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(57) Sang ché dé cap dén cac hop chat co6 cong thirc (1):

trong d6 A, R', R? va R’ 1a nhu dugc mé td ¢ ddy, cling nhu céc mudi duoc dung cua
chung. Ngoai ra, sang ché dé cap dén quy trinh diéu ché cac hop chét c6 cong thic (I) va
dugc pham chira chung.
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Linh ve ky thuit dwoce d8 cap

Séng ché dé cap dén cac hop chét 1a cac chit diéu bién qué trinh ghép exon cua
gen SMN2, quy trinh diéu ché ching, duge phdm chira chiung dé diéu tri bénh teo co
tly song (spinal muscular atrophy - SMA).

Cu thé, sang ché dé cap dén cac hop chét c6 cong thirc (I)

D
trong do A, Rl, R? va R? la nhu dugc mé ta & day, va cac mudi dugc dung cua

chung.
Tinh trang ky thuit cia siang ché

Teo co tiy sdng (SMA), theo nghia rong nhit, mo ta mot tap hop cia cac bénh
ctia hé thin kinh trung wong (CNS) ¢6 tinh di truyén va mac phai duoc dic trung boi
viéc mét noron van dong tién trién trong tiy séng va cudng nio, giy yéu co va teo co.
Dang phd bién nhét cia SMA thuong do cac dot bién trong gen noron van dong song
s6t (Survival Motor Neuron-SMN) gdy ra va biéu hién nhiéu tridéu ching nghiém trong
anh huong tir tré so sinh cho t&1 nguoi 16n (Crawford and Pardo, Neurobiol. Dis.,
1996, 3:97).

SMA ¢ tré so sinh [a dang nghiém trong nhét cta bénh rdi loan thoai hoa than
kinh nay. Cac triéu tring bao gdm co yéu, co mém, khoc yéu, tréng yéu 6t hodc cé xu
huéng nam, kho bi hodc nudt, tich tu cac san pham tiét cta co thé trong phdi hodc
hong, khé dn va nguy co nhim khuin dudng ho hip ting. Chan c¢6 xu huéng yéu hon
tay va co thé khong dat dugc cac mbc danh diu su phat trién nhu ngoc dugc dau hodc

lay. Nhin chung, cac tri€u ching nay xuat hién cang sém thi thoi gian song cang bi rat
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ngan lai. Do céc té bao than kinh vén dong bi ton thuong nén cang ve sau cic tri¢u

ching xuét hién cang sém. Dang nghiém trong clia bénh nay giy tit vong va tht ca cac

dang khac déu chua c6 cach chita tri. Thoi gian méc bénh SMA lién quan truc tiép dén

tdc @6 ton thuong cla cac té bao than kinh van dong va muc do trdm trong cua thé

trang yéu sau d6. Tré méc dang nghiém trong cia SMA thudng khong chdng @& ndi

cac bénh cia dudng hod hép do co hd trg viéc hit thé yéu di. Tré em méc dang trung

binh ctia SMA thuong sdng 1du hon mic di chiing can dugc diéu tri tich cuc, nhat 1a

cic dang ¢ giai doan cudi tram trong hon cta phd bénh. Pho 14m sang cta céc roi loan

SMA d3 dugc chia lam 5 nhom dudi day:

(a)

(b)

(c)

(d)

SMA Typ 0 (SMA bao thai) 12 dang trdm trong nhét ciia bénh va bit dau
truge khi sinh. Thong thudng, triéu ching dau tién cia SMA Typ 0 1a
bao thai giam van dong, triéu chimg nay c6 thé quan sit dugc trong
khoéang tir tudn thir 30 dén 36 cua thai ky. Sau khi sinh, nhitng tré so
sinh nay it van dong va kho nudt va tho.

SMA Typ 1 (SMA ¢ tré so sinh hodc bénh Werdnig-Hoffmann) thé hién
céc triéu ching gitta thang thir 0 dén thang thir 6. Dang nay clia SMA
cling rat trAm trong. Bénh nhan khong thé ngdi, va thudng tir vong trong
vong 2 ndm dAu doi khi khong trg thé.

SMA Typ 2 (SMA trung gian) c6 d tudi khoi phat 13 7-18 thang. Céc
bénh nhén c6 thé ngdi ma khong cin hd trg, nhung van khong thé dung
hoic di lai khi khéng c6 su hd trg. Tién lwgng bénh trong nhoém nay phu
thudc rat 16n vao mirc do lién quan ctia dudng tho.

SMA Typ 3 (SMA & thanh thiéu nién hoic bénh Kugelberg-Welander)
thuong duoc chdn doén sau 18 thang. Céc ca thé mic SMA typ 3 c6 kha
nang ty di lai vao mdt thoi diém nhit dinh trong thoi gian méc bénh
nhung thudng phai ngdi xe lan khi tré hogc khi truéng thanh. .

SMA Typ (SMA khoi phat & nguoi 16n). Tinh trang 6m yéu thuong bét
dau & cubi giai doan thanh nién xuét hién & ludi, tay, hodc chan, sau do
tién trién sang cac co quan khéc cia co thé. Tién trinh mic SMA &
ngudi 16n thuong didn ra chdm hon nhiéu va thudng it anh hudng hodc

khong c6 anh hudng téi ky vong sbng.
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Gen SMN da duoc lap ban dd bang cic phan tich lién két duge tién hanh véi
viing tao phirc trong nhidm séc thé 5q. O ngudi, ving nay chira khoang 500 nghin cdp
bazo, sao chép nghich ddo, din t6i hai ban sao cia gen SMN gin gidng nhau. SMA
duoc tao ra bﬁng cach dot bién hodc loai bé vd hoat ban sao 13p lai cia gen nay
(SMN1) & cé hai nhiém séc thé, din t6i viéc 1am mét chuc ning cua gen SMN1. Tuy
nhién, tit ca cac bénh nhan déu c6 ban sao cua gen ndy (SMN2) & tdm dong, va s6
lugng ban sao ciia gen SMN2 & cdc bénh nhan SMA thuong ty 1€ nghich véi mirc do
nghiém trong ciia bénh; nghia 13, bénh nhan mic SMA it nghiém trong hon s& c6 sb
luong ban sao SMN2 nhiéu hon. Tuy nhién, SMN2 khéng c¢6 kha ning bu dip hoan
toan cho viéc mét chirc nang cia SMNI1 do vi€c tach exon 7 theo cach chuyén d6i do
dot bién khong chuyén vi tri tir C sang T & exon 7. Két qua 13, phan 16n san phim
phién ma duoc tao ra tir SMN2 thiéu exon 7 (A7 SMN2), va mé hoéa cho protein SMN

bi cit ma c6 chirc ning bi suy giam va bj phan hity nhanh chéng.

Protein SMN dugc cho 13 ¢6 vai trd nhat dinh trong qué trinh xir Iy va chuyén
héa ARN, né c6 chirc ning rat dic trung d6 1a didu bién qua trinh lip rép cac nhém
ddc hi€u cua phtc chét ARN-protein, dugc goi 1a cac snRNP. SMN c¢6 thé c6 céc chirc
nang khéic trong cac té bao than kinh van dong, tuy nhién vai trd clia n6 trong viéc
ngdn can qua trinh thodi héa c6 chon loc céac t€ bao than kinh van dong van chua duoc

lam xac dinh r6.

Trong hau hét cac trudng hop, SMA duoc chin doan dya trén céc triéu ching
lam sang va théng qua sy c6 mit clia it nhit mot ban sao xét nghiém kiém tra gen
SMN1. Tuy nhién, c¢6 khoang 5% cac truong hop mic SMA 1a do ¢6 dot bién & cac
gen chir khong phai do viéc vo hoat gen SMN1, mdt s6 gen da biét va mot sd khac thi
chua xac dinh dwgc. Trong mét s6 truong hop, khi viée xét nghiém kiém tra gen
SMN1 khéng kha thi hogic két qua khéng cho thay co sy bit thuong thi cac xét nghiém
khéc nhu do tin hidu dién co (electromyography - EMG) hoic sinh thiét co ¢6 thé dugc
chi dinh.

Hién nay, viéc chdm soc y té cho cac bénh nhan mic SMA van han ché ¢ liéu
phép hd trg bao gdm tro thd, chim séc dinh dudng va phuc hdi chirc ning; hién chua
c6 thube da biét nao didu tri tdn gdc bénh nay. Liéu phap hién nay cho SMA bao gdbm

ngin nglra va quan ly céc tdc dung phu cla viéc mat t€ bao than kinh vén ddng man

-4-



28203

tinh. Véan d& chinh cin quéan Iy trong SMA Typ 1 14 ngin ngira va diéu tri sém cac van
dé lién quan dén phdi, ma thuong 1 nguyén nhén giy tir vong & hiu hét cac truong
hop. Khi mdt sd tré so sinh mic SMA phat trién thanh ngudi 16n, nhitng déi twong
méc SMA typ 1 s& ¢6 tudi tho it hon 2 nam.

Mot vai md hinh chudt mic SMA da duge phat trién. Cy thé, md hinh SMN delta
exon 7 (A7 SMN) (Le et al., Hum. Mol. Gent., 2005, 14:845) mang ca gen SMN2 1an
mot vai ban sao ctia A7 SMN2 cADN va ¢6 nhiéu dic tinh kiéu hinh ciia SMA Typ 1.
M5 hinh A7 SMN c¢6 thé duge ding cho ca cac nghién ciru vé sy biéu hién cia SMN2
13n viéc danh gi4 chirc ning van dong va séng sét. M6 hinh chudt C/C-alen (Jackson
Laboratory strain #008714, The Jackson Laboratory, Bar Harbor, ME) tao ra md hinh
bénh SMA it trAm trong hon, véi chudt c6 mitc ARN thong tin c6 chiéu dai dﬁy da
SMN2 (FL SMN2) 1an protein SMN. Kiéu hinh C/C-alen & chudt c6 gen SMN2 va
gen lai mSMNI1-SMN2 gen ma di trai qua qué trinh tach intron chuyén d6i, nhung
khong thé hién d4u hiéu yéu co. Mo hinh chudt C/C-alen dugc st dung cho céc nghién

ctru ve su biéu hi¢n gen SMN2.

Dua trén két qua vé viéc ning cao nhén thirc vé co s& di truyén va sinh 1y bénh
cua SMA, mot vai phuong phép da duogc khai thac nhung chua ¢6 phuong thitc nao

thuc su dem lai hi€u qua trong 1am sang.

Viéc thay thé gen SMNI, sir dung cac vecto phan phdi virut, va thay thé té bao
str dung céc té bao mam SMN1** da biét hoa, dd cho thiy hiéu qua trén cidc md hinh
dong vat mic SMA. Tuy nhién, cn phai nghién ciru sdu hon dé xac dinh d6 an toan va
dép tmg mién dich va dé dap ting yéu cau vé viéc bat dau didu tri & giai doan bao thai

trude khi c6 thé 4p dung cac phuong phap niy trén ngudi.

Viéc hiéu chinh viéc tach intron chuyén ddi cia SMN2 & cac té bao da nubdi cdy
cling da thanh cong nhd sir dung céc axit nucleic tong hop lam chét didu tri: (i) cac
oligonucleotit d6i nghia nhdm dich vao cac yéu td trinh ty dich trong dang tién mARN
cia SMN2 va dich chuyén két qua phan ung tach intron v& phia tao ra cdc ARN thong
tin SMN2 c6 chiéu dai ddy da (Passini et al., Sci. Transl. Med., 2011, 3:72ral8; va,
Hua et al., Nature, 2011, 478:123) va (ii) téch intron chuyén vi tri d6i v6i cac phan tix
ARN ma s& tao ra trinh ty ARN dy du chtrc ning thay thé cho manh bi d6t bién trong
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qué trinh tach intron va tao ra ARN thong tin SMN1 ¢6 chiéu dai ddy du (Coady and
Lorson, J Neurosci., 2010, 30:126).

Mot phuong phap khac da dugc phat trién bao gdm tim kiém cac duge chét c¢6
tac dung lam tadng mirc SMN, ting cudong chirc ning cia SMN lén mirc du thira hodc
b dip cac chirc ning bi mat ciia n6. Cac aminoglycosit da duoc chi ra 1 1am ting su
bidu hién ctia protein SMN d4 1am 6n dinh va dugc tao ra tir A7 SMN2 mARN bing
cach thic ddy qua trinh doc qua dich ma ddi v6i condon ngimg khéc thuong nhung ¢6
hé than kinh trung wong c6 do thdm kém va c6 doc tinh sau khi ding liéu lap lai. Céc
hoa chét tri liéu nhu aclarubixin, d4 duoc chi ra 13 1am ting protein SMN trong nudi
céy té bao; tuy nhién profin ddc tinh ctia cac dugce chét nay han ché viéc st dung lau
dai & cac bénh nhan SMA. Mot sé thubc dang dugc nghién ctru 1am sang dung dé diéu
tri SMA bao gdm cac chit hoat héa qué trinh phién ma nhu cic chét (rc ché histon
deaxetylaza ("HDAC") (vi du, c4c butyrat, axit valproic, va hydroxyure), va cac chét
1am 6n dinh mARN (chét &rc ché loai mii cia mARN, RG3039 tir Repligen), muc dich
1a 1am ting lugng ARN téng s6 dugc dich ma tir gen SMN2. Tuy nhién, viéc st dung
cac chit trc ché HDAC hodc cac chit 1am én dinh ARN thong tin néu trén khong giai
quyét dugc nguyén nhan giy ra SMA va c6 thé 1am ting toan bd viéc dich ma va biéu

hién gen kém theo phét sinh cac van d¢ vé d) an toan & nguoi.

Theo mdt cach thirc khac, cac chét bao vé thin kinh nhu Olesoxim d& dugc chon
@& nghién ctru. Céc cach thirc nay khong tap trung vao SMN dé diéu tri SMA, thay vao
d6 n6 duogc khai thac dé bao vé cac té bao thin kinh van dong thiéu hut SMN tranh
thodi hoa.

Mot hé théng da duge thiét ké dung dé xac dinh cac hop chit ma lam tang viéc
16ng ghép exon 7 cia SMN vao trong ARN dugc phién ma tir gen SMN2 va mét s6
benzooxazol va benzoisoxazol dd x4c dinh biang hé théng niy dwgc mé ta trong Cong
bb don qubc té sb W02009/151546A41. Hé théng dugc thiét ké dé xac dinh cac hop
chit gy chuyén khung ribosom dé tao ra protein SMN &n dinh tir A7 SMN2 mARN
va mdt sb hop chét isoindolinon dugc xac dinh bang hé thdng nay da dugc mb ta trong

cong bd don qubc té s6 W02010/019236A1 va W0O2013/119916A2.

Mic di qué trinh hidu biét v& co s& di truyén va sinh ly bénh ciia SMA da ¢6
nhitng tién trién nhit dinh nhung vin c6 nhu cau x4c dinh céc hop chit 1am thay dbi
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tién trinh cta bénh teo co tiy sdng, mdt trong cac bénh than kinh c¢6 mirc do nguy
hiém nhat déi véi tré nhd.
Ban chét k§ thuit cia sang ché

Do d6, muc dich ctia sang ché 1a dé xut cac hop chit hop chit c6 cong thire (I):

@
trong d6 A, R!, R? va R? 12 nhu dugc mé ta & dy, va cac mubdi duoc dung ctia ching.
Céc hop chét nay 1a cac chit didu bién qua trinh ghép exon clia gen SMN2, quy trinh
didu ché chiing, dugc phim chira chung dé didu tri bénh teo co tiy sdng.
MO ta chi tiét sang ché

Trir khi duge x4c dinh khac di, tit ca cac thuat ngit k§ thuat va khoa hoc dugc st
dung trong ban mé ta nay c6 cung nghia v&i nghia thudng duoc hidu boi ngudi ¢b k§y
ning trung binh trong linh vuc lién quan hiéu. T4t ca cac phuong phap va nguyén lidu
déu tuong tu hodic twong dwong véi cac phwong phép va nguyén lidu dugc mod ta & day
c¢6 thé dugc dung trong thuc hanh hoic thir nghiém sang ché, cac phuong phép va
nguyén li€u thich hop s& dugc md ta & day.

T4t ca cac cong bd, don yéu ciu cép patent, cic patent va cac tai lidu vién dén
khéc néu & day duge dua vao ddy bang cach vién din t6i toan bd ndi dung clia chiing.

Danh phap duoc sit dung trong don nay 1a danh phép dua trén hé thng danh
phép IUPAC trir khi c6 quy dinh khéc.

Bit ky mot hoa trj thiéu nao xuét hién trén nguyén tir cacbon, oxy, luu huynh

ho#c nito trong céac cau triic dugc néu ¢ day deu chi sy cdé mit cia hydro, trir khi cé

quy dinh khac.
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Céc dinh nghia dugc md t4 trong ban md ta nay s€ dugce 4p dung cho cac thuét
ngit bat ké cac thuat ngit quan tim nay didng mot minh hodc ¢ dang két hop véi cac
thuat ngit khac. Sang ché ciing du dinh ring céc dinh nghia dugc st dung trong ban
mod ta ndy c6 thé duge st dung két hop thém dé tao ra céc to hop c6 lién quan vé mat
héa hoc, vi du nhu  “heteroxycloalkylaryl”,  “haloalkylheteroaryl”,
“arylalkylheteroxycloalkyl”, hoic “alkoxyalkyl”. Thanh vién cubi cing trong t6 hop
ndy sé& 1a gdc lién két voi phan con lai ciia phan tir 6. Cac thanh vién khéc trong td
hop nay s€ gén vao géc lién két theo trat tu ngugc so vai trinh ty clia céc ky tu, vi du,
tb hdp amino-Ci.7-alkyl s& chi Ci.7-alkyl dugc thé biang amino, hodic vi duy, t6 hop
arylalkylheteroxycloalkyl chi gbc heteroxycloalkyl dugc thé bang alkyl ma dugc thé
bang aryl.

Thuét ngit “gbc” chi nguyén tir hoic nhém cac nguyén tir lién két héa hoc gin
v&i mdt nguyén tir hodc phan tir khac thong qua mdt hodic nhiéu lién két hoa hoc, theo
d6 tao ra mdt phan ctia mdt phéan tir. Vi du, cac thanh phin thay ddi A, R!, R? va R?
trong cong thire (I) chi cdc nhém gin véi cdu tric nhan c6 cong thirc (I) bang lién két

ddng hoa tri.

Khi thé hién sb luong cac phén ttr thé, thut ngt “mot hodc nhidu” chi khoang
bao gdm tir mot phan tir thé dén sé Iwong phan tir thé 16n nhit c6 thé co, nghia 14 thay
thé mot nguyén tir hydro cho t6i thay thé toan bd cc nguyén tir hydro bang cac phén
tir thé.

Thudt ngi “tiry ¥ chi sy kién hodc hién twong dugc md ta phia sau c6 thé nhung
can khong x4y ra, va phin mé ta nay s& bao gém céc truong hop trong d6 su kién hoic

hién tuong xay ra va cac trudng hgp su kién hodc hién tugng dé khong xay ra.

Thuét ngit “phan tir thé” chi nguyén tir hodc nhém nguyén tir thay thé nguyén tir
hydro trong phan tir gdc.

Thuat ngtt “duogc thé” chi viéc mot nhom cu thé mang mdt hodc nhiéu phén t
thé. Khi nhom bét ky ¢6 thé mang nhiéu phan tir thé va nhiéu loai phén tir thé c6 thé c6
dugc cung cAp thi phan tir thé nay duoc chon mot cach doc 1ap va khong cin phai
gibng nhau. Thuét ngir “khong dugc thé” c6 nghia 12 nhém cu thé di néu khong mang

phan tir thé. Thuat ngir “tily ¥ duoc thé” chi mot nhém cu thé da néu khoéng duge thé
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hodc duoc thé bing mot hoic nhiéu phén tt thé, doc 1ap dugc chon tir nhém phén tir
thé c6 thé c6. Khi chi sb phan tir thé, thuat ngit “mot hodc nhiéu” chi khoang bao gdm
tir mot phan tir thé dén sé lwong phan tir thé 16n nhat c6 thé co, nghia 1a thay thé mot

nguyén tir hydro cho t6i thay thé toan bd cac nguyén tir hydro bing cac phan tir thé.

Thuét ngit “(cac) hop chét theo sang ché nay” va “(cac) hop chit theo sang ché”
chi céc hop chit dwoc md ta trong ban mo ta ndy va cac chit ddng phan 1ap thé, cac

tautome, céc solvat, va cdc muodi (vi dy, cdc muoi duge dung) ctia ching.

Khi céc hgp chat theo sang ché & dang chat ran thi ngudi c¢6 k¥ nang trong Iinh
vuc tuong tng s€ hi€u rang cic hop chat nay va céc solvat va cdc mudi cta ching, cé
thé ton tai & cac dang ran khac nhau, cu the 1a céc dang tinh thé khéc nhau, tat ca cac

dang nay d€u nam trong pham vi cia sang ché va c6 cac cong thirc da néu cu the & day.

Thuét ngtt “cdc mudi duge dung” chi cdc mudi chi cac mudi khong c6 hoat tinh
sinh hoc hodc theo cach khac 1a khong c6 hoat tinh mong mudn. Mudi duge dung bao

gom ca cac mudi cdng axit va cdc mudi cdng bazo.

Thuat ngit “céc mudi cdng axit duoc dung” chi mubi duge dung dugc tao thanh
vOi cac axit vo co nhu axit clohydric, axit bromhydric, axit sulfuric, axit nitric, axit
carbonic, axit phosphoric, va céc axit hitu co dugc lya chon tir cdc nhém axit hitu co
béo, vong béo, thom, thom béo, di vong, vong cacbon, va sulfonic nhu axit formic,
axit axetic, axit propionic, axit glycolic, axit gluconic, axit lactic, axit pyruvic, axit
oxalic, axit malic, axit maleic, axit maloneic, axit sucxinic, axit fumaric, axit tartaric,
axit xitric, axit aspartic, axit ascorbic, axit glutamic, axit anthranilic, axit benzoic, axit
xinnamic, axit mandelic, axit embonic, axit phenylaxetic, axit metansulfonic, axit

etansulfonic, axit p-toluensulfonic, va axit salixyclic.

