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bao gom dang déng phan héa hoc 1ap thé, va musi hoac solvat clia nd, trong dé
R*, W, Q, V, Z, p, s va Het c6 nghia nhu dugc xdc dinh trong ban mo ta sing
ché.

Sdng ch€ con dé cap dén quy trinh diéu ché hgp chét ndy, dugc phdm chia
né d€ sir dung & dang riéng ré hodc & dang t6 hop véi céc chét dc ché RSV khic,
trong di€u tri bénh nhiém RSV.



21269

Linh vwc ky thuit dwoc dé cap

Sang ché dé cap dén hop chét spiro c6 hoat tinh khang virut, cu thé 13 c¢6 hoat

tinh (rc ché ddi vé6i su sao chép cuia virut hd hip hogp bao (RSV: respiratory syncytial

virus). Ngoai ra, sang ché con d& cap dén quy trinh diéu ché hop chét nay, ché phdm
chtra hop chét nay, va hop chit nay dugc st dung trong diéu tri bénh nhidm virut hd
hép hop bao.

Tinh trang ky thuit ciia sang ché

RSV hay virut hé hip hop bao & ngudi 14 mot virut ARN 16n, 12 thanh vién thudce
ho Paramyxoviridae, phan ho Pneumoviridae ciing véi virut hd hip hop bao & bd. RSV &
ngudi chiu trach nhiém cho rét nhiéu bénh vé dudng hd hp & ngudi & tit ca cac do tudi
trén khip thé gidi. N6 12 nguyén nhan chinh gdy bénh & dudong hd hip dudi trong giai
doan tré em va tré nhd. Trén mot nira sd tré em phai d6i mat voi RSV trong nim dau doi,
va gan nhu tit ca tré em déu phai d6i mat véi RSV trong hai ndm dau doi. Sy nhiém bénh
& tré em c6 thé gay hity hoai phdi dai ding trong nhidu ndm va c6 thé gép phin gdy bénh
phdi man tinh trong cudc sdng sau nay (bénh hen, thé kho khé man tinh). Tré 16n hon va
ngudi 16n thudng mic cam lanh thong thuong (ning) khi bi nhidm RSV. O tudi gia, do
mAm cam lai tang 1én, va RSV ¢6 lién quan dén nhidu dot bung phat dich bénh viém phdi

& do tudi nay, gdy ra ty 18 tir vong dang ké.

Su nhidm virut tir mdt phan nhom da biét khong bao vé chdng lai duge sy nhidm
thé phéan 1ap RSV tiép theo tir ciing phan nhém dé trong mua dong sau. Do d6, sy tai

nhi&m RSV 1a phd bién, du chi c6 hai typ phu, A va B.

Hién nay, chi c6 ba thubc da dwoc phé chudn dé sir dung chéng lai bénh nhiém
RSV. Thudc thir nhit 12 ribavirin, 13 thé twong tr nucleosit tao ra thude diéu tri dang sol
khi ding cho bénh nhiém RSV nghiém trong & tré phai nim vién. Pudong sir dung sol khi,
doc tinh (nguy co gdy quai thai), gia thanh va hiéu qua c6 tinh bién dong cao da lam han
ché viéc sit dung né. Hai thubc con lai, RespiGam® (RSV-IG) va Synagis®

(palivizumab), 13 céc chat kich thich mién dich khéng thé don dong va da dong, dwoc du
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dinh @& sir dung theo cich phong bénh. Ca hai thubc nay déu rét dit, va cn phéi str dung
ngoai dudng tiéu hoa.

Cho dén nay, tat ca cac nd luc khac nhim phaét trién vacxin RSV an toan va hiéu
qua déu thit bai. Cac vacxin da duoc 1am bét hoat khong thé bao vé chéng lai bénh, va
thuc té 13 trong mot sd truong hop con ting cudng bénh trong 14n nhim bénh tiép theo.
Céc vacxin sdng dd 1am giam tinh doc da dwgc thir nghiém nhung sy thanh cong rit han
ché. R5 rang 12 ¢6 nhu cu vé thude c¢6 hiéu qua, khong doc va d& sir dung nhim chéng
lai s sao chép ctia RSV. Viéc tao ra thude chéng lai sy sao chép ciia RSV ma c6 thé sir

dung dugc qua duong mié€ng s€ dugc uwu tién dac biét.

Mot tai liéu tham khéo vé mbi quan hé cAu truc-hoat tinh, lién quan dén su uc ché
RSV, cua hgp chit benzimidazol dwgc thé & vi tri 5 14 4n phém X.A. Wang et al.,
Bioorganic and Medicinal Chemistry Letters 17 (2007) 4592-4598.

Céc hop chét thé hién hoat tinh khdng RSV dugc boc 19 trong WO2012/080446,
W02012/080447, W0O2012/080449, WO2012/080450 va W0O2012/080451.

WO-2004/069256 bdc 16 2-xyanopyrolopyrimidin va WO-2004/076455 boc 10 2-
xyanopyrolopyrimidin dugc thé ¢ vi tri spiro v6i vai tro 1a chit trc ché capthepsin K hoic
S hitu dung trong diéu tri céc rdi loan dau. Teno N. et al. in Bioorganic & Medicinal
Chemistry Letters, vol. 17, 6096 - 6100 (2007) va Teno N. et al. in J. Med. Chem., vol.
51, 5459 - 5462 (2008) boc 16 2-xyanopyrolopyrimidin véi vai trd 1a chit tc ché
cathepsin K.

Céc van d& tiém 4n ma chit khang virut RSV c6 thé phai d6i mit 1a doc tinh, kha
nidng gy dot bién, khong c6 tinh chon loc, hiéu qua kém, dd sinh kha dung kém va kho

tdng hop.

Mong mudn tao ra hop chit méi co hoat tinh khang virut. Cu thé 1a, mong mudn
tao ra thudc méi c¢6 hoat tinh trc ché sy sao chép cia RSV. Ngoai ra, mong mudn tim ra
duogc ciu tric hop chit cho phép thu duge hoat tinh sinh hoc khang virut véi bac do 16n
(tinh theo iy thira ctia 10) trong c4c viing manh hon ctia tinh trang k§ thuét, va t6t hon 1a
¢6 mic d0 hoat tinh cao nhét, t6t hon nita 14 thAm chi cao hon nita, so v6i cac hop chit da
duogc boc 10 trong tinh trang k¥ thuat. Mong mudn khac nita 12 tim ra duge hop chét ¢co

hoat tinh khang virut dung qua dudng miéng.
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Cé nhu cau vé chat irc cheé RSV khic ma c6 the khac phuc dugc it nhat mot trong
s0 cac nhugc di€ém néu trén hodc c6 mat trong so cac tic dung mong muon.
Ban chat ky thuit ciia sang che

Dé giai quyéet mot hodc nhiéu mong mudn trong s6 cdc mong mudn néu trén mot
cach tot hon, theo mot khia canh, sang ché dé xuat hgp chét khang virut dugc thé hién

bang cong thire (RI):

Cong thac (RI)

N

~Z
- R

hozc dang déng phan 14p thé bat ky cua no, trong do:

Het 12 di vong c6 cOng thirc bit ky trong sb cac cong thure (a), (b), (c), (d) néu dudi day:

1b

Rla 1|{
1b
Rla N R\ « _ X\ N
\>1w I I \>1v»
N A XS PN
Rla \ R!P | \
Rla RZ Rlb R2
(a) (b)
lrld R3
Rld
N X
N
1 N
~Z
Rld/ > )l( N\
R1d R?
(d)

mdi X doc 1ap 1a C hodc N; vai didu kién 1a it nhét hai X 14 C;

mdi nhém trong s6 cac nhém R'2, R'®, R'¢ hogc R4 doc 14p duge chon tir nhém bao gdm
H, halogen, Ci-Csalkyl, C3-Crxycloalkyl, Ci-Csalkyloxy, N(R®),, CO(R7), CH,NH,,
CH,0H, CN, C(=NOH)NH, C(=NOCH3)NH>, C(=NH)NH,, CF; va OCF3;

R'® hogic R!4 khong c6 mit khi X ma né gén két vao 1a N;

mdi nhém R? 13 -(CR®R?)m-R1?;
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m 12 s6 nguyén nim trong khoéng tir 0 dén 6;

mdi nhém R3 doc 1ap duge chon tir nhém bao gdbm H, halogen, aryl, heteroaryl, Ci-
Csalkyl, C3-Crxycloalkyl, Ci-Csalkyloxy va CO(R7);

mdi nhém R® doc 1ap duoc chon tir nhém bao gdm H, Ci-Csalkyl, COOCH3 va
CONHSO,CHs;

mdi nhém R7 doc 1ap dugc chon tir nhém bao gdm H, Ci-Cealkyl, OH, Ci1-Cesalkyloxy,
NHo, NHSO:N(Ci-Cesalkyl), NHSO,NHCH3, NHSO,(C1-Cealkyl),
NHSO2(C3-Crxycloalkyl) va NR°R!;

mdi nhém R® va R’ doc 18p duge chon tir nhém bao gdm H, Ci-Cioalkyl va Cs-
Crxycloalkyl; hodc R® va R® cing nhau tao thinh vong no c6 4 dén 6 canh ma tuy y chira

mdt hodc nhiéu nguyén tir khac loai dugc chon tir nhém bao gﬁ“)m N, Sva O;

mdi nhom R1? ddc 1ap duge chon tir nhém bao gdm H, halogen, OH, CN, CF,H, CF3, Ci-
Cs alkyl, Cs-Crxycloalkyl, C(=0)C;-Csalkyl, C(=0)C3-Csxycloalkyl, C(=O)NR®R?,
C(=0)ORS, SO2RS, C(=O)N(R¥»SO:R’, C(=0)N(R?*)SO:N(R?R?), NRER?,
NREC(=0)OR’, OC(=0)R3, O-benzyl, NR®SO:R’, SO,NR®R®, SO,R?, OC(=O)NR®R?,
OC(=O)NR®R!%, N(R})C(=O)N(R?R?), R!!, N(R})C(=0)OR"2, OR!, C(=0)R!" va vong
no c¢6 4 dén 6 canh chira mot nguyén tir oxy;

R!'1a phenyl, pyridinyl hogc pyrazolyl; mdi nhom trong s& céc nhém nay c6 thé duge thé
tily y bang mét hodc nhiéu phan tir thé, mdi phin tir thé nay doc 1ap dugc chon tir nhém
bao gdbm CF3, CH3, OCH3, OCF; va halogen;

R'2 1a C1-Cs alkyl hodc C3-Crxycloalkyl; mdi nhém ndy duoc thé bang mot hodc nhidu
phén tr thé, mdi phén tir thé nay doc lap dugce chon tir nhom bao gém CF3, CH3, OCHs,
OCF; va halogen,;

mdi Z déc 1ap 1a C hodc N, véi diéu kién 14 it nhét hai Z 12 C;

mdi Q va V doc 1ap 1a C=0, SO, hosic CR?R?!;

p va s doc 1ap 1a s6 nguyén nim trong khoang tir 0 dén 3, trong d6 tdng cia p va s téi
thiéu phai bang 2, va khi p = 0 hodc s = 0 thi nguyén tir cacbon dugc dénh diu * dugc

gén két truc tiép vai W;
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R? va R?! doc lap dugc chon tir nhém bao gdm hydro, hydroxyl, Ci-Csalkyl, Cs-
Crxycloalkyl, CF3, OCHs, OCF3 va halogen;

R?2 dugc chon tir nhém bao gém hydro, hydroxyl, Ci-Cealkyl, C3-Crxycloalkyl, CFs,
OCH3, OCF3 va halogen;

W duoc chon tir nhém bao gdm SO, SOy, S, C, O va N, trong d6 C hozc N nay dugc thé
tily y bang mot hodc nhiéu R%;

R? dugc chon tir nhém bao gdm hydro, hydroxyl, Ci-Csalkyl, C3-Coxycloalkyl, Ci-
Csalkyl-R**, SOR**, SO;N(R*),, aryl, heteroaryl, C(=0)OR%, OR?, C(=0)R*,
C(=O)NRX),, OC(=0)N(R™), P(=0)-(O-Ci-Ce-alkyl), N(R2),, NRZC(=0)OR,
NRZC(=0)N(R*)2, NR¥SO,R* va vong no c6 4 dén 6 canh chira mot nguyén tir oxy,
trong d6 nhém bat ky trong sé cédc nhém Ci-Cealkyl, Cs-Crxycloalkyl, aryl hoic
heteroaryl ndy duoc thé tily y bang mot hodc nhiéu phian tr thé trong sb cac phan tir thé

duoc chon tir nhém bao g?)m halogen, OH, CN, OCHg3;

R?* dugc chon tr nhém bao gdm hydro, OH, halogen, Ci-Csalkyl, Ci-Crxycloalkyl,
C(=0) Ci-Csalkyl, C(=0) Cs3-Crxycloalkyl, aryl, heteroaryl, benzyl va vong no ¢6 4 dén 6
canh chira mdt nguyén ti oxy, trong d6 nhém bét ky trong sé cac nhém Ci-Cealkyl, Cs-
Crxycloalkyl, C(=0) Ci-Cealkyl, C(=O) Cs-Crxycloalkyl, aryl, heteroaryl, benzyl nay
dugc thé tlly ¥ bing mot hodc nhiu phin tir thé dugc chon tir nhém bao gdm halogen,
CF3, OH, CN, OCH3, OC(=0)CHj3) va Ci-Csalkyl dugc thé bang it nhat mot CN;

R dugc chon tir nhém bao gdm hydro va C1-Cs alkyl;
aryl 1a phenyl hodc naphtalenyl;

heteroaryl 1a di vong thom dang mét vong c6 5 dén 6 canh chira mot hodc nhidu nguyén
tt khéac loai, mdi nguyén tir khac loai ndy doc l4p dugc chon tir nhém bao gém O, S va
N; hoic di vong thom dang hai vong c6 8 dén 12 canh chtra mdt hodc nhiéu nguyén ti

khac loai, mdi nguyén tir khac loai nay ddc 1ap dugce chon tir nhém bao gff)m O,SvaN;

v6i didu kién 14 Het khong théa man cong thirc d(x):

s

NC N
\
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v6i didu kién 1a khi Het c6 cong thic (a) thi it nhat mot trong sb cac phéan tir thé R'® 1a

halo, hozic khi Het c6 cong thirc (b) thi it nhat mot trong sb cac phén tir thé R!® 14 halo,
hodic mudi cong duge dung hodc solvat ctia no.

Tét hon 13, R?® duge chon tir nhém bao gém hydro, hydroxyl, Ci-Cealkyl, Cs-
Coxycloalkyl, Ci-Cealkyl-R?*, SO,R?*, SON(R?*),, aryl, heteroaryl, C(=0)OR?*, OR?,
C(=0)R*, C(=O)N(R?*);, OC(=0)N(R?**), v vong no c6 4 dén 6 canh chira mét nguyén
tir oxy, trong d6 nhém bét ky trong s6 cac nhém Ci-Cealkyl, C3-Crxycloalkyl, aryl hodc
heteroaryl nay dugc thé tily ¥ bang mdt hozc nhidu phan tir thé trong s cac phin tir thé

duogc chon tir nhom bao gém halogen, OH, CN, OCH3;

R?* dugc chon tir nhém bao gdm hydro, OH, halogen, Ci-Csalkyl, Cs-
Crxycloalkyl, C(=0) Ci-Cealkyl, C(=O) Cs-Crxycloalkyl, aryl, heteroaryl, benzyl va
vong no ¢6 4 dén 6 canh chira mot nguyén tir oxy, trong d6 nhém bat ky trong sb cac
nhém Ci-Cealkyl, Cs-Crxycloalkyl, C(=O) Ci-Csalkyl, C(=0O) Cs3-Csxycloalkyl, aryl,
heteroaryl, benzyl nay dugc thé tly ¥ bing mot hodc nhiéu phén tir thé dugc chon tur

nhém bao gém halogen, CF3, OH, CN, OCH3 va OC(=0)CH3).

Theo khia canh khéc, sang ché mé ta hop chit nhu néu trén dé st dung trong didu
tri bénh nhiém RSV ¢ dong vat mau néng, t6t hon 1a ngudi. Theo khia canh khéc nita,
sang ché mo ta hop chit nhu néu trén véi lugng c6 hidu qua dé sir dung trong didu tri
bénh nhidm virut RSV & ddi twong ¢6 nhu ciu diéu tri. Theo khia canh khac nita, sang
ché mé ta hop chit nhu néu trén dé sir dung trong san xuit thudc ding dé didu trj bénh

nhiém RSV.

Theo khia canh khéc, séng ché dé xuat dugc pham chira hgp chat néu trén va ta

dugc dugc dung.

Theo khia canh khac nita, sang ché d& xuét phuong phéap didu ché hop chit néu

trén.
MO ta chi tiét sang ché

Theo nghia rong, sang ché dua trén sy cdng nhan dung din riang hop chit c¢6 cong

thirc (RI) n6i chung 1a c6 hoat tinh trc ché RSV dang quan tam.

Sang ché s€ dugc mo ta thém ve cac phuong 4n cu theé va cac vi du nhat dinh,

nhung sang ché khong bi giéi han & 6 ma chi bi giéi han béi cac yéu cdu bao ho. Khi

-7-
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thuét ngit "chtra" dugc sit dung trong phan mé ta va céc yéu ciu bao hd, thi thust ngit nay
khong loai trir cac ddu hiéu hodc cac bude khac. Khi mao tir xac dinh hodc khong xac
dinh dugc st dung dé dé cap dén danh tr sd it, vi du "mot", thi mao tlr ndy con bao gém

ca dang sd nhiéu ctia danh tir d6, trir khi ¢6 quy dinh cu thé khéc.

Khi thuat ngit “dugc thé” dugc sir dung trong sang ché, thi trir khi c6 quy dinh
khac hodc dugc van canh thé hién rd rang theo cach khac, thudt ngit nay nhim chi viéc
mot hodc nhidu hydro, cu thé 1a 1 dén 4 hydro, t6t hon 1a 1 dén 3 hydro, t&t hon niva 1a 1
hydro, trén nguyén tir hodc gbc dugc thé hién trong bidu thire c6 si dung thuét ngir “dugc
thé” dugc thay thé béng mot lya chon tir mot nhém dugce thé hién, voi didu kién 1a khong
vuot qué héa tri binh thuong, va viéc thay thé nay tao ra hop chét én dinh v& mit hoa
hoc, ttrc 12 hop chét du kha nang ton tai qua qué trinh tach dén mirc do tinh khiét hitu

dung tir mdt hdn hop phan ting, va qua qua trinh bao ché thanh chét didu tri bénh.

Trong ban md td nay, “Ci.Cealkyl”, & dang nhom hodc mot phé‘m cuia nhém, chi
géc hydrocacbon no mach théng hodc mach nhanh ¢6 1 dén 6 (1, 2, 3, 4, 5 hoic 6)
nguyén tr cacbon, nhu metyl, etyl, propyl, 1-metyletyl, butyl, pentyl, hexyl, 2-metylbutyl

va gbe tuong tu.

“C1.Cioalkyl”, & dang nhém hodc mdt phin ciia nhoém, chi gbc hydrocacbon no
mach théng hoic mach nhanh c6 1 dén 10 nguyén tr cacbon, nhu cac nhém dugce xac
dinh cho Ci.Cealkyl va heptyl, octyl, nonyl, 2-metylhexyl, 2-metylheptyl, dexyl,

2-metylnonyl va gbc tuong ty.

“Ci1-Caalkyloxy” hodc “Ci-Csalkoxy”, & dang nhom hodc mot phﬁn cua nhoém, chi

gbc O-Ci.Caalkyl, trong d6 C1.Csalkyl doc 13p c6 nghia nhu néu trén.

“C1-Cealkyloxy” hodc “Ci-Csalkoxy”, & dang nhém hoic mot phén cua nhom, chi
gbc O-Ci1-Cealkyl, trong d6 Ci-Cealkyl doc 14p c6 nghia nhu néu trén.

Thuét ngit “Cs-Coxycloalkyl”, & dang riéng r& hodc & dang t& hop, chi gbc
hydrocacbon vong no ¢6 3 dén 7 nguyén tir cacbon. Vi du khong nhim gi6i han sang ché
vé C3-Crxycloalkyl thich hop bao gdbm xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl
va xycloheptyl.
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Thudt ngit “-(CR*R?)n-" dugc st dung trong ban mo ta nay chi m 14n lip lai cua
phan nhém CRP®R’, trong d6 mdi phan nhém trong sb cdc phan nhém ndy dugce xac dinh

mot cach doc lap.

Thuét ngir “halo” hodc “halogen”, & dang nhém hodc mot phin ciia nhom, 1a thuat
ngit dung chung cho flo, clo, brom, iot, trir khi ¢6 quy dinh khac hodc dugc vin canh thé

hién rd rang theo céch khac.
Thuat ngit c6 dang NRCOOR 12 gidng véi N(R)COOR.

Vi du duge wu tién vé vong béo ¢6 4 dén 6 canh tly y chira mot hoic nhiéu
nguyén tir khac loai dugce chon tir nhém bao gdm N, S va O 1a xyclobutyl, xyclopentyl,
xyclohexyl, piperidinyl, oxetanyl, tetrahydrofuranyl, tetrahydropyranyl, piperidinyl,
azetidinyl, thiolanyl, piperazinyl va pyrolidinyl.

Heteroaryl 1a di vong thom dang mét vong ¢6 5 dén 6 canh chtra mot hodic nhiéu
nguyén tr khéac loai, mdi nguyén tir khac loai nay doc 1ap dugc chon tir nhém bao gém O,
S va N; hodc di vong thom dang hai vong ¢6 8 dén 12 canh chira mot hodc nhiéu nguyén
ttr khéc loai, mdi nguyén tir khac loai nay doc 1ap duoc chon tir nhém bao gdm O, S va N.
Vi du v& heteroaryl nay 1a furanyl, thiophenyl, pyridinyl, pyridazinyl, pyrimidinyl,

pyrazinyl, quinoxalinyl va benzimidazolyl.

Cén phai lvu y ring vi tri gbc trén gbc phan tir bat ky dugc st dung trong phén
dinh nghia c6 thé 12 & bat ky noi nao trén gbc @6, midn 14 n6 6n dinh vé mit hoa hoc. Géc
dugc st dung trong phéan x4c dinh gia tri thay ddi bao gdm tt ca cac chit ddng phan c6

thé ¢, trir khi c6 quy dinh khéc. Vi du, pentyl bao gdm 1-pentyl, 2-pentyl va 3-pentyl.

Khi gid tri thay doi b4t ky xudt hién nhidu hon mot 14n trong cAu tir bét ky, thi mdi

lan xac dinh d6 1a doc 1ap.

Trén day va duéi day, thuat ngit “hop chét c6 cong thirc (RI)” hodc “cac hop chét
¢ cong thitc (RI)” c6 nghia 13 bao gdm tautome va dang ddng phan 1ap thé ctia no, va
mudi cong duge dung va solvat clia né.

Céc thuét ngit “chit dong phan lap thé”, “dang ddng phan 1ap thé” hoic “dang
ddng phan hoa hoc 14p thé” trén day hodc dudi day dugc st dung theo cach thay thé cho

nhau.
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Thuat ngit “dang ddng phan héa hoc lap thé” dugc sir dung & trén chi tAt ca céc
hop chét c6 thé c6 ma duge tao thanh tir cing cac nguyén tir duogc lién két bang cing
trinh tu lién két nhung c6 cdu tric ba chidu khac nhau ma khong thé thay thé cho nhau

ma hop chit c6 cong thirc (RI) c6 thé co.

Can phai hiéu ring mot sb hop chét trong s cac hop chit ¢6 cong thirc (RI) ¢6 thé

chtra mot hodc nhiéu tAm khong ddi xtmg va tdn tai & dang ddng phan héa hoc 1ap thé.

Séng ché bao gdm tit ca cac chét ddng phan 1ap thé cua hop chit c6 cong thic
(RI) va tautome ciia nd, di 1a & dang chét ddng phan lap thé tinh khiét hay & dang hdn
hop gdm hai hodc nhiéu chit ddng phan 1ap thé.

Céc chat dong phan ddi anh 1a céc chit dong phan 14p thé ma 1a cac anh guong
khong thé dat chdng khit 1én nhau dugc cta nhau. Hén hop 1:1 clia cip chit ddng phan
d6i anh 12 hdn hop raxemic hogic raxemat. Cac chét ddng phan khong i quang (hodc
chét dong phan phi dbi hinh) 1a cac chit ddng phan lap thé ma khong phai 1a chit dong
phan ddi anh, tic 1a ching khéng c6 lién quan xét theo khia canh 13 cAc anh guong. Néu
hop chét chira lién két d6i, thi cac phan tir thé c6 thé & dang cAu hinh E hoic Z. Céc phén
tr thé trén cac gbc no (mot phén) dang vong hoa tri hai ¢6 thé c6 cAu hinh cis hodc trans;
vi du néu hop chét chira nhom xycloalkyl duogc thé hai 14n, thi cac phan tir thé c6 thé &
c4u hinh cis hodc trans. Do do, sang ché bao gbém chét ddng phan déi anh, chit ddng phan
khong d6i quang, raxemat, chit ddng phén E, chét ddng phan Z, chit ddng phén cis, chit

dong phan trans va hdn hop ciia n6, khi c6 thé vé& mit héa hoc.

CAu hinh tuyét dbi duoc quy dinh theo hé théng Cahn-Ingold-Prelog. Céu hinh tai
nguyén tir bit ddi xung dugc quy dinh bang R hoic S. Cac hop chét da duoc phén giai
ma cAu hinh tuyét d6i ciia né 1a chua biét c6 thé dugc quy dinh bing (+) hodc () tiy

thudc vao chidu ma ching quay anh sang phan cuc phing theo do.

Khi cht ddng phan 1ap thé cu thé dugc nhan dang, diéu nay c6 nghia 1a cht dong
phén 13p thé nay vé co ban khong chira, tirc 12 dugc két hop vé6i nhé hon 50%, tét hon 1a
nhé hon 20%, t6t hon nita 1a nho hon 10%, tham chi t6t hon nita 12 nhod hon 5%, deflc biét
14 nhé hon 2% va t6t nhat 1a nhé hon 1%, céc chat ddng phan khac. Do d6, khi hop chét
c¢6 cong thirc (RI) dugc quy dinh, vi dy, 1a (R), diéu nay c6 nghia 1a hop chét nay vé& co
ban khéng chira chit ddng phan (S); khi hop chit c6 cong thire (RI) duge quy dinh, vi duy,
1a E, didu nay c6 nghia 12 hop chét nay vé co ban khong chira chit ddng phan Z; khi hop
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chét c6 cong thuc (RI) duoc quy dinh, vi dy, 1a cis, diéu ndy c6 nghia 1a hop chét nay vé

co ban khong chira chit ddng phén trans.

Mot sb hop chét trong s6 cac hop chét theo cong thirc (RI) ciing c6 thé tdn tai &
dang tautome ctia nd. Dang nay, du khong duoc thé hién ro trong cOng thirc néu trén,

duoc du dinh 1a thudc pham vi clia sang ché.

Trir khi duoc thé hién hodc dé cap dén theo céach khac, su dinh danh héa hoc cia
hop chét Bao gdm hdn hop ciia tit ca cac dang ddng phan hoa hoc 14p thé c¢6 thé c6 ma
hop chét nay éé thé c6. Hbn hop nay co6 thé chura tit ca cac chit ddng phan khong ddi
quang va/hodc chit ddng phan dbi anh ctia ciu truc phan ti co ban cia hop chat nay. T4t
c4 cac dang ddng phéan hoa hoc 1ap thé cia hop chit theo sang ché & dang tinh khiét hoic

& dang tron 13n v6i nhau déu duge du dinh 12 thudce pham vi clia sang ché.

Dang ddng phan 1ap thé tinh khiét cua hop chét va hop chit trung gian theo sang
ché c6 thé duoc thu nhan bing cich tng dung céc quy trinh da biét trong linh vuc ky
thuat nay. Raxemat dong phan khong ddi quang c6 cong thirc (RI) ¢6 thé duge thu nhan

mot cach riéng r& bang cic phuong phép thong thuong.

Déi voi mot sb hop chét trong s cac hop chit c6 cong thac (RI), taﬁtome va dang
déng phan lap thé cua né, va mudi cong dugc dung va solvat cua nd; va cac hop chét
trung gian duge sit dung trong quy trinh diéu ché ching, ciu hinh héa hoc lap thé tuyét
dbi khong xac dinh duogc bﬁng thuc nghiém. Nguoi ¢6 hidu biét trung binh v& linh vuc k§
thuat c6 kha ning xé4c dinh cdu hinh tuyét déi cua cac hop chit nay bang cach st dung

cac phuorng phép da biét trong linh vuc k¥ thuat nay nhu, vi du, nhiéu xa tia X.

Ban mo ta ndy du dinh 13 bao gdm tAt ca cc chét ddng vi cla cac nguyén tir xut
hién trén hop chét theo sang ché. Céc chét ddng vi bao gdm cac nguyén tir c6 cing sb thu
tu nguyén tir nhung ¢6 sd khéi khac nhau. Vi du chung va khong nhim gi6i han sang ché
la cac chat dong vi ctia hydro bao gbm triti va doteri. Cac chit ddng vi ciia cacbon bao

gdm C-13 va C-14.

Do d6, hop chét theo sang ché bao gdm hop chit chira mot hoic nhiéu chét dong
vi ctia mdt hodc nhidu nguyén t5, va hdn hop cia n6, bao gbm hop chit phong xa, con
dugc goi 1a hop chét duge danh ddu phéng xa, trong d6 mot hodc nhiéu nguyén ti khong
c6 tinh phong xa dugc thay thé bing mot trong sb cic chét ddng vi phéng xa cia nd.

Thuat ngit “hgp chét dugc danh déu phong xa” c6 nghia 13 hop chit theo cong thirc (RI)
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bat ky ma chira it nhdt mot nguyén tir phong xa. Vi du, hop chét c6 thé dugc danh diu
bang positron hodc bing cic chit ddng vi phong xa phat xa gamma. Dbi véi cac k§ thuit
lién két phdi tr phong xa, nguyén tir 3H hodc nguyén tir 121 1a nguyén tt duge chon dé
thay thé. D& 1am hién anh, cac chit ddng vi phong xa phat xa positron (PET) dugc st
dung phd bién nhit 1a 1'C, ¥F, 150 va PN, tit ca déu duogc tao ra bing thiét bi gia tbc va
¢6 chu ky ban ra 1a 20, 100, 2 va 10 phit mot cach twong tng. Vi chu ky bén ra cia cac
chit ddng vi phéng xa nay rit ngén, nén chi c6 thé str dung chiing tai cac co s& c6 thiét bi
gia tdc tai chd "dé tao ra chung, do d6 1am han ché viéc sir dung ching. Pugc st dung
rong rdi nhat trong sé nay 1a '$F, *™Tc, 2°1T] va 1231. Viéc thao téc trén céc chit ddng vi
phéng xa ndy, viéc tao ra, tach va két hop chiing vao phan tir 1a da biét déi véi nguodi co

hiéu biét trung binh vé linh vue k¥ thuat.

Cu thé 1a, nguyén tir phong xa dugc chon tir nhém bao gém hydro, cacbon, nito,
luu huynh, oxy va halogen. Cu thé 13, chét déng vi phéng xa dugc chon tir nhom bao gém

3H, “C, 18F, 1221, 1231’ 1251, 131L 75BI‘, 76B1‘, 77BI’ va 82BI‘.

Pé st dung trong diéu tri bénh, mudi ciia hop chét co cong thire (RI) 1a mubi trong
d6 dbi ion 1a dugc dung. Tuy nhién, mubi cua axit va bazo khong duge dung ciing ¢6 thé
dugc st dung, vi dy, trong quy trinh didu ché hoic tinh ché hop chét duge dung. Tét ca

cdc mudi, du la c6 dugce dung hay khong, déu thudc pham vi cia sang ché.

Mubi cong bazo va axit dugc dung nhu néu trén cé nghia 1a bao gbm dang mubi
cdng bazo va axit khong doc c6 hoat tinh diéu tri bénh ma hop chit c6 cong thire (RI) ¢6
thé tao ra. Mubi cong axit duge dung c6 thé dugc thu nhén theo cach thong thuong bing
cach xir Iy dang bazo bing axit thich hop. Axit thich hgp bao gdm, vi du, axit vé co nhu
axit hydrohalic, vi dy axit clohydric hodc bromhydric, axit sulfuric, nitric, phosphoric va
axit tuong ty; hodc axit hitu co nhu, vi dy, axit axetic, propanoic, hydroxyaxetic, lactic,
pyruvic, oxalic (trc la etandioic), malonic, suxinic (trc 1a axit butandioic), maleic,
fumaric, malic (toc 1a axit hydroxybutandioic), tartaric, xitric, metansulfonic,
etansulfonic, benzensulfonic, p-toluensulfonic, xyclamic, salixylic, p-aminosalixylic,

pamoic va axit tuong tu.

Dang mudi duge néu theo cach ngugec lai ¢ thé dugc chuyén hoa béng cach xir ly

bang bazo thich hop thanh dang bazo tu do.
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Hop chét ¢ cong thire (RI) chira proton ¢6 tinh axit cling c6 thé dugc chuyén hoa
thanh dang mudi cong amin hodc kim loai khong doc bang cach xir Iy bing bazo vd co va
bazo hitu co thich hgp. Dang mubi bazo thich hop bao gdm, vi dy, mudi amoni, muébi
kim loai kiém va kiém thd, vi du mubi lithi, natri, kali, magie, canxi va mubi teong tu,
mudi véi bazo hitu co, vi du mubi benzathin, N-metyl-D-glucamin, hydrabamin, va mudi

v6i axit amin nhu, vi du, arginin, lysin va mudi tuong tu.

Thuét ngit solvat bao gdm hydrat va dang cong dung moi ma hop chit co cong
thirc (RI) c¢6 thé tao ra, ciing nhu mudi cua nd. Vi du vé dang nay 1a, vi du, hydrat,

alcoholat va dang tuong tu.

Mot s& phuong an nhét dinh duge mo ta chi tiét hon du6i day nhung khong tich

roi khdi toan b pham vi cla sang che.

Céc thudt ngft néu trén va cdc thuat ngit khac dugc sir dung trong ban mé ta nay 1a

da biét ro d6i véi ngudi c6 hidu bibt trung binh v& linh vuc k§ thuét nay.
Céc d4u hiéu dugc wu tién ciia hop chét theo sang ché dugc néu dudi day.

Sang ché @& xuit hop chét c6 cong thic (RI):

Cong thtre (RI)

hozc dang ddng phén l4p thé bit ky cta no, trong do:

Het 12 di vong c6 cdng thirc bit ky trong sd cac cong thire (a), (b), (c), (d) néu dudi day:

1a F‘Ib

1a 1b
N\ RU X N
S no S
R' N\ R X N\
Ra R? I!-l"’ R?
(a) (b)
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mdi X doc 1ap 14 C hodc N; véi didu kién 12 it nhat hai X 1a C;
mdi nhém trong s6 cdc nhém R'2, R'®, RI° hodc R!¢ doc 14p dwogce chon tir nhém bao gbm

H, halogen, Ci-Cealkyl, Cs;-Csxycloalkyl, Ci-Csalkyloxy, N(R®),, CO(R7), CH,NH,,
CH20H, CN, C(=NOH)NH>, C(=NOCH3)NH,, C(=NH)NH,, CF3 va OCF3;

R!® hodc R khong c6 mit khi X ma né gén két vao 1a N;

mdi nhém R? 13 -(CR8R?)m-R1;

m 12 s§ nguyén ndm trong khoang tir 0 dén 6;

mdi nhém R3? ddc 13p dugce chon tir nhom bao gém H, halogen, aryl, heteroaryl, C;-
Csalkyl, C3-Crxycloalkyl, Ci-Csalkyloxy va CO(R);

mdi nhém R® doc 1ap duwoc chon tir nhém bao gém H, Ci-Cealkyl, COOCH3 va
CONHSO,CHz3;

mdi nhém R7 ddc 18p duoc chon tir nhom bao gém H, Ci-Cealkyl, OH, Ci-Csalkyloxy,
NHa, NHSO:N(Ci-Cealkyl),, NHSO2NHCH3, NHSO2(C1-Cealkyl),
NHSO,(C3-Csxycloalkyl) va NR°R1?;

mdi nhém R® va R® doc 1ap duogc chon tr nhom bao gdm H, Ci-Croalkyl va Cs-
Crxycloalkyl; hodc R® va R® ciing nhau tao thanh vong no ¢6 4 dén 6 canh ma tuy y chura

mdt hodic nhiu nguyén ti khac loai dugc chon tir nhom bao gém N, SvaO;

mdi nhém R doc 1ap duge chon tir nhém bao gdm H, halogen, OH, CN, CF,H, CFs, Ci-
Cs alkyl, Cs-Csxycloalkyl, C(=0)Ci-Cealkyl, C(=0)Cs3-Crxycloalkyl, C(=O)NRSR?,
C(=0)ORé, SO2RS, C(=O)N(R¥SO2R?, C(=O)N(R¥)SO,N(R?R?), NRER?,
NREC(=0)OR’, OC(=0)R?, O-benzyl, NR!SO;R?, SO,NRER?, SO:R®, OC(=O)NR®R’,
OC(=O)NR®R'?, N(R®)C(=O)N(R?R?), R, N(R})C(=0)OR!?, OR!!, C(=O)R!! va vong

no c6 4 dén 6 canh chira mot nguyén tir oxy;
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R!! 1a phenyl, pyridinyl hodc pyrazolyl; m&i nhém trong s cic nhom nay c6 thé duge thé
tily ¥ bang mot hodc nhiéu phan tir thé, mdi phan tir thé nay doc 1ap dugc chon tir nhom
bao gém CFs, CH3, OCHs, OCF3 va halogen;

R 14 C1-Cs alkyl hodc C3-Crxycloalkyl; mdi nhém nay duge thé bing mot hodc nhidu
phén tir thé, mdi phén tir thé nay doc 13p dugc chon tir nhém bao gébm CF3;, CHs, OCH3,
OCF; va halogen;

mdi Z ddc lap 1a C hodc N, véi diéu kién 14 it nhat hai Z 13 C;
mdi Q va V doc lap 1a C=0, SO hoic CR2R?!;

p va s doc 1ap 1a sb nguyén nim trong khoang tlr 0 dén 3, trong d6 téng cua p va s toi
thidu phai bang 2, va khi p = 0 hodic s = 0 thi nguyén tit cacbon dugc danh diu * dugc

gén két truc tiép v6i W;

R? va R?! doc lgp duge chon tir nhém bao gdm hydro, hydroxyl, Ci-Csalkyl, Ca-
Crxycloalkyl, CF3;, OCH3, OCF3 va halogen;

R?2 duge chon tir nhém bao gdm hydro, hydroxyl, Ci-Cealkyl, C3-Crxycloalkyl, CF3,
OCH3, OCF3 va halogen; R? duge gan vio mot Z ma khong phai N;

W duoc chon tir nhom bao gém SO, SO, S, C, O va N, trong d6 C hodc N nay dugc thé
tlly ¥ bang mot hodc nhidu R%;

R? dugc chon tir nhém bao gdm hydro, hydroxyl, Ci-Csalkyl, Cs-Crxycloalkyl, Ci-
Cealkyl-R*, SO:R*, SO:N(R*),, aryl, heteroaryl, C(=0)OR?*, OR?*, C(=0)R%,
C(=0)N(R);, OC(=O)N(R™)5, P(=0)-(0-Ci-Cs-alkyl), N(R™), NRZC(=0)OR,
NRZC(=0)N(R**)2, NR»SO,R?* va vong no c6 4 dén 6 canh chira mdt nguyén ti oxy,
trong d6 nhém bt ky trong s céc nhém Ci-Cealkyl, Cs-Crxycloalkyl, aryl hoic
heteroaryl nay dugc thé tiy ¥ bang mot hodic nhiéu phan tir thé trong s& cac phin tir thé

duoc chon tir nhém bao gdbm halogen, OH, CN, OCH3;

R?* dugc chon tir nhém bao gdm hydro, OH, halogen, Ci-Csalkyl, C3-Crxycloalkyl,
C(=0) Ci-Cealkyl, C(=0) C3-Crxycloalkyl, aryl, heteroaryl, benzyl va vong no c6 4 dén 6
canh chira mot nguyén it oxy, trong d6 nhom bat ky trong s§ cic nhém Ci-Cealkyl, Cs-
Crxycloalkyl, C(=O) Ci-Csalkyl, C(=0O) Cs-Csxycloalkyl, aryl, heteroaryl, benzyl nay
dugc thé tily y bang mdt hodc nhiéu phan tir thé dugc chon tir nhém bao gdm halogen,
CF3, OH, CN, OCH3, OC(=0)CHj3) va C1-Csalkyl dugc thé bang it nhét m@tCN;
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R dugc chon tir nhém bao gdm hydro va Ci-Cs alkyl;
aryl 1a phenyl hodc naphtalenyl;

heteroaryl 1a di vong thom dang mét vong ¢6 5 dén 6 canh chira mét hodic nhiéu nguyén
tr khac loai, mdi nguyén tir khac loai nay doc 1ap duoc chon tir nhém bao gdbm O, S va
N; hodc di vong thom dang hai vong ¢6 8 dén 12 canh chira mdt hodc nhidu nguyén tu

khéc loai, mdi nguyén tir khac loai nay ddc 1ap dugce chon tir nhém bao gém O,SvaN;
v6i diéu kién 12 Het khong théa man cong thue d(x):
O
=
NC N N
\
R2 d(x)

v6i didu kién 1a khi Het c6 cong thirc (a) thi it nhat mot trong s6 cic phén tir thé R [a

halo, hodc khi Het c6 cong thirc (b) thi it nhat mdt trong sb cac phan tir thé R'® 1 halo,
hodc mubi cong dugc dung hodc solvat cia nd.

Theo mdt phuong 4n, sang ché d& xudt hop chit c6 cong thic (RI):

Cong thie (RI)
Z,
B
77 R

hoic dang ddng phan l4p thé bit ky cua né, trong do:
Het 13 di vong c6 cong thirc bat ky trong sb cac cong thire (a), (b), (¢), (d) néu dudi day:
R1a 1b
S RIB f
X N
\ X I \
X;[’va _ hBs/\»

. N r16~ X5 N

Ria R2 ,Lw R?
(@) (b)
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mdi X ddc 1ap 1a C hodc N; véi didu kién 13 it nhat hai X 1a C;

mdi nhém trong sd cac nhom R'2, R'®, R' hodc R dgc 1ap duge chon tir nhém bao gEA)m
H, halogen, Ci-Csalkyl, Ci-Csalkyloxy, CF3; va OCF3;

R!® hoic R'Y khong c6 mit khi X ma n6 gin két vao 1a N;

mdi nhém R? 13 -(CR®R?)-R1?;

m 12 s6 nguyén ndm trong khoang tir 2 dén 6;

mdi nhém R3 1a H, halogen hoic Ci-Cealkyl;

mdi nhém R® va R? ddc lap duge chon tir nhém bao gdbm H va Ci1-Croalkyl;

mdi nhém R° doc 14p duge chon tir nhém bao gém H, halogen, OH, CN, CF,H, CF3, Ci-
Ce alkyl, C3-Crxycloalkyl, C(=O)NR?R®, C(=0)OR?® va SO2RS;

mdi Z doc 1ap 14 C hodc N, véi diéu kién 13 it nhit hai Z 14 C;

mdi Q va V doc lap 1a CR¥*R?;

p va s doc 1ap 1a sb nguyén nim trong khoang tir 0 dén 3, trong d6 téng cia p va s tdi
thiéu phai béng 2, va khi p = 0 hodc s = 0 thi nguyén tir cacbon dugc danh dau * duogc
gén két tryc tiép v6i W,

R?%va R?! 1 hydro;

R22 dugc chon tir nhém bao gdbm hydro, hydroxyl, Ci-Csalkyl, CF3, OCH3, OCF; va
halogen;

W dugc chon tir nhém bao gdm SO2, C, O va N, trong d6 C hodc N nay duoc thé tuy y
bang mot hodc nhiéu R%;

R2 dugc chon tir nhom bao gdm hydro, hydroxyl, Ci-Csalkyl, C3-Crxycloalkyl, Ci-
Cealkyl-R?*, SO2R?*, SO;N(R?*),, aryl, heteroaryl, C(=O)OR?*, OR?, C(=0)R?*,
C(=O)N(R?*);, OC(=O)N(R?*);, P(=0)-(0-Ci-Cg-alkyl), N(R?*);, NRZC(=0)OR*,
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NRZC(=0)N(R™);, NR¥SO,R* va vong no c6 4 dén 6 canh chira mot nguyén tir oxy,
trong d6 nhom bat ky trong sb cac nhom Ci-Cealkyl, Cs-Crxycloalkyl, aryl hoic
heteroaryl nay dugc thé tiy y bang mot hodc nhiéu phan tir thé trong sb cac phan tir thé

dugc chon tir nhém bao gém halogen, OH, CN, OCHs;

R? dugc chon tir nhém bao gdm hydro, OH, halogen, Ci-Csalkyl, C3-Crxycloalkyl,
C(=0) Ci-Csalkyl, C(=0) Cs-Crxycloalkyl, aryl, heteroaryl, benzyl va vong no c¢6 4 dén 6
canh chtra mot nguyén t oxy, trong d6 nhém bét ky trong sb cac nhém C1-Cealkyl, Cs-
Crxycloalkyl, C(=0) Ci-Cealkyl, C(=O) Cs-Crxycloalkyl, aryl, heteroaryl, benzyl nay
dugc thé thy y bing mot hodc nhiu phan tir thé dwoc chon tir nhém bao gdm halogen,
CFs, OH, CN, OCHs, OC(=0)CHj3) va Ci-Csalkyl dugc thé bing it nhit mot CN;

R dugc chon tir nhém bao gébm hydro va C1-C; alkyl;
aryl 1a phenyl hodc naphtalenyl,

heteroaryl 1a furanyl, thiophenyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl,

quinoxalinyl hodc benzimidazolyl,
hodc mudi cdng duge dung hoac solvat cua no.

Céac phuong 4n ctia hop chét c6 cong thirc (RI) theo sang ché duoc thé hién bang

cong thuc Ia, Ib, Ic va Id mot cach twong tng.

/W
(Qp V)s
S 4
R1a R O ‘ iRzz
|
i~
X, »
R'a R™7X N Cong thirc (Ib)
R1a R1b R2
W.
@pl V)s s
RIS [/ >z RQ
~— 22
\ N >=Z R22 Z’Z 7 R
R1C N R4’ \)I(/ \
\
R1C R2  Céng thirc (Ic) R R?  Céng thire (Id)
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Theo mét phuong 4n, R' doc 1ap duge chon tir nhém bao gdm H, halogen, Ci-
Cealkyl, Cs-Crxycloalkyl, Ci-Csalkyloxy, N(R®),, CO(R’), CH,NH,, CH,OH,
C(=NOH)NH, C(=NOCH3)NH,, C(=NH)NH,, CF3; va OCFsj.

T4t hon 13, theo phuong 4n bét ky trong sb cac phwong an duogc néu trong ban md

ta nay, Het khong thdéa man cdng thirc d(x):

P
NC N/ N\
R? d(x)

trong d6 R? 1a nhu dugc x4c dinh trong phwong 4n bat ky trong sb cac phuong én néu

trong badn mo ta nay.

Theo phuong an khéc, Het dugc thé hién bing cong thirc (), (b*), (¢’) hodc (d’):

R1b\ X RS R'd
IR SN GO SR
N Z N N /
\Rz \2 \RZ N\ 2
) ® R (© @ -

R1a

(a

trong d6 it nhdt mot X 12 N. Tét hon nira 13, di v6i cong thirc (b) va (d), chi mot X 1a
N.

R'2, R, R!® hogc R doc 18p duge chon tir nhém bao gdm H va halogen, tét hon

nita 13 tir clo, brom va flo. Pugc wu tién nhét 14 clo.

