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Linh vire k§ thuat dwoc dé cap

Sang ché d& cap dén hop chit (e ché serin/threonin kinaza va hitu dung dé diéu
tri bénh ting sinh qua mirc va bénh lién quan dén khdi u bing cach tic ché cac dudng
truyén tin hiéu, ma thudng hoat dong qua mirc hodc dugce biéu hién qua muc & cdc md
ung thu. Cac hop chit nay 13 chét &c ché c6 chon loc kinaza dugc didu hoa bang tin
hiéu ngoai bao (ERK-extracellular-signal regulated kinase). Sang ché con dé cép dén

dugc phdm chira hop chit nay.
Tinh trang k§ thuit ciia sang ché

Céac qua trinh bao gdm qué trinh sinh trudng, tién trién va di cin cua khéi u
dugc trung gian béi cac dudng truyén tin hibu ma dugc hoat hoa & cac té bao ung thu.
Con dudng ERK déng vai trd trung tdm trong viéc diéu hoa qué trinh sinh truéng cia
té bao dong vat co6 v béng cach phat lai céc tin hiéu ngoai bao tir thu thé tyrosin
kinaza (receptor tyrosine kinase-RTK) trén bé mit té bao dugc lién két véi phdi ti,
nhu ho ErbB, thu thé tyrosin kinaza PDGF, FGF va VEGF. Su hoat hoa RTK giy ra
mdt loat cac phan tng phosphoryl héa ma bit dau bang sy hoat hoa Ras. Su hoat hoa
Ras din dén su tuyén chon va hoat hoa Raf, m{t serin-threonin kinaza. Sau d6, Raf
dugc hoat héa s& phosphoryl héa va hoat hoa MEK 1/2, sau d6, chét nay phosphoryl
hoa va hoat héa ERK1/2. Khi dugc hoat héa, ERK1/2 phosphoryl héa mdt sd dich
cung chiéu tham gia vao v6 sb céac sy kién trong t& bao, bao gdm nhimng bién ddi cua
bo khung té bao va sy hoat héa qua trinh phién mi. Con duong ERK/MAPK 1a mét
trong nhitng dudng quan trong nhét ddi véi qua trinh ting sinh té bao, va dugc cho
rang, con dudng ERK/MAPK dugc hoat hoa thudng xuyén & nhidu khéi u. Cac gen
Ras, 1a cac gen ngugce chiéu cua ERK1/2, bi dot bién & mét s6 bénh ung thu, bao gﬁ“)m
khdi u dai truc trang, u melanin, u va va u tuy. Hoat tinh Ras cao di kém véi hoat tinh
ERK ting & nhidu khdi u ctia ngudi. Ngoai ra, cac dot bién BRAF, mét serin-threonin
kinaza cda hg Raf, co lién quan dén hoat tinh l(inaia tang. Cac dot bién & BRAF da
dugc xac dinh 13 cic u melanin (60%), ung thu tuyén giap (nhiéu hon 40%) va ung
thu dai th_rc trang. Nhitng phat hién nay chi ra raing dudng truyén tin hiéu ERK1/2 1a

con dudng hap din cho céc liéu phap diéu tri chong ung thu d6i véi nhiéu khéi u khac
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nhau & nguoi (Kohno, M. and J. Pouyssegur. “Pharmacological inhibitors of the ERK
signaling pathway: application as anticancer drugs.” Prog. Cell Cycle Res._Vol. 5
(2003): pp. 219-224).

Con dudong ERK con dugc dé cap 1a dich didu tri bénh c6 nhiéu trién vong dé
diéu tri chimg dau va bénh viém (Ma, Weiya and Remi Quirion. “The ERK/MAPK
pathway, as a target for the treatment of neuropathic pain.” Expert Opin. Ther.
Targets. 9(4) (2005): pp. 699-713; va Sommer, Claudia and Frank Birklein.
“Resolvins and inflammatory pain.” F1000 Medicine Reports. 3:19 (2011)).

Do d6, cac chit phan tir nho trc ché hoat tinh ERK (ttrc 12 hoat tinh ERK1
va/hodc hoat tinh ERK?2) s€ 1a hitu ich dé diéu tri nhiéu bénh ung thu khac nhau, nhu,
vi du, u melanin, ung thu tuy, ung thu tuyén giap, ung thu dai truc trang, ung thu phi,
ung thu va, va ung thu budng trimg cling nhu diéu tri chimg dau va bénh viém, nhu
viém khép, dau dudi lung, bénh viém rudt, va bénh thép khgp. Vai trd nhu vady dugce

de xuat trong sang ché.

Tai liécu WO 03/099808 mo ta cac hop chét di vong khéac nhau va viéc sir dung
chung trbng didu tri bénh. WO 2005/123680 md ta cac hop chét di vong khéc nhau c6
hoat tinh 1am cac chit trc ché serin proteaza va viéc sir dung ching trong diéu tri bénh.
WO 01/42241 mb ta cac hop chit pyridazin dugc thé ¢ hoat tinh trc ché xytokin va
viée st dung chung trong didu trji. WO2010/077275 md ta cac hop chit xyclohexan-
pyridazin 1am chat trc ché prostaxyclin (PGI2) va viéc st dung chiing trong didu tri
bénh. Mclntyre et al., Bioorganic & Medicinal Chemistry Letters, 2002 (12), 689-692
mo ta cac chét tre ché gbc pyridazin p38 MAPK.

Bin chét k§ thuit ciia sang ché

C6 nhu ciu lién tuc vé céc tac nhan didu tri bénh méi ma c6 thé duoc sir dung
dé diéu tri bénh ung thu va cic tinh trang bénh 1y ting sinh qua mtc. Con dudng
Raf/MEK/ERK 1a dudng truyén tin hiéu quan trong, ma thudong dugc bidu hién qua
mirc va/hodc hoat dong qua muc & nhidu khdi u ung thu. Viéc thiét ké va phat trién

cac hop chét duoc phdm méi 1a can thiét.

Cu thé hon, theo mot khia canh, sang ché d& xuét hop chét co cong thic sau:
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sau:

hodc mubi dugc dung ctia nd. Theo mdt phwong an khéc, dugc phim bao gdm it nhét
mot td dugc duge dung.
MO ta chi tiét sang ché

Céc khia canh cua séng ché s& dugc md ta chi tiét theo mot sb phuong an, vi du
vé cac phwong 4n ndy duoc minh hoa trong cic cdng thitc kém theo. Trong khi cic
phwong an dugc 1iét ké s& dugc md ta, cin phai hiéu ring cic phuong 4n nay khong
nhim 1am gi6i han sang ché & cic phwong 4n d6. Tréi lai, sang ché dugc du tinh dé
bao gbm tit ca cac dang thay thé, cai bién va twong duong, c6 thé dugc bao gdm trong
pham vi ciia sang ché nhu duoc x4c dinh trong yéu cau bao hd kém theo. Ngudoi c6
hiéu biét trung binh trong linh vuc s& nhan ra nhiéu phuong phap va nguyén lidu
tuong tu hoac tuong duong véi phuong phap va nguyén li€u duge mo ta trong sang
ché, c6 thé dugc st dung trong thuc hanh sang ché. Sang ché khong bi gii han & cac
phuong phép va nguyén lidu duoc md ta theo bét ky cach nio. Trong trudng hgp mot
hozic nhiéu tai liéu va cac nguyén liéu tuong tu duoc dua vao khac hodc trai nguge voi
don sang ché nay, bao gdbm nhung khong chi giéi han & cac thuat ngit dugc dinh
nghia, cach st dung thuat ngit, cac k¥ thuit dugc mo td hoic tuong tu, thi don sang

ché nay c6 quyen ki€m soét.
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Pinh nghia

Cum tir “mot” hodc “mot” thuc thé nhu duogc st dung & day dé chi mot hoiic
nhiéu thuc thé d6; vi du, mot hop chét chi mot hodc nhidu hop chét hodc it nhit mot
hop chit. Do d6, cac thuat ngit “mot” (hoic “mdt”), “mdt hoic nhidu”, va “it nhit

mot” ¢6 thé duoc sir dung thay ddi nhau trong ban mo ta.

Cum tir “nhu dugc dinh nghia & day” chi dinh nghia rong nhét cho m&i nhém
nhu duge dua ra trong phdn md ta chi tiét sang ché hodc yéu céu bao hd rong nhét.
Trong tit ca cac phuong 4n dugc dua ra dudi ddy, cac phan tir thé c6 thé c6 mit trong
mdi phuong 4n, va cac phin tir thé nay khong dwgc dinh nghia mdt cach rd rang, vin

¢6 dinh nghia rong nhit dugc dua ra trong phdn mo ta chi tiét sang ché.

Nhu duge sit dung trong ban md ta nay, bt ké trong cum tir chuyén tiép hoidc
trong phn yéu cdu bao hg, cic thuat ngir “bao gdbm” va “bao gdm” c6 thé dugc giai
thich 1a c6 nghia khong giéi han. Tuc 13, cac thuat ngit nay cé thé dugc giai thich
ddng nghia v6i cac cum tir “c6 it nhat” hodc “bao gdm it nhat”. Khi duge st dung
trong ngir canh 1a mét qua trinh, thut ngir “bao gdm” c6 nghia 1a qua trinh nay bao
gdm it nhit cac budc duge dé cap, nhung c6 thé bao gdbm cac budc bd sung. Khi dugc
str dung trong ngit canh 14 hop chét hodc ché phadm, thuat ngit “bao gdm” c6 nghia 1a
hop chét hoic ché phdm nay bao gdm it nhit cac ddu hiéu hoic thanh phin dugc dé
cap, nhung ciing c6 thé bao gdm céc d4u hiéu hoic thanh phan bd sung. Ngoai ra, cac

9% ¢

tir “bao gbém,” “gdm cb,” va “gdbm” khi dugc s dung trong ban mo ta niy va trong
cac diém yéu cAu bao ho sau nham dé chi rd sy c6 mit cua cac ddu hiéu, con sb, thanh
phin hoic cac bude dugc dé cap, nhung ching khong gi6i han s c6 mit hodc b sung
mot hodc nhiéu diu hiéu, con s, thanh ph?m hodc cac budc khac hodc cac td hop cua
cac yéu té nay.

AR

Thuat nglt “mot cach doc lap” dugc st dung & day dé chi sy bién ddi duoc ap
dung trong truong hop bit ky ma khong co lién quan dén sy c6 mit hodc khong cé
mit cia su bién dbi c6 dinh nghia giéng hodc khac trong ciing hop chét. Do d6, trong
hop chit ma trong d6 R” xuét hién hai 14n va duqq dinh nghia 1a “cacbon hodc nito
doc 1ap”, thi ca hai R” ¢6 thé 13 cacbon, ca hai R” c6 thé 1a nito, hodc mot R” ¢o thé 1a

cacbon va R” con lai ¢6 thé 1a nito.

Thuat nglt “tuy y” hodc “mdt cach tuy y” nhu dugc st dung & day c6 nghia l1a
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su kién hodc trudng hop dugc mo ta sau do6 co thé, nhung khong nhét thiét x4y ra va
su mb ta d6 bao gdm cac truong hop trong d6 su kién hodc trudng hop xay ra va cac
trudong hop ma trong d6 khong xay ra. Vi du, “duoc thé mot cach tiiy ¥ c6 nghia 14

gbc duoc thé mot cach tuy ¥ ¢6 thé két hop hydro hodc phén tir thé.

Thuét ngir “khoang” duoc sit dung & day dé chi xip xi, trong khoang, phong
ching, hoac khoang chirng. Khi thuat ngit “khoang” dugc st dung di kém véi khoang
s8, n6 1am thay ddi khoang d6 biang cach md rong gidi han trén va dudi cac gia tri sb
duoc dé cap. Nhin chung, thuét ngit “khoang” duoc sit dung & day dé 1am thay ddi gia

tri s6 trén va dudi tri s6 dugc dé cap theo bién thién 20%.

Nhu dugc st dung & day, viéc dé cap dén khoang sé dbi v6i mot bién s6 nhim
muc dich chuyén tai ring sang ché c6 thé duoc thuc hién vé6i bién sb bang véi tri sb
bat ky trong khoang d6. Do d6, d6i vi bién sb ma-vén da riéng biét, bién sb nay c6
thé bang v6i gia tri s6 nguyén bit ky trong khoang sb, bao gdm cac diém diu cia
khoang d6. Twong tw, d6i vi bién sé ma vén da lién tuc, bién sb nay c6 thé bang voéi
tri s& thuc bét ky ctua khoang s6, bao gém cac diém dau caa khoang d6. Vi du, bién sb
ma duge md ta ¢6 tri s6 nam gitta 0 va 2, c6 thé 12 0, 1 hodc 2 hoiic cac bién sd ma vén
da riéng biét, va ¢ thé 12 0,0, 0,1, 0,01, 0,001, hoc tri s thuc khac bat ky cho bién sb
ma vbn da riéng biét.

Céc hop chét theo sang ché biéu hién hién tuong hd bién. Cac hop chét co hién
tugng hd bién c6 thé ton tai dudi hai hodc nhiéu loai c6 thé chuyén dbi 14n nhau. Céc
chit hd bién di bién proton tao ra tir su di chuyén ctia nguyén t hydro cua lién két
cong hoa tri giita hai nguyén tir. Cac chit hd bién nhin chung tbn tai cdn bang va
nhitng nd luc dé phan 1ap céac chét hd bién riéng ré thuong tao ra hdn hop c6 céc dic
tinh hoa hoc va vat Iy gidng véi hdn hop ciia cac hop chét. Vi tri ctia can bang phu
thudc vao tinh chit héa hoc bén trong phan tir. Vi du, trong nhiéu aldehyt va keton
béo, nhur axetaldehyt, dang keto chiém uu thé; trong khi trong céc phenol, dang enol
chiém wu thé. Cac chit hd bién di bién proton phd bién bao gdm cic chit hd bién
keto/enol (-C(=0)-CH,- < -C(-OH)=CH-), amit/axit imidic (-C(=0)-NH- < -C(-
OH)=N-) va amidin (-C(=NR)-NH- <> -C(-NHR)=N-). Pic biét 13, hai nhém sau phd
bién trong vong heteroaryl va di vong, va sang ché bao gdm tit ca cac dang hd bién

ctia hop chit.
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Céc hop chét theo sang ché chira trung tim bazo va cac mudi cong axit thich
hop dugc tao ra tr axit ma tao ra cic mubi khong doc. Vi du vé cac mubi cua axit vo
co bao gém cac mudi hydroclorua, hydrobromua, hydroiodua, clorua, bromua, iodua,
sulfat, bisulfat, nitrat, phosphat, va hydro phosphat. Vi du vé cac mudi hitu co bao
gém axetat, fumarat, pamoat, aspartat, besylat, cacbonat, bicacbonat, camsylat, D va
L-lactat, D va L-tartrat, esylat, mesylat, malonat, orotat, gluxeptat, metylsulfat, stearat,
glucuronat, 2-napsylat, tosylat, hibenzat, nicotinat, isethionat, malat, maleat, Xitrat,
gluconat, sucxinat, sacarat, benzoat, esylat, va pamoat. Dé biét téng quan vé& cac mudi
nay, xem 4n phém: Berge, Stephen M., et al. “Pharmaceutical salts.” J. Pharm. Sci.
Vol. 66, No. 1 (1977): 1-19, va Paulekuhn, G. Steffen, et al. “Trends in Active
Pharmaceutical Ingredient Salt Selection based on Analysis of the Orange Book
Database.” J. Med. Chem. Vol. 50, No. 26 (2007): 6665-6672.

Cac thuét ngir k¥ thuat va khoa hoc dugc sir dung trong ban md ta c6 nghia nhu
thuong duge hiéu béi ngudi c6 hidu biét trung binh trong linh vuc lién quan dén sang
ché, trir khi dugce dinh nghia khic. Viéc vién din dugc dua vao ban mo ta voi céc
phuong phap va vt lidu khac nhau ma ngudi c¢6 hiéu biét trung binh trong linh vuc da
biét. Tai liu tham khéo chudn d& cép dén cac nguyén ly dugc hoc bao gdm 4n phim:
Hardman, Joel Griffith, et al. Goodman & Gilman’s The Pharmacological Basis of
Therapeutics. New York: McGraw-Hill Professional, 2001. Nguyén liéu khéi déu va
cac chét phan Gng duoc sir dung trong didu ché cac hop chit nay nhin chung 13 c6 sén
tr cac nha cung cép trén thi trudong, nhu Sigma-Aldrich (St. Louis, MO), hoiac dugc
didu ché bang phuong phap ma ngudi c6 hiéu biét trung binh trong linh vuc theo céc
quy trinh dugc d& cap trong cac tai lidu tham khao. Cac vat liéu va chét phan tmg va
chét tuong tu ma cac tai liéu tham khao dé cép dugc tao ra trong ban mo ta va cac vi
du sau ddy c6 thé thu duoc tir cac ngudn thuong mai, trir khi c6 Iuu y khac. Cac quy
trinh téng hop chung dugc mé ta cac hiép udc, nhu Louis F. Fieser and Mary Fieser,
Reagents for Organic Synthesis. v. 1-23, New York: Wiley 1967-2006 ed. (cling c6
san trén trang web Wiley InterScience®); LaRock, Richard C., Comprehensive
Organic Transformations: A Guide to Functional Group Preparations. New York:
Wiley-VCH, 1999; B. Trost va 1. Fleming, eds. Comprehensive Organic Synthesis. v.
1-9,0xford: Pergamon 1991; A. R. Katritzky va C. W. Rees, eds. Comprehensive
Heterocyclic Chemistry. Oxford: Pergamon 1984; A. R. Katritzky and C. W. Rees,
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eds. Comprehensive Heterocyclic Chemistry II. Oxford: Pergamon 1996; va Paquette,
Leo A.,ed. Organic Reactions. v. 1-40, New York: Wiley & Sons 1991; va la hiéu biét

thong thuong dbi voi ngudi 6 hiéu biét trung binh trong linh vuc.

Thuét ngit “diéu tri” hodc “viéc diéu tri” dé chi cac bién phap chita bénh, du
phong bénh, lam thuyén giam hodc ngén ngira bénh. Lgi ich hodc hiéu qua lam sang
mong mudn bao gdm, nhung khong chi gi6i han & viéc lam thuyén gidm cic triéu
chung, 1am giam mirc d6 bénh, 1am én dinh (tirc 1a khong 1am tdi té hon) tinh trang
cua bénh, ngin can hodc lam cham su tién trién cta bénh, 1am thuyén giam hodc gidm
nhe tinh trang bénh, va 1am diu (bit k& mot phan hoic toan bd), bit ké phat hién dugc
hoac khong phat hién dwoc. “Viée didu tri” c6 thé con c6 nghia 1a kéo dai su sdng so
v6i su séng mong mudn néu khong nhan dugc didu tri. P6i twong cin diéu tri bao
gbm dbi twong da méc tinh trang bénh 1y hoic rdi loan, ciing nhu céc ddi twong c6 kha
nang mic tinh trang bénh 1y hoic rdi loan nay hodc dbi tugng da dugce ngdn ngura tinh

trang bénh 1y hoc rdi loan nay.

Cum tr “lugng c6 hi¢u qué chita bénh” hodc “lugng c6 hi€u qua” dé chi lugng
ctia hop chit duoc mé ta trong sang ché ma, khi duoc ding cho dong vét c6 vi can
diéu tri nay, da dé ) diéu tri hodic ngén ngura bénh, tinh trang bénh ly hodc r6i loan cu
thé, (ii) 1am nhe, 1am thuyén giam, hoic loai bd m(}t‘ hodc nhiéu triéu ching cua bénh,
tinh trang bénh ly hodc rdi loan cu thé, hoic (iii) ngan ngira hodc 1am cham su khai
phét mdt hoadc nhiéu triéu chimg cia bénh, tinh trang bénh 1y hoic r6i loan cu thé
dugc md ta trong sang ché. Lugng hop chit ma twong duong véi lugng nhu vay sé
phu thudc rat 16n vao cac yéu t§ nhu hop chét, tinh trang bénh ly cu thé va mac do
trdm trong cla chung, thé trang (vi du c4n ning) cia dong vat co6 va can didu tri,
nhung tuy nhién c6 thé dugce xac dinh mot cach théng thuong béi ngudi c6 hidu biét

trung binh trong linh vyec.

Thuét ngtt “bénh ung thu” va “ung thu” chi hodc mo ta tinh trang sinh ly &
dong vat c6 vii ma thudong duge dic trung béi sy sinh truéng bit thuong hoic khong
kiém soat dugc ctia té bao. “Khéi u” bao gdm mdt hodc nhidu té bao ung thu. Cac vi
du vé bénh ung thu bao gdm, nhung khong chi giéi han & ung thu biéu mé, u lympho,
u nguyén bao, ung thu md lién két, va bénh bach ciu hodc lympho ac tinh. Vi du cu

thé hon vé cac bénh ung thu nay bao gdm ung thu té bao c6 vay (vi du ung thu té bao
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bidu md c6 vay), ung thu phdi bao gdm ung thu phdi té bao nho, ung thu phdi khong
té bao nhd (“NSCLC”), ung thu bidu mo tuyén & phdi va ung thu biéu mo té bao c6
vay & phdi, ung thu mang bung, ung thu té bao gan, ung thu da day hodc bung bao
gb6m ung thu da day-rudt, ung thu tuy, u nguyén bao dém, ung thu cd tir cung, ung thu
budng trimg, ung thu gan, ung thu bang quang, ung thu té bao gan, ung thu vii, ung
thu rudt két, ung thu truc tring, ung thu dai truc trang, ung thu biéu md mang trong tir
cung hodc ung thu biéu md tir cung, ung thu biéu mé tuyén nude bot, ung thu than
hodc ung thu than, ung thu tuyén tién liét, ung thu gén than, ung thu tuyén giap, ung
thu bidu mo té bao gan, ung thu biéu md hau mén, ung thu biéu mé duong vat, ung

thu da, bao gom u melanin, cling nhu ung thu dau va co.

