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Linh vwe ky thuat dwoc dé cap

Sang ché dé cap dén quy trinh didu ché hop chét indazol dugc thé ¢ vi tri 2 ¢

cong thure sau:

5

sang ché dé cap dén dang tinh thé hinh kim cua hop chét indazol dugc thé & vi tri 2 néu

trén va dén cac hop chét trung gian.
Tinh trang k¥ thuét ciia sang ché

Sang ché dé cap dén quy trinh didu ché hop chat indazol dugc thé ¢ cong thirc

(I) ma c6 kha nang ¢ ché kinaza 4 ¢6 lién quan dén thy thé interleukin-1 (IRAK4).

IRAK4 (kinaza 4 két hop thu thé interleukin-1) cta ngudi déng vai tro chinh
trong su hoat hoa hé mién dich. Do d6, kinaza nay 1a phan tir dich diéu tri quan trong dé
phat tridn cac chét e ché viem. IRAK4 duoc biéu hién bdi nhiéu t& bao va lam trung
gian din truyén tin hiéu cta cac thu thé giéng Toll (TLR), ngoai trir TLR3, va cdc thu
thé cua ho interleukin (IL)-1 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 bat hoat gen IRAK4 hodc t€ bao ngudi tir bénh nhan thiéu IRAK4
khong phan Gng véi kich thich ctia cac TLR (trir TLR3) va ho IL- 1B (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).

Sy lién két ciia céc phdi ti TLR hodc cac phéi tit ctia ho IL-1B v6i thu the twong
tmg din dén su thu thap va lién két cia MyD88 [gen ddp tmg so cip biét hoa tiy (88)]
v6i thu thé. Két qua 1a, MyD88 tuong tac véi IRAKA4, din dén sy tao thanh phtc hoat
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dong ma tuong tdc v6i va hoat héa cic kinaza TRAKI hoac IRAK2 (Kollewe,
Mackensen, et al., Journal of Biological Chemistry, 2004; Precious et al., J. Biol. Chem.,
2009). Két qua ctia viéc nay 1a hoat hoa duong truyén tin hiéu NF (yéu t& nhan)-xB va
dudng truyén tin hiéu MAPK (protein kinaza dugc hoat héa bang mitogen) (Wang,
Deng, et al., Nature, 2001). Sy hoat hoa ca dudong truyén tin hiéu NF-«xB va dudng truyén
tin hiéu MAPK dan dén cac qua trinh két hop véi cac qua trinh mién dich khac nhau. Vi
du, ting biéu hién nhiéu phan tr tin hiéu viém va cc enzym khéc nhau nhu cac xytokin,
cac chemokin va COX-2 (xyclooxygenaza-2), va tdng do 6n dinh mARN cua cac gen
¢6 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, cac quy trinh nay ¢6 thé c6 lién quan dén sy tang sinh va biét hoa cua cac loai
té bao cu thé, vi du bach ciu don nhan, dai thuc bao, té bao dudi gai, té bao T va té bao
B (Wan, Chi, et al., Nat Immunol, 2006; McGettrick and J. O'Neill, British Journal of
Haematology, 2007).

Vai trd trung tAm ctia IRAK4 trong bénh Iy hoc cta cac 161 loan viém khéc nhau
d duoc chirng minh bing céch so sanh truc tiép gitta chudt kiéu hoang dai (WT) véi
dong vat bién ddi gen c6 dang TRAK4 bi bat hoat boi kinaza IRAK4 KDKI). Céc dong
vat IRAK4 KDKI c6 hinh anh l1am sang cai thién ¢ céc mau dong vat bi bénh da xo
cing, X0 vita dong mach, nhdi mau co tim va bénh Alzheimer (Rekhter, Staschke, et al.,
Biochemical and 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, dd phat hién ra réng, viéc loai bo IRAK4 ¢ mau dong
vat s€ bao vé chéng lai bénh viém co tim do virut nho phéan tng khang virut duoc cai
thién cung vGi qua trinh viém hé thdng giam xubng ddng thoi (Valaperti, Nishii, et al.,
Circulation, 2013). Cling da chung té duoc rang su biéu hién IRAK4 tuong Gng véi mirc
do ctia hoi chung Vogt-Koyanagi-Harada (Sun, Yang, et al., PLoS ONE, 2014).

Ciing nhu vai trd chinh ciia IRAK4 trong mién dich bm sinh, cling ¢ déu hiéu
cho thiy ring IRAK4 anh hudng dén su biét hoa ciia cac té bao dugc goi la té bao Th17
T, chc thanh phan mién dich thich Gng. Khi khong c6 hoat tinh IRAK4 kinaza, it té bao
T san sinh TL-17 (t& bao T Th17) dugc tao thanh hon so v6i chudt WT. Su tre ché IRAK4

c6 kha ning phong ngtra va/hodc diu tri xo vita dong mach, dai thao duong typ 1, viém
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khép dang thap, viém cdt séng dinh khép, lupus ban do, bénh vay nén, bach bién, viém
dong mach té bao khéng 16, rdi loan viém rudt man tinh va céc 161 loan do virut, vi du
HIV (virut suy giam mién dich & nguoi), 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 ctia IRAK4 trong tAng tin hidu qua trung gian MyD88 clia
cdc TLR (ngoai trir TLR3) va ho thy thé IL-1, viée Grc ché IRAK4 ¢6 thé duogc st dung
dé phong ngira va/hodc didu tri cac rbi loan dugc trung gian boi cac thu thé néu trén.
TLR va ca céc thanh phan ctia ho thu thd IL-1 c6 lién quan dén sinh bénh hoc ctia bénh
viém khép dang thap, hoi chiing chuyén hoa, bénh tiéu duong, bénh viém xwong khop,
hoi chimg Sjégren va nhiém 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;
Li, Wang, et al., Pharmacology & Therapeutics, 2013; Sedimbi, Hagglof, et al., Cell
Mol Life Sci, 2013; Talabot-Aye, et al., Cytokine, 2014). Cac bénh vé da nhu bénh vay
nén, viém da co dia, hoi chimg Kindler, viém da tiép xtc di tmg, trimg ¢4 dau den va
tring ca thong thudng cé lién quan dén dudng truyén tin hiéu 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).

Céc ri loan vé& phdi nhu bénh xo héa phdi, bénh phdi tac nghén (COPD), hoi
chiing suy hd hép cép tién trién (ARDS), ton thuong phéi cip (ALI), bénh phoi md k&

(ILD), bénh sacoit va tang ap phdi cling thé hién méi lién quan dén cac duong tin hiéu
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qua trung gian TLR khéc nhau. Sinh bénh hoc cua cac rdi loan v& phéi co6 thé do cac qua
trinh trung gian theo kidu nhidm tring hogc trung gian theo kiéu khong nhiém 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 céc thanh vién thudc
ho IL-1R cling c6 lién quan dén sinh bénh hoc cua céc 161 loan viém khac nhu bénh
Behget, gt, lupus ban do, bénh Still khéi phat & ngudi 16n, va bénh viém rudt man tinh
nhu viém loét dai trang va bénh Crohn, va thai loai manh ghép, va do do su tc ché
IRAK4 ¢ day 1a 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., ] Gastroenterol, 2010; Shi, Mucsi, et al,
Immunological 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). Nho co ché
tac dong cua hop chét c6 cong thie (I), chiing con thich hop trong st dung phong ngira
va/hodc diéu tri cac rdi loan trung gian bdi 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, 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
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Obstetrics and Gynaecology Research, 2013; Santulli, Borghese, et al., Human
Reproduction, 2013; Sedimbi, Hagglof, et al., Cell Mol Life Sci, 2013).

Ngoai cac r6i loan d3 néu, cac qua trinh TLR trung gian béi IRAK4 da duge mo
ta trong sinh bénh hoc cta cac r6i loan vé mét nhu thiéu mau véng mac, bénh viém gidc
mac, bénh viém két mac di tng, bénh viém két gidc mac khd, thoai hda 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 tro trung tdm ctia IRAK4 trong céc qua trinh qua trung gian TLR, viéc
trc ché IRAK4 ciing dan dén kha ning diéu tri va/hodc ngin nglra cac rdi loan tim mach
va than kinh, vi du thuong tdn tai twi 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 ca bénh Alzheimer, dot quy, chin thuong so ndo va bénh
Parkinson (Brough, Tyrrell, et al., Trends in Pharmacological Sciences, 2011; Carty va
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).

Vi ¢6 su lién quan gitta tin hiéu TLR va tin hi¢u duoc trung gian thu thé IL-1 nho
IRAK4 trong trudng hop ngtra va dau, vi du, dau do ung thu, dau sau phiu thuat, dau
do viém va dau man tinh, co thé gia thiét viéc trc ché IRAK4 ctng c6 tac dung diéu tri
cdc 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,
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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 cling 4p dung cho mot s6 rdi 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 u lympho), u lymphom té bao 40 va bénh Waldenstrdm, va ca bénh bach cau lympho
man tinh, u hic t6, va carxinom té bao gan, dic trung boi cac dot bién trong MyD88
hodc céc thay ddi vé hoat tinh MyD88 ma ¢6 thé diéu tri dugc bang chét (rc 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 cac chit e ché IRAK4 ciing thich hop dé didu tri cac khdi unay (Kfoury,
A., K. L. Corf, et al., Journal of the National Cancer Institute, 2013).

Céc rdi loan viém nhu cac hoi chung dinh ki lién quan dén cryopyrin (CAPS -
cryopyrin-associated periodic syndromes) bao gbm ca hoi chimg tu viém do lanh mang
tinh gia dinh (FCAS - familial cold autoinflammatory syndrome), hoi chitng MWS
(Muckle-Wells syndrome), bénh viém da hé théng khoi phét & tré so sinh (NOMID -
neonatal-onset multisystem inflammatory disease) va hdi ching than kinh, da va khop
man tinh & tré em (CONCA - chronic infantile, neurological, cutaneous, and articular);
sét dia trung hai mang tinh gia dinh (FMF - familial mediterranean fever), hoi chung
tang IgD (HIDS - hyper-IgD syndrome), hoi ching dinh ky lién quan dén thu thé yéu t6
hoai t& khdi u 1 (TRAPS - tumour necrosis factor receptor 1-associated periodic
syndrom), viém khép tu phat thiéu nién, bénh Still kh&i phat & nguoi 16n, bénh
Adamantiades-Behget, bénh viém khép dang thap, bénh viém xuong khép, bénh viém
két gidc mac kho va hoi ching Sjogren dugc didu tri bang cach phong bé duong tin hiéu
IL-1; do d6 & day, chit tc ché IRAK4 ciing thich hop dé diéu tri cac bénh dad néu
(Narayanan, Corrales, et al., Cornea, 2008; Henderson and Goldbach-Mansky, Clinical
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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; Nordstrom, Knight,
et al., The Journal of Rheumatology, 2012; Vijmasi, Chen, et al., Mol Vis, 2013;
Yamada, Arakaki, et al., Opinidn on Therapeutic Targets, 2013). Phéi t cua IL-33R,
IL-33, dic biét co lién quan dén sinh bénh hoc ciia bénh suy than cép, va so do viéc trc
ché IRAK4 dé phong ngira va/hodc didu tr 13 cach diéu tri thich hop (Akcay, Nguyen,
et al., Journal of the American Society of Nephrology, 2011). Cac thanh phan cta ho
thu thé IL-1 ¢6 lién quan dén nhdi mau co tim, cac t6i loan khac nhau & phéi nhu hen,
COPD, viém phbi md ké& vo can, viém mdii di tng, xo héa phdi va hdi chimg suy ho hép
cip (acute respiratory distress syndrome - ARDS), va do d6 tac dung phong ngura
va/hoic didu tri c6 thé dugc mong doi dbi v6i cc bénh da néu nhd 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 J ournal 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., ] 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).

Giai phap k¥ thuat da biét boc 16 nhidu loai chét irc ché IRAK4 khac nhau (xem,
vi du, Annual Reports in Medicinal Chemistry (2014), 49, 117 - 133).

Céc tai lidu US8293923 va US20130274241 boc 10 cac chit tc ché IRAK4 ¢6
chu trac indazol duoc thé & vi tri s 3. Khong c6 tai liéu nao mo ta vé céc indazol dugc

thé & vi tri s0 2.
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Tai lieu WO2013/106254 va WO2011/153588 boc 10 céc dAn xuét indazol duoc
thé hai 14n & vi trf 2, 3.

Tai lidu WO2007/091107 mé ta céc din xudt indazol duge thé & vi trf s6 2 dé
didu trj bénh loan dudng co Duchenne. Céc hop chit duge boc 16 khong c6 nhém thé 6-

hydroxyalkyl.

Tai lidu W02015/091426 md ta hop chit indazol, nhom alkyl ctia nd duge thé &

vi tri 2 bang cau truc carboxamit.

Tai lidu W02015/104662 bdc 10 hop chét indazol c6 cong thiic (1)

(RZ m IF\I 7y \R;,)
D u
N\
0
N R,

(§8]
9

hop chét nay httu ich trong diéu tri ¢ dang chét trc ché kinaza, dic biét 1a chét e ché
IRAK4, va mubi duoc dung hoic chét déng phan 1ap thé ctia né ma hitu ich trong phong
ngura hodc diéu tri bénh hoic tinh trang, ddc biét st dung chung trong cac bénh hodc

tinh trang dugc trung gian bdi enzym kinaza, dic biét 1a enzym IRAK4.

Tai liéu W02016/083433, dugc cong bd sau ngay wu tién cua don nay, mo ta hop

chat indazol dugc thé mdi co cong thirc sau

| X
R4 N/ O
HN _
- N=R'
HO N

quy trinh didu ché ching, viéc sir dung ching riéng r& hogc két hop dé didu tri va/hoic
phong ngira cac bénh, va viéc str dung chiing trong san xuét thudc dé diéu tri va/hodc
phong nglra céc bénh, dic biet a dé diéu tri va/hodc phong ngira lac ndi mac tlr cung va
dau lién quan dén lac nodi mac tir cung va céc triéu chirng li€n quan dén lac ndi mac tir
cung nhu dau bung kinh, dau giao hop, tiéu budt va dau khi dai tién, u lympho, viém

khop dang thp, viém cot séng dinh khép (ddc biét 1a viém cot séng dinh khép vay nén
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va bénh Bekhterev), lupus ban do, da xo cting, thodi hoa diém vang, COPD, gut, cic roi

loan gan nhi€ém md, khang insulin, cac roi loan khoi u va bénh vay nén.

Chét tre ché IRAK4 méi diic biét thich hop dé didu tri va phong ngira cac rdi loan

tang sinh va roi loan viém déc trung bdi hé mien dich phan tng qua mirc. Cac r6i loan

cu thé c6 thé dugc ké ra & day 1a cac roi loan viém da, cac roi loan tim mach, céc roi

loan vé phoi, cac roi loan vé mat, cac roi loan ty mién, c4c roi loan phu khoa, dic biét

bénh lac ndi mac tr cung, va ung thu.

Bén chit k§ thuit ctia sdng ché

Quy trinh dugc cong bd cho phép san xuit indazol (I) trén quy mo k¥ thuat véi

viéc tap trung dic biét vao cc yéu cau sau:

Su mé rong/kha nang md rong cua quy trinh san Xuét

Kha ning chon loc theo ving cao trong phan tmg N2-alkyl hoa

D0 an toan trong xu ly

Tdc dd san Xuét

Kha nang c6 sin ctia nguyén liéu khéi dau trén thi truong

Tranh dugc cac bude tach va tinh ché bang séc ky

Xu ly cubi cung bang phuong phap két tinh hoa

Viéc diéu chinh cubdi cung cua sy bién ddi da hinh st dung cac dung moi loai 3

(theo huéng dan cia FDA)

Déng chu y 13, quy trinh ¢é thé duoc thiét 1ap dap tmg duoc tht ca cac yéu cau

néu trén.

Sang ché dé cap dén viéc didu ché hop chét (I) bang céach alkyl hod chon loc cao

bét ngd trén N2 1am budc chinh:
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Viéc didu ché céc indazol duge thé tai N2 da dugc md ta trong tai liéu, vi du, M.-
H. Lin, H.-J. Liu, W.-C. Lin, C.-K. Kuo, T.-H. Chuang, Org. Biomol. Chem. 2015, I3,
11376. Tuy nhién, cic quy trinh ndy dugc cho 1a bét loi khién cho ching khong thich
hop cho quy mo k¥ thuét. Co thé didu ché mot cach chon loc hop chét indazol dugc thé
tai N2 bang mdt chudi cac budce tbng hop phtrc tap, ma khong lién quan dén budc alkyl
hod truc tiép. Tuy nhién, cac chudi ndy kéo dai va té nhat va kém theo sy hao hut dang
ké, cudi cing dan dén tdng hiéu suét thdp. Do dé, cac quy trinh tdng hop cho phép didu
ché truc tiép hop chét indazol dugc thé tai N2 tir tién chat 1H-indazol bang cach alkyl
ho4 chon loc va truc tiép tai N2 1a dugc quan tAm nhét. Vé&ind luc dé alkyl hoa tryc tiép
tién chit 1H-indazol c¢6 cdng thirc chung (II), thong thuong thu duge hdn hop tao ra tur
cac chét ddng phan vi tri alkyl hoa tai N1 (IIT) va N2 (Ta).

R3 R3

Lls RDY EL

(m () (1a)

Iz

Indazol va cac dan xuit cia no, loai dién hinh cta N-di vong thom, dugc quan
tam dic biét trong tdng hop va hoa dugc vi hoat tinh sinh hoc da dang cta ching. Ngoai
ra, cAu trac di vong da dang c6 thé truy cap dugce tir carben di vong N ¢6 ngudn gbc tir
indazol. Trong s indazol, hop chét indazol duoc thé & N1/N2 duogc st dung rong rai
lam thudc chdng ung thu, chéng viém, chéng HIV, va chéng vi khuan. Thong thuong,
quy trinh tong hop hop chét indazol duoc thé tai N2 bao gdm cac quy trinh tao vong tir
nhiéu loai nguyén liéu ban dau hdn tap. Dang tiéc 13, cac phuong phép chung van con
hiém trong cac tai liéu chuyén nganh. Trong céc phuwong phap nay, chi thu dugc hiéu
sut vira phai.

V2 tinh trang k§ thuat hién tai, mot vai cong bé da dugc biét dén va s& dugc thao
ludn trong phan sau. Khong ¢6 qui trinh nao trong s6 cac qui trinh da cong b6 md ta vé
céc diéu kién phan tng ma dan dén qua trinh alkyl hoa chon loc N2 truc tiép st dung
indazol c¢6 kha ning tao nhém chic cao thudc typ (II) cung voi alkyl tosylat hodc

halogenua mang nhoém rugu thudc typ (IV) lam chit alkyl hoéa.
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Do chon loc va/hodc hiéu suét 1a thép. Van d& cua cac qui trinh trudce day 13 6 su
dung nap nhom chuie gidi han. Do d6, chi nhiing chét alkyl hoa twong d6i don gian
khong mang cac nhom chirc khong bén va/hodc nhom chirc phan rng ngoai nhoém roi
chuyén ra dugc st dung. Céc chét nay hau hét dugc gin vao 1H-indazol twong tng bang
su thay thé 4i nhan cta cac halogenua, triflat, tosylat, hodc mesylat cua ching. Khi nhiéu
gbc chire dugc st dung, hiéu suét va do chon loc giam mot cach dang ké. Trong phan
sau sé trinh bay 1y do tai sao cac quy trinh ctia tinh trang k§ thuat khong thé 4p dung cho
thach thtrc hién tai:

1. WO 2011/043479: Céc phan tng dugc thuc hién trong THF ¢ nhiét do hoi luu.
Phan tng nay khong thuc hién d6i v6i trudng hop hién tai (chét alkyl héa thuc
typ (IV)). Viéc didu ché triflat twong tmg tr, vi dy, ruou 1a khong thé, do viéc
phan huy ctia n6 xay ra ngay 1ap tirc. Ngoai ra, chi chit nén don gian khong chia

nhom chirc trong mach bén dugc su dung.

2. S. R. Baddam, N. U. Kumar, A. P. Reddy, R. Bandichhor, T etrahedron Letlt.
2013, 54, 1661: Chi cé4c indazol don gian khong chira cac nhom chirc dugc su
dung trong phan tng. Chi metyl tricloaxetimidat dugc st dung lam chét alkyl
hod. N3 luc dé chuyén céc diéu kién c6 xtc tac axit sang qua trinh alkyl hoa chon
loc str dung chét alkyl héa tao nhom chire ruou nhu duge mo ta béng (V) tai vi
tri 2 cua cau trac 161 indazol d3 khong thanh cong. Quy trinh nay khong thé dé

dang tang 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: Viéc didu ché THP-ete v6i vide wu tién dbi voi N2 cla indazol dugc trinh
bay. Phan (ing nay didn ra theo co ché khéc biét va khong dai dién lam phuong
phéap chung, do san pham THP-ete khong thé dé dang dugc chuyén hoé tiép.