Hop chét theo sang ché ¢6 gdc R? 1a -(CR®R®)n-R!® va trong d6 m 1 sé nguyén

nam trong khoang tir 0 dén 6, tir 1 dén 4 hodc 3 hoic 4.

Tét hon 13, m3i nhém R® va R® doc 14p dugc chon tir H hogic Ci-Csalkyl. Theo mot

phuong 4n cu thé, R? 1a Ci-Cs alkyl-R'°. Theo mot phuong 4n khac, R? 1a C3-Cy alkyl-R1°.

M&i nhém R!® doc 1ap dwgce chon tir nhém bao gdm H, halogen, OH, CN, CF,H,
CF;, Ci-Cs alkyl, Cs-Coxycloalkyl, C(=0)Ci-Cealkyl, C(=0)Cs-Csxycloalkyl,
C(=O)NR®R?, C(=0)ORS, SO;R?, C(=0)N(R})SO2R, C(=O)N(R})SON(RER?), NRER?,
NREC(=0)OR’, OC(=O)R?, O-benzyl, NRSSO,R?, SO;NR®R?, SO;R®, OC(=O)NR®R’,
OC(=0)NR®!R'2, N(ROC(=0)N(R®R?), R'!, N(R®)C(=0)OR'%, OR!!, C(=O)R!! v& vong

no ¢6 4 dén 6 canh chtra mot nguyén tir oxy.

-19-



21269

Theo phuong an cu thé, R'° dugc chon tir nhém bao gém Ci1-Cs alkyl, H, OH, CN,
F, CF:H, CF3, SO2-C1-Csalkyl, SO2C3-Cexycloalkyl.

Theo phuong 4n cu thé, sang ché dé xuit hop chét ¢6 cong thire RII, RIII, RIV,
RV, RVI hodc RVII:

R\ZS R? R23
N \
N
[ 0 [ o) [
HetJ Het) HetJ
Cong thte RII Cong thic RIIT Cong thiic RIV
23
0 0o R
S
0 | N N
N = X O N l P X O N | = X
_ _J J
Het Het— Het
Cong thiic RV Cong thirc RVI Cong thic RVII

hodc dang ddng phan 1ap thé bit ky clia n6, trong d6 Het, X va R® dugc x4c dinh nhu

trong phuong 4n bét ky trong sb céac phuong én da dugc mo ta.

Theo phuong 4n khéc ctia hgp chat c6 cong thirc RI, RIL RIII, RIV, RV hodc RVI,
R? dugc chon tir nhém bao gdm hydro, hydroxyl, Ci-Csalkyl, Ci-Csalkyl-R?4, SO,R?,
O-R*, phenyl, pyridinyl pyrimidyl, pyrazolyl, C(=0)OR*, C(=0)R%, trong d6 nhém bAt
ky trong s§ cac nhom C1-Cealkyl, phenyl, pyridinyl, pyrimidyl, pyrazolyl ndy dugc thé
tlly y bang mot hoic nhidu phin tir thé trong sd cac phan tir thé sau: OCHs, halogen, OH
va CN.

So d6 tdng hop téng quat

Hop chét c6 cong thire RI, hodc mudi dugc dung cua nd, cd thé dugc diéu ché theo
céc so dd phan tmg duoc mo ta dudi ddy bing cac phuong phap tdng hop da biét trong
linh vyc hoéa hitu co hodc cac phuong phap bién ddi va cac phuong phép tao din xuit
quen thudc dbi v6i ngudi cé hidu biét trung binh vé& linh vuc k§ thuét. Cac nguyén liéu
diu dugce sir dung trong ban mé ta ndy c6 ban trén thi truong hodc c6 thé duoc didu ché

bang cac phuong phap thong dung da biét trong linh vuc k¥ thuat ndy, nhu cac phuong
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phép dugc md ta trong cc sdch tham khao tiéu chuan. Cac phuong phép dugc uu tién

bao gdm, nhung khéng gi6i han &, cac phuong phép dugc mo ta duéi day.

Trong trinh tu tong hop bit ky trong s cac trinh ty tdng hop néu dudi day, c6 thé
cén thiét phai va/hodc mong mudn bao vé cac nhém man cam hodc c¢6 kha néng phan ing
trén phan tir bat ky trong sb cac phén tir dang quan tdm. C6 thé thyc hién viéc ndy bang
cdc nhém béao v¢ thong thuong, nhu cac nhém bao vé dugc md ta trong 4n phidm T. W.
Greene and P. G. M. Wuts, Protective Groups in Organic Chemistry, John Wiley & Sons,

1999, 4n phdm nay duoc dwa vao ban mo ta ndy bang cach vién dan.

Trir khi ¢6 quy dinh khéc, phan tir thé trong cac so dd nay dugc xac dinh nhu néu
trén. Viéc tach va tinh ché sén phém duoc thyc hién theo cdc quy trinh tiéu chudn d3 biét

do6i voi ngudi cé hiéu biét trung binh vé linh vuc hoa hoc.

Céc so d6 néu dudi day 1a vi du vé quy trinh tao ra hop chét co cOng thirc RI.
Trong cac so dd néu dudi day, cac chit sb dugc st dung, bao gém cac chit s6 tir I dén
XXVIII, dugce st dung dé thuan tién cho viéc dinh danh céc cong thirc trong céc so dd
nay. |

Hop chét ¢6 cong thirc (Ia) c6 thé duge téng hop, vi du, bing cach st dung mot
trong sd cac phuong phap dugc thé hién trong so dd 1. Thong thudng, phan doan A hodc

B duoc cong hop v6i phan doan C, tao thanh din xuét c6 cong thirc (a).
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W,
/W
Phuong phép 1 Q)
R1 a W\ Y n R1a . Z%Z
ra ( Q)p/ My DAlen 1}(11¢n " o ’ \2'R22
N OH cong hop N N =z
\>—/ ’ * Z*z \>_/ Z
R'e N\ © | ~y-rz2 Dung  gee N
R R N >z7 mdi e R
Cong thire (Ia)
Phén doan A Phén doan C
W,
Phuong phép 2 . / \(V)s
R'a N Q)
/s z
R N e @ Bazo * 0o * , 2
>—‘ | 22
> * Z\\Z R1a N N 242 R
RIS N\ ° , ~~R22 Dung \>_/
R N Z z 01 1a N
R'a 2 H Z moé1 R \
1a R ~ ,
Phan doan B Phén doan C R Cong thuc (Ia)

LG =Cl, Br, OTos, OMs
So dd 1. Quy trinh tdng quat dé tdng hop hop chét c6 cong thuce (Ia)

Péi voi phuong phéap 1, mot vi du vé& “didu kién cdng hop” thich hop d& cho phén
doan A phan tng v6i phan doan C dé tao ra hop chit c6 cong thic (la) 1a phén Ung
Mitsunobu. Dung mdi thich hgp cho phan ing nay 1a THF (tetrahydrofuran).

Theo cich khac (nhung khong gi6i han &), hop chat loai phan doan B, trong dé
LG 1a nhom roi chuyén, nhu halogenua, tdt hon 1a clo, hoic sulfonat, c6 thé duoc cho
phan tmg v&i hop chit loai phan doan C thong qua phan tmg cong hop duoc didu tiét bsi
bazo. (Phuong phép 2) Céc bazo c6 kha ning thyc hién phan ng nay (nhung khong gidi
han &) 1a K2COs3, Cs2COs, trietylamin, natri hydrua. Dung moi thich hgp (nhung khong
gi6i han &) cho phan Ung cong hop dugc diéu tiét boi bazo nay la DMF

(dimetylformamit) hodc THF (tetrahydrofuran).

Hop chét loai phén doan A c6 thé dugc didu ché theo cach téng quét nhu dugc thé

hién trong so dd 2.
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R1a R'a Rla
R'2 R'2 1a
NO; py N—R2 NO:  Khir R NH,
—_—
R F R NA R NH
R1a R1a R R1a R2
R1a
DS \ R'2 N OH
ong vong \: )
R1a N ,
R1a R
Phén doan A

So dd 2. Quy trinh téng quét dé tdng hop hop chét loai phén doan A

Thong thudng, hop chét loai phan doan B ¢6 thé dugc didu ché tu hop chit loai
phén doan A thong qua phan tmg véi céc chét phan timg nhu (nhung khong gidi han @)
SOCly, PBr3, p-TsCl, MsCl.

R1a R1a

R12 1a
N R N LG
— —
R1a N\ R1a l\{
2
R1a R R1a R2
Phén doan A Phén doan B

So dd 3. Quy trinh téng quat dé tong hop hop chét loai phén doan B

Hop chét trung gian loai phan doan C c6 cong thire (VI) ¢6 thé duge didu ché nhu

dugc thé hién trong so db 4.
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0 o0

Us 2e Lo .
I £ ro2 /\O/U\/U\o Zs ,, Axit

oN" 274

- | =
0 7R
Bazo O,N™ ~Z7
I:U=Cl,F, MeO I
W,
J \(V)
AW @p Vs
ey vy 0 zg,
IV:Y=Cl Br | TRr2 kg
Z

o} ~ Bazo

/ N
{48
N\—/N
NN
2s
}m
a
(@]
- N
4
I—N
=
Ny
N

|v/

0 RZ” Bazo

N\\

So dd 4. Quy trinh téng quat dé téng hop hop chét loai phén doan C (VI)

Quy trinh téng hop din xuét spiro-2-oxo-indol va d&n xuét spiro-2-oxo-azaindol
dugc thé hién trong so dd 4. Hop chét trung gian ¢6 cong thire VI c6 thé duoc tdng hop
bing quy trinh duge thé hién trong so dd 4. Viéc thay thé (U), 14 halogenua, t5t hon 1a
flo, hodc nhém alkyloxy, t6t hon 1a metoxy, cua nitro pyridin hodc cta nitro aryl cé cong
thirc I bang tert-butyl etyl malonat, trong dung mdi thich hgp nhu THF hodc DMF, trong
diéu kién c6 mait cia bazo nhu natri hydrua hodc kali cacbonat, tao ra hgp chét trung gian
c6 cong thie (IT). Viée xit 1y hop chét trung gian II bing axit nhu axit trifloaxetic hodc
axit clohydric kho tao ra hop chét trung gian III. Hop chit trung gian III ¢6 thé dugc
chuyén hoéa thanh hop chét trung gian V bang phan tng ngung tu véi hop chét bis halo
IV, t6t hon 13 bromo, trong didu kién c6 mat cia bazo thich hop nhu kali cacbonat, natri
cacbonat, natri hydrua va dang tuong tu trong dung mdi thich hop nhu DMF, THF hoic
dang tuong tir. Viéc khir nhém nitro ctia hop chét trung gian V khi n6 dugc hoan thanh
theo cach ty lugng bang cach st dung sit trong diéu kién c6 mat cia amoni clorua hoic
thiéc clorua trong diéu kién c6 mit cua axit clohydric dic truc tiép tao ra hop chét VI
Theo céch khéc, hop chét trung gian c6 cong thire III ¢6 thd duoc khir trude tién theo
céch xuc tac bing cach sir dung hydro trong didu kién c6 mit ciia chit xtc tac nhu paladi
hodc platin, trong dung méi thich hgp nhu metanol, dé tao ra hop chét trung gian VII.

Hop chét trung gian VII ¢6 thé dugc chuyén hoa thanh hop chét trung gian VIII trong
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diéu kién axit bing cach sir dung axit clohydric hodc dang twong ty trong dung moi thich
hop nhu ruou, vi du isopropanol. Viéc ngung tu hop chit trung gian VIII véi hop chit bis
halo IV, t6t hon 12 cloro hodc bromo, dugc thuc hién trong diéu kién c6 mdt cia bazo vo
co thich hgp nhu kali cacbonat, natri cacbonat, natri hydrua hodc dang tuwong tu trong
dung méi thich hgp nhu DMF, THF hoic dang twong tw hoic bing cach st dung bazo
hitu co nhu natri hexametyldisilazit (NaHMDS) hodc bazo alkyl lithi, vi du, nBuLi trong
dung méi thich hgp nhu THF hoic ete dé tao ra hop chét trung gian VI.

W,

N
@/ W,
W\
I —R? HO” ~o \g/\ :[ —Re2
Bazo
IX:U=1,BrCl
W, W,
AN AN
Wy, @y W, @ W,
/ s U Z\\Z Pd Zs Axit Z‘\Z
Q), I fpn —— o | _ZRzz 0 | LR
N z4 Bazo N~ ~z7Z hodc bazo N
\ H
° e \PG
X XV Vi

So d6 5. Quy trinh téng quat dé tong hop hop chit loai phén doan C (VI)

Theo céch khéc, hop chét c6 cong thirc VI c6 thé duoc diéu ché, nhung khong gidi

han &, bang cac quy trinh tdng quat dugc minh hoa bang so d6 5.

Nguyén liéu dau IX c6 thé c6 ban trén thi trudng hodc duoc didu ché béng céch su
dung cac quy trinh da biét trong linh vuc k¥ thuat nay. Axit X c6 thé duoc hoat hoa thanh
amit Weinreb bing cac quy trinh cong hop peptit tidu chudn, vi du EDCI/HOBT, HATU,
DCC, v.v.. Khi axit ndy da dugc hoat hoa thanh este hodic amit Weinreb, anilin IX ¢6 thé
dugc thém vao dé chuyén hoa n6 thanh hop chét trung gian XI.

Phan tng cta hop chit trung gian XI véi PG khi PG 1a nhém bao v€ nhu para-
metoxybenzyl, benzyl, tert-butoxycarbonyl, mesyl hodc tosyl, trong diéu kién c6 mat cia
bazo thich hgp nhu kali cacbonat, xesi cacbonat hodc natri hydrua trong dung moi thich
hop nhu DMF hogic THF tao ra hop chét trung gian XIII. Hop chét trung gian XIV dugc
diéu ché theo quy trinh dugc mé ta trong 4n phim Lee, S. and J. F. Hartwig (2001). J.
Org. Chem. 66(10): 3402-3415. Viéc thay thé (U), 14 halo, t&t hon 14 brom, bing céch st

dung paladi (II) axetat lam chit xtic tac trong didu kién c6 mit ciia bazo nhu kali tert-
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butoxit va phdi ttr nhur trixyclohexylphosphen trong dung mdi nhu 1,4-dioxan tao ra hop
chét trung gian XIV. Viéc loai bé nhoém bao vé trong hop chit trung gian XIV c¢6 thé
duogc thuc hién béng cach str dung céc diéu kién dugc mo ta trong 4n phém Green and
Waurts, Protecting groups in Organic Synthesis 3 Edition, dé tao ra hop chét trung gian
VL.

So dd 6 minh hoa phuong phép didu ché hop chét c6 cong thic Ib, trong d6 R®,
R2, R?2, Q, V, W, X va Z dugc x4c dinh nhu néu trén.

Theo so dd 6, hop chét c6 cong thirc Ib c6 thé duge téng hop bing cach cong hop
2-hydroxymetylen imidazopyridin XV-a véi spiro oxo-indol hodc spiro oxo-azaindol VI
theo phuong phép da biét trong linh vuc k§ thuét ndy, nhu phén tmg Mitsunobu cé st
dung, vi duy, azadiisopropyldicarboxylat va triphenyl phosphin trong dung méi thich hop
nhu DMF hodc THF. Theo cach khac, hop chét co cong thirc Ib ¢ thé duge didu ché
bang cach thay thé (LG), trong d6 (LG) 1a nhém roi chuyén, 14 halogenua, t&t hon 1a clo
XV-b, hodc sulfonat nhu mesylat XV-c trong diéu kién c6 mdt ciia bazo nhu natri hydrua,

kali cacbonat hodc xesi cacbonat trong dung moéi thich hgp nhu DMF hoic THF.

So dd 6
AN
RIb /W\ (@, Vs i
RE XN L6 (Qp s Nz

X N (0]
,,\ I \>_/ Z RIb i ——R2

X _ ' -7
Ris% N * o | f e RROXSN N7 D7
R R 2z ) /I >
N Z Rlb'x “X N
XV-a LG = OH H . Lo
XV-b LG = ClI VI RIP b

XV-¢ LG = SO;Me
Diéu ché hop chét XV-b va XV-c

Viéc xir ly rugu XV-a bang thionyl clorua tao ra 2-clometyl imidazopyridin XV-b.
Theo cach khac, rugu XV-a ¢ thé duge chuyén héa thanh hop chit trung gian XV-c
bing phan {mg vé6i metan sulfonyl clorua trong didu kién c6 mit cia bazo hitu co nhu
trietyl amin hodc diisopropyl etyl amin trong dung mdi thich hgp nhu diclometan (so dd
7).
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So d6 7
1b RIP
RID I)'{( RE XN LG
Ry - N OH XU \
X 7 >~ _soc, } /I >—
X PN g PN
R® X \ hoc MsCl ! Vo
R1b R2 RIb R
XV-a _ XV-b LG =Cl

XV-c LG = SO;Me
Diéu ché hop chit XV-a

Hcrp chét co cong thirc XV-a c6 bén trén thi trudng hodc céd thé dugc didu ché,
nhung khéng gi¢i han &, bang cic quy trinh tong quat dugc minh hoa bang so dd 8, trong
d6 R', R?, X duoc x4c dinh nhu néu trén. Theo so dd 8 néu dudi day, haloheteroaryl
XVI, trong d6 (U) 13 halogenua, t6t hon 1a flo, c6 thé duoc xir Iy bang amin bac mdt c6
cong thirc XVII trong diéu kién c6 mit ctia bazo thich hop nhu kali cacbonat va dang
tuong tu, trong dung méi thich hgp nhur etanol hodc diclometan & nhiét ¢ phan Gng nim
trong khoang tir nhiét do trong phong dén 100°C dé tao ra hop chét c6 cong thirc XVIIL
Viéc hydro héa nhém nitro bang cach sir dung cac didu kién da timg duoc sir dung nhu
Pd/C, hodc chit xuc tac khéc, trong mdi truong hydro hodc Fe/EtOH/CaCly c6 thé thu
duoc diamin c6 cdng thire XIX. Theo céch khdc, viéc hydro héa nhém nitro ctia hop chét
XX béng cﬁch str dung cac diéu kién d3 tirng duoc st dung nhu Pd/C, hodic chét xuc tac
khéc, trong mdi trudong khi hydro hodc Fe/EtOH/CaCl, thu duwgc diamin cé cong thire
XXI. Chét nay c6 thé dugc xtt Iy bing aldehyt c6 cong thire XXII trong diéu kién c6 mit
ctia chét khtr thich hop nhu NaBH(OAc); hoic Na(CN)BHj trong dung mdi nhu metylen
clorua, DMF hodc THF, & khoang nhiét d6 trong phong dé tao ra hop chit ¢ cong thirc
XIX. Vong imidazol c¢6 thé dugc tao ra bang cach xir ly diamin XIX bang axit glycolic
hodc este nhu XXV trong diéu kién axit manh, nhu dung dich nuédc axit clohydric, &

nhiét d6 cao nhu hdi lvu dé thu dwoc ruou c6 cong thirc XV-a.

Theo cach khéc, diamin XIX c¢6 thé dugc ngung tu véi dialkoxyaxetat c6 cong
thire XXIV trong diéu kién c6 mit cia axit axetic, trong dung méi thich hop nhu metanol
tao ra axetal XV-e. Axetal ctia hop chit XV-e ¢ thé dugc loai bd bang axit nhu axit
clohydric dé tao ra aldehyt c6 cong thitc XV-f. Aldehyt thu dugce c6 cdng thirc XV-f ¢6
thé dugc khir thanh ruou bing cach st dung chét khir thich hgp nhu NaBH4 hogic LiAIHs
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trong dung méi thich hgp nhu etanol hoic THF dé thu duoc ruou mong mubn ¢6 cong
thitc XV-a. Ngoai ra, diamin XIX c6 thé duoc dong vong bing dialkyl oxalat c6 cong
thire XXIII trong dung moi thich hop nhu etanol ¢ nhiét d§ cao cing véi hoic khong
cling v6i viéc 1am néng bang vi séng dé tao ra imidazol c6 cong thuc XV-d. Theo cach
khac, hop chat c6 cong thirc XV-d ¢6 thé duge didu ché trong quy trinh tong hop gdm hai
budce bét dau tir diamin XIX. Trude tién, diamin XIX c6 thé dugc cho phan tng véi alkyl
trihaloaxetimidat, t6t hon 1a metyl 2,2,2-tricloaxetimidat, trong moi trudng axit, tdt hon 1a
axit axetic, & nhiét d6 nim trong khoang tir 25 dén 50°C dé thu dugc hop chét c6 cong
thirc XV-g. Sau d6, phan tmg ctia hop chit c6 cong thirc XV-g véi metalcacbonat, t6t hon
1a natri cacbonat trong dung mdi thich hgp nhu metanol, tao ra hop chét ¢6 cong thuc
XV-d. Hop chit XV-d c6 thé dugc khit sau d6 thanh ruou mong mudn ¢6 cong thirc XV-
a bing cach str dung chit khtr thich hop nhu NaBHs hodc LiAlH, trong dung mdi thich

hop nhu etanol hodc THF.
So do 8
R“’ R1b
R2 ,)(
I Y—col, NazCO I
R RZ—NH R R“’X X AlkyloH wa O-Alkyl
1b NP2 XV- " R2 1b
RRXANNO: v RY /)( No2 9 R XV-d
ol AIkyI o O‘Alkyl
RV R“’ x NH HN cal o q
R Ri> R XXl Khur
ib
Xvi Xvin Khit ;lq

R® ’)( NH2 HO /}O‘Alkyl \I I \>_/

~ 2
R R1b Os-R R“’ x NH XXV R1Y ’,‘ )
! | XXII | R2 ® R
RRUXS-NO Khir R X _nh XIX R R Xv-a
X )& 2
b _ | I[: Alkyl
< 0 Aky
R®X X7 NH, R1PX X~ NH, 0
|I-\;1b r!{ﬂ, Alky~g O-Alkyl Khr
XXIV R1b 1b
XX XXI R
R\ ,)(I R R'2 ,)(
>—< \>_/
R1b orRM R”’ XI
X 2 XV-e XV
R R éﬂ; R?

Mot quy trinh khac dé diéu ché hop chét loai XV-a duge thé hién trong so do 9.
Diamin XXI ¢6 thé dugc cong hop trude tién véi axit alkyl glycolic hodc este nhu XXV
trong diéu kién axit manh, nhu dung dich nudc axit clohydric, & nhiét dd cao nhu hoi luu
dé thu duoc ruou ¢ cong thire XXVI. Rugu nay c6 thé duge bao vé bing PG, trong do
PG 1a nhom bao vé nhu, nhung khong gi6i han &, trityl ma sau d6 tao ra hop chat XXVIL.
Dung moi thich hgp cho phan tmg nay c6 thé 13, nhung khong gidi han &, diclometan.
Viée xtr Iy hop chat XXVII bang hop chit XXVIIL, trong d6 LG 12 nhém roi chuyén, nhu
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halogenua, t6t hon 14 brom, hodc sulfonat, trong diéu kién c¢6 mat cia bazo nhu natri
hydrua, kali cacbonat hodc xesi cacbonat trong dung méi thich hgp nhuw DMF hodc THF,
tao ra hop chat XV-h. Viéc loai bé PG trong hop chit XV-h c6 thé duoc thuc hién trong
diéu kién c6 mdt cuia axit nhu axit clohydric trong diéu kién c6 mit cua dung mdi, nhung

khong gi¢i han &, nhu dioxan dé thu duoc hop chét XV-a.

So dd 9
R1b HO’>( $1b
RC Oyl R%_.X OH
\)I(,)(INHZ J y )I( IN\ PG
X\
X 1M~ N
R“’/ )l( NH, XX i )I(1b H
1b
e XXVI
R1b R1b R1b
R X OPG Rb X R x OH
< 2— X RR, - N
X I \ R“—LG I \>_/ ax1t X I \>_/
Rﬂ;x“>|< N XXVIII R1b >|< hoicbazo R1XSx” N
R1P R1b R2 IIQ“) R2
XXVII XV-h XV-a

Hop chét c6 cong thic Ic, hodc mudi dugc dung clia n6, c6 thé duoc didu ché theo
cac so @b phan tng dugc mo ta dudi day. Trix khi ¢6 quy dinh khéc, cac phan tir thé trong
céc so do nay dugc xac dinh nhu néu trén. Viée tach va tinh ché san phim dugc thuc hién
theo cdc quy trinh tidu chudn da biét ddi véi ngudi c6 hiéu biét trung binh vé linh vuc hoa

hoc.

Theo so d5 10, hop chét c6 cong thirc Ic, trong d6 RI¢, R, R3, R, Q,V,Wvaz
dugc xé4c dinh nhu néu trén, c6 thé duoc tong hop bing cach cong hgp 2-hydroxymetylen
indol (XV-i) vé6i (VI) bang phuong phép da biét trong linh vuc k¥ thuat nay, nhu phan
tng Mitsunobu c6 st dung azadiisopropyldicarboxylat va triphenyl phosphin trong dung
moi thich hop nhu DMF hodc THF. Theo céch khac, hop chit c6 cong thire Ic c6 thé
duge diéu ché bang cach thay thé LG (nhém rdi chuyén), 14 halogenua, tdt hon 14 clo
(XV-j), hodc sulfonat nhu mesylat (XV-k) trong diéu kién c¢6 mit cia bazo nhu natri

hydrua, kali cacbonat hodc xesi cacbonat trong dung mdi thich hop nhu DMF hoic THF.
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So do 10
W,
1 R1c R3 /W\ (Q)p/ \(V)S
RS N\ LG Q)p (V)s R'e R3 Oﬁ/z
Z. 1c w»
R R A
Ric N Ogﬁ g_Rzz \ N7 FRez
2 + - —_—
R1c R N Z 1c
: H R N
XV-i LG = OH Rlc  R?
XV§ LG =Cl Vi le

XV-k LG = SO;Me
Piéu ché hop chit XV-i

Nguyén liu diu XXIX duge st dung trong sang ché c6 ban trén thi truong hodc
c6 thé duoc tdng hop, nhung khong gidi han &, bang céac phuong phép di biét trong linh
vuc k¥ thuét nay, nhu quy trinh tng hop Reissert hodc quy trinh tong hop Fischer, phan
mg cua indol nay véi R%-LG, trong d6 LG 1a nhém rdi chuyén nhu halogenua, t6t hon 1a
brom, hodc sulfonat, trong diéu kién c6 mat cia bazo nhu natri hydrua, kali cacbonat
hodc xesi cacbonat trong dung moéi thich hop nhu DMF hogc THF, tao ra hop chit XXX
(so dd 11). Viéc chuyén hoa alkyl este ciia hgp chit XXX thanh rugu XV-i ¢6 thé dugc
thue hién v6i hydrua kim loai nhu lithi nhdm hydrua hodc natri borohydrua trong dung

modi thich hop nhu THF, metanol ho3c etanol.

Sodoll
R1c
R1c R3 R1c R3 R1c R3 OH
R1C \ 0 RZ___LG R1C \ o Khir \
1c N
R1C N o—alkyl Bazo R1c N o—alkyl R Lo
2 R1c
Rlc R1c R
XXIX XXX XV-i

Viée xit ly rugu XV-i bang thionyl clorua tao ra 2-clometyl indol XV-j. Theo cach
khac, rugu XV-i ¢6 thé dugc chuyén hoa thanh hop chit trung gian XV-k bing phan tng
v6i metan sulfonyl clorua trong diéu kién ¢6 mit ciia bazo hitu co nhur trietyl amin hodc

diisopropyl etyl amin trong dung mdi thich hgp nhu diclometan (so d6 12).
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So dd 12
R1c R3 R1c R3
R1¢S OH R1¢c LG
\ SOC|2 \
R'° N hoic MsCl R N
XV-i XV4 LG = Cl

XV-k LG = SO;Me

So d6 13 minh hoa phwong phap didu ché hop chét c6 cong thuc (Id), trong do6
R!4 R?2 R3 R?, Q,V, W, X va Z dugc xac dinh nhu néu trén.

R1d R3 V)
S
Q)p (V)S
R1d
1d

R1d _Z R22
‘ R1d X
\
XV LG = OH R1é R2
XV-m LG = CI, Br VI Id

XV-n LG = OMesyl, OTosyl
So d6 13: Quy trinh tdng quét dé tdng hop hop chit c6 cong thuc (1d)

Hop chét c¢6 cong thuc Id c6 thé dugc tbng hop bing cach cong hop 2-
hydroxymetylen azaindol XV-1 v&i spiro oxo-indol hodc spiro oxo-azaindol VI theo
phuong phap da biét trong linh vuc ky thuat nay, nhu phan tng Mitsunobu ¢6 st dung
azadiisopropyldicarboxylat (DIAD) va triphenylphosphin trong dung mai thich hop nhu
DMF hoic THF. Theo cach khéc, hop chét ¢ cong thirc Id ¢6 thé dugc didu ché bing
cach thay thé LG, trong d6 LG 1a nhém roi chuyén, 13 halogenua, t&t hon 1a clo XV-m
hogc sulfonat nhu mesylat XV-n trong diéu kién c6 mit cia bazo nhu, nhung khong gidi
han &, natri hydrua, kali cacbonat hodc xesi cacbonat trong dung mdi thich hop nhu DMF
hodc THF.

Phuong phép 1

d

R ks R g3 '?1 R3
1d ! 2 Rd )I( ) R X OH
R'S ,’X 0 R<-LG \X’, N\ 0O khtr X | AN

)I( | \ )I( | 1d)|(\\ N

RSN Oalkyl RUTXTTN - Oalkyl A

F|{1d H R1d R2 R1d R

XXXI1 XXX XVl
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Phuong phép 2
(o)
1d 1d 1d
R1d E R3 R1d ;RI( R3 hal)']\o/alkyl r1g E R3
Ny % Baov Sy = Sy O—alkyl
I e
R “)I( ” Rd \‘)l( N XXXV R1d ~)I( N o)
R'd rRtd PG Rld PG
XXX XXXIV XXXVI
J Khir bdo vé
1d 1d 1d
1d T Al 1d ? R 1d T R®
RExXSA PH kner REXZASA P re-1G RSxZS—\ Paky
) DL S SLat
R1dx¢x N‘ R1dx‘\x N‘ (o) R1d \\)I( H O
Rid R R4 R? R1d
Xv-l XXxvii XXXVII

So d6 14: Quy trinh tdng quat dé tdng hop hop chét loai XV-1

Hop chit XV-1 dugc diéu ché theo cac phuong phép nhu duoc thé hién trong so dd
14.

Nguyén lidu dau XXXI dugc sir dung trong sén‘g ché theo phuong phép 1 c6 ban
trén thi truong hodc cod thé duoc téng hop, nhung khong gigi han &, béng cac phuong
phap da biét trong linh vure k¥ thuat nay, nhu quy trinh tdng hop Reissert hodc quy trinh
tdng hop Fischer. Phan tng ciia hop chit nay voi R-LG, trong d6 LG 1a nhom roi
chuyén nhu halogenua, t6t hon 1a brom, hodc sulfonat, trong diéu kién ¢ mat cda bazo
nhu natri hydrua, kali cacbonat hodc xesi cacbonat trong dung méi thich hgp nhu DMF
hoic THF, tao ra hgp chat XXXII. Viéc chuyén héa alkyl este ciia hop chdt XXXII thanh
rugu XV-1 ¢6 thé dugce thuc hién vai hydrua kim loai nhu lithi nhém hydrua hodc natri

borohydrua trong dung méi thich hgp nhu THF hodc metanol.

Theo cach khac, hop chét loai XV-1 ciing c6 thé duge tdng hop nhu dugc thé hién
trong so dd 14, phuong phap 2. Nguyén lidu ddu XXXIII c6 ban trén thi truong duge bao
vé bang PG, trong d6 PG 1a nhém bao vé nhu, nhung khong giéi han &, tosyl, ma sau do
tao ra hop chat XXXIV. Dung moéi thich hop cho phan tmg nay c6 thé 13, nhung khong
gidi han &, toluen. Viéc kim loai h6a hgp chit XXXIV béng kim loai, sau d6 xr ly béng
hop chit XXXV, trong d6 halogenua tét hon 14 clo, trong dung mdi thich hop nhu, nhung
khong gidi han &, THF, thu dugc hop chit XXXVI. Viéc loai bd PG trong hop chit
XXXVI ¢6 thé dugc thuc hién trong didu kién c6 mit cia bazo nhu kali cacbonat hodc

xesi cacbonat trong dung méi thich hgp nhu THF va metanol dé thu dugc indol XXXVII.
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Phéan tmg cta indol XXXVII v6i R?-LG, trong d6 LG 1a nhém rdi chuyén nhu halogenua,
tdt hon 1a brom, hodc sulfonat, trong diéu kién co mat cua bazo nhu natri hydrua, kali
cacbonat hodc xesi cacbonat trong dung moi thich hgp nhu DMF hodc THF, tao ra hop
chit XXXVIII. Viéc chuyén héa alkyl este ciia hop chit XXXVIII thanh rugu XV-1 ¢6
thé duoc thuc hién véi hydrua kim loai nhu lithi nhém hydrua hodc natri borohydrua

trong dung moi thich hgp nhu THF hoic etanol.

|:l§1d R3 $1d R3
RQ)l(/,X I\g—/OH i R1Q)l(,,x I\g—/LG
R1d X\‘x N R1d X\\x N

R4 R ém R?

XVl XV-m LG =Cl, Br

XV-n LG = OMesyl, OTosyl
So dd 15: Quy trinh téng quat dé tdng hop hop chét loai XV-m va XV-n

Viée xit Iy rugu X V-1 bang chét phan tng nhu, nhung khong giéi han &, SOCI,,
PBr3, p-TsCl, MsCl tao ra 2-clometyl indol XV-m ho#c hop chét nhu XV-n.

Hop chit ¢6 cong thirc (RI) c6 thé duge chuyén héa thanh dang N-oxit tuong tng
theo céc quy trinh d4 biét trong linh vyc k¥ thuat nay dé chuyén hoa nito héa trj ba thanh
dang N-oxit clia n6. Phan (g oxy héa N nay thudng c6 thé dugc thuc hién bang cach
cho nguyén liéu dau c6 cong thire (RI) phan éng véi peroxit hitu co hodc v6 co thich hgp.
Peroxit vd co thich hgp bao gdm, vi du, hydro peroxit, peroxit kim loai kiém hodc kim
loai kiém thd, vi du natri peroxit, kali peroxit; peroxit hitu co thich hgp c¢6 thé bao gdm
axit peroxy nhu, vi duy, axit benzencarboperoxoic hodc axit benzencarboperoxoic dugc
thé halo, vi dy axit 3-clobenzencarboperoxoic, axit peroxoalkanoic, vi du axit
peroxoaxetic, alkylhydroperoxit, vi du t-butyl hydro-peroxit. Dung méi thich hop 13, vi
du, nudc, rugu bac thép, vi du etanol va dang twong tu, hydrocacbon, vi du toluen, keton,
vi du 2-butanon, hydrocacbon da dugc halogen hda, vi du diclometan, va hdn hop cua cac

dung moi nay.

Tat ca cac nguyén liéu dau co6 thé dugec mua trén thi trudng hodc c6 thé duoc diéu

ché boi ngudi c6 hidu biét trung binh v& linh vuc k§ thut.

Dang ddng phan hoa hoc 1ap thé tinh khiét ciia hop chét c6 cong thic (RI) c6 thé
duoc thu nhén bing cach tng dung céc quy trinh da biét trong linh vuc ky thuat nay. Chét
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ddng phan khong déi quang c6 thé duoc tach bang cac phuong phap vét ly nhu cac ky
thuat két tinh chon loc va séc ky, vi du, phan phdi ngugc dong, sic ky léng va dang tuong
tu. Cac phuong phép tach vat ly thich hop ma c¢6 thé duge s dung mot cach thuén loi 13,

vi dy, két tinh chon loc va séc ky, vi du sdc ky cot.

Hop chit c6 cong thire (RI) duge didu ché theo cac quy trinh néu trén thuong la
hdn hop raxemic clia cc chit dong phan dbi anh ma c6 thé duoc tach ra khéi nhau theo
céc quy trinh phan giai da biét trong linh vuc k¥ thuit ndy. Hop chit raxemic c6 cong
thirc (RI) ma c6 tinh bazo hoic axit thich hop ¢6 thé duge chuyén héa thanh dang muébi
ddng phan khéng dbi quang tuong mg biang phan tmg véi axit khong ddi ximg guong
hoic bazo khong ddi xtimg guong thich hop, mot cach twrong ing. Dang mubi ddng phén
khong dbi quang nay dugc tach sau d6, vi du, béng ky thuat két tinh chon loc hodc phéan
doan va chét ddng phéan ddi anh duogc giai phong ra khoi d6 bang kiém hodc axit. Cach
khac dé tach dang ddng phan déi anh cua hop chét c6 cong thuc (RI) bao gbm k¥ thuét
sdc ky long, dac biét 1a k§ thudt sic ky léng st dung pha tinh khong ddi ximg guong.
Dang ddng phan hoa hoc 14p thé tinh khiét nay ciing c6 thé dugc thu nhén tir dang ddng
phén héa hoc 18p thé tinh khiét twong ing ctia nguyén lidu dau thich hop, véi didu kién 1a
phén tng nay xay ra theo cach 1ap thé dic thu. Tét hon 1a néu chét ddng phan 1ap thé dic
thi dugc mong mudn, thi hop chét nay s& dugc tdng hop bang cac phuong phép diéu ché
theo cach lap thé dic thu. Cac phuong phép nay s&€ st dung mdt cach thuin loi cac

nguyén liéu dau tinh khiét v& mat d6ng phéan dbi anh.

Theo khia canh khéc, sang ché dé& xuét duoc phdm chua lugng c6 hiéu qua diéu tri
bénh cta hop chit c6 cong thire (RI) dugc néu trong ban md ta ndy, hoic hop chit theo
phuong 4n bét ky trong sb cac phuong 4n ctia hop chét c6 cong thuc (RI) dugce néu trong
ban md ta nay, va chit mang dugc dung. Luong c6 hiéu qué diéu tri bénh trong ban mo ta
nay 13 luong da dé thuc hién viée didu tri dy phong chéng lai, dé lam én dinh hoidc dé
1am giam sy nhi®m virut, va cu thé 13 sy nhidm virut RSV, & ddi twong bi nhiém hoic dbi
tugng c6 nguy co bi nhiém. Theo khia canh khac nita, séng ché dé& xut quy trinh bao ché
duoc phdm duge néu trong ban md ta nay, bao gdm budc tron k§ chét mang dugc dung
v6i lwong ¢ hidu qua diéu tri bénh cia hop chét c6 cong thuc (RI) dugc néu trong ban
mo t4 ndy, hoic ciia hgp chét theo phwong 4n bét ky trong s céc phuong 4n cia hop chét

c6 cong thire (RI) dugce néu trong ban mo ta nay.
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Do d6, hop chit theo sang ché hodc phwong 4n bit ky cia n6 c6 thd duge bao ché
thanh cac dang duoc phdm khac nhau theo muc dich sit dung. P& 1am vi du v& ché phim
thich hop, c6 thé ké dén tit ca cac ché phidm thuong duge st dung cho thudc ding toan

than.

Dé bao ché dugc phdm theo sang ché, lwong c6 hiéu qua ctia hop chit cu thé, tuy y
& dang mudi cdng, v6i vai trd 1am thanh phén hoat tinh dugce két hop theo céach tron k§y
véi chit mang duoc dung, chét mang ndy c6 thé ¢ rit nhiéu dang khéc nhau tuy thude
vao dang dugc phdm mudn sir dung. Tét hon 1a dugce phdm nay & dang lidu don vi thich
hop, cu thé 13 dé sir dung qua dudng miéng, tryc trang, qua da hodc bing cach tiém ngoai
duong tiéu hoa. St dung qua dudng miéng dwgc wu tién. Vi dy, dé bao ché dugc phim &
dang lidu ding qua dudng miéng, mdi truong bat ky trong sb cac moi truong duge dung
thong thuong ¢o thé duoc str dung nhu, vi dy, nudce, glycol, dau, ruou va dang tuong tu
d6i véi cac truong hop duge phdm 16ng dung qua dudng miéng nhu hdn dich, xi rd, con
ngot, nhii twong va dung dich; hodc cac chét mang ran nhu tinh bot, duong, cao lanh, chét
lam tron, chét gin két, chit gay ra va dang twong ty ddi véi cac trudng hop dwgc phdm
dang bot, vién tron, vién nang va vién nén. Do dé sir dung, nén vién nén va vién nang la
cac dang liéu don vi ding qua dudng miéng thuan loi nhét, trong truong hgp nay, cac
chét mang rén dugc dung hién nhién dugce st dung. Péi véi dugc phém dung ngoai
dudng tidu héa, chit mang thuong chira nude vo tring, it nhat 12 phan 16n, mic du cac
thanh phﬁn khac, vi du, dé hd tro cho tinh hoa tan, c6 thé dugc bao gé)m. Dung dich ¢6
thé tiém duoc, vi du, c6 thé dugc diéu ché trong doé chét mang chira dung dich nudc
mudi, dung dich glucoza hodc hdn hop chita dung dich nuée mudi va dung dich glucoza.
Hdn dich c6 thé tiém dwoc ciing ¢6 thé dugc didu ché, trong trudng hop nay, céc chét
mang léng, chét tao hdn dich thich hop va dang twong tu ¢6 thé duoc st dung. Cling dugc
bao gém 1a duoc phém dang rin ma duoc du dinh 1a dugc chuyén héa, trong khoang thoi
gian ngén truée khi st dung, thanh dugc pham dang l6ng. Trong dugc pham thich hop dé
st dung qﬁa da, chit mang tiy y chira chit ting cudng tinh thAm va/hodc chit thAm uét
thich hop, tuy v dugc két hop v&i cac chit phu gia thich hop ¢6 ban chéit bét ky véi ty 1€

nhé, cac chat phy gia nay khong tao ra tac dung c6 hai déng ké dbi véi da.

Hop chit theo sang ché cling ¢6 thé duge st dung bing cach bom hoic x0ng hit
qua dudng miéng vao theo cac phuong phap va dang dugc phdm duoc st dung trong linh

vuc k¥ thuat ndy cho viéc st dung theo cach nay. Do d6, thong thudng, hop chit theo
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sang ché c6 thé dugc st dung cho phéi & dang dung dich, hdn dich hodc bdt kho, trong d6
dung dich duoc vu tién. Hé bt ky duoc phat trién dé dua dung dich, hdn dich hoic bot
khd vao co thé béng cach bom hodc xong hit qua dwdng miéng déu thich hop cho viéc st

dung hop chét theo sang ché.

Do d6, sang ché con dé xudt duge phim dugc 1am thich hop dé sir dung béng cach
bom hodc x0ng hit qua dudng miéng chira hop chét ¢ cong thirc (RI) va chét mang dugc
dung. Tt hon 13, hop chét theo sang ché duoc sir dung bing cach x6ng hit dung dich &

dang liéu phun swong hoic khi dung.

Pic biét thuin loi néu bao ché duoc phém néu trén & dang liéu don vi dé d& su
dung va dong déu vé lidu lugng. Dang liéu don vi trong ban mo ta nay chi cac don vi tach
rdi v& mit vat Iy thich hop 1am céac lidu luong don nhit, mdi don vi chaa lugng da dinh
trudce cua thanh phe“m hoat tinh duoc tinh toan dé tao ra tac dung diéu tri bénh mong mudn
két hop v6i chit mang dugc dung cn thiét. Céc vi du v& dang liéu don vi nay la vién nén
(bao gdm vién nén c6 ranh hoic c6 16p bao), vién nang, vién tron, thudc dan, bot dong
g0i, vién nhén (wafer), dung dich hozc hdn dich c6 thé tiém dugc va dang tuong tu, va

cac dang da liéu riéng r€ ctia chung.

Hop chét ¢ cdng thirc (RI) thé hién hoat tinh khang virut. C4c bénh nhiém virut
c6 thé didu tri dugc bang cach sit dung hop chit va phwong phép theo sang ché bao gbm
bénh nhiém ortho- va paramyxovirut va dic biét 1a virut hd hép hop bao (RSV) & nguoi
va bod. Ngoai ra, nhiéu hop chit theo sang ché c6 hoat tinh khang lai cac ching dot bién
ctia RSV. Ngoai ra, nhiéu hop chét theo sang ché thé hién profin dugc dong thuan lgi va
c6 cac tinh chét hip din xét v& do sinh kha dung, bao gém thoi gian ban hiy, trj s6 AUC
va tri s6 dinh cuc c6 thé chép nhén duge va khdng c6 cic hién tugng bt lgi nhu su tich

trit mo va su khai phat khdng di nhanh.

Hoat tinh khéang virut in vitro khang lai RSV ciia hop chét theo sang ché dugc thir
nghiém trong c4c thir nghiém duwgc md ta trong phin Vi du thyuc hién sang ché, va ciing
c6 thé dugc ching minh trong thir nghiém lam giam hi¢u ndng cua virut. Hoat tinh khang
virut in vivo khéng lai RSV ctia hgp chét theo sang ché c¢6 thé duoc chimg minh trong mé
hinh thir nghiém st dung chut bdng nhu dugc mo ti trong 4n phdm Wyde et al.
(Antiviral Research (1998), 38, 31-42).
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Nho c6 hoat tinh khang virut, cu thé 12 hoat tinh khang RSV, hop chét co cong
thitc (RI) hodc phuong 4n bét ky cua nd, tautome va dang ddng phan 1ap thé cua né, va
mubdi cong dugc dung va solvat cua nd, hitu dung trong diéu trj c4 thé méc phai bénh
nhiém virut, cu thé 1a bénh nhiém RSV, va trong diéu tri du phong céc bénh 14y nhiém
nay. Théng thuong, hop chit theo sang ché c6 thé hiru dung trong diéu tri dong vt mau

néng bi nhiém virut, cu thé 14 virut hé hip hop bao.

Do d6, hop chét theo sang ché hodc phuong 4n bat ky ctia n6 c6 thé duogc st dung
lam thubc. Viéc st dung 1am thudc hodc viée diéu tri nay bao gdm viéc st dung toan than
cho déi twong bi nhiém virut hodic cho dbi tugng d& méc bénh nhidm virut mot lugng céd
hiéu qua chéng lai tinh trang bénh ly lién quan dén bénh nhiém virut, cu thé 1a bénh

" nhi3m RSV.

Sang ché con mé ta hop chét theo sang ché hodc phuong 4n bat ky cta né dé st
dung trong san xuét thudc ding dé didu tri hoic ngin nglra bénh nhiém virut, cy thé 1a

bénh nhiém RSV.

Lidu lwong va tin suét sir dung chinh xac phu thudc vao hop chét c6 cong thirc
(RI) cu thé dugc st dung, tinh trang bénh 1y cu thé dugc diéu tri, mtrc d6 trim trong clua
tinh trang bénh ly duogc diéu tri, dd tudi, can ning, gi6i tinh, mic do rbi loan va tinh trang
thé chit nodi chung cta bénh nhén cu thé cling nhu thube khéc ma ca thé co thé dang
dung, nhu d3 dugc biét ro ddi voi nguoi c6 hidu biét trung binh vé& linh vuc k§ thuat.
Ngoai ra, hién nhién 1a lidu hitu hiéu hang ngay c6 thé dugc lam gidm di hodc dugc lam
tdng 1én tiy thudc vao dép ting ctia dbi twong duoc didu tri va/hodc tuy thudc vao sy danh
gi4 clia béc si diéu tri ké don hop chét theo sang ché. Do d6, khoang gié tri cua lugng hitu

hiéu hang ngay néu trén chi nham muc dich huéng dan.

