ thuit ciia sing ché
Quy trinh dugc cong b6 cho phép san xut indazol (I) trén quy md k¥ thuft véi

tap trung déc biét vao cac yéu cau sau:

e M6 rong quy mod cta quy trinh san Xuét

e DO chon loc theo viing cao trong phan tng alkyl hoa N2

e Tranh duoc budc tach va tinh ché bing sic ky

e Xt Iy cudi cing bang két tinh hoa

e Dilu chinh cudi cing dang da hinh bang cach sir dung dung mdi Loai 3 (theo
huéng dan ctia FDA)

Péng ké 13, quy trinh c6 thé duoc cong bd dap tmg dugc tAt ca cAc yéu cau néu
trén.
Séng ché mé ta vidc didu ché hop chit (I) bing cach alkyl hoa véi do chon loc cao bét

ngd trén N2:
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=
FF \NI (0]
F HN _
N 0
HO <N _\—§'
o\

U]

Quy trinh diéu ché hop chit indazol dugc thé & N2 d3 duge md ta true ddy trong
céc tai liéu chuyén nganh. Tuy nhién, cac quy trinh nay dwgc cho 13 bat loi khién cho
chung khoéng thich hop cho quy md k¥ thuat. C6 thé diéu ché mét cach chon loc hop chat
indazol dugc thé & N2 bang mét chudi cic budc tdng hop phirc tap, ma khong lién quan
dén bude alkyl hod tryc tiép. Tuy nhién, cac chudi nay kéo dai va chan ngat va kém theo
su hao hut d4ng k&, cubi cing din dén tdng hiéu suit thap. Do d6, cac quy trinh tdng hop
cho phép didu ché truc tiép hop chit indazol dugc thé & N2 tir tién chit 1H-indazol bang
cach alkyl hoa chon lgc va truc tiép o N2 la dugc quan tdm nhét. V&i nd luc nhim alkyl
ho4 truc tiép tién chat 1H-indazol c6 cong thirc chung (II), thong thudng, thu dugc hdn
hop gdm cac chit ddng phén vi tri alkyl hod N1 (IIIa) va N2 (I1I).

HN

(la) (I

Indazol va cac din xuét ctia no, loai thong thudng ctia N-di vong thom, dugc quan
tAm dic biét trong tdng hop va hoa duge vi hoat tinh sinh hoc da dang cua ching. Ngoai
ra, cAu tric di vong da dang co thé truy cép dugc tir carben di vong N c6 ngué)n géc tlr
indazol. Trong s6 indazol, hop chét indazol duge thé & N1/N2 duoc sir dung rong rdi 1am
thudc chéng ung thu, chéng viém, chéng HIV, va chéng vi khuin. Thong thudng, quy

trinh tdng hop hop chét indazol dugc thé & N2 bao gdm quy trinh vong hod tir cac nguyén
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liéu linh tinh ban dAu. Pang tiéc 13, cic quy trinh chung vAn khan hiém trong c4c tai liéu
chuyén nganh. Trong cic quy trinh d6, chi thu dugc hidu suit vira phai.

Vé tinh trang k¥ thuét hién tai cua, d3 c6 mdt vai cong bd va chiing s€ dugc thao
luéin trong phan sau. Khong c6 quy trinh nao trong s cac quy trinh dugc cong bd dé cap
dén céac didu kién phan tng ma din dén viéc alkyl hoa chon loc N2 tryc tiép béng cach
str dung metyl vinyl sulfon 1am chét alkyl hoa. Khong quan sét thiy viéc chuyén ho4 hosc
d6 chon loc va hiéu suét thép. Van dé cua quy trinh cua tinh trang k¥ thuét bao gém s
dung chét alkyl hoé twong d6i don gian khong mang cic nhém chirc khong bén. Cac chit
nay phin 16n dwgc gén vao 1H-indazol biang viéc thay thé 4i nhan cac halogenua, tosylat,
triflat hodc mesylat ciia ching. Khi nhiéu géc chirc duoc sir dung, hi€u suét va d6 chon
loc giam mot cach dang ké. Trong phén sau s& trinh bay 1y do tai sao cic quy trinh cia

tinh trang k¥ thuat khéng thé 4p dung cho thach thirc trude mit:

1. WO 2011/043479: Cac phan tng dwoc tién hanh trong THF & nhiét 46 hdi lwu
(xem So dd 2). Pidu nay khéng hoat dong d6i v6i truong hop trude mit (metyl
vinyl sulfon). Viéc diéu ché triflat tvong vmg tir, vi du, ruou 1 khong thé, do viée
phan huy né xay ra ngay l4p tirc. Ngodi ra, chi cht nén don giin khong chira nhém

chirc trong mach bén dugc st dung.

2. S.R.Baddam, N. U. Kumar, A. P. Reddy, R. Bandichhor, Tetrahedron Lett. 2013,
54,1661: Chi cic indazol don gian khéng chira cac nhéom chitc duge st dung trong
phan Ging. Chi metyl tricloaxetimidat dugc st dung lam chét alkyl hoa. C4c nd
lyc nhdm chuyén céc didu kién c6 xc tic axit thanh viéc dwa mach bén metyl etyl
sulfon chon loc vao vao vi tri N2 cta cdu triic nhén indazol bang phan mg véi
metyl vinyl sulfon 13 khéng thanh c6ng. Quy trinh nay khong thé dé dang ting quy

mo.

3. Q. Tian, Z. Cheng, H. H. Yajima, S. J. Savage, K. L. Green, T. Humphries, M. E.
Reynolds, S. Babu, F. Gosselin, D. Askin, Org. Process Res. Dev. 2013, 17, 97:
Viée didu ché THP-ete v6i wu tién d6i véi N2 clia indazol duge trinh bay. Phan
tng nay dién ra theo co ché khac biét va khong 1 phuong phap chung, do san
phédm THP-ete khong thé d& dang dugc chuyén hoa tiép. Ngoai ra, phuong phap

bao vé chon loc indazol bang cach sit dung cac din xuét p-metoxybenzyl trong
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diéu kién axit dugc trinh bay. Cac nd lyc nham chuyén céc diéu kién ndy thanh
viéc dua mach bén metyl etyl sulfon chon loc vao vao vi tri N2 cua cAu trc nhan

indazol bang phan tmg v6i metyl vinyl sulfon 1 khong thanh céng.

. D. J. Slade, N. F. Pelz, W. Bodnar, J. W. Lampe, P. S. Watson, J. Org. Chem.
2009, 74, 6331: THP-ete va bao vé PMB béng cach st dung cac diéu kién axit
(PPTS: pyridin para-toluensulfonat), xem So dd 2; cdc nd lyc nham chuyén céc
diéu kién nay thanh viéc dwa mach bén metyl etyl sulfon chon loc vao vao vi tri
N2 cua ciu trac nhan indazol bang phan g v6i metyl vinyl sulfon 12 khong thanh

cong.

. M. Cheung, A. Boloor, J. A. Stafford, J. Org. Chem. 2003, 68, 4093: Mubi
Meerwein sinh ung thu manh va ¢ hoat tinh manh dugc sir dung lam chét alkyl
hoa (xem So dd 2). Phuong phéap nay chi bao gb6m mubi Meerwein etyl va metyl
khéng dugc tao nhém chirc don gian. Phan Ung nay dién ra trong etyl axetat phan
cuc ¢ nhiét d0 moi truong. Cac didu kién nay khong thé dugc chuyén hoa thanh
viéc dua mach bén metyl etyl sulfon chon loc vao vi tri N2 cua cAu tric nhan

indazol bang phan tmg véi metyl vinyl sulfon.

Ar Ar

o) Ar.__O o}
X g
HN ~"gg AN FG  HN
N" \Nr N/
FG H FG FG ’ H
mong mudn khong mong mudn Lo

So dd 1: N-alkyl ho4 1H-indazol
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Et,OPF,

[:::I:ﬁs EK)AC rt [::]:j\
N
H

JOC 2003, 4093
0O 0o

! 2
Br N O Br N r Br -~ . O-
Noe—=— [ N 5 N~
N p-TsOH N PPTS NN -
,Cl. H 20,

o CHLlL CH,Cl,
p-TsOH: axit p-toluensulfonic PPTS: pyridin p-toluensulfonat

NH

A

\g\ PMBOH  Br \N PMBO” “CCl, Br\@\N -
Sl ek _
)soA N PPTS =N

toluen H CH,CI,
110 °C

PMB: p-metoxybenzyl
JOC 2009, 6331

Pon qubc té s6 2011043479

So db 2: Phuong phap N-alkyl ho4 indazol 13 @4 biét dén trong tinh trang ki thuat

6. M.-H. Lin, H.-J. Liu, W.-C. Lin, C.-K. Kuo, T.-H. Chuang, Org. Biomol. Chem.
2015, 13, 11376: Quy trinh nay 1a chon loc N2; tuy nhién, né khong thé dugc ting
quy md bang Ga va Al kim loai dugc sir dung véi lugng ty lwong. Trong céc diéu
kién phan rng d3 md ta, axit Broensted dugc tao thanh s& phan tmg véi cdc kim
loai twong Gng dé tao ra khi hydro. Chi céc co chét twong dbi don gian duge st
dung 1am chat alkyl hoa (khong chira nhém sulfon). Khi nhiéu co chét d4 tao nhoém
chitc dugc st dung, quan sat thdy hiéu suit bi giam dang ké. Cac nd lyc nhim
chuyén cac diéu kién nay thanh viéc dua mach bén metyl etyl sulfon chon loc vao
vao vi tri N2 cta cdu tric nhén indazol bing phan mg véi metyl vinyl sulfon 13

khong thanh cong.

. G. Luo, L. Chen, G. Dubowchick, J Org. Chem. 2006, 71, 5392:
2-(Trimetylsilyl)etoxymetyl clorua (SEM-CI) trong THF duoc st dung dé thay
thé trén N2 cua indazol. Céc nd lyc nhim chuyén cac diéu kién nay thanh viéc dua

mach bén metyl etyl sulfon chon loc vao vao vi tri N2 cua ciu trac nhan indazol

-14-



36039

TGVN - B2195-4515HNPT
bang phan tmg véi metyl vinyl sulfon 1a khong thanh cong. Céc san phdm tuong
g dwgc mé ta trong céng bd nay 14 ete va khong lién quan dén phén tr dich cua
sang ché. Viéc sir dung 2-(trimetylsilyl)etoxymetyl clorua (SEM-CI) sinh ung thu
manh ciing nhu benzyloxymetyl clorua (BOM-CI) khong phai 13 Iya chon tdi wu
dé thu duoc hop chat dich.

A. E. Shumeiko, A. A. Afon‘kin, N. G. Pazumova, M. L. Kostrikin, Russ. J. Org.
Chem. 2006, 42, 294: Chi c4c co chét rit don gian duogc st dung trong phuong
phép ndy. Khéng c6 do chon loc dang ké duoc bao cdo. Quan sat thdy mot chit

wu tién d6i vé6i viée alkyl hoa N1 & indazol.

G. A. Jaffari, A. J. Nunn, J. Chem. Soc. Perkin 1 1973, 2371: Cac co chét rat don
gian va chi chit metyl hoa dugc str dung. Co chét phirc tap hon, vi du, t6 hop gdm

formaldehyt v4i metanol proton hod chi tao ra san phim duoc thé N1 (ete).

10.V. G. Tsypin et al., Russ. J. Org. Chem. 2002, 38, 90: Phan tng nay dién ra trong

11.

axit sulfuric va cloroform. Chi viéc chuyén hoa ctia indazol don gidn v6i rugu
adamantylic 1am chét alkyl hoa duy nhét dugc md ta. Cac didu kién nay khéng thé
duoc chuyén ho4 thanh viéc dua mach bén metyl etyl sulfon chon loc vao vi tri

N2 cuia ciu tric nhan indazol bang phan tng véi metyl vinyl sulfon.

S. K. Jains et al. RSC Advances 2012, 2, 8929: Tai lidu cong bd nay dé xuét vi du
v& benzyl hod & N ctia indazol v6i d6 chon loc thép hudng dén viée thay thé N1.
Phuong phap ¢6 xuc tac KF/nhdm oxit khong thé dugc str dung hiéu qua dbi véi
quy trinh tdng hop hop chét indazol dugc thé & N2. Cac nd lyc nham chuyén cac
diéu kién ndy thanh viéc dua mach bén metyl etyl sulfon chon loc vao vao vi tri
N2 ctia ciu tric nhin indazol biang phan tmg v6i metyl vinyl sulfon 12 khong thanh

cong.