Ngoai ra, phuong phip bao vé chon loc indazol st dung cic dan xut p-
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metoxybenzyl trong diéu kién axit dugc trinh bay. NG luc dé chuyén cac diéu
kién nay sang qua trinh alkyl hoa chon loc st dung chét alkyl hoa tao nhém chire
rugu nhu dugce mo ta bfmg (IV)taivitri 2 cua chu trac 161 indazol d3 khong thanh

cong.

. D. J. Slade, N. F. Pelz, W. Bodnar, J. W. Lampe, P. S. Watson, J. Org. Chem.
2009, 74, 6331: THP-ete va sy bao vé PMB sir dung cac diéu kién axit (PPTS:
pyridini para-toluensulfonat); nd luc dé chuyén céc diéu kién nay sang qua trinh
alkyl héa chon loc st dung chét alkyl hoa tao nhém chire rugu nhu duge mo ta
bang (IV) tai vi trf 2 cla cAu truc 161 indazol da khong thanh cong..

. M. Cheung, A. Boloor, J. A. Stafford, J. Org. Chem. 2003, 68, 4093: Mubi
Meerwein hoat tinh manh va cé kha ning sinh ung thu cao dugc stt dung lam cac
chét alkyl héa. Phuong phap nay chi bao gbm mubi Meerwein etyl va metyl
khong dugc tao nhom chire don gian. Phan ing nay dién ra trong etyl axetat phin
cuc & nhiét do moi truong. Cac didu kién nay khong thé chuyén dugc sang qué
trinh alkyl hoa chon loc st dung chét alkyl hoa tao nhom chtrc rugu nhu duge

mo ta bang (IV) tai vi tri 2 cua cAu trac 161 indazol.

>
gL
G

.

)

mong muon khong mong muon -
~ ko

So dd 1: N-alkyl hoa 1H-indazol
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So dd 2: Phuong phap N-alkyl hod indazol 1a da biét dén trong linh vuc

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, quy trinh nay khong
thé duoc gia ting quy md bang kim loai Ga va Al duoc sir dung véi luong theo
ty luong. Trong céac didu kién phan tmg da md t&, axit Broensted dugc tao thanh
s& phan (g v6i cac kim loai twong Gng dé tao ra khi hydro. Chi cac co chét twong
d6i don gian duge stt dung lam chat alkyl hoa. Khi nhiéu co chét tao nhém chire
duogc st dung, quan sat thdy hiéu suit bi giam dang ké. N& luc dé chuyén céac
diéu kién nay sang quaé trinh alkyl hoa chon loc st dung chét alkyl hoa tao nhém
chtc rugu nhu duge mo ta bé‘mg (IV) tai vi tri 2 cta cAu truc 151 indazol da khong

thanh cOng.
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G. Luo, L. Chen, G. Dubowchick, J Org. Chem. 2006, 71, 5392:
2-(trimetylsilyl)etoxymetyl clorua (SEM-CI) trong THF dugc st dung dé thé trén
N2 cia indazol. N3 lyc dé chuyén cac didu kién nay sang qud trinh alkyl hoa
chon loc stir dung chét alkyl héa tao nhom chire rugu nhu duge md ta béng av)
tai vi tri 2 ctia c4u tric 18i indazol da khong thanh cong. Céc sén pham twong Gng
md ta trong cong bb nay 12 ete va khdng lién quan dén phan tir dich clia sdng ché.
Viéc st dung 2-(trimetylsilyl)etoxymetyl clorua (SEM-CI) sinh ung thu manh
cling nhu benzyloxymetyl clorua (BOM-CI) khong phai 12 lya chon tb1 vu 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 céc co chit rat don gian duogc sir dung trong phuong
phap nay. Khong cé do chon loc dang ké dugc bao cdo. Quan sat théy mot chut

wu tién dbi véi viee alkyl hoa N1 & indazol.

. G. A. Jaffari, A. J. Nunn, J. Chem. Soc. Perkin 11973, 2371: Céc co chét rat don

gian va duy nhét chét metyl hod dugc st dung. Co chit phtic tap hon, vi du, td
hop gdm formaldehyt v6i metanol proton hod chi tao ra san pham dugc thé N1

(ete).

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

11.

axit sulfuric va cloroform. Cac diéu kién nay khong thé chuyén dugc sang cac
indazol dugc thé tai vi tri 2. Chi viéc chuyén hoa cua indazol don gian v6i ruou

adamantylic lam chét alkyl hoa duy nhét duoc mo ta.

S. K. Jains et al. RSC Advances 2012, 2, 8929: Tai li€u cOng bd nay bao gém vi
du vé N-benzyl hoa cua indazol v&i do chon loc thap huéng dén viéc thay thé
N1. Phuong phép c6 xuc tdc Kf-/alumin nay khong thé duoc 4p dung dbi voi cac
indazol dugc thé tai vi tri 2. N§ luc dé chuyén cic diéu kién nay sang qua trinh
alkyl hoa chon loc st dung chét alkyl hoa tao nhom churc ruou nhu duge mo ta

bing (IV) tai vi tri 2 ctia cdu tric 161 indazol da khong thanh cong.

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

duoc st dung. Viéc tao thanh THP-ete axitic d& mo ta va benzyl hod trong hdi
luu THF 1a khong 4p dung dugc cho co chét cua tac gia sang ché. N§ lyc dé

chuyén cac diéu kién nay sang qud trinh alkyl hoa chon loc str dung chat alkyl
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hoéa tao nhom chirc rugu nhu duge mo ta béng (IV) tai vi trf 2 cua cAu truc 161
indazol da khong thanh cong.

M. Chakrabarty et al. Tetrahedron 2008, 64, 6711: Quan sat thdy qué trinh N2-
alkyl héa nhung chu yéu thu duge san pham N1-alkyl héa. Cac didu kién sir dung
natri hydroxit nudc va chét xuc tac chuyén pha trong THF da md ta 1a khong
thich hop dé dat duoc qu4 trinh alkyl hoa chon loc tai vi tri 2 cta 1H-indazol. N
luc dé chuyén cac didu kién nay sang hé (IV)/(I) clia téc gia sing ché da khong

thanh cong.

14.M. T. Reddy et al. Der Pharma Chemica 2014, 6, 411: Phan Gng nay dién ra

15.

trong chét alkyl hod twong Ung lam dung moi. Da c6 thong bdo chi st dung etyl
bromoaxetat ¢6 tinh phan ung cao lam chét alkyl hod. Khong c6 dit liéu vé do
chon loc. Céc diéu kién nay l1a khong 4p dung duoc cho hop chit & dang 2-
indazol. N3 luc dé chuyén cic diéu kién nay sang qua trinh alkyl hoa chon loc st
dung chét alkyl héa tao nhém chirc rugu nhu duge mo ta bang (IV) tai vi trf 2

ctia cAu trac 161 indazol da khong thanh cdng.

S. N. Haydar et al. J Med. Chem. 2010, 53, 2521: Chi cac nhom alkyl khong
duoc tao nhém chire don gian duge md ta (metyl, isopropyl, isobutyl). Xesi
cacbonat dugc sit dung lam bazo va phan ung nay tao ra hon hop cla cac san
phim alkyl hoa N1 va N2. Céc diéu kién nay la khong thich hop dé dat duge qua
trinh alkyl héa chon loc tai vi trf 2 ctia 1H-indazol. NG luc dé chuyén cac diéu
kién nay sang qué trinh alkyl hoa chon loc st dung chét alkyl héa tao nhém chirc
ruou nhu duge mo ta bang (IV) tai vi trf 2 cua cAu trac 16i indazol da khong thanh

cong.

16.7h. V. Chirkova et al. Russ. J. Org. Chem. 2012, 48, 1557: Trong phuong phap

nay, cac co chét twong ddi don gian duge chuyén hod véi kali cacbonat lam bazo
trong DMF. Thu dugc hdn hop clia cac san pham alkyl hod N1 va N2. Céc didu
kién nay 1a khong thich hop dé dat dugc qua trinh alkyl héa chon loc tai vi trf 2
cta 1H-indazol. N& luc dé chuyén cac didu kién nay sang qué trinh alkyl hoa
chon loc st dung chét alkyl hoa tao nhom churc rugu nhu duge md ta bé‘mg Iv)

tai vi tri 2 ctia cdu tric 16i indazol da khong thanh cong.
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17.C. Marminon et al. Tetrahedron 2007, 63, 735 : Phan tix thé ortho R & vi tri 7 trén

indazol huéng vao viéc alkyl hod theo hudéng N2 bang cach che N1 khai su tAn
cOng 4i dién tu. Cac diéu kién, natri hydrua lam bazo trong THF, khong thich
hop dé dat dugc qué trinh alkyl hoa tai vi tri 2 ctia 1H-indazol va t6t hon dan dén
qua trinh alkyl hoa tai N1 khi khong co su thé tai vi tri 7 ctia indazol. N luc dé
chuyén céc diéu kién nay sang qua trinh alkyl héa chon loc su dung chét alkyl
hda tao nhom chirc rugu nhu duge mo ta bﬁmg (IV) tai vi trf 2 cua cAu trac 161

indazol d& khong thanh cong.

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

gian duoc st dung. Phuong phap nay mo ta phan ung quang hoa ma khong thé
d2 dang gia ting quy mo va khong ap dung dugc cho qué trinh alkyl hoa chon
loc chung truc tiép ctia 1H-indazol tai vi tri 2. Cac dan xuét styren rat dac trung
duogc st dung trong cac diéu kién phan tng gbe. Nd Iuce dé chuyén cac diéu kién
nay sang qua trinh alkyl hoéa chon loc st dung chét alkyl hoa tao nhém churc rugu
nhu duge md ta bang (IV) tai vi tri 2 cla cAu tric 151 indazol da khong thanh

cong.

19. Togni et al. Angew. Chem. Int. Ed. 2011, 50, 1059: Tai liéu cong bd nay chi mod

ta loai phan tir thé ddc biét (iot hod tri cao lam chét phan tng triflometyl hod két
hop v6i axetonitril). Truong hop ddc trung nay khong phai la thong thudng va
khong thé dugc 4p dung cho qua trinh tong hop cac cac indazol alkyl hoa tai N2
thudc loai (Ia) hoac (Va).

20.L. Salerno et al. European J. Med. Chem. 2012, 49, 118: Tai lig¢u cong bb nay mo

21.

ta qua trinh chuyén hoa indazol trong [J[Jbromoketon néng chay. Céac diéu kién
phan g nay khong thé dugc chuyén sang qua trinh tdng hop chon loc hop chét
indazol ankyl hod tai N2 thudc loai (I). N8 lyc dé chuyén céc diéu kién ndy sang
qué trinh alkyl héa chon loc st dung chét alkyl hoa tao nhom chtre rugu nhu duge
mé ta bang (IV) tai vi tri 2 cua cAu trac 161 indazol da khong thanh cong.

K. W. Hunt, D. A. Moreno, N. Suiter, C. T. Clark, G. Kim, Org. Lett. 2009, 11,
5054: Tai lidu cong bd nay chu yéu mo ta phuong phap alkyl hoa chon loc N1 ¢o6
bd sung cac bazo khac nhau. Chi cac co chét don gian dugc su dung. NOb luc dé

chuyén cac didu kién nay sang qua trinh alkyl hoa chon loc st dung chét alkyl
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héa tao nhom chire rugu nhu duge mo ta bang (IV) tai vi tri 2 cia cAu truc 16i

indazol da khong thanh cong.

22.]. Yang et al. Synthesis 2016, 48, 1139: Tai liéu cong bd nay md ta phan ing aza-

23.

Michael c6 xuc tac bazo chon loc N1. Khong quan sat thdy viéc thay thé tai N2.
N& luc dé chuyén cic didu kién nay sang qua trinh alkyl hoa chon loc sir dung
chét alkyl héa tao nhém chtrc rugu nhu duge md ta bang (IV) tai vi trf 2 cla chu
trac 181 indazol da khong thanh cong.

P.R. Kym et al. J. Med. Chem. 2006, 49, 2339: V& co ban, quy trinh alkyl hoa
N1 duge md ta. N& luc dé chuyén cac didu kién nay sang qua trinh alkyl hoa chon
loc st dung chét alkyl hoa tao nhém chirc rugu nhu duge mo ta béng (V) tai vi

tri 2 cta clu trac 16i indazol dd khong thanh cong.

24.A. T. Souers et al. J. Med. Chem. 2005, 48, 1318: Tai liéu cong b6 ndy md ta viée

25.

str dung kali cacbonat lam bazo. Phuong phap nay tién hanh chu yéu wu tién viéc
thé tai N1 va do d6, khong thich hop dé dat duoc qua trinh alkyl hoa chon loc tai
vi trf 2 cia 1H-indazol. N& lyc dé chuyén céac diéu kién nay sang qua trinh alkyl
hoa chon loc st dung chét alkyl hoa tao nhém chirc rugu nhu dwge mo ta bing

(IV) tai vi trf 2 cua cAu trac 161 indazol da khong thanh cong.

P. Bethanamudi et al. E-Journal of Chemistry 2012, 9, 1676: Viéc sit dung dung
dich ion cung v6i kali cacbonat lam bazo tao ra hdn hop ctia céc indazol alkyl
hoa N1 va N2 véi hiéu suét thép. D& chon loc cho théy xu hudong hudng dén viéc
thay thé & N1. Viée stt dung dung dich ion khong thé dugc chuyén hoa thanh hé
cua tac gia sang ché. N§ lyc dé chuyén cac diéu kién nay sang qua trinh alkyl hoa
chon loc st dung chét alkyl héa tao nhom chtrc rugu nhu duge mo ta bang (IV)

tai vi trf 2 cta cu tric 161 indazol da khong thanh cong.

26.S. Palit et al. Synthesis 2015, 3371 : Phan ung dugc md ta trong ban mo ta nay

hau nhu khong chon loc v6i sy vu tién rt it ddi voi viéc thay thé tai N1 cta
indazol. Chi cdc nhém alkyl khong dugce tao nhém chire, don gian dugc st dung.
Natri hydrua va bazo manh tuong tu dugc st dung. Nb luc dé chuyén cac diéu
kién nay sang qua trinh alkyl hoa chon loc sir dung chét alkyl hoa tao nhom chirc
ruou nhu duge mo ta bé“mg (IV) tai vitri 2 cua chu trac 181 indazol d3 khong thanh

cong.
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D3 chung minh duoc ring, hop chét ¢ cong thire (I) cling nhu tién chit (V) clia
n6 ¢6 thé duge tong hop tuong tu nhu cac phuong phép dd cong bd trude day trong tai
liéu chuyén nganh, vi du, thong qua qua trinh alkyl hoa truc tiép v6i 4-bromo-2-

metylbutan-2-ol st dung kali carbonat 1am bazo ciing véi kali iodua trong DMF.

a
F 0
F N
F HN
N
O =N ‘\—<OH

Tuy nhién, hon hop cla cac san pham alkyl héa N1 va N2 thu dugc, uu tién d6i
v6i chét ddng phan vi trf N1 (N1:N2 = khoang 2:1). Hop chat indazol alkyl hoa tai N2
(V) ciing ¢6 thé thu dugc v6i higu suat thdp nhu dugc mo ta trong WO2016/083433,
céng bd sau ngdy uu tién cta don sang ché nay, nhu dugc mo ta trong quy trinh phan

ung sau:

930mg (2,55mmol) metyl 5-({[6-(triflometyl)pyridin-2-yljcarbonyl }amino)-1H-
indazol-6-carboxylat (VIIa), 1,06g kali carbonat va 212mg kali iodua déu tién dugc nap
vao trong 9ml DMF va hdn hop duoc khudy trong 15 phut. Sau d6, 0,62ml 4-bromo-2-
metylbutan-2-ol dugc bd sung vao d6 va hdn hop duge khudy ¢ nhiét d6 60°C qua dém.
Hon hop dugc két hop voi nude va duge chiét hai 14n bang etyl axetat, va dich chiét
duoc rira ba lan béng dung dich natri clorua bdo hoa, loc va ¢c6 dac. Tinh ché béng
phuong phap sic ky cot trén silicagel (hexane/etyl axetat) thu dugc 424mg (37%) hop

chit néu ¢ tiéu dé (V).

Hop chét indazol alkyl hoa tai N2 c¢6 cong thirc (I) thu dugc véi hiéu suét tham

chi thip hon nita tir (Ila), nhu duge mo ta trong quy trinh phan Gng sau:

hdn hop cta 500mg (1,37mmol) N-[6-(2-hydroxypropan-2-yl)-1H-indazol-5-yl]-
6-(triflometyl)pyridin-2-carboxamit (Ila), 569mg kali carbonat va 114mg kali iodua
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trong Sml DMF dugc khudy & nhiét do trong phong trong 15 phut. Luong 344mg (1.5
duong luong) 4-bromo-2-metylbutan-2-ol dugc bd sung vao d6 va hdn hop duge gia
nhiét téi 100°C trong 2 git. Luong 0,5 duong luong khac cta 4-bromo-2-metylbutan-
2-0l duoc b sung vao d6 va hdn hop dugce khudy & nhiét do trong phong qua dém. Hon
hop duoc két hop v6i nude va duge chiét hai lan bing etyl axetat, va céc pha hitu co két
hop dugc rua bang dung dich natri clorua bdo hoa va dugce loc qua mang loc ky nudce va
o dac. Phan con lai duge tinh ché bang phuong phép tinh ché séc ky cot trén silicagel
(hexan/etyl axetat). Quy trinh nay tao ra 100 mg phén doan san phidm ma duoc khudy
voi dietyl ete. Chét rén dugc loc ra va 1am kho. Thu dugc 60mg hop chit néu & dé muc

(I). Téng san lugng: 160 mg (26 %).

HPLC didu ché tidu thu ching t6 khong thé thidu bude tach hitu hidu cac chat
ddng phan vi trf N1/N2. Quy trinh méi theo sang ché nay nhim dé gia ting hiéu qua
tdng hop trong quy md 16n va nhdm dé tao thuan lgi cho vi¢e tinh ché (I) va (V) thong
qua viéc dat duge do chon loc tbt hon trong cac phan ing alkyl hoa c6 lgi cho su thé tai
N2 ciing nhu nhim dé thiét 14p mot quy trinh san xuét va xtr Iy an toan d6i véi 3-
hydroxy-3-metylbutyl 4-metylbenzensulfonat (VI), hop ché nay c6 xu huéng phén hiry
& nhiét dd cao hon va dudi sy tac dong cla axit va bazo. Tuong tu, céc dung moi dé

chdy, nhu dietyl ete, ma khong thich hop trong didu ché quy md 16n can phai tranh.