“Téac nhan hoa tri” 12 hop chit hoa hoc hitu dung trong diéu tri bénh ung thu.
Vi du vé& cdc tdc nhan hoéa tri bao gém erlotinib (TARCEVA®, Genentech/OSI
Pharm.), bortezomib (VELCADE®, Millennium Pharm.), fulvestrant (FASLODEX®,
AstraZeneca), sunitib (SUTENT®, Pfizer/Sugen), letrozol (FEMARA®, Novartis),
imatinib mesylat (GLEEVEC®, Novartis), finasunat (VATALANIB®, Novartis),
oxaliplatin (ELOXATIN®, Sanofi), 5-FU (5-flouraxil), leucovorin, Rapamyxin
(Sirolimus, RAPAMUNE®, Wyeth), Lapatinib (TYKERB®, GSK572016, Glaxo
Smith Kline), Lonafamib (SCH 66336), sorafenib (NEXAVAR®, Bayer Labs),
gefitinib (IRESSA®, AstraZeneca), AG1478, tic nhan alkyl héa nhu thiotepa va
CYTOXAN® xyclosphosphamit; alkyl sulfonat nhu busulfan, improsulfan va
piposulfan; aziridin nhu benzodopa, carboquon, meturedopa, va uredopa; etylenimin
va metylamelamin bao gbm altretamin, trietylenmelamin, trietylenphosphoramit,
trietylenthiophosphoramit va trimetylomelamin; axetogenin (cu thé la bulataxin va
bulataxinon); camptothexin (bao gdm chét tdng hop twong tu topotecan); bryostatin;
calystatin; CC-1065 (bao gdm adozelesin, carzelesin va cac chat tdng hop twong tu
bizelesin); cryptophyxin (cu thé 1a cryptophyxin 1 va cryptophyxin 8); dolastatin;
duocarmyxin (bao gdm cic chét téng hop twong tw, KW-2189 va CB1-TMI1);
eleutherobin; pancratistatin; sarcodictyin; spongistatin; mu tac nito nhu clorambuxil,
clomaphazin, clophosphamit, estramustin, ifosfamit, mecloretamin, mecloretamin oxit
hydroclorua, melphalan, novembichin, phenesterin, prednimustin, trofosfamit, mu tac
uraxil; nitroure nhu carmustin, clozotoxin, fotemustin, lomustin, nimustin, va

ranimnustin; chit khang sinh nhu chit khang sinh enediyne (vi du calicheamixin, déc
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biét 1a calicheamixin y1I va calicheamixin ®1I (Angew Chem. Intl. Ed. Engl.1994
33:183-186); dynemixin, bao gdm dynemixin A; bisphosphonat, nhu clodronat;
esperamixin; cling nhu nhém mang mau neocarzinostatin vd nhdm mang mau khang
sinh protein mau enediyne lién quan), aclaxinomysin, actinomyxin, authramyxin,
azaserin, bleomyxin, cactinomyxin, carabixin, caminomyxin, carzinophilin,
chromomyxinis, dactinomyxin, daunorubixin, detorubixin, 6-diazo-5-0xo0-L-
norleuxin, ADRIAMYXIN® (doxorubixin), morpholino-doxorubixin,
xyanomorpholino-doxorubixin, 2-pyrolino-doxorubixin va deoxydoxorubixin),
epirubixin, esorubixin, idarubixin, marxelomyxin, mitomyxin nhu mitomyxin C, axit
mycophenolic, nogalamyxin, olivomyxin, peplomyxin, porfiromyxin, puromyxin,
quelamyxin, rodorubixin, streptonigrin, streptozoxin, tuberxidin, ubenimex, zinostatin,
zorubixin; khang chét chuyén hoa nhu methotrexat va 5-flouraxil (5-FU); chét tuong
tu axit folic nhu denopterin, methotrexat, pteropterin, trimetrexat; chét tuong tu purin
nhu fludarabin, 6-mercaptopurin, thiamiprin, thioguanin; chit twong tu pyrimidin nhu
anxitabin, azaxitidin, 6-azauridin, carmofur, xytarabin, dideoxyuridin, doxifluridin,
enoxitabin, floxuridin; androgen nhu calusteron, dromostanolon propionat,
epitiostanol, mepitiostan, testolacton; khang thuong th&n nhu aminoglutethimit,
mitotan, trilostan; chit [am dé“ty axit folic nhu axit frolinic; axeglaton; aldophosphamit
glycosit; axit aminolevulinic; eniluraxil; amsacrin;.bestrabuxil; bisantren; edatraxat;
defofamin; demecolxin; diaziquon; elfomithin; elliptinium axetat; epothilon; etogluxit;
gali nitrat; hydroxyurea; lentinan; lonidainin; maytansinoit nhu maytansin va
ansamitoxin; mitoguazon; mitoxantron; mopidamnol; nitraerin; pentostatin; phenamet;
pirarubixin; losoxantron; axit podophylinic; 2-etylhydrazit; procarbazin; phic
polysacarit PSK® (JHS Natural Products, Eugene, Oreg.); razoxan; rhizoxin;
sizofuran; spirogermanium; axit tenuazonic; triaziquon; 2,2°,2’-triclotrietylamin;
trichothexen (dac biét la T-2 toxin, verracurin A, roridin A va anguidin); uretan;
vindesin; dacarbazin; manomustin, mitobronitol; mitolactol; pipobroman; gaxytosin;
arabinosit (“Ara-C”); xyclophosphamit; thiotepa; taxoit, vi du TAXOL (paclitaxel,
Bristol-Myers Squibb Oncology, Princeton, N.J.), ABRAXANE® (Cremophor-free),
albumin-ché phim hat nano dwgc xir Iy chtra paclitaxel (American Pharmaceutical
Partners, Schaumberg, IL), va TAXOTERE® (doxetaxel, doxetaxel; Sanofi-Aventis);

cloranmbuxil;, GEMZAR® (gemxitabin); 6-thioguanin; mercaptopurin; methotrexat;
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chit tuong tu platin nhu xisplatin va carboplatin; vinblastin; etoposit (VP-16);
ifosfamit; mitoxantron; vincristin, NAVELBINE® (vinorelbin); novantron; teniposit;
edatrexat; daunomyxin; aminopterin; capexitabin (XELODA®); ibandronat; CPT-11;
chét rc ché topoisomeraza RFS 2000; diflometylornithin (DMFO); retinoit nhu axit
retinoic; va mudi duge dung, axit va chit din xuit ciia hop chit bit ky trong sb cac

hop chit néu trén.

Dinh nghia “tac nhan héa tri” con bao gdm: (i) tac nhan khang-hormon ma hoat
dong dé diéu hoa hoic e ché hoat dong cia hormon trén khdi u, nhu khang-estrogen
va cac chét diéu bién thu thé estrogen chon loc (SERM), bao gém, vi du, tamoxifen
(bao gém NOLVADEX®; tamoxifen xitraj:), raloxifen, droloxifen, 4-
hydroxytamoxifen, trioxifen, keoxifen, LY117018, onapriston, va FARESTON®
(toremifin xitrat); (ii) chét (rc ché aromataza ma (rc ché enzym aromataza, diu hoa su
san sinh estrogen trong tuyén thugng than, nhu, vi du, 4(5)-Imidazol,
aminoglutethimit, MEGASE® (megestrol axetat), AROMASIN® (exemestan; Pfizer),
formestanie, fadrozol, RIVISOR® (vorozol), FEMARA® (letrozol; Novartis), va
ARIMIDEX® (anastrozol; AstraZeneca), (iii) khang-androgen, nhu flutamit,
nilutamit, bicalutamit, leuprolit, va goserelin; cling nhu troxaxitabin (chét tuong tu
1,3-dioxolan nucleosit xytosin); (iv) chét trc ché protein kinaza; (v) chét trc ché lipit
kinaza; (vi) oligonucleotit d6i nghia, cu thé 1a cac oligonucleotit trc ché sy biéu hién
clia cac gen trong dudong truyén tin hién tham gia vao qua trinh ting sinh bét thuong
cta té bao, nhu, vi du, PKC-alpha, Raf va H-Ras; (vii) ribozym nhu céc chét wc ché su
bidu hién ciia VEGF (vi du ANGIOZYME®) va cic chét rc ché su biéu hién ciia
HER2; (viii) vacxin nhu vacxin li¢u phdp gen, vi duy, ALLOVECTIN®,
LEUVECTIN®, va VAXID®; PROLEUKIN®, rIL-2; chét @tc ché topoisomeraza 1
nhu LURTOTECAN®; ABARELIX® rmRH; (ix) tdc nhan khang tao mach nhu
bevaxizumab (AVASTIN®, Genentech); va (x) mudi dugc dung, axit va cac chat din

xuét ciia hop chét bét ky trong s6 cac hop chét néu trén.

Cum tu “dugc dung” dé chi chit hodc ché phém tuong thich vé mit héa hoc
va/hodc ddc hoc, vdi cac thanh phé‘m khéc trong duogc phém, va/hodc dong vat cé vu

can dugc di€u tri bang chat hodc ché pham nay.

Cum tr “muoi duoc dung,” nhu dugc sit dung & day, dé chi mudi v co hodc
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hitu co duge dung ciia hop chét duge mb ta trong sang ché.

Céc hop chét dugc md ta trong sang ché con bao gdbm cac mudi khac cia cac
hop chit nay ma khong nhét thiét 1a mubi dugc dung, va c6 thé hitu dung 1am céc chat
trung gian d& diéu ché va/hoic tinh ché cac hop chit dugc md ta trong sang ché
va/hogdc dé tach cac chit ddng phan dbi an cua cac hop chit dugc mo ta trong sing

I4
A

ché.

Thuat ngit “dong vat c6 vi” chi dong vat c6 vii mau noéng ma mdc hodc cod
nguy co phat trién bénh dugc mo ta trong sang ché va bao gom, nhung khong chi gidi
han &, chudt lang, chd, méo, chudt, chudt nhat, chudt dong, va dong vét linh trudéng,

bao gdm ngudi.
Céc cht e ché ERK
Sang ché dé xuét cac hop chit, va dugc phdm chira hop chit nay, ma c6 thé

hitu ich trong didu tri bénh, tinh trang bénh ly va/hoic r6i loan duoc diéu bién bai
ERK.

Theo mot phuwong an, sang ché dé xut cac hop chét c6 cong thire sau:

AN
N
I A o
/ SN

OH

hodc muoi dugc dung cda no.

Trong céc ciu tric duoc thé hién trong ban mo ta, trong d6 hoa hoc 1ép thé cua
nguyén tir bit d6i cu thé bét ky khoéng duoc chi 1, do d6 tat ca chat ddng phén lap thé
duoc du tinh va bao gém 1a cac hop chit dugc mé ta trong sang ché. Trong d6 héa hoc
1ap thé dugc chi rd béng duong hinh ném dam hodc dudng nét dut biéu thi cAu hinh cu
thé, do d6 chét ddng phan 1ap thé dwoc chi rd va xac dinh.

Hon nita, can phai hiéu ring cic hop chét dugc mé ta trong sang ché c6 thé ton
tai & dang khong solvat cling nhu dang solvat véi cac dung méi duge dung, nhu nudéce,
etanol, va cac dung mdi twong ty, va dugc dy tinh ring cac hop chit bao gém ca céac

dang solvat va khong solvat.
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Tbng hop cac hop chit

Céc hop chit dugc mé ta trong sang ché c6 thé duge tbng hop bing cic dudng
tdng hop bao gdm cac quy trinh twong tw nhu cac quy trinh da biét o trong linh vurc
héa hoc, cu thé 1 nhu dugc dua ra trong ban mo ta nay va trong phz‘in vi du thuc hién

sang ché.
Phuong phép tach

C6 thé 1a thuén loi dé tach riéng cac san phim phan tng véi nhau va/hoic tir
nguyén lidu ban diu. C4c san phdm mong mudn ctia mdi budc hodc hang loat budc
dugc tach va/hodc tinh ché (sau day goi la dugc tach) dén mirc d6 ddng nhét mong
mubn bing cac k§ thuat phd bién trong linh vuc. Thong thuong, cac k¥ thuat tach nay
bao gdm chiét nhidu pha, két tinh tir dung méi hozic hdn hop dung méi, chung cét,
thing hoa, hodc séc ky. Sic ky co6 thé bao gdm s6 lwong bét ky cac phuong phép bao
gbm, vi du: cac phuong phap séic ky pha ddo va pha thuong; sic ky loai trir theo kich
thude; séc ky trao ddi ion; phuong phap va thiét bi sic ky 1ong 4p luc cao, trung binh,
thip; séc ky phén tich quy md nhd; sic ky tang chuyén dong moé phong (“SMB”) va
sic ky didu ché 16p mong hodic 16p day, ciing nhu cac k§y thuat sic ky 16p mong quy
md nhd va sic ky nhanh. Nguoi c¢6 hiéu biét trung Binh trong linh vuc s€ 4p dung céc

phuong phap thich hgp nhat dé dat dugc su tich mong mudn.

Céc hdn hop ddng phan khong dbi quang c6 thé dwoc tach thanh céc chit dong
phan khong déi quang riéng r& dwa trén sy khac nhau vé tinh chét héa ly bing ‘céc
phuong phap ma ngudi c6 hiéu biét trung binh trong linh vuc di biét, nhu bing
phuong phap sic ky va/hodc két tinh phan doan. Céc chat ddng phan dbi anh co thé
duoc tach bang cach chuyén hoa hdn hop ddng phan dbi anh thanh hdn hgp ddng phan
khong d6i quang bing phan tmg v6i hop chit hoat quang thich hop (vi du chét bd trg
khong dbi ximg nhu rugu hodc axit clorua Mosher khong dbi xtng), tach cac chét
ddng phan khong dbi quang va chuyén héa (vi du thiy phan) cac chit ddng phan
khéng d6i quang riéng r& thanh cac chit ddng phan ddi anh tinh khiét twong tng. Céc
chit ddng phéan dbi anh ciing c6 thé dwoc tach bang cach sir dung c6t HPLC khong dbi

xung.

Mot chit ddng phén 1ap thé, vi du mot chit ddng phan dbi anh, gin nhu khong

chira chit ddng phan l4p thé ctia n6 c6 thé thu dugc bang cach phan giai hdn hop triét
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quang nh¢ st dung phuong phap nhu tao ra cac chét ddng phan khong d6i quang nho
st dung tdc nhan phan giai hoat quang (Eliel, E. and Wilen, S. Stereochemistry of
Organic Compounds.New York: John Wiley & Sons, Inc., 1994; Lochmuller, C. H., et
al., “Chromatographic resolution of enantiomers: Selective review.” .
Chromatogr.Vol. 113, No. 3 (1975): pp. 283-302). C4c hdn hop triét quang cla cac
hop chét khong d6i ximg duge mo ta trong sang ché c6 thé va dugc phan 1ap bing
phuong phap thich hgp bat ky, bao gom: (1) tao cac mudi ion cta chit ddng phan
khong i quang véi cac hop chét khong ddi xtimg va tach bing phuong phép két tinh
phan doan hodc cic phuong phap khac, (2) tao cac hgp chit ddng phan khong di
quang v6i cac chit phan tmg tao din xuét khong ddi xing, tach cic chét ddng phan
khong dbi quang, va chuyén héa thanh cic chét ddng phén 1ap thé tinh khiét, va (3)
tach truc tiép cac chat ddng phan 14p thé gan nhu tinh khiét hodc duoc 1am gidu dudi
cac didu kién khong dbi xing. Xem 4n phidm: Wainer, Irving W., ed. Drug
Stereochemistry: Analytical Methods and Pharmacology. New York: Marcel Dekker,
Inc., 1993.

Theo phwong phap (1), cac mudi cta chit ddng phan khong d6i quang co thé
duoc tao ra bing cach tao cac bazo khong ddi xing tinh khiét vé& mat chét déng phéan
d6i anh nhu bruxin, quinin, ephedrin, strychnin, a-metyl-Aphenyletylamin
(amphetamin), va bazo tuong tu v6i cac hgp qhét khéng d6i xtng mang nhém chirc
axit, nhu axit carboxylic va axit sulfonic. Cac mudi ctia chit déng phan khong a6i
quang c6 thé dugc tao ra dé tach bing cach két tinh phan doan hodc sic ky ion. Dé
tach cac cht ddng phan quang hoc clia cac hop chit amino, bd sung axit cacboxylic
hodc sulfonic khong dbi xtng, nhu axit camphorsulfonic, axit tartaric, axit mandelic,
hodc axit lactic, c6 thé din dén su tao ra cac mubi cua chit déng phan khong dbi

quang.

Theo céach khac, bang phuong phéap (2), co chit cin dugc phan giai dugc cho
phan tng voi mot chit ddng phan dbi anh ciia hop chit khong dbi ximg dé tao ra cip
chét dong phan khong ddi quang (Eliel, E. and Wilen, S. Stereochemistry of Organic
Compounds. New York: John Wiley & Sons, Inc., 1994, p. 322). Chét ddng phan
khong dbi quang c6 thé dugc tao ra bang cach cho cac hop chit khong ddi xing phan
tng v6i chét phan tng tao dan xuit khéng dbi xing tinh khiét vé& mat chit ddng phan
d6i anh, nhu cac chét din xuét menthyl, sau d6 tach cac chit ddng phan khong dbi
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quang va thuy phan tao ra chit dong phan d6i anh tinh khiét hodc dugc lam giau.
Phuong phap xac dinh do tinh khiét quang hoc bao gdm tao cac este khong d6i xtmg,
nhu menthyl este, vi du (-) menthyl cloformat véi sy cd mat cua bazo, hodc Mosher
este, a-metoxy-a-(triflometyl)phenyl axetat (Jacob III, Peyton. “Resolution of (%)-5-
Bromonornicotine. Synthesis of (R)- va (S)-Nornicotine of High Enantiomeric Purity.”
J. Org. Chem._Vol. 47, No. 21 (1982):pp. 4165-4167), clia hdn hgp triét quang, va
phan tich phd "H NMR vé sy c6 mit ctia hai chét ddng phan dbi anh loai déng phan
atropi hodc chét ddng phan khong d6i quang. Cac chét ddng phan khong d6i quang on
dinh cac hop chét ddng phan atropi ¢6 thé dugc tach va phan 1ap bang phwong phép
sdc ky thuong va séc ky pha déo, sau d6 dung cac phuong phap tach ddng phén atropi
naphtyl-isoquinolin (WO 96/15111).

Béng phuong phap (3), hdn hop triét quang gdm hai chit dong phan dbi anh ¢co6
thé dugc tach bang phuong phéap sic ky s dung pha tinh khéng d6i xtmg (Lough,
W.J., ed. Chiral Liquid Chromatography. New York: Chapman and Hall, 1989;
Okamoto, Yoshio, et al. “Optical resolution of dihydropyridin enantiomers by high-
performance liquid chromatography using phenylcarbamat of polysaccharides as a
chiral stationary phase.” J. of Chromatogr. Vol. 513 (1990): pp. 375-378). Cac chit
ddng phan déi anh dwoc 1am gidu hodc tinh khiét c6 thé dugc phan biét bing cac
phuong phap dugc sir dung dé phan biét cac phéan tir khéng ddi xing khic véi cac
nguyén tir cacbon khong di xting, nhur quay quang va ludng sic tudn hoan.

Danh gia sinh hoc

Viéc xac dinh hoat tinh ctia hoat tinh ERK cta hop chét theo sang ché 1a c¢6 thé
bing mot s6 phuong phap tham do truc tiép hodc gian tiép. Cac hop chit nhét dinh
lam vi du dugc md ta trong sang ché dugc thir nghiém vé thir nghiém e ché ERK cia
chung (vi du sinh hoc 1). Khoang hoat tinh lién két ERK nhé hon 1nM (nanomol) dén
khoang 10pM (micromol). Thir nghiém chtrc ning trén co s t& bao (vi du sinh hoc 2)
dugc st dung dé x4c dinh tac dung cta céc chit uc ché ERK lén su truyén tin hiéu
xudi chiéu bang cach thir nghiém su phosphoryl héa P9ORSK.

Str dung va dugc phim

Céc hop chét dugc mé ta trong sang ché c6 thé dugc dung theo dudng thich

hop bét ky véi tinh trang bénh ly can diéu tri. Cac dudng dung thudc thich hop bao
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gdbm duong miéng, dudng tiém, (bao gbm dudi da, trong co, trong tinh mach, trong
dong mach, trong bi, ndi tiy mac va ngoai mang cing), qua da, truc trang, qua miii,
khu trG (bao gdm trong mé va dudi ludi), am dao, trong mang bung, trong phdi va

trong mili.

Céc hop chéit nay c6 thé dwoc ding & dang phan phéi thich hop bt ky, vi du
vién nén, bdt, vién nang, dung dich, thudc tan, hdn dich, sird, phun xit, thubc dan, gel,
nhii twong, miéng ddp, v.v.. Cac ché phim niy c6 thé chira cac thanh phin thong
thudng trong bao ché duge phidm, vi du chét pha lodng, chit mang, chit diéu chinh
pH, chét tao ngot, tdc nhan tao khdi, va cac tac nhan c6 hoat tinh khac. Néu mubn st
dung qua dudng tiém, cac ché phim phai vo tring va & dang dung dich hogc hdn dich

thich hop dé tiém hozc truyén.

Ché phidm ding khu tri duge bao ché bang cach tron hop chét duoc mo ta
trong sang ché va chit mang, chit pha lodng hoic ta dugc. Céc chét mang, chét pha
lodng va ta dugc thich hop 1a da biét v6i ngudi c6 hiéu biét trung binh trong linh vyc
va dugc mo ta chi tiét trong, vi du 4n phém: Ansel, Howard C., et al., Ansel’s
Pharmaceutical Dosage Forms and Drug Delivery Systems. Philadelphia: Lippincott,
Williams & Wilkins, 2004; Gennaro, Alfonso R., et al. Remington: The Science and
Practice of Pharmacy. Philadelphia: Lippincott, Williams & Wilkins, 2000; va Rowe,
Raymond C. Handbook of Pharmaceutical Excipients. Chicago, Pharmaceutical Press,
2005. Cac ché phém con c6 thé bao gém mdt hodc nhidu chit dém, chéit lam 6n dinh,
chét hoat dong bé mat, chit 1am 4m, chit boi tron, chit nhil hoa, chét tao hdn dich,
chét bao quan, chét chéng oxi héa, chét 1am duc, chét cai thién tinh chay, céc chét hd
trg xur ly, chit tao mau, chét 1am ngot, chét tao mui thom, chét tao vi, chét pha lodng
va céc ta dugc da biét khac tao ra hinh thirc trinh bay tao nha cho thudc (tic 13 hop
chit dugc mé ta trong sang ché hodc dwoc phdm chita hop chit nay) hoic hd trg trong

qua trinh san xudt san phdm dugc (ttc 14 thudc).