12.L. Gavara et al. Tetrahedron 2011, 67, 1633: Chi céc co chét twong d6i don gian

duge sir dung. Viéc tao thanh THP-ete axitic dd mo td va benzyl hod & nhi€t do
hdi lru THF 1a khéng 4p dung dugc cho co chét cta ching ta. Cac nd luc nhim
chuyén céc didu kién nay thanh viéc dua mach bén metyl etyl sulfon chon loc vao
vao vi tri N2 clia cdu tric nhén indazol bang phan img v6i metyl vinyl sulfon 1a

khong thanh cong.
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13.M. Chakrabarty et al. Tetrahedron 2008, 64, 6711: Quan sat thdy san phim alkyl
ho4 N2 nhung san pham alkyl hoa N1 thu dwoc theo kidu wu tién. Cac didu kién
sir dung dung dich nudc natri hydroxit va chét xuac tic chuyén pha trong THF d4
mod ta 1a khong ap dung dugce cho hop chét indazol dugc thé & vi tri 2. Cac nd luc
nham chuyén cc diéu kién nay thanh hé cia ching ta (metyl vinyl sulfon) 13

khong thanh cong.

14.M. T. Reddy et al. Der Pharma Chemica 2014, 6, 411: Phan (rng ndy dién ra trong
chit alkyl ho4 twong tmg lam dung méi. D3 c6 thong bdo chi sir dung etyl
bromoaxetat hoat tinh manh 1am chét alkyl hod. Khong c6 dit liéu vé do chon loc.
Céc didu kién nay 1a khong 4p dung dwoc cho quy trinh tdng hop chon loc hop
chit indazol dwoc thé & N2. Céc nd Iyc nhdm chuyén cac diéu kién nay thanh viéc
dwa mach bén metyl etyl sulfon chon loc vao vao vi tri N2 ciia cu triic nhan

indazol bang phan tmg véi metyl vinyl sulfon 13 khong thanh cong.

15.S. N. Haydar et al. J. Med. Chem. 2010, 53, 2521: Chi cac nhém alkyl khong duoc
tao nhom chirc don gidn duge mo ta (metyl, isopropyl, isobutyl). Xesi cacbonat
duogc stir dung 1am bazo va phan (mg nay tao ra hon hop gdm san pham alkyl ho
N1 va N2. Céac didu kién nay 13 khong 4p dung dugc cho hop chit & dang 2-
indazol. C4c nd lyc nhdm chuyén céc didu kién ndy thanh viéc dwa mach bén metyl
etyl sulfon chon loc vao vao vi tri N2 cua chu triic nhan indazol bang phan tmg

véi metyl vinyl sulfon 13 khong thanh cong.

16.Zh. V. Chirkova et al. Russ. J. Org. Chem. 2012, 48, 1557: Trong phuong phap
ndy, cc co chit tuong d6i don gian dugc chuyén hoa véi kali cacbonat 1am bazo
trong DMF. Thu duoc hdn hop gbm san pham alkyl hod N1 va N2. Céc diéu kién
nay 13 khong 4p dung duoc cho quy trinh tong hop chon loc hop chét indazol dugc
thé & N2. Cac nd luc nhim chuyén cac diéu kién nay thanh viéc dua mach bén
metyl etyl sulfon chon loc vao vao vi tri N2 cua céu tric nhan indazol bing phan

ung véi metyl vinyl sulfon 1a khong thanh cong.

17.C. Marminon et al. Tetrahedron 2007, 63, 735: Phén tit thé ortho R & vi tri 7 trén
indazol huéng vao viéc alkyl hod huéng dén N2 bing cach che N1 khoi céc tan

cong 4i dién tir. Cac diéu kién, natri hydrua lam bazo trong THF, 1a khong 4p dung
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duge cho quy trinh tdng hop chon loc hop chét indazol duge thé & N2 do ching
wu tién din dén viéc alkyl hod & N1 khi khong c6 mit phin tir thé & vi trf 7 cta
indazol. Céc nd Iyc nhim chuyén cac didu kién nay thanh viéc dua mach bén metyl
etyl sulfon chon loc vao vao vi tri N2 clia cdu triic nhan indazol bang phan tng

v&i metyl vinyl sulfon 13 khong thanh cong.

18.D. A. Nicewicz et al. Angew. Chem. Int. Ed. 2014, 53, 6198: Chi co chét don gian

dugc sit dung. Phwong phép ndy mo ta phan ing quang hoa ma khong thé dé dang
ting quy md va khéng ap dung dugc cho quy trinh tong hop chon loc chung hop
chét indazol dugc thé & N2. Chi cac din xuit styren rit dic hiéu duoc sir dung
trong c4c didu kién phan tmg gbc. Cac nd lyc nhim chuyén céc diéu kién nay
thanh viéc dura mach bén metyl etyl sulfon chon loc vao vao vi tri N2 cua chu triic

nhén indazol bang phan tng v&i metyl vinyl sulfon 12 khong thanh cong.

19.A. Togni et al. Angew. Chem. Int. Ed. 2011, 50, 1059: Tai liéu cdng b nay chi

md ta loai phin tir thé dic biét (iot hoa tri cao 1am chét phan Ung triflometyl hod
két hop vé6i axetonitril). Truong hop dic biét ndy khong 4p dung dugc cho quy
trinh tdng hop chon loc chung hop chét indazol dwgc thé & N2.

20.L. Salerno et al. European J. Med. Chem. 2012, 49, 118: Tai li€u cong bd nay mo

21.

ta viéc chuyén ho4 indazol trong [ bromoketon nong chay. Céac diéu kién phan
g nay khong thé dwoc chuyén hoa thanh quy trinh téng hop chon loc hop chét
indazol duoc thé & N2. Cac nd lyc nhim chuyén cac diu kién ndy thanh viéc dua
mach bén metyl etyl sulfon chon loc vao vao vi tri N2 cua chu trac nhan indazol

béng phan ng véi metyl vinyl sulfon 12 khong thanh cong.

K. W. Hunt, D. A. Moreno, N. Suiter, C. T. Clark, G. Kim, Org. Lett. 2009, 11,
5054: Tai liéu cong bd nay chi yéu md ta phuong phap alkyl hod chon loc N1 ¢6
bd sung céac bazo khac nhau. Chi co chét don gian dugc st dung. Cac nd lyc nham
chuyén cac didu kién ndy thanh viéc dwa mach bén metyl etyl sulfon chon loc vao
vao vi tri N2 cuia cAu tric nhén indazol bang phan tmg véi metyl vinyl sulfon 1a

khong thanh cong.

22.J. Yang et al. Synthesis 2016, 48, 48, 1139: Tai liéu cong bd ndy mé ta phan g

aza-Michael c6 xtic tac bazo chon loc N1. Khong quan sat thiy viéc thay thé &
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N2. Céc nd lyc nhdm chuyén céc diu kién nay thanh viéc dwa mach bén metyl
etyl sulfon chon loc vao vao vi tri N2 ciia cdu triic nhan indazol bang phan tng

v&i metyl vinyl sulfon 13 khong thanh cong.

23. P. R. Kym et al. J. Med. Chem. 2006, 49, 2339: Chi quy trinh alkyl hod N1 co
ban dwgc md ta. Cac nd lyc nhim chuyén cic diéu kién nay thanh viéc dwa mach
bén metyl etyl sulfon chon loc vao vao vi tri N2 cta cAu triic nhan indazol béng

phan ung véi metyl vinyl sulfon 1a khong thanh cong.

24.A. J. Souers et al. J. Med. Chem. 2005, 48, 1318: Tai li¢u cong bb nay con mo ta
viéc sir dung kali cacbonat 1am bazo. Phwong phép nay dién ra chi yéu voi vu tién
d61 voi viée thay thé & N1 va do d6, khong p dung dugc cho quy trinh tdng hop
chon loc hop chét indazol duge thé & N2. Cac nd lyc nhim chuyén cac diéu kién
nay thanh viéc dua mach bén metyl etyl sulfon chon loc vao vao vi tri N2 cta cau

trac nhan indazol bang phan tmg v&i metyl vinyl sulfon 13 khong thanh cong.

25.P. Bethanamudi et al. E-Journal of Chemistry 2012, 9, 1676: Viéc st dung dung
dich ion cting véi kali cacbonat 1dm bazo tao ra hdn hop gbm indazol alkyl ho4
N1 va N2 v6i hiéu suét thép. D& chon lgc cho théy xu hudng huéng dén viéc thay
thé & N1. Viéc sir dung dung dich ion khong thé duoc chuyén hoa thanh hé cta
ching ta. Cac nd luc nhim chuyén céc diéu kién nay thanh viéc dua mach bén
metyl etyl sulfon chon loc vao vao vi tri N2 cua chu triic nhén indazol bang phan

ung voi metyl vinyl sulfon 1a khéng thanh cong.

26.8S. Palit et al. Synthesis 2015, 3371: Phan (ng dugc mo ta trong ban mo ta nay hu
nhu khong chon loc vi mdt chut wu tién d6i v6i viée thay thé & N1 cua indazol.
Chi c4c nhom alkyl khong duge tao nhom chirc, don gidn duoc sir dung. Natri
hydrua va bazo manh tuong ty dugc sir dung. Cac nd lyc nhim chuyén cac didu
kién ndy thanh viéc dwa mach bén metyl etyl sulfon chon loc vao vao vi tri N2 cta

cAu trac nhén indazol bang phan tmg v6i metyl vinyl sulfon 13 khong thanh cong.

D3 thdy ring hop chit cé cong thirc (I) c6 thé dugc tdng hop theo cach tuong tu
v6i phuong phap duge cong bd trude day trong cac tai liéu chuyén nganh, vi dy, bang
cach alkyl hoa truc tiép bing cach sir dung 2-bromoetyl metyl sulfon. Tuy nhién, hdn

hop gdm san pham alkyl hod N1 va N2 thu duoc véi uu tién d6i v6i chit dong phan vi
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tri N1 (N1 : N2 = khoang 2 : 1). Viéc alkyl hod N2 indazol c6 cong thic (I) mong mudn
cling c6 thé thu duoc v6i hibu suit rit thép nhu duge mo ta trong W0O2016/083433, duoc

cong bd sau ngly wu tién ciia don nay, theo quy trinh phan Gng sau:

160 mg (0,44 mmol) N-[6-(2-hydroxypropan-2-yl)-1H-indazol-5-yl]-6-
(triflometyl)pyridin-2-carboxamit (hop chit trung gian 5-1) dwgc tao huyén phi cing véi
182 mg kali cacbonat va 36 mg kali iodua trong 1,0 ml DMF, va hdn hop nay duoc khudy
& nhiét do trong phong trong 15 phut. Sau d6, 123 mg 2-bromoetyl metyl sulphon dugc
b sung vao va hdn hop nay duoc khudy & nhiét 46 trong phong qua dém. Nudc duge bd
sung vao, hdn hop nay dugc chiét hai 14n bing etyl axetat va cac phan chiét dugc rira
biing dung dich nude natri clorua bdo hoa, loc qua mang loc ky nudc va ¢ dic. Tinh ché
phan cin bang phwong phap HPLC didu ché tao ra 20 mg (9,7 %) hop chit néu & d& muc

nay.

HPLC diéu ché tidu thu chimg t6 khong thé thiéu dwoc vide tach hiru hidu chat
ddng phan vi trf N1/N2. Muc dich ciia quy trinh méi sang ché ndy bao gdm nhim tranh
viéc tich HPLC nh¢ dat dugc d6 chon loc t6t hon trong phan Gng thuén lgi cho viéc thay

thé & N2 tiép theo 13 quy trinh tai két tinh méi phat minh.

