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Linh viee k§ thuit dwoc dé cap

Sang ché dé& cép dén hop chét 7-phenyletylamino-4H-pyrimido[4,5-

D][1,3]oxazin-2-on va dugc pham chira hop chit nay.
Tinh trang ky thuit ciia sang ché

Protein isoxitrat dehydrogenaza (IDH) 1a mot enzym quan trong trong chu trinh
axit xitric (axit tricarboxylic hodc Krebs). Chu trinh axit xitric 1a chu trinh cuc ky quan
trong dbi v&i nhidu con dudng sinh hoa va 1a mot trong nhitng thanh phan thiét 1ap

som nhat cua su chuyén hoa té bao.

Céc men isoxitrat dehydrogenaza xuc tc cho qud trinh loai nhém carboxyl oxy
hoa cua isoxitrat thanh a-ketoglutarat (2-oxoglutarat). Cac enzym nay thudc hai phan
nhom riéng biét, mot trong sé d6 st dung nicotinamit adenin dinucleotit NAD(+)) lam
chat nhan dién tir va nicotinamit adenin dinucleotit phosphat (NADP(+)) khac. Ba loai
isoxitrat dehydrogenaza & ddng vat c6 vi dd duogc thdong bdo: mot isoxitrat
dehydrogenaza phu thudc NAD(+), enzym nhiéu tiéu don vi ma n6 khu tra & chat nén
cia ti thé, va hai loai isoxitrat dehydrogenaza phu thuéc NADP(+), mdt trong sb do
nim & ty thé va enzym con lai cha yéu ndm & dich bao twong. M&i mot isozym phu
thudc NADP(+) 1a mdt dime. Protein ma hoa béi gen IDHI1 1a isoxitrat dehydrogenaza
phu thuéc NADP(+) dugc phat hién trong tuong bao va cac peroxisom. Enzym tuong
bao dong vai trd quan trong trong san xudt NADPH tuong bao. IDH1 dugc biéu hién &
nhiéu loai va ¢ nhiéu sinh vat ma con thiéu chu trinh axit xitric day du.

Géan day, cac dot bién & IDH1, va isoform IDH2 lién quan da duoc phat hién &
nhiéu loai ung thu. Cac dot bién duoc phat hién xuét hién tai cac axit amin dic trung
doc theo trinh tu protein va dugc biéu hién theo kiéu di hop tir, phit hop vé6i su 1y lai

chirc nang. Cac dot bien nay xuat hién & cac gdc duge bao ton vé mit chirc nang va
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cac nghién ctru sinh hoa vé cac dang dot bién ctia IDH1 va IDH2 da chimg minh dugc
su mét chuc ning binh thudng, su chuyén dbi c6 thé dao nguoc ciia isoxitrat thanh a-
ketoglutarat. Két qua cua cac dot bién nay 1a cho phép su chuyén ddi méi (hoic kiéu
hinh méi) cia o-ketoglutarat (aKG) thanh 2-hydroxyglutarat (2HG). Do dé, céc té bao
ung thu ma chira cac dang dot bién ctia IDHI hodc IDH2 co ban tao ra céac néng do
2HG cao hon. Cac mirc 2HG cao din dén su phong bé biét hoa té bao ma c6 thé duoc

dao nguoc béng su uc ché IDH1 hoac IDH2 d6t bién.

DPon PCT/US2016/043264 boc 16 vé cac chit tre ché dong hoa tri cia IDH1 dot
bién. Nhu cdu van cin c6 duge cac hop chit ma ching trc ché theo cach chon loc
enzym IDHI1 va IDH2 d6t bién trong diéu tri cac loai ung thu khdc nhau. Van c6 nhu
cau thém vé cac hop chit ma chung tc ché theo cach chon loc enzym IDHI va IDH2
dot bién thé hién hoat tinh gen kiéu hinh m&i manh hon IDH1 va IDH2 kiéu tu nhién
trong diéu tri cac loai ung thu khac nhau. Sang ché nay dé cap dén hop chét ¢6 cong
thirc I hodc Ia ma ching 1a cac chét tre ché IDH1 va IDH2 dot bién. Hop chit c6 cong
thire T hodc Ia 1a cac chit uc ché déng hoa tri ma chung uc ché theo céach chon loc

IDH1 va IDH2 d6t bién.
Ban chit k§ thuit ciia sang ché

Mot khia canh ciia sang ché dé cap dén hop chit e ché enzym IDH1 va IDH2

dot bién c6 cong thirc:

« O

I

trong do:
R! 1a -CH2CH(CH3),, -CH2CH3s, -CH2CH>OCH3, hodc —CHa-xyclopropyl;
R? 13 -CHj3 hoidc -CH,CHs;
X 1a N hoac CH; hoac

mudi duoc dung ctia hop chét nay.
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Khia canh khac clia sang ché dé cap dén hop chit tic ché enzym IDHI1 va IDH2

dot bién co cong thuc:

it Xt
\ N
N/\ ﬁ N 22 0

Ia
trong do,
R! 14 -CH>CH(CH3)2, -CH2CH3, -CH2CH,OCH3, hodc —~CHa-xyclopropyl;
R? 1a -CHj3 hodc -CH2CHj3; hoic
mudi duoc dung ciia hop chét nay.

Khia canh khéc cta séang ché nay dé cap dén hop chét ¢6 cong thuc I hodc Ia,
hop chét nay la:

7-[[(1S)-1-[4-[(1R)-2-xyclopropyl-1-(4-prop-2-enoylpiperazin-1-
yl)etyl]phenyl]etyl]amino]-1-etyl-4H-pyrimido[4,5-d][1,3]oxazin-2-on;

7-[1(1S)-1-[4-[(1S)-2-xyclopropyl-1-(4-prop-2-enoylpiperazin-1-
yl)etyl]phenyl]etylJamino]-1-etyl-4H-pyrimido[4,5-d][1,3]oxazin-2-on;

1-etyl-7-[[(1S)-1-[4-[ 1-(4-prop-2-enoylpiperazin-1-
yl)propyl]phenyl]etyl]Jamino]-4H-pyrimido[4,5-d][1,3]oxazin-2-on, chat dong phan 1;
1-etyl-7-[[(1S)-1-[4-[ 1-(4-prop-2-enoylpiperazin-1-
yl)propyl]phenyl]etylJamino]-4H-pyrimido[4,5-d][1,3]oxazin-2-on, chit dong phan 2;
hodc mudi duoc dung ctia hop chét bat ky trong sd cac hop chét nay.

Khia canh khac ctia sang ché nay dé cap dén hop chét c6 cong thic I hodc Ia ma
la 7-[[(1S)-1-[4-[(1S)-2-xyclopropyl-1-(4-prop-2-enoylpiperazin-1-
yletyl]phenyl]etylJamino]-1-etyl-4H-pyrimido[4,5-d][ 1,3 ]oxazin-2-on  hodc mudi
duoc dung cta hop chit nay.
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Khia canh khac cia sang ché dé cap dén duoc pham chira hop chét e ché IDH]1
dot bién c6 cong thuc I hodc Ia, hoac mudi duge dung cta hop chat nay, va chét mang

dugc dung.

Phin mb ta ciing mé ta phuong phap diéu tri ung thu biéu hién IDHI dot bién
hodc IDH2 d6t bién ma ung thu nay la u than kinh dém, u nguyén bao than kinh dém,
u nguyén bao than kinh dém da dang, u té bao hinh sao, u té bao than kinh dém it gai,
u can hach, sarcom xo0, u lympho té bao T nguyén bao mach mau - mién dich
(angioimmunoblastic T-cell lymphoma - AITL), hdi ching loan san tiy xuong
(myelodysplastic syndrome - MDS), bénh bach cau lympho bao B cp tinh (B cell acute
lymphoblastic leukemia - B-ALL), ung thu tuyén giap, ung thu dai truc trang, bénh bach
cau cip dong tity (acute myeloid leukemia - AML), u hic sic td, ung thu tién liét tuyén,
sarcom sun hodc ung thu dudng mat & bénh nhan bao gdm budc dung cho bénh nhan
can duge diéu tri mot lugng c6 tac dung diéu tri cta hop chét c6 cong thtrc I hoac Ia,

hozc mubi duoc dung ctia hop chit nay.

Phan mb ta ciing mo ta phuong phap diéu tri ung thu biéu thi IDH1 dét bién
hodc IDH2 dot bién ma ung thu nay 14 sarcom xo, bénh bach cu cip dong tiy, u than
kinh dém, hodc u nguyén bao than kinh dém & bénh nhan bao gdm budc ding cho
bénh nhan can dugc diéu tri mot lugng c6 tac dung diéu tri cta hop chét ¢6 cong thire I

hodc Ia, hoac mudi dugc dung cua hgp chét nay.

Khia canh nita ciia sang ché dé cap dén hop chat c6 cong thirc I hodc Ia, hodc

mudi duge dung ctia hop chit nay, dé sir dung trong liéu phép diéu tri.

Khia canh khéc cta sang ché @& cap dén hop chit c6 cong thire I hoidc Ia, hodc
mubi dugc dung cua hop chét nay, dé su dung trong diéu tri ung thu biéu thi IDH1 dot
bién hodc IDH2 d6t bién ma ung thu nay 13 u than kinh dém, u nguyén bao than kinh
dém, u nguyén bao than kinh dém da dang, u té bao hinh sao, u té bao than kinh dém it
gai, u céan hach, sarcom xo, u lympho té bao T nguyén bao mach mau - mién dich
(AITL), hdi chimg loan san tity xwong (MDS), bénh bach cau lympho bao B cép tinh
(B-ALL), ung thu tuyén giap, ung thu dai truc trang, bénh bach ciu cip dong tiy

(AML), u hic sic t§, ung thu tién liét tuyén, sarcom sun hoic ung thu dudng mat.
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Khia canh khéc ctia sang ché dé cap dén hop chit c6 cong thire I hoic Ia, hoidc
mudi duogc dung cua hogp chét nay, dé su dung trong diéu tri ung thu biéu thi IDH1 dot
bién hodc IDH2 d6t bién ma ung thu nay 1a sarcom xo, bénh bach cu cép dong tiy, u

than kinh dém, hoic u nguyén bao thn kinh dém.

Phén mé ta cling mo ta viéc st dung hop chét c6 cong thic I hoac Ia, hodc mubi
dugc dung cua hop chit nay, dé san xuét thube trong diéu tri ung thu biéu thi IDH1 dot
bién hodc IDH2 d6t bién ma ung thu nay la u than kinh dém, u nguyén bao than kinh
dém, u nguyén bao than kinh dém da dang, u té bao hinh sao, u té bao than kinh dém it
gai, u can hach, sarcom xo, u lympho té bao T nguyén bao mach mau - mién dich
(AITL), hoi ching loan san tiy xwong (MDS), bénh bach ciu lympho bao B cip tinh
(B-ALL), ung thu tuyén giap, ung thu dai truc trang, bénh bach cau cip dong tiy

(AML), u hic sic t6, ung thu tién liét tuyén, sarcom sun hodc ung thu dudong mat.

Phin mé ta ciing mé ta viée st dung hop chét c6 cong thirc I hoidc Ia, hodc mubi
dugc dung ctia hop chét nay, dé san xuat thude trong diéu tri ung thu biéu thi IDH1 dot
bién hodc IDH2 d6t bién ma ung thu nay 1 sarcom xo, bénh bach cu cip dong tiy, u

than kinh dém, hodc u nguyén bao thin kinh dém.
M5 ta chi tiét sang ché

Thuat ngit “bénh nhan” nghia la dong vat cé vl va “dong vat c6 vii” bao gom,

nhung khong chi giéi han & nguoi.

"Lugng c6 tac dung diéu tri" c6 nghia 1a liéu lugng ctia hop chét c6 cong thirc I
hodc Ta, hodc mubi dugc dung cua hop chét nay, hodc dugc phém chtra hop chét, hoic
mubi duge dung cda hop chét nay, can thiét dé uc ché IDH1 dot bién hoac IDH2 dot
bién & bénh nhan ung thu, dan t6i giai phong sw phong bé biét hoa bang su e ché sinh
ra dbi vé6i su phat trién té bao khéi u va loai trir hodc 1am chdm hoic 1am ngung sy tién
trién ctia ung thu & bénh nhan. Liéu lugng tri tinh truée ctia hop chat c6 cong thirc
hodc Ia, hoic mudi duoc dung ciia hop chit nay nam trong khoang tir 1 mg/bénh
nhan/ngay dén 2000 mg/bénh nhan/ngay. Liéu lwong wu tién dugc dy tinh ndm trong
khoang tir 5 mg/bénh nhin/ngay dén 1800 mg/bénh nhan/ngay. Liéu lugng wu tién
nhét duoc du tinh nam trong khoadng tr 40 mg/bénh nhan/ngay dén 1600 mg/bénh
nhan/ngay. Liéu luong chinh x4c cn thiét dé diéu tri cho bénh nhan va khoang thoi

-6-
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gian didu tri s& dugc x4c dinh béi thiy thube khi xem xét giai doan va mirc do ning
cua bénh cling nhu nhu cau va dap ung cu thé cua tirng bénh nhan. Méc du duogc biéu
thi bang lidu lugng trén co sé mdi ngay, ché do str dung c6 thé duwoc didu chinh dé thu
duoc loi ich diéu tri t6i wu cho bénh nhan va kiém soat va cai thién doc tinh bat ky lién
quan dén thudc. Ngoai viéc dinh lidu hang ngay, viéc dinh lidu hai 1dn mot ngay
(B.LD.); viéc dinh lidu ba 1n mét ngay (T.I.D.); dinh lidu kiéu cach ngay (Q2D); dinh
lidu theo kiéu cach ngay trong giai doan 5 ngay tiép theo bang hai ngay khéong dinh
lidu (T.I.W.); hodc dinh liéu kiéu ctir mdi ba ngay (Q3D) c6 thé 1a thich hop.

Cac thuat ngit "viéc diéu tri," "dé diéu tri," va "diéu tri," du dinh bao gdm phd
can thiép day da dbi v6i ung thu ma bénh nhan dang phai chiu dung, nhu viéc ding
hop chit hoat tinh dé 1am giam, lam cham hodc lam ddo nguoc mot hodc nhiéu triéu
chimg va dé tri hoan su tién trién ciia ung thu tham chi ngay ca ung thu trén thuc tién

khong loai bo dugc.

Thuat ngtr -CH>CH(CHz)2 nghia 1a 2-metylpropyl, thuat ngitr -CH.CH>OCH3
nghia 1a 2-metoxyetyl, va thudt ngit —CH»-xyclopropyl nghia 1a xyclopropylmetyl.

Hop chat c6 cong thic I hodc Ia, hodc mudi duge dung cua hop chat nay, tot
hon dugc phdi ché thanh duoc phdm sir dung chit mang duge dung va duge dung theo
nhiéu duong dung. Tét hon 13, cac duoc pham nay 1a dé dung theo dudong miéng. Céac
duoc phdm nay va cac quy trinh bao ché chung 1a da dugc biét rd trong linh vuc. Vi
du, xem trong, REMINGTON: THE SCIENCE AND PRACTICE OF PHARMACY,
L.V. Allen, Editor, 22" Edition, Pharmaceutical Press, 2012.

Theo mot phuong an cu thé, duge phdm chira hop chit 7-{[(1S)-1-{4-[(1S)-1-
(4-acryloylpiperazin-1-yl)-2-xyclopropyletyl|phenyl} etyl]amino} - 1-etyl-1,4-dihydro-
2H-pyrimido[4,5-d][1,3]oxazin-2-on hodc mubi dugc dung ctia hgp chét nay, cling véi
chét mang duge dung va tuy y cac thanh ph?m tri liéu khac dac biét trong diéu tri ung
thu ndi chung hodc loai ung thu déc trung.

Hop chét c6 cong thirc I hodc Ia, hoic mudi duoc dung, c6 thé duge ding déng
thoi vo1, hoac trude, hoac sau mot hoac nhiéu tac nhan tri liéu khac. Hop chét c6 cong
thie T hodc Ta, hodc mudi duge dung, khi dugc dung cung véi mot hoac nhiéu tic nhan

tri liéu khac, c6 thé duoc dung riéng biét, theo cing duong dung hoic theo dudng

_7-
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dung khac hoic cung trong dugc phdm dudi dang (cac) tac nhan tri liéu khac. Trong
trudong hop mot hodc nhiéu tac nhan tri liéu bd sung dugc dung, viée dung mdi mot tac

nhan tri liéu c6 thé 1a dong thoi, riéng biét, hodc tuan tu.

Hop chit c6 cong thire I hodc Ia c¢6 kha nang phan tmg v6i nhiéu axit vo co va
hitu co dé tao ra mudi cong axit dugc dung. Cac mubi duoc dung nhu vay va cic
phuong phép thong thuong dé didu ché ching 1a da duoc biét rd trong linh vuc k§
thuat. Vi du, xem trong, P. Stahl, ef al., HANDBOOK OF PHARMACEUTICAL
SALTS: PROPERTIES, SELECTION AND USE, (VCHA/Wiley-VCH, 2002); S.M.
Berge, et al., “Pharmaceutical Salts, “Journal of Pharmaceutical Sciences, Vol. 66,

No. 1, January 1977.

Hop chét co6 cong thirc I hodc Ia, hodc mubi dugc dung cua hop chét nay, c6 thé
duogc didu ché bang nhiéu phuong thic da biét trong linh vuc, ciing nhu cic phuong
thie md ta dudi ddy. Cac budc tong hop cu thé c6 thé duoc két hop theo thir tyr khac
khéac dé diéu ché hop chét ¢6 cong thire I hodc Ia, hoac mubi duge dung cua hop chét

nay.

Ngoai ra, cac hop chét trung gian nhit dinh duwoc md ta trong cac qua trinh diéu
ché dudi day co thé chira mot hodc nhiéu nhom bao vé nito. Can hiu ring cac nhém
bao vé c6 thé thay d6i khi ngudi c6 hiéu biét trung binh trong linh vuc k¥ thuat nay
thdy can thiét, phu thudc vao diéu kién phan tng cu thé va vao cac qua trinh chuyén
héa cu thé duoc thyc hién. Céc diéu kién bao v¢ va khir bao vé da dugc biét 16 déi voi
ngudi ¢6 hiéu biét trung binh trong linh vuc nay va dugc md ta trong cac tai lidu
chuyén nganh (xem, vi du, “Greene’s Protective Groups in Organic Synthesis”, Fifth
Edition, cua Peter G.M. Wuts and Theodora W. Greene, John Wiley and Sons, Inc.
2014).

Hop chét c6 cong thie I hodc Ia duoc goi tén theo danh phap IUPAC, va ciing
c6 thé duoc goi tén theo danh phap CAS, va céc tén khéc c6 thé dugc sir dung dé nhan
dang mét cach rd rang hop chét c¢6 cong thirc I hodc Ia, hodc mudi duoc dung cia hop
chét nay.

S& dugc hiéu réng, hop chét ¢6 cong thirc I hoac Ia co thé duoc mo ta & dang

chat déng phéan lap thé don. C6 hai tim khong d6i xtmg dan téi phat sinh 4 chit déng

-8
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phan khong dbi quang. Theo sir dung & déy, tham chiéu t6i chat dong phan 1ap thé don
dugc du dinh ciing bao gdm cac hdn hop ddng phan 1ap thé bao gdm ca hop chit ¢6
cong thire I hodc Ia dugce goi tén hodc duge mo ta. 0 day, cac dinh danh Cahn-Ingold-
Prelog vé (R)- va (S)- ¢6 thé dugc st dung dé chi cac chat dé”)ng phan lap thé cu thé.
Céc chit ddng phan 1ap thé c6 thé dugc diéu ché bang cach tong hop dic hiéu 1ap thé
bang cach st dung cac nguyén lidu ban diu tinh khiét hodc dugce lam giau chéit dong
phan dbi anh. Céc chit ddng phan 14p thé cu thé ctia cac nguyén lidu khoi dau, cac hop
chét trung gian, hodc hdn hop triét quang bao gdm hop chat c6 cong thirc I hodc Ia c6
thé dugc tach bang cac k§ thuat da biét trong linh vuc, nhu cac k§ thuat dugc tim thay
trong tai li€u Stereochemistry of Organic Compounds, E. 1. Eliel and S. H. Wilen
(Wiley 1994) and Enantiomers, Racemates, and Resolutions, J., Jacques, A. Collet,
and S. H. Wilen (Wiley 1991), bao gdbm phuong phap sic ky trén cic pha tinh khong
d6i xtmg, cac phuong phap tich bang enzym, hodc cic phuong phap két tinh phan
doan hodc phuong phép sic ky cia cac chat dong phan khong d6i quang dugc tao ra
cho muc dich d6, nhu cac mubi dong phan khong ddi quang. Di véi hop chét c6 cong
thirc I hodc Ia ¢6 cAu hinh voi tit ca cac tim 14p thé duoc thé hién, “co ban tinh khiét
vé mat dong phan d6i anh” nghia 13 d6 tinh khiét ddng phan 16n hon 90% lwong du
chit ddng phan ddi anh. Theo phwong an khéac, hop chét c6 cong thirc I hodc Ia c¢6 do
tinh khiét ddng phén 16n hon 95% lugng du chit ddng phan ddi anh. Theo phuong 4n
khac nita, hop chét c6 cong thirc I hodc Ta ¢6 do tinh khiét dong phan 1én hon 98%
lwong du chit dong phan dbi anh. Theo phurong an khac nita, hop chat c6 cong thirc I
hoidc Ia c6 do tinh khiét ddng phan 16n hon 99% lugng du chit dong phan dbi anh. Tat
ca cac cht ddng phan 14p thé, riéng biét va bao gdm ca cac hon hop ddng phan khong
dbi quang cua cac hgp chét c6 cong thic I hodc la dugce du dinh trong pham vi bao ho
cta sang ché nay. Céac ky hiéu “chit dong phan 1” va “chét ddng phan 2 va “chét
dong phan khong ddi quang 17 va “chét dong phan khong d6i quang 2” dé chi cac hop
chat ma 14n lugt rira giai tir phwong phéap sic ky khong dbi xting thir nhit va thit hai,
va néu phuong phép sic ky khong ddi xtimg dwoc khoi dau sém trong qua trinh tong
hop, thi ky hiéu tuong tu dugc ap dung cho cac hop chét trung gian va hop chét vi du

sau do.



35014

Céc hop chat duoc st dung 1am nguyén liéu ban d4u trong qua trinh tong hop
hop chét c6 cong thirc I hodc Ia 1a da biét rd va trong truong hop chua c san trén thi
truong, co thé dugc tong hgp mot cach dé dang st dung céc tai liéu tham khéao cu thé,
bang cac phuong thirc chudn duogc sit dung phd bién boi nguoi co hiéu biét trung binh

trong linh vuc hodc dugc tim thdy trong cac tai liéu tham khao chung.

Vi du vé cac quy trinh va phuong phap da biét bao gdm cac quy trinh va
phuong phép dugc mo ta trong tai li¢u tham khao chung nhu Comprehensive Organic
Transformations, VCH Publishers Inc, 1989; Compendium of Organic Synthetic
Methods, Volumes 1-10, 1974-2002, Wiley Interscience; Advanced Organic
Chemistry, Reactions Mechanisms, and Structure, 5t Edition, Michael B. Smith and
Jerry March, Wiley Interscience, 2001; Advanced Organic Chemistry, 4™ Edition, Part
B, Reactions and Synthesis, Francis A. Carey and Richard J. Sundberg, Kluwer
Academic / Plenum Publishers, 2000, etc., va cac tai liéu tham khao dugc vién dan

trong do.