Mot phuong an dé xuét dwoc phdm chira hop chét theo sang ché hoic mudi
duoc dung cta n6. Phuong 4n khac dé xuét dugc phdm chira hop chét theo sang ché

hodc mubi duge dung cua no6, cung vdi ta duge dugce dung.
Phuong phép diéu tri bing cac hop chit theo sang ché
Hop chét va ché phim theo sang ché c6 thé hitu dung trong cac phuong phép

-16-



25173

diu tri hodc ngin ngira bénh hoic tinh trang bénh ly. Vi du vé c4c bénh va tinh trang
bénh 1y nay bao gdm, nhung khdng chi gi¢i han &, cac bénh ting sinh qua muc, nhu

bénh ung thu, va chiing dau hodc céc tinh trang bénh viém

Theo cac phuwong 4n nhét dinh, bénh ting sinh qua mirc 14 bénh ung thu. Theo
cac phuong an nhét dinh, bénh ung thu co thé dugce chon tir cac bénh ung thu vu,
budng trimg, ¢ tr cung, tuyén tién liét, tinh hoan, dudng niéu-sinh duc, thyc quan,
thanh quan, u nguyén bao dém, u nguyén bao than kinh, da day, da, u gai sing, phéi,
ung thu bidu md dang biéu bi, ung thu biéu mé té bao 16n, NSCLC, ung thu biéu mo
té bao nho, ung thu biéu mod dang tuyén phdi, xwong, rudt két, u tuyén, tuy, ung thu
bidu md dang tuyén, tuyén giap, ung thu biéu mod dang nang, ung thu biéu mo khong
biét hoa, ung thu biéu md dang nhu, u tinh, u melanin, ung thu md lién Kkét, ung thu
bidu md bang quang, ung thu biéu mé gan va 6ng mat, ung thu biéu mo than, rdi loan
dang tiy, rbi loan dang bach huyét, té bao 16ng, khoang ma va hau-hong (miéng), méi,
ludi, miéng, hau, rudt non, rudt két-truc trang, rudt gia, tryc trang, ndo va hé than kinh

trung wong, Hodgkin va bénh bach cau.

Theo cac phuong an nhat dinh, rdi loan viém c6 thé dugc chon tir viém khop,

dau du6i lung, bénh viém rudt, va bénh thap khép.
Didu tri két hop

Céc hop chét duge mb ta trong sang ché va cac mudi duge dung ctia chiing c6
thé dugc st dung riéng hoac két hop vdi cac tac nhéan chita bénh khéc dé diéu tri. Cac
hop chét dugc mé ta trong sang ché c6 thé dugc sir dung két hop voi mot hodc nhiéu
thudc bd sung, vi du chat khang tang sinh (hoic khang ung thur) ma tic dong thong
qua viéc hoat dong trén protein dich khac. Hop chét thi hai trong dugc phim két hop
hoéc phac dd dung lidu két hop c6 céc hoat tinh b tro cho hop chét dugc mo ta trong
sang ché, sao cho chiing khong c6 tac dong ddi ngugc nhau. Cac phan tr ndy c6 mit
mdt cach pht hop trong su két hop véi cac lwong ma c6 hiéu qua cho muc dich mong
mudn. Céac hop chét nay c6 thé dugc sir dung ciing nhau trong mdt dugc phdm don
nhét hodic sir dung riéng r& va, khi dugc sir dung riéng ré viéc sir dung nay c6 thé xay
ra ddng thoi hoidc lién tiép theo thir tw bat ky. Viée st dung lién tiép nay cé thé gén

hodac cach xa nhau vé mat thoi gian.
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Vi du thye hién siang ché

Céc vi du sau diy duoc bao gdm nhdm muc dich minh hoa sang ché. Tuy
nhién, cin phai hiéu ring cac vi du nay khong lam giéi han séng ché va chi ¢6 muc
dich 1a @& xuét phuong phap thuc hién sang ché. Ngudi c6 hiéu biét trung binh trong
linh vuc s€ nhén ra réng cac phan ung hoéa hoc dugec md ta cod thé dugc 1am thich hop
mdt cach dé dang dé diéu ché mot sb hop chit khac dugec md ta trong sang ché, va céac
phuong phap thay thé dé didu ché cac hop chét nay dugc xem la nim trong pham vi
cta sang ché. Theo cach khéac, cac phan ung khac dugc boc 16 & day hodc da biét
trong linh vyc s& dugc nhén dién 1a c6 kha néng dé didu ché cac hop chit khac duoc

mo ta trong sang cheé.

Trong céac vi du duoc mo ta duédi day, trir khi dugc chi dinh khac tt ca nhiét do
dugc d& cap 1a d6 C. Céac chit phan tng dugc mua tir cic nha cung cip thuong mai
nhu Sigma-Aldrich, Alfa Aesar, hodc TCI, va duc_rc_: st dung ma khong can tinh ché
thém trir khi c6 quy dinh khéc.

Céc phan ung dugc d& cip dudi day dugc thuc hién nhin chung dudi ap suét
duong ctia khi nito hoc argon hodc véi dng siy kho (trir khi duoc dé cap khac) trong
cac dung mdi khan, va cac binh phan ing thuong dugce lam thich hgp bang céc vach
ngin cao su dé dua co chét va chét phan mg vio thong qua bom tiém. Céc dd thuy

tinh dwoc sdy kho bing 10 va/hodc duoc sy kho bang nhiét.

Tién hanh séc ky cot trén hé Biotage (Hang san xuit: Dyax Corporation) c6 cot
silicagel hodc trén dan silic dioxit SepPak (Waters) (trir khi dugc dé cap khac). Phd 'H
NMR dugc ghi lai trén thiét bi Varian hoat dong & 400 MHz. Phé 'H-NMR thu dugc
la cac dung dich CDCl;, CD;0D, D,0, (CD;),S0O, (CD;),CO, C¢Dg, CD;CN (duoc
bao cdo v6i don vi ppm), nhd st dung tetrametylsilan (0,00 ppm) hodc dung mdi du
(CDCl;: 7,26 ppm; CD;OD: 3,31 .ppm; D,0: 4,79 ppm; (CD;),SO: 2,50 ppm;
(CDs),CO: 2,05 ppm; C¢Dg: 7,16 ppm; CD3CN: 1,94 ppm) lam chuin d6i chung. Néu
¢6 vo sb dinh duge bao céo, cac chir viét tit sau duoc st dung: s (muc don), d (mirc
kép), t (mirc ba), q (murc bbn), m (mirc bdi), br (dwgc mé rong), dd (mic kép cia cac
mirc kép), dt (mirc kép ctia mirc ba). Cac hing sb lién quan, khi duoc dua ra, duoc bao

cdo vé6i don vi Hertz (Hz).
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Vi du sinh hoc 1
Thr nghiém enzym ERK-2

Céac hop chét dugc thir nghiém trong thir nghiém enzym sir dung ERK-2 cla
nguoi (kinaza 1 dugc hoat hda nho tdc nhan gay phan bao), dugc biéu hién bing cach
tai t6 hop dudi dang protein dung hop n-dau tin cing 6-His trong E. coli va tuong tng
v6i cac axit amin 8-360. Co chit dugc st dung 1a peptit Omnia phat huynh quang
S/T17 (Invitrogen of Carlsbad, CA; Cat. KNZ1171C). Céc hop chét thir nghiém dugc
pha loang trong dimetylsulfoxit (“DMSO”) trong cac dd pha lodng theo thir ty 3 lan &
cac ndng d cudi 100x. Ngoai hop chit nay, thir nghiém bao gdm 50 mM HEPES [pH
7,3], 10mM MgCl,, ImM DTT, 0,005% Triton-X100, 5nM enzym ERK-2, 6,25uM co
chét peptit S/T17 va 25uM ATP (twong tng véi K,, quan sat dugc) cho tdng thé tich
phan tGng 1a 25pL. Thi nghiém dugc chay & nhiét d§0 mdi truong trong dia
polypropylen 384-giéng mau tring (Nunc, Inc of Naperville, IL; Cat. 267462) thu dit
lidu mdi 50 gidy trong khodng thoi gian 30 phut trén may doc dia Envision
(PerkinElmer, Inc. of Waltham, MA); Kich thich 340 nm/Phét 495 nm. Dit liéu duge
thu tir mdi giéng phi hop theo dwdng thing va ty 18 thu duge dwgc st dung dé tinh
toan phn trim cua d6i chimg. Phin trim ciia d6i ching dugc 1ap biéu dd theo ndng
d6 hop chit va tri s6 ICsy dugc xac dinh nhd st dung bbn théng sd. Bang 1 bao gbm
dt li€u dai dién cho cac hop chit duogc boc 16 & day. Tri s 1Cso duge bao céo trong

bang 1 ¢6 thé 1a tir mot thir nghiém hodc 12 gia tri trung binh ctia nhiéu thir nghiém.
Vi du sinh hoc 2
Thir nghiém vé sy phosphoryl hoa POORSK(Ser380) trong té bao

Su e ché qua trinh phosphoryl héa P9ORSK(Ser380) dugc kich thich béi
PMA duoc xac dinh b%lng thir nghiém co hoc té bao in vitro sau, thir nghi¢m nay bao
gbm viéc i t& bao véi hop chét trong 1,5 gid va dinh lugng tin hidu phat huynh quang

pP90RSK(Ser380) trén cac té bao duge cb dinh va chuan hoa dén tin hiéu GAPDH.

Té bao HepG2 thu dugc tir ATCC va duoc sinh truéng trong DMEM c¢6 bd

sung 10% huyét thanh bao thai bd. Té bao dugc cdy trai trén dia 96 giéng voi mat dd

35.000 t& bao/giéng va dugc dé dinh qua dém & nhiét d6 37°C/5% CO,. Sau d6, bd

sung cac hop chit duoc pha lodng & ndng d6 cudi 1a 0,5% DMSO. Sau 1,5 gid G hop

chét, t& bao duoc kich thich bang cich bd sung phorbol 12-myristat 13-axetat
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(“PMA™) & ndng @6 cudi 12 100ng/mL; sy kich thich bing PMA 14 qua trinh 0 trong
30 phut ¢ nhiét do 37°C/5% CO,. Sau khi kich thich bing PMA 30 phut, ria té bao
bing nuéc mudi dém phosphat (“PBS”) va ¢b dinh trong formaldehyt 3,7% trong PBS
& nhiét do trong phong trong 15-20 phit. Té bao sau d6 duoc rira mdt 1an nita trong
PBS va sau d6 tao kha niang thdm dugc trong MeOH 100% & nhiét do trong phong
trong 10-15 phut. Sau khi @ tao kha ning thim duoc, rira té bao trong PBS/0,05%
Tween-20, sau d6 phong bé trong dém phong bé Odyssey (LI-COR Biosciences) trong
it nhat 1 gid. Bd sung cac khang thé khang P9ORSK (Ser380) dugc phosphoryl hoa
(Cell Signaling #9335, khang thé don dong cua thd) va GAPDH (Fitzgerald 10R-
G109a, khang thé don dong cia chudt) vao té bio va i qua dém & nhiét do 4°C.
Khang thé pP9ORSK (Ser380) dugc sit dung & dd pha lodng 1:250; GAPDH dugc sit
dung & do pha loang 1:10.000. Sau khi rira bing PBS/0,05% Tween-20, 1 té bao bing
khang thé thu cip duoc danh ddu bang cach phat huynh quang (Khang-tho-Alexa
Flour680, Invitrogen Cat#A21109; Khang-chudt-IRDye800CW, Rockland Inc.
Cat#610-131-121) trong 1 gid. C hai khang thé thit cAp duoc st dung & d6 pha lodng
1:1000. Sau do, rira té bao va phan tich v& sy phat huynh quang & ca hai budc song
nhd st dung hé chup anh héng ngoai Odyssey Infrared Imaging System (LI-COR
Biosciences). Tin hidéu P9ORSK(Ser380) phosphoryl hoa dugc chuin hoa dén tinh
hiéu GAPDH. Béang 1 chta dit liéu dai dién cho cac hop chit duoc bdc 10 & day. Tri
s6 ICso dugc bao céo trong bang 1 c6 thé 1a tir mot thir nghiém hodc 1a gia tri trung
binh ctia nhiéu thir nghiém.

Bang 1 bao gdm céc vi du va vi du so sanh duoc thir nghiém trong céc thir
nghiém néu trén. Vi du 39 1a mot vi du cta sang ché, cac vi du con lai dudi day 1a cac

vi du so sanh

Béang 1
Vidu# | ICso(nM) ctia vi du sinh hoc 1 | ICsy (nM) cua vi du sinh hoc 2
Vidul 3,9 31,9
Vidu2 3,2 59,1
Vidy 3 4,0 | 403
Vidu4 3,8 8,5
Vidu 11 13,6 295.,8
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Vidu 12 51,8 931,7
Viduy 14 15,6 842,5
Vi du 20 145,6 >5000
Vidu 21 3,0 118,5
Vi du 39 3,3 15,5
Vi du 42 6,3 74,0
Vi du 50 11,5 292.4
Vidu 57 35,7 1774,6
Vi du 58 13,9 708,2
Vi du 60 53,0 1614,5
Vi du 65 6,3 67,5
Vi du 68 3,3 185,1
Vi du 87 3,0 152,6
Vi du 102 39,5 >5000
Vi du 103 10,4 511,0
Vidu 109 15,9 572,0
Vidu 120 3,8 86,6
Vi du 134 5,5 5435
Vi du 139 13,7 371,8
Vidu 157 8,7 46,3
Vi du 166 2,9 12,9
Vi du 167 3,1 100,1
Vidu 172 2,9 12,9
Vidu 173 5,7 110,2
Vi du 185 3,9 19,6
Vi du 209 0,8 6,7
Vi du 250 1,6 15,2
Vi du 266 2.4 8,6
Vi dy 270 2,2 22
Vi dy 289 8,5 20,4
Vi du 290 15,8 26,5
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Vidy 291 12,1 55,9
Vi dy 293 9,8 16,8
Vi dy 295 14,5 203,5
Vi du 305 4 53
Vidy o 2491 954,7
Vidup 2,6 99,6

Vi du chit trung gian A

Xx_-NH
4-(2-(metylthio)pyrimidin-4-yl)pyridin-2(1H)-on

Budc A: Huyén phi chira 4-bromo-2-(metylthio)pyrimidin (7,00g, 34,1mmol),
axit 2-flopyridin-4-ylboronic (5,05g, 35,8mmol), Na,CO; (10,9g, 102mmol) va
Pd(dppf)Cl, CH,Cl, (1,40g, 1,71mmol) trong dioxan/H,O (100mL; 1:1) duoc gia
nhiét @én 85°C dudi binh ciu khi Ar trong 2 gio. Hon hop phéan tmg dugc 1am mat dén
nhiét do phong va dwgc cd. Phan cin dugc pha lodng bang etyl axetat (200mL) va
nu6e (100mL). Cac 16p duge tach, va chiét 16p nude bang etyl axetat (1X). Cac 16p
hitu co duge 1am khd, loc va c6. Tinh ché san phim tho théng qua sic ky cot, rira giai
bang hexan/etyl axetat (3:1) tao ra 4-(2-flopyridin-4-yl)-2-(metylthio)pyrimidin
(6,83g, 90%) duéi dang chit rin. "H NMR (400 MHz, (CDs),SO) & 8,85 (d, J=5,2 Hz,
1H), 8,46 (d, J=5,2 Hz, 1H), 8,11 (m, 1H), 7,96 (d, J=5,2 Hz, 1H), 7,92 (s, 1H), 2,62
(s, 3H); m/z (APCl-pos) M+1 =222,1.

Budc B: Huyén phu chira 4-(2-flopyridin-4-yl)-2-(metylthio)pyrimidin (6,83g,
30,9mmol) trong HCI 2N (100mL) dugc gia nhiét dén hdi Iuu trong 2 gid. Hn hop
phan ng duge 1am maét dén nhiét d6 phong va dugc dit trong binh nuéc da. PH dugc
didu chinh dén khoang 7 bing NaOH 2N (khoang 100mL). Thu céc chét rin tao thanh
bang cach loc, rira bang nuéc va lam kho tao ra 4-(2-(metylthio)pyrimidin-4-
yD)pyridin-2(1H)-on (5,07g) duéi dang chét rin. Vat lidu nay duoc dit trong dng hinh
tru ctia dung cu Soxhlet va dugc gin vao binh 1L duoc nap etyl axetat (500mL). Vat
lidu nay duoc chiét lién tuc trong 3 ngay. Két tia mau tring thu dugc tir 16p etyl axetat
dugc thu bing cach loc (3,3g, hiéu suit 49%). '"H NMR (400 MHz, (CD;),SO) & 11,85
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(br, s, 1H), 8,75 (d, J=5,0 Hz, 1H), 7,79 (d, J=5,0 Hz, 1H), 7,54 (d, J=7,0 Hz, 1H),
7,13 (s, 1H), 6,86 (d, J=7,0 Hz, 1H), 2,58 (s, 3H); m/z (APCI-pos) M+1 = 220,0.

Vi du chét trung gian B

Cl

MsO,,
TBSO
(R)-2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl metansulfonat

Budc A: Bé sung timg phan natri hydrua (8,549g, 213,7mmol, huyén phii 60%
trong dau khoang) vao dung dich lanh (0°C) chtra 4-clo-3-flobenzaldehyt (26,07g,
164,4mmol) va metyltriphenylphosphoni bromua (70,482, 197,3mmol) trong THF
(400mL). H3n hop phéan tmg dugc dé 4m dén nhiét do trong phong qua dém. Loai chét
rdn bang céach loc, va rira ba loc bing ete. C6 dich loc (binh chita nuéc khoang 20°C),
va phdn cin dugc huyén phi trong hexan va khudy trong 30 phit. Loai chit rin (chu
yéu 1a PPh;0) béng cach loc, va rira ba loc béng hexan. C6 dich loc, va tinh ché san
phim thd bing sic ky cot, rira giai bing hexan/etyl axetat (25:1) tao ra 1-clo-2-flo-4-
vinylbenzen (12.1g, 47%) duéi dang dau. 'H NMR (400 MHz, CDCl3) & 7,33 (m, 1H),
7,18 (m, 1H), 7,10 (m, 1H), 6,63 (m, 1H), 5,74 (d, J=17,4 Hz, 1H), 5,32 (d, J=10,8 Hz,
1H).

Buéc B: B sung 1-clo-2-flo-4-vinylbenzen (12,1g, 77,3mmol) vao dung dich
lanh (0°C) chita AD-hdn hop-p (108g, 139mmol) trong -BuOH/H,0 (600 mL; 1:1),
va hén hop nay dugc dé 4m dén nhiét do trong phong qua dém. Ngay tiép theo, phan
ing duge dit trong binh nude da va duge dimg bing Na,SO; ran (114g). Khuiy hén
hop trong 1 gid va sau d6 chiét bang etyl axetat (3 X 500mL). Céc chét hitu co két
hgp dugc lam kho, loc va cd tao ra (R)-1-(4-clo-3-flophenyl)etan-1,2-diol dudi dang

diu. San pham thé dugc sir dung trong budc C ma khong can tinh ché.

Bude C: Bb sung imidazol (13,1g, 193mmol) vao dung dich lanh (0°C) chira
(R)-1-(4-clo-3-flophenyl)etan-1,2-diol (14,7g, 77,1mmol) trong DCM (100mL), sau
d6 bd sung TBSC1 (12,8g, 84,8mmol). Khudy hdn hgp phan tng & 0°C trong 1 gid va
sau d6 dimg bang nude (50mL). Céc 16p dugce tach, va cac 16p hitu co duge lam kho,

loc va ¢b. Tinh ché san phdm tho thong qua sdc ky cot, rira giai bang hexan/etyl axetat
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(100:1) tao ra (R)-2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etanol (11,0g,
47% over two budcs), "H NMR (400 MHz, CDCl3) § 7,36 (m, 1H), 7,20 (m, 1H), 7,08
(m, 1H), 4,71 (m, 1H), 3,75 (m, 1H), 3,49 (m, 1H), 2,96 (d, J=2,6 Hz, 1H), 0,90 (s,
9H), 0,07 (s, 3H), 0,06 (s, 3H).

Budc D: Trietylamin (2,09mL, 15,0mmol) dugc bd sung vao dung dich lanh
(0°C)  chira(R)-2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etanol ~ (3,05g,
10,0mmol) trong DCM (100mL), theo sau la metansulfonyl clorua (0,929mL,
12,0mmol). H8n hop phan tng dugce khudy & 0°C trong 30 phit va sau d6 dugc dimg
bang nude (50mL). Céc 16p dugce tach, va rira 16p hitu co bing NaHCOj; bdo hoa, lam
kho, loc va cb tao ra san phdm thd. Tinh ché san phim thd théng qua séc ky cot, rira
giai bang hexan/etyl axetat (25:1) tao ra (R)-2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-
flophenyl)etyl metansulfonat (3,80g, 99%) dudi dang dau. 'H NMR (400 MHz,
CDCL) 8 7,42 (m, 1H), 7,20 (m, 1H), 7,12 (m, 1H), 5,50 (m, 1H), 3,91 (m, 1H), 3,80
(m, 1H), 2,98 (s, 3H), 0,88 (s, 9H), 0,05 (s, 3H), 0,04 (s, 3H).

Vi du chét trung gian C
Nl .
A /‘\ N o) Cl
\
O

OTBS

(8)-1-(2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-4-(2-
(metylsulfonyl)pyrimidin-4-yl)pyridin-2(1H)-on

Bude A: B sung 1,0M KHMDS (5,09mL, 5,09mmol) du¢i dang dung dich
trong THF vao huyén phu lanh (0°C) chita 4-(2-(metylthio)pyrimidin-4-yl)pyridin-
2(1H)-on (0,93g, 4,24mmol) trong THF (20mL). Khudy hdn hop phan tng & 0°C
trong 10 phat truéc khi bd sung (R)-2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-
flophenyl)etyl metansulfonat (2,44g, 6,36mmol) dudi dang dung dich trong THF
(5mL). Gia nhiét phan ng dén hdi luu trong 30 gid' va sau d6 1am mat dén nhiét do
trong phong va c¢d. Pua phin cin vao etyl axetat (200mL) va rira bang nuéc. Cac 16p
hitu co duge lam khd, loc va ¢b. Tinh ché san phim tho théng qua sic ky cdt, rira giai
bang hexan/étyl axetat (4:1) tao ra (S)-1-(2-(fert-butyldimetylsilyloxy)-1-(4-clo-3-
flophenyl)etyl)-4-(2-(metylthio)pyrimidin-4-yDpvridin-2(1H)-on (1,35g, 63%) dudi
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dang chét rin. "H NMR (400 MHz, CDCl;) & 8,66 (d, J=5,0 Hz, 1H), 7,43 (m, 2H),
7,34 (d, J=5,0 Hz, 1H), 7,32-7,28 (m, 2H), 7,16 (m, 1H), 6,85 (m, 1H), 6,24 (m, 1H),
4,35 (m, 1H), 4,23 (m, 1H), 2,65 (s, 3H), 0,88 (s, 9H), 0,03 (s, 3H), -0,03 (s, 3H); m/z
(APCI-pos) M+1 = 506,1, 508, 1.