Sang ché ciing dé xuit quy trinh diéu ché cac hop chét c6 cong thirc chung (I1T) tir
céc hop chit c6 cong thirc chung (IT)

) (ny
trong d6

R! 2-(metylsulfonyl)ethyl;
R*  1adiflometyl, triflometyl hodc metyl; va
R>  1ahydro hoic flo;
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t6t hon néu R* = triflometyl va RS = H:

F O 0 F L
Fa s o \ ¢ NP S o
N S\ N
F HN N o HN _
———
Ho NN (1X) HO \NN—“\-ép
H S\
V) )]

Bét ngd 13, cac téc gia sang ché phét hién ra ring metyl vinyl sulfon (IX) c6 thé
thay thé alkyl halogenua twong @mg trong phan tng. Viéc st dung vinyl sulfon dé alkyl
hod indazol & N2 13 chua tirng xay ra trudc d6 va do do, vo cung sang tao. Nho phan trng
ctia hop chét c6 cong thirc chung (II) véi metyl vinyl sulfon trong toluen, tuy ¥ ¢ bd
sung bazo hitu co, nhu N,N-diisopropyletylamin hodc trietylamin, chit déng phan N2
theo cong thire (III) va (I) mong mudn thu duge c6 dd chon loc rat cao. P6 chon loc trong
hén hop phan tmg x4c dinh dugc 12 nim trong khoang tir 8:1 dén 10:1 d tao diéu kién
cho san phdm alkyl ho4 N2 (III) ciing nhu (I). San phdm phu dwoc thé N1 khong mong
muén con lai chu yéu trong nude cai sau khi xir Iy hdn hop phén tng (phan 16n < 2 %
sau khi két tinh ho4).

Phén tmg ndy dién ra ma khong can st dung bazo b sung. Hop chit c6 cong thirc
chung (IT) hodc (V) dugc cho vao binh phan tng. 1 - 2 duong lugng metyl vinyl sulfon
dwoc bd sung vao va hdn hop phéan tng nay duge gia nhiét & nhiét do hdi luu trong toluen
(khoang 110°C nhiét do bén trong). Phan g nay cb thé dugc tién hanh bang cich st
dung tir 5 dén 30 thé tich toluen so véi lugng nguyén liéu ban déu (II) hoic (V). T6t hon
14, phan tng nay dugc tién han v6i 8 dén 15 thé tich va tdt nhét véi 10 thé tich toluen.
Thoi gian cua phan Gng ndm trong khoang tir 12 dén 100 h. T6t hon 13 n6 nam trong
khodng tir 48 dén 72 h. Trong mot sé trudong hop, di ching minh dwoc wu diém khi bd
sung metyl vinyl sulfon tirng phan vao hdn hop phén tng, vi dy, bét dau véi 1 duwong
lugng va tiép theo, bd sung 0,3 duong luong sau 24 h va 0,3 duong lugng nita sau 48 h.

Tuy ¥, phdn Gng nay xay ra voi luong chit xtic tic 12 bazo hiru co bd trg, vi du,
N,N-diisopropyletylamin. Hop chét c¢6 cong thire chung (IT) hodic (V) duge cho vao binh

phan rng cung v&i dung mdi (toluen hodc xylen) va lugng chét xuc tac 12 bazo hitu co.
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Bazo hitu co bd trg, vi du, N,N-diisopropyletylamin, N,N-dixyclohexylamin hodc
trietylamin c6 thé duoc bd sung voi lugng ndm trong khoang tir 0,01 dén 1 dwong luong.

Phan tng nay dugc tién hanh v&i tr 0,01 dén 0,1 duong lugng bazo.

Pidu dang chu ¥ va bat ngd 13 bang cach sir dung clo- hoic etylbenzen lam dung
moi ¢ cung nhiét d6 phan tng hodc xylen lam dung mdi & nhiét d§ phan tng cao hon,
alken (IV) thu dugc véi lugng cao hon nho viée loai nude. Pang chu y, quan sat thy chi
loai b6 dugc mot luong rat nho khi toluen duge st dung 1am dung méi. Do dé, toluen
phai dugc xem 13 dung moi sang ché ¢6 cac dic tinh duy nhét va khong du doan duge
hoan toan v& phan tmg cu thé nay. Cling quan st thdy viéc tao thanh hop chét (IV) phu
thudc vao chét lwong cta hop chéit (V). Khi hop chét (V) duge sit dung c6 ham lugng
nuée cao hon ham lwong nude thong thuomg (1 % khéi lwgng thay vi <0,5 % khéi lugng),
thu duge lugng hop chit (IV) nhidu hon dang ké trong phan mg nay. Piéu dang chu ¥,
viéc tao thanh ctia san phdm (VI) bi loai bo c6 thé dwge triét tiéu mdt cach higu qua bing
c4ch loai bo lugng nudce du ra khoi hop chit (V) biang cach chung cAt ddng s6i v6i toluen

va bang cach bd sung lugng chat xic tic bazo hitu co, cu thé 13 N,N-diisopropyletylamin.

(V)

Quy trinh tach: Sau khi phan ting két thic, toluen ¢6 thé dugc chung cit mot phan
ra khoi hdn hop phan Gng. Tiép theo, dung méi thit hai, nhu metyl fert-butyl ete (MTBE)
hoic diisopropylete (tdt hon 13 metyl tert-butyl ete) c6 thé duoc bd sung vao hdn hop
phén tng. Khi bd sung dung mdi tuong tng, san phém két tia hau hét khdi hrgng ra khoi
hén hop. Trong mét sb truong hop, di chimg minh dugc rang c6 loi néu tao mam tinh
thé hdn hop nay bing mot lwgng nho céc tinh thé d& thu dugce vide két tinh hod hiéu qua.
Sau khi 1am ngudi va khudy kéo dai huyén phu thu duge, sén phim dugc tach bang cach
loc, rira bing dung méi va siy kho & 50 dén 60°C trong chan khong thu dugc thong

thuong véi hiéu sudt tir 59 dén 67%. D6 tinh khiét ctia san pham thd thong thudng nim
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trong khoang tir 95 dén 97 % (dién tich) véi it hon 2 % (dién tich) 13 chit ddng phan vi
tri N1.

Cén phai nhin manh ring phan @mg cta vinyl sulfon dugc thé dé didu ché indazol
duoc tao nhom chire tai N2 ¢d d6 chon loc cao truc tiép 14 mé&i, ma chua dy doan duogc
trong cAc tai lidu chuyén nganh va do d6, sang ché niy c6 ¥ nghia cao v& mit khoa hoc

dé didu ché kiéu thay thé nay.

Viée diéu ché nguyén liéu GMP, ma ciing s& dugc sir dung trong cac thir nghiém
1am sang, doi hoi budc tinh ché bd sung. Ngoai ra, do thanh phan dugc chét s& dugc sir
dung @8 bao ché duogc phim, nhu vién nén, quy trinh bao ché cin phai dap ting san lugng
d4p g hinh dang tinh thé ddng nhét. Bit ngd 13, didu ndy c6 thé thuc hién bang cach st
dung etanol hoic isopropanol 1am dung méi d t4i két tinh. Etanol 13 dung m6i duge wu
tién. Do d6, dau tién hop chit dugc hoa tan trong axeton va tiép theo, dugc cho qua thiét
bi loc phan tir (loc GMP). Tiép theo, tién hanh déi dung moi tir axeton thanh etanol biang
cach loc. Tiép tuc chung cAt cho dén khi dat dugc thé tich cudi cing 13 6 dén 7 thé tich
etanol so v&i nguyén lidu dau vao. Viéc chung cat dugc loai bo khi dat dén diém so6i cia
etanol (khoang 77-78 °C) d& dam béo ring toan bd axeton dwgc chung cét ra. Tiép theo,
hén hop nay dugc 1am mat, khudy va san pham két tinh dwoc tach bang cach loc va sy
kho trong chan khong & nhiét do cao. Hiéu sut cia viée két tinh hoa théng thuong > 90%.
San pham thu duoc tir quy trinh két tinh hod ndy c6 cic dic tinh da hinh mong mudn can
d& bao ché duoge phém, nhu vién nén. San phém nay c6 dd tinh khiét rét cao cling nhu
ham lugng rat cao. Dit liéu phén tich quan trong nhit cia cic mé tiéu biu duoc néu trong

Béng 1:

Bing 1: Dit liéu phén tich ctia cac mé vi du dwge néu trong Bang 7

Do tinh khiét (HPLC) > 99% (dién tich)
Ham luong (thir nghiém vé viée sir dung) | > 97,7% (khdi luong)
Etanol < 0,25% (khdi luong)
Pd <1 ppm
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Dang da hinh thu dwgc bang quy trinh két tinh hoa néu trén c6 d§ bén cao trong
qué trinh bao quan. N6 ciing c6 thé d& dang dwoc micro hod ma khong 1am mét cac dic
tinh tinh thé ctia né.
Viéc diéu ché hop chét c6 cong thirc chung (II) cling nhu (V) dwgc md ta trong
WO 2015/091426. Quy trinh sang ché méi ndy tap trung vao hop chat duge thé hién bang
cong thuc (V):

V)
Trong cbng bd don qudc t& s6 WO 2015/091426, hop chit c6 cong thirc (V) duge
didu ché bang phan ng ctia metyl este hop chét c6 cong thire (VI):

7z
FF \N I (0]
F HN A
N
/°WJ©\AH
(o]

(V1)
bang cach str dung dung dich chtta metylmagie bromua trong dietylete. Sau khi xur 1y,
san phim thd dugc cho qua tinh ché bing séc ky cot tao ra hop chit c6 cong thirc (V) véi

hiéu suét 45 %.

W02016/083433, dugc cong bd sau ngdy wu tién ctia don nay, md ta ca quy trinh
tdng hop dé didu ché hop chit c6 cong thirc (V), bit dau tir hop chét c6 cong thie (VI)
bang phan mg Grignard nhd st dung alkylmagie halogenua thich hop, vi du, metylmagie
clorua hoic metylmagie bromua trong THF hodc trong dietyl ete hodc trong hén hop gém

THEF va dietyl ete.

Quy trinh nay khong thich hop dé didu ché hop chét c6 cong thirc (V) trén quy md

ky thuét vi cac han ché sau:
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e Viée sir dung dietylete 13 cin phai tranh vi diém chay cta nd thip va khi niing
chay nd cia né cao.

e Metylmagie bromua twong ddi dt dwoc st dung thay cho metylmagie clorua phd
bién hon, 12 chit d& kiém dugc hon.

e Viéc tach bang sic ky 13 nén tranh trén quy md k§ thuat do né thudng yéu cau tidu
thu mét lrong 16n hitu co dung méi khong kinh té.

e Khoéng cb quy trinh két tinh hod nao dugec mé ta. Theo thyc tién théng thudng
trong phong thi nghiém nghién ctru, hop chit c6 cong thirc (V) dugc 1am bay hoi
cho dén khé. Quy trinh niy khong kha thi trén quy mé k¥ thuét. ‘

e Hiéu suét khong thod man: vi myc dich k¥ thuat, can phai dat dugc hiéu suét it
nhét 75 %.

