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(57) Sang ché dé cap dén céac hop chat cd cong thire (1) 1a chat e ché hoat tinh kinaza,

)\ \ (1)

R3

trong d6 R!, R2, R?, R* R* R* R5 W, X, Y va Z duoc dinh nghia trong ban mo ta nay.
Céc hop chit nay c6 thé sir dung trong diéu tri va ngin ngira 1ay nhiém virut va cac rdi loan
gay ra boi hodc bi tram trong thém do lay nhiém virut. Sdng ché ciing dé cap dén duoc

pham chira hop chit nay.
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Linh vwe k¥ thuit dwoc dé cap

Séang ché @& cap dén hop chat 14 chét tc ché hoat tinh kinaza va dugc pham chira hop
chét nay. Cac hop chit nay c6 thé sir dung trong didu tri va ngan ngira nhiém virut va céc rdi

loan gy ra boi hodc bi trdm trong thém do nhiém virut.
Tinh trang k§ thuit ciia sang ché

Chi Enterovirut thudc ho Picornaviridae 1a virut ARN mach don mach duong bao gdm
nhidu yéu td gy bénh cho ngudi ma cd thé gly ra cac bénh rat nghiém trong. Céc vi du vé
ching bao gdm poliovirut, virut coxsakie B (viém mang néo v khuén, viém co tim, viém tuy
va 6m sdt khong dic hidu), enterovirut-A71 (viém mang ndo vo khudn, viém néo va liét kiéu
bai liét), enterovirut-D68 (viém tuy liét mém cAp tinh) parechovirut (viém co tim va viém
nfo). Viéc nhiém enterovirut (bién thé coxsackievirut A24 va enterovirut typ 70) chiu trach
nhiém hau hét cac trudong hop viém két mac xuét huyét cap tinh (acute hemorrhagic
conjunctivitis - AHC) va da c6 nhiéu dich AHC va ba dai dich tir ndm 1969 (Yin-Murphy et
al., British Journal of Ophthalmology, 1986, 70, 869; Nilsson et al., Journal of Virology, 2008
82, 3061). Tuy nhién, hau hét nhitng ngudi ting nhiém enterovirut méc cac bénh it nghiém
trong hon nhidu. Cam lanh thong thudng 12 mot trong nhimg bénh thuong gap nhat & nguoi
va thudng lién quan dén mét loai enterovirut khéc, d6 1a rhinovirut & nguoi (HRV) ma gay ra

30-50% céac truong hgp cam lanh.

Nhiét d6 tdi wu cho qua trinh sao chép ctia HRV 1a 33-35°C, thién vé nhiém tring
dudng ho hap trén (upper respiratory tract infection - URTI) va mét bénh thuong nhe nhét va
duoc giai quyét ma khong can can thiép y té. Tuy nhién, UTRI c6 thé c6 cac bién chimg va
HRYV dugc phat hién trong tai gitta & khoang 40% tré em duéi 7 tudi bi viém tai gitra tiét dich,
bao gdm céc truong hgp man tinh (Papadopoulus et al., Paediatric Allergy and Immunology,
2006: 17: 514), trong dom & 26% trong s 291 bénh nhan bi viém phé quan cap tinh (Park et
al. Plos One, 2016, 11, e0165553), trong dich htit ham trén va ban chai tir 15 trong s6 34 bénh
nhén bi viém xoang cép tinh, (Pitkdranta et al., Journal of Clinical Microbiology, 1997, 35,
1791 and Clinical Infectious Diseases, 2001 33, 909) va trong 29% bénh nhan trai qua phau
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thuat ndi soi chitc ning doi véi viém mili xoang man tinh (Abshirini et al., Jundishapur Journal

of Microbiology, 2015, 8, €20068).

Nhiét do cta dudng dan khi 16n va trung binh cua phéi ciing cho phép dién ra su sao
chép cia HRV (McFadden ER Jr, et al., J. Appl. Physiol., 1985, 58, 564) va ¢ cdc nhom bénh
nhan nhét dinh sy 14y nhidm c6 thé gy ra bénh rit nghiém trong. O tré em dudi 5 tudi, viee
nhi®m rhinovirut thuong dan dén viéc phai nhap vién (4,8 trudng hop /1000 tré em: Miller et
al., Journal of Infectious Diseases, 2007; 195, 773), mic d9 nghiém trong cta bénh tuong tu
nhu do nhiém virut hgp bao ho hap (RSV) (McMillan et al., Pediatric Infectious Disease
Journal, 1993, 12, 321) va thudong dan dén viém tiéu phé quan va viém phoi (Kellner et al.,
Acta Paediatrica Scandinavica, 1989, 78, 390; McMillan et al., Pediatric Infectious Disease
Journal, 1993, 12, 321; El-Sahly et al., Clinical infectious Diseases, 2000, 31, 96; Jartti and
Korppi, Pediatric Allergy and Immunology, 2011, 22, 350). Trong nghién ctru ciia Asner et
al. (Influenza and Other espiratory Viruses, 2014, 8, 436) phﬁn 16n tré em nhiém
HRV/enterovirut bi suy giam mién dich co ban hodc déng méc cac bénh tim phéi va mot diéu
chic chin 12 hau qua cua viéc nhiém HRV c6 thé dic biét nghiém trong d6i v6i bénh nhan ¢
cac tinh trang bénh ly ndy (Anzueto et al., Chest, 2003, 123, 1664; Rotbart, Antivir. Res.
2002, 53, 83). Vi du, 7 trong sb 22 bénh nhan cy ghép bi (rc ché tily xuong bi nhiém
rhinovirut d& phét trién bénh viém phdi gy tir vong (Ghosh et al., Clinical infectious Diseases,

1999, 29, 528).

Viéc nhiém enterovirut cling thuong di kém v§i viée phat ban da (bénh tay chan miéng,
bénh cham da cho virut coxsackie va cac phat ban da khong dién hinh: Hubisch et al., Pediatric
Infectious Disease Journal, 2014, 33, €92; Korman et al., Journal of the American Academy

of Dermatology, 2017, 76, 538; Drago et al., Future Microbiology, 2017 12, 171).

HRYV la virut thuong lién quan nhét dén dot trdm trong ctia bénh hen suyén (1am bénh
trAm trong thém khoang 25% & ngudi 16n va 50% & tré em, Nicholson et al., BMJ, 1993, 307,
982; Johnston et al., BMJ., 199, 310,1225) va bénh phdi tic nghén man tinh (COPD: 20-26%
Seemungal et al., Am. J. Respir. Crit. Care Med., 2001, 164, 1618; Papi et al., Am. J. Respir.
Crit. Care Med., 2006, 173, 1114), va trong ca hai trudng hgp cac thir thach rhinovirut thuc
nghiém da thé hién 14 1am bénh tridm trong thém (Zambrano et al., J Allergy Clin Immunol.,
2003, 111, 1008; Mallia et al., Am. J. Respir. Crit. Care Med., 2011, 183, 734). Viéc nhiém

Rhinovirut ciing thuong di kém véi viéc trAm trong thém chimg gidn phé quan (16 dén 25%:
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Kapur et al. Arch Dis Child 2014, 99, 749; Gao et al Chest 2015, 147, 1635) va bénh x0 nang
(CF) (Etherington, J. Cystic Fibrosis 2014, 13, 49; Flight et al. Thorax, 2014, 69, 247). Trong
COPD, CF va chimg gisn phé quan nghiém trong hon khi di kém véi nhiém virut (Papi et al.
Am. J. Respir. Crit. Care Med., 2006, 173, 1114; Etherington, J. Cystic Fibrosis, 2014, 13,
49; Kapur et al., Arch Dis Child, 2014, 99, 749) va trong mdi trudng hop mire do trAm trong
g6p phéan 1am tién trién bénh va kha ning séng sét giam (Liou et al., Am J Epidemiol., 2001,
153, 345; Soler-Cataluna et al., Thorax, 2005, 60, 925; Roberts et al., Intern MedJ., 2012 42,
129 ). Phin 16n sy trAm trong thém gdy ra boi rhinovirut cia COPD thudng kéo theo viée
nhiém vi khuén thi cép sau d6 (Mallia et al., Am. J. Respir. Crit. Care Med., 2012, 186, 1117;
George et al., Eur Respir J., 2014; , 87). Ngoai ra, viéc nhiém HRV 12 m{t trong céc yéu to
ma thd huéng hé mién dich ciia nhii nhi huéng dén kiéu hinh hen suyén (D. J. Jackson et al.,

Am. J. Respir. Crit. Care Med., 2008, 178, 667).

Su tac dong dén kinh té x4 hoi ciia HRV rét 16n va viée diéu tri thuong bao gdm viée
str dung khéang sinh khong phu hop. Nguoi ta udc tinh rdng cam lanh thong thudng chiém it
nhét hai muoi lam triéu 1an nghi lam, va gén nhu nhiéu 14n nghi hoc, hang ndm & M¥ (Rotbart,
Antivir. Res., 2002 53, 83). Chi phi truc tiép va gian tiép do bénh cam lanh théng thuong va
céc bién chung lién quan chi riéng & bénh nhan hen da udc tinh 1én dén 40 ty dola & M§ (A.
M. Fendrick et al., Arch. Intern. Med., 2003, 163, 437.

C6 ba loai HRV (A, B, va C) bao gdm hon 150 kiéu gen. HRV-A va C duoc phat hién
phd bién nhat va loai con lai ¢ vé 1a nhém gy bénh nhiéu hon it nhét 1a & nhom bénh nhi
hen suyén (Piralla et al., Journal of Clinical Virology, 2009, 45, 311; Bizzintino et al., Eur.
Respir. J., 2011, 37, 1037). Cac HRV ciling c6 thé dugc chia thanh 3 nhém chinh dya trén thy
thé t& bao thong qua cach nhép bao duge diéu tiét. Nhém HRV chinh (khoang 90% kiéu huyét
thanh HRV-A va B) di vao té bao chti thong qua sy twong tac voi phan tir bam dinh ndi bao
ngudi (human intracellular adhesion molecule - ICAM-1). Phén con lai khoang ~10% virut
HRV-A va B bao gdm nhém nho va c6 thé sir dung thy thé lipoprotein ty trong thip dé di vao
t bao. Céc loai HRV-C dugc phat hién gdn day gin két véi thanh vién ho lién quan dén
cadherin ngudi 3 (CDHR?) dé tao didu kién cho viéc xdm nhap. HRV x4m nhdp vao té bao
bing cach kich khdi qué trinh nhdp bao qua thu thé, véi viéc thao vo dién ra trong béng nhap
bao. Su khac biét gifta cac kiéu huyét thanh khong chi ngan chan viéc co thé phét trién tinh
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mién dich chéo, ma chiing con giy can trd 16n dén viéc phat trién vacxin va cac phuong phap

dic hiéu ngan ngira va diéu tri virut dic hiéu.

B0 gen ARN cua HRV tran (~8 kb) dugc bao quanh béi capsit dugc céu thanh tir sdu
muoi ban sao mdi bdn protein chu trac, duoc ky hidu 1a VP1- VP4, trong cAu hinh hai muoi
mit tao ra hat virut c6 duong kinh khoang 30nm. Viéc sao chép cua HRV can polymeraza
ARN doc 18p vai ARN virut, cling nhu nhiéu protein phu trg' c6 ngudn gbc tir t& bao chi va
virut. Bd gen HRV dugc dich ma thanh polyprotein don, ma dau tién duoc phén tach sau khi
dich m4 bang céc proteaza dugc ma hoa boi virut thanh ba protein, ma chinh chung dugc phan
cit dé tao ra it nhat 12 11 protein. Viéc sao chép b gen cta virut c6 thé bat dau chi mot gid
sau khi 14y nhiém, va viéc giai phong gﬁn mot triéu hat virut da duogc lép ghép hoan chinh khi

chét té bao co thé dién ra chi bon gio sau khi x4m nhép vao t€ bao.

Hién nay, khong co thubc nao duge phé duyét dé stir dung & nguoi nham chita tri viéc
lay nhidm HRV tidm An. Mot vai nd lyc dé tAn cong HRV truc tiép da cho thiy mot vai hira
hen. 4-[2-[1-(6-metyl-3-pyridazinyl)-4-piperidinyl]-etoxy]benzoat, con dugc goi la
"pirodavir," c6 thé c¢6 chirc ndng 1am chit rc ché gén két capsit, nhung cac van dé vé do hoa
tan, phan cit noi bao, va chi phi d& 1am giam kha nang nang ctia nd trong viéc chéng lai HRV.
Pleconaril (PICOVIR) duoc thé hién 14 c¢6 hiéu qua e ché sy sao chép cia HRV, nhung bi
U.S. FDA tir chdi, do c6 su lo ngai dang ké vé& do an toan. Rupintrivir, chét uc ché proteaza
3C virut ¢6 hidu qua trong cac nghién ctru thir thach HRV thuc nghiém trén ngudi nhung
khong ¢6 hiéu qua chdng lai viéc 14y nhiém HRV dién ra ty nhién (Bauer et al., Current
Opinion in Virology, 2017, 24, 1). C4c imidazopyrazin nhét dinh dugc dé xudt 12 cac tac nhan
chéng virut hiéu qua chdng lai HRV va céc virut khac; kiéu tac dong cia chiing chua dugc
biét 8, mic du c6 ¥ kién cho rang n6 khong thong qua tac dung ciia chiing d6i véi kinaza phu

thudc xyclin (U.S. Pub. App. No. 2011/0166147 by Macleod et al.).

Tu nhitng van dé trén, hién van c6 nhu cau vé céc liéu phdp méi chong lai HRV va

enterovirut.

Mic du c6 nhitng khac biét khac, cac virut ARN mach duong phu thudc vao mot bude
co ban duy nhét trong qué trinh tong hop ARN phu thugc ARN dé sao chép bd gen virut.
Budc nay 1a can thiét cho vong doi ctia virut va céc virut nay duoc biét 12 cling phu thudc vao
nhiéu protein v4t chii d& bit dau va duy tri hoat dong polymeraza ARN phu thuc ARN. Néu
khong c6 su twong tac voi cac yéu t6 chi, virut khdéng thé sao chép/séng sét. Vi thé, phuong
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phap can thiép tr liéu c6 thé dé trc ché sy 14y nhiém virut thuoe nhém nay 1a ngén chan su
tuong tac virut-té bao chu, dic biét 1a khi n6 lién quan dén su sao chép bd gen cua virut. Néu
cac yéu td vat cha can thiét cho virut, nhung khong can thiét cho vat chi, ¢ thé dugc didu
khién, thi c6 thé dat dugc su tc ché dang ké trong viéc nhan 1én cua virut. Ngoai ra, céc yéu
td chu véi luong déi du ¢6 thé 14 cc muc tiéu can thiép day hua hen. Diéu nay dic biét dung
néu céc 16p virut 16n phét trién kha ning tuong tac véi chi mot trong mot loat cac yéu t6 vat
cht doi du. Mot tap hop cac protein vét chi ma dugce coi 1a dich tidm ning dé wc ché su sao

chép ctia virut 1a phosphatidylinositol-4-kinaza.

Phosphatidylinositol-4-kinaza (PI14K) tham gia vao mot s6 hoat dong cua té bao, bao
gdm dung hop mang, van chuyén bang cac ti va truyén tin hiéu té bao, thong qua viéc xuc
tac qua trinh phosphoryl hoa phosphatidylinositol dé tao ra phosphatidylinositol-4 phosphat
(PI4P). C6 mot vai dang tuong ddng cua PI4K ma khéc nhau vé mot vai tinh chét, bao gdm

trinh tu, kich thudc, mo, sy dinh vi té bao va chirc ning.

Mot loai PI4K, phosphatidylinositol (loai IIT)-4-kinaza, beta polypeptit (PI4KIII)
(cling dugc biét trong tai liéu 1a phosphatidylinositol 4-kinaza (IIT) B, PtdIns 4-kinaza (I10) B,
PI4KB, Pidkeb, va P14K92) dugc cho 14 rit quan trong dé kiém soat cic nhom PI4P cu bd
chu yéu trong mang luéi golgi noi ma né can d& duy tri su toan ven cAu triic cia bao quan.
Enzym nay ciing dugc phat hién trong nhén. PI4KIIIP trong cac nghién ciu gan day duoc
hiéu 14 tham gia vao qu4 trinh sao chép ctia mot vai virut ARN, bao gébm HRV, enterovirut
68 va 71, poliovirut, virut coxsackie, virut viém gan C, kobuvirut & bo, virut aichi, virut
rubella va céc virut khac (See, vi du, van der Schaar et al., Antimicrobial Agents and
Chemotherapy, 57, 4971; Roulin et al., Cell Host & Microbe, 2014, 16, 677; Mello et al.,
Antimicrobial Agents and Chemotherapy 2014, 58,1546; Jun Sasaki et al., EMBO J. 2011,
31, 754; Hsu et al., CELL 2010, 141, 799; Borawski, J. Virology 2009, 83,10058; Altan-
Bonnet et al., TIBS 2012, 37, 293). Ngoai ra, hoat tinh xtc tdc PI4KB da dugc chung t0 1a
cn thiét cho sy nhap bao dugc diéu tiét boi protein gai cua coronavirut SARS, virut gdy hoi
chiing hé hép cAp tinh nang (Yang et al., J. Biol. Chem., 2012, 287, 8457). SARS 1a bénh dich
b4t ngudn tir mién nam Trung Qudc véi 8448 trudng hop méc bénh va 774 trudng hop tir
vong & 37 qubc gia tir thang 11/2002 dén thang 7/ 2003. Tac dong kinh té to 16n clia su bung
phat nay di dugc udc tinh l1a thi€t hai tr 30 dén 100 ty d6 la (Smith, Social Science &
Medicine, 2006, 63, 3113). Pdng ¥ 1 viéc trc ché PI4KB c6 thé 1am gidm déng ke sur sao chép

5
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clia virut & nhidu virut ARN, va cu thé, cac virut ARN mach duong, viéc coi PI4KB la dich
tiém nang trong viéc phat trién cac chit khang virut phd rong. Ngoai ra, cac P14 kinaza c6 vai
trd trong sy xam nhdp va sao chép cua vi khuan, va PI4KB da dugc lién quan dén su lay
nhiém Legionella pneumophila thong qua vai tro ctia PI4P trong viéc neo gift cac protein vi
khuén véi legionella ndi bao chira khong bao sao chép (Clayton et al. PU PROGRESS IN LIPID
RESEARCH 2013, 52 294). Chét tc ché PI4KB vi thé c6 thé ¢6 hiéu qua chong lai ton thuong
phéi chp tinh hodc hoi chimg suy hd hdp cip nang di kém v6i lay nhiém Legionella va c6 thé
diéu tri c4c bénh 1ay nhiém vi khuan noi bao khac.

E.P. Keaney et al. (Bioorg. Med. Chem. Lett., 24 (2014) 3714-3718) m0 ta dan xuét
2-alkyloxazol 1am chét trc ché PI4KIIIB dé diéu tri nhiém virut viém gan C.

I. Medrova et al. (J. Med. Chem., 2017, 60(1), 100-118) md ta nhidu din xuét
imidazo[1,2-b]pyridazin 1am chét &rc ché PI4KIIIP dé diéu tri nhiém virut.

7. B. Shotwell, trong tap cac trang thuyét trinh c6 tén “Chemical Optimization of Novel
Inhibitor Classes for PI4KIIIP: A Critical Host Factor for Enterovirus Replication” np cho
“The 27th International Conference on Antiviral Research” (held in Raleigh, North Carolina,
USA) va trinh bay vao 12/5/2014 mb ta nhiéu hop chét c6 hoat tinh v6i thy thé PI4KB. Céc
trang thuyét trinh ndy chu yéu hudng dén cac hop chit dé str dung qua dudng miéng va bao
gdm trang c6 tén “Existing Chemotyopes were optimized for IN Delivery” thé hién hiéu qua
trén phédi clia viéc sir dung trong miii hop chét GSK3180404A va hop chat GSK3159043A
trén mo6 hinh chudt céng. Trang nay thé hién sy tich tu dang ké ctia hop chat trong mo phdi
d6i v6i ca hai hop chat. Céac trang sau d6 c6 tén “Nasal Epithelian Findings Observed
following IN dose” bao gém mdt chudi hinh 4nh m6 hoc thé hién hién tuong loét trong khoang
mii cia chudt cdng va ting san biéu md phé quan trong phéi chudt do viée dung trong miii

GSK3159043.
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GSK3180404A GSK3159043A
Vin c6 nhu cAu vé céc hop chét 1am chét ire ché PI4KIIIB hiéu luc. Van c6 nhu cau vé
céc hop chét ciing 6 thé st dung 1am chét trc ché PI4KIIIB chon loc.

Cu thé, vAn c6 nhu cu dbi v6i hop chat 14 chét tic ché PI4KIIIB cong hiéu va khong
tich liiy dang k& trong md co thé, vi du m6 phdi, dic biét 1a khi dugc ding bing dudng hit
hodc dudng trong miii. Cac hop chét nhu vay c6 thé sir dung trong diéu tri va ngin ngira
nhidm virut va céc réi loan gy ra boi hodc bi trdm trong thém do nhiém virut, ddc biét 1a

nhiém HRV.
Ban chit k§ thuit ciia sang ché
Séang ché hudng dén cac hop chit ¢4 cong thirc (I) hodc mubi dugc dung ctia ching,

R5
)\ . V)

R3

trong d6 R!, R, R3, R*, R*, R*, RS, W, X, Y va Z duoc dinh nghia trong ban m6 ta nay.

Céc hop chét c6 cong thie () da thé hién 1a chét e ché PI4KIIIB chon loc va c6 thé
sir dung trong diéu tri hodc ngin ngira nhidm virut va céc rdi loan gay ra boi hodc bi trim
trong thém bdi nhiém virut. Cac r6i loan dic biét giy ra béi boi hodc bi trAm trong thém bai
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viéc nhidm virut bao gdbm COPD, bénh suyén, bénh xo nang, chiing giéin phé quan va suy tim
sung huyét. Ngoai ra cac 161 loan bi gay ra do hodc bi trAm trong thém do nhiém rhinovirut
bao gdm viém tidu phé quan, viém tai giita, viém xoang va viém phé quan cip tinh. Ngoai ra,
viéc nhidm rhinovirut c6 thé gay nhiém khuan thit cdp & tré em, ngudi gia va bi e ché mién
dich. Viéc nhiém khuan thir cép c6 thé gay viém phoi.

Do d6, phan mo ta cling md ta phuong phap diéu tri hodc ngan nglra nhiém virut va
cac rbi loan gay ra bai hodc bi trdm trong thém béi viéc nhiém virut, phuong phap nay bao
g@)m viéc st dung cho bénh nhén c6 nhu cau lugng c6 tac dung diéu tri bénh ctia hop chét ¢6

coéng thue (I) hoac mudi duge dung cuia ching.

Sang ché ciing huéng dén duoc pham chira lugng c6 tac dung diéu tri bénh cua hop

chét c6 cong thire (I) hodc mudi duoc dung cta chung va mot hoac nhiéu ta duoc dugce dung.

Sang ché ciing huéng dén cac hop chit ¢6 cong thire (I) hodc mubi dugc dung cia

ching dé str dung trong tri liéu.

Phin md ta cling md ta viéc st dung céc hop chat ¢é cong thirc (I) hodc mudi duoc
dung cua chiing trong san xuat thuoc dé diéu tri hodc ngén ngira nhiém virut va c4c roi loan

gdy ra boi hodc bi trAm trong thém boi viée nhiém virut.
MO ta chi tiét sang ché

Theo khia canh thir nht, sang ché dé xuét hop chit c6 cong thirc chung (I) hodc mudi

duoc dung cta nd,

RS

U]
.

trong do

WIaC,X1laC, Y1aNvaZlaC;
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WlaC,X1aN,YlaCvaZlacC;
WIaC, X1aN,YlaCvaZlaN;
WIaN, X1aC,Y1aCvaZlaN;hoac
S WIaAN, X1aC, Y1laCvaZzZlaG;

R! 12 C14alkoxy, —C(=0)N(R2R®), —S(=0)2-N(R'*R!?), ~§(=0)2-R'® hogc -S(=0)-R', trong
6

R!2 1a Cisalkyl, haloCisalkyl, hydroxyCisalkyl,  CisalkoxyCisalkyl,
tetrahydropyranyl hodc tetrahydrofuranyl; R'® 1a H hodc Ci-salkyl, hodc R'* va
RI®, ciing v&i nito ma ching gan vao, tao thanh vong tir 4 dén 7 canh, vong nay
chita c4c nguyén tir cacbon trén vong va tily y mot nguyén tir oxy trén vong,
trong d6 vong nay 13 a) thy y duoc thé bang mot hodc hai nhém dugc chon tir
Ci-salkyl, halo, Cisalkoxy, hydroxy,hydroxyCi.salkyl va oxo, ma co6 thé gidng
hoic khac nhau hoic b) 1a dugc ngung tu ortho hodc spiro véi vong xycloalkan
4 dn 6 canh khong duge thé hodc vong di vong no 4 dén 6 canh khong duogc
thé; va

R!® 14 Cisalkyl, Ci-3alkoxy, hydroxy, hydroxyCi-salkyl hodc CisalkoxyCi-salkyl;

R? 13 H, C1-salkyl, halo hodc —O-R, trong d6 R?* 13 H hogc chudi Ci.salkyl mach thang khong
dugc thé, trong d6 mot hoic hai nguyén tir cacbon ciia chudi tly y dugc thay thé bang
cac nguyen tir oxy;

R3 12 H hoic halo;

va trong d6 hoéc la

i) R* 1a H, Cisalkyl hodc halo R* 1a Csalkyl, xyclopropyl hogc hydroxyCi-alkyl; hoge R*
va R* cling v6i cacbon ma chiing gin vao tao thanh vong no tir 3 dén 6 canh khong
duoc thé chira nguyén tir cacbon ctia vong va tlly ¥ nguyén tir oxy trén vong, trong d6
vong nay tuy y dugc thé bang mot nhém Cisalkyl hodc mot nhom hydroxyCi-alkyl;
va R* 1a OH, hydroxymetyl hodc hydroxyetyl;

ii) R% 1 H, C13alkyl, halo hodc OH; R* 1a H, Cialkyl hodc halo R* 13 vong khong dugc
thé duoc chon tir danh sach bao gdm oxetanyl, tetrahydrofuranyl va tetrahydropyranyl;

hodc
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iif) R* 1a H, va R* va R* cliing v6i cacbon ma ching gén vao tao thanh vong khong dugc thé
duoc chon tir danh séch bao gdm oxetan, tetrahydrofuran hodc tetrahydropyran; va

R’ 1a

a) imidazol-2-yl thry y dugc thé bing nhém Cialkyl tai vi tri s6 1 va tily y duge thé bang
nhom metyl tai vi tri sb 5; hodc

b) pyrazol-1-yl ty y dugc thé bang nhom Cisalkyl tai vi tri sb 5 va tity ¥ dugc thé bang
nhom metyl tai vi tri sb 4.

Theo mdt phuong &n W1a C, X1aN,ZlaCvayYlacC.

Theo mot phwong 4n khac R* 13 OH.

Theo mdt phuong an R? 1a H, Cisalkyl, cloro hodc —O-R?*, trong d6 R* 1a H hoic chudi
C1salkyl mach thang khong duoc thé, trong d6 mot hodc hai nguyén tir cacbon cua
chudi thy ¥ dugc thay thé bing cac nguyén tir oxy; va R 1a H hodc floro;

Theo mot phuong 4n khac i) R* 12 H, Cisalkyl hogc floro; R* 1a Crsalkyl, xyclopropyl hodc
hydroxyCi-alkyl; hodc R* va R*® cling v6i cacbon ma ching gén vao tao thanh vong
no tir 3 dén 6 canh khong dugc thé chira nguyén tir cacbon ctia vong va tuy ¥ nguyén
tlr oxy trén vong, trong d6 vong nay tuy y dugc thé bang mdt nhém Crzalkyl hodc mot
nhém hydroxyCi-alkyl; va R* 1a OH, hydroxymetyl hodc hydroxyetyl;

ii) R% 1a H, Ci.salkyl, floro hodc OH; R* 1a H, Cialkyl hoac floro R*® 1a vong khong dugc
thé dugc chon tir danh sach bao gdm oxetanyl, tetrahydrofuranyl va tetrahydropyranyl;
hoac

iii) R* 1a H, va R* va R* cling v6i cacbon ma chiing gin vio tao thanh vong khong dwoc
thé dugc chon tir danh sach bao gdm oxetan, tetrahydrofuran hodc tetrahydropyran;

Theo mot phuong 4n, sang ché dé xuét hop chat c6 cong thuc (Ia) hodc mudi dugc dung

cta chung:

10
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R5

R!

trong do

X 12 N hodc C, Y 1a N hodc C va Z 1a N hodc C; trong d6 X va Y khong déng thoi la
N hoic dong thoi 12 C; va trong do khi Z1aN, X1aNvaY 1a C;

R! 1a Ciagalkoxy, —-CEO)NRM RM), —S(=0)2-NR"R™), -S(=0)2-R™
hoic -S(=0)-R!¢, trong d6
R'® 13 Cysalkyl, haloCi.salkyl, hydroxyCi.salkyl hodc CisalkoxyCisalkyl; R™

12 H hodc Cisalkyl, hoic R' va R!®, cung v6i nito ma chung gén vao,
tao thanh vong c6 tir 4 dén 7 canh, vong ndy chita cic nguyén tir cacbon
trén vong va tily ¥ mot nguyén tir oxy trén vong, trong d6 vong nay a)
tuy y duoc thé béng mdt hodc hai nhém duge chon tir Cizalkyl, halo, Ci-
salkoxy, hydroxy va oxo, ma co thé giéng ho#c khéac nhau hodc b) dugce
ngung tu ortho hodc spiro véi vong xycloalkan co tir 4 dén 6 canh khong
duoc thé hodc vong di vong no ¢o tir 4 dén 6 canh khong dugc thé; va
R 13 Cisalkyl, Cisalkoxy, hydroxy, hydroxyCisalkyl hodc CisalkoxyCi-
salkyl;

R? 13 H, Cisalkyl, cloro hosic —~O-R%, trong d6 R** 1a H hodc chudi Cisalkyl mach
thang khong dugc thé, trong d6 mot hodc hai nguyén tir cacbon cta chudi tuy y
duogc thay thé bang cic nguyén tir oxy;

R3 1a H hoéc floro;

R* 1a H hodc metyl;

R* 13 C1salkyl hodc hydroxyCi-alkyl; va

R’ 1a

11
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a) imidazol-2-yl thy ¥ dugc thé bang nhém Ci.salkyl tai vi tri s6 1 va tlly y dugce
thé bang nhom metyl tai vi tri s6 5; hodc
b) pyrazol-1-yl tiy y duoc thé bing nhém Cisalkyl tai vi tri s6 5 va thy y duoc

thé bang nhém metyl tai vi tri s6 4.
Theo mot phuong éan, X 1aN, Z1aCvayYlaC.

Theo mot phuong an, hop chat 12 hop chét ¢6 cong thirc (Ib):

RS

(Ib)

R‘l

R3

Theo mdt phwong 4n khéc, hop chét 12 hop chat 6 cong thite (Ie):

R5

()
RAb A =~
R4a OH
R3
Theo mot phuong 4n R' 14 —~C(=0)N(R'#R'®) hogc —S(=0)2-R'°. Theo mdt phuong an
khéc R! 13 -C(=O)N(R'*R®).

Theo mdt phuong 4n R!? 12 hydroxyCisalkyl hodc tetrahydropyranyl. Theo mot
phuong 4n R® 13 hydroxyCi.salkyl. Theo mdt phuong an khac R'* 13 3-hydroxy-1-propyl, 2-
hydroxy-1-etyl, 3-hydroxy-2-propyl hodc 4-tetrahydropyranyl.

Theo mot phuong 4n R™ 13 Cysalkyl. Theo mdt phuong an khac R'® 1a metyl hodc etyl.

Theo mot phuwong 4n khéc, R'? 1a hydroxyCisalkyl va R 1a Cisalkyl. Theo mot

phuong 4n khac R'® 13 3-hydroxy-1-propyl va R'® 1a Cisalkyl. Theo mot phwong 4n khac, R*
12
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12 3-hydroxy-2-propyl va R™ 1a Cisalkyl. Theo mdt phuong an khac, R 1a 3-hydroxy-1-
propyl va R 1a metyl. Theo mt phuong 4n khac, R'¢ 1a 3-hydroxy-2-propyl va R'" 1a metyl.
Theo mdt phuong 4n khac R' 13 2-hydroxy-1-etyl va R'® 1a etyl. Theo mdt phuong an khéc,
R!? 13 3-hydroxy-2-propyl vd R'™ 1a metyl. Theo mdt phwong &n khac, R'™ la 4-
tetrahydropyranyl va R'® 12 metyl.

Theo mot phuong 4n, R va R'™®, cling v6i nito ma ching gén vao, tao thanh vong no
6 tir 4 dén 7 canh, vong nay chira cic nguyén tir cacbon trén vong va tlly y mdt nguyén tir
oxy trén vong, trong dé vong nay a) tuy y duoc thé bang mot hodc hai nhém dugc chon tir Ci.
salkyl, halo, Ci3alkoxy, hydroxy,hydroxyCisalkyl va oxo, ma co thé giéng hodc khac nhau
hoic b) dugc ngung tu ortho hodc spiro vdi vong xycloalkan co tir 4 dén 6 canh khong duoc

thé hoic vong di vong no ¢6 tir 4 dén 6 canh khong dugc thé.

Theo mdt phuong 4n, R'* va R'®, ciing vdi nito ma ching gén vao, tao thanh vong
pyrolidin tity ¥ dugc thé. Theo mot phuong 4n khac vong pyrolidin dugc thé bang C1.; alkyl,
hydroxy hodc hydroxyCi-salkyl.

Theo mot phwong 4n, R'® 13 hydroxyCi.salkyl. Theo mot phwong 4n khac R'® 1a 2-
hydroxy-1-etyl.

Theo mét phwong 4n, R? 13 Cy.salkyl, cloro hodc —O-R?2. Theo mét phuong an khac R?

1a Cisalkyl, cloro hodc metoxy.

Theo mdt phuong 4n, R? 1a H hodc floro; Theo mdt phuong 4n khéc, R31aH.

Theo mdt phuwong 4n R* 12 metyl.

Theo mdt phuong 4n R*" 13 Cysalkyl. Theo mot phuong 4n khac, R* hodc metyl hodc
etyl. Theo mot phuong 4n khac R* 1a metyl.

Theo mot phuong 4n, R* 1a metyl va R* 1a metyl.

Theo mdt phuong 4n, R* 14 Ci3alkyl, R* 1a Ci.3alkyl va R* 1a OH. Theo mdt phuong
an khac, R* 1a metyl, R* 1a metyl va R* 1a OH.

Theo mdt phuong 4n R® 1a imidazol-2-yl tuy y dugc thé bang nhém Cisalkyl tai vi tri
s6 1 va tiry y duge thé bang nhém metyl tai vi tri s6 5. Theo mot phuong 4n khac R3 1a 1-
metyl-1H-imidazol-2-yl.

Theo mdt phuwong an hop chat 12 hgp chit ¢6 cong thirc (1) va:

13
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WlaC,X1aN,ZlaCvaYlacC;

R! 1a ~C(=0)N(R'*R™) hoic —S(=0)2-R', trong d6 R'® 1a hydroxyCialkyl va R 1a Ci.
salkyl; hodc R'? va R'®, ciing véi nito ma chiing gén vao, tao thanh vong pyrolidin tiry

v duoc thé; va trong d6 R'® 12 hydroxyCisalkyl;
R? 14 C1-3alkyl, cloro hodc —O-R?%;
R31aH;
R* 1a metyl;
R* 1a Cisalkyl;
R* la OH; va

RS 1a imidazol-2-yl thy ¥ duoc thé bing nhém Ci-salkyl tai vi tri s6 1 va tity ¥ dugce thé bang

nhom metyl tai vi trf s6 5.
Theo mot phuong 4n hop chét 14 hgp cht ¢ cong thic (T) va:
WIAC, X1aN,Z1aCvaYIaC;

R! 1a—C(=O)N(R'*R™), trong d6 R'* 13 hydroxyC-salkyl va R'™ 1a Cialkyl; hodac R™ va R,
cling v6i nito ma ching gan vao, tao thanh vong pyrolidin ty ¥ dugce thé duoc thé

bang C1.; alkyl, hydroxy ho#ic hydroxyCisalkyl;

R? 14 Ci.3alkyl, cloro hodc metoxy;
R 1a H;
R* 1a metyl;
R*" 1a metyl;
R* 1a OH; va
R’ 1a 1-metyl-1H-imidazol-2-yl.

Theo mdt phuong an, hop chét c6 cong thic (I) duoc chon tir nhém bao gdm:

2-clo-N-etyl-N-(2-hydroxyetyl)-5-(5-(1-hydroxyetyl)-2-metyl-7-((3-(1-metyl-1H-imidazol-
2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)benzamit (Hop chét 15);

14
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5-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N-(3-hydroxypropyl)-N,2-
dimetylbenzamit (Hop chét 17);

N-etyl-N-(2-hydroxyetyl)-5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-
imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-metoxybenzamit (Hop
chét 19);

(S)-N-(1-hydroxypropan-2-yl)-5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1 -metyl-1H-
imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-metoxy-N-
metylbenzamit (Hop cht 20);

5-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-metoxy-N-metyl-N-(tetrahydro-
2H-pyran-4-yl)benzamit (Hop chét 21);

(S)-N-(1-hydroxypropan-2-yl)-5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1 -metyl-1H-
imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N,2-dimetylbenzamit
(Hop chat 22);

(R)-(2-(hydroxymetyl)pyrolidin-1-yl)(5-(5 -(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-
1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-
metylphenyl)metanon (Hop chét 25);

(S)-(5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-metylphenyl)(3-
hydroxypyrolidin-1-yl)metanon (Hop chét 29);

5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N-(3-hydroxypropyl)-2-metoxy-N-
metylbenzamit (Hop chét 32); va

(R)-(2-(hydroxymetyl)pyrolidin-1-y1)(5-(5 -(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-
1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-
metoxyphenyl)metanon (Hop chét 36);

15
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N-etyl-N-(2-hydroxyetyl)-5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl- 1H-
imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-3-yl)-2-metylbenzamit ~ (Hop
chét 38);
N-(2-hydroxyetyl)-5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N,2-dimetylbenzamit (Hop chét 43);
5-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N,2-dimetyl-N-(tetrahydrofuran-3-
yl)benzamit (Hop chét 59);
5-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N-(2-hydroxypropyl)-N,2-
dimetylbenzamit, chéat ddng phan 1 (Hop chét 62);
5-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1/-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N-(2-hydroxypropyl)-N.,2-
dimetylbenzamit, chat déng phan 2 (Hop chét 63);
2-clo-N-(2-hydroxyetyl)-5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-
2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-3-yl)-N-metylbenzamit (Hop chat 37);
N-((S)-1-Hydroxypropan-2-yl)-5-(5-(1-hydroxypropyl)-2-metyl-7-((3-(1-metyl-1H-
imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin3-yl)-V,2-dimetylbenzamit,
chét ddng phén 1 (Hop chat 80);
N-((S)-1-Hydroxypropan-2-yl)-5-(5-(1-hydroxypropyl)-2-metyl-7-((3-(1-metyl-14-
imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin3-yl)-N,2-dimetylbenzamit, chét ddng phan
2 (Hop chét 81);
5-(5-(1-Hydroxybutan-2-yl)-2-metyl-7-((3-(1-metyl-1/-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N-(3-hydroxypropyl)-N,2-
dimetylbenzamit, chit ddng phan 1 (Hop chét 66); va
5-(5-(1-Hydroxybutan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N-(3-hydroxypropyl)-N.,2-
dimetylbenzamit chat ddng phan 2 (Hop chét 67);

16
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hodc mubi duge dung cia bét ky trong s6 cac hop chét néu trén.

Theo mdt phuwong &n, hop chét c¢6 cong thuc (I) 1a 5-(5-(2-Hydroxypropan-2-yl)-2-
metyl-7-((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5 -a]pyrimidin-3-yl)-N-(3-
hydroxypropyl)-N,2-dimetylbenzamit (Hop chét 17)

N
/
NH
N
NN
H
OSSN OH
\
\_~
o)

hodc mudi duge dung cta nod.

Theo mdt phuong an, hop chéit c6 cong thic (I) 1a N-etyl-N-(2-hydroxyetyl)-5-(5-(2-
hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl- 1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-
a]pyrimidin-3-yl)-2-metoxybenzamit (Hop chat 19)

3
)

NH
_N
Z\ \
HO LS A (
N/ OH
o
o
/

Theo mot phuong an, hop chit c6 cong thic (I) 1a 5-(5-(2-Hydroxypropan-2-yl)-2-

ho#c mudi dugce dung cua no.

metyl-7-((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5 -a]pyrimidin-3-yl)-2-
metoxy-N-metyl-N-(tetrahydro-2 H-pyran-4-yl)benzamit (Hop chét 21)

17
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ho#c mudi dugce dung clia no.

Theo mot phuwong an, hop chét c6 cong thire (I) 1a (S)-N-(1-hydroxypropan-2-yl)-5-(5-
(2-hydroxypropan-2-y1)-2-metyl-7-((3-(1-mety1-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5 -a]pyrimidin-3-yl)-N,2-dimetylbenzamit (Hop chét 22)

fxl?

N

H
N
Z \| N
Ho LA A
\__/—OH
(

Alkyl 13 gbc héa trji mot thu dugce bang cach loai bé nguyén tir hydro ra khoi alkan

hodc mudi dugc dung ctia no.

Céc thuét nglt va dinh nghia

khong vong. Vi du, Cialkyl 1a alkyl chira tir 1 dén 4 nguyeén tt cacbon. Alkyl c6 thé 12 chudi
mach thang hodc mach nhanh. Cac vi du vé Ci4alkyl 12 metyl, etyl, n-propyl, n-butyl, iso-
propyl, iso-butyl, sec-butyl va tert-butyl.

Alkoxy 13 nhém c6 cong thire “-O-R* trong d6 R la alkyl (nhu duoc xac dinh & trén).
Vi du, Ci.salkoxy l1a alkoxy chira tir 1 dén 4 nguyén tir cacbon. Cac vi du vé Cjalkoxy 1a
metoxy, etoxy, n-propoxy, n-butoxy, iso-propoxy, iso-butoxy, sec-butoxy va tert-butoxy.

Halo dé chi géc halogen, tirc 12 floro, cloro, bromo hogc iodo.

Haloalkyl 12 alkyl (nhu dugc xéc dinh & trén) duge thé bing mot hogc nhiéu halo (nhu
dugc x4c dinh ¢ trén), ma halo ¢o6 thé giéng hodc khac nhau. Vi dy, haloCi.salkyl 1a haloalkyl

18
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chtra tir 1 dén 3 nguyén tir cacbon. Cac vi du vé haloC1.3alkyl 12 monoflometyl, diflometyl,

triflometyl va 1-clo-2-floetyl.

Hydroxyalkyl 1a alkyl (nhu dugc x4c dinh & trén) dugc thé bang mot hoic nhiéu phan
tir thé hydroxy. Vi du, hydroxyCsalkyl 12 hop chét c6 cong thire ~(CH2)30H (trong d6 “- dé

chi nguyén tir dugc gan vao hop chét c6 cong thic (I)).

Alkoxyalkyl 1a alkyl (nhu dugc xé4c dinh ¢ trén) duge thé béng mot hodc nhiéu phﬁn
tr thé alkoxy. Vi du, C3alkoxyC2alkyl 1a hop chét c6 cong thirc «(CH2)20(CH2)2CH3 (trong

d6 “- dé chi nguyeén tr dugc gén vao hop chét c6 cong thic (I)).
Oxo 1a gbc hoéa tri hai c6 cong thirc =O.

Vong di vong no ¢6 tir 4 dén 6 canh 1a don vong va c6 cic nguyén tir cacbon ciia vong
va cac nguyeén tir khéc loai ctia vong duogc chon tir nhdm nito, oxy va luu huynh. Theo mat
phuong 4n, vong di vong chita 1 hodc 2 nguyén tir khéc loai ciia vong. Céc vi du 1a pyrolidin,
dioxolan, imidazolidin, pyrazolidin, piperidin, dioxan, morpholin, dithian, thiomorpholin va

piperazin.

Vong xycloalkan c6 tir 4 dén 6 canh khong chira cac nguyén tir khac loai cia vong bét
k¥ va 12 vong no va don vong. Cac vi du la xyclobutan, xyclopentan va xyclohexan.

“Hé vong ngung tu ortho” bao gdm hai vong chi c6 hai nguyén tir va mot lién két

chung, ching han.

‘Hé vong ngung tu spiro’ bao gdm hai vong duoc noi tai cing mot nguyén tir cacbon,

ching han

‘Pugc thé’ khi dé cap dén mot nhém chi ra rang nguyén tit hydro dugc gén vio nguyén
ttr thanh phan trong mdt nhém dugc thay thé. Nén hiéu rang thuat ngit ‘dugc thé’ bao gdbm

quy dinh ngim rang viéc thé nhu vay phu hop vé6i hoa tri cho phép clia nguyén tir duoc thé
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va phan tir thé va viéc thé nay din dén hop chét 6n dinh (ttrc 1a hop chat khong tu trai qua qua
trinh bién dbi nhu sip xép lai, vong héa, hodc khir). Theo cac phuong 4n nhét dinh, mot
nguyén tir 6 thé dugc thé bang nhiéu hon mot phan tir thé mién 1 viéc thé ndy 1a theo hoa
tri dugc phép ciia nguyen tir. Cac phén tir thé thich hop duoc dinh nghia trong ban m6 ta nay

cho mdi nhém duoc thé hodc tiy ¥ dugce thé.

“Duoc dung” dé chi cac hop chat, cac vat liéu, cac ché phém, va cac dang lidu dung
ma, trong pham vi y té, thich hgp dé st dung tiép xuc v6i md nguoi va dong vat ma khong
¢6 phan ung ddc hai, kich tng, hodc van dé hoac bien chimg khac, tuong xing voi ty 1€ lgi

ich/nguy co hop ly.

Trong sudt phan mé ta va yéu cau bao ho dudi day, trir khi tinh hudng y€u cau néu
v >

khong thi, tir "bao gdm" va céc bién thé chang han nhu "gom c6" va "goém", s& dugc hieu 1a

ngu y bao ham sw bao gdm s6 nguyén hodc bude di dinh hogc nhém céc s6 nguyén nhung

khong loai trir s6 nguyén hodc budc hodc nhém so nguyén hodc bude khac bat ky.

Céc hop chét ¢ cong thirc (I) va cong thire (Ta) va mubi duoc dung cta chiing c6 thé
ton tai & dang ran hodc long. O trang thai ran, chiing c6 thé ton tai & dang tinh thé hoac khong
két tinh, hodc dang hdn hop cia chiing. Khi ¢ dang tinh thé, ngudi c6 k¥ nang trong linh vuc
co thé danh gia dugc rang cac solvat dugc dung cé thé duoc tao ra trong d6 cac phan tir dung
moi duge két hop vao trong mang tinh thé trong qua trinh két tinh. Solvat c6 thé lién quan
dén cac dung mdi khong chira nuéc nhu etanol, rugu iso-propylic, N,N-dimetylformamit
(DMF), dimetylsulfoxit (DMSO), axit axetic, etanolamin, va etyl axetat, hodc ching c6 thé
lién quan dén nudc 1am dung mdi ma duge két hop thanh mang tinh thé. Céc solvat trong d6
nude 1a dung moi ma duge két hop vao trong mang tinh thé thuong duogc goi 1a “hydrat.” Céc

hydrat bao gdm hydrat ty lwong cling nhu ché pham chira lugng nude c6 thé thay doi dugc.

