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Linh vue k¥ thuit dwoc dé cip

Sang ché d& cap dén hop chét naphtyridindion, dwoc phdm va ché phim két hop
chtra hop chét nay.

Tinh trang ky thuit cia sang ché

Nhiéu bénh di truyén & ngudi 1a do cac dot bién vo nghia (xem Keeling et al,
WIREs RNA, 2011, 2, 837-852; Linde et al, Trends in Genetics, 2008, 24(11), 552-
563; va Roza et al, Pharmacology & Therapeutics, 2012 136(2), 227-266).

Dot bién vo nghia 14 dot bién di truyén din dén su bién d6i codon c6 nghia
thanh codon két thiic sém (premature termination codon — sau day goi 1a PTC) & phia

trude so véi codon két thic thong thuong.
Céac codon két thuc & sinh vat nhan dién hinh 13 UAA, UAG hoic UGA.

Codon két thuc thong thudong két thic dich ma gen va cho phép tdng hop
protein kiéu dai, c6 chidu dai diy du. PTC ngan chin qué trinh tdng hop protein kiéu
dai nhu vy va din dén cac protein bi cét ngin, trong nhiéu truong hop 1a khong ¢
hoat tinh. Su thiéu hut mot phén hoic toan bd protein tao thanh din dén cac bénh ly

ctia bénh giy ra béi dot bién vo nghia nay.

Dot bién vo nghia co thé 1a dot bién dung khung, vi du, trao dbi axit nucleic don
bién mot codon don thanh PTC, hodc dot bién dich khung, vi du viéc chén/xoéa axit

nucleic don bién codon chiu tac dong thanh PTC.

Hop chét c6 kha niang kim ham tac dong cia dot bién vo nghia sau day dugc goi

13 “chat kim ham dot bién vo nghia”.

Mot co ché dé kim ham tac dong ctia dot bién vo nghia 1a ting toc do clia cac sur
kién doc xuyén trong sudt qua trinh dich ma. Hop chét c¢6 co ché hoat dong nay & day
20i 1a “chét kich hoat doc xuyén”. Trong su kién doc xuyén, aminoaxyl tARN mang
cognat gdn duoc st dung dé ma héa lai codon két thuc thanh codon c¢6 nghia. Trong
cac didu kién co ban, viéc ma hoa lai PTC thanh codon c6 nghia xay ra & tan sudt it

hon 1% céc du kién dich ma, trong khi sy kim hdm codon két thic thong thuong xay
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ra & tin sudt <0,1%. Cac amino axit dwoc chén vao b.%lng cach ma hoa lai s€ khong
nhat thiét gidng véi cac amino axit tuong ting ciia protein kiéu dai; tuy nhién nhiéu sy
thay thé amino axit dugc dung nap vé chtrc ning. Vi viy, protein duoc tao ra bang su
kich hoat doc xuyén c6 thé c6 hoat tinh rat giéng v6i protein kiéu dai. Hau qua la,
bang cach ting tdc do ma hoa lai PTC, protein di chirc ning c6 thé duge khéi phuc dé

dem lai loi ich diéu tri cho bénh nhan mang dot bién vo nghia.

Co ché khac dé kim ham tac dong cia dot bién vo nghia 13 e ché sy phan rd
mARN qua trung gian ma vd nghia (nonsense-mediated mRNA decay - NMD). Hop
chét ¢6 co ché hoat dong nay & day duoc goi 12 “chit trc ché NMD”. NMD diéu hoa
tdng muc cta san phidm phién ma mang PTC: n6 phat hién va ph4 hiy cac san phim
phién ma nhu vy dé ngan qua trinh tdng hop cia céc protein bi cit, cac protein nay c6
thé 1a khong c6 chirc nang hoic ¢6 hai do hidu tng 4m tinh troi hodc thém chirc ning.
Sy trc ché NMD 1am ting s6 lwong cac san pham phién ma sin c6 ma ciing c6 thé 1a

co ché khdi phuc protein du chirc nang dé dem lai loi ich diéu tri.

Céc hop chit duoc mo ta nhu 13 chit kim ham su dot bién v6 nghia 14 cac chat
khang sinh aminoglycosit nhét dinh, vi du trong WO2007113841, va céc axit 1,2,4-
oxadiazol benzoic nhit dinh, vi du trong cong bd don qudc té s6 W02004091502 va
hop chét thudng duoc goi 14 amlexanox (cong bd don qubc té s6 W02012016930).
Cong bd don quéc té s6 W02009086303 md ta cac chit dé gia ting tudi tho. Cong bd
don qudc té s6 WO96/28444 mo ta cac hop chét dihydropyrimidoquinolinon lam céc

chat trc che tyrosin kinaza.

- Céac dan xuét pyridopyrimidindion khac dugc mb ta trong cong bd don qudc té
s W0199208719, trong Synthetic Communications, 1999, 29(22), 3919-3937, trong
Monatshefte fuer Chemie, 1996, 127(8/9), 917-925.

Céac chat kim ham dot bién vo nghia dugc xem la hitu ich trong diéu tri mét loat
cac bénh giy ra boi dot bién vo nghia. Cac vi du dang cha y v& bénh giy ra bai dot
bién v6 nghia 14 cac bénh gay ra bsi dot bién vo nghia trong enzym cta lysosome, vi
du bénh khuyét tit mucopolysaccharidosis I (hoi chimg Hurler) gdy ra béi dot bién vo
nghia trong alpha-L-iduronidaza; bénh mau khé dong A hodac bénh mau khé dong B
gdy ra boi dot bién vo nghia trong cac yéu té dong mau 7, 8 hodc 9; bénh xo nang giy

ra boi dot bién vo nghia trong kénh clorua CFTR; bénh giy ra boi dot bién vo nghia
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trong protein cAu trtc, vi du bénh teo co Duchenne hodc Becker gdy ra boi dot bién vo
nghia trong dystrophin; hodc bénh ung thu gy ra béi dot bién v6 nghia trong APC
hodc p53.

Tdn tai nhu ciu tao ra cac cht kim ham dot bién vo nghia méi 1a cac tng vién
thudc t6t. Cu thé 13, cac hop chit duoc wu tién nén 14 cac chét kim ham doét bién vo
nghia manh trong khi chi cho thiy hiéu qua thép trong cic khio nghiém dugc chéit
dich , vi du céc khao nghiém GPCR hoic kénh ion. Ching cin thé hién kha ning gin
két v6i protein huyét twong. Chiing phai dugc hip thu t6t qua duong tiéu hoa, di 6n
dinh trong trao ddi chét va c6 dic tinh duoc dong hoc thuén lgi. Chiing phai khong doc
va biéu hién it tic dung phu. Ngoai ra, tng vién thudc 1y tudng s& c6 kha niang ton tai
& dang vt Iy 6n dinh, khong hut 4m va d& bao ché.

Ban chit ky thuit ciia sang ché

Céc hop chét theo sang ché 1a cac chit kim ham dot bién vo nghia va do d6 co
tiém ning hitu ich trong diéu tri mot loat bénh gy ra boi dot bién vo nghia, trong do
cu thé 1a bénh dugc chon tir bénh mau kho dong A, bénh mau kh6 ddong B, bénh xo
nang, bénh khuyét tat mucopolysaccharidosis I, bénh teo co Duchenne, bénh teo co

Becker, bénh ung thu do mit APC va bénh ung thu do mét p53.

Muc dich ctia sang ché 13 d& xut hop chit c6 cong thire (I”) & dang tu do hodc

¢ dang mudi dugc dung:

)

trong do:
a)R; 1a hé vong khong thom, no hodc khong no, mot vong ¢6 nam dén sau canh,
trong d6 hé vong dd néu co thé chira tir 1 dén 4 nguyén tir khac loai duoc chon

ti nito, oxy va luu huynh, va trong d6 hé vong da néu c¢6 thé dugc thé mot 1an
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hodc nhiéu lan béng R, trong d6 mdi R¢ doc 1ap 1a halogen, hydroxyl, amino,
xyano, nitro, Cy_salkyl, C;_shalogenalkyl, C;_jalkoxy hodc C;_¢xycloalkyl;

va

R, 1a C,galkyl, xyclopropyl, xyclobutyl hodc xyclopentyl;
hodc

b) R, 1

trong d6 vong phenyl duoc gin vao thong qua lién két dugc danh déu bang déu
sao;
mdi Ry, 13 hydro;
va
R, 1a C,.alkyl, xyclopropyl, xyclobutyl hodc xyclopentyl;
hoac
¢) R, 1a vong duoc chon tir pyrolyl va pyridin-2-yl, vong nay c6 thé duoc thé bang
Ci-zalkyl; va
R, 1a C,_salkyl, xyclopropyl, xyclobutyl hodc xyclopentyl;
R; la hydro hodc —CH,R 5 va Ryg 14 hydro;
R4 va Rs doc 1ap dugce chon tir hydro va Cy-Cialkyl;

hoac
R4 va Rs cung véi lién két ma chiing gan vao tao thanh vong, vong nay dugc chon tur:

- vong carboxyclic mot vong khong thom c¢6 5 dén 7 canh c6 thé duge thé mot 1an
hodc nhiéu 14n bang Ro;
- vong thiophen, ¢6 thé duoc thé mot 14n bang R,o; va
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k%

Ra1
- , vong ndy ngung tu voi phan con lai ctia phan tir bang lién két

duoc danh diu béng hai d4u sao;

Ry9 va Ry ddc 18p duge chon tir halogen va Cy-Csalkyl;
R, 1a hydro,

hoic

R;3 va Ry hop lai 1a -CH,-CH,-;

Ry, 12 hydro; va

R4 1a hydro hodc halogen.

Ngoai ra, sang ché ciing d& xuét dugc phim va ché phdm két hop chira hop chit nay.
M6 ta chi tiét sang ché
Theo khia canh khac, sang ché dé cap dén hop chét c¢6 cong thirc (Ia”) & dang tur

do hoac & dang mudi duge dung la:

(I2°)

trong do Ry, Ry, R3, Ry, Ry, Ryy 1a nhu duge x4c dinh & day 1ién quan dén hop chét co

cong thuc (I°).

Theo khia canh khéc, sang ché dé cap dén hop chét c6 cong thtrc (Ia) & dang tu

do hodc & dang mudi duge dung, hop chét nay la:



(Ta)

trong do Ry, Ry, R3, Ry; va Ry, 1a nhu duge xdc dinh & déy lién quan dén hop chét co

cong thue (I).

Theo khia canh thit ba, sang ché dé cap dén hop chét c¢6 cong thirc (Ib) & dang

tu do hodc & dang mudi duoc dung, hop chit nay la:

(Ib)

trong d6 Ry, Ry, R3, Ry va Rs 1a nhu dugce xac dinh & day lién quan dén hop chét co
cong thure (I).

Trir khi ¢6 quy dinh khéc, thuat ngit “céc hop chét theo sang ché” ding dé chi
cac hop chit ¢6 cong thuc (I'), (Ta), (Ja’) va (Ib); cac mudi ctia cac hop chit nay;
hydrat hodc solvat cia cac hop chit nay va/hodc cac mudi; cling nhu tit ca cac chit
ddng phén lap thé (bao gdm cac chit ddng phan khong d6i quang), cdc tautome va cac
hop chit duge danh déu dong vi (bao gdm ca su thé doteri); cling nhur cac gbc von da
hinh thanh (vi du cac chit da hinh, solvat va/hodc hydrat).

Trir khi ¢6 chi dinh khéc, cac tir nglt dugc st dung trong sang ché ¢ y nghia
sau:

“Alkyl” 12 nhém alkyl mach thdng hodc mach nhanh va c6 thé 1a, vi du, metyl,
etyl, n- hodc iso-propyl hodc n-, iso-, sec- hodc tert-butyl; C,_salkyl tot hon 1a C,.4alkyl
mach théng hodc mach nhéanh, dic biét tot hon 1a etyl, n-propyl, iso-propyl va tert-
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butyl. Cy_salkyl t6t hon 1a C;jalkyl mach thang hoic mach nhanh, dic biét t6t hon la
metyl, etyl, n-propyl va iso-propyl.

9% ¢

Mbi phan alkyl cua “alkoxy”, “halogenalkyl”, “hydroxyalkyl”, “aminoalkyl”,
“alkoxyalkyl”, va vin vin s& c¢6 cing y nghia nhu duoc md ta trong dinh nghia vé
“alkyl” & trén, ddc biét 12 lién quan dén tinh chét tuyén tinh va kich thudc wu tién, trir

khi kich thuéc nay dugce cu thé héa thém.

“Cs¢xycloalkyl" 1a gbc alixyclic no c¢6 tir ba dén sau nguyén tir cacbon. Thuat
ngit nay dung dé chi cdc nhém ching han nhu xyclopropyl, xyclobutyl, xyclopentyl va
xyclohexyl.

Phan tir thé duogc thé “mdt hodc nhiéu 14n” t6t hon 1a dugc thé béng mot dén ba
phan tir thé, vi du nhu lién quan t6i R, da dinh nghia. Do d6, “mét hodc nhiéu 1in” bao

gdm nhung khéng gi6i han & mét, hai hoidc ba phan tir thé.

Halogen néi chung 12 flo, clo, brom hodc iot; tdt hon 1a flo, clo hoic brom. Céc
nhém halogenalkyl t6t hon 1a ¢6 chiéu dai mach 13 1 dén 4 nguyén tir cacbon va 13, vi
du, flometyl, diflometyl, triflometyl, clometyl, diclometyl, triclometyl, 2,2,2-trifloetyl,
2-floetyl, 2-cloetyl, pentafloetyl, 1,1-diflo-2,2,2-tricloetyl, 2,2,2-tricloetyl, 1,1,2,2-
tetrafloetyl,  2,2,3,3-tetraflopropyl, 2,2,3,3,3-pentaflopropyl hoac 2,2,3,4,4,4-
hexaflobutyl.

Vi du vé& cac hé di vong la: pyrol, pyrolin, pyrolidin, pyrazol, pyrazolin,
pyrazolidin, imidazol, imidazolin, imidazolidin, triazol, triazolin, triazolidin, tetrazol,
furan, dihydrofuran, tetrahydrofuran, oxadiazol, dioxolan, thiophen, dihydrothiophen,
tetrahydrothiophen, oxazol, oxazolin, oxazolidin, isoxazol, isoxazolin, isoxazolidin,
thiazol, thiazolin, thiazolidin, isothiazol, isothiazolin, isothiazolidin, thiadiazol,
thiadiazolin, thiadiazolidin, pyridin, piperidin, pyridazin, pyrazin, pyrimidin,
piperazin, triazin, pyran, tetrahydropyran, thiopyran, tetrahydrothiopyran, oxazin,

thiazin, morpholin.

Céac hop chit c¢6 cong thire (I), (Ia”), (Ia) hodc (Ib) ¢6 thé ton tai & dang hoat
quang hoic & dang hdn hop cac chit ddng phan quang hoc, vi du & dang hdn hop
raxemic hodc hdn hop déng phan khong dbi quang. Cu thé 13, (cic) nguyén tir cacbon
khong d6i xtmg c6 thé c6 mit trong cac hop chit ¢6 cong thie (I%), (Ia”), (Ia) hoic (Ib)

va mudi cda ching. Trur khi c6 dé€ xuat khac & day, tat ca cac chat dong phan quang
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hoc va hén hop cua ching, bao gdom cac hdn hgp raxemic, cling dugc bao ham trong

sang che.

Nhu duge sit dung & ddy, thuat ngir “cac chit ddng phan” ding dé chi cac hop
chit khac nhau ma c6 ciing cong thirc phén tir nhung khéc nhau vé su sip xép va cdu
hinh clia c4c nguyén tir. Ngoai ra, nhu dwoc sit dung & ddy, thuat ngir “chit déng phan
quang hoc” hodc “chit ddng phén 1ap thé” ding dé chi cdu hinh bét ky trong sd cac
cAu hinh ddng phén 1ap thé khac nhau ma c6 thé ton tai d6i véi hop chét cho trudc theo
sang ché va bao gbm ca cac chit ddng phan hinh hoc. Can hiéu 13, phan tir thé c6 thé
duoc gin & tam khong d6i ximg ctia nguyén tir carbon. Thuat ngit “khong dbi xtmg”
ding dé chi cac phan tir ¢6 tinh chat khong chdng khit 1én nhau trén phin 4nh guong
ctia chung, trong khi thuat ngit “ddi xtmg” ding dé chi cac phan tir ma co thé chong
khit 1én nhau trén phan anh guong cia ching. Do d6, sang ché bao gém cac chit dong
phan d6i anh, chit ddng phan khong d6i quang hodc raxemat ctia hop chét. “Chéit dong
phan d6i anh” 1a mot cip chit ddng phan 1ap thé ma cac anh gwong khong thé chong
khit 13n nhau. Hdn hop 1:1 cia mot cip chit ddng phan d6i anh 1a hon hop “raxemic”.
Thuat ngit nay duoc st dung dé bidu thi hdn hop raxemic khi thich hgp. “Céc chét
ddng phan khong d6i quang” 14 cac chit ddng phan 1ap thé ma c6 it nhat hai nguyén tr
khéng ddi xtmg, nhung khong phai 1a anh guwong ctia nhau. Hoa 13p thé tuyét dbi dugc
xéc dinh theo hé thdng Cahn- Ingold- Prelog R-S. Khi hop chét nay Ia chit déng phan
d6i anh tinh khiét, hoa 1ap thé tuyét déi & mdi cacbon khéng dbi xting c6 thé dugc xac
dinh béi cAu hinh R hoidc S. Cac hop chit da phan giai ma cAu hinh tuyét d6i ctia chiing
khong duoc biét rd ¢6 thé duoc bidu thi 1a (+) hodc (-) phu thudc vao hudng (quay trai
hodc quay phai) ma ching lam quay &nh sang phén cuc phéng & budc song clia vach
natri D. Cac hop chit duoc md ta & ddy c6 thé chira mot hogc nhidu tdm khong dbi
xtng va vi vdy c6 thé sinh ra cac chit déng phan d6i anh, chit ddng phan khong ddi
quang, va cac dang déng phan 1ap thé khac ma co thé dugc dinh nghia, Vé mat hoa lap
thé tuyét déi, 1a (R)- hodc (S)-. Trir khi c6 d& xut khac ¢ ddy, sang ché c6 y nghia bao
gbm tit ca cac chat ddng phan c6 kha ning, bao gdém céc hdn hop raxemic, cac dang
tinh khiét quang hoc va cac hdn hop trung gian. Cac chit dong phan hoat quang (R)-
va (S)- ¢6 thé duge didu ché st dung céc synthon khong di ximg hodc cac chit phan

tmg khong d6i xtmg, hodc dugce phan gidi st dung cac k¥ thuat thong thudng.