BAt ngd 13, d4 phat hién ra rang hop chét c6 cong thirc (V) can duoc didu ché véi
hiéu sut cao hon déng ké khi metylmagie clorua va lithi clorua (2:1) trong THF dugc sit
dung thay thé. Cac phéan tng duoc tién hanh vdi it san pham phy, ma bang cich sir dung
phuong phap dugc mo ta trong WO 2015/091426 va ca W0O2016/083433, cAn phai duoc
loai bd bang phuong phép séc ky cot. Thiy ring phan tmg ndy duoc tién hanh t6t nhét
v6i dung méi 13 THF. 6 dén 10 dwong lwong metylmagie clorua (khoang 3 M trong THF)
va 3 dén 5 dwong luong lithi clorua dwoc khuéy va gilt & nhiét do nam trong khodng
tir -10 dén 0°C trong vong tir 1 dén 3 h, t6t hon 1a 2 h, hop chét ¢6 cong thirc (VI) nhd
giot xudng hdn hop nay & dang dung dich trong THF. Hn hop phéan tmg nay dugc khudy
trong thoi gian tir 5 dén 30 phit ¢ khoang nhiét d6 d4 dinh (-10 °C dén 0 °C) va tiép theo,
to1 béng cach rét vao nudc. Khqu manh hdn hop thu duge. Tiép theo, diéu chinh d6 pH
cua hdn hop dén khoang 4 bing céch bd sung axit vé co hoic hitu co (t6t hon 13 axit
xitric) va etyl axetat dwoc bd sung. Tach cac pha va pha hiru co dugce rira vai 14n bang
nuée mudi (dung dich nuée natri clorua). Dung dich hitu co thu duge duge cho d6i dung
méi véi toluen bing cach loc. Trong qua trinh niy, hop chét c6 cong thirc (V) bat dau két
tinh va c6 thé tach duoc béng cach loc. Chét két tha duogc séy kh6 & nhiét o cao (50 -
60°C) trong chan khong. Thong thudng, hiéu suét & giai doan ndy ndm trong khodng tir
80 dén 96% va do tinh khiét ndm trong khoang tir 95 d&n 99 % dién tich (HPLC).
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Dé dibu ché nguyén liéu ¢ chit lwong dap tmg duge nguyén tic thyc hanh san

xudt t6t hién hanh (current good manufacturing practice-cGMP), da chimg minh 13 ¢6 loi

néu cudi cing khudy san pham nay trong hdn hop gdm isopropanol/nudce (1 : 1; tir 2 dén

10 thé tich so v&i nguyén liéu dau vao). Cac chét dugc khudy trong thoi gian tir 1 dén

5h, tbt hon 1a 3 h. Tiép theo, loc va rira hai lan biang mot lwong nhd hdn hop

isopropanol/nudc véi ty 18 1 : 1. SAy khd san phdm & nhiét @6 cao (50 - 60 °C) trong chan

khong. Thong thudng, thu dugc hiéu sudt > 90% va do tinh khiét > 97 % dién tich
(HPLC).

Trong sau c4c vi du trong phén thir nghiém, bién thé (xem vi dy #2, bién thé #3)
cling duoc md ta trong d6, sau khi xit Iy bang than hoat tinh, tién hanh viéc d6i dung moi
tryc tiép thanh isopropanol. San phim dwoc két tinh bang cach bd sung nude. Theo cach
nay, san phém thu duogc truc tiép véi do tinh khiét rét cao.

Viéc didu ché hop chit c6 cong thirc (VI) ciing d3 dugc md ta trong Cong b6 don
qubc t& s& WO 2015/091426. Theo do, axit 6-(triflometyl)pyridin-2-carboxylic (VII)
(CAS s6: 21190-87-4) dugc lién hgp véi hop chét c6 cong thire (VIII) dang anilin (metyl-
5-amino-1H-indazol-6-carboxylat; CAS sb: 1000373-79-4) bang cach st dung 1-
[bis(dimetylamino)metylen]-1H-1,2,3-triazolo[4,5-b]pyridini 3-oxid hexaflophosphat
(CAS sb: 148893-10-1) 1am chét lién hgp. Amit (VI) thu dugc v6i hiéu suét 84%.

F L el | °N
F SN o + _o Ir:ll
F OH o)

(Vi) (Vi)

F ]
F \N (o]
F HN A
N
H
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Vi Iy do an toan ciia quy trinh, viéc ting quy mé ctia chat phan tmg lién hop gbc
uroni 13 khéng thé vi nguy co gy nd cia chiung. Do d6, can phai tim ra phwong phap lién
hop khac.

Phuong phép an toan va c6 thé thay d6i quy mo dé didu ché hop chit c6 cong thirc
(VD) dang amit dugc dya trén Viéé st dung T3P (2,4,6-tripropyl-1,3,5,2,4,6-
trioxatriphosphorinan-2,4,6-trioxit; CAS sb: 68957-94-8) 1am chét lién hop.

Phén tng ndy didn ra mot cach trdi chdy va tao ra hop chét c¢6 cong thirc (VI) dang
amit véi hiéu suét cao. Trong quy trinh mot binh, hop chét c6 cong thic (VII) dang
carboxylic axit (t6t nhit néu duoc st dung véi mot lwgng hoi thiéu so véi anilin (VIII),
khoang 0,90 - 0,95 duwong luwong) dugc cho vao cung véi 1,5 duwong lugng N,N-
diisopropyletylamin trong 16 thé tich THF. Tiép theo, 2 dwong lugng T3P (50 % khdi
lugng dung dich trong etyl axetat) dugc bd sung tir tir & nhiét d6 tir 0 &én 5 °C. Hon hop
phén tmg nay dugc khudy thém trong thoi gian tir 2 &n 4 h, t6t hon 12 2 h & nhiét do tr
0 dén 5 °C.

Tiép theo, t6i hdn hop nay bang nuéc, diéu chinh d6 pH ctia né bang dung dich
nuée natri cacbonat dén khoang 7,4 va hdn hop THF/etyl axetat dugc chung cét ra voi
lugng 16n (200 mbar, nhiét d9 bén trong 45 - 50 °C). Tiép theo, nudc va etanol duge bd
sung va d6 pH dugc diéu chinh dén khoang 7,0 bang cach b sung natri cacbonat nude
dung dich. Hon hop nay dugc khuéy tir 1 dén 5 h, t6t hon 1a tir 1 dn 2 h, & 50°C, tiép
theo 1am mat xudng 20 dén 25°C va khudy trong thoi gian tir 10 dén 30 phuit. San phim
dwoc tach bang cach loc va tiép theo, rira bang hdn hop gdm etanol va nuéc va cudi cling,
sdy kho trong chan khong & 45°C. Bing quy trinh ndy, thong thudng thu dugc hiéu suét
rét cao trong khodng tir 95 dén 96%. D6 tinh khiét trong toan bo cac trudng hop > 98 %
dién tich (HPLC).

Trong mot s6 trudng hop, dic biét khi hop chét c6 cong thirc (VIII) dang anilin c6
chét luong quang hoc kém (vi dy, mau nau sdm) dugc sit dung 1am nguyén liéu ban dau,
d3 ching minh 13 ¢6 ich néu thyc hién xi 1y bang than hoat tinh. Quy trinh nay dugc md
ta trong phén sau:

Amit (VI) thd duoc hoa tan trong hdn hop gdm metanol va THF (2 : 1) va than
hoat tinh dugc bd sung. Hon hop ndy duoc gia nhiét dén nhiét d6 60 dén 65°C trong thoi

gian tir 1 dén 1,5 h. Than hoat tinh dwge loc ra va c6 dich loc (xuéng 2 thé tich so vé6i
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nguyén li¢u dau vao). B6 sung nudc va san phém duge két tia, loc, rira va séy kho & nhiét
d6 55 dén 60 °C (trong chin khong).

Quy trinh tdng hop ctia hop chit c6 cong thic (VII) va (VIID) 34 dugc mé ta trong
céc tai liéu chuyén nganh va chiing déu c6 ban trén thi truong véi lwong 16m.

Dbi v6i hop chit co cong thie (VII): Cottet, Fabrice; Marull, Marc; Lefebvre,
Olivier; Schlosser, Manfred, European Journal of Organic Chemistry, 2003 , 8 p. 1559
— 1568; Carter, Percy H.; Cherney, Robert J.; Batt, Douglas G.; Duncia, John V.
Gardner, Daniel S.; Ko, Soo S.; Srivastava, Anurag S.; Yang, Michael G. Patent:
US2005/54627 Al, 2005 ; Ashimori; Ono; Uchida; Ohtaki; Fukaya; Watanabe;
Yokoyama Chemical va Pharmaceutical Bulletin, 1990, vol. 38, 9 p. 2446 —2458.
Dbi véi hop chit co cong thic (VII): Nissan Chemical Industries, Ltd.; CHUGAI
SEIYAKU KABUSHIKI KAISHA, EP2045253 A1, 2009.

Panh gid toan bd quy trinh:

So dd 2 m6 ta toan b quy trinh tdng hop san phdm c6 cong thire (I) tinh khiét tir
hop chét ¢6 cong thirc (VIII) dang anilin. San phdm cé cong thirc (I) thu dugc voi d6 tinh
khiét > 99 % dién tich (HPLC). Khi tinh to4n hiéu sudt t6t nhat dat duge cho mdi budc,
tdng hidu suét thu dugc 14 50%. Quy trinh ndy con bao gdm viéc tao thanh dang tinh thé

cuoi cung.

QLM
FaC N~ O /EL o 2) MeMgCl trong THF @
H,N . OH F3C~N 3 LiCl, 0°C e oA 0
o N HN 3
I N \N R HN A
H 1) T3P, DIPEA, (0]
H

N
0 THF, 0 °C - N 1) Than hoat tin/celite N
2) EtOH, H,0 0] Etyl axetat HO H
(Vi) Na,CO. Toluen
V) g )
(1X) 2 soMe o
F3C” "N o) o
—_— HN S
o i N—/_ \
1) DIPEA (x1c tic) =N
Toluen, 110°C HO
MTBE 74%
2) Két tinh ho4,
Axeton, EtOH, (I)

85%
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So d02: Toan bd quy trinh téng hop san phim cé cong thirc (I) tinh khiét tir hop chét
c6 cong thire (VIII) dang anilin.

Khi so sanh téng hiéu suét véi dit lidu tinh trang k¥ thuat dugce cong bb:

1. Lién hop amit (diéu ché hop chat ¢ cong thirc (VI)): hiéu suét 84%;

2. Phan tmg Grignard tiép theo 13 tinh ché bang séc ky: hiéu suit 45%;

3. alkyl hoa bang 2-bromoetyl metyl sulfon theo cach twong tu véi phuong phép da
biét trong cac tai lidu chuyén nganh, tiép theo 1a tinh ché bang sic ky: hiéu sult
9,68%;

Uu diém cta quy trinh m&i 14 rit 13 rang:

Theo phwong phap d3 biét tir tinh trang k¥ thuat va nhur dwgc md ta trén day, chi
can dat duoc téng hiéu suét 3,7% v&i viée thiét 1ap dang tinh thé cubi cung khéng dugc
bao gdm.

Tém lai, quy trinh séng ché mdi tao ra hop chét c6 cong thire () voi tong hiéu suat

cao hon > 13 14n so véi tinh trang k¥ thut. Ngoai ra, n6 bao gdm viée didu ché truc tiép

va tai sinh dugc dang da hinh dé bao ché dugc pham, nhu vién nén.

Can phai nhan manh rang phan tng cta vinyl sulfon dugc thé dé dieu ché indazol
duge tao nhom chirc tai N2 ¢6 dd chon loc cao tryc tiép 1a mdi, ma chua du doén dugc
trong céc tai liéu chuyén nganh va do d6, sang ché nay cé y nghia cao d¢ diéu cheé kiéu

thay thé nay.

Do d6, theo khia canh tht nhét, sang ché d& xuit phuong phap diéu ché hop chét

c6 cbng thirc (I) thdng qua cac bude sau day néu trong So dd phan tmg IA duéi day:
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0 - N
o " HO N
(VI
(VI V)
SO,R
]
7 FsC” SN~ o
(X') HN 320
7 o =/
dung méi hydrocacbon thom o SN

SoddIA:  Dibu ché hop chét c6 cong thirc (I) tir hop chét c6 cong thire (VIII) 1am

nguyén liéu ban dau

trong d6, R 1 nhom alkyl, nhu nhém metyl, etyl hodc n-propyl, hodc nhém aryl, nhu

nhom phenyl, va dung méi hydrocacbon thom 1a dung méi nhu toluen hodc xylen.

Theo m{t phuong 4n cua khia canh thir nhét, sang ché d& xut phwong phap didu

ché hop chét c6 cong thire (I) thong qua céc bude sau day néu trong So dd phan tng 1

dudi day:
7
8 4
FaC” N7~ - o = ]
H,N OH F3C” SN ) o
:D\/\\N Vi HN Q S e HN
- N N _—_— N
o} HO H
(V1 ) V)
S ~
Z "Nso,Me < (o)
(IX) F3C N o) o
HN Sz
= N—/— \
toluen SN
HO

U ,

So dd I: Dibu ché hop chét c6 cong thirc (I) tir hop chat c6 cong thire (VIII) lam

nguyén li€u ban dau
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Theo mot phuong 4n cha khia canh thir nhét, sing ché d& cap dén quy trinh didu

ché hop chét c6 cong thirc (I):

()

bao gdm budc (A) sau:

trong d6 hop chit c6 cong thirc (V):

dwgc cho phan tng véi hop chét vinyl sulfon ¢6 cong thirc (IX):

/\ S&O
r” \\o
(IX)

trong d6, R 12 nhom alkyl, nhu nhém metyl, etyl hodc n-propyl, hodc nhom aryl, nhu
nhém phenyl,

tuy y trong dung moi hydrocacbon thom, nhu toluen hodc xylen, t6t hon 13 & nhiét d6 hdi

lvu cia dung moi nay,
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nhd d6 tao ra hop chét c6 cong thic (I).