(Vi)

Sang ché dé cap dén quy trinh didu ché cac hop chat c6 cong thirc chung (Ia) tir
qué trinh alkyl hoa chon loc tai N2 trye tiép ctia cac hop chit c6 cong thirc chung (II)
hoic théng qua qua trinh alkyl hoa chon loc tai N2 cua cac hop chét c6 cong thire chung
(VII) dan dén cac hop chit trung gian c6 cong thiic chung (Va) ma ching dugc chuyén
ddi trong bude tong hop cudi ciing thanh céc hop chét c6 cong thitc chung (Ia) bing viéc

bd sung metylmagie halogenua.
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Mot cach bt ngd, cc tic gid sang ché da phat hién ra rang, viéc st dung 3-
hydroxy-3-metylbutyl 4-metylbenzensulfonat (VI) ctng v4i N,N-diisopropyletylamin
Jam bazo trong toluen da sinh ra cac phan tng alkyl hoa chon loc tai N2 rAt manh ddi

v6i cac indazol (V) va (Ila). PO chon loc tai N2 trong cdc phan tng alkyl héa nay cia
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cac indazol tao nhém chirc phtrc tap véi alkyl tosylat mang nhém chirc phan ing la chua
tirng x4y ra va do do, c6 tinh sang tao cao. Khi tién hanh phan (g ctia cac hop chat c6
cong thirc chung (II) hodc (VII) v6i 3-hydroxy-3-metylbutyl 4-metylbenzensulfonat
(VI) trong dung mdi hydrocacbon, nhu toluen, xylen hogc clobenzen, véi viéc bd sung
bazo hitu co, nhu N,N-diisopropyletylamin hogc trietylamin, cac chit ddng phan N2 (1)
va (V) mong mudn thu duge véi do chon loc rat cao. Mot cach ngac nhién, dd chon loc
trong phan tng alkyl hoa cta (Ila) v6i (VI) tham chi con cao hon do chon loc quan sat

duoc trong phéan tng alkyl hoa cua (VIla).

o]
A (Y io f\ 3
/(\/‘Yo — 5 \«» <'OH }TA&C \N/i)\‘fo /\\N I

FC7 N FsC
H Vi HN HN
R & o
/O\Nﬁ‘ AN EN \\>L
o ' o}
(Vila) v (Vi)
B§ chon loc: 10 : i

Do chon loc: 26 : 1

Déng chuy, su chuyén d6i indazol khéi dAu thanh san phdm alkyl h6a N2 mong
mudn ctia hop chit (ITa) cao hon nhiéu so v6&i hop chat (VIIa). Do do, ty 16 HPLC cua
san phém alkyl héa N2 thanh indazol khéi dau khi két thic phan g chi nho hon 3 : 1
dbivei (V) : (VIIa) va30: 1 dbi vé6i (1) : (11a) (HPLC). M§t cach thu vi, cdc tac gia sang
ché da phét hién ra rang, phan mg c6 thé dugc tién hanh mot cach thich hgp thong qua
viéc bd sung ddng thoi tir tr bazo hitu co va dung dich cla chét alkyl héa trong dung
moi hydrocacbon khong phén cuc, nhu toluen, xylene hodc clobenzen. Da chirng minh
1a c6 loi khi ¢6 lugng du (it) bazo tai mdi mdt thoi diém trong khi phan tng. Phuong
phap khac hoat dong thong qua viéc bd sung tir tir dung dich cia chét alkyl hoa trong
dung moi khong phén cuc, nhu toluen, xylen hodc clobenzen, vao hon hop ctia 1H-
indazol khoi dau va luong du bazo hitu co (N,N-dicyclohexylamin hodc trietylamin, tbt
hon N,N-diisopropyletylamin) trong dung mdi néu trén (toluen hodc xylene) & nhiét do

cao (>100°C). Phan Gmg cta (VIIa) voi (V) hoat dong tdt nhét khi 21 duong lugng cua
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bazo (N,N-dicyclohexylamin hodc trietylamin, t8t hon N,N-diisopropyletylamin) dugc
st dung. Hon hop cua indazol (VIIa) va bazo trong toluen (6,5 thé tich) dugc gia nhiét
t6i 100 — 110°C. D& bao dam quy trinh an toan, 5 duong lugng cua 3-hydroxy-3-
metylbutyl 4-metylbenzensulfonat (VI) dugc bd sung vao hdn hop phan tng & dang
dung dich trong 1 thé tich toluen trong thoi gian 10 gid. Sau khi hoan thanh viéc b
sung, phan Ung dugc khudy trong 12 — 18 gid nira, (t6t hon 15 gid) & nhiét do
100 — 110°C. Theo céch tiy ¥, thdi gian khudy c6 thé 1a 14 - 24 gig (tdt hon 18 gid) &
nhiét d6 100 — 110°C. Tét hon, hdn hop phan tng duge khudy trong 18 giv ¢ nhiét dd
110°C. Béi v6i phan tmg cta (VIla) v6i (V), su chuyén ddi tién hanh & ty 1& trung binh
ctia indazol khéi dAu trén san phdm alkyl hoa N2 12 2,8 : 1 (ty 1€ ctia % dién tich HPLC).
Do d6, ciing dé thu hdi indazol khéi dAu chwa chuyén ddi (VIla), phuong phap sic ky
cot t6t nhét dugc tién hanh d& tinh ché (V). Pang chu ¥, phuong phap séc ky cot c6 thé
duoc phat hién 1a cho phép tinh ché hidu qua (V) t6i 99,5% dién tich HPLC va tach lam
sach (VIla) trén pham vi kg. (V) thu dugc voi tdng san lwong bao gbm alkyl hoa va bao
dam budc sic ky nam trong khoang tir 45 dén 47%. Qui trinh nay dugc tién hanh trén

quy md kg.

Trong truong hop chuyén dang (Ila) thanh (I), cdc tac gia phét hién ra rang, su
chuyén héa cao dat duge khi 4,0 duong luong cua 15-35% khéi lwvgng dung dich cua 3-
hydroxy-3-metylbutyl 4-metylbenzensulfonat (VI) trong toluen dugc dinh lidu trong
thoi gian 5 dén 15 gio (6t hon 10 gi®) vao huyén phu cta (Ila), 4,8 duong lugng cua
bazo hitu co (t6t hon N, N-diisopropyletylamin) va toluen ¢ nhiét do hdi luu cua toluen
(nhiét do bén trong >110°C) trong diéu kién 4p suat moi trudng. Sau khi hoan thanh viéc
bd sung, phan (g dugc khudy trong thoi gian 15 gid dén 24 giv (t6t hon 18 gio) nham

dé giam thiéu lugng (VI) con lai trong hdn hop.

(V) duogc chuyén d6i thanh hop chét dich (I) thong qua viéc bd sung metyl magie
halogenua. Qui trinh st dung trong qué trinh tong hop nghién ctu vé (I) duogc boc 1§
frong tai lisu WO2016/083433, cong bb sau ngay wu tién ciia don sang ché nay va duoc
mo ta & day:

705mg (1,57mmol) metyl 2-(3 -hydroxy-3-metylbutyl)-5-({[6-(triflometyl)-
pyridin-2-yl]carbonyl} amino)-2H-indazol-6-carboxylat (V) dau tién duogc nap vao trong
10ml THF va dugc lam lanh trong bé 1am lanh bang nuéc d4. 2,6ml (5,0 duong lugng)
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ctia dung dich metylmagie bromua 3M trong dietyl ete dugc bd sung vao d6 va hon hop
dugc dé khudy trong khi 1am lanh bing bé nudc da trong 1 gidy va & nhiét do trong phong
trong 4,5 gid. Luong 1 duong lugng nira ciia dung dich metylmagie bromua duoc bd
sung vao d6 va hdn hgp duge cho khudy & nhiét do trong phong trong 20,5 gid. Luong
1 duong lugng nita cuia dung dich metylmagie bromua dugc bd sung vao d6 va hdn hop
duoc dé khudy ¢ nhiét do trong phong trong 22 gio. Hon hop phan Gng dugc két hop
v6i dung dich nudc amoni clorua bdo hoa, khudy va chiét ba 14n bing etyl axetat. Cac
pha hitu co két hop dugc ria bang dung dich natri clorua, loc qua bd loc ki nudce va cd
dac. Quy trinh nay tao ra 790 mg phan cin ma dugce tinh ché bang phuong phap HPLC
didu ché. Quy trinh nay tao ra 234 mg hop chit néu & d& muc va 164 mg phan doan san
phim ma dugc khudy v6i dietyl ete. Sau khi loc bang cach hit tiép theo 12 lam khd, thu

dugc thém 146 mg hop chit néu & dé muc.
Téng san lwong: 398 mg (56 %)
Qui trinh nay khong thich hop trong san xuit quy md 16n do béi cac ly do sau:

e Viéc str dung dietylete can phai trdnh vi diém chay ctian6 thap va kha ning chay
nd cta né cao.

e Metylmagie bromua tuong dbi dat duge st dung thay cho metylmagie clorua phd
bién hon, 1a chat d& kiém dugc hon.

o Tdng thoi gian phan tng 14 rat dai (47 gio!)

e Phan ung dugc kem theo bang su hinh thanh nhidu san phdm phu khdng mong
mubn, do d6 HPLC didu ché can phai dugc sir dung dé tinh ché.

e Nén tranh viéc tach bing sic ky trén quy mo k¥ thuat, vi viéc tach nay thuong
doi hoi tiéu thu cac dung méi hitu co khong kinh té.

e Khong c6 quy trinh két tinh nao duoc md ta. Theo thuc tién thong thuong trong
phong thi nghiém nghién ctru, hop chét c6 cong thire (V) duoc lam bay hoi cho
dén trang thai kho. Quy trinh nay khong kha thi trén quy mo k¥ thuat.

Mot cach bt ngd, céc tac gia phat hién ra rang, hop chét (V) ¢o thé duoc didu
ché vé6i hiéu suét cao hon dang ké khi metylmagie clorua trong THF dugc st dung thay
thé. Phan Gng dién ra voi it san phim phu hon ma, sir dung phuong phap nghién ctru
nhu dugc boc 16 trong tai liéu WO2016/083433, céc san pham phu nay can phai dugc
loai bo thong qua HPLC diéu ché. Phan tmg dugc phat hién xay ra t6t nhit v6i dung moi
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1a THF. 6 duong lugng metylmagie clorua (khoang 3M trong THF) dugc khudy va duy
tri & nhiét d6 tir -10 dén -15°C. Trong thoi gian 1 dén 2 gios (t6t hon 1,75 gid), hop chét
(V) duoc bd sung ting giot vao hdn hop & dang dung dich trong THE. Hon hop phan
ung dugce khudy trong 30 phut & nhiét 4o xac dinh. Hon hop phan Gng lanh sau d6 dugc
1a dimg bang cich dinh lugng vao trong dung dich nudc cua axit xitric. Khudy manh
hdn hop thu dugc. Tach riéng cac pha. Pha nuge duge chiét bang etyl axetat. C4c pha
hitu co két hop dugce rira bang nuéc. Tién hanh thay d6i dung moi sang etanol. Lam 4m
dung dich thu dugc dén nhiét do 31 —32°C va khudy. San pham thd duge két tinh bang
cach bd sung nudce trong thoi gian 1 gio. Sau do, lam mat huyén phu thu dugc xubng
nhiét d6 20°C trong 1 gidr va san phim thé dugc phan tach bang céch loc va rira bang

hdn hop cua etanol va nudc. Lam kho san pham tha.

Dé tinh ché, sin phdm dugc cho tinh ché thém st dung hon hop cla
axeton/toluen 1:9. Nguyén liéu thd duoc hoa tan trong hdn hop nay & nhiét do khoang
80°C. Dung dich dugc lam mat xuéng nhiét d6 55°C. D4 chirmg minh 13 ¢6 loi khi bd
sung cac tinh thé mam & nhiét do nay. Lam lanh thém huyén phu tao ra xudng nhiét do
20°C trong 2 gi0, san phim duge loc ra, ria bang hdn hop cua axeton/toluen 1:9 va

toluen va lam kho.

Dé thu duoc dang tinh thé x4c dinh, san phém dugc cho két tinh véi etanol va
nude twong tw nhu qui trinh mo ta ¢ trén. S dung qui trinh nay, hop chét mong mubn
(I) thu dugc c6 do tinh khiét cao (>97% dién tich HPLC; >96% ham lugng) va hiéu suét
cao (55 - 77%). Dang chu y, hi€u suét cao hon (72 va 77 %) khi phan tng thyc hién trén
quy md 16n hon (kg).

Dang chu y, cac tac gid phat hién ra rang, phan Gng alkyl hoa cua (Ila) thanh (I)
thu dugc két qua tot nhat khi chi 4,5 dén 6 duong lugng bazo (N,N-dixyclohexylamin
hoic trietylamin, t5t hon N,N-diisopropyletylamin) dugc st dung. Cac tac gia cling da
phét hién ra ring, viéc bd sung ddng thoi va tir tir dung dich ctia (VI) trong toluen (15-
40% khéi luong; tdt hon 25% khéi lugng) dugc chimg minh 1a c6 loi. Khi viée bd sung
duge tién hanh mot cach dong thoi, lugng du nhoé cua bazo can phai c6 mit trong hdn
hop phan (g d& qua trinh alkyl hoa tién hanh t6t nhét. Ciing c6 thé bd sung mot cach
tir tir dung dich ctia (VI) trong dung moi hydrocacbon khong phan cuc, déc biét 1a toluen,

vao hdn hop ctia (Ila) va bazo hitu co trong cung dung mdi hydrocacbon khong phén
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cuc. Déi v6i phan tmg nay, dung dich toluen cua (VI) da dugc diéu ché theo quy trinh
t6i wu lién quan dén d9 an toan va viée xtr Iy, vi (VI) ¢6 xu huéng phén hiy tda nhiét.
Do do, (ITa) dugc tao huyén phu trong toluen (khoang 6,5 thé tich) va dugc gia nhiét t6i
100 - >112°C (t4t hon nhiét do hdi luu cia toluen 1am nhiét d6 bén trong). Sau khi hoan

thanh viéc bd sung, hdn hop phéan timg duge khudy trong 18 giv ¢’ nhiét do 100 —=112°C.

Sau khi hoan thanh viéc bd sung, phan tng dugc khudy trong thoi gian tir 15 dén
24 giv, tbt hon 18 gid, dé giam thidu lugng du con lai cua chét alkyl hoa (VI). Sau do,
hdn hop phan ng duge mat Xuéng nhiét o 40°C va dugc co dic trong diéu kién chan

khong.

Sau dé, hdn hop phan tng dugc lam ngudi xuéng nhiét do 40°C va dugc co dic.
Trinh tu chiét pha tiép theo st dung etyl axetat, hdn hop cua axit axetic/ nudc, va nudc.
Pha hitu co duge co dic va dung moi duge d6i thanh isopropanol. San phadm mong mubn
(I) duoc két tinh thong qua viée bd sung nuée tir tr. Trong mot s6 truong hop, da chung
minh duoc la co lgi néu tao mAm tinh thé hdn hop nay bﬁmg cac lugng nho tinh thé dé
dat duoc su két tinh hiéu qua. Sau khi khudy huyén phu tao ra trong thoi gian dai, san
pham dugc phan tach bang céach loc, rira bang hdn hgp cta isopropanol va nude, va sau
cung la nudce. San phim dugc 1am kho ¢ nhiét do 50-60°C trong diéu kién chan khong
dién hinh din dén hidu suit 60 — 90%. Do tinh khiét ctia san phdm thd thudng ndm trong
khoang tir 76 dén 89% (% dién tich HPLC; phuong phép D) (ham luong 70 dén 90%
khéi lugng) vé6i it hon 6% (HPLC) chét dong phan vi tri N1. Tuy nhién, bude x Iy nay
da chimg t6 kho xit 1y trén quy mo 16n (1,2 kg), vi ham lwong san pham thip hon so v&i
ham lugng thu dugc ban d4u & quy mo phong thi nghiém (gidm xubng 61% khéi luong;

71% dién tich HPLC; phuong phép C; 76% dién tich HPLC; phuong phép D).

San phim tho c6 thé duge tinh ché théng qua qui trinh két tinh 13p di lap lai tr
hdn hop toluen/axeton twong tu qui trinh két tinh duoc 4p dung sau phan tng cua (V)
v6i (). O day, céc tac gia da phat hi¢n ra la c6 loi khi bd sung than hoat tinh (0,1 - 0,4
duong lugng) dé dat duoc cc két qua tdi wu. Do d6, (I) thu duge véi do tinh khiét tir 95
dén >99% dién tich HPLC.

Viéc diéu ché nguyén liéu cGMP ma nguyén liéu nay cling s& duoc st dung trong
cac thir nghiém 1am sang doi hoi viéc tinh ché bd sung. Ngoai ra, vi thanh phan dugc

chét s& duoc st dung dé san xuat vién nén, nén quy trinh can phai cung cap dang tinh
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thé ddng nhit c6 thé san xult duge. Mot cach bt ngo, dang tinh thé x4c dinh c6 thé
duoc thiét 1ap thong qua qui trinh tai két tinh bang etanol va nudc. Dé loc ¢cGMP, hop
chét trude tién dugc hoa tan trong etanol dugc dua qua thiét bi loc phén tr va sau do,
dugc két tinh bang viéc bd sung nude. San phim tinh khiét thong thudng thu duogc véi

hidu sudt 35 - 56% c6 d6 tinh khiét va ham lugng cao.

Vi qui trinh x@ ly mo ta & trén din dén su dao dong vé ham luong khi duge ép
dung trén quy md 16n hon, nén cac tac gid da tim kiém qui trinh xt 1y va tinh ché hiéu

qua hon.

Mot cach bit ngd, cac tac gia phat hién ra rang, n-butyl axetat dugc chirng minh
14 phit hop 1am dung moi dé tinh ché hidu qua thong qua qui trinh két tinh hop chat (1)
tho. Do do6, n-butyl axetat dwogc sir dung vira lam dung mai trong qui trinh xur Iy chiét va
vira 1am dung méi dé két tinh. Qua trinh két tinh dwoc tién hanh st dung chu ky Am-
lanh, ddc biét chu trinh thu dugc nguyén liéu ma cd thé duoc xir Iy mot cach dé dang dé
loc. ”Chu ki 4m - lanh” néu trén c6 nghia 14, nguyén li¢u tho dugc hoa tan trong n-butyl
axetat & nhiét d6 khoang 93°C, duy tri & nhiét do nay trong 1 gio, sau d6 lam mat xubng
83°C trong 30 phat. Nguyén liéu khéi dAu két tinh & nhiét do nay, tly ¥ céc tinh the
mam duoc bd sung. Huyén phil tao ra dugce khudy trong 10 phut va sau d6 dugc lam mat
xubng 60°C trong 2 gid. O nhiét do nay, huyén phu dugc khudy trong it nhét 30 phut
tru6e khi n6 duge 1am Am 18n 78°C trong 30 phat. Hn hgp dugce khudy & nhiét do nay
trong it nhét 30 phut, truéc khi n6 duoc lam mat xubng 22°C trong 6 gio. Huyén phu
tao ra c¢6 thé dugc loc mot cach dé dang. Chu ky Am - lanh da ching minh 12 can thiét
dé thu duoc nguyén liéu co thé loc dugc mot cach dé dang. St dung qui trinh nay, hop
chéit (T thu dugc ¢6 do tinh khiét cao (>97% dién tich) va hiéu suat >50%. Qui trinh ny

duge thue hién mot cach thanh cong trén qui mo 1 kg va 18 kg.

Pé dat dugc chit luong cGMP (current Good Manufacturing Practice) bang cach
lam giam luong (VI) gay doc tiém tang cho gen & san pham cudi cung (I) téi mirc ¢6 thé
chép nhan dugc (<20 ppm) va dé thu duoc dang tinh thé x4c dinh, (I) duoc hoa tan trong
etanol & nhiét dd 55°C va dung dich dugc cho tién hanh loc gan. Sau do, dung dich duogc
gia nhiét tdi 65°C va nude duge bd sung trong ché do thoi gian, ché @6 thoi gian nay
tuwong tu nhu duge mo ta boi phuong trinh toan hoc cta duong cong dinh luong thé tich*

(luwong nudce bd sung so véi thoi gian b sung):
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3
t
m(t) = (thng) X (;) T Mynei daus

bang cach d6

m(t) = lugng H20 so vdi thoi gian bo sung [kg]

Miéng = tOng lugng ctia H20 bd sung thong qua viéc bd sung khdi [kg]
Mihoi diu = luong nudce ¢ mat trude hi bét dau bd sung khéi [ke]

t = thoi gian [gio]0

ts = tong thoi gian bd sung [gio].

* Nguyén ly ctia duong cong dinh luong thé tich duwoc mo ta béi S. Kim et al. in Org.
Process Res. Dev. 2005, 9, 894.

Viéc bd sung nude vao dung dich cua hop chét (I) trong etanol & nhiét do 65°C
trong ché do thoi gian mo ta & trén (“duong cong dinh lugng thé tich”) dan dén cac phén
t0r san pham ma duoc mo ta dic trung boi céc kich thude tinh thé 16n dang ké (xem trong
fig. 2) va su phan bd co hat x4c dinh so véi cac phan tir san pham thu dugc sau khi b
sung nuGe & cung nhigt do (65°C), nhung trong ché @6 thoi gian dugc md ta boi phuong

trinh cia ham tuyén tinh (y =a x z + b), tic 1a “bd sung nudc tuyén tinh”.

Sau khi hoan thanh viée bd sung tdng lugng nude va khudy thém & nhiét do 65°C,
huyén pht duge 1am lanh xubng 20°C. Phan két tia dugc loc ra va rira bing hdn hop
cia nude va etanol va 1am kho. Cac phén t két tinh thu duoc c6 hinh dang x4c dinh va
céc ddc tinh mong mudn can thiét trong phéi ché dugc pham, nhu vién nén (xem trong
phan thuc nghiém: XRPD Reflexes) c6 do tinh khiét cao (>97% dién tich) va hiéu suét
cao (>90%,).

Qui trinh két tinh méi mang lai céc loi ich vé xtt 1y loc va hoat dong cua nguyén
liéu tinh thé thu dugc theo phuong thirc mo ta ¢ trén (“dudng cong dinh luong thé tich”).
Do dé, céc tinh thé thu duoc bing qui trinh két tinh “dudng cong dinh lugng thé tich”
thé hién cAc dic tinh loc tuyét voi, nhu lugng do Am du thap (wi=28% khoi lugng) sau
khi loc, tinh khéng banh loc thép hon (a=2,1¥10" m”) va luu luong thé tich cao hon
déng k& (ve= 12,484 1/m?h) so v6i cac tinh thé thu dugc bing qui trinh két tinh “bd sung

nuée tuyén tinh” (we= 37% khéi luong; o= 8,6%10"> m?; vi= 3,306 /m?h). Céac gia tri
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0- va vi- dugc xac dinh trong mot thr nghiém loc chudn hoa trong tu nhu trong tai lidu
huéng din VDI 2762 Phan 2 cong b thang 12 nam 2010. Dy 4m du dwoc xac dinh
trong 10 sdy kho (nhiét chin khong Heraeus, 30 mbar, 50°C, qua dém) va co bd phan
phéan tich do 4m halogen HG53 (Mettler Toledo) & nhiét do 120°C.

Ngodi ra, cac tinh thé thu dugc 6 thé duge x4c dinh bang sy phan b6 ¢ hat dic

trung x90: 7,7-9,7um; x50: 2,7-3,2pum; x10: 0,9-1,0pum.