Céc hop chét c6 cong thirc (I) va cong thuc (Ia) va mudi duge dung ciia chung ton tai
& dang tinh thé, bao g@)m cac solvat khac nhau cua chung, c6 thé thé hién dang da hinh (trc
12 kha ning xuét hién & cac cAu tric tinh thé khac nhau). Cac dang tinh thé khéc nhau nay
thuong dugc biét 1a “dang da hinh.” Sang ché bao gdm cac dang da hinh nhu vay. Cac dang
da hinh c6 thanh phan hoéa hoc gidng nhau nhung khac nhau & su xép chit, su sip xép hinh
hoc, va cac dic tinh mo ta khac cta trang thai rén két tinh. Cac dang da hinh vi thé c6 thé co
céac dic tinh vat ly khac nhau nhu hinh dang, ty trong, kha nang bién dang, do on dinh, va dic
tinh hoa tan. Cac dang da hinh thuong cé diém néng chay, phd IR, va phd nhifu xa tia X trén
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mAu bot khac nhau, ma c6 thé dugc sir dung dé nhan dién. S& dnh gia dugc ring céc dang da
hinh khac nhau c6 thé dwge san xuét, vi du, bing cach thay dbi hodc didu chinh céc didu kién
phan mg, dugc sir dung trong vi¢c tao ra hgp chét. Vi du, cic thay dbi vé nhiét do, ap suét,
hodc dung mdi cé thé thu duoc dang da hinh. Ngoai ra, mot dang da hinh c6 thé tu chuyén
ddi thanh dang da hinh khac trong céc diéu kién nhét dinh.

Séng ché cling bao gdm céc hgp chit duoc danh diu ddng vi, ma gidng véi cac hop
chét c6 cong thie (I) va cong thirc (Ia) va mudi dugce dung cua ching, nhung thuc té 12 mot
hodc nhiéu nguyén tir dugc thay thé bang mot nguyén tir co khéi lwong nguyén ti hodc sb
khdi khac v6i khéi luong nguyén tir hogc s6 khéi thudng thiy trong tu nhién. Céc vi du vé
céc chét ddng vi ma c6 thé két hop vao cac hop chét theo sang ché bao gdm céc chét déng vi

cia hydro, cacbon, nito, oxy va flo, nhu *H, ''C, 1C va *F.

Hop chat ¢6 cong thire (I) va cong thirc (Ia) ¢6 thé chira mot hogc nhiéu tam bt doi
xtng (con duge goi la thm bét dbi) va co thé, vi thé, tOn tai & dang céac chat ddng phan ddi
anh, cac chét dong phan khong dbi quang riéng biét, hodc cac dang chét ddng phan 1ap thé
khac, hoac hdn hop cta chung. TAm bAt ddi, nhu nguyén tir cacbon bat ddi, cling ¢6 thé c6
mat trong phan tir thé nhur nhém alkyl. Khi héa hoc 14p thé ctia tim bat ddi c6 mit trong cong
thire (I), hodc trong cAu trac héa hoc bit ky duge minh hoa & dy, khong dugc chira, cAu tric
nay dugc du dinh bao gdm chét dong phan 14p thé bét ky va tat ca hdn hop cua ching. Vi thé,
hop chét c6 cong thie (I) chira mot hodc nhidu tam bét ddi c6 thé duoc str dung lam cac cai
bién raxemic bao gdm cac hdn hgp raxemic va raxemat, hdn hop 1am gidu vé mit dong phan

d6i anh, hodc céc chét ddng phan 1ap thé riéng biét tinh khiét vé mat ddng phan dbi anh.

Céc chét ddng phan lap thé riéng biét cua hop chét c6 cong thirc (I) va cong thire (Ia)
chira mdt hodc nhidu tAm bat d6i xtiing ma c6 thé dugc phén giai bing phuong phép da biét
v6i ngudi ¢b trinh do trung binh trong linh vuc. Vi du, phuong phap phan giai ny c6 thé
duoc thuc hién (1) bang cach tao ra mudi cua chat ddng phan khong dbi quang, phirc chét
hodc cac dan xuét khac; (2) béng phéan tng chon loc v6i chét phan tmg dic hiéu chét déng
phan lap thé, vi du bang phan g oxy hoéa hodc khir nhd enzym; hodc (3) bang séc ky long
hodc khi-16ng trong moi trudng bét dbi, vi du, trén gia thé bat dbi nhu silic oxit véi phdi tir
bét d6i gisi han hodc sy c¢6 mat ctia dung moi bét dbi. S& danh gia dugc riang noi ma chét
ddng phén 1ap thé mong mudn dugc chuyén héa thanh mot thuc thé hoa hoc khac bang mot

trong cdc quy trinh phén tach duoc mo ta & trén, cAn mot bude nita dé giai phong dang mong
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muén. Theo céch khac, cic chit ddng phan 1ap thé cu thé c6 thé dugc tbng hop bang cach
tong hop khong d6i xtmg bang cac chat phan tmg, co chét, chit xuc tac hodc dung mdi hoat
dong quang hoc, hodc bang cach chuyén héa mot chit dong phan ddi anh thanh chét dong
phan 1ap thé khéc bing phép bién ddi khong ddi ximg.

Duoc hiéu ring & day khi néi dén hop chét c6 cong thie (I) va cong thie (Ia) hodc
mudi dugc dung ctia chiing thi s& bao gdm hop chét ¢6 cong thirc (I) va cong thire (Ia) twong
ung ¢ dang bazo tu do, hoac & dang mudi duoc dung cia ching. Vi thé, theo mot phuong 4n,
sang ché d& cap dén hop chit c¢6 cong thire (I). Theo mot phuong 4n khéc, sang ché dé cap

dén mubi duoc dung ctia hop chét ¢ cong thirc (I).

Cac mubi dugc dung bao gém, trong s6 nhiing loai kha, dugc mo ta trong Berge, J.
Pharm. Sci., 1977, 66, 1-19, hodc cac mubi duoc dung duge liét ké trong P H Stahl and C G
Wermuth, editors, Handbook of Pharmaceutical Salts, Properties, Selection and Use, Second
Edition Stahl/Wermuth: Wiley- VCH/VHCA, 2011

Céac mubi phi duoc dung c6 thé duoc str dung, vi du cac chit trung gian trong diéu ché
hop chéit ¢6 cong thirc (I) hodc cong thirc (Ia) hodc mudi duoc dung ciia chiing. Theo cach

khéc cac mudi phi duoc dung c6 cong thire (I) va cong thie (Ia) duge bao gbdm & day.
Céc mudi dugc dung thich hop c6 thé bao gdm cac mudi cong axit.

Céc mubi cong axit nhu vy c6 thé dugc tao thanh bing phan tng ctia hop chét ¢6 cong
thite (I) ho#c cong thirc (Ia) (ma, vi du chira amin bazo hodc nhém chirc bazo khac) voi axit
thich hop, tuy y trong dung moi thich hop nhur dung moéi hitu co, dé thu duoc mudi ma c6 thé

dugce tach bing nhiéu cach, bao gdm két tinh va loc.

Cac mubi ¢6 thé duoc didu ché tai chd trong qué trinh tach va tinh ché cudi clng céc
hop chét c6 cong thirc (I) hodc cong thuc (Ta). Néu hop chat bazo c6 cong thirc (I) hodc cong
thirc (Ia) dugc tach & dang mubi, dang bazo tu do twong ung c thé duogc diéu ché béng
phuong phép thich hop bt ky da biét trong linh vuc, bao gdm xir ly mudi bang cac bazo vo
co hoac hitu co.

Sé& duoc hiéu rang néu mot hop chat c6 cong thire (I) hodc cong thic (Ia) chira hai hay
nhiéu gbc bazo, hé s6 ty lugng tao thanh mudi ¢6 thé bao gdm 1, 2 hodc nhiéu dwong lugng
axit. Cac mudi nhu vay c6 thé chra 1, 2 hodc nhiéu ion trai diu axit, vi du, mudi
dihydroclorua. Dang ty luong va khong ty luong cua mubi duge dung ciia hgp chét c6 cong
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thtre (I) hodc cong thuc (Ia) duoc bao gdm trong pham vi cua séng ché, bao gdm mudi dudi

ty luong, vi du trong d6 ion trai dAu chtra nhiéu hon mot proton axit.

Cac mudi cong axit duge dung dién hinh bao gdm, nhung khong bi gi6i han &, 4-
axetamidobenzoat, axetat, adipat, alginat, ascorbat, aspartat, benzensulfonat (besylat),
benzoat, bisulfat, bitatrat, butyrat, canxi edetat, camphorat, camphorsulfonat (camsylat),
caprat (decanoat), caproat (hexanoat), caprylat (octanoat), xinnamat, Xxitrat, cyclamat,
digluconat,  2,5-dihydroxybenzoat, — disucxinat,  dodexylsulfat  (estolat), edetat
(etylendiamintetraaxetat), estolat (lauryl sulfat), etan-1,2-disulfonat (edisylat), etansulfonat
(esylat), format, fumarat, galactarat (mucat), gentisat (2,5-dihydroxybenzoat), glucoheptonat
(gluxeptat), gluconat, glucuronat, glutamat, glutarat, glyxerophosphorat, glycolat,
hexylresorxinat, hipurat, hydrabamin (N,N'-di(dehydroabietyl)-etylendiamin), bromhydric,
clohydric, hydroiodua, hydroxynaphtoat, isobutyrat, lactat, lactobionat, laurat, malat, maleat,
malonat, mandelat, metansulfonat (mesylat), metylsulfat, mucat, naphtalen-1,5-disulfonat
(napadisylat), naphtalen-2-sulfonat (napsylat), nicotinat, nitrat, oleat, palmitat, p-
aminobenzensulfonat, p-aminosalixyclat, pamoat (embonat), pantothenat, pectinat, persulfat,
phenylaxetat, phenyletylbarbiturat, phosphat, polygalacturonat, propionat, p-toluensulfonat
(tosylat), pyroglutamat, pyruvat, salixylat, sebacat, stearat, subaxetat, sucxinat, sulfamat,
sulfat, tannat, tatrat, teoclat (8-clotheophyllinat), thioxyanat, triethiodua, undecanoat,

undexylenat, va valerat.

Céc hop chit ¢ cong thic (I) hodc cong thic (Ta) va mudi cia ching va mudi duoc
dung cta ching bao gdm solvat (bao gdm hydrat), phirc chét, dang da hinh, , cac dan Xuat
danh d4u phong xa va céc chat ddng phén lap thé ctia cac hop chat c6 cong thire (1) hodc cong

thire (Ta) va mudi duge dung cia ching, & day déu dé chi “hop chét theo sang ché”.
Céc quy trinh chung

Céc hop chét theo sang ché c6 thé duoc didu ché theo nhiéu cach khac nhau. Trong
cac so dd phan Gmg dudi ddy va sau day, trir khi dwge quy dinh khéc R! dén R%, R*2, R*, R*,
R%, W, X, Y va Z 1a nhu dugce dinh nghia trong khia canh tht nhét. Trong subt ban mo ta,
cong thire tong quét duge dugc dit tén béang céc chir s6 La Ma (1), (I), (I1), (IV) ete.
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Quy trinh chung voi cong thiec (1)

Cac hop chat c6 cong thire (Ix), tirc 12 cac hop chét c6 cong thuc (I) trong d6 R*® 1a H
va R* 1a OH, c6 thé duoc didu ché theo so dd phan tng 1 bang cach xtt 1y (IT) véi thude thr
Grignard thich hgp (nhu metylmagie bromua) trong dung mdi (vi duTHF) sau do khir bao vé
bang axit thich hop (vi du HC14 M trong 1,4-dioxan) trong dung méi (vi du metanol).

Sodol
RS RO
N H\N;
)\ N —_— /|\ ~N
z X2 z X2\
o, 1O IOw-e O iO)-ve
N Y. HO Y
N N
R4b
R! R
3
R3 R2 R R2

n (Ix)

Céc hop chét c6 cong thire (IT) c6 thé duge didu ché theo so dd phan tmg 2 bang cach
xtr ly cac hop chat c6 cong thirc (IIT) vé&i boronic este (vi du 2-((2-metoxy-5-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)sulfonyl)etan-1-ol) trong dung moéi (vi du 1,4-

dioxan va nudc) véi sy cd mét cua chét xtc tac [vi duPdCla(dppf)] va bazo (vi du kali florua).

Sodo2

RS

1/Br R

(D) i
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Céc hop chét ¢6 cong thirc (I1I) ¢6 thé duge didu ché theo so d6 phan mg 3 tir cac hop
chat c6 cong thirc (IV) bang cach xir Iy (IV) v6i chét oxy hoa thich hop (vi du DMP) trong
dung méi (vi du DCM).

So d6 3

R5 RS

V) (11

Céc hop chit c6 cong thire (IV) ¢6 thé duoc didu ché theo so dd phan tmg 4 tir cac hop
chét ¢ cong thire (V). PAu tién, amin dugc bao vé bang nhém bao vé amin thich hep (vi du
tert-butylcarbamat thong qua viéc xtr ly bing cac chat phan ng thich hop vi du di-terz-butyl
dicacbonat, DIPEA va DMAP trong DCM). Tiép theo, este dugc khir thanh rugu bac mot
bang chit khtr thich hop (vi du natri bohydrua) trong dung moi (vi du etanol).

So dd 4

HN P\

A - B
Etow/k )%W‘Me O IO w-we
N HO N/Y\<
N\Br

O \Br

V) (V)

Céc hop chét c6 cong thire (V) ¢6 thé dugc didu ché theo so dd phan tmg 5 tir cac hop
chét c6 cong thirc (VI) (trong d6 L 1a Cl hodc Br hoac hdn hop cta cac hop chét c6 cong thirc
(VI) trong d6 L 1a Cl va Br) bang cach xtr ly bang amin (vi du (3-(1-metyl-1/-imidazol-2-
yl)phenyl)metylamin) va bazo (vi du DIPEA) trong dung moi (vi du DMSO).
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Sodo s

R5

A

L
HN
(0100 BN
N7 \< O 10O w-me
/Br Eto\”)\N/Y\<
NBr

0o
0}

(V1) (V)

Céc hop chit c6 cong thire (Ix’), tire 12 cac hop chét ¢6 cong thie (T) trong d6 R* va
R* 13 Crsalkyl va R* 12 OH, c6 thé dugc didu ché theo so dd phan tmg 6 bang cach xir ly
(VII) bang boronic este (vi du N-(3 -hydroxypropyl)-2-metoxy-N-metyl-5-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)benzamit) véi su c6 mit cua chat xuc tac [vi du PdClx(dppf)] trong

dung moéi (vi du 1,4-dioxan va nudc) v6i bazo (vi dy natri cacbonat).
S0 dd 6

RS R®

>N N
Z/I\ =N Z*X/N\
O IOW Me o)
N \< HO N~
HO X Cy.aalkyl

Cq.salkyl

C.zalkyl C_salkyl R’

(Vi) (1X)

Céc hop chét ¢6 cong thitc (VII) c6 thé duge diéu ché tlr cac hop chat c6 cong thire
(V) theo so dd phan tmg 7 bang cach xir 1y (V) bang thudc thir Grignard (vi du metylmagie
bromua) trong dung méi (vi du DCM). Dé diéu ché hop chét (V) xem So dd s.
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So dd 7

H ~
Y
N
Z XA Z XA\
O 10Ow-wme O 10 W-e
N \< HO N~ \<
\Br C1_3a|kyl \Br
C1_3a|kyl
(V) (Vi)

Cac hop chat ¢ cong thic (Va) tic 1a cac hop chét c6 cong thic (VI) (xem so dd 5)
trong d6 W 1a C, X 1a N, Y 1 C, Z 12 C va L 12 Cl, ¢6 thé dugc diéu ché theo so do phan img
8. DAu tién cac hop chét c6 cong thie (VIII) ¢6 thé thu dugc bang cach ngung tu este (vi du
mudi natri cia dietyl oxalaxetat) va cac hop chét ¢6 cong thire (IX) bing cach st dung axit
(nhu HCI) trong dung mdi (nhu etanol) véi nhiét (vi du 85 °C) dé thu duoc cac hop chét c6
cong thirc (VIID). Tiép theo xtt Iy (VIII) bang thude thir clo héa (vi du POCI3) véi nhigt (vi du
& 90 °C) thu duoc cac hop chét cé cong thire (X). Xir Iy cac hop chét cé cong thire (X) bing
ngudn hogc brom [vi du N-iodosucxinimit(NIS) hodc N-bromosucxinimit(NB S)] trong dung

moi (vi du DCM) thu dugc cac hop chét c6 cong thirc (VIa).

Sodo 8
H OH
N~ = N’N
)|\/)—Me —_— )\>_Me —_—
H,N SN N
(IX) O (v
Cl cl
~N
/)N\% Me 7NN M
e
EtO \N = —_— EtO \N =~
(0] o \Br
X) (Vla)

Hén hop cta cac hop chét c6 cong thirc (VIb), tic 1a cac hop chét c6 cong thic (VI)
(xem 50 dd 5) trong 6 W 1a C, X 12 C, Y 1aN, Z 1a C va L 1a Cl va Br, c6 thé duoc diéu ché
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theo so dd phan (g 9 trong nhidu budc tir cac hop chét (XI). Dau tién, cac hop chat c6 cong
thirc (XI) dugc xir Iy bang chét brom hoa vi du N-bromosucxinimit va natri bicacbonat trong
dung méi (vi du metanol) @& thu duge cac hop chét c6 cong thire (XII). Tiép theo, viéc xir Iy
céc hop chét c6 cong thire (XII) béng 1-clopropan-2-on ¢ nhiét 6 cao (vi du 90°C) thu duoc
hén hop ctia cac hgp chét c6 cong thirc (XIII). Tot hda hodc brom hoa hdn hop cta cac hgp
chét c6 cong thire (XIII) bang, vi du N-iodosucxinimit hodc N-bromosucxinimit, trong dung

moi (vi du DMF) thu dugc hdn hop ctia cac hop chét c6 cong thirc (VIb).
S0 dd 9

.
Br Cl

N
= N\ ~ \>_
Eo. e /NQ— B0\ N=
N
L ° ’

X1 (X (i

eo

Cl T

Br
N = N
s = N A\
EtO ~ _Nx= EtO X, oN=
N~ N
\Br \Br
(@]

0]

L (VIb) _

Céc hop chét c6 cong thuc (VIc), tic 1a cac hop chét c6 cong thirc (VI) (xem so d6 5)
trong d6 W1a C, X 1aN, Y 14 C, Z 1aN va L 1a Cl, ¢6 thé duogc diéu ché trong nhiéu bude tir
céic hop chéit ¢6 cong thire (XIV) theo so dd phan g 10. Dau tién, cac hop cht c6 cong thire
(XIV) c6 thé duge phan ung v6i metyl Xyanoformat @& thu duoc cac hop chét ¢ cong thire
(XV). Tiép theo, cic hop chét c6 cong thitc (XV) ¢6 thé duoc vong hoa bang cach st dung
carbonyldiimidazol trong dung méi (vi du DMSO) hodc theo cach khac sur dung dietyl
cacbonat trong natri etoxit va etanol dé thu duge cac hop chét c6 cong thire (XVI). Cac hop
chét c6 cong thite (XVI) sau d6 c6 thé duge clo héa bang vi dy POCls, v6i nhiét (vi du & nhiét
do6 90 °C) dé thu duge cac hop chéat c6 cong thirc (XVII). Viéc iot héa (st dung vi du N-
iodosucxinimit) hodc brom héa (st dung vi du N-bromosucxinimit), trong dung moi (vi du

DMF) thu dugc cac hop chét c6 cong thirc (VIc).
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So dd 10
)
! 4 HN_ OEt NJ\N’H
_ N
| )—NH, /U\/)—NH o Eto\ﬂ)l\NM
I
XIv) XV) o)
ci cl
R N)\N/N\ N/ N/N\
EtOTH\\ = EtoWH\\N)\X—
S o B
D) (Vic)

Céc hop chét ¢é cong thue (Ix’), tirc 1a cac hop chét c6 cong thire (I) trong d6 R* 1a
hydroxymetyl, c6 thé dugc didu ché theo so dd phan tmg 11 tr cac hop chét c6 cong thirc

(XVIII).

Sodoll
F{:.U/‘x‘;j R S
\T:-"J‘ \E\ r)
Hf i; tL)I‘:HMD_'58.111::\PI-11f;zlijl “C.025N I—lN"’x DIBAH,
g N © sung alcy’ haogemia Jo N THE, 0%, 15h
PN o 7N, T
Bt~ " TN B EO7 o N ,\J;:»_‘;:ﬂ
I/ E3r Rq:,' ‘R{, \Br
XV
P\S‘t e R-ix‘ B
[ T r]
HT\/ HN
, Ké Suzuki e
{f’ ‘)‘5—'Nv - - hqp uZUIG /i\’/i~¥JN\nflsl —_
H O/“\; ﬁ\/ -‘:N Yo { H Df"‘—\/ ) ‘:N /Y;?;T:
re R LB reR
ﬂ.;_:_ :‘)‘—_ Fy
R= —_}?3
{1x™

Céc hop chét c¢6 cong thie (XVIIIa), tirc la cc hop chét c6 cong thire (XVIII) trong
d6WI1aC, X1aN, Y 1aCvaZlaC, co thé dugc didu ché theo so dd phan img 12.
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So dd 12

ACOH, “
a O Q | dioxane, 100 °C e <N
1 i >
P DD SN ) S T E -
T e ey P ey RS
HaNT S
ﬁ_mil N o NIS hodic NBS
“mely'promnop I DMEF. nhiét d% phong Cl
POCH, MeCN, 0°C o = NN W ey N
— J L L~ b I 'f H—
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_,_JEL,._; 8] ;:Z\N!’Ng
il [ L/ —
FI07 " N7
I'Br
(XVIHa)

Céc hop chét ¢ cong thire (XVIIIb), tic 1a cac hop chét c6 cong thirc (XVIII) (tr So

dd 11) trong d6 W 1aN, X 1a C va Y 1a C, c6 thé dugc diéu ché tir céc hop chat c6 cong thire
(XIX) theo so d6 phan (mg 13.
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So do 13
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Dung dich bazo DIPEA
l&m nong

CVIIDY

Theo cach khac cac hop chét ¢ cong thirc (Ia) (xem So dd 1) ¢6 thé duoc didu ché tir
cac hop chét c¢6 cong thirc (V) (xem So dd 4) theo so d6 phan tng 14. Céc hop chét c6 cong
thire (Ia) c6 thé duge phéan giai thanh cac chét ddng phan dbi anh riéng ré bang cach sir dung

cée k¥ thudt quen thudc v6i nha hoa hoc ¢6 k§ nang, vi du HPLC bét dbi.
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So dd 14
5 . 5
R QQJ R T e
o N.O-dimetvlhydroxyl - e e
amin HCL, nBuli ] RPGrgnard ]
HN™ THF, 1050 HN THF, 07 HN
T e e R Y
‘_T":”.. "XIV- Ai" .\D {7[.:‘-: >|< ';' Zl - y]: ‘i”q”_
208 o N S o e T 4 o v ST
EtC., _Aay Yoy _N \"Tg Y { R N
O I/ 0 B 0 \VEr
I:'.Vlj . IAXXJ
R
R‘i .. \.a-".;:}' I.L = ]
[ ]
DiBAKH. THF, | shép ciip Suzuki ”E'f
0% - 77X
“ 7 Rt X N' o =) _n% - ::-N ,‘-‘f'-:;_ﬁ‘:"
R "i\’___‘J-Q:_ Ty O H A__;;Z"b"' \
(E)l | VBr V. R
2
R kb
fla)

Céc hop chét c¢6 cong thire (Id), tire 1a cac hop chét ¢6 cong thic chung (I) trong d6
R* va R* cling véi cacbon ma chiing gén vao tao thanh vong xyclopropan dugc thé bang mot
nhém R ma 13 nhém Cisalkyl, c6 thé dugc didu ché theo so dd phan tng 15 tir cc hop chét
c6 cong thirc (XXa). Trong so d6 phan tng 15, PG 12 nhém bao vé nhu tert-butyloxycarbonyl

va [Si] 12 nhém bao vé rugu trén co sé silic oxit nhu TBDMS.
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So dd 15

R R%u T
T )
L= e
; DIPEA. DMAP EL:N, -
TNH BocQ, THE TEOMS-CGT N
50 °C DGR, 04 - il AN
7=y —_— SR SN,
- Waf . B
oo o 4T 51-0,__dx A=
-.k?_.& *-.:r_"j - -‘_‘;{ l I {
| Br ! Br
R R
BEEL
) Boronic este i
R Phos Pd G2, R
E B XPhos KaPO. I j
EL7n TEA ‘[ 1.4-dioxan, mrdc, T
CHyly DN el O 10n°c san do HCI ~NH
0oC A | . trong dioxan, nhiét 6 frong phong |
— FINT @ T Ty
'»’ ﬂ‘:,__A , | \e e P
R N7 R—4
0 i o /3
“[31] .
| K ‘F‘i
R
i1d}

Céc hop chat c6 cong thirc (Ie), tic 1a cac hop chét ¢ cong thirc (I) trong d6 R* 1a H
va R* va R* ciing v6i cacbon ma chiing gin vao tao thanh vong tetrahydropyran khong dugc

thé, 6 thé dugc didu ché tir cac hop chét c6 cong thite (XXI) theo so dd phan tmg 15.

So d6 15
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Céc hop chét ¢6 cong thirc (XXT) c6 thé dugce diéu ché tir cac hop chat c6 cong thirc

(XXII) theo so d6 phan tmg (16).

So db 16
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Nha hoéa hoc s€& danh gia dugc rang cac hop chét c6 cong thirc (I) cling co thé duoc

didu ché bang cach chuyén d6i R' nhu budc cudi cing. Trong so dd phan ung 17, cac hop
chéit c6 cong thic (If) tuc 1 cac hop chét c6 cong thie (I) trong d6 R' 1a -C(=O)N(R!ZR ),
¢6 thé duoc didu ché tir cac hop chét c6 cong thire (XXIII).

Sodo 17
RS R2
HN HN
Z%X,N 1) NaOH, MeOH Z)\X,N
rW— = bW—
R“%N/Y\ 2) NH(R'2R®), HATU, R A Y=
AN DIPEA, THF, DMF, rt Rib” Réa
0—
RO L © R e
(XX (If)

Nha hoa hoc s& danh gia dugce ring cac hop chét c6 cong thire (I) ¢6 thé duoc chuyén

héa thanh cac hop chit khic c6 cong thire (I) bang cac phwong phéap da biét trong linh vuc.

Ngoai ra, cac hop chét trung gian dugc md ta trong so dd phan tmg & trén c6 thé dugc chuyén

héa thanh céac chét trung gian khac va sau dé dugc chuyén hoéa bang cach st dung cac hop

chét dugc mo ta dé tao ra cac hop chét c¢6 cong thitc (I). S& danh gia dugc rang cac hop chét
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c6 cong thire (I) co thé duoc didu ché bang cach st dung chudi chuyén héa khac nhau dugc
md ta trong cac so dd phan tng, bao gdm két hgp céc budce bao vé/khir bao vé néu thich hop
Quy trinh chung voi cong thicc (la)

Céc hop chét c6 cong thire (Ix), tic 1a cac hop chét c6 cong thirc (Ia) trong do R* 1a
H, ¢6 thé dugc didu ché theo so dd phan tmg 1 bang cach xir Iy (Ila*) véi thudc thir Grignard
thich hop (nhu metylmagie bromua) trong dung mdi (vi du THF) sau d6 khir bao vé bang axit
thich hop (vi du HC1 4 M trong 1,4-dioxan) trong dung moi (vi du metanol).

Sodo 1*
R R®
H

PGL ; \N;
S T L OB

| Me e

O\/LN/Y HOT/kN/Y
R4b
R R
R R®
R2 R?
(l1a®) (Ix*)

Céc hop chit c6 cong thirc (Ila*) c¢b thé duge diéu ché theo so dd phan ung 2a* bang
cach xir 1y cc hop chét c6 cong thie (IIla*) véi boronic este (vi du 2-((2-metoxy-5-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)sulfonyl)etan-1-ol) trong dung moi (vi du 1,4-

dioxan va nudc) véi sy ¢ mét cua chit xuc tac (vi duPdCla(dppf)) va bazo (vi du kali florua).

So @6 2a*

1 R!

() ar)

Céc hop chét ¢6 cong thirc (IIT*) ¢6 thé duge didu ché theo so d6 phan mg 3* tir céc
hop chét c6 cong thire (TV¥) bing cch xir Iy (TV*) v6i chat oxy héa thich hop (vi du DMP)
trong dung moéi (vi du DCM).
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So dd 3*
R5 R5
PG\N PG\N
_—

=N /L\ N

Z~X 7=
| M

oA QI
I I
V) (Uls)

Céc hop chét c6 cong thae (IV*) ¢6 thé duoc didu ché theo so d6 phan tmg 4* tlr cac
hop chét c6 cong thie (V*). Déiu tién, amin dugc bao vé bang nhém bao vé amin thich hop
(vi du tert-butylcarbamat thong qua vigc xtt ly béng céc chat phan tng thich hop vi du di-tert-
butyl dicacbonat, DIPEA va DMAP trong DCM). Tiép theo, este dugc khir thanh rugu bac
mot bing chat khir thich hop (vi du natri bohydrua) trong dung mdi (vi du etanol).

So do 4*
R® RS
HN PG
. N
270X A P
OIO)—me OO —w
E e
(o] ! |
(V*) (V)

Céc hop chit ¢6 cong thic (V*) ¢6 thé dugc didu ché theo so dd phan tmg 5* tlr cac
hop chat c6 cong thire (VI*) (trong d6 L 1a Cl hogc Br hodc hdn hop cta cac hop chét c¢6 cong
thire (VI) trong d6 L 12 Cl va Br) bing céch xtt 1y bang amin (vi du (3-(1-metyl-1H-imidazol-
2-yl)phenyl)metylamin) va bazo (vi du DIPEA) trong dung m6i (vi du DMSO).
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So dd 5*

RS
A
AN
WAO¢ s
O

(V1)

V")

Céc hop chit c6 cong thirc (Ib*), tirc 1a cac hop chat c6 cong thie (I*) trong d6 R* va
R 13 metyl, c6 thé duoc didu ché theo so dd phan (mg 6 bang cach xit Iy (VII*) bang boronic
este (vi du N-(3-hydroxypropyl)-2-metoxy-N-metyl-5-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)benzamit) véi sy ¢ mét cia chét xtc tac (vi du PdClx(dppf)) trong dung
moi (vi du 1,4-dioxan va nudce) véi bazo (vi du natri cacbonat).

So do 6*

RS RS

5

A L,

N
X z X =
M
HOﬁQ;Q ; HO%CN& e
Me X Me

Me Me
R1

(VI (Ib*)

Céc hop chét c6 cong thire (VIT¥) ¢6 thé duge didu ché tix céc hop chat ¢6 cong thire
(V*) theo so d6 phan tmg 7* bang cach xur ly (V*) véi thudc thir Grignard (vi du
metylmagie bromua) trong dung mdi (vi du DCM).
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So dd 7*

R® R®

H H

~ ~

_— N

N
Bitpe Sitpe
Eto\‘H\N/Y\k ° HO%N/Y\k °
o} ! ul Me !

V) (Vi)
Céc hop chét c6 cong thic (Via*) tirc 1a cac hop chét c6 cong thire (VI¥) (xem so )
5%) trong d6 X 1aN, Y 1a C, Z 1a C va L 1a Cl, ¢6 thé dugc diéu ché theo so' dd phan tmg 8*.
DAu tién cac hop chit ¢6 cong thire (VIII) c6 thé thu duge bing cach ngung tu este (vi du
mudi natri cia dietyl oxalaxetat) va cac hop chét c6 cong thire (IX) bing cach str dung axit
(nhu HCI) trong dung moi (nhu etanol) v6i nhiét (vi du 85 °C) d8 thu dwoc cac hop chét co
cong thuc (VIII). Tiép theo xtr Iy (VIII) bang thubc thir clo héa (vi du POCLs) véi nhiét (vi du
& 90 °C) thu duge cac hop chét c6 cong thire (X). X 1y cac hop chét c6 cong thire (X*) bang
ngudn iot (vi du NIS) trong dung méi (vi du DCM) thu duge cac hop chét c6 cong thire (Via*).

So db 8*

OH
N = N’N
)(\/)—Me _— /‘\>_Me — =
H,N EtO \N S

(IX*) © (VIII%)
Cl cl
EtO Sy B O \NM e
O o |
(X" (Via®)

H3n hop ctia cac hop chat c6 cong thitc (VIb*), tirc 1a céc hop chét c6 cong thire (VI¥)
(xem so dd 5*) trong d6 X 1a C, Y1aN, Z 14 C va L 1a Cl va Br, c6 thé duogc diéu ché theo so
d6 phan tmg 9 trong nhiéu budc tir cac hop chat (XI*). DAu tién, cac hop chat ¢ cong thirc
(XI) dugce xtr ly bang chét brom hoa vi du N-bromosucxinimit va natri bicacbonat trong dung
mdi (vi du metanol) dé thu dugc cac hgp chét c6 cong thire (XID). Tiép theo, xtt 1y cac hop

chét c6 cong thire (XII) bang 1-clopropan-2-on ¢ nhiét do cao (vi du 90°C) thu duogc hén hop
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clia cac hop chét ¢ cong thire (XI1I). Iot hoa hén hop cua cac hop chat co cong thire (XIIT*)
bang, vi du N-iodosucxinimit, trong dung mdi (vi du DMF) thu dugc hdn hop cac hop chat
c6 cong thire (VIb*).

So do 9*

Br Cl

NHz c:| = \N>7
// —> EtO \ N\>- EtO \N/N\
0

(X% (X% (X

Cl
N
A\
~ N\k \N’N\
|
(VIbY)

Cac hop chét c6 cong thirc (Vic*), tic 1a cac hop chét c6 cong thirc (VI*) (xem so dd
5%) trong d6 X 14N, Y 14 C, Z 1a N va L 12 Cl, ¢6 thé duge diéu ché trong nhiéu budc tir cac
hop chét ¢6 cong thirc (XIV*) theo so dd phan tmg 10*. Dau tién, c4c hop chét c6 cong thirc
(XIV*) c6 thé duge phan Umg v6i metyl xyanoformat dé thu duge cac hop chit c6 cong thirc
(XV#). Tiép theo, cac hop chit ¢6 cong thirc (XV*) c6 thé duge vong hoa bang cach sir dung
carbonyldiimidazol trong dung mdi (vi du DMSO) hodc theo céch khac sir dung dietyl
cacbonat trong natri etoxit va etanol dé thu dugc cac hop chét c6 cong thire (XVI*). Cac hop
chét ¢6 cong thie (XVI*) sau d6 ¢6 thé duge clo héa bang vi du POCls, véi nhiét (vi du ¢ 90
°C) dé thu duoc cac hgp chét c6 cong thire (XVII*). Viéc iot hoa bang céach sir dung vi du N-

jodosucxinimit, trong dung méi (vi du DMF) thu dugc cac hop chét c6 cong thirc (Vic*).
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So do 10*
o)
! ! HN  OEt N JLN/H
N~ - - N > - .
| )—NH; MNH 0 EtO%NJ\/)—
H
0
oav) V) Vi)
I X
—_— N)\N/N\ N/ N/N\
Etof\\N ~ Etom/k\N/Q»
0 0 !
(XVI1%) (Vic*)

_ Nha héa hoc s& dénh gia dugce ring cc hop chit ¢ cong thic (Ia) ¢6 thé duge chuyén
héa thanh céc hop chit khic c¢6 cong thic (Ia) béng cc phuong phap da biét trong linh vuec.
Ngoai ra, cac hgp chét trung gian dugc md ta trong so d6 phéan tmg & trén ¢6 thé dugc chuyén
héa thanh cac chat trung gian khic va sau d6 dugc chuyén héa bang cach st dung cac hop
chét dugc mé ta dé tao ra cac hop chét ¢ cong thire (Ia). S& danh gia dugc rang céc hop chat
c6 cong thire (Ia) co thé dugc diéu ché biang cach sir dung chudi chuyén hoéa khac nhau dugc

md ta trong cac so dd phan mg, bao gdm két hop cac budc bao vé/khu bao vé néu thich hop
Phuong phép st dung

C4c hop chét theo sang ché da thé hién 14 cac cht Grc ché PI4KIIIB tiém ning. Cac hop
chit khac theo sang ché 13 cac chét e ché PI4KIIIB chon loc. Cac hop chét theo sang ché c6
thé sir dung trong diéu tri hodc ngin ngira nhidm virut va cac rdi loan gay ra béi hodc bi trAm
trong thém boi viée nhidm virut. Cac ri loan cu thé dugc gay ra bai hodc bi trAm trong thém
bdi nhiém virut bao gdm COPD, hen, bénh xo nang, chting gifin phé quan, suy tim sung huyét,
hoi chimg suy giam ho hap cip tinh va tdn thuong phdi cép tinh. Ngoai ra cac r6i loan bi gay
ra do hodc bi trAm trong thém do nhiém rhinovirut bao gbm viém tiéu phé quan, viém tai giita,
viém xoang va viém phé quan cép tinh. Ngoai ra, viéc nhiém rhinovirut ¢6 thé gay nhiém
khuan thir cAp & tré em, ngudi gia va ngudi bi e ché mién dich. Viée nhiém khuan thir cép
c6 thé gay viém phoi.

Nhu dugc st dung & day, ‘didu tri’, ‘su diéu tri’ hodc ‘viéc diéu tri’ khi n6i dén rbi
loan c6 nghia la: (1) dé cai thién r6i loan hodc mot hodc nhidu biéu hién sinh hoc cta rdi loan;

(2) can thiép vao (a) mot hoac nhiéu diém trong dong thac sinh hoc din dén hogc chiu trach
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nhiém vé rdi loan, hodc (b) mdt hodc nhi€u biéu hién sinh hoc cia rdi loan; (3) l1am thuyén
giam mdt hodc nhiéu tri¢u chiing hodc anh hudéng di kém v6i roi loan; hodc (4) lam chdm qua

trinh tién trién cua roi loan hodc mot hodc nhiéu biéu hién sinh hoc cta roi loan.

Nhu duoc st dung & day, ‘bénh nhan’ dé chi nguoi (bao gdm ngudi 16n va tré em)

hoic dong vit khac. Theo mdt phuong 4n, ‘bénh nhan’ dé chi nguoi.

Du tinh ring cac hop chét theo sang ché c6 thé duge sir dung khu tri, vi du bang cach
hit hodc trong miii. Viéc hit dé chi viéc st dung trong phéi cua bénh nhan du cho dugc hit
qua dudng miéng hodc qua duong miii. Theo mdt phuong 4n, céc hop chét ¢6 cong thire (T)
hodc mudi dugc dung ciia ching cé thé duogc str dung khu tria. Theo mdt phwong 4n khac, cac
hop chét c6 cong thirc (I) hodc mudi duoc dung ciia chiing c6 thé duge str dung bang céch hit.
Theo mdt phuong 4n khéc, cac hop chit c6 cong thie (I) hodc mudi dugc dung ciia ching c6
thé dugc diing trong miii. Theo mot phwong 4n khac, cac hop chat cé cong thire (I) hodic mubi
dwoc dung ciia chung c6 thé dugc sir dung trong mat. Theo mot phwong 4n khéc, cac hgp chét

¢6 cong thire (I) hodc mudi duoc dung cia ching c6 thé duge st dung trong tai.

Céc hop chét theo sang ché ¢6 thé duoc st dung mot 1an mdi ngay hodc theo ché do
ding lidu trong d6 nhiéu lidu duoc st dung & cac khoang cach thoi gian khéc nhau trong mot
khoang thoi gian cho trude. Vi du, céc lidu c6 thé duoc st dung mot, hai, ba, hodc bén 1an
mdi ngay. Theo mdt phuong an, lidu dugce ding mot 14n mdi ngdy. Theo mot phwong 4n khAc,
liéu duoc dung hai 1an mdi ngay. Cac lidu c6 thé duoc st dung cho dén khi dat duogc hiéu qua
tri liéu mong muén hodc vo thoi han dé duy tri hi€u qua tri liéu mong mudn. Ché @6 dung liéu
thich hop ddi véi hop chét theo sang ché phu thudc vao dic tinh duge dong hoc ctia hop chat
d6, nhu muc hép thy, sy phan bd, va thoi gian ban thai, ma cé thé duoc xac dinh boi nguoi
¢6 k¥ nang trong linh vyuc ndy. Ngoai ra, ché do ding liéu thich hgp, bao gdm khoang thoi
gian ma ché do nay dugc st dung, dbi véi hop chét theo sang ché phu thude vao 161 loan dugc
diéu tri, mirc d6 nghiém trong cta 161 loan dugc didu tri, tudi va dic diém thé chét cta bénh
nhén dugce diéu tri, lich st y té cia bénh nhan dugc diu tri, ban chét cua phuong phap diéu
tri ddng thoi, tac dung tri liéu mong mubn, va cac yéu td tuong tu nam trong pham vi kién
thirc va chuyén mon ctia ngudi c6 k§ nang trong linh vuc nay. Nguoi c6 k¥ nang trong linh
vuc ndy cling hiéu thém ring ché do dung lidu thich hop c6 thé can su didu chinh theo dap
ing cua tung bénh nhan cu thé véi ché do dung liéu hodc qua thoi gian do bénh nhan cu thé

can sy thay doi.
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Céc liéu lwong hang ngay dién hinh dé str dung bang cach hit nam trong khoang tir 0,2
ug dén 0,02 mg cho mdi kg tdng thé trong, vi du tir 0,5 pg dén 0,01 mg cho mdi kg clia tong
thé trong. Vi du, lidu hang ngay dé str dung bang céach hit c6 thé tir 20 pg dén 2,0 mg cho mdi
bénh nhan, nhu 50 pg dén 1,0 mg cho mdi bénh nhén.

Mic du khong mudn bi rang budc boi 1y thuyét cu thé bét ky,ngudi ta cho rang cac
hop chét theo sang ché c6 thé e ché hoat tinh clia enzym t€ bao chu, PI4KIIIB va nho d6 1am
giam kha néng sao chép cua virut bén trong t& bao chi. Nhidu virut st dung PI4K dé tao ra
mang duoc 1am giau phosphatidylinositol-4-phosphat (PI4P), ma c6 thé duoc str dung dé lam
nén sao chép. Co ché sao chép cua virut duge 1dp rap trén cac nén nay nhu mot phirc hop siéu
phan tir va lipit PI4P gitip cho phép tong hgp RNA ctia virut. C4c nén lipit ndi bao nhu vay
tao ra moi truong thudn loi hon dé virut ty sao chép mdt cach hiéu qua. Biéng cach phd v& kha
nang virut st dung PI4K, va PIAKIII cy thé, dé tao ra cac nén lipit ndy va ho trg sy sao chép

cua virut, viéc nhiém virut c6 thé dugc diéu tri va/hodc ngin ngua.

Phin md ta cling md ta phuong phap diéu tri 1y nhiém virut bao gdm viéc st dung

hop chét c6 cong thirc (1), hodc mubi dugc dung cia chiing, cho bénh nhan can sir dung.

Phin mé ta ciing md ta phuong phéap diéu tri rdi loan gdy ra boi hodc bi trdm trong
thém boi 1ay nhiém virut bao gbm viéc str dung hop chét c¢6 cong thirc (I), hodc mudi duoc

dung cta ching, cho bénh nhéin can st dung.

Phin mé ta cling mo ta phuong phap diéu tri viéc nhiém vi khudn tht cap gay ra boi
lay nhifm virut bao gém viéc sit dung hop chét c6 cong thie (I), hodc mudi duge dung cua

ching, cho bénh nhan can sir dung.

Theo mot khia canh khéc, sang ché d& xuit hop chét ¢ cong thire (I), hodic mudi dugc

dung cua ching, dé str dung trong tri liéu.

Theo mot khia canh khéc sang ché d& xuat hop chét c6 cong thic (I), hodc mudi dugc

dung cua ching d8 sir dung trong diéu tri nhidm virut.

Theo mot khia canh khac sang ché dé xuét hop chét c6 cong thire (I), hodc mudi duoc
dung cua ching dé st dung trong diéu tri rdi loan gay ra boi hodc bi trAm trong thém béi
nhiém virut. Theo mot phuong an, r6i loan 13 COPD, bénh xo nang, chung gidn phé quan,
hen suy@n hodc suy tim sung huyét. Theo mot phuong an khéc, r6i loan 1a COPD hodc hen

suyén. Theo mot phuong 4n khac nira, 16i loan 1a COPD.
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Theo mot khia canh khéc sang ché dé& cap dén hop chét ¢6 cong thire (1), hodc mudi
duoc dung clia ching dé sir dung trong didu tri nhiZm vi khuan thtr cap gay ra boi viéc nhiém
vi khuén.

Phin mé ta cling md ta viéc s dung hop chét c¢6 cong thire (I), hodc mudi duoc dung

ciia chiing, trong san xuat thudc dé dicu tri nhiem virut.

Phan mé ta cling mo ta viéc st dung hop chat ¢ cong thire (I), hodc muoi duge dung
cta chung, trong san xuat thudc dé diéu tri roi loan gy ra boi hodc bi trAm trong thém béi

nhiém virut.

Phan md ta cling md ta viéc st dung hop chat cé cong thirc (I), hodc mudi duge dung
ctia ching, trong san xudt thubc dé didu tri viéc nhiém vi khuén thir cép gy ra boi nhiém

virut.

G nhirng bénh nhan nhét dinh nhw bénh nhan c6 hé mién dich bi tn thwong hodc dong
méc bénh tim phéi 14 nhitng nguoi ¢6 nguy co cao bi bénh nghiém trong sau khi nhiém virut,
ngudi ta du tinh ring cc hop chét theo sang ché c¢6 thé dugce st dung theo cach phong bénh
d& ngan ngtra 1ay nhidm va nho do tranh trdm trong thém céc rdi loan, vi du COPD, bénh xo
nang, chimg gian phé quan, hen suyén hodc suy tim sung huyét. S& dénh gi4 duge ring “ngin
ngira” khéng phai la mgt thuat ngit tuy€t dbi. Trong y té, ‘ngan ngira’ dugc hiéu 1a dé chi viéc
stt dung du phong dugc chét dé giam déng ké kha nang hodc mirc d§ nghiém trong cua r6i
loan hodc tri hoén sy khai phat cua 161 loan d6. Viéc sir dung du phong ¢6 thé dac biét khuyén

khich khi c6 nguy co 14y nhiém cao, vi dy, trong trudng hgp HRV trong cac thang mua dong.

Phén md ta ciing md ta phuong phap ngén ngira lay nhiém virut bao gém viéc sit dung

hop chét c6 cong thic (I), hodc mubi dugc dung ciia chiing, cho bénh nhan can st dung.

Phén md ta cling mo ta phuong phap ngan ngira rdi loan gdy ra boi hodc bi trAm trong
thém boi 14y nhiém virut bao gém viéc st dung hop chét c¢6 cong thire (I), hodc mudi duge
dung cua chung, cho bénh nhén can st dung. Theo mdt phuong 4n, r6i loan 14 COPD, bénh
X0 nang, chtng gian phé quéan, hen suyén hodc suy tim sung huyét. Theo mot phuong 4n khac,

161 loan 12 COPD hoic hen suyén. Theo mdt phuong an khac nita, r6i loan 13 COPD.

Theo mot khia canh khac sang ché d& xuét hop chét ¢ cong thirc (I), hodc mudi duge

dung ctia chting dé ngan nglra nhiém virut.
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Theo mot khia canh khéac sang ché d& xuét hop chat c6 cong thuc (I), hodc mudi duoc
dung cia chung dé ngan nglra r6i loan gy ra bdi hodc bi trAm trong thém bai nhiém virut.
Theo mot phuong an, 161 loan 12 COPD, bénh xo nang, ching gian phé quan, hen suyén hodc
suy tim sung huyét. Theo mot phuong an khéc, rdi loan 12 COPD hoic hen suyén. Theo mot

phuong 4n khac nita, réi loan 1a COPD.