Theo mot phwong 4n cia khia canh thir nhat, sang ché d& cap dén quy trinh diéu

ché hop chét c6 cong thirc (I) néu trén, trong d6 dung mdi hydrocacbon thom 14 toluen.

Theo mdt phwong 4n ciia khia canh thir nhét, sang ché dé cap dén quy trinh didu

ché hop chit c6 cong thirc (I) néu trén, trong d6 hop chat c6 cong thirc (V):

F3C7 SN
HN

Iz

HO

(V)
dwoc didu ché theo bude (B) sau:

trong d6 hop chat c6 cong thirc (VI):

FsC~ SN

(V)

dwoc cho phan ng v6i chit metyl hod khir, nhu chit metyl kim loai, nhu metylmagie

halogenua, nhu metylmagie clorua,
tuy ¥ v6i sy ¢6 mat ctia halogenua kim loai kiém, nhu lithi clorua,
nh& d6 tao ra hop chit c6 cong thic (V).

Theo mot phuong an cta khia canh thir nhét, sang ché dé cap dén quy trinh didu

ché hop chét c6 cong thirc (I) néu trén, trong d6 hop chét c6 cong thirc (VI):
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~ ]
FsC” SN ©
HN
\
N
i H

duoc didu ché theo bude (C) sau:
trong d6 hop chit c6 cong thic (VIII):

H,N \N
/O N
H

o)

(VI

duoc cho phan ting v6i hop chét c6 cong thire (VII):

]
FaC” SN“ N °

OH

(Vi

tuy ¥ véi su ¢6 mit clia bazo hitu co, dic biét 1a bazo hitu co yéu, nhu amin béc ba, nhu

N,N-diisopropyletylamin,

tuy y voi sy c6 mét cia chét lién hop, nhu 2,4,6-tripropyl-1,3,5,2,4,6-trioxatriphosphinan
2,4,6-trioxit (T3P),

nh¢ d6 tao ra hop chit c6 cong thirc (VI).
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Theo mdt phuong 4n khac cta khia canh th nhét, sang ché dé cap dén quy trinh
didu ché hop chét c6 cong thirc (I) néu trén, trong d6 hop chét c6 cong thic (I) dwoc tinh

ché bang céch két tinh hoa, dic biét 13 tir dung moi nhu etanol hodc isopropanol.
Theo mot bién thé ctia phwong 4n khac clia dAu tién khia canh, dung mdi 13 etanol.

Theo mot bién thé cha phwong an khac ciia dau tién khia canh, dung moéi 1a

isopropanol.

Theo mot phuwong an cia khia canh thi nhét, sang ché dé cap dén quy trinh didu
ché hop chét c6 cong thirc (I) néu trén, trong d6 hop chét c6 cong thic (I) & dang da hinh
(B).

Theo khia canh thtr hai, sang ché d& cap dén dang da hinh (B) ctia hop chét c6
cdng thire (I):

(0 :

dwoc didu ché bang quy trinh néu trén.

Theo khia canh tht ba, sdng ché dé cap dén dang da hinh (B) cua hop chit c6 cong
thie (I):

()
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Theo mdt phwong 4n cua khia canh thit ba, sang ché @& cap dén dang da hinh (B)
néu trén, c6 dinh cuc dai XRPD [°2Theta] (d6ng (Cu)) nhu sau:
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Bang 2: XRPD cta dang da hinh B ctia hop chét (I)

Phan xa [dinh cyc dai °2Theta]

Dang da hinh B
4.4
8,9
9,3
9,7
10,1
12,4
12,9
13,3
14,1
14,7
15,4
16,1
16,4
16,7
17,3
17,9
18,3
18,4
18,5
19,2
19,4
19,7
20,2
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20,6
21,2
21,4
21,9
22,3
22,6
22,8
23,6
24,5

24,0 9
25,2
25,5
25,8
27,2
27,5
28,8
29,6
30,2
31,2
31,5
32,5
33,5
33,9

35,1
36,2

37,6
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Phan md ta bdc 10 viée sir dung hop chét duoc chon tur:

~ ]
F3C” SN ©
HN A
N
N
HO H

(V)
]
F,C7 SN ©
HN
A
H
(Vi)
H,oN \N
/O N
H
0
(VI
” ]
FaC NN O
OH

(Vi)

dé didu ché hop chét c6 cong thirc (I):
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hoiic dang da hinh B ctia hop chét c6 cong thirc (I) néu trén,
bang quy trinh néu trén.

Phin mb ta con boc 16 viée sir dung hop chit vinyl sulfon c6 cong thire (IX’):

NG
= K

R O

(IX')

trong d6, R 12 nhom alkyl, nhu nhom metyl, etyl hodc n-propyl, hodc nhém aryl, nhu
nhoém phenyl,

@& didu ché hop chit c6 cong thirc (I):

(1 ,
hodc dang da hinh B ciia hop chét ¢ cong thitc (I) néu trén,

Phin md ta con boc 16 viée sit dung trong d6 hop chit vinyl ¢6 cong thire (IX) 1a

metyl vinyl sulfon.
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MO ta vin tit hinh vé
Fig. 1 thé hién phd nhiéu xa tia X trén mau bot (¢ 25°C va véi Cu-K alpha 1 1am
ngudn birc xa) cta hop chit ¢ cong thic (I) & dang da hinh B.

M@ ta chi tiét sang ché

Phwong phap

HPLC

Phwong phap A

Thiét bi: Agilent Technologie 1260 Infinity v6i 1290 Infinity Sampler & Agilent 1100

Series

Zorbax SB-AQ, 50*4,6 mm, 1,5 pm
Dém: Amoni dihydro phosphat pH: 2,4
Axetonitril

0 phuat 5% dém

8,3 phut 80% dém

11 phtt 80% dém

210 nm / 4 nm

1,2 ml/ phut

Phwong phiap B

Thiét bi 1. Agilent Technologies, HPLC 1290 Infinity
(v6i DAD): Hé danh gia dit li¢u va phét hién
UV, 10 cot kiém soat duge vé mit nhiét tinh
sdc ky 1ong hidu ning siéu cao, UV-detector

va data evaluation system

2. Cot bang thép khong gi

Chiéu dai: 5cm
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Dung dich thir nghiém

Hiéu chinh dung dich

Dung dich d6i chtng
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Duong kinh trong: 2,1 mm

Chét don SB-Aq Rapid
Resolution HD, 1,8
pm

1. Axetonitril, d6i v&i HPLC
2. Tetrahydrofuran, d6i v6i HPLC
3. Nudc, loai phan tich

3. Axit phosphoric 85%, loai phan tich

Hoa tan hop chit c6 cong thirc (I) mAu trong
tetrahydrofuran véi ndng d6 0,5 mg/ml.
(vi dy, hoa tan khoang 25 mg hop chit c6 cong

thirc (I) mAu, cAn chinh x4c vao 50 ml axetonitril)

Hoa tan hop chét chudn tham khéo* trong
axetonitril v§i néng d6 0,5 mg/ml (vi dy, hoa tan
khoéang 25 mg hop chit chun tham khao, cin

chinh xac vao 50 ml axetonitril).

* hop chdt chudn tham khdo c6 nghia 13 hop chét,
can duge phén tich, & dang hop chét c6 do tinh
khiét cao, nghia 12 >97 % dién tich HPLC

Chuén bj dung dich ddi chimg gidng véi dung
dich hiu chinh. Ngoai ra, dung dich d6i ching

nay chira mdt lugng nho cac tap chét hitu co.
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Phét hién d nhay cia dung Chuén bi dung dich chira hop phan Solbrol P (s6
dich CAS: 94-13-3; propyl 4-hydroxybenzoat) (RT
khoang 2,80 phut) pha loang dén nong do
0,76 pg/ml.

Piéu kién HPLC Piéu kién dugc mé ta trén day nham dé 1am vi du.
Dé dat duoc viée tach t6i wu, cac didu kién nay,
néu cin, dugc diéu chinh cho phu hop voi be tiém
ning k¥ thuat cta phép sic ky va cac dic tinh cia

cOt trong Ung.

Dung mo6i rira giai A. nuéc: tetrahydrofuran (thé tich/thé tich) 9 : 1,
tiép theo, bd sung 0,1% axit phosphoric 85%
B. Axetonitril: tetrahydrofuran 9 : 1
Luu luong 0,8 mL/phut

Nhiét do cua 16 cot 40°C

Nhiét @6 ctia budng chitamiu  nhiét 6 trong phong

Phat hién Do budc song: 220 nm
Béang thong: 6 nm
Thé tich bom 2,0 uL
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Toc do vé

Rira kim

Datenrate

Kich thudc 6

Thoi gian hi¢u chinh

Gradien

Thoi gian chay séc ky

Tinh toan th nghiém (ham
luong)

GC-HS

36039

200 pL/phut

TGVN - B2195-451SHNPT

dung méi ding cho 13 x6i: tetrahydrofuran

10 Hz

10 mm

10 phut (& diéu kién ban dau)

Thoi gian % A %B
[ph]
0 95 5
1 85 15
4 80 20
6 40 60
8 20 80
12 20 80
12 pht

Thir nghiém duoc tinh bang cach st dung phép

hdi quy tuyén tinh va dua véo trong lugng mau,

thir nghiém va trong luong ctia mau tham khéo,

v&i hé dit liéu sac ky da dugce phé chuan (vi du,

Empower).

Phén tich dung mdi du bang séc ky khi khong gian hoi (GC-HS)

Thiét bi sic ky khi Agilent 6890 véi chic ning tiém mau c6 chia dong va FID
(cot: Restek Rxi Sil MS; d¢ dai: 20 m; duong kinh trong: 0,18 mm; d¢= 1 um). Nhiét
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d6 tiém 160°C, luu lwong 1,2 ml/phat (Hz) Ty 18 phan chia 18, Nhiét d6 16 40°C (4,5
phtit) — 14°C/phut — 70°C — 90°C/phut — 220°C (1,69 phit). Phét hién: Nhiét d6 300°C,
400 ml/phit (khong khi tong hop), 40 ml/phut (Hz), 30 ml/phit (N2), danh gia 20 Hz.
Thiét bj 14y mAu khéng gian hoi Perkin Elmer Turbomatrix 40: 16 80°C, kim
150°C, dong chuyén 160°C, 4p suét hé thong 140 kPa, thoi gian hiéu chinh 32 phut,
diéu ap 4,0 phat, thoi gian tiém 0,04 phut (mAu) 0,05 phit (GC).
Néng d6 miu: 20 mg chit trong 2 ml DMF

Tinh thé hoc tia X: diéu kién do:
Cuc duong Cu

K-Alphal [A] 1,54060
Thong s6 may phat 40 mA, 40 kV

Don séc ké chim so cip guong phing hdi ty tia X

MAu xoay Cé
Truc quét Gonio

Vi trf bat dAu [©2Th.]  2,0066
Vi trf két thiic [°2Th.] 37,9906

Vi du thwe hién sang ché
Céc vi du sau ddy minh hoa sang ché.

Di¢u ché N-{6-(2-Hydroxypropan-2-yl)-2-[2-(metylsulphonyl)etyl]-2H-indazol-5-
yl}-6-(triflometyl)pyridin-2-carboxamit (I)

Vidul

Metyl 5-({[6-(triflometyl)pyridin-2-yl]cacbonyl}amino)-1H-indazol-6-carboxylat
(VD

2000 g (10,46 mol) metyl 5-amino-1H-indazol-6-carboxylat, 1899 g (9,94 mol)
axit  6-(triflometyl)pyridin-2-carboxylic va 2028 g (15,69 mol) N,N-
diisopropyletylamin dwgc tron trong 14,2 kg THF. O nhiét @ tir 0 dén 5°C, 13,3 kg
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dung dich chira T3P trong etyl axetat (50 % khéi lugng) duoc bd sung nho giot trong
vong 30 phit. Tiép tuc khudy trong 2 h & cling nhiét do nay.

