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bao ché& dugc phidm nay.
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Linh viwre k§ thuit dwoc dé cap

Séang ché dé cap dén hop chét indol c6 hoat tinh khang virut, cu thé, c6 hoat tinh
{rc ché qua trinh sao chép ciia virut hgp bao dudng hé hip (respiratory syncytial virus
RSV). Séng ché con dé cap dén viéc didu ché hop chét indol ndy, duoc phim chira cac
hop chét ndy, va cac hop chit d st dung trong viée didu tri nhiém virut hop bao dudng
hé hip.
Tinh trang k§y thuit cia sang ché

RSV hoic virut hop bao dudng hé hip & ngudi 1a virut ARN 16n, mét thanh vién
thuoc ho Paramyxoviridae, phadn ho pneumoviridae cung véi virut RSV & bo. RSV &
ngudi giy ra rat nhiéu bénh duong ho hip & ngudi & tit ca cac d6 tudi trén toan thé gidi.
N6 ciing 13 nguyén nhan chinh gy bénh dudng hd hip dudi & so sinh va tré nho. Qua
nira tré so sinh nhidm RSV trong nam déu tién cta cudc doi, va phan 16n tré so sinh
nhim RSV vao hai nim d4u tién. Nhidm khuln & tré nho c6 thé gy tén thuong cho phbi
ma sau d6 tdn tai trong nhidu ndm va c6 thé gép phan gy bénh phdi man tinh trong cudc
séng sau nay (thé kho khé, hen man tinh). Nhing tré 16n hon va ngudi 16n thudng gip
con cam lanh thong thudng (x4u) khi nhiém RSV. O tubi gia, tinh min cam mot l4n nita
lai ting, va RSV kéo theo bung phét bénh viém phdi & nhitng ngudi 16n tudi din dén ty 1&
tir vong dang _ké.

Viéc nhidm virut thuéc phan nhém nhat dinh khéng c6 tac dung bao vé chéng lai
viéc sau d6 nhiém thé phan l4p RSV tir cling phin nhém vao mua dong sau. Nhu vay,
viéc tai nhim RSV dién ra phd bién, mic du chi tdn tai ctia chi hai phan nhém phu 14 A

va B.

Ngay nay chi c6 ba loai thude da duogc phé chudn dé su dung chéng lai nhiém
RSV. Loai thudc d4u tién 12 ribavirin, mot chét twong tu nucleosit, dugc cung cép & dang
diéu tri bénhkhi dung dé diéu tri tinh trang nhiém RSV nghiém trong & nhiing dia tré
nam vién. Viéc ding & dang khi dung, déc'tinh (nguy co giy quai thai), gia thanh va hiéu
luc thay ddi nhiéu da han ché viée s dung thude nay. Hai thudc khac, RespiGam® (RSV-
IG) va Synagis® (palivizumab), 1 cic chat kich thich min dich khang thé da dong va
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don dong, dugc dy dinh cung véi muc dich ngan ngira. Ca hai thude nay déu rat dit, va
can ding ngoai dudng tiéu héa.

Nhitng nd Iuc khac nhim phat trién véc xin RSV hiéu qua va an toan van chua
khic phuc dugc tht c& cac nhuge diém trude d6. Céc véc xin bat hoat khong du tac dung
bao vé chéng lai bénh, va trong thuc té trong mot sb truong hop bénh ting 1én trong qua
trinh nhim khun sau d6. Céc véc xin sdng giam doc luc da duge thir voi thanh cong han
ché. R& rang 13 can phai c6 thubc hiéu qua khong doc va d& dung dé chéng lai su sao
chép RSV. Dac bi¢t uwu tién tao ra cac thude chéng lai su sao chép RSV ma cé thé duoc

dung qua dudng miéng.

Tai liéu tham khao WO 01/95910 c6 tén “imidazopyridine and imidazopyrimidine
antiviral agents” ma thuc t& d& cap dén hop chit khang virut benzimidazol. Trong tai liéu
ndy, cac hop chit dugc néu c6 hoat tinh khang virut, nhung cé gia tri ECso ndm trong
khoéng tir 0,001 um dén t6i da bang 50 uM (ma thudng khong phai 14 hoat tinh sinh hoc
mong mubn). Tai liéu tham khao khac WO 03/053344, dé cap dén hop chét khang virut
RSV 2-metyl-benzimidazol dugc thé véi cung khoang hoat tinh. M4t tai liéu tham khao
khac c6 tinh trang k§ thuat lién quan 1a WO 02/26228dé cap dén cac hop chét c6 cing
khoang hoat tinh 1a hop chét khang virut benzimidazolon. Tai li¢u tham khao vé mbi lién
hé gitta hoat tinh trc ché RSV véi cu trac, cia céc hop chit benzimidazol dugc thé & vi
tri thr 5 1a tai liéu: X.A. Wang et al., Bioorganic and Medicinal Chemistry Letters 17
(2007) 4592-4598.

Theo d6, c6 mong mudn tao ra thubc méi c6 hoat tinh khang virut. Cu thé, c6
mong mudn tao ra thubc méi c6 hoat tinh trc ché su sao chép RSV. Ngoai ra, mong mudn
tim dugc cac hgp chét c6 cAu tric cho phép thu dugc hoat tinh sinh hoc khang virut thude
loai 16n hon nhiéu 14n so v&i cdc chit dd biét trong tinh trang k¥ thuat trude (tic 1a nim
trong khoang tir gi4 tri nho nhét ctia khoang da néu cho dén 50uM), va t6t hon 14 & mirc
gén cho hoat tinh manh nhét, tt hon & hoat tinh manh hon, so véi cdc hop chat duge boc
10 trong cac giai phap ky thuat da biét. Mot mong mudn nita 13 tim ra cic hop chéit co

hoat tinh khang virut dung dugc qua dudng miéng.
Ban chit k§ thuét cia siang ché

be giai quyet tot hon mot hodc nhiéu mong mudn néu trén, sang che, theo mot

khia canh, d& xuét hop chét indol khang virut duoc thé hién bang cong thirc I, tién dugc
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chit, N-oxit, mubi cOng, amin bic bdn, phue kim loai, hodc dang déng phén 14p thé hoa

hoc cuia né;

R, Rs; Cong thic I

trong d6 mdi X doc lap 1a C hoic N;

R; duoc chon tir nhém gém H, halogen, C;-Cealkyl, Cs;-Csxycloalkyl, C;-Cgsalkoxy,
N(Rg)2, CO(R7), CH,NH,, CH,OH, CN, C(=NOH)NH,, C(=NOCH;)NH, C(=NH)NH,,
CF3;, OCFj3, va B(OH),; B(O-C;-Cgalkyl),;

R, duoc chon tir nhém bao gém H, halogen, C;-Cgalkyl, C;-C;xycloalkyl, C;-Csalkoxy,
va CO(R7);

Rj 1a -(CRgRg)s-Rip;

R4 duogc chon tir nhém bao gém H, C;-Cypalkyl, C3-Csxycloalkyl, C,-Cjpalkenyl, SO,-Rg,
CH,CF3;, SO,CHj hoac vong no c6 4 dén 6 canh chira nguyén tr oxy;

Rs c6 miat khi X 1a C, va dugc chon tir nhom bao gém H, C;-Cqalkyl, C5-Csxycloalkyl,
C;-Cgalkoxy, CO(R7), CF; vahalogen,;

R5 khong c¢6 mit khi X 1a N;

Rg duoc chon tir nhém bao gém H, C;-Cgalkyl, COOCHj3, va CONHSO,CHs;

R; dugc chon tir nhém bao g@)m OH, O(C;-Cgalkyl), NH,, NHSO,N(C;-Cgalkyl),,
NHSO,NHCH;, NHSO,(C;-Cgalkyl), NHSO,(C;-Csxycloalkyl), va N(C;-C¢-alkyl),,
NRgRg, NR9R10;

n 13 s6 nguyén nim trong khoang tir 2 dén 6;

mdi nhém Rg va Ry ddc lap dugc chon tir H, C;-Cjpalkyl, C5-Crxycloalkyl hodic Rg va Ry
cung nhau tao thanh vong béo c6 4 dén 6 canh tuy y chira mot hoac nhiéu nguyén tir
khac loai duoc chon tir nhém N, S, O;
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Ry¢ dugc chon tir nhém bao gém H, C;-Cealkyl, OH, CN, F, CF,H, CF;, C(=NOH)NH,,
CONRgRy, COORg, CONRgSO,Ry, CON(Rg)SO,N(RgRg), NRgRg, NR3COORy,
OCORg, NRgSO,Rg, SO,NRgRg, SO,Rg hodc vong no cé 4 dén 6 canh chua nguyén tir

0Xy.

Theo phuong &4n dugc uu tién, R; duge chon tir nhdém bao gém OH, O(C;-Cgalkyl), NH,,
NHSO,N(C,;-Cqalkyl),, NHSO,NHCH;, NHSO,(C;-Cgalkyl), NHSO,(Cs-C;xyclo-
alkyl), va N(C;-Cg-alkyl),;

mdi nhém Rg va Ry ddc 1ap dugc chon tir H, C,-Cpalkyl, C3-C;xycloalkyl;

hoic Rg va Ry cling nhau tao thanh vong béo c6 4 dén 6 canh tiy y chira nguyén tir khéc
loai dugc chon tr nhém N, S, O;

Ryo duoc chon tir nhém bao gém H, C;-Cgalkyl, OH, CN, F, CF,H, CF;, CONRgRy,
COORg, CONRgSO,Rg, CON(R5)SO,N(RgRg), NRgRg, NRgCOORy, OCORg,
NRgSO,Rg, SO,NRgRg, SO,Rg hodc vong no cé 4 dén 6 canh chta nguyén tir oxy.

T6t hon néu, Ry dugc chon tir nhém bao gdm H, C;-Cjealkyl, Cs-Cyxycloalkyl,
C,-Cypalkenyl, SO,-Rg, hodc vong no cd 4 dén 6 canh chira nguyén tir oxy.

Theo phuong an khac nita, sang ché dé xuit cic hop chét néu trén dé sir dung
trong viéc diéu tri tinh trang nhiém RSV & cac ddng vit mau néng, t6t hon 1a nguoi. Theo
khia canh khac nita, sang ché d& xuit hop chét néu trén v&i mot luong cho tac dung diéu
tri dé diéu tri tinh trang nhiém virut RSV & dédi tuong can diéu tri. Theo khia canh khac

nita, sang ché @ xuit hop chét néu trén, dugc st dung d& bao ché thubc dé didu tri RSV.

Theo khia canh khéc, sang ché d& xuét dugc phém chtra hgp chét nhu dugc xac

dinh & trén, va ta dugc dugc dung.

Theo khia canh khéc nita, sing ché dé xuét phuong phap diéu ché cac hop chét da
xac dinh & trén.
MBO ta chi tiét sang ché

Céc phan tir ¢6 cong thirc I, khac véi giai phap k¥ thuat da biét & chd, chung cd
mot phia (phia bén trai trong cong thirc nhu dd néu) mang gbc indol duge thé. Séang ché,
theo nghia réng, dwa trén su ghi nhan ding dén ring cic hop chit indol dugc thé nay
thudng 6 hoat tinh ttc ché RSV quan tm. Hon nita, cac hop chit nay cho phép tiép can

toi vung hoat tinh khang-RSV cao hon (tirc la dau dudi coa gia tri ECsg) trong cac
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khoang sén c6 trong céc tai liéu tham khao néu trén. Cu thé dua trén cac hop chét, cAu
tric phan tir c6 thé duge khdm ph4 ma thdm chi ching c6 hoat tinh sinh hoc tét hon so

v6i cac hop chét tham chiéu.

Sang ché s& dugc md ta thém bing céc phuong 4n cu thé va bing cach din chiéu
dén céc vi du nhit dinh nhung sing ché khong bi giéi han d6 ma chi bing cac diém yéu
cAu bao ho. Khi thuat ngit “bao gém” duogc str dung trong ban mo ta va cac diém yéu cau
bao hg, thudt ngit nay khong loai trir cac thanh phﬁn hodc céc budc khac. Khi mdt dang
khoéng x4c dinh hodc x4c dinh duge stir dung khi dé cap dén danh tir s6 it chéng han, thi tr
nay s& bao gdm sb nhiéu ctia danh tir d6 trir khi c6 quy dinh cu thé khéc.

Thuét ngit ‘tién dugc chit’ duoc ding trong subt ban md ta ndy chi cic din xuét
dugc dung, vi du este va amit, sao cho san phém chuyén héa sinh hoc thu duoc cta din
xuit nay 1a duoc chit c6 hoat tinh nhu duge xac dinh trong cac hop chit c6 cong thirc (I).
Tham khao tai liéu: Goodman and Gilman (The Pharmacological Basis of Therapeutics,
gt ed., McGraw-Hill, Int. Ed. 1992, “Biotransformation of Drugs”, trang 13-15) mé ta
céc tién duogc chét nhin chung duoc dua vao ddy bang cach vién dan. Cac tién duoc chat
duoc déc trung boi d§ tan trong nudce va dd sinh kha dung tdt, va duoc chuyén hoéa ngay

thanh céc chét e ché hoat tinh in vivo.

Nhu duge st dung trong ban md ta, C;.Cgsalkyl dudi dang mét nhém hodc mét
phén cua nhém chi cac géc hydrocarbon no, mach théng hodc mach nhénh c6 1 dn 6
nguyeén tr cacbon nhu metyl, etyl, propyl, 1-metyletyl, butyl, pentyl, hexyl, 2-metylbutyl

va cac nhom tuong tu.

C,.Coalkyl duéi dang mdét nhém hoic mot phdn cla nhém chi cic gbe
hydrocarbon no, mach théng hodc mach nhanh c6 1 dn 10 nguyén tr cacbon nhu cac
nhém dugce xac dinh cho Cjgalkyl va heptyl, octyl, nonyl, 2-metylhexyl, 2-metylheptyl,
dexyl, 2-metylnonyl, va nhdm tuong tu;

Thuét ngit ‘C,.Cjpalkenyl’ dugc sit dung trong ban md ta chi mét nhém hozic mot
phe‘in cua nhom bao gém cac géc hydrocacbon chua no mach théng hoac mach nhénh cé
it nhat mot lién két doi, va t6t hon 1a c6 mét lién két d6i, va 2 dén 10 nguyén tir cacbon
nhu etenyl, propenyl, buten-1-yl, buten-2-yl, penten-1-yl, penten-2-yl, hexen-1-yl, hexen-
2-yl, hexen-3-yl, 2-metylbuten-1-yl, hepten-1-yl, hepten-2-yl, hepten-3-yl, hepten-4-yl,
2-metylhexen-1-yl, octen-1-yl, octen-2-yl, octen-3-yl, octen-4-yl, 2-metylhepten-1-yl,
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nonen-1-yl, nonen-2-yl, nonen-3-yl, nonen-4-yl, nonen-5-yl, 2-metylocten-1-yl, decen-1-
yl, decen-2-yl, decen-3-yl, decen-4-yl, decen-5-yl, 2-metylnonen-1-yl, va cac nhém
tuong tu;

BAt ky khi nao nhém C,.Cigalkenyl lién két v6i nguyén tir khac loai thi t5t hon 1a

lién két thong qua nguyén tir cacbon no.

C,-C¢-alkoxy, dudi dang mot nhém hodc mat phén ctia nhém chi cac géc 0-C..

Cealkyl, trong d6 C;¢alkyl mot cach doc 1ap, cé nghia néu trén.

C;-Cxycloalkyl 1a thuit ngit dung chung cho xyclopropyl, xyclobutyl,
xyclopentyl, xyclohexyl hodc xycloheptyl.