Budc B: B sung mCPBA (7,1g, 29mmol) vio dung dich lanh (0°C) chira (S)-
1-(2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-4-(2-(metylthio)pyrimidin-
4-yl)pyridin-2(1H)-on (5,8g, 11mmol) trong DCM (100mL), va khudy hén hop trong
2 git. Rira hdn hgp phan tng bﬁng Na,S,05 bdo hoa (1X), NaHCO; (1X), lam kho,
loc, va cho bay hoi. Tinh ché san phim thd théng qua sic ky cot, rira giai bang
hexan/etyl axetat (1:1) tao ra (S)-1-(2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-
flophenyl)etyl)-4-(2-(metylsulfonyl)pyrimidin-4-yl)pyridin-2(1H)-on  (5,5g, 89%)
dudi dang chét rin. "H NMR (400 MHz, CDCl;) & 9,06 (d, J=5,2 Hz, 1H), 7,91 (d,
J=5,4 Hz, 1H), 7,55 (d, J=7,4 Hz, 1H), 7,43 (m, 1H), 7,32 (d, J=2,4 Hz, 1H), 7,27 (m,
1H), 7,15 (m, 1H), 6,93 (m, 1H), 6,22 (m, 1H), 4,35 (m, 1H), 4,24 (m, 1H), 3,45 (s,
3H), 0,88 (s, 9H), 0,03 (s, 3H), -0,03 (s, 3H); m/z (APCI-pos) M+1 = 538,1, 540,0.

Vi du chét trung gian D

NH,

oN

o)

(35,4S)-3-flotetrahydro-2 H-pyran-4-amin

Budc A: 1-Clometyl-4-flo-1,4-diazoniabixyclo[2.2.2]octan bis-tetrafloborat
(147g, 414mmol; Selectfluor®) dugc ddt trong axetonitril/nudc (800mL; 1:1) trong
binh d4y tron 3L va lam lanh dén 0°C. Sau d6, bd sung nhé giot dung dich axetonitril
(“ACN”) dugc khudy k§ (120mL) chtra 4-metoxy-3,6-dihydro-2H-pyran (45,0g,
394mmol). Khudy phan tng trong 30 phit trong binh nudc d4, va sau d6 bé binh ra.
Khudy phan émg thém 1 gid nude. Sau d6 bd sung NaCl rén (200g) vao phan tng,
ciing v6i DCM (300mL). Sau d6, bd sung tir tir dung dich Na,COj; bio hoa dén khi pH
bang 10. Sau do, rét phan tmg vao phéu tach 4L va chiét vao DCM (3X). Sau d6, dit
16p nude vao thiét bi chiét 1ong-16ng lién tuc voi DCM va gia nhiét dén 58°C trong 18

gid. Sau d6 1am khé céac 16p hitu co két hop (MgSO,), loc va cd & 20°C trén thiét bi
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bay hoi kiéu quay tao ra san phim tho. Tinh ché bing sic ky cot (500:3-500:5
DCM:MeOH) cho ra san phidm 3-flodihydro-2H-pyran-4(3H)-on (30g, hiéu suét
64,4%).

Budce B: 3-Flodihydro-2 H-pyran-4(3 H)-on (30g, 254mmol) dugc dit trong 1,2-
dicloetan (“DCE”) (800mL) va lam lanh dén 0°C. B sung phenylmetanamin
(29,8mL, 267mmol), va khqu hdn hop trong 10 phut. Sau do, bd sung NaBH(OAc);
(75,4g, 356mmol), va sau do bd sung nho giot axit axetic (14,5mL, 254mmol; d
1,049). Khudy phan tng trong 2 gid, sau d6 d6 vao NaOH 1M va chiét bing DCM.
Céc phén doan hitu co két hop dugce lam kho (MgSO,), loc, va co tao ra san phém tho,
san phim thé duoc tinh ché bing sic ky cot pha dao (0-40% ACN trong nuéc tao ra
san pham cis triét quang (35,4S)- va (3R,4R)-N-benzyl-3-flotetrahydro-2H-pyran-4-
amin (39g, hiéu suét 73,4%). |

Budc C: Céac chit ddng phan déi anh dugc tach bing sic ky trén cot Chiralpak
IC, 5x25cm rira giai bing IPA 10% (0,1% NH,OH)/90% CO, véi toc dd dong 300
mL/phut va nhiét 6 40°C. Ap suét sau 1a 100 Bar.

Buéc D: (35.,4S5)-N-Benzyl-3-flotetrahydro-2 H-pyran-4-amin (3,7g, 18mmol)
duoc dat trong MeOH (40mL) & nhiét d6 trong phong. B6 sung Pd/C (3,8g, 1,8mmol),
khudy trong mai trudng khi H, trong 18 gio, loc, rira bang MeOH, va cd tao ra san
phdm (3S.4S)-3-flotetrahydro-2H-pyran-4-amin (2,1g, hiéu sut 100%). 'H NMR
(400MHz, CDCl;) 0 4,58-4,44 (m, 1H), 4,19-4,09 (m, 1H), 4,05-3,95 (m, 1H), 3,56-
3,38 (m, 2H), 2,96-2,84 (m, 1H), 1,88-1,77 (m, 1H), 1,72-1,65 (m, 1H).

Vi du chit trung gian E
NH,
WF

(@)

(35.,4R)-3-flotetrahydro-2 H-pyran-4-amin

Buéc A: 3-Flodihydro-2H-pyran-4(3H)-on (34,58g, 292,8mmol) dugc dat
trong THF (350mL) v 1am lanh dén -78°C. Sau d6, bd sung nho giot L-Selectride®
(307,4mL, 307,4mmol), va khudy phan tng trong 30 phat. Sau d6 bd sung MeOH
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(35,58mL, 878,4mmol) va NaOH 1IN (878,4mL, 878,4mmol), va phan tng dugc dé
4m dén 0°C. Sau d6, cén than bd sung tung giot HyO, (99,59mL, 1464mmol), va
khudy phan tmg thém 30 phut. Sau do, bd sung dung dich nuéc mudi bao hoa (50mL),
va cb phan tng dé loai THF va sau d6 pha loang bing DCM (500mL). Sau d6, chuyén
phan g vao thiét bi chiét lién tuc 16ng-16ng, gia nhiét dén 58°C trong 24 gio. Phan
doan hitu co sau d6 dugc tach, lam kho (MgSO,), va co tao ra san phém thé, tinh ché
san pham thd bing sic ky cdt (5:1-3:1 DCM/etyl axetat) tao ra san pham cis triét
quang (3R,4S)- va (3S,4R)-3-flotetrahydro-2 H-pyran-4-ol (21g, hiéu suét 60,2%).

Budc B: (3R,4S)- va (3S,4R)-3-flotetrahydro-2 H-pyran-4-ol (15,0g, 125mmol)
triét quang, isoindolin-1,3-dion (20,2g, 137mmol) va 2-(diphenylphosphino)pyridin
(42,7g, 162mmol) dugc dit trong THF (550mL) & 0°C. B6 sung (E)-Di-tert-butyl
diazen-1,2-dicarboxylat (37,4g, 162mmol), va sau d6é lam Am phéan ng dén nhiét do
trong phong trong 24 gio. B6 sung HCI (156mL, 624mmol; 4M trong dioxan), va
khudy phan tmg trong 2 gidr va sau d6 c6 dén kho. Hoa tan phin cin thu dugc trong
ete va rira bang 4M HCI (6X). Chét rin ma khong hoa tan trong ete dugc dat sang mot
bén d& tinh ché sau (mé 1). Sau d6 lam khé cac chét hitu co (MgSOy), loc va ¢d. Tao
huyén phii vat liéu thé trong THF va loc, tao ra sin phim ran (mé 2). Tiép theo, cd
dich loc, sau d6 tao huyén phu trong DCM va loc. Loai bd cht rin. Dich loc nay dugc
két hop v6i hai mé chit rén dau tién (cac mé 1 va 2), dugc cb va tinh ché bang sic ky
500:2-500:5 DCM/MeOH tao ra san pham triét quang 2-((3S,4R)-3-flotetrahydro-2H-
pyran-4-yl)isoindolin-1,3-dion va 2-((3R.4S)-3-flotetrahydro-2 H-pyran-4-
yl)isoindolin-1,3-dion (14g, hidu suét 45,0%).

Budc C: Tach cac chit ddng phan ddi anh bing sic ky trén cot Chiralpak IA,
5x25cm ria giai bang 10% MeOH/DCM(1:1)/90% CO, véi tde do dong 300 mL/phut
va nhiét d6 40°C. Ap suét sau 1a 100 Bar.

Budc D: 2-((3S,4R)-3-Flotetrahydro-2 H-pyran-4-yl)isoindolin-1,3-dion (8,4g,
34mmol) dugc dit trong THF/MeOH (160mL; 1:1). Sau do, bd sung hydrazin
monohydrat (17g, 337mmol). Khudy phan tng & 50°C trong 6 gio, 1am lanh dén nhiét
d6 trong phong trong 24 gid, loc, rira bang THF va cb tao ra san phim tho, tinh ché
san phim thé bang sic ky cot (500:20-500:25 DCM/MeOH) tao ra san pham (3S,4R)-
3-flotetrahydro-2 H-pyran-4-amin (4,0g, hié¢u sut 100%), "H NMR (400MHz, CDCl;)
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5 4,28-4,04 (m, 2H), 3,94-3,85 (m, 1H), 3,45-3,35 (m, 1H), 3,30-3,20 (m, 1H), 3,05-
2,92 (m, 1H), 1,97-1,88 (m, 1H), 1,58-1,48 (m, 1H).

Vi du chét trung gian F
QLI
AL A0
H
x _NH

4-(2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on

Bu6c A: Bb sung natri cacbonat (4,91g, 46,3mmol) vao axit 2-flopyridin-4-
ylboronic (2,61g, 18,5mmol) va 24-diclopyrimidin (77,2 ,mL, 15,4mmol) trong
dioxan/nude (77mL, 4:1), va huyén phi ndy dwoc 1am sach bing khi argon. B6 sung
PdCl,(dppf)*DCM (0,630g, 0,772mmol) vao hdn hop, va gia nhiét hdn hop dén 80°C
trong moi trudng khi argon. Sau 3 gid, pha lodng hdn hop phan tmg véi nude, va thu
chét rin tao thanh bing cach loc trong chan khoéng cho ra 2-clo-4-(2-flopyridin-4-
yl)pyrimidin (3,12g, 14,9mmol, hiéu sut 96,4%) v6i lwong tap chét it.

Budc B: Bb sung N-Etyl-N-isopropylpropan-2-amin (0,496mL, 2,86mmol) vao
tetrahydro-2 H-pyran-4-amin  (0,265g, 2,62mmol) va 2-clo-4-(2-flopyridin-4-
yDpyrimidin (0,50g, 2,39mmol) trong 2-butanol (2mL) trong éng kin (lo diing cho 10
vi s6ng). Bit kin lo va gia nhiét dén 100°C trong bé diu qua dém. Hn hop phan ting
duoc cho bay hoi, va phan cin mau t6i dugce xir ly bang etyl axetat (“EtOAc”) va
nudc, loc qua dém Celite®, va cac 16p dugce tach. EtOAc dugce rua béng nude mubi,
lam kho trén MgSO4, loc va cho bay hoi tao ra thiy tinh (0,56g). Chat ndy dugc chay
sdc ky trén cot Biotage SNAP 50g v6i 2:1 EtOAc/hexan. Céc phan doan 28-82 chita
4-(2-flopyridin-4-yl)-N-(tetrahydro-2 H-pyran-4-yl)pyrimidin-2-amin (0,32¢g,
1,17mmol, hiéu suit 48,9%).

Budc C: B6 sung HC1 IM (35mL) véo 4-(2-flopyridin-4-yl)-N-(tetrahydro-2H-
pyran-4-yl)pyrimidin-2-amin (0,32g, 1,2mmol). Gia nhiét hn hgp dén hdi lru. Hon
hop phan ting dugc lam mat dugc trung hoa b%lng NaHCO;, rin. Thu chét rin tao thanh
bing céch loc trong chan khéng, rira trong binh bing EtOAc/MeOH, cho bay hoi va
lam kho tao ra 4-(2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-
on (0,30g, 1,1mmol, hiéu suit 94%). 'H NMR (400MHz, (CD;),SO) & 11,74 (br s,
1H), 8,40 (d, 1H), 7,48 (d, 1H), 7,33 (d, 1H), 7,11 (d, 1H), 6,99 (br s, 1H), 6,85-6,76
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(m, 1H), 4,04-3,92 (m, 1H), 3,92-3,85 (m, 2H), 3,45-3,36 (m, 2H), 1,90-1,81 (m, 2H),
1,59-1,48 (m, 2H); m/z (APCI-pos) M+1 = 273,1.

Vi du chét trung gian G

. _NH

4-(5-flo-2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on

Buéc A: Bb sung natri cacbonat (1,3g, 13mmol) vao axit 2-flopyridin-4-
ylboronic (0,71g, 5,0mmol) va 2,4-diclo-5-flopyrimidin (0,70g, 4,2mmol) trong
dioxan/nudc (17mL, 4:1), va hdn hop duge suc khi nito. Bb sung PdCl,(dppf)*DCM
(0,17g, 0,21mmol) vao hdn hop, va lo kin duoc gia nhiét dén 80°C. Sau 1,5 gio, hdn
hop phan ung dugc lam mat dugc chia tach gitta nuéc va EtOAc. EtOAc dugce rira
bing nudc mubdi, 1am kho trén MgSO,, loc, va cho bay hoi tao ra san pham thé (1,7g)
dudi dang ddu. San phdm thd dwgc hip phu trén silicagel va chay sic ky trén cot
Biotage SNAP 50g véi 2:1 hexan/EtOAc. Cac phén doan 14-17 chira 2-clo-5-flo-4-(2-
flopyridin-4-yl)pyrimidin (0,82g, 3,6mmol, hiéu suat 86%).

Budc B: Bd sung N-Etyl-N-isopropylpropan-2-amin (0,459mL, 2,64mmol) va
tetrahydro-2 H-pyran-4-amin (0,196g, 1,93mmol) vao 2-clo-5-flo-4-(2-flopyridin-4-
yl)pyrimidin (0,40g, 1,76mmol) trong dimetylaxetamit (“DMA”")(2mL) trong lo dung
cho 16 vi song. Gia nhiét hdn hop dén 120°C trong 30 phut trong vi séng. Hdn hop
phan tng dugc phan chia gitta EtOAc va nudc. EtOAc duge rira bang nude, nudc
mubi, 1am kho trén MgSOy, loc, va cho bay hoi tao ra san phém tho (0,52g) dudi dang
diu. San phim thé dugc chay sic ky trén cot Biotage SNAP 50g v&i hdn hop dung
mdi EtOAc/hexan ti 1€ 2:1. Céc phan doan 14-26 chura 5-flo-4-(2-flopyridin-4-yl)-N-
(tetrahydro-2 H-pyran-4-yl)pyrimidin-2-amin (0,26g, 0,890mmol, hiéu suit 50,6%).

Buéc C: B6 sung HCl IM (15mL) vao 5-flo-4-(2-flopyridin-4-yl)-N-
(tetrahydro-2 H-pyran-4-yl)pyrimidin-2-amin (0,26g, 0,89mmol). Gia nhiét huyén phu
dén hdi Iuu. Sau 2,5 gio, trung hoa huyén pht bing NaHCO;, va thu chit rin bang
cach loc trong chan khong. Chét rin nay dugc tao huyén phi trong MeOH va cho bay
hoi tao ra 4-(5-flo-2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1 H)-
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on (0,25g, 0,86mmol, hiéu suit 97%). "THNMR (400MHz, (CD;),SO) & 11,80 (br s,
1H), 8,48 (d, 1H), 7,52 (d, 1H), 7,40 (d, 1H), 6,83 (br s, 1H), 6,65-6,61 (m, 1H), 3,90-
3,84 (m, 3H), 3,43-3,36 (m, 2H), 1,88-1,81 (m, 2H), 1,57-1,46 (m, 2H); m/z (APCI-
pos) M+1=291,1.

Vi du chét trung gian H
F
MsO,, cl
TBSO

(R)-2-((tert-butyldimetylsilyl)oxy)-1-(3-clo-4-flophenyl)etyl metansulfonat

Budc A: B sung nho giot isopropylmagie clorua 2M trong THF (91,6mL,
183mmol) vao etyl 2-(tert-butyldimetylsilyloxy)axetat (10,0g, 45,8mmol) va N,O-
dimetylhydroxylamin hydroclorua (9,38g, 96,2mmol) trong THF (500mL) dugc lam
lanh trong nu6c d4. Khudy hdn hop trong 4,5 gio dé 'ém tir tir dén nhiét d6 moi truong.
Dirng hdn hop phan tng bang nuéc NH,CI va cd dén 1/3 thé tich. Phan cin duoc pha
lodng biang nudc va chiét bang EtOAc. EtOAc dugc rira bang nuéc mudi, 1am khd trén
MgSO,, loc, va cho bay hoi cho ra 2-(fert-butyldimetylsilyloxy)-N-metoxy-N-
metylaxetamit (8,51g, 36,5mmol, hi¢u suét 79,6%) dudi dang dau.

Budc B: Bb sung nhé giot 0,5M (3-clo-4-flophenyl)magie bromua trong THF
(27,4mL, 13,7mmol) vao 2-(tert-butyldimetylsilyloxy)-N-metoxy-N-metylaxetamit
(2,00g, 8,57mmol) trong THF (20mL) dugc lam lanh trong nuéc da. Hon hop tré nén
duc sau khi bd sung khoang mét nira chit phan tng Grignard. Khudy hdn hop trong
binh nudc da trong 2 gid, dimg bing dung dich nuéc NH,CI bdo hoa, va co dé loai
THF. Phin con lai chtra nuée duge chiét bang 2 phin DCM. Céc 16p DCM duge lam
kho trén MgSQ,, loc, va cho bay hoi dé tao ra san phém tho (3,62g) dudi dang dau.
Pua san phim tho nay vao hexan va tinh ché trén dém silicagel v6i hexan cho dén khi
san phdm bat ddu rira giai, sau d6 dua vao hexan/EtOAc ti 18 15:1. Cac phan doan
chita san pham tao ra 2-(tert-butyldimetylsilyloxy)-1-(3-clo-4-flophenyl)etanon
(2,28g, 7,53mmol, hi¢u suét 87,9%) dudi dang diu.

Budc C: Bb sung phirc dietylanilin-bo (1,34mL, 7,53mmol) vao 1,0M (R)-1-

metyl-3,3-diphenylhexahydropyrolo[1,2-c][1,3,2] oxazaborol trong toluen (0,753mL,
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0,753mmol) trong MTBE (45mL). Gia nhiét hn hogp dén 40°C trong 15 phiit (dung
dich tr& nén mod), sau d6 bd sung nhd giot dung dich chira 2-(tert-
butyldimetylsilyloxy)-1-(3-clo-4-flophenyl)etanon (2,28g, 7,53mmol) trong MTBE
(25mL) vao hdn hop & nhiét d6 40°C. Hon hop thu duge duge gia nhiét & 40°C trong
30 phat, 1am mat, va xir 1y bing MeOH (3mL) dugc bd sung nhé giot. X Iy dung
dich thu dwgc bing HCl IM (10mL), pha lodng bing nudc, va chiét bang 2 phin
DCM. DCM dugc 1am kho trén MgSQO,, loc, va cho bay hoi tao ra san phém tho dudi
dang diu. San phim thé duoc chay sic ky trén cot Biotage SNAP 50g v6i hdn hop
dung moi hexan/EtOAc ti 1€ 50:1 cho 48 phan doan, sau d6 véi hexan/EtOAc ti 1€
15:1 cho 36 phan doan. Cac phan doan 40-68 chira (R)-2-(fert-butyldimetylsilyloxy)-
1-(3-clo-4-flophenyl)etanol (2,60g, 8,53mmol, hiéu suit 113%) dudi dang du véi it
tap chét.

Bugc D: B6 sung trietylamin (0,480mL, 3,44mmol) vao (R)-2-(tert-
butyldimetylsilyloxy)-1-(3-clo-4-flophenyl)etanol (0,70g, 2,30mmol) trong DCM
(10mL) dugc lam maét trong d4 lanh, va sau d6 bd sung metansulfonyl clorua
(0,213mL, 2,76mmol) vao. Sau 1 gio, hdn hop phén ing dugc pha lodng béng DCM,
rira bang dung dich NaHCO; chira nuée, 1am kho trén MgSO,, loc, va 1am bay hoi dé
thu dugc hop chit (R)-2-(fert-butyldimetylsilyloxy)-1-(3-clo-4-flophenyl)etyl
metansulfonat (0,87g, 2,27mmol, hiéu suét 98,9%) dudi dang ddu. '"H NMR
(400MHz, CDCl;) 6 7,47-7,44 (m, 1H), 7,29-7,24 (m, 1H), 7,16 (t, 1H), 5,51-5,47 (m,
1H), 3,94-3,89 (m, 1H), 3,81-3,76 (m, 1H), 2,97 (s, 3H), 0,88 (s, 9H), 0,04 (d, 6H).

Vi du chét trung gian I

F

MsO
Cl

TBSO
2-((tert-butyldimetylsilyl)oxy)-1-(3-clo-4-flophenyl)etyl metansulfonat

Budc A: Dung dich cua hop chét 2-(tert-butyldimetylsilyloxy)axetaldehyt
(2,00g, 10,3mmol) trong THF kho (40mL) dugc ddt trong chéu dé lanh, va bd sung
hop chét (4-clo-3-flophenyl)magie bromua (24,8mL, 12,4mmol) vao timg giot bang

xylanh. Hon hop phan tng dugc khudy & nhiét do 0°C trong thoi gian 1 gidy va sau d6
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than trong dirng phan tmg bang cach bd sung timg giot nuéc. Hon hgp phan tng dugc
cd, va phan cin dugc tach 16p gitta EtOAc va NH4CI bdo hoa trong nudc. Céc chit
hitu co dugc lam kho, loc va ¢d. San phém tho duoc tinh ché béng séc ky cot, rira giai
bang hexan/EtOAc (20:1) dé thu dugc hgp chét 2-(tert-butyldimetylsilyloxy)-1-(4-clo-
3-flophenyl)etanol (2,92g, 9,58mmol, hi¢u suét 92,8%) dudi dang dau.

