HQP CHAT BENZIMIDAZOL VONG LAM CHAT U'C CHE GMP AMP VONG
SYNTHAZA (CGAS), DUQGC PHAM VA TO HQP CHUA HQP CHAT NAY

Linh vie Ky thuat dwoe dé cap

Sang ché dé cap dén hop chat c6 cong thuc I, va tién duoc chit, chét trong tu
duoc doteri hoa va mudi duoge dung cua ching, dé diéu tri bénh chrfmg han lupus ban do
hé théng, x0 cung bi hé théng (SSc), bénh do interferon, viém gan nhiém mé& khong do
ruou (NASH), bénh phdi k& (ILD) va xo phdi v6 cin (IPF). Sang ché cling dé cap dén
cac hop chét trung gian cta hop chat theo sang ché, duoc pham va t6 hop chtra cac hop

chét nay.
Tinh trang ky thuit ciia sing ché
Cac chat tc ché cGAS

Mién dich tu nhién duoc xem 13 dép Gng kich thich té bao hang du bao vé té bao
chu chdng lai cac tac nhan gay bénh xAm nhap va khoi phat truyén tin hiéu t6i hé mién
dich thich ing. Cac qua trinh nay dugc khai phéat boi cac mé hinh phén tir lién quan dén
tac nhan gy bénh bao ton (conserved pathogen-associated molecular patterns - PAMPs)
thong qua viéc cam nhan bﬁng cac thu thé nhan dang khudn mau da dang (diverse pattern
recognition receptors - PRRs) va su kich hoat sau do cua xytokin va su biéu hién gen
interferon typ I. Céc té bao trinh dién khang nguyén, nhu bach cau don nhén, dai thyuc
bao, va té bao dudi gai tao ra cac interferon typ I va cuc ky quan trong dé giy ra cac dap
g ctia hé mién dich té bao T va B thich ung. Cac PRR chinh phéat hi¢n su bét thuong,
turc 1a, cac axit nucleic lac vi tri, chua trudng thanh hoac chua bién doi trén bé mat té
bao, bén trong cac mang lysosom hodc bén trong cic khoang té bao khac (Barbalat et
al., Annu. Rev. Immunol. 29, 185-214 (2011)).

“GMP-AMP Synthaza vong” (cGAS, UniProtK B — Q8N884)) 1a cam bién chiém
wu thé ddi voi ADN soi kép (dsADN) bt thudng c6 ngudn gdc tir cac tic nhan giy bénh
hodc sy dinh vi sai hodc xtur 1y sai cia cac dSADN nhan hoac ty thé (Sun et al., Science
339, 786-791 (2013); Wu et al., Science 339, 826-830 (2013); Ablasser et al., Nature
498, 380-384 (2013)). Lién két ctia dsADN véi cGAS hoat héa phan mg ctiia GTP va

ATP dé tao ra dinucleotit vong GMP-AMP (duoc goi 1a cGAMP). Sau d6, cGAMP di
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vao va hoat héa protein thich tng neo vao mang ludi ndi chét, "yéu t6 kich thich gen
interferon” (Stimulator of Interferon Genes - STING, UniProtKB — Q86WV6). STING
da hoat hoéa thu nhan va hoat hoa kinaza lién két TANK 1 (TBK1) ma vé mait nd
phosporyl hoa sy phién ma ho yéu t6 diéu hoa interferon (IRF) cam tng xytokin va s
biéu hién mARN interferon typ I.

Vai trd quyét dinh ctia cGAS trong viéc cam bién dsADN di duoc x4c dinh trong
cac vi khudn gdy bénh khac nhau (Hansen et al., EMBOJ. 33, 1654 (2014)), cac virut
(Ma et al., PNAS 112, E4306 (2015)) va céc retrovirut (Gao et al., Science 341, 903-
906 (2013)). Ngoai ra, cGAS 1 thiét yéu trong cac qua trinh sinh hoc khac nhau khac
nhu su 130 hoa té bao (Yang et al., PNAS 114, E4612 (2017), Gliick et al., Nat. Cell
Biol. 19, 1061-1070 (2017)) va su nhan biét cac vi nhan bi pha v trong sy giam sat cac
té bao ung thu tiém an (Mackenzie et al., Nature 548, 461-465 (2017); Harding et al.,
Nature 548, 466-470 (2017)).

Trong khi con dudng cGAS 1a quan trong d6i véi su phong vé cua vat chu chong
lai cac tac nhan gay bénh xam nhap, cac kich thich té bao va cac yéu td di truyén ciing
¢ thé cam ung vi¢c san xuét ra dsADN té bao bat thuong, vi dy, béi su ro ri & nhan
hodc ty thé, va nhd d6 khoi phat cac dap tng tu viém. Hoi ching Aicardi-Goutieres
(AGS; Crow et al., Nat. Genet. 38, 917-920 (2006)) — rdi loan qua trung gian mién dich
tu viém ning gidng lupus — xuét phat tir cac dot bién mat chirc ning trong TREX1, mot
men exonucleaza ADN chinh chiu trach nhiém phan hily ADN bt thudng trong xytosol.
Theo céach khac, viée loai bé ¢cGAS & chudt thiéu hut TREX1 ngan chdn duogc cac dap
rng mién dich gay chét, hd trg cGAS 1am yéu t6 dan dong cua cac bénh 1y do interferon
(Gray et al., J. Immunol. 195, 1939-1943 (2015); Gao et al., PNAS 112, E5699-E5705
(2015)). Tuong ty, kha ning giy chét phdi gy ra boi sy thiéu hut ADNse2, men
endonucleaza chiu trach nhiém lam thoai bién ADN du trong céc tiéu thé (lysosom)
trong qua trinh nhap bao, dugc giai ciru hoan toan bang cach loai bo thém cGAS (Gao
et. al, PNAS 112, E5699-E5705 (2015)) hoac STING (Ahn et al., PNAS 109, 19386-
19391 (2012)). Nhitng quan sat nay hd trg cGAS nhu 1a dich cta thudc va viée e ché
cGAS c6 thé cung cip mot chién lugc tri lidu dé phong ngira tinh trang tu viém va diéu
tri cac bénh nhu lupus ban dé hé théng (SLE) c6 lién quan dén khang thé khang dsADN
(Pisetsky et al., Nat. Rev. Rheumatol. 12, 102-110 (2016)).



Tinh trang k¥ thuat

Nho quan sat thay rang, viéc trc ché con duong cGAS c¢6 thé cung cap chién lugc
tri liéu dé phong ngura tinh trang tu viém va dé diéu tri, vi du cac bénh tu mién, nhicu

nd lyc nham phat trién cac chat rc ché cGAS da duoc tién hanh.

Vi dy, trong tai ligu WO 2019/241787, metyl 4-amino-6-(phenylamino)-1,3,5-
triazin-2-cacboxylat nhu CU-32 va CU-76 da dugc boc 16 lam chat wc ché cGAS vai
"cac gia tri hcGAS ICso in vitro” hoi chut thap hon 1 pM (ICso(CU-32) = 0,66 pM va
ICs50(CU-76 = 0,27 uM).

Trong tai liéu cua tac gia Hall et al., PLoS ONE 12(9); e0184843 (2017), hop
chat PF-06928215 da duoc cong bd 1am chét e ché cGAS voéi "gia tri hcGAS ICso in
vitro” 1 0,049 uM khi duoc do bang thir nghiém phan cuc huynh quang. Tuy nhién, hop
chit PF-06928215 khong thé hién hoat tinh té bao chép nhan dugc nao & dang chét (rc
ché cGAS.

Trong tai lidu WO 2020/142729 va trong WO2022/174012, cac dan xuat axit
(benzofuro[3,2-d]pyrimidin-4-yl) pyrolidin-2-carboxylic da dugc boc 16 1am chét tic ché
cGAS trong liéu phap tri liu d6i v6i cac rdi loan ty mién nhu hoi chimg Aicardi-
Goutieres (AGS), bénh lupus ban do, bénh ctrng bi, bénh rudt viém va viém gan nhiém
md khong do ruou (NASH). Tuy nhién, cac hop chat theo sang ché nay khac véi cac
dan xuét axit (benzofuro[3,2-d]pyrimidin-4-yl)pyrolidin-2-carboxylic cta tai liéu WO
2020/142729 vé m6 hinh thay thé khac nhau hoan toan cta ching & vi tri 4 ciia vong
pyrolidin.

Céc chat (rc ché cGAS dugc dé cap gan ddy, nhu cac chat Ge ché trong tai trong
WO 2020/142729 hodc WO 2022/174012, thong thudng thé hién hiéu luc e ché cGAS
té bao khong diy du (voi cac gia tri ICso lién quan dén viéc tc ché con duong
cGAS/STING khi duoc do trong cac thir nghiém té bao thong thudng 16n hon 1 pM,
thudng 16n hon 5 pM). Tuy nhién, diéu quan trong 13 phai cung cip cac chat tc ché
cGAS tri liéu ma khong chi thé hién hiéu luc ¢ ché (in vitro) sinh hoa théa man
("hcGAS ICs0"), ma con thé hién hiéu luc tc ché té bao thoa man (vi du, béng céch thé
hién sy trc ché cam ung IFN trong cac té bao THP-1 bi kich thich boi virut (THP1ir)

ICs0)) dé bao dam réng, hop chit c6 kha nang thé hién tac dung tri li¢u & bénh nhan. Cac
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dic diém quan trong khac ma c6 thé dy doan dugc dé phat trién thanh cong chét e ché
cGAS lam tac nhan tri li€u 1a kha nang chon loc cGAS thdéa man (so vdi hoat tinh chéch

dich) va hiéu luc tc ché chap nhan dugc trong mau toan phan ctia nguoi.

BAt ngo 14 hién nay dé phat hién ra ring, cac hop chit c¢6 cong thirc I, IT hodc III)
d6ng thoi thé hién ba dic tinh sau:

« "gia tri ICso hoa (in vitro) théa man lién quan dén sy trc ché cGAS” (v6i hcGAS

ICso < 100 nM, tét hon 1a <X 50 nM, dic biét 1a << 10 nM),

o “sytrc ché cam tmg IFN thoa mén trong cac té bao THP-1 bi kich thich boi virut
(v6i THP1 ICsopin < 1 pM, tét hon 1a << 500 nM, t6t hon nira 1a << 100 nM, dic
biét [a < 50 nM)
va

e kha nang chon lgc thoa man ddi v6i su e ché cGAS
(v6i ty 18 THP1 ICsoecampy THP1 ICswir 12 =10, tot hon nira =50, tot hon nita
=500, dac biét =1000).

Ngoai ra, cac hop chit co cong thire I, 1T hodc III) ciing thé hién cac gia tri ICso
chap nhan dugc lién quan dén su e ché cam tmg IFN trong cac thir nghiém mau toan
phan ngudi kich thich bai dsADN, tét hon véi cac gid tri ICso mau toan phan ngudi lién
quan dén su tc ché cGAS (hWB IC50) <X 5000 nM, tét hon nira 1a << 1000 nM, dic
biét 1a < 100 nM.

Céc chat trc ché cGAS theo sang ché vé6i dic tinh duoc Iy cu thé nay két hop hiéu
luc tre ché in vitro tuyét voi va hiéu luc e ché té bao tuyét voi véi kha niang chon loc
cao lién quan dén su e ché cGAS c6 kha nang cao cling thé hién tac dung tri li¢u tot &
bénh nhan. Nho hiéu luc e ché té bao cao cua chiing, cac hop chat véi dic tinh duoc 1y
cu thé nay c6 kha ning vuot qua hang rao mang té bao va do do, dat t6i duogc vi tri dich
trong té bao va do kha ning chon loc ciia chiing chi trc ché hoat tinh cGAS, cic hop chét
nay khong thé hién céc tac dung chéch dich khong mong mudn, vi dy, céc tac dung phu
dau do6 trong duong truyén tin hiéu ¢ xudi dong ctia cGAS hoic céc tac dung giy doc té

bao.

Ban chit ky thuit ciia sang ché



Sang ché dé cap dén hop chat co cong thirc I
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trong do

R! dugc chon tir nhom bao gém hydro, halogen, metyl, etyl, -CF3, -CHF,, CFH: va

metoxy,

R? dugc chon tir nhém bao gdm hydro va metyl,

R? dugc chon tir nhém bao gom hydro, metyl va halogen,

va trong do

A duoc chon tir nhém bao gém -CHz-, -O-, -CF»-, -CHF-, -N(CH3)-,-NH- va -CHCH3-;
D duoc chon tir nhom bao gém -CHz-, -O-, -CF»-, -CHF- va -CHCH3-;

E duoc chon tir nhém bao gém -CH,-, -O-, -C(CHs)2-, -CHF-, CF2- va -CHCH;-;

G duoc chon tir nhoém bao g@)m -NH-, -NCH3-, -CHz-, -O-, -CF»-, -CHF-, -CHCH3- va
-C(CHa)z;

J dugc chon tir nhdm bao gém -CO-, -CHa-, -O-, -CHF-, -CF»- va -CHCH3-;

K duoc chon tir nhém bao gdm -CHa-, -CFa-, -O- hodc khong c6 mit;

L duoc chon tir nhém bao gém -CHoz-, -O-, -CHCHs-, -CHF-, -CF»- hodc khong c¢6 mat;
va tién duoc chat, chit tuong tu duogc doteri hoa va mudi duoc dung cua chung.
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Theo d6, cac bién A, D, E, G, J, K va L duoc uu tién lya chon theo cach ma hai

hodc nhidu nguyén tir khac loai khong thé theo lién ké nhau.

Theo mot phwong 4n duge wu tién sang ché dé cap dén hop chét c6 cong thirc

néu trén, trong do

R! dugc chon tir nhém bao gém hydro, C1 va E,

R2 duogc chon tir nhém bao gém hydro va metyl,

R? dugc chon tir nhdm bao gém hydro, metyl, Cl va F,

va trong do

A duoc chon tir nhém bao gém -CHz-, -O-, -CF>-, -N(CH3)-,

D duoc chon tir nhom bao gém -CH;-, -O- va -CHCH3-,

E duoc chon tir nhém bao gom -CHa-, -O- va -C(CH3)2-,

G duoc chon ttr nhém bao gém -NH-, -CH>-, -O-, -CHCH3-,

J duoc chon tir nhém bao gém -CO-, -CHa-, -O-, va -CHCH;-;

K duoc chon tir nhom bao gém -CHoz-, -CF»-, -O- hoac khong c6 mat;
L duoc chon tir nhom bao g@)m -CHz-, -CF»- hodac khéng c6 mat;

va tién duoc chat, chit tuong ty dugc doteri hoa va mudi duogc dung cua chung.

Theo d6, cac bién A, D, E, G, J, K va L duoc vu tién lua chon theo cach ma hai

hodc nhiéu nguyén tir khac loai khong thé theo lién ké nhau.

Theo mot phuong an wu tién khac, sang ché dé cap dén hop chit c6 cong thirc I
duoc dé cap ¢ trén, trong d6 L khong co6 mit, va tién dugc chat, chat twong tu duoc

doteri héa va muoi dugc dung cia ching.

Theo mot phuwong an uu tién khac, sang ché dé cap dén hop chat cé cong thic I
dugc dé cap 6 trén, trong d6 L khong c6 mit va trong d6 A duoc chon tir nhém bao gdm
-CHa- va -CF»-, va tién duge chit, mudi duoc dung cua chiing hoac chat tuong tu dugc

doteri hoa cua chuing.



Theo mot phuong an wu tién khac, sang ché dé cip dén hop chit c6 cong thirc
dugc dé cip & trén, trong d6 L khong co6 mit va trong d6 K 1a CF», va tién duoc chat,

chét tuong tu duoc doteri hda va mubi duoc dung cuia chung.

Theo mot phuong an wu tién khac, sang ché dé cip dén hop chit c6 cong thirc I
duoc dé cap ¢ trén, trong d6 R? 1a halogen, va tién duoc chat, chat tuong tu dugc doteri

hoa va mudi dugce dung cua chung.

O day, ddc biét vu tién 1a R? 1a nguyén tir halogen dugc chon tir nhém bao gdm

ClvaPF.

Theo mot phuong an wu tién khac, sang ché dé cap dén hop chét c6 cong thirc I
duoc dé cap & trén, trong d6 R* 12 Cl hoic F va duoc nam & vi tri 5 cua géc benzimidazol,

va tién duogc chat, chat tuong tu duoc doteri héa va muoi duoc dung cia ching.

Theo mot phuong an wu tién khac, sang ché dé cap dén hop chét c6 cong thirc I
duoc dé cap 0 trén, trong d6 R! 1a halogen, va tién dugc chat, chat tuong tu duoc doteri

hoa va mudi duge dung cua chung.

Theo mot phuong an wu tién khac, sang ché dé cap dén hop chat c6 cong thirc I
duoc dé cap O trén, trong 6 R' 1a Cl hoac F, va tién dwoc chét, chat tuong tu dugc doteri
héa va mudi duge dung cua ching.

Theo mot phuong an wu tién khac, sang ché dé cap dén hop chét c6 cong thirc I
duoc dé cap O trén, trong d6 R' 1a hydro, va tién duge chat, chat tuong tu duogc doteri
héa va mudi duge dung cua ching.

Theo mot phwong an dic biét wu tién khac, sang ché dé cap dén hop chit c6 cong

thuc I duge dé cap ¢ trén dugc chon tir nhom bao g@)m






va tién duogc chat, chat tuong tu duoc doteri héa va muoi duoc dung cia ching.

Theo mot phuong an wu tién khac, sang ché dé cap dén hop chét c6 cong thirc

dugc dé cap o trén, trong d6

A duogc chon tir nhom bao gém -CH;- va -CF»-,

modi D va E 1a -CHa-,

G duoc chon tir nhom bao gém -CH;z- va -O-,

J duoc chon tir nhom bao g@)m -CH;z- va -O-,

K dugc chon tir nhom bao gdm -CFa- va -CHa-,

va L khong c6 mit,

va tién duoc chat, chat tuong tu duoc doteri hoa va mudi duge dung cua chung.

Theo mot phuong an dac biét uu tién khac, sang ché dé cap dén hop chit co cong

thuc I duge dé cap ¢ trén dugc chon tr nhdm bao g@)m



va tién duoc chat, chit tuong tu dugc doteri hoa va mudi duogc dung cua chung.

Theo mot phuong an wu tién khac, sang ché dé cap dén hop chat c6 cong thirc I
duoc dé cap o trén, trong d6 R» la metyl, va tién dugc chat, chat tuong tu dugc doteri

hoéa va mudi dugce dung cua ching.

Theo mot phuong an dac biét uu tién khac, sang ché dé cap dén hop chit co cong

thuce 11

G'J’K\L\(/N \

’ N\ O

IT
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hozc hop chit c6 cong thire I11
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trong do

R! dugc chon tir nhém bao gdm hydro va halogen,

R? dugc chon tir nhém bao gom hydro, metyl va halogen,

va trong do

A duoc chon tir nhém bao gém -CHz-, -O-, -CF»-, -CHF-, -N(CH3)-, -NH- va -CHCH3-
D duoc chon ttr nhém bao gém -CH;-, -O-, -CF»-, -CHF- va -CHCH3-;

E duoc chon tir nhém bao gém -CH,-, -O-, -C(CH3)2-, -CHF-, CFa- va -CHCH;-;

G duoc chon tir nhém bao g@)m -NH-, -NCH;-, -CH;-, -O-, -CF»-, -CHF-, -CHCH3- va
-C(CH3)z;

J duoc chon tir nhom bao g@)m -CO-, -CH3-, -O-, -CHF-, -CF2- va -CHCH3-;

K duoc chon tir nhom bao gém -CHoz-, -CF»-, -O- hoac khong c6 mat;

L dugc chon tir nhém bao gdm -CHa-, -O-, -CHCHj3-, -CHE-, -CF- hodc khong c6 mit;
va tién duoc chat, chit tuong tu duogc doteri hoa va mudi duoc dung cua chung.

Theo d6, cac bién A, D, E, G, J, K va L duoc vu tién lua chon theo cach ma hai

hodc nhiéu nguyén tir khac loai khong thé theo lién ké nhau.
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Ul tién hon 1a hop chat ¢ cong thie IT hodc cong thire I duoc dé cap & trén,
trong do
R! dugc chon tir nhém bao gém hydro, C1 va E,
R? dugc chon tir nhém bao gdbm hydro, metyl, Cl va F,
va trong do
A duoc chon tir nhém bao gdm -CHa-, -O-, -CF»- va -N(CHs)-,
D duoc chon tir nhém bao gdm -CHa-, -O- va -CHCHj-,
E duoc chon tir nhém bao gom -CHa-, -O- va -C(CHs)2-,
G duoc chon ttr nhém bao gém -NH-, -CH>-, -O-, -CHCH3-,
J duoc chon tir nhém bao gém -CO-, -CHa-, -O-, va -CHCH3-;
K duogc chon tir nhom bao gém -CHaz-, -CF»-, -O- hoac khong c6 mat;
L duogc chon ttr nhom bao gém -CHz-, -CF»- hodc khong c6 mat;
va tién dugc chat, chat tuong tu duoc doteri hoa va mubi duoc dung cua chung.

Theo d6, cac bién A, D, E, G, J, K va L duoc wu tién lua chon theo cach ma hai

hodc nhiéu nguyén tir khac loai khong thé theo lién ké nhau.

bac biét vu tién 1a hop chét ¢ cong thire II duoc dé cap ¢ trén,

R1
— N
STy
G \
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3
R I

trong do
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R! dugc chon tir nhém bao gém hydro, C1 va E,

R? duge chon tir nhdm bao gém hydro, metyl, Cl va F,

va trong do

A duoc chon tir nhém bao gdm -CHa-, -O-, -CF»- va -N(CHs)-,

D duoc chon tir nhém bao gdm -CHa-, -O- va -CHCHj-,

E duoc chon tir nhém bao gdm -CH,-, -O- va -C(CHs)2-,

G duoc chon tir nhém bao gdm -NH-, -CH,-, -O-, -CHCHj-,

J duoc chon tir nhém bao gém -CO-, -CHa-, -O-, va -CHCH;-;

K duoc chon tir nhom bao gém -CHoz-, -CF»-, -O- hoac khong c6 mat;
L dugc chon tir nhom bao gém -CHz-, -CF»- hodc khong c6 mat;

va tién dugc chat, chét tuong tu duoc doteri hoa va mubi duoc dung cua chung.

Theo d6, cac bién A, D, E, G, J, K va L duoc wu tién lua chon theo cach ma hai

hozc nhiéu nguyén tir khac loai khong thé theo lién ké nhau.

Theo mot phuong 4n wu tién khac, sang ché dé cap dén hop chat co cong thirc II
dugc dé cap o trén hodc hop chét co cong thire 11T duge dé cap ¢ trén, trong d6 L khong

c6 mat, va tién dugc chat, chat twong tu dugc doteri hoa va mudi duge dung ctia chiing.

Theo mot phuong 4n wu tién khac, sang ché dé cap dén hop chat c6 cong thirc I
dugc dé cap o trén hodc hop chét co cong thire 11T duge dé cap ¢ trén, trong d6 L khong
c6 mat va trong do K 1a CF», va tién duoc chat, chét tuong tu dugc doteri hoa va mudi
duoc dung cia ching.

Theo mot phuong an wu tién khac, sang ché dé cip dén hop chat co cong thirc II
duoc dé cap ¢ trén hodc hop chat c6 cong thire 11T duge dé cap & trén, trong d6 R3 1a
halogen, va tién duge chat, chat tuong tu dugc doteri hoa va mudi duoc dung cua chung.

Theo mot phurong 4n wu tién khac, sang ché dé cap dén hop chit c6 cong thirc 11
dugc dé cap o trén hodc hop chat co cong thire 11T duge dé cap o trén, trong d6 R? 1a C1

hodc F, va tién duge chat, chat tuong tu duoc doteri hoa va mudi duge dung cua ching.
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Theo mot phuwong 4n dic biét wu tién sang ché dé cip dén hop chit c6 cong thic
II dugc dé cap 6 trén hodc hop chat co cong thire I1I duoc dé cap & trén, trong d6 R3 14
Cl hodc F va dugc ndm & vi tri 5 cla géc benzimidazol, va tién dugc chat, chit tuong tu
duoc doteri hoa va mudi duoc dung cuia chung.

Theo mot phuong 4n wu tién khac, sang ché dé cap dén hop chat co cong thirc 11
dugce dé cap o trén hodc hop chét ¢ cong thie III duge dé cap ¢ trén, trong d6 R? 1a
hydro, va tién duoc chat, chat tuong tu dugc doteri hoa va mudi duogc dung cua ching.

Theo mot phuong 4n wu tién khac, sang ché dé cip dén hop chat co cong thirc II
duoc dé cap ¢ trén hodc hop chit co cong thuc III duogc dé cip & trén, trong do R! 1a
halogen, va tién duoc chat, chat tuong tu dugc doteri hoa va mubi duge dung cua chung.

Theo mdt phuong 4n dic biét vu tién sang ché dé cap dén hop chat ¢ cong thic
1T duoc dé cap 6 trén hoac hop chit co cong thuc III dugc dé cap & trén, trong do R!
duogc chon tir nhém bao g6m Cl hodc F, va tién dugc chat, chat tuong tu dugc doteri hoa
va mudi duoc dung cta ching.

Theo mot phuong 4n wu tién khac, sang ché dé cap dén hop chat co cong thirc I
duoc dé cap ¢ trén hodc hop chit co cong thuc III duoc dé cip & trén, trong do R! 1a
hydro, va tién duoc chat, chat twong tu duoc doteri hoa va mudi duge dung cuta ching.

Theo mot phuong an wu tién khac, sing ché dé cap dén hop chat c6 cong thirc I

duoc dé cap ¢ trén hodc hop chit co cong thtre I dugc dé cap ¢ trén, trong do
A duogc chon tir nhom bao g@)m -CH;- va -CF»-,

mdi D va E 1a -CHa-,

G duoc chon tir nhém bao g@)m -CH;- va -O-,

J duoc chon tir nhom bao g@)m -CHz- va -O-,

K duoc chon tir nhém bao g@)m -CF»- va -CHaz-,

va L khong c6 mat,

va tién duoc chat, chit tuong tu duogc doteri hoa va mudi duoc dung cua chung.

Theo mét phuong 4n dic biét uu tién khac, sang ché dé cap dén hop chat co cong
thire I duoc dé cap ¢ trén, dugc chon tir nhdm bao g6m
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va tién duoc chat, chit tuong ty dugc doteri hoa va mudi duogc dung cua chung.

Theo mot phuong an dic biét wu tién khac, sang ché dé cap dén hop chat c6 cong

thire I duoc dé cap ¢ trén hodc hop chit co cong thtre I dugce dé cap ¢ trén, trong do
A dugce chon tir nhom bao gdm -CHy- va -CFa-,

mdi D, E va G 1a -CHa-,

J duoc chon tir nhom bao g@)m -CH;- va -O-,

K 1a -CF»-,

va L khong c6 mit,

va tién duoc chat, chat tuong tu duoc doteri hoa va mudi duoge dung cua chung.

Theo mot phuong an dac biét uu tién khac, sang ché dé cap dén hop chit co cong

thue I duoc dé cap 0 trén, dugc chon tir nhom bao g@)m
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va tién duoc chat, chit tuong ty dugc doteri hoa va mudi duogc dung cua chung.

Tién dugc chat ctia hop chat c6 cong thire I t6t hon 1 hop chat co cong thic Ia

R1

g-K—L N
¢ R

’ N~
E 0
D

: NGl
A Q O-R*
O)\’\'l\/:ERZ 05

N/gN
<\\|/!>

3
R Ia,

trong d6 cac bién R', R% R3, A, D, E, G, J, K va L duoc dinh nghia nhu trén va
trong d6 R* 1a Ci.s-alkyl, aryl, -CH»-aryl, NH-SO,-C.3-alkyl.

Dic biét vu tién 1a tién duoc chat c6 cong thirc Ia, trong d6 cac bién R!, R2 R,

A, D, E, G, J, K va L dugc dinh nghia nhu trén va trong d6 R* 1a metyl.

Tién dugc chit cta hop chit c6 cong thire II tt hon 1a hop chat c6 cong thuc Ila
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IIa,
trong d6 cac bién R!, R2, R?, A, D, E, G, J, K va L dugc dinh nghia nhu trén va
trong d6 R* 1a Cj.4-alkyl, aryl, -CHz-aryl, NH-SO,-C).3-alkyl.

Dic biét wu tién 1a tién dugc chat co cong thirc Ila, trong d6 cac bién R!, R, R3,

A, D, E, G, J, K va L dugc dinh nghia nhu trén va trong d6 R* 1a metyl.

Tién duoc chit cua hop chat co cong thire 111 t6t hon 14 hop chét cé cong thic

IIIa
R
G \
EI N &~ (@]
: (0]
D\ N ‘n\(
A § 7 O-r*
O)\N CH, 8
WA
\ | /
3
R Ma,

trong d6 cac bién R', R% R3, A, D, E, G, J, K va L duoc dinh nghia nhu trén va

trong d6 R* 1a Cj.4-alkyl, aryl, -CHz-aryl, NH-SO,-C.3-alkyl.
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Dic biét uu tién 13 tién duoc chat c6 cong thic IMla, trong d6 cac bién R!, R2, R3,

A, D, E, G, J, K va L dugc dinh nghia nhu trén va trong d6 R* 1a metyl.
Theo mot phuong an wu tién khac, sang ché dé cap dén
a) hop chét trung gian c6 cong thirc (A-I)

R1

N
A E J L
~,~
OY Np” o’ K \(/ \
N

(0]
OH o
Sl
oy
A
] R1I3
2 3
A,
|3
R (A_I)a

trong d6 R!, R% R?, A, D, E, G, J, K va L dugc dinh nghia nhu duoc dé cap & trén va
trong d6 R13 dugc chon tir nhém bao gdm hydro, metyl, etyl va tert-butyl,

b) hop chét trung gian ¢ cong thic (A-II),

R1
N
O§‘/A\D’ ‘G’J\K/L 7
0 N/ °

R’ >,\ 12
N

0 { 7\ 0

]
L
\ | /

R (A-1D),

trong d6 R, R% R3, A, D, E, G, J, K va L duoc dinh nghia nhu duoc dé cap ¢ trén
va trong d6 R13 duoc chon tir nhém bao gdm hydro, metyl, etyl va tert-butyl,

va trong dé R 1a hydro hodc nhom bao vé duogc chon tir nhom bao gé)m tert-butyl,
metyl, etyl va benzyl,
¢) hop chit trung gian c6 cong thire (B-I)
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R1

(B-D),

trong d6 R!, R%, R3, A, D, E, G, J, K va L dugc dinh nghia nhu duoc dé cap & trén va
trong d6 R13 dugc chon tir nhém bao gdm hydro, metyl, etyl va tert-butyl,

hoac

d) hop chét trung gian c6 cong thire (B-II)

R1
0 A\ /E\ /J\K/L /N
N o7 e Rl
N o
N o)
(- L
o)
S— \ ;
N—( S R13
\ HO
N
3/
R (B-1I),

trong d6 R', R%, R3, A, D, E, G, J, K va L dugc dinh nghia nhu duoc dé cap ¢ trén va
trong d6 R13 dugc chon tir nhém bao gdm hydro, metyl, etyl va tert-butyl.

Theo mot phuong 4n wu tién khac, sang ché dé cap dén hop chit c6 cong thuc 1,
II hodc III duoc dé cap o trén hodc tién dugc cht co cong thire Ia, Ila hodc IIla, chit
tuong tu duoc doteri hoa va mudi duge dung cua chung, dé su dung trong diéu tri bénh
ma c6 thé duoc diéu tri bé“mg cach tc ché ¢cGAS.

Theo mot phuong 4n wu tién khac, sang ché dé cap dén hop chit c6 cong thuc 1,
IT hodc T dugc dé cap o trén hodc tién duge chat co cong thuc Ia, Ila hoac Illa, chat
tuong tu dugc doteri hoa va mudi duge dung cua chung, dé sur dung trong diéu tri diéu

tr1 bénh duoc chon tir nhom bao gém lupus ban do hé¢ théng (SLE), bénh do interferon,
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hoi chung Aicardi- Goutiéres (AGS), héi chiing COPA, bénh lupus ban do chilblain gia
dinh, tho4i hoa diém vang tudi gia (AMD), bénh vdng mac, bénh tang nhan 4p, xo cling
teo co mot bén (ALS), bénh dai thao dudong, bénh béo phi, bénh viém rudt (IBD), bénh
phdi tic nghén min tinh (COPD), héi ching Bloom, hoi chimg Sjogren, bénh
Parkinsons, suy tim, ung thu, xo ctmg bi hé théng (SSc), viém da co, viém gan nhiém
m& khong do ruou (NASH), bénh phdi k& (ILD), tét hon 13 bénh phdi k& xo héa tién
trién (PF-ILD), cu thé 13 xo phdi vo can (IPF), 10 hoa, réi loan co, nhiém trung huyét,

viém khép dang thap, viém xuong khép va COVID-19.

Theo mot phuong 4n wu tién khac, sang ché dé cap dén hop chit c6 cong thuc 1,
II hodc III duoc dé cap o trén hodc tién duoc chat co cong thuc Ia, Ila hoac Illa, chat
tuong tu dugc doteri hoa va mubi dugc dung cua chung, dé sur dung trong diéu tri diéu
tr1 bénh duoc chon tir nhém bao g@)m lupus ban dé hé théng (SLE), bénh do interferon,
hoi ching Aicardi- Goutieres (AGS), hdi chung COPA, bénh lupus ban dé chilblain gia
dinh, viém da co, thoai hoa diém vang tudi gia (AMD), xo cimg teo co mot bén (ALS),
bénh viém rudt (IBD), bénh phdi tic nghén man tinh (COPD), hoi chimg Bloom, hoi
chung Sjogren, viém khép dang thap va bénh Parkinsons.