Cac ky hiéu viét tit nhit dinh dwgc dinh nghia dudi day: “ACN” nghia 13
axetonitril; “aKG” nghia 1a Alpha-ketoglutarat hodc 2-ketoglutarat; “alloc” nghia la
allyloxycarbonyl; “ATCC” nghia 1a American Type Culture collection; “BCA” nghia
1a axit bicinchoninic; “BSA” nghia la albumin huyét thanh bo; “CDI” nghia la 1,1°-
carbonyldiimidazol; “DCC” nghia la 1,3-dixyclohexylcarbodiimit; “DCM” nghia 1a
diclometan; “DEAD” nghia 1 dietyl azodicarboxylat; “DIAD” nghia la diisopropyl
azodicarboxylat; “DIC” nghia la diisopropylcarbodiimit; “DIPEA” nghia 1la
diisopropyletylamin hoéc N-etyl-N-isopropyl-propan-2-amin; “DMAP” nghia la
dimetylaminopyridin; “DMF” nghia la dimetylformamit; “DMSO” nghia la dimetyl
sulfoxit; “DTT” nghia 1a dithiothreitol; “EDC” nghia 12 EDAC, EDCI, hodc 1-(3-
dimetylaminopropyl)-3-etylcarbodiimit hydroclorua; “EDTA” nghia 1la axit
etylendiamintetraaxetic; “EGTA” nghia la axit etylen glycol tetraaxetic; “EtOAc”
nghia 13 etyl axetat; “EtOH” nghia la etanol hoac ruou etylic; “Ex” nghia la vi du;
“HATU” nghia la (dimetylamino)-N,N-dimetyl(3H-[1,2,3]triazolo[4,5-b]pyridin-3-
yloxy)metaniminium hexaflophosphat; “HBTU” nghia la 2-(1H-benzotriazol-1-yl)-
1,1,3,3-tetrametyluronium hexaflophosphat; “2HG” nghia la 2-hydroxyglutarat; “ds-
3HG” nghia 1a axit 3-hydroxy-1,5 -pentandioic-2,2,3,4,4-ds; “HILIC” nghia 1a phuong
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phéap sic ky 1ong twong tac wa nudc; “HOAL” nghia 1a 1-hydroxy-7-azobenzotriazol,
“HOBt” nghia 1a 1-hydroxylbenzotriazol hydrat; “HPLC’ nghia la phuong phap sic ky
16ng hiéu nang cao; “ICso” nghia la ndng do ciia mot chit ma tao ra 50% dap Gng uc
ché t6i da co thé dbi voi chét dc’); “mCPBA” nghia 1a axit meta-cloperbenzoic;
“MeOH” nghia 12 metanol hodc rugu metylic; “NADP" va NADPH” nghia 14 dang
oxy hoa va khir ciia nicotinamit adenin dinucleotit phosphat twong ng; “NMP” nghia
12 N-metyl-2-pyrolidon; “PG” nghia 1a nhom bao vé; “Prep” nghia la didu ché;
“pyBOP” nghia 1a benzotriazol-1-yloxytripyrolidino-phosphonium hexaflophosphat;
“PyBrop” nghia 1a bromo-tris-pyrolidino phosphonihexaflo phosphat; “rpm” nghia la
vong/phit; “(R)-RUCY®-XyIBINAP” nghia la RuCl[(R)-daipena][(R)-xylbinap;
“SnAr” nghia la phan Umg thé 4i nhan thom; “TEA” nghfa 1a trietylamin; “TFA” nghia
3 axit trifloaxetic; “THF” nghia 13 tetrahydrofuran; va “Tris” nghia la

tris(hydroxymetyl)aminometan.

Hop chét c6 cong thirc I hodc Ia, hodc mubi duoc dung ctia chung, c6 thé duoc
didu ché bang nhiéu phwong thirc da biét trong linh vuc, mot sd trong sb nay dugc
minh hoa trong cac so d6, quy trinh didu ché, va vi du duéi day. Céc budc tong hop cu
thé dbi v6i mdi mot con duong duge mod ta co thé duogc két hop theo cac cach khac
nhau, hodc cung voi cac budce tir cac so dd khéc, dé diéu ché hop chét c6 cong thuc I
hodc Ia, hodc cac mubi duge dung ctia chung. San pham ctia m&i mot bude trong cac
so dd dudi day co thé duge thu hdi bang cic phuong phép thong thwong da biet 1
trong linh vuc, bao gbdbm phwong phap chiét, 1am bay hoi, két taa, sac ky, loc, nghién
tinh ché, va két tinh. Trong cdc so dd dudi ddy, tit ca cac phan tir thay thé, trir khi co
quy dinh khéc, 12 nhu duge dinh nghia ¢ trén. Cac chét phan tmg va nguyén liéu ban

dAu déu d& dang kiém duoc d6i v6i ngudi c6 kién thirc trung binh trong linh vuec.

Sodo 1
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OH
NF | Bong, vong /j\/\ Alkyl hoa H\O
N ™
\S/k\N NH, Budc A /‘\ /K Budce B S N T/go
(1) 3 R
Oxy hoa l Budce C
\ /k/r\ P
0% \\

Trong so do 1, hang loat phan ung din t6i hop chit 7-(metylsulfonyl)-1,4-
dihydro-2H-pyrimido[4,5-d][1,3]oxazin-2-on dugc thé & vi tri 1, (4), san phdm cua
buéc C trong d6 R? nhu duge xac dinh & trén. “PG” 1a nhom bao vé dugc trién khai
d6i voi nhém amino hodc nhém oxy nhu dbi v6i cac nhom carbamat, amit hodc este.
Vi du, 5-hydroxy metyl 4-amino-2-metylsulfanyl-pyrimidin c¢6 thé dugc déng vong
trong diéu kién carbamoyl héa chuin thanh oxazin-2-on sir dung triphosgen va bazo
hitu co nhu DIPEA hodc TEA & nhiét d6 ndm trong khoang tir -30 dén -35°C d thu
duoc hop chét (2), san phdm ciia bude A. Theo cach khac, dihalogenua carbonyl hozc
di-pseudohalogenua carbonyl nhu CDI, phosgen, hodc diphosgen c6 thé duoc st dung
thay cho triphosgen dé hoan tit qua trinh carbamoyl héa. Amin ciia oxazin c6 thé duoc
alkyl hoa bang alkyl halogenua dugc thé thich hgp nhu chat phan wng iodo trong dung
mdi nhu NMP va bazo vé co nhu K2CO; & nhiét 6 ndm trong khoang 50-65°C dé thu
duoc hop chét (3), san phdm cia bude B. Theo cach khéc, phan tmg Mitsunobu c6 thé
dugc hoan thanh dé alkyl héa amin cia oxazin st dung rugu thich hgp nhu MeOH.
Céc phan timg Mitsunobu 12 da biét trong linh vuc va c6 thé chuyén ddi nhém hydroxyl
thanh nhom roi chuyén ma nhém nay dugc dich chuyén béi nhiéu chéat 4i nhan nhu
carbamat str dung triphenylphosphin va azodicarboxylat nhu DIAD hodac DEAD trong
dung méi nhu THF dé thu duoc hop chét (3). Sulfit c6 thé duge oxy hoa thanh sulfon

trong cac diéu kién da biét ro trong linh vuc nhu mCPBA hoic kali peroxymonosulfat
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& nhiét d6 nim trong khoang tir 10 dén 25°C trong dung mdi nhu ACN hoic DCM dé
thu duoc hop chét (4), san phdm ctia buée C.

§ 1. Bao vé
/©/\NH2 2. Carbonyl hoa Z l t{/ G
T
Br Budc D R N
©)

® © \i‘“’“ K

PG = nhém bao vé
hodc H Pe
1. Khu Buoc E m
2. Loai bao vé
PG
/ | u/ (12)
NN
|
o ®

Bude G| phan img Grignard Budce | l Clo hoa

H —_——
H Budc H ¢ FLG
1 11
@

(10 l 1. Bio vé

So dd 2

2. Alkyl hoa
3. Loai bao vé

Budc J

|

PeS NH,
Q

()

Trong so db 2, hop chét (4-(1-aminoetyl)phenyl)metanol (7) c6 thé duoc tao ra
qua mdt sé budc tir aryl halogenua nhu bromua (5) sir dung céc phuwong thire da dugc
biét ro dbi voi ngudi c6 hiéu biét trung binh trong linh vire. Amin c6 thé duge bao vé
trong budc phu 1, budc D, trong d6 “PG” 1a nhom bao vé duoc khai trién d6i vai

nhém amino nhu amit. Aryl bromua dugc bao vé (5) ¢6 thé duge chuyén dbi thanh
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keton trong diéu kién lithi carbonyl hoa dé thu duoc aryl keton (6) trong budc phu 2,
bude D. Sau d6, keton c6 thé duge khir sit dung tac nhan khir nhu natri bohydrua trong
dung médi nhu MeOH trong buée phu 1, bude E. Amin ¢6 thé duoc loai b bao vé &
budc nay (phan budce 2, bude E) hodc tai thoi diém sau trong qua trinh téng hop dé thu
dugc hop chit (7). Theo cach khac, hop chat (6) c6 thé dugc chuyén dbi truc tiép
thanh hop chét (12) trong phan ng amin khir st dung titan(IV) isopropoxit trong dung
mdi nhu THF va véi viéc gia nhiét t6i khoang 60°C, tiép theo bang cach lam lanh va
bd sung MeOH va tac nhan khir nhu natri xyanobo hydrua dé thu dugc hop chat (12).
Hop chét (7) co thé duoc chuyén dbi thanh benzyl halogenua nhu clorua trong diéu
kién halogen hoa chuén sir dung chét halogen hoa nhu thionyl clorua hogc POCIs trong
dung m6i nhu DCM dé thu dwoc hop chét (10), bude I. Hop chét (10) c6 thé dugc bao
vé néu can thiét va duoc alkyl hoa trong budce J. Vi du, amin (10) co thé duoc bao vé
trong bude phu 1 ctia bude J st dung nhém bao vé nhu trifloaxetyl hodc CBZ. Cac
nhém bao vé nhu vay la biét ro va hiéu rd trong linh vuc nay. Theo cich khac, hop
chét 10 c6 thé duoc didu ché tir aldehyt, hop chat (8). Hop chét (8) ¢6 thé dugc dicu
ché bang phan ng oxy hoa cla ruou benzylic trong cac diéu kién nhu Dess-Martin
periodinan trong dung méi nhu DCM dé thu duoc aldehyt (8). Phan Gng Grignard c6
thé duoc hoan thanh trong bude G trén aldehyt dé thu duoc hop chét (7). Hop chét (7)
tir budc G ¢6 thé duge clo hoa trong budc H dé thu duge hop chit (10) nhu da thao
luAn & trén trong bude 1. Clorua cua hop chét (10) co thé duoc chuyén doi bang
piperazin dugc bao v€ mot 1An trong theo phuong thirc 2 bude, mot binh. Khong phai
ltic ndo ciing nhét thiét phai bdo vé 1-phenyletylamin nhung néu nhu viéc bao vé dugce
lwa chon, thi tot hon 1a st dung nhém bao v¢ khac trén 1-phenyletylamin so v6i san
phém piperazin amin (11), bu6c J, bude phu 1, dé loai boé bao vé mot cach chon loc
nhom bao vé ndy hodc nhém bao vé khac tai budc mong mudn. Vi du, 1-
phenyletylamin c¢6 thé dugc phan tmg v6i anhydrit trifloaxetic st dung bazo hiru co
nhu TEA trong dung m6i nhu DCM 6 nhi€t do nam trong khoang 0-5°C dé thu dugc
san pham amin bao vé cua budc phu 1, bude J. Nguoi co hiéu biét trung binh trong
linh vuc s& hiéu 1a cac nhom bao vé khac ¢ thé dugc sir dung trén amin nhu CBZ. Sau
d6, vide chuyén dbi clorua c6 thé dwoc hoan thanh trong céc diéu kién da biét d6i voi

nguoi co hiéu biét trung binh trong linh vuc. Vi du, halogenua co6 thé duoc chuyén ddi
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bang piperazin dugc bao vé hodc khong duge bao vé sit dung bazo vo co nhu K>CO3
va st dung KI, hodc Nal 1am chét xuc tac i nhan dé thiic ddy nhanh phan tmg. Hon
hop c6 thé duge gia nhiét t6i nhiét do khoang 60-80°C trong dung mdi nhu ACN dé
thu dugc hop chit duogc bao vé (11) cua budc phu 2, budc J. Nhom bao vé trén 1-
phenyletylamin c6 thé dugc loai bé bing bazo nhu nudce kali hydroxit dé thu dugce hop
chat (11) ciia bude phu 3, budc J.

So dod 3

r\/\' NF S Ar .g!l\sl hm i Néj(\
Yd /t(\ W PSS
/” Budc L K/,‘q le. [ H R
14 ,

R (5)
Budc M ]
1. Loai bao vé
2. Amit hoa
A T
|
™ e
e S
N R

8

la

Trong so dd 3, hop chit (11) c6 thé dugc phan tmg véi hop chat (4), so do 1,
trong phan tng SnAr st dung bazo hitu co nhu DIPEA, CsF dé thuc day phan tng,
dung moi nhu DMSO, va nhiét do nam trong khoang 70-80°C dé thu duogc san phém
ctia budc L. Trong bude M, bude phu 1, piperazin dugc bao vé bai tert-butoxy co thé
dugc loai bo bao vé st dung axit nhu HCI trong dioxan va MeOH hoédc TFA trong
DCM, trong khi d6 piperazin dugc bao vé béi alloc co thé duoc loai bo bao vé véi su
c6 mat cua ngudn paladi nhu tetrakis(triphenylphosphin)paladi(0) xtic tic trong dung
mdi nhu THF sir dung chét 4i nhan mém nhu dimedon dé thu duoc piperazin dugc loai
bd bao vé cua budc phu 1, buéc M. Trong budce phu 2, budc M, piperazin ¢6 thé dugc
amit hoa bang acryloyl clorua ¢ nhiét d6 ndm trong khoang tir -50 dén -78 °C c¢6 hoic
khong cin bazo hitu co nhu TEA néu nhu amin 14 mudi axit trong dung modi nhu DCM
dé thu duoc hop chét co cong thue Ia. Theo céach khac, lién két amit co thé dugc hoan
thanh bang axit acrylic va amin thich hgp trong dung moi nhu DMF cung v6i tdc nhan
phan tng lién két nhu EDC va chit bd trg nhu HOBt. Ngudi ¢6 hiéu biét trung binh
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trong linh vuc k§ thuét nay s& hiéu rd ring c6 nhiéu phuong phap va tac nhan phan
mg dé tao ra amit xuét phat tir phan ung giita cac axit carboxylic va cdc amin. Vi du,
phan Gng cta amin thich hop va axit acrylic véi sy ¢6 mat cua chat phan ung lién két
¢6 hodc khong can bazo hiru co nhu DIPEA hodc TEA c6 thé tao ra hop chét c6 cong
thire Ta. Cac chét phan ung lién két khac bao gém carbodiimit, nhu DCC, DIC, hoic
carbonyldiimidazol nhu CDI. Cac chat bd trg lién két amit khac, nhu HOAt ciing c6
thé duoc st dung dé ting cudong phan tmg. Ngoai ra, mudi uroni hodc phosphoni cua
cac anion khong &i nhan, nhu HBTU, HATU, PyBOP, va PyBrOP co6 thé duoc st
dung thay cho céc chit phan tmg két hop truyén théng hon. Chit bd trg nhu DMAP ¢6

thé duoc sit dung dé tang cudng phan img amit héa mong mudn.

N o
NZ o s, Ar alkyl hoa N/'\\Ni N/go
LA Tk
lsi N bla o Budce N Ho
§1
(13)

So do 4

o R

9] @)

Clo hoa J Budc O

l\/N

«——— Cl

Pee! Bee
PG_ S J
N/\| ﬁ NS Tz o Buée P NTN Ilﬂz 0
R R

R’ ) Alkyl hoa R’

(14)

1. Loai bao vé
Budce Q | 2. Amit hoa

(N

R‘.

o | Néro
\/l‘LN/\l \/©/\E/L\N TZ/KO
R
la

Theo cach khéc trong so dd 4, amin ctia san phdm duoc loai bd bao vé ctia hop
chét (7), so dd 2 c¢6 thé duoc phan ung voi hop chit (4) nhu dugc mb ta trong so do 3,
bu6e L theo phan g SnAr alkyl héa dé thu duoc hop chit 13. Hydroxyl ¢6 thé duoc
clo héa nhu duge mé ta trong budce I, so dd 2 dé thu dugc hop chét 14, bude O. Clo
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ctia hop chét (14) c6 thé duge chuyén d6i trong phan tng alkyl héa bang piperazin nhu
dugc mo ta trong so dd 2, bude 11, buéde phu 2 dé thu duoc hop chét (5). Piperazin
dugc bao vé co thé duoc loai bé bao vé va sau do, piperazin duoc amit hda nhu duge

mo ta trong so dd 3, bude M dé thu dugc hop chét co6 cong thuc Ia.

So dos
% 1. Bao vé =
: Y Carke . 42 R
/@/\N Hy = Carbonyl hoa N'PG
—_— 1 H
Br Budc D R
(5a) o 6a)

PG = nhém béao vé

1. Khu Budc E

2. Loai bao vé
HO
Buoce 1 l Clo hoa
= { NH
oI o

R1
(10a)

' 1. Alkyl hoa
Budc J (PG-piperazin)
2. Loai bao vé

PG‘N/\ NH,

-17-



35014

Trong so dd 5, hop chit (4-(1-aminoetyl)phenyl)metanol khong d6i xtmg (7a)
¢6 thé duogce tao ra qua mot sd bude tir aryl halogenua khong d6i xtmg nhu bromua (5a)
st dung cac phuong thie da dugc biét ro ddi véi ngudi co hiéu biét trung binh trong
linh vuc. Amin co thé dugc bao vé trong budc phu 1, bude D, trong d6 “PG” la nhom
béo vé duoc khai trién dbi voi nhom amino nhu amit. Aryl bromua (5a) ¢6 thé duoc
chuyén ddi thanh keton trong didu kién lithi carbonyl hoa dé thu dugc aryl keton (6a)
trong bude phu 2, bude D. Sau do, keton co thé dugc khir theo kiéu khong dbi xing st
dung tac nhan khir khong dbi ximg nhu (R)-RUCY-XyIBINAP trong dung mdi nhu
EtOH dé tao ra hop chit 7a trong budc phu 1, budc E. Hop chét (7a) c¢6 thé duoc
chuyén d6i thanh benzyl halogenua khong d6i xtmg nhu clorua trong diéu kién
halogen héa chuin st dung chit halogen hoa nhur benzoyl clorua trong dung moi nhu
t-butyl ete d thu dugc hop chét (10a), buéc I. Hop chat (10a) trudce tién duoc phan
tmg véi piperazin dugc bao vé (PG-piperazin) véi sy ¢6 mdt cua bazo nhu natri
bicarbonat trong dung mdi nhu axetonitril dé thu dugc dang dugc bao vé trong budce
phu 1, bude J. Dang dugc bao vé sau d6 duge loai b6 bao vé béng bazo nhu nudc kali

hydroxit trong dung moi nhu EtOH dé tao ra hop chét (11a), budc phu 2, budce J.

Sodd 6
o
NEZ lo/\\ Amin hda NZ |} o™~ Kht NZ T OH Doéng vong N7 f 9
_— _— = .
e : o " NH Iy T T an N0
Buoc A | Budc B I, Budc C I,
R R R

(15) (16) A7) (18)

Trong so d6 6, hang loat phan tmg din t6i hop chét 7-clo-4H-pyrido[4,3-
d][1,3]oxazin-2-on dugc thé tai vi tri 1 (18), san pham cta budc C trong d6, R? nhu
duoc xé4c dinh & trén. Vi du, etyl 4,6-diclopyridin-3-carboxylat (15) ¢6 thé dugc phan
tmg voi amin trong cic diéu kién chuin dé thu duoc 6-clo-4-(amino)pyridin-3-

carboxylat (16) trong dung moi nhu axetonitril. Qua trinh khir nhém este trong hop
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chét (16) st dung chit phan tung hydrua nhu lithi nhom hydrua trong dung moi nhu
THF thu duoc (4-amino-6-clo-3-pyridyl)metanol (17). Hop chét nhu 17 ¢6 thé duge
dong vong trong cac didu kién carbamoyl hoa chuén thanh oxazin-2-on st dung
triphosgen va bazo hitu co nhu DIPEA hodac TEA & nhiét do khoang -20°C dé thu
dwoc hop chit (18), san phim ciia bude C. Theo cach khac, dihalogenua carbonyl hodc
di-pseudohalogenua carbonyl nhu CDI, phosgen, hodc diphosgen c6 thé duoc st dung
thay cho triphosgen dé hoan tt qua trinh carbamoyl héa. Hop chat 11, duoc diéu ché
nhu thé hién & trén trong cac so d6 2 hodc 5, hodc nhur dugc mo ta trong cac phuong
4n khac v6i hai so dd trén, c6 thé duoc phan tmg voi hop chét 18 trong cac diéu kién
alkyl héa chuan. Sau d6, hop chit trung gian thu dugc dugce loai bé bao vé va amit hoa
nhu duge mo ta & trén trong cac so dd 3 hodc 4 dé thu dwoc hop chit c6 cong thirc 1

trong do, X la CH.

Trong mot bude tiry ¥, mubi dugc dung ctia hop chét c6 cong thirc I hodc Ia c6
thé duoc tao ra bing phan ung ctia bazo tu do thich hop ¢6 cong thirc I hoac la véi axit
duoc dung thich hgp trong dung méi thich hop trong cac diéu kién chuén. Ngoai ra, su
tao ra cac mubi nay co thé dién ra déng thoi khi khir bao vé nhom bao vé nito. Su tao
ra cac mudi nay da duogc biét 6 va duoc hiéu rd trong linh vuc nay. Vi du, xem trong
tai liéu Gould, P.L., “Salt selection for basic drugs,” International Journal of
Pharmaceutics, 33: 201-217 (1986); Bastin, R.J., et al. “Salt Selection and
Optimization Procedures for Pharmaceutical New Chemical Entities,” Organic
Process Research and Development, 4: 427-435 (2000); va Berge, SM., et al.,
“Pharmaceutical Salts,” Journal of Pharmaceutical Sciences, 66: 1-19, (1977). Nguoi
¢6 hidu biét trung binh vé linh vuc s& hiéu rd ring, hop chat c6 cong thirc I hodc Ia dé

dang dugc chuyén ddi thanh va c6 thé duoc tach & dang mudi duge dung.
Vi du thwc hién sang ché
Vi du diéu ché 1

7-Metylsulfanyl-1,4-dihydropyrimido[4,5-d][1,3]oxazin-2-on

N4ro
\SJ*N ”’go
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Triphosgen (859 g, 2,9 mol) dugc bd sung vao dung dich cua (4-amino-2-
metylsulfanyl-pyrimidin-5-yl)metanol (900 g, 5,26 mol) trong THF (22,5 L) trong 15
phut & nhiét do -30°C. DIPEA (2,449 g, 18,92 mol) duoc bd sung trong 1 gid, trong
khi duy tri nhiét d6 phan ng nim trong khoang tir -35 dén -30°C. Sau d6, hdn hop
phan tng dugc rot 1én nude da (30 L) va 2-metyltetrahydrofuran (10 L) dugc bd sung.
Rira pha hitu co bang nudc va nuée mudi. Lam kho pha hiru co bang Na>SO4va cb dic
t6i trang thai kho. San phim tho dugc tao huyén phu dic bang ete ddu mé / EtOAc
(1:1), loc va co6 dac dé thu dugc chét rin mau vang ma n6 duogc tiép tuc khong can tinh
ché thém (890,5 g, 1,62 mol, do tinh khiét 83%, hiéu sudt 86%). MS (m/z): 198
(M+H).