Thuét ngit “mudi cdng bazo dugc dung” chi céc mubi duge dung dugc tao thanh
v6i bazo hitu co hodc bazo v6 co. Céac vi du vé cc bazo vo co duge dung bao gdm céc
mudi cia natri, kali, amoni, canxi, magie, sét, keém, déng, mangan, va nhom. Cac mudi
thu duoc tir cac bazo hitu co khong doc duge dung bao gébm cac mubi ciia amin bac
mot, bic hai va bac ba, cic amin dugc thé bao gdm cac amin duoc thé xuit hién trong
tuy nhién, cdc amin vong va cdc nhya trao ddi ion bazo nhu isopropylamin,

trimetylamin, dietylamin, trietylamin, tripropylamin, etanolamin, 2-dietylaminoetanol,
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trimetamin, dixyclohexylamin, lysin, arginin, histidin, cafein, procain, hydrabamin,
cholin, betain, etylendiamin, glucosamin, metylglucamin, theobromin, purin, piperizin,

piperidin, N-etylpiperidin, va cac nhua polyamin.

Céac dinh nghia va quy u6c lién quan dén héa hoc 1ap thé dugc ding & diy
thuong tudn theo tai li€u: S. P. Parker, Ed., McGraw-Hill Dictionary of Chemical
Terms (1984) McGraw-Hill Book Company, New York; va Eliel, E. and Wilen, S.,
“Stereochemistry of Organic Compounds”, John Wiley & Sons, Inc., New York, 1994.
Trong phin md ta cac hop chét ¢6 tinh quang hoat, tiép diu ngit D va L, hodc R va S,
dugce ding dé chi cAu hinh tuyét ddi cta phén tir so vdi (cac) tAm cta nd. Phan tir thé
dugc gin vao tim dbi xting dang xem xét s& duge xép hang theo Quy dinh v& trinh tu
cua Cahn, Ingold and Prelog. (Cahn et al. Angew. Chem. Inter. Edit. 1966, 5, 385;
errata 511). Cac tiép dau ngit D va L hoic (+) va (-) dugc st dung dé biéu thi d4u hiéu
quay mit phing anh sang phan cuc ciia hop chat, véi (-) hogc L biéu thi ring hop chit

ndy quay trai. Hop chét dugc thém tiép dau ngit (+) hodic D s& quay trai.

Thuat ngit “tdm khong dbi xtng” chi nguyén tir cacbon lién két véi bén phin tir
thé khong giéng nhau. Thuét ngit “khéng dbi ximg” chi kha ning khong chdng khit 1én
nhau vé6i anh gwong, trong khi d6 thuat ngit “ddi ximg” chi cic phuwong 4n trong d6
cac anh qua guong chdng khit 1én nhau. Cac phan tir khong ddi ximg s& c6 tinh quang

hoat, nghia 13 chung c¢6 kha ning quay quanh mit phang ctia 4nh sang phén cuc.

Cac hop chét theo sang ché c6 thé c6 mot hogic nhiéu tAm khong ddi xtng va co
thé tdn tai & dang cac chit ddng phan ddi anh tinh khiét quang hoc, hdn hop cac chét
dbng phan dbi anh vi du nhu cac raxemat, thy y 1a céc chit ddng phan khong dbi
quang tinh khiét quang hoc, hdn hop céc chit dong phan khong dbi quang, raxemic
khong dbi quang, hosic hdn hop céc raxemat khong dbi quang. B4t ctr khi ndo tim
khong d6i xtng c6 mit trong ciu triic hoa hoc thi déu du dinh ring tit ca cac dong
phén 1ap thé gin v6i tim khong d6i xtimg nay s& dugc bao gbm trong pham vi cia sang

r
A

ché.

Thuat ngit “halo”, “halogen”, va “halogenua” dugc st dung thay thé cho nhau

trong ban mo ta nay va chi flo, clo, brom, hodc iot. Mot vi du cu thé vé halogen 1a flo.
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Thuét ngit “alkyl” chi nhém hydrocacbon don hoa tri, mach thing hodc phan
nhénh bdo hoa c6 tir 1 dén 12 nguyén tir cacbon. Theo céc phuong an cu thé, alkyl c6
tir 1 d@én 7 nguyén tir cacbon, va theo céc phuong an cu thé 13 co tir 1 dén 4 nguyén tir
cacbon. Cac vi du vé alkyl bao gdm metyl, etyl, propyl, isopropyl, n-butyl, iso-butyl,
sec-butyl, hoic tert-butyl. Cac vi du cu thé cho alkyl 1a metyl va etyl.

Thuat ngit “haloalkyl” chi nhém alkyl, trong d6 it nhit mdt nguyén tir hydro cta
‘nhom alkyl ndy duoc thay thé bing cac nguyén tir halogen gidng nhau hoic khac nhau,
cu thé 1a cac nguyén tir flo. Cac vi du vé haloalkyl bao gdm monoflo-, diflo- hodc
triflo-metyl, -etyl hodc -propyl, vi du 3,3,3-triflopropyl, 2-floetyl, 2,2,2-trifloetyl,
flometyl, hoac triflometyl va cdc nhom tuong ty. Thuét ngit “perhaloalkyl” chi nhém
alkyl, trong d6 tit ca cac nguyén tir hydro ciia nhém alkyl ndy duge thay thé bang céc
nguyén tir halogen giéng nhau hoidc khéc nhau.

Thuét ngit “hé vong hai vong” chi hai vong dung hop v6i nhau théng qua mot
lién két don hodc doi ding chung (hé vong hai vong bd sung), thong qua mdt chudi
gdm ba hozc nhiéu hon ba nguyén tir ding chung (hé vong hai vong béc cdu) hogic
thong qua mot nguyén tir dung chung (h¢ vong hai vong spiro). H¢ vong hai vong c6
thé bao hoa, bdo hoa mot phﬁn, chua bao hoa, hodc thom. Cac h¢ vong hai vong c6 thé

bao gém cac nguyén ttr khéc loai duoc lya chon tr N, O va S.

Thuét ngit “xycloalkyl” chi nhém hydrocacbon bdo hoa don vong hodc hai vong
bao gdm tir 3 dén 10 nguyén tir cacbon trong vong. Theo cic phuong 4n cu thé,
xycloalkyl chi nhém hydrocacbon don héa tri bdo hoa don vong co tir 3 dén 8 nguyén
tr cacbon trong vong. Hai vong c6 nghia la bao gdm hai vong cacbon bio hoa c6 mdt
hodc nhiéu nguyén tir cacbon ding chung. Céc nhém xycloalkyl cu thé 1a nhém don
vong. Céc vi du vé nhém xycloalkyl don vong 1a xyclopropyl, xyclobutanyl,
xyclopentyl, xyclohexyl hodc xycloheptyl. Cic vi du vé xycloalkyl hai vong la
bixyclo[2.2.1]heptanyl, hodc bixyclo[2.2.2]octanyl. Mot vi du cu thé vé xycloalkyl 12
xyclopropyl.

Thuét nglt “heteroxycloalkyl” chi hé vong mét vong, hai vong hodc ba vong béo
hoa hodc khong bdo hoa mét phan cb tir 3 dén 9 nguyén tir trong vong, chira 1, 2, hoic
3 nguyén tir khéc loai trong vong dugc lya chon tir N, O va S, nguyén tir trong vong

con lai 12 cacbon. Theo cac phuong 4n cu thé, heteroxycloalkyl 1a hé vong mot vong
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don hoéa tri bdo hoa c6 tir 4 dén 7 nguyén tir trong vong, chira 1, 2, hodc 3 nguyén tir
khac loai trong vong dugc lya chon tir N, O va S, nguyén ti con lai trong vong la
cacbon. Cac vi du vé heteroxycloalkyl don vong bdo hoa 1a aziridinyl, oxiranyl,
azetidinyl, oxetanyl, pyrolidinyl, tetrahydrofuranyl, tetrahydro-thienyl, pyrazolidinyl,
imidazolidinyl, oxazolidinyl, isoxazolidinyl, thiazolidinyl, piperidinyl,
tetrahydropyranyl, tetrahydrothiopyranyl, piperazinyl, morpholinyl, thiomorpholinyl,
1,1-dioxo-thiomorpholin-4-yl, azepanyl, diazepanyl, homopiperazinyl, hodc
oxazepanyl. Cac vi du vé heteroxycloalkyl hai vong bio hoa 1a 8-aza-
bixyclo[3.2.1]octyl, quinuclidinyl, 8-oxa-3-aza-bixyclo[3.2.1]octyl, 9-aza-
bixyclo[3.3.1]nonyl, 3-oxa-9-aza-bixyclo[3.3.1]nonyl, hodc 3-thia-9-aza-
bixyclo[3.3.1]nonyl. Céc vi du vé heteroxycloalkyl khong bdo hoa mot phan 13
dihydrofuryl,  imidazolinyl, = dihydro-oxazolyl,  tetrahydro-pyridinyl, = hodc
dihydropyranyl. Céc vi du cu thé vé heteroxycloalkyl 13 1,4-diazepanyl,
hexahydropyrolo[1,2-a]pyrazinyl, piperidinyl, piperazinyl va pyrolidinyl. Vi du cu thé
khéc vé heteroxycloalkyl 13 hexahydropyrolo[ 1,2-a]pyrazinyl va piperazinyl.

Thuét ngit “N-heteroxycloalkyl” chi gbc heteroxycloalkyl chira it nhit mot
nguyén t nito trong vong va trong do diém gin cua gdc heteroxycloalkyl véi phén
con lai cua phén tir nay 1a thong qua nguyén tir nito trong vong. Céac vi du cu thé v& N-
heteroxycloalkyl la 1,4-diazepanyl, hexahydropyrolo[1,2-a]pyrazinyl, piperidinyl,
piperazinyl va pyrolidinyl. Cac vi du cu thé hon vé N-heteroxycloalkyl Ia

hexahydropyrolo[1,2-a]pyrazinyl va piperazinyl.

Thuét ngtt “do kiém” khi dé cap dén mot hop chét s& dugc biéu thi ¢ day béng
am cua gi4 tri logl0 cua hing sb axit (pKa = -log Ka). pKa clia axit lién hop cang 16n
thi bazo nay cang manh (pKa + pKb = 14). Trong ban md ta nay, nguyén ti hodc
nhém chire dugce thé hién 13 “c6 tinh bazo” néu né6 thich hop d& nhan proton va néu
pKa theo tinh toan cua axit lién hop bing it nhét 1a 7, dic biét hon néu pKa theo tinh
toan cua axit lién hop bang it nhat 1a 7,8, dic biét nhét néu pKa theo tinh toén ctia axit
lién hop bang it nhit 1a 8. Cac gid tri pKa dugc tinh bang may tinh nhu duge mo ta
trong tai liéu: F. Milletti et al., J. Chem. Inf. Model (2007) 47:2172-2181.

Thuit ngft “alkylen” chi nhém hydrocacbon mach thang bao hoa hai hoa trj ¢6 tir

1 dén 7 nguyén ti cacbon hodc nhém hydrocacbon phan nhanh bdo hoa hai héa trj c6
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tir 3 dén 7 nguyén tir cacbon. Cac vi du vé céc nhom alkylen bao gdm metylen, etylen,
propylen, 2-metylpropylen, butylen, 2-etylbutylen, pentylen, hexylen. Céc vi du cu thé
vé alkylen 1a etylen, propylen, va butylen.

Thuét nglt “amino” chi nhém c6 cong thirc -NR’R” trong d6 R’ va R” ddc lap la
hydro, alkyl, alkoxy, xycloalkyl, heteroxycloalkyl, aryl, heteroaryl hodc cac nhom nhu
dugc mb ta & ddy. Theo cach khac, R’ va R”, cling véi nito ma chiing gén vao, c¢6 thé
tao ra heteroxycloalkyl. Thuét ngit “amin bic mot” chi nhém trong d6 ca R’ va R” déu
1a hydro. Thudt ngt “amin bac hai” chi nhém trong d6 R’ 1a hydro va R” 1a nhom khéc
hydro. Thuit ngit “amin bac ba” chi nhém trong d6 ca R’ va R” déu khong phai 1a
hydro. Céc amin béc hai va bac ba cu thé 1a metylamin, etylamin, propylamin,
isopropylamin, phenylamin, benzylamin, dimetylamin, dietylamin, dipropylamin va

diisopropylamin.

Thuat ngir “thanh phan duge chit hoat tinh” (hodic “API”) chi hop chét hodc phan
t& trong dugc phim c6 hoat tinh sinh hoc cu thé.

Thuat ngit “dugc phim” va “ché phim dugc” (hogc “ché pham™) duge ding thay
thé cho nhau va chi hdn hop hoic dung dich chtra lwong cho hidu qua diéu tri cta duoc
chit ciing v6i céc ta duge duge ding, dugc ding cho déng vat c6 v, vi du ngudi cin

dung.

Thuét nglt “duge dung” chi mot tinh chét ciia nguyén liéu ma hitu ich trong viéc
bao ché duoc phim, thudng an toan, khong ddc va khdng c6 hoat tinh sinh hoc hoic c6
hoat tinh sinh hoc khéng mong muébn va c6 thé dung trong tht y ciing nhu ding lam
dugc pham cho ngudi.

2% 46

Thudt ngit “t4 dugc duge dung”, chét mang dugc dung” va “td dugc khong co
tac dung diéu tri bénh” c6 thé duoc ding thay thé cho nhau va chi thanh phan dugc
dung bét ky trong duoc phdm khong c6 tac dung didu tri va khong doc dbi voi dbi
tugng dung, nhu chét gdy ra, chit don, chét lién két, dung moi, dém, chit 1am déng
truong, chét 1am 6n dinh, chét chéng oxy héa, chét hoat dong bé& mat, chét mang, chét

pha loang hoic chét lam tron duoc ding trong bao ché cac san pham dugc.

Céac thudt ngit “ca thé” hodc “doi twgng” chi ddng vat c6 vi. Cac dong vat c6 vi

bao gom, nhung khdng chi giéi han &, cac dong vat da thudn hoa (vi du, bo, clru, meo,
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ch6 va ngua), cac dong vat linh trudng (vi dy, ngudi va cac dong véat linh trudng
khong phai 1a nguoi nhu khi), tho, va cac loai dong vat gdm nhim (vi du, chudt nhit

va chudt cbng). Theo cac phuong an nhit dinh, c4 thé hodc di trong 13 ngui.

Thuat ngit “luong cho hiéu qua didu tri” chi lugng hop chét hodc phan tir theo
sang ché, khi dugc dung cho dbi tuong, (i) diéu tri hodic ngin ngira bénh, tinh trang
bénh hoic rdi loan cu thé, (ii) lam giam, cai thién hoac loai bé mdt hodc nhiéu tridu
chirng cta bénh, tinh trang bénh hodc rdi loan cu thé, hodc (iii) ngdn ngtra hodc lam
chdm qué trinh khéi phat cia mdt hodc nhiéu triéu ching ctia bénh, tinh trang bénh
hodic rbi loan cu thé dugc mé ta & ddy. Luong cho hidu qua diéu trj s& thay doi, phu
thudc vao hop chét, trang théai bénh dugc didu tri, mac d0 trAm trong ctia bénh dugc
didu tri, do tudi va strc khoe twong dbi ciia di twong, dudng ding va dang ding, phan

doan ctia nguoi tham gia di€u tri y t€ hodc tha y, va cac yéu to khac.

Thudt ngt “diéu tri” trang thai bénh bao gém viée e ché trang théi bénh, nghia
13, 1am ngimg qua trinh tién trién cua trang thai bénh hodc cdc ddu hidu 1am sang coa
nd, hodc lam gidm trang thai bénh, nghia 1a, 1dm thodi lui tam thoi hodc vinh vién

trang thai bénh hodc cac dau hi€u 1am sang cia no.

Thudt ngit “teo co tuy séng” (hodc SMA) lién quan dén mot loai bénh do viéc dot
bién hoic loai bo c6 tinh vo hoat trong gen SMN1 & ca hai nhiém sic thé, 1am cho gen

SMN1 bi mét chirc ning.

Tri€u ching cia SMA bao gém yéu co, d0 sin chic kém, khéc yéu, ho kém, yéu
va ¢6 xu huéng nim, kho ba hodc nubt, khé tha, tich tu san pham tiét ctia co thé trong
phdi hodc hong, nim tay va ra md hoi tay, ludi rung/giat, diu c6 xu hudng ngoeo sang
mdt bén, ngay ca khi nim, chan c¢6 xu huéng yéu hon tay, chan thuong & tu thé goi 1a
“chan &ch”, khé #n, d& nhiém khuin duong hd hép, rudt/bang quang kém, cb trong
lwong thip hon binh thudong, khéng thé ngdi néu khong 6 su hd trg, khong di lai dugc,
khong trudn bod duge, giam truong co lyc, mét phan xa, co cimg da khép bim sinh (rdi

loan co) di kém vGi mat céc t€ bao sung trudce cla tuy song.

Thudt ngt “diéu tri bénh teo co tuy séng (SMA)” bao gém vi€c tao ra mot hodc
nhidu tac dung sau déy: (i) lam giam hodc cai thién muc do trdm trong ctia SMA; (ii)

1am cham qua trinh khai phét cia SMA; (iii) (rc ché qua trinh tién trién ctia SMA; (iv)
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lam giam kha ndng nhép vién cta d6i tuong; (v) 1am giam thoi gian diéu tri ndi tra cua
dbi tuong; (vi) lam ting kha ning séng s6t cua dbi twong; (vii) cai thién chét luong
séng cua dbi tuwong; (viii) lam gidm s6 triéu chimg di kém SMA; (ix) 1am giam hodc
cai thién murc dd trAm trong ctia mot hoic nhiéu triéu ching di kém véi SMA; (x) lam
giam thoi gian ton tai triéu chimg gin véi SMA; (xi) ngin ngira sy tai phét cta triéu
chimg gin v&i SMA; (xii) trc ché sy phat trién hodc khéi phét cta tridu ching ctia

SMA; va/hodc (xiii) &rc ché qua trinh tién trién cua tri€u chiing gan v6i SMA.

Cu thé hon, thuét ngit “diéu tri SMA” chi viéc tao ra mot hodc nhidu tac dong cé
loi sau: (i) lam giam viéc co bi mét do san chéc; (ii) ting cudng d6 sin chéc co; (iii)
lam giam su teo co; (iv) lam gidm viéc mit chirc ning van dong; (v) 1am ting céc té
bao than kinh van dong; (vii) 1am giam viéc mét té bao thin kinh van dong; (viii) bao
vé céc té bao than kinh thiéu hut SMN khéi bi thoéi hoa; (ix) téng chirc ning van dong;
(x) ting chirc nang ciia phdi; va /hodc (xi) 1am giam viéc phdi mit chirc ning.

~

Chi tiét hon, thuét ngit “diéu tri SMA” chi viéc tao ra kha ning hoat déng hosic
viéc gitr lai kha néng hoat ddng cho tré so sinh hodc tré dang tap di dé c6 thé ngdi ma
khoéng can trg gitip hodc cho tré so sinh, tré dang tip di, tré nho hodc ngudi trudng
thanh c6 thé dimg 1én ma khéng cén tro gitp, c6 thé di lai ma khong can trg gitp, c6
thé chay khong cén trg gitp, c6 thé thé ma khong cén trg gitip, cudi cing 13 nga khong

can trg gitp hodc nudt khdng can tro gitp.

Thuét ngit “ndng do EC1sx dé san xudt SMN2 minigen mARN c¢6 chiu dai day
da” (hodc “ECi,sx minigen”) duge dinh nghia 1a ndng dd ctia hop chét thir ma cho tac
dung lam téng lugng SMN2 minigen mARN c6 chidu dai ddy du 1én muc 16n hon 1,5
14n so v6i lugng SMN2 minigen mARN c6 chiéu dai ddy du & cac té bao duoc xir Iy

bang chit din thude.

Thuat ngit “ndng d6 ECisx dé biéu hién protein SMN” (hodc “EC1sx protein
SMN”) dugc dinh nghia la ndng d6 cta hop chét thtr ma cho tac dung tao ra lugng
protein SMN cao gép 1,5 1an lugng protein SMN & té bao nguyén bao s¢i & bénh nhan

SMA so vé6i dbi chimg duge xtt Iy bang chét dan thube.

Chi tiét, sang ché d& cap dén cac hop chit c6 cong thirc (I)
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@

trong do

R! 12 hydro hodc Ci-7-alkyl;

R? 14 hydro, xyano, Ci.7-alkyl, Ci.7-haloalkyl hodc Cs.g-xycloalkyl;
R? 13 hydro, Ci-7-alkyl, hodc Cs-g-xycloalkyl;

A 12 N-heteroxycloalkyl hoic NR!?R'?, trong d6 N-heteroxycloalkyl bao
gdm 1 hoic 2 nguyén tit nito trong vong va dugc thé thy y bang 1, 2, 3

hoic 4 phan tir thé dugc chon tir R'4;

R!2 13 heteroxycloalkyl chita 1 nguyén ti¥ nito trong vong, trong d6
heteroxycloalkyl dwoc thé tity ¥ béang 1, 2, 3 hoic 4 phén tir thé duoc
chon tir R';

RB  lahydro, Ci7-alkyl hodc Cs.s-xycloalkyl,

R doc 1ap duoc chon tir hydro, Ci7-alkyl, amino, amino-Ci.7-alkyl, C3.s-
xycloalkyl va heteroxycloalkyl hodc hai R' cing nhau tao thanh Ci.7-
alkylen;

vé6i didu kién 1a néu A 1a N-heteroxycloalkyl bao gdm chi 1 nguyén tir nito trong
vong, thi it nhit mot phan tir thé R'* 12 amino hogc amino-C1.7-alkyl;

va cac mudi dugc dung cla ching,

Céac phuong 4n cu thé clia sang ché d& xuét hop chit c6 cong thirc (I) va céc mudi

dugc dung ciia chung.

