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57) Séng ché dé cap dén cac hop chit c6 cong thirc (I) va duge phdm chira ching
ding trong cac phuong phép tri ligu dé didu tri va/hodc phong bénh lién quan dén A nhu
hoi chfrhg Down, bénh mach méu dang tinh bdt chéng han nhl; nhung khoéng chi giGi
han trong s6 bénh mach m4u ndo dang tinh bdt hodc bénh xuit huyétAnﬁo, di truyén, rbi
lban lién quari dén suy' gidm nhan thic ching han nhur nhung khéng chi gi6i han trong sb
"MCI ("suy gidm nhén thirc thé nhe"), bénh Alzheimer, mat tri nhc’f, cac trif’,‘:uA chimng suy
gidm tdp trung lién quan dén bénh Alzheimer, chitng thoai héa thin kinh ﬁén quan dén
cac bénh nhu bénh Alzheimer ho#c bénh sa sut tri tué bao gém bénh sa st tri tué hdn hop
cé n_guc“m lgéc mach va thoai hoa, bénh sa sut tri tué khéi phat sém, bénh sa sit tri tué tﬁéi
gia va bénh sa st tri tué lién quan dén bénh Parkinson, 1iét trén nhan tién trién hoic bénh

thoai héa than nén vé nio.
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Linh vie ky thuit dwge dé cap

Sang ché d& cap dén cac hop chét c6 cong thirc (I) va cac mudi duoc dung ciia
chung, quy trinh diéu ché chung, dugc phdm chira ching dé diéu tri va/hodc phong cac
bénh khac nhau. Pédc biét, sang ché dé cap dén cac hop chit c6 tac dung c ché p-
secretaza va do vy c6 thé trc ché sy tao thanh peptit dang tinh bot f (AP: amyloid B).
Céc hop chét theo sang ché c6 thé duoc dung dé diéu tri va/hodc phong céc bénh c6 lién '
quan dén AP nhu bénh Alzheimer, hdi ching Down va bénh mach mau dang tinh bot p,
ching han nhu nhung khong chi gi¢i han trong s6, bénh mach mau ndo dang tinh bdt,
bénh xuit huyét ndo di truyén, rbi loan lién quan dén suy giam nhén thirc, ching han nhu
nhung khong chi giéi han trong s& bénh MCI ("suy gidm nhén thic thé nhe: mild
cognitive impairment"), bénh Alzheimer, mét tri nhd, cic triéu ching suy giam tap trung
lién quan dén bénh Alzheimer, bénh thoai héa than kinh lién quan dén cac bénh nhu bénh
Alzheimer ho#c bénph sa sut tri tué bao g@)m bénh sa sut tri tué h5n‘ hop é(’) nguéﬁ g(“)c
mach va thoai hod, bénh sa sut tri tué khdi phat sém, bénh sa stt tri tué tudi gia va bénh
sa sut tri tug¢ lién quan dén bénh Parkinson, liét trén nhan tién trién hodc bénh thoai hoa

than nén vé néco.
Tinh trang k¥ thuit cia sang ché

Hién tuong vé mit bénh hoc thin kinh chu yéu gitp phan biét bénh Alzheimer
(AD: Alzheimer’s disease) 1a sy ldng dong peptit dang tinh bot p (AB: amyloid ) gdm tur
40 dn 42 axit amin & nhu md ndo va binh nay nZo. Nhiéu dir liéu nghién ctu vé di
truyén, sinh hoa va in vivo x4c nhén vai trd cht chdt ctia AP trong day tién trinh bénh hoc
ma cudi cung din dén bénh AD. Bénh nhdn thudng biéu hién céc triéu chang sém
(thuong 12 mét tri nhd) vao do tudi sdu muoi hodc bay muoi. Bénh nay tién trién dong
thoi véi bénh sa sut tri tu€ ndng 1€n va tang léng dong AP. D@)ng thoi, protein tau lién két
v6i soi thoi & dang duge phosphoryl hoa & nhiéu vi tri tich tu trong noron, din dén qua

nhiéu tac dong cb hai dén chitc nang cia noron. Gia thuyét nghién cru vé moi lién hé
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theo thoi gian gitta bénh do AB va tau & céc cdc mo hinh trén ngudi va dong vat vé bénh
nay chii yéu cho ring su ling dong A xay ra trude khi tao khdi két tu. V& khia canh nay,
can Iuu y 14 ban chét phén tir chinh xdc cua AB, 13 chit 1am trung gian cho chic ning
bénh hoc nay, hién dang 1a v4n d& duoc nghién ctru tich cuc. R4t c6 kha ndng la cac dang
gdy doc 1a cac phan tir c6 pham vi lién tuc tir oligome AP béc thap dén thé lap ghép siéu

phén t&r nhu sgi AP nho.

Peptit AB 12 manh thiét yéu ctia protein APP typ I (protein tién chét cta dang tinh
bot AB), 1a protein dugc biéu hién nhidu noi trong md ngudi. Vi AP hoa tan c6 thé duoc
tim thdy & ci huyét twong va dich ndo-tuy (CSF: cerebrospinal fluid), va trong mdi
tﬁr(‘)rng cac té bao nudi cy, nén APP phéi trai qua qué trinh protein phan. C6 ba dang
phan cit APP lién quan dén sinh bénh AD, duoc goi 14 dang phén cit o, B, va v. Dang
phan cét o xay ra khoang phan giita mién A trong APP dugc thuc hién boi cac proteaza-
kim loai ADAMI10 hodc ADAMI7 (proteaza-kim loai sau nay con dugc goi 12 TACE).
Dang phén cét B, xay ra & dau tan N cia AB, dugc tao ra do enzym phan cit APP vi tri
beta 1 (BACEL: Beta site APP Cleaving Enzymel) 1a proteaza aspartyl xuyén mang.
Dang phén cit y, tao ra ddu tan C ciia AB va sau d6 giai phong peptit nay, duoc thuc hién
bdi proteaza aspartyl da tiéu phan tir dwoc goi 1a y-secretaza. Su phan cit bang
ADAMI10/17 tiép d6 13 phan cét bing y-secretaza din dén giai phong peptit p3 hoa tan, 1a
manh AP bi cit cut diu tdn cing N khong tao ra chét ling dong dang tinh bot & nguoi.
Qua trinh protein phin nay thuong dugc goi 1a qua trinh khong tao dang tinh bot. Qua
trinh phén cét lién tiép bang BACE1 va y-secretaza tao ra phan tir peptit A nguyén ven,
nén qua trinh ndy dugc goi 1a qua trinh thodi hoé tao dang tinh bot. Vi kién thuc hidu
biét nay, c6 thé xem xét hai huéng c6 thé thuc hién dé lam giam san sinh AP, d6 1a: kich
thich qué trinh thodi hoa khéng tao dang tinh bdt, hodc rc ché hodc diéu bién qua trinh
thodi ho4 tao dang tinh bot. Sang ché nay tap trung vao giai phép theo hudng thir hai nay,

ttrc 14 e ché hodc diéu bién qué trinh thodi hod tao dang tinh bdt.

Mang vita thoai hod dang tinh bt va bénh mach mau dang tinh bot con 1a dic

diém ctia hién tugng ndo bénh nhén c6 Trisomy 21 (hdi chirng bénh down), bénh xuit
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huyét ndo di truyén véi sy thoai hoa dang tinh bot kiéu Ha lan (HCHWA-D: Hereditary
Cerebral Hemorrhage with Amyloidosis of the Dutch-type), va cac 1di loan thoai hoa thin
kinh khéc. Réi loan to thin kinh cling xuét hién trong cac 16i loan thodi héa thin kinh
khac bao gém rdi loan gay ra bénh sa sut tri tué (Varghese, J., et al, Journal of Medicinal
Chemistry, 2003, 46, 4625-4630). Chét ling dong dang tinh bot B chu yéu 1a khéi két tu
clia peptit AB, ma khdi két tu nay 1a san phdm ctia qua trinh protein phan protein tién chét
dang tinh bot (APP: amyloid precursor protein). Cu thé hon, peptit AB dugc tao ra tir su
phan cit APP & ddu tin C bdi mot hoic nhiéu y-secretaza, va & dau tan N boi enzym B-
secretaza (BACE), con dugc goi 13 proteaza aspartyl hosic Asp2 hodc enzym phén cét
APP vi tri beta (BACE: Beta site APP Cleaving Enzyme), nhu 14 mét phan cta qua trinh
thodi hoa dang tinh bot B.

Hoat tinh BACE c6 mdi lién hé truc tiép véi viée tao ra peptit A tir APP (Sinha,
et al, Nature, 1999, 402, 537-540), va cac nghién ctru ngay cang cho thdy ring viéc wrc
ché BACE s& {rc ché san sinh peptit AP (Roberds, S. L., et al, Human Molecular
Genetics, 2001, 10, 1317-1324). BACE 14 protein gin két v6i mang typ 1 duoc téng hop
nhu 13 tién enzyme c6 hoat tinh mét phan, va dugc biéu hién dbi dao trong md no.
BACE dugc cho 1a thé hién hoat tinh p-secretaza chu yéu, va viéc trc ché n6 dugc xem

nhu 13 bude gidi han mirc d6 san xudt peptit dang tinh bot B (Ap: amyloid-B-peptide).

Do d6, cac thubc c6 tac dung 1am giam hodc phong bé hoat tinh BACE sé& lam
giam lugng AP va lugng manh AP trong ndo, hodc & bd phan khac ctia co thé noi ma &
d6é AP hodc manh cia nd léng dong, va do d6 lam chém sy tao thanh ving hoai tt dang |
tinh bot va tién trién cia bénh AD hodc cic bénh khéc lién quan dén su ling dong AP
hozc manh ctia ching. Do d6, BACE 1a enzym quan trong dé phat trién thudc diéu trj
va/hodc phong ngira bénh lién quank dén AB nhu hdi chimg Down, bénh mach méu dang
tinh bot B chang han nhu nhung khong chi gii han trong sé bénh mach mau ndo dang
tinh bot hodc bénh xuét huyét ndo di truyén, rdi loan lién quan dén suy gidm nhén thirc
chang han nhu nhung khong chi gidi han trong s6 MCI ("suy giam nhén thirc thé nhe"),

bénh Alzheimer, bénh mét tri nhd, cAc tridu chimg suy giam tip trung lién quan dén bénh
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Alzheimer, ching thoai héa than kinh lién quan dén cac bénh nhu bénh Alzheimer hodc
bénh sa sut tri tué bao gdm bénh sa st tri tué hdn hop c6 ngudn gdc mach va thoai hoa,
bénh sa sut tri tu€ khdi phat sém, bénh sa st tri tué tudi gia va bénh sa sut tri tué lién

quan dén bénh Parkinson, 1i€t trén nhan tién tri€én hodc bénh thoai hoa than nén vo nio.

Do d6, viéc ttc ché BACE nho céc chit (e ché nhu céc hop chét dugc néu trong

ban mo ta nay c6 tac dung tc che su lang dong AB va doan ctia ching.

Do viéc trc ché viéc su lang dong AP co tieém néng tri li€u, nhi€u nhém nghién
ciru da c0 gang tim cach phén 14p va déc ta cidc enzym secretaza va nhan dién cac chat rc

ché tiém ning cia ching.
Ban chat ky thuit cla sang che

Vi céc ly do néu trén, muc dich cia sang ché 1a d¢ xuat dén hop chét c6 cong

thue (I):

trong do:
A 14 -O- hoic -CH,-;
n bang 0 hoic 1;
R' 14 C,galkyl hodc Cyghaloalkyl;

R%1a hydro, C0_6alk'ylaryl, Co.¢alkylheteroaryl, C, ¢alkynyl, C, ¢alkenyl, C;_¢alkyl,
halogen, xyano, C,ghaloalkyl, NHC(O)R’ hoic OR®, trong d6 Cjgalkylaryl, C,.
¢alkylheteroaryl, C,¢alkynyl, C,¢alkenyl, C,¢alkyl, hodc Cighaloalkyl néu trén tuy y

duoc thé béng tir mot dén ba R’;

R’ vaR® ddc 1ap 1a hydro, heteroxyclyl, C;_¢xycloalkyl, aryl, heteroaryl hodc C;.
salkyl, trong do6 heteroxyclyl, C;¢xycloalkyl, aryl, heteroaryl hodc C,alkyl néu trén tuy
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y dugc thé béng mot hodc hai phén ttr thé doc 1ap dugc chon tir halogen, Cygalkyl, C,.
¢haloalkyl, xyano, hodc OR?;

hodc R® va R cung v&i nguyén tir cacbon ma ching gén vao, tao thanh nhan B,
1a nhan don vong xycloalkyl hodc heteroxyclyl c6 tir 3 dén 14 canh, hogc nhan vong doi
xycloalkyl hodc heteroxyclyl c6 tir 9 dén 14 canh; va trong d6 nhan B tuy y dugc thé
bfmg mot hodc hai phﬁn tir thé doc lap duoc chon tir oxo, halogen, Cjgalkyl, C;.
¢haloalkyl, xyano, hodc OR®; va nhan B tuy v dugc ngung tu v6i aryl hodc heteroaryl dé

tao ra hé co hai hoac da vong;

R’ doc lap 12 Cp¢alkyl, halogen, xyano, CygalkylCs.exycloalkyl, C;¢haloalkyl,
OC, galkyl, OC,ghaloalkyl, C,4alkynyl hodc C,.¢alkenyl, trong d6 néu trén Calkyl, Co.
¢alkylC; gxycloalkyl, Cjghaloalkyl, OC,gealkyl, OChaloalkyl, C,salkynyl hodc C,.
calkenyl tuy y duoc thé béng 1-3 phén ttr thé doc 1ap duoc chon tir halogen, xyano, Ci.
salkyl, Cy_ghaloalkyl, OC,.¢alkyl, va OC,_ghaloalkyl;

R® doc 1ap 14 hydro, Calkyl, C,6alkynyl, C;.¢haloalkyl, aryl hodc heteroaryl;
trong d6 Cgalkyl, Cighaloalkyl, aryl hodc heteroaryl néu trén tuy y duge thé bang nhém
duoc chon tir halogen, xyano, va Cygalkyl;

R’ 1a heteroaryl; trong d6 heteroaryl néu trén tuy y duoc thé bang halogen,
Xyano, OR® C 1.chaloalkyl hodc C.alkyl;

dudi dang bazo ty do hodc mudi dugc dung ctia ching.
Séang ché ciing dé cap dén duoc phim chira hop chét néu trén.
M6 ta vin tit cac hinh vé

FIG. 1A thé hién Chét ddng phan 1 cta Vi du 20d lién két véi vi tri hoat tinh
BACE & do dung gii 1,8 A. Ban db 2Fo-Fc ubn cong & 1,7 sigma.

FIG. 1B thé hién ChAt ddng phan 1 cta Vi du 20d lién két véi vi trf hoat tinh
BACE & do dung giai 1,8 A. Ban d6 2Fo-Fc uén cong & 1,7 sigma.

FIG. 2A thé hién Chit ddng phan 1 cta Vi du 48 lién két v6i vi tri hoat tinh
BACE & do dung giai 1,40 A. Ban db 2Fo-Fc udn cong & 1,3 sigma.
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FIG. 2B thé hién Chit ddng phan 1 cta Vi du 48 lién két v6i vi tri hoat tinh
BACE & do dung giai 1,40 A. Ban d6 2Fo-Fc udn cong & 1,3 sigma.

FIG. 3A thé hién Chét ddng phan 8 ciia Vi du 48 lién két v6i vi trf hoat tinh
BACE & d6 dung giai 1,45 A. Ban dd 2Fo-Fc un cong & 1,1 sigma.

FIG. 3B thé hién Chit déng phan 8 ctia Vi du 48 lién két véi vi tri hoat tinh
BACE & d6 dung giai 1,45 A. Ban d6 2Fo-Fc un cong & 1,1 sigma.

FIG. 4A thé hién Chit ddng phan 7 cua Vi du 48 lién két voi vi tri hoat tinh
BACE & d6 dung giai 1,35 A. Ban d6 2Fo-Fc uén cong & 1,3 sigma.

FIG. 4B thé hién Chit ddng phan 7 cta Vi du 48 lién két v&i vi tri hoat tinh
BACE & d6 dung giai 1,35 A. Ban d6 2Fo-Fc uén cong & 1,3 sigma.

M0 ta chi tiét sang ché
Theo mot phwong 4n clia sang ché, A 13 -CH,-.
Theo mdt phurong 4n ctia sang ché, n bang 0.

Theo mdt phuong 4n ctia sang ché, R' 1a Csalkyl. Theo mot phuong an khéc cua

sang ché, R' 1a metyl hoic etyl. Con theo m6t phuong 4n nita, R' 1a metyl.

Theo mét phwong 4n cua sang ché, R? 14 aryl, heteroaryl, C,.¢alkynyl, halogen,
NHC(O)R9 hodc OR®, trong d6 aryl, heteroaryl hodac C,¢alkynyl néu trén tuy y duoc thé
bang tir mot dén ba R’. Theo mot phuong an khéc cla séng ché, R? 1a aryl, heteroaryl, C,.
calkynyl hodc OR?, trong d6 aryl, heteroaryl hoic C,alkynyl néu trén tuy y dugc thé

bang tir mot dén ba R’

Theo mot phuong an ciia sang ché, R® va R® doc 1ap 1a hydro hodc heteroxyclyl
trong d6 heteroxyclyl néu trén tuy y duoc thé bang mot hodc hai phan tir thé doc 1ap duoc
chon tir C,_galkyl hoac OR®,

Theo mot phuong 4n cta sang ché, R’ va R® cing voi nguyén tlr cacbon ma
ching gén vao, tao thanh nhan B, ma 12 nhin don vong xycloalkyl hodc heteroxyclyl c¢6

tir 3 dén 14 canh, hodc nhén vong d6i xycloalkyl hodc heteroxyclyl c6 tir 9 dén 14 canh;
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va trong dé nhan B tuy y duoc thé béng mot hodc hai phén tr thé doc 1ap duoc chon tir
oxo0, halogen, C,galkyl hodc OR®, va nhan B tuy y dugc ngung tu voi aryl hodc

heteroaryl dé tao ra hé c6 hai hodc da vong.

Theo mot phuong 4n khac cta sang ché, R’ va R® ciing v&i nguyén tir cacbon ma
ching gén vao, tao thanh nhan B, 12 nhin don vong xycloalkyl ¢6 tir 3 dén 14 canh; va
trong d6 nhan B tuy y duoc thé béng mot hodc hai phén ttr thé doc lap duogc chon tir oxo,
halogen, Calkyl hoic OR®. Con theo mot phuong &n nita, R’ va R® cling véi nguyén tir

cacbon ma ching dinh vao tao thanh nhan xyclohexyl, ma dugc thé bing OR®.

Theo mot phuong an cua sang ché, R” doc lap 1a C,¢alkyl, halogen, xyano, Cy.
calkylCs gxycloalkyl, C,ghaloalkyl, OC;.alkyl hodc C,¢alkynyl, trong d6 C;galkyl, C,.
calkylCs_gxycloalkyl, C,¢haloalkyl, OCgalkyl, hodc C,alkynyl néu trén tuy y duoc thé
béng 1-3 phﬁn ttr thé doc lap duoc chon tir halogen, xyano, Cgalkyl, C,¢haloalkyl, OC,.
galkyl va OC_ghaloalkyl. Theo m{t phuong an khéc ctia sang ché, R7 1a halogen, xyano,
Co-galkylCs_gxycloalkyl, Cyghaloalkyl, OC;alkyl hodc C,.salkynyl, trong d6 Cy.galkylCs.
¢xycloalkyl, Cighaloalkyl, OC;alkyl, hodc C,¢alkynyl néu trén tuy y dugc thé béng 1-3
phan tir thé doc 1ap duoc chon tir OC,alkyl va OC,_ghaloalkyl.

Theo mot phuong 4n cua sang ché, R® doc lap 1a Cgalkyl, C,.¢alkynyl hodc C;.
¢haloalkyl. Theo m{t phuong &n khic cua sang ché, R® doc lap 1a Cygalkyl hodc C;.
chaloalkyl.

Theo mdt phuong 4n cia sang ché, R’ 1a heteroaryl; trong d6 heteroaryl néu trén

tuy y dugc thé bang halogen, xyano, OR®, Cy.ghaloalkyl hodc C;_¢alkyl.
Theo mdt phuong 4n ciia sang ché,
A 1a -O- hodc -CH,-;
n bang 0 hoic 1;

R' 1a Cyalkyl;



R? 1a Cygalkylaryl, Cogalkylheteroaryl, Cy.ealkynyl, halogen, NHC(O)R’ hoic
OR%; trong d6 Cy.¢alkylaryl, Cyealkylheteroaryl hoic C,¢alkynyl néu trén tuy y dugc thé

bang tir mot dén ba R’;

R’ va R® doc 1ap 1a hydro hodc heteroxyclyl, trong d6 heteroxyclyl néu trén, tuy y
duoc thé biang mot hodc hai phan tir thé doc 1ap duge chon tir halogen, C,.galkyl, C,.

ghaloalkyl, xyano hoic OR?;

hodc R’ va R® ciing véi nguyén tir cacbon ma ching gén véo, tao thanh nhan B,
14 nhan don vong xycloalkyl hodc heteroxyclyl c6 tir 3 dén 14 canh, hoic nhan vong dbi
xycloalkyl hodc heteroxyclyl ¢6 tir 9 dén 14 canh; va trong d6 nhin B tuy y dugc thé
béng mot hoac hai phﬁn ttr thé doc 1ap dugc chon tr oxo, halogen, C, ¢alkyl hodc OR®: va

nhan B tuy y dugc ngung tu v6i aryl hodc heteroaryl dé tao ra hé c6 hai hoic da vong;

R’ doc lap 1a Cygalkyl, halogen, xyano, Cy¢alkylC;¢xycloalkyl, C,¢haloalkyl,
OC,salkyl hodc C,gealkynyl, trong d6 néu trén C,galkyl, CoygalkylCs.exycloalkyl, C,.
ehaloalkyl, OC;_alkyl hoac C,alkynyl tuy y dugc thé béng 1-3 phﬁn ttr thé doc 1ap dugc
chon tlr halogen, xyano, Cgalkyl, C;¢haloalkyl, OC,alkyl va OC,_¢haloalkyl;

R® doc 1ap 1a Cygalkyl, Cygalkynyl hodc C,ghaloalkyl; trong d6 C,galkyl, C,.
¢haloalkyl, aryl hoac heteroaryl néu trén tuy y duoc thé béng nhém dugc chon tir halogen,

xyano, hoac C;_galkyl;

R’ 14 heteroaryl, trong d6 heteroaryl néu trén tuy y dugc thé bing halogen,

Xyano, OR®, Ci.ghaloalkyl hodc C,_¢alkyl.
Theo mot phuong 4n ciia sang ché,
A 1a -O- hoac -CH,-;
n bang 0 hoic 1;
R' 1a Cyzalkyl;

R? 14 aryl, heteroaryl, C,.alkynyl, halogen, NHC(O)R’ hodic OR®, trong d6 aryl,
heteroaryl hoic Cy.alkynyl néu trén tuy ¥ dwoc thé bing tir mot dén ba R;
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R’ va R® déc l4p 1a hydro hoic heteroxyclyl, trong d6 heteroxyclyl néu trén tuy y
duogc thé bing hai phan tir thé doc 18p duoc chon tir C, ¢alkyl;

hodc R’ va ‘R6 cling v&i nguyén tir cacbon ma chiing gin vao, tao thanh nhan B,
ma 1 nhan don vong xycloalkyl hodc heteroxyclyl c6 tir 3 dén 14 canh, hodc nhin vong
d6i xycloalkyl hodc heteroxyclyl c6 tir 9 dén 14 canh; va trong d6 nhan B tuy y duoc thé
bang mét hoic hai phﬁn tir thé doc lap dugc chon tr oxo, halogen, C,4alkyl hodc OR® va

nhin B tuy ¥ dwgc ngung tu véi aryl hodic heteroaryl dé tao ra hé mach vong dbi;

R’ doc lap 1a Cjgalkyl, halogen, xyano, Cy¢alkylCs ¢xycloalkyl, Cyghaloalkyl,
OC,¢alkyl hodc Cygealkynyl, trong d6 Cigalkyl, CygalkylCs¢xycloalkyl, C,ghaloalkyl,
OCygalkyl hodc C,¢alkynyl néu trén, tuy y duoc thé béng 1-3 phén tr thé doc 1ap duoc
chon tir halogen, xyano, C,alkyl, C,¢haloalkyl, OC,_alkyl va OC,_¢haloalkyl;

R® doc 1ap 1a Ciealkyl, C,¢alkynyl hodc C,¢haloalkyl; trong do Ciealkyl, C;.
¢haloalkyl, aryl hodc heteroaryl néu trén tuy y dwoc thé bing nhém dugc chon tir halogen,

xyano hodc Cygalkyl; va

R’ 14 heteroaryl, trong d6 heteroaryl néu trén tuy y duoc thé bing halogen,
Xyano, OR?, Cighaloalkyl hoac Cgalkyl.

Theo mt phuong an cta sang ché,
Ala-CH2-;

n béng 0;

R!la metyl hodc etyl;

R*1a aryl, heteroaryl hoac C,¢alkynyl, trong do6 aryl, heteroaryl hoac C,¢alkynyl

néu trén tuy y duoc thé bang tir mot dén ba R’;

R’ va RS cung voi nguyén tor cacbon ma ching dinh vao tao thanh nhén

xyclohexyl, nhan nay duogc thé bing OR?;
R’ doc 1ap la C,_alkyl, halogen, xyano hoéc C,alkynyl;

R® 1a C, salkyl.
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Theo mdt phuong 4n ctia sang ché,
Ala -CH2-;

n bang 0;

R' 1a metyl hoic etyl;

R? 1a phenyl hodc pyridinyl, trong d6 phenyl hodc pyridinyl néu trén tuy y duoc

thé béng mot hodc hai R7;

R’ va R® ciung v6i nguyén tir cacbon ma ching dinh vao tao thanh nhan

xyclohexyl, nhan nay duoc thé bing metoxy;
R doc lap 1a clo, flo, xyano hoic prop-1-yn-1-yl.

Theo mdt phuong 4n, hop chét c6 cong thire (I) ¢6 cong thirc sau:

Theo mdt phuong an khac, sang ché dé cap dén hop chit c6 cong thie (I) dugc

chon tir nhém bao gdm:

. 6-(3,5-diclophenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;

6-(5-clopyridin-3-yl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;

. 6-(3,5-diflophenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;

. 6-(3,5-dimetylphenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;

. 6-(2,5-dimetoxyphenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;
. 6-(2,3-diflophenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;

. 6-(2,5-dimetylphenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;

. 6-(5-flo-2-metoxyphenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;
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. 6-(2-flo-3-metoxyphenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;

. 6-(2-metoxy-5-metylphenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-

amin;
. 6-(2-flo-5-metylphenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;
. 6-(2-flo-5-metoxyphenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;
. N-(4'-amino-5'-metyl-spiro[chroman-4,2'-imidazol]-6-yl)-5-clo-pyridin-2-
carboxamit; ‘

. N-(4'-amino-5"-metyl-spiro[chroman-4,2'-imidazol]-6-yl)-5-
(triflometyl)pyridin-2-carboxamit;

. N-(4'-amino-5'-metyl-spiro[chroman-4,2'-imidazol]-6-yl)-5-nhung-2-

ynoxy-pyridin-2-carboxamif;

. N-(4'-amino-5"-metyl-spiro[chroman-4,2'-imidazol]-6-yl)-5-nhung-2-

ynoxy-pyrazin-2-carboxamit;

. N-(4'-amino-5'-metyl-spiro[chroman-4,2'-imidazol]-6-yl)-5-metyl-

thiophen-2-carboxamit;

. N-(4'-amino-5'-metyl-spiro[chroman-4,2'-imidazol]-6-yl)-3,5-diclo-pyridin-

2-carboxamit;

. 6'-bromo-4-(diflometoxy)-5"-metyl-3"H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-4"-amin;

. 6'-bromo-4-metoxy-5"-metyl-3"H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-4"-amin;

. 4-metoxy-5"-metyl-6'-[ 5-(prop-1-yn-1-yl)pyridin-3-yl1]-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;

. 4-metoxy-5"-metyl-6'-[4-(prop-1-yn-1-yl)pyridin-2-yl]-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;
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. 5-(4"-amino-4-metoxy-5"-metyl-3"H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)benzen-1,3-dicacbonitril;

. 3-(4"-amino-4-metoxy-5"-metyl-3'"H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)-5-clobenzonitril;

. 6'-(5-clopyridin-3-yl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

. 6'-(5-flopyridin-3-yl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

. 5-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl)-2-flobenzonitril;

. 6'-(3,3-dimetylbut-1-yn-1-yl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin;

. 6'-(xyclopropyletynyl)-4-metoxy-5"-metyl-3'"H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

. N-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)-5-bromopyrimidin-2-carboxamit;

. N-(4"-amino-4-metoxy-5"-metyl-3'"H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl)-5-(triflometyl)pyridin-2-carboxamit;

. N-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)-5-clo-3-metyl-1-benzofuran-2-carboxamit;

. N-(4"-amino-4-metoxy-5"-metyl-3'"H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl)-3,5-diclopyridin-2-carboxamit;

. N-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)-5-clopyridin-2-carboxamit;

. 4-metoxy-5"-metyl-6'-(2-metylpropoxy)-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;
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. 4-metoxy-5"-metyl-6'-(3,3,3-triflopropoxy)-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

. 6"-(3 -flopropoxy)-4-metoxy-5"-metyl-3"H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-4"-amin;

. 6'-bromo-5-metyl-2",3",5",6"-tetrahydro-3"H-dispiro[imidazol-2,1'-inden-
2'4"-pyran]-4-amin;

. 6'-(3-clophenyl)-5-metyl-2",3",5",6"-tetrahydro-3"H-dispiro[imidazol-2,1'-

inden-2',4"-pyran]-4-amin;

. 6'-(3-clo-4-flophenyl)-5-metyl-2",3",5",6"-tetrahydro-3'H-dispiro[imidazol-
2,1'-inden-2',4"-pyran]-4-amin;

. 6'-bromo-4,4-diflo-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1",2"-

imidazol]-4"-amin;

. 6'-(5-clopyridin-3-yl)-4,4-diflo-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

. N-(4"-amino-4,4-diflo-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)-5-clopyridin-2-carboxamit;

. 5'-bromo-4-metoxy-5"-metyldispiro[xyclohexan-1,2'-[ 1]benzofuran-3',2"-

imidazol]-4"-amin;

. 5'-(3-clophenyl)-4-metoxy-5"-metyldispiro[xyclohexan-1,2'-[1]benzofuran-

3',2"-imidazol]-4"-amin;

. 6'-bromo-5-metyl-5",6"-dihydro-4"H-dispiro[imidazol-2,4'-chromen-2',3"-

pyran]-4-amin;

. 6'-(3-clophenyl)-5-metyl-5",6"-dihydro-4"H-dispiro[imidazol-2,4'-chromen-

2',3"-pyran]-4-amin;

. 6'-(3-clo-4-flophenyl)-5-metyl-5",6"-dihydro-4"H-dispiro[imidazol-2,4'-

chromen-2',3"-pyran]-4-amin;
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. 6-bromo-5'-metyl-2-tetrahydropyran-3-yl-spiro[chroman-4,2'-imidazol]-4'-

amin;

. 6-(3-clophenyl)-5'-metyl-2-(tetrahydro-2H-pyran-3-yl)-2,3-

dihydrospiro[chromen-4,2'-imidazol]-4'-amin;

. 6-bromo-2-(2,2-dimetyltetrahydropyran-4-yl)-5'-metyl-spiro[chroman-4,2'-

imidazol]-4'-amin;

. 6-(3-clophenyl)-2-(2,2-dimetyltetrahydro-2H-pyran-4-yl)-5'-metyl-2,3-

dihydrospiro[chromen-4,2'-imidazol]-4'-amin;

. N-(4"-amino-4-metoxy-5"-metyl-3'"H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl)-5-clo-3-metylpyridin-2-carboxamit;

. N-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2"-inden-1',2"-
imidazol]-6'-yl)-5-flopyridin-2-carboxamit;

. 4-metoxy-5"-metyl-6'-[2-(prop-1-yn-1-yl)pyridin-4-yl]-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

. 4-metoxy-5"-metyl-6'-[3-(prop-1-yn-1-yl)phenyl]-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin;

. 6'-(5-bromopyridin-3-yl)-4-metoxy-5"-metyl-3"H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

. 4,4-diflo-5"-metyl-6'-[ 5-(prop-1-yn-1-yl)pyridin-3-y1}-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;

. 5'-(5-clopyridin-3-yl)-4-metoxy-5"-metyldispiro[xyclohexan-1,2'-

[1]benzofuran-3',2"-imidazol}-4"-amin;

. 4-metoxy-5"-metyl-5'-[ 5-(prop-1-yn-1-yl)pyridin-3-yl]dispiro[xyclohexan-

1,2'-[1]benzofuran-3',2"-imidazol]-4"-amin;

. 7'-bromo-5-metyl-3',4'-dihydro-2'H-spiro[imidazol-2,1'-naphtalen]-4-amin;
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. 7'-(5-clopyridin-3-yl)-5-metyl-3',4'-dihydro-2"H-spiro[imidazol-2,1'-

naphtalen]-4-amin;

. 5-metyl-7'-(5-(prop-1-ynyl)pyridin-3-yl)-3',4'-dihydro-2"H-spiro[imidazol-

2,1'-naphtalen]-4-amin;

. 6'-bromo-5"-metyl-3'H-dispiro[xyclobutan-1, 2'-inden-1', 2"-imidazol]-4"-

amin;

. 6'-(5-clopyridin-3-yl)-5"-metyl-3'H-dispiro[xyclobutan-1,2'-inden-1',2"-

imidazol]-4"-amin;

. 5"-metyl-6'-[5-(prop-1-yn-1-yl)pyridin-3-yl]-3'H-dispiro[xyclobutan-1,2'-

inden-1',2"-imidazol]-4"-amin;

. 6'-(xyclopropyletynyl)-5"-metyl-3'"H-dispiro[xyclobutan-1, 2'-inden-1', 2"-

imidazol]-4"-amin;

. 6'-(3, 3-dimetylbut-1-yn-1-yl)-5"-metyl-3'H-dispiro[xyclobutan-1, 2'-inden-

1', 2"-imidazol]-4"-amin;

. 6'-(5-clo-6-metylpyridin-3-yl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin;

. 6'-(5-clo-2-metylpyridin-3-yl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin;

. 4-metoxy-5"-metyl-6'-[4-metyl-5-(prop-1-yn-1-yl)pyridin-3-yl]-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;

. 6'-bromo-5"-etyl-4-metoxy-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-4"-amin;

. 6'-(5-clopyridin-3-yl)-5"-etyl-4-metoxy-3'H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-4"-amin;

. 5"-etyl-4-metoxy-6'-[5-(prop-1-yn-1-yl)pyridin-3-yl]-3'H-

dispiro[xyclohexan-
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. 1,2'-inden-1',2"-imidazol]-4"-amin;

. 5-(4"-amino-5"-etyl-4-metoxy-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl)pyridin-3-cacbonitril;

. 3-(4"-amino-5"-etyl-4-metoxy-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)benzonitril;

. 6'-[5-(but-1-yn-1-yl)pyridin-3-yl]-4-metoxy-5"-metyl-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;

. 4"-amino-5"-metyl-6'-[5-(prop-1-yn-1-yl)pyridin-3-y1}-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4-ol;

. 3-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2"-inden-1',2"-

imidazol]-6'-yl)-5-metylbenzonitril;

. 3-(4"-amino-4-metoxy-5"-metyl-3"H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl)-5-flobenzonitril;

. 6'-bromo-5"-metyl-3"H-dispiro[xyclopropan-1,2'-inden-1',2"-imidazol]-4"-
amin;
. 3-(4"-amino-5"-metyl-3'H-dispiro[xyclopropan-1,2'-inden-1',2"-imidazol]-

6'-yl)-5-clobenzonitril;

. 4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-cacbonitril;

. 4-metoxy-6'-[3-(metoxymetyl)phenyl]-5"-metyl-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin;

. 6'-[3-flo-5-(metoxymetyl)phenyl]-4-metoxy-5"-metyl-3"H-

dispiro[xyclohexan-1,2'"-inden-1',2"-imidazol]-4"-amin;

. 4-metoxy-5"-metyl-6'"-{5-[(2,2,2-trifloetoxy)metyl]pyridin-3-yl}-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;
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. 4-metoxy-5"-metyl-6'-(5-metylpyridin-3-yl)-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

. 4-metoxy-5"-metyl-6'-[ S-(triflometyl)pyridin-3-yl]-3"H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin;

. 3-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl)-5-(triflometyl)benzonitril;

. 3-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-y1)-5-(diflometyl)benzonitril;

. 5-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-y1)-2-flo-3-metoxybenzonitril;

. 6'-(3,5-diflophenyl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-4"-amin;

. 6'-(2-flo-3-metoxyphenyl)-4-metoxy-5"-metyl-3"H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

. 4-metoxy-5"-metyl-6"-phenyl-3'H-dispiro[xyclohexan-1,2'-inden-1",2"-

imidazol]-4"-amin;

. 3-(4"-amino-4-metoxy-5"-metyl-3'"H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)-5-metoxybenzonitril;

. 3-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)-5-bromobenzonitril;

. 3-(4"-amino-4-metoxy-5"-metyl-3"H-dispiro[xyclohexan-1 ,2'-in(fen- 1',2"-
imidazol]-6'-yl)-5-etylbenzonitril;

. 3-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl)-5-(metoxymetyl)benzonitril;

. 6'-(2-flo-5-metoxyphenyl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;
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. 6'-(2,5-diflophenyl)-4-metoxy-5"-metyl-3"H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-4"-amin;

. 5-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl)-3-clo-2-flobenzonitril;

. 6'-(2,3-diflophenyl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-4"-amin;

. 3-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl)-4-flobenzonitril;

. 6'-(2,4-diflophenyl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-4"-amin;

. 6'-(2,3-diclophenyl)-4-metoxy-5"-metyl-3"H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-4"-amin;

. 3-(4"-amino-4-(diflometoxy)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-6'-yl)-5-flobenzonitril;

. 3-(4"-amino-4-(diflometoxy)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-6'-yl)-5-metoxybenzonitril;

. 4-(diflometoxy)-5"-metyl-6'-[ 5-(triflometyl)pyridin-3-yl]-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;

. 3-(4"-amino-4-(diflometoxy)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-6'-yl)-5-clobenzonitril;

. 4-(diflometoxy)-6'-(3,5-diflophenyl)-5"-metyl-3"H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

. 5-(4"-amino-4-(diflometoxy)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-6'-yl)-2-flo-3-metoxybenzonitril;

. 4-metoxy-4,5"-dimetyl-6'-[5-(prop-1-yn-1-yl)pyridin-3-yl]-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;
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. 6'-(xyclobutyletynyl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

. 4-metoxy-5"-metyl-6'-(3-metylbut-1-yn-1-yl)-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

. 4-metoxy-5"-metyl-6'-{5-[(*H3)prop-1-yn-1-yl]pyridin-3-y1}-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;

. 3-(4"-amino-5"-metyl-4-oxodispiro[xyclohexan-1,2'-[ 1H]inden-1'(3'H),2"-
[2H]imidazol]-6'-yl)-5-flobenzonitril;

. 4-metoxy-5"-metyl-6'-(3-metyl-1H-pyrolo[2,3-b]pyridin-5-yl)-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;

. 6'-bromo-5"-metyl-4-[(*H;)metyloxy]-3'H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-4"-amin;

. 3-(4"-amino-5"-metyl-4-[(*Hs)metyloxy]-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-6'-yl)-5-flobenzonitril;

. 6'-(5-clopyridin-3-yl)-5"-metyl-4-[(*Hs)metyloxy]-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin;

. 6'-[5-(diflometyl)pyridin-3-yl]-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol}-4"-amin;

. 4-metoxy-5"-metyl-6'-(3-metyl-1H-indol-5-yl)-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin;

. 5"-metyl-4-[ CH;)metyloxy]-6'-[ 5-(prop-1-yn-1-yl)pyridin-3-yl]-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;

. 6'-[2-clo-3-(prop-1-yn-1-yl)phenyl]-4-metoxy-5"-metyl-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;

. 6'-bromo-5"-metyl-4-(triflometyl)-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-4"-amin;
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. 3-(4"-amino-5"-metyl-4-[(*Hs)metyloxy]-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-6'-yl)-5-clobenzonitril;

. 6'-(xyclobutylmetoxy)-4-metoxy-5"-metyl-3'"H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

. 5-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl)-2-flo-3-(metoxymetyl)benzonitril;

. 6'-bromo-4-(diflometyl)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1",2"-

imidazol]-4"-amin;

. 6'-(5-clopyridin-3-yl)-4-(diflometyl)-5"-metyl-3"H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

. 6'-bromo-4-etoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-4"-amin;

. 4-etoxy-5"-metyl-6'-[ 5-(triflometyl)pyridin-3-yl]-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin;

. 3-(4"-amino-4-etoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl)-5-flobenzonitril;

. 6'-(5-clopyridin-3-yl)-4-etoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'"-inden-

1',2"-imidazol]-4"-amin;

. 3-(4"-amino-4-etoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl)-5-(diflometyl)benzonitril; va

. 4-etoxy-5"-metyl-6'-[ 5-(prop-1-yn-1-yl)pyridin-3-yl]-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin,
hodc mudi duge dung ctia hop chat bat ky néu trén.

Theo mdt phuong 4n khéc, sang ché dé cap dén hop chét c6 cong thire (I) duoc

chon tir nhém bao gdm:
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. 4-metoxy-5"-metyl-6'-(5-prop-1-yn-1-ylpyridin-3-yl)-3'H-

dispiro[xyclohexan-1,2"-inden-1',2"-imidazol]-4"-amin;

. 3-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)-5-clobenzonitril; va

. 4-metoxy-5"-metyl-6'-(2-metylpropoxy)-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin,
hodc mudi duge dung ctia hop chit bat ky néu trén.

Theo mdt phuong 4n khac, sang ché d& cap dén hop chit c¢6 cong thic (I) duoc

chon tir nthém bao gdm:

. (1r,4r)-4-metoxy-5"-metyl-6'-(5-prop-1-yn-1-ylpyridin-3-yl)-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;

. 3-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-6'-yl]-5-clobenzonitril; va

. (1r,4r)-4-metoxy-5"-metyl-6'-(2-metylpropoxy)-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin,
hoic mudi dugc dung cia hop chét bat ky néu trén.

Theo mot phuong 4n khéc, sang ché dé cap dén hop chat co cong thic (I) dugc

chon tir nthém bao gdm:

. (1r,1'R,4R)-4-metoxy-5"-metyl-6'-[ 5-(prop-1-yn-1-yl)pyridin-3-yl]-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;

. 3-[(1r,1'R,4R)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-6'-yl]-5-clobenzonitril; va

. (1r,4r)-4-metoxy-5"-metyl-6'-(2-metylpropoxy)-3'H-dispiro[xyclohexan-
1,2"-inden-1',2"-imidazol]-4"-amin (ch4t ddng phan 1);

hodc mudi duge dung cta hop chét bt ky néu trén.
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Con theo mdt phwong 4n nira, sang ché dé cap dén hop chit co cong thirc (I),
hodc mudi duoc dung cia ching, voi didu kién 1a hop chit nay khong phai 1a hop chét

bét ky thudc cac Vi du cu thé.

Do d6, theo mot phwong 4n khéac sang ché dé& cap dén hop chit c6 cong thirc (I),
hoic mubi duoc dung ctia ching, véi diéu kién 1a hop chét nay khéng phai 14 4-metoxy-
5"-metyl-6'-(5-prop-1-yn-1-ylpyridin-3-yl)-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-4"-amin.

Theo mot phuong an khéc nita sang ché dé cap dén hop chit c6 cong thic (I),
hodc mudi duoc dung cua chung, voi diéu kién 1a hop chit nay khong phai 14 3-(4"-
amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-6'-yl)-5-

clobenzonitril.

Theo mot phuong an khéc nita sang ché dé cap dén hop chit c6 cong thic (1),
hodc mudi duoc dung cia chung, voi diéu kién 14 hop chit nay khong phai 1a 4-metoxy-
5"-metyl-6'-(2-metylpropoxy)-3'H-dispiro[xyclohexan-1,2"-inden-1',2"-imidazol]-4"-

amin.

Sang ché con moé ta viéc st dung cac hop chat c6 cong thire (I) nhu dugce xac
dinh trén diy ciling nhu cac mudi nay cua chiing. Cac mudi de st dung trong dugc pham
s& 1a cac mudi duoc dung, nhung cac muoi khac nay cd the 1a hitu ich trong qua trinh san

xut hop chét co cong thirc (I).

Hop chét c¢6 cong thie (I) ¢6 thé dugc ding & dang tién dugc chit ma s& bj phan
hiy & co thé ngudi hodc dong vat dé tao ra hop chét c6 cong thuc (D). Vi du vé cic tién
duoc chét bao gdm este c¢6 thé thay phan in vivo dé tao ra hop chat ¢6 cong thirc (I). Este
c¢6 thé thay phan (hoic phin cit) in vivo ctia hop chét c¢6 cong thac (I) chia nhom
carboxy hodc nhém hydroxy 14, vi dy, este duoc dung ma dugc thity phan & co thé ngudi
hoic dong vat dé tao ra axit hoic ruou gbc. Cac dang khac nhau cua tién duoc chit 1a da

duoc biét dén trong linh vuc k¥ thuét nay.
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Céc dinh nghia dugc néu trong don nay dugc du dinh dé 1am 13 cac thuat ngit
duogc dung trong sudt don nay. Thuét ngit "trong ban md ta nay" ding dé chi toan bd ban
mo ta.

Nhiéu hop chét trong sang ché c6 thé ton tai & dang déng phan hinh hoc hodc
dang ddng phan 1ap thé nhit dinh. Sang ché tinh dén tat ca cac hop chit nhu viy, bao
gdm chit ddng phan hd bién, chit ddng phén cis va trans, cac chit ddng phan d6i anh R
va S, cac chit ddng phan khong dbi quang, chit ddng phan (D), chit ddng phéan (L), hon
hop raxemic ctia chiing, va céc hdn hop khéc ciia ching, d&u ndm trong pham vi ctia séng
ché. Nguyén tir cacbon khong dbi ximg bd sung c6 thé c6 mit & phan tir thé nhu nhom
alkyl. T4t ca chit ddng phan nhu vy, cling nhu cic hdn hop cta ching, duge du dinh 1a
nim trong pham vi ctia sang ché. Céc hop chit dugc mé ta trong ban mo ta nay c6 thé ¢6
cac tm khong dbi ximg. Céc hop chit theo sang ché chira nguyén tir duoc thé bit dbi c6
thé duoc phén tach & dang c6 hoat tinh quang hoc hodc dang triét quang. Trong linh vuc
k¥ thuét nay da biét cach thirc didu ché dang c6 hoat.tinh quang hoc, nhu bang cach dung
giai dang triét quang, bang cach tdng hop tir cic nguyén liéu c6 hoat tinh quang hoc, hoic
tdng hop bing cach sir dung chit phan ung c6 hoat tinh quang hoc. Khi can thiét, ¢ thé
tach chét lidu triét quang bing cac phuong phap di biét trong linh vuc k§ thuét nay.
Nhiéu chit ddng phan hinh hoc cta olefins, mdi lién két d6i C=N, va cac dang twong tu
cling ¢6 thé c6 mit trong cac hop chét dwoc mé ta trong ban md ta ndy, va tt ca chit
ddng phan bén nhu vy duogc tinh dén trong sing ché. Cac déng phan hinh hoc cis va
trans cua hop chét theo sang ché dugc tinh dén va c6 thé dugc phén tach dudi dang hdn
hop cua cac chit ddng phan hodc dang chit ddng phan riéng biét. T4t ca dang khong a6i
xtng, ddng phan khong d6i quang, dang triét quang va tit ca cac dang dong phan hinh
hoc ctia cac cdu truc déu duge tinh dén, trir khi dang hod hoc lap thé hodc dang déng
phén cy thé duoc chi ra 1 rang.

Khi mot lién két v6i phén tir thé dugc thd hién 14 gach qua mot lién két ndi hai
nguyén tor ¢ trong nhén, thi phén tir thé nay c6 th8 lien két voi nguyén tir bt ky trén
nhan. Khi mot phan tir thé duoc liét ké ma khong chi ra nguyén tir ma phin tr thé nay

duoc lién két qua d6 voi phin con lai ciia hop chit trong cong thirc néu ra, thi phn tir thé

-24-



19492

ndy c6 thé duogc lién két véi nguyén tir bat ky trong phéan tir thé nhw vay. Két hop cua
phén tir thé, vi tri cia phén tir thé va/hodc cac bién chi 1a dwge phép néu nhu cac két hop

ndy tao ra hop chét bén.

Nhu duoc st dung trong don nay, thudt ngit "tuy y duogc thé" c6 nghia la vigc

thay thé 1a tuy v va do d6 nguyén tir hosic nhém duoc chi ra c6 thé 1a khong duoc thé.

Nhu duge st dung & ban mo ta nay, "alkyl", khi dugc dung don 1¢ hodc nhu la
hau td hodc tiép dau ngit, duoc du dinh dé bao gém ca nhom hydrocacbon béo bdo hoa
mach nhanh va mach thing c¢6 tir 1 d&n 12 nguyén tir cacbon hoic néu sd nguyén tir
cacbon duge chi ra cu thé thi sb cu thé do 1a sb nguyén tir cacbon dy dinh. Vi du "C,.
calkyl" dung dé chi alkyl ¢6 0, 1, 2, 3, 4, 5 hodc 6 nguyén tir cacbon. Vi du vé alkyl bao
gdm, nhung khong chi gi6i han trong s6 metyl, etyl, n-propyl, i-propyl, n-butyl, i-butyl,
sec-butyl, t-butyl, pentyl, va hexyl. Trong trudng hop ma trong d6 chi s dudi la sb
nguyén 0 (zero) thi nhém ma chi s6 dudi dong chi dén biu thi 12 nhom nay c6 thé ving

mat, tic la c6 lién ket tryc ti€p gitta cdc nhom nay.

Nhu duoc sir dung & ban md ta nay, "alkenyl" khi duoc dung don 1€ hodc nhu 1a
h4u t6 hoic tiép ddu ngit duoc du dinh dé bao gdm ca nhém hydrocacbon béo chira alken
hodc olefin mach nhanh va mach théng ¢ tir 2 dén 12 nguyén tir cacbon hoic néu sb
nguyén tir cacbon dugc chi ra cu thé thi sb cu thé d6 1a sb nguyén tir cacbon du dinh. Vi
du "C,alkenyl" dung dé chi alkenyl c6 2, 3, 4, 5 hodc 6 nguyén tr cacbon. Vi du vé
alkenyl bao gdm, nhung khong chi gidi han trong s vinyl, alyl, 1-propenyl, 1-butenyl, 2-
butenyl, 3-butenyl, 2-metylbut-2-enyl, 3-metylbut-1-enyl, 1-pentenyl, 3-pentenyl va 4-

hexenyl.

Nhu dugce sir dung & ban mé ta nay, "alkynyl" khi dugc ding don 1é hodc nhu 1a
hau t§ hoic tiép ddu ngir duge dy dinh dé bao gdm ¢4 nhém hydrocacbon mach nhénh va
mach thing chira alkynyl hodc olefin béo c6 tir 2 dén 12 nguyén tir cacbon hodc néu sb
nguyén tir cacbon duoc chi ra cu thé thi s cu thé d6 1a s6 nguyén ti cacbon dyu dinh. Vi
du bao gdm etynyl, propynyl (vi du l-propynyl, 2-propynyl), 3-butynyl, pentynyl,
hexynyl va I-metylpent-2-ynyl.
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Nhu dugce sit dung & ban md ta nay, "thom" ding dé chi nhém hydrocacbony! c6
mdt hodc nhiéu nhan cacbon khong bdo hoa c6 dic tinh thom, (vi du 4n + 2 dién ti
khong & vi tri nhit dinh) va chia 1én dén 14 nguyén tir cacbon. Ngoai ra "di vong thom"
ding d& chi nhém cé mot hoic nhiéu nhan khéng bdo hoa chira cacbon va mot hodc
nhiéu nguyén tir khac loai nhu nguyén tt nito, oxy hogc luu huynh c6 déc tinh thom, (vi
du 4n + 2 dién tir khong & vi tri nhit dinh)

Nhu duoc st dung & ban mé ta nay, thuat ngit "aryl" dung dé chi cdu trac nhan
thom duoc tao ra tir 5 dén 14 nguyén tir cacbon. Céc cAu tric nhin chira 5, 6, 7 va 8
nguyén tr cacbon s& la cac nhoém thom mdt nhén, vi du, phenyl. Cac cAu trac nhan chira
8,9, 10, 11, 12, 13, ho#c 14 nguyén tir cacbon s& la da vong, vi du naphtyl. Nhin thom c6
thé duoc thé & mot hodc nhiéu vi tri trong nhan bang phén tr thé nhu d4 néu trén. Thuat
nglt "aryl" con bao gdm hé nhén da vong c6 hai hodc nhiéu nhan mach vong trong dé c6
hai hogc nhidu nguyén tir cacbon chung cho hai nhan lién nhau (cac nhén nay 13 "nhén
ngung tu") trong d6 it nht mot trong sb cac nhan nay la thom, vi du, cac nhan ctia mach
vong kia c6 thé 13 xycloalkyl, xycloalkenyl, xycloalkynyl, aryl va/hodc heteroxyclyl. Vi
du v& c4c nhan da vong bao gém, nhung khong chi gi6i han trong 36 2,3-dihydro-1,4-

benzodioxin va 2,3-dihydro-1-benzofuran.