Phan md ta cling mo ta viéc stt dung hop chét ¢ cong thie (1), hoac mudi duoc dung

clia chung, trong san xuat thuoc dé ngan ngira nhiém virut.

Phan mo ta cling mo ta viée st dung hop chét c6 cong thuc (I), hoac mubi duoc dung
cua ching, trong san xuét thudc dé ngan nglra r6i loan gy ra boi hodc bi trAm trong thém boi
nhiém virut. Theo mot phuong én, rbi loan 12 COPD, bénh x0 nang, chimg gidn phé quan,
hen suyén hodc suy tim sung huyét. Theo mot phwong an khac, r6i loan 14 COPD hodc hen

suyén. Theo mot phuong 4n khac nita, r6i loan 1a COPD.

Ngoai ra, cac hop chét theo sang ché c6 thé dugc s dung du phong cho nguoi khoe
manh néu ho ¢6 kha nang phoi nhidm véi nguy co cao nhiém virut, vi du trong thoi gian bung
phat SARS trong trong moi truong diéu dudng hodc cham soc tai nha khi mot sb cu dan bi
nhi®dm HRV. Phan mb ta cling md ta phuong phap ngén ngura 18y nhidm virut bao gém viéc
st dung hop chét c6 cong thie (I), hodc mubi dugce dung cua chung, cho ngudi c6 nhu cau s

dung.

Céc phuong an sau ddy ap dung cho timg khia canh trén lién quan dén viéc st dung
trong y té. Theo mot phuong an, virut 1a virut ARN mach don. Theo mdt phuong an khac,
virut 13 virut ARN mach don, mach duong. Theo mét phuong an, nhiém virut 1a rhinovirut
ngudi (HRV). Theo mdt phwrong an khac, nhidm virut 12 HRV trong d6 rdi loan gy ra boi
virut 12 cam lanh thong thuong. Theo mdt phuwong an khac nhidm virut 12 HRV trong d6 rdi
loan gay ra bai virut 1a viém tiéu phé quan, viém phoi, viém tai gifta, viém xoang hodc vi€ém
phé quan cép tinh. Theo mot phuong én khac, viée nhidm vi khuén tht cip gy viém phoi.
Theo mdt phuong an khéc, cac rdi loan bi trAm trong thém boi virut 1a COPD, bénh X0 nang,
ching gidn phé quan, hen suyén hogc suy tim sung huyét. Theo mot phwong an khac, HRV
13 HRV-A. Theo mdt phuong 4n khac, HRV 1a HRV-B. Theo mdt phuong an khac, HRV la
HRV-C. Theo mot phuong én khéc, hop chét c6 cong thire (T) dugce sir dung khi khoi phat cac
triéu chung & miii do HRV dé ngan chin viéc nhiém HRV vao phéi, nho d6 lam gidm tan suét
va murc nghiém trong do hen suyén tram trong. Theo mdt phuong 4n khac, hop chét c6 cong
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thie (I) dugce sir dung khi khoi phét cac triéu ching ¢ miii do HRV dé ngan chin viéc nhiém
HRV vao phdi, nho 6 1am giam tAn sudt va mac nghiém trong do COPD tram trong. Theo
mot phuong an khéc, hop chét c6 cong thire (I) duge st dung khi khoi phat céc triéu chimg &
miii do HRV d& ngan chin nhiém HRV vao phdi, nhe d6 1am giam tdn suat va mirc nghiém
trong cua bénh xo nang trAm trong. Theo mot phwong an khéc, hop chét c6 cong thire (I) duoc
sir dung khi khoi phat céc triéu chimg ¢ miii do HRV dé ngén chin viée nhiém HRV vao phéi,

nho d6 1am giam tan suét va mic nghiém trong cta suy tim sung huy®t tram trong.

Theo mot phwong 4n nhiém virut 1a coronavirut trong d6 bénh hogc tinh trang bénh Iy

12 hoi chiing ho hip cép tinh nghiém trong (severe acute respiratory syndrome - SARS).
Dang bao ché

Céc hop chat theo sang ché s& thuong, nhung khong nhét thiét, dugc bao ché thanh
duoc phém trude khi str dung cho bénh nhan. Theo mot khia canh khac sang ché dé cap dén
dugc phdm chira hop chét c6 cong thirc (I), hodc mudi duoc dung ctia ching, va ta dugc dugc
dung. Theo m¢t khia canh khac sang ché @ cap dén duoc pham dé diéu tri lay nhiém virut
chira hop chéit c6 cong thire (I) hodc mudi duoc dung cua chiing. Theo mgt khia canh khac
sang ché dé cap dén dugc pham d& didu tri r6i loan gy ra boi hodc bi trAm trong thém boi 1ay
nhiém virut chtra hgp chét c6 cong thire (I) hodc mudi dugc dung ctia ching. Theo mdt khia
canh khac sang ché dé cap dén dugc phém dé diéu tri viéc nhi®m vi khudn thir cap gay ra boi
nhiém virut, bao gém hop chét c6 cong thirc (I) hodc mudi duge dung cia chung. Theo mot
khia canh khéc sang ché dé cap dén duoc phim dé ngin ngira 1ay nhidm virut chira hgp chét
¢6 cong thire (I) hodc mudi duoc dung cia chung. Theo mot khia canh khéc sang ché dé cap
dén duoc pham dé ngan ngilra roi loan gy ra boi hodc bi trAm trong thém boi 14y nhiém virut

chira hop chét ¢6 cong thirc (I) hodc mudi dugce dung ctia ching.

Nhu dugc st dung & day, ‘t4 duge duge dung’ c6 nghia 1a nguyén lidu, ché phém hoéac
chét din thudc c6 thé chip nhan dugc vé mit dugc phém lién quan dén viéc tao ra dang hoac
pht hop vé6i dang bao ché dugc pham. Mdi ta duge phai twong thich véi cac thanh phan khac
ctia duoc pham khi pha tron sao cho tu twong tac ma c6 thé 1am giam déng ké hiéu qua cta
hop chét theo séng ché khi duoc st dung cho bénh nhan va sy twong tdc ma co thé dan dén
dugc pham khong chép nhan dugc vé mit duoc 1y tranh dugc. Ngoai ra, mdi ta dugc tht nhién

phai chdp nhan dugc vé mit duge phim vi du do tinh khiét cao thich hop.
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Du tinh rang cac hop chét theo sang ché c6 thé dugc st dung khu tra, vi du bfZlng cach

hit, trong miii, qua da, trong mat hogc trong tai.

Theo mot khia canh khéc sang ché hudng dén dang lidu dugce 1am phu hop dé st dung
cho bénh nhan bé‘mg cach hit, vi du, dang bdt kho, sol khi, huyén pht hodc dung dich.

Dang bao ché bot kho dé phan phéi dén phdi bing cach hit thudng chira hop chét theo
sang ché & dang bdt min cung v&i mot hodc nhiéu ta duoc duoc dung khi & dang bdt min. Céc
t4 duoc duoc dung dac biét thich hop dé sir dung trong bt kho da dugce biét v6i ngudi cd k¥
nang trong linh vuc va bao gém lactoza, tinh bdt, mannitol, va mono-, di-, va polysacarit. Bot
min c6 thé duge bao ché bang cach, vi du, micro héa va nghién. Thong thuong, cac hop chét
duoc 1am giam kich thuge (vi du duoc micro hoéa) c6 thé dugc x4c dinh bing gia tri Dso 12

khoang 1 dén 10 micron (vi du khi duge do bang nhiéu xa laze).

Bot kho c6 thé duoc st dung cho bénh nhan théng qua thiét bi hit bot kho c6 khoang
chira (RDPI) ¢6 khoang chtra thich hop dé chira nhiéu (céc lidu khong duge do) thude ¢ dang
b6t kho. RDPI thudng bao gdbm mot thiét bi dé do timg liéu thudc tir khoang chita dén vi tri
phan phéi. Vi du, cac thiét bi do c6 thé bao gdm mét cde do, ma c6 thé di chuyén dugc tir vi
tri thir nhét noi cde duge db ddy thude tir khoang chira dén vi tri thi hai noi lidu thude duge

do sn sang dé bénh nhan hit.

Dang bao ché bot kho dé st dung theo sang ché c6 thé duoc stir dung thong qua thiét
bi hit. Nhu mot vi du, cac thiét bi nhw vay c6 thé bao gdm nang va hdp chira vi du gelatin,
hodc cac vi bang, vi du, mang nhom dugc tao tAm. Theo c4c phuong 4n khéc nhau, mdi nang,
hop chira hodc vi ¢6 thé chira nhidu liéu dang bao ché theo phan md ta dugc trinh bay ¢ day.
Céc vi du vé cac thiét bi hit c6 thé bao gdm céc thiét bi duge dy dinh @& phan phdi liéu don
vi hogic nhiéu lidu ché phim, bao gom tit ca cac thiét bi dugc néu trong ban mo ta nay. Nhu
12 mét vi du, trong trudng hop phan phbi nhiéu lidu, dang bao ché c6 thé dugc dinh liéu trude
(vi dy, nhu trong DISKUS, xem GB2242134, cic patent MY s6 6,032,666, 5,860,419,
5,873,360, 5,590,645, 6,378,519 va 6,536,427 hodc Diskhaler, xem GB 2178965, 2129691
va 2169265, cac patent My sb 4,778,054, 4,811,731, 5,035,237) hodc duogc do khi st dung
(vi du nhu trong Turbuhaler, xem EP 69715, hodc trong cac thiét bi dugc md ta trong céc
patent M§ s6 6,321,747). Mot vi du vé thiét bi liéu don vi 1a ROTAHALER (xem GB
2064336). Theo mot phuong 4n, thiét bj hit DISKUS bao gdm mot dai kéo dai dugc hinh
thanh tir mot tAm dé co nhiéu phﬁn 16m cach nhau doc theo chiéu dai cia né va mot tAm nép
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dugc bit kin ¢6 thé béc ra duge dé xac dinh nhiéu by phén chira, mdi by phén chia ¢6 trong
d6 ché phim c6 thé hit dugc chua hop chit thy y v6i céc td dugce va chét phu trg khic duge
dé cap trong ban md ta nay. Ldp bit co thé béc ra duge 1a 16p bit dugc thiét ké, va theo mot
phuong 4n 16p bit dugc thiét ké nay 13 16p bit kin. Tét hon 14, dai nay du linh hoat dé dugc
quén thanh mot cudn. TAm nép va tAm dé t6t hon 1a s& c6 céc ph?m dau cubi khong duoc bit
kin véi nhau va it nhAt mot trong cac phan dau cubi duge ché tao dé gén vao mot thiét bi cudn.
Ngoai ra, t6t hon 14 16p bit kin duge thiét ké giira tAm @ va tAm nap mé rong trén toan bd
chidu rong cta chiing. TAm nép t6t hon 14 c6 thé duge boc tir tAm dé theo huéng doc tir dau

thir nhét ctia tAm dé.

Ché pham bot kho ciing c6 thé dugc trinh bay trong thiét bi hit dé cho phép ngin cach
hai thanh phin khéac nhau ctia ché pham, vi thé, vi dy, cac thanh phan nay dugc st dung cing
lac nhung dugc luu trit riéng, vi du trong cac duge phérn riéng r&, vi du nhu duge mo ta trong
WO 03/061743 A1 WO 2007/012871 Al, WO2007/068896, ciing nhu c4c patent M§ so
8,113,199, 8,161,968, 8,511,304, 8,534,281, 8,746,242 va 9,333,310.

Theo mdt phuong 4n, thiét bi hit cho phép tach khoang chira cac thanh phan 1a thiét b
hit ¢6 hai dai vi ¢6 thé bdc, mdi dai chira cac liéu dugc do trudce trong géi ép vi dugc bd tri
doc theo chiéu dai ctia né, vi du, nhiéu bd phan chita bén trong mdi dai vi, vi du, ELLIPTA.
Thiét bi niy ¢6 co ché chia do bén trong ma, mdi thdi diém thiét bi dugc kich hoat, béc miéng
ctia mbt goi clia mdi dai va dat céc vi sao cho mbi lidu méi dugce 16 ra cia mdi dai 1ién k& véi
éng din ma néi thong v6i miéng loe cua thiét bi. Khi bénh nhan hit vao tai miéng ong hit, mbi
lidu dugc dong thoi rit ra khoi tui di kém ctia né vao trong 6ng va qua miéng loe di vao dudng
h6 hép ctia bénh nhan. Mot thiét bi nita cho phép tach khoang chtra ctia cac thanh phan khac
nhau 13 DUOHALER cua Innovata. Ngoai ra, cac cau tric khéc nhau cua cac thiét bi hit cung
chp su phan phéi 1an Tuot hodc ddng thoi (c4c) duge pham tir thiét bi, ngoai viée phan phoi
ddng thoi.

Theo mot cach khac, bot kho co thé dugc trinh bay trong vién nang (vi du gelatin hodc
chét déo), khay, hodc vi d& sir dung trong thiét bi hit bot kho nhiéu liéu (MDPI). MDPI 1a
inhalers trong d6 thudc dugc chira trong géi nhiéu liéu (hodc vat mang khac) chira nhiéu lidu
thudc x4c dinh (hodc cac phan cta chiing). Khi bt kho dugce trinh bay ¢ dang vi phdng, né
gbm nhiéu vi dé chta thubc ¢ dang bot kho. Céac vi thudong duge sip xép theo kiéu thong

thuong dé d& dang 14y thudc tir d6. Vi dy, cac vi co thé duoc sép xép theo kiéu hinh tron thong
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thuong trén mot vi phéng dang dia, hodc cac vi cd thé kéo dai & dang, vi du bao gém dai hoac
bang. Mdi vién nang, khay, hodc vi ¢6 thé, vi du, chtra tir 200pg-10mg hop chét c6 cong thirc

(I) hodc mubi duge dung ctia ching.

Céc sol khi c6 thé duoc hinh thanh bing céch tao huyén phil hodc hoa tan hop chit cua
sang ché trong mdt nguyén liéu day dugc hoa léng. Cac nguyén liéu dAy thich hop bao gdm
halocacbon, hydrocacbon, va cac khi héa long khac. Cac nguyén li¢u day dién hinh bao gom:
tricloflometan (nguyén lidu ddy 11), dicloflometan (nguyén liéu day 12), diclotetrafloetan
(nguyén liéu déy 114), tetrafloetan (HFA-134a), 1,1-difloetan (HFA-152a), diflometan (HFA-
32), pentafloetan (HFA-12), heptaflopropan (HFA-227a), perflopropan, perflobutan,
perflopentan, butan, isobutan, va pentan. Sol khi chira hgp chét theo sang ché s& thuong dugc
sir dung cho bénh nhan thong qua thiét bi hit dinh lidu (metered dose inhaler - MDI). Céc thiét

bi nhu vay duoc ngudi ¢ k§ nang trong linh vuc nay biét dén.

Sol khi ¢6 thé chira ta dugc dugc dung bd sung thudng dugce s dung véi MDI nhu
chét hoat dong bé mat, chit 1am tron, déng dung méi va céc ta dugc khéc dé cai thién d6 6n
dinh v4t ly cia dugc phém, dé cai thién hiéu suit van, dé cai thién do tan, ho#c cai thién huong
Vi.

Theo mot khia canh khéc, sang ché ciing deé cap dén duogc phém sol khi chira hop chét
¢6 cong thire (I) hodc mubi duge dung ctia chiing va flocacbon hodc cloflocacbon chira hydro

1am nguyén lidu day, tiy y két hop véi chét hoat dong bé mit va/hodc dong dung mai.

Theo mot phuong &n, nguyén liéu day duoc chon tir 1,1,1,2-tetrafloetan, 1,1,1,2,3,3,3-

heptafloro-n-propan va hdon hgp ctia chung.

Céac ché pham theo sang ché c6 thé duge dém bang cach bd sung céc chat d&&m thich

hop.

Vién nang va khay dé st dung trong thiét bi hit hoac khi cu bom, bang vi du gelatin,
¢6 thé duoc bao ché dé chira hon hop bot dé hit hop chét theo sang ché va nén bot thich hop
nhu lactoza hoic tinh bot. Mdi vién nang hodc khay c6 thé thudng chira tir 200pg dén 10mg
hop chat theo séng ché. Theo mot cach khac, hop chét ctia sang ché c6 thé duoc trinh bay ma

khong c6 ta dugce nhu lactoza.
Ty 1& ctia hop chat theo séng ché trong ché phdm cuc bd theo sang ché phu thudc vao
kiéu ché pham chinh x4c dugc bao ché nhung sé& thudng ndm trong khoang tir 0,01 dén 10%
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khdi lwong. Thong thudng, d6i v6i hiu hét cac loai ché phém, ty 1& dugc st dung s€ nam trong

khoang tir 0,05 dén 1%, vi du tir 0,1 dén 0,5%.

Ché pham sol khi tdt hon 13 dugc b6 tri sao cho mdi liéu dwge dinh lugng hoac ‘lan
phut’ cua sol khi chira tir 20pg dén 10mg, t6t hon 13 tir 20ug dén 5mg, t6t hon nita 1a tur
khoang tir 20pg dén 0,5mg hop chit theo séng ché. Viéc st dung c6 thé 1a mot 1An mdi ngay
hodc vai 1an mdi ngay, vi du 2, 3, 4 hodc 8 1in, cho vi du 1, 2 hoge 3 lidu mdi lan. Tong lidu
hang ngay vdi sol khi s€ 1a nim trong khoang tir 20 pg dén 2,0 mg, vi du tir 50 pg dén 1,0
mg. Téng liéu hang ngay va lidu duoc dinh lwong duge phan phdi bang vién nang khay trong

thiét bi hit hodc khi cu bom s& thuong gép doi lidu duoc phan phdi bing ché pham sol khi.

Trong trudng hop ché phém sol khi huyén pht, ¢& hat cta thubc dang hat (vi dy, duoc
micron héa) nén phtt hgp dé cho phép hit vé co ban toan bd thube vao trong phdi khi ding
ché phém sol khi va vi thé s& nho hon 100 micron, t&t hon 12 nhé hon 20 micron, va cu thé 1a

nam trong khoang tir 1 dén 10 micron, nhu tir 1 dén 5 micron, con tdt hon 1a tir 2 dén 3 micron.

Céc ché pham theo sang ché co thé duoc bao ché bang cach phan tan hodc hoa tan
thudc va hop chat theo séng ché trong nguyén liéu day dugc chon trong vat chira thich hop,
vi du, v6i su hd trg cia siéu 4m hodc may trdn luc cét 16n. Qua trinh nay dugc thuc hién mot

cach mong muon trong diéu kién do am duoc ki€m soat.

Do 6n dinh héa hoc va vat 1y va kha ning chép nhéan dugc ly ctua ché phém sol khi
theo sang ché c6 thé dugc xéac dinh bang cac k¥ thuat da dugc biét r5 v6i ngudi c6 k§ nang
trung binh trong linh vye. Vi thé, vi du, do 6n dinh héa hoc cua cac thanh phﬁn 6 thé duoc
st dung bang thir nghiém HPLC, vi du, sau thoi gian bdo quan kéo dai cua san pham. Dt liéu
d6 6n dinh vat 1y ¢ thé thu dugc tir cac k¥ thuat phén tich thong thuong khac nhu, vi du,
béang thiét b kiém tra r0 ri, bang thir nghiém phéan phdi van (khdi lwong ban trung binh cho
mbi 14n xit), bing thit nghiém ti san xuét lidu (hoat chét m3i 14n xit) va phan tich sy phan bd
khi xit.

Do 6n dinh cua ché phdm huyén phit sol khi theo sang ché ¢6 thé dugc do bang cac
k¥ thuét thong thuong, vi du, bang cach do su phan bd kich thudc keo tu bang cach str dung
thiét bi tan xa anh sang trd lai hodc béng cach do su phan bd ¢& hat béng cach va dap theo
tang hodc bang quy trinh phén tich ‘vt va cham kép’. Nhu duge str dung ¢ day khi ndi dén

thir nghiém ‘vét va cham kép’ c¢6 nghia la ‘Xac dinh su ling dong cua lidu phat ra trong khi
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hit dugc didu p bang cach sir dung thiét bi A’ nhu duoc x4c dinh trong British Pharmacopaeia
1988, chc trang A204-207, Appendix XVII C. Cac thiét bi nay c6 cho phép ‘phén c6 thé hit’
ctia ché pham sol khi dugc tinh. Mot phuong phép duge sir dung & tinh ‘phan c6 thé hit vao’
12 tham chiéu dén ‘phz‘?m hat min’ ma 1a luvgng hoat chit duoc thu thap trong budng va cham
thap hon trong mdi 14n xit 1a ty 16 phan trim cta tong luong hoat chét dugc phan phdi trong

mdi 14n xit bang cach str dung phuong phap vét va cham kép dugc mo ta ¢ trén.

Thuat ngit ‘thiét bi hit dinh liéu’ hodc MDI c¢6 nghia 12 don vi bao g@)m mot lon, mot
nép an toan boc ngoai lon nay va van dinh lidu dugc phdm duge nim trong lon nay. Hé théng
MDI bao gém dung cu tao kénh thich hop. Céc dung c1_i tao kénh bao gdm, vi du, bd xit van
va 6ng dan hinh try hodc hinh nén ma qua dé thudc c6 thé dugce phan phéi tir binh chira dugc

nap day thong qua van dinh lugng vao miii hodc miéng ctia bénh nhén, nhu, bo xit miéng loe.

Céc hop MDI thudng bao gdm vét chira ¢6 thé chiu duoc ap suét hoi clia nguyén liéu
day duge st dung nhu chai chit déo hodc chai thuy tinh boc chat déo hodc t6t hon 14 lon kim
loai, vi du, nhom ho#c hgp kim ctia ching ma cé thé tuy y duge ma, dugc phu son bong
va/hoac dugc phu chét déo (vi du duogc két hop vao day bang cach vién dan WO 96/32099
trong d6 mot phan hoic toan bd bé mit bén trong dugc phi bang mot hodc nhiéu polyme
flocacbon tury v két hop v6i mot hodc nhiéu polyme phi flocacbon), ma vat chira duge déng
bing van dinh lugng. Nip ¢6 thé dugc rap chic chan trén lon bang cach han siéu am, 13p vit
hodc gdp mép. Cac MDI dugc dé cép & day c6 dugce tao ra bang phuong phap trong linh vuc
(vi du xem tai lidu ctia Byron, néu trén va WO 96/32099). Tét hon 1a hop dugc ldp mot cum

nép, trong d6 van dinh lugng thude duge ndm trong nép, va ndp nay dwgce dit dung chd.

Theo mdt phuong an cua sang ché, bé mit bén trong béng kim loai cua lon dugc phu
béng floropolyme, t6t hon 12 duge tron véi hop chét khac flopolyme. Theo mdt phuong 4n
khéc cua sang ché, bé mit bén trong bang kim loai cua lon dugc phu bang hdn hop polyme
cta polytetrafloetylen (PTFE) va polyetesulfon (PES). Theo mdt phuong 4n khac cua sang
ché, toan bd bé mit bén trong bang kim loai cta lon dwgc phi bang hdn hop polyme cta

polytetrafloetylen (PTFE) va polyetesulfon (PES).

Van dinh luong dugc thiét ké dé phan phéi lugng dinh sin ctia ché pham mdi 1an xit
va két hop miéng dém dé ngin chin sy rd ri cua nguyén liu day qua van. Miéng dém c6 thé
bao gdm vit liéu dan hoi thich hop nhu, vi du, polyetylen ty trong thap, clo butyl, bromobutyl,
EPDM, cao su butadien-acrylonitril den va tring, cao su butyl va neopren. Céc van thich hop
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s&n c6 tlr c4c nha san xuit da duoc biét 16 trong nganh cong nghiép sol khi, vi du, tir Valois,
France (vi du DF10, DF30, DF60), Bespak plc, UK (vi du BK300, BK357) va 3M-Neotechnic
Ltd, UK (vi du SPRAYMISER).

Theo c4c phuong 4n khac, MDI ciing ¢6 thé dugc sir dung két hop v6i céc cau triic
khac nhu, khong gii han &, cac géi gap lai dé bao quan va chira MDI, bao gdm cac ciu triic
duoc mo ta trong cac patent My sb 6,119,853; 6,179,118; 6,315,112; 6,352,152; 6,390,291;
va 6,679,374, cling nhu don vi dém liéu nhu, nhung khong bi gi6i han &, cac don vi dugec mo

ta trong céc patent My 36 6,360,739 va 6,431,168.

Céc phuong phép va thiét bi san xuit & quy mo 16n thong thudng 1a da biét véi nguoi
¢6 k¥ nang trong linh vuc san xuét duoc phdm dang sol khi c6 thé dugc st dung dé didu ché
céc mé quy md 16n dé san xuét thuong mai cdc binh da dugc nap day. Vi thé, vi du, trong mot
phuong phéap san xuit & quy mé 16n d8 bao ché ché phdm sol khi huyén phu, van dinh lugng
duoc xép nép 1én trén lon nhom dé tao thanh binh trdng. Thudc dang hat dugc bd sung vao
binh nap va nguyén liéu ddy dugc héa 1ong cung véi ta dugc tuy ¥ dugce dién day 4p sut
théng qua van nap vao trong binh san xuét. Hén dich duge chét dwoc tron trude khi tai tudn
hoan vao may nap va mot phﬁn phéan udc cua hdn dich dugc chat sau d6 duoc nap thong qua
van dinh luong vao trong hdp. Trong mdt phuong phép san xuét & quy mo 16n dé bao ché ché
pham sol khi dung dich, van dinh lugng dugc xép nép 1én trén lon nhom dé tao thanh hop
tréng. Nguyén liéu dy dugc hoa 1ong cling véi ta duge thy y va thubc hoa tan dugc nap nho

&p suat théng qua van nap vao trong binh san Xuét.

Trong mdt quy trinh khac, mot phan phéan udc ctia duge phim dugc héa 1ong duge bd
sung vao hop mo trong diéu kién du lanh dé dam bao duoc phém khong bi bay hoi, va sau dé

van dinh luong dugc xép nép 1€n trén hop.

Thong thuong, trong cac mé dugce chuan bi dé sir dung duoc pham, mdi hdp di dién
day duogc can kiém tra, dugc ma héa bang so6 mé va dugc dong gdi vao khay dé bao quéan

trude khi thir nghiém phéat hanh.

Hdn dich va dung dich chira hop chét theo sang ché ciing c6 thé duoc sir dung cho
bénh nhin théng qua may x6ng khi dung. Dung moi hoac chét tao huyén phu duoc sir dung
d8 khi dung héa c6 thé 1a chat 1ong dugc dung bét ky nhu nuée, nude mudi, regu hodc glycol,
vi du, etanol, rugu isopropylic, glyxerol, propylen glycol, polyetylen glycol, v.v. hodc hén

hop cta chung. Dung dich nudc mudi c6 thé st dung mudi thé hién it hodc khdng c6 hoat tinh
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duoc 1y sau khi st dung. Ca cidc mudi hitu co, nhu mudi halogen cua kim loai ki€ém hogc
amoni, vi du, natri clorua, kali clorua hogc cAc mudi hitu co, nhu cdc mudi kali, natri va amoni
hoic cac mudi vo co, vi du, axit ascorbic, axit xitric, axit axetic, axit tartric, v.v. ¢6 thé€ dugc

str dung cho muyc dich.

Céc t4 duge duge dung may be duge bd sung vao hdn dich hoic dung dich. Hop chét
theo sang ché ¢6 thé dugc 1am dn dinh bang cach bd sung axit vo co, vi dy, axit clohydric,
axit nitric, axit sulfuric va/hodc axit phosphoric; axit hitu co, vi du, axit ascorbic, axit xitric,
axit axetic, va axit tartric, v.v, tdc nhan tao phttc nhu EDTA hoéc axit xitric va céac mudi cua
ching; hodc cac chét chéng oxy héa nhu vitamin E hodc axit ascorbic. Cac chét nay c6 thé
dugc st dung mot minh hodc cung nhau dé 1am 6n dinh hop chét c6 cong thic (1) hosic mudi
duoc dung cua chung. Céac chét bao quan cé thé duoc bd sung vao nhu benzalkoni clorua hogdc
axit benzoic va mudi cta nd. Chit hoat dong bé mit c6 thé dugc bd sung cu thé dé cai thién
d6 6n dinh vat Iy cia hdn dich. Cic chat nay c6 thé bao gdm lexithin, dinatri

dioctylsulfosucxinat, axit oleic va sorbitan este.

Cac dugc phém dé ding qua dudng mili c6 thé bao gém duoc phém sol khi dugc tao
ap va ché phidm dang nuéc duoc st dung cho mili bang cach bom 4p suit. Cac dugc pham
khong dugc tao ap va dugce lam phu hop dé duoc sir dung khu trii cho khoang miii dic biét
quan tdm. Cac duoc phdm thich hgp chira nude 1a chét pha lodng hoic chit mang nham muc
dich nay. Céc duoc phim chira nuéc dé sir dung cho phdi hodc miii c6 thé dwgc cung cap véi
céc ta duoc thong thuong nhu cic chit dém, chét cai bién truong luc va cc chét tuong tu.

Céc duge phim chira nude ciing c6 thé dwoc dung cho mili bang cach khi dung héa.

Céc hop chit theo sang ché c6 thé duge bao ché & dang dugc phdm dang chét Iuu dé
phan phéi tir thiét bi phan phdi chat Iuu, vi du thiét bi phan phdi chat luu c6 voi phan phdi
hoéc voi phun phan phéi thong qua d6 lidu dugc dinh luong cia duge phém dang chéat luu
duoc phan tan khi st dung luc tdc dung cliia nguoi dung vao co cAu bom cua thiét bi phan
phéi chét luru. Céc thiét bj phan phdi chét luu nhu vay thudng duge cung cép v6i khoang gdm
nhiéu lidu da dinh lugng cua dugc phim dang chét luu, cic liéu nay duoc phéan tan khi tac
dong 1én bom 14n luot. Voi phun hodc 16 phan phdi ¢6 thé duge tao két cdu dé dua vao 16 mii
ctia ngudi st dung dé phan phdi duge pham dang chét luu vao khoang miii. Mot thiét bi phan
phéi chét 16ng thudc loai néu trén duge md ta va minh hoa trong WO 05/044354, toan bo ndi

dung duoc két hop & day bang cach vién dan. Mot thiét bi phan phdi c6 vé chita bo phan xa
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chét luu c¢6 bom nén duogc lép trén vat chira dé chira dugc phém dang chét luu. Vo ¢6 it nhit
mot don bay bén ¢6 thé van hanh bang ngén tay, c6 thé di chuyén vao bén trong dbi véi vo
dé dua vat chtra 1én cao trong vO 1am cho may bom nén lai va bom mot lidu duoc dinh luong
ctia duge pham ra khoi thAn bom qua voi phun vao miii ctia vo. Theo mot phuong an, thiét bi
phan phdi chét luu 13 loai théng thudng dwoc minh hoa trén cdc Fig. 30-40 cua WO
05/044354.

Céc dugc phim thich hop dé ding trong mili trong d6 chét mang 14 chét rdn bao gdbm
bot tho ¢b ¢ hat, vi du, nam trong khoang tir 20 dén 500 micron ma dugc dung béng cach hit
nhanh qua dudng miii tir &6 chira bot dugc gitt & gan v6i miii. Dugc phim thich hop trong d6
chét mang 14 chét huu, dé dung 1am thudc xit qua miii hodc dudi dang thudc nhé giot vao miii,

bao gdm cac dung dich dang nudc hodc dang dAu chira hop chét theo sang ché.

Mot sb rdi loan gay ra boi hodc bi trdm trong thém béi nhiém virut c6 thé gay ra céac
vAn dé vé da, vi du phét ban da. Céc dugc pham thich hop dé dung qua da c6 thé duoc trinh
bay dudi dang cc tAm dén riéng biét dugc du tinh dé duy tri twong tac mat thiét voi bicu bi
cta bénh nhan trong thoi gian dai. Vi du, cac hoat chit c6 thé duoc phan phat tir tim dan bing
cach dién chuyén ion nhu thudng dugc md ta trong Pharmaceutical Research, 3(6), 318

(1986).

Cac duoc phém thich hop dé dung tai chd c6 thé duogc bao ché dudi dang thubc ma,

kem, hén dich, thudc xtre, thude bot, dung dich, hd nhdo, gel, thude phun, sol khi hodc dau.

Thubc m&, kem hoic gel, c6 thé, vi du, duoc phéi ché véi nén nudc hodc nén dau cé
b sung chat 1am dic va/hodc chét tao gel va/hodc dung mdi thich hop. Cac nén nay vi thé c6
thé, vi dy, bao gém nudce va/hodc diu nhu parafin 16ng hodc dau thuc vat nhu dau lac hoic
dau thu dau, hoic dung moi nhu polyetylen glycol. Cac chat lam dic va chét tao gel c6 thé
duoc str dung theo ban chét ctia nén bao gém parafin mém, nhom stearat, rugu xetostearylic,
polyetylen glycol, m& 16ng ciru, sap ong, carboxypolymetylen va dAn xuét xenluloza, va/ho#ic

glyxeryl monostearat va/hodc chét nhii héa khong ion.

Kem dudng c6 thé dugc bao ché véi nén nudce hodc nén dau va s& thuong cling chira
mot hodc nhi€u chat nhii hda, chét 1am 6n dinh, chat phan tan, chat tao huyén phu hodc chat

lam dac.
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Bot dé dung ngoai ¢6 thé dugc tao thanh véi sy hd trg cla nén bot thich hop bat ky, vi
du, bot talc, lactoza hodc tinh bot. Thudc nho giot cd thé duge bao ché véi bén nudc hoic
khong chtra nudc cling bao gém mot hodc nhiéu chét phéan tan, cht hoa tan, chat tao huyén

phit hodc chét bao quén.

Ché phém khu tra c6 thé duoc stir dung mot hodc nhiéu 1an mdi ngay cho ving dugc
tac dong. Trén céc vung da, ¢ thé st dung bang kin c6 thé thuan lgi dugc sir dung. Viéc phan

phéi lién tuc hodc kéo dai 6 thé dat duge nhd hé khoang chira chét két dinh.

Dbi véi cac duoc phém diéu tri trong mét hodc tai c6 thé dugc stir dung dudi dang thude
md hodc kem boi khu tru. Néu duoc bao ché dusi dang thude md, hop chét c6 cong thirc (I)
hodc mudi dugc dung cta chung ¢ thé duogc st dung véi parafin hodc nén thudc m& c6 thé
tron 1an v&i nude. Theo cach khac, hop chét c¢6 cong thire (I) hodc mubi duge dung cua chiing

¢6 thé duogc bao ché thanh dang kem hodc trong nén kem dau trong nuéc.

Dugc phdm thich hop dé dung ngoai dudng tiéu hoa bao gdm dung dich tiém vo tring
chra nude va khong chira nuéec ma cd thé chira cac chét chéng oxy hoa, cac chit dém, chét
kim ham vi khuén, va dung dich khién cho dugc pham c6 tinh dang trrong v6i mau cia doi
twong nhén dy tinh, va hdn dich vo trung chira nude hodc khong chira nude ¢6 thé bao gém
chét tao hdn dich va chit 1am dic. Cac duge phém ¢6 thé dugc chira trong dd chua don liéu
hoic da lidu, vi dy, ampun va 6ng thudc tiém bit kin, va c6 thé bao quan trong didu kién siy
khd lanh (d6ng khd nhanh) ma chi doi héi viéce bd sung chat mang 16ng vo trang, vi du, nude
dé tiém, ngay trude khi sit dung. Dung dich va hdn dich tiém pha ché ngay lic dung ¢ thé

duoc didu ché tr cac thudc bot, thuoc hat va vién nén vo trung.

Céc hop chit hodc dugc pham theo séng ché c6 thé duoc st dung cling v6i chét chéng
viém nhu corticosteroit hoac dugc phém cua chung, dé diéu tri bénh hen suyén bi trAm trong
hon do nhidm virut, dic biét 12 nhidm HRV. Vi du, cac hop chét theo séng ché c6 thé dugc
phéi ché cing véi chét chéng viém, nhu corticosteroit, trong mot ché phdm, nhu ché phim
dang bot kho dé hit. Theo cach khéc, dugc phdm chira hop chét theo sang ché 6 thé duge st
dung két hop véi duge phAm chtta chét chdng viém, nhu corticosteroit, ddng thoi hodc 1an
lugt. Vi dy, duoc pham chira hop chét theo sang ché va duoc phadm khéc chira chét chdng
viém, nhu corticosteroit, mdi duge phém 6 thé duge chira trong mot bd phéan thich hop dé sir

dung ddng thdi ca hai duge phim qua duwdng ho hép.
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Céc corticosteroit thich hop dé str dung cing véi cac hop chét theo sang ché bao gdm
fluticason furoat, fluticason propionat, beclomethason diproprionat, budesonid, ciclesonid,
mometason furoat, triamcinolon, flunisolid va prednisilon. Cac corticosteroit thich hop dé s
dung cung véi hop chét theo sang ché bang cach hit bao gdm fluticason furoat, fluticason
propionat, beclomethason diproprionat, budesonid, ciclesonid, mometason furoat, va

flunisolid.

Vi thé theo mot khia canh khac, sang ché dé cap dén duoc pham chtra hop chét c6 cong
thire (I) hodc mudi dugc dung ctia ching va mdt hodc nhidu chét chéng viém, nhu

corticosteroit hodc chét trc ché phosphatidylinositol-4,5-bisphosphat 3-kinaza-delta (PI3K3).

Phan mé ta cling md ta phuong phap didu tri bénh hen suyén bi trdm trong thém boi
nhiém virut, vi du HRV, ma phuong phap nay bao gdm viéc sir dung cho d6i tugng c6 nhu
cdu mot luong ¢6 tac dung diéu tri bénh cua hop chét c6 cong thirc (I) hodc mubi duge dung

ctia chiing va mdt hodc nhiéu chat chong viém, nhu corticosteroit.

Theo mot khia canh khéc, sang ché dé cap dén hop chét c6 cong thire (I) hodc mudi
duoc dung ctia chiing va mot hodc nhiéu chat chdng viém, nhu corticosteroit, dé str dung trong

didu tri bénh hen suy2n bi trAm trong thém béi nhiém virut.

Phin md t& ciing mb ta viéc stt dung hop chat c6 cong thirc (T) hodc mudi duge dung
ctia ching va mdt hodc nhiéu chat chong viém, nhu corticosteroit, trong san xuat thuoc de

didu tri bénh hen suy@n bi trAm trong thém béi nhiém virut.

Phan md ta cling md ta phuong phap didu tri bénh xo nang bi trAm trong thém boi
nhiém virut, vi du HRV, trong d6 phuong phap nay bao gdm viéc str dung cho bénh nhén ¢
nhu cau didu tri mdt lugng c6 tac dung didu tri bénh ctia hop chét c6 cong thirc (I) hodc mudi
duoc dung ctia ching va mot hodc nhiéu chat chéng viém, nhu corticosteroit.

Theo mot khia canh khac, sang ché dé cap dén hop chét c6 cong thirc (I) hodc mudi
duoc dung ctia chiing va mét hodc nhiéu chét chéng viém, nhu corticosteroit, dé sir dung trong
diéu tri bénh xo nang bi tram trong thém boi nhiém virut.

Phan mo ta cling mo ta viéc str dung hop chét c6 cong thire (I) hodc mudi dugc dung
cua ching va mdt hodc nhidu chit chdng viém, nhu corticosteroit, trong san xuét thubc dé

diéu tri bénh xo nang bi trAm trong thém boi nhiém virut.

56



45261 57/181

Phan md ta ciing md ta phuong phap diéu tri bénh suy tim sung huyét bi trdm trong
thém b&i nhidm virut, vi du HRV, trong d6 phuong phap nay bao g@)m viéc st dung cho bénh
nhéan ¢6 nhu ciu diéu tri médt luong cé tc dung diéu tri bénh cta hop chét c¢6 cong thirc (I)

hodc mudi duge dung ctia chiing va mdt hodc nhiéu chat chong viém, nhu corticosteroit.

Theo mot khia canh khéc, sang ché dé cap dén hop chét ¢6 cong thie (I) hodc mudi
duoc dung cia chung va mdt hoac nhiéu chit chdng viém, nhu corticosteroit, dé sir dung trong

diéu tri bénh suy tim sung huyét bi trdm trong thém boi nhiém virut.

Phan mo ta cling mo ta viée sit dung hop chat c6 cong thire (I) hodc mudi duge dung
cua ching va mot hodc nhiéu chat chong viém, nhu corticosteroit, trong san xuat thuoc dé

didu tri bénh suy tim sung huyét bi trim trong thém boi nhiém virut.

Céc phuong 4n sau day 4p dung cho mdi mt trong so cac khia canh néu trén lién quan

dén t6 hop v6i mot hodc nhiéu chit chéng viém.
Theo mot phuong 4n dugc pham nay bao gbm mét chat chdng viém.
Theo mot phuong 4n, chat chdng viém nay 1a corticosteroit.
Theo mot phuong 4an, corticosteroit 1a fluticason furoat.
Theo mot phuong 4n, corticosteroit la fluticason propionat.

Theo mot phuwong 4n, chit chdng viém la chét @rc ché ciia phosphatidylinositol-4,5-
bisphosphat 3-kinaza-delta (PI3K3), nhu nemiralisib (xem Sriskantharajah et al., Annals of
the New York Academy of Sciences, (2013), 1280, 35; Cahn et al., Pulmonary Pharmacology
and Therapeutics, (2017), 46, 69; and Stark et al., Current Opinion in Pharmacology,
(2015), 23, 82).

Cac hop chét hoic dugc phém theo sang ché c6 thé duge st dung ciing véi mot hodc
nhidu chét gisn phé quan, hogc dugc pham ctia ching, dé didu tri bénh COPD bi trdm trong
thém boi nhiém virut. Vi du, cac hop chét theo séng ché c6 thé duoc phéi ché cing v6i mot
hodc nhiéu chét 1am gidn phé quan trong mot dugc phim, nhu duge pham dang bot kho dé
hit. Theo cach khac, dwoc phdm chira hop chét theo sang ché c6 thé duge sir dung két hop v6i
dugc phém chtra mot hodc nhiéu chat 1am gin phé quan, ddng thoi hodc lan lugt. Theo mot
cach khéc, duoc phdm chita hgp chét theo sang ché va chit 1am gifin phé quan c6 thé dugc sir

dung két hop véi duge pham chira mot chét 1am gisn phé quan khéc. Vi du, dugc pham chira
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hop chét theo séng ché va dugc pham khac chira mdt hodc nhiu chat 1am gi&n phé quan c6
thé duoc chira trong mot dung cu thich hop dé sir dung dong thoi ca hai dugc phdm bang c4ch
hit.

Céc chét 1am gian phé quan thich hop dé st dung cung v6i hop chét theo sang ché bao
gdm chét chi van thy thé gay tiét adrenalin B2 va chét chdng tiét cholin. Céc vi du vé chét chu
van thu thé gay tiét adrenalin B2 bao gém, vi du, vilanterol, salmeterol, salbutamol, formoterol,
salmefamol, fenoterol carmoterol, etanterol, naminterol, clenbuterol, pirbuterol, flerbuterol,
reproterol, bambuterol, indacaterol, terbutalin va mudi cua ching, vi du mubi xinafoat (1-
hydroxy-2-naphtalencarboxylat) cua salmeterol, mubi sulphat ctia salbutamol hodc mudi
fumarat ctia formoterol. Céc vi du v& chét chéng tiét cholin bao gdm umeclidini (vi du
bromua), ipratropium (vi dy, nhu bromua), oxitropium (vi dy, nhu bromua) va tiotropi (vi du,
nhu bromua). Theo mdt phuwong an, hop chét theo sang ché c¢6 thé dugc sir dung cuing Vi chét

cht van thu thé gay tiét adrenalin B2, nhu vilanterol, va chét chéng tiét cholin, nhu, umeclidini.

Theo mdt khia canh khéc sang ché dé cap dén dugc phdm chira hgp chit ¢6 cong thirc

(I) hodc mudi duge dung cua chung va mdt hodc nhiéu chit 1am gidn phé quén.

Phén mé ta ciing md ta phuong phép diéu tri COPD bi trdm trong thém bai 1y nhiém
virut trong d6 phuong phap nay bao gdm viéc str dung cho d6i twong c6 nhu cau diéu trj mot
luong cé tac dung diéu tri bénh cia hop chét ¢6 cong thirc (I) hodc mudi duoc dung cua chiing
va mot hodc nhiéu chat lam gidn phé quan.

Theo mot khia canh khac, sang ché dé cép dén hop chat c6 cong thire (I) hodc mudi
duoc dung cua ching va mot hodc nhiéu chit 1am gian phé quan d st dung trong didu tri
bénh COPD bj trAm trong thém bai nhiém virut.

Phan mo ta cling mo ta viéc st dung hop chét c6 cong thire (I) hodc mudi duge dung
cta ching va mot hodc nhiéu chét 1am gidn phé quan, trong san xuét thudc dé diéu tri bénh
COPD bij trdm trong thém bai nhiém virut.

Céc phuong an sau day ap dung cho mdi mot trong sd cac khia canh néu trén lién quan
dén t hop v6i mot hodc nhiéu chét 1am gi&n phé quan.

Theo mot phuong an, mot hodc nhiéu chat lam gisn phé quan bao gém mot hodc nhiéu

chét chi van thu thé gdy tiét adrenalin Bo.
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Theo mot phuong 4n, mot hodc nhiéu chét 1am gidn phé quan bao gdm mot hodc nhiéu

chét chéng tiét cholin.

Theo mot phuong an, mot hodc nhiéu chét 1am gidn phé quan bao gdm mot hodc nhiéu

chét chi van thu thé gay tiét adrenalin B2 va mot hodc nhiéu chét chéng tiét cholin.

Theo mot phuong &n, mot hodc nhiéu chét 1am gisn phé quan bao gém chét chu van

thu thé gy tiét adrenalin B2 va chét chdng tiét cholin.

Theo mot phuong an, mdt hodc nhiéu chét 1am gifn phé quan bao gdm mdt chét 1am

gisn phé quan 1a chét chi van thy thé gay tiét adrenalin ..

Theo mdt phuong an, mdt hodc nhiéu chat 1am gian phé quan bao gdm mdt chét 1am

gidn phé quan ma 14 chét chdng tiét cholin.
Theo mot phuong 4n, chét chii véan thy thé gay tiét adrenalin B> 1a vilanterol.

Theo mot phwong 4n, chit chdng tiét cholin 12 umeclidini. Theo mdt phwong an khac,

chét chéng tiét cholin 14 umeclidini bromua.

Theo mot khia canh khéc sang ché dé cap dén dugc phdm chira a) hop chét c6 cong
thire (I) hoac mudi duge dung cta ching, b) mot hodc nhiéu chit 1am gisn phé quan, va c)

mot hodc nhiéu chat chong viém.

Phin mb ta cing md ta phuong phép didu trj bénh COPD bj tram trong thém boi lay
nhim virut, trong d6 phuong phéap nay bao gbm viéc st dung cho ddi twong ¢6 nhu cau diéu
tri mot lwong cé tac dung didu tri bénh cua a) hop chit c6 cong thire (I) hodc mudi duoc dung
cua chung, b) mot hogc nhidu chét 1am gi&n phé quan, va ¢) mot hodc nhiéu chét chng viém.