Hon thé nira, cin hiéu ring moi phuwong 4n lién quan dén cac trudong hop cu thé

ctia A, R, R? hoic R3 dugc mé ta & day c6 thé dwoc két hop voi phuong an khac d@

cip dén cac trudng hop khéc cua A, R!, R? hoac R? nhu dugc mo ta & day.

-16-



28203

Theo mdt phuong én cu thé, sang ché d& cap dén cac hop chit c6 cong thire (1)
trong do

R! 12 hydro hodc Ci.7-alkyl;

R? 12 hydro, xyano, Ci.7-alkyl, C1.7-haloalkyl hodc Cs-s-xycloalkyl;

R3 12 hydro, Ci-7-alkyl, hodc Cs.s-xycloalkyl;

A la N-heteroxycloalkyl bao gbm 1 hodc 2 nguyén tit nito trong vong, trong

d6 N-heteroxycloalkyl dugc thé ty v bang 1, 2, 3 hoic 4 phén tir thé
dugc chon tir R

R doc 1ap duge chon tir hydro, Ci1.7-alkyl, amino, amino-Ci-7-alkyl, Cs-s-
xycloalkyl va heteroxycloalkyl hodc hai R cing nhau tao thanh Ci-
alkylen;

v6i diéu kién 1a néu A 12 N-heteroxycloalkyl bao gdm chi 1 nguyén ti nito trong

vong, thi it nhit mot phan tir thé R'* 1a amino hodc amino-Ci.7-alkyl;
va cac mudi duoc dung ciia ching.

Theo mot phuong 4n cu th8, sang ché d& cap dén cac hop chét c6 cong thirc (1),
trong do R! 13 C1.7-alkyl, cu thé 1a metyl.

Theo mdt phuwong an cu thé, sang ché dé cap dén cac hop chét c6 cong thirc (1),
trong d6 R? 1a hydro hogc Ci7-alkyl, cu thé 13 hydro hogc metyl.

Theo mdt phuong 4n cu thé, sang ché dé cap dén cac hop chét ¢ cong thic (I),
trong d6 R® 1a hydro hodc Ci-7-alkyl, cu thé 1 hydro hodc metyl.

Theo mot phuong &n cu thé, sang ché dé cap dén cac hop chét c¢6 cong thire (1),
trong d6 R'2 14 piperidiny] tiry ¥ dwgc thé bing 1, 2, 3 hodc 4 phan tir thé dugc chon tir
R,

Theo mdt phuong 4n cu thé, séng ché dé cap dén cac hop chit c6 cong thirc (1),
trong d6 R'® 1a hydro hodc Ci7-alkyl, cu thé 1 hydro hodc metyl.

Theo mot phuong én cu thé, sang ché dé cap dén cac hop chit c6 cong thire (D),
trong d6 R doc 1ap dugc chon tir C17-alkyl va heteroxycloalkyl hodc hai R™ cling
nhau tao thanh Ci.7-alkylen.
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Theo mot phuong 4n cu thé, sang ché @& cap dén cac hop chit co cong thire (I),
trong d6 R doc 1ap duoc chon tr metyl, etyl va pyrolidinyl hodc hai R'* ciing nhau
tao thanh etylen.

Theo mot phuong 4n cu thé, sang ché @& cap dén cac hop chit c6 cong thirc (I),
trong d6 A 1a N-heteroxycloalkyl bdo hoa mgt vong hodc hai vong chira 1 hodc 2
nguyén tir nito va dugc thé tiy ¥ bang 1, 2, 3 hodc 4 phan tir thé duge chon tir R,

Theo mot phuong 4n cu thé, sang ché dé cap dén cac hop chit c6 cong thic (1),
trong d6 N-heteroxycloalkyl trong A hogc heteroxycloalkyl trong R!? nhu dugc xéc
dinh & day duogc thé bang 1 hodc 2 phén tir thé duoc chon tir R,

Theo mdt phuong 4n cu thé, sang ché dé cap dén cac hop chét c6 cong thie (I),
trong d6 N-heteroxycloalkyl trong A nhu dugc x4c dinh & day con khac biét béi mot

nguyén t nito trong vong co tinh bazo.

Theo mét phuong 4n cu thé, sang ché dé cap dén cac hop chét ¢ cong thirc (1),

R R
R6 . R4
\ ~
R%/\N/‘ N
x M 7
R4/ XU n R N/‘
o 7/\ 8 5 R 13 )
trong d6 A 1a R R hoic R , trong d6

X la N hoac CH;

R* 13 hydro, C1.7-alkyl ho#c -(CH2)m-NR°R1?;

R® 12 hydro hodc Ci.7-alkyl;

RS 12 hydro hodc Ci.7-alkyl;

R’ 13 hydro hodc Ci7-alkyl;

R® 12 hydro hoic Ci.7-alkyl;

R? va R!® @oc 14p duoce chon tir hydro, Cr.7-alkyl va Cs.s-xycloalkyl;
R®*  1ahydro, Ci.7-alkyl hodc Csg-xycloalkyl;

n b%mg 0, 1 hoac 2;

m béng 0, 1, 2 hodc 3;
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hoic R* va R’ cling nhau tao thanh Ci.7-alkylen;

hoic R* va R7 cling nhau tao thanh Ci.7-alkylen;

hodc R’ va R® cling nhau tao thanh C,.7-alkylen;

hodc R’ va R7 ciing nhau tao thanh Ci.7-alkylen;

ho#ic R’ va R? cling nhau tao thanh Ci.7-alkylen;

hoic R7 va R? cling nhau tao thanh C,.7-alkylen;

ho#ic R7 va R? cling nhau tao thanh Ci.7-alkylen;

hoic R’ va R!? ciing nhau tao thanh C,.7-alkylen;

v6i didu kién 1 néu X 12 CH thi R* 13 -(CH2)m-NRR1; va

v6i didu kién 12 néu X 12 N va R* 13 -(CH2)m-NR°R!? thi m bing 2 hoic 3,
Theo mdt phwong 4n cu thé, sang ché dé cap dén cac hop chit co cong thirc (),

R6

Rs%/\N/ N

il

4 X
R7

rY
trong do A 1a R’ , trong do
X la N hoac CH;
R* 12 hydro, Ci.7-alkyl hodc -(CHz)m-NRR!?;
R3 13 hydro hodc Ci.7-alkyl;
RS 1a hydro hoic Ci-7-alkyl;
R’ 12 hydro hoic Ci7-alkyl;
R® 12 hydro hodc Ci7-alkyl;
R’ va R!? doc 1ap duge chon tir hydro, Ci.7-alkyl va Cs.s-xycloalkyl,
n bang 0, 1 hoic 2;
m béng 0, 1, 2 hoac 3;
ho#c R* va R’ ciing nhau tao thanh Ci.7-alkylen;

ho#c R* va R’ cling nhau tao thanh Ci7-alkylen;
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hoic R’ va R cung nhau tao thanh Cj.7-alkylen;

hodc R’ va R7 cling nhau tao thanh Ci.7-alkylen;

ho#c R’ va R cling nhau tao thanh Ci7-alkylen;

ho#c R7 va R?® cling nhau tao thanh Cz-7-alkylen;

ho#c R7 va R? cing nhau tao thanh Cj.7-alkylen;

hodc R’ va R!? cung nhau tao thanh C,-7-alkylen;

v6i diéu kién 12 néu X 12 CH thi R* 13 -(CH2)m-NRR; va

v6i didu kién 1a néu X 1a N va R* 1a -(CH2)m-NR°R!° thi m bang 2 hoic 3.

Céc tac giad sang ché cling dd phat hién thay rang tinh tham vao ndo s€ dugc cai

thién khi mét trong s6 R*, R%, R, R7 va R® khong phai hydro.

Theo mét phwong 4n cu thé cta sang ché, it nhit mot trong sd R, R5, RS, R7 va

R® khong phai 14 hydro.

Theo mét phuong 4n cu thé, sang ché dé cép dén cac hop chit c6 cong thirc (1),

trong d6 X 1a N.

Theo mét phuong 4n cu thé, sang ché dé cap dén cac hop chit c6 cong thirc (1),

trong d6 n bang 1,

Theo mdt phwong 4n cu thé, sang ché dé cap dén cac hop chit c6 cong thirc (1),

trong d6 R* 14 hydro, metyl hogc -(CH2)m-NR°R!?, cy thé hon 14 hydro.

Theo mét phuong 4n cu thé, sang ché dé cap dén cac hop chit c6 cong thire (D),

trong d6 R’ 14 hydro, metyl hoc etyl, cu thé hon 13 metyl.

Theo mdt phwong 4n cu thé, sang ché dé cap dén cac hop chét c6 cong thire (D),

trong d6 R® 1a hydro hodc metyl, cu thé hon 13 hydro.

Theo mét phuong 4n cu thé, sang ché dé cap dén cac hop chét c6 cong thuc (1),

trong d6 R’ 1a hydro hodc metyl.

Theo mét phuong 4n cu thé, sang ché dé cap dén cac hop chét c6 cong thire (1),

trong d6 R 1a hydro.
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Theo mdt phwong 4n cu thé, sang ché d& cap dén cac hop chit c6 cong thie (D),
trong d6 m bang 0.

Theo mdt phuong én cu thé, sang ché @& cap dén cac hop chit c6 cong thuc (1),
trong d6 R* va R3 cling nhau tao thanh propylen.

Theo mét phuong 4n cu thé, sang ché dé cap dén cac hop chét ¢6 cong thirc (1),
trong d6 R’ va R® cling nhau tao thanh etylen;

Theo mdt phwong 4n cu thé, sang ché d& cap dén cac hop chit c6 cong thic (D),
trong d6 R® va R!? cing nhau tao thanh butylen.

Theo mdt phwong 4n cu thé, sang ché d& cap dén cac hop chit c6 cong thuc (1),

trong d6 A dugc chon tir nhém:

R \\
R N R’ 'y R’
Py P
N N N
RZ 7 8 N\) N\)
R R b b b
R R®
4
R
. \\ \ \N
/\\ /\ /\
AN N
8
N S R it
e

8 §M@®

trong d6 R*, R’ R®, R7, R® va R!? 1a nhu duoc x4c dinh & day va trong @6 R!! 1a hydro
hodc Ci.7-alkyl.

Theo mét phuong 4n cu thé, sang ché d& cap dén cac hop chit c6 cong thirc (1),

trong d6 A dugc chon tir nhém:
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R R

\

/“ Y
N N N/‘ \ (\N/‘ \
g N@ N§

S b

6
R ‘\‘ 6 6
RS—A'/\N/“ R | R 8
, N C’/\N/‘ C\/\N/‘u
g Q >
7 8 N N

Ny
\

~

1
vi R~

trong d6 R*, R%, RS, R7 va R?® 1a nhu dugc x4c dinh & ddy va trong d6 R!! 13 hydro hodc
Ci7-alkyl.

Theo mdt phwong 4n cu thé, sang ché dé cap dén cac hop chit c6 cong thire (),
trong d6 A dugc chon tr nhéom piperazinyl, diazepanyl, pyrolidinyl va
hexahydropyrolo[1,2-a]pyrazinyl, mdi nhém tiy y dugc thé bang 1, 2, 3 hodc 4 phan
tr thé duge chon tir R!* nhu dugc xé4c dinh & day.

Theo mot phuong 4n cu thé, sang ché d& cap dén cac hop chit ¢ cong thire (1),
trong d6 A duoc chon tir nhoém piperazin-1-yl, 1,4-diazepan-1-yl, pyrolidin-1-yl va
hexahydropyrolo[1,2-a]pyrazin-2(1H)-yl, méi nhém tuy y duge thé bang 1 hoic 2
phén tir thé duoc chon tir R nhu duge xéc dinh & day.

Theo mdt phuong 4n cu thé, sing ché @& cap dén cac hop chét c6 cong thire (1),

trong d6 A 1a NR?R13, trong d6 R? va R 1a nhu dugc mo ta ¢ day.
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Theo mdt phuong an cu thé, sang ché @& cap dén cac hop chit c6 cong thire (1),

R R’
4
R
jé\
7
R g N/‘
R |
R

13

trong d6 A 1a , trong @6 R* R, RS, R7, R® va R 1a nhu dugc

mo ta & day.

Theo mdt phuong 4an cu thé, sang ché @& cap dén cac hop chit c6 cong thire (1),

HN
N
R13

Theo mdt phwong 4n cu thé, sang ché @& cap dén cac hop chat c6 cong thire (D),

trong d6 A 1a , trong d6 R!? 13 hydro ho#c metyl.

trong d6 A dugc chon tir nhém:

Ny
.
) \

\(\N/\‘ /Y\N/\\ Y\N/“ (\N/\\
A $
"SRG oA
.\ >
A o N K\N
%/\N 4/\1\] N HNQ
HN\) HN\/‘ @
\ N
c oy O
N N
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Theo mdt phuong 4n cu thé, sang ché @& cap dén cac hop chét c6 cong thire (1),
trong d6 A dugc chon tir nhém:

&
G

an
Z

.
\-
H
\-
- )
@
\-
)
\

ey
Z,

.
—&z
\
s

.
-——&Z |
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=
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.
.
.
.

&
¥e)
ey’ .

\ j
.
.
.
.
.

&
q

N
A}
/\
\

A

N

N

Theo mdt phuong 4n cy thé, sang ché @& cap dén hop chét c6 cong thire (), trong

d6 R! 1a metyl, R? 1a hydro hogc metyl, R? 1a hydro, va A 1a

AAN/“ N/“
HN\) N\)

hodc

Z
S

QO

C

Céc hop chat cu thé c6 cong thirc (I) theo sang ché 13 cac hop chét dugc chon tir
nhém bao gdm:

2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)-7-(4-metylpiperazin-1-yl)pyrido[ 1,2-
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a]pyrimidin-4-on;

7-[(8aR)-3,4,6,7,8,8a-hexahydro-1H-pyrolo[ 1,2-a]pyrazin-2-yl]-2-(2-
metylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
7-[(8aS)-3,4,6,7,8,8a-hexahydro-1H-pyrolo[ 1,2-a]pyrazin-2-yl]-2-(2,8-
dimetylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
7-[(8aR)-3,4,6,7,8,8a-hexahydro-1H-pyrolo[ 1,2-a]pyrazin-2-yl]-2-(2,8-
dimetylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
7-[(8aS)-8a-metyl-1,3,4,6,7,8-hexahydropyrolo[ 1,2-a]pyrazin-2-yl]-2-(2,8-
dimetylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
7-[(8aR)-8a-metyl-1,3,4,6,7,8-hexahydropyrolo[1,2-a]pyrazin-2-yl]-2-(2,8-
dimetylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[ 1,2-a]pyrimidin-4-on;
2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-[(3S,5R)-3,5-dimetylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;
2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-[(3S)-3-metylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;

2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-7-[ (3R)-3-metylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;

7-(1,4-diazepan-1-yl)-2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-
a]pyrimidin-4-on;

2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3S)-3-metylpiperazin-1-yl]pyrido[ 1,2-
a]pyrimidin-4-on;

2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3R)-3-metylpiperazin-1-yl]pyrido[1,2-
a]pyrimidin-4-on;
7-(1,4-diazepan-1-yl)-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-
4-on;

7-[(3R,5S)-3,5-dimetylpiperazin-1-yl]-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[ 1,2-a]pyrimidin-4-on;

7-[(8aS)-3,4,6,7,8,8a-hexahydro-1H-pyrolo[ 1,2-a]pyrazin-2-yl]-2-(2-
metylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
7-[(8aS)-8a-metyl-1,3,4,6,7,8-hexahydropyrolo[1,2-a]pyrazin-2-yl]-2-(2-
metylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
7-[(8aR)-8a-metyl-1,3,4,6,7,8-hexahydropyrolo[ 1,2-a]pyrazin-2-yl]-2-(2-
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metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
2-(2,8-dimetylimidazo| 1,2-b]pyridazin-6-yl)-7-[(3R)-3-pyrolidin-1-ylpyrolidin-1-
yl]pyrido[ 1,2-a]pyrimidin-4-on;
7-(4,7-diazaspiro[2.5]octan-7-yl)-2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-
a]pyrimidin-4-on;
7-(4,7-diazaspiro[2.5]octan-7-y1)-2-(2,8-dimetylimidazo|[1,2-b]pyridazin-6-
yl)pyrido[1,2-a]pyrimidin-4-on;

2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3R)-3-pyrolidin-1-ylpyrolidin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;
2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-(3,3-dimetylpiperazin-1-yl)pyrido[1,2-
a]pyrimidin-4-on;

7-(3,3-dimetylpiperazin-1-yl)-2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[ 1,2-
a]pyrimidin-4-on;
2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-9-metyl-7-[(3S)-3-metylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;
2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-9-metyl-7-[ (3R)-3-metylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;
2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-[(3R,5S)-3,5-dimetylpiperazin-1-yl]-9-
metyl-pyrido[1,2-a]pyrimidin-4-on;

2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-7-(3,3-dimetylpiperazin-1-yl)-9-metyl-
pyrido[1,2-a]pyrimidin-4-on;
7-(4,7-diazaspiro[2.5]octan-7-yl)-2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-9-
metyl-pyrido[1,2-a]pyrimidin-4-on;

2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3S,55)-3,5-dimetylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;

2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3S)-3-pyrolidin-1-ylpyrolidin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;

2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3S)-3-pyrolidin-1-ylpyrolidin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;
7-[(3S,55)-3,5-dimetylpiperazin-1-yl]-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[1,2-a]pyrimidin-4-on;
9-metyl-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-7-[(3S)-3-metylpiperazin-1-
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yl]pyrido[ 1,2-a]pyrimidin-4-on;
9-metyl-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-7-[(3R)-3-metylpiperazin-1-
yl]pyrido[ 1,2-a]pyrimidin-4-on;
7-[(3R,59)-3,5-dimetylpiperazin-1-yl]-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[1,2-a]pyrimidin-4-on;
7-(3,3-dimetylpiperazin-1-yl)-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[ 1,2-a]pyrimidin-4-on;
7-(4,7-diazaspiro[2.5]octan-7-yl)-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[ 1,2-a]pyrimidin-4-on;
7-[(3S,5S5)-3,5-dimetylpiperazin-1-yl]-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[ 1,2-ajpyrimidin-4-on;

7-[(3R)-3-etylpiperazin-1-yl]-2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[ 1,2-
a]pyrimidin-4-on;

va cac mudi duge dung cla chung.

Céc'hgp chét cu thé ¢6 cong thic (I) theo séng ché 1a cac hop chét duge chon tir
nhém bao gom: |
7-[(8aR)—3,4,6,7,8,8a-hexahydr0-1H-pyrolo[1,2-a]pyrazin-2-y1]-2-(2-
metylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
7-[(8aS)-3,4,6,7,8,8a-hexahydro-1H-pyrolo[ 1,2-a]pyrazin-2-yl]-2-(2,8-
dimetylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
7-[(8aR)-3,4,6,7,8,8a—hexahydro-lH-pyrolo[l,2-a]pyrazin-2-yl]-2-(2,8-
dimetylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-y1)-7-[(3S,5R)-3,5-dimetylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;
7-[(3R,5S)-3,5-dimetylpiperazin-1-yl]-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[ 1,2-a]pyrimidin-4-on;
7-[(8aS)-3,4,6,7,8,8a-hexahydro-1H-pyrolo[ 1,2-a]pyrazin-2-yl]-2-(2- -
metylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
7-(4,7-diazaspiro[2.5]octan-7-y1)-2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[ 1,2-
a]pyrimidin-4-on;

7-(4,7-diazaspiro[2.5]octan-7-yl)-2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-
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yl)pyrido[ 1,2-a]pyrimidin-4-on;

2-(2,8-dimetylimidazol[ 1,2-b]pyridazin-6-yl)-9-metyl-7-[(3S)-3-metylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;
7-(4,7-diazaspiro[2.5]octan-7-yl)-2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-9-
metyl-pyrido[1,2-a]pyrimidin-4-on;
7-[(3R,58)-3,5-dimetylpiperazin-1-yl]-9-metyl-2-(2-metylimidazo[1,2-b]pyridazin-6-
yl)pyrido[ 1,2-a]pyrimidin-4-on;
7-(4,7-diazaspiro[2.5]octan-7-y1)-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[ 1,2-a]pyrimidin-4-on;

va cdc mudi dugc dung cia ching.

Hop chét c6 cong thirc (VI) thich hop lam céc chét trung gian d& san xuét hop
chit c6 cong thirc ().

Phuong 4n khac cua sang ché dé cap dén hop chét co cong thire (VI):

(VD
trong d6 R!, R? va R? 1a nhu dugc mo ta & day;
Y 1a halogen hodc triflometansulfonat;
va cac mudi ctia nd.
Theo mot phuong én cu thé, sang ché dé cap dén cac hop chat c6 cong thic (VI),
trong d6 Y is flo, clo, brom, iot ho#c triflometansulfonat, cu thé 1a flo.

Hop chét cu thé c6 cong thirc (VI) theo sang ché 1a cac hop chit dugc chon tir
nhém bao gdm:
7-flo-2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-7-flo-pyrido[ 1,2-a]pyrimidin-4-on;
7-flo-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[ 1,2-a]pyrimidin-4-on;
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2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-9-metyl-pyrido[ 1,2-a]pyrimidin-4-
on;

va cac mudi cia nd.

Quy trinh diéu ché

Hop chit c6 cong thire (I) va cac mubi duge dung clia chiing nhu dugc xac dinh
& trén c6 thé duoc didu ché theo cac phwong phép chuin da biét trong linh vue k§

thuat nay.