Nhu dugc st dung & ban mod ta nay, cac thudt ngit "xycloalkyl" hodc
"carboxyclyl" duge du dinh dé bao gdm céc nhém nhan bdo hoa, ¢6 s6 nguyén tir cacbon
nhét dinh. Thuat ngit nay c6 thé bao gdm hé da vong dwgc ngung tu hodc c6 cdu ndi. Cac
xycloalkyl c6 tir 3 dén 14 nguyén tir cacbon cAu tric nhan cua ching. Theo mot phuong
4n, cac xycloalkyl c6 3, 4, 5, hodgc 6 nguyén tir cacbon trong chu trac nhan. Vi duy,
"C,¢xycloalkyl" ding dé chi cac nhém nhu xyclopropyl, xyclobutyl, xyclopentyl, hogc
xyclohexyl.

Nhu duoc st dung & ban md ta ndy, thuat ngt "xycloalkenyl" dwoc du dinh dé
bao gdm cac nhém nhan khong bio hoa, c6 sé nguyén tir cacbon nhét dinh. Cac chét nay
6 thé bao gdm céc hé da vong duge ngung tu hodc c6 cAu nbi. Cac xycloalkenyl c6 thé
¢6 tlr 3 dén 10 nguyén tir cacbon trong cdu triic nhan cua chung. Theo mdt phwong 4n,

cac xycloalkenyl c6 3, 4, 5, hodc 6 nguyén tir cacbon trong cu trac nhéan. Vi du, "C;.
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exycloalkenyl" ding d chi cdc nhém nhu xyclopropenyl, xyclobutenyl, xyclopentenyl,

hodc xyclohexenyl.

Nhu dugce st dung ¢ ban md ta nay, "halo" hodc "halogen" dung dé chi flo, clo,

bromo, va iodo.

"Ton d6i tmg" dugc st dung dé chi nhém cé dién tich duwong hodc 4m nhd nhu
clorua, bromua, hydroxit, axetat, sulfat, tosylat, benezensulfonat, amoni, ion lithi va ion

natri va cdc nhom tuong tu.

Nhu duge st dung & ban mo ta nay, thudt ngtr "heteroxyclyl" hodc "nhém di
vong" hodc "di vong" ding dé chi nhan don vong, mach vong ddi hodc mach vong ba béo
hoa, khéng bdo hoa hodc bio hoa mot phin (trix khi dugc quy dinh khac di) chira tir 3 dén
20 nguyén tt trong d6 1, 2, 3, 4 hodc 5 nguyén tir & nhan duge chon tir nguyén t nito,
lru huynh hodc oxy, ma c¢6 thé, trir khi c6 quy dinh khéc, dugc lién két v6i nguyén tir
cacbon hodc nito, trong d6 nhom -CH,- tuy y duoc thay bang -C(0)-; va trong d6 trir khi
dugc quy dinh ngugc lai nguyén t nito hodc nguyén tir luu huynh & trong nhan tuy y
duoc oxy hoa dé tao ra N-oxit hodc S-oxit hodc nguyén tit nito trong nhén tuy y dugc thé
bbn 14n trong d6 —NH trong nhén tuy y duoc thé bang axetyl, formyl, metyl hodc mesyl;
va nhén tuy ¥ duoc thé bing mdt hoic nhiéu halogen. Cén hiéu rdng khi téng s cac
nguyén tir S va O trong heteroxyclyl 16n hon 1, thi cic nguyén tir khac loai nay khong
nim canh nhau. Néu nhém heteroxyclyl néu trén 1a mach vong doi hodc mach vong ba thi
it nhit mot trong sé cac nhan nay c6 thé tuy y 1a di vong thom hodc nhén thom véi diéu
kién 1a it nhit mot trong sb cac nhan nay khong phai la di vong thom. Néu nhém
heteroxyclyl néu trén 1a don' vong thi nhém nay phai la nhém thom. Vi du V& céc
heteroxyclyl bao gdm, nhung khong chi gigi han trong s6 piperidinyl, N-
axetylpiperidinyl, ~ N-metylpiperidinyl, = N-formylpiperazinyl, = N-mesylpiperazinyl,
homopiperazinyl, piperazinyl, azetidinyl, oxetanyl, morpholinyl, tetrahydroisoquinolinyl,
tetrahydroquinolinyl, indolinyl, tetrahydropyranyl, dihydro-2H-pyranyl,
tetrahydrofuranyl, tetrahydro-thiopyranyl, tetrahydro-thiopyran 1-oxit, tetrahydro-
thiopyran 1,1-dioxit, IH-pyridin-2-on, va 2,5-dioxoimidazolidinyl.
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Nhu duge sir dung & ban md ta nay, "heteroaryl" ding dé chi di vong di vong
thom c6 it nhat mot thanh phan nhan chira nguyén tir khac loai nhu nguyén tir luu huynh,
oxy, hodc nito. Cac nhom bao gém hé don vong va da vong (vi dy, ¢6 2, 3 hodc 4 nhan
ngung tu). Vi du vé cic nhom heteroaryl bao gdm nhung khéng chi giéi han &, pyridyl
(ttc 1a pyridinyl), pyrimidinyl, pyrazinyl, pyridazinyl, triazinyl, furyl (tic la furanyl),
quinolyl, isoquinolyl, thienyl, imidazolyl, thiazolyl, indolyl, pyrryl, oxazolyl, benzofuryl,
benzothienyl, benzthiazolyl, isoxazolyl, pyrazolyl, triazolyl, tetrazolyl, indazolyl, 1,2,4-
thiadiazolyl, isothiazolyl, benzothienyl, purinyl, carbazolyl, benzimidazolyl,
benzoxazolyl, aza-benzoxazolyl imidazothiazolyl, benzo[1,4]dioxinyl,
benzo[1,3]dioxolyl va ... tuong tw. Theo mdt sé phuong an, nhém heteroaryl c6 tir 1 dén
20 nguyén tir cacbon, va theo cac phuong an tiép theo c6 tir 3 dén 20 nguyén tir cacbon.
Theo mdt sd phuong an, nhém heteroaryl chira tir 3 dén 14, tir 4 dén 14, tir 3 dén 7, hoic
tir 5 dén 6 nguyén tir tao nhan. Theo mot sb phwong an, nhém heteroaryl nay c6 tir 1 dén
4, tr 1 dn 3, hodc tir 1 dén 2 nguyén ti khac loai. Theo mot sb phuong 4n, nhém

heteroaryl nay cé 1 nguyén tr khac loai.

Nhu dugce st dung & ban md ta nay, "haloalkyl", khi dugc dung don 1é hodc nhu
12 hau t6 hodc tiép dau ngtt, dugc du dinh dé bao gé)m ca nhém hydrocacbon béo bao hoa
mach nhanh va mach thing, c6 it nhit mo6t phén tir thé halogen va c6 tir 1 dén 12 nguyén
ttr cacbon hozic néu sd nguyén tir cacbon dugc chi ra cu thé thi sb cu thé d6 1a s6 du dinh.
vi du "Cgghaloalkyl" dung dé chi alkyl ¢6 0, 1, 2, 3, 4, 5 hodc 6 nguyén tur cacbon. Vi du
vé haloalkyl bao gdm, nhung khéng chi giéi han trong sé flometyl, diflometyl,
triflometyl, cloflometyl, 1-floetyl, 3-flopropyl, 2-clopropyl, 3,4-diflobutyl.

Nhu duoc sir dung & ban md ta ndy, cum tir "nhém bao v&" ding dé chi phan tir
thé tam thoi c6 vai trd bao vé nhém chirc co thé d& phan tng khéi phan tmg hoéa hoc
khong mong muén. Vi du vé cac nhom bao vé nhu vy bao gém lan luot este cla axit
carboxylic, céc ete silyl ctia rugu, va axetal va ketal ctia aldehyt va keton. Xem xét linh
vuc héa hoc vé nhém bao vé (Greene, T.W.; Wuts, P.G.M. Protective Groups in Organic

Synthesis, 3" ed.; Wiley: New York, 1999).
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Nhu duge st dung ¢ ban mo ta ndy, "duoc dung" duoc st dung trong ban md ta
nay ding dé& chi cac hop chit, chit liéu, ché phdm, va/hodc dang phan lidu ma, tfong
pham vi d4nh gid y hoc dang din, 1 thich hop d& dung tiép xtic véi md ciia ngudi va
dong vat ma khong doc tinh, tiy rat, dap ung di tng qua dang hodic cac vin d& hoic bién

ching khac, tuong g véi ty 1€ loi ich/nguy co hop ly.

Nhu dugce st dung & ban mé ta ndy, "mudi dugc dung" dung dé chi cac din xuit
ctia cac hop chét duoc boc 16 trong d6 hop chét géc dugc bién dbi bing cach tao cac
mudi axit hoic bazo ciia ching. Vi du v& cac mudi duge dung bao gém, nhung khong chi
gidi han trong s cac mudi cia axit vo co hodc hitu co ctia gbe kidm nhu amin; cac mudi
kiém hoic hitu co cua gbce axit nhu cac axit carboxylic; va cac mudi twong tw. Cac mudi
duoc dung nay bao gdm cac mudi khéng doc hodc cac mudi amoni thé bdn lan ctia hop
chét géc duoc tao ra, vi duy, tir cic axit vO co hodc hitu co khéng ddc tinh. Vi dy, cac
mudi khong gdy doc nhu viy bao gdbm cac mudi thu dugc tir cac axit vo co nhu axit

clohydric.

C6 thé téng hop cac mudi duge dung theo sang ché tir hop chét gbc chira nhom
kidm hoic axit bing phuwong phap héa hoc théng thudong. Thong thuong, ¢ thé didu ché
cac mudi nhu vay bing cach cho dang axit hodc bazo tu do ctia cac hop chét nay phan
tmg v&i lugng theo hé sé ty lugng cua bazo hodc axit thich hop trong nudc hoic trong
dung méi hitu co, hoic trong hdn hop gdbm hai chit nay; thong thuong st dung moi
truong khoéng phai 1a nudc nhu dietyl ete, etyl axetat, etanol, isopropanol, hodc

axetonitril.

Séang ché con bao gdm tit ca cac dang ddng phan hd bién ciia cac hop chit theo
sang ché.

Nhu duge sit dung & ban mé ta nay, "chit ddng phan hd bién" ding dé chi cac
chit ddng phan cAu tric khac ma tdn tai ¢ trang thai cin bing tao ra tir sw dich chuyén

nguyén t&r hydro. Vi du, chit dong phan hd bién keto-enol 1a chét trong d6 hop chét thu
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duoc ¢6 ca dic tinh cua keton va rugu khong bdo hoa. Céc vi du khéac ve vé hién tugng

ddng phén hd bién bao gdm 2H-imidazol-4-amin va chit ddng phan hd bién cia n6

1,2-dihydroimidazol-5-imin, va 2H-imidazol-4-thiol va chit ddng phin hd bién
cta né 1,2-dihydroimidazol-5-thion. Can hidu ring trong trinh bay hop chét trong ban md
ta ndy, chi mot trong s cac chit déng phin hd bién ciia hop chét dugc thé hién hoic

duoc néu tén.

3\
A"

Nhu duoc st dung & ban mo ta nay "hop chét bén" va "cdu tric bén" ding dé chi
hop chit ma da bén d& phan 1ap dén mirc d6 tinh khiét hitu ich tir hdn hop phan tmg, va

ché phim thanh tac nhan tri liéu ¢6 hidu qua.
Céc hop chit theo sang ché con bao gdm céc hydrat va cac solvat.

Sang ché con bao gdm cac hop chét dugc danh déu ddng vi theo sang ché. Hop
chit duoc danh déu "ddng vi" hodc dugc danh diu “phong xa" 14 hop chit theo sang ché
trong d6 mot hodc nhidu nguyén tir duge thay hodc duge thé bing nguyén tir 6 khdi
lugng nguyén tir hodic chi s& khdi lwgng khac véi khdi lwong nguyén tit hodc chi s6 khdi
luong thuong gip trong tu nhién (tic 1a c6 trong tu nhién). Cac nguyén t6 ddng vi thich
hop ma c6 thé dugc két hop vao cac hop chit theo sdng ché bao gdm nhung nhung khong
chi gi¢i han trong s6 H (con dugc ky hiéu 13 D cho doteri), *H (con duoc ky hiéu 1a T
cho triti), ''C, 3¢, c, BN, BN, 1%0, 70, %0, '*F, s, *C1, ®Br, "Br, 78y, "By, 1]
1247, 1257 va ', Pdng vi phong xa ma duge két hop vao hop chét duge danh diu phong
xa theo sang ché s& phu thudc vao tmg dung cu thé cua hop chit duoc danh diu phéng
xa. Vi du, véi thr nghiém danh déu thu thé va canh tranh in vitro, cac hop chit ma két
hop >H, C, ®Br, %I, ™' hodc **S will thuong 14 hitu ich nhit. Ddi véi ung dung lam
hién hinh anh phéng xa ''C, '°F, %L, 'L, "1, 'L, Br, "°Br hogc "'Br s& thuong 14 hitu
ich nhat.

Cén hiéu ring "hop chét duge danh déu phong xa" 12 hop chit két hop it nhit mot
ddng vi phong xa. Theo mot s6 phuong é4n, ddng vi phéng xa dugc chon tir nhém bao

A 1257 35q .5 82
gomaH, Mc, 15y, S va ¥Br.
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Céc hop chét theo séang ché co6 thé dugc dung qua duong miéng, ngoai dudng tiéu
hda, qua ma, qua am dao, dudng tryc trang, béng cach hit, bom, dat dudi ludi, qua co,
dudi da, khu trd, trong miii, trong mang bung, trong nguc, tinh mach, ngoai mang cimng,

trong vo, trong ndo that va bang cach tiém vao khép noi.

Liéu lugng ding sé& phu thudc vao duong ding, mirc dd nghiém trong cta bénh,
tudi tic va cin ning cua bénh nhén va cac yéu t6 thong thuong khac thudng duge thay
thudc didu tri xét dén, khi x4c dinh ting ché d6 va muc lidu lwong 14 thich hop nhét cho
mdi bénh nhan cu thé.

Luong hop chét duogc cép s€ thay dbi tuy thudc vao bénh nhan dugc didu tri va s&
thay dbi nim trong khoang tir 100 ng/kg thé trong dén 100 mg/kg thé trong mdi ngay.
Ching han, c6 thé xac dinh mot cach dé dang lidu luong boi cac ngudi c6 hiéu biét trung
binh trong linh vuc k§ thuat nay tir phin mé ta va kién thirc trong linh vuc k¥ thuét nay.
Do d6, ngudi ¢6 hiéu biét trung binh trong linh vuc nay c6 thé quyét dinh mot cach dé
dang lugng hop chit va cac chit phu gia, ta dugc 16ng, va/hodc chit mang tiy chon trong

ché phdm va s& duogc cép theo phuong phép theo séng ché.

Theo mdt phuong an khéc, sdng ché @ cap dén hop chét c¢6 cong thirc (1), hodc
mudi duoc dung cia ching, ding dé 1am thudc, vi du dé diéu tri hodc phong ngira bénh

lién quan dén AP bénh lién quan dén AP.

Sang ché con mod ta viéc st dung hop chét ¢ cong thie (I), hodc mudi duge

dung cta chung, dé bao ché thudc dé diéu tri hogc phong ngira bénh lién quan dén AB.

Séang ché con mo ta phuong phap diéu tri hodc phong ngira bénh lién quan dén
AP & dong vét ¢6 v, nhu nguoi, bao gém viéc cho dong vat c6 va cAn st dung dung hop

chét c6 cong thic (I), hodc mudi duge dung cia chiing véi lugng hiru hiéu tri liéu.

Cac hop chét theo sang ché, va cac mudi dugc dung cua ching, dugc dung trong
phuong phép diéu tri bénh lién quan dén AP, nhu, nhung khong chi gi6i han trong sé,
bénh Alzheimer, hdi chitng D;)wn, bénh mach mau dang tinh bjt , bénh mach mau ndo
dang tinh bdt, bénh Xuét huyét ndo di truyén, rdi loan lién quan dén suy giam nhan thic,

bénh MCI ("suy giam nhan thic thé nhe"), mét tri nhd, cac triéu ching suy giam tap
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trung lién quan dén bénh Alzheimer, bénh thoai héa thin kinh lién quan dén bénh
Alzheimer, bénh sa sat tri tué hdn hop c6 nguén géc mach, bénh sa sut tri tug¢ cé nguén
géc thodi hod, bénh sa stt tri tu¢ khdi phat sdém, bénh sa sut tri tué tudi gia, bénh sa sut tri
tué lién quan dén bénh\Parkinsovn, thwong tdn nfo chn thuong liét trén nhan tién trién va

bénh thoai hda than nén vo nio.

Theo mot phuong an khéc, sang ché dé cap dén dugc phdm chra hoat chit 1a
luong hitu hi€u tri li€u cta hop chét c6 cong thuc (I), hodc mudi duge dung cia chiing,

cung voi it nhét mot ta duoc, chit mang hoic chét pha lodng duoc dung.

Sang ché con mé ta phwong phap te ché hoat tinh BACE bing cach dung hop
chét ¢ cong thire ().

Séang ché con mé ta phwong phéap didu tri hodic phong ngira bénh lién quan dén
AP & ddng vat co va, nhu ngudi, bao g6m viéc cho bénh nhan néu trén dung luong hitu
hi€u tri li€u cua hop chét ¢ cong thirc (I), hoic mudi duge dung ctia chung, va it nhét
mot chét tang nhan thuc, chét 1am tang tri nho, hodc chét tc ché cholin esteraza, trong d6

bénh li€én quan dén AP néu trén 13 bénh Alzheimer.

Theo mdt phuong 4n khac, sang ché dé cap dén dugc phidm chtra (i) hop chit c6
cong thac (I), hodc mudi dugc dung ctia chung, (ii) tdc nhan tri liu bd sung, hodc mudi

dugc dung cua chung, va (iii) ta dugc, chit mang hodc chét pha lodng dugc dung.

Theo mdt phuong 4n khac, sang ché dé cap dén dugc phdm chira (i) hop chét co
cong thue (I), hoac mudi duge dung ctia ching, (ii) it nhit mot tac nhan duogc chon tir
nhém bao gém chét tdng nhén thic, chét 1am tang tri nhé va chét trc ché cholin esteraza,

va (iii) t4 dugc, chit mang hoic chét pha logng dugc dung.

Viéc diu tri bénh lién quan dén AP duogc xéac dinh trong ban mé ta ndy c6 thé
duge dung nhu phép tri liéu don 1& hodic c6 thé lién quan dén, ngoai hop chit theo sang
ché, két hop voi diéu tri béng phép tri liéu thong thuong cd tac dung diéu tri mot hoic
nhiéu tinh trang bénh dugc néu trong trong ban md ta nay. Phép tri liéu thong thudng nhu
vy c6 thé bao gdm mét hoic nhiéu nhém tac nhan sau diy: cdc chét trc ché axetyl

cholinsteraza, chét chéng viém, chét 1am ting nhan thirc vd/hodc tri nhé hoic chdng loan
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tam thin khong dién hinh. Chét ting hhén thirc, chét lam ting tri nhd va chét e ché
axetyl cholin esteraza bao gém, nhung khong chi gii han trong sb, donepezil (ARICEPT),
galantamine (REMINYL hodc RAZADYNE), rivastigmine (EXELON), tacrine (COGNEX) va
memantine (NAMENDA, AXURA hodic EBIXA). Chit chéng loan tAm thin khéng dién hinh
bao gdm, nhung khong chi giéi han trong sd, olanzapine (dugc lyu hanh trén thi truong
dudi tén ZYPREXA), aripiprazole (dwoc luu hanh trén thi truong dudi t€n ABILIFY),
risperidone (dugc luu hanh trén thi truong dudi tén RISPERDAL), quetiapine (duoc luu
hanh trén thi truong dudi t€én SEROQUEL), clozapine (dugc luu hanh trén thi truong dudi
tén CLOZARIL), ziprasidone (dugc luu hanh trén thi truong dudi tén GEODON) va

olanzapine/fluoxetine (dugc luu hanh trén thi truong dudi tén SYMBYAX).

Céc didu tri két hop nhu vay c6 thé duoc thuc hién bing cach ding lidu déng
thoi, lién tiép hodc riéng r& hop phin réing 1& d& didu tri. Cac san pham két hop nhu vay

str dung hop chit theo sang ché.

Phép tri liéu thong thuong nhu vay co thé bao gém mot hodc nhiéu loai tdc nhan

sau day:

(i) cac chit chéng trAm cam nhu agomelatine, amitriptyline, amoxapine,
bupropion, citalopram, clomipramine, desipramine, doxepin duloxetine, elzasonan,
escitalopram, fluvoxamine, fluoxetine, gepirone, imipramine, ipsapirone, maprotiline,
nortriptyline, nefazodone, paroxetine, phenelzine, protriptyline, ramelteon, reboxetine,
robalzotan, sertraline, sibutramine, thionisoxetine, tranylcypromaine, trazodone,
trimipramin, venlafaxine va chét tuong duong va chit ddng phan va chét chuyén hoa c6

dugc tinh ctia ching.
(ii) chét chdng loan thin kinh khong dién hinh bao gdm vi du quetiapine va chat
ddng phan va chét chuyén hod c6 duoc tinh cia ching,

(iii) chbéng loan than kinh bao gdm vi du amisulpride, aripiprazole, asenapine,
benzisoxidil, bifeprunox, carbamazepine, clozapine, chlorpromazine, debenzapine,
divalproex, duloxetine, eszopiclone, haloperidol, iloperidone, lamotrigine, loxapine,

mesoridazine, olanzapine, paliperidone, perlapine, perphenazine, phenothiazine,
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phenylbutylpiperidin, pimozide, prochlorperazine, risperidone, sertindole, sulpiride,
suproclone, suriclone, thioridazine, trifluoperazine, trimetozine, valproate, axit valproic,
zopiclone, zotepine, ziprasidone va chit trong dwong va chit ddng phén va chit chuyén

hoa c6 dugc tinh ctia ching.

(iv) thubc giai lo 4u bao gbém vi du alnespirone, azapirones,benzodiazepine,
barbiturates nhu adinazolam, alprazolam, balezepam, bentazepam, bromazepam,
brotizolam, buspirone, clonazepam, clorazepate, chlordiazepoxide, -cyprazepam,
diazepam, diphenhydramine, estazolam, fenobam, flunitrazepam, flurazepam, fosazepam,
lorazepam, lormetazepam, meprobamate, midazolam, nitrazepam, oxazepam, prazepam,
quazepam, reclazepam, tracazolate, trepipam, temazepam, triazolam, uldazepam,
zolazepam va chét tuong duong va chit ddng phan va chét chuyén ho4 c¢6 dugc tinh cia

ching.

(v) chit chéng co gidt bao gdbm vi du carbamazepine, clonazepam, ethosuximide,
felbamate, fosphenytoin, gabapentin, lacosamide, lamotrogine, levetiracetam,
oxcarbazepine, phenobarbital, phenytoin, pregabaline, rufinamide, topiramate, valproate,
vigabatrine, zonisamide va chit twong dwong va chit déng phan va chit chuyén hod co

dugc tinh cua ching.

(vi) chit c6 tac dung tri li€u bénh Alzheimer bao g(‘A)m vi du donepezil,
rivastigmine, galantamine, memantine, va chit twong dwong va chit déng phan va chat

chuyén hod cé dugc tinh ctia chiing.

(vii) chét c6 tac dung tri liéu bénh Parkinson bao gdm vi du deprenyl, L-dopa,
Requip, Mirapex, cac chét tc ché MAOB nhu selegine va rasagiline, cac chét tc ché
comP nhu Tasmar, cac chit trc ché A-2, cac chét (rc ché tai hap thu dopamine, céc chit
dbi khang NMDA, cac chét chu van nicotin, cdc chat chi van Dopamine va céc chét e
ché synthaza nitric oxit ciia noron va chét tvong duong va chét ddng phéan va chit chuyén

hoé c¢6 dugc tinh ctia ching.

(viii) chét c6 tac dung tri liéu bénh nhtrc nira diu bao gdm vi du almotriptan,

amantadine, bromocriptin, butalbital, cabergoline, dichloralphenazone,
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dihydroergotamine, eletriptan, frovatriptan, lisuride, naratriptan, pergolide, pizotiphen,
pramipexole, rizatriptan, ropinirole, sumatriptan, zolmitriptan, zomitriptan, va chét twong
dwong va chét déng phan va chét chuyén hoé c6 duge tinh ciia chiing.

(ix) chét c6 tac dung tri liéu ching d6t quy bao gdm vi du phép tri liéu gay tan
cuc huyét khéi béng ching han activase va desmoteplase, abciximab, citicoline,
clopidogrel, eptifibatide, minocycline, va chit twong dwong va chat ddng phan va chit
chuyén hoé c6 dugc tinh clia ching.

(x) chit co tac dung tri li¢u mét tu chu tiéu tién bao gém vi du darafenacin,
falvoxate, oxybutynin, propiverine, robalzotan, solifenacin, tolterodine va va chit tuong
duong va chit ddng phan va chét chuyén hoa c6 duge tinh ctia ching.

(xi) chit c6 tac dung tri liu dau than kinh bao gém vi du lidocain, capsaicin, va
chdt chéng co giit nhu gabapentin, pregabalin, va cac chit chéng trAim cam nhu
duloxetine, venlafaxine, amitriptyline, klomipramine, va chét twong dwong va chét ddong
phan va chit chuyén hoé c6 dugc tinh cta chiing.

(xii) chit c6 tac dung tri lidu dau cam thu dau nhu paracetamol, NSAIDS va
coxibs, nhu celecoxib, etoricoxib, lumiracoxib, valdecoxib, parecoxib, diclofenac,
loxoprofen, naproxen, ketoprofen, ibuprofen, nabumeton, meloxicam, piroxicam va
opioid nhu morphin, oxycodone, buprenorfin, tramadol, va chét twong duong va chat
ddng phan va chit chuyén hod c6 dugc tinh cia ching.

(xiii) chdt c6 tac dung tri liéu chimg mit ngli bao gdm vi du agomelatine,
allobarbital, alonimid, amobarbital, benzoctamine, butabarbital, capuride, chloral,
cloperidone, clorethate, dexclamol, ethchlorvynol, etomidate, glutethimide, halazepam,
hydroxyzine, mecloqualone, melatonin, mephobarbital, methaqualone, midaflur,
nisobamate, pentobarbital, phenobarbital, propofol, ramelteon, roletamide, triclofos,
secobarbital, zaleplon, zolpidem va chit twong duong va chit ddng phan va chat chuyén

hoa cé dugc tinh cia ching.

(xiv) chat lam On dinh cam xuc bao gom vi du carbamazepine, divalproex,
gabapentin, lamotrigine, lithi, olanzapine, quetiapine, valproate, axit valproic, verapamil,

va chét trong duong va chit déng phan va chit chuyén hoé c6 dugc tinh clia ching.

-35-



19492

Céc san phdm két hop nhu vay str dung hop chét theo sang ché trong khoang lidu
luong dugc md ta trong ban md ta nay va duge chat hoidc cac hop chét khac trong khoang
liéu lugng dugc phé chudn va/hoic lidu lugng nhu duoc md ta trong tai liéu cong bd
tham khao.

Piéu ché hop chat

Céc hop chat theo sang ché c6 thé dugc diéu ché & dang bazo tw do hodc mubi
duge dung ctia ching theo quy trinh duge mo ta sau ddy. Trong subt ban mo ta sau day
clia céc quy trinh nhu vy can hiéu ring, khi thich hop, cac nhém bao vé thich hop s&
duoc bd sung vao, va sau d6 duogc loai bé khoi cac chét phén g va cac hop chét trung
gian khéc nhau theo cach thirc duoc hiéu mot cach d& dang boi ngudi c¢é hidu biét trung
binh trong linh vuc k¥ thuat nay tong hop hitu co. Cac quy trinh thong thudong sir dung
cac nhom bdo v€ nhu vay cling nhu vi du v& cac nhom bao vé thich hop 1a, vi du, nhu
dugc mo ta trong Protective Groups in Organic Synthesis by T.W. Greene, P.G.M Wutz,
3rd Edition, Wiley-Interscience, New York, 1999. Hiéu réng theo cach khac c6 thé si
dung vi séng (MW) dé gia nhiét hdn hop phan tmg. Mot khia canh khéc cta sang ché d&
xuét quy trinh diéu ché hop chét ¢ cong thic (I), hoic mudi dwoc dung ciia chung, trong
d6, trir khi duge quy dinh khac di, R'-R%, n va A dwoc xé4c dinh nhu cho cong thire (I) néu
trén, hodc 14 cac nhém ma c6 thé duoc chuyén hoé thanh R'-R’, hoic A trong cac bién
d6i sau d6. Hop chit co cong thire (XI) c6 thé trong duong véi hop chit co cong thie (I).
LG la nhém roi chuyén nhu halogen (nhu clo, brom hoic iot) hodc alkyl-, aryl- hoic
haloalkyl-sulfonat (nhu triflat) va PG la nhém bao vé. Quy trinh néu trén bao gom:

Phuong phép (i): Tao thanh hop chit tuong tmg c¢6 cong thire (II1a):

() (1a)
So dd 1

Xir 1y keton cé cong thirc (II) bing bazo thich hop nhu natri hydrua, KOtBu,
hoic LDA trong su c6 mit ctia alkyl halogenua (dwoc thé hai vi tri), triflat hodc mesylat
dé tao ra hop chét c6 cong thie (Illa) (So @6 1). Phan g néu trén c6 thé duoc thuc hién

& nhiét d6 ndm trong khoang tir -78 °C dén +50 °C, trong dung mdi thich hop, nhu
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tetrahydrofuran hodc dimetylformamit. C4c phan ung alkyl hoéa c¢6 thé duge thuc hién
theo cach lién tiép v6i cac hop chét trung gian duogc phéan tich va duge tinh ché hodc theo
kiéu timg budc trong mét binh phan tng. Néu cac phan ng nay tao ra san pham duoc thé
B::ng olefin, xyano, sulfon hodc gbc twong tu, né tuy y c¢6 thé duge cho phan tng tiép
bang phan tng déng mach vong Dieckman, RCM, phén ing thé wa nhan hodc phan ting

cong mach vong de tao ra cac hgp chat trung gian mach vong xoan duoc thé cao.

Phuong phép (ii): Tao thanh hop chit twong tmg ¢ cong thire (I1la):

0 , 0 ) 0
_ (v)

(M (a)

So db 2

Cho keton c6 cong thirc (II) phan Gng véi aldehyt hodc keton nhu formaldehyt &
nhiét d6 nam trong khoang tir nhiét d¢ trong phong dén +100 °C trong su c6 mit cua axit
cho proton bit ky nhu axit boronic (nhu PhB(OH),), hodc védi sy c6 mit cia N-
metylanilinium trifloaxetat, trong dung méi thich hop nhu benzen hoic toluen (So d6 2).
Hop chét trung gian (IV), trong d6 Z va Y dugc xac dinh nhu 1a vi du hydro hodc alkyl,
c6 thé dugc cho phan tng véi cac dien khéc nhau bing cach st dung phéan ung Diels-
Alder & nhiét d6 nim trong khoang tir nhiét do trong phong dén +220 °C tuy ¥ trong 6ng
kin. Phan Gng nay co thé dugc thuc hién & dang nguyén chét hodc trong dung méi thich
hop nhu benzen, toluen hoic THF. Axit Lewis hoidc c4c tac nhan bét ky khac ma c6 thé
tro gitp phan tmg nay c6 thé dugc thém vao dé tao ra cac chit ddng phan dbi anh hoic
cac chit ddng phan khong dbi quang dugc lam gizEluf Nhan mach vong xoén thu dugc c6
thé tuy ¥ chtra moét hodic nhidu phin tir thé ma co6 thé dugc chuyén hoa tiép bang cach
bién déi nhém chirc da biét .

Phuong phap (iii): Tao thanh hop chét trong tmg c¢6 cong thire (I1la):
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- R Y
\©1/Y : RCM hodc cong o)
A Vi - 6
X Bazo hodc hodc phan tng A R

V) Pd/Rh SN1 ho3c SN2

(llla)

So dd 3

Dian xuét alkyl hoic xycloalkyl hodc heteroxycloalkyl (V) chira cdc nhém X rut
dién t& nhu xyano, axit carboxylic hoac alkyleste c6 thé duoc alkyl hoa bang ortho-halo
benzyl bromua hoic clorua tuy ¥ duoc thé (VI) (Y = haldgen nhu bromo hoic clo) (So dd
3). Phan tmg néu trén duoc trg gitp bing bazo nhu LDA, NaH hogc LiHMDS trong dung
moi nhu benzen, THF hodc toluen & nhiét d6 ndm trong khoang tir -78 °C dén 80 °C. Hop
chét trung gian dugc aikyl hoa (VII) c6 thé dugc phén tach va duoc xit Iy tiép bang bazo
nhu BuLi hogc LDA trong cic dung moi nhu THF dé thuc hién phan tmg dong mach
vong nhan. Theo cach khac, ciing ¢6 thé sir dung phwong phap hoa hoc kim loai chuyén
tiép nhu cac chét chelat hoa chira Pd, Cu hogc Rh hhu: cac dan xuét phosphin hodc amin
trong cac dung moi nhu DMF, THF hoéc toluen vé6i sy ¢6 mit cua bazo nhu trietylamin
hoic natri cacbonat & nhiét d§ nim trong khoang tir nhiét do trong phong dén +100 °C.
Trong trudng hop trong d6 san pham (VII) tir phan tmg nay chira phan tir thé nhu olefin,
sulfon, xyano, va cic nhém tuong ty, thi cac san pham nay c6 thé duoc xir Iy tiép (So dd
3) bang RCM, phén tng cdng mach vong, phan ung thé va nhan hoic phan tng d3 biét

bat ky khac dé tao ra cac hop chat (II1a) mach vong xodn dugc thé cao.

Phuong phép (iv: ) Tao thanh hop chét twong g c6 cong thirc (XIa):
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o)

NH EIO‘z;
N__N
R® E—— » n g T n R
R v
6 A RS A 6

(1 (VI | (1X)

HOH — HSH = }\(NH2
7\ 7\ 7\
R N N PS, R N N NH, R2 N N)
)n RS hn R® n R’
A R® A R® A R
(IX) - (Xa) (Xla)
So db 4

Cho keton c6 cong thtrc (IIT) phan tng véi amoniac dé tao ra hop chét trung gian
(VIII) (So d6 4). Hop chét c6 cong thirc (VII) tuy y c6 thé khong dugc phén tich va c6
thé dugc dua t6i budc tiép theo ngay trong hé théng mot binh. Hop chét (VII) duoc cho
phan tmng tiép véi etyl 2-oxopropanoat dé tao ra hop chét imidazol c6 cong thuc (IX).
Phan ng néu trén cé thé dugc thuc hién & nhiét dd nam trong khoang tir nhiét d6 trong
phong dén +160 °C, trong dung moi thich hop, nhu metanol, etanol hoic rugu

isopropylic.

Sau d6, c6 thé thu duge hop chit amino imidazol (Xla) bang céch tao ra hop chét
trung gian (Xa), bang phan tmg giita ruou c6 cong thie (IX), véi chét phan tGng luu
huynh hoa nhu phospho pentasulfua véi su c6 mit ciia bazo nhu pyridin (So dd 4). Cé
thé thuc hién sy bién dbi thanh hop chét c6 cong thirc (XIa) bang phan g giita hop chét
trung gian ¢6 cong thirc (Xa) v4i amoniac, tuy y v6i su ¢6 mét cua tdc nhin oxy hoa , nhu

tert-butyl hydroperoiiit.

Phuong phép (v): Tao thanh hop chét twong ting c6 cong thic (XI):
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i (XiIn

“HS NH S NH | R1§\‘{NH2
Y B

2

2

\ Ve
R2 N. N R N R2 N__N

e — "k — “OCk

R
A 6 A R® A 6

R

(X1 (XIv) - (XI)
So dd6 5

Cho keton c6 cong thirc (IIT) phan L'rngrvéri etanbis(thioamit) trong su ¢6 mit cia

amoniac dé tao ra hop chit c6 cong thire (XIII) (So'dd 5). Phan ting néu trén c6 thé duge

- thyce hién ¢ nhiét do nim trong khoéng tir nhi€t d¢ trong phong dén +180 °C, trong dung

moi thich hgp, nhu metanol, etanol hodc rugu isopropylic.

Cho tac nhén alkyl héa, nhu metyl iodua va a thioimidazol c6 cong thire (XIII)
phan tmg dé tao ra hop chit ¢ cong thirc (XIV) (So dd 5). Hop chit néu trén (XIV) ¢6
thé dugc cho chuyén hoa tiép thanh hop chit c6 cong thirc (XI), trong d6 R' 12 nhém
- alkyl nhu metybl hodc etyl, bang cach cho né phan tng véi chit phan Gng hiru co-kim
loai, nhu metylmagie bromua hoac etylmagie bromua, véi sw c6 mit cta chit xuc tac
thich hop, nhu [1,3-bis(diphenylphosphino)propan]niken(II) clorua. Theo cich khac,
cling c6 thé thu dugc hop chit ¢6 cong thirc (XI) (R 14 alkyl nhu metyl hodc etyl) bang
cach cho hop chit c6 cong thirc (XIV) phan tmg véi hdn hop gdm kém iodua va chit
phan Umg Grignard nhu metylmagie bromua, hodc etylmagie bromua, véi sy c6 mit cia
chét xtc tac thich hop nhu bis(triphenylphosphin)paladi(I) clorua trong dung mdi thich
hop nhu THF, 2-metyl-tetrahydrofuran hoic toluen.

Phuong phap (vi) Tao thanh hop chét twong tng c6 cong thirc (XI):
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S HS NH,

NH, '
/
NH HZNJ\”/ , m
R? S R )
. )" 5 n 5
R R
A 6 ) . A R

(V1IN : (X

I :

HS_  NH, | S_ NH, RHNHZ
H H B
) N_ N ) N_ N : 2
R ) — R ) — )
n R5 n R5 RS
A R® A R A R®
iy (XIV) (XI)
So dd 6

Cho imin ¢6 cdng thirc (VIII) phan tng véi etanbis(thioamit) dé tao ra hop chét
c¢6 cong thire (XIII) (So dd 6). Phan tmg néu trén c¢6 thé duge thyuc hién & nhiét do ndm
trong khoang tir +120 °C dén +180 °C, trong dung mdi thich hop, nhu metanol, etanol

hodc rugu isopropylic.

Cho tac nhén alkyl héa, nhu metyl iodua va thioimidazol c6 cong thirc (XIII)
phan (mg dé tao ra hop chit c6 cong thire (XIV) (So dd 6). Hop chit (XIV) néu trén c6
thé dugc cho chuyén hoa tiép thanh hop chit c6 cong thirc (XI), trong d6 R! 1a nhém

“alkyl nhu metyl hoic etyl, bing cich cho né phan tmg véi chét phén Ung hitu co-kim
loai, nhu metylmagie bromua hoidc etylmagie bromua, véi su c6 mit cia chit xic tac
thich hop, nhu [1,3-bis(diphenylphosphino)propan]niken(II) clorua. Theo céach khéc,
cling c¢6 thé thu duoc hop chét c6 cong thire (XI) (R 12 alkyl nhu metyl hoic etyl) bing
cach cho hop chét c¢6 cong thirc (XIV) phan ng véi hén hop gdm kém iodua va chét
phén tmg Grignard nhu metylmagie bromua, hodc etylmagie bromua, v4i sy ¢6 mit ciia
chét xtic tac thich hop nhu bis(triphenylphosphin)paladi(Il) clorua trong dung mdi thich
hop nhu THF, 2-metyl-tetrahydrofuran hodc toluen. |

Phuong phép (vii) Tao thanh hop chét twong tmg c6 cong thirc (XV):
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0]

I |C|>
o H2N/S\R” , N,S\R“
R2 ) (XVI) R2
" R’ > ) R
* R Ti(§5|1|2)4 A R®
1) v
( XV)
So dd 7

C6 thé thu dugc hop chit c6 cf)ng thirc (XV) bang cach cho hop chét c6 cong
thirc (IIT) phan ng vé6i hop chit c¢6 cong thire (XVI) (So db 7), trong d6 R 13 alkyl (nhu
vi du tert-butyl). Phan tng nay dugc thuc hién v6i sy c6 mét cua axit Lewis thich hop,
nhu hop chét c6 cong thire (XVII), trong d6 R 13 alkyl (nhu etyl hodc isopropyl). Phan
ung nay duogc thuc hién trong dung moéi thich hgp (nhu diclometan, 2-metyl-
tetrahydrofuran hodc tetrahydrofuran) & nhiét d6 nim trong khoang tir nhiét d trong
phong dén nhiét d6 hdi luu, tuy v chung cit ding phi dé tach loai rugu duge tao ra trong

phén tng nay.

Phuong phap (viii) Tao thanh hop chét trong g ¢6 cong thire (XVIII):

13

cl O R
OH ||: \\P/ 13
~
o N' R13/ \R13 N/ R
R2 ) R2 ) (XX) RZ )
n R5 - n R5 - . n R5
A Re A RS A R6
(i (XIX) (XVIIT)
So db 8

C6 thé thu dugc hop chit c6 cong thirc (XIX) bang cach cho hop chét ¢6 cong
thirc (III) phén tng véi hydroxylamin hydroclorua va bazo nhu kali axetat trong dung
méi thich hop nhu hdn hop ciia nude va rugu thich hop nhu etanol & diéu kién nhiét do
héi Iuu (So dd 8). C6 thé cho hop chit (XIX) néu trén chuyén héa tiép thanh hop chét co
cdng thire (XVIII) bang cach cho né phan tng véi hop chét c6 cong thie (XX), trong do
R" 1a alkyl hodc aryl. Phén ung nay dugc thuc hién trong dung méi thich hgp nhu
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diclometan véi sy c6 mét cia trietylamin & nhiét do nam trong khoang tir -78 °C dén

nhiét do trong phong.

Phuong phép (ix) Tao thanh hop chét tvong tmg c6 cong thirc (XXI):

_SiR™),
(0] ' N/
R& ‘ 2
A Re A Re

So dd 9

C6 thé thu dugc hop chit c6 cong thire (XXI) trong d6 R™ 1a alkyl nhu metyl
bing cach cho hop chét c6 cong thirc (III) phan tng véi hop chét silic nhu LIHMDS -
trong dung mdi thich hop nhu diclometan, 2-metyl-tetrahydrofuran hoic tetrahydroﬁiran
(So dd 9).

Phuong phép (x) Tao thanh hop chit twong tng c6 cong thic (XIa):

m C&&&i

(XX (vim) (Xa)
NH,
A
NH, 2 NN
- mﬁ
. A R®
(Xla)
So dd 10

C6 thé thu dugc hop chét c6 cong thue (VIII) bang cach cho phan g hop chét
(XXIII) (trong d6 PG 1a nhém béo vé nhu vi du S(O)R'! (Phuong phép (vii), cong thirc
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XV), SiR' (nhu SiMes) (Phuong phap (ix), cong thirc XXI), P(O)(R'),) (Phuong phap
(viii), cong thic XVIII), S(O),alkyl, C(O)Oalkyl, OH hoic Oalkyl bing cach str dung
phuong phap thich hqp loai bé nhém bao vé PG nay @ tao ra imin (VIII) (So dd 10).
* Phuong phap thich hop c6 thé, nhung khong chi gii han trong sb, xir Iy hop chit XXIII
néu trén bang axit nhu axit clohydric trong diéu kién kho trong dung méi thich hop (nhu
dioxan hoic tetrahydrofuran), hodc xir ly bang dung méi cho proton nhu metanol (khi PG
= SiMes). Hop chit (VIII) c6 thé duoc phén tach hodc dugc cho phan mg tiép ma khong
can phan tach. Hop chét c6 cong thie (VIII) duge cho phan tng tiép vdi 2-oxopropan
thioamit (nhu dugc md ta trong Asinger et al. Justus Liebigs Annalen der Chemie 1971,
vol 744, trang 51-64) tuy y voi sﬁ c6 mat cua trietyl orthoformat, trong dung moi nhu
metanol & nhiét d6 ndm trong khoang tir nhiét d6 trong phong dén nhiét d6 héi luu, tuy ¥
trong diéu kién Dean-Stark, dé tao ra hop chét ¢ cong thire (Xa). C6 thé thuc hién su
bién dbi thanh hop chét c6 cong thie (Xla) bang cach cho hop chit trung gian c6 cong
thirc (Xa) phan ng v6i amoniac, tuy y v6i sy c6 mit cia tac nhén oxy hoé , nhu tert-
butyl hydfoperoxit. Néu 2-oxopropan thioamit duge ding thay cho 2-oxobutanthioamit
trong quy trinh dugec md ta & So dd 10, thi s& thu dwoc op chit co cong thirc (Xb) va
(XIb) thay cho hop chit c6 cong thirc (Xa) va (Xla).
L>\(NH
N/ \N
A

g\(SH ,
/
2 N \N 2
R )n R )n
R® R®
. - A R® R°
(Xb) (XIb)

Phuong phap (xi) Tao thanh hop chét trong tng c6 cong thirc (Xla):

0]

. SH NH,
" NHz H N/ \
, s 2 NN NH, g2 N
R )n R )n ——— )n 5
R5 RS R
A R® A R A R®

(VI ‘ (Xa) (Xla)
Sodo 1l

l
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C6 thé thu dugc hop chét c6 cong thirc (Xa) tir hop chét c6 cong thirc (VIII) (So
d6 11). Cho imin ¢6 cong thirc (VIII) phan tmg véi 2-oxopropan thioamit (nhu dwgc mod
ta trong Asinger et al. Justus Liebigs Annalen der Chemie 1971, vol 744, trang 51-64)
trong dung moi nhu metanol ¢ nhiét do nam trong khoang tir nhiét d6 trong phong dén
nhiét do hdi luu dé tao ra hop chit c6 cong thirc (Xa). Hop chét c6 cong thirc (VIIT) c6
thé thu dugc tir keton c6 cong thire (III) (So dd 4) hodc duoc diéu ché theo cac phuong
phap da biét dbi véi ngudi ¢ hiéu biét trung binh trong linh vuc k¥ thuat nay. Sau do,
hop chit c6 cong thire (Xa) duoe xtr Iy bing amoniac, 8 tao ra hop chét c6 cong thuc
(XIa). Néu 2-oxopropan thioamit dugc ding thay cho 2-oxobutanthioamit trong quy trinh
dugc m6 ta boi So dd 11, thi s& thu dugc hop chét c6 cong thire (Xb) va (XIb) thay cho

(Xa) va (XIa) (xem phan néu trén).
Phuong phap (xii) Tao thanh hop chét trong tmg ¢ cong thirc (XIa):

o

NH
/PG NH, HSH H 2
N e N \N
R2 ) S R2 N) NH3 R2 )
n R5 —_— n R5 _— V n R5 ‘
A R® A R® A R®
(XXIIN) ' (Xa) (Xla)
So db 12

Cho hop chét c6 cong thire (XXIII) (trong d6 PG 1a nhém bao. vé nhu vi du
S(O)R'! (Phuong phap (vii), cong thitc XV), SiR™ (nhu SiMes, Phuong phap (ix), cong
thitc XXI), P(O)(R"),) (Phuong phép (viii), cong thirc XVIII), S(O),alkyl, C(O)Oalkyl,
OH hoac Oalkyl phan ung véi 2-oxopropan thioamit (nhu dugc mo ta trong Asinger et al.
Justus Liebigs Annalen der Chemie 1971, vol 744, p. 51-64) trong dung méi nhu
axetonitril & nhiét d6 nim trong khoang tir +100 °C dén +160 °C dé tao ra hop chét ¢6
cong thirc (Xa) (So dd 12). Sau @6, hop chit c6 cong thirc (Xa) nay dugc xi Iy bing
amoniac, trong dung mdi thich hgp nhu metanol, THF, hoac 2-metyl-tetrahydrofuran tuy
¥ v6i sy 6 mit ciia tdc nhin oxy hod, nhu tert-butyl hydroperoxit, & nhiét ¢ nim trong

khoang tir nhiét do trong phong dén 150 °C, tuy ¥ trong hé dong kin, dé tao ra hop chét
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¢6 cong thirc (XIa). Néu nhu 2-oxopropan thioamit dugc dung thay cho -2-
oxobutanthioamit trong quy trinh dugc md ta theo So dd 12, thi s& thu dugc cac hop chét
c6 cong thire (Xb) va (XIb) (xem phin néu trén) thay cho (Xa) va (XIa).

Phuong phap (xiii) Tao thanh hop chét tuong Gng c6 cong thirc (XI):

S .

‘ HS.  NH
PG H.N 2
P 'g!
R? S RE N
) ) |
RS P R5
A RG A Re
(XXl ' (X1

1
HS NH, S
at Vo
N R
n —_—
R5
A" Rﬁ

NH R

2 HNHZ
\ 7\
N N N_ N
R® R®
. A R® A R®
(X (XIv) (XI)

So db 13

Cho hop chit é(’) cong thuc (XXIII), trong d6 PG 712‘1 nhom bao vé nhu ‘vi dy
S(O)R' (Phwong phap (vii), cong thirc XV), SiR' (nhu SiMe;) (Phuong phép (ix), cong
thirc XXI), P(O)(R"),) (Phuong phap (viii), cong thirc XVIII), S(0),alkyl, C(O)Oalkyl,
OH hoic Oalkyl, phan mg v6i etanbis(thioamit) dé tao ra hop chét c6 cong thire (XIID)
(So dd 13). Phan tmg néu trén c6 thé duge thuc hién & nhiét d6 nim trong khodng tir
nhiét d6 hdi luu dén +180 °C, trong dung mdi thich hgp, nhu metanol, etanol hoic ruou

isopropylic, tuy y v6i sy ¢6 mat clia amoniac.

Cho tac nhén alkyl hoa, nhu metyl iodua va thioimidazol c6 cong thie (XIII)
phan tmg dé tao ra hop chét c6 cong thirc (XIV) (So dd 13). Hop chét (XIV) néu trén c6
thé dugc cho chuyén hoéa tiép thanh hop chét c6 cong thuc (XI), trong do R' 1a nhém
alkyl nhu metyl hodc etyl, bang cich cho né phan ng véi cht phan ung hitu co-kim

loai, nhu metylmagie bromua hodc etylmagie bromua, v4i su ¢6 mit clia chat x{ic tac
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thich hgp, nhu [1,3-bis(diphenylphosphino)propan]niken(II) clorua. Theo cach khac,
ciing c6 thé thu dugc hop chét c6 cong thie (XI) (R' 14 alkyl nhu metyl. hoic etyl) bang
cach cho hop chit c6 cong thuac (XIV) phan tng véi hén hop gdm k&m iodua va chit
phan tmng Grignard nhu metylmagie bromua, hodc etylmagie bromua, v4i su ¢4 mit cia
chét xtic tac thich hop nhu bis(triphenylphosphin)paladi(Il) clorua trong dung méi thich
hop nhu THF, 2-metyl-tetrahydrofuran hoic tbluen.

Phuong phap (xiv) Tao thanh hop chit twong ting c6 cong thire (I):
1

\ 7\

N/ \N N N

LG

A A

0

2
)n 5 - R\©fﬁ)n<R5
R
R® R’

So d6 14

(XXIV)

C6 thé thu dugc hop chit ¢ cong thire (1) tfong d6 R? 1a aryl hogic heteroaryl tuy
y duoc thé (So dd 14) bing cach bét dau tir, vi du, hop chat c6 cong thirc (XXIV), va cho
hop chit néu trén c6 cong thirc (XXIV) phan ing axit boronic hodc este boronic hoic
stanan c6 cong thic T-R?, trong d6 T vi du 1a B(OH),, B(Oalkyl),, hodc SnRj, va R’ 1a
aryl hodc heteroaryl tuy y dugc thé, véi sur c6 mit ctia chét xic tic kim loai chuyén tiép
nhu chit xtc tic paladi, nhu [1,1'-bis(diphenylphosphino)feroxen]paladi(Il) clorua,
tetrakis(triphenylphosphin)-paladi(0),  paladi  diphenylphosphinferoxen  diclorua,
paladi(I) axetat hodc bis(dibenzylidenaxeton) paladi (0), hodc natri tetraclopaladat (II).
Tuy ¥, sit dung phdi tir thich hop nhu triphenylphosphin, tri-tert-butylphosphin hodc 2-
(dixyclohexylphosphino)biphenyl, 3-(di-tert-butylphosphoni)propan sulfonat, hoic kém
va natri triphenylphosphintrimetasulfonat. C6 thé st dung bazo thich hop, nhu xesi
florua, alkyl émin, nhu trietyl amin, hodc cacbonat hoic hydroxit kim loai kiém hoic kim
loai kiém thd nhu kali cacbonat, natri cacbonat, xesi cacbonat, hodc natri hydroxit, trong
phén tng ndy. Phan g néu trén c6 thé dugc thuc hién trong dung mdi thich hop, nhu

toluen, tetrahydrofuran, 2-metyl-tetrahydrofuran, dioxan, dimetoxyetan, nudc, etanol,
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N,N-dimetylaxetamit, axetonitril hodc N,N-dimetylformamit, hodc cac hdn hop cia -

chung.

Theo cach khéc, c6 thé diéu ché hop chét c6 cong thuc (I) trong d6 R? 1a aryl
hogc heteroaryl tuy y dugc thé tir hop cht (XXIV) bing cach bién ddi thanh hop chét
(Ta) trong d6 T 1a (B(OH), héac B(Oalkyl),) nhu da-néu trén (So dd 14a). Sau do, hop
chét (Ia) dugc cho phan tmg véi hop chdt R%-LG trong d6 R” 1a aryl hoic heteroaryl tuy y
duogc thé va LG 1a nhém rodi chuyén nhu halogen dé tao ra hgp chét (I).