Xu ly:

Hdn hop phan tng nay dwoc 1am 4m dén nhiét d6 méi trudng (20°C). 3000 g nude
duoc bd sung vao trong khi nhiét d6 dugc gitt & 20 dén 25 °C. Tiép tuc khqu trong
10 phat. P pH duoc didu chinh dén khoang 7,4 (7 - 8) bang cach sir dung dung dich
nudc natri cacbonat 4 N. Tiép tuc khudy trong 10 phit. Néu cin, d6 pH lai duoc didu
chinh dén 7,4 béng cach st dung dung dich nudc natri cacbonat 4N.

Dung mdi (THF/etyl axetat) dugc lam bay hoi dudi ap suat giam (khoang 200
mbar, nhiét d bén trong 45 - 50°C) cho dén khi dat dén giéi han khudy. Hon hop gdm
4,7 kg etanol va 14,0 kg nudc duge bd sung va d6 pH dugc diéu chinh lai dén pH 7,4

(7 - 8) bang cach sir dung dung dich nuéc natri cacbonat 4N.

Hbn hop nay dwoc khudy trong 1 h & 50 °C, tiép theo, dwgc 1am mat xudng 20 dén
25 °C. Tiép tuc khudy trong 10 phiit & cing nhiét d6 nay. CAc tinh thé két tia dugc
loc, rira bang hdn hop gdm etanol va nuéde (1,3 kg etanol véi 4 kg nuée) va sdy kho

trong chan khong trong 1 siy (45°C, x6i Ny, it nhét 12 h).

Theo quy trinh néu trén, bén mé sir dung 2 kg nguyén liéu ban d4u (metyl 5-amino-

1H-indazol-6-carboxylat) dugc tao ra trong phong thi nghiém k¥ thuét:
Hiéu suit:

Mé 1: 3476 g (95%)
Mé 2: 3449 g (95%)
Mé 3: 3476 g (95%)
Mé 4: 3494 g (96%)

Do tinh khiét cta toan bd cac mé duge xac dinh 16n hon > 98 % dién tich (HPLC).
HPLC (Phuong phap A): Rt = 6,5 phit.

MS (ESI pos): m/z = 365 (M+H)*
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'H NMR (500 MHz, DMSO-d6): & [ppm]: 3,98 (s, 3 H), 8,21 (d, 1H), 8,25 (s, 1H),
8,31 (s, 1H), 8,39 (t, 1H), 8,48 (d, 1H), 9,16 (s, 1H), 12,57 (s, 1H), 13,45 (brs, 1H).
'H NMR (300 MHz, DMSO-d6): O [ppm] = 3,97 (s, 3 H), 8,13 - 8,27 (m, 2 H), 8,30
(s, 1 H), 8,33 - 8,45 (m, 1 H), 8,45 - 8,51 (m, 1 H), 9,15 (s, 1 H), 12,57 (s, 1 H),
13,44 (brs, 1 H).

Vidu2

N-[6-(2-hydroxypropan-2-yl)-1H-indazol-5-yl]-6-(triflometyl)pyridin-2-

carboxamit (V)

Trong phén sau, cic bién thé khac cta quy trinh phan tmg va xu Iy duge mo ta.
Cac quy trinh ndy dugc dinh hudng cac diéu kién d3 néu trong thiét bi ky thuat twong

ung.

Céc thir nghiém sau dugc tién hanh trong diéu kién khong c6 nudce va khong khi

bang céach st dung khi tro (N2 hodc Ar).

Bién thé #1

50 g (137,255 mmol) of metyl 5-({[6-(triflometyl)pyridin-2-yl]cacbonyl}amino)-
1 H-indazol-6-carboxylat (VI) dugc hod tan trong 800 ml THF. O 4p suat binh thuong
(1 atm) khoang 300 ml THF dugc chung ct ra & 70 °C. Tiép theo, 1am mat dung dich
nay xudng nhiét d6 tir 0 dén 3°C.

Dung dich nay dugc gilt & nhi¢t do nay va bd sung nho giot trong vong 120 phut
va0 hdn hop duoc 1am mat gbm 457,5 ml (1372,6 mmol) metylmagie clorua 3 M trong
THF va 29,1 g lithi clorua (686,3 mmol) & nhiét do tr 0 dén 3°C. Sau khi bd sung
xong, méu dugc 14y ra khoi hdn hgp nay va duge cho qua phén tich HPLC va thdy
rang viée chuyén ho4 di két thiic hoan toan. Hon hop nay dugc rot cAn than trong 25
phut & nhiét o tir 0 dén 3°C vao 500 ml dung dich nudc natri clorua nira bao hoa (chi
¥: toa nhiét! Trong 50 ml du tién, quan sat thiy sy ting nhiét ¢ manh dén 29 °C).
Huyén pht thu dugc dugc hoa tan khi bd sung 358 ml dung dich nudc axit xitric 20 %
khéi luong (pH gidm tir 8,08 xudng 4,28). Tiép tuc khudy trong 10 phat & nhiét d6 tir
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20 dén 25°C. 500 ml etyl axetat dwoc bd sung va tiép tuc khudy trong 10 phat. Tach
c4c pha ra. Vai vun duoc bd sung vao pha hitu co. 5 g than hoat tinh dugc bd sung vao
pha hitu co. Hon hop ndy dwoc gia nhiét dén 78°C (nhiét d6 bén trong), khudy trong
30 phat & nhiét @6 d6 va tiép theo, 1am mat xudng 50°C (nhiét 46 bén trong). Dung
dich 4m thu dugc duoc loc qua celite va rira hai 13n bing 125 ml etyl axetat. H3n hop
nay duge cb dén khoang khoang 150 ml & ap sudt méi trudng (1 atm) va 110°C. 350 ml
toluen dugc bd sung va 200 ml dwoc chung cit ra & 4p sudt mdi trudong (1 atm) va
110°C. San pham dugc két tia. O nhiét d6 bén trong 14 60°C, 200 ml n-heptan dugc
bd sung vao trong 45 phat. H6n hop nay dugc 1am mét xudng nhiét do tir 0 d&én 3°C
va khudy trong 2 h & nhiét d6 nay. San phim dugc loc va rira hai 14n bang hdn hop
gdm 50 ml toluen/n-heptan (1 : 1). San phim két tia dugc siy kho trong 16 sdy & 40°C
va 20 mbar trong > 48 h.

Hiéu suét: 39,42 g (78,83%, d0 tinh khiét 97,84 % dién tich HPLC)

HPLC (Phuong phép A): Rt = 5,8 phit.
MS (ESIpos): m/z= 365 (M+H)*

IH-NMR (400MHz, DMSO-d6): & [ppm]= 1,63 (s, 6H), 5,99 (s, 1H), 7,50 (s, 1H),
8,06 (s, 1H),

8,17 (d, 1H), 8,37 (t, 1H), 8,46 (d, 1H), 8,78 (s, 1H), 12,33 (s, 1H), 12,97 (brs, 1H).

13 mé duoc tao ra theo quy trinh cta bién thé #1. Bang 3 dudi ddy tong két higu
suét twrong tng. Cac phan tmg duoc tién hanh & quy mé 1 kg so véi viée sir dung metyl
5-({[6-(triflometyl)pyridin-2-yl]cacbonyl}amino)-1H-indazol-6-carboxylat (VI) lam
nguyén liéu ban du. Trong hau hét cac trudng hop, hai trong s6 cac mé dugc hop nhét

sau khi xir Iy bang than hoat tinh:

Bang 3: Hiéu suét thu dwoc cho cdc mé tir 1 dén 13 cua quy trinh tong hop hop chat
(V) tr (VD)

Mé sb Séan luong [kg]
[%%]
1 1,60 kg
2 79,9 %

-46-



36039

TGVN - B2195-4515HNPT

3 1,88 kg
4 94,0 %
5 1,82 kg
6 90,8 %
7 1,66 kg
8 83,0 %
9 1,75 kg
10 87,6 %
11 1,85 kg
12 92,7 %
0,92 kg

13*
96,4 %

*) meé don

Bién thé #2

30 g (82,4 mmol) metyl 5-({[6~(triflometyl)pyridin-2-yl]cacbonyl} amino)-
1H-indazol-6-carboxylat (VI) dugc hoa tan trong 480 ml THEF. & éap suét binh thuong
(1 atm) khoang 180 ml THF dugc chung cét ra & 70°C. Tiép theo, lam mat hdn hop
nay (hoi vn duc) xudng nhiét ¢ tix 0 dén 3°C.

Dung dich nay dugc gifr & nhiét 46 nay va bd sung nhé giot trong vong 120 phit
vao hdn hop duge 1am mat gdm 274,5 ml (823,5 mmol) metylmagie clorua 3 M trong
THF va 17,5 g lithi clorua (411,8 mmol) & nhiét d tix 0 dén 3°C. 15 phut sau khi bd
sung xong, mau dugc 14y ra khoi hdn hop nay va dwgc cho qua phan tich HPLC va
thiy rang hop chét (VI) duge chuyén ho4 hoan toan. Hon hop nay dugc rot cAn than
trong 15 phut ¢ nhiét o tir 0 dén 3°C vao 300 ml nudc (cha ¥: tod nhiét! Trong 50 ml
déu tién, quan sat théy su tang nhiét 46 manh!). 310 ml dung dich nudce axit xitric 20
% khdi lwong duge bo sung (46 pH giam xubng 4,05). Tiép tuc khudy trong 60 phut &
nhiét do tir 20 dén 25°C. 300 ml etyl axetat dugc bd sung va tiép tuc khudy trong 30
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phit. Tach cac pha ra. Vai vun dwoc bd sung vao pha hitu co. Pha hitu co dwgc rira hai
14n bang 450 ml nude. Pha hitu co dugc ¢d dén khoang 350 ml ¢ 65 °C (nhiét d6 bén
trong) va 4p suit moi truong (1 atm). 250 ml etyl axetat dugc bd sung. 6 g than hoat
tinh dugc bd sung vao pha hiru co. H3n hop nay duoc gia nhiét dén 65 °C (nhiét do
bén trong), khudy trong 120 phut & nhiét 4o d6 va tiép theo, lam mat xudng 50 °C
(nhiét d6 bén trong). Dung dich 4m thu dugc dugc loc qua celite va rira hai 1in bang
125 ml etyl axetat. H3n hop nay dugc c6 dén khoang khoang 150 ml & &p sudt moi
tredng (1 atm) va 110 °C. 300 ml toluen dugc bd sung va 200 ml duwoc chung cét ra &
ap suét moi trudmg (1 atm) va 110 °C. San phdm duoc két tia. O nhiét d bén trong 13
60 °C, 200 ml n-heptan dugc bd sung vao trong 45 phiit. Hon hop nay duoc 1am mét
xudng nhiét do tir 0 dén 3 °C va khudy trong 2 h & nhiét d6 nay. San pham duogc loc
va rira hai 14n bing hdn hop gdm 50 ml toluen/n-heptan (1:1). San pham két tha dwoc
sdy kho trong 10 sdy & 40 °C va 20 mbar for >48 h.

Hiéu suat: 24,0 g (80%, d6 tinh khiét: 95,8 % dién tich HPLC)
HPLC (Phuong phap A): Rt = 5,8 phut.
MS (ESI pos): m/z= 365 (M+H)*

'H-NMR (400MHz, DMSO-d6): § [ppm]= 1,63 (s, 6H), 5,99 (s, 1H), 7,50 (s, 1H),
8,06 (s, 1H),

8,17 (d, 1H), 8,37 (t, 1H), 8,46 (d, 1H), 8,78 (s, 1H), 12,33 (s, 1H), 12,97 (brs, 1H).

Bién thé #3

30 g (82,4 mmol) metyl 5-({[6-(triflometyl)pyridin-2-yl]cacbonyl}amino)-
1H-indazol-6-carboxylat (VI) duogc hoa tan trong 600 ml THF. O 4p sut binh thuong
(1 atm) khoang 150 ml THF dugc chung cat ra & 70 °C. Tiép theo, 1am mat hdn hop
nay (hoi van duc) xudng nhiét @ tir 0 dén 3 °C.