Nguoc lai, cac tinh thé thu dugc bing “bd sung nude tuyén tinh” dugc x4c dinh

bing su phan bd ¢& hat x90: 7,7-9,7um; x50: 2,7-3,2um; x10: 0,9-1,0pm.

Céac s do st dung phé bién nhit khi m6 ta sy phan bd c& hat 13 cac gia tri x-
(x10, x50 & x90), cac gia tri nay l1a cac khoang chéan dbi vai 10%, 50% va 90% cac gid
tri khdi luogng Iy tich.x- ¢6 thé dugc coi 1a duong kinh cia hinh cAu ma phan chia céac
khdi luong mau thanh ty 1€ % dac trung khi cdc hat dugc sip xép trén co s& khéi lugng
tang dAn. Vi du, x10 12 duong kinh ma tai d6, 10% khéi lrong méu duge bao gom cac
hat c¢6 duong kinh nho hon gié tri nay. x50 la duong kinh cta hat ma 50% khéi luong

mau 12 nhé hon va 50% khdi lwgng mau 12 16n hon.
Qui trinh nay rat trong thich vé6i cdc quy mo k¥ thuat.

San phim ma thu dugc tir qui trinh két tinh nay c6 cac dic tinh mong mudn cin
thiét trong diéu ché dugc pham, nhu vién nén (xem trong phan thir nghiém: XRPD
Reflexes). Nguyén liéu tinh thé thu dugc bang qui trinh két tinh mo ta & trén thé hign do
4n dinh t6t khi bao quan. N6 cling ¢6 thé dé dang dugc micro hod ma khong lam mét

cac dac tinh tinh thé cua nd.

Can nhin manh ré‘mg, qué trinh alkyl héa chon loc tai N2 ciua indazol duoc tao
nhém chirc phire tap stt dung chét alkyl hoa mang cac nhém chirc phan ng ngoai nhém
roi chuyén ra 1a méi, chua hé ¢6 tién 16 trong tai liéu chuyén nganh va do do, sang ché

c6 ¥ nghia cao vé mit khoa hoc dé diéu ché cac kiu thay thé nay.

Trong c4c phan tng alkyl hoa khong chon loc trudce day, 4-bromo-2-metylbutan-
2-0l (CAS No. 35979-69-2) dugc st dung l1am chét alkyl hoa. Luong 16n hon ciia nguyén
liéu nay 1a khé thyc hién, do d6 hop chét nay khong phai la lya chon kha thi theo quy
mo. Do db, cac tac gid sang ché da quyét dinh thay dbi sang tosylat (VI) tuong tng
(CAS No. 17689-66-6), chit nay c6 thé dugc diéu ché tr cac hop chét c¢6 san la
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3-metylbutan-1,3-diol (IX) (CAS No. 2568-33-4) va p-toluensulfonyl clorua (X) (CAS
No. 98-59-9).

N

o)
\ ,O
- S
HO\/Y O)\s/©/ /©/ S \/\|(OH
OH of
(IX) (X) (V1)

Péng chti 14, cdc téc gia da phét hién ra ring, phan tmg c6 thé dugc thuc hién &
ndng dd rit cao cia (IX) trong diclometan (téng cong: 5,8 - 6 thé tich). (IX) trudc tién
dugc tron voi trietylamin va 4-dimetylaminopyridin (CAS No. 1122-58-3) trong
diclometan (2 thé tich) & nhiét do 20 - 25°C. Hon hop phan tmg nay dugc lam lanh
xubng 0+5°C. Dung dich cua (X) trong diclometan (2 - 2,1 th8 tich) dugc bd sung trong
thoi gian 75 - 90 phut. Phan Gng dugc lam Am 1én nhiét do moi trudng (20 - 25°C) va
duoc khudy trong 12 - 18 gio (t6t hon 1a 15 gid). Hon hop phan tng duogc lam dimg
bang nude. PO pH duge hiéu chinh téi 1,5 - 2. Tach riéng céc pha. Dung dich nuéc NaCl
ntra bio hoa dugc bd sung vao pha hitu co va do pH dugc hiéu chinh t6i 7 - 7,5 su dung
dung dich nu¢c NaHCOsbao hoa. Céc pha duge tach va pha hitu co dugc c¢6 dic s dung
thiét bi lam bay hoi kiéu quay. Trén qui md k¥ thuat (1,5 kg nguyén liéu khai dau (IX)),
cac lugng xac dinh dinh 13p di 1ap lai ctia diclometan dugc bd sung vao phr:in con lai va
duoc 1am bay hoi dé loai bo phan nuéc con lai. Hop chit thu dugc & dang dau nhét tir
mau vang nhat sang khong mau voi hiéu sudt tir 90 - 98 % va do tinh khiét dién hinh

khoang 90% dién tich HPLC.

Déng chu y, cac phép do DSC vé (VI) cho thdy rang, hop chét ¢6 xu huéng phan
hiy tda nhiét & nhiét d6 khoang 100°C. Céc axit va chét phu gia nhu chét gi duge chimg
minh 12 thic ddy nhanh qué trinh phén huy nay. Do do, can phai tim ra quy trinh dé thuc
hién va an toan hon d8 didu ché hop chét (VI). Mat cach bét ngd, céc tac gia sang ché
d kham pha ra ring, (VI) c6 thé dugc diéu ché tryc tiép ¢ dang dung dich c6 ddc (15-
40% khdi luong) trong toluen & nhiét do thap. Do d6, (IX) duge nhil twong héa trong
1,5 thé tich toluen. Hon hop dugc lam lanh xubng 0°C va 1,1 duong lugng trietylamin
duoc bd sung, tiép theo bing 0,05 duong lugng 4-dimetylaminopyridin. Dung dich ¢0
dic cao cua (X) trong toluen (1,6 thé tich) dugc nho giot vao hdn hgp phan Gng & nhiét
do 0°C trong thoi gian 2 gio. Tiép tuc khudy trong thoi gian 12 - 18 gio (t6t hon 13 15

gi®) ¢ nhiét do 0°C. Phan két tia (trietylamoni clorua) dugc loc ra va thu dugce dung
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dich trong mau cta (IV) trong toluen. Pang chu y, dung dich nay c6 thé duoc sir dung
true tiép trong phan Gng alkyl hoa chon loc tai N2 ma khong can xir Iy hodc tinh ché
thém. Qui trinh nay tranh dugc sy tiép xuc cua (VI) véi nhiét, axit va lugng du bazo 16n.
Vi dung dich toluen cua (VI) dugc chup va st dung tryc tiép sau khi loc trong phan (ng
alkyl héa chon loc tai N2 ctia (Ila) thanh (I), di ching minh dugc cét yéu dbi véi do
tinh khiét cudi ciing ctia (I) dé dép tng cac yéu ciu vé do tinh khiét cGMP 1a & chd,
luong du chat it cua 3-metylbutan-1,3-diol (IX) d6i v6i p-toluensulfonyl clorua (X)
duoc st dung trong san xuat dung dich cua (VI) va dé bao dam rang, chi nhitng luong
rAt nho cta (X) (<0,05% dién tich, HPLC) van c¢6 mit trong dung dich. Dé c6 dugce su
kidm soat tdt nhét c6 thé vé hé sb ty lugng ctia (IX) so véi (X), ¢6 thé 6 lgi khi cho hop
chét (IX) hat 4m tuong dbi trong budc thir nhAt tién hanh chung cit ddng soi v6i toluen

dé loai bd nudc.

Viéc didu ché cac hop chit c6 cong thire chung (IT) duge mo ta trong tai ligu WO
2015/091426. Qui trinh sang ché méi ndy tap trung vao hop chit duge thé hién boi cong
thire (ITa):

FsC” N

(la)

Trong don cong b patent s6 WO 2015/091426, hop chét (Ila) duge md ta co thé
didu ché bing phan tmg ctia metyl este (VIIa) v6i dung dich ciia metylmagie bromua

trong dietylete.

(Vila)

Sau khi xtr 1y, san pham thd duge cho tién hanh tinh ché bing phuong phéap sic
k¥ cot tao ra hop chét (ITa) v6i hicu sudt 45%.
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Qui trinh nay khong thich hop dé tao ra (Ila) trén quy md k§ thuét do cac han ché

sau:

e Viéc st dung dietylete can phai tranh vi diém chay ctia n6 thap va kha nang chay
nd ctia né cao.

e Metylmagie bromua tuong d6i dit dugc st dung thay cho metylmagie clorua phd
bién hon, 1a chét d€ kiém dugc hon.

e Viéc tach bing sic ky 1a nén tranh trén quy md k§ thuét do né thuong yéu cau
tiéu thu mot lwong 16n hitu co dung moi khong kinh té.

e Khong c6 quy trinh két tinh nao dugc md ta. Theo thuc tién thong thudng trong
phong thi nghiém nghién ctru, hop chét c6 cong thirc (Ila) duge 1am bay hoi cho
dén trang thai khd. Quy trinh nay khong kha thi trén quy md k¥ thuét.

Mot céch bat ngd, da phat hién ra ring, hop chét (ITa) c6 thé dugc diéu ché voi
hiéu suét cao hon dang ké khi metylmagie clorua va lithi clorua (2:1) trong THF dugc
su dung thay thé. Phan Gng dugc tién hanh véi it san phdm phu ma, st dung phuong
phap cli mo ta trong tai liéu WO 2015/091426, can phai dugc loai bo bang phuong phap
séc ky cot. Phan tng dugc phét hién xay ra tét nhat véi dung méi 1a THF. 6-10 duong
luong metylmagie clorua (khoang 3M trong THF) va 3-5 duong luong lithi clorua dugc
khudy va duy tri & nhiét do -10 dén 0°C. Trong thoi gian 1 - 3 gios (t0t hon 1a 2 giv), hop
chét (VIIa) dugce nhoé giot vao hdn hop & dang dung dich trong THEF. Hon hop phén g
dugc khudy trong thoi gian tir 5 dén 30 phut & nhiét d xac dinh va sau do6, duoc lam
dimg bang céach rét vao trong nude. Khudy manh hdn hop thu dugc. Sau dé, do pH cua
hdn hop duoc hidu chinh t6i khoang 4,0 bing cach bd sung axit khong hodc axit hitu
co (t6t hon 13 axit xitric) va etyl axetat duoc bd sung. Tach cac pha va pha hitu co duge
rira vai 14n bang nuéce mubi (dung dich nuéc natri clorua). Dung dich hitu co thu dugce
duoc cho dbi dung mdi bang toluen bang cach chung cit. Trong qué trinh nay, hop chat
(Ila) bit dau két tinh va c6 thé dugc tach bang céch loc. Phén két tia duogc siy kho &
nhiét do cao (50 -60°C) trong chan khong. Mot cach dién hinh, hiéu suét & giai doan nay
nam trong khoang tir 80 dén 96% va do tinh khiét nam trong khoang tir 95 dén 99% dién
tich HPLC; phuong phéap A, xem trong phan thuc nghiém).
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Pé diéu ché nguyén lidu cGMP, da chttng minh dugc 12 ¢6 1oi khi sau cling khudy
san phdm nay trong hdn hop cla isopropanol/nude (1:1; 2 dén 10 thé tich so v6i nguyén
liu ddu vao). Nguyén liéu duge khudy trong thoi gian 1 dén 5 gid, tét hon 13 3 gio. Sau
6, dugc loc va rira hai 14n bang cc lwong nhd hdn hop 1:1 isopropanol/nude. San pham
duoc 1am khd & nhiét dd cao (50 - 60°C) trong diéu kién chan khong. Mot cach dién
hinh, c6 thé dat duge hidu suit >90% va do tinh khiét >97% dién tich (HPLC; phuong
phéap A).

Trong cac vi du sau trong phan thr nghiém, bién thé (xem vi du #2, bién thé #3)
cling duoc md ta trong do, sau khi xtr ly bing than hoat tinh, tién hanh viéc d6i dung
mdi truc tiép thanh isopropanol. San pham duoc két tinh bing cach bd sung nude. Theo

cach nay, san pham thu dugc truc tiép v6i do tinh khiét rit cao.

Viéc didu ché hop chat (VIIa) ciing dd duge md ta trong don yéu ciu cap patent
s& WO 2015/091426. Nho d6, axit 6-(triflometyl)pyridin-2-carboxylic (XI) (CAS No.:
21190-87-4) duoc két hop véi anilin (XII) (metyl-5-amino-1H-indazol-6-carboxylat;
CASNo.: 1000373-79-4) st dung 1-[bis(dimetylamino)metylen]-1H-1,2,3-
triazolo[4,5-b]pyridini 3-oxit hexaflophosphat (CAS No.: 148893-10-1) chét lién hop.
Amit (VIIa) thu duoc véi hiéu suat 84%.

a
& H2N N F,C” N ©
oH * N — HN
F.C” N 0 N Q
H N
O /O N/
XI Xl H
(XI) (X1 o
(Vlla)

Vi 1y do an toan, viéc gia tdng quy mo cua chét phan tng lién hop gbc uroni 1a
khong thé vi 1y do tiém 4n gy nd ctia né. Do do, can phai tim ra phuong phép lién hop
khac. Phuong phép an toan va co thé thay d6i quy mod dé diéu ché amit (VIla) dugc dua
vao viéc st dung T3P (2,4,6-tripropyl-1,3,5,2,4,6-trioxatriphosphorinan—2,4,6-trioxit;
CAS s6: 68957-94-8) lam chét lién hop.

Phan Gng dién ra mot cach trdi chay va tao ra amit (VIla) v6i hiGu sut cao. Trong
quy trinh mot binh, axit carboxylic (XI) (dugc str dung t6t nhét véi lugng (XI) thiéu mot

chit so v&i anilin (XII), khoang 0,90-0,95 duong lugng) dugc dua vao cung véi 1,5
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duong luwong N,N-diisopropyletylamin trong 7-16 thé tich THF. Sau d6, 2 duong
luong T3P (dung dich 50% khdi lugng trong etyl axetat) dugc bd sung tir tir & nhiét dd
0 - 5°C trong thoi gian 45 phut. Hon hop phéan tmg duge khudy thém trong 2 dén 4 gio
(t6t hon 13 2 gi®) ¢ nhiét do 0 - 5°C.

Sau d6, hdn hop lanh dugc lam ding b.%mg nuéce (lanh), d6 pH cua né dugc hi€u
chinh bing dung dich nuéc natri carbonat hodc theo cach khac, bang dung dich amoni
hydroxit téi 7,5. Sau do, huyén phu tao ra (khi chi 7 thé tich THF duoc st dung trong
phan mg) dugc lam Am 1én nhiét d6 moi truong va dugc loc. San phim dugc rira bing
nudc va etanol va duge lam kho trong diéu kién chan khong & nhiét do 45°C. Trong
truong hop 16 thé tich THF, hdn hgp THF/etyl axetat dugc chung cit ra (200 mbar,
nhiét dd bén trong 45-50°C). Sau d6, nudc va etanol dugc bd sung vao d6 va do pH
duoc hiéu chinh tdi 7,0 bang cach bd sung dung dich nudc natri carbonat. Hoén hop dugc
khuéy 1-5 gio, tdt hon 1-2 gio, & nhiét d6 50°C, sau d6 dugc lam lanh xuéng 20 - 25°C
va dugc khudy trong 10 - 30 phut. San pham dugc tach bang cach loc va sau do rira bang
hdn hop cua etanol va nudc va sau ciing, 1am kho trong diéu kién chan khong & nhiét do
45°C. Béng qui trinh nay, dién hinh c6 thé dat duoc hidu suét cao tir 84 dén 96%. Po
tinh khiét trong moi trudng hop déu >98% dién tich (HPLC; cac phuong phap A & B).

Trong mdt sb trudng hop, nhét 13 khi anilin (XII) ¢6 chét luong quang kém (vi
du, mau nau sdm) duoc st dung lam nguyén liéu khéi dau, da chirng minh dugc 1a hitu
ich néu thuc hién viéc xir Iy bang than hoat tinh. Quy trinh nay dugc md ta trong phan

sau.

Amit thd (VIIa) dugce hoa tan trong hdn hop cua metanol va THF (2:1) va than
hoat tinh duoc bd sung. Hon hop dugc gia nhiét téi nhigt d6 60 - 65°C trong 1 - 1,5 gio.
Than hoat tinh dugc loc ra va phﬁn dich loc dugc co dac (xuéng con 2 thé tich so véi
nguyén liéu déu vao). Nudce duge bd sung vao d6 va san pham duoc két tua, loc, rira va

lam kho & nhiét d6 55 - 60°C (trong didu kién chan khong).

Céc hop chit (XI) va (XII) da duoc thong bao trong tai liéu chuyén nganh va ca
hai déu c6 san trén thi trudng vaéi lugng 1on.
XI: 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.;

-34-



36267

Srivastava, Anurag S.; Yang, Michael G. Patent: US2005/54627 A1, 2005; Ashimori;
Ono; Uchida; Ohtaki; Fukaya; Watanabe; Yokoyama Chemical and Pharmaceutical
Bulletin, 1990 , vol. 38, 9 p. 2446 - 2458

XII: Nissan Chemical Industries, Ltd.; CHUGAI SEIYAKU KABUSHIKI
KAISHA, EP2045253 A1, 2009 .

Dénh gia toan bd quy trinh:

Céc so dd sau md ta toan bo qua trinh tdng hop san pham tinh khiét (I) tir anilin
(XII). Khi tinh toén v6i hiéu suét t6t nhat dat duoc d6i véi mdi mot bude, tdng hiéu suét
trung binh Xép xi 35% thu dugc dbi véi con duong thong qua viéc diéu ché chon loc tai

N2 cta (V). Qui trinh nay cling bao gdm viéc tao thanh dang tinh thé cubi cing.

HON L -
oL
I H
o O xm
iJ‘O/‘A e
(1X) i L i -
v EI0AS ¢ FoTNTY
TSCI(X). BN ' 80-96% OH
SCHX). EL | (X1)
DMAP (cal) . Y
T CH,Cl, 0°Cdénrhistds | | o
} o 00. 55, TTEPROTEL F 7 ONTTY
F 07 N7 T ) ) - _CH HN_ - X
BN o don TsO T T T N
O A, Ay (5 duong luomg) Ji H
' DIPEAtoluen O (Viia)
O Hop chit (V) thé
¥
i'l
c .
b (VC"' N ’ ‘l"\) ) WMy Cl (6 duong Tugmg). FJC'“ N [,;{',)
, / 0 ddn -15°C /
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N o i kéutind bing EIOHH 0, R A
()' N sau dé bing axcton‘toluen; L N
{ Hop chit (V) saudé bing E1OHH.O H(}"}
o tinh khiét M

55-77%

Con duong tong hop thong qua (Ia) hoan toan tranh dugc budc tinh ché séc ky
¢t va tao ra hop chit mong mubn (I) v6i do tinh khiét rat cao (>98% dién tich; phuong
phap C) va dang va kich thudc tinh thé hinh kim xé4c dinh (xem hinh v& trén fig. 2).
Tong hiéu suit cao hon so v6i hiéu sudt thu duge sau khi st dung con dudng tbng hop

thong qua (V): tong hidu suét trung binh xép xi 1a 42%.
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v

(4 - 5 duong luong) (Vi

{¥ilay

2) Téi két tich FAOHH.D, 65 C
50 - 60%%

Khi so sanh cac tong hiéu suat nay voi dit liéu cong bo trude day trong linh vurc vé

1. su lién hop amit (diéu ché VI): hidu sudt 84 %;
2. phan tng Grignard tiép theo 13 tinh ché bang sic ky: phan tmg Grignard trén
(VIIa): hiéu sudt 45%; trén (V): hidu suat 56%.
3. alkyl héa véi 4-bromo-2-metylbutan-2-ol tuong tw nhu cac phuwong phap da biét
d6i v6i chuyén gia trong linh vuc, tiép theo bang cach tinh ché sic ky: alkyl hoa
(VIIa): hiéu suét 37%; alkyl héa (Ila): hiéu sut 26%,
c4c loi ich ctia quy trinh m&i tré nén rat rd rang:

V6i phuong phap trude day, tong higu sudt chi nam trong khoang 9,8 - 17,4% c6
thé dat duoc véi viée tao ra dang tinh thé hinh kim cubi cung khong dugc bao gém.

Két luan, quy trinh méi theo sang ché tao ra hop chat (I) véi tdng hiéu suat cao
hon tir 2,4 (con duong thong qua (V)) dén 4,3 1an (con duodng thong qua (Ia)) so voi
trudge diy. Ngoai ra, con bao gbm phuong phép diéu ché ¢6 dinh huéng va co thé lap lai
kich thuéc va dang tinh thé hinh kim (xem trong Fig. 2).

Do d6, theo khia canh thr nhét, sang ché dé cap dén phuong phap diéu ché hop
chét co cong thie (I) thong qua céc bude sau dugc thé hién trong so dd phan tng IA,

dudi day:
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RC SN ) RC SN PO
H toatgCl HN S
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H H
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H e /——<OH
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HCO
{n
So do IA.