1

7\
. N/ \N . N N
LG ) - )n
n R5 R5
A RG . A RG
(XXIV) (la) |
So dd 14a

Phuong phap (xv) Tao thanh hop chét twong tmg c6 cong thuc (I):

C6 thé thu dugc hop chit c6 cong thire (1), trong d6 R* 1a xyano (So d6 14) bing
cach bat ddu tir, vi du, hop chét c6 cong thic (XXIV), trong d6 LG 13 nhém rdi chuyén
- nhu halogen, (nhu iodua, bromua hoic clo), va cho hop cht néu trén c6 cong thirc

(XXIV) phén tmg v&i chit phan tmg kim loai xyano nhu ddng(I) xyanua.
Phuong phap (xvi) Tao thanh hop chét trong tmg c6 cong thire (1):

C6 thé tao ra hop chét c6 cong thie (1), trong d6 R? 1a nhom alkyl nhu metyl tir
hop chét 06 cdng thire (XXIV) (So dd 14), trong d6 LG 1a nhom roi chuyén, nhu halogen,
(nhu iodua, bromua hoic clo), bing phan tmg véi chit phan tmg hitu co-kim loai dugc
tao ra tr kém iodua va metylmagie bromua dudi tic dong ctia chit xtc tic kim loai

chuyén tiép nhu vi du bis(triphenylphosphin)paladi(II) clorua.
Phuong phap (xvii) Tao thanh hop chit twong mg c6 cong thirc (1):

C6 thé tao ra hop chét ¢ cong thic (1), trong d6 R? 1a alkyn tir hop chit c6 cong
thirc (XXIV) (So d6 14), trong d6 LG 1a nhém roi chuyén, nhu halogen, (nhu iodua hodc
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bromua), bang phan tng véi alkyn nhu alkyletyn hodc xycloalkyletyn dudi tac dong cia
chit xtc tac kim loai chuyén tiép nhu vi du tetrakis(triphenylphosphin)paladi(0) trong sw
c6 mit clia bazo nhu trietylamin va dong(I)iodua. Alkyn nay tuy y dugc silyl héa. Phan
g néu trén c6 thé duoc thuc hién & nhiét 46 nﬁ_m trong khoang tir nhiét d6 trong phong

va nhiét 6 hdi luu, trong dung moi thich hop, nhu THF hoéc toluen.
Phuong phép (xviii) Tao thanh hop chat twong tng c¢6 cong thirc (I):

C6 thé diéu ché hop chét c6 cong thuc (I) trong d6 R? 1a NHC(O)R’ theo So dd
14 bang cach cho hop chét c6 cong thirc (XXIV) phan tng v6i hop chét R°C(O)NH, véi
su ¢6 mit cua chat xuc tac thich hop paladi nhu paladi(Il) axetat, tuy y véi su ¢6 mit cla
phdi tir thich hop nhu Xantphos. Phan g néu trén dugc thuc hién véi sy c6 mit cla
bazo thich hop nhu xesi cacbonat trong dung moéi thich hgp nhu THF hodc 2-metyl-
tetrahydrofuran & nhiét do nam trong khoang tir nhiét d6 hdi Iuu dén 160 °C.

Phuong phap (xix) Tao thanh hgp chat twong tng ¢ cong thirc (1):

C6 thé thu dugc hop chét €6 cong thic (1) trong d6 R? 1a NHC(O)R’ tir hop chit
¢6 cong thire (XXIV) nhu duoc thé hién trong So dd 15.

Os _OH
R NH R NH Y RY NH2
©f<j< ©f<j< - m
(XXIV) (XXV) U]
So 6 15

‘Cho hop chét c6 cong thire (XXIV) phan tmg véi amoniac v6i sy ¢6 mit cia
trans-4-hydroxy-L-prolin, kali cacbonat va ddng(I)iodua trong dung médi nhu DMSO &
nhiét 4 ndm trong khoang tir nhiét do trong phong dén 150 °C dé tao ra hop chét c6 cong
thie (XXV). Cho hgp chét c6 cong thire (XXV) néu trén phan tng tiép voi axit
carboxylic ¢ cong thirc (XXVI) trong d6 R’ 1a nhu da x4c dinh & trén. Phan ung nay
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dugc thyc hién v6i sy ¢6 mit cta tic nhan ngiu hop amit thich hé)p nhu 1-(3-
dimetylaminopropyl)-3-etyl-carbodiimit trong dung méi nhu DMF, tuy y v6i sy ¢6 mat

cua axit clohydric.

Phuong phap (xx) Tao thanh hop chét tuong g ¢6 cong thire (I1Ib):

So dd 16

C6 thé thu duoc hop chit ¢6 cong thire (IIIb) bing cach cho keton ¢6 cOng thirc
(XII) phan g véi aldehyt hodc keton c6 cong thirc (XXII) trong su ¢6 mit ciia bazo nhu
,pyrc')lidin, pipéridin, prolin, morpholin hodc Borax trong dung moi thich hop nhu benzen,
toluen, metanol hodc etanol hodc hdn hop clia nude va rugu thich hgp nhu metanol hoic

etanol & nhiét d6 nim trong khoang tir nhiét do trong phong dén +180 °C (So d6 16).

Phuong phap (xxi) Tao thanh hop chét ¢6 cong thuc (1)

R NH R NH,
N_ N
(XXVII) R )
\[::[??l<j \Ti:Iffﬁ;sz
A R6
(XXIV)
Sodd 17

C6 thé diéu ché hop chét c6 cong thirc (1) trong d6 R* 1a OR® bang cach cho hop
chét ¢6 cong thire (XXIV), trong d6 LG 1a nhém roi chuyén, nhu halogen, (nhu iodua
hodc bromua), phan Gng véi rugu c6 coéng thirc (XXVII) v6i su ¢c6 mat cia chit xtic tac
thich hgp paladi nhu paladi(Il) axetat, tuy ¥ véi su c6 mit ctia phéi tir thich hop nhu 2-
(di-t-butylphosphino)-1,1°-binaphtyl (So' @6 17). Phan tng néu trén dugc thuc hién véi su
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cO6 mdt cia bazo thich hgp nhu xesi cacbonat trong dung mdi thich hgp nhu THF, 2-
metyl-tetrahydrofuran hogc toluen & nhiét do nam trong khoang tir 20 °C dn 160 °C.

Phuong phap (xxii) Tao thanh hop chat ¢6 cong thirc (IT)

o R™-—LG o
A base A
XXV "
Sodd 18

C6 thé didu ché hop chét c6 cong thirc (II) trong d6 R* 1a OR® bing cach cho hop
chat c6 cong thire (XXVIID), phan tmg v6i hop chét ¢6 cong thirc (XXIX), trong d6 LG 1a
nhom roi chuyén thich hop, nhu halogen (nhu clorua, bromua, hoic iodua), hoic
triflometylsulphonat, trong sw ¢6 mit cia bazo thich hop nhu cacbonat kim loai kiém,
nhu Cs,CO;, K,CO;, Na,COs, trong dung moéi thich hgp nhu THF, 2-metyl-THF, DMF,
hozc DMSO, hoic hdn hop ctia chiing, & nhiét d6 nim trong khoang tir 0 dén 150 °C (So
dd 18).

Phuong phép (xxiii) Tao thanh hop chét c6 cong thirc (II)

o  R™-—OH , o
HO (XXVII) R\\[:::[j<>
A PPh,, DIAD A
(XXVI1I) (I
So dd 19

C6 thé diéu ché hop chét c6 cong thuc (II) trong d6 R* 1a OR® bang cach cho hop
chét ¢ cong thire (XX VIII), phan Gng v6i hop chat ¢6 cong thirc (XXVII), v6i su c6 mit
ctia ngudn phosphin thich hop nhu triphenyl phosphin, véi sir ¢6 mit ctia chit phan tmg
hoat hod thich hop nhu dietyl azodicarboxylat, trong dung mdi thich hop nhu THF, 2-
metyl-THF, hoic DMF hoic hdn hop ciia chiing, & nhiét do nim trong khoang tir 0 dén
100 °C (So d6 19).
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Phuong phép (xxiv) Tao thanh hop chit c6 cong thire (XXX)

0] /9
L :
, 0 HN" R >L N
R R4
(xXvi)
OH OH
A - A

Ti(OR2),
(Ilic) (XVII) (XVa)
o) R! S
NH NH /
R? R1/U\[f ’ R2 N__NH
S
A A
(Vllla) (Xc)
RHS R1>\(NH2
] /0
N 2 N N
R NH NH, R
: >< —0 _— 0>7
. A F A F
F>— F
(Xd) (XXX)

So dd 20

C6 thé thu duge hop chit ¢6 cong thirc (VIIIa) b'fmg vi du phuong phép (vii) va

phuong phép (x) nhu duge thé hién trong So dd 20. C6 thé thu dugc hop chét c6 cong

thirc (VIIIa) néu trén bang cach cho hop chit (XVa), phan tmg véi axit nhu axit clohydric

trong diéu kién khd trong dung mdi thich hop (nhu dioxan hodc tetrahydrofuran). Hop

chét (VIIIa) c6 thé dugc phén tich hodc duoc cho phan tmg tiép ma khong phan tach.

Hop chét c¢6 cong thirc (VIIIa) nay dugce cho phan tmg tiép v6i 2-oxopropan thioamit

(nhu dugc mo ta trong Asinger et al. Justus Liebigs Annalen der Chemie 1971, vol 744,

p. 51-64) tuy y véi su ¢6 mét cia trietyl orthoformat, trong dung méi nhu metanol & nhiét

d6 nam trong khoang tir nhiét d¢ trong phong va nhiét do hdi luu, tuy v trong didu kién

chung cit ding phi, dé tao ra hop chit c6 cong thirc (Xc). C6 thé thu duogc hop chét co
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cong thire (Xd) bang cach cho hop chét c6 cong thirc (Xa) phan tng véi tac nhén flo hoa
thich hgp nhu hop chit ¢6 cong thirc (XXXI) dudi tac dong ciia ddng iodua trong dung
moi thich hop, nhu axetonitril, & nhiéf d6 nam trong khoéang tir nhiét do trong phong dén |
nhiét do hdi Iwu. '

C6 thé thuc hién su bién ddi thanh hop chét ¢ cong thirc (XXX) bing phan tng
giita hop chit c6 cong thirc (Xd) véi amoniac, tuy y véi sy ¢c6 mat cia tac nhan oxy hoa,

nhu tert-butyl hydroperoxit.

Céac hop chat c6 cong thuc (II), (IID), (V), .(VI), (X1ID), (XVI), (XVII), (XX),
(XXII), (XXVI), va (XXVII) 1a céc hop chit ¢6 sin trén thi truong, hodc da dugc biét dén
trong linh vurc, hoic c6 thé dugc diéu ché theo céc quy trinh chudn da biét trong linh vuc

k¥ thuét nay.
Céc phuong phéap chung

T4t ca cac dung moi duge ding 13 c6 do tinh khiét phén tich va 1a dung méi khan
¢6 sin trén thi truong thuong dugc sir dung cho phan tng. Céc nguyén liéu duoc ding 1a
c6 thé c6 duoc tir ngudn thuong mai, hoic duge didu ché theo cac quy trinh néu trong tai
lidu. Nhiét d9 trong phong ding dé chi nhiét d6 tir 20 dén 25 °C. Ché phdm hdn hop dung

mdi duge dua ra 13 phan tram thé tich hoic ty 16 thé tich.

Viéc gia nhiét bang 16 vi séng dugc thuc hién trong khoang vi song hoat dong
don thirc Biotage Creator, Initiator hodic Smith Thiét bi tdng hop Single-mode tao ra
chiéu xa lién tuc & 2450 MHz. Cén hiéu ring c6 thé st dung vi séng dé gia nhiét cac hon

hop phén Gng.

Phuong phép sic ky 16p méng (TLC) dugc thuc hién trén cdc dia sic ky 16p
mong ciia Merck (Silicagel 60 F,s4) va va céc vét théim dugc 1am hién hinh bing UV.
Phuong phép sdc ky trén cot nhanh pha thing (“phuong phap sic ky nhanh”) dugc thuc
hién bﬁng thao tac thu cong trén Silicagel 60 cua Merck (0,040-0,063mm), hodc tu dong
bang cach sir dung hé ISCO Combiflash® Companion™ béng cach st dung sic ky cot
nhanh pha théng thudng RediSep™ bang cach st dung hé dung mdi dugc chi ra. Viéc
tach pha dugc thuc hién tuy ¥ trén thiét bi tach pha Isolute®.
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NMR:

Phd NMR dugc ghl 1a1 trén thlet bi do quang phd NMR 400-600 MHz dugc lip
mau do v6i cau hinh thich hop. Pho duoc ghi lai & nhi¢t d0 moi trudng trir khi duge quy
dinh khac di. B¢ dich chuyén héa hoc dugc dua ra theo ppm & phi duéi va trén truong so
v6i TMS (0,00 ppm). Cac tin hiéu tham khao sau dugc sﬁ: dung trong "H-NMR: TMS §
0,00, hoic tin hiéu dung modi du cia DMSO-dg & 2,49, CD3OD d 3,30, axeton-dg 2,04
hodc CDCl3 & 7,25 (trir khi duge quy dinh khéc di). Nhiéu vach cong huéng dugc ky hiéu
s,d, t, q, m, br va app 14n lugt vach don, vach d6i, vach ba, vach bdn, vach bdi, vach rong

va vach rd rang. Trong mot sb truong hop chi bao céo céc tin hiu chén doén.
Phéan tich HPLC, HPLCMS, va LCMS:

Thyc hién phuong phép sic ky léng cao 4p (HPLC: high pressure liquid
chromatography) trén cot dao pha (RP: reversed phase). Ap dung gradient tuyén tinh
bang cach sit dung vi du pha dong A (10 mM NH,OAc trong 5% CH;0H hodc 5%
CH;CN (trong nudc), hodc 0,1% NH; (trong nude) hodc 0,1% axit formic (trong nudc))
va B (CH;0H hoic CH;CN). Phén tich phd khéi (MS) duoc thuc hién theo kiu ion
duong va/hodc 4m bang cach st dung ion hoa phun di¢n (ESI+/-) va/hodc ion hod hoa

hoc ap suét khi quyén(APCI+/-).
Phéan tich GCFID va GCMS:

Phuong phéap sic ky khi (GC: gas chromatography) duoc thuc hién trén thiét bj
GC duoc trang bi thiét bi do phé khéi (MS: mass spectrometer) hodc thiét bi do ion hoa
bang Itra (FID: flame ionization detector). Ngudn ion ctia MS hogc 14 va cham dién tir
(EL: electron impact) hodc ion hod héa hoc (CI: chemical ionization, khi phan (g
metan). Dé tach sir dung co6t mao quéan vi du DB-5MS, (J&W Scientific). Gradient nhiét
d6 tuyén tinh dugc st dung. |

Phuong phép séic ky diéu ché:

Phuong phép sic ky didu ché dugc thuc hién trén hé thdng Waters FractionLynx
v6i Bo gép mau tu dong Autosampler két hop v6i bd gom phan doan ty dong Automated

Fraction Collector (Waters 2525), bom gradient Gradient Pump (Waters 2525), bd
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| chuyén cot Column Switch (Waters CFO) va (Waters 2996). Cot; XBridge® Prep C8
10pm OBD™ 19 x 300mm, c6 cdt bao vé; vo sic ky XTerra® Prep MS C8 10um 19 x
10mm. Gradient cta A (95 % 0,1 M NH,;OAc trong nudc MilliQ va 5 % MeCN) trong B
(100 % MeCN) hodc gradient A (95 % 0,1 M NH,OAc trong nudec MilliQ va 5 %
MeOH), A (0,2 % NH; trong nuée MilliQ ) hode A (0,2 % axit forfriic trong nudc
MilliQ) trong B (100 % MeOH) dwoc dung dé tach LC & toc do chay 20 ml/phut. Phuong
phép sic ky khong dbi xtg didu ché dung @& tach cac chit ddng phan duge thuc hién vi -

du trén hé théng LaPrep® bang cach sir dung cot néu ra va hé thdng pha dong.
Phéan tich SFC:

Phuong phap sic ky chdt luu siéu t6i han (SFC: Supercritical Fluid
Chromatography) dugc thuc hién cot pha thing. Dong ding dung mdi duge ding bang
cach sir dung pha dong A (CO,) va vi du pha dong B (MeOH, EtOH hoic IPA).

Phan tich HPLC pha thing:

Phuong phép sic ky 16ng cao 4p (HPLC: High pressure liquid chromatography)
dugc thuc hién cot pha thing. Ding gradient tuyén tinh hoiic dong ding dung méi bing

céch st dung vi du phabdcf)ng A (Heptan) va B (EtOH hodc IPA).

Phé khéi c6 d6 dung giai cao (HRMS: High-Resolution Mass Spectrometry) dé
do luong khdi chinh x4c duoc thuc hién thiét bi do phd khdi Waters Synapt-G2 dugc
trang bi ngudn LockSpray va duoc ndi v6i hé théng Acquity UPLC c6 thiét bi dd PDA va
cdt Acquity UPLC BEH C18. Phé duogc do khing dinh thanh phin nguyén t& trong pham
vi 3 ppm.

Cac tir viét tit

ACN axetonitril

aq trong nudc

Atm ap suét khi quyén
Boc t-butoxycacbonyl
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'Cbz
CDI
dba
DCM
DEA
DIBAL-H
DIPEA
DME
DMF
DMSO
dppf
Et,O
EtOAc

EtOH
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di-natri tetraborat hodc natri bdrat hodc natri tetraborat
benzyloxycacbonyl
1,1'-cacbonyldiimidazol
dibenzylidenaxeton

diclometan

dietylamin

diisobutylnhdm hydrua
diisopropyletylamin
1,2-dimetoxyetan

N,N-dimetyl formamit

dimety] sulfoxit

1,1 '-bis(diphenylphosphiﬁo)feroxen
dietyl ete

etyl axetat

etanol

eq. hodc equiv. duwong lugng

h

HPLC
IPA
LCMS
LiHMDS
MeOH

min

gio

phuong phép sic ky 16ng ¢6 d6 hién thi cao
isopropanol

phuong phép séc ky phd khéi

lithi bis(trimetylsilyl)amit

metanol

phut
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MS phd khéi
MW vi séng
NH4OAc amoni axetat

NMR cdng hudng tir hat nhan

ox ' oxy hoa

Psi pao trén inso binh phuong

quant. dinh lugng

RCM hién tugng hoén vi déng nhan

RT | nhiét 46 trong ‘phbng

sat. bdo hoa

SFC phuong phap sic ky chit luu siéu t6i han
TFA axit trifloaxetic

THF tetrahydrofuran

TLC  phuong phép sic ky 16p mong

TMEDA  tetrametyletylendiamin
UPLC phuong phap sic ky 16ng hién thi cao
2-Me THF 2-metyl tetrahydrofuran

Cac hop chat dwoc dit tén bing cach sir dung phin mém CambridgeSoft
MedChem ELN v2.2 hoic ACD/Name, phién ban 10.0, hoic 10.06, hoic phién ban
12.01, cia Advanced Chemistry Development, Inc. (ACD/Labs), Toronto ON, Canada,

www.acdlabs.com, hodc phin mém Lexichem, phién ban 1.9, cia OpenEye.

Vi du thwe hién siang ché
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Sau day 14 mét sb vi du khong mang tinh gi6i han vé cac hop chét theo sang ché.
Hop chét trung gian 1
N-(6-bromochroman-4-yliden)-2-metylpropan-2-sulfinamit

|- SotBu

0]

Hoa tan 6-bromochroman-4-on (5,0 g, 22 mmol) va 2-metylpropan-2-sulfinamit
(2,6 g, 22 mmol) trong THF khé (80 ml). Cho titan etoxit (10 g, 44 mmol) vao. Gia nhiét
hdn hop thu duge néy & nhiét 6 60 °C trong thoi gian 2 ngay. Cho mot phan b sung
titan etoxit (1,0 g, 8,4 mmol) vao sau 12 h. Hon hop niy dugc tron véi heptan va 1am bay
hoi trén silicagel. Phuong phap sic ky nhanh trén silica (0-50% EtOAc trong heptan) tao
ra hop chit néu & d& muc nay (6,0 g, hidu sudt 83%). "H NMR (500 MHz, CDCl;) & ppm
1,34 (s, 9 H) 3,26 -3,32 (m, 1 H) 3,47 - 3,54 (m, 1 H) 4,28 - 4,40 (m, 2 H) 6,83 (d, 1 H)
7,46 (dd, 1 H) 8,06 (d, 1 H); MS (ES+) m/z 330 [M+H]". .

Hop chit trung gian 2
2-oxopropanthioamit

0]

/“\”/NHZ

S

Khudy dung dich chita axetyl xyanua (140 ml, 1764,24 mmol) trong 2-metyl-
tetrahydrofuran (850 ml) & nhiét d§ -10 °C trong khi hydro sulfua (Sigma-Aldrich lecture
bottle) dugc suc qua dung dich nay. Viéc bd sung hydro sulfua dugc dimg lai sau 15 phut
va cho vao tir tir trietylamin (1,230 ml, 8,82 mmol) trong 2-metyl-tetrahydrofuran (13 ml)
vao hdn hop dugc khudy nay trong thoi gian 30 phat (phan tmg toa nhiét). Viée bd sung
hydro sulfua dugc tiép tuc trong thoi gian 3 h & nhiét @0 5 °C, 3 h ¢ nhiét o 10 °C va
qua dém & nhiét ¢ 15 °C. Khi nito dugc cho suc qua dung dich nay trong thoi gian 30
phut, tiép d6 1a 1am bay hoi cac chét d& bay hoi. Hon hop gdm heptan (100 ml) va EtOAc
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(100 ml) dugc cho vao phﬁn con lai. Chét rin duogc loc ra (79 g, hi€u suét 43%) va dich
loc dugc tinh ché bing sic ky trén silicagél nit ngén, VOi rira gidi bing 50% etylaxetat
trong heptan dé tao ra 79 g (hiéu suét 43%) cua hop chét néu & dé muc nay. Ca hai lan
tinh ché tong cong 158 g, hidu suit 87%) chtra san phim néu & d& muc c6 do tinh khiét

thich hgp theo GC-MS: MS (ES+) m/z 104 [M+H]".
Hop chét trung gian 3
6-bromo-4'-metylspiro[chroman-4,2'-imidazol]-5'(1'H)-thion

S
/

B N___NH
T

Hoa tan N-(6-bromochroman-4-yliden)-2-metylpropan-2-sulfinamit (2,0 g, 6,0
mmol, Hop chit trung gian' 1) trong dioxan kho (2 ml), va cho 4M HCI trong dioxan (15
ml, 60,00 mmol) vao. Chat két tia mau tring bét ddu duoc tao ra. Khudy hén hop nay &
nhiét d trong phong trong thoi gian 12 h. Hon hop nay dugc pha loang véi Et,O khé (50
ml) va dugc loc chan khong. Ba loc ép ndy dugce rira bang Et,0 khé (50 ml), sau d6 ngay
duoc hoa tan bﬁng céch lic trong NaHCO; (trong nudc) va CH,Cl,. Pha hitu co nay dugc
lam kho (K,COs) va lam bay hoi dé tao ra 6-bromochroman-4-imin (1,3 g, 5,7 mmol).
Chét rin nay duoc hoa tan cing véi 2-oxopropanthioamit (Hop chit trung gian 2, 1,7 g,
17 mmol, Hop chét trung gian 2) trong metanol kho (5 ml) va dung dich thu dugc dugc
gia nhiét & nhiét 6 60 °C trong thdi gian 12 h. Lam bay hoi trén silica va tinh ché bang
sic ky nhanh (EtOAc trong heptan) tao ra hop chat néu & dé muc nay (0,39 g, hiéu suét
21%)."H NMR (400 MHz, CDCl;) & ppm 2,18 (m, 1 H), 2,35 (m, 1 H), 2,42 (s, 3 H),
4,35 - 4,40 (m, 1 H), 4,60 (m, 1 H), 6,81 (d, 1 H), 6,88 (d, 1 H), 7,33 (dd, 1 H); MS (ES+)
m/z 311 [M+H]".

Hop chét trung gian 4

6-bromo-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin

-59-



19492

HNHZ
7\

N_ N
Br.

0]

Hoa tan 6-bromo-4'-metylspiro[chroman-4,2'-imidazol]-5'(1'H)-thion (0,10 g,
0,32 mmol, Hop chét trung gian 3) trong MeOH (1 ml) va cho "M amoniac trong MeOH
(4 ml, 28 mmol) vao. Gia nhiét dung dich nay & nhiét 4§ 60 °C trong thoi gian 12 h trong
binh nhé duoc gin kin. Lam bay hoi dung dich nay trong chan khong. Viéc xir Iy bing
7M amoniac dugc l3p lai theo ciing mdt cach thém mét 14n nita. Lam bay hoi trong chan
khong tao ra hop chit néu & d& muc nay (73 mg, hiéu sudt 77%) chét ndy dugc sir dung
ma khéng cin tinh ché thém trong budc sau. "H NMR (400 MHz, CDCl;) & ppm 2,11 (m,
2 H), 2,35 (s, 3 H), 4,53 (m, 2 H), 4,98 (br s, 2 H), 6,66 (m, 1 H), 6,78 (d, 1 H), 7,22 (m,
1 H); MS (ES+) m/z 294 [M+H]".

Hop chét trung gian 5

6'-br0mo-4—metoxy-spir0 [xyclohexan-1 ,2'-indéne]— I'-on
Phuong phap A

Budc 1: 6'-bromospiro[xyclohexan-1,2'-inden]-1',4(3'H)-dion

0
Br
0

Cho Kali tert-butoxit (7,50 g, 66,81 mmol) timg phan vao 6-bromo-2,3-dihydro-
1H-inden-1-on (11,75 g, 55,67 mmol) va metyl acrylat (11,05 ml, 122,5 mmol) trong
THF (55 ml) & diéu kién lanh trong bé da. Khudy hén hop nay trong thoi gian 1,5 h &
nhiét d§ trong phong. Cho nudc (80 ml) va KOH (3,12 g, 55,7 mmol) vao va gia nhiét
hén hop nay dén nhiét d6 75 °C va sau d6 & nhiét do 60 °C qua dém. Hon hop nay duge
1am ngudi xudng nd 0 °C, va chit két tiia tao ra dwoc loc ra va lam kho trong chan khong

dé tao ra hop chit néu & dé muc nay (11,69 g, hiéu sudt 72% ). "H NMR (500 MHz,
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CDCls) 8 ppm 1,83 - 1,92 (m, 2 H), 2,15 - 2,27 (m, 2 H), 2,40 - 2,50 (m, 2 H), 2,71 (dt, 2
H), 3,17 (s, 2 H), 7,39 (d, 1 H), 7,75 (dd, 1 H), 7,92 (d, 1 H); MS (ES+) m/z 293 [M+H]".

Budc 2: 6'-bromo-4-hydroxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on
_ o, |
Br
OO

Hoa tan 6'-bromospiro[xyclohexan-1,2'-inden]-1',4(3'H)-dion (Hop chét trung
gian 5 Budc 1, 6,1 g, 20,8 mmol) trong THF (220 ml) va 1am lanh xuéng nhiét do -65 °C.
Cho natri borohydrua (0,354 g, 9,36 mmol) cho vao va bé 1am lanh dugc bo ra. Hon hop
nay dugc dé dén nhiét do 0 °C (vao khoang 30 phut). Cho nuée (10 ml) vao, va phén 16n
dung méi hiru co dugc loai ra bang cach 1am bay hoi. Phan con lai dugce phan bé gitra
EtOAc (100 ml), va dung dich nudc ciia NaCl (50 ml). Pha hitu co nay dugc lam kho
(MgSO,) va duoc 1am bay hoi dé tao ra san phim, sin phim nay duoc két hop véi san
phim thu duoc bd sung theo cach twong tu bit dau tir 14,6 g 6'-bromospiro[xyclohexan-
'1,2-inden]-1',4(3'H)-dion. Tién hanh tinh ché biang cach sic ky nhanh (120 g silica,
gradient giai hip: CH,Cl, dén CH,Cl/MeOH (90: 10)) dé tao ra 13,6 g (hiéu suét 66%)
hop chét néu & d& muc nay. Chét liéu thu dugc nay bao gébm hdn hop 80: 20 cia chét
déng phan 1 va chit ddng phan 2. MAu phan tich ciia cac chit ddng phan nay duoc phan

tach bang cach sic ky nhanh (heptan/EtOAc gradient) dé tao ra:

Chit ddng phan 1: (lr,4r)-6'-bromo-4-hydroxyspiro[xyclohexan-1,2'-inden]-
1'(3'H)-on:

0

Br.
R --nIOH

'H NMR (400 MHz, DMSO-dg) & ppm 1,20 - 1,43 (m, 4 H), 1,49 - 1,62 (m, 2 H),
1,79 - 1,89 (m, 2 H), 2,99 (s, 2 H), 3,39 - 3,50 (m, 1 H), 4,68 (d, 1 H), 7,56 (d, 1 H), 7,76
(d, 1 H), 7,85 (dd, 1 H); MS (ES+) m/z 317 [M+Na]" va

Chit dong phan 2: (1s,4s)-6'-bromo-4-hydroxyspiro[xyclohexan-1,2'-inden]-
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1'(3'H)-on:

0

Br o
O

'H NMR (400 MHz, DMSO-dg) & ppm 1,07 - 1,20 (m, 2 H), 1,51 - 1,63 (m, 2 H),
1,65 - 1,76 (m, 2 H), 1,93 (td, 2 H), 2,98 (s, 2 H), 3,83 (d, 1 H), 4,45 (d, 1 H), 7,51 - 7,55
(m, 1 H), 7,76 (d, 1 H), 7,84 (dd, 1 H); MS (ES+) m/z 317 [M+Na]".

Buéec 3: 6'-bromo-4-metoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on
0 _
Br< : f ' : . e

Hoa tan hén hgp gdém chit déng phan of 6'-bromo-4-hydroxyspiro[xyclohexan-
1,2'-inden]-1'(3'H)-on (Hop chét trung gian 5 Budc 2, 12,7 g, 43,0 mmol) trong: THF
(210 ml) dudi khi N, va 1am lanh xudng nhiét d5 0 °C. Cho timg phin kali tert-butoxit
(5,79 g, 51,6 mmol) vao va khudy hdn hop nay & nhiét d6 0 °C trong thoi gian 25 phut.
Cho metyl iodua (4,30 ml, 68,8 mmol) vao. Bé 1am lanh duoc bo ra, va khqu hén hop
nay & nhiét do trong phong. Cho kali tert-butoxit (0,483 g, 4,30 mmol) bd sung vio lam
hai 14n, 14n luot sau 2 h va 3 h, va sau d6 khudy hdn hop nay trong thoi gian 2 h. Cho
nuée (100 ml) vao va dung dich thu dugc duge phan bd gitta dung dich NaCl trong nuée
(200 ml), va EtOAc (200 ml). Pha nu6e duge chiét bang mot phan EtOAc nira (100 ml).
Pha hitu co két hop duoc 1am khé (MgSO,4) va 1am bay hoi dé tao ra 12,5 g (hiéu suét
94%) hdn hop (vao khoang 80: 20):

Chét ddng phan 1: (1r,4r)-6'-bromo-4-metoxyspiro[xyclohexan-1,2'-inden]-
1'(3'H)-on:

0

R unllo
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va Chéat ddng phan 2: '(1s,4s)-6'-bromo-4-metoxyspiro[xyclohexan-1,2'-inden]-
1'(3'H)-on:

0
| o)

'H NMR (400 MHz, DMSO-dg, c4c tin hiéu cho Chit déng phan 1) & ppm 1,20 -
1,32 (m, 2 H), 1,40 - 1,48 (m, 2 H), 1,51 - 1,62 (m, 2 H), 1,97 - 2,07 (m, 2 H), 3,00 (s, 2
H), 3,15 - 3,23 (m, 1 H), 3,26 (s, 3 H), 7,56 (d, 1 H), 7,77 (d, 1 H), 7,86 (dd, 1 H); MS
(ES+) m/z 309 [M+H]+.
Phuong phép B

Budc 1: 6'-bromospiro[xyclohexan-1,2'-inden]-1',4(3'H)-dion

_ 0]
Br
T

Khudy 6-bromo-2,3-dihydro-1H-inden-1-on (800 g, 3,79 mol) va metyl acrylat
(787 ml, 8,72 mol) trong 2-metyl-tetrahydrofuran (4 L) & nhiét do 28 °C. Cho tung giot
dung dich kali tert-pentoxit trong toluen (1,7 M, 2,68 L, 4,55 mol) vao ddng thoi giit
nhiét d6 nam trong khoang tir 30 °C dén 43 °C. Khudy hdn hop nay trong thoi gian 0,5 h
& nhiét do 25 °C. Cho nuée (4 L) vao va sau 10 phat cho KOH (383 g, 6,82 mol) vao.
Gia nhiét hdn hop nay dén hdi luu va chung cét tich dung méi hitu co ra trong thoi gian 4
h. Hdn hop nay dugc lam ngudi xuéng 10 °C, va chat két tia tao ra duoc loc ra va lam
kho trong chan khong dé .tao ra hop chit néu & dé muc nay (837 g, hiéu suit 75%). 'H
NMR (500 MHz, DMSO-dg) 6 ppm 1,74 - 1,85 (m, 2 H), 1,94 (m, 2 H), 2,34 (m, 2 H),
2,52 - 2,60 (m, 2 H), 3,27 (s, 2 H), 7,60 (d, 1 H), 7,79 - 7,83 (m, 1 H), 7,89 (m, 1 H); MS
(ES+) m/z 293 [M+H]".

Budce 2: (1r,4r)-6'-bromo-4-hydroxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on
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0]

Br
A iOH

Cho tir tir & nhiét do 0 °C phirc hgp boran tert-butylamin (5,70 g, 65,49 mmol)
trong DCM (50 ml) vao 6'—bromospifo[xyclohexan-1,2'-inden]-1',4(3'H)-di0n (Hop chit
trung gian 5 Buéc 1, 50,52 g, 172,3 mmol) trong DCM (250 ml). Sau 40 phit cho HCI
dic (20 ml) tiép d6 1a 20 % NaCl (70 ml) vao. Hn hop nay duoc dé dén nhiét do trong
phong va dugc khudy trong thoi gian 30 phﬁt. Céc pha nay dugc tach ra va cho DCM (40
ml) va H,0 (10 ml) vao pha nuéc. Pha hitu co nay dugc két hop, c¢6 dic va sdy kho trong
chan khong qua-dém dé tao ra san phim néu & dé muc (52,4 g, hiéu sudt 100%) dudi
dang hdn hop ciia san phdm néu & d& muc (hiu suit 83%) va chét ddng phan khéng d6i
quang kia (1s,4s)-6'-bromo-4-hydroxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on (17%): 'H
NMR (500 MHz, CDCls, c4c tin hiéu cho ca hai chit dong phan) & ppm 'H NMR (500
MHz, CDCl;) 6 ppm 1,39-1,50 (m, 3 H), 1,67-1,85 (m, 3 H) 2,05-2,12 (m, 2 H) 2,96 (s,
- 0,34 H), 2,98 (s, 1,68 H), 3,76 (m, 0,83 H), 4,04 (m, 0,17 H), 7,34 (m, 1 H) 7,70 (m, 1 H)
7,88 (d, 1 H); MS (ES+) m/z 295 [M+H]".

Budc 3: ( 1i‘,4r)—6'—bromo-4-met0xyspiro [xyclohexan-1,2'-inden]-1'(3'H)-on

0]

OO
R tQ

Gia nhiét (1r4r)-6'-bromo-4-hydroxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on
(Hop chat trung gian 5 Budce 2, 50,9 g, 172 mmbl) (chtra 17% of (1s,4s)-6'-bromo-4-
hydroxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on), metyl iodua (18,33 ml, 293,1 mmol) va
2-Me THF (360 ml) dén nhiét d6 30 °C duéi khi N,. Cho ting giot dung dich kali tert-
pentoxit trong toluen (1,7 M trong toluen, 203 ml, 344 mmol) vao trong thoi gian 30
phut. Hon hop nay dugc dé dén nhiét d6 trong phong va khudy trong thoi gian 1 h. Nudc
(250 ml) dugc cho vao va sau 10 phiit cic pha da dwoc khudy nay dugc tach. Pha hitu co
nay duoc rira bang nude (140 ml), c6 dic va lam khd trong chan khong dé tao ra chét rin.

Cho 300 ml MeOH vao chit rin nay v gia nhiét hn hop nay dén hdi luu. Nude dugc
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cho vao (30 ml) tiép d6 1a hdi luu trong thoi gian 5 phut. H5n hop nay dugc dé tir tir @é
dat dén nhiét do trong phong. Khudy hdn hop nay qua dém & nhiét d trong phong. Chét
rin duoc loc ra dé tao ra hop chit néu & @& muc nay dudi dang chat ddng phan don (31 g,
58% hiéu suét): 1Hv NMR (500 MHz, CDCl3) 6 ppm 1,38 (m, 2 H) 1,52 (m, 2 H) 1,77 (td,
2 H) 2,16 (m, 2 H) 2,98 (s, 2 H) 3,28 (m, 1 H) 3,40 (s, 3 H) 7,35 (d, 1 H) 7,70 (dd, 1 H)
7,88 (d, 1 H); MS (ES+) m/z 309 [M+H]". |

Phu’ong phép C
Budc 1: 6'-bromospiro[xyclohexan-1,2'-inden]-1',4(3'H)-dion

(0]
Br
(0]

Cho tir tlr metyl acrylat (6,6 L, 73 mol) 1am ba phan bang nhau (mdi phan 2,2 L,
24,6 mol) vao hdn hop gdm 6-bromo-1-indanon (8,00 kg, 37,9 mol), THF (16 L) va kali
tert-butoxit (210 g, 1,87 mol) & nhiét d6 vao khoang 20-30 °C. Cho kali tert-butoxit bd
sung (86 g, 0,77 mol), da dﬁ’qc hoa tan trong THF (0,39 L), vao sau khi b6 sung l4n dau
metyl acrylat. Cho thém kali tert-butoxit (86 g, 0,77 mol), dd dugc hoa tan trong THF
(0,39 L), vao sau lan bd sung thir hai metyl acrylat. Sau-do, cho tir tir dung dich kali tert-
butoxit (4,64 kg, 41,3 mol) trong THF (21 L) vao & nhiét do 20-30 °C. Dung méi (21,5
L) dwgc chung cit ra & nhiét 6 65 °C va sau d6 cho hdn hop gdm nudc (49 L) va 50%
KOH trong nuéc (2,3 L, 30 mol) vao trong thoi gian khoang 10 phit & nhiét d6 thip hon
60 °C. Hn hop phan tng nay dugc giita & nhiét do 60 °C trong thoi gian khoang 6 h, sau
d6 dugc 1am lanh xuéng nhiét d6 20 °C trong thoi gian 1 h. va sau d6 dugc loc sau khi
gilt & nhiét do 20 °C trong thdi gian khoang 12 h. Chét rin dugc rira bang hdn hop gbm
nuée (8 L) va THF (4 L), va sau d6 1am kho dé tao ra hop chéit néu & & muc nay (7,47
kg, & 92% w/w thir nghiém NMR, 23,4 mol, hiéu suét 62%): 'H NMR (500 MHz,
DMSO-dg) 6 ppm 1,78 - 1,84 (m, 2 H), 1,95 (td, 2 H), 2,32 — 2,38 (m, 2 H), 2,51 - 2,59
(m, 2 H), 3,27 (s, 2 H), 7,60 (d, 1 H), 7,81 (m, 1 H), 7,89 (m, 1 H).

Budce 2: (1r,4r)-6'-bromo-4-hydroxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on
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0]

Br: '
R --IIIOH

Gia nhiét 6'-bromospiro[xyclohexan-1,2'-inden]-1',4(3'H)-dion (Hop chét trung
gian 5 Buéc 1, 750 g, 2,56 mol) va propan-2-ol (9,855 L) dén hoi lvu va cho NaOH (100
g, 2,50 mol) 1am 2 phan vao hdn hop nay. Gia nhiét hdn hop nay dén hdi luu trong thoi
gian 2 h. Loai 5 L dung méi ra bang cach chung cét chan khéng. Cho toluen (2 L) vao va
loai 2 L dung mbi ra bang cich chung cit chin khong. Cho toluen (3 L) tiép d6 1a 2 M
HCI (1,278 L, 2,56 mol) vao hdn hgp ndy trong diéu kién c6 khudy. C4c pha nay dugc
tach ra va pha hitu co nay dugc rira bang nuée (2,0 L). C6 dic pha hitu co ndy va cho
toluen (2 L) vao va sau d6 co dic hdn hgp nay. Cho 2—m¢tyl-tetfahydr0ﬁ1ran (1 L) vao va
sau d6 tach loai 0,5 L dung mdi nay bing cach éhung ct chén khéng, hén hop thu dugc
nay dugc sir dung nhu vdy trong bude tiép theo. Hop chit néu & dé muc nay 13 hén hop
v6i chat ddng phan khong dbi quang (1s,4s)-6'-brofri0—4-hydroxyspiro[xyclohexan-1,2’-
inden]-1'(3'H)-on theo ty 1& 7: 3 (dugc do bang phan tich HPLC va NMR): '"H NMR (500
MHz, CDCl;, céc tin hiéu cho c hai chét déng phén) 6 ppm 1,40 - 1,52 (m, 3 H), 1,70 -
1,84 (m, 3 H), 2,04 - 2,11 (m, 2 H), 2,97 (s, 0,62 H), 3,00 (s, 1,38 H), 3,73 - 3,81 (m, 0,7
H), 4,04 (m, 0,3 H), 7,31 - 7,38 (m, 1 H), 7,67 - 7,73 (m, 1 H), 7,89 (m, 1 H).

Budc 3: (1r,4r)-6'-bromo-4-metoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on

0O

R nulo

Cho phurc hgp boran tert-butylamin (820 g, 9,4 mol) d4 dugc hoa tan trong DCM
(3,6 L) vao huyén phu chta 6'-bromospiro[xyclohexan-1,2"-inden]-1',4(3'H)-dion (Hop
chét trung gian 5 Budc 1, 7,46 kg, & thir nghiém NMR 92% w/w , 23,4 mol) trong DCM
(41 L) & nhiét do khoang 0-5 °C trong thoi gian khoang 40 phat. Sau khoang 1 h, cho
dung dich chtra NaCl (2,68 kg), nude (12,9 L) va 37% axit clohydric (2,5 L, 31 mol) vao.
Lam 4m hdn hop dén nhiét 46 khoang 15 °C va cac pha nay dugc tach riéng sau khi ling

dong 1én céc 16p. Pha DCM, chira (1r,4r)-6'-bromo-4-hydroxyspiro[xyclohexan-1,2'-
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inden]-1'(3'H)-on (Hop chét trung gian 5 Budc 2), dugc dwa trd lai binh phan ung, cing
voi metyl metansulfonat (2,59 L, 30,5 mol) va tetrabutylamoni clorua (130 g, 0,47 mol).
Sau d6 cho 50% NaOH trong nudc (13 L, 229 mol) vao hén hop phan tmg dugce khudy
manh nay trong thoi gian khoang 1 h. & nhiét d khoang 20 °C. Sau khi giit trong thoi
gian khoang 16 h., cho nuéc (19 L) vao va pha nuéc dugc loai ra sau khi tich. Dung moi
(34 L) dugc chung cit ra & ap sudt khi quyén va sau d6 thém mot phan dung méi nira (20
L) dugc chung cét ra dong thoi bd sung EtOH (20 L) thanh 5 phin bing nhau. Cho EtOH
(14 L) vao va dung dich nay dugc 1am lanh xuéng nhiét do 25 °C. M6t phan mau (0,3 L)
dugc 14y ra ¢ nhiét d6 40 °C trong qua trinh 1am lanh. MAu nay dugc két tinh tu phat va
duc}c nap tr¢ lai binh phan ung & nhiét d6 25 °C. Sau khi gia nhiét lai xuéng nhiét do
khoang 40 °C, cho nuéc (14 L) vio trong thoi gian khoang 20 phut. Lam ngudi huyén
pht dic nay xubng nhiét d6 khoang 20 °C va dugc giit trong thoi gian 16 h. trude khi loc.
Chét ran nay duoc rira bing hdn hop gdém nuéc (4,8 L) va EtOH (6,4 L) va sau d6 lam

“kho dé tao ra hop chét néu & d& muc nay (chura 4,6% Chit ddng phan 2: (1s,4s)-6'-bromo-

4-metoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on bang phan tich HPLC) (5,57 kg, & thir
nghiém NMR 91%, 16,4 mol, hiéu suit 70%): 'H NMR (500 MHz, DMSO-dg) & ppm
1,22-1,32 (m, 2 H), 1,41 - 1,48 (m, 2 H), 1,56 (td, 2 H), 1,99 - 2,07 (m, 2 H), 3,01 (s, 2
H), 3,16 — 3,23 (m, 1 H), 3,27 (s, 3 H), 7,56 (d, 1 H), 7,77 (d, 1 H), 7,86 (dd, 1 H).

Hop chit trung gian 10
6-bromo-2',3",5',6'-tetrahydrospiro[inden-2,4'-pyran]-1(3H)-on
(0]

Br (0]

Cho tung giot dung dich chura kali tert-butoxit (3,94 g, 35,1 mmol) trong t-BuOH
(35 ml) trong thoi gian 15 phit vao dung dich chira 6-bromo-1-indanon (3,53 g, 16,73
mmol) trong 2-metyl-tetrahydrofuran (350 ml) & nhiét d6 trong phong dudi khi nito. Sau
15 phit cho bis(2-bromoetyl) ete (2,102 ml, 16,73 mmol) vao va khudy hén hop thu dugc
nay & nhiét do trong phong trong thoi gian 5 h. Cho kali tert-butoxit (0,938 g, 8,36 mmol)
vao va khudy hdn hop nay & nhiét do trong phong qua dém. Hon hop nay dugc toi bang
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NH,CI bao hbé trong nude (150 ml) va 16p hitu co dugc tach ra. Lép nude duge chiét
bang EtOAc (3 x 50 ml) va Et,0 (50 ml). Rira 16p hitu co hdn hop bing nude mubi (100
ml), lam kho b:?mg MgSOy, loc va co dic. Phén cin tao ra dugc hép thu trong DCM, c6
dic trén silicagel va dugc tinh ché trén cOt rira gidi silicagel bing 0-40% EtOAc trong
heptan dé taora 1,14 g (hiéu suét 24%) hop chit néu & @& muc nay; MS (ES+) m/z 281
[M+H]".

Hop chat trung gian 11
6'-bromo-4,4-diflo-spiro[xyclohexan-1,2'-indane]-1'-on

(0]

F
Br
, F

Cho dung dich chira 6'-bromospiro[xyclohexan-1,2'-inden]-1',4(3'H)-dion (Hop
chét trung gian 5 Phuong phép A Buée 1, 2 g, 6,82 mmol) trong DCM (10 ml) vao dung
dich chira 4-tert-butyl-2,6-dimetylphenylsulfur triflorua (FLUOLEAD™) (3,24 g, 13,0
mmol) va EtOH (0,159 ml, 2,73 mmol) trong DCM (10 ml) & nhiét &6 0 °C. Hdn hop
phan g nay dugc dé dén nhiét do trong phong va dugc khudy qua dém. Hon hop phan
g nay dugc rét vao dung dich 1 M NaOH (5 ml) trong nuée da dugc 1am lanh va khudy
hdn hop nay trong thdi gian 60 phut & nhiét do trong phong. Pha nuéc duge chiét bang
DCM hai 14n. Pha hitu co két hop dugc cd ddc va tinh ché san phim tho trén cot silica
(gradient EtOAc/n-heptan 0-20%). Hai mé nay dugc gom lai. Mé 1 choe 2,2 g (40 tinh
khiét bing HPLC, dd uv 42%) va mé 2 gave 819 mg (d6 tinh khiét bang HPLC, do uv
62%). Hop chét nay duogc st dung nhu véy trong budc tiép theo. 'H NMR (500 MHz,
CDCl;) 6 ppm 1,57 - 1,66 (m, 2 H), 1,83 - 1,98 (m, 2 H), 2,00 - 2,08 (m, 2 H), 2,26 - 2,38 |
(m, 2 H), 3,01 (s, 2 H), 7,35 (d, 1 H), 7,72 (dd, 1 H), 7,89 (d, 1 H).

Hop chét trung gian 12
5-bromo-4'-metoxy-3H-spiro[benzofuran-2,1'-xyclohexan]-3-on

Budce 1: 2-(5-bromo-2-flophenyl)-2-((trimetylsilyl)oxy)axetonitril
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I
~si

o) ~

Br “~
SN
F

Cho DMAP (0,203 g, 1,73 mmol) tiép d6 1a trimetylsilyl xyanua (18;24 g, 183,8
mmol) vao dung dich chira 5-bromo-2-flo-benzaldehyt (30,45 g, 150 mmol) trong THF
(250 ml). Khudy hdn hop phan Gmg niy & nhiét 6 trong phong trong thodi gian 4 h va sau
d6 ¢ trong chan khéng dé tao ra 45,8 g (hiéu suit theo dinh lu’qng) hop chét néu & dé
* muc nay, hop chét nay duoc st dung truc tiép trong bude tiép theo ma khong cin tinh
ché thém."H NMR (400 MHz, CDCl3): & ppm 1,71 (m, 6 H), 2,31 (m, 2 H), 3,32 (m, 1
H), 3,41 (s, 3 H), 7,03 (d, J=9,20 Hz, IVH), 7,36 (t, J=8,80, 2,00 Hz, 1 H), 7,77 (d, J=2,00
Hz, 1 H). | |

Buéce 2: (5-bromo-2-flophenyl)(1-hydroxy-4-metoxyxyclohexyl)metanon

(0] O

Br

OH
F

Cho ting giot LiIHMDS (1,0 M, 165 ml, 165 mmol) vao dung dich chtra 2-(5-
bromo-2-flophenyl)-2-((trimetylsilyl)oxy)axetonitril (Hop chét trung gian 12 Buéc 1,
45,80 g, 150 mmol) trong axetonitril (250 ml) at -78 °C. Khudy hdn hop phan tung nay
trong thoi gian 1,5 h va cho tr tir dung dich chira 4-metoxyxyc10hexanon (Lee, C. K.;
Lee, I.-S. H.; Noland, W. E. Heterocycles, 2007, 71, 419-428) (20,3 g, 150 mmol) trong
THF (30 ml) vao va tiép tuc khudy & nhiét d6 -78 °C trong thoi gian 3 h. Cho 1M HCI
trong nude (300 ml) vao & nhiét d6 -78 °C, va hén hop nay dwoc 1am 4m tir tir dén nhiét
do trong phong va khudy qua dém. Céc pha nay dugc tich ri‘éng va 16p nude duogc chiét
béng EtOAc (2 x 500 ml). Dich chiét gop lai nay dugc lam kho bﬁng Na,SOy, loc, va co
trong chan khong dé tao ra 57 g chét liéu tho nay. Mot phan san phdm thé (30 g) duoc
tinh ché bang cach sic ky nhanh bang cach sir dung gradient tir 0 dén 50% EtOAc trong
EtOAc trong hexan dé tao ra 9,24 g hop chét néu & d& muc nay.
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Buc’rc‘ 3: 5-bromo-4'-metoxy-3H-spiro[benzofuran-2,1'-xyclohexan]-3-on

0]
Br
/
10805
(0]

‘Gia nhiét hén hop  gdm (5-bromo-2-flophenyl)(1-hydroxy-4- -
metoxyxyclohexyl)metanon (Hop chét truﬁg gian 12 Buéc 2, 1,05 g, 3,17 mmol) va kali
tert-butoxit (0,445 g, 3,80 mmol) trong THF (10 ml) trong binh phan ng vi séng & nhiét
do 70 °C trong thoi gian 30 phut. Tach loai dung tﬁéi nay trong chén khong va tinh ché
phin con lai bang cach sic ky nhanh bang cach st dung gradient tir 0 dén 15% EtOAc
trong hexan d& tao ra 388 mg (hiéu suét 39%) hop chét néu & d& muc nay. "H NMR (400
MHz, CDCl): 8 ppm 1,71 (m, 6 H), 2,31 (m, 2 H), 3,32 (m, 1 H), 3,41 (s, 3 H), 7,03 (d,
J=9,20 Hz, 1 H), 7,36 (t, J=8,80, 2,00 Hz, 1 H), 7,77 (d, J=2,00. Hz, 1 H); MS (ES+) m/z
312 [M+H]".

Hop chét trung gian 14
3-bromo-5-(prop-1-ynyl)pyridin

Br

|\
N~

X

Trdn 3,5-dibromopyridin (30 g, 127 mmol), ddng(I) iodua (7,24 g, 38,0 mmol) va
tetrakis(triphenylphosphin)paladi(0) (4,39 g, 3,80 mmol) trong toluen (120 ml) duéi khi
quyén nito. Cho 1-(trimetyl‘si1yl)-l-propyn (26,36 ml, 164,5 mmol), trietylamin (53,0 ml,
380 mmol) va tetra-n-butylamoni florua (12,66 ml, 12,66 mmol) vao. gia nhiét hén hop
nay dén hdi luu va khudy duéi khi quyén nito qua dém. Cho nuée (100 ml) duge cho vao
hdn hop phan @ng nay va dugc loc va cac pha nay dugc tach riéng. Pha hitu co nay duoc
rira bang 1 M HCI trong nuéc (100 ml). Pha hitu co nay dugc ¢d dic va hoa tan trong
MeOH (200 ml), loc va ¢b dic. Hon hop niy duge hoa tan trong DCM va duoc 1am bay
hoi bang silicagel dén kho, va sau d6 dua vao cot silicagel (300 g). San phdm nay duoc

rira giai ‘béng gradient ctia EtOAc (0-5%) trong heptan. Céc phan doan chira san phim
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tinh khiét dugc két hop lai va dugc 1am bay hoi dé tao ra hop chit néu o d& muc nay
(16,39 g, hiéu suat 66%): 'H NMR (500 MHz','A'CDC13) d ppm 2,08 (s, 3 H), 7,82 (t, 1 H),
8,52 (d, 1 H), 8,55 (d, 1 H); MS (APCI+) m/z 197,0 [M+H]".