Budc B: Trietylamin (“TEA”) (0,741mL, 5,31mmol; d. 0,726) dugc bd sung
vao dung dich lanh (0°C) cua hop chét 2-(tert;butyldimetylsilyloxy)—1-(4-010-3-
flophenyl)etanol (1,08g, 3,54mmol) trong DCM (10mL), tiép theo bd sung
metansulfonyl clorua (0,329mL, 4,25mmol) vao. Sau 1 gio, hdn hop phan g duge
pha loang bang DCM, va 16p hitu co duge rira bing dung dich NaHCO; bio hoa trong
nudée, 1am kho, loc va c¢d dé thu dugc hop chit 2-(tert-butyldimetylsilyloxy)-1-(4-clo-
3-flophenyl)etyl metansulfonat (1,30g, 3,39mmol, hiéu suit 95,8%). 'H NMR (400
MHz, CDCl;) 6 7,33 (m, 1H), 7,18 (m, 1H), 7,10 (m, 1H), 6,63 (m, 1H), 5,74 (d, 1H),
5,32 (d, 1H).

Vi du chét trung gian J

Cl
MsO\/C[
: F

OTBS
(S)-3-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)propyl metansulfonat

Budc A: 4-clo-3-flobenzaldehyt (15,0g, 94,6mmol) duge két hop véi axit
malonic (10,8g, 104mmol) va pyridin (11,5mL, 142mmol). Hon hgp ndy dugc lam
néng dén 50°C va khudy trong thoi gian mot gio. Sau d6 n6 dwoc 1am néng dén 100°C
va khudy trong thoi gian 16 gio. P4 lanh (100g) va bd sung dung dich HCl 6M
(25mL) vao, va hén hop nay dugc khudy trong thoi gian mot giv. Chat két tia dugc
loc, rira bang nudc va lam kho trong chan khong dé thu dugc hop chat axit (E)-3-(4-

clo-3-flophenyl)acrylic (17,6g, 87,7mmol, hi¢u suét 92,7%) duéi dang chét ran.

Buéc B: Axit (E)-3-(4-clo-3-flophenyl)acrylic (17,3g, 86,24mmol) dugc tao
huyén phi trong etanol (200mL), va bd sung dung dich clotrimetylsilan (24,00mL,
189,7mmol) vao. Sau d6, hdn hop nay dwgc khudy trong thoi gian 20 gid va lam bay
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hoi, dé thu dugc hop chit (E)-etyl 3-(4-clo-3-flophenyl)acrylat (19,65g, 85,94mmol,

hiéu suét 99,65%) dudi dang diu, chit nay héa rin sau dé.

Budc C: (E)-Etyl 3-(4-clo-3-flophenyl)acrylat (18,3g, 80,0mmol) dwgc két hop
v6i toluen (200mL) va lam lanh dén -78°C. Sau d6 bd sung diisobutyl nhdm hydrua
(“DIBAL-H”) (100g, 176mmol) (25% trong toluen) vao trong subt mot gid. Sau d6
phan tmg nay dugc khudy va lam 4m dén nhiét d6 méi trudng trong 2 gid. Sau khi
khudy thém mot gid nita, phan Gng nay dugc 1am ngudi bang da lanh (200g), va bd
sung tir tr dung dich HC1 6M (100mL) vao. Ldp nuée duge tach va chiét mot 1an
bing etylaxetat. Cac chét hitu co gom lai dugc rira bing nudc mudi, 1am kho va lam
bay hoi dé thu dugc chét rin dang sap, dugc nghién véi hexan dé thu dwoc hop chét
(E)-3-(4-clo-3-flophenyl)prop-2-en-1-ol (14,0g, 75,0mmol, hiéu sudt 93,7%) duéi

dang chit ran.

Budc D: Diisopropyl D-tartrat (1,690mL, 8,038mmol) dugc hoa tan trong
diclometan (500mL) va lam lanh dén -20°C. Ray phan tit 4A dang bot duge hoat hoa
(3g), titan IV) isopropoxit(1,570mL, 5,359mmol) va sau d6 bd sung tert-butyl
hydropéroxit (19,49mL, 107,2mmol; trong decan) vao va hdn hop nay dugc khuéy
trong thoi gian 1 gio & nhiét do -20°C. (E)-3-(4-clo-3-flophenyl)prop-2-en-1-ol
(10,0g, 53,59mmol) duoc hoa tan trong diclometan (25mL) va xtt Iy bang rdy phén tir
4A (1,0g) trong thoi gian 1 gid. Hon hop nay dugc bd sung vao hdn hop ban dau trong
vong 20 phut va tiép tuc khudy trong 3 gid nita & nhiét d6 -20°C. Sau d6 hdn hop phan
ng nay duoc 1am ngudi bang cach bd sung hdn hop ciia dung dich NaCl bio hoa
(3mL) va dung dich NaOH 50% khdi lugng/thé tich (3mL). Ete dugc bd sung
(100mL), va hdn hop nay duoc dé Am 1én dén nhiét @6 10°C. Sau khi khqu trong 10
phut & nhiét do nay, bd sung MsSOy (5g) va Celite® (2g) vao va hdn hop nay dugc
khudy thém 15 phit nira. Sau d6, hdn hop nay duge dé ling va loc qua dém Celite®,
rira bang ete. Sau d6 cac dung méi dugc lam bay hoi, va chit rin thu dugc dugc
nghién v6i hexan dé thu dugc hop chit ((2R,3R)-3-(4-clo-3-flophenyl)oxiran-2-
ylmetanol (10,55g, 52,07mmol, hi€u suét 97,17%) duéi dang chét rén.

Budc E: Hoa tan hop chét ((2R,3R)-3-(4-clo-3-flophenyl)oxiran-2-yl)metanol
(10,55g, 52,07mmol) trong 1,2-dimetoxyetan (150mL) va l1am lanh dén 0°C. B4 sung
ting giot natri bis (2-metohyetoxy) nhom hydrua (“Red-Al”) (17,46mL, 57,28mmol)
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vao. Hon hop nay dugc khudy trong thoi gian 3 gio & nhiét do trong phong, pha lodng
bang ete (250mL) va 1am ngudi bing dung dich HCI (20mL, dung dich HCI 6M +
60mL nudc). Sau khi khudy trong 30 phut, pha chira nuéc dugc tach va chiét hai lan
bing etyl axetat. Cac chét hitu co gom lai duoc rira bing nudc mudi, lam khd bing
MgSO,, va 1am bay hoi dé thu duoc hop chat (S)-1-(4-clo-3-flophenyl)propan-1,3-diol
(10,5g, 51,31mmol, hiéu suét 98,55%) dudi dang diu sét.

Budc F: Hoa tan hop chit (S)-1-(4-clo-3-flophenyl)propan-1,3-diol (10,5g,
51,3mmol) trong diclometan (200mL), va bd sung imidazol (8,73g, 128mmol) vao.
Sau d6, hdn hop nay duogc 1am lanh dén 0°C, va bd sung tert-butyldimetylsilyl clorua
(9,67g, 64,1mmol) vao. Hdn hop nay dwoc khudy trong thoi gian 1 gid, pha lodng
bing diclometan dén thé tich 250mL va rira bang nude, dung dich natri bicacbonat,
lam khé va Iam bay hoi. Tinh ché bing sic ky trén silicagel, rira giai bang 5 dén 10%
etyl axetat/hexan dé thu dugc hop chét (S)-3-(tert-butyldimetylsilyloxy)-1-(4-clo-3-
flophenyl)propan-1-ol (8,40g, 26,3mmol, hi¢u suét 51,3% yield) duéi dang dau.

Buéc G: (S)-3-(tert-Butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)propan-1-ol
(0,600g, 1,88mmol) dugc hoa tan trong diclometan (10mL) va lam lanh dén 0°C. B6
sung TEA (0,393mL, 2,82mmol; d. 0,726) vao, tiép theo bd sung cloanhydrit cia axit
metansulfonic (0,175mL, 2,26mmol), va hdn hop nay duge khudy trong thoi gian 2
gid. Hén hop nay duogc pha lodng bing diclometan dén thé tich 100mL, rira bing
nude, dung dich natri bicacbonat, 1am kho va 1am bay hoi dé thu duoc hop chét (S)-3-
(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)propyl metansulfonat (0,74g,

1,86mmol, hiéu suit 99,1%) du6i dang dau.

Vi du chét trung gian K

PSS
Q1
N P O

H
X NH

4-(6-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on

Budc A: 4,6-Diclopyrimidin (3,06g, 20,5mmol) dugc hoda tan trong
dimetylformamit (“DMF”) (20mL) va bd sung Cs,CO; (10,0g, 30,8mmol) vio.
Tetrahydro-2H-pyran-4-amin (1,87g, 18,5mmol) két hop véi DMF (5mL) dugc bd
sung timg giot. Quan sat thdy su toa nhiét nhe. Sau khi khudy & nhiét 46 méi trudong
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trong thoi gian 2 gid, dinh san phdm dugc thdy trong LC/MS. Tiép tuc khudy qua
dém. Sau d6, hdn hop nay dugc pha lodng bang etylaxetat (250mL) va rira 4 1an bang
nudce, nude mudi, 1am kho va 1am bay hoi @ thu duoc hop chit 6-clo-N-(tetrahydro-
2 H-pyran-4-yl)pyrimidin-4-amin (2,86g, 13,4mmol, hi¢u sudt 65,2%) dudi dang chat

ran.

Budc B: Natri cacbonat (4,24g, 40,0mmol) dugc bd sung vao axit 2-flopyridin-
4-ylboronic (2,26g, 16,0mmol) va 6-clo-N-(tetrahydro-2H-pyran-4-yl)pyrimidin-4-
amin (2,85g, 13,3mmol) trong 4:1 dioxan/nugc (100mL), va dich huyén phul nay dugc
suc khi argon. Bb sung PdCl,(dppf)*DCM (0,545g, 0,667mmol) vao, va hdn hop nay
duoc 1am néng & nhiét d6 80°C trong bau khi nito. Sau khi khudy trong 6 gidy, hdn hop
phan @ng duoc 1am mét, pha lodng bing nudc va chiét bing etylaxetat hai lan. Phan
chiét dugc rira bang nude, nude mubi, lam kho va 1am bay hoi. Tinh ché bang sic ky
trén silicagel, rira giai bing 50-70% etylaxetat/hexan dé thu dugc hop chét 6-(2-
flopyridin-4-yl)-N-(tetrahydro-2 H-pyran-4-yl)pyrimidin-4-amin  (2,50g, 9,11mmol,

hiéu sut 68,3%) duéi dang chit ran.

Budc C: 6-(2-Flopyridin-4-yl)-N-(tetrahydro-2 H-pyran-4-yl)pyrimidin-4-amin
(2,50g, 9,11mmol) dugc hoa tan trong dung dich HCl 1M (50mL) va lam nong dén
nhiét d6 90°C. Hon hop nay dugc khudy qua dém, 1am ngudi va trung hoa bang dung
dich NaOH 1M (50mL). Hon hop sét thu dugc duge 1am lanh dén 5°C, va loc chit rin
ra, rira bdng nudc da lanh va 1am kho trong chan khéng dé thu dugce hgp chat 4-(6-
((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1 H)-on (2,46,

9,03mmol, hiéu suit 99,1%) dudi dang chét ran.

Vi du chit trung gian L

LT
|
NS NN AP

H
X NH

4-(2-((tetrahydro-2 H-pyran-4-yl)amino)pyridin-4-yl)pyridin-2(1 H)-on

Budc A: 4-Bromo-2-flopyridin (1,38g, 7,84mmol) dugc hoa tan trong DMSO
(20mL), va bd sung (tetrahydro-pyran-4-yl)amin (0,912g, 9,02mmol) vao, tiép theo
bang xesi cacbonat (5,11g, 15,7mmol). Hn hop niy dugc 1am néng dén 90°C va

khudy trong 3 gid. Sau khi 1am ngudi, hdn hop nay dugc pha lodng bing etylaxetat
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(200mL) va rira bang nude (5 X), nude mubi, 1am khd va 1am bay hoi dé thu dugc hop
chét 4-bromo-N-(tetrahydro-2H-pyran-4-yl)pyridin-2-amin (1,12g, 4,36mmol, hiéu
suét 55,5%) du6i dang dau.

BuGc B: Natri cacbonat (0,989g, 9,33mmol) dugc b sung vao axit 2-
flopyridin-4-ylboronic (0,570g, 4,04mmol) va 4-bromo-N-(tetrahydro-2H-pyran-4-
yl)pyridin-2-amin (0,80g, 3,11mmol) trong 4:1 dioxan/nuéc (25mL), va dich huyén
phu nay duqc suc khi nito. B6 sung PdCl,(dppf)*DCM (0,127g, 0,156mmol) vao, va
hén hop nay dwoc 1am néng & nhiét do 80°C trong bau khi nito. Sau khi khudy trong 6
gid, hdn hop phan ing dugc lam mat, pha loang bing nudc va chiét bing etylaxetat (2
X). Phan chiét dugc ria b?mg nude, nude mudi, lam kho va lam bay hoi. Tinh ché
bing sic ky trén silicagel, rira giai bang 50-70% etyl axetat/hexan dé thu dugc hop
chit 2’-flo-N-(tetrahydro-2H-pyran-4-yl)-4,4’-bipyridin-2-amin (0,64g, 2,34mmol,

hiéu suét 7 5,3%) dudi dang chét ran.

Budc C: 2’-Flo-N-(tetrahydro-2 H-pyran-4-yl)-4,4’-bipyridin-2-amin (0,64g,
2,3mmol) dugc Kkét hop v6i dung dich HCI IM (25mL, 25mmol) va lam néng dén
nhiét do 95°C trong thoi gian 3 gid. Sau khi ngudi, hdn hgp nay dugc trung hoa (pH
7-8) bing dung dich NaOH 1M (25mL). Hdn hop sét thu dugc duge 1am lanh dén
nhiét do 0°C va loc. Céac chit rin duoc rira b%lng nude va lam kho dé thu duge hop
chit  4-(2-(tetrahydro-2H-pyran-4-ylamino)pyridin-4-yl)pyridin-2(1H)-on ~ (0,62g,

2,3mmol, hiéu suét 98%) dudi dang chét ran.
Vi du chét trung gian M
NH,

O"/,/OH

0]
cis-(4-aminotetrahydro-2 H-pyran-2-yl)metanol

Budc A: Dung dich ctia hop chit ZnCl (0,63g, 4,6mmol) trong THF khan
(15mL) dugc bd sung vao dung dich cta hop chit 1-metoxy-3-(trimetylsilyloxy)-1,3-
butadien (7,94g, 46,0mmol) va etyl glyoxalat (7,05g, 69,0mmol) trong toluen (30mL)
& nhiét do trong phong. Sau khi khudy trong 30 phit, bd sung nudc (30mL) va TFA
(2mL) vao, va hdn hop nay dugc khudy manh trong 20 phut. Sau khi ¢6, phan cin
dugc tach 16p gitra EtOAc (200mL) va nuéc (100mL). Lép hitu co tach duge dugc
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ria béng nuée mudi, 1lam khd trén natri sulfat, va c6 dé thu duogc etyl este cua axit 4-
0x0-3,4-dihydro-2H-pyran-2-carboxylic (8,0g, hiéu sut 100%) duéi dang dau, dugc
ding cho budc tiép theo ma khong cén tinh ché thém. "H NMR (500 MHz, CDCl5) &
7,40 (d, J = 1,0 Hz, 1H), 5,48 (d, J = 6,5 Hz, 1H), 5,02 (t, ] = 8,0 Hz, 1H), 4,26 (q, ] =
7,0 Hz, 2H), 2,85 (d, J = 8,0 Hz, 2H), 1,32 (t, J = 7,5 Hz 3H); LCMS (ESI) m/z: 171
[M+H]".

Bu6c B: Hon hop cua etyl este cia axit 4-oxo-3,4-dihydro-2H-pyran-2-
carboxylic (8,0g, 46mmol) va Pd/C (10%, 0,20g) trong etyl axetat (70mL) dugc khudy
trong bau khi hydro (1 atm) trong 4 gid. Hon hop nay dugc loc qua dém Celite®. Dich
loc dugc cd, va phan con lai dugce tinh ché bang c6t silicagel nhd str dung 30% EtOAc
trong ete dau mé dé thu duoc etyl este clia axit 4-oxo-tetrahydro-pyran-2-carboxylic
(2,62g, hiéu suét 33%) dudi dang diu. '"H NMR (500 MHz, CDCls) 6 4,40 (m, 1H),
4,23-4,31 (m, 3H), 3,79 (m, 1H), 2,61-2,74 (m, 3H), 2,40 (d, J = 15,0 Hz, 1H), 1,31 (t,
J=17,5 Hz, 3H).

Budce C: Ti(Oi-Pr), (4,26g, 15,0mol) dugc bd sung vao dung dich dugc khuéy
cua etyl 4-oxo-tetrahydro-2 H-pyran-2-carboxylat (1,8g, 10mol) trong THF va CH;0H
(v/v=3:1, 100mL). Sau khi khudy & nhiét d6 trong phong trong thdi gian 1 gid, bd
sung NaBH(CH;COO); (4,22¢g, 20,0mol) vao & nhiét dd -20°C. Hon hgp phén (g sau
d6 dugc gift trong tu lanh & nhiét d6 -20°C qua dém. Etyl axetat (100mL) dugc bd
sung vao hdn hop phan ung, tiép theo 1a bd sung nudc mudi (2mL) tir tir. Sau khi
khudy trong thoi gian 30 phut, loc chét rén ra, va dich loc dugc ¢d dé thu duoc san
phim thd, ma dugc tinh ché bang cot silicagel nhd sir dung 1% metanol trong etyl
axetat dé thu dwoc hop chét cis-etyl 4-(benzylamino)-tetrahydro-2H-pyran-2-
carboxylat (1,4g, hiéu sut 51%) duéi dang chit ran. 'H NMR (500 MHz, CDCl;) &
7,34-7,28 (m, 5H), 4,23 (q, J = 7,0 Hz, 2H), 4,17 (m, 1H), 3,94 (d, J = 11,5 Hz, 2H),
3,84 (m, 1H), 3,46 (m, 1H), 2,81 (m, 1H), 2,29 (d, J = 10,0 Hz, 2H), 1,86 (d, J = 14,5
Hz, 2H), 1,37 (m, 1H), 1,29 (t, J = 7,0 Hz, 3H); LCMS (ESI) m/z: 264,2 [M+H]".

Buéc D: Bb sung LiAlH, (1,0g, 26 mol) & nhiét d6 0°C vao dung dich dugc
khudy cua cis-etyl 4-(benzylamino)-tetrahydro-2H-pyran-2-carboxylat (1,3g, 5,0mol)
trong THF khan (50mL). Sau khi khudy trong thoi gian 1 gio, phan ung duoc dimg
bang cach bd sung tir tir 14n lugt nuée (1mL), 15% NaOH (1mL), va nudc (3mL).
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Mubi v6 co duge loc ra va dich loc duge pha lodng b:?mg EtOAc (50mL), lam kho va
cd d& thu duoc hop chét cis-4-(benzylamino)-(tetrahydro-2H-pyran-2-yl)metanol
(1,1g, hiéu suit 100%). LCMS (ESI) m/z: 222,3 [M+H]".

Buéc E: Hon hop cia cis-4-(benzylamino)-(tetrahydro-2 H-pyran-2-yl)metanol
(1,1g, 5,0mol) va Pd/C (10%, 0,10g) trong metanol (20mL) dugc khudy trong bau khi
hydro (1 atm) trong thoi gian 2 gid. Hon hop thu duge duge loc qua dém Celite®.
Dich loc dugc cb dé thu duoc hop chét cis-(4-aminotetrahydro-2 H-pyran-2-yl)metanol
(500 mg, hiéu suét 77%). LCMS (ESI) m/z: 132,2 [M+H]".

Vidul
U
N)\N/ = -0 Cl
H N
X F
~ SOH

(S)-1-(1-(4-clo-3-flophenyl)-2-hydroxyetyl)-4-(2-((tetrahydro-2 H-pyran-4-
yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on

Bu6c A: Dich huyén phu cia (S)-1-(2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-
flophenyl)etyl)-4-(2-(metylsulfonyl)pyrimidin-4-yl)pyridin-2(1H)-on (5,77g,
10,7mmol) va tetrahydro-2H-pyran-4-amin (2,17g, 21,4mmol) trong sec-BuOH
(30mL) duoc 1am néng dén 120°C trong thoi gian 4 gio trong 6ng bit kin. Hdn hop
phan tng dwgc 1am lanh dn nhiét do trong phong va cd. Hop chét (S)-1-(2-(tert-
butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-4-(2-(tetrahydro-2 H-pyran-4-
ylamino)pyrimidin-4-yl)pyridin-2(1H)-on thé dugc st dung ma khéng cén tinh ché
trong budc B. m/z (APCI-pos) M+1 = 559,2, 560,2.

Budc B: Dung dich ctia hop chét (S)-1-(2-(tert-butyldimetylsilyloxy)-1-(4-clo-
3-flophenyl)etyl)-4-(2-(tetrahydro-2 H-pyran-4-ylamino)pyrimidin-4-yl)pyridin-2(1 H)-
on (6,00g, 10,7fnmol) trong THF (20mL) dugc xir Iy bang tetrabutyl amoni florua
(12,9mL, 12,9mmol) & nhiét do trong phong trong thoi gian 30 phat. Hon hop phan
ung dugc co, va phﬁn con lai dugce két hop véi etyl axetat va nuge. Lép hitu co dugc
rira bing nude (1X). Cac chit hitu co gom lai duge 1am khd, loc va ¢d. San phim thd

dugc tinh ché ban phdm thé duoc tinh ché, rira giai bang etyl axetat dé thu dugc hop
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chét (S)-1-(1-(4-clo-3-flophenyl)-2-hydroxyetyl)-4-(2-((tetrahydro-2 H-pyran-4-
ylamino))pyrimidin-4-yl)pyridin-2(1H)-on duéi dang chét rin (4,14g, 87%; lugng du
ddng phan ddi anh 96% (“e.e.”) bang HPLC khong d6i ximg (ky thuat khong ddi
xing, c6t OJ-H, 4,6mm X 250mm, 5u, 30% etanol/70% hexan, 1mL/phut)). 'H NMR
(400 MHz, CDCl;) & 8,38 (d, J=5,0 Hz, 1H), 7,40 (m, 2H), 7,20 (m, 2H), 7,10 (d,
J=8,2 Hz, 1H), 6,88 (d, J=5,0 Hz, 1H), 6,78 (m, 1H), 6,20 (m, 1H), 5,16 (d, J=8,0 Hz,
1H), 4,31 (m, 2H), 4,10 (m, 1H), 4,00 (m, 2H), 3,55 (m, 2H), 2,74 (br, s, 1H), 2,06 (m,
2H), 1,58 (m, 2H); m/z (APCI-pos) M+1 = 445,1, 447.,0.