Trong mot phuong an cia khia canh thir nhét, sang ché dé cap dén phuong phap

didu ché hop chét c6 cong thirc (I) thong qua cac budce sau duge thé hién trong so do

phan Ung I, dudi day:

Q\fo ~/ | 0 Tsd\/kOH
F:C FiC7 N
HN A MeMgC: HN \ (Vl) _/___<
/O\r/\@fp:N Lict NN loluen QIIN
Ie} H H N.N-

H
Viia) (t1a) diisopropyletylamin

So do L.

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

ché hop chét c6 cong thue (I):
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bao gdm budc (A) sau:

trong d6, hop chét c6 cong thire (Ila):

I=.

HO
(lla)

duoc cho phan ung véi hop chét c6 cong thirc (VI):

O/\)<OH
Ts

(V1)

tlly v v6i su ¢6 mit clia bazo hitu co, déc biét la bazo yéu, nhu amin béc ba, vi du nhu

N,N-diisopropyletylamin,
tly v trong dung mdi hydrocacbon thom, vi du nhu toluen, xylen va mesitylen,
bang cach d6 tao ra hgp chét c6 cong thirc ().

Theo mdt phuong an cua khia canh thu nhét, sang ché d& cap dén quy trinh diéu

ché hop chét c6 cong thic (I) néu trén, trong d6 dung moi hydrocacbon thom la toluen.
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Theo mdt phuong an cia khia canh thi nhét, sang ché dé cap dén phwong phép
diu ché hop chét c6 cong thic (I) nhu duge mo ta 6 trén, trong d6 bazo hitu co néu trén

1a N,N-diisopropyletylamin.

Theo mdt phuong an cia khia canh thi nhét, sang ché dé cap dén phuong phép
didu ché hop chat c6 cong thie (I) nhu duge md ta & trén, trong d6 hop chét c6 cong

thire (ITa) néu trén:

"]
Fs S ©
H
\
N
N
HO H
(lla)
dugc didu ché theo bude (B) sau:
trong do, hop chét c6 cong thire (VIla):
]
FsC ©
H
N
0 H
@)
(Vlia)

duoc cho phan ting voi chét metyl ho4 khtt, nhu chét metyl kim loai, nhu metylmagie

halogenua, nhu metylmagie clorua,
tuy y v6i su c6 mit ctia halogenua kim loai kiém, nhu lithi clorua,

bang cach dé tao ra hop chét c6 cong thire (Iia) néu trén.
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Theo mot phuong an cua khia canh thir nhét, sang ché dé cép dén phuong phap
didu ché hop chit c6 cong thic (I) nhu duge mo ta & trén, trong d6 hop chét c6 cong

thirc (VIIa) néu trén:

a
RN Y
H
\
N
e N
o H
(Vila)
duoc didu ché theo bude (C) sau:
trong do, hop chét c6 cong thire (XII):
HoN o
e P N
| H
O
(X1

duoc cho phan Gng v6i hop chét c6 cong thirc (IX):

(X1)

tuy y voi sy c6 mét ctia bazo hitu co, déc biét 1a bazo hitu co yéu, nhu amin béc ba, nhu

N, N-diisopropyletylamin,

thy y voi sg c6 mit cua chdt lién hop, nhu 2.4,6-tripropyl-1,3,5,2,4,6-
trioxatriphosphinan 2,4,6-trioxit (T3P),

bang cach do tao ra hop chét c6 cong thirc (VIIa) néu trén.
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Theo mot phuong an cia khia canh thir nhét, sang ché dé cap dén phwong phép
diéu ché hop chét c6 cong thie (I) nhu duge md ta ¢ trén, trong d6 hop chit c6 cong
thire () néu trén dugo tinh ché bing cach két tinh, dic biét 1a tir dung méi hogc hon hop
cua cac dung moi nhu hdn hop ciia axeton va toluen, tity ¥ v6i su ¢6 mét cta than hoat

tinh,

tuy v duoc tiép theo bang cach két tinh thém tir dung moi nhu etanol.

Theo mot phuwong an cta khia canh thir nhét, sang ché dé cap dén phuong phap
diéu ché hop chét c6 cong thirc (I) nhu dugc mo ta & trén, trong d6 hop chét c6 cong
thue (I) néu trén 1a & dang tinh thé hinh kim (A) tuong ng v6i hydrat ctia hop chét ¢6
cong thuce (I).

Theo khia canh thtt hai, séng ché d& cap dén cac tinh thé hinh kim (A) ciia hop
chét c6 cong thire (I) twong Gmg véi dang hydrat ctia hop chét c6 cong thirc (I).:

duge diéu ché bang quy trinh néu trén.

Theo khia canh thir ba, séng ché d& cép dén céc tinh thé hinh kim (A) cta hop

chét c¢6 cong thire (I) twong Gng véi dang hydrat ctia hop chét c6 cong thirc (I):

Theo mot phuong an cua khia canh thir ba, sang ché dé cap dén tinh thé hinh kim
(A) néu trén tuong Gmg vdi dang hydrat ctia hop chét c6 cong thire (I) nhu duge mo ta &

trén, c6 dinh XRPD cuc dai [°2Theta] (ddng (Cu)) nhu sau:
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Bang 1: XRPD cua tinh thé hinh kim (A) ma twong ing v6i dang hydrat cta hop chét
@

Phan xa [Pinh cuc dai ° 2Theta]

Hydrat

6,2

7,9

9.4

10,8
12,5
13,0
13,8
15,0
15,3
15,5
15,7
16,0
16,3
17,0
18,0
18,2
18,7
19,3
20,1
20,3
20,8
21,0
214
21,7
22,9
23,4
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24,0
243
25,1
253
25,7
26,6
27,1
27,6
28,4
28,4
28,7
29,0
29,8
30,1
30,3
31,1
31,4
31,7
32,0
32,4
33,0
33,2
33,4
33,8
34,5
34,8

35,1
35,9
37,0
37,1
37.4
37,5
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38,0
38,3
38,5
38,8
39,1
39,3

Phan mé ta con bdc 10 viéc st dung hop chét dugc chon tir:

"]
Fs S o
H
\
N
N
HO H
(la) , Va
a
X O
F3
H
N
0O H
O
(Vlia) ,
dé didu ché hop chét co cong thire (I):
~ ]
F3 S ©
H _ /——<OH
\N/
HO
()
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hodc tinh thé hinh kim cta hop chét c6 cong thire (I) nhu dugc md ta & trén,

bing quy trinh néu trén. Phan md ta con bdc 10 viée st dung hop chét c6 cong thire chu

O/\/kow
Ts

trac:

(VD)

dé didu ché hop chit c6 cong thire (1):
4
Fs S o
H _— N_/—<OH
=N

HO

)

hodc tinh thé hinh kim ctia hgp chét c6 cong thirc (I) nhu duge md ta & trén.
MO0 ta vin tit hinh vé

Fig. 1 thé hién phd nhiéu xa tia X trén mau bot (6 25°C va véi Cu-K alpha 1 lam

ngudn chiéu xa) ctia hop chét c6 cong thirc (I) & dang hydrat.

Fig. 2 thé hién hinh anh hién vi ciia céc hat két tinh cta hop chat (I) thu duge
bang quy trinh tai két tinh twong tw nhu quy trinh tai két tinh dugc md ta trong vi du #5
bién thé #1 so v6i cac hat tinh thé cua hop chit (I) thu dugc twong tw nhu quy trinh tai
két tinh duge md ta trong vi du #5, bién thé #3
Mb ta chi tiét sang ché
Céac phuong phap
HPLC:

Phuong phép A
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Céc dung cu HPLC dugc st dung:

a) Agilent Technologies 1260 Infinity
b) Loai Agilent 1100

Zorbax SB-AQ, 50*%4,6 mm, 1,5 pm
Dbém: Amoni dihydrophosphat pH: 2,4
Axetonitril

0 phut 5% dém

8,3 phut 80% dém

11 phut 80% dém

210 nm /4 nm

1,2 ml / phut

Phuong phép B

Dung cu HPLC dugc st dung: Agilent Technologies 1260 Infinity
Al: Axetonitril

B1: 2,72 g KHoPO4 + 2,32 g HsPO4 + 2 L H2O

Agilent Poroshell 120 EC-C18 3*50mm 2,7

Gi6i han &p suét thap: 0,00 bar

Gi6i han &p suét cao: 400,00 bar
Luu luong: 1,000 mL/phut
Gradient dong t6i da: 1000 mL/phut?
Thoi gian dung;: 8,00 phut
Thoi gian thong béo: 5,00 phut

Céc diéu kién khéi phat: A: 5% B: 95%

Thoi gian biéu
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Thoigian |A |B |Luuluong: | Ap sult
phut % % mL/phut bar
8,00 80,0 | 20,0 | 1,000 400,00

Thé tich bom: 5,00 pL

Nhiét do (Cot): 45,00 °C

Budc song tin hiéu: 210 nm

Phuong phap C

Dung cu HPLC dugc st dung:

Infinity (v6i DAD)

Thiét bi

Céc chét phan tng
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Agilent Technologies, HPLC 1290

Hé danh gia dit liéu va phét hién UV, 10
cot kiém soat dugc v& mit nhiét tinh sdc

ky long hi€u nang si€u cao

Cot biang thép khong gi

Chiéu dai: 5cm

Duong kinh 2,1 mm

trong:

Nap: Acquity UPLC

C18 BEH, 1,7 um
Axetonitril, d6i véi HPLC
Nudec, loai phan tich

Axit phosphoric 85%, loai phan tich



Dung dich thir nghiém

Dung dich hiéu chinh

Dung dich d6i chung

Phat hién d6 nhay cua dung
dich

Diéu kién HPLC

Dung moi rira giai

36267

Hoa tan mAu trong axetonitril & ndng do
0,25mg/mL.
(vi dy, hoa tan x4p xi 25mg mau, cin chinh x4c

trong axetonitril 100mL.)

Hoa tan hop chét chudn tham chiéu* trong
axetonitril & ndng do 0,25 mg/mL.

(vi du, hoa tan x4p xi 25 mg hop chét chuin
tham chiéu, c4n chinh x4c, trong axetonitril

100 mL.)

* hop chét chuan tham chiéu c6 nghia 12 hop
chét, hop chét nay can duoc phén tich, & dang
hop chét tinh khiét cao, tic 1a >97% dién tich
HPLC

Chuén bi dung dich ddi ching gidng véi dung
dich hiéu chinh. Ngoai ra, dung dich d6i ching

nay chira mot luong nho céc tap chét hitu co.

Chuén bi dung dich chira thanh phan Solbrol P
(sb CAS: 94-13-3; propyl 4-hydroxybenzoat)
(thoi gian duy tri xAp xi 2,75 phut) dugc pha
loding t6i ndng d6 0,35ug/mL.

Céc didu kién cu thé 1a céc gid tri chi dan. Dé
dat duogc viée tach tdi wu, cac diéu kién nay,
néu cin, dugc didu chinh cho pht hop v6i kha
nang k¥ thudt cia phép sdc ky va cdc dic tinh

cua cot tuong ung.

A. Axit phosphoric 0,1% véi lugng 85%

trong nugc

B. Axetonitril
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Tbc do dong
Nhiét do cua 10 cot
Nhiét do cia budng chira mau

Phét hién

Thé tich bom
Téc do rat

Rira kim

Téc do dit lidu
Kich thudc 6

Thoi gian hi¢u chinh

Gradien

Thoi gian chay séc ky

36267

1,0 mL/phut

40°C

nhiét do trong phong

bo budce song: 220 nm
Béang thong: 6 nm
2,0 uL

200 pL/phut

Dung moéi cho cura x0i: axetonitril
10 Hz

10 mm

10 phut (& diéu kién ban dau)

Thoi gian % A % B
[phut]
0 95 5
2 70 30
6 60 40
8 20 80
12 20 80
12 phut
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Tinh toan thtr nghiém (ham Tht nghiém dugc tinh todn st dung phép hoi
luong) quy tuyén tinh va dya vao khdi lugng méu va
thir nghiém va khéi lwong ctia hop chét chuin
tham chiéu, béng hé dir liéu séc ky da dugc phé
chuén
(vi du, Empower).
Phuong phép D
Dung cu HPLC dugc st dung: Agilent Technologies 1260 Infinity
Al: Axetonitril
B1: 1,36 KH,PO4 + 1,74 KoHPO4 + 2 L H2O
Eclipse XDB-C18 3*150mm 3,5
Gi6i han ap suét thap: 0,00 bar
Gidi han 4p suét cao: 400,00 bar
Luu Iugng: 0,500 mL/phut
Thoi gian dung: 35,00 phat
Thoi gian thong bao: 10,00 phut
Céac diéu kién khéi phat: A: 95% B: 5%

Thoi gian biéu

Thoi gian | A B Luu lugng: | Ap suét

phut % % mL/phut bar
30,00 20,0 | 80.0 | 0,500 400,00
35,00 20,0 | 80,0 | 0,500 400,00

Thé tich bom: 3,00uL

Nhiét d6 (Cot): 35,00°C
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Budc séng tin hiéu: 220 nm

GC-HS
Phan tich dung méi du bing sic ky khi khong gian hoi (GC-HS)
Thiét bi sdc ky khi Agilent 6890 v6i chic ning bom mau c¢6 chia dong va FID
(cot: Restek Rxi Sil MS; do dai: 20 m; duong kinh trong: 0,18 mm; dr= 1 pm). Nhiét dd
tiém 160°C, luu luong 1,2 ml/phat (Hz) Ty 1€ phén chia 18, Nhiét do 10 40°C (4,5 phut)
— 14°C/phut — 70°C — 90°C/phut — 220°C (1,69 phiit). Phét hién: Nhiét do 300°C, 400
ml/phut (khong khi tbng hop), 40 ml/phut (Hy), 30 ml/phut (N2), danh gia 20 Hz.

Thiét bi iy mau khong gian hoi Perkin Elmer Turbomatrix 40: 16 80°C, kim
150°C, dong chuyén 160°C, &p suét hé théng 140 kPa, thoi gian hiéu chinh 32 phut, diéu
ap 4,0 phut, thoi gian bom 0,04 phut (mau) 0,05 phut (GC).

Nong do mau: 20 mg chét trong 2 ml DMF
Phan tich cd hat

Phan tich c¢& hat dugc tién hanh theo Duoc didn chau Au (European

Pharmacopeia 2.9.31)
Thiét bi dugc phat trién va san xuét boi Sympatec GmbH.
Céc thanh phan 12 nhu sau:
. hé phan tan kho RODOS c¢6 gia xoay va ban chai quay
. hé théng ban quang hoc laser HELOS ¢6 b do va cic don vi thu nhén dir liéu
o phén mém dé kiém soat hé théng, chuyén dang dir liéu va tao bdo cdo HELOS

N-[2-(3-hydroxy-3-metylbutyl)-6-(2-hydroxypropan-2-yl)-2H-indazol-5-yl]-6-
(triflometyl)pyridin-2-carboxamit (I) & dang tinh thé A ctia né duogc dp dung [én gia
xoay. Céc hat duoc chai vao trong dong khi tao dp va duge phén tan. Khi di qua chum
tia laser, sol khi sinh ra mau nhiéu xa, mau nay dugc phét hién va phan tich theo phuong
thitc Fraunhofer (European Pharmacopoeia 8.0, 2.9.31. Phan tich ¢& hat bing nhiéu xa
anh sang laser, 01/2010:20931, trang 333 - 336). Két qua duoc dinh dang sau khi lya

chon dbi tuong str dung dé hién thi va in ra & dang bang va dd hoa. Dit liéu dugc bao
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cdo & dang don vi pm va % thé tich.

Thiét dat hé théng
moi truong phan tan: khong khi kho
ap suit khong khi: 4,0 bar
tiéu cu: 100 mm
dong khi: 2,6 m?/ gio
méat d6 quang hoc: 3 - 12 %
thoi gian do: phut. (khong nho hon) 1 gidy
quay: 18 %
lwong mau: xp xi 200 mg
D6i v6i muc dich thong thuong, gia tri trung binh cla ba 14n do duoc thong bao.
Phan tich vét HPLC (ppm)

Dung cu st dung: sdc ky 16ng tinh néng siéu cao (Agilent 1290) c6 trang bi 10 ¢t
duoc kiém soét theo kidu didu chinh nhiét, phd ké ghi khéi luong (Agilent 6420 Triple
Quad-MS), bd do UV va hé théng danh gid dit liéu

Cot Zorbax Eclipse Plus C8
Chiéu dai: 50 mm
Duong kinh 2,1 mm
trong:
Cd hat: 1,8 um
Nhiét do: 40 °C

Pha dong Dung dung dich nuéc axit formic 0,1%

moi ria (kha nang nén: 45*107/bar)

giai A
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Luu luong:

Dung dich thtr nghi€ém

Dung dich hiéu chinh

Nhiét do caa 10 cot

Nhiét do ctia bo léy mau

tu dong

Do (khong dugce st dung
dé dinh luong)

Thé tich bom
Tbc do dit lidu
Ngan do

Thoi gian hiéu chinh

36267

Dung Axetonitril chira axit formic 0,1% (kha
moéirta  ning nén: 120*10°%bar)

gidi B
0,8 mL/phtt

Hoa tan mAu trong metanol & ndng do 10,0 mg/mL.
(vi dy, hoa tan xAp xi 20 mg mau, can chinh xac

trong metanol 2 mL.)

Hoa tan hop chét chuén dic trung (VI) trong
metanol & céac n@)ng d6 0,2, 0,3, 0,4, 0,5, 0,6 va 0,75
ug/mL.

40 °C

10 °C

Do budc song: 220 nm

Bang thong: 6 nm
1,5 ul
2,5 Hz
10 mm

5 phut (& céc diéu kién khéi dau)
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Gradien

Thoi gian chay sic ky

Céc thong s6 MSD (sir
dung dé dinh luong)

Ngudn ion
Thoi gian loc

Giam sat da phan tng s

dung dé dinh luong
Pién thé phan manh
Ning lugng va cham
Céc thong s6 ngudn

- Nhiét do khi

Khi sdy kho

Ap lyc phun

VCap

36267

Thoi gian [phut] % A %B
0,0 80 20
7,5 60 40
10,0 20 80
12,0 20 80
12 phut

Céc diéu kién mo ta & day c6 thé dugce 4p dung véi

Agilent 6420 Triple Quad-MS
Ion hoa phun dién ttr (ESI)
Do rong dinh 0,07 mm

Ton tidn chét 281,1, ion san pham 194.9

&5V

5V

350 °C
13 L/phut
172,4 KPa (50 psi)

3000 V



Thu hdi

Phuong trinh tinh todn ty
18 % thu hoi

Tinh todn ham lugng cua

(VI) trong mau

Tinh thé hoc tia X: diéu kién do:

Cuc duong

36267

Dé x4c dinh ty 18 thu hdi (W), miu dugc tao dinh
bang dung dich hiéu chinh chtra (VI) va sau do,
duoc cho tién hanh do

Gio— G
w=-L_"F.100%
Gy

W = Thu hoi [%]
Gup = Ham lwong cia (VI) trong mau tao dinh
G, = Ham lwong cta (VI) trong mau

G, = Lwong tao dinh cua (VI)

(Pr)i = b Whpsou
a (Wp);i

(Gp); =

(Gp); = ham lwong cta (VI) trong mau thi i
(Pp); = dién tich dinh cta (VI) trong mau i
(Wp); = khoi lwong clia miu
Wpson = kh8i lwong dich cia mau i
a = d0 doc cua dwong cong hiéu chinh

b = chin truc cta duworng cong hiéu chinh

Cu

K-Alphal [A] 1,54060

Thong s6 méay phat 40 mA, 40 kV

Don séc ké chum so cip guong phang hdi tu tia X

Mau xoay Co

Truc quét Gonio
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Vi tri bat dau [°2Th.] 2,0066
Vi trf két thuc [°2Th.] 37,9906

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

Metyl 5-({[6~(triflometyl)pyridin-2-yl]carbonyl}amino)-1H-indazol-6-carboxylat
(VIIa)

Bién thé #1

30g metyl 5-amino-1H-indazol-6-carboxylat (XII) cung véi 28,5g axit
6-(triflometyl)pyridin-2-carboxylic (XI) dugc tao huyén phu trong 235ml (210 g) THF
& nhiét do 20 - 25°C. 40ml (30,4 g) N,N-diisopropyletylamin duoc bd sung vao d6. Sau
d6, hon hop, dung dich mau vang, dugc lam lanh xubng 0°C. 187 ml (199,7 g) dung
dich 50% khdi lugng cta propylphosphonic anhydrit (T3P) trong etyl axetat duoc bd
sung vao hdn hop néu trén trong 45 phut & nhigt do 0°C. Phéu nhd giot dugc rira bang
17 ml (15g) THE. Sau khi hoan thanh vi¢c bd sung, hdn hop phéan tng duoc khudy trong
2 gio & nhiét do 0°C. Dung dich chuyén sang mau do6. Sau do, hdn hop phéan Gmg lanh
duogc nhé giot trong thoi gian 45 phut vao 1,2 L nudc duge duy tri & nhiét do 1,5°C.
Phé&u nhé giot duoc rira bing 17 ml (15 g) THF. Do pH clia hon hop duge xéc dinh 14 ¢
do pH 1,6 (pH 1-2). Sau d6, do pH cua hdn hgp duogc diéu chinh t&i 7,5 thong qua viéc
bd sung 45 ml (40 g) dung dich 28-30% khéi luong ctia amoni hydroxit ¢ nhiét do 1,5°C.
Tiép tuc khudy trong thoi gian 1 gio ¢ nhiét do 1,5°C. Sau do, huyén phu tao ra dugc
lam Am 1én nhiét dd moi truong (20 - 25°C) trong 1 gid va tiép tuc khudy trong thoi gian
15 phut. Phén két tia duoc loc ra va rira bang 100 ml nuge va sau dé bing 2 x 76 ml
(60 g) etanol. San pham dugc lam kho trong 10 sdy trong didu kién chan khong

(160 mbar) va hdi luu Na ¢ nhiét do 45°C trong 22 gio.
Hiéu suét: 52,8 g (92,4 %, do tinh khiét: 99,3% dién tich HPLC)
HPLC (Phuong phap B): Thoi gian duy tri = 5,6 phut.