Néu hop chit chtra lién két d6i, phan tir thé ¢6 thé c6 cau hinh E hoic Z.
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Néu hop chét chira xycloalkyl khong dugc thé, phan tir thé xycloalkyl ¢6 thé co

cau hinh cis hodc trans.

Nguyén tir khong dbi xtng bét ky (vi du cacbon hodc twong tw) ciia (céc) hop
chét theo sang ché c6 thé c6 mit trong raxemic hodc dwgc lam giau chét ddng phan ddi
anh, vi du cdu hinh (R), (S) hodc (R,S). Theo cic phuong an nhit dinh, mdi nguyén tir
khong d6i xing c6 it nhat 50% lwong du chit dong phan dbi anh, it nhit 60% hugng du
chit ddng phan dbi anh, it nhit 70% lugng du chit ddng phan dbi anh, it nhit 80%
lwong du chét ddng phan dbi anh, it nhit 90% lwong du chit ddng phan dbi anh, it nhat
95% luong du chit dong phan dbi anh, hodc it nhit 99% luong du chét ddng phan dbi
4nh & cdu hinh (R) hodc (S). Cac phin tir thé & cac nguyén tir chira cac lién két khong

no, n€u co, c¢6 thé xuat hién & dang cis (Z) hodc trans (E).

Theo d6, nhu duge st dung & day, hop chit theo sang ché c¢6 thé & dang mot
trong sb cac chit ddng phéan, chit ddng phin quay, chit dong phan atropi, tautome
hodic hdn hop c6 thé ¢6 cia chung, vi du nhu chit ddng phan hinh hoc gin nhu tinh
khiét (cis hodc trans), chat ddng phan khong ddi quang, chit ddng phan quang hoc (thé

dbi quang), raxemat hodc hdn hop ciia ching.

Hbn hop cac chit ddng phén tao thanh bit ky c6 thé dugc phan tach trén co s6
su khéc biét ly hoa cta cac thanh phan cu thanh, thanh cac chit ddng phan quang hoc
hodc hinh hoc tinh khiét hodc gn nhu tinh khiét, cac chit ddng phan khong dbi quang,
raxemat, vi du, bing phuong phép sic ky va/hoic két tinh phan doan.

Raxemat ctia san phdm cudi hodc chét trung gian tao thanh bat ky c6 thé dugc
phan giai thanh cac thé dbi quang quang hoc biang cic phwong phéap di biét, vi du,
bang cach phan tach cic mubi ddng phan khéng dbi quang ctia ching, thu dugc nho
axit hodc bazo hoat quang, va giai phong hop chét c6 tinh axit hodc bazo hoat quang.
Cu thé 13, gbc bazo do d6 c6 thé duogc st dung dé phéan giai cac hop chét theo sang ché
thanh céc thé ddi quang quang hoc cua chung, vi dy, bang qua trinh két tinh phan doan
mudi dugc tao thanh tir axit ¢ tinh hoat quang, vi du, axit tartaric, axit dibenzoyl
tartaric, axit diaxetyl tartaric, axit di-O,0'-p-toluoyl tartaric, axit mandelic, axit malic
hodic axit camphor-10-sulfonic. Cac san phdm raxemic ciing c6 thé dugc phan giai
bing phwong phap sic ky khong dbi ximg, vi du, phuong phép sic ky 1ong 4p suit cao
(High Pressure Liquid Chromatography HPLC) sir dung chit hip phu khong d6i xtmg.
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Tay thude vao dinh nghia phéan tir thé, cac hop chét ¢6 cong thic (I°), (Ia”), (Ta)
hodc (Ib) c6 thé xuét hién & nhidu dang tautome khac nhau. T4t ca cic dang tautome
ctia cac hop chat ¢6 cong thire (I"), (Ia”), (Ia) hoic (Ib) déu dugc bao ham boi sang
ché.

Vi du, cac hop chét ¢6 cong thire (Ib), trong d6 Ry, Ry, Ry va Rs 1a nhu duoc
dinh nghia theo cong thirc (Ib), va R; 1a hydro, c6 thé ton tai & cac dang tautome (I-1),
(I-2) hoac (I-3):

OH 0] o] OH
_-R4 | \ N/R1 —'R4 / N/R1
F
Rs N/ 7 R, Rs N7 R,
(1) (2) (-3)

Nhu duge st dung & dy, thudt ngit “mudi” hodc “cac mudbi” ding dé chi mudi
cong axit hodc cong bazo cia hop chit theo sang ché. “Céc mudi” bao gdm cuy thé 1a
“cac mudi duoc dung”. Thuat ngit “cac mudi duge dung” ding dé chi cac mubi ma giit
lai hiéu qua hodc tinh chat sinh hoc ciia cic hop chit theo sang ché va ching thudng
khong dugc mong doi vé& mat sinh hoc hodc mit khac. Céc hop chét theo sang ché ¢6
kha nang tao thanh céc mubi axit va/hodc bazo nhd sy ¢6 mit clia cdc nhom amino

va/hoac carboxyl hodc cac nhém tuong tu cda ching.

Céac mudi duge dung theo sang ché c6 thé duoc tdng hop tir gde bazo hoic axit,
bing cac phuong phap héa hoc thong thuong. No6i chung, cic mudi nhu vay cé thé
duoc didu ché bang cach cho cac dang axit tur do cia cac hop chit nay phan tmg véi
lwong cin bang hoa hoc ciia bazo thich hop hodc bang cach cho cac dang bazo tu do
cta cac hop chit nay phan ung véi luong can bang hoa hoc cua axit thich hop. Céc
phan tmg nhu vy thuong duge thue hién trong nuéc hoic dung méi hitu co, hodc hdn
hgp cua ca hai. N6i chung, st dung moi truong khong chira nuéc nhu ete, etyl axetat,
etanol, isopropanol, hodc axetonitril 1a dugc mong mudn, trong thuc té. Danh sach cac
mudi cong thich hop c6 thé dugc tim thiy, vi du, trong “Remington's Pharmaceutical

Sciences”, 20th ed., Mack Publishing Company, Easton, Pa., (1985); va trong
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“Handbook of Pharmaceutical Salts: Properties, Selection, and Use” tdc gid Stahl va

Wermuth (Wiley-VCH, Weinheim, Germany, 2002).

Khi c& hai nhém bazo va nhém axit xuét hién trong ciing phén tir, cac hop chat

theo sang ché con c6 thé tao thanh cac muoi ndi, vi du, cic phén tir ion ludng tinh.

Cong thirc bit ky duoc dwa ra & ddy ciing nhim thé hién céc dang khong dugc
danh d4u ciing nhu cac dang duoc danh diu ddng vi ctia cac hop chét. Cac hop chét
duoc danh ddu ddng vi c6 ciu trac duoc mo ta bang cac cong thirc duge dua ra trong
ban md ta ngoai trir mot hodic nhidu nguyén tir dwoc thay thé bang nguyén tir c6 khéi
lwong nguyén tir hodic sé khéi duoc chon loc. Vi du vé cac déng vi ma c6 thé két hop
vao cac hop chit theo sang ché bao gém cac déng vi hydro, cacbon, nito, oxy,
phospho, flo, va clo, vi du 1an luot 1a ’H, °H, 'c, Be, M, PN, 18 3lp 32p g, 36Cl,
127, Sang ché bao gdbm nhiéu hop chét duge danh diu ddng vi khac nhau nhu dugc xé4c
dinh trong ban mé ta, vi du cac hop chit ma c6 gin céac ddng vi phong xa, ching han
nhu *H va "C, hoidc cac chit ma c6 gin cac ddng vi khong phéng xa, ching han nhu
’H va *C. Céc hop chét dugc danh dau dong vi nhu vay hiru ich trong céc nghién ctru
chuyén hoa (véi 14C), nghién ciru dong hoc phan ung (vé1i, vi du ’H hoac 3 H), k¥ thuat
phat hién va x 1y hinh anh, chidng han nhu chup cét 16p birc xa positron (Positron
Emission Tomography - PET) hodc chup cat 16p bang birc xa don photon (Single-
Photon Emission Computed Tomography - SPECT) bao gdém cac khao nghiém phan
phéi dugc chét hodc co chit vao cac bao quan, hodc trong xa tri & bénh nhan. Cu thé
1a, hop chét dugce danh déu déng Vi BE ¢6 thé duogc dic biét duge mong mubn dbi véi
cac nghién ctu PET hodc SPECT. Céc hgp chét dugc danh ddu dong vi c6 cong thirc
(), (I2’), (Ia) hodc (Ib) néi chung c6 thé dugc didu ché bing cac ky thuat thong
thuong da biét ddi véi ngudi ¢ hiéu biét trung binh trong linh vire nay hogc bang céc
quy trinh tuong tu véi cdc quy trinh d4 mo ta trong phén céc vi du va quy trinh diéu
ché di kém, st dung céc chat phan g danh ddu ddng vi thich hop thay cho chat phan

ng khong duoc danh diu da st dung trude do.

Ngoai ra, su thay thé béng cac déng vi ning hon, ddc biét 1a doteri (tc 1a, ’H
hay D) c6 thé tao ra cac loi ich didu tri nhét dinh do su 6n dinh chuyén héa tét hon, vi
du tang chu ky ban hiy in vivo hodc giam yéu cau liéu lugng hoic cai thién chi s6 diéu
tri. Puoc hiéu ring doteri trong pham vi ban mo ta nay dugc xem nhu 1a phan tir thé

ctia hop chét c¢6 cong thirc (I’), (Ia’), (Ia) hodc (Ib). Nong d6 ctia déng vi nang hon
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nay, cu thé 1a doteri, c6 thé duoc x4c dinh bang hé s6 d6 giau déng vi. Thuat ngit “hé
s6 d0 giau ddng vi” nhu duge st dung & ddy nghia 1a ty s6 gilta d6 phong phti ctia
ddng vi nay va do phong phi trong tu nhién ciia mdt ddng vi quy dinh. Néu phan tir
thé trong hop chit theo sang ché dugc biéu thi 1a doteri, hop chat niy c6 hé s6 do giau
ddng vi dbi voi mdi nguyén tir doteri duge chi dinh it nhét 12 3500 (mtrc do két hop
doteri 1a 52,5% & mdi nguyén tir doteri duoc chi dinh), it nhit 4000 (mirc do két hop
doteri 1a 60%), it nhat 4500 (muc d6 két hop doteri 12 67,5%), it nhat 5000 (mtc do
két hop doteri 14 75%), it nhat 5500 (mirc do két hop doteri 14 82,5%), it nhit 6000
(mte do két hop doteri 1a 90%), it nhét 6333,3 (mic do két hop doteri 1a 95%), it nhat
6466,7 (mtc dd két hop doteri 1a 97%), it nhat 6600 (mirc dd két hop doteri 1a 99%),
hoic it nhit 6633,3 (muc do két hop doteri 14 99,5%).

Solvat duoc dung theo sang ché bao gdm solvat ma trong d6 dung moi clia qua

trinh két tinh c6 thé duoc thé ddng vi, vi du D,0, dg-axeton, de-DMSO.

Cac hop chit theo sang ché chira cac nhém c6 kha niang phan mg nhu 13 chit
nhudng va/hodc chit nhan lién két hydro c6 thé c6 kha ning tao thanh dong tinh thé
v6i cac dang ddng tinh thé trudce thich hgp. Cac ddng tinh thé nay c6 thé dugc diéu ché
tir cac hop chét ¢6 cong thire (I'), (Ia’), (Ia) hodc (Ib) bang cac quy trinh tao ddng tinh
thé da biét. Cac quy trinh nhu vy bao gdbm nghi_én, gia nhiét, déng thiang hoa, dong
néng chay, hoic cho tiép xtic trong dung dich cac hop chit c6 cong thire (I7), (Ia), (Ia)
hoic (Ib) v6i cac chét tao ddng tinh thé trong didu kién két tinh va phan lap cac dong
tinh thé dugc tao thanh nhd do. Céac chét tao ddng tinh thé thich hop bao gdm cic chit
da duge mb ta trong WO 2004/078163. Vi vdy, sang ché con dé xudt cac dbng tinh thé
chira hop chét ¢ cong thirc (I”), (Ia”), (Ia) hoic (Ib).

Sang ché con mé ta viée sir dung cac tién dugc chét cua cac hop chit theo sang
ché ma chuyén hoa in vivo thanh céc hop chit theo sang ché. Tién dugc chét 14 hop
chét c6 hoat tinh hodc khong c6 hoat tinh ma dugc bién dbi héa hoc théng qua phan
tng sinh 1y in vivo, ching han nhu thily phén, trao d6i chét va twong tw, thianh hop
chét theo sang ché sau d6 sir dung tién dugc chét nay cho dbi tuong. Su phu hop va
cac k¥ thuat lién quan dén viéc bao ché va sir dung cac tién dugc chit duge biét 1o béi
ngudi ¢ hiéu biét trung binh trong linh vuc. Céc tién duoc chét c6 thé duoc phan loai

theo khai niém thanh hai loai khong phai duy nhét, tién duoc chat tién chét sinh hoc va

-13-



25563

tién duoc chit chit mang. Xem The Practice of Medicinal Chemistry, Ch. 31-32 (Ed.
Wermuth, Academic Press, San Diego, Calif., 2001).

Ngoai ra, cac hop chét theo sang ché, bao gdm cac mubi ctia chung, con c6 thé
thu dugc & dang hydrat cia ching, hodc bao gdm cac dung mdi khic dugc sit dung
trong qu4 trinh két tinh ching. Cac hop chit theo sang ché vén c6 thé hodc nho thiét
ké tao thanh cac solvat véi cac dung mdi duge dung (bao gdm nuée); do do6, duge chii
dinh 1a sang ché bao ham cé cac dang dugc solvat hda va khong dugc solvat hoa.
Thuét ngit "solvat" dung dé chi phirc phan tir ctia hop chét theo sang ché (bao gdm céc
mudi duoc dung cua ching) véi mot hodc nhidu cic phan tir dung mdi. Céc phan tir
dung méi nay duoc sit dung phd bién trong linh vuc dugc, dugc biét dén 1a v6 hai v&i
nguoi nhan, vi du, nude, etanol, va tvong tu. Thuat ngit “hydrat” dung dé chi phirc ma
trong d6 phan tir dung mdi la nude. Cac hop chit theo sang ché, bao gém cac mudi,
hydrat va solvat ctiia chung, c6 thé tu tao thanh chit da hinh hodc tao thanh chét da

hinh mot cach ¢6 chu dich.

Céc phuong 4n khac nhau cia sang ché duge md ta & day. Cac dic diém duoc
cu thé hoa trong mdi phuong an s€ dugc thira nhén 1a c6 thé duogc két hop véi cac dac
diém duoc cu thé hoa khac dé tao ra cac phuong 4n khéc nita clia sang ché.

Pinh nghia v& cc phin tir thé 4p dung cho cac hop chét c6 cong thire (I), (Ta),
(Ia”) va (Ib) khi thich hop.

Pinh nghia v& cic phan tir thé 4p dung cho san phdm cudi ciing nhu cho cac
chét trung gian tuong tng.

Phuong 4n 1. Hop chét c6 cong thie (I) & dang tu do hodc & dang mudi duoc
dung nhu dugc md ta & trén.

Phuong 4n 2. Hop chit c6 cong thic (Ia’) & dang tu do hoic & dang mudi dugce
dung theo phuong 4n 1 nhu duge mo ta & trén.

Phuong 4n 3. Hop chét c6 cong thirc (Ta) & dang tu do hodc & dang mudi duge
dung theo phuong 4n 2 nhu dugc mo ta ¢ trén

Phuong 4n 4. Hop chat c6 cong thic (Ib) & dang tur do hodc & dang mudi dugc

dung theo phuong 4n 1 hodc 2 nhu duge mo ta & trén.
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Phuong 4n 5. Hop chit c¢6 cong thirc (I”), (Ta), (Ia”) hodc (Ib) & dang tu do hodc
& dang mudi duoc dung theo phuong dn bét ky trong sb cac phuwong 4n 1 dén 4, trong

dé R, 1a pyridin-2-yl.

Phuong 4n 6. Hop chit c¢6 cong thirc (I”), (Ta), (Ta”) hodc (Ib) & dang tu do hodc
& dang mudi dugc dung theo phuwong 4n bt ky trong s6 cac phuong 4n 1 dén 5, trong

do R2 la Cz_éalkyl.

Phuong 4n 7. Hop chét ¢6 cong thirc (I'), (Ta), (Ia”) hodc (Ib) & dang tu do hodc

& dang mudi duoc dung theo phuong an 6, trong d6 R, 14 n-propyl.

Phuong 4n 8. Hop chit ¢6 cong thirc (I"), (Ta), (Ia’) hodc (Ib) & dang tu do hodc

& dang mubi duoc dung theo phwong 4n 6, trong d6 R, 1a isopropyl.

Phuong 4n 9. Hop chét ¢6 cong thirc (I’), (Ia), (Ia”) hoic (Ib) & dang tu do hodc
& dang mudi dugc dung theo phuong an bit ky trong sd cac phuong 4n tir 1 dén 5,

trong d6 R, 1a xyclopropyl.