Theo mot khia canh khéc, sang ché dé cap dén a) hop chét c6 cong thirc (I) hodc mudi
duoc dung cia chung, b) mot hodc nhiéu chét 1am gian phé quan, va ¢) mot hodc nhiéu chét
chéng viém dé st dung trong didu tri bénh COPD bi trdm trong thém béi nhiém virut.

Phan md ta cling mo ta viéc st dung a) hgp chét c6 cong thire (I) hodc mubi dugc dung
cta ching, b) mot hodc nhiéu chit 1am gian phé quan, va c¢) mot hodc nhiéu chét chéng viém
trong san xuét thudc dé diéu tri bénh COPD bi trAm trong thém béi nhiém virut.

Céc phuong an sau day ap dung cho mdi mot trong sd cc khia canh néu trén lién quan

dén t6 hop voi mot hodc nhidu chat 1am gidn phé quan va mot hodc nhieu chat chong viém.
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Theo mot phuong an, mot hodc nhiéu chét 1am gian phé quan bao gdm mdt hodc nhiéu

chét chu van thu thé gay tiét adrenalin ..

Theo mot phuong 4n, mot hodc nhidu chét lam gifin phé quan bao gdm mdt hodc nhiéu

chét chéng tiét cholin.

Theo mdt phuong an, mdt hodc nhiu chét 1am gidn phé quan bao gdm mot hodc nhiéu

chét chu van thu thé gay tiét adrenalin B2 va mot hodc nhiéu chét chdng tiét cholin.

Theo mot phuong 4n, mot hodc nhiéu chét 1am gifin phé quan bao gdm chét chil van

thu thé gay tiét adrenalin B, va chat chéng tiét cholin.

Theo mot phuong 4n, mot hodc nhidu chét 1am gian phé quan bao gdm mot chét 1am

gian phé quén 14 chét chu véan thy thé gay tiét adrenalin P..

Theo mot phuong an, mot hoac nhidu chat 1am gian phé quan bao gdm mot chat lam

giain phé quan ma 13 chat chéng tiét cholin.
Theo mot phwong 4n, chat chi van thu thé gy tiét adrenalin B 1a vilanterol.

Theo mdt phuong 4n, chét chdng tiét cholin 14 umeclidini. Theo mdt phuong an khac,

chét chdng tiét cholin 1a umeclidini bromua.

Theo mot phuong an, mot hodc nhiéu chit chdng viém 12 corticosteroit.

Theo mdt phuong 4n khac, corticosteroit 1 fluticason furoat.

Theo mot phuong an khéc, corticosteroit 13 fluticason propionat.

Theo mot phuong an khac, mot hodc nhidu chét lam gifin phé quan 13 vilanterol va
umeclidini.

Theo mot phuong an khac, mot hodc nhiéu chét lam gisn phé quan 12 ca vilanterol va
umeclidini, va mot hodc nhiéu chét chéng viém 1a fluticason furoat.

Theo mot phuong an khéac, mot hodc nhiéu chét 1am gisn phé quan 12 ca vilanterol va
umeclidini, va mot hodc nhiéu chat chéng viém 1a fluticason propionat.

Céc hop chét theo sang ché c6 thé c6 profil duge cai thién so voi cac chét trc ché
PI4KIIIB e ché, vi du, duge so sanh véi céc chat e ché PI4KIIIP da biét cac hop cht nht
dinh theo sang ché c6 thé c6 mot hodc nhiéu tinh chét sau day:

(i)  hoat tinh wc ché PI4KIIIB cong hiéu;
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(iij kha nang cai thién ddi v6i PI4KIIIR;

(iii) Tz cla enzym ting;

(iv)  cong hiéu té bao duge cai thién;

(v)  thoi gian luu trong phdi dugc cai thién

(vi)  d6 hoatan dugc cai thién; va/hodc

(vii)  céc hop chét tich ty trong md co thé & mirc do thap.

Nhu duoc néu trén, khi dugc sir dung, cac hop chét theo sang ché c6 thé tich tu trong
mb co thé & mire dd thép so véi chét e ché PI4KIIIP. Cu thé, cac hop chét theo séang ché c6
mitc do tich tu thap trong lach. Céc nghién ctu trude day da thé hién su tich tu cia chét tc

ché PI4KITIP trong lach c6 thé c6 bt 1gi vi du c6 thé gy chét theo chwong trinh.
Céc hop chét hd trg

Céc hop chit hd trg sau diy minh hoa cho sang ché, nhu 13 huéng dan cho nguoi c6
k¥ nang trong linh vuc diéu ché va st dung hop chét, dugc pham, va phuong phép theo sang
ché. Trong khi cac phuong 4n cu thé cua sang ché dugc md ta, ngudi ¢6 k¥ nang trong linh
vue s& dénh gia dugc céc thay ddi va cai bién khac nhau c6 thé dugc thyc hién. Khi néi dén
phuong phap diéu ché dugc thuc hién theo cach twong ty voi, hoac bang phuong phép chung
cua, cac phuong phép didu ché khéc, c6 thé bao gdm cac cai bién vé cic thong s6 thong

thuong nhu thoi gian, nhiét do, diéu kién thuc hién, sy thay ddi vé lugng chét phan tmg v.v.

Céc phan tig bao gdm céc hydrua (bao gdm natri hydrua) va cac chat phan tmg kim

loai hitu co dugc thuc hién trong mdi truong argon hodc nito trir khi duge quy dinh khac.

Trong c4c hop chét trung gian va cc hop chit hd tro sau day, trong d6 hé s ty luong

ctia hop chat dugce chi ra, chiing duoc chi ra ca tén va cong thirc cau tric cia hop chat.

Trong cac hop chét trung gian va cac hop chét hd tro nhat dinh sau day, cdc nguyén
liéu ban d4u dwogc xac dinh bing cach tham chiéu dén s hop chét trung gian hodc hop chét.
Diéu nay khong c6 nghia 12 nguyén liéu (hodc “me”) thuc té thu duoc tir hop chét trung gian
hoic hop chét hd trg cu thé bét ky can thiét dugc st dung trong budc tiép theo dugc lay 1am

vi du trong ban mo ta nay.
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Tru khi dugce quy dinh khéc, cac nguyén liéu ban dAu c6 ban trén thi trudng. Tét ca cac
dung moi va chét phan Gmg thuong mai 1a loai didu ché trong phong thi nghiém va dugc st
dung nhu nhéan duoc.

Trong truong hop hoa hoc lap thé tuyét d6i dugc biét dén va va hop chét 1a chét dong
phan dbi anh don 1¢, cac ky hiéu hinh ném dugc in ddm hodc gach gach (=—/:) dugc su
dung néu thich hgp. Trudng hop héa hoc lap thé tuyét d6i chua duoc biét nhung duoc biét 12
chét déng phan dbi anh don 18, du sao (*) dugc sir dung.

Tén ciia cAc chét trung gian va cac hop chat hd trg thu duge bang cach sir dung chuong
trinh dét tén hop chét trong “ChemBioDraw Ultra v12” hogdc “ACD Name Pro 6,02”.

Nhu duge str dung & day, cac ky hiéu va cac quy udce duoc sir dung trong cac quy trinh,
so dd va vi du nay 12 nhét quan véi nhitng céi duge st dung trong céc tai liéu khoa hoc duong
thoi, vi du, the Journal of the American Chemical Society.

Cdc chir viét tdt

Danh sach du6i ddy cung cip dinh nghia vé céc chit viét tit va cac ky hidu nhét dinh
khi dugc stir dung trong ban md ta nay. Nén hiéu rang danh sach nay khong day du, nhung y
nghfa cia nhimng chit viét tit va ky hiéu khong dwgc néu dudi day s& 15 rang hién nhién d6i
v6i nhitng ngudi c6 k¥ nang trong linh vye nay. Khi md ta sang ché, cac nguyén td héa hoc
duge x4c dinh theo Bang tudn hoan cic nguyén td.

Bu Butyl

m-CPBA Axit Meta-cloperoxybenzoic
CV (Céc) thé tich cot

DCM Diclometan

DIBAL-H Diisobutylnhdm hydrua

DIPEA N,N-Diisopropyletylamin

DMAP 4-Dimetylaminopyridin
DMP Dess—Martin periodinan
DMF N,N-Dimetylformamit
DMSO Dimetylsulfoxit
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dppf 1,1'-Bis(diphenylphosphino)feroxen

HATU 1-[Bis(dimetylamino)metylen]-1H-1,2,3-triazolo[4,5-b]pyridini 3-oxit
hexaflophosphat

HCl Axit clohydric

IPA Iso-propanol

2-MeTHF  2-Metyltetrahydrofuran

NBS N-Bromosucxinimit

NIS N-Todosucxinimit

Rt Thoi gian luu

TFA Axit trifloaxetic

THF Tetrahydrofuran

HPLC Sic ky long hiéu ning cao

MDAP HPLC diéu ché ty dong huéng khéi lugng

XPhos Dixyclohexyl(2',4',6'-triisopropyl-[1,1'-biphenyl]-3-yl)phosphan

XPhos Pd G2 Clo(2-dixyclohexylphosphino-2°,4°,6’-triisopropyl-1,1’-biphenyl)[2-(2’-
amino-1,1’-biphenyl)]palladi(II)

Phwong phap LCMS
Phuong phap A

Cot: Acquity BEH Cis (50 mm x 2,1 mm, 1,7 um). Pha dong: A: axit formic 0,1%
trong nudc; B: Axit formic 0,1% trong axetonitril. Thoi gian (phut) /% B:0/3,0,4/3,2,0/
98,3,4/98,3,5/3,4,0/3. Nhiét do cot: 35 °C, Téc do dong: 0,6 mL/phit.

Phuong phap B

Cot: XBridge BEH Cis (50 mm x 4,6 mm, 2,5 uM). Pha dong: A: 5 mM amoni
bicacbonat; B: axetonitril. Thoi gian (phut) /% B: 0/5,0,5/5,1/15,3,3/98,5,2 /98,5,5/
5, 6,0 /5. Nhiét do cot: 35 °C, Téc d6 dong: 1,3 mL/pht.

Phuong phap C
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Cot: Acquity BEH Cis (50 mm x 2,1 mm, 1,7 pm). Pha dong: A: axit formic 0,1%
trong nudce; B: Axit formic 0,1% trong axetonitril. Thoi gian (phut) /% B:0/3,0,4/3,2,5/
98.3,4/98,3,5/3,4,0/3. Nhiét 4o cot: 35 °C, Tbc @6 dong: 0,6 mL/phut.

Phuong phap D

Cot: XBridge BEH Cis (50 mm x 4,6 mm, 2,5 pM). Pha dong: A: 5 mM amoni
bicacbonat; B: axetonitril. Thoi gian (phut) /% B: 0/5,1,5/15,7/98,9/98,9.,5 /5,10/5.
Nhiét do cot: 35 °C, Téc a6 dong: 1,3 mL/phut.

Phuong phép E

Cot: Acquity BEH Cis (50 mm x 2,1 mm, 1,7 pm). Pha dong: A: axit formic 0,05%
trong nuéc; B: Axit formic 0,05% trong axetonitril. Thoi gian (phut) /% B: 0/3,0,4/3,3,2
/98,3,8/98,4,2/3,4,5/3. Nhiét do cot: 35 °C, Téc d6 dong: 0,6 mL/phit.

Phuong phép F

Cot: Acquity UPLC CSH Cis ¢t (50 mm x 2,1 mm i.d. 1,7 pm) ¢ 40 °C. Céc dung
moi duoc st dung 1a: A = 10 mM amoni bicacbonat trong nuéc dugc diéu chinh d6 pH=10
bang dung dich amoniac. B = Axetonitril. Thoi gian (phut) /%B:0/3,0,05/3,1,5/95,1,9
/95,2,0 /3. Téc d dong: 1 mL/phut. MS: Waters ZQ. Ché do ion héa : Phun dién am va
duong quét luan phién
Phuong phap G

Cot: Acquity BEH Cis (50 mm x 2,1 mm, 1,7 pm). Pha dong: A: axit formic 0,1%
trong nudce; B: Axit formic 0,1% trong axetonitril. Thoi gian (phut) /% B:0/3,0,4/3,3,2/
98,3,8/98,4,2/3,4,5/3. Nhiét do cot: 35 °C, Téc d6 dong: 0,6 mL/phut.

Phuong phép H

Cot: Acquity BEH Cis (50 mm x 2,Imm, 1,7 pm). Pha dong: A: 5 mM Ammoni
bicacbonat trong nudc (dd pH=10); B: axetonitril. Thoi gian (phut) /% B: 0/3, 0,4 /3,2,5/
98,3,4/98,3,5/3,4,0/3. Nhiét 4o cot: 35 °C, tdc o dong: 0,6 mL/phtt.

Phuong phap 1

Cot: Acquity BEH Cis (100 mm x 2,1 mm, 1,7 pm). Pha dong: A: 0,05% TFA trong

nudce; B: axetonitril. Thoi gian (phut) /% B: 0/3,0,4/3,3,5/98, 4,5 /98,5,0/3,55/3.

Nhiét do cot: 35 °C, toc do dong: 0,45 mL/phit.
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Phuong phap J

Cot: Acquity UPLC CSH Cig (50 mm x 2,1 mm, i.d. 1,7 pm) ¢ 40 °C. Cac dung moi
dugc st dung la: A = dung dich axit formic 0,1% thé tich/thé tich trong nudc. B = dung dich
axit formic 0,1% thé tich/thé tich trong axetonitril. Thoi gian (phut) /% B: 0/3,1,5/95, 1,9
/95,2,0 /3. The d6 dong: 1 mL/phtt. MS: Waters ZQ. Ché d9 ion hoa : Phun dién 4m va

duong quét luan phién
Phuong phap K

Cot: XSelect CSH Cig (150 mm x 3,0 mm, 2,5 um). Pha dong: A:0,05% TFA trong
nuée; B: 100% axetonitril. Thoi gian (phut) /% B: 0/3,1/3,8/98, 11 /98,11,1/3,12/3.
Nhiét do cot: 35 °C, tbc do dong: 0,7 mL/phut.

Phuong phéap L

Cot: BEH Cis (100 mm x 2,1 mm, 1,7 um). Pha dong: A: 0,1% TFA trong nudc, B:
0,1% TFA trong axetonitril. Thoi gian (phut) /% B: 0/ 3, 8,5 /100, 9,0 /100, 9,5/3, 10/ 3.
Nhiét do cot: 50 °C, tbe do dong: 0,55 mL/phit.

Phuong phap M

Cot: CSHC18 (100mm x 2,1mm i.d. 1,7um). Pha dong: A: dung dich axit formic 0,1%
thé tich/thé tich trong nuéc; B: dung dich axit formic 0,1% thé tich/thé tich trong axetonitril.
Thoi gian (phut) /% B: 0/ 3, 8,5/99,9,9/99,9,9,5 /3, 10 / 3. Nhiét do cot: 50 °C. Téc dd
dong: 0,8 mL/phut.

HPLC di¢u ché tw dong hwéng khdi lwgng (MDAP)

Céc phuong phap cho HPLC didu ché tu dong hudng khdi lugng dugce sir dung dé tinh
ché cac hop chit dugc md ta dudi ddy. Gradien rira giai dung moi nim trong khoang tir 0 dén
99% dung mdi B trong dung mdi A va chay trong khoang thoi gian 1én dén 25 phut.

Déi v6i tht ca cac phuong phép (trr khi duge chi ro):

Viéc do DAD dugc thuc hién trong khoang tir 210 nm dén 350 nm. Diéukién MS:MS : Waters
Z2Q

Ché d6 ion hoa: Phun dién duong/dm quét luan phién
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Khoéang quét: 100 dén 1000 AMU. Thai gian quét : 0,2 gidy hogc 0,50 gidy. Do tré gifta cac
14n quét: 0,1 gidy hodc 0,2 gidy

Thé tich bom: 1 mL hodc 3 mL
Phuong phap A

Cot: Cot Xselect CSH Cig (150 mm x 30 mm i.d. 5 pm duong kinh nhdi) ¢ nhiét d6 mai

truong cac dung moi duge st dung 1a:
A = 10 mM amoni bicacbonat dugc didu chinh dén d6 pH=10 biang amoniac trong nudc.
B = axetonitril.
Tbc d6 dong: 40 mL/phut.
Phuong phép B

Cot: Cot Xselect CSH Cis (150 mm x 30 mm i.d. 5 pm dudng kinh nhdi) & nhiét d6 moi

truong Cac dung moi duge sir dung la:

A = dung dich axit formic 0,1% thé tich/thé tich trong nuéc

B = dung dich axit formic 0,1% thé tich/thé tich trong axetonitril.
Téc d6 dong: 40 mL/phuit.

" Vi du thue hién séng ché

Hop chét trung gian 1

2-Bromo-1-metyl-1H-imidazol
N
E ‘>/Br
N\

1-Metyl-1H-imidazol (20 g, 244 mmol) dugc hoa tan trong THF khan (200 mL) trong
mbi trudng nito. Dung dich duge khudy & -78 °C va n-BuLi (167 mL, 268 mmol) dugc bo
sung tir tlr ting giot & -78 °C. Sau 1 gio, dung dich CBr4 (97 g, 292 mmol) trong THF khan
(200 mL) duge bd sung. Dung dich dugc khudy trong 2 gid & -78 °C va trong 1 gio & nhiét
d6 trong phong. Hon hop phan tmg duoc lam dimg bang dung dich amoni clorua bdo hoa (300
mL), duoc chiét béng etyl axetat (2 x 200 mL), duoc lam kho bang natri sulphat khan, dugc
loc va 1am bay hoi trong diéu kién &p sudt giam. Hop chét thd dugc tinh ché bang sic ky
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silicagel rira gii bing 60% etyl axetat trong ete ddu mé dé thu dugc hop chit dugc néu ¢ tiéu

dé. LCMS (phuong phap B): rt = 1,89, [M+H]" = 161.
Hop chét trung gian 2

3-(1-Metyl-1H-imidazol-2-yl)benzonitril

N
EJ@
\ \¥

Hén hop cua axit (3-xyanophenyl)boronic (16 g, 109 mmol), 2-bromo-1-metyl-1H-
imidazol (hop chét trung gian 1, 15,8 g, 98 mmol) va natri cacbonat (46,2 g, 436 mmol) trong
TPA (120 mL) va nuée (120 mL) dugc khudy va dugc loai khi bang nito trong 20 phut, va sau
do san phém cong PACly(dppf)-DCM (4,45 g, 5,44 mmol) duge bd sung va dugc khudy &
nhiét d6 130 °C trong 18 gid trong dng dwoc bit kin. Sau khi lam ngudi, hdn hgp phan ting
dugc pha lodng bang etyl axetat (300 mL), dugc ria bang nuéc (300 mL), dugce lam khod bang
natri sulphat khan, dugc loc va lam bay hoi trong didu kién 4p suat giam. Hop chét tho duoc
tinh ché bang sic ky silicagel rira giai béng 70% etyl axetat trong ete dau mo6 dé thu dugc hop
chét dugc néu ¢ tiéu d8. LCMS (phuong phép C): rt = 0,57, [M+H]" = 184.

Hop chét trung gian 3

(3-(1-Metyl-1H-imidazol-2-yl)phenyl)metanamin

N
ENz/Q/NH2

Hoén hgp cuia 3-(1-metyl-1H-imidazol-2-yl)benzonitril (hop chét trung gian 2, 12 g,
65,5 mmol) trong amoniac 7 M trong metanol (150 mL) dugc b6 sung niken Raney (5 g, 65,5
mmol) & 0 °C. Hon hop phan tmg dugc khudy trong 4p suét hydro (60 psi) & nhiét do trong
phong trong 24 gid. Hon hop phéan tmg dugc loc qua miéng CELITE, duoc rira bing metanol
(300 mL) va dich loc dugc c6 trong diéu kién 4p suat giam. Phan (mg dugc 13p lai trén quy
mo twong tu. Hai mé nguyén li¢u tho dugc két hop va duoc tinh ché bang sic ky nhom oxit
trung tinh @& thu dugc hop chit duge néu & tiéu d&. LCMS (phuong phép D): 1t = 2,91,
[M+H]" = 188.

Hop chét trung gian 4
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Etyl 7-hydroxy-2-metylpyrazolo[1,5-a]pyrimidin-5-carboxylat

OH
(@] N
\/ \N
0]

Dung dich natri (2)-1,4-dietoxy-1,4-dioxobut-2-en-2-olat (21,64 g, 103 mmol) trong
etanol (100 mL) dwoc bd sung HCI 4M trong 1,4 dioxan (28,3 mL) sau d6 1a 5-metyl-14-
pyrazol-3-amin (10 g, 103 mmol) & 0 °C. Hbn hop dugc 1am néng dén 85 °C va duoc khuéy
trong 3 gio. Hon hop phan tmg dugc 1am ngudi xudng nhiét d6 trong phong va duoc co. Phan
can dugc hoa tan trong 10% metanol trong DCM (200 mL) va duoc rira bang dung dich natri
bicacbonat bao hoa (100 mL). L6p hitu co dugc rira bang nudc mubi (50 mL), dugc lam kho
bang natri sulphat khan, duoc loc va dugc bay hoi dén kho trong diéu kién ap sut giam. Phéan
can duge nghién véi dietyl ete dé thu duoc hop chét dugc néu & tiéu dé. LCMS (phuong phap
A): rt=1,53, [M+H]" = 222.

Hop chat trung gian 5

Etyl 7-clo-2-metylpyrazolo[1,5-a]pyrimidin-5-carboxylat

Cl
-
0
~ \N =
0]

Etyl 7-hydroxy-2-metylpyrazolo[1,5-a]pyrimidin-5-carboxylat (hop chét trung gian 4,
10 g, 45,2 mmol) dugc bd sung phospho oxyclorua (50 mL, 536 mmol) va hdn hop duge
khudy trong 24 gi® & 90 °C. Hon hop phéan ng dugc lam ngudi xubng nhiét d trong phong
va duogc co trong diéu kién ap sudt giam. Phan cin dugc hoa tan trong DCM (100 mL) va do
pH duoc didu chinh dén trung hoa bang cach st dung dung dich nudc natri bicacbonat béo
hoa (60 mL). Lép hitu co dugce rira bang nude (100 mL), nude mubi (100 mL), dugc 1am khd
bang natri sulphat, dugc loc va duoc cd. Phan cin dugc hoa tan trong 10% metanol trong
DCM (100 mL), va dugc hép thu trén silic oxit (14 g) sau d6 dugc tinh ché bang séc ky silic
oxit (50 g), rira giai bang 10% etyl axetat trong ete dau mo. Cac phan doan san phim dugc
két hop va duoc bay hoi trong didu kién 4p sudt giam dé thu dugc hop chat duge néu & tiéu

d&. LCMS (phuong phép B): rt = 3,13, [M+H]* = 240.
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Hop chét trung gian 6

Etyl 7-clo-3-iodo-2-metylpyrazolo[ 1,5-a]pyrimidin-5-carboxylat

Cl
NN
~.© \NQ‘
o) |

Dung dich etyl 7-clo-2-metylpyrazolo[1,5-a]pyrimidin-5-carboxylat (hop chét trung
gian 5, 15 g, 62,6 mmol) trong DCM (220 mL) dugc bd sung axit axetic (25 mL) va NIS
(14,79 g, 65,7 mmol). Hon hop duge khudy trong 6 gitr & 28 °C. Hon hop phén mg dugc pha
lodng bing DCM (150 mL), dugc rira bang natri thiosulphat bao hoa (2 x 90 mL), nude mudi
(60 mL), dugc lam kho bang natri sulphat, dugc loc va duge co dé thu duoc hop chét dugc
néu & tieu dé. LCMS (phuong phap A): rt = 2,24, [M+H]" = 366.

Hop chét trung gian 7

Etyl 3-iod0-2-mety1-7-((3-(1-metyl-1H-imidazo1-2-yl)benzyl)amino)pyrazolo[1 -
a]pyrimidin-5-carboxylat
@

N
/

NH
= N/N\
0 |

Dung dich DIPEA (14,33 mL, 82 mmol) trong DMSO (50 mL) dugc bb sung (3-(1-
metyl-1H-imidazol-2-yl)phenyl)metanamin (hgp chét trung gian 3, 5,38 g, 28,7 mmol) va etyl
7-clo-3-iodo-2-metylpyrazolo[1,5-a]pyrimidin-5-carboxylat (hop chit trung gian 6, 10 g,
27.4 mmol) va hdn hop dwoc khudy trong 16 gid. Hon hop phan tng dugc rét vao nude da
lanh (200 mL) va chét rén duoc loc, dugc rira bang nuéc (50 mL) va dugce 1am kho trong chan
khong dé thu dugc hop chét duge néu & tiéu d&. LCMS (phuong phép A): rt = 1,79, [M+H]
=517.

Hop chét trung gian 8

4-Bromo-1-metoxy-2-(metylsulfonyl)benzen

69



45261 70/181

Dung dich natri sulfit dugc khudy (16,55 g, 131 mmol) va natri bicacbonat (11,03 g,
131 mmol) trong nudc (160 mL) duge bd sung 5-bromo-2-metoxybenzen-1-sulfonyl clorua
(25 g, 88 mmol) trong 1,4-dioxan (160 mL) ¢ 70 °C. Hon hop phéan tng dugc khudy & 70 °C
trong 1 gidr. Hon hop phan tng dugc lam ngudi xubng nhiét o trong phong va dung moi duge
loai bo trong diéu kién ap sut giam dé thu dugc hop chét trung gian tho & dang chat rdn mau
tréng. San phdm tho dugc hoa tan trong DMF (300 mL) va metyl iodua (10,95 mL, 175 mmol)
duoc bd sung & nhiét do trong phong va hén hop dugc khudy & nhiét do trong phong trong 2
gid. Hon hop phan tmg duoc rét vao nude duge lam lanh bang nudc d4, duge chiét bang etyl
axetat (300 mL), dugc lam kho bang natri sulphat khan, dugc loc va dugc lam kho trong diéu
kién ap suét giam. Hop chét thd dugc rira bang n-pentan (100 mL) dé thu duoc hop chat duoc
néu & tieu dé. LCMS (phuong phép A): rt = 1,84, [M+H]" = 265.

Hop chat trung gian 9

2-(4-Metoxy-3-(metylsulfonyl)phenyl)-4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan

Dung dich 4-bromo-1-metoxy-2-(metylsulfonyl)benzen dugc khudy (hop chét trung
gian 8, 15 g, 56,6 mmol) va 4,4.4'4'5.5,5',5"-octametyl-2,2"-bi(1,3,2-dioxaborolan) (21,55 g,
85 mmol) trong 1,4-dioxan (150 mL) dugc bd sung kali axetat (8,33 g, 85 mmol) & nhiét do
trong phong. Hon hgp phan tmg dugc loai khi bang argon trong 15 phut sau d6 san pham cong
PdCly(dppf)-DCM (2,31 g, 2,83 mmol) dugc bd sung vao hdn hgp phan Gng ¢ nhiét do trong
phong va dugc khur khi 14n nita trong 15 phit trong moi truong argon. Hon hop phéan tmg
dugc khudy & 100 °C trong 3 gid. Sau khi lam ngudi, hdn hop phan tng duge loc qua tAm
CELITE, duogc rtra bang metanol (50 mL) va dich loc dugc co trong diéu kién ap suét giam.
San pham thd dugc tinh ché bang séc ky silicagel ria giai bang 20% etyl axetat trong hexan
8 thu dugc hop chét & tiéu dé. LCMS (phuong phap E): rt = 2,16, [M+H]" = 313.
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Hop chét trung gian 10

Etyl 3-(4-metoxy-3-(metylsulfonyl)phenyl)-2-metyl-7-((3-(1-metyl-1/ -imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-carboxylat
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2-(4-Metoxy-3-(metylsulfonyl)phenyl)-4,4,5,5-tetrametyl-1,3,2-dioxaborolan (hop
chét trung gian 9, 680 mg, 2,179 mmol), etyl 3-iodo-2-metyl-7-((3-(1-metyl- 1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-carboxylat (hop chéit trung gian 7, 750 mg,
1,453 mmol), cloro (2-dixyclohexylphosphino-2',4',6'-triisopropyl-1,1'-biphenyl)[2-(2'-
amino-1,1’-biphenyl)]paladi(Il) (57,1 mg, 0,073 mmol) va kali florua (253 mg, 4,36 mmol)
duoc hoa tan trong 1,4-dioxan (10 mL) va nudc (5 mL) trong 6ng vi séng, va ong nay dugc
bit kin va dugc loai khi bang nito. Hn hop duge khudy & 80 °C trong 16 gio. Thém clo(2-
dixyclohexylphosphino-2',4",6'-triisopropyl-1,1'-biphenyl) [2-(2'-amino-1,1"-
biphenyl)]paladi(Il) (57,1 mg, 0,073 mmol), kali florua (253 mg, 4,36 mmol) va 2-(4-metoxy-
3-(metylsulfonyl)phenyl)-4,4,5,5-tetrametyl-1,3,2-dioxaborolan (hop chét trung gian 9, 680
mg, 2,179 mmol) dugc bd sung va hon hop duge khudy trong 8 gio nita & 80 °C. Thém clo(2-
dixyclohexylphosphino-2',4',6"-triisopropyl-1,1'-biphenyl)[2-(2'-amino-1,1'-
biphenyl)]paladi(IT) (57,1 mg, 0,073 mmol), kali florua (253 mg, 4,36 mmol) va 2-(4-metoxy-
3-(metylsulfonyl)phenyl)-4,4,5,5-tetrametyl-1,3,2-dioxaborolan (hop chét trung gian 9, 680
mg, 2,179 mmol) dugc bd sung va hdn hgp duge khudy trong 16 gid nita & 80 °C. Hon hop
duoc 1am ngudi xudng nhiét do trong phong, duge loc qua CELITE (dugc rira bang 3 x 20
mL etyl axetat) va dung mdi dugc loai bo trong chan khong. Hon hop phan tng dugc tch
giita etyl axetat (50 mL) va nu6c (20 mL) va pha hiru co duoc tach, duoc 1am kho bang cach

thiét bi loc ki nude, va dung mdi duge loai bo trong chan khong. Tinh ché bang sic ky silic
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oxit (120g) rira giai bang 0 - 100% etyl axetat trong xyclohexan bang 20 CV thu dugc hgp
chét duoc néu & tiéu d&. LCMS (phuong phép F): rt = 1,04, [M+H]" = 515.

Hop chét trung gian 11

(3-(4-Metoxy-3-(metylsulfonyl)phenyl)-2-metyl-7-((3-(1-metyl-1/-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-yl)metanol

o

Etyl 3-(4-metoxy-3-(metylsulfonyl)phenyl)-2-metyl-7-((3-(1-metyl-14- -imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-carboxylat (hop chét trung gian 10, 180 mg,
0,313 mmol) dugc hoa tan trong THF (5 mL) trong méi truong nito ¢ 0 °C, va lithi alumin
hydrua (1 M trong THF) (0,626 mL, 0,626 mmol) dugc bd sung sau d6 hdon hop duge khuay
trong 3 gid nita. Hon hgp duge lam ngimg béng cach bd sung natri hydroxit 2 M (5 mL) va
dugc khudy trong 1 gid nita. Pha hitu co dugc chiét bang etyl axetat (3 x 10 mL), pha hitu co
duoc 1am kho thong qua thiét bi loc ki nuéc va dung moi duge loai bé trong chan khong daé

thu dwoc hop chét duge néu & tiéu dé. LCMS (phuong phép F): rt = 0,89, [M+H]" = 533.
Hop chat trung gian 12

3-(4-Metoxy-3-(metylsulfonyl)phenyl)-2-metyl-7-((3-(1-metyl- 1 /{-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-carbaldehyt
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(3-(4-Metoxy-3-(metylsulfonyl)phenyl)-2-metyl-7-((3-(1 -metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-yl)metanol (hop chit trung gian 11, 112 mg,
0,21 mmol) dugc hoa tan trong DCM (2,5 mL), mangan dioxit (32 mg, 0,368 mmol) dugc bd
sung va hon hop duge khudy & nhiét d6 trong phong trong 4 gid. Thém mangan dioxit (183
mg, 2,103 mmol) dugc bd sung va hon hop duge khudy & nhiét do trong phong trong 16 gio
nita. Hon hop phan ting duoc loc qua hop CELITE, dugc rtra biang DCM (3 x 5 mL) va dung
mdi duoc loai bo trong chdn khong dé thu dugc hop chét duge néu & tiéu dé. LCMS (phuong
phap F): rt = 1,0, [M+H]" = 531.

Hop chét trung gian 13

Etyl 7-((tert-butoxycarbonyl)(3-(1-metyl-1H- -imidazol-2-yl)benzyl)amino)-3-iodo-2-
metylpyrazolo[1,5-a]pyrimidin-5-carboxylat
N
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Dung dich etyl 2-metyl-7-((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)
pyrazolo[1,5-a]pyrimidin-5-carboxylat (hop chét trung gian 7, 3,8 g, 9,73 mmol) trong DCM
(25 mL) dugce bd sung DIPEA (5,1 mL, 29,2 mmol), DMAP (1,189 g, 9,73 mmol) va Boc-
anhydrua (3,39 mL, 14,6 mmol) va hén hop dugc khuéy trong 16 gi¢ & nhiét do trong phong.
Hon hop phéan ting duge pha lodng bang DCM (50 mL), dugc rira bang nude (25 mL), duge
]am kho bing natri suphat, dugc loc va duoc cd. Phén can dugc hoa tan trong DCM (30 mL),
duoc hap thu trén silicagel (5 g) va dugc tinh ché bang sic ky silicagel (15 g) rira giai bang
etyl axetat trong ete dAu moé dé thu dugc hop chét duge néu ¢ tiéu dé. LCMS (phuong phép
G): rt=2,14, [M+H]" = 617.

Hop chét trung gian 14

tert-Butyl (5-(hydroxymetyl)-3-iodo-2-metylpyrazolo[1 ,5-a]pyrimidin-7-yl)(3-(1-metyl-14-
imidazol-2-yl)benzyl)carbamat
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Dung dich etyl 7-((tert-butoxycarbonyl)(3-(1-metyl-1H-imidazol-2-yl)benzyl)
amino)-3-iodo-2-metylpyrazolo[1,5-a]pyrimidin-5-carboxylat (hop chit trung gian 13, 500
mg, 0,811 mmol) trong etanol (10 mL) dugc bd sung natri borohydrua (92 mg, 2,433 mmol)
va hdn hop dugc khudy trong 3 gio ¢ 10 °C. Hon hop phan ing duoc lam dung bang HCI 1M
(5 mL), d6 pH duoc diéu chinh dén 6, sau d6 duoc cb. Phan can duoc hoa tan trong etyl axetat
(25 mL), dugc rira bang nudc (20 mL), duge 1am kho béng natri sulphat, duoc loc va dugc
c6 dé thu dugc hop chét dugc néu & tidu dé. LCMS (phuong phap H): rt = 2,01, [M+H]" =
573.

Hop chét trung gian 15

tert-Butyl (5-formyl-3-iodo-2-metylpyrazolo[ 1,5-a]pyrimidin-7-yl)(3-(1-metyl-1H-
imidazol-2-yl)benzyl)carbamat
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DMP (1752 mg, 4,13 mmol) dugc b sung trong mot phan vao dung dich ters-butyl(5-
(hydroxymetyl)-3-iodo-2-metylpyrazolo[1,5-a]pyrimidin-7-y1)(3-(1-metyl-1/ -imidazol-2-
yl)benzyl)carbamat dugc khuay (hop chét trung gian 14, 1306 mg, 2,274 mmol) trong DCM
(7,5 mL). Hon hop dugc khudy trong 18 gid. Dung dich natri sulphit bdo hoa (10 mL) dugc
bb sung va hdn hop duge khudy trong 2 gisr & nhiét do trong phong. Hon hop phan tmg dugce
tach gitta DCM (150 mL) va nuée (150 mL). Lép hitu co duge tich va nude duge chiét bang
DCM b6 sung (2 x 50 mL). Céc 16p hitu co két hop dugce rira bang dung dich natri hydro
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cacbonat bdo hoa (100 mL), nu6e (100 mL), duge di qua thiy tinh frit ki nudce va sau dé duoc
bay hoi trong chdn khong. Phén cin dugc hoa tan trong luong toi thiéu DCM va dugce tinh
ché bang sic ky silicagel (120 g), rira giai bang 0 - 50% etyl axetat: etanol (3:1, thé tich/thé
tich) trong xyclohexan dé thu dugc hop chét duoc néu ¢ tidu dé. LCMS (phuong phép F): rt
=1,27, [M+H]" = 573.

Hop chét trung gian 16

1-Metoxy-2-(metylsulfonyl)benzen

Dung dich (2-metoxyphenyl)(metyl)sulfan dugc khuay (50 g, 324 mmol) trong DCM
(1 L) ¢ 0 °C trong moi truong nito duge b6 sung m-CPBA (140 g, 810 mmol). Hon hop phan
g dugc khudy & nhiét do trong phong trong 2 gio. Hon hop phéan ing dugc pha lodng bang
DCM (300 mL), dugc rira bang dung dich natri cacbonat bdo hoa (2 x 500 mL). Lép nude
duge chiét bing DCM (200 mL). Céc chét hitu co két hop dugc 1am kho bang natri sulphat
khan, dugc loc va lam bay hoi trong diéu kién 4p suét giam dé thu duogc hop chit dugc néu &

tiéu dé. LCMS (phuong phép I): rt = 2,28, [M+H]" = 187.
Hop chét trung gian 17

2-((2-Metoxyphenyl)sulfonyl)etanol

OH

Dung dich dugc khudy cua 1-metoxy-2-(metylsulfonyl)benzen (hop chét trung gian
16, 25 g, 123 mmol) trong THF (250 mL) & -78 °C trong mdi trudng nito' duge bd sung ting
giot n-butyllithi (115 mL, 184 mmol) va hén hop phan Gng dugc khudy & -78 °C trong 30
phut sau d6 lam lanh xudng 0 °C. Paraformaldehyt (73,6 g, 2450 mmol) dugc bd sung timg
phan sau d6 hdn hop phan éng duge khudy & 0 °C trong 2 gid. Hon hop phan tmg duoc 1am
dimg bang dung dich amoni clorua (120 mL), duge chiét bang etyl axetat (2 x 200 mL). Cac
chit hiru co két hop dugc rira bang nudce mubi (150 mL) va dugc lam kho bang natri sulphat

khan, dwoc loc va lam bay hoi trong didu kién 4p suét giam. Hop chét thd dugc hap thu trude
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1én silicagel (4 g) va dugc tinh ché bang séc ky silicagel (10 g column, 80% etyl axetat trong
hexan) dé thu dugc hop chét duge néu & tiéu dé. LCMS (phwong phép C): rt = 1,16, [M+H]"
=217.

Hop chét trung gian 18

2-((5-Bromo-2-metoxyphenyl)sulfonyl)etanol

Br
HO

Dung dich duoc khudy cta 2-((2-metoxyphenyl)sulfonyl)etanol (hop chét trung gian
17,10 g, 46,2 mmol) trong DMF (100 mL) trong mdi trwdng nito ¢ nhiét do trong phong dugc
b6 sung NBS két tinh lai (16,46 g, 92 mmol). Hon hop phan g dugc lam 4m 1én dén 50 °C
trong 18 gid. Hon hop phéan tmg dugc 1am ngudi xudng nhiét d trong phong va duoc pha
lodng bang etyl axetat (300 mL) va duogc rira bang nuéc d4 lanh (2 x 500 mL). Lép hitu co
duoc téch, va 16p nuée lai dugc chibt bing etyl axetat (300 mL). Cc 16p hitu co két hop dugc
rira bang nuée mudi (300 mL) va dugc 1am kho bang natri sulphat, duoc loc va duoc ¢d trong
didu kién 4p suat giam. Hop chét tho duge hap thu trude 1én silicagel (10 g) va dugc tinh ché
bang séc ky silicagel (90 g column, 40% etyl axetat trong hexan) dé thu duoc hop chét duge
néu & tiéu d&. LCMS (phwong phap C): rt = 1,85, [M+H]" = 295.

Hop chét trung gian 19

2-((2-Metoxy-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-yl)phenyl)sulfonyl)etanol

0.0

( l o
S\\O

O\
HO
Dung dich dugc khudy ctia 2-((5-bromo-2-metoxyphenyl)sulfonyl)etanol (hop chét
trung gian 18, 10 g, 33,9 mmol) trong 1,4-dioxan (150 mL) dugc bd sung 4,4,4°,4°,5,5,5°,5°-
octametyl-2,2°-bi(1,3,2-dioxaborolan) (17,2 g, 67,8 mmol) va kali axetat (9,98 g, 102 mmol)

& nhiét do trong phong, sau d6 hdn hgp phan ing dugc loai khi bang nito trong 15 phut. San
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phim cong PACL(dppf)-DCM (2,77 g, 3,39 mmol) dugc bd sung va hdn hop phan ting duge
lam néng ¢ 100 °C trong 3 gi0 trong dng duoc bit kin. Hon hgp phan tmg duoc loc trén miéng
CELITE va CELITE duoc rira bing etyl axetat (2 x 100 mL). C4c chit hitu co két hop dugc
co trong didu kién 4p suédt giam. Phan Gng dugc 1ap lai trén quy mo tuong tw. Hai mé san
phim thd duge tron va duge hoa tan trong DCM (100 mL). Hon hop dwoc xt Iy bing than
cti (5 g) va duoc hoi luu trong 10 phut sau d6 dwgc loc trén miéng CELITE. CELITE dugc
rira bang DCM (2 x 100 mL). Céc chit hiru co két hop duge cb trong diéu kién 4p suat giam.
San pham thd duge tinh ché bang sic ky silicagel (etyl axetat trong ete dAu mo) dé thu duogc
hop chét dugc néu & tiéu d&. LCMS (phuong phap C): it = 2,17, [M+H]* = 343.

Hop chét trung gian 20

tert-Butyl (5-formyl-3-(3-((2-hydroxyetyl)sulfonyl) -4-metoxyphenyl)-2-metylpyrazolo[1,5-
alpyrimidin-7-yl)(3-(1-metyl-1H-imidazol-2-yl)benzyl)carbamat
73
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Ong vi séng duge nap fert-butyl (5-formyl-3-iodo-2-metylpyrazolo[1,5-a]pyrimidin-
7-y1)(3-(1-metyl-1H-imidazol-2-yl)benzyl)carbamat (hop chét trung gian 15, 487 mg, 0,851
mmol), 2-((2-metoxy-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl) sulfonyl)etan-1-
ol (hop chét trung gian 19, 415 mg, 1,03 mmol), PdCl(dppf) (64 mg, 0,087 mmol) va kali
florua (151 mg, 2,6 mmol) trong 1,4-dioxan (2 mL) va nuéce (1 mL). Binh phan Gng duoc bit
kin va dugc 1am néng trong thiét bj phan tmg vi séng ¢ 100 °C trong tdng 1,5 gid. Hon hop
phén tng duoc di qua CELITE, dugc rua bang metanol (50 mL) va dugc bay hoi trong chdin
khéng. Phan cin dugc hoa tan trong DCM (30 mL) va duge tach bang nuée (15 mL). Lép
hitu co duoc tach va nude duge chiét bing DCM b sung (2 x 20 mL). Céc 16p hitu co két
hop duge di qua thuy tinh frit ki nuée va duge bay hoi trong chdn khong. Phan cin duoc tinh
ché bang sic ky silic oxit (80 g), rira giai bang 50 - 100% etyl axetat: etanol (3:1, thé tich/thé
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tich chira 1% trietylamin) trong xyclohexan bang 20 CV dé thu dugc hop chét dugc néu &
tieu d&. LCMS (phuong phap F): rt = 1,06, [M+H]* = 661.

Hop chét trung gian 21

2-(3-Iodo-2-metyl-7-((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-
a]pyrimidin-5-yl)propan-2-ol
N
a
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Etyl  3-iodo-2-metyl-7-((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-
a]pyrimidin-5-carboxylat (hop chét trung gian 7, 275 mg, 0,533 mmol) duoc khudy trong
THF (5 mL) & 0 °C trong mdi trudng nito. Metylmagie bromua (1 M trong dibutyl ete) (1,75
mL, 1,75 mmol) dugc bd sung trong 2 phiit va hén hop duge lam 4m dén nhiét do trong phong
sau d6 dugc dé yén trong 4,5 gid. Hon hop phan tng dugc lam ding bang nudc (2 mL) sau
d6 duoc tach bang DCM (50 mL) va nude (50 mL). Pha hitu co dugc thu gom va pha nude
duoc rira bing DCM (50 mL) va sau d6 12 etyl axetat (50 mL). Céc 16p hitu co két hop dugce
di qua thuy tinh frit ki nudc va duge bay hoi dén kho. Phan cin duoc nap vao DCM (2 mL)
trén cot silicagel (40 g) va dugc rira giai bang 10 - 60% etyl axetat: etanol (3:1, thé tich/thé
tich chira 1% trietylamin) trong xyclohexan dé thu duoc hop chat dugc néu & tiu dé. LCMS
(phuong phép J): it = 0,7, [M+H]" = 503.

Hop chét trung gian 22
5-Bromo-2-clo-N-(3-hydroxypropyl)-N-metylbenzamit

Br

N\/\/OH
Cl O
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Dung dich duogc khudy cua axit 5-bromo-2-clobenzoic (12,5 g, 53,1 mmol) trong THF
(100 mL) duogc bd sung 3-(metylamino)propan-1-ol (5,21 g, 58,4 mmol), DIPEA (27,8 mL,
159 mmol) va HATU (22,2 g, 58,4 mmol) va hdn hop phan Gmg dugc khudy & nhiét do trong
phong trong 18 giv. Hon hop phan tmg duoc pha loang bang nude (100 mL) va duge chiét
bang etyl axetat (200 mL). L6p hiru co dugce lam kho béng natri sulphat khan va dugc co
trong didu kién 4p sut giam. Sén pham thd dugc hoa tan trong DCM (50 mL), dugc hép thu
trudce 1én trén silicagel (50 g) va dugce tinh ché bang sic ky silicagel (150 g, 100% etyl axetat)
@8 thu duge hop chit duoc néu & tieu dé. LCMS (phuong phép K): rt = 5,30, [M+H]" = 306.

Hop chét trung gian 23

2-clo-N-(3-hydroxypropyl)-N-metyl-5 -(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit

0._..0
B

|
N._~_OH

Cl O

Dung dich duogc khudy cua 5-br0mo-2-clo-N—(3-hydroxypropyl)-N-metylbenzamit
(hop chét trung gian 22, 10 g, 32,6 mmol) trong 1,4-dioxan (100 mL) duge bd sung
4,4.4° 4 5,5,5° 5 -octametyl-2,2°-bi(1,3,2-dioxaborolan) (9,69 g, 38,2 mmol), kali axetat
(9,60 g, 98 mmol) va hén hop duoc loai khi bang argon trong 30 phit. San pham cong
PdClx(dppf)-DCM (0,266 g, 0,326 mmol) dugc bd sung va hdn hop dugc loai khi trong 20
phut. Hon hgp phéan tng dugc 1am néng dén 100 °C trong 18 git. Hon hop phéan Gmg dugc
1am ngudi xubng nhiét do trong phong va duoc loc qua miéng CELITE va dugc rira bang
metanol 10% trong DCM sau d6 dugc c¢d trong didu kién &p suat giam. San pham tho dugc
hoa tan trong DCM (50 mL), duoc hép thu trude 1én trén florisil (50 g) va dugc tinh ché bang
séc ky silicagel (250 g, 0 - 100% etyl axetat trong ete diu mo) dé thu duoc hop chét duge néu
& tidu d&. LCMS (phwong phap L): rt = 2,45, [M+H]* = 354.