Theo mot phuong 4n wu tién khac, sang ché dé cap dén hop chat c6 cong thuc 1,
II hodc III duoc dé cap o trén hodc tién dugc chét co cong thire Ia, Ila hodc IIla, chit
tuong tu dugc doteri hoa va mudi duoc dung cua chung, dé sur dung trong diéu tri diéu
tri bénh duogc chon tir nhém bao gdm xo cing bi hé thong (SSc), viém gan nhiém md
khong do ruou (NASH), bénh do interferon, bénh phdi k& (ILD), bénh phdi k& xo hoa
tién trién (PF-ILD), cu thé xo phdi v can (IPF).

Theo mot phuong 4n wu tién khac, sang ché dé cap dén hop chit c6 cong thuc 1,
II hodc III duoc dé cap o trén hodc tién dugc chét co cong thire Ia, Ila hodc IIla, chit
tuwong ty duoc doteri hoa va mudi duge dung cua chung, dé sir dung trong diéu tri diéu
tri bénh dugc chon tir nhém bao gom thoai hoa diém vang tudi gia (AMD), bénh vong
mac, bénh tang nhan ap, bénh déi thdo dudong, bénh béo phi, thoai hoa, 16i loan co, nhiém
tring huyét, viém xuong khdp, suy tim, nhiém COVID-19/SARS-CoV-2, viém than, xo

than, rdi loan chuyén hoa, bénh mach méu, bénh tim mach va ung thu.
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Theo mdt phuong an vu tién khac, sang ché dé cap dén dugc pham chira hop chit
c6 cong thuc I, II hodc III dugce dé cap o trén hoac tién duge chat co cong thuc Ia, Ila
hodc Illa, chat tuong tu dugc doteri hoa va mudi dugc dung cua ching, va tuy y mot

hodc nhiéu chat mang va/hoac ta dugc dugc dung.

Theo mdt phuong an uvu tién khac, sang ché dé cap dén dugc pham chira hop chit
c6 cong thuc I, II hodc III dugc dé cap O trén hoac tién duoc chat ¢ cong thuc Ia, Ila
hodc Illa, chét tuong tu dugc doteri hoa va mudi duoge dung cua ching, két hop v61 mot
hozc nhiéu hoat chat dugc chon tir nhom bao gdm khang chat chdng viém, chat chong
xo hoa, chat chong di ing/ khang histamin, thudc gian phé quan, chat chi van beta 2
/chat hudng giao cam betamimetic, chat chil van, chat khang cholinergic, methotrexat,
mycophenolat mofetil, chat diéu bién leukotrien, chat irc ché JAK, khang thé khang
interleukin, li€u phap mién dich khong dac hiéu chéng han interferon hodc cac
xytokin/chemokin khac, chét diéu bién thu thé xytokin/chemokin, chat cht van thu thé
gidng toll, chat diéu hoa diém kiém soat mién dich, khang thé khang TNF chang han
Humira™, khang thé khang BAFF chang han Belimumab va Etanercept, va tily ¥ mot

hodc nhiéu chat mang va’hoac ta dugc dugce dung.

Theo mdt phuong 4n vu tién khac, sang ché dé cap dén dugc pham chira hop chat
¢ cong thire I, 1T hodc I duogc dé cap & trén hodc tién duoc chit co cong thire Ia, Ila
hodc Illa, chét tuong tu dugc doteri hoa va mudi duge dung cua ching, va mdt hodc
nhiéu chat chdng xo hoa dugc chon tir nhém bao gém Pirfenidon va Nintedanib va tiy

v mdt hodc nhiéu chat mang va/hoac ta dugc dugc dung.

Theo mot phuong an wu tién khéc, sang ché dé cap dén dugce pham chira hop chat
c6 cong thuc I, II hoac III dugc dé cap o trén hoac tién duge chat co cong thuc Ia, Ila
hodc Illa, chat twong tu duge doteri hda va mudi duge dung cia chung, va mot hoidc
nhiéu chat chéng viém dugc chon tir nhém bao gdm NSAID va corticosteroit va tity y
mdt hodc nhiéu chat mang va/hoac ta dugc dugc dung.

Theo mot phuwong an uu tién khac, sang ché dé cap dén duoc pham chira hop chat
c6 cong thuc I, II hodc III dugc dé cap o trén hoac tién duge chat co cong thuc Ia, Ila
hodc I1Ta, chat tuong tu duoc doteri hoa va mudi duge dung cua chiing, mot hoac nhiéu

hoat chit dugc chon tir nhom bao gdm thudc gidn phé quan, chat chu véan beta 2 /chat
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huéng giao cam betamimetic, chat chu van va chét khang cholinergic va tiy y mot hoic

nhiéu chét mang va’hoac ta dugc dugc dung.

Theo mdt phuong 4n vu tién khac, sang ché dé cap dén dugc pham chira hop chit
c6 cong thuc I, II hoac III dugc dé cap O trén hoac tién duoc chat ¢ cong thuc Ia, Ila
hodc Illa, chét tuong tu dugc doteri hoa va mudi duge dung cua ching, va mdt hodc
nhiéu khang thé khang interleukin duoc chon tir nhém bao gém khang thé khang I1L-23
chang han Risankizumab, khang thé khang IL-17, khang thé khang IL-1, khang thé
khang IL-4, khang thé khang IL-13, khang thé khang 1L-5, khang thé khang IL-6 ching
han Actemra™, khang thé khang IL-12 va khang thé khang IL-15.

M@ ta chi tiét sang ché
Céc thuat ngit va cac dinh nghia duoc st dung

Trir khi duoc thong bao theo cach khac, tit ca cac nhom thé 1a doc 1ap véi nhau.
Vi dy, néu nhiéu nhom Ci¢-alkyl 1 cac phan tir thé c6 thé tai mot nhom, trong truong
hop ba phén tir thé, vi du, Cis-alkyl c6 thé, doc 1ap v6i nhau, 1a metyl, n-propyl va
tert-butyl.

Lién két ngang giong nhu lién két giita trong phan tir butyl sau
/X P

1a lién két d6i cua cAu hinh chua biét (cis, trans hodic hdn hop cua chung).

Thuat ngit "Ci6-alkyl" (bao gdm cac nhom ma la mot phan cua cac nhém khac)
c¢6 nghia 13 cac nhém alkyl phan nhanh va khong phan nhanh cé tir 1 dén 6 nguyén tir
cacbon va thuat nglr "C;_3-alkyl" c6 nghia la cac nhém alkyl phan nhéanh va khong phan
nhanh c6 tir 1 dén 3 nguyén tir cacbon. Do d6, "Ci.4-alkyl" biéu thi cac nhom alkyl phan
nhanh va khéng phan nhanh c6 tir 1 dén 4 nguyén tir cacbon. Nhom alkyl c6 tir 1 dén 4
nguyén tir cacbon dugc wu tién. Vi du vé cdc nhom nay bao gdm metyl, etyl, n-propyl,
1so-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl, neo-pentyl va
hexyl. Cac chir viét tit Me, Et, n-Pr, i-Pr, n-Bu, i-Bu, t-Bu, v.v., c6 thé tuy y cling dugc
st dung cho cac nhom néu trén. Trur khi dugce thong bao theo cach khac, cac dinh nghia

propyl, butyl, pentyl va hexyl bao gém tit ca cac dang dong phan c6 thé c6 ctia nhém
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quan tdm. Do d6, vi du, propyl bao gdm n-propyl va iso-propyl, butyl bao gdm iso-butyl,
sec-butyl va tert-butyl v.v.

Thuat ngit "C1s-alkylen" (bao gdm cac nhom ma 1a mot phan cia cac nhom khac)
c6 nghia 1 cac nhom alkylen phan nhanh va khong phan nhanh c6 tir 1 dén 6 nguyén tir
cacbon va thuat ngir "Ci4-alkylen" c6 nghia la cdc nhom alkylen phan nhanh va khong
phan nhanh c6 tir 1 dén 4 nguyén tr cacbon. Nhom alkylen c6 tir 1 dén 4 nguyén tir
cacbon dugc uvu tién. Vi du vé cac nhom nay bao gém metylen, etylen, propylen, 1-
metyletylen, butylen, 1-metylpropylen, 1,1-dimetyletylen, 1,2-dimetyletylen, pentylen,
1,1-dimetylpropylen, 2,2-dimetylpropylen, 1,2-dimetylpropylen, 1,3-dimetylpropylen
va hexylen. Trur khi dugc thong bao theo cach khac, cac dinh nghia propylen, butylen,
pentylen va hexylen bao gom tat ca cac dang dong phéan c6 thé c6 ciia nhém quan tam
c6 cung s6 luong cacbon. Do d6, vi du, propyl ciing bao gdm 1-metyletylen va butylen

bao gom 1-metylpropylen, 1,1-dimetyletylen, 1,2-dimetyletylen v.v.

Néu mach cacbon dugc thé bang nhoém ma cung vé1 mot hodc hai nguyén tir
cacbon cua mach alkylen tao thanh vong cacbon vong véi 3, 5 hoac 6 nguyén tir cacbon,
nhoém nay bao gom, khong ké cac vong khac, vi du vé cac vong sau:

* * * * * *
; zg ; ; ; ; ' :

Thuét ngit "Ca-¢-alkenyl" (bao gom cac nhdm ma 1a mot phan cia cac nhom khac)

6 nghia 1a cac nhom alkenyl phan nhanh va khong phan nhanh c6 tir 2 dén 6 nguyén tir
cacbon va thuat nglr "Cz4-alkenyl" c6 nghia la cdc nhom alkenyl phan nhénh va khong
phan nhanh c6 tir 2 dén 4 nguyén tir cacbon, v6i diéu kién chang co it nhat mot lién két
d6i. Nhém alkenyl co tir 2 dén 4 nguyén tir cacbon duogc uvu tién. Cac vi du bao gom:
ethenyl hodc vinyl, propenyl, butenyl, pentenyl hoac hexenyl. Trur khi duogc thong béo
theo cach khac, cac dinh nghia propenyl, butenyl, pentenyl va hexenyl bao goém tit ca
céc dang dong phan co thé co clia nhém quan tim. Vi thé, vi dy, propenyl bao gom 1-
propenyl va 2-propenyl, butenyl bao gdm 1-, 2- va 3-butenyl, 1-metyl-1-propenyl, 1-
metyl-2-propenyl v.v.

Thuét ngit "Ca-s-alkynyl" (bao gdm cac nhom ma 1a mot phan ciia cac nhoém khac)

c¢6 nghia 13 cac nhém alkynyl phan nhanh va khong phan nhanh c6 tir 2 dén 5 nguyén tir
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cacbon va thuat nglt "Cy4-alkynyl" c6 nghia 1a cac nhom alkynyl phan nhénh va khong
phan nhanh cé tir 2 dén 4 nguyén tir cacbon, véi didu kién chung co it nhat mot lién két

ba. Cac nhom alkynyl c6 tir 2 dén 4 nguyén tir cacbon 1a dugc wu tién.

Thuat ngit "Ca.s-alkenylen" (bao gém cac nhém ma 13 mot phan cua cac nhoém
khac) c6 nghia 1a cac nhom alkenylen phan nhanh va khong phan nhanh c6 tir 2 dén 6
nguyén tir cacbon va thuat nglr "Cy.4-alkenylen" c6 nghia la cdc nhom alkylen phan
nhanh va khong phan nhanh cé tir 2 dén 4 nguyén tir cacbon. Nhom alkenylen c6 tir 2
dén 4 nguyén tir cacbon dugc uu tién. Vi du vé cac nhom nay bao gdm: etenylen,
propenylen, 1-metyletenylen, butenylen, 1-metylpropenylen, 1,1-dimetyletenylen, 1,2-
dimetyletenylen, pentenylen, 1,1-dimetylpropenylen, 2,2-dimetylpropenylen, 1,2-
dimetylpropenylen, 1,3-dimetylpropenylen va hexenylen. Trir khi dugc thong bdo theo
cach khac, cac dinh nghia propenylen, butenylen, pentenylen va hexenylen bao gdm tat
ca cac dang dong phan co thé ciia cic nhém mong mudn c6 cung sd lugng cacbon. Do
d6, vi du, propenyl ciing bao gdm l-metyletenylen va butenylen bao gdém I-

metylpropenylen, 1,1-dimetyletenylen, 1, 2-dimetyletenylen.

Thuét ngit "aryl" (bao gdm ca nhirng phan thuéc nhom khac) c6 nghia 13 hé vong
thom c6 6 hodc 10 nguyén tir cacbon. Céc vi du bao gom phenyl hodc naphtyl, nhom
aryl duoc uu tién la phenyl. Trir khi dugc thong bao theo cach khac, cac nhém thom co
thé dugc thé bang mot hodc nhiéu nhém duge chon tir trong sé metyl, etyl, iso-propyl,

tert-butyl, hydroxy, flo, clo, brom va iot.

Thuat ngit "aryl-Ci¢-alkylen" (bao gdm cic nhém ma 1a mot phan cta cac nhoém
khac) c6 nghia 1a cac nhom alkylen phan nhanh va khong phan nhanh c6 tir 1 dén 6
nguyén tir cacbon, chiing dugc thé bang hé vong thom cé 6 hodc 10 nguyén tir cacbon.
Céc vi du bao gdm benzyl, 1- hodc 2-phenyletyl va 1- hodc 2-naphtyletyl. Trir khi dugc
thong bao theo cach khac, cac nhom thom co thé duoc thé béng mét hodc nhiéu nhém
duogc chon tir trong sb metyl, etyl, iso-propyl, tert-butyl, hydroxy, flo, clo, brom va iot.

Thuat ngit "heteroaryl-Ci¢-alkylen" (bao gdm cac nhém ma 1a mot phan ciia cac
nhom khac) c6 nghia 1a - ngay ca chung da duoc bao gdm trong "aryl-C-alkylen" -
cac nhom alkylen phan nhénh va khéng phan nhanh c6 tir 1 dén 6 nguyén tir cacbon,

chung dugc thé bing heteroaryl.
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Néu khong duogc xac dinh cu thé theo cach khac, heteroaryl thudc loai nay bao
gdm cac nhom thom di vong 5 hodc 6 canh hoic cac vong heteroaryl hai vong 5 dén 10
canh ma c6 thé chira mét, hai, ba hodc bon nguyén tu khac loai dugc chon tir trong $6
oxy, luu huynh va nito, va chtra nhiéu lién két déi lién hop sao cho hé thom duoc tao ra.
Sau day la cac vi du vé cac nhom thom di vong 5 hoac 6 canh va cic vong heteroaryl

hai vong:
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Trir khi dugc thong bao theo cach khac, cac heteroaryl nay ¢ thé duoc thé bang

mot hodc nhiéu nhém duoc chon tir trong s6 metyl, etyl, iso-propyl, tert-butyl, hydroxy,

amino, nitro, alkoxy, flo, clo, brom va iot.

Sau déy 1a cac vi du vé cac heteroaryl-Ci¢-alkylen:
| '
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: oA
el e e i Bl g's
— — SN N N

Thuat ngit "Ci.6-haloalkyl" (bao gdm céc nhém ma 1a mét phan ctia cac nhém

khac) c6 nghia I cac nhom alkyl phan nhanh va khong phan nhanh c6 tir 1 dén 6 nguyén
tr cacbon, ching duoc thé biang moét hodc nhidu nguyén tir halogen. Thuét ngir
"Ci-4-haloalkyl" c¢6 nghia la cac nhom alkyl phan nhanh va khong phan nhanh c6 tu 1
dén 4 nguyén tir cacbon, ching duoc thé bang mot hoic nhiéu nguyén tir halogen. Nhom
alkyl co tir 1 dén 4 nguyén tir cacbon duoc uu tién. Cac vi du bao gébm: CF3;, CHF>,
CH2F, CH2CFs.
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Thuat ngit "Cs.7-xycloalkyl" (bao gdm cac nhom ma 1a mot phan cia cac nhoém
khac) c6 nghia 12 cac nhom alkyl vong c6 tir 3 dén 7 nguyén tir cacbon, néu khong duoc
xac dinh cu thé theo cach khac. Cac vi du bao gdém: xyclopropyl, xyclobutyl,
xyclopentyl, xyclohexyl va xycloheptyl. Trur khi dugc thong bao theo cach khac, cac
nhom alkyl vong co thé duoc thé béng mdt hodc nhiéu nhém duoc chon tir trong sb

metyl, etyl, iso-propyl, tert-butyl, hydroxy, flo, clo, brom va iot.

Néu khong duoc dinh nghia cu thé theo cach khac, thuat ngir "Cs.10-xycloalkyl"
cling c6 nghia 1a nhom alkyl mot vong c6 tir 3 dén 7 nguyén tir cacbon va ca nhom alkyl
hai vong c6 tir 7 dén 10 nguyén tir cacbon, hodc cac nhom alkyl mot vong duoc bic cau

bang it nhat mdt cau Ci-3-cacbon.

Thuat nglr "vong di vong" hodc "di vong" c6 nghia 1a, trur khi dugc thong bao
theo cach khéc, vong di vong 5, 6 hoac 7 canh, no, no mdt phén hodc khong no ma co
thé chtra mét, hai hoic ba nguyén tir khac loai duogc chon tir trong ) oxy, luu huynh va
nito, trong khi vong c6 thé duoc lién két v4i phan tir théng qua nguyén tir cacbon hodc
thong qua nguyén tir nito, néu c6 mot nguyén tir nay. Mic du duge bao gdm bdi thuat
ngir "vong di vong" hodc "di vong", thuat ngit "vong di vong no" dé chi cac vong no 3,

6 hoac 7 canh. Cac vi du bao gém:
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Maic du duoc bao gém boi thuat ngir "vong di vong" hodc "nhom di vong", thuéat

9

nglr "nhém di vong no mdt phan" d€ chi cac vong no mot phan c¢é 5, 6 hoac 7 canh chira
mot hodc hai lién két doi, khong c6 nhiéu lién két d61 nhu vay dugc tao ra dén mirc hé

thom duoc tao ra, trir khi duoc xac dinh cy thé theo cach khac. Cac vi du bao gdom:
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Maic du duoc bao gém boi thuat nglr "vong di vong" hodc "di vong", thuat ngir

nn

"vong thom di vong", "nhém di vong khong no" hoic "heteroaryl" dé chi cac nhém thom
di vong 5 hodc 6 canh hoac vong heteroaryl hai vong 5-10 canh ma c6 thé chira mét,
hai, ba hodc bén nguyén tir khac loai dugc chon tir trong s6 oxy, luu huynh va nito, va
chira nhiéu lién két doi lién hop dén murc hé thom dugce tao ra, trir khi khong duoc xac
dinh cu thé theo cach khac. Céc vi du vé nhom thom di vong c6 nam hodc sau canh bao

gom
@@@@@@@@@@@
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Trur khi duoc dé cap theo cach khac, vong di vong (hoac di vong) co thé duoc

cung cap véi nhom keto. Cac vi du bao gom:

0 Q N
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Maic du dugc bao ham trong thuat nglr "xycloalkyl", thuat ngir “xycloalkyl hai
vong" thuong dé chi vong cacbon hai vong ¢ tam, chin hodc mudi canh. Céc vi du bao

gom:

HAhrRAAT A D

Maic du da duoc bao gém boi thuat ngtr "di vong", thuat ngtr "di vong hai vong"

thuong dé chi tam, chin hodc muodi canh cac vong hai vong ma c6 thé chira mét hodc
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nhiéu nguyén tir khac loai, t6t hon 1 dén 4, tét hon nita 1 dén 3, tham chi tot hon nira 1
dén 2, tot nhét 1a mot nguyén tr khac loai, dugc chon tir trong s6 oxy, luu huynh va nito,
trtr khi khong dugc xac dinh cu thé theo cach khac. Vong cé thé duoc lién két véi phan
tir thong qua nguyén tir cacbon ctia vong hoic thong qua nguyén tir nito ctia vong, néu

c6 mQt nguyén tir nay. Cac vi du bao gom:

& e A ey e

Mic du d3 duge bao gdm trong thudt ngir "aryl", thuat ngit “aryl hai vong" dé chi
vong aryl hai vong, c¢6 5-10 canh, chtra du lién két doi lién hop dé tao thanh hé thom.
Mot vi du vé aryl hai vong 1 naphtyl.

Mic du duoc bao gdm bai thuat ngit "heteroaryl", thuat ngit "heteroaryl hai vong"
dé chi vong heteroaryl hai vong 5-10 canh ma cé thé chira mot, hai, ba hodc bdn nguyén
tir khac loai, dugc chon tir trong s6 oxy, luu huynh va nito, va chira cac lién két d6i lién

hop du dé tao ra hé thom, trir khi duoc xéac dinh cu thé theo cach khac.

Mic du dugc bao gom boi thuat ngit “xycloalkyl hai vong" hodc “aryl hai vong",
thuat ngit "xycloalkyl ngung tu" hodc "aryl ngung tu" dé chi vong hai vong trong d6 cau
ndi ngin cach cac vong biéu thi lién két don truc tiép. Sau day 1a cac vi du vé xycloalkyl

hai vong ngung tu:

soReoResReviosles]

Mic du duoc bao gom béi thuat ngit "di vong hai vong" hodc "heteroaryl hai
vong", thuat ngir "di vong hai vong ngung tu" hoic "heteroaryl hai vong ngung tu" dé
chi cac vong di vong hai vong 5-10 canh ma chitra mot, hai, ba hoac bon nguyén tir khac
loai, duoc chon tir trong s6 oxy, luu huynh va nito va trong d6 cac cau phan tach cac
vong dé chi lién két don tryc tiép. "Heteroaryl hai vong ngung tu " hon nita con chtra du
céc lién két doi lién hop dé tao thanh mot hé thom. Céc vi du bao gdm pyrolizin, indol,
indolizin, isoindol, indazol, purin, quinolin, isoquinolin, benzimidazol, benzofuran,
benzopyran, benzothiazol, benzothiazol, benzoisothiazol, pyridopyrimidin, pteridin,

pyrimidopyrimidin,
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"Halogen" trong pham vi ctia sang ché biéu thi flo, clo, brom hodc i6t. Trir khi c6

quy dinh nguoc lai, flo, clo va brom dugc coi 1a cac halogen uu tién.

Nhu d3 néu & trén, cac hop chét ¢ cong thire I, II hodc III ¢6 thé duge chuyén
hoa thanh cic mubi cua nd, nhit 1a dé st dung & dang dugce pham trong cac mudi chip
nhéan duoc vé mit sinh ly va mudi duoc dung cua chung. Thuat ngit "duoc dung” dugc
dung & day dé chi cac hop chat, nguyén liéu, ché pham, va/hodc dang liéu bao ché ma,
trong pham vi danh gia xac dang vé mit y hoc, thich hop dé st dung dé tiép xtic voi mod
cua nguoi va dong vat ma khong gy ra doc tinh, su kich tng, dap ung di tng qua mtrc,
hodc van dé hodc bién ching khac, va tuong xtng véi ty 1& 1oi ich/nguy co hop 1y. Céc
mudi nay mot mat cé thé c6 mat & dang mudi cong axit chép nhan duge vé mit sinh ly
va mudi cong axit duoc dung ciia cac hop chat ¢6 cong thirc I, IT hodc I11 véi cac axit vo
co hodc hitu co. Mit khac, hop chét c6 cong thuc I, IT hoac III ¢c6 thé duoc chuyén hoa
bang cach phan tmg véi cac bazo vo co thanh cac mudi sinh 1y va duoc dung véi cac
cation kim loai kiém hodc kiém thd lam ion ddi. Cac mudi cong axit c¢6 thé dugc diéu
ché, vi du sir dung axit clohydric, axit bromhydric, axit sulfuric, axit phosphoric, axit
metansulphonic, axit p-toluensulfonic, axit axetic, axit fumaric, axit sucxinic, axit lactic,
axit xitric, axit tartaric hodc axit maleic. Ciing c6 thé sir dung cac hdn hop cia cac axit
duoc dé cap o trén. Bé diéu ché cac mudi kim loai kiém va kiém tho cta cac hop chit
c¢6 cong thire I, IT hodc 11T tét hon 1a sir dung cac hydroxit va hydrua kim loai kiém va
kiém tho, trong s6 do, cac hydroxit va hydrua cta kim loai kiém, dic biét 1a natri, kali,
magie, canxi, kém va dietanolamin, 1a dugc uu tién, trong khi natri va kali hydroxit 1a

dac biét duoc uu tién.

Sang ché dé cap dén hop chat mong muén, tly ¥ & dang céc chat dong phan quang
hoc, chit dong phan khong d6i quang riéng biét, hon hop cia cac chit ddng phan khong
d6i quang, hdn hop ctia cac chat dong phan d6i anh hoac chét triét quang riéng biét, &
dang chat hd bién ciling nhu ¢ dang bazo tuy do hodc cac mudi cong axit twong (mg véi
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cac axit dugc dung - vi du nhu mudi cong axit voi cac axit hydrohalogenic - vi dy, cac
axit clohydric hoac axit bromhydric - hodc cac axit hitu co — vi du nhu axit oxalic,

fumaric, diglycolic hoac metansulfonic.

Céc hop chit c6 cong thuc L, IT hoidc IIT phuong theo sang ché co thé tiy ¥ ¢6 mit
& dang hdn hop cua cac chat dong phan khong ddi quang nhung cé thé ciing thu dugc &
dang cac chat dong phan khong ddi quang tinh khiét. Cac hop chit c6 hoa hoc 1ap thé
cu thé c6 cong thirc II va III, cu thé 1a cac hop chat c6 hoa hoc lap thé c6 cong thirc I

duoc uu tién.

Phwong phap tong hop
Quy trinh chung

Céac phuong phép sau day thich hop dé diéu ché cac hop chét c6 cong thirc chung
I, I hodc III. Céac hop chét theo sang ché c6 thé thu dugc bang cac phuong phap tong
hop dugc ngudi co hiéu biét trung binh trong linh vuc nay biét dén va duoc mo ta trong
tai liéu vé tong hop hitu co. Cac phuong phap chung ddi véi cic bude bao vé va khir
nhém bao vé nhém chire duge moé ta vi du, trong: Greene, T.W. and Wuts, P.G.M. (eds.):
Protective Groups in Organic Synthesis, third edition 1999; John Wiley va Sons, Inc.
Tét hon néu, hop chat thu dugce theo cach twong ty véi phuong phap diéu ché duoc giai
thich cu thé hon duéi ddy, cu thé nhu dugc mé ta trong phan thir nghiém. Cac hop chat
¢6 cong thie chung (I) c6 thé dugc didu ché bang cach st dung mot sé con dudng tong

hop thay thé, trong d6 cac con duong sau day sé& duge dung lam vi duy.
Con duong A:

Céc hop chét c6 cac cong thic chung I, 1T va I, dic biét 13 khi A 1a -CHz- hodc
-CH>- duoc thé, c6 thé duoc tiép can tir hop chat co cong thirc (A-I) thong qua quy trinh
amit hoa tiéu chuan. Do d6, R13 c6 thé biéu thi hydro hoic nhém bao vé nhu vi du tert-
butyl c6 thé bi loai bo bang cac phuong phap loai bo bao vé tiéu chuan. Cac hop chat c6
cong thire (A-I) c6 thé duoc diéu ché tir hop chét c6 cong thirc (A-II) ap dung phuong
phap khir bao vé tiéu chuan. Cac hop chat c¢6 cong thic (A-1T) ¢ thé duoc diéu ché bang
cach cho hop chat co cong thire (A-IIT) phan tng v6i hop chit cé cong thirc (A-IV) sir
dung bazo manh nhu vi du natri hydrua. Cac phuong phap ap dung dé diéu ché hop chat

(A-IIT) tré nén 13 rang d6i véi ngudi cé hiéu biét trung binh trong linh vuc nay khi tham
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khao cac phuong phap B va C duoc mo ta bén dudi va cac vi du dugc mo ta trong phan
thue nghiém. Cac hop chat co cong thiuc (A-IV) ¢ thé duoc didu ché thong qua céac
phuong phap dugc mé ta & day dé tong hop cac chat trung gian B. R theo cong thic (A-
IT) va (A-III) c6 thé 13 hydro hoic nhém bao vé duoc chon tir nhom bao gdm tert-butyl,
metyl, etyl va benzyl.

P Con dwong A

A, E Jdo AN
O R g \K’ 7
S \S\‘ 0 R
© o AL B e
§ (~7 o O™ o™ K"

O [o) N oo
- S k R’
(A-111) e R13

NGl
S, B G S

+ \ U O\
s o
N SN o
\l/
l R (A-I1)
(AV)
Rl
N
R' o \D, .G;J\K/L\(/ \

Con duong B:

Céc hop chét c6 cac cong thirc chung I, 1T va III ¢6 thé duoc didu ché bang cach
phan tng véi cac hop chat c6 cong thirc chung (B-I) v6i su c6 mit ciia bazo manh like
nhu natri hydrua. Do d6, R13 ¢6 thé biéu thi hydro hodc nhom bao vé nhu vi du tert-
butyl ¢6 thé bi loai bé bang cac phuong phap loai bé bao vé tiéu chuan. Cac hop chat
(B-I) ¢6 thé duogc didu ché bang cach oxy hoa cac hop chit cé cong thire chung (B-1I)

st dung vi du axit 3-clo-perbenzoic. Cac hop chat (B-II) ¢6 thé dugc diéu ché bang cach
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cho céac hop chat c6 cong thirc chung (B-III) phan tng véi cac hop chit co cong thic
chung (B-1V) ap dung céc diéu kién amit hoa tiéu chuan. Cac phuong phap ap dung dé
diéu ché hop chat (B-III) trd nén rd rang d6i véi ngudi co hiéu biét trung binh trong linh
vuc nay khi tham khao qué trinh tong hop cac hop chét (B-VI) va con dudng dung C
dugc mo ta bén dudi va cac vi du duge mo ta trong phén thyc nghi¢m. Cac hop chit co
cong thirc (B-IV) c6 thé duoc diéu ché thong qua cac phuong phap duoc mo ta ¢ day dé
tong hop cac chat trung gian B. Theo cach khac, cac hop chat (B-II) c6 thé dugc diéu
ché bang cach cho cac hop chat co cong thirc chung (B-V) phan tng v6i hydroxyprolin
tinh khiét vé mat dong phan dbi anh, twong tmg tiy ¥ v4i su ¢6 mat clia bazo. Cac hop
chat (B-V) c6 thé thu duoc thong qua viéc clo hoa cac hop chat c¢6 cong thirc chung (B-
VI) str dung phosphoryl clorua. Cac hgp chat (B-VI) ¢ thé dugc diéu ché tir cac hop
chat ¢ cong thirc chung (B-VII) sir dung diéu kién kiém manh, vi du & diéu kién nhiét
d6 cao. Cac hop chat (B-VII) c6 thé duoc tao ra bang cach cho cac hop chat ¢ cong
thire chung (B-VIII) truy cap duoc véi cac hop chit co cong thic chung (B-I1X) ap dung
cac quy trinh amit hoa tiéu chuan. Cac hop chét co cong thie chung (B-VIII) ¢6 thé
dugc diéu ché thong qua cac phuong phap minh hoa dudi day hodc cac phuwong phap

tong hop tiéu chuan khac ma ngudi c¢6 hiéu biét trung binh trong linh vyc nay biét dén.
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Con duong C:

Céc hop chat co cong thic chung c6 thé dugc diéu ché tir cac hop chit c6 cong
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thirc chung (C-I) bang nhiéu loai phan ung déng vong khac nhau, nhu duoc minh hoa
nhung khong gidi han ¢: Phan ting ghép ndi kiéu Heck (v6i R11 biéu thi mot nguyén tir
brom hodc i6t va R12 chita mot alken dau cudi), phan tng chuyén vi dong vong (véi ca
R11 va R12 chira mot alken dau cudi) tiép theo 14 qua trinh hydro héa alken thu duoc,
amit hoa (véi R11 mang mot axit cacboxylic va R12 mang mot nhom amino bac mét

hodc bac hai hodc nguoc lai). Do do, R13 co thé biéu thi hydro hodc nhoém bao vé nhu



vi du tert-butyl c6 thé bi loai bo bing cac phuwong phap loai b bao vé tiéu chuan. Céc
phuong phap tong hop hop chat (C-I) tré nén 1 rang d6i v6i ngudi cé hiéu biét trinh
binh trong linh vuc nay khi tham khao cac con duong A va B néu trén va cac vi du dugc

mo ta trong phan thuc nghiém.

Con dwong C
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Tong hop cac hop chat trung gian
Céc chat trung gian A

Chét trung gian A-01 (tert-butyl trans-4-amino-3-metylpiperidin-1-carboxylat triét
quang):
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hop chét trung gian A-01

Budec 1:

Dung dich tert - butyl 3 - metyl - 4 - oxopiperidin - 1 - carboxylat (175 g; 0,82
mol) trong THF (1,22 L), dugc lam lanh xudng 0 °C, duoc bo sung lithi-tri-sec-
butyl(hydrido)borat (L-selectride; 1M trong THF; 984 mL; 0,98 mol). Hon hop duoc
khudy trong 4 gio trong khi giir nhiét do tir 0 °C dén 10 °C. Dung dich nudc natri
hypoclorit (10%; 525 mL) duoc bo sung va hdn hop duoc chiét bang EtOAc (700 mL).

Loép hitu co dugc tach ra, dugc rira bang nudc mudi, dugc lam khd bang natri sulfat va

34



duogc bay hoi. San pham thé duoc tinh ché bang FC (silicagel; ete dau hoa/EtOAc 2% -
> 50%).