Nhu duge minh hoa trong so dd 1, amino-pyridin ¢6 cong thie (II) ¢é thé mua
duogc trén thi trudong cod thé duoc cho phan Gng vdi este clia axit malonic dé thu duoc
san phdm trung gian ¢ cong thirc (IIT), trong d6 Y va R? 1a nhu duge mo ta & ddy vaR
1a C1z-alkyl, cu thé 12 metyl. Hop chét c6 cong thic (IIT) sau d6 dugc cho phan tmg
v6i chét thir clo hoa (nhu POCI; va cac chit twong tw) dé tao ra hop chit c6 cong thirc
(IV). Hop chét c6 cong thue (IV) sau d6 duoc cho tham gia phan tng két hop ngang
Suzuki v6i hop chét cé cong thirc (V), trong d6 R! va R? 12 nhu duge md ta & day va Z
la B(OH), hodc este cua axit Ciz-alkyl boronic nhu 4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl, v&6i sy c6 mit cua chit xtc tac (nhuw  (1,1'-
bis(diphenylphosphino)feroxen)paladi (II) diclorua (Pd(dppf)Cl2) va chit twong tw) va
bazo (nhu K2CO; va céc chét trong tu) trong dung moi thich hop (nhu DMF va cac
dung méi twong tu), dé thu dwoc hop chét c6 cong thire (VI). Cubi cing, hop chét c6
cong thire (VI) dugce cho phén tng véi hop chit M-A trong:

a) Phan tmg thé 4i nhan thom (dic biét néu Y 1a flo) bang cach gia nhiét &
nhiét do ndm trong khoang tir 80°C dén 200°C; hoac
b) Phan tmg amin hoa Buchwald-Hartwig v6i sy ¢6 mit clia chét xuc tac
paladi (vi duy, tetrakis(triphenylphosphin)paladi (Pd(PPhs)s) hodc
bis(dibenzylidenaxeton)paladi (Pd(dba)) bang cach gia nhiét & nhiét do
nim trong khoang tir 20°C dén 100°C;
trong dung mdi (vi du dimetyl sulfoxit (DMSO), N-metylpyrolidon (NMP), hodc
dimetylformamit (DMF)) @& thu duoc hop chat c6 cong thire (I), trong d6 A 1a nhu
dugc xac dinh & ddy, M 1a hydro, natri hodc kali, cu thé 1 hydro, va trong d6 M duoc

gin két v6i A thdng qua nguyén ti nito clia A.
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Sodd 1

Theo mdt phuong an, sang ché d& cap dén quy trinh diéu ché hop chit c6 cong
thire (I) va cac mudi duge dung cta chung nhu duoc xac dinh & trén, bao gdm phan

g ctia hop chét c6 cong thirc (VI) v6i hop chit M-A trong:

a) Phéan tmg thé 4i nhan thom (dic biét néu Y 1a clo) bang cach gia nhiét &
nhiét 6 ndm trong khoang tir 80°C dén 200°C; hoic

b) Phan tmg amin hoa Buchwald-Hartwig v6i su ¢6 mit ctia chit xic tac
paladi (vi du tetrakis(triphenylphosphin)paladi (Pd(PPhs)4) hodc
bis(dibenzylidenaxeton)paladi Pd(dba),) bing cach gia nhiét & nhiét do
nim trong khoang tir 20°C dén 100°C;

trong dung mdi (vi du dimetyl sulfoxit (DMSO), N-metylpyrolidon (NMP), hoidc
dimetylformamit (DMF)), trong d6 A, Y, R!, R? va R® 1a nhu dugc xac dinh & day, M
1a hydro, natri hodc kali, cu thé 13 hydro, va trong d6 M dugc gin két véi A théng qua

nguyén t nito ctia A.
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0
(V1) Y
Theo mdt phuong an cu thé, sang ché d¢ cidp dén quy trinh di€u ché cac hop

chét c¢6 cong thirc (I) va cac mudi duoc dung ciia ching nhu duge x4c dinh & trén, bao
gdm phan Gng thé 4i nhan thom giita hop chét ¢6 cong thirc (VI) nhu duge md ta &
trén v6i hop chét c6 cong thitc M-A bang cach gia nhiét trong dung mdi, trong do6 A,
R, R%, R3 va Y la nhu duge xac dinh & trén, M 14 hydro, natri hodc kali, va trong d6 M

dugc gin két véi A thong qua nguyén tir nito ciia A.

Theo mét phuong an cu thé, sang ché d& cap dén quy trinh diéu ché cac hop chét
¢6 cong thirc (I) va cac mubi duge dung ciia ching nhu duge x4c dinh & trén, trong d6
phan tng thay thé 4i nhan thom dwoc thuc hién & nhiét 46 nim trong khoang tir 80°C
to 200°C.

Theo mot phuong 4n cu thé sang ché dé cap dén quy trinh diéu ché cac hop chit
¢6 cong thirc (I) va cac mudi duge dung ctia chiing nhu duge x4c dinh & trén, trong d6
dung moi cia phan tng thay thé 4i nhan thom dugc chon tir dimetyl sulfoxit (DMSO),
N-metylpyrolidon (NMP), va dimetylformamit (DMF).

Theo mot phuong an cu thé sang ché dé cap dén quy trinh diéu ché cac hop chit
c6 cong thire (I) va cac mubi duge dung ctia chiing nhu duge x4c dinh & trén, trong d6
M 1a hydro.

Cu thé, hop chit c6 cong thire (T) va cic mubi duge dung ciia chiing ¢6 thé duge
diéu ché theo cac phuong phap di md ta trong cac vi du & day.

Céac dugc phdm

Phuong 4n khéc cia sang ché d& cap dén cac dugc pham hoic cac thudc chira céc
hop chét theo sang ché va chit mang, chét pha lodng, tro, khong c6 tac dung didu tri
hoidc ta dugc duge dung, ciing nhu cac phuong phap st dung cac hgp chét theo sang

ché dé bao ché cac duge pham va thudc nay.
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Céac duge phdm duge bao ché, dinh lidu va ding theo cich phi hop véi tiéu
chudn thuc hanh thudc tbt. Cac yéu t6 duge danh gia trong ndi dung nay bao gbm rbi
loan cu thé can didu tri, tinh trang 14m sang cia timg bénh nhan, nguyén nhan giy ra
rdi loan ndy, vi tri phan phdi thudc, phuwong phép ding, ché d6 dung va cac yéu té da
biét khac dbi voi ngudi thue hanh y té.

Céc hop chit theo sang ché c6 thé dugc diing theo cach bat ky phi hop, bao gdm
qua duong miéng, khu tra (trong khoang ma va duéi Iudi), qua dudng tryc trang, 4m
dao, qua da, ngoai duodng ti€u hda, dudi da, trong mang bung, trong phéi, trong da,
trong vO, ngoai mang cung va trong miii, va néu mudn dung didu tri tai chd, trong
thuong ton. Cac cach truyén ngoai dudng tiéu héa bao gdm trong co, trong tinh mach,

trong dong mach, trong mang bung va duéi da.

Cac hop chét theo sang ché c6 thé duge ding & dang dung bét ky thuan tién, vi
du, dang vién nén, dang bot, dang vién nang, duhg dich, huyén phu, hdn dich, xiro,
dang phu, vién dan, gel, .nhﬁ trong, miéng dan, v.v.. Cac dugc phim nay c6 thé chira
cac thanh phén thudng ding trong cic ché phdm dugc, vi du, chét pha lodng, chét
mang, chit 1am thay dbi do pH, chét bao quén, chét 1am tan, chit 6n dinh, chit 1am 4m,
cht nhii hda, chét 1am ngot, chét tao mau, huong li€u, céc loai mubi diung dé thay ddi
ap suét thAm thu, cac chét dém, cac chét che vi, cac chét che vi, cac chét chéng oXy
héa va cac hoat cht khac. Ching ciing c¢6 thé con bao gbm céc hop chit khac c6 tac

dung tri liéu.

Ché phdm dién hinh c6 thé duge bao ché bing cach tron hop chét theo séng ché
va chit mang hoic ta duge. Céc chit mang va ta duogc thich hop 1a da biét ddi véi
ngudi ¢6 k§ nidng trong linh vuc nay va dugc mo ta chi tiét trong, vi du tai liéu: Ansel
H.C. et al., Ansel’s Pharmaceutical Dosage Forms and Drug Delivery Systems (2004)
Lippincott, Williams & Wilkins, Philadelphia; Gennaro A.R. et al., Remington: The
Science and Practice of Pharmacy (2000) Lippincott, Williams & Wilkins,
Philadelphia; va Rowe R.C, Handbook of Pharmaceutical Excipients (2005)
Pharmaceutical Press, Chicago. Cac ché phim dién hinh ciling c6 thé bao gébm mot
hoac nhiéu chét dém, chit &n dinh, chit hoat dong bé mat, chit lam Am, chit 1am tron,
chét nhii hoéa, chét tao huyén phu, chit bao quén, chét chéng oxy hoa, chét 1am mo,

chét gﬁy trugt, chét trg xir 1y, chét tao mau, chét lam ngot, chét tao huong, huong liéu,
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chét pha loang va cac phu gia khéac da biét 12 s& tao ra vé bé ngoai hip dan cho dugc
chét (nghia 13, hop chét theo sang ché hoic dugc phim chira ching) hoic hd trg viée

san xut san phdm duge (nghia 13, thude).

Lidu ma tai d6 hop chét theo sang ché dugc ding c6 thé thay ddi trong mot gidi
han rong va tit nhién s& dugc didu chinh pht hop véi cac yéu cu cla timng d6i tugng
trong mdi mdt trudng hop cu thé. Nhin chung, trong trudng hop ding qua dudng
miéng, lidu hing ngly s& vao khoang tir 0,01 dén 1000 mg hop chéit c6 cong thirc (I)
néu thich hop cho mt nguoi, méc du co thé dung véi lugng cao hon gidi han trén néu

trén khi can.

Vi du vé dang lidu ding qua dudng miéng thich hgp 12 vién nén chira khoang 100
mg dén 500 mg hop chét theo sang ché dugc tron véi khoang tir 30 dén 90 mg lactoza
khan, khoang tir 5 dén 40 mg natri croscarmeloza, khoang tir 5 dén 30 mg
polyvinylpyrolidon (PVP) K30, va khoang tur 1 dén 10 mg magie stearat. Cac thanh
phén 0 dang bot dAu tién duge trdn véi nhau va sau d6 duge tron véi dung dich PVP.
Ché phém thu duoc co thé duge 1am khd, tao hat, tron v6i magie stearat va dap thanh

dang vién nén st dung méay moc thiét bi thong thuong.

Vi du vé& ché phdm dang khi dung c6 thé dugc bao ché bang cach hoa tan hop
chét, vi du 10 dén 100 mg, theo sang ché trong dung dich dém thich hop, vi du dém
phosphat, bd sung chét lam déng trvong, vi du mudi nhu natri clorua néu cin. Dung
dich nay c6 thé duoc loc, vi du st dung bo loc 0,2 um, dé loai bo tap chét va cac chit
ban.

Str dung

Nhu dugc md ta & trén, hop chit c6 cong thire (I) va céac mubi duge dung cua
ching c6 nhiéu dic tinh duoc ly c6 gia tri va dd duge phat hién 1a c6 tac dung lam ting
viéc 16ng ghép exon 7 ciia SMN1 va/hodc SMN2 vao trong mARN dugc phién ma tir
gen SMN1 va/hodc SMN2, theo d6 lam tang mirc bidu hién cta protein SMN & dbi
tuong 1a nguoi can dung hop chét nay.

Céc hop chét theo sang ché co thé dugc dung, mdt minh hodc két hop véi cac
duoc chit khéc, dé diéu tri hoic phong ngira cac bénh do viéc dot bién hodc loai bod

gdy mét hoat tinh trong gen SMN1 va/hodc gén vai viéc mét hoic thiéu hut chtrc ning
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ctia gen SMN1. Cac bénh nay bao gém, nhung khong chi gidi han &, teo co tiy sdng
(SMA).

Theo mdt phuong 4n cu thé sang ché dé cap dén duogc pham chira hop chit c6
cong thire (I) nhu duge xéc dinh & trén hodc céac mudi duoc dung cua ching nhu duge

xac dinh ¢ trén va mdt hodc nhicu t4 duge duge dung.

Theo mot phuwong 4n cu thé sang ché d& cap dén duoc phim chira hop chéit co
cong thie (I) hodc céc mudi duge dung cia ching nhu duge xac dinh & trén va mot
hodc nhidu t4 duoc duge dung dé diéu tri hodc phong ngtra cac bénh do viéc dot bién
hodc loai bo gay mét hoat tinh trong gen SMN1 va/hoac gén v6i viéc mat hoic thiéu
hut chte ning ciia gen SMN1, cu thé 1a dé didu tri hodc phong ngira bénh teo co tiy
sébng (SMA).

Theo mot phuong 4n cu thé, sang ché dé cap dén cac hop chat c6 cong thirc (I)
hodc cac mudi duge dung cia ching nhu dugc & trén dé dung 1am chét c6 tac dung
didu tri bénh, cu thé 1a dé su dung lam céc chét c6 tac dung didu tri bénh dé didu tri
hodc phong ngira cac bénh do viéc dot bién hoic loai bé giy mét hoat tinh trong gen
SMN1 va/hoac gén v6i viec mét hodc thiéu hut chirc ndng cua gen SMNI, cu thé 1a dé

didu tri hodic phong ngira bénh teo co tiy séng (SMA).

Theo mdt phuong 4n cu thé, sang ché dé cap dén cac hop chét ¢ cong thie (1)
hodc cac mudi duoc dung ciia ching nhu duge xac dinh & trén dé dung trong viéc didu
tri hodc phong ngira cac bénh do viéc dot bién hoic loai bé gay mét hoat tinh trong gen
SMNT1 va/hodic gén véi viéc mit hodc thiéu hut chirc ning ctia gen SMN1, cu thé 1a dé

didu tri hodc phong ngira bénh teo co tily sdng (SMA).

Theo mét phuong 4n cu thé sang ché md ta phuong phép diéu tri hodc phong
ngtra cac bénh do viéc dot bién hoidc loai bd gdy mét hoat tinh trong gen SMNI1
va/hoic gin véi viée mét hozc thiéu hut chirc ning ciia gen SMN1, cu thé 1a dé didu tri
hodc phong ngira bénh teo co tiy séng (SMA), phuong phap nay bao gbm viéc ding
hop chét c6 cong thire (I) hodic cac mudi dugce dung cua chung nhu dwoc xé4c dinh &

trén cho ddi tuong.

Theo mot phuong an cu thé sang ché md ta viéc sir dung hop chét ¢6 cong thirc (I)

hodc cac mudi dugc dung ctia ching nhu dugc x4c dinh & trén dé diéu tri hodc phong
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ngira cac bénh do viéc d6t bién hodc loai bo giy mét hoat tinh trong gen SMN1
va/hoac gén v&i viée mat hodc thiéu hut chirc nang cua gen SMNI1, cu thé 1a dé diéu tri

hozc phong ngira bénh teo co tiy séng (SMA).

Theo mdt phuong 4n cu thé sang ché mé ta viéc sir dung hop chét c6 cong thirc (I)
hodc cac mudi duge dung ctia ching nhu dugc xéc dinh & trén dé bao ché thubc dé
diéu tri hoic phong nglra cac bénh do viéc dot bién hoic loai bd gay mét hoat tinh
trong gen SMNI1 va/hoac gén v6i viee mét hodc thiéu hut chuc nang cia gen SMNI,
cu thé 1a dé didu tri hodc phong ngira bénh teo co tiy séng (SMA). Cac thudc nay chira
hop chét c6 cong thie (I) hodc cac mubi duge dung cda ching nhu dugc x4c dinh &

trén.
Vi du thwe hién sang ché

Sang ché s& dugc hiéu ddy du hon khi tham khao cac vi du sau ddy. Tuy nhién,
cac vi du nay khong nén dugc hidu 12 1am gidi han pham vi ciia sing ché.
Céc tir viét tit duge sir dung

ACN: Axetonitril; CH2Cly: diclometan (DCM); DIPEA: diisopropyl etylamin;
DMA: dimetyl axetamit; TEA: trietylamin; RT: nhi¢t d0 phong; Ba(pin):
bis(pinacolato)dibo; Pd(dppf)Cla: (1,1'-Bis(diphenylphosphino)feroxen)paladi (II)
diclorua; PPTS: Pyridini p-toluensulfonat.

San phim trung gian 1
7-flo-2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on

a) 2-clo-7-flo-pyrido[ 1,2-a]pyrimidin-4-on

N_ _Cl
ﬁ Poc13 i
0

Hon hop ctia 2-amino-5-flopyridin (11,20 g, 0,10 mol) va dimetyl malonat (57,0
mL, 0,50 mol) dugc gia nhiét ¢ 230°C trong 1,5 gio. Sau khi lam ngudi xubng nhiét do
phong, két tia duoc loc ra va rira bing ACN (3 14n) dé thu duoc 7-flo-2-hydroxy-4H-
pyrido[1,2-a]pyrimidin-4-on dudi dang chét rn t&i mau (14 g), duoc st dung ngay &
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bude tiép theo. MS m/z 181,3 [M+H]".

Hon hop tdi mau cta 7-flo-2-hydroxy-4H-pyrido[ 1,2-a]pyrimidin-4-on thd (l4g,
~77 mmol) trong POCI3 (50 mL) va DIPEA (13,3 mL, 77 mmol) dugc gia nhiét &
110°C trong 15 git. Dung mdi dugc loai bé va cin tbi mau duoc xir ly béng nudc da,
rira bing nudc (3 14n) va 1am kho dé thu dugc chit rin mau niu. Chét rin thé mau niu
nay dugc cho chay sic ky (5% MeOH trong CH,Cly) dé thu dugc 2-clo-7-flo-4H-
pyrido[1,2-a]pyrimidin-4-on dudi dang chét rin mau vang (9,84 g, 50%, 2 budc), MS
m/z 199,2 [M+H]".

b) 2-metyl-6-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)imidazo[ 1,2-b]pyridazin

N\ =N
Pd(dppf)CL.CH,CL \)_
/(\FN KOAC, doan Oy Ny N Y
N - |
N7 o}

Hon hop cua 6-clo-2-metylimidazo[1,2-b]pyridazin (900 mg, 5,37 mmol),
4,4.4'4'5,5,5,5'-octametyl-2,2'-bi(1,3,2-dioxaborolan) (1,36 g, 5,37 mmol, 1,0 duong
lugng), KOAc (1,05 g, 10,7 mmol) va Pd(dppf)Cl,eCH,Cl> (393 mg, 0,54 mmol)

Cl

trong dioxan ( 50 mL) dugc loai khi va gia nhiét trong N2 & 95 °C. Sau 15 gid, hdn hop
nay dugc pha lodng biang EtOAc, loc qua xelit va c¢d trong chan khong dé thu duoc 2-
metyl-6-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)imidazo[ 1,2-b]pyridazin dugc st

dung ngay & budc tiép theo.

¢) 7-flo-2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[ 1,2-a]pyrimidin-4-on

N Pd(PPh,),
=z /N c ~ Dung dich nuéc K2COs3, ACN N
I + 0 ~ N Y N
N ~B~ "N~
F | . ~ _N
o (6}

Bd sung 2-metyl-6-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)imidazo[ 1,2-
b]pyridazin (1,17 g, 4,53 mmol, duong luong: 1,2), Pd(PhsP)4 (218 mg, 0,189 mmol,
0,05 duwong luong) va dung dich nuéc K2COs (3,78 mL, 7,55 mmol, 2,0 duwong luong)

vao dung dich ctia 2-clo-7-flo-4H-pyrido[1,2-a]pyrimidin-4-on (750 mg, 3,78 mmol)
trong ACN (36 mL). Hdn hop nay dugc loai khi va gia nhiét trong argon & 105°C qua

dém. Phan tng nay dugc dé ngudi xudng nhiét d6 trong phong, va duge loc. Két tha
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duge rira bang EtO va sau do 13 nudce, dugc 1am kho trong chén khong dé thu dugc
250 mg (22%) 7-flo-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-
4-on duéi dang chit rin mau nau sang. MS m/z 296,1 [M+H]*.

San phim trung gian 2

2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-7-flo-pyrido[ 1,2-a]pyrimidin-4-on

a) 2,8-dimetyl-6-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)imidazo[ 1,2-
b]pyridazin

N

OMe
Pd(dppf)CL,.CH,CL, 7
Cl NH OH KOAc dioxan 1) N N Y
= ~B” N
g SV A}@

Trong binh phan tng kin, 3,6-diclo-4-metylpyridazin (27 g, 161 mmol) dugc tao
huyén phu trong nuéc amoniac (25%, 300 mL). Hdn hop phéan tng nay duoc gia nhiét
& 110°C trong 48 gid (chuyén thanh dung dich sau 1 gi%). Sau khi lam ngudi xudng
nhiét d6 phong, hdn hop phan ng nay duge rét vao CH2Cla, va pha hitu co duoc tach
riéng, 1am kho trén NaSO4, va ¢6 trong éhén khong, dé thu dugc 22,4 g 6-clo-4-
metyl-pyridazin-3-amin va 6-clo-5-metyl-pyridazin-3-amin du6i dang hdn hop clia cac

chét ddng phan viing ma dugc st dyung ngay & budce tiép theo.