Phuong 4n 10. Hop chit c6 cong thie (I°), (Ia), (Ia’) hodc (Ib) & dang ty do
hodic & dang mubi duge dung theo phuong an bét ky trong sb cac phuong an tir 1 dén

5, trong do6 R, 1a xyclobutyl.

Phuong 4n 11. Hop chét c6 cong thie (I’), (Ta), (I2’) hodc (Ib) & dang tu do
hodc & dang mubi duge dung theo phwong 4n bét ky trong s6 cac phuong 4n tir 1 dén

5, trong d6 R, 1a xyclopentyl.

Phuong 4n 12. Hop chit c6 cong thie (I”), (Ia), (Ia”) hodc (Ib) & dang tu do
hodc & dang mudi duoc dung theo phuong 4n bét ky trong sb cac phuong an tir 1 dén

11, trong d6 Rj 1a hydro.

Phuong 4n 13. Hop chéit ¢6 cong thire (I) hodc (Ib) & dang ty do hodc & dang
mudi duoc dung theo phuong 4n bét ky trong s6 cac phwong an 1 dén 11, trong d6 R,
va Rs cung voi lién két ma ching gan vao tao thanh vong carboxyclic mot vong khong
thom ¢6 5 dén 7 canh c6 thé duge thé mdt 1an hoic nhiéu 1an béng Ri9; Rj9 duoc chon

tir halogen hodc C;-Csalkyl.

Phuong 4n 14. Hop chit ¢6 cong thiie (I°) hodc (Ib) & dang tw do hodc & dang
mubi duge dung theo phuong 4n 13, trong d6 Ry va Rs cing véi lién két ma chung gin

vao tao thanh vong xyclopentyl.
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Phuong 4an 15. Hop chét ¢6 cong thic (I’) hodc (Ib) & dang tw do hodc & dang
mudi dugc dung theo phuong 4n 13, trong d6 Ry va Rs cling véi lién két ma chiing gin

vao tao thanh vong xyclohexyl.

Phuong an 16. Hop chét ¢6 cong thirc (I’) hozc (Ib) & dang tw do hodc & dang
mudi duoc dung theo phuong an 15 trong d6 Ry va Rs cuing véi lién két ma ching gin

vao tao thanh vong xyclohexyl dugc thé mot 1an bang C;-Csalkyl.

Phuong 4n 17. Hop chét c6 cong thie (I) hodc (Ib) & dang tu do hodc & dang
mudi duogc dung theo phuong an 13, trong d6 R4 va Rs cung voi lién két ma ching gén

vao tao thanh vong xycloheptyl.

Phuong an 18. Hop chét ¢6 cong thic (I) hodc (Ib) & dang tu do hodc & dang
mubi duoc dung theo phuong 4n bét ky trong sé cac phurong 4n tir 1 dén 11, trong d6

R, va Rs cling véi lién két ma chiing gin vao tao thanh vong thiophen.

Phuong 4n 19. Hop chét c6 cong thire (I) hodc (Ib) & dang tu do hodc & dang
mubi dugc dung theo phuong an 18, trong d6 R, va Rs ciing véi lién két ma chiing gin
vao tao thanh vong thiophen dwoc gin vao phan con lai ctia phan tir dé tao ra hop chét

" thieno[2,3-b][1,6]naphtyridindion.

Phuong 4n 20. Hop chét ¢6 cong thie (I) hodc (Ib) & dang tw do hodc & dang
mudi duogc dung theo phuong 4n 18, trong d6 Ry va Rs cling véi lién két ma ching gin
vao tao thanh vong thiophen duoc gin vao phan con lai ctia phan tir dé tao ra hop chat

thieno[3,2-b][ 1,6 naphtyridindion.

Phuong 4n 21. Hop chét ¢6 cong thirc (I’) hoic (Ib) & dang tw do hodc & dang
mubi duge dung theo phuong 4n 18, trong d6 Ry va Rs cling véi lién két ma ching gin
vao tao thanh vong thiophen dugc gin vao phan con lai ctia phéan tir dé tao ra hop chat
thieno[3,4-b][1,6]naphtyridindion.

Phuong 4n 22. Hop chét c6 cong thire (I”) hodc (Ib) & dang tu do hodc & dang
mubi duoc dung theo phuong an bit ky trong sd cac phurong 4n tir 18 dén 21, trong d6
R, va Rs cung vdi lién két ma chung gin vao tao thanh vong thiophen dugc thé mot

14n bang C;-Csalkyl.

-16-



25563

Phuong 4n 23. Hop chét c¢6 cong thirc (I”) hodc (Ib) & dang tw do hodc & dang
mudi duge dung theo phuong an bat ky trong s& cac phuong 4n tir 18 dén 21, trong d6

R, va Rs cing véi lién két ma ching gén vao tao thanh vong thiophen khong duoc thé.

Phuong 4n 24. Hop chét ¢6 cong thire (I) hodc (Ib) & dang ty do hodc & dang
mudi duge dung theo phuong 4n bit ky trong sd cac phuong 4n tir 1 dén 11, trong do6

R4 12 hydro.

Phuong 4n 25. Hop chét c¢6 cong thire (I") hodc (Ib) & dang ty do hodc ¢ dang
mudi dugc dung theo phuong 4n bit ky trong s6 cac phwong an tir 1 dén 11, trong d6

R4 1a metyl.
Phuong an 26. Hop chét c¢6 cong thire (I) hodc (Ib) & dang tu do hodc & dang

mudi duge dung theo phuong 4n bét ky trong s6 cac phuong 4n 24 hogc 25, trong d6

R; 1a hydro.

Phuong an 27. Hop chét ¢6 cong thire (I) hodc (Ib) & dang ty do hodc ¢ dang
mudi dugc dung theo phuong an bt ky trong sd cac phuong 4n 24 hoic 25, trong d6

Rs 1a metyl.

Phuong an 28. Hop chét c6 cong thirc (I’) & dang tu do hodc & dang mudi duoc
dung theo phuong an 1, hop chét nay duoc chon tir:
3-xyclobutyl-2-phenylbenzo[b][ 1,6 |naphtyridin-1,10(2H,5H)-dion;
3-xyclobutyl-5-metyl-2-phenylbenzo[b][ 1,6 Jnaphtyridin-1,10(2H,5H)-dion;
3-isopropyl-2-phenylbenzo[b][1,6naphtyridin-1,10(2H,5H)-dion;
3-isopropyl-5-metyl-2-phenylbenzo[b][1,6naphtyridin-1,10(2H,5H)-dion;
9-isopropyl-8-phenyl-1H-indolo[1,7-ab][ 1,6 naphtyridin-6,7(2H,8H)-dion;
7-isopropyl-6-phenylthieno[2,3-b][ 1,6 |naphtyridin-4,5(6H,9H)-dion;
7-isopropyl-9-metyl-6-phenylthieno[2,3-b][ 1,6 naphtyridin-4,5(6H,9H)-dion;
7-isopropyl-2-metyl-6-phenylthieno[2,3-b][ 1,6 naphtyridin-4,5(6H,9H)-dion;
7-isopropyl-2,9-dimetyl-6-phenylthieno[2,3-b][ 1,6 naphtyridin-4,5(6H,9H)-
dion;
6-isopropyl-7-phenylthieno[3,2-b][ 1,6 naphtyridin-8,9(4H,7H)-dion;
6-isopropyl-4-metyl-7-phenylthieno[3,2-b][ 1,6 ]naphtyridin-8,9(4H,7H)-dion;
6-isopropyl-2-metyl-7-phenylthieno[3,2-b][ 1,6 ]naphtyridin-8,9(4H,7H)-dion;
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6-isopropyl-2,4-dimetyl-7-phenylthieno[3,2-b][ 1,6 Jnaphtyridin-8,9(4H,7H)-
dion;
6-isopropyl-3-metyl-7-phenylthieno[3,2-b][ 1,6 |naphtyridin-8,9(4H,7H)-dion;
6-isopropyl-3,4-dimetyl-7-phenylthieno|3,2-b][ 1,6 naphtyridin-8,9(4H,7H)-
dion;
3-isopropyl-2-phenyl-6,7,8,9-tetrahydrobenzo[b][ 1,6 ]naphtyridin-1,10(2H,5H)-
dion;
3-isopropyl-2-phenyl-5,6,7,8-tetrahydro-1H-xyclopenta[b][ 1,6 Jnaphtyridin-
1,9(2H)-dion;
3-xyclobutyl-5-metyl-2-phenyl-5,6,7,8-tetrahydro- 1H-
xyclopenta[b][1,6 naphtyridin-1,9(2H)-dion;
7-xyclobutyl-1,2,3-trimetyl-6-phenyl-1,6-naphtyridin-4,5(1H,6H)-dion;
3-xyclobutyl-2-phenyl-5,6,7,8-tetrahydro-1H-xyclopenta[b][ 1,6 |naphtyridin-
1,9(2H)-dion;
7-xyclobutyl-2,3-dimetyl-6-phenyl-1,6-naphtyridin-4,5(1H,6H)-dion;
‘3-xyclobutyl-5-metyl-2-phenyl-6,7,8,9-tetrahydrobenzo[b][1,6 Jnaphtyridin-
1,10(2H,5H)-dion;
7-xyclobutyl-9-metyl-6-phenylthieno[2,3-b][ 1,6 ]naphtyridin-4,5(6H,9H)-dion;
3-xyclobutyl-2-phenyl-6,7,8,9-tetrahydrobenzo[b][ 1,6 ]naphtyridin-
1,10(2H,5H)-dion;
7-xyclobutyl-2,9-dimetyl-6-phenylthieno[2,3-b][ 1,6 naphtyridin-4,5(6H,9H)-
dion;
7-xyclobutyl-6-phenylthieno[2,3-b][ 1,6]naphtyridin-4,5(6H,9H)-dion;
7-xyclobutyl-2-metyl-6-phenylthieno[2,3-b][ 1,6 Jnaphtyridin-4,5(6H,9H)-dion;
6-xyclobutyl-4-metyl-7-phenylthieno[3,2-b][ 1,6 Jnaphtyridin-8,9(4H,7H)-dion;
| 6-xyclobutyl-7-phenylthieno[3,2-b][ 1,6 Jnaphtyridin-8,9(4H,7H)-dion;
6-xyclobutyl-2,4-dimetyl-7-phenylthieno[3,2-b][ 1,6 Jnaphtyridin-8,9(4H,7H)-
dion;
6-xyclobutyl-2-metyl-7-phenylthieno[3,2-b][ 1,6 [naphtyridin-8,9(4H,7H)-dion;
9-xyclobutyl-8-phenyl-1H-indolo[1,7-ab][ 1,6 Jnaphtyridin-6,7(2H,8H)-dion;
3-xyclobutyl-2-xyclopentylbenzo[b][ 1,6 [naphtyridin-1,10(2H,5H)-dion;
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3-xyclobutyl-2-xyclopentyl-5-metylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-
dion;

2-xyclopentyl-3-isopropylbenzo[b][ 1,6 naphtyridin-1,10(2H,5H)-dion;

2-xyclopentyl-3-isopropyl-5-metylbenzo[b][ 1,6 naphtyridin-1,10(2H,5H)-dion;

3-xyclobutyl-2-(pyridin-2-yl)benzo[b][ 1,6 |naphtyridin-1,10(2H,5H)-dion;

3-xyclobutyl-5-metyl-2-(pyridin-2-yl)benzo[b][ 1,6 Jnaphtyridin-1,10(2H,5H)-
dion;

3-xyclobutyl-2-(pyrolidin-1-yl)benzo[b][ 1,6 Jnaphtyridin-1,10(2H,5H)-dion;

3-xyclobutyl-5-metyl-2-(pyrolidin-1-yl)benzo[b][ 1,6 naphtyridin-1,10(2H,5H)-
dion;

4-clo-3-isopropyl-2-phenylbenzo[b][ 1,6 naphtyridin-1,10(2H,5H)-dion;

4-clo-3-isopropyl-5-metyl-2-phenylbenzo[b][ 1,6 naphtyridin-1,10(2H,5H)- -
dion; va

4-bromo-3-isopropyl-5-metyl-2-phenylbenzo[b][ 1,6 Jnaphtyridin-1,10(2H,5H)-

dion.

Cac hop chit ¢6 cong thirc (I'), (Ia), (Ta’) hodc (Ib) c6 thé dugc diéu ché bang
cac quy trinh thong thuong, vi du nhu duge mo ta trong phan “Vi du thuc hién séng
ché”, cac quy trinh nay 1a cac khia canh khéc clia sang ché. Ngoai ra, cac hop chit c6
cong thie (I°), (Ia), (Ia”) hodc (Ib) hodc céc tién chit cta ching c¢6 thé thu dugc tir cac
hop chét duoc mo ta trong phan “Vi du thuc hién sang ché”, vi du bang cach khir, oxy
hoa cac hop chét tao thanh va/hodc qué trinh chirc héa khac va/hodc do sy tach (céc)
nhom bao vé bat ky tiy y c6 mat, va viéc thu hdi hop chit c6 cong thirc 6 thé thu
duoc nhu vay ¢6 cong thire (1), (Ia), (Ia’) hodc (Ib) hodc tién chit duoc dy kién. Céc
phan tng c6 thé duoc tién hanh theo cac phuong phap thong thuong, vi du nhu dugc
mo ta trong phan “Vi du thuc hién sdng ché”. Qua trinh diéu ché cac hdn hop phan
g va qua trinh tinh ché cac hop chit c6 thé thu duogc tir d6 c¢6 thé dwoc thuc hién
theo cdc quy trinh da biét. Cac mudi cong axit co thé duoc san xudt tir cac bazo tw do
theo cach da biét, va nguoc lai. Cac vt liéu ban dau, vi du cac vat liéu ban diu nhu
dugc mo ta trong phén “Vi dy thuc hién sing ché”, ¢6 thé dugc biét hodc duoc diéu

ché theo cac quy trinh thong thuong bit dau tir cac hop chit da biét.

Sang ché ciing du lidu riang cac hop chét c6 cong thic (1), (Ta), (Ia’) hodc (Ib)

c6 thé duoc tao thanh nho qua trinh bién doi sinh hoc in vivo tir c4c tién dugc chat.
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Theo khia canh khéc, sang ché d& xuit dugc pham chira hop chét theo sang ché
va chit mang duoc dung. Dugc phdm nay c6 thé duge bao ché cho duong dung cu thé
ching han nhu dudong miéng, dudng tiém, va dudng truc trang, v.v. Ngoai ra, dugc
pham theo sang ché co6 thé dugc tao thanh & dang rin bao gdm vién nang, vién nén,
vién tron, hat, bdt hodc vién dan, hodc & dang 1dng bao gﬁ“)m dung dich, huyén phu
hodc nhil trong. Duoc phdm c6 thé phai trai qua cac thao tac dugc thong thuong ching
han nhu khtr tring va/hoic ¢6 thé chira cac chét pha loang tro, chét boi tron, hodc chat
dém thong thuong, cling nhu cac chét phu tro, ching han nhu chit bao quan, chét 6n

dinh, chit thAm wét, chit nhii hoa va chit dém v.v.

Thong thuong, duge phdm 1a vién nén va vién nang gelatin chira thanh phén

hoat tinh cung voéi:

a) chat pha lodng, vi dy, lactoza, dextroza, sucroza, manitol, sorbitol, xenluloza

va/hodc glyxin;

b) chat boi tron, vi du, silic dioxit, da talc, axit stearic, mudi magie hodc canxi

clia n6 va/hoidc polyetylenglycol; dbi véi vién nén cling vay

c) chét két dinh, vi du, magie nhom silicat, hd tinh bot, gelatin, nhya tragacan,
metylxenluloza, natri carboxymetylxenluloza va/hodc polyvinylpyrolidon; néu duoc

mong mudn

d) chat r3, vi du, tinh bot, aga, axit alginic hodc muoi natri ctia n6, hodc hon hop

sui bot; va/hoac
¢) chét hip thy, cht tao mau, hwong lidu va chét tao ngot.

Vién nén ¢6 thé dugc bao phim hoic bao tan trong rudt theo cac phuong phap

da biét trong linh vuc nay.

Ché phim thich hgp dé dung cho duong miéng bao g6m luong c6 hiéu qua cla
hop chét theo sang ché & dang vién nén, vién ngam, huyén pht dang nu6c hoic dang
dau, bot hodc hat ¢6 thé phan tan, nhii twong, vién nang cung hodc mém, hodc xi 16
hodc cdn ngot. Ché phdm nhim muc dich sir dung theo dudng miéng dugc bao ché
theo phuong phap san xuit duge pham bét ky da biét trong linh vurc ndy va cic ché
phidm nhu vay ¢6 thé chira mot hodc nhidu chit dugc chon tir nhém bao gdbm chét tao

ngot, chat tao huong, chat tao mau va chat bao quan dé tao ra cac ché pham c6 duoc
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tinh d& chiu va dé uéng. Vién nén chira thanh phén hoat tinh két hop véi ta duge duoc
dung khong ddc thich hop dé bao ché vién nén. Cac ta duoc nay 13, vi du, chét pha
loang tro, chéng han nhu canxi carbonat, natri carbonat, lactoza, canxi phosphat hodc
natri phosphat; chét tao hat va chét 1am rd, vi dy, tinh bot ngd, hodc axit alginic; chét
két dinh, vi du, tinh bét, gelatin hodc cay keo; va chét bdi tron, vi du magie stearat,
axit stearic hodc bdt talc. Vién nén khong dugc bao hodc dugc bao bing céc k¥ thuat
d3 biét dé tri hodn qua trinh rd va hip phu trong dudong da day — rudt va nho do tao ra
tac dong bén vimg trong thuong gian dai hon. Vi du, ¢6 thé sir dung vat lidu tri hoan
thoi gian ching han nhu glyxeryl monostearat hodc glyxeryl distearat. Céac ché phdm
dé sir dung theo dudong miéng c6 thé c6 mit & dang vién nang gelatin cing trong do
thanh phén hoat tinh dugc tron voi chét pha loang rin tro, vi du, canxi carbonat, canxi
phosphat hoac cao lanh, hodc dudi dang vién nang gelatin mém trong d6 thanh phan
hoat tinh duogc tron véi nﬁéc hodc moi truong dau, vi du, diu lac, parafin 16ng hodc
dau 6 liu.