Thuit ngit -(CRgRy), dugc st dung trong badn mo ta chi n lan cia phan nhom

CR;Ry, trong d6 mdi trong s6 cac phén nhém nay dugc xac dinh mét cach doc lap.
Thudt ngit halogen 1a thudt ngit dung chung cho flo, clo, brom va iot.

Cén luu ¥ rang cac vi tri gbc trén nhém phén tir bat ky dugc st dung trong céc
dinh nghia néu trén c6 thé nim & bét ky chd nio trén nhém nay mién 1a né 6n dinh héa
hoc.

Céc gbe dugce sir dung trong cac dinh nghia ctia céc bién bao gdm tit ca cac chit
ddng phan c6 thé trir khi c6 quy dinh khac. Vi du, pentyl bao gbm 1-pentyl, 2-pentyl va
3-pentyl.

Khi bién bét ky c6 mit trén mot 1An trong thanh phin bt ky, m3i dinh nghia mang
tinh ddc lap.

Bét cir khi nao duge st dung dudi ddy, thuat ngit “cac hop chét ¢6 cong thirc (1)”,
hodc “cac hop chét theo sang ché” hodc cac thudt ngit tuong tw c6 nghia bao gdm cac hop
chét c6 cong thic chung (I), cac tién dugc chit cta chiing, cac N-oxit, cac mudi cong, cic

amin béc bdn, cac phtrc kim loai va cac dang déng phén hoa hoc lap thé.

Cén hiéu rang mét trong s6 cac hop chit c6 cong thic (I) c6 thé chita mot hodc
nhiéu tdm khong dbi ximg va tdn tai dudi dang cac dang déng phan héa hoc lap thé.

~

Thuat ngit “céc dang ddng phén héa hoc 14p thé” dugc sir dung & trén xéc dinh tat

ca cac hop chat c6 thé dugc tao ra tlr cic nguyén tir gidng nhau dugc lién két boi clng
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thir tw lién két nhung c6 céac ciu triic ba chiéu khic nhau ma khong thé hoan dbi 14n nhau

ma céc hop chét c6 cong thirc (I) c6 thé co.

Trir khi ¢6 quy dinh khac hodc chi d4n khéc, néu khong céc ky hi€u héa hoc cia
hop chit bao gdm hdn hop ctia tit ca cac dang ddng phan héa hoc 1ap thé ¢6 thé c6 ma
hop chét d& néu c6 thé c6. Hon hop da néu c6 thé chira tit ca cac chit ddng phan khong
d6i quang va/hoic cac chit ddng phan dbi anh c6 cAu triic phén tir co ban ctia hop chit da
néu. T4t ca cac dang ddng phan hoa hoc 14p thé ctia cac hop chét theo sang ché & dang
tinh khiét hodc & dang két hop v&i nhau duge du dinh bao gdm trong pham vi clia sang

chée

Céc dang ddng phén 1ap thé tinh khiét ctia hop chét va cac san phim trung gian
nhu duge néu trong ban md ta nay duoc dinh nghia 13 chit ddng phan gin nhu khoéng
chira cac dang ddng phén ddi anh hozc déng phan khong ddi quang c¢6 ciing céu triic phan
tir co ban ctia hop chét hodc san phdm trung gian di néu. Cu thé, thuat ngit “tinh khiét vé
mit ddng phan dbi anh” chi hop chit hodc san phim trung gian c6 d6 du ddng phan lap
thé it nhat 1a 80% (tirc 13, t8i thiéu 90% maot chit ddng phan va t6i da 10% cac chét ddng
phan c6 thé c6 khac) 18n t6i d6 du ddng phén 1ap thé 13 100% (tirc 13, 100% 13 mot chét
ddng phan va khéng c6 chat ddng phan khac), cu thé hon, hop chit hoic san phdm trung
gian c6 do du ddng phén lap thé tir 90% dén 100%, cu thé hon nita cé d6 du ddng phan
1ap thé tir 94% dén 100% va cu thé nhét c6 d6 du déng phan 1ap thé tir 97% dén 100%.
Thuét ngfr “tinh khiét v& mat ddng phan d6i anh” va “tinh khiét vé mit déng phan khéng
d6i quang” cin duoc hiéu theo cach tuong tw, nhung nén tinh dén d§ du ddng phan ddi
anh, va d6 du ddng phan khéng dbi quang, mdt cach twong Umg, ctia hdn hop dang ndi

den.

Céc dang ddng phan 14ap thé tinh khiét ctia hop chét va san phim trung gian theo
sang ché c6 thé didu ché duoc bang cach sir dung cac phuong phép di biét trong linh vuec.
Vi du, dang ddng phan dbi anh c6 thé duoc tach riéng khoi nhau bang cach két tinh chon
loc mubi ddng phan khong ddi quang ctia chiing véi axit hoc bazo c6 hoat tinh quang
hoc. Vi du v& céc axit ¢4 hoat tinh quang hoc la axit tartric, axit dibenzoyltartric, axit
ditoluoyltartric va axit camphorsulfonic. Theo cach khac, dang ddng phan dbi 4nh c6 thé
duoc tach ra riéng boi k thuat séc ky sir dung pha tinh khong d6i xtng. Cac dang ddng
phan hoéa hoc 14p thé tinh khiét nay ciing c6 thé thu duoc tir dang ddng phan I4p thé tinh

khiét twong tng cta nguyén liéu ban dau thich hop, v6i didu kién 13 phan tmg x4y ra theo
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cach lap thé dic thi. Tét hon 13, néu chét déng phan 14p thé dic hiéu dugc mong muén,
thi hop chit nay dugc téng hop bing céc phuong phap didu ché 1ap thé dic thi. Céc
phuong phip niy s& thuan lgi hon néu sir dung nguyén liéu ban du tinh khiét v& miit
ddng phén dbi anh.

Céc raxemat ddng phan khong ddi quang c6 cong thirc I ¢ thé thu duge mdt cach
riéng r& bang cac phuong phéap thong thuong. Cac phuong phap phén tach vét ly thich
hop ma c6 thé duge st dung d& dang 13, vi du, két tinh chon loc va sic ky, vi du séc ky

cot.

Dbi voi mot trong sb cac hop chét c6 cong thire (1), céc tién dugc chét cua chung,
N-oxit, cdc mudi, cac solvat, c4c amin bac bdn, hodc cac phirc kim loai va cac san phém
trung gian duoc str dung trong qué trinh didu ché chiing, cAu hinh héa hoc 1ap thé tuyét
d6i khong duoc xac dinh bing thuc nghiém. Chuyén gia trong linh vuc c6 thé xac dinh
cAu hinh tuyét dbi cia cac hop chit nay bing céach sir dung cac phuong phép da biét trong
linh vuc k§ thuat nhu, vi dy, nhidu xa tia X.

Séng ché cling dur dinh bao gom tat ca cac chat dong vi clia cac nguyén tir ¢ mat
trong cac hop chat theo sang che. Cac chat dong vi bao gom céc nguyén tir ¢ cung s6
nguyén tir nhung khac vé s6 khoi. Vi du va khong gidi han vé cac chat dong vi cua hydro

bao gdm triti va do-te-ri. Cac chit ddng vi ctia cacbon bao gdm C-13 va C-14.

D& sir dung trong diéu tri bénh, cac mubi ctia cac hop chét ¢6 cong thirc (I) 1 cac
mubi trong d6 ion trai ddu c6 tinh dugc dung. Tuy nhién, cdc mudi cta céc axit va céc
bazo ma khong dugc dung cling co thé c6 ich, vi du, trong viéc didu ché va tinh ché hop
chit duoc dung. T4t ca cac mudi, hodc dugc dung hodc khong dugc dung déu duoc bao

g0m trong pham vi cuia sang che.

Céc mubi cdng axit va bazo dugc dung nhu duoc dé cép & trén c6 nghia bao gém
céac dang mudi cong axit va bazo khong ddc co tac dung tri li€u ma cac hop chét c6 cong
thire (I) c6 thé tao thanh. Cac mubi cong axit duoc dung théng thudng c6 thé thu dugc d&
dang bang cach xtr Iy dang bazo bing axit thich hop. Céc axit thich hop gdm, vi dy, céc
axit v0 co nhu cac axit halogenhydric, vi du axit clohydric hodc axit bromhydric, axit
sulfuric, axit nitric, axit phosphoric va céc axit twong tu; hodc cac axit hitu co nhu, vi du,
axit axetic, axit propanoic, axit hydroxyaxetic, axit lactic, axit pyruvic, axit oxalic (tic 1a

axit etandioic), axit malonic, axit suxinic (trc la axit butandioic), axit maleic, axit



19967

fumaric, axit malic (tc 1a axit hydroxybutandioic), axit tartric, axit xitric, axit
metansulfonic, axit etansulfonic, axit benzensulfonic, axit p-toluensulfonic, axit

xyclamic, axit salixylic, axit p-aminosalixylic, axit pamoic va cac axit tuong tu.

Nguoc lai, cac dang muoi da néu co thé duoc chuyén hda bang cach xir ly bﬁng

bazo thich hgp thanh dang bazo tu do.

Céac hop chét c6 cong thirc (I) c6 chua proton axit ciing c6 thé duoc chuyén héa
thanh cic dang mudi cong kim loai hoic amin khong ddc bing cach xir Iy bing céc bazo
hitu co va v co thich hgp. Céac dang mudi bazo thich hop bao gém, vi du, cac mubi
amoni, cac mudi kim loai kiém va kiém thd, vi du cadc mudi lithi, natri, kali, magie, canxi
va cac mudi tuong tu, céac mudi véi cac bazo hitu co, vi du benzathin, N-metyl-D-
glucamin, cdc mubi hydrabamin, va cic mudi v6i cac axit min nhu, vi dy, arginin, lysin

va cac mudi tuong tu.

Thuét ngit mudi cong nhu dugc sir dung & trén trong ban mo ta cling bao gdom céac
solvat, cac hop chat cé cong thirc (I) cling nhu cac muoi cla nd, cé thé tao thanh. Céc

solvat nay vi du la cac hydrat, cac alcoholat va cac dang tuong tu.

Thuét ngit “amin bac bdn” dugc st dung & trén xac dinh céac mudi amoni bic bén
ma cac hop chét ¢ cong thirc (I) ¢ thé tao thanh bing phan tg gifta nito bazo cia hop
chét co cong thie (I) va tac nhan tao bac bdn thich hop, nhu, vi du, alkylhalogenua,
arylhalogenua hozc arylalkylhalogenua dugc thé tuy ¥, vi du metyliodua hodc
benzyliodua. Céc chit phan tng khéc c6 nhém roi chuyén tét cling ¢ thé duoc sir dung,
nhu alkyl triflometansulfonat, alkyl metansulfonat, va alkyl p-toluensulfonat. Amin bac
bdn cé nito tich dién duong. Cac ion trai diu dugc dung gém c6 clo, brom, iot,
trifloaxetat va axetat. Ion trai dau lua chon c6 thé dugce dua vao béng céch sir dung nhya
trao d6i ion. |

Céc dang N-oxit ctia cic hop chét theo sang ché c6 nghia 13 bao gbm céc hop chét
c6 cong thuc (I) trong d6 mot hoac mot sb nguyén tir nito dugc oxi héa thanh N-oxit.

Cén hiéu ring cic hop chit c6 cong thirc (I) ¢6 thé c6 dac tinh lién két véi kim
loai, chelat hoa, tao phirc va do dé cé thé tdn tai dudi dang céc phuc kim loai hodc cac
chelat kim loai. C4c d&n xudt duoc kim loai héa nay cia cac hop chét ¢ cong thire (1)

dugc bao gom trong pham vi ciia sang che.
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Mot s6 trong sb céc hop chét ¢6 cong thirc (1) cling c6 thé ton tai dudi dang hd
bién. Cac dang ndy mic du khéng duoc chi ra trong cong thirc & trén nhung ching duoc

du dinh bao gdm trong pham vi ctia sang ché.

Can hi€u ring cac hop chat clia sang ché, lién quan dén cac phan bén trai va bén

phéi néu trén c6 cong thirc I, s& thay doi rat nhicu.

Mot s& phwong 4n nhit dinh khong ndm ngoai pham vi cta sang ché dugc thao

luén chi tiét hon dué6i day.

Theo mét phuong an dugc wu tién, R; duoc chon tir nhém bao gém H, halogen,
C-Cealkoxy, CFs, va OCF;. Theo mét phuong an duoc wu tién khac, R; & vi tri para dbi
vdi N-Rj; dugce chon tir nhom bao gém H, halogen va tt ca R, khéc 1a H. Theo mot

phuong an dugc wu tién khéc nita, halogen 1a brom hoic clo.

Theo mot phuong an dugce wu tién khac nita, R; bao gém mach -(CRgRy), trong d6
Rg va Ry t6t hon 1a H va n bang 2-4. TSt hon 13, R, dugc chon tir nhém bao gdm OH, F,
CF,H, CF3, SO,Rg, va CN. Ry tt hon 13 metyl.

Theo phuong dn duoc uu tién, Ry 1a C3-Coxycloalkyl, tot hon 14 xyclopropyl.

Theo phuong 4n dwgc wu tién, va t6t hon 1a két hop véi cac phuong an dugc wu
tién khac, m6t X 13 N, va cac X con lai 1a C. Theo phuong an duge wu tién nhit, mot X 1

N, 1a X & vi tri para dbi voi N-Ry.

T6t hon 13, nhidu nhét mét Rs duoc chon tir nhém bao gébm C;-Cg alkyl,
C,-Cg-alkoxy, halogen. Uu tién nhét, tit ca R® 1a H.

Cac hop chit duge uu tién 14 cac hop chit duoc liét ké trong bang 1 dudi day.

Dugc uu tién nhat 14 cac hop chit sb 1, 2, va 3.

Céc hop chit c6 cong thirc I ¢ thé duge didu ché bang cac phuong phép dugc mo
ta dudi ddy, st dung cac phuong phap tong hop da bibt trong linh vuc hoéa hoc hitu co,
hogc nhitng bién dbi va nhitng dn xuit ma da biét dbi v6i chuyén gia trong linh vuc. Cac
nguyén lidu ban dau duogc st dung trong ban md t& mua duoc trén thi truong hoidc cb thé
duogc didu ché bing cac phuong phép thong thudng di biét trong cac giai phap k¥ thuat
d4 biét nhu cac phuong phap duoc boc 16 trong sach tham khao chuin. Cac phwong phéap
duoc wu tién bao gdm, nhung khoéng bi gi6i han ¢, cac phuong phap duge md ta dudi

day.
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O budc bit ky trong trinh tu téng hop sau, ¢6 thé cin thiét va/hoic mong mudn
bao vé c4c nhém nhay cam va d& phan tmg trén céc phan tir bat ky lién quan. Viée nay c6
thé dugc thuc hién béng cac nhom bao vé thong thudong, nhu cac nhém bao vé duge md
ta trong tai liéu: T. W. Greene and P. G. M. Wuts, Protective Groups in Organic
Chemistry, John Wiley & Sons, 1999, dugc dua vao day béng cach vién dan.

Céc hop chét c6 cong thirc I, hodc céc mubi dugc dung cua chung, co thé duoc
didu ché theo céc so dd phan tng duogc thao luan dudi ddy trong ban mé ta. Trir khi c6
quy dinh khac, phin tir thé trong céc so dd nay dugc xac dinh nhu trén. Viéc phan tach va
tinh ché cac san phdm dugc thuc hién theo cic quy trinh tiéu chudn, ma di dugc cic nha

hoéa hoc biét r6.