Hop chét trung gian 24

(S)-(5-Bromo-2-metoxyphenyl)(3-hydroxypyrolidin-1-yl)metanon
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Br

0 O

DIPEA (1,134 mL, 6,49 mmol) dugc bd sung vao dung dich axit 5-bromo-2-
metoxybenzoic (500 mg, 2,164 mmol) va HATU (987 mg, 2,6 mmol) trong 2-MeTHF (10
mL) va hdn hop duge khudy & nhiét d trong phong trong 30 phut trong méi trudng nito. (S)-
pyrolidin-3-ol (226 mg, 2,6 mmol) sau d6 dugc bd sung va hon hop duoc khudy & nhiét do
trong phong qua dém va bd sung DMF (5 mL). H&n hop phéan tng dugc cd trong diéu kién
&p suat giam, dugc pha lodng bang dung dich nude natri hydro cacbonat bdo hoa (50 mL) va
dung dich lithi clorua 5% (50 mL), va dugc chiét bang etyl axetat (2 x 100 mL). Cac 16p hiru
co két hop duoc di qua thuy tinh frit ki nudce, duge co trong didu kién 4p suat giam va lam
kho thém trong dong nito qua dém. Phan cin duge nap vao DCM va dugc tinh ché bang sic
ky silic oxit (80 g) rira giai bing etyl axetat: etanol (3:1, thé tich/thé tich, chira 1% trietylamin)
trong etyl axetat (0%, 2 CV; 0-100%, 12 CV) dé thu duoc hop chét dugc néu & tidu dé. LCMS
(phuong phép F): rt = 0,73, [M+H]" = 300.

Hop chét trung gian 25

(S)-(3-Hydroxypyrolidin-1-yl)(2-metoxy-5-(4,4,5,5-tetrametyl-1 ,3,2-dioxaborolan-2-
yl)phenyl)metanon

0._.0
B

0 O

(S)-(5-Bromo-2-metoxyphenyl)(3-hydroxypyrolidin-1-yl)metanon (hop chat trung
gian 24, 750 mg, 2,249 mmol), 4.4.4'4'5.5,5',5'-octametyl-2,2'-bi(1,3,2-dioxaborolan) (628
mg, 2,474 mmol), kali axetat (662 mg, 6,75 mmol), PdCl2(dppf) (165 mg, 0,225 mmol), va
1,4-dioxan (6 mL) duoc két hop va duge dat trong mdi truong nito bang cach thoat khi-nap
lai. Hon hop duoc lam nong trong thiét bi phan tmg vi séng & 100 °C trong 1 gio. Dung moi
duoc loai b khoi hdn hop phan Gmg trong diéu kién 4p suit giam. Phan cin dugc tao huyén
pht trong etyl axetat (50 mL) va nude (30 mL) va duge loc qua CELITE, rira bang etyl axetat
thém (50 mL). Dung dich dugc pha loang bang nudc mudi (20 mL) va 16p nude dugc rira

80



45261 81/181

bing etyl axetat thém vao (100 mL), cic 16p hitu co két hop duge di qua thiy tinh frit ki nuée
va dung méi dugc loai bé trong didu kién 4p sudt giam dé thu dugc hop chét duge néu ¢ tiéu

dé. LCMS (phuong phép J): rt = 0,85, [M+H]" = 348.
Hop chét trung gian 26

tert-Butyl (5-(1-hydroxyetyl)-3-iodo-2-metylpyrazolo[ 1 ,5-a]pyrimidin-7-y1)(3-(1-metyl-1H-

imidazol-2-yl)benzyl)carbamat

tert-Butyl  (5-formyl-3-iodo-2-metylpyrazolo[1,5-a]pyrimidin-7-y1)(3-(1-metyl-14-
imidazol-2-yl)benzyl)carbamat (hop chét trung gian 15, 465 mg, 0,812 mmol) dugc hoa tan
trong THF (10 mL) va dugc lam lanh xubng -78 °C. Metylmagie bromua (1 M trong dibutyl
ete) (0,85 mL, 0,85 mmol) duogc bd sung timg giot trong 2 phit. Sau 1 gio 45 phut metylmagie
bromua (1 M trong dibutyl ete) (0,203 mL, 0,203 mmol) dugc bd sung va hdn hop dugc khudy
& -78 °C trong 3 gid nita. Dung dich amoni clorua bo hoa (5 mL) va nude (10 mL) dugc bé.
sung va hdon hgp duge khudy trong 10 phut trong khi dugc lam 4m dén nhiét d6 trong phong
DCM (20 mL) dugc bd sung va hdn hop duge chuyén va 16p hitu co dugce thu gom. Pha nurée
duge rira thém bang DCM (2 x 20 mL) va céc 16p hiru co két hop duoc di qua thuy tinh frit
ki nuGc va dugce bay hoi dén kho. Phan cin duoc nap w6t vao DCM (1,5 mL) 1én trén cot
silicagel va dugc rtra gidi bang 50-60% etyl axetat trong xyclohexan bang 30 CV va sau d6
60-85% etyl axetat trong xyclohexan bang 10 CV. C4c phan doan chra san pham duoc két
hop va dugc bay hoi dén kho sau d6 duoc nghién véi dietyl ete dé thu dugc hop chét dugc
néu & tieu dé. LCMS (phuong phép F): rt = 1,2, [M+H]* = 589.

Hop chét trung gian 27

5-Bromo-N-(3-hydroxypropyl)-2-metoxy-N-metylbenzamit
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HATU (458,3 mg, 1,205 mmol) va DIPEA (0,655 mL, 3,75 mmol) dugc bé'sung vao
dung dich dugc khudy ciia axit 5-bromo-2-metoxybenzoic (288,9 mg, 1,250 mmol) trong THF
(10 mL) & nhiét do trong phong. Sau 10 phut, 3-(metylamino)propan-1-ol (0,146 mL, 1,500
mmol) dugc bd sung. Sau 2 gid, dung moi dugc loai bo trong chdn khong va phan can thu
duoc dugc pha lodng bang etyl axetat (10 mL) va nuéc (10 mL). Pha nuée duge tach duge
chiét thém bang etyl axetat (2 x 10 mL). C4c 16p hitu co két hop dugc di qua thiy tinh fritki
nude va dung moi dugce loai bo trong chdn khong dé thu dugc hop chét duge néu ¢ tiéu de.

LCMS (phuong phap F): rt = 0,78, [M+H]" = 303.
Hop chét trung gian 28

N-(3-Hydroxypropyl)-2-metoxy-N-metyl-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-

yl)benzamit

N._~_"OCH

0 ©

4444555 5'-Octametyl-2,2'-bi(1,3,2-dioxaborolan) (1,114 g, 4,39 mmol), kali
axetat (1,077 g, 10,97 mmol), san pham cdng PdClz(dppf).DCM (0,299 g, 0,366 mmol) va
1,4-dioxan (7 mL) duogc két hop va duge dat trong moi trudng nito (tao chu trinh gitra chén
khong/nito 3 lan). Dung dich 5-bromo-N-(3-hydroxypropyl)-2-metoxy-N-metylbenzamit
(hop chét trung gian 27, 1,7 g, 3,66 mmol) trong 1,4-dioxan (7 mL) dugc bd sung va hén hop
dugc tao chu trinh gitta chan khong/nito 3 lan. Hdn hop sau d6 duge lam néng tai 100 °C
trong thiét bi phan tng vi séng trong 90 phut. Sau khi lam ngudi, hdn hop duge loc qua
CELITE, dugc rira bing DCM (50 mL) va dung mdi duoc loai bo trong chén khong. Phan
can thu duge dugc hoa tan trong etyl axetat (60 mL), nu6e (60 mL) va nuéc mubi (20 mL).
Lép nude duoc tach dugc dugc chiét lai bang etyl axetat (2 x 30 mL). Céc 16p hitu co két hop

duoc di qua thity tinh frit ki nue va dung moi dugc loai bo trong chan khong. San pham thd
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duoc tinh ché bang sic ky cot silicagel rira giai bang 50-100% etyl axetat trong xyclohexan
8 thu duge hop cht dugce néu & tiéu dé&. LCMS (phwong phép F): rt = 0,89, [M+H]™ = 350.

Hop chét trung gian 29
5-Bromo-N-etyl-N-(2-hydroxyetyl)-2-metoxybenzamit

Br

Nom

o_ O

~

DIPEA (1,2 mL, 6,87 mmol) va HATU (980 mg, 2,58 mmol) dugc bd sung vao dung
dich dugc khudy cua axit 5-bromo-2-metoxybenzoic (500 mg, 2,164 mmol) trong 2-MeTHF
(10 mL). Sau 15 phut, 2-(etylamino)etan-1-ol (0,25 mL, 2,56 mmol) duoc bd sung va hdn
hop duoc khudy qua dém. Hbn hop duge tach gitra etyl axetat (50 mL) va dung dich natri
bicacbonat bdo hoa (50 mL). Pha nudc dugc chiét tiép bang etyl axetat (50 mL). Pha hitu co
két hop duoc rtra bang dung dich natri bicacbonat bdo hoa (50 mL) va dung moi dugc loai
bo trong didu kién 4p suét giam. Phan cin duoc tinh ché bang séc ky silicagel rira giai bang
0-100% etyl axetat: etanol (3:1, chira 1% trietylamin) trong xyclohexan dé thu duoc hop chét
dwoc néu & tiéu d&. LCMS (phuong phép): rt = 0,8, [M+H]" = 302.

Hop chét trung gian 30

N-Etyl-N-(2-hydroxyetyl)-2-metoxy-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-yl)benzamit

Non

~
5-Bromo-N-etyl-N-(2-hydroxyetyl)-2-metoxybenzamit (hop chét trung gian 29, 1,2 g,

3,97 mmol), 4,44 45,555 -octametyl-2,2'-bi(1,3,2-dioxaborolan) (1,18 g, 4,65 mmol),
PdCly(dppf) (0,301 g, 0,411 mmol), kali axetat (1,17 g, 11,92 mmol) va 1,4-dioxan (8 mL)
dugc két hop va duge dat trong mdi truong nito bang cach thoat khi va nap lai. Hon hop dugc
lam nong tai 100 °C trong thiét bi phan tmg vi séng trong 1,5 gid. Sau khi lam ngudi, hdn hop

phan Gmg duoc loc qua CELITE, dugc rira bang metanol (250 mL) va dung mdi duoc loai bo
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trong didu kién 4p suit giam. Phan can dugc hoa tan lai trong DCM (30 mL) va dugc tach
bing nude (30 mL). Lp nude duge chiét lai bang DCM (3 x 30 mL) va céc chét chiét hitu
co két hop dugce di qua thuy tinh frit ki nu6e va dugce bay hoi dén kho dé thu dugc hop chét
duoc néu & tiéu dé. LCMS (phuong phép F): rt 0,92, [M+H]* = 350.

Hop chat trung gian 31
5-Bromo-2-clo-N-etyl-N-(2-hydroxyetyl)benzamit

Br

Non
cl O

DIPEA (1,1 mL, 6,30 mmol) va HATU (1,05 g, 2,76 mmol) dugc bd sung vao dung
dich dugc khudy cta axit 5-bromo-2-clobenzoic (509 mg, 2,162 mmol) trong 2-MeTHF (10
mL) va hdn hop duge khudy ¢ nhiét d6 trong phong trong 15 phut. 2-(Etylamino)etan-1-ol
(0,25 mL, 2,56 mmol) dwgc bd sung va hon hop dugce khudy qua ngay cudi tuan. Hon hop
duoc tach giita etyl axetat (50 mL) va dung dich natri bicacbonat bdo hoa (50 mL). Pha nuée
dugce rira tiép bang etyl axetat (50 mL) va pha hiru co két hop duoc rira bang dung dich natri
bicacbonat bdo hoa (50 mL) va dung mdi dugc loai bo trong didu kién 4p suat giam. San pham
tho dugc tinh ché bang séc ky cot silicagel rira giai bang 20 - 100% etyl axetat trong
xyclohexan. Gom céc phéan doan chira san phém va lam bay hoi dén kho. Phan cin duge tinh
ché tiép bang sic ky cot pha dao rira giai bang 20 - 60% axetonitril (chira 0,01% amoniac)
trong amoni bicacbonat 10 mM trong nuéc dugc didu chinh dén d6 pH=10 bang dung dich
amoniac dé thu dugc hop chét dugc néu & tidu dé. LCMS (phuong phap E): rt = 0,85,
[M+H]" = 306.

Hop chét trung gian 32

2-clo-N-etyl-N-(2-hydroxyetyl)-5-(4,4,5,5-tetrametyl-1 ,3,2-dioxaborolan-2-yl)benzamit

N
" 0H
cl O

4,4,4'4'5.5,5',5'-Octametyl-2,2'-bi(1,3,2-dioxaborolan) (462 mg, 1,819 mmol), 5-
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bromo-2-clo-N-etyl-N-(2-hydroxyetyl)benzamit (hop chét trung gian 31, 453 mg, 1,478
mmol), PdClx(dppf) (111 mg, 0,152 mmol) va kali axetat (445 mg, 4,53 mmol) duge két hop
trong 1,4-dioxan (4 mL). Hon hop dugc loai khi va duoc lam néng tai 100 °C trong thiét bi
phan Gng vi séng trong 1 gio, ba 14n. Sau khi 1am ngudi, hdn hgp dugc loc qua CELITE, dugc
rira bing metanol (100 mL) va dung moi dugc loai bo trong chan khong. Phan cin dugc tach
gitta DCM (20 mL) va nu6e (10 mL). Lép nude duge tach duge rira tiép bang DCM (2 x 10
mL). Céac 16p hitu co két hop duoc di qua thuy tinh frit ki nuéc va dung moi duoc loai bo
trong chan khong dé thu duge hop chét duoc néu ¢ tiéu d&. LCMS (phuong phép D): rt =
1,05, [M+H]" =354.

Hop chét trung gian 33
5-Bromo-2-metoxy-N-metyl-N-(tetrahydro-2 H-pyran-4-yl)benzamit

Br

N
/oo\@o

HATU (1,391 g, 3,66 mmol) va DIPEA (1,72 mL, 9,85 mmol) dugc bd sung vao thé
huyén phu duoc khudy cia axit S-bromo-i-metoxybenzoic (0,752 g, 3,25 mmol) trong THF
(10 mL) va dugc khudy trong 20 phut. N-Metyltetrahydro-2H-pyran-4-amin (0,382 g, 3,32
mmol) dugc bd sung va hdn hop phan tmg duoc khudy trong 18 gid. Dung mdi duoc loai bo
trong chdn khong. Hbn hop phan tmg dugce tach gitta DCM (50 mL) va nu6e (50 mL), pha
nuée dugc chiét tiép bang DCM (2 x 20 mL) va pha hitu co dugc loc qua thuy tinh frit ki
nudc va dung mdi dugc loai bé trong chan khong. Phan cin dugce hoa tan trong lugng t6i
thidu DCM va duoc tinh ché bing sic ky silicagel (120 g), rira giai bang 0 - 100% etyl axetat:
etanol (3:1, thé tich/thé tich) trong xyclohexan dé thu dugc hop chét duoc néu & tiéu dé.
LCMS (phuong phéap F): it = 0,89, [M+H]" = 328.

Hop chit trung gian 34

2-Metoxy-N-metyl-N-(tetrahydro-2H-pyran-4-yl)-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-
2-yl)benzamit
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(B

5-Bromo-2-metoxy-N-metyl-N-(tetrahydro-2 H-pyran-4-yl)benzamit (hop chat trung
gian 33, 746 mg, 2,273 mmol), 4.4.4'4'5,5,5' 5" -octametyl-2,2'-bi(1,3,2-dioxaborolan) (692
mg, 2,73 mmol), PdClx(dppf).DCM (194 mg, 0,238 mmol), kali axetat (664 mg, 6,77 mmol)
va 1,4-dioxan (10 mL) dugc két hop va duge 1am néng trong thiét bi phan tmg vi séng & 100
°C trong 1 gid. Hon hop phan tng dugce loc qua CELITE va dung moi dugc loai bo trong chan
khong. Phan cin dugce tach gifta nude (25 mL) va DCM (25 mL), pha nu6e dugce chiét tiép
bing DCM (2 x 15mL) va pha hiru co dugce loc qua thiy tinh frit ki nude, sau do duoc lam
bay hoi dén khé dé thu dugc hop chét duge néu & tiéu dé. LCMS (phwong phap F): it = 1,01,
[M+H]" =376.

Hop chét trung gian 35
5-Bromo-N-(3-hydroxypropyl)-N,2-dimetylbenzamit
Br

l
N\/\/OH

o

Axit 5-Bromo-2-metylbenzoic (504 mg, 2,344 mmol), HATU (1053 mg, 2,77 mmol)
va DIPEA (0,5 mL, 2,86 mmol) trong DMF (4 mL) dugc khudy & nhiét d6 trong phong trong
30 phut ma 3-(metylamino)propan-1-ol (0,275 mL, 2,83 mmol) dugc bd sung. Sau 3 gio hon
hop duoc tach giita etyl axetat (20 mL) va nude (15 mL). L6ép nuée duge tach duge chiét tiép
bang etyl axetat (15 mL). Céc 16p hitu co két hop dugc rira bang dung dich nude lithi clorua
5% (2 x 10 mL), nude (10 mL) va nuée mudi (10 mL). Lép hitu co duge di qua thiy tinh frit
ki nu6e va dung moi duge loai bo trong chan khong. San pham thd dugc tinh ché bang sic ky
cot silicagel rira giai bang 50 - 100% etyl axetat trong xyclohexan dé thu dwgc hop chat dugc
néu & tieu dé. LCMS (phuong phap): rt = 0,80, [M+H]* = 286.

Hop chét trung gian 36

N-(3-Hydroxypropyl)-N,2-dimetyl-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit
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Kali axetat (636 mg, 6,48 mmol), 5-bromo-N-(3-hydroxypropyl)-N,2-dimetylbenzamit
(hop chit trung gian 35, 685 mg, 2,154 mmol), 4,4,4',4',5,5,5',5'-octametyl-2,2'-bi(1,3,2-
dioxaborolan) (663 mg, 2,61 mmol) va PdClz(dppf) (131 mg, 0,179 mmol) dugc két hop trong
1,4-dioxan (5 mL). Hon hop dugc dit trong mdi trudng nito bang cach tao chu ky gifta chan
khong va nito nam 14n va dugc 1am néng trong thiét bi phan tmg vi séng tai 100 °C trong 1
gio. Sau khi lam ngudi, dung mdi dugc loai bo trong chdn khong va phan cin dugc tach gitta
DCM (30 mL) va nudce (20 mL). Lép nude da tach ra duoc rira tiép bang DCM (2 x 20 mL)
va cac 16p hitu co két hop dugce di qua thuy tinh frit ki nuée va dung mdi dugc loai bé trong
chan khong dé thu duoc hop chét duge néu & tieu dé. LCMS (phuong phép J): rt = 0,97,
[M+H]" = 334.

Hop chét trung gian 37

(S)-(5-bromo-2-clophenyl)(3-hydroxypyrolidin-1-yl)metanon

Br
Cl O

Puoc diéu ché theo cach tuong tu nhu hop chét trung gian 33, sir dung axit 5-bromo-
2-clobenzoic (480mg, 2,039 mmol) va (S)-pyrolidin-3-ol (178 mg, 2,039 mmol) dé thu dugc
hop chét duoc néu & tidu dé. LCMS (phuong phép F): rt = 0,73, [M+H]* = 303.

Hop chat trung gian 38
(S)-(2-clo-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)(3-hydroxypyrolidin-1-

yl)metanon
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DPuoc diéu ché theo cach tuwong tu nhu hop chét trung gian 32, st dung (S)-(5-bromo-
2-clophenyl)(3-hydroxypyrolidin-1-yl)metanon (hop chét trung gian 37), dé thu dwgc hop
chét dugc néu ¢ tiéu dé. LCMS (phuong phap F): rt = 0,72, [M+H]" = 352.

Hop chét trung gian 39
(S)-5-Bromo-N-(1-hydroxypropan-2-yl)-2-metoxy-N-metylbenzamit
Br

|
Non

o0 o *

Puoc diéu ché theo cach twong tw nhu hop chét trung gian 35, st dung axit 5-bromo-
2-metoxybenzoic (0,747 g, 3,23 mmol) va (S)-2-(metylamino)propan-1-ol (0,321 g, 3,6
mmol) dé thu dwoc hop chit duge néu & tiéu dé. LCMS (phwong phap F): rt= 0,77, [M+H]" =
302.

Hop chét trung gian 40

(S)-N-(1-Hydroxypropan-2-yl)-2-metoxy-N-metyl-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-
2-yl)benzamit

N oH

o0 o °

Puoc didu ché theo cach twong ty nhu hgp chét trung gian 32, stt dung (S)-5-bromo-
N-(1-hydroxypropan-2-yl)-2-metoxy-N-metylbenzamit (hop chét trung gian 39) dé thu dugc
hop chét dwoc néu 6 tiéu d&. LCMS (phuong phap F): rt = 0,89, [M+H]" = 350.

Hop chét trung gian 41
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Etyl 3-bromo-7-clo-2-metylpyrazolo[1,5-a]pyrimidin-5-carboxylat

Cl
A NN
(@) >~
~ \N)\gi
o) Br

DPugc diéu ché theo cach tuong tw nhu hgp chét trung gian 6, sit dung NBS, dé thu
duogc hop chit duge néu & tidu dé. LCMS (phuong phap J): rt = 1,11, [M+H]" = 320.

Hop chét trung gian 42

Etyl 3-bromo-2-metyl-7-((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-
alpyrimidin-5-carboxylat
73

N
/

NH
ZN-N
\/o \N/‘QX‘
O Br

Etyl 3-bromo-7-clo-2-metylpyrazolo[1,5-a]pyrimidin-5-carboxylat (hop chét trung
gian 41, 685 mg, 2,15 mmol), (3-(1-metyl-1H-imidazol-2-yl)phenyl)metanamin (hop chét
trung gian 3, 443 mg, 2,365 mmol) va DIPEA (0,751 mL, 4,3 mmol) dugc khudy trong DMSO
(5 mL) tai 80 °C trong mdi trudng nito trong 3,5 giod. Sau khi 1am ngudi, hdn hop duge rét 1én
trén nudc dé lanh va két tha duoc thu gom bﬁng cach loc. Banh loc sau do dugc hoa tan trong
DCM, dugc lam kho trong diéu kién ap suét giam va dugc nghién voi dietyl ete dé thu duoc
hop chét dugc néu & tiéu dé. LCMS (phuong phép F): rt = 1,06, [M+H]" = 469.

Phuong phép khac dé diéu ché hop chit trung gian 42

Etyl 3-bromo-7-clo-2-metylpyrazolo[1,5-a]pyrimidin-5-carboxylat (hop chét trung
gian 41, 50 g, 157 mmol), (3-(1-metyl-1H-imidazol-2-yl)phenyl)metanamin (hop chét trung
gian 3, 35,3 g, 188 mmol) va DIPEA (54,8 mL, 314 mmol) duoc khuéy trong DMSO (500
mL) tai 80 °C trong 3 gi¢. Sau khi 1am ngudi, hdn hop phan ing dugc rét vao nude da lanh
va két tha dugc thu gom bang céch lgc. Chét rén thu dugc dugc nghién véi dietyl ete (500

mL), dugc loc va duge 1am kho dé thu duoc hop chat duge néu & tiéu dé. LCMS (phuong
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phap C): rt = 1,44, [M+H]" = 469.
Hop chét trung gian 43

2-(3-Bromo-2-metyl-7-((3-(1-metyl-1H—imidazol-Z-yl)benzyl)amino)pyrazolo[1,5-
a]pyrimidin-5-yl)propan-2-ol

=

NN
mo s A=)
Br

Etyl 3-bromo-2-metyl-7-((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo [1,5-
a]pyrimidin-5-carboxylat (hop chét trung gian 42, 1,76 g, 3,75 mmol) dugc khudy trong THF
(35 mL) & 0 °C trong mdi trudng nito. Metylmagie clorua (3 M trong THF) (5,6 mL, 16,8
mmol) dugc bd sung trong 10 phit va hdn hop duge khudy ¢ 0 °C trong 30 phut. Hon hop
duge 1am 4m 1én dén nhiét do trong phong va duoc khudy qua dém. Hon hgp phan tmg duoc
lam dimg bang dung dich amoni clorua béo hoa (5 mL), sau d6 dugc tach bang DCM (100
mL) va dung dich amoni clorua bdo hoa (100 mL). Pha hitu co dugc thu gom va pha nudc
duoc rira bing DCM (2 x 25 mL). Céc 16p hitu co két hop duge di qua thy tinh frit ki nuée
va dugc bay hoi dén kha. Phan cin dugc khudy trong THF (35 mL) trong mdi trudng nito tai
0 °C. Metylmagie clorua (3 M trong THF) (3,75 mL, 11,25 mmol) dugc b6 sung trong 10
phut va hén hop duge khudy tai 0 °C trong 40 phut sau khi n6 dugc khudy & nhiét do trong
phong trong 20 phut. Hon hop phan tmg duge lam dimg bang dung dich amoni clorua béo
hoa (5 mL) sau d6 dugc tach bang DCM (100 mL) va dung dich amoni clorua b&o hoa (100
mL). Pha hitu co duge thu gom va pha nu6e dugce rira bang DCM (2 x 25 mL). Céc 16p hitu
co két hop duoc di qua thuy tinh frit ki nude, dugc cd trong diéu kién ap suét giam va duoc
lam kho trong 4 ngay trén duong chan khong cao dé thu duoc hop chit duge néu & tieu de.
LCMS (phuong phéap J): rt = 0,65, [M+H]" = 455.

Phuong phép khéc dé diéu ché hop chéit trung gian 43

Etyl 3-bromo-2-metyl-7-((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo [1,5-
a]pyrimidin-5-carboxylat (hop chét trung gian 42, 81g, 173 mmol) duoc khuéy trong DCM
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(300 mL) va THF (100 mL) tai 5 °C trong mdi trudng nito. Metylmagie clorua (3 M trong
THF) (230 mL, 690 mmol) dugc bd sung ting giot trong 45 phut ddng thoi duy tri nhiét do
bén trong dudi 15 °C va duoc khudy trong 10 phut nita. Hon hop dugc lam dimg bang dung
dich amoni clorua bdo hoa (400 mL) va dugc tach gitta DCM (2 L) vanudce (2 L). Pha hitu
co dugc sdy kho trén magie sulphat va co trong diéu kién 4p suat giam. Phan cin thu duge
dugc hoa tan trong DCM (500 mL) va THF (250 mL) va dugc lam lanh xubng 0 °C trong moi
trudong nito. Metylmagie clorua (3 M trong THF) (173 mL, 518 mmol) dugc bd sung timg
giot trong 1 gio, duy tri nhiét d§ bén trong 10 °C. Sau khi bd sung, hdn hgp dugce khuay tai
5 °C trong 10 phut. Hon hop dugc 1am dimg bang dung dich amoni clorua bdo hoa (400 mL)
va duoc tach gitta DCM (2 L) va nude (2 L). Pha hitu co dugce lam kho bang magie sulphat
va dugc cb trong diéu kién 4p sudt giam dé thu dugc hop chit duoc néu & tiéu d&. LCMS
(phwong phép J): rt = 0,60, [M+H]" = 455.
Hop chéat trung gian 44
(S)-5-Bromo-N-(1-hydroxypropan-2-yl)-N,2-dimetylbenzamit
Br
N
T OH

O =

Duoc diéu ché theo cach twong tu nhu hop chét trung gian 33, sir dung axit 5-bromo-
2-metylbenzoic (800 mg, 3,72 mmol) va (S)-2-(metylamino)propan-1-ol (332 mg, 3,72
mmol) d& thu dugc hgp chét dugc néu & tigu d&. LCMS (phuong phap F): rt = 0,82, [M+H]" =
286.

Hop chét trung gian 45

(S)-N-(1-Hydroxypropan-2-yl)-N,2-dimetyl-5-(4,4.,5 ,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)benzamit
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DPuogc diéu ché theo cach twong tw nhu hop chét trung gian 32, st dung (S)-5-bromo-
N-(1-hydroxypropan-2-yl)-N,2-dimetylbenzamit (hop chét trung gian 44) dé thu dugc hop
chit duoc néu & tiéu d&. LCMS (phuong phéap F): rt = 0,92, [M+H]" = 334.

Hop chét trung gian 46
5-Bromo-2-metoxy-N,N-dimetylbenzamit

Br

Duoc diéu ché theo cach twong tw nhu hop chét trung gian 33, st dung axit 5-bromo-
2-metoxybenzoic (483 mg, 2,091 mmol) va dimetylamin (2 M trong THF) (1,254 mL, 2,509
mmol) d thu dugc hop chét duge néu & tiéu dé. LCMS (phuong phép F): rt=0,85, [M+H]" =
258.

Hop chét trung gian 47

2-Metoxy-N,N-dimetyl-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit

DPuoc didu ché theo cich twong ty nhu hop chét trung gian 32, st dung 5-bromo-2-
metoxy-N,N-dimetylbenzamit (hop chét trung gian 46) dé thu dugc hop chat dugc néu & tieu
d&. LCMS (phuong phép F): rt = 1,01, [M+H]* = 306.

Hop chét trung gian 48

(R)-(5-Bromo-2-clophenyl)(2-(hydroxymetyl)pyrolidin-1-yl)metanon

Br
DD
c 0 o
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DPuoc diéu ché theo cach twong tw nhu hop chét trung gian 33, st dung axit 5-bromo-
2-clobenzoic (503 mg, 2,136 mmol) va (R)-pyrolidin-2-ylmetanol dé thu dugc hop chat duge
néu & tiéu dé&. LCMS (phuong phép F): rt = 0,89, [M+H]" = 320.

Hop chét trung gian 49

(R)-(2-clo-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-yl)phenyl)(2-
(hydroxymetyl)pyrolidin-1-yl)metanon

0. 0
B
D
C 0 ~OH

DPuoc diéu ché theo cach twong tu nhu hop chét trung gian 32, stt dung (R)-(5-Bromo-
2-clophenyl)(2-(hydroxymetyl)pyrolidin-1-yl)metanon (hop chét trung gian 48) dé thu duoc
hop chét dugc néu & tiéu d&. LCMS (phuong phap F): 1t = 0,94, [M+H]" = 366.

Hop chét trung gian 50

(R)-(5-Bromo-2-metylphenyl)(2-(hydroxymetyl)pyrolidin-1 -yl)metanon

Br
(D
O ~oH

Axit 5-Bromo-2-metylbenzoic (534 mg, 2,483 mmol), HATU (1074 mg, 2,82 mmol)
va DIPEA (0,520 mL, 2,98 mmol) trong DMF (1 mL) va THF (5 mL) duoc khudy & nhiét do
trong phong trong 30 phut khi (R)-pyrolidin-2-ylmetanol (0,3 mL, 3,04 mmol) duge bd sung
trong mot phan. Hn hgp dugc khudy trong 18 gid. Dung mdi dugc loai bo trong chdn khong.
Phén cdn duoc hoa tan trong etyl axetat (40 mL) va dugc tach bang nudc (20 mL). Lép hitu
co duogc tach va dugc rura bang dung dich nudec lithi clorua 5% (2 x 10 mL), nude (10 mL) va
nuée mudi (10 mL). Lép hitu co sau d6 dugce di qua thiy tinh frit ki nu6ce va dung moi dugce
loai bd trong chan khong. Phan cin dugc hoa tan trong lugng t61 thiéu DCM va dugce tai 1én

cot silic oxit (80 g) va dugc rira giai bang 12 CV véi 0 - 100% etyl axetat: etanol (3:1, thé
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tich/thé tich, chtra 1% trietylamin) trong xyclohexan 2 thu dwoc hop chét dugc nédu & tidu dé.

LCMS (phuwong phap F): rt = 0,87, [M+H]" = 298.
Hop chét trung gian 51

(R)-(2-(Hydroxymetyl)pyrolidin-1-yl)(2-metyl-5-(4,4,5,5-tetrametyl-1 ,3,2-dioxaborolan-2-

0. .0
B
(D
O  ~oH

DPuoc didu ché theo cach tuong tu nhu hop chét trung gian 36, st dung (R)-(5-bromo-

yl)phenyl)metanon

2-metylphenyl)(2-(hydroxymetyl)pyrolidin-1-yl)metanon (hop chit trung gian 50) dé thu
duge hop chét duge néu & tiéu d&. LCMS (phuong phap F): rt = 1,02, [M+H]" = 346.
Hop chét trung gian 52
5-Bromo-N-(2-hydroxyetyl)-2-metoxy-/N-metylbenzamit
Br
I

0 O

DPuoc didu ché theo cich twong tu nhu hop chét trung gian 33, st dung axit 5-bromo-
2-metoxybenzoic (400 mg, 1,731 mmol) va 2-(metylamino)etan-1-0l (0,167 mL, 2,078 mmol)
& thu duge hop chat dugc néu & tieu dé. LCMS (phwong phép F): rt = 0,72, [M+H]" =288.

Hop chét trung gian 53

N-(2-Hydroxyetyl)-2-metoxy-N-metyl-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-

yl)benzamit
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0 ©

Puoc didu ché theo cach twong tu nhu hop chét trung gian 32 bang cach st dung 5-
bromo-N-(2-hydroxyetyl)-2-metoxy-N-metylbenzamit (hop chét trung gian 52) dé thu dugc
hop chét duoc néu 6 tiéu dé. LCMS (phwong phép F): rt = 0,85, [M+H]" = 336.

Hop chét trung gian 54

(5-Bromo-2-metoxyphenyl)(3-hydroxy-3-metylpyrolidin-1-yl)metanon

Br
©ﬁr“yo“
0 O

Puoc diéu ché theo cach twong tw nhu hop chét trung gian 33 sir dung axit 5-bromo-
2-metoxybenzoic (503 mg, 2,177 mmol) va 3-metylpyrolidin-3-ol (244 mg, 2,412 mmol) dé
thu dugc hop chét dugc néu ¢ tidu d&. LCMS (phuong phap F): it = 0,76, [M+H]" =314.

Hop chét trung gian 55

(3-Hydroxy-3-metylpyrolidin-1-yl)(2-metoxy-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)phenyl)metanon

o. O
B
0 ©

DPuoc didu ché theo cach twong tu nhu hop chét trung gian 32, st dung (5-bromo-2-
metoxyphenyl)(3-hydroxy-3-metylpyrolidin-1-yl)metanon (hop chat trung gian 54) dé thu
duge hop chét duge néu & tidu d&. LCMS (phuong phap F): rt = 0,91, [M+H]" = 362.

Hop chét trung gian 56
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(5-Bromo-2-metoxyphenyl)(1,4-oxazepan-4-yl)metanon

Br
( ; ¢ o
N/
0 O
DPuoc didu ché theo cach twong ty nhu hop chét trung gian 33, st dung axit 5-bromo-

2-metoxybenzoic (528 mg, 2,285 mmol) va 1,4-oxazepan (272 mg, 2,69 mmol) dé thu duoc
hop chét dwoc néu & tiéu d&. LCMS (phuong phap F): 1t = 0,87, [M+H]" =316.

Hop chét trung gian 57

(2-Metoxy-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)(1 ,4-oxazepan-4-

yl)metanon

Puoc diéu ché theo cach twong ty nhu hop chét trung gian 32, st dung (5-bromo-2-
metoxyphenyl)(1,4-oxazepan-4-yl)metanon (hop chét trung gian 56) dé thu duoc hop chét
duoc néu & tiéu d&. LCMS (phuong phép F): rt = 1,0, [M+H]" = 362.

Hop chét trung gian 58

(S)-(5-Bromo-2-metylphenyl)(3-hydroxypyrolidin-1-yl)metanon

Br
(0]

Puoc didu ché theo cach twong tw nhu hop chét trung gian 29, st dung axit 5-bromo-
2-metylbenzoic (493 mg, 2,293 mmol) va (S)-pyrolidin-3-ol (0,23 mL, 2,77 mmol) dé thu
duogc hop chét dugce néu & tiéu dé. LCMS (phuong phép F): it = 0,75, [M+H]" = 284.

Hop chét trung gian 59
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(S)-(3-Hydroxypyrolidin-1-yl)(2-metyl-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-

o.__.0
B
o)

Puoc diéu ché theo cach twong tu nhu hop chét trung gian 32, sir dung (S)-(5-bromo-

yl)phenyl)metanon

2-metylphenyl)(3-hydroxypyrolidin-1-yl)metanon (hop chét trung gian 58) dé thu dugc hop
chét duge néu & tiéu d&. LCMS (phuong phép F): rt = 0,87, [M+H]" = 332.

Hop chat trung gian 60

(S)-(5-Bromo-2-metoxyphenyl)(3-metylmorpholino)metanon

(L

Puoc diéu ché theo cich twong ty nhu hop chét trung gian 50, st dung axit 5-bromo-
2-metoxybenzoic (505 mg, 2,186 mmol) va (S)-3-metylmorpholin (251 mg, 2,481 mmol) dé
thu duoc hop cht duge néu & tiéu dé. LCMS (phuong phap F): rt = 0,92, [M+H]* =314,

Hop chét trung gian 61

(S)-(2-Metoxy-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)(3-

o¥s;

Puoc diéu ché theo cach twong tur nhw hop chét trung gian 32, sir dung (S)-(5-bromo-

metylmorpholino)metanon

2-metoxyphenyl)(3-metylmorpholino)metanon (hop chét trung gian 60) dé thu duoc hop chét
duoc néu & tiéu d&. LCMS (phuong phép F): rt = 1,04, [M+H]* = 362.
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Hop chét trung gian 62
(5-Bromo-2-metylphenyl)(3-hydroxy-3-metylpyrolidin-1-yl)metanon
Br
o)

Puoc diéu ché theo cach twong tw nhu hop chét trung gian 33, st dung axit 5-bromo-
2-metylbenzoic (394 mg, 1,832 mmol) va 3-metylpyrolidin-3-ol (222 mg, 2,199 mmol) dé
thu duoc hop chat dugc néu & tiéu dé. LCMS (phuong phap F): rt = 0,81, [M+H]" = 298.

Hop chét trung gian 63

(3-Hydroxy-3-metylpyrolidin-1-y1)(2-metyl-5-(4,4,5,5-tetrametyl-1 ,3,2-dioxaborolan-2-

o. O
B
(@)

Puoc didu ché theo cach twong tu nhu hop chét trung gian 32, st dung (5-bromo-2-

yl)phenyl)metanon

metylphenyl)(3-hydroxy-3-metylpyrolidin-1-yl)metanon (hop chat trung gian 62) dé thu
duoc hop chat dugc néu & tidu dé. LCMS (phuong phap F): it = 0,91, [M+H]" = 346.

Hop chét trung gian 64

Etyl  7-((3-(1H-pyrazol-1-yl)benzyl)amino)-3 -bromo-2-metylpyrazolo[1,5-a]pyrimidin-5-

carboxylat

-

N~

NH
ZN-N
\/O \N/‘Qg;
o) Br
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DPuoc didu ché theo cach tuong ty nhu hop chét trung gian 42, stt dung (3-(1H-pyrazol-
1-yl)phenyl)metanamin (s&n c6 tr Sigma-Aldrich Inc.) d8 thu duoc hop chat duge néu & tiéu

d&. LCMS (phuong phép F): rt = 1,21, [M+H]" = 455.

Hop chét trung gian 65

Etyl 7-((3-(1H-pyrazol-1-yl)benzyl)amino)-3-bromo-2-metylpyrazolo[1,5 -a]pyrimidin-5-
carboxylat

-

N~

NH

N
-~ N \
HO ~
SN

Br

Puoc didu ché theo cach twong ty nhu hop chét trung gian 43, st dung etyl 7-((3-(1LH-
pyrazol-1-yl)benzyl)amino)-3-bromo-2-metylpyrazolo[1,5 -a]pyrimidin-5-carboxylat  (hop
chét trung gian 64) dé thu duoc hop chat dugc néu & tiéu dé. LCMS (phuong phép F): rt =
1,20, [M+H]" = 441.

Hop chét trung gian 66

(R)~(5-Bromo-2-metoxyphenyl)(2-(hydroxymetyl)pyrolidin-1-yl)metanon

Br

[1@
o o
- Ho”

DPuoc didu ché theo cach twong ty nhu hop chét trung gian 35, sit dung axit 5-bromo-
2-metoxybenzoic va (R)-pyrolidin-2-ylmetanol @ thu dugc hop chat duge néu & tiéu de.

LCMS (phuong phap F): rt = 0,83, [M+H]" = 314.
Hop chét trung gian 67

(R)-(2-(Hydroxymetyl)pyrolidin-1-yl)(2-metoxy-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-
2-yl)phenyl)metanon
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o._ 0
B
(D
o o S
- HO/

Puogc didu ché theo cach twong tu nhu hop chat trung gian 36, st dung (R)-(5-bromo-
2-metoxyphenyl)(2-(hydroxymetyl)pyrolidin-1-yl)metanon (hop chét trung gian 66) dé thu
duoc hop chit duge néu & tiéu dé. LCMS (phuong phap F): rt = 1,02, [M+H]" = 362.

Hop chét trung gian 68
5-Bromo-2-clo-N-(2-hydroxyetyl)-N-metylbenzamit
Br

|
N\/\OH
Cl O

Duoc diéu ché theo cich twong tu nhu hop chét trung gian 29, st dung axit 5-bromo-
2-clobenzoic va 2-(metylamino)etan-1-ol trong THF, dé thu dugc hop chét duoc néu & tidu

d8. LCMS (phuong phép F): rt= 0,77, [M+H]* = 294.
Hop chét trung gian 69
2-clo-N—(2-hydroxyetyl)-N—metyl-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-y1)benzamit

0. .0
B

|
Cl O

DPuoc diéu ché theo cach tuong ty nhu hop chét trung gian 36, st dung hop chat trung
gian 68, dé thu dugc hop chét duge néu § tiéu dé. LCMS (phuong phép F): rt = 0,75, [M+H]
= 340.

Hop chét trung gian 70
5-Bromo-N-(2-hydroxyetyl)-N,2-dimetylbenzamit
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Br

|
N\/\OH
(0]

DPuogc didu ché theo cach twong ty nhu Hop chét trung gian 29, st dung axit 5-bromo-
2-metylbenzoic va 2-(metylamino)etan-1-ol, dé thu dugc hop chit dugce néu 6 tidu de. LCMS

(phwong phép F): rt = 0,76, [M+H]" = 274.
Hop chét trung gian 71

N-(2-Hydroxyetyl)-N,2-dimetyl-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-yl)benzamit

0. .0
B

I
@\(N\/\OH
(0]

DPuoc didu ché theo c4ch twong tw nhu hop chét trung gian 36, st dung hop chét trung
gian 70, dé thu duoc hop chét duge néu & tiéu dé. LCMS (phuong phap F): rt = 0,85, [M+H]"
= 320.

Hop chét trung gian 72
5-Bromo-N-(2-hydroxyetyl)-N,2-dimetylbenzamit

Br

N(
?T ~"OH

DPuoc didu ché theo cach twong tw nhu hop chét trung gian 29, stt dung axit 5-bromo-
2-metylbenzoic va 2-(etylamino)etan-1-ol, trong THF, dé thu dugc hop chét duge néu & tiéu

d8. LCMS (phuong phap F): rt = 0,84, [M+H]" = 286.
Hop chét trung gian 73

N-Etyl-N-(2-hydroxyetyl)-2-metyl-5-(4,4,5,5-tetrametyl1,3 ,2-dioxaborolan-2-yl)benzamit
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Py
I OH

DPuoc diéu ché theo cach tuong tu nhu hop chét trung gian 36, st dung hop chat trung
gian 72, dé thu dugc hop chit duge néu & tiéu d&. LCMS (phuong phép F): rt = 0,95, [M+H]"
=334.

Hop chét trung gian 74

Etyl 2-(2-metyl-7-o0x0-4,7-dihydropyrazolo[ 1,5 -a]pyrimidin-5-yl)axetat

(0]
/\O H =

Dung dich duogc khudy 5-metyl-1H-pyrazol-3-amin (25 g, 257 mmol) trong 1,4-dioxan
(150 mL), dugc bd sung dietyl 3-oxopentanedioate (56,8 mL, 309 mmol), sau do 1a axit axetic
(7,37 mL, 129 mmol) & nhiét d6 trong phong. Hon hop phén tmg duoc khuay tai 100 °C trong
6 gid. Hon hop duge 1am mat xudng nhiét do trong phong Chét rén duoc thu gom bang cach
loc, dugc rua bﬁng etyl ete, va dugc lam kho dé thu duogc hop chit dugc néu ¢ tidu dé. LCMS
(phuong phap H): rt = 1,55, [M+H]" = 236.

Hop chét trung gian 75
Etyl 2-(7-clo-2-metylpyrazolo[1,5-a]pyrimidin-5-yl)axetat

Cl

o) 2

NEEAN
-0 X M

N

Dung dich dugc khudy etyl 2-(2-metyl-7-0xo0-4,7-dihydropyrazolo[1,5-a]pyrimidin-5-
yl)axetat (Hop chét trung gian 74, 22,5 g, 96 mmol) trong axetonitril (250 mL), duge bd sung
DIPEA (33,4 mL, 191 mmol), N-metylmorpholin (0,105 mL, 0,956 mmol) va POCl; (17,83
mL, 191 mmol) tai 0 °C. Hon hgp phan tmg duoc khudy & nhiét o trong phong trong 24 gio.
Sau khi hoan thanh phan tng, hdn hop dugc c6, va duge rét 1én trén nude dd/nude. Hon hop

duoc trung hoa béng natri bicacbonat va dugc chiét bang etyl axetat (2 x 300 mL). Cac 16p
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hitu co két hop duoc rira bing nuée mudi, duge 1am kho bang natri sulfat, duoc loc va dugc
c0 trong diéu kién 4p suét giam. Phén can duogc tinh ché bang sdc ky silic oxit (0 - 20% etyl
axetat trong hexan) dé thu duoc hop chét dugce néu & tiéu d&. LCMS (phwong phap H): rt =
2,05, [M+H]" =254.
Hop chét trung gian 76
Etyl 2-(7-clo-3-iodo-2-metylpyrazolo[1,5-a]pyrimidin-5-yl)axetat
o]
P
l

Dung dich dugc khudy etyl 2-(7-clo-2-metylpyrazolo[1,5 -a]pyrimidin-5-yl)axetat
(Hop chét trung gian 75, 8 g, 31,5 mmol) trong DMF (160 mL) dugc bd sung N-
iodosucxinimit (7,09 g, 31,5 mmol) ¢ 0 °C. Hon hgp phan tmg thu duge duoc khudy & nhiét
5 trong phong trong 1 gid. Hon hop phéan Gmg dugc rét 1én trén nudce dwoc 1am lanh bang
nuée d4 va chat rén két ta duoc thu gom bang cach loc. Phan cin dugc tinh ché bang sic ky
silic oxit (0 - 10% etyl axetat trong hexan) dé thu duoc hop chit dugc néu & tiéu dé. LCMS
(phwong phép H): rt = 2,43, [M+H]" = 380.
Hop chét trung gian 77

Etyl 2-(3-iodo-2-metyl-7-((3-(1-metyl- 1 H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-
a]pyrimidin-5-yl)axetat
N
3

N
/

NH

~o \N)*ﬁ
|
Hon hop cta etyl 2-(7-clo-3-iodo-2-metylpyrazolo[ 1,5-a]pyrimidin-5-yl)axetat (Hop
chét trung gian 76, 6 g, 15,81 mmol), (3-(1 -metyl-1H-imidazol-2-yl)phenyl)metanamin (hop
chét trung gian 3, 3,55 g, 18,97mmol) va DIPEA (5,52 mL, 31,6 mmol) trong DMSO (50 mL)

dwoc khudy va dugc 1am néng & 60 °C trong 2 gio. Sau khi lam ngudi, hdn hop phan tng
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dwoc r6t 1én trén nude duge 1am lanh bing nude da (300 mL) va chat ran két tha dugc thu
gom bang cach loc, sau d6 duoc lam kho trong diéu kién 4p suét giam dé thu dugc hop chét

duoc néu 6 ti€u dé. LCMS (phuong phéap H): rt = 1,74, [M+H]" = 531.
Hop chét trung gian 78

Metyl 2-metoxy-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzoat

Dung dich/huyén phu cta metyl 5-iodo-2-metoxybenzoat (20 g, 68,5 mmol),
bis(pinacolato)diboron (17,39 g, 68,5 mmol), kali axetat (20,16 g, 205 mmol) va
bis(triphenylphosphin)paladi(Il) clorua (3,85 g, 5,48 mmol) trong 1,4-dioxan (200 mL) dugc
1am néng dén 100 °C trong mdi trudong nito. Hon hop phan tng dugc khudy & 100 °C trong
20 gid va sau d6 dugc lam ngudi. Hon hop phan tng dugc loc qua miéng CELITE. Miéng
nay duogc rira béng etyl axetat (250 mL). Dich loc dugc b6 sung axit clohydric 1M (250 mL).
Pha hitu co duge rira biang nude mudi (100 mL) va sau d6 dugc lam kho béng magie sulphat.
Dung mdi dugc loai bo trong chdn khéong. Sén pham duge hoa tan trong DCM va duge dua
1én cot silic oxit (750 g) va duoc rira gidi bang gradien 0 - 50% etyl axetat trong xyclohexan
trong 9 CV. Céac phéan doan yéu cAu duoc két hop va dugc bay hoi trong chdn khong dé thu
dugc hop chét duoc néu & tiéu dé. LCMS (phuong phéap J): it = 1,16, [M+H]" = 293.