Hop chét trung gian 15
Axit 5-(prop-1-ynyl)pyridin-3-ylboronic

HO. OH

Trén 3-bromo-5-(prop-1-ynyl)pyridin (Hop chét trung gian 14, 25 g, 117 mmol),
2-metyl-tetrahydrofuran (60 ml), toluen (200 ml) va triisopropyl borat (33,2 ml, 140,78
mmol) v6i nhau. Hén hgp nay dugc 1am ngudi xudng nhiét do -50 °C. Cho tirng giot n-
Buli (59,8 ml, 149,5 mmol) vao hén hop lanh nay trong thoi gian 30 phit. Khudy hdn
hop nay trong thoi gian 60 phut & nhiét 46 -50 °C. Cho 2M HCI trong nudce (100 ml) vao.
Sau d6, hdn hop héy dugc dé dén nhiét d6 trong phong va khudy trong thoi gian 20 phut.
Pha hitu co va pha nuéc dugc tach riéng. Pha hiru co nay dugc chiét bang NaOH (2M
trong nudc) (2x100 ml). Cac pha nuée dugc két hop lai va diéu chinh d6 pH dén pH 5.
San phim nay duogc chiét bing 2-metyl-THF (2x100 ml). Pha hiru co duoc 1am kho bang
Na,SO,, loc va cb dic dé tao ra hop chit néu & dé muc nay (16,47 g, hi€u suét 87%): 'H
NMR (500 MHz, CD;0D) & ppm 2,11 (s, 3 H) 8,21 (br. s., 1 H) 8,53 (m, 2 H); MS
(APCI+) m/z 162,2 [M+H]".

Hop chét trung gian 16

2-bromo-4-(prop-1-ynyl)pyridin
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Cho 1-(trimetylsilyl)-1-propyn (1,054 ml, 7,04 mmol), trietylamin (3,24 ml,
23,25 mmol) va tetrabutylamoni florua (1 M trong THF, 7,04 ml, 7,04 mmol) vao dung
dich chtra 2-bromo-4-iodopyridin (2 g, 7,04 mmol), ddng(I) iodua (0,080 ml, 2,11 mmol)
va tetrakis(triphenylphosphin)paladi(0) (0,407 g, 0,35 mmol) trong toluen (85 ml) va
khudy hén hop thu dugc nay du6i khi quyén argon & nhié~t do trong phong qua dém. Hon
hop nay duge ¢ dic phan cin tao ra duge phan bd gitra nude (10 ml) va DCM (10 ml)
va 16t vao thiét bi tich pha. Pha hitu co nay dugc thu gom, va pha nuéc duge chiét mot
1an bang DCM (10 ml). Lép hitu co hdn hop duogc cd dic va tinh ché bang cach séc ky
nhanh bang céach st dung 0% dén 30% EtOAc trong heptan dé tao ra hop chat néu & dé
muc nay (1,195 g, hiéu suét 87%): "H NMR (500 MHz, DMSO-d¢) 6 ppm 2,11 (s, 3 H),
7,42 (dd, 1 H), 7,65 (s, 1 H), 8,35 (dd, 1 H); MS (ES+) m/z 196 [M+H]"; MS (APCI+)
m/z 196 [M+H]".

Hop chét trung gian 17

4-(prop-1-ynyl)-2-(trimetylstannyl)pyridin

Hoa tan 2-bromo-4-(prop-1-ynyl)pyridin (Hop chét trung gian 16, 1,077 g, 5,49
mmol) trong toluen (30 ml) va cho 1,1,1,2,2,2-hexametyldistanan (2,278 ml, 10,99
mmol) va tetrakis(triphenylphosphin)paladi(0) (0,635 g, 0,55 mmol) vao. Khudy hdn hop
phan g nay & nhiét d6 80 °C qua dém dudi khi argon. Hén hop nay duge lam ngudi
xubng nhiét dd trong phong va dugc loc qua tAm diatomit va cb trong chan khong. Cho
toluen (20 ml) vao va ¢6 hdn hop nay trong chin khéng dé tao ra hop chit néu & d& muc
nay, hop chét nay dugc st dung nhu vay trong budc tiép theo: MS (APCI+) m/z 282
[M+H]".

Hop chét trung gian 18
Metyl 5-(but-2-ynyloxy)picolinat
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Cho metyl 5-hydroxypicolinat (1,3 g, 8,49 mmol), triphenylphosphin (3,34 g,
12,73 mmol) va diisopropyl azodicarboxylat (2,507 ml, 12,73 mmol) & nhiét do 0 °C vao
dung dich chtra but-2-yn-1-ol (0,635 ml, 8,49 mmol) trong THF (30 ml). Sau d6, hn hop
‘phan g nay dwgc dé dat dén nhiét do trong phong va khudy trong thoi gian 2 ngay. Co
dic hdn hop phan ng nay va tinh ché san phim nay bang cach sic ky nhanh bang cach
sir dung gradient heptan/EtOAc dé tao ra 1,42 g (hiéu suit 82%) ctia hop chit néu & dé
mué nay. '"H NMR (400 MHz, CDCl;) & ppm 1,87 (t, 3 H), 4,00 (s, 3 H), 4,79 (q, 2 H),
7,41 (dd, 1 H), 8,11 - 8,20 (m, 1 H), 8,49 (d, 1 H).

Hop chét trung gian 19

Axit 5-(but-2-ynyloxy)picolinic

HO I

\ /

Cho lithi hydroxit (0,871 g, 20,76 mmol) d& dugc hoa tan trong nudc (5 ml) vao
hén hop phan tmg gdm dung dich chira metyl 5-(but-2-ynyloxy)picolinat (Hop chit trung
“gian 18, 1,42 g, 6,92 mmol) trong THF (15 ml) & nhiét o trong. phong. Sau 3 ngay khudy
tron, hdn hop phan tmg nay duoc chia tach gitta nudc va EtOAc. Pha nuée duge axit hoa
bing dung dich HCI trong nudc (2M) va chiét bang EtOAc. Pha hitu co nay dugc lam
kho trén MgSO, va ¢ dic dé tao ra 0,60 g (hiéu sudt 45%) hop chit néu & & muc nay:
'H NMR (500 MHz, CD;0D) & ppm 1,84 (t, 3 H), 4,87 (q, 2 H), 7,57 (dd, 1 H), 8,14 (d,
1 H), 8,34 (d, 1 H); MS (ES+) m/z 192 [M+H]".
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Hop chét trung gian 26
| 6-bromo-5',6'-dihydro-4'H-spiro[chromen-2,3'-pyran]-4(3H)-on

(0]
~.Br

o)

Khudy dung dich gdm 1-(5-bromo-2-hydroxyphenyl)etanon (8.2 g, 38,13 mmol),
dihydro-pyran-3-on (4,96 g, 49,57 mmol) va pyrolidin (4,12 ml, 49,57 mmol) trong
toluen (80 ml) & nhiét d6 50 °C trong thoi gian 1 h. Nhiét 6 dugc ting 1én dén hdi luu,
va hdn hop phan tng nay duge héi Iuu trong thoi gian 22 h. Mot phin dihydro-pyran-3-
on (0,5 g 5 mmol) bd sung dugc cho vao va hdn hop nay dugc cho héi luu trong 24 h

‘nifa. Hon hqp. nay dugc dé dén nhiét d6 trong phong, va sau d6 cho nudce (50 ml) tiép do6
12 EtOAc (100 ml) vao. Lép hitu co ¢d dic va tinh ché phan con lai bang cach séc ky
nhanh bing céch sir dung gradient ctia heptan dén 40% EtOAc trong heptan dé tao ra hop
chit néu & dé muyc nay (9 g, hiéu suit 79%): "H NMR (500 MHz, CDCl3) & ppm 1,57 (m,
1 H), 1,72 (ddd, 1 H), 1,96 (m, 1 H), 2,12 (m, 1 H), 2,71 (m, 2 H), 3,51 (d, 1 H), 3,58 (m,

-1 H), 3,86 (m, 2 H), 6,96 (d, 1 H), 7,57 (dd, 5 H), 7,97 (d, 4 H); MS (ES+) m/z 297
[M+H]".

Hop chét trung gian 27
6-bromo-2-tetrahydropyran-3-yl-chroman-4-on

(0]
Br

Gia nhiét dung dich chra 1-(5-bromo-2-hydroxyphenyl)etanon (18 g, 83,70
mmol), tetrahydro-2H-pyran-3-carbaldehyt (9,55 g, 83,70 mmol) va pyrolidin (6,95 ml,
83,70 mmol) trong MeOH (125 ml) dén héi luu trong thoi gian 4,5 h. Hdn hop nay dugc
dé dén nhiét do trong phong va cd dic. Phin con lai dugc hoa tan trong EtOAc (150 ml)
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va rira lién tiép bang 1M NaOH (80 ml), 1M HCI (80 ml), va nuéc mudi (80 ml). Pha hitu
co ndy dugc co dic, tinh ché phan con lai bing cach séc ky nhanh véi gradient ctia 10%
EtOAc trbng heptan-dén 40% EtOAc trong heptan dé tao ra hop chit néu & d& muc nay
(18 g, hi€u suét 69%): 'H NMR (500 MHz, DMSO-dg) 6 ppm 1,50 (m, 3 H), 1,79 (m, 0,5
H), 1,94 (m, 1,5 H), 2,67 (m, 1 H), 2,86 (m, 1 H), 3,30 (m, 2 H), 3,78 (m, 1 H), 3,84 (m,
0,5 H), 4,04 (dd, 0,5 H), 4,44 (m, 1 H), 7,05 (dd, 1 H), 7,71 (m, 1 H), 7,79 (d, 1 H); MS
(ES+) m/z 311 [M+H]".

Hop chét trung gian 28

6-bromo-2-(2,2-dimetyltetrahydropyran-4-yl)chroman-4-on

(0]
Br

(o]

Gia nhiét dung dich gdm 1-(5-bromo-2-hydroxyphenyl)etanon (13,5 g, 62,78
mmol), 2,2-dimetyltetrahydro-2H-pyran-4-carbaldehyt (9,40 g, 62,78 mmol) va pyrolidin
(5,22 ml, 62,78 mmol) trong MeOH (125 ml) d&én hoi Iuu trong thoi gian 3 h. Hdn hop
nay dugc dé dén nhiét 4o trong phong va sau do co6 dac. Phén con lai duge hoa tan trong
EtOAc (100 ml) va rira lién tiép bang 1M NaOH (60 ml), 1M HCI (60 ml), va nu6c mudi
(60 ml). Pha hitu co ndy dugc cd dic va tinh ché phan con lai bang cach sic ky nhanh véi
gradient cia 10 % EtOAc trong heptan dén 40% EtOAc trong heptan dé tao ra hop chét
néu & d& muc nay (16,22 g, hidu suit 76%): "H NMR (500 MHz, DMSO-d¢) & ppm 1,15
(m, 6 H), 1,26 (m, 2 H), 1,52 (m, 1 H), 1,76 (m, 1 H), 2,12 (ddd, 1 H), 2,65 (m, 1 H), 2,83
(m, 1 H), 3,57 (m, 1 H), 3,66 (m, 1 H), 4,32 (ddd, 1 H), 7,05 (dd, 1 H), 7,70 (dd, 1 H),
7,78 (d, 1 H); MS (ES-) m/z 337 [M-HJ". '

Hop chét trung gian 29

2-oxobutanthioamit
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(0]

\)KH/NHZ
s
Suc hydro sulfua qua dung dich chira propionyl xyanua (25 g, 300,88 mmol)
trong 2-metyl-tetrahydr6ﬁ1ran (200 ml) & nhiét do -10 °C trong thoi gian 10 phut. Viéc
bd sung hydro sulfua dugc ding lai va cho ting giot trietylamin (0,419 ml, 3,01 mmol,
dudi dang duﬁg dich trong 2-metyl-tetrahydrofuran (4 ml)) vao trong thoi gian 10 phat.
Viéc bd sung hydro sulfua dugc tiép tuc trong thoi gian 1,5 h & nhiét d6 -10 °C truée khi
viéc bd sung dugc dimg lai va binh dlch suc biang khi nito trong thoi gian 2,5 h, trong
thoi gian d6 hdn hop phén tmg nay duoc dé dén nhiét do trong phong. Hbn hop nay duoc
co ddc va phén cin tao ra dugc hép thu trong 1: 1 EtOAc: heptan va dugc chuyén qua nit
ngén silica dé tao ra 30,2 g (hiéu suét 86%) hop chit néu & dé muc nay. 'H NMR (400
MHz, DMSO-dG) d ppm 0,99 (t, 3 H), 2,93 (q, 2 H), 9,79 (br. s., 1 H), 10,20 (br. s., 1 H);

MS (ES+) m/z 118 [M+H]". |

Hop chét trung gian 30

5'-metylspiro[chroman-4,2'-imidazol]-4',6-diamin

Khudy hdn hop gdm 6-bromo-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin
(Hop chét trung gian 4, 115 mg, 0,39 mmol), trans-4-hydroxy-L-prolin (51 mg, 0,39
mmol), Cul (37 mg, 0,20 mmol), va K,CO3 (162 mg, 1,17 mmol) in DMSO (0,9 ml) &
nhi¢t d¢ trong phong trong thoi gian 15 phat. Cho amoniac, (30-33% in H,O, 0,37 ml,
5,86 mmol) vao va hén hop nay duogc xir Iy vi séng chiéu xa & nhiét d6 110 °C trong thoi
gian 3 h. H6n hop nay dugc pha lodng véi DMSO va nudce va duoc loc qua tAm diatomit.
NaCl (s) duoc cho vao va hdn hop trong nuée nay duge chiét bang EtOAc (5x35 ml).
Pha hitu co két hop dugc 1am kho (Na,SO4) va lam bay hoi dé tao ra san phém tho, tinh

ché sadn phadm nay bang cach sic ky nhanh (4 g silica, dung moéi rira gidi:
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CHCly/(MeOH/NH;) gradient) dé tao ra hop chit néu & @ muc nay (59 mg, hiéu sut
65%). '"H NMR (400 MHz, DMSO-dg) & ppm 1,76 - 1,92 (m, 2 H), 2,19 (s, 3 H), 4,18 -
4,34 (m, 2 H), 4,45 (br. s, 2 H), 5,69 (d, 1 H), 6,35 (dd, 1 H), 6,45 (br. 5., 2 H), 6,50 (d, 1
H); MS (ES") m/z 231 [M+H]".

Hop chit trung gian 31
1-bromo-3-(prop-1-ynyl)benzen

Br

AN

Cho 1-(trimetylsilyl)-1-propyn (1,6 ml, 10,6 mmol), trietylamin (4,9 ml, 35,0
mmol) va dung dich 1M tetrabutylamoni florua trong tetrahydrofuran (10,6 ml, 10,6
mmol) vao dung dich chira 1-bromo-3-iodobenzen (3,0 g, 10,6 mmol), ddng(I) iodua
(0,61 g, 3,2 mmol) va tetrakis(triphenylphosphin)paladi(O) (0,61 g, 0,53 mmol) trong
toluen (20 ml). Khudy hén hop thu dugc nay dudi khi nito & nhiét do trong phong qua
dém. Hon hop nay duoc phan b giita nude va Et,0 va pha hitu co duge lam kho trén
magie sulfat va cb trong chan khéng. Phin con lai duoc loc qua nut silica v rtra giai
bang heptan (4x25 ml) @& tao ra hop chit néu & @ muc nay (1,6 g, hiéu sudt 80%): 'H
NMR (500 MHz, DMSO-dg) 6 ppm 2,05 (s, 3H), 7,30 (t, 1H), 7,39 (d, 1H), 7,52-7,56 (m,
1H), 7,56-7,58 (m, 1H); MS (CI) m/z 195 [M+H]".

Hop chét trung gian 32

2-clo-4-(prop-1-ynyl)pyridin

Cho 4-bromo-2-clopyridin (1,00 g, 5,20 mmol), 1-(trimetylsilyl)-1-propyn (0,846
ml, 5,72 mmol), déng(l) iodua (99 mg, 0,52 mmol), va
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tetrakis(triphenylphosphin)paladi(0) (90 mg, 0,08 mmol) hdp thu trong toluen (14 ml)
trong binh vi séng. Cho ‘tetra-N-butylamoni florua (1M trong THF) (6 ml, 6,00 mmol)
vao va miéng binh phéh ung nay dugce day lai va dugc gia nhiét & nhiét d6 100 °C trong
thoi gian 20 phﬁt ,tronrg binh phan tmg vi séng. Sau khi 1am nguoi, hdn hop nay dugc loc
qua diatomit, va sau d6 cb trong chan khéng. Tinh ché san phdm nay bang cach séc ky
nhanh bang cach sir dung gradient ctia EtOAc trohg heptan (0-50%) dé tao ra hop chét
néu & dé muc nay (530 mg, hiéu suét 67%): 'H NMR (500 MHz, DMSO-dg) 6 ppm 2,11
(s,3 H), 7,38 (dd, 1 H), 7,51 (s, 1 H), 8,37 (d, 1 H).; MS (ES+) m/z 152 [M+H]".

qu chét trung gian 33
4-bromo-2-(prop-1-ynyl)pyridin

Br

]
NS
NN

Hop chit néu & @é muc nay (0,560 g, 57% hiéu sue‘it) duoc diéu ché nhu mo ta
cho Hop chit trung gian 32 bét dau tir 4-bromo-2-iodopyridin (1,42 g, 5,00 mmol): 'H
NMR (500 MHz, DMSO-d¢) & ppm 2,08 (s, 3 H), 7,63 (dd, 1 H), 7,73 (d, 1 H), 8,39 (d, 1
H); MS (MM-ES+APCI)+ m/z 196 [M+H]". | |
Hop chit trung gian 34

Axit 3-(prop-1-ynyl)phenylboronic

HO. OH

A

Cho tirng giot n-butyl lithi (2,5 M trong hexan, 3,7 ml, 9,4 mmol) vao dung dich
chira 1-bromo-3-(prop-1-ynyl)benzen (Hop chit trung gian 31, 1,66 g, 8,51 mmol) va
triisopropyl borat (2,2 ml, 9,4 mmol) trong tetrahydrofuran (5 ml) va toluen (15 ml) &
nhiét d§ -78 °C dudi khi quyén argon. Khudy hdn hop phan émg nay trong 30 phut. va
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'sau d6 dugc dé dén nhiét d trong phong va khudy trong thoi gian 1 h. Hn hop nay duge
lam ngudi xudng nhiét d -78 °C, va 3 M axit clohydric trong nuéc duge cho vao va
khudy hén hop nay & nhiét d6 trong phong trong thdi gian 15 phit. Hén hop nay duoc
kiém ho4 bang bang cach bd sung KOH rin. Cho 2-metyl-tetrahydrofuran vao trong diéu
kién c6 khudy va chét ran thu dugc nay dugc thu gom bang cach loc dé tao ra hop chét
néu & dé myc nay 1,0 g (hiéu sudt 75%). "H NMR (500 MHz, DMSO-dg) 8 ppm 2,01 (s,
3 H), 6,92 - 7,03 (m, 1 H), 7,09 - 7,20 (m, 1 H), 7,55 - 7,79 (m, 2 H).

Hop chét trung gian 35

3-clo-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzonitril

Cl

Cho huyén phu 4,4,4',4',5,5,5',5'-0ctametyl-2,2'-bi(1,3,2-di0xaborolan) (665 mg,
2,62 mmol), 3-clo-5-iodobenzonitril (345 mg, 1,31 mmol), va kali axetat (386 mg, 3,93
mmol) trong dioxan (5 ml) dwgc loai khi bing dong argon trong vai phut. Cho
PdCly(dppf) CH,Cl, (53,5 mg, 0,07 mmol) vao va gia nhiét hén hop nay & nhiét d6 hdi
Iru dudi khi N, trong thoi gian 4 h. Hon hop nay dugce dé ngudi va sau d6 duoc loc. Ba
loc ép nay dugc rira bang EtOAc. Dich loc duoc cd trong chan khong. Tinh ché phin con
lai bang cach sdc ky nhanh (dung moéi rira giai: heptan /EtOAc gradient) dé tao ra hop
chit néu & d& muc nay (69 mg, hiéu sudt 20%). "H NMR (400 MHz, DMSO-d¢) & ppm
1,30 (s, 12 H), 7,88 (dd, 1 H), 7,90 - 7,94 (m, 1 H), 8,19 (dd, 1 H); MS (CI) m/z 264
[M-+H]". '

Luu y san phidm nay khong c6 dap tng véi UV nhung dugc hién hinh 4nh trén

TLC bing tac nhan hién hinh anh chtra axit phosphomolybdic va Ce(SOy),.
Hop chit trung gian 36

Axit 5-(but-2-ynyloxy)pyrazin-2-carboxylic
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X
\/O\l/\
N
|
N\é;i\n/OH

o]

Cho 2;butj}n-l-ol (3,74 ml, 50,0 mmol) va kali tert-butoxit (2,24 g, 20,0 mmol)
vao huyén phii chtra axit 5-clo-pyrazin-2-carboxylic (0,79 g, 5,00 mmol) trong DMF (35
ml). Gia nhiét hdn hop thu duge nay & nhiét 4§ 65 °C qua dém. Trung hoa hdn hop phan
ting ndy bang 2 M HCI va sau d6 ¢ trong chin khong. Mot phin (400 mg) chét lidu tho
nay duoc phan bd giita 0,5 M NaOH va hdn hop 1: 1 cda heptan va EtOAc. Pha nudc
dugc axit hoa nhe (pH-3-4) bang cach bd sung 1 M HCL. Cho vao NaCl vao huyén phu
thu dugc va hén hop nay duoc chiét hai 1an bang EtOAc. Pha hitu co két hop dugc lam
khé (Na,SOy) Vé 1am bay hoi dé tao ra 0,11 g hop chit néu & d& muc nay. _lH NMR (400
MHz, DMSO-d) 6 ppm 1,84 (t, 3 H), 5,06 (q, 2 H), 8,42 (d, 1 H), 8,82 (d, 1 H), 13,38
(br. s., 1 H); MS (ES") m/z 193 [M+H]". |

Hop chét trung gian 37

1-(4-bromo-2-iodobenzyl)xyclobutancacbonitril

Br | ’ :
T,

Cho tung giot lithi diisopropylamit (3,34 ml, 6,68 mmol) vao dung dich chira
xyclobutancacbonitril (0,417 g, 5,14 mmol) trong THF (20 ml) & nhiét do -78 °C duéi
khi quyén argon. Khudy hdn hop phan tng niy & nhiét do 78 °C trong thoi gian 30 pht,
sau d6 cho tur tir timg giot dung dich chtra 4-bromo-1-(bromometyl)-2-iodobenzen (xem
Caruso, A.; Tovar, J., D. J. Org. Chem. 2011, 76, 2227-2239., 2,51 g, 6,68 mrﬁol) trong
THF (8 ml) vao va hdn hop phan tmg nay dugc dé dén nhiét d6 trong phong Khudy hdn
hop ndy trong 3 h nita va sau d6 t6i véi nuée. Hon hgp phan tmg nidy duoc phan bd gitta
nude va EtOAc, 16p hitu co duge lam kho trén MgSO, va c6 dic dé tao ra san phém thd
tinh ché san phdm nay bang c4ch séc ky nhanh (dung méi rira giai: heptan/etylaxetat 12:
1) dé tao ra hop chit néu & dé muc nay (1,71 g, hiéu suit 89%): 'H NMR (500 MHz,
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CDCl;) & ppm 2,08 - 2,34 (m, 4 H), 2,47 - 2,58 (m, 2 H), 3,18 - 3,23 (m, 2 H), 7,29 (s, 1
H), 7,49 (dd, 1 H), 8,03 (d, 1 H); GC MS (EI) m/z 375 M. |

Hop chit trung gian 38
6'-bromospiro[xyclobutan-1, 2'-inden]-1'(3'H)-on

0
Br< : f

| Cho 1-(4-bromo-2-iodobenzyl)xyclobutancacbonitril (Hop chét trung gian 37,
2,60 g, 6,91 mmol), 3 dugc hoa tan trong THF kho (100 ml) dudi khi quyén argon vao
binh thét ¢b da dugc 1am kho. Hn hop thu duge nay duge 1am ngudi xudng -78 °C va
sau d6 cho tung giot tert-butyllithi (1,7 M trong pentan, 8,13 ml, 13,83 mmol) vao.
Khudy hdn hop phan tng ndy trong thdi gian 1,5. h & nhiét d6 -78 °C va sau d6 hon hop
phan g nay dugc t6i bing MeOH (0,5 ml), tiép d6 1a axit clohydric trong nudc (2M, 10
* ml). Dung dich thu dugc cd dic dé tach loai dung méi hitu co va sau d6 phén chia gifta
DCM va nuée. Pha hitu co nay dugc lam khé trén MgSO, va ¢b dic dé tao ra san phim
tho, tinh ché san phim nay bang cach sic ky nhanh (dung mdi rira giai: heptan/EtOAc20:
1-15: 1-10: 1) dé tao ra hop chit néu & d& muc nay (1,1 g, hiéu suét 63%): "H NMR (500
MHz, CDCl;) & ppm 1,97 - 2,13 (m, 3 H), 2,13 - 2,24 (m, 1 H), 2,45 - 2,60 (m, 2 H), 3,24
(s,2H), 7,31 (d, 1 H), 7,67 (dd, 1 H), 7,88 (d, 1 H); GC MS (EI) m/z 250 M".

Hop chit trung gian 39

6'-(xyclobutylmetoxy)spiro[xyclohexan-1,2'-inden]-1',4(3'H)-dion

0
Q\/O\(:é
Cho xyclobutylmetanol (2,10 ml, 22,3 mmol), triphenylphosphin (7,97 g, 30,4
mmol) va diisopropyl azodicarboxylat (5,98 ml, 30,4 mmol) vao dung dich chira 6-

hydroxy-2,3-dihydro-1H-inden-1-on (3 g, 20,3 mimol) trong THF (140 ml). gia nhiét hon
hop nay dén nhiét d6 45 °C va dugc dé khudy qua cudi tudn. Tinh ché san phim tho bing
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sic ky nhanh bang cach st dung gradient ciia 0-10% EtOAc trong heptan dé tao ra 2,56 g
(hiéu suét 58%) hop chét néu & d& muc nay: 'H NMR (500 MHz, CDCl,) 8 ppm 1,81 -
2,03 (m, 4 H),‘2,11 -2,20 (m, 2 H), 2,69 - 2,74 (m, 2 H), 2,78 (dt, 1 H), 3,04 - 3,12 (m, 2
, ‘H), 3,96 (d, 2 H), 7,17 - 7,22 (m, 2 H), 7,36 (d, 1 H); MS (ES+) m/z 217 [M+H]".

Hop chit trung gian 40

(1r,4r)-6'-(xyclobutylmetoxy)-4-hydroxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on

| 0O
0]
B »nlIOH

Hoa tan 6'-(xyclobutylmetoxy)spiro[xyclohexan-1,2'-inden]-1',4(3'H)-dion (Hop
chét trung gian 39, 2,35 g, 7,88 mmol) trong tetrahydrofuran (40 ml) va MeOH (3,19 ml,
78,76 mmol). Cho phitc hop boran-trimetylamin (1,26 g, 17,3 mmol) vao va khudy hén
hop nay & nhiét dd trong phong qua dém. Cho monohydrat cta axit xitric (23,2 g, 110
mmol) vao tit ca lam mdt 1an, tiép d6 1a bd sung timg giot nudc (2,84 ml, 157 mmol).
Khuiy hén hop nay trong thoi gian 4 gior trude khi pha lodng bang nudc va chiét bing
EtOAc hai 14n. Pha hitu co két hop dugc rira béng NaHCO; va nuéc mudi, va co dic.
Tinh ché san phdm tho trén cot silicagel (gradiént giai hip 0-50% EtOAc trong n-heptan)
@ tao ra hop chét néu & @ muc nay (1,84 g, hidu suét 78%, chira 29% (1s,4s)-6'-
(xyclobutylmetoxy)-4-hydroxyspiro[xyclohexan-1,2"-inden]-1'(3'H)-on). Hop chit nay
duge str dung nhu vy trong budc tiép theo: 'H NMR (500 MHz, DMSO-d¢) & ppm 1,10
(m, chéit ddng phan luong nhd), 1,2-1,4 (m, 4H), 1,57 (m, 2H), 1,71 (m, chit déng phan
lugng nho), 1,75-1,95 (m, 6H), 2,07 (m, 2H), 2,71 (m, 1H), 2,92 (m, 2H), 3,44 (m, lH),
3,84 (m, chit ddng phan luong nho), 3,98 (d, 2H), 4,42 (d, chit ddng phan luong nho),
4,66 (d, 1H), 7,07 (d, 1H), 7,26 (m, 1H), 7,44 (m, 1H); MS (ES+) m/z 301,1 [M+H]".

Hop chét trung gian 41

3-bromo-5-clo-2-metylpyridin
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N
| X
Cl = Br

Cho 2,3-dibromo-5-clopyridin (1,3 g, 4,70 mmol), axit metylboronic (0,30 g,
5,01 mmol), bis(triphenylphosphin)paladi(Il) clorua (0,50 g, 0,70 mmol) va dioxan (10
ml) vao. Cho K,COj3 (dung dich 2 M trong nuéc, 7,0 ml, 14,0 mmol) vao va phan {ng
nay dugc thuc hién dudi khi N, (g). Hén hop phan tng ndy duoc gia nhiét dén hdi luu
trong thoi gian 5 h. Khudy hén hop phan tmg nay & nhiét d6 50 °C qua dém va sau d6
dugc gia nhiét dén hdi luu trong thoi gian 1 h nita. Cho, axit metylboronic (0,14 g, 2,35
mmol) vao va hdn hop phan wng nay duoc cho hdi luu trong thdi gian 4 h va dugce dé 1am
ngudi xubng dén nhiét do trong phong. Hon hop nay dwoc loc qua nut silica. Cho EtOAc
va nudc vao va cac pha nay duge tach riéng. Rira pha hitu co nay hai 14n nita bang nudc.
Pha hitu co nay duoc lam khd bing MgSO,, loc va ¢ trong chan khong. Tinh ché san
pham thé bing cach sic ky nhanh (12 g SiO,, 0-20% MeOH chtra 0,1 M NH; trong
DCM). Céac phan doan chira san phém tinh khiét dugec tép trung lai va c6 déc, tao ra hop
chét néu & dé& muc nay (123 mg, hiéu suit 13%): '"H NMR (DMSO-ds) & ppm 2,56 (s, 3
H), 8,29 (d, 1 H), 8,52 (d, 1 H); MS (CI) m/z 206 [M+H]".

Hop chét trung gian 42

Dietyl 2-(5-bromo-3-clopyridin-2-yl)malonat

Cho ting giot dietyl malonat (0,87 ml, 5,7 mmol) vao huyén phu cta NaH (55%
trong diu khoang, 0,27 g, 6,2 mmol) trong DMF (6 ml) & nhiét do 0 °C. Bé dérdu’(yc loai
ra va khudy hén hop nay duéi khi N, & nhiét d6 trong phong trong thoi gian 20 phit. Cho
5-bromo-2,3-diclopyridin (1,0 g, 4,4 mmol) vao, va khudy hdn hop ne‘1‘y ¢ nhiét 4o 120 °C
qua dém. Hbn hop niy duoc dé ngudi va sau d6 phén chia gitta nudc chira NaCl va
EtOAc. Pha hitu co niy dugc 1am kho (MgSO,4) va 1am bay hoi dé tao ra san phdm tho,
tinh ché san phdm nay bang céach séc ky nhanh (25 g SiO,, heptan/EtOAc gradient) dé tao
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- ra hgp chit néu & dé muc nay (0,8 g, 2 mmol, hi€u suét 52%) chfra-ph?m con lai cta este
malonic khong phan tmg. MS (ES+) m/z 350 [M+H]".mét phan ctia chét liéu nay duoc sir
dung nhu vay trong budc sau do. |
: Hop chét trung gian 43
5-bromo-3-clo-2-metylpyridin
Br: % Cl
-
N

- Gia nhi€t dung dich gbm dietyl 2-(5-bromo-3-clopyridin-2-yl)malonat (Hop chit
trung gian 42, 0,41 g, 1,2 mfnol) khong tinh khiét va HCI dam dic trong nude (3 ml) &
nhiét d6 hdi luu trong thoi gian 3 h. Loai cac chit d& bay hoi ra trong chan khong, va
phén con lai duge duge 1am ddng bay hoi bang axetonitril. Chét rén con lai (axit dugc
khtr carboxylat & mot vi tri) dugc hoa tan trong dioxan (4.5 ml) va dun hdi luu qua dém.
Loai céc chét dé bay hoi dugc ra trong chan khéng. Tinh ché phin con lai bing cach sic
ky nhanh (4 g SiO,, heptan/EtOAc gradient) dé tao ra hop chit néu & d& muc nay (0,12 g,
hiéu suit 51%): 'H NMR (500 MHz, CDCl3) & ppm 2,60 (s, 3 H), 7,82 (d, 1 H), 8,46 (d,
1 H); MS (CI) m/z 206 [M+H]".

Hop chét trung gian 44

3-clo-2-metyl-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)pyridin

Loai khi cua huyén phu chua 4,4,4'4'5,5,5',5'-octametyl-2,2'-bi(1,3,2-
dioxéborolan) (0,836 g, 3,29 mmol), 5-bromo-3-clo-2-metylpyridin (Hop chét trung gian
43, 0,34 g, 1,65 mmol), va kali axetat (0,485 g, 4,94 mmol) trong dioxan (5 ml) bang
dong N, (g) trong vai phit. Cho PdCl,(dppf) CH2C12 (0,067 g, 0,08 mmol) vao va gia
nhiét hdn hop nay & nhiét d6 hdi luu dudi khi N, (g) trong thoi gian 1,5 h. Hon hop nay
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duoc lam ngudi xﬁéng nhiét d trong phong va sau do dugc loc. Bé loc ép nay dugce rﬁa
bing EtOAc. C6 dich loc trong chan khéng. Tinh ché phﬁn. con léi bang cach sic ky
nhanh (40 g SiO,, gradient giai hap b:ing 0-80% EtOAc trong heptan dé tao ra hop chit
néu & d& muc nay (0,44 g, hidu suit theo dinh lwong): "H NMR (500 MHz, CDCl;) § ppm
1,35 (s, 12 H), 2,65 (s, 3 H), 7,95 - 8,03 (m, 1 H), 8,69 (d, 1 H); MS (ES+) m/z 172

[M+H]" (khéi lvong twong tmg véi axit boronic nay).
Hop chit trung gian 45
3-bromo-4-metyl-5-(prop-1-ynyl)pyridin

A

Br

X
7
N

Tron 3,5-dibromo-4-metylpyridin (0,50 g, 2,0 mmol), 1-(trimetylsilyl)-1-propyn
(0,35 ml, 2,4 mmol), déng(l) iodua (0,11 g, 0,60 mmol),
tetrakis(triphenylphosphin)paladi(0) (0,023 g, 0,02 mmol) trong toluen (2 ml). Khir khi
hén hop phan mg bing dong argon trong vai phut. Cho tetra-n-butylamoni florua (1 M
trong THF) (2,4 ml, 2,4 mmol) vao, va gia nhiét hdn hop phan tmg nay duéi khi N, &
nhiét d 70 °C qua dém. H6n hop nay duogc phén b giira nude chira NaHCO; trong nudc
bao hoa va EtOAc. Pha hitu co nay duge 1am khd (MgSO,) va duge 1am bay hoi dé tao ra
san phim th, tinh ché san phdm nay bang cach sic ky nhanh (40 g SiO,, heptan/EtOAc
gradient) dé tao ra hop chit néu & d& muc nay (0,067 g, hiéu suat 16%): 'H NMR (500
MHz, DMSO-dg) § ppm 2,15 (s, 3 H), 2,46 (s, 3 H), 8,48 (s, 1 H), 8,61 (s, 1 H); MS
(ES") m/z 210 [M+H]",

Hop chit trung gian 46

(1r,4r)-6'-(xyclobutylmetoxy)-4-metoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on

I ) 0]
OCi@
R Q)
\
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Hoa tan (1r,4r)-6’-(xyclobutylmetoxy)-4-hy2iroxyépiro[xyclohexan-1,2'-inden]-
1'(3'H)-on (Hop chit trung gian 40, chira 29% chét ddng phan, 1,84 g, 6,13 mmol) trong
2-Me THF (17 ml) duéi khi quyén tro va 1am ngudi dung dich nay xubng 0 °C. Cho
metyl iodua (0,498 ml, 7,96 mmol) vao, tiép d6 12 bd sung timg phan kali tert-butoxit
(0,962 g, 8,58 mmol). Khudy hdn hop thu dugc nay & nhiét d 35 °C trong thoi gian 1 h.
Cho kali tert-butoxit (0,962 g, 8,58 mmol) vao va tiép tuc khuéy. Sau 30 phut nita, cho
mot phin méi kali tert-butoxit (0,103 g, 0,92 mmol) vao va tiép tuc khudy. Sau tdng cong
4 h, thu duqc su chuyén hoa hoan toan. Cho nudce (6 ml) va nuéc mudi (3 ml) vao. Cac
pha nay dugc tach va 16p hitu co dugc 1am kho v c6 dic. Tinh ché san phdm tho trén cot
silicagel (gradient giai hép 0-50% EtOAc trong n-heptan) dé tao ra hop chét néu & dé
muc nay (1,480 g, 77 %). San phdm nay chtra 29 % (1s,4s)-6'-(xyclobutylmetoxy)-4-
metoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on va dugc sir dung nhu vay trong bude tiép
theo: 'H NMR (500 MHz, DMSO-d6) & ppm 1,11 (m, chit ddng phan luong nho), 1,26
(m, 2H), 1,40 (d, 1H), 1,57 (m, 2H), 1,75-1,95 (m, 5H), 2,0-2,1 (m, 3H), 2,71 (m, 1H),
2,95 (s, 3H), 2,95 (s, chat ddng phan lugng nhd), 3,19 (m, 1H), 3,24 (s, chit ddng phan
luong nhé), 3,26 (s, 3H), 3,45 (m, chét ddng phan lugng nhd), 3,99 (d, 2H), 7,07 (d, 1H),
7,26 (m, 1H), 7,45 (m, 1H); MS (ES+) m/z 315,1 [M+H]".

Hop chét trung gian 47

6-(3,3,3-triflopropoxy)-2,3-dihydro-1H-inden-1-on

F { o
™00
Cho triphenylphosphin (7,97 g, 30,4 mmol) va 3,3,3-triflopropan-1-ol (1,963 ml,
22,27 mmol) vao dung dich chira 6-hydroxy-2,3-dihydro-1H-inden-1-on (3,0 g, 20,3
mmol) trong THF (140 ml). Cho tung giot diisopropyl azodicarboxylat (5,98 ml, 30,4
mmol) vao va hdn hgp ndy dugc dé khudy & nhiét d6 trong phong qua dém. Vi van con
nguyén liéu con lai, cho ting giot 3,3,3-triflo-1-propanol (0,892 ml, 10,1 mmol) vao va

khudy tiép tuc. Sau 30 phut gia nhiét hdn hop nay dén 40 °C va sau 1 h ¢b dic hdn hop
nay. Tinh ché san phim thé bing cach séc ky nhanh (0-12% EtOAc trong heptan dugc
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dung lam dung méi rira giai) dé tao ra 1,08 g (hiéu suat 22%) ctia hop chét néu & d& muyc
nay (chtra mot sb diisopropyl azodicarboxylat): 'H NMR (500 MHz, CDCl3) 6 2,65 (qt, 2
H), 2,71 - 2,77 (m, 2 H), 3,05 - 3,13 (m, 2 H), 4,23 (t, 2 H), 7,17 - 7.23 (m, 2 H), 7,40 (d,
1 H); MS (ES+) m/z 245 [M+HT". |

Hop chét trung gian 48
3-bromo-5-(but-1-ynyl)-pyridin

N
I AN
Z

= Br

but-1-yne (g) dugc suc nhe trong thoi gian 5 phut qua axetonitril khan da dugc
lam lanh trong bé nuéc da. Dung dich thu dugc chira khonagr 170 mg but-1-yne per ml.
Dung dich cda but-1-yn (4,57 ml, 14,36 mmol) va diisoprdpylamin (3,72 ml, 26,11
mmol) duge cho lién tiép vao hén hop gém 3,5-dibromopyridin (3,09 g,b 13,06 mmol),
bis(triphenylphosphin)paladi(Il) clorua (0,458 g, 0,65 mmol) va Cul (0,249 g, 1,31
mmol) trong axetonitril (15 ml) duéi khi quyén argon. Khudy hdn hop thu dwgc nay &
nhiét d6 trong phong qua dém, pha lodng bing EtOAc va dwoc chuyén qua nit ngin
silica. Lam b>ay hoi céc dung méi va tinh ché phin con lai bing cch sic ky nhanh trén
silica (gradieht giai hip 0-20% EtOAc trong heptan) dé tao ra 2,40 g hop chét néu & dé
muc ndy (hiéu suit 87%): '"H NMR (500 MHz, DMSO—d6) o ppm 1,17 (t, 4 H), 2,47 (q, 3
H), 8,11 (t, 1 H), 8,57 (d, 1 H), 8,65 (d, 1 H); MS (ES+) m/z 210 [M+H]".

Hop chét trung gian 49

Axit 5-(but-1-ynyl)pyridin-3-ylboronic

|
OH

N
AN
HO_ =
A

Cho tung giot n-BuLi (2,5 M trong hexan, 5,46 ml, 13,7 mmol) vao dung dich
chtta 3-bromo-5-(but-1-ynyl)pyridin (Hop chét trung gian 48, 2,39 g, 11,4 mmol) va
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triisopropyl borat (3,15 ml, 13,65 mmol) trong 2-Me THF (20 ml) & nhiét do -50 °C.
Khudy hén hop nay trong thoi gian 1,5 h trong khi d6 nhiét do duge gitr & trong khoang
tir -50 dén -40 °C. Hon hop nay dugc nhéc ra khéi bé 1am lanh va cho 2 M HCI trong
nuée (12 ml, 24 mmol) vio tiép d6 1a khudy trong thdi gian 20 phit. Pha loang hdn hop
nay vai EtOAc. Cho NaOH trong nuéc (2 M) vao cho dén khi do pH dat khoang 12 & pha
nuéc. Cac pha ndy dugc tach riéng. Pha hiru co nay dugc chiét bing NaOH loang trong
nudc va béng nudce. Pha nuédce két‘ hop duoc rira bang EtOAc, axit hoa dén do pH vao
khoang 5 bing cach thém HCI d4m dic va chiét bing DCM. Pha hitu co nay dugc lam
kho trén Na,SO, va co dic dé tao ra 1,522 g (hiéu suét 76%) hop chét néu & d& muc nay:
'H NMR (500 MHz, CDCls) & ppm 1,11 - 1,37 (m, 3 H), 2,26 - 2,58 (m, 2 H), 7,46 -
10,34 (m, 3 H); MS (ES+) m/z 176 [M+H]". |

Hop chét trung gian 50

3-bromo-5-metylbenzonitril

Br CN

Gia nhiét hon hop gém 1,3-dibromo-5-metylbenzen (1,0 g, 4,0 mmol), d@)ng
xyanua (0,179 g, 2,00 mmol), pyridin (0,323 ml, 4,00 mmol), va DMF (15 ml) dén nhiét
dd 190 °C trong thoi gian 10 h trong binh phan tmg vi séng. Hon hop phan tmg nay duoc
1am nguoi xudng nhiét do trong phong, va sau do rét vao dung dich chira H,0O (20 ml) va
dung dich NH; trong nuéc (25-35% NHs, 10 ml) va pha nudc duoc chiét bang EtOAc.
Dich chiét hitu co hdn hop duoc lam khé (Mg,SO,), loc va ¢b trong chan khong. Tinh
ché phén con lai bang séc ky trén silicagel (giai hip gradient hexan/EtOAc) dé tao ra hop
chit néu & d& muc nay (0,58 g, hiéu sudt 74%): "H NMR (500 MHz, CDCl;) & ppm 2,39
(s,3H) 7,41 (s, 1 H) 7,58 (s, 1 H) 7,60 (s, 1 H); MS (EI) m/z 195 M".

Hop chit trung gian 51

1-(4-bromo-2-iodobenzyl)xyclopropancacbonitril
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Hop chit néu & d& muc nay (2,1 g, 55% hiéu suit) dugc diéu ché nhu mé ta cho
1-(4-bromo-2-iodobenzyl)xyclobutancacbonitril (Hop chit trung gian 37) bt dau tir
xyclopropancacbonitril (1,96 ml, 26,6 mmol) va 4-bromo-1-(bromometyl)-2-iodobenzen
(xem Caruso, A.; Tovar, J., D. J. Org. Chem. 2011, 76, 2227-2239) (4,0 g, 10,6 mmol):
'H NMR (400 MHz, CDCl;) & ppm 1,02 - 1,07 (m, 2 H), 1,33 - 1,37 (m, 2 H), 2,98 (s, 2
H), 7,35 (d, 1 H), 7,51 (dd, 1 H), 8,02 (d, 1 H); MS (CI) m/z 362 [M+H]".

Hop chét trung gian 52
6'-bromospiro[xyclopropan-1,2'-inden]-1'(3'H)-on

(0]
Br< : f

Nap vao binh thét ¢b di dugc lam khd  1-(4-bromo-2-
iodobenzyl)xyclopropancacbonitril (Hop chét trung gian 51, 3,29 g, 9,09 mmol) va cho
THF kho (30 ml) vao dudi khi argon. Hon hop thu duge ndy dugc 1am ngudi xubng nhiét
d6 -78 °C va cho ting giot n-BuLi (2,5 M trong hexan, 7,27 ml, 18,2 mmol) vao. Dung
dich nay duogc dé dén nhiét do trong phong, hén hop phan tng nay duge toi bang MeOH
(2 ml) va HC1 (1M, 5 ml). Hon hop nay dugc chiét bing EtOAc. Pha nuéc duoc kiém
ho4 bang bing NaHCO; bdo hoa va dugc chiét bang EtOAc hai 14n. Pha hiru co duge két
hop, 1am khé bang MgSO,, loc va cd trong chan khéng. HC1 (1 M, 4 ml) va cho DCM (5
ml) vao va thu gom pha hitu co. Budc nay dugc ldp lai hai 14n. Pha nudce duge kiém hoa
bing bang NaHCO; bao hoa va chiét bang DCM. Phé hitu co két hop duogc lam khé qua
thiét bi tach pha va duoc 1am bay hoi dén kho dé tao ra hop chit néu & @& muc nay (1,1 g,
hiéu suit 51%): MS (CI) m/z 237 [M+H]".

Hop chit trung gian 53

1-bromo-3-flo-5-(metoxymetyl)benzen
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Cho NaH (hé phan tan 60% trong diu khoang, 245 mg, 6,12 mmol) vao dung
~ dich chtra (3-bromo-5-flophenyl)metanol (1,195 g, 5,83 mmol) trong 2-Me THF (20 ml).
Sau khi tién trinh tao khi da ngimg, cho Mel (0,455 ml, 7,29 mmol) vao va khqu hén
‘hop thu dugce niy & nhiét do trong phong trong thoi gian 16 h. Mot phan nira NaH (50
mg, 2,1 mmol) va Mel (0,10 ml, 1,6 mmol) dugc cho vdo va gia nhiét hon hop nay dén
nhiét do 60 °C trong thoi gian 2 h. Hén hop dugc 1am lanh nay dugc pha lodng véi
EtOAc, rira bing nudc, lam kho bang MgSO, va cb trong chan khéng. Tinh ché phan con
lai bang cach sic ky nhanh trén silica (gradient 0-15% EtOAc trong heptan) dé tao ra
0,810 g (hiéu suat 63%) hop chit néu & d& muc nay: "H NMR (400 MHz, DMSO-d¢) &
ppm 3,30 (s, 3 H), 4,38 - 4,46 (m, 2 H), 7,18 (m, 1 H), 7,37 (s, 1 H), 7,44 - 7,50 (m, 1 H);
MS (EI) m/z 218 M". |

Hop chit trung gian 54

3-bromo-5-((2,2,2-trifloetoxy)metyl)pyridin
ROAE:
N
Cho 2,2,2-trifloetanol (0,434 g, 4,34 mmol) vao huyén phu cia NaH (0,198 g,
4,96 mmol) trong THF (10 ml). Khi viéc thoat khi da ngling lai, cho dung dich chira (5-
bromopyridin-3-yi)metyl metansulfonat (xem WO02007/076247; 1,10 g, 4,13 mmol)
trong DMF vao. Khudy hn hop thu dugc nay trong thoi gian 2 h & nhiét do trong phong
va sau d6 1am bay hoi dung méi d& bay hoi. Dung dich con lai dugc pha lodng véi nude
va chiét bing EtOAc (3x30 ml). Dich chiét gop lai nay dugc lam khod bang MgSO, va ¢d
~ dgc. Tinh ché phin con lai bing cach sic ky nhanh trén silica bang cach st dung gradient
giai hip bang EtOAc trong heptan dé tab ra 227 mg hop chit néu & d& muc nay (hiéu suét
20%). "H NMR (500 MHz, CDCl;) & ppm 3,92 (g, 2 H), 4,70 (s, 2 H), 7,87 (m, 1 H), 8,50
(m, 1 H), 8,66 (d, 1 H); MS (EI) m/z 269 M".
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Hop chét trung gian 55

3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-5-(triflometyl)benzonitril

Tron 3-bromo-5-(triﬂ6metyl)benzonitril (1,25 ml, 5,00 mmol), 4,4,4'4',5,5,5',5'-
octametyl-2,2'-bi(1,3,2-dioxaborolan) (2,54 g, 10,0 mmol), [1,1'-
bis(diphenylphosphino)feroxen]paladi(Il) clorua (288 mg, 0,35 mmol), va kali axetat
(’1,47 g, 15,0 mmol) trong dioxan (15 ml) trong binh thét ¢ day tron. Khi quyén duoc
thay cho argon, va gia nhiét hdn hop nay dén nhiét d6 110 °C trong thoi gian 1 h. Lam
ngudi hdn hop phan ung nay xudng nhiét d6 trong phong, loc qua diatomit, va ba loc ép
nay dugc rira bing EtOAc. Dung dich dich loc dugc rira bang nuée mudi, 1am kho bing
MgSO;, va cb trong chan khong. Tinh ché phan con lai bang cich sic ky nhanh béng
cach st dung heptan/EtOAc (70/30) duoc dung lam dung méi rira giai dé tao ra hop chét
néu & tiéu dé (495 mg, hiéu sudt 33%): '"H NMR (400 MHz, CDCI3) & ppm 1,37 (s, 12
H), 7,98 (m, 1 H), 8,26 (s, 2 H); MS (ES+) m/z 297 [M+H]".

Hop chit trung gian 56

3-(diflometyl)-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzonitril

Tron 4,4,4',4',5,5,5',5"-octametyl-2,2'-bi(1,3,2-dioxaborolan) (643 mg, 2,53
mmol), di-p-methoxobis(1,5-xyclooctadien)diiridi(I) (50,4 mg, 0,08 mmol), va 4,4'-di-
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tert-butyl-2,2'-dipyridyl (82 mg, 0,30 mmol). Khi quyén dugc thay cho argon. Cho hexan
(5 ml) vao, trong khi d6 khi argon dugc duy tri. Khudy hén hop nay trong thdi gian 5
phut & nhiét do trong phong, cho dung dich chira 3-(diflometyl)benzonitril (776 mg, 5,07
, mmdl) in hexan (5 ml) vao, va khudy bh5n hop nay & nhiét d6 trong phong trong thoi gian
16 h. Hon hop phéan tng nay dugc pha loing véi EtOAc, va rira bang nuéc mudi. Lép
hiru co duge 1am khd trén MgSOy, loc, cd trong chan khong, va tinh ché bing cach séc ky
nhanh bang cich sir dung heptan/EtOAc (85/15) ding l1am dung m()i» rira giai dé tao ra
192 mg (hiéu sut 13%) cta hop chit néu & dé muc nay: 'H NMR (400 MHz, CDCl;) &
ppm 1,37 (s, 12 H), 6,68 (s, 1 H) 7,86 - 7,91 (m, 1 H) 8,14 (s, 1 H) 8,18 - 8,22 (m, 1 H);
MS (ES+) m/z 279 [M+H]". )

Hop chét trung gian 57

3-clo-2-flo-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzonitril

cl

Cho huyén phu cua 5-bromo-3-clo-2-flobenzonitril (0,959 g, 4,09 mmol),
4,44'4'5,5,5 5 -octametyl-2,2'-bi(1,3,2-dioxaborolan) (2,08 g, 8,18 mmol), [1,1'-
bis(diphenylphosphino)feroxen]paladi(Il) clorua (0,234 g, 0,29 mmol), va kali axetat
(1,20 g, 12,3 mmol) trong dioxan (15 ml), vdo trong binh vi séng. Khir khi hdn hop phan
mg bing dong argon trong Véﬁ phut, va sau d6 hdn hop phan tng nay duoc gia nhiét dén
nhiét @6 110 °C trong thodi gian 1 h trong binh phan tng vi séng. Lam ngudi hén hop
phan g nay dén nhiét do trong phong, loc qua diatomit, va chiét bing EtOAc. Pha hitu
co ndy dugc rira bang nude mubi, lam kho bang MgSO, va ¢ trong chan khéng. Tinh
ché phan con lai bang céach sic ky nhanh b%mg cach st dung heptan/EtOAc (70/30) duoc
ding 1am dung méi rira giai dé tao ra hop chit néu & dé muc nay (1,22 g, hiéu suét theo

dinh lugng): GC MS (EI) m/z 282 M.
Hop chit trung gian 58
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3-bromo-5-etylbenzonitril

Br N
NN

Gia nhiét hdn hop gdm 1,3-dibromo-5-etylbenzen (2,7 g, 10,2 mmol), dong
xyanua (0,916 g, 10,2 mmol), pyridin (1,65 ml, 20,5 mmbl) trong DMF (15 ml) & nhiét
do 150 °C trong thoi gian 3 h. Sau khi 1am nguoi xudng nhiét do trong phong, hdn hop
nay dugc rét vao dung dich chitra H,O (30 ml) va amoniac (dung dich trong nuéc 25%,
20 ml) va chiét bing EtOAc. L6p hitu co két hop duge 1am kho (MgSO,), loc va ¢b trong
chan khéng. Tinh ché san phdm nay bang cach st dung phuong phép sic ky nhanh trén
silicagel, gradient giai hip 0-60% EtOAc trong n-heptan. GCMS (CI) m/z 210 [M+1]".