Hdn hop ctia cac chat ddng phan viing 6-clo-4-metyl-pyridazin-3-amin va 6-clo-
5-metyl-pyridazin-3-amin (22,4 g) dugc tao huyén phu trong 2-propanol (300 mL). 1-
bromo-2,2-dimetoxypropan (36,0 g, 26,6 mL, 193 mmol, 1,2 duong luong) va PPTS
(2,96 g, 11,6 mmol, 0,0725 duong lugng) dugc bd sung vao, va dung dich thu dugc
dugc gia nhiét & 105°C qua dém. Dung mdi dugc loai bd trong chan khong va cén
duge hép thu trong CHCl, va rira bang NaHCOs. Céc pha hitu co dugc lam khd trén
Na»SO4, cd trong chan khong va chit rin thé mau niu sang dugc chay sic ky
(EtOAc/Heptan 1/2 -1/1) dé thu duoc riéng r& 6,1 g 6-clo-2,8-dimetyl-imidazo[1,2-
b]pyridazih MS m/z 182,1 [M+H]* (21%) du6i dang chit rin mau tring va 5,6 g 6-clo-
2,7-dimetyl-imidazo[1,2-b]pyridazin MS m/z 182,1 [M+H]* (20%) duéi dang chét rén

mau trang.
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Hoén hop cua 6-clo-2,8-dimetylimidazo[1,2-b]pyridazin (0,9 g, 4,96 mmol),
4.4.4'4'5,5,5,5-octametyl-2,2'-bi(1,3,2-dioxaborolan) (1,26 g, 4,66 mmol, 1,0 duong
lugng), KOAc (0,97 g, 9,91 mmol) va Pd(dppf)Cl.eCH,Cl, (363 mg, 0,49 mmol)
trong dioxan ( 50 mL) dugc loai khi va gia nhiét trong N> & 110°C. Sau 15 gio0, hén
hop nay dugc pha lodng bang EtOAc, loc qua xelit va co trong chan khong dé thu
duoc 2,8-dimetyl-6-(4,4,5,5-tetrametyl-1,3 ,2-dioxaborolan;2-yl)imidazo[ 1,2-

b]pyridazin dugc st dung ngay & bude tiép theo.

b) 2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-7-flo-pyrido[1,2-a]pyrimidin-4-on

Pd(PPh.),

N_ _cl =N
N - Dung dich nudc K2COs, ACN N
l + (0} ~ __N Y N
N ~B N~
F | . N
4 o)

Bb sung 2,8-dimetyl-6-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)imidazo
[1,2-b]pyridazin (1,24 g, 4,53 mmol, 1,2 duwong lugng), Pd(PhsP)s (218 mg, 0,189

mmol, 0,05 duong lugng) va dung dich nuéec K2COs (3,78 mL, 7,55 mmol, 2,0 duong
luong) vao dung dich cua 2-clo-7-flo-4H-pyrido[1,2-a]pyrimidin-4-on (750 mg, 3,78
mmol, duge mo ta trén ddy) trong ACN (36 mL). Hon hgp nay dugc loai khi va gia
nhiét trong argon & 100°C trong 6 gid. Phan (ng nay dugc 1am ngudi xudng nhiét do
trong phong, va duoc loc. Két taa dugc ria béng Et,0O va sau d6 1a nude, lam khd
trong chan khong dé thu dugc 700 mg (60%) 2-(2,8-dimetylimidazo[1,2-b]pyridazin-
6-yl)-7-flo-pyrido[1,2-a]pyrimidin-4-on dudi dang chit rin mau nau sang. MS m/z
310,1 [M+H]".

San phim trung gian 3

7-flo-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on

a) 2-clo-7-flo-9-metyl-pyrido[1,2-a]pyrimidin-4-on
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Hén hop cua 5-flo-3-metylpyridin-2-amin (3,3 g, 26,2 mmol) va dimetyl malonat
(15,0 mL, 0,13 mol, 5,0 duong lurgng) dugce gia nhiét & 210 °C trong 1,5 gid. Sau khi
1am nguoi xudng nhiét do phong, két tua dwoc loc ra va rira bing ACN (3 1in) dé thu
dugc 7-flo-2-hydroxy-9-metyl-pyrido[1,2-a]pyrimidin-4-on duéi dang chit rin tdi
mau (2,3 g), dugc st dung ngay & budc tiép theo. MS m/z 195,1 [M+H]".

Hon hop cia 7-flo-2-hydroxy-9-metyl-pyrido[1,2-a]pyrimidin-4-on thé (2,3 g,
11,8 mmol) trong POCI3 (7,7 mL, 82,6 mmol) va DIEA (2,07 mL, 11,8 mmol) dugc
gia nhiét & 110°C trong 15 gio. Dung mdi dugc loai bd va cin duge xur ly bang nudc
d4, rira bang nude (3 1an) va 1am khod dé thu dugc chit rin mau nau. Chéit rin thd mau
nau nay dugc cho chay sic ky (5% MeOH trong CH>Cly) dé thu dugc 2-clo-7-flo-9-
metyl-pyrido[1,2-a]pyrimidin-4-on duéi dang chét rin mau vang (1,77 g, 70% cho 2
budc), MS m/z 213,1 [M+H]".

b) 7-flo-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[ 1,2-a]pyrimidin-

4-on

N NN Pd(PPhy),
2 )—Dung dich ntée K2CO3, ACN N
| + (0] X, N - N
N ~B N
F (5 F . _N
0

B6 sung 2-metyl-6-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)imidazo[1,2-

b]pyridazin (3,22 g, 12,4 mmol, 1,2 duong luong, dugc mo ta trén day), Pd(PhsP)4
(1,20 g, 1,03 mmol, 0,1 duong lugng) va dung dich nuéc K>CO; (10,3 mL, 20,7 mmol,
2,0 duong lwgng) vao dung dich cia 2-clo-7-flo-9-metyl-4H-pyrido[ 1,2-a]pyrimidin-4-
on (2,2 g, 10,3 mmol) trong ACN (80 mL). Hdn hop nay dugc loai khi va gia nhiét
trong argon & 100°C trong 6 gid. Phan tmg nay dugc lam ngudi xudng nhiét d6 trong
phong, va dugec loc. Két tua dugce rira béng Et,0O va sau d6 1a nude, lam kho trong chén

khong dé thu duge 1,80 g (56%) 7-flo-9-metyl-2-(2-metylimidazo[1,2-b]pyridazin-6-
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yl)pyrido[1,2-a]pyrimidin-4-on dudi dang chit rin mau ndu sang. MS m/z 310,1
[M+H]".

San pham trung gian 4
2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-9-metyl-pyrido[1,2-a]pyrimidin-4-

on

Pd(PPh,),

Dung dich nuoc K2C03 ACN
A;{ Syt ~

F

Bb sung 2,8-dimetyl-6-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)imidazo[1,2-
b]pyridazin (1,51 g, 5,53 mmol, 1,2 duong luong, dugc mo ta trén day), Pd(PhsP)s
(0,32 g, 0,277 mmol, 0,06 duong lugng) va dung dich nuéc K,CO; (4,61 mL, 9,22
mmol, 2,0 duong lwong) vao dung dich cia 2-clo-7-flo-9-metyl-4H-pyrido[1,2-
a]pyrimidin-4-on (0,98 g, 4,61 mmol, dugc mo ta trén day) trong ACN (50 mL). Hdn
hop nay dugc loai khi va gia nhiét trong argon & 100°C trong 6 gio. Phan ung nay
dugc lam ngudi xudng nhiét do trong phong, va duge loc. Két tha dugc rira bang Et,O
va nuéc, sau d6 lam khd trong chan khong dé thu dugc 0,89 g (60%) 2-(2,8-
dimetylimidazo[ 1,2-b]pyridazin-6-yl1)-7-flo-9-metyl-pyrido[ 1,2-a]pyrimidin-4-on duéi
dang chit rdn mau nau sang. MS m/z 324,4 [M+H]".

Vidul
2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)-7-(4-metylpiperazin-1-yl)pyrido[ 1,2-

a]pyrimidin-4-on

Trong 6ng kin, 7-flo-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-4H-pyrido[1,2-
a]pyrimidin-4-on (San phim trung gian 1; 35 mg, 0,119 mmol) va 1-metylpiperazin
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(47,5 mg, 0,474 mmol, 4 duong lugng) duge khudy trong DMSO (1 mL) & 120°C qua
dém. LC-MS cho thiy su toan bo di chuyén héa. Dung méi dugc loai bé trong moi
truong chan khong cao. San phim thd dugc tinh ché bang sic ky cot (SiOa,
CH,Cly/MeOH=95/5 dén 9/1) dé thu duoc san phim néu & tidu dé (25 mg, 56%) dudi
dang chit rdn mau vang nhat. MS m/z 376,3 [M+H*].

Vidu?2
7-[(8aR)-3,4,6,7,8,8a-hexahydro-1H-pyrolo[ 1,2-a]pyrazin-2-yl]-2-(2-
metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on

Trong Ong kin, 7-flo-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-4H-pyrido[1,2-
a]pyrimidin-4-on (San phdm trung gian 1; 125 mg, 0,426 mmol) va (R)-
octahydropyrolo-[1,2-a]pyrazin (160 mg, 1,27 mmol, 3 duong lugng) duoc khudy
trong DMSO (5 mL) ¢ 125°C qua dém. Dung mdi dugc loai bo trong moéi trudng chén
khong cao. Cén thu dugc dugce hép thu trong CH,Cl, va rira bing dung dich NaHCOs
chira nudc bao hoa, Lop chit hitu co dugce tach riéng va lam kho trén NaSO4 va cd
trong chan khéng. San phidm thd dugc tinh ché bang sic ky cot (SiOy,
CH,Clo/MeOH=98/2 dén 95/5) d& thu dwoc san phdm néu & tiéu dé (65 mg, 38%) dudi
dang chit rdn mau vang nhat. MS m/z 402,5 [M+H"].

Vidu3
7-[(8aS)-3,4,6,7,8,8a-hexahydro-1H-pyrolo[ 1,2-a]pyrazin-2-yl]-2-(2,8-
dimetylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on

Trong 6ng kin, 2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-pyrido[1,2-
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alpyrimidin-4-on (San phim trung gian 2; 200 mg, 0,647 mmol) va (S)-
octahydropyrolo-[1,2-a]pyrazin (286 mg, 2,26 mmol, 3,5 dwong luong) dugc khudy
trong DMSO (5 mL) ¢ 125°C qua dém. Dung mdi dugc loai bd trong mdi trudong chan
khong cao. Cin thu dugc duge hip thu trong CH2Cl, va rira bang dung dich NaHCO;
chtra nudc bdo hoa. Lp chit hitu co duge tich riéng va lam kho trén NaxSOs va ¢
trong chan khoéng. San phim thoé dugc tinh ché bing sic ky cot (SiO,
CH,Cly/MeOH=98/2 dén 95/5) dé thu dwoc san phdm néu & tidu dé (115 mg, 43%)
du6i dang chét rdn mau vang nhat. MS m/z 416,3 [M+H"].

Vidu4
7-[(8aR)-3,4,6,7,8,8a-hexahydro-1H-pyrolo[ 1,2-a]pyrazin-2-yl]-2-(2,8-
dimetylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on

Trong 6ng kin, 2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-pyrido[1,2-
a]pyrimidin-4-on (Sén phdm trung gian 2; 200 mg, 0,647 mmol), DIPEA (0,113 mL,
0,67 mmol, 1 duong luong) va (R)-octahydropyrolo-[1,2-a]pyrazin (245 mg, 1,95
mmol, 3,0 dwong lwong) duge khudy trong DMSO (2,5 mL) & 125°C qua dém. Dung
mdi duoc loai bd trong méi treong chan khong cao. Can thu duge duge hép thu trong
CH,Cl, va rira bang dung dich NaHCOj3 chita nuéc béo hoa. Lép chét hiru co duoc
tach riéng va lam kho trén NaySO4 va co trong chan khong. San pham thd duge tinh
ché bing séc ky cot (SiO2, CH2Cl/MeOH=98/2 dén 95/5) dé thu dugc san phim néu &
tiéu d& (132 mg, 49%) dudi dang chat rdn mau vang nhat. MS m/z 416,3 [M+H"].

Vidu5s
7-[(8aS)-8a-metyl-1,3,4,6,7,8-hexahydropyrolo[ 1,2-a]pyrazin-2-yl]-2-(2,8-
dimetylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[ 1,2-a]pyrimidin-4-on
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Trong 6ng kin, 2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-pyrido[1,2-
a]pyrimidin-4-on (San phim trung gian 2; 90 mg, 0,291 mmol), DIPEA (0,05 mL,
0,29 mmol, 1 duong lugng) va (S)-8a-metyloctahydropyrolo[1,2-a]pyrazin (81 mg,
0,58 mmol, 2,0 duong luong) duoc khudy trong DMSO (2,5 mL) & 125°C qua dém.
Dung mdi dugc loai bd trong moi tredng chan khong cao. Cén thu duge dugce hép thu
trong CH,Cl, va rira bing dung dich NaHCOj3 chira nuéc bao hoa. Lép chét hiru co
duoc tach riéng va 1am khé trén Na,SOs va cb trong chan khong. San phdm tho duge
tinh ché bang sic ky cot (SiO2, CH2Cly/MeOH=95/5 dén 90/10) dé thu dwoc san pham
néu & tiéu dé (55 mg, 44%) dudi dang chét rin mau vang nhat. MS m/z 430,3 [M+H*].

Vidu6
7-[(8aR)-8a-metyl-1,3,4,6,7,8-hexahydropyrolo[ 1,2-a]pyrazin-2-yl]-2-(2,8-
dimetylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on

Trong 6ng kin, 2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-pyrido[1,2-
a]pyrimidin-4-on (San phim trung gian 2; 90 mg, 0,291 mmol), DIPEA (0,05 mL,
0,29 mmol, 1 duong lugng) va (R)-8a-metyloctahydropyrolo[1,2-a]pyrazin (81 mg,
0,58 mmol, 2,0 duong lugng) duogc khuéy trong DMSO (2,5 mL) & 125°C qua dém.
Dung méi dugc loai b trong moi trudong chén khong cao. Cén thu duge duge hép thu
trong CH>Cl, va rira bang dung dich NaHCOj3 chira nu6c bdo hoa. Lép chét hitu co
duoc tach riéng va 1am kho trén NaxSOs va ¢6 trong chan khong. San phim tho duoc

tinh ché bang séc ky cot (Si02, CH2Cly/MeOH=95/5 dén 90/10) dé thu dugc san pham
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néu & tidu d& (50 mg, 40%) dudi dang chit rin mau vang nhat. MS m/z 430,4 [M+H'].
Vidu7
2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-y1)-7-[(3S,5R)-3,5-dimetylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on

Trong &ng kin, 2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-pyrido[1,2-
a]pyrimidin-4-on (San phidm trung gian 2; 50 mg, 0,162 mmol), va cis-2,6-
dimetylpiperazin (74 mg, 0,647' mmol, 4,0 dwong luong) duge khudy trong DMSO
(1,5 mL) & 110°C qua d€m. Dung moi dugc loai bod trong moi trudong chén khong cao.
Cin thu dugce duge hip thu trong CH>Cls va rira bang dung dich NaHCOj3 chira nuée
bdo hoa. L6p chét hitu co dugc tach riéng va 1am kho trén Na;SO4 va ¢d trong chan
khong. San phim thd dwoc tinh ché bing sic ky cot (SiO2, CH2ClL/MeOH=95/5 dén
90/10) d& thu dugc san phdm néu & tidu dé (32 mg, 49%) dudi dang chét rin mau vang

nhat. MS m/z 404,4 [M+H].

Vidu 8
2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3S)-3-metylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on

Trong Ong kin, 2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-pyrido[1,2-
a]pyrimidin-4-on (San phdm trung gian 2; 33 mg, 0,107 mmol), va (S)-2-
metylpiperazin (43 mg, 0,427 mmol, 4,0 duong lugng) dugc khudy trong DMSO (2
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mL) & 120°C qua d€m. Dung moi dugc loai bo trong moi tredng chén khdng cao. Can
thu duge duge hip thu trong CH2Cl, va rira bang dung dich NaHCO3 chira nuéc bio
hoa. Lép chat hitu co dugc tach riéng va 1am kho trén Na,SO4 va ¢b trong chian khong.
San phim tho dugc tinh ché bing séc ky cot (Si02, CH2Cl/MeOH=95/5 dén 90/10) dé
thu dugc san phdm néu & tiéu dé (18 mg, 43%) dudi dang chét rin mau vang nhat. MS

m/z 390,3 [M+H"].

Vidu9
2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3R)-3-metylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on

Trong 6ng kin, 2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-pyrido[1,2-
a]pyrimidin-4-on (San phdm trung gian 2; 85 mg, 0,275 mmol), va (R)-2-
metylpiperazin (110 mg, 1,10 mmol, 4,0 duong luong) dugc khudy trong DMSO (5
mL) & 120°C qua dém. Dung méi dugc loai bd trong moi trudong chan khong cao. Cin
thu dugc dwge hip thu trong CH,Cl, va rira bing dung dich NaHCO; chtra nuéce bo
hoa. Lép chit hitu co duoc tach riéng va 1am kho trén Na»SO4 va ¢d trong chan khong.
San pham thé dugc tinh ché bing séc ky cot (Si02, CH2Cl/MeOH=95/5 dén 90/10) dé
thu dugc san phdm néu & tiéu dé (35 mg, 33%) dudi dang chét rin mau vang nhat. MS

m/z 390,3 [M+H"].

Vidu 10
7-(1,4-diazepan-1-yl)-2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-

a]pyrimidin-4-on
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Trong 6ng kin, 2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-pyrido[1,2-
a]pyrimidin-4-on (San phim trung gian 2; 33 mg, 0,107 mmol), va 1,4-diazepan (32
mg, 0,320 mmol, 3,0 duong lugng) dugc khudy trong DMSO (2 mL) & 120°C qua dém.
Dung moi dugc loai bo trong mdi truong chan khong cao. Cén thu dugc dugc hép thu
trong CH2Cl» va rira bang dung dich NaHCOs chita nuée bdo hoa. Lop chét hitu co
duoc tach riéng va 1am kho trén NaSO4 va ¢6 trong chan khong. San pham thd dugc
tinh ché bang sc ky cot (SiO2, CH2Cl,/MeOH=95/5 dén 90/10) dé thu dugc san phim
néu & tiéu dé (20 mg, 48%) dudi dang chét rin mau vang nhat. MS m/z 390,3 [M+H"].

Vidu 11
2-(2-metylimidazol 1,2-b]pyridazin-6-yl)-7-[(3S)-3-metylpiperazin-1-yl]pyrido[ 1,2~

a]pyrimidin-4-on

Trong 6ng kin, 7-flo-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-4H-pyrido[1,2-
a|]pyrimidin-4-on (San phdm trung gian 1; 50 mg, 0,169 mmol), va (S)-2-
metylpiperazin (68 mg, 0,677 mmol, 4,0 duong luong) dugc khudy trong DMSO (2
mL) & 110°C qua dém. Dung mdi dugc loai bd trong mdi truedng chian khdng cao. Cén
thu dugc duge hdp thu trong CH2Cl, va rira bang dung dich NaHCO; chita nuéc bdo
hoa. Lép chét hitu co dugce tach riéng va lam kho trén NaxSO4 va ¢d trong chan khong.
San phim thd dugc tinh ché bing sic ky cot (SiO2, CH2Cl/MeOH=95/5 dén 90/10) dé
thu dugc san phém néu & tidu dé (40 mg, 63%) dudi dang chét rin mau vang nhat. MS

m/z 376,2 [M+H"].
Vidu 12
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2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-7-[(3R)-3-metylpiperazin-1-yl]pyrido[1,2-

a]pyrimidin-4-on

Trong O&ng kin, 7-flo-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-4H-pyrido[1,2-
a]pyrimidin-4-on (San phdm trung gian 1; 50 mg, 0,169 mmol), va (R)-2-
metylpiperazin (68 mg, 0,677 mmol, 4,0 duong luong) dugc khudy trong DMSO (2
mL) & 110°C qua dém. Dung mdi dugc loai bo trong moi truong chin khong cao. Can
thu duoc duoc hip thu trong CH,>Cl, va rira bang dung dich NaHCO3 chira nuéc bio
hoa. Lép chit hitu co dugc tich riéng va 1am kho trén Na;SO4 va ¢b trong chan khong.
San phim thd duoc tinh ché bing sic ky cot (SiO2, CH2ClyMeOH=95/5 dén 90/10) dé
thu dugc san phdm néu & ticu dé (48 mg, 75%) dudi dang chit rin mau vang nhat. MS

m/z 376,3 [M+H].

Vidu 13
7-(1,4-diazepan-1-yl)-2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[ 1,2-a]pyrimidin-

4-on

Trong bng kin, 7-flo-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-4H-pyrido[1,2-
a]pyrimidin-4-on (San pham trung gian 1; 50 mg, 0,169 mmol), va 1,4-diazepan (68
mg, 0,677 mmol, 4,0 duong lugng) dugc khudy trong DMSO (2 mL) & 110°C qua dém.
Dung moi dugc loai bo trong moi truong chan khong cao. Can thu duge duge hép thu
trong CH>Cl, va rira bing dung dich NaHCO; chira nuéc bdo hoa. Lop chét hiru co
duoc tach riéng va lam kho trén NaxSO4 va c6 trong chin khong. San phém thé duoc

tinh ché bing séc ky cot (SiOs, CH2Cl/MeOH=95/5 dén 90/10) dé thu dugc san phdm
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néu & tiéu @& (41 mg, 65%) dudi dang chat rdn mau vang nhat. MS m/z 376,2 [M+H"].
Vidu 14
7-[(3R,58)-3,5-dimetylpiperazin-1-yl]-2-(2-metylimidazo[1,2-b]pyridazin-6-
yl)pyrido[1,2-a]pyrimidin-4-on

Trong 6ng kin, 7-flo-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-4H-pyrido[1,2-
a]pyrimidin-4-on (San phidm trung gian 1; 50 mg, 0,169 mmol), va cis-2,6-
dimetylpiperazin (77 mg, 0,677 mmol, 4,0 duong luong) dugc khudy trong DMSO (2
mL) & 110°C qua dém. Dung mdi dugc loai bo trong moi truedng chan khong cao. Cén
thu dugc dugc hép thu trong CH,Cl, va rira bang dung dich NaHCOj3 chira nuéc bao
hoa. Lop chat hitu co duge tach riéng va 1am kho trén Na;SOq va ¢b trong chan khong.
San phim thé dugc tinh ché bang sic ky cot (SiO2, CH2CL/MeOH=95/5 dén 90/10) dé
thu dugc san phdm néu & tiéu dé (41 mg, 62%) dudi dang chét rin mau vang nhat. MS
m/z 390,3 [M+H"].