Mot s6 ché phim c6 thé tiém nhét dinh 13 dung dich hogc huyén phu ding
truong chtra nude, va thubc dan dugc bao ché mot cach thuan loi tir nhii twong huyén
phil béo. Cac ché phim néu trén c6 thé dugc khir trung va/hodc chira chit phu trg,
chéng han nhu chét bao quén, chit &n dinh, chét thAm w6t, chit nhii héa, chit hoat hoa
dung dich, mubi d& didu chinh 4p suit thim thau va/hodc chat dém. Ngoai ra, chiing
cling ¢6 thé chira cac chat c6 gi tri tri lidu khac. Ché phim da néu duoc bao ché lan
luot theo cac phuong phap trdn, tao hat hodc bao thong thuong, va chira khoang 0,1-
75%, hoac chira khoang 1-50%, thanh phén hoat tinh.

Céc ché pham thich hop dé dung qua da chira lugng c¢6 hiéu qua cia hop chét
theo sang ché cung voi chit mang. Chit mang bao gdm dung mdi duoc dung c6 thé
hip thu d& hd tro chuyén qua da ciia vat chi. Vi dy, thiét bi thim thau qua da & dang
miéng bing chtra thanh phan 16t, khoang chira hop chit ciing véi tuy ¥ chat mang, tly
y chét kiém soat toc @6 dé van chuyén hop chét t&i da cua vat chu ¢ tde do dugc kiém
soat va xac dinh trude trong thoi gian kéo dai, va cac phuong tién dé dam bao su an
toan ctia thiét bi véi da.

Céc ché pham thich hop dé dung tai chd, vi du, cho da va mat, bao gébm dung
dich chtra nuéc, huyén phu, thudc md, kem, gel hodc ché phém phun, vi du, dé van

chuyén bang khi dung hozc twong tur. Hé thdng van chuyén tai chd nhu vay s& dic biét
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thich hop dé ding cho da, vi dy, d& diéu tri bénh ung thu da, dé phong bénh, vi dy,
trong kem chdng ning, lotion, thubc xit va tuong tu. Do d6, ching dic biét thich hop
dé sur dung tai chd, bao gém cad m¥y phém, cac loai ché phém ndi tiéng trong linh vuc
nay. Cac ché phdm nhu vay c6 thé chira chit hoa tan, chét dn dinh, chét ting cudng uu

truong, chit dém va chét bao quan.

Nhu duoc sit dung & day cach dung tai chd c6 thé lién quan dén kidu dung bang
cach hit hodc dung theo duong miii. Ching c6 thé duoc van chuyén thuan loi & dang
bot kho (hodc 1a mot minh, dudi dang hdn hop, vi du hdn hop trdn kho véi lactoza,
hodc hat thanh phén duoc tron, vi du v6i phospholipit) tir thiét bi hit bt kho hodc thiét
bi phun khi dung tir binh nén, bom, thiét bi phun, thiét bi xit hodc thiét bi xong, sir
dung hodc khong sir dung chat day thich hop.

Sang ché ciing dé xuit duoc phim khan va cac dang bao ché chira hop chét theo
sang ché 1am thanh phan hoat tinh, vi nuéc c6 thé tao diéu kién thuan loi cho qu4 trinh

phan hity cac hop chét nhét dinh.

Duoc phdm khan va cac dang bao ché theo sng ché c6 thé dugc bao ché st
dung thanh phan khan hozc thanh phan chira it hoi nu6e va diéu kién it hoi nudc hoic
d6 4m thap. Dugc pham khan bat ky c6 thé dugc bao ché va bao quan sao cho ban chét
khan cua n6 dugc duy tri. Theo d6, ché pham khan dugc dong géi thich hop st dung
cac vat lidu da biét d ngan tiép xuc véi nude sao cho ching c6 thé duoc chira trong
céc kit thude thich hop. Vi du v& bao goi thich hop bao gdm, nhung khong gidi han &,

14 kim loai bit kin, nhua, binh chira lidu don vi (vi du, lo), géi vi va goi xé.

Séng ché con dé xuét duoc phém va dang bao ché chtra mot hodc nhiéu chét ma
lam giam tdc dd phan hiy hop chét theo sang ché dang thanh phan hoat tinh. Céc chét
nay, dugc dé cap & ddy 1a “chat én dinh”, bao gébm nhung khéng gi6i han &, chét

chong oxy hoa chang han nhu axit ascorbic, chat dém pH, hodc chat dém mudi, v.v.

Nhu duge st dung & ddy, thuat ngit “chdt mang dugc dung” bao gbm bét ky va
tat ca cac dung modi, mdi trudng phan tan, chit bao, chét hoat dong bé mit, chét chéng
oxy hoa, chit bao quan (vi du, chit khang khuin, chit khang nim), chét ddng trurong,
chét tri hoén hép thu, mudi, chit bdo quéan, dugc chit, chit én dinh dwoc chit, chat két
dinh, ta duogc, chit 1am ra, chét bdi tron, chit tao ngot, chét tao huong, thuéc nhudm,

cac vat liéu twong tu nhu vay va cac td hgp cla chiung, nhu s& dugc biet béi nguoi co
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hiéu biét trung binh trong linh vwc nady (xem, vi du, Remington's Pharmaceutical
Sciences, 18th Ed. Mack Printing Company, 1990, pp. 1289- 1329). Ngoai trir truong
hop chit mang théng thuong bat ky khong tuong thich véi thanh phan hoat tinh, viéc

str dung né trong cac ché pham dugc va dicu tri 1a duge du liu.

Céac hop chét c6 cong thire T hodc mudi dugce dung cia ching thé hién cac dic

tinh duoc 1y ¢6 gid tri va do d6, hiru ich dé 1am dwoc phdm.

Ngoai ra, cac hop chét c6 cong thie (I”), (Ta), (Ia”) hodc (Ib) ¢6 thé hitu ich dé
nghién ctru trén cac bénh gay ra bai dot bién vo nghia, vi du nhu dung lam cac hop

chat cong cu.

Cu thé 13, cac hop chét c6 cong thirc (I’), (Ta), (Ta”) hodc (Ib) I hoat dong nhur 12
chit kim ham dot bién vo nghia trén cac PTC thudng gip, vi du trén Y122X trong
mARN ctia protein diéu hoa d6 dan trong bénh xo nang (CFTR). Viéc nay c6 thé duoc
x4c dinh in vitro, vi duy, st dung dong té bao biéu hién ciu tric GFP-CFTR-Y122X-

Renilla nhu duge mo ta & day.

Céc hop chét theo sang ché do d6 co thé hitu ich trong ngin ngira, diéu tri hozic

tri hodn tién trién ctia bénh gay ra bdi cac dot bien vo nghia.

Thuat ngir “bénh giy ra boi dot bién vo nghia” duge biét 13 trong linh vuc nay.
N6 dé cap dén bénh xuit hién & bénh nhan mang dot bién vo nghia trong gen c6 lién
quan dén bénh, trong d6 dot bién v nghia nay gy ra su thiéu mot phan hoic toan bd

protein tir d6 gay ra bénh ly ctia bénh.

Theo mdt phuong an, bénh dugc chon tir bénh méau khé dong A, bénh mau kho
dong B, bénh xo nang, bénh khuyét tdit mucopolysaccharidosis I, bénh teo co
Duchenne, bénh teo co Becker, bénh ung thu do mét APC va bénh ung thu do mét
pS3.

D&i voi cac ddu hidu duoc dé cap ¢ trén (tinh trang va bénh), lidu phu hop sé
thay d6i phu thude vao, vi du, hgp chit duogc str dung, vat chu, ché d6 ap dung va ban
chit va mirc 6 nghiém trong ctia tinh trang dang duoc diéu tri. Tuy nhién, n6i chung,
lidu hing ngay dé dat duoc cac két qua didu tri dat yéu cdu ¢ dong vat dugc chi ra 1a tir
khoang 0,01 dén khoang 100 mg/kg trong luong co thé, t&t hon 14 tir khoang 0,1 dén

khoang 10 mg/kg trong luong co thé, vi du 1 mg/kg. O dong vat ¢6 va 16n hon, vi du &
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ngudi, lidu hing ngay duge xéac dinh 13 4p dung thuén loi ndm trong khoang tir 0,1 d&én
khoang 1000mg, t6t hon 1a tir khoang 1 dén khoang 400mg, t6t nhét 1a tir khoang 10
dén khoang 100mg hop chét theo sang ché, vi du, liéu duoc chia 1én t6i 4 1an mot
ngay.

Pé str dung theo sang ché, hop chit theo sang ché c6 thé duoc ding nhu 13 hoat
chét riéng 1& hoic két hop véi cac hoat chét khéc, theo cach thong thuong bt ky, vi du
theo duwong miéng, vi du & dang vién nén hodc vién nang, hodc ngoai duong ti€u hoa,
vi du & dang dung dich hodc huyén phu tiém. Ché phidm két hop chira hop chit theo
sang ché va hoat chét khac s& duoc @& cap dén nhu 1a “ché phim két hop theo sang

che”.

Hop chét theo séng ché, c6 thé duoc két hop véi chét kich hoat doc xuyén, vi du
negamyxin, RT13, RT14, ataluren hodc chit kich hoat doc xuyén aminoglycosit, vi du

paromomyxin, amikaxin, G418, NB30, NB54 hoac NB&4.

Hop chét theo sang ché, co thé duoc két hop véi chét e ché su phan ra mARN
qua trung gian ma vd nghia, vi du NMDI-1.

Negamyxin, RT13, RT14, ataluren, chit kich hoat doc xuyén aminoglycosit va

NMDI-1 duge md ta, vi du trong Keeling et al, WIREs RNA, 2011, 2, 837-852.

Céc hop chit theo sang ché c6 thé hitu ich dé ngin ngira bénh gy ra béi cic dot
bién v6 nghia.

Céc hop chit theo sang ché co thé hiru ich dé diéu tri bénh giy ra boi cac dot
bién v6 nghia.

Céc hop chit theo sang ché ¢6 thé hiru ich d tri hodn tién trién ctia bénh giy ra
boi cac dot bién vo nghia.

Thuét ngir “luong c6 hidu qua didu tri” cta hop chét theo sang ché ding d chi
lwong hop chét theo sang ché ma s& 1am phat sinh d4p ng sinh hoc hogc y té cta d6i
tuong, vi du, cai thién céc triéu chirng, gidm bot cac tinh trang, 1am cham hodc tri hodn
tién trién cta bénh, hoic ngan ngura bénh, v.v. Theo mdt phuong an khong han ché,
thuat ngit “luong c¢6 hiéu qua didu tri” ding dé chi lugng cia hop chét theo sang ché
ma, khi 4p dung cho mot dbi tugng, ¢6 hiéu qua dé it nht 1a giam bét, (e ché, ngan

ngira va/hodc cai thién mot phan bénh gay ra bdi cac dot bién vo nghia. Theo phuong
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an khong han ché khéc, thuat ngit “lwong c6 hiéu qua diéu tri” dung dé chi luong cia
hop chét theo séng ché ma, khi ap dung cho mdt té bao, hoic md, hodc vat liéu sinh
hoc phi té bao, hodic mdi trudong, c6 hidu qua dé it nhat 1a kim hdm mot phan anh

hudng cia cac dot bien vo nghia.

Nhu duoc sit dung & ddy, thuat ngir “ddi twong” ding dé chi dong vat. Tét hon
1a, dong vat 1a dong vat c6 vii. Dbi tugng con dung dé chi, vi du, loai linh trudng (vi
du, con nguoi), bo, ctru, dé, ngua, cho, meo, tho, chudt, chudt nhét, c4, chim va tuong

tu. Theo mot phwong 4n duoc wu tién, ddi tegng 1 con ngudi.

Nhu dugce st dung ¢ ddy, thuit nglr “su e che” hay “tc ché” dung dé chi sy
giam hodc ngin chan tinh trang, triéu ching, hodc roi loan, hodc bénh nhat dinh, hodc

su giam dang ké hoat dong co ban ctia mot hoat dong hogc qua trinh sinh hoc.

Nhu duge st dung & ddy, thuét ngit “diéu tri” hodc “su diéu tri” bénh hoc tinh
trang, theo mot phuong &n, dung dé chi viéc cai thién bénh hoic tinh trang (nghia 1a,
lam chadm ho#c ham lai hoac lam gidm su phét trién cda bénh hodc it nhat mot trong sb
c4c triéu chung ctia chung). Theo phuong 4n khac “diéu tri” hodc “sur diéu tri” ding dé
chi viéc giam b6t hodc cai thién it nhit mot théng s6 vt Iy bao gdm cac thong sd ma
c6 thé khong nhan thiy ro & bénh nhan. Theo phuong 4n khéc nita, “diéu tri” hodc “su
didu tri” dung d& chi viéc bién dbi bénh hodc tinh trang, hodc 1a v& mit thé chat, (vi dy,
sy On dinh cta mot triéu ching khong théy rd), vé mit sinh ly, (vi du, su 4n dinh cua
mét thong sd vat 1y), hodc ca hai. Theo phwrong 4n khéc nita, “diéu tri” hodc “su diéu
tri” dung dé chi viéc ngén ngura hodc tri hodn sy khadi phéat hodc su phat trién hoic tién

trién cta bénh hoic tinh trang.

Dugc phim hozic ché pham két hop theo sang ché c6 thé 1a lidu don vi khoang
1-1000mg (c4c) thanh phan hoat tinh cho dbi tuong c6 trong lwong khoang 50-70kg,
hodc khoang 1-500mg ho#c khoang 1-250mg hodc khodng 1-150mg hodc khoang 0,5-
100mg, hoac khoang 1-50mg cic thanh phin hoat tinh. Liéu ¢6 hiéu qua diéu tri cia
hop chét, duoc phém, hodc ché phém két hop cua ching phu thugc vao viéc dbi tuong
1a loai gi, trong luong co thé, tudi va tinh trang ca thé, r6i loan hodc bénh hodc mtc do
nghi€m trong cua rdi loan hodc bénh duoc diéu tri. Béc si, théy thudc 1am sang hodc

bac si thu y c6 hiéu biét thong thuong c6 thé d& dang xac dinh lugng c6 hidu qua cua
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moi trong sO cac thanh phan hoat tinh can thi¢t dé ngan ngura, di€u tri hodc e ché sy

tién trién cua roi loan hodc bénh.

Céc dic tinh lidu duoc trich din & trén c6 thé chimg minh dugc trong cac thit
nghiém in vitro va in vivo st dung dong vat c6 via mdt cach thudn loi, vi du, chudt
nha, chudt, chd, khi hoac cac co quan dugc phén 1dp, mo6 va cac ché phém cua ching.
Céc hop chét theo séang ché ¢c6 thé dugc ung dung in vitro ¢ dang dung dich, vi du, tdt
hon 13 dung dich chira nuéce, va in vivo hodc 1a theo duong rudt, ngoai duong ti€u hoa,
thuén loi 1a theo dwong tinh mach, vi du, du6i dang huyén phii hogc trong dung dich
chira nu6e. Lidu in vitro ¢6 thé thay dbi trong khoang ndng do tir 10 mol dén 107
mol. Luogng ¢é hi€u qua diéu tri in vivo c6 thé thay dbi phu thudc vao duong dung,

trong khoang 0,1-500 mg/kg, hodc trong khoang 1-100 mg/kg.

Hoat tinh ctia hop chit theo sang ché c6 thé duge danh gia bang cac phuong

phép in vitro & in vivo dugc md ta & day.

Hop chét theo sang ché co thé dugc ap dung hoic 14 dong thoi véi, hodc trude
hodc sau, it nhat mot chét tri liéu khac. Hop chét theo sang ché c6 thé duoc ap dung
riéng biét, theo con duong gidng hodc khic nhau, hodc cling nhau trong clng dugc

pham.

Vi duy thire hién sang ché
Céc vi du sau minh hoa nhung khong lam gigi han sang ché.
Phén thuc nghiém:

Céc chit viét tit:

NMP I-metylpyrolidin-2-on
HOAt 3H-[1,2,3]triazolo[4,5-b]pyridin-3-o0l
HATU 2-(3H-[1,2,3]triazolo[4,5-b]pyridin-3-yl)-1,1,3,3-

tetrametylisouroni hexaflophosphat(V)

DMF dimetylformamit
DCM diclometan
ACN axetonitril

TFA axit trifloaxetic
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THF tetrahydrofuran

TBME t-Butylmetylete

r.t. nhi¢t d§ phong

SFC sdc ky 10ng siéu t6i han
RP pha dao

HPLC sdc ky 16ng 4p sudt cao
DIEA N,N-Diisopropyletylamin

rac-BINAP  2,2'-bis(diphenylphosphino)-1,1'-binaphtyl raxemat
dba dibenzylidenaxeton

DMA dimetylaxetamit

Phuong phép LC-MS:

Hé théng Waters Acquity UPLC-SQD; pha ddng: A: nudc (axit formic 0,05%)
B: metanol (axit formic 0,04%); gradien: tir 2% B dén 8% B trong 0,1 phut, tir 8% B
dén 98% B trong 0,5 phut, 98% B trong 0,1 phuit; tbc d6 dong 1 mL/phut; cot Waters
Acquity UPLC BEH C18, 30x2,1 mm, 1,7mM; nhiét do 16 60°C.