"H NMR (400 MHz, CDCls) 8 ppm 3,84 - 3,82 (m, 1H), 3,52 (d, J = 6,40 Hz, 2H), 3,29
(d, J=5,40 Hz, 2H), 3,06 - 3,02 (m, 1H), 1,76 - 1,74 (m, 3H), 1,65 (s, 9H), 1,24 - 0,89
(m, 3H)

Budc 2:

Dung dich san phém tor buoc 1 (330 g; 1,53 mol) trong THF (1,65 L) dugc b6
sung trietylamin (341 g; 3,37 mol). Metansulfonic anhydrit (507 g; 2,91 mol) dugc bd
sung ¢ nhiét do trong phong va hdn hop duoc khudy trong 4 gio & nhiét do trong phong.
Nudc (550 mL) dugc bd sung va hdn hop duoc chiét bang EtOAc (1,65 L). Lép hitu co
duoc tach ra, duoc rira béng nude mudi, duge lam kho bﬁng natri sulfat va duogc co dudi

ap suat giam. San pham duoc dua vao budc tiép theo va khong can tinh ché thém.

'H NMR (400 MHz, CDCls) & ppm 4,74 - 4,71 (m, 1H), 4,23 - 3,95 (m, 1H), 3,17 - 3,04
(m, 2H), 3,04 (s, 3H), 1,95 - 1,92 (m, 1H), 1,83 (s, 1H), 1,83 - 1,82 (m, 1H), 1,32 (s,
9H), 0,91- 0,79 (m, 3H)

Budc 3:

Phén ting trong moi truong nito. Dung dich san pham tir bude 2 (420 g; 1,43 mol)
trong DMF (2,1 L) dugc bd sung & nhiét d6 trong phong natri azit (186 g; 2,86 mol).
Hon hop duoc khudy & 100 °C trong 4 gio, sau d6 dugc 1am lanh xubng 0°C. Dung dich
natri cacbonat bao hoa (4,0 L) duoc bo sung trong khi giit nhiét d6 dudi 10 °C. Hon hop
duoc chiét bing EtOAc, 16p hitu co dugc tach ra, dugc rira béng nude mudi, duoc lam
kho bang natri sulfat va dugc bay hoi dudi ap suat giam. San pham dugc dua vao budc
tiép theo va khong can tinh ché thém.

Budce 4:

Hon hop cua san pham tir bude 3 (200 g; 0,83 mol), paladi trén than (60 g) va
EtOAc (1,0 L) dugc khudy duéi ap suit hydro (50 psi) & nhiét do trong phong trong 2
gio. Chét xtic tic dugc loc bang cach hit va rira bang metanol (2 L). Dich loc két hop
duogc cb dic dudi ap suit giam. San pham tho dugce tinh ché bang FC (silicagel; ete dau

hoa/EtOAc 0% -> 100%) dé thu duoc hop chat néu & dé muc.
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"H NMR (400 MHz, CDCl3) & ppm 7,85 (s, 1 H) 3,99 - 3,74 (m, 2 H), 2,81 - 2,79 (m,
2H), 2,71 (s, 1 H), 2,72 - 2,70 (m, 1 H), 2,64 - 2,52 (m, 1 H), 2,25 - 2,16 (m, 2 H), 1,66
- 1,57 (m, 1 H), 1,35 - 1,30 (m, 2 H), 1,30 - 1,27 (m, 8 H), 1,17 - 1,06 (m, 2 H), 0,83 -
0,78 (m, 3 H), 0,75 - 0,71 (m, 1 H)

Hop chét trung gian B

Hop chét trung gian B-01
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Buoce 1:

lbuéc -

Hdn hop cta hop chét trung gian A-01 (2. g; 9,97 mmol), 5-clo-2-flonitrobenzen
(1,21 mL; 9,97 mmol), DIPEA (3,43 mL; 19,9 mmol) va DMF (17 mL) duoc khuéy o
60 °C cho dén khi phan tng kiém soat bang RP HPLC chi ra sy chuyén hoa chu yéu cia
nguyén liéu khoi dau (10 gid). Hon hop d3 dugc d6 vao nude da. Thém nude duoc bd
sung va hdn hop duoc chiét ba 1an bang etyl axetat. Cac 16p hitu co két hop duoc ria
béng nudc va sau do béng nude mudi, tach ra, duoge lam kho béng magie sulfat, dugc
loc va c6 dic. San pham tho duoc tinh ché bang FC (silicagel; xyclohexan/EtOAc 20%
> 100%) dé thu duoc tert - butyl (rac-trans) - 4 - [(4-clo - 2 - nitrophenyl)amino] -
3 - metylpiperidin - 1 - carboxylat.
ESI-MS: 392 [M+Na]"
R¢ (HPLC): 0,83 phut (phuong phap A)

Budc 2:
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San pham tir bude 1 (3,25 g; 7,90 mmol), niken Raney (410 mg) va THF (60 mL)
duogc lic trong thiét bi Parr dudi ap suat hydro (50 psi) trong 5 gid & nhiét do trong
phong. Thém niken Raney (160 mg) dugc bo sung nhiéu 1an sau mdi 10-15 gior nita, cho
dén khi kiém soat phan tmg bang RP HPLC cho thy su chuyén héa cao ctia nguyén liéu
khoi dau (6 day: thém chat xuc tac 3 1an). Chat xuc tac dugc loc va dich loc duoc cho

bay hoi. San pham tho dugc dua vao bude tiép theo.
ESI-MS: 340 [M+H]"

R (HPLC): 0,63 phut (phuong phap A)

Buée 3:

Hon hop ciia san pham tir bude 2 (2,16 g; 6,37 mmol), 1-(1H-imidazol-1-
carbothioyl)-1H-imidazol (1,47 g; 8,25 mmol) va DMF (34 mL) dugc khudy ¢ nhiét 46
trong phong trong 2 gio. Nudce da (200 mL) duge bd sung tir tir vao hdn hop phan tng
trong khi khudy va viéc khudy duoc tiép tuc trong 10 phut nita. Chat két tua duoc loc,
duoc ria béng nudc, duge lam khd qua dém ¢ 50 °C va dugce dua vao budc tiép theo
ma khong can tinh ché thém.

ESI-MS: 382 [M+H]"
R¢ (HPLC): 0,71 phut (phuwong phap A)
Budce 4:

Phén tmg trong mdi trudong Argon. Dung dich san pham tir bude 3 (2,57 g; 6,26
mmol) trong DMF khan dugc bd sung kali tert-butylat (1,42 g; 12,7 mmol). Hon hop
dugc khudy & nhiét d6 trong phong trong 15 phit, sau d6 iodometan (597 pL; 9,49
mmol) duoc bd sung. Hon hop dugc khudy ¢ nhiét d6 trong phong cho dén khi kiém
soat phan tmg bang RP HPLC chi ra su chuyén héa gan nhu hoan toan cta nguyén liéu
khoi dau (2 gio). Nude da (100 mL) duge bd sung va hdn hop duoc giit 6 6 °C qua dém.
Chat két tia hinh thanh dugc loc bo, dua vao EtOAc, ¢o dic dudi 4p suat giam va sdy
kho bang cach dong bay hoi véi toluen dé thu dugce duoc tert - butyl (trans) - 4 - [5-
clo - 2 - (metylsulfanyl) - 1H - 1,3 - benzodiazol - 1 - yl] - 3 - metylpiperidin - 1 -

carboxylat triét quang.

ESI-MS: 396 [M+H]*
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R¢ (HPLC): 0,73 phut (phuong phép A)
Buée 5:

Hdn hop cua cac chit ddng phan dbi anh tir bude 4 dugc tach ra bang SFC diéu
ché (thiét bi: Sepiatec 2 Prep SFC 100; Cot: Lux Xenluloza-2 (21,2 mm * 250mm, 5um);
pha dong: A d6i véi CO2 va B ddi v6i IPA; Gradien: B% = 20% ché d¢ rira giai dang
dong; téc d6 dong: 60 mL/phut; Chiéu dai budc séng: 220nm; nhiét d6 cot: 40 d6 C; Ap

suat nguoc cia hé thong 150 bar).

CAu hinh tuyét ddi cua hai chat ddng phan d6i anh riéng r& duoc chi dinh dya trén
cAu triic dong tinh thé cta hop chat vi du 1.01 véi protein cGAS ngudi theo phuong
phap dugc moé ta bang D. J. Patel et al, PNAS 2019, 11946-11955
(doi.org/10,1073/pnas,1905013116).

'H NMR (cua chat dong phan rira giai thir nhat) (400 MHz, DMSO-ds) & ppm 7,46 -
7,69 (m, 1 H), 7,10 - 7,26 (m, 1 H), 7,17 (br d, J/=6,84 Hz, 1 H), 3,87 - 4,22 (m, 3 H),
2,87 - 3,06 (m, 1 H), 2,57 - 2,79 (m, 4 H), 2,31 - 2,45 (m, 1 H), 2,13 - 2,30 (m, 1 H),
1,80 (br d, J=11,79 Hz, 1 H), 1,45 (s, 9 H), 0,58 (d, J=6,46 Hz, 3 H)

Chét dong phan rira giai thir nhit duoc dua vao budc tiép theo. Tir chat dong phan

rira giai thir hai, hop chét trung gian B-02 duoc diéu ché.
Budce 6:

Dung dich chat dong phan rtra giai thir nhét tir bude 5 (811 mg; 2,05 mmol) trong
DCM (11,8 mL) duoc bo sung axit 3-cloperoxybenzoic (77%; 0,987 g; 4,40 mmol). Hon
hop duoc khudy trong 2 gio, sau d6 duoc pha loing bang DCM tiép theo va rira bang
dung dich kali cacbonat bdo hoa (15%). Lop nude duoc chiét lai bang DCM va céac 16p
hitu co két hop duogc rua béng nuoc, tach ra, duoc lam kho béng natri sulfat, duoc loc
va duogc ¢6 dudi ap suat giam dé thu dugc hop chat néu & dé muc.
ESI-MS: 428 [M+H]*
Ri: (HPLC): 0,74 phut (phuong phap A)

Céc chat trung gian sau ddy dugc chuan bi twong ty nhu Chét trung gian 1.01
dugc mo ta ¢ trén tir cac nguyén liéu ban dau da chi dinh. Nho d6, nhiét do phan ung &

budc 1 duge diéu chinh theo kha ning phan Ung cua timg nguyén liéu dau vao
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nitrobenzen. CAu hinh tuyét dbi cua cac hop chét trung gian dugc chon dugc chi dinh
tir cdu trac dong tinh thé ctia hop chit vi du duoc diéu ché tir hop chat trung gian tuong
g v6i protein cGAS ngudi theo phuwong phap dugc mé ta bang D. J. Patel et al, PNAS
2019, 11946-11955 (doi.org/10,1073/pnas,1905013116). Cau hinh tuyét ddi cua cac
chat trung gian va vi du khac dugc xac dinh dya trén gia dinh ré‘mg cac eutome co cung

cAu tric 1ap thé tuyét ddi trong moi trudng hop.

Int. | Nguyén liéu | CAu tric ESI- | R Binh lugn vé& tinh

ban dau MS (HPLC) | ddi xtmg
(phuong
phap)

B-02 | A-0l va 5-| | 428 0,74 phat | Chat ddng phén rira
clo-2-flo- j\ \ [M+H] | (A) giai thtr hai trong
nitrobenzen o N s |5 budc 5 duoc dua

"’N/\kN vao budc 6.
Q SFC khong ddi xung: Piéu kién dugc mo
4 ta trong Budc 5

B-03 | 4-amino-1- S| 398 0,66 phit | bat d6i

BOC- °

\.o | [M+H] | (A
piperidin  va| °© CL E &
2.5-diflo- A
nitrobenzen Q bat doi

B-04 | 4-amino-1- S| 398 0,66 phit | bat d6i
Boc- 17 ] Vo | IMHH] | (A)
piperidin va | © O\ o |+
2.4-diflo- A
nitrobenzen Q bat doi

B-05 | A-01va2-flo- | y| 394 0,65 phit | Chat ddng phén rira
nitrobenzen ? giai thi nhét trong

\ M+H] | (A
or Ss E &) budc 5 duoc dua
A, vio budc 6.
@ SFC khong ddi xung: EtOH(20 mM
NH3)/CO2 = 10/90; c6t: CHIRAL ART
Xenluloza-SZ 20 x 250 mm, 5Sum; CT:
40°C; BPR: 150 bar, dong: 60 mL/phut
B-06 428 0,74 phit | Chat dong phan rira
(A) giai thor nhat trong
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A-01 va 4-

[M+H]

budc 5 duoc dua

clo-2-flo- j\ \ + vao budc 6.
nitrobenzen oT N sz .
(PwN/QNO SFC khong doi xang: IPA/CO2 = 10/90;
cot: CHIRAL ART Xenluloza-SZ 20 x
250 mm, Spum; CT: 40°C; BPR: 150 bar,
“ dong: 60 mL/phut
B-07 | A-01 va 2.5-| | 412 0,69 phat | Cac chat dong phan
d@ﬂo— I Vo | [M+H] | (A) du’c_’rc té::'h ra sau
nitrobenzen or S |+ budc cudi cung thir
"’N’&N 6. Chat dong phan
rira giai thi nhat 1a
B-07.
HPLC bat d6i: EtOH/Heptan = 35/65;
cot: DAICEL Chiralpak IG 50 x 250 mm,
10 pm
B-08 | A-01 va 2-flo- ﬂ\ 394 0,65 phut | Khong c¢6 sy phan
nitrobenzen ? tach bat doi cua cac
)\ o Voo [M+H] (A) X A A X
o N(:L S chat dong phan doi
N/&N anh  Chat  triét
@ quang duogc dua
vao budc 6.
Chat triét quang, trans
B-09 | A-01 va 3- >L 428 1,09 phat | Khoéng c6 su phén
clo-2-flo- 0 tach bat doi cua cac
: A~ Lo [ [MHH] | (D) 2 A Y
nitrobenzen ° N\//\L st |+ chat dong phéan doi
WA, anh  Chat  triét
m@ quang dugc dua
vao budc 6.
Chat triét quang, trans
B-10 | 4-amino-1- S| 380 0,62 phit | bat d6i
BOC- | AN e | IMHH] [(A)
piperidin va| ° 'O\ /i +
2-flo- N , ,
nitrobenzen @ bat doi
B-11 | 4-amino-1- 398 0,65 phat | bt d6i
BOC- [M+H] | (A)

piperidin  va

+
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2,3-diflo-

bt doi
nitrobenzen >|\o el
O)\N \S,,o
Wy
B-13 | A-01 va 2-flo- j\ 408 0,72 phat | Khong c¢6 sy phan
6-metyl- i o Lo | [M+H] | (A) tach bat doi cua cac
nitrobenzen ° '& S|+ chat dong phan doi
) inh  Chat triét
@\ quang dugc dua
vao budc 6.

Chét triét quang, trans

Hop chat trung gian B-12

HN o

S/
A i
N7\ F
N >HLOH
F
F

(Trans triét quang)

San pham tir budc 4 cta qua trinh tong hop hop chit trung gian B-08 dugc duoc khir
bao vé BOC theo quy trinh tong hop chung D.

ESI-MS: 262 [M+H]"

R¢ (HPLC): 0,47 phut (phuong phap E)
Hop chét trung gian B-14

o \ .0

&
N7 N\ N HCI

Hon hop cua hop chat trung gian B-08 (700 mg; 1,78 mmol) va axit clohydric trong

HN

(Trans triét quang)

dioxan (4 M; 1,33 mL; 5,45 mmol) duoc khuay trong 2 gio. tert-butyl metyl ete (20 mL)
dugc bo sung va hdn hop duge dé yén ma khong khudy trong 1 gio. Chét két tiia duoc

41



loc va dugc cho vao metanol. Dung dich thu dugc dugc c6 dac dudi ap suit giam dé thu

dugc hop chit néu ¢ dé muc.
ESI-MS: 294 [M+H]"
Ri¢ (HPLC): 0,60 phut (phuong phap E)
Céc hop chat trung gian I
Hop chét trung gian 1.01
hos
X
FRLL
&

Hop chat trung gian N-R dugc phan tmg v6i hop chét trung gian B-5 theo quy
trinh tong hop chung A dé thu dugc hop chat néu & dé muc tert - butyl (3S,4S) - 4 -
(2 - {[(3S,5S) - 1 - {4 - bromo - 8 - oxa - 3,5 - diazatrixyclo[7.4.0.0>"]trideca -
1(13),2,4,6,9,11 - hexaen - 6 - yl} - 5 - [(tert - butoxy)carbonyl]pyrrolidin - 3 -
ylloxy} - 1H - 1,3 - benzodiazol - 1 - yl) - 3 - metylpiperidin - 1 - carboxylat.
ESI-MS: 747 [M+H]"

R¢ (HPLC): 1,27 phut (phuong phéap B)

Hop chét trung gian 1.02

L = S S
G @ hop chit trung gian 1.02 G

Budece 1:

Phan tng duoc thuc hién trong moi truong khi argon, dung moi dugce khir khi va
sdy kho thong qua viéc b sung ray phan tir. Hop chit trung gian 101 (721 mg; 0,916
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mmol) trong binh ddy tron dugce bo sung DMSO (10 ml), metyl bromodifloaxetat (266
pL; 2,42 mmol) va bot déng (291 mg; 4,58 mmol). Hon hop duoc khqu qua dém, sau
d6 thém 1 duong luong metyl bromodifloaxetat va thém hai dwong luong déng duoc bd
sung. Sau khi khudy 72 gio nita, hdn hop duoc pha lodng bang EtOAc, dung dich kali
dihydro phosphat (1,27 M; 20 mL) duoc bd sung va hdn hop dugc khudy trong 30 phut
nita trudc khi loc. Lop hitu co cua chét loc duoc rira béng nudc, dugc co dac va san
pham tho duoc tinh ché bang FC (silicagel; CH/EtOAc 10% -> 100%) dé thu duoc tert -
butyl (3S,45) -4 - (2 - {[(35,5S) - 5 - [(tert - butoxy)carbonyl] - 1 - [4 - (1,1 -
diflo - 2 - metoxy - 2 - oxoetyl) - 8 - oxa - 3,5 - diazatrixyclo[7.4.0.0>"]trideca -
1(13),2,4,6,9,11 - hexaen - 6 - yl]pyrrolidin - 3 - ylJoxy} - 1H - 1,3 - benzodiazol -
1 - yl) - 3 - metylpiperidin - 1 - carboxylat.

Buéce 2:

San pham tir bude 1 (585 mg; 0,647 mmol) trong etanol tuyét d6i (dugc lam kho
bang ray phan tir 3 A) dugc bd sung trong cic phan trong 1 gid' natri bohydrua (244 mg;
6,40 mmol). Phan Gmg duoc lam nging bang cach bd sung nudce, hdn hop duge chiét ba
1an bang EtOAc, va céac 16p hitu co két hop duoc rira bang nudc va sau d6 nude mudi,
tach ra va duoc lam kho béng magie sulfat, duogc loc va duoc c6 dudi ap suét giam. San
pham tho dugc tinh ché bang FC (silicagel; CH/EtOAc 20% -> 100%) dé thu dugc tert -
butyl (35,4S) -4 - (2 - {[(3S,5S) - 5 - [(tert - butoxy)carbonyl] - 1 -[4 - (1,1 -
diflo - 2 -
hydroxyetyl) - 8 - oxa - 3,5 - diazatrixyclo[7.4.0.0>"]trideca - 1(13),2,4,6,9,11 -
hexaen - 6 - yl]pyrrolidin - 3 - yl]oxy} -

IH - 1,3 - benzodiazol - 1 - yl) - 3 - metylpiperidin - 1 - carboxylat.
Bude 3:

Dung dich san pham tir budc 2 (269 mg; 0,359 mmol) va allyl bromua (220 pL;
2,52 mmol) trong DMA (1,67 mL) duoc bo sung natri hydrua (55% trong dau khoang;
47 mg; 1,08 mmol). Hén hop duoc khudy trong 10 phut, sau d6 duoc 1am ngirng bang
b6 sung nudc. Hon hop duoc chiét ba 1an bang EtOAc, va cac 16p hitu co két hop duoc
raa bflng nude va sau do nude mudi, tach ra va duge 1am khod béng magie sulfat, dugc
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loc va duogc co dudi ap sudt giam. San pham tho dugc tinh ché bing FC (silicagel;
CH/EtOAc 20% -> 100%) dé thu dugc hop chat néu & & muc tert - butyl (3S,4S) - 4 -
(2 - {[(3S,5S) - 5 - [(tert - butoxy)carbonyl] - 1 - {4 - [1,1 - diflo - 2 - (prop - 2 -
en - 1 - yloxy)etyl] - 8 - oxa - 3,5 - diazatrixyclo[7.4.0.0>"]trideca -

1(13),2,4,6,9,11 - hexaen - 6 - yl}pyrrolidin - 3 - ylJoxy} - 1H - 1,3 -

benzodiazol - 1 - yl) - 3 - metylpiperidin - 1 - carboxylat.

ESI-MS: 789 [M+H]"

R (HPLC): 1,29 phut (phuong phap B)

Hop chét trung gian 1.03
/\)‘\ ”NAN

(hdn hop triét quang cila cac chat dong phan trans)

Dung dich axit 3-allyloxypropionic (38 pL; 0,303 mmol) trong DMF (500 pL)
dugc bo sung EDC hydroclorua (70 mg; 0,364 mmol) va N,N-diisopropyletylamin (105
uL; 0,606 mmol). Hon hop duoc khudy trong 10 phut, sau hop chat trung gian B-14
(100 mg; 0,303 mmol) duoc bo sung va hon hop dugc khuéy trong 90 phut, sau dé duoc
pha lodng bing metanol (2 mL) va tién hanh tinh ché bang RP HPLC (Sunfire C18;
ACN/nuéc, chat cai bién: TFA).
ESI-MS: 406 [M+H]*
Ri¢ (HPLC): 0,88 phut (phuong phap E)
Céc hop chét trung gian N
Céc qua trinh tong hop dugc mo ta dudi ddy mot phan duogc thuc hién theo cac quy trinh
chung sau day.
Quy trinh chung Int-A: Hydro héa bang chat xuc tiac Pd/C (xem: Hop chét trung gian
N-A, budc 4)
Quy trinh chung Int-B: Péng vong trong diéu kién bazo (xem: Hop chét trung gian N-

A, budc 5)
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Quy trinh chung Int-C: Ap dung clo héa phosphoroyl triclorua (xem: Hop chét trung
gian N-A, budce 7)

Quy trinh chung Int-D: SnAr véi hydroxyprolin este (xem: Hop chit trung gian N-A,
budc 8)

Quy trinh chung Int-E: Phan cit este bang lithi hydroxit (xem: Hop chat trung gian N-
F, budc 2)

Quy trinh chung Int-F: Amit hoa str dung PFTU (xem: Hop chat trung gian N-F, budc
3)

Quy trinh chung Int-G: Ghép nbi loai Heck (xem: Hop chit trung gian N-J, bude 1)

Hop chét trung gian N-A:
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l buoc 2
0
0 H, 0
H
o/u\</’\/o\/j]/N 2\, budc 3 " /\)k()H
' ) s {\/\0
buoc 4 l
o)
0 H;
)J\/\/O H budc 5 Oji\/\/o
(I) \/\(q/q = H \/TN(/N ]
buoc 6
)OJ\/\/
: f > budc 7 0
o 0\/YN
I \()/u\/\/o z
Na \/:h")" l )
¢l

budce 8[

o
0 O
\o)j\/\/o A : " HOJ\/\/O\/\N';NIQ
A 0
C}J{ok N-A Oﬂ\ok

~
HO HO

Budec 1:

Hdn hop cua tert-butyl 3-(2-oxoetoxy)propanoat (7,25 g; 38,5 mmol) duoc diéu
ché nhu duoc mé ta trong EP2409977, va metyl (triphenylphosphoranyliden)axetat
(13,1 g; 38,5 mmol) trong DCM (200 mL) dugc khudy & nhiét do trong phong qua dém.
Hon hop dugc bay hoi dudi diéu kién giam va duoc cho vao trong CH/EtOAc (3:1). Cac
chat khong hoa tan dugc loai bo bang cach loc va dich loc duoc cho bay hoi. San pham
th6 duoc tinh ché bang FC (silicagel; CH/EtOAc 10% -> 45%) dé thu duoc san pham 1a

hon hop cta cac chat dong phan cis- va trans-.

Budec 2:
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San pham tir bude 1 (1,50 g; 6,14 mmol) duge khudy trong hdn hop cia DCM
(15 mL) va TFA (10 mL) qua dém. Hdon hop dugc bay hoi va duoc cho vao trong
metanol (10 mL). Tetraalkylamonicacbonat dwgc lién két polyme (2 duong luong khoi
lwong) duoc bd sung va hdn hop duoc khudy trong 90 phut. Cac chat khong tan duoc

loc va dich loc dugc cho bay hoi.
Budc 3:

Dung dich san pham tir budc 2 (5,00 g; 21,3 mmol) trong ACN (140 mL) duoc
bd sung 1-clo-N,N,2-trimetylpropenylamin (4,45 mL; 33,6 mmol). Hon hop duoc khudy
¢ nhiét do trong phong trong 10 phut, sau dé pyridin (5,10 mL; 63,0 mmol) va 3-
aminobenzofuran-2-carboxamit (3,70 g; 21,0 mmol) duoc bo sung. Hon hop duge khudy
qua dém & nhiét d6 trong phong, sau d6 nudc duoc bod sung. Hon hop duge chiét bang
DCM va 16p hitu co duge tach ra va dugc bay hoi. San phém tho duoc tinh ché 1an tha
nhat bang FC (silicagel; ete diu hoa/EtOAc 40% -> 80%) va lan thir hai bang RP HPLC
(Sunfire C18, ACN/nuéc, chét cai bién: TFA).

ESI-MS: 347 [M+H]"
Ri{ (HPLC): 0,80 phut (phuong phap E)
Budc 4: Quy trinh chung Int-A:

Hdn hop ciia san pham tir budce 3 (3,40 g; 9,73 mmol), paladi trén than (10%; 350
mg) va etanol (500 mL) duoc lic dudi ap suat hydro (50 psi) cho dén khi kiém soét phan
mg bang RP HPLC chi ra sy chuyén hoa ctia nguyén liéu khai dau (6 day: 90 pht).

Chét xtc tac duge loc va dich loc duge cho bay hoi dén kho.
ESI-MS: 349 [M+H]"

R¢ (HPLC): 0,81 phut (phuong phap E)

Bude 5:

Quy trinh chung Int-B:

Hdn hop ctia san pham tir bude 4 (4,55 g; 13,1 mmol) va dung dich natri hydroxit
(4 M; 100 mL; 400 mmol) dugc khudy & 60 °C cho dén khi kiém soat phan (mg bang
RP HPLC chi ra sy chuyén hoa ctiia nguyén liéu ban dau (¢ day: 60 phat). Hén hop duoc
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1am lanh xudng nhiét d6 phong va sau d6 duoc axit héa bang cach bd sung dung dich

axit clohydric (4 M). Két tua duoc loc va lam khé ¢ 60 °C.
ESI-MS: 317 [M+H]"

Ri¢ (HPLC): 0,73 phut (phuong phap E)

Buéec 6:

Hdn hop cua san pham tir bude 5 (3,53 g; 11,2 mmol), DCM (60 mL), va vai giot
DMF duoc bd sung & nhiét d0 trong phong oxalyl clorua (1,24 mL; 14,5 mmol). Hon
hop dugc khudy trong 3 gid & nhiét do trong phong, sau d6 metanol dugce bd sung va
tiép tuc khudy trong 60 phit nita. Hon hop duoc chiét bang nudc va 16p hitu co duoc

tach ra va duoc bay hoi dén kho.
ESI-MS: 331 [M+H]"

R¢ (HPLC): 0,82 phut (phuong phap E)
Bude 7:

Quy trinh chung Int-C:

Hon hop cua san pham tir bude 6 (3,70 g; 11,2 mmol) va phosphoroyl triclorua
(70 mL) dugc khudy & 90 °C trong 4 gio. Phosphoroyl triclorua du thira dugc loai bo
bang cach chung cat va nudc duoce b sung can than. Hon hop thu dugc duoce chiét bang
EtOAc, 16p hitu co dugc tach ra va duge bay hoi. San pham tho dugc dua vao bude tiép

theo.
ESI-MS: 349 [M+H]"
R¢ (HPLC): 1,02 phut (phuong phap E)
Budc 8:
Quy trinh chung Int-D:
Hdn hop cua san pham tir bude 7 (300 mg; 0,896 mmol), tert - butyl (2S,4S) -
4 - hydroxypyrolidin - 2 - carboxylat hydroclorua (253 mg; 1,08 mmol), kali cacbonat

bdo hoa (300 mg; 2,06 mmol) va DMF (7,0 mL) dugc khudy & nhiét d6 trong phong qua

dém. Nudc duge bo sung va hdn hop duge axit hoa bang cach bo sung dung dich axit

48



clohydric (1 M). Hon hop duoc chiét biang EtOAc, 16p hiru co dugc bay hoi va san pham
tho dugc tinh ché bang FC (silicagel; ete dau hoa/EtOAc 40% -> 75%)

ESI-MS: 500 [M+H]"
R (HPLC): 0,75 phut (phuong phap E)
Buéce 9:

San phim tir bude 8 dugc phan tng theo quy trinh chung Int-E dé thu dugc hop

chat tiéu dé duoc phan cit este.
ESI-MS: 486 [M+H]"
Ri¢ (HPLC): 0,70 phut (phuong phap E)

Hop chét trung gian N-B:

o
Jl\/\/o N “

HO 7S

N A~0o

HO

duoc diéu ché twong ty nhu trinh ty dugc mo ta dé tong hop hop chét trung gian

N-A, str dung 3-amino-6-clo-1-benzofuran-2-carboxamit trong budc 3.
ESI-MS: 520 [M+H]"
R¢ (HPLC): 0,50 phut (phuong phap A)

Hop chét trung gian N-C:
HOJ\/O\/\/\N( N;
X

Viéc diéu ché dugc thuc hién tir hop chat trung gian N-V va axit 2 - (but - 3 -
en - 1 - yloxy)axetic st dung trinh tu hai budc:
Budc 1: theo quy trinh téng hop chung Int-G
Budc 2: theo quy trinh tong hop chung Int-A dé thu duoc hop chit néu & dé muc.

ESI-MS: 504 [M+H]"
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R (HPLC): 0,45 phut (phuong phép A)

Hop chét trung gian N-D:

Ho’cl)l\/\/\o /\(:IQ

Pugc diéu ché tuong ty nhu trinh ty duoc mo ta dé tong hop hop chat trung gian
N-A, bét dau tir tert - butyl 2 - (3 - oxopropoxy)axetat duoc diéu ché nhu duge mo ta
trong EP1939201.
ESI-MS: 486 [M+H]"
R¢ (HPLC): 0,71 phut (phuong phap E)

Hop chét trung gian N-E:
/\OJI\/O\/\O/YN\
N A~0
X

HO
Budec 1:

Hon hop ciia 3-aminobenzofuran-2-carboxamit (2,00 g; 11,4 mmol), etyl 2 -
[2 - (2 - etoxy - 2 - oxoetoxy)etoxy|axetat (5,32 g; 22,7 mmol) va
1H,2H,3H,4H,6H,7H,8H - [1,3]diazino[1,2 - a]pyrimidin (6,45 g; 45,4 mmol) dugc gia
nhiét dén 120 °C trong 150 phut. Sau khi 1am lanh xudng nhiét d6 trong phong, dung
dich axit clohydric (1M; 70 mL) duogc bd sung. Chét két tua duoc loc bang cach hut,
duogc rira bang nude va 1am khé trong chin khong & 60 °C dé thu dugc hdn hop cua etyl
2-[2-({6 - oxo - 8 - oxa - 3,5 - diazatrixyclo[7.4.0.0%]trideca -
1(9),2(7),3,10,12 - pentaen - 4 - yl} metoxy)etoxyJaxetat va axit tuy do twong ing dugc

dua vao budc tiép theo.
Budce 2:

Dé tai este hoa axit, hdn hop tir bude 1 (2,8 g) duge hoa tan trong DCM (200

mL). 2 giot DMF duoc b6 sung, sau d6 bo sung oxalyl clorua (392 pL, 4,57 mmol). Hon
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hop dugc khudy qua dém, sau d6 etanol (10 mL) dugc bd sung, va hdn hop dugc khudy
trong 2 gio nita. Hon hop duoc ¢ dic dudi ap suat giam. Metyl tert-butyl ete dugc bd
sung va két tua tao thanh dugc rira bang nuée metyl tert-butyl ete va dugc 1lam kho & 50
°C dé thu duoc etyl 2-[2-({6 -0ox0-8-o0xa-3,5-
diazatrixyclo[7.4.0.0>7]trideca - 1(9),2(7),3,10,12 - pentaen - 4 -
yl} metoxy)etoxy]axetat.