Hop chét trung gian 79 va hop chét trung gian 80

Etyl 2-(3-iodo-2-metyl-7-((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-
alpyrimidin-5-yl)propanoat va etyl 2-(3-iodo-2-metyl-7-((3-(1 -metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-yl)-2-metylpropanoat
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Trong mdt lo khd, etyl 2-(3-iodo-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-yl)axetat (Hop chét trung gian 77, 400 mg,
0,754 mmol) dugc khudy trong THF (4,0 mL) trong méi truong nito & 0 °C. Metyl iodua (0,05
mL, 0,8 mmol) dugc bd sung va hdn hgp duge khudy & 0 °C trong 1 pht sau d6 LIHMDS
(IM trong THF) (1,6 mL, 1,6 mmol) dugc bd sung. Hon hop duoc khuéy & 0 °C trong 5 pht,
sau d6 duoc lam 4m dén nhiét do trong phong. Sau 15 pht, hdn hgp phan tmg dugc pha lodng
bang dung dich NH4Cl bdo hoa (2 mL) va duge khudy trong 5 phtt. Hon hgp dugc chuyén
sang ph&u tach v6i DCM (20 mL) va nude (20 mL). Céc pha dugce tach va 16p hitu co duogc
thu gom. Pha nuéc dugc dugc rira tiép bang DCM (2 x 10 mL) va céc 16p hitu co két hop
duogc rua b??mg nude mudi (20 mL), duge loc qua thity tinh frit ki nuée va duge bay hoi dén
kh6. Phin thd dugc tai uét tir DCM (1 mL) 1én trén c6t KP-NH 28 g va duge rira giai bang
10 - 50% véi etyl axetat: etanol (3:1, chtra 1% trietylamin) trong xyclohexan. Mau dugce tinh
ché tiép bang sic ky pha ddo rira giai bang 40 - 90% axetonitril trong pH10 dugc dém dung
dich amoni cacbonat. Cac phan doan chira mdi san phim duoc két hop riéng r&, dugc cd trong
didu kién ap sudt giam va dugc lam kho trong 10 say chan khong qua ngay cubi tudn dé thu
duoc cac hop chit mong mudn duge néu & tiéu d&. Hop chét trung gian 79: LCMS (phuong
phap F): rt = 1,16, [M+H]" = 545. Hop chét trung gian 80: LCMS (phuong phép F): rt = 1,27,
[M+H]" = 559.

Hop chét trung gian 81

2-(3-Todo-2-metyl-7-((3-(1-metyl- 1 H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-
a]pyrimidin-5-yl)propan-1-ol
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Etyl 2-(3-iodo-2-metyl-7-((3-(1-metyl- 1 H-imidazol-2-yl)benzyl)amino)pyrazolo [1,5-
alpyrimidin-5-yl)propanoat (hop chét trung gian 79, 87 mg, 0,160 mmol) duoc khudy trong
THF (1,5 mL) & 0 °C trong mdi trudng nito. DIBAL-H (1 M trong THF) (0,5 mL, 0,5 mmol)
dugc bd sung ting giot va hdn hop dugce khudy trong 45 phut. Hon hop dugc lam dimg bing
dung dich mubi Rochelle 1M va dugc khu4y manh trong 30 phtit. Hon hop dugc tach bang
DCM (10 mL) va nuéc (10 mL). Pha nuéc da tich duge rira tiép bang DCM (2 x 10 mL) va
cac cht hiru co két hop dugce di qua thuy tinh frit ki nudce va duge ¢ trong didu kién 4p suat
giam d thu dugc hop chét duge néu & dé muc. LCMS (phuong phap F): 1t = 0,99, [M+H]" =
503.

Hop chét trung gian 82

2-(3-Iodo-2-metyl-7-((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-
alpyrimidin-5-yl)-2-metylpropan-1-ol

N
/
NH
/N
~ "N N\
NS =
HO N

DPuoc diéu ché theo cach tuong tu nhu Hop chét trung gian 81, st dung etyl 2-(3-iodo-
2-metyl-7-((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5 -yl)-2-
metylpropanoat (hop chét trung gian 80) dé thu dugc hop chét duge néu & tieu dé. LCMS
(phuong phép F): rt = 1,12, [M+H]" = 517.

Hop chat trung gian 83

(5-Bromo-2-metoxyphenyl)(2-(hydroxymetyl)pyrolidin-1-yl)metanon
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Puoc diéu ché theo cach twong tu nhu hop chét trung gian 29, st dung axit 5-bromo-
2-metoxybenzoic va pyrolidin-2-ylmetanol trong THF, dé thu duoc hop chat duge néu & tidu

d&. LCMS (phuong phap F): rt = 0,84, [M+H]" = 314.
Hop chét trung gian 84

(2-(Hydroxymetyl)pyrolidin-1-y1)(2-metoxy-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)phenyl)metanon

0.0
B

@I NQ
O O OH

DPugc diéu ché theo cach twong ty nhu hop chét trung gian 36, sir dung hop chét trung
gian 83, dé thu dugc hop chit duge néu & tiéu dé. LCMS (phuong phap F): 1t = 0,96, [M+H]"
=362.

Hop chét trung gian 85
(R)-5-Bromo-N-(1-hydroxypropan-2-yl)-N,2-dimetylbenzamit

Br

S

Puoc didu ché theo cach twong ty nhu hop chét trung gian 29, st dung axit 5-bromo-
2-metoxybenzoic va (R)-2-(metylamino)propan-1-ol trong THF, dé thu duogc hop chét duge
néu & tiéu dé. LCMS (phuong phap F): rt = 0,82, [M+H]* = 286.

Hop chét trung gian 86

(R)-N-(1-Hydroxypropan-2-yl)-N,2-dimetyl-5-(4,4,5,5-tetrametyl-1 ,3,2-dioxaborolan-2-

yl)benzamit
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DPuoc didu ché theo cach twong tw nhu hop chét trung gian 36, st dung hop chét trung

gian 85, dé thu dugc hop chét dugc néu ¢ tiéu dé&. LCMS (phuong phéap F): rt = 0,91, [M+H]"
=334,

Hop chét trung gian 87
5-Bromo-N-(1-hydroxypropan-2-yl)-N,2-dimetylbenzamit

Br

|
N
OH
T
DPuoc diéu ché theo cach tuong ty nhu hop chét trung gian 29, st dung axit 5-bromo-

2-metylbenzoic va 2-(metylamino)propan-1-ol trong THF dé thu duoc hop chét dugc néu &
tiéu d&. LCMS (phwong phép F): rt = 0,82, [M+H]" = 286.

Hop chét trung gian 88

N-(1-Hydroxypropan-2-yl)-N,2-dimetyl-5-(4,4,5,5-tetrametyl-1 ,3,2-dioxaborolan-2-

o. 0
B
@ﬁ‘/ |
N
w/\OH
o)

Pugc diéu ché theo cach twong ty nhu hgp chét trung gian 36, sit dung 5-bromo-N-(1-

yl)benzamit

hydroxypropan-2-yl)-N,2-dimetylbenzamit (hop chét trung gian 87) dé thu dugc hop chat
duoc néu & tidu d&. LCMS (phuong phép F): rt = 0,91, [M+H]" = 334.

Hop chét trung gian 89

(5-Bromo-2-metylphenyl)(3-hydroxypyrolidin-1-yl)metanon
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Duoc diéu ché theo cach twong tw nhu hop chét trung gian 29, stt dung axit 5-bromo-
2-metylbenzoic va pyrolidin-3-ol trong THF dé thu dugc hop chit dugce néu ¢ tiéu d8. LCMS
(phuong phap F): rt = 0,75, [M+H]" = 284.

Hop chét trung gian 90

(3-Hydroxypyrolidin1-yl)(2-metyl-5-(4,4,5,5-tetrametyl1,3 ,2-dioxaborolan-2-

o._0
B
Q\(NO\OH
0

Puoc diéu ché theo cach twong tu nhu hop chét trung gian 36, st dung (5-bromo-2-

yl)phenyl)metanon

metylphenyl)(3-hydroxypyrolidin-1-yl)metanon (Hop chét trung gian 89) dé thu dugc hop
chét duoc néu & tiéu d&. LCMS (phuong phép F): rt = 0,84, [M+H]" = 332.

Hop chét trung gian 91
5-Bromo-N-(1-hydroxypropan-2-yl)-2-metoxy-N-metylbenzamit

Br

|
N
\FOH
o ©

DPuoc diéu ché theo cach twong tw nhu hop chét trung gian 29, stt dung axit 5-bromo-
2-metoxybenzoic va 2-(metylamino)propan-1-ol trong THF d& thu dwoc hop chét dugc néu &

tiéu d&. LCMS (phuong phép F): rt = 0,76, [M+H]" = 302.
Hop chét trung gian 92

N-(1-Hydroxypropan2-yl)-2-metoxy-N-metyl-5-(4,4,5,5-tetrametyl-1 ,3,2-dioxaborolan-2-
yl)benzamit
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Duoc didu ché theo cach twong tu nhu hop chét trung gian 36, sa dung 5-Bromo-N-(1-

hydroxypropan-2-yl)-2-metoxy-N-metylbenzamit (hop chét trung gian 91) dé thu dugc hop
chit duge néu & tiéu d&. LCMS (phuong phap F): 1t = 0,89, [M+H]™ = 350.

Hop chét trung gian 93 va hop chét trung gian 94

tert-Butyl (5-(1-hydroxyetyl)-3-iodo-2-metylpyrazolo[1,5 -a]pyrimidin-7-yl)(3-(1-metyl-1H-
imidazol-2-yl)benzyl)carbamat, chAt ddng phén 1 va chit ddng phan 2

%
,N*(P
(0]
N)j\oJ<
HO \N/l%e-
|

tert-Butyl (5-(1-hydroxyetyl)-3-iodo-2-metylpyrazolo[1,5 -a]pyrimidin-7-y1)(3-(1-metyl-1H-
imidazol-2-yl)benzyl)carbamat (hgp chét trung gian 26, 60 mg, 0,123 mmol) dugc tich béng
cach sir dung Chiralpak AD-H (30 mm x 250 mm, 5 pm) va h¢ dung mdi gdm 30% etanol
(chira 0,2% isopropylamin)/ heptan (chira 0,2% isopropylamin) & tdc do 30 mL/phut dé thu
duoc hop chét bit d6i duge néu ¢ tiéu d&. Chét dong phan 1: LCMS (phwong phép F): 1t =
0,97, [M+H]* = 489. HPLC bét dbi: rt 10,73, 99,7%. Chét dong phan 2: LCMS (phuong phap
F): rt= 0,97, [M+H]" = 489. HPLC bét ddi: rt 7,53, 100%.

Hop chét trung gian 95

5-Bromo-N,2-dimetyl-N-(tetrahydro-2 H-pyran-4-yl)benzamit

Br
|
N
% 1@
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DPugc diéu ché theo cach twong ty nhur hop chét trung gian 33, str dung axit 5-bromo-
2-metylbenzoic va N-metyltetrahydro-2H-pyran-4-amin trong THF dé thu dugc hop chat
duoc néu & tiéu dé. LCMS (phuong phép F): rt = 0,96, [M+H]" = 312.

Hop chét trung gian 96

N,2-Dimetyl-N-(tetrahydro-2H-pyran-4-yl)-5 -(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-

DPugc didu ché theo cach twong tu nhu hop chét trung gian 32, sit dung 5-bromo-N,2-

yl)benzamit

dimetyl-N-(tetrahydro-2H-pyran-4-yl)benzamit (Hop chit trung gian 95) dé thu dugc hop
chét duge néu & tiéu d&. LCMS (phuong phap F): rt = 1,06, [M+H]" = 360.

Hop chét trung gian 97

2-Metylpyrazolo[1,5-a/pyrimidin-5,7(4H,6H)-dion

5-Metyl-1H-pyrazol-3-amin (50 g, 515 mmol) dugc hoa tan trong etanol (500 mL)
trong moi trudng nito. Natri etanolat (334 g, 1030 mmol) trong etanol duoc bd sung sau d6
12 dietyl malonat (86 mL, 566 mmol). Hon hop phan tng duoc khudy & 80 °C trong 4 gio.
Hon hop phan tng dugc lam ngudi xudng nhiét do trong phong, va chét ran két tia dugc thu
gom bang cach loc, duoc rira bang lugng du etanol (1000 mL) va dugc lam'kho dé thu duoc

hop chét dugc néu & tiéu d&. LCMS (phuong phép B): rt = 0,48, [M+H]" = 166.
Hop chét trung gian 98

5,7-Diclo-2-metylpyrazolo[1,5-a/pyrimidin
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2-Metylpyrazolo[1,5-a/pyrimidin-5,7(4H,6 H)-dion (hop chét trung gian 97, 35 g, 212
mmol) dugc bd sung vao phospho oxyclorua (395 ml, 4239 mmol) va hdn hop duge 1am nong
& 100 °C trong 24 gid. Hon hop duge lam ngudi xubng nhiét do trong phong va phospho
oxyclorua du dugc chung cét trong diéu kién 4p suét giam. Hon hop dugc chiét dong thoi véi
toluen (2 x 200 mL). San phém tho duogc tinh ché bang sic ky cot silicagel (etyl axetat 20%
trong ete dau mo) dé thu duge hop chét dugc néu ¢ tiéu dé. LCMS (phuong phap B): rt =
3,21, [M+H]" =201.

Hop chét trung gian 99
5,7-diclo-3-iodo-2-metylpyrazolo[1,5-a/pyrimidin
Cl
&
cl \N)*k
I

Dung dich dugc khudy 5,7-diclo-2-metylpyrazolo[1,5-a/pyrimidin (hop chét trung
gian 98, 15 g, 74,2 mmol) trong DCM (200 mL) ¢ 0 °C dugc bd sung axit axetic (29,8 mL,
520 mmol) sau d6 1a NIS (16,70 g, 74,2 mmol) ting phan. Hon hop phén tng thu duge duoc
khudy & 0 °C trong 1 gid. Dung dich natri sulphit 10% (200 mL) dugc b sung va duge khudy
manh & nhiét 6 trong phong trong 30 phut. Lép DCM dugc tach va dugc rira bang natri
thiosulphat bédo hoa (300 mL), nude mubi (200 mL), sau d6 la nuge (100 mL) va 16p hitu co
duge 1am kho bang natri sulphat khan va dugc loc. Dich loc dugce ¢6 trong diéu kién ap suét
giam dé thu dugc hop chit duge néu & tiéu dé. LCMS (phuong phap E): rt=2,37, [M+H]" =
328.

Hop chét trung gian 100

5-clo-3-iodo-2-metyl-N-(3-(1-metyl-1H-imidazol-2-yl)benzyl)pyrazolo[1,5-a/ pyrimidin-7-

amin
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Hdn hop cua (3-(1-metyl-1H-imidazol-2-yl)phenyl)metylamin (hop chét trung gian 3,
31 g, 122 mmol), 5,7-diclo-3-iodo-2-metylpyrazolo[1,5-a/pyrimidin (Hop chét trung gian 99,
39,9 g, 122 mmol) va DIPEA (63,8 mL, 365 mmol) trong DMSO (500 mL) dugc khuéy va
duoc lam néng & 50 °C trong 18 gio. Sau khi lam ngudi, hdn hop phan Gng dugc rot 1én trén
nudc duge lam lanh bang nude d4 (1500 mL). Chét rin két tua dugc thu gom bang cach loc,
dugc lam kho trong diéu kién 4p suét giam dé thu duogc hop chét duoc néu & tidu dé. LCMS

(phwong phap C): rt = 2,19, [M+H]" = 479.
Hop chét trung gian 101

tert-Butyl (5-clo-3-iodo-2-metylpyrazolo[ 1,5-a/pyrimidin-7-y1)(3-(1 -metyl-1H-imidazol-2-
yl)benzyl)carbamat

&
cl \N)*f
|

Dung dich dugc khudy 5-clo-3-iodo-2-metyl-N-(3-(1-metyl-1H-imidazol-2-
yl)benzyl)pyrazolo[1,5-a]pyrimidin-7-amin (hop chét trung gian 100, 50 g, 96 mmol) trong
DCM (1000 mL) duge bd sung DIPEA (25,03 mL, 143 mmol), DMAP (1,167 g, 9,55 mmol)
va di-tert-butyl dicacbonat (33,3 mL, 143 mmol). Hdn hop dugc khudy & nhiét do trong phong
trong 3 gid. Hon hop phan tng dugc pha lodng bang DCM (1000 mL), dugc rira bang nuéc
(1000 mL), dugc lam kho bang natri sulphat khan, dugc loc va dugc ¢ trong diéu kién ap

sut giam. San pham thd dugc tinh ché bang sac ky silicagel (80% etyl axetat trong ete dau
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mo) dé thu dugc hop chét dugc néu ¢ tiéu d&. LCMS (phuong phap D): rt = 6,33, [M+H]" =
579.

Hop chét trung gian 102

tert-Butyl (5-clo-3-(3-((2-hydroxyetyl)sulfonyl)-4-metoxyphenyl) -2-metylpyrazolo[1,5-
alpyrimidin-7-y1)(3-(1-metyl-1H-imidazol-2-yl)benzyl)carbamat

0] J<
N)I\O
Z NN
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Cl N

tert-Butyl (5-clo-3-iodo-2-metylpyrazolo[ 1,5-a]pyrimidin-7-yl)(3-(1-metyl-1H-
imidazol-2-yl)benzyl)carbamat (hop chit trung gian 101, 506 mg, 0,874 mmol), 2-((2-
metoxy-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-yl)phenyl)sulfonyl)etan-1-ol (hop chét
trung gian 19, 268 mg, 0,783 mmol), triphenylarsin (13 mg, 0,042 mmol), PACI,(PhCN)2 (18
mg, 0,047 mmol) va natri cacbonat (193 mg, 1,821 mmol) dugc két hop trong 1,4-dioxan (6
mL) va nude (1,5 mL). Hon hop dugc xa nito trong 1 phit va dugc lam nong dén 80 °C trong
4 giv. 2-((2-Metoxy-5-(4,4,5,5-tetrametyl1 ,3,2-dioxaborolan-2-yl)phenyl)sulfonyl)etan-1-ol
(hop chét trung gian 19, 113 mg, 0,330 mmol), triphenylarsin (13 mg, 0,042 mmol) va
PdCIx(PhCN); (18 mg, 0,047 mmol) dugc bd sung. Hon hop dugc xa nito trong 1 phit va sau
d6 duoc lam néng dén 80 °C qua dém. Hon hop dwgc 1am ngudi va dugc ¢ trong didu kién
4p suat giam. Phin cin dugc tao huyén phu trong etyl axetat (20 mL) va dugc loc qua
CELITE, duoc rita bing etyl axetat (40 mL) va sau d6 13 DCM (40 mL). Phan loc két hop
duoc cd trong diéu kién ap suit giam dé loai bo6 DCM va sau d6 duoc tach bang nude (40
mL). Pha hitu co duge tach, duge di qua thuy tinh frit ki nude va duge ¢ trong diéu kién ap
sudt giam. Phan can duoc hoa tan trong DMSO: metanol (6 mL, 1:1) va dugc tinh ché bang
MDAP (phuong phép A). Cac phan doan chita san phim duge két hop va duogc ¢d trong diéu
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kién 4p suét giam dé thu dugc hop chat dugc néu & tiéu dé. LCMS (phwong phap F): rt= 1,12,
[M+H]" = 667.

Hop chét trung gian 103

Etyl 2-(3-iodo-2-metyl-7-((3-(1-metyl-1 H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-
a]pyrimidin-5-yl)butanoat
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DPuoc diéu ché theo cach twong tu nhu Hop chét trung gian 79, sir dung iodoetan, dé

thu duoc hop chit dugc néu & tidu dé. LCMS (phuong phép F): rt = 1,24, [M+H]" = 559.
Hop chét trung gian 104

2-(3-Iodo-2-metyl-7-((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-
a]pyrimidin-5-yl)butan-1-ol

HO N

Puoc diéu ché theo cach tuong tw nhu hop chét trung gian 81, sir dung etyl 2-(3-iodo-
2-metyl-7-((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-
yl)butanoat (hgp chit trung gian 103), dé thu duoc hop chét dugc néu & tidu dé. LCMS
(phuong phép F): rt = 1,05, [M+H]" = 517.

Hop chét trung gian 105
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3-(3-Bromo-2-metyl-7-((3-(1-metyl-1 H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-
a]pyrimidin-5-yl)pentan-3-ol

Etyl 3-bromo-2-metyl-7-((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo [1,5-
a]pyrimidin-5-carboxylat (hop chét trung gian 42, 253 mg, 0,539 mmol) dugc khudy trong
THF (5 mL) & 0 °C trong mdi trudng nito. Etylmagie bromua (1 M trong THF) (2,4 mL, 2,4
mmol) duoc bd sung trong 5 phut va hdn hop dugce khudy & 0 °C trong 30 phut sau d6 dugc
13m 4m dén nhiét do trong phong Sau 2 gid, hon hgp phan tmg duoc lam dimg bang dung
dich amoni clorua bo hoa (2 mL) va dugc tach bang DCM (10 mL) va dung dich amoni
clorua b3o hoa (10 mL). Pha hitu co duge thu gom va pha nude duoc rira bang DCM (2 x 5
mL). Céc 16p hitu co két hop duoc di qua thuy tinh frit ki nuéce va dugce bay hoi dén kho. Phan
can dugc khudy trong THF (5 mL) trong mdi trudng nito tai 0 °C. Etylmagie bromua (1 M
trong THF) (1,6 mL, 1,6 mmol) dugc bd sung trong 5 phit va hén hop duoc khuéy 00 °C
trong 30 phit. Hon hop duge 1am dimg bang dung dich amoni clorua bdo hoa (2 mL) va dugc
tach bing DCM (10 mL) va dung dich amoni clorua bdo hoa (10 mL). Pha hitu co dugc thu
gom va pha nudc dugce rua bang DCM (2 x 5 mL). Céc 16p hiru co két hop duoc di qua thuy
tinh frit ki nude va dugce cd trong diéu kién ap sudt giam. Phan cin duoc hoa tan trong metanol:
DMSO (2 mL, 1:1) va dugc tinh ché bang MDAP (phuong phép A). Céc phéan doan chira san
phdm dugc két hop, duge 1am bay hoi dén kho va lam kho thém trong 10 chan khong qua dém

@8 thu duoc hop chat dwoc néu & tiéu dé. LCMS (phuong phép J): rt = 0,80, [M+H]" = 483.
Hop chét trung gian 106

3-Bromo-N-metoxy-N,2-dimetyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-carboxamit
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Huyén phu ctia N,O-dimetylhydroxylamin hydroclorua (1,62 g, 16,61 mmol) trong
THF (10 mL) dugc lam lanh xudng -10 °C). n-Butyllithi (2,5 M trong hexan) (13 mL, 32,5
mmol) dugc bd sung timg giot trong 40 phut dé duy tri nhiét 6 hon hop dudi 5 °C. Hon hop
sau d6 duoc khudy trong bon nuéce da trong 15 phut. Dung dich nay dugc bd sung tir tir etyl
3-bromo-2-metyl-7-((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5 -a|pyrimidin-
5-carboxylat (hop chét trung gian 42, 1,5 g, 3,2 mmol) trong THF (10 mL). Nhiét d6 ctia hon
hop dugc gitt dudi 0 °C trong khi b6 sung. Khi hoan thanh viéc b sung, hdn hop dugce khudy
trong bdn nudce da (& -8 °C) trong 20 phit va sau d6 duge lam 4m dén nhiét do trong phong
va duogc khudy trong 1 gid. Dung dich amoni clorua bdo hoa (20 mL) dugc bd sung va hon
hop dugc khudy trong 30 phut. DCM (50 mL) duoc bd sung. Dung dich dugc chiéu séng siéu
4m va duoc chuyén vao phéu tach. Chét rén con lai duge tao huyén phu trong hdn hop gdm
nuée (50 mL) va DCM (50 mL) va duoc chiéu séng siéu am. Hon hop dugc bb sung vao phéu
tach. Céc chat hitu co duoc tach va pha nude dugce chiét tiép bang DCM (100 mL x 2). Céc
chét hitu co két hop duogc di qua thuy tinh frit ki nu6e va duge co trong didu kién ép suét
giam. Phan cn dugc hoa tan trong DCM va dugc tinh ché bang sic ky silic oxit rira giai bang
30 - 100% etyl axetat: etanol (3:1, thé tich/thé tich, chtra 1% trietylamin) trong xyclohexan
bang 10 CV. Céc phan doan chira san phdm duoc két hop va dugce cd trong didu kién ap suét
giam d& thu dugc hop chét dugc néu ¢ tiéu d&. LCMS (phuong phép J): rt = 0,63, [M+H]" =
484.

Hop chét trung gian 107

1-(3-Bromo-2-metyl-7-((3-(1-metyl- 1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-
a]pyrimidin-5-yl)propan-1-on
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3-Bromo-N-metoxy-N,2-dimetyl-7-((3-(1-metyl- 1 H-imidazol-2-yl)benzyl) amino)

pyrazolo[1,5-a]pyrimidin-5-carboxamit (Hop chét trung gian 106, 530 mg, 1,094 mmol) dugc
hoa tan trong THF (20 mL) va dugc lam lanh xubng 0 °C. Etylmagie bromua (1 M trong THF)
(2,7 mL, 2,7 mmol) duoc b sung tir tir. Sau 20 phut hdn hop duge lam dimg bang dung dich
amoni clorua bdo hoa (5 mL) va duoc khudy manh trong 10 phut. Huyén pht dic dugc tach
gitta nuée (50 mL) va DCM (50 mL). Pha nuge dé tach duge rira bing DCM bd sung (2 x 50
mL) va céc chét hitu co két hop dugc di qua thiy tinh frit ki nu6e va dugc ¢d trong didu kién
4p suat giam. Phan cin duge tinh ché bing séc ky pha déo (Cis, 60 g) rira gidi bang 30 - 85%
axetonitril trong 10 mM amoni bicacbonat trong nudc (duge diu chinh dén d6 pH=10 bang
dung dich amoniac) trong 25 CV. Céc phén doan chra san pham mong mudn duge két hop
va duogc cd trong diéu kién ap suit giam. Phén cin dugc tinh ché béng séc ky pha dao (Cis,
40 g) rira giai bang 20 - 50% axetonitril trong nudc (chira axit formic 0,1%). Cac phan doan
chira san pham duoc két hop va dugc trung hoa bang cach st dung dung dich natri bicacbonat
bao hoa, sau d6 duoc chiét bang DCM (2 x 50 mL). Céac chét hitu co két hop duoc di qua thuy
tinh frit ki nude va dugce lam kho trong diéu kién 4ap suét giam dé thu duogc hop chét dugc néu

& tiéu dé. LCMS (phuong phap J): rt = 0,84, [M+H]" = 453.
Hop chét trung gian 108 va 109

1-(3-Bromo-2-metyl-7-((3-(1-metyl-1H- imidazol-2-yl)benzyl)amino)pyrazolo[1,5-
a]pyrimidin-5-yl)propan-1-ol, chit ddng phén 1 va chét ddng phan 2.
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1-(3-Bromo-2-metyl-7-((3-(1-metyl-1H- -imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-
a]pyrimidin-5-yl)propan-1-on (Hop chét trung gian 107, 164 mg, 0,362 mmol) dugc khuay
trong THF (3 mL) & 0 °C trong méi trudong nito. DIBAL-H (1 M trong THF) (0,75 mL, 0,75
mmol) duge bé sung timg giot va hén hop duge khudy trong 90 phut. Hon hop dwgce lam dimg
bang dung dich kali natri tartrat (1 M) va duoc khudy manh trong 1 gio. Hon hop duoc tich
bing DCM (20 mL) va nude (20 mL). Pha nuée da tach duoc rira thém bang DCM (2 x 20
mL) va cac 16p hitu co két hop dugc di qua thuy tinh frit ki nuée va duge cd trong didu kién
&p suat giam. Phan cin dugc tinh ché bang sic ky pha dao (Cs, 30 g) rira giai bang 10 - 40%
axetonitril (chta axit formic 0,1%) trong nudc (chira axit formic 0,1%) trong 10 CV. Céc
phéan doan chura san phém duoc két hop va dugc bazo hoa bﬁmg cach str dung dung dich natri
bicacbonat bdo hoa sau d6 dugc chiét bang cach sir dung DCM (2 x 50 mL). Céc 16p hitu co
két hop duoc di qua thuy tinh frit ki nude va duge cd trong diéu kién 4p suét giam. Phan cin
duoc tinh ché bing cach st dung ot Chiralpak AD-H (30 mm x 250 mm, 5 pm), ria giai
béng 30% etanol (chira 0,2% isopropylamin) trong hexan (chtra 0,2% isopropylamin) dé thu
duoc cac hop chét duoc néu 6 tiéu dé. Chat dong phan 1: LCMS (phuong phép J): rt = 0,61,
[M+H]" = 455. HPLC bét déi, rt 5,95, 100%. Chét déng phan 2: LCMS (phuong phap J): rt
= 0,61, [M+H]" = 455. HPLC bét ddi, rt 9,02, 100%.

Hop chét trung gian 110

1-(3-Bromo-2-metyl-7-((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-
a]pyrimidin-5-yl)etan-1-on
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Puoc didu ché theo cach twong ty nhu Hop chét trung gian 107, st dung metylmagie
bromua, dé thu dugc hop chit duge néu & tidu dé. LCMS (phuong phap J): rt = 0,73, [M+H]"
=439.

Hop chét trung gian 111 va 112

1-(3-Bromo-2-metyl-7-((3-(1-metyl- 1 H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-
a]pyrimidin-5-yl)etan-1-ol, chat ddng phén 1 va chét ddng phan 2

OH Br

Pugc didu ché theo cach twong tw nhu hop chét trung gian 108 va 109, dé thu dugc
cc hop chat duge néu & tiéu dé. Chét ddng phéan 1: LCMS (phuong phap F): rt= 0,95, [M+H]"
= 441. HPLC bét dbi, rt 7,37, 100%. Chéat ddng phan 2: LCMS (phuong phép F): rt = 0,95,
[M+H]* = 441. HPLC bat di, rt 11,07, 99,4%.

Hop chét trung gian 113
tert-Butyl (5-acetyl-3-bromo-2-metylpyrazolo[1,5-a]pyrimidin-7-y1)(3-(1-metyl-14-

imidazol-2-yl)benzyl)carbamat
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1-(3-Bromo-2-metyl-7-((3-(1-metyl- 1H-imidazol-2-yl)benzyl)amino)pyrazolo [1,5-
alpyrimidin-5-yl)etan-1-on (hop chét trung gian 110, 358 mg, 0,815 mmol) dugc tao huyén
phii trong THF (10 mL). DIPEA (0,21 mL, 1,202 mmol) va DMAP (10 mg, 0,082 mmol)
duoc bd sung sau d6 1a Boc-anhydrua (0,28 mL, 1,206 mmol). Hon hop duge khqu va duoc
1am néng dén 50 °C trong 1,5 gio. Hon hop duge 1am ngudi xudng nhiét 46 moi trudng, dugc
pha lodng bang nude (25 mL) va etyl axetat (25 mL). Pha hitu co dugc thu gom va pha nuéc
duogc rira tiép bang etyl axetat (2 x 25 mL). Céc chét hitu co két hop duoc di qua thiy tinh frit
ki nur6c va duge bay hoi dén kho. Phin cin duge hoa tan trong lugng t6i thiéu DCM (1,5 mL)
va duogc tai udt trén cot silicagel 40 g. San pham dugc rira giai bang 0 - 50% etanol: etyl axetat
(3:1, thé tich/thé tich, chira 1% trietylamin) trong xyclohexan. Céc phan doan chira san pham
duoc két hop va dugc bay hoi dén kho, sau d6 duoc 1am kho trong diéu kién chan khong cao
trong 2 ngay dé thu dugc hop chét dugc néu & tiéu d&. LCMS (phuong phép F): rt = 1,35,
[M+H]" = 539.

Hop chét trung gian 114
tert-Butyl (3-bromo-5-(1-((tert-butyldimetylsilyl)oxy)vinyl)-2-metylpyrazolo[ 1,5-

alpyrimidin-7-y1)(3-(1-metyl-1H-imidazol-2-yl)benzyl)carbamat

7
N
(6]
oK
= N’N\
=
\Sli’o B
K

121



45261 122/181

tert-Butyl (5-acetyl-3-bromo-2-metylpyrazolo[1,5-a]pyrimidin-7-yl)(3-(1-metyl-1H-
imidazol-2-yl)benzyl)carbamat (hgp chét trung gian 113, 456 mg, 0,676 mmol) dugc khudy
trong DCM (5 mL) va trietylamin (0,32 mL, 2,296 mmol) ¢ 0 °C trong mdi truong nito. TBS-
OTf (0,21 mL, 0,914 mmol) dugc bd sung va hdn hop dugc lam 4m dén nhiét do moi truong
noi né duge khudy trong 4 gio. Trietylamin bd sung (0,3 mL, 2,152 mmol) sau d6 d6 TBS-
OTf (0,25 mL, 1,089 mmol) dugc bd sung va hdn hop dugc dé qua dém. Hon hop dugc tich
gitta DCM (20 mL) va nude (20 mL). Pha nuéc dé tich dugce rira bang DCM (2 x 10 mL) va
cac chét hitu co két hop duogc di qua thiy tinh frit ki nudc va duge cd trong diéu kién 4p suat
giam. Phan cin duge tinh ché bang sic ky silic oxit rira giai bing 0 - 50% etyl axetat trong
xyclohexan. Phan cin dugc nghién v6i DCM va dugc 1am kho trong diéu kién chan khong
cao trong 2 ngay dé thu dugc hop chét dugc néu ¢ tiéu d&. LCMS (phuong phap F): rt = 1,70,
[M+H]" = 653.

Hop chét trung gian 115

tert-Butyl  (3-bromo-5-(1-((tert-butyldimetylsilyl)oxy)xyclopropyl) -2-metylpyrazolo[1,5-
alpyrimidin-7-yl)(3-(1-metyl-1H-imidazol-2-yl)benzyl)carbamat
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Dietylzinc (1 M trong heptan) (0,795 mL, 0,795 mmol) dugc khudy trong DCM (0,5
mL) & 0 °C trong moéi truong nito. TFA (0,061 mL, 0,795 mmol) trong DCM (0,5 mL) duoc
bd sung rat chdm timg giot va hdn hop dugce khudy trong 10 phut Diiodometan (0,064 mL,
0,795 mmol) trong DCM (0,5 mL) dugc bd sung timg giot. Sau 5 phit khudy fert-butyl (3-
bromo-5-(1-((tert-butyldimetylsilyl)oxy)vinyl)-2-metylpyrazolo| 1,5-a|pyrimidin-7-yl)(3-(1-
metyl-1H-imidazol-2-yl)benzyl)carbamat (Hop chéit trung gian 114, 260 mg, 0,398 mmol)
trong DCM (2 mL) duoc bd sung. Sau 1 gid hdn hop duge 1am Am dén nhiét 6 mdi trudng

Sau 6 gi®, dung dich amoni clorua bdo hoa (1 mL) duoc bd sung va hdn hop duge khqu
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manh trong 30 phut. Dung dich natri bicacbonat bdo hoa (2 mL) dugc bd sung va hdn hop
duoc khudy trong 30 phut nita. Hon hop duogc tach gitta DCM (20 mL) va dung dich amoni
clorua bdo hoa (20 mL). Pha nuée d4 tach duoc rira bing DCM (2 x 10 mL) va céc chét hitu
co két hop duge di qua thuy tinh frit ki nuée va duge cd trong didu kién 4p suat giam. Nguyén
liéu tho dugc két hop véi nguyén liéu thd tir phan uing twong tu duge thyuc hién vOi tert-butyl
(3-bromo-5-(1-((tert-butyldimetylsilyl)oxy)vinyl)-2-metylpyrazolo[1,5 -alpyrimidin-7-yl)(3-
(1-metyl-1H-imidazol-2-yl)benzyl)carbamat (hop chét trung gian 114, 51 mg, 0,078 mmol)
va duoc tinh ché bang MDAP (phuong phap A). Cac phan doan chira san pham dugc két hop,
duoc ¢b trong diéu kién ap suét giam va dugc 1am kho trong didu kién chan khong cao dé thu

duge hop chét duge néu 6 tiéu dé. LCMS (phuong phép F): it = 1,72, [M+H]" = 667.
Hop chét trung gian 116
Metyl 2-metyl-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzoat

0]

By
o0

Metyl 5-bromo-2-metylbenzoat (50 g, 218 mmol), bis(pinacolato)diboron (55,4 g, 218
mmol), kali axetat (64,3 g, 655 mmol) va bis(triphenylphosphin)paladi(II) clorua (12,26 g,
17,46 mmol) trong 1,4-dioxan (500 mL) duoc lam nong dén 100 °C trong moi trudng nito
trong 2 gi¢. Sau khi lam ngudi, hdn hop dugce loc CELITE va dugce rira béng etyl axetat (500
mL). Dung dich axit clohydric 1 M (500 mL) dugc bd sung vao dich loc va cac pha dugc
tach. Pha hitu co duoc rira biang dung dich axit clohydric 1 M (250 mL), nuéce mubi (250 mL),
dugc 1am kho bing magie sulphat va dung mdi dugc loai bo trong chan khong. San pham tho
duoc tinh ché bing sic ky cot silicagel rura giai bang 0-50% etyl axetat trong xyclohexan daé
thu duge hop chét duge néu & tiéu d&. LCMS (phuong phap J): it = 1,34, [M+H]" = 277.

Hop chét trung gian 117

Metyl 5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1/-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-alpyrimidin-3-yl)-2-metylbenzoat
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2-(3-Bromo-2-metyl-7-((3-(1-metyl-1H -imidazol-2-yl)benzyl)amino)pyrazolo[1,5-
alpyrimidin-5-yl)propan-2-ol (hgp chét trung gian 43, 25,77 g, 56,6 mmol), metyl 2-metyl-
5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzoat (hop chét trung gian 116, 23,44 g, 85
mmol), kali phosphat (18,02 g, 85 mmol), XPhos (2,70 g, 5,66 mmol) va XPhos Pd G2
(4,45 g, 5,66 mmol) duoc két hop trong 1,4-dioxan (300 mL) va nuée (100 mL). Hon hop
duoc tudn hoan gitta chan khong va nito ba 14n va sau d6 duge khudy va duge 1am néng dén
100 °C trong 2 gi¢. Sau khi 1am nguoi, hdn hop dugc tach gifra etyl axetat (250 mL) va dung
dich axit clohydric 2 M (250 mL). Pha hitu co da tach dugc rira bang dung dich axit clohydric
2 M (250 mL). Pha nuéc dugc két hop dugc bazo hoa bang dung dich natri hydroxit 1 M dén
do6 ~pH=10 va dugc chiét bang etyl axetat (2 x 250 mL). Céc pha hitu co dugc rira bing nudc
mudi (100 mL), duge 1am kho bang magie sulphat va dugc cd trong diéu kién 4p suét giam

d thu duge hop chat dugc néu & tidu d&. LCMS (phuong phép J): rt = 0,78, [M+H]" = 525.
Hop chét trung gian 118

Axit 5-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-14: -imidazol-2-yl)benzyl)

amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-metylbenzoic
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HO A=
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Metyl 5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-yl)

benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-metylbenzoat (hop chat trung gian 117,
124



45261 125/181

32,66 g, 62,3 mmol) dugc khudy trong metanol (300 mL). Dung dich natri hydroxit 10 M
(31,1 mL, 311 mmol) dugc bd sung va hdn hop phéan tng dugc khudy & 50 °C trong 6 gio.
Sau khi 1am nguoi, etyl axetat (500 mL) va nuée (500 mL) dugce bd sung va cac pha dugc
tach. Pha hitu co dugc rira bing dung dich natri hydroxit 1 M (2 x 100mL). C4c pha nuée két
hop dugc trung hoa dén do ~pH= 5-6 bang cach st dung dung dich axit clohydric 2 M va
duoc chiét bing etyl axetat (4 x 500 mL). Céc 16p hiru co két hop duge 6 trong diéu kién ap
suét giam dé thu duge hop chét duoc néu 6 tidu dé. LCMS (phuong phép J): rt = 0,65, [M+H]"
=511.

Hop chét trung gian 119

Metyl 5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H4- -imidazol-2-yl)benzyl)

amino)pyrazolo[ 1,5-a]pyrimidin-3-yl)-2-metoxybenzoat
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2-(3-Bromo-2-metyl-7-((3-(1-metyl- 1 H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-

a)pyrimidin-5-yl)propan-2-ol (hop chét trung gian 43, 10 g, 21,96 mmol), metyl 2-metoxy-5-
(4,4,5,5-tetrametyl1,3,2-dioxaborolan-2-yl)benzoat (hop chit trung gian 78, 9,62 g, 32,9
mmol), kali phosphat (6,99 g, 32,9 mmol), XPhos (1,047 g, 2,196 mmol) va XPhos Pd G2
(1,728 g, 2,196 mmol) trong 1,4-dioxan (100 mL) va nué6c (33,3 mL) duogc loai khi (chan
khéng/nito x3). Hon hop phén Gng duoc khudy trong méi trudng nito ¢ 100 °C trong 2 gio.
Hdn hop phan timg duge lam ngudi va dugc tach giita etyl axetat (250 mL) va axit clohydric
2 M (200 mL). Pha hitu co dugc ria bang axit clohydric 2 M (100 mL). Pha nuéc duge két
hop dugc bazo hoa bang dung dich natri hydroxit 1 M dén do pH ~ 10 va duoc chiét bang
etyl axetat (250 mL). Pha hiru co dugc rira bang nuéc mudi va dugc 1am kho bing magie
sulphat. Dung mdi dugc lam bay hoi trong chdn khong d8 thu duoc hop chét dugc néu & tiéu
dé. LCMS (phuong phép J): rt = 0,63, [M+H]" = 541.
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Hop chét trung gian 120

Axit 5-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-14- -imidazol-2-yl)benzyl)

amino)pyrazolo[ 1,5-a]pyrimidin-3-yl)-2-metoxybenzoic
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Dung dich metyl 5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-
2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-metoxybenzoat (hop chat trung gian
119, 13,55g, 25,06 mmol) trong metanol (100 mL) dugc bd sung dung dich nudc natri
hydroxit 1 M (12,53 mL, 125 mmol) Vé. hdn hop phan g dugc khudy & 50 °C trong 6 gio.
Hon hgp phan g duge lam ngudi sau d6 duge pha loang bang etyl axetat (200 mL) va nudc
(200 mL) va sau d6 dugc loc. Cac pha duge tach. Pha nu6e duge trung hoa dén d6 pH ~5-6
bang cach st dung axit clohydric 2M va sau d6 dugc chiét bang cach sir dung etyl axetat (3
14n). Pha nudc duge bd sung natri clorua rén. Pha nay dugc chiét bang etyl axetat (2 x 150
mL). Cac chiét pham etyl axetat két hop dugc 1am khod bang magie sulphat. Dung mdi dugc
lam bay hoi trong chan khong dé thu duoc hop chét duge néu & tiéu dé. LCMS (phuong phap
D:rt=0,57, [M+H]" = 527.

Hop chét trung gian 121

Etyl 2-(3-iodo-2-metyl-7-((3-(1-metyl- 14 -imidazol-2-yl)benzyl)amino)pyrazolo[1,5-
a]pyrimidin-5-yl)-2-(tetrahydro-2H-pyran-4-yl)axetat
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Trong mdt lo khd etyl 2-(3-iodo-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-yl)axetat (hop chat trung gian 77, 255 mg,
0,481 mmol) duogc khudy trong THF (2 mL) trong méi truong nito & 0°C. 4-Iodotetrahydro-
2H-pyran (0,06 mL, 0,503 mmol) dugc bd sung va hdn hop duge khudy & 0 °C trong 1 phut
sau d6 LIHMDS (1 M trong THF) (1 mL, 1 mmol) dugc bd sung. Hon hop dugc khudy &
nhiét do 0 °C trong 10 phut, sau d6 duoc lam Am dén nhiét d6 trong phong va sau d6 dugc
1am néng dén 40 °C trong 2 ngay. Hon hop phan tmg duoc pha loang bang dung dich amoni
clorua bdo hoa (3 mL) va dugc khudy trong 5 phut. Huyén phu dic duge chuyén sang phéu
tach v6i DCM (20 mL) va nuéc (20 mL). Céc pha duge tach va 16p hitu co duge thu gom.
Pha nuéc duoc duoc rira tiép bing DCM (20 mL) va céc 16p hitu co két hop dugc rira bing
nude mudi (20 mL), sau d6 duge loc qua thity tinh frit ki nuée va duge bay hoi dén kho. Phan
can duoc nap tir DCM (1 mL) 1én trén cot silicagel (40 g) va duge rira giai bang 10 - 60%
etanol: etyl axetat (3:1, thé tich/thé tich, chira 1% trietylamin) trong xyclohexan. Cac phan
doan chira san pham dugce két hop va duge bay hoi dén khd dé thu duge hop chét duge néu o
tidu d&. LCMS (phuong phép F): rt = 1,14, [M+H]* = 615.

Hop chét trung gian 122

3-iodo-2-metyl-N-(3-(1-metyl-1H-imidazol-2-yl)benzyl)-5-((tetrahydro-2 H-pyran-4-
yDmetyl)pyrazolo[1,5-a]pyrimidin-7-amin

7N
A

NH
/N
0 NN
NS Y
N
I
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Etyl 2-(3-iodo-2-metyl-7-((3-(1-metyl- 1H-imidazol-2-yl)benzyl)amino)pyrazolo [1,5-
alpyrimidin-5-yl)-2-(tetrahydro-2H-pyran-4-yl)axetat (Hop chit trung gian 121, 158 mg,
0,188 mmol) duoc hoa tan trong THF (2 mL) va natri hydroxit 2 M (dung dich) (1 mL, 2
mmol) va dugc lam néng dén 110 °C trong 6ng dugc bit kin trong 6 gid. Sau khi lam ngudi,
DCM (20 mL) va nuée (20 mL) dugc bd sung va pha nuée duge trung hoa dén do pH=7 bing
dung dich HCI 2M. C4c pha dugc tach va 16p hiru co duge thu gom. Lép nude duge chiét tiép
bang DCM (2 x 10 mL) va cé4c 16p hitu co két hop duoc di qua thiy tinh frit ki nudce va duge
bay hoi dén kho dé thu duoc hop chat duge néu & tiéu d&. LCMS (phwong phap F): 1t = 1,07,
[M+H]" = 543.