Ngodi ra, t6 hop ciia chit khang virut khac va hop chit ¢ cong thuc (RI) c6 thé
dugc st dung lam thudc. Do d6, sang ché con d& xuét san phim chira (a) hop chét c6
cong thire (RI) va (b) hop chit khang virut khac, du6i dang ché phdm két hop dé sir dung
ddng thoi, riéng biét hoic lién tiép trong diéu tri khang virut. Cac thudc khéc c6 thé duogc
két hop trong mot ché phdm duy nhat ciing v6i cac chit mang dugc dung. Vi dy, hop chét
theo sang ché c6 thé duge két hop véi interferon-beta hoac yéu t6 hoai tir khéi u alpha dé

diéu tri hodc ngan ngira bénh nhidm RSV.
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Sau ddy, sang ché dugc minh hoa bang céc vi du khong nhim gi6i han sang ché
néu dudi day.
Vi du thye hién sang ché
Tbng hop hop chit trung gian
Hop chét trung gian 1b: Téng hop 2',3',5 ',6'-tetrahydrospiro[indolin-3,4'-pyran]-2-on

Phuong phép 1

(0]
Br/\/o\/\Br
mo o 0
N TMEDA, n-BuLi, THF, g
H -789C-25°C N
1a 1b

n-BuLi (108mL, 216mmol, 2M trong THF) dugc thém vao dung dich chira
oxindol la (s CAS: 59-48-3, 11 g, 82,6mmol) & -78°C trong THF (1000mL). Sau khi
viéc thém két thuc, TMEDA (25g, 214,76mmol) dugc thém vao, duy tri nhiét do bén
trong <-70°C. Sau 1 gi & -78°C, bis(2-bromometyl)ete (s6 CAS: 5414-19-7, 57,5g,
247,8mmol) dugc thém vao, va phan tng duoc lam 4m dén nhiét do moi trudong. Sau 48
gid, phan tng dugc 1am ding bang H,0, va hdn hop nay dugc phan tach gitta EtOAc va
H20. Dung dich nuéc duge chiét bing EtOAc, va cic 16p hitu co két hop dugc rira bing
nude mubi, dugc lam kho trén NaySOs, duoc loc va duge ¢d trong chan khong. Phin cin
dugc tinh ché bang ky thuét sic ky silicagel, rira giai bang gradien CH,Cla:MeOH =
100:0 dén 97:3 dé thu dugc 8% 2',3",5',6'-tetrahydrospiro[indolin-3,4'-pyran]-2-on 1b.

Phuong phap 2
o)
Br/\/o\/\Br
©\/>:0 >~ 0
N LIHMDS, THF, N
H -78°C-25°C H
1a 1b

Oxindol 1a (sé CAS: 59-48-3, 40g, 264,659mmol) dugc thém vao dung dich chira
LiHMDS (800mL, 800mmol) & -78°C. Hon hop nay duoc khudy 1 gior & -78°C. Sau dé,
bis(2-bromometyl)ete (s6 CAS: 5414-19-7, 61,378g, 264,659mmol) dugc thém vao, duy
tri nhiét d6 bén trong <-50°C. Phan tng dugc 1am 4m dén nhiét 46 moi truong. Sau 18

gid, phan tmg dugc lam dimg bang H,0, va hén hop nay duge phén tach giitta EtOAc va
-38-



21269

H,0. Dung dich nuéc dugc chiét bang EtOAc, va cac 16p hitu co két hop dugc ria bing
nuéc mudi, dugc 1am khod trén NazS0q4, duge loc va duge ¢ trong chan khong. Phén cdn
dugc tinh ché bang k¥ thuat sic ky silicagel, rira giai bang gradien ete dau mo:etyl axetat

= 3:1 dé thu duoc 10,187g (17%) 2',3',5 ,6'-tetrahydrospiro[indolin-3,4'-pyran]-2-on 1b.

Hop chét trung gian 2c: Téng hop tert-butyl 2-oxospiro[indolin-3,4'-piperidin]-1'-

carboxylat
Cl
B
saonty ~

H
N N
O:(D 0,95 eq. Pd/C, H, (Boc:\;o é:s eq.)
e
N LIHMDS (3,3 eq.) o=, MeOH o<=\<N .
R N

THF, -78°C H N

1a 2a 2b 2¢
Budc 1

1'-benzylspiro[indolin-3,4'-piperidin]-2-on 2a dugc téng hop véi hiéu suit 1a 59%
(52g) theo phuong phép 2 duge st dung dé tdng hop 2',3',5',6'-tetrahydrospiro[indolin-
3,4'-pyran]-2-on 1b, st dung N,N-bis(2-cloetyl)benzenmetanamin (s6 CAS: 55-51-6,
70g, 302mmol) thay cho bis(2-bromometyl)ete.

Budc 2

Dung dich chira 1'-benzylspiro[indolin-3,4'-piperidin]-2-on 2a (5g, 17,10mmol, 1
eq. (duong lugng)) trong metanol (100mL) dugc hydro héa & nhiét do trong phong véi
chét xuc tac Pd/C 10% (0,18g) trong 15 gior. Chit xuc tac nay duoc loc ra, va dung moi
dugc lam bay hoi trong chin khong. Sau d6, phin cin duoc tai két tinh tu

DIPE/axetonitril dé thu duoc 2,7g (78% hiéu suit) spiro[indolin-3,4'-piperidin]-2-on 2b.
Budce 3

Boc20 (2,74g, 12,57mmol) va trietylamin (2,38mlL, 17,135mmol) dugc thém vao
dung dich chura spiro[indolin-3,4'-piperidin]-2-on 2b (2,73g, 11,42mmol, 1 eq.) trong
THF (100mL) & nhiét d trong phong. Hdn hop nay dwoc khudy & nhiét do trong phong
trong 4 gid. Sau d6, dung méi dugc lam bay hoi trong chan khong, va phin cin dugc xt
ly bing hdn hop chira nuée va DCM. Lép nude dugc chiét bing DCM (3x), va cac 16p
hitu co dugc két hop, dugc lam kho trén Na;SO4, dugc loc va dugce ¢d dé thu dugc tert-

butyl-2-oxospiro[indolin-3,4'-piperidin]-1'-carboxylat 2¢ (4,02g, hiéu suit dinh lugng)
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duéi dang chét bot mau tring. "H NMR (400MHz, DMSO-ds) 8 ppm 1,44 (s, 9 H) 1,56 -
1,73 (m, 4 H) 3,55 - 3,79 (m, 4 H) 6,86 (dd, J=7,70, 0,40 Hz, 1 H) 6,95 (td, J=7,59, 1,10
Hz, 1 H) 7,19 (td, J=7,70, 1,10 Hz, 1 H) 7,43 (dd, J=6,80, 0,70 Hz, 1 H) 10,41 (br. s., 1
H); m/z = 303,05 (M+H)".

Hop chét trung gian 3f: Téng hop tert-butyl 2'-oxospiro[azetidin-3,3'-indolin]-1-

carboxylat

+ O -
>\—<> Cl

N_< + 330_4 —N‘O Op Pd(OAC)2/PCys
QN QM K:COs, CHICN ‘s N<>_/<
EDCI, DMAP

S . o ;" t-BuO Na/Dioxan
Br CH,Cly e Bun hdi lwy, qua dém N 90°C, qua dém

3a 3b

3c

% :
o) NH o)
s ° 7
CFiS04H,TeA 1. KoCO3, DCM, H,0
2. K,COj, THF, (Boc),0 0 \
H

3e

3f

Budce 1

Axit N-(tert-butoxycarbonyl)azetidin-3-carboxylic (s6 CAS: 142253-55-2, 176g,
872mmol, 1 eq.) dwgc thém theo mot phin vao dung dich da khudy chtra 2-bromoanilin
(150g, 872mmol, 1 eq.) va DMAP (138,5g, 1133mmol, 1,3 eq.) trong CH>Cl, (2500mL),
sau 6 thém EDCI (217g, 1133mmol, 1,3 eq.) theo mdt phﬁn & nhiét do trong phong. Hon
hop thu duge dugc khudy & nhiét do trong phong qua dém. Sau do, n6 duogc rira lién tuc
bing dung dich nudc axit xitric 10%, nudec, dung dich nuéc NaxCO3 bdo hoa va nude
mudi, va duoc lam khod trén Na;SOs. Sau khi loc, dung moi dugc loai bo trong chan
khong dé thu duoc tert-butyl 3-((2-bromophenyl)carbamoyl)azetidin-1-carboxylat 3b
(328g, hiéu sut 85%).

Budc 2

Hon hop chira tert-butyl 3-((2-bromophenyl)carbamoyl)azetidin-1-carboxylat 3b
(307g, 864mmol, 1 eq.), 4-metoxybenzylclorua (203g, 1296mmol, 1,5 eq.) va K2COs.
(358g, 2593mmol, 3 eq.) trong CH3CN (3000mL) dugc dun hoi lvu qua dém. Sau do,
dung dich nay duoc loc, va chét rin duoc rira béng CH3CN (1000mL). Dich loc dugce co
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trong chan khong, va san phiam tho duoc tan trong ete ddu mo/etyl axetat (30:1) dé thu
dugc fert-butyl 3-((2-bromophenyl)(4-metoxybenzyl)carbamoyl)azetidin-1-carboxylat 3¢
(380g, hiéu suét 90%).

Buéec 3

Pd(OAc) (2,25g, 10mmol, 0,025 eq.) va PCys (2,8g, 10mmol, 0,025 eq.) dugc
thém vao dung dich chtra tert-butyl 3-((2-bromophenyl)(4-
metoxybenzyl)carbamoyl)azetidin-1-carboxylat 3¢ (190g, 400mmol, 1 eq.) va +-BuONa
(57.,6g, 600mmol, 1,5 eq.) trong dioxan (960mL) trong mdi truong khi N». Phan ting nay
duogc khudy & 90°C qua dém trong moi tredong khi N,. Sau d6, dung dich nay dugc loc va
dugc ¢ trong chan khong. Phan cdn dugce hoa tan trong CH2Cl,, duoc ria béng NH4Cl,
nude mudi va duoc 1am kho trén NaySOs. Dung mdéi duge loai bo trong chan khong dé
thu duge 158g (hidu suit dinh luong) tert-butyl 1'-(4-metoxybenzyl)-2'-oxospiro[azetidin-
3,3'-indolin]-1-carboxylat 3d.

Budc 4

CF3SOsH (119mL, 1350mmol, 3 eq.) dugc thém vao hdn hgp chia tert-butyl
1'-(4-metoxybenzyl)-2'-oxospiro[azetidin-3,3'-indolin]-1-carboxylat 3d (178g, 450mmol,
1 eq. tho) trong TFA (750mL). Hdn hop nay dwoc khudy qua dém & 25°C. Sau do, dung
mdi dugc loai bo trong chan khong, va phan cin (78,4g) duoc st dung truc tiép trong

bude tiép theo.
Budc 5

Dung dich chuta spiro[azetidin-3,3'-indolin]-2"-on 3e (78,4g, 450mmol, 1 eq. tho)
trong CHCl, (1500mL) dugc rét vao hdn hop chira K2CO; (186,6g, 1350mmol, 3 eq.)
trong nudc da (1500mL). L6p nude duge tach va duge rira bang CH,Cly (3*500mL). Lop
nudc dugc pha loang trong THF (1500mL), va (Boc)0 (98,2g, 450mmol, 1 eq.) dugc
thém vao. Dung dich ndy dwoc khudy qua dém. Sau d6, 500mL dung dich chira amoniac
trong MeOH (7M) dugc thém theo ting giot vao dung dich trén. Dung méi hitu co duge
lam bay hoi trong chén khong. Dung dich nuéc duge chiét bing CH,Cl (800mL*3),
duge rira bing nude mudi, duge 1am kho trén NazSO4, duoc loc va sau d6 dugc co trong
chén khong. Phan cin thu dugc dugc rira bang t-butyl metyl ete d& thu dugc san phadm
tinh khiét tert-butyl 2'-oxospiro[azetidin-3,3'-indolin]-1-carboxylat 3f (44g, hidu suit
37%).
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Hop chét trung gian 4c va 4d: Téng hop (3S) va (3R)-hydroxyspiro[xyclobutan-1,3'-

indolin]-2'-on

©/\ Pd/C, H2 MeOH Z Z 52 :
ch'2 (cat) 5 LIHMDS, THF O

0 65 Br r
155¢°C, 16 gio -78°C, 25 °C

4a

Budce 1

Trong binh c6 gén thiét bi lam ngung tu, hdn hop chira benzylbromua (62,43g,
365,03mmol, 1 eq.), 2-(bromometyl)oxiran (50g, 365,03mmol, 1 eq.) va HgCl» (100 mg)
dugc 1am néng trong diéu kién khudy & 155°C trong subt 16 gi. San phim dugc tach
bang cach chung cét trong chin khong qua thiét bi 1am ngung tu Vigreux dai 30cm (110-
115, 0,5mm Hg) dé thu dugc chit l6ng khdong mau. Phan can duge tinh ché béng k¥ thuéat
sic ky cot qua silicagel (dung moéi rira giai: diclometan) dé thu dwoc 65 g (((1,3-
dibromopropan-2-yl)oxy)metyl)benzen 4a.

Budc 2

Oxindol 1a (20g, 150,210mmol, 1 eq.) dugc hoa tan trong THF (400mL) va
HMPA (40mL). Hdn hop phan tmg dugc lam lanh dn -78°C, sau d6 n-BuLi
(132,185mL, 330,462mmol, 2,2 eq.) dugc thém vao. Hon hgp phan tmg nay dwgc khudy
¢ -78°C trong 1 giod. Sau do, (((1,3-dibromopropan-2-yl)oxy)metyl)benzen 4a (46,27g,
150,210mmol, 1 eq.) duge thém vao. Hén hop nay dugce khudy lién tuc & nhiét do trong
phong trong 14 gid, dugce lam ding bing nude va duge chiét bang diclometan. Phin cin
dugc tinh ché bang k¥ thuét sic ky cot qua silicagel (dung mdi rira giai: ete ddu mo:etyl
axetat 10:1). C4c phan doan san phdm dugc thu lai, va dung mdi duwgc lam bay hoi dé thu

duge 15g san phdm mong mubn 3-(benzyloxy)spiro[xyclobutan-1,3'-indolin]-2'-on 4b.
Buéce 3

Hon hgp chira 3-(benzyloxy)spiro[xyclobutan-1,3'"-indolin]-2'-on 4b (15g,
53,699mmol, 1 eq.) va Pd/C (1,5g) trong metanol (150mL) dugc hydro héa dudi ap suét
1a 30 psi (khoang 0,21MPa) trong 15 gio. Hon hop phan tmg ndy duoc loc trén miéng
dém xelit va duoc rira vai 1an bing CH30H. Cac dich loc két hop duoc 1am bay hoi dén
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khi khd. Phan cin duoc tinh ché bing ky thuat sic ky cot qua silicagel (dung moi rira
giai: ete diu mé:etyl axetat = 3:1) dé thu dugc hdn hop raxemic cua (3)-
hydroxyspiro[xyclobutan-1,3'-indolin]-2'-on, cic chit ddng phan ddi anh 4¢ va 4d ctia né
dugc tach bang ky thuét sic ky long hiéu ning cao (didu kién HPLC: c¢ot: SYNERGI
250*50 10um, luu lwgng: 80mL/phut, pha dong A: nudc tinh khiét (chira TFA 0,075%),
pha dong B: axetonitril, gradien: 5-30% (%B)). Céc phan doan mong muébn dugc thu lai,
duoc 1am bay hoi dé loai bd CH3CN trong chan khong va dugc tao tinh kiém bing dung
dich NaHCOj3 bdo hoa. Dung dich nuéc duge chiét bing CH,Cly. Céc 16p hitu co duoc
lam khd, duge loc, va dung méi duge lam bay hoi dé thu duoc 4,59g (35)-
hydroxyspiro[xyclobutan-1,3'-indolin]-2"-on 4c va 0,89g (3R)-hydroxyspiro[xyclobutan-
1,3'-indolin]-2'-on 4d.

Hop chét trung gian 5c: Téng hop tert-butyl 5-flo-2-oxospiro[indolin-3,4'-piperidin]-1'-

carboxylat

S
L Ty

F LIHMDS .
O
H THF, -78°C dén 25°C o

sau d6 dun héi luu qua dém

Iz

5a 5c

5-floindolin-2-on 5a (35g, 231,576mmol, 1 eq.) dugc thém vao dung dich chtra
LiHMDS (700mL, 700mmol, 3 eq.) & -78°C. Hon hop nay duge khudy 1 gid & -78°C, sau
do tert-butyl bis(2-cloetyl)carbamat 5b (56,075g, 231,576mmol,1 eq.) duoc thém vao,
duy tri nhiét dd bén trong <-50°C. Sau d6, phan tng duoc lam 4m dén nhiét do mai
truong trong subt 2 gid, va phan tmg dwoc dun hdi luu qua dém. Hon hop nay dugc lam
dirmng bang H>0, va hén hop nay dugc phén tach gitra EtOAc va H20. Dung dich nuéc
duge chiét bang EtOAc, va céc 16p hitu co két hop duoc rira bing nudc mudi, dugc lam
khd trén Na»SOs, dugc loc va dugce cd trong chan khong. Phin cin thu duge duogc tinh
ché bang k¥ thuat séc ky 16ng hiéu ning cao (diéu kién HPLC: cot: Synergi-10um,
250x50mml.D, luu lugng: 80mL/phut, pha dong A: nuée tinh khiét (chua TFA 0,1%),
pha dong B: axetonitril, gradien: 35-65% (%B)) dé thu dugc 5,003 g (hidu suét 7%) ters-
butyl 5-flo-2-oxospiro[indolin-3,4'-piperidin]-1'-carboxylat 5c.
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Hop chét trung gian 6a: Tdng hop 5-flo-2',3',5',6'-tetrahydrospiro[indolin-3,4'-pyran]-2-

0
S °
Br Br
F _ -
0 ) >
N LiIHMDS (3,0 eq.) 0]

H trong dung dich THF ”
25°C, 12 gity

on

5a 6a

5-floindolin-2-on 5a (30g, 198,49mmol, 1,0 eq.) dugc thém vao LiHMDS (1M
trong THF, 595,48mL, 595,48mmol, 3,0 eq.) & -78°C. Hon hop nay dugc khuéy o -78°C
trong 10 phut va duge lam 4m dén 0°C. Hén hop nay dwgc khudy & 0°C trong 30 phut,
sau d6 bis(2-bromometyl)ete (s6 CAS: 5414-19-7, 46,03g, 198,49mmol, 1,0 eq.) dugc
thém vao. Hon hop ndy dwgc khudy & nhiét do trong phong qua dém. Nudc (300mL)
dugc thém vao hdn hop phan tng nay. Chét két tna thu dugc duoc loc ra va dugce ria
bang nuéc dé thu duoc 5-flo-2',3',5',6'-tetrahydrospiro[indolin-3,4'-pyran]-2-on 6a (12g,
hiéu suét 13%).

Hop chét trung gian 7b: Téng hop 4-flo-2',3',5",6"-tetrahydrospiro[indolin-3,4'-pyran]-2-

on

© 0
3 J/ I F
Br Br

0 —_—
:(Njij LIHMDS (3,0eq.) O

H trong dung dich THF ”
25°C, 12 gidy
7a 7b

4-floindolin-2-on 7a (9,5g, 62,856mmol, 1,0 eq.) dugc thém vao LiHMDS (1M
trong THF, 188,568mL, 188,568mmol, 3,0 eq.) & -78°C. Hén hop nay duogc khqu o -
78°C trong 10 phut va duge 1am 4m dén 0°C. Hdn hop nay duogc khudy & 0°C trong 30
phut, sau d6 bis(2-bromometyl)ete (14,577g, 62,856mmol, 1,0 eq.) dugc thém vao. Hon
hop nay dugc khudy & nhiét d6 trong phong qua dém. Nude (300mL) dugc thém vao hdn
hop phan ting nay. Chét rén thu dugc duge loc ra va duge rira bang nudc dé thu dugc 4-

flo-2',3',5',6'-tetrahydrospiro[indolin-3,4'-pyran]-2-on 7b (1,61g, hidu suat 12%)).
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Hop chét trung gian 8d: Téng hop spiro[xyclopentan-1,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-

on

TFA (¢}

0 o 0 (o} )<
el NO LOMOk LO (o} L i Br/\/\/Br
P
~

N0 A
- | ) X NO:2 >
N NaH, THF, dun hoi hvu P CHClz, 60°C, 14 gi¢r | K,CO4/DMF
N ‘ N
8a 8bh
Q
Fe/NH4CI -
N—d Ao, - Wa
| MeOH-H,0-THF N
N hidu suat 67% H
8c 8d

Bude 1

NaH (80g, 2118mmol) dugc thém theo timg phan vao dung dich chira tert-butyl
etyl malonat (160g, 850mmol) trong THF (1600mL) & 0°C. Hdn hop ndy dwgc khudy
trong 1 gio & 15°C, sau d6 4-clo-3-nitropyridin (112g, 706mmol) dugc thém vao theo
timg phan & 0°C. H3n hop nay dugc khudy trong 1 gi& & 15°C. Phéan ung dugc lam ding
béng nuée, va HC1 IN duge thém vao dén do pH=5. Hon hop nay duoc chiét béng etyl
axetat hai 1an. Céc 16p hitu co duge rira bang nudc mudi, duoc 1am khd va duogc lam bay
hoi trong chan khéng dé thu dugc 1-(fert-butyl) 3-etyl 2-(3-nitropyridin-4-yl)malonat 8a

(250g), chit nay dugc sir dung ma khong can tinh ché thém trong budc tiép theo.
Budc 2

TFA (250mL) dugc thém vao dung dich chta 1-(tert-butyl) 3-etyl 2-(3-
nitropyridin-4-yl)malonat 8a (san phim thd, 250g, 706mmol) trong CH2Cl (1500mL).
Sau 14 gid khudy & 60°C, hdn hop nay dugc lam bay hoi. Sau d6, dung dich nuéc
NaHCO; 10% duge thém vao, va hdn hgp ndy dugc chiét bing etyl axetat hai 1an. Céc
16p hitu co duge rira bing nuéc mubdi, duge lam kho va dugc lam bay hoi trong chan
khéng dé thu dugc etyl 2-(3-nitropyridin-4-yl)axetat 8b (180g), chit nay dugc sir dung

ma khong cén tinh ché thém trong budc tiép theo.
Budce 3

Etyl 2-(3-nitropyridin-4-yl)axetat 8b (50g, 238mmol), 1,4-dibromobutan (50g,
238mmol), K2CO;3 (100g, 714mmol) va chét sang phan tir 4A (50g) trong DMF (500mL)
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dugc khudy trong 14 gio & 80°C. Sau d6, HCI IN dugc thém vao, va hdn hop nay duoc
chiét bing CH,Cl, hai 14n. Céc 16p hiru co dwoc rira bing dung dich nuéc NaHCO; 10%
(2x), nudec mudi (2x), duoc 1am kho va duge 1am bay hoi trong chan khong. Phin cin
dugc tinh ché bang k§ thuat sic ky cot qua silicagel (dung moi rira giai: CHaCly/etyl
axetat = 10/1) dé thu duoc 8,4g (tdng hiéu sudt 1a 15% dbi vdi ca ba bubce) etyl 1-(3-
nitropyridin-4-yl)xyclopentan-1-carboxylat 8c.

Budc 4

Etyl 1-(3-nitropyridin-4-yl)xyclopentan-1-carboxylat 8¢ (8,4g, 31,8mmol), Fe (7g,
127mmol) va NH4CI (7g, 127mmol) trong CH3;OH (80mL), THF (80mL) va H>O (80mL)
duoc khudy va duge dun hdi luu trong 3 gid. Sau d6, hdn hop nay duge loc ra, va dung
moi dugc lam bay hoi trong chan khong. Dung dich nudc NaHCO; 10% duoc thém vao,
va hdn hop nay duoc chiét bang etyl axetat (3x). Céc 16p hitu co két hop dugc rira bing
nuée mudi, duoc lam kho va dugc lam bay hoi trong chan khéng. Phin cin dugc rira
bang CH3CN (2x), va chat rén duoc thu lai va dugce 1am kho dé thu dugc 4g (hiéu suét
67%) spiro[xyclopentan-1,3'-pyrolo[2,3-c]pyridin]-2'(1"H)-on 8d.

Hop chit. trung gian 9c: Tdng hop 2,3,5,6-tetrahydrospiro[pyran-4,3'-pyr010[2,3-c]-
pyridin]-2'(1'H)-on

0 0
L Pd/C, metanol 0 HCI 1,4N (5,6 eq.),
(¢} ’ diisopropyl ete A
—» NH; » O |
NO, X N
N a | Nhiét do trong phong, qua dém N Z
| 1latm, qua dém _ ét do trong phong, q H HCl
N N
8b
0]
0
Br gy
(0,95 eq.) X
A > 0 l
, N— N
LiIHMDS (3,8 eq.) H
9¢

Budc 1: Téng hop etyl 2-(3-aminopyridin-4-yl)axetat (hgp chét trung gian 9a)

Hdn hop chira etyl 2-(3-nitropyridin-4-yl)axetat 8b (65g, 309mmol, do tinh khiét
90%, 1 eq.) trong metanol (1500mL) dugc hydro héa & 20°C (4p sudt khi quyén) voi
Pd/C 10% (6,5g) lam chét xiic tac trong 16 gid. Sau khi hap thu H, (3 eq.), chét xuc tac
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ndy dugc loc ra va dich loc dugc 1am bay hoi trong chan khong dé thu dugc 50g (hi¢u
suat: 90%) etyl 2-(3-aminopyridin-4-yl)axetat 9a, chét ndy dugc st dung ma khong can

tinh ché thém trong bude tiép theo.
Budc 2: Téng hop 1,3-dihydro-2H-pyrolo[2,3-c]pyridin-2-on (hgp chit trung gian 9b)

Etyl 2-(3-aminopyridin-4-yl)axetat 9a (34g, 189mmol, 1 eq.) dugc hoa tan trong
HCI 1,4N (1000mL) va diisopropyl ete (1000mL). Hén hop nay dwoc khudy & nhiét do
trong phong qua dém. Lép hitu co d& duge tach duge tach va duge rira bang H,O. Céc
16p nude két hop duge rira bang CH,Cl, va duge 1am bay hoi dén gin kho. Chét két tia
thu duge duge loc ra va duge lam khd (chan khong, 60°C, 2 gid) dé thu dugc 26g (hi€u
sudt: 94%) 1,3-dihydro-2H-pyrolo[2,3-c]pyridin-2-on 9b duéi dang mudi axit clohydric.

Buéc 3: Téng hop 2,3,5,6-tetrahydrospiro[pyran-4,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-on
(hop chét trung gian 9c)

1,3-dihydro-2H-pyrolo[2,3-c]pyridin-2-on 9b (12g, 70,34mmol, 1,05 eq.) duoc
thém vao dung dich LiHMDS 1M trong THF (281mL, 281mmol, 4 eq.) & -78°C. Hén
hop nay dugc khudy ¢ -78°C trong 10 phut va duge 1am 4m dén 0°C mdt céch tu nhién.
Sau khi khuéy ¢ 0°C trong 0,5 gio, 1-bromo-2-(2-bromoetoxy)etan (15,54g, 66,99mmol,
1 eq.) duge thém vao. Hon hop nay duge 1am 4m dén 20°C va dugc khudy ¢ 20°C trong
0,5 gio, sau d6 dugc dun hdi luu qua dém. Sau khi lam ngudi xuéng nhiét d§ trong
phong, hdn hgp phan tng dugc 1am dimg lién tuc bang dung dich NH4Cl 10% (300mL)
va dugc chiét bing etyl axetat (2*300mL). Cac 16p hitu co két hop dugc rira bang nudc
mudi, duge 1lam kho (NazS804), dugc loc, va dung moéi duge lam bay hoi trong chin
khong. Phan cin dugce tinh ché bing k¥ thuat sic ky cot qua silicagel (dung méi rira giai:
CHyCly:metanol tir 1:0 dén 20:1) d& thu dugc 1,735g (hiéu subt 12%) 2,3,5,6-
tetrahydrospiro[pyran-4,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-on 9c.

Hop chét trung gian 10c: Tdng hop tert-butyl 2'-0x0-1',2"-dihydrospiro[ piperidin-4,3'-
pyrolo[2,3-c]pyridin]-1-carboxylat

~_C )(
N o]
K/CI Q\\ O\(
N N
o:(p © (0,95 eq ) Pd/C, H, (Boc)20 (1,5 eq.)
N ZN —_— N _—

H HCl LiHMDS(47eq) |\ MeOH [ MeOH |\
THF, -78°C 0

ZT

9 10a 10b 10c
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Bu6c 1: Toéng hop 1-benzylspiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-on (hop
chét trung gian 10a)

Mudi axit clohydric 1,3-dihydro-2H-pyrolo[2,3-c]pyridin-2-on  9b  (160g,
938mmol, 1 eq.) dugc thém vao dung dich LiHMDS IM trong THF (3751mL,
3751mmol, 4 eq.) & -78°C. Sau khi lam 4m dén 0°C, N-benzyl-2-clo-N-(2-cloetyl)etan-1-
amin hydroclorua (218g, 938mmol, 1 eq.) dugc thém vao. Hon hop nay dwoc 1am 4m dén
20°C, sau d6 dugc dun hdi luu qua dém. Sau khi 1am ngudi xubng nhiét do trong phong,
hdn hep phan tng duge lam dimg lién tuc bang dung dich NH4Cl 10% (300mL) va dugc
chiét bang etyl axetat (2*300mL). Céc 16p hitu co két hop dugc ria bing nudc mudi,
dugc lam khd (NaxSO4), dugc loc, va dung moi duge 1am bay hoi trong chan khong.
Phin cin dugc tinh ché bing ky thuat sic ky cot qua silicagel (dung moi rira giai:
CH:Cly:metanol tr 1:0 dén 10:1) dé thu dugc 70g (hidu sudt 23%) I-
benzylspiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-on 10a.

Bué6c 2: Téng hop spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-on (hop chét trung
gian 10b)

Hoén hop chia 1-benzylspiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-on 10a
(70g, 238,61mmol, 1 eq.) trong metanol (1000mL) dugc hydro héa & 50°C (50psi
(0,34MPa)) véi chét xic tac Pd/C 10% (50g) trong 15 gio. Chét xtc tac nay dwoc loc ra,
va dung rﬁéi dugc 1am bay hoi trong chan khong. Phan cin duge tinh ché bing k¥ thuat
sdc ky cot nhanh qua silicagel (dung moi rira giai: CHaCla/etyl axetat tir 1/0 dén 0/1) dé
thu duge 50g (hidu suit 93%) spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-on 10b.

Budéc 3: Tdéng hop tert-butyl 2'-oxo- 1',2"-dihydrospiro[piperidin-4,3'-pyrolo[2,3-c]-
pyridin]-1-carboxylat (hop chét trung gian 10c)

BocO  (64,43g, 295,22mmol, 1,2eq.) dugc thém vao dung dich chua
spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-on 10b (50g, 246,05mmol, 1 eq.) trong
MeOH (1000mL). Hdn hop nay duge khudy & nhiét do trong phong qua d€m, sau d6
dugc lam bay hoi dén khi khd. Phin cin dwogc tinh ché bang ky thuat sic ky cot qua
silicagel (dung méi rira giai: diclometan:etyl axetat tir 1:0 dén 0:1) dé thu duogc 43,32g
(hidu sut 58%) tert-butyl 2'-0x0-1',2'-dihydrospiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-
1-carboxylat 10c.
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Hop chét trung gian 1lc: Téng hop 2,3,5,6-tetrahydrospiro[pyran-4,3'-pyrolo[3,2-
c]pyridin]-2'(1'H)-on

Br
B
(/D, Bry (4 eq) ' | Xy Pd/C Hy, etanol o | XN
> 0 >
=
N Z H,O/t-BuOH ” 2 50psi, 30°C, 3 giv g HBr
Nhiét d6 trong phong, 20 phat Br
11a 11b

I ¢

Br™ (0,96 eq§" o | XN
>0
LiIHMDS / THF (3,8 eq.) N F
-78 °C, 25°C H
11c

Bué6e 1: Tong hop 3,3,7-tribromo-1,3-dihydro-2H-pyrolo[3,2-c]pyridin-2-on (h(jp chét
trung gian 11a)

Bry (26mL, 507mmol, 4 eq.) dugc thém theo ting giot vao dung dich chia 1H-
pyrolo[3,2-c]pyridin (15g, 127mmol, 1 eq.) trong H>O (500mL) va #-BuOH (500mL) &
nhiét do trong phong trong khoang thoi gian 1a 20 phut. Sau khi thém Br,, @6 pH ctia hdn
hop nay 1a khoang 1. Dung dich NaHCOs3 bao hoa (800mL) duogc thém vao tir tir va cin
thén trong vong 30 phut, va do pH ciia hdn hop nay duge diéu chinh dén 6,5-7. Hdn hop
nay dugc khudy trong 1 gid, sau d6 dwoc loc ra. Chat rén thu duogc dugce rira tiép bang
nuéce va duge 1am bay hoi ddng thoi vdi etanol dé thu duge 28,5 g (hidu suét 61%) 3,3,7-

tribromo-1,3-dihydro-2H-pyrolo[3,2-c]pyridin-2-on 11a.

Budc 2: Téng hop 1,3-dihydro-2H-pyrolo[3,2-c]pyridin-2-on hydrobromua (hop chét
trung gian 11b)

Phéan (g ndy dugc tién hanh trong ba bé phan ung song song. Hon hop chura
3,3,7-tribromo-1,3-dihydro-2H-pyrolo[3,2-c]pyridin-2-on 11la (28,5g, 76,9mmol, 1 eq.)
trong etanol (2850mL) dugc hydro hda & 30°C (50psi (0,34MPa)) véi chat xuc tac Pd/C
(14g) trong 3 gid. Sau khi hép thy H, (3 eq.), chit xuc tac nay duogc loc ra, va dich loc
duge lam bay hoi trong chan khong dé thu duge 14g (hidu suét 85%) 1,3-dihydro-2H-
pyrolo[3,2-c]pyridin-2-on hydrobromua 11b.
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Bu6c 3: Tdng hop 2,3,5,6-tetrahydrospiro[pyran-4,3'-pyrolo[3,2-c]pyridin]-2'(1'H)-on
(hop chét trung gian 11c)

1,3-dihydro-2H-pyrolo[3,2-c]pyridin-2-on hydrobromua 11b (11,7g, 54,4mmol,
1,04 eq.) duge thém vao dung dich LIHMDS 1M trong THF (210mL, 210mmol, 4 eq.) &
-78°C. Hén hop nay dugc khudy & -78°C trong 10 phut va duoc lam im dén 0°C mot
céch ty nhién. Sau khi khudy & 0°C trong 0,5 gio, 1-bromo-2-(2-bromoetoxy)etan (12,1g,
52,2mmol, 1 eq.) duoc thém vao. Hon hop nay duoc 1am 4m dén 20°C, sau d6 dugc dun
héi luu qua dém. Sau d6, hdn hop nay dugc lam ngudi dén nhiét do trong phong, dugc
lam dirng bang dung dich NH4ClI bdo hoa (200mL), dugc loc qua miéng dém xelit, va
dich loc dugc chiét bang etyl axetat (2*200mL). Cac 16p hitu co két hop dugc rira bing
nuée mubi, dugc lam kho (Na2SOs), dugc loc, va dung moi dugce lam bay hoi trong chan
khéng. Phin cin dugc hoa tan trong CH2Clz:metanol (5:1) va duge tinh ché bing k§ thuat
sdc ky cot qua silicagel (dung mdi rira giai: CH2Cly:metanol tir 1:0 dén 10:1) dé thu duoc
phén cin, phin cin nay duogc ria tiép bang CH3CN dé thu dugc 812mg (hidu sudt 7%)
2,3,5,6-tetrahydrospiro[pyran-4,3'-pyrolo[3,2-c]pyridin]-2'(1'H)-on 11c.

Hop chit trung gian 12d: Téng hop 2,6-dimetyl-2,3,5,6-tetrahydrospiro[pyran-4,3'-
pyrolo[2,3-c]pyridin]-2'(1'H)-on

X
: o;(j@ o)
o N N
MsCI TEA LiBr H Hel
0 9b AN
Br —078M [e] | N
OH isopropyl ete axeton, B N =

HO dun hdi lvu

12a 12b 12¢ 12d

Buéc 1: Téng hop oxybis(propan-2,1-diyl) dimetansulfonat (hgp chit trung gian 12b)

2,2'-oxybis(propan-1-ol) 12a (thu duoc tir quy trinh khtr dietyl 2,2"-oxydipropionat
bang LiAIH4 nhu dugc mé ta trong 4n pham Journal of the Chemical Society, Perkin
Transactions 1: Organic and Bio-Organic Chemistry (1972-1999), (3), 245-50; 1975)
dugc mesyl hoa bing cach st dung mesylclorua va trietylamin trong isopropylete, dé thu
dugc oxybis(propan-2,1-diyl) dimetansulfonat 12b. Dietyl 2,2'-oxydipropionat dugc thu
nhén theo quy trinh dugc mo ta trong )én pham Supramolecular Chemistry, 22(11 & 12),
827-837, 2010’ bang cach tron etyl 2-hydroxypropanoat va etyl 2-bromopropanoat c6 ban

trén thi trudng trong diéu kién c6 mit ctia NaH trong THF.
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Bué6c 2: Téng hop 1-bromo-2-((1-bromopropan-2-yl)oxy)propan (hgp chét trung gian
12¢)

LiBr dugc thém vao dung dich chira oxybis(propan-2,1-diyl)dimetansulfonat 12b
trong axeton, va hdn hgp phan ting nay dwgc khudy trong didu kién hdi luu dén khi két

thuc dé thu duoc 1-bromo-2-((1-bromopropan-2-yl)oxy)propan 12c.

Budc 3: Toéng hop 2,6-dimetyl-2,3,5,6-tetrahydrospiro[pyran-4,3'-pyrolo[2,3-c]pyridin]-
2'(1'H)-on (hop chét trung gian 12d)

2,6-dimetyl-2,3,5,6-tetrahydrospiro[pyran-4,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-on
12d  duoc téng hop theo quy trinh dugc st dung dé téng hop 2,3,5,6-
tetrahydrospiro[pyran-4,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-on 9c¢, bing cach si dung 1-
bromo-2-((1-bromopropan-2-yl)oxy)propan 12¢ thay cho 1-bromo-2-(2-bromoetoxy)etan
va NaH trong DMF thay cho LiHMDS.

Hop chét trung gian 13c: Téng hop 2',3",5',6'-tetrahydrospiro[pyrolo[2,3-c]pyridin-3,4'-
thiopyran]-2(1H)-on 1',1'-dioxit

ane %

s Br. N Hcl

S \\\ PB3 2 1eq) oxon N
OH = Br

HO s—/ NaH (4 eq.), DMF | ZN

MeOH- H2 N
0°C-25°C, qua dém H

13a 13b 13¢

Budc 1: Tong hop bis(2-bromoetyl)sulfan (hop chét trung gian 13a)

Phospho tribromua (7,75g, 0,7 eq.) dugc thém vao dung dich chata 2.2’-
thiodietanol (5g, 40,9mmol) trong THF kho & -15°C trong N,. Sau khi khudy trong 30
phut & -15°C, hdn hgp phan tmg nay duge dé cho 4m 18n va duge khudy trong 12 giv &
nhiét d¢ trong phong. Sau d6, n dugc pha lodng bang dung dich nudc NaHCO; & 0°C.
Lép hitu co duge tach, duge ¢d va dugce tinh ché bang k¥ thuat sic ky cot qua silicagel
(dung moi ‘rl’ra gidi: ete ddu mo/etyl axetat = 10/1, thé tich/thé tich) dé thu dugc 2,5 g (hiéu
suit 22%) bis(2-bromoetyl)sulfan 13a.

Budc 2: Téng hop 2',3',5',6'-tetrahydrospiro[pyrolo[2,3-c]pyridin-3,4'-thiopyran]-2( 1 H)-

on (hop chét trung gian 13b)
2',3',5',6'-tetrahydrospiro[pyrolo[2,3-c]pyridin-3,4'-thiopyran]-2(1H)-on 13b dugc

tdng hop theo quy trinh dugc st dung dé téng hop 2,3,5,6-tetrahydrospiro[pyran-4,3'-
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pyrolo[2,3-c]pyridin]-2'(1'H)-on 9c¢, bang cach st dung bis(2-bromoetyl)sulfan 13a thay
cho 1-bromo-2-(2-bromoetoxy)etan va NaH (4 eq.) trong DMF & 0°C thay cho LiHMDS.

Buge 3: Tong hop 2',3",5',6'-tetrahydrospiro[pyrolo[2,3-c]pyridin-3,4'-thiopyran]-2(1H)-
on (hop chét trung gian 13c)

Dung dich chtra 2'3',5',6'-tetrahydrospiro[pyrolo[2,3-c]pyridin-3,4'-thiopyran]-
2(1H)-on 13b trong MeOH/H,0 dugc oxy héa bing oxon dé thu duge 2',3'.5'.6'-
tetrahydrospiro[pyrolo[2,3-c]pyridin-3,4'-thiopyran]-2(1H)-on 13c.

Hop chit trung gian 14d: Téng hop 3-(metylsulfonyl)propan-1-amin hydroclorua

14a 14b

14c¢ 14d
Budc 1: Tong hop 3-(metylsulfonyl)propan-1-ol (hop chét trung gian 14a)

3-(metylthio)propan-1-ol (200g, 1900mmol, CAS 505-10-2) dugc hoa tan trong
CH>Cl, (2000mL). H8n hop nay duge lam lanh dén 0°C, sau d6 m-CPBA 85% trong
nuéce (970g, 5700mmol, CAS 937-14-4) dugc thém vao theo timg phan, git nhiét d6 nim
trong khoang tir 0 dén 5°C. Sau khi thém, hdn hop nay dugc dé cho 4m dén 25°C va duge
khudy trong 15 gio. HOn hop nay duoc loc qua miéng dém xelit, va dich loc duge tinh
ché bang k§ thuat cot nhanh (dung méi rira giai: ete ddu mo:etyl axetat = 3:1, va sau do 1a

etyl axetat:metanol = 10:1) dé thu duoc hop chét trung gian 14a (75g, 29%).
Buéce 2: Téng hop 1-bromo-3-(metylsulfonyl)propan (hop chét trung gian 14b)

Phospho tribromua (53,6mL, 570mmol) dugc thém theo ting giot vao dung dich
chtra hop chét trung gian 14a (75g, 543mmol) trong CH>Cl, (750mL) & 0°C, giit nhiét do
ndm trong khoéng tir 0 dén 5°C. Sau khi thém, hdn hop nay dwoc dé cho 4m dén 25°C va

duge khudy trong 15 gid. Hén hop nay dugc rét vao nude d4, sau dé, 16p hitu co duge
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tach ra, duoc rira bang nude mudi (2 x 500mL), duoc lam khd trén NazSOq4, dugce loc va
dugc lam bay hoi trong chan khong dé thu dwoc hop chit néu trong tiéu dé 14b (77g,
71%). '"H NMR (400MHz, CLOROFORM-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).

Budc 3: Toéng hop N-(diphenylmetylen)-3-(metylsulfonyl)propan-amin (hgp chat trung
gian 14¢)

Diphenylmetanimin (27g, 148mmol) va DIEA (19,6g, 152mmol) dugc thém vao
dung dich chira hop chit trung gian 14b (27g, 134mmol) trong CH3CN (60mL). Hon hop
ndy dugc dun hdi luu trong 4 gid, va sau d6 duge lam ngudi dén nhiét d6 trong phong.
Sau d6, hdn hop nay duge trung hoa bang dung dich nudce axit axetic 50% ¢ 25°C. Nudc
(80mL) dugc thém vao, va hdn hop nay dugc chiét bang etyl axetat (2 x 300mL). Céc 16p
hitu co két hop dugc rira béng nuée mudi, duge 1am khd trén NazxS0q4, duge loc va duogc
lam bay hoi trong chan khong. Phan cin duoc ria bang ete diu mo (4 x 100mL). Hdn
hop nay dugc xir ly bing metyl fert-butyl ete. Chéat rin duoc thu lai va dugc rira bang ete
dau mo. Dich loc dugc lam kho trong chan khong, va phén cin thu duge duoc tinh ché
bing ky thuét séc ky cot (dung mdi rira gidi: CH2Cla:etyl axetat tir 1:0 dén 10:1) dé thu

dugc hop chit néu trong tiéu dé 14c (34g, 85%) duéi dang chét rin mau tréng.

Budc 4: Téng hop 3-(metylsulfonyl)propan-1-amin hydroclorua (hop chéit trung gian
14d)

Dung dich chira HCl 4N/dioxan (120mL, 480mmol) dugc thém theo ting giot vao
dung dich'chl'ra hop chét trung gian 14c (34g, 113mmol) trong dioxan (600mL) & 0°C.
Sau khi thém, hdn hop nay dugc dé cho 4m dén 25°C va dugc khudy trong 15 gio. Hon
hop nay dugc loc. Chit rin dugc thu lai va dugc rira bang dioxan dé thu duoc san phdm

14d néu trong tiéu dé (11,5g, 50%) duéi dang chit bot mau vang.

Hop chét trung gian 15e: Téng hop 5-clo-2-(clometyl)-1-(3-(metylsulfonyl)propyl)-1H-

benzo[d]imidazol hydroclorua

cl NH, OO~
HCl  Q Raney Ni \C[ _
CI\E:[NOZ HN A~ ] NO, ————— NH o~ o
“d__0 \©i EtOAC/CH3OH/THF >
F DIEA, etanol NH  Nhiét d6 trong phong, 3 giv KL o dKOEEFrlong etarcl;zl
dun hdi lvu 90 % & un hoi lwu qua dém
94 % 0 /0 90 %
/
Sy
/>0 15b

15a
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< 1) HCI, Hp0, THF,  Cl N OH cl
Cl N ) . 5 \ N Cl
N\ dun hoi luvu qua dém \©: socCl A\
T - LRy e O

N O 2) NaBHs, N
T\ 2 NaBH, CHyCl, HCI
Q

metanol, -10°C

60% 0
O\ S= 1l
AN =~ ~
N [° <o
15¢ 15d 15¢

Buéc 1: Tong hop 4-clo-N-(3-(metylsulfonyl)propyl)-2-nitroanilin

Dung dich chtta 1-clo-4-clo-3-nitrobenzen (7,6g, 35mmol), 3-(metylsulfonyl)-
propan-1-amin hydroclorua 14d (6g, 35mmol) va diisopropyletylamin (DIEA) (13,5g,
105mmol) trong etanol (70mL) dugc dun hdi luu trong 14 gi0. Sau d6, hdn hop nay duoc
1am nguoi dén 20°C, va chat két tia thu duge duoc loc va dugc rira bang etanol. 11g

(94%) hop chit trung gian 15a dugc thu nhan dudi dang chit bot mau da cam.
Buéc 2: Téng hop 4-clo-N1-(3-(metylsulfonyl)propyl)benzen-1,2-diamin

Hop chét trung gian 15a (10g, 29,7mmol) trong metanol (200mL), EtOAc
(200mL) va THF (200mL) dwoc hydro héa v&i chat xtc tac Ni Raney (10g) ¢ 20°C
(latm) trong 3 gid. Sau khi hép thu H2 (3 eq.), chét xuc tac nay duogc loc ra, va dich loc
duge 1am bay hoi. 10g (90%) hop chét trung gian 15b duge thu nhan duéi dang chét rin

mau den.