So d 1 minh hoa phwong phép didu ché cac hop chat c¢6 cong thirc I, trong d6 R,
dén Rs va X dugc xéc dinh nhu & trén.

Xem so dd 1, hop chit c6 cong thirc I ¢6 thé duoc tdng hop bang phan tmg két hop
gifta 2-hydroxymetylen indol c6 cong thirc II-a véi 2-oxo-imidazopyridin dugc thé N
hodc véi 2-oxo-imidazobenzen III dwoc thé N° theo phwong phép di biét trong linh vue
ky thudt nhu phan ‘mg Mitsunobu ma st dung azadiisopropyldicarboxylat va triphenyl
phosphin trong dung méi thich hop nhu DMF hodc THF. Theo cach khéc, hgp chét c6
cdng thie I c6 thé duoc diéu ché biang cach thay thé Y, 1 halogenua, t6t hon 13, clo II-b,
hodc sulfonat nhu mesylat II-c v6i su c6 mét cua bazo nhu natri hydrua, kali cacbonat

hoic xesi cacbonat trong dung mo6i thich hgp nhu DMF hoac THF.

So d6 1
R4
' R
R O~_N 5
R 'R Rs Rs Ri RY 7 x'X'Rs
1 L)Y N Xy Rs R, N
N * O:( I . )'( ) 'X— R
R R N X" Rs Ri N Rs °
R1 3 R5 R1 R3
ll-a'Y = OH I Cone thitc |
ll-b Y = Cl ong thue
ll-c Y = SOsMe

Diéu ché hop chét Il-a

Nguyén liéu ban dau cé coéng thirc IV duge st dung trong sang ché c6 thé mua

duoc trén thi truong, hoac céd thé duogc téng hop, b%‘mg nhung khong bi gidi han &, cac

-12-



19967

phuong phéap d biét trong cac giai phap k§ thuit nhu phuong phép téng hop Reissert
hoic phuong phép téng hop Fischer, phan tng cta cac hop chét indol nay véi Rs-LG,
trong d6 LG la nhom roi chuyén nhu halogenua, tdt hon 13, brom, hoac sulfonat, véi su
cd mit cua bazo nhu natri hydrua, kali cacbonat hodc xesi cacbonat trong dung mdi thich
hop nhu DMF hozc THF, tao ra hop chét V (so dd 2). Viéc chuyén héa alkyl este c6 hop
chét V thanh ruou II-a dwoc tién hanh véi hydrua kim loai nhu lithi nhém hydrua hodc
natri bohydrua trong dung mdi thich hop nhu THF, metanol hoac etanol.

So db 2
R
R4 R4 . T R
R Rz Khur 2 OH
Ry { o _ReTle R L QP R 4
R; N “o— alkyl Bazo R; N O/alkyl Ri N
Ri v Ty ll-a

Viéc xir Iy ruou ¢ cong thire II-a bang thionyl clorua tao ra 2-clometyl indol ¢6
cbng thirc II-b. Theo cach khac, rugu c6 cong thirc II-a c6 thé duge chuyén hoéa thanh san
phim trung gian II-c bing phan tng v&i metan sulfonyl clorua véi sy ¢6 mit ciia bazo
hitu co nhu trietyl amin hoac diisopropyl etyl amin trong dung mdi thich hop nhu

diclometan (so db 3).

So d6 3
R
R | R OH Ri R,
1
N SOCl, R N
R N 3
! R hs hoic MsCl R1 NI'?{
]
Ri 3
Il-a I-b Y = Cl
ll-c Y = SOsMe

Céc hop chét IIT c6 thé dugc tng hop sir dung quy trinh dugc mb ta trong so db 4.
Viéc thay thé Z, 1a halogenua, tdt hon 13, flo, hodc nhém alkoxy, t5t hon 13, metoxy, cua
nitro pyridin hodc ctia nitro aryl c6 cong thirc VI bang amin, trong dung mai thich hop
nhu THF hodac DMF, véi su ¢ mét cua bazo hitu co nhu trietyl amin hodc diisopropyl
etyl amin, tao ra hop chit VIL. Viéc khir nhém nitro thanh amin VIII ¢6 thé dugc thue
hién trong chit xuc tac sir dung hydro véi su ¢ mat cta chit xuc tac nhu paladi hodc

platin, trong dung mdi thich hgp nhu metanol, hodc theo hé sb ty luong s dung st voi
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st ¢ mit ctia amoni clorua hoic thiée clorua véi su ¢6 mat cla axit clohydric ddc. Viéc
déng vong diamin di tao ra hop chét c6 cong thirc VIII bang cach sir dung CDI, phosgen
hodc triphosgen, trong dung m6i nhu axetonitril hodc THF, tao ra benzimidazolon dugc
thé N° ¢6 cdng thirc IT1. Theo cach khac, hop chét c6 cong thirc III ¢6 thé dugc didu ché
bat dAu tir dianilin ¢ cong thirc IX mua dugc trén thi truong ma co6 thé duoc tao vong
bing cach déng vong bang CDI, phosgen hoic triphosgen tao ra céc san phim trung gian
c6 cdng thire X. Qua trinh alkyl hoa hoic sulfonyl héa nguyén tir nito ure ctia hop chit X
¢6 thé duogc hién bang phan ung Mitsunobu véi cac rugu mua duge trén thi truong, hodc

béng céach thay thé clo trong cac hop chét c6 cong thire XI dé tao ra hop chét thudc loai

cong thure II1.
So do 4
R5 R5 R5
Rs.__X.__NO, Rs._ _X._ _NO Rs. _X._ _NH
X I Re—NH, X \j: ? HyPdIC X7 \]: 2
—— —_— 3
P/ o
RS/X~)'( Z  Et,N, DMF RS,X\X/ 'FIH hogc Fe/NH,CI R/X‘X/ NH Qﬁ’ac C(_)Clz
X 5
Rs }%5 Ry hodc SnCl,/HCl IIR ) F\!4 Re Rs
VI Z=F, Cl, OMe Vil Vil N Xoy-Rs
O=(NI ‘),( -
Rs R T H X “Rs
RS‘X’X\ NH, cp Say XN . /O' Rs
1] —_— = ) I = 1}
X\ INH hodc COCl, g Xy @ Ry—§—Cl
Rg )I( 2 5 \ H 0 X
IX Rs x Rs

Céc hop chit c¢6 cong thie (I) ¢6 thé duoc chuyén hoéa thanh céc dang N-oxit
tuong Ung theo céc quy trinh d4 biét trong linh vuc k§ thuét nay ding dé chuyén héa nito
hoéa tri ba thanh dang N-oxit cia n6. Phan trng N-oxi hda da néu thuong cé thé duoc thuc
hién bang cach cho nguyén lidu ban ddu c6 cong thirc (I) phan ung véi peroxit hitu co
hodc v6 co thich hop. Cac peroxit v6 co thich hgp bao gém, vi du, hydro peroxit, cac
peroxit kim loai kiém hodc kiém thd, vi du natri peroxit, kali peroxit; cac peroxit hitu co
thich hop c6 thé bao gdm axit peroxy nhu, vi du, axit benzencarboperoxoic hodc axit
benzencarboperoxoic dwgc thé halo, vi du axit 3-clobenzencarboperoxoic, axit
peroxoalkanoic, vi du axit peroxoaxetic, alkylhydroperoxit, vi du t.butyl hydro-peroxit.
Céc dung moi thich hop 1a, vi dy, nudc, rugu thép, vi du etanol va cac dung moi tuong
tu, cac hydrocarbon, vi du toluen, keton, vi du 2-butanon, cac hydrocarbon dugc halogen

héa, vi du diclometan, va hdn hgp ctia dung méi nay.

Céc dang ddng phan héa hoc 14p thé tinh khiét ctia cac hop chit ¢6 cong thirc (I)
c6 thé thu duoc bang cach str dung céc quy trinh da biét trong linh vuc nay. Cac chat
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ddng phan khéng ddi quang c6 thé duoc tach riéng bing céc phuong phap 1y hoc nhu
phuong phap két tinh chon loc va séc ky, vi du, phan bd d6i dong, sic ky 1déng va phuong
phéap tuong tu.

Céc hop chit c6 cong thirc (I) duge didu ché trong cac quy trinh dugc mo ta & trén
thuong 13 cac hdn hop raxemic ciia cac chit dong phan dbi anh ma c6 thé duogc tich ra
khoi nhau bang cac quy trinh phan giai da biét trong linh vuc ndy. Céc hop chit raxemic
c¢6 cong thire (I) c6 tinh bazo hodc axit dii ¢ thé duge chuyén hoa thanh céc dang mudi
ddng phan khéng dbi quang tuong tmg bing cach cho phan img véi axit khong dbi xung
thich hgp, bazo khong ddi xting twong tmg. Céc dang mudi ddng phan khong d6i quang
sau d6 duoc tach ra, vi du, béng cach két tinh chon loc hodc két tinh phan doan va cac
chat dong phan d6i anh dugc giai phéng ra tir d6 biang kiém hoic axit. Phwong phép tach
thay thé dung dé tach cac dang ddng phan ddi anh cua cac hop chét ¢6 cong thirc (I) bao
gdm sic ky 1ong, cu thé 14 sic ky 16ng str dung pha tinh khong d6i xtmg. Céc dang ddng
phéan hoéa hoc lap thé tinh khiét d3 néu cling co thé thu dugc tir cac dang déng phan héa
hoc 1ap thé tinh khiét twong mg ciia cac nguyén liéu ban dau thich hop, véi didu kién 1a
phén ting dién ra theo c4ch dic hiéu 1ap thé. Tt hon khi cin téng hop mot chét déng phéan
1ap thé cu thé, thi hop chét néu trén s& dugc téng hop theo cac phwong phap didu ché dic
hidu 1ap thé. Céc phuong phap nay d& dang dugc tién hanh hon khi st dung cdc nguyén
liéu ban d4u tinh khiét v& mit déng phan dbi anh.

Theo khia canh khac, sang ché dé cap dén duge phém bao gém lugng cho tac
dung diéu tri ctia hop chét c6 cong thirc (I) nhu dugc néu trong ban mé ta, hoic hop chét
theo bt ky trong s6 cac phan nhém ctia cac hop chét ¢ cong thire (I) nhu duoc néu trong
ban md ta, va chét mang dugc dung. Lugng cho tic dung diéu tri trong ban mo ta la
lugng du cho tac dung phong bénh chdng lai, d 1am n dinh hodc 1am giam su 1y nhidm
virut, va cu thé lay nhiém virut RSV, & dbi tuong d3 nhiém hodc cac dbi tuong c6 nguy
co bi nhiém. Theo khia canh khéc, séng ché nay dé cap dén quy trinh bao ché dugc phim
nhu dugc néu trong ban md ta, quy trinh ndy bao gdm viéc tron k§ chit mang dugc dung
v6i lugng cho tac dung didu tri cta hop chét c6 cong thire (I), nhu dugce néu trong ban mo
ta, hodc hop chat theo bit ky trong s§ cac phan nhém cta cac hop chit cé cong thic (I)

nhu dugc néu trong ban mo ta.

Do vdy, cac hop chit theo sang ché hoic theo phuong 4n bit ky c6 thé duoc phéi

ché thanh céc dang dugc phrflm khac nhau dé s dung. D4i voi thanh phén thich hop, c6
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thé ké dén tit ca cac thanh phan thuong duge ding cho cac thudc st dung toan than. Dé
bao ché duoc phém theo sang ché, lugng cho tac dung didu tri cia mot hop chét cu thé,
tuy y & dang mubi cdng hodc phuc kim loai, ding lam thanh phén hoat tinh s& duoc két
hop trong hdn hop trén k¥ véi chét mang dugc dung, chét mang nay c6 thé cé nhiéu dang
khac nhau phu thugc vao dang ché phém mong mudn sir dung. Céc dugc phﬁm nay can &
dang lidu don vi thich hop, cu thé, dé st dung qua duong miéng, qua truc trang, dudi da,
hogic bang cach tiém ngoai duong tiéu héa. Vi du, d& bao ché dwoc phim & dang lidu
luong dung qua dudng miéng thi cdc mdi trudng dugc ly thong thudng bat ky ddu c6 thé
duoc st dung nhu, vi dy, nudc, glycol, dau, rugu va cac moi truong tuong tu trong
truong hop ché phim long ding qua dudong miéng nhu hdn dich, xird, cdn ngot, nhil
twong va dung dich; hoac chét mang rén nhu tinh bot, dudng, cao lanh, chét 1am tron,
chét két dinh, chit lam phén ra va cac chét tuong tu trong trudng hgp bot, vién tron, vién
nang, va vién nén. Vi dé str dung, nén vién nén va vién nang 1a cac dang don vi liéu dung
qua dudng miéng thuin tién nhit, trong trudng hop ndy chat mang réﬁ dung trong duoc
phdm hién nhién s& 14 duoc sir dung. DSi v6i ché phdm ding ngoai dudng tidu hoa, chit
mang s& thuong gdm nudc vo tring, it nhit trong phén 16n, mdc du cac thanh phan khéc,
vi du, @ trg gitp kha nang hoa tan, c6 thé dugc bao gém. Dung dich ti€ém duogc, vi dy, c6
thé dugc pha ché trong d6 chit mang gdm dung dich nude mudi, dung dich glucoza hogic
hén hop ctia nudc mudi va dung dich glucoza. Han dich tiém duoc ciing c6 thé duoc pha
ché trong trudng hop d6, chit mang 16ng thich hop, chit tao hdn dich va céc chat tuong
tu ¢6 thé duoc st dung. Cling dugc bao gém 1a ché phém dang ran duoc du dinh s& bi
chuyén ddi, ngay truéc khi st dung, thanh ché phim dang 1ong. Trong ché phdm thich
hop @ dung duéi da, chit mang tily ¥ gdm chét ting cudng kha ning thAm va/hodic chét
thdm wét thich hop, tiy ¥ duoc két hop véi cac chit phu gia thich hop c6 ban chit bt ky
v6i ty 18 nho, chét phu gia nay khong gdy ra tic dong c6 hai dang k& dén da.

Céc hop chit ctia sing ché ciing c6 thé dwoc ding bang cach xdng qua dudng
miéng hoic bom vao theo cac phuwong phép va céc dang ché phim duogc sir dung trong
giai phap k¥ thut di biét dé dung theo cich nay. Nhu vdy, thong thudng céc hop cht
theo sang ché c¢6 thé dugc ding cho phéi & dang dung dich, huyén dich hogc bot khd,
dung dich 14 dugc wu tién. Hé thdng bat ky duoc phét trién phan phbi dung dich, huyén
pht hodc bt khé bing cach xéng hit qua dudng miéng hodc bom s& thich hop dé phan

phdi céc hop chit theo sang ché.
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Theo d6, sang ché con dé xuit duoc phdm dugc diéu chinh thich hop dé dung
bang cach x6ng hit hoic bom qua miéng gdm hop chit c6 cong thirc (I) va chit mang
dugc dung. T8t hon 13, cac hop chit cua sang ché dugce ding bing cach x6ng dung dich &

dang liéu phun mt hoic khi dung.

Dic biét thuin lgi néu phéi ché duoc phém néu trén & dang lidu don vi dé dé su
dung va tao ra 46 ddng déu liéu lwong. Dang lidu don vi trong ban mb ta nay chi cac don
vi riéng biét v& mit vat ly thich hop ding 1am liéu don vi, mdi don vi ¢6 chita lwong dinh
trudc ctia thanh phan hoat tinh duoc tinh toan dé tao ra tic dung diéu tri bénh mong muébn
két hop v6i chit mang can dung trong dugc phdm. Vi du v& cac dang liéu don vi nay 13
vién nén (gdm vién nén duogc khia rinh hoic duge bao), vién nang, vién tron, thubc dan,
g6i bot nho, vién nhén, dung dich tiém duge hodc hdn dich va cac dang twong tu, va céc

manh da phan tach ctia chung.