Thiét bi NMR:
Bruker Avance 400MHz Ultrashield va Avance 600MHz
Cac vi du:

Vi du 1.1: 3-xyclobutyl-2-phenylbenzo[b][ 1,6 Jnaphtyridin-1,10(2H,5H)-dion
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a) 3-(xyclobutancacbonyl)-6-xyclobutyl-4-hydroxy-2H-pyran-2-on

Trong diéu kién argon, thém 64,1g cabonyldiimidazol (396mmol) vao 31,5mL
axit xyclobutancarboxylic (330mmol) trong 300mL THF trong vong 10 phut & r.t. Sau
25 phut, thém 226mL DCM, 77g kali 3-metoxy-3-oxopropanoat (494mmol) va 37,7g
magie clorua (396 mmol) tiép d6 gia nhiét dén 56°C trong 2,5 gio, va khudy trong 3,5
gid nita. Lam ngudi huyén phu tao thanh dén r.t., thém 600mL axit clohydric chira
nuée 2N dén khi dat gia tri pH = 2, thém 800mL nudc nita va va phan tach dung dich
hai pha tao thanh. Chiét pha chira nu6c hai 14n bang 250mL DCM, rira cac pha hitu co
két hop dung dich natri clorua chira nuéc ban dam dic, sdy kho trén natri sulfat, loc rdi
lam bay hoi. Hoa tan metyl 3-xyclobutyl-3-oxopropanoat tao thanh (59g, dugc st
dung cho budc tiép theo ma khong tinh ché) trong 10mL metanol, thém 378mL dung
dich natri hydroxit chira nuéc 2M va khudy hdn hop nay trong mot gid. Thém 100ml
TBME, chiét pha chira nu6e hai 1in bang 50mL TBME, loc cac pha chira nu6e két hop
va lam lanh dén 5°C. Thém 65,1mL axit clohydric chira nudc ddm dic vao dung dich
d6 dén khi dat gi tri pH <1. Thém 167g natri clorua ran vao va chiét hon hop bdn 1an
bing 100mL etyl axetat, rira pha hitu co bang nudc, sdy kho trén natri sulfat, va [am
bay hoi dé tao ra axit 3-xyclobutyl-3-oxopropanoic (43g, dugc st dung cho buée tiép
theo ma khong tinh ché) du6i dang ddu mau hoi vang. Hoa tan diu nay trong 508mL
THF va thém cin than 53,1g cacbonyldiimidazol (328mmol) rdi khudy trong 6 gio.
Thém 50mL nudc vao dung dich tao thanh, lam bay hoi THF trong diéu kién ap suét
giam, thém 200mL DCM va rira bang 400mL axit clohydric chira nuéc 2M, 200mL
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axit clohydric chira nude 0,5M, 200mL nude. Chiét pha chira nuée bang 100mL DCM
sdy kho cac pha hiru co két hop trén natri sulfat, loc rdi 1am bay hoi. Tinh ché diu mau
cam tao thanh bang phuong phép sic ky 1éng trén silicagel v6i DCM/metanol 1am
dung mdi rira gidi. Két hop cac phan doan dich va lam bay hoi dé tao ra 22g 3-
(xyclobutancarbonyl)-6-xyclobutyl-4-hydroxy-2H-pyran-2-on (89mmol, 53%) dudi
dang dau két tinh cham.

ESI-MS [M+H] * 249,2

'H-NMR (400 MHz, CDCls): 8(ppm) = 16,91 (s, 1H), 5,94 (s, 1H), 4,36-4,26
(m, 1H), 3,35 (quint, 1H, J = 8,6 Hz), 2,39-2,26 (m, 8H), 2,13-2,00 (m, 2H), 1,99-1,81
(m, 2H).

b) 6-xyclobutyl-4-hydroxy-2H-pyran-2-on

Thém 65,7mL axit sulfuric ddm dic (88mmol) vao 21,9z 3-
(xyclobutancarbonyl)-6-xyclobutyl-4-hydroxy-2H-pyran-2-on (88mmol) va gia nhiét
hén hop dén 105°C trong 20 phut rdi sau d6 1am lanh dén 0°C. D6 cin than hén hop
1én trén 600g d4, pha lodng v6i nuée dén thé tich 800mL va chiét ba 1an bing 200mL
etyl axetat. Rira cdc pha hiru co két hop bing dung dich natri clorua chita nuéc, sdy
kho trén natri sulfat, loc, 1am bay hoi, va tinh ché biang phuong phép sdc ky 16ng trén
silicagel véi DCM/metanol lam dung moi rura giai. Két hop cac phan doan dich va 1am
bay hoi dé tao ra 11,6g 6-xyclobutyl-4-hydroxy-2H-pyran-2-on (70mmol, 79%) dudi

dang chit rin mau tring nhat.
ESI-MS [M+H] " 167,1

'H-NMR (400 MHz, de-DMSO): 8(ppm) = 11,61 (s, 1H), 5,94 (d, 1H, T = 2,1
Hz), 5,22 (d, 1H, J = 2,1), 3,36 (quint, 1H, J = 8,6 Hz), 2,24-2,08 (m, 4H), 2,04-1,90
(m, 1H), 1,87-1,75 (m, 1H).

¢) 6-xyclobutyl-4-hydroxy-1-phenylpyridin-2(1H)-on

Thém 6,33mL anilin vao huyén phu cta 11,5g 6-xyclobutyl-4-hydroxy-2H-
pyran-2-on (69mmol) trong 231mL axit axetic va 462mL nudc va gia nhiét dén 85°C
trong 22 gid. Lam bay hoi hon hop, thém hai l4n toluen va lam bay hoi, thém 50mL

toluen rdi khudy & 50°C. Loc huyén phul nay, rira chét rin véi toluen va dietylete, va
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sy kho dé tao ra 8,5g 6-xyclobutyl-4-hydroxy-1-phenylpyridin-2(1H)-on (35mmol,

51%) 14 chit rdn mau tring.
ESI-MS [M+H] " 242,2

'H-NMR (400 MHz, de-DMSO): 8(ppm) = 10,59 (s, 1H), 7,50-7,39 (m, 3H),
7,19-7,12 (m, 2H), 5,86-5,81 (m, 1H), 5,55 (d, 1H, J = 2,4 Hz), 3,09-2,99 (m, 1H),
1,96-1,84 (m, 2H), 1,67-1,50 (m, 4H).

d) 6-xyclobutyl-2-oxo-1-phenyl-1,2-dihydropyridin-4-yl triflometansulfonat

Trong didu kién argon, tao huyén phu 84g 6-xyclobutyl-4-hydroxy-1-
phenylpyridin-2(1H)-on (35mmol) trong 168mL DCM, lam lanh dén -25°C, thém
3,94mL pyridin sau d6 thém dung dich chta 7,03mL triflometan-sulfonic anhydrit
trong 35mL DCM trong 15 phut. Khudy huyén phii trong 40 phut, d6 1én 250mL hdn
hop dé/nude rdi khudy manh. Phan tach pha chira nuéc, chiét hai 1an bang 80mL
DCM, rira pha hitu co két hop bang nudc, sdy kho trén natri sulfat, va 1am bay hoi aé
tao thanh 13g 6-xyclobutyl-2-0x0-1-phenyl-1,2-dihydropyridin-4-yl
triflometansulfonat (35mmol, 100%) duéi dang diu mau vang ma két tinh khi ding
yén.

ESI-MS [M+H] " 374,1

'H-NMR (400 MHz, d¢-DMSO): 8(ppm) = 7,58-7,44 (m, 3H), 7,34-7,26 (m,
2H), 6,57-6,52 (m, 1H), 6,44-6,38 (m, 1H), 3,16 (quint, 1H, J = 8,8 Hz), 2,09-1,95 (m,
2H), 1,71-1,53 (m, 4H).

¢) Metyl 2-((6-xyclobutyl-2-oxo-1-phenyl-1,2-dihydropyridin-4-yl)amino)benzoat

Trong diéu kién argon, thém 60mg rac-BINAP (0,1mmol) va 44mg Pd,(dba);
(0,05mmol) vao huyén phu gdm 3g 6-xyclobutyl-2-oxo- 1-phenyl-1,2-dihydropyridin-
4-yl triflometan-sulfonat (8,1mmol), 1,26mL metyl 2-aminobenzoat (9,7mmol), va
3,7g xesi carbonat (11,3mmol) trong 32mL toluen va gia nhiét dén 85°C trong 16 gid.
Lam ngudi huyén pht dén r.t, pha lodng véi 60mL DCM, loc trén hyflo, va 1am bay
hoi phan dich loc. Tinh ché dau mau cam tao thanh bang phuong phap sic ky 16ng trén
silicagel voi DCM/metanol 1am dung mdi rira giai. Két hop cac phan doan dich va lam
bay hoi dé tao ra 2,68g metyl 2-((6-xyclobutyl-2-oxo-1-phenyl-1,2-dihydropyridin-4-

yl)amino)benzoat (7,2mmol, 88%) dudi dang ddu mau cam ma két tinh khi dung yén.
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ESI-MS [M+H]* 375,3

'H-NMR (400 MHz, dg-DMSO): 8(ppm) = 9,06 (s, 1H), 7,94 (dd, 1H, T = 7.9,
1,6 Hz), 7,66-7,54 (m, 2H), 7,51-7,39 (m, 3H), 7,21-7,15 (m, 3H), 6,09 (d, 1H, J =2,5
Hz), 5,79 (d, 1H, J = 2,3 Hz), 3,87 (s, 3H), 3,11-3,03 (m, 1H), 2,01-1,89 (m, 2H), 1,70-
1,52 (m, 4H).

f) 3-xyclobutyl-2-phenylbenzo[b][ 1,6 Jnaphtyridin-1,10(2H,5H)-dion

Thém 38g axit polyphoshoric vao 2,6g metyl 2-((6-xyclobutyl-2-oxo-1-phenyl-
1,2-dihydropyridin-4-yl)amino)benzoat (6,9mmol) va gia nhiét dén 120°C trong 40
phat. Thém 43g d vao hdn hop nay, pha lodng v6i 440mL nuGe va thém tir tir 152¢
kali bicarbonat vao dén khi dat gia tri pH = 7-8. Thém 100mL TBME va 200mL
metanol, sau d6 thém 200mL nu6c va khudy k§ trong 30 phut. Loc huyén phu, ria
chit rin v6i nudc va TBME rdi sdy khd dé tao ra 1,7g 3-xyclobutyl-2-
phenylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-dion (Smmol, 72%) duéi dang chit ran

mau tring nhat.
ESI-MS [M+H] " 343,2; LCMS Rt [min], meth. A: 0,60.

'H-NMR (400 MHz, de-DMSO): 8(ppm) = 11,79 (s, 1H), 8,10 (d, 1H, J = 7.9),
7,67 (¢, 1H, T =7,6), 7,57-7,41 (m, 4H), 7,36-7,20 (m, 3H), 6,22 (s, 1H), 3,20-3,06 (m,
1H), 2,06-1,90 (m, 2H), 1,74-1,56 (m, 4H).

Vi du 1.2: 3-xyclobutyl-5-metyl-2-phenylbenzo[b][ 1,6 Jnaphtyridin-1,10(2H,5H)-dion

Thém 4,7g xesi carbonat (14,4mmol) va 0,9mL metyliodua (14,4mmol) vao
huyén phu cta 1,65g 3-xyclobutyl-2-phenylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-
dion (4,8mmol) (vi du 1.1) trong 50mL. DMF va khudy trong 2,5 gio' & r.t. Thém tir tir
100mL nuéc vao huyén phu tao thanh, lam lanh dén 10°C, khqu trong 30 phut, loc,
rira chét rén bang 20mL DMF/nudc (1:2, thé tich/thé tich), 100mL nudc va sdy kho
trong diéu kién chan khong & 60°C dé tao ra 1,4g 3-xyclobutyl-5-metyl-2-
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phenylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-dion (4mmol, 84%) dudi dang chit rin
mau tring nhat.

ESI-MS [M+H] " 357,2; LCMS Rt [min], meth. A: 0,61.

'H-NMR (400 MHz, d¢-DMSO): 8(ppm) = 8,21 (dd, 1H, ] = 7.8, 1,8 Hz), 7,84
(d, 1H, J = 8,6 Hz), 7,81-7,73 (m, 1H), 7,58-7,46 (m, 3H), 7,38 (t, 1H, J = 7,4 Hz),
7,28-7,23 (m, 2H), 6,43 (s, 1H), 3,92 (s, 3H), 3,22-3,12 (m, 1H), 2,22-2,10 (m, 2H),
1,73-1,56 (m, 4H).

Vi du 1.3: 3-isopropyl-2-phenylbenzo[b][ 1,6 ]naphtyridin-1,10(2H,5H)-dion

a) 4-hydroxy-6-isopropyl-1-phenylpyridin-2(1H)-on

Thém 1,8mL (19,5mmol) anilin vao dung dich chira 3g (19,5mmol) 4-hydroxy-
6-isopropyl-2H-pyran-2-on (CAS 220809-37-0, sin c6 trén thi truong) trong 120ml
nude va 60mL axit axetic va khudy & 85°C trong 16,5 gid. Lam bay hoi hdn hop tao
thanh va tinh ché bang phuong phép sic ky 16ng trén silicagel véi DCM / metanol 1am
dung méi rira giai. Két hop cac phan doan dich va lam bay hoi dé tao ra 1,5g
(6,4mmol, 33%) 4-hydroxy-6-isopropyl-1-phenylpyridin-2(1H)-on dudi dang chat rin

mau tréng.
b) 6-isopropyl-2-oxo-1-phenyl-1,2-dihydropyridin-4-yl triflometansulfonat

Thém 1,87mL (23mmol) pyridin viao huyén phu cta 2,9g (12,8mmol) 4-
hydroxy-6-isopropyl-1-phenylpyridin-2(1H)-on trong 34mL DCM, 1am lanh hdn hop
nay dén -25°C, thém timg giot dung dich chira 2,7mL (16mmol) triflometansulfonic
anhydrit trong 11,4mL DCM trong hon 10 phut va khudy trong 45 phut nita & -25°C.
Thém 40mL va 80ml nude, chiét pha hitu co v6i 80ml nude va nude mudi, chiét hai
lan pha chira nudc bing 80mL etylaxetat, siy kho cac pha hitu co két hop trén natri
sulfat va 1am bay hoi dé tao ra 4,6g (12,4mmol, 97%) 6-isopropyl-2-oxo-1-phenyl-1,2-

dihydropyridin-4-yl triflometansulfonat dudi dang chat rdn mau vang.

¢) Metyl 2-((6-isopropyl-2-oxo-1-phenyl-1,2-dihydropyridin-4-yl)amino)benzoat
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Thém 1,8mL (14mmol) metyl 2-aminobenzoat va 4,4mL (25mmol) DIEA vao
dung dich chira 4,6g (12,7mmol) 6-isopropyl-2-oxo-1-phenyl-1,2-dihydropyridin-4-yl
triflometan-sulfonat trong 71mL dioxan. Tiép d6 thém 0,63g (1mmol) rac-BINAP va
0,46g (0,5mmol) Pdy(dba); va khudy hon hop & 90°C trong 21 gid. Lam ngudi hdn hop
dén r.t., 1am bay hoi, pha lodng véi 300mL etylaxetat va chiét ba 14n bang nudc, sdy
kho pha hitu co trén natri sulfat va 1am bay hoi. Tinh ché diu mau den tao thanh bang
phuong phép sic ky 16ng trén silicagel véi heptan/etylaxetat 1am dung mdi rira giai.
Két hop cac phan doan dich va 1am bay hoi dé tao ra 2,2g (6,1mmol, 48%) metyl 2-
((6-isopropyl-2-oxo-1-phenyl-1,2-dihydropyridin-4-yl)amino)benzoat dudi dang dau
mau do.

d) 3-isopropyl-2-phenylbenzo[b][ 1,6 ]naphtyridin-1,10(2H,5H)-dion

Hoa tan 2,2g (6,lmmol) metyl 2-((6-isopropyl-2-oxo-1-phenyl-1,2-
dihydropyridin-4-yl)amino)benzoat trong 24mL axit polyphosphoric va gia nhiét dén
125°C trong 5 git. Lam ngudi hdn hop phan tng dén r.t., thiiy phan bang cach thém tir
tir 500ml nuGe va didu chinh dén gia tri pH = 8 bang cach thém cén thin kali
bicarbonat rén. Chiét huyén phi tao thanh bing 80mL DCM, chiét pha hitu co hai lan
bing 80ml nude va nude mudi, chiét pha hitu co két hop hai lan bang 80mL DCM.
Loc céc pha hitu co két hop va sdy kho phan chét ran con lai trong didu kién 4p suét
giam dé tao ra 1,1g (3,3mmol, 55%) 3-isopropyl-2-phenylbenzo[b][1,6]naphtyridin-
1,10(2H,5H)-dion dudi dang chét rin mau tring nhat.

ESI-MS [M+H]* 331,2; LCMS Rt [min], meth. A: 0,60.

'H-NMR (400 MHz, dg-DMSO): 8(ppm) = 11,74 (s, 1H), 8,10 (dd, J = 8,1, 1,5
Hz, 1H), 7,67 (td, T = 7,7, 7,1, 1,6 Hz, 1H), 7,60 - 7,43 (m, 4H), 7,35 - 7,26 (m, 3H),
6,24 (s, 1H), 2,41 (sep, J = 6,8 Hz, 1H), 1,10 (d, J =6,7 Hz, 6H).

Vi du 1.4: 3-isopropyl-5-metyl-2-phenylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-dion
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Thém 1,86¢g xesi carbonat (5,7mmol) va 0,81g metyl iodua (5,7mmol) vao dung
dich chtta 630mg (1,9mmol) 3-isopropyl-2-phenylbenzo[b][1,6]naphtyridin-
1,10(2H,5H)-dion trong 34mL DMF va khudy trong 1 gio & r.t. Tiép d6 thém 80ml
nuée va 80mL DCM, chiét pha hitu co hai 1an bang nudc va nuéce mubi, chiét pha
chira nuée két hop hai 1an bang DCM, sdy kho cac pha hiru co két hop trén natri sulfat,
roi 1am bay hoi. Tao huyén phu phﬁn can tao thanh trong SmL DCM, lgc, lam bay hoi
phén dich loc, tao huyén phii trong SmL dietyl ete, loc, va sdy kho cac chét rin két hop
trong diéu kién ap sudt giam dé tao ra 441mg (1,3mmol, 67%) 3-isopropyl-5-metyl-2-
phenylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-dion duéi dang chét rdn mau trang nhat.