Buéc 3: Téng  hop 5-clo-2-(dietoxymetyl)-1-(3-(metylsulfonyl)propyl)-1H-

benzo[d]imidazol

Hop chit trung gian 15b (10g, 29,7mmol) va metyl dimetoxyaxetat (9,2g,
68,3 I mmol) trong KOEt 24% trong lugng trong etanol (13,5g, 38,5mmol) dugc khudy va
duge dun hdi lvu qua dém. Hon hop nay dugc lam bay hoi trong chin khong. Sau do,
nude (200mL) duge thém vao, theo sau 13 axit axetic dé trung hoa hdn hop nay. Hon hop
nay dugc chiét bing etyl axetat (2x100mL). Céc 16p hitu co két hop dugc ria bang
NaHCO; bao hoa, nudc mudi va duge 1am khd trén Na,SOs. Dung moéi duoc loai bd
trong chan khong dé thu duoc 12,3 g (90%) hop chét trung gian 15¢ dudi dang chét dau
mau sam.
Budc 4: Tong hop (5-clo-1-(3-(metylsulfonyl)propyl)- 1H-benzo[d]imidazol-2-yl)metanol

Hop chét trung gian 15¢ (12,3 g, 29,3mmol) trong THF (100mL) dugc khudy trong
0,5 gior & 20°C cho dén khi hoa tan hoan toan. Sau d6, HCI ddc (21mL) va H,O (42mL)
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dugc thém vao. Hon hop nay duge dun hdi lwu trong 6 gidr va sau d6 duoc lam lanh dén -
10°C. CH3;0H (50mL) dugc thém vao, sau d6 bd sung can than NaBHs (24g, 629mmol).
Hdn hop nay dugc khudy trong 0,5 gid & 10°C va duogc co trong chan khong. Nudc
(200mL) dugc thém vao. Hon hop nay dugc chiét bang etyl axetat (2x100mL). Cac 16p
hitu co két hop duge rira bang nuée mudi va duge lam khd trén Na,SOs. Dung méi dugc
loai bo trong chan khong. Chét ran thu dugc duge ria bang etyl axetat (2x5mL) va duoc
1am kho trong chan khong. 6,8g (60%) hop chét trung gian 15d duge thu nhan duédi dang

chat ran mau trang nhat.

'H NMR (400MHz, DMSO-ds) § ppm 2,20 (dq, J=7,8, 7,5 Hz, 2 H), 2,98 (s, 3 H),
3,16 - 3,24 (m, 2 H), 4,42 (t, J=7,4 Hz, 2 H), 4,73 (d, J=6,0 Hz, 2 H), 5,73 (t, J=5,8 Hz, 1
H), 7,42 (dd, J=8,7, 1,9 Hz, 1 H), 7,63 (d, J=8,5 Hz, 1 H), 7,79 - 7,83 (m, 1 H),

Buéc 5

Dung dich chira thionyl clorua (336mg, 2 eq.) trong 10mL diclometan dugc thém
theo ting giot vao dung dich chtra rugu 15d (363mg, 1,414mmol) trong 30mL
diclometan. Hon hop phan tmg nay duge khudy trong mot gid & 45°C. Sau d6, né duoc
cd trong chan khéng dé thu dugc hop chét trung gian mong mudn 15e (440mg, 99%)

duéi dang mubi HCL, chit nay dugc st dung ¢ dang nguyén dang trong buéc tiép theo.

Hop chét trung gian 16a: Tbng hop (5-bromo-1-(3-(metylsulfonyl)propyl)-1H-benzo[d]-

imidazol-2-yl)metanol

Br N OH
Cr
N

(@)
/

(5-bromo-1-(3-(metylsulfonyl)propyl)-1H-benzo[d]imidazol-2-yl)metanol 16a
dugc tong hop theo quy trinh héa hoc duge su dung dé tdng hop (5-clo-1-
(3-(metylsulfonyl)propyl)-1H-benzo[d]imidazol-2-yl)metanol 15d, bang céach st dung 1-
bromo-4-flo-3-nitrobenzen (7,6g, 35mmol) thay cho 1-clo-4-flo-3-nitrobenzen trong
buée dau tién. 6,8g san phim 16a mong muén duge thu nhan duéi dang chit rin mau
tréng nhat. '"H NMR (400MHz, DMSO-ds) & ppm 2,20 (dq, J=7.8,7,5 Hz, 2 H), 2,98 (s, 3
H), 3,16 - 3,24 (m, 2 H), 4,42 (t, J=7,4 Hz, 2 H), 4,73 (d, J=6,0 Hz, 2 H), 5,73 (t, J=5.,8
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Hz, 1 H), 7,42 (dd, J=8,7, 1,9 Hz, 1 H), 7,63 (d, /=8,5 Hz, 1 H), 7,79 - 7,83 (m, 1 H); m/z
=347 & 349 (M+H)+ mo6 hinh Br.

Hop chét trung gian 17b: Téng hop (5-clo-1-(3-(metylsulfonyl)propyl)-1H-indol-2-yl)-

metanol

Cl OH

N “ \,___OEt m

N\ PH O NaH,DMF N LiAH, N

+ Br/\/\s— (6]
N © " > THF

14b -0

=0 =S~

OﬁS (6] \

17a 170

Buéc 1: Tong hop etyl 5-clo-1-(3-(metylsulfonyl)propyl)-1H-indol-2-carboxylat (hgp
chat trung gian 17a)

Etyl 5-bromo-1H-indol-2-carboxylat (2,3g, 8,6mmol) dugc hoa tan trong DMF
(50mL). Hon hop nay dugc khudy & nhiét do trong phong, sau d6 hdn dich natri hydrua
60% trong dau khoang (0,52g, 12,8mmol) dugc thém vao. Han hop thu dugc dugc khudy
¢ nhiét d trong phong trong 1 gid, sau d6 1-bromo-3-(metylsulfonyl)propan 14b (2,6g,
12,8mmol) dugc thém vao. Hon hop thu duge dugc khudy & nhiét do trong phong qua
dém. Hon hop nay dugc rét vao dung dich nuéc/nuée da va dugc chiét bang etyl axetat.
Lép hitu co duge 1am kho trén MgSO4 va dugce ¢o dé thu duoc chit diu thd mau nau. San
phdm thé nay duoc tinh ché bing ky thuét sic ky cot bang cach st dung diclo-
metan/metanol dé& thu duogc hop chit néu trong tiéu & 1la etyl 5-clo-1-(3-
(metylsulfonyl)propyl)-1H-indol-2-carboxylat 17a (3,2g, 96%) duéi dang chit rin mau
tréng. m/z =344 (M+H)".

Bué6c 2: Téng hop (5-clo-1-(3-(metylsulfonyl)propyl)- 1H-indol-2-yl)metanol (hop chét
trung gian 17b)

Lithi nhém hydrua (dung dich 2M trong THF, 5,2mL, 10,4mmol) dugc thém &
nhiét d trong phong vao dung dich chira hgp chét trung gian 17a (3,2g, 8,24mmol) trong
THF (100mL). Hon hop thu duge dwoc khudy & nhiét do trong phong qua dém. Hdn hop
phén tng nay dugc lam dimg bing cach bd sung etyl axetat va etanol. Hén hop thu dugc
duoc rot vao dung dich nuée/nuée d4, sau d6 duge loc trén xelit. Lép nude duge chiét
bang etyl axetat (3 x 50mL). Céc sén pham chiét hitu co két hgp dugc rira bang nude

mubi (100mL), dugc lam kho trén MgSOa, duge loc va dugce ¢d dudi ap suét giam. Phén
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cin duge tinh ché biang k§ thuit sic ky cot bang cach str dung diclometan/metanol 1am
dung mo6i rira giai @& thu dugec san phdm mong mubn 13 (5-clo-1-(3-
(metylsulfonyl)propyl)-1H-indol-2-yl)metanol 17b (2,5g, 88%) dudi dang chét rin mau
tréng. m/z = 302 (M+H)+,

Hop chét trung gian 18c: Téng hop 4-(5-clo-2-(hydroxymetyl)-1H-indol-1-yl)butannitril

cl cl
cl OEt N OEt OH
N B~ N LiOH >
N o - N (o} N (o)
H Cs,CO;, MeCN \\\\ Dioxan/H;0 \\\\

=N
18b

N
18a

1) Isobutyicloro  Cl OH
format, THF, DIEA m
N
2) NaBHy4, THF \\\\

=N
18¢c
Bué6c 1: Tong hop etyl 5-clo-1-(3-xyanopropyl)- 1H-indol-2-carboxylat (hgp chét trung
gian 18a)

Etyl-5-cloindol-2-carboxylat (33,55g, 150mmol) dugc hoda tan trong axetonitril
(600mL) va duoc khudy & nhiét do trong phong. Sau d6, xesicacbonat (73,31g,
225mmol) duge thém vao va tiép tuc khudy trong 30 phut. 4-Bromobutyronitril
(18,83mL, 180mmol) dugc thém vao theo timg phan nhé trong khodng thoi gian 1a mot
gid va tiép tuc khudy qua dém & nhiét do méi truong. Hon hop phan tmg nay dugc loc, va
dich loc dugc 1am bay hoi dén khi kho. Phin cdn duogc hoa tan trong diclometan va dugc
rira bang nudc. Lop hitu co duoc lam khé trén MgSOy4, dugc loc va duge 1am bay hoi dé
thu dugc 43,5g (hiéu sut 99%) etyl 5-clo-1-(3-xyanopropyl)-1H-indol-2-carboxylat 18a,
chét nay duoc sir dung & dang nguyén dang trong budc tiép theo. m/z = 290 (M+H)".

Budc 2: Tong hop axit 5-clo-1-(3-xyanopropyl)- 1H-indol-2-carboxylic (hgp chéit trung
gian 18b)

Etyl 5-clo-1-(3-xyanopropyl)indol-2-carboxylat 18a (43,61g, 149,97mmol) duoc
hoa tan trong 1,4-dioxan (850mL) va dugc khuéy ¢ nhiét 4o trong phong. Sau d6, dung
dich chtra lithihydroxit (10,78g, 450mmol) trong nudc cét (150mL) duge thém vao. Sau
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khi khudy qua dém & nhiét do trong phong, hdn hop phéan ing nay duoc 1am bay hoi dén
khi kho. Phan cin dugc hoa tan trong 500mL nudc va duogc lam trung hoa bang dung
dich nuéc axit clohydric 1N (450mL). Chét két tia mau tring dwoc loc ra va dugc lam
kho trong chan khong dé thu duoc 39,8g (hiéu suit dinh lugng) axit 5-clo-1-(3-
xyanopropyl)-1H-indol-2-carboxylic 18b. m/z =262 (M+H)+.

Budc 3: Tong hop 4-(5-clo-2-(hydroxymetyl)-1H-indol-1-yl)butannitril (hgp chit trung
gian 18c)

Axit 5-clo-1-(3-xyanopropyl)indol-2-carboxylic 18b (39,4g, 149,98mmol) va bazo
Hunigs (51,69mL, 300mmol) dugc hoa tan trong tetrahydrofuran (550mL) va duoc khudy
¢ -10°C trong mdi truong khi nito. Sau d6, dung dich chira isobutylcloroformat trong
tetrahydrofuran (50mL) dugc thém vao theo timg giot va tiép tuc khudy trong mot gio & -
10°C va mot gio ¢ nhi¢t do0 mdi truong. Sau d6, natriborohydrua (17,02g, 450mmol)
dugc thém vao theo timg phin & -10°C va dugc khudy trong mot gid, sau d6 nudc cit
(200mL) dugc thém mot cach cdn than vao hén hop phan tmg va tiép tuc khudy trong
mot gid nita & nhiét do trong phong trong mdi trudng khi nito. Hén hop nay duge lam
trung hoa bang axit xitric 10% trong nudce, va sau d6 duge chiét bing etyl axetat. Lop
hitu co dugc 1am khd trén MgSO4, dugc loc va duge lam bay hoi. Phan can dugc tinh ché
trén silic oxit voi heptan/ diclometan/metanol 50/50/0 -> 0/100/0 -> 0/99/1 lam gradien.
Céc phan doan twong Gng duge 1am bay hoi dé thu duoc 23,9g (hiéu suit 64%) 4-(5-clo-
2-(hydroxymetyl)-1H-indol-1-yl)butannitril 18c duéi dang chit bot mau tring. m/z = 248
(M+H)+.

Hop chit trung gian 19b: Téng hop (5-clo-1-(4,4,4-triflobutyl)-1H-imidazo[4,5-b]-
pyridin-2-yl)metanol

Cln N NH; cle N
oo~ LT T
=
%
CIIBIINHZ CFs NH o)\/OH Z~N
—_—

/ _——
NH,

19b
19
a F F

Buéc 1: 6-clo-N3-(4,4,4-triflobutyl)-pyridin-2,3-diamin (hgp chét trung gian 19a)
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6-clopyridin-2,3-diamin (5g, 34,82mmol) dugc hoa tan trong diclometan (200mL),
axit axetic (20 giot) va 4,4,4-triflobutanal (4,38g, 34,8mmol) duoc thém vao. Hon hop
thu dugc dugc khudy trong 30 phat, va sau dé natri triaxetoxyhydroborat (22,14g,
104,5mmol) dugc thém vao. Hon hop phan tmg nay duge khudy & nhiét do trong phong
qua dém, va dung dich chira Na,CO3; 50% dugc thém vao theo timg giot cho dén khi
dung phét trién khi. Lép hitu co duge tdch, dugce 1am kho trén MgSO4, duoc loc va dugc
1am bay hoi dén khi kho. Phén can dugc tinh ché bang k¥ thuét sic ky cot bang céach sit
dung heptan/EtOAc 7/3 dén EtOAc tinh khiét. Hop chit trung gian 6-clo-N3-(4,4,4-
triflobutyl)-pyridin-2,3-diamin 19a dwgc thu hdi dudi dang chét rén mau tring va duogc

lam kho trong chan khong qua dém (6,16g, 70%). m/z = 254 (M+H)+.

Bu6e 2: Tdng hop (5-clo-1-(4,4,4-triflobutyl)-1H-imidazo[4,5-b]pyridin-2-yl)metanol
(hop chét trung gian 19b)

Hon hop chita hop chdt trung gian 19a (5,68g, 22,46mmol) va axit 2-
hydroxyaxetic (4,27g, 56,2mmol) dugc khudy & 150°C trong 4 gid. Hon hop nay duoc dé
ngudi xudng dén nhiét d6 trong phong va duge xtt Iy cdn than bing axit clohydric 3N.
Hoén hop thu duge duoc tao tinh bazo béng dung dich nuéc amoniac va dugc chiét béng
CHxCl> (300mL). Lép hitu co duge lam kho trén MgSO4 va duge lam bay hoi dén khi
khé. Phin cin duoc tinh ché bing ky thuat sic ky cot trén silic oxit bang cach sir dung
CH,Cl, dén EtOAc dé thu duoc 4,27g (65%) (5-clo-1-(4,4,4-triflobutyl)-1H-imidazo[4,5-
b]pyridin-2-yl)metanol 19b duéi dang chét rin mau niu. m/z = 294 (M+H)+. '"H NMR
(400MHz, CLOROFORM-d) 8 ppm 1,00 (s, 2 H), 1,12 - 1,23 (m, 2 H), 1,83 - 1,99 (m, 2
H), 2,12 - 2,31 (m, 2 H), 2,91 (spt, J=3,50 Hz, 1 H), 4,38 - 4,54 (m, 2 H), 5,38 (s, 2 H),
7,13 (dd, J=5,27, 0,50 Hz, 1 H), 7,27 (d, J=8,28 Hz, 1 H), 7,61 (d, J=8,53 Hz, 1 H), 8,36
(d, J=5,27 Hz, 1 H), 8,77 (s, 1 H).

Hop chit trung gian 20e: Téng hop (5-clo-1-(4-flobutyl)-1H-pyrolo[3,2-b]pyridin-
2-yl)metanol

0

oﬁ)k
OH
CI\ Ny Brz AcOH = CIx_Ng_Br NG o CIn Ny, \_p
(L — 1 — — 1
Z > NH, Z NH, CH N ©

20a 20b 20c

IZz .
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Budc 1: Téng hop 2-bromo-6-clopyridin-3-amin (hop chét trung gian 20a)

Brom (24,86g, 155,57mmol) dugc thém vao dung dich chia 6-clopyridin-3-amin
(20,00g, 155,57mmol) va natri axetat (25,52g, 311,14mmol) trong axit axetic (383mL).
Hodn hop phan tng ndy dugc khudy & nhiét do trong phong trong 1 gid. Sau d6, axit
axetic dugc lam bay hoi. Phén cin dugc hoa tan trong EtOAc, dugc rira béng dung dich
nude Na;COs bdo hoa, nude va nude mubi. Lop hitu co duge 1am kho trén MgSOs, dugce
loc va duge 1am bay hoi, thu duge 32,20g san phdm 20a mong mudn (99,8%). m/z =
206,96 (M+H)+, md hinh CI+Br.

Budc 2: Tong hop axit 5-clo-1H-pyrolo[3,2-b]pyridin-2-carboxylic (hgp chat trung gian
20b)

Axit 2-oxopropanoic (36,22g, 411,31mmol), paladi(Il)axetat (7,74g, 34,15mmol)
va Et3N (69,11g, 682,94mmol) dugc thém vao dung dich chira 2-bromo-6-clopyridin-3-
amin 20a (32,20g, 155,21mmol) va TPP (35,83g, 136,59mmol) trong DMF kho (300mL).
Hdn hop phan tng nay dwoc khudy ¢ 100°C qua dém. Sau do, dung moi dugce lam bay
hoi, nudc duge thém vao, va 16p nudc dugce rira bé'lng EtOAc. Lép nuée nay dugce axit
héa béng HCI dic. Chét két tua dugc loc ra va dugc lam kho, thu dugce 25,21g san phém
20b mong mubn (82,6%). m/z = 197,1 (M+H)+, mé hinh CI.

Buéc 3: Tong hop metyl 5-clo-1H-pyrolo[3,2-b]pyridin-2-carboxylat (hgp chét trung
gian 20c)

Axit 5-clo-1H-pyrolo[3,2-b]pyridin-2-carboxylic 20b (25,20g, 128,18mmol) duoc
thém vao hdn hop hdi lwu chira axit sulfuric (20mL) va metanol (400mL). Hn hop nay
dugc dun hdi luu qua dém. Sau d6, hdn hop nay dugc lam bay hoi, va dung dich
NaHCO; lanh dugc thém vao dén do pH bazo. Chét két tua dugc loc ra va dugc lam kho,
thu dugc 16,15g san phém 20c mong mudn (59,8%). m/z =211,17 (M+H)+, m6 hinh CI.
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Budc 4: Téng hop metyl 5-clo-1-(4-flobutyl)-1H-pyrolo[3,2-b]pyridin-2-carboxylat (hgp
chét trung gian 20d)

Xesi cacbonat (4g, 12,2mmol) va 1-bromo-4-flobutan (1,3mL, 12,2mmol) dugc
thém lién tiép vao dung dich chira metyl 5-clo-1H-pyrolo[3,2-b]pyridin-2-carboxylat 20c
(2,9g, 12,2mmol) trong DMF (50mL). Hon hop thu duge dwoc lam néng & 60°C qua
dém. Hon hop phan tng duge dé ngudi xudng dén nhiét do trong phong, sau do dugc rot
vao nude d4, va san phdm duge chiét 3 1an bing DCM. Céc 16p hitu co két hop duge lam
kho trén Na;SOs, dugce loc va duge 1am bay hoi dé thu dugce san phim dich 20d duéi
dang chit rin mau vang nhat. San pham nay duoc sir dung & nguyéh dang trong budc tiép
theo. m/z =313 (M+H)+, mé hinh CI.

Bude 5: Téng hop (5-clo-1-(4-flobutyl)-1H-pyrolo[3,2-b]pyridin-2-yl)metanol (hop chét
trung gian 20e)

Dung dich 1M cua lithi nhdm hydrua (11,96mL, 11,96mmol) dugc thém vao dung
dich chtra metyl 5-clo-1-(4-flobutyl)-1H-pyrolo[3,2-b]pyridin-2-carboxylat 20d (3,82g,
10,8mmol) trong THF kho (100mL) & -75°C. Sau d6, bé lam lanh dugc liy ra, va hdn
hop phan g nay dugc gilt & nhiét dd trong phong trong 3 gid. EtOAc dugce thém vao,
theo sau 1a dung dich NH4Cl béo hoa. Hon hop nay dugc khudy trong 30 phut. Lép hitu
co dugc lam kho trén Na,SOs, dugce loc va duge 1am bay hoi dé thu duogc chit diu mau
vang, chit nay duoc tinh ché bing ky thuét sic ky cot dé thu duge san pham dich (5-clo-
1-(4-flobutyl)-1H-pyrolo[3,2-b]pyridin-2-yl)metanol 20e (2,8g, 98%). m/z = 257
(M+H)+, md hinh CL

Hop chit trung gian 21 b va 2lc: Téng hop 4-(5-clo-2-(hydroxymetyl)-1H-benzo[d]-
imidazol-1-yl)butannitril (hgp chét trung gian 21b) va 4-(6-clo-2-(hydroxymetyl)-1H-
benzo[d]imidazol-1-yl)butannitril (hgp chét trung gian 21c)
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Budc 1: Tong hop (5-clo-1H-benzo[d]imidazol-2-yl)metanol (hop chit trung gian 21a)

Hon hgp chtra 4-clobenzen-1,2-diamin (105g, 736mmol, 1 eq.) va axit
hydroxyaxetic (112g, 2 eq.) trong xylen (1500mL) duoc khudy & 150°C trong 4 gio. Sau
d6, hdn hop nay duoc lam ngudi dén 60°C va dugc xtt Iy bang HC1 3N (480mL), sau d6
dugc bazo héa dén d6 pH=7-8 bang cach thém dung dich nudc amoniac. Hdn hop nay
duoc loc, va chét rin duge thu lai, dugc rira bang H,O va tert-butyl metyl ete dé thu duoc
123g (hiéu suét 82%) (§-clo-1H-benzo[d]imidazol-2-yl)metanol 21a.

Bude 2: Tong hop 4-(5-clo-2-(hydroxymetyl)-1H-benzo[d]imidazol-1-yl)butannitril (hop
chét trung gian 21b) va 4-(6-clo-2-(hydroxymetyl)-1H-benzo[d]imidazol-1-yl)butannitril
(hop chét trung gian 21c)

Hdn hop chita (5-clo-1H-benzo[d]imidazol-2-yl)metanol 21a (500mg, 2,738mmol,
1 eq.), 4-bromobutyronitril (466mg, 1,15 eq.), xesi cacbonat (1,338g, 1,5 eq.) va kali
iodua (45mg, 0,1 eq.) trong axetonitril (SmL) dugc dun hdi luu qua dém. Sau d6, hdn hop
nay dugc lam ngudi va dugce k_)C. Dich loc duqc.lém bay hoi trong chin khong, va phin
can duoc xir Iy bang etyl axetat (30mL) va nudc mudi (20mL). L6p hitu co dd duge tach
dugc lam kho (Na2SOs), duoc loc, va dung mdi duge lam bay hoi trong chan khong.
Phan cin dugce tinh ché bang k¥ thuat sic ky cot (dung mdi rira giai: CH2Cla: metanol tir
1:0 dén 15:1) dé thu duge 732mg (54%) hdn hop gdm hai chit ddng phan ciu tric 21b va
21c véi ty 1 1/1. Hon hop nay dugc tach tiép bang k¥ thuat SFC dé thu duge chét ddng
phén céu trac 21b tinh khiét,

Hop chét trung gian 22¢: Téng hop 3-aminospiro[xyclobutan-1,3'-indolin]-2'-on
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Buodc 1

Dess-martin periodinan (16,8g, 1,5 eq.) dugc thém vao rugu 4c hoic 4d (Sg,
26,425mrﬂol) trong DCM ¢ 0°C. Sau 16 gio ¢ nhiét do trong phong, hdn hop phan {ng
dugc loc ra, va dung dich NaHCO; bédo hoa (50mL) va dung dich Na$S;0; (50mL) dugc
thém vao. Sau khi khudy trong 30 phut, 16p hitu co duge tach, dugce lam kho trén NaySOs,
va dugc cb trong chan khong dé thu duge spiro[xyclobutan-1,3'-indolin]-2',3-dion 22a
mong mudn dudi dang hdn hop raxemic, hén hop nay dugc st dung ma khong cén tinh

ché thém trong budc tiép theo.
Budce 2

Hon hgp chira keton 22a (2g, 10,68mmol), natri cacbonat (3,397g, 3 eq.) va
hydroxylamin hydroclorua (1,485g, 2 eq.) trong EtOH/H,O (1/1, 100mL) dugc 1am néng
& 100°C trong 1 gio. Tiép d6, hdn hop phan ng dugc ¢d trong chan khong, va chit két
tda thu duoc dugc loc ra, duoc rira b?mg nudc va duge lam kho trong 16 chén khong dé
thu dugc 3-(hydroxyimino)spiro[xyclobutan-1,3"-indolin]-2'-on 22b (1,5g, hiéu suét
69%).

Budc 3

Oxim 22b dugc hydro héa qua RaNi (435mg, 1 eq.) trong NH3 7N trong MeOH
(50mL) qua dém. Sau d6, dung dich nay dugc loc qua decalit va dugce co trong chin
khong. Sau d6, san pham tho duge tan trong Et,0, va chét rén thu duoc dugc loc ra va
dugc lam kho trong 16 dé thu dwgc aminospiro[xyclobutan-1,3'-indolin]-2'-on 22¢ (1,3g,

hidu sudt 85%) duéi dang hdn hop gdm hai chit ddng phan.
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Tbng hop hop chét cudi
Hop chit 1: Téng hop tert-butyl 1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-indol-2-
yl}metyl)-2'-0x0-1',2'-dihydro-1H-spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-1-carboxylat

K\\g//o

"\~
%

Hop chit 1

DIAD (3,869mL, 19,88mmol) duoc thém vao hdn dich chta {5-clo-1-[3-
(metylsulfonyl)propyl]-1H-indol-2-yl}metanol 17b (4000mg, 13,25mmol), tert-butyl 2'-
oxo-1',2"-dihydro-1H-spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-1-carboxylat 10c
(4423mg, 14,58mmol) va TPP (4172mg, 15,91mmol) trong THF khé (92mL) & nhiét do
trong phong, va hdn hgp phan tng nay dugc khudy qua dém. THF dugc 1am bay hoi, va
san phim thd duoc tinh ché bang ky thudt séc ky cot. Sau khi lam bay hoi cac phan doan
co lién quan, phﬁn cin dugce tai két tinh trong nude. Cac tinh thé tao thanh duoc locrava
dugc rira bang mot lugng nude va heptan dé thu dugc san phdm 1 néu trong tiéu dé dudi
dang chit bot mau be (1231mg, Y = 15,8%). '"H NMR (400MHz, DMSO-ds) & ppm 1,45
(s, 9 H) 1,80 (t, J=5,50 Hz, 4 H) 2,03 - 2,16 (m, 2 H) 3,01 (s, 3 H) 3,14 - 3,25 (m, 2 H)
3,60 - 3,83 (m, 4 H) 4,37 (t, J=7,48 Hz, 2 H) 5,20 (s, 2 H) 6,37 (s, 1 H) 7,16 (dd, J=8,69,
2,09 Hz, 1 H) 7,53 (d, J=1,98 Hz, 1 H) 7,55 (d, J=8,80 Hz, 1 H) 7,69 (d, J=4,62 Hz, 1 H)
8,33 (d, J=4,84 Hz, 1 H) 8,39 (s, 1 H); m/z = 587,23(M+H)*+ md hinh CL.
Hop chat 2: Téng hop 1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-indol-2-yl}-
metyl)spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-on

N
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TFA (2,872mL, 37,53mmol) duoc thém vao dung dich chita terz-butyl 1'-({5-clo-
1-[3-(metylsulfonyl)propyl]-1H-indol-2-yl}metyl)2'-0xo0-1',2'-dihydro-1H-
spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-1-carboxylat 1 (3,39g, 3,75mmol) trong DCM
(20mL), va hdn hop nay duoc khudy qua dém & nhiét do trong phong. Sau do, nudc dugce
thém vao, va hdn hop phan tng niy dugc bazo hoa bing dung dich Na,CO3. DCM duogc
1am bay hoi, va hdn dich nuéc con lai duoc khudy trong 3 gid. Chét ran dugc loc ra, duoc
rira béng nuéc, va sau d6 duge tinh ché béng k¥ thuat séc ky cot dé thu duogc chét diu
thily tinh mau hdng. San phdm nay dugc tan trong dietyl ete dé thu dugc san phim 2
mong mubn dudi dang chét bot mau hdng, chit nay dugc lam khd trong 16 chin khong
(466mg, 23,7%); 'H NMR (400MHz, DMSO-de) & ppm 1,62 - 1,88 (m, 4 H) 2,02 -2,18
(m, 2 H) 2,93 - 3,07 (m, 5 H) 3,11 - 3,24 (m, 4 H) 4,38 (t, J=7,48 Hz, 2 H) 5,19 (s, 2 H)
6,33 (s, 1 H) 7,16 (dd, J=8,69, 2,09 Hz, 1 H) 7,50 - 7,58 (m, 2 H) 7,64 (d, J=4,84 Hz, 1
H) 8,29 - 8,42 (m, 2 H); m/z = 487,27 (M+H)"™+ md hinh Cl.

Hop chit 3: Téng hop 1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-indol-2-yl} metyl)-1-
(metylsulfonyl) spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-on

o}

O0=¢”
\
N

7

Hop chét 3
1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-indol-2-yl} metyl)spiro[ piperidin-4,3'-

pyrolo[2,3-c] pyridin]-2'(1'H)-on 2 (500mg, 0,72mmol) dugc hoa tan trong DCM (5mL),
sau d6 metansulfonyl clorua (0,11mL, 1,44mmol) va EtN (0,30mL, 2,16mmol) dugc
thém vao. Hon hop nay dugc khudy & nhiét do trong phong trong 30 phut. Nude duoc
thém vao, va hdn hgp phan tng niy dugc bazo hoa bang dung dich NaHCOs. San pham
duogc chiét bang DCM (2 1an). Céc 16p hitu co dugce lam kho trén MgSOs, duoc loc va
dugc lam bay hoi. Phin cin duoc tinh ché bing k§ thuét sic ky cot didu ché dé thu duoc
san phim 3 mong muén (172mg, Y = 42,4%). 'H NMR (400MHz, DMSO-de) & ppm
1,88 - 2,16 (m, 6 H) 3,00 (s, 3 H) 3,01 (s, 3 H) 3,17 - 3,26 (m, 2 H) 3,41 - 3,51 (m, 2 H)
3,52 - 3,64 (m, 2 H) 4,38 (t, J=7,48 Hz, 2 H) 5,20 (s, 2 H) 6,38 (s, 1 H) 7,16 (dd, J=8,609,

-65-



21269

2,09 Hz, 1 H) 7,53 (d, J=1,98 Hz, 1 H) 7,56 (d, J=8,80 Hz, 1 H) 7,70 (d, J=4,84 Hz, 1 H)
8,36 (d, J=4,84 Hz, 1 H) 8,41 (s, 1 H); m/z = 565,03 (M+H)"+ mb hinh ClI.

Hop chit 4: Tbéng hop tert-butyl  1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl}metyl)-2'-oxo-1',2'-dihydro-1H-spiro[azetidin-3,3'-indol]-1-carboxylat

J(
b
~
=0
oy
\\\\c\)g/ﬂ
\ Hop chét 4
Tert-butyl  2'-oxo-1',2'-dihydro-1H-spiro[azetidin-3,3'-indol]-1-carboxylat ~ 3f
(1000mg, 3,65mmol) dugc hoa 'tan trong DMF kho (23mL), sau d6 axit 5-clo-2-
(clometyl)-1-[3-(metylsulfonyl)propyl]-1H-benzimidazol clohydric 15e(1304mg,
3,64mmol) va xesi cacbonat (3563mg, 3,56mmol) dugc thém vao. Hon hgp phan tng nay
dugc khudy & nhiét d6 trong phong qua dém. Nude da duoc thém vao, va hdn hop nay
duoc khqu qua dém. Chét rin tao thanh duoc loc ra va dugc ria b.%mg nudc va mot it ete.
Sau khi 1am khd trong 16 chan khéng, san phdm 4 mong muén dugc thu nhan duéi dang
chit rdn mau hdéng (1695mg, Y = 81,5%). 'H NMR (400MHz, DMSO-ds) & ppm 1,44 (s,
9 H) 2,10 - 2,21 (m, 2 H) 3,00 (s, 3 H) 3,19 - 3,25 (m, 2 H) 4,03 - 4,19 (m, 4 H) 4,47 (4,
J=7,48 Hz, 2 H) 5,22 (s, 2 H) 7,13 (td, J=7,48, 0,88 Hz, 1 H) 7,19 (d, J=7,70 Hz, 1 H)
7,27 - 7,34 (m, 2 H) 7,65 - 7,69 (m, 3 H); m/z = 559,21(M+H)"+ md hinh CI.

Hop chit 5: Téng hop 1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-benzimidazol-2-
yl}metyl)spiro[azetidin-3,3'-indol]-2'(1'H)-on

\ Hop chét 5

TFA (ImL, 5 eq.) dugc thém vao dung dich chua tert-butyl 1'-({5-clo-1-[3-
(metylsulfonyl)propyl]-1H-benzimidazol-2-yl }metyl)-2'-0x0-1',2'-dihydro-1H-
spiro[azetidin-3,3'-indol]-1-carboxylat 4 (1,5g, 2,63mmol) trong DCM (20mL) & nhiét do
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trong phong. Sau 12 gio, TFA (2mL) nita dugc thém vao, va hdn hop nay duge khudy
trong 24 gid. Sau do, phan (g dugc trung hoa bang dung dich Na,COs. DCM duoc 1am
bay hoi, va chét rin tao thanh duoc loc ra va duoc rira béng nude va ete dé thu duoc mubi
TFA cua san phdm 5 mong mudn duéi dang chét bot mau xé4m (1,303g, Y = 86,5%). 'H
NMR (400MHz, DMSO-de) 6 ppm 2,11 - 2,26 (m, 2 H) 3,01 (s, 3 H) 3,19 - 3,28 (m, 2 H)
4,16 - 4,35 (m, 4 H) 4,48 (t, J=7,48 Hz, 2 H) 5,22 (s, 2 H) 7,18 - 7,28 (m, 2 H) 7,32 (dd,
J=8,80, 1,98 Hz, 1 H) 7,36 (td, J=7,90, 0,88 Hz, 1 H) 7,66 (d, J=1,98 Hz, 1 H) 7,69 (d,
J=8,80 Hz, 1 H) 7,85 (d, J=6,82 Hz, 1 H) 9,27 (br. s., 2 H); m/z = 459,18(M+H)"+ mo
hinh CI.

Hop chit 6: Téng hop 1'-({5-clo-1-[3 -(metylsulfonyl)propyl]-1H-benzimidazol-2-
yl}metyl)-1-(2-hydroxy-2-metylpropanoyl)spiro[azetidin-3,3'-indol]-2'(1'H)-on

N

N

0

Rt
\ Hop chét 6
1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1 H-benzimidazol-2-

yl}metyl)spiro[azetidin-3,3'-indol]-2'(1'H)-on 5 (300mg, 0,50mmol), axit 2-hydroxy-2-
metylpropanoic (117mg, 1,12mmol) va Et:N (0,482mL, 2,80mmol) duge khudy manh &
nhiét d¢ trong phong trong DMF kh6 (4mL), trong khi d6 DECP (0,188mL, 1,12mmol)
dugc thém vao theo timg giot. Tiép tuc khudy trong 1 gid' & nhiét do moéi tredng trong
binh kin. Mot lugng nudc da dugce thém vao, theo sau 1a dung dich natri bicacbonat bio
hoa. Hon dich thu dugc dugce khudy trong 2 gid, va chit rin dugc loc ra va duge tinh ché
tiép bang k§ thuat sic ky cot rira giai bang gradien DCM va MeOH. Tét ca cac phén doan
tinh khiét déu dugc lam bay hoi dé thu duoc chit bot mau vang nhat, chét ndy dugc tan
tiép trong ete va dugc loc ra dé thu duogc san phim 6 néu trong tidu dé (121mg, Y =
42,0%). '"H NMR (400MHz, DMSO-de) 8 ppm 1,31 (s, 3 H) 1,33 (s, 3 H) 2,11 - 2,24 (m,
2 H) 3,00 (s, 3 H) 3,18 - 3,27 (m, 2 H) 4,02 - 4,20 (m, 2 H) 4,47 (t,J=7,37 Hz, 2 H) 4,55 -
4,75 (m, 2 H) 5,23 (s, 2 H) 5,25 (s, 1 H) 7,11 - 7,23 (m, 2 H) 7,27 - 7,35 (m, 2 H) 7,60 -
7,65 (m, 1 H) 7,65 - 7,71 (m, 2 H); m/z = 545,41 (M+H)"+ mo hinh CI.

Hop chit 7: Téng hop 1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-benzimidazol-2-
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yl}metyl)-1-(pyridin-3-yl)spiro[azetidin-3,3'-indol]-2'(1'H)-on

<N

\_/

N
<50
o

N

pv

\ Hop chit 7
Hon hop chua 1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1 H-benzimidazol-2-

yl}metyl)spiro[azetidin-3,3'-indol]-2'(1'H)-on 5 (259mg, 0,43mmol) va 3-bromopyridin
(0,084mL, 0,87mmol) trong toluen (1,5mL) duoc loai khi bang khi nito trong 5 phut. Sau
do, Pdx(dba); (10mg, 0,01mmol), NaOtBu (52mg, 0,54mmol) va BINAP (20mg,
0,03mmol) dugc thém vao. Hon hop nay duogc loai khi 14n nira, va sau d6 dugc lam nong
trong 10 vi song trong 2 gi& & 125°C. Hon hop phéan mg ndy dwgc lam bay hoi, duge hép
thu trong nudce va duge chiét bﬁng DCM. Mot s6 chét khong hoa tan dugc loc ra. Hai pha
nay dugc tach ra, va 16p hitu co dugce lam kho trén NaxSO4, duge loc va duge 1am bay
hoi dén kho. San phim thd dugc tinh ché bing k¥ thuat sic ky cot didu ché dé thu dugc
san pham 7 néu trong tidu d& (35mg, Y = 15,0%). '"H NMR (400MHz, DMSO-ds) & ppm
2,09 - 2,21 (m, 2 H) 3,00 (s, 3 H) 3,19 - 3,27 (m, 2 H) 4,13 - 4,27 (m, 4 H) 4,47 (t, J=7,48
Hz, 2 H) 5,26 (s, 2 H) 6,99 (ddd, J=8,25, 2,75, 1,32 Hz, 1 H) 7,12 - 7,17 (m, 1 H) 7,20 (d,
J=7,70 Hz, 1 H) 7,25 (dd, J=8,14, 4,62 Hz, 1 H) 7,28 - 7,36 (m, 2 H) 7,64 - 7,71 (m, 3 H)
7,98 (d, J=2,64 Hz, 1 H) 8,02 (dd, J=4,62, 1,32 Hz, 1 H); m/z = 536,07 (M+H)™+ md hinh
CL

Hop chit 8: Téng hop 1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-benzimidazol-2-
yl}metyl)-1-(2-hydroxy-2-metylpropyl)spiro[azetidin-3,3'-indol]-2'(1'H)-on

\ Hop chit 8
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EtzN (0,227mL, 1,63mmol) va 2,2-dimetyloxiran (0,087mL, 0,98mmol) duogc
thém vao dung dich chtta 1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-benzimidazol-2-yl}-
metyl)spiro[azetidin-3,3"-indol]-2'(1'H)-on 5 (150mg, 0,33mmol) trong EtOH (20mL) va
DMF (5mL). Hon hgp phan ting nay duoc 1am néng & 60°C trong 40 gi¢. Viéc lam ndong
duoc ding lai, va nudc da duge thém vao. EtOH dugc 1am bay hoi. Chét rén tao thanh
duoc loc va dugc rira béng nuéc va ete dé thu duge chit bot mau xam. San phém tho nay
dugc tinh ché bang k¥ thuat sic ky cot dé thu duoc san phim 8 néu trong tidu dé dudi
dang chét rin mau tring sau khi lam kho trong 10 chén khong (74mg, Y = 39,2%). 'H
NMR (400MHz, DMSO-d¢) 8 ppm 1,12 (s, 6 H) 2,06 - 2,17 (m, 2 H) 2,46 (s, 2 H) 2,99
(s, 3 H) 3,17 - 3,25 (m, 2 H) 3,54 (q, J=7,04 Hz, 4 H) 4,12 (s, 1 H) 4,45 (t, J=7,37 Hz, 2
H) 5,21 (s, 2 H) 7,10 - 7,17 (m, 2 H) 7,23 - 7,28 (m, 1 H) 7,30 (dd, J=8,58, 1,98 Hz, 1 H)
7,64 - 7,68 (m, 2 H) 7,73 - 7,77 (m, 1 H); m/z = 531,09 (M+H)"+ m6 hinh Cl.

Hop chit 9: Téng hop 1'-[[5-clo-1-(3-metylsulfonylpropyl)benzimidazol-2-ylmetyl]-1-
(2,2,2-trifloetyl)spiro[azetidin-3,3'-indolin]-2'-on

3

N(ki

Tr 30
W
|

Dung dich chtra I'-[[5-clo-1-(3-metylsulfonylpropyl)benzimidazol-2-

Hop chét 9

yllmetyl]spiro[azetidin-3,3'-indolin]-2-on 5  (573mg, Immol), 2,2,2-trifloetyl
1,1,2,2,3,3,4,4,4-nonaflobutan-1-sulfonat  (382mg, 1mmol) va N-etyl-N-isopropyl-
propan-2-amin (0,52mL, 3mmol) dugc khudy trong dioxan (10mL) & 50°C qua ngay cudi
tudn. Sau d6, hdn hop phan ung duoc dé nguoi dén nhiét 0 mdi truong. Hon hop nay
dugc 1am bay hoi dén khi kho, va phdn cin duge lam két tinh trong etanol/axetonitril
100/1. Céc tinh thé mau tréng nhat duogc thu lai béng cach loc va dugc lam khd trong
chan khong dé thu dugc san phim 9 néu trong tidu dé (420mg, 77%). 'H NMR (360MHz,
DMSO-ds) 6 ppm 2,13 (m, J=8,1 Hz, 2 H), 3,00 (s, 3 H), 3,22 (m, J=15,4 Hz, 2 H), 3,42
(9, J=10,0 Hz, 2 H), 3,64 (d, /=7,0 Hz, 2 H), 3,75 (d, /=7,0 Hz, 2 H), 4,46 (t, J=7,1 Hz, 2
H), 5,22 (s, 2 H), 7,07 - 7,22 (m, 2 H), 7,31 (d, J/=8,8 Hz, 1 H), 7,27 (d, /7,3 Hz, 1 H),
7,62 - 7,79 (m, 3 H); m/z = 540,99 (M+H)*+ md hinh CI; diém néng chay: 200,68°C.
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Hop «chit 12: Téng hop (IR,3R)-1'-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-
benzo[d]imidazol-2-yl)metyl)-3-hydroxyspiro[xyclobutan-1,3'-indolin]-2'-on

Hy OH

o
bW

6 Hopchit12

(3R)-1'-({5-clo-1-[3-(metylsulfonyl)propyl]- 1 H-benzimidazol-2-yl} metyl)-3-
hydroxyspiro[xyclobutan-1,3'-indol]-2'(1'H)-on 12 dugc tbng hop theo céc didu kién
phan tmg dugc sir dung dé tdng hop hop chét 4, bang cach st dung (3R)-hydroxyspiro-
[xyclobutan-1,3"-indolin]-2'-on  4d thay cho tert-butyl 2'-oxo-1',2'-dihydro-1H-
spiro[azetidin-3,3'-indol]-1-carboxylat 3f va dugc thu nhan duéi dang chit rdn mau hdng
nhat v6i hiéu suét 1a 82%. 'H NMR (400MHz, DMSO-ds) 8 ppm 2,08 - 2,21 (m, 2 H)
2,27-2,38 (m, 2 H) 2,60 - 2,72 (m, 2 H) 2,99 (s, 3 H) 3,19 - 3,27 (m, 2 H) 4,46 (t, J=7,48
Hz, 2 H) 4,50 - 4,62 (m, 1 H) 5,20 (s, 2 H) 5,45 (d, J=6,82 Hz, 1 H) 7,05 - 7,14 (m, 2 H)
7,18 - 7,25 (m, 1 H) 7,30 (dd, J=8,80, 1,98 Hz, 1 H) 7,45 - 7,55 (m, 1 H) 7,63 - 7,71 (m, 2
H); m/z = 474,05 (M+H)+; MP = 209,84°C.

Hop chit 104: Tbéng hop (IR,3R)-1"-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-

benzo[d]imidazol-2-yl)metyl)-2'-oxospiro[xyclobutan-1,3"-indolin]-3-yl metylcarbamat

Hop chét 104

Dung dich chtra (3R)-1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-benzimidazol-2-
yl}metyl)-3-hydroxyspiro[xyclobutan-1,3'-indol]-2'(1'H)-on 12 (100mg, 0,205mmol),
trietylamin (0,142mL, 1,023mmol) va N,N’-disuxinimidyl cacbonat (210mg, 0,82mmol)
trong DCM (1,5mL) duogc khudy & nhiét do trong phong trong 2 gio. Sau do, dung dich

2M cta metyl amin (1,54mL, 3,07mmol) dugc thém vao, va hdn hop phan tng duge
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khudy tiép trong 30 phut. Sau d6, né dwoc cd, va phin cin duge tinh ché bing k§ thuét
sdc ky trén silicagel bang cach sir dung gradien ciia MeOH (0 dén 5%) trong DCM dé thu
duge 110mg (hiéu sudt 99%) I'-({5-clo-1-[3-(metylsulfonyl)propyl]-1 H-benzimidazol-2-
yl}metyl)-2'-o0x0-1',2'-dihydrospiro[xyclobutan-1,3'-indol]-3-yl metylcarbamat 104 duéi
dang chét rdn mau hong nhat. 'H NMR (400MHz, DMSO-ds) & ppm 2,16 (quin, J=7,59
Hz, 2 H) 2,45 - 2,52 (m, 2 H) 2,59 (d, J=4,62 Hz, 3 H) 2,73 - 2,82 (m, 2 H) 3,00 (s, 3 H)
3,20 - 3,27 (m, 2 H) 4,47 (t, J=7,37 Hz, 2 H) 5,22 (s, 2 H) 5,25 - 5,35 (m, 1 H) 7,07 - 7,16
(m,3H) 7,22 -728 (m, 1 H) 7,28 - 7,33 (m, 1 H) 7,48 - 7,54 (m, 1 H) 7,64 - 7,70 (m, 2
H); m/z=531,15 (M+H)+.

Hop chét 117: Téng hop N-[(1'-{[5-clo-1-(3-xyanopropyl)-1H-indol-2-yl]metyl }-2'-oxo-
1',2'-dihydro-1H-spiro[azetidin-3,3'-indol]-1-yl)sulfonyl]axetamit

//f

SN Hop chét 117

Hon hop chira 4-{5-clo-2-[(2'-oxospiro[azetidin-3,3'-indol]-1'(2'H)-yl)metyl]-1H-
indol-1-yl}butannitril 59 (588mg, 1,133mmol) va sulfamit (326mg, 3,4mmol) trong
dioxan (ZOmL) dugc 1am néng trong 16 vi séng & 160°C trong sudt 40 phut. Sau khi 1am
ngudi, hdn hop phan ng nay dugc cd trong chan khéng, va phan cin duge tai két tinh tir
metanol. Sau do, nguyén liéu tho nay (212mg, 0,438mmol) dugc tai hoa tan trong DCM
(30mL), va axetic anhydrit (82pL, 0,876mmol), N-metylmorpholin (96uL, 0,876mmol)
va DMAP (3,7mg, 0,03mmol) dugc thém vao. Sau 3 gio & nhiét d§ trong phong, hai
duong lugng nira cla axetic anhydrit va N-metylmorpholin dugc thém vao, va hdn hop
phan tmg duge khudy qua dém. Sau do, né dugc lam ding bang MeOH (ImL) va dugc
cd trong chan khong. Phan cin thu duge duoc tinh ché bing k¥ thuat séc ky trén silicagel
bang cach st dung gradien cia MeOH (0 dén 5%) trong DCM dé thu duoc 140mg (hi¢u
sudt 58%) N-[(1'-{[5-clo-1-(3-xyanopropyl)-1H-indol-2-yl|metyl }-2'-0x0-1',2'-dihydro-
1 H-spiro[azetidin-3,3"-indol]-1-yl)sulfonyl]axetamit 117 duéi dang chit rén mau tring.
TH NMR (400MHz, DMSO-ds) 8 ppm 1,93 - 2,04 (m, 1 H), 2,16 (s, 3 H), 2,58 (t, J=7,4
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Hz, 2 H), 4,25 (d, 1=8,1 Hz, 2 H), 4,27 - 4,35 (m, 2 H), 4,40 (d, J=8,4 Hz, 2 H), 5,12 (s, 2
H), 6,38 (s, 1 H), 7,08 (d, I=7,9 Hz, 1 H), 7,11 - 7,21 (m, 2 H), 7,26 - 7,35 (m, 1 H), 7,48
- 7,55 (m, 2 H), 7,58 (d, J=7,0 Hz, 1 H), 10,84 - 10,85 (m, 0 H), 11,75 (br. s., 2 H); m/z =
524 (M-H)"; MP = 182,85°C.