Hop chét trung gian 59

3-bromo-5-(metoxymetyl)benzonitril

Br N
SN

| Cho MeOH (0,088 ml,_2,18 mmol) vao huyén phu chira NaH (45 mg, 1,13
mmol) trong DMF (2 ml). Khi thoat khi nging lai, cho dung dich chta 3-bromo-5-
(bromorhetyl)benzonitril (xem W02009/100169; 240 mg, 0,87 mmol) trong DMF (1 ml)
vao. Dép tét phan tmg nay bing bing cach bd Sung dung dich NH,CI trong nudc bio hoa.
Hon hop nay dugc phan bé gitta toluen (5 ml) va nude (3 ml). Lép toluen dugc thu gom,
rira bang nudc, 1am kho bing Na,SO,, va cd trong chin khong. San pham thé dugc lam
kho dué6i 4p suét giam va duoc st dung trong budc tiép theo: GCMS (CI) m/z 226
[M+H]".

Hop chét trung gian 60
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6'-bromo-4-hydroxy-4-metylspiro[xyclohexan-1,2'-inden]-1'(3'H)-on

: (0]
Br
. OH

Cho metylmagie clorua (3 M‘tfong THF, 3,41 ml, 10,2 mmol), & nhiét o -15 °C,
‘va dudi khi Ar, vao dung dich chira 6'-bromospiro[xyclohexan-1,2'-inden]-1',4(3'H)-dion
(Hop chét trung gian 5 Phuong phap A Budc 1, 3 g, 10,2 mmol) trong THF (4 ml). Hn
hop phan tng nay duoc dé dat dén nhiét do trong phong. Hon hop nay dugc lam ngudi
xubng —nhiét d 15 °C, cho metylmagie clorua (3 M trong THF, 3,41 ml, 10,2 mmol) vao
va khudy hén hop nay trong thoi gian 1 h'é nhiét do trong phong. Hon hop phéan tng nay
duoc toi béng dung dich NH,Cl trong nudc bdo hoa, va sau d6 duge chiét béng DCM.
Lép hitu co duge 1am khd trén Na,SO, va co trong chan khong. Cac san phdm ddng phéan
dugc tach riéng bang cach sir dung hé théng hé théng SFC Berger Multigram II duoc
trang bi cot Chiralpak AD-H (20%250 mm; 5um) va pha déng bao gdm 40% MeOH (v6i
0,1% DEA) va 60% CO, ¢ tbc 6 chay 50 ml/phut dé tao ra:

Chit dbng phéan I: (1r 4r)-6'-bromo-4-hydroxy-4-metylspiro[xyclohexan-1,2'-
1nden] 1'(3'H)-on, (114 mg, hiéu sudt 11%) v6i thoi gian luu 3,9 phut:

(0]
Br
CoOe

'H NMR (500 MHz, CDCl;) & ppm 1,17 (s, 3 H), 1,48 (m, 4 H), 1,60 (m, 4 H),
2,98 (s, 2 H), 4,39 (s, 1 H), 7,55 (d, 1 H), 7,75 (d, 1 H), 7,85 (dd, 1 H); MS (ES-) m/z 307
[M-HT, va

Chét dong phan 2: (1s,4s)-6'-bromo-4-hydroxy-4-metylspiro[xyclohexan-1,2'-
inden]-l'(3'H)-on_, (164 mg, hiéu suit 16%) véi thoi gian luu 9,4 phut:

0O

Br.
‘ OH
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'H NMR (500 MHz, CDCls) § ppm 1,10 (d, 2 H), 1,14 (s, 3 H), 1,43 (td, 2 H),
1,56 (d, 2 H), 1,95 (td, 2 H), 2,97 (s, 2 H), 4,11 (s, 1 H), 7,53 (d, 1 H), 7,76 (d, 1 H), 7,85
(dd, 1 H); MS (ES-) m/z 307 [M-HJ.

Hop chéit trung gian 61
(1r,4r)-6'-bromo-4-metoxy-4-metylspiro[xyclohexan-1,2'-inden]-1'(3'H)-on

0]

Br /
: ~_‘\\()

Hoa  tan  (lr4r)-6'-bromo-4-hydroxy-4-metylspiro[xyclohexan-1,2'-inden]-
1'(3'H)-on (Hop chit trung gian 60, Chat déng phan 1, 0,114 g, 0,37 mmol) va metyl
iodua (0,046 ml, 0,74 mmol) trong THF (5 ml). Cho timg giot kali tert-pentoxit (1,7 M
trong toluen, 0,282 ml, 0,48 mmol) vao, va khudy hdn hop nay trong thoi gian 30 phut. |
Cho Kkali tert-pentoxit (1,7 M trong toluen, 0,217 ml, 0,37 mmol) vao va khudy hén hop
nay trong thoi gian 15 phut. Cho hén hop gdm nuéde (10 ml) va EtOAc (10 ml) vao va
khudy hdn hop thu dugc nay trong thoi gian 10 phat. Pha hiru co nay duge thu .gom, lam
kho bang Na,SO, va ¢ trong chan khong dé tao ra hop chit néu 0 d& muc nay (119 mg,
hiéu suét 87%): "H NMR (500 MHz, CDCl;) 6 ppm 1,19 (s, 3 H), 1,48 (br. s., 4 H), 1,53
(m, 4 H), 1,66 (m, 2 H), 1,83 (m, 2 H), 2,86 (s, 2 H), 3,17 (s, 3 H), 7,23 (d, 1 H), 7,59 (m,
1 H), 7,77 (m, 1 H); MS (ES+) m/z 323 [M+H]".

Hop chit trung gian 62

6-(3-flopropoxy)-2,3-dihydro-1H-inden-1-on

F\/\/O\Cé

Cho 3-flopropan-1-ol (1,67 ml, 22,3 mmol), triphenylphosphin (7,97 g, 30,4
mmol) va diisopropyl azodicarboxylat (5,98 ml, 30,4 mmol) vao dung dich chta 6-
hydroxy-2,3—dihydr0-1H-inden-1-0n (3,0 g, 20 mmol) trong THF (140 ml). Khudy hdn
hop nay & nhiét d§ trong phong trong thoi gian hai ngay. Cho thém 3-flopropanol (0,5
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" ml) vao va gia nhiét hdn hop nay dén nhiét d6 45 °C. Sau 2 h ¢d dic hdn hop niy, va tinh
ché san phdm tho bang cach sic ky nhanh bang cach st dung 0-20% EtOAc trong heptan
~ duogc ding lam dung méi rira gidi, dé tao ra 3,42 g (hiéu suat 81%) hop chit néu & dé
muc nay: 'H NMR (500 MHz, CDCl;) 6 2,12 - 2,26 (m, 2 H), 2,68 - 2,76 (m, 2 H), 3,04 -
3,'12 (m, 2 H), 4,14 (t, 2 H), 4,61 \(t, 1 H), 4,70 (t, 1 H), 7,17 - 7,22 (m, 2 H), 7,38 (d, 1
H); MS (EI) m/z 208 M".

Hop chét trung gian 63

6'-(3-flopropoxy)spiro[xyclohexan-1,2'-inden]-1',4(3'H)-dion

F\/\/O(:Eéoz
(0]

Lam nguoi hén hop gdm 6-(3-flopropoxy)-2,3-dihydro-1H-inden-1-on (Hop chit
trung gian 62, 3,42 g, 16,4 mmol) va metyl acrylat (3,26 ml, 36,1 mmol) trong 2-Me THF -
(15 ml) xuéng 0 °C. Cho timg phén kali tert-butoxit (2,21 g, 19,71 mmol) vao. Sau khi
khudy trong thoi gian 1 h & nhiét d6 trong phong, cho nude (22,5 ml) va KOH (0,921 g,.
16,4 mmol) {/éo va gia nhiéf hdn hop nay & nhiét d6 hdi luu trong thoi gian 4,5 h. Lam
ngudi hdn hop niy xudng nhiét do trong phong va cho nude mubi vao. Cac 16p dugc tach
riéng va chiét 16p nuéce b%mg EtOAc. Lép hitu co hdn hop duoc 1am kho béng Na,SOq,,
loc va co trong chan khong dé tao ra 3,14 g (hiéu suit 66%) hop chét néu & dé& muyc nay,
hop chét nay dugc sir dung trong budc tiép theo ma khong cén tinh ché thém: '"H NMR
(400 MHz, CDCl3) 6 1,82 - 1,91 .(m, 2 H), 2,13 - 2,27 (m, 4 H), 2,41 - 2,52 (m, 2 H), 2,70
(dt, 2 H), 3,16 (s, 2 H), 4,11 - 4,17 (m, 2 H), 4,60 (t, 1 H), 4,72 (t, 1 H), 7,21 - 7,27 (m, 2
H), 7,39 (dd, 1 H); MS (ES+) m/z 291 [M+H]".

Hop chét trung gian 64

6'-(3 -ﬂopropoxy)-4-hydroxyspiro [xyclohexan-1,2'-inden]-1'(3'H)-on

Fao ™0
OH
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Hoa tan 6'-(3-flopropoxy)spiro[xyclohexan-1,2-inden]-1',4(3'H)-dion (Hop chit
trung gian 63, 3,14 g, 10,8 mmol) trong tetrahydrofuran (50 ml) vd MeOH (4,38 ml, 108
mmol). Cho phtic hop boran-trimetylamin (1,74 g, 23,8 mmol) vao va khudy hdn hop thu
duoc nay qua dém. Cho tit ca mo'nohydrat axit xitric (31,8 g, 151 mmol) vio lam mét lan
va tiép d6 1a bd sung timg giot nuée (3,90 ml, 216 mmol). Khudy hdn hop nay tfong thoi
gian 3 h tru6e khi pha lodng bing nudc va chiét biang EtOAc (x 2). Pha hitu co két hop
dugc 1am khé trén MgSO, va cb trong chan khong. Tinh ché san phdm nay bing cach sir
dung phuong phap sic ky nhanh trén silicagel bang cach sir dung gradient cia MeOH (0-
10%) trong DCM & tao ra 1,94 (hiéu suit 61%) hop chit néu & d& muc nay, hop chit
nay dugc str dung trong bude tiép theo ma khong can tinh ché thém: MS (ES+) m/z 307
[M+H]".

Hop chét trung gian 65

6'-(3-flopropoxy)-4-metoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on

0]
Fe~_O
O\

Hoa tan 6'-(3-flopropoxy)-4-hydroxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on
(Hop chit trung gian 64, 1,94 g, 6,64 mmol) trong tetrahydrofuran (35 ml) dudi khi argon
va lam lanh xuéng nhiét d6 0 °C. Cho tirng phin kali tert-butoxit (2,23 g, 19,9 mmol) vao
va khudy hén hop nay & nhiét do 0 °C trong thoi gian 15 phut. Cho metyl iodua (0,83 ml,
13,3 mmol) vao. Bé 1am lanh dugc bé ra, va khudy hén hop nay & nhiét d6 trong phong
qua dém. Cho nudce (200 ml) vao va dung dich thu dugc dugc phan bd gitra nude bd sung
(200 ml) va EtOAc (400 ml). Pha hitu co dugc lam khd trén MgSO,4 va cd trong chan
khong. San pham nay duge phan tach bang cach sir dung phwong phép sic ky nhanh bing
cach sir dung gradient cia EtOAc (0-50%) trong heptan dé taora 0,611 g (ﬁiéu sut 30%)
ctia hop chéit néu & @& muc nay: MS (ES+) m/z 307 [M+H]".

Hop chét trung gian 66

6-isobutoxy-2,3-dihydro-1H-inden-1-on
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P [

o
Cho K,CO; (9,33 g, 67,5 mmol) va 1-bromo-2-metylpropan (5,50 ml, 50,6
mmol) vio hdn hop gdm 6-hydroxy-2,3-dihydro-1H-inden-1-on (5,0 g, 33,8 mmol) trong
DMF (170 ml). Khudy hdn hop miu da cam thu dugé & nhiét d(f) trong phong qua dém va
sau d6 gia nhiét dén nhiét d6 60 °C trong thoi gian 2 ngay. Hbn hop nay duoc 1am ngudi
xubng nhiét do trong phong, cho nudc vao va chiét hdn hop nay bang EtOAc (x 4). Lop
hitu co hdn hgp dugc 1am khd bang MgSO, va cb trong chan khong. Tinh ché bing séc
ky nhanh bing cach st dung 0-20% EtOAc trong heptan dugc ding lam dung mdi ria
giai tao ra 4,98 g (hiéu sudt 72%) hop chét néu & dé muc nay: 'H NMR (500 MHz,
CDCl;) 6 ppm 1,03 (d, 6 H), 2,10 (dt, 1 H), 2,69 - 2,75 (m, 2 H), 3,04 - 3,11 (m, 2 H),

3,75(d,2 H), 7,17 - 7,22 (m, 2 H), 7,37 (d, 1 H); MS (ES+) m/z 205 [M+H]".

Hop chit trung gian 67

6'-isobutoxyspiro[xyclohexan-1,2'-inden]-1',4(3'H)-dion

[o)
Ao
o
Hop chét néu & dé muc nay (3,02 g, 72% hiéu suit) dugc didu ché bang cach st
dung phuong phép dugc mo ta cho Hop chit trung gian 63 bat du tir 6-isobutoxy-2,3-
dihydro-1H-inden-1-on (Hop chét trung gian 66, 3,0 g, 14,7 mmol) va metyl acrylat (2,92
ml, 32,3 mmol): 'H NMR (400 MHz, CDCls) 6 ppm 1,04 (m, 8 H) 1,86 (m, 2 H) 2,11 (dt,

1 H) 2,21 (m, 2 H) 2,47 (m, 3 H) 2,70 (m, 2 H) 3,15 (s, 2 H) 3,76 (m, 3 H) 7,20 (m, 1 H)
7,25 (m, 1 H) 7,38 (d, 1 H); MS (ES+) m/z 287 [M+H]". '

Hop chét trung gian 68

(1r,4r)-4-hydroxy-6'-isobutoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on
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0
(0]
. R uuloH

Hop chét néu & d& muc ndy (1,20 g, hiéu sudt 40%, chira 5% chit dong phan kia)
dugc didu ché béng céch sir dung phuong phép dugc mo td cho 6'-(3-flopropoxy)-4-
hydroxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on (Hop chét trung gian 64) bit dau tir 6'-
isobutoxyspiro[xyclohexan-1,2"-inden]-1',4(3'H)-dion (Hop chit trung gian 67, 3,02 g,
10,6 rrimol)_vé boran-trimetylamin phirc hop (1,69 g, 23,2 mmol). San phdm dugc tinh
ché bang cach sic ky nhanh béng cach sir dung 0-100% EtOAc trong heptan dugc ding
lam dung moi rira giai: 'H N MR (400 MHz, CDCl3) 6 1,03 (d, J = 6,82 Hz, 7 H), 1,38 -
1,52 (m, 5 H), 1,76 - 1,87 (m, 2 H), 2,02 - 2,16 (m, 4 H), 2,97 (s, 2 H), 3,70 - 3,82 (m, 4
H); 7,17 (d,J=2,53 Hz, 1 H), 7,19 - 7,24 (m, 1 H), 7,34 (dd, J = 8,34, 0,51 Hz, 1 H); MS
(ES+) m/z 289 [M+H]".

Hop chét trung gian 69

(1r,4r)-6'-isobutoxy-4-metoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on

o .
! R Q)
& \ .

Hoa ' tan (lr,4r)-4-hydroxy-6'-isobutoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on
(Hop chit trung gian 68, 1,2 g, 4,16 mmol) trong 2-Me THF (12 ml) dudi khi quyén tro,
va lam ngudi dung dich nay xudng 0 °C. Cho metyl iodua (0,338 ml, 5,41 mmol) vao tiép
d6 1a bd sung timg phan kali tert-butoxit (0,654 g, 5,83 mmol). Khudy hdn hop thu dugc
ndy ¢ nhiét do 35 °C trong thoi gian 1 h. Cho kali tert-butoxit (0,233 g, 2,08 mmol) vao
va tiép tuc khudy. Sau 30 phit nita, cho mot phin méi kali tert-butoxit (0,070 g, 0,62
mmol) vao va tiép tuc khudy. Sau téng cong 4 h, thu dugc su chuyén héa hoan toan va
cho nuée (6 ml) va nude mudi (3 ml) vao. Cac pha nay duge tach riéng va 16p hitu co
dugc 1am khd trén Na,SO, va ¢ dic dé tao ra 1,23 g (hiéu sudt 98%) hop chit néu & dé
muc nay: '"H NMR (400 MHz, CDCl;) & ppm 1,03 (d, 6 H) 1,38 (m, 2 H) 1,50 (dt, 2 H)
1,78 (m, 2 H) 2,09 (m, 1 H) 2,15 (m, 2 H) 2,96 (s, 2 H) 3,27 (m, 1 H) 3,41 (s, 3 H) 3,75
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(d,2H)7,17(d, 1 H) 7,21 (m, 1 H) 7,34 (dd, 1 H). MS (ES+) m/z 303 [M+H]+.»
Hop chit trung gian 70

3-bromo-5- [(2H3)prop- 1-yn-1-yl]pyridin

Br
7
~ N
p. F
D
D

Cho tirng giot n-Buli (2,5 M trong hexan, 0,44 ml, 1,10 mmol), duéi khi Ar va &
nhiét dcf)‘ 0 °C, vao dung dich chta 3-bromo-5-etynylpyridin (xem W02005/094822, 200
mg, 1,10 mmol) trong THF (2 ml). Khudy hdn hop nay trong thdi gian 1 h. Cho
iodometan-d3 (0,56 ml, 1,32 mmol) vao & nhiét o 0 °C va khuéy hén hgp phan Gng nay
& nhiét do trong phong trong thdi gian 1 h. Phan ting nay dugc t6i bang dung dich amoni
clorua (trong nudc bdo hoa, 2 ml) va chiét bang DCM (15 ml). Lép hiru co dugc 1am khd
trén Na,SO,4 va cd trong chan khong. San phdm duoc tinh ché bang cach sic ky nhanh |
voi gradient giai hip 0-30% EtOAc trong n-heptan dé tao ra hop chit néu & dé muc nay
(77 mg, hiéu suét 35%): 'H NMR (500 MHz, CDCl3) 6 ppm 7,84 (t, 1 H), 8,53 (d, 1 H),
8,56 (d, 1 H); MS (ES+) m/z 199 [M+H]".

Hop chét trung gian 71

6"-bromodi$piro_[ 1,3-dioxolan-2,1'-xyclohexan-4',2"-inden]-1"(3"H)-on

Br- : fo : ooj

Gia nhiét etan-1,2-diol (0,968 ml, 17,4 mmol), 6'-bromospiro[xyclohexan-1,2'-
inden]-1',4(3'H)-dion (Hop chét trung gian 5 Phuong phip A Budc 1, 5,09 g, 17,4
mmol) va monohydrat cia axit p-toluensulfonic (0,165 g, 0,87 mmol) trong toluen (100
ml) dén hdi luu qua &ém. Hbn hop nay dugc 1am ngudi xubng nhiét d6 trong phong trude

khi dua vao phéu tach va rira bang NaHCOj; (trong nudc bdo hoa). Pha nude duge chibt
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bang EtOAc. Rira pha hitu co két hop bang nudc mudi. Chét rin tao ra dugc loc ra va cd
déc dich loc. Dich loc con lai dugc hoa tan trong EtOAc va rira bing nuéc. Tao ra thém
chét rn khi thu gom bing cach loc. Qua trinh nay dugc 13p lai thém ba 14n nita cho dén
khi khong tao thém chit rdn. Lam kho chit rin két hop qua dém trong chan khong dé tao
ra3,76 g hqp.chét néu & dé& muc nay. Co dic pha hitu co con lai dé taora 1,9 g hop chit
néu & d& muc ndy. K&t hop cua chit rdn nay tao ra hop chét néu ¢ dé muyc nay (5,66 g,
hiéu sudt 97%): "H NMR (500 MHz, CDCls) § ppm 1,50 (dt, 2 H) 1,66 - 1,74 (m, 2 H)
1,92 (dt, 2 H) 2,06 (td, 2 H) 3,01 (s, 2 H) 3,97 - 4,03 (m, 4 H) 7,34 (d, 1 H) 7,70 (dd, 1 H)
7,89 (d, 1 H); MS (ES+) m/z 337 [M+H]".

Hop chét trung gian 72
6'-bromo-4-[(*H;)metyloxy]spiro[xyclohexan-1,2-inden]-1'(3'H)-on
o]
Br
o _
— X0
D D

Hoa tan 6'-bromo-4-hydroxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on (Hop chét -
trung gian 5 Buéc 2, 3 g, 10,2 mmol) (ty 1& cia chit ddng phan (1r,4r) va (1s,4s) 1a 64:
36) trong 2-Me THF (30 ml) dudi khi quyén tro va lam ngudi dung dich nay xubng nhiét
d6 0 °C. Cho iodometan-d3 (0,633 ml, 10,1 mmol) vao tiép d6 1a bd sung timg phén kali
tert-butoxit (1,60 g, 14,2 mmol). Khudy hén hop thu duoc nay & nhiét do trong phong
trong thoi gian 1 h. Cho kali tert-butoxit (0,456 g, 4,07 mmol) vao va tiép tuc khudy. Sau
30 phut nira, cho kali tert-butoxit (0,342 g, 3,05 mmol) vao va tiép tuc khuéy. Sau téng
cong 4 h, cho nude va nude mudi vao. Cac pha nay duoc téch riéng va 16p hitu co dugce -
chiét bang EtOAc. L6p hitu co hdn hop duge 1am khé bing MgSO, va ¢b dic. Tinh ché
bang sic ky nhanh bang cach sir dung 0-15% EtOAc trong heptan dugc ding lam dung
mdi rira giai tao ra 1,66 g (hiéu sut 52%) hop chéit néu & d& muc nay dudi dang hén hop
ctia chit ddng phan (1r,4r) chi yéu va (1s,4s) voi luong nhod. Chét ddng phan chi yéu: 'H
NMR (500 MHz, CDCl3) 6 1,20 - 1,28 (m, 1 H), 1,32 - 1,43 (m, 1 H), 1,48 - 1,64 (m, 3
H), 1,77 (td,-l H), 2,00 - 2,11 (m, 1 H), 2,12 - 2,20 (m, 1 H), 2,98 (s, 2 H), 3,23 - 3,32 (m,
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1 H), 7,31 - 7,38 (m, 1 H), 7,66 - 7,73 (m, 1 H), 7,87 - 7,90 (m, 1 H); MS (ES+) m/z 312
[M+H]". |

Hop chit trung gian 73

3-bromo-5-(diflometyl)pyridin

Br.

| A
NG
| Hoa tan 5-bromonicotinaldehyt (5,0 g, 26,9 mmol) trong DCM (25 ml). Khi
quyén dugc thay thanh argon, va cho dietylaminosulfur triflorua (4,29 ml, 32,3 mmol)
vao. Khuy hdn hop phan tmg nay & nhiét 6 21 °C trong thdi gian 2 h. Tdi phan tng nay
bang 15 -ml NaHCO; bdo hoa. Cac pha nay duogc tach, va 16p hitu co duoc thu gom, rira
bang nudc mudi, 1am khd bang MgSOs,, loc, va ¢ trong chan khéng. Tinh ché phin con
lai bang cach sédc ky nhanh bang cach sir dung heptan/EtOAc 90/10 dugc ding l1am dung
moi rira giai dé tao ra hop chét néu & d& muc nay (3,66 g, hiéu suit 65% ): "H NMR (500
- MHz, DMSO-dg) & ppm 7,15 (t, 1 H) 8,32 (s, 1 H) 8,80 (s, 1 H) 8,91 (s, 1 H); MS (EI)
m/z 207 M.

Hop chit trung gian 74

- 3-(diflometyl)-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)pyridin

Huyén phﬁ cua 4,4,4'4',5,5,5',5"-octametyl-2,2'-bi(1,3,2-dioxaborolan) (8,95 g,
35,2 mmol) , 3-bromo-5-(diflometyl)pyridin (Hop chat trung gian 73, 3,67 g, 17,6
mmol), kali axetat (5,19 g, 52,9 mmol) trong dioxan (70 ml) dugc loai khi bang dong
argon trong vai phut. Cho PdCly(dppf) CH,Cl, (0,179 g, 0,22 mmol) vao va gia nhiét hdn
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hop ndy & nhiét d6 hdi luu dudi khi N trong thoi gian 4 h. Hdn hop nay duogc dé ngudi
va loc. B loc ép nay dugc rira bang EtOAc va ¢b dich loc trong chan khong. Tinh ché
phan con lai bang phuong phap sic ky nhanh trén silicagel, gradient giai hap bang EtOAc
trong n-heptan. Hop chit néu & d& muc nay (2,0 g) ma van chira mot sb tap chit duoc sir

dung nhu vy trong budc tiép theo: MS (EI) m/z 207 M*.
Hop chét trung gian 75

1-bromo-2-clo-3-(prop-1-ynyl)benzen

i Cl %

Cho 1,3-dibromo-2-clobenzen (780 mg, 2,89 mmol), trimetyl(prop-1-ynyl)silan
(0,645 ml, 4,33 mmol), d(“)ng iodua (28 mg, 0,14 mmol) , PdCl,(dppf) CH,Cl, (118 mg,
0,14 mmol), tetrabutylamoni florua (I M trong THF, 8,66 ml, 8,66 mmol),
diisopropylamin (1,23 ml, 8,66 mmol) va DMF khan (5 ml) vao binh vi s6ng. Binh nhd
duoc day lai va duge suc khi argon va hdn hop nay duoc chiéu tia & nhiét do 100 °C
trong thoi gian 1 h trong binh phan tng vi séng. Hon hop niy duogc pha lodng véi nude
va chiét bang DCM ba 1an, 1am kho bing thiét bi tach pha va c0 trong chan khong. Tinh
ché san phim nay bang cach sic ky nhanh (100% heptan dugc ding lam dung méi rira
giai) dé tao ra 146 mg (hiéu suit 22%) hop chét néu & & muc nay. 'H NMR (500 MHz,
DMSO-dg) 6 ppm 2,13 (s, 3 H) 7,24 (t, J=7,88 Hz, 1 H) 7,53 (dd, J=7,57, 1,26 Hz, 1 H)
7,74 (dd, J=8,04, 1,42 Hz, 1 H); MS (CI) m/z 231 [M+H]".

Hop chét trung gian 76

4-(triflometyl)xyclohexancarboxylat

0] F
F
g & :
Hoa tan axit 4-(triflometyl)xyclohexancarboxylic (5,00 g, 25,5 mmol) trong
toluen (100 ml), va cho axit sulfuric (0,014 ml, 0,25 mmol) vao. Hdn hop phan tmg nay
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dugc cho phan tng trong diéu' kién Dean-Stark trong thoi gian 16 h. Hon hop phén tng
nay dugc 1am ngudi xudng nhiét do trong phong, va pha lodng bang EtOAc. Dung dich
nay dugc rira bing NaHCO; trong nuée bao hoa. Lép hitu co duoc rira bing nude mudi,
va ¢b trong chan khong tao ra hop chét néu & d& muc nay (5,64 g, hiéu suit 99 %): 'H
NMR (500 MHz, DMSO-dg).6 ppm 0,96 (d, 1 H) 1,19 - 1,30 (m, 2 H) 1,38 - 1,50 (m, 3
~ H) 1,83 (d, 2 H) 2,18 (s, 3 H) 2,91 - 3,12 (m, 3 H) 3,20 (s, 3 H) 6,55 (br. s., 2 H) 6,89 (d,
1 H) 7,01 - 7,26 (m, 1 H) 7,43 (d, 1 H) 7,60 (dd, 1 H) 8,01 (d, 2 H) 8,22 (s, 1 H); MS
(ES+) m/z 449 [M+H]" va (ES-) m/z 447 [M-HJ".

Hop chét trung gian 77

Etyl 1-(4-bromo-2-iodobenzyl)-4-(triflometyl)xyclohexancarboxylat

0} F
F

Y F

Br

Hoa tén etyl 4-(triﬂometyl)xyclohexanéarboxylat (Hop chét trung gian 76, 1,492
g, 6,65 mmol) trong THF (25 ml). Khi quyén duoc thay thanh argon, va 1am ngudi dung
dich nay xubng nhiét d - 78 °C. Cho lithi diisopropylamit (1,8 M trong
THEF/heptan/etylbenzen) (4,07 ml, 7,32 mmol) vao, trong khi ¢6 nhiét 46 dugc gitt & mic
-78 °C. Khudy dung dich nay trong th(‘ﬁ gian 30 phtt ¢ nhiét do - 78 °C. Cho 4-bromo-1-
(bromometyl)—Z—iodobenzen (xem Caruso, A.; Tovar, J., D. J. Org. Chem. 2011, 76,
2227-2239., 2,50 g, 6,65 mmol) trong THF (25 ml) vao qua xy ranh. Hén hop nay duoc
dé dén nhiét d6 trong phong, ddng thoi khudy trong thoi gian 2 h. Cho nude (10 ml) vao
hdn hop phan tng nay, tiép d6 1a EtOAc (40 ml). Cac pha nay dugc tach. Lép hitu co
duge lam khé trén MgSO;, loc, va ¢b trong chan khong. Tinh ché phin con lai bang cach
sdc ky nhanh (dung méi rira giai: heptan/EtOAc 95/5) dé tao ra hop chit néu & d& muc
nay (2,41 g, hiéu suét 69%): 'H NMR (400 MHz, CDCl3) 6 ppm 1,22 - 1,27 (m, 3 H)
1,29-1,43 (m, 4 H) 1,82 - 1,90 (m, 2 H) 1,82 - 1,90 (m, 3 H) 1,97 (br. s., 2 H) 2,28 - 2,36
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(m, 3 H) 3,01 (s, 3 H) 4,18 (q, 3 H) 6,91 (m, 1 H) 7,38 (m, 1 H) 7,99 (m, 1 H); MS (ES+)
m/z 520 [M+H]".

Hop chét trung gian 78
6'-bromo-4-(triflometyl)spiro[xyclohexan-1,2'-inden]-1'(3'H)-on
. O .
Br F
OO
F
Hoa tan etyl 1-(4—bromo-2-iodobenzyl)-4-(triﬂomefyl)xyclohexancarboxylat
(Hop chét trung gian 77, 2,41 g, 4,64 mmol) trong THF (40 ml). Khi quyén dugc thay
thanh argon, va 1am ngudi dung dich nay xubng -78 °C. Cho timg giot isopropylmagie
clorua - lithi clorua (1,3 M trong THF) (2,86 ml, 3,71 mmol) vao. Khudy hén hop phan
ing ndy & nhiét do -78 °C trong thoi gian 15 phit. Hon hop phan tng nay dugce dé 4m 1én
dén nhiét d6 trong phong, trong khi d6 khudy trong thoi gian 30 phut. Hon hop phéan ng
nay dugc toi bang NH,CI bao hoa. Cho nudec mubdi vao, va cic pha na‘iy dugc tach riéng.
Lép hitu co duoc ria bzing nude mudi, 1lam khod béng MgSO,, loc, va cd trong chan
khong. Tinh ché phan con lai bing phuong phap sic ky diu ché cot (XBridge C18
(10pm, 50 x 250mm) véi gradient cia 50-100% MeCN) trong (95% 0,05M NH,OAc
trong nudc MilliQ va 5% MeCN) trong thoi gian 15 phut & téc do chay 100 ml/phit).
Tinh ché tao ra hop chét néu & d& muc nay (0,849 g, hiéu sut 52%): '"H NMR (400 MHz,

CDCl3) & ppm 1,51 - 1,61 (m, 3 H) 1,75 - 1,84 (m, 2 H) 1,97 (m, 2 H) 2,18 (m, 2 H) 2,90
(s, 2 H) 7,29 (dd, 1 H) 7,69 (dd, 1 H) 7,84 (d, 1 H); MS (ES+) 346 [M+H]".

Hop chét trung gian 79

2-flo-3-metoxy-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzonitril

%O‘
o-B O
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Suc binh thét ¢ chua 2-flo-3-metoxybenzonitril (302 mg, 2,00 mmol), 4,4'-di-
tert-butyl-2,2'-dipyridyl (8 mg, 0,03 mmol) va bis(pinacolato)diboroh (254 mg, 1,0
mmol) bang argon, va sau d6 duoc thay bang hexan (6 ml). Sau d6 khudy hdn hop nay &
nhiét d§ 25 °C qua dém. H3n hop phan tmg nay dugc pha lodng véi EtOAc va rira bing
nude mudi. Co dic pha hiru co va tinh ché san phim thé trén cot silica (0-50% EtOAc/n-
heptan) dé tao ra hop chit néu & d& muc nay (362 mg véi do tinh khiét 73% theo HPLC):
'"H NMR (500 MHz, DMSO-dg) & ppm 7,63 - 7,55 (m, 2 H), 3,93 (s, 3 H), 1,31 (s, 12 H);
MS (EI) m/z 277 M.

Hop chit trung gian 80
6'-bromo-4-etoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on

o
T
o
N

Hoa tan 6'-bromo-4-hydroxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on nhu 13 hdn
hop 2: 1 ciia chit ddng phan (Hop chét trung gian 5 Budc 2, 10,4 g, 34,1 mmol) va etyl
iodua (3,6 ml, 44,3 mmol) trong 2-MeTHF (100 ml) duéi khi N,. Cho timg phin KOt-Bu
(7,65 g, 68,2 mmol) vao hdn hop phan tng nay, giit nhiét d6 ndi tai thdp hon 30 °C.
Khudy dung dich nay & nhiét d6 trong phong qua dém. Cho nudc (40 ml) va nude mudi
(25 ml) vao va khudy thém hdn hop nay trong thoi gian 5 phut. Hén hop nay duoc pha
loang véi nudc mubi va 2-Me-THF cho dén khi tao ra hai 16p. Céc pha nay dugc tach.
Cho than hoat tinh vio 16p hitu co, sau d6 khudy 16p nay trong thoi gian 10 phat. Cho
diatomit vao va khudy thém hén hop nay trong thdi gian 5 phuat. Hon hop nay duge loc
qua nut silicagel va diatomit, va dugc rira bang heptan/EtOAc 7: 3. C6 dic dich loc.
Trinh tu loc dugc lap lai, dé tao ra 4,0 g (hiéu suét 36%) hop chét néu & d& muc nay (dudi
dang hdn hop 2: 1 clia chit dong phan): 'H NMR (300 MHz, CDCl;) ppm 1,22 (t, 3 H),
1,32 - 1,45 (m, 2 H), 1,45 — 1,52 (m, 2 H), 1,77 (dt, 2 H), 2,07 - 2,16 (m, 2 H), 2,98 (s, 2
H), 3,30 — 3,40 (m, 1 H), 3,57 (q, 2 H), 7,34 (d, 1 H), 7,69 (dd, 1 H), 7,87 (d, 1 H).

Hop chit trung gian 81
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6'-(3,3,3-triflopropoxy)spiro[xyclohexan-1,2'-inden]-1',4(3'H)-dion

O N
F (6]

Piéu ché hop chit néu & dé muc nay (854 mg, hiéu suit 58%) bang cach ap dung
phuong phép dwgc mo ta cho Hop chét trung gian 63 bit dau tir 6-(3,3,3-triflopropoxy)-
2,3-dihydro-1H-inden-1-on (Hop chit trung gian 47, 1,08 g, 4,42 mmol) va metyl acrylat
(878 uL, 9,73 mmol): '"H NMR (500 MHz, CDCl;) & ppm 1,82 - 1,92 (m, 2 H), 2,17 -

2,27 (m, 2 H), 2,42 - 2,53 (m, 2 H), 2,60 - 2,75 (m, 4 H), 3,14 - 3,20 (m, 2 H), 4,22 - 4,27
(m, 2 H), 7,19 - 7,22 (m, 1 H), 7,25 (dd,1 H), 7,41 (d, 1 H): MS (ES+) m/z 327 [M+H]".

Hop chét trung gian 82

(1r,41)-4-hydroxy-6'-(3,3,3-triflopropoxy)spiro[xyclohexan-1,2'-inden]-1'(3'H)-

on

Piéu ché hop chét néu & d& muc nay (357 mg, hiéu suit 51%, chira 16% chét
ddng phan kia) bang cach 4p dung phuong phép duge md ta cho Hop chét trung gian 64
bt dau tir 6'-(3,3,3-triflopropoxy)spiro[xyclohexan-1,2'-inden]-1',4(3'H)-dion (Hop chét
trung gian 81, 689 mg, 2,11 mmol) va boran-trimetylamin phic hgp (339 mg, 4,65
mmol). Tinh ché san phim nay bing cach sic ky nhanh bing cach sit dung 0-100%
EtOAc trong heptan dugc ding 1am dung méi rira giai: 'H NMR (500 MHz, CDCl;) &
ppm 1,40 - 1,52 (m, 4 H), 1,82 (td, 2 H), 2,03 - 2,13 (m, 2 H), 2,65 (qt, 2 H), 2,99 (s, 2
H), 3,73 - 3,82 (m, 1 H), 4,23 (t, 2 H), 7,16 - 7,20 (m, 1 H), 7,22 (dd, 1 H), 7,38 (d, 1 H);
MS (ES+) m/z 329 [M+H]".

Hop chét trung gian 83

((1r,4r)-4-metoxy-6'-(3,3,3-triflopropoxy)spiro[xyclohexan-1,2'-inden]-1'(3'H)-
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on

Hoa tan (l1r,4r)-4-hydroxy-6'-(3,3,3-triflopropoxy)spiro[xyclohexan-1,2'-inden]-
1'(3'H)-on (Hop chét trung gian 82, 357 mg, 1,09 mmol) trong 2-Me THF (7 ml) duéi khi
quyén tro, va 1a?1m ngudi dung dich nay xudng nhiét d6 0 °C. Cho metyl iodua (88 pL,
1,41 mmol) vao tiép d6 1a bd sung timg phan kali tert-butoxit (171 mg, 1,52 mmol).
Khqu hdn hop thu duogc ndy & nhiét do trong phong trong thoi gian 1 h. Mt sé ruou vAn
con lai vi thé cho thém kali tert-butoxit (61 mg, 0,54 mmol) vao va tiép tuc khudy. Sau 30
phut, cho nuée va nude mubi vao. Cac pha nay duoc tach riéng va 16p hitu co duoc lam
kho trén MgSO, va cb dic. Tinh ché bang sic ky nhanh bang cach sir dung 0-25% EtOAc
trong heptan duoc ding 1am dung mdi rira giai tao ra 201 mg (hiéu suit 54%) hop chit
néu & d& muc nay (chira 11% chit déng phan kia): '"H NMR (500 MHz, CDCl;) & 1,32 -
1,44 (m, 2 H), 1,51 (d, 2 H), 1,78 (td, 2 H), 2,12 - 2,21 (m, 2 H), 2,59 - 2,70 (m, 2 H),
2,97 (s, 2 H), 3,24 - 3,32 (m, 1 H), 3,41 (s, 3 H), 4,23 (t, 2 H), 7,16 - 7,23 (m, 2 H), 7,37
(d, 1 H); MS (ES+) m/z 343 [M+H]". '

Hop chét trung gian 84

3-(bromometyl)-2-flobenzonitril

Br

Cho NBS (1,729 g, 9,71 mmol) vao dung dich chira 2-flo-3-metylbenzonitril
(1,25 g, 9,25 nimol) trong axetonitril (25 ml). Hdn hop thu duoc duge cho hdi Iuu, va sau
d6 cho benzoic peroxyanhydrit (0,045 g, 0,18 mmol) vao. Hon hop phéﬁ ung nay dugc
hdi luu qua dém, sau d6 dugc lam lanh xubng nhiét do trong phong va cho nudc vao. Pha

nudc duge bd di va 1am kho pha hitu co nay trén MgSO, va ¢o d4c. Tinh ché san phim

-108-



19492

thd biang cach sic ky nhanh bang cch sir dung gradient cia EtOAc trong heptan dugc
dung 1am dung méi rira giai dé tao ra hop chét néu & dé muc nay (1,39 g, hiéu sudt 70%):
'H NMR (500 MHz, DMSd-d6) S ppm 4,75 (s, 2 H) 7,43 (t, 1 H) 7,93 (t, 2 H); MS (EI)
m/z213 M.

Hop chét trung gian 85

2-flo-3-(metoxymetyl)benzonitril

(0]

Hoa tan 3-(bromometyl)-2-flobenzonitril (Hop chét trung gian 84, 1,39 g, 6,49
mmol) trong MeOH (10 ml) va cho natri metoxit (1,238 ml, 6,49 mmol) vao. Khudy hén
hop nay & nhiét d6 trong phong trong thoi gian 2 h. Co dic hdn hop nay va sau d6 phan
chia giita nudc va EtOAc. Lép hitu co dugce tach ra va sau d6 c6 trong chan khong. Tinh
ché phén cin tao ra b;?mg cach sic ky nhanh bang cach st dung EtOAc/heptan dugc dung
lam dung moi rira giai dé tao ra hop chit néu & dé& muc nay (0,900 g, hi€u suét 84%): 'H
NMR (500 MHz, DMSO-dg) 6 ppm 3,32 (s, 3 H) 4,52 (br.s, 2 H) 7,42 (t, 1 H) 7,77 - 7,84
(m, 1 H) 7,86 - 7,92 (m, 1 H}; MS (EI) m/z 166 M.

Hop chét trung gian 86

2-flo-3-(metoxymetyl)-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzonitril

Cho 4,4,4'4',5,5,5',5"-octametyl-2,2'-bi(1,3,2-dioxaborolan) (1,15 g, 4,53 mmol),
di-p-methoxobis(1,5-xyclooctadien)diiridi(I) (45 mg, 0,07 mmol), va 4,4'-di-tert-butyl-
-109-



19492

2,2'-dipyridyl (72,9 mg, 0,27 mmol) vao binh phan tng thot c¢d. Khi quyén duoc thay
thanh argon. Cho hexan (10 ml) vao, trong khi d6 khi argon dugc duy tri. Khudy hén hop
ndy trong thoi gian 5 phut & nhiét d6 trong phong. Mau ctia hén hgp phan tmg nay dugc
chuyén thanh mau d6. Cho dung dich chira 2-flo-3-(metoxymetyl)benzonitril (Hop chét
trung gian 85, 748 mg, 4,53 mmol) trong hexan (10 ml) vao, va hdn hop nay duogc hdi luu
trong thoi gian 2 h. Hon hop phan Gmg nay dugc pha lodng v6i EtOAc va rira bang nudc
mudi. Lép hitu co dugc thu gom, lam kho béng MgSO,, loc va cd dac. Tinh ché phﬁn con
lai bang céch séc ky nhanh bang cach sfr dung hé dung mdi rira giai EtOAc/heptan dé tao
ra 254 mg (hiéu sudt 19%) hop chit néu & dé muc nay: MS (EI) m/z 291 M.

Hop chit trung gian 87

Metyl 4-(hydroxymetyl)xyclohexancarboxylat

0]
HO

Cho tung giot phirc hgp boran-metyl sulfua (19,0 ml, 38,0 mmol) vao dung dich
chira axit 4-(metoxycacbonyl)xyclohexancarboxylic (5,44 g, 29,2 mmol) trong THF kho
& nhiét do -78 °C trong thoi gian 20 phut. Khudy hén hop nay trong thoi gian 3 h va sau
d6 dé tir tir dat dén nhiét do trong phong, hdn hop phan tmg nay duoc t6i bang nuée (20 -
ml) va hdn hop nay dugc chiét bing EtOAc. Pha hitu co niy duoc rira mot 1an bang nuéc
mudi, 1am khé bang MgSO, va ¢ trong chan khong dé tao ra hop chét néu & dé muc nay
(4,80 g, hiéu suit 95%) dudi dang hdn hop cia hai chit ddng phan khong d6i quang: MS
(ED)m/z 172 M".

Hop chét trung gian 88

Metyl 4-formylxyclohexancarboxylat
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Cho NaHCO; (9,95 g, 118 mmol), tiép do lévDess-Martin Periodinan (12,1 g,
28,4 mmol) vao dung dich chira metyl 4-(hydroxymetyl)xyclohexancarboxylat (Hop chit
trung gian 87, 4,08 g, 23,7 mmol) trong DCM. Khqu hdn hop ndy & nhiét do trong
phong trong thdi gian 2,5 h. Cho Et,0 (60 ml) vao tiép d6 1a dung dich nuéc cua
NaHCO; (1 M, 60 ml) va dung dich trong nu6c 20% ciia natri thiosulfat (40 ml). Khudy
hdn hop thu dugc nay qua dém. Céc pha nay duoc tach ra va chiét pha nuéc bing Et,0.
Pha hitu co nay duge rira bang nude mudi va 1am kho bang MgSO,, 1Qc va cd trong chan

khong dé tao ra hop chat néu & d& muc nay (4,0g, hiéu suit 99%): MS (EI) m/z 170 M".
Hop chét trung gian 89

Metyl 4-(diflometyl)xyclohexancarboxylat

Hoa tan metyl 4-formylxyclohexancarboxylat (Hop chét trung gian 88, 4,0 g,
23,5 mmol) trong DCM kho (80 ml). Cho ting giot bis(2-metoxyetyl)amino-sulfur
triflorua (3,42 ml, 25,9 mmol) vao trong thoi gian 20 phut. Khudy hdn hop phéan tmg nay
trong thoi gian 1,5 h. Cho ting giot nuéc (40 ml) vao va khudy hdn hop phan tng nay
trong 2 phiit. Pha hitu co nay duoc tach ra khoi pha nu6e bang thiét bi tach pha va lam
bay hoi trong chin khong dé tao ra hop chéit néu & d& muc nay (4,28 g, hidu suit 95%):
MS (CI) m/z 193 [M+H]".

Hop chét trung gian 90

Metyl 1-(4-bromo-2-iodobenzyl)-4-(diflometyl)xyclohexancarboxylat
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Hoa tan metyl 4-(diflometyl)xyclohexancarboxylat (Hop }chét trung gian 89, 2,46
g, 12,8 mmol) trong THF (25 ml). Khi quyén duoc thay thanh N, (g), va 1am ngudi dung
dich nady xubng nhiét do - 78 °C. Cho lithi diisopropylamit (1,8M trong
THEF/heptan/etylbenzen) (8,51 ml, 15,3 mmol) vao, trong khi d6 nhiét d0 dugc gilt & mirc
-78 °C. Khudy dung dich nay trong thdi gian 60 phit & nhiét d - 78 °C. Cho thém dung
dich chira 4-bromo-1-(bromometyl)-2-iodobenzen (xem Caruso, A.; Tovar, J., D. J. Org.
Chem. 2011,‘76, 2227-2239., 4,8 g, 12,8 mmol) trong THF (5,0 ml) vao bﬁng xi ranh.
Hén hop phan Uung nay dugc léy ra khoi bé 1am lanh, va dugc dé dén nhiét do trong
phong, trong khi d6 khudy trong thdi gian 2,5 h. Cho nuéc (30 ml) vio, tiép d6 13 DCM
(30 ml). L6p hitu co duge thu gom va lam kho bang MgSO,, loc va duge 1am bay hoi
trong chan khong. Tinh ché phan con lai bang cach sic ky nhanh, (0-100% EtOAc trong
heptan, 220 g SiO,) d& tao ra hop chit néu & d& muc nay (3,29 g, hiéu suit 53%): 'H
NMR (500 MHz, CDCl;) 8 ppm 1,11 - 1,20 (m, 2 H), 1,39 (td, 2 H), 1,67 - 1,80 (m, 3 H),
2,30 (d, 2 H), 3,01 (s, 2 H), 3,70’ (s, 3H), 5,49 (d, 1 H), 6,89 (d, 1 H), 7,38 (dd, 1 H), 7,99
(d, 1 H), MS (CI) m/z 487 [M+H]".

Hop chét trung gian 91
6'-bromo-4-(diflometyl)spiro[xyclohexan-1,2'-inden]-1'(3'H)-on

0]

Br\: Z’f: F
s F

Hoa tan metyl 1-(4-bromo-2-iodobenzyl)-4-(diflometyl)xyclohexancarboxylat
(Hop chit trung gian 90, 2,3 g, 4,72 mmol) trong THF (30 ml). Khi quyén dugc thay
thanh N, (g), va 1am ngudi dung dich nay xudng nhiét do -20 °C. Cho tung giot
isopropylmagie clorua - lithi clorua (1,3M trong THF, 4,00 ml, 5,19 mmol) vao trong -
thoi gian mot h. Khudy hén hop phan tng nay & nhiét do -20 °C trong thdi gian 40 phut.
Hdn hop phan tng ndy dugc 1iy ra khéi bé 1am lanh, va duoc d 4m 1én dén nhiét do
trong phong, trong khi d6 khudy trong thoi gian 1,5 h. Khudy hdn hop phan l’Ihg nay &
nhiét o trong phong qua d€m va sau d6 dugc gia nhiét & nhiét 4§ 40 °C trong thoi gian 3

h. Hon hop phan ung nay dugc lam ngudi xubng nhiét d trong phong va duoc t6i bing
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NH,CI bdo hoa. Khudy hén hop thu dwoc niy qua dém. Lép hitu co duge thu gom va lam
kho béng MgSOy, loc, va c6 dic. Tinh ché phﬁn con lai béng cach séc ky nhanh (0-10%
'EtOAc trong heptan) tiép d6 1a phuong phap séc ky diéu ché dé tao ra hop chit néu & dé
muc nay (0,562 g, hiéu suét 24%): '"H NMR (500 MHz, DMSO-d¢) & ppm 1,46>- _1,65 (m,
4 H), 1,75 - 1,96 (m, 5 H), 2,93 (s, 2 H), 6,00 (dt, 1 H), 7,51 (d, 1 H), 7,73 (d, 1 H), 7,83
(dd, 1 H).

Vidul

6-(3,5-diclophenyl)-5'-metylspiro[ chroman-4,2'-imidazol]-4'-amin

Tron 6-br0m0-5'-metylspiro[chroman-4,2'—imidazol]-4’-amin (73 mg, 0,25 mmol,
Hop chit trung gian 4), axit 3,5-diclophenylboronic (95 mg, 0,50 mmol) va K,COs (83
mg, 0,60 mmol) trong dioxan (2 ml) va dugc loai khi bing cach chuyén khi nito qua
trong thoi gian 5 phut. Sau d6, cho (1,1'-bis(diphenylphosphino)feroxen)-diclopaladi(II)
(10 mg, 0,01 mmol) vao va gia nhiét hdn hop nay trong binh nhé dugc gin kin & nhiét do
100 °C qua dém. Cho (1,1'-bis(diphenylphosphino)feroxen)-diclopaladi(Il) (10 mg, 0,01
mmol) vio va gia nhiét tiép tuc trong 10 vi séng & nhiét 6 130 °C trong thoi gian 2 x 1 h.
Tinh ché bang HPLC diéu ché tao ra hop chit néu & d& muc nay (13 mg, hidu suét 14%):
'H NMR (400 MHz, CDCl;) & ppm 2,04 — 2,30 (m, 2 H), 2,38 (s, 3 H), 4,50 - 4,69 (m, 2
H), 4,88 (br s, 2 H), 6,69 (s, 1 H), 6,98 (d, 1 H), 7,22 — 7,35 (m, 4 H); MS (ES+) m/z 360
[M-+H]".

Vidu?2

6-(5-clopyridin-3-yl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin
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Trdn 6-bromo-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin (60 mg, 0,20 mmol,
Hop chét trung gian 4), axit 5-clopyridin-3-ylboronic (62 mg, 0,40 mmol) va 2M K,CO;
(aq, 0,20 ml, 0,41 mmol) trong dioxan (5 ml) va dugc loai khi b%lng cach chuyén khi nito
qua trong thoi gian 5 phut. Sau d6, cho (1,1'-bis(diphenylphosphino)feroxen)-
diclopaladi(IT) (8 mg, 10 umol) vao va gia nhiét hdn hop nay trong 16 vi séng & nhiét do
130 °C trong thoi gian 1 h. Tinh ché bing phuong phap sic ky didu ché HPLC tao ra hop
chit néu & d& muc nay (42 mg, hiéu suit 63%): "H NMR (400 MHz, CDCl;) & ppm 2,17
(m, 2 H), 2,37 (s, 3 H), 4,59 (m, 2 H), 5,04 (br s, 2 H), 6,73 (d, 1 H), 7,01 (d, 1 H), 7,34
(dd, 1 H), 7,70 (m, 1 H), 8,45 (m, 1 H), 8,55 (m, 1 H); MS (ES+) m/z 327 [M+H]".