San pham tir bude 2 duge phan tng tiép trong quy trinh hai budc theo quy trinh
chung thtr nhét Int-C va sau d6 1a Int-D dé thu dugc hop chit néu ¢ dé muc.
ESI-MS: 516 [M+H]"
Ri¢ (HPLC): 0,80 phut (phuong phap E)
Hop chét trung gian N-F:

0

~ K :
F 0
XOW s 1- >r Mv/\

| buec 2
: 0 budc 3 OM
XM = - >r I ; e
o NH,

l budc 4

Budece 1:
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Bot kém da st dung dugce rira bang nuéc dung dich axit clohydric 2 %, nuée va
axeton trude khi str dung. Bot da tinh ché dugc lam kho trong chan khéng cao va duoc
bdo quan dudi argon. Mot binh dugc nap bot kém (2,44 g; 36,9 mmol), niken(II)clorua
hexahydrat (0,754 g; 3,14 mmol), THF (35,0 mL) va 3 giot nuéc va hdn hop duge khudy
trong 10 phut ¢ nhiét do trong phong. Sau do, tert - butyl hex - 5 - enoat (4,63 g; 18,5
mmol; dugc didu ché nhu duge mo ta trong WO2010/15447) duoc bd sung trong mot
phan va etyl iodofloaxetat (2,80 mL; 18,5 mmol) duoc bd sung nho giot (phan tng toa
nhiét trong qua trinh bd sung) trong khi nhiét 46 duoc gitr & muc dudi 30 °C. Sau khi
hoan thanh viéc bd sung, hdn hop phan tng dugc khuay trong 4 gid & 60 °C. Hon hop
phén tng duoc rot vao hon hop cta dung dich amoni clorua bao hoa (100 mL) va dietyl
ete (100 mL) va duoc khudy trong 10 phut. Sau d6, hdn hop dugc loc qua dém xelit va
sau khi tach pha, pha nudc duge chiét bang dietyl ete. Cac 16p hitu co két hop duoc ria
bﬁng nudc, duoc lam kho bﬁng natrisulfat, dugc loc va duoc bay hoi. San phém tho

dugc tinh ché bang FC (silicagel; CH/DCM 10 % -> 100 %).
ESI-MS: 312 [M+NH4]"

R¢ (HPLC): 0,78 phut (phuong phap A)

Budc 2:

Quy trinh chung Int-E:

Lithi hydroxit (276 mg; 11,0 mmol) duoc bd sung vao dung dich san pham tir
buéc 1 trong THF/H20 c6 ty 1 2:1 va hdn hop phan tng dugc khudy & nhiét do trong
phong cho dén khi kiém soat phan tng bang RP HPLC chi ra viéc tiéu thu nguyén liéu
khai dau (o day: 2,5 giod). Cac chat d& bay hoi duoc loai bo trong chan khong, phan con
lai duoc axit hoa dén pH=1 b@“mg cach thém 5,50 mL dung dich axit clohydric 1N va
hdn hop dugc chiét xuat bang EtOAc ba lan. Pha hitu co két hop duoc lam kho bang

natrisulfat, duoc loc va dugc bay hoi.
ESI-MS: 211 [M-isobuten+H]*
R (HPLC): 0,59 phut (phuong phap A)
Budc 3:

Quy trinh chung Int-F:
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O nhiét d6 phong, PFTU (2,40 g; 5,60 mmol) dugc bd sung vao dung dich san
pham dugc khudy tir bude 2 (1,40 g; 5,09 mmol) va DIPEA (970 pL; 5,60 mmol) trong
DMF (21,0 mL) va hén hop duge khudy trong 30 phit. Sau d6, 3-aminobenzofuran-2-
carboxamit (1,01 g; 5,60 mmol) va thém DIPEA (970 uL; 5,60 mmol) dugc bd sung va
hdn hop dugc khudy trong 10 phiit & nhiét d6 trong phong. Sau d6, hdn hgp phan mg
duogc gia nhiét dén 50 °C va dugc khudy trong 16 gior & nhiét d6 nay. khi kiém soat phan
g bang RP HPLC chi ra viéc tiéu thy khong hoan toan nguyén liéu khoi dau, DIPEA
bd sung (441 pL; 2,80 mmol) va PFTU (0,86 g; 2,04 mmol) dugc bd sung va khudy &
50 °C tiép tyc trong 2,5 gid nita. Hon hop phan tmg duoc pha lodng bang nudc, axit hoa
bang TFA, duoc loc duoc tinh ché bang phuong phap RP HPLC (XBridge C18;
ACN/nuéc; chét cai bién: TFA).

ESI-MS: 425 [M+H]*
R¢ (HPLC): 0,72 phtt (phuong phap A)
Buéec 4:

O nhiét do trong phong, chlorotrimetylsilan (4,05 mL; 30,3 mmol) dugc bo sung
tir tir vao dung dich san pham tir bude 3 (950 mg; 2,13 mmol va TEA (13,0 mL; 92,4
mmol) trong 1,2-dicloetan (28,5 mL). Sau khi viéc bo sung hoan thanh, hdn hop phan
g duoc gia nhiét dén 85 °C va dugc khuay trong 24 gid & nhiét do nay. Hon hop phan
tmg duoc rét vao 30 mL axit clohydric 4 M (pH = 1) va duoc chiét bang DCM hai lan.
Pha hitu co két hop dugc rira bang nude, duge 1am khé bang natri sulfat, duogc loc va
dugc bay hoi dé thu duoc tert - butyl 7,7 - diflo-7- {6 -oxo -8 - oxa-3,5 -
diazatrixyclo[7.4.0.0>7]trideca - 1(13),2(7),3,9,11 - pentaen - 4 - yl}heptanoat.
ESI-MS: 405 [M-H]

Ri (HPLC): 0,44 phut (phuong phap F)
Bude 5:
San pham tir bude 4 duoc chuyén hoa thanh san pham duoc clo héa st dung quy

trinh chung Int-C, sau d6 tinh ché bang RP-HPLC (XBridge C18; ACN/nudc; chat cai
bién: TFA)

ESI-MS: 367 [M-HJ
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R (HPLC): 0,64 phut (phuong phap A)
Buéec 6:

San phim tir buéc 6 duoc phan Gmg theo quy trinh téng hop chung Int-D dé thu

duoc hop chit néu & dé muc.
ESI-MS: 520 [M+H]"
R¢ (HPLC): 0,61 phut (phuong phap A)

Hop chét trung gian N-G:

HOMN\ F
N A~0
X

HO

Piéu ché twong ty nhu trinh ty phan tng duoc mo ta dé tong hop hop chat trung

gian N-F, sir dung 3 - amino - 6 - flobenzofuran - 2 - carboxamit trong budc 3.

Hop chét trung gian N-H:

HOMN\ ¢
N A~0
Ot

HO

Diéu ché twong ty nhu trinh ty phan Gng duge mo ta dé tong hop hop chét trung

gian N-F, st dung 3 - amino - 6-clobenzofuran - 2 - carboxamit trong budc 3.

Hop chét trung gian N-I:
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Budc 1:

Dung dich bot magie (45,0 g; 1,85 mol) trong THF (285 mL), duoc bo sung ot
(1,00 g; 3,94 mmol), sau do bo sung nho giot dung dich 1-bromo-3-buten (111 g; 821
mmol) trong THF (850 mL). Nhiét d6 theo d6 duoc giit dudi 50 °C. Hon hop thu duoc
dugc 1am lanh xubng -75 °C va dung dich dietyl oxalat (100 g; 684 mmol; 93,5 mL)
trong THF (1,89 L) duoc bd sung nhé giot & -75 °C. Hon hop dugc khudy & - 75 °C
trong 4 gid nita. Hon hop phan ting dugc 1am ngimg bang cach bo sung dung dich amoni
clorua bdo hoa (900 mL) & 0 °C, sau d6 d6 pH duoc diéu chinh dén pH3 bang cach bd
sung dung dich axit clohydric (1 M). Hon hop duoc chiét ba lan bang EtOAc (500 mL).
Céc 16p hitu co két hop duoc rira bang nude mudi (900 mL), duoc lam kho bang natri
sulfat, dugc loc va dugc c6 dudi ap suét giam dé thu dugc phén can duoc tinh ché béng

FC (silicagel; ete ddu mo/Etyl axetat 0% -> 100%).

'H NMR: (400 MHz, CDCls) § = 5,85 - 5,72 (m, 1H), 5,11 - 4,92 (m, 2H), 4,37 - 4,24
(m, 2H), 2,92 (t, J = 7,3 Hz, 2H), 2,36 (q, J = 7,1 Hz, 2H), 1,24 - 1,21 (m, 3H)

Budc 2:

Dung dich san pham tir bude 1 (50,0 g, 320 mmol) trong DCM (1000 mL) duoc
bd sung Bis-(2-metoxyetyl)aminosulfor triflorua (Deoxofluor) (120 g, 544 mmol, 119
mL) va etanol (2,95 g, 64,0 mmol) & 0 °C. Hn hop duoc khudy ¢ 25 °C trong 12 gid.
Hon hop phan tng duoc lam nging bang cach bd sung 500 mL dung dich natri
bicacbonat bdo hoa va sau d6 dugc chiét ba 1an bang DCM (500 mL). Cac 16p hitu co

két hop dugc rira bang dung dich axit clohydric (1 M; 200 mL) va nuéc mudi (200 mL),
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duoc lam kho bﬁng natri sulfat, dugc loc va dugce c6 dudi ap suét giam dé thu duge phﬁn

can. San pham thd dugc chung cét trong chan khong(30 °C, -0,09 MPa/bom dau).

'H NMR: (400 MHz, CDCls): & = 5,80 (br dd, J = 10,3, 16,9 Hz, 1H), 5,13 - 5,00 (m,
2H), 4,39 - 4,28 (m, 2H), 2,30 - 2,12 (m, 4H), 1,43 - 1,34 (m, 3H)

Budc 3:

Hdn hop cua bot kém (8,79 g, 134 mmol) va THF (30,0 mL) dugc bd sung niken
(I)clorua hexahydrat (804 mg, 3,38 mmol). Hon hop dugc khudy & -65 °C trong 5 phut.
Sau d6 dugc bd sung nho giot etyl difloiodoaxetat (12,0 g, 48,0 mmol) va san pham tir
bude 2 (6,00 g, 33,7 mmol) & -65 °C. Hon hop dugc khudy & 25 °C trong 12 gio. Hon
hop phan tng duoc 1am nging bang dung dich amoni clorua bio hoa bo sung (60,0 mL)
& 0 °C, va sau d6 dugc chiét ba 1an bang DCM (60,0 mL). Céc 16p hitu co két hop duoc
raa béng nude mudi (60,0 mL), dugc lam kho bé“tng natri sulfat, duoc loc va duoc co
dudi ap suat giam.

'"H NMR: (400 MHz, cloroform-d): 6 = 4,33 (q, J = 7,2 Hz, 4H), 2,18 - 1,98 (m, 4H),
1,56 (td, J = 3,8, 8,0 Hz, 4H), 1,36 (t, /= 7,2 Hz, 6H)
Buéec 4:

Dung dich san pham tir budc 3 (11,0 g, 36,4 mmol) trong dioxan (30,0 mL) duoc
bd sung 1,5,7-Triazabixyclo[4,4,0]dec-5-en (14,2 g, 102 mmol) va 3 - amino - | -
benzofuran - 2 - carboxamit (4,50 g, 25,5 mmol). Hon hop dugc khudy & 110 °C trong
2 gid va sau d6 dugc pha lodng bang nudc (30,0 mL) va dugc chiét ba 1an bang EtOAc
(30,0 mL). Cac 16p hitu co két hop dugc rira bang nude mubi (30,0 mL), duge lam kho
bﬁng natri sulfat, duoc loc va dugc c6 dudi ap sudt giam. San phém thoé duge tinh ché
bang RP HPLC (ACN/nuéc, chét cai bién: TFA).

'H NMR: (400 MHz,DMSO-d): § = 8,09 (d, J = 7,7 Hz, 1H), 7,88 (d, J = 8,4 Hz, 1H),
7,72 (t, J=17,8 Hz, 1H), 7,53 (t, J = 7,5 Hz, 1H), 2,40 - 2,37 (m, 2H), 2,12 — 2,07 (m,
2H), 1,54 - 1,48 (m, 4H).

Bude 5:

San pham tir budc 4 duoc clo hoa st dung quy trinh chung Int-C.

Budc 6:
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San pham tir budc 5 duoc phan tng ap dung quy trinh chung Int-D dé thu duogc

hop chat néu ¢ dé muc.
ESI-MS: 556 [M+H]"
R (HPLC): 0,64 phut (phuong phap A)

Hop chét trung gian N-J:

OYSNYS
o N A

X
Viéc diéu ché duoc thyc hién tir hop chit trung gian N-R ap dung trinh tu 3 budc
sau day:
Budce 1:

Quy trinh chung Int-G:

Hop chat trung gian N-R (300 mg; 0,69 mmol) va metyl este clia axit 5-hexenoic
(298 pL; 2,07 mmol) dugc hoa tan trong DMF (10 mL; 123 mmol). Trietylamin (0,39
mL; 2,76 mmol) dugc bd sung va hdn hop duoc khir khi bang argon. Paladi(Il)-axetat
(31 mg; 0,14 mmol) va tri-o-tolylphosphin (84 mg; 0,28 mmol) dugc bd sung dudi
argon. Lo bit kin dugc khudy & 95°C qua dém. Hon hop dugc pha lodng bang
ACN/nudc, axit hda béng TFA, duogc loc qua bo loc 6ng tiém. Tinh ché béng phuong
phap RP HPLC diéu ché (Sunfire C18, ACN/nudc; chét cai bién: TFA) thu dugc tert -
butyl (2S,4S) - 4 - hydroxy - 1 - {4 - [6 - metoxy - 6 - oxohex - 1 -en-1 -yl] -
8 - oxa - 3,5 - diazatrixyclo[7.4.0.0>"]trideca - 1(13),2,4,6,9,11 - hexaen - 6 -

yl}pyrolidin - 2 - carboxylat.

Budc 2:

San pham tir budc 1 duoc hydro hoa theo quy trinh téng hop chung Int-A dé thu
dugc tert - butyl (2S,4S) - 4 - hydroxy - 1 - [4 - (6 - metoxy - 6 - oxohexyl) - 8 -
oxa - 3,5 - diazatrixyclo[7.4.0.0>"]trideca - 1(13),2,4,6,9,11 - hexaen - 6 -

yl]pyrolidin - 2 - carboxylat.
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ESI-MS: 484 [M+H]*
Ri{ (HPLC): 0,65 phut (phuong phap B)
Budce 3:

San phim tir bude 2 dugc phan tng theo quy trinh chung Int-E dé thu duoc hop

chat tiéu dé duoc phan cit este.

Hop chét trung gian N-K:

o
Jk/\ N
HO o 7S
N A ~0o
o
N l(><
(AN

N

Viéc diéu ché duoc thuc hién tir hop chat trung gian N-R va metyl 3 - (but - 3 -
en - 2 - yloxy)propanoat ap dung trinh ty ba budc sau day (nguyén liéu khoi dau metyl
3 - (but - 3 - en - 2 - yloxy)propanoat dugc diéu ché tir tert-butyl este tuong g bang

cach phan cit este ¢ tinh axit sau d6 tao thanh metyl este (metanol, thionyl clorua):
Budc 1: Ghép nbi kiéu Heck theo quy trinh tong hop chung Int-G
Budc 2: Hydro hoa theo quy trinh tong hop chung Int-A

Budc 3: Phan cit este theo quy trinh tong hop chung Int-E dé thu dugc hop chat néu &

dé muc.
ESI-MS: 500 [M+H]*
R: (HPLC): 1,82 phut (phuong phap G)
Hop chét trung gian N-L:

Axit 2-(4-{6-[(25,4S) - 2 - [(tert - butoxy)carbonyl] - 4 -
hydroxypyrrolidin - 1 - yl] - 8 - oxa - 3,5 - diazatrixyclo[7.4.0.0>7]trideca -
1(13),2,4,6,9,11 - hexaen - 4 - yl} - 4,4 - diflobutoxy)axetic
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Budc 1:

Binh phan tng kho dugc trang bi thanh khudy tir va dugc nap tert-butyl 2-
allyloxyaxetat (1,00 g; 5,81 mmol), niken(II)clorua khan (0,038 g; 0,290 mmol) va natri
cacbonat (0,61 g; 5,81 mmol). Sau do, binh phan trng dugc hut chan khong trong thoi
gian ngan va nap lai khi argon (trinh ty nay duoc lap lai tong cong ba lan). DMF khan
(40mL), etyl bromodifloaxetat (1,5 mL, 11,6 mmol) va phenylsilan (2,9 mL; 23,2 mmol)
dugc thém vao binh phan tng thong qua ong tiém theo trinh ty. Binh dugc dun néng &
70 °C trong bon dau va khudy cho dén khi theo ddi TLC chi ra rang nguyén liéu khai
dau vao da duoc tiéu thy (¢ ddy: qua dém). Hon hop phan tng duoc pha lodng bang 30
mL EtOAc, va 16p hitu co duoc rira bang nude 80 ml dung dich natri clorua bdo hoa
trong nudc. Sau do, 16p hitu co duge 1am kho bang sulfat va dugc c6 dudi ap suit giam
va duoc tinh ché tiép bang FC (silicagel; hexan/EtOAc) dé thu dugc etyl 5-(2-tert-
butoxy-2-o0xo0-etoxy)-2,2-diflo-pentanoat.

Budc 2:

O nhiét do trong phong, 1,5,7-Triazabixyclo[4,4,0]dec-5-en (0,79 g; 5,68 mmol) dugc
b6 sung vao dung dich 3-aminobenzofuran-2-carboxamit (0,25 g; 1,42 mmol) trong 1,4-
dioxan (1mL). Sau do, san phém tr bude 1 (0,84 g; 2,84 mmol) dugce bo sung, nhiét do
duogc tang 1én 120 °C va tiép tuc khudy cho dén khi TLC chi ra qué trinh chuyén hoa
gan nhu hoan tat (tai day: 18 gid). Pha lodng hdn hop phan tng bang nudc (15 mL) va
chiét bang DCM (3 x 7 mL). Pd pH ctia 16p nude thu duge dugc didu chinh trong khoang

tr 4 dén 5 va chat rian két taa duoc loc.
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ESI-MS: 353 [M+H]"

R¢ (HPLC): 1,61 phut (phuvong phap H)

Budce 3:

San pham tir budc 2 dugce phan tng theo quy trinh tong hop chung Int-C.
ESI-MS: 371 [M+H]"

R¢ (HPLC): 1,82 phut (phuong phap H)

Buéec 4:

San pham tir budc 2 duoc phan tng theo quy trinh tong hop chung Int-D dé thu dugc

hop chat néu ¢ dé muc.
ESI-MS: 522,6 [M+H]"
Ri (HPLC): 2,96 phut (phuong phap G)

Hop chét trung gian N-M:
HOJ\/O\/\)KN(N; ¢
Ot

Quy trinh diéu ché duoc thuc hién twong tu nhu quy trinh dugc mo ta dé téng
hop hop chit trung gian N-L st dung 3 - amino - 6-clo - 1 - benzofuran - 2 -
carboxamit (dugc diéu ché nhu dugc mo ta trong EP1710233) lam nguyén liéu khoi dau

trong budc 2.

Hop chét trung gian N-N:

o}
N
HO 7S
N A~0
0
NGl
AR
S

Diéu ché tir hop chat trung gian N-R va metyl 4,4 - dimetylhept - 6 - enoat
tuong tu nhu trinh ty phan tng dugc mo ta dé tdng hop hop chit trung gian N-J.

Hop chét trung gian N-O:
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0
NGl
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S

Diéu ché tir hop chit trung gian N-R va etyl 6 - heptenoat twong ty nhu trinh ty
phan tmg duoc moé ta dé tong hop hop chat trung gian N-J.

Hop chét trung gian N-P:

YOS
OH N A~o
(o]
NGl ><
™o
<~

Hop chét trung gian N-U duoc phan tng theo quy trinh tong hop chung Int-E dé
thu dugc hop chat néu & dé muc.
ESI-MS: 414 [M+H]"
Ri{ (HPLC): 0,55 phut (phuong phap B)

Hop chét trung gian N-Q:

HOMN\
o N A ~0
(o]
Mol
A
<

HO

tert - butyl (2S,4S)-1-[4-(7 - etoxy -7 - oxohept-1-en-2-yl)-8-
oxa - 3,5 - diazatrixyclo[7.4.0.0%>"]trideca - 1(13),2,4,6,9,11 - hexaen - 6 - yl] - 4 -
hydroxypyrolidin - 2 - carboxylat dugc hinh thanh nhu mot san pham phu trong budc
1 cua quy trinh téng hop hop chét trung gian N-O duoc tach bang RP HPLC va duoc
phan g tiép theo trinh ty phan ng dugc mé ta dé diéu ché hop chat trung gian N-O

dé thu duogc hop chit néu & dé muc.

Hop chat trung gian N-R:
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tert - Butyl (25,4S) -1 - {4 - bromo - 8 - oxa - 3,5 -
diazatrixyclo[7.4.0.0>7]trideca - 1(13),2(7),3,5,9,11 - hexaen - 6 - yl} - 4 -

hydroxypyrolidin - 2 - carboxylat

I::‘ET"M 5Ep1 ‘__ N.,\
| m |
HH o

e

; Q "*f’

Bude 1: 4,6 - Dibromo - 8 - oxa - 3,5 - diazatrixyclo[7.4.0.0>"]trideca -
1(13),2(7),3,5,9,11 - hexaen

Hén hop ctia 1H-Benzo[4,5]furo[3,2-d]pyrimidin-2,4-dion (11,6 g; 0,0573 mol)
va phosphoryl tribromua (40,8 mL, 0,402 mol) dugc lam néng & 150 ° C trong 3 gio.
Hon hop dugc lam lanh xuéng nhiét do trong phong, d6 pH duogc diéu chinh dén pH =
7 st dung dung dich nuéc natri bicacbonat bdo hoa trong khi 1am lanh & 0 °C, va hon
hop dugc chiét bang EtOAc (3 x 50 mL). Cac 16p hiru co dugc két hop, sdy khé trén
natri sulfat va dugc bay hoi dudi 4p suat giam. Phan con lai duoc tinh ché bang cach
hoa tan trong hdn hgp DCM (3 V so véi khéi lwong san pham thd) va EtOAc (3 V so
v6i khéi lugng san pham thd) trong khi khudy. Sau khi khudy ¢ nhiét d6 trong phong

trong 30 phut, hdn hop duoc loc va dich nbi dugc bay hoi dudi ap suat giam.
ESI-MS: 327/329/331 [M+H]"
R¢ (HPLC): 0,67 phut (phuong phap A)
Budc 2: tert - Butyl (2S,4S) -1 - {4 - bromo - 8 - oxa - 3,5 -
diazatrixyclo[7.4.0.0>7]trideca - 1(13),2(7),3,5,9,11 - hexaen - 6 - yl} - 4 -
hydroxypyrolidin - 2 - carboxylat

Hon hop ciia 4,6 - Dibromo - 8 - oxa - 3,5 - diazatrixyclo[7.4.0.02,7]trideca -
1(13),2(7),3,5,9,11 - hexaen (5,56 g, 16,9 mmol) trong 93 mL. DMF dugc bo sung tert -
butyl (25,4S) - 4 - hydroxypyrolidin - 2 - carboxylat hydroclorua (4,17 g, 16,6 mmol)
va kali cacbonat bio hoa (7,03 g, 50,8 mmol). Sau khi khudy & nhiét d6 trong phong qua

dém, hdn hop phan tng dugc rét vao nude va duge trung hoa bang dung dich HCI 4M
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trong nude. Phan két tua dugc tap hop bang cach loc va lam khé trong méi trudng chan

khong.
ESI-MS: 434/436 [M+H]"
R (HPLC): 0,64 phut (phuong phap A)

Hop chét trung gian N-S:
\/\o/\(N\
N F

HO
Budece 1:

Axit 2-Allyloxyaxetic (9,02 g; 73,8 mmol) dugc hoa tan trong DCM bang mot
giot DMF va duoc lam lanh xudng 0 °C. Oxalyl clorua (23,4 g; 184 mmol) dugc b6 sung
nho giot. Hon hop phan tng duge khuay ¢ 0°C trong 2 gid. Sau d6 dung mdi dugc bay
hoi dudi ap suét giam. Can dugc hoa tan trong DMF va thém vao dung dich 3-
aminobenzofuran-2-carboxamit (13,0 g; 73,8 mmol) dugc khudy trong DMF. Sau 2 gio,
hdn hop duge rot vao 100 mL nude va duoc khudy trong 5 phat. Chat ran tao thanh duoc
thu gom, duoc hoa tan trong DCM va dugc 1am kho bang magie sulfat. Cac chat dé bay
hoi dugc 1am bay hoi va chit rin duoc nghién véi tert-butyl metyl ete dé thu duoc 3 -

[2 - (prop - 2 - en - 1 - yloxy)axetamido] - 1 - benzofuran - 2 - carboxamit.

Budce 2:

Huyén phu ctia san pham tir budc 1 trong dung dich natri hydroxit 4 M dugc
khudy trong 2 gio' & 70 °C. Hdn hop dugc axit hoa bang cach bod sung dung dich axit
clohydric va két tia tao thanh dugc thu gom va dugc lam khé dé thu duoc 4 - [(prop -
2 -en - 1 - yloxy)metyl] - 8 - oxa - 3,5 - diazatrixyclo[7.4.0.0>"]trideca -
1(9),2(7),3,10,12 - pentaen - 6 - on.

San pham tir bude 2 dugc phan tng tiép trong quy trinh hai budc theo quy trinh
tong hop chung Int-C va sau d6 Int-D dé thu duoc hop chit néu & dé muc.

ESI-MS: 426 [M+H]*
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R¢ (HPLC): 0,49 phut (phuong phap A)

Hop chét trung gian N-T:
\/\o)kl(N\

N A~0

(X

HO
Budc 1:

Natri hydrua (60 % trong dau khoang; 1,73 g, 44,2 mmol) dugc bd sung ting
phan vao natri 2-clo-2,2-difloaxetat (4,5 g, 29,5 mmol) va prop-2-en-1-ol (2,14 g, 36,8
mmol) trong THF (30 mL) & 0°C trong khoang thoi gian 2 phat duéi diéu kién nito.
Huyén phu tao thanh dugc khudy & 65 °C trong 16 gio. Hon hop phan tmg duoc lam
lanh va duoc pha lodng bang dung dich axit clohydric (2 M) cho dén khi dat dugc do
pH= 5~6 va sau d6 16p nuéc duge chiét hai 1an bang DCM (30 mL). Céc 16p hitu co két
hop duoc rua bﬁng nude mudi, duoc lam kho béng natri sulfat, dugc loc va dugc bay
hoi dé thu duoc san pham thd. San pham thdé duoc tinh ché bang FC (silicagel; ete dau

hoa/EtOAc 0% -> 30% dé thu duoc axit 2-(allyloxy)-2,2-difloaxetic.

'H NMR (400 MHz, CDCls) § 9,34 (s, 1H), 6,01 —5,91 (m, 1H), 5,45 — 5,36 (m, 1H),
5,33 -5,26 (m, 1H), 4,50 (dt, J = 5,8, 1,2 Hz, 2H)
Budce 2:

Dung dich san pham tir bude 1 (5 g, 33 mmol) trong pyridin (100 mL) dugc bd
sung 3-amino-1-benzofuran-2-carboxamit (4,63 g, 26 mmol), sau d6 bo sung nho giot
phosphoryl triclorua (15,3 g, 0,1 mol) & 0°C dudi moi truong nito. Hon hop thu duoc
dugc khudy qua dém & nhiét d6 trong phong. Hon hop duoc pha loang bang nudc (200
mL) va dugc chiét ba 1an bang EtOAc (200 mL). Céc 16p hitu co két hop duoc rira bang
nuéc mudi, duoc 1am kho bang natrisulfat, va duoc ¢d dic. Cin duoc tinh ché bang FC
(silicagel; ete dau hoa/EtOAc 15%) dé thu duoc 3-(2-(allyloxy)-2,2-
difloaxetamido)benzofuran-2-carboxamit.

ESI-MdS: 311 [M+H]*

Budec 3:

64



San pham tir bude 2 (3 g, 9,7 mmol) duge bd sung vao dung dich natri hydroxit
(14,5 mL, 4 M, 58,2 mmol), sau d6 THF (1,5 mL) duoc bod sung. Hon hop phan Ung
dugc khudy trong 4 gid ¢ 70 °C. Hon hop phan tng dugce lam ngudi (nhiét do trong
phong) duoc axit héa bang dung dich axit clohydric (2 M) dén d6 pH= 5 ~ 6 va két taa
tao thanh dugc thu gom va dugc lam kho dé thu duoc 2-
((allyloxy)diflometyl)benzofuro[3,2-d]pyrimidin-4(3H)-on thé ma dugc dua vao budc
tiép theo ma khong can tinh ché thém.

Budc 4:

Binh 3 ¢6 0,5 L dwgc nap DMF (1,36 g, 18,6 mmol) va DCM (250 mL) duoc
trang bi nhiét ké va bong nito. Binh dugc lam lanh dén 0 “C, sau d6 nho timg giot dung
dich oxalyl clorua (3,54 g, 27,9 mmol) trong DCM (5 mL) trong 5 pht, trong khi nhiét
d6 dugc duy tri & mirc 0 dén 5 ‘C. Khudy hdn hop ¢ nhiét d6 moéi trudng trong 0,5 gio.
Phan tng dugc lam lanh trong bon nude d4 dén 0 C va san pham tir budce 3 (1,8 g, 6,2
mmol) dugc thém vao ting phan. Phan Gmg duoc khudy ¢ nhiét do phong trong 15 phut,
sau d6 & 40 ‘C trong 2 gid. Sau khi 1am nguoi dén nhiét do phong, phan img dugc d6
vao da, trung hoa bang dung dich natri bicacbonat, chiét xuat hai lan bang DCM (100
mL). Pha hitu co két hop duoc rira bing nude, sy kho bang natri sulfat va c¢6 dic. San
pham tho dugc tinh ché bang FC (silicagel; ete dau hoa/EtOAc 2% -> 10%) dé thu duoc
hop chat tidu dé 2-((allyloxy)diflometyl)-4-clobenzofuro[3,2-d]pyrimidin.

"H NMR (400 MHz, DMSO-d6) & 8,41 — 8,31 (m, 1H), 7,79 (m, 2H), 7,60 — 7,54 (m,
1H), 7,26 (s, 1H), 6,06 (dq, J = 10,8, 6,0 Hz, 1H), 5,45 (dd, J = 17,2, 1,2 Hz, 1H), 5,30
(dd, J=10,4, 1,0 Hz, 1H), 4,70 (d, J = 6,0 Hz, 2H)

Budc 5:

San pham tir budc 4 duoc phan tng theo quy trinh tong hop chung Int-D dé thu duogc

hop chat néu ¢ dé muc.
ESI-MdS: 462 [M+H]*
R¢ (HPLC): 0,68 phut (phuong phap A)

Hop chét trung gian N-U:
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tert - Butyl (25,4S) -1 - [4 - (2 - etoxy - 2 - oxoetyl) - 8 - oxa - 3,5 -
diazatrixyclo[7.4.0.0%7]trideca -

1(9),2(7),3,5,10,12 - hexaen - 6 - yl] - 4 - hydroxypyrolidin - 2 - carboxylat

Q Q 0
S R Y
budc 1 ) budc 2 n={ budc 3 i
- "\ - N 0

(I&«( o= .@"’{_é

3
HO'

hop chat trung gian N-U

Bu6c 1: Etyl 2-{6-o0xo-8-oxa-3,5 - diazatrixyclo[7.4.0.0%]trideca -
1(9),2(7),3,10,12 - pentaen - 4 - yl}axetat

Hon hop cua etyl-3-aminobenzofuran-2-carboxylat (5,00 g; 24,4 mmol).) trong
dung dich axit clohydric 4 M (50,00 mL; 200 mmol) dugc bd sung etyl xyanoaxetat
(5,19 mL; 48,7 mmol) & nhiét dd trong phong. Hon hop duge 1am néng & 100°C trong
4 gid. Sau khi 1am nguoi xubéng nhiét do trong phong, 2,6 mL (24,4 mmol) khac cia etyl
xyanoaxetat dugc bo sung va lam néng duoc tiép tuc trong 48 gio & 100°C. Dung mdi
dugc lam bay hoi va can tho dugc pha loang br:ing 100mL MeOH, duoc loc lam lam

khé. San pham thé duoc dua truc tiép vao bude tiép theo.
ESI-MdS: 273 [M+H]"
Ri{ (HPLC): 0,63 phut (phuong phap B)

Bu6éc 2:  Etyl  2-{6-clo -8 -oxa- 3,5 - diazatrixyclo[7.4.0.0>"]trideca -
1(9),2(7),3,5,10,12 - hexaen - 4 - yl}axetat

Hén hop ciia etyl 2-{6-0x0-8-o0xa-3,5-
diazatrixyclo[7.4.0.0>7]trideca - 1(9),2(7),3,10,12 - pentaen - 4 - yl}axetat (3,35 g;
12,3 mmol) trong phosphoryl triclorua (50,0 mL; 547 mmol) dugc lam néng ¢ 110°C
trong 1,5 gid. Hon hop phan tng dugc lam lanh xudng nhiét do trong phong va dugc
b6 sung nho giot vao bé nuéc da (500 mL) trong diéu kién khudy trong 30 phit. Etyl
axetat duoc bd sung va cac 16p duoc tach ra. Lop hitu co duge bd sung tir tir dung dich

bicacbonat bio hoa duoc bd sung, va cac pha dugc tach ra. Lép hitu co dugc rira béng
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nudc va nudc muoi, duge lam khd bang natri sulfat, dugc loc, va c6 dac trong chan

khong.

ESI-MdS: 291 [M+H]"

R¢ (HPLC): 0,43 phut (phuong phap A)

Budc 3: tert - Butyl (2S,4S)-1-1[4 - (2 - etoxy - 2 - oxoetyl) - 8 - oxa - 3,5 -
diazatrixyclo[7.4.0.0>"]trideca - 1(9),2(7),3,5,10,12 - hexaen - 6 - yl] - 4 -

hydroxypyrolidin - 2 - carboxylat

Etyl 2 - {6-clo - 8 - oxa - 3,5 - diazatrixyclo[7.4.0.0>7]trideca -
1(9),2(7),3,5,10,12 - hexaen - 4 - yl}axetat (8,17 mmol; 1,00 duong luong, 2,50 g)
trong 30 mL NMP duoc bo sung tert - butyl (2S,4S) - 4 - hydroxypyrolidin - 2 -
carboxylat hydroclorua (8,99 mmol; 2,01 g) va DIPEA (27,0 mmol; 4,64 mL), va hon
hop thu duge duoc khudy ¢ 70°C trong 1,5 gid. Hon hop phan tng dugc 1am lanh xudng
nhiét 6 trong phong duoc bd sung tir tir vao 300mL nudc da. Chat két tiia duoc loc, rira
vai 1an bang nudc va 1am kho.