Vi du diéu ché 2

1-etyl-7-(metylthio)-1,4-dihydro-2H-pyrimido[4,5-d][1,3]oxazin-2-on
7’
N S)Q l Ni
k O

Bd sung K2CO3 (294,2 g, 2,13 mol) va etyl iodua (336,3 g, 1,99 mol) & nhiét do
trong phong vao dung dich cia 7-metylsulfanyl-1,4-dihydropyrimido[4,5-
d][1,3]oxazin-2-on (280 g, 1,42 mol) trong NMP (2,24 L). Khudy hén hop trong 16
gid & nhiét do 50°C va tiép theo, pha lodng bang DCM (3 L) va nuéc (6 L). Pha hitu
co dugc tach va rira bing nude va nude mudi va duge co dic toi trang thai khd dé thu
dugc hop chét tho néu & tiéu dé (286 g, 1,27 mol, do tinh khiét 83%, hiéu suat 91%).
MS (m/z): 226 (M+H).

Vi du diéu ché 3

1-Metyl-7-metylsulfanyl-4H-pyrimido[4,5-d][ 1,3 ]oxazin-2-on
N 4ro
~S /]\\ N ITI AO

B6 sung MeOH (0,248 mL, 6,08 mmol) tiép theo bang cach bd sung timg giot
DIAD (1,21 mL, 6,08 mmol) & nhiét d0 modi truong vao dung dich cua
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triphenylphosphin (1,61 g, 6,08 mmol) va 7-metylsulfanyl-1,4-dihydropyrimido[4,5-
d][1,3]oxazin-2-on (1,00 g, 5,07 mmol) trong THF (25 mL). Sau khi khudy qua dém,
dung mdi dugce loai bo trong chan khong va diu mau vang tao ra dugc tinh ché bang
phwong phap sic ky silicagel (40-50% EtOAc/hexan) dé thu dugc hop chat néu & tiéu
dé & dang chét ran mau tring (1,08 g, 5,11 mmol, dinh lwong). MS (m/z): 212 (M+H).

Vi du diéu ché 4

1-etyl-7-(metylsulfonyl)-1,4-dihydro-2H-pyrimido[4,5-d][ 1,3]oxazin-2-on
2
JCI R
T S o)
o U

B6 sung kali peroxymonosulfat (1526 g, 2,48 mol) & dang ran trong thoi gian
20 phit vao dung dich duge khudy cua l-etyl-7-(metylthio)-1,4-dihydro-2H-
pyrimido[4,5-d][1,3]oxazin-2-on (286 g, 1,24 mol) trong ACN (2,8 L) va nuéc (1,4 L)
va hdn hop tao ra dugc khudy trong 16 gid' & nhiét do 10-20 °C. Hon hgp phan tmg
duoc loc va banh loc thu duge dugc rira béng DCM. Dich loc két hop va DCM duogc
rira bang 5% NaySOs, nuéc va nudec mudi. Lam khd pha hitu co bing NaSOs va co
dac dé tao rahop chét néu o tidu d& (133,8 g, do tinh khiét 93%, hiéu suat 41%). MS
(m/z): 258 (M+H).

Hop chit sau co ban dugc didu ché bang phuong ciia vi du diéu ché 4.

Bang 1
Vi du diéu ) ES/MS
., Tén hoa hoc Cong thure cau tao
ché so (m/z) (M+H)
1-Metyl-7-metylsulfonyl-4H- _
5 pyrimido[4,5-d][1,3]oxazin- \ m o 244
0 o |
2-on
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Vi du diéu ché 6

N-[(1S)-1-(4-Bromophenyl)etyl]-2,2,2-triflo-axetamit

H F
Br F

Anhydrit trifloaxetic (165 mL, 1,17 mol) dugc b sung timg giot vao dung dich
cua (1S)-1-(4-bromophenyl)etanamin (213 g, 1,06 mol) trong ACN (1,3 L) & nhiét do
5°C tiép theo bing cach bd sung timg giot TEA (326 mL, 2,34 mol) trong 1 gid. Sau
30 phut, nuée (3 L) va nude mudi (1 L) duge bd sung din dén sy hinh thanh chét két
tua khong mau. Huyén phu ddc duge khudy trong 15 phut va sau do, chét ran dugc loc,
duge rira bing nudc va hexan, va lam kho bing dong khong khi tiép theo bang cach
1am khd & nhiét do 40°C trong chan khong dé thu dwoc hop chét néu & tidu dé (290 g,
92%). 'H NMR (ds-DMSO) 6 1,44 (d, 3H, J = 7,1 Hz), 4,98 (dddd, 1H, J= 7.6, 7.1,
7,1, 7,1 Hz), 7,30 (d, 2H, J = 8,4 Hz), 7,55 (d, 2H, J = 8,4 Hz), 991 (d, 1H, J= 7,6
Hz).

Vi du diéu ché 7

N-[(1S)-1-[4-(2-xyclopropylaxetyl)phenyl]etyl]-2,2,2-triflo-axetamit

n-Butyl lithi (2,5 M trong hexan, 53 mL, 130 mmol) dwgc bd sung timg giot
vao dung dich ctia N-[(1S)-1-(4-bromophenyl)etyl]-2,2,2-triflo-axetamit (18,00 g,
60,79 mmol) trong THF (600 mL) & nhiét d6 -78°C nhdm d duy tri nhiét d6 bén trong
& dudi -70°C. Sau khi hoan thanh viéc bd sung, khudy hdn hop trong 45 phut & nhiét
do -78°C va sau do, 2-xyclopropyl-N-metoxy-N-metyl-axetamit (11,4 g, 79,6 mmol)
duge bd sung & dang dung dich trong THF (10 mL). Khudy hdn hop & nhiét do -78°C

trong 45 phut, dung dich nuéc amoni clorua bio hoa duge bd sung, va 1am 4m hdn hop
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1én nhiét do trong phong. Cac 16p dugc tach va lam kho 16p hitu co bang natri sulfat
khan, loc va ¢ dic trong didu kién ap sudt giam. B6 sung mét lwong nhé DCM viao
chét rdn va gia nhiét hdn hop nhanh dé hoa tan céc chét ran. C6 dic hdn hop ngay
trude khi két tia va sau do, bd sung hexan (150 mL) timg giot két hop véi khudy manh
dé thu dugc chat ran khong mau. Chét rian duoc tap hop béng cach loc, rira béng mot
lwong nhé hexan, va lam kho trong diéu kién ap sudt giam dé thu dugc hop chét néu &

tiéu dé (13,82 g, 76%) & dang chat rin khong mau. MS (m/z): 298,3 (M-H).

Hop chét sau co ban dugc didu ché bang phwong cia vi du didu ché 7.

Bang 2
Vidu ES/MS
didu Tén hoa hoc Cong thirc cu tao (m/z)
ché s6 (M+H)
= QF
N/kk':
2,2,2-Triflo-N-[(1S)-1-[4-(3- H
g [(1S)-1-[4~( o) F 304
metoxypropanoyl)phenyl]etyl]axetamit,
O\
Vi du diéu ché 9

1-[4-[(1S)-1-Aminoetyl]phenyl]-2-xyclopropyl-etanol

~NH,
HO

Natri bohydrua (0,1411 g, 2 duong luong, 3,729 mmol,) dugc b6 sung vao dung
dich cia N-[(1S)-1-[4-(2-xyclopropylaxetyl)phenyl]etyl]-2,2,2-triflo-axetamit (558
mg, 1,86 mmol) trong MeOH (15 mL) dugc lam lanh trong chéu nude da. Khqu hén
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hop trong khoang 2,5 gio, va sau do, bd sung kali hydroxit (800 mg, 14,2 mmol) trong
nuée (3 mL). Khudy hén hop & nhiét do trong phong trong khoang 20 gio. Co dic hon
hop va phan tach thanh DCM va nuéc. Rira 16p hitu co bang dung dich nudc natri
clorua bao hoa, 1am khd trén natri sulfat, loc va c6 dic dé thu duoc hop chit néu ¢ tiéu
dé (354 mg, 1,38 mmol, 74%) & dang chit rdn mau tring. Chat liéu nay dugc sir dung
ma khong can tinh ché thém. ES/MS (m/z): 189,0 (M-OH).

Vi du diéu ché 10

2,2,2-Triflo-N-[(1S)-1-(4-formylphenyl)etyl|axetamit

Son b

H

Dess-Martin periodinan (20,9 g, 49,3 mmol) dugc bd sung vao dung dich &
nhiét do 0°C cua 2,2,2-triflo-N-[(1S)-1-[4-(hydroxymetyl)phenyl]etyl]axetamit (11,1
g, 44,9 mmol) trong DCM (450 mL). Khudy hdn hop phan tmg qua dém va dé 1am 4m
1én nhiét d6 trong phong. Pha loang hon hop phan ting bang DCM bd sung va rira bang
dung dich nudc NaHCO3 bdo hoa, dung dich nudc Na=S:0s bdo hoa, va nude mudi.
Lam kho cac ph?m hitu co két hop (Na2SOs), loc va c6 dac dé thu duogc ph?ln can con
lai ma phan nay dugc tinh ché bang phwong phap sic ky silicagel, rira giai bang
gradient EtOAc/hexan 0-50% dé thu dugc hop chét néu ¢ tiéu d& ¢ dang chit rin mau

trang (9,5 g, 39 mmol, 86%). ES/MS (m/z): 244 (M-H).
Vi du diéu ché 10a
2,2,2-Triflo-N-[(1S)-1-[4-(hydroxymetyl)phenyl]etyl]axetamit

- O

: N)J\CF;-;
HO H

Anhydrit trifloaxetic (12 mL, 85,4 mmol) dugc bd sung vao dung dich & nhiét
do 0°C cua [4-[(1S)-1-aminoetyl]phenyl]metanol (10,8 g, 71,4 mmol) trong CH2CL
(150 mL). Sau 10 phat, trietylamin (24 mL, 172 mmol) trong CH>Cl> (8 mL) duoc bd
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sung ting giot trong 30 phut, chau lam lanh dugc loai bo va phan tmg dugc khudy qua
dém. C6 dac hdn hop phan tmg trong chin khéng, pha lodng bang CH>Cl bd sung
thém, va rira bang dung dich nuéc HCI IN va nuée. Lam kho pha hitu co (Na2SOs),
loc va ¢ dic. Nguyén liéu tho duge tinh ché bing phurong phép sic ky silicagel, rira
giai bang gradient EtOAc/hexan 0-50% d& thu dugc hop chét néu & tiéu dé & dang chit
rin mau tring (11,1 g, 44,9 mmol, 63%). ES/MS (m/z): 246 (M-H).

Vi du diéu ché 11

2,2,2-Triflo-N-[(1S)-1-[4-(1-hydroxy-3-metyl-butyl)phenyl]etyl|axetamit

B6 sung isobutylmagie bromua (2 M trong dietyl ete, 7,0 mL, 14,0 mmol) vao
dung dich cua 2,2,2-triflo-N-[(1S)-1-(4-formylphenyl)etyl]axetamit (1,72 g, 7,01
mmol) trong THF (35 mL) lam lanh trong chéu nudc da va khudy trong khoang 30
phat. Lam dimg hdn hop bang dung dich nuéc amoni clorua bdo hoa va phan tach
thanh EtOAc va nude. Rira 16p hiru co bang dung dich nuée natri clorua bdo hoa, lam
kho trén natri sulfat, loc va cd dic dé thu duge hop chét néu & tiéu dé & dang dau (1,40
g, 4,15 mmol, 59%) diu nay duoc sir dung khong can tinh ché thém. ES/MS (m/z):
302,0 (M-H).

Hop chit sau co ban duoc diéu ché bang phuong ciia vi du didu ché 11.

Béang 3
. ES/MS
Vi du diéu ,
o Tén hoa hoc Cong thirc cau tao (m/z)
ché so
(M+H)

hydroxypropyl)phenyl]etyl|axetamit (M+NHa)

2.2.2-triflo-N-[(1S)-1-[4-(1- hﬁyF 293
12 HoTiF::rA\ Fr
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Vi du diéu ché 13

tert-Butyl 4-[2-xyclopropyl-1-[4-[(1S)-1-[(2,2,2-
trifloaxetyl)amino]etyl|phenyl]etyl]piperazin-1-carboxylat

fm W

LN F

Titan(IV) isopropoxit (60 mL, 200 mmol) duge bd sung vao dung dich ctia N-
[(1S)-1-[4-(2-xyclopropylaxetyl)phenyl]etyl]-2,2,2-triflo-axetamit (12,0 g, 40,1 mmol)
va tert-butyl piperazin-1-carboxylat (17,9 g, 96,1 mmol) trong THF (80 mL) va khuay
hén hop & nhiét do 60°C qua dém. Lam lanh hén hop xudng nhiét do trong phong va
MeOH (80 mL) duoc bd sung, tiép theo bang cach b sung timg phan natri
xyanobohydrua (5,3 g, 80 mmol). Khudy hdn hop & nhiét do trong phong trong 8 gid
va sau d6, bd sung nuéc va MeOH va khudy hon hop & nhiét do trong phong qua dém.
Loc hdn hop dé 14y ra chat rin va rira chét rin bang MeOH va nudc. Co dic mot phan
dich loc dé loai bé hau hét MeOH va chiét phﬁn can con lai béng EtOAc (2%). Lam
khé cac phan chiét hiru co két hop trén natri sulfat khan, loc va ¢6 dic trong diéu kién
ap suét giam. Nguyén liéu thd duoc tinh ché théng qua phuong phéap sic ky cot, rira
gi4i bang gradient EtOAc 0% dén 30% trong dung moi B, trong d6 dung moi B 1a
hexan:DCM ty 18 1:1 dé thu duogc hop chét néu & tiu dé (10,5 g, 56%) & dang chét rin
khong mau. MS (m/z): 470,3 (M+H).

Vi du diéu ché 14

tert-Butyl 4-[1-[4-[(1S)-1-aminoetyl]phenyl]-2-xyclopropyl-etyl|piperazin-1-

carboxylat
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g
LG

Dung dich nudc kali hydroxit (5 M, 69 mL, 350 mmol) duoc bd sung vao dung
dich cua tert-butyl 4-[2-xyclopropyl-1-[4-[(1S)-1-[(2,2,2-
trifloaxetyl)amino]etyl]phenyl]etyl] piperazin-1-carboxylat (32,24 g, 68,67 mmol)
trong EtOH (350 mL) va hon hop tao ra duoc khudy & nhiét do trong phong trong 4
gi0. EtOH dugc loai bo trong didu kién ap suét giam va bd sung dung dich nuéc natri
bicarbonat bdo hoa vao phan cin con lai va chiét hdn hop bang DCM. Lam kho cac
phén chiét hitu co két hop trén natri sulfat khan, loc va cd dic trong diéu kién ap suat
giam dé thu dwoc hop chit néu & tiéu @& (24,33 g, do tinh khiét 96,5% chta 3,5%
DCM du, hiéu sudt 92%) & dang dau nhét khong mau. MS (m/z): 374,3 (M+H).

Hop chit sau co ban dugc didu ché bang phuong ctia vi du diéu ché 14.

Béang 4
Vidu
. ES/MS
dieu .
né Tén hoa hoc Cong thuce cau tao (m/z)
ché
. (M+H)
sO
0 H
tert-Butyl 4-[1-[4-[(1S)-1- /l\ O)L m ’ NH,
15 aminoetyl|phenyl]-3-metyl- K/ 376
butyl]piperazin-1-carboxylat
tert-Butyl 4-[(1R)-1-[4-[(1S)-1- ﬁ -
16 aminoetyl|phenyl]propyl]piperaz 4\ @) N/\ . NH, 148
in-1-carboxylat, chit dong phan K/
1
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Vi du
. ES/MS
dieu .
né Tén hoa hoc Cong thtc cau tao (m/z)
ché
. (M+H)
sO
tert-Butyl 4-[(1R)-1-[4-[(1S)-1- ﬁ -
aminoetyl|phenyl]propyl|piperaz /{\ 0) “NH
17 e NC 21 348
in-1-carboxylat, chat dong phan
2

Vi du diéu ché 14 khac

Dung dich cua kali hydroxit (1,28 g, 22,9 mmol) trong nudc (4 mL) dugc bd
sung vao dung dich cua fert-butyl 4-[2-xyclopropyl-1-[4-[(1s)-1-[(2,2,2-
trifloaxetyl)amino]etyl]phenyl]etyl|piperazin-1-carboxylat (2,15 g, 4,58 mmol) trong
EtOH (23 mL) va khudy hén hop & nhiét do trong phong. Sau khoang 6 gio, cd dic
hdn hop. Phan tach phén cin con lai thinh DCM va dung dich natri bicarbonat béo
hoa. Rira 16p hiru co bang nuée va dung dich nude natri clorua bdo hoa, 1am kho trén
natri sulfat, loc va c6 dic dé thu dwgc hop chit néu & tiéu d& ¢ dang diu ma dau nay
dugc st dung khong can tinh ché (1,73 g, 4,49 mmol, 98%). ES/MS (m/z): 374,2
(M+H).

Vi du diéu ché 18
tert-Butyl 4-[(1R)-1-[4-[(1S)-1-aminoetyl]phenyl]-2-xyclopropyl-etyl|piperazin-1-
carboxylat, chit ddng phan khong ddi quang 1

O =
o “NH,

T
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Vi du diéu ché 19

tert-Butyl 4-[(1S)-1-[4-[(1S)-1-aminoetyl]phenyl]-2-xyclopropyl-etyl]piperazin-1-
carboxylat, chit ddng phan khong ddi quang 2

O z
NV,

Hoén hop ty 1& 1:1 cta tert-butyl 4-[(1R)-1-[4-[(1S)-1-aminoetyl]phenyl]-2-
xyclopropyl-etyl]piperazin-1-carboxylat, chit ddng phan khong ddi quang 1 va rert-
butyl 4-[(1S)-1-[4-[(1S)-1-aminoetyl]phenyl]-2-xyclopropyl-etyl|piperazin-1-
carboxylat, chit dong phan khong d6i quang 2 (3,23 g) duge hoa tan trong MeOH (40
mL) va dugc phéan tach thanh cac chit ddng phan khong dbi quang riéng biét bang
phwong phap HPLC diéu ché khong d6i xung sir dung cac diéu kién sau: cot Chiralpak
AD, 20 um, (8 x 33 cm); thé tich bom 10 mL; dung moi rira giai 100% MeOH véi
0,2% DMEA; bu6c séng phat hién 220 nm; téc d6 dong 400 mL/phut. Vi du diéu ché
12, tert-butyl 4-[(1R)-1-[4-[(1S)-1-aminoetyl]phenyl]-2-xyclopropyl-etyl]piperazin-1-
carboxylat, chit ddng phan khong ddi quang 1, thu dugc tir dinh rira giai thi nhat &
dang dau nhét trong sudt (1,50 g, 46%, >99% de). MS (m/z): 374,3 (M+H). Vi du diéu
ché 13, tert-butyl 4-[(1S)-1-[4-[(1S)-1-aminoetyl]phenyl]-2-xyclopropyl-
etyl]piperazin-1-carboxylat, chét dong phan khong dbi quang 2, thu duogc tir dinh rira
giai thi hai & dang dau nhét trong sudt (1,46 g, 45%, >98,2% de). MS (m/z): 374.3
(M+H).

Vi dy diéu ché 20
N,3-Dimetoxy-N-metyl-propanamit

|
O._N

1

O

~N

Dung dich cta axit 3-metoxypropanoic (62 g, 577,7 mmol) trong DCM (1200
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mL) dugc xi Iy timg phan tir tir bang 1,1'-carbonyldiimidazol (103 g, 635,2 mmol) va
khudy & nhiét do trong phong trong 2 gid. N,0-dimetylhydroxylamin hydroclorua (62
g, 635,6 mmol) duoc bd sung va khudy hdn hop & nhiét do trong phong qua dém. Rira
hén hop bang nude (2x), dung dich nuéc HCI 0,1M (2x), va bang dung dich nudc
natri bicarbonat bdo hoa (2x), lam kho trén magie sulfat, loc va c6 dic t6i trang thai
kho dé thu dugce nguyén liéu tho. Nguyén liéu thd duge tién hanh sic ky trén silicagel,
rira giai bang gradient axeton 20-40% trong hexan. Lam kho dau thu dugc qua dém
trong chan khong dé thu dwoc hop chit néu & tiéu dé (69,52, 81,7%). 'H NMR
(CDCI3) 6 2,72 (t, 2H), 3,2 (s, 3H), 3,38 (s, 3H), 3,7 (m, 5H).

Vi du diéu ché 21

2,2,2-Triflo-N-[(1S)-1-[4-(1-hydroxy-3-metoxy-propyl)phenyl]etyl|axetamit

: QF
Nk‘/
H F

HO

@)

~

Hoa tan 2,2 2-triflo-N-[(1S)-1-[4-(3-metoxypropanoyl)phenyl]etyl]axetamit
(23,62 g, 73,98 mmol, 95% khdi lugng) trong MeOH (700 mL) va xir Iy bang natri
bohydrua (5,6 g, 150 mmol). Sau khi khudy & nhiét d trong phong trong 2 gid, hon
hop duoc xtr 1y bang dung dich nuéc amoni clorua bao hoa va MeOH dugc lam bay
hoi. Phan tach nguyén li€u thu dugc thanh nude va EtOAc, tach riéng va lam kho cac
phan hitu co két hop trén Na,SOs, loc va co dic t6i trang thdi khd. Nguyén ligu thd
duoc tién hanh sic ky trén silicagel, rira giai bang EtOAc 40% trong hexan dé thu
duoc hop chit néu & tiéu d& & dang chit rin mau trang (17,82g, 79%). MS (m/z): 306
(M+H).
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Vi du diéu ché 22

tert-Butyl 4-[3-metoxy-1-[4-[(1S)-1-[(2,2,2-
trifloaxetyl)amino]etyl|phenyl|propyl]piperazin-1-carboxylat

ﬁ@@&

Hoa tan 2,2,2-triflo-N-[(1S)-1-[4-(1-hydroxy-3-metoxy-
propyl)phenyl]etyl]axetamit (21,76g, 71,27 mmol) trong DCM (350mL) va lam lanh
xudng -10°C. Bd sung thionyl clorua (26,12 g, 16 mL, 219,6 mmol) timg giot va
khudy phan tmg trong 2 gidr. C6 dic hdn hop t6i trang thai khd, hoa tan lai trong DCM,
va lai dugc c6 ddc. Hoa tan nguyén lidu tho trong ACN (300 mL) va bd sung #-butyl
piperazin-1-carboxylat (26,55 g, 142,6 mmol), kali carbonat (39,5 g, 286 mmol) va
kali iodua (12,0 g, 72,3 mmol) vao d6. Gia nhiét hdn hop dén 80°C trong 72 gid. Loc
chat rin mau tring thu dugc va rira bang EtOAc. Rira cac phén dich loc két hop bang
dung dich nudc amoni clorua, lam kho trén magie sulfat, loc va c6 dac. Nguyén li€u
thd duoc tién hanh sic ky trén silicagel, rira giai bang gradient EtOAc 40-80% trong
hexan dé thu dugc hop chét néu & tiéu dé & dang bot mau tring (29,63g, 88%). MS
(m/z): 474 (M+H).