Céc hop chit c6 cong thire (I) thé hién ddc tinh khang virut. Viéc nhiém virut c6
thé diéu tri dugc bing cach st dung cac hop chit va cac phuong phap ctia sang ché bao
gdm céc bénh 1y nhidm do ortho- va paramyxovirut giy ra va cu thé do virut hop bao
dudng ho hip & ngudi va bdo (RSV) gy ra. Ngoai ra, mot sé hop chit ciia sang ché c6
hoat tinh chéng lai cac chung dot bién ctia RSV. Ngoai ra, nhiéu hop chét cia sang ché
nay c6 profin dugc ddng hoc co6 lgi va c6 cac dac tinh hép dn xét vé khia canh dd sinh
kha dung, bao gdm thdi gian ban hiy c6 thé chip nhan duoc, AUC va céc gi tri dinh va
khong tao ra hién tugng khéng co6 lgi nhu khoi phat khong @i nhanh va d§ lvu mé khéng
da.

Hoat tinh khang virut in vitro d8i vi RSV ctia cdc hop chét theo sang ché duoc
thir nghiém trong thir nghiém nhu dugc mé ta trong phan thir nghiém ctia ban mo ta nay,
va cling c6 thé duoc chimg minh trong thir nghiém giam lugng virut. Hoat tinh khang
virut in vivo khdng RSV cia céc hop chat theo sang ché ¢6 thé dugc ching minh trén mo
hinh tht nghiém béng cach st dung cac con chudt bong nhu dugc md ta trong tai li€u:
Wyde et al. (Antiviral Research (1998), 38, 31-42).

Do tac dung khéng virut ciia ching, cu thé 13 tac dung khang-RSV cua chiing, cac
hop chit c¢6 cong thirc (I) hodc phuong 4n bit ky cta ching, cac tién duge chét cia
chung, cac N-oxit, cac mubi cdng, cac amin bac bdn, cac phtc kim loai va cac dang déng

phan héa hoc 1ap thé, c6 tac dung diéu tri & céc ca thé bi nhiém virut, cu thé 13 nhidm

-17-



19967

RSV, va dé phong viéc nhiém virut nay. Théng thuong, cic hop chét cua sang ché c6 thé
hitu ich trong viéc didu tri cho cac dong vit mau néng bi nhidm virut, cu thé virut hop

bao dudng hd hép.

Do d6, cac hop chét ciia sang ché hodc phuong an bit ky cia né c6 thé dugce ding
lam thubc. Viéc dung 1am thubc hodc phuong phap diéu tri di néu bao gdm viée dung
toan than cho dbi twong bi nhidém virut hoic cho cac ddi tuong d& bi nhidm virut ding
luong cho tac dung @& chdng lai céc tinh trang bénh lién quan dén viéc nhidm virut, cu
thé 1a nhiém RSV.

Séang ché con dé cap dén cic hop chit theo sang ché hoic phwong 4n bit ky ctia né
dé sir dung trong bao ché thubc dé diéu tri hoic ngin ngira nhiém virut, cu thé 14 nhiém

RSV.

Séang ché con dé cap dén hop chat ¢6 cong thirc (I), nhu duge néu trong ban md ta,
hozic hop chit theo bét ky trong sd cac phan nhém cia cac hop chit c¢6 cong thirc (I), nhu
duoc néu trong badn mod ta véi lugng cho tdc dung khang virut dé diéu tri cho dong vat

méu néng bi nhiém virut, hodc c6 nguy co bi nhiém virut, cu thé 1a RSV.

Nhin chung, lugng hang ngay cho tac dung khang virut duoc du dinh s& nim trong
khoang tir 0,01 mg/kg dén 500 mg/kg cin ning, t6t hon 14 tir 0,1 mg/kg dén 50 mg/kg cin
nang. Viéc st dung lidu cin dung dudi dang hai, ba, bdn hodc nhiéu lidu chia nhé vao céc
khoang thoi gian thich hgp trong ca ngay cling c6 thé thich hop. Céc lidu phu chia nho c6
thé duoc phéi ché dudi dang lidu don vi, vi du, c6 chura tir 1 dén 1000mg, va cu thé tir 5

dén 200 mg thanh phin hoat tinh cho m&i dang liéu don vi.

Liéu chinh xé4c va s 14n ding tiy thude vao hop chit cu thé c6 cong thire (I) duoc
st dung, tinh trang bénh cu thé duoc diéu tri, mirc d6 nghiém trong cta tinh trang bénh
dugc didu tri, d6 tudi, cAn ning, gidi tinh, mic do bénh va tinh trang thé chit chung cua
bénh nhan cu thé, cling nhu thudc khac ma bénh nhan c6 thé dang dung, nhu da dugc biét
13 dbi voi chuyén gia trong linh vuc. Ngoai ra, rd rang 1 luong hang ngay cho hiéu qua
d3 néu c6 thé giam hodc ting thy thudc vao dap tmg cia ddi twong dugc didu tri va/hoic
tly thudc vao viéc danh gia ctia bac si ké don ding céc hop chat ciia sang ché. Do d6,
luong cho tac dung diéu tri ding hang ngdy nim trong khoang néu trén chi mang tinh

huéng dan.
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DPdng thoi, hdn hop ctia hop chét khang virut khac va hop chit c6 cong thirc (I) co
thé dwoc dung lam thube. Nhu véy, sang ché con d& cap dén san phim c6 chira (a) hop
chét ¢6 cong thic (1), va (b) hop chét khéang virut khac, duéi dang ché phim két hop dé
dung d@)ng thoi, riéng r€ hodc lan luot trong viéc diéu tri khéang virut. Cac thubc khac
nhau c6 thé duoc két hop trong mot ché phidm duy nhét cling vé6i chét mang dugc dung.
Vi dy, céac hop chét cua sang ché c6 thé duoc két hop véi interferon-beta hodc yéu t§ hoai

tir khéi u alpha dé diéu tri hodc ngin ngira tinh trang nhidm RSV.
Sau ddy sang ché s& dugc minh hoa bang céc vi du sau ddy. Cac vi du nay khéng
nhim gidi han sang ché.
Vi du thwe hién séng ché
Vidul
Téng hop céc san phdm trung gian
Tét ca cic san phim trung gian can d téng hop cac hop chit mong mubn c6 cong

thirc I dugc téng hop nhu duge mé ta trong so db 5 dén so dd 9.

)
m-cPBA T PBr; i
HO—— ~S— HO/\/\ﬁ - Br/\/\:‘su_

5-a 5-b 5-c
So db 5: Téng hop hop chit 1-bromo-3-(metylsulfonyl)propan cé cong thirc 5-c
Budce 1: Tong hop hop chét 3-(metylsulfonyl)propan-1-ol ¢6 cong thirc 5-b

Hoa tan rugu cé cong thirc 5-a (200g, 1900mmol) trong CH,Cl, (2000ml). Lam
lanh hdn hop niy xubng 0°C. BS sung ting phdn m-CPBA 85% trong nudc (970g,
5700mmol) giit nhiét d6 ndm trong khoang tir 0 &n 5°C. Sau khi bb sung, dé 4m hén hop
nay dén nhiét d6 25°C va khudy trong 15 gid. Loc hdn hop niy qua tAm xelit. Tinh ché
phén dich loc bing cét nhanh (dung mdi rira giai: ete ddu mo: etyl axetat = 3:1 va sau d6
etyl axetat: metanol = 10:1) dé tao ra san phidm trung gian c6 cong thirc 5-b (75g, 29%).
Budc 2: Téng hop hop chét 1-bromo-3-(metylsulfonyl)propan c6 cong thirc 5-c

Hoa tan san phim trung gian c6 coéng thirc 5-b (75g, 543mmol) trong CH,Cl,
(750ml). Lam lanh hén hop niay xudng 0°C. B sung timg giot phospho tribromua
(53,6ml, 570mmol) giit nhiét &6 nim trong khoang tir 0 &én 5°C. Sau khi bd sung, d& 4m
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hén hop nay dén nhiét d6 25°C va khudy trong 15 gid. R6t hdn hop nay vao nude da.
Rira 16p hitu co d3 tach ra bang nudc mubdi (2 x 1500ml), 1am kho bang Na,SO4, loc va
lam bay hoi trong chin khong dé tao ra hop chét néu & dé muc niy ¢ cong thirc 5-¢ (77g,
71%). "H NMR (400 MHz, CLOROFOM-d) & ppm 2,25 — 2,40 (m, 2 H) 2,91 (s, 3 H)
3,1-3,2 (m, 2H) 3,5-3,6 (m, 2H).

ol TBDMSCI

\
6-a 6-b

So db 6: Tong hop hop chit tert-butyl(4-clobutoxy)dimetylsilan c¢6 cong thic 6-b

Hoa tan rugu c6 cong thirc 6-a (100g, 920mmol) trong CH,Cl, (1000ml) & nhiét
d6 trong phong. Lam lanh hdn hop nay xubng 0°C sau d6 bd sung imidazol (81,5,
1200mmol) va TBDMS-CI (152g, 1010mmol). Hén hop thu duge dwoc khudy trong 4
gi& & nhiét d6 trong phong, sau d6 loc ra. Rira phan dich loc 1an lugt bang HCI 10% va
nude mudi. Lam kho dung dich tao ra trén MgSOy, loc sau d6 cd dé tao ra hop chit néu &

dé muc nay c6 cong thirc 6-b (100g, 50%) dudi dang ddu khéng mau.

Y Y N
ji) N iPrEN D Hy/Pd HN:@ CDI,MeCN o= || \N
N ~
ON N EOH =N N

EtOH O,N
7-b 7-c 7-d
So dd 7: Téng hop hop chit 1-xyclopropyl-1H-imidazo[4,5-c]pyridin-2(3H)-on ¢6 cong
thire 7-d

Buéc 1: Téng hop hop chit N-xyclopropyl-3-nitropyridin-4-amin ¢ cong thitc 7-b

4-metoxy-3-nitropyridin c6 cong thic 7-a (CAS 31872-62-5) (200g, 1300mmol),
xyclopropylamin (185,5g, 3250mmol) va diisopropy!l etyl amin (336g, 2600mmol) trong
etanol kho (800ml) dwoc hdi hru trong 3 gid. Lam lanh hdn hop nay xudng 0°C. Thu gom
chét rin béng cach loc. Rira banh loc béng etanol lanh (150ml). Lam khé chét rén dé tao
ra hop chit néu & dé muc nay c6 cong thirc 7-b (167g, hidu suit 72%) dudi dang bt mau

tréng.
Budc 2: Téng hop hop chét N*-xyclopropylpyridin-3,4-diamin c¢6 cong thirc 7-c

San phdm trung gian c¢é cbng thirc 7-b (167g, 932mmol) trong etanol (1400ml)
dugc hydro héa (50 Psi) & nhiét d6 20°C véi Pd/C 10% 4m (34 g) 1am chét xuc tac qua
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dém. Sau khi hdp phu H, (3 duong luong), loc chat xic tac ra va lam bay hoi phin dich
loc. Rira phan cin bang metyl ter-butyl ete dé tao ra hop chét néu & d&& muc nay cd cong
thirc 7-c¢ (133g, 95%) dudi dang bot mau vang.
Budce 3: Tong hop hop chit I-xyclopropyl-1H-imidazo[4,5-c]pyridin-2(3H)-on ¢ céng
thie 7-d

B4 sung carbonyldiimidazol (151,8g, 936mmol) vao dung dich cta san phim
trung gian c6 cong thirc 7-¢ (133g, 891,4mmol) trong CH;CN (1800ml) & nhiét d6 0°C.
Dé 4m hdn hop phan tng dén nhiét 6 10°C va khudy trong 1 gio. Thu gom chét rin
bang cach loc va rira bing CH;CN (200ml) dé tao ra hop chét néu & dé muc nay c6 cong
thirc 7-d (101g, 65%) dudi dang bot mau tréng.

¢ L8 g

O,N TDVF o oN 2N EOH 2N N7

8-b 8-c 8-d

So @b 8: Téng hop hop chét 1-(oxetan-3-yl)-1H-imidazo[4,5-c]pyridin-2(3H)-on c6 cong
thuc 8-d
Hop chit ¢ cong thirc 8-d duge didu ché theo cach gibng nhu hop chét 7-d bing

cach st dung 3-aminooxetan lam nguyén liéu ban dau.

N

D "y J@ ot o= T2
N

DMF 02N F EIOH H,N F

9-d
So d6 9: Téng hop hop chit 1-xyclopropyl-5-flo-1H-benzo[d]imidazol-2(3H)-on ¢6 cong
thtrc 9-d
Budc 1: Téng hop hop chit N-xyclopropyl-4-flo-2-nitroanilin ¢é cong thirc 9-b

Hoa tan 1,4-diflo-2-nitrobenzen c6 cdng thic 9-a (CAS 364-74-9) (15g,
94,3mmol) trong DMF (500ml). B6 sung xyclopropyl amin (7ml, 100mmol) sau do6 la
trietylamin (30ml, 217mmol). Hon hop thu duge dwoc khudy & nhiét d6 trong phong qua

dém. Rét hdn hop nay vao nudce va chiét bang diclometan da lam kho bang MgSOy va cb.
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Tinh ché chat rin mau cam bing cach chay séc ky c6t str dung diclometan va metanol dé

tao ra san phim trung gian c6 cong thic 9-b (16g, 86%) dudi dang cht rin mau cam.

m/z =197 (M+H)". 'H NMR (400 MHz, CLOROFOM-d) § ppm 0,63 - 0,68 (m, 2
H), 0,88 - 0,95 (m, 2 H), 2,54 - 2,55 (m, 1 H), 7,27 - 7,34 (m, 2 H), 7,84 - 7,90 (m, 1 H),
7,93 - 8,02 (m, 1 H)

Budc 2: Tong hop hop chét N'-xyclopropyl-4-flobenzen-1,2-diamin c6 cong thic 9-¢

San phdm trung gian c6 cong thirc 9-b (16g, 82mmol) trong etanol (200ml) duoc
hydro héa & nhiét d¢ trong phong véi Pd/C 10% 4m lam chét xic tic qua dém. Sau khi
hép phu H;, (3 duong lugng), loc chét xuc tac ra va lam bay hoi phén dich loc. Rira phﬁn
cin bﬁng etanol dé tao ra hop chét néu & dé& muc nady cé cong thic 9-c (12,8g, 94%) dudi

dang chét rin mau tréng. m/z =167 (M+H)".

Bude 3: Tong hop hop chit 1-xyclopropyl-5-flo-1H-benzo[d]imidazol-2(3H)-on ¢ cong
thirc 9-d

B sung carbonyldiimidazol (13,15g, 81mmol) vao dung dich cta san phim trung
gian c6 cong thic 9-¢ (12,8g, 77,3mmol) trong CH;CN (150ml) & nhiét d6 0°C. Dé 4m
hdn hop phan ing nay dén nhiét d6 trong phong va khudy trong 4 gid. Loai bd dung mdi,
sau d6 tinh ché ph?ln can béng cach chay séc ky cot str dung CH,Cl,/metanol dé tao ra
chit rin mau nu nhat, chit nay dugc nghién min trong dietyl ete dé tao ra hop chét ¢6

cong thirc 9-d (7,4 g, 50%) dudi dang chét rin mau tring. m/z = 193 (M+H)".