MS (ESI pos): m/z =365 (M+H)+
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'H NMR (500 MHz, DMSO0-d6): 8 [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 (br s, LH).

IH NMR (300 MHz, DMSO0-d6): 3 [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 (br s, 1 H).

Quy trinh nay dugc thue hién & quy mo k¥ thuat st dung 2,5 kg hop chét (XID).
Hai phan tng dugc tién hanh & quy mo nay. Mdi mdt phan tng duge chia thanh 4 mé

dé xtr Iy va tach:

Bang 2: Cac mé va hiéu suét sau khi san xudt hop chét (VIIa) tir hop chét (XII)

Phéan tng # Me # Hiéu suét
1 1,007 kg
84,6 %
5 1,111 kg
A 93,3 %
1 (quy md 2,5kg) 1051 kog
3 88,2 %
4 1,055 kg
88,6 %
5 1,041 kg
87,4 %
6 1,123 kg
A 94,3 %
2 (quy md 2,5kg) 1056 kog
7 88,7 %
2 1,048 kg
88,0 %

Bién thé #2

2000g (10,46mol) metyl 5-amino-1H-indazol-6-carboxylat (XII), 1899¢g
(9,94mol) axit 6-(triflometyl)pyridin-2-carboxylic (XI) va 2028g (15,69mol) N,N-
diisopropyletylamin dugc két hop trong 14,2kg THF. O nhiét @6 0 - 5°C, 13,3 kg dung
dich ctia T3P trong etyl axetat (50% khéi luong) dugc bd sung timg giot trong 30 phut.

Tiép tuc khudy trong 2 gid & cing nhiét do.

Xt 1y
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H3n hop phan tmg duoc 1am Am t6i nhiét do méi trudng (20°C). Bd sung 3000g
nuée trong khi nhiét do dugce duy tri & 20 - 25°C. Tiép tuc khudy trong 10 phit. D6 pH
duge hiéu chinh téi khoang 7,4 (7-8) st dung dung dich nu6c natri carbonat 4N, Tiép
tuc khudy trong 10 phut. Néu can thiét, 46 pH lai dugc diéu chinh t6i 7,4 st dung dung

dich nudc natri carbonat 4N.

Céc dung mdi (THF/etyl axetat) dugc lam bay hoi trong didu kién ap suét giam
(~ 200mbar, nhiét do bén trong 12 45-50°C) cho t6i khi dat ti gidi han khudy. Hbn hop
cua 4,7kg etanol va 14,0kg nude duoc bd sung vao d6 va do pH lai dugc diéu chinh 1én

t6i pH 7,4 (7-8) st dung dung dich nudce natri carbonat 4N.

Hon hop duoc khuéy trong 1 gid & nhiét d§ 50°C, sau d6 lam lanh xuéng 20 -
25°C. Tiép tuc khudy trong 10 phit & cung nhiét dd. Céc tinh thé két tia duoc loc, rira
bing hdn hop ctia etanol va nude (1,3kg etanol véi 4kg nudce) va lam kho trong diéu

kién chan khong trong 10 sdy (45°C, hdi luu Na, it nhat 12 gio).

Theo quy trinh m6 ta & trén, 4 mé sir dung 2kg nguyén liu khoi dau (metyl 5-

amino-1H-indazol-6-carboxylat) dugc tao ra trong phong thi nghiém k¥ thuat:
Hiéu suét:
M¢ 1: 3476g (95 %)
Mé 2: 3449¢g (95 %)
“ Mé 3:3476g (95%)
M¢ 4:3494g (96%)
Do tinh Kkhiét ciia toan bd cac mé dugc x4c dinh 16n hon > 98 % dién tich (HPLC).
HPLC (Phwong phép A): Thoi gian duy tri = 6,5 phut.
MS (ESI pos): m/z =365 (M+H)"

'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 (br s, 1H).

' NMR (300 MHz, DMSO0-d6): & [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).
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Vidu2

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

Trong phén sau, cic bién thé khac cia quy trinh phan Gng va xt ly duge mo ta.
Céc quy trinh nay dugc dinh hudng theo cac didu kién xac dinh trong cac thiét bi k¥
thuat twong tng. Cac thuc nghiém sau dugc tién hanh khong c6 nudc va khong khi sir

dung khi tro (N2 hodc Ar).
Bién thé #1

50g (137,26mmol) metyl 5-({[6-(triflometyl)pyridin-2-yl]carbonyl }amino)-1H-
indazol-6-carboxylat (VIIa) dugc hoa tan trong 800ml THF. Trong didu kién 4p suét
thuong (1atm), khoang 300ml THF dugc chung cAt & nhiét dd 70°C. Sau d6, dung dich

duoc 1am lanh xudng 0 - 3°C.

Dung dich dugc duy tri ¢ nhiét do nay va dugc bd sung ting giot trong vong 120
phut vao hdn hop duge lam lanh cta 457,5ml (1372,55 mmol) metylmagie clorua 3M
trong THF va 29,1g lithi clorua (686,27 mmol) & nhiét o 0 - 3°C. Sau khi hoan thanh
vide bd sung, mau duoc 4y ra khoi hdn hop va duge cho tién hanh phén tich HPLC cho
thiy su chuyén héa hoan toan. Hon hop duge rot cAn than trong thdi gian 25 phut ¢ nhiét
d6 0 - 3°C vao trong 500ml dung dich nudc natri clorua ntra bdo hoa (cht y: toa nhiét!
Trong 50ml dau tién, quan sat thdy su ting nhiét do manh dén 29°C!). Huyén phu thu
duoc dugc hoa tan khi bd sung 358ml dung dich nudc axit xitric 20% khéi luong (pH
giam tr 8,08 xudng 4,28). Tiép tuc khudy trong 10 phut & nhiét d0 20 - 25°C. B6 sung
500ml etyl axetat vao do6 va tiép tuc khudy trong 10 phut. Céc pha dugc tach riéng. Phén
cin duge bd sung vao pha hitu co. B6 sung 5g than hoat tinh vao pha hiru co. Hon hop
ndy dugc gia nhiét dén 78°C (nhiét do bén trong), khudy trong 30 phit & nhiét do d6 va
tiép theo, lam mat xuéng 50°C (nhiét d6 bén trong). Dung dich 4m thu dugce duoc loc
qua xelit va rtra hai 1an bang 125ml etyl axetat. Hon hop nay dugc cd dén khoang 150ml
& ap sudt moi trudong (1 atm) va nhigt do 110°C. B6 sung 350ml toluen vao d6 va 200ml
duoc chung cét ra & ap suAt moi truong (latm) va nhiét do 110°C. San pham dugc két
tta. O nhiét dd bén trong 12 60°C, 200ml n-heptan dugc bd sung vao trong 45 phut. Hon

hop nay duge lam mat xubng nhiét do tir 0 dén 3°C va khudy trong 2 gitr & nhiét do nay.
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San phim dugc loc va rira hai 14n bang hdn hop ctia 50ml toluen/n-heptan (1:1). San

pham két tha duoc sdy khd trong 10 séy & nhiét do 40°C va 20mbar trong >48 gio.
Hiéu suét: 39,42 g (78,83%, d tinh khiét 97,84% dién tich HPLC)

HPLC (Phuong phap A): Rt = 5,8 phut.

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 (¢, 1H), 8,46 (d, 1H), 8,78 (s, 1H), 12,33 (s, 1H),
12,97 (br s, 1H).

13 mé duoc tao ra theo quy trinh cua bién thé #1. Bang dudi day tbng hop céc
hiéu suét tuong tng. C4c phan tmg dugc tién hanh & quy mo 1kg vai viée sir dung metyl
5—({[6—(triﬂ0metyl)pyridin—2-yl]carbonyl}amino)-1H-indazol-6-carboxy1at (VIIa) lam
nguyén liéu khoi dau. Trong hau hét cac trudng hop, hai mé dugc hop nhét sau khi xir

Iy bang than hoat tinh:

Bang 3: Cic mé va hiéu sudt sau khi san xudt hop chét (ITa) tir hop chét (VIIa)

Me # San lugng [kg]
[%]
1,597kg
79,9%
1,88kg
94%
1,816kg
90,8%
1,66kg
83%
1,752kg
87,6%
1,854kg
92,7%
0,919kg
96,4%

—t e [
etie 1301 ESIRRT ISV Bl D i

13%*

*) mé don

Bién thé #2
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30g (82,353mmol) metyl 5-({[6-(triflometyl)pyridin-2-yl]carbonyl}amino)-1H-
indazol-6-carboxylat (VIla) dugc hoa tan trong 480ml THF. O &p suit binh thuong
(1atm), khoang 180ml THF dugc chung cAt ra & nhiét do 70°C. Tiép theo, lam mat hon

hop nay (hoi véAn duc) xudng nhiét do tir 0 dén 3°C.

Dung dich duge duy tri ¢ nhiét do nay va dugc bd sung ting giot trong vong 120
phut vao hon hop dugc lam mat gbm 274,5ml (823,528mmol) metylmagie clorua 3M
trong THF va 17,5¢g lithi clorua (411,764mmol) ¢ nhiét do 0 - 3°C. 15 phut sau khi hoan
thanh viéc bd sung, mau duoc léy ra khéi hdn hop va duge cho tién hanh phan tich
HPLC (phuong phap A) cho thdy ring, hop chit (VI) duoc chuyén hoa hoan toan. Hén
hop nay dugc rot cAn than trong 15 phat & nhiét do tir 0 dén 3°C vao 300ml nudce (cha
y: tod nhiét! Trong 50ml dAu tién, quan sat thay su ting nhiét do manh!). B6 sung 310ml
dung dich nudc axit xitric 20% khdi lwong vao d6 (do pH giam xudng 4,05). Tiép tuc
khudy trong thdi gian 60 phit & nhiét do 20 dén 25°C. B6 sung 300ml etyl axetat vao
d6 va tiép tuc khudy trong 30 phut. Céc pha dugc tach riéng. Phan cin dugc bd sung vao
pha hftu co. Pha hitu co duoc rira hai 1an bang 450ml nudce. Pha hitu co duge cd dén
khoang 350ml & 65°C (nhiét do bén trong) va ap suAt moi truong (1atm). B6 sung 250ml
etyl axetat vao do. B sung 6g than hoat tinh vao pha hitu co. Hon hop nay duge gia
nhiét dén 65°C (nhiét do bén trong), khudy trong 120 phat ¢ nhiét d6 d6 va tiép theo,
lam méat xudng 50°C (nhiét do bén trong). Dung dich 4m thu duoc duoc loc qua xelit va
rira hai 14n bang 125ml etyl axetat. Hon hop nay dugc cd dén khoang khoang 150ml &
4p sudt moi truong (1atm) va nhiét do 110°C. B6 sung 300ml toluen vao d6 va 200ml
dwoc chung ct ra & dp sudt méi truong (1atm) va nhiét 4o 110°C. San pham dugc két
tia. O nhiét do bén trong 1a 60°C, bd sung 200mI n-heptan vao do trong 45 phiit. Hon
hop nay dugc lam mat xubng nhiét do tir 0 dén 3°C va khudy trong 2 gid & nhiét do nay.
San pham dugc loc va rira hai 14n bang hon hgp ctia 50ml toluen/n-heptan (1:1). San

phim két tia dugc sdy kho trong 10 sdy & nhiét do 40°C va 20 mbar trong >48 gi0.
Hiéu sut: 24,0g (80%, do tinh khiét: 95,8% dién tich HPLC)
HPLC (Phuong phap A): Thoi gian duy tri = 5,8 phut.

MS (ESI pos): m/z =365 (M+H)"
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'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 (br s, 1H).

Bién thé #3

30g (82,353mmol) metyl 5-({[6-(triflometyl)pyridin-2-yl]carbonyl}amino)-1H-
indazol-6-carboxylat (VIIa) dugc hoa tan trong 600ml THF. O 4p sut binh thuong
(1 atm), khoang 150ml THF dugc chung cét ra & nhiét do 70°C. Tiép theo, 1dm mat hdn
hop nay (hoi van duc) xubng nhiét do tir 0 dén 3°C.

Dung dich dugc gitt & nhi¢t do nay va bd sung nhé giot trong vong 120 phit vao
hdn hop dugce lam mat gbm 274,5ml (823,528 mmol) metylmagie clorua 3M trong THF
va 17,5g (411,76mmol) lithi clorua & nhiét do tir 0 dén 3°C. Phéu nhé giot dugc rira hai
14n bang 10ml THF. 15 phit sau khi hoan thanh viéc bd sung, mau dugc 14y ra khoi hdn
hop va dugce cho tién hanh phén tich HPLC cho thy rang, hop chét (VIIa) duoc chuyén
hoa hoan toan. Hon hop nay dugc rot cén thén trong 10 phut & nhiét do tir 0 dén 3°C
vao 300ml nudce (cha y: toa nhiét! Trong 50ml dAu tién, quan sat thiy su tang nhiét do
manh dén 25°C!). B sung 250ml dung dich nudc axit xitric 20% khéi lugng vao d6 (d0
pH gidm tir 8 xubng 4). Tiép tuc khudy trong 30 phut & nhiét d§ tir 20 dén 25°C. B6
sung 300ml etyl axetat vao do va tiép tuc khudy trong 10 phut. Tach céc pha ra. Phan
cin dugc bd sung vao pha hitu co. Pha hitu co dugc rira hai 1an bang 200ml dung dich
nude natri clorua 1% khdi luong. Cac pha dugc tach. Pha hitu co duge cd dén khoang
250ml & 65°C (nhiét do bén trong) va ap sut méi truong (latm). B6 sung 150ml etyl
axetat va 6g than hoat tinh vao pha hiru co. Hon hop nay dugc gia nhiét dén 65°C (nhiét
d6 bén trong), khudy trong 120 phut & nhiét do d6 va tiép theo, lam mét xudng 50°C
(nhiét d6 bén trong). Dung dich 4m thu dugc duoc loc qua xelit va rira hai 14n bang 50ml
etyl axetat. Hon hop nay dugc cd dén khoang khoang 100ml & ap suit moi truong (1atm)
va 110°C. B4 sung 300ml isopropanol vao d6. 300ml dugc chung cét ra tai 4p suat moi
truong (1atm) va nhiét do 110°C. B6 sung 300ml isopropanol lai vao d6 va dugc chung
cAt ra (khoang 355 ml) & nhiét o 110°C. Huyén phu thu dugc dugc lam mat xubng
nhiét do 20 dén 25°C. B4 sung 45ml nudce vao dé trong 45 phit. Hon hop nay dugc

khudy trong 1 gio. San phim két tia duoc loc va ria bang 50ml hdn hop
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nuéc/isopropanol (1:1). San phdm két tia dugce sdy kho trong 16 sdy & nhiét do 50°C va

20 mbar trong >48 gio.
Hiéu sut: 24,9¢ (83%, do tinh khiét: 97,84 % dién tich HPLC)
HPLC (Phuong phéap A): Thoi gian duy tri = 5,8 phut.
MS (ESI pos): m/z =365 (M+H)"

'H-NMR (400MHz, DMSO-d6): 8 [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).

Bién thé #4
Bién thé nay duge stt dung dé san xuét cac mé k¥ thuat & mic quy mo kg (>10kg).

60g (164,706 mmol) metyl 5-({[6-(triflometyl)pyridin-2-yl]carbonyl}amino)-
1H-indazol-6-carboxylat (VIIa) dugc hoa tan trong 1500ml THF. O ap suét binh thudng
(1atm), khoang 600ml THF dugc chung cét ra & nhiét do 70°C. Tiép theo, lam mat hon
hop nay (dung dich mau vang) xuéng nhiét d9 tir 0 dén 3°C.

Dung dich dugc duy tri ¢ nhiét d0 nay va duoc bd sung ting giot trong vong 120
phut vao hdn hgp duge lam lanh gbm 550ml (1647,06mmol) metylmagie clorua 3M
trong THF va 35g (823,53mmol) lithi clorua ¢ nhiét d6 0 - 3°C. 15 phut sau khi hoan
thanh viéc bd sung, miu duoc 14y ra khoi hdn hgp va duge cho tién hanh phéan tich
HPLC cho thdy rang, su chuyén héa hop chét (VIIa) 12 hoan toan. Hon hop nay dugc
rét cAn than trong 15 phut & nhiét d6 tir 0 dén 3°C vao 600ml nudc (chu y: toa nhiét!
Trong 50ml dau tién, quan sat thdy su ting nhiét do manh!). B6 sung 600ml dung dich
nuéc axit xitric 20% khdi lugng vao dé (do pH giam xudng 4). Tiép tuc khudy trong 30
phtt & nhiét do tir 20 dén 25°C. Téch cdc pha ra. Pha hitu co duge ria hai 1an bang
400ml dung dich nudce natri clorua 1% khéi lwong. Phan cin dugc bd sung vao pha hitu
co. Céc pha dugc tach. Pha hitu co duge ¢d dén khoang 700ml & 65°C (nhiét do bén
trong) va ap suét mdi truong (1 atm). B6 sung 500ml etyl axetat va 12g than hoat tinh

vao pha hitu co. Hon hop nay dugc gia nhiét dén 65°C (nhiét do bén trong), khudy trong
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120 phut ¢ nhiét 4o do6 va tiép theo, 1am mét xubng 50°C (nhiét do bén trong). Dung
dich 4m thu dugc dugc loc qua xelit va rira hai 14n bang 200ml etyl axetat. Tiép tuc cd
dudi 4p suét giam (200 mbar). Tién hanh thay dbi dung moi thanh touluen (thé tich con
lai khoang 850mL). Huyén phu thu duge dugc lam mat xubng nhiét do 0 dén 3°C. San
phim két tia dugc loc va rira bang 50ml toluen. Sén pham két tha dugc sdy kho trong

10 sdy & nhiét @6 50°C va 20 mbar trong >48 gio.
Hiéu suit: 51,2 g (85,3 %, do tinh khiét: 96,51% dién tich HPLC)
HPLC (Phuong phép A): Thoi gian duy tri = 5,8 phut.
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), 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).

Bién thé #5
Tinh ché bing cach khudy trong isopropanol/nudc

Tuy thudc vao do tinh khiét cua san pham tho, c6 thé tién hanh bude tinh ché bd
sung bang cach khudy trong hon hop cla isopropanol va nudec, t6t hon 14 véi ty 18 1:1.
Tuy thudc vao do tinh khiét ctia san pham thd, viéc khudy dugc tién hanh trong khoéng
tir 2 dén 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¢  N-[6-(2-hydroxypropan-2-yl)- 1H-indazol-5-yl]-6-(triflometyl)pyridin-2-
carboxamit (Ia) véi do tinh khiét 95% dién tich (HPLC) dugc khudy trong 22,5ml hdn
hop ty 1€ 1:1 (thé tich) ctia nudc va isopropanol trong 2 gid ¢ nhiét do 20°C. Sau do,
huyén phu duge loc va san phim dugc rira bing 4ml clng loai hén hop dung moéi. San

phim két tha duge siy kho trong 10 sdy & nhiét do 50°C trong chan khong (<100 mbar).
Hiéu suat: 6,8g (90,7%, do tinh khiét > 98% dién tich HPLC)

HPLC (Phuong phip A): Thoi gian duy tri = 5,8 phut.
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MS (ESIpos): m/z =365 (M+H)"

'H-NMR (400MHz, DMSO-d6): 8 [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, 1), 8,78 (s, 1H), 12,33 (s, 1H),
12,97 (br s, 1H).

Vidu3
3-Hydroxy-3-metylbutyl-4-metylbenzensulfonat (VI)
Bién thé #1
Bién thé nay duoc st dung dé san xuét mé k¥ thuat véi quy mo kg.

B sung 147ml (107g) trietylamin cung véi 6,0g 4-dimetylaminopyridin
(DMAP) vio dung dich ctia 100g 3-metylbutan-1,3-diol (IX) trong 200ml (264g)
diclometan. Sau d6, hdn hop phan tng dugc 1am lanh xuéng nhiét o 0°C (0£5°C).