Vi du diéu ché 23

tert-Butyl 4-[1-[4-(1S)-1-aminoetyl]phenyl]-3-metoxy-propyl]piperazin-1-carboxylat,
chat dong phan khéng dbi quang 1

@)

)J\ :
0N NH,
e
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Vi du diéu ché 24

tert-Butyl 4-[1-[4-(1S)-1-aminoetyl]phenyl]-3-metoxy-propyl]piperazin-1-carboxylat,
chét dong phan khong dbi quang 2

@)

L

0" N NH,
A

o

~N

Bé sung dung dich nuéc kali hydroxit (63 mL, 5 M) vao dung dich cta tert-
butyl  4-[3-metoxy-1-[4-[(1S)-1-[(2,2,2-trifloaxetyl)amino]-etyl]propyl]piperazin-1-
carboxylat (29,60 g, 62,5 mmol) trong EtOH (310 mL). Khuiy dung dich trong 4 gio &
nhiét d6 trong phong va sau dé, co dac hon hop t6i trang thai kho. Phan can thd con lai
duogc xir Iy bang nuée va dung dich nude natri bicarbonat bao hoa va chiét bang DCM
(3x). Lam kho cac phin chiét hitu co két hop trén natri sulfat, loc va c6 ddc dé thu
dwoc hop chit néu & tidu dé (23,6g), hop chat nay dugc hoa tan trong MeOH (236 mL)
va tach riéng thanh cac chit dong phan khong d6i quang riéng biét bang phwong phép
sic ky SFC khong d6i xing s dung céc diéu kién sau: cot: Lux Cellulose- 1, (5 x 25
cm); thé tich bom: 1 mL ¢ mdi 2,5 phit, dung moi rira giai 15% MeOH/CO., budc
séng phat hién 230 nm; tdc do dong 300 g/phut; nhiét do cot: 40°C; diém thiét dat
BPR: 100 bar; nhiét 46 BPR: 40°C. Hop chit néu & tiéu dé ctia vi du diéu ché 28 thu
duoc tr dinh rira giai tha nhit & dang diu nh6t mau vang trong sudt (10,1 g, 42,8%,
96,6% de). MS (m/z): 378 (M+H). Hop chét cta vi du diéu ché 29 dugc phan 1ap tai
dinh rira giai thtr hai & dang ddu nhét mau vang trong suét (10,3 g, 43,6%, 95.2% de).
MS (m/z): 378 (M+H).
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Vi du diéu ché 25

7-[[(1S)-1-[4-(1-clo-2-xyclopropyl-etyl)phenyl]etyl]Jamino]-1-etyl-4H-pyrimido[4,5-

d][1,3]oxazin-2-on

Thionyl clorua (0,23 mL, 3,219 mmol) duoc bd sung vao hdn hop cua 7-[[(1S)-
1-[4-(2-xyclopropyl-1-hydroxy-etyl)phenyl]etyl]amino]-1-etyl-4H-pyrimido[4,5-
d][1,3Joxazin-2-on (432 mg, 1,03 mmol) va kali carbonat (741 mg, 5,37 mmol) trong
DCM (20 mL) va khudy hdn hgp & nhiét do trong phong trong 20 phut. Loc hdn hop
qua dét tao cat va cod dic dé thu dugc hop chit néu & tiéu dé (518 mg, 1,07 mmol,
100%) & dang bot mau tring, hop chit nay duoc st dung khong can tinh ché thém.
ES/MS (m/z): 401,2/403,2 (M+H).

Cac hop chit sau dugc diéu ché co ban theo phuong phap trong vi du diéu ché 25.

Bang 5
Vidu
X ES/MS
diéu .
n Tén hoa hoc Cong thirc cau tao (m/z)
cne
p (M+H)
SO
N-[(1S)-1-[4-(1-clo-2-xyclopropyl- : Nj;(F
F
26 etyl)phenyl]etyl]-2,2,2-triflo- C T F 318
axetamit
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-0
N-[(1S)-1-[4-(1-clo-3-metyl- ' N/LS<F
H F
27 butyl)phenyl]etyl]-2,2,2-triflo- c F 320
axetamit
28 1 1])v-1[1(18)1-]1-[j]-(21-2 2-trifl | ﬁ%/lz 311
clopro enyl|etyl|-2,2,2-triflo-
propyLP g C F (M+NHy)
axetamit
Vi du diéu ché 29
tert-Butyl 4-[(1R)-2-xyclopropyl-1-[4-[(1S)-1-[(1-etyl-2-0x0-4H-pyrimido[4,5-

d][1,3]oxazin-7-yl)amino]etyl]phenyl]etyl]piperazin-1-carboxylat

f@ Mgﬁfgi

B6 sung CsF (1,39 g, 9,15 mmol) va DIPEA (0,80 mL, 4,6 mmol) vao dung
dich cua tert-butyl 4-[(1R)-1-[4-[(1S)-1-aminoetyl]phenyl]-2-xyclopropyl-
etyl]piperazin-1-carboxylat (864 mg, 3,35 mmol), va l-etyl-7-(metylsulfonyl)-1,4-
dihydro-2H-pyrimido[4,5-d][1,3]oxazin-2-on (1,14 g, 3,05 mmol), trong DMSO (15
mL). Khudy hdn hop & nhiét do 60°C trong 1,5 gid. Lam lanh hdn hop xuéng nhiét do
trong phong, pha lodng bang FtOAc, va rira bang nudc (2x). Chiét cac phan nude rira
két hop bang EtOAc va lam kho cac phan chiét hitu co két hop (Na2SOa), loc va ¢d
dac toi trang thai kho. San pham thé tao ra dugc tinh ché bang phuong phap sdc ky
silicagel, rira giai bang gradient EtOAc 55% dén 95% trong hexan dé thu dugc hop
chit néu & tiéu d & dang chét rin khong mau (1,47 g, 88%). MS (m/z): 551,3 (M+H).
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Céc hop chét sau duoc diéu ché co ban theo phuwong phép trong vi du diéu ché 29.

Bang 6

Vi du ES/MS
diéu Tén hoa hoc Cong thuc ciu tao (m/z)

ché s6 (M+H)

tert-Butyl 4-[(1S)-2-xyclopropyl-
1-[4-[(1S)-1-[(1-etyl-2-0x0-4H- ?
30 pyrimido[4,5-d][1,3]oxazin-7- 551
yl)amino]etyl]phenyl]etyl]piperazi

n-1-carboxylat,

tert-Butyl 4-[1-[4-[(1S)-1-[(1-etyl-
2-ox0-4H-pyrimido[4,5-

. 0 - N (0}
d][1,3]oxazin-7- oJ\N/\ : ﬁ)fN:(N/%
31 yl)amino]etyl]phenyl]-3-metoxy- XK &Ng N 555
propyl]piperazin-1-carboxylat o)
(chét ddng phan khong ddi quang
1)

tert-Butyl 4-[1-[4-[(1S)-1-[(1-etyl-
2-ox0-4H-pyrimido[4,5-
d][1,3]oxazin-7- OjNﬁ Nimio
32 yl)amino]etyl]phenyl]-3-metoxy- K K/N\?A ; \ 555
propyl]piperazin-1-carboxylat d
(chét déng phan khong ddi quang
2)

tert-Butyl 4-[2-xyclopropyl-1-[4-
[(1S)-1-[(1-metyl-2-0x0-4H-
o . 0 : N4TO
pyrimido[4,5-d][1,3]oxazin-7- OJ\N/\ ~NASNnRo
33 (N H | 537
yl)amino Jetyl]phenyl]etyl]piperazi
n-1-carboxylat (chit ddng phan

khong dbi quang 1)
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34

tert-Butyl 4-[2-xyclopropyl-1-[4-
[(1S)-1-[(1-metyl-2-0x0-4H-
pyrimido[4,5-d][1,3]oxazin-7-
yl)amino]etyl]phenyl]etyl]piperazi
n-1-carboxylat (chit ddng phan
khéng dbi quang 2)

537

35

tert-Butyl 4-[1-[4-[(1S)-1-[(1-etyl-
2-0x0-4H-pyrimido[4,5-
d][1,3]oxazin-7-
yl)amino]etyl]phenyl]-3-metyl-
butyl]piperazin-1-carboxylat

553

36

tert-Butyl 4-[(1R/S)-1-[4-[(1S)-1-
[(1-etyl-2-ox0-4H-pyrimido[4,5-
d][1,3]oxazin-7-
yl)amino]etyl]phenyl]|propyl]piper
azin-1-carboxylat, chit ddng phan

1

*ﬁ&(@ﬁum@

525

37

tert-Butyl 4-[(1R/S)-1-[4-[(1S)-1-
[(1-etyl-2-ox0-4H-pyrimido[4,5-
d][1,3]oxazin-7-
yl)amino]etyl]phenyl]propyl]|piper
azin-1-carboxylat, chat dong phan

2

gasBepins

525

38

7-1[(1S)-1-[4-(2-xyclopropyl-1-
hydroxy-etyl)phenyl]etyl]amino]-
1-etyl-4H-pyrimido[4,5-

d][1,3]oxazin-2-on

383
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Vi du diéu ché 39

7-[[(1S)-1-[4-[(1R)-2-xyclopropyl-1-piperazin-1-yl-etyl]phenyl]etyl]Jamino]-1-etyl-
4H-pyrimido[4,5-d][1,3]oxazin-2-on

HNO ? N*N/N:C[i o)

Axit clohydric (95 mL, 5,5 M trong isopropanol, 520 mmol) dugc bd sung timg
giot vao dung dich cuia tert-butyl 4-[(1R)-2-xyclopropyl-1-[4-[(1S)-1-[(1-etyl-2-oxo0-
4H-pyrimido[4,5-d][1,3]oxazin-7-yl)amino]etyl|phenyl]etyl]piperazin-1-carboxylat
(29,45 g, 53,48 mmol) trong EtOAc (570 mL) & 40°C. Khudy hdn hop 3 gid, & nhiét
d6 trong phong, va sau d6 bd sung nuée (300 mL) vao d6. Tach riéng cac 16p va chiét
16p hitu co bang nude (2 x 150 mL). D pH cla cac phén chiét nuéc két hop duoc
didu chinh t6i pH 10 bang cach bd sung NaOH 5N din dén sy hinh thanh chét ran
khong mau. Chat ran dugc tap hop bing cach loc, dugc rira bang nuéce, va lam kho
bang khong khi dé thu dugc hop chét néu & tiéu dé (25,18 g, 99%) & dang chat rin
khong mau. MS (m/z): 451,2 (M+H).

Hop chat sau co ban dugc didu ché bang phuong cia vi du diéu ché 39.

Bang 7
Viduy ES/MS
diéu Tén hoa hoc Cong thirc cdu tao | (m/z)
ché sb (M+H)

7-[[(1S)-1-[4-[(1S)-2-xyclopropyl-1-

40 451

etyl]phenyl]etyl]amino]-1-etyl-4H-

piperazin-1-yl- HNC N\/QAH/LWNEO

pyrimido[4,5-d][1,3]oxazin-2-on
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Vi du diéu ché 41

7-[[(1S)-1-[4-(2-xyclopropyl-1-piperazin-1 -yl-etyl)phenyl]etyl]amino]-1-metyl-4H-
pyrimido[4,5-d][1,3]oxazin-2-on, chét déng phan khong dbi quang 1

N
HN SNTSNTNTYO
@ NN

tert-Butyl 4-[2-xyclopropyl-1-[4-[(1S)-1-[(1 -metyl-2-oxo0-4H-pyrimido[4,5-
d][1,3]oxazin-7-y1)amin0]etyl]phenyl]etyl]piperazin-l-carboxylat, chit dong phan
khong ddi quang 1 (245 mg, 0,46 mmol) dugc hoa tan trong DCM (2,5 mL). TFA (0,7
mL, 9 mmol) duoc bd sung va phan tmg dugc khudy & nhiét do trong phong trong 90
phat. Lam dimg hén hop bang dung dich nuée K>COs 20% va chiét bang DCM (3x).
Lam kho cac phan chiét hitu co két hop trén NaySOq, loc va ¢d déc téi trang thai kho
trong moi truong chan khong cao qua dém dé thu dugc hop chat néu & tiu dé ¢ dang

bot mau tring, (196 mg, 88,5%). MS (m/z): 437 (M+H).

Céc hop chat sau duge didu ché co ban theo phuong phép trong vi du diéu ché 41.

Béang 8
Vi du | ES/MS
didu | Tén héa hoc Cong thuc cAu tao (m/z)
ché sb (M+H)
7-[[(1S)-1-[4-(2-
xyclopropyl-1-piperazin-1- NF o
yl-etyl)phenyl]etyl]amino]- N : N /kN | N A o
42 | 1-metyl-4H-pyrimido[4,5- LN H | 437
d][1,3]oxazin-2-on, chét
ddng phan khong dbi quang
2
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43

1-etyl-7-[[(1S)-1-[4-(3-
metyl-1-piperazin-1-yl-
butyl)phenyl]etyl]amino]-
4H-pyrimido[4,5-
d][1,3]oxazin-2-on, chét
ddng phan 1

453

44

1-etyl-7-[[(1S)-1-[4-(3-
metyl-1-piperazin-1-yl-
butyl)phenyl]etyl]amino]-
4H-pyrimido[4,5-
d][1,3]oxazin-2-on, chét
ddng phan 2

453

45

7-[[(1S)-1-[4-(2-

xyclopropyl-1-piperazin-1-

yl-etyl)phenyl]etyl]amino]-

1-metyl-4H-pyrido[4,3-

d][1,3]oxazin-2-on, chét
ddng phan 1

436

46

7-[[(1S)-1-[4-(2-
xyclopropyl-1-piperazin-1-
yl-etyl)phenyl]etyl]amino]-
1-metyl-4H-pyrido[4,3-
d][1,3]oxazin-2-on, chat
ddng phan 2

C

436

47

1-etyl-7-[[(1S)-1-[4-
[(1R/S)-1-piperazin-1-
ylpropyl]phenyl]etylJamino
]-4H-pyrimido[4,5-
d][1,3]oxazin-2-on, chat

dong phan 1

425
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1-etyl-7-[[(1S)-1-[4-
[(1IR/S)-1-piperazin-1- ] z |

Ipropyl]phenyl]etyl]amino : N\/N\/CN/@

48 yppyp”y HNQ ﬁ* KO 195
]-4H-pyrimido[4,5-

d][1,3]oxazin-2-on, chit

ddng phan 2

Vi du diéu ché 49

7-[[(1S)-1-[4-(2-xyclopropyl-1-piperazin-1-yl-etyl)phenyl]etylJamino]-1-etyl-4H-
pyrimido[4,5-d][1,3]oxazin-2-on

=
HNC H*NQ?NE 0

Hoén hop cua 7-[[(1S)-1-[4-(1-clo-2-xyclopropyl-etyl)phenyl]etyl]amino]-1-
etyl-4H-pyrimido[4,5-d][1,3]oxazin-2-on (518 mg, 1,07 mmol), kali carbonat (445 mg,
3,217 mmol), natri iodua (161 mg, 1,07 mmol) va piperazin (277 mg, 3,22 mmol)
trong ACN (3 mL) dugc gia nhiét trong mot 1o gz"in kin t&i 70°C. Sau ~8 gio, lam lanh
hén hop xubng nhiét do trong phong, pha loéng bang EtOAc, loc qua dat tao cat, va cd
dic. Nguyeén liéu thd duge tinh ché trén silicagel, rira giai bang gradient NHz/MeOH tir
1% dén 7% 3M trong DCM dé thu dugc hop chit néu & tiéu dé (306 mg, 0,66 mmol,
62%) & dang chit rin mau tring. ES/MS (m/z): 451,2 (M+H).

-40-
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Céc hop chit sau duoc diéu ché co ban theo phwong phép trong vi du diéu ché

49 str dung piperazin dugc bao v¢ thich hop.

Bang 9
Vidu ES/MS
diéu Tén hoa hoc Cong thire ciu tao (m/z)
ché sé (M+H)
tert-Butyl 4-[2-xyclopropyl-1-[4- /{\ /ﬁ ]
19)-1-[(2,2.2- 0N : p(h;rF
50 - N "F 470
trifloaxetyl)amino]etyl]phenyl]etyl]
piperazin-1-carboxylat
tert-Butyl 4-[3-metyl-1-[4-[(1S)-1- o S
(22.2- Ay AT
51 ~ i 472
trifloaxetyl)aminoJetyl|phenyl|buty
l]piperazin-1-carboxylat
tert-Butyl 4-[1-[4-[(1S)-1-[(2,2,2-
. : /} oji N Nj;( F
52 trifloaxetyl)amino]etyl]phenyl]prop I\ HFE 444
yl]piperazin-1-carboxylat

Vi du diéu ché 53

tert-Butyl  4-[1-[4-[(1S)-1-[(2,2,2-trifloaxetyl)amino]etyl]phenyl]propyl]piperazin-1-

carboxylat, chit déng phan 1

4 X NiﬂF
Vi du diéu ché 54

tert-Butyl  4-[1-[4-[(1S)-1-[(2,2,2-trifloaxetyl)amino]etyl|phenyl]propyl]piperazin-1-

carboxylat, chit dong phan 2

-41-
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Hoa tan tert-butyl 4-[1-[4-[(1S)-1-[(2,2,2-trifloaxetyl)amino]etyl]-
phenyl]propyl]piperazin-1-carboxylat (29,2 g, 65,8 mmol) trong MeOH (584 mL) va
phan tach bang phuong phap sic ky SFC khong dbi xtmg str dung cac diéu kién sau:
cot: Chiralpak AD-H, 5x25 cm; dung méi rira giai 85/15 CO»/MeOH v6i 0,5%
dimetyletylamin; tbc do dong 300 g/phut; bude song phat hién 230 nm; nhiét do cot
40°C; diém thiét dit BPR 100 bar; nhiét do dung moi 40°C. Chit déng phan 1 dugc
phéan tach lam dinh rira giai thu nhét (14,15 g, 31,9 mmol). ES/MS (m/z): 444 (M+H).
Chat ddng phan 2 dwgc phéan tach lam dinh ria giai thu hai (13,87 g, 31,3 mmol).
ES/MS (m/z): 444 (M+H).

Vi du diéu ché 55

tert-Butyl 4-[1-[4-[(1S)-1-[(1-etyl-2-0x0-4H-pyrimido[4,5-d][1,3]oxazin-7-
yl)amino]etyl]phenyl]-3-metyl-butyl]piperazin-1-carboxylat, chét dong phén 1

o) ; N| X0
/‘\OJLN S
(N 3 N
Vi du diéu ché 56
tert-Butyl 4-[1-[4-[(1S)-1-[(1-etyl-2-0x0-4H-pyrimido[4,5-d][1,3]oxazin-7-

yl)amino]etyl]phenyl]-3-metyl-butyl]piperazin-1-carboxylat, chét ddng phan 2

0 . N0
/‘\OJLN NN
N " ~
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tert-Butyl 4-[1-[4-[(1S)-1-[(1-etyl-2-ox0-4H-pyrimido[4,5-d][1,3]oxazin-7-
© yl)amino]etyl]phenyl]-3-metyl-butyl]piperazin-1-carboxylat (2,6 g, 4,70 mmol) dugc
hoa tan trong hdn hop isopropanol:cloroform ty 1& 4:1 (50 mL) va phén tach bang
phuong phap sic ky SFC khong ddi ximg st dung cac didu kién sau: cot: Chiralpak
AD-H, 5x25 cm; thé tich bom 1 mL; dung mdi rira giai 75/25 CO/IPA vo6i 0,5%
dimetyletylamin; tbc do dong 280 g/phut; budc séng phét hién 240 nm; nhiét do cot
40°C: diém thiét dat BPR 100 bar; nhiét do dung moi 40°C. Hop chét trong vi du diéu
ché 45 duogc phan tach 1am dinh ria giai thu nhit (1,02 g, 1,89 mmol). ES/MS (m/z):
553,4 (M+H). Hop chit trong vi du diéu ché 46 dugc phan tach lam dinh rira gii thir
hai (1,05 g, 1,90 mmol). ES/MS (m/z): 553,4 (M+H).

Vidul

7-[[(1S)-1-[4-[(1R)-2-xyclopropyl-1-(4-prop-2-enoylpiperazin-1-
yl)etyl]'phenyl] etyllamino]-1-etyl-4H-pyrimido[4,5-d][1,3]oxazin-2-on

S UNPEY »6.3

LN i N

Acryloyl clorua (305 pL, 3,75 mmol, trong 2 mL DCM) dugc bd sung timg giot
vao dung dich cua 7-[[(1S)-1-[4-[(1R)-2-xyclopropyl-1-piperazin-1-yl-
etyl]phenyl]etyl]amino]-1-etyl-4H-pyrimido[4,5-d][1,3]oxazin-2-on (1,73 g, 3,26
mmol) trong DCM & nhiét do -78°C. Sau 2 phuat ¢ nhiét do -78°C, bd sung vai giot
MeOH, tiép theo bang dung dich nuéc natri bicarbonat bdo hoa va hdn hop duoc lam
4m 1én nhiét do trong phong. B6 sung DCM, tach riéng cac 16p, va chiét 16p nuéc bing
DCM. Lam kho céc phin chiét hiru co két hgp (Na2SOs), loc va ¢b dic toi trang thai
khé. San pham thé tao ra dugc tinh ché bang phuong phap sic ky silicagel (dung moi
A 25% dén 40% trong dung mdi B, trong d6 dung moi A 1a 10% MeOH/axeton va
dung moi B 1a hexan) dé thu dugc hop chit néu & tiéu dé & dang chét rin khong mau

(1,16 g, 70%). MS (m/z): 505,3 (M+H).
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Céc hop chét sau duge diéu ché co ban theo phuong phap néu trong vi du 1.