Vidu2

,\1 AN
g M N
F
OH

1-((S)-1-(4-clo-3-flophenyl)-2-hydroxyetyl)-4-(2-(((3S,4S)-3-flotetrahydro-2 H-
pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on

Buéc A: Hdon hop cta (35,4S)-3-flotetrahydro-2H-pyran-4-amin (2,8g,
24mmol), N-etyl-N-isopropylpropan-2-amin (2,9g, 22mmol) va (S)-1-(2-(tert-
butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-4-(2-(metylsulfonyl)pyrimidin-4-
yDpyridin-2(1H)-on (8,0g, 15mmol) trong sec-BuOH (25mL) dugc cho vao éng bit
kin va 1am néng dén nhiét do 120°C trong thoi gian 68 gid. Hon hop phan tng duge
lam lanh dén nhiét d6 trong phong va cd. Hop chat 1-((S)-2-(tert-
butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-4-(2-((3S,45)-3-flotetrahydro-2 H-
pyran-4-ylamino)pyrimidin-4-yl)pyridin-2(1H)-on thé dugc st dung trong budc B ma
khong can tinh ché. m/z (APCI-pos) M+1 = 577,2, 579,2.

Budc B: Dung dich 4,0M cua hydro clorua (18,6mL, 74,5mmol) trong dioxan
dugc bd sung tir tir vao dung dich lanh (0°C) cta 1-((S)-2-(tert-butyldimetylsilyloxy)-
1-(4-clo-3-flophenyl)etyl)-4-(2-((3S,45)-3-flotetrahydro-2 H-pyran-4-
ylamino)pyrimidin-4-yl)pyridin-2(1H)-on (8,6g, 14,9mmol) trong MeOH (40mL), va
hén hop nay duoc khudy trong thoi gian 1 gid. Hdn hop phan Gng dugc ¢b, va phan
con lai dugc cho vao dung dich NaHCO; béo hoa va chiét béng etyl axetat (2X). Lép
hitu co duge 1am khd, loc va ¢d. San phdm thd duge tinh ché bing sic ky cot, rira giai
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bing hexan/etyl axetat (1:4) dé thu duogc hop chit 1-((S)-1-(4-clo-3-flophenyl)-2-
hydroxyetyl)-4-(2-(((3S,4S)-3-flotetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-
yDpyridin-2(1H)-on duéi dang chét rin (4,58g, 66%; 97% e.e. bing HPLC khong dbi
xtng (k¥ thuat khong dbi xung, c6t OD-H, 4,6mm X 250mm, 5u, 30% etanol/70%
hexan, 1mL/phut)). 'H NMR (400 MHz, CDCL;) § 8,38 (d, J=5,0 Hz, 1H), 7,41 (m,
2H), 7,21-7,09 (m, 3H), 6,89 (d, J=5,0 Hz, 1H), 6,76 (d, J=7,0 Hz, 1H), 6,20 (m, 1H),
5,55 (d, J=8,2 Hz, 1H), 4,75 (d, J=50 Hz, 1H), 4,38-4,18 (m, 4H), 4,05 (m, 1H), 3,69-
3,53 (m, 2H), 3,12 (br, s, 1H), 2,08-1,84 (m, 2H); m/z (APCI-pos) M+1 = 463,1,
465,0.

Vidu3

e

1-((S)-1-(4-clo-3-flophenyl)-2-hydroxyetyl)-4-(2-(((3S,4R)-3-flotetrahydro-2 H-
pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on

Buéc A: Hop chit  1-((S)-2-(fert-Butyldimetylsilyloxy)-1-(4-clo-3-
flophenyl)etyl)-4-(2-((3S,4 R)-3-flotetrahydro-2 H-pyran-4-ylamino)pyrimidin-4-
yl)pyridin-2(1H)-on dugc didu ché theo quy trinh chung trong vi du 2, buéc A, thay
hop chéit (3S,4R)-3-flotetrahydro-2H-pyran-4-amin cho hop chit (3S,45)-3-
flotetrahydro-2 H-pyran-4-amin. m/z (APCl-pos) M+1 = 577,2, 579,2.

Budc B: Hop chét 1-((S)-1-(4-clo-3-flophenyl)-2-hydroxyetyl)-4-(2-((3S,4R)-3-
flotetrahydro-2 H-pyran-4-ylamino)pyrimidin-4-yl)pyridin-2(1 H)-on (56%, 2 budc;
96% e.e. bang HPLC khong ddi xtmg (k¥ thuat khéng d6i ximg, cot OJ-H, 4,6mm X
250mm, 5u, 20% etanol/80% hexan, 1mL/phit)) dugc diéu ché theo quy trinh chung
trong vi du 2, budc B, thay thé hop chét 1-((S)-2-(tert-butyldimetylsilyloxy)-1-(4-clo-
3-flophenyl)etyl)-4-(2-(((3S,4R)-3-flotetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-
ylpyridin-2(1H)-on cho hop chét 1-((S)-2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-
flophenyl)etyl)-4-(2-((3S,4S)-3-flotetrahydro-2 H-pyran-4-ylamino)pyrimidin-4-
yl)pyridin-2(1H)-on. "H NMR (400 MHz, CDCl;) 6 8,39 (d, J=5,0 Hz, 1H), 7,40 (m,
2H), 7,21-7,09 (m, 3H), 6,91 (d, J=5,2 Hz, 1H), 6,79 (m, 1H), 6,19 (m, 1H), 5,34 (d,
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J=7,8 Hz, 1H), 4,61-4,42 (m, 1H), 4,38-4,26 (m, 3H), 4,10 (m, 1H), 3,90 (m, 1H),
3,61-3,51 (m, 2H), 3,05 (br, s, 1H), 2,33 (m, 1H), 1,63 (m, 1H); m/z (APCI-pos) M+1
=463,1, 465,1.

Vidu4

0,10

: lI/HJ\/Nj\CfO Cl

F x_N al
OH

1-((S)-1-(3,4-diclophenyl)-2-hydroxyetyl)-4-(2-(((3S,4S)-3-flotetrahydro-2 H-
pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on

Budc A: Hop chét 1-((S)-2-(tert-Butyldimetylsilyloxy)-1-(3,4-
diclophenyl)etyl)-4-(2-((35,4S)-3-flotetrahydro-2 H-pyran-4-ylamino)pyrimidin-4-
yl)pyridin-2(1H)-on dugc diéu ché theo quy trinh chung trong vi du 2, buéc A, thay
thé hop chat (S)-1-(2-(tert-butyldimetylsilyloxy)- 1-(3,4-diclophenyl)etyl)-4-(2-
(metylsulfonyl)pyrimidin-4-yl)pyridin-2(1H)-on cho hgp chit (S)-1-(2-(tert-
butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-4-(2-(metylsulfonyl)pyrimidin-4-
yD)pyridin-2(1H)-on. m/z (APCl-pos) M+1 = 593,1, 595,2.

Budc B: Hop chét 1-((S)-1-(3,4-Diclophenyl)-2-hydroxyetyl)-4-(2-(((3S,45)-3-
flotetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on (74%, 2 budc;
98% e.e. bang HPLC khong d6i xtng (k§ thuat khong dbi xtng, cot OD-H, 4,6mm X
250mm, 5u, 30% etanol/70% hexan, 1mL/phtt)) dugc diéu ché theo quy trinh chung
trong vi du 2, budc B, thay thé hop chit 1-((S)-2-(fert-butyldimetylsilyloxy)-1-(3,4-
diclophenyl)etyl)-4-(2-((3S,4S5)-3-flotetrahydro-2 H-pyran-4-ylamino)pyrimidin-4-
yl)pyridin-2(1H)-on cho hgp chit 1-((S)-2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-
flophenyl)etyl)-4-(2-(((3S5,4S)-3-flotetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-
yl)pyridin-2(1H)-on. 'H NMR (400 MHz, CDCl,) 6 8,39 (d, J=5,4 Hz, 1H), 7,50-7,38
(m, 3H), 7,24-7,15 (m, 2H), 6,91 (d, J=5,2 Hz, 1H), 6,77 (m, 1H), 6,19 (m, 1H), 5,53
(d, J=8,6 Hz, 1H), 4,75 (d, J=49 Hz, 1H), 4,40-4,18 (m, 4H), 4,10 (m, 1H), 3,70-3,54
(m, 2H), 2,65 (br, s, 1H), 2,08-01,88 (m, 2H); m/z (APCI-pos) M+1 = 479,0, 481,0.
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Vidull
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H
N /N
N F
OH

(8)-2-(1-(4-clo-3-flophenyl)-2-hydroxyetyl)-5-(2-((tetrahydro-2 H-pyran-4-
yl)amino)pyrimidin-4-yl)pyridazin-3(2H)-on

Bude A: Bb sung dung dich KO#-Bu 1,0M (2,64mL, 2,64mmol) trong THF va
tetrabutylamoni iodua (0,0749g, 0,203mmol) vao dung dich ctia hop chit 5-
iodopyridazin-3(2H)-on (0,45g, 2,03mmol) trong THF (10mL). Hon hop nay dugc
khudy & nhiét do trong phong trong thoi gian 10 phut truée khi bd sung hop chét (R)-
2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl metansulfonat (1,16g,
3,04mmol) duéi dang dung dich trong THF (10mL). Phan ting duoc lam néng dén khi
hdi Iuu trong thoi gian 90 gidy, sau d6 1am lanh dén nhiét d6 trong phong va c¢d. Phén
con lai duge cho vao etyl axetat va rira bang nuéce (2X). Cac chét hitu co duge lam
kho, loc va cb. San phim thoé dwoc tinh ché bing phwong phap sic ky cot, rira giai
bang hexan/etyl axetat (25:1) d&é thu dugc hop chit (S)-2-(2-(tert-
butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-5-iodopyridazin-3(2H)-on ~ (0,65g,
63%). '"H NMR (400 MHz, CDCl5) & 7,98 (d, J=2,0 Hz, 1H), 7,45 (d, J=2,2 Hz, 1H),
7,35 (m, 1H), 7,23 (m, 1H), 7,16 (m, 1H), 6,09 (m, 1H), 4,34 (m, 1H), 4,01 (m, 1H),
0,81 (s, 9H), 0,01 (s, 3H), -0,01 (s, 3H).

Buée B: Dung dich ctia hop chét (S)-2-(2-(tert-butyldimetylsilyloxy)-1-(4-clo-
3-flophenyl)etyl)-5-iodopyridazin-3(2H)-on (0,402g, 0,790mmol), 2-(metylthio)-4-
(tributylstannyl)pyrimidin ~ (0,361g, 0,869mmol), dbéng (I) iodua (0,0150g,
0,0790mmol) va PdCl,(PPh;), (0,0555g, 0,0790mmol) trong NMP (4mL) dugc lam
nong dén 120°C trong bau khi Ar trong thoi gian 16 gio. Hon hop phan ting dugc lam
lanh dén nhiét d6 trong phong va pha lodng bing etyl axetat (200mL). Céc chit hitu
co duoc ria béng nude mudi (3 X 50mL), 1am khd, loc va cd. San phém tho duoc tinh
ché bang phuong phap sic ky cot, rira giai bing hexan/etyl axetat (1:1) dé thu duoc
hop chét (S)-2-(1-(4-clo-3-flophenyl)-2-hydroxyetyl)-5-(2-(metylthio)pyrimidin-4-
yl)pyridazin-3(2H)-on (0,25g, 79%). m/z (APCI-pos) M+1 = 393,0, 395,0.
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Budc C: (8)-2-(1-(4-clo-3-flophenyl)-2-hydroxyetyl)-5-(2-
(metylsulfonyl)pyrimidin-4-yl)pyridazin-3(2H)-on (58%) duogc diéu ché theo quy
trinh chung trong vi du chét trung gian C, budc B, thay thé hop chét (5)-2-(1-(4-clo-3-
flophenyl)-2-hydroxyetyl)-5-(2-(metylthio)pyrimidin-4-yl)pyridazin-3(2 H)-on cho
hop chét (8)-1-(2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-4-(2-
(metylthio)pyrimidin-4-yl)pyridin-2(1H)-on. m/z (APCI-pos) M+1 = 425,0, 427,0.

Buéc D: (S)-2-(1-(4-clo-3-flophenyl)-2-hydroxyetyl)-5-(2-((tetrahydro-2 H-
pyran-4-yl)amino)pyrimidin-4-yl)pyridazin-3(2H)-on (78%) dugc diéu ché theo quy
trinh chung trong vi du 1, budc A, thay thé hop chit (S)-2-(1-(4-clo-3-flophenyl)-2-
hydroxyetyl)-5-(2-(metylsulfonyl)pyrimidin-4-yl)pyridazin-3(2H)-on cho hgp chét
(8)-1-(2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-4-(2-
(metylsulfonyl)pyrimidin-4-yl)pyridin-2(1 H)-on. "H NMR (400 MHz, CD;0D) & 8,68
(d, J=2,2 Hz, 1H), 8,41 (d, J=5,2 Hz, 1H), 7,56 (d, J=2,2 Hz, 1H), 7,45 (m, 1H), 7,34
(m, 1H), 7,24 (m, 1H), 7,15 (d, J=5,4 Hz, 1H), 6,18 (m, 1H), 4,42 (m, 1H), 4,06-3,97
(m, 4H); 3,56 (m, 2H), 2,00 (m, 2H), 1,62 (m, 2H); m/z (APCI-pos) M+1 = 446,1,
448,1.

Vidu 12
O
N)\N/ yZ 0] Cl
: N
X F
OH

1-(1-(4-clo-3-flophenyl)-2-hydroxyetyl)-4-(5-metyl-2-((tetrahydro-2 H-pyran-4-
yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on

Budc A: B sung natri cacbonat (0,575g, 5,43mmol) vao axit 2-flopyridin-4-
ylboronic (0,306g, 2,17mmol) va 2,4-diclo-5-metylpyrimidin (0,212mL, 1,81mmol)
trong dioxan/nudc (10mL; 4:1), va dich huyén phu ndy dugc suc khi nito. BS sung
PdCl, (dppf)*DCM (0,0739g, 0,0905mmol) vao, va lo dugc bit kin va lam néng &
nhiét d6 80°C. Sau 3 gid, hdn hop phan tmg ngudi duoc tach 16p giita nude va EtOAc.
EtOAc duoc rira béng nude mudi, 1am khod trén MgSOy, loc, va lam bay hoi dé thu

dugc san pham thd (0,50g) dudi dang chét rin. San phim thd nay dugc hip phu trén
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silicagel va sic ky trén cot Biotage SNAP 50g véi 1:1 hexan/EtOAc. Céc phan doan
16 dén 34 choa hop chit 2-clo-4-(2-flopyridin-4-yl)-5-metylpyrimidin (0,22g,
0,984mmol, hiéu suét 54,4%) véi tap chit nho.

Bugce B: B6 sung tetrahydro-2H-pyran-4-amin (0,109g, 1,08mmol) va N-etyl-
N-isopropylpropan-2-amin (0,258mL, 1,48mmol) vao 2-clo-4-(2-flopyridin-4-yl)-5-
metylpyrimidin (0,22g, 0,984mmol) trong DMA (2mL). Hdn hgp nay dugc lam néng
trong 10 vi séng & nhiét o 180°C trong thoi gian 30 phut. Hon hop phan ung dugc
tach 16p gitra nude va EtOAc. EtOAc dugce rira bang nude, nuée mudi, 1am kho trén
MgSOy, loc, va 1am bay hoi dé thu dugc san phdm tho (0,28g) dudi dang mang. Sén
phdm thé nay duoc sic ky trén cot Biotage SNAP 50g véi EtOAc. Céc phan doan 17
dén 32 chua 4-(2-flopyridin-4-yl)-5-metyl-N-(tetrahydro-2 H-pyran-4-yl)pyrimidin-2-
amin (0,158g, 0,548mmol, hié¢u suét 55,7%) dudi dang chét rén.

Budc C: Bb sung dung dich HC1 1M (10mL) vao hop chit 4-(2-flopyridin-4-
yl)-5-metyl-N-(tetrahydro-2 H-pyran-4-yl)pyrimidin-2-amin  (0,158g, 0,548 mmol).
Hbn hop nay dugc lam néng & nhiét dd hdi Iuwu. Sau 2 gid, hdn hop phan ng ngudi
dugc trung hoa bing NaHCO; rin. Chét rin thu dugc duge thu gom b%lng cach loc
chan khong va lam kho dé thu dugc hop chit 4-(5-metyl-2-(tetrahydro-2H-pyran-4-
ylamino)pyrimidin-4-yl)pyridin-2(1H)-on (0,126g, 0,440mmol, hiéu sudt 80,3%) dudi

dang chét ran.

Budc D: B6 sung 0,55g PS-triphenylphosphin 1,99mmol/g (0,289g, 1,10mmol)
vao 2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etanol (0,268g, 0,880mmol)
trong DCM (15mL) dugc lam mat trong dd lanh. (E)-Diisopropyl diazen-1,2-
dicarboxylat (0,216mL, 1,10mmol) dugc bd sung timg giot vao hdn hgp nay. Sau 10
phtt @& hdn hop phan tmg 4m Ién dén nhiét d6 mdi trudng, bd sung dich huyén phu
cia hop chét 4-(5-metyl-2-(tetrahydro-2H-pyran-4-ylamino)pyrimidin-4-yl)pyridin-
2(1H)-on (0,126g, 0,440mmol) trong DCM (5mL). Hon hop nay duoc khudy & nhiét
d6 méi trudong. Sau 4 gid, bd sung thém 1 duong luong DIAD nita, va hdn hgp nay
duoc khudy qua dém. Hon hop phan tng dugc loc va 1am bay hoi. Phin cin dugc tich
16p gitra nude va EtOAc. EtOAc duoc rira bang nude mudi, lam kho trén MgSOy, loc,
va 1am bay hoi @ thu dugc san phdm thé (0,64g) du6i dang dau. San phadm thé nay
duoc sic ky trén cot Biotage SNAP 50g véi 2:1 EtdAc/hexan. Céc phan doan 60 dén
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84 chta hop chit 1-(2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-4-(5-
metyl-2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on (0,033g,
0,0576mmol, hiéu sut 13,1%) dudi dang thuy tinh.

Budge E: B sung dung dich tetrabutylamoni florua 1M trong THF (0,173mL,
0,173mmol) vao hop chit 1-(2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-
4-(5-metyl-2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on
(0,033g, 0,0576mmol) trong THF (3mL). Hén hop ndy dugc khqu ¢ nhiét d0 moi
trudong. Sau 1 gid, hdn hgp phan ng dugce lam bay hoi, va phén cin duoc tach 16p
gitta nudc va EtOAc. EtOAc dugc rira b?lng nude mubi, 1am khd trén MgSOy, loc, va
lam bay hoi dé thu duoc san phim thd (0,0394g) dudi dang chit ran. San phim tho
duogc tinh ché bang sic ky trén cot Biotage SNAP 10g v6i 10:1 EtOAc/MeOH. Cac
phin doan 7 dén 12 chta hop chét 1-(1-(4-clo-3-flophenyl)-2-hydroxyetyl)-4-(5-
metyl-2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on
(0,0206g, 0,0449mmol, hi¢u suét 78,0%) dudi dang thuy tinh. 'H NMR (400 MHz,
CD;0D) 6 8,21 (s, 1H), 7,82 (d, 1H), 7,50-7,46 (m, 1H), 7,35-7,31 (m, 1H), 7,21-7,18
(m, 1H), 6,72 (d, 1H), 6,59 (dd, 1H), 4,32-4,26 (m, 1H), 4,22-4,17 (m, 1H), 4,12-4,07
(m, 1H), 4,00-3,92 (m, 2H), 3,54-3,47 (m, 2H), 2,17 (s, 3H), 1,99-1,93 (m, 2H), 1,62-
1,52 (m, 2H);m/z (APCI-pos) M+1 = 459,1.

Vidu 14
T
I/
N o) Cl
N /*{@
N
F
- OH

1-(1-(4-clo-3-flophenyl)-2-hydroxyetyl)-4-(2-((tetrahydro-2 H-pyran-4-
yl)amino)pyrimidin-4-yl)pyrimidin-2(1H)-on

Budc A: Bb sung hop chét 1,1-dimetoxy-N,N-dimetylmetanamin (9,87mL,
74,3mmol) vao 1-(2-(metylthio)pyrimidin-4-yl)etanon (0,50g, 2,97mmol). Hon hop
nay dugc 1am néng & nhiét d6 hdi luu qua dém. Hon hop phan tng duogc cd dén mot
ntra thé tich va xir Iy bang Et,0. Chét rén thu dugc duoc thu gom bing cach loc chan

khong dé thu duoc hop chit (E)-3-(dimetylamino)-1-(2-(metylthio)pyrimidin-4-
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yl)prop-2-en-1-on mong mubn (0,46, 2,06mmol, hiéu suit 69,3%).

Budc B: Hon hop rin dugc khudy k¥ ciia hop chét (E)-3-(dimetylamino)-1-(2-
(metylthio)pyrimidin-4-yl)prop-2-en-1-on  (0,206g, 0,923mmol), urea (1,11g,
18,5mmol), va 60% natri hydrua (0,0922g, 2,31mmol) dugc lam néng trong chdu céat
dugc 1am néng truée dén nhiét dd 140°C trong thoi gian 3 phut cho dén khi tan hoan
toan va sau d6 thém 2 phit duéi dang tan. Hon hop phéan tng ngudi duge xu ly bing
nu6e. Dung dich dugc axit héa dén pH 3 bang dung dich HCI 1M, va chét ran thu
duogc duge thu gom bing cach loc chan khéng dé thu dugc san phim thd (0,082g). San
phim tho nay dugc chay sic ky trén cot Biotage SNAP 50g véi 10:1 DCM/MeOH.
Céac phan doan 16 dén 48 chira hop chat 4-(2-(metylthio)pyrimidin-4-yl)pyrimidin-
2(1H)-on mong mudn (0,04g, 0,182mmol, hiéu suét 19,7%) duéi dang chét ran.