ESI-MdS: 442 [M+H]*
R¢ (HPLC): 0,67 phut (phuong phap B)

Hop chét trung gian N-V:

Br_ _N F
YJQ
N A~0

[¢]
N.“l(><
(7™
~

HO

Piéu ché tr 11 - fluoro - 8 - oxa - 3,5 - diazatrixyclo[7.4.0.0%7]trideca -
1(13),2(7),9,11 - tetraen - 4,6 - dion twong tu nhu trinh ty phan tng dugc mo ta dé tong
hop hop chat trung gian N-R. Nguyén liéu khéi dau 11 - flo-8 - oxa - 3,5 -
diazatrixyclo[7.4.0.0>7]trideca - 1(13),2(7),9,11 - tetraen - 4,6 - dion duoc diéu ché
tuong tu voi quy trinh tong hop I1-clo -8 -oxa-3,5-
diazatrixyclo[7.4.0.0>7]trideca - 1(13),2(7),9,11 - tetraen - 4,6 - dion dugc mo ta trong
W02019059577.
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bicu ché cac hop chat cuoi

CAu hinh tuyét d6i ctia gdc piperidin cta hop chat v6i R2 1a nhom metyl ¢é trong
mot phan (ching han hop chat vi du 1.01) duoc gan tir cdu trac dong tinh thé véi protein
cGAS nguoi theo phuong phép dugc mo ta boi D. J. Patel et al, PNAS 2019, 11946-
11955 (doi.org/10,1073/pnas,1905013116). Trong cac trudng hop khac, cdu hinh tuyét
d6i duoc gan dya trén gia dinh rang dong phan khong dbi quang manh hon luén c6 cu

hinh (S,5S.S,5).

Vidu 1.01 (Quy trinh chung A, B, C, D)

Budc 1 (Quy trinh chung A):

Trong d6 thiy tinh lam kho trong 10 trong méi trudng argon, hop chat trung gian
N-A (216 mg; 0,418 mmol) va hop chét trung gian B-01 (188 mg; 0,439 mmol), dugc
hoa tan trong DMA (4,05 ml), duoc bd sung natri hydrua (55% trong dau khoang; 73,0
mg; 1,67 mmol). Sau khi bong bong di ling xudng, phan tmg duoc 4m dén 35 °C va
dugc khudy trong 25 phit nita. Phan ung sau d6 duoc lam ngimng bang cach bo sung
nuéc da, duoc pha lodng bang EtOAc, va duoc axit hoa bang cach bd sung dung dich
axit clohydric (1 M; 1,7 mL). Hdn hop duoc chiét ba lan bang EtOAc, cac 16p hitu co
két hop duoc rua lan luot bé“mg nude va nude mudi, va duge bay hoi dén kho. Hon hop

phan tng thd dugce tinh ché bang FC (silicagel; xyclohexan/EtOAc 25% -> 100%).
ESI-MdS: 833 [M+H]*
Ri¢ (HPLC): 0,92 phut (phuong phap B)
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Budc 2 (Quy trinh chung B):

Hon hop ctia hop chat trung gian tir budc 1 (272 mg; 0,326 mmol) va ACN (10
mL) dugc b sung TosOH (124 mg; 0,653 mmol) va hdn hop duge khudy trong 3 ngay
& nhiét do trong phong trong lo bit kin. Khi kiém soat phan tng bang HPLC d chi ra
muc chuyén hoa thép, thém TosOH (45,0 mg; 0,237 mmol) dugc bo sung va hén hop
dugc gia nhiét thém ¢ 40 °C cho dén khi kiém soat phan Gmg bang HPLC d chi ra sy
chuyén héa & muc cao thanh san pham mong mudn. DMF va giot nuéc duge bo sung,
hdn hop sau d6 duge loc va duogce tinh ché bang HPLC (Sunfire C18; ACN/nuéc véi
TFA lam chat cai bién).

ESI-MdS: 733 [M+H]"
Ri (HPLC): 0,62 phut (phuong phap B)
Budc 3 (Quy trinh chung C):

Trong do thuy tinh 1am kho trong 16 duéi argon, dung dich HATU (81,2 mg;
0,214 mmol) trong DMF (4 mL) dugc bd sung tir tir bang bom tiém dung dich hop chat
trung gian tir budc 2 (145 mg; 0,198 mmol) trong DMF (12 mL) trong khi khuay manh.
Hon hop dugc khudy tiép cho dén khi kiém soat phan tng bang HPLC da chi ra su
chuyén héa & mirc cao thanh san pham mong mudn. Phan tng sau d6 duoc 1am ngimg
bang bd sung nude, duogce chiét ba lan bang EtOAc, cac 16p hitu co két hop dugc rira 1an
luot bang nude va nude mudi, va duge bay hoi dén kho. Hon hop phan tng thd duoc
tinh ché bang FC (xyclohexan/ EtOAc 50% -> 100%, sau d6 EtOAc/MeOH 0% -> 10%)).
ESI-MdS: 715 [M+H]*
R¢ (HPLC): 0,80 phut (phuong phap B)
Budc 4 (Quy trinh chung D):

Hon hop cua hop chét trung gian tur bude 3 (79,0 mg; 0,110 mmol), DCM (1,06
ml) va TFA (852 pL) dugc khudy & nhiét do trong phong trong 90 phut. Khi kiém soét
phan ing béng HPLC da chi ra muc chuyén hoa thép, nhiét do dugc tang Ién 37°C va
tiép tuc khudy trong 3 gio. khi kiém soat phan ng bang HPLC cho thiy mitc chuyén
hoa van thip, nhiét do duoc ting 1én 45°C va tiép tuc khudy cho dén khi kiém so4t phan
g bang HPLC d4 chi ra sy chuyén héa & mic cao thanh san pham mong mudn. Hon
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hop dugc bay hoi va san pham thé dugc tinh ché bang HPLC diéu ché (Sunfire C18;
ACN/nuéc voi TEA 1am chat cai bién).

ESI-MdS:

659 [M+H]*

R (HPLC): 0,83 phut (phuong phap E)

Céc hop chit sau ddy dugc didu ché twong tu nhu hop chét vi du 1.01 duoc mo ta trén

day, theo cac quy trinh chung A, B, C, va D:

R«
Vi Nguyén ’ (HP’LC) Nhan xét qvé
du ligu ban|Cau trac ESI-MS | [phut] quy trinh tong
© |dau (phuwong |hop
phap)
ad
0 Na I o
Int N-A N 0
+ Int. B- \ Q <OH 659 0,70
_l’_
A [M+H]"  |(B)
; |
Cl
ad
0 N | o
N O
Int N-A €, e 0.51
1.03 |+ Int. B-|o O\ R e |
03 A, [M+H]"  [(A)
F
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1.04

Int N-A
+ Int. B-
04

629
[M+H]*

0,51
(A)

1.05

Int N-A
+ Int. B-
05

625
[M+H]*

0,75
(E)

Buéc 2 su
dung

dung dich axit
clohydric 4 M
trong dioxan
0 nhi¢t do
trong phong

1.06

Int N-A
+ Int. B-
06

659
[M+H]*

0,71
(B)

1.07

Int N-B +
Int. B-05

Cl

659
[M+H]*

0,55
(A)
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Cl

IntN-B + 693 0,61
LO8 e o2 |° Q o a e
- A, [M+HT" | (A)
Cl
/N F
Yhss
N (o]
IntN-C + e <. 677 0,56
LO9 e Bo02 | © Q o oA
- A [M+HT" | (A)
Cl
N
O’Y |
NS o
N «o
Int N-D 659 0,59
110 [+ Int. B-| g2~ o~ 05—7 on o
06 (LS IMHT | (A)
N \N
Cl
N
(6] z I
° "y o Buéc 3 sk
N duyng EDC
1 11 Int N—E+ o " o Q‘ qu 661 0,82 hydroclorua
" |Int. B-02 a i [M+H]" | (C) trong DCM
N

lam chét phan
ung ghép noi
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Int N-F + 693 0,79
1.12
Int. B-02 [M+H]"  [(A)
Int N-F + 693 1,13
1.13
Int. B-06 [M+H]"  |(B)
i
Int N-G 677 0,70
1.14 |+ Int. B- .
05 [M+H]" | (A)
F
Int N-G 695 0,73
1.15 |+ Int. B- X
07 [M+H] (A)
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Int N-H

Cl

693 0,74

1.16 |+ Int. B- )

05 [M+H]" | (A)

Int N-I + 695 0,70
1.17

Int. B-05 [M+H]"  [(A)

Int N-I + 713 0,73
1.18

Int. B-07 [M+H]"  [(A)

Int N-J + 609 0,59
1.19

Int. B-05 [M+H]"  |(B)

N

Int N-K J:\ '"( 673 0.55
1.20 |+ Int. B-|o N\/l 05_7 . o

02 A [M+H] (A)
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Int N-L + 695 0,69
1.21 oINS ©
Int. B-02 (l ° [M+H]" | (A)
A
Cl
FOF
/N Cl
Oﬂ\ | o
Int N-M NS 695 0,68
1.22 |+ Int. B- J: N Q £, ’
05 ° Q 3 [M+H]" (&)
A
/N
NS | o
Int N-N 4 651 0,59
05 9
A
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khong doi quang: cau hinh
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609
[M+H]*

0,60
(B)

Ddng  phan

khong  ddi
quang  tinh
khiét.  Hon

hop cua dong
phan  khong
dbi quang
tinh khiét thu
duoc tir budc
3 duoc tach ra
bang RP
HPLC
(Sunfire C18,
ACN/nudc,
chét cai bién:
TFA). Déng
phan  khong
dbi quang rira
giai tho nhat
duoc dua vao
budc 4.

Int N-Q
+ Int. B-
10
Int N-Q
+ Int. B-
10

609
[M+H]*

0,60
(B)

Pong  phan

khéng  ddi
quang  tinh
khiét.  Hon

hop cua dong
phan  khong
dbi quang
tinh khiét thu
duoc tir budc
3 duoc tach ra
bang RP
HPLC
(Sunfire C18,
ACN/nudc,
chit cai bién:
TFA). Pong
phan  khong
d6i quang rira
giai thar hai
duoc dua vao
budc 4.
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Int N-F +

1.27 Int. B-13

673
[M+H]*

0,95
(A)

Ddng  phan
khong  ddi
quang rua
giai thir nhét
trong qua
trinh tinh ché
& budc cudi
cung thong
qua RP HPLC
diéu ché
(XBridge
C1s;
ACN/H20;
chat cai bién:
TFA)

Int N-F +

1.28 Int. B-13

673
[M+H]*

0,96
(A)

Pong  phan
khong d6i
quang rua
gidi th hai
trong qua
trinh tinh ché
& budc cubi
cung  thong
qua RP HPLC
diéu ché
(XBridge
C18;
ACN/H20;
chat cai bién:
TFA)

Vidu2.01:




.....

Budc 1:

Hop chét trung gian B-09 duoc phan tng theo quy trinh tong hop chung D dé thu
dugc mudi TFA cua rac-trans-7-clo - 2 - metansulfonyl - 1 - [3 - metylpiperidin -
4 -yl] - 1H - 1,3 - benzodiazol
Buéce 2:

San pham cua budc 1 duoc phan ung véi 1,2 duong luong axit 4 - {[(tert -
butoxy)carbonyl]amino } butanoic theo quy trinh tong hop chung C.

Budc 3:

San pham ctia bude 2 dugc phan tng véi hop chét trung gian N-P theo quy trinh
tong hop chung A dé thu duoc axit 2 - {6 - [(2S.,4S) - 2 - [(tert - butoxy)carbonyl] -
4 - ({1 -[1-(4 - {[(tert - butoxy)carbonyl]amino }butanoyl) - 3 - metylpiperidin -
4 - yl] - 7-clo - 1H - 1,3 - benzodiazol - 2 - yl}oxy)pyrrolidin - 1 - yl] - 8 - oxa -
3,5 - diazatrixyclo[7.4.0.0>"]trideca - 1(9),2(7),3,5,10,12 - hexaen - 4 - yl}axetic (v6i
céu hinh trans triét quang & gbc piperidin).
Budc 4:

San pham ciia bude 3 duge khir bao vé BOC bang cach phan tng véi 1,5 duong

lugng axit clohydric (4 M trong dioxan) trong dioxan ¢ nhi¢t do trong phong qua dém.

San pham thé duoc tinh ché bang RP HPLC (Sunfire C18; ACN/nudc/chit cai bién:
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TFA) & thu dugc mudi TFA cua axit 2 - {6-[(2S,4S)-4-({1-[1-(4-
aminobutanoyl) - 3 - metylpiperidin - 4 - yl] - 7-clo - 1H - 1,3 - benzodiazol - 2 -
yl}oxy) - 2 - [(tert - butoxy)carbonyl|pyrrolidin - 1 - yI] - 8 - oxa - 3,5 -
diazatrixyclo[7.4.0.0%7]trideca - 1(9),2(7),3,5,10,12 - hexaen - 4 - yl}axetic (véi cdu
hinh trans triét quang ¢ gdc piperidin).

Budce 5:

San pham ctia budc 4 duoc phan tng theo quy trinh tong hop chung C dé thu dugc tert -
butyl (12S,14S) - 4-clo - 37 - metyl - 29,34 - dioxo - 11,18 - dioxa -
2,9,15,26,30,35,40 -

heptaazaoctaxyclo[33.2.2.1!%15 11627 0210 038 017:25 01°-24]hentetraconta -
3,5,7,9,16(40),17(25),19(24),20,22,26 - decaen - 14 - carboxylat (voi cAu hinh trans
triét quang & gbc piperidin).

Buéec 6:

San pham cta budc 5 duoc phan ung theo quy trinh tong hop chung D dé thu dugc hop
chat néu ¢ d& muc axit (12S,14S) - 4-clo - 37 - metyl - 29,34 - dioxo - 11,18 -
dioxa - 2,9,15,26,30,35,40 -

heptaazaoctaxyclo[33.2.2.11%1% 11627 0210 038 017:25 01%-24]hentetraconta -
3,5,7,9,16(40),17(25),19(24),20,22,26 - decaen - 14 - carboxylic (voi cdu hinh trans
triét quang & gdc piperidin).

ESI-MdS: 672 [M+H]"

R¢ (HPLC): 0,88 phut (phuong phap E)

Vidu 3.01:
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Budce 1:

Hop chét trung gian 1.02 dugc khtr bao vé BOC theo quy trinh tong hop chung B
dé thu duoc mudi TFA cua tert - butyl (2S,4S) - 1 - {4 - [1,1 - diflo - 2 - (prop - 2 -
en - 1 - yloxy)etyl] - 8 - oxa - 3,5 - diazatrixyclo[7.4.0.0>"]trideca -
1(13),2,4,6,9,11 - hexaen - 6 - yl} -4 - ({1 - [(3S,4S) - 3 - metylpiperidin - 4 -

yl] - 1H - 1,3 - benzodiazol - 2 - yl}oxy)pyrolidin - 2 - carboxylat.
ESI-MdS: 689 [M+H]"

R¢ (HPLC): 0,62 phut (phuong phap A)

Budc 2:

Quy trinh chung G:

Dung dich san pham tir bude 1 (105 mg; 0,127 mmol), axit vinylaxetic (14,5 pl;
0,165 mmol) va DMAP (2,0 mg; 0,016 mmol) trong DCM (1,05 mL) at 0 °C dugc bo
sung nho giot DCC (1 M; 165 pL; 0,165 mmol). Trong khi khudy, hdn hop dugc dé 4m
dén nhiét d6 trong phong va sau d6 dugc khudy trong mot gid nita. Hon hop duogc bay
hoi dén kho va can dugc tién hanh FC (CH/EtOAc 40% -> 100%). San pham khong tinh
khiét thu duoc duoc tinh ché thém biang RP HPLC (Sunfire C18; ACN/nudc, chat cai
bién: TFA) dé thu dugc tert - butyl (2S,4S)-4- ({1 -[(3S,4S)-1 - (but-3 -
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enoyl) - 3 - metylpiperidin - 4 - yl] - 1H - 1,3 - benzodiazol - 2 - yl}oxy) - 1 -
{4 -[1,1 -diflo-2 - (prop -2 - en - 1 - yloxy)etyl] - 8 - oxa - 3,5 -
diazatrixyclo[7.4.0.0>"]trideca - 1(13),2,4,6,9,11 - hexaen - 6 - yl}pyrolidin - 2 -
carboxylat.

ESI-MdS: 757 [M+H]"

R¢ (HPLC): 0,77 phut (phuong phap A)

Buée 3:

Quy trinh chung H:

Dung dich san pham tir buéc 2 (dugc lam kho bang dong chung cat dong soi vai
toluen; 77,0 mg; 0,102 mmol) trong 1,2-dicloetan (dugc khir khi; 9,0 ml) trong binh
thuy tinh dugc 1am kho bang 16 dugc bo sung chét xuc tac Grubbs II (5,0 mg). Hon hop
duoc khuéy trong 24 gio ¢ 80 °C, sau d6 cung mot luong chét xtc tac lai duogc bod sung
va hon hop dugc khudy thém 24 gio nita. Phan tng dugc lam nging bang bod sung
imidazol (10 mg), sau d6 lam ngudi xudng nhiét d6 trong phong. Hon hop dugc cb dic
va dugc tién hanh FC (silicagel; CH/EtOAc 20% -> 100%) dé thu dugc tert - butyl
(1S,12S,14S,32E,38S) - 28,28 - diflo - 38 - metyl - 35 - oxo - 11,18,30 - trioxa -
2,9,15,26,36,41 -

112,15 116,27 02,10 03,8 017,25 019,24]

hexaazaoctaxyclo[34.2.2. dotetraconta -

3(8),4,6,9,16(41),17(25),19,21,23,26,32 - undecaen - 14 - carboxylat.
ESI-MdS: 729 [M+H]*

R¢ (HPLC): 0,73 phut (phuong phap A)

Budc 4:

Hon hop cua san phém tor bude 3 (22,0 mg; 0,0302 mmol), etanol (1,5 mL) va
Pd/C 10% duoc giit dudi hydro (5 psi) trong thiét bi Parr qua dém. Hon hop duoc loc,

bay hoi va dugc dua vao budc tiép theo.
ESI-MdS: 731 [M+H]*

Ri¢ (HPLC): 1,09 phut (phuong phap E)
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Budc 5:

San pham tir budc 4 (22,1 mg) duoc phan Gng theo quy trinh tong hop chung D.
San pham duoc tinh ché thém biang RP HPLC (Sunfire C18, ACN/nudc, chat cai bién:
TFA).

ESI-MdS: 675 [M+H]"
R (HPLC): 0,60 phut (phuong phap A)

Viduy4.01:
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Budce 1:

Dung dich hop chét trung gian 1.02 dugc khir khi (150 mg; 0,190 mmol) trong
etyl acrylat (1,56 mL; 14,3 mmol) duogc bo sung chét xuc tac Grubbs 1T (8,1 mg; 0,0095
mmol). Hon hop duoc khudy trong 24 gid, sau d6 bay hoi va duoc tién hanh FC
(CH/EtOAc 30% -> 100%) dé thu duoc tert - butyl (3S,4S) - 4 - (2 - {[(3S,5S) - 5 -
[(tert -
butoxy)carbonyl] - 1 - [4 - (2 - {[4 - etoxy - 4 - oxobut - 2 - en - 1 - yl]oxy} -
1,1 - difloetyl) - 8 - oxa - 3,5 -
diazatrixyclo[7.4.0.0>7]trideca - 1(13),2,4,6,9,11 - hexaen - 6 - yl]pyrrolidin - 3 -

ylJoxy} - 1H - 1,3 - benzodiazol - 1 - yl) - 3 - metylpiperidin - 1 - carboxylat.

ESI-MdS: 861 [M+H]"
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R¢ (HPLC): 1,28 phut (phuong phap B)
Buéce 2:
Quy trinh chung E

Hon hop cta san pham tir bude 1 (140 mg; 0,163 mmol), Pd/C 10% (28 mg) va
etanol (2,0 mL) dugc phan tng trong thiét bi Parr & nhiét do trong phong duéi hydro
(50 psi) cho dén khi kiém soat HPLC chi ra su chuyén héa cta nguyén liéu ban dau (4
gid). Hon hop duoc loc, ¢o dic dudi didu kién giam va tién hanh tinh ché bang RP HPLC
(XBridge C18, ACN/nuéc, chit cai bién: TFA) dé thu duoc tert - butyl (3S,4S) - 4 -
(2 - {[(3S,5S) - 5 - [(tert - butoxy)carbonyl] - 1 - {4 - [2 - (4 - etoxy - 4 -
oxobutoxy) - 1,1 - difloetyl] - 8 - oxa - 3,5 - diazatrixyclo[7.4.0.0>"]trideca -
1(13),2,4,6,9,11 - hexaen - 6 - yl}pyrrolidin - 3 - ylloxy} - 1H - 1,3 -
benzodiazol - 1 - yl) - 3 - metylpiperidin - 1 - carboxylat.
ESI-MdS: 863 [M+H]"
R (HPLC): 1,28 phut (phuong phép B)
Buée 3:
Quy trinh chung F

San pham tir bude 2 (118 mg; 0,137 mmol) duoc dua vao trong hdn hop cua dung
dich Lithi hydroxit (2 M; 153 uL; 0,306 mmol), MeOH (0,80 mL) va THF (4,0 mL).
Hon hop dugc khudy & 40 °C cho dén khi phan tich HPLC chi ra sy chuyén hoa (7 gio),
o dac dudi ap suat giam, duoc pha lodng bang nudc va axit hoa bang luong dang mol
ctia dung dich axit clohydric. Giot metanol dugc bd sung va hdn hgp duogc chiét bang
DCM. Lép hitu co dugce tach ra, c6 dac dudi diéu kién giam va duogc dua vao budce tiép

theo.
Budc 4:

San pham tir budc 3 dugc phan Gng theo quy trinh tong hop chung B dé thu dugc
axit 4 -(2- {6 - [(2S,4S) - 2 - [(tert - butoxy)carbonyl] - 4 - ({1 - [(3S,4S) - 3 -

metylpiperidin - 4 - yl] - 1H - 1,3 - benzodiazol - 2 - yl}oxy)pyrrolidin - 1 - yI] -
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8 - oxa - 3,5 - diazatrixyclo[7.4.0.0>"]trideca - 1(13),2,4,6,9,11 - hexaen - 4 - yl} -
2,2 - difloetoxy)butanoic.
Buée 5:

San pham tir budc 4 dugc phan Gng theo quy trinh tong hop chung C dé thu dugc
tert - butyl (1S,1285,148,37S) - 28,28 - diflo - 37 - metyl - 34 - oxo - 11,18,30 -
trioxa - 2,9,15,26,35,40 -
hexaazaoctaxyclo[33.2.2.11%15,11627 0210 038 017:25 01°-24]hentetraconta -
3,5,7,9,16,19,21,23,25,27(40) - decaen - 14 - carboxylat.

Budc 6:

San pham tir budc 5 dugc phan ing theo quy trinh tong hop chung D dé thu dwoc

hop chét néu & dé muc

ESI-MdS: 661 [M+H]"

R¢ (HPLC): 0,90 phut (phuong phap B)
Vidu5.01:

O/Y |
N~ o)
0]

N

=
Qg

Qua trinh tong hop duoc thuc hién bit dau tir cac hop chat trung gian N-S va B-

11 st dyng trinh ty phan ing sau day:

Budc 1: Thé thom i nhan st dung quy trinh chung A (cac chat phan ting: N-S va B-11)
Budce 2: khir bao vé¢ BOC str dung quy trinh chung B

Budce 3: Phan g véi axit 4-pentenoic st dung quy trinh chung G

Budc 4: Chuyén vi sir dung quy trinh chung H

Budce 5: Hydro hoa st dung quy trinh chung E
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Budc 6: Khur bdo v¢ tert butyl este sir dung quy trinh chung D
ESI-MdS: 643 [M+H]"

R¢ (HPLC): 0,58 phut (phuong phap A)

Vidu6.01: cl

Qua trinh tong hop duoc thuc hién bat dau tir cac hop chét trung gian N-T va B-
02 sur dung trinh ty phan tng sau day:

Budc 1: Thé thom i nhéan st dung quy trinh chung A (cac chét phan ing: N-T va B-02)

Budc 2: Chuyén vi voi metyl 3-butenoat 1am olefin tht hai 4p dung cai bién cta quy
trinh chung H (phan tng trong DCM ¢ nhiét 40 trong phong, sit dung 15 duong lugng
metyl 3-butenoat va sau 24 gid bo sung thém 15 duong luong metyl 3-butenoat va thém

0,3 duong luong chat xuc tac trong cac phan.
Budc 3: Hydro hoa str dung quy trinh chung E (dung moéi: EtOAc)

Budc 4: Xa phong hoa este st dung quy trinh chung F (dung dich lithi hydroxit / THF,
50 °C, 5 gio)

Budce 5: Khtr bao vé BOC sur dung quy trinh chung B

Budc 6: Amit hoa dong vong str dung quy trinh chung C (dung moi: DMA)
Budc 7: Khir bao v¢ tert butyl este st dung quy trinh chung D

ESI-MdS: 695 [M+H]"

R (HPLC): 0,72 phut (phuong phap A)

Vidu 7.01:
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Qua trinh tong hop duoc thuc hién bat dau tir cac hop chét trung gian N-R va B-10 sir

Q

dung trinh ty phan ing sau day:

Budc 1: Thé thom ai nhén sir dung quy trinh chung A (cac chat phan ung: N-R va B-
10)

Budc 2: Khir bao vé BOC sur dung quy trinh chung B
Budc 3: Amit bang axit (3R)-3-prop-3-en-1-yloxy)butanoic sir dung quy trinh chung C
Budc 4:

Dung dich dugc khir khi (duéi argon) cta san pham tir buée 3 (162 mg; 0,213
mmol), xesi cacbonat (174 mg; 0,533 mmol) va bac iodua (55,1 mg; 0,235 mmol) trong
dioxan  dwoc  bd  sung  chat  xac  taic  [1,1'-BIS(DI-TERT-
BUTYLPHOSPHINO)FEROXEN]DICLOPALADI(II) (21,3 mg; 0,0320 mmol). Hon
hop duge khudy ¢ 120 °C trong 24 gid, sau d6 lam ngudi xudng nhiét do trong phong.
Hdn hop duoc pha loing bang ACN/metanol duoc loc va duoc tinh ché bang RP HPLC
diéu ché (XBridge C18, ACN/nudc, chat cai bién: TFA) dé thu dugc tert - butyl
(12S,14S,32R) - 32 - metyl - 34 - oxo - 11,18,31 - trioxa - 2,9,15,26,35,40 -

112,15 116,27 02,10 03,8 017,25 019,24]

hexaazaoctaxyclo[33.2.2. hentetraconta -

3(8),4,6,9,16(40),17(25),19(24),20,22,26,28 - undecaen - 14 - carboxylat.

ESI-MdS: 679 [M+H]"
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R¢ (HPLC): 0,60 phut (phuong phap A)

Budce 5: Hydro hoa stir dung quy trinh chung E.

Budc 6: Khur bdo v¢ tert butyl este sir dung quy trinh chung D
ESI-MdS: 625 [M+H]"

R¢ (HPLC): 0,47 phut (phuong phap A)

Vidu8.01:
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Qua trinh téng hop duoc thuc hién bat dau tir cac hop chét trung gian N-S va B-
10 st dung trinh ty phan ng sau day:

Budc 1: Thé thom 4i nhéan st dung quy trinh chung A (cac chat phan tng: N-S va B-10)
Budc 2:

Phan g dudi argon. Hon hop duge khir khi cta san pham tir budc 1 (381 mg;
0,500 mmol), niken(IT)clorua (3,3 mg; 0,025 mmol), natricacbonat (53 mg; 0,50 mmol)
va DMF khan (4,77 ml) duoc bo sung & nhiét do trong phong etyl bromodifloaxetat (209
mg; 1,00 mmol) va phenylsilan (223 mg; 2,00 mmol). Hon hop duoc khudy trong binh
bit kin trong 14 gio & 70 °C. hdn hop dugc rét vao nude mudi bao hoa va hdn hop thu
dugc duoc chiét bang EtOAc bio hoa. Cac 16p hitu co két hop dugc 1am kho biang natri
sulfat, duoc loc va dugc bay hoi. San pham thé duoc tinh ché bang RP HPLC diéu ché
(XBridge C18; ACN/nuéc, chat cai bién: TFA) dé thu duoc tert - butyl 4 - (2 -
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{[(3S,5S) - 5 - [(tert - butoxy)carbonyl] - 1 - (4 - {[(5 - etoxy - 4,4 - diflo - 5 -
oxopentyl)oxy]metyl} - 8 - oxa - 3,5 - diazatrixyclo[7.4.0.0%7]trideca -
1(13),2,4,6,9,11 - hexaen - 6 - yl)pyrrolidin - 3 - ylJoxy} - 1H - 1,3 - benzodiazol -
1 - yl)piperidin - 1 - carboxylat.

ESI-MdS: 649 [M+H]"

R¢ (HPLC): 0,80 phut (phuong phap A)

Budc 3: Xa phong hoa este st dung quy trinh chung F (dung dich lithi hydroxit / THF,
nhiét dg trong phong, 2,5 gi0)

Budc 4: Khir bao vé BOC sur dung quy trinh chung B

Budce 5: Amit hoa dong vong st dung HATU trong DMF st dung quy trinh chung C
Budc 6: khir bao v¢ tert-butyl este st dung quy trinh chung D

ESI-MdS: 647 [M+H]"

R: (HPLC): 0,53 phut (phuong phap A)

Viduy9.01:
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Qua trinh tong hop duoc thuc hién bt du tir cac hop chét trung gian N-R va B-10 sir

dung trinh ty phan ing sau day:
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Budc 1: Thé thom 4i nhan sir dung quy trinh chung A (cac chit phan ung: N-R va B-
10)

Budce 2:
Quy trinh chung I:

Duéi argon, paladi(Il)-axetat (9,0 mg; 0,040 mmol) va Tri-o-tolylphosphin (24,4
mg; 0,080 mmol) dugce bd sung vao dung dich san pham dwogc khir khi tir bude 1 (326
mg; 0,400 mmol), axit allyloxy-axetic (133 pL; 1,20 mmol) va trietylamin (112 pL;
0,800 mmol) trong DMF (6,52 mL). Lo duogc bit kin va hdn hop phan tng duoc khudy
trong 2,5 gid ¢ 115 °C. Hon hop phan tmg duoc pha lodng bang ACN/H20, dugc loc
va dugc tinh ché tryc tiép bang RP HPLC diéu ché (XBridge C18; 30 - 100 %
ACN/H20, chét cai bién: amoniac) dé thu dugc axit 2 - {[(3 - {6 - [(2S,4S) - 2 -
[(tert - butoxy)carbonyl] - 4 - [(1 - {1 - [(tert - butoxy)carbonyl]piperidin - 4 -
yl} - 1H - 1,3 - benzodiazol - 2 - yl)oxy]pyrrolidin - 1 - yl] - 8 - oxa - 3,5 -
diazatrixyclo[7.4.0.0>7]trideca - 1(13),2,4,6,9,11 - hexaen - 4 - yl}prop - 2 - en -
1 - ylJoxy}axetic 12 hdn hop cuia cac chat dong phan E/Z.
ESI-MdS: 769 [M+H]"
R¢ (HPLC): 0,57/0,58 phut (phuong phép F)
Budc 3: Hydro hoa str dung quy trinh chung E (dung moéi: EtOAc)
Budce 4: Khir bdo vé BOC st dung quy trinh chung B
Budce 5: Amit hoa dong vong st dung HATU trong DMF str dung quy trinh chung C
Budc 6: Khir bao vé tert butyl este st dung quy trinh chung D
ESI-MdS: 597 [M+H]*
R¢ (HPLC): 0,42 phut (phuong phap A)

Vidu 10.01 va vi du 10.02:
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Qua trinh téng hop dugc thue hién bit dau tir cic hop chit trung gian N-R va 103
st dung trinh tu phan ing sau day:
Budc 1: Thé thom 4i nhan sir dung quy trinh chung A (céc chat phan tmg: N-R va 1.03)
Budc 2: Ghép ndi Heck ndi phan tir ap dung quy trinh chung I (thoi gian phan ung 17
gi0; 100 °C)
Budc 3: Hydro héa sir dung quy trinh chung E (chat xuc tac: Raney-Ni; dung moi:
metanol)
Budce 4: Khir bdo vé tert butyl este sir dung quy trinh chung D

Budc 5:

Hdn hop chét dong phan khong ddi quang tinh khiét thu duoc duoc tach ra bang
SFC diéu ché (Thiét bi: Sepiatec PrepSFC50; Cot: CHIRAL ART Xenluloza-SC (10
mm * 250mm, 5um); pha dong: A déi véi CO2 va B ddi véi IPA [+20 mM NH3];
Gradien: B% = 25% ché do rtra giai dang dong; téc 6 dong: 15 mL/phuat; Chiéu dai
budc song: 220nm; nhiét do cot: 40 do C; Ap suét nguoc cua hé théng 150 bar).