Bang 11

Vi
du

r
A

SO

Tén hoa hoc

Cong thirc ciu tao

ES/MS
(m/z)
(M+H)

7-[[(1S)-1-[4-[(1S)-2-
xyclopropyl-1-(4-prop-2-
enoylpiperazin-1-
yl)etyl]phenyl]etyl]Jamino]-1-
etyl-4H-pyrimido[4,5-
d][1,3]oxazin-2-on

505

7-[[(1S)-1-[4-[2-xyclopropyl-
1-(4-prop-2-enoylpiperazin-1-
yl)etyl]phenyl]etyl]amino]-1-
metyl-4H-pyrimido[4,5-
d][1,3]oxazin-2-on, chat dong
phén khong ddi quang 1

491

7-[[(1S)-1-[4-[2-xyclopropyl-
1-(4-prop-2-enoylpiperazin-1-
yl)etyl]phenyl]etyl]amino]-1-
metyl-4H-pyrimido[4,5-
d][1,3]oxazin-2-on, chit dong
phan khong ddi quang 2

(0] - N= 0]

491

7-1[(1S)-1-[4-[2-xyclopropyl-

1-(4-prop-2-enoylpiperazin-1-

yl)etyl]phenyl]etyl]amino]-1-
etyl-4H-pyrimido[4,5-

d][1,3]oxazin-2-on

505
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1-etyl-7-[[(1S)-1-[4-[3-metyl-

1-(4-prop-2-enoylpiperazin-1-

yl)butyl]phenyl]etyl]amino]-
4H-pyrimido[4,5-

d][1,3]oxazin-2-on

507

1-etyl-7-[[(1S)-1-[4-[3-metyl-
1-(4-prop-2-enoylpiperazin-1-
yl)butyl]phenyl]etylJamino]-
4H-pyrimido[4,5-
d][1,3]oxazin-2-on, chat déng
phéan 1

507

1-etyl-7-[[(1S)-1-[4-[3-metyl-
1-(4-prop-2-enoylpiperazin-1-
yl)butyl]phenyl]etyl]amino]-
4H-pyrimido[4,5-
d][1,3]oxazin-2-on, chit déng
phan 2

? N/“\N/ N/J*o
N

o
e

507

7-[[(1S)-1-[4-[2-xyclopropyl-
1-(4-prop-2-enoylpiperazin-1-
yl)etyl]phenyl]etyl]Jamino]-1-
metyl-4H-pyrido[4,3-
d][1,3]oxazin-2-on, chit dong
phan 1

490

10

7-1[(1S)-1-[4-[2-xyclopropyl-
1-(4-prop-2-enoylpiperazin-1-
yl)etyl]phenyl]etyl]amino]-1-
metyl-4H-pyrido[4,3-
d][1,3]oxazin-2-on, chit dong
phéan 2

490
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1-etyl-7-[[(1S)-1-[4-[(1R/S)-
1-(4-prop-2-enoylpiperazin-1-

yl)propyl]phenyl]etyl]Jamino]- \/&N/\ N\NTNiO
11 LN H § 479
4H-pyrimido[4,5-
d][1,3]oxazin-2-on, chét dong
phan 1
1-etyl-7-[[(1S)-1-[4-[(1R/S)-
1-(4-prop-2-enoylpiperazin-1- LN
(4-prop ylpip \/?\N/\ N\NTNiO
12 | yl)propyl]phenyl]etyl]amino]- K/N\CQAH § 479

4H-pyrimido[4,5-
d][1,3]oxazin-2-on, chét déng
phén 2

Xéc dinh cdu trac tinh thé tia X cua IDHI trong phirc hop véi 7-[[(1S)-1-[4-
[(1S)-2-xyclopropyl-1-(4-prop-2-enoylpiperazin- 1-yl)etyl]phenyl]etyl]amino]-1-etyl-
4H-pyrimido[4,5-d][1,3]oxazin-2-on.

CAu trac tinh thé cua IDHI trong phic hop véi 7-[[(1S)-1-[4-[(1S)-2-
xyclopropyl-1-(4-prop-2-enoylpiperazin-1-yl) etyl]phenyl]etyl]amino]-1-etyl-4H-
pyrimido[4,5-d][1,3]oxazin-2-on duogc x4ac dinh tir dir licu vé nhiéu xa tia X dugc tap
hop tai dudng chum tia synchrotron APS 31-ID dugc van hanh tai trung tim Advanced
Photon Source & Argonne National Laboratory, Argonne, IL 60439. Protein IDH1 véi
dot bién R132H la co6 san trén thi trudng tur nhiéu ngudn. Theo cach khac, protein
IDH1 R132H ¢6 thé duge phan tach tir dong té bao c6 san trén thi truong chira dot
bién bang cac k¥ thuat da biét va thuomg duge st dung boi ngudi co hiéu biét trung
binh trong linh vyc. Céc tinh thé thu dugc tir su thiét dat cac khay nho giot dugc can
bing & nhiét do 21°C véi protein IDH1 6 dot bién R132H & ndng do 15 mg/ml trong
hé dém chta 10 mM HEPES pH 7.5, 150 mM natri clorua, 10% glyxerol, 5 mM
dithiothreitol va 2 mM 7-[[(18)-1-[4-[(1S)-2—xyclopropyl-1-(4-prop-2-enoy1piperazin-
1-yl)etyl]phenyl]etyl]amino]-1-etyl-4H-pyrimido[4,5-d][1,3]oxazin-2-on, va két hop
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véi mot thé tich tuong duwong cua dung dich chira chira 100mM Bis Tris pH 5, 5%
DMSO, 22% PEG 3350 va 200mM amoni sulfat. Ngam céc tinh thé qua dém trong
dung dich chua 3 mM hop chat 7-[[(1S)-1-[4-[(1S)-2-xyclopropyl-1-(4-prop-2-
enoylpiperazin-1-yl)etyl]phenyl]etyl]amino]-1-etyl-4H-pyrimido[4,5-d][1,3]oxazin-2-
on, truge khi dugce chuyén sang dung dich c6 bd sung 22% etylen Glycol va lam dong
lanh nhanh dé tap hop dir liéu. Dit liéu vé nhiéu xa déi v6i do phan giai 2,8 A duoc tap
hop bang chiéu xa tia X & bude song 0,9793 A. Cac tinh thé thudc nhém khong gian
P45212 v6i céc thong s6 6 a=82,74 A, b=82,74 A, ¢=299,4A, a=p=y=90°. Céu tric
duogc xac dinh bﬁng su thay thé phén tir va chira m¢t phan tir dime cua IDHI. Anh xa
mat do dién tir chénh léch dugc tinh toan sau khi mo hinh héa protein IDHI c6 mét do
16 rang ddi v6i hai phan tir lién két ctia 7-[[(1S)-1-[4-[(1S)-2-xyclopropyl-1-(4-prop-2-
enoylpiperazin-1-yl)etyl]phenyl]etyl]Jamino]-1-etyl-4H-pyrimido[4,5-d][ 1,3 ]oxazin-2-
on.

Hoéa hoc lap thé cua 7-[[(1S)-1-[4-[(1S)-2-xyclopropyl-1-(4-prop-2-
enoylpiperazin-1-yl)etyl]phenyl]etyl]amino]-1-etyl-4H-pyrimido[4,5-d][1,3]oxazin-2-
on dugc x4c dinh tr mat do dién t&r, va ca hai phan tir cia 7-[[(1S)-1-[4-[(1S)-2-
xyclopropyl-1-(4-prop-2-enoylpiperazin-1-yl)etyl]phenyl]etylJamino]-1-etyl-4H-
pyrimido[4,5-d][1,3]oxazin-2-on dugc md hinh héa va ddng ciu tric phirc dugc tinh

chinh thanh cac hé sé R 1a R hoat dong=0,192 va R tu do=0,228.

Ca O
@22104& Qti\[/gi;
A R

G 7 Ciz. G5
> QcﬁN“\g/e o “e
o
%57027
Gos
Bang 12

Su sip Xép cua hop chdt  7-[[(18)-1-[4-[(18S)-2-xyclopropyl-1-(4-prop-2-
enoylpiperazin-1-yl)etyl]phenyl]etyl]amino]-1-etyl-4H-pyrimido[4,5-d][1,3]oxazin-2-

on.
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Nguyén tir

02 48,364 1,353 -2,648
C21 49,136 0,711 -1,964
C22 48,932 -0,779 -1,799
C23 47,694 -1,239 -2,530
N5 50,174 1,294 -1,330
C18 50,422 2,738 -1,428
C17 51,848 3,008 -1,849
C19 51,126 0,603 -0,449
C20 52,568 0,906 -0,834
N4 52,797 2,388 -0,868
Cl16 54,242 2,810 -1,061
C24 55,094 2,321 0,113

C25 56,411 3,091 0,050

C27 57,062 3,523 1,306

C26 56,432 4,534 0,413

C13 54,761 2,408 -2,428
C12 55,212 1,125 -2,730
Cl11 55,701 0,819 -3,988
Cl4 54,812 3,365 -3,432
C15 55,295 3,057 -4,691
C10 55,742 1,778 -4,997
C8 56,243 1,464 -6,405
C9 55,107 1,279 -7,400
N3 57,128 0,291 -6,469
Cl 58,372 0,310 -5,968
N 59,104 -0,809 -6,086
N1 58,775 1,474 -5,441
C2 60,041 1,523 -5,009
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N2 60,425 2,651 -4,254
C6 59,506 3,796 -4,105
C7 58,569 3,631 -2,901
G5 61,546 2,595 -3,438
01 61,736 3,358 -2,523
O 62,437 1,605 -3,629
C4 62,347 0,684 -4,739
C3 60,923 0,429 -5,132
C 60,369 -0,717 -5,655
Vidu 13

1-etyl-7-[[(1S)-1-[4-[3-metoxy-1-(4-prop-2-enoylpiperazin-1-
yl)propyl]phenyl]etyl]amino]-4H-pyrimido[4,5-d][1,3]oxazin-2-on, ch4t dong phén
khong d6i quang 1

Chiral
O . N0
IHLN/\ : N/&/NIN\/J%O
(N H k

tert-Butyl  4-[(1S)-1-[4-[(1S)-1-[(1-etyl-2-0x0-4H-pyrimido[4,5-d][1,3]oxazin-
7-yl)amino]etyl]phenyl]-3-metoxy-propyl]piperazin-1-carboxylat (1,372 g, 2,473
mmol) dugc hoa tan trong DCM (15 mL) va TFA (10 mL, 15,08 g, 132,3 mmol) dugc
bd sung. Phan ng dugc khudy trong 1 gid va sau do, dugce c¢d dic toi trang thai kho.
Nguyén liéu thd duge hoa tan trong DCM (12 mL) va DIPEA (1,25 mL, 7,17 mmol)
va lam lanh hén hop xubng nhiét do -78 do. B6 sung timg giotacryloyl clorua (0,18
mL, 0,20 g, 2,2 mmol). Sau 10 phut, bd sung vai giot metanol dé 1am dimg acryloyl
clorua con lai va phan ung dugc cd dic t6i trang thai kho (lanh). Nguyén ligu thd dugc
tién hanh séc ky trén silicagel, rira giai bang gradient axeton 50-70% trong hexan aé
thu dugc hop chit néu ¢ tiéu d& & dang bot mau trang (867mg, 73%). MS (m/z): 509
(M+H)
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Hop chét sau dugc diéu ché co ban theo phuwong phap néu trong vi du 13.

Bang 13

Vi
du

r
A

SO

Tén hoa hoc

Cong thirc cdu tao

ES/MS
(m/z)
(M+H)

14

1-etyl-7-[[(1S)-1-[4-[3-
metoxy-1-(4-prop-2-
enoylpiperazin-1-
yl)propyl]phenyl]jetyljamino]-
4H-pyrimido[4,5-
d][1,3]oxazin-2-on, chét dong
phéan khong d6i quang 2

o)

H\

Khong doi xirng
N (e]
A

o}

~

509

Vidu 15

7-[[(1S)-1-[4-[(1S)-2-xyclopropyl-1-(4-prop-2-enoylpiperazin-1-

yl)etyl]phenyl]etyllamino]-1-etyl-4H-pyrimido[4,5-d][ 1,3 ]oxazin-2-on disulfat

geVsatas
<

7-[[(1S)-1-[4-[(1S)-2-xyclopropyl-1-(4-prop-2-enoylpiperazin-1-

2 H,S0,

yletyl]phenyl]etyl]Jamino]-1-etyl-4H-pyrimido[4,5-d][1,3]oxazin-2-on (188 mg) dugc

dat vao trong 5 mL axeton trong khi khudy voi téc do 1000 vong phit/60°C. Mau la

dung dich trong sudt. B6 sung timg giot 45 pL axit sulfuric (dwoc pha lodng vao trong

2 mL axeton). Huyén ph ddc mau trang sinh ra sau mot vai giot. Sau khi bd sung mot

nira axit sulfuric, 4o dic cua huyén phu dic thay dbi. Viéc bd sung nira axit sulfuric

con lai dugc thuc hién tir tir, tung giot. Huyén phu ddc gébm hoa nhe trude khi chuyén

d6i thanh huyén phu chiy tu do mau tring sang ctia chat ran. Ngat nhiét trén tAm sau

30 phut, va mau dugc 1am ngudi xubng nhiét d trong phong, thu dugc huyén phu dic
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ctia chét rén mau tring. Chét rin mau tring dugc phan tach bang cach loc chan khong.
Banh loc thu dugc la chit rin mau tréng sang. Mau dugc lam kho tai chd trén dung cu
loc dudi dong khi trong 20 phut, sau do trong 16 chén khong & nhiét do 70°C qua dém.
Thu duoc 266 mg (hiéu suit 96,9%).

Vidu 16

Axit 7-[[(1S)-1-[4-[2-xyclopropyl-1 -(4-prop-2-enoylpiperazin-1-
yl)etyl]phenyl]etyl]amino]-1 -etyl-4H-pyrimido[4,5-d][1,3]oxazin-2-on

4-hydroxybenzoic

OH
HO

Axit 4-hydroxybenzoic (0,023 g, 0,165 mmol) dugc bd sung vao dung dich cia
7-[[(1S)-1-[4-[2-xyclopropyl-1 -(4-prop-2-enoylpiperazin-1-
yl)etyl]phenyl]etyl]amino]-1-etyl-4H-pyrimido[4,5-d][1,3]oxazin-2-0n (84 mg, 0,165
mmol) trong diclometan (5 ml). Sau khi khudy 5 phut, dung m6i duge lam bay hot tir
tir dudi dong nito. Chét ran tao ra dugc 1am kho thém trong chén khong dé thu dugc 7-
[[(1S)-1-[4-[2-xyclopropyl-1-(4-prop-2-enoylp iperazin-1-yl)etyl]phenyl]etyl]Jamino]-
1-etyl-4H-pyrimido[4,5-d][1,3]oxazin-2-on 4-hydroxybenzoat (105 mg, 0,1617 mmol)
& dang cht rin mau tring. MS (m/z): 423,2 (M+H).

Vi du diéu ché 57

2-xyclopropyl-N-metoxy-N-metylaxetamit
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Tién hanh nap diclometan (160 mL, 8 thé tich) va 1,1’-carbonyldiimidazol
(35,63, 1,1 duong luong) vao binh thét cd day tron thé tich 500 mL duge khudy. Hon
hop khong dong nhit duge lam lanh xudng 15°C va nap dung dich cua axit 2-
xyclopropylaxetic (20,0g, 1,0 duong luong) trong diclometan (40 mL, 2 thé tich) vao
vao hon hop & tdc do kiém soat nhiét d6 bén trong dudi 20°C. Dung dich tao ra dugc
lam 4m 1én 25°C va khudy trong 2 gio. Sau d6, 1am lanh dung dich xubng 15°C va tién
hanh nap N,0O-dimetyl hydroxylamin hydroclorua (21,43g, 1,1 duong lugng) theo timg
phan vao dung dich, duy tri nhiét do bén trong dudi 20°C. Hon hop khong ddng nhat
tao ra dugc lam 4m 1én 25°C va khudy trong 15 gio. Tiép theo, pha lodng hdon hop
phan (g bing nuée (160 mL, 8 thé tich) va khudy trong 15 phut. Dimg khudy va tach
riéng 16p nude & dudi. Chiét 16p nude tao ra bang diclometan hai 1an nita (100 mL, 5
thé tich x 2) va céc 16p hitu co duge két hop. Rira 16p hitu co két hop hai lan béng 1,5
N HCI (100 mL, 5 thé tich x 2). Sau d6, rira 16p hiru co hai 1an bang dung dich nuéc
natri bicarbonat 10% (100 mL, 5 thé tich x 2). Sau d6, rira 16p hitu co bang nude (100
mL, 5 thé tich), tiép theo bang dung dich nuéc natri clorua bdo hoa (100 mL, 5 thé
tich). Lam kho 16p hitu co bing natri sulfat khan (1,0% khdi luong/khdi luong). Loc
khéi tao ra va rira bang diclometan (20 mL, 1 thé tich) va sau d6 cd dic trong chan
khong. Lam kho chét rin tao ra trong chan khong cao trong 5 gid dé thu duoc hop chit
néu & tidu dé (25,9g, hiéu suat 90,5%). ES/MS m/z 144,1 (M+H).

Téng hop hop chit trong vi du diéu ché 6 theo cach khac
(S)-N-(1-(4-bromophenyl)etyl)-2,2,2-trifloaxetamit

: @)

H
Br

Tién hanh nap diclometan (100 mL, 10 thé tich), tiép theo bang (S)-(-)-1-(4-
bromophenyl)etylamin (10,0g, 1,0 duong lugng) vao binh thot cb day tron thé tich 250
mL duoc khuéy. Lam lanh dung dich xuéng 0°C va tién hanh nap anhydrit trifloaxetic
(13,12g, 1,25 duong lugng) tr tir vao dung dich dugc lam lanh, duy tri nhiét d6 bén
trong thap hon 5°C. Hon hop khong ddng nhét tao ra duge khudy & nhiét do 0°C trong

2 gio ma tai thoi diém do, trimetylamin (12,64g, 2,5 duong luong) dugc nap tur tir vao
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do, duy tri nhiét do bén trong thap hon 5°C. Khudy hdn hop trong mét gio nita va sau
d6 duoc lam dimg bang cach bd sung nuéc (30 mL, 3 thé tich). Lam 4m hén hop hai
pha 1én 25°C va khudy trong 30 phut. Sau do, tach riéng céac 16p va 16p nudc duoc
chiét thém hai 14n bang diclometan (50 mL, 5 thé tich x 2). Rira cac 16p hitu co két hop
bang dung dich nudc natri clorua béo hoa (50 mL, 5 thé tich) va lam kho trén natri
sulfat khan (1% trong luong). Dung dich sdy kho dugce loc va rira bing diclometan (10
mL, 1 thé tich) va c6 dac dung dich trong chan khong dé thu duge chét rin tho mau
tréng. Chat rn thd duoc tao huyén phu dic trong ete dau mo (100 mL, 10 thé tich
trong 2 gio ¢ nhiét d6 25°C va chét rin dugc tap hop bang céach loc. Lam kho chét ran
4m trong chan khong & nhiét do 40°C trong 8 gio dé thu duoc hop chit néu & tidu dé
(13,3 g, hiéu suat 90%). ES/MS m/z 2953 (M+H).

Vi du diéu ché 58
(S)-N-(1 -(4-(2-xyclopropylaxetyl)phenyl)etyl)—2,2,2-triﬂoaxetamit

-0

N/LkCF3
H

Nap metyl zert-butyl ete (1500 mL, 15 thé tich) vao binh phan tng thé tich 10L
¢6 khudy o phia trén. Tién hanh nap (S)-N-(1-(4-bromophenyletyl)-2.2,2-
trifloaxetamit (100g, 1,0 duong luong) vao dung dich duoc khudy. Khudy hén hop
khong dong nhit & nhiét do 25°C trong 30 phut va sau d6 nap tetrahydrofuran (500
mL, 5 thé tich) vao d6. Lam lanh dung dich déng nhét tao ra xuong nhiét do —83°C. B6
sung tir tir #-Butyl lithi (297 mL, 2,2 duong lwgng) vao dung dich, duy tri nhiét do
dudi —78°C va khudy dung dich tao ra ¢ nhiét do —83°C trong 1,5 gid. B6 sung dung
dich cua 2-xyclopropyl-N-metoxy-N-metylaxetamit (53,19¢g, 1,1 duong luong) trong
metyl tert-butyl ete (200 mL, 2 thé tich) vao dung dich da lam lanh, duy tri nhiét do
bén trong dudi —78°C. Khqu dung dich thu dugc ¢ nhiét 4o —83°C trong 1,5 gio, tai
thoi diém d6, dung dich dugc lam 4m 1én —30°C va lam dimg bang cach bb sung dung
dich nudc amoni clorua bdo hoa (5L, 5 thé tich). Hon hgp phéan tng da lam dimg duoc

lam 4m 1én 25°C va cac 16p duoc tach riéng. Chiét 16p nuéc bang metyl zert-butyl ete
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(500 mL, 5 thé tich). Rira cac 16p hiru co két hop bang nuée (500 mL, 5 thé tich), tiép
theo béng dung dich nudGe natri clorua bao hoa (500 mL, 5 thé tich) va sau do, lam kho
trén natri sulfat khan (50g, 0,5% trong lugng/trong lugng). Khdi duoc loc va rira bing
metyl zert-butyl ete (50 mL, 0,5 thé tich). Co dic dung dich thu duoc trong chén khong
cho t6i x4p xi 1 thé tich dung dich con lai. Tién hanh nap ete dau mé (1500 mL, 15 thé
tich) vao hoén hop co dic va huyén phu dac thu duoc duoc khqu & nhiét do dudi 30°C
trong 2 gio. Chét ran dugc tap hop bang cach loc va 1am kho trong chan khong ¢ nhiét
d6 40°C trong 8 gid' dé thu dwgc hop chét néu & tiéu dé (65,9 g hiéu suit 67%).
ES/MS m/z 298,0 (M-H).

Vi du diéu ché 59

N-((S)-1-(4-((S)-2-xyclopropyl- 1-hydroxyetyl)phenyl)etyl)-2,2,2-trifloaxetamit

Tién hanh nap etanol tuyét dbi (7,89 kg, 10 thé tich) vao trong thiét bi phan (mg
hydro hoa. Tién hanh nap (S)-N-(1-(4-(2-xyclopropylaxetyl)phenyl)etyl)-2,2,2-
trifloaxetamit (1,0 kg, 1,0 dwong lugng) vao trong dung dich dugc khudy. Tién hanh
nap dung dich cua kali fert-butoxit (1,0 M trong /BuOH, 0,41 kg, 0,5 thé tich) vao
dung dich, duy tri nhiét do bén trong duéi 30°C. Sau d6, nap (R)-RUCY®-XyIBINAP
(0,0675 kg, 0,017 duong lugng) vao dung dich. Lam sach thiét bi hydro héa bang khi
hydro hai lan, trong khi khqu & nhiét do 25°C. Sau khi lam sach, khuéy dung dich
dudi ap suat hydro 4,5 kg ¢ nhiét do 25°C trong 5 gio. Sau 5 gio, dung dich dugc
thong khi va sau do, cd dic thanh dau véi ap luc chan khong ¢ nhiét do dudi 42°C.
DAu dugc hoa tan trong metyl ferz-butyl ete (11,115 kg, 15 thé tich) va sau do cd dic
thanh dau véi ap luc chan khéng & nhiét do dudi 45°C. Déau dugc hoa tan trong metyl
tert-butyl ete (11,115 kg, 15 thé tich) va sau d6 cd dic thanh dau véi 4p luc chan
khong & nhiét @6 dudi 45°C. Nap metyl zerz-butyl ete (22,23 kg, 30 thé tich) vao dau
néu trén & nhiét dd 25°C. Dung dich thu dugc dugc rira b.%mg nude (15,0 kg, 15 thé
tich), tiép theo béng dung dich NaCl trong nudc (5,4kg NaCl trong 15,0 L nudc). Lam
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kho 16p hitu co bang natri sulfat khan (1,5kg, 1,5 trong lugng/trong lwong) va sau dé
loc va rira bang metyl zert-butyl ete (1,112 kg, 1,5 thé tich). Tién hanh nap than hoat
tinh (0,3 kg, 0,3 trong luong/trong lugng) vao dung dich da loc va khuéy hén hop va
gia nhiét ¢ nhiét do 40°C trong 2 gio. Sau do, loc hén hop va rira bang metyl fert-butyl
ete (1,112 kg, 1,5 thé tich). C6 dic hdn hop da loc thanh diu véi ap luc chan khong &
nhiét d6 dudi 45°C. hoa tan diu trong ete diu mo (9,84 kg, 15 thé tich) va cd dic
thanh dau véi ap luc chan khong ¢ nhiét do dusi 45°C. Hoa tan dau trong ete dau mo
(9,84 kg, 15 thé tich) va c¢6 dic thanh dau v6i ap luc chan khong ¢ nhiét do dudi 45°C.
Nap ete diu mé (19,68 kg, 30 thé tich) vao diu néu trén va khudy hdn hop ¢ nhiét do
30°C trong 3 gid va chét ran thu dugc duge tap hop bang cach loc va rira bing ete dau
mé (9,84 kg, 15 thé tich). Chét ran phan lap duoc lam kho trong chan khong & nhiét do
40°C trong 5 gitr dé thu dugc hop chat néu & tiéu dé (0,79 kg, 79%). ES/MS m/z 300,0
(M—H).