Vidu 15
7-[(8aS)-3,4,6,7,8,8a-hexahydro-1H-pyrolo[1,2-a]pyrazin-2-yl]-2-(2-
metylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on

Trong &ng kin, 7-flo-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-4H-pyrido[1,2-
a]pyrimidin-4-on (San phdm trung gian 1; 50 mg, 0,169 mmol), va (S)-
octahydropyrolo[1,2-a]pyrazin (85 mg, 0,677 mmol, 4,0 duong luong) dugc khudy
trong DMSO (2 mL) & 125°C qua dém. Dung moi dugc loai bé trong mdi trudng chén
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khong cao. Céan thu dugc duoc hép thu trong CH>Cl, va rira bing dung dich NaHCO;
chira nude bao hoa. Lép chit hitu co dugc tach riéng va 1am kho trén NaxSOs va ¢d
trong chan khong. San phidm thé dugc tinh ché bing sic ky cot (SiO,
CH,Clo/MeOH=95/5 dén 90/10) d& thu dwoc san phdm néu & tiéu dé (36 mg, 53%)
duéi dang chét rin mau vang nhat. MS m/z 402,3 [M+H'].

Vidu 16
7-[(8aS)-8a-metyl-1,3,4,6,7,8-hexahydropyrolo[ 1,2-a]pyrazin-2-yl]-2-(2-
metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on

Trong 6ng kin, 7-flo-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-4H-pyrido[1,2-
a]pyrimidin-4-on (San phim trung gian 1; 50 mg, 0,169 mmol) va (S)-8a-
metyloctahydropyrolo[1,2-a]pyrazin (95 mg, 0,677 mmol, 4,0 duong lugng) duoc
khudy trong DMSO (2 mL) & 125°C qua dém. Dung méi dugc loai bd trong moi
truong chan khéng cao. Cén thu dugc dugce hép thu trong CH2Cl, va rira bing dung
dich NaHCO3 chtta nuéc bdo hoa. Lop chét hiru co dugc tach riéng va 1am kho trén
NazSO4 va cd trong chan khong. San phim thé dugce tinh ché bing sic ky cot (SiO,
CH,Cly/MeOH=95/5 dén 90/10) dé thu dwoc san phdm néu & tiéu dé (45 mg, 64%)
duéi dang chét rin mau vang nhat. MS m/z 416,3 [M+H'].

Vidu 17
7-[(8aR)-8a-metyl-1,3,4,6,7,8-hexahydropyrolo[ 1,2-a]pyrazin-2-yl]-2-(2-
metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on

Trong 6ng kin, 7-flo-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-4H-pyrido[1,2-
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alpyrimidin-4-on (San phdm trung gian 1; 100 mg, 0,339 mmol) va (R)-8a-
metyloctahydropyrolo[1,2-a]pyrazin (190 mg, 1,35 mmol, 4,0 duwong lugng) dugc
khudy trong DMSO (4 mL) & 125°C qua dém. Dung mdi dugc loai bé trong mdi
trudng chin khong cao. Cén thu dugc duoc hép thu trong CH,Cl, va rira bing dung
dich NaHCOs chira nude bdo hoa. Lop chit hiru co duge tach riéng va lam kho trén
Na2SO4 va ¢b trong chan khong. San phim thé duge tinh ché bing sic ky cot (SiO,
CH,Cly/MeOH=95/5 dén 90/10) dé thu dugc san phidm néu & tidu dé (45 mg, 64%)
duéi dang chit rin mau vang nhat. MS m/z 416,3 [M+H"].

Vidu 18
2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-[(3R)-3-pyrolidin-1-ylpyrolidin-1-

yl]pyrido[1,2-a]pyrimidin-4-on

Trong thiét bi phan ting vi séng, 2-(2,8—dimetylimidaio[1,2-b]pyridazin-6-yl)-7-
flo-pyrido[1,2-a]pyrimidin-4-on (Séan phém trung gian. 2; 45 mg, 0,145 mmol), (R)-
1,3'-bipyrolidin dihydroclorua (62 mg, 0,291 mmol, 2,0 dwong lugng) va DIPEA (0,20
mL, 1,16 mmol, 8 dwong lwong) dugce khudy trong NMP (3 mL).("y 220°C trong 1 gio.
Dung moi dugc loai bd trong méi trudng chan khong cao. Cin thu dugce dugc hép thu
trong CH2Cl, va rtra bang dung dich NaHCO; chita nuéc bdo hoa. Lép chét hiru co
duoc tach riéng va lam kho trén NaySO4 va ¢d trong chan khong. San phim thd duoc
tinh ché bang séc ky cot (SiO2, CH2Cl/MeOH=98/2 dén 90/10) dé thu dugc san pham
néu & tieu @ (25 mg, 40%) dudi dang chét rin mau vang nhat. MS m/z 430,3 [M+H"].

Vidu 19
7-(4,7-diazaspiro[2.5]octan-7-yl)-2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[ 1,2-

a]pyrimidin-4-on
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Trong 6ng kin, 7-flo-2-(2-metylimidazol[1,2-b]pyridazin-6-y1)-4H-pyrido[1,2-
a]pyrimidin-4-on (San phim trung gian 1; 50 mg, 0,169 mmol), DIPEA (0,24 mL,
1,35 mmol, 8 duong lugng) va 4,7-diazaspiro[2.5]octan dihydroclorua (62,7 mg, 0,339
mmol, 2,0 dwong lugng) duoc khudy trong DMSO (2 mL) & 125°C trong 2 ngay.
Dung mdi dugc loai bo trong méi truong chan khong cao. Cén thu dugc duge hép thu
trong CH2Cl, va rua bing dung dich NaHCO; chtra nuéc bdo hoa. Lop chit hitu co
dugc tach riéng va 1am kho trén NaxSO4 va co trong chin khong. San phim thé dugc
tinh ché bing séc ky cot (Si02, CH2Cly/MeOH=95/5 dén 90/10) dé thu dugc san pham
néu & tiéu dé (22 mg, 33%) dudi dang chat rin mau vang nhat. MS m/z 388,3 [M+H"].

Vidu 20

7-(4,7-diazaspiro[2.5]octan-7-yl)-2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-

yl)pyrido[1,2-a]pyrimidin-4-on

Trong 6ng kin, 2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-pyrido[1,2-
a]pyrimidin-4-on (San phim trung gian 2; 50 mg, 0,162 mmol), DIPEA (0,22 mL,
1,29 mmol, 4 duong lugng) va 4,7-diazaspiro[2.5]octan dihydroclorua (32 mg, 0,320
mmol, 3,0 duong lugng) dugc khudy trong DMSO (2 mL) & 130°C trong 48 gid. Dung
mdi dugc loai bd trong mdi truong chan khong cao. Cén thu dugc duge hép thu trong
CH,Cl, va rira bang dung dich NaHCOs chtta nude bdo hoa. Lop chét hitu co duge
tach riéng va lam kho trén NaySO4 va c6 trong chan khong. San phim thd duoc tinh
ché bing séc ky cot (SiO2, CH2CL,/MeOH=98/2 dén 95/5) dé thu dugc san phim néu &
tiéu d& (12 mg, 18%) dudi dang cht rin mau vang nhat. MS m/z 402,3 [M+H'].
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Vidu21
2-(2-metylimidazo[ 1,2-b]pyridazin-6-y1)-7-[(3R)-3-pyrolidin-1-ylpyrolidin-1-

yl]pyrido[1,2-a]pyrimidin-4-on

Trong Ong kin, 7-flo-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-4H-pyrido[1,2-
a]pyrimidin-4-on (San phdm trung gian 1; 40 mg, 0,135 mmol), DIPEA (0,19 mL,
1,08 mmol, 8 duong lugng) va (R)-1,3'-bipyrolidin dihydroclorua (58 mg, 0,271 mmol,
2,0 duong lugng) duge khudy trong DMSO (4 mL) va gia nhiét & 220°C trong 40 phut
trong 10 vi sc’)n.g. Dung méi dugc loai bd trong mdi truong chan khong cao. Cén thu
dugce duge hdp thu trong CH2Cl, va rira bang dung dich NaHCO; chita nuéc bdo hoa.
Lép chét hitu co dugc tach riéng va lam kho trén Na;SOq va cd trong chén khong. San
phim thd dugc tinh ché bang séc ky cot (SiO2, CH2Cly/MeOH=98/2 dén 90/10) dé thu
duge san phidm néu & tiu dé (30 mg, 53%) dudi dang chét rin mau vang nhat. MS m/z

416,3 [M+H"].

Vidu22
2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-y1)-7-(3,3-dimetylpiperazin-1-yl)pyrido[ 1,2-

a]pyrimidin-4-on

Trong Ong kin, 2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-pyrido[1,2-
a]pyrimidin-4-on (San phdm trung gian 2; 40 mg, 0,129 mmol) va 22-
dimetylpiperazin (59 mg, 0,517 mmol, 4,0 duong luong) dugc khudy trong DMSO
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(1,6 mL) & 130°C qua dém. Dung méi dugc loai bd trong mdi truong chén khdng cao.
Cin thu dugc dugce hip thu trong CH,Cl, va ria bing dung dich NaHCOs chira nuéc
bdo hoa. Lép chét hitu co duge tach riéng va lam kho trén NaySO4 va cd trong chan
khong. San phim thd duge tinh ché bing sic ky ct (Si02, CH2Cl/MeOH=95/5 dén
9/1) dé thu dugc san phim néu & tiéu dé (29 mg, 55%) duéi dang chét rin mau vang

nhat. MS m/z 404,3 [M+H"].

Vidu 23
7-(3,3-dimetylpiperazin-1-yl)-2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-

a]pyrimidin-4-on

Trong ong kin, 7-flo-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-4H-pyrido[1,2-
a]pyrimidin-4-on (San phim trung giari 1; 40 mg, 0,135 mmol) va 2,2-
dimetylpiperazin (62 mg, 0,542 mmol, 4,0 duong lugong) dugc khudy trong DMSO (2
mL) & 130°C qua dém. Dung mdi dugc loai bo trong mdi trudng chian khong cao. Cén
thu dugc dugc hip thu trong CH2Cl, va rira bang dung dich NaHCOs chira nude bao
hoa. Lép chat hitu co dugc tach riéng va 1am kho trén NaSO4 va 0 trong chéan khong.
San phim thd duoc tinh ché bing sic ky ¢dt (Si02, CH2Cl/MeOH=95/5 dén 90/10) dé
thu duge san phdm néu & tiéu dé (26 mg, 49%) duéi dang chét rin mau vang nhat. MS

m/z 390,3 [M+H*].

Vidu 24
2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-y1)-9-metyl-7-[(3S)-3-metylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on
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Trong &6ng kin, 2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-y1)-7-flo-9-metyl-
pyrido[1,2-a]pyrimidin-4-on (San phim trung gian 4; 50 mg, 0,155 mmol) va (S)-2-
metylpiperazin (62 mg, 0,619 mmol, 4,0 duong luong) dugc khudy trong DMSO (2
mL) & 125°C qua dém. Dung mdi dugc loai bd trong moi tredong chin khong cao. Can
thu duge duge hip thu trong CH>Cl, va rira bang dung dich NaHCO; chitra nuée bio
hoa. L6p chét hitu co dugc tach riéng va 1am khd trén Na;SO4 va ¢d trong chan khong.
San phdm tho duoc tinh ché bing sic ky cot (Si02, CH2Cl/MeOH=95/5 dén 90/10) dé
thu duoc san phdm néu & tidu d& (45 mg, 72%) dudi dang chét rin mau vang nhat. MS
m/z 404,3 [M+H"].

Vi du 25
2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-9-metyl-7-[(3R)-3-metylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on

Trong 6ng kin, 2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-9-metyl-
pyrido[ 1,2-a]pyrimidin-4-on (San phim trung gian 4; 50 mg, 0,155 mmol) va (R)-2-
metylpiperazin (62 mg, 0,619 mmol, 4,0 duong lugng) dugc khudy trong DMSO (2
mL) & 125°C qua dém. Dung méi dugc loai bé trong mdi trudong chin khong cao. Can
thu duge duoc hip thu trong CH>Cl, va rita bang dung dich NaHCOs chtra nuée bao
hoa. Lép chit hitu co duge tach riéng va lam khd trén NaySO4 va ¢d trong chan khong.
San phim thé duoc tinh ché bing séc ky cot (Si02, CH,CL,/MeOH=95/5 dén 90/10) dé
thu dugc san phdm néu & tiéu dé (40 mg, 70%) duéi dang chét rdn mau vang nhat. MS

m/z 404,3 [M+H].

Vidu 26
2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-y1)-7-[(3R,5S)-3,5-dimetylpiperazin-1-yl]-9-
metyl-pyrido[1,2-a]pyrimidin-4-on
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Trong ©&ng kin, 2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-9-metyl-
pyrido[1,2-a]pyrimidin-4-on (San phim trung gian 4; 50 mg, 0,155 mmol) va cis-2,6-
dimetylpiperazin (70 mg, 0,619 mmol, 4,0 duong lugng) duge khudy trong DMSO (2
mL) & 125°C qua dém. Dung mdi dugc loai bo trong mdi trudng chén khong cao. Cin
thu duge duge hip thu trong CHyCl, va rira bang dung dich NaHCO; chira nudce bao
hoa. Lép chét hitu co duoc tach riéng va 1am khd trén Na,SOs va ¢b trong chan khong.
San phadm thd duoc tinh ché bing sic ky cot (SiO2, CH2Cly/MeOH=95/5 dén 90/10) dé
thu dugc san phim néu & tiéu dé (26 mg, 40%) dudi dang chat rin mau vang nhat. MS
m/z 418,3 [M+H"].

Vidu 27
2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-7-(3,3-dimetylpiperazin-1-yl)-9-metyl-
pyrido[ 1,2-a]pyrimidin-4-on

Trong 6ng kin, 2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-9-metyl-
pyrido[1,2-a]pyrimidin-4-on (San phdm trung gian 4; 50 mg, 0,155 mmol) va 2,2-
dimetylpiperazin (35 mg, 0,309 mmol, 2,0 duong lugng) dugc khudy trong DMSO (2
mL) & 125°C qua dém. Dung mdi dugc loai bd trong mdi truedng chén khong cao. Can
thu dugc duogce hép thu trong CH>Cl; va rtra bang dung dich NaHCOj3 chira nudc bao
hoa. Lép chat hitu co dugce tach riéng va 1am kho trén Na;SO4 va ¢d trong chén khong.
San phim tho dugc tinh ché bing séc ky cot (SiO2, CH2Cl/MeOH=95/5 dén 90/10) dé

thu dugc san phim néu & tiéu dé (36 mg, 56%) dudi dang chét rin mau vang nhat. MS

-55-



28203

m/z 418,3 [M+H"].

Vidu 28
7-(4,7-diazaspiro[2.5]octan-7-yl)-2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-9-
metyl-pyrido[1,2-a]pyrimidin-4-on

Trong 6ng kin, 2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-9-metyl-
pyrido[1,2-a]pyrimidin-4-on (San phadm trung gian 4; 50 mg, 0,155 mmol), DIPEA
(0,21 mL, 1,24 mmol, 8 duong lugng) va 4,7-diazaspiro[2.5]octan dihydroclorua (57
mg, 0,309 mmol, 2,0 duong luong) duoc khudy trong DMSO (2 mL) & 125°C trong 2
ngdy. Dung moi dugc loai bod trong mdi trudng chan khdng cao. Can thu duge dugc
hép thu trong CH2Cl, va rira bing dung dich NaHCO3 chira nuéc bdo hoa. Lép chit
hitu co duoc tach riéng va lam kho trén Na;SO4 va ¢d trong chén khong. San phim thd
duoc tinh ché bing sic ky cot (SiO2, CH,ClMeOH=95/5 dén 90/10) d thu dugc san
phdm néu & tidu dé (17 mg, 26%) dudi dang chét rin mau vang nhat. MS m/z 416,3
[M+H].

Vidu 29
2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-y1)-7-[(3S,5S)-3,5-dimetylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on

Trong Ong kin, 2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-pyrido[1,2-
a]pyrimidin-4-on (San phdm trung gian 2; 50 mg, 0,162 mmol), TEA (0,18 mL, 1,29
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mmol, 8 duong hrong) va (2S,6S)-2,6-dimetylpiperazin dihydroclorua (90 mg, 0,485
mmol, 3,0 dwong luong) dugc khudy trong DMSO (2 mL) & 140°C qua dém. Dung
moi dugc loai bo trong moi trudng chan khong cao. Cén thu duge duge hép thu trong
CH,Cl, va rira bing dung dich NaHCO3 chira nuéc bdo hoa. Lép chét hiru co duge
tach riéng va lam kho trén NaSO4 va c6 trong chan khong. San phim thd duge tinh
ché bing sic ky cot (SiO2, CH2Cl/MeOH=95/5 dén 9/1) dé thu duogc sin phdm néu &
tidu d& (20 mg, 30%) dudi dang chit rin mau vang nhat. MS m/z 404,3 [M+H"].

Vidu 30
2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3S)-3-pyrolidin-1-ylpyrolidin-1-

yl]pyrido[1,2-a]pyrimidin-4-on

Trong 6ng kin, 2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-flo-pyrido[1,2-
a]pyrimidin-4-on (San phim trung gian 2; 50 mg, 0,162 mmol), DIPEA (0,22 mL,
1,29 mmol, 8 duong luong) va (S)-1,3-bipyrolidin dihydroclorua (103 mg, 0,485
mmol, 3,0 duong lwong) duoc khudy trong NMP (2 mL) & 140°C qua dém. Dung moi
duogc loai bo trong moi truong chan khong cao. Cén thu duge duoc hép thu trong
CH,Cl, va rira bang dung dich NaHCO; chira nuéc bdo hoa. Lép chét hitu co duge
tach riéng va lam khé trén NaSO4 va cd trong chan khong. San phim thd duoc tinh
ché bing séc ky cot (SiO2, CH2Cl/MeOH=95/5 dén 9/1) dé thu duoc san phim néu &
tidu d& (22 mg, 32%) dudi dang chét rin mau vang nhat. MS m/z 430,3 [M+H"].

Vidu 31
2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3S)-3-pyrolidin-1-ylpyrolidin-1-
yl]pyrido[1,2-a]pyrimidin-4-on
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Trong &ng kin, 7-flo-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-4H-pyrido[1,2-
a]pyrimidin-4-on (San phém trung gian 1; 75 mg, 0,254 mmol), TEA (0,28 mL, 2,03
mmol, 8 duong lugng) va (S)-1,3'-bipyrolidin dihydroclorua (162 mg, 0,762 mmol, 3,0
duong lugng) dugce khudy trong NMP (4 mL) va gia nhiét & 220°C trong 1 gid trong 10
vi séng. Dung mdi dugc loai bo trong méi trudng chan khong cao. Cén thu duge duge
hép thu trong CHzCl va rira bing dung dich NaHCO;3 chira nuée béo hoa. Lép chét
hitu co duge tach riéng va lam kho trén Na;SO4 va co trong chan khdng. San phim th
duoc tinh ché bing séc ky ot (Si02, CH2ClyMeOH=95/5 dén 90/10) d thu duoc sén
phim néu & tiéu d& (12 mg, 11%) du6i dang chit rin mau vang nhat. MS m/z 416,2
[M+H"].
Vi du 32
7-[(38,5S)-3,5-dimetylpiperazin-1-yl]-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[1,2-a]pyrimidin-4-on

Trong 6ng kin, 7-flo-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-4H-pyrido[1,2-
a]pyrimidin-4-on (San phim trung gian 1; 75 mg, 0,254 mmol), TEA (0,28 mL, 2,03
mmol, 8 duong lugng) va (2S,65)-2,6-dimetylpiperazin dihydroclorua (143 mg, 0,762
mmol, 3,0 duong luong) duoc khudy trong DMSO (3 mL) va gia nhiét & 140°C qua
dém. Dung mdi dugc loai bo trong méi truong chan khong cao. Cén thu dugc dugc

hép thu trong CH2Clz va rira bang dung dich NaHCO3 chira nude bdo hoa. Lép chét
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hitu co duoc tach riéng va lam kho trén Na;SO4 va ¢d trong chén khong. San phém thd
dugc tinh ché bing séc ky cot (Si02, CH2Cl/MeOH=95/5 dén 90/10) dé thu dugc san
phim néu & tidu dé (10 mg, 10%) duéi dang chét rén mau vang nhat. MS m/z 390,3
[M+H"].

Vidu33
9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3S)-3-metylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on

Trong éng kin, 7-flo-9-metyl-2-(2-metylimidazo[1,2-b]pyridazin-6-
yl)pyrido[ 1,2-a]pyrimidin-4-on (San phim trung gian 3; 250 mg, 0,808 mmol), va (S)-
2-mety1p‘iperazin (405 mg, 4,04 mmol, 5,0 duong luong) dugc khudy trong DMSO (6
mL) va gia nhiét & 130°C qua dém. Dung mdi dugc loai béd trong mdi trudng chén
khong cao. Can thu dugc dugc hép thu trong CH,Cl, va rira bing dung dich NaHCO;
chita nudc bdo hoa. Lop chét hitu co duge tach riéng va lam khd trén NasSO4 va cd
trong chan khong. San phim tho dugc tinh ché bang sic ky cot (SiO,
CH,Clo/MeOH=95/5 dén 85/15) dé thu dugc san phim néu & tiéu dé& (135 mg, 43%)
duéi dang chét rin mau vang nhat. MS m/z 390,3 [M+H'].