Hop chit 115: Téng hop Dietyl (1'-{[5-clo- 1-(3-xyanopropyl)-1H-benzimidazol-2-
yl]metyl}-2'-oxo0-1',2'-dihydro-1H-spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-1-yl)-
phosphonat

N

{
0—P=0

— A

Cl N\ N _\
Oe
k\\:N Hop chét 115

Hon hop chia 4-(5-clo-2-((2'-oxospiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-
I'(2'H)-yl)metyl)-1H-benzo[d]imidazol-1-yl)butannitril ~ hydroclorua 84  (500mg,
0,985mmol), dietoxyxyanophosphonat (0,448mlL, 3 eq.) va trietylamin (0,411mL, 3 eq.)
trong DMF (10mL) dwgc khudy & nhiét d trong phong trong 2 gidr. Sau d6, hdn hop nay
duoc chiét bing DCM va dugc rira bang nuée. Sau do, cac chit hitu co duge lam kho trén
MgSO4, duge ¢d trong chan khong va dugc tinh ché bing ky thuét sic ky trén silicagel
bang cach sir dung gradien cia MeOH (0 dén 10%) trong DCM, theo sau 12 budc tinh ché
bang k¥ thuat HPLC diéu ché (pha tinh: RP Vydac Denali C18 - 10pum, 200g, 5cm), pha
dong: dung dich NH4HCO; 0,25% trong nuée, CH3CN), dé thu dugc 320mg (hiéu sut
56%) dietyl (1'-{[5-clo-1-(3-xyanopropyl)-1H-benzimidazol-2-yl]metyl}-2'-oxo0-1',2'-
dihydro-1H-spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-1-yl)phosphonat 115. m/z = 571
(M+H)",

Hop chét 148 va 149: Téng hop 4-(2-(((1r,3r)-3-amino-2'-oxospiro[xyclobutan-1,3'-
indolin]-1'-yl)metyl)-5-clo-1H-benzo[d]imidazol-1-yl)butannitril va  4-(2-(((1s,3s)-3-
amino-2'-oxospiro[xyclobutan-1,3'-indolin]-1'-yl)metyl)-5-clo-1H-benzo[d]imidazol-1-

yl)butannitril
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148 149

Natri hydrua (79mg, 2 eq.) dugc thém vao dung dich chtta amin 22¢ (194mg,
1,035mmol) trong DMF kho (10mL) & nhiét d6 trong phong. Sau 30 phut, axit 4-(5-clo-
2-(clometyl)-1H-benzo[d]imidazol-1-yl)butannitril clohydric (332mg, 1 eq.) dugc thém
vao, va hon hop phan ing dugce khudy & nhiét do trong phong trong 2 gid. Sau dd, san
phim thé duoc loc ra, va dich lgc dugce cd trong chin khong. San phém tho thu dugc
dugc tinh ché tiép bang k§ thuat SFC didu ché (pha tinh: Chiralcel Diacel OJ 20 x
250mm, pha ddng: CO,, iPrOH véi iPrNH; 0,2%), dé thu duogc cac chét déng phéan tinh
khiét 148 (85mg, hiéu sudt 19%) va 149 (158mg, hidu suit 35%).

Dbi v6i 148: 'H NMR (400MHz, DMSO-ds) & ppm 1,91 - 2,10 (m, 2 H) 2,13 -
2,27 (m, 2 H) 2,55 - 2,71 (m, 4 H) 3,78 (quin, J=8,03 Hz, 1 H) 4,38 (t, J=7,59 Hz, 2 H)
5,20 (s, 2 H) 7,08 (td, J=8,10, 1,54 Hz, 2 H) 7,20 (td, J=7,70, 1,32 Hz, 1 H) 7,29 (dd,
J=8,58, 1,98 Hz, 1 H) 7,53 - 7,70 (m, 3 H); m/z = 420 [M+H]*. Dbi v6i 149: 'H NMR
(400MHz, DMSO-dg)  ppm 1,80 - 2,20 (m, 4 H) 2,20 - 2,34 (m, 2 H) 2,36 - 2,47 (m, 2
H) 2,59 (t, J=7,48 Hz, 2 H) 3,77 - 3,95 (m, 1 H) 4,36 (t, J=7,50 Hz, 2 H) 5,21 (s, 2 H)
7,00 - 7,14 (m, 2 H) 7,16 - 7,25 (m, 1 H) 7,29 (dd, J=8,58, 1,98 Hz, 1 H) 7,55 (d, J=6,82
Hz, 1 H) 7,64 (d, J=8,80 Hz, 1 H) 7,66 (d, J=1,76 Hz, 1 H).

Hop chit 143 va 144: Téng hop  1-((1s,3s)-1'-((5-clo-1-(3-xyanopropyl)- 1H-
benzo[d]imidazol-2-yl)metyl)-2'-oxospiro[xyclobutan-1,3'-indolin]-3-yl)-3-isopropylure
va 1-((1r,31)-1'-((5-clo-1-(3-xyanopropyl)- 1H-benzo[ d]imidazol-2-yl)metyl)-2'-

oxospiro[xyclobutan-1,3'-indolin]-3-yl)-3-isopropylure
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Hon hop chua 4-(2-(3-amino-2'-oxospiro[xyclobutan-1,3"-indolin]-1"-yl)metyl)-5-

clo-1H-benzo[d]imidazol-1-yl)butannitril (hdn hgp raxemic, 500mg, 1,191mmol), 2-

isoxyanatopropan (0,14mL, 1,2 eq.) va DIPEA (3,175mL, 2 eq.) duoc khudy & nhiét do

trong phong trong 1 gid. Tiép d6, hdn hop phan tmg dugc co trong chan khong va dugc
tinh ché bing k§ thuat HPLC diéu ché (pha tinh: RP Vydac Denali C18 - 10pm, 200g,
Scm), pha dong: dung dich NH4HCOs3 0,25% trong nuée, CH3CN) dé thu dugc hdn hop
tinh khiét ctia cac chat dong phan dbi anh, céc chat nay dugc tach ra sau d6 bang ky thuat
SFC diéu ché (pha tinh: Chiralpak Diacel AD 30 x 250mm), pha dong: CO,, MeOH véi
iPrNH> 0,2%), thu dugc 240mg (hiéu suit 40%) 143 va 122mg (hiéu suét 20%) 144.

Céc hop chét néu trong bang dudi day duge tong hop theo cac quy trinh néu trén

va theo céc phuwong phap da biét dbi v6i ngudi c6 hidu biét trung binh v& linh vyc hoa

hoc.
g]('gz Céu trac Tén/Thong tin chi tiét v& phan tich
\\/ tert-butyl 1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
o §\/o indol-2-yl}metyl)-2'-oxo0-1',2'-dihydro-1H-
N spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-1-carboxylat
'H NMR (400MHz, DMSO-ds) & ppm 1,45 (s, 9 H) 1,80
1 o= (t, J=5,50 Hz, 4 H) 2,03 - 2,16 (m, 2 H) 3,01 (s, 3 H)

3,14 - 3,25 (m, 2 H) 3,60 - 3,83 (m, 4 H) 4,37 (t, ]=7,48
Hz, 2 H) 5,20 (s, 2 H) 6,37 (s, 1 H) 7,16 (dd, J=8,69,
2,09 Hz, 1 H) 7,53 (d, J=1,98 Hz, 1 H) 7,55 (d, J=8,80
Hz, 1 H) 7,69 (d, ]=4,62 Hz, 1 H) 8,33 (d, ]=4,84 Hz, 1
H) 8,39 (s, 1 H); m/z = 587,23(M+H)"+ m hinh CI.
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1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-indol-2-yl}-
metyl)spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-
on

"H NMR (400MHz, DMSO-ds) & ppm 1,62 - 1,88 (m, 4
H) 2,02 - 2,18 (m, 2 H) 2,93 - 3,07 (m, 5 H) 3,11 - 3,24
(m, 4 H) 4,38 (t, /57,48 Hz, 2 H) 5,19 (s, 2 H) 6,33 (s, 1
H) 7,16 (dd, J=8,69, 2,09 Hz, 1 H) 7,50 - 7,58 (m, 2 H)
7,64 (d, J=4,84 Hz, 1 H) 8,29 - 8,42 (m, 2 H); m/z =
487,27 (M+H)*+ md hinh CI.

1'-({5-clo-1-[3-(metylsulfonyl)propyl]- 1 H-indol-2-yl} -
metyl)spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-
on

'H NMR (400MHz, DMSO-ds) & ppm 1,88 - 2,16 (m, 6
H) 3,00 (s, 3 H) 3,01 (s, 3 H) 3,17 - 3,26 (m, 2 H) 3,41 -
3,51 (m, 2 H) 3,52 - 3,64 (m, 2 H) 4,38 (t, ]=7,48 Hz, 2
H) 5,20 (s, 2 H) 6,38 (s, 1 H) 7,16 (dd, J=8,69, 2,09 Hz,
1 H) 7,53 (d, J=1,98 Hz, 1 H) 7,56 (d, J=8,80 Hz, 1 H)
7,70 (d, J=4,84 Hz, 1 H) 8,36 (d, J=4,84 Hz, 1 H) 8,41
(s, 1 H); m/z = 565,03 (M+H)*+ mé hinh CI.

tert-butyl 1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl}metyl)-2'-oxo-1',2'-dihydro-1H-
spiro[azetidin-3,3'-indol]-1-carboxylat

'H NMR (400MHz, DMSO-ds) 8 ppm 1,44 (s, 9 H) 2,10
-2.21 (m, 2 H) 3,00 (s, 3 H) 3,19 - 3,25 (m, 2 H) 4,03 -
4,19 (m, 4 H) 4,47 (t, 1=7,48 Hz, 2 H) 5,22 (s, 2 H) 7,13
(td, J=7,48, 0,88 Hz, 1 H) 7,19 (d, J=7,70 Hz, 1 H) 7,27 -
734 (m, 2 H) 7,65 - 7,69 (m, 3 H); m/z =
559,21(M+H)*+ mé hinh CI.

I'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl}metyl)spiro[azetidin-3,3'-indol]-
2'(1'H)-on

TH NMR (400MHz, DMSO-ds) 8 ppm 2,11 - 2,26 (m, 2
H) 3,01 (s, 3 H) 3,19 - 3,28 (m, 2 H) 4,16 - 4,35 (m, 4 H)
4,48 (t, 1=7,48 Hz, 2 H) 5,22 (s, 2 H) 7,18 - 7,28 (m, 2
H) 7,32 (dd, J=8,80, 1,98 Hz, 1 H) 7,36 (td, J=7,90, 0,88
Hz, 1 H) 7,66 (d, J=1,98 Hz, 1 H) 7,69 (d, J=8,80 Hz, 1
H) 7,85 (d, J=6,82 Hz, 1 H) 9,27 (br. s., 2 H); m/z =
459,18(M+H)*+ md hinh Cl,
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1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl}metyl)-1-(2-hydroxy-2-metyl-
propanoyl)spiro[azetidin-3,3'-indol]-2'(1'H)-on

'H NMR (400MHz, DMSO-ds) 8 ppm 1,31 (s, 3 H) 1,33
(s,3H)2,11-2,24 (m, 2 H) 3,00 (s, 3 H) 3,18 - 3,27 (m,
2 H) 4,02 - 4,20 (m, 2 H) 4,47 (t,J=7,37 Hz, 2 H) 4,55 -
4,75 (m, 2 H) 5,23 (s, 2H) 5,25 (s, 1 H) 7,11 - 7,23 (m, 2
H) 7,27 - 7,35 (m, 2 H) 7,60 - 7,65 (m, 1 H) 7,65 - 7,71
(m, 2 H); m/z = 545,41 (M+H)*+ md hinh CI

I'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl}metyl)-1-(pyridin-3-yl)spiro[azetidin-
3,3'-indol]-2'(1'H)-on

'H NMR (400MHz, DMSO-dg) & ppm 2,09 - 2,21 (m, 2
H) 3,00 (s, 3 H) 3,19 - 3,27 (m, 2 H) 4,13 - 4,27 (m, 4 H)
4,47 (t, I=7,48 Hz, 2 H) 5,26 (s, 2 H) 6,99 (ddd, J=8,25,
2,75, 1,32 Hz, 1 H) 7,12 - 7,17 (m, 1 H) 7,20 (d, ]=7,70
Hz, 1 H) 7,25 (dd, J=8,14, 4,62 Hz, 1 H) 7,28 - 7,36 (m,
2 H) 7,64 - 7,71 (m, 3 H) 7,98 (d, ]=2,64 Hz, 1 H) 8,02
(dd, J=4,62, 1,32 Hz, 1 H); m/z = 536,07 (M+H)"+ mo
hinh Cl

I'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl}metyl)-1-(2-hydroxy-2-metyl-
propyl)spiro[azetidin-3,3'-indol]-2'(1'H)-on

'H NMR (400MHz, DMSO-de) 8 ppm 1,12 (s, 6 H) 2,06
-2,17 (m, 2 H) 2,46 (s, 2 H) 2,99 (s, 3 H) 3,17 - 3,25 (m,
2 H) 3,54 (q, J=7,04 Hz, 4 H) 4,12 (s, 1 H) 4,45 (t,
J=7,37Hz, 2 H) 5,21 (s, 2 H) 7,10 - 7,17 (m, 2 H) 7,23 -
7,28 (m, 1 H) 7,30 (dd, J=8,58, 1,98 Hz, 1 H) 7,64 - 7,68
(m, 2 H) 7,73 - 7,77 (m, 1 H); m/z = 531,09 (M+H)"+
mo hinh Cl

1'-[[5-clo-1-(3-metylsulfonylpropyl)benzimidazol-2-yl]-

metyl]-1-(2,2,2-trifloetyl)spiro[azetidin-3,3'-indolin]-2'-

on

'H NMR (360MHz, DMSO-ds) § ppm 2,13 (m, J=8,1
Hz, 2 H), 3,00 (s, 3 H), 3,22 (m, J=15,4 Hz, 2 H), 3,42
(9, /=10,0 Hz, 2 H), 3,64 (d, J/=7,0 Hz, 2 H), 3,75 (d,
J=1,0 Hz, 2 H), 4,46 (t, J=7,1 Hz, 2 H), 5,22 (s, 2 H),
7,07 - 7,22 (m, 2 H), 7,31 (d, /=8,8 Hz, 1 H), 7,27 (d,
J=1,3 Hz, 1 H), 7,62 - 7,79 (m, 3 H); m/z = 540,99
(M+H)™+ md hinh CI; diém néng chay: 200,68°C
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1-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-benzo[d]-
imidazol-2-yl)metyl)-6-flo-2',3',5',6'-
tetrahydrospiro[indolin-3,4'-pyran]-2-on

'H NMR (400MHz, DMSO-de) & ppm 1,63 - 1,92 (m, 4
H) 2,12 - 2,26 (m, 2 H) 3,01 (s, 3 H) 3,21 - 3,28 (m, 2 H)
3,76 - 3,90 (m, 2 H) 3,98 - 4,13 (m, 2 H) 4,46 (t, J=6,93
Hz, 2 H) 5,24 (s, 2 H) 6,82 - 6,91 (m, 1 H) 7,14 (dd, J=
9,57, 1,65 Hz, 1 H) 7,31 (dd, J=8,36, 1,32 Hz, 1 H) 7,60
(dd, J=7,92, 5,72 Hz, 1 H) 7,65 (d, J=1,32 Hz, 1 H) 7,67
(d, J=8,80 Hz, 1 H); m/z = 506,13 (M+H)+ md hinh Cl
MP =207,14°C

11

(3S)-1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl}metyl)-3-hydroxyspiro[xyclobutan-
1,3'-indol]-2'(1'H)-on

'H NMR (400MHz, DMSO-dg) § ppm 2,00 - 2,17 (m, 2
H) 2,38 - 2,48 (m, 4 H) 2,99 (s, 3 H) 3,15 - 3,25 (m, 2 H)
4,45 (t, J=7,26 Hz, 2 H) 4,63 - 4,79 (m, 1 H) 5,23 (s, 2
H) 5,57 (br. s., 1 H) 7,00 - 7,16 (m, 2 H) 7,17 - 7,26 (m,
1 H) 7,30 (dd, J=8,69, 1,87 Hz, 1 H) 7,50 (d, J=7,26 Hz,
1 H)7,62-7,71 (m, 2 H)

m/z = 474,05(M+H)+ m6 hinh Cl; MP = 232,91°C

12

(BR)-1"-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl}metyl)-3-hydroxyspiro[xyclobutan-
1,3'-indol]-2'(1'H)-on

'H NMR (400MHz, DMSO-de) § ppm 2,08 - 2,21 (m, 2
H) 2,27 - 2,38 (m, 2 H) 2,60 - 2,72 (m, 2 H) 2,99 (s, 3 H)
3,19 - 3,27 (m, 2 H) 4,46 (t, J=7,48 Hz, 2 H) 4,50 - 4,62
(m, 1 H) 5,20 (s, 2 H) 5,45 (d, J=6,82 Hz, 1 H) 7,05 -
7,14 (m, 2 H) 7,18 - 7,25 (m, 1 H) 7,30 (dd, J=8,80, 1,98
Hz, 1 H) 7,45 - 7,55 (m, 1 H) 7,63 - 7,71 (m, 2 H); m/z =
474,05 (M+H)+ mo hinh Cl; MP = 209,84°C

13

1°-((5-clo-1-(3-(metylsulfonyl)propyl)-1 H-benzo[d]-
imidazol-2-yl)metyl)-1-(quinoxalin-6-ylsulfonyl)spiro-
[piperidin-4,3’-pyrolo[2,3-c]pyridin]-2°(1° H)-on

'H NMR (400MHz, CLOROFORM-d) § ppm 1,91 - 2,02
(m, 2 H), 2,04 - 2,16 (m, 2 H), 2,21 - 2,35 (m, 2 H), 2,89
(s, 3 H), 3,00 (t, /<7,2 Hz, 2 H), 3,44 - 3,56 (m, 2 H),
3,70 - 3,81 (m, 2 H), 4,36 - 4,47 (m, 2 H), 5,11 (s, 2 H),
7,10 (d, /4,4 Hz, 1 H), 7,24 (m, J=1,8 Hz, 2 H), 7,69
(d, J=1,1 Hz, 1 H), 8,15 (dd, J=8,8, 2,0 Hz, 1 H), 8,33 (d,
J=8,8 Hz, 1 H), 8,40 (d, J/~4,8 Hz, 1 H), 8,66 (d, /~1,8
Hz, 1 H), 8,70 (s, 1 H), 8,99 - 9,07 (m, 2 H); m/z = 681
(M+H)+ md hinh Cl
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tert-butyl 1”-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-
benzo[d] imidazol-2-yl)metyl)-2’-0x0-1,2’-
dihydrospiro[piperidin-4,3°-pyrolo[2,3-c]pyridin]-1-
carboxylat

'H NMR (400MHz, DMSO-ds) & ppm 1,44 (s, 9 H), 1,79
(m, J=5,6, 5,6 Hz, 4 H), 2,18 (m, J=7,6, 7,6 Hz, 2 H),
3,01 (s, 3 H), 3,20 - 3,29 (m, 2 H), 3,61 - 3,81 (m, 4 H),
4,47 (t, J=7,4 Hz, 2 H), 5,30 (s, 2 H), 7,31 (dd, J=8,6, 2,0
Hz, 1 H), 7,62 - 7,72 (m, 3 H), 8,33 (d, J/~4,8 Hz, 1 H),
8,48 (s, 1 H); m/z =589 (M+H)+ mé hinh Cl

15

1-((5-clo-1-(3-(metylsulfonyl)propyl)- 1 H-benzo[ d]-
imidazol-2-yl)metyl)-1’-(6-clopyridazin-3-yl)spiro-
[indolin-3,4’-piperidin]-2-on

'H NMR (400MHz, DMSO-ds) & ppm 1,83 - 1,98 (m, 4
H), 2,13 - 2,25 (m, 2 H), 3,01 (s, 3 H), 3,20 - 3,29 (m, 2
H), 3,92 - 4,13 (m, 4 H), 4,48 (t, /7,4 Hz, 2 H), 5,26 (s,
2 H), 7,05 (t, 57,4 Hz, 1 H), 7,17 - 7,23 (m, 1 H), 7,23 -
7,35 (m, 2 H), 7,43 - 7,51 (m, 1 H), 7,51 - 7,59 (m, 2 H),
7,63 - 7,72 (m, 2 H)

m/z = 600 (M-+H)+ m6 hinh Cl

16

1-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-benzo[d]-
imidazol-2-yl)metyl)-1’-(quinoxalin-6-ylsulfonyl)spiro-
[indolin-3,4’-piperidin]-2-on

'H NMR (400MHz, DMSO-ds) 8 ppm 1,85 (m, J=14,1
Hz, 2 H), 2,03 - 2,15 (m, 4 H), 2,93 (s, 3 H), 3,11 - 3,19
(m, 2 H), 3,28 (td, J~11,6, 2,9 Hz, 2 H), 3,62 - 3,74 (m, 2
H), 4,36 (t, J=7,5 Hz, 2 H), 5,12 (s, 2 H), 5,75 (s, 1 H),
7,02 (td, J=7,5, 0,9 Hz, 1 H), 7,12 (d, J=7,5 Hz, 1 H),
7,19 - 7,25 (m, 1 H), 7,27 (dd, J=8,6, 2,0 Hz, 1 H), 7,36
(d, 7,3 Hz, 1 H), 7,59 (d, J=1,8 Hz, 1 H), 7,62 (d,
J=8,6 Hz, 1 H), 8,20 (dd, J=8,8, 2,0 Hz, 1 H), 8,39 (d,
J=8,8 Hz, 1 H), 8,51 (d, J/=2,0 Hz, 1 H), 9,10 - 9,19 (m,
2 H); m/z = 680 (M+H)+ mo6 hinh Cl

17

tert-butyl  1-((5-bromo-1-(3-(metylsulfonyl)propyl)-1H-
benzo[d] imidazol-2-yl)metyl)-2-oxospiro[indolin-3,4’-
piperidin]-1’-carboxylat

'H NMR (400MHz, CLOROFORM-d) & ppm 1,51 (s, 9
H), 1,73 - 1,91 (m, 4 H), 2,23 - 2,35 (m, 2 H), 2,96 (s, 3
H), 3,11 (t, J=7,2 Hz, 2 H), 3,72 - 3,91 (m, 4 H), 4,49 (t,
J=71,8 Hz, 2 H), 5,19 (s, 2 H), 7,05 - 7,11 (m, 1 H), 7,26
(s, 1 H), 7,29 (m, J=8,5 Hz, 2 H), 7,28 - 7,28 (m, 1 H),
7,41 (dd, J=8,7, 1,6 Hz, 1 H), 7,49 (d, J=7,8 Hz, 1 H),
7,92 (d, J~1,5 Hz, 1 H); m/z = 632 (M+H)+ m6 hinh Br
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4-(1-((5-clo-1-(3-(metylsulfonyl)propyl)-1 H-benzo[d]-
imidazol-2-yl)metyl)-2-oxospiro[indolin-3,4’-piperidin]-
1’-ylsulfonyl) benzonitril

'"H NMR (400MHz, DMSO-ds) 8 ppm 1,83 (d, J=14,1
Hz, 2 H), 1,98 - 2,22 (m, 4 H), 2,97 (s, 3 H), 3,13 - 3,28
(m, 4 H), 3,53 - 3,63 (m, 2 H), 4,40 (t, /=7,5 Hz, 1 H),
5,15 (s, 2 H), 6,99 - 7,08 (m, 1 H), 7,13 (d, J=7,8 Hz, 1
H), 7,20 - 7,26 (m, 1 H), 7,28 (dd, /=8,7, 1,9 Hz, 1 H),
7,36 (d, /7,3 Hz, 1 H), 7,60 (d, J=1,5 Hz, 1 H), 7,62 -
7,67 (m, 1 H), 7,99 (d, /=8,5 Hz, 1 H), 8,15 (d, J=8,3
Hz, 1 H); m/z = 653 (M+H)+ mé hinh Cl

19

]

o
m

1-((5-clo-1-(3-(metylsulfonyl)propyl)- 1 H-benzo[d]-
imidazol-2-yl) metyl)-5-flo-2’,3°,5°,6’-tetrahydrospiro-
[indolin-3,4’-pyran]-2-on

"H NMR (400MHz, DMSO-de) § ppm 1,72 - 1,82 (m, 2
H), 1,89 (m, J=18,2, 4,2, 4,2 Hz, 1 H), 2,17 (m, J=7,6,
7,6,7,6,7,6 Hz, 1 H), 3,01 (s, 3 H), 3,20 - 3,28 (m, 2 H),
3,78 - 3,90 (m, 2 H), 4,07 (ddd, J~=11,7, 8,9, 3,2 Hz, 2
H), 4,46 (t, J=7,5 Hz, 2 H), 5,23 (s, 2 H), 7,06 - 7,14 (m,
1 H), 7,17 - 7,22 (m, 1 H), 7,31 (dd, J=8,6, 2,0 Hz, 1 H),
7,53 (dd, J=8,7, 2,5 Hz, 1 H), 7,64 (d, J/=2,0 Hz, 1 H),
7,67 (d, J=8,6 Hz, 1 H); m/z= 506 (M+H)+ m6 hinh CI

20

5-bromo-1-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-
benzo|[d] imidazol-2-yl)metyl)-1’-(6-clopyridazin-3-
yl)spiro[indolin-3,4’-piperidin]-2-on

"H NMR (400MHz, DMSO-ds) & ppm 1,81 - 1,90 (m, 2
H), 1,94 - 2,04 (m, 2 H), 2,18 (m, J=7,3, 7,3 Hz, 2 H),
3,01 (s, 3 H), 3,21 - 3,28 (m, 2 H), 3,87 - 3,99 (m, 2 H),
4,06 - 4,17 (m, 2 H), 4,47 (t, J<7,5 Hz, 2 H), 5,26 (s, 2
H), 7,16 (d, /=8,4 Hz, 1 H), 7,31 (dd, J=8,6, 2,0 Hz, 1
H), 7,42 - 7,49 (m, 2 H), 7,52 - 7,57 (m, 1 H), 7,64 (d,
J=2,0 Hz, 1 H), 7,67 (d, J=8,6 Hz, 1 H), 7,77 (d, J=2,0
Hz, 1 H); m/z= 679 (M+H)+ m6 hinh Cl/Br

21

1-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-benzo[d]-
imidazol-2-yl)metyl)spiro[indolin-3,4’-piperidin]-2-on
"H NMR (400MHz, DMSO-ds) & ppm 1,91 - 2,10 (m, 4
H), 2,21 - 2,32 (m, 2 H), 2,97 (s, 3 H), 3,17 (br. s., 2 H),
3,20 - 3,28 (m, 2 H), 3,41 (br. s., 2 H), 4,49 (t, /=7,3 Hz,
2 H), 5,22 (s, 2 H), 7,04 - 7,13 (m, 1 H), 7,16 - 7,22 (m,
1 H), 7,23 - 7,30 (m, 2 H), 7,44 (d, J=6,9 Hz, 1 H), 7,58
(s, 1 H), 7,61 (d, J=8,5 Hz, 1 H); m/z = 488 (M+H)+ md
hinh C1/Br
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5-bromo-1-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-
benzo[d] imidazol-2-yl)metyl)-1’-isonicotinoylspiro-
[indolin-3,4’-piperidin]-2-on

'H NMR (400MHz, DMSO-ds) § ppm 1,72 (d, J=13,2
Hz, 1 H), 1,86 (d, J/=13,9 Hz, 1 H), 2,02 (m, J=13,9 Hz,
2 H), 2,12 - 2,24 (m, 2 H), 3,01 (s, 3 H), 3,20 - 3,28 (m,
2 H), 3,45 (d, J=13,6 Hz, 1 H), 3,74 (m, J=10,3 Hz, 1 H),
4,28 (d, J=13,4 Hz, 1 H), 4,46 (t, /<7,5 Hz, 2 H), 5,24 (s,
2 H), 7,15 (d, J=8,4 Hz, 1 H), 7,30 (dd, J=8,7, 2,1 Hz, 1
H), 7,46 (dd, J=8,4, 2,0 Hz, 1 H), 7,49 - 7,54 (m, 2 H),
7,62 (d, J=2,0 Hz, 1 H), 7,67 (d, /=8,6 Hz, 1 H), 7,88 (d,
J=2,0 Hz, 1 H), 8,66 - 8,73 (m, 2 H); m/z = 672 (M+H)+
mo hinh ClI

23

tert-butyl 5-bromo-1-((5-clo-1-(3-(metyl-
sulfonyl)propyl)-1H-benzo[d]imidazol-2-yl)metyl)-2-
oxospiro[indolin-3,4’-piperidin]-1’-carboxylat

'H NMR (400MHz, DMSO-ds) 8 ppm 1,45 (s, 9 H), 1,69
- 1,79 (m, 2 H), 1,80 - 1,90 (m, 2 H), 2,17 (t, 57,4 Hz, 2
H), 3,01 (s, 3 H), 3,21 - 3,28 (m, 2 H), 3,63 (br. s., 2 H),
3,70 - 3,79 (m, 2 H), 4,45 (t, J/=7,5 Hz, 2 H), 5,24 (s, 2
H), 7,15 (d, J=8,6 Hz, 1 H), 7,31 (dd, J=8,6, 2,0 Hz, 1
H), 7,45 (dd, J=8,4, 2,0 Hz, 1 H), 7,63 (d, J=1,8 Hz, 1
H), 7,67 (d, J=8,6 Hz, 1 H), 7,75 (d, J/=2,0 Hz, 1 H); m/z
=667 (M+H)+ md hinh Cl

24

1’-axetyl-5-clo-1-((5-clo-1-(3-(metylsulfonyl)propyl)-

1 H-benzo[d]imidazol-2-yl)metyl)spiro[indolin-3,4°-
piperidin]-2-on

'H NMR (400MHz, DMSO-ds) § ppm 1,68 - 1,87 (m, 3
H), 1,91 - 2,02 (m, 1 H), 2,07 (s, 3 H), 2,18 (quin, J=7,6
Hz, 2 H), 3,01 (s, 3 H), 3,21 - 3,29 (m, 2 H), 3,53 - 3,64
(m, 1 H), 3,69 - 3,77 (m, 1 H), 3,80 (dd, J=9,7, 3,3 Hz, 1
H), 3,99 - 4,08 (m, 1 H), 4,46 (t, J=7,5 Hz, 2 H), 5,25 (s,
2 H), 7,19 (d, J=8,6 Hz, 1 H), 7,28 - 7,35 (m, 1 H), 7,64
(dd, J=4,3, 2,1 Hz, 1 H), 7,67 (d, J=8,6 Hz, 1 H); m/z =
564 (M+H)+ mo hinh Cl

25

5-clo-1-((5-clo-1-(3-(metylsulfonyl)propyl)-1 H-benzo[d]
imidazol-2-yl)metyl)-1’-(2-hydroxy-2-
metylpropyl)spiro[indolin-3,4’-piperidin]-2-on

'H NMR (400MHz, DMSO-ds) & ppm 1,13 (s, 6 H), 1,74
- 1,90 (m, 4 H), 2,16 (m, J=7,3, 7,3 Hz, 2 H), 2,35 (s, 2
H), 2,69 - 2,78 (m, 2 H), 2,94 - 3,00 (m, 2 H), 3,01 (s, 3
H), 3,20 - 3,28 (m, 2 H), 4,08 (s, 1 H), 4,45 (t, J=7,5 Hz,
2 H), 5,23 (s, 2 H), 7,18 (d, /=8,4 Hz, 1 H), 7,31 (ddd,
J=8.,5, 6,5, 2,1 Hz, 1 H), 7,59 (d, J/=2,0 Hz, 1 H), 7,63 (d,
J=1,8 Hz, 1 H), 7,66 (d, J=8,6 Hz, 1 H); m/z = 594
(M+H)+ m6 hinh CI
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26

\>___/
N

4-clo-1-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl} metyl)spiro[indol-3,4'-piperidin]-
2(1H)-on

'H NMR (400MHz, DMSO-ds) § ppm 1,51 (br. s, 2 H)
2,11-2,26 (m, 2 H) 2,42 - 2,54 (m, 2 H) 2,73 - 2,86 (m,
2 H) 3,02 (s, 3 H) 3,21 - 3,28 (m, 2 H) 3,28 - 3,39 (m, 2
H) 4,47 (t, J=7,37 Hz, 2 H) 5,23 (s, 2 H) 7,04 (d, J=8,14
Hz, 1 H) 7,12 (d, J=7,48 Hz, 1 H) 7,25 (t, J=7,92 Hz, 1
H) 7,30 (dd, J=8,69, 1,87 Hz, 1 H) 7,63 (d, J=1,98 Hz, 1
H) 7,67 (d, J=8,80 Hz, 1 H); m/z=521,01 M+H)+2*Md
hinh CI

27

1'-axetyl-4-clo-1-({5-clo-1-[3-(metylsulfonyl)propyl]-

1 H-benzimidazol-2-yl} metyl)spiro[indol-3,4'-piperidin]-
2(1H)-on '

'H NMR (400MHz, DMSO-ds) 8 ppm 1,61 - 1,79 (m, 2
H) 2,07 (s, 3 H) 2,14 - 2,26 (m, 2 H) 2,37 - 2,64 (m, 2 H)
3,02 (s, 3 H) 3,21 - 3,29 (m, 2 H) 3,31 - 3,39 (m, 1 H)
3,77 - 3,88 (m, 2 H) 4,35 - 4,43 (m, 1 H) 4,47 (t, J=7,37
Hz, 2 H) 5,26 (s, 2 H) 7,07 (d, J=8,14 Hz, 1 H) 7,18 (d,
=7,70 Hz, 1 H) 7,25 - 7,34 (m, 2 H) 7,64 (d, J=1,76 Hz,
1 H) 7,68 (d, J=8,80 Hz, 1 H); m/z = 563,05
(M+H)+2*M5 hinh Cl

28

1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl} metyl)-1-(2-metylpropanoyl)-
spiro[azetidin-3,3'-indol]-2'(1'H)-on

'H NMR (400MHz, DMSO-ds) § ppm 1,00 - 1,10 (m, 6
H) 2,08 - 2,22 (m, 2 H) 2,52 - 2,60 (m, 1 H) 3,00 (s, 3 H)
3,19 -3,26 (m, 2 H) 4,01 - 4,20 (m, 2 H) 4,37 - 4,55 (m,
4 H) 5,17 - 5,31 (m, 2 H) 7,10 - 7,24 (m, 2 H) 7,27 - 7,36
(m, 2 H) 7,62 - 7,74 (m, 3 H); m/z = 529,11 (M+H)+ md
hinh Cl; MP = 133,12°C va 226,64°C

29

1I'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl}metyl)-1-(xyclopropylsulfonyl)-
spiro[azetidin-3,3'-indol]-2'(1'H)-on

'H NMR (400MHz, DMSO-dg) 8 ppm 1,00 - 1,19 (m, 4
H) 2,09 - 2,21 (m, 2 H) 2,93 - 3,03 (m, 4 H) 3,20 - 3,27
(m, 2 H) 4,12 - 4,34 (m, 4 H) 4,47 (t, J=7,37 Hz, 2 H)
5,23 (s, 2 H) 7,14 - 7,25 (m, 2 H) 7,28 - 7,37 (m, 2 H)
7,63 - 7,71 (m, 3 H); m/z = 563,05 (M+H)+ md hinh CI;
MP = 191,15°C
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30

1-axetyl-1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl}metyl)spiro[azetidin-3,3'-indol]-
2'(1'H)-on

"H NMR (400MHz, DMSO-d¢) & ppm 1,87 (s, 3 H) 2,10
- 2,22 (m, 2 H) 3,00 (s, 3 H) 3,19 - 3,27 (m, 2 H) 4,02 -
4,17 (m, 2 H) 4,36 - 4,44 (m, 2 H) 4,47 (t, J=7,59 Hz, 2
H) 5,16 - 5,31 (m, 2 H) 7,10 - 7,17 (m, 1 H) 7,18 - 7,23
(m, 1 H) 7,27 - 7,36 (m, 2 H) 7,64 - 7,73 (m, 3 H); m/z =
501,11(M+H)+ mo6 hinh Cl; MP =221,24°C

31

1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl} metyl)-1-(trifloaxetyl)spiro[azetidin-
3,3'-indol]-2'(1'H)-on

'H NMR (400MHz, DMSO-d¢) & ppm 2,10 - 2,22 (m, 2
H) 3,00 (s, 3 H) 3,20 - 3,27 (m, 2 H) 4,29 - 4,36 (m, 1 H)
4,36 - 4,41 (m, 1 H) 4,48 (t,J=7,37 Hz, 2 H) 4,61 - 4,68
(m, 1 H) 4,70 - 4,77 (m, 1 H) 5,23 (s, 2 H) 7,11 - 7,19
(m, 1 H) 7,22 - 7,27 (m, 1 H) 7,29 - 7,37 (m, 2 H) 7,64 -
7,72 (m, 2 H) 7,82 - 7,88 (m, 1 H); m/z = 554,99
(M+H)+ mb hinh CI; MP = 249,58°C

32

1'-axetyl-1-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl}metyl)spiro[indol-3,4'-piperidin]-
2(1H)-on

'H NMR (400MHz, DMSO-ds) & ppm 1,67 - 1,94 (m, 4
H) 2,08 (s, 3 H) 2,12 - 2,24 (m, 2 H) 3,01 (s, 3 H) 3,20 -
3,28 (m, 2 H) 3,62 - 4,04 (m, 4 H) 4,47 (t, J=7,48 Hz, 2
H) 5,24 (s, 2 H) 7,06 (t, J=7,50 Hz, 1 H) 7,19 (d, J=7,48
Hz, 1 H) 7,26 (t, J=7,50 Hz, 1 H) 7,31 (dd, J=8,58, 1,98
Hz, 1 H) 7,51 (d, J=7,26 Hz, 1 H) 7,65 (d, J=1,76 Hz, 1
H) 7,67 (d, J=8,80 Hz, 1 H); m/z = 529,11 (M+H)+ md
hinh Cl; MP = 247,98°C

33

1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl} metyl)-1-[(4-flophenyl)-
sulfonyl]spiro[azetidin-3,3'-indol]-2'(1'H)-on

'H NMR (400MHz, DMSO-d¢) § ppm 2,02 - 2,17 (m, 2
H) 2,99 (s, 3 H) 3,12 - 3,24 (m, 2 H) 3,91 - 4,12 (m, 4 H)
4,40 (t, J=7,37 Hz, 2 H) 5,13 (s, 2 H) 6,98 (d, J=7,26 Hz,
1 H) 7,06 (t, J=7,30 Hz, 1 H) 7,16 (d, J=7,70 Hz, 1 H)
7,23 - 7,35 (m, 2 H) 7,56 - 7,72 (m, 4 H) 7,97 - 8,07 (m,
2 H); m/z= 617,40 (M+H)+ md hinh Cl
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34

1-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-benzimidazol-
2-yl}metyl)-1'-[(4-flophenyl)sulfonyl]spiro[indol-3,4'-
piperidin]-2(1H)-on .

'H NMR (400MHz, DMSO-ds) & ppm 1,77 - 1,90 (m, 2
H) 1,99 - 2,18 (m, 4 H) 2,97 (s, 3 H) 3,08 - 3,23 (m, 4 H)
3,46 - 3,59 (m, 2 H) 4,40 (t, J=7,37 Hz, 2 H) 5,15 (s, 2
H) 6,99 - 7,08 (m, 1 H) 7,14 (d, J=7,70 Hz, 1 H) 7,20 -
7,26 (m, 1 H) 7,29 (dd, J=8,58, 1,98 Hz, 1 H) 7,35 (d,
J=7,26 Hz, 1 H) 7,48 - 7,57 (m, 2 H) 7,61 (d, J=1,76 Hz,
1 H) 7,65 (d, J=8,80 Hz, 1 H) 7,83 - 7,94 (m, 2 H); m/z =
645,47 (M+H)+ mo hinh Cl; MP = 183,97°C

35

1-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-benzimidazol-
2-yl}metyl)-1'-(xyclopropylsulfonyl)spiro[indol-3,4'-
piperidin]-2(1H)-on

'H NMR (400MHz, DMSO-de) & ppm 0,93 - 1,10 (m, 4
H) 1,84 - 2,04 (m, 4 H) 2,10 - 2,24 (m, 2 H) 2,68 - 2,81
(m, 1 H) 3,01 (s, 3 H) 3,19 - 3,28 (m, 2 H) 3,49 - 3,73
(m, 4 H) 4,47 (t, J=7,04 Hz, 2 H) 5,24 (s, 2 H) 7,03 -
7,12 (m, 1 H) 7,17 - 7,35 (m, 3 H) 7,50 (d, J=7,48 Hz, 1
H) 7,60 - 7,73 (m, 2 H); m/z = 591,04 (M+H)+ md hinh
Cl; MP = 194,85°C

36

1-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-benzimidazol-
2-yl} metyl)-1'-[(4-metoxyphenyl)sulfonyl]spiro[indol-
3,4'-piperidin]-2(1H)-on

'H NMR (400MHz, DMSO-ds) 8 ppm 1,74 - 1,87 (m, 2
H) 1,98 - 2,18 (m, 4 H) 2,96 (s, 3 H) 3,06 - 3,23 (m, 4 H)
3,43 - 3,55 (m, 2 H) 3,87 (s, 3 H) 4,40 (t, J=7,48 Hz, 2
H) 5,15 (s, 2 H) 7,03 (t, J=7,37 Hz, 1 H) 7,13 (d, J=7,92
Hz, 1 H) 7,15 - 7,20 (m, 2 H) 7,20 - 7,26 (m, 1 H) 7,29
(dd, J=8,58, 1,76 Hz, 1 H) 7,33 (d, J=7,48 Hz, 1 H) 7,61
(d, J=1,98 Hz, 1 H) 7,65 (d, J=8,80 Hz, 1 H) 7,70 - 7,77
(m, 2 H); m/z = 657,05 M+H)+ md hinh Cl; MP =
237,33°C

37

1'-((5-clo-1-(3-(metylsulfonyl)propyl)-1 H-benzo[d]-
imidazol-2-yl)metyl)spiro[xyclopentan-1,3'-pyrolo[2,3-
c]pyridin]-2'(1'H)-on

'H NMR (400MHz, CLOROFORM-d) & ppm 1,79 - 2,30
(m, 10 H) 2,91 (s, 3 H) 3,10 (t, /=7,15 Hz, 2 H) 4,38 -
4,51 (m, 2 H) 5,18 (s, 2 H) 7,10 (dd, J=4,77, 0,75 Hz, 1
H) 7,17 - 7,23 (m, 1 H) 7,27 - 7,32 (m, 1 H) 7,68 (d,
J=1,76 Hz, 1 H) 8,32 (d, /=4,77 Hz, 1 H) 8,68 (s, 1 H);
m/z =473 (M+H)"
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38

1'-((5-clo-1-(3-(metylsulfonyl)propyl)- 1 H-benzo[d]-
imidazol-2-yl)metyl)-2,3,5,6-tetrahydrospiro[pyran-4,3'-
pyrolo[2,3-c]pyridin]-2'(1'H)-on

'H NMR (400MHz, DMSO-ds) & ppm 1,83 (t, J=5,39
Hz, 4 H) 2,19 (quin, J=7,65 Hz, 2 H) 3,02 (s, 3 H) 3,21 -
3,29 (m, 2 H) 3,78 - 3,91 (m, 2 H) 4,04 (dt, J~11,72,
5,69 Hz, 2 H) 4,48 (t, /=7,48 Hz, 2 H) 5,30 (s, 2 H) 7,31
(dd, J=8,58, 1,98 Hz, 1 H) 7,65 (d, J=1,76 Hz, 1 H) 7,68
(d, J=8,58 Hz, 1 H) 7,70 (d, /4,84 Hz, 1 H) 8,35 (d,
J=4,84 Hz, 1 H) 8,48 (s, 1 H); m/z =489 (M+H)*

39

tert-butyl 1-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-
benzo[d]imida zol-2-yl)metyl)-2-oxospiro[indolin-3,4’-
piperidin]-1’-carboxylat

'H NMR (400MHz, CLOROFORM-d) § ppm 1,51 (s, 9
H), 1,73 - 1,91 (m, 4 H), 2,22 - 2,36 (m, 2 H), 2,96 (d,
J=0,75 Hz, 3 H), 3,11 (t, J/=7,15 Hz, 2 H), 3,72 - 3,92
(m, 4 H), 4,49 (t, J=7,78 Hz, 2 H), 5,19 (s, 2 H), 7,05 -
7,11 (m, 1 H), 7,30 (s, 4 H), 7,49 (d, J=7,78 Hz, 1 H),
7,75 (d, J/=2,01 Hz, 1 H)

m/z = 587 (M+H)*, md hinh Cl

40

1-((5-clo-1-(3-(metylsulfonyl)propyl)- 1 H-benzo[d]-
imidazol-2-yl)metyl)-2°,3°,5°,6’-tetrahydrospiro[indolin-
3,4’-pyran]-2-on

'HNMR (400MHz, CLOROFORM-d) & ppm 1,80 - 1,96
(m, 4 H), 2,29 (quin, J=7,47 Hz, 2 H), 2,95 (s, 3 H), 3,12
(t, J=7,28 Hz, 2 H), 3,88 - 4,02 (m, 2 H), 4,23 (ddd,
J=11,80, 7,28, 4,52 Hz, 2 H), 4,44 - 4,56 (m, 2 H), 5,19
(s, 2 H), 7,05 - 7,13 (m, 1 H), 7,27 - 7,36 (m, 3 H), 7,39
(d, J=7,28 Hz, 1 H), 7,50 (d, J/=7,78 Hz, 1 H), 7,76 (d,
J=1,76 Hz, 1 H); m/z = 488 (M+H)"™ hinh CI

41

1’-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-benzo[ d]-
imidazol-2-yl)metyl)-2,3,5,6-tetrahydrospiro[pyran-4,3’-
pyrolo[3,2-c]pyridin]-2°(1’ H)-on

'HNMR (400MHz, CLOROFORM-d) & ppm 1,76 - 1,89
(m, 2 H), 2,01 (ddd, J=13,64, 7,37, 3,63 Hz, 2 H), 2,27 -
2,39 (m, 2 H), 2,99 (s, 3 H), 3,14 (d, J/=14,30 Hz, 2 H),
3,94 (ddd, J=11,72, 7,54, 3,63 Hz, 2 H), 4,19 (ddd,
J=11,66, 7,37, 3,85 Hz, 2 H), 4,45 - 4,57 (m, 2 H), 5,17
(s, 2H), 7,27 - 7,31 (m, 1 H), 7,31 - 7,36 (m, 1 H), 7,46
(d, J=5,28 Hz, 1 H), 7,73 (d, J=1,76 Hz, 1 H), 8,51 (d,
J=5,28 Hz, 1 H), 8,63 (s, 1 H); m/z = 489 (M+H)", m6
hinh CI
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42

1-axetyl-1'-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-
benzo[d]imida zol-2-yl)metyl)spiro[piperidin-4,3'-
pyrolo[2,3-c]pyridin]-2'(1'H)-on