Vi du diéu ché 60
N-((S)-1-(4-((R)-1-clo-2-xyclopropyletyl)phenyl)etyl)-2,2,2-trifloaxetamit

: O

N

N" “CFs
cl

Tién hanh nap metyl tert-butyl ete (4,45 kg, 6 thé tich) va N-((S)-1-(4-((S)-2-
xyclopropyl-1-hydroxyetyl)phenyl)etyl)-2,2,2-trifloaxetamit (1,0 kg, 1,0 duong luong)
vao thiét bi phan tmg. Lam lanh dung dich xubng 10°C va tién hanh nap tir tir 1-
formylpyrolidin (0,066 kg, 0,2 dwong lugng) vao dé, duy tri nhi¢t do bén trong dudi
13°C. Sau d6, nap tir tir benzoyl clorua (0,56 kg, 1,2 duong lugng) vao dung dich néu
trén, duy tri nhiét d§ bén trong dudi 13°C. Lam Am dung dich thu duogc 1én 25°C va
khudy trong thoi gian 36 gior (phan tng c6 thé dugc giam sat trong tién trinh phan tng
va néu phan tng dimg lai, c6 thé tién hanh nap thém 1-formylpyrolidin va benzoyl
clorua). Sau do, cd dic phan ing hoan thanh thanh dau véi ap luc chan khong & nhiét
do duéi 40°C. Lam lanh dau xudng 15°C va sau d6 lam ding bang dung dich nudc

natri bicarbonat 10% (22,0 kg, 20 thé tich) va khudy trong 3 gid' & nhiét do 25°C. Tién
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hanh nap ete ddu mé (6,56 kg, 10 thé tich) vao hon hop hai pha. Téach riéng 16p hiru
co. Chiét 16p nude bing ete diu mo (6,56 kg, 10 thé tich). Rira céc 16p hitu co két hop
béng dung dich nudc natri bicarbonat 10% (5,0 L, 5 thé tich) ba lan. Sau do, ria 16p
hitu co bing nuéc (5,0 L, 5 thé tich), tiép theo bang nuée mudi (5,0 L, 5 thé tich). Lam
kho 16p hitu co bang natri sulfat khan (0,5 kg, 0,5 trong lugng/trong lurong). Sau do,
loc hdn hop va rira bing ete du mé (0,33 kg, 0,5 thé tich). C6 déc dich loc thanh dau
voi 4p luc chan khong & nhiét do duéi 40°C. Hoa tan dau trong axetonitril (3,93 kg, 5
thé tich) va c6 ddc thanh diu véi dp luc chan khong ¢ nhiét do dud¢i 40°C. Hoa tan dau
trong axetonitril (3,93 kg, 5 thé tich) va c6 ddc thanh dau véi ap lyc chén khong &
nhiét d6 duéi 40°C. Hoa tan ddu trong axetonitril (7,86 kg, 10 the tich) va dung dich
thu dugc ctia hop chat néu & tiéu dé dugc st dung thod trong bude tiép theo. ES/MS
m/z 318,0 (M-H).

Vi du diéu ché 61

tert-Butyl 4-((S)-2-xyclopropyl-1-(4-((S)-1-(2,2,2-
trifloaxetamido)etyl)phenyl)etylpiperazin-1-carboxylat

- 0

Y

Tién hanh nap N-Boc-piperazin (0,924 kg, 1,5 duong luong), tiép theo bing
natri bicarbonat (1,1 kg, 4,0 dwong lugng) vao dung dich thu dugc 6 trén cua N-((S)-1-
(4-((R)-l—clo-2-xyclopropyletyl)phenyl)etyl)-Z,2,2-triﬂoaxetamit. Hon hop thu dugc
dwoc dun néng dén 85°C trong 60 gio. Luu y: phan tmg dugc 14y mau cir mdi 24 gio
va sau mdi mot mau dugce 14y xong, phan tng duoc nap bang mot lugng bd sung cla
N-Boc-piperazin (0,31 kg, 0,5 duong luong). Khi da hoan thanh, phan ung dugc ¢
dic v6i 4p luc chan khong & nhiét do dudi 45°C dé thu dugc dau. Dau duoc pha loang
bing nude (10,0 kg, 10 thé tich) va metyl zerz-butyl ete (7,41 kg, 10 thé tich). Tach
riéng hon hop hai pha thu dugc va chiét 16p nuéce bang metyl zert-butyl ete (7,41 kg,
10 thé tich). Chiét cac 16p hiru co két hop bang axit xitric 30% (5,0 L, 5 thé tich) 5 lan.
Rtra cac 16p nudce két hop hai lan bang ete dau mé (6,56 kg, 10 thé tich). Pua 16p nude
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t6i do pH =9 bang cach bd sung natri carbonat (xap xi 25,0 kg, 25 trong luong/trong
lugng) 6 nhiét do 15°C. Chiét 16p nu6c bazo hoa bang metyl tert-butyl ete (7,41 kg, 10
thé tich). Rira cac 16p hitu co két hop bang nude (5,0 L, 5 thé tich) va nudc mudi (5,0
L. 5 thé tich). Lam kho 16p hiru co bing natri sulfat khan (0,5 kg, 50% trong
lugng/trong luong). Loc hoén hgp va ria bang metyl zerz-butyl ete (0,37 kg, 0,5 thé
tich). Cb dac dich loc thanh dau bang chan khong & nhiét do dudi 40°C. Hoa tan dau
thu dugc trong etanol tuyét dbi (3,95 kg, 5 thé tich) va dung dich thd cta hop chét néu
& tieu d& duoc st dung truc tiép trong budc tiép theo. ES/MS m/z 374,3 (M+H-
CF;CO).

Vi du diéu ché 62

tert-Butyl 4-((S)-1-(4-((5)-1 -aminoetyl)phenyl)-2-xyclopropyletyl)piperazin-1-
carboxylat

Boc. -
N NH

Y

Tién hanh nap etanol tuyét dbi (3,7 kg, 3.7 trong lugng/trong lugng) vao dung
dich thu dugc & trén cua tert-butyl 4-((S)-2-xyclopropyl-1-(4-((S)-1-(2,2,2-
trifloaxetamido)etyl)phenyl)etylpiperazin-1-carboxylat. Lam lanh dung dich xubng
20°C va nap dung dich nudc kali hydroxit 1M (0,168 kg KOH trong 3,0 kg nudc) vao
d6. Khudy hdn hop tao ra ¢ nhi¢t do 25°C trong 10 gio va sau d6 lam dung bang cach
bd sung tir tir dung dich nude axit xitric 30% (5,0 kg, 5 tfong lugng/trong luong), duy
tri nhiét do bén trong dudi 30°C. Tién hanh nap metyl ferz-butyl ete (7,41 kg, 7.41
trong lugng/trong luong) vao dung dich da lam dirng. Téach riéng cac 16p va chiét 16p
hiru co bang dung dich nudc axit xitric 30% (5,0 kg, 5 trong luong/trong lugng). Dua
16p nude t6i do pH = 8 bang cach bd sung natri carbonat (xap xi 25,0 kg, 25 trong
luong/trong luong) & nhigt do 15°C. Chiét 16p nudc bazo hoa hai lan bang etyl axetat
(7,41 kg, 7,41 trong lugng/trong lugng). Rira cac 16p hiru co két hop bang nudce (5,0
kg, 5 trong lugng/trong lrong) va sau do, bang nuéc mubi (5,0 kg, 5 trong luong/trong

lwong). Lam khd 16p hiru co bang natri sulfat khan (0,5 kg, 50% trong luong), sau do
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loc va rira bing etyl axetat (0,37 kg, 0,37 trong lugng/trong lugng). Co dac dung dich
thanh dAu bing ap luc chan khong & nhiét do dudi 45°C. Hoa tan dau thu dugc trong
ruou isopropyl (2 L, 2 thé tich), va cd diac dung dich thu duoc thanh dau béng ap luc
chan khong & nhiét do duci 45°C. Hoa tan diu thu duoc trong ruou isopropyl (1,2 L,
1.2 thé tich) va dung dich thé ciia hop chét néu ¢ tiéu dé duge sit dung truc tiép trong
bude tinh ché tiép theo. ES/MS m/z 374,2 (M+H).

Tién hanh nap dung dich cua fert-butyl 4-((S)-1-(4-((S)-1-aminoetyl)phenyl)-2-
xyclopropyletyl)piperazin-1-carboxylat (30,0 g, 1,0 dwong luong) trong ruou isopropyl
(270 mL, 9 thé tich) vao trong binh thét c6 déy tron thé tich 1000 mL. Tién hanh nap
axit L-dibenzoyl tartaric (L-DBTA, 34,5 g, 1,2 duong lugng) vao dung dich dugc
khudy & nhiét do 20-30°C. Khudy dung dich ¢ nhiét d 20-30°C trong 24 gio. Khudy
huyén phu dic thu duoc trong 8-12 gio & nhiét do 20-30°C. Tién hanh nap MTBE
(300 mL, 10 thé tich) vao huyén phu dic mau nhat. Tién hanh khuay huyén phu dic
thu duoc va lam dic ¢ nhiét dd 20-30°C trong thoi gian 12-16 gio. Sau do, tap hop
chét ran bang cich loc va rira bang MTBE (150 mL, 5 thé tich). Lam kho chét rin
trong diéu kién ap suit giam & nhiét do 45-55°C trong 12 gio dé thu dugc mubi axit
tert-butyl 4-((S)-1-(4-((S)-1-aminoetyl)phenyl)-2-xyclopropyletyl)pip erazin-1-
carboxylat L-dibenzoyl tartaric & dang chét rdn mau tring (48,8 g, hiéu suit 83%,
>98:2 dr).

Tién hanh nap mudi axit rert-butyl 4-((S)-1-(4-((S)-1-aminoetyl)phenyl)-2-
xyclopropyletyl)piperazin-1-carboxylat L-dibenzoyl tartaric (40,0 g, 1,0 duong lugng),
tiép theo 1a diclometan (400 mL, 10 thé tich) vao binh thot cb day tron thé tich 1000
mL dugc khuéy. Nap dung dich nuéc ciia NaxCO3 10% (du dé tao ra do pH = 8-10,
xép xi 6-8 thé tich) vao dung dich dugc khudy & nhiét 46 15-25°C. Khudy hén hop
hai pha trong 1 gid' & nhiét do 15-25°C va sau d6 tach céac 16p trong mot phéu tach.
Nap DMSO (240 mL, 6 thé tich) vao 16p hitu co. C6 dac dung dich trong diéu kién ap
suét gidm & nhiét do dudi 40°C dé loai bo diclometan. Sau d6, dung dich cua rerz-butyl
4-((S)-1-(4-((5)-1 -aminoetyl)phenyl)-2-xyclopropyletyl)piperazin-1-carboxylat bazo ty
do trong DMSO dugc st dung truc tiép trong budc tiép theo.

Vi du diéu ché 63

Etyl 6-clo-4-(metylamino)pyridin-3-carboxylat
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Metyl amin (16 mL, 11,6 mol/L trong nuéc, 186 mmol) duoc bd sung ting giot
vao dung dich cua etyl 4,6-diclopyridin-3-carboxylat (20 g, 92 mmol) trong axetonitril
(300 mL) & nhiét do 0°C. Hon hop phan Gng dwgc lam 4m 1én nhiét do trong phong
trong 2 gio. B sung nudc va etyl axetat vao hdn hop phan tng va chiét 16p nuée bang
etyl axetat. Lam kho cac phan chiét hiru co két hop trén Na>SO4 khan, loc va ¢ dac t6i
trang thai kho. Nguyén liéu thd thu duge dugc tinh ché bang phuong phap sic ky
silicagel (0-100% EtOAc/hexan) dé thu dugc, sau khi ¢d ddc cac phén thich hop, etyl
6-clo-4-(metylamino)pyridin-3-carboxylat ¢ dang chét rin mau tring (10,46 g, 52,14
mmol, hiéu suit 57%). MS (m/z): 201 (M+H).

Vi du diéu ché 64

[6-clo-4-(metylamino)-3-pyridyl]metanol

\

| OH

Dung dich cua etyl 6-clo-4-(metylamino)pyridin-3-carboxylat (10,46 g, 52,14
mmol) trong THF (100 mL) dugc bd sung ting giot vao hdn hop cia lithi nhom
hydrua (78,2 mL, 1,0 mol/L trong THF, 78,2 mmol) & nhiét do 0°C. Hon hop phéan
ung dugc lam 4m 1én nhiét do trong phong trong 1,5 gio. Lan luot bd sung nuée (3
mL), dung dich nuéc NaOH 15% (3 ml), va sau do, nude (9 mL) vao hdn hop phén
ung. Sau khi khudy, hon hop phan tng dugc loc qua dém Celite. Pha loang dich loc
bang nudc va chiét bang diclometan. Lam kho cac phan chiét hiru co két hop trén
Na>SO4 khan, loc va ¢ dac téi trang thai kho dé thu dugc [6-clo-4-(metylamino)-3-
pyridyl]metanol ¢ dang chat rin mau vang nhat (2,78 g, hiéu suit 27%). Banh loc
Celite dugc rira thém béng metanol va ¢d dic dich loc tdi trang thai kho. Céc chét rian

tir banh loc duoc tap hop va khudy cung véi diclometan va dugc loc qua Celite. Dich
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loc duoc Két hop véi phf?m cin con lai tir cac thao tac rira metanol va nguyén liéu duoc
c6 dac toi trang thai khd va nguyén liéu duge bao quan. Bé sung cloroform: rugu
isopropyl ty 1€ 4:1 vao cac chét ran tap hop tir budc loc va khudy hén hop qua dém.
Hén hop dugce loc qua dém Celite, dich loc dugc Kkét hop véi ph?m can con lai bao
quan va cO dic toi trang thai khd dé thu duoc lugng [6-clo-4-(metylamino)-3-
pyridyl]metanol b6 sung & dang chét rdn mau vang nhat (5,07 g, hiéu suat 56%). Tong
luong thu hdi ciia [6-clo-4-(metylamino)-3-pyridylJmetanol 1a 7,85 g, hiéu suat 83%).
MS (m/z): 173 (M+H).

Vi du diéu ché 65

7-clo-1-metyl-4H-pyrido[4,3-d][1,3]oxazin-2-on

N/INi
cr o)

I

Triphosgen (6,04 g, 20,4 mol) dugc b sung vao dung dich cua [6-clo-4-
(metylamino)-3-pyridyl]metanol (5,07 g, 29,1 mol) va DIPEA (51,2 mL, 291 mmol)
trong THF (100 mL) ¢ nhiét d¢ -20°C. Chau lam lanh duoc loai bo va hdn hop dugc
lam 4m 1én nhiét do trong phong. Sau 30 phut, nudc dugce bd sung va chiét hén hop
bang diclometan. Lam khd céc phan chiét hiru co két hop trén Na,SO4 khan, loc va cd
dac toi trang thai kho. Nguyén li€u thd thu dugc dugc tinh ché bang phwong phap sic
ky silicagel (0-100% EtOAc/hexan) dé thu duoc, sau khi ¢6 didc cac phan thich hop, 7-
clo-1-metyl-4H-pyrido[4,3-d][1,3]oxazin-2-on & dang chét rin mau vang cam (5,13 g,
24,5 mmol, hiéu sut 84%). MS (m/z): 199 (M+H).

Vi du diéu ché 66

tert-Butyl 4-[2-xyclopropyl-1-[4-[(1S)-1-[(1-metyl-2-ox0-4H-pyrido[4,3-
d][1,3]oxazin-7-yl)amino]etyl]phenyl]etyl]piperazin-1-carboxylat, chit dong phan
khong ddi quang 1
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B6 sung diclo[1,3-bis(2,6-di-3-pentylphenyl)imidazol-2-yliden](3-
clopyridyl)paladi(Il) (291 mgs, 0,348 mmol) vao dung dich cta fert-butyl 4-[1-[4-
[(1S)-1-aminoetyl]phenyl]-2-xyclopropyl-etyl|piperazin-1-carboxylat (1,30 g, 3,48
mmol), 7-clo-1-metyl-4H-pyrido[4,3-d][1,3]oxazin-2-on (864 mg, 4,35 mmol), va xesi
carbonat (2,27 g, 6,96 mmol) trong toluen (17,4 mL) trong mdi trudng nito va gia
nhiét hén hop & nhiét dd 75 °C qua dém. Sau khi lam lanh xuéng nhiét o trong phong,
hdn hop duogc loc qua nut slicagel va rira giai bing etyl axetat. Dich loc dugc cd dic
trong diéu kién ap sudt giam va phan cin con lai thu duge dugc tinh ché bang phuong
phap séc ky silicagel (20-100% EtOAc/hexan). Cac phan két hop lai dugc tinh ché
bing phuong phép sic ky silicagel (50-100% metyl tert-butyl ete/hexan) va cac phan
tinh khiét két hop tir ca hai cot duogc co dic dé thu duoc fert-butyl 4-[2-xyclopropyl-1-
[4-[(1S)-1-[(1-metyl-2-0x0-4H-pyrido[4,3-d][1,3]oxazin-7-
yl)amino]etyl]phenyl]etyl|piperazin-1-carboxylat, chét dong phan khong dbi quang 1 &
dang bot mau tring nhat (1,312 g, 2,400 mmol, higu suit 69%). MS (m/z): 536 (M-+).

Bénh ung thu ngay cang dugc thira nhén la mot tdp hop cac bénh khong dong
nhit ma su khoi phat va tién trién ctia ching duoc giy ra do béi chirc ning bét thudng
cua mot hoac nhiéu gen diéu hoa su khoi phuc ADN, d6 6n dinh cta hé gen, su tang
sinh té bao, su chét cua té bao, su dinh két, su tao mach, sy xAm 14n, va su di can trong
cac vi méi trudng té bao va mo. Chirc nang thay d6i hodc bat thudong clia cac gen “ung
thu” ¢6 thé dan dén hién twong da hinh ctia ADN c6 trong tu nhién, cc thay do6i vé sb
ban sao hé gen (thong qua khuéch dai, mét doan, mét nhiém sic thé, hodc sao chép),
thay di vé gen va ciu tric nhiém sic thé (théng qua chuyén vi, ddo nguoc nhiém sdc
thé, hodc cac phép sép xép lai khac ma dan dé biéu hién gen bét thuong), va cac dot
bién diém. Cac khéi u tan sinh ung thu c6 thé do mot chirc nang gen bét thudong gay ra,
va do cung chirc ning gen bét thudng do6 duy tri, hodc sy duy tri va tién trién bi trim

trong hoa bédi cac chirc nang gen bat thuong khac.
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Ngoai cac bat thuong vé nhiém séc thé di truyén di néu trén day, mdi bénh ung
thu ciing c6 thé bao gébm cac bién dbi di truyén ngoai gen ctia hé gen bao gbdm su
metyl héa ADN, ghi ddu hé gen, va bién ddi histon bing su axetyl héa, metyl hoéa,
hodc phosphoryl hda. Bién dbi ngoai gen c6 thé déng vai trdo trong viéc cam Ung

va/hodc duy tri u 4c tinh.

Danh muc mé& rong vé cac bét thuong di truyén té bao trong bénh ung thu &
nguoi da duogc bién soan va dugc duy tri va cap nhat thudng xuyén truc tuyén (xem
The Mitelman Database of Chromosome Aberrations in Cancer at the US National
Cancer Institute (NCI) Cancer Genome Anatomy Project (CGAP). Chuong trinh
Wellcome Trust Sanger Institute Cancer Genome Project duy tri “Bang diéu tra gen
ung thu” tryc tuyén cta tat ca cdc gen nguoi ma co lién quan v& mat nguyén nhén dén
su sinh khdi u cling nhu co sé dit lieu COSMIC (Catalogue of Somatic Mutations in
Cancer) vé cac dot bién soma trong bénh ung thu & ngudi. Mot ngudn khéc chira nhiéu
thong tin vé cac thay doi di truyén té bao co lién quan vé mit nguyén nhin dén cac
bénh ung thu khic nhau 1a tai liéu Atlas of Genetics and Cytogenetics in Oncology and
Haematology.

Viéc chin doan c4c khéi u 4c tinh ung thu bang cach sinh thiét, xac dinh kiéu
hinh mién dich va céc xét nghiém khac 1 da biét va thuong dugc s dung. Ngoai céc
cong nghé tao bang nhiém sic thé c6 d6 phan giai cao va chup anh nhiém sdc thé tién
tién, cac bat thuong vé nhidm sic thé trong céc truong hop nghi ngd ¢6 thé dugc xéac
dinh bing cach phan tich di truyén té bao nhu phuong phép lai tai chd phat huynh
quang (fluorescence in situ hybridization - FISH), phuong phap nhiém sic thé dd,
phuong phéap nhiém sic thé dd quang pho (spectral karyotyping - SKY), FISH da moi
(M-FISH), phuong phap lai hé gen so sanh (comparative genomic hybridization -
CGH), phuong phdp mang da hinh nuleotit don (single nucleotit polymorphism arrays
- SNP Chips) va cac phuong phap chdn doan va phan tich da biét va dwoc ngudi c6

hiéu biét trung binh v& linh vuc ndy st dung.

Cac dot bién vé IDH1 va IDH2 da duoc nhan dién ¢ nhidu loai khdi u bao gom,
nhung khong bi gidi han béi, u thn kinh dém, u nguyén bao than kinh dém da dang, u

t& bao hinh sao, u té bao than kinh dém it gai, u can hach, hoi chung loan san tiy
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xuong (MDS), bénh bach ciu lympho bao B cép tinh (B-ALL), tuyén gidp, dai truc
trang, bénh bach cau cip dong tiy (AML), Dang et al., Trends Mol. Med., 2010, 16:
387-397; Ward et al., Oncogene, 2012, 31(19): 2491-2498; u hic sic td, Shibata et al.,
Am. J. Pathol., 2010, 178(3): 1395-1402; tién liét tuyén, Flaherty et al., J. Clin. Oncol.,
2014, 32 (suppl. 4; Abstract 213); Cairns et al., Cancer Discovery, 2013, 3: 730-741;
sarcom sun va ung thu duong mat, Balss et al., Acta Neuropathol., 2012, 124. 883-
891; Cairns et al., Cancer Discovery, 2013, 3: 730-741; u lympho té bao T nguyén bao
mach mau - mién dich (AITL), Cairns et al. Blood, 2012. 119(8):1901-1903. Cac dot
bién da duoc phat hién tai hoac gén cac géc cu thé & vi tri hoat dong: G97D, R100,
R132H, R132C, R132S, R132V, R132G, V711, R132L, va G123R d6i v6i IDHI,
Dang et al., Trends Mol Med., 2010, 16: 387-397; Ward et al, 2012 and
Supplementary Table 2.

Céc dang dot bién cua IDH1 va IDH2 di dugce chimg minh ¢6 hoat tinh gen tao
hinh méi (thém chirc ning) khir a-ketoglutarat thanh 2-hydroxyglutarat. Viéc san Xuét
2-hydroxyglutarat ndi sinh la ddc hiéu ddng phan ddi anh dan t6i su tao ra chit dong
phan dbi anh D (con dugc goi 1a chit ddng phan déi anh R). Binh thudng, cac t€ bao
¢6 mirc 2-hydroxyglutarat thip trong khi cac té bao chua dot bién IDH1 hoic IDH2 ¢6
cac muc 2-hydroxyglutarat ting cao dang ké. Murc 2-hydroxyglutarat ting cao dang ké
dugc phat hién trong cac khéi u chira dot bién va trong huyét twong ctia bénh nhan c6
IDH1 hodc IDH2 dot bién. Cac mirc 2-hydroxyglutarat cao c6 lién quan dén kiéu hinh

tang metyl hoa dan t6i ngén chan sy biét hoa ma dan t6i su phat sinh khdi u tang.