Vi du 10.01 (rira giai thir nhat)

ESI-MdS: 625 [M+H]"

R¢ (HPLC): 0,804 phut (phuong phap E)
va vi du 10.02 (rtra giai tha hai).
ESI-MdS: 625 [M+H]*

R (HPLC): 0,814 phut (phuong phap E)
Viduy 11.01:
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Qua trinh tong hop duogc thyc hién bat dau tir cac hop chat trung gian N-R va B-
10 str dyng trinh ty phan ing sau day:

Budc 1: Thé thom ai nhén sir dung quy trinh chung A (cac chat phan ung: N-R va B-
10)
Buéce 2:

Hoén hop cta san phém tr bude 1 (500 mg; 0,682 mmol), 1,4-butandiol (1,22 mL;
13,6 mmol), kali tert-butylat (229 mg; 2,04 mmol) va ACN (10 mL; dugc 1am kho bang
rdy phan tir) duoc khudy trong lo bit kin ¢ 80 °C qua dém. Hon hop duoc bay hoi va cin
duogc tién hanh tinh ché bang RP HPLC (Sunfire C18, ACN/nudc, chit cai bién: TFA)
dé thu duogc tert - butyl 4 - (2 - {[(3S,5S) - 5 - [(tert -
butoxy)carbonyl] - 1 - [4 - (4 - hydroxybutoxy) - 8 - oxa - 3,5 -
diazatrixyclo[7.4.0.0>7]trideca - 1(13),2,4,6,9,11 - hexaen - 6 - yl]pyrrolidin - 3 -
ylJoxy} - 1H - 1,3 - benzodiazol - 1 - yl)piperidin - 1 - carboxylat.
ESI-MdS: 743 [M+H]"
R¢ (HPLC): 0,70 phut (phuong phap A)

Budc 3:
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Hon hop cua san pham tir budc 2 (143 mg; 0,193 mmol), 4-nitrophenyl
cloroformat (87,1 mg; 0,424 mmol), pyridin (103 pL; 1,27 mmol) va DCM (6,0 mL)
dugc khudy & nhiét do trong phong trong 4 gid. Céc chét d& bay hoi dugc lam bay hoi

va san pham tho duoc dua vao budc tiép theo ma khong can tinh ché thém.

Budc 4: Khir bao vé BOC ¢ tinh axit dugc thuc hién ap dung diéu kién ciia quy trinh

chung D.
Budce 5:

Dé dong vong tao thanh carbamat, san pham tho tir bude 4 dugc dua vao trong
DIPEA du va duoc khudy trong 90 phut ¢ 70 °C. Hon hop duoc bay hoi va duoc dua

vao budc tiép theo ma khong can tinh ché thém.

Budce 6: Budc 4: Khur bao vé tert butyl este sir dung quy trinh chung D
ESI-MdS: 613 [M+H]"

R (HPLC): 0,50 phut (phuong phép A)

Vi du 12.01 (hdn hop triét quang ctia cac chat dong phan trans):
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Budec 1:

Hon hop cua tert-butyl-3-(2-hydroxyetoxy)propanoat (1,45 g ; 7,62 mmol),
pyridin (663 mg ; 8,38 mmol) va DCM (15 mL) duoc 1am lanh xudng 0 °C, dugc bd
sung nho giot dung dich 4-nitrophenyl-cloformat (1,54 g ; 7,62 mmol) trong DCM (15
mL). Hon hop duoc khudy ¢ nhiét do trong phong qua dém, sau d6 duoc pha lodng bang
DCM va dugc chiét bang nude. Lop hitu co duoc bay hoi va san pham thd duoc dua

vao budc tiép theo.
Budce 2:

Hdn hop ctia san pham tho tir budc 1 (686 mg), hop chat trung gian B-12 (500
mg), diisopropyl-etylamin (742 uL) va THF (8,0 mL) duoc hoi luu trong 2 gid. Hon
hop duoc bay hoi, dugc dua vao EtOAc va dugc chiét hai 1an bang dung dich natri

hydroxit (1 M), sau d6 duoc rira bang nude va nude mudi. Lép hitu co duge bay hoi dén
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kho va san pham phan tng tho duoc tinh ché bang FC (silicagel; ete dau hoa/EtOAc 5%
> 35%) dé thu duoc tert - butyl 2 - {3 - [3 - metyl - 4 - [2 - (metylsulfanyl) - 1H -
1,3 - benzodiazol - 1 - yl]piperidin - 1 - carbonyloxy]propoxy}axetat trans  tri¢t
quang.

ESI-MdS: 478 [M+H]*

R (HPLC): 0,85 phut (phuong phap E)

Budc 3: Phan cit este c6 tinh axit st dung quy trinh chung D ma khong can tinh ché séac
ky.

Budce 4:

Dung dich san pham tir budc 3 (579 mg) trong ACN (10 mL) dugc bd sung 1-
clo-N,N,2-trimetylpropenylamin (259 uL; 3,92 mmol) & nhiét ¢ trong phong. Hon hop
duoc khqu qua dém, dugc bay hoi, dugc cho vao trong DCM va dugc chiét béng nudc.
L6p hitu co duge bay hoi va duoc tién hanh FC (silicagel; ete dau hoa/EtOAc 45% ->
95%).

ESI-MdS: 580 [M+H]"
R¢ (HPLC): 0,81 phut (phuong phéap E)
Budce 5:

San pham tir budc 4 (650 mg; 1,12 mmol) duge huyén phu trong dung dich natri
hydroxit (4 M; 15 mL). Hn hop duoc khudy & 60 °C trong 1 gio, sau d6 lam ngudi
xudng nhiét d6 trong phong, duoc axit hoa bang cach bo sung dung dich axit clohydric
(4 M). Dich ndi duge gan va chét ran dugc tién hanh tinh ché bang RP HPLC (Sunfire
C18, ACN/nudc, chit cai bién: TFA).

ESI-MdS: 562 [M+H]"
Ri: (HPLC): 0,76 phut (phuong phap E)
Budec 6:

San pham tir budc 5 (390 mg; 0,694 mmol) duoc huyén phu trong trong
phosphoryl triclorua (6 mL). Hon hop dugc khudy & 90 °C trong 1 gid, sau d6 duoc bay

hoi. Phin c¢in dugc bd sung nude can than va hdn hop thu dugc duoc chiét bang EtOAc.
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Lé6p hitu co duoc tach ra va duoc bay hoi dén khé dé thu dugc 3 - ({6-clo - 8 - oxa -
3,5 - diazatrixyclo[7.4.0.0%]trideca - 1(9),2(7),3,5,10,12 - hexaen - 4 -
yl}metoxy)propyl - 3 - metyl - 4 - [2 - (metylsulfanyl) - 1H - 1,3 - benzodiazol -
1 - yl]piperidin - 1 - carboxylat trans tri¢t quang.
ESI-MdS: 580, 582 [M+H]"
R¢ (HPLC): 0,89 phut (phuong phap E)
Buéce 7:

Hdn hop cua san pham tir bude 6 (300 mg; 0,517 mmol), tert - butyl (25,4S) -
4 - hydroxypyrolidin - 2 - carboxylat hydroclorua (142 mg; 0,621 mmol), kali
cacbonat (173 mg; 1,19 mmol) va DMF (7,0 mL) dugc khudy & nhiét do trong phong
qua dém. Nudc dugc bo sung va két tiia dugc thu gom va duoc tinh ché bang RP HPLC
(Sunfire C18, ACN/nuéc, chét cai bién: TFA) dé thu duge 3 - ({6 - [(2S,4S) - 2 -
[(tert - butoxy)carbonyl] - 4 - hydroxypyrrolidin - 1 - yl] - 8 - oxa - 3,5 -
diazatrixyclo[7.4.0.0%7]trideca - 1(9),2(7),3,5,10,12 - hexaen - 4 -
yl}metoxy)propyl - 3 - metyl - 4 - [2 - (metylsulfanyl) - 1H - 1,3 - benzodiazol -
1 - yl]piperidin - 1 - carboxylat (véi cau hinh trans triét quang ctia gdc piperidin).
ESI-MdS: 731 [M+H]"
R¢ (HPLC): 0,77 phut (phuong phap E)
Budce 8:

San pham tir budc 7 (239 mg; 0,327 mmol) dugc hoa tan trong DCM (8,0 mL).
Axit m-Cloperbenzoic (77%; 161 mg; 0,719 mmol) duoc bd sung va hdn hop duoc
khudy trong 2 gio, sau d6 dugc rira bang dung dich nuéc natri bicacbonat. Lép hitu co
dugc bay hoi dé thu duoc 3 - ({6 - [(2S.,4S) - 2 - [(tert - butoxy)carbonyl] - 4 -
hydroxypyrrolidin - 1 - yl] - 8 - oxa - 3,5 - diazatrixyclo[7.4.0.0%]trideca -
1(9),2(7),3,5,10,12 - hexaen - 4 - yl}metoxy)propyl - 4 - (2 - metansulfonyl - 1H -
1,3 - benzodiazol - 1 - yl) - 3 - metylpiperidin - 1 - carboxylat (v6i cau hinh trans

triét quang cua gdc piperidin).
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ESI-MdS: 763 [M+H]"
R¢ (HPLC): 0,85 phut (phuong phéap E)

Budc 9: Sy hinh thanh vong théng qua sy thay thé 4i nhan thom st dung quy trinh chung
A.

Budc 10: Phan ct tert butyleste c6 tinh axit sir dung quy trinh chung D dé thu dugc hop

chat néu ¢ dé muc.
ESI-MdS: 627 [M+H]"

R (HPLC): 0,83 phut (phuong phap E)

Vidu 13.01:
o
AN Y %
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X 9 budc 4
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T Am:Q Aﬂg@
Qko e budc 6 buoc 7
o Owg 0\8 vi du 13.01 0”8

Budece 1:
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Dung dich nudc da lanh cua N-metyl-(pent-4-en-1-yl)amin (500 mg; 4,79 mmol)
trong dung dich natri cacbonat (2 M; 4,79 mL; 9,58 mmol) dugc bo sung nho giot benzyl
cloroformat (774 uL; 5,27 mmol). Hon hop dugc khudy trong 1 gid & 0 °C, sau d6 duoc
pha lodng bang nudc va duogc chiét ba 1an bang EtOAc. Céc 16p hitu co két hop dugce
raa b@ing nude va sau d6 nude mudi, duge lam kho béng magie sulfat, dugc loc va dugc
co6 dudi ap sudt giam. San phim thé dugc tinh ché bang FC (silicagel;
xyclohexan/EtOAc 25% -> 100%).

ESI-MdS: 234 [M+H]"
Ri{ (HPLC): 0,67 phut (phuong phap A)
Budce 2:

Phén tng dudi argon trong d6 thuy tinh dugc lam kho trong 16. Hon hop ciia san
pham tir budce 1 (191 mg; 0,778 mmol), hop chét trung gian 1.01 (200 mg; 0,259 mmol),
1,1°-bis(di-tert-butylphosphino)feroxen paladi diclorua (20,2 mg; 0,0311 mmol) va
DMA dugc khir khi trude d6 (2,4 mL) duoc bo sung trietylamin (180 pL; 1,30 mmol).
Hon hop phan tng duge khir khi va sau d6 dugc 1am néng dén 115 °C trong lo bit kin
trong 10 gio. Hon hop duoc bay hoi va cin dugc tién hanh tinh ché bang RP HPLC diéu
ché (XBridge C18, ACN/nuéc, chat cai bién: amoniac) dé thu duoc tert - butyl
(35,4S5)-4-(2-{[(3S,55)-1-{4-[5-

{[(benzyloxy)carbonyl](metyl)amino}pent - 1 -en -1 -yl] - 8 -oxa - 3,5 -
diazatrixyclo[7.4.0.0%7]trideca -

1(9),2(7),3,5,10,12 - hexaen - 6 - yl} - 5 - [(tert - butoxy)carbonyl]pyrrolidin - 3 -
ylloxy} - 1H - 1,3 - benzodiazol - 1 - yl) - 3 - metylpiperidin - 1 - carboxylat.
Budc 3: Hydro hoa (bao gom khir bao vé Cbz) st dung quy trinh chung E ma khong can
tinh ché sic ky.

Budec 4:

Dung dich san pham thé tir bude 3 (199 mg) trong DCM (3 mL) duoc bd sung
trietylamin (125 pL; 1,04 mmol) va 4-nitrophenyl cloroformat (53 mg; 0,26 mmol). Hon
hop duogc khudy ¢ nhiét do trong phong trong 1 gio. Hon hgp duoc bay hoi va tién hanh

tinh ché bang FC (xyclohexan/EtOAc 20% -> 100%) dé thu duoc tert - butyl (3S,4S) -
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4 - (2 - {[(35,55) - 5 - [(tert - butoxy)carbonyl] - 1 - [4 - (5 - {metyl[(4 -
nitrophenoxy)carbonyl]amino }pentyl) - 8 - oxa - 3,5 -
diazatrixyclo[7.4.0.0%7]trideca -

1(9),2(7),3,5,10,12 - hexaen - 6 - yl]pyrrolidin - 3 - ylJoxy} - I1H - 1,3 -
benzodiazol - 1 - yl) - 3 - metylpiperidin - 1 - carboxylat.

Budc 5: Khur bao vé¢ BOC sur dung quy trinh chung B

Budce 6:

San pham tho tir budc 5 duge bod sung nho giot qua bom tiém trong 25 phit vao
dung dich N,N-diisoproypletylamin (49 uL) trong THF (1,5 mL). Hon hop dugc khudy
& 80 °C trong 10 gid. Hon hop duogc cho qua dng natri bicacbonat va dugc bay hoi. N-
Metylpyrolidon (3,0 mL) va DIPEA (100 pL) duoc b6 sung va hdn hop duoc 1am nong
trong 10 vi song dén 180 °C trong 30 phat. Hon hop duogc tién hanh tinh ché bang RP
HPLC (XBridge C18, ACN/nudc, chat cai bién: TFA).

ESI-MdS: 695 [M+H]"
Ri{ (HPLC): 0,61 phut (phuong phap A)

Budc 7: Phén cit tert-Butyl este ap dung quy trinh chung D dé thu dugc hop chat néu &

dé muc.

ESI-MdS: 638 [M+H]"

R¢ (HPLC): 0,55 phut (phuong phap A)
Céc nhan xét ky thuat chung

Thuat ngt "nhiét do moi truong” va "nhiét dd trong phong" dugc st dung thay
thé cho nhau va dé chi nhiét 46 khoang 20 °C, vi du, 15 dén 25 °C.

Theo quy dinh, pho 1H-NMR va pho khdi duoc thu thap véi hop chét diéu ché
dugc. Trur khi dugce thong bao theo cach khac, tat ca céc thao tac sic ky duoc tién hanh

thuc hi¢n ¢ nhiét do trong phong.
Danh sach cac chir viét tat

ACN axetonitril
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aq.
BOC
°C

CH
DCM
DIPEA
DMA
DMAP
DMF
DMSO

EDC

ESI-MS

EtOAc

FC

Grubbs 11

HCI

HATU

HPLC
IPA

MeOH

nuoc

tert-butoxycarbonyl

do Celsius

xyclohexan

diclometan

diisopropyletylamin
dimetylaxetamit
4-dimetylaminopyridin
N,N-dimetylformamit
Dimetylsulfoxit

({[3 - (dimetylamino)propyl]imino}metyliden)(etyl)amin
Pho khéi ion hoa phun dién tir (m/z)
etyl axetat

phuong phap sic ky nhanh, SiO» dugc sir dung néu khong

co chi tiét thém nao duoc dua ra

DICLO[1,3-BIS(2,4,6-TRIMETYLPHENYL)-2-
IMIDAZOLIDINYLIDEN]-(BENZYLIDEN)-
(TRIXYCLOHEXYLPHOSPHIN)RUTENI(II)

(cac) gio
clohydric

[dimetylamino-(1,2,3-triazolo[4,5-b]pyridin-3-yloxy)-

metylen]-dimetyl-amoni hexaflophosphat
sic ky 16ng hiéu ning cao
isopropanol

metanol
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min phut

mL mililit

M mol

n.d. khong duogc xac dinh

Pd/C (x%) Paladi (x phan trim khdi luong) trén than
PFTU Pentaflophenol-tetrametyluroni hexaflophosphat
rac triét quang

RP Pha dao

RT Nhiét d¢ trong phong (khoang 20°C)
SFC Sac ky chat 1ong siéu t6i han

TFA axit trifloaxetic

THF tetrahydrofuran

TosOH Monohydrat cua axit P-toluensulfonic

R Thoi gian luu tinh bang phut

Vol% % thé tich

Phuong phap phén tich (HPLC / SFC):

Phuong phép HPLC A:
Thoi gian |Nudc % thé tich |ACN % thé tich [Téc d6 dong
[phut] (bao gdm 0,1% [mL/phut]
TFA)

0,0 99,0 1,0 1,6

0,02 99,0 1,0 1,6

1,0 0,0 100,0 1,6

1,1 0,0 100,0 1,6

Cot: XBridge BEH C18 2,1 x 30 mm_ 1,7 um (Waters); CT: 60 °C

Phuong phap HPLC B:

Thoi  gian |Nudc % thé tich |ACN % thé tich |[Téc  do dong
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[phut] (bao gdm 0,1% [mL/phut]
TFA)

0,0 95,0 5,0 1,5

1,3 0,0 100,0 1,5

1,5 0,0 100,0 1,5

Cot: Sunfire C18 3,0 x 30 mm_2,5 um (Waters); CT: 60 °C

Phuong phap HPLC C:
Thoi gian (Nudc % thé tich [ACN % thé tich [Téc d6 dong
[phut] (bao gdm 0,1% [mL/phut]
TFA)

0,0 99,0 1,0 1,5

0,2 99,0 1,0 1,5

1,0 0,0 100,0 1,5

1,1 0,0 100,0 1,5

Cot: XSelect HSS PFP_2.1 x 30 mm_ 1,8 um (Waters); CT: 60 °C

HPLC phuong phép D:
Thoi gian |Nudc % thé tich |[ACN % thé tich [Téc d6 dong
[phut] (bao gdbm 0,1% [mL/phut]
TFA)

0,0 95,0 5 2,2

0,05 95,0 5 2,2

1,4 0,0 100,0 2,2

1,8 0,0 100,0 2,2

Cot: Zorbax StableBond C18 3,0 x 30 mm_ 1,8 pm (Agilent); CT: 60 °C

Phuong phéap HPLC E:
Thoi  gian |Nudc % thé tich |ACN % thé tich |[Téc do dong
[phut] (bao gdm 0,1% [mL/phut]
TFA)
0,0 97,0 3,0 2,2
0,2 97,0 3,0 2,2
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1,2 0,0 100,0 2,2
1,25 0,0 100,0 3,0
1,4 0,0 100,0 3,0

Cot: Sunfire C18 3,0 x 30 mm_2,5 um (Waters); CT: 60 °C

Phuong phap HPLC F:
Thoi gian [Nudc % thé tich [ACN % thé tich [Téc d6 dong
[phut] (bao gdbm 0,1% [mL/phut]
TFA)

0,0 95,0 5,0 1,3

0,02 95,0 5,0 1,3

1,0 0,0 100,0 1,3

1,3 0,0 100,0 1,3

Cot: XBridge BEH C18 2,1 x 30 mm_2,5 um (Waters); CT: 60 °C

Phuong phap HPLC G:
Thoi gian |[Nudc % thé tich [ACN % thé tich [Téc d6 dong
[phut] (bao gdom axit [(bao gom axit [mL/phut]
formic 0,1%) formic 0,1%)
0,0 80 20 1
3,35 20 80 1
3,75 20 80 1
3.9 5 95 1
4,75 5 95 1
5,0 80 20 1
6,0 80 20 1
Cot: Kinetex XB-C18 2,6 um (4,6 x 50mm), 100A; CT: 25 °C
Phuong phap HPLC H:
Thoi gian |Nudc % thé tich [ACN % thé tich [Téc d6  dong
[phut] (bao gbém axit |(bao gOm axit [mL/phut]
formic 0,1%) formic 0,1%)
0,0 80 20 0,5
0,1 80 20 0,5
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1,1 0 100 0,5
2,5 80 20 0,5
3,0 80 20 0,5
Cot: Acquity UPLC BEH C18 1,7 um (2,1 x 100 mm); CT: 40 °C

Phuong phap HPLC I:
Thoi gian |[Nudc % thé tich [ACN % thé tich |[Téc d6 dong
[phut] (bao gbém axit [(bao gbém axit [mL/phut]
formic 0,1%) formic 0,1%)

0,0 90 10 1

3,35 30 70 1

3,9 5 95 1

4,75 5 95 1

5,0 90 10 1

6,0 90 10 1

Cot: Kinetex XB-C18 2,6 um (4,6 x 50mm), 100A; CT: 25 °C
Vi du thwe hién siang ché
Céc hop chét c6 cong thirc I, IT hodc 1T theo sang ché 1am vi du

Céc hop chit vi du c6 cong thic I, IT hodc III sau ddy nhu duoc tom tit trong
bang 1 d3 duoc tong hop va dugc thir nghiém vé cac dic tinh dugc 1y cia chang lién

quan dén hiéu luc tc ché hoat tinh cGAS cua ching.

Cu thé, "cac gia tri IC50 sinh hoa (in vitro)” lién quan dén sy Gc ché cGAS
(THPwiry IC50),gia i IC50 lién quan dén sy tc ché cam ung IFN trong céc té bao THPI
duogc kich thich bai virut "(tapein 1050, "gid tri IC50 lién quan dén sy &re ché cam Gng IFN
trong cac té bao THP1 kich thich béi cGAMP (THP(ccamp) ICs0) va "gia tri 1C50 lién quan dén su
i ché cam tng IFN trong mau toan phan nguoi dugc kich thich boi dSADN” (hWB ICso)
da duoc xac dinh bang thuc nghiém theo cic phuong phép thir nghiém nhu duge moé ta

trong phan 6 dudi day. Cac két qua dugc tom tit trong bang 1.

Céc hop chét vi du c¢6 cong thuc I, IT hodc III nhu duge tom tat trong bang 1 dong

thoi thé hién ba dic tinh sau:

103



« "gia tri ICso hoa (in vitro) thoa man lién quan dén sy e ché thanh cGAS” (véi

hcGAS ICsp < 100 nM, t6t hon 1a < 50 nM, dic biét [a < 10 nM),

o “gid tri ICso t& bao thoa man lién quan dén sy e ché cGAS” (v6i THP1vin ICso
< 1 uM, t6t hon 1a <X 500 nM, t6t hon nira 1 < 100 nM, dic biét [a < 50 nM)
va

e kha nang chon lgc thoa man ddi véi su e ché cGAS
(v6i ty 18 THP1campICso/ THP1inICso 1a =10, tbt hon nita =50, tot hon nita

=500, dic biet =1000).

Ngoai ra, hop chat vi du c6 cong thire I, I hodc III ciing thé hién cac gia tri ICso
chap nhan duoc lién quan dén sy e ché cam tng IFN trong mau toan phan nguoi duoc

kich thich boi dsADN (hWB ICso).

Béang 1: Dac tinh dugc dong hoc cta cac hop chit vi du co cong thtre I, II hoac 111 theo

sang ché
Ti 16
, hCGA THPin THPeoA 1 ywp THP cGamp)
Vi du -« ., S MP)
% Cau trac 1Cso ICso ICso ICso  ICso /
[nM] [nM]  THPin
[nM] [nM] o
Lol Ty g 14 39 >10000 87  >253
g
[ &
102 oAy o 28 2.8 >10000 5 >3557
;Q):\N
)
¢
1.03 LA 56 110 >10000 36  >90
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V,i du

1.04

1.05

1.06

1.07

1.08

1.09

Cau truc

hCGA

ICso
[nM]

4,5

1,8

32

3.8

4,5

3.9

THP(Vlr)

ICso

[nM]

44

2,9

4,1

6,5

2.4

4,3

THPcGa

ICso
[nM]

>10000

>10000

>10000

>10000

9500

>10000

hWB
ICso
[nM]

44

5

2

Ti 16
THP(Gamp)
ICso /
THPvir)
ICso

>229

>3448

>2417

>1541

3928

4305
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V,i du

1.10

1.11

1.12

1.13

1.14

1.15

Cau truc

hCGA

ICso
[nM]

1.9

5.

6,1

4,1

3,5

THP(Vlr)

ICso

[nM]

13

3,6

2,2

4,9

1,5

7,1

THPcGa

ICso
[nM]

>10000

10000

3600

11000

18000

>10000

hWB
ICso
[nM]

3

4

3

Ti 16
THPcamp)
ICso /
THPvir)
ICso

>790

>2907

1620

2251

11920

>1408
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1.16

1.17

1.18

1.19

1.20

1.21

SEYA
Ty

hCGA

ICso
[nM]

3,3

7,2

3.9

4,9

33

THP(Vir)

ICso

[nM]

9,7

13

37

40

13

1,9

THP(Ga

ICso
[nM]

11000

6600

10000

11000

>10000

>10000

hWB
ICso
[nM]

7

Ti 16
THPcamp)
ICso /
THPvir)
ICso

1134

519

270

277

>773

>5238
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’ hCGA THP i

Vi du o« ., S

£ Cau trac 1Cso

SO 1Cso [M]

[nM]
ﬂ I o cl
122 CL o 27 15
N/gN

1.23 R)/YYJ“ 41 190

Vidu1.241a hon hop cua
hai dong phan khong doi
quang sau day:

N
v )
X o
o
NGl
‘ 7 OH
\Y

w9
A,

&
and
A
&

1.24 18 170
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Ti 18
hCGA THPin THPeeA i THP(Gamp)
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Ti 1
hCGA THP(in) THPeGA 1w THP(cGAmP)

1Cso MP) ICso 1Cso /
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Vi du 12.01 la hoén hop
cua hai dong phan khong
doi quang sau day:

INas

12.01 Q/Z 8,9 240 >10000 225 >472

13.01 iCL o 34 500 7300 186 15
A

So sanh cdc hop chdt vi du ¢é c¢éng thire 1, II hodic III véi cac hop chat tinh trang ky
thuat

Céc hop chat néu trong tai licu WO 2020/142729
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Trong tai liéu WO 2020/142729, cac chit e ché cGAS c6 céu tric twong tu mot

phén da duoc boc 1.

Trang 44 va 45 cua tai liéu WO 2020/142729 boc 10 réng "g14 tri ICs osinh hoa
(in vitro)" lién quan dén sy e ché cGAS (tuong tmg v6i "hcGAS ICs0”) di duoc boc
16. Do do, cac hop chét véi "gi4 tr1 IC50 sinh hoa (in vitro)" thép hon 100 nM da duoc
chi dinh vao "nhém A”, cic hop chét véi "gia tri ICso sinh hoa (in vitro)” 1én hon 100
nM va thép hon 500nM da duogc chi dinh vao "nhom B”, cac hop chit vai "g14 tr1 1Cso
sinh hoéa (in vitro)" 16n hon 500 nM va nho hon 1 uM da duoc chi dinh vao "nhém C",
cac hop chat véi "gia tri ICso sinh héa (in vitro)" 16n hon 1 pM va nhé hon 10 pM da
duoc chi dinh vao “nhém D" va cac hop chat véi "gia tri ICso sinh hoa (in vitro)" 16n

hon 10 uM da dugc chi dinh vao “nhom E" (xem trang 44 cua tai liéu WO 2020/142729).

Trang 45 cua tai liéu WO 2020/142729 boc 16 rang chi duy nhat hop chét s 25
¢6 thé dugce chi dinh vao “nhom A" ¢6 “gia tri ICso sinh hoa (in vitro)" nho hon 100 nM.
Tat ca cac hop chat vi du khac ciia tai lisu WO 2020/142729 thé hién “gia tri ICso sinh
hoéa (in vitro)" 16n hon 100 nM.

Céc hop chat ddi chimg duoc chon cia WO 2020/142729 bao gdm hop chét sb
25 da duoc téng hop va sau do, da dugc thtr nghiém vé céc dic tinh duoc 1y ctia chung
lién quan dén hiéu luc Gc ché con dudng cGAS/STING sir dung chinh xac cac thir
nghiém giéng nhu duoc st dung dé thir nghiém céc hop chit sang ché. Cu thé, "gia tri
ICso sinh hoa (in vitro)" lién quan dén su trc ché cGAS (hcGAS IC50), "chc gid trj 1C50 16 bio lién
quan dén su ite ché cam tmg IFN trong cac té bao THP1 duogc kich thich boi virut” (THP1ir)
ICso), "gia tri ICso té bao lién quan dén su tc ché cam tGng IFN trong cac té bao THP1
kich thich béi cGAMP" (THP I ccamp) ICs0) va "gia tri ICso lién quan dén sy tic ché cam
tmg IFN trong mau toan phan ciia nguoi" (hWB) da dugc xac dinh bang thuc nghiém
d6i v6i cac vi du c6 ciu tric sat nhat cua tai lisu WO 2020/142729 theo cac phuong

phap thtr nghiém nhu duoc moé ta trong phan 6 dudi ddy (xem trong bang 2).

Bang 2: Cac dic tinh duoc 1y cua tdp hop cac hop chat vi du cua tai lisu WO
2020/142729

Vi du s6 heGAS | THP1 i THP1(cam | hWB

(nhe  duoc | CAu tric IC50 P) 1C50
boc 10 trong [nM] ICS0[M] 14050 tamy | (M)
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Céc dic tinh duoc 1y cua cac hop chét vi du theo sang ché duoc tom tit trong
bang 1 va cac dic tinh dwoc 1y twong ung ciia cic hop chat trong tai lieu WO
2020/142729 nhu dugc tom tit trong bang c6 thé dugc so sanh v6i nhau, vi chung duoc
xac dinh bang thyc nghiém theo cac quy trinh thir nghiém gidng nhau nhu dwge mo ta

trong phan 6 dudi day.

Tir dit liéu duge thé hién trong bang 2, rd rang 13, tat ca cac hop chat vi du cua
tai lieu WO 2020/142729 déu thé hién “céc gia tri ICso sinh hoa (in vitro)" (= hcGAS
ICs0) 16n hon nhiéu so voi 100 nM — véi duy nhat ngoai trir vi du sé 25 cua tai liéu WO
2020/142729 (trong tai ligu WO 2020/142729 dugc chi dinh vao “nhém A" c6 “gia tri
ICso sinh hoa (in vitro)" (= hcGAS ICsp) nho hon 100 nM). Tréi lai, tat ca cac hop chat
vi du theo sdng ché déu c6 “gia tri ICso hoa (in vitro)" (hcGAS ICso) nhd hon 100 nM.
Tuy nhién, vi du s6 25 cta tai lieu WO 2020/142729 ma c6 “gia tri ICso sinh héa (in
vitro)" (hcGAS ICso) bang 55 nM, hoan toan khong phit hop véi tiéu chuan lua chon
“hiéu lyc trc ché té bao thoa man" duoc chimg minh bdi THP1wir ICso nhé hon 1 uM,

vi THP 1 (viry ICs0 ctia vi du 86 25 cuia tai liéu WO 2020/142729 14 17 pM.
Céc hop chét néu trong tai liéu WO 2022/174012

Trong tai liéu WO 2022/174012, cac chat tc ché cGAS c¢6 cdu tric tuong ty mot

phan da duoc boc 19.

O trang 65 ciia WO 2022/174012 “ gia tri ICso sinh hoa (in vitro)” lién quan dén sy
trc ché cGAS va ¢ trang 67 ciia WO 2022/174012 “gia tri ICso té bao” (IFNP ELISA
dugc kich thich bang THP-1) di dugc boc 10. Hop chit 5 (BBL0100455) of WO
2022/174012 dudng nhu duong nhu 13 hop chat duy nhat cia WO 2022/174012 ¢ kha

nang dap tng cac ti€u chi lya chon cua sang ché ma c6 nghia la c6

a) “gid tri ICso sinh hoa (hodc enzym) (in vitro)” nhé hon 100 nM (trong “thu
nghiém enzym cia WO 2022/174012” hop chat 5 da duoc xac dinh 1a roi vao
“nhém B” biéu thi “gia tri ICso cia enzym” tir 50 nM dén 100 nM”, xem trang
65, Bang 2 cua WO 2022/174012)

b) va c6 “gid tri IC- té bao” (IFNP ELISA duoc kich thich bang THP-1) nho hon 1
uM (trong “thir nghiém té bao* ctia WO 2022/174012 hop chat 5 duoc xac dinh
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13 roi vao “nhom A” biéu thi “gia tri IC50 té bao” < 1 uM”, xem trang 67 va 68,

bang 3 cua WO 2022/174012).

Tuy nhién ca hai, thir nghiém sinh hoa/enzym va thir nghiém té bao cia WO
2022/174012, khong gibng hét voi cac “thir nghiém sinh hoa/enzym va thir nghiém té
bao” tuong tmg cua sang ché va do d6 cac gi tri IC- sinh hoa/enzym va cac gid tri IC- té
bao duge do cia WO 2022/174012 khong thé so sanh voi cac gia tri IC- trong tmg duoc
do cho cac hop chit cua sang ché. Vi thé, hop chéat 5 cia WO 2022/174012 da duoc
tong hop va sau d6 da duoc thir nghiém vé cac dic tinh duogc 1y lién quan dén kha ning
trc ché con duong cGAS/STING bang cach sir dung chinh xac cac thir nghiém gidng
nhu dugc sir dung dé thir nghiém cac hop chat cua sang ché va nhu dugc mo ta trong

Muc 6 bén dudi.

Bang 3: Dic tinh duoc 1y ctia hop chit 5 cia WO 2022/174012

Vi du sb
(nhu duoc hcGAS THP1(cam | hWB
boc 10 trong | .« THP1vin
AR Cau trac 1Cso P) 1Cso
tai lieu WO [nM] ICso [nM]
2022/174012) ICso [nM] [nM]
N
oy
, O oH
qu Chéts N |I|§
S 7" o
(BBL010045 S
5) LO 55 > 10000 | > 10000
HN

Theo dit liéu tir Bang 3 cho thdy hop chat s6 5 (BBL0100455) cia WO
2022/174012 c6 gia tri ICso sinh hda/enzym chap nhan dugc 1a 55 nM (hcGAS ICso =
55 nM), nhung gia tri ICso t& bao 16n hon 10000 nM (THP1ir) ICs0 = 10000 nM). Do
d6, tit ca hop chét cua sang ché déu tuong duong véi hop chat s6 5 cia WO
2022/174012 vé gia tri IC50 sinh héa/enzym, nhung rd rang 1 vuot troi hon hop chit
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sd 5 ctia WO 2022/174012 vé gia tri ICso té bao (tit ca déu nhé hon 1000 nM ddi véi

cac hop chét co cong thirc I, 1T hodc III ciia sang ché).
Céc tién duoc chit

D3 biét rang, este ciia cac hoat chat c6 nhom axit carboxylic c6 thé 1a céc tién
dugc chat kha thi ma ching cé thé, nghia 14 thé hién kha nang hap thu/sinh kha dung
theo dudng udng duge cai thién hon so véi hoat chat twong tng. Céc tién duoc chat
dugc st dung thuong xuyén cua cac hoat chit c6 nhom axit carboxylic 1a, vi dy, céac
metyl este, etyl este, iso-propyl este v.v. (xem trong tai li¢u Beaumont et al., Current

Drug Metabolism, 2003, Vol. 4, Issue 6, 461 - 485).