Vidu3

6-(3,5-diflophenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin

F HNHZ
| 7\

N_ N

Trén 6-bromo-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin (Hop chat trung
gian 4, 0,10 g, 0,34 tnmol), axit 3,5-diflophenylboronic (0,11 g, 0,68 mmol) va 2M
K,COs (trong nudéce, 0,34 ml, 0,69 mmol) trong dioxan (3 ml) va dugc loai khi béng cééh
chuyén qua khi nito trong thdi gian 5 phat. Sau d6, cho (1,1-
bis(diphenylphosphino)feroxen)-diclopaladi(Il) (14 mg, 20 pmol) vao va gia nhiét h5n
hop nay trong 10 vi séng & nhiét d6 130 °C trong thoi gian 1 h. Tinh ché bing phuong
phap sic ky didu ché tao ra hop chit néu & & muc nay (17 mg, hiéu suét 15%): '"H NMR
(400 MHz, CDCls) 6 ppm 2,25 (m, 2 H), 2,41 (s, 3 H), 4,57 (m, 2 H), 6,66 — 6,86 (m, 2
H), 6,89 — 7,05 (m, 3 H), 7,38 (d, 1 H), 8,1 — 9,0 (br m, 2 H); MS (ES+) m/z 328 [M+H]".
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Vidu4-12

H,N H,N
R R
N N R2-B(OH), , N N
Brm Pd,(dba),/X-Phos R\Cfﬁ
| 0 Dioxane/H,O/EtOH 0

Na,CO,

Cho hdn hop gbém 6-bromo-5'-metylspiro[chroman-4,2"-imidazol]-4'-amin (Hop
chat trung gian 4, 0,20 mmol, 1,0 dwong luong) va axit boronic turong tng R2-B(OH),
(0,40 mmol, 2,0 dwong lugng) trong hdn hop gém 1,4-dioxan, EtOH va nudc (2 ml, v: v:
v = 4: 1: 1) vao Pdy(dba); (0,02 mmol, 0,1 duong lugng) va X-Phos (0,02 mmol, 0,1
duong lugng) tiép d6 1a Na,CO; (0,40 mmol, 2,0 duong luong) dudi khi quyén nito.
Khuiy hdn hop phan Gng nay & nhiét do 90 °C ‘qua dém. Tinh ché san phdm thd bang
TLC diéu ché dé tao ra hop chit twong tmg trong Bang 1.
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Béng 1
Vidy R’ Tén Hiéu | Hiéu | PhathiénLC
sudt sut | MS (ES+) ion
_ (mg) | (%) m/z [M+H]"
4 6-(3,5-dimetylphenyl)-5'- 20 32 320,1
metylspiro[chroman-4,2'-
imidazol]-4'-amin
5 6-(2,5-dimetoxyphenyl)- 25 36 352,1
5'-metylspiro[chroman-
4,2'-imidazol]-4'-amin
6 6-(2,3-diflophenyl)-5'- 17 26 ’ 328,1
FQ\ metylspiro[chroman-4,2'-
F imidazol]-4'-amin
7 6-(2,5-dimetylphenyl)-5'- 15 23 320,1
metylspiro[chroman-4,2'-
imidazol]-4'-amin
8 F 6-(5-flo-2-metoxyphenyl)- | 23 35 340,1
5'-metylspiro[ chroman-
- 4,2'-imidazol]-4'-amin
_0
9 6-(2-flo-3-metoxyphenyl)- | 24 35 - 340,1
~ o/©/\l 5'-metylspiro[ chroman-
F

4,2'-imidazol]-4'-amin
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10 6-(2-metoxy-5-
metylphenyl)-5'-
metylspiro[chroman-4,2'-

imidazol]-4'-amin

29

43

336,1

11 6-(2-ﬂo-5-mety1phenyl)-

5'-metylspiro[chroman-

4,2'-imidazol]-4'-amin

22

34

324,1

12 ~0 6-(2-flo-5-metoxyphenyl)-
5'-metylspiro[chroman-

4,2'-imidazol]-4'-amin

20

29

340,1

Vidu 13a

N-(4'-amino-5'-metylspiro[chroman-4,2'-imidazol]-6-y1)-5-clopicolinamit

cl . H
2 /
W\A/'Nk[(“ L
N N
o \ij
0

Cho N-(3-dimetylaminopropyl)-N'-etylcarbodiimit hydroclorua (58 mg, 0,30
mmol) vao huyén phu cua axit 5-clopyridin-2-carboxylic axit (37 mg, 0,23 mmol) trong
DCM (1,5 ml). Dung dich thu dwgc dugc khudy trong trong thoi gian 10 phut va dugc
cho timg giot trong thdi gian 2 phit vao dung dich duoc lam lanh bing da gdém 5'-
metylspiro[chroman-4,2'-imidazol]-4',6-diamin (Hop chét trung gian 30, 54 mg, 0,23
mmol) va 2 M HCI (0,117 ml, 0,23 mmol) trong DMF (1,5 ml). Khudy hdn hop nay &
nhiét d6 0 °C trong thdi gian 5 phut. Cac chat dé bay hoi duoc loai ra trong chan khéng,
va tinh ché phan con lai bang phuong phap séc ky diéu ché. Cac phan doan chtra san
pham dugc két hop lai, va loai dung méi hitu co ra trong chan khong. Phan con lai trong

nuée duge kiém hoa biang NaHCO; (bdo hod) va sau d6 chiét hai 1an bing EtOAc. Pha

NH,

hitu co két hop duoc lam khé (Na,SO,) va 1am bay hoi d& tao ra san phém, tinh ché san
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pham nay bing cach sic ky nhanh (4 g, gradient giai hép (EtOAc/MeOH/NH; dic) trbng
heptan) dé tao ra hop chit néu & d& muc nay (27 mg, hiéu sudt 31%). '"H NMR (400
MHz, DMSO-dg) & ppm 1,92 (br. s., 2 H), 2,23 (s, 3 H), 4,23 - 4,54 (m, 2 H), 6,56 (br. s.,
2 H), 6,80 (d, 1 H), 7,05 (br. s., 1 H), 7,54 - 7,72 (m, 1 H), 8,04 - 8,12 (m, 1 H), 8,13 -
8,23 (m, 1 H), 8,72 (br. s., 1 H), 10,41 (s, 1 H); HPLC, MS (APCI") m/z 370 [M+H]".

Vidu 13¢

N-(4'-amino-5"-metylspiro[chroman-4,2'-imidazol]-6-yl)-5-

FF HNHZ
F Z N 7\
: | H NN
YO
o]
o

Hop chit néu & & muc nay (44 mg, hiéu sudt 46%) duoc didu ché nhu mé ta & vi

(triflometyl)picolinamit

du 13a bit dau tr axit S-(triflometyl)picolinic (45 mg, 0,23 mmol) va 5'-
metylspiro[chroman-4,2'-imidazol]-4',6-diamin (Hop chit trung gian 30, 54 mg, 0,23
mmol): 'H NMR (400 MHz, DMSO-d¢) 6 ppm 1,85 - 1,98 (m, 2 H), 2,24 (s, 3 H), 4,30 -
4,50 (m, 2 H), 6,56 (s, 2 H), 6,81 (d, 1 H), 7,02 - 7,10 (m, 1 H), 7,62 - 7,71 (m, 1 H), 8,28
(d, 1 H), 8,46 (dd, 1 H), 9,01 - 9,10 (m, 1 H), 10,57 (s, 1 H); MS (APCI") m/z 404
- [M+H]".

Vidu 13d

N-(4'-amino-5'-metylspiro[chroman-4,2'-imidazol]-6-yl)-5-(but-2-

A
HNHZ
(@) X y
T L
= N
O
O

ynyloxy)picolinamit
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Hop chit néu & & muc nay (15 mg, hiéu sudt 16%) duoc diéu ché nhu mé ta & vi
du 13a bat diu tir axit 5-(but-2-ynyloxy)picolinic (Hop chit trung gian 19, 45 mg, 0,24
mmol) va 5'-metylspiro[chroman-4,2'-imidazol]-4',6-diamin (Hop chét trung gian 30,
54,7 mg, 0,24 mmol): 'H NMR (500 MHz, CDCIs) 6 ppm 1,87 (t, 3 H), 2,03 (m, 1 H),
2,30 (m, 1 H), 2,39 (m, 3 H), 4,50 (m, 1 H), 4,62 (m, 1 H), 4,76 (m, 2 H), 6,92 (d, 1 H),
6,98 (m, 1 H), 7,41 (dd, 1 H), 7,49 (m, 1 H), 8,18 (d, 1 H), 8,28 (d, 1 H), 9,61 (s, 1 H);
MS (ES+) m/z 404 [M+H]". |

Vidu 13e

N-(4'-amino-5'-metylspiro[chroman-4,2'-imidazol]-6-yl)-5-(but-2-

ynyloxy)pyrazin-2-cafboxamit

Hop chét néu & d& muc nay (28 mg, hiéu suit 24%) duoc didu ché nhu mé ta vi
du 13a bét ddu tir axit 5-(but-2-ynyloxy)pyrazin-2-carboxylic (Hop chit trung gian 36, 58
mg, 0,30 mmol) va 5'-metylspiro[chroman-4,2'-imidazol]-4',6-diamin (Hop chét trung v
gian 30, 63 mg, 0,27 mmol). Tinh ché san phim thd bing céach sic ky nhanh (4 g silica,
gradient giai hip of (EtOAc/MeOH/NH; dic (80/20/1) trong heptan) tiép d6 1a phwong
phap sic ky diéu ché. Cac phan doan tinh khiét dwoc két hop lai va dugc lam bay hoi.
Dau con lai dugc hod rin bing cich 1am bay hoi bang EtOAc va heptan: "H NMR (400
MHz, DMSO-d6) d ppm 1,85 (t, 3 H), 1,88 - 1,96 (m, 2 H), 2,23 (s, 3 H), 4,28 - 4,48 (m,
2 H), 5,07 (q, 2 H), 6,55 (s, 2 H), 6,79 (d, 1 H), 7,02 - 7,10 (m, 1 H), 7,55 - 7,64 (m, 1 H),
8,39 (d, 1 H), 8,84 (d, 1 H), 10,26 (s, 1 H); MS (APCI") m/z 405 [M+H]".

Vi du 13f

N-(4'-amino-5"-metylspiro[chroman-4,2'-imidazol]-6-yl)-5-metylthiophen-2-

carboxamit
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Hop chét néu & d& muc nay (45,5 mg, hiéu sut 57%) dugc diéu ché nhu mé ta “
cho vi du 13a bit ddu tir axit 5-metylthiophen-2-carboxylic (32,1 mg, 0,23 mmol) va 5'-
metylspiro[chroman-4,2'-imidazol]-4',6-diamin (Hop chit trung gian 30, 52 mg, 0,23
mmol): 'H NMR (500 MHz, DMSO-dg) 6 ppm 1,91 (m, 2 H), 2,23 (s, 3 H), 2,47 (s, 3 H),
4,39 (m, 2 H), 6,55 (s, 2 H), 6,73 (d, 1 H), 6,78 (d, 1 H), 6,86 (dd, 1 H), 7,50 (dd, 1 H),
7,73 (d, 1 H), 9,86 (s, 1 H); MS (ES+) m/z 355 [M+H]".

Viduy 13i
N-(4'-amino-5'-metylspiro[chroman-4,2'-imidazol]-6-yl)-3,5-diclopicolinamit

HNHZ
Cl
= /
ﬁtﬁ S
N N |
cl 0 \©fj
(@)

Hop chét néu & dé muc nady (59 mg, hi¢u suét 62%) duogc diéu ché nhu mo ta cho
vi du 13a bit ddu tir axit 3,5-diclopicolinic (45 mg, 0,23 mmol) va 5'-
métylspiro[chroman—4,2'-imidazol]-4',6-diamin (Hop chit trung gian 30, 54 mg, 0,23
mmol): 'H NMR (400 MHz, DMSO-dg) 6 ppm 1,82 - 2,01 (m, 2 H), 2,22 (s, 3 H), 4,29 -
4,49 (m, 2 H), 6,57 (s, 2 H), 6,75 - 6,85 (m, 2 H), 7,48 - 7,57 (m, 1 H), 8,41 (d, 1 H), 8,68
(d, 1 H), 10,39 (s, 1 H); MS (APCI") m/z 404 [M+H]".

Vidu 15

6'-bromo-4-(diflometoxy)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-4"-amin
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S\ NH,
/ A\

N_ N
(VA
F

Budce 1: N-((1r,4r)-5'-bromo-4-hydroxyspiro[xyclohexan-1,2'-inden]-3'(1'H)-

P
S\
N
Br
CO

Pun hdi lvu titan etoxit (0,733 ml, 3,56 mmol), 2-metyl-2-propansulfinamit
(0,411 g, 3,39 mmol) va (1r,4r)-6'-bromo-4-hydroxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-

yliden)-2-metylpropan-2-sulfinamit

on (Hop chét trung gian 5 Budc 2 Chat déng phan 1) (0,5 g, 1,69 mmol) trong 2-metyl-
tetrahydrofuran kho (7,5 ml) trong thdi gian 3 ngay. Cho 2-metyl-2-propansulfinamit
(0,411 g, 3,39 mmol), titan etoxit (0,733 ml, 3,56 mmol) va 2-metyl-tetrahydrofuran (3
ml) vao va hdn hop nay duge dun hdi luu trong bdn ngay nita. Hén hop duge 1am lanh
nay dugc cho vao vao hén hop gdm MeOH (12,5 ml), NaHCO; (trong nude bio hod) (5
ml) va EtOAc (50 ml). Huyén phii dic thu duoc dugce khudy trong thoi gian 90 phut va
sau d6 duoc loc qua hén hop gdm diatomit va Na,SO, va tiép theo ¢b trong chan khong.
Tinh ché bang sic ky nhanh bang cach st dung gradient cia CHCl;/MeOH (40: 1-30: 1-
20: 1) tao ra hop chét néu & d& muc nay (0,398 g, hiéu suit 59%): 'H NMR (500 MHz,
DMSO-ds) & ppm 1,21 - 1,78 (m, 15 H), 1,83 (m, 2 H), 2,96 - 3,01 (m, 2 H), 3,44 (m, 1
H), 4,63 - 4,72 (m, 1 H), 7,50 (d, 1 H), 7,73 - 7,82 (m, 1 H), 8,51 (br. s., 1 H); MS (ES+)
m/z 398 [M+H]".

Budce 2: (1r,4r)-6'-bromo-4-hydroxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-
inden-1',2"-imidazol]-4"(3"H)-thion
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st

Br N
nQH

Cho HCI (4 M trong 1,4-dioxan) (13,87 ml, 55,48 mmol) vao N-((1r4r)-5'-
bromo-4-hydroxyspiro[xyclohexan-1,2'-inden]-3'(1'H)-yliden)-2-metylpropan-2-
sulfinamit (Vi du 15 Budce 1) (2,21 g, 5,55 mmol) trong dioxan (10 ml) duéi khi N, (g).
Khudy hén hop nay & nhiét do trong phong trong thdi gian 2 h va sau d6 ¢6 dic. Cho
DCM va Et,0 vao dé tao ra chit rin. Chét rin nay duoc loc ra va rira bang Et,0. Chét rén
ndy dugc hoa tan trong DCM. NaHCOj; (bdo hoa trong nudc) duge cho vao va hdn hop
nay dugce rét vao thiét bi tach pha. Pha hitu co nay dugc thu gom va c6 dic. Phén con lai,
chia (1r,4r)-6'-bromo-1'-imino-1',3'-dihydrospiro[xyclohexan-1,2'-inden]-4-0l, va 2-
oxopropanthioamit (Hop chét trung gian 2, 1,55 g, 15,0'mmol) dugc hoa tan trong MeOH
kho (25 ml) va dugc gia nhiét & nhiét do 60 °C du6i khi N, (g) qua dém. Chét rén tao ra
va dugc loc ra. Co dic dich loc. Tinh ché bang sic ky nhanh bing cach sir dung gradient
ctia 0-100 % EtOAc trong n-heptan tao ra hop chét néu & d& muc nay (1,334 g, hi¢u suét
63 %): '"H NMR (400 MHz, DMSO-dg) & 1,05 - 1,32 (m, 4 H), 1,43 (m, 2 H), 1,70 m, 2
H), 2,26 (s, 3 H), 2,98 (d, 1 H), 3,06 (d, 1 H), 3,26 (m, 1 H), 4,58 (d,1 H), 6,97 (d,1 H),
7,35 (d,1 H), 7,51 (dd, 1 H), 12,34 (s, 1 H); MS (ES+) m/z 379 [M+H]".

Budc 3: (1r,4r)-6'-bromo-4-(diflometoxy)-5"-metyl-3'H-dispiro[xyclohexan-

HNHZ
7\

N

Br N
& >7F
F

(11,4r)-6'-bromo-4-hydroxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-4"(3"H)-thion (Vi du 15 Budc 2, 500 mg, 1,32 mmol) dugc lam déng bay hoi
bing MeCN khé hai 14n sau d6 chit nay dugc tao huyén phu trong MeCN kho (19 ml),

1,2'-inden-1',2"-imidazol]-4"-amin

- cho ddng iodua (25,1 mg, 0,13 mmol) vao va gia nhiét hdn hop thu dugc nay & nhiét do
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60 °C trong thdi gian 5 phut dudi khi argon. Chb 2-(flosulphonyl)difloaxetic axit (0,217
ml, 1,98 mmol) vao dong chét léng va gia nhiét hén hop phéan Ung nay & nhiét d6 60 °C.
Sau 1 h cho thém axit 2-(flosulphonyl)difloaxetic (0,217 ml, 1,98 mmdl) nira vao. Sau
khi gia nhi€t thém mot gio nita, cho nudc, Et,O va EtOAc vao. Cac pha nay dugc tach
riéng va chiét pha nuéc mot 1an biang EtOAc. Pha hitu co két hop duoc lam khd
(Na,S0O,), loc va cd dac. Cho amoniac (7 M trong MeOH) (18 ml, 126 mmol) vao phin
con lai, chwra (1r,4r)-6'-brom0-4-(diﬂometoxy)-5"-metyl-3'H-dispiro[xyclohexan—1,2'-
inden-1',2"-imidazol]-4"(3"H)-thion va hén hop nay dugc xtr Iy bing vi séng trong thoi
gian 40 phtit & nhiét @ 100 °C. Hon hop ndy dugc cd dic va dugc hoa tan lai trong
amoniac (7 M trong MeOH) (18 ml, 126 mmol) va dugc xir Iy bing vi séng nita trong
thoi gian 40 phut & nhiét do 100 °C. C6 ddc hdn hop nay. Tinh ché bang sic ky nhanh
bang céach sir dung gradient cia CHCl;/MeOH 30: 1-20: 1 tao ra hop chit néu & dé muc
nay (411 mg, hiéu suét 76%): 'H NMR (500 MHz, DMSO-d6) S ppm 0,95 - 1,06 (m, 1
H), 1,35 - 1,54 (m, 5 H), 1,79 (m, 2 H), 2,17 (s; 3 H), 2,93 (d, 1 H), 3,04 (d, 1 H), 3,87
(m, 1 H), 6,61 (s, 2 H), 6,65 (m, 2 H), 7,26 (d, 1 H), 7,35 (dd, 1 H); MS (ES+) m/z 412
[M+H]". |

Vidu 19

6'-bromo-4-metoxy-5"-metyl-3'"H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-

4"-amin
Phuong phap A

Bude 1: (N-(5'-bromo-4-metoxyspiro[xyclohexan-1,2'-inden]-3'(1'H)-yliden)-

2-metylprdpan-2-sulﬁnamit)

Hoa tan 6'-bromo-4-metoxyspiro[xyclohexan-1,2"-inden]-1'(3'H)-on (Hop chét
trung gian 5 Phuong phap A Budc 3, hdn hop cia chit dong phén, 1,14 g, 3,69 mmol), 2-
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metylpropan-2-sulfinamit (0,670 g, 5,53 mmol) va titan etoxit (1,519 ml, 7,37 mmol)
trohg 2-Me THF (8 ml) va gia nhiét dén hdi luu trong thdi gian 26 h. Hén hop phan tng
nay duogc dé lanh xubng dén nhiét do trong phong, cho EtOAc (80 ml) va NaHCO; (bdo
" hoa, 15 ml) vao trong diéu kién ¢6 khudy. Sau d6 d& yén khong khudy hdn hop nay trong
thoi gian 15 phut. Pha hitu co nay duoc thu gom bang cach loc, 1am kho ba;mg.MgSO4 va
6 dic. Phuong phap sic ky nhanh véi gradient 0 - 20% EtOAc trong n-heptan tao ra hop
chét néu & d& muc nay (1,00 g, hiéu suit 66%). 'H NMR (500 MHz, CD;CN, céc tin hi¢u
cho chit dong phan cha yéu) & ppm 0,85 - 0,91 (m, 1 H), 1,27 (s, 9 H), 1,25-1,86
(multiplets, 5 H), 2,01 - 2,10 (m, 2 H), 3,02 (br. s, 2 H), 3,18 - 3,26 (m, 1 H), 3,31 (s, 3
H), 7,37 (d, 1 H), 7,67 (dd, 1 H), 8,59 (br. s., 1 H), MS (ES+) m/z 413 [M+H]".

Buédc 2: 6'-bromo-4-metoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-imin

NH
Br
(0]
[Ifi : \

" Cho 4M HCl trong 1,4-dioxan (12,12 ml, 48,50 mmol) vao dung dich chira N-(5'-
bromo-4-metoxyspiro[xyclohexan-1,2'-inden]-3'(1 'H)-yliden)-2-metylperan-Z-
sulfinamit (Vi du 19 Buéc 1, hdn hop cta chét df“mg phan, 2 g, 4,85 mmol) trong 1,4-
dioxan khan (25 ml). Chét két tia mau tring duoc tao ra ngay va khudy hdn hop duc thu
duoc dudi khi nito & nhiét do trong phong trong thoi gian 90 phut. Cho Et,O (30 ml) vao
va chét rin nay dugc loc ra va rira bang Et,0. Chét rin nay dugc phan b gitra DCM (40
ml) va NaHCOj; (40 ml) trong nuéc bdo hoa. Céac pha nay dugc tach riéng va cb dic 16p
hitu co. Hop chét tho néu & tidu dé (1,41 g) duoc sir dung truc tiép trong budc tiép theo.
MS (EI) m/z 307 M.

Budc 3: 6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-4"(3"H)-thion

S
/

N
Br NH
0
\
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Hoa tan 6'-bromo-4-metoxyspiro[xyclohexan-1,2-inden]-1'(3'H)-imin (Vi du 19
Buéce 2, 1,41 g, 4,57 mmol) va 2-oxopropanthioamit (Hgp chét trung gian 2, 1,42 g, 13,7
‘mmol) trong MeOH kh6 (30 ml) va gia nhiét dung dich thu dugc & nhiét 36 60 °C dudi
khi quyén nito. Sau 15 h 1am ngudi hdn hop phan tmg nay xudng nhiét d6 trong phong
chét, két taa da tao ra dugc loc ra va lam kho trong chan khong, tao ra hop chét néu & dé
muc nay (1,16 g, hiéu sudt 64%) dudi dang hdn hop cia cac chit dong phan. 'H NMR
(500 MHz, DMSO-dg) & ppm 1,18 (m, 4 H), 1,47 (m, 2 H), 1,87 (m, 2 H), 2,27 (m, 3 H),
3,03 (m, 3 H), 3,20 (s, 3 H), 6,98 (d, 1 H), 7,34 (d, 1 H), 7,51 (dd, 1 H); MS (APCI+) m/z
394 [M+H]".

Budc 4: 6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

' NH,
IR

Br N N
0]
[r C \
Hép thu 6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2"-inden-1',2"-
imidazol]-4"(3"H)-thion (Vi’ du 19 Buéc 3, 0,936 g, 2,38 mmol) trong amoniac (7M trong

imidazol]-4"-amin

-MeOH, 10 ml, 70,00 mmol) va suc h5n hop thu dugc nay béng argon va sau d6 gia nhiét
trong binh phan tmg vi séng & nhiét d 120 °C trong thoi gian 1 h. Lam bay hoi dung
moi. Cho amoniac (7M trong MeOH, 6 ml, 42 mmol) vao va hdn hop phan tng nay dugc
suc bang argon va duge gia nhiét tiép bang cach sir dung 16 vi séng trong thoi gian 60
phut & nhiét d¢ 120 °C. Lam bay hoi dung mdi va cho amoniac (7M trong MeOH, 10 ml,
70 mmol) vao. Suc hdn hgp phan ung niy bing argon va sau d6 gia nhiét bang cach sir
dung MW trong thdi gian 2 h & nhiét ¢6 120 °C. Lam bay hoi dung mdi va cho amoniac
(7M trong MeOH, 15 ml, 105 mmol) vio va gia nhiét tiép hon hop phan mg nay trong
thoi gian 2 h & nhiét d0 120 °C. Lam bay hoi dung méi va cho amoniac (7M trong
MeOH, 15 ml, 105 mmol) vao va gia nhiét tiép hdn hop phan tng nay trong thoi gian 2 h
& nhiét do 120 °C. Lam bay hoi dung méi va cho amoniac ‘(7M trong MeOH, 20 ml, 140

mmol) duge cho vao. Gia nhiét tiép hdn hop phan tmg nay bang cach st dung MW trong
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thoi gian 1 h & nhiét 6 120 °C. Lam bay hoi dung mdi va cho phén cin tao ra dugc hip
thy trong DCM (60 ml) va nuéc mudi (x2) va rét vao thiét bi tach pha. Pha hitu co dugc
lam kho balmg MgSO,, loc va l1am bay hoi dé tao ra hop chit néu & d& muc nay (0,736 g,
hiéu sudt 82%) dudi dang hdn hop cia cac chit ddng phan: 'H NMR (500 MHz, CDCl;)
o ppm 1,09 (td, 1 H), 1,27 - 1,49 (m, 3 H), 1,62 - 1,74 (m, 2 H), 1,93 - 2,01 (m, 2 H), 2,37
(s, 3 H), 3,04 - 3,18 (m, 3 H), 3,34 (s, 3 H), 6,90 (d, lH) 7,20 (d, 1 H), 7,38 (dd, 1 H);
MS (MM-ES+APCI)+ m/z 376 [M+H]".

Tach cac chit ddng phdn cia  6'-bromo-4-metoxy-5"-metyl-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

Tinh ché 6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-4"-amin (Vi du 19 Buéc 4, 80 mg, 0,21 mmol) bang cach sir dung phuwong
phap sic ky didu ché (hé thong Waters FractionLynx duoc trang bi cot XBridge® Prep
C8 10pm OBD™ 19 x 250mm column and a guard column; vo hdp XTerra® Prep MS
C8 10um 19 x 10mm. Ding gradient tuyén tinh 35-70% MeOH trong 0,2% NHj trong
nuée MilliQ & tde d6 chay 20mL/phut) dé tao ra:

hdn hop ddng phén 1

(1s,4s)-6'-bromo-4-metoxy-5"-metyl-3"H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-4"-amin (chét d4u tién dugc giai hip, chit dong phén luong nho, 2,0 mg, hi¢u
suit 2,5%):

»/_\(NH2

N_ N

Br
\‘: O
S \

'H NMR (500 MHz, CD5CN) & ppm 1,15 - 1,25 (m, 2 H), 1,36 (td, 1 H), 1,45 -
1,59 (m, 2 H), 1,63 - 1,74 (m, 3 H), 2,19 (s, 3 H), 2,98 - 3,06 (dd, 2 H), 3,20 (s, 3 H), 3,32
(t, 1 H), 5,19 - 5,39 (m, 2 H), 6,75 (d, 1 H), 7,20 (d, 1 H), 7,34 (dd, 1 H); MS (ES+) m/z
378 [M+H]".
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va
- hén hop ddng phan 2
(1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-4"-amin (chét thir hai dugc giai hip, chit ddng phén chu yéu, hiéu suét khong
dugc xac dinh):

}/___\<NH2

N_ N

Br
\\: nullo
S \

'H NMR (500 MHz, CDCl3) & ppm 1,09 (td, 3,47 Hz, 1 H), 1,27 - 1,49 (m, 3 H),

1,62 - 1,74 (m, 2 H), 1,93 - 2,01 (m, 2 H), 2,37 (s, 3 H), 3,04 - 3,18 (m, 3 H), 3,34 (s, 3

H), 6,90 (d, 1 H), 7,20 (d1 H), 7,38 (dd, 1,73 Hz, 1 H), MS (MM-ES+APCI)+ m/z 378

[M+H]". .

Tach céc chit ddng phan cua (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro-
‘[xyclohexan-1,2"-inden-1',2"-imidazol]-4"-amin '

Céc chét ddng phan ctia hén hop ddng phén 2 dugc tich bang cach sir dung SEC

Berger Multigram II, v6i LuxC4; 4,6¥250 mm; cdt Sum, va pha dong bao gém 15%

MeOH (chira 0,1% DEA) va 85% CO, & tbe dd chay 50 ml/phut dé tao ra:

Chét ddng phan 1: (Ir,1'R,4R)-6'-bromo-4-metoxy-5"-metyl-3'H-
dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (9 mg, hiéu suit 11%) v&i thoi

gian luu 6,1 pht:

5/__\<NH2

Ny N

Br.
e}
S \

'H NMR (500 MHz, CD;CN) & ppm 1,05 (dd, 1 H), 1,23 (dt, 2 H), 1,39 (d, 1 H),
1,49 (ddd, 2 H), 1,81 - 1,89 (m, 2 H), 2,17 (s, 3 H), 2,94 - 3,10 (m, 3 H), 3,23 (s, 3 H),
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5,32 (br. 5., 2 H), 6,75 (d, 1 H), 7,19 (4, 1 H), 7,33 (dd, 1 H), MS (MM-ES+APCI)+ m/z
378 [M+H]"; va

Chit  dong phan 2: (1r,1'S,4S)-6'-bromo-4-metoxy-5"-metyl-3'H-
dispiro[xyclohexan—l,2'—inden—1',2"-imidazol]-4"—amin (15 mg, hiéu sudt 19%) voi thoi

gian Iuu 9,5 phat:

}7_\<NH2

N, N

Br .
s. 1 O

'H NMR (500 MHz, CD;CN) & ppm 1,00 - 1,09 (m, 1 H), 1,17 - 1,31 (m, 2 H),
1,39 (td, 1 H), 1,50 (ddd, 2 H), 1,86 (dt, 2 H), 2,18 (s, 3 H), 2,94 - 3,10 (m, 3 H), 3,24 (s,
3 H), 5,32 (br. s., 2 H), 6,76 (d, 1 H), 7,20 (d, 1 H), 7,34 (dd, 1 H), MS (MM-ES+APCI)+
m/z 378 [M+H]".

Téach cac chit ddng phén cua (1s,4s)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro-

[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

Tinh ché 1,7 g hén hop chtra (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-
dispiro[xyclohexan-1,2"-inden-1',2"-imidazol]-4"-amin (chit chu yéu) va (1s,4s)-6'"
bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin
(chét lugng it) bang phwong phap séc ky didu ché bépg cach sir dung diéu kién sau day:
Cot: XBridge C18; 50*300 mm; 10pm, Pha dong: 20-60% MeCN trong 0,1% trong nudc
NH; trong thoi gian 20 phut, Téc d6 chay: 120 ml/phut. Sau d6, chit ddng phéan luong
nhé thu dugc (trong duwong v6i hdn hop ddng phan 1 néu trén) véi thoi gian luu 15 phut,

“dugc tich riéng thanh céc chit dong phan cia né bang SFC didu ché bing cach st dung
h¢ sau day: Berger Multigram II SFC system, C¢t: Chiralcel OD-H; 20*250 mm; 5um,
Pha dong: 10% MeOH (chtra 0,1% DEA) / 90% CO,, Téc 36 chay: 50 ml/pht tao ra:

Chét dong phén 3 véi ciu hinh tuyét d6i khong dugc xédc dinh (77 mg, hiéu suét |
5%) vai thoi gian luu 6,5 phut: 'H NMR (400 MHz, DMSO-dg) & ppm 1,05 - 1,17 (m, 2
- H), 1,24 (td, 1 H), 1,36 - 1,54 (m, 2 H), 1,57 - 1,74 (m, 3 H), 2,16 (s, 3 H), 2,85 - 3,07 (m,
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2 H), 3,12 (s, 3 H), 3,29 (br. s., 1 H), 6,58 (s, 2 H), 6,63 (d, 1 H), 7,24 (d, 1 H), 7,33 (dd,
1 H); MS (APCI") m/z 376 [M+H]", va

Chét ddng phén 4 véi cdu hinh tuyét dbi khong duoc xac dinh (64 mg, hiéu suit
4%) vé6i thoi gian luu 12 phit: "H NMR (400 MHz, DMSO-dg) & ppm 1,05 - 1,17 (m, 2
H), 1,24 (td, 1 H), 1,36 - 1,55 (m, 2 H), 1,57 - 1,74 (m, 3 H), 2,16 (s, 3 H), 2,85 - 3,06 (m,
2 H), 3,12 (s, 3 H), 3,29 (br. s., 1 H), 6,58 (s, 2 H), 6,63 (d, 1 H), 7,24 (d, 1 H), 7,33 (dd,
1 H); MS (APCI") m/z 376 [M+H]". | |

Phuong phap B

Budéc 1: N-((1r,4r)-5'-bromo-4-metoxyspiro[xyclohexan-1,2'-inden]-3'(1'H)-
yliden)-2-metylpropan-2-sulfinamit )

Br
3 ¢‘ -ullo
8 \

Gia = nhiét (1r,4r)—6'—bromo-4-metoxyspiro[Xyclohexaﬁ—1,2'-inden]-1'(3'H)-0n
(Hop chit trung gian 5 Phwong phap B Budc 3, 31 g, 100 mmol), 2-metylpropan-2-
sulfinamit (15,8 g, 130 mmol), 2-metyl-tetrahydrofuran (200 ml) va titan etoxit (41,3 ml,
200 mmol) dén nhiét o 100 °C @& tao ra chit ding phi & nhiét d6 74 °C. Chung cét ding
phi dugc tiép tuc trong thoi gian 8 h va sau d6 hdn hop nay dwoc dun hdi luu qua dém.
Chung cét déng phi duoc tiép tuc trong 8 h nira va sau d6 hdn hop nay duoc hdi lwu qua
dém. Lam ngudi hdn hop nay xudng nhiét do trong phong. Cho 2-Me THF nita vao dé tao
ra dich dic ban diu cia hdn hop nay. Diéu ché dung dich chtra axit sulfuric (11,14 ml,
200,5 mmol) va Na,SO, (35,6 g, 250 mmol) trong nude (150 ml). Sau dé, cho thém hén
hop phan Ung nay trong thoi gian 20 phﬁt dén con 4/5 thé tich cua dung dich axit. Céc
pha nay dugc tach, va rira pha hitu co bing dung dich axit con lai, tiép d6 1a amoni axetat
(15,46 g, 200,5 mmol) trong nudc (75 ml) va nude (75 ml). Pha hitu co nay duge co dic
va lam khd trong chén khong qua dém dé tao ra hop chéit néu & dé muc nay (40,8 g, hiéu

suit 99%): MS (ES+) m/z 412 [M+H]".
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Buéc 2: (1r,4r)-6'-bromo-4-metoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-imin

hydroclorua

NH CIH

Br /(
T2

Cho ting giot HCI (2 M in Et,0, 99 ml, 197 mmol) trong thoi gian 5 phut vao N-
((1r,4r)-5'-bromo-4-metoxyspiro[xyclohexan-1,2'-inden]-3'(1'H)-yliden)-2-metylpropan-
2-sulfinamit (Vi du 19 Buéce 1, 40,8 g, 98,9 mmol) da dugc hoa tan trong Et,O (30 ml) va
DCM (30 ml). Khudy hdn hop nay trong thdi gian 60 phut trude khi loc. Ba loc ép nay -
dugc rira bang Et,0 va lam kho trong chin khong dé tao ra hop chit néu & dé muc nay
(31,3 g, hiéu suit 92%): "H NMR (500 MHz, DMSO-dg) 8 ppm 1,28 (m, 2 H) 1,70 (d, 2
H) 2,04 (m, 4 H) 3,17 (s, 2 H) 3,23 (m, 1 H) 3,28 (s, 3 H) 7,61 (d, 1 H) 8,04 (dd, 1 H)
8,81 (s, 1 H); MS (EI) m/z 307 M".

Buéc 3: (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-
inden-1',2'-imidazol]-4"(3"H)-thion

S
/

N .
Br. NH
canQ

Chia tach (1r4r)-6'-bromo-4-metoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-imin
hydroclorua (Vi du 19 Budc 2, 95 g, 200 mmol) (chita 30% (1s,4s)- 6'-bromo-4-
metoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-imin hydroclorua) gitta DCM (600 ml) va
NaOH 2 M trong nude (400 ml). Pha hitu co nay dugc ¢6 dédc va cho 2-propanol (200 ml)
vao va ¢d dic hén hop nay. (1r,4r)-6'-bromo-4-metoxyspiro[xyclohexan-1,2"-inden]-
1'(3'H)-imin thu dugrc, trimetyl orthoformat (66 ml, 602 mmol) va 2-propanol (300 ml)
dugc gia nhiét dén nhiét d6 80 °C. Cho 2-oxopropanthioamit (51,5 g, 500 mmol) trong 2-
propanol (250 ml) vao trong thoi gian 40 phut dong thoi gitr nhiét d6 cao hon 65 °C.
Khudy hdn hop phan tmg nay & nhiét d6 75 °C trong thoi gian 2 h. C6 dic hdn hop nay

con khoang 1/2 thé tich va dugce dé & nhiét do 0 °C qua dém. Chét rén tao ra dugc loc ra,
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va 1am kho trong budng chan khong & nhiét d6 40 °C trong thoi gian 3 h dé tao ra hop
chit néu ¢ d& muc nay (61,24 g, hi¢u sult 78%, chia 14% (1s,4s)-6'-brom0—4-metoxy-5"-
metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2'-imidazol]}-4"(3"H)-thion): MS (EI) m/z 392
M.

Buéc 4: (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[kyclohexan-1,2'-inden—

NH,
S

N

Br . N
R i Q
SAVAR

~ Cho (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[ xyclohexan-1,2'-inden-
1',2"-imidazol]-4"(3"H)-thion (Vi du 19 Buéc 3, 22,7 g, 57,7 mmol) va amoniac (7 M

1',2"-imidazol]-4"-amin

trong MeOH, 180 ml, 1,26 mol) vao binh phan tng 4p suat va gia nhiét dén 74 °C qua
dém. Phén con lai dugce dé dén nhiét d6 trong phong va cd dic hdn hop nay. Phan con lai
dugc phéan b gitta 2 M axit xitric (400 ml) va EtOAc (400 ml). Chét liéu khong tan bat
ky dugc loc ra va duge xac dinh 1a nguyén liéu khong phéan tng. Pha hitu co nay (org 1)
dugc co trong chan khong dé tao ra thém nguyén liéu khong phéan ing. Cho EtOAc (300
ml) vio pha nudc va sau d6 cho 50% NaOH vao cho dén khi 6 pH ~12, va khudy hén
hop nay trong thoi gian 10 phit. Gitt pha hitu co (org 2) thu duge. Phan con lai tir org 1,
va chit rin da dwoc loc tach nay dwgc két hop v6i nhau va duge tao huyén phu trong
amoniac (7 M trong MeOH, 180 ml, 1,26 mmol) va dugc dua vao binh phan tng ap sut
va dugc gia nhiét & nhiét do 100 °C qua dém. Dung dich thu dugc dugc cd trong chan
khong. Phan con lai duoc phan bd gitra 2 M axit xitric (300 ml) va EtOAc (300 ml).
EtOAc (300 ml) dugc cho vao pha nuéc va sau d6 cho 50% NaOH viao cho dén d6 pH
~12, va khudy hdn hop nay trong thoi gian 10 phit. Pha hitu co nay dugc két hop véi org
2 tir phan néu trén. Cho than hoat tinh vao pha hitu co nay va khudy hdn hop nay trong
thoi gian 30 phut trude khi né duge loc qua diatomit. Pha hiru co nay dugce c6 dic va lam
kho trong chan khong qua dém dé tao ra chit rin. Cho diisopropyl ete (125 ml) vao chét

ran nay va hdn hop nay dwoc hdi lvu qua dém. D& hdn hop nay dén nhiét do trong phong
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va chét ran nay duoc loc ra @ tao ra hop chét néu & d& muc nay (tvong dwong v&i hén
hop ddng phan 2 néu trén cia Vi du 19) (15 g, hiéu suit 69%): '"H NMR (500 MHz,
DMSO-dg) 6 ppm 0,93 (m, 1 H) 1,1-1,25 (m, 2 H) 1,35-1,45 (m, 3 H) 1,81 (br. d, 2 H)
2,16 (s, 3 H) 2,87-3,03 (m, 3 H) 3,18 (s, 3 H) 6,59 (br. s., 2 H), 664(d 1 H), 7,25 (d, 1
H), 7,34 (dd, 1 H); ES+) m/z 376 [M+H]".

Budce 5: (1r,1'R,4R)-6'-bromo-4-metoxy-5"metyl-3'H-dispiro[xyclohexan-

1',2"-inden-1',2"imidazol]-4"-amin

»/_\(NH2

Br. N N
\:. In-o
S \

Cho (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'"H-dispiro[xyclohexan-1,2'-inden-
- 1',2"-imidazol]-4"-amin (Vi du 19 Phuong phap B Budc 4, 61 g, 162 mmol), EtOH
-(99,5%, 600 ml) va nuéc (60 ml) vao binh thét cb d'ciy' tron dung tich 1 L @ tao ra hén
hop ddng nhit, h6n hop nay dugc gia nhiét &én nhiét d6 70 °C. Khudy hén hop nay trong
thoi gian 30 phit & nhiét dd ning cao sau d6 bd sung axit D(+)-10-camphorsulfonic (18,8
g, 81,0 mmol). Khudy hdn hop nay & nhiét d6 70 °C trong thoi gian 3 h va sau d6 dé dat
dén nhiét d6 20 °C trong thi gian 2 h tiép d6 1a khudy & nhiét d6 20 °C trong thdi gian
12 h. Hdn hop nay dugc loc dé tao ra chét rin, chét ndy dugc lam kho trong ndi chan
khong & nhiét d6 50 °C trong thdi gian 10 h d& tao ra hop chét néu & dé muc nay duéi
dang mudi D(+)-10-camphorsulfonic (37 g; hiéu sut 37%). Ty 1& chit ddng phan d6i anh
dugc x4c dinh bing phan tich trén hé thdéng SFC Berger Analytix dugc trang bi cot
Chiralpak AD-H (4,6*250 mm; 5um) va pha dong bao gdm 10% MeOH (chtra 0,1%
DEA) va 90% CO, & téc d6 chay 3 ml/phut. Pic dau tién véi thoi gian luu 3,68 phut (dién
tich - 2,5%) twong Gng véi (1r,1'S,4S5)-6'-bromo-4-metoxy-5"-metyl-3'H-
dispiro[xyclohexan-1,2'-inden-1'2"-imidazol]-4"-amin, twong duwong véi Chit déng phan
2. Pic thir hai véi thoi gian luu 4,58 phut (dién tich 97,5%) tuong Ung v6i hop chit néu &
dé muc nay (1r,1'R,4R)-6'-bromo-4-metoxy-5"metyl-3'H-dispiro[xyclohexan-1'.2"-inden-

1',2"imidazol]-4"-amin, twong duong v6i Chét ddng phén 1.
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Su giai phong ctia hop chit néu & d& muc nay ra khoi mudi dugc thuc hién bing
~cach khuéy mubi cla axit camphorsulfonic (0,32 g, 0,53 mmol) da dugc tao huyén phu
trong diclometan (4 ml) v6i dung dich nuée (4 ml) cia KOH (0,32g, 5,7 mmol) & nhiét
do trong phong trong thoi gian 30 phut. Pha hitu co nay dugc tach ra va co trong chin
khong dé tao ra hop chét néu & tiéu dé dugc dinh luong véi lué‘ng du ddng phan dbi anh

95% (dugc xac dinh nhu néu trén).
Phuong phép C
(1r,4r)-6'-bromo-4-metoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-imin hydfoclorua

NH  CH

Br {
\

Cho (lr,4r)-6'-bromo-4-metoxyspiro[xyclohexan-1,2"-inden]-1'(3'H)-on  (Hop
chit trung gian 5 Bu6c 3 Phuong phép C, 19,20 g & thir nghiém NMR 91%, 56,5 mmol)
phén mg véi 2-metylpropan-2-sulfinamit (8,90 g, 73,5 mmol) bang cach gia nhiét vé6i
titan (IV) etoxit (24 ml, 115 mmol) va 2-metyl-tetrahydrofuran (44 ml) & nhiét 40 khoang

-82 °C. Ba phan dung méi (khoang 26 ml cho mdi phén) dugc chung cit tach sau thoi
gian gia nhiét l4n luot 0,5 h, 7,5 h va 8 h, va cho thém 2-metyl-tetrahydrofuran (26 ml
cho mbi phﬁn, ba phén) vao sau khi thuc hién mbi chung cét.‘ Mot ph?m nfra cia dung moi

- (khodng 26 ml) dugc chung cét ra sau 17,5 h. Lam ngudi hdn hop phan tGng nay xubng

nhi€t dj trong phong, pha loang bang DCM (52,5 ml) va sau d6 duge cho tir tir vao dung
dich (92 ml, 113 g) dugc diéu ché tir Na,SO, (17,9% w/w), nudc (72,2% w/w) va axit
sulfuric (9,9% w/w) trong thoi gian khoang 4 phut. Str dung DCM (52,5 ml) @ rira binh
thét cd phan g niy va phéu nap va sau d6 dugc cho vao binh thét ¢b hoan thién. Sau
khi tich céc 16p, rira pha hiru co bang hdn hop gdbm nuéc (17,5 ml) va didu ché dugc
dung dich (18,5 ml, 23 g) tir Na,SOy4 (17,9% w/w), nude (72,2% w/w) va axit sulfuric

(9,9% wiw). Khuéy hdn hop he‘ly bing Na,SO, (8,75 g) trong thoi gian khoang 6 h.

Huyén phu dic nay duogc loc va rira ba loc ép nay bang DCM (17,5 ml). Dich loc két hop

dugc co dic bang cach cit tich dung méi nay (khoang 108 ml). Cho DCM (52,5 ml) nita

vao va cling mét thé tich ctia dung méi (52,5 ml) dugc chung cét ra. Dung dich kho nay
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dugc 1am ngudi xubng nhiét do khoang 20 °C va pha lodng bang DCM (17,5 ml) va
EtOH (8,7 ml). Sau d@6 cho thém tir tir HCI (2 M trong Et,0) (34 ml, 68 mmol), trong thoi
gian khoang 20 phiit. Huyén phi dic thu dwoc duge gitr & khoang 20 °C trong thoi gian
khoang 45 phut trude khi loc. Ba loc ép nay dugc rira bing dung dich (17,5 ml cho mdi
phan, ba phin) duoc didu ché tir thé tich bing nhau DCM va Et,0 va sau d6 lam kho
trong chan kh6ng dé tao ra hop chit néu & d& muyc nay chira khoang 4% chat ddng phin
kia (17,41 g & tht nghiém NMR 88% w/w, 44,4 mmol, hiéu suét 79%) (DCM con lai
dugce phat hién & 6,8% w/w va amoni clorua 2,9% w/w trong thtr nghiém NMR): 'H
NMR (500 MHz, DMSO-dg) 6 ppm 1,30 (m, 2 H), 1,70 (d, 2 H), 1,98 (m, 2 H), 2,10 (m,
2 H), 3,17 (s, 2 H), 3,23 (m, 1 H), 3,29 (s, 3 H), 7,61 (d, 1 H), 8,04 (dd, 1 H), 8,75 (d, 1
H), 12,90 (br s, 2 H). ’

Vidu20a

(1r,4r)-4-metoxy-5"-metyl-6'-(5-prop-1-yn-1-ylpyridin-3-y1)-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

Phuong phép A

Trdn 5-(prop-1-ynyl)pyridin-3-ylboronic axit (Hop chit trung gian 15, 0,044 g,
0,27 mmol), (Ir,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-4"-amin (Vi du 19 Phuong phap A Budc 4, 0,085 g, 0,23 mmol), [1,1'-
bis(diphenylphosphino)feroxen]paladi(Il) clorua (9,29 mg, 0,01 mmol), K,CO; (2M
trong nuéc, 1,355 ml, 0,68 mmol) va 2-metyl-tetrahydrofuran (0,5 ml) va gia nhiét dén
nhiét 6 100 °C biang cach sir dung MW trong thoi gian 2x30 phut. Cho 2-metyl-
tetrahydrofuran (5 ml) va H,0O (5 ml) vao va cac 16p dugc tach riéng. Lép hitu co duge
lam khd bang MgSO, va sau d6 c¢d dic. Chit thd duoc hoa tan trong DCM va rira bang
H,0. Pha hitu co nay dugc tach ra bang thiét bj tich pha va lam kho trong chén-khéng. ,
Tinh ché san phdm thé bing phuong phap sic ky diéu ché. Lam bay hoi dung moi va
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chiét pha H,O bing DCM. Pha hitu co nay dugc tach ra bing thiét bi tach pha va lam kho
dé tao ra hop chit néu & d& muc nay (0,033 g, hidu sudt 36%), '"H NMR (500 MHz,
CD;CN) & ppm 1,04 - 1,13 (m, 1 H), 1,23 - 1,35 (m, 2 H), 1,44 (td, 1 H), 1,50 - 1,58 (m,
2 H), 1,84 - 1,91 (m, 2 H), 2,07 (s, 3 H), 2,20 (s, 3 H), 3,00 (ddd, 1 H), 3,08 (d, 1 H), 3,16
(d, 1 H), 3,25 (s, 3 H), 5,25 (br. s., 2 H), 6,88 (d, 1 H), 7,39 (d, 1 H), 7,49 (dd, 1 H), 7,85
(t, 1 H), 8,48 (d, 1 H), 8,64 (d, 1 H), MS (MM-ES+APCI)+m/z 413 [M+H]".

Téch cac chét.dck)ng phén nay cua (1r,4r)-4-metoxy-5"-metyl-6'-(5-prop-1-yn-1-
ylpyridin-3-yl)-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin |

Tinh  ché  (Ir,4r)-4-metoxy-5"-metyl-6'-(5-prop-1-yn-1-ylpyridin-3-yl)-3'H-
dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 20a, 0,144 g, 0,35 mmol) |
bang cach st dung phuong phap sic ky didu ché (SFC Berger Multigram II, Cot:
Chiralcel OD-H; 20*250 mm; 5pm, pha ddng: 30% MeOH (chita 0,1% DEA); 70% CO,,
Flow: 50 ml/phut, tong s 1an phun: 4). C4c phin doan chtra san phim duoc két hop lai
va 1am bay hoi MeOH @8 tao ra:

Chét ddng phan 1: (1r,1'R,4R)-4-metoxy-5"-metyl-6'-(5-prop-1-yn-1-ylpyridin-3-
yl)-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (49 mg, hiéu suét 34%)

v6i thoi gian luu 2,5 phut:

'H NMR (500 MHz, CD5CN) & ppm 1,07 - 1,17 (m, 1 H), 1,23 - 1,39 (m, 2 H),
1,47 (td, 1 H), 1,57 (ddq, 2 H), 1,86 - 1,94 (m, 2 H), 2,09 (s, 3 H), 2,23 (s, 3 H), 2,98 -
3,07 (m, 1 H), 3,11 (d, 1 H), 3,20 (d, 1 H), 3,28 (s, 3 H), 5,30 (br. 5., 2 H), 6,91 (d, 1 H),
7,42 (d, 1 H), 7,52 (dd, 1 H), 7,88 (t, 1 H), 8,51 (d, 1 H), 8,67 (d, 1 H), MS (MM-
ES+APCI)+ m/z 413,2 [M+H]"; va |
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Chét ddng phan 2: (1r,1'S,4S)-4-metoxy-5"-metyl-6'-(5-prop-1-yn-1-ylpyridin-3-
yl)-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (50 mg, hiéu suit 35%)
véi thoi gian luu 6,6 phut:

'H NMR (500 MHz, CD;CN) 8 ppm 1,02 - 1,13 (m, 1 H), 1,20 - 1,35 (m, 2 H),
1,44 (d, 1 H), 1,54 (ddd, 2 H), 1,84 - 1,91 (m, 2 H), 2,06 (s, 3 H), 2,20 (s, 3 H), 3,00 (tt, 1
H), 3,08 (d, 1 H), 3,16 (d, 1 H), 3,25 (s, 3 H), 5,26 (br. s., 2 H), 6,88 (d, 1 H), 7,39 (d, 1
H), 7,49 (dd, 1 H), 7,84 (t, 1 H), 8,48 (d, 1 H), 8,63 (d, 1 H), MS (MM-ES+APCI)+ m/z
413,2 [M+H]".

Phuong phép B

Nap vao binh (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3"H-dispiro[xyclohexan-1,2'-
- inden-1',2"-imidazol]-4"-amin (Vi du 19 Phuong phap B Buéc 4, 7,5 g, 19,9 mmol), 5-
(prop-1-ynyl)pyridin-3-ylboronic axit (Hop chat trung gian 15, 3,37 g, 20,9 mmol), 2,0 M
trong nuéc K,CO;5 (29,9 ml, 59,8 mmol), va 2_-metyl-tetrahydrofuran (40 ml). Binh nay
duogc suc trong chén khong Vé khi quyén dugc thay bang argon. Cho natri tetraclopaladat
1) (0,147-g, 0,50 mmol) va 3-(di-tert-butyl phosphoni) propan sulfonat (0,267 g, 1,00
mmol) vao va céc chét nay dugc gia nhiét dén hoi luu trong thoi gian 16 h. Cac chét dugc
lam ngudi xudng nhiét d6 30 °C va tééh riéng cic pha. Pha nudc duoc chiét bang 2-
metyl-tetrahydrofuran (2 x 10 ml), sau d6 16p hiru co duoc két hop, rira bang nudc mudi
va xtr Iy bang than hoat tinh (2,0 g). Hon hop nay duoc loc qua diatomit, va sau dé rira
bang 2-metyl-tetrahydrofuran (20 ml). Cé dic dich loc dén thé tich khdéng 50 ml, sau d6
cho nuéce (300 pl) vao, va céc chét nay duoc khudy manh khi chit liéu midm dugc cho
vao dé thiic diy su két tinh. San phdm bét dau két tinh va khudy hén hop nay trong thoi
gian 2 h & nhiét d9 trong phong, sau d6 30 phit & nhiét do 0-5 °C trong bé nudc da tru'éré

khi dugc loc. Ba loc ép nay dugc rira b%lng 10 ml 2-metyl-tetrahydrofuran lanh va sau d6
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lam khd trong 10 chan khong & nhiét do 45 °C dé tao ra hop chét raxemic néu & tiéu dé

(5,2 g, 12,6 mmol, hiéu sudt 63%): MS (ES+) m/z 413 [M+H]".