Hop chét trung gian 123

N-(3-hydroxypropyl)-N-metyl-3-(4,4,5,5-tetrametyl-1,3,2-dioxab orolan-2-yl)benzamit

o, .0
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|
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Axit 3-(4,4,5,5-Tetrametyl-1,3,2-dioxaborolan-2-yl)benzoic (245 mg, 0,988 mmol) va
HATU (413 mg, 1,086 mmol) va DIPEA (0,35 mL, 2,004 mmol) dugc khudy trong THF (5
mL) trong khong khi & nhiét ¢ moi trudng. Sau 10 phit 3-(metylamino)propan-1-ol (0,12
mL, 1,234 mmol) dugc bd sung va hdn hop duge khudy qua dém. Hon hop duoc tach gitta
dung dich natri bicacbonat bdo hoa (30 mL) va etyl axetat (20 mL). Pha nu6c da tach duogc
rtra bing etyl axetat bd sung (2 x 20 mL) va cac chit hiru co két hop dugc rira bing nuéce
mubi (20 mL). Lép hitu co duge di qua thuy tinh frit ki nudce va dugc o trong didu kién ap
suéit giam. San pham thd dugc tinh ché bang sic ky cot silicagel ria giai bang 40-100% etyl
axetat: etanol (3:1 chtra 1% trietylamin) trong xyclohexan dé thu dugc hop chat duge néu &

tidu d&. LCMS (phuong phap J): rt = 0,93, [M+H]* = 320.
Céc hop chit hd tro
Hop chét 1

1-(3-(4-Metoxy-3-(metylsulfonyl)phenyl)-2-metyl-7-((3-(1-metyl- 1 H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-yl)etanol
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3-(4-Metoxy-3-(metylsulfonyl)phenyl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-

yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-5-carbaldehyt (hop chét trung gian 12, 30 mg,
0,057 mmol) duoc hoda tan trong THF (2,5 mL) va duogc lam lanh Xuéng 0 °C. Metylmagie
bromua (3 M trong dietyl ete) (0,1 mL, 0,3 mmol) dugc bd sung ting giot va hdn hop duge
]am Am dén nhiét do trong phong va dugc khudy trong 3 gid nita. Metylmagie bromua bd
sung (3 M trong dietyl ete) (0,1 mL, 0,3 mmol) dugc b6 sung va hdn hgp duge khuay trong
20 gid nita. Hon hop dugce 1am ngimg bang bd sung 1 M HCI (10 mL), va sau d6 duoc chiét
bing etyl axetat (3 x 10 mL). Pha hitu co két hop dwoc 1am kho thong qua thiy tinh frit ki
nudc va dung moi duge loai bo trong chan khong. Phan cin duogc tinh ché béng MDAP
(phuong phap A) dé thu dugc hop chét dugc néu & tiéu d&. LCMS (phuong phap F): rt = 0,94,
[M+H]" = 547.

Hop chit 2

2-((5-(5-(1-Hydroxyetyl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-metoxyphenyl)sulfonyl)etan- 1-ol

o

0 OH
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tert-Butyl (5-formyl-3-(3-((2-hydroxyetyl)sulfonyl)-4-metoxyphenyl)-2-
metylpyrazolo[1,5-a]pyrimidin-7-yl)(3-(1-metyl- 1 H-imidazol-2-yl)benzyl)carbamat  (hop
chét trung gian 20, 100 mg, 0,151 mmol) trong THF (3 mL) dugc khudy ¢ 0 °C trong mdi
truong nito khi 3,4 M metylmagie bromua trong 2-MeTHF (0,1 mL) duoc bd sung trong mot
phan. H3n hop phan mg dugc 1am mét xudng nhiét do trong phong va hén hop duge khudy
trong moi truong nito trong 1 gio. Hon hop phan tmg dugc 1am ding bang nuéce (10 mL) va
duoc khudy trong moi trudng nito trong 5 phut. Dung moi dugc loai bo trong chdn khong.
Nguyén liéu tho dugc hoa tan trong DCM (20 mL) va dugc tach bang nude (15 mL). Lép hitu
co dugc tach va nude dugc chiét bing DCM b6 sung (2 x 20 mL). Cac 16p hitu co két hop
duoc di qua thuy tinh frit ki nude va dung mdi dugc loai bo frong chdn khéng. Nguyén liéu
tho duge hoa tan trong metanol (3 mL) va 4 M HCl trong 1,4-dioxan (2 mL, 8 mmol) dugc
bd sung. Hon hop duge khudy trong moi truong nito trong 5 gio. Dung moi dugc loai bo irong
chan khéng. Nguyén liéu thd duoc hoa tan trong metanol:DMSO (2 x 1 mL, 1:1, thé tich/thé
tich) va dugo tinh ché bing MDAP (phuong phap A) dé thu duoc hop chét duge néu & tiéu
d8. LCMS (phuong phép F): rt = 0,86, [M+H]" = 577.

Céc hop chét sau diy dugc diéu ché theo cach twong tu nhu phuong phap diéu ché hop

chét 2 bang cach st dung céc thudc thir grignard sau day:
1 M Etylmagie bromua trong THF,
0,5 M xyclopropylmagie bromua trong THF,

1 M isopropylmagie bromua trong THF.
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Hop chét 6

131/181

2-(3-(3-((2-Hydroxyetyl)sulfonyl)-4-metoxyphenyl)-2-metyl-7-((3 -(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-yl)propan-2-ol

131



45261 132/181

2-((2-Metoxy-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-yl)phenyl)sulfonyl)etan-1-

ol (hop chat trung gian 19, 121 mg, 0,354 mmol), natri cacbonat (87 mg, 0,821 mmol),
PdCL(dppf) (19 mg, 0,026 mmol), nuée (1 mL) va 2-(3-iodo-2-metyl-7-((3-(1-metyl-1H-
imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-yl)propan-2-ol (hop chét trung gian
21, 136 mg, 0,271 mmol) trong IPA (1 mL) dugc két hop va dugc lam néng & 120 °C trong
thiét bi phan Gng vi séng trong 1,5 gio. Hon hop phan tng duge loc qua CELITE (dugc ria
bang DCM) va dugc bay hoi dén khé. Dich loc sau d6 dugc tach gitta nuée (20 mL) va DCM
(20 mL). Pha hitu co dugc thu gom va pha nu6e duge rira bang DCM (2 x 10 mL). Céc 16p
hitu co két hop duge di qua thiy tinh frit ki nuée va dugce bay hoi dén kho. Phan cin dugc
hoa tan trong DMSO:metanol (2 mL) va duoc tinh ché bing MDAP (phuong phap A) dé thu
duoc hop chét duge néu & tiu d&. LCMS (phuong phép F): rt = 0,91, [M+H]" = 591.

Hop chét 7

2-clo-5 -(5-(2-hydroxypropan—2-yl)-2-metyl-7-((3-(l-metyl-1H—imidazol-2-
yl)benzyl)amino)pyrazolo|[1,5-a]pyrimidin-3-yl)-N-(3 -hydroxypropyl)-N-metylbenzamit
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2-clo-N-(3-hydroxypropyl)-N-metyl-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-

yl)benzamit (hop chét trung gian 23, 105 mg, 0,297 mmol), natri cacbonat (69,6 mg, 0,657
mmol), PACly(dppf)-DCM (12,5 mg, 0,015 mmol), nu6ec (1 mL) va 2-(3-iodo-2-metyl-7-((3-
(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo|[ 1,5-a|pyrimidin-5 -yl)propan-2-ol  (hop
chét trung giaﬁ 21, 110 mg, 0,219 mmol) trong IPA (1 mL) duoc két hop va duoc 1am néng
& 120 °C trong thiét bi phan tmg vi séng trong 2 gid. 2-clo-N-(3-hydroxypropyl)-N-metyl-5-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit bd sung (hop chit trung gian 23, 105
mg, 0,297 mmol) dugc thém vao va hdn hop dugce 1am noéng & 120 °C trong thiét bi phan tng
vi s6ng trong 2 gid. Hon hop phan tmg duoc loc qua CELITE bang cach stt dung DCM (20
mL). Dich loc dugc rira bang nudc (20 mL) va nudce dugc chiét bang DCM bd sung (2 x 20
mL). Céc 16p hitu co két hop duoc di qua thuy tinh frit ki nuéc va dung moi dugc loai bo
trong diéu kién ap suét giam. Phan cin dugc hoa tan trong metanol:DMSO (0,6 mL, 1:1, thé
tich/thé tich) va dugc tinh ché bing MDAP (phuong phap A). Phén cin duoc tai vao DCM (2
mL) va dugce di qua cdt silic oxit (1 g) rira gidi béng etyl axetat: etanol (3:1, thé tich/thé tich,
chira 1% trietylamin). Phan cin duoc nap vao DCM (2 mL) va dugce tinh ché bang séc ky silic
oxit (4 g), rua giai bang etyl axetat: etanol (3:1, thé tich/thé tich, chtra 1% trietylamin) trong
xyclohexan (0%, 2 CV; 0 - 100%, 5 CV; 100%, 7 CV) dé thu duoc hop chét dugc néu o tiéu
d&. LCMS (phuong phép F): 1t = 0,98, [M+H]* = 602. |

Hop chét 8

(S)-(5-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl- 1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-metoxyphenyl)(3 -hydroxypyrolidin-1-

yl)metanon
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DPuoc diéu ché theo cach twong tw nhu Hop chét 7, st dung (S)-(3-hydroxypyrolidin-
1-y1)(2-metoxy-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)metanon  (hop chét
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trung gian 25) dé thu dugc hop chit duge néu ¢ tidu dé. LCMS (phuong phap F): 1t = 0,88,
[M+H]* = 596.

Hop chét 9

5-(5-(1-Hydroxyetyl)-2-metyl-7-((3-(1-metyl-14 -imidazol-2-yl)benzyl)amino)pyrazolo[1,5-
a]pyrimidin-3-yl)-N-(3 -hydroxypropyl)-2-metoxy-N-metylbenzamit
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N-(3-Hydroxypropyl)-2-metoxy-N-metyl-5-(4,4,5 ,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)benzamit (hop chét trung gian 28, 80 mg, 0,160 mmol) trong IPA (0,5 mL), fert-butyl (5-
(1-hydroxyetyl)-3-iodo-2-metylpyrazolo[ 1,5-a]pyrimidin-7-yl)(3-(1 -metyl-1H-imidazol-2-
§l)benzyl)carbamat (hop chéat trung gian 26, 80 mg, 0,136 mmol), PdClx(dppf) (9 mg, 0,012
mmol), natri cacbonat (45 mg, 0,425 mmol) va nuéc (0,5 mL) duge két hop va duge 1am néng
& 120 °C trong 1,5 gio trong thiét bi phan tmg vi séng. Hon hop dugc pha loang vao DCM
(10 mL) va nude (10 mL) va cac pha duge tach. Lop hiru co dugce thu gom va dung dich dugc
rira tiép bang DCM (2 x 10 mL) va cac chét hitu co két hop dugc di qua thiy tinh frit ki nuée
va sau do duoc lam bay hoi dén kho. Phan cin dugc hoa tan trong DMSO:metanol (1:1, thé
tich/thé tich, 1 mL) va dugc tinh ché bing MDAP (phuong phap A). Gom cic phan doan chira
san pham va lam bay hoi dén kho. Phin cin duge tinh ché bang sic ky cot silicagel rira giai
bang 50 - 100% etyl axetat: etanol (3:1, thé tich/thé tich, chtra 1% trietylamin) trong
xyclohexan dé thu dugc hop chét dugc néu & tiéu d&. LCMS (phuong phép F): 1t = 0,87,
[M+H]" = 584.

Céc hop chét sau diy dugc diéu ché theo cach twong ty nhu phuong phap didu ché hop

chat 9, st dung cac boronic este sau day

2-clo-N-(3-hydroxypropyl)-N-metyl-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-
yl)benzamit (hop chét trung gian 23),
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N-etyl-N-(2-hydroxyetyl)-2-metoxy-5-(4,4,5,5-tetrametyl-1 ,3,2-dioxaborolan-2-yl)benzamit

(hop chét trung gian 30),
Nhiét
i Phuong | Phuong | do
Hop chat ,
. Cong thirc cau truc phép phéap trong | [M+H]"
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Hop chat 12

5-(5-(1-Hydroxyetyl)-2-metyl-7-((3-(1-metyl- 1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-
a]pyrimidin-3-yl)-2-metoxy-N-metyl-N-(tetrahydro-2H-pyran-4-yl)benzamit

3

tert-Butyl  (5-(1-hydroxyetyl)-3-iodo-2-metylpyrazolo[1,5-a]pyrimidin-7-yl)(3-(1-
metyl-1H-imidazol-2-yl)benzyl)carbamat (hgp chét trung gian 26, 70 mg, 0,119 mmol), 2-

135



45261 136/181

metoxy-N-metyl-N-(tetrahydro-2 H-pyran-4-yl)-5-(4,4,5,5 -tetrametyl-1,3,2-dioxaborolan-2-

yl)benzamit (hop chét trung gian 34, 77 mg, 0,143 mmol), PdClx(dppf) (9 mg, 0,012 mmol),
natri cacbonat (41 mg, 0,387 mmol), IPA (2 mL) va nuéc (1 mL) duoc két hop va duoc 1am
néng trong thiét bi phan tmg vi séng ¢ 120 °C trong 1,5 gio. Hon hgp phan tmg duge loc qua
CELITE, duoc rira bang metanol (100 mL) va dung moi duge loai bo trong chan khong. Phan
can duoc hoa tan trong DCM (20 mL) va dugce tach bang nuée (10 mL). Lép hitu co duge
thch va nuée duge chibt bing DCM b sung (2 x 10 mL). Céc 16p hitu co két hop dugce di qua
thay tinh frit ki nuéc va dung moi duoc loai b trong chén khong. Phan cin duge hoa tan
trong metanol (2 mL) va HC1 4 M trong 1,4-dioxan (2 mL) dugc bd sung. Hon hop phan tmg
dwoc khudy trong méi trudng nito ¢ nhiét d trong phong trong 5 gid. Dung moi dugc loai bod
trong chdn khéng. Phan cin duge hoa tan trong nudce (15 mL), duoc trung hoa bang 2 M natri
hydroxit va dugc tach bang DCM (20 mL). Lép hitu co duge tich va nude duge chiét bang
DCM b sung (2 x 20 mL). Céc 16p hitu co két hop dwoc di qua thiy tinh frit ki nu6e va dung
moi duogc loai bo trong chan khong. MaAu duoc hoa tan trong metanol:DMSO (1 mL, 1:1, thé
tich/thé tich) va dugc tinh ché bing MDAP (phwong phép B). Dung mdi duoc loai bé frong
chan khéng. Phan cin dugc nghién véi etyl axetat sau d6 dietyl ete d& thu dugc hop chét duge

néu & tiéu dé. LCMS (phuong phap F): rt = 0,94, [M+H]" = 610.

Céc hop chét sau ddy dugc tién hanh theo cach twong tu nhu phuong phap didu ché
hop chét 12, thay ddi dung méi phan tng hitu co giita IPA hodc 1,4-dioxan, va sir dung cac

boronic este sau day:

N-(3 -Hydroxypropyl)-N,2-dimety1—5-(4,4,5,5-tetrametyl-1,3,2-dioxab0rolan—2-
yl)benzamit (hop chét trung gian 36),

(5)-(2-clo-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-yl)phenyl)(3-hydroxypyrolidin-1-
yl)metanon (hop chét trung gian 38),

2-clo-N-etyl-N-(2-hydroxyetyl)-5-(4,4,5,5 -tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit
(hop chét trung gian 32),

(S)-N-(1-hydroxypropan-2-yl)-2-metoxy-N-metyl-5-(4,4,5,5 -tetrametyl-1,3,2-dioxaborolan-
2-yl)benzamit (hop chét trung gian 40),
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Hop chat 17

5-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1/: -imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N-(3 -hydroxypropyl)-N,2-dimetylbenzamit

NH
_N
Z\| N
MO IS OH
\
\—~
o

N-(3-Hydroxypropyl)-N,2-dimetyl-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)benzamit (hgp chét trung gian 36, 542 mg, 0,813 mmol), 2-(3-bromo-2-metyl-7-((3-(1-
metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5 -yl)propan-2-ol (hgp chét
trung gian 43, 333 mg, 0,622 mmol), PdCl2(dppf) (47 mg, 0,064 mmol), natri cacbonat (198
mg, 1,865 mmol), 1,4-dioxan (3 mL) va nude (1 mL) duoc két hop va dugce lam néng & nhiét
do 120 °C trong 1,5 gi¢ trong thiét bi phan tng vi séng. N-(3-Hydroxypropyl)-N,2-dimetyl-
5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (hop chit trung gian 36, 262 mg,
0,393 mmol) va PdCly(dppf) (20 mg, 0,027 mmol) duoc bd sung va hon hop phan ing dugc
lam néng ¢ 120 °C trong 1,5 gio trong thiét bi phan ting vi séng. Hon hop dugc pha lodng vao
DCM (20 mL) va nuéce (20 mL) va céc pha dugce tach. Lép hitu co duge thu gom va pha nudc
duoc rira tiép bing DCM (2 x 20 mL) va céc chit hitu co két hop duoc di qua thuy tinh frit ki
nuéce sau dé dugce lam bay hoi dén kho. Phan cin duoc hoa tan trong DMSO:metanol (4 mL)
va dugc tinh ché bing MDAP (phuong phap A). Gom céc phén doan chira san pham va lam
bay hoi dén kho. Phén cin dugce tinh ché bing sic ky cot silicagel rira giai bang 20 - 100%
etyl axetat: etanol (3:1, thé tich/thé tich, chra 1% trietylamin) trong xyclohexan. Cac phéan
doan chira san phém duoc két hop, dugc 1am bay hoi dén khd va dugc 1am kho tiép trén 10
chan khong cao trong 3 ngay dé thu dugc hop chit dugc néu ¢ tiéu d&. LCMS (phuong phép
F): rt= 0,96, [M+H]" = 582.

Céc hop chét sau diy dugc diéu ché theo cach twong tw nhu phuong phap diéu ché hop
chét 17, st dung 1,4-dioxan hodc IPA 1am dung m6i phan ting, va cac boronic este sau day:
(S)-(2-clo-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-yl)phenyl)(3-hydroxypyrolidin-
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1-

yl)metanon (hop chét trung gian 38),
N-etyl-N-(2-hydroxyetyl)-2-metoxy-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-yl)benzamit
(hop chat trung gian 30),

(S)-N-(1-hydroxypropan-2-yl)-2-metoxy-N-metyl-5-(4,4,5,5 -tetrametyl-1,3,2-dioxaborolan-
2-yl)benzamit (hop chét trung gian 40),
N-(tetrahydro-2H-pyran-4-yl)-5-(4,4,5,5-tetrametyl-1,3,2-dioxab orolan-2-yl)benzamit (hop
chét trung gian 34),

(S)-N-(1-hydroxypropan-2-yl)-N,2-dimetyl-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-
yl)benzamit (hop chét trung gian 45),

2-metoxy-N,N-dimetyl-5-(4,4,5,5-tetrametyl-1 ,3,2-dioxaborolan-2-yl)benzamit (hop chét
trung gian 47),

(R)-(2-clo-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)(2-
(hydroxymetyl)pyrolidin-1-yl)metanon (hop chét trung gian 49),
(R)-(2-(hydroxymetyl)pyrolidin-1-yl)(2-metyl-5-(4,4,5,5 -tetrametyl-1,3,2-dioxaborolan-2-
yl)phenyl)metanon (hop chét trung gian 51),
N-(2-hydroxyetyl)-2-metoxy-N-metyl-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-
yl)benzamit (hop chat trung gian 53),
(3-hydroxy-3-metylpyrolidin-1-yl)(2-metoxy-5-(4,4,5,5 -tetrametyl-1,3,2-dioxaborolan-2-
yl)phenyl)metanon (hop chét trung gian 55),
(2-metoxy-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)phenyl)(1 ,4-oxazepan-4-
yl)metanon (hop chét trung gian 57),
(S)-(3-hydroxypyrolidin-1-yl)(2-metyl-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-
yl)phenyl)metanon (hop chét trung gian 59),

(S)-(2-metoxy-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-yl)phenyl)(3-
metylmorpholino)metanon (hop chét trung gian 61),
(3-hydroxy-3-metylpyrolidin-1-y1)(2-metyl-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-
yl)phenyl)metanon (hop chét trung gian 63),
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N-(3-hydroxypropyl)-2-metoxy-N-metyl-5-(4,4,5,5-tetrametyl-1 ,3,2-dioxaborolan-2-

yl)benzamit (hop chét trung gian 28)
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Céc hop chét sau day duge diéu ché theo cach twong tu nhu phuong phép didu ché hop

chét 17, sit dung hop chét trung gian 65, va 1,4-dioxan hodc IPA lam dung mdi phan Gmg, va

nhiét @6 tir 100 °C dén 120 °C, va céc boronic este sau day:

N-(3-Hydroxypropyl)-2-metoxy-N-metyl-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-

yl)benzamit (hgp chét trung gian 28),

N-(3-hydroxypropyl)-N,2-dimetyl-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-yl)benzamit

(hop chét trung gian 36),

(R)-(2-(hydroxymetyl)pyrolidin-1-yl)(2-metyl-5-(4,4,5,5-tetrametyl-1 ,3,2-dioxaborolan-2-
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yl)phenyl)metanon (hop chét trung gian 51).
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Hop chét sau day dugc diéu ché theo cach tuwong ty nhu phuong phap didu ché hop

chét 17, st dung boronic este sau day:

(R)-(2-(hydroxymetyl)pyrolidin-1-yl)(2-metoxy-5-(4,4,5 ,5-tetrametyl-1,3,2-

dioxaborolan-2-yl)phenyl)metanon (Hop chét trung gian 67).
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Phuong phép khac dé didu ché Hop chat 17

5-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl- 117 -imidazol-2-

145/181

yl)benzyl)amino)pyrazolo[1,5-alpyrimidin-3-yl)-N-(3 -hydroxypropyl)-N,2-dimetylbenzamit
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5-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl- 1 H-imidazol-2-yl)

benzyl)amino)pyrazolo[l,5-a]pyrimidin-3-yl)-2-metylbenzoic (Hop chét trung gian 118, 12
g, 23,5 mmol), 3-(metylamino)propan-1-ol (2,81 mL, 29,4 mmol) va DIPEA (8,21 mL, 47,0
mmol) dugc khudy trong THF (100 mL). HATU (11,17 g, 29,4 mmol) va DMF (10 mL) dugc

bd sung va hon hop dugce khudy trong mdi trudng nito & nhiét do trong phong trong 3 gio.

Hdn hop dugc tich giita etyl axetat (400 mL) va dung dich natri bicacbonat bdo hoa (400

mL). Pha nudc dugc chiét lai bang etyl axetat (200 mL). Céc pha hitu co két hop duogc rira

bing nudc mudi (200 mL), duge lam kho bang magie sulphat va dugc cd trong diéu kién 4p

sut giam. Phan cin dugc tién hanh séc ky cot silicagel rira giai bang 0 - 25% etanol trong

etyl axetat ddi v6i 5 CV va 25% etanol trong etyl axetat dbi véi 7 CV. Cac phéan doan chira

san pham dugc két hop, dugc 1am bay hoi trong chdn khéng va dugc tinh ché bang phuong
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phap sic 1y twong tu cho dén khi nguyén liéu >97,5% bang HPLC. Phan cin dugc nghién véi
dietyl ete va dung mdi dugc 1am bay hoi trong chdn khong. Etyl axetat (40 mL) dugc bd sung
va hdn hop duoc khudy & nhiét do trong phong trong 5 ngay. Chét rin mau tring thu dugc
duoc thu gom béng céach loc, dugc ria bang etyl axetat (25 mL) va dugc lam khd trong chdn
khéng & 40 °C dé thu duoc hop chét duoc néu & tiéu dé. LCMS (phuong phép M): rt = 2,49,
[M+H]" = 582. 81 (400 MHz, ds-DMSO) (hdn hop ctia cac ddng phan quay) 8,53 (t, J = 6,5
Hz, 1H), 7,73 (s, 1H), 7,71-7,67 (m, 0,75H), 7,65 (s, 0,75H), 7,61 (d, /= 1,3 Hz, 0,5H), 7,59-
7,54 (m, 1H), 7,48-7,42 (m, 2H), 7,33-7,27 (m, 1H), 7,22 (d, /= 1,0 Hz, 1H), 6,94 (d,J=1,0
Hz, 1H), 6,45 (s, 1H), 5,18 (s, 1H), 4,70 (d, J = 6,6 Hz, 2H), 4,47 (t, /= 5,3 Hz, 0,5H), 4,34
(t, J=4,9 Hz, 0,5H), 3,70 (s, 3H), 3,56-3,46 (m, 2H), 3,28-3,20 (m, 2H), 3,00 (s, 1,5H), 2,82
(s, 1,5H), 2,58 (s, 3H), 2,21 (app. d, J = 5,1 Hz, 3H), 1,79-1,70 (m, 1H), 1,66-1,57 (m, 1H),
1,39 (s, 6H) ppm. dc (151 MHz, de-DMSO) (hdn hop cua céc ddng phan quay) 170,3, 170,2,
169,0, 150,3, 150,2, 146,39, 146,36, 1463, 145,4, 138,6, 137,0, 136,9, 130,8, 130,14, 130,05,
130,0, 128,6, 127.5, 127.4, 126,89, 126,86, 126,81, 124,84, 124,79, 123,4, 104,72, 104,67,
81,55,81,53, 72,39, 72,38, 58,4, 58,0, 47.4, 44,4, 43,5, 36,3,34,3,31,8, 31,0, 30,1, 30,0, 18,2,
18.1, 14,7, 14,6 ppm. HRMS (ESI) tinh toan ddi véi Cz3sHzoN7O3+H' 582,3193, phét hién 1a
582,3190 [M+H]".

Phuong phap khac dé diéu ché Hop chéit 22

(S)-N-(1-Hydroxypropan-2-y1)-5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-
imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3 -yD)-N,2-dimetylbenzamit
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Axit 5-(5-(2-Hydr0xypropan-2-y1)-2-metyl-7-((3-(1-metyl-1H—imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-metylbenzoic (Hop chét trung gian 118,
7,55 g, 14,79 mmol), (S)-2-(metylamino)propan-1-ol (1,977 g, 22,18 mmol) va DIPEA (5,17
mL, 29,6 mmol) dugc khqu trong THF (50 mL). DMF (2,5 mL) va HATU (7,03 g, 18,48
mmol) dugc bd sung hdn hop dugce khudy trong moi trudong nito ¢ nhiét do trong phong trong
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20 gid. Hén hop dugc tach gittra etyl axetat (200 mL) va dung dich natri bicacbonat bdo hoa
(200 mL). Pha nuéc dugc chiét bing cach sir dung etyl axetat (100 mL). Céc pha hitu co két
hop dugc rira bang nude mubi (100 mL), dugc 1am kho bang magie sulphat va dung méi dugc
loai bo trong chan khong. Phan can dugc tién hanh sdc ky cot silicagel duge gfm mii dau KP-
NH rura giai bang 0 - 100% etyl axetat trong xyclohexan. Hdn hop duoc tinh ché tiép bang
sdc ky cot pha dao rua giai bang 5 - 50% axetonitril (chra amoniac) trong nu¢c (amoni
bicacbonat/amoniac 10 mM). Phan can thu duge duogc nghién trong metanol sau do6 1a dietyl
ete (50 mL) trong d6 hdn hop dugc khudy nhanh trong 30 phtit. Dung méi dugc loai bd trong
chan khéng va phan cin dugc hoa tan trong etyl axetat (70 mL) va duoc khuay nhanh trong
24 gio. Chét rén duoc thu gom bing cach loc, dugc rira bang etyl axetat dugc lam kho frong
chan khong & 40 °C. LCMS (phuong phap M): rt = 2,56, [M+H]" = 582. 8 (400 MHz, de-
DMSO) (hdn hgp cta céac ddng phan quay) 8,58-8,49 (m, 1H), 7,81 (d, J = 8,1 Hz, 0,3H),
7,73 (s, 1H), 7,71-7,62 (m, 1H), 7,59-7,51 (m, 1,7H), 7,49-7,42 (m, 2H), 7,32-7,25 (m, 1H),
7,22 (s, 1H), 6,97-6,92 (m, 1H), 6,49-6,42 (m, 1H), 5,17 (s, 1H), 4,80 (t, /= 5,3 Hz, 0,7H),
4,76 (t, J=5,5 Hz, 0,3H), 4,70 (d, J = 6,2 Hz, 2H), 3,74-3,64 (m, 3,5H), 3,64-3,57 (m, 0. 5H),
3,53-3,39 (m, 1,3H), 3,29-3,23 (m, 0,7H), 2,90-2,84 (m, 2H), 2,68 (s, 1H), 2,60-2,56 (m, 3H),
2,25-2,18 (m, 3H), 1,41-1,35 (m, 6H), 1,10 (d, J = 7,0 Hz, 1H), 1,06-1,00 (m, 2H) ppm. dc
(176 MHz, de-DMSO, 120 °C) 170,2, 168,3, 149,8, 146,1, 146,0, 145,0, 137,9, 137.2, 130,7,
130,2, 129,3, 128,0, 127,1, 126,6, 126,50, 126,47, 124,5, 122,6, 104,8, 81,2, 71,8, 62,0, 44,5,
33,5, 29,5, 17,5, 13,8 ppm. HRMS (ESI) tinh toan d61 véi Ca3HzoN7O5+H" 582,3193, phat
hién 12 582,3195 [M+H]".

Phuong phép khac dé diéu ché Hop chét 36

(R)-(2-(Hydroxymetyl)pyrolidin-1-yl)(5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1 -metyl-
1 H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-metoxyphenyl)metanon
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Dung dich/huyén phu cta axit 5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-
1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-metoxybenzoic (Hop chét
trung gian 120, 3,0 g, 5,7 mmol), (R)-pyrolidin-2-ylmetanol (0,576 g, 5,7 mmol) va DIPEA
(1,990 mL, 11,39 mmol) trong THF (100 mL) dugc bd sung HATU (2,71 g, 7,12 mmol). Hoén
hgp phan ing dugc khudy trong moéi trudng nito ¢ nhiét do trong phong trong 20 phit. Hon
hop phan ting dugc tach giita etyl axetat (200 mL) va dung dich natri bicacbonat bao hoa (200
mL). Pha hitu co dugc rua bang nude mudi (100 mL) va duge lam kho bang magie sulphat.
Dung mdi dugc loai bo trong chdn khong. Phén cin duoc hoa tan trong DCM va dugc dua
1én cot silic oxit (120 g) va dugc rira giai bang 0 - 25% etanol trong etyl axetat d6ivéi 5 CV
va 25% etanol trong etyl axetat d6i véi 6 CV. Céc phan doan yéu cau duoc két hop va duoc
bay hoi trong chdn khong. Phan cin dugc hoa tan trong DMSO: metanol (1:1 thé tich/thé tich)
va dugce dua 1én cdt Cis (120 g), duge lam 6n dinh trude vao 5% axetonitril (chtra amoniac)
trong nude (10 mM amoni bicacbonat chira amoniac). Phén nay dugc rira giai v6i gradien 12
5 - 40% axetonitril (chira amoniac) trong nudc (10 mM amoni bicacbonat chira amoniac).
Gradien dugc giit & 29% axetonitril (chira amoniac) trong nuée (10 mM amoni bicacbonat
chita amoniac) trong khi san pham dugc rtra giai. Cac phén doan yéu cau duoc két hop va
duoc bay hoi trong chdn khong. Phan can dugc nghién véi dietyl ete va dung méi duge lam
bay hoi. Phan cin duoc bd sung etyl axetat (25 mL) va metanol (1 mL). Hon hop duge tao
chu k¥ nhiét do tir nhiét do trong phong dén 45 °C va tré lai 6 14n va sau d6 dugc khudy &
nhiét d6 trong phong trong 18 gid. Chat ran mau trang thu duge dugc thu gom bang cach loc
va dugc rira bang etyl axetat (25 mL). Chét rin nay duoc 1am kho trong chdn khéng & 40 °C
trong 20 gid dé thu duoc hop chat dugc néu ¢ tiéu dé. LCMS (phuong phéap J): 1t = 0,59,
[M+H]* = 610. 81 (700 MHz, DMSO-ds, 120 °C) 7,94 (br s, 1H), 7,75 (s, 1H), 7,75 - 7,72 (m,
1H), 7,65 (br s, 1H), 7,58 (br d, J = 7,3 Hz, 1H), 7,50 - 7,47 (m, 1H), 7,47 - 7,42 (m, 1H), 7,16
- 7,14 (m, 1H), 7,16 - 7,13 (m, 1H), 6,95 (s, 1H), 6,44 (s, 1H), 4,74 (s, 2H), 4,18 (br s, 1H),
3,85 (s, 3H), 3,75 - 3,71 (m, 1H), 3,70 (s, 3H), 3,51 - 3,42 (m, 1H), 3,39 - 3,15 (m, 2H), 2,56
(s, 3H), 1,96 - 1,71 (m, 2H), 2,04 - 1,68 (m, 2H), 1,44 (s, 6H) ppm. 6c NMR (176 MHz,
DMSO-de, 120 °C) 168,11, 166,71, 152,36, 149,48, 146,05, 146,01, 144,77, 137,90, 130,71,
128,70, 127,90, 127,35, 127,05, 126,65, 126,56, 126,44, 126,43, 125,52, 122,51, 111,87,
104,61, 81,02, 71,72, 61,77, 58,17, 55,49, 47,62, 44,49, 33,51, 29,45, 26,86, 23,05, 13,61
ppm. HRMS (ESI) tinh toan ddi vai CssHzoN704+H' 610,3063, phat hién la 610,3141
[M+H]".
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Phuong phéap khac dé diéu ché Hop chat 21

5-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-aJpyrimidin-3-yl)-2-metoxy-N-metyl-N- -(tetrahydro-2H-
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Dung dich/huyén phu cta axit 5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-

pyran-4-yl)benzamit

1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-metoxybenzoic (Hop chét
trung gian 120, 2,35 g, 4,46 mmol) va DIPEA (1,6 mL, 9,16 mmol) trong THF (50 mL) duoc
bd sung HATU (2,35 g, 6,18 mmol). Hon hop duge khudy ¢ nhiét do trong phong trong 10
phut va N-metyltetrahydro-2H-pyran-4-amin (0,514 g, 4,46 mmol) duoc bd sung. Hon hop
duoc khudy trong moi trudng nito ¢ nhiét do trong phong trong 16 gio. Hon hop phan tng
duoc tach gitra etyl axetat (100 mL) va dung dich nudc natri bicacbonat bdo hoa (100 mL).
Pha nuéc duoc chiét hai 14n bang etyl axetat (100 mL). Cac pha hiru co két hop duoc rira
bing nude mudi (100 mL) va dugce di qua thuy tinh frit ki nude. Loai bo dung mdi trong didu
kién 4p suit giam. Phan cin dugc tinh ché bang sic ky silic oxit (340 g). Hop chét dugc hoa
tan trong luong t8i thibu DCM (+ vai giot metanol), dugc tai 1én dinh cot bang cach bom, sau
d6 duogc rira giai bang cach st dung 0 - 25% etanol trong etyl axetat bang 6 CV va sau d6
dugc & & 25 % etanol trong etyl axetat trong 6 CV. C4c phan doan chira san phim mong mudn
duoc két hop va duge co trong didu kién 4p suat giam. Khoang mot nira nguyén liéu dugc hoa
tan trong DMSO: metanol (1:1 thé tich/thé tich) va duoc dua 1én éng Cis (120 g), duoc didu
chinh truéc véi duge 1am 6n dinh trude véi 5% axetonitril (chira amoniac) trong nuge (10
mM amoni bicacbonat chita amoniac), sau d6 duoc rura giai bang gradien tr 5 - 20%
axetonitril (chra amoniac) trong nuge (10 mM amoni bicacbonat chira amoniac) bing 6 CV
va sau d6 20 - 60% axetonitril (chra amoniac) trong nude (10 mM amoni bicacbonat chira
amoniac) bang 6 CV. Gradien dugc gilt & 47,5% axetonitril (chira amoniac) trong nude (10
mM amoni bicacbonat chtta amoniac) trong khi san phim dugc rira giai. Phan nguyén lidu
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con lai duoc tinh ché theo cach twong tu, st dung gradien 25 - 55% axetonitril (chira amoniac)
trong nuéc (10 mM amoni bicacbonat chira amoniac), bicacbonat/NH3). Gradien duoc gilt &
45% axetonitril (chira amoniac) trong nuée (10 mM amoni bicacbonat chira amoniac) trong
khi san pham dugc rira giai. Cac phan doan chira cc sédn phém tinh khiét tir ca hai 14n tinh
ché duoc két hop, duge cb trong didu kién 4p suét giam, sau d6 dugc 1am kho trong chan
khéng trong 24 gid dé thu dugc hop chat duge néu 6 tiéu d&. LCMS (phuong phap J): 1t =
0,65, [M+H]" = 624. u (600 MHz, de-DMSO) (hdn hop cua cac dong phan quay) 8,54-8,49
(m, 1H), 7,77-7,72 (m, 2H), 7,63 (d, J = 1,8 Hz, 0,5H), 7,59-7,54 (m, 1H), 7,53 (d, ] = 2,2 Hz,
0,5H), 7,47-7,43 (m, 2H), 7,22 (s, 1H), 7,18-7,13 (m, 1H), 6,94 (s, 1H), 6,43 (s, 1H), 5,17 (s,
1H), 4,69 (d, J = 6,2 Hz, 2H), 4,64-4,58 (m, 0,5H), 3,98-3,91 (m, 1H), 3,90-3,85 (m, 0,5H),
3,82-3,75 (m, 3,5H), 3,70 (s, 3H), 3,57-3,50 (m, 0,5H), 3,43 (t, ] = 11,2 Hz, 1H), 3,12 (t, T =
11,2 Hz, 0,5H), 3,00 (t, T = 11,6 Hz, 0,5H), 2,88 (s, 1,5H), 2,69 (s, 1,5H), 2,56 (ap. d, J = 15,8
Hz, 3H), 1,89-1,72 (m, 2H), 1,59-1,51 (m, 1,5H), 1,42 (d, J = 11,4 Hz, 0,5H), 1,39-1,33 (m,
6H) ppm. d¢c (151 MHz, de-DMSO) (hdn hop cua cac ddng phan quay) 168,80, 168,77, 168,1,
167,9, 152,50, 152,47, 150,0, 1499, 146,4, 146,34, 146,26, 145,18, 145,16, 138,6, 130.8,
129,2, 128.9, 128.6, 127,5,126,89, 126,87, 126,80, 126,7, 126,6, 126,5, 125,9, 123.4, 111,6,
111,4, 104,7, 104,5, 81,4, 81,3, 72,4, 72,3, 66,5, 66,3, 66,2, 55,7, 55,4, 54,9, 54,8, 49,4, 444,
34,3, 30,5, 30,3, 30,09, 30,07, 30,0, 29,2, 26,6, 14,5, 14,4 ppm. HRMS (ESI) tinh toan a6i
v6i C3sHaiN7O4+H' 624,3220, phat hién 13 624,3294 [M+H]".

Hop chét 37

2-clo-N-(2-hydroxyetyl)-5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-17 -imidazol-
2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N-metylbenzamit

NH
/N
7z \ \
HO N S
N
\\_/~OH
(o]

Cl
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Ong vi séng dugc nap 2-(3 -bromo-2-metyl-7-((3-(1-metyl-1/-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-yl)propan-2-ol (Hop chit trung gian 43, 305
mg, 0,636 mmol), XPhos (32 mg, 0,067 mmol), XPhos Pd G2 (53 mg, 0,067 mmol) va trikali
phosphat (443 mg, 2,087 mmol). 2-clo-N-(2-hydroxyetyl)-N-metyl-5 -(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 69), 446 mg, 0,788 mmol) dugc hoa
tan trong 1,4-dioxan (7,5 mL) va dugc bd sung vao dng vi séng sau d6 1a nude (2,5 mL). Ong
nay dugc bit kin va dugc 1am néng trong 16 vi séng ¢ 100 °C trong 1,5 gid. Hon hop phan
ung duoc pha loang bang nude (25 mL) va dugce tach bang DCM (25 mL). Pha hitu co dugc
thu gom va pha nudc dugc rira bang DCM (4 x 25 mL). Céc pha hitu co dugc két hop va dung
mdi duge di qua thiy tinh frit ki nuée va sau do thuy tinh frit ki nude thir hai véi Florisil (sau
2 c¢m). Lop Florisil dugce rua bang etyl axetat: etanol (3:1, chira 1% trietylamin) (25 mL).
Phén loc duoc 1am bay hoi dén kho. Phan cian dugc hoa tan trong lugng t8i thibu DMSO:
metanol (1:1, thé tich/thé tich) va dugc tinh ché bing MDAP (phuong phép A). Cac phén
doan lién quan dugc két hop va dung méi dugce loai bo. Phan can dugc tinh ché bang sic ky
cot silic oxit rira gidi bang 30 - 100 etyl axetat: etanol (3:1, chira 1% trietylamin) trong
xyclohexan. Cac phan doan lién quan dugc két hop va dung mdi dugc loai bo. Phan cin duge
nghién vé6i lugng téi thidu dietyl ete dé thu dugc hop chat duge néu & tiéu dé. LCMS (phuong
phép F): it = 0,96, [M+H]" = 588.

Céc hop chit sau ddy dugc didu ché theo céch tuong tw nhu phuong phép diéu ché hop
chét 37, str dung cé4c boronic este sau day

N-Etyl-N-(2-hydroxyetyl)-2-metyl-5-(4,4,5,5-tetrametyl1,3 ,2-dioxaborolan-2-
yl)benzamit (Hop chét trung gian 73),
(R)-N-(1-Hydroxypropan-2-yl)-N,2-dimetyl-5-(4,4,5,5 -tetrametyl-1,3,2-dioxaborolan-2-
yl)benzamit (hop chét trung gian 86),
N-(1-Hydroxypropan-2-yl)-N,2-dimetyl-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-
yl)benzamit (hop chét trung gian 88),
(3-Hydroxypyrolidin1-y1)(2-metyl-5-(4,4,5,5-tetrametyl1,3 ,2-dioxaborolan-2-
yl)phenyl)metanon (hop chét trung gian 90),
N-(1-Hydroxypropan2-yl)-2-metoxy-N-metyl-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-
yl)benzamit (hop chét trung gian 92)
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Céc hop chét sau day duge didu ché theo cach tuong tw nhu phuong phap didu ché hop

chét 17, va 1,4-dioxan hodc IPA 1am dung moi phan ting, va nhiét d6 tir 100 °C dén 140 °C,

va cac boronic este sau day:

N-(2-Hydroxyetyl)-N,2-dimetyl-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-

yl)benzamit (Hop chét trung gian 71),

(2-(Hydroxymetyl)pyrolidin-1-yl)(2-metoxy-5-(4,4,5,5 -tetrametyl-1,3,2-dioxaborolan-2-

yl)phenyl)metanon (hgp chét trung gian 84),

N,2-Dimetyl-N-(tetrahydro-2H- -pyran-4-yl)-5-(4,4,5,5-tetrametyl-1 ,3,2-dioxaborolan-2-

yl)benzamit (hop chét trung gian 96),

Nhiét
Phuong | Phuong .
.z ‘ Q
Hop chat s6 | Cong thirc cau truc phéap phap [M+H]*
tron
MDAP | LCMS s
phong
8
Nig \(E
/
NH
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HO. X N =
\ _/OH
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Nhiét
Phuong | Phuong i
_ ‘ 0
Hop chat s6 | Cong thire cau tric phép phap [M-+H]"
tron;
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Céc hop chét sau day dugc didu ché theo cach tuwong tu nhu phuwong phap diéu ché hop

chit 17, st dung hop chét trung gian 65, va 1,4-dioxan hodc IPA 1am dung mdi phéan tmg, va

nhiét d6 tir 100 °C dén 140 °C, va cé4c boronic este sau day:
N-(2-hydroxyetyl)-2-metoxy-N-metyl-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-
yl)benzamit (Hop chét trung gian 53),
N-(2-Hydroxyetyl)-N,2-dimetyl-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-yl)benzamit
(Hop chét trung gian 71),
2-clo-N-(2-hydroxyetyl)-N—metyl-S-(4,4,5,S-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit
(Hop chét trung gian 69),
(R)-(2-(Hydroxymetyl)pyrolidin-1-yl)(2-metoxy-5-(4,4,5,5 -tetrametyl-1,3,2-dioxaborolan-
2-yl)phenyl)metanon (Hop chét trung gian 67),

(S)-(3-Hydroxypyrolidin-1-yl)(2-metyl-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-
yl)phenyl)metanon (Hop chét trung gian 59),
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(3-Hydroxy-3-metylpyrolidin-1-yl)(2-metoxy-5-(4,4,5,5-tetrametyl-1 ,3,2-dioxaborolan-2-
yl)phenyl)metanon (Hop chét trung gian 55),

(S)-(3-Hydroxypyrolidin-1-yl)(2-metoxy-5-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan-2-
yl)phenyl)metanon (Hop chét trung gian 25),

Nhiét
Phuong | Phuong | 40
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Hop chét 53

2-(3-(3-((2-Hydroxyetyl)sulfonyl)-4-metoxyphenyl)-2-metyl-7-((3-(1-metyl- 1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-yl)propan-1-ol

@LCP

Puoc diéu ché theo cach twong tu nhu hop chét 37 str dung 2-(3-iodo-2-metyl-7-((3-
(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-5 -yl)propan-1-ol  (hop
chdt trung gian 81) va 2-((2-metoxy-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)phenyl)sulfonyl)etanol (Hop chét trung gian 19) dé thu dugc hop chét duge néu & tidu de.
LCMS (phuong phap J): rt = 0,53, [M+H]" = 591.

Hop chét 54

5-(5-(1-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N-(3-hydroxypropyl)-N. ,2-dimetylbenzamit

a
N
HO SN oH
N

Puoc didu ché theo cach twong ty nhu hop chét 17, str dung 2-(3-iodo-2-metyl-7-((3-
(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-5-yl)propan-1-ol - (Hop
chit trung gian 81) va N-(3-hydroxypropyl)-VN,2-dimetyl-5-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)benzamit (Hop chét trung gian 36) dé thu dugc hop chit duge néu & tiéu

d&. LCMS (phwong phép F): rt = 0,92, [M+H]" = 582.
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Hop chét 55

5-(5 -(1—Hydroxy-Z—metylpropan-Z-yl)-2-metyl-7-((3-(l-metyl-1H—imidazol-2-
yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-3-y1)-N-(3 -hydroxypropyl)-N,2-dimetylbenzamit

N
/
NH
~N
Z\ \
& S
HO N OH
\
N ™
(e}

DPuoc diéu ché theo cach tuong ty nhu hop chit 17 st dung 2-(3-Todo-2-metyl-7-((3-
(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-5 -yl)-2-metylpropan-1-
ol (Hop chét trung gian 82) va N-(3-hydroxypropyl)-N,2-dimetyl-5-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)benzamit (Hop chit trung gian 36) dé thu duoc hop chét dugc néu & tiéu

dé. LCMS (phwong phép F): rt = 0,99, [M+H]* = 596.
Hop chét 56

2-(3-(3-((2-Hydroxyetyl)sulfonyl)-4-metoxyphenyl)-2-metyl-7-((3-(1 -metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-yl)-2-metylpropan-1-ol

N

—

DPuoc diéu ché theo cach twong ty nhu hop chit 17 st dung 2-(3-lodo-2-metyl-7-((3-
(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-5 -yl)-2-metylpropan-1-
ol (hop chét trung gian 82) va 2-((2-metoxy-5-(4,4,5,5 -tetrametyl-1,3,2-dioxaborolan-2-
yl)phenyl)sulfonyl)etanol (Hop chét trung gian 19) dé thu dugc hop chét dugc néu o tiéu dé.
LCMS (phuong phap F): rt = 0,95, [M+H]" = 605.
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Hop chét 57

2-clo-5-(5-(1-hydroxyetyl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-3-yl)-N-(3-hydroxypropyl)-MN; -metylbenzamit,
chét d¢ong phan 1

)

NH
_N
Z\ N
HO * =
SN OH
\
N
o

Puge didu ché theo cach twong tu nhu hop chét 37 st dung fert-butyl (5-(1-
hydroxyetyl)-3-iodo-2-metylpyrazolo[1,5-a]pyrimidin-7-y1)(3-(1 -metyl-1H-imidazol-2-
yl)benzyl)carbamat, chét déng phan 1 (Hop chdt trung gian 93) va 2-clo-N-(3-
hydroxypropyl)-N-metyl-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chét
trung gian 23) dé thu dugc hop chit duge néu & tiéu dé. LCMS (phuong phép F): 1t = 0,95,
[M+H]" = 588.