'H NMR (400 MHz, CLOROFOM-d) & ppm 0,99 - 1,08 (m, 2 H) 1,08 - 1,20 (m,
2 H) 2,89 (m, 1 H) 6,75 - 6,84 (m, 1 H) 6,87 (dd, =8,53, 2,51 Hz, 1 H) 7,10 (dd, J=8,53,
4,27 Hz, 1 H) 10,33 (br. s., 1 H)

Vidu?2

Téng hop hop chét 3-((5-bromo-1-(3-(metylsulfonyl)propyl)-1 H-indol-2-yl)metyl)-1-
xyclopropyl-1H-imidazo[4,5-c]pyridin-2(3H)-on c6 cong thic 2
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Budc 1: Téng hop hop chét etyl 5-bromo-1-(3-(metylsulfonyl)propyl)-1H-indol-2-

carboxylat ¢ cong thuc 2-1

Br
Br O N\ OEt
OEt 1l NaH, DMF m
\©\/\>—K - BT N o
0]

5-c 241

-0
Oﬁs\

Hoa tan etyl 5-bromo-1H-indol-2-carboxylat (CAS 16732-70-0) (2,3g, 8,6mmol)
trong DMF (50ml). Hon hop nay duogc khudy & nhiét do trong phong, sau d6 bd sung
huyén phil natri hydrua 60% trong dau khoang (0,52g, 12,8mmol). Hdn hop thu dugc
dugc khudy & nhiét d6 trong phong trong 1 gid, sau dé bd sung 1-bromo-3-
(metylsulfonyl)propan 5-c¢ (2,6g, 12,8mmol). Hon hop thu dwoc dugc khudy & nhiét do
trong phong qua d&m. Rét hdn hop niy vao dung dich da/nuée va chiét bang etyl axetat.
Lam kho 16p hitu co bang MgSO, va cb dé tao ra diu thé mau nau. Tinh ché san phim
tho nay béng cach chay séc ky cot sir dung diclometan/metanol dé tao ra hop chit néu &

dé muc nay c6 cong thirc 2-1 (3,2g, 96%) dudi dang chét rin mau tréng.
m/z =389 (M+H)".

Buéc 2: Téng hop hop chét (5-bromo-1-(3-(metylsulfonyl)propyl)-1H-indol-2-

yl)metanol c6 cong thirc 2-2

Br \ OEt Br A OH
LiAIH, \I::I:ﬂ>—/
N 0 N

THF

21 2-2
=0 -0
O;S O;S\
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B sung lithi nhém hydrua (dung dich 2M trong THF, 5,2ml, 10,4mmol) vao dung
dich ctia san phim trung gian c6 cong thuc 2-1 (3,2g, 8,24mmol) trong THF (100ml) &
nhiét d6 trong phong. Hén hop thu duge dugce khudy & nhiét d6 trong phong qua dém.
Hén hop phan {mg dugc nglmg bang cach bd sung etyl axetat va etanol. Rét hdn hop thu
dugc trong dung dich da/nudce sau d6 loc trén xelit. Chiét 16p chira nuée bang etyl axetat
(3 x 50ml). Céc chét chiét hitu co dugc thu gom duoc rira bang nudc mubdi (100ml), lam
khd bang MgSO,, loc va c6 duéi 4p suét giam. Tinh ché phan cin bang cach chay séc ky
cdt st dung diclometan/metanol 1am dung mai rira giai. Thu gom san phdm cé cong thirc

2-2 (2,5g, 88%) dudi dang chit rin mau tring. m/z = 347 (M+H)".

Buéc 3: Tbéng hop hop chit 3-((5-bromo-1-(3 -(metylsulfonyl)propyl)-1H-indol-2-
yl)metyl)-1-xyclopropyl-1H-imidazo[4,5-c]pyridin-2(3H)-on cé c6ng thirc 2

Y

Br q N
N o= || DIAD, PPh Br N"N=N
A VLN O
N
H THF
2-2 _0 7-d 2
o=
\ _§=0
0™\

B6 sung timg giot DIAD (94%, 0,71ml, 1,36mmol) vao dung dich da khudy coa
san phdm trung gian c¢6 cong thic 2-2 (0,5g, 1,3mmol), triphenyl phosphin (0,37g,
1,4mmol) va pyridobenzimidazolon cé coéng thic 7-d (0,34g, 2mmol) trong THF kho
(30ml) & nhiét d trong phong. Hén hop phan tmg nay dwoc khudy qua dém. Sau khi
hoan thanh phan ting, ¢4 hdn hop dén khé va phin cin dugce tinh ché bang cach chay séc
ky cot dugc rira giai béng etyl axetat/CH,Cl, sau d6 1a CH,Cly/metanol dé tao ra hop chét

néu & d& muc nay c6 cong thirc 2 (458mg, 70%) dudi dang chét rin mau tréng.

m/z = 504 (M+H)". '"H NMR (400 MHz, CLOROFOM-d) § ppm 0,99 - 1,07 (m, 2
H), 1,13 - 1,21 (m, 2 H), 2,11 (m, 2 H), 2,86 (s, 3 H), 2,93 - 2,99 (m, 1 H), 3,00 - 3,07 (m,
2 H), 4,37 - 4,48 (m, 2 H), 5,22 (s, 2 H), 6,61 (s, 1 H), 7,12 - 7,21 (m, 2 H), 7,30 (dd,
J=8,8, 1,8 Hz, 1 H), 7,71 (d, ]=1,8 Hz, 1 H), 8,32 (d, J=5,3 Hz, 1 H), 8,40 (s, 1 H)

Vidu3

Hop chit 1, 5, 6 va 8 dugc didu ché theo cach gidng nhu hop chat c6 cong thirc 2.
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3-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-indol-2-yl)metyl)-1-xyclopropyl-1H-
imidazo[4,5-c]pyridin-2(3H)-on c6 cdng thirc 1

m/z = 460 (M+H)",

'H NMR (400 MHz, DMSO-dg) & ppm 0,90 - 0,97 (m, 2 H), 1,02 - 1,10 (m, 2 H),
1,86 - 1,99 (m, 2 H), 2,97 (s, 3 H), 2,98 - 3,03 (m, 1 H), 3,10 - 3,18 (m, 2 H), 4,38 (1,
J=7,5 Hz, 2 H), 5,75 (s, 2 H), 6,53 (s, 1 H), 7,16 (dd, J=8,8, 2,0 Hz, 1 H), 7,27 (d, J=5,3
Hz, 1 H), 7,54 (d, J=8,8 Hz, 1 H), 7,57 (d, J=2,0 Hz, 1 H), 8,25 (d, J=5,3 Hz, 1 H), 8,40
(s, 1 H)
3-((5-bromo-1-(3-(metylsulfonyl)propyl)-1H-indol-2-yl)metyl)-1-(oxetan-3-yl)-1H-
imidazo[4,5-c]pyridin-2(3H)-on c6 cdng thirc 5

g
O§<N =

/
Br. N
N
Qxf

O=g
\ 5

m/z = 520 (M+H)".

'H NMR (400 MHz, DMSO-d¢) & ppm 1,92 (ddd, J=15,2, 7,8, 7,7 Hz, 2 H), 2,96
(s, 3 H), 3,13 (m, 2 H), 4,38 (t, J=7,7 Hz, 2 H), 4,97 (d, J=7,8 Hz, 2 H), 5,07 (t, ]=6,7 Hz,
2 H), 5,36 (s, 2 H), 5,56 (tdd, J=7.8, 7.8, 6,3, 6,1 Hz, 1 H), 6,56 (s, 1 H), 7,28 (dd, J=8,8,
2,0 Hz, 1 H), 7,50 (d, 1=8,8 Hz, 1 H), 7,54 (d, J=5,3 Hz, 1 H), 7,71 (d, J=1,8 Hz, 1 H),
8,30 (d, J=5,5 Hz, 1 H), 8,41 - 8,57 (m, 1 H)
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3-((5-bromo-1-(3-(metylsulfonyl)propyl)-1H-indol-2-yl)metyl)-1-xyclopropyl-5-flo-1H-
benzo[d]imidazol-2(3H)-on c6 cong thirc 6

m/z = 521 (M+H)",

'"H NMR (400 MHz, CLOROFOM-d) & ppm 0,99 - 1,06 (m, 2 H), 1,09 - 1,17 (m,
2 H), 2,11 (m, 2 H), 2,85 (s, 3 H), 2,92 (m, 1 H), 2,97 - 3,05 (m, 2 H), 4,38 - 4,47 (m,
2 H), 5,16 (s, 2 H), 6,57 (s, 1 H), 6,76 - 6,84 (m, 1 H), 6,87 (dd, J=8,4, 2,0 Hz, 1 H), 7,12
(dd, J=8,4, 4,5 Hz, 1 H), 7,19 (d, J=8,8 Hz, 1 H), 7,30 (dd, J=8,8, 2,0 Hz, 1 H), 7,72 (d,
J=1,8 Hz, 1 H)

3-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-indol-2-yl)metyl)-1-xyclopropyl-5-flo-1H-
benzo[d]imidazol-2(3H)-on c6 cong thirc 8

m/z = 477 (M+H)".

'"H NMR (400 MHz, CLOROFOM-d) & ppm 0,99 - 1,05 (m, 2 H), 1,10 - 1,17 (m,
2 H), 2,11-2,17 (m, 2 H), 2,85 (s, 3 H), 2,89 - 2,96 (m, 1 H), 2,97 - 3,05 (m, 2 H), 4,39 -
4,46 (m, 2 H), 5,16 (s, 2 H), 6,57 (s, 1 H), 6,77 - 6,84 (m, 1 H), 6,88 (dd, J=8,4, 2,4 Hz, 1
H), 7,12 (dd, J=8,7, 4,4 Hz, 1 H), 7,17 (m, J=2,0 Hz, 1 H), 7,21 - 7,25 (m, 1 H), 7,56 (d,
J=1,5 Hz, 1 H)

Viduy 4
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Téng hop hop chét 3-((5-bromo-1 -(4-(tert-butyldimetylsilyloxy)butyl)-1H-indol-
2-yl)-metyl)-1-xyclopropyl-1H-imidazo[4,5-c]pyridin-2(3H)-on c6 cdng thirc 11

N X

: :N
1
o I\ 11

Budc 1: Tong hop hop chét etyl 5-bromo-1-(4-(tert-butyldimetylsilyloxy)butyl)-1H-

indol-2-carboxylat c6 cong thire 11-1

Cl - Br
Br. N\ OEt
N\ OEt NaH, DMF
N * N o
N 0
o) | |
6b /k 1141 /k
Si O,SI\

/\

Hoa tan etyl 5-bromo-1H-indol-2-carboxylat mua dugc trén thi truong (CAS
16732-70-0) (3g, 11mmol) trong DMF (50ml), hdn hop nay duoc khudy & nhiét do trong
phong, sau d6 bd sung huyén pht natri hydrua 60% trong diu khoang (0,49g,
12,3-mmol). Hon hop thu dwoc duoc khuéy & nhiét do trong phong trong 1 gio. Bb sung
tert-butyl(4-clobutoxy)dimetylsilan c¢6 cdng thirc 6-b (2,5g, 11,2mmol). Hon hop thu
dugc dugce khudy & nhiét d6 60°C trong 5 ngay. D& ngudi hdn hop phan ting xubng nhiét
d6 trong phong, sau d6 rét vao dung dich nudc d4, sau d6 chiét bing etyl axetat. Lam kho
16p hitu co bang MgSO, va ¢ dé tao ra chit ddu mau cam. Tinh ché san phdm thé nay
bang cach chay sic ky cot st dung diclometan/heptan dé tao ra hop chét néu & dé muc

nay 11-1 (3,93g, 77%) dudi dang ddu khéng mau. m/z = 455 (M+H)".

Budc 2: Téng hop hop chét (5-bromo-1-(4-(tert-butyldimetylsilyloxy)butyl)-1H-indol-2-

yl)metanol c6 cong thire 11-2
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N o) N

LiAIH,

| " |
111 J( 11-2 J(
O/SI\ O’SI\

B sung dung dich lithi nhém hydrua 1M trong THF (8ml, 8mmol) vao dung dich
clia san pham trung gian 11-1 (3,93g, 6,72mmol) trong THF (100ml) & nhiét do -78°C.
Hén hop thu dugc duge khudy & nhiét do trong phong trong 4 gid. HOn hop phén ung
dugc nglimg bang cach bd sung etyl axetat va etanol. Rét hdn hop nay vao dung dich
nuéc d4 va loc hdn hop thu duoc trén xelit. Chiét 16p chira nude b%lng etyl axetat (3 x
50ml). Céc chit chiét hitu co duge thu gom dwogce rira bang nuwde mudi (100ml), lam khod
bang MgSO,, loc va c¢b duéi 4p suét giam. Tinh ché phin cin bang cach chay séc ky cot
sit dung diclometan/metanol lam dung mdi rira giai. San phadm trung gian ¢ cong thirc

11-2 dugc thu gom duéi dang diu khong mau (2,68g, 96%). m/z = 413 (M+H)".

Budc 3: Tong hop hop chit 3-((5-bromo-1-(4-(tert-butyldimetylsilyloxy)butyl)-1H-indol-
2-yDmetyl)-1-xyclopropyl-1H-imidazo[4,5-c]pyridin-2(3H)-on c6 céng thirc 11

N
N—~X, DIAD, PPh, N\
N + o—j/ \1@ N
NN THF
H
11-2 ,ér’k:’ 7-d 11 L,l</
(02NN O,Sl\

B& sung tung giot DIAD (94%, 0,38ml, 1,96mmol) vao dung dich d& khuéy cua
san phim trung gian c¢6 cong thuc 11-2 (0,77g, 1,86mmol), triphenyl phosphin (0,54g,
2,05mmol) va pyridobenzimidazolon c¢6 cong thuc 7-d (0,34g, 2mmol) trong THF kho
(30ml) & nhiét d6 trong phong. Hdn hop phan g nay dugc khudy trong mét dém. Sau
khi hoan thanh phan ting, ¢6 hdn hop dén khé, phin cin dwoc tinh ché bang cach chay
séc ky cdt, dugc rira giai béng etyl axetat/CH,Cl, sau d6 1a CH,Cl,/metanol dé tao ra san

phdm & dé muc c6 cong thirc 11 (1,06g, 61%) dudi dang ddu khong mau.

m/z = 570 (M+H)". 'H NMR (400 MHz, DMSO-dg) § ppm -0,02 (s, 6 H), 0,79 -
0,83 (m, 9 H), 0,88 - 0,96 (m, 2 H), 1,03 - 1,12 (m, 2 H), 1,36 - 1,58 (m, 4 H), 2,93 - 3,03
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(m, 1 H), 3,51 (t, J=6,1 Hz, 2 H), 4,24 (t, J=7,3 Hz, 2 H), 5,28 (s, 2 H), 6,56 (s, 1 H), 7,22
(dd, J=8,8, 2,0 Hz, 1 H), 7,27 (d, I=5,3 Hz, 1 H), 7,41 (d, J=8,8 Hz, 1 H), 7,70 (d, J=2,0
Hz, 1 H), 8,23 (d, J=5,3 Hz, 1 H), 8,34 (s, 1 H)

Vidu 5

Tbng hop hop chit 3-((5-clo-1 -(4-(tert-butyldimetylsilyloxy)butyl)- 1H-indol-2-yl)etyl)-
1-xyclopropyl-1H-imidazo[4,5-c]pyridin-2(3H)-on c6 cong thirc 13

X

N
Cl O=< | N

2

Hop chit c6 cong thirc 13 duoc diéu ché theo cach gidng nhu hop chit c6 cong

thirc 11 bt dau tir hop chét indol mua dugce trén thi trudng. m/z = 526 (M+H)".