(1r,1'R,4R)-4-metoxy-5"-metyl-6'-[ 5-(prop-1-yn-1-yl)pyridin-3-y1]-3'H-dispiro-

[xyclohexan-l,2'—inden—1',2"—imidazo_l]—.4"-amin (chét ddng phan 1)

N »/_\(NH2
: N

Phuong phap C

Khudy dung dich chira (1r,4r)-4-metoxy-5"-metyl-6'-(5-prop-1-yn-1-ylpyridin-3-
yl)-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 20a phuong phap
B, 4,85 g, 11,76 mmol) va EtOH (75 ml) & nhiét 49 55 °C. Cho dung dich chira (+)-di-p-
toluoyl-D-tartric axit (2,271 g, 5,88 mmol) trong EtOH (20 ml) vao va tiép tuc khudy.
Sau 2 phit. chat két tiia bit ddu tao ra. Khudy hdn hop nay trong thoi gian 2 h trude khi
tir tir dwgc 1am lanh xubng nhiét @6 30 °C va sau d6 khudy thém 16 h nira. Ngimg téc
dun»zgy nhiét va khudy hén hop nay & nhiét do trong phong trong thoi gian 30 phut. Loc
hdn hop nay va rira ba loc ép nay bang EtOH lanh (45 ml). Lam khé chit rén trong 10
chéan khong & nhi¢t do 45 °C trong thoi gian 5 H, sau d6 chét liéu nay duoc nap vao binh
va cho DCM (50 ml) va 2,0 M trong nuéc NaOH dung dich (20 ml) vao. Khudy hdn hop
nay & nhiét do 25 °C trong thoi gian 15 phut. Cac pha nay duqc tach riéng va chiéf 16p
nuée bang 10 ml DCM. Pha hitu co ndy dugc c¢b trong chin khong dé con lai va cho 20
ml EtOH vao. Khudy dung dich thu duoc & nhiét do trong phong khi nudce (15 ml) dugc
tir tir cho vao binh nay. Chat két tda tir tir bét dau tao ra, va khudy hdn hop thu duqé nay
trong thoi gian 10 phit true khi nuéc bd sung (20 ml) duqc cho vao. Khudy hdn hop
ndy & nhi€t d§ trong phong trong thoi gian 1 h va sau d6 loc. B3 loc ép nay dugc rira
bang nude (15 ml) va lam khé trong ndi chan khong & nhiét d6 45 °C trong thoi gian 16 h
dé tao ra hop chit néu & dé muyc nay (1,78 g, hiéu suit 36%): MS (ES+) m/z 413 [M+H]".

Chét lidu nay 1a twong duong véi Chat ddng phén 1 & Vi du 20a néu trén.
Phuong phap D
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Cho (Ir, 1'R,4R)-6'—br0mo-4-met0xy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-
inden-1',2'"-imidazol]-4"-amin nhu 13 mudi cia axit D(+)-10-camphor sulfonic (Vi du 19
Phuong phap B Budéc 5, 25,4 g, 41,7 mmol), 2 M KOH trong nuéc (100 ml) va 2-metyl-
tetrahydrofuran (150 ml) vao binh thét cb ddy tron dung tich 500 ml. Khuéy hén hop nay
trong thoi gian 30 phit & nhiét do trong phong sau d6 hdn hop nay dugc chuyén t6i phéu
tach va dugc dé ling. Céac pha nay dugc tach riéng va rira pha hitu co bang 2 M K,CO;
trong nudce (100 ml). Pha hitu co duge chuyén t6i binh thét ¢b day tron 500 ml sau d6 bd
sung axit 5-(prop-1-ynyl)pyridin-3-ylboronic (Hop chit trung gian 15, 6,72 g, 41,74
mmol), K,CO3 (2,0 M, 62,6 ml, 125,21 mmol). Khir khi hdn hop phan ting béng cach suc
Ar qua dung dich nay trong thoi gian 5 phut. Sau do, cho thém natri tetracldpaladat(II)
(0,307 g, 1,04 mmol) va 3-(di-tert—butylphosphoni)propan sulfonat (0,560 g, 2,09 mmol)
vao hdn hop nay tiép dé 1a gia nhiét hdn hop nay & didu kién hdi luu (80 °C) qua dém.
" Hdn hop phan tmg nay dugc dé ngudi xubng dén hhiét do trong phong va tach cac pha |
nay. Chiét pha nudc bing 2-Me-THF (2x100 ml). Céc 16p hitu co dugc két hop, rira bing
nuée mudi va xir Iy bang than hoat tinh. Hf)h hop nay dugc loc trén diatomit va rira ba
loc ép bang 2-Me-THF (2x20 ml), va ¢b dic dich loc dé tao ra 17,7 g ma duge két hop
vé6i 2,8 g tir cc 1an chay truée. Chét liéu nay dugc hoa tan trong 2-Me-THF trong diéu
kién 4m va dé 1én trén silica (~500 g). Giai hip bing 2-Me-THF/ Et;N (100: 0-97,5: 2,5)
cho sﬁn phdm. Lam bay hoi dung méi, sau d6 lam ddng bay hoi bz?mg EtOH (tuyét dbi,
250 ml) dé tao ra (9,1 g, hiéu sut 53%). Piéu ché mudi HC1 dé tinh ché thém san phém
nay. San phdm niy duogc hoa tan trong CH,Cl, (125 ml) & diéu kién hoi 4m, cho HCI
trong Et,O (~15 ml) trong Et,0 (100 ml) vao, sau d6 bd sung Et,0 (~300 ml) vao dé tao
ra chit két tua, chét nay duogc loc va rira béng Et,0 dé tao ra mubi HCI. Cho CH,Cl, va
2M NaOH trong nudc vao va tach riéng cac pha. Pha hitu co dugc cd dic va sau d6 dugce
lam ddng bay hoi bing MeOH. Chét rén tao ra dugc lam kho trong budng chan khong &
nhiét do 45 °C qua d€m dé tao ra hop chit néu & dé muc nay (7,4 g, hi¢u suét 43%): 'H
NMR (500 MHz, DMSO-dg) 6 ppm 0,97 (d, 1 H) 1,12 - 1,30 (m, 2 H) 1,37 - 1,51 (m, 3
H) 1,83 (d, 2 H) 2,09 (s, 3 H) 2,17 (s, 3 H) 2,89 - 3,12 (m, 3 H) 3,20 (s, 3 H) 6,54 (s, 2 H)
6,83 (s, 1 H) 7,40 (d, 1 H) 7,54 (d, 1 H) 7,90 (s, 1 H) 8,51 (d, 1 H) 8,67 (d, 1 H); HRMS-
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TOF (ES+) m/z 413,2338 [M+H]" (dugc tinh todn 413,2341); do tinh khiét dong phan
d6i anh >99,5%; cudng d6 NMR 97,8+0,6% (khong bao gdm nude). |

Vi du 20b

(1r,4r)-4-metoxy-5"-metyl-6'-[4-(prop-1-yn- 1-yl)pyridin—2-yl]-3 'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

Cho hip thu (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-
inden-1',2"-imidazol]-4"-amin (Vi du 19 Phuong phip B Buéc 4, 50 mg, 0,13 mmol), kali
axetat (26,1 mg, 0,27 mmol), bis(pinacolato)diboron (37,1 mg, 0,15 mmol) va san phém
cong PdCl,(dppf)-CH,Cl, (5,43 mg, 6,64 pumol) trong dioxan (1 ml) trong binh vi séng.
D4y miéng binh phén ung nay lai va gia nhiét & nhiét d¢ 110 °C trong thoi gian 20 phut
~ trong chit khoi mao Biotage. Sau khi lam ngudi, cho K,CO; (36,7 mg, 0,27 mmol),

Pd(Ph;P), (7,68 mg, 6,64 umol), va nudc (0,300 ml) vao tiép d6 1a 2-clo-4-(prop-1-
ynyl)pyridin (Hop chét trung gian 32, 22,16 mg, 0,15 mmol) trong dioxan (0,5 ml). Pay
miéng binh phan Gng nay lai va gia ﬁhiét ¢ nhiét dd 110 °C trong thoi gian 30 phit trong
Chat khoi mao Biotage. Sau khi 1am ngudi, hdn hop nay dugc loc va cd trong chan
“khong. Tinh ché san phim nay bang cach sic ky nhanh bing cach sit dung gradient cia
EtOAc trong heptan (0—100%), sau d6 EtOAc: MeOH (9: 1) dé tao ra hop chit néu & dé
muc nay (18 mg, hiéu suit 32%): '"H NMR (500 MHz, DMSO-d¢) & ppm 0,95 (m, 1 H),
1,12 - 1,31 (m, 2 H), 1,39 - 1,54 (m, 3 H), 1,77 - 1,87 (m, 2 H), 2,11 (s, 3 H), 2,19 (s, 3
H), 2,90 - 3,12 (m, 3 H), 3,20 (s, 3 H), 6,56 (m, 2 H), 7,25 (dd, 1 H), 7,31 (s, 1 H), 7,38
(d,k 1 H), 7,78 (m, 1 H), 7,88 (m, 1 H), 8,55 (d, 1 H); MS (MM-ES+APCI)+ m/z 413
[M+H]".

Vidu 20c
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5-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl]benzen-1,3-dicacbonitril

" Pidu ché hop chit néu & d& muc nay (79 mg, hiéu suit 53%) nhu mo ta & vi du
20d bat dau tir (1r,4r)-6'—br01no-4;metoxy-5"-metyl-3'H-dispiro[xyclohexan—1,2’-inden—
1',2"-imidazol]-4"-amin (Vi du 19 Phuong phdp B Buéc 4, 133 mg, 0,35 mmol), va 5-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)isophthalonitril (L. Echegoyen, F. Di_edeﬁch
et al. Eur. J. Org. Chem. 2007, 4659-4673) (135 mg, 0,53 mmol): '"H NMR (400 MHz,
DMSO0-de) 8 ppm 0,90 - 1,04 (m, 1 H), 1,10 - 1,30 (m, 2 H), 1,34 - 1,52 (m, 3 H), 1,83 (d,
2 H), 2,18 (s, 3 H), 2,86 - 3,13 (m, 3 H), 3,19 (s, 3 H), 6,54 (s, 2 H), 6,96 (d, 1 H), 7,43
(d, 1 H), 7,63 (dd, 1 H), 8,34 - 8,42 (m, 3 H); MS (APCI") m/z 424 [M+H]".

Vi du 20d

3-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl]-5-clobenzonitril

Phuong phap A

Trdn natri tetraclopaladat(Il) (3 mg, 10 umol), 3-(di-tert-butylphosphoni)propan
sulfonat (5 mg, 0,02 mmol), (1r,4r)-6'-bromo-4-metoxy-S"-1hetyl-3'H-
dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 19 Phuong phép B Budc 4,
71 mg, 0,19 mmol), 3-010—5—(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzonitril (Hop
chét trung gian 35, 75 mg, 0,28 mmol), va 2 M trong nudc K,CO3 (0,29 ml, 0,57 mmol)
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trong dioxan (2 ml) va khir khi hdn hop phén tmg trong vai phut bang dong N, (g). Gia
nhiét hon hop phan tmg ne‘iy & nhiét d6 hdi Iru trong thoi gian 2 h. Cho nuée va EtOAc
vao va tach riéng céc pha. Chiét pha nuée bang EtOAc va 16p hitu co hdn hop dugc lam
kho béng Na,S0Oy, loc va lam bay hoi. Tinh ché chét liéu nay b%lng cach sic ky nhanh (25
- g silica, gradient dung moi ria giai EtOAc vao h&l hop gdbm EtOAc/MeOH/NH; dic).
Tihh ché chit lidu thu dugc nay bing phuong phép sic ky diéu ché'.. Céc phan doan tinh
khiét duoc két hop lai va lam bay hoi dung méi hitu co. Phén con lai dugc phan bd giira 1
M NaOH trong nuée va EtOAc. Pha hitu co ndy dugc lam kho (Na,SO4) va c6 trong chin
khong dé tao ra hop chit néu & d& muc nay (31 mg, hiéu suit 38%). 'H ANN[R‘ (400 MHz,
DMSO-dg) & ppm 0,90 - 1,03 (m, 1 H), 1,10 - 1,31 (m, 2 H), 1,34 - 1,53 (m, 3 H), 1,74 -
1,89 (m, 2 H), 2,18 (s, 3 H), 2,87 - 3,14 (m, 3 H), 3,19 (s, 3 H), 6,55 (br. s., 2 H), 6,89 (s,
1 H), 7,41 (d, 1 H), 7,58 (dd, 1 H), 7,95 (d, 2 H), 8,01 (s, 1 H); MS (APCI") m/z 433
[M+H]".

" 3-[(1r,1'R,4R)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-6'-yl]-5-clobenzonitril (chit ddng phan 1) ‘

Phuong phép B

Hop chét néu & dé muc nay dugc diéﬁ ché nhu m6 ta & vi du 20d néu trén bt dau
tir (1r,1'R,4R)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[ xyclohexan-1,2'-inden-1',2"-
imidazol]-4"-amin (Vi du 19 Chét dong phan 1) thanh hai mé riéng r& (143 mg, 0,38
mmol va 48 mg, 0,13 mmol). Sau khi tinh ché bing sic ky nhanh va phuong phép séc ky
didu ché, 1am dong kho san phim nay tir axetonitril va nuéc. San pham thu duoc duoc
1am kho tiép trong chan khong & nhiét do 40 °C dé tao ra hop chét néu & dé muc nay duéi
dang chit dong phan don dbi anh (127 mg, hiéu suit 58%). "H NMR (400 MHz, DMSO-
dg) 6 ppm 0,97 (td, 1 H), 1,10 - 1,30 (m, 2 H), 1,34 - 1,51 (m, 3 H), 1,83 (d, 2 H), 2,18 (s,
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'3 H), 2,88 - 3,13 (m, 3 H), 3,19 (s, 3 H), 6,55 (s, 2 H), 6,89 (d, 1 H), 7,41 (d, 1 H), 7,58
(dd, 1 H), 7,95 (dt, 2 H), 8,02 (t, 1 H); MS (APCI") m/z 433 [M+H]".

Phuong phap C

Khudy  (Ir,1'R,4R)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'- -
inden-1',2"-imidazol]-4"-amin nhu 13 mudi cta axit D(+)-10-camphorsulfonic (Vi du 19
Budce 5, 36,6 g, 60,1 mmol), 2-metyl-tetrahydrofuran (440 ml) va 2 M KOH trong nudc
(330 ml) trong thoi gian 30 phit. Rira pha hitu co bang 2 M K,COs trong nude (148 ml).
Cho 3-clo-5-(4,4,5,S-tetrametyl-1,3,2—dioxaborolan—i-yl)benzonitril (Hop chét trung gian ‘
35, 24,97 g, 62,5 mmol) va 2 M K,CO; trong nuéc (90 ml, 180,4 mmol) vao pha hitu co
ndy. Khir khi hdn hop phan tng. Cho natri tetraclopaladat(II) (0,456 g, 1,50 mmol) va 3-
(di-tert-butylphosphinium)propan sulfonat (0,832 g, 3,01 mmol) vao tiép d6 1a gia nhiét
dén nhiét d6 hdi luu dudi khi Ny(g). Khudy hén hop niy & didu kién nhiét do hdi huu
trong thoi gian 220 phat. Cho 3-clo-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)benzonitril (0,600 g, 1,50 mmol) bd sung vao hdn hop nay tiép d6 1a hdi luu dudi khi
Ny(g) trong 140 phut nira. Sau d6, d& hdn hop nay dat dén nhiét do 20 °C, tiép do 1a
khudy hén hop nay trong thoi giari 30 phat & nhiét do 20 °C. Cho nuéc (210 ml) va 2-
Me-THF (211 ml) vao hdn hop nay, tiép d6 1a khudy trong thodi gian 10 phut. Rira pha |
hitu co bang nuéc mudi (211 ml) va nude (211 ml). Pha hitu co nay duge chung cit mot
s6 1an cho thém 2-Me-HF nita vao. Sau do6, c6 dic hdn hop nay dé tao ra chét rén. Tinh
ché san phdm thé bang cach sic ky nhanh (SiO,; 2% NH; trong MeOH, 2% MeOH, 96%
DCM; Rf=0,35) dé tao ra san phém dudi dang chét rin. Cho 99,5% EtOH (150 ml) vao
chét rén nay, tiép d6 1 chung cit hdn hop nay duéi ap suit gidm dé tao ra chét rén. Quy
trinh nay duoc 1ap lai 4 1in. Cho 99,5% EtOH (270 ml) vio chit rin nay. Gia nhiét hén
hop nay dén nhiét d6 noi tai T=70 °C. Lam ngudi hdn hop nay trong thoi gian 2 h xudng
nhiét d6 45 °C trong thoi gian dé qua trinh két tinh dién ra tiép d6 1a khudy & nhiét do 45
°C trong thoi gian 6 h. Sau d6 dé hdn hop nay dat dén nhiét d6 22 °C trong thoi gian 1 h
va khudy & nhiét do 22 °C trong thoi gian 2 h. Hon hop nay dwoc 1am ngudi xubng 5 °C
va khudy trong thoi gian 3 h sau d6 loc dé tao ra chit rin, chit nay dugc rira bang 99,5%

EtOH lanh (70 ml) d tao ra san phim dudi dang chét rin, chit nay dugc lam kho trong
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ndi chan khong & nhiét d6 50 °C trong thoi gian 20 h dé tao ra hop chit néu 6_dé muc nay
(15,66 g; hiéu sut 60%). Luong du ddng phan di 4nh dugc do 1 1én dén 99,5% trén hé
théng phan tich SFC Berger Analytix dugc trang bj cot Chiralpak OD-H (4,6%250 mm;
5um) va pha dong bao gdm 35% MeOH (ch&a 0,1% DEA) va 65% CO,. Pic déu tién véi
thé)ri gian luu 1,87 phut (dién tich 99,75%) tuwong ng véi hop chét néu & d& muc nay 3-
[(1r,1'R,4R)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden- 1";2"—

imidazol]-6'-yl]-5-clobenzonitril. Pic tht hai vi thosi gian luu 4,08 phut (dién tich 0,25
%) twong ung véi 3-[(1r,1'S,4S)- 4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-
| 1,2'-inden-1',2"-imidazol]-6'-yl]-5-clobenzonitril: HRMS-TOF (ES+) m/z 433,1801
[M+H]+ (theo tinh toan: 433,1795); cudng do NMR 90,0+0,2 % (dung mdi etanol con lai
dugc phat hién véi lugng 7,.240,1 %). Céac sb liéu phan tich khac (NMR, MS, HPLC)

trong d6 ma tuwong g vai cac s6 liéu duoc mé ta trude day cho hop chét nay.
Vi du 20e

(1r,4r)-6'-(5-clopyridin-3-yl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin

Phuong phép A

Cho natri tetraclopaladat(Il) (3,13 mg, 10,63 pmol), 3-(di-tert-
butylphosphoni)propan sulfonat (5,71 mg, 0,02 mmol), (1r,4r)-6'-bromo-4-metoxy-5"-
metyl-3'H-dispiro[xyclohexan-1,2"-inden-1',2"-imidazol]-4"-amin (Vi du 19) (80 mg, 0,21
mmol) va axit 5—c10pyridin-3-y1boronic (35,2 mg, 0,21 mmol), vao binh nhd. Cho 2-
metyl-tetrahydrofuran (1 ml) va K,CO; (2M trong nudc) (0,319 ml, 0,64 mmol) vao va
binh nhé duge suc bang Ar (g) va dugc day nép. Gia nhiét hdn hop nay trong binh phan
tng vi séng & nhiét d6 90 °C trong thdi gian 30 phat. Cho nudc vao va chiét phan con lai

‘ b.t"mg EtOAc (x3). Lam kho pha hitu co bang cach sir dung thiét bi tach pha va c6 dic.
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Tinh ché san phém_th() bang phuong phép sic ky diéu ché. Co dac chc phén doan mong

" muén. Cho nudc va DCM vao va r6t chc pha nay 1én thiét bi tich pha. Pha hitu co nay
dugc thu gom va cd trong chan khéng dé tao ra hop chét néu & dé muc nay (32 mg, hiéu
sudt 37%). 'H NMR (500 MHz, DMSO-dg) & ppm 0,98 (td, 1 H), 1,13 - 1,29 (m, 2 H),
1,37 - 1,50 (m, 3 H), 1,83 (d, 2 H), 2,17 (s, 3 H); 291-2,98 (m, 1 H), 3,00 (d, 1 H), 3,09
(d, 1 H), 3,20 (s, 3 H), 6,54 (br. s., 2 H), 6,85 - 6,90 (m, 1 H), 7,42 (d, 1 H), 7,57 (dd, 1
H), 8,09 (t, 1 H), 8,56 (d, 1 H), 8,71 (d, 1 H); MS (ES+) m/z 409 [M+H]".

(1r,1'R,4R)-6'-(5-clopyridin-3-yl)-4-metoxy- 5"-metyl-3'H-dispiro[ xyclohexan-
1,2-inden-1',2"-imidazol]-4"-amin (ch4t ddng phan 1)

- Phuong phap B

Cho natri tetraclopaladat(Il) (0,015 g, 0,05 mmol), 3-(di-tert-
butylphosphoni)propan sulfonat (0,014 g, 0,05 mmol), (1r,1'R,4R)-6'-bromo-4-metoxy- -
5"-metyl-3"H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 19 Chit dong
phén 1, 0,1§O g, 0,50 mmol) Vé axit 5-clopyridin-3-ylboronic (0,100 g, 0,61 mmol) va‘lb
binh nho. Cho 2-metyl-tetrahydrofuran (3 ml) va kali cacbonat (2M aq) (0,757 ml, 1,51
mmol) vdo va binh nhé dugc suc bang Ar (g) dugc ddy ndp lai. Gia nhiét hdn hop nay
trong binh pﬁén ung vi song ¢ nhi¢t do 90 °C trong thoi gian 30 phut. Cho nudce vao va
chiét phan con lai bing EtOAc (x3). Pha hitu co duge két hop lai va lam khé bing
MgSO, va c6 dic. Tinh ché san phdm tho bing cach sir dung phwong phép séc ky nhanh
(25g Si0,, 5% ding dung mdi 0,1 M NHj trong MeOH trong DCM). Céc phéan doan chita
san phdm dugc két hop lai va lam bay hoi dung méi @& tao ra hop chit néu & d& muc nay
(0,085 g, hiéu sudt 41%). "H NMR (500 MHz, CD;0D) & ppm 1,06 - 1,21 (m, 1 H), 1,27
- 1,44 (m, 2 H), 1,44 - 1,56 (m, 1 H), 1,56 - 1,70 (m, 2 H), 1,96 (d, 2 H), 2,33 (s, 3 H),
3,09 (t, 1 H), 3,17 (d, 1 H), 3,26 (d, 1 H), 7,05 (s, 1 H), 7,50 (d, 1 H), 7,59 (d, 1 H), 8,03 -
8,09 (m, 1 H), 8,49 (s, 1 H), 8,65 (s, 1 H), MS (ES+) m/z 409 [M+H]".

-144-



19492

Vi du 20f

(1r,4r)-6'-(5 -ﬂopYridin—3-yl)-4-metoxy-5 "-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin

Cho axit 5-flopyridin-3-ylboronic (48 mg, 0,34 mmol) va chét tién xtc tac 13
(xem phan sau day) 8,36 mg, 10,63 pmol) vao binh vi séng. Binh nhé dugc day lai va
dugc hit chan khong bang argon (dugc 1ap lai 3 14n). Cho (1r,4r)-6'-bromo-4-metoxy-5"-
metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 19 Phuong phap
B Budc 4, 80,0 mg, 0,21 mmol) da dugc hoa tan trong THF d4 loai khi (0,5 ml) vao qua
| xy ranh. Cho dung dich 0,5 M K3PO, da loai khi (1,276 ml, 0,64 mmol) vao qua xy ranh.
" Binh nhé dugc gia nhiét trong binh phan ing vi séng & nhiét do 120 °C trong thoi gian 15
phut. Cho THF (1,5 ml) va cht tién xtic tic 13 (Fig 1) (8,36 mg, 10,63 pmol) vio. Hon
“hop phén Umg nay duoc hut chan khéng va dugc dién déy lai bang argon. Khudy dung
- dich néy & nhiét do trong phong trong thoi gian vao khoang 10 phut va sau d6 gia nhiét
bang cach str dung 16 vi song (MW) trong thdi gian 15 phit & nhiét d6 120 °C. Lam bay
hoi dung moi. Tinh ché san phim thd biang cach st dung phuong phap sic ky didu ché dé
tao ra hop chit néu & d muc nay (34,5 mg, hiéu sudt 41%), 'H NMR (500 MHz,
CD;CN) 6 ppm 1,05 - 1,14 (m, 1 H), 1,23 - 1,35 (m, 2 H), 1,44 (td, 1 H), 1,50 - 1,57 (m,
2 H), 1,84 - 1,91 (m, 2 H), 2,20 (s, 3 H), 3,00 (tt, 1 H), 3,09 (d, 1 H), 3,17 (d, 1 H), 3,25
(s, 3 H), 5,27 (br. s., 2 H), 6,92 (d, 1 H), 7,41 (d, 1 H), 7,51 (dd, 1 H), 7,65 - 7,71 (m, 1
H), 8,40 (d, 1 H), 8,60 (t, 1 H), MS (MM-ES+APCI)+ m/z 393,2 [M+H]".

: iPr
0

XPhos—Fd"NH, .
Cl iPr pcy,

Chat tién xtc tac 13 XPhos

-145-



19492

Pé diéu ché chét tién xtc tac 13 xem: Kinzel, T.; Yong Zhang, Y.; Buchwald, S.
L.J. Am. Chem. Soc. 2010, 132, 14073-14075. '

Vi du 20g

5-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl]-2-flobenzonitril

Phuong phap A: Hop chét néu & d& muc nay (18 mg, hiéu sudt 20%) duoc diéu
ché nhu mé ta trong vi du 20e bit dau tir (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-
dispiro[xyclohexan-1,2'—inden—1',2"—imidazol]-4"-amin (Vi du 19 Phuong phap B Buéc 4,
84 mg, 0,22 mmol) va axit 3-xyano-4-flophenylboronic (40,5 mg, 0,25 mmol). "H NMR
(500 MHz, DMSO-d¢) 6 ppm 0,97 (td, 1 H), 1,13 - 1,28 (m, 2 H), 1,37 - 1,50 (m, 3 H),
1,83 (d, 2 H), 2,17 (s, 3 H), 2,90 - 2,96 (m, 1 H), 2,98 (d, 1 H), 3,05 - 3,11 (m, 1 H), 3,20
(s, 3 H), 6,53 (br s, 2 H), 6,81 - 6,84 (m, 1 H), 7,40 (d, 1 H), 7,49 - 7,57 (m, 2 H), 7,89 -
7,95 (m, 1 H), 8,10 (dd, 1 H)

MS (ES+) m/z 417 [M+H]".

5-[(1r,1'R,4R)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-
1'2"-imidazol]-6"-yl]-2-flobenzonitril (chit ddng phan 1)

Phuong phap B: Hop chét néu & d& muc nay (34 mg, hiéu sudt 20%) duoc diéu
ché bang cach sir dung quy trinh & Vi du 83 bit déu tir (1r,1'R,4R)-6'-bromo-4-metoxy-

5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin nhu 12 mudi cua axit
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-D(+)-10-camphor sulfonic (Vi du 19 Budc 5, 230 mg, 0,38 mmol) va axit 3-xyano-4-
flophenylboronic (74,8 mg, 0,45 mmol): "H NMR (500 MHz, DMSO-dg) & ppm 0,97 (m,
1 H), 1,21 (m, 2 H), 1,46 (m, 3 H), 1,83 (d, 2 H), 2,17 (s, 3 H), 3,01 (m, 3 H), 3,20 (s, 3
H), 6,53 (br. s, 2 H), 6,83 (d, 1 H), 7,40 (d, 1 H), 7,53 (m, 2 H), 7,92 (m, 1 H), 8,10 (dd, 1
H): MS (ES+) m/z 417 [M+H]". |

Vi du 20h

(1r,4r)-6'-(3,3-dimetylbut-1-yn-1-yl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin

Cho 3,3-dimetylbut-1-yn (0,045 g, 0,54 mmol), tetrakis(triphenylphospﬁin)-
paladi(0) (0,048 g, 0;04 mmol) va trietylamin (1,75 ml, 12,5 mmol) vao dung dich chira
(1r,4r)-6'-bromo-4-metoxy-5"-metyl-3"H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-
4"-amin (Vi du 19 Phuong phap B Buéc 4, 0,157 g, 0,42 mmol) trong DMF (8 ml) dudi
khi quyén argon. Khudy hén hop phéan tng nay & nhiét d6 trong phong trong thdi gian 5
phut. Cho ddng iodua (0,012 g, 0,06 mmol) vao va khudy hdn hop phan tng ndy qua dém
& nhiét d6 65 °C. Hbn hop phan tng nay dugc dé dén nhiét d6 trong phong va sau do
phén chia gitta nugc mudi va EtOAc. Pha hitu co nay dugc lam kho trén MgSO, va cd
trong chan khong. Tinh ché phan con lai bang phwong phap sic ky diéu ché dé tao ra hop
chit néu & d& muc nay (0,047 g, hiéu suit 30%): "H NMR (500 MHz, DMSO-ds) & ppm
0,82 - 0,97 (m, 1 H), 1,24 (m, 11 H), 1,34 - 1,48 (m, 3 H), 1,81 (d, 2 H), 2,15 (s, 3 H),
2,86 - 3,08 (m, 3 H), 3,18 (s, 3 H), 6,47 (s, 1 H), 6,54 (s, 2 H), 7,14 (dd, 1 H), 7,23 (d, 1
H); MS (ES+) m/z 378 [M+H]".

Téch cac chét déng phan cua (1r,4r)-6'-(3,3-dimetylbut-1-yn-1-yl)-4-metoxy-5"-

metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin
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Tach chdt dong phan cia (1r,4r)-6'-(3,3-dimetylbut-1-yn-1-yl)-4-metoxy-5"-
metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 20h, 0,047 g,
0,13 mmol) bang cach st dung HPLC diéu ché SFC Berger Multigram II, with a
Chiralpak OD-H ¢t (20*250 mm; 5um), va pha dong bao gbm 10% IPA (chira 0,1%
DEA) va 90% CO, & tbc do chay 50 ml/phut dé tao ra:.

Chét ddng phéan 1 vé6i cdu hinh tuyét d6i khong duge xac dinh (16 mg, hiéu suit
33%) véi thoi gian luu 4,9 phut: "HNMR (500 MHz, DMSO-dg) 6 ppm 0,84 - 0,98 (m, 1
H), 1,24 (m, 11 H), 1,34 . 1,47 (m, 3 H), 1,81 (d, 2 H), 2,16 (s, 3 H), 2,88 - 3,06 (m, 3 H),
3,18 (s, 3 H), 6,47 (s, 1 H), 6,54 (s, 2 H), 7,14 (dd, 1 H), 7,23 (d, 1 H); MS (ES+) m/z 378
[M+H]"; va

Chét ddng phan 2 v6i ciu hinh tuyét d6i khong dugc xac dinh (16,0 mg, hidu suét
| 34%) véi thoi gian luu 6,7 phut: 'H NMR (500 MHz, DMSO-dg) 6 ppm 0,81 - 0,99 (m, 1 |
H), 1,24 (m, 11 H), 1,34 - 1,50 (m, 3 H), 1,81 (d,v2 H), 2,15 (s, 3 H), 2,87 - 3,07 (m, 3 H),
3,18 (s, 3 H), 6,47 (s, 1 H), 6,54 (s, 2 H), 7,09 - 7,18 (m, 1 H), 7,23 (d, 1 H); MS (ES+)
m/z 378 [M+H]".

Vi du 201

(1r,4r)-6'-(xyclopropyletynyl)-4-metoxy-5 "-metyl-3'H-dispiro [xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin

Buée 1: (1r,4r)-6'-(xyclopropyletynyl)-4-metoxyspiro[xyclohexan-1,2'-
inden]-1'(3'H)-on

Céan cho Cul (46,8 mg, 0,25 mmol) va bis(triphenylphosphin)paladi(II) clorua
(43,1 mg, 0,06 mmol) vao binh vi séng. Binh nhé dugc ddy ndp lai va cho dung dich
chtra 6'-bromo-4-metoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on (Hop chét trung gian 5
Phuong phap A Buéce 3, 760 mg, 2,46 mmol) trong THF (4 ml) vao, binh nhé dugc suc
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bang argon tiép d6 1a bé sung lién tiép etynylxyc;lopropan (487 mg, 737 mmol) va
trietylamin (1,028 ml, 7,37 mmol). Gia nhiét hdn hgp phan g nay dén nhiét 6 100 °C
bang cach st dung MW trong thdi gian 1 h. Cho Cul (56 mg), bis(triphenyl-
phosphin)paladi(Il) clorua (52 mg) va etynylxyclopropan (0,5 ml) vao va gia nhiét han
hop nay dén nhiét 6 100 °C trong thoi gian 3 h. Hon hop phan tmg nay dugc pha loang
véi EtOAc va duoc chuyén qua nat ngén silica va dugc rira giai tiép bing EtOAc. Co dac
chét dugc rira giai va phan con lai duqc hoa tan trong THF (15 ml) va cho vao binh vi
song chira Cul (62 mg), bis(triphenylphosphin)paladi(II) clorua (54 mg) va Cs,CO; (1708
rhg, 5,24 mmol). Binh nhé dugc suc bing argon vé cho etynylxyclopropan (0,5 ml) vao.
Gia nhiét hdn hop thu duge ndy dén nhiét dd 100°C bang cach sir dung MW trong thoi
gian 90 phut. Cho Cul (60 mg), bis(triphenylphosphin)paladi(Il) clorua (57 mg) va
etynylxyclopropan (0,5 ml) vao va gia nhiét hdn hop nay dén nhiét d6 100 °C trong thoi
gian 1 h. Hbn hop phan ting nay dugc pha lodng v&i EtOAc, duge chuyén qua nat ngén
silica va co dac. Ph?m con lai duge duoc két hop véi san phém thd tr mé trude cua cung
phan tng (bit dau tir 243 mg 6'-bromo-4-metoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-
on). Cac mé »két hop dugc tinh ché bang cach sic ky nhanh trén silica bang cach sir dung
gradient giai hdp bang 0-30% EtOAé trong heptan. Tinh ché san phdm nay tiép bing
phuong phap sic ky diéu ché dé tao ra 498 mg (hiéu suit 52%) hop chét néu & d& muc
nay: 'H NMR (400 MHz, CDCls) & ppm 0,78 - 0,84 (m, 2 H), 0,85 - 0,92 (m, 2 H), 1,29 -
1,54 (m, 5 H), 1,71 - 1,82 (m, 2 H), 2,10 - 2,20 (m, 2 H), 3,01 (s, 2 H), 3,21 - 3,32 (m, 1
H), 3,40 (s, 3 H), 7,36 (dd, 1 H), 7,58 (dd, 1 H), 7,71 - 7,77 (m, 1 H). MS (ES+) m/z 295
[M+H]".

~ Buéc 2: N-((1r,4r)-5'-(xyclopropyletynyl)-4-metoxyspiro[xyclohexan-1,2'-
inden]-3'(1'H)-yliden)-2-metylpropan-2-sulfinamit

Hoa tan (lr,4r)-6'-(xyclopropyletynyl)-4-metoxyspiro[xyclohexan-1,2'-inden]-
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1'(3'H)-on (Vi du 20i Budc 1, 494 mg, 1,68 mmol) va 2-metylpropan-2-sulfinamit (366
mg, 3,02 mmol) trong 2-Me THF (15 ml). Cho Ti(OEt); (0,704 ml, 3,36 mmol) vao va
gia nhiét hon hop thu dugc nay dén nhiét 46 80 °C trong thoi gian 70 h. Lam ngudi hdn
hop phén mg nay xudng nhiét d6 trong phong va pha lodng bing EtOAc (85 ml). Cho
nuéce (3 ml) vao va khudy tron manh va sau d6 hdn hop nay duge dé yén trong thoi gian 1
h. Hén hop nay duoc loc, 1am bay hdi dung méi va tinh ché phin con lai bing cach sic
ky nhanh trén silica bang cach str dung gradient giai hép 0-70% EtOAc/heptan dé tao ra
470 mg hop chét néu & d& myc nay (hiéu suit 70%). '"H NMR (500 MHz, CDCl;) & ppm
0,83 (m, 2 H), 0,87 (m, 2 H), 1,29 - 1,91 (m, 16 H), 2,12 (m, 2 H), 3,00 (s, 2 H), 3,20 -
3,33 (m, 1 H), 3,40 (s, 3 H), 7,27 va 7,29 (m overlapping with dung méi, 2 H), 7,49 (dd,
1 H). MS (ES+) m/z 398 [M+H]". |

Budc 3: 6'-(xyclopropyletynyl)-4-metoxyspiro[xyclohexan-1,2'-inden]-
1'(3'H)-imin

Cho 4 M HCI trong dioxan (1,5 ml, 6,00 mmol) vao dung. dich chira N-(5'-
(xyclopropyletynyl)-4-metoxyspiro[xyclohexan-1,2'-inden]-3'(1'H)-yliden)-2-
metylpropan-2-sulfinamit (Vi du 20i Budc 2, 470 mg, 1,18 mmol) trong dioxan kho (5
ml) & nhiét d§ 5 °C. Hon hop phan tmg nay dugc dé dén nhiét do trong phong va khudy
trong thoi 2g.ian 1 h, sau d6 dugc bao quan & nhiét d6 0 °C qua dém va tiép theo cb dic.
San pham nay (dudi dang mubi hydroclorua) dugce hod tan trong DCM va ria bang
NaHCOj; trong nuée bio hoa, lam kho bﬁng Na,SO, va cb dic dé tao ra 363 mg hop chét
néu & d& muc nay (hiéu sut theo dinh luong). '"H NMR (500 MHz, CDCl;) & ppm 0,78 -
0,85 (m, 2 H), 0,85 - 0,91 (m, 2 H), 1,34 - 1,49 (m, 3 H), 1,54 - 1,63 (m, 2 H), 1,68 - 1,84
(m, 2 H), 2,08 - 2,19 (m, 2 H), 2,98 (s, 2 H), 3,23 - 3,33 (m, 1 H), 3,38 - 3,43 (m, 3 H),.
7,27 (m, 2 H), 7,46 (dd, 1 H), 7,69 (br. s., 1 H). MS (ES+) m/z 294 [M+H]".

Budc 4: (1f,4r)—6'-(xyclopropyletynyl)-4-met0xy—5"-metyl—3'H-
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dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

Gia nhiét hdn hop gém 6'-(xyclopropyletynyl)-4-metoxyspiro[xyclohexan-1,2'-
inden]-1'(3'H)-imin (Vi du 20i Budc 3, 360 mg, 1,23 mmol) va 2-oxopropanthioamit
(Hop chét trung gian 2, 380 mg, 3,68 mmol) trong MeOH khan (10 ml) dn nhiét d6 60
°C dudi khi quyén argon trong thoi gian 18 h. Hon hop nay dugc cb dic va cho dung dich
7 M ctia amoniac trong MeOH (20 ml, 140 mmol) vao. Gia nhiét hén hop thu duogc nay
dén nhiét d6 120 °C bing cch sir dung MW trong thoi gian 45 phiit. Co dic hdn hop
phan mg nay, cho mdt phdn 7 M amoniac trong MeOH nita (20 ml, 140 mmol) vao phén
con lai va gia nhiét hn hop nay bang cach str dung MW dén nhiét d6 120 °C trong thoi
gian 45 phuat. Chu trinh c6 deflc,‘bc;) sung amoniac va gia nhiét dugc lip lai hai 14n nita.
- Hbén hop phan Ung nay dugc cbd dic, phén con lai duge hoa tan trong DCM va dugc
chuyén qua nut silica chét nay dugc rira giai bAng DCM/EtOAc (~50: 50). C4c phan doan
chtra san pham mong muén dugc ¢6 dic va tinh ché phan con lai tiép bang HPLC dé tao
ra 85 mg (19% hiéu suét) hop chit néu & & muc nay: "H NMR (500 MHz, CDCl;) & ppm
0,71 - 0,76 (m, 2 H), 0,79 - 0,85 (m, 2 H), 1,09 (td, 1 H), 1,26 - 1,42 (m, 3 H), 1,42 - 1,50
(m, 1 H), 1,60 - 1,71 (m, 2 H), 1,87 - 2,00 (m, 2 H), 2,27 (s, 3 H), 3,02 - 3,10 (m, 1 H),
3,10 - 3,19 (m, 2 H), 3,33 (s, 3 H), 6,76 (s, 1 H), 7,20 (d, 1 H), 7,24 (dd, 1 H); MS (ES+)
m/z 362 [M+H]", (ES-) m/z 360 [M-HJ.

Tach cic chit dong phan cua (1r,4r)-6'-(xyc1opropyletynyl)-4-metoxy-5"-metyl-

3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

Tach céc chit ddng phan ciia (1r,4r)-6'-(xyclopropyletynyl)-4-metoxy-5"-metyl-
3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 20i Budc 4, 65 mg,
0,18 mmol) bang cich st dung HPLC diéu ché SFC Berger Multigram II, véi cot
Chiralpak OD-H; 20%*250 mm; 5um, va pha dong bao gdbm 20% MeOH (chua 0,1%
DEA) va 80% CO, & téc d6 chay 50 ml/phut dé tao ra:
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Chét ddng phan 1 v6i cdu hinh tuyét dbi khong duge xac dinh (22 mg, hiéu suit
35%) v6i thoi gian luu 2,9 phat: '"H NMR (500 MHz, DMSO-dg) & ppm 0,67 (m, 2 H), |
0,83 (m, 2 H), 0,93 (br. s., 1 H), 1,18 (m, 2 H), 1,43 (m, 4 H), 1,80 (m, 2 H), 2,15 (s, 3
H), 2,96 (m, 3 H), 3,18 (s, 3H) 6,48 (s, 1 H), 6,53 (s, 2 H), 7,15 (dd, 1 H), 723(d 1 H);
MS (APCI+) m/z 362 [M+H]".

va

Chét ddng phan 2 véi cdu hinh tuyét dbi khong dugce xac dinh (22 mg, hiéu suét
35%) véi thoi gian luu 4,0 phut: "H NMR (500 MHz, DMSO-d¢) 6 ppm 0,67 (m, 2 H),
0,83 (m, 2 H), 0,93 (m, 1 H), 1,18 (m, 2 H), 1,42 (m, 4 H), 1,80 (m, 2 H), 2,15 (s, 3 H),
2,97 (m, 3 H), 3,18 (s, 3 H), 6,48 (s, 1 H), 6,53 (s, 2 H), 7;15 (dd, 1 H), 7,23 (d, 1 H); MS
(APCI+) m/z 362 [M+H]".

Vi du 20j

N-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3 'H-dispifo [xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl]-5-bromopyrimidin-2-carboxamit

Bude 1: (1r,4r)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-4",6'-diamin

»/_(NH2 :

N_ N

H,N
X -||I|O
S \

Tron (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3"H-dispiro[ xyclohexan-1,2'-inden- |
1',2"-imidazol]-4"-amin (Vi du 19 Phuqng phap B Budc 4, 156 mg, 0,41 mmol), trans-4-
hydroxypyrolidin-2-carboxylic axit (54,4 mg, 0,41 mmol), ddng(I) iodua (39,5 mg, 0,21
mmol) va K,COj3; (172 mg, 1,24 mmol) trdn trong dimetylsulfoxit khd (3 ml) trong binh
vi séng. Khudy hén hop nay dudi khi argon & nhiét d6 trong phong trong thdi gian 30
phut. Cho amoniac, 30-33% trong H,O (0,389 ml, 6,22 mmol) vao, binh nhé dugc day lai
va dugc gia nhiét & nhiét do 110 °C trong thoi gian 3 h trong thiét bi tbng hop vi song.
Hbn hop phan tmg nay duge pha loang véi EtOAc (25 ml) va rira bang nuéc mudi (25
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ml). Chiét 16p nuéc bang EtOAc (2 x 25 ml). Céc 16p hitu co duge két hop, lam khod
(Na,SO,), loc va cb trong chan khong. Tinh ché san phdm thd bang cach séc‘ ky nhanh
trén silicagel.balmg cach sir dung gradient cia 0%- 100% (10% MeOH trong DCM chira
0,1 N NH3) trong DCM d tao ra hop chit néu & & muc nay (99 mg,A hiéu suit 76%). 'H |
NMR (500 MHz, DMSO-d6) 6 ppm 0,86 (td, 1 H), 1,07 - 1,25 (m, 2 H), 1,33 - 1,50 (m, 2
H), 1,79 (m, 2 H), 2,12 (s, 3 H), 2,80 (m, 2 H), 2,91 (m, 1 H), 3,18 (s, 3 H), 4,71 (s, 2 H),
5,82 (d, 1 H), 6,35 (dd, 1 H), 6,41 (s, 2 H), 6,89 (d, 1 H); MS (ES+) m/z 313 [M+H]".

Budc 2: N-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[ xyclohexan-

1,2'-inden-1',2"-imidazol]-6'-yl]-5-bromopyrimidin-2-carboxamit

[\
Br\( f{l H o~ NN
\_N>\Y<
o) S

Cho N-(3-dimetylaminopropyl)-N'-etylcarbodiimit hydroclorua (45,5 mg, 0,24

Q
\

mmol) vao huyén phu cta axit 5-bromopyrimidin-2-carboxylic (44,4 mg, 0,22 mmol)
trong DCM (0,5 ml). Dung dich thu dugc duge khudy trong 5 phit va duge cho timng giot
trong thoi gian 2 phit vao dung dich duoc 1am lanh bing d4a cua (1r,4r)-4-metoxy-5"-
metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4",6'-diamin (Vi du 20j Budc 1,
57 mg, 0,18 mmol) va 2M HCI (0,091 ml, 0,18 mmol) trong DMF (0,500 ml). Khuéy hén
hop ndy & nhiét dd 0 °C trong thoi gian 10 phit va sau d6 duoc dé dén nhiét do trong
phong qua dém. Lam bay hoi dung méi. Tinh ché san phim thd nay bang cach st dung
phuong phép sic ky diéu ché _dé tao ra hop chét néu & dé muc nay (10 mg, hiéu sut
11%). '"H NMR (500 MHz, DMSO-dg) & ppm 0,85 - 1,00 (m, 1 H), 1,08 - 1,31 (m, 2 H),
1,38 - 1,52 (m, 3 H), 1,77 - 1,87 (m, 2 H), 2,16 (é, 3 H), 2,87 - 3,06 (m, 3 H), 3,19 (s, 3
“H), 6,50 - 6,60 (m, 2 H), 7,15 - 7,20 (m, 1 H), 7,22 - 7,29 (m, 1 H), 7,50 - 7,63 (m, 1 H),
9,18 (s, 2 H), 10,53 - 10,64 (m, 1 H). MS (ES+) m/z 497,1 [M+H]".

Vi du 20k

N-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl]-5-(triflometyl)pyridin-2-carboxamit
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Cho xantphos (20,76 mg, 0,04 mmol), xesi cacbonat (156 mg, 0,48 mmol),
paladi(II) axetat (8,05 mg, 0,04 mmol) va 5-(triflometyl)picolinamit (79 mg, 0,42 mmol)
cho vao binh vi séng. Binh nho duge suc bing argon. Cho dung dich chira 6'-bromo-4-
metoxy-S"-metyl—3'H-dispiro[xyclohexan—1,2'—indenj 1',2"-imidazol]-4"-amin (Vi du 19
Phuong phip A Budc 4, 90 mg, 0,24 mmol) trong THF kho (1,4 ml) vao. Hoén hop phan
ng ndy dugc gia nhiét bang cach st dung MW & nhiét do 150 °C trong thoi gian 1 h.
Cho xantphos (20,76 mg, 0,04 mmol) va paladi(Il) axetat (8,05 mg, 0,04 mmol) vao va
gia nhiét tiép hdn hop phan tmg nay trong thoi gian 1 h & nhiét d6 150 °C. Cung mot quy
trinh vé6i bd sung Xantphos va Pd(OAc), va gia nhiét dugc 13p lai mot lan nita. LAm bay
hoi dung méi va hoa tan san phdm thé trong DCM. Hén hop nay duge chiét bang nuéc
mubi va loc qua thiét bi tach pha. Lam bay hoi dung mdi. Tinh ché san phim tho bing
cach sir dung phuong phap sic ky nhanh (12 g SiO,, 0-10% 0,1 M NH; trong MeOH
trong DCM). C4c phan doan chtra san phim duoc két hop lai va lam bay hoi dung moi.
Tinh ché san pham nay tiép bing cach sir dung phuong phép sic ky diéu ché dé tao ra
hop chét néu & d& muc nay (10 mg, hiéu sudt 9%). '"H NMR (500 MHz, CDCls) & ppm
1,09 (td, 1 H), 1,30 - 1,42 (m, 2 H), 1,52 - 1,62 (m, 1 H), 1,63 - 1,78 (m, 2 H), 1,91 - 2,01
(m, 2 H), 2,34 (s, 3 H),‘ 3,03 -3,13 (m, 1 H), 3,13 - 3,24 (m, 2 H), 3,34 (s, 3 H), 7,35 (d, 1
H), 7,54 (dd, 1 H), 8,15 (dd, 1 H), 8,37 (d, 1 H), 8,85 (s, 1 H), 9,87 (s, 1 H); MS (ES+)
m/z 486 [M+H]". ‘

~ Vidu20n

N-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl]-6-clo-3-metyl-1-benzofuran-2-carboxamit
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Cho N-(3-dimetylaminopropyl)-N'-etylcarbodiimit hydroclorua (45,5 mg, 0,24
mrﬂol) vao huyén phu coa axit 5-clo-3-metylbenzofuran-2-carboxylic (46,1 mg, 0,22
mmol) trong DCM (0,5 ml). Dung dich thu duoc dugc khudy trong 5 phit va sau d6 duoc
cho timg giot trong thdi gian 2 phut vao dung dich dugc lam lanh bang da cta (1r,4r)-4-
metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4",6'-diamin (Vi du
20j Bude 1, 57 mg, 0,18 mmol) va 2M HCI (0,091 ml, 0,18 mmol) trong DMF (0,500
ml). Khudy hén hop nay & nhiét d6 0 °C trong thoi gian 10 phut va sau d6 dugc dé dén
nhiét d¢ trong phong qua dém. Lam bay hoi dung mo6i. Tinh ché san pham thd bang cach
st dung phuong phap séc ky diéu ché dé tao ra hop chit néu & d& muc nay (7 mg, hiéu
suét 8%). 'H NMR (500 MHz, DMSO-dg) & ppm 0,86 - 0,97 (m,‘ 1 H), 1,08 - 1,32 (m, 2
H), 1,41 - 1,51 (m, 3 H), 1,79 - 1,87 (m, 2 H), 2,18 (s, 3 H), 2,54 (s, 3 H), 2,89 - 3,08 (m,
3 H), 3,21 (s, 3 H), 6,57 (br. s, 2 H), 7,15 (s, 1 H), 7,23 - 7,29 (m, 1 H), 7,51 - 7,55 (m, 1
H), 7,56 - 7,60 (m, 1 H), 7,66 (s, 1 H), 7,91 (d, 1 H), 10,28 (s, 1 H). MS (ES+) m/z 505,2

[M+H]".

Vidu 200

N-[(1 r,4r)-4"-afnin0—4-metoxy-5 "-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl1]-3,5-diclopyridin-2-carboxamit

batl
/ \
Cl—y/ l{l ll:ll N N
] — R "'“O\
Cl © \
Cho N-(3-dimetylaminopropyl)-N'-etylcarbodiimit hydroclorua (55,8 mg, 0,29
mmol) vao huyén phi cia axit 3,5-diclopicolinic (43,0 mg, 0,22 mmol) trong DCM (0,5

ml) . Dung dich thu duogc dugc khudy trong thoi gian 5 phut va dugc cho timg giot trong
thoi gian 2 phut vao dung dich dugc 1am lanh bang d4 cua 4-metoxy-5"-metyl-3'H-
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dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4",6’-diamin (Vi du 20j Buée 1, 70 mg,
0,22 mmol) va 2M HCI (0,112 ml, 0,22 mmol) trong DMF (0,5 ml). Khudy hdn hop nay
& nhiét d6 0 °C trong thoi gian 60 phut. Khudy hdn hop nay & nhiét do trong phong trong
thdi gian 2 ngdy trudce khi hdn hop nay dugce cd dic va pha loang bing DMSO va tinh
ché bang phuong phép sic ky didu ché. Cac phan doan dugc tap trung lai va chiét bang
DCM (x3), va chuyén pha hitu o nay qua thiét bi tach pha. Loai bé dung moi tao ra hop
chit néu & dé muc nay (19,5 mg, hi€u suét 18%): 'H NMR (500 MHz, CDCIl3) ppm 1,06
(td, J=13,56, 3,78 Hz, 1 H), 1,26 - 1,43 (m, 2 H), 1,56 (td, J=13,56, 3,15 Hz, 1 H), 1,61 -
1,73 (m, 2 H), 1,89 - 1,99 (m, 2 H), 2,31 (s, 3 H), 3,03 - 3,10 (m, 1 H), 3,10 - 3,20 (m, 2
H), 3,33 (s, 3 H), 7,25 (d, J=1,89 Hz, 1 H), 7,31 (d, J=8,20 Hz, 1 H), 7,41 (d, J=8,20 Hz,
1 H), 7,87 (d, J=1,89 Hz, 1 H), 8,44 (d, J=2,21 Hz, 1 H), 9,66 (s, 1 H); MS (ES+) m/z 486
[M+H]".