Hop chét 58

2-010-5—(5-(1 -hydroxyetyl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-3-y1)-N-(3-hydroxypropyl) -N-metylbenzamit,
chét ddng phan 2

)
A

NH
-N
~ N N
HO .+ \N S on
\
N\/\/
(e}

ol
Puoc didu ché theo cach twong ty nhu hop chat 37 st dung tert-butyl (5-(1-
hydroxyetyl)-3-iodo-2-metylpyrazolo[1,5-a]pyrimidin-7-y1)(3-(1 -metyl-1H-imidazol-2-
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yl)benzyl)carbamat, chat ddng phan 2 (hop chét trung gian 94) va 2-clo-N-(3-hydroxypropyl)-
N-metyl-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 23) dé
thu dugc hop chét duge néu & tidu d&. LCMS (phuong phép F): rt= 0,95, [M+H]" = 588.

Hop chét 59

5-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl- 1/ -imidazol-2-
yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-3-yl)-N. ,2-dimetyl-N-(tetrahydrofuran-3-

N
a
N
,*?
NH
=z N,N\
HO \N =, \
"~
O

Dung dich axit 5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-

yl)benzamit

yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-metylbenzoic (Hop chét trung gian 118,
49 mg, 0,096 mmol), HATU (40,1 mg, 0,106 mmol) va DIPEA (0,034 mL, 0,192 mmol) trong
DMF (0,4 mL) duoc khudy trong 20 phut ¢ nhiét do trong phong. N-Metyltetrahydrofuran-3-
amin (0,013 mL, 0,115 mmol) dugc bd sung vao hdn hop phan Gng va duge khudy trong 1
gid & nhiét d6 trong phong sau d6 dugc d& qua dém. Hon hgp phan tng dugc pha lodng bang
metanol (0,6 mL) va dugc tinh ché bing MDAP (phuong phap A). Céc phan doan thich hgp
duoc két hop, dugc co, dugc nghién v6i dietyl ete, sau d6 dugc lam kho trong diéu kién chan
khong cao dé thu duge hop chét duge néu & tiéu dé&. LCMS (phuong phap F): rt = 1,04,
[M+H]" =594.

Cac hop chét sau day duogc diéu ché theo cach twong tw nhu véi hop chét 59, st dung

cac amin thich hop sau day:

3-Aminopropan-1-ol, 1-(metylamino)propan-2-ol
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Hop chét 62 va hop chit 63

5-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N-(2-hydroxypropyl)-N,2-
dimetylbenzamit, chit déng phan 1 (Hop chét 62) va chat ddng phan 2 (Hop chét 63)

N
8
N
/
NH
z N/N\
HO \N =
W o
o]

Hop chét 61 duoc tinh ché bing cach st dung cdt Chiralpak AS-H (30 mm x 250 mm,
5 um), rira giai bing axetonitril chira 0,2% isopropylamin d8 thu dugc cac hop chit duge néu
& tiéu d&. Chét ddng phan 1: LCMS (phuong phap F): rt = 0,98, [M+H]* = 582. HPLC bat
dbi: rt 6,85, 100%. Chét ddng phan 2: LCMS (phuong phép F): rt = 0,98, [M+H]" = 582.
HPLC bét dbi: rt 8,36, 98,5%.
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Hop chét 64

2-((2-Metoxy-5-(2-metyl-7-((3-(1-metyl-1H-imidazol2-yl)benzyl)amino)-5-(tetrahydro-2 H-
pyran-4-yl)pyrazolo[1,5-a]pyrimidin-3-yl)phenyl)sulfonyl)etan-1-ol

7N

N
-N
~ N \
S —
N
[o) OH
Q ~
S
\\
(0]
(0]
/

Lo kho duogc bd sung 2-(3,6-dihydro-2H-pyran-4-yl)-4.4,5,5-tetrametyl-1,3,2-
dioxaborolan (18 mg, 0,086 mmol), Pd XPhos G2 (6 mg, 7,63 umol), Pd/C (51 mg, 0,048
mmol), trikali phosphat (51 mg, 0,240 mmol) va feri-butyl | (5-clo-3-(3-((2-
hydroxyetyl)sulfonyl)-4-metoxyphenyl)-2-metylpyrazolo[1,5-a]pyrimidin-7-yl)(3-(1 -metyl-
1H-imidazol-2-yl)benzyl)carbamat (Hop chét trung gian 102, 55 mg, 0,082 mmol). Lo nay
dugc ddy nép va duoc dudi khi bing nito. Nude (0,2 mL) va 1,4-dioxan (0,8 mL) dugc bd
sung va hon hop dugc lam néng dén 100 °C trong 45 phat. Hon hop duge 1am mat xubng
nhiét do trong phong Amoni format (1,25 M trong metanol) (0,659 mL, 0,824 mmol) dugc
bb sung va hdn hop duoc khudy qua dém. Hon hop duge 1am néng dén 40 °C trong 6 gio. Lo
nay dugc dubi khi bang nito va céc thanh phan dugc loc qua CELITE, dugc rira bang DCM
(10 mL). Dich loc dugc tach bang nudc (10 mL) va pha nude da tach duge rira bang DCM (2
x 10 mL). Céc 16p hitu co két hgp dugc di qua thuy tinh frit ki nuée va duge cd trong diéu
kién 4p sudt giam. Phan cin dugc két hop véi phan cin tir phan ung tuong tu dugc thuc hién
v6i tert-butyl (5-clo-3-(3-((2-hydroxyetyl)sulfonyl)-4-metoxyphenyl)-2-metylpyrazolo[ 1,5-
alpyrimidin-7-y1)(3-(1-metyl-1 H-imidazol-2-yl)benzyl)carbamat (Hop chét trung gian 102,
20 mg, 0,03 mmol), dwgc hoa tan trong metanol (1,4 mL) va axit clohydric (3 M trong CPME)
(0,35 mL, 1,05 mmol) dugc bd sung. Hon hop duge khudy qua dém & nhiét do trong phong,
sau d6 14 40 °C trong 7 gid. Hon hgp dugc dé yén & nhiét d6 trong phong qua ngay cudi tuan.
Dung dich natri bicacbonat bdo hoa (1 mL) dugc bd sung va hdn hop duge khudy trong 5
phut. DCM (2 mL) dugc bd sung va hon hop duoc tach. Pha nudc da tach duge rua bang
DCM (2 x 1 mL) va cac chét hitu co két hop duogc di qua thuy tinh frit ki nudc va duoc cd
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du6i ludng khi tro. Phén can duoc hoa tan trong DMSO: metanol (0,5 mL, 1:1) va duoc tinh
ché bing MDAP (phuong phép A). Cac phan doan chira sén phim dugc két hop, dugce co
trong diéu kién 4p sudt giam va dugc 1am kho trén dudng chén khdng cao dé thu duge hop
chét dugc néu & tiéu d&. LCMS (phuong phép F): rt = 0,95, [M+H]" = 617.

Hop chét 65

5-(5-(1-Hydroxybutan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-3-yl)-N-(3-hydroxypropyl)-V,2-dimetylbenzamit
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HO \N =
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DPuoc diéu ché theo cach twong tu nhu Hop chét 37, st dung 2-(3-iodo-2-metyl-7-((3-
(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-5-yl)butan-1-ol  (Hop
chit trung gian 104) va N-(3-hydroxypropyl)-N,2-dimetyl-5-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)benzamit (Hop chét trung gian 36) dé thu dugc hop chét dugc néu & tidu
d&. LCMS (phwong phap F): it = 0,97, [M+H]" = 596.

Céc hop chét 66 va 67
5-(5-(1-Hydroxybutan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N-(3-hydroxypropyl)-N,2-
dimetylbenzamit, chét ddng phan 1 (Hop chét 66) va chat déng phan 2 (Hop chét 67)

@L@

= N,N

NH
Ho/\*(E: ~
\N\/\/OH
(0]

Hop chét 65 dugc tinh ché bang cach sir dung cot Chiralpak AD-H (30 mm x 250 mm,
5 pm), rua giai bing 40% etanol (chtta 0,2% isopropylamin) trong heptan (chta 0,2%
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isopropylamin) dé thu dugc cac hop chét dugc néu & tiéu dé. Chét dong phan 1: LCMS
(phuong phap J): 1t = 0,58, [M+H]" = 596. HPLC bét ddi: rt 9,41, 100%. Chat dong phan 2:
LCMS (phuong phép J): rt = 0,58, [M+H]" = 596. HPLC bt dbi: rt 14,57, 99,5%.

Hop chét 68

5-(5-(3-Hydroxypentan-3-yl)-2-metyl-7-((3-(1-metyl-1 H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin3-yl)-N-(3-hydroxypropyl)-N. ,2-dimetylbenzamit
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N

H
N
&N e
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Puogc diéu ché theo cich tuong ty nhu Hop chét 37, st dung 3-(3-bromo-2-metyl-7-
((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-5 -yl)pentan-3-ol
(Hop chét trung gian 105) va N-(3-hydroxypropyl)-N,2-dimetyl-5-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)benzamit (hop chét trung gian 36) dé thu dugc hop chét dugc néu & tiéu
dé. LCMS (phwong phép J): it = 0,71, [M+H]" = 610.

Hop chét 69

N-(3-Hydroxypropyl)-5-(5-(1-hydroxypropyl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N,2-dimetylbenzamit, chét ddng phan 1
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H
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DPuogc diéu ché theo cach twong tw nhu hop chét 37 sir dung 1-(3-bromo-2-metyl-7-((3-
(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-5-yl)propan- 1-ol, chét
ddéng phan 1 (hop chit trung gian 108) va N-(3-hydroxypropyl)-N,2-dimetyl-5-(4,4,5,5-

164



45261 165/181

tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 36) dé thu dugc hop chét
duge néu & tiéu d&. LCMS (phuong phap J): 1t = 0,65, [M+H]" = 582.

Hop chét 70

N—(3-Hydroxypropyl)-S-(S-(1-hydroxypropyl)-2-metyl-7-((3-(1-mety1- 1 H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N. 2-dimetylbenzamit, cht ddng phan 2
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Puoc didu ché theo cch twong ty nhu hop chét 37 sir dung 1-(3-bromo-2-metyl-7-((3-
(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5 -a]pyrimidin-5-yl)propan-1-ol, chét
ddng phan 2 (Hop chét trung gian 109) va N-(3-hydroxypropyl)-N,2-dimetyl-5-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 36) dé thu dugc hop chét
dwoc néu & tiéu dé&. LCMS (phuong phép J): rt = 0,61, [M+H]" = 582.

Hop chét 71

2-((5-(5-(1-Hydroxyetyl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3 -yl)-2-metoxyphenyl)sulfonyl)etan-1-ol, chét
ddng phan 1

DPuoc didu ché theo cch twong ty nhu hop chét 37 st dung 1-(3-bromo-2-metyl-7-((3-
(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5 -yl)etan-1-ol, chét
ddng phan 1 (Hop chét trung gian 111) va 2-((2-metoxy-5-(4.4,5,5-tetrametyl-1,3,2-
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dioxaborolan-2-yl)phenyl)sulfonyl)etanol (Hop chét trung gian 19) dé thu dugc hop chét
dwoc néu & tiéu d&. LCMS (phuong phap F): rt = 0,87, [M+H]" = 577.

Hop chat 72

2-((5-(5-(1-Hydroxyetyl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3 -yl)-2-metoxyphenyl)sulfonyl)etan-1-ol, chét
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ddng phan 2

DPuoc diéu ché theo cach twong tu nhu hop chét 37 str dung 1-(3-bromo-2-metyl-7-((3-
(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-5 -yl)etan-1-ol, chét
déng phan 2 (hop chit trung gian 112) va 2-((2-metoxy-5-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)phenyl)sulfonyl)etanol (Hop chét trung gian 19) dé thu duge hop chét
duoc néu ¢ tiéu d&. LCMS (phuong phép F): rt = 0,86, [M+H]" = 577.

Hop chat 73

2-clo-5-(5-(1-hydroxyetyl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N-(3 -hydroxypropyl)-N-metylbenzamit,
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chét déng phan 1

Duoc diéu ché theo cach twong ty nhu hop chét 37 sir dung 1-(3-bromo-2-metyl-7-((3-
(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-5-yl)etan-1 -ol, chét
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ddng phan 1 (hop chét trung gian 111) va 2-clo-N-(3-hydroxypropyl)-N-metyl-5-(4,4.5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 23) dé thu dugc hop chét
dwoc néu & tidu dé. LCMS (phuong phép F): rt= 0,93, [M+H]" = 588.

Hop chat 74

2-clo-5-(5-(1-hydroxyetyl)-2-metyl-7-((3-(1-metyl-1/-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N-(3-hydroxypropyl)-V -metylbenzamit,
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chét ddng phan 2

DPuoc didu ché theo cach twong ty nhu hop chét 37 sir dung 1-(3-bromo-2-metyl-7-((3-
(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-5-yl)etan-1 -ol, chét
ddng phan 2 (hop chét trung gian 112) va 2-clo-N-(3-hydroxypropyl)-N-metyl-5-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 23) dé thu duoc hop chét
duge néu & tiéu dé. LCMS (phuong phép F): rt = 0,93, [M+H]" = 588.

Hop chét 75

1-(3-(3-((2-Hydroxyetyl)sulfonyl)-4-metoxyphenyl)-2-metyl-7-((3-(1-metyl- 1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-yl)propan-1-ol, chét ddng phan 1
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DPuoc didu ché theo cach twong tw nhu hop chét 37 st dung 1-(3-bromo-2-metyl-7-((3-
(1-metyl- 1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-5-yl)propan- 1-ol, chét
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dong phan 1 (hop chit trung gian 108) va 2-((2-metoxy-5-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)phenyl)sulfonyl)etanol (Hop chét trung gian 19) dé thu dugc hop chét
dugc néu & tiéu d&. LCMS (phuong phép F): rt = 0,91, [M+H]" = 591.

Hop chit 76

1-(3-(3-((2-Hydroxyetyl)sulfonyl)-4-metoxyphenyl)-2-metyl-7-((3-(1-metyl-1 H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-yl)propan-1-ol, chat dong phan 2

O\?

Puoc didu ché theo cach tuong ty nhu Hop chit 37 st dung 1-(3-bromo-2-metyl-7-
((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-5-yl)propan-1 -ol,
chit ddng phan 2 (Hop chét trung gian 109) va 2-((2-metoxy-5-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)phenyl)sulfonyl)etanol (Hop chit trung gian 19) dé thu dugc hop chét
duoc néu & tiéu d&. LCMS (phuong phép F): rt = 0,91, [M+H]" = 591.

Hop chat 77

5-(5-(1-Hydroxypropyl)-2-metyl-7-((3-(1-metyl- 1 H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-metoxy-N-metyl-V; -(tetrahydro-2H-
pyran-4-yl)benzamit, chét ddng phan 1
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Puoc didu ché theo cach twong ty nhu hop chét 37 st dung 1-(3-bromo-2-metyl-7-((3-
(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-5-yl)propan-1 -0l, chét
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dong phan 1 (hop chét trung gian 108) va2-metoxy-N-metyl-N-(tetrahydro-2H-pyran-4-yl)-
5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 34) dé thu duoc
hop chat dugc néu & tidu dé. LCMS (phuong phép J): rt = 0,63, [M+H]" = 624.

Hop chat 78

5-(5-(1-Hydroxypropyl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-metoxy-N-metyl-N-(tetrahydro-2H-
pyran-4-yl)benzamit, chit dong phan 2
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Duogc diéu ché theo cach trong tw nhw hop chét 37 st dung 1-(3-bromo-2-metyl-7-((3-
(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-yl)propan-1-ol, chét
ddng phén 2 (Hop chét trung gian 109) va 2-metoxy-N-metyl-N-(tetrahydro-2H-pyran-4-yl)-
5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 34) dé thu dugc
hop chat dugc néu & tiéu d&. LCMS (phuong phép J): rt = 0,64, [M+H]" = 624.

Hop chat 79

5-(5-(1-Hydroxyxyclopropyl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-3-yl)-N-(3-hydroxypropyl)-N,2-dimetylbenzamit
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tert-Butyl (3-bromo-5-(1-((tert-butyldimetylsilyl)oxy)xyclopropyl)-2-
metylpyrazolo[1,5-a]pyrimidin-7-y1)(3-(1-metyl-1H-imidazol-2-yl)benzyl)carbamat ~ (Hop

chét trung gian 115, 26 mg, 0,039 mmol), kali phosphat (24 mg, 0,113 mmol), XPhos (2 mg,
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4,20 pmol), XPhos Pd G2 (3 mg, 3,81 pmol) va N-(3-hydroxypropyl)-N,2-dimetyl-5-(4.,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 36, 25 mg, 0,053 mmol)
duoc két hop trong 1,4-dioxan (0,4 mL) va nude (0,133 mL). Hn hop duge 1am néng dén
nhiét do 60 °C trong lo dugc bit kin trong 1 gidr 45 phut. XPhos Pd G2 (3 mg, 3,81 pmol) va
N-(3-hydroxypropyl)-N,2-dimetyl-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit
(Hop chét trung gian 36, 25 mg, 0,053 mmol) dugc bd sung. Sau 1 giod, nhiét dd phan Gng
duoc tiang 1én 80 °C. Sau 2 gid XPhos Pd G2 (3 mg, 3,81 pmol) va N-(3-hydroxypropyl)-N,2-
dimetyl-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 36, 25
mg, 0,053 mmol) dugc bd sung va hon hgp dugc lam nong dén 100 °C trong 1 gi. Hon hop
dugc tach gitta nuge (10 mL) va etyl axetat (10 mL). Pha nuéc da tach dugc rira bing etyl
axetat (2 x 10 mL) va céc chét hitu co két hop duogc di qua thiy tinh frit ki nude va duge co
trong diéu kién ap suét giam. Phan cdn dugc hoa tan trong 1,4-dioxan (1,0 mL) va sau d6 HCI
(4 M trong 1,4-dioxan) (0,1 mL) dugc bd sung. Khudy hdn hgp & nhiét do trong phong trong
4 ngay. Dung dich natri bicacbonat bdo hoa (3 mL) dugc bd sung va hdn hop dugc khudy
trong 10 phat. Nuée (10 mL) va DCM (10 mL) duoc bd sung va cac pha dugc tach. Pha nude
da tach duoc rira bang DCM (2 x 5 mL) va c4c 16p hitu co két hop duoc di qua thuy tinh frit
ki nuée va duoc ¢d trong didu kién 4p suét giam. Phan cdn dugc tinh ché bAng MDAP (phuong
phap A). Céac phan doan chira san phidm mong mudn duge két hop va dugc cd trong diéu kién
4p sut giam dé thu dugc hop chét duge néu & tidu dé. LCMS (phuong phap F): rt = 0,97,
[M+H]" = 580.

Hop chét 80

N-((S)-1-Hydroxypropan-2-yl)-5-(5-(1-hydroxypropyl)-2-metyl-7-((3-(1-metyl- 1 H-
imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin3-yl)-N,2-dimetylbenzamit, chét dong
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Puoc diéu ché theo cach trong tw nhu hop chét 37 sir dung 1-(3-bromo-2-metyl-7-((3-
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(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-5-yl)propan-1 -ol, chéat
ddng phan 1 (hop chét trung gian 108) va (S)-N-(1-hydroxypropan-2-yl)-N,2-dimetyl-5-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 45) dé thu dugc
hop chét dugc néu & tiéu d&. LCMS (phuong phap I): rt = 0,62, [M+H]" = 582.

Hop chét 81
N-((S)-1-Hydroxypropan-2-yl)-5-(5-(1-hydroxypropyl)-2-metyl-7-((3-(1-metyl-14-
imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin3-yl)-N,2-dimetylbenzamit, chit dong

@“\(?

NH

phéan 2

= N'N\

* N \

N
OH \N\/\OH
{

Puoc diéu ché theo cach twong tw nhu hop chét 37 st dung 1-(3-bromo-2-metyl-7-((3-
(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-yl)propan-1-ol, chét
ddng phén 2 (Hop chét trung gian 109) va (S)-N-(1-hydroxypropan-2-yl)-N,2-dimetyl-5-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (hgp chét trung gian 45) dé thu dugc
hop chét dugc néu & tiéu d&. LCMS (phuong phap J): rt = 0,61, [M+H]* = 582.

Hop chét 82

5-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-3-y1)-N-(2-hydroxypropyl)-2-metoxy-N-
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metylbenzamit

171



45261 172/181

Axit 5-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-2-metoxybenzoic (hop chat trung gian 120,
65 mg, 0,101 mmol), HATU (47 mg, 0,124 mmol) va DIPEA (0,055 mL, 0,315 mmol) dugc
khudy trong THF (1 mL) & nhiét do trong phong trong 5 phut sau d6 1-(metylamino)propan-
2-ol (13 mg, 0,146 mmol) dugc bd sung. Sau 2 gid, HATU b sung (12 mg, 0,032 mmol) va
DIPEA (0,018 mL, 0,101 mmol) dugc bd sung. Sau 1,5 gio, hdn hop phan tmg dugce tinh ché
bing MDAP (phwong phép A). Céc phan doan san phdm dugc két hop va dugc lam kho dudi
ludng khi tro dé thu duoc hop chat duge néu & tiéu dé. LCMS (phuong phép F): rt = 0,96,
[M+H]" = 598.

Céc hop chat 83 va 84

5-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl)-N-(2-hydroxypropyl)-2-metoxy-N-
metylbenzamit, chét ddng phan 1 (Hop chat 83) va chat ddng phan 2 (Hop chét 84)
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Hop chét 82 dugc tinh ché trén ¢t Chiralpak IC (30 mm x 250 mm, 5 pm), rira giai

bang 30% etanol (chira 0,2% isporopylamin) trong heptan (chita 0,2% isporopylamin) dé thu

duoc cac hop chat dwoc néu & tiéu dé. Chat dong phan 1: LCMS (phuong phép F): rt = 0,94,

[M+H]* = 598. HPLC bét dbi: rt 28,8, 100%. Chat dong phén 2: LCMS (phuong phap F): rt

= 0,94, [M+H]* = 598. HPLC bét ddi: rt 33,68, 96,6%.

Hop chét 85

2-((2-Metoxy-5-(2-metyl-7-((3-(1-metyl-1 H-imidazol-2-yl)benzyl)amino)-5-((tetrahydro-
2H-pyran-4-yl)metyl)pyrazolo[ 1,5-a]pyrimidin-3-yl)phenyl)sulfonyl)etan-1-ol
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Puoc diéu ché theo cach twong ty nhu hop chit 9 sir dung 3-iodo-2-metyl-N-(3-(1-
metyl-1H-imidazol-2-yl)benzyl)-5-((tetrahydro-2H-pyran-4-yl)metyl)pyrazolo[1,5-
a]pyrimidin-7-amin (Hop chét trung gian 122) va 2-((2-metoxy-5-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)phenyl)sulfonyl)etanol (Hop chét trung gian 19) dé thu dugc hop chét
duoc néu & tiéu @&. LCMS (phuong phép F): rt = 0,94, [M+H]" = 631.

Hop chét 86

2-(3-(3-((2-Hydroxyetyl)sulfonyl)-4-metoxyphenyl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-yl)butan-1-ol

7N

N
/
NH
-N
~ N N
S Sy
HO N
OH
C\)\/\/

Puogc didu ché theo cach twong tu nhu hop chéit 37 str dung 2-(3-iodo-2-metyl-7-((3-
(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-5-yl)butan-1-ol  (Hop
chdt trung gian 104) va 2-((2-metoxy-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)phenyl)sulfonyl)etanol (Hop chét trung gian 19) dé thu dugc hop chét duoc néu ¢ tiéu de.
LCMS (phuong phép F): rt = 0,92, [M+H]" = 605.

Hop chat 87

3-(5-(2-Hydroxypropan-2-yl)-2-metyl-7-((3-(1-metyl-1H-imidazol-2-
yl)benzyl)amino)pyrazolo[ 1,5-a]pyrimidin-3-yl)-N-(3-hydroxypropyl)-N-metylbenzamit
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2-(3-Bromo-2-metyl-7-((3-(1-metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo  [1,5-
a]pyrimidin-5-yl)propan-2-ol (Hop chét trung gian 43, 150 mg, 0,313 mmol), kali phosphat
(165 mg, 0,777 mmol), dixyclohexyl(2',4',6'-triisopropyl-[1,1'-biphenyl]-2-yl)phosphane
(12 mg, 0,025 mmol), XPhos Pd G2 (22 mg, 0,028 mmol) va N-(3-hydroxypropyl)-N-metyl-
3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzamit (Hop chét trung gian 123, 219 mg,
0,412 mmol) dugc két hop trong dng vi séng. 1,4-Dioxan (1,8 mL) va nuéc (0,6 mL) dugce
bd sung, 6ng nay duoc bit kin va hdn hgp dugc lam néng dén 100 °C trong thiét bi phan tmg
vi séng trong 1 gid. Sau khi lam ngudi, 16p hitu co hdn hop phan tng hai pha dugc loc qua
len soi bong va dugce tinh ché truc tiép bang MDAP (phuong phép A). Phan can thu dugc
duge tach gitta dung dich natri bicacbonat bdo hoa (10 mL) va DCM (5 mL). Pha nuéc da
tach dugc rira bing DCM bb sung (2 x 5 mL). Céc chét hiru co duoc két hop, duge di qua
thuy tinh frit ki nudc, duge co dudi ludng khi tro va dugc lam kho trong diéu kién chan khong
cao & 40 °C trong 1 ngay dé thu dugc hop chét duogc néu ¢ tidu dé. LCMS (phuong phép F):
rt = 0,94, [M+H]" = 568.
Thir nghi€m sinh hoc

a) Thu nghiém hoat tinh PI4KB

Kha nang trc ché in vitro hoat tinh PI4KIII-beta 13-828 (D316-330) ngudi dugce xac
dinh béng cach st dung kit thtt nghiém ADP-GLO Kinaza tir Promega. Cac chét tc ché dugc
hoa tan trong 100% DMSO & ndng d¢ 1a 1 mM. Céc dich pha loéng dugc didu ché trong 100%
DMSO bang cach sir dung céch pha loang ting budc theo chudi 1/3. Khuén 60 nL tir chuén
d6 11 diém dugc chuyén sang dia thit nghiém Greiner 384 15 thé tich thdp mau tring dam bao
ndng d6 DMSO cudi 1a 1% trén dia va ndng do dinh cudi clng cta chét trc ché 12 10 pM. Thr
nghiém PI4KIII-beta chira 25 mM Hepes pH 7,5 (NaOH), 10 mM MgCl2, 0,5 mM EGTA,
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0,1% Triton X-100, 2 mM TCEP, va 0,1 mg/ml BSA, 1 mM ATP, 60 uM
phosphatidylinositol, va 1,5 nM PI4K -beta 13-828 (D316-330) ngudi trong tong thé tich 14 6
uL. Thtr nghiém dugc bat dau béng viéc bd sung enzym, dugc ddy lai, va i ¢ nhiét do trong
phong trong 3 gid. Céac thir nghiém duge lam nging bang cach bd sung 6 ul ADP-GLO
Reagent chita 0,1% CHAPS dé x4 hét ATP khong tiéu thu. Cac dia duge 0 & nhiét do trong
phong trong 60 phut va sau d6 12 ul thudc thir phéat hién Kinaza chtra 0,1 % CHAPS dugc bd
sung dé chuyén hoa ADP thanh ATP va dua luciferaza va luciferin. Sau 40 phut 4 & nhiét do
trong phong tin hiéu phét quang dugc doc trén thiét bi BMG Labtech PHER Astar FS véi cac
thong s cai dat sau day; Gain 3600, Focal height 13,7 mm, thoi gian gifra cac 1an do 1 giay,
thoi gian ldng 0,2 gidy. Hiéu qua trc ché hoat tinh PI4K-beta cua cac hop chét duge danh gia
béng gia tri IC50 cta dap tng so v6i ham lwgng hop chét cao, khong c6 hop chit, va hop chét
v&i ham lugng thap, khdng c6 enzym, d6i chimg bang cach khép véi phuong trinh dap ting

liéu bon thong so.

Khi duoc thir nghiém trong thir nghiém nay: tAt ca cac hop chat c6 pIC50 trung binh
16n hon hodc bing 8,1; cac hop chat 1-7, 9-11, 14, 15, 17-20, 22-29 va 31-87 c6 pIC50 trung
binh 16n hon hodc bing 8,4; cc hop chét 17 va 19 ¢6 pIC50 trung binh béng 8,6; Hop chat
21 ¢6 pIC50 trung binh bang 8,2; va Hop chit 22 ¢ pIC50 trung binh bang 8,5.

b) Thi nghiém thoi gian luu
Thir nghiém diéu chinh kep

Céc dich pha lodng hop chét duoc diéu ché trong 100% DMSO bang cach st dung pha
loding timg budc theo chudi 1 trong 3 va ndng do cao nhat 1 1 mM. 200 nL quan thé sinh vat
tir phép chuén do 12 didm duoc chuyén sang dia thit nghiém Greiner 384 16 mau den dam bao
ndng d6 DMSO cudi cling 12 1% trong dia va ndng d6 dinh cudi cling cla chét e ché 13 10
UM trong 20 pL thé tich thir nghiém cudi cling. Trong mdi 16 clia dia thir nghiém 384 15, 10
pL dung dich dém Enzym 2X dugc u trude v6i hgp chét trong 1 gio. Dung dich dém khéng
chira enzym duogc st dung lam chét dbi chimg trc ché 100%. 10 pL dung dich co chét 2X
duoc bd sung dé bt dau thir nghiém nay sao cho ndng do cudi cing 1a 2 mM ATP va 1 uM
Bodipy-PI va dia nay duge 0 & 25°C trong 3 gio. Phan Umg enzym dugc két thuc bang cach
b6 sung 40 pL dung dich dém nglmg phan tng va co chét (PI) va san pham (PIP) ¢ mit trong
m&i miu duoc tich bing cach dién di bing cach st dung hé théng phét hién thuéc CALIPER
LABCHIP 3000 thiét bi dién di mao din LabChip 3000 va dugc phét hién bang céch st dung
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laze xanh duong (480 nm) dé kich thich va CCD xanh 14 c4y (520 nm) dé phat hién (CCD2).
Céc mAu dbi chimg 4m (0% tc ché trong diu kién véng mit chét e ché) va cac méu déi
chimg duong tinh (100% tGc ché, khong c6 mit enzym) duge 1ép rap v6i 48 ban sao (4 ban
sao mdi kep) va duoc sir dung dé tinh gié tri % vc ché trong mdi giéng thir nghiém. Phén tram

trc ché (Pinh) dugc x4c dinh bang phuong trinh sau:
Pinh = (PSR0% - PSRinh)/(PSR0% - PSR'00%) x 100

Trong d6 PSRinh 1a tdng ty 18 san pham khi c6 mat chét e ché, PSR0% la tdng ty 1é san
pham khi véng mit chét tic ché va PSR'00% la tong ty 18 san pham trung binh trong mau dbi
chimg 100% trc ché; cac gia tri IC50 cua chét wre ché duge xac dinh béng cach khop dudng
cong trc ché (Pinh d6i véi ndng do chit e ché) voi mo hinh dép tng liéu sigma 4 thong s6

bing c4ch st dung phan mém XLfit 4 (IBDS).
Pha lodng v6 han

Trong dng Eppendorf nho, 5 pL dung dich enzym 2x (0,4 uM-0,8 pM) dugc tron véi
5 uL dung dich hop chét 2x chita 40 dén 120 1an gia tri IC50 dugc x4c dinh 6 2 mM ATP nhu
dugc md ta & trén, va duge U trong 1 gid & nhiét do trong phong. Thir nghiém duge bét dau
bang céach tron nhanh 2 pL hdn hop u trude enzym v6i 800 uL hdn hop co chat chira 2 mM
ATP va 1 uM Bodipy-PL 60pL mdi miu dugc chuyén vao dia Greiner 384 15 thé tich thap,
va co chit (PT) va san phdm (PIP) c6 mat trong mdi mAu duge phan tich dién di bang cach sir
dung hé théng phét hién thuéc CALIPER LABCHIP 3000 thiét bi dién di mao dan LabChip
3000 va dwoc phat hién bang cach st dung laze xanh duong (480 nm) dé kich thich va CCD
xanh 14 cay (520 nm) dé phat hién (CCD2) trong khoang 8 gi& (200 1an do tir mdi 16). Puong
cong tién trinh, theo % chuyén héa theo thoi gian, v6i sy c6 mét cta hop chét dugce so sanh
v6i dudng cong trong cic miu dbi chimg khong chira hop chét. Cac duong cong dugc khép

véi phuong trinh dudng cong tién trinh bing cach sit dung phin mém Lfit:

[P] = Vs x t + ((Vi-Vs)/Kobs) x (1-exp(-Kobs x t))

Trong d6 Vi la van tdc ban dau cta enzym, Vs 1a van tdc trang thai tinh voi sy c6 mat
ctia chét trc ché duoc pha lodng, va t 1a thoi gian sau khi pha loang.

Céc gia tri Vi, Vs va Kobs quan sat s&€ phu thudc vao ban chét cua chét e ché (tic 1a
can bing nhanh so véi gan két chit). Phy thudc vao diéu kién thir nghiém ban dau (ndng do

tuong dbi ctia hop chét so véi enzym), cac thong s6 Vi va Vs ¢6 thé dugce 1am khép trude
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va/hodc duoc chin. P6i véi cac hop chét phan ly cham > [E], van tbc enzym ban dau (sau khi
pha loang nhanh) thuong khong duoc phong bé; van tdc trang thai tinh c6 thé dugc phong bé
dén van toc ma c6 mat hop chét con lai (thu dugce tir dudong cong IC50). Pbi mot sb hop chat
can bing nhanh (1/2 thoi gian luu <do phéan giai thir nghiém) duge thir nghiém > [E], vén té¢
ban dAu c6 thé dugc chian dén % hoat tinh 1y thuyét tir dudng cong IC50 tai cac ndng d6 hop
chit twong ng va van toc trang théi tinh c6 thé duoc lam khép trude dé kiém soat nhung
khong dugc chin. Déi véi phﬁn con lai cua cac hop chat can bang nhanh phén ly chAm, mot
phuong phap khac dé uéc lugng trude nhung khong chan Vi va Vs dén cac van toc Iy thuyét
thu dugc tir cac duong cong IC50 & cac ndng dd hop chét tuong ting ¢ thé duoc thuc hién,

vi dy, trong céc truong hop sao cho khi céc tién trinh trén khong tao ra sy didu chinh phit hop.

Trong thir nghiém nay, Hop chit 17 da thé hién thoi gian luu trung binh 13 542 phat; Hop
chét 19 da thé hién thoi gian luu trung binh 12 997 phut; Hop chat 21 da thé hién thoi gian Iuu
trung binh 13 528 phut; va Hop chit 22 d4 thé hién thoi gian luu trung binh 14 1666 phit.

Quy trinh thtt nghiém tac dung trén té bao (CPE)

Thit nghiém e ché in vitro ddi vdi hoat tinh PI4KB dugc x4c dinh bang cach phan
tich su @c ché cia viée rit can ATP trong céc té bao HeLa Ohio trong viéc dap Gng véi 14y
nhiém v&i rhinovirut ngudi typ A ching 16 (HRVA16). Mitc ATP dugc xé4c dinh bang cach
st dung thudc thir CellTiter-GLO tir Promega. Cac hop chét @rc ché PI4KB ciing 12 cac chét
{rc ché tiém ning ctia rhinovirut ngudi va c6 thé bao vé té bao HeLa Ohio khoi CPE giy ra
boi su 1ay nhiém va sao chép cta virut. Cac té bao duoc bao vé c6 kha nang séng sau khi lay

nhiém virut va vi thé ¢ mic ATP 16n hon.

C4c hop chit duoc hoa tan trong 100% DMSO dén ndng do bang 3mM va céc dich
pha loang sau d6 dugc diéu ché trong 100% DMSO bang céach st dung chudi pha lodng theo
bude 1:3. 0,5uL nhém quan thé sinh vat tir phép chuén d6 10 diém dugc chuyén sang dia day
phéng Greiner nudi cdy mo 96 15 (655083). 0,5uL nhém quén thé sinh vt tir 100% DMSO
dugc dong dau thanh cac cot 11 va 12 cta dia, dam bao ndng d6 DMSO thir nghiém cubi cling

12 0,33% trong dia va ndng do thir nghiém cubi dinh cubi ciing ciia hop chit 1a 10pM.

Té bao HeLa Ohio dugc 1 & nhiét o 37°C, 5% CO2 trong méi truong (DMEM dugc
bd sung 10% huyét thanh thai bo ngudn gbc Uc va 2mM glutamax). Cac té bao dugc cly
chuyén khi mtrc do bam dinh dat >80%. i vdi thir nghiém ndy, cdc té bao duge nudi dén

muc @0 bam dinh 80-90% trudc khi tach ra.
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Céc t& bao duoc tach ra cho thir nghiém nay bang cach rira bang PBS va dugc tach ra
bang cach sir dung 3mL TrypLE Express dbi v6i SmL ¢ 37°C. Cac té bao duge tach ra dugc
tron v46i 7mL moi truong va dugc ly thm 6 tdc dd 300g trong 5 phut. Cac vién té bao duoc tai
huyén phu trong 50mL méi trudng va duoc dém trén thiét bi Beckman Coulter ViCell. C4c
té bao duoc pha loang dén 6,6x104 t& bao/mL va mot s6 thé tich té bao dugc loai bé vao trong
6ng méi duge st dung lam cot 12 ddi chimg. Dung dich gdc HRVA16 dugc bb sung vao
huyén phi té bao con lai & ndng d6 pha lodng thich hop dbi véi dung dich gbc virut dé dat
dwoc MOI bang 1.

150uL té bao+huyén phu virut duge bd sung vio mdi 15 vao cac cot 1-11 bang cach
stir dung Multidrop Combi. 150pL huyén phii té bao riéng ré dugc bd sung vao mdi 18 vio cac
c¢ot 12 bang cach sir dung pipet nhiéu kénh. Céac dia thir nghiém duoc bit kin va dugc 0 ¢
33°C, 5% CO2 trong 2 ngay. Sau 2 ngay, cac dia thir nghiém dugc 14y ra khoi ta i va dugc
]am cén bang dén nhiét d6 trong phong. 60uL thuéc thir CellTiter-Glo dwoc bd sung vio tat
ca cac 18 bang cach str dung Thermo Scientific Multidrop Combi. Céc dia dugc U ¢ nhiét do
trong phong trong 20 phut trudce khi duoc doc trén thiét bi Perkin Elmer Envision (cac thong
sé cai dat: Chiéu cao kep 2,5, chidu cao do ¢ dinh (mm) 6,5, khoang céch gitra dia va thiét
bi phat hién 0, thoi gian do (gidy) 0,1, hé s6 diéu chinh Glow (ct2) (0%)).

Tac dung trc ché cia cac hop chét 1én hoat tinh PI4KB dwoc danh gia bang gi4 tri IC50
ctia d4p ung so véi ddi chimg cao (khdng c6 virut, cot 12) va d6i chung thap (virut+khong
chét trc ché, cot 11) bang cach khép vé6i phuong trinh dap tng 1iéu bdn thong sb.

Khi dugc thir nghiém trong thir nghiém nay: tit ca cac hop chét c6 gia tri pIC50 trung binh
bing hodc 16n hon 7,2; cac hop chét 1-8, 10-15 va 17-87 ¢6 gié tri pIC50 trung binh 16n hon
hoic bang 7,6; cac hop chét 1, 3, 5, 6, 7, 10-12, 14, 15, 17-25, 29, 31, 33-37, 39-53, 55-59,
61-68, 70, 76, 80-82, 84 va 86 ¢ gia tri pIC50 trung binh 16n hon hodc bang 8,4; cac hop
chit 17 va 19 ¢ gia tri pIC50 trung binh bing 8,9; Hop chét 21 ¢6 gia tri pIC50 trung binh
bing 8.8; va Hop chét 22 ¢6 gid tri pIC50 trung binh it nhat 12 9,1.

¢) Thu nghiém do 6n dinh chuyén hoa tiéu thé ngudi

Tém tit quy trinh
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Hop chét thir nghiém (0,5uM) dugc u véi tiéu thé gan nguoi dd duge gom lai. Hop
chét thtr nghiém dugc trong thoi gian thir nghiém 45 phut va hop chét thir nghiém duogc phan
tich bang LC-MS/MS.

Quy trinh thr nghiém

Tiéu thé gan ngudi dugc gom lai duge mua tir nha cung chp thuong mai danh tiéng, vi
du Corning Life Sciences. Tiéu thé (ndng do protein cudi ciing 0,5mg/mL), 50mM dung dich
dém phosphat d¢ pH=7,4 va NADPH (néng d6 cubi cing = ImM) duge U trude ¢ nhiét do
37°C trude khi bd sung hop chat thir nghiém (ndng d6 co chit cudi ciing = 0,5uM; ndng do
DMSO cubi ciing = 0,25%) dé khoi mao phan tmg. Thé tich & cudi cung 1a 500pL. Mot qua
trinh 0 d6i chimg duoc bao gbdm cho mdi hop chét duoc thir nghiém 1a 50mM dung dich dém
phosphat do pH=7,4 dugc bd sung thay vi NADPH (khéng c6 NADPH). Hai hop chat dbi
chimg dugc 1 véi mdi loai. TAt ca qué trinh 0 déu duoc thuc hién riéng 1é cho mdi hop chét
thir nghiém.

M&i hop chét dugc 1 trong 45 phitt va cac mau (50 pL) cia mé & duoc lay ra lac 0, 5,
15, 30 va 45 phit. Bdi chimg (khong ¢c6 NADPH) chi dugc 14y mAu luc 45 phut. Cac phan
tng dugc ngung lai bang cach bd sung 100 uL axetonitril chira chét ndi chuin vao miu. Cac
miu da két thic duge ly tam & tdc do 2500 vong/phut trong 20 phut & 4°C dé lam két tua

protein.
Phan tich dinh lugng

Sau khi két tia protein, cidc mau dugc phéan tich bing cach sit dung diéu kién LC-
MS/MS chung.
Phén tich dit li€u

Tir d0 thi cua ty 18 ving dinh In (ving dinh cua hop chat/ving dinh cua chét ndi chuin)
theo thoi gian, dudng gradien dugc x4c dinh. Sau d6, do thanh thai ndi tai dugc tinh béng cac

phuong trinh duéi day, sau d6 dugc chuyén dbi thanh mL/phut/g:

Hang s6 toc do loai bo (k) = (- gradien)

Thoi gian ban thai (t1/2) (phut) = 0,693 + k

D06 thanh thai néi tai (CLint) (uL/phut/mg protein) = (V x 0,693) + t1/2
trong d6 V = thé tich & pL/mg protein tiéu thé.
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Khi duoc thir nghiém trong thir nghiém nay, do thanh thai ndi tai ctia Hop chat 17 1a
28,9 mL/phut/g; d¢ thanh thai ndi tai cia Hop chat 19 13 11,6 mL/phut/g; do thanh thai noi
tai ctia Hop chét 21 1a 34,0 mL/phit/g; va do thanh thai ndi tai ctia Hop chat 22 1a 33,7
mL/phut/g.

d)  Tho nghiém ndng do hop chét trong lach

Cac hop chét 17, 18, 19, 22 va 23 dugc thir nghiém trong thi nghiém ndng do hop chét
trong lach. Céc hop chét duoc st dung trong tinh mach cho chudt dé xac dinh mic d6 hop
chét trong lach c6 phai toan by lidu dugce hit vao duoc hép thu hay khong (qua dudng miéng

hodc qua phoi) va hé tuan hoan toan than dugc tiép xuc v6i toan bo licu.

Céc hop chit 17, 19, 22 va 23 dugc bao ché trong 2% DMSO trong Kleptose (dung
dich, 10% khdi luong/thé tich). Hop chat 18 dugc bao ché véi ty 1& 5:45:50 cua
DMSO:PEG200:nudc. Cac duge pham duge st dung & dang truyén tinh mach (1mg/kg trong

1 gid) cho mot chudt duc Wistar Han.

12 gi¢ sau khi bat dau dung theo liéu, chudt céng duoc cho chét nhan dao va lach duoc
thu thap. Khoang 0,5g mau lach duoc 14y va dugc ddng nhat trong 4mL nuée. 100pL dich
ddng nhét thu dugc duge didu ché bang cach két tia protein véi 300pL axetonitril chira chét
1ndi chudn va dugc thir nghiém (cing véi chét chuén hiéu chudn duoc didu ché theo cach twong
tu) bang sac ky long dao pha-phd khéi, sit dung ngudn phun dién tr dugc lam néng va dugc
vén hanh trong ché do theo doi nhiéu phan tng ion dwong. Cot sac ky long dugc st dung 1a
Waters Cortecs C18 ¢& hat 2,7um, ¢dt 50 x 2,1mm & 60°C, va pha dong, dugc véan hanh &
dang gradien, c6 thé sir dung (A) 0,1% axit formic (dung dich) va (B) 0,1% axit formic trong
axetonitril, duoc thyuc hién & tbc d6 dong 1mL/phut.

Tét ca cac hop chat c6 ndng do trong 1ach nho hon 30 ng/g. Céc hop chat 17, 19, 22 va
23 ¢6 ndng do trong lach nhd hon 7 ng/g. Cu thé, hop chat 17 c6 nong do trong lach 1a 1,76
ng/g va hop chat 22 c6 ndng do trong lach 1a 5,54 ng/g.
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Yéu ciu bao ho

1. Hop chét (S)-N-(1-hydroxypropan-2-yl)-5-(5-(2-hydroxypropan-2-yl)-2-metyl-7-((3-(1-
metyl-1H-imidazol-2-yl)benzyl)amino)pyrazolo[1,5-a]pyrimidin-3-yl) -N,2-dimetylbenzamit

(Hop chét 22)
&)
N
NH
NN
HO \N =~
\
N
(6]

_/TOH

hodc muoi dugc dung cua no.

2. Dugc phim dé didu tri 1ay nhiém virut chira hop chit theo diém 1 hogc mudi dugc dung

cua no.

3. Duogc phém dé diéu tri rbi loan gdy ra bdi hodc bi trAm trong thém boi lay nhiém virut chira

hop chét theo didm 1 hodc mubi duge dung ctia no.

4. Duogc phém chra hop chét theo diém 1 hodc mudi duoc dung ctia né, va ta duge duge dung.
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