Dung dich nay dugc gitt & nhiét d§ nay va bd sung nhé giot trong vong 120 phut
vao hdn hop duge 1am mat gdm 274,5 ml (823,5 mmol) metylmagie clorua 3 M trong
THF va 17,5 g (411,8 mmol) lithi clorua & nhiét do tir 0 dén 3 °C. Phéu nho giot duoc
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rira hai 1an bing 10 ml THF. 15 phit sau khi b6 sung xong, mau dugc ldy ra khéi hdn
hop nay va duge cho qua phan tich HPLC va thay rang hop chét (VI) dugc chuyén
ho4 hoan toan. Hdn hop ndy dwoc rét cin than trong 10 phit & nhiét d6 tir 0 dén 3 °C
vao 300 ml nuée (cha ¥: toa nhiét! Trong 50 ml dAu tién, quan sat thiy sy ting nhiét
d6 manh dén 25 °C!). 250 ml dung dich nudc axit xitric 20 % khéi lwong dugc bd sung
(46 pH giam tir 8 xubng 4). Tiép tuc khudy trong 30 phut & nhiét do tir 20 dén 25 °C.
300 ml etyl axetat dwoc bd sung va tiép tuc khudy trong 10 phit. Tach cic pha ra. Vai
vun dugc bd sung vao pha hitu co. Pha hitu co dwoc rira hai 14n bang 200 ml dung dich
nudc natri clorua 1 % khéi lwong. Cac pha dwoc tach. Pha hiru co duge ¢b dén khoang
250 ml & 65 °C (nhiét @6 bén trong) va ap suit moi truong (1 atm). 150 ml etyl axetat
va 6 g than hoat tinh dugc bd sung vao pha hiru co. Hoén hop ndy duoc gia nhiét dén
65 °C (nhiét d6 bén trong), khudy trong 120 phat & nhiét d6 d6 va tiép theo, 1am mat
xuéng 50 °C (nhiét d0 bén trong). Dung dich 4m thu dugc dugc loc qua celite va rira
hai 14n bang 50 ml etyl axetat. Hon hop nay duoc co dén khoang khoang 100 ml & 4p
sudt mdi truomg (1 atm) va 110 °C. 300 ml isopropanol dugc bd sung. 300 ml duoc
chung cit ra & 4p sudt moi trudng (1 atm) va 110 °C. 300 ml isopropanol dugc bd sung
lai va dugc chung cét ra (khoang 355 ml) & 110 °C. Huyén phu thu dugc dugc lam
mat xudng 20-25 °C. 45 ml nudc duge bd sung vao trong 45 phut. Hon hop nay duge
khudy trong 1h. San phim két tia dwgc loc va rira bing 50 ml hén hop
nudc/isopropanol (1:1). San pham két tia duoc sdy kho trong 10 sdy & 50 °C va
20 mbar for >48 h.

Hiéu suit: 24,9 g (83 %, d0 tinh khiét: 97,84 % dién tich HPLC)
HPLC (Phuong phap A): Rt = 5,8 phut.
MS (ESI pos): m/z = 365 (M+H)"

'H-NMR (400MHz, DMSO-d6): & [ppm]= 1,63 (s, 6H), 5,99 (s, 1H), 7,50 (s, 1H),
8,06 (s, 1H),

8,17 (d, 1H), 8,37 (t, 1H), 8,46 (d, 1H), 8,78 (s, 1H), 12,33 (s, 1H), 12,97 (brs, 1H).

Bién thé #4
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Bién thé nay dugc sir dung dé san xuét mé k¥ thuat & quy mo kg (>10 kg) (xem
Bang 4).

60 g (164,7 mmol) metyl 5-({[6-(triflometyl)pyridin-2-yl]cacbonyl}amino)-
1H-indazol-6-carboxylat (VI) dugc hoa tan trong 1500 ml THF. O 4p suét binh thudng
(1 atm) khoang 600 ml THF dugc chung cét ra & 70 °C. Tiép theo, 1am mét hén hop
nay (dung dich mau vang) xubng nhiét @ tir 0 &én 3 °C.

Dung dich nay dugc giit & nhiét d6 nay va bd sung nhé giot trong vong 120 phit
vao hdn hop dugc 1am mat gbm 550 ml (1647,1 mmol) metylmagie clorua 3 M trong
THF va 35 g (823,5 mmol) lithi clorua at 0 - 3 °C. 15 phut sau khi bd sung xong, mau
dugce 14y ra khoi hdn hop nay va dugc cho qua phéan tich HPLC va thiy rang (VI) dugce
chuy8n hoa hoan toan. H3n hop ndy dugc rét cAn thin trong 15 phit & nhiét do tr 0
dén 3 °C vao 600 ml nuéc (chi §: toa nhiét! Trong 50 ml dAu tién, quan st thiy su
tang nhiét do manh!). 600 ml dung dich nudc axit xitric 20 % khéi lwong dugc bd sung
(d6 pH giam xubng 4). Tiép tuc khudy trong 30 phit & nhiét do tir 20 - 25 °C. Téch
céac pha ra. Pha hitu co dugc rua hai 14n bang 400 ml dung dich nuéc natri clorua 1 %
khéi lugng. Vai vun duoc bd sung vao pha hitu co. Cac pha dugc tich. Pha hitu co
duge cd dén khoang 700 ml & 65 °C (nhiét 6 bén trong) va ap suit moi truong (1 atm).
500 ml etyl axetat va 12 g than hoat tinh duoc bd sung vao pha hitu co. Hon hop nay
dugc gia nhiét dén 65 °C (nhiét dd bén trong), khudy trong 120 phut & nhiét o d6 va
tiép theo, lam mat xudng 50 °C (nhiét d6 bén trong). Dung dich 4m thu dugc duge loc
qua celite va rira hai lan bang 200 ml etyl axetat. Tiép tuc c¢b dudi ap sudt giam
(200 mbar). Tién hanh dbi dung méi véi toluen (thé tich con lai khoang 850 mL).
Huyén phu thu dugc duge lam mat xuéng 0-3°C. San phém két tha duoc loc va rira
bang 50 ml toluen. San pham két tiia dugc sdy kho trong 10 siy & 50 °C va 20 mbar
trong >48 h.

Hidu suit: 51,2 g (85,3 %, dd tinh khiét 96,51 % dién tich HPLC)

HPLC (Phuong phap A): Rt = 5,8 phit.
MS (ESI pos): m/z = 365 (M+H)"

IH-NMR (400MHz, DMSO-d6): § [ppm]= 1,63 (s, 6H), 5,99 (s, 1H), 7,50 (s, 1H),
8,06 (s, 1H),
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8,17 (d, 1H), 8,37 (t, 1H), 8,46 (d, 1H), 8,78 (s, 1H), 12,33 (s, 1H), 12,97 (brs, 1H).

Bién thé #5
Tinh ché bing cich khudy trong isopropanol/nuéc

Tuy thudc vao do tinh khiét ctia san phdm thé, c6 thé tién hanh budc tinh ché bd
sung bing cach khudy trong hdn hop gdm isopropanol va nudc, t6t hon 13 véi ty 16
1:1. Tuy thudc vao dd tinh khiét ctia san phdm th, viéc khudy dugc tién hanh trong
khoang tir 2 - 10 thé tich so v6i nguyén liéu thd ban dAu. Vi du sau mo ta viéc khudy

trong 3 thé tich isopropanol/nudc:

7,5 g N-[6-(2-hydroxypropan-2-yl)-1H-indazol-5-yl]-6-(triflometyl)pyridin-2-
carboxamit (V) véi d9 tinh khiét 95 % dién tich (HPLC) dugc khudy trong 22,5 ml
hdn hop gdm nuéc va isopropanol voi ty 16 1:1 (thé tich) trong 2 h & 20 °C. Tiép theo,
loc huyén phi nay va san phém rira bing 4 ml cling loai hdn hop dung méi. San phim

két tia duge sdy kho trong 10 sdy & 50 °C trong chan khéng (<100 mbar).

Hiéu sut: 6,8 g (90,7 %, do tinh khiét > 98 % dién tich HPLC)
HPLC (Phuong phap A): Rt = 5,8 phut.
MS (ESIpos): m/z = 365 (M+H)"

I'H-NMR (400MHz, DMSO-4):  [ppm]= 1,63 (s, 6H), 5,99 (s, 1H), 7,50 (s, 1H),
8,06 (s, 1H),

8,17 (d, 1H), 8,37 (t, 1H), 8,46 (d, 1H), 8,78 (s, 1H), 12,33 (s, 1H), 12,97 (br s, 1H).

Tién hanh két hop bién thé #4 va #5 v6i quy mo 44 kg (xem Bang 4 duéi déy).
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Bang 4:  San xuét hop chit c6 cong thirc (V) theo quy trinh ctia bién thé #4 va #5

Mé sb Hiéu suit Ham luong (thir nghiém vé
viéc sir dung)
1 38,4 kg 95,9 %
79 %
) 33,6 kg 96,0 %
76 %

Vidu3

N-{6-(2-Hydroxypropan-2-yl)-2-[2-(metylsulphonyl)etyl]-2H-indazol-5-y1}-6-
(triflometyl)pyridin-2-carboxamit (I)

Bién thé #1

Bién thé nay duoc sir dung dé san xuat k§ thuat mé voi quy md kg va theo quy

trinh dugc mo ta trong W0O2016/083433.

2,5 kg (6,86 mol) N-[6-(2-hydroxypropan-2-yl)-1H-indazol-5-yl]-6-
(triflometyl)pyridin-2-carboxamit (V) dugc tao huyén phu trong 33 1 (28,6 kg) toluen.
Hon hop ndy duoc gia nhiét dén nhiét d6 hdi luu va khoang 8 1 toluen duge chung cht
ra khoi hdn hop. Hdn hop ndy duge 1lam mat xudng 90 °C va 44 g (0,34 mol) N,N-
diisopropyletylamin duoc cho vao hén hop nay. Hon hop ndy duge khudy trong 15
phtt nira & 90 °C trude khi 1,17 kg (10,98 mmol) metyl vinyl sulfon duoc bd sung.
Hon hop phan tng ndy duge giit & 112 °C (nhiét do hdi Iuu toluen) va khudy trong it
nhit 72 h. H3n hop nay dugc lam mét xudng 20 °C. Tiép theo, gia nhiét hdn hop nay
dén nhiét do hoi luu va 8 1 toluen dugc chung ct ra khoi hdn hop. Tiép theo, lam mat
hén hop nay xudng 70 °C va 12,6 kg metyl fert-butyl ete (MTBE) dwoc bé sung trong
vong 30 phat. H3n hop nay duoc 1am mat xudng 20 °C trong vong 2 h va khudy &
20 °C qua dém. Tiép theo, lam mat hdn hop niy xudng 0 °C va khudy trong 1 h. Chét
két tha duoc loc ra va rira hai 1an béng 3 1 MTBE lanh. San phém dang tinh thé duoc
sdy khé trong 16 & 50 °C trong chan khong.
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Hiéu suét: 2,39 kg (73,9 %, d6 tinh khiét: 97,8 % dién tich HPLC)

HPLC (Phuong phap B): Rt = 3,07 phut,

MS (ESI pos): m/z = 471 (M+H)"

'H NMR (400 MHz, DMSO-ds): 8 [ppm]= 1,63 (s, 6 H), 2,90 (s, 3 H), 3,85 (¢, 2 H),
4,86 (t, 2 H), 5,97 (s, 1 H), 7,59 (s, 1 H), 8,13 - 8,19 (m, 1 H), 8,37 (s, 1 H), 8,41 -
8,48 (m, 2 H), 8,74 (s, 1 H), 12,37 (s, 1 H).

Bang 5: Hiéu suét va do tinh khiét (theo % sau khi HPLC) thu dugc cho ba mé cta

hop chét (I) tir hop chit (V)

Nguyén liéu San pham (I) San pham (I)
ban dau (V) , ,
Hiéu suét [kg], [%] Db tinh khiét [%
Luong [kg] dién tich]
(HPLC)*

2,50 2,47, 76,5 97,4

2,50 2,32,71,4 97,2

2,50 2,39, 73,9 (43 md ta) 97,8 (d& mo ta)

Phuong
phap B

D% thu dwoc cac chat co do tinh khiét rat cao va véi dang tinh thé da dinh (da

hinh B), dwa vao budc tinh ché bd sung.