13

Vidu6

Téng hop hop chit  3-((5-bromo-1-(4-hydroxybutyl)-1 H-indol-2-yl)metyl)-1-
xyclopropyl-1H-imidazo[4,5-c]pyridin-2(3H)-on ¢4 cong thirc 4

qN “ ND
o |
N NH4F, MeOH N

60°C
11 \’kf' 4
oSk OH

Hoa tan san phdm trung gian c6 cbng thirc 11 (1,06g, 1,14mmol) trong metanol

(30ml), va sau d6 bd sung amoni florua (0,172g, 4,6mmol). Hdn hop thu duogc dugc
khudy & nhiét d6 60°C qua dém. H3n hop phén tmg dugc dé ngudi xudng nhiét d6 trong
phong, sau d6 loai bd dung méi. Phan cin duogc tinh ché béng cach chay séc ky cot st
dung diclometan va metanol dé tao ra san phdm duéi dang chit rin mau tring (323mg,

62%). m/z = 456 (M+H)".
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'H NMR (400 MHz, DMSO-dg) & ppm 0,88 - 0,97 (m, 2 H), 1,03 - 1,13 (m, 2 H),
1,32 - 1,53 (m, 4 H), 2,99 (dt, J=7,0, 3,4 Hz, 1 H), 3,34 - 3,40 (m, 2 H), 4,23 (t, I=7,4 Hz,
2 H), 4,40 (t, J=5,0 Hz, 1 H), 5,28 (s, 2 H), 6,55 (s, 1 H), 7,23 (dd, J=8,7, 1,9 Hz, 1 H),
7,27 (d, =53 Hz, 1 H), 7,42 (d, J=8,8 Hz, 1 H), 7,70 (d, ]=1,8 Hz, 1 H), 8,23 (d, J=5,3
Hz, 1 H), 8,34 (s, 1 H)

Vidu7

Céc hop chét c6 cong thirc 7, 9, 10, 15 va 16 duoc didu ché theo cach gibng nhu
hop chét c6 cbng thirc 4 bit dAu tir hop chét indol mua dugc trén thi trudng twong tmg.
3-((5-clo-1-(4-hydroxybutyl)-1H-indol-2-yl)metyl)-1-xyclopropyl-1H-imidazo[4,5-
c]pyridin-2(3H)-on c6 cong thic 7

)
e o~ I
N

m/z = 456 (M+H)".

'H NMR (400 MHz, DMSO-dg) & ppm 0,87 - 0,97 (m, 2 H), 1,03 - 1,14 (m, 2 H),
1,31 - 1,57 (m, 4 H), 2,99 (m, 1 H), 3,26 - 3,43 (m, 2 H), 4,23 (t, J=7,3 Hz, 2 H), 4,40 (t,
J=5,1 Hz, 1 H), 5,28 (s, 2 H), 6,55 (s, 1 H), 7,12 (dd, J=8,7, 2,1 Hz, 1 H), 7,27 (d, J=5,3
Hz, 1 H), 7,46 (d, J=8,8 Hz, 1 H), 7,55 (d, J=2,0 Hz, 1 H), 8,23 (d, J=5,0 Hz, 1 H), 8,35
(s, 1 H)
1-xyclopropyl-3-((5-flo-1-(4-hydroxybutyl)-1H-indol-2-yl)metyl)-1 H-imidazo[4,5-
c]pyridin-2(3H)-on c6 cdng thirc 9
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OH 9
m/z = 456 (M+H)".

'"H NMR (400 MHz, CLOROFOM-d) & ppm 0,97 - 1,06 (m, 2 H), 1,12 - 1,20 (m,
2 H), 1,54 - 1,74 (m, 4 H), 2,26 (br. s, 1 H), 2,89 - 3,00 (m, 1 H), 3,64 (¢, ]=5,9 Hz, 2 H),
4,17 - 4,29 (m, 2 H), 5,22 (s, 2 H), 6,60 (s, 1 H), 6,93 (td, J=9,2, 2,5 Hz, 1 H), 7,10 - 7,24
(m, 3 H), 8,29 (d, J=5,3 Hz, 1 H), 8,39 (s, | H)

1-xyclopropyl-3-((1-(4-hydroxybutyl)-5-metoxy-1H-indol-2-yl)metyl)-1H-imidazo[4,5-
c¢]pyridin-2(3H)-on c6 cong thic 10

N
N
OH 10

m/z = 407 (M+H)".

'"H NMR (400 MHz, DMSO-dg) & ppm 0,87 - 0,96 (m, 2 H), 1,02 - 1,12 (m, 2 H),
1,30 - 1,50 (m, 4 H), 2,98 (dt, J=7,0, 3,5 Hz, 1 H), 3,27 - 3,29 (m, 2 H), 3,73 (s, 3 H),
4,17 (t, J=6,9 Hz, 2 H), 4,39 (t, J=5,0 Hz, 1 H), 5,24 (s, 2 H), 6,51 (s, 1 H), 6,76 (dd,
J=8,8, 2,5 Hz, 1 H), 7,01 (d, J=2,5 Hz, 1 H), 7,26 (d, J=5,3 Hz, 1 H), 7,30 (d, ]=8,8 Hz, 1
H), 8,22 (d, J=5,0 Hz, 1 H), 8,35 (s, 1 H)

3-((6-clo-1-(4-hydroxybutyl)-3-iodo-1H-indol-2-yl)metyl)-1-xyclopropyl-1H-
imidazo[4,5-c]pyridin-2(3H)-on c6 cdng thirc 15
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m/z = 538 (M+H)".

'H NMR (400 MHz, DMSO-dg) & ppm 0,88 - 0,97 (m, 2 H), 1,05 - 1,13 (m, 2 H),
1,16 - 1,27 (m, 2 H), 1,27 - 1,39 (m, 2 H), 2,99 (&, J=7,0, 3,7 Hz, 1 H), 3,19 - 3,28 (m, 2
H), 4,14 - 4,28 (m, 2 H), 4,37 (t, J=4,9 Hz, 1 H), 5,30 (s, 2 H), 7,17 (dd, J=8,4, 1,9 Hz, 1
H), 7,27 (dd, J=5,1, 0,6 Hz, 1 H), 7,35 (d, J=8,5 Hz, 1 H), 7,64 (d, J=1,8 Hz, 1 H), 8,09
(s, 1 H), 8,22 (d, J=5,3 Hz, 1 H)
3-((6-clo-1-(4-hydroxybutyl)-1H-indol-2-yl)metyl)-1-xyclopropyl-1H-imidazo[4,5-
c]pyridin-2(3H)-on c6 cong thirc 16

N
o=<N:©\l

m/z =412 (M+H)".

'"H NMR (400 MHz, DMSO-dg) & ppm 0,80 - 0,97 (m, 2 H), 1,00 - 1,19 (m, 2 H),
1,31 - 1,56 (m, 4 H), 2,87 - 3,10 (m, 1 H), 3,34 - 3,45 (m, 2 H), 4,22 (t, J=7,2 Hz, 2 H),
4,41 (t, J=5,0 Hz, 1 H), 5,27 (s, 2 H), 6,60 (s, 1 H), 7,01 (dd, J=8,3, 1,8 Hz, 1 H), 7,27
(dd, J=5,1, 0,6 Hz, 1 H), 7,51 (d, J=8,5 Hz, 1 H), 7,53 - 7,60 (m, 1 H), 8,23 (d, J=5,3 Hz,
1 H), 8,35 (s, 1 H)

Vidu 8

Téng hop hop chit 5-((5-bromo-2-(1 -xyclopropyl-2-oxo-1H-imidazo[4,5-c]pyridin-
3(2H)-yl)metyl)-1H-indol-1-yl)pentannitril c6 cong thirc 3
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N X
Br. O=< I N
N
CN 3

Buéc 1: Téng hop hop chit 4-(5-bromo-2-((1-xyclopropyl-2-oxo-1H-imidazo[4,5-
c]pyridin-3(2H)-yl)metyl)-1H-indol-1-yl)butyl 4-metylbenzensulfonat c¢6 cdng thirc 3-1

N . N
(0] 0] (0]
Brmsz |/ N o BrijjO"
N Et;N, DMAP, CH,Cl, N

2
oH 0-§

B sung trietylamin (0,81ml, ‘5,83mmol), 4-dimetyl amino pyridin (0,07g,

0,58mmol) va 4-metylbenzen-1-sulfonyl clorua (0,445g, 2,33mmol) vao dung dich chira
hop chét 4 (0,88g, 1,95mmol) trong diclometan khan (30ml) trong moi trudong khi nito &
nhiét d6 trong phong. Hon hop thu duoc dugc khudy qua dém trong moi trudong khi nito.
Pha lodng hdn hgp phan umg bing diclometan sau d6 rira bang nudc, da lam kho bang
MgSO, va cb. Tinh ché phan cin bang cach chay sic ky cot st dung diclometan va
metanol. San phdm trung gian c6 cong thic 3-1 (760mg, 65%) dugc tach ra dudi dang

bot mau tréng.
m/z = 610 (M+H)",

Budc 2: Tbéng hop hop chit 5-((5-bromo-2-( 1-xyclopropyl-2-oxo-1H-imidazo[4,5-
c]pyridin-3(2H)-yl)metyl)-1H-indol-1-yl)pentannitril c6 cong thirc 3
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N R N X

Br. O=< I _N Br. |

o=
A N A N N
N NaCN N
DMSO, 90°C
3-1 o 3
8/4::>r’

CN

B sung natri xyanua (75mg, 1,5mmol) vio san phdm trung gian c6 cong thirc 3-1
(0,76g, 1,25mmol) trong DMSO (30ml). Hn hop thu duge duge khudy qua dém trong
mdi trudng khi nito & nhiét d6 90°C. Hon hop phan tmg nay duoc dé ngudi xubng nhiét
do trong phong sau d6 rét vao nuéc/diclometan. Hon hop thu dugc dugc chiét bing
diclometan, lam kho b::Tlng MgSO, va co. Phin cin thu dugc dugc tinh ché béng cach
chay séc ky cot, rira giai bang diclometan/metanol d& tao ra hop chét néu & dé muc nay

c6 cong thirc 3 (500mg, 86%) dudi dang bdt mau tring. m/z = 465 (M+H)".

'H NMR (400 MHz, CLOROFOM-d) & ppm 0,99 - 1,06 (m, 2 H), 1,15 - 1,21 (m,
2 H), 1,64 - 1,72 (m, 2 H), 1,72 - 1,82 (m, 2 H), 2,33 (t, J=6,8 Hz, 2 H), 2,95 (m, 1 H),
4,28 (t, 1=7,2 Hz, 2 H), 5,21 (s, 2 H), 6,63 (s, 1 H), 7,10 - 7,16 (m, 2 H), 7,28 (dd, J=8,8,
1,8 Hz, 1 H), 7,71 (d, J=1,8 Hz, 1 H), 8,32 (d, J=5,3 Hz, 1 H), 8,39 (s, 1 H)

Vidu9

Tbng hop hop chét 1-xyclopropyl-3-((1-isopentyl-1H-indol-2-yl)metyl)-1H-imidazo[4,5-
c]pyridin-2(3H)-on ¢6 cong thic 12

)
o= T\
@WD
).

12

Buéc 1: Téng hop hop chit (1-isopentyl-1H-indol-2yl)metanol c¢6 cong thirc 12-1
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OH
OH
O "< 0y~
N N
H NaH, DMF
121

Hoa tan (1H-indol-2-yl)metanol (CAS 24621-70-3) (0,5g, 3mmol) trong DMF

(20ml) va hdn hop nay dugc khudy & nhiét d6 trong phong. Sau d6, bd sung huyén phi
natri hydrua 60% trong dau khoéng (0,13g, 3,43mmol). Hon hop thu dwoc duge khudy &
nhiét d6 trong phong trong 1 gid, sau d6 bd sung 1-bromo-3-metylbutan (CAS 107-82-4)
(0,45ml, 3,7mmol). Hén hop thu dugc duoc khudy & nhiét d6 trong phong qua dém. Rét
hdn hgp nay vao dung dich da/nude va chiét bang etyl axetat. Lam kho 16p hitu co bing
MgSO, va cb dé tao ra chit ddu mau den. Tinh ché san phim thé nay bang cach chay séc
ky cot sir dung diclometan/etyl axetat dé tao ra hop chét 12-1 néu & d& muc nay (177mg,
26%) dudi dang chit rin mau hdng. m/z = 218 (M+H)".

Buéc 2: Téng hop hop chit 1-xyclopropyl-3-((1-isopentyl-1H-indol-2-yl)metyl)-1H-
imidazo4,5-c]pyridin-2(3H)-on c6 cong thirc 12

OH <z
A N— X DIAD, PPh, =<N N
N ~-N
N THF N
12-1 7-d

B6 sung timg giot DIAD (94%, 0,17ml, 0,83mmol) vao dung dich d& khudy cua
san phim trung gian c6 cong thic 12-1 (0,17g, 0,79mmol), triphenyl phosphin (0,23g,
0,87mmol) va pyridobenzimidazolon ¢6 cdng thitc 7-d (0,14g, 0,83mmol) trong THF kho
(20ml), & nhiét d6 trong phong. Hon hgp phan tmg niy dugc khudy qua dém trong moi
trudng khi nito. Sau khi hoan thanh phan tmg, ¢4 hdn hop phan tmg dén kho. Phin cin
duoc tinh ché béng cach chay sic ky cot, dugc rua giai béng etyl axetat/CH,Cl, sau d6
CH,Cl,/metanol dé tao ra hop chit néu & dé muc nay c6 cong thirc 12 (68mg, 22%) dudi
dang b6t mau trang. m/z = 375 (M+H)".

'H NMR (400 MHz, DMSO-d¢) & ppm 0,89 (d, J=6,6 Hz, 6 H), 0,90 - 0,95 (m, 2
H), 1,04 - 1,12 (m, 2 H), 1,20 - 1,30 (m, 2 H), 1,54 - 1,67 (m, 1 H), 2,98 (s, 1 H), 4,16 -
4,25 (m, 2 H), 5,28 (s, 2 H), 6,61 (s, 1 H), 7,01 (td, J=7,5, 0,9 Hz, 1 H), 7,13 (ddd, J=8,3,
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7,1, 1,2 Hz, 1 H), 7,27 (dd, J=5,3, 0,8 Hz, 1 H), 7,35 (d, J=8,8 Hz, 0 H), 7,51 (d, J=7,8
Hz, 1 H), 8,22 (d, J=5,1 Hz, 1 H), 8,35 (s, 1 H)

Vidu 10

Téng hop hop chét etyl 2-((1-xyclopropyl-2-oxo-1H-imidazo[4,5-c]pyridin-3(2H)-yl)-
etyl)-1-isopentyl-1H-indol-3-carboxylat c¢6 céng thirc 18

o. OEt 0 )>
YN
N =N
j\ 18

Budc 1: Tong hop hop chét etyl 3-(2-phenylhydrazono)butanoat c6 cong thirc 18-1

(0]
HZN\NH ' (o)
(0] \N
N
“NH

(0]
AcOH, Et,O
@ NS :

o 0°C, 1h

18-1

B6 sung axit axetic (2ml) vao dung dich cta phenyl hydrazin (125g, 1150mmol)
va etyl 3-oxobutanoat (100g, 770mmol) trong terbutyl dimetyl ete (1000ml). Hon hop thu
duoc dugc khudy & nhiét d6 0°C trong 1 gid. Lam bay hoi dung mdi trong chin khong.
Str dung phan cin (220g) nhu vay trong budc tiép theo.