ESI-MS [M+H] * 345,3; LCMS Rt [min], meth. A: 0,61.

'H-NMR (400 MHz, d-DMSO): 8(ppm) = 8,20 (dd, J = 7.9, 1,6 Hz, 1H), 7,86
— 7,71 (m, 2H), 7,61 — 7,46 (m, 3H), 7,42 — 7,28 (m, 3H), 6,53 (s, 1H), 3,90 (s, 3H),
2,48 2,41 (m, 1H), 1,18 (d, T = 6,8 Hz, 6H).

Céc vi du sau c6 thé duge didu ché theo cach twong tw v6i cac vi du 1.1 dén 1.4:

2-clo-7-isopropyl-6-phenylthieno[2,3-
b][1,6naphtyridin-4,5(6H,9H)-dion

2-clo-7-isopropyl-9-metyl-6-phenylthieno[2,3-
b][1,6]naphtyridin-4,5(6H,9H)-dion

2-clo-6-isopropyl-7-phenylthieno[3,2-
b][1,6]naphtyridin-8,9(4H,7H)-dion
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2-clo-6-isopropyl-4-metyl-7-phenylthieno[3,2-
b][1,6]naphtyridin-8,9(4H,7H)-dion

6-isopropyl-7-phenylthieno[3,4-
b][1,6]naphtyridin-8,9(4H,7H)-dion

6-isopropyl-4-metyl-7-phenylthieno|3,4-
b][1,6]naphtyridin-8,9(4H,7H)-dion

6-isopropyl-1-metyl-7-phenylthieno|3,4-
b][1,6]naphtyridin-8,9(4H,7H)-dion

6-isopropyl-1,4-dimetyl-7-phenylthieno|3,4-
b][1,6]naphtyridin-8,9(4H,7H)-dion

6-isopropyl-3-metyl-7-phenylthieno[3,4-
b][1,6]naphtyridin-8,9(4H,7H)-dion

6-isopropyl-3,4-dimetyl-7-phenylthieno[3,4-
b][1,6]naphtyridin-8,9(4H,7H)-dion
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3-isopropyl-2-phenyl-5,6,7,8,9,10-hexahydro-
1H-xyclohepta[b][ 1,6 naphtyridin-1,11(2H)-

dion

3-isopropyl-5-metyl-2-phenyl-5,6,7,8,9,10-
hexahydro-1H-xyclohepta[b][ 1,6 naphtyridin-
1,11(2H)-dion

7-isopropyl-2,3-dimetyl-6-phenyl-1,6-
naphtyridin-4,5(1H,6H)-dion

7-isopropyl-1,2,3-trimetyl-6-phenyl-1,6-
naphtyridin-4,5(1H,6H)-dion

3-etyl-5-metyl-2-
phenylbenzo[b][ 1,6 naphtyridin-1,10(2H,5H)-

dion

5-metyl-2-phenyl-3-
propylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-

dion

3-xyclopropyl-5-metyl-2-
phenylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-

dion
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3-butyl-5-metyl-2-
0O 0
N @ phenylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-

_ dion

5-metyl-3-pentyl-2-
0O o
\ /© phenylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-

N~ NF dion

3-(sec-butyl)-5-metyl-2-
phenylbenzo[b][1,6]|naphtyridin-1,10(2H,5H)-

dion

3-isobutyl-5-metyl-2-
phenylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-

dion

3-xyclopentyl-5-metyl-2-
phenylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-

dion

*: cac hop chét c6 thé duoc diéu ché theo cach tuong ty véi cac vidu 1.1 va 2.1.

Céc vi du sau c6 thé duge diéu ché theo cach tuong tu véi cac vidu 1.1 dén 1.4.
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LCMS
) Rt N
Vidu Cau trac Tén [M+H]

[min],

meth. A

9-isopropyl-8-phenyl-1H- 0,59 357,2
indolo[1,7-
ab][1,6]naphtyridin-
6,7(2H,8H)-dion

1.11

7-isopropyl-6- 0,67 337,2
phenylthieno[2,3-
b][1,6]naphtyridin-
4,5(6H,9H)-dion

1.12

7-isopropyl-9-metyl-6- 0,56 351,1
phenylthieno|[2,3-
b][1,6]naphtyridin-
4,5(6H,9H)-dion

1.13

7-isopropyl-2-metyl-6- 0,68 351,2
phenylthieno[2,3-
b][1,6]naphtyridin-
4,5(6H,9H)-dion

1.14

7-isopropyl-2,9-dimetyl-6- 0,56 365,1
phenylthieno[2,3-
b][1,6]naphtyridin-
4,5(6H,9H)-dion

1.15

6-isopropyl-7- 0,59 337,1
phenylthieno([3,2-
b][1,6]naphtyridin-
8,9(4H,7H)-dion

1.16
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LCMS

. Rt
Vi du Cau triic Tén [M+H]"
[min],

meth. A

6-isopropyl-4-metyl-7- 0,56 351,1
phenylthieno|3,2-
b][1,6]naphtyridin-
8,9(4H,7H)-dion

1.17

6-isopropyl-2-metyl-7- 0,62 351,1
phenylthieno|[3,2-
b][1,6]naphtyridin-
8,9(4H,7H)-dion

1.18

6-isopropyl-2,4-dimetyl-7- 0,57 365,1
phenylthieno[3,2-
b][1,6]naphtyridin-
8,9(4H,7H)-dion

1.19

6-isopropyl-3-metyl-7- 0,62 351,1
phenylthieno[3,2-
b][1,6]naphtyridin-
8,9(4H,7H)-dion

1.20

6-isopropyl-3.4-dimetyl-7- 0,57 365,2
phenylthieno[3,2-
b][1,6]naphtyridin-
8,9(4H,7H)-dion

1.21

3-isopropyl-2-phenyl- 0,56 3352
6,7,8,9-

tetrahydrobenzo[b][1,6]nap
htyridin-1,10(2H,5H)-dion

1.22
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LCMS
, Rt s
Vidu Cau trtic Tén [M+H]
[min],
meth. A
3-isopropyl-2-phenyl- 0,59 321,2
123 5,6,7,8-tetrahydro-1H-
xyclopenta[b][1,6]naphtyri
din-1,9(2H)-dion
3-xyclobutyl-5-metyl-2-
124 phenyl-5,6,7,8-tetrahydro-
1H- 0,50 3473
xyclopenta[b][1,6]naphtyri
| din-1,9(2H)-dion
7-xyclobutyl-1,2,3-trimetyl-
6-phenyl-1,6-naphtyridin-
1.25 . 049 | 3353
4,5(1H,6H)-dion
3-xyclobutyl-2-phenyl- 0,60 333,2
1.26 5,6,7,8-tetrahydro-1H-
xyclopenta[b][1,6]naphtyri
din-1,9(2H)-dion
7-xyclobutyl-2,3-dimetyl-6- | 0,54 3213
1.27 phenyl-1,6-naphtyridin-

4,5(1H,6H)-dion
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LCMS
) Rt .
Viduy Cau truc Tén [M+H]

[min],

meth. A

3-xyclobutyl-5-metyl-2- 0,53 361,2
phenyl-6,7,8,9-

tetrahydrobenzo[b][ 1,6 nap
htyridin-1,10(2H,5H)-dion

1.28

7-xyclobutyl-9-metyl-6- 0,58 363,1
phenylthieno[2,3-
b][1,6]naphtyridin-
4,5(6H,9H)-dion

1.29

3-xyclobutyl-2-phenyl- 0,56 347,2
6,7,8,9-

tetrahydrobenzo[b][1,6]nap
htyridin-1,10(2H,5H)-dion

1.30

7-xyclobutyl-2,9-dimetyl-6- | 0,59 377,3
phenylthieno[2,3-
b][1,6]naphtyridin-
4,5(6H,9H)-dion

1.31

7-xyclobutyl-6- 0,68 349,1
phenylthieno[2,3-
b][1,6]naphtyridin-
4,5(6H,9H)-dion

1.32

7-xyclobutyl-2-metyl-6- 0,70 363,1
phenylthieno[2,3-
b][1,6]naphtyridin-
4,5(6H,9H)-dion

1.33
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LCMS
Vi du Chu tric Tén R [M+H]"
[min],
meth. A

6-xyclobutyl-4-metyl-7- 0,58 363.4
134 phenylthieno[3,2-

b][1,6]naphtyridin-

8,9(4H,7H)-dion

6-xyclobutyl-7- 0,61 349,1
135 phenylthieno[3,2-

b][1,6naphtyridin-

8,9(4H,7H)-dion

6-xyclobutyl-2,4-dimetyl-7- | 0,59 377,2
136 phenylthieno[3,2-

b][1,6]naphtyridin-

8,9(4H,7H)-dion

6-xyclobutyl-2-metyl-7- 0,62 363,1
137 phenylthieno[3,2-

b][1,6]naphtyridin-

8,9(4H,7H)-dion

9-xyclobutyl-8-phenyl-1H- 0,63 369.1
1.45 indolo[1,7-

ab][ 1,6 naphtyridin-

6,7(2H,8H)-dion

Vi du 2.1: 3-xyclobutyl-2-xyclopentylbenzo[b][ 1,6 Jnaphtyridin-1,10(2H,5H)-dion
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a) 4-bromo-6-xyclobutyl-2H-pyran-2-on

Thém 8mL toluen vao 400mg (2,4mmol) 6-xyclobutyl-4-hydroxy-2H-pyran-2-
on (dugc didu ché theo vi du 1.1 b), 854mg (2,7mmol) tetrabutylamonibromua, va
752mg (5,3mmol) diphosphorus pentoxit va gia nhiét hdn hop dén 110°C dong thoi
khuéy manh. Phén tach céac pha & r.t., chiét pha chtra nu¢c hai 14n béng 4mL toluen,
rira cac pha hitu co két hop bing 15mL dung dich kali bicarbonat chira nude 20%
(trong lwong/thé tich) va 15mL nude mudi, chiét pha chira nude bang 5mL toluen, siy
kho céc pha hitu co két hop trén natri sulfat va 1am bay hoi dé tao ra 507mg (2,2mmol,

92%) 4-bromo-6-xyclobutyl-2H-pyran-2-on duéi dang ddu mau do.
b) Metyl 2-((6-xyclobutyl-2-ox0-2H-pyran-4-yl)amino)benzoat

Trong diéu kién argon, tao huyén pht 494mg (2,2mmol) 4-bromo-6-xyclobutyl-
2H-pyran-2-on va 1054mg (3,2mmol) xesi carbonat trong 8mL toluen va sau d6 thém
363 LL (424mg, 2,8mmol) metyl 2-aminobenzoat, 16mg (0,026mmol) rac-BINAP, va
12mg (0,013mmol) Pdy(dba);. Gia nhiét hdn hop dén 110°C trong 23 giv. O r.t., loc
hdn hop qua hyflo va 1am bay hoi phan dich loc rdi tinh ché bang phuong phap sic ky
l6ng trén silicagel voi xyclohexan/TBME lam dung méi rira giai. Két hop cac phan
doan dich va lam bay hoi dé tao ra 458mg (1,5mmol, 71%) metyl 2-((6-xyclobutyl-2-

ox0-2H-pyran-4-yl)amino)benzoat du6i dang chit rin mau vang.

¢) 3-xyclobutyl-1H-pyrano[4,3-b]quinolin-1,10(5H)-dion
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Thém 5g (1,4mmol) axit polyphosphoric vao 0,4g (1,4mmol) metyl 2-((6-
xyclobutyl-2-oxo0-2H-pyran-4-yl)amino)benzoat va gia nhiét dén 130°C trong 45 phut.
Thuy phan hdn hop phan tng v6i 20ml nuéc nhung khdng vuot qua r.t., pha lodng voi
40ml nudce va trung hoa dén gia tri pH = 7-8 bing cach thém cén than kali bicarbonat
ran. Loc chét rin tao thanh, rira véi nudce va séy kho dé tao ra 360mg (1,4mmol, 98%)
3-xyclobutyl-1H-pyrano[4,3-b]quinolin-1,10(5H)-dion duéi dang chét rin mau tring
nhat.

d) 3-xyclobutyl-2-xyclopentylbenzo[b][ 1,6 naphtyridin-1,10(2H,5H)-dion

Thém 850uL (13,7mmol) xyclopentylamin va 141puL (5,5mmol) axit axetic vao
329mg (1,23mmol) 3-xyclobutyl-1H-pyrano[4,3-b]quinolin-1,10(5H)-dion  trong
6,2mL trifloetanol va gia nhiét dén 90°C trong 7 gid. Lam bay hoi hén hop, tron phan
cin hai 1dn voi 4mlL etylete rdi loc, rira hai 1dn bang 7,5mL isopropanol / dietylete 3:2
(thé tich/th8 tich), bang 7mL dietylete va rira k§ tam 14n bang nuée. Sy kho phan chit
ran  con  lai d& tao ra  373mg  (1,Immol, 91%) 3-xyclobutyl-2-
xyclopentylbenzo[b][1,6naphtyridin-1,10(2H,5H)-dion dué6i dang chét rin mau tring
nhat.

ESI-MS [M+H] " 335,1; LCMS Rt [min], meth. A: 0,66;

'H-NMR (400 MHz, d¢-DMSO): 8(ppm) = 11,58 (s, 1H), 8,09 (dd, J = 8,0, 1,2
Hz, 1H), 7,64 (dt, 1H), 7,41 (dd, J = 8,1 Hz, 1H), 7,27 (dt, J = 7.5 Hz, 1H), 6,08 (s,
1H), 4,43 (p, 1H), 3,71 (p, 1H), 2,41 — 2,26 (m, 2H), 2,26 — 2,07 (m, 4H), 2,07 — 1,89
(m, 3H), 1,89 — 1,63 (m, 3H), 1,63 — 1,41 (m, 2H)

Vi du 2.2: 3-xyclobutyl-2-xyclopentyl-5-metylbenzo[b][ 1,6 |naphtyridin-1,10(2H,5H)-

dion

Quy trinh didu ché theo vi du 1.2 bat dau véi 129mg (0,38mmol) 3-xyclobutyl-
2-xyclopentylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-dion (vi du 2.1) dé tao ra 121mg
(0,35, 90%) 3-xyclobutyl-2-xyclopentyl-5-metylbenzo[b][ 1,6 |naphtyridin-
1,10(2H,5H)-dion dudi dang chit rin mau tring nhat.
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ESI-MS [M+H] " 349,2; LCMS Rt [min], meth. A: 0,70;

'H-NMR (400 MHz, de-DMSO): 8(ppm) = 8,20 (dd, J = 7,9, 1,4 Hz, 1H), 7,78
(dd, T = 8,3 Hz, 1H), 7,72 (dt, T = 8.6, 1,6 Hz, 1H), 7,35 (dt, ] = 7,3 Hz, 1H), 6,23 (s,
1H), 4,49 (p, T = 8,6 Hz, 1H), 3,76 (p, ] = 8,6 Hz, 1H), 2,45 — 2,33 (m,2H), 2,33 — 2,25
(m, 2H), 2,20 (m, J = 14,8, 7,4 Hz, 2H), 2,11 — 1,90 (m, 3H), 1,90 — 1,66 (m, 3H), 1,66
— 1,48 (m, 2H)

Vi du 2.3. 2-xyclopentyl-3-isopropylbenzo[b][ 1,6 Jnaphtyridin-1,10(2H,5H)-dion

Quy trinh didu ché theo vi du 2.1 a) dén d) sir dung 243mg (0,95mmol) 3-
isopropyl-1H-pyrano[4,3-b]quinolin-1,10(5H)-dion dé tao ra 220mg (0,68mmol, 72%)
2-xyclopentyl-3-isopropylbenzo[b][ 1,6 [naphtyridin-1,10(2H,5H)-dion dudi dang chat
rin mau tring.

ESI-MS [M+H] "323,2; LCMS Rt [min], meth. A: 0,64.

"H-NMR (400 MHz, d¢-DMSO): 8(ppm) = 11,55 (s, 1H), 8,09 (dd, J = 7.9 Hz,
1H), 7,64 (dt, J =7,5 Hz, 1H), 7,41 (dd, J = 8,1 Hz, 1H), 7,26 (dt, ] = 7,5 Hz, 1H), 6,13
(s, 1H), 4,74 (p, 1H), 3,24 (hept, J = 6,5 Hz, 1H), 2,29 — 2,13 (m, 2H), 2,01 (m, 2H),
1,88 — 1,72 (m, 2H), 1,68 — 1,52 (m, 2H), 1,28 (m, J = 6,5 Hz, 6H).

Vi du 2.4: 2-xyclopentyl-3-isopropyl-5-metylbenzo[b][ 1,6 naphtyridin-1,10(2H,5H)-

dion

Quy trinh diéu ché theo vi du 2.2 stt dung 33mg (0,1mmol) 2-xyclopentyl-3-
isopropylbenzo[b][1,6 naphtyridin-1,10(2H,5H)-dion dé tao ra 26mg (0,08 mmol,
76%) 2-xyclopentyl-3-isopropyl-5-metylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-dion

dudi dang chat rdn mau tring nhat.
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ESI-MS [M+H] " 337,1; LCMS Rt [min], meth. A: 0,64;

'H-NMR (400 MHz, de-DMSO): 8(ppm) = 8,20 (dd, 1H), 7,77 (dd, J = 8,1 Hz,
1H), 7,73 (dt, 1H), 7,35 (dt, 1H), 6,33 (s, 1H), 4,80 (p, J = 8,5 Hz, 1H), 3,82 (s, 3H),
3,30 (hept, 1H), 2,28 — 2,13 (m, 2H), 2,09 — 1,95 (m, 2H), 1,88 — 1,74 (m, 2H), 1,68 —
1,53 (m, 2H), 1,34 (m, J = 6,7 Hz, 6H)

Vi du 2.5: 3-xyclobutyl-2-(pyridin-2-yl)benzo[b][ 1,6 naphtyridin-1,10(2H,5H)-dion

Quy trinh didu ché theo vi du 2.1 bing cach cho 219mg (0,82mmol) 3-
xyclobutyl-1H-pyrano[4,3-b]quinolin-1,10(5H)-dion va 769mg (8,2mmol) 2-
aminopyridin phan tng v6i nhau ma khong c6 dung moi ¢ 170°C trong 17 gid dé tao
ra 209mg (0,61mmol, 75%) 3-xyclobutyl-2-(pyridin-2-yl)benzo[b][1,6]naphtyridin-
1,10(2H,5H)-dion 14 chét rin mau hoi nau.