Song song ddng thoi, 192g 4-toluensulfonyl clorua (X) duge hoa tan trong 400ml
(528g) diclometan. Sau d6, dung dich duc nhe tao ra dugc nho giot trong thoi gian
1,5 git vao hdn hop phan g & nhiét d6 0 - 5°C. Khi nhiét dod cua phan tng dat 5°C,
viéc bd sung dimg lai va dugc tiép tuc khi nhiét do bén trong dat t¢i 0°C. Sau khi hoan
thanh viéc b6 sung, hdn hgp phan tng dugc lam Am 1én nhiét 46 moi trudng (20 - 25°C)
trong 1 gid. Sau d6, hdn hop phan ung duoc khudy lién tuc & nhiét d0 mdi truong trong

12 - 18 gio (tot hon 1a 15 gi®).

Sau d6, 500ml nudc duoc bd sung vao hdn hop phan tng. Hon hop duge khudy
trong 2 gio nita & nhiét d 20 - 25°C. Céc pha duogc tach riéng. Phén cin dugc tap hop
trong pha nugc. 500ml nude duge bd sung vao pha hitu co va dd pH dugc hi¢u chinh
t61 1,9 st dung 5ml dung dich nuge HCL 2N. Sau khi cac pha dugc tach riéng, 500ml
dung dich nudc NaCl nira bdo hoa dugc bd sung vao pha hitu co. D pH duoc hiéu chinh
t6i 7 st dung dung dich nudc NaHCO3 bdo hoa. Cac pha dugc tach riéng va pha hitu co
duoc ¢ dic bang phuong phap lam bay hoi kiéu quay trong chén khong (ap suit giam

xubng 14 mbar) & nhiét do 40°C. San pham thu dugc ¢ dang dau nhét mau vang.
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Hidu suét: 2223 g (89,6%, do tinh khiét: 91,9% dién tich HPLC)
HPLC (Phuong phap A): Thoi gian duy tri = 5,3 phut.
MS (ESI pos): m/z = 241 [M-OH]J*

I'H-NMR (500MHz, DMSO-d6): § [ppm]= 1,12 (s, 6H), 1,78 (t, 2H), 2,50 (s, 3H),
4,20 (t, 2H), 4,47 (br s, 1H), 7,56 (d, 2H), 7,87 (d, 2H).

Quy trinh nay dugc thyc hién & quy md k¥ thuat st dung 1,5kg hop chét (IX).

Chin mé duoc tao ra. Thong tin khéi quat dugce dua ra trong bang dudi day.
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Béang 4: Cac mé va hiéu suAt sau khi san xuft hop cht (VI) tir hop chét (IX)

Mé # (quy md 1,5kg) Hiéu suit

| 3,477kg
93,4%

5 3,521kg
94,6%

3 3,458kg
92,9%

A 3,487kg
93,7% |

5 3,499kg

o 94,0%

6 3,490kg
93,8%

, 3,492kg
93,8%

0 3,624kg
97,4%

9 3,467kg
93,2%

Bién thé #2

400g 3-metylbutan-1,3-diol dugc tao nhii hoa trong 607ml (528g) toluen & nhiét
d6 moi truong (20 - 25°C). Nhil tuong dugc lam lanh xubng 0°C. B6 sung 589ml
(427,5g) trietylamin vao d6 trong 15 phut (téa nhiét nhe). B6 sung 23,5g 4-
dimetylaminopyridin (DMAP) vao d6. Trong vong 10 phut, hén hop phan Gng da
chuyén thanh dung dich.

Song song ddng thoi, 768,8g 4-toluensulfonyl clorua dugc hoa tan trong 1214ml
(1056g) toluen (thu nhiét!). Dung dich duc nhe tao ra duoc loc va dich loc duge nho giot
trong 2 gi® vao hon hop phan tmg & nhiét do 0°C. Sau khi hoan thanh viéc b sung, tiép
tuc khudy & nhiét d 0°C trong thoi gian 12 dén 18 gio (0t hon 1a 15 gid). Chét két tha
mau trang duoc tao ra (trietylamoni clorua). Chét két tua duoc loc ra va dung dich trong
mau tao ra (2603g) duge st dung 1am dung dich 30-35% khdi lugng cta 3-hydroxy-3-
metylbutyl-4-metylbenzensulfonat (VI) trong qua trinh alkyl hoéa N-[6-(2-
hydroxypropan—2-yl)-1H-indazol-S-yl]—6-(triﬂometyl)pyridin—2-carboxamit (Ila) trong
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cac qua trinh chuyén dang tuong tu nhu vi du #5 bién thé #2.
HPLC (Phuong phéap B): Thoi gian duy tri = 4,68 phut.
Bién thé #3
Bién thé nay duoc st dung dé san xuét mé k¥ thuat véi quy mo kg.

1,57kg 3-metylbutan-1,3-diol (IX) dwoc tao nhil hoa trong 4,0kg toluen & nhiét
d6 mdi trudng (20 - 25°C). 2kg dung mdi dugc chung cAt tai 4p sudt moi trudong
(T >110°C). Nhii tvong dugc lam lanh xubng 0°C (nhiét do bén trong). B6 sung 1,63kg
trimetylamin va 89g 4-dimetylaminopyridin (DMAP) cting véi 0,1kg toluen vao do va
duoc khudy trong 15 phit (téa nhiét nhe).

Song song dbng thoi, 2,65kg 4-toluensulfonyl clorua duge hoa tan trong 3,7kg
toluen (thu nhiét!, do d6 dugc lam Am t6i nhiét do moi truong). Dung dich duc nhe tao
ra duoc loc va banh loc dugc rua b%mg 0,11kg toluen. Phan dich loc tao ra dugc nho giot
trong thoi gian 5 gio vao hdn hop phan Gng & nhiét d6 0°C. Sau khi hoan thanh viéc bd
sung, tiép tuc khudy & nhiét do 0°C trong thoi gian 12 dén 18 gio (t6t hon 14 15 gio).
Chét két tia mau tréng dugc tao ra (trietylamoni clorua). Phan két tia dugc loc ra va
phén két tia rira bing 3x 1,88kg toluen. Dung dich trong mau tao ra (14,4 kg) dugc xac
dinh ¢6 ham lugng 25,4% khdi luong cua 3-hydroxyl-3-metylbutyl-4-
metylbenzensulfonat (VI) va dugc sit dung khong can xt ly thém trong phan Ung alkyl
hoéa cua N-[6-(2—hydroxypr0pan-2-yl)-IH-indazol-S-yl]-6-(triﬂometyl)pyridin-2-
carboxamit (Ila). Dung dich nay dugc sir dung trong quy trinh chuyén dang dugc mo ta

trong vi du#5 bién thé#3.
HPLC (Phuong phap C): Thoi gian duy tri = 2,68 phut.
Vidu4

2-(3-Hydroxy-3-metylbutyl)-5 -({[6-(triflometyl)pyridin-2-yl]carbonyl }amino)-2H-
indazol-6-carboxylat (V)

Bién thé nay duoc st dung dé san xuét mé k¥ thuat véi quy mo kg.
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1200g metyl 5-({[6-(triflometyl)pyridin-2-yl]carbonyl }amino)-
1H-indazol-6-carboxylat (VIIa), 12,0L N,N-diisopropyletylamin va 7,5L toluen duogc
két hop & nhiét do moi truong (20 - 25°C). Huyén phit mau vang tao ra dugc gia nhiét
t6i nhiét do bén trong 1a 111°C (nhiét do 4o bao 120°C). Dung dich cta 4255g 3-
hydroxy-3-metylbutyl-4-metylbenzensulfonat (VI) trong 4,25L toluen duogc dinh lugng
tlr tir vao hdn hop phan tng trong thoi gian 10 gio bang bom tiém. Sau khi hoan thanh
viéc bd sung, phéu nho giot dugc rira bang 0,25L toluen. Sau do, hdn hop phén Ung
duoc lam lanh xuéng nhiét dd bén trong 1a 104°C va dugc khuéy & nhiét @6 do trong
thoi gian 12 dén 18 gio (t6t hon 1a 15 gi®). Sau do, hdn hop phan Gng dugc lam lanh
xubng 45°C (nhiét d6 40 bao). Thé tich cia hdn hop phan tng duoc khir & nhiét do 45°C
dén 53°C (nhiét do 4o bao) trong dicu kién chén khong (113 - 70 mbar) thanh phan con
lai dang nhét, c6 thé khudy dugc (khoang 19,6L dich chung cat dugc loai bd). O nhiét
d6 bén trong 12 28 - 33°C (than trong: tranh két tinh hoa bing viéc bo sung nhanh etyl
axetat) 121 etyl axetat dugc bd sung, tiép theo 1a 12L nudc. Hon hop dugc khudy trong
thoi gian 5 phit & nhiét do bén trong 1a 22°C. Céc pha dugc tach riéng. Phan cin dugc
bd sung vao pha nude. Pha nudc duge chiét bang 3,85L etyl axetat. Cc pha hitu co
duoc két hop va 12L nude duge bd sung. Do pH cla hdn hgp dugce hiéu chinh tir 10
xubng 6,9 (6 - 7) str dung axit axetic ddc. Pha hitu co duoc cho bay hoi téi trang thai
kho & nhiét do 40°C trong didu kién chan khong (xubng con 45 mbar). Phan con lai duge
hoa tan trong 1L diclometan va dugc cho bay hoi dén trang thai kho. Quy trinh nay duoc
lap lai hai lin nita. Phin con lai (1,772kg) dugc hoa tan trong 26,58L diclometan
(15L/kg). Dung dich tao ra dugc hiéu chinh t6i ndng do 20L/kg (3,6% khéi luong) va
sau d6 duoc cho tién hanh phuong phap sdc ky cot (chromasil 13pm; gradien: etyl
axetat/ n-hexan 10:90 dén 100:0). San pham tinh khiét tao ra dugc cung cip ¢ dang dung
dich 10-15% khéi lugng trong THF cho bude tiép theo.

Bén phan tng dugc thuc hién & quy m6 1,2kg cho mdi mot phan tmg. Céc phan
g nay dugc bao gdm trong mt mé cua phuong phap séc ky cot. Ba phan Gng khac
duge thuc hién & cing quy mo va ciing dugc bao gbm trong mot mé clia phuong phéap

séc ky cot. Bang dudi day thé hién két qua lién quan dén hiéu suét va do tinh khiét:

Bang 5: Hiéu sut va d6 tinh khiét (HPLC) sau khi sin xuét hop cht (V) tir hop chét
(VIla)
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Mg # Phén @ng # Hiéu suét Po tinh khiét
(Quy mé 1,2kg (HPLC)
(VIIa))

1
2 3,3%g

1 99,8% dién tich
3 47%
4
5

2,40kg

2 6 99,5% dién tich

- 45%

HPLC (Phwong phap B): Thoi gian duy tri = 5,9 phut.
MS (ESI pos): m/z =451 (M+H)"

I[1-NMR (400MHz, DMSO-d6): & [ppm]= 1,16 (s, 611, 2,00 - 2,13 (m, 2H), 3,96
(s, 3H), 4,45 - 4,64 (m, 3H), 8,20 (d, 1H), 8,34 - 8,42 (m, 1H), 8,42 - 8,49 (m, 2H), 8,55
(s, 1H), 9,05 (s, 1H), 12,52 (s, 1H).

Theo cach khac, qué trinh két tinh c6 thé duge tién hanh dé thu dugc san pham

tinh khiét & dang chét rin nguyén chét:

300g dung dich 15% khéi lugng ctia 2-(3-hydroxy-3-metylbutyl)-5-({[6-
(triﬂometyl)pyridin—2-yl]carbonyl}amino)-2H-indazol-6-carboxylat (V) trong THF
duoc ¢6 dic ¢ nhiét d) 4o bao 43°C trong diéu kién chan khong (300 - 320 mbar). Tiép
tuc chung cét cho t6i khi dat t6i gi6i han khudy (199,6g phan con lai). Tai 4p suit méi
truong va nhiét do 4o bao 1a 43°C, bd sung 255g n-heptane trong thoi gian 15 phut vao
phan con lai. Tiép tuc khudy trong 1 gid trude khi hdn hop duge 1am lanh xubng 20°C
trong 1 gio. Hon hop dwge khudy & nhiét do d6 trong thoi gian 12 dén 18 giv (t6t hon 14
15 gio). San pham duge loc, dugc rira hai 14n bang 25g n-heptan va 1am khd trong 10

sdy & nhiét do 40°C trong didu kién chan khong (<200 mbar).

Vidu5
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N-[2-(3-hydroxy-3-metylbutyl)-6-(2-hydroxypropan-2-yl)-2H-indazol-5-yl]-6-
(triflometyl)pyridin-2-carboxamit (I)

Bién thé #1

Thuc nghiém sau dugc tién hanh khong can nude va khong khi st dung khi tro

(N2 hodc Ar, tbt hon Ar).

4,0kg THF khan dugc dua vao trong binh phan tng trong didu kién khi quyén tro
va dugc lam lanh xudng -15°C (nhiét do bén trong). B6 sung 4,61kg dung
dich metylmagie clorua 3M trong THF vao do. Phéu nhé giot dugc rira bang 0,433kg
THF.

Song song ddng thoi, 9,901kg dung dich 10,1% khdi luong cta metyl 2-(3-
hydroxy-3-metylbutyl)-S—({[6-(triﬂometyl)pyridin-2-yl]carbonyl}amino)-ZH-indazol-
6-carboxylat (V) dugc ¢6 ddc & nhiét do 40°C trong diéu kién chan khong. Khoéang 5kg
duoc chung cét va 2,087kg phan cin con lai. Bé sung 4,279kg THF vao phan cin din
dén dung dich 15% khéi luong ctia hop chét (V) trong THF.

Dung dich 15% khéi luwong ctia metyl 2-(3-hydroxy-3-metylbutyl)-5-({[6-
(triflometyl)pyridin-2-yl]carbonyl}amino)-2H-indazol-6-carboxylat (V) trong THF
duoc dinh luong tir tir trong thoi gian it nhét 1 gid 45 phut vao dung dich Grignard &
nhiét do -15°C. Pd chtra va bom dugc ria bang 0,3kg THF. Tiép tuc khudy trong
30 - 40 phit & ciing nhiét do. Trong khi d6, dung dich nuge 15% khéi luong cua axit
xitric (2,8 kg axit xitric monohydrat + 14,267 kg nudc) duge dua vao trong binh phan
ing va lam lanh xubng 0°C (nhiét do bén trong). Hon hop phéan ung lanh (0 —10°C)
duoc dinh lidu trong 30 phtt vao dung dich nudc axit xitric. Hon hop nay dugc rira béng
lkg THF. Sau do, hdn hop phan Gng dd ding dugc lam 4m 1én nhiét 0 moi truong (20
-25°C) trong thoi gian 40 phut. Céc pha dugc tich riéng. Pha nude dugce chiét biang 10L
etyl axetat. Cac pha hffu co dugc két hop va rira bang 6,66L nudc (cac pha dugc khudy
trong 15 phut). Céc pha hiru co két hop dugce ¢ dic cho t6i khi dat t6i gidi han khudy
(nhiét do 4o bao 45°C, 4p suét chan khong tir 150 mbar dén 70 mbar; khoang 3 - 4L thé
tich cin). 6kg etanol dugc bb sung vao phan can. Dung dich duoc ¢b dac trong didu kién
chan khong (nhiét do 4o bao tir 45 dén tdi da 60°C ; 8,5L dich ching ct) va 6kg etanol
khac dugce bd sung. Dung dich lai dugc cd dic trong diéu kién chan khong (dich chung

cAt: 7,95L). Sau do, 6kg etanol duge b sung vao phan cin.
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Két tinh tho:

Dung dich tao ra dugc gia nhiét t6i nhi¢t do bén trong nam trong khoang tir
31 dén 32°C. B6 sung 18L nudc vao d6 trong 1 gio tao ra huyén phil mau vang nhat.
Hon hop dugc 1am lanh xubng 20°C trong 1 gid va duoc khudy trong 20 phit. Phan két
tia dugc loc va duge rira hai 1an bang hdn hop cta 0,416kg etanol + 1,25kg nude. Nude
c4i lai duoc loc va phan két tia dugce ria bang hdn hop cta 1,7kg etanol/nude (1:3). San
phim tho duge lam kho trong 16 sdy & nhiét do 40°C trong diéu kién chan khong
(< 200 mbar) trong thoi gian 12 - 18 gid (t6t hon 1a 15 gio).

Qua trinh t4i két tinh (3 phéan tng (c4c mé san phim tho) duoc két hop trong mot

mé dé tinh ché):

Céc san phdm thd két hop (2,855kg) dugc tao huyén phu trong 18,27kg hdn hop
ty 1€ 9:1 cla toluen/axeton. Sau do, hdn hop duge gia nhiét tdi nhiét do bén trong 80°C
va 6,67kg hon hop ty 1€ 9:1 cla toluen/axeton dugc bd sung theo cac phan 1,1L. Khi
hoa tan san phém, hdn hop duge lam lanh Xuéng nhiét do 55°C. Sau dd, lam lanhh tir tir
xubng 52°C va dugc khudy trong 1 gior ¢ nhiét do do. San pham bt dau két tinh & nhiét
5 53°C. (Sy tao mam bang c4c tinh thé 1a thy ¥). Tiép tuc khudy trong 1 gi®' & nhiét do
52°C (nhiét d6 bén trong). Sau do, huyén phu duge lam lanh trong 2 gio xubng nhiét dd
20°C. Huyén phi dugc khudy & nhiét do 20°C trong thoi gian 12 - 18 gio (t6t hon 12
15 gid). San phim dugc loc va ria bang 1,11kg toluen/axeton theo ty 1¢ 9:1 va sau do
bang 1,11kg toluen. San phim dugc 1am khd trong 10 sdy & nhiét o 40°C trong diéu
kién chan khong (< 200 mbar) trong thoi gian 12 - 18 gio (t6t hon 1a 15 gio).

Dé thu dugc ngoai dang tinh thé x4c dinh, san phdm tinh khiét dugc cho két tinh
bing etanol va nuéc (nhu md t& & trén, twong ty nhu budc két tinh thér nhit tir
etanol/nudc). Do d6, cdc tinh thé hinh kim ctia san pham thu dugce v6i do tinh khiét cao:
8,37 kg etanol dugc bd sung vao 2,32 kg san pham tinh khiét. Hon hop dugc lam 4m lén
nhiét do 32°C. O nhiét do nay, 25,1kg nude duge bd sung trong thoi gian 1 gio. Huyén
phu tao ra dugc lam lanh xubng nhiét do 20°C trong 1 gio va duge khudy trong 20 pht.
San pham dugc loc va ria bang 7,43kg hon hop cua etanol/nude (1:3). Phan két tia
dugc rta hai 14n nita bing 7,43kg hdn hop cia etanol/nude (1:3). San pham dugc lam
kho trong 10 sdy & nhiét do 50 °C trong diéu kién chan khong (< 200 mbar) trong thoi
gian 12 - 18 gid (t6t hon 1a 15 gio).

-72-



36267

Béang 6: Hiéu sudt va do tinh khiét (HPLC) sau khi san xuat hop chét (I) tir hop chat (V)

Mg # Phin tng # Hiéu suit P tinh khiét
(Quy mé 1,0kg (HPLC)
V) Ham lwong

1

. 5 2,314kg 98,1% dién tich
; 77,1% 97,92%
4

5 : 2,164kg 98,25% dién tich
2 72,1% 97,96% -

HPLC (Phuong phap C): Thoi gian duy tri = 3,50 phut.
MS (ESI pos): m/z =451 (M+H)"

'H-NMR (400MHz, DMSO-d6): 8 [ppm]= 1,15 (s, 6H), 1,62 (s, 6H), 1,99 - 2,08
(m, 2H), 4,45 — 4,50 (m, 2H), 4,51 (s, 1H), 5,94 (s, 1H), 7,57 (s, 1H), 8,16 (d, 1H), 8,35
(s, 1H), 8,36 - 8,39 (m, 1H), 8,43 - 8,47 (m, 1H), 8,71 (s, 1H), 12,35 (s, 1H).

]H-NMR (400MHz, DMSO-d6): 8 [ppm]= 1,15 (s, 6H), 1,63 (s, 6H), 2,00 - 2,09
(m, 2H), 4,43 - 4,55 (m, 3H), 5,94 (s, 1H), 7,57 (s, 1H), 8,16 (d, 1H), 8,34 - 8,39 (m,
2H), 8,45 (d, 1H), 8,72 (s, 1H), 12,36 (s, 1H).

Bién thé #2

Dung dich khoang 30 - 35% khéi lugng cua 3-hydroxy-3-metylbutyl-4-
metylbenzensulfonat (VI) trong toluen vira dugc didu ché tuong tu nhu quy trinh dugc
néu trong vi du #3 bién thé #2.