Vi du 34
9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-y1)-7-[(3R)-3-metylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on

Trong 6ng kin, 7-flo-9-metyl-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)pyrido
[1,2-a]pyrimidin-4-on (San phim trung gian 3; 250 mg, 0,808 mmol), va (R)-2-
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metylpiperazin (405 mg, 4,04 mmol, 5,0 duong lugng) dugc khudy trong DMSO (6
mL) va gia nhiét ¢ 130°C qua dém. Dung mdi dugc loai bo trong modi trudng chin
khong cao. Can thu dugc dugc hép thu trong CH2Cl, va rira b%mg dung dich NaHCO:3
chtra nude bdo hoa. Lép chit hitu co duge tich riéng va lam kho trén NaxSO4 va ¢d
trong chan khong. Séan phidm thd dugc tinh ché bang sic ky cot (SiOs,
CH,Cl,/MeOH=95/5 dén 85/15) dé thu dugc san phim néu & tidu dé (100 mg, 32%)
du6i dang chét rin mau vang nhat. MS m/z 390,3 [M+H*].

Vidu 35
7-[(3R,5S)-3,5-dimetylpiperazin-1-y1]-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido [1,2-a]pyrimidin-4-on

Trong éng kin, 7-flo-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[ 1,2-a]pyrimidin-4-on (San phidm trung gian 3; 250 mg, 0,808 mmol), va
(2S,6R)-2,6-dimetylpiperazin (461 mg, 4,04 mmol, 5,0 duong luong) dugc khudy
trong DMSO (6 mL) va gia nhiét & 130°C qua dém. Dung moéi dugc loai bo trong moi
trrong chan khong cao. Cdn thu duge dugce hép thu trong CHCl> va rira bang dung
dich NaHCO3 chtra nu6e bdo hoa. Lop chét hitu co duge tach riéng va lam kho trén
Na;SO4 va ¢d trong chin khéng. San phdm thd dugc tinh ché bang sic ky cot (SiO2,
CH,Cl,/MeOH=95/5 dén 85/15) dé thu dugc san phidm néu & tiéu dé (101 mg, 31%)
dudi dang chét rin mau vang nhat. MS m/z 404,3 [M+H"].

Vidu 36
7-(3,3-dimetylpiperazin-1-yl)-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[1,2-a]pyrimidin-4-on
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Trong 6ng kin, 7-flo-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[ 1,2-a]pyrimidin-4-on (San pham trung gian 3; 250 mg, 0,808 mmol), va 2,2-
dimetylpiperazin (461 mg, 4,04 mmol, 5,0 duong luong) dugc khudy trong DMSO (6
mL) va gia nhiét & 130°C qua dém. Dung mdi dugc loai béd trong moi trudng chan
khong cao. Can thu dugc dugce hip thu trong CH>Cl, va rira bing dung dich NaHCO;3
chita nuéc bdo hoa. Lép chit hitu co duge tach riéng va lam kho trén NaxSOs va cd
trong chan khong. Séan phdm thé dugc tinh ché bing sic ky cot (SiOq,
CH,ClyMeOH=95/5 dén 85/15) dé thu dugc san phim néu & tidu dé (120 mg, 36%)
duéi dang chét rdn mau vang nhat. MS m/z 404,3 [M+H'].

Vidu 37
7-(4,7-diazaspiro[2.5]octan-7-y1)-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-

yl)pyrido[1,2-a]pyrimidin-4-on

Trong éng kin, 7-flo-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[ 1,2-a]pyrimidin-4-on (San phim trung gian 3; 125 mg, 0,404 mmol), K2CO;
(223 mg, 1,62 mmol, 4 duong lu’(_ing) va 4,7-diazaspiro[2.5]octan dihydroclorua (112
mg, 0,606 mmol, 1,5 duong lugng) dugc khuéy trong DMA (2 mL) va gia nhiét ¢
130°C qua dém. Dung mdi duge loai bd trong mdi truong chén khong cao. Can thu
dugce duge hip thu trong CH2Cl, va rira bang dung dich NaHCOs chira nudce bio hoa.
L6p chét hitu co duge tach riéng va lam kho trén NaxSO4 va ¢b trong chan khong. San
phém thé duge tinh ché bing séc ky cot (SiO2, CH2Cl/MeOH=95/5 dén 90/10) dé thu
duoc san phdm néu & tidu dé (75 mg, 46%) dudi dang chét rén mau vang nhat. MS m/z

402,2 [M+H].
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Vidu 38
7-1(3S,5S)-3,5-dimetylpiperazin-1-yl]-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[1,2-a]pyrimidin-4-on

Trong bng kin, 7-flo-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[ 1,2-a]pyrimidin-4-on (San phim trung gian 3; 125 mg, 0,404 mmol), K2CO3
(223 mg, 1,62 mmol, 4 duong lugng) va (25,6S)-2,6-dimetylpiperazin dihydroclorua
(113 mg, 0,606 mmol, 1,5 duong luong) dugc khudy trong DMA (2 mL) va gia nhiét &
130°C qua dém. Dung moi dugc loai bo trong mdi truong chén khong cao. Cén thu
dugc duge hip thu trong CH2Clz va rira bang dung dich NaHCO3 chira nudce bdo hoa.
Lép chét hitu co duge tach riéng va 1am kho trén Na,SO4 va ¢d trong chan khong. San
phém thd dugc tinh ché bing sic ky cot (Si02, CH,CL/MeOH=95/5 dén 90/10) dé thu
dugc san phdm néu & tidu dé (50 mg, 31%) dudi dang chét rin mau vang nhat. MS m/z
404,3 [M+H"].

Vidu 39
7-[(3R)-3-etylpiperazin-1-yl]-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)pyrido[ 1,2~

a|pyrimidin-4-on

Trlong 511g kin, 7-ﬂo-2¥(2-mety1imidazo[1,2-b]pyridazin-6-yl)-4H-pyrid0[1,2—
a]pyrirhidih—4-on (San phdm trung gian 1; 200 mg, 0,677 mmol), K»COs3 (374 mg, 2,71
mmol, 4 duong hrong) va (R)-2-etylpiperazin dihydroclorua (238 mg, 0,606 mmol, 1,5
duong lugng) dugc khudy trong DMA (3 mL) & 100°C trong 4 ngay. Dung moi duoc

loai bo trong méi treong chan khong cao. San phém thd duoc tinh ché bang sic ky cot
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(SiO,, CH2Cly/MeOH=95/5 dén 8/2) dé thu dugc san phédm néu & tiéu & (168 mg,
64%) du6i dang chét rdn mau vang nhat. MS m/z 390,2 [M+H"].

Thir nghiém sinh hoc

Pé mo ta chi tiét hon va hd trg viéc hiéu hon vé phﬁn mo ta sang ché, cac vi du
sinh hoc khong gidi han sau day dugc dua ra nhim minh hoa déy du hon pham vi cta
ph?m mo ta va khong nén hiéu 13 gi¢i han mot cach cu thé pham vi ctia phén mo ta nay.
Céc thay dbi dbi véi phin mé ta cia sing ché hién nay c6 thé da duoc biét hoic sau
nay s€ dugc phat trién, cling s& nam trong tdm hiéu biét ciia ngudi c6 k¥ ning trong
linh vuc k§ thuét twong Gmg, va cling dugc coi la nim trong pham vi clia phdn mo ta
sang ché va nhu dugc yéu cAu bao hd trong ban mo ta nay. Céac vi du ndy minh hoa
viéc thtr nghiém mot sb hop chét nhit dinh dwgc mo ta & day in vitro va/hodc in vivo
va cho thdy tinh hitu dung cta cac hgp chét nay trong viéc diéu tri SMA bang cach
ting cudng su 1ong ghép exon 7 clia SMN2 vao trong mARN duoc phién ma tir gen
SMN2. Hop chét c6 cong thirc (I) c6 tac dung lam ting su 16ng ghép ciia exon 7 cua
SMN2 vao trong mARN dugc phién ma tir gen SMN2 va lam ting mirc protein SMN
dugc séan sinh tir gen SMN2 nay, va do d6 co th dugc st dung dé diéu tri SMA & db6i
tuong 1a nguodi can diu tri. Cac vi du ndy con minh hoa thém viéc thir nghiém mot sb
hop chit nhit dinh dugc mo ta & day in vitro va/hodc in vivo va cho théy tinh hitu dung
clia cac hop chit nay trong viéc didu tri SMA bang cach ting cuong sy 16ng ghép exon
7 ctia SMN1 vao trong mARN dugc phién ma tir gen SMN1. Do dd, hop chét c6 cong
thae (I) c6 tac dung lam tang sy 16ng ghép ctia exon 7 cia SMN1 vao trong mARN
dugc phién ma tr gen SMN1 va lam ting muc protein SMN duoc sén sinh tir gen
SMNI1 nay.

Thir nghiém 1
Thir nghiém RT-qPCR téach intron khéi SMN2 minigen mARN trong cac té bao nudi
cay

Thtr nghiém dwa trén PCR dinh luong phién md nguoc (The reverse
transcription-quantitative PCR-based - RT-gPCR) duoc sir dung dé x4c dinh mtc
SMN2 minigen mARN c¢é chidu dai ddy da (& day goi bing thuat ngit “FL
SMN2mini”) chira SMN2 exon 7 trong dong té bao HEK293H dugc giy nhiém 6n
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dinh bing minigen néu trén va dugc xtt Iy bang hop chat thir nghiém. Cac nguyén liéu

duoc str dung thu duge cac ngudn tuong tmg dugce liét ké dudi ddy trong Bang 1

Nguyén li¢u

Ngudn

Cac té bao

HEK293H

Life Technologies, Inc. (trudc day la Invitrogen) Catald sb

11631-017

DPém lam tan té

Life Technologies, Inc. (trudc ddy 1a Applied Biosystems) phén

bao-To-Ct 56 4399002
DMEM Life Technologies, Inc. (trudc ddy la Invitrogen) Catald s6
11960-044
Céc dia day phing | Becton Dickinson Catald 56 353072
9616 -
Hén hgp enzym Life Technologies, Inc. (trudc ddy 1a Applied Biosystems) phén
RT-PCR s6 4388520
Chét dém RT- Life Technologies, Inc. (trude ddy 1a Applied Biosystems) phén
PCR 56 4388519

Kit RT-PCR mdt
budc AgPath-1D

Life Technologies, Inc. (trudc day 1a Applied Biosystems) phén
s6 4387391

May chu trinh

nhiét

Life Technologies, Inc. (trudc day 1a Applied Biosystems)
7900HT

Bang 1. Cac nguyén liéu va cac ngudn cung cap twong ting cua chiing dugc st

dung trong thr nghiém RT-qPCR tach intron ctia SMN2 minigen mARN ¢ cac té bao

nudi cay.

Chu tric SMN2-A minigen dugc tao ra nhu dugc mo ta trong cong b6 don quéc

t& s6 W02009/151546A1, trang 145, doan [00400] dén trang 147, doan [00412] (ké c&

Fig.1 va Fig.3 trong cOng bb don nay).
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Céac t& bao HEK293H dugc chuyén nhifm 6n dinh bing cdu traic SMN2-A
minigen (10.000 t& bao/1) dugc gieo mam trong 200 pL mdi truong nudi ciy té bao
(DMEM cdng 10% FBS, v6i 200 pg/mL hygromyxin) trong céc dia day phing 96 18
va céc dia ndy dugc tron xody dé dam bao viéc phan tén céc té bao mdt cach hop ly
hop ly va tao thanh céc 16p té bao don 16p. Cac té bao nay duoc phép gén trong 6 gio.
Céc hop chét thir nghiém dugc pha lodng theo day 3, 16 14n trong 100% DMSO & tao
ra dudng cong ndng do 7 diém. Dung dich ctia hop chét thir nghiém (1 pL, 200x trong
DMSO) dugc bd sung vao mdi 15 chira té bao va dia nay duoc 1 trong 24 gid trong
may 0 nudi cdy té bao (37°C, 5% CO2, d6 Am tuong dbi 100%). 2 ban sao dugc chuan
bi cho mdi ndng dd ciia hop chit thir nghiém. Cac té bao nay sau d6 dwgc lam tan

trong dém lam tan Cells-To-Ct va dich tan dugc béo quan ¢ -80°C.

SMN2-A minigen ¢ chidu dai ddy dia va GAPDH mARN dugc dinh lugng st
dung cic doan mdi va miu do dugc néu trong Bang 2. Poan mdi xudi SMN A (SEQ
ID NO.1) lai v6i trinh tu nucleotit & exon 7 (nucleotit 22 dén nucleotit 40), doan mdi
nguqé SMN A (SEQ ID NO.2) lai v6i trinh tu nucleotit trong trinh ty ma hda cuia
luciferaza dom d6ém, mau do SMN A (SEQ ID NO.3) lai v6i trinh tu nucleotit & exon
7 (nucléotit 50 dén nucleotit 54) va exon 8 (nucleotit 1 dén nucleotit 21). Hon hop ba
oligonucleotit nay chi phat hién minigen SMN1 hodc SMN2 (RT-qPCR) va s€ khong
phat hién gen SMN1 hodc SMN2 ndi sinh.

DPoan mdi/mau do Céc trinh tu Nguon

Poan mdi xudi SMN A | SEQ ID NO. 1: GAAGGAAGGTGCTCACATT PTC!

Poan mdi nguoc SMN | SEQ ID NO. 2: PTC!
A TCTTTATGTTTTTGGCGTCTTC
MAu do xudi SMN A SEQ ID NO. 3: 6FAM- PTC!
AAGGAGAAATGCTGGCAT AGAGCAGC-
TAMRA
M3u do xud6i hGAPDH | SEQ ID NO. 4: VIC- LTI

CGCCTGGTCACCAGGGCTGCT-TAMRA

-65-




28203

Poan mdi xubi SEQ ID NO. 5: LTI
hGAPDH CAACGGATTTGGTCGTATTGG

Poan mdi nguoc SEQ ID NO. 6: LTI?
hGAPDH TGATGGCAACAATATCCACTTTACC

Bang 2. ! Cac doan mdi va mAu do dugc cong ty PTC Therapeutics Inc. thiét ké;

2 Do cong ty Life Technologies Inc. (trudc ddy 1a Invitrogen) béan trén thi trudng.

Céac doan mdi xudi va nguoc SMN dugc sit dung & nhing néng d6 cudi cing 13
0,4uM. Mau do SMN duogc ding & ndng d6 cudi cing 1a 0,15uM. Céc doan médi
GAPDH dugc st dung & nhitng néng do cubi ciing 12 0,2pM va mau do & 0,15uM.

Hon hop SMN2-minigen GAPDH (téng thé tich 15uL) dugc pha ché bing cach
két hop 7,5uL 2x chat dém RT-PCR, 0,4uL cta 25x hdn hop enzym RT-PCR, 0,75uL
ctia 20x hdn hop doan mdi-mAu do GAPDH, 4,0075uL nuée, 2uL dich phan giai té
bao dugc pha loang 10 lan, 0,06pL ciia 100pM doan mdi xudi SMN, 0,06pL cta
100uM doan mdi nguge SMN, va 0,225uL ciia 100uM mau do SMN.

PCR dugc tién hanh & nhitng nhiét do sau trong thdi gian da dinh: Budce 1: 48°C
(15 phut); Bude 2: 95°C (10 phut); Bude 3: 95°C (15 gidy); Bude 4: 60°C (1 phut);

sau d0 1ap lai cac budc 3 va 4 trong tdng cong 40 chu trinh.

M&di hdén hgp phan tng chia ca SMN2-A minigen va b doan moi/mau do
GAPDH (thiét k& nhiéu thanh phén), cho phép x4c dinh ddng thoi cac mirc do cla hai
phién ban.

Mirc phd bién ctia FL SMN2mini mARN ting hon so véi mirc phd bién trong té
bao dugc xtt 1y bang ddi ching 1a chit din thudc duge xac dinh tir s liéu PCR thoi
gian thuc stt dung phuong phap AACt cai bién (nhu duge mo ta trong tai lidu: Livak
and Schmittgen, Methods, 2001, 25:402-8). Hiéu lyc khuyéch dai E duge tinh tir hé sb
gbc cua dudng cong khuyéch dai cho FL. SMN2mini va GAPDH riéng 1¢. Mirc d9 phd
bién ctia FL SMN2mini vdA GAPDH mARN sau d6 dugc tinh bang (1 + E)®, trong d6
Ct 1a gia tri ngudng cho mdi don vi khuyéch dai amplicon. Mirc d6 phd bié_n cia FL
SMN2mini mARN duoc chuin hoa vé mirc phd bién cia GAPDH mARN. Mtrc do
phd bién FL SMN2mini mARN da chudn héa tr cac mAu duge xir 1y biang hop chét
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thit sau d6 duge chia cho mirc d6 phd bién FL SMN2mini mARN da chudn héa tir cac
té bio dugc xir Iy bing chat din d& xac dinh mirc FL. SMN2mini mARN so véi ddi
chirng dung chét dan.

Bang 3 dua ra ndng d9 ECy,s @ san xuAt SMN2 minigen mARN c6 chiu dai
dﬁy da ma thu duoc tir cac sb lidu néng d6 7 diém duoc tao ra theo quy trinh & trén
cho céc hop chét cy thé cua sang ché.

Céc hop chét cu thé cua sang ché thé hién ndng dd ECisx dé san xuit SMN2
minigen mARN c6 chiéu dai ddy di <1 pM.

Céc hop chit cu thé hon ciia sang ché th8 hién ndng d6 EC1,sx dé san xudt SMN2
minigen mARN c6 chiéu dai ddy da <0,1 uM.

Céc hop chét cu thé nhét cia sang ché thé hién ndng do EC1,5x dé san xudt

SMN?2 minigen mARN < 0,02 pM.

| ECisx ECi,sx ECi,s5x
Vidy | minigen Vidy | minigen Vidu | minigen
(nM) (nM) (nM)
1 3,5 14 4,1 27 39,9
2 3,8 15 4 28 5
3 3,2 16 1,1 29 0,3
4 1,8 17 6,4 30 3
5 0,6 18 3,6 31 6,7
6 2,8 19 10,2 32 1,6
7 3,7 20 4,3 33 0,5
8 0,3 21 9,6 34 0,9
9 0,1 22 0,9 35 4,7

-67-




28203

10 6,4 23 3,4 36 5

11 1,4 24 0,4 37 4,4
12 1,2 25 0,5 38 0,3
13 5 26 327 39 0,9

Bang 3. Nong d6 ECi sx dé san xuit minigen SMN2 c¢6 chiéu dai ddy da mARN.

Thir nghi€ém 2

Thir nghi€ém protein SMN trong cac té bao nudi cdy

Thit nghiém SMN HTRF (4nh séng huynh quang ddng nhét phan giai theo thoi

gian - homogenous time resolved fluorescence) dugc st dung de xac dinh mirc dd cua

protein SMN trong cac té bao nguyén bao soi & bénh nhan SMA da dugc diéu tri bang

cac hop chét thir nghiém. Cac nguyén liéu dugc sir dung cic cac ngudn twong g

dugc liét ké dudi day trong Bang 4.

Nguyén li¢u

Nguén

Céc té bao & ngudi SMA Typ 1

GMO03813 (Coriell Institute)

Hdn hop chét trc ché proteaza

Roche Applied Science Catald s6 11836145001

d2 khang-SMN

Blue cap Cisbio Catald s6 63IDC002-SMN

Kryptat khang-SMN

Red cap Cisbio Catald s6 63IDC002-SMN

Dung dich dém hoan nguyén SMN

Cisbio Catald s6 No. 63IDC002-SMN-Buffer

DMEM

Life Technologies (trudc day 1a Invitrogen)
Catald s6 11960-044

Dung dich dém phan giai RIPA

Tris-HC1 20 mM, d6 pH=7,5, NaCl 150mM,
EDTA 1mM, dung dich tdy rira Thermo
Scientific NP-40 Surfact-Amps 1% (Fisher
Scientific, Pittsburgh/PA), natri deoxycholat
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1%
Dung dich dém lodng Tris-HC1 20 mM, d¢ pH=7,5, NaCl 150mM
Thiét bi doc dia Envision Perkin Elmer Model # 2103

Bang 4. C4c nguyén lidu va cac ngudn tuong tng ctia chiing duoc sir dung trong

thir nghiém protein SMN trong cac té bao nuodi ciy.

Céc té bao dugc khir dong va dugc nudi cdy trong DMEM-10% FBS trong 72
gid. Cac té bao dugc trypsin héa, duge dém va dugc tai huyén phu dén ndng do 1a
25.000 t& bao /mL trong DMEM-10% FBS. Huyén phu t& bao duoc dan & mat do
5.000 t& bao cho mdi 15 trong dia vi chuén d6 c¢6 96 16 va duoc U trong 3 dén 5 gio.
Céc hop chét thir nghiém dugc pha loang theo day 3, 16 14n trong 100% DMSO d tao
ra dudng cong ndéng d6 7 diém. 1 pL dung dich hop chét thir nghiém dugc chuyén dén
cac 15 chira t& bao va céc té bao dugc u trong 48 gid trong thiét bi u nudi cdy té bao
(37°C, 5% CO2, dd 4m tuwong dbi 100%). Ba phién ban miu dugc thiét 1ap cho mdi
ndng d6 hop ché thir nghiém. Sau 48 giv, dich nbi duoc loai bé khéi cac 18 va b sung
25 uL. dung dich dém phéan giai RIPA, chira chét trc ché proteaza, vao cac 16 va dugc 1
cing véi ldc & nhiét do trong phong trong 1 gid. BS sung 25 pL chét pha loang va sau
d6 35 pL dich tan tao ra dugc chuyén dén dia c6 384 18, & d6 mdi 16 chira 5 uL dung
dich khang thé (pha loang 1:100 kryptat d2 khang-SMN va khéng-S.MN trong dung
dich dém hoan nguyén SMN). Pia dugc ly tim trong 1 phut d¢& dwa dung dich nay
xudng day cia cac 16, sau d6 U qua dém & nhiét do trong phong. Sy phat huynh quang
cho mdi 16 cua dia ndy & 665 nm va 620 nm dugc do trén thiét bi doc dia da nhin

EnVision (Perkin-Elmer).