ESI-MS [M+H] * 344,3; L.CMS Rt [min], meth. A: 0,57;
'H-NMR (400 MHz, de-DMSO): 5(ppm) = 11,82 (s, 1H), 8,68 — 8,58 (m, 1H),
8,11 (dd, 1H), 8,01 (dt, T = 7,7, 1,9 Hz, 1H), 7,69 (dt, 1H), 7,53 (dd, ] = 6,7, 5,0 Hz,

1H), 7,50 — 7,42 (m, 2H), 7,32 (t, ] = 7,5 Hz, 1H), 6,22 (s, 1H), 3,22 (p, J = 9,0 Hz,
1H), 2,14 — 1,41 (m, 6H)

Vi du 2.6: 3-xyclobutyl-5-metyl-2-(pyridin-2-yl)benzo[b][ 1,6 Jnaphtyridin-
1,10(2H,5H)-dion

Quy trinh diéu ché theo vi du 2.2 bang cach cho 100mg (0,29mmol) 3-
xyclobutyl-2-(pyridin-2-yl)benzo[b][ 1,6 ]naphtyridin-1,10(2H,5H)-dion phan tng aé
tao ra 68mg (0,19mmol, 66%) 3-xyclobutyl-5-metyl-2-(pyridin-2-
yl)benzo[b][1,6]naphtyridin-1,10(2H,5H)-dion
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ESI-MS [M+H] ": 358,1; LCMS Rt [min], meth. A: 0,57;

'H-NMR (400 MHz, de-DMSO): 8(ppm) = 8,64 (dd, 1H), 8,22 (dd, T = 7.9, 1,4

Hz, 1H), 8,03 (dt, J = 7,7, 1,8 Hz, 1H), 7.85 (d, J = 8,6 Hz, 1H), 7,78 (dt, 1H), 7,55
(dd, J = 7,1, 5,2 Hz, 1H), 7,47 (d, T = 7,9 Hz, 1H), 7,40 (t, ] = 7,4 Hz, 1H), 6,43 (s,
1H), 3,93 (s, 3H), 3,25 (dt, J = 17,3, 8,4 Hz, 1H), 2,15 (s, 2H), 1,78 — 1,47 (m, 4H).

Céac vi du sau c6 thé dugc diéu ché theo cach twong tu voi cac vi du 2.1 dén 2.6.

LCMS
Rt
Vi , .
q Cau trac Tén [min], | [M+H]
u
meth.

A
3-isopropyl-2-(pyridin-2-
yl)benzo[b][1,6]naphtyridin-

2.9 0,56 332,1
1,10(2H,5H)-dion
3-isopropyl-5-metyl-2-
(pyridin-2-

2.10 L 0,56 346,1
yl)benzo[b][1,6]naphtyridin-
1,10(2H,5H)-dion
6-xyclopentyl-7-
isopropylthieno[2,3-

2.15 propy [ 0,76 329,1
b][1,6]naphtyridin-
4,5(6H,9H)-dion
6-xyclopentyl-7-isopropyl-9-
metylthieno[2,3-

2.16 0,59 343,1
b][1,6]naphtyridin-
4,5(6H,9H)-dion
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LCMS
Rt
Vi , N
q Cau trac Tén [min], | [M+H]
u
' meth.
A
3-isopropyl-2-(1H-pyrol-1-
)benzo[b][1,6]naphtyridin-
2.17 yljbenzo[b]L1,6lnaphty 0,60 | 320,1
1,10(2H,5H)-dion
3-isopropyl-5-metyl-2-(1H-
rol-1-
2.18 P 0,59 334,1
yl)benzo[b][1,6]naphtyridin-
1,10(2H,5H)-dion

Vi du 3.1: 4-clo-3-isopropyl-2-phenylbenzo[b][ 1,6 naphtyridin-1,10(2H,5H)-dion

Thém 20mg (0,15mmol) 1-clopyrolidin-2,5-dion vao huyén phi cia 50mg

(0,15mmol) 3-isopropyl-2-phenylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-dion (vi du

1.3) va Img (7,6pmol) nhom triclorua trong 1mL pyridin va 0,43mL axit axetic trong

tirng phéan trong hon 5 phiit va khudy hén hop & 50°C trong hon 3 gio.

Lam ngudi hdn hop phéan tng dén r.t., pha lodng v&i 3ml nuée va khudy trong

mdt gid. Loc phin chét ran ra, rira bing nudc va sdy kho dé tao ra 40mg (0,1mmol,

69%)

dang bdt mau vang.

ESI-MS [M+H]* 365,0; LCMS Rt [min], meth. A: 0,64;
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'H-NMR (400 MHz, d¢-DMSO): 8(ppm) = 10,90 (s, 1H), 8,14 — 8,05 (m, 2H),
7,75 - 7,68 (m, 1H), 7,60 — 7,50 (m, 3H), 7,40 — 7,31 (m, 3H), 2,81 (bs, 1H), 1,30 (d, J
=17,1 Hz, 6H).
Vi du 3.2: 4-clo-3-isopropyl-5-metyl-2-phenylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-

dion

Diéu ché hop chét nay bat diu tir 100mg (0,29mmol) 3-isopropyl-5-metyl-2-
phenylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-dion (vi du 1.4) trong diéu kién phan
ung dd mo ta trong vi du 3.1 dé tao ra 20mg (53 Omol, 18 %) 4-clo-3-isopropyl-5-
metyl-2-phenylbenzo[b][ 1,6 naphtyridin-1,10(2H,5H)-dion duéi dang chit rin mau
trang nhat.

ESI-MS [M+H] " 379,2; LCMS Rt [min], meth. A: 0,66;

'H-NMR (400 MHz, de-DMSO): 8(ppm) = 8,15 — 8,09 (m, 1H), 7,83 — 7,73 (m,
2H), 7,61 — 7,54 (m, 2H), 7,54 — 7,48 (m, 1H), 7,45 — 7,38 (m, 1H), 7,38 — 7,33 (m,
2H), 3,92 (s, 3H), 3,18 (d, T = 3,8 Hz, 1H), 2,81 (bs, 1H), 1,30 (d, J = 7,2 Hz, 6H).

Vi du  3.3:  4-bromo-3-isopropyl-5-metyl-2-phenylbenzo[b][1,6]naphtyridin-
1,10(2H,5H)-dion

Didu ché hop chét nay bat diu tr 1,0g (2,9mmol) 3-isopropyl-5-metyl-2-
phenylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-dion (vi du 1.4) trong didu kién phan
g dugc mo ta trong vi du 3.1 st dung 1,03g (5,8mmol) 1-bromopyrolidin-2,5-dion,
20mg (0,15mmol) nhom triclorua va mL axit axetic trong 20mL pyridin dé tao ra
1,05¢g (2,35mmol, 81%) 4-bromo-3-isopropyl-5-metyl-2-
phenylbenzo[b][1,6naphtyridin-1,10(2H,5H)-dion dudi dang chit rdn mau tring nhat.
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ESI-MS [M+H] "423,1; LCMS Rt [min], meth. A: 0,67;

'H-NMR (400 MHz, d-DMSO): 8(ppm) = 8,15 — 8,08 (m, 1H), 7,82 — 7,75 (m,
2H), 7,61 — 7,48 (m, 3H), 7,44 — 7,38 (m, 1H), 7,38 — 7,33 (m, 2H), 3,93 (s, 3H), 2,93
(bs, 1H), 1,30 (bd, T = 7,5 Hz, 6H).

Thir nghiém sinh hoc
Thitr nghiém in-vitro: khdo nghiém CFTR-Y122X

Kiém tra hoat tinh cta céc hop chit theo sang ché trong cac dong té bao
Hek293 déng gen tai td hop, bao cdo kép (“khao nghiém CFTR-Y122X”). Céac ciu
tric béo cdo duge thiét ké chira do dai chudi 18 bp twong tmg véi dot bién Y122X
PTC thuong gip trong cac bénh nhan chua dot bién CFTR nhém I (xem Sermet-
Gaudelus, BMC Medicine, 2007, 5(5)). Thay vi tyrosin (Y) & vi tri 122 cua protein
CFTR, codon két thuc TGA lam gian doan khung doc mé (Y122X) ctia mARN tuong
tng. Bo ba codon két thic TGA nay (sau d6 1a bazo pyrimidin cytosin) 1a dugc chap
nhan dbi véi cach doc xuyén dich mi qua trung gian aminoglycosit, dong vai tro 1a d6i
chitng duong trong quy trinh sang loc thong luwong cao. Bién thé codon két thiic TAA
tuong Gng va chu tric khong bi dot bién kiéu dai dugc st dung dé xac nhan va sang
loc nguoc. Trinh tw CFTR dugce kep gitta gen bao cdo eGFP va chudi myc tag ba dung
hop v6i gen béo cdo Renilla chidu dai dy da. T4t ca céc trinh ty, bao gdm intron chira
mdt tién-eGFP dd dugc dinh vi (b-globin intron) dugc tao dong trong khung. Céu trac

'bidu hién twong tmg dugc biéu hién on dinh trong té bao vét chi HEK-R4 ding gen
(Invitrogen Incorp.) va dugc chon lgc theo tinh khang blasticidin. Sy tich hop dang
gen clia cdu truc nay tdi thiéu hoa hidu ung lidu gen va cai thién kha nang tai 1ap khao
nghi¢m. Cac dong sinh ra tur té bao don duoc tich hop én dinh dugc chon va dugce xac
dinh dic diém dbi v6i cach doc xuyén qua trung gian aminoglycosit. Dong voi dic
diém tang truong tdi wu va dap tng manh (ECs, 1a 1,5mM) véi paromomyxin dugce
theo dudi dé phat trién khao nghiém HTS. Cach doc xuyén Y122X tich Ifly protein
dung hop khu trtt ndi bao c6 kich thuéce xép xi 65,5kDa nhu da duoc kiém chiing bang
phuong phap phan tich western blot va mién dich huynh quang st dung khéang thé
khang renilla. Dot bién tién-PTC & gen bao cao eGFP déng vai tro d6i ching truc quan
v& kha nang én dinh di truyén cua cic dong sang loc va t6i thiéu hoa su phan hity

protein cia mot lugng protein dung hop nhéd. Trong khdo nghiém nay, ndéng d6 hop
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chit 1a 10uM. Trong dinh dang 1536 giéng dugc thu nhé, 2000 té bao dwoc phan phbi
v6i luong 4pl/giéng va duge 1 trong 24h & 37°C, 5% CO,. Pit 40nl cac hop chét 1én
cac t& bao voi cac giéng ddi ching chira lul Paramomyxin va néng do cubi 1a
14,4mM. Cac hop chét duoc U trong 24h. Thém co chét Renilla Glo (2,5ul) va ly tAm
cac dia rdi xir Iy dé do kha ning phat quang bang cach str dung nhiéu may doc khéc
nhau. Tinh toan hoat tinh sit dung cong thirc sau: Al (%) = 100*(S-NC)/ (AC-NC)
trong d6 AC, NC va S tuong Gmg v6i céc d6i ching c6 hoat tinh (nap chat dém kich
thich = 100% kich thich), dbi chimg trung tinh (nap chit dém ma 1a Iloprost EC10) va
cac mau sang loc (S). NC twong ng véi hoat tinh 0% trong khi AC 1a hoat tinh 100%
(paromomyxin 14mM). Loai b cac thanh phan duong tinh gia trong sang loc xac nhan
va sang loc hop 1€ st dung cing mot dinh dang khao nghiém sau d6 sang loc ngugc st
dung md hinh té bao c6 cau tric kidu dai trong ung (khong dot bién PTC). Nong dd
cac hop chit duoc thir nghiém 1én téi 100uM.

Bang 2: Hoat tinh in-vitro trong khao nghiém CFTR-Y 122X

Béng 2 trinh bay gié tri ACso d6i v6i sw kim ham dot bién vo nghia trong khao nghiém
CFTR-Y122X.

Vi dy Amax [%0] ACsp [uM]
1.1 219 0,6
12 260 1,0
1.3 281 1,1
1.4 324 3.2
1.11 276 4,0

1.12 248 19,0
1.13 445 8,6
1.14 35 _#

1.15 224 5,5
1.16 344 1,6
1.17 430 9,2
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Bang 2 trinh bay gi tri ACs, d6i v6i sw kim ham dot bién vo nghia trong khao nghiém

CFTR-Y122X.

Viduy Anmax [70] ACso [uM]
1.18 240 3,9
1.19 253 12,8
1.20 183 2,5
1.21 379 5.4
1.22 413 7,2
1.23 414 5,2
1.24 157 18,4
1.25 87 16,8
1.26 229 3,3
1.27 206 3,0
1.28 257 12,8
1.29 286 0,7
1.30 324 0,7
1.31 228 0,6
1.32 247 4,2
1.33 243 19,4
1.34 263 1,0
1.35 126 0,4
1.36 177 4,1
1.37 164 1,4
1.45 252 0,6
2.1 229 0,5
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Bang 2 trinh bay gid tri ACs, dbi véi sw kim ham dot bién v6 nghia trong khao nghiém
CFTR-Y122X.

Vidu Amax [70] ACs[uM]
2.2 262 2,1
2.3 235 0,4
2.4 274 1,8
2.5 217 2,7
2.6 232 3,3
2.9 198 4,2
2.10 177 10,0
2.15 124 -
2.16 279 1,2
2.17 237 9,0
2.18 75 17,6
3.1 211 3,2
3.2 220 17,2
3.3 122 18,8

*: khong xac dinh

Bang 2 cho thiy rang cac hop chat c6 cong thire (I’) c¢6 hoat tinh trong khao

nghiém chirc nang chi ra rang cac hop chét nay thuc ddy doc xuyén dich ma.

Céac hop chit c¢6 cong thiue (I’) sau diy duge thir nghiém trong khao nghiém
CFTR-Y122X da mé ta & trén & cac khoang liéu & trén va quan sat thdy sw kim ham

chi dat dén it hon 5% hoat tinh paromomycin tham chiéu:

7-isopropyl-3-metyl-6-phenylthieno[2,3-b][ 1,6 |naphtyridin-4,5(6H,9H)-dion;
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7-isopropyl-3,9-dimetyl-6-phenylthieno[2,3-b][ 1,6 ]naphtyridin-4,5(6H,9H)-

dion.
Theo mot phuong &n cia séng ché, hop chit theo sang ché khong phai la:
7-isopropyl-3-metyl-6-phenylthieno[2,3-b][ 1,6 ]naphtyridin-4,5(6H,9H)-dion

7-isopropyl-3,9-dimetyl-6-phenylthieno[2,3-b][ 1,6 ]naphtyridin-4,5(6H,9H)-

dion.

Thir nghi€ém in-vitro: nudi cay t€ bao nguyén s¢i cd nguon goc tir bénh nhan

méc bénh Hurler

Hoat tinh ctia cac hop chét theo sang ché dugc kiém tra ¢ cac té bao nguyén s¢i
¢6 ngudn gdc tir bénh nhén. Céc té bao kidu gen c¢6 ngudn gde tir Coriell Institute (#
GMO00798) va chira bién dbi ddng hop tir tir TGG thanh TAG ding khung & nucleotit
1293 ciia exon 9 ma tao thanh trong qué trinh dot bién W402X. Dot bién W402X la
mdt trong sb cac hoi chimg Hurler phé bién nhit gy mét dot bién chirc niang. Khoang
60-70 % bénh nhan c6 t& bao kiéu gen chira dot bién Q70X va/hodc W402X va duge
phan loai 14 c4c bénh nhan MPSI nghiém trong. Codon ba két thic TAG 14 dugc chép
nhan ddi véi cach doc xuyén dich ma qua trung gian, né déng vai trd d6i chimg hoat
tinh dbi voi thir nghiém hop chéit. Cach doc xuyén W402X khdi phuc hoat tinh cia
alpha-L-Iduronidaza ma din dén viéc loai bé Glycosaminoglycan dugc tich liiy trong
lysosom. Sy biéu hién iduronidaza khong bi phat hién bing Tagman PCRO ciing
khong bi phat hién bing hoat tinh enzym hay phwong phap ELISA ma khong kich
thich hop chat. Cac hop chét dugc thir nghiém & ché do dap ing ndng do. Vi vay 5000
té bao & bénh nhan/40ul/giéng trong dia 384 giéng duoc sir dung. Su pha lodng hop
chét dugc bét ngudn tir dung dich gbe chira hop chit ndng do 10mM duge didu ché
sach. Nong d6 cao nhat 1a 20uM va dugc pha lodng tiép 1: 3,16 (8 dung dich pha lodng
diém, n=4). Nong d6 DMSO cudi 1a dudi 0,5% va dugc thir nghiém ma khong dnh
huéng dén kha nang séng, ting trudng va doc xuyén cia té bao. Cac té bao dugc 0
trong 8 ngay v6i mot moi truong té bao va sy trao dbi hop chéit & ngay thir 3. Sau d6
loai bé mdi trudong té bao va ly giai cac té bao (Natriformat 0,4M, NaN3 0,1%, NaCl
0,9%, Triton 0,2%, pH = 3,5). Po hoat tinh cda alpha-L-iduronidaza dugc phuc hoi
trong hop chét dung giai té bao bang co chat iduronit 4-MU huynh quang (Sul 4
Metylumbelliferyl alpha-L-iduronit 0,4mM /giéng) sau 48h 1. Str dung paromomycin
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lam dbi chimg tham chiéu (14mM= d6i chimg 100%). Céc két qua dugc trinh bay
trong bang 3 dudi ddy va cho thiy rang cac hop chit c6 thé duoc st dung trong didu tri

hoi chimg Hurler.