100g  N-[6-(2-hydroxypropan-2-yl)-1 H-indazol-5-y1]-6-(triflometyl)pyridin-2-
carboxamit (Ila) duoc tao huyén phu trong 560,5g toluen. Hon hop duoc gia nhiét toi
nhiét do 104°C (110°C) trong 30 phat. Trong thoi gian 5 gio, 212,8g N,N-
diisopropyletylamin va 1013g dung dich 35% khdi luong cta (VI) trong toluen duoc

dinh liéu ddng thoi vao hdn hgp phan tmg trong 5 gio. Bing cach do, diéu quan trong 1a
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luong du bazo ludn ludn c6 mit trong qua trinh phan Gng. Sau khi hoan thanh viéc bd
sung, hon hop phan tng dugc khudy & nhiét d§ 104°C (110°C) qua dém (18 gio). Sau
d6, hdn hop phan tng (hai pha dugc tao ra) dugc lam mat xuéng 45°C va duogc co dic
trong diéu kién chan khong (giam xudng khoang 50 mbar) t6i thé tich cin dang nhét, c6
thé khudy dugc khoang 750ml (1189,9g duge chung cét ra). Sau do, phén cin con lai
dwoc lam lanh xubng nhiét @& 20°C va 920g etyl axetat dugc bd sung, tiép theo bang
hdn hop cua 110g axit axetic ddc va 840 g nudc. Hon hop duge khudy trong thoi gian
5 phat & nhiét do 20°C. Céac pha dugc tach riéng. Pha nudc dugce chiét lai trudce tién
bang 840g va sau do bang 420g etyl axetat. Cac pha hiru co dugc két hop va 840g nude
dugc bd sung. Cac pha dugc lap lai. Cac pha dugc tai két hop va hdn hop duoc gia nhiét
tGi nhiét do 50°C (nhiét dd bén trong) va dugc khudy trong 1 gior & nhiét do d6. Cac pha
duoc tach riéng va pha hitu co dugce co dic trong diéu kién chan khong & nhiét do 50 -

60°C t&i thé tich can khoang 213,4¢.

840¢g isopropanol dugc bd sung vao phan cin. Dung mdi dugc 1am bay hoi t6i
phan cin cubi ciing khoang 380,9¢g dé loai bo toan bd etyl axetat con lai. Quy trinh nay
¢6 thé duoc 1ap lai néu can thiét. B sung 187,6g isopropanol va 419g isopropanol vao
isopropanol con lai (380,9g). Qua trinh nay dan dén dung dich 27,3% khéi lugng cua
hop chét (1) thé trong isopropanol (d6 tinh khiét: 78,4% dién tich HPLC).

HPLC (Phuong phép C): Thoi gian duy tri = 3,58 phut.

316,9g dung dich nay dugc sit dung trong quy trinh két tua sau: Dung dich dugc
duy tri & 25°C. Trong thoi gian 30 phut, 984,4g nude duoc bd sung. Céc tinh thé mam
(1%; 0,33g) duoc bd sung. Tiép tuc khudy trong thoi gian 30 phut. Trong thoi gian 2
gio, 564g nude dugce bd sung. Huyén pht tao ra dugc khudy trong 1 gid va dugc loc.
Phan két tia duoc rira bang hon hop cia 15,4g isopropanol va 46,8g nudc, tiép theo
bing 62,1g nuéc. San phim duge lam kho trong 10 sdy ¢ nhiét do 50°C trong didu kién

chan khong trong 18 gio.

St dung quy trinh nay, san pham tho thu dugc voi hidu suét 81% c6 do tinh khiét
89,2% dién tich (84,4% khoi lugng).

HPLC (Phuong phap C): Thoi gian duy tri = 3,55 phut.

Nguyén liéu thu duoc bing qua trinh x{r Iy m6 ta & trén c6 thé duoc tinh ché bang

qua trinh két tinh 1ap di 13p lai tr hdn hop toluen/axeton ty 1& 9:1 voi sy c6 mét cua than
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hoat tinh twong tu nhu quy trinh két tinh dugc mo ta trong bién thé #1. Dang tinh thé
x4c dinh c6 thé thu duoc thong qua qua trinh tai két tinh bing etanol va nuée (cling xem

trong quy trinh bién thé #1). Mot vi du duge dua ra dudi day:

23,0 hop chét (I) thd (89% dién tich HPLC; 86% khoi lwong; phuong phép D)
duge tao huyén phu trong 70g hdn hop toluen/axeton (9:1). Hon hop dugc gia nhiét toi
nhiét do bén trong 80-82°C (quan sat thdy sw hoi luu nhe). 87g hdn hgp toluen/axeton
(9:1) dugc bd sung. Dung dich trong sudt tao ra. 4,6g than hoat tinh dugc bd sung. Tiép
tuc khuéy trong 30 phut ¢ nhiét do d6. Dung dich nong dugc loc qua 2,5g harbolit 900.
Bénh loc dugce ria b%mg 9,5g hdn hop toluen/axeton (9:1). Su két tinh trong dich loc bat
dau & nhiét d6 60°C. Hon hgp dugc khudy & nhiét do bén trong 60-62°C trong thoi gian
1 gio. Sau do, huyén phu dugce lam lanh xuéng nhiét 0 22°C trong 2,5 gi¢ va dugc
khudy trong khoang 16 gid (qua dém). San pham tinh khiét dugc loc va rira bang 20g
hdn hop toluen/axeton (9:1) va duogc lam kho trong 10 sdy trong didu kién chan khong &

nhiét do 50°C trong thoi gian 24 gio.

Hicu suAt: 14,9 (64,8%; do tinh khiét: 96,2% dién tich HPLC; 94,1% Kkhoi

lugng)
HPLC (Phuong phap C): Thoi gian duy tri = 3,47 phut.

14,9g san pham tinh khiét thu dugc, trong d6 13,6g lai dugc cho tién hanh tai két
tinh:

13,6g hop chat (I) tinh khiét duoc tao huyén phu trong 85,7g hén hop
toluen/axeton (9:1). Hon hop dugc gia nhiét toi nhiét do bén trong 80 dén 82°C.32,7 g
hdn hop toluen/axeton (9:1) duogc bd sung. Dung dich trong subt tao ra. 2,8 g than hoat
tinh duge bd sung. Tiép tuc khudy trong 30 phut ¢ nhiét d6 d6. Dung dich néng duoc
loc qua 2,5g harbolit 900. Banh loc dugc rira bang 10 g hdn hop toluen/axeton (9:1). Su
két tinh trong dich loc bt dAu & nhiét do 70°C. Hon hop dugc khudy ¢ nhiét do bén
trong 70°C trong thoi gian 1 gio. Sau do, huyén pht duge 1am lanh xubng nhiét dp 22°C
trong 4 gi¢ va dugc khudy trong khoang 18 gio. San pham tinh khiét duoc loc va ria
bang 10g hdn hop toluen/axeton (9:1) va dugc lam kho trong 10 sy trong diéu kién chan
khong & nhiét do 50°C trong thoi gian 24 gio.

Hiéu sut: 11,5 g (84,6%; do tinh khiét: 97,7% dién tich HPLC; 91,5% khéi
lugng)
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HPLC (Phuong phap C): Thai gian duy tri = 3,48 phut.

11,5g san phdm tinh khiét thu dugc, trong d6 9g dugc cho tién hanh két tinh bang
etanol/nuée dé thu duge dang tinh thé chudn va loai bo chét 13n toluen (7,3% khéi

luong):

B6 sung 32,4g etanol vao 9,0g hop chét (1) tinh ché va hdn hop dugc lam Am t6i
nhiét do 32°C (nhiét 6 bén trong). 92,7g nudc duoc bd sung vao dung dich trong 1 gio.
Huyén phi tao ra dugc khudy trong 30 phut & nhiét do nay. Huyén phu dugc 1am lanh
xubng nhiét do 22°C trong 1 gid. San pham két tinh dugc loc va rira bang hdn hop clia
6,6g nudc va 3,3g etanol va lam kho trong 16 sdy trong didu kién chan khong ¢ nhiét do

50°C trong 24 gio.
Hiéu suét: 8,0 g (88,9%; do tinh khiét: 99,3% dién tich HPLC; 101% khdi luong)
HPLC (Phuong phép C): Thoi gian duy tri = 3,52 phut.
MS (ESI pos): m/z =451 (M+H)+

I'H-NMR (400MHz, DMSO-d6): & [ppm]= 1,15 (s, 6H), 1,62 (s, 6H), 1,99 - 2,08
(m, 2H), 4,45 — 4,50 (m, 2H), 4,51 (s, 1H), 5,94 (s, 1H), 7,57 (s, 1H), 8,16 (d, 1H), 8,35
(s, 1H), 8,36 - 8,39 (m, 1), 8,43 - 8,47 (m, 1H), 8,71 (s, 1H), 12,35 (s, 1H).

'H-NMR (400MHz, DMSO-d6): § [ppm]= 1,15 (s, 6H), 1,63 (s, 6H), 2,00 - 2,09
(m, 2H), 4,43 - 4,55 (m, 3H), 5,94 (s, 1H), 7,57 (s, 1H), 8,16 (d, 1H), 8,34 - 8,39 (m,
2H), 8,45 (d, 1H), 8,72 (s, 1H), 12,36 (s, 1H).

Bién thé #3

Dung dich  25,4% khéi lwong cta  3-hydroxy-3-metylbutyl-4-
metylbenzensulfonat (VI) trong toluen (11,27 kg) dugc didu ché moi twong tu nhu quy

trinh dugc néu trong vi du #3 bién thé #3.

1,01kg N-[6-(2-hydroxypropan-2-yl)- 1H-indazol-5-y1]-6-(triflometyl)pyridin-2-
carboxamit (Ila) duogc tao huyén phu trong 5,66kg toluen va 1,72kg N,N-
diisopropyletylamin. Hon hop dugc gia nhiét dé hoi luu (=110°C). Dung dich 25,4%
khéi luong cua 3-hydroxy-3-metylbutyl-4-metylbenzensulfonat (VI) trong toluen duoc
dinh lugng vao hdn hop phan Gng trong vong 10 gio. Sau khi b6 sung hoan toan, bom
va céc chi tiét ndi dugc rira bang 0,35kg toluen va hdn hgp phan Gng dugc khudy & nhiét

d6 hdi luu trong thi gian 14-24 gios (65t hon 1a 18 gi). Sau do, hon hop phén tng dugc
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lam ngudi xudng 60°C (nhiét do bén trong), 1,3kg toluen dugc bd sung va hdn hop duoc
cd dic trong chan khong (&p suét cudi ciing: 90 mbar) t&i thé tich cin con lai dang nhét,
¢6 thé khudy duge khoang 8,3 1 (13,8 1 dugce chung cat). Sau d6, phan cén con lai dugc
lam ngudi xubng 50°C va 9,3 kg butyl axetat dugc bd sung, tiép theo bing hdn hop cla
1,1 kg axit axetic ddc va 8,5 kg water. Hon hop dugc khudy trong thoi gian 1 gid & nhiét
do 50°C. Céc pha dugc tach riéng. Pha nudc duge chiét bang 8,5kg butyl axetat. Cac
pha hitu co duoc két hop va 8,49kg dung dich nuGc NaCOs nira bdo hoa duge bd sung
vao d6. Hon hop dugc khudy trong it nhét 15 phut & nhiét d6 50°C. C4c pha duoc tach
riéng va pha hitu co dugc chiét bang 6,1kg nuéc. Sau d6, pha hitu co duge cd déc trong
didu kién chan khong & nhiét do 40 bao tir 50 - 60°C t6i thé tich cin con lai khoang 6,3 1
(18,71 dugc chung cat). 6,1 kg butyl axetat dugc bd sung vao d6 va hdn hop lai dugc
¢6 dic trong didu kién chan khong & nhiét do 50-60°C (thé tich can: 5,9 1; 5,9 1 duoc
chung cit ra). Sau d6, hdn hop duge lam 4m 1én 93°C (nhiét d6 bén trong) va dugc
khudy & nhiét d nay trong thoi gian 1 gio. Trong vong 30 phut, dung dich tao ra dugc
lam ngudi xubng 83°C va dugc tao mam bang 2g san pham dich (su tao mam 13 tiy
chon). Huyén pht tao ra dugc khudy trong 10 phat. Sau d6, hdn hop duge lam ngudi
xubng 60°C trong 2 gidr va duge khudy trong 30 phut ¢ nhiét d6 nay. Sau d6, huyén phu
duge lam 4m 16n 78°C trong thdi gian it nhét 30 phut va duge khudy & nhiét do nay
trong it nhét 30 phut. Sau do, hdn hop duoc 1am lanh xubng 22°C trong thoi gian it nhét
6 gio. Huyén phu duoc khudy & nhiét do nay trong thoi gian it nhét 10 phtt va sau do6
duoc loc. Phan két tia duge rtra bang 1,1kg butyl axetat [am kho trong 10 sy trong diéu

| kién chan khong & nhiét do 60°C trong 21 gio.

Hiéu sut: 2,11 kg (61,6%; do tinh khiét: 98,6% dién tich HPLC)
HPLC (Phuong phap C): Thoi gian duy tri = 3,50 phut.

MS (ESI pos): m/z = 451 (M+H)"

DPé ¢6 duge san pham & dang tinh thé x4c dinh v6i chét luong cGMP, qui trinh
tai két tinh sau duoc tién hanh:

7,5kg N-[2-(3-hydroxy-3-metylbutyl)-6-(2-hydroxypropan-2-yl)-2H-indazol-5-
y1]-6-(triflometyl)pyridin-2-carboxamit (I) dugc hoa tan trong 39,9kg etanol & nhiét do
55°C. Dung dich tao ra dugc cho tién hanh loc gan va banh loc dugc rira béng S5kg
etanol. Dung dich dugc gia nhiét t6i 65°C va duge khudy & nhiét do nay. 131,6kg nudc
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duge dinh luong tir tir vao hdn hop. 15% (19,7kg) cla tdng lwgng (131,6 kg) nudc duge
bd sung truc tiép, 21% khéc (28,0kg) dugc bd sung trong 2 gid, va 13% khac (16,7 kg)
duoc bd sung sau do trong 1 gid, 21% khac (28,0kg) trong 0,5 git va 30% con lai
(39,2kg) trong 0,5 gio. Sau khi hoan thanh vi€éc bd sung, huyén phu tao ra dugc khudy
trong 1 gid & nhiét do 65°C va sau d6, lam lanh trong 5 gio xubng 20°C. huyén phu
duoc khudy trong 5 gio & nhiét do nay, loc va phan két tia dugc rira hai 14n bang hdn
hop cua 3,5 kg etanol va 8,7 kg nude. San phim dugc 1am kho trong 10 sdy trong diéu
kién chan khong (70°C, <40 mbar).

Hiéu suat: 7,2 kg (96,0%; do tinh khiét: 98,7% dién tich HPLC)

Ham lugng (thtr nghiém v& sir dung): 96,5% khéi luong

Etanol <0,13% khbi lugng

3-Hydroxy-3-metylbutyl 4-metylbenzensulfonat (VI) <20 ppm

HPLC (Phuong phéap C): Thoi gian duy tri = 3,50 phut.

MS (ESI pos): m/z =451 (M+H)"

'H-NMR (400MHz, DMSO-d6): 8 [ppm]= 1,15 (s, 6H), 1,62 (s, 6H), 1,99 - 2,08
(m, 2H), 4,45 — 4,50 (m, 2H), 4,51 (s, 1H), 5,94 (s, 1H), 7,57 (s, 1H), 8,16 (d, 1H), 8,35
(s, 1H), 8,36 - 8,39 (m, 1H), 8,43 - 8,47 (m, 1H), 8,71 (s, 1H), 12,35 (s, L1H).

1H-NMR (400MHz, DMSO0-d6): & [ppm]= 1,15 (s, 6H), 1,63 (s, 6H), 2,00 - 2,09
(m, 2H), 4,43 - 4,55 (m, 3H), 5,94 (s, 1H), 7,57 (s, 1H), 8,16 (d, 1H), 8,34 - 8,39 (m,
2H), 8,45 (d, 1H), 8,72 (s, 1H), 12,36 (s, 1H).

Phd nhiéu xa tia X duoc thé hién trén Fig.1.
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YEU CAU BAO HO

1. Quy trinh diéu ché hop chét c¢6 cong thire (1):

bao gdm budc (A) sau:

trong do, hop chét c6 cong thirc (Ila):

I=z.

HO
(lla)

dugc cho phan ung vé1 hop chét c6 cong thire (VI):

O/\)<OH
Ts

(V1)

tlly ¥ v6i su ¢6 mdt ciia bazo hitu co, dic biét la bazo yéu, nhu amin bac ba, vi du

nhu N,N-diisopropyletylamin,
tly v trong dung mdi hydrocacbon thom, vi du nhu toluen, xylen va mesitylen,

bang cach do tao ra hop chét c6 cong thic (I).
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2. Quy trinh theo diém 1, trong d6 dung mdi hydrocacbon thom nay 12 toluen.

3. Quy trinh theo diém 1 hoic 2, trong d6 bazo hitu co néu trén 1a N,N-

diisopropyletylamin.

4. Quy trinh theo diém 1, 2 hodc 3, trong d6 hop chét c6 cong thic (lia) néu trén:

g
F3 S ©
H
N
N
N
HO H
(lla)
duoc didu ché theo bude (B) sau:
trong d6, hop chét c6 cong thie (VIla):
g
X @)
F3
H
N
0 N
O
(Viia)

dugc cho phan tng voi chét metyl hoa khir, nhu chét metyl kim loai, nhu metylmagie

halogenua, nhu metylmagie clorua,
tuy v voi su ¢6 mat ctia halogenua kim loai kiém, nhu lithi clorua,
bang cach d6 tao ra hop chét c6 cong thirc (lia) néu trén.

5. Quy trinh theo diém bat ky trong sé cac diém tir 1 dén 4, trong d6 hop chét c6 cong
thire (VIIa) néu trén:
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=z

@)
H
\
o\;jijj'\‘
N
H
0

(Vila)

NS

F3
yd

duoc diéu ché theo budc (C) sau:

trong do, hop chét c6 cong thie (XII):

H, \N
/O N
0 H

(X1

dugce cho phan g vé1 hop chét c6 cong thirc (IX):

tuy v v6i suw c6 mit cua bazo hitu co, dac biét 1a bazo hiru co yéu, nhu amin béc ba,

nhu N,N-diisopropyletylamin,

thy y v6i su c6d mat cua chit lién hop, nhu 2,4,6-tripropyl-1,3,5,2,4,6-
trioxatriphosphinan 2,4,6-trioxit (T3P),

bang cach d6 tao ra hop chét c6 cong thirc (VIla) néu trén.
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6. Quy trinh theo diém bét ky trong sb cac diém tir 1 dén 5, trong d6 hop chit c6 cong
thirc (I) néu trén duoc didu ché theo céc budc sau dugc thé hién trong so dd phan tmg

IA dudi day:

AN Py | OH 4

L L : N
SO Fo S0 T~ Fo SO
HN . MeMgCl NN vy HN A~ <»OH
N —————y - i N . - N~
- P dung méi hydracachon thom X N

o N HO™| N HO>:/\/\

(Vila) (i1a) (1)
So do IA.

7. Quy trinh theo diém bét ky trong s cac diém tir 1 dén 6, trong d6 hop chit c6 cong

thae (I) néu trén duoc didu ché theo cac budc sau duge thé hién trong so dd I dudi day:

Z ] = ] O,\kOH “ ! o
E N i MeMgCl Fs K ° b Vi -
toluen ==
e Lict N N
I H ' H N HO

diisopropylctylamin

(Vlia) (Ia) {1

So dd 1.

8. Quy trinh theo diém bét ky trong s cac diém tr 1 dén 7, trong d6 hop chét c6 cong
thire () néu trén dugc tinh ché bang phuong phép két tinh, déc biét la tir dung moi hodc
hdn hop ctia cac dung mdi nhu hon hop clia axeton va toluen, tly ¥ voi su ¢6 mit cua
than hoat tinh, tity ¥ tiép theo bang phuong phap két tinh thém tir dung moi nhu etanol

chang han.

9. Quy trinh theo diém 8, trong d6 hop chat c6 cong thirc (I) néu trén la ¢ dang tinh thé
hinh kim (A).
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1/2

Fig. 1: Pho nhiéu xa tia X trén mau bot clia dang hydrat cia hop chét (I)
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272

Fig. 2:

Hinh anh hién vi cua céc hat két tinh ctia hop chét (I) thu dugc bang quy

trinh tai két tinh tvong tu nhu quy trinh téi két tinh duge md ta trong vi du

#5 bién thé #1 so v6i cac hat tinh thé cua hop chét (I) thu duoc tuong ty

nhu quy trinh tai két tinh dugc mé ta trong vi du #5, bién thé #3

Cic tinh thé thu dwgc bing cich "bd
sung nwéc tuyén tinh, twong tw nhw vi

du #5 bién thé #1

Cic tinh thé thu dwgc bing cich b
sung nwoc theo “dwdng cong dinh
lwong thé tich”, twong tw nhw vi du #5
bién thé #3

camera loai Zeiss AxioCam ICc 5.

Hinh anh duoc ghi lai bang céch st dung kinh hién vi Zeiss Axioscope 2 c0 trang bi