Budc 2: Tong hop hop chét etyl 2-metyl-1H-indol-3-carboxylat ¢6 cong thic 18-2

ﬂof/z__( Oy OEt
\ H,SO
N 20Uy

NH

N
-10°C dén -15°C ”
12 gio
18-1 18-2

- B6 sung timg phén san phim trung gian c6 cong thirc 18-1 (160 g) vao H,SO, dac
(800ml) & nhiét d@ -10°C cing v6i khudy manh. Dung dich nay dugc khudy trong 1 gio &
nhiét d6 -10°C va trong 2 gio ¢ nhiét d6 15°C. Dung dich nay duoc rét vao nuéc da va
chiét bang tert-butyl metyl ete. Sau khi loai bo dung mdi, rira chét rin bing ete diu mo.

Thu dugc san phim trung gian c6 cong thic 18-2 (80g, 70%).
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Budc 3: Téng hop hop chit etyl 1-isopentyl-2-metyl-1H-indol-3-carboxylat c6 cong thirc
18-3

Oy OEt
Oy _OEt

Cs,CO; A\
\ + )\/\Br N
N CH5CN
18-2H 18-3

B6 sung 1-bromo-3-metylbutan (94ml, 747mmol) va Cs,CO; (121g, 374mmol)

vao dung dich clia san phim trung gian 18-2 (38g, 187mmol) trong CH3CN (1000ml).
Hon hop thu duge dugc hdi luu trong 2 gid. Loc chét rin va lam bay hoi phén dich loc
trong chan khdng. Tinh ché phin cin bing sic ky long hiéu nang cao (C18, dung méi rira
giai: CH;OH/H,O tlr 15/85 dén 45/55 bang TFA 0,1% du6i dang chit dém). Phan doan
tinh khiét duoc thu gom va loai bo san phim bay hoi trong chan khong va dung dich chira
nude duge diéu chinh dén pH=8 béng cach bd sung NaHCOs. Phéin cin duoc chiét béng
CH,Cl, (2 x 100ml). Rira 16p hitu co bang nuée mudi (100ml) va 1am khé bing Na,SO,.
Loai bd dung méi trong chan khéng dé tao ra san phdm trung gian dich cd cong thirc 18-3
(20g, 40%).

Buéc 4: Téng hop hop chit etyl 2-formyl-1-isopentyl-1H-indol-3-carboxylat cé cong
thirc 18-4 '

Oy _OEt Oy __OEt Oy OEt

A Se0,, AcOH \_ O \ o4
+
N N N

18-3 j\ 18-4 j\ 18-5 j\

B& sung SeO, (14g, 71,6mmol) vao dung dich ciia san phdm trung gian c6 cong

thire 18-3 (9,8g, 35,8mmol) trong axit axetic (150ml). Hén hop thu duoc dugc hdi luu
trong 12 gid sau d6 d& ngudi xudng nhiét do trong phong. Sau d6, b sung nude (200ml)
va CH,Cl, (200ml). Rira 16p hitu co biang nuéc mudi (150ml) va lam khé bang Na,SO,.
Loai bd dung méi trong chin khéng. Phan cin dugc st dung cho budc tiép theo ma
khong can tinh ché thém. Thu duoc hdn hop clia cac san phém (10g, 70% hop chét ¢6
cong thirc 18-5 va 10% hop chét ¢ cong thirc 18-4).
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Budc 5: Tong hop hop chit etyl 2-(hydroxymetyl)-1-isopentyl-1H-indol-3-carboxylat c¢6
cong thic 18-6

Oy OEt O _OEt Oy OEt

0
N\ o/< NaBH, N\ OH
N N

N A°
N
184 j\ 185 j\ 1a.sj\

Hoa tan hdn hop ciia cic san phim trung gian 18-4 va 18-5 (10g) trong metanol
(100ml) va lam lanh xuéng nhiét @6 -15°C. B4 sung timg phin NaBH, (0,4g, 10,4mmol).
Hon hop nay duoc khqu ¢ nhiét do -15°C trong 10 phuat va dé 4m dén nhiét do 15°C

+

trong 0,5 gid. B4 sung NaHCO; bdo hoa. Loai bé dung méi trong chan khong. B sung
CH,Cl, (100ml) va H,O (100ml). Rira 16p hitu co bing nuéc mudi va lam khd bing
Na,SO,. Phin cin tao ra duoc hda tan trong metanol (150ml). B6 sung K,CO; (9,8,
71,6mmol). Hn hop nay duge khudy & nhiét d6 15°C trong 2 gid. Didu chinh do pH dén
4 bang cach b6 sung HCI IN. Chiét hdn hop nay bang CH,Cl, (200ml). Rira 16p hitu co
bang nudc mudi va 1am khd bing Na,SO,. Loai bé dung mdi trong chan khong. Tinh ché
phan cin bang cdt (dung mdi rira giai: ete ddu mo / etyl axetat =1: 3) d8 tao ra san phim
trung gian c6 cong thirc 18-6 (3,63g, 35% tir hop chét c6 cong thic 18-3) dudi dang bot

mau trang.

Budc 6: Téng hop hop chit etyl 2-((1-xyclopropyl-2-oxo-1H-imidazo[4,5-c]pyridin-
3(2H)-yl)metyl)-1-isopentyl-1H-indol-3-carboxylat c6 cong thirc 18

O _OEt )>
q o. OEt 0
-
N OH O_j/N B DIAD, PPh, A\ N/
N \
N THF N
18-6 7-d 13j\

Str dung quy trinh giéng nhu quy trinh @ diéu ché hop chit c¢6 cong thic 12 dé
téng hop hop chét c6 cong thire 18. m/z = 447 (M+H)".

'H NMR (400 MHz, CLOROFOM-d) & ppm 0,89 (d, J=6,6 Hz, 6 H), 1,00 - 1,09
(m, 2 H), 1,10 - 1,24 (m, 4 H), 1,51 (t, J=7,1 Hz, 3 H), 1,57 - 1,73 (m, 1 H), 2,85 - 2,97
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(m, 1 H), 4,16 - 4,29 (m, 2 H), 4,51 (q, J=7,3 Hz, 2 H), 5,88 (s, 2 H), 7,12 (d, J=5,1 Hz, 1
H), 7,21 - 7,32 (m, 3 H), 8,16 - 8,23 (m, 1 H), 8,27 (d, J=5,1 Hz, 1 H), 8,32 (s, 1 H)

Vidu 11

Téng hop axit 2-((1-xyclopropyl-2-oxo-1H-imidazo[4,5 -c]pyridin-3(2H)-
yDmetyl)-1-isopentyl-1H-indol-3-carboxylic ¢ cdng thirc 17

OH 4 )>>
\
N

BN

Hoa tan hop chit 18 (0,5g, 1mmol) trong THF (25ml), bd sung lithi hydroxit

17

(48mg, 2mmol) d4 hoa tan trong nudc (Sml). Hon hop thu duge duge khudy & nhiét do
60°C qua dém. HOn hop phan tmg dugc d ngudi xudng nhiét d6 trong phong sau d6 rot
vao trong nudc. Piéu chinh d6 pH ctia hdn hop thu duge dén pH = 4 bang céch bd sung
dung dich axit clohydric 1M. Sau d6, chiét hdn hop niy bang etyl axetat. Lam kho 16p
hitu co bang MgSO, va cb. Tinh ché phin cin bing cach chay sic ky cot sir dung
diclometan va metanol. Hop chit 17 néu & d& muyc nay (400mg, 94%) dugc tach ra dudi

dang bot mau tring. m/z = 419 (M+H)".

'H NMR (360 MHz, DMSO-ds) (ppm 0,82 (d, J=6,6 Hz, 6 H), 0,88 - 0,95 (m, 2
H), 0,97 - 1,14 (m, 4 H), 1,49 - 1,64 (m, 1 H), 2,96 (m, 1 H), 4,21 (m, 2 H), 5,77 (s, 2 H),
7,19 - 7,31 (m, 3 H), 7,45 (d, J=7,7 Hz, 1 H), 8,08 - 8,14 (m, 1 H), 8,16 (s, 1 H), 8,21 (d,
J=5,1 Hz, 1 H), 12,39 - 12,47 (m, 1 H)

Vidu 12

Téng hop hop chét 2-((1-xyclopropyl-2-oxo-1H-imidazo[4,5-c]pyridin-3(2H)-
yl)metyl)-1-isopentyl-1H-indol-3-carboxamit cé cdng thirc 14

o= NH20 N;>
A\ N/
j\ 14
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B6 sung carbonyl diimidazol (CDI) (145mg, 0,9mmol) véo hop chit c6 cong thirc
17 (150mg, 0,36mmol) trong axetonitril khd (20ml). Hon hop thu dugc dugc khudy &
nhiét @ 50°C trong mdi trudng khi nito qua dém. Sau khi thu dugc san phim trung gian,
duoc tao thanh béi axit va CDI, hdn hop phan tng dugc d& ngudi xubng nhiét do trong
phong. Sau d6 bd sung dung dich amoniac trong nudc (448mg, 3,5mmol). Hdn hop thu
duoc duge khudy & nhiét d6 trong phong trong 2 gid. Loc chét két ta ra sau d6 rira lan
luot b%mg nude va axetonitril. Chét rin thu dugc dugc lam kho trong 10 séy dé tao ra hop

chét c6 cong thirc 14 (150mg, 94%) dudi dang chit rin mau tring. m/z = 418 (M+H)".

'H NMR (360 MHz, CLOROFOM-d) & ppm 0,88 (d, J=6,6 Hz, 6 H), 0,99 - 1,07
(m, 2 H), 1,11 - 1,22 (m, 3 H), 1,55 - 1,71 (m, 4 H), 2,86 - 2,94 (m, 1 H), 4,16 - 4,25 (m,
2 H), 5,82 (s, 2 H), 7,12 (d, J=5,1 Hz, 1 H), 7,24 - 7,27 (m, 1 H), 7,28 - 7,34 (m, 2 H),
7,80 - 7,86 (m, 1 H), 8,28 (d, J=5,1 Hz, 1 H), 8,45 (s, 1 H).

Viduy 13

Téng hop hop chét 2-((1-xyclopropyl-2-oxo-1H-imidazo[4,5-c]pyridin-3(2H)-
yl)metyl)-1-isopentyl-N-(metylsulfonyl)-1H-indol-3-carboxamit c6 cong thirc 19

Oy

“5<0
o. NH }>>

j\ N 19

B& sung carbonyl diimidazol (CDI) (170mg, 1,05mmol) vao hop chét c6 cong
thirc 17 (200mg, 0,47mmol) trong axetonitril khé (20ml). Hdn hop thu duoc dugc khudy
& nhiét d6 50°C trong mdi truong khi nito qua dém. Sau khi thu dugce san phim trung
gian, dugc tao ra giita axit va CDI, hdn hop phéan {mg duoc dé ngudi xudng nhiét do
trong phong. B& sung metan sulfonamit (113,6mg, 1,2mmol) va DBU (0,18mg,
1,2mmol) vao hdn hop thu duoc. Hbn hop thu duge dugc khudy & nhiét do trong phong
trong 5 gid, sau d6 & nhiét d6 50°C trong 2 gid. HOn hop phan tmg duoc dé ngudi xudng
nhiét d6 trong phong, sau d6 bd sung axit axetic (3mmol). Hén hop thu duoc duoc cd,

sau do phén can duoc hoa tan trong etyl axetat va rira biang nudc. Lam khd 16p hitu co
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bang MgSO, va phdn cin da tinh ché duoc cb bang cach chay sic ky cot d& tao ra hop
chét c6 cong thirc 19 (120mg, 50%) dudi dang chét rin mau tring.

m/z = 496 (M+H)".

'H NMR (400 MHz, DMSO-dg) & ppm 0,80 (d, J=6,8 Hz, 6 H), 0,87 - 0,95 (m, 2
H), 1,00 - 1,17 (m, 4 H), 1,42 - 1,57 (m, 1 H), 2,93 - 3,01 (m, 1 H), 3,36 (s, 3 H), 4,14 -
4,26 (m, 2 H), 5,59 (s, 2 H), 7,22 - 7,30 (m, 2 H), 7,33 (d, J=5,5 Hz, 1 H), 7,47 (d, J=8,0
Hz, 1 H), 7,89 (d, J=7,5 Hz, 1 H), 8,26 (d, J=5,3 Hz, 1 H), 8,30 (s, 1 H).

Vidu 14

Téng hop hop chét 5-clo-2-((1-xyclopropyl-2-oxo-1H-imidazo[4,5-c]pyridin-
3(2H)-yl)metyl)-1-(4-flobutyl)-1H-indol-3-carboxamit c6 c6ng thirc P54

H,

N o< N
N —N
N

P54

Budc 1: Tong hop hop chét metyl 5-clo-1-(4-flobutyl)-2-(hydroxymetyl)-1H-indol-3-

carboxylat c6 cdng thic 54-1

Cl OH
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54-1
Metyl 5-clo-1-(4-flobutyl)-2-(hydroxymetyl)-1H-indol-3-carboxylat cé cong thirc
54-1 duoc téng hop theo quy trinh duoc dung dé téng hop hop chit c6 cong thic 18-6
(trc 13 cac bude 3-5), bit dau tir metyl 5-clo-2-metyl-1H-indol-3-carboxylat (duoc didu
ché nhu duge mo ta trong tai lidu: Angew. Chem. 2008, 47, 7230-7233) thay cho hop

chét 18-2, va hop chét 1-bromo-4-flobutan thay cho 1-bromo-3-metylbutan.

Budce 2

HoN o N
© Cl OT 7 N\
Cl OH 1 74, PPh,, DIAD, THF \
A\ 2. LiOH, H,0, THF —N
N > N

3. CDlI, axetonitril
sau d6 la NH; trong H,O

F F
54-1 P54

San phim mong mudn P54 duoc tdng hop theo cic budc d béo céo ding dé tong
hop hop chét c¢6 cong thirc P14, bt dau tir 54-1 thay cho 18-6. m/z = 456 (M+H)"; 'H
NMR (400 MHz, DMSO-d¢) 6 ppm 0,82 - 0,94 (m, 2 H) 1,01 - 1,11 (m, 2 H) 1,20 - 1,33
(m, 2 H) 1,48 - 1,64 (m, 2 H) 2,92 - 3,01 (m, 1 H) 4,26 (s, 3 H) 4,39 (t, J=6,00 Hz, 1 H)
5,63 (s,2 H) 7,23 - 7,28 (m, 2 H) 7,57 (d, J=8,78 Hz, 1 H) 7,86 (d, J=2,01 Hz, 1 H) 8,21
(d, J=5,27 Hz, 1 H) 8,39 (s, 1 H)
Vidu 15

béc tinh ddc trung clia cac hop chit 1-19 va P20-P81, va thir nghiém v& hoat tinh
{rc ché RSV duoc thé hién trong cac bang 1-3.
Vidu 16

Céc din xuét P82-P105 duoc didu ché theo cac phuong phap dugc mo ta & trén va
hoic két hop véi cac phwong phap nhu da duoc biét trong linh vuc k¥ thudt (Bang 4).