1,85 kg N- {6-(2-hydroxypropan—2-yl)-2-[2-(metylsu1phonyl)etyl]-2H-indazol—5-
y1}-6-(triflometyl)pyridin-2-carboxamit (I) tho dugc hoa tan trong 36,6 kg (46,3 1)

axeton & nhiét 6 mdi trudng. Dung dich thu duge dugce cho vao etanol hoi luu trong

2,5 h. Trong qué trinh bd sung, 54 1 dung mdi dugc chung cht ra va nhiét d6 bén trong

dat d@én 63 °C. Bb sung mot lugng 20,8 1 etanol nita va 27 1 dung mdi dugc chung cét ra

khoi hdn hop. Ngoai ra, bb sung mot lwong 10,2 1 etanol nita va 9,3 1 dugc chung cit ra

khoi hdn hop. Cudi cing, b sung mot lugng 10,2 1 etanol nita va 10,2 1 dung moi dugc

-53-



36039

TGVN - B2195-451SHNPT

chung cit ra khoi hdn hop. Hdn hop nay duge 1am mat xudng 20 °C trong vong 3 h va
khudy qua dém. H8n hop nay dwoc lam mat xudng nhiét d6 tir 0-2 °C trong vong 1,5 h
va khudy & nhiét d6 nay trong 3 h nita. Huyén phu nay dwoc loc va chat két tia dwoc rira

bang 2x 0,93 1 etanol lanh. San phim duoc sdy khb trong 16 sdy & 50 °C trong chan khong.
Hiéu suét: 1,59 kg (85,7 %, d6 tinh khiét: 99,0 % dién tich HPLC)

HPLC (Phuong phap B): Rt = 3,07 phut,

MS (ESI pos): m/z = 471 (M+H)*

'H NMR (400 MHz, DMSO-de): 8 [ppm]= 1,63 (s, 6 H), 2,90 (s, 3 H), 3,85 (t, 2 H),
4,86 (t, 2 H), 5,97 (s, 1 H), 7,59 (s, 1 H), 8,16 (d, 1 H), 8,37 (t, 1 H), 8,41 - 8,48 (m, 2
H), 8,74 (s, 1 H), 12,37 (s, 1 H).

Béng 6: Hiéu suit va do tinh khiét thu dwoc tir quy trinh tng hop ciing nhwr d6
tinh khiét (%) sau khi HPLC di véi (I) dugc tong hop tir (V)

Nguyén liéu ban San pham (I) San pham ()
dau: Chit tho (T) , ,
Hiéu suat [kg], [%] Do tinh khiét [%
Luong [kg], B0 dién tich] (HPLC)*
tinh khiét [% dién
tich] (HPLC)

1,85,97,4 1,56, 84,2 98,9

1,85,97,2 1,59, 86,1 99,1

1,85, 97,8 1,59, 85,7 (da mo ta) 99,0 (d2 md ta)
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Bién thé #2
Bién thé nay duoc sir dung dé san xuit mé ki thuat véi quy mo kg.

10 g (27,448 mmol) N-[6-(2-hydroxypropan-2-yl)-1H-indazol-5-yl]-6-
(triflometyl)pyridin-2-carboxamit (V) dugc tao huyén phu trong 100 ml toluen. 3,496 g
(32,937 mmol) metyl vinyl sulfon dugc bd sung. Hon hop phan tmg nay dugc gia nhiét
dén 110 °C (nhiét d6 hdi luu toluen) va khudy trong it nhat 15 h. B sung mot phin gdm
583 mg (5,49 mmol) metyl vinyl sulfon nita va khudy hdn hop phan tmg nay trong 7 h &
nhiét d6 hdi lvu. BS sung 583 mg (5,49 mmol) metyl vinyl sulfon nita va hdn hop phan
g ndy duge khudy trong >15 h. Theo phan tich HPLC, 2,5% nguyén liéu ban dau (V)
vAn con trong hdn hop phan tng. D6 chon loc N1/N2 1én dén 1:8. 30 ml toluen duoc
chung cit ra. Hon hop nay dugc 1am mat xudng 70 °C. O nhiét d9 nay, 70 ml MTBE
duoc nho giot trong vong 5 phit vao hdn hop nay dé tao ra huyén phu. Hon hop nay dugc
lam mat xubng 20 °C qua dém. Tiép theo, 1am méit hdn hop nay xudng 0 °C va khudy
trong 2 h. Chat két thia dugc loc ra va rira hai 1dn bang 10 ml MTBE lanh. San pham tinh
thé duoc sdy kho trong 10 sdy trong it nht 48 h & 50 °C va <100 mbar.

Hiéu suét: 8,6 g (66,6 %, d6 tinh khiét: 94,7 % dién tich HPLC)
HPLC (Phuong phap B): Rt = 3,07 phut,
MS (ESI pos): m/z =471 (M+H)*

'H NMR (400 MHz, DMSO-ds): § [ppm]= 1,63 (s, 6 H), 2,90 (s, 3 H), 3,85 (t, 2 H),
4,86 (t, 2 H), 5,97 (5, 1 H), 7,59 (s, 1 H), 8,16 (d, 1 H), 8,37 (t, 1 H), 8,41 - 8,48 (m,
2 H), 8,74 (s, 1 H), 12,37 (s, 1 H).

Céc mé & quy md k¥ thuit:

Theo quy trinh d3 md ta trong mé bién thé #2 v6i quy mo 3,396 kg va 1,699 kg

so vOi nguyén liéu ban dau (V) duoc tao ra:

Bang 7: Hi¢u suét ctia hop chit (I) dugc tbng hop tir hop chat (V)
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Nguyén liéu ban dau (V) San pham (1)

Luong Hiéu suét
3,40 kg 2,81 kg, 64,1 %
1,70 kg 1,28 kg, 58,2 %

Pé san xuit nguyén liéu loai GMP va dé thu dugc dang tinh thé d4 dinh (da hinh

B) d€ bao cheé dugc pham, nhu vién nén, dua vao bude tinh ché bo sung.

1,5 kg N-{6-(2-hydroxypropan-2-yl)-2-[2-(metylsulphonyl)etyl]-2H-indazol-5-
y1}-6-(triflometyl)pyridin-2-carboxamit (I) thé nhw thu dugc tir quy trinh tdng hop dugc
mo ta theo Bién thé 2 dugc hoa tan trong 45 kg axeton va dugc cho qua loc gan (6ng loc:
3,0 pm = GMP-loc). Dich loc dugc ¢b dic va tién hanh ddi dung moi thanh etanol. Do
d6, etanol dugc bd sung trong khi ddng thoi chung cAt cho dén khi dat dugc nhiét do bén
trong 13 77 °C. Dung dich nay dwoc ¢ dén khoéng 6-7 thé tich etanol so véi thé tich ban
dAu. Han hop nay duoc 1am mat dén 20 °C va khudy trong 12 gid & nhiét d¢ nay. Tiép
theo, 1am mat hdn hop nay xudng 0 °C va khudy trong 3 h. San phim dwgc loc ra va rira
hai 14n bang 1 kg etanol lanh. San phim dugc siy khd trong 16 siy & 60 °C trong chén
khong (<100 mbar).

Hiéu suit: 1370 g (91,33 %). Tuong ty v6i quy trinh d3 mo ta, tién hanh ba mé &
quy mo k¥ thuat, xem Béng 7.

Bang 8: Hiu suét cta hop chét (I) tinh ché thu dugc bing quy trinh tinh ché da
md ta trén day tir hop chét (I) thd

Nguyén liéu ban dau (thé I) San pham (I tinh khiét)
[ke] Hiéu suat [kg], [%]
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1,50 1,37 (91,3 %)
2,04 1,78 (87,5 %)
2,03 1,86 (91,4 %)

Bang 9: Dit lidu phan tich ctia ba mé két hop duoc néu trong Bang 8

D6 tinh khiét (HPLC)* >99% (dién tich)

Ham luong (thtr nghiém vé viée sit dung) > 97,7% (khi lwong)
Etanol < 0,25 % (khoi lugng)**
Pd <1 ppm

* Phuong phap B; ** GC-HS

Phé nhifu xa tia X dugc thé hién trén Fig.1.
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1. Quy trinh didu ché hop chét ¢6 cong thic (I):

bao gbm bude (A) sau:

trong d6 hop chit c6 cong thic (V):

d
o]

F3C7 SN
HN

Iz

HO

V)

dugc cho phan ung véi hop chét vinyl sulfon cé cdng thirc (IX°):

C;ﬁf\\sgfp

A

R 0]

(IX’)

trong d6, R 1a nhom metyl,
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tuy y trong dung mdi hydrocacbon thom, nhu toluen, tt hon 1a & nhiét d6 hdi luu cia

dung mdi nay,
nho d6 tao ra hop chét c6 cong thie (I).
2. Quy trinh theo diém 1, trong d6 dung mdi hydrocacbon thom nay 14 toluen.

3. Quy trinh theo diém 1 hodc 2, trong d6 hop chét c¢6 cong thirc (V):

T
©]
Iz

(V)
duoc diéu ché theo bude (B) sau:

trong d6 hop chit c6 cong thirc (VI):

duoc cho phan wng véi chit metyl hoa khi, nhu chét metyl kim loai, nhu metylmagie

halogenua, nhu metylmagie clorua,
tuy v véi su ¢ mat ctia halogenua kim loai kiém, nhu lithi clorua,
nho d6 tao ra hop chét c6 cong thiic (V).

4. Quy trinh theo diém 1, 2 hoic 3, trong d6 hop chét c6 cong thue (VI):
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duoc didu ché theo bude (C) sau:
trong d6 hop chét ¢6 cong thuc (VIII):

H,N

_0

Iz

)

(VI

duoc cho phéan tmg v&i hop chét ¢é cong thie (VII):

]
FaC NN ©

OH
(Vi)

tuy ¥ v6i su c¢b mat cua bazo hitu co, dic biét 1a bazo hitu co yéu, nhu amin béc ba,

nhu N,N-diisopropyletylamin,

tuy v véi sy cd mit cua chit lién hop, nhu 2,4,6-tripropyl-1,3,5,2,4,6-trioxatri-

phosphinan 2,4,6-trioxit (T3P),
nho d6 tao ra hop chét c¢6 cong thirc (VI).

. Quy trinh theo diém bat ky trong sb cac diém tir 1 dén 4, trong d6 hop chét ¢6 cong

thirc (I) duoc diéu ché nhd cac budce sau duoe chi ra trén So dd IA duéi day:
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Z
S I 0 7
F3C”"N Z

.
OH
- N N —_—— HN
(0] H /O\"J@\/I\: \N
o ; HO ”
(vim ) W)
SO,R
2]
N o
FsC” °N o)
(XY HN 520
—_—— = N—/_S\
dung mbdi hydrocacbon thom . SN
U
So dd 1A,

trong d6, R va dung mdi hydrocacbon thom la nhu dugc xac dinh trong diém bat ky

trong so cac diem tir 1 dén 4.

6. Quy trinh theo diém bat ky trong s6 céc diém tir 1 dén 5, trong d6 hop chat ¢ cong

thire (I) duoc diéu ché nhd cac budce sau duge chi ra trén So dd I dudi day:

OH 3 SN ' .
e N ) ¢ HN MeMgCl, LiCl, FC7SN 0
/o N A N - HN
H o) Q
o} - u N N
° HO H
(Vi W) v
/\802Me \/ L o
(X) FaC” N o
_—— HN 520
= N-/— \
toluen <y
HO
M
So dé 1.

7. Quy trinh theo didm bét k¥ trong s6 cac diém tir 1 dén 6, trong d6 hop chat c6 cong
thire (1) duoc tinh ché bing cach két tinh hoa, déc biét 1a tr dung mdi nhu etanol hoac

isopropanol.
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8. Quy trinh theo diém 7, trong d6 dung méi 12 etanol.

9. Quy trinh theo diém 7, trong d6 dung moi 1a isopropanol.
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FIG. 1 Phd nhiéu xa tia X trén mAu bot ciia dang da hinh B ctia hop chét (I)

Cudng d6 (sb dém) T
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