Bude C: B sung hop chit kali 2-metylpropan-2-olat (0,026g, 0,24mmol) va
tetrabutylamoni iodua (0,0067g, 0,018mmol) vao 4-(2-(metylthio)pyrimidin-4-
yl)pyrimidin-2(1H)-on (0,040g, 0,18mmol) dwoc huyén phi trong THF (4mL) dugc
lam mét trong d4 lanh. Sau 10 phut, bd sung dung dich ctia hop chit 2-(tert-
butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl metansulfonat (0,10g, 0,27mmol)
trong THF (1mL) vao. Hon hop nay duoc khudy & nhiét d trong phong qua dém va
sau dé lam nong & nhiét do 90°C trong thoi gian 2 ngay. Do phadn ung chua hoan
thanh, nguyén liéu dugc chuyén vao lo vi séng va 1am néng trong 16 vi séng & nhiét
d6 130°C trong thoi gian 1 gid. H3n hop phan tng duoc 1am bay hoi, va phan con lai
duoc chay sic ky trén cot Biotage SNAP 10g véi 1:1 hexan/EtOAc. Céc phan doan 8
dén 13 chira hop chét 1-(2-(tert-butyldimetylsilyloxy)- 1-(4-clo-3-flophenyl)etyl)-4-(2-
(metylthio)pyrimidin-4-yl)pyrimidin-2(1 H)-on mong mudn (0,030g, 0,059mmol, hi¢u

sudt 33%) dudi dang mang.

Budce D: B sung axit 3-clobenzoperoxoic (0,0306g, 0,177mmol) vao hop chét
1-(2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-4-(2-(metylthio)pyrimidin-
4-yl)pyrimidin-2(1H)-on (0,030g, 0,0592mmol) trong DCM (5SmL). Hén hop nay
duge khudy & nhiét do trong phong. Sau 2 gid, hdn hop phan tng dugc lam bay hoi.
Phan con lai dugc cho vao EtOAc, rira hai 14n bang hdn hop cta dung dich Na,S,05
bdo hoa trong nudc va dung dich NaHCO; bdo hoa trong nude, nude mudi, lam kho

trén MgSOy4, loc, va lam bay hoi dé thu duogc hop chét 1-(2-(tert-
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butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-4-(2-(metylsulfonyl)pyrimidin-4-
yl)pyrimidin-2(1H)-on (0,0349g, 0,0647mmol, hié¢u suit 109%).

Budce E: B sung tetrahydro-2H-pyran-4-amin (0,0327g, 0,324mmol) vao 1-(2-
(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-4-(2-(metylsulfonyl)pyrimidin-
4-yl)pyrimidin-2(1H)-on (0,0349g, 0,0647mmol) trong THF (5mL). Hén hop nay
dugc lam nong trong 10 vi séng & nhiét d 120°C trong thoi gian 1 gio va sau do6 ¢
nhiét dd 130°C trong thoi gian 1,5 gid. Hon hop phan (g dugc 1am bay hoi, va phén
con lai dugc tach 16p gitra EtOAc va nude. EtOAc dugc rira bing nudc mudi, 1am khod
trén MgSO,, loc, va 1am bay hoi dé thu dugc san pham tho (30,2mg) duéi dang mang.
San phdm thé nay dugc sic ky trén cot Biotage SNAP 10g v6i 2:1 EtOAc/hexan. Cac
phan doan 23 dén 34 chia hop chit 1-(2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-
flophenyl)etyl)-4-(2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyrimidin-
2(1H)-on mong muén (0,0048g, 0,00857mmol, hidu sudt 13,2%) dudi dang mang.

Budce F: Bd sung dung dich tetrabutylamoni florua 1M trong THF (0,026mL,
0,026mmol) vao 1-(2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-4-(2-
((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyrimidin-2(1H)-on (0,0048¢,
0,0086mmol) trong THF (2mL). Hdn hgp nay dugc khudy & nhiét d6 trong phong
trong thoi gian 1 gio. Hon hop phan ing dugc lam bay hoi, va phén cin dugc tach 16p
gitta nude va EtOAc. EtOAc dugc rira béng nude mudi, 1am khé trén MgSO;,, loc, va
1am bay hoi @ thu dwoc san phim tho (2,8 mg) duéi dang mang. San pham tho duge
tinh ché bang sic ky trén dia sic ky 16p mong didu ché (“TLC”), rira giai bang 10:1
DCM/MeOH. Bing chinh chira hop chit 1-(1-(4-clo-3-flophenyl)-2-hydroxyetyl)-4-
(2-(tetrahydro-2 H-pyran-4-ylamino)pyrimidin-4-yl)pyrimidin-2(14)-on mong mudn
(0,0006g, 0,0013mmol, hi¢u sut 16%). m/z (APCI-pos) M+1 = 446,1.

Vidu 20

e

(S)-1-(1-(4-clo-3-flophenyl)-2-hydroxyetyl)-5-flo-4-(2-((tetrahydro-2 H-pyran-
4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on
47-
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Bu6c A: B sung natri cacbonat (1,6g, 15mmol) vao axit 5-flo-2-
metoxypyridin-4-ylboronic (1,0g, 6,0mmol) va 2,4-diclopyrimidin (0,75g, 5,0mmol)
trong 4:1 dioxan/nudc (25mL), va dich huyén phi ndy duoc suc khi argon. B6 sung
PdCl, (dppf)*DCM (0,21g, 0,25mmol) vao va hdn hop nay dugc lam néng & nhiét 4o
80°C trong bau khi argon qua dém. Hon hop phan tng dugc pha lodng bang nudc, va
chit rin thu duoc duge thu gom bang cach loc chan khong, rira bang nudce, va lam khd
dé thu dugc hop chit 2-clo-4-(5-flo-2-metoxypyridin-4-yl)pyrimidin mong mubn
(1,2g, 5,0mmol, hiéu suit 99%) dudi dang chét ran.

Buéc B: Bd sung tetrahydro-2H-pyran-4-amin (0,101g, 1,00mmol) va N-etyl-
N-isopropylpropan-2-amin (0,188mL, 1,08mmol) vao 2-clo-4-(5-flo-2-metoxypyridin-
4-y)pyrimidin (0,20g, 0,835mmol) hoa tan trong 2-butanol (SmL) trong lo. Lo dugc
bit kin va 1am néng & nhiét dd 100°C qua dém. Hdon hop nay dugc lam bay hoi, va
phin mau t6i con lai dugc tach 16p gitta EtOAc va nuée. EtOAc duge rira bang nudc
mubi, lam kho trén MgSOs, loc, va 1am bay hoi dé thu dugc san phim tho (0,25g)
dudi dang dau. San phim nay duoc chay sic ky trén cot Biotage SNAP 50g véi 2:1
EtOAc/hexan. Cac phan doan 22 dén 48 chtra hop chét 4-(5-flo-2-metoxypyridin-4-
yl)-N-(tetrahydro-2 H-pyran-4-yl)pyrimidin-2-amin mong mudn (0,0992g, 0,326mmol,

hiéu suét 39,1%) dudi dang chét rén.

Bugc C: B6 sung timg giot iodotrimetylsilan (0,186mL, 1,30mmol) vao dung
dich cia hop chit 4-(5-flo-2-metoxypyridin-4-yl)-N-(tetrahydro-2H-pyran-4-
yD)pyrimidin-2-amin (0,0992g, 0,3260mmol) trong axetonitril (6mL) trong lo & nhiét
do6 trong phong. Lo bit kin dugc 1am néng & nhiét d6 80°C qua dém. Hdn hop phan
tmg dugc xir Iy bing MeOH (khoang 2mL) va mot it dung dich NaHCO; bio hoa
trong nude. Hén hop nay dugc cd, va phin chia nuge con lai duge xr ly ting giot
bing dung dich HC1 1M cho dén khi két tia mau nau dugc tao ra (pH 2). San phim
nay dugc chiét bang 2 phan ruou isopropylic 10% (“IPA”) trong DCM. Cac chét hiru
co gom lai dugc lam khd trén MgSQy, loc, va lam bay hoi dé thu duoc hop chét 5-flo-
4-(2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on ~ (0,0293g,
0,1009mmol, hiéu suit 30,96%) duéi dang chét rén.

Bu6c D: Bb sung tetrabutylamoni iodua (0,00186g, 0,00505mmol) va dung
dich kali 2-metylpropan-2-olat 1M trong THF (0,121mL, 0,121mmol) vao 5-flo-4-(2-
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((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on (0,0293¢,
0,101lmmol) trong THF (3mL). Sau khi khudy 10 phut & nhiét d trong phong, bd
sung dung dich ctia hop chét (R)-2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-
flophenyl)etyl metansulfonat (0,0541g, 0,141mmol) trong THF (2mL) vao. Hén hop
nay dugc lam néng & nhiét do hdi Iuu trong thoi gian 2 gid. Hon hop phén ung duge
tach 16p gitta nude va EtOAc. EtOAc dugc rira bing nude mudi, 1am kho trén MgSO,,
loc, va 1am bay hoi dé thu duoc san phim thd (0,12g) duéi dang mang. San pham nay
dugc chay sic ky trén cdt Sep-pack 1g véi 1:1 hexan/EtOAc. Céc phan doan 8-16
chira hop chét (S)-1-(2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-5-flo-4-
(2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on mong mudn
(0,0036¢, 0,00624mmol, hi€u suét 6,18%).

Bu6e E: B sung dung dich tetrabutylamoni florua 1M trong THF (0,019mL,
0,019mmol) vao (S)-1-(2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-5-flo-
4-(2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on ~ (0,0036g,
0,0062mmol) trong THF (1mL). Sau 10 phiit, hon hop phin ing dugc lam bay hoi, va
phén cin dugc tach 16p gitta EtOAc va dung dich NaCl loang. EtOAc dugc rira bang
nude mudi, lam khod trén MgSQO,, loc, va lam bay hoi dé thu duoc san phém tho
(0,0092¢) dudi dang mang. San phim nay dugc chay sdc ky trén cdt silica Sep-pack
1g v6i 10:1 EtOAc/MeOH. Céc phin doan 2 dén 4 chira hop chit (S)-1-(1-(4-clo-3-
flophenyl)-2-hydroxyetyl)-5-flo-4-(2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-
yDpyridin-2(1H)-on mong mubn (0,0018g, 0,0039mmol, hidu suit 62%) dudi dang
mang. 'H NMR (400 MHz, CDCl;) & 8,38 (d, 1H), 7,46-7,42 (m, 1H), 7,34 (d, 1H),
7,27-7,20 (m, 2H), 7,14-7,11 (m, 1H), 6,93-6,90 (m, 1H), 6,20-6,12 (m, 1H), 5,22-
5,19 (m, 1H), 4,31 (d, 2H), 4,15-4,09 (m, 2H), 4,03-3,97 (m, 2H), 3,60-3,53 (m, 2H),
2,09-2,03 (m, 2H), 1,63-1,55 (m, 2H); m/z (APCI-pos) M+1 = 463,1.

Vidu 21
S
Qu*”/ / %@CI
N
F
OH

(S)-1-(1-(4-clo-3-flophenyl)-2-hydroxyetyl)-3-flo-4-(2-((tetrahydro-2 H-pyran-
4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on
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Budc A: Natri cacbonat (2,13g, 20,1mmol) dugc bd sung vao axit 2-clo-3-
flopyridin-4-ylboronic (1,41g, 8,05mmol) va 2.,4-diclopyrimidin (1,0g, 6,71mmol)
trong 4:1 dioxan/nuéc (50mL), va hdn hop ndy dugc phun khi argon. PdCl,
(dppfH)*DCM (0,274g, 0,336mmol) dugc bd sung, va hdn hop nidy dugc lam néng &
nhiét d6 80°C trong bau khi argon. Sau 4,5 gid, bd sung thém axit boronic (khoang
0,2g) va tiép tuc 1am néng trong tong thoi gian 12 8,5 gi. Hon hop phan tng dugc pha
lodng bang nudc, va chét rin thu duoc duoc thu gom bang cach loc chan khong dé thu
dwgc hop chit 2-clo-4-(2-clo-3-flopyridin-4-yl)pyrimidin mong mubn (1,18g,
4,84mmol, hiéu suit 72,0%) véi tap chit nho.

Buéc B: N-Etyl-N-isopropylpropan-2-amin (0,185mL, 1,07mmol) va
tetrahydro-2 H-pyran-4-amin (0,0912g, 0,901mmol) dugc bd sung vao 2-clo-4-(2-clo-
3-flopyridin-4-yl)pyrimidin (0,200g, 0,819mmol) trong 2-butanol (7mL) trong lo. Lo
duge bit kin va 1am néng & nhiét @6 80°C qua dém. Hon hop phéan ting dugc lam bay
hoi, va phin cin dugc tich 16p gitta EtOAc va nuéc. EtOAc dugce rira bang nudce
mudi, 1am khé trén MgSO,, loc, va lam bay hoi dé thu dwoc sin pham thd (0,25g)
dudi dang mang. San phdm nay duogc chay sic ky trén cot Biotage SNAP 10g véi
EtOAc. Céc phan doan 8 dén 13 chita hop chit 4-(2-clo-3-flopyridin-4-yl)-N-
(tetrahydro-2 H-pyran-4-yl)pyrimidin-2-amin mong mubn (0,08g, 0,259mmol, hiéu

suét 3 1,6%) dudi dang chét rén.

Buéc C: 4-(2-Clo-3-flopyridin-4-yl)-N-(tetrahydro-2 H-pyran-4-yl)pyrimidin-2-
amin (0,08g, 0,259mmol) va dung dich HCI 1M (3,89mL, 3,89mmol) dugc bd sung
vao lo dung cho 10 vi séng. Lo nay dugc lam néng trong 10 vi séng & nhiét d¢ 140°C &
mdi giai doan 2 gio trong tdng thoi gian 1a 10 gid. Hon hop phan Gmg dugc pha lodng
bing nudc, va hop chit 3-flo-4-(2-((tetrahydro-2H-pyran-4-yl)amino)pyrimidin-4-
yl)pyridin-2(1H)-on mong mudn (0,0565g, 0,195mmol, hiéu suét 75,1%) duoc thu

gom bang céach loc chan khong.

Budéc D: Dung dich KHMDS 1M trong THF (0,234mL, 0,234mmol) dugc bd
sung vao 3-flo-4-(2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-
on (0,0565g, 0,195mmol) dugc huyén phil trong 2-metyltetrahydrofuran (SmL) duoc
lam mat trong da lanh. Hon hop nay dugc khudy trong thoi gian 10 phut & nhiét do

-trong phong. Sau d6, dung dich cia hop chit (R)-2-(tert-butyldimetylsilyloxy)-1-(4-
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clo-3-flophenyl)etyl metansulfonat (0,112g, 0,292mmol) trong 2-metyltetrahydrofuran
(2mL) dugc bd sung, va hdn hop nay dugc lam néng & nhiét do nim trong khoang tir
80 dén 90°C trong thoi gian 2 ngay. Hon hop phan tmng ngudi duge lam bay hoi. Phin
con lai duge xtr ly bﬁng dung dich NaCl loang va EtOAc, loc loai bo céac chét rin, va
cac 16p duogc tach. EtOAc duogc rira bﬁng nude mudi, 1am khd trén MgSQO,, loc, va lam
bay hoi dé thu dugc san phdm thé (0,09g) dudi dang mang. San phim nay dugc chay
sic ky trén cot Biotage SNAP 10g véi 2:1 EtOAc/hexan. Cic phan doan 12 dén 16
chtra hop chét (S)-1-(2-(tert-butyldimetylsilyloxy)- 1-(4-clo-3-flophenyl)etyl)-3-flo-4-
(2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on mong mudn
(0,02g, 0,0347mmol, hiéu sudt 17,8%) duéi dang thity tinh.

Buéc E: Dung dich tetrabutylamoni florua IM trong THF (0,10mL, 0,10mmol)
dugc bd sung vao (S)-1-(2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)-3-
flo-4-(2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on  (0,02g,
0,035mrﬁol) trong THF (5mL). Sau 30 phtt, hon hgp phan tng dugc lam bay hoi, va
phén cin dugc tach 16p giita EtOAc va dung dich NaCl lodng. EtOAc dugc ria bang
nude mubi, 1am khd trén MgSO,, loc, va 1am bay hoi dé thu duoc san phdm thd
(0,02g) dudi dang mang. San phim nay duoc chay séc ky trén cot Biotage SNAP 10g
v6i EtOAc. Céc phan doan 23 dén 33 chia hop chat (S)-1-(1-(4-clo-3-flophenyl)-2-
hydroxyetyl)-3-flo-4-(2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-
2(1H)-on mong muén (0,0018g, 0,0039mmol, hiéu sudt 11%) duéi dang mang. 'H
NMR (400 MHz, CDCl;) 6 8,41 (d, 1H), 7,45-7,40 (m, 1H), 7,24-7,18 (m, 2H), 7,14-
7,10 (m, 2H), 6,81-6,77 (m, 1H), 6,23-6,20 (m, 1H), 5,14-5,12 (m, 1H), 4,34-4,31 (m,
2H), 4,15-4,04 (m, 2H), 4,03-3,97 (m, 2H), 3,58-3,51 (m, 2H), 2,09-2,03 (m, 2H),
1,63-1,53 (m, 2H); m/z (APCI-pos) M+1 = 463,1.

Vi du 39
% NT™S
N{Nj\N)l\N/ NGO c
/o H SN .
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(8)-1-(1-(4-clo-3-flophenyl)-2-hydroxyetyl)-4-(2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on
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Budc A: (S)-1-(2-(tert-Butyldimetylsiloxy)-1-(4-clo-3-flophenyl)etyl)-4-(2-
(metylsulfonyl)pyrimidin-4-yl)pyridin-2(1H)-on ~ (47mg, 0,087mmol), 2-metyl
pyrazol-3-amin (0,175mmol, 2,0 duvong lugng) va DMF khan (3,0mL) duoc b6 sung
vao binh tam giac day tron 25mL c6 gin diia khudy. Binh nay dugc ddy nit cao su va
suc khi nito. Trong biu khi nito, natri hydrua (8,5mg, 60% phén tan trong dau
khoang) duogc bd sung 1am mot 1an. Binh dugc suc khi nito, ddy nip va khudy ¢ nhiét
do trong phong. Tién trinh phan ung dugc theo doi bang LCMS, va sau 30 phit,
nguyén lidu ban diu dugc tiéu thu. Hon hop phan tng dugc lam ngudi bang cach bd
sung nudc (0,5mL) va etyl axetat (15mL). Céac chét chtra trong binh tam giac day tron
nay duogc chuyén 1én phéu tach 125mL, va binh phan mg dugc ria vai lan etyl axetat
khac. Hop chét (S)-1-(2-((tert-butyldimetylsilyl)oxy)-1-(4-clo-3-flophenyl)etyl)-4-(2-
((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on thd duoc tach 16p
gitra etyl axetat va nudc (80 mL/30mL). Lép etyl axetat dugc rira mot 14n bang nuéc
mudi, lam kho (MgSO,), loc va c6 dé thu dugc hop chit (S)-1-(2-((tert-
butyldimetylsilyl)oxy)-1-(4-clo-3-flophenyl)etyl)-4-(2-((1-metyl-1 H-pyrazol-5-
yl)amino)pyrimidin-4-yl)pyridin-2(1H)-on thd. San pham thd nay dugc sit dung truc

ti€p cho budc khir bao vé.

Bu6c B: Hop chit (S)-1-(2-((tert-butyldimetylsilyl)oxy)-1-(4-clo-3-
flophenyl)etyl)-4-(2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-yl)pyridin-2(1 H)-
on thdé (48mg) dugc hoa tan trong etyl axetat (4mL) va xir ly ting giot chdm (trong 2
phut) bang dung dich etyl axetat (1,0mL, di dugc bdo hoa bang khi HCI). Phan tmng
dugc khudy ¢ nhiét do trong phong trong thoi gian 15 phit, sau thoi gian d6 LCMS
cho thay tiéu thu hoan toan nguyén liéu ban dau. Hon hop phan tng duoc cd thanh
can dau va tinh ché bing RP HPLC diéu ché dé thu dugc hop chét (S)-1-(1-(4-clo-3-
flophenyl)-2-hydroxyetyl)-4-(2-((1-metyl-1H-pyrazol-5-yl)amino)pyrimidin-4-
yl)pyridin-2(1H)-on (20,8 mg, hiéu suit 54,6%) duéi dang bot khod lanh. 'H NMR
(400 MHz, (CD3),SO) & 9,58 (s, 1H), 8,60 (d, J = 5,1 Hz, 1H), 7,91 (t, J = 9,0 Hz,
1H),7,58 (t, J = 8,1 Hz, 1H), 7,52-7,41 (m, 2H), 7,37 (d, ] = 1,8 Hz, 1H), 7,14 (dd, J =
10,7,5,1 Hz 2H), 6,86 (dd, J = 7,3, 1,8 Hz, 1H), 6,27(d, J = 1,7 Hz, 1H), 5,97 (dd, J =
7,7, 5,7 Hz, 1H), 5,31(t, ] = 5,2 Hz, 1H),4,15 (m, 1H), 4,10-3,95 (m,1H), 3,69 (s, 3H);
LCMSm/z 441 (M+H)+.
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Vidu 42
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4-(2-((1S,4R,5R)-2-oxabixyclo[2,2,1]heptan-5-ylamino)pyrimidin-4-yl)-1-((S)-
1-(4-clo-3-flophenyl)-2-hydroxyetyl)pyridin-2(1H)-on

Buéc A: Diphenylphosphoryl azit (“DPPA”) (0,97g, 3,5mmol) va trietylamin
(384mg, 3,80mmol) dugc bd sung viao dung dich cta axit 3-oxo-2-oxa-
bixyclo[2,2,1]heptan-5-carboxylic (0,50g, 3,2mmol; dugc diéu ché theo cong bd
W02008/092955) trong toluen khd (5,0mL). Hon hop thu dugc duge khudy & nhiét do
100°C trong bau khi nito. Sau khi bd sung phenylmetanol (354mg, 3,50mmol) vao,
hén hop nay duoc khudy & nhiét do 130°C trong 2 gid nita. Sau khi 1am ngudi bang
nude (1mL), hdn hop nay dugc pha lodng bing etyl axetat (300mL), rita bing nudc
mudi bao hoa (3 X 50mL), lam khd trén natri sulfat khan, va sau dé co. Phén con lai
duoc tinh ché bing sic ky trén silicagel rira giai bing ete ddu md/etyl axetat (4:1) aé
thu dugc hop chét benzyl 3-oxo-2-oxa-bixyclo[2,2,l]heptan-S-yléarbamat (600 mg,
hiéu suht 72%) dudi dang chat rén. "H NMR (500 MHz, CDCl;) & 7,80-7,74 (m, 1H),
7,39-7,31 (m, 5H), 5,08-5,00 (m, 3H), 3,87 (s, 1H), 2,78 (s, 1H), 2,24-2,15 (m, 1H),
2,14 (d, T=9,0 Hz, 1H), 1,97 (t, ] = 20,5 Hz, 1H), 1,71 (d, J = 14,0 Hz, 1H).