"H NMR (400MHz, DMSO-ds) § ppm 1,72 - 1,82 (m, 2
H), 1,83 - 1,92 (m, 2 H), 2,08 (s, 3 H), 2,19 (m, /=74,
7,4 Hz, 2 H), 3,02 (s, 3 H), 3,22 - 3,29 (m, 2 H), 3,66 -
3,79 (m, 2 H), 3,80 - 3,93 (m, 2 H), 4,48 (t, /<7,5 Hz, 2
H), 5,31 (s, 2 H), 7,31 (dd, J=8,7, 1,9 Hz, 1 H), 7,65 (d,
J=2,0 Hz, 2 H), 7,68 (d, J/=8,6 Hz, 1 H), 8,34 (d, /~4,8
Hz, 1 H), 8,49 (s, 1 H)

43

4-flophenyl 1’-((5-clo-1-(4,4,4-triflobutyl)-1H-
benzo[d]imida zol-2-yl)metyl)-2’-oxospiro[azetidin-3,3’-
indolin]-1-carboxylat

'H NMR (400MHz, DMSO-ds) & ppm 1,89 - 2,04 (m, 2
H), 2,33 - 2,48 (m, 2 H), 4,27 (br. s., 2 H), 4,44 (t, J=7,5
Hz, 3 H), 5,25 (s, 2 H), 7,17 (td, J=7.5, 0,8 Hz, 1 H),
7,21-17,28 (m, 5 H), 7,28 - 7,38 (m, 2 H), 7,65 - 7,73 (m,
2 H), 7,80 - 7,86 (m, 1 H); m/z = 587 (M+H)*, m6 hinh
Cl

44

tert-butyl  1°-((5-clo-1-(4,4,4-triflobutyl)-1H-benzo[d]-
imidazol-2-yl)metyl)-2’-oxospiro[azetidin-3,3’-indolin]-
1-carboxylat

"THNMR (400MHz, CLOROFORM-d) & ppm 1,47 - 1,53
(m, 9 H), 1,95 (m, J=7.8, 7,8 Hz, 2 H), 2,14 - 2,29 (m, 2
H), 4,08 (d, J=8,3 Hz, 2 H), 4,33 - 4,41 (m, 4 H), 5,19 (s,
2 H), 7,13 - 7,19 (m, 1 H), 7,20 - 7,29 (m, 2 H), 7,29 -
7,35 (m, 1 H), 7,51 (d, /~<7,8 Hz, 1 H), 7,54 (d, J=7,3
Hz, 1 H), 7,76 (d, J~1,8 Hz, 1 H); m/z = 587 (M+H)",
md hinh CI

45

isobutyl 1’-((5-clo-1-(4,4,4-triflobutyl)-1 H-benzo[d]-
imidazol-2-yl)metyl)-2’-oxospiro[azetidin-3,3’-indolin]-
1-carboxylat

'"H NMR (400MHz, CLOROFORM-d) § ppm 0,95 (d,
J=6,5 Hz, 6 H), 1,88 - 2,03 (m, 3 H), 2,14 - 2,29 (m, 2
H), 3,92 (d, /=6,8 Hz, 2 H), 4,14 (d, J=8,3 Hz, 2 H), 4,37
(t, <7,8 Hz, 2 H), 4,42 (d, J=8,3 Hz, 2 H), 5,19 (s, 2 H),
7,12 - 7,20 (m, 1 H), 7,21 - 7,30 (m, 2 H), 7,33 (td,
J=18, 1,3 Hz, 1 H), 7,53 (t, J/=7,2 Hz, 2 H), 7,76 (d,
J=1,5 Hz, 1 H); m/z = 549 (M+H)", md hinh CI
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46

1’-((5-clo-1-(4,4,4-triflobutyl)-1 H-benzo[d]imidazol-2-
yl) metyl)spiro[azetidin-3,3’-indolin]-2’-on

'H NMR (400MHz, DMSO-ds) & ppm 1,92 - 2,05 (m, 2
H), 2,35 -2,46 (m, 2 H), 4,19 - 4,26 (m, 2 H), 4,26 - 4,33
(m, 2 H), 4,43 (t, J=7,7 Hz, 2 H), 5,21 (s, 2 H), 7,20 (t,
J=7,4 Hz, 1 H), 7,26 (d, J/=7,8 Hz, 1 H), 7,31 (dd, J=8,8,
2,0 Hz, 1 H), 7,33 - 7,40 (m, 1 H), 7,65 (d, /=2,0 Hz, 1
H), 7,70 (d, J/=8,5 Hz, 1 H), 7,85 (d, /=7,3 Hz, 1 H), 9,39
(br. s., 1 H); m/z =449 (M+H)"*, m6 hinh Cl

47

Xyclopentyl 1-((5-clo-1-(4,4,4-triflobutyl)-1H-
benzo[d]imidazol -2-yl)metyl)-2-oxospiro[indolin-3,4’-
piperidin]-1’-carboxylat

"H NMR (400MHz, CLOROFORM-d) § ppm 1,54 - 1,67
(m, 2 H), 1,68 - 2,06 (m, 12 H), 2,22 (m, J/=10,2, 8,1, 8,1
Hz, 2 H), 3,75 - 3,96 (m, 4 H), 4,32 - 4,41 (m, 2 H), 5,14
- 5,23 (m, 3 H), 7,05 - 7,11 (m, 1 H), 7,19 - 7,25 (m, 1
H), 7,27 - 7,32 (m, 2 H), 7,52 - 7,61 (m, 1 H), 7,77 (d,
J=1,8 Hz, 1 H)

m/z =590 (M+H)*, mé hinh Cl

48

tert-butyl  1-((5-clo-1-(4,4,4-triflobutyl)-1H-benzo[d]-
imidazol-2-yl)metyl)-2-oxospiro[indolin-3,4’-piperidin]-
1’-carboxylat

'H NMR (400MHz, CLOROFORM-d) & ppm 1,51 (s, 10
H), 1,73 - 1,89 (m, 4 H), 1,91 - 2,02 (m, 2 H), 2,15 - 2,30
(m, 2 H), 3,74 - 3,91 (m, 4 H), 4,32 - 4,40 (m, 2 H), 5,19
(s, 2H), 7,05-7,11 (m, 1 H), 7,20 - 7,24 (m, 1 H), 7,26 -
7,31 (m, 2 H), 7,55 (d, J=7,5 Hz, 1 H), 7,77 (d, J/~1,8
Hz, 1 H)

m/z =577 (M+H)*, m6 hinh Cl

49

1-((5-clo-1-(4,4,4-triflobutyl)-1 H-benzo[d]imidazol-2-
yl)metyl) spiro[indolin-3,4’-piperidin]-2-on

'H NMR (400MHz, DMSO-ds) & ppm 1,89 - 2,03 (m, 4
H), 2,04 - 2,17 (m, 2 H), 2,34 - 2,47 (m, 2 H), 3,35 - 3,41
(m, 2 H), 3,52 (br. s., 2 H), 4,42 (t, J=7,7 Hz, 2 H), 5,24
(s, 2 H), 7,13 (t, J=7,5 Hz, 1 H), 7,21 - 7,27 (m, 1 H),
7,27 - 7,35 (m, 1 H), 7,41 (d, J=7,3 Hz, 1 H), 7,63 (d,
J=2,0 Hz, 1 H), 7,69 (d, /=8,8 Hz, 1 H), 8,76 (br. s., 1
H); m/z =477 (M+H)", mé hinh CI
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50

benzyl 1-((5-clo-1-(4,4,4-triflobutyl)-1 H-benzo[d]-
imidazol-2-yl)metyl)-2-oxospiro[indolin-3,4’-piperidin]-
1’-carboxylat

"H NMR (400MHz, CLOROFORM-d) § ppm 1,75 - 1,91
(m, 4 H), 1,91 - 2,03 (m, 2 H), 2,21 (m, /~10,4, 8,0, 8,0
Hz, 2 H), 3,84 - 4,01 (m, 4 H), 4,31 - 4,42 (m, 2 H), 5,15
- 5,25 (m, 4 H), 7,04 - 7,11 (m, 1 H), 7,20 - 7,30 (m, 4
H), 7,30 - 7,37 (m, 2 H), 7,37 - 7,43 (m, 3 H), 7,55 (d,
J=8,0 Hz, 1 H), 7,77 (d, /~=1,8 Hz, 1 H)

m/z =612 (M+H)", m6 hinh Cl

51

1’-benzyl-1-((5-clo-1-(4,4,4-triflobutyl)-1 H-benzo[d]-
imidazol-2-yl)metyl)spiro[indolin-3,4’-piperidin]-2-on
'H NMR (400MHz, DMSO-ds) & ppm 1,71 - 1,80 (m, 2
H), 1,81 - 1,89 (m, 2 H), 1,93 (t, J/=7,7 Hz, 2 H), 2,31 -
2,47 (m, 3 H), 2,58 - 2,69 (m, 2 H), 2,83 (m, ~7,7, 7,7,
3,8, 3,8 Hz, 2 H), 3,63 (s, 2 H), 4,40 (t, J=7,7 Hz, 2 H),
5,22 (s, 2 H), 7,01 - 7,08 (m, 1 H), 7,17 - 7,41 (m, 8 H),
7,53 (d, J=7,5 Hz, 1 H), 7,65 (d, /=2,0 Hz, 1 H), 7,67 (d,
J=8,8 Hz, 1 H); m/z = 568 (M+H)", m6 hinh Cl

52

1-((5-clo-1-(4,4,4-triflobutyl)-1 H-benzo[d]imidazol-
2-yl)metyl) -2°,3°,5°,6’-tetrahydrospiro[indolin-3,4’-
pyran]-2-on

'H NMR (400MHz, CLOROFORM-d) § ppm 1,87 (t,
J=5,52 Hz, 4 H), 1,91 - 2,02 (m, 2 H), 2,14 - 2,33 (m, 2
H), 3,95 (dt, /=11,73, 4,93 Hz, 2 H), 4,24 (dt, /~11,86,
5,99 Hz, 2 H), 4,32 - 4,43 (m, 2 H), 5,19 (s, 2 H), 7,04 -
7,14 (m, 1 H), 7,19 - 7,25 (m, 1 H), 7,25 - 7,32 (m, 2 H),
7,37 (d, J=7,28 Hz, 1 H), 7,55 (d, /=7,78 Hz, 1 H), 7,77
(d, J/=1,76 Hz, 1 H); m/z =478 (M+H)*, md hinh Cl

53

tert-butyl 1'-((5-clo-1-(3-xyanopropyl)-1 H-benzo[d]-
imidazol-2-yl) metyl)-2'-oxo0-1',2'-dihydrospiro-
[piperidin-4,3'-pyrolo[2,3-c]pyridin]-1-carboxylat

'H NMR (400MHz, DMSO-ds) & ppm 1,44 (s, 9 H), 1,79
(m, J=5,7, 5,7 Hz, 4 H), 2,02 - 2,16 (m, 2 H), 2,63 (t,
J=7,4 Hz, 2 H), 3,61 - 3,78 (m, 2 H), 4,39 (t, /<7,5 Hz, 1
H), 5,30 (s, 1 H), 7,30 (dd, J=8,6, 2,0 Hz, 1 H), 7,64 (d,
J=2,0 Hz, 1 H), 7,65 (d, J=5,5 Hz, 1 H), 7,67 (s, 1 H),
8,32 (d, /54,6 Hz, 1 H), 8,47 (s, 1 H)
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54

I'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-indol-2-
yl}metyl)spiro [xyclopentan-1,3'-pyrolo[2,3-c]pyridin]-
2'(1'H)-on

"H NMR (400MHz, DMSO-ds) & ppm 1,81 - 2,16 (m, 10
H) 3,00 (s, 3 H) 3,14 - 3,24 (m, 2 H) 4,37 (t, J=7,40 Hz,
2 H) 5,19 (s, 2 H) 6,37 (s, 1 H) 7,16 (dd, J=8,78, 2,01
Hz, 1 H) 7,43 (d, /=4,77 Hz, 1 H) 7,55 (m, J=5,40, 3,40
Hz, 2 H) 8,31 (d, /=4,77 Hz, 1 H) 8,34 (s, 1 H); m/z =
472,44 (M+H)", md hinh CI

55

1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-indol-2-yl}-
metyl)-2'-0x0-1',2'-dihydro-1H-spiro[piperidin-4,3'-
pyrolo[2,3-c]pyridin]-1-carboxylat

"H NMR (400MHz, DMSO-ds) & ppm 1,73 - 1,92 (m, 4
H) 2,03 - 2,15 (m, 2 H) 3,01 (s, 3 H) 3,16 - 3,24 (m, 2 H)
3,66 (s, 3 H) 3,70 - 3,85 (m, 4 H) 4,38 (t, J=7,59 Hz, 2
H) 5,20 (s, 2 H) 6,37 (s, 1 H) 7,16 (dd, J=8,69, 2,09 Hz,
1 H) 7,53 (d, J=2,20 Hz, 1 H) 7,55 (d, J=8,80 Hz, 1 H)
7,68 - 7,71 (m, 1 H) 8,34 (d, J=4,84 Hz, 1 H) 8,39 (s, 1
H); m/z = 545,04 (M+H)*, md hinh Cl; MP = 234,28°C

56

1-axetyl-1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
indol-2-yl}metyl)spiro[piperidin-4,3'-pyrolo[2,3-
c]pyridin]-2'(1'H)-on

H NMR (400MHz, DMSO-d¢) & ppm 1,75 - 1,82 (m, 2
H) 1,84 - 1,96 (m, 2 H) 2,04 - 2,17 (m, 5 H) 3,01 (s, 3 H)
3,17 - 3,24 (m, 2 H) 3,64 - 3,95 (m, 4 H) 4,38 (t, J=7,59
Hz, 2 H) 5,21 (s, 2 H) 6,38 (s, 1 H) 7,16 (dd, J=8,69,
2,09 Hz, 1 H) 7,53 (d, J=1,98 Hz, 1 H) 7,56 (d, J=8,80
Hz, 1 H) 7,68 (d, J=4,62 Hz, 1 H) 8,34 (d, J=4,62 Hz, 1
H) 8,39 (s, 1 H); m/z = 529,07 (M+H)*, m6 hinh Cl; MP
=258,32°C

57

1’-((5-clo-1-(3-(metylsulfonyl)propyl)- 1 H-indol-2-yl)-
metyl)-2,3,5,6-tetrahydrospiro[pyran-4,3°-pyrolo[3,2-c]-
pyridin]-2’(1’H)-on

'"H NMR (400MHz, CLOROFORM-d) § ppm 1,85 (ddd,
J=13,64, 7,15, 3,63 Hz, 2 H), 2,01 (ddd, J=13,59, 7,10,
3,74 Hz, 2 H), 2,31 (quin, J=7,26 Hz, 2 H), 2,96 (s, 3 H),
3,07 (t, J<7,15 Hz, 2 H), 3,95 (ddd, J=11,72, 7,43, 3,74
Hz, 2 H), 4,16 - 4,26 (m, 2 H), 4,40 (t, /=7,37 Hz, 2 H),
5,07 (s, 2 H), 6,37 (s, 1 H), 6,99 (d, J=5,28 Hz, 1 H),
7,14 - 7,21 (m, 1 H), 7,23 - 7,29 (m, 1 H), 7,50 (d,
J=1,76 Hz, 1 H), 8,47 (d, J=5,28 Hz, 1 H), 8,64 (s, 1 H);
m/z = 488 (M+H)*, md hinh CI
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tert-butyl 1'-{[5-clo-1-(3-xyanopropyl)-1H-indol-2-yl1]-
metyl}-2'-oxo0-1',2"-dihydro-1H-spiro[azetidin-3,3'-
indol]-1-carboxylat

"H NMR (400MHz, DMSO-ds) & ppm 1,45 (s, 9 H) 1,87
-2,03 (m, 2 H) 2,57 (t,J=7,37 Hz, 2 H) 4,03 - 4,21 (m, 4
H) 4,30 (t, J=7,59 Hz, 2 H) 5,13 (s, 2 H) 6,36 (s, 1 H)
7,08 (d, J=7,92 Hz, 1 H) 7,11 - 7,18 (m, 2 H) 7,25 - 7,31
(m, 1 H) 7,49 - 7,55 (m, 2 H) 7,68 (d, J=6,82 Hz, 1 H) ;
m/z = 505,42 (M+H)*, md hinh CI

59
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4-{5-clo-2-[(2'-oxospiro[azetidin-3,3"-indol]-1'(2' H)-yl)-
metyl]-1H-indol-1-yl}butannitril

"H NMR (400MHz, DMSO-d¢) & ppm 1,83 - 2,00 (m, 2
H) 2,53 - 2,65 (m, 2 H) 3,45 (s, 1 H) 3,51 - 3,85 (m, 4 H)
4,21 - 4,39 (m, 2 H) 5,13 (s, 2 H) 6,25 - 6,45 (m, 1 H)
6,99 - 7,20 (m, 3 H) 7,21 - 7,32 (m, 1 H) 7,44 - 7,61 (m,
2 H) 7,78 (d, J=6,82 Hz, 1 H); m/z = 405,03 (M+H)", md
hinh Cl

60
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1'-{[5-clo-1-(3-xyanopropyl)-1H-indol-2-yl|metyl}-2'-
oxo-1',2'-dihydro-1 H-spiro[azetidin-3,3'-indol]-1-
carboxylat

'H NMR (400MHz, DMSO-d6) & ppm 1,97 (quin,
J=7,48 Hz, 2 H) 2,57 (t, ]=7,37 Hz, 2 H) 3,65 (s, 3 H)
4,11 - 4,36 (m, 6 H) 5,13 (s, 2 H) 6,37 (s, 1 H) 7,08 (d,
J=7,92 Hz, 1 H) 7,11 - 7,18 (m, 2 H) 7,29 (td, J=7,81,
1,10 Hz, 1 H) 7,48 - 7,55 (m, 2 H) 7,70 - 7,76 (m, 1 H) ;
m/z = 463,09 (M+H)", m6 hinh Cl

61
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4-(5-clo-2-{[1-(xyclopropylsulfonyl)-2'-oxospiro-
[azetidin-3,3'-indol]-1'(2'H)-ylJmetyl }-1H-indol-1-yl)-
butannitril

'H NMR (400MHz, DMSO-ds) & ppm 0,99 - 1,08 (m, 2
H) 1,12 - 1,20 (m, 2 H) 1,90 - 2,02 (m, 2 H) 2,58 (t,
J=7,26 Hz, 2 H) 2,93 - 3,04 (m, 1 H) 4,13 - 4,37 (m, 6 H)
5,13 (s, 2 H) 6,38 (s, 1 H) 7,07 - 7,21 (m, 3 H) 7,27 -
7,35 (m, 1 H) 7,48 - 7,55 (m, 2 H) 7,67 (d, J=7,04 Hz, 1
H); m/z = 509,07 (M+H)*, m6 hinh Cl

62

[f %8@4

4-{2-[(1-axetyl-2'-oxospiro[azetidin-3,3'-indol]-1'(2'H)-
yl)metyl]-5-clo-1H-indol-1-yl}butannitril

"H NMR (400MHz, DMSO-d¢) 6 ppm 1,88 (s, 3 H) 1,91
-2,03 (m, 2 H) 2,58 (t, J=7,48 Hz, 2 H) 4,03 - 4,19 (m, 2
H) 4,31 (t, J=7,59 Hz, 2 H) 4,37 - 4,47 (m, 2 H) 5,14 (s,
2 H) 6,37 (s, 1 H) 7,05 - 7,19 (m, 3 H) 7,29 (td, J=7,70,
1,10 Hz, 1 H) 7,48 - 7,56 (m, 2 H) 7,71 (dd, J=6,82, 0,70
Hz, 1 H); m/z = 447,42 (M+H)", m6 hinh Cl; MP =
195,25°C
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tert-butyl  1'-((5-clo-1-(3-xyanopropyl)-1H-indol-2-yl)-
metyl)-2'-oxo-1',2'-dihydrospiro[piperidin-4,3'-pyrolo-
[2,3-c]pyridin]-1-carboxylat

'H NMR (400MHz, DMSO-ds) 8 ppm 1,45 (s, 9 H) 1,80
(t, J=5,61 Hz, 4 H) 1,92 - 2,04 (m, 2 H) 2,58 (t, J=7,26
Hz, 2 H) 3,58 - 3,82 (m, 4 H) 4,29 (t, /=7,59 Hz, 2 H)
5,20 (s, 2 H) 6,36 (s, 1 H) 7,10 - 7,18 (m, 1 H) 7,48 -
7,57 (m, 2 H) 7,69 (d, J=4,62 Hz, 1 H) 8,33 (d, /=4,84
Hz, 1 H) 8,39 (s, 1 H); m/z = 534 (M+H)"

64

4-(2-((1-axetyl-2'-oxospiro[ piperidin-4,3'-pyrolo[2,3-c]-
pyridin]-1'(2'H)-yl)metyl)-5-clo-1H-indol-1-yl)butan-
nitril

'"H NMR (400MHz, DMSO-ds) 8 ppm 1,71 - 1,82 (m, 2
H) 1,83 - 1,93 (m, 2 H) 1,99 (t, /=7,48 Hz, 2 H) 2,09 (s,
3 H) 2,59 (t, 57,37 Hz, 2 H) 3,60 - 3,96 (m, 4 H) 4,20 -
4,37 (m, 2 H) 5,20 (s, 2 H) 6,36 (s, 1 H) 7,09 - 7,19 (m, 1
H) 7,46 - 7,57 (m, 2 H) 7,68 (d, /~4,62 Hz, 1 H) 8,34 (d,
J=4,62 Hz, 1 H) 8,39 (s, 1 H)

m/z =476 M+H)"

65

1’-((5-clo-1-(4,4,4-triflobutyl)-1 H-imidazo[4,5-b]-
pyridin-2-yl)metyl)spiro[xyclopentan-1,3’-pyrolo[2,3-c]-
pyridin]-2°(1’H)-on

"H NMR (400MHz, CLOROFORM-d) & ppm 1,81 - 1,92
(m, 2 H), 1,94 - 2,06 (m, 4 H), 2,07 - 2,32 (m, 7 H), 4,39
- 4,47 (m, 2 H), 5,26 (s, 2 H), 7,12 (dd, J=4,8, 1,0 Hz, 1
H), 7,27 (d, J=8,5 Hz, 1 H), 7,62 (d, J/=8,3 Hz, 1 H), 8,40
(d, /~4,8 Hz, 1 H), 8,83 (d, J/=0,5 Hz, 1 H); m/z = 464
(M+H)"

66

tert-butyl-2'-oxo-1'-((1-(4,4,4-triflobutyl)- 1 H-imidazo-
[4,5-b]pyridin-2-yl)metyl)-1',2'-dihydrospiro[piperidin-
4,3'-pyrolo[2,3-c]pyridin]-1-carboxylat

'H NMR (400MHz, DMSO-ds) & ppm 1,44 (s, 9 H) 1,79
(t, J=5,61 Hz, 4 H) 1,94 - 2,11 (m, 2 H) 2,34 - 2,46 (m, 2
H) 3,51 - 3,83 (m, 4 H) 4,45 (t, J=7,59 Hz, 2 H) 5,35 (s,
2 H) 7,28 (dd, J=8,03, 4,73 Hz, 1 H) 7,69 (d, J~4,84 Hz,
1 H) 8,11 (dd, J=8,14, 1,32 Hz, 1 H) 8,34 (d, J=4,84 Hz,
1 H) 8,37 (dd, J=4,62, 1,32 Hz, 1 H) 8,52 (s, | H); m/z =
476 (M+H)"
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1'-((5-clo-1-(4,4,4-triflobutyl)-1 H-imidazo[4,5-b]-
pyridin-2-yl)metyl)-2,3,5,6-tetrahydrospiro[pyran-4,3'-
pyrolo[2,3-c]pyridin]-2'(1'H)-on

"H NMR (400MHz, DMSO-ds) & ppm 1,69 - 1,89 (m, 4
H) 1,92 - 2,08 (m, 2 H) 2,28 - 2,45 (m, 2 H) 3,75 - 3,91
(m, 2 H) 3,96 - 4,09 (m, 2 H) 4,45 (t, J<7,59 Hz, 2 H)
5,34 (s, 2 H) 7,36 (d, J=8,36 Hz, 1 H) 7,70 (dd, J=4,73,
0,55 Hz, 1 H) 8,19 (d, /=8,36 Hz, 1 H) 8,35 (d, J~4,84
Hz, 1 H) 8,46 (s, 1 H); m/z =480 (M+H)"

68

tert-butyl-1’-((5-clo-1-(4,4,4-triflobutyl)-1 H-imidazo-
[4,5-b]  pyridin-2-yl)metyl)-2’-ox0-1°,2’-dihydrospiro-
[piperidin-4,3’-pyrolo[2,3-c]pyridin]-1-carboxylat

'H NMR (400MHz, CLOROFORM-d) § ppm 1,51 (s, 9
H), 1,72 - 1,82 (m, 2 H), 1,82 - 1,92 (m, 2 H), 1,97 - 2,10
(m, 2 H), 2,19 - 2,36 (m, 2 H), 3,67 - 3,80 (m, 2 H), 3,80
- 3,91 (m, 2 H), 4,44 (t, J=7,90 Hz, 2 H), 5,24 (s, 2 H),
7,24 (dd, J=4,84, 0,66 Hz, 1 H), 7,27 (d, J/=8,36 Hz, 1
H), 7,63 (d, /=8,58 Hz, 1 H), 8,42 (d, /=4,84 Hz, 1 H),
8,84 (s, 1 H); m/z =480 (M+H)*, md hinh Cl

69

tert-butyl 1’-((5-clo-1-(4-flobutyl)-1 H-pyrolo[3,2-5]-
pyridin-2-yl)metyl)-2’-o0x0-1°,2’-dihydrospiro[ piperidin-
4,3’-pyrolo[2,3-c]pyridin]-1-carboxylat

"H NMR (400MHz, CLOROFORM-d) § ppm 1,51 (s, 9
H), 1,68 - 1,95 (m, 8 H), 3,69 - 3,82 (m, 2 H), 3,83 - 3,93
(m, 2 H), 4,20 - 4,29 (m, 2 H), 4,43 (t, J/=5,61 Hz, 1 H),
4,55 (t, J=5,50 Hz, 1 H), 5,13 (s, 2 H), 6,61 (s, 1 H), 7,12
(d, J/=8,58 Hz, 1 H), 7,27 (d, J=0,66 Hz, 1 H), 7,55 (dd,
J=8,58, 0,66 Hz, 1 H), 8,33 (s, 1 H), 8,40 (d, /=4,84 Hz,
1 H); m/z =542 (M+H)*, md hinh Cl

70

tert-butyl 1'-((5-clo-1-(3-xyanopropyl)-1 H-benzo[d]-
imidazol-2-yl)metyl)-2'-oxospiro[azetidin-3,3'-indolin]-
1-carboxylat

1H NMR (400MHz, DMSO-ds) & ppm 1,44 (s, 9 H) 2,06
(quin, J=7,48 Hz, 2 H) 2,62 (t, J=7,37 Hz, 2 H) 3,97 -
4,23 (m, 4 H) 4,39 (t, J=7,48 Hz, 2 H) 5,22 (s, 2 H) 7,08
-7,22 (m,2H) 7,26 - 7,36 (m, 2 H) 7,60 - 7,73 (m, 3 H)
m/z = 506,14 (M+H)+ m6 hinh CI; MP: 144,10°C
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1-((5-clo-1-(4,4,4-triflobutyl)-1 H-benzo[d]imidazol-2-
yDmetyl) -6-flo-2',3",5',6'-tetrahydrospiro[indolin-3,4'-
pyran]-2-on

1H NMR (400MHz, DMSO-ds) 8 ppm 1,68 - 1,89 (m, 4
H) 1,90 - 2,04 (m, 2 H) 2,34 - 2,47 (m, 2 H) 3,78 - 3,87
(m, 2 H) 3,99 - 4,13 (m, 2 H) 4,41 (t, J=7,48 Hz, 2 H)
5,23 (s, 2 H) 6,80 - 6,91 (m, 1 H) 7,16 (dd, J=9,46, 2,20
Hz, 1 H) 7,30 (dd, J=8,58, 1,76 Hz, 1 H) 7,59 (dd,
J=8,14, 5,50 Hz, 1 H) 7,66 (d, J=1,76 Hz, 1 H) 7,68 (d,
J=8,58 Hz, 1 H); m/z = 496,11(M-+H)+ md hinh Cl; MP
=172,70°C

72

1-axetyl-1'-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-
benzo[d]imidazol-2-yl)metyl)spiro[azetidin-3,3'-
indolin]-2'-on

'H NMR (400MHz, DMSO-ds) & ppm 1,87 (s, 3 H) 2,08
- 2,23 (m, 2 H) 3,00 (s, 3 H) 3,19 - 3,27 (m, 2 H) 4,03 -
4,18 (m, 2 H) 4,36 - 4,44 (m, 2 H) 4,47 (t, J=7,48 Hz, 2
H) 5,13 - 5,35 (m, 2 H) 7,09 - 7,17 (m, 1 H) 7,20 (d,
J=7,48 Hz, 1 H) 7,25 - 7,36 (m, 2 H) 7,64 - 7,74 (m, 3
H); m/z= 501,03 (M+H)+ md hinh CI;

MP = 226,51°C

73

4-(5-clo-2-((1-(2-hydroxy-2-metylpropanoyl)-2'-
oxospiro [azetidin-3,3'-indolin]-1'-yl)metyl)-1H-indol-1-
yl)butannitril

"H NMR (400MHz, DMSO-ds) & ppm 1,32 (s, 3 H) 1,34
(s, 3 H) 1,98 (quin, J=7,21 Hz, 2 H) 2,57 (t, J=7,26 Hz, 2
H) 4,07 (d, J=9,46 Hz, 1 H) 4,18 (d, J=9,46 Hz, 1 H)
4,31 (t, J=7,37 Hz, 2 H) 4,60 (d, J=9,68 Hz, 1 H), 4,73
(d, J=9,68 Hz, 1 H) 5,14 (s, 2 H) 5,27 (s, 1 H) 6,34 (s, 1
H) 7,08 (d, J=7,70 Hz, 1 H) 7,11 - 7,20 (m, 2 H) 7,24 -
7,34 (m, 1 H) 7,46 - 7,56 (m, 2 H) 7,64 (d, J=7,26 Hz, 1
H); m/z= 491,13 (M+H)+ mé hinh Cl; MP = 89,86°C

74

Cl N

1'-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-indol-2-yl)-
metyl)-1-(2-hydroxy-2-metylpropanoyl)spiro[ piperidin-
4,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-on

'H NMR (400MHz, DMSO-ds) & ppm 1,38 (s, 6 H) 1,72
- 1,97 (m, 4 H) 2,03 - 2,16 (m, 2 H) 3,01 (s, 3 H) 3,15 -
3,25 (m, 2 H) 3,69 - 4,04 (m, 2 H) 4,07 - 4,33 (m, 2 H)
4,38 (t, J=7,59 Hz, 2 H) 5,21 (s, 2 H) 5,49 (s, 1 H) 6,37
(s, 1 H) 7,16 (dd, J=8,69, 2,09 Hz, 1 H) 7,53 (d, J=1,98
Hz, 1 H) 7,56 (d, J=8,80 Hz, 1 H) 7,68 (d, J=4,62 Hz, 1
H) 8,35 (d, J=4,84 Hz, 1 H) 8,40 (s, 1 H); m/z = 573,08
(M+H)+ m6 hinh CI
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75

1'-((5-clo-1-(4,4,4-triflobutyl)-1 H-imidazo[4,5-b]-
pyridin-2-yl)metyl)-2,3,5,6-tetrahydrospiro[ pyran-4,3'-
pyrolo[2,3-c]pyridin]-2'(1'H)-on

'H NMR (400MHz, DMSO-ds) & ppm 1,69 - 1,89 (m, 4
H) 1,92 - 2,08 (m, 2 H) 2,28 - 2,45 (m, 2 H) 3,75 - 3,91
(m, 2 H) 3,96 - 4,09 (m, 2 H) 4,45 (t, /=7,59 Hz, 2 H)
5,34 (s, 2 H) 7,36 (d, J/=8,36 Hz, 1 H) 7,70 (dd, /=4,73,
0,55 Hz, 1 H) 8,19 (d, J=8,36 Hz, 1 H) 8,35 (d, /~4,84
Hz, 1 H) 8,46 (s, 1 H); m/z = 480 (M+H)+ m6 hinh CI,;
MP = 188,67°C

76

o]
24{
o—0

metyl 1'-((5-clo-1-(3-xyanopropyl)-1 H-indol-2-y1)-
metyl)-2'-0x0-1',2'-dihydrospiro[piperidin-4,3'-pyrolo-
[2,3-c]pyridin]-1-carboxylat

'H NMR (400MHz, DMSO-ds) § ppm 1,71 - 1,90 (m, 4
H) 1,98 (dt, J/=14,96, 7,48 Hz, 2 H) 2,58 (t, /=7,37 Hz, 2
H) 3,66 (s, 3 H) 3,69 - 3,84 (m, 4 H) 4,21 - 4,34 (m, 2 H)
5,19 (s, 2 H) 6,36 (s, 1 H) 7,08 - 7,18 (m, 1 H) 7,48 -
7,57 (m, 2 H) 7,70 (d, J=4,18 Hz, 1 H) 8,34 (d, J/=4,84
Hz, 1 H) 8,39 (s, 1 H); m/z =492 (M+H)+ md hinh CI

77

isopropyl  1'-((5-clo-1-(3-xyanopropyl)-1H-indol-2-yl)-
metyl)-2'-oxo0-1',2'-dihydrospiro[piperidin-4,3'-pyrolo-
[2,3-c]pyridin]-1-carboxylat

'H NMR (400MHz, DMSO-ds) & ppm 1,23 (d, J=6,38
Hz, 6 H) 1,69 - 1,90 (m, 4 H) 1,92 - 2,05 (m, 2 H) 2,58
(t, 7,90 Hz, 2 H) 3,57 - 3,90 (m, 4 H) 4,15 - 4,40 (m, 2
H) 4,72 - 4,91 (m, 1 H) 5,20 (s, 2 H) 6,36 (s, 1 H) 7,09 -
7,20 (m, 1 H) 7,49 - 7,57 (m, 2 H) 7,71 (d, J=5,06 Hz, 1
H) 8,34 (d, /=4,84 Hz, 1 H) 8,39 (s, 1 H); m/z = 520
(M+H)+ m6 hinh CI

78

4-(5-clo-2-((2'-oxospiro[piperidin-4,3'-pyrolo[2,3-c]-
pyridin]-1'(2'H)-yl)metyl)- 1 H-indol-1-yl)butannitril
hydroclorua

"H NMR (400MHz, DMSO-ds) 8 ppm 1,97 - 2,12 (m, 4
H) 2,16 - 2,30 (m, 2 H) 2,52 - 2,58 (m, 2 H) 3,27 - 3,42
(m, 2 H) 3,47 - 3,64 (m, 2 H) 4,29 (t, /=7,70 Hz, 2 H)
5,19 (s,2 H) 6,17 - 6,51 (m, 1 H) 7,13 (dd, J=8,58, 2,20
Hz, 1 H) 7,38 - 7,63 (m, 3 H) 8,38 (s, 1 H) 8,42 (d,
J=5,06 Hz, 1 H) 9,08 (br. s, 2 H); m/z =434 (M+H)+ mo
hinh Cl; MP = 82,02°C
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79

1-(1'-((5-clo-1-(3-xyanopropyl)-1 H-indol-2-yl)metyl)-2'-
oxo-1',2'-dihydrospiro[piperidin-4,3'-pyrolo[2,3-
c]pyridin]-1-yl)-2-metyl-1-oxopropan-2-yl axetat

'H NMR (360MHz, DMSO-ds) 8 ppm 1,55 (s, 6 H), 1,80
(br. s., 4 H), 1,91 - 2,04 (m, 2 H), 2,08 (s, 3 H), 2,59 (t,
J=7,3 Hz, 2 H), 3,93 (br. s., 4 H), 4,29 (t, /=7,7 Hz, 2 H),
5,20 (s, 2 H), 6,37 (s, 1 H), 7,16 (dd, J=8,6, 2,0 Hz, 1 H),
7,47 - 7,60 (m, 2 H), 7,65 (d, J=4,8 Hz, 1 H), 8,23 - 8,50
(m, 2 H); m/z = 562 (M+H)+ md hinh CI

80

oxetan-3-yl 1'-((5-clo-1-(3-xyanopropyl)- 1 H-indol-2-yl)-
metyl)-2'-oxo-1',2'-dihydrospiro[piperidin-4,3'-pyrolo-
[2,3-c]pyridin]-1-carboxylat

'H NMR (400MHz, DMSO-ds) & ppm 1,84 (br. s., 4 H)
1,99 (quin, J=7,54 Hz, 2 H) 2,59 (t, J/=7,37 Hz, 2 H) 3,60
-3,97 (m, 4 H) 4,21 - 4,35 (m, 2 H) 4,48 - 4,60 (m, 2 H)
4,80 (t, J/=7,04 Hz, 2 H) 5,20 (s, 2 H) 5,31 - 5,40 (m, 1
H) 6,37 (s, 1 H) 7,15 (dd, J=8,80, 2,42 Hz, 1 H) 7,48 -
7,56 (m, 2 H) 7,71 (d, /=4,84 Hz, 1 H) 8,34 (d, /=4,84
Hz, 1 H) 8,39 (s, 1 H); m/z = 534 (M+H)+ m6 hinh CI;
MP = 208,24°C

81

4-(5-clo-2-((1-(xyclopropylsulfonyl)-2'-oxospiro-
[piperidin-4,3'-pyrolo[2,3-c]pyridin]-1'(2'H)-yl)metyl)-

1 H-indol-1-yl)butannitril

"H NMR (360MHz, DMSO-ds) & ppm 0,94 - 1,11 (m, 4
H), 1,86 - 2,11 (m, 6 H), 2,59 (t, /=7,3 Hz, 2 H), 2,69 -
2,82 (m, 1 H), 3,46 - 3,60 (m, 2 H), 3,61 - 3,76 (m, 2 H),
4,20 - 4,39 (m, 2 H), 5,20 (s, 2 H), 6,37 (s, 1 H), 7,10 -
7,20 (m, 1 H), 7,49 - 7,58 (m, 2 H), 7,66 (d, /4,4 Hz, 1
H), 8,31 - 8,44 (m, 2 H); m/z = 538 (M+H)+ m6 hinh CI;
MP = 93,04°C

82

oxetan-3-yl  1'-((5-clo-1-(3-xyanopropyl)-1H-benzo[d]-
imidazol-2-yl)metyl)-2'-oxo-1',2'-dihydrospiro[piperidin-
4,3'-pyrolo[2,3-c]pyridin]-1-carboxylat

'H NMR (400MHz, DMSO-ds) & ppm 1,84 (d, /=13,4
Hz, 4 H), 2,02 - 2,19-(m, 2 H), 2,63 (t, /7,4 Hz, 2 H),
3,65 - 3,93 (m, 4 H), 4,39 (t, J=7,5 Hz, 2 H), 4,48 - 4,60
(m, 2 H), 4,79 (t, J=7,0 Hz, 2 H), 5,30 (s, 2 H), 5,32 -
5,40 (m, 1 H), 7,30 (dd, J=8,6, 2,0 Hz, 1 H), 7,59 - 7,73
(m, 3 H), 8,34 (d, J=4,6 Hz, 1 H), 8,47 (s, 1 H); m/z =
535 (M+H)+ md hinh CI; MP =203,41°C
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&3

4-(2-((1-axetyl-2'-oxospiro[piperidin-4,3'-pyrolo[2,3-c]-
pyridin]-1'(2'H)-yl)metyl)-5-clo-1 H-benzo[d]imidazol-1-
yl)butannitril

'H NMR (400MHz, DMSO-ds) & ppm 1,71 - 1,82 (m, 2
H), 1,82 - 1,95 (m, 2 H), 2,08 (s, 3 H), 2,09 - 2,15 (m, 2
H), 2,63 (t, /<7,4 Hz, 2 H), 3,67 - 3,79 (m, 2 H), 3,80 -
3,94 (m, 2 H), 4,39 (t, J<7,6 Hz, 2 H), 5,30 (s, 2 H), 7,30
(dd, J=8,6, 2,0 Hz, 1 H), 7,62 - 7,69 (m, 3 H), 8,33 (d,
J=4,6 Hz, 1 H), 8,47 (s, 1 H); m/z = 477 (M+H)+ md
hinh Cl; MP = 223,53°C

84

4-(5-clo-2-((2'-oxospiro[piperidin-4,3'-pyrolo[2,3-c]-
pyridin]-1'(2'H)-yl)metyl)-1 H-benzo[d]imidazol-1-
yl)butannitril hydroclorua

'H NMR (400MHz, DMSO-ds) & ppm 2,15 - 2,35 (m, 4
H), 2,41 - 2,48 (m, 2 H), 2,74 (t, /=7,3 Hz, 2 H), 3,41
(br. s., 4 H), 4,53 (t, J=7,0 Hz, 2 H), 5,22 (br. s., 10 H),
5,62 (br. s., 3 H), 7,49 (dd, J=8,6, 1,8 Hz, 1 H), 7,71 (d,
J=1,8 Hz, 1 H), 7,93 (d, /=8,6 Hz, 1 H), 8,14 (d, J=5,3
Hz, 1 H), 8,77 (d, J=5,3 Hz, 1 H), 9,00 (s, 1 H), 9,67 (br.
s., 2 H); m/z=435 (M+H)+ mo hinh Cl

85

1'-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-benzo[d]-
imidazol-2-yl)metyl)-1-(xyclopropylsulfonyl)spiro-
[piperidin-4,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-on

'H NMR (400MHz, DMSO-ds) & ppm 0,93 - 1,01 (m, 2
H) 1,01 - 1,08 (m, 2 H) 1,86 - 1,95 (m, 2 H) 1,97 - 2,07
(m, 2 H) 2,13 - 2,26 (m, 2 H) 2,67 - 2,78 (m, 1 H) 3,02
(s, 3H) 3,22 -3,29 (m, 2 H) 3,47 - 3,58 (m, 2 H) 3,60 -
3,70 (m, 2 H) 4,48 (t, J=7,48 Hz, 2 H) 5,30 (s, 2 H) 7,31
(dd, J=8,58, 1,98 Hz, 1 H) 7,64 (d, /~4,84 Hz, 1 H) 7,65
(d, J~=1,76 Hz, 1 H) 7,68 (d, J=8,58 Hz, 1 H) 8,36 (d,
J=4,84 Hz, 1 H) 8,50 (s, 1 H); m/z = 592 (M+H)+ md
hinh Cl; MP = 150,42°C

86

4-(5-clo-2-((1-(2-hydroxy-2-metylpropanoyl)-2'-
oxospiro  [piperidin-4,3'-pyrolo[2,3-c]pyridin]-1'(2'H)-
yl)metyl)-1H-indol-1-yl)butannitril

"H NMR (360MHz, DMSO-ds) & ppm 1,37 (s, 6 H), 1,71
- 1,90 (m, 4 H), 1,90 - 2,08 (m, 2 H), 2,59 (t, /<7,3 Hz, 2
H), 4,09 - 4,43 (m, 4 H), 5,21 (s, 2 H), 5,51 (s, 1 H), 6,36
(s, 1 H), 7,15 (m, /=10,6 Hz, 1 H), 7,48 - 7,59 (m, 2 H),
7,69 (d, /4,8 Hz, 1 H), 8,35 (d, /4,8 Hz, 1 H), 8,41 (s,
1 H); m/z =520 (M+H)+ mo hinh Cl
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87

isopropyl 1'-((5-clo-1-(3-(metylsulfonyl)propyl)-1 H-
benzo[d]imidazol-2-yl)metyl)-2'-oxo-1',2'-dihydrospiro-
[piperidin-4,3'-pyrolo[2,3-c]pyridin]-1-carboxylat

'H NMR (400MHz, DMSO-ds) 8 ppm 1,23 (d, J=6,16
Hz, 6 H) 1,65 - 1,90 (m, 4 H) 2,19 (quin, /=7,59 Hz, 2
H) 3,02 (s, 3 H) 3,18 - 3,30 (m, 2 H) 3,62 - 3,83 (m, 4 H)
4,48 (t, J=7,48 Hz, 2 H) 4,84 (quin, J=6,22 Hz, 1 H) 5,31
(s, 2 H) 7,31 (dd, J/=8,58, 1,98 Hz, 1 H) 7,64 - 7,68 (m, 2
H) 7,69 (d, J=2,42 Hz, 1 H) 8,33 (d, J=4,84 Hz, 1 H)
8,49 (s, 1 H); m/z =574 (M+H)+ mo hinh CI

88

4-(2-((1-axetyl-2'-oxospiro[azetidin-3,3'-indolin]-1'-y1)-
metyl)-5-clo-1H-benzo[d]imidazol-1-yl)butannitril

1H NMR (400MHz, DMSO-ds) & ppm 1,87 (s, 3 H) 2,07
(quin, J=7,59 Hz, 2 H) 2,63 (t, J=7,37 Hz, 2 H) 3,98 -
4,18 (m, 2 H) 4,34 - 4,47 (m, 4 H) 5,16 - 5,31 (m, 2 H)
7,14 (td, J=7,48, 0,88 Hz, 1 H) 7,18 (d, J=7,70 Hz, 1 H)
7,27 - 7,34 (m, 2 H) 7,64 - 7,68 (m, 2 H) 7,68 - 7,72 (m,
1 H); m/z = 448,04 (M+H)+ m6 hinh CI

&9

1'-((5-clo-1-(3-xyanopropyl)-1H-benzo[d]imidazol-2-
yl)metyl)-2'-oxo-1',2'-dihydrospiro[piperidin-4,3'-pyrolo-
[2,3-c]pyridin]-1-sulfonamit

1H NMR (400MHz, DMSO-ds) 8 ppm 1,80 - 2,04 (m, 4
H), 2,10 (quin, J=7,43 Hz, 2 H), 2,63 (t, J=7,37 Hz, 2 H),
3,26 - 3,30 (m, 2 H), 3,38 - 3,50 (m, 2 H), 4,40 (t, J=7,48
Hz, 2 H), 5,30 (s, 2 H), 6,88 (br. s, 2 H), 7,30 (dd,
J=8,58, 1,98 Hz, 1 H), 7,58 (d, J=4,84 Hz, 1 H), 7,64 (d,
J=1,76 Hz, 1 H), 7,66 (d, J=8,58 Hz, 1 H), 8,36 (d,
J=4,84 Hz, 1 H), 8,48 (s, 1 H): m/z = 514 (M+H) + Md
hinh CI

90

1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl}metyl)-1-
(xyclopropylcarbonyl)spiro[piperidin-4,3'-pyrolo[2,3-
c]pyridin]-2'(1'H)-on

"H NMR (400MHz, DMSO-ds) & ppm 0,60 - 0,88 (m, 4
H) 1,67 - 1,96 (m, 4 H) 1,98 - 2,11 (m, 1 H) 2,14 - 2,25
(m, 2 H) 3,02 (s, 3 H) 3,22 - 3,28 (m, 2 H) 3,71 - 4,12
(m, 4 H) 4,48 (t, /=7,26 Hz, 2 H) 5,31 (s, 2 H) 7,31 (dd,
J=8,58, 1,98 Hz, 1 H) 7,61 - 7,73 (m, 3 H) 8,34 (d,
J=4,84 Hz, 1 H) 8,49 (s, 1 H); m/z=556 (M+H)+; MP =
208,64°C
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91

4-(5-clo-2-{[2'-ox0-1-(thiophen-2-ylsulfonyl)spiro-
[azetidin-3,3'-indol]-1'(2'H)-yl]metyl }-1 H-benzimidazol-
1-yl)butannitril