Hon nita, tac gia Nakamura et al., Bioorganic & Medicinal Chem., Vol. 15, Issue
24, p. 7720-7725 (2007), md ta rang, ca dan xuat N-axylsulfonamit va dan xuat N-
axylsulfonylure cia mot hoat chit cy thé c6 nhém axit carboxylic tw do déu c6 tiém ning

trd thanh tién duge chat kha thi.

Ngoai ra, cac goi ¥ thie nghiém d3 phat hién ra rang, cac metyl este ctia hop chit
vi du c6 cong thue I, II hodc III cling 1a cac tién duoc chat kha thi ctia cac chat (e ché

cGAS c6 cong thuec I, 1T hodc I1I.

PCT/EP2022/062480 va PCT/EP2022/062496 (ca hai déu chwa dugc cong bd
cho dén nay) déu boc 16 cac chat e ché cGAS c6 céu tric twong tu nhu cac chit e ché
cGAS cua sang ché, tit ca déu bao gdm nhom axit cacboxylic gan voi ge pyrolidin.
Trong ca hai truong hop PCT/EP2022/062480 va PCT/EP2022/062496, cac thir nghi¢m
da chi ra rang cac din xuat metyl este ciia cic chat e ché cGAS nay mang nhom axit
cacboxylic gan vao nhom pyrolidin hoat dong nhu cac tién dugc chat kha thi ciia cac

chat (rc ché cGAS véi nhom axit cacboxylic tir do.

Cac hop chat P01, P02, P03 va P04 cua PCT/EP2022/062480 1a cac dan xuat
metyl este va 13 tién dugc chat duge cho 1a ciia cac hop chat Vi du twong tmg 4.04, 1.10,
1.12 va 3.14 cua PCT/EP2022/062480 (tit ca déu c6 nhom cacboxylic tw do va 13 chat
trc ché cGAS hoat dong véi gia tri ICso sinh hoa thap va gié tri ICso té bao thap lién quan
dén trc ché cGAS).

Céc hop chat P01, P02 va P03 cua PCT/EP2022/062496 1a cac dan xuat metyl

este va 1a tién duge chéit duge cho 1a caa cac hop chat Vi du tuong ung 2.12, 1.13 va
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1.05 cua PCT/EP2022/062496 (tit ca déu c6 nhom cacboxylic ty do va 1a chit (e ché
cGAS hoat dong véi gia tri ICso sinh hoa thap va gia tri ICso té bao thap lién quan dén
trc ché cGAS).

Trong ca hai truong hop PCT/EP2022/062480 va PCT/EP2022/062496, “cac
chat e ché cGAS hoat dong/Cac hop chét vi du c6 axit cacboxylic ty do” va “cac dan
xuit metyl este trong Gng/céc tién dugc chat du kién” ctia ching da duogc tong hop va
da dugc thr nghiém vé cac dic tinh duogc 1y lién quan dén hiéu luc @e ché con duong

cGAS/STING.

Viéc so sanh cac dac tinh cua hop chit vi du cua PCT/EP2022/062480 va
PCT/EP2022/062496 véi axit cacboxylic tu do ciia chung mdt mét va cac dac tinh cua
cac dan xuét este metyl twong (mg/tién dugc chit duge cho 1a cua chiing cho thay rang
“gia trj IC50 sinh hoa (gia tri ICso hcGAS)” dbi voi cac hop chat vi du luén & mirc
khoang hoac thdm chi nhé hon 10 nM, trong khi “gid tri IC50 sinh héa” (gia tri ICso
hcGAS) d6i v6i cac dan xuat este metyl/tién duoc chat trong tmg ludn cuc ky 16n, nghia
1a thuong 16n hon 7000 nM. Su khéc biét 16n giira cac gia tri ICso ctia cac hop chat vi
du mot mat va cac gia tri ICso cua tién duoc chit/cac dan xuét metyl este tuong ting cua
chung mit khac chua bao gid dugc quan sat thay doi vai cac gia tri ICso ciia té bao tuong
g (cac gia tri (THP1winlCso) ludn nam trong cting mot pham vi gitra cac hop chat vi

du va cac tién duoc chat trong tng cta chung (xem Bang 4 bén dudi).

Mot giai thich kha di cho quan sat d6 1a tat ca cac hop chat vi du déu c6 nhom
cacboxylic tu do co vé rat quan trong ddi vai viée tre ché hoat tinh cua cGAS, trong khi
& tat ca "tién duoc chat/dan xuat cia metyl este", nhom cacboxyl bi che khuét bdi nhom
este cacboxy-metyl. Do do, tién dugc chat/dan xuét metyl este mét di hiéu luc (e ché
clia chiing trong "thir nghiém enzym c¢GAS ngudi in vitro” (xem trong phan 6.1 dudi
day), vi trong thir nghiém ndy, cac enzym trong té bio ma chung tach nhom carboxy-
metyl este khong c6 mit va vi thé nhom axit cacboxylic tw do quan trong khong thé

cen

dugc khoi phuc trong thir nghiém sinh hoa. Do d6, céac tién duoc chat thé hién “"cac gia
tr1 IC- sinh hoéa (in vitro)” (=hcGAS 1Cso) cuc 16n trong "thtr nghiém enzym cGAS nguoi
in vitro” ndy, trong khi d6 cac hop chat vi dy tuong tmg (ma cé nhém axit carboxylic tu

do ngay tir dau) thé hién “gid tri ICso sinh hoa in vitro” (=hcGAS ICso) nho.
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Trong thir nghiém té bao ("thir nghiém té bao cGAS ngudi va dém té bao™), xem
trong phan 6.2 dudi day), cic enzym té bao ndi sinh ma tach nhom carboxy-metyl este
déu c6 mit. Do d6, khong chi cac hop chit vi du cua PCT/EP2022/062480 va
PCT/EP2022/062496 (dd mang nhom axit cacboxylic tu do) cho thdy gia tri
THP1inlCso nhé ma céc tién dugc chat/ dan xuit metyl este twong tng ciing cho thiy
“gia tri THP1(inICso” twong dbi nho, béi vi trong “thir nghiém té bao cGAS ngudi” ndy,
nhom carboxyl-metyl este ctia tién dugc chat c6 thé bi cit boi cac enzym ndi bao ndi
sinh va do d6 sé& giai phong “cac hop chit vi du co hoat tinh ¢6 nhom axit cacboxylic tu

do” cho thay kha ning trc ché cGAS mét lan nira.

Giai thich nay cung véi cac phép do nhu thé hién trong Bang 4 ngu ¥ rang céc
dan xuit carboxyl-metyl este ctia cic hop chat vi du c6 cau tric twong ty cua
PCT/EP2022/062480 va PCT/EP2022/062496 thuc su c6 vé dai dién cho céc tién dugc
chat kha thi cua hop chat vi du twong mg v6i nhém axit cacboxylic tu do (ban than
chung khong c6 kha niang tc ché lién quan dén e ché cGAS sinh héa ngudi in vitro).
Tuy nhién, khi phan cét carboxyl-metyl este bang enzym ndi bao c¢6 trong cac thir
nghi¢m té bao, “cac hop chit vi du ¢6 hoat tinh” duoc phuc hoi, mot 1an nita thé hién

kha ning trc ché lién quan dén con dudng cGAS/STING.

Do cac hop chat vi du c¢6 cong thirc I, II hodc III ciia sang ché co clng axit
cacboxylic ty do gin vao nhoém pyrolidinyl nhu cic hop chit vi du cua
PCT/EP2022/062480 hoic ctia PCT/EP2022/062496, nén c6 thé mong doi rang cac dan
xuét cacboxy-metyl este ctia cac hop chat nay c6 cong thuc I, II hodc III ciing s& hoat

dong nhu tién duoc chat.

Bang 4: So sanh gitta hop chit chit wc ché c¢GAS duoc chon bdc 10 trong
PCT/EP2022/062480 va PCT/EP2022/062496 va tién duoc chat metyl este twong tng

cua chung:
, hcGAS THP1vir) THPccam
Vi du s6/ Chu tric c c ) hWB
N .z 50 50
Tién dugc chat so 1Cs0 ICso [nM]
[nM] [nM] [nM]
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Thur nghiém sinh hoc

Hoat tinh ciia cac hop chit theo sang ché co thé dugc ching minh sir dung céc
thir nghiém enzym cGAS in vitro va thir nghiém té bao sau:
Phuong phap: Thir nghiém enzym cGAS nguoi (hcGAS 1Cso (in vitro))

Enzym c¢GAS ngudi duge 1 trong su ¢ mit cia ADN soi kép 45 cip bazo dé
kich hoat enzym va GTP va ATP lam co chét. Hoat tinh cta hop chit duoc xac dinh
bang cach xac dinh su tac dong clia cac hop chat 1én sy hinh thanh san pham cta phan

g enzym, cGAMP, san pham nay duoc do bing phuong phap phd khdi.

Tao ra ché enzym:

cGAS ngudi (axit amin 1-522) c¢6 thé 6x-His tan cung N va thé SUMO duoc biéu
hién trong céc té bao E. coli BL21(DE3) pLysS (Novagen) trong thoi gian 16 gid ¢ nhiét
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d6 18°C. Cac té bao duoc phan giai trong dung dich dém chira 25 mM Tris (pH 8), 300
mM NaCl, 10 mM imidazol, 10 % glyxerol, dung dich trc ché proteaza (cOmplete™,
EDTA-free, Roche) va ADNaza (5 pg/mL). Protein cGAS duoc phan 14p bang phuong
phap séc ky ai lyc trén nhira Ni-NTA agaroza va duoc tinh ché thém bang phuong phap
sac ky loai trir kich thudc sir dung cot Superdex 200 (GE Healthcare) dugc can bang
trong 20 mM Tris (pH=7,5), 500 mM KCI, va 1 mM TCEP. Protein tinh ché duoc c6
con 1,7 mg/mL va dugc luu gilt ¢ nhi¢t do -80°C.
Phuong phap tht nghiém

Cac hop chat dugc phan phdi trong 10mM dung dich DMSO, dugc pha lodng
theo diy va duoc chuyén sang dia thir nghiém 384 giéng (Greiner #781201) str dung bo
dinh Ivong am thanh Echo. Dién hinh, 8 néng do duogc stir dung véi néng dd cao nhit &
mirc 10 uM trong thé tich thir nghiém cudi cung, tiép theo bang cac budc pha lodng
~1:5. Nong d6 DMSO duoc thiét dit & 1% trong thé tich thir nghiém cudi cung. Dia thir
nghiém 384 giéng chira 22 hop chat thir nghiém (cot 1-22), va DMSO & ¢t 23 va 24.

Sau khi chuyén hop chat, 15 pL dung dich hoat dong enzym-ADN (12 nM cGAS,
0,32 uM ADN 45 cdp bazo trong dung dich dém thur nghiém, 10 mM Tris pH 7,5 /
10 mM KC1 /5 mM MgCI2/1 mM DTT) dugc bd sung vao mdi giéng tir cot 1-23 thong
qua bd dinh lugng MultiDrop Combi. O cot 24, 15 pl dung dich dém thir nghiém khong
chtra enzym/ADN dugc bo sung 1am d6i chimg thap.

Céc dia sau d6 dugc u trudce trong 60 phut ¢ nhiét do trong phong.

Sau d6, 10 pL hén hop GTP (ThermoFisher #R0461)-ATP (Promega #V915B)
trong dung dich dém thir nghiém dugc bd sung vao dia thir nghiém (cac cot 1-24, 30 uM
mbi ndng d6 cudi cung) sir dung bod dinh lrgng Multidrop Combi.

Céac dia lai dugc u trong 90 phut ¢ nhiét do trong phong.

Sau khi 0, phan g duoc lam dimg bang 80 pL axit formic 0,1% trong dung dich
dém thir nghiém chura 5 nM di-GMP vong (Sigma #SML1228) dugc st dung lam noi
chuan trong pho khbi. Tong thé tich/giéng 1a 105 pL.

Phat hi¢n MS Rapidfire
Céc dia duoc ly tam & téc d6 4000 vong/phut, 4°C, trong 5 phut.
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Thiét bi 1y mau ty dong RapidFire dugc ghép voi bom nhi phan (Agilent 1290)

va hé théng Triple Quad 6500 (ABSciex, Toronto,Canada). Hé thong nay duoc trang bi
khay vong ldp 10 uL, C18 [12 pL thé tich nén] (Agilent, Part No. G9210A) chira 10 mM
NH4Ac (nudc) nude (pH7,4) lam dung méi rira giai A (bom 1 & téc d6 1,5mL/phut,
bom 2 ¢ tdc do 1,25 mL/phut) va 10 mM NH4Ac theo ty 1¢ thé tich/thé tich/thé tich
47,5/47,5/5 ACN/MeOH/ H20 (pH=7,4) 1am dung mdi rtra giai B (bom 3 & toc do 1,25
mL/phtt). Thot gian hat: 250 miligiay; Thot gian tai: 3000 miligiay; Thot gian rira giai:
3000 miligidy; Thé tich rira: 500 pL.
MS duoc hoat dong & phuong thirc ion dwong v6i ngudn ion HESI, véi nhiét d6 ngudn
1a 550°C, khi chan = 35, khi 1 = 65, va khi 2 = 80. P9 phan giai don vi khdi luong theo
phuong thitc SRM. Nhiing su chuyén dich va cac thong sé MS sau (DP: thé phan manh
va CE: niang luong va cham) ddi v6i cGAMP va DicGMP duoc xac dinh:

Chét phan tich: cGAMP theo ty 1€ 675,1/524, DP =130, CE =30 va

Nbi chuan: di-GMP vong theo ty 1& 690,1/540, DP = 130, CE = 30.

Su hinh thanh cGAMP duoc giam sat va dugc danh gia theo ty 1€ véi di-GMP
vong.

Pénh gia va tinh toan sd liéu:

Pé danh gia va tinh toan sd liéu, sd do ctia d6i chiing thap duoc dat 1am ddi ching
0% va sd do ctia ddi ching cao dugc dit 1am déi ching 100%. Céc gid tri ICso dugc tinh
toan st dung coéng thic hoi quy logistic 4 tham s6 chuan. Tinh todn: [y=(a-
d)/(1+(x/c)"b)+d], a = gia tri thap, d = gid tri cao; x = ndng d6 M; c=IC50 M; b = d6 ddc
6.2  Phuong phap: thir nghiém té bao cGAS ngudi va thir nghiém dém té bao duoc
kich thich boi cGAMP (THP1wir) ICso va THP1(cGamp) ICso)

Céc té bao THP1-Dual™ (InvivoGen #thpd-nfis) biéu hién gen thong bao Lucia
luciferaza phu thudc IRF dugc st dung lam co s¢ cho ca hai thir nghiém. bé phat hi¢n
hoat tinh cGAS té bao, cac té bao dugc kich thich bing cach giy nhidm baculovirut
(pFastbac-1, Invitrogen, doan chén khong mi héa) ma né phan phdi enzym cGAS kich

thich ADN soi kép (do gia tri THP1ir) ICs0).
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Dbi voi the nghiém dém té bao, cac t& bao dugc kich thich
bang cGAMP (SigmaAldrich #SML1232) dé kich hoat con dudng doc lap twong tir va
ngay sau cGAS (do gia tri THP1camp) ICso).

Hoat tinh ctia con dudong dugc gidm sat béng cach do hoat tinh Lucia luciferaza duoc
cam ung bdé1 ADN kich thich béi hoat tinh enzym cGAS (do gia tri THP1vir) IC50) hoac
bdi cGAMP tryc tiép (do gia tri THP1(cgamp) ICs0, thir nghiém dém).

Phuong phap thir nghiém

Céc hop chat dugc phan phdi trong 10mM dung dich DMSO, dugc pha loing
theo diy va duoc chuyén sang dia thir nghiém 384 giéng (Greiner #781201) str dung bd
dinh Ivgng am thanh Echo. Dién hinh, 8 néng do duogc stir dung véi néng dd cao nhit &
mirc 10 uM trong thé tich thir nghiém cudi cung, tiép theo bang cac budc pha lodng
~1:5. Nong d6 DMSO duoc thiét dit & 1% trong thé tich thir nghiém cudi cung. Dia thir
nghiém 384 giéng chira 21 hop chat thir nghiém (cot 1-22), va DMSO & cot 23 va 24.

Céc té bao duge nudi céy theo diéu kién ctia nha san xuat, dugc thu hoach béng
cach ly tim ¢ toc d6 300g/10 phit, sau d6 duoc huyén phu lai va pha lodng thanh 1,66E5
té bao/ml trong moi truong nudi cdy té bao tuoi (RPMI 1640 (Gibco #A10491-01), 10%
FCS (Gibco #10500), 1x GlutaMax (Gibco #35050-061), 1x dung dich Pen/Strep (Gibco
#15140-122), 100pg/ml Normocin (InvivoGen #ant-nr), 100 pg/ml Zeocin (InvivoGen
#ant-zn), 10pg/ml Blasticidin S (Life Technologies #A11139-03)). Dung
dich baculovirut sau d6 dugc bo sung theo ty 18 1:200 (thay doi theo mé virut) vao céc
té bao (do gia tri THP1ir ICs0). Theo cach khéc, d6i v6i thir nghiém dém, cGAMP duoc

bd sung vao cac té bao & ndong do cudi 1a 10 uM (do gia tri THP1ccamp) ICso).

30 uL hdn hop té bao/virut dugc bd sung vao mdi giéng cua dia hop chat tir cot
1-23 théng qua bd dinh lugng MultiDrop Combi (5000 té bao/giéng). O cot 24, 30
ul/5000 té bao/giéng khong c6 virus duoc bd sung lam ddi ching thap.

Céc dia sau d6 dugc u trong 18 gid ¢ nhi¢t o 37°C trong tu u dugc lam am.

Sau d6, 15 uL chat phan ing phat hién QuantiLuc (InvivoGen #rep-qlcg5) duoc
bd sung vao mdi giéng sir dung bod dinh lwong MultiDrop Combi. Phép do duoc tién
hanh ngay sau khi bo sung sir dung thiét bi doc EnVision (phwong thirc doc phat quang

US).
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Danh gia va tinh toan sé liéu:

Pé danh gia va tinh toan dir liéu, s6 do ddi ching thap duogc dat 1a dbi ching 0 %
va sb do ddi chirng cao duoc dat l1a dbi chirng 100%. Céc gia tri ICso dugc tinh toan st
dung cong thic hoi quy logistic 4 tham sb chudn. Tinh toan: [y=(a-d)/(1+(x/c)"b)+d], a
= gia tri thép, d = gia tri cao; x = néng dd M; ¢=IC50 M; b = do dbc

Phuong phap: thir nghiém mau toan phan cua ngudi (WB ICso ngudi)

bé phat hién hoat tinh cGAS té bao, mau toan phﬁn cua nguoi dugce kich thich béng
cach gdy nhidm bang ADN soi kép. Hoat tinh cua con duong nay duoc theo di bang

cach do muc san sinh [FNo2a.
Phuong phéap thir nghiém

Céc hop chat duoc phan phéi ¢ dang 10 mM dung dich DMSO va duoc pha loing
theo diy va dugc chuyén sang dia nudi cdy té bao 96 giéng (Corning #3595), duoc nap
day trudc bang 20 ul OptiMEM (Gibco, #11058-021) trong mdi giéng, str dung bo dinh
lugng 4m thanh Echo. Dién hinh, 8 n@)ng do duogc s dung véi néng dd cao nhat & muc
10 uM trong thé tich thir nghiém cudi cung, tiép theo bang cac budc pha lodng ~1:5.
Néng do DMSO duoc thiét dat ¢ 0,1% trong thé tich thu nghi¢m cudi cung. Pia thur
nghiém 96 giéng chira 10 hop chat thir nghiém, va DMSO trong cac giéng d6i ching.

Viéc thu thap mau ngudi toan phan tir 3 hodc nhiéu nguoi cho khoe manh (nam
hoic nit, khéng dung thudce trong 7 ngay trir thudc tranh thai va thyroxin) duéi dang mau
Na-xitrat (vi du, 3,8% trong Monovettes cua hang Sarstedt) duoc thuc hién song song.
Mau toan phan duogc giit ¢ nhiét d6 trong phong trong toi da 3 gid sau khi thu thap cho

td1 khi st dung trong thir nghiém.

160 pul mau mau toan phan dugce chuyén vao mdi giéng cua cac dia thir nghiém
96-giéng d3 nap hop chat/OptiMEM. Tt ca cac dia thir nghiém duoc chuan bi lam hai
bd v6i méu tir cac ddi tuong cho khac nhau. Cac dia mau dugc giir ¢ nhiét d6 trong
phong trong 60 phut va lic lién tuc vai tbe 46 450 vong/phut, duoc ddy bang nip, nhung
khong day kin.

Hon hop ADN-Fugene (Herring DNA, Sigma Aldrich #D6898-1G, Fugene (5x
1 mL), Promega # E2312) duoc chuan bi trong OptiMEM va duoc U trong 10 phat &
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nhiét do trong phong (125 ng ADN /20 ul va Fugene theo ty 1& 9,6:1). 20 ul hdn hop
ADN Fugene dugc bd sung vao mdi giéng, sinh ra 125 ng ADN/giéng/200 ul,
va Fugene theo ty 16 9,6:1. 20 pl OptiMEM va Fugene theo ty 18 9,6:1 dugc bd sung vao

tat ca cac giéng ddi chimg thap.

Sau khi ddy cac dia thr nghiém bang cac dém bit kin dién tich va nip, dia mau
dugc gitt & nhiét do trong phong trong 30 phut va lic lién tuc véi toe d6 450 vong/phut,

tiép theo bang cach t qua dém trong 22 gid' ¢ nhiét d6 37°C trong ti u, khong can lic.

Dé phat hién IFNa-20 trong huyét trong ngudi, khang thé bat giit duoc biotinyl
hoa (b khang thé IFNA2, Meso Scale Diagnostics #B21VH-3, bao gom 16p phi va
khang thé bat giit) dugc pha loang theo ty 1 1:17,5 trong thé pha lodng 100 (Meso Scale
Diagnostics #R50AA-4), theo cic chi din cua nha san xuat. Cac dia
Strepavidin SECTOR vét nho 96 giéng U-Plex MSD GOLD (Meso Scale Diagnostics #
L45SA-5) dugc pha 25 pl khang thé bat giit pha lodng. Cac dia da phu dugc 1 trong
60 phit ¢ nhiét d6 trong phong trong diéu kién lic lién tuc & tbe do 700 vong/phit. Cac
dia IFNo-20 MSD duoc rira ba 1an bang 150 pl dung dich dém rira (1x HBSS, 0,05%

Tween).

Sau khi phong bé cac dia bang 100 ul dung dich phong bé/giéng (1x HBSS vai
0,2% Tween, 2% BSA) trong 60 phut ¢ nhiét d trong phong va l4c lién tuc & téc do
700 vong/phut, cac dia dugce 1am xa hét cang kho cang tot bang cach trat xudng ngay

trudce khi tiép tuc bang huyét twong nguoi.

Cac dia thir nghiém mau toan phan duoc ly tim ¢ téc do 1600 vong/phut trong
10 phiit. 25 ul dich n6i duoc chuyén bang robot pipet tir mdi dia mau toan phan sang dia
IFNa-2a twong ung. Céc dia dugc bit kin béng cac mang bit vi dia va lai git & nhiét do

trong phong trong diéu kién lac lién tuc & 700 vong/phut trong hai gio.

Tiép theo, cac dia IFNa-20 MSD dugc rira ba lan bﬁng 150 pl dém rra (1x HBSS,
0,05% Tween), trude khi bd sung 25ul dung dich khang thé IFNo-20 MSD SULFO-
TAG (duoc pha lodng 1:100 trong thé pha loang 3 (Meso Scale Diagnostics # R50AP-
2) vao mdi giéng cua cac dia.

Sau d6, cc dia duoc bit kin bang mang bit vi dia va lai giit & nhiét do trong phong
trong diéu kién lic lién tuc & 700 vong/phit trong hai gio. Cudi cing, cac dia IFNa-2a
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, MSD duogc rira ba 1an bang 150 ul dém rira (1x HBSS, 0,05% Tween). 150 pl dém doc
2x dugc bd sung vao mdi giéng va cac dia dugce do ngay bang bo doc MSD Sector S600
st dung ma vach ctia nha cung cp.
Danh gia va tinh toan sé liéu:

Pé danh gia va tinh toan dir liéu, viéc tinh toan % ddi chimg cua ting giéng 1a
dua trén gia trj trung binh ctia cac dbi chimg cao (d6i chirng dugc kich thich bang ADN)
va gia tri trung binh cta cic dbi chimg thap (d6i chimg khong dugc kich thich) bang

cach sur dung cong thirc sau:
[s6 dém(mAu) - s dém(thap))/(s6 dém(cao) - s6 dém(thap))]*100

Céc gié tri ICso duoc tinh toan sir dung cong thirc hoi quy logistic 4 tham sb chuan. Tinh
toan: [y=(a-d)/(1+(x/c)"b)+d], a = gia tri thap, d = gié tri cao; x = nong do M; c= ICso
M; b = d6 doc

Cac chi dinh

Nhu da phat hi¢n, cac hop chit ¢6 cong thtre I, II hoac 11 dac trung boi pham vi
ng dung cta chung trong linh vuc diéu tri. Pugc néu cu thé 13 cac ung dung ma cac
hop chét ¢6 cong thuc I, II hodc III theo sang ché duoc wu tién st dung trén co s¢ hoat
tinh dugc 1y ciia chiing & dang cac chat e ché cGAS. Trong khi con duong cGAS ¢
tam quan trong d6i voi viéc phong vé vat chi chdng lai cac tac nhan gy bénh xam nhép,
nhu nhiém trung do virut va sy xam nhép bdi mot sb vi khuan noi bao, su kich ung té
bao va cac yéu té di truyén co thé cling dan dén viéc san xuét ra dsADN té bao bat
thuong, vi dy, bdi su 10 nhan hodc ty thé, va do d6 khoi phat cac dap ung tu viém. Do
d6, cac chat rc ché cGAS c6 tiém nang tri liéu manh dé duoc st dung trong diéu tri cac

bénh ty viém va tu mién dich khac nhau.

An et al., Arthritis Rheumatol. 2017 Apr;69(4):800-807, tai liéu nay boc 16 rang,
su biéu hién cGAS trong cac té bao don nhan mau ngoai vi (PBMCs) & cic bénh nhan
bi bénh ty mién dich lupus ban d6 hé thong (SLE) cao hon dang ké so véi cac ddi chimg
binh thuong. Phép do cGAMP huéng dich bang phuong phap do phd khdi song song da
phat hién cGAMP trong 15% s6 bénh nhan SLE dugc thir nghiém, nhung khong phat
hién thay & cac dbi chirng binh thuong hodc ddi chimg viém khop dang thap. Muc do

hoat dong ctia bénh ¢ cac bé¢nh nhan SLE c6 cGAMP la cao hon so v&i cadc bénh nhan
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khong c6 cGAMP. Trong khi do, su biéu hién cGAS cao hon c6 thé 1a hé qua cua su
tiép xuc voi interferon typ I (IFN), thi viéc phat hién ra cGAMP & cac bénh nhan SLE
v6i muc do hoat dong cuia bénh ting 1én chi ra su lién quan tiém tang cla con dudng

cGAS trong biéu hién bénh.

Park et al., Ann Rheum Dis. 2018 Oct;77(10):1507-15135, tai li€u nay ciling bdc

16 su lién quan cua con dudng cGAS véi su phat trién ciia SLE.

Thim-Uam et al.,iScience 2020 Sep 4;23(9), 101530 (doi: 10,1016/j.1s¢1,2020,101530),
tai liu nay boc 16 rang, con dudng STING trung gian cho bénh lupus thong qua su kich
hoat su truong thanh cua té bao dudi gai thong thudng va su biét hoa cua té bao dudi gai
dang tuong bao.

Gao et al., Proc. Natl. Acad. Sci. U S A. 2015 Oct 20;112(42):E5699-705, mo ta

rang, viéc kich hoat cGAS béi ADN ty than din dén cac bénh ty mién nhét dinh nhu

bénh lién quan dén interferon.

Tonduti et al., Expert Rev. Clin. Immunol. 2020 Feb;16(2):189-198 boc 10 réng,
cac chat tre ché cGAS c6 tiém nang tri liéu dac biét trong hdi chiing Aicardi- Goutiéres
va hoi chimg lupus chilblain gia dinh, ma né 14 réi loan qua trung gian mién dich tu
viém gidng lupus.

Steiner et al., Nat Commun. 2022 Apr 28;13(1):232; doi: 10.1038 cho thay su
thiéu hut phtrc hop coatome I gdy ra sy hoat hoa bat thudng cua tin hiéu STING va hoi
chting COPA, va cGAS 1a can thiét dé thuc day tin hiéu IFN loai I trong mo hinh té bao
hoi chung COPA.

Li et al cho thdy rang cac nang ngoai bao chira ADN c¢6 ngudn goc huyét tuong
cadm ung cac dap ung gay viém qua trung gian STING ¢ bénh viém da co (Theranostics,
2021; 11(15): 7144—7158). Zhou et al (J Clin Lab Anal, 2022 Oct; 36(10): e24631) mo
ta mbi twong quan giira sy hoat hoa con dudng cGAS - STING va teo s¢i co/hoai tir &
bénh viém da co.

Trong tai liéu cta tac gid Yu et al., Cell 2020 Oct 29;183(3):636-649, su lién quan
giita ADN ty thé khoi phat bai TDP-43 va su kich hoat ctia con duong cGAS/STING

trong bénh xo cung teo co mot bén (ALS) dugc mo ta.
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Ryu et al., Arthritis Rheumatol. 2020 Nov;72(11):1905-1915, tai li¢u nay cling
chtng minh rang, ADN ty thé huyét tuong c6 hoat tinh sinh hoc ¢6 lién quan véi su tién
trién cua bénh trong cic bénh xo cling dic trung nhu xo cting bi hé thdng (SSc) hoic

bénh phoi k& (ILD), bénh phoi k& xo hoa tién trién (PF-ILD), va xo phdi vo cin (IPF).

In Schuliga et al., Clin. Sci. (Lond). 2020 Apr 17;134(7):889-905, ADN ty than

dugce mé ta 1a duy tri sy 130 hoa nguyén bao soi phdi IPF theo cach phu thudc cGAS.

Céc dau hiéu khoa hoc khac cho thdy méi lién quan gitta nguyén nhan cua cac bénh xo
héa khac nhu viém gan nhiém md& khong do ruou (NASH) véi con duong cGAS/STING
da dugc mo ta trong tai li¢u cia Yu et al., J. Clin. Invest. 2019 Feb 1;129(2):546-555,
va trong tai li¢u Cho et al., Hepatology. 2018 Oct;68(4): 1331-1346.

Nascimento et al., Sci. Rep. 2019 Oct 16; 9(1):14848, boc 16 rang, su giai phong
ADN ty than va thu cam phy thuéc STING diéu khién tinh trang viém do hat thube &
chudt nhat cho thay su lién quan giita con duong cGAS-STING va bénh phoi tic nghén
man tinh (COPD).

Ma et al., Sci. Adv. 2020 May 20;6(21):eaaz6717, boc 16 rang, viém loét dai trang
va bénh rudt viém (IBD) co thé duoc kiém ché bing cch kiém soat tinh trang viém qua

trung gian cGAS.

Gratia et al., J. Exp. Med. 2019 May 6;216(5):1199-1213, chting minh rang,
protein trong hdi ching Bloom ngin can su cam bién mién dich bam sinh ciia cac nhan
nho boi ¢cGAS. Do d6, cac chét (rc ché cGAS c6 tiém ning tri lidu trong diéu tri hoi
ching Bloom.

Kerur et al., Nat. Med. 2018 Jan; 24(1):50-61, m6 ta rang, cGAS dong vai tro
dang ké trong su hoat hoa thé viém khong theo quy tic (noncanonical-inflammasome)
trong thoai hoa diém vang lién quan dén tudi tac (AMD).

Visitchanakun et al., Int J Mol Sci. 2021 Oct 23;22(21):11450, cho théy chudt
thiéu GAS it nghiém trong hon chudt hoang di trong cic mé hinh nhiém trung huyét do
that va choc manh trang (CLP) va tiém lipopolysacarit (LPS).

Wang et al., Mediators Inflamm. 2015;2015:192329, mé ta rﬁng cGAS can thiét

cho su tang sinh t& bao va san xuat xytokin gy viém trong té bao mang hoat dich viém
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khép dang thdp. Ciing d bao céo riang trong mé hinh chudt bi viém khép, tinh trang
thiéu hut cGAS da e ché phan ing interferon, sy tham nhiém té bao viém va sung khop

(Willemsen et al., Cell Rep. 2021 Nov 9;37(6):109977).

Guo et al., Osteoarthritis Cartilage. 2021 Aug;29(8):1213-1224, mé ta ring ADN
bi ton thuong 13 mot yéu t6 bénh 1y quan trong ddi véi bénh viém xuong khép (OA) va
diéu nay co thé dugc diéu tiét boi con duong cGAS/STING, vi viéc loai béd STING Iam

giam sy mat 6n dinh cta qua trinh phat trién OA do sun chém giita gay ra & chuot.