Bang 3
Vi dy Amax [%0] ACs [pM]
1.1 243 1,2
1.2 333 2,1
1.3 265 2,7
1.4 242 4.4
1.11 269 4,5
1.12 87 20
1.13 201 9,9
1.14 108 14
1.15 181 2,0
1.16 160 3.7
1.17 173 11
1.18 34 2,1
1.19 86 16
1.20 269 5,8
1.21 53 11
1.22 169 12
1.23 164 11
1.24 2 -
1.25 13 -
1.26 476 16
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Vidu Amax [70] ACsy [uM]
1.27 406 15
1.28 46 -
1.29 280 2,1
1.30 553 7,4
1.31 397 3,0
1.32 416 15
1.33 310 9,2
1.34 268 4,7
1.35 n.d. n.d.
1.36 270 11
1.37 273 5,5
1.45 275 1,1
2.1 398 1,4
2.2 445 13
2.3 389 1,2
2.4 357 5,0
2.5 n.d. n.d.
2.6 237 6,9
2.9 251 6,5
2.10 141 11
2.15 151 11
2.16 445 3,2
2.17 48 12
2.18 0 -
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Vidu Amax [70] ACs[uM]
3.1 195 13
3.2 14 -
3.3 8 -

n.d.: khong xéc dinh.
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YEU CAUBAO HO

1. Hop chét ¢6 cong thirc (I”) & dang tu do hodic & dang mubi duoc dung:

)

trong do:

a) Ry l1a hé vong khong thom, no hodc khong no, mot vong c6 ndm dén sau
canh, trong d6 hé vong di néu c6 thé chira tir 1 dén 4 nguyén tir khéac loai
dugc chon tir nito, oxy va luu huynh, va trong d6 hé vong dd néu co thé
dugc thé mot 14n hodc nhidu lan bing R, trong d6 mdi Rg doc lap la
halogen, hydroxyl, amino, xyano, nitro, Cj4alkyl, C;shalogenalkyl, C;.
salkoxy hodc C;_¢xycloalkyl;

va
R, 1a C,galkyl, xyclopropyl, xyclobutyl hodc xyclopentyl;

hoéc

b) R, la:
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trong d6 vong phenyl dugc gin vao thong qua lién két dwoc danh diu bang diu
sao;
mdi Ry, 12 hydro;
va
R, 1a C,_salkyl, xyclopropyl, xyclobutyl hodc xyclopentyl;
hodc
¢) R;lavong dugc chon tir pyrolyl va pyridin-2-yl, vong nay co6 thé dugc thé bang
Ci-zalkyl; va
R, 1a C,_salkyl, xyclopropyl, xyclobutyl hodc xyclopentyl;
R3 1a hydro hodc —CH,R ;g va Ryg 1a hydro;
R4 va Rs doc 14p dugce chon tir hydro va C;-Csalkyl;

hodc
R4 va Rs cung véi lién két ma chung gan vao tao thanh vong, vong nay duoc chon tur:

- vong carboxyclic mdt vong khong thom c6 5 dén 7 canh, vong nay c6 thé dugc thé
mot 14n hodc nhiéu lan béng Ryo;
- vong thiophen, vong nay c6 thé dugc thé mot 1an bang Ryg; va

Rao

k%

Ro1
- , vong ndy ngung tu v6i phan con lai ctia phan tir bang lién két

duoc danh dau béng hai diu sao;

R9 va Ry ddc 1ap dugc chon tir halogen va C,-Csalkyl;
R, 1a hydro,

hoac

R; va Ry; hop lai 1a -CH,-CHj-;

R, 1a hydro; va

R4 12 hydro hodc halogen.
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2. Hop chét c6 cong thirc (Ia’) & dang tu do hodic & dang mubdi duoc dung theo diém

1, trong d6 hop chét nay 1a:

(Ia%)..
3. Hop chit c¢6 cong thire (I’) & dang tu do hodc & dang mubdi dugc dung theo diém
1 hoic diém 2, trong do:
R; 1a phenyl; va
R, 1a Cyalkyl.
4. Hop chat theo diém 1, trong d6 hop chét nay & dang tu do hoic & dang mudi
duge dung, hop chit nay duge chon tir:
3-xyclobutyl-2-phenylbenzo[b][ 1,6 naphtyridin-1,10(2H,5H)-dion;
3-xyclobutyl-5-metyl-2-phenylbenzo[b][ 1,6 naphtyridin-1,10(2H,5H)-dion;
3-isopropyl-2-phenylbenzo[b][ 1,6 naphtyridin-1,10(2H,5H)-dion;
3-isopropyl-5-metyl-2-phenylbenzo[b][ 1,6 Jnaphtyridin-1,10(2H,5H)-dion;
9-isopropyl-8-phenyl-1H-indolo[ 1,7-ab][1,6]naphtyridin-6,7(2H,8H)-dion;
7-isopropyl-6-phenylthieno[2,3-b][ 1,6 naphtyridin-4,5(6H,9H)-dion;
7-isopropyl-9-metyl-6-phenylthieno[2,3-b][1,6naphtyridin-4,5(6H,9H)-dion;
7-isopropyl-2-metyl-6-phenylthieno[2,3-b][1,6]naphtyridin-4,5(6H,9H)-dion;
7-isopropyl-2,9-dimetyl-6-phenylthieno[2,3-b][ 1,6 Jnaphtyridin-4,5(6H,9H)-
dion;
6-isopropyl-7-phenylthieno[3,2-b][ 1,6 naphtyridin-8,9(4H,7H)-dion;
6-isopropyl-4-metyl-7-phenylthieno[3,2-b][1,6]naphtyridin-8,9(4H,7H)-dion;
6-isopropyl-2-metyl-7-phenylthieno[3,2-b][1,6 Jnaphtyridin-8,9(4H,7H)-dion;
6-isopropyl-2,4-dimetyl-7-phenylthieno[3,2-b][ 1,6 |naphtyridin-8,9(4H,7H)-
dion;

6-isopropyl-3-metyl-7-phenylthieno[3,2-b][ 1,6 |naphtyridin-8,9(4H,7H)-dion;
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6-isopropyl-3,4-dimetyl-7-phenylthieno[3,2-b][ 1,6 ]naphtyridin-8,9(4H,7H)-
dion;

3-isopropyl-2-phenyl-6,7,8,9-tetrahydrobenzo[b][ 1,6 naphtyridin-1,10(2H,5H)-
dion;

3-isopropyl-2-phenyl-5,6,7,8-tetrahydro-1H-xyclopenta[b][1,6 Jnaphtyridin-
1,9(2H)-dion;

3-xyclobutyl-5-metyl-2-phenyl-5,6,7,8-tetrahydro-1H-
xyclopenta[b][1,6naphtyridin-1,9(2H)-dion;

7-xyclobutyl-1,2,3-trimetyl-6-phenyl-1,6-naphtyridin-4,5(1H,6H)-dion;

3-xyclobutyl-2-phenyl-5,6,7,8-tetrahydro-1H-xyclopenta[b][ 1,6 naphtyridin-
1,9(2H)-dion;

7-xyclobutyl-2,3-dimetyl-6-phenyl-1,6-naphtyridin-4,5(1H,6H)-dion;

3-xyclobutyl-5-metyl-2-phenyl-6,7, 8?9-tetrahydrobenzo[b] [1,6]naphtyridin-
1,10(2H,5H)-dion;

7-xyclobutyl-9-metyl-6-phenylthieno[2,3-b][ 1,6 Jnaphtyridin-4,5(6H,9H)-dion;

3-xyclobutyl-2-phenyl-6,7,8,9-tetrahydrobenzo[b][ 1,6 |naphtyridin-
1,10(2H,5H)-dion;

7-xyclobutyl-2,9-dimetyl-6-phenylthieno[2,3-b][1,6]naphtyridin-4,5(6H,9H)-
dion;

7-xyclobutyl-6-phenylthieno[2,3-b][ 1,6]naphtyridin-4,5(6H,9H)-dion;

7-xyclobutyl-2-metyl-6-phenylthieno[2,3-b][ 1,6 Jnaphtyridin-4,5(6H,9H)-dion;

6-xyclobutyl-4-metyl-7-phenylthieno[3,2-b][ 1,6 naphtyridin-8,9(4H,7H)-dion;

6-xyclobutyl-7-phenylthieno[3,2-b][1,6]naphtyridin-8,9(4H,7H)-dion;

6-xyclobutyl-2,4-dimetyl-7-phenylthieno[3,2-b][ 1,6 Inaphtyridin-8,9(4H,7H)-
dion; '

6-xyclobutyl-2-metyl-7-phenylthieno[3,2-b][ 1,6 ]naphtyridin-8,9(4H,7H)-dion;

9-xyclobutyl-8-phenyl-1H-indolo[ 1,7-ab][ 1,6 Jnaphtyridin-6,7(2H,8H)-dion;

3-xyclobutyl-2-xyclopentylbenzo[b][ 1,6 naphtyridin-1,10(2H,5H)-dion;

3-xyclobutyl-2-xyclopentyl-5-metylbenzo[b][ 1,6 ]naphtyridin-1,10(2H,5H)-
dion;

2-xyclopentyl-3-isopropylbenzo[b][ 1,6 naphtyridin-1,10(2H,5H)-dion;

2-xyclopentyl-3-isopropyl-5-metylbenzo[b][ 1,6 Jnaphtyridin-1,10(2H,5H)-dion;
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3-xyclobutyl-2-(pyridin-2-yl)benzo[b][ 1,6 |naphtyridin-1,10(2H,5H)-dion;
3-xyclobutyl-5-metyl-2-(pyridin-2-yl)benzo[b][ 1,6 |naphtyridin-1,10(2H,5H)-
dion;
3-xyclobutyl-2-(pyrolidin-1-yl)benzo[b][ 1,6 naphtyridin-1,10(2H,5H)-dion;
3-xyclobutyl-5-metyl-2-(pyrolidin-1-yl)benzo[b][ 1,6]naphtyridin-1,10(2H,5H)-
dion;
4-clo-3-isopropyl-2-phenylbenzo[b][ 1,6 Jnaphtyridin-1,10(2H,5H)-dion;
4-clo-3-isopropyl-5-metyl-2-phenylbenzo[b][ 1,6 naphtyridin-1,10(2H,5H)-
dion; va
4-bromo-3-isopropyl-5-metyl-2-phenylbenzo[b][ 1,6 naphtyridin-1,10(2H,5H)-
dion.
5. Hop chit theo diém 4, trong d6 hop chat nay 1a 3-xyclobutyl-5-metyl-2-
phenylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-dion, & dang tu do hodc & dang mudi
dugce dung.
6. Hop chat theo diém 4, trong d6 hop chit nay la 3-isopropyl-2-
phenylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-dion, & dang ty do hodc ¢ dang mudi
dugc dung.
7. Hop chit theo diém 4, trong d6 hop chat nay 1a 3-isopropyl-5-metyl-2-
phenylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-dion, & dang tu do hodc & dang mubi
dugc dung.
8. Hop chét theo diém 4, trong d6 hop chét nay 1a 3-xyclobutyl-2-xyclopentyl-
5-metylbenzo[b][1,6]|naphtyridin-1,10(2H,5H)-dion, ¢ dang ty do hodc & dang
mudi duge dung.
9. Hop chét theo diém 4, trong d6 hop chit nay la 2-xyclopentyl-3-
isopropylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-dion, & dang tu do hodc & dang
mubi duogc dung.
10. Hop chét theo diém 4, trong d6 hop chét nay 1a 2-xyclopentyl-3-isopropyl-
5-metylbenzo[b][1,6]naphtyridin-1,10(2H,5H)-dion, & dang tw do hodc & dang
mudi duge dung.
11.  Duogc phdm chira lwong c6 hidu qua diéu trj ctia hop chét theo diém bat ky
trong sb cac diém tir 1 dén 10 & dang tu do hodc & dang mubi duoc dung va mot

hodc nhiéu chit mang duoc dung.
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12.  Ché phim két hop chira lvong c¢6 hiéu qua diéu tri ctia hop chat theo diém
bét ky trong s cac diém tir 1 dén 10 & dang tu do hodc & dang mudi duoc dung va
mot hogc nhidu chit c6 hoat tinh didu tri; trong d6 chét c6 hoat tinh diéu tri nay la
chét kich hoat doc xuyén dugc chon tir negamyxin, chét kich hoat doc xuyén 13
(Readthrough Activator 13-RT13), chit kich hoat doc xuyén 14 (Readthrough
Activator 14-RT14), ataluren; chét kich hoat doc xuyén aminoglycosit dugc chon
tlr paromomyxin, amikaxin, G418, NB30, NB54 hodc NB84; hodc chét @e ché su
phan rda mARN qua trung gian mi v0 nghia, la chét e ché sy phan rd mARN qua
trung gian ma v nghia 1 (Nonsense-Mediated mRNA Decay Inhibitor 1- NMDI-
1).

13.  Hop chét c¢6 cong thire (I’) & dang tu do hodc & dang mudi dugc dung:

1)

trong do:

a) R; 1a hé vong khong thom, no hodc khdng no, mdt vong c¢6 ndm dén sau canh,
trong d6 hé vong da néu c6 thé chua tir 1 dén 4 nguyén tir khac loai dugc chon
tir nito, oxy va luu huynh, va trong d6 hé vong da néu co6 thé duoc thé mot lan
hodc nhiéu 14n béng Re, trong d6 mdi Ry doc 1ap 1a halogen, hydroxyl, amino,
xXyano, nitro, Cy_salkyl, C;shalogenalkyl, C,4alkoxy hodc C;_¢xycloalkyl;

va
R, 1a Cyalkyl, xyclopropyl, xyclobutyl hodc xyclopentyl;

hoac

b) R] la:
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trong d6 vong phenyl dugc gin vio thong qua lién két dugc danh du bang diu
$a0;
mdi Ry, 12 hydro;
va
R, 1a C,_salkyl, xyclopropyl, xyclobutyl hodc xyclopentyl;
hodc
¢) R; 1a vong dugc chon tir pyrolyl va pyridin-2-yl, vong nay c6 thé dugc thé bing
Ci-salkyl; va
R, 1a C,_salkyl, xyclopropyl, xyclobutyl hodc xyclopentyl;
R3 1a hydro hodc —CH,R 3 va Ryg 1a hydro;
R4 va Rs doc 1ap dugc chon tir hydro va Cy-Csalkyl;

hoac
R4 va Rs cung vdi lién két ma chiing gén vao tao thanh vong, vong nay dugc chon tu:

- vong carboxyclic mgt vong khong thom c6 5 dén 7 canh, vong nay c6 thé duoc thé
mot 1an hoic nhiéu 1an béng Ryo;

- vong thiophen, vong nay co thé dugc thé mot 1an béng Ry0; va

Ro2

k%

R
- , vong nay ngung tu v6i phan con lai ciia phan tir bang lién két

dugc danh dau bang hai dau sao;

Ry9 va Ry doc 1ap duoc chon tir halogen va C;-Csalkyl;
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R, 14 hydro,
hoac
R3 va Ry hop lai [a -CH,-CH,-;
R, 13 hydro; va
R4 14 hydro hodc halogen;
trong d6 hop chit nay st dung dé 1am thude.
14. Hop chét co cong thirc (I’) & dang tu do hodc & dang mubi duge dung:

)

trong do:

a) Ry 1a hé vong khong thom, no hodc khong no, mdt vong c¢6 nam dén sau
canh, trong d6 hé vong da néu c6 thé chua tir 1 dén 4 nguyén tir khéc loai
duoc chon tir nito, oxy va luu huynh, va trong d6 hé vong da néu cé thé
dugc thé mot 1an hodc nhidu lan biang Re, trong d6 mdi Ry doc lap 1a
halogen, hydroxyl, amino, xyano, nitro, Cj4alkyl, C;shalogenalkyl, C;.
salkoxy hodc C;_gxycloalkyl,;

va

R, 1a C,salkyl, xyclopropyl, xyclobutyl hodc xyclopentyl;

hodc

b) R, 1a
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trong d6 vong phenyl dugc gin vao thong qua lién két duge danh diu bang dau
sao;
mdi Ry, 12 hydro;
va
R, 14 C,_salkyl, xyclopropyl, xyclobutyl hodc xyclopentyl;
hoac
¢) R, 1a vong duoc chon tir pyrolyl va pyridin-2-yl, vong nay c6 thé duoc thé bing
Cy-salkyl; va
R, 14 Cy7alkyl, xyclopropyl, xyclobutyl hodc xyclopentyl;
R; 1a hydro hodc —CH,R g va R;g 12 hydro;
R4 va Rs ddc 1dp duoc chon tir hydro va Ci-Csalkyl;

hoac
R4 va Rs cung v6i lién két ma chiing gén vao tao thanh vong, vong nay dugc chon tu:

- vong carboxyclic mdt vong khong thom ¢6 5 dén 7 canh, vong nay c6 thé duoc thé
mdt 1an hoic nhiéu 1an béng Ryo;

- vong thiophen, vong nay c¢6 thé duoc thé mot 1an bang R,; va

Rao

k%

Ro
- , vong ndy ngung tu v6i phin con lai ctia phan tir bang lién két

dugc danh dau béng hai d4u sao;

Ry va Ryy d@0c 1ap dugc chon tir halogen va C;-Csalkyl;
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Ry, 1a hydro,

hodc

R; va Ry; hop lai 1a —-CH,-CH,-;

Ry, 14 hydro; va

R4 14 hydro hodc halogen;

trong d6 hop chét nay dé sir dung trong diéu tri bénh gay ra béi dot bién v6 nghia;
trong d6 bénh dugc chon tir bénh mau khé dong A, bénh mau khé dong B, bénh xo
nang, bénh khuyét tat mucopolysaccharidosis I, bénh teo co Duchenne, bénh teo co

Becker, bénh ung thu do mét APC va bénh ung thu do mit p53.
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