"H NMR (400MHz, DMSO-ds) 8 ppm 2,03 (quin, J=7,48
Hz, 2 H) 2,59 (t, J=7,37 Hz, 2 H) 3,91 - 4,20 (m, 4 H)
4,35 (t, J=7,59 Hz, 2 H) 5,15 (s, 2 H) 6,78 - 6,84 (m, 1
H) 7,03 (td, J=7,54, 0,77 Hz, 1 H) 7,12 - 7,19 (m, 1 H)
7,23 - 7,32 (m, 2 H) 7,48 (dd, J=4,95, 3,85 Hz, 1 H) 7,59
- 7,67 (m, 2 H) 7,92 (dd, J=3,74, 1,10 Hz, 1 H) 8,27 (dd,
J=5,06, 1,32 Hz, 1 H); m/z = 552,04 (M+H)+

92

Oxetan-3-yl 1'-{[5-clo-1-(3-xyanopropyl)-1H-
benzimidazol-2-ylmetyl}-2'-ox0-1',2'-dihydro-1H-
spiro[azetidin-3,3'-indol]-1-carboxylat

"H NMR (400MHz, DMSO-d¢) & ppm 2,08 (quin, J=7,48
Hz, 2 H) 2,62 (t, JI=7,37 Hz, 2 H) 4,09 - 4,35 (m, 4 H)
4,36 - 4,43 (m, 2 H) 4,50 - 4,57 (m, 2 H) 4,76 - 4,84 (m,
2H)523(s,2H)534-542 (m, 1 H) 7,11 - 7,23 (m, 2
H) 7,27 - 7,35 (m, 2 H) 7,63 - 7,69 (m, 2 H) 7,72 - 7,78
(m, 1 H); m/z= 506,09 (M+H)+

93

4-[5-clo-2-({1-[(4-flophenyl)sulfonyl]-2'-ox0spiro-
[azetidin-3,3'-indol]-1'(2'H)-yl} metyl)-1 H-benzimidazol-
1-yl]butannitril

'H NMR (400MHz, DMSO-d¢) & ppm 2,02 (quin, J=7,48
Hz, 2 H) 2,57 (t, J=7,37 Hz, 2 H) 3,92 - 4,09 (m, 4 H)
4,32 (t, I=7,59 Hz, 2 H) 5,13 (s, 2 H) 6,95 - 7,01 (m, 1
H) 7,02 - 7,09 (m, 1 H) 7,11 - 7,16 (m, 1 H) 7,23 - 7,33
(m, 2 H) 7,58 - 7,67 (m, 4 H) 7,99 - 8,07 (m, 2 H); m/z =
564,06 (M+H)+

94

4-(5-clo-2-{[1-(metylsulfonyl)-2'-oxospiro[azetidin-3,3'-
indol]-1'(2'H)-ylJmetyl } -1 H-benzimidazol-1-yl)-
butannitril

'H NMR (400MHz, DMSO-d¢) 8 ppm 2,01 - 2,14 (m, 2
H) 2,63 (t, J=7,37 Hz, 2 H) 3,21 (s, 3 H) 4,12 - 4,27 (m,
4 H) 4,40 (t, J=7,59 Hz, 2 H) 5,23 (s, 2 H) 7,12 - 7,23
(m, 2 H) 7,27 -7,37 (m,2H) 7,62 - 7,71 (m, 3 H); m/z =
484,04 M+H)+; MP =214,11°C
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95

N-[(1'-{[5-clo-1-(3-xyanopropyl)-1 H-benzimidazol-2-
yl]metyl}-2'-0x0-1',2'-dihydro-1H-spiro[piperidin-4,3'-
pyrolo[2,3-c]pyridin]-1-yl)sulfonyl]axetamit

'"H NMR (400MHz, CLOROFORM-d) dppm 1,92 - 2,01
(m, 4 H), 2,09 - 2,17 (m, 2 H), 2,18 (s, 3 H), 2,38 (s, 6
H), 2,49 (s, 2 H), 2,55 (br. s., 8 H), 3,66 - 3,75 (m, 2 H),
3,75 - 3,81 (m, 8 H), 3,81 - 3,90 (m, 2 H), 4,38 - 4,47 (m,
2 H), 4,61 - 4,80 (m, 1 H), 5,21 (s, 2 H), 7,27 (s, 1 H),
7,28 - 7,32 (m, 2 H), 7,72 (d, J=1,32 Hz, 1 H), 8,44 (d,
J=4,84 Hz, 1 H), 8,81 (s, 1 H); m/z= 556 (M+H)+

96

4-(5-clo-2-{[2'-0x0-1-(thiophen-2-ylsulfonyl)spiro-
[piperidin-4,3'-pyrolo[2,3-c]pyridin]-1'(2'H)-ylmetyl}-

1 H-indol-1-yl)butannitril

"H NMR (400MHz, DMSO-ds) & ppm 1,86 - 2,00 (m, 4
H) 2,10 - 2,21 (m, 2 H) 2,52 - 2,57 (m, 2 H) 3,20 - 3,29
(m, 2 H) 3,47 - 3,58 (m, 2 H) 4,13 - 4,31 (m, 2 H) 5,11
(s, 2 H) 6,28 (s, 1 H) 7,14 (dd, J=8,69, 2,09 Hz, 1 H)
7,33 (dd, J=5,06, 3,74 Hz, 1 H) 7,44 - 7,55 (m, 3 H) 7,71
(dd, J=3,74, 1,32 Hz, 1 H) 8,09 (dd, J=5,06, 1,32 Hz, 1
H) 8,31 - 8,36 (m, 2 H); m/z =580 (M+H)+

97

tert-Butyl I'-{[1-(3-metylbutyl)-1 H-pyrolo[3,2-
c]pyridin-2-yl]Jmetyl }-2'-oxo-1',2'-dihydro-1H-
spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-1-carboxylat
'H NMR (400MHz, CLOROFORM-d) & ppm 1,05 (d,
J=6,38 Hz, 6 H), 1,51 (s, 9 H), 1,63 - 1,84 (m, 3 H), 1,93
(t, J=5,39 Hz, 4 H), 3,72 - 3,86 (m, 2 H), 3,86 - 3,99 (m,
2 H), 4,27 - 4,42 (m, 2 H), 5,20 - 5,38 (m, 2 H), 6,90 (s,
1 H), 7,63 (d, J=6,60 Hz, 1 H), 7,69 (d, /=4,84 Hz, 1 H),
8,38 (d, J=6,60 Hz, 1 H), 8,54 (br. s., 1 H), 8,67 (br. s., 1
H), 9,01 (br. s., 1 H);

m/z =504 (M+H)+

98

Metyl 1'-{[5-clo-1-(3-xyanopropyl)-1H-benzimidazol-2-
yl]metyl}-2'-0x0-1',2'-dihydro-1H-spiro[piperidin-4,3'-
pyrolo[2,3-c]pyridin]-1-carboxylat

'H NMR (400MHz, DMSO-d¢) & ppm 1,66 - 1,93 (m, 4
H), 2,09 (quin, J=7,5 Hz, 2 H), 2,63 (t, J=7,4 Hz, 2 H),
3,65 (s, 3 H), 3,71 - 3,84 (m, 4 H), 4,39 (t, J=7,6 Hz, 2
H), 5,30 (s, 2 H), 7,30 (dd, J=8,6, 2,0 Hz, 1 H), 7,56 -
7,75 (m, 2 H), 8,33 (d, J=4,8 Hz, 1 H), 8,47 (s, 1 H); m/z
=493 (M+H)+
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99

[-Metyletyl 1'-{[5-clo-1-(3-xyanopropyl)-1H-
benzimidazol-2-yl|metyl}-2'-oxo0-1',2'-dihydro-1H-
spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-1-carboxylat
'"H NMR (400MHz, DMSO-d¢) & ppm 1,18 - 1,27 (m, 6
H), 1,72 - 1,89 (m, 4 H), 2,09 (quin, J=7,4 Hz, 2 H), 2,63
(t, 7,4 Hz, 2 H), 3,65 - 3,83 (m, 4 H), 4,39 (t, J=7,5
Hz, 2 H), 4,84 (dt, J=12,5, 6,2 Hz, 1 H), 5,30 (s, 2 H),
7,30 (dd, J=8,6, 2,0 Hz, 1 H), 7,62 - 7,72 (m, 3 H), 8,33
(d,J=4,6 Hz, 1 H), 8,48 (s, | H); m/z= 521 (M+H)+

100

4-{5-clo-2-[(2'-oxospiro[azetidin-3,3'-indol]-1'(2'H)-
yl)metyl]-1H-benzimidazol-1-yl} butanamit _

"H NMR (400MHz, DMSO-ds) & ppm 1,86 - 2,00 (m, 2
H) 2,34 (t, J=7,26 Hz, 2 H) 4,15 - 4,32 (m, 4 H) 4,32 -
4,44 (m, 2 H) 5,21 (s, 2 H) 7,16 - 7,25 (m, 2 H) 7,27 -
7,32 (m, 1 H) 7,32 - 7,39 (m, 1 H) 7,61 - 7,69 (m, 2 H)
7,81 - 7,88 (m, 1 H); m/z=425,02 (M+H)+

101

ZT

4-{5-clo-2-[(2'-oxospiro[azetidin-3,3'-indol]-1'(2' H)-
ylD)metyl]-1H-benzimidazol-1-yl } butannitril

"H NMR (400MHz, DMSO-ds) & ppm 2,00 (quin, J=7,54
Hz, 2 H) 2,57 - 2,67 (m,-2 H) 3,56 (d, J=7,26 Hz, 2 H)
4,00 (d, J=7,48 Hz, 2 H) 4,38 (t, J=7,59 Hz, 2 H) 5,21 (s,
2H)7,08-7,18(m,2H)7,21-7,32(m, 2 H) 7,62 -7,68
(m, 2 H) 7,73 - 7,82 (m, 1 H); m/z = 405,96 (M+H)+

102

1-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-benzimidazol-
2-yl}metyl)-1'-(thiophen-2-ylsulfonyl)spiro[indol-3,4'-
piperidin]-2(1H)-on

"H NMR (400MHz, DMSO-d¢)  ppm 1,79 - 1,94 (m, 2
H) 2,00 - 2,26 (m, 4 H) 2,98 (s, 3 H) 3,07 - 3,25 (m, 4 H)
3,42 - 3,78 (m, 2 H) 4,41 (t, J=6,60 Hz, 2 H) 5,17 (s, 2
H) 6,98 - 7,09 (m, 1 H) 7,14 (d, J=7,48 Hz, 1 H) 7,20 -
7,42 (m, 4 H) 7,54 - 7,78 (m, 3 H) 8,03 - 8,15 (m, 1 H);
m/z = 632,94 (M+H)+; MP = 233,06°C

103

/

Xyclobutyl 1'-{[5-clo-1-(3-xyanopropyl)-1H-indol-2-yl]-
metyl}-2'-oxo-1',2'-dihydro-1H-spiro[piperidin-4,3'-
pyrolo[2,3-c]pyridin]-1-carboxylat

'"H NMR (400MHz, DMSO-ds) § ppm 1,50 - 1,65 (m, 1
H) 1,66 - 1,90 (m, 5 H) 1,91 - 2,09 (m, 4 H) 2,20 - 2,36
(m, 2 H) 2,58 (t, J/<7,37 Hz, 2 H) 3,56 - 3,90 (m, 4 H)
4,16 - 4,38 (m, 2 H) 4,79 - 4,96 (m, 1 H) 5,20 (s, 2 H)
6,36 (s, 1 H) 7,15 (dd, J=8,80, 1,98 Hz, 1 H) 7,48 - 7,57
(m, 2 H) 7,70 (d, /=4,84 Hz, 1 H) 8,33 (d, /~4,84 Hz, 1
H) 8,39 (s, 1 H); m/z =532 (M+H)+
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104

(1R,3R)-1'-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-
benzo[d]imidazol-2-yl)metyl)-2'-oxospiro[xyclobutan-
1,3'-indolin]-3-yl metylcarbamat '

'H NMR (400MHz, DMSO-d¢) 8 ppm 2,16 (quin, J=7,59
Hz, 2 H) 2,45 - 2,52 (m, 2 H) 2,59 (d, J=4,62 Hz, 3 H)
2,73 - 2,82 (m, 2 H) 3,00 (s, 3 H) 3,20 - 3,27 (m, 2 H)
4,47 (t, J=7,37 Hz, 2 H) 5,22 (s, 2 H) 5,25 - 5,35 (m, 1
H) 7,07 - 7,16 (m, 3 H) 7,22 - 7,28 (m, 1 H) 7,28 - 7,33
(m, 1 H) 7,48 - 7,54 (m, 1 H) 7,64 - 7,70 (m, 2 H); m/z =
531,15 (M+H)+; MP = 204,17°C

105

4-(5-clo-2-{[ 1-(metylsulfonyl)-2'-oxospiro[piperidin-
4,3'-pyrolo[2,3-c]pyridin]-1'(2'H)-ylJmetyl}-1 H-indol-1-
yl)butannitril

"H NMR (360MHz, DMSO-ds) & ppm 1,85 - 2,12 (m, 6
H), 2,60 (t, J=7,3 Hz, 2 H), 3,01 (s, 3 H), 3,40 - 3,51 (m,
2 H), 3,51 - 3,64 (m, 2 H), 4,30 (t, J=7,7 Hz, 2 H), 5,20
(s, 2 H), 6,38 (s, 1 H), 7,09 - 7,21 (m, 1 H), 7,47 - 7,59
(m, 2 H), 7,71 (d, J=4,8 Hz, 1 H), 8,36 (d, J=4,8 Hz, 1
H), 8,41 (s, 1 H); m/z =512 (M+H)+; MP = 145,30°C

106

1'-{[5-clo-1-(4-flobutyl)-1H-indol-2-yl|metyl }-1-(2-
hydroxy-2-metylpropanoyl)spiro[piperidin-4,3'-pyrolo-
[2,3-c]pyridin]-2'(1'H)-on

'"H NMR (400MHz, DMSO-ds) & ppm 1,40 (s, 6 H) 1,58
- 1,98 (m, 8 H) 3,99 - 4,16 (m, 4 H) 4,20 - 4,31 (m, 2 H)
4,33 - 4,42 (m, 1 H) 4,46 - 4,54 (m, 1 H) 5,07 (s, 1 H)
5,16 (s, 2 H) 6,37 (s, 1 H) 7,02 - 7,15 (m, 1 H) 7,41 -
7,47 (m, 1 H) 7,47 - 7,50 (m, 1 H) 7,53 - 7,57 (m, 1 H)
8,29 - 8,35 (m, 2 H); m/z =527 (M+H)+

107

4-(5-clo-2-{[ 1-(2-hydroxy-2-metylpropanoyl)-2'-
oxospiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-1'(2'H)-yl]-
metyl}-1H-benzimidazol-1-yl)butannitril

"H NMR (400MHz, DMSO-ds) & ppm 1,37 (s, 6 H), 1,83
(br. s., 4 H), 2,04 - 2,15 (m, 2 H), 2,64 (t, J=7,4 Hz, 2 H),
3,69 - 4,01 (m, 2 H), 4,12 - 4,34 (m, 2 H), 4,39 (t, J=7,5
Hz, 2 H), 5,31 (s, 2 H), 7,30 (dd, J=8,8, 2,0 Hz, 1 H),
7,63 - 7,69 (m, 3 H), 8,34 (d, J=4,6 Hz, 1 H), 8,49 (s, 1
H); m/z =521 (M+H)+
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108

4-{5-clo-2-[(1',1'-dioxido-2-0x0-2',3',5',6'-
tetrahydrospiro[pyrolo[2,3-c]pyridin-3,4'-thiopyran]-
1(2H)-yl)metyl]-1H-benzimidazol-1-yl } butannitril
'"HNMR (400MHz, DMSO-ds) 8 ppm 2,12 (quin, J=7,26
Hz, 2 H) 2,25 (m, J=15,19 Hz, 2 H) 2,41 - 2,48 (m, 2 H)
2,65 (t,J=7,37 Hz, 2 H) 3,16 - 3,28 (m, 2 H) 3,56 - 3,76
(m, 2 H) 4,40 (t, J=7,37 Hz, 2 H) 5,32 (s, 2 H) 7,30 (dd,
J=8,69, 1,65 Hz, 1 H) 7,56 - 7,72 (m, 3 H) 8,37 (d,
J=4,84 Hz, 1 H) 8,50 (s, | H); m/z=484,07 (M+H)+

109

4-{5-clo-2-[(3-hydroxy-2'-oxospiro[xyclobutan-1,3'-
indol]-1'(2'H)-yl)metyl]-1H-benzimidazol-1-
yl}butannitril

TH NMR (400MHz, DMSO-ds) & ppm 1,96 (quin, J=7,65
Hz, 2 H) 2,38 - 2,48 (m, 4 H) 2,59 (t, J=7,48 Hz, 2 H)
4,30 - 4,43 (m, 2 H) 4,65 - 4,79 (m, 1 H) 5,22 (s, 2 H)
5,58 (d, J=6,60 Hz, 1 H) 7,07 (td, J=7,48, 0,88 Hz, 1 H)
7,10 - 7,14 (m, 1 H) 7,22 (td, J=7,70, 1,10 Hz, 1 H) 7,29
(dd, J=8,58, 1,98 Hz, 1 H) 7,48 - 7,53 (m, 1 H) 7,65 (d,
J=8,58 Hz, 1 H) 7,66 (d, J=1,98 Hz, 1 H); m/z = 421
(M+H)+

110

4-(5-clo-2-(((1S,3S)-1'-((5-clo-1-(3-xyanopropyl)-1 H-
benzo[d]imidazol-2-yl)metyl)-2'-oxospiro[xyclobutan-
1,3'-indolin]-3-yloxy)metyl)-1H-benzo[d]imidazol-1-
yl)butannitril

'"H NMR (400MHz, DMSO-ds) 8 ppm 1,97 (quin, J=7,54
Hz, 2 H) 2,15 (quin, J=7,37 Hz, 2 H) 2,44 - 2,56 (m, 4
H) 2,59 (t, J=7,48 Hz, 2 H) 2,66 (t, J=7,15 Hz, 2 H) 4,29
- 4,46 (m, 4 H) 4,75 - 4,87 (m, 3 H) 5,22 (s, 2 H) 7,06 -
7,15 (m, 2 H) 7,20 - 7,26 (m, 1 H) 7,29 (dd, J=8,58, 1,98
Hz, 1 H) 7,33 (dd, J=8,58, 1,98 Hz, 1 H) 7,48 - 7,53 (m,
1 H) 7,62 - 7,66 (m, 2 H) 7,69 (d, J=8,80 Hz, 1 H) 7,72
(d,J=1,76 Hz, 1 H); m/z= 652 (M+H)+

111

1'-{[5-clo-1-(4-flobutyl)-1H-indol-2-yl]metyl }-2'-oxo0-
1',2'-dihydro-1H-spiro[piperidin-4,3'-pyrolo[2,3-c]-
pyridin]-1-sulfonamit

"H NMR (400MHz, DMSO-ds) & ppm 1,60 - 1,81 (m, 4
H), 1,84 - 2,09 (m, 4 H), 3,31 (s, 2 H), 3,41 - 3,53 (m, 2
H), 4,27 (t, J=7,04 Hz, 2 H), 4,40 (t, J=5,83 Hz, 1 H),
4,47 - 4,57 (m, 1 H), 5,18 (s, 2 H), 6,38 - 6,47 (m, 1 H),
6,89 (s, 2 H), 7,13 (dd, J=8,69, 2,09 Hz, 1 H), 7,51 (d,
J=8,80 Hz, 1 H), 7,53 (d, J=1,98 Hz, 1 H), 7,59 (d,
J=5,28 Hz, 1 H), 8,35 (d, /=4,62 Hz, 1 H), 8,38 (s, 1 H);
m/z =520 M+H)";
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112

4-(5-clo-2-{[ 1-(xyclopropylsulfonyl)-2'-oxospiro-
[piperidin-4,3'-pyrolo[2,3-c]pyridin]-1'(2'H)-yl|metyl}-

1 H-benzimidazol-1-yl)butannitril

'H NMR (400MHz, DMSO-ds) & ppm 0,94 - 1,11 (m, 4
H), 1,86 - 1,97 (m, 2 H), 1,98 - 2,15 (m, 4 H), 2,64 (t,
J=7,3 Hz, 2 H), 2,68 - 2,78 (m, 1 H), 3,49 - 3,59 (m, 2
H), 3,60 - 3,72 (m, 2 H), 4,40 (t, J=7,5 Hz, 2 H), 5,31 (s,
2 H), 7,30 (dd, J=8,7, 1,9 Hz, 1 H), 7,61 - 7,71 (m, 3 H),
8,37 (d, J=4,8 Hz, 1 H), 8,49 (s, 1 H); m/z = 539
M+

113

tert-Butyl  2'-oxo-1'-{[1-(4,4,4-triflobutyl)-1H-indol-2-
yl]metyl}-1',2'-dihydro-1H-spiro[piperidin-4,3'-
pyrolo[2,3-c]pyridin]-1-carboxylat

'H NMR (400MHz, CLOROFORM-d) & ppm 1,51 (s, 9
H), 1,71 - 1,82 (m, 2 H), 1,83 - 1,92 (m, 2 H), 1,93 - 2,04
(m, 2 H), 2,11 - 2,27 (m, 2 H), 3,70 - 3,81 (m, 2 H), 3,84
- 3,96 (m, 2 H), 4,23 - 4,32 (m, 2 H), 5,10 (s, 2 H), 6,62
(s, 1 H), 7,12 (ddd, J=7,81, 6,60, 1,43 Hz, 1 H), 7,19 -
7,30 (m, 3 H), 7,58 (d, /=7,92 Hz, 1 H), 8,38 (d, /=4,62
Hz, 1 H), 8,48 (s, 1 H); m/z =543 (M+H)";

114

N-[(1'-{[5-clo-1-(4-flobutyl)-1H-indol-2-yllmetyl}-2'-
o0x0-1',2"-dihydro-1H-spiro[piperidin-4,3'-pyrolo[2,3-c]-
pyridin]-1-yl)sulfonyl]axetamit

"H NMR (400MHz, DMSO-ds) d ppm 1,60 - 1,78 (m, 4
H), 1,85 - 2,02 (m, 4 H), 2,04 (s, 3 H), 3,50 - 3,61 (m, 2
H), 3,68 (ddd, J=12,71, 8,97, 3,63 Hz, 2 H), 4,27 (4,
J=7,04 Hz, 2 H), 4,40 (t, J=5,72 Hz, 1 H), 4,52 (s, 1 H),
5,17 (s, 2 H), 6,41 (s, 1 H), 7,13 (dd, J=8,69, 2,09 Hz, 1
H), 7,49 - 7,54 (m, 2 H), 7,56 (d, J=4,84 Hz, 1 H), 8,35
(d, J=4,84 Hz, 1 H), 8,38 (s, 1 H), 11,54 (s, | H); m/z =
562 (M+H)"; MP = 236,92°C

115

I

Dietyl (1'-{[5-clo-1-(3-xyanopropyl)-1H-benzimidazol-
2-yl]metyl}-2'-ox0-1',2'-dihydro-1H-spiro[piperidin-4,3'-
pyrolo[2,3-c]pyridin]-1-yl)phosphonat

'H NMR (400MHz, DMSO-ds) & ppm 1,28 (t, J=7,70
Hz, 6 H) 1,66 - 1,89 (m, 4 H) 1,99 - 2,16 (m, 2 H) 2,63
(t, J<7,30 Hz, 2 H) 3,26 - 3,38 (m, 2 H) 3,41 - 3,58 (m, 2
H) 3,89 - 4,07 (m, 4 H) 4,37 (t, J=7,50 Hz, 2 H) 5,27 (s,
2 H) 7,30 (dd, J=8,80, 1,98 Hz, 1 H) 7,54 - 7,71 (m, 3 H)
8,34 (d, J~=6,16 Hz, 1 H) 847 (s, 1 H); m/z = 571
(M+H)*
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116

4-(5-clo-2-{[2'-0x0-1-(3,3,3-triflo-2-hydroxy-2-
metylpropanoyl)spiro[piperidin-4,3'-pyrolof2,3-
c]pyridin]-1'(2'H)-yl]metyl}-1H-benzimidazol-1-
yl)butannitril

"H NMR (400MHz, DMSO-ds) & ppm 1,55 (s, 3 H) 1,70
- 1,99 (m, 4 H) 2,02 - 2,17 (m, 2 H) 2,63 (t, /=7,50 Hz, 2
H) 3,73 - 3,99 (m, 2 H) 4,15 - 4,29 (m, 2 H) 4,40 (t,
J=7,90 Hz, 2 H) 5,26 (s, 2 H) 7,17 (br. s, 1 H) 7,29 (dd,
J=8,58, 1,98 Hz, 1 H) 7,56 - 7,74 (m, 3 H) 8,32 (d,
J=5,06 Hz, 1 H) 8,47 (s, 1 H);

m/z =575 (M+H)"

117

N-[(1'-{[5-clo-1-(3-xyanopropyl)-1H-indol-2-yl|metyl} -
2'-0x0-1',2'-dihydro-1H-spiro[azetidin-3,3'-indol]-1-yl)-

sulfonyl]axetamit

'H NMR (400MHz, DMSO-d¢) & ppm 1,93 - 2,04 (m, 1
H), 2,16 (s, 3 H), 2,58 (t, J=7,4 Hz, 2 H), 4,25 (d, J=8,1
Hz, 2 H), 4,27 - 4,35 (m, 2 H), 4,40 (d, J=8,4 Hz, 2 H),
5,12 (s, 2 H), 6,38 (s, 1 H), 7,08 (d, J=7,9 Hz, 1 H), 7,11
- 7,21 (m, 2 H), 7,26 - 7,35 (m, 1 H), 7,48 - 7,55 (m, 2
H), 7,58 (d, J=7,0 Hz, 1 H), 10,84 - 10,85 (m, 0 H),
11,75 (br. s., 2 H); m/z =524 (M-H)"; MP = 182,85°C

NO
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120

(0] §\\\“‘

(1r,3r)-1'-((5-clo-1-(4-flobutyl)-1H-indol-2-yl)metyl)-2'-
oxospiro[xyclobutan-1,3'-indolin}-3-yl metylcarbamat
'H-NMR (400MHz, DMSO-d6) § ppm 1,58 - 1,76 (m, 4
H) 2,59 (d, J=4,62 Hz, 3 H) 2,78 (ddd, J=9,96, 7,32,
2,53 Hz, 2 H) 4,28 (t, J=6,82 Hz, 2 H) 4,38 (t, J=5,61
Hz, 1 H) 4,50 (t, J=5,39 Hz, 1 H) 5,08 - 5,14 (m, 2 H)
5,31 (quin, J=7,32 Hz, 1 H) 6,33 - 6,37 (m, 1 H) 7,02 (d,
J=7,92 Hz, 1 H) 7,07 - 7,16 (m, 3 H) 7,19 - 7,26 (m, 1
H) 7,46 - 7,55 (m, 3 H); m/z = 484 (M+H)+

121

(R)-1-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl} metyl)-1'-(2-hydroxy-2-
metylpropanoyl)spiro[indol-3,3'-pyrolidin]-2(1H)-on
TH-NMR (400MHz, DMSO-d6) & ppm 1,27 (d, J=7,0
Hz, 3 H), 1,36 (d, J=9,5 Hz, 3 H), 2,05 - 2,39 (m, 4 H),
3,01 (s, 3 H), 3,24 (t, J=7,7 Hz, 2 H), 3,59 - 3,85 (m, 2
H), 4,04 (s, 1 H), 4,20 (br. s., 1 H), 4,47 (t, J=7,5 Hz, 2
H), 5,17 - 5,35 (m, 3 H), 7,04 - 7,12 (m, 1 H), 7,17 -
7,41 (m, 4 H), 7,61 - 7,74 (m, 2 H); m/z= 559 (M+H)+
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122

(S)-1-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-
benzo[d]imidazol-2-yl)metyl)-1'-(2-hydroxy-2-
metylpropanoyl)spiro[indolin-3,3'-pyrolidin]-2-on
TH-NMR (400MHz, DMSO0-d6) & ppm 1,27 (d, J=7,3
Hz, 3 H), 1,37 (d, J=9,5 Hz, 3 H), 2,05 - 2,39 (m, 4 H),
3,01 (s, 3 H), 3,24 (t, J=7,8 Hz, 2 H), 3,59 - 3,86 (m, 2
H), 4,05 (s, 1 H), 4,20 (br. s., 1 H), 4,48 (t, J=7,5 Hz, 2
H), 5,18 - 5,35 (m, 3 H), 7,04 - 7,12 (m, 1 H), 7,17 -
7,42 (m, 4 H), 7,63 - 7,71 (m, 2 H); m/z = 559 (M+H)+

123

(1r,3r)-1'-((5-clo-1-(3-xyanopropyl)-1H-indol-2-
yl)metyl)-2'-oxospiro[xyclobutan-1,3'-indolin]-3-yl
metylcarbamat

'H-NMR (400MHz, DMSO0-d6) § ppm 1,92 - 2,02 (m, 2
H) 2,54 -2,61 (m, 5 H) 2,79 (ddd, J=9,96, 7,32, 2,75 Hz,
2 H) 4,31 (t, J=7,48 Hz, 2 H) 5,13 (s, 2 H) 5,31 (quin,
J=7,37 Hz, 1 H) 6,27 (s, 1 H) 7,03 (d, J=7,70 Hz, 1 H)
7,08 - 7,17 (m, 3 H) 7,20 - 7,28 (m, 1 H) 7,49 - 7,56 (m,
3 H); m/z =478 (M+H)+

125

xyclopropyl  ((1s,3s)-1'-((5-clo-1-(3-xyanopropyl)-1H-
benzo[d]imidazol-2-yl)metyl)-2'-oxospiro[xyclobutan-
1,3'-indolin]-3-yl)carbamat

"H NMR (400MHz, DMSO-ds) & ppm 0,46 - 0,73 (m, 4
H) 1,86 - 2,05 (m, 2 H) 2,52 - 2,63 (m, 6 H) 3,79 - 4,07
(m, 1 H) 4,34 (t, J=7,70 Hz, 2 H) 4,49 - 4,65 (m, 1 H)
5,20 (s, 2 H) 7,07 - 7,15 (m, 2 H) 7,24 (td, J=8,80, 1,10
Hz, 1 H) 7,29 (dd, J=8,80, 2,20 Hz, 1 H) 7,59 (d, J=7,26
Hz, 1 H) 7,62 - 7,67 (m, 2 H) 7,79 (d, J=6,82 Hz, 1 H),
m/z = 504 (M+H)+

126

xyclopropyl  ((1r,3r)-1'-((5-clo-1-(3-xyanopropyl)-1H-
benzo[d]imidazol-2-yl)metyl)-2'-oxospiro[xyclobutan-
1,3'-indolin]-3-yl)carbamat

"H NMR (400MHz, DMSO-ds) & ppm 0,50 - 0,69 (m, 4
H) 1,97 - 2,11 (m, 2 H) 2,51 - 2,56 (m, 2 H) 2,57 - 2,71
(m, 4 H) 3,89 - 4,02 (m, 1 H) 4,39 (t, /=7,30 Hz, 2 H)
4,43 - 4,53 (m, 1 H) 5,21 (s, 2 H) 7,04 - 7,15 (m, 2 H)
7,23 (td, J=7,70, 1,32 Hz, 1 H) 7,29 (dd, J=8,69, 1,87
Hz, 1 H) 7,53 (d, /=7,04 Hz, 1 H) 7,65 (dd, J=5,28, 3,30
Hz, 2 H) 7,69 (br. d, J=8,60 Hz, 1 H); m/z = 504
(M+H)+
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2 6 (S)-4-(5-clo-2-((1-(2,3-dihydroxypropanoyl)-2'-
HO\/'B\( oxospiro[azetidin-3,3'-indolin]-1'-yl)metyl)-1H-indol-1-
N yl)butannitril
m/z =493 (M+H)+
129 | o 0%5@
152
N
KK:N
Y o (R)-4-(5-clo-2-((1-(2,3-dihydroxypropanoyl)-2'-
HO\)\( oxospiro[azetidin-3,3'-indolin]-1'-yl)metyl)-1H-indol-1-
N yl)butannitril
m/z =493 (M+H)+
131 | ¢ O%%@
-
N
\\\\QN
o Xyclopropyl 1'-{[5-clo-1-(3-xyanopropyl)-1H-indol-2-
«O\( yl]metyl}-2'-oxo0-1',2'-dihydro-1H-spiro[ piperidin-4,3'-
N pyrolo[2,3-c]pyridin]-1-carboxylat
'H NMR (400MHz, DMSO-ds) & ppm 0,49 - 0,74 (m, 4
132 0 | N H) 1,60 - 1,90 (m, 4 H) 1,92 - 2,05 (m, 2 H) 2,58 (t,
c A 2N J=7,50 Hz, 2 H) 3,61 - 3,84 (m, 4 H) 3,99 - 4,11 (m, 1
m H) 4,30 (t, /=7,30 Hz, 2 H) 5,19 (s, 2 H) 6,36 (s, 1 H)
7,13 (dd, J=8,80, 1,98 Hz, 1 H) 7,46 - 7,57 (m, 2 H)
\\\\\ 7,70 (d, /=4,84 Hz, 1 H) 8,33 (d, /~4,84 Hz, 1 H) 8,39
N (s, 1 H); m/z =518 (M+H)+
(\O (1r,3r)-1'-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-
N\) benzo[d]imidazol-2-yl)metyl)-2'-oxospiro[xyclobutan-
O§( 1,3'-indolin]-3-yl morpholin-4-carboxylat
e o® IH-NMR (400MHz, DMSO-d6) & ppm 2,16 (dt,
/ J=15,24, 7,67 Hz, 2 H) 2,53 - 2,62 (m, 2 H) 2,72 - 2,84
133 o= " (m, 2 H) 3,00 (s, 3 H) 3,19 - 3,27 (m, 2 H) 3,33 - 3,55
c NN (m, 4 H) 3,55 - 3,66 (m, 4 H) 4,47 (t, J=7,37 Hz, 2 H)
\©:N>_/ 5,22 (s, 2 H) 5,33 (quin, J=7,43 Hz, 1 H) 7,06 - 7,17 (m,
\\\\O 2 H) 7,22 - 7,28 (m, 1 H) 7,30 (dd, J=8,58, 1,98 Hz, 1
L0 H) 7,56 (d, J=7,48 Hz, 1 H) 7,64 - 7,72 (m, 2 H); m/z =
\ 587,17 (M+H)+
N I'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-indol-2-
yl}metyl)spiro[azetidin-3,3'-indol]-2'(1'H)-on
y 0 m/z =458 (M+H)+
N
134 m
N
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135

metyl ((1s,3s)-1'-((5-clo-1-(3-xyanopropyl)-1H-
benzo[d]imidazol-2-yl)metyl)-2'-oxospiro[xyclobutan-
1,3'-indolin]-3-yl)carbamat

'H NMR (400MHz, DMSO-ds) 8 ppm 1,90 - 2,07 (m, 2
H) 2,36 - 2,49 (m, 2 H) 2,54 - 2,66 (m, 4 H) 3,55 (s, 3
H) 4,33 (t, /<7,70 Hz, 2 H) 4,48 - 4,66 (m, 1 H) 5,22 (s,
2 H) 7,06 - 7,15 (m, 2 H) 7,20 - 7,27 (m, 1 H) 7,30 (dd,
J=8,58, 2,20 Hz, 1 H) 7,59 (d, /=7,48 Hz, 1 H) 7,64 (d,
J=8,80 Hz, 1 H) 7,65 (d, J=1,98 Hz, 1 H) 7,74 - 7,83 (m,
1 H); m/z =478 (M+H)+

136

metyl ((1r,3r)-1'-((5-clo-1-(3-xyanopropyl)-1H-
benzo[d]imidazol-2-yl)metyl)-2'-oxospiro[xyclobutan-
1,3'-indolin]-3-yl)carbamat

TH NMR (400MHz, DMSO-ds) & ppm 1,94 - 2,12 (m, 2
H) 2,51 - 2,57 (m, 2 H) 2,58 - 2,69 (m, 4 H) 3,58 (s, 3
H) 4,35 (t, /7,50 Hz, 2 H) 4,43 - 4,54 (m, 1 H) 5,17 (s,
2 H) 7,06 - 7,16 (m, 2 H) 7,19 - 7,26 (m, 1 H) 7,19 (td,
J=7,70, 1,32 Hz, 1 H) 7,29 (dd, J=8,80, 1,98 Hz, 1 H)
7,54 (d, J=7,26 Hz, 1 H) 7,62 - 7,68 (m, 3 H); m/z =478
(M+H)+

137

4-[5-clo-2-({1-[(1-hydroxyxyclopropyl)carbonyl]-2'-
oxospiro[azetidin-3,3'-indol]-1'(2'H)-yl }metyl)-1H-
indol-1-yl]butannitril

'H-NMR (360MHz, DMSO-d6) & ppm 0,87 (d, J=3,7
Hz, 2 H), 1,04 (d, J=6,2 Hz, 6 H), 1,12 (d, J=5,5 Hz, 1
H), 1,98 (s, 1 H), 2,58 (t, J=7,5 Hz, 1 H), 3,60 (t, J=6,0
Hz, 1 H), 4,18 (s, 1 H), 4,31 (br. s., 1 H), 4,79 (s, 1 H),
5,15 (s, 1 H), 6,21 (br. s., 1 H), 6,35 (s, 1 H), 7,06 - 7,19
(m, 2 H), 7,29 (d, J=1,1 Hz, 1 H), 7,49 - 7,56 (m, 1 H),
7,69 (d, J=6,6 Hz, 1 H); m/z =489 (M+H)+

138

1-((5-clo-1-(3-(metylsulfonyl)propyl)-1H-
benzo[d]imidazol-2-yl)metyl)-1'-(2-hydroxy-2-
metylpropanoyl)spiro[indolin-3,3'-pyrolidin]-2-on
'H-NMR (400MHz, DMSO-d6) & ppm 1,27 (d, J=7,3
Hz, 6 H), 2,06 - 2,28 (m, 4 H), 3,01 (s, 3 H), 3,24 (t,
J=1,7 Hz, 2 H), 3,59 - 3,86 (m, 2 H), 4,05 (s, 1 H), 4,20
(br. s., 1 H), 4,48 (t, J=7,5 Hz, 2 H), 5,18 - 5,36 (m, 2
H), 7,04 - 7,12 (m, 1 H), 7,17 - 7,23 (m, 1 H), 7,25 -
7,33 (m, 2 H), 7,63 - 7,72 (m, 2 H); m/z = 559 (M+H)+
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143

1-((1s,3s)-1"-((5-clo-1-(3-xyanopropyl)-1H-
benzo[d]imidazol-2-yl)metyl)-2'-oxospiro[xyclobutan-
1,3'-indolin]-3-yl)-3-isopropylure

'H NMR (400MHz, DMSO-ds) 8 ppm 1,04 (d, J=6,60
Hz, 6 H) 1,90 - 2,06 (m, 2 H) 2,32 - 2,46 (m, 2 H) 2,60
(t, 57,48 Hz, 2 H) 3,50 - 3,81 (m, 1 H) 4,24 - 4,48 (m,
2 H) 4,54 - 4,75 (m, 1 H) 5,23 (s, 2 H) 5,65 (d, J=8,80
Hz, 1 H) 6,32 (d, /=9,02 Hz, 1 H) 7,05 - 7,15 (m, 2 H)
7,23 (dd, J=8,14, 1,32 Hz, 1 H) 7,29 (dd, J=8,58, 1,98
Hz, 1 H) 7,58 (d, /=8,36 Hz, 1 H) 7,62 - 7,68 (m, 2 H);
m/z = 505 (M+H)+; MP = 242, 49°C

144

1-((1r,3r)-1'-((5-clo-1-(3-xyanopropyl)- 1H-
benzo[d]imidazol-2-yl)metyl)-2'-oxospiro[xyclobutan-
1,3'-indolin]-3-yl)-3-isopropylure

H NMR (400MHz, DMSO-ds) & ppm 1,04 (d, J=6,60
Hz, 6 H) 1,92 - 2,12 (m, 2 H) 2,37 - 2,48 (m, 2 H) 2,55 -
2,69 (m, 4 H) 3,52 - 3,79 (m, 1 H) 4,24 - 4,46 (m, 2 H)
4,48 - 4,65 (m, 1 H) 5,21 (s, 2 H) 5,75 (d, J=7,70 Hz, 1
H) 6,26 (d, /=8,58 Hz, 1 H) 7,09 (dd, J=15,19, 7,92 Hz,
2 H) 7,22 (s, 1 H) 7,29 (dd, J=8,80, 1,98 Hz, 1 H) 7,57
(d, J=6,60 Hz, 1 H) 7,65 (dd, J=5,17, 3,19 Hz, 2 H); m/z
=505 (M+H)+; MP = 219,90°C

145

N-((1s,3s)-1'-((5-clo-1-(3-xyanopropyl)-1H-
benzo[d]imidazol-2-yl)metyl)-2'-oxospiro[xyclobutan-
1,3'-indolin]-3-yl)axetamit

"H NMR (400MHz, DMSO-ds) & ppm 1,85 (s, 3 H) 1,93
-2,07 (m, 2 H) 2,52 - 2,65 (m, 6 H) 4,17 - 4,48 (m, 2 H)
4,66 - 4,87 (m, 1 H) 5,24 (s, 2 H) 7,07 - 7,16 (m, 2 H)
7,20 - 7,27 (m, 1 H) 7,30 (dd, J=8,80, 2,20 Hz, 1 H)
7,58 - 7,69 (m, 3 H) 8,45 (d, /=7,92 Hz, 1 H); m/z = 462
M+H)+; MP =250,91°C

146

N-((1r,3r)-1'-((5-clo-1-(3-xyanopropyl)-1H-
benzo[d]imidazol-2-yl)metyl)-2'-oxospiro[xyclobutan-
1,3'-indolin]-3-yl)axetamit

'H NMR (400MHz, DMSO-ds) & ppm 1,84 (s, 3 H) 1,96
-2,10 (m, 2 H) 2,41 - 2,47 (m, 1 H) 2,57 - 2,67 (m, 5 H)
4,37 (t, J=7,30 Hz, 2 H) 4,61 - 4,75 (m, 1 H) 5,12 (s, 2
H) 7,04 - 7,15 (m, 2 H) 7,22 (td, J/=7,70, 1,10 Hz, 1 H)
7,28 (dd, J=8,58, 1,76 Hz, 1 H) 7,53 (dd, J=8,80, 0,88
Hz, 1 H) 7,61 - 7,68 (m, 2 H) 8,26 (d, /=9,68 Hz, 1 H);
m/z = 462 (M+H)+; MP = 194,77°C
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147

2-Hydroxyetyl 1'-{[5-clo-1-(3-xyanopropyl)-1H-indol-
2-yl]metyl}-2'-0x0-1',2'-dihydro-1H-spiro[piperidin-
4,3'-pyrolo[2,3-c]pyridin]-1-carboxylat

'H NMR (400MHz, DMSO-ds) & ppm 1,75 - 1,91 (m, 4
H), 1,95 - 2,08 (m, 2 H), 2,56 (t, J=7,4 Hz, 2 H), 3,61 (t,
J=5,1 Hz, 2 H), 3,69 - 3,89 (m, 4 H), 4,03 - 4,13 (m, 2
H), 4,25 - 4,35 (m, 2 H), 4,61 (br. s., 1 H), 5,18 (s, 2 H),
6,35 (s, 1 H), 7,13 (dd, J=8,8, 2,0 Hz, 1 H), 7,50 (dd,
J=5,5, 3,3 Hz, 2 H), 7,63 (dd, J/=4,8, 0,7 Hz, 1 H), 8,33
(d, 54,8 Hz, 1 H), 8,36 (s, 1 H); m/z =522 (M+H)+
MP = 144,55°C,;

148

4-(2-(((1r,3r)-3-amino-2'-oxospiro[xyclobutan-1,3'-
indolin]-1'-yl)metyl)-5-clo-1H-benzo[d]imidazol-1-
yl)butannitril

"H NMR (400MHz, DMSO-ds) 8 ppm 1,91 - 2,10 (m, 2
H) 2,13 - 2,27 (m, 2 H) 2,55 - 2,71 (m, 4 H) 3,78 (quin,
J=8,03 Hz, 1 H) 4,38 (t, /=7,59 Hz, 2 H) 5,20 (s, 2 H)
7,08 (td, J=8,10, 1,54 Hz, 2 H) 7,20 (td, J=7,70, 1,32
Hz, 1 H) 7,29 (dd, J=8,58, 1,98 Hz, 1 H) 7,53 - 7,70 (m,
3 H); m/z =420 (M+H)+

149

4-(2-(((1s,3s)-3-amino-2'-oxospiro[xyclobutan-1,3'-
indolin]-1'-yl)metyl)-5-clo-1H-benzo[d]imidazol-1-
yl)butannitril

'H NMR (400MHz, DMSO-ds) & ppm 1,80 - 2,20 (m, 4
H) 2,20 - 2,34 (m, 2 H) 2,36 - 2,47 (m, 2 H) 2,59 (t,
J=7,48 Hz, 2 H) 3,77 - 3,95 (m, 1 H) 4,36 (t, J/=7,50 Hz,
2H)5,21(s,2 H) 7,00 - 7,14 (m, 2 H) 7,16 - 7,25 (m, 1
H) 7,29 (dd, J=8,58, 1,98 Hz, 1 H) 7,55 (d, /=6,82 Hz, 1
H) 7,64 (d, J/=8,80 Hz, 1 H) 7,66 (d, J=1,76 Hz, 1 H);
m/z =420 (M+H)+

150

Cl N

2-(Axetyloxy)etyl 1'-{[5-clo-1-(3-xyanopropyl)-1H-
indol-2-yl]metyl}-2'-0x0-1',2'-dihydro-1H-
spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-1-carboxylat
m/z = 564 (M+H)+
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1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-indol-2-
yl}metyl)-1-(2-hydroxy-2-
metylpropanoyl)spiro[azetidin-3,3'-indol]-2'(1'H)-on
'H-NMR (400MHz, DMSO-d6) & ppm 1,32 (s, 3 H)
1,34 (s, 3 H) 2,02 - 2,14 (m, 2 H) 2,99 (s, 3 H) 3,14 -
3,23 (m, 2 H) 4,03 - 4,23 (m, 2 H) 4,39 (t, ]=7,48 Hz, 2
H) 4,55 - 4,78 (m, 2 H) 5,14 (s, 2 H) 5,26 (s, 1 H) 6,38
(s, 1 H) 7,08 (d, J=7,70 Hz, 1 H) 7,12 - 7,19 (m, 2 H)
7,25 - 7,32 (m, 1 H) 7,52 (d, J=1,98 Hz, 1 H) 7,55 (d,
J=8,80 Hz, 1 H) 7,64 (dd, J=7,37, 0,77 Hz, 1 H); m/z =
544,08 (M+H)+

153

(0]
ﬁ>‘\OH
N

Cl N

5-clo-1-(4-flobutyl)-2-{[ 1-(2-hydroxy-2-
metylpropanoyl)-2'-oxospiro[piperidin-4,3'-pyrolo[2,3-
c]pyridin]-1'(2'H)-yl]metyl}-1H-indol-3-carboxamit
'H-NMR (400MHz, DMSO-d6) & ppm 1,37 (s, 6 H),
1,54 - 1,69 (m, 4 H), 1,71 - 1,91 (m, 4 H), 3,63 - 4,06
(m, 2 H), 4,13 - 4,31 (m, 2 H), 4,14 - 4,23 (m, 2 H), 4,36
(br. s., 1 H), 4,47 (t, J=5,6 Hz, 1 H), 5,48 (s, 1 H), 5,53
(s, 2 H), 7,26 (dd, J=8,9, 2,1 Hz, 1 H), 7,58 (d, J=9,0 Hz,
1 H), 7,61 (d, J=4,8 Hz, 1 H), 7,63 - 7,73 (m, 2 H), 7,84
(d, J=2,0 Hz, 1 H), 8,29 (d, J=4,8 Hz, 1 H), 8,44 (s, 1
H); m/z= 570 (M+H)+