Hoat tinh ctua chét wc ché déng hoa tri khong thé dao nguoc dac hiéu duoc xac
dinh bang su gén két cua no voi dich (IDH1 hodc IDH2), duoc xéc dinh bang Kj, va
tdc dd hinh thanh lién két ddng hoa tri tiém tang t&i da, dugc xac dinh bang Kinaet. Hai
hé s6 nay khong phai 1a céac thuc thé riéng biét, ma dung hon 1a cing v6i nhau dé tao
ra tdc dong mong mudn cho viéc hinh thanh lién két dong hoéa tri. Qua trinh nay dugc

minh hoa bing 3 diém sau day.

Trude tién, thuc tién chat co i luc dién tir, vi du acrylamit, can dugc dinh vi
mdt cach chinh x4c so v6i chat cho dién tr, vi du xystein, la thanh phan co ban cho su

hinh thanh lién két dong héa tri trong héa hoc hitu co. C6 mdt goc va khoang cach
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chinh x4c ma tai do, chat cho dién tir can phai ti€p céan chat c6 ai luc dién tr dé tao ra
lién két dong hoéa tri. Su bo tri don gian chat c6 ai lyc dién tir gan chat cho dién tir 1a

khong du cho sy hinh thanh lién két dong héa tri.

Thtr hai, khi sdp nhdp nhom phan ing 1én nhan c6 chira cac phéan lién két hydro
dé 1am n dinh su lién két cua chat tc ché voi enzym, vi du nhan dinh hudng, nguoi c6
hiéu biét trung binh trong linh vuc cAn phai xem xét viéc nhan dinh hudng lién két voi
dich nhu thé nao va dinh vi cht c6 4i luc dién tir so vi chat cho dién tir nhu thé nao
theo goc va khoang ciach t5i wru néu trén. Thém nita, su b tri don giai chéit c6 ai luc
dién tr gin chét cho dién tir 1a khong du cho sy hinh thanh lién két dong hoa tri.
Nhimng thay dbi vé nhan dinh huéng c6 thé anh huong dén kha ning ctia hop chét wc

ché trong viéc tao ra lién két dong hoa tri.

Thir ba, khi hai diém néu trén duoc xem xét cung nhau, chi sy c6 mat cia ph?xn
c6 4i luc dién t trén nhan dinh huéng 1a khong du dé goi v t6i lién két dong hoa tri s&
duoc tao ra.

Céc nghién clru in vitro va in vivo sau ddy chimg minh hoat tinh tc ché protein
IDH1 va IDH?2 d5t bién va hidu qua cua cic hop chit thir nghiém c6 cong thirc I hodc
Ta d6i v6i cac dong té bao ung thu dic hiéu khac nhau. Céc thir nghiém nay thuong
duoc ngudi c6 hidu biét trung binh v linh vurc nay cong nhan 1a chi déu vé& hoat tinh
tri liéu trén 1am sang & nguoi. Su Uc ché cac protein IDH1 hodc IDH2 dot bién kiéu
hinh méi trong cac nghién ciru dugc boc 16 duge cho 1a s€ cé hi€u qua dbi voi céac
protein IDH1 va IDH2 dot bién kiéu hinh méi khac. Cac thir nghiém chimg t6 hoat
tinh trc ché TDH1 hodc IDH2 dot bién va tinh hiéu qua c6 thé dugce thyc hién co ban

nhu sau hodc theo céc thir nghiém tuong tu thu dugce dit liéu tuong tu.

Két qua ctia c4c thit nghiém sau chimg minh ring, cac hop chét duge minh hoa
v thir nghiém 12 hitu dung 1am cac chat trc ché IDH1 va IDH2 dot bién va c6 thé hitu
dung trong diéu trj céc bénh ung thu biéu hién IDH1 hogc IDH2 dot bién.

Cac thir nghiém sinh hoa dbi vai cac enzym dot bién IDH1 va IDH2

Cac enzym dot bién IDHI1-R132H, IDH1-R132C, IDH2-R172K va IDH2-
R140Q xuc tac cho sy chuyén héa cua aKG thanh 2HG. 2HG dugc phéan tich st dung
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phuong phép chiét pha ran truc tiép va phé khéi. Phan tich nay dugc thuc hién trong
dung cu RapidFire® két hop véi pho khdi ké ba tir cuc 6460 (G6460A Agilent).

Céac protein dot bién IDH1 (R132H va R132C) va dot bién IDH2 (R140Q va
R172K) chtra dudi His tan cung N duoc biéu hién trong E.coli va dugc tinh ché st
dung phwong phép sic ky 4i luc niken. Céc thir nghiém enzym dugc thuc hién trong
cac dia polypropylen 96 giéng day hinh chit V chira 100 mM h¢ dém Tris-HCI, 1 mM
DTT, 0,005% TRITON™ X-100, 120 mM NaCl. Péi véi IDH1 R132H, o-
ketoglutarat, NADPH va MnCl, dugc bao gém vO1 cac néng do cudi lan lwot 1a 300
uM, 2,5 pM va 300 pM. Béi véi IDHI R132C, a-ketoglutarat, NADPH va MnCl
dugc bao gdm véi cée ndng do cudi lan Iugt 1a 100 uM, 10 uM va 100 pM. Déi véi
IDH2 R172K, a-ketoglutarat, NADPH va MnCl, dugc bao gdm véi cac ndng dd cudi
1An luot 1a 150 pM, 10 pM va 150 pM. Déi véi IDH2 R140Q, o-ketoglutarat, NADPH
va MnCl, dugc bao gdm véi cac ndng do cubi lan luot 12 3000 pM, 10 pM va 100 pM.
Do pH cubdi cung = 7,0. Hop chét thir nghiém hoa tan trong dung dich gbc DMSO
duogc pha loang trong hon hgp phan Gng voi ndng do DMSO cubi 1 4%. Cac hop chat
dugc thir nghiém ¢ dinh dang dap tng lidu lwong. Thir nghiém dugce bt dau bang cach
bd sung enzym. Céc enzym dugc st dung voi cac ndng d6 cubi sau: IDHI R132H, 2
nM; IDH1 R132C, 0,5 nM; IDH2 R172K, 1,2 nM; IDH2 R140Q, 1,2 nM. Sau 90 phut,
phan Ung duogc lam dung bang cach bd sung ACN (50:50) chura axit 3-hydroxy-1,5-
pentanedioic-2.2,3,4,4-ds (5ds-3HG) lam noi tiéu chuin dé phan tich pho khéi va dinh
lwong san pham phan tmg. 2-Hydroxyglutarat (2HG) trong cac mau lam ding duge
tach riéng st dung phwong phép sic ky cot trao d6i ion manh (Phenomenex Strata-X-
A SecurityGuard) va duoc phéan tich bang phd khdi trong phé khoi ké ba tir cuc 6460
(G6460A Agilent). Chuyén dang tin hiéu 2HG phat hién dugc thanh ndng do chét
phan tich sit dung duong cong hiéu chinh duoc tao ra st dung cac ndéng d6 2HG da
biét. Pbi voi mbi mot hop chét thu nghiém, % Gc ché dugc tinh toan st dung mau dbi
chimg DMSO 1a 0% trc ché va dbi ching khong chira enzym 1a 100% tre ché. Céc gia
tri ICso thu duoc tir cac gia tri % trc ché riéng biét & cac ndng do hop chét khac nhau
stt dung phuong trinh 4 tham s6. Cac thao tac tinh toan nay duogc thuc hién st dung

cac chuong trinh phan tich dir liéu Activity Base (IDBS) hodc Screener (Genedata).
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Két qua cua thir nghiém nay ching minh rang, cac hop chat minh hoa va thir
nghiém e ché hoat tinh IDH1 dot bién dbi v6i IDHI/R132H va IDHI/R132C va Grc
ché hoat tinh IDH2 d6t bién d6i véi IDH2/R140Q va IDH2/R172K .

Céc vi du sau dugc thir nghiém co ban nhu duge md ta ¢ trén va thé hién hoat

tinh d6i voi IDH1 dot bién va IDH2 dot bién nhu duge thé hién trong bang 14 duéi

day.
Béang 14
VI du 54 IDH1/R132H | IDH1/R132C | IDH2/R140Q IDH2/R172K
iduso
ICs0 (UM) 1Cs0 (UM) ICs0 (LM) 1Cs0 (M)
0,00569 + 0,00431 +
1 0,000766, 0,000895, 0,113 0,0328
n=3 n=3
0,00627 + 0,00371 +
2 0,0369 0,0115
0,00127,n=3 | 0,00126, n=3
0,0111 + 0,0156 +
3 0,0648 0,0156
0,0035, n=2 0,0075, n=2
0,0137 + 0,00869 +
4 0,0811 0,028
0,0030,n=2 | 0,00280, n=2
5 0,00276 0,00249
6 0,00491 0,00505
7 0,00638 <0,00508 0,0743 0,0224
8 <0,00508 <0,00508 0,046 0,017
9 0,00743 + 0,0151 +
0,00188, n=2 | 0,0024, n=2
0 0,0139 + 0,0165 +
0,0017, n=2 0,0019, n=2
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Vi du o8 IDH1/R132H | IDH1/R132C | IDH2/R140Q | IDH2/R172K
iduso
I1Cs0 (LM) ICso (M) I1Cs0 (WM) ICs0 (M)
0,00978 + 0,0156 +
11 0,0543 0,02
0,00038, n=2 | 0,0034, n=2
0,0294 + 0,0,0390 +
12 0,134 0,0263
0,0331,n=2 | 0,0629, n=2
0,0124 + 0,0166 +
13 0,239 0,039
0,0105,n=2 | 0,0055,n=2
0,0190 + 0,0186 +
14 0,746 0,162
0,0224,n=2 | 0,0176, n=2

Gi4 tri trung binh + do 1éch chuan cta gié tri trung binh.
Cac thir nghiém sinh hoa dbi véi cac enzym IDHI va IDH2 kiéu ty nhién

Céac enzym IDH1 va IDH2 xuc tac cho sy chuyén héa cua isoxitrat thanh aKG.
Céc protein IDHI1 kiéu tu nhién (National Center for Biotechnology Information,
Accession: NP 001269316.1) va IDH2 (National Center for Biotechnology
Information, Accession: EAX02082.1) chira duoi His tan cung N dugc biéu hién trong
E. coli va duoc tinh ché st dung phwong phép sic ky ai luc niken. Céc thir nghiém
enzym dugc thuc hién trong cac dia polypropylen 96 giéng day hinh chit V chaa 100
mM hé dém Tris-HC1 & 46 pH 7,5, 1 mM DTT, 0,005% TRITON™ X-100, 120 mM
NaCl. Déi voi thr nghiém IDH1 kiéu tu nhién, isoxitrat, NADP* va MnCl, dugc bao
gdm & cac ndng do 1an lugt 1a 85 uM, 50 puM va 20 pM. Déi vé6i thir nghiém IDH2
kiéu tu nhién, isoxitrat, NADP* va MnCl, dugc bao gdm & cac nong do 1an luot 1a 30
uM, 50 uM va 10 pM. Céc chét trc ché hoa tan trong dung dich gbc DMSO dugc pha
loang trong hdn hop phén g & ndng do6 DMSO cubi 1a 4%. Thir nghiém enzym dugc
xé4c dinh (1am dimg) bing cach bd sung ACN (50:50) chira axit d6-2-ketopentandioic
(d6-0KG) 1am ndi tiéu chudn dé phan tich phd khdi. Mudi (10) microlit hdn hop phén
tmg duogc két hop véi 100 uL nuée, 50 pl. O-benzylhydroxylamin 1M trong hé dém
pyridin (8,6% pyridin, pH 5), va 50 pL N-(3-dimetylaminopropyl)-N-etylcarbodiimit
hydroclorua 1M (EDC) trong h¢ dém pyridin. Sau khi dan xuét hoa & nhiét do trong
phong trong 1 gid, cdc mau dugc chiét bang 600 pL EtOAc. Léy ra 400 pL 16p phia
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trén, lam kho trong moéi truong nito gia nhiét va hoan nguyén bang 100 pL
MeOH/nuéc (1:1). 10 pL mau din xuit hoa dugc bom lén hé LC-MS bao gdm h¢
Shimadzu Prominence 20A HPLC va quang phd ké ba ti cyc Thermo Quantum
Ultra™., T4ch riéng cac chét phén tich trén cdt Waters XBridge™ C18 (2,1 x 50 mm,
3,5 um) véi tbe d6 dong 1a 0,6 mL/phit. Pha dong A 1a axit formic 0,1% trong nudc va
pha dong B 1a MeOH. Chuyén dang tin hiéuoKG phat hién dugc thanh néng do chét
phén tich st dung duong cong hi¢u chinh duoc tao ra st dung cac néng do oKG da
biét. Ddi v6i mdi mot hop chat thir nghiém, % e ché dugc tinh toan st dung mau doi
chitng DMSO 1a 0% e ché va dbi chimg khong chira enzym 1a 100% tre ché. Céc gid
tri ICso thu duoc tir cac gia tri % trc ché riéng biét & cac ndng d6 hop chét khac nhau
st dung phuong trinh 4 tham sb. Cac thao tac tinh toan nay duoc thuc hién st dung

cac chuong trinh phan tich dit liéu Activity Base (IDBS) hodc Screener (Genedata).

Két qua cua thir nghiém nay ching minh rang, cac hop chit minh hoa va thir
nghiém it c6 hoat tinh tc ché enzym IDH1 kiéu tw nhién so v6i cdc enzym IDHI
R132H hoic R132C dot bién va it ¢6 hoat tinh Gc ché enzym IDH2 kiéu tu nhién so
v6i cac enzym IDH2 R140Q hodc R172K dot bién.

Céc vi du sau day trong bang 15 duge thir nghiém co ban nhu dugc moé ta & trén

va it ¢6 hoat tinh rc ché cac enzym ki€u ty nhién so véi cac enzym dot bién.

Bang 15
Vidu 6 Giéﬂtri ICso cua IDH1 Giéqtri ICso cua IDH2

kiéu tu nhién (uM) ki€u ty nhién (uM)

1 0,0854 + 0,107, n=2 0,801 + 0,745, n=2

2 0,105 £ 0,113, n=2 0,884 + 0,748, n=2

3 0,425 3,37

4 0,302 3,7

6 0,0549 0,493

7 0,233 1,53

8 0,237 1,62

11 0,345 2,08
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12 0,277 3,22
13 0,456 7,03
14 0,392 7,4

Thir nghiém pha loang v6 han sinh héa IDH1 (R132H)

Céc hop chat vi du dong kho dugc hoan nguyén t6i 10 mM hogc 100 mM biang
DMSO 100% va dugc gitt & nhiét d trong phong t6i khi dugce thir nghiém. Protein
IDHI(R132H)-His duge biéu hién va tinh ché bing cic phuong phap da biét va
thuong duge su dung béi nguoi ¢ hiéu biét trung binh trong linh vuc. Céc chét phan
ung thir nghiém nay bao gbm cac chét sau: axit a-ketoglutaric (Sigma Cat# K1875),
MnCl, - Fisher Scientific Cat# M87-100, NADPH - Sigma-Aldrich Cat# N7505, Tris-
HCl (Invitrogen, Cat#15567-027), NaCl (Sigma, S3014), dithiothreitol (Sigma,
D5545), va TRITON™ X100 (Peirce, 28314). Bo kit NAD(P)H-Glo™ tir Promega
(G9061).

Hé dém thir nghiém st dung trong subt qua trinh chira 100 mM Tris-HC1 pH
7.0, 120 mM NaCl, 1 mM DTT, 0,005% TRITON™ X-100, va 2% DMSO (tir viéc bd
sung hop chét th nghiém). Gi4 tri ICso ctia mdi mot hop chét dugc xac dinh bang cach
0 lidu dép Gmg cua hop chit, duge didu ché trén Echo555, véi 1,5 nM IDH1(R132H), 1
mM a-ketoglutarat, 1 mM MnCl, va 15 uM NADPH trong hé dém thir nghiém. Phan
mg dugc 0 trong 2 giv & nhiét do trong phong, sau do dugc lam diumg st dung 6-
xyclopropyl-5-(isoquinolin-5-y1)-2-[(3R)-4-(3 -metoxypropanoyl)-3-metylpiperazin-1-
yl]pyridin-3-carbonitril (10 pM). Cac néng do NADPH dugc do su dung bd kit
NAD(P)H-Glo™, theo hudng dan ctia nha phéan phéi. Doc tin hiéu phéat quang trén
Envision (Perkin Elmer; 0,1 gidy/Luminescense Mirror/bd loc Lum700 WL400-700).
Trong tht nghiém pha lodng vo han tiép theo, ndéng do hop chét twong duwong véi 10x
gi tri ICs0 dugc G so bo voi 100 nM IDH1(R132H). Nong do cta hop chét ludn 16n
hon hoac twong duong ndng do enzym. Sau 2 gid' & nhiét do trong phong, hon hop nay
duoc pha lodng ty 1¢ 1:100 vao trong dung dich chtra a-ketoglutarat (10 mM), MnCl,
(10 mM), va NADPH (15 pM). Phan ung enzym cudi cing nay chaa 1 nM
IDHI(R132H) va 0,1 x [ICso]. Sau khi & 2 gio & nhiét do trong phong, néng do
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NADPH dugc xac dinh nhu xac dinh ¢ trén st dung 6-xyclopropyl-5-(isoquinolin-5-
y1)-2-[(3R)-4-(3-metoxypropanoyl)-3-metylpiperazin-1-yl]pyridin-3-carbonitril va bd
kit NAD(P)H-Glo™. Ba miu ddi chimg dugc bao gém: 1) “ddi chimg 10x” chua
10xICso hop chét trong thir nghiém 0 so bd va thir nghiém enzym ngoai trr 1 mM a-
ketoglutarat, 1 mM MnCly, va 15 uM NADPH duoc st dung trong thit nghiém cubi
cung xac dinh hoat tinh enzym, 2) “dbi chimg hoat tinh t6i da” chita DMSO thay cho
hop chit trong ca hai thit nghiém u so by va th nghiém enzym, va 3) “ddi chimg
0,1x” chira DMSO thay cho hop chét trong thir nghiém @ so bd va 0,1xICsp hop chét
trong thtr nghiém enzym. “Pi chirng hoat tinh tdi thiéu” thiéu enzym, nhung mat khac
tuong duong v6i “ddi chimg hoat tinh t6i da” duoc bao gdm. Bo thit hai gbm céc dbi
chimg hoat tinh t6i da va ti thiéu dugc thuc hién st dung 1 mM a-ketoglutarat, 1 mM
MnCl, va 15 uM NADPH. Mbi mét diéu kién thu nghiém dugc thtr nghiém lam ba
Jan va 32 ban sao duoc thuc hién déi véi ddi chung hoat tinh téi da (10 mM) va dbi
chiing hoat tinh i thidu (10 mM) trong khi 16 ban sao dugc tién hanh ddi véi doi
chting hoat tinh ti da (1 mM) va dbi chimg hoat tinh ti thiéu (1 mM).

Nong d6 cia NADP (san phim) dugc tao ra trong mdi mot thuc nghiém/dbi
chimg dugc xac dinh st dung ty 1€ % giam vé tin hiéu quan sat dugc so voi dbi chig
hoat tinh téi thiéu, chira 15 uM NADPH. Déi chimg hoat tinh t&i thiéu (1 mM va 1 0
mM) va dbi chimg hoat tinh t6i da (1 mM va 10 mM) duogc tinh trung binh va do 1éch
chuin dugc tinh toan cho mdi mot dbi chung. Tin hi€u cua mdi mot dung dich pha
lodng v cuc va dbi véi cac d6i chimg 0,1x dwoc nhan véi 15 rdi chia cho s lugng
trung binh cua cac giéng trong d6i chimg hoat tinh t6i thidu (10 mM). Lay 15 trir di
con sd nay dé tinh toan NADP (uM san pham). Cac tinh toan twong tw dugc st dung
di v6i cac dbi chimg 10x nhung cac dbi ching hoat tinh t6i thiéu (1 mM) dugc st
dung. S6 pmol cua san pham ddi véi cac d6i chimg hoat tinh t6i da (1 mM va 10 mM)
duoc tinh toan bang cach 1ay cac s6 luong trung binh nhéan véi 15 rdi chia cho timg ddi
ching hoat tinh tdi thidu trong tng (1 mM va 10 mM). uM NADP d6i v6i mdi mot
giéng duoc chia cho déi chimg hoat tinh t&i da trung binh (1 mM hodc 10 mM) rdi
nhan vé6i 100 dé xac dinh % hoat tinh IDH ctia dung dich pha lodng v6 cuc hop chét,
dbi chimg 10%, va dbi chimg 0,1x. Hop chét chuyén qua phai thé hién <30% hoat tinh

dbi v6i d6i ching 10x — chig té rang, nong do u so bo 1a du dé bao hoa enzym bing
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hop chét. Ngoai ra, hop chit cin phai thé hién >70-80% hoat tinh déi v6i dbi ching
0,1x khéng dinh réng, khong c6 su trc ché & O,lX/néng do hop chét pha loang.