Budc B: NaBH, (0,580g, 15,2mmol) dugc bé sung vao dung dich cta hop chét
benzyl 3-oxo-2-oxa-bixyclo[2,2,1]heptan-5-ylcarbamat (1,0g, 3,8mmol) va CaCl,
(0,85g, 7,6mmol) trong etanol (50mL) & nhiét d 0°C. Sau khi khudy & nhiét do trong
phong trong 12 gid, hdn hop phan tng dugc xtt ly bang dung dich HCI dam dic. Cac
chit d& bay hoi dugc loai b, va phan con lai dugc chiét bing CHCl; (3 X 100mL),
rira bang nuéc (50mL) va nudc mudi (50mL), 1am kho trén natri sulfat khan va co.
Phén con lai dugc két tinh lai tir ete diu mo dé thu dugc hop chét benzyl 4-hydroxy-2-
(hydroxymetyl)xyclopentylcarbamat (750 mg, hiéu suit 75%) duéi dang chit rin. 'H
NMR (500 MHz, (CDs;),S0O) & 7,38-7,31 (m, 5SH), 7,25 (d, J = 13,5 Hz, 1H), 4,99 (s,
2H), 4,53 (d, J =4 Hz, 1H), 4,48 (t, ] = 10 Hz, 1H), 4,09 (d,J =4 Hz, 1H), 3,73 (t,J =
15,5 Hz, 1H), 3,46-3,43 (m, 1H), 3,31-3,28 (m, IH), 1,99 (d, ] = 7 Hz, 1H), 1,80—
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1,74 (m, 2H), 1,57 (t, T = 12,5 Hz, 1H), 1,26 (s, 1H).

Bude C: Dung dich ciia hop chit TsCl (290mg, 1,52mmol) trong toluen kho
(3,0mL) dugc bd sung timg giot vao dung dich cua hop chét benzyl 4-hydroxy-2-
(hydroxymetyl)xyclopentylcarbamat (100mg, 0,380mmol) va pyridin khé (3,0mL)
trong toluen kho (6,0mL) & nhiét 46 0°C. Sau do, hdn hop ndy dugc 1am 4m dén nhiét
d6 trong phong va khudy trong thoi gian 2 ngay. Hon hop phan tmg duoc lam nong
dén nhiét do 120°C va khudy thém 16 gid. Sau khi c6, phan con lai dugc tinh ché bing
Combi-flash pha nguge (NH,HCO; 0,3%/CH;CN) dé thu dugc hop chét benzyl 2-oxa-
bixyclo[2,2,1]heptan-5-ylcarbamat dudi dang chét rin (58 mg, hiéu suit 62%). 'H
NMR (500 MHz, CD3;0D) 8 7,37-7,31 (m, 5H), 5,09 (s, 2H), 4,33 (s, 1H), 3,73 (d, ] =
5,5 Hz, 1H), 3,63-3,61 (m, 1H), 3,48 (d, ] = 7,5 Hz, 1H), 2,53 (s, 1H), 2,07-2,04 (m,
1H), 1,72 (d, J = 10,5 Hz, 1H), 1,61 (d, ] = 11,0 Hz, 1H), 1,42 (d, J = 14,0 Hz, 1H).

Buéc D: Hon hop ctia benzyl 2-oxa-bixyclo[2,2,l]heptan—S-ylcarbamat (0,50g,
2,0mmol) va Pd/C (10%, 50 mg) trong metanol (20mL) duoc khudy trong bau khi
hydro (1 atm) & nhiét d§ trong phong trong thoi gian 16 gid. Sau khi hoan thanh phéan
tng, hdn hop phan tng dugc diéu chinh dén pH quanh 4 bang dung dich HCI 1M
trong metanol. Hon hop nay duoc loc qua Celite® va cd dudi ap sult giam dé thu
duoc hop chit 2-oxa-bixyclo[2,2,1]heptan-5-amin hydroclorua (300 mg, hiéu sut
100%) dudi dang chét rdn. '"H NMR (500 MHz, CD;0D) § 4,43 (s, 1H), 3,72-3,70 (m,
1H), 3,54 (d, J = 7,5 Hz, 1H), 3,50-3,48 (m, 1H), 2,76 (s, 1H), 2,20-2,15 (m, 1H),
1,96 (d,J=11,0 Hz, 1H), 1,78 (d, ] = 11,0 Hz, 1H), 1,61 (d, ] = 11,0 Hz, 1H).

Budc E: Lo dung cho 10 vi séng dugc nap (S)-1-(2-(zert-butyldimetylsilyloxy)-
1-(4-clo-3-flophenyl)etyl)-4-(2-(metylsulfonyl)pyrimidin-4-yl)pyridin-2(1 H)-on
(100mg, 0,190mmol), 2-oxa-bixyclo[2,2,1]heptan-5-amin hydroclorua (53mg,
0,47mmol), TEA (0,50mmol, 50mg) va s-butanol (3,0mL). Hén hop nay duogc khuéy
& nhiét @6 130°C trong burc xa vi song trong thoi gian 3 gio. Sau khi hoan thanh phan
tng, hdn hop nay dugc c6 dé thu duoc hop chét 4-(2-(2-oxabixyclo[2,2,1]heptan-5-
ylamino)pyrimidin-4-y1)-1-((S)-2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-
flophenyl)etyl)pyridin-2(1H)-on duéi dang dau, ma dugc sir dung trong budc tiép theo
ma khéng can tinh ché thém. LCMS (ESI) m/z: 571,3 [M+H]+.

Budc F: Hop chit 4-(2-(2-oxabixyclo[2,2,1]heptan-5-ylamino)pyrimidin-4-yl)-

-54-



25173

1-((S)-2-(tert-butyldimetylsilyloxy)-1-(4-clo-3-flophenyl)etyl)pyridin-2(1H)-on  tho
dugc hoa tan trong dung dich ctia hop chit HCI trong metanol (SmL, 1M). Sau khi
khudy & nhiét do trong phong trong thoi gian 2 gid, hdn hgp phan tmg sau d6 dugc
didu chinh dén pH quanh 8 bang dung dich Na,CO; bdo hoa. Hon hgp thu duge duge
chiét béng etyl axetat (3 X 20mL). Cac 16p hitu co gom lai dugc 1am kho trén Na,SO,
va co. Phan con lai dugc tinh ché bing HPLC didu ché dé thu dwoc hop chit 4-(2-(2-
oxabixyclo[2,2,1]heptan-5-ylamino)pyrimidin-4-yl)-1-((S)-1-(4-clo-3-flophenyl)-2-
hydroxyetyl)pyridin-2(1H)-on (23 mg, hiéu suit 29%). '"H NMR (500 MHz, CD;0D)
58,42 (d, J=5,0 Hz, 1H), 7,86 (d, J = 8,5 Hz, 1H), 7,51 (t, J = 16 Hz, 1H), 7,35-7,33
(m, 1H), 7,29 (s, 1H), 7,20 (d, J = 8,0 Hz, 1H), 7,14 (d, J = 5,5 Hz, 1H), 7,08-7,06 (m,
1H), 6,15-6,13 (m, 1H), 4,40 (s, 1H), 4,32-4,28 (m, 1H), 4,22-4,19 (m, 1H), 4,09-4,07
(m, 1H), 3,71-3,69 (m, 1H), 3,61 (d, J = 7,0 Hz, 1H), 2,69 (s, 1H), 2,19 (t, ] = 12,0 Hz,
1H), 1,86 (d, J = 10,5 Hz, 1H), 1,66 (d, J = 10,0 Hz, 1H), 1,58 (d, J = 14,0 Hz, 1H);
LCMS (ESI) m/z: 571,3 [M+H]+.

Céc hop chit sau ddy trong bang 2 dugc diéu ché cac quy trinh néu trén nho st

dung céc nguyén liéu ban dau va chit trung gian thich hop.

Bang 2
S6
vi Chu tric Tén MS
du
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429,1
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"/I cl yl)amino)pyrimidin-4-yl)pyridin- M+1 =
OH OH 2(1H)-on 401,1,
403,1
m/z
/r‘\ll\ j ) i 1-(1-(3-clo-4-flophenyl)-2- (APCI-
60 j\l N i f \(@ hydroxyetyl)-4-(2-(((S)-1- pos)
"/| o] hydroxypropan-2-yl)amino)pyrimidin- | M+1 =
OH OH 4-yl)pyridin-2(1H)-on 419,1,
421,1
m/z
)Nl\ j 3 3 1-((S)-1-(4-clo-3-flophenyl)-2- (APCI-
6 HNT N =z hydroxyetyl)-4-(2-(((R)-1-hydroxy-3- | pos)
H "'rl X N\(@F metoxypropan-2-yl)amino)pyrimidin- | M+1 =
~0 OH oH 4-yl)pyridin-2(1H)-on 4491,
451,1
(S)-1-(1-(4-clo-3-flophenyl)-2 e
)NI\ j O cl hydroxyetyl)-6-metyl-4-(2- (i:)CI-
68 g“j N \ N\(@[F ((tetrahydro-2 H-pyran-4- II:/HI _
yl)amino)pyrimidin-4-yl)pyridin-
o OH 2(1H)-on 459,1,
461,1
)NI\ A 1-(2-hydroxy-1-m-tolyletyl)-4-(2- ZZ;CI-
o N s %@\ ((tetrahydro-2 H-pyran-4- 505)
ﬁj XN yl)amino)pyrimidin-4-yl)pyridin-
M+1 =
o OH 2(1H)-on 407.1
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m/z
NT .4
/m P o o 1-((4-clo-3-flophenyl)((S)-pyrolidin- | (APCI-
102 HN™ N ~ ! 2-yl)metyl)-4-(2-((tetrahydro-2H- | pos)
X
Elj F pyran-4-yl)amino)pyrimidin-4- M+1 =
0 NH yl)pyridin-2(1H)-on 484.1,
485,1
X (8)-1-(1-(3,5-diflophenyl)-2 e
N F -1-(1-(3,5-diflophenyl)-2-
A - 0 pReny (APCI-
HN™ °N = hydroxyetyl)-4-(2-((tetrahydro-2H-
103 SN _ o pos)
F pyran-4-yl)amino)pyrimidin-4-
Dpyridin-2(1H) ML=
o) OH ridin- -on
yopY 429,1
P m/z
N|\N (8)-1-(1-(4-clo-3-flophenyl)-2- (APCI
HNT NN F © cl hydroxyetyl)-4-(6-((tetrahydro-2H-
109 SN _ pos)
F pyran-4-yl)amino)pyrimidin-4-
Dpyridin-2(1H) ML=
ridin- -on
o} OH YUpY 4450
w X o] 1-(1-(3-clo-5-flophenyl)-2-
120 HN™ N N ° hydroxyetyl)-4-(2-((tetrahydro-2 H- 1451
XN F pyran-4-yl)amino)pyrimidin-4- ’
o] OH yl)pyridin-2(1H)-on
N7 1-(1-(4-clo-3-flophenyl)etyl)-4-(2-
| = 0 Cl
-1-hydroxybutan-2-
134 HN” N =z (¢S y y 417.1
1 N E yl)amino)pyrimidin-4-yl)pyridin-
OH 2(1H)-on
N| N 1-(1-(4-clo-3-flophenyl)-2-
Y NT NP ¢ hydroxyetyl)-4-(2-((2-etylpyrimidin- |
5\|N XN F 4-yl)amino)pyrimidin-4-yl)pyridin- ’
\N)\/ OH 2(1H)-on
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)Nl\ Z 0 4-(2-((tetrahydro-2 H-pyran-4-
yl)amino)pyrimidin-4-y1)-1-(4-

157 XN 461,2
\/\©\ (triflometoxy)phenetyl)pyridin-2(1H)-

CF3 on
)N‘\ j . . 1-(1-(4-clo-3-flophenyl)-2-
HN” °N = hydroxyetyl)-4-(2-((1,3-dimetyl-1H-
166 %}/ SN \(@ F pyrazol-4-yl)amino)pyrimidin-4- 31
/N—N OH yl)pyridin-2(1H)-on
)NI\ j . . (S)-1-(1-(4-clo-3-flophenyl)-2-
o HNT N i T r@: hydroxyetyl)-4-(2-((1,3-dimetyl-1H- 455.13
z N~ F pyrazol-5-yl)amino)pyrimidin-4-
—N OH yl)pyridin-2(1H)-on
N| N 1-(1-(4-clo-3-flophenyl)vinyl)-4-(2-
172 HNT ONT N \;/@:CI ((2-metylpyridin-4- 541
=z | N F yl)amino)pyrimidin-4-yl)pyridin-
SN 2(1H)-on
NI j . y (S)-1-(1-(4-clo-3-flophenyl)-2-
HN” °N = hydroxyetyl)-4-(2-((1-etyl-3-metyl-
173 % SN \(@ F 1 H-pyrazol-4-yl)amino)pyrimidin-4- 10,1
N=N_ OH yl)pyridin-2(1H)-on
N| X (S)-1-(1-(4-clo-3-flophenyl)-2-
HN™ N N ° cl hydroxyetyl)-4-(2-((4-metyl-1H-
18 Z “NH XN \(@ F imidazol-5-yl)amino)pyrimidin-4- Ll
N=/ OH yl)pyridin-2(1H)-on
N| e 1-((3,4-diclophenyl)(1-metyl-1H-
HN )\ N cl pyrazol-4-yl)metyl)-4-(5-flo-2-
209 XN cl ((tetrahydro-2 H-pyran-4- 531
o) 2 yl)amino)pyrimidin-4-yl)pyridin-
NN 2(1H)-on
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NI\
HN)\N/ NGO cl
s
H
0

1-((6-clo-1H-indol-2-yl)metyl)-4-(2-
((tetrahydro-2 H-pyran-4-

250 436,1
yl)amino)pyrimidin-4-yl)pyridin-
2(1H)-on
NN R 1-((4-flo-1H-indol-2-yl)metyl)-4-(2-
266 HN)\N/ AP i ((tetrahydro-2 H-pyran-4- 120.1
N N yl)amino)pyrimidin-4-yl)pyridin- ’
o 2(1H)-on
N
HN)I\N A0 ol (S)-metyl 4-((4-(1-(1-(4-clo-3-
flophenyl)-2-hydroxyetyl)-2-oxo-1,2-
270 | =~ XN F phenyl)-2-hydroxyetyl 496,1
<5 dihydropyridin-4-yl)pyrimidin-2-
N o yl)amino)picolinat
O\
/Nl A F 1-((4-flo-1H-indol-6-yl)metyl)-4-(2-
0]
28 HN” ONZ A \/©E\> ((tetrahydro-2 H-pyran-4- 420.0
XN ” yl)amino)pyrimidin-4-yl)pyridin- ’
0 2(1H)-on
/Nm h o ol (S)-2-(4-clo-3-flophenyl)-2-(2-0x0-4-
—
HN™ N ~ ! (2-((tetrahydro-2 H-pyran-4-
\ .
290 F yl)amino)pyrimidin-4-yl)pyridin- 530,2
0 0 1(2H)-yl)etyl 2-amino-2-
O//lw(NHz metylpropanoat
NN F (S)-1-(1-(5-flo-1H-indol-2-yl)-2-
201 HN/kN/ NP i hydroxyetyl)-4-(2-((tetrahydro-2 H- 150
N N pyran-4-yl)amino)pyrimidin-4- ’
0 HO yDpyridin-2(1H)-on
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293

(S)-2-(4-clo-3-flophenyl)-2-(4-(2-((1-
metyl-1H-pyrazol-5-

)I\/ 0] Cl

\ yl)amino)pyrimidin-4-yl)-2-
oxopyridin-1(2H)-yl)etyl axetat

483,1

295

1-(1-(4-clo-3-flophenyl)vinyl)-4-(2-
((1-etyl-1H-pyrazol-5-

F yl)amino)pyrimidin-4-yl)pyridin-

N 2(1H)-on

437,1

305

(S)-1-(2-amino-1-(4-clo-3-
flophenyl)etyl)-4-(2-((tetrahydro-2 H-
F pyran-4-yl)amino)pyrimidin-4-
yl)pyridin-2(1H)-on

4442

(tetrahydropyran-4-ylamino)pyrimidin-4-yl|pyridin-2-on (0,62g,

Vidua

|
HO—P=0
OH

(S)-2-(4-clo-3-flophenyl)-2-(2-0x0-4-(2-((tetrahydro-2 H-pyran-4-
yl)amino)pyrimidin-4-yl)pyridin-1(2H)-yl)etyl dihydro phosphat
chat

Budc A: Hop

-60-

1-[(1S)-1-(4-clo-3-flo-phenyl)-2-hydroxy-etyl]-4-[2-
1,39mmol) duogc
chuyén vao binh tam giac day tron 100 mL kho trong THF (50mL). Xesi cacbonat
(2,26g, 6,93mmol) dugc bd sung. Hon hop nay dugc khudy & nhiét do trong phong
trong thoi gian 20 phut trudc khi bd sung dibenzylphosphoryl clorua (0,91g,
3,05mmol) trong toluen vao. Hén hop nay duoc khudy qua dém ¢ nhiét do trong
phong. Hdn hop nay duoc pha lodng bing etyl axetat va rira bang nuée (2 X 30mL),
dung dich natri bicacbonat bdo hoa (2 X 30mL) va nuéc mubi (2 X 30mL), va sau d6
1am khé trén natri sulfat. Dung méi dugc loai bo dé con lai dau. Dau nay dugc tinh

ché biang CombiFlash (cot 24g; 0 dén 5% metanol/DCM trong sudt 15 phit). LCMS
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x4c dinh san phim 13 hop chét (S)-dibenzyl (2-(4-clo-3-flophenyl)-2-(2-0x0-4-(2-
((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-1(2H)-yl)etyl) phosphat
(978 mg). (M+1 =705).

Buge B: 5% Pd/C (0,15g) duoc bd sung vao (S)-dibenzyl (2-(4-clo-3-
flophenyl)-2-(2-0x0-4-(2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-
1(2H)-yl)etyl) phosphat (978 mg) trong bau khi nito. MeOH (8mL) dugc bd sung, va
hén hop nay duge suc khi hydro. H3n hop dugc dé trong bau khi hydro qua dém. Hon
hop duogc loc qua Celite®, va dung mdi dugc loai bo dé lai chét rin. Chét ran dugc
tinh ché bing HPLC dé thu dwugc hop chat (S)-2-(4-clo-3-flophenyl)-2-(2-0x0-4-(2-
((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-yl)pyridin-1(2H)-yl)etyl dihydro
phosphat (3,8 mg). MS = 525,0.

Vidu B
N .
|
HN/LN/ AP cl
N
X F
0 o)
k‘?
HO-P=0
OH

(8)-(2-(4-clo-3-flophenyl)-2-(2-0x0-4-(2-((tetrahydro-2 H-pyran-4-
yl)amino)pyrimidin-4-yl)pyridin-1(2H)-yl)etoxy)metyl dihydro phosphat

Budc A: Natri hydrua (44 mg, 1,10mmol) dugc bd sung vao hop chét 1-[(1S)-
1-(4-clo-3-flophenyl)-2-hydroxyetyl]-4-[2-(tetrahydropyran-4-ylamino)pyrimidin-4-
yl]pyridin-2-on (0,49g, 1,10mmol) trong DMF (10mL) & nhiét d6 0°C, hdn hgp dugce
khuéy & nhiét d6 0°C. Trong lo khac, natri iodua (0,17g, 1,10mmol) va clodimetyl
sulfua (0,11g, 1,10mmol) dugc chuyén vao, sau d6 bd sung vao hdn hgp phan tng.
Hdn hop phéan ung duge khudy qua dém & nhiét do trong phong. Hon hop nay dugc
1am ngudi than trong bang nudc trude khi pha lodng bang etyl axetat. Tach cac pha.
Pha hitu co duoc rira bang dung dich natri bicacbonat bdo hoa, nudc, va tiép theo bing
nuée mudi. Hén hop nay duoc 1am kho trén natri sulfat truée khi loai bé dung moi dé
lai dau. Dau nay dugc tinh ché bing CombiFlash (cot 24g, 0-10% MeOH/DCM trong
vong 20 phat) dé thu duoc hop chit (S)-1-(1-(4-clo-3-flophenyl)-2-
((metylthio)metoxy)etyl)-4-(2-((tetrahydro-ZH-pyraﬁ-4-yl)amino)pyrimidin-4-
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yl)pyridin-2(1H)-on (555 mg) dudi dang chét rin (M+1 = 506).

Budc B: Axit phosphoric (0,40g, 3,98mmol), rdy phan t& 4A (5g) va N-
iodosucxinimit (0,46g, 1,99mmol) dwoc bd sung vao hop chat (S)-1-(1-(4-clo-3-
flophenyl)-2-((metylthio)metoxy)etyl)-4-(2-((tetrahydro-2 H-pyran-4-
yl)amino)pyrimidin-4-y1)pyridin-2(1H)-on (0,50 g,1,00mmol) trong DMF (5mL). Hon
hop nay duoc khudy & nhiét do trong phong trong thoi gian 2 gio. Hon hop nay dugc
lam ngudi bang natri thiosulfat. Natri cacbonat dugc bd sung vao dwa pH vé 10, va
loai bo dung mdi. Chit thu dugc dugc tinh ché bang HPLC dé thu dugc hop chét (S)-
(2-(4-clo-3-flophenyl)-2-(2-ox0-4-(2-((tetrahydro-2 H-pyran-4-yl)amino)pyrimidin-4-
yl)pyridin-1(2H)-yl)etoxy)metyl dihydro phosphat (13 mg). M+1 = 555,1.
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YEU CAU BAO HQ

1. Hop chét c6 cong thie sau:

hodc mudi dugc dung cua no.

2. Hop chit theo diém 1, trong d6 hop chét nay c6 cong thirc sau:

hodc mudi dugc dung cua nd.

4. Dugc phdm theo diém 3, trong d6 duoc ph4m nay chtta hop chét c6 cong thirc sau:

5. Duoc pham theo diém 3, trong d6 dugc phim nay bao gbm it nhét mot ta dugc

duoc dung.
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6. Dugc pham theo diém 4, trong d6 dugc phdm nay bao gbm it nhit mot ta dugce

dugce dung.
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