154

4-(5-clo-2-{[1'-(2-hydroxy-2-metylpropanoyl)-2-
oxospiro[indol-3,3'-pyrolidin]-1(2H)-yl]metyl }-1H-
benzimidazol-1-yl)butannitril

'H-NMR (400MHz, DMSO-d6) 8 ppm 1,22 - 1,43 (m, 6
H), 2,00 - 2,15 (m, 2 H), 2,15 - 2,38 (m, 2 H), 2,62 (t,
J=7,4 Hz, 2 H), 3,59 - 3,86 (m, 2 H), 4,04 (s, 1 H), 4,20
(br. s., 1 H), 4,39 (t, J=7,9 Hz, 2 H), 5,16 - 5,35 (m, 3
H), 7,04 - 7,12 (m, 1 H), 7,15 - 7,21 (m, 1 H), 7,22 -
7,40 (m, 3 H), 7,61 - 7,69 (m, 2 H); m/z= 506 (M+H)+

155

OH

1'-{[5-clo-1-(4-hydroxybutyl)-1H-indol-2-yl|metyl }-1-
(2-hydroxy-2-metylpropanoyl)spiro[piperidin-4,3'-
pyrolo[2,3-c]pyridin]-2'(1'H)-on

'H-NMR (360MHz, DMS0-d6) & ppm 1,37 (s, 6 H),
1,41 - 1,51 (m, 2 H), 1,65 (m, J=6,6 Hz, 2 H), 1,83 (br.
s., 4 H), 3,37 --3,46 (m, 2 H), 3,73 - 4,41 (m, 4 H), 4,24
(t, J=7,5 Hz, 2 H), 4,48 (t, J=5,1 Hz, 1 H), 5,19 (s, 2 H),
5,52 (s, 1 H), 6,42 (s, 1 H), 7,13 (dd, J=8,8, 1,8 Hz, 1
H), 7,43 - 7,57 (m, 2 H), 7,68 (d, J=4,8 Hz, 1 H), 8,33
(d,J=4,8 Hz, 1 H), 8,38 (s, 1 H); m/z =525 (M+H)+
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tert-Butyl 1'-{[3-carbamoyl-5-clo-1-(4-flobutyl)-1H-
indol-2-yl]metyl}-2'-oxo0-1',2'-dihydro-1H-
spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-1-carboxylat
"TH-NMR (400MHz, DMSO-d6) & ppm 1,45 (s, 9 H),
1,54 - 1,70 (m, 4 H), 1,77 (t, J=5,6 Hz, 4 H), 3,59 - 3,69
(m, 2 H), 3,70 - 3,80 (m, 2 H), 4,18 (t, J=7,0 Hz, 2 H),
4,33 - 4,39 (m, 1 H), 4,48 (t, J=5,6 Hz, 1 H), 5,52 (s, 2
H), 7,26 (dd, J=8,8, 2,0 Hz, 1 H), 7,57 (d, J=8,8 Hz, 1
H), 7,63 (d, J=4,6 Hz, 1 H), 7,64 - 7,71 (m, 2 H), 7,84
(d, J=2,0 Hz, 1 H), 8,27 (d, J=4,6 Hz, 1 H), 8,43 (s, 1
H); m/z= 584 (M+H)+

157

tert-Butyl 1-{[5-clo-1-(3-xyanopropyl)-1H-
benzimidazol-2-yl]metyl}-2-oxo-1,2-dihydro-1'H-
spiro[indol-3,3'-pyrolidine]-1'-carboxylat

"H-NMR (400MHz, DMS0-d6) & ppm 1,35 - 1,52 (m, 9
H), 2,02 - 2,14 (m, 2 H), 2,18 - 2,30 (m, 2 H), 2,62 (t,
J=7,4 Hz, 2 H), 3,50 - 3,62 (m, 2 H), 3,62 - 3,77 (m, 2
H), 4,39 (t, J=7,6 Hz, 2 H), 5,17 - 5,33 (m, 2 H), 7,08
(td, J=7,5, 0,9 Hz, 1 H), 7,16 - 7,21 (m, 1 H), 7,24 - 7,32
(m, 2 H), 7,35 (d, J=7,3 Hz, 1 H), 7,62 - 7,69 (m, 2 H);
m/z =521 (M+H)+

158

1'-{[5-clo-1-(4-flobutyl)-1H-benzimidazol-2-yl]metyl}-
3H-spiro[xyclobutan-1,3'-indol]-2',3(1'H)-dion

TH-NMR (400MHz, DMSO0-d6) & ppm 1,52 - 1,86 (m, 4
H) 3,39 - 3,50 (m, 2 H) 3,60 - 3,74 (m, 2 H) 4,32 - 4,42
(m, 3 H) 4,50 (t, J=5,50 Hz, 1 H) 5,26 (s, 2 H) 7,11 (dd,
J=7,48, 0,88 Hz, 1 H) 7,19 (d, J=7,92 Hz, 1 H) 7,24 -
7,30 (m, 2 H) 7,60 - 7,69 (m, 3 H); m/z =426 (M+H)+

162

1'-{[5-clo-1-(4-flobutyl)-1H-indol-2-
yl]metyl}spiro[piperidin-4,3'-pyrolo[2,3-c]pyridin]-
2'(1'H)-on

TH-NMR (400MHz, DMSO0-d6) & ppm 1,53 - 1,85 (m, 8
H) 2,77 - 3,00 (m, 2 H) 3,03 - 3,16 (m, 2 H) 4,26 (t,
J=6,93 Hz, 2 H) 4,40 (t, J=5,72 Hz, 1 H) 4,47 - 4,56 (m,
1 H) 5,17 (s, 2 H) 6,40 (s, 1 H) 7,13 (dd, J=8,80, 2,20
Hz, 1 H) 7,50 (d, J=8,58 Hz, 1 H) 7,53 (d, J=1,98 Hz, 1
H) 7,64 (d, J=4,62 Hz, 1 H) 8,32 (d, J=4,84 Hz, 1 H)
8,35 (s, 1 H); m/z=441 (M+H)+

-110-




21269

NO

Tén/Thong tin chi tiét vé phan tich

163

tert-Butyl  1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
indol-2-yl}metyl)-2'-0x0-1',2'-dihydro-1H-
spiro[azetidin-3,3'-indol]-1-carboxylat

'H-NMR (400MHz, DMSO-d6) § ppm 1,45 (s, 9 H)
1,98 - 2,13 (m, 2 H) 2,99 (s, 3 H) 3,13 - 3,22 (m, 2 H)
4,01 - 4,24 (m, 4 H) 4,38 (t, J=7,59 Hz, 2 H) 5,13 (s, 2
H) 6,39 (s, 1 H) 7,05 - 7,19 (m, 3 H) 7,24 - 7,33 (m, 1
H) 7,52 (d, J=1,98 Hz, 1 H) 7,54 (d, J=8,80 Hz, 1 H)
7,65 - 7,71 (m, 1 H); m/z = 558,23 (M+H)+

164

1'-{[5-clo-1-(4-hydroxybutyl)-1H-benzimidazol-2-
yl]metyl}-1-(2-hydroxy-2-
metylpropanoyl)spiro[piperidin-4,3'-pyrolo[2,3-
c]pyridin]-2'(1'H)-on

'H-NMR (360MHz, DMSO-d6) & ppm 1,37 (s, 6 H),
1,40 - 1,57 (m, 2 H), 1,63 - 1,79 (m, 2 H), 1,82 (br. s., 4
H), 3,42 (q, J=6,1 Hz, 2 H), 3,85 (br. s., 2 H), 4,34 (m,
J=1,5, 7,5 Hz, 4 H), 4,50 (t, J=5,1 Hz, 1 H), 5,29 (s, 2
H), 5,51 (s, 1 H), 7,28 (dd, J=8,8, 1,8 Hz, 1 H), 7,55 -
7,75 (m, 3 H), 8,34 (d, J=4,8 Hz, 1 H), 8,48 (s, 1 H); m/z
=526 (M+H)+; MP = 191,87°C

165

4-(5-clo-2-((1-(2,3-dihydroxypropanoyl)-2'-
oxospiro[azetidin-3,3'-indolin]-1'-yl)metyl)-1H-indol-1-
yl)butannitril

TH-NMR (400MHz, DMSO-d6) & ppm 1,83 - 2,05 (m, 2
H) 2,56 (t, J=7,30 Hz, 2 H) 3,44 - 3,66 (m, 2 H) 4,01 -
4,24 (m, 3 H) 4,25 - 4,34 (m, 2 H) 4,43 - 4,67 (m, 2 H)
4,76 - 4,92 (m, 1 H) 5,13 (s, 2 H) 5,30 (dd, J=49,08,
5,50 Hz, 1 H) 6,32 (d, J=2,86 Hz, 1 H) 7,05 (br. d,
J=9,00 Hz, 1 H) 7,10 - 7,16 (m, 2 H) 7,22 - 7,31 (m, 1
H) 7,47 - 7,54 (m, 2 H) 7,59 - 7,69 (m, 1 H); m/z = 493
(M+H)+

166

1'-{[5-clo-1-(4-hydroxybutyl)-1H-indol-2-ylmetyl }-1-
(2-hydroxy-2-metylpropanoyl)spiro[azetidin-3,3'-indol]-
2'(1'H)-on

'H-NMR (360MHz, DMS0-d6) & ppm 1,33 (d, J=5,9
Hz, 6 H), 1,37 - 1,50 (m, 2 H), 1,61 (m, J=7,0 Hz, 2 H),
3,39 (q, J=6,2 Hz, 2 H), 4,06 (d, J=9,5 Hz, 1 H), 4,17 (d,
J=9,5 Hz, 1 H), 4,24 (t, J=7,7 Hz, 2 H), 4,46 (t, J=5,1
Hz, 1 H), 4,59 (d, J=9,9 Hz, 1 H), 4,72 (d, J=9,5 Hz, 1
H), 5,12 (s, 2 H), 5,29 (s, 1 H), 6,42 (s, 1 H), 7,02 - 7,18
(m, 3 H), 7,27 (m, J=7,0 Hz, 1 H), 7,47 (d, J=8,8 Hz, 1
H), 7,52 (d, J=2,2 Hz, 1 H), 7,63 (d, J=7,0 Hz, 1 H); m/z
=496 (M+H)+; MP = 157,11°C
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167

1'-{[5-clo-1-(4-flobutyl)-1H-indol-2-yl|metyl }-1-(2,3-
dihydroxypropanoyl)spiro[piperidin-4,3'-pyrolo[2,3-
c]pyridin]-2'(1'H)-on

TH-NMR (400MHz, DMSO-d6) 8 ppm 1,55 - 1,95 (m, 8
H) 3,42 - 3,52 (m, 1 H) 3,53 - 3,65 (m, 1 H) 3,74 - 4,02
(m, 4 H) 4,17 - 4,31 (m, 2 H) 4,38 (t, J=6,40 Hz, 2 H)
4,46 - 4,55 (m, 1 H) 4,71 (t, J=5,90 Hz, 1 H) 4,95 (dd,
J=21,13, 6,82 Hz, 1 H) 5,18 (s, 2 H) 6,40 (s, 1 H) 7,11
(dd, J=8,80, 2,20 Hz, 1 H) 7,50 (d, J=8,80 Hz, 1 H) 7,52
(d, J=2,20 Hz, 1 H) 7,59 - 7,70 (m, 1 H) 8,32 (d, J=4,62
Hz, 1 H) 8,37 (s, 1 H); m/z =530 (M+H)+

168

(1r,3r)-1'-((5-clo-1-(3-xyanopropyl)-1H-
benzo[d]imidazol-2-yl)metyl)-2'-oxospiro[xyclobutan-
1,3'-indolin]-3-yl metylcarbamat

'H-NMR (400MHz, DMSO-d6) & ppm 2,07 (quin,
J=7,48 Hz, 2 H) 2,44 - 2,53 (m, 2 H) 2,56 - 2,67 (m, 5
H) 2,72 - 2,83 (m, 2 H) 4,40 (t, J=7,50 Hz, 2 H) 5,23 (s,
2 H) 5,30 (quin, J=7,37 Hz, 1 H) 7,06 - 7,19 (m, 3 H)
7,22 - 7,27 (m, 1 H) 7,29 (dd, J=8,80, 1,98 Hz, 1 H) 7,48
- 7,55 (m, 1 H) 7,62 - 7,68 (m, 2 H); m/z = 478,10
(M+H)+

169

1'-{[5-clo-1-(4-flobutyl)-1H-benzimidazol-2-ylJmetyl}-
1-(2-hydroxy-2-metylpropanoyl)spiro[piperidin-4,3'-
pyrolo[2,3-c]pyridin]-2'(1'H)-on

'"H-NMR (400MHz, DMSO-d6) & ppm 1,40 (s, 6 H),
1,69 - 1,93 (m, 8 H), 4,05 (t, J=5,6 Hz, 4 H), 4,35 (t,
J=1,5 Hz, 2 H), 4,40 (t, J=6,1 Hz, 1 H), 4,52 (t, J=5,8
Hz, 1 H), 5,06 (s, 1 H), 5,25 (s, 2 H), 7,24 (dd, J=8,6,
2,0 Hz, 1 H), 7,53 (dd, J=4,6, 0,7 Hz, 1 H), 7,55 - 7,61
(m, 1 H), 8,32 (d, J=4,8 Hz, 1 H), 8,45 (s, 1 H); m/z =
528 (M+H)+; MP =222.72°C

170

N-[(1'-{[5-clo-1-(3-xyanopropyl)-1H-benzimidazol-2-
yl]metyl}-2'-oxo0-1',2'-dihydro-1H-spiro[azetidin-3,3'-
indol]-1-yl)sulfonyl]axetamit

TH-NMR (400MHz, DMSO-d6) & ppm 2,00 - 2,13 (m, 2
H) 2,16 (s, 3 H) 2,62 (t, J=7,37 Hz, 2 H) 4,24 (d, J=8,36
Hz, 2 H) 4,33 - 4,44 (m, 4 H) 5,21 (s, 2 H) 7,07 - 7,23
(m, 2 H) 7,25 - 7,35 (m, 2 H) 7,56 (d, J=6,82 Hz, 1 H)
7,62 - 7,68 (m, 2 H) 11,73 (s, 1 H); m/z= 527 (M+H)+
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172

N-[(1'-{[5-clo-1-(3-xyanopropyl)-1H-indol-2-yl|metyl}-
2'-0x0-1',2'-dihydro-1H-spiro[piperidin-4,3'-pyrolo[2,3-
c]pyridin]-1-yl)sulfonyl]axetamit

'H-NMR (400MHz, DMSO-d6) & ppm 1,84 - 2,08 (m, 9
H) 2,58 (t, J=7,37 Hz, 2 H) 3,49 - 3,74 (m, 4 H) 4,24 -
4,37 (m, 2 H) 5,19 (s, 2 H) 6,34 (s, 1 H) 7,15 (dd,
J=8,69, 2,09 Hz, 1 H) 7,50 - 7,61 (m, 3 H) 8,36 (d,
J=4,84 Hz, 1 H) 8,39 (s, 1 H) 11,54 (s, 1 H); m/z =
555,06 (M+H)+; MP =230,52°C

173

(1r,3r)-1'-((5-clo-1-(3-xyanopropyl)-1H-
benzo[d]imidazol-2-yl)metyl)-2'-oxospiro[xyclobutan-
1,3'-indolin]-3-yl xyclopropylcarbamat

TH-NMR (400MHz, DMSO-d6) dppm 0,36 - 0,50 (m, 2
H) 0,53 - 0,67 (m, 2 H) 2,06 (quin, J=7,43 Hz, 2 H) 2,42
- 2,52 (m, 3 H) 2,62 (t, J=7,37 Hz, 2 H) 2,70 - 2,83 (m, 2
H) 4,40 (t, J=7,48 Hz, 2 H) 5,23 (s, 2 H) 5,31 (quin,
J=7,37 Hz, 1 H) 7,07 - 7,14 (m, 2 H) 7,22 - 7,27 (m, 1
H) 7,29 (dd, J=8,58, 1,98 Hz, 1 H) 7,41 - 7,55 (m, 2 H)
7,62 - 7,69 (m, 2 H); m/z= 504,15 (M+H)+

174

1'-({5-clo-1-[3-(metylsulfonyl)propyl]-1H-
benzimidazol-2-yl}metyl)-2,6-dimetyl-2,3,5,6-
tetrahydrospiro[pyran-4,3'-pyrolo[2,3-c]pyridin]-2'(1'H)-
on

'H-NMR (400MHz, CLOROFORM-d) & ppm 1,23 (d,
J=6,16 Hz, 6 H) 1,59 - 1,74 (m, 4 H) 2,30 - 2,41 (m, 2
H) 2,98 (s, 3 H) 3,12 (t, J=7,04 Hz, 2 H) 4,33 - 4,43 (m,
2H)4,48 - 4,56 (m, 2 H) 5,18 (s, 2 H) 7,10 - 7,14 (m, 1
H) 7,27 - 7,35 (m, 2 H) 7,73 (d, J=1,54 Hz, 1 H) 8,43 (d,
J=4,84 Hz, 1 H) 8,69 - 8,74 (m, 1 H),; m/z = 517,05
(M+H)+

175

1'-{[5-clo-1-(4-hydroxybutyl)-1H-benzimidazol-2-
yl]metyl}-1-(2-hydroxy-2-
metylpropanoyl)spiro[azetidin-3,3'-indol]-2'(1'H)-on
'H-NMR (360MHz, DMSO-d6): & ppm 1,31 (s, 3 H),
1,33 (s, 3 H), 1,39 - 1,51 (m, 2 H), 1,61 - 1,75 (m, 2 H),
3,36 - 3,44 (m, 2 H), 4,02 - 4,18 (m, 2 H), 4,33 (t, J=7,5
Hz, 2 H), 4,48 (t, J=5,1 Hz, 1 H), 4,54 - 4,74 (m, 2 H),
5,21 (s, 2 H), 5,29 (s, 1 H), 7,10 - 7,21 (m, 2 H), 7,25 -
7,33 (m, 2 H), 7,59 - 7,65 (m, 2 H), 7,67 (d, J=1,8 Hz, 1
H); m/z =497 (M+H)+
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176

4-(5-clo-2-(((1r,3r)-3-hydroxy-2'-oxospiro[xyclobutan-
1,3'-indolin]-1'-yl)metyl)-1H-benzo[d]imidazol-1-
yl)butannitril

'H-NMR (400MHz, DMSO-d6) & ppm 2,03 (quin,
J=7,54 Hz, 2 H) 2,27 - 2,40 (m, 2 H) 2,57 - 2,73 (m, 4
H) 4,38 (t, J=7,48 Hz, 2 H) 4,56 (sxt, J=7,35 Hz, 1 H)
5,20 (s, 2 H) 5,45 (d, J=7,26 Hz, 1 H) 7,05 - 7,14 (m, 2
H) 7,22 (td, J=7,70, 1,10 Hz, 1 H) 7,29 (dd, J=8,58, 1,76
Hz, 1 H) 7,48 - 7,54 (m, 1 H) 7,61 - 7,68 (m, 2 H); m/z
=421,01 (M+H)+; MP =217,25°C

178

Metyl 1'-{[5-clo-1-(4-flobutyl)-1H-benzimidazol-2-
ylJmetyl}-2'-oxo0-1',2'-dihydro-1H-spiro[piperidin-4,3'-
pyrolo[2,3-c]pyridin]-1-carboxylat

'H-NMR (400MHz, DMSO-d6) § ppm 1,65 - 1,91 (m, 8
H), 3,66 (s, 3 H), 3,71 - 3,81 (m, 4 H), 4,37 (t, J=7,3 Hz,
2 H), 4,43 (t, J=5,9 Hz, 1 H), 4,55 (t, J=5,6 Hz, 1 H),
5,29 (s, 2 H), 7,29 (dd, J=8,7, 1,9 Hz, 1 H), 7,62 - 7,70
(m, 3 H), 8,33 (d, I=4,8 Hz, 1 H), 8,49 (s, 1 H); m/z =
500 (M+H)+; MP = 182,68°C

179

1-Metyletyl 1'-{[5-clo-1-(4-flobutyl)-1H-benzimidazol-
2-ylJmetyl}-2'-0x0-1',2'-dihydro-1H-spiro[piperidin-
4,3'-pyrolo[2,3-c]pyridin]-1-carboxylat

'H-NMR (400MHz, DMSO-d6) & ppm 1,23 (d, J=6,2
Hz, 6 H), 1,65 - 1,91 (m, 8 H), 3,65 - 3,81 (m, 4 H), 4,37
(t, J=7,3 Hz, 2 H), 4,43 (t, J=5,9 Hz, 1 H), 4,54 (t, J=5,6
Hz, 1 H), 4,78 - 4,90 (m, 1 H), 5,29 (s, 2 H), 7,28 (dd,
J=8,7, 1,9 Hz, 1 H), 7,65 (dd, J=5.,4, 3,2 Hz, 2 H), 7,68
(dd, J=4,7, 0,6 Hz, 1 H), 8,33 (d, J=4,8 Hz, 1 H), 8,48 (s,
1 H); m/z = 528 (M+H)+; MP = 198,92°C

180

4-(5-clo-2-{[1-(xyclopropylsulfonyl)-2'-
oxospiro[azetidin-3,3'-indol]-1'(2'H)-ylmetyl }-1H-
benzimidazol-1-yl)butannitril

'H-NMR (400MHz, DMSO-d6) & ppm 1,01 - 1,19 (m, 4
H) 2,01 - 2,14 (m, 2 H) 2,63 (t, J=7,26 Hz, 2 H) 2,93 -
3,03 (m, 1 H) 4,12 - 4,34 (m, 4 H) 4,40 (t, J=7,59 Hz, 2
H) 5,23 (s, 2 H) 7,12 - 7,24 (m, 2 H) 7,27 - 7,37 (m, 2
H) 7,61 - 7,72 (m, 3 H); m/z = 510,10 (M+H)+; MP =
190,42°C
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181

4-[5-clo-2-({2'-0x0-1-[3,3,3-triflo-2-hydroxy-2-
(triflometyl)propanoyl]spiro[piperidin-4,3'-pyrolo[2,3-
c]pyridin]-1'(2'H)-yl} metyl)-1H-benzimidazol-1-
yl]butannitril

"H-NMR (400MHz, DMSO-d6) & ppm 1,72 - 2,01 (m, 4
H) 2,03 - 2,16 (m, 2 H) 2,64 (t, J=7,50 Hz, 2 H) 3,81 -
4,03 (m, 2 H) 4,22 - 4,35 (m, 2 H) 4,35 - 4,45 (m, 2 H)
5,32 (s, 2 H) 7,29 (dd, J=8,58, 1,98 Hz, 1 H) 7,57 - 7,73
(m, 3 H) 8,35 (d, J=4,62 Hz, 1 H) 8,49 (s, 1 H) 9,41 (s, 1
H); m/z= 629 (M+H)+; MP = 240,41°C

183

1'-{[5-clo-1-(4-flobutyl)-1H-benzimidazol-2-ylmetyl }-
1-(2-hydroxy-2-metylpropanoyl)spiro[azetidin-3,3'-
indol]-2'(1'H)-on

'H-NMR (400MHz, DMSO-ds) & ppm 1,33 (d, J=7,70
Hz, 6 H) 1,60 - 1,83 (m, 4 H) 4,06 (d, J=9,68 Hz, 1 H)
4,16 (d, J=9,68 Hz, 1 H) 4,27 - 4,45 (m, 3 H) 4,52 (t,
J=5,39 Hz, 1 H) 4,59 (d, J=9,68 Hz, 1 H) 4,71 (d,
J=9,68 Hz, 1 H) 5,22 (s, 2 H) 7,10 - 7,23 (m, 2 H) 7,25 -
7,33 (m, 2 H) 7,59 - 7,66 (m, 2 H) 7,67 (d, J~1,76 Hz, 1
H); m/z=499 (M+H)+; MP =219,71°C

184

N-[(1'-{[5-clo-1-(4-flobutyl)-1H-indol-2-ylJmetyl }-2'-
oxo-1',2'-dihydro-1H-spiro[piperidin-4,3'-pyrolo[2,3-
c]pyridin]-1-yl)sulfonyl]xyclopropancarboxamit

m/z = 588 (M+H)+

Hoat tinh khang virut

Céc dia vi chudn do day trong loai 96 16 mau den (Corning, Amsterdam, Ha Lan)

dugc nap ddy lap lai hai 1in biang cach sir dung hé théng robot tity chinh véi cac dich pha

lodng 4 1in theo day cta hop chét vai thé tich cudi cing 13 50pL méi trudng nudi chy
[mdi truong RPMI khong chira phenol do, FBS 10%, gentamyxin 0,04% (50mg/mL) va
DMSO 0,5%]. Sau d6, 100pL huyén phu té bao HeLa (5 x 10* t& bao/mL) trong moi

trudng nudi cdy dugc thém vao mdi 18, sau d6 thém S0uL virut rgRSV224 (MOI = 0,02)

vao moi trudng nudi cdy bing cach s dung thiét bi phan phbi nhidu giot (Thermo

Scientific, Erembodegem, Bi). Virut rgRSV224 1a virut dugc thiét ké chira gen GFP bd
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sung (Hallak va cac dong tac gia, 2000) va da dugc cip phép st dung tir NIH (Bethesda,
MD, My). Méi trudmg, dbi chimg dugce gay nhidm virut va d6i chimg dwoc gy nhidm gia
dugc bao gdm trong mdi thir nghiém. Cac té bao dwoc 0 & 37°C trong mdi truong khi
CO; 5%. Sau ba ngdy phoi nhiém virut, sy sao chép ctia virut duge dinh lugng bing cach
do sur biéu hién GFP ¢ céc té bao bﬁng kinh hién vi laze MSM (Tibotec, Beerse, Bi). ECso
duoc x4c dinh 13 ndng d6 e ché 50% dbi voi sy biéu hién GFP. Song song véi do, cac
hop chit dugc U trong ba ngay trong bd dia vi chuin do loai 96 16 mau trang (Corning) va
kha ning gy doc té bao cia cac hop chét trong céc té bao HeLa dugc x4c dinh bing cach
do lugng ATP cua céac té bao b%mg cach str dung bo kit ATPlite (PerkinElmer, Zaventem,
Bi) theo huéng dan clia nha san xuit. CCso dugc xac dinh 14 ndng do 50% ddi véi kha

nang giy doc té bao. SI dwoc tinh toan 1a CCso/ECso,

Tai li€u tham khao

Hallak LK, Spillmann D, Collins PL, Peeples ME. Glycosaminoglycan sulfation
requirements for respiratory syncytial virus infection. J. Virol.740, 10508-10513 (2000).

Hop

chit pECso ST

1 9,2 19370

2 7,3 >2193,76

3 10,5 >3,23668e+006
4 10,1 654998

5 8,3 >20325

6 9,3 >220491

7 10,6 >3,59137e+006
8 91 >127462

9 9,4 >234634

10 8,7 49544

11 9,4 >249735

12 9,3 >194729

13 10,3 >2,13334e+006
14 >9.8 >655360

15 >9.8 >655360

16 >9.8 >643591

17 9,5 79869

18 8,9 >84288,8

19 8,4 >21417,6

20 8,4 1880

21 8,3 >21256,9

22 8,1 3515

23 8,1 606
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Hop

chét pECso SI

24 8,1 >13913,6
25 7,5 1386

26 6,5 164

27 -

28 >9,8 >660861
29 >9.8 >660861
30 9,6 >405070
31 8,5 >34055,7
32 9,2 >147839
33 9,8 >563300
34 8,9 >79744 4
35 9,1 65535

36 9,6 353419
37 10,0 >935083
38 9,8 >571387
39 9,2 59894

40 8,6 >43461
41 7,34 >2230,95
42 >9.8 >655360
43 9,6 >419527
44 9,6 >384096
45 9.4 >227520
46 9,2 >155253
47 8,8 >61850
48 8,6 >43054,6
49 8,3 2615

50 8,0 >8995,8
51 7,2 595

52 8,6 22757

53 >9.8 >305014
54 8,8 20155

55 10,3 1382102
56 9,5 >298202
57 7,08 842,91
58 >9.7 >386305
59 8,3 14980

60 9,6 >390292
61 9.4 >241324
62 9,0 46732

63 9,8 100580
64 9,6 >379778
65 9,2 158245
66 8,5 >29357,6
67 10,3 1260115
68 9,3 >204235
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Hop
chét pECso SI
69 8,3 4891
70 >9.8 >325484
70 >9,8 >313148
71 8,5 12968
72 9,6 >405070
73 9,3 51488
74 9,7 342437
75 8,3 >21707,5
76 >9,8 >263057
77 >9,8 >96511,7
78 9,2 24938
80 >9,8 >319161
81 >9.8 >655360
82 >9.8 >655360
83 >9.8 >655360
84 9,2 >176673
85 >9,8 >655360
86 >9.8 >349849
88 9.4 >253700
89 10,1 >124385
Hop RSV- SI_TOX-
chét wt pEC50 | HELA wt
90 10,33 >2,13954e+006
91 9,63 >428924
92 10,16 >1,43463e+006
93 8,79 >62290,2
94 9,89 >770442
95 10,10 >1,25505e+006
96 9,37 >233222
97 8,84 31764
98 10,17 >1,46504e+006
99 10,62 2437755
100 6,58 >380,041
101 9,05 >111491
102 8,84 >68433,7
103 9,58 76392
104 10,64 3927534
105 10,08 895262
106 9,62 80390
107 10,10 >1,25219¢+006
108 9,06 >57149,2
109 9,72 >523866
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Hop RSV- SI TOX-
chit wt pEC50 | HELA wt
110 8,84 >69368,1
111 9,91 274530
112 10,60 >3,96908¢+006
113 7,18 >1507,51
114 9,37 120036
115 10,16 >1,45522e+006
116 10,15 >1,42033e+006
117 8,0 6595
Hop RSV- SI_TOX-
chét wt pEC50 | HELA wt
120 8,62 4817
121 8,07 >11676,2
122 8,08 >12032,3
123 9,47 33180
124 8,23 >16849,6
125 9,54 >342949
126 9,59 199719
129 9,45 144016
131 9,37 107026
132 10,19 281041
133 9,85 >714628
134 8,70 21330
135 10,02 >1,05419e+006
136 9,61 251299
137 9,97 232965
138 8,67 >46631,6
143 8,48 >30292,8
144 9,64 >435994
145 9,52 >330255
146 9,30 >198577
147 10,26 872087
148 8,33 10550
149 8,92 43155
150 10,31 862700
152 8,80 31147
153 10,24 388687
154 8,93 >85767
155 9,77 291340
156 10,17 178008
157 8,40 6934
158 9,24 78873
162 8,34 2405
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Hop RSV- SI TOX-
chit wt pEC50 | HELA wt
163 9,70 95825

164 9,90 >800424
165 9,84 288416
166 9,27 64805

167 9,91 >408517
168 10,46 2134519
169 10,56 -

170 9,57 >370143
172 10,18 >1,51471e+006
173 10,65 2178763
174 7,75 >5597,19
175 10,13 >1,34645e+006
176 9,44 >278272
178 10,54 3132492
179 10,36 1045996
180 9,93 >847754
181 9,60 271188
183 10,12 1295538
184 9,66 215909
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1. Hop chét c6 cong thic (RI):

Cong thuc (RI)

N4
= R
Het’J

hodc dang ddng phan l4p thé bit ky cta no, trong do:

Het 1a di vong c6 cong thirc bat ky trong s6 cac cong thire (a), (b), (c), (d) néu dudi day:

1b

R12 R
1 1b |
Rl N R\ y . X\ N
\>uw Il I \>""'"
X =
Rla N\ Rlb/ ~X N\
Rl R2 . }Lw R2
(a) (b)
Rlc R3 IRld R3
lc 1d
R \ S
I
N NN
RIC \ Rld l \
Rlc R2 Rld R2

(c) (d)
mdi X doc 1ap 1a C hoidc N; v6i diéu kién 12 it nhit hai X 14 C;
mdi nhém trong sd cac nhém R'2, R'®, R!° hozc R'Y ddc 1ap duge chon tir nhém bao gdm

H, halogen, Ci-Cealkyl, C3-Crxycloalkyl, Ci-Cealkyloxy, N(R®),, CO(R7), CH,NH,,
CH;0H, CN, C(=NOH)NH,, C(=NOCH3)NH,, C(=NH)NH>, CF; va OCF3;

RI® hogic R! khong c6 mit khi X ma n6 gén két vao 1a N;
mdi nhém R? 13 -(CR3R%)m-R1?;

m 12 s6 nguyén ndm trong khoang tir 0 dén 6;
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mdi nhom R® ddc 1ap dugc chon tir nhém bao gdm H, halogen, aryl, heteroaryl, Ci-
Cealkyl, C3-Crxycloalkyl, Ci-Csalkyloxy va CO(R");

m3i nhém R® doc 1ap dwoc chon tir nhom bao gébm H, Ci-Cealkyl, COOCH; va
CONHSO,CHs;

mdi nhém R7 ddc 14p duge chon tir nhém bao gém H, Ci1-Cealkyl, OH, Ci-Csalkyloxy,
NHo,, NHSO,N(Ci-Cealkyl),, NHSO,NHCH3, NHSO,(Ci-Cealkyl),
NHSO,(C3-C7xycloalkyl) va NR°R!?;

mdi nhém R® va R® doc 1ap duoc chon tr nhém bao gém H, Ci-Cioalkyl va Cs-
Crxycloalkyl; hodic R® va R ciing nhau tao thanh vong no c6 4 dén 6 canh ma tity ¥ chira

mot hodc nhiéu nguyén tir khac loai dwgc chon tir nhém bao gdbm N, S va O;

mdi nhém R!° doc 14p duoc chon tir nhom bao gdm H, halogen, OH, CN, CF,H, CF3, Ci-
Cs alkyl, Cs3-Crxycloalkyl, C(=0)Ci-Cealkyl, C(=0)C3-Crxycloalkyl, C(=O)NR3R’,
C(=0)OR¢, SO:R%,  C(=O)N(R*)SO:R’, C(=O)N(R®)SO:N(R®R’),  NRER’,
NR!C(=0)OR®, OC(=0)R®, O-benzyl, NR3SO2R’, SO:NR?R®, SO;R8, OC(=O)NR®R’,
OC(=O)NR®R!?, N(R¥)C(=0)N(R®R?), R!!, N(R¥)C(=0)OR'?, OR!", C(=0O)R!! va vong

no ¢6 4 dén 6 canh chira mot nguyén tir oxy;

R!!'1a phenyl, pyridinyl hodc pyrazolyl; mbi nhém trong s6 cac nhom nay co thé duge thé
ty y bang mét hoic nhidu phén tir thé, mdi phan tir thé nay doc lap dugc chon tir nhém
bao gé)m CFs;, CHs, OCH3s, OCF; va halogen;

R!? 1a C;-Cs alkyl hodc C3-Crxycloalkyl; mdi nhém nay duge thé bing mét hodc nhiéu
phan tir thé, mdi phén tir thé nay doc 1ap duge chon tir nhém bao gdm CF3;, CHs, OCHs,
OCF3 va halogen;

mdi Z ddc 1ap 1a C hodc N, véi diéu kién 13 it nhét hai Z 13 C;

mdi Q va V doc lap 1a C=0, SO, hoic CR*R?!;

p va s doc lap la s6 nguyén nim trong khoang tir 0 dén 3, trong d6 tong cua p va s tdi
thidu phai bang 2, va khi p = 0 hodc s = 0 thi nguyén tt cacbon dugc dénh ddu * dugc
ghn két truc tiép véi W;

R2 va R2! doc lap duoc chon tir nhém bao gdm hydro, hydroxyl, Ci-Csalkyl, Cs-
Csxycloalkyl, CF3, OCHs, OCF3 va halogen;
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R22 dugc chon tir nhém bao gdm hydro, hydroxyl, Ci-Csalkyl, C3-Crxycloalkyl, CF3,
OCHs, OCF; va halogen;

W duoc chon tr nhém bao gém SO, SO, S, C, O va N, trong d6 C hodc N nay dugc thé
tlly y bang mot hodc nhiéu R,

R duge chon tir nhém bao gdm hydro, hydroxyl, Ci-Cealkyl, Cs-Crxycloalkyl, C;-
Cealkyl-R*, SO,R?**, SO;N(R?),, aryl, heteroaryl, C(=O)OR?*, OR?*, C(=O)R*,
C(=O)N(R?*"), OC(=0)N(R**),, P(=0)-(0-Ci-Ce-alkyl)s, N(R*),, NR>C(=0)OR%,
NRZC(=0)N(R?*),, NR¥SO,R? va vong no c6 4 dén 6 canh chira mot nguyén tir oxy,
trong d6 nhém bét ky trong sé cac nhom Ci-Cealkyl, Cs-Crxycloalkyl, aryl hodc
heteroaryl nay dugc thé tiy ¥ bing mot hogc nhiéu phan tir thé trong s cac phén tir thé

duoc chon tir nhém bao gém halogen, OH, CN, OCHj3;

R?* dugc chon tir nhém bao gdm hydro, OH, halogen, Ci-Csalkyl, C3-Crxycloalkyl,
C(=0) C1-Cealkyl, C(=0) C3-Crxycloalkyl, aryl, heteroaryl, benzyl va vong no c6 4 dén 6
canh chira mot nguyén ti oxy, trong d6 nhém bét ky trong sd cac nhém Ci-Cealkyl, C3-
C7xycloalkyl, C(=0) Ci-Cealkyl, C(=O) Cs-Csxycloalkyl, aryl, heteroaryl, benzyl nay
dugc thé ty ¥ bang mot hodc nhidu phéan tir thé dwoc chon tir nhém bao gbm halogen,
CF3, OH, CN, OCH3, OC(=0)CHj3) va C1-Csalkyl dugc thé bang it nhat mot CN;

R dugc chon tir nhém bao gbm hydro va Ci-C; alkyl;
aryl 14 phenyl hodc naphtalenyl;

heteroaryl 1a di vong thom dang mot vong ¢6 5 dén 6 canh chira mdt hodc nhiu nguyén
tir Khac loai, mbi nguyén tir khic loai nay ddc 1dp duoc chon tir nhém bao gém O, Sva
N; hoic di vong thom dang hai vong c¢6 8 dén 12 canh chtra mdt hodc nhiéu nguyén tir

khéc loai, mdi nguyén tir khac loai nay ddc lap duge chon tir nhom bao gdbm O, S va N;

v6i didu kién 1a Het khong théa mén cong thic d(x):

m
NC N/ N\
R2 d(x)

v6i didu kién 1a khi Het c6 cong thirc (a) thi it nhat mot trong sb cac phéan tir thé R [a

halo, hodc khi Het c6 cong thirc (b) thi it nhat mdt trong s cac phan tir thé R 13 halo,
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hodc mudi cong dugc dung hodc solvat ciia no.

2. Hop chét c¢6 cong thirc (RI) theo diém 1, hoic dang ddng phan l1ap thé bt ky cua no,

trong do:

Het 14 di vong c6 cong thirc bt ky trong sb cac cong thirc (a), (b), (¢), (d) néu dudi day:

1 N R1b7 7YX N
R \ L, Lo
R1a R? R R
(a) (b)
1c 3 F1d 3
1c 1d
RN X
X N
\ Il I\{vv
R N R1d/x\X/ N\
Rl R? Lm R?

mdi X ddc lap 1a C hodc N; véi didu kién 12 it nhét hai X 1a C;

mdi nhém trong s& cac nhém R'2, R', R¢ hozc R' doc 14p duoce chon tir nhém bao gdm
H, halogen, Ci-Csalkyl, C1-Csalkyloxy, CF3 va OCF3;

R'® hodic R!4 khong c¢6 mit khi X ma né gén két vao 1a N;

mdi nhém R? 13 -(CR®R?)m-R1;

m 1a s6 nguyén ndm trong khoang tir 2 dén 6;

mdi nhém R? 13 H, halogen hodc Ci-Csalkyl;

mdi nhom R® va R? ddc 14p duge chon tir nhém bao gdbm H va Ci1-Cioalkyl;

mdi nhém R ddc 14p duge chon tir nhém bao gdm H, halogen, OH, CN, CF,H, CF3, C:-
Cs alkyl, C3-Crxycloalkyl, C(=0)NR®R?, C(=0)OR? va SO2R?;

mdi Z ddc 1ap 1a C hodc N, véi diéu kién 12 it nhét hai Z 1a C;

mdi Q va V doc lap 1a CR2'R?};
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p va s doc 1ap 14 sb nguyén ndm trong khoang tir 0 dén 3, trong d6 tdng ctia p va s tbi
thiéu phai bang 2, va khi p = 0 hodc s = 0 thi nguyén ttr cacbon dugc danh déu * duoc

gén két truc tiép voi W;
R2%va R?! 1a hydro;

R22 duoc chon tir nhém bao gdm hydro, hydroxyl, Ci-Csalkyl, CF3, OCHs, OCF; va

halogen;

W dugc chon tir nhém bao gébm SO», C, O va N, trong d6 C hoic N nay dugc thé tuy y

bing mdt hodc nhiéu R%;

R dugc chon tir nhém bao gdm hydro, hydroxyl, Ci-Cealkyl, C3-Crxycloalkyl, Ci-
Cealkyl-R?*, SO,R?**, SO,N(R?**),, aryl, heteroaryl, C(=0)OR?*, OR?*, C(=O)R*,
C(=O)N(R?*");, OC(=O0)N(R>),, P(=0)-(0-Ci-Cs-alkyl)2, N(R*),, NRC(=0)OR*,
NRZC(=0)N(R*),, NR»SO,R?* va vong no c¢6 4 dén 6 canh chira mot nguyén tir oxy,
trong d6 nhém bt ky trong sé cac nhém Ci-Cealkyl, Cs-Crxycloalkyl, aryl hoic
heteroaryl niy dugc thé tily ¥ bing mot hodc nhiu phan tir thé trong sé cac phdn tir thé
duoc chon tir nhém bao gém halogen, OH, CN, OCH3;

R2* dugc chon tir nhém bao gébm hydro, OH, halogen, Ci-Csalkyl, C3-Crxycloalkyl,
C(=0) C1-Csalkyl, C(=0) Cs-Crxycloalkyl, aryl, heteroaryl, benzyl va vong no c¢6 4 dén 6
canh chira mot nguyén tit oxy, trong d6 nhom bét ky trong s§ cac nhém Ci-Csalkyl, Cs-
Crxycloalkyl, C(=0) Ci-Csalkyl, C(=O) Cs-Csxycloalkyl, aryl, heteroaryl, benzyl nay
dugc thé tiy ¥ bing mdt hodc nhiéu phan tir thé dugc chon tir nhom bao gdm halogen,
CF3, OH, CN, OCH3, OC(=0)CHj3) va Ci-Csalkyl dugc thé bang it nhat mot CN;

R duoc chon tir nhém bao gdm hydro va Ci-Cs alkyl;

aryl 1a phenyl hodc naphtalenyl;

heteroaryl 1la furanyl, thiophenyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazinyl,

quinoxalinyl hodc benzimidazolyl;
hodac muoi cong duge dung hodc solvat cua no.

3. Hop chét theo diém 2, trong d6 R?* dugc chon tir nhém bao gdm hydro, hydroxyl, Ci-
Cealkyl, Cs-Crxycloalkyl, Ci-Cealkyl-R*, SO,R%*, SO;N(R?**),, aryl, heteroaryl,
C(=0)OR?, ORY, C(=0)R%, C(=0)N(R?*),, OC(=0)N(R?*), va vdng no c6 4 dén 6 canh

chira mot nguyén tir oxy, trong d6 nhém bét ky trong sé cac nhém Ci-Cealkyl, Cs-
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Crxycloalkyl, aryl hodc heteroaryl nay duoc thé tuy y bing mot hodc nhidu phan tir thé
trong sb cac phén tt thé dugc chon tir nhom bao gém halogen, OH, CN, OCHz;

R?* dugc chon tr nhém bao gdm hydro, OH, halogen, Ci-Cealkyl, C3-Crxycloalkyl,
C(=0) Ci-Csalkyl, C(=0) C3-Crxycloalkyl, aryl, heteroaryl, benzyl va vong no c¢6 4 dén 6
canh chira mot nguyén tir oxy, trong d6 nhom bat ky trong sé cdc nhém Ci1-Cealkyl, Cs-
Crxycloalkyl, C(=O) C;-Csalkyl, C(=0O) Cs-Crxycloalkyl, aryl, heteroaryl, benzyl nay
duoc thé tuy y béng mot hodc nhidu phéan tir thé duoc chon tir nhém bao gém halogen,
CF3, OH, CN, OCH3 va OC(=0)CHs).

4. Hop chét theo cong thirc (RI) theo diém 1, trong d6 Het dugc thé hién bing cong thirc
(%), (b), (¢’) hodc (d°):

trong d6 it.nhat mot X 1a N;
vaR!l2 R!b, RIe R14vaR? dugc x4c dinh nhu trong diém 1.

5. Hop chit theo diém bat ky trong s cac diém néu trén, trong d6 d6i véi cong thuc (b*)
va (d’), mot X 1a N.

6. Hop chit theo diém bét ky trong s& cac diém néu trén, trong d6 mdi nhém trong s cac

nhém R'2, R', R!° hodc R doc 1ap duoc chon tir nhém bao gdm H va halogen.

7. Hop chét theo diém bét ky trong s cac diém néu trén, trong d6 mdi nhém trong sd céc

nhém R'2, R, R!® hogc R ddc lap dugc chon tir nhém bao gdm clo, brom va flo.

8. Hop chét theo diém 4, trong d6 mdi nhém trong sb cac nhom R'% R®, RI° hoac R 1a

clo.

9. Hop chét theo diém bét ky trong sb cac diém néu trén, trong d6 R? 1 -(CR3R?)n-R1° va
trong d6 m 13 sb nguyén nim trong khoang tir 1 dén 4 va mdi nhém R va R? doc lap

dugc chon tir H hodc Ci-Cealkyl.

10. Hop chét theo diém bét ky trong s6 cac diém néu trén, trong d6 R? 1a C;-Cg alkyl-R1°.

-126-



21269

11. Hop chit theo diém bét ky trong sb cac diém néu trén, trong d6 R0 dugc chon tir
nhém bao gém Ci-Cs alkyl, H, OH, CN, F, CF;H, CF;, SO,-C;-Csalkyl va SO,Cs-
Cexycloalkyl.

12. Hop chét theo diém bét ky trong sb cac diém néu trén, trong d6 hop chét nay c6 cong
thire RII, RIII, RIV, RV, RVI hoac RVII:

R R23
\ R%
N \N
[ B B
HetJ HetJ ' HetJ
Cong thirc RII Cong thirc RIII Cong thac RIV
0 0 R23
X
AN X
N L O%Q( © [ _x
_ N N
Het Het _J Het _
Cong thirc RV Céng thirc RVI Cong thire RVII

hoic dang ddng phan l4p thé bat ky ctia no, trong d6 Het, X va R® duge xac dinh nhu
trong diém bat ky trong sb cac diém néu trén.

13. Hop chét theo diém 12, trong d6 R* duoc chon tir nhém bao gdm hydro, hydroxyl,
Ci-Cealkyl, Ci-Csalkyl-R**, SO,R%*, O-R*, phenyl, pyridinyl, pyrimidyl, pyrazolyl,
C(=0)OR?*, C(=O)R*, trong d6 nhém bit ky trong sd cac nhém Ci-Csalkyl, phenyl,
pyridinyl, pyrimidyl, pyrazolyl ndy dugc thé tiy y bing mot hodc nhidu phin tir thé trong
sb céc phﬁn tr thé sau: OCHs, halogen, OH hoéc CN.

14. Hop chét theo diém 1, trong d6 hop chét nay la:
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hodc mudi cdng dugc dung hodc solvat ctia no.

15. Duogc phém chtra chét mang dugc dung va luong c6 hiéu qua didu tri bénh cia hop

chét theo diém bét ky trong sé cac diém tir 1 dén 14 vé6i vai trd 1am thanh phan hoat tinh.
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