Cac hop chit vi du dugc thu nghiém co ban nhu dugc mod ta ¢ trén va thé hién
% dit liéu phuc hdi dbi voi IDH1/R132H trong thir nghiém nay. Cac hop chat minh
hoa va thtr nghiém theo sang ché e ché enzym 2 gio sau khi pha lodng trdi nguoc véi
cac hop chit trudc day khong tre ché enzym 2 gio sau khi pha loang bang % phuc hoi.
Dir liéu tir thir nghiém nay chung minh rang, cic hop chét thir nghiém theo sang ché
tac dong theo cach phu hop véi su e ché ddng hoa tri ciia IDH1 dot bién vi su pha

lodng chét trc ché khong dan dén su phuc hdi hoat tinh enzym.
Cac thir nghiém dua vao té bao dbi véi cac chét e ché IDH1 dot bién

Dé thr nghiém su rc ché té bao cua IDH1 dot bién R132C, dong té bao sarcom
x0 HT1080 (mua tr ATCC) dugc su dung. Pé thir nghiém sy e ché dwa vao té bao
ciia dot bién R132H, dong té bao u thin kinh dém U87MG (ATCC) dugc cdy nhiém
mot cach 6n dinh béng cu tric ADN biéu hién enzym dot bién R132H béng cac
phuong phap da biét va dugc sir dung thong thuong béi ngudi ¢ hiéu biét trung binh

trong linh vuc.
Thir nghiém té bao HT1080:

15 nghin té bao dugc ciy 1én cac dia 96 giéng c¢6 phu poly-D-lys (15000 té
bao/giéng) 18-24 gidr trude khi xir Iy bing cac hop chit. 4 giv trude khi xir 1y hop chat,
té bao dugc 1am cho thiéu hut glutamin bang cach loai bo mdi truong binh thudong va
thay thé bang méi truong khong c6 glutamin. Sau khi bé doi, té bao duoc xtr 1y bang
hop chét thir nghiém véi cac ndng do khac nhau (20 uM dén 1 nM; hogc 0,2 pM dén
0,01 nM) dugc hoa tan trong moi truong khong c6 glutamin chira DMSO & ndéng do
cubi 12 0,2%. Lan @ hop chét dau tién trong 1 gio & nhiét dd 37°C/5% CO». Sau 1 gio,
glutamin duogc bd sung vao toi ndng do cubi 2 mM va cac té bao di xir Iy sau d6 duoc
U trong 18 gio nita & nhiét do 37°C/5% COx. Sau 18 gio 1, 2HG va aKG trong té bao
duoc phan tich trong cac dich phan giai té bao. Cac dich phan giai dugc diéu ché sau
khi loai bé moi truong va bd sung hé dém chtra 25 mM Tris-HCI pH 7.5, 150 mM
NaCl, | mM EDTA, 1 mM EGTA/1% TRITON™-X 100 vio céc té bao. Phan phén

ude cia dich phan giai dugc b6 sung vao hon hop clia de-0KG va ds-3HG 1am ndi tiéu
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chudn va hén hop dugc xir Iy biang O-benzylhydroxylamin véi sy c6 mat cua N-(3-
dimetylaminopropyl)-N'-etylcarbodiimit hydroclorua (EDC) va pyridin. Cac dan xuét
chét phan tich sau d6 dugc chiét bang EtOAc, lam kho, va sau d6 hoan nguyén bing
MeOH 50% trong H>O. Cac mau didu ché nhu mo ta duge bom vao HPLC dé tach
riéng cac dan xult 2HG va oKG (va cac ndi tiéu chuin tuong ting) st dung phuong
phéap sic ky pha déo trong cot C18. Viéc phan tich cac mau duge thuc hién st dung
phd khéi ké ba tir cuc 6460 (G6460A Agilent). Chuyén dang céc tin hiéu 2HG va oKG
phat hién dugc thanh ndéng do chit phan tich st dung ty 16 aKG/de-0KG va ty 1¢
2HG/ds-3HG ma duoc ngoai suy bén trong duong cong hiéu chinh. Ty 1& % tc ché dbi
voi mdi mot mau riéng biét thu dugc sau khi chuén hoéa néng d6 2HG hodc aKG tinh
toan theo cac tham chiéu tdi da va tbi thiéu thu duoc véi su c6 mit va khong c6 mit
cta glutamin trong qué trinh xur ly té bao bang cac hop chét. Céc gia tri ICso thu duoc
tlr % vuc ché riéng biét sit dung phuong trinh 4 tham sd dap ung lidu xichma. Cac thao
tac tinh todn ndy duoc thuc hién mot cach ty dong su dung cac chuong trinh phan tich

dit liéu Activity Base (IDBS) hoac Screener (Genedata).

Két qua cua thir nghiém nay ching minh rang, cac vi du thir nghiém trong béng
15 trc ché su tao ra 2-hydroxyglutarat, cho thdy su (rc ché IDHI1 dot bién R132C trong
cac té bao & thir nghiém nay. aKG, chét chuyén hoa phat sinh bai IDH1 kiéu tu nhién
khong bi tac dong boi cac chét trc ché, cho thiy cac hop chat c6 tinh chon loc d6i voi
IDH1 dot bién hon so v6i IDH1 loai tw nhién trong céc té bao & thir nghiém nay. Céc
gia tri ICso thu dugc cua cac vi du sau duge dua ra trong bang 16. Déi voi cac thir
nghiém ma trong do6, dudng cong ¢ ché khong dat t6i 50%, néng do cao nhét duoc
thir nghiém duoc thé hién (vi du, IC50 >20 uM hodc >0,2 uM).

Bang 16
, HT1080 (R132C, 2- HT1080 (R132C, aKG)
Viduso
hydroxyglutarat) ICso (WM) ICso (uM)
1 0,000698 + 0,000352, n=7 >20,0
2 0,00128 + 0,00100, n=8 >20,0
3 0,00127 + 0,00044, n=2 >0,200
4 0,00334 + 0,00140, n=2 >0,200
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Vi du s HT1080 (R132C, 2- HT1080 (R132C, aKG)
hydroxyglutarat) ICso (uM) ICso (UM)

5 0,000623 + 0,000745, n=2 >20,0
6 0,00112 + 0,00052, n=4 19,2

7 0,000625 + 0,000182, n=2 >0,200
8 0,000775 + 0,0000981, n=2 >0,200
9 0,00275 + 0,00046, n=3 >20,0
10 0,00391 + 0,00259, n=3 >20,0
11 0,00104 + 0,00050, n=4 >20,0
12 0,00272 + 0,00330, n=4 >20,0
13 0,000987 + 0,000009, n=2 >20,0
14 0,00138 + 0,00015 n=3 >20,0

Gié tri trung binh + d¢ 1éch chuin cua gia tri trung binh.
Thir nghiém té bao US7MG/IDHIR132H

Cac té bao dugc cdy 1én cac dia 96 giéng dugc phi poly-D-lys (12000 té
bao/giéng) 18-24 gid trude khi xir Iy bing céc hop chat. 4 gioy trude khi xir Iy hop chét,
té bao duge 1am cho thiéu hut glutamin bang cach loai bo méi trudong binh thuong va

thay thé bing moi truong khong ¢ glutamin. Sau khi bé doi, té bao duge xtt 1y bing
hop chét thir nghiém véi cac nbéng d6 khac nhau (20 uM dén 1 nM) dugc hoa tan trong
moi treong khong céd glutamin chita DMSO & ndng d6 cudi 1a 0,2%. Lén 0 hop chat
déu tién trong 1 gid & nhiét do 37°C/5% CO». Sau 1 gid, glutamin dugc bb sung vao
t6i ndng do cudi 2 mM va cac té bao da xur Iy sau d6 duoc u trong 18 gid nita ¢ nhiét
do 37°C/5% CO,. 2HG trong té bao duge phan tich trong cac dich phén giai té bao thu
duoc sau khi loai boé méi truong va xir Iy bang hé dém phan giai (25 mM Tris-HCI pH
7.5, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA/1% TRITON™-X 100). Dich phan
oiai té bao duge bao quan & nhiét do -80°C cho t6i khi xir ly. Dé chiét chat phan tich,
lugng phan udce cua dich phan giai da lam tan dong dugc chuyén 1én dia 96 giéng sau
va duge xir Iy bing MeOH lanh chtta ds-3HG lam ndi tiéu chuin, sau d6 bing
cloroform va H,O (1:4:3:2). Pha & trén dugc tip hop sau khi tach va duoc bom vao

HPLC dé tach 2HG (va ndi tiéu chudn) str dung phuong phap sic ky tuong tac ua nude
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(HILIC) két hop phat hién MS/MS trong 6460 phd khdi ké ba tir cuc. TY 1& % tc ché
d4i véi mdi mdt mAu riéng biét thu dwoc sau khi chuan héa néng do 2HG tinh toan
theo cac tham chiéu tdi da va tbi thiéu thu dugc voi sy c6 mit va khong c6 mat
glutamin trong qua trinh xu ly té bao bang cac hop chit. Cac gia tri ICso thu dugc tir %
trc ché riéng biét st dung phuong trinh 4 tham sd dap ung liéu xichma. Céc thao tac
tinh to4an nay duoc thuc hién mot cach tu dong sir dung cac chuong trinh phéan tich dir

liéu Activity Base (IDBS) hodc Screener (Genedata).

Céc vi du sau dugce thir nghiém co ban nhu duge mo ta ¢ trén va thé hién hoat
tinh trc ché di véi IDH1/R132H dot bién trong cac té bao USTMG trong thir nghiém

nay duoc duoc thé hién trong bang 17 duéi day.

Bang 17

Vi du 6 U87MG (IDH1/R132H 2-
hydroxyglutarat ICso (uM)
1 0,000209 + 0,000100, n=6
2 0,000406 + 0,000375, n=8
3 0,000426 + 0,000188, n=2
4 0,000805 + 0,000187, n=2

5 0,000295 + 0,00200, n=2
6 0,000379 + 0,000202, n=2
7 0,000356 + 0,000178, n=2
8 0,000432 + 0,000016, n=2
9 0,000388 + 0,000703, n=2
10 0,000529 + 0,000356, n=2
11 0,000258 + 0,000209, n=3

12 0,00135+0,00151, n=4
13 0,000267 + 0,000227, n=2
14 0,000353 + 0,000483, n=2

Gié tri trung binh + d6 1éch chuén ctia gid tri trung binh.

Thir nghiém 2-hydroxyglutarat In Vivo
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P& thir nghiém in vivo déi véi cac chét e ché IDHI, cac khéi u ghép ngoai lai
du6i da dugce phat trién & chuot chui 16ng khong co tuyén trc (20-22g, Harlan
Laboratories) sau khi cdy té bao HT1080 (sarcom xo mang IDH1 dot bién R132C)
hoic té bao TBOS (u nguyén bao than kinh dém thtr phat mang IDH1 dot bién R132H).
Chudt duge cung cip thirc dn va nude tuy y va dugc tdp quen moi truong 1 tudn trudce
khi céy té bao. Té& bao khdi u (HT1080) hodc manh khdi u (TB08) dugc cAy vao ving
suon phia sau bén phai. Péi vai HT1080, 5,0 x 10° té bao dugce cdy trong hon hop 1:1
v6i Matrigel & thé tich cudi 1a 0,2 ml. Déi voi TBOS, cdc manh khoi u sinh ra tir cdc
mau khéi u cly trudc do dugc cly truc tiép vao ving suon phia sau. Thé tich khdi u
duoc do béng thude cap hai lan hang tudn va thé tich khdi u dugc tinh toan sur dung
0536 x L x W2, trong d6 L=chiéu dai va W=chiéu réng. Khi thé tich khdi u dat t6i
150-400 mm?, dong véat dugc phan chia ngéu nhién vao cac nhom (n=3-6 moi nhém)
va duogc dinh lidu bang céc chét wc ché TDH1 hoac dbi chimg thé mang. Déi véi cac
chat e ché IDHI1, cic hop chit dugc phbi ché trong thé mang chta 1%
hydroxyetylxenluloza/0,25% Tween™ 80/0,05% chét chéng tao bot hoac 10% Acacia
v&i 1,1 mol duong lugng HCL. Céc hop chét dugc nghién siéu am dé thu dugc huyen
phu. Cac hop chét duoc dinh lidu trén co s& miligam trén kilogam (mpk) thong qua
6ng thong theo dudng miéng véi thé tich cudi 1a 0,2 ml. Pé x4c dinh su ¢ ché 2HG,
cac hgp chit duge dinh lidu hai lan hang ngay (BID) trong 3 ngay (téng sb liéu luong
= 6). Sau khi xur ly béng hop chat, chudt dugc gy chét nhe nhang bang cich gy mé
bang isofluoran va lam trat khép ¢b. Cac khéi u duogc cat ra, dat vao trong cac éng
nghiém c6 dan nhan, va lam dong lanh ngay trong nito 16ng. Bao quan cac khéi u &
nhiét d -80°C dé xtr 1y.

Didu ché cac dich phan giai khdi u

Hé dém XY Lite dugc didu ché trong nuéc cap do phan tir va chira céc thanh
phin sau: 25 mM Tris, pH 7,5, 150 mM NaCl, 1% TRITON™ X-100, ] mM EDTA, 1
mM EGTA. Bb sung 800 pl dung dich hdn hop Halt Proteaza va chat rc ché
phosphataza (Halt™ Protease and Phosphatase Inhibitor Cocktail, EDTA-Free Thermo
Scientific, Cat# 78441) vao hé dém XY Lite (40 ml). Cac mau duoc tao xody va sau
d6 1am lanh trén nuée da. Cac 6ng nghiém phén giai A nip mau da cam dugc ghi nhan

va dat trong mot gia dé trén nude da. Mot bo coi va chay bang gom duogc trong nudc
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da kho dé 1am lanh. Mot manh nhdm 14 hinh vudng 2 x 2 inso dugc dat ¢ day cia cbi
gid. Mau khéi u duoc chuyén vao trong cdi gid duoc 1am lanh trude trén manh 14 hinh
vuodng. Nito long (khoang 5 ml) duoc bd sung va cho phép bay hoi, 1am siéu lanh khéi
u. Mot manh 14 nhém khéc duge dat duoc dat trén khdi u va khdi u duge lam v thanh
c4c manh nhé bang chay gém. Khéi u nghién nhanh chéng dugc chuyén vao 6ng
nghiém phan giai. Hé dém XY Lite lam lanh bing nude da (500 pL) duoc bo sung vao
mdi mot dng nghiém va day nip. Sau do, cac khéi u duge xtr Iy trén thiét bi FastPrep-
24 MP Biomedicals bang cach quay hai lan trong 35 gidy mdi lan & tbc d6 hiéu chinh
5. Sau dé, ly tdm cac mau trong thiét bi ly tim Beckman Microfuge R & nhiét dg 4°C
v6i toe dd 14000 vong/phit trong 30 phut. Lép ndi trén bé mat duoc chuyén 1én dia 96

giéng sau duoc lam lanh trudce. Vién két duoc loai bo.
Thtr nghiém protein

Dia pha lodng thir nghiém protein trudc ti€n dugc tao ra bang cach bd sung hé
dém XY (145 pl) vao dia Corning day tron 96 giéng khong vo tring. B6 sung dich
phan giai khdi u (5 pL) vao dia ndy va trdn két hop nhe nhang. Dia dugc giit & trén
nudc da. Cac dung dich pha loang hang loat cia BSA chuén (Thermo Scientific cat.
23209 2 mg/mL) dugc thiét 1ap nhu sau: 5 éng nghiém 0,5 mL duoc dit & trén gia va
bd sung hé dém XY (60 pL) vao mdi mot 6ng nghiém. B6 sung dung dich gbc BSA
(60 pl) vao dng nghiém thir nhit va tao xody. Chuyén 60 pl tir 6ng nghiém thir nhét
sang dng nghiém tiép theo, tao xody va tiép tc cho t¢i khi hoan thanh loat dung dich
pha loang nhu sau: Ong nghiém 1= dung dich gbc BSA, cac 6ng nghiém tir 2-5 1a cac
dung dich pha lodng 1:2, ong nghiém 6= duy nhat hé dém XY. Céc chét phan Gng thir
nghiém protein BCA nhiét dugc két hop theo huéng dan ctia nha san xuit. Chat phan
tmg BCA hon hop (200 pl) dugc bd sung vao mdi mot méu va duge U trong 15 phut.
Doc két qua ciia thir nghiém protein trén thiét bi doc SOFTmax Pro Plate Reader. Dya
vao céac két qua thir nghiém protein, lugng thich hop cta hé dém XY duge bd sung vao
mdi mot dich phan giai khéi u dé tao ra ndng do protein cudi 1a 5 mg/mL. Tt ca cac

mAu dugc ghi nhin va bao quén & nhiét 4o -80°C.

Phan tich chit chuyén héa trong cac dich phan giai khéi u
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Céc tac dung uc ché IDH]1 in vivo lén néng dd cua toan bd 2HG va aKG duoc
xé4c dinh bing phan tich sic ky-phd khéi léng (LC-MS) cua cac khéi u ghép ngoai lai.
Phuong phép st dung dan xuét hoa bang O-benzylhydroxylamin truéc khi phan tich
bing LC-MS. 10 microlit cia m&i mot dich phan giai khéi u duge duwa lén dia 96 giéng
sau va duoc két hop voi 100 uL dung dich ndi chuén chta 10 pM ds-3HG va 10 uM
d6-aKG. 50 pL ctia 1 M O-benzylhydroxylamin trong hé dém pyridin (8,6% pyridin,
pH 5) va 50 pL cia 1 M N-(3-dimetylaminopropyl)-N-etylcarbodiimit hydroclorua
(EDC) trong h¢ dém pyridin duoc bd sung vao mdi mot miu. Phan ung dan xuit hoa
tién hanh & nhiét do trong phong trong 1 gio. Sir dung bd xir ly dich léng Beckman
Biomek FX, b sung 600 pul. EtOAc vao mdi mot mau. Py kin cac dia va tao xody
trong 5 phut, sau d6, 1§ tdm céc dia trong 5 phut & tbc do 4000 vong/phut trong thiét bi
ly tdm Eppendorf 5810R. Chuyén 400 uL 16p & trén 1én mot dia 96 giéng méi. Lam
kho cac mau trong moi truong nito' gia nhiét & nhiét do 50°C va hoan nguyén bang 100
uL hdn hop MeOH/nuGe (1:1). Bom 1 microlit mau da din xuat héa lén hé¢ LC-MS
bao gdbm hé Shimadzu Prominence 20A HPLC va phd khdi ké ba t& cwc Thermo
Quantum Ultra™. Téch riéng cac chét phan tich trén cdt Water XBridge™ C18 (2,1 x
50 mm, 3,5 pm) véi toc d6 dong 1 0,6 mL/phut. Pha dong A 1a axit formic 0,1% trong
nuéc va pha dong B 1a MeOH. Bién dang gradien la: 0 phut, 5% B; 3 phut, 100% B;
4,00 phat, 100% B; 4,1 phut, 5% B; 5,50 phit, dimg. Phd khéi ké st dung bo do
HESI-II hoat dong theo phuong thuc giam sat phan tmg lya chon ion duong. Cac
duong cong hi€u chinh dugc xay dung bang cach v& d thi nong do chét phén tich v&i
cc ty 1 dién tich dinh chat phan tich/ndi chuén va tién hanh ldp Khit binh phuong cua
dir liéu str dung phuong phap binh chinh 1/ndng d6 bang phan mém Xcalibur™. Céc
néng do chat phan tich cua cac chit chua biét dugc tinh toan lai tr dudng cong hiéu
chinh. Dit liéu chat chuyén héa tir thir nghiém LC-MS duoc biéu hién & dang nmol/mg
protein. Mtc 2HG trung binh trong nhém xir ly bing chit mang duoc st dung dé xac
dinh d8i chimg 0% trc ché. Sau do, % e ché & mdi mot dong vét xir Iy bang chat trc
ché dugc xéac dinh so véi dbi chimg chat mang. Dit liéu dugc phan tich bang phan
mém JTMP dé xac dinh % tGc ché trung binh & mdi mot nhom dinh liéu, do 1éch chudn,

va sai sO chuan.

-77-



35014

Dit liéu chung minh sy ¢ ché in vivo ctia 2-hydroxyglutarat & chudt ghép ngoai
lai dot bién IDH1 bang cac hop chit minh hoa va thir nghiém dugc thé hién trong bang
18 dudi day.

Béang 18
Mb hinh 2HG, % uc Trung
Xu ly hodc . , Do 1éch
ghép , Liéu Chudt (n) | ché trung ) binh sai
Vidu so chuan i .
ngoai lai binh sO chuan
TBOS .
Chat mang 0 mpk 5 0 30,3 13,55
(R132H)
TBO8
1 1 mpk 5 214 21 9,38
(R132H)
TBO08
1 2 mpk 5 16,1 30,3 13,6
(R132H)
TBO08
1 4 mpk 5 41,5 26 11,6
(R132H)
TB08
1 8 mpk 5 78.8 1,8 0,8
(R132H)
TB08
1 16 mpk 5 92,1 1,8 0,8
(R132H)
TBOS
1 32 mpk 5 95.8 0,7 0,3
(R132H)
Mo hinh 2HG, % tc Trung
Xur Iy hoac ) ) , Do 1&ch _
ghép . Liéu Chuot sO | ché trung ) binh sai
Vi du so chuan . ,
ngoai lai binh sO chuan
TBO8 ,
Chat mang 0 mpk 5 0 39,2 17,5
(R132H)
TBO08
2 1 mpk 5 37,4 13.3 5,9
(R132H)
TB08 2 2 mpk 5 23,9 16,2 7,2
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(R132H)
TB08
2 4 mpk 5 63,7 12,1 5,4
(R132H)
TB08
2 8 mpk 5 80,95 6,27 2,8
(R132H)
TB08
2 16 mpk 5 92,97 2,63 1,1
(R132H)
TB08
2 32 mpk 5 96,88 0,68 0,3
(R132H)
MO hinh 2HG, % tc Trung
Xur 1y hodc . , . Do 1&ch
ghép , Liéu Chudt so | ché trung , binh sai
Vi du so chuan ) ,
ngoai lai binh sO chuin
TB08 .
Chat mang | 0,00 mpk 5 0 244 10,9
(R132H)
TB08
8 10,0 mpk 5 60,36 10,06 4,5
(R132H)
TB08
7 10,0 mpk 5 69,56 9,15 4,1
(R132H)
TB08
4 10,0 mpk 5 61,82 14,4 6.4
(R132H)
TB08
3 10,0 mpk 5 87,26 3,95 1,77
(R132H)
TB08
14 10,0 mpk 5 86,71 5,27 2,36
(R132H)
M0 hinh 2HG, % e Trung
Xu ly hodc . ) , bo 1&ch
ghép . Liéu Chudt sO | ché trung , binh sai
Vidu so chuan . ,
ngoai lai binh s0 chuan
TB08 .
Chat mang | 0,00 mpk 5 0 26,87 12,02
(R132H)
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TBO8
11 10,0 mpk 5 90,63 4.5 2,01
(R132H)
M6 hinh 2HG, % trc Trung
Xur ly hodc . , ) bo léch
ghép ) Liéu Chuot s6 | ché trung , binh sai
Vidu sd chuan i ]
ngoai lai binh sO chuan
TBO08 .
Chat mang | 0,00 mpk 5 0 39,6 17,7
(R132H)
TBO8
13 10,0 mpk 5 86,3 3,7 1,67
(R132H)
TBO8
12 10,0 mpk 5 94,16 0,66 0,3
(R132H)
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YEU CAU BAO HO

1. Hop chét c6 cong thitc:

trong do:

R! 1a -CH,CH(CHj3),, -CH2CH3, -CH>CH20CH3, hodc —CHz-xyclopropyl;

R? 1a -CH3 ho#c -CH>CH3; hodc
mubi dugc dung cia noé.
2. Hop chat theo diém 1, hop chét nay la:
7-[[(1S)-1-[4-[(1R)-2-xyclopropyl-1-(4-prop-2-enoylpiperazin-1-
yl)etyl]phenyl]etyl]amino]-1-etyl-4H-pyrimido[4,5-d][1,3]oxazin-2-on;
7-[[(1S)-1-[4-[(1S)-2-xyclopropyl-1-(4-prop-2-enoylpiperazin-1-
yl)etyl]phenyl]etyl]amino]-1-etyl-4H-pyrimido[4,5-d][1,3]oxazin-2-on;
1-etyl-7-[[(1S)-1-[4-[ 1-(4-prop-2-enoylpiperazin-1-yl)propyl]phenyl]etylJamino]-4H-
pyrimido[4,5-d][1,3]oxazin-2-on, chét déng phén 1;
1-etyl-7-[[(1S)-1-[4-[ 1-(4-prop-2-enoylpiperazin-1-yl)propyl]phenyl]etylJamino]-4H-
pyrimido[4,5-d][1,3]oxazin-2-on, chét ddng phan 2;
hodc mudi dugc dung cta hop chét bét ky trong s6 cac hop chét nay.
3. Hop chét theo diém 2, hop chét nay 1a 7-[[(1S)-1-[4-[(1S)-2-xyclopropyl-1-(4-prop-
2-enoylpiperazin-1-yl)etyl]phenyl]etyl]amino]-1-etyl-4H-pyrimido[4,5-d][ 1,3 ]oxazin-
2-on hodc mudi duge dung cia hop chit nay.
4. Duoc phém chtra hop chét theo diém 1, hodc mubi dugc dung cua hop chét nay, va

chéat mang duoc dung.
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