Céc thdng sb chi tiét cho thir nghiém téng quat
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Phan tich HPLC-MS dugc thuc hién bﬁng cach str dung mét trong cac phuong
phap sau:

Phuong phép 1:

Phép do HPLC dugc thuc hién bing cach st dung mo6dun Agilent 1100 bao gébm
bom, by phén phat hi¢én day di-6t (DAD) (budc soéng dugc st dung 220 nm), bd phan lam
noéng cot va cft nhu duge xac dinh dudi ddy. Dong di ra tir ¢dt duge chia tach téi Agilent
MSD Series G1946C va G1956A. B6 phan phat hién MS duoc ché tao c6 API-ES (ion
héa phun dién & ap suit khi quyén). Phd khdi dugc thu nhén bing cach quét tir 100 dén
1000. Bién 4p cua kim mao din 1a 2500 V ddi véi ché d6 ion héa duong va 3000 V dbi
v6i ché d6 ion héa Am. Dién 4p phdn manh la 50 V. Nhiét d6 khi 1am khé duoc duy tri &
nhiét 6 350°C & tdc dd dong 1a 10 I/phut. HPLC pha dao dugc thue hién trén c6t YMC-
Pack ODS-AQ, ¢t 50x2,0 mm 5 mm véi téc d6 dong 1a 0,8ml/phut. Hai pha dong (pha
dong A: nude voi TFA 0,1%; pha dong B: axetonitril vgi TFA 0,05%) dugc sit dung.
Diu tién, 100% A dugc gilr trong 1 phut. Sau d6, ap dung gradient 40% A va 60% B
trong 4 phiit va duoc giit trong 2,5 phut. Thé tich tiém thuong biang 2ml. Nhiét d6 16 1a
50°C. (Bd phéan cuc MS: duong)

Phuong phap 2:

Phép do HPLC dugc thuc hién béng cach st dung m6dun Agilent 1100 gém co
bom, bd phén phat hién tia di-6t (DAD) (budc séng duge sir dung 220 nm), bd phéan lam
noéng c6t va cft nhu duge xac dinh dudi ddy. Dong di ra tir cdt duoc chia tach téi Agilent
MSD Series G1946C va G1956A. Bo phan phat hién MS duogc ché tao ¢6 API-ES (ion
héa phun dién & ap sudt khi quyén). Phd khéi dugc thu nhan bang cach quét tir 100 dén
1000. Dién 4p cua kim mao din 14 2500 V ddi véi ché d6 ion héa duong va 3000 V dbi
v6i ché d6 ion hoa Am. Dién ap phin manh 1a 50 V. Nhiét d6 khi lam kho6 dugc duy tri &
nhiét d6 350°C & tée d6 dong 1a 10 V/phut. HPLC pha dao dugc thuc hién trén cot YMC-
Pack ODS-AQ, 50x2,0 mm Smm véi tc d6 dong 1a 0,8ml/phut. Hai pha dong (pha déng
A: nude c6 TFA 0,1%; pha dong B: axetonitril c6 TFA 0,05%) duoc sir dung. DAu tién,
90% A va 10% B duoc giit trong 0,8 phuat. Sau d6 ap dung gradient 20% A va 80% B
trong 3,7 phut va duoc giit trong 3 phat. Thé tich tiém thuong bang 2ml. Nhiét do 1o 1a
50°C. (D6 phan cuc MS: duong)

Phuong phéap 3:
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Cot: XTerra MS C18 2,5u, 4,6 x 50mm, pha déng A: 10mM NH,OOCH+
HCOOH 0,1% trong H,0O, pha dong B: MeOH hoat dong & nhiét dd cot 1a 50°C béng
cach sir dung tdc d6 dong 1a 1,5ml/phut. Didu kién gradien: t = 0 phut: 65% A, 35% B; t
= 3,5 phut, 5% A, 95% B; t =5,5 phut, 5% A, 95% B; t = 5,6 phut: 65% A, 35% B;t="7
phut, 65% A, 35% B.

Phuong phép 4:

Cot: SunFire C18 3,5u 4,6x100mm, pha dong A: 10mM NH,OOCH+ 0,1%
HCOOH trong H,0, pha dong B: MeOH hoat dong & nhiét d6 cot 1a 50°C béng cach st
dung tde do dong la 1,5ml/phat. biéu kién gradien: t = 0 phut: 65% A, 35% B; t = 7 phut,
5% A, 95% B; t=9,6 phut, 5% A, 95% B; t = 9,8 phut: 65% A, 35% B; t = 12 phut, 65%
A, 35% B.

Phé NMR dugec thu nh4n trén phd ké Bruker Avance 400, hoat dong & 400 MHz
dbi voi 'H. bo chuyén dich héa hoc duogc tinh theo ppm va tri sb J theo Hz. Vach boi
duoc thé hién béng cach sir dung cac chir viét tit sau: d ky hiéu cho vach d6i, t ky hiéu
cho vach ba, m ky hiéu cho vach bdi, v.v.. Sac ky 16p mong (TLC) dugce thuc hién trén
tAm nh6ém kich thudc 5x10cm pht Silicagel 60 Fps4 (Merck KGaA).

Hoat tinh khang virut

Céc dia vi chuin d6 mau den day trong subt 96 15 (Corning, Amsterdam, The
Netherlands) dugc nap ddy dich pha loing hop chét 4 1dn vé6i hai ban sao st dung hé
thdng robot chuyén dung véi thé tich méi trudng nuéi cdy cudi ciing 13 50 pl [mdi trudng
RPMI khong chira phenol d6, FBS 10%, gentamyxin 0,04% (50 mg/mL) va DMSO
0,5%]. Sau d6, b6 sung 100ul huyén phii t& bao HeLa (5 x 10* t& bao/mL) trong moi
truong nubi cdy vao mdi 15, sau d6 bd sung 50 pl virut r gRSV224 (MOI = 0,02) trong
mdi truong nudi cdy bang cach sir dung thiét bi phan phéi nhiéu giot (Thermo Scientific,
Erembodegem, Bi). Virut rgRSV224 1a virut tao ra theo k¥ thuit di truyén ma bao gdm
gen GFP b sung (Hallak et al, 2000) va duoc cdp phép sur dung ndi bo tir NIH
(Bethesda, MD, M¥). Céc dbi chitng chi chira mdi truong, déi chimg nhidm virut va déi
ching gia nhiém virut dugc bao gdm trong mdi thir nghiém. Céc té bao dugc @ & nhiét do
37°C trong mdi truong CO, 5%. Ba ngay sau khi phoi nhiém virut, su sao chép ctia virut
dugc dinh lugng bang cach x4c dinh mirc biéu hién GFP trong céc t bao bing kinh hién
vi laze MSM (Tibotec, Beerse, Bi). ECs, duoc x4c dinh 1a néng d6 e ché 50% su biéu
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hién GFP. Pugc tién hanh song song vai cac cong doan néu trén la cac hop chit duge
trong ba ngdy trong mdt bd dia vi chudn d6 mau tring c6 96 156 (Corning) va do gdy doc
té bao cua cc hop chét ddi véi céc té bao HeLa duoc xac dinh béng cach do ham lugng
ATP cua cac té bao b::ing cach st dung bo dung cu kit ATPlite (PerkinElmer, Zaventem,

Bi) theo chi dAn ciia nha san xuit. CCs, duoc xé4c dinh 1a ndng d6 gdy doc t& bio 50%.
Tai liéu tham khao

Hallak LK, Spillmann D, Collins PL, Peeples ME. Glycosaminoglycan sulfation
requirements for respiratory syncytial virus infection. J. Virol,740, 10508-10513 (2000).
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Béang 1
Hoat tinh WT | Pdc tinh
N° |R R X-R : -
1o (R Ry 5 |ECso (M) | CCso (uM)
a\“'ﬁ
1 Cl o ? X N 0,000286 >9,83603
0=
\
T
2 | Br o 5 X N 0,000288 >9,83603
0=
S\
s
3 |Br 5 Z N 0,000452 >9,83603
I\
N
r,a-r“‘
4 |Br (e YM N 0,001117 48.65192
OH
0]
5 |Br o X N 0,001564 >9,83603
0=y
\
6 |Br o? z C-F |0,001605 >9,83603
0<%
\
7 |Cl ? YN N 0,00224 47,59376
OH
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Hoat tinh WT | Doc tinh
N° | R R X-R : ;

R Ra 5| ECso (uM) | CCsp (uM)
-

8 Cl o ﬁ VZ C-F |0,003785 >9,83603
O:\
J_,.rf‘"

9 F 3 X N 0,029368 50,28633
OH

10 | OMe ? X N 0,038288 >9,83603
OH

12 |H I X N 0,360637 65,47266
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JRa
@) N
R, / \\
N\ =
\
R1 N R5
Rs
Bang 2
Hoat tinh A s
Ne |R, |R, R, R, X-R; WT gg" “(nhM)
ECso (M) o tH
14 |H |CONH, i\ X N 0,004507 | >24,5901
15 |al |1 2 X N 0,076685 | >9,83603
OH
",\N‘"
16 |cl |u 3 z N 0,123894 | >9.83603
OH
17 |H |coH E X N 0,159012 | >98,3603
18 |H |CO,Et i z N 3,009193 | 32,11663
19 |H CONHsoneE X N 3,200445 | >9,83603
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R, |R, R, R, X-Rs

P96 CF

P97 N
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P98 | Cl | CONH, F>§ CH
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P100 | Cl < N
FF

P101 CONH, Fﬁ CH

P102 CF

P103 o N
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YEU CAU BAO HO

1. Hop chét c6 cong thirc (I), N-oxit, mubi cong, amin bac bén, phirc kim loai, hodc

dang déng phéan héa hoc lap thé cua no;

- 5
e
R _X
A\

\

Rs
¥ N

\

R, Rj Cong thic I

trong d6 mdi X ddc 1ap 1a C hoic N;
R; dugc chon tir nhém H, halogen, C;-Cgalkoxy, CF5 va OCFj;
R, duoc chon tir nhém bao gém H, halogen, C;-Cgalkyl, C;-C;xycloalkyl, C;-
Cealkoxy, va CO(Ry);
R; 1a -(CRgRg)n-Ryp;
R4 dugce chon tir nhém bao g6m H, C;-Cjalkyl, C;5-Csxycloalkyl, C,-Cjalkenyl,
SO,-Rg, CH,CF3, SO,CHj hodc vong no cé 4 dén 6 canh chtra nguyén tir oxy;
Rs c6 miat néu X 1a C, va duge chon tr nhém bao gdm H, C;-Cealkyl, Cs-
Cxycloalkyl, C;-Cgalkoxy, CO(R;), CF; va halogen;
Rs khong c6 mat néuX 1aN;
R; duoc chon tir nhdm bao gém OH, O(C;-Cgalkyl), NH,, NHSO,N(C,-Cgalkyl),,
NHSO,NHCH;, NHSO,(C;-Cgalkyl), NHSO,(C3;-C;xycloalkyl), va N(C;-C¢-
alkyl)s, NRgRg, NRgR;
n 12 s6 nguyén tir 2 dén 6;
mdi Rg va Ry doc 1ap duoc chon tir H, C;-Cjpalkyl, C3-Crxycloalkyl hoic Rg va Ry
cling nhau tao thanh vong béo ¢6 4 dén 6 canh tity y chira mdt hozic nhiéu nguyén tir
khac loai dugc chon tr nhém N, S, O;
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Ryo duoc chon tr nhém bao gém H, C;-Cgalkyl, OH, CN, F, CF,H, CF;,
C(=NOH)NH, CONRgRy, COORg, CONRgSO,R9, CON(R5)SO,N(RgRy), NRgRy,
NR3COORy, OCORg, NRgSO,Rg, SO,NRgRg, SO,Rg hodc vong no ¢6 4 dén 6 canh

chira nguyén tr oxy.

2. Hop chit theo diém 1, trong do:

R4 dugc chon tir nhém bao gém H, C;-Cjpalkyl, C5-Csxycloalkyl, C,-Cjpalkenyl,

SO,-Rg, hodc vong no cé 4 dén 6 canh chira nguyén tir oxy.

3. Hop chat theo diém 1 hoic 2, trong d6 R; dugc chon tr nhom bao gém H,

halogen.

4. Hop chét theo diém bét ky trong sé cac diém néu trén, trong d6 R, & vi tri para dbi

v6i N-R3 duge chon tir nhém bao gdm H, halogen, va tit ca R, khac déu 1a H.

5. Hop chét theo diém bAt ky trong sb cac diém néu trén, trong d6 R; dugc chon tur

nhém bao gom brom va clo.

6. Hop chét theo diém bt ky trong s6 cac didm néu trén, trong d6 R, dugce chon tur

nhém bao gdm H, halogen, va CO(R,).

7. Hop chét theo diém bat ky trong s6 cic diém néu trén, trong d6 R, dugc chon tir

nhém bao gdm H, I, va CONH,.

8. Hop chét theo diém bat ky trong s cac diém néu trén, trong d6 R3 bao gdm mach

-(CRgRy), trong dé Rg va Ry 1a H va n bang tir 2 dén 4.

9. Hop chit theo diém bit ky trong s6 cac diém néu trén, trong d6 Ryo dwoc chon tir

nhom bao gém F, CF3, OH, SO,Rg va CN, véi Rg vu tién 1a metyl.

10. Hop chét theo diém b4t ky trong sb6 cac diém néu trén, trong d6 R, la
C;-Coxycloalkyl, tot hon 13 xyclopropyl hoic CH,CF;.

11. Hop chét theo diém bét ky trong s6 cac diém néu trén, trong d6 R, 14 isopropyl.

12. Hop chét theo diém bét ky trong sb céc diém néu trén, trong d6 R, 13 oxetan-3 -yl
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13. Hop chét theo diém bt ky trong s cac diém néu trén, trong d6 X & vi tri para d6i

vOiN-R4laCvaRstrén X @6 1a F.

14. Hop chét theo diém bt ky trong sb cac diém néu trén, trong d6 mét X 1a N va cac

X con lai 1a C, N t6t hon 14 & vi tri para dbi véi N-Ry.

15. Hop chét theo diém bAt ky trong s6 cac diém néu trén, trong d6 nhiéu nhit mot Rs
dugc chon tir nhém bao gém C;-C¢ alkyl, C;-Cg-alkoxy, va halogen, va Rs con lai 1a
H.

16. Hop chit theo diém bt ky trong s6 cac diém néu trén, trong d6 tit ca Ry 1a H.

17. Hop chét theo diém 1, trong d6 hop chit nay 1a:

FL—
o7
CImO_/NLN
v

0
hodc N-oxit, muoi céng, amin bac bon, hoic phirc kim loai ciia no.

18. Hop chét theo diém 17, trong d6 hop chét nay la:

FC—
<71
CImO_/NLN
v

o

19. Duoc phém chira chét mang dugc dung, va mét lugng cho tac dung diéu tri bénh

ctia hop chét theo diém bét ky trong s cac didm tir 1 dén 18 lam thanh phén hoat tinh.
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20. Quy trinh bao ché dugc phim theo diém 19, quy trinh nay bao gdém budc tron ky
chét mang dugc dung véi luong cho tac dung didu tri cta hop chét theo diém bAt ky

trong sb cac diém tir 1 dén 18.

21. Quy trinh diéu ché hop chét theo diém bt ky trong s cac diém tir 1 dén 16, quy
trinh ndy bao gdm bude két hop hop chét duge chon tir nhém bao gdm hop chét c6
cdng thirc 1-a, II-b, va II-c véi hop chit c6 cong thire III, tao ra din xudt c6 cong thirc

(1) v6i tht ca cac phan tir thé R va X ¢6 nghia theo diém 1:

R o
R O N °
R ' Ry Rs Rs Ri R 7 X"X'R
1 \ Y N X:y-Rs R4 N AT
R R N X" "Rs Ri N Rs °
R1 3 R5 R . R~ i
ll-aY =OH 1]} Cong thire 1
I-bY =ClI
ll-c Y = SO;Me
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