Tin hiéu phat huynh quang duogc binh thudng héa duge tinh cho mdi miu, mau
trbng va 16 d6i chiing ta dugc 1éng bang cach chia tin hiéu & 665 nm cho tin higu & 620
nm. Dém céc tin hiéu binh thudng dé dimg su phat huynh quang c6 thé do hiéu ung
ma tran cia dich phén gidi. Gi tri AF (s6 do cta sy du thira protein SMN lam phén
tram gia tri) cho mdi 18 chira miu dugc tinh bang cach 14y gia tri phat huynh quang
nay trr di gia tri phat huynh quang trung binh da duoc chuén hoéa cho cac 15 dbi chimg
chtra mAu tréng, sau do chia gi4 tri chénh 16ch nay cho gia tri phat huynh quang trung

binh da dugc chuén hoéa cho céc 16 d6i ching chira miu trong va nhén gia tri thu dugc
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v6i 100. Gia tri AF cho mbi 16 chira mAu thé hién muc dd phd bién cua protein SMN
so vOi cac miu duoc xit Iy bang hop chét thir nghiém. Gia tri AF d6i voi mbi 16 chira
mAu dugc chia cho gia tri AF cho cac 15 chtra d6i chimg 1a chat din thudc dé tinh toan
murc ting tinh bing s 14n cia muc dd phd bién cua protein SMN so véi dbi chimg
chira chit din. Bang 5 cung cép cac ndng dd ECisx dé biéu hién protein SMN ma thu
duoc tir cac sb liéu ndng d6 7 diém duoc tao ra theo quy trinh & trén cho cac hop chat

cu the cla sang cheé.

Céc hop chét cu thé coa séng ché thé hién ndng dd ECysx dé biéu hién protein

SMN <1 uM.

Céac hop chit cu thé hon cia sang ché thé hién ndéng do ECisx dé biéu hién

protein SMN < 100 nM.

Céc hop chéit cu thé nhét cua séng ché thé hién néng d6 EC15x dé biéu hién

protein SMN < 30 nM.

Bang 6 cung cép s6 14n ting t6i da ciia protein SMN ma thu duoc tir cac s6 lidu

ndng d6 7 diém dugc tao ra theo quy trinh & trén cho céc hop chét cy thé cuia sang ché
Céc hop chét cu thé ctia sang ché thé hién s6 14n ting tdi da > 1,5.
Céc hop chét cu thé hon ciia sang ché thé hién s 14n ting t6i da > 1,7.

Céc hop chit cu thé nhit cia sang ché thé hién s6 14n ting t6i da > 1,8.

EC1,5x EC1,5x EC1,5x
SMN SMN SMN
Vidu Vidu Vidu
protein protein protein
(nM) (nM) (nM)
1 10,8 14 17,6 27 126,5
2 19,8 15 21,2 28 49,7
3 25,6 16 3 29 2,1
4 15,7 17 20,2 : 30 13,6
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5 4,1 18 25 31 27,7
6 11 19 29,8 32 4
7 15,5 20 37 33 4
8 5,9 21 68,7 34 4.4
9 2,5 22 13,8 35 19,5
10 22,8 23 23,9 36 34,4
11 7 24 4,7 37 45
12 7,5 25 11,9 38 3,1
13 3 26 1230 39 15,8
Bang 5. Nong d8 EC1,sx dé biéu hién protein SMN.
s6 1an s6 1an s6 1an
Vidu tﬁngtéi Vidu téngtéi Vidu téngtéi
da da da
| 1,84 14 1,86 27 1,57
2 1,76 15 1,94 28 1,72
3 1,81 16 1,83 29 1,81
4 1,76 17 1,98 30 1,84
5 1,71 18 1,75 31 1,65
6 1,84 19 1,83 32 1,88
7 1,76 20 1,72 33 1,82
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s6 1an s6 1an
Vidu tang tbi Vidu tdng t6i
da da
8 1,85 21 1,54
9 1,92 22 1,69
10 1,95 23 1,63
11 1,9 24 1,77
12 1,77 25 1,79
13 1,91 26 1,52

s6 1an

Vidu tang tbi
da
34 1,89
35 1,79
36 1,77
37 1,87
38 1,85
39 1,81

Bang 6. S6 14n ting ti da ctia protein SMN.,
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YEU CAU BAO HO

Hop chét c6 cong thic (I):

M

trong do:

Rl
R2
R3

A

R12

R13

R14

1a hydro hodc Ci.7-alkyl;
1a hydro, xyano, Cy.7-alkyl, Ci.7-haloalkyl hodc Cs.s-xycloalkyl;
1a hydro, Ci.7-alkyl, hodc Cs-s-xycloalkyl;

12 N-heteroxycloalkyl hosic NR?R!®, trong d6 N-heteroxycloalkyl bao
gbm 1 hoic 2 nguyén tir nito trong vong va ty ¥ dugc thé bang 1, 2, 3
hodic 4 phén tir thé dugc chon tir R

1a heteroxycloalkyl bao gdbm 1 nguyén tir nito trong vong, trong d6
heteroxycloalkyl tuy y duoc thé bang 1, 2, 3 hodc 4 phin tir thé duoc
chon tir R!4;

1a hydro, Ci.7-alkyl hodc Cs.g-xycloalkyl;

doc 1ap dugc chon tir hydro, Ci7-alkyl, amino, amino-Ci.7-alkyl, Cs--
xycloalkyl va heteroxycloalkyl hodc hai R cung nhau tao thanh Ci.7-
alkylen;

v6i didu kién 1a néu A 1a N-heteroxycloalkyl bao gdm chi 1 nguyén tir nito trong

vong, thi it nhit mgt phan tir thé R'* 1a amino hodc amino-Ci.7-alkyl;

va cac muoi duge dung cua no.

Hop chét theo diém 1, trong do:

RI

1a hydro hodc Ci.7-alkyl;
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R? 12 hydro, xyano, Ci.7-alkyl, C1-7-haloalkyl hodc Cs.s-xycloalkyl;
R3 1a hydro, Ci7-alkyl, hodc Cs-g-xycloalkyl;

A 1a N-heteroxycloalkyl bao gdm 1 hogc 2 nguyén tit nito trong vong, trong
d6 N-heteroxycloalkyl tuy y dugc thé bang 1, 2, 3 hoic 4 phén tir thé

dugc chon tir R,

R doc 1ap duoc chon tir hydro, Ci7-alkyl, amino, amino-Ci7-alkyl, Cs.s-
xycloalkyl va heteroxycloalkyl hodc hai R cung nhau tao thanh Ci.7-
alkylen;

v6i didu kién 12 néu A 14 N-heteroxycloalkyl bao gdm chi 1 nguyén tit nito trong

vong, thi it nhat mot phan tir thé R 12 amino hogc amino-Ci.7-alkyl;
va cac mudi duge dung ctia nod.
3. Hop chét theo diém 1 hoic 2, trong d6 R! 13 Ci7-alkyl.
4.  Hop chét theo diém bét ky trong sb cac diém tir 1 dén 3, trong d6 R! 1a metyl.

5. Hop chét theo diém bt ky trong s cac diém tir 1 dén 4, trong d6 R? 1a hydro
hodc Ci-7-alkyl.

6. Hop chét theo diém bét ky trong sb céac diém tir 1 dén 3, trong d6 R? 1a hydro

hodc metyl.

7. Hop chiét theo diém bét ky trong sb céc diém tir 1 dén 4, trong d6 R? 1a hydro

hodc metyl.

8. Hop chét theo didm bt ky trong sb cic diém tir 1 dén 5, trong d6 R™ doc lap
dugce chon tir Ci7-alkyl va heteroxycloalkyl hodc hai R!* cung nhau tao thanh Ci.r-

alkylen.

9. Hop chit theo diém bét ky trong s6 cac diém tir 1 &én 6, trong d6 R* doc 1ap
dugc chon tir metyl, etyl va pyrolidinyl hodc hai R cung nhau tao thanh etylen.

10. Hop chét theo diém bét ky trong s cac diém tir 1 dén 9, trong d6 A 1a:
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trong do;
X 1a N hodc CH;
R* 1a hydro, C1.7-alkyl hogc -(CH2)m-NRR!?;
R’ 12 hydro hodc Ci7-alkyl;
R® 12 hydro hoic Ci-7-alkyl;
R’ 12 hydro hodc Ci7-alkyl;
R® 1a hydro hodc Ci.7-alkyl;
R? va R1 doc 1ap duge chon tir hydro, Ci.7-alkyl va Cs.g-xycloalkyl;
n bang 0, 1 hoic 2;
m bﬁng 0, 1, 2 hodc 3;
hodc R* va R’ cliing nhau tao thanh Ci.7-alkylen;
hoic R* va R7 cung nhau tao thanh Ci.7-alkylen;
hodc R’ va R® cling nhau tao thanh Cj.7-alkylen;
hoic R’ va R cung nhau tao thanh Ci.7-alkylen;
hodc R’ va R® cing nhau tao thanh Ci7-alkylen;
hoic R7 va R® cuing nhau tao thanh Cj.7-alkylen;
hodc R” va R? cling nhau tao thanh Ci.7-alkylen;
hodc R? va R!? ciing nhau tao thanh Ca.7-alkylen;
v6i didu kién 12 néu X 1a CH thi R* 13 -(CH2)m-NR°R1?; va
v6i didu kién 12 néu X 1a N va R* 13 -(CH2)m-NR°R° thi m bang 2 hoc 3.
11. Hop chét theo diém 10, trong d6 X 1a N.
12. Hop chét theo didm bt ky trong sb cac diém tr 10 dén 11, trong d6 n bang 1.
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13. Hop chét theo diém bét ky trong s6 cac diém tir 10 dén 12, trong d6 R* 1a hydro.
14. Hop chét theo diém bat ky trong s6 cac diém tir 10 dén 13, trong d6 R” 1 hydro
hodc metyl.

15. Hop chét theo diém bét ky trong sb cac diém tir 10 dén 14, trong d6 R? 13 hydro.
16. Hop chét theo diém bét ky trong sb cac diém tir 10 dén 15, trong d6 R’ va RS
cung nhau tao thanh etylen.

17. Hop chit theo diém bét ky trong sb cac didm tir 10 dén 16, trong d6 R’ va R
cung nhau tao thanh butylen.

18. Hop chit theo diém bt ky trong s6 cac diém tir 1 dén 17, trong d6 A dugc chon

tor nhom:

.6 ,

R ) ' 6 6
RS—A‘/\N/ " R . R ,

N N N

-

R R b b b
/\‘\. )‘\ Ny ‘\\
R4/N N& N
N/ '

</l N N
C 7
Q 1 N 1 N

1
R va R/

b b

trong d6 R*, R®, R®, R7 va R?® 1a nhu dugc x4c dinh trong diém bat ky trong s céac
diém tir 1 dén 17 va trong d6 R!! 1a hydro hodc Ci.7-alkyl.
19. Hop chét theo diém bt ky trong s6 céc diém tir 1 dén 18, trong d6 A dugc chon
tr nhém piperazin-1-yl, 1,4-diazepan-1-yl, pyrolidin-1-yl va hexahydropyrolo[1,2-
a]pyrazin-2(1H)-yl, mdi nhém tuy ¥ duoc thé bang 1 hodc 2 phan tir thé duoc chon tir

R 14 nhu dugc xé4c dinh trong diém bit ky trong s6 cac didm tir 1 dén 33.
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20. Hop chét theo diém bét ky trong s6 cac diém tir 1 dén 19, trong d6 A duoc chon

tr nhém:

\V/\N/‘\‘ /\/\N/“ N \ K\N/“
HN \)
HN\) HN\) j) /N
.\ /\‘\
A - . K\N ‘
%/\N q/\N N HNQ
HN\) HN\) g\/l
. N
Py O
N N
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21. Hop chét theo diém bét ky trong s cac diém tir 1 dén 20, trong d6 A dugc chon

t nhém:
\(\N/“ \(\N/“ l/\ K\N A
HN\) HN\) \)
HN /N

\?j)\ \Q\I/ @/ \@/\

T T e
al ) HNQ Q Q

N\

z
Z

SaNeSERe SN

22. Hop chét theo diém bt ky trong s& cac diém tir 1 dén 21, trong d6 hop chét nay

duogc chon tir nhém bao gbm:

2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)-7-(4-metylpiperazin- 1-yDpyrido[1,2-
a]pyrimidin-4-on;

7-[(8aR)-3,4,6,7,8,8a-hexahydro- 1H-pyrolo[1,2-a]pyrazin-2-yl]-2-(2-
metylimidazo[1,2-b]pyridazin-6-yl)pyrido[1 ,2-a]pyrimidin-4-on;
7-[(8aS)-3,4,6,7,8,8a-hexahydro- 1H-pyrolo[1,2-a]pyrazin-2-yl]-2-(2,8-
dimetylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-a] pyrimidin-4-on;
7-[(8aR)-3,4,6,7,8,8a-hexahydro- 1H-pyrolo[1,2-a]pyrazin-2-yl]-2-(2,8-
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dimetylimidazo[1,2-b]pyridazin-6-yl)pyrido[ 1,2-a]pyrimidin-4-on;
7-[(8aS)-8a-metyl-1,3,4,6,7,8-hexahydropyrolo[1,2-a]pyrazin-2-yl]-2-(2,8-
dimetylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
7-[(8aR)-8a-metyl-1,3,4,6,7,8-hexahydropyrolo[ 1,2-a]pyrazin-2-yl]-2-(2,8-
dimetylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3S,5R)-3,5-dimetylpiperazin-1-
yl]pyrido[ 1,2-a]pyrimidin-4-on;

2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3S)-3-metylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;

2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3R)-3-metylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;

7-(1,4-diazepan-1-yl)-2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[ 1,2-
a]pyrimidin-4-on;

2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3S)-3-metylpiperazin-1-yl]pyrido[1,2-
a|pyrimidin-4-on;

2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3R)-3-metylpiperazin-1-yl]pyrido[ 1,2-
a]pyrimidin-4-on;

7-(1,4-diazepan-1-y1)-2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[ 1,2-a]pyrimidin-
4-on;

7-[(3R,58)-3,5-dimetylpiperazin-1-yl]-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[1,2-a]pyrimidin-4-on;
7-[(8aS)-3,4,6,7,8,8a-hexahydro-1H-pyrolo[1,2-a]pyrazin-2-yl]-2-(2-
metylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
7-[(8aS)-8a-metyl-1,3,4,6,7,8-hexahydropyrolo[1,2-a]pyrazin-2-yl]-2-(2-
metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
7-[(8aR)-8a-metyl-1,3,4,6,7,8-hexahydropyrolo[ 1,2-a]pyrazin-2-yl]-2-(2-
metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[ 1,2-a]pyrimidin-4-on;
2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-[(3R)-3-pyrolidin-1-ylpyrolidin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;
7-(4,7-diazaspiro[2.5]octan-7-y1)-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)pyrido[ 1,2~
a]pyrimidin-4-on;

7-(4,7-diazaspiro[2.5]octan-7-y1)-2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-
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yl)pyrido[1,2-a]pyrimidin-4-on;

2-(2-metylimidazo[ 1,2-b]pyridazin-6-y1)-7-[(3R)-3-pyrolidin-1-ylpyrolidin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;
2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-7-(3,3-dimetylpiperazin-1-yl)pyrido[1,2-
a]pyrimidin-4-on;

7-(3,3-dimetylpiperazin-1-yl)-2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[ 1,2-
a]pyrimidin-4-on;

2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-9-metyl-7-[(3S)-3-metylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;
2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-9-metyl-7-[(3R)-3-metylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;

2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3R,5S)-3,5-dimetylpiperazin-1-yl]-9-
metyl-pyrido[1,2-a]pyrimidin-4-on;

2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-7-(3,3-dimetylpiperazin-1-yl)-9-metyl-
pyrido[1,2-a]pyrimidin-4-on;
7-(4,7-diazaspiro[2.5]octan-7-yl)-2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-9-
metyl-pyrido[1,2-a]pyrimidin-4-on;

2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-y1)-7-[(3S,5S)-3,5-dimetylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;

2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3S)-3-pyrolidin-1-ylpyrolidin-1-
yl]pyrido[ 1,2-a]pyrimidin-4-on;

2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)-7-[(3S)-3-pyrolidin-1-ylpyrolidin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;
7-[(3S,5S)-3,5-dimetylpiperazin-1-yl]-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[1,2-a]pyrimidin-4-on;
9-metyl-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-7-[(3S)-3-metylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;
9-metyl-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)-7-[(3R)-3-metylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;
7-[(3R,58)-3,5-dimetylpiperazin-1-yl]-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[1,2-a]pyrimidin-4-on;
7-(3,3-dimetylpiperazin-1-yl)-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
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yl)pyrido[ 1,2-a]pyrimidin-4-on;
7-(4,7-diazaspiro[2.5]octan-7-yl)-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-

yl)pyrido[ 1,2-a]pyrimidin-4-on;

7-[(3S,58)-3,5-dimetylpiperazin-1-yl]-9-metyl-2-(2-metylimidazo[1,2-b]pyridazin-6-

yl)pyrido[ 1,2-a]pyrimidin-4-on;

7-[(3R)-3-etylpiperazin-1-yl]-2-(2-metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[ 1,2-

a]pyrimidin-4-on;

va cac mudi duge dung cua no.

23.

Hop chit theo diém bt ky trong s céac diém tir 1 dén 22, trong d6 hop chit nay

dugc chon tr nhém bao gém:

7-[(8aR)-3,4,6,7,8,8a-hexahydro-1H-pyrolo[ 1,2-a]pyrazin-2-yl]-2-(2-
metylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
7-[(8aS)-3,4,6,7,8,8a-hexahydro-1H-pyrolo[ 1,2-a]pyrazin-2-y1}-2-(2,8-
dimetylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
7-[(8aR)-3,4,6,7,8,8a-hexahydro-1H-pyrolo[1,2-a]pyrazin-2-yl]-2-(2,8-
dimetylimidazo[1,2-b]pyridazin-6-yl)pyrido[1 ,2-a]pyrimidin-4-on;
2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-y1)-7-[(3S,5R)-3,5-dimetylpiperazin-1-
yl]pyrido[1,2-a]pyrimidin-4-on;
7-[(3R,5S)-3,5-dimetylpiperazin-1-yl]-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido|1,2-a]pyrimidin-4-on;

7-[(8aS)-3,4,6,7,8,8a-hexahydro-1H-pyrolo[ 1,2-a]pyrazin-2-yl]-2-(2-
metylirhidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-on;
7-(4,7-diazaspiro[2.5]octan-7-yl)-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[1,2-a]pyrimidin-4-on;
7-(4,7-diazaspiro[2.5]octan-7-yl)-2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[1,2-a]pyrimidin-4-on;

2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)-9-metyl-7-[(3S)-3-metylpiperazin-
1-yl]pyrido[1,2-a]pyrimidin-4-on;
7-(4,7-diazaspiro[2.5]octan-7-y1)-2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-9-
metyl-pyrido[1,2-a]pyrimidin-4-on;
7-[(3R,58)-3,5-dimetylpiperazin-1-yl]-9-metyl-2-(2-metylimidazo[1,2-
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b]pyridazin-6-yl)pyrido[ 1,2-a]pyrimidin-4-on;
7-(4,7-diazaspiro[2.5]octan-7-yl)-9-metyl-2-(2-metylimidazo[ 1,2-b]pyridazin-6-
yl)pyrido[1,2-a]pyrimidin-4-on;
va cac mudi duoc dung ciia né.
24. Hop chét theo diém 22 hoidc 23, trong d6 hop chét nay la 7-[(8aR)-3.,4,6,7,8,8a-
hexahydro-1H-pyrolo[1,2-a]pyrazin-2-yl]-2-(2-metylimidazo[ 1,2-b]pyridazin-6- -
yl)pyrido[1,2-a]pyrimidin-4-on, hodc mubi duoc dung cia né.
25. Hop chét theo diém 22 hoiic 23, trong d6 hop chit nay 1a 7-(4,7-
diazaspiro[2.5]octan-7-yl)-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-
a]pyrimidin-4-on, hodc mudi duoc dung cua no.
26. Hop chit theo dim 22 hosic 23, trong d6 hop chdt nay la 7-(4,7-
diazaspiro[2.5]octan-7-yl1)-2-(2,8-dimetylimidazo[ 1,2-b]pyridazin-6-yl)pyrido[1,2-
a]pyrimidin-4-on, hodc mudi duoc dung cia né.
27. Hop chét theo diém 22 hosic 23, trong d6 hop chit nay la 7-(4,7-
diazaspiro[2.5]octan-7-y1)-2-(2,8-dimetylimidazo[1,2-b]pyridazin-6-yl)-9-metyl-
pyrido[1,2-a]pyrimidin-4-on, hodc mudi duoc dung ciia né.
28. Hop chit theo diém 22 hoic 23, trong d6 hop chit nay la 7-[(3R,5S)-3,5-
dimetylpiperazin-1-yl]-9-metyl-2-(2-metylimidazo[1,2-b]pyridazin-6-yl)pyrido[ 1,2-

a]pyrimidin-4-on, hodc mudi dugc dung cia no.

29. Hop chét theo diém 22 hozc 23, trong d6 hop chét nay 1as

g

30. Dugc phidm bao gdm hop chét c6 cong thirc (I) theo diém bét ky trong s cac
didm tir 1 dén 29 hoic mudi dugc dung cta chiing va mot hodc nhiéu ta dugc duge

dung.
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