Mao et al., Arterioscler Thromb Vasc Biol (2017) 37(5):920-929, cho thiy con
duong cGAS/STING diéu tiét tinh trang viém ndi mé dé dap tng véi ton thuong ty thé
do axit béo tu do giy ra trong tinh trang béo phi do ché do an udng, cho thiy chat tic

ché cGAS ciing c6 tiém nang trong diéu tri béo phi va dai thdo dudng.

Kerur et al, Nat Med. 2018 Jan;24(1):50-61, mé ta rang nong do cGAS ting cao
trong biéu mo sic t6 vong mac & mat ngudi bi teo dia 1y, va cGAS thuc day hoat hoa

thé viém khong dién hinh trong thoai hoa diém vang do tudi tac.

cGAS thic diy qua trinh 130 hoa té bao va kiéu hinh tiét lién quan dén lio hoa
(Yang et al, Proc Natl Acad Sci USA 2017 Jun 6;114:E4612-E4620). Chromatin té bao
chat kich hoat tinh trang viém trong qua trinh 130 héa thong qua cGAS/STING va chudt
khong c6 STING da giam tinh trang viém mo va 1ao héa (Dou et al, Nature. 2017 550:
402-406). Hon nira, & ngudi su thay ddi trong gen STING c6 lién quan dén s 130 hoa
khoe manh, chii yéu 1a do giam viém (Hamann et al, Gerontology 2019;65:145—154).
Téng hop lai, chét trc ché STING sé& lam giam 3o hoa lién quan dén viém va sy tich tu
té bao 140 hoa va s& dan dén cai thién su 140 hoa lién quan dén cac bénh nhu réi loan co
va xo hoa.

Hon nita, cac chat tre ché cGAS c6 cong thuc I, 11 hodc 11T cling ¢6 tiém nang tri
lidu trong diéu tri ung thu (xem tai liéu cua tac gia Hoong et al., Oncotarget. 2020 Jul
28;11(30):2930-2955, and Chen et al., Sci. Adv. 2020 Oct 14;6(42):eabb8941).

Ngoai ra, cac chét trc ché cGAS co cong thuc I, II hoac III cling co tiém nang tri liu
trong diéu tri suy tim (Hu et al., Am.J. Physiol. Heart Circ. Physiol. 2020 Jun
1;318(6):H1525-H1537).
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Nhitng goi y khoa hoc tiép theo vé& mdi twong quan giita bénh Parkinson va con
duong cGAS/STING (Sliter et al., Nature. 2018 Sep;561(7722):258-262) va gilra hoi
ching Sjogren va con duong cGAS/STING (Papinska et al., J. Dent. Res. 2018
Jul;97(8):893-900) c6 ton tai.

Hon nita, cac chit e ché cGAS c6 cong thirc I, IT hodc III ciing ¢6 tiém ning tri
lidu trong diéu tri cac nhiém tring do COVID-19/SARS-CoV-2 nhu dugc chimg minh
trong tai liéu cua tac gia D1 Domizio et al., Nature. 2022 Jan 19. doi: 10,1038/s41586-
022-04421-w: “The cGAS-STING pathway drives type I IFN immunopathology in
COVID-19%, and in Neufeldt et al., Commun Biol. 2022 Jan 12;5(1):45. doi:
10,1038/s42003-021-02983-5: “SARS-CoV-2 infection induces a pro-inflammatory
xytokin response through cGAS-STING and NF-kappaB”.

Ngoai ra, cac chit (rc ché ¢GAS co cong thuc I, 1T hoac III c6 tiém nang tri li¢u
trong diéu tri viém than va xo hoa than nhu duoc chirng minh trong tai li€u cua tac gia
Chung et al., Cell Metab. 2019 30:784-799: “Mitochondrial Damage and Activation of
the STING Pathway Lead to Renal Inflammation and Fibrosis”, va trong Maekawa et
al., Cell Rep. 2019 29:1261-1273: “Mitochondrial Damage Causes Inflammation via
cGAS-STING Signaling in Acute Kidney Injury”.

Hon nita, cac chét tc ché cGAS c6 cong thuce I, 1T hoac III co tiém nang tri li¢u
trong diéu tri ung thu nhu duoc ching minh trong tai liéu ciia tac gia Bakhoum et el.,
Nature. 2018 Jan 25;553(7689):467-472: “Chromosomal instability drives metastasis
through a cytosolic DNA response”, and in Liu et al., Nature. 2018 Nov;563(7729):131-

136: “Nuclear cGAS suppresses DNA repair and promotes tumorigenesis*.

Ngoai ra, cac chit (rc ché ¢GAS co cong thuc I, 1T hoac III c6 tiém nang tri li¢u
trong diéu tri rdi loan chuyén hoa, vi cac dong vat STING thé hién sy thAm nhiém dai
thuc bao giam trong mo md khi hap thu luong calo cao can man tinh (HFD) va sy thiéu
hut STING® va IRF3 din dén su giam vé glucoza va insulin trong mau va giam trong

lugng co thé (Mao et al, Arterioscler Thromb Vasc Biol, 2017;37 (5): 920-929).

Hon nira, cac chat ic ché cGAS c6 cong thuce I, 11 hodc IIT ¢6 ti€ém néng tri li¢u
trong diéu tri cac bénh vé mach mau va dan dén sy sira chita/tai tao mach, vi sy giai

phong ciia ADN ty thé vao trong xytosol cua cac té bao ndéi mé dan tdi kich hoat con
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duong cGAS/STING va kiém ché su tang sinh nd1 mo6. Hon nira, viéc loai bé gen cGAS
s€ khoi phuc sy stra chita/tai tao ng1 mo & mau chudt bj ton thuong phéi do viém (Huang
et al, Immunity, 2020, Mar 2017; 52 (3): 475-486.e5. doi:
10.1016/j.immuni.2020,02.002).

Ngoai ra, cac chit (e ché cGAS co cong thuce I, 1T hoac III c6 tiém nang tri li¢u
trong diéu tri cic bénh vé tim mach lién quan dén tudi tac va lién quan dén béo phi
(Hamann et al, Immun Ageing, 2020, Mar 14; 17: 7; doi: 10.1186/s12979-020-00176-
y.eCollection 2020).

Do do, cac hop chit co cong thuc I, 11 hoac 111 1am chit e ché cGAS c¢6 thé duoc
st dung trong li€u phap diéu tri cac bénh tu viém va tu mién dich nhu lupus ban do hé
théng (SLE), bénh lién quan dén interferon, hoi chimg Aicardi-Goutiéres (AGS), hoi
chtitng COPA, bénh lupus chilblain gia dinh, thoai héa diém vang tudi gia (AMD), xo
cliing teo co mdt bén (ALS), bénh rudt viém (IBD), bénh phdi tic nghén man tinh

(COPD), hoi chtrng Bloom, hoi chitng Sjogren viém khép dang thap, va bénh Parkinson.

Ngoai ra, cac hop chat c6 cong thirc I, IT hodc I 1am chét e ché cGAS c¢6 thé
duogc str dung trong liéu phap diéu tri bénh xo hoa nhu xo cimg bi hé thdng (SSc), bénh
lién quan dén interferon, viém gan nhiém md khong do ruou (NASH), bénh phdi ké
(ILD), t6t hon 12 bénh phoi k& xo hoa tién trién (PF-ILD), dic biét 1a xo phdi vo cin
(IPF).

Hon nira, cac hop chit c6 cong thue I, II hodc III [am chit tre ché cGAS co thé
duogc sir dung trong liéu phap diéu tri thoai hoa diém vang tudi gia (AMD), bénh vong
mac, bénh tang nhan ap, bénh tiéu duong, béo phi, 1ao hoa, rdi loan co, nhiém trung
huyét, viém xuong khép, suy tim, nhiém tring do COVID-19/SARS-CoV-2, viém thén,
xo hoa thén, réi loan chuyén hoéa, cac bénh vé mach mau, cic bénh vé tim mach va ung

thu.
CAC TO HOP

Céc hop chét c6 cong thie I, 1T hodc 11T ¢6 thé dugce str dung cho bénh nhan don

doc hoic két hop voi mot hodc nhidu hoat chat duge 1y khac.

Trong mot phuong 4n wu tién theo sang ché, cac hop chét cé cong thirc I, 1T hoic

11T ¢6 thé duoc két hop voi mot hodc nhidu hoat chat duoc 1y duoc chon tir nhom gdm
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chét chdng viém, chit chdng xo hoa, chat chdng di tmg/ khang histamin, chét gidn phé
quan, chit chu van beta 2 /chét hudng giao cam betamimetic, chit chu van adrenergic,
chét chéng tiét cholin, metotrexat, mycophenolat mofetil, chit diéu bién leukotrien, chét
trc ché JAK, khang thé khang interleukin, chat tri liéu mién dich khong dic hiéu nhu
interferon hodc cic xytokin/chemokin khac, chat diéu bién thy thé xytokin/chemokin
(tire 13, cac chit chi van hodc di khang thu thé xytokin), cht cha van thy thé gidng toll
(= chét cha van TLR), chat diéu hoa diém kiém soat mién dich, cic khang thé khang

TNF (Humira™), va cac tac nhan khang BAFF (Belimumab va Etanercept).

Chat chéng xo hoa tot hon duge chon tir Pirfenidon va chat {rc ché tyrosin kinaza

nhu Nintedanib, trong dé Nintedanib dac biét duoc uu tién.
Vi du dugc vu tién vé chét chéng viém la cac NSAID va corticosteroit.

Cac NSAID tbt hon duge chon tur ibuprofen, naproxen, diclofenac, meloxicam,

celecoxib, axit axetylsalixylic (Aspirin™), indomethacin, axit mefenamic va etoricoxib.

Cac corticosteroit tét hon duoc chon tir Flunisolide, Beclomethasone,
Triamcinolone, Budesonide, Fluticasone, Mometasone, Ciclesonide, Rofleponide va

Dexametasone.

Cac chat chéng di ung/khang histamin tdt hon dwoc chon tir Epinastine,
Cetirizine, Azelastine, Fexofenadine, Levocabastine, Loratadine, Ebastine,

Desloratidine va Mizolastine.

Chét chil van beta 2 /chat huéng giao cam betamimetic c6 thé chat chu véan beta
2 tac dung kéo dai (LABA) hoic chit chu van beta tac dung ngan (SABA). Céc chat chu
van beta 2 /chét hudng giao cadm betamimetic dac biét vu ti€n dugc chon tir Bambuterol,
Bitolterol, Carbuterol, Clenbuterol, Fenoterol, Formoterol, Hexoprenalin, Ibuterol,
Pirbuterol, Procaterol, Reproterol, Salmeterol, Sulfonterol, Terbutalin, Tolubuterol,

Olodaterol, va Salbutamol, dac biét 1a Olodaterol.

Chat chdng tiét cholin t6t hon duoc chon tir mudi ipratropium, mudi tiotropium,
mudi glycopyronium, va theophylline, trong dé tiotropium bromua dic biét dugc wu

tién.
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Chat diéu bién leukotrien t6t hon dugc chon tir Montelukast, Pranlukast,

Zafirlukast, Ibudilast va Zileuton.

Chéat ¢ ché JAK tot hon duoc chon tir Baricitinib, Cerdulatinib, Fedratinib,
Filgotinib, Gandotinib, Lestaurtinib, Momelotinib, Pacritinib, Peficitinib, Ruxolitinib,

Tofacitinib, va Upadacitinib.

Céc khang thé khang interleukin tot hon duoc chon tir khang thé khang IL23 nhur
Risankizumab, khang thé khang IL17, khang thé khang IL1, khéng thé khang IL4, khéng
thé khang IL13, khang thé khang IL-5, khang thé khang IL-6 nhu Actemra™, khang thé
khang IL-12, khang thé khang IL-15.

DUGQC PHAM BAO CHE

Hop chét theo sang ché c6 thé duge dung theo dudng dung thich hop bét ky, bao
gdm ca dung toan than va dung cuc bd. Dung theo duong toan than bao gdm dudng
ubng, dudng ngoai tidu hoa, duong qua da, dudng truc trang, va dung theo dudng hit.
Dung theo duong ngoai ti€u hoa chi cac duong dung khac véi duong rudt, qua da hodc
duong hit, va thudng bang cach tiém hoic truyén. Viéc dung theo dudng ngoai tiéu hoa
bao gdm tiém hodc truyén theo trong tinh mach, trong co, trong xwong tc, va dudi da.
Dung theo duong xong hit dé cap dén viéc dua vao trong phoi ctia bénh nhan da hit qua
duong miéng hodc qua dudng mii. Dung theo duong tai chd bao gdm viéc ap dung 1én
da. Cac hop chit theo sang ché co thé dugc dung thong qua viéc nho giot vao mat dé

diéu tri hoi chimg Sjogren.

Dang thich hop dé sir dung 13, vi du vién nén, vién nang, dung dich, xi-r6, nhii
dich hodc bot hoac sol khi hit dugc. Ham lugng cta hop chit/cac hop chét c6 hiéu qua
duge 1y trong mdi mot trudng hop can phai nam trong khoang tir 0,1 dén 90% khdi
lugng, tét hon tir 0,5 dén 50% khéi lugng cua tong ché pham, tic 12 véi cac luong du
dé dat dugc khoang liéu dugc xac dinh sau day.

Céc ché pham c6 thé dugc dung theo dudng udng ¢ dang vién nén, & dang bot,
dang bot trong nang (vi du, nang gelatin ctng), & dang dung dich hodc hdn dich. Khi
dugc dung béng cach xong hit, to hop hoat chit c6 thé duoc dung ¢ dang bot, ¢ dang

dung dich nudc hodc nudc- etanol hodc sir dung thanh phan khi day.
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Do d6, tét hon 1a duge phém dac trung boi ham luong cia mot hoac nhiéu hop

chat ¢6 cong thirc I, 11 hodc I1I theo cac phuong 4n wu tién néu trén.

Pic biét tot hon néu cac hop chét co cong thuc I, II hoac III dugc dung theo
dudng uéng, va cling dac biét tdt hon néu chung dugc dung mot 14n hodc hai 1an mot
ngay. Cac vién nén thich hop c6 thé thu dugc, vi du, bang cach tron két hop hoat chat/cac
hoat chat véi cac ta duoc da biét, vi du cac chét pha loang tro nhu canxi cacbonat, canxi
phosphat hoic lactoza, chat gy ra nhu tinh bot ngd hoic axit alginic, chat két dinh nhu
tinh bot hodc gelatin, chat lam tron nhu magie stearat hoac talc va/hodc cac chit lam
chiam sy gidi phong, nhu cacboxymetyl xenluloza, xenluloza axetat phtalat, hoac

polyvinyl axetat. Vién nén ciing c6 thé bao gom nhiéu 16p.

Do d6, cac vién nén dugc bao c6 thé duoc bao ché bﬁng cach bao cac 161 duogc
tao ra theo cach twong tu nhu vién nén bang cac chat thudng dugc sir dung dé bao vién
nén, vi du kolidon hodc senlac, gdm arabic, talc, titan dioxit hodac duong. Pé dat duoc
su giai phong chdm hodc ngin chin kha niang khong tuong hop, 16i cling c6 thé bao gdm
nhiéu 16p. Do d0, cac vién nén dugc bao co thé dugc bao ché bﬁng cach bao cac 161 duoc
tao ra theo cach twong tu nhu vién nén bang cac chat thudng dugc stir dung dé bao vién

nén, vi du kolidon hodc senlac, gom arabic, talc, titan dioxit hodc dudng.

Xi-rb chira cac hoat chéat hodc to hop cua chung theo sang ché c6 thé con chira
chét tao ngot nhur sacarin, xyclamat, glyxerol hodc duong va chit ting cuong huong vi,
vi du, huong vi nhu vanillin hoac chiét xuat cam. Chung cling co thé chtra cac chat phu
gia hodc chat 1am dic huyén phi nhu natri cacboxymetyl xenluloza, chat lam wét vi du
cac san pham ngung tu ciia cac ruou béo vdi etylen oxit, hodc cac chat bao quan nhu

phydroxybenzoat.

Vién nang chira mot hodc nhiéu hoat chat hodc to hop cua cac hoat chat co thé,
vi du duoc diéu ché bé’mg cach tron két hop hoat chit véi cac chat mang tro nhu lactoza
hoic sorbitol va déng goi chung thanh vién nang gelatin. Thudc dan thich hop c6 thé
duoc tao ra, vi du bﬁng céch tron véi cac chat mang duogc cung cép cho muc dich nay,

nhu céc loai chit béo trung tinh hoic polyetylen glycol hodc din xuét cua ching.

Ta dugc ma cé thé dugc st dung bao gdm, vi du, nudc, dung moi hiru co duge

dung nhu parafin (vi dy, cadc phan doan dau mo), dau thuc vat (vi dy, dau lac hodc dau
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virng), cac ruou don hodc da chirc (vi dy, etanol hodc glyxerol), cac chit mang vi du
nhu bot khoang ty nhién (vi dy, cao lanh, dat sét, tale, da phén), bot khoang téng hop
(vi du, axit silixic va cac silicat 0 phan tan cao), cac duong (vi du, duong mia, lactoza
va glucoza), cac chit nhii hoa (vi du, lignin, nuéc cai sulphit di qua st dung,
metylxenluloza, tinh bot va polyvinylpyrolidon) va cac chat lam tron (vi du, magie

stearat, talc, axit stearic va natri lauryl sulphat).

Pé dung theo dudng udng, vién nén di nhién c6 thé chira, ngoai cac chat mang
néu trén, cac chat phu gia nhu natri xitrat, canxi cacbonat va dicanxi phosphat cing véi
céc chat phu gia khac nhau nhu tinh bot, tot hon 14 tinh bot khoai tay, gelatin va twong
tu. Ngoai ra, cac chat lam tron nhu magie stearat, natri lauryl sulphat va talc c6 thé duoc
sir dung dong thoi trong qua trinh nén vién. Trong trudng hop huyén phi nude, cac hoat
chét c6 thé dugc két hop véi cac chat ting cudng huong vi hodc chit tao mau khac nhau

ngoai cac ta dugc néu trén.
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YEU CAU BAO HQ

1. Hop chét c6 cong thirc I:

¢ 1
’ N &~ O
E 0

D N ““l(
A ; 7 OH
NAN
\ | /
R3

trong do

R! dugc chon tir nhom bao gom hydro, halogen, metyl, etyl, -CF3, -CHF», -CFH: va

metoxy,

R? duogc chon tir nhoém bao gdom hydro va metyl,

R? dugc chon tir nhdm bao gom hydro, metyl va halogen,

va trong do

A duoc chon tir nhém bao gom -CHa-, -O-, -CFa-, -CHF-, -N(CH3)-,-NH- va -CHCH3-;
D duoc chon ttr nhém bao gém -CH;-, -O-, -CF»-, -CHF- va -CHCH3-;

E duoc chon tir nhém bao gém -CH,-, -O-, -C(CHs)2-, -CHF-, CFa- va -CHCH;-;

G duoc chon tir nhém bao gém -NH-, -NCH;-, -CH;-, -O-, -CF»-, -CHF-, -CHCH3- va
-C(CHa)a;

J duoc chon tir nhom bao g@)m -CO-, -CH3-, -O-, -CHF-, -CF2- va -CHCH3-;
K duoc chon tir nhom bao gém -CHoz-, -CF»-, -O- hoac khong c6 mat;
L dugc chon tir nhém bao gdm -CHa-, -O-, -CHCHj3-, -CHF-, -CFa- hodc khong c6 mit;
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va tién duoc chat, chat tuong tu duogc doteri hoa va mudi duoc dung cua chung.
2. Hop chét c6 cong thire I theo diém 1, trong d6

trong dé

R! dugc chon tir nhém bao gém hydro, C1 va E,

R? duogc chon tir nhém bao gom hydro va metyl,

R? dugc chon tir nhém bao gdbm hydro, metyl, Cl va F,

va trong do

A duoc chon tir nhém bao gdm -CHa-, -O-, -CF»- va -N(CH3)-,
D duoc chon tir nhom bao gém -CHaz-, -O- va -CHCHz;-,

E duoc chon tir nhém bao gom -CHa-, -O- va -C(CHs)-,

G duoc chon tir nhém bao gém -NH-, -CH;-, -O-, -CHCH3-,

J duoc chon tir nhom bao gém -CO-, -CHz-, -O-, va -CHCH3-;
K duogc chon tir nhom bao gém -CHaz-, -CF»-, -O- hoac khong c6 mat;
L duoc chon ttr nhom bao gém -CHz-, -CF»- hodc khong c6 mat;

va tién dugc chat, chat tuong tu duoc doteri hda va mubi duoc dung cua chung.
3. Hop chit ¢6 cong thuc I theo diém 1 hoic 2, trong d6 L khong c6 mat, va tién duoc
chét, chét twong tu duoc doteri hoa va mudi duoc dung cia chung.
4. Hop chat co6 cong thirc I theo diém 1 hodc 2, trong d6 L khong c6 mat va trong d6 A
duoc chon tir nhém bao g@)m -CHaz- va -CF»-,

va tién dugc chat, mudi duoc dung cua chung hoac chét tuong tu dugc doteri hoa
cua ching.
5. Hop chat ¢6 cong thirc I theo diém 1 hodc 2, trong d6 L khong c6 mit va trong d6 K
12 CF», va tién dugc chit, chét tuong tu duogc doteri hoa va mudi duge dung cua chung.
6. Hop chét c6 cong thiic T theo diém bat ky trong s6 cac diém tir 1 dén 5, trong d6 R?
1a halogen, va tién dugc chét, chat twong tu duoc doteri hoa va mudi dugc dung cia
ching.
7. Hop chat c6 cong thire I theo diém 6, trong d6 R3 1a C1 hodc F, va tién duoc chat, chat

tuong tu duogc doteri hoa va mudi duogc dung cua chung.
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8. Hop chét c6 cong thire I theo diém 7, trong d6 R31a Cl hodc F va dugce ndm & vi tri 5
cua géc benzimidazol, va tién dugc chat, chat tuong tu dugc doteri hoa va mudi duoc
dung cua chung.

9. Hop chét c6 cong thuc I theo diém bat ky trong sb cac diém tir 1 dén 8, trong d6 R!
la halogen va tien duogc chét, chat tuong tu dugc doteri hoa va mudi dugc dung cua

ching.

10. Hop chat ¢ cong thirc I theo diém 9, trong d6 R' 1a C1 hoidc F va tién dugc chat,
chét tuong tu duoc doteri hda va mubi duoc dung cua chung.

11. Hop chit c¢6 cong thc I theo diém bt ky trong sb cac diém tir 1 dén 8, trong d6 R!
1a hydro, va tién duoc chat, chat tuong tu dugc doteri hda va mubi duge dung cua chung.

12. Hop chat ¢ cong thirc I theo diém bat ky trong sd cac diém tir 1 hodc 2 duoc chon

tor nhom bao gom
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va tién duoc chat, chit tuong ty dugc doteri hoa va mudi duogc dung cta chung.
13. Hop chit c6 cong thire I theo diém 1 hoic 2, trong d6

A duogc chon tir nhom bao g@)m -CH:- va -CF»-,
mdi D va E 1a -CHa-,

G duoc chon tir nhém bao g@)m -CH;- va -O-,

J duoc chon tir nhom bao gém -CHz- va -O-,
K dugc chon tir nhom bao g@)m -CF»- va -CHa-,
va L khong c6 mait,

va tién duoc chat, chit tuong tu duoc doteri hoa va mudi duge dung ctia chung.
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14. Hop chit c6 cong thire I theo diém 13, dugc chon tir nhém bao gébm

A= o0

va tién duogc chat, chat tuong tu duoc doteri héa va muoi duoc dung cia ching.

15. Hop chit ¢6 cong thuc I theo diém 1, trong d6 R> 1a metyl, va tién duge chat, chat

tuong tu duoc doteri hoa va mubi duoc dung cua chung.
16. Hop chat theo diém 15, trong d6 hop chat nay 1a

hop chét c6 cong thirc 1T

R1
— N
G \
’ N\ O
E 0
D N ““[(
A § 7 OH
O)\N WwCH; é
N/<N
\|/
3
R 1

hoic hop chat c6 cong thirc IIT
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R 111,

va tién duoc chat, chit tuong ty dugc doteri hoa va mudi duoc dung cua chung.

17. Hop chat theo diém 16, trong d6 hop chat nay 14 hop chat c6 cong thic I

R1
y-K—L N
G I
’ N &~ (@]
E 0
D N ‘“‘[L
A ( 7" o
O)\'\O:CH?’ é
N/<N
\ | /
R® 1,

va tién duoc chat, chat tuong tu duoc doteri hoa va mudi duge dung cua chung.
18. Hop chit theo diém 16 hodc 17, trong d6 hop chét nay 1a hop chét c¢6 cong thirc I
hodc cong thirc 111, va trong d6 L khong c6 mait, va tién duogc chat, chat tuong tu dugc
doteri hoa va mudi duoc dung cua ching.
19. Hop chit theo diém 16 hodc 17, trong d6 hop chét nay 1a hop chéat c6 cong thirc I
hodc cong thuc I1I va trong d6 L khong c6 mét va trong d6 K 1a CF», va tién duoc chat,

chét tuong tu duogc doteri hda va mudi duge dung cuia ching.
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20. Hop chét theo diém 16 hodc 17, trong d6 hop chat ndy 13 hop chat c6 cong thuc II
hodc cong thirc III, va trong d6 R? 1a halogen, va tien duoc chat, chét tuong tu dugc

doteri héa va muoi dugc dung cia ching.

21. Hop chét theo diém 20, trong d6 hop chit nay 1a hop chit c6 cong thirc IT hoic cong
thirc 111, va trong d6 R3 1a Cl hoac F, va tién duoc chat, chét tuong tu dugc doteri hoa

va muoi dugc dung cua ching.

22. Hop chit theo diém 21, trong d6 hop chét nay 1a hop chit c6 cong thirc II hodc cong
thirc 111, va trong d6 R* 1a Cl hodc F, va duoc nam & vi tri 5 cla géc benzimidazol, va

tién duoc chat, chat tuong ty dugc doteri hoa va mudi duge dung cua chung.

23. Hop chét theo diém 16 hodc 17, trong d6 hop chat nay 1a hop chat c6 cong thic 11
hodc cong thirc I11, va trong d6 R? 1a hydro, va tién duoc chat, chat tuong tu dugc doteri

hoa va mudi duge dung cua chung.

24. Hop chét theo diém 16 hodc 17, trong d6 hop chat nay 1a hop chat c6 cong thuc 11
hodc cong thirc III, va trong d6 R! 1a halogen, va tien duoc chat, chét tuong ty dugc

doteri hda va mudi dugce dung ctua chiing.

25. Hop chét theo diém 24, trong d6 hop chit nay 1a hop chit c6 cong thirc II hodc cong
thirc 111, va trong @6 R' duoc chon tir nhdom bao gém Cl hodc F, va tién dugc chat, chat

tuong tu duoc doteri hoa va mudi dugc dung ctia chiing.

26. Hop chét theo diém 16 hodc 17, trong d6 hop chat nay 13 hop chat c6 cong thuc II
hodc cong thirc I11, va trong d6 R! 1a hydro, va tién duoc chat, chat tuong tu dugc doteri

hoa va mudi duge dung cua chung.

27. Hop chét theo diém 16 hodc 17, trong d6 hop chat nay 13 hop chét c¢6 cong thirc II

hodc cong thuc 111, va trong do

A duogc chon tir nhom bao g@)m -CH;- va -CF»-,
mdi D va E 1a -CHa-,

G duoc chon tir nhom bao gém -CHz- va -O-,

J duoc chon tir nhém bao gém -CHz- va -O-,
K duoc chon tir nhom bao gém -CF»- va -CHa-,

va L khong c6 mat,
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va tién dugc chat, chat tuong tu dugc doteri hoa va muoi dugc dung cia ching.

28. Hop chat c6 cong thire II theo diém 27, duge chon tir nhém bao gdm

va tién duoc chat, chit tuong ty dugc doteri hoa va mudi duoc dung cua chung.

29. Hop chét theo diém 27, trong d6 hop chat nay 1a hop chat ¢ cong thirc IT hodc cong
thure 11, va trong do

A duogc chon tir nhom bao g@)m -CH:- va -CF»-,

mdi D, E va G 1a -CHa-,

J duoc chon tir nhom bao gém -CHz- va -O-,

K 1a -CF;-,

va L khong c6 mit,

va tién duoc chat, chat tuong tu duoc doteri hoa va mudi duge dung cua chung.

30. Hop chét c6 cong thire II theo diém 29, dugc chon tir nhém bao gdbm
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va tién duoc chat, chit tuong ty dugc doteri hoa va mudi duogc dung cua chung.

31. Hop chat trung gian c6

e cong thuc (A-])

R (A-D),

trong d6 R', R%, R3, A, D, E, G, J, K va L dugc dinh nghia nhu duoc dé cap ¢ trén
va trong d6 R13 duoc chon tir nhom bao gdm hydro, metyl, etyl va tert-butyl,

e c6 cong thuc (A-1D),
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R? (A-ID),

trong d6 R', R%, R3, A, D, E, G, J, K va L dugc dinh nghia nhu duoc dé cap ¢ trén
va trong d6 R13 duoc chon tir nhom bao gdm hydro, metyl, etyl va tert-butyl,

va trong d6 R 13 hydro hozc nhom bao vé dugc chon tir nhom bao gom tert-butyl,

metyl, etyl va benzyl,

e co cong thuc (B-I)

R1
A
O%( “p7 Y6 KT Y \
N o
N o)
N
2 wt
QRSC Myl
“*O 1
Nj( % hd R13
@ N
3/
R (B-I),

trong 46 R!, R% R?, A, D, E, G, J, K va L duoc dinh nghia nhu duoc dé cap ¢ trén
va trong d6 R13 duoc chon tir nhom bao gdm hydro, metyl, etyl va tert-butyl,

hoac

e c0 cong thuc (B-1I)
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R1

R (B-ID),

trong d6 R!, R R3, A, D, E, G, J, K va L dugc dinh nghia nhu dugc dé cap 6 trén
va trong d6 R13 duoc chon tir nhom bao gdm hydro, metyl, etyl va tert-butyl.

32. Dugc phiam chira hop chét c6 cong thirc I theo diém bt ky trong sb cac diém tir 1
dén 15 hodc hop chat c6 cong thic 11 hodc 1T theo diém bét ky trong sb cac diém tir 16

dén 30 va tiy ¥ mot hodc nhiéu chit mang va/hodc ta duge duoc dung.

33. Dugc pham chira hop chét c6 cong thirc I theo diém bat ky trong sb cac diém tir 1
dén 15 hoic hop chat c6 cong thic I hodc III theo diém bét ky trong sb cac diém tir 16
dén 30 két hop vé1 mot hoac nhiéu hoat chat dugc chon tir nhom bao g6m khang chét
chdng viém, chat chdng xo hoa, chat chong di img/ khang histamin, thubc gian phé quén,
chat chii van beta 2/chit hudng giao cam betamimetic, chit chu van, chit khang
cholinergic, methotrexat, mycophenolat mofetil, chat diéu bién leukotrien, chit trc ché
JAK, khang thé khang interleukin, li¢u phap mién dich khong dac hi¢u chéng han cac
interferon hodc cac xytokin/chemokin khac, chat diéu bién thu thé xytokin/chemokin,
chat chi1 van thy thé gidng toll, chat diéu hoa diém kiém soat mién dich, khang thé khang
TNF chang han Humira™, khang thé khdang BAFF chang han Belimumab va Etanercept,
va ty y mot hodc nhiéu chat mang va/hodc ta dugce dugc dung.
34. Dugc phiam chira hop chét c6 cong thirc I theo diém bt ky trong sb cac diém tir 1
dén 15 hodc hop chit c¢6 cong thirc 1T hogc I1I theo diém bat ky trong s6 cac diém tir 16
dén 30 két hop véi mdt hodc nhiéu chat chéng x0 hoa duoc chon tir nhom bao gém
Pirfenidon va Nintedanib, va tuy y mot hodc nhiéu chat mang va/hodc ta dugc duoc

dung.
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35. Dugc pham chira hop cht ¢ cong thire I theo diém bt ky trong s cac diém tir 1
dén 15 hoic hop chat c6 cong thic 11 hodc III theo diém bét ky trong sb cac diém tir 16
dén 30 két hop véi mét hodc nhiéu chét chéng viém duoc chon tir nhom bao gff)m NSAID

va corticosteroit, va tuy y mot hodc nhiéu chat mang va/hoac ta duoc dugc dung.

36. Dugc phiam chira hop chét c6 cong thirc I theo diém bt ky trong sb cac diém tir 1
dén 15 hoic hop chat c6 cong thie II hodc I theo diém bét ky trong sb cac diém tir 16
dén 30 két hop v&1 mot hoac nhiéu hoat chit dugc chon tir nhém bao gém thube gian
phé quan, chét chu vén beta 2 /chat hudng giao cam betamimetic, chat cha van va chat

khang cholinergic, va tily ¥ mdt hodc nhiéu chat mang va/hoac ta dugc dugc dung.

37. Dugc pham chira hop chét c6 cong thirc I theo diém bat ky trong sb cac diém tir 1
dén 15 hodc hop chat c6 cong thic 11 hodc 1T theo diém bét ky trong sb cac diém tir 16
dén 30 va mot hodc nhiéu khang thé khang interleukin dwgc chon tir nhém bao gdm
khang IL-23 chang han Risankizumab, khang thé khang IL-17, khang thé khang IL-1,
khang thé khang IL-4, khang thé khang IL-13, khang thé khang I1L-5, khang thé khéng
IL-6 chang han Actemra™, khang thé khang IL-12 va khang thé khang IL-15.
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