Vidu 20q

N-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-y1]-5-clopyridin-2-carboxamit
NH, .
mﬂ\\(n N;/ \N:
~ \ ,...|O

Cho N-(3-dimetylaminopropyl)-N'-etylcarbodiimit hydroclorua (37,5 mg, 0,20
mmol) vao huyén phi cia axit 5-clopicolinic (28,4 mg, 0,18 mmol) trong DCM (0,5 ml).
Khudy dung dich nay trong thdi gian 5 phut & nhiét do trong phong va sau d6 bd sung
ting giot trong thdi gian 2 phut vao dung dich dugc lam lanh bang da ciia 4-metoxy-5"-
metyl-3'H—dispiro[xyclohexan—1,2’-inden-1',2"-ih1idazol]-4",6'-diamin (Vi du 205, budce 1,
47 mg, 0,15 mmol) va 2M HCI (0,075 ml, 0,15 mmol) trong DMF (0,500 ml). Khudy hén
hop niy & nhiét d6 0 °C trong thoi gian 2 phut. Lam bay hoi dung méi. Tinh ché san
phim thd bang cach st dung phuong phép sic ky diéu ché. Cac phan doan chira san
pham tinh khiét dugc gom lai va chiét bing DCM, lam kho bang thiét bi tach pha va lam
bay hoi @ tao ra hop chét néu & d& muc nay (31,5 mg, hiéu sult 46%). 'H NMR (500
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MHz, CD;CN) & ppm 1,04 (td, 1 H), 1,17 - 1,28 (m, 2 H), 1,45 (td, 1 H), 1,53 (d, 2 H),
1,83 - 1,89 (m, 2 H), 2,19 (s, 3 H), 2,93 - 3,06 (m, 2 H), 3,06 - 3,18 (m, 1 H), 3,24 (s, 3
H), 5,27 (br. 5., 2 H), 7,14 (d, 1 H), 7.27 (d, 1 H), 7.48 (dd, 1 H), 7,99 (dd, 1 H), 8,15 (d,
1 H), 8,63 (d, 1 H), 9,80 (br. 5., 1 H), MS (ES+) m/z 452 [M-+H]".

Vi du 20t

(1r,4r)-4-metoxy-5"-metyl-6'-(2-metylpropoxy)-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin

Budce 1: N-((1r,4r)-5"-isobutoxy-4-metoxyspiro[xyclohexan-1,2'-inden]-
3'(1'H)-yliden)-2-metylpropan-2-sulfinamit

(1r,4r)-6'"-isobutoxy-4-metoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-on (Hop chit
trung gian 69, 1,24 g, 4,10 mmol) va 2-metylpropan-2-sulfinamit '(0,895 g, 7,38 mmol)
da dugc hoa tan trong 2-metyl-tetrahydroﬂ1fan (15 ml) va cho titan(IV) etoxit (1,72 ml,
8,20 mmol) vao. Gia nhié¢t hdn hop thu dugc nay dén hdi Ivu qua dém. Cho 2-
metylpropan-2-sulfinamit (0,45 g, 3,7 mmol) nita vao va phan g nay dugc tiép tuc. Sau
ngay nita, hdn hop nay duoc lam ngudi xudng nhiét d6 trong phong, EtOAc (35 ml) duoc
cho vao, tiép d6 1a bd sung timg giot nuéc (15 ml) véi khudy tron manh. Sau 10 phut
khudy, hén hop nay con dugc dé yén trong thoi gian 1 h truéce khi chit rin tao ra dugc
loc tach. Lép hitu co duoc 1am khé trén Na,SO, va cd trong chan khong. Tinh ché bing
sdc ky nhanh bang cach sir dung gradient ctia 0-20% EtOAc trong heptan dugc ding lam
dung mdi rira giai tao ra 1,036 g (hiéu suit 62%) hop chit néu & d muc nay: '"H NMR
(500 MHz, CDCl;) 8 1,01 - 1,07 (m, 6 H), 1,31 - 1,36 (s, 9 H), 1,36 - 1,46 (m, 2 H), 1,52
- 1,67 (m, 4 H), 2,07-2,14 (m, 3 H), 2,96 (s, 2 H), 3,22 - 3,33 (m, 1 H), 3,38 - 3,42 (m, 3
H), 3,73 - 3,84 (m, 2 H), 7,10 (dd, 1 H), 7,25 (s, 1 H), 7,75 - 8,03 (m, 1 H); MS (ES+)
m/z 406 [M+H]".
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Buéce 2: (1r,4r)-6'-isobutoxy-4-metoxyspiro[ xyclohexan-1,2'-inden]-1'(3'H)-

imin

Cho HCI (4 M trong 1,4-dioxan, 6,4 ml, 25,5 mmol) vao dung dich chia N-
((1r,4r)-5'-isobutoxy-4-metoxyspiro[xyclohexan-1,2'-inden]-3'(1'H)-yliden)-2-
metylpropan-2-sulfinamit (Vi du 20t, Buédc 1, 1,036 g, 2,55 mmol) trong 1,4-dioxan khan
(3 ml). Khudy hdn hop thu dugc nay duéi khi N, & nhiét do trong phong trong thoi gian 1
h. Hon hop nay duoc cd dic con mot phin ba thé tich va cho Et,0 (40 ml) vao. Chét rin
tao ra duogc loc ra va rira bﬁng Et,O. Chét rin nay dugc phan bd gitta DCM va NaHCO;3
trong nudce bao hoad. Cac pha nay dugc tach va 16p hiru éor dugc 1am khé bang Na,SO, va
c¢d trong chan khong. San phdm (635 mg, hiéu sudt 82%) dugc sir dung ngay nhu vay
trong budc tiép theo: MS (EI) m/z 301 M". |

Buée 3: (1r,4r)-4-metoxy-5"-metyl-6'-(2-metylpropoxy)-3'H-
dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"(3"H)-thion

=
e, C“% ®
" O\

Hoa tan 2-oxopropanthioamit (Hop chét trung gian 2, 652 mg, 6,32 mmol) va
(1r,4r)-6'-isobutoxy-4-metoxyspirb[xyclohexan-1,2'-inden]-1'(3'H)-imin (Vi du 20t, Budc
2, 635 mg, 2,11 mmol) trong MeOH kho (10 ml) va dung dich thu dugc dugce gia nhiét &
nhiét @6 60 °C duéi khi nito qua dém. Hon hop nay dugc 1am ngudi xuéng nhié¢t do trong
phong va 1am bay hoi dung méi trong chan khéng. Tinh ché bing séc ky nhanh bang cach
str dung gradient cia 0-40% EtOAc trong heptan dugc dung lam dung méi rira gidi tao ra
678 mg (hiéu suit 83%) cla hép chét néu & dé muc nay: 'H NMR (400 MHz, CDCl;) &
ppm 1,00 (d, 6 H), 1,12 - 1,48 (m, 5 H), 1,56 - 1,80 (m, 3 H), 2,01 - 2,09 (m, 1 H), 2,40
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(s, 3 H), 3,06 (s, 2 H), 3,03 - 3,14 (m, 1 H), 3,35 (s, 3 H), 3,63 (d, 2 H), 6,43 (d, lH)
16,86 (dd, 1 H), 7,21 (d, 1 H), 8,69 (s, 1 H); MS (ES+) m/z 387 [M+H]".

Buéc 4: (1r,4r)-4¢met_()xy-5 "-metyl-6'-(2-metylpropoxy)-3'H-

dispiro[xyclohexan-1,2'-inden-1 ',2"-imidazol]—4"3amin

NH

ey

Tron (1r,4r)—4-metoxy-5"-metyl-6'-(2—metylpropoxy)-3'H-dispiro[xyclohexan—
1,2'-inden-1',2"-imidazol]—4"(3"H)-thion (Vi du 20t Buée 3, 678 mg, 1,75 mmol) va
amoniac (7 M trong MeOH, 15 ml, 105 mmol) tréng binh vi séng. Binh nho dugc day lai
va gia nhiét hon hgp phan (g nay & nhiét d6 100 °C trong thoi gian 30 phut trong binh
phan tng vi séng (thdi gian luu cb dinh). Hon hop nay dugc ¢ trong chan khong va phan
con lai duge hoa tan trong amoniac (7 M trong MeOH, 15 ml, 105 mmol) va gia nhiét &
nhiét 46 100 °C trong thoi gian 30 phut trong binh phan Gng vi séng. Qua trinh nay (co |
dic, bd sung amoniac va gia nhiét) dugc lap lai hai 14n (4 14n chay téng cong). Sau khi
lam bay hoi dung mdi, phﬁn_cc‘)n lai duge phan bd giita EtOAc va 2 M axit xitric. C4c pha
nay dugc tach riéng va 16p hitu co duge chiét bang 2 M axit xitric. Lop hitu co duge bd
ra con pha nuéc két hop duoc kiém hod t6i pH 12 bing cach bd sung 50% NaOH (trong
~nudce). San pham nay dugc chiét bang EtOAc (x 2). Lép hitu co hdn hop duge xtt Iy bang
than ciii va dugc loc qua diatomit. TAm loc dugc rira béng EtOAc va dich loc duoc c6
trong chin khong dé tao ra 432 mg (hiéu sudt 67%) hop chét néu & d& muc nay: 'H NMR
(500 MHz, DMSO-d¢) 6 ppm 0,89 (d, 1 H), 0,93 (d, 6 H), 1,08 - 1,26 (m, 2 H), 1,35 -
1,49 (m, 3 H), 1,80 (d, 2 H), 1,86 - 1,97 (m, 1 H), 2,15 (s, 3 H), 2,81 - 2,98 (m, 3 H), 3,18
(s, 3 H), 3,58 (dd, 2 H), 6,05 (d, 1 H), 6,50 (br. s., 2 H), 6,70 (dd, 1 H), 7,15 (d, 1 H); MS
(ES+) m/z 370 [M+H]".

Téach cac chét ddng phan coa (1r,4r)-4-metoxy-5"-metyl-6'-(2-metylpropoxy)-

3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin
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Téach céc chat ddng phan cua (1r,4r)-4-metoxy-5"-mety1-6'-(2-metylpr0p0xy)-
3'H-dispir0[xyclohexan-1,2'-inden-1',2"—imidazol]-4"-amin (Vi du 20t Buéce 4, 376 mg,
1,02 mmol) bing cach st dung HPLC diéu ché SFC Berger Multigram II dwgc trang bi
¢t LuxC4 (20*250 mm; 5pm), va pha dong bao gdbm 30% MeOH (chira 0,1% DEA) va
70% C02 & tbc do chay 50 ml/phut dé tao'ra: |

Chét déng phan 1 véi c4u hinh tuyét dbi khong dugc xéac dinh (128 mg, hi¢u suét
34%) véi thoi gian luu 2,6 phut: "H NMR (500 MHz, DMSO-dg) & ppm 0,89 (d, 1 H),
0,93 (d, 6 H), 1,08 - 1,27 (m, 2 H), 1,35 - 1,47 (m, 3 H), 1,80 (d, 2 H), 1,86 - 1,98 (m, 1
H), 2,14 (s, 3 H), 2,82 - 2,99 (m, 3 H), 3,18 (s, 3 H), 3,58 (dd, 2 H), 6,05 (d, 1 H), 6,50 (s,
2 H), 6,70 (dd, 1 H), 7,14 (d, 1 H); MS (ES+) m/z 370 [M+H]"; va .

Chét ddng phén 2 véi cdu hinh tuyét d6i khéng duge xac dinh (146 mg, hiéu suit
39%) voi thoi gian luu 3,5 phut: "H NMR (500 MHz, DMSO-dg¢) & ppm 0,89 (d, 1 H),
0,93 (d, 6 H), 1,08 - 1,26 (m, 2 H), 1,35 - 1,47 (m, 3 H), 1,80 (d, 2 H), 1,87 - 1,98 (m, 1
H), 2,15 (s, 3 H), 2,81 - 2,98 (m, 3 H), 3,18 (s, 3 H), 3,58 (dd, 2 H), 6,05 (d, 1 H), 6,50 (s,
2 H), 6,70 (dd, 1 H), 7,14 (d, 1 H). MS (ES+) m/z 370 [M+H]".

~Vidu20u

(1r,4r)-4-metoxy-5"-metyl-6'-(3,3,3-triflopropoxy)-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin

Buéce 1: N-[(1r,1'E,4r)-4-metoxy-6'-(3,3,3-triflopropoxy)spiro[ xyclohexan-
1,2'-inden]-1'(3'H)-yliden]-2-metylpropan-2-sulfinamit

F )]
F 1/

F (0]
\c' "'”O
3 \

Hoa tan (1r,4r)-4-metoxy-6'-(3,3,3-triflopropoxy)spiro[xyclohexan-1,2'-inden]-
1'(3'H)-on (Hop chit trung gian 83, 320 mg, 0,93 mmol) va 2-metylpropan-2-sulfinamit
(204 mg, 1,68 mmol) trong 2-metyl-tetrahydrofuran (4 ml). Cho titan(IV) etoxit (0,391

ml, 1,87 mmol) vao. Gia nhiét hdn hop thu dugc ndy & nhiét do hdi luu qua cubi tuan.
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Hon hop néy dugc 1am ngudi xubng nhiét d¢ trong phong va cho EtOAc (10 ml) vao tiép
d6 12 b6 sung timg giot nude (5 ml) cing v6i khudy tron manh. Sau 10 phut khudy tron,
hdn hop nay dugc dé yén trdng thoi gian 1 h trude khi chit ran tao ra duoc loc tach. Lop
hitu co dugc 1am kho trén Na,SOy4 va ¢d dic. Tinh ché san phidm thd bang cach sic ky
nhanh bing céach sir dung. 0-20% EtOAc trong heptan dugc dung lam dung méi rira giai
tao ra 270 mg (hiéu suét 65%) hop chit néu & dé muc nay (chira 5% chit dong phan kia):
'H NMR (500 MHz, CDCl;) & 1,32 - 1,35 (m, 9 H), 1,36 - 1,45 (m, 2 H), 1,52 - 1,57 (m,
1 H), 1,60 - 1,68 (m, 1 H), 1,72 - 2,07 (m, 2 H), 2,13 (d, 2 H), 2,63 (dt, 2 H), 2,97 (s, 2
H), 3,21 - 3,32 (m, 1 H), 3,40 (s, 3 H), 4,26 (td, 2 H), 7,11 (dd, 1 H), 7,29 (d, 1 H), 7,87 -
8,13 (m, 1 H); MS (ES+) m/z 446 [M+H]".

Budc 2: (1r,4r)-4-metoxy-6'-(3,3,3-triflopropoxy)spiro[xyclohexan-1,2'-
inden]-1'(3'H)-imin

Cho HCI (4 M trong 1,4-dioxan) (1,52 ml, 6,06 mmol) vao dung dich chira N-
((1r,4r)-4-metoxy-5'-(3,3,3-triflopropoxy)spiro[ xyclohexan-1,2'-inden]-3'(1'H)-yliden)-2-
metylpropan-2-sulfinamit (Vi du 20u Budc 1, 270 mg, 0,61 mmol) trong 1,4-dioxan khan
(1 ml). Khudy h6n hop thu dugc nay dudi khi N, & nhiét d§ trong phong trong thoi gian 2
h. Hon hop nay cb dic dén con ~1/3 thé tich va cho Et,O (40 ml) vao. Chéit rén tao ra
duge loc ra va rira bang EtzO. Chat rén nay duoc phan b gitta DCM va NaHCOj trong
nude bado hoa. Cac pha nay dugc tach va 16p hitu co dugc lam kho béng Na,SO,4 va ¢d
trong chan khéng. San phdm nay (174 mg, hiéu suét 84%) chira 9% chét ddng phén kia
- duogc st dung ngay nhu vy trong bude tiép theo: MS (ES+) m/z 342 [M+H]".

Budc 3: (1r,4r)-4-metoxy-5"-metyl-6'-(3,3,3-triflopropoxy)-3'H-
dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"(3"H)-thion
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Hoa tan 2-oxopropanthioamit (Hop chit trung gian 2, 158 mg, 1,53 mmol) va 4-
metoxy-6'-(3,3,3-triflopropoxy)spiro[xyclohexan-1,2'-inden]-1'(3'H)-imin (Vi du 20u,
Budc 2, 174 fng, 0,51 mmol) trong MeOH kho (3 ml) va gia nhiét dung dich mau da cam
thu dugc & nhiét d(f) 60 °C duéi khi nito qua dém. Hbn hop nay dugc 1am ngudi xubng
nhiét do trong phong va lam bay hoi dung mdi trong chan khong. Tinh ché bang sic ky
nhanh bang cach sir dung gradient ctia 0-30% EtOAc trong heptan duoc ding 1am dung
mdi rira giai tao ra 175 mg (hiéu suit 81%) hop chét néu & d& muc nay chira 5% chét |
ddng phan kia: "H NMR (500 MHz, CDCl3) 6 1,15 - 1,24 (m, 1 H), 1,34 - 1,53 (m, 2 H),
1,56 - 1,69 (m, 2 H), 1,75 (dd, 1 H), 2,02 (dt, 2 H), 2,40 (s, 3 H), 2,53 - 2,64 (m, 2 H),
3,08 (s, 2 H), 3,09 - 3,13 (m, 1 H), 3,35 (s, 3 H), 4,12 (t, 2 H), 6,44 (s, 1 H), 6,87 (d, 1 H),
7,24 (d, 1 H), 8,84 (br. s., 1 H); MS (ES+) m/z 387 [M+H]".

Budc 4: (1r,4r)-4-metoxy-5"-metyl-6'-(3,3,3-triflopropoxy)-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

NH
O
0 ~mQ\

Tron (1r,4r)-4-metoxy-5"-metyl-6'-(3,3,3-triflopropoxy)-3'H-dispiro[xyclohexan-
1,2'-inden-1',2"-imidazol]-4"(3"H)-thion (Vi du 20u Budc 3, 175 mg, 0,41 mmol) va
amoniac (7 M trong MeOH, 3 ml, 21 mmol) trong binh vi song. Binh nhé dliqc day lai va
gia nhiét hdn hop phan tmg ndy & nhiét do 110 °C trong thodi gian 30 phut trong binh
phan tng vi séng. Hon hop nay duogc ¢ trong chan khéng va phin con lai dugc hoa tan
trong amoniac (7 M trong MeOH, 3 ml, 21 mmol) va dugc gia nhiét & nhiét dd 110 °C
trong thdi gian 30 phut trong binh phan tng vi séng. Qua trinh nay (co dic, bd sung

amoniac va gia nhiét) dugc lap lai hai lan (téng sb 4 1an). Sau khi lam bay hoi dung méi,
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phén con lai duoc phan b gitta EtOAc va 2 M axit Xitric trong nuge. Cac pha néjr duogc
tach va chiét 16p hitu co bang 2 M axit xitric. L6p hiru co duge bo di con pha nuée két
hop dugc kiém hoa dén pH 12 bing cach bd sung 50% NaOH trong nudc. San pham nay
duoc chiét bing EtOAc (hai 14n). Lép hiru co hdn hop dugc xir 1y bang than cti va dugc
loc qué diatomit. TAm loc dugc rira bang EtOAc va dich loc duge ¢ trong chan khéng.
Tinh ché bing phwong phép séc ky diéu ché tao ra 64 mg (hiéu suit 38%) hop chit néu &
dé muc nay: 'H NMR (500 MHz, DMSO-dg) & ppm 0,90 (td, 1 H), 1,08 - 1,27 (m, 2 H),
1,34 - 1,49 (m, 3 H), 1,80 (d, 2 H), 2,15 (s, 3 H), 2,69 (tt, 2 H), 2,82 - 2,99 (m, 3 H), 3,15
- 3,22 (m, 3 H), 4,00 - 4,10 (m, 2 H), 6,08 (d, 1 H), 6,51 (br. s., 2 H), 6,75 (dd, 1 H), 7,18
-(d, 1 H); MS (APCI+) m/z 410 [M+H]".

Vi du 20v

(1r,4r)-6'-(3-flopropoxy)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-4"-amin

Budce 1: N-(5'-(3 -ﬂopropoxy)-4-mefoxyspiro [xyclohexan-1,2'-inden]-3'(1'H)-
yliden)-2-metylpropan-2-sulfinamit

=<

NS,

AN N <
T

Hoa tan 6'—(3-ﬂbpropoxy)-4-met0xyspiro[xyclohexan-1,2'-inden]-1;(3'H)-on
(Hop chét trung gian 65, 611mg, 1,99 mmol) va 2-metylpropan-2-sulfinamit (435 mg,
3,59 mmol) trong 2-metyl-tetrahydrofuran (40 ml). Cho titan(IV) etoxit (0,84 ml, 3,99
mmol) vao va gia nhiét hdn hop thu duge nay dén nhiét 46 80 °C trong cudi tudn. Lam
ngudi hdn hop phan Gng nay dén nhiét do trong phong va pha logng bang EtOAc (85 ml).
Cho nuéc (3 ml) vao ddng thoi véi .khuéy trdn manh va sau d6 hén hop nay dugc @ yén
trong thoi gian 1 h. Hdn hop nay duoc loc, 1am bay hoi dung méi, va tinh ché phin con
lai bang cach séc ky nhanh bang cach sir dung gradient ciia EtOAc (0-70%) trong heptan
dé tao ra 244 mg (hiéu sudt 30%) hop chit néu & d&& muc nay: MS (ES+) m/z 410
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[M+H]".

Budc 2: 6'-(3-ﬂopropoxy)-4-meytoxyspiro[xyclohexan—1,_2'-inden]-1'(3'H)- o

imin

Cho HCI (4 M trong 1,4-dioxan, 1,489 ml, 5,96 mmol) vao dung dich chira N-(5'-
(3-flopropoxy)-4-metoxyspiro[xyclohexan-1,2'-inden]-3'(1'H)-yliden)-2-metylpropan-2-
sulfinamit (Vi du 20v, Budc 1, 244mg, 0,60 mmol) trong 1,4-dioxan khan (25 ml). Chét
két tha mau tring duoc tao ra ngay va khqu hdn hop duc thu duoc dudi khi nito qua
dém. Hon hop nay dugc pha lodng véi NaHCOj; (trong nuée) va chiét bang DCM, lam
kho bang MgSO, va ¢b trong chan khéng dé tao ra 204 mg (hiéu suét theo dinh lugng)
ctia hop chét néu & d& muc nay, chit ndy dugc sir dung ma khong can bt ky viéc tinh ché

nao trong budec tiép theo: MS (ES+) m/z 306 [M+H]".

Budc 3: 6'-(3-flopropoxy)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-
inden-1',2"-imidazol]-4"(3"H)-thion

Cho 6'-(3-flopropoxy)-4-metoxyspiro[xyclohexan-1,2'-inden]-1'(3"H)-imin (Vi du
20v, Budc 2, 204mg, 0,67 mmol), trimetyl orthoformat (0,193 ml, 1,76 mmol) va 2-
propanol (5 ml) vao binh vi séng. Binh nhé nay dugc ddy lai va gia nhiét hon hop nay &
nhiét d6 60 °C (bé dau). Cho 2-0X0pr0panthioamit (Hop chét trung gian 2, 138 mg, 1,34
mmol) trong MeOH (15 ml) vao va khudy hén hop thu dugc ndy qua dém & nhiét do 60
°C va sau d6 cd trong chan khong. San phim nay dugc phén tach bang cich st dung
phwong phép sic ky nhanh (0-50% EtOAc trong heptan) dé tao ra hop chit néu & dé muc
nay (167 mg, hiéu suit 64%): MS (ES+) m/z 391 [M+H]".
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Budc 4: (1r,4r)-6'-(3-flopropoxy)-4-metoxy-5"-metyl-3'H-
dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

DPua  6'-(3-flopropoxy)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-4"(3"H)-thion (Vi du 20v, Budc 3, 167mg, 0,43 mmol) vao binh vi séng.
Cho amoniac (7M trong MeOH, 2mL, 14 mmol) vao. Gia nhiét hdn hgp nay trong thoi
gian 30 phut & nhiét dd 90 °C trong binh phéan tmg vi séng. Hon hop nay dugc cd dic va
cho amoniac (7M trong MeOH, 2mL, 14 mmol) vao. Gia nhiét hon hop nay & nhiét do
120 °C trong thdi gian 30 phut trong binh phan tng vi séng. Chu trinh ¢6 dic, bd sung
amoniac va gia nhiét & nhiét d6 120 °C bang 10 ifi song duoc lap lai 5 1an. C6 hdn hop
nay trong chan khong. San phdm duoc phan tach bang cach sir dung phuong phép séc ky
didu ché dé tao ra 40 mg (hiéu suit 25%) ctia hop chét néu & dé muc ndy: 'H NMR (500
MHz, DMSO-dg) & ppm 0,93 (td, J=13,40, 2,84 Hz, 1 H) 1,07 - 1,27 (m, 2 H) 1,31 - 1,48
(m, 3 H) 1,81 (d, J=9,46 Hz, 2 H) 1,95 - 2,10 (m, 2 H) 2,17 (s, 3 H) 2,83 - 2,99 (m, 3 H)
3,18 (s, 3 H) 3,88 - 3,95 (m, 2 H) 4,51 (t, J=5,99 Hz, 1 H) 4,61 (t, J=5,99 Hz, 1 H) 6,14
(d, J=2,21 Hz, 1 H) 6,75 (dd, J=8,20, 2,52 Hz, 1 H) 7,17 (d, J=8,20 Hz, 1 H) MS (ES+)
m/z 374 [M+H]".

Vi du 20w

N-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl]-5-clo-3-metylpyridin-2-carboxamit

Cho 1-(3-dimetylaminopropyl)-3-etylcarbodiimit hydroclorua (45,5 mg, 0,24
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mmol) vao huyén phu chira axit 5-clo-3-metylpicolinic (37,6 mg, 0,22 mmol) trong hén
hop gdbm DCM/DMF/THF (2,0 : 2,0 : 0,5 ml). Hén hop nay chira axit hoat hoa duoc
khudy trong thoi gian 20 phut duéi khi argon trude khi né duge bd sﬁng vao dung dich
duoc khudy 'lanh (0 °C, nhiét d0 bén ngoai) ctua (lr,4r)-4-metoxy-5"-metyl-3'H-
_dispirb[xyclohexan-1,2'-inden—1',2”-imidazol]-4",6'-diamin (Vi du 205, buée 1, 57,0 mg,
0,18 mmol), axit clohydric (3 M) (0,3 ml, 0,90 mmol) va trietylamin (0',09_9 ml, 0,71
mmol) trong DMF (2,0 ml). Sau 2 h, mdt phén nita axit hoat hod, dugc diéu ché nhu néu
trén, dugc cho vao ¢ nhiét 36 0 °C. Khuéy hdn hop nay & nhiét @6 0 °C trong thoi gian 5
phut va sau d6 & nhiét do trong phong trong thoi gian ~1 h trude khi ndng nhiét d6 1én
dén 30 °C trong thoi gian 30 phut. Phan tng nay dugc dép tét bang bang cach bd sung
MeOH (1,5 ml) va hdn hop nay c6 dic dudi ap sudt giam dé tao ra san phim tho, tinh ché
san phim nay bang phuong phap sic ky diéu ché. Chét liéu da duoc phan tach nay duoc
xu ly béng 1,25M HCI trong MeOH (1,5 ml) dé tao ra hop chit néu & dé muc nay dudi
dang mubi hydroclorua (15 mg, hiéu suét 18%). "H NMR (500 MHz, CDC13) 5 ppm 1,14
(m, 1 H), 1,28 - 1,44 (m, 3 H), 1,64 - 1,78 (m, 2 H), 1,96 - 2,10 (m, 2 H), 2,46 (s, 3 H),
2,77 (s, 3 H), 3,05 - 3,16 (m, 2 H), 3,22 (m, 1 H), 3,35 (s, 3 H), 7,32 - 7,36 (m, 2 H), 7,62
- 7,66 (m, 2 H), 8,37 (d, 1 H), 10,05 (s, 1 H); MS (ES+) m/z 466 [M+H]".

Vi du 20x

N-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'"H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl]-5-flopyridin-2-carboxamit

bath

1\
F\@\«H N_ _N
= | \< »nQ
N % 5 \

Cho N-(3-dimetylaminopropyl)-N'-etylcarbodiimit hydroclorua (39,1 mg, 0,20
mmol) vao huyén phu cua axit 5-flopicolinic (26,6 mg,-0,19 mmol) trong DCM (0,5 ml).
Khudy dung dich nay trong 10 phit & nhiét d6 trong phong va sau d6 duoc cho timg giot
vao dung dich dugc 1am lanh bang d4 cia 4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4",6'-diamin (Vi du 20j, buéc 1, 49 mg, 0,16 mmol) va 2M
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HCI (0,078 ml, 0,16 mmol) trong DMF (0,500 ml). Khudy hdn hop nay & nhiét do 0 °C
trong thoi gian 1 h. Lam bay'hoi dung mdi. Tinh ché san phdm thé bang cach sir dung
phuong phap sic ky diéu ché. Céc phan doan chtra san phdm nay dugc tap trung lai va
lam bay hoi MeOH. Cho DCM vao va pha hitu co nay dugc chiét, 1am kho bing thiét b
tach pha va 1am bay hoi dé tao ra hop chit néu & d& muc nay (25 mg, hiéu suit 37%): 'H
NMR (500 MHz, CD;CN) & ppm 0,99 . 1,10 (m, 1 H), 1,18 - 1,27 (m, 2 H), 1,45 (td, 1
H), 1,50 - 1,57 (m, 2 H), 1,83 - 1,90 (m, 2 H), 2,20 (s, 3 H), 2,94 - 3,06 (m, 2 H), 3,06 -
3,15 (m, 1 H), 3,25 (s, 3 H), 5,29 (br. s., 2 H), 7,15 (d, 1 H), 7,28 (d, 1 H), 7,48 (dd, 1 H),
7,72 (fd, 1 H), 8,24 (dd, 1 H), 8,52 (d, 1 H), 9,78 (br. s:, 1 H); MS (ES+) m/z 436
[M-+H]". | ~

Vi du 20y

(1r,4r)-4-metoxy-5"-metyl-6'-[2-(prop-1-yn-1-yl)pyridin-4-y1]-3'H-

dispiro[xyclohexan-1,2"-inden-1',2"-imidazol]-4"-amin

(1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-4"-amin (Vi du 19, 75 mg, 0,20 mmol), kali axetat (39,1 mg, 0,40 mmol),
bis(pinacolato)diboron (55,7 mg, 0,22 mmol) va San phidm cong PdCl,(dppf)-CH,Cl,
(8,14 mg, 9,97 pmol) dugc cho hép thu trong dioxan (2 ml) trong binh vi séng. Miéng
binh phé'n ung nay dugc day lai va dugc gia nhiét & nhiét do 110 °C trong thoi gian 30
phit va sau d6 & nhiét d6 120 °C trong thoi gian 15 phut trong chit khoi mao Biotage
Initiator. Sau khi lam nguéi, cho K,CO; (55 mg, 0,40 mmol), Pd(Ph;P), (11,5 mg, 9,97
umol), va nuée (0,3 ml) vao tiép d6 1a 4-bromo-2-(prop-1-ynyl)pyridin (Hop chit trung
gian 33, 39 mg, 0,20 mmol) trong dioxan (1 ml). Miéng binh phén ing nay duogc day lai
va gia nhiét & nhiét do 110 °C trong thdi gian 30 phut trong chit khoi méo Biotage
Initiator. Sau khi 1am nguéi, hdn hop nay duoc loc va ¢d trong chan khong. San phdm

dugc tinh ché bang cach sic ky nhanh bang cach sit dung gradient ciia EtOAc trong

-167-



19492

heptan (0-100%), sau d6 EtOAc: MeOH (9: 1) tiép d6 1a phuong phéap sic ky didu ché dé
~ tao ra hop chét néu & dé& muc nay (7 mg, hiéu suit 9%): "H NMR (500 MHz, DMSO-d¢)
5 ppm 0,96 (m, 1 H), 1,12 -»1,29 (m, 2 H), 1,39 - 1,50 (m, 3 H), 1,83 (m, 2 H), 2,08 (s, 3
H), 2,18 (s, 3 H), 2,90 - 3,13 (m, 3 H), 3,20 (s, 3 H), 6,56 (s, 2 H), 6,89 (d, 1 H), 7,42 (d,
1 H), 7,50 (dd, 1 H), 7,58 (d, 1 H), 7,62 (dd, 1 H), 8,49 (d, 1 H); MS (MM-ES+APCI)+
m/z 413 [M+H]". |

Vidu 20z

(1r,4r)-4-metoxy-5"-metyl-6'-[3-(prop-1-yn-1-yl)phenyl]-3'H-

-dispiro[xyclohexan-1,2"-inden-1',2"-imidazol]-4"-amin

Gia nhiét hon hop gdm natri tetraclopaladat(I) (2,9 mg, 9,70 umol), 3-(di-tert-
butylphosphoni)propan. sulfonat (5,2 mg, 20,0 pmol), (lr,4r)-6'-bromo-4-metoxy-5"-
metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 19, 73 mg, 0,19
mmol) va axit 3-(prop-1-ynyl)phenylboronic (Hop chat trung gian 34, 47 mg, 0,29 mmol)
| trong dioxan (2 ml) duéi khi argon & nhiét do hdi luu qua dém. Cho axit 3-(prop-1-
ynyl)phenylboronic (46,6 mg, 0,29 mmol) vao va gia nhiét tiép tuc trong thdi gian 4 h.
Hbn hop phan tGng nay dugc phan b gitta nude va etyl axetat, lam kho 16p hitu co trén
MgSO, va lam bay hoi dung méi. Tinh ché phan con lai bing phuong phap sic ky diéu
ché dé tao ra 4,0 mg (hiéu sudt 5%) hop chét néu & dé muc nay. 'H NMR (500 MHz,
DMSO-d¢) & ppm 0,91 - 1,02 (m, 1 H), 1,10 - 1,32 (m, 2 H), 1,40 - 1,54 (m, 3 H), 1,84 (d,
2 H), 2,06 (s, 3 H), 2,18 (s, 3 H), 2,92 - 3,13 (m, 3 H), 3,21 (s, 3 H), 6,55 (s, 2 H), 6,75
(d, 1 H), 7,30 - 7,35 (m, 1 H), 7,35 - 7,42 (m, 2 H), 7,44 - 7,50 (m, 3 H); MS (MM-
ES+APCI)+ m/z 412 [M+H]".

Vi du 20aa

(1r,41)-6'-(5-bromopyridin-3-yl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-
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1,2'-inden-1',2"-imidazol]-4"-amin

Cho dung dich of (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-
1,2"-inden-1',2"-imidazol]-4"-amin (Vi du 19, 130 mg, 0,35 mmol) trong MeCN (3,5
ml)va DMF (0,5 ml) Véo hén hop gém 4,4,4'4'5,5,5',5"-octametyl-2,2'-bi(1,3,2-
dioxaborolan) (132 mg, 0,52 mmol), san phém ééng PdClz(dppf)-CHZClz (14,1 mg, 0,02
mmol) va KOAc (136 mg, 1,38 mmol) duéi khi argon: Gia nhiét hdn hop nay dén nhiét
do6 120 °C bang cach s dung MW trong thoi giah 36 phit. Cho san phim cong
PdCl,(dppf)-CH,Cl, (14,1 mg, 0,02 mmol) va 3,5-dibromopyridin (123 mg, 0,52
mmol) vao va gia nhiét hn hop nay dén nhiét d6 120 °C bing cach sir dung MW trong
thoi gian 30 phuat. Cho 3,5-dibromopyridin (123 mg, 0,52 mmol), KOAc (35 mg, 0,35
mmol), San phém cong PdCl,(dppf)-CH,Cl, (14,1 mg, 0,02 mmol) va nuée (100 pl) vao
va gia nhiét hon hop nay & nhiét d6 120 °C trong thoi gian 30 phut. Mot chu trinh nita
gbm bd sung 3,5-dibromopyridin va chit xtc tic va sau dé gia nhi€t dugc thuc hién. Loc
hdn hop phéan tmg nay , co dic dich loc va tinh ché phén con lai bang cach sic ky nhanh
bang céach st dung gradient ciia EtOAc va heptan (0-100%) va sau d6 MeOH va DCM
(0-5%). Tinh ché tiép bang phwong phap sic ky didu ché tao ra 22 mg hop chit néu & @&

“muc nay (hi€u suét 14%). "H NMR (500 MHz, DMSO-dg) 6 ppm 0,97 (td, 1 H), 1,13 -
1,30 (m, 2 H), 1,36 - 1,52 (m, 3 H), 1,83 (d, 2 H), 2,17 (s, 3 H), 2,91 - 2,98 (m, 1 H), 3,00
(d, 1 H), 3,09 (d, 1 H), 3,20 (s, 3 H), 6,54 (s, 2 H), 6,86 (d, 1 H), 7,42 (d, 1 H), 7,56 (dd, 1
H), 8,19 (t, 1 H), 8,64 (d, 1 H), 8,73 (d, 1 H). MS (ES+) m/z 453 /[M+H]+ va (ES-) m/z
451 [M-H]". '

Vidu 25

6'-bromo-5-metyl-2",3",5",6"-tetrahydro-3'H-dispiro[imidazol-2,1'-inden-2',4"-

pyran]-4-amin
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Buéce 1: N-(5-bromo-2',3',5',6'-tetrahydrospiro[inden-2,4'-pyran]-3(1H)-

7
-S_
' "N
Br ) ‘
O

Cho titan(IV) etoxit (2,119 ml, 10,14 mmol) vao dung dich chira 6-bromo-

yliden)-2-metylpropan-2-sulfinamit

2',3',5',6'-tetrahydrospiro[inden-2,4'-pyran]-1(3H)-on (Hop chit trung gian 10, 1,14 g
4,05 mmol) va 2-metyl-2-pr0pansulﬁnamit (0,688 g, 5,68 mmol) trong 2-metyl-
_ tetreihydrofuran (12 ml) va khudy hén hop thu dugc nay & nhiét do 70 °C qua dém. Khi
dugc 1am lanh xubng nhiét d trong phong, cho MeOH (1,5 ml), trong nudc bao hoa
NaHCOj; (5 ml) va EtOAc (10 ml) vao. Khudy hon hop nay trong thoi gian 1 h, sau d6
loc qua diatomit. Rira ba loc ép nay bang EtOAc (3 x 10 ml). L6p hiru co hdn hop dugc
roa bing nude mubi (30 ml), Iam kho béng MgSOs, loc, co dic va duge tinh ché trén cot
rira gidi silicagel bé/ng 0-40% EtOAc trong heptan dé tao ra 545 mg (hiéu suét 35%) hop
* chét néu & dé muc nay; '"H NMR (400 MHz, DMSO-d¢) & ppm 8,54 (br. s., 1 H), 7,80
(dd, 1 H), 7,51 (d, 1 H), 3,88‘ (dd, 2 H), 3,51 (m, 2 H), 3,14 (s, 2 H), 1,38 (m, 2 H), 1,24
(Iﬁ, 11 H), MS (ES+) m/z 384 [M+H]".

Budce 2: 6-br0m0—2',3',5',6'-tetrahydrospir0[inden-2,4'-pyrén]- 1(3H)-imin

NH
Br
0

Cho HC1 (4M trong 1,4-dioxan) (0,683 ml, 2,73 mmol) vao dung dich chira N-(5-
bromo-2',3',5',6'-tetrahydrospiro[inden-2,4'-pyran]-3(1H)-yliden)-2-metylpropan-2-
sulfinamit (Vi du 25 Budc 1, 105 mg, 0,27 mmol) trong 1,4-dioxan khan (1 ml) va khudy
hdn hop thu dugc niy duédi khi nito & nhiét do trong phong qua dém. Cho Et,0 (3 ml)
vao, chit két tia dugc loc ra, rira bang Et,0 va sau d6 hoa tan trong DCM (5 ml) va trong

nude bao hoa NaHCOj; (5 ml). Hon hop ndy duge rét vao thiét bi tach pha, 16p hitu co
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dugc thu gom va ¢d dic dé tao ra hop chét néu & d& muc niy, chit nay dugc st dung
trong budc tiép theo ma khéng cin bat ky tinh ché thém ndo.

Budc3: 6'-bromo-5-metyl-2",3 ",5",6"-tétra.hydro-3'H-dispirb[imidazol-2, 1'-
inden-2',4"-pyran]-4(3H)-thion ' |

S

6-br0m0-2',3',5',6'-tetrahydrospiro[inden-2,4'-pyran]-1(3H)-imin (Vi du 25 Budce
2, 235 mg, 0,84 mmol) va 2-oxopropanthioamit (Hop chét trung gian 2, 173 mg, 1,68
mmol) dugc cho hip thu trong MeOH khan (5 ml) va khudy hdn hop thu dugc nay &
nhiét dé 60 °C duéi khi nito trong thoi gian 3 h. Khi dugc 1am lanh xudng nhiét d6 trong
phong hdn hgp nay dugc cd dic va dugc tinh ché trén cot rira giai silicagel bing 0-50%
EtOAc trong heptan dé tao ra 385 mg (hiéu suit 95%) hop chit néu & dé& muc nay; 'H
NMR (500 MHz, DMSO-de) & ppm 12,40 (br. s, 1 H), 7,53 (dd, 1 H), 7,36 (d, 1 H), 7,03
(d, 1 H), 3,71 (td, 2 H), 3,44 (m, 2 H), 3,15 (m, 2 H), 2,29 (s, 3 H), 1,64 (s, 1 H), 1,55 (s,
1 H), 1,27 (m, 2 H); MS (ES+) m/z 365 [M+H]".

Buéc 4: 6'-bromo-5-metyl-2",3",5",6"-tetrahydro-3"H-dispiro[imidazol-2,1'-

inden-2',4"-pyran]-4-amin

Nat

Br i N§N:
0o
6'-bromo-5-metyl-2",3",5",6"-tetrahydro-3"H-dispiro[imidazol-2,1'-inden-2',4"-
pyran]-4(3H)-thion (Vi du 25 Budéc 3, 415 mg, 1,14 mmol) dugc cho hép thu trong NH;
(7M trong MeOH, 13 ml, 91 mmol) va gia nhiét hdn hop thu duge nay trong binh phan
ng vi séng & nhiét do 120 °C trong thoi gian 2x1 h. Hon hop nay duge ¢ dic va phin
can tao ra dugc hép thu trong NH; (7M trong MeOH, 13 ml, 91 mmol) va sau d6 duoc
gia nhiét tiép trong thoi gian 1 h & nhiét do 120 °C. Hon hop nay dugc c6 dic va phin
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cin tao ra dugc hip thu trong DCM (10 ml) va NaHCO; trong nudc bdo hoa (5 ml) va rét
vao thiét bj tach pha. Lép hitu co dugc thu gom, cb dic va duoc tinh ché trén cot riva giai
silicagel bang 0-10% (0,1M NH; trong MeOH) trong DCM dé tao ra 295 mg (hiéuAsuét
75%) clia hg,»p chét néu & d muc nay: 'H NMR (400 MHz, DMSO-dg) & ppm 7,36 (dd, 1
H), 7,27 (d, 1 H), 6,68 (d, 1 H), 6,65 (br. s, 1 H), 3,65 (m, 2 H), 3,46 (m, 1 H), 3,38 (m, 1
H), 3,15 (m, 1 H), 3,00 (m, 1 H), 2,18 (s, 3 H), 1,66 (td, 1 H), 1,19 (m, 3 H); MS (ES+)
m/z 348[M+H]". |

Vi du 26a

6'-(3 -clophenyl)-5-metyl-2",3",5",6"-tetrahydro-3'H-dispiro[imidazol-2,1'-inden-
2'4"-pyran]-4-amin |

H,N >\(
SUNS

Tron hdn -hop gém ~ 6'-bromo-5-metyl-2",3",5",6"-tetrahydro-3'H-

Cl

dispiro[imidazol-2,1'-inden-2',4"-pyran]-4-amin (Vi du 25, 75 mg, 0,22 mmol), axit 3-
clophenylboronic (40,4 mg, 0,26 mmol), [1,1'-bis(diphenylphosphino)feroxen]paladi(II)
clorua (8,86 mg, 10,77 pumol), 2 M K,CO; trong nuéc (0,215 ml, 0,43 mmol) va 1,4-
dioxan (2 ml) trong binh nhé va gia nhiét trong binh phan Gng vi séng & nhiét dd 130 °C
trong thoi gian 15 phit. Khi dwge 1am lanh xudng nhiét d6 trong phong, hdn hop nay
dugc pha lodng véi nude mubi (3 ml) va chiét bang DCM (3 x 3 ml). Lép hitu co hdn
hop dugc cd dic va phin cin tao ra duge tinh ché bang phuwong phap sic ky diéu ché.
Céc phan doan chira hop chét néu & dé muc nay duge tap trung lai, dung mdi dugc loai
b6 trong chan khong, va phan con lai thu dugc trong nuée dugce chibt bang DCM (3 x 3
ml). Lép hiru co hdn hop duoc chuyén qua thiét bi tach pha va cd dic. Phan cin tao ra
dugc hip thy trong MeOH (2 ml) va 1am kho trong ndi chan khoéng & nhiét d6 40 °C
trong cudi tun dé tao ra 36 mg (hiéu suit 44%) hop chit néu & d& muc nay; 'H NMR
(400 MHz, DMSO-dg) 6 ppm 7,55 (t, 1 H), 7,49 (m, 2 H), 7,39 (m, 3 H), 6,80 (d, 1 H),
6,61 (br. s, 1 H), 3,66 (m, 2 H), 3,48 (m, 1 H), 3,40 (td, 1 H), 3,22 (d, 1 H), 3,08 (d, 1 H),
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2,19 (s, 3 H), 1,72 (td, 1 H), 1,22 (m, 3 H); MS (ES+) m/z 380 [M+H]".
Vi du 26¢

6'-(3-clo-4-flophenyl)-5-metyl-2",3",5 ",6"-tetrahydro-3'H-dispiro[imidazol-2, 1'-

inden-2',4"-pyran]-4-amin

, HZNH
01

Hop chat néu ¢ d€ muc nay dugc tong hop nhu mé ta & vi du 26a véGi hiéu suat

42%, bit dau tir 6'-bromo-5-metyl-2",3",5",6"-tetrahydro-3'H-dispiro[imidazol-2,1'-inden-
2'4"-pyran]-4-amin (Vi du 25, 75 mg, 0,22 mmol) va axit 3-clo-4-flobenzenboronic (45,1
mg, 0,26 mmol); 'H NMR (400 MHZ, DMSO-dg) 6 ppm 7,72 (dd, 1 H), 7,52 (m, 2 H),
7,42 (m, 2 H), 6,80 (d, 1 H), 6,60 (br. s, 1 H), 3,66 (m, 2 H), 3,48 (t, 1 H), 3,40 (m, 1 H),
3,20 (m, 1 H), 3,07 (m, 1 H), 2,19 (s, 3 H), 1,71 (td, 1 H), 1,23 (m, 3 H), ; MS (ES+) m/z
398 [M+H]". |

Vidu 27

6'-bfomo-4,4—diﬂo-5 "-metyl-3'H-dispiro[xyclohexan-1,2'-inden- 1 ',2"-imidazol]-

4"-amin

Bude 1: N-(5'-bromo-4,4-diflospiro[xyclohexan-1,2'-inden]-3'(1'H)-yliden)-

2-metylpropan-2-sulfinamit

Hoa tan 6'-bromo-4,4-diflospiro[xyclohexan-1,2"-inden]-1'(3'H)-on (Hop chét

trung gian 11, 819 mg, 2,60 mmol), 2-metylpropan-2-sulfinamit (630 mg, 5,20 mmol) va

titan etoxit (1,874 ml, 9,10 mmol) trong 2-Me THF (9 ml) va gia nhiét dén nhiét do 120
°C bang 16 vi séng trong thdi gian 1 h. Cho EtOAc (20 ml) va NaHCO; (trong nudc, bao
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hoa, 2 ml) vao trong diéu kién c6 khuéy.. Hén hop nay dugc dé yén ma khong c6 khudy

trong thoi gian 1 h. Pha hitu co ndy duoc thu gom bang cﬁch loc, 1am khé bang MgSO,
va ¢d dic. Phuong phap sic ky nhanh Véi gradient cua 0 - 50% EtOAc trong n-heptan tao

ra hop chit néu & dé muc nay (340 mg, hiéu suit 31%). 'H NMR (500 MHZ, DMSO-dg)

& ppm 1,25 (s, 9 H), 1,56 - 1,71 (m, 2 H), 2,10 (br. s., 6 H), 3,12 (s, 2 H), 7,49 (d, 1 H),

7,81 (dd, 1 H), 8,43 - 8,63 (m, 1 H). MS (ES+) m/z 418 [M+H]".

Budc 2: 6'-bromo-4,4-diflospiro[xyclohexan-1,2'-inden]-1'(3'H)-imin

NH
Br
F
F

Cho HCI (4M trong 1,4-dioxan, 3,38 ml, 13,51 mmol) vao dung dich chira N-(5'-
bromo-4,4-diflospiro[xyclohexan-1,2'-inden]-3'(1 'H)-yliden)—Z-metylpropan-Z-sulﬁnamit'
(Vi du 27 Buéc 1, 565 mg, 1,35 mmol) trong 1,4-dioxan khan (4 ml). Khudy hdn hop thu
dugc nay dudi khi nito ¢ nhiét d6 trong phong trong thoi gian 90 phut. Cho Et,O (2 ml)
vao va chat két tiia nay duoc loc ra va rira bang Et,0. Chit rin nay dugc phén bd gitra
DCM (8 ml) va NaHCO; trong nude bdo hoa (8 ml). Cac pha héy dugc tach va 16p hiru
co duge lam kho trén MgSO4 va cd dic dé tao ra 6'-bromo-4,4-diflospiro[xyclohexan-
1,2"-inden]-1'(3'H)-imin (418 mg, hidu sudt 99%), chét nay dugc st dung truc tiép trong
bude tiép theo. MS (ES+) m/z 314 [M+H]". |

‘ Buéc 3: 6'-bromo-4,4-diflo-5"-metyl-3'H-dispiro[ xyclohexan-1 ,2'-inden-
1',2"-imidazol]-4"(3"H)-thion

S

OO

Hoa tan 6'-bromo-4,4-diflospiro[xyclohexan-1,2'-inden]-1'(3'H)-imin (Vi du 27
Budc 2, 418 mg, 1,33 mmol) va 2-oxopropanthioamit (Hop chét trung gian 2, 412 mg,
3,99 mmol) trong MeOH khé (6 ml) va gia nhiét dung dich thu dugc & nhiét do 60 °C
dudi khi Ny(g) qua dém. Lam nguoi hén hop phan tmg nay xudng nhiét do trong phong,
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chét két tha tao ra duge loc ra va lam kho trong chan khong, tao ra hop chit néu & d& muc
nay (387 mg, 73% hiéu suit). "H NMR (500 MHz, DMSO-d) 5 ppm 1,29 - 1,47 (m, 2
H), 1,49 - 1,62 (m, 2 H), 1,81 - 2,08 (m, 4 H), 2,28 (s, 3 H), 3,09 (d, 1 H), 3,15 (d, 1 H),
7,02 (d, 1 H), 7,33 (d, 1 H), 7,53 (d, 1 H), 12,42 (s, 1 H); MS (ES+) m/z 399,0 [M+H]".

Buéc 4: 6'-bromo-4,4-diflo-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-

>\(NH2
7\
Br N N

F
T

Gia nhiét 6'-bromo-4,4-diflo-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

1',2"-imidazol]-4"-amin

imidazol]-4"(3"H)-thion (Vi du 27 Buéc 3, 57 mg, 0,14 mmol) trong amoniac (7 M trong
MeOH) (1,5 ml, 10,5 mmol) trong binh phan ing vi séng trong thoi gian 40 phiit & nhiét
d6 100 °C. Hon hop nay duogc cd dic, hoa tan lai trong amoniac (7 M trong MeOH) (1,5
ml, 10,5 mmol) va gia nhiét bang 16 vi s6ng trong thoi gian 40 phit & nhiét do 100 °C. Co
dic hon hop nay. Tinh ché san phim thé bing cich sic ky nhanh bing cach st dl_ing
gradient cia CHCl;/MeOH 40: 1-30: 1-20: 1 tao ra hgp chét néu & dé muc nay (21 mg,
hiéu suét 39%): 'H NMR (500 MHz, DMSO-dg) & ppm 1,15 - 1,29 (m, 1 H), 1,47 (m, 2
H), 1,61 - 1,73 (m, 1 H), 1,73 - 1,97 (m, 4 H), 2,18 (s, 3 H), 2,98 (d, 1 H), 3,08 (d, 1H),
6,67 (m, 3 H), 7,26 (d, 1 H), 7,37 (dd, 1 H); MS (ES+) m/z 382 [M+H]".

Vidu 28c

6'-(5-clopyridin-3-yl)-4,4-diflo-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-

I',2"-imidazol]-4"-amin

Cho natri tetraclopaladat(Il) (7,70 mg, 0,03 mmol), 3-(di-tert-
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butylphosphoni)propah sulfonat (7,02 mg, 0,03 mmol), 6'-bromo-4,4-diflo-5"-metyl-3'H-
dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 27, 100 mg, 0,26 mmol) va
axit 5-clopyridin-3-ylboronic (52,0 mg, 0,3 lr mmol) Véo binh vi song va hoa tan trong 2-
metyl-tetrahydrofuran (1 ml). Cho K,CO; (2M aq) (0,392 ml, 0,78 mmol) .VE‘lO va binh
nhé duge suc bang Ar (g) dugc ddy nip lai. Gia nhiét hdn hop n:‘ay trong binh phan tng vi
song & nhiét do 100 °C trong thoi gian 45 phut. Natri tetraclopaladat(I) (7,70 mg, 0,03
mmol), 3-(di-tert-butylphosphoni)propan sulfonat (7,02 mg, 0,03 mmol) bd suhg va 0,5
duong lugng axit 5-clopyridin-3-ylboronic duge cho vao hén hgp phan tmg nay va gia
nhiét hdn hop nay dén nhiét d6 90 °C trong thdi gian 1 h. Cho nudce vao va phﬁn con lai
dugc chiét bing EtOAc (x3). Pha hitu co dwoc 1am kho bing MgSO, va ¢6 dic. Tinh ché
san phdm tho trén cot silicagel (4g SiO,, 7 M NH; trong MeOH trong DCM 1: 9/DCM 0-
100%) d tao ra hop chit néu & d muc nay (41 mg, hidu suét 38%). '"H NMR (500 MHz,
DMSO-dg) 6 ppm 1,23 - 1,32 (m, 1 H), 1,52 (br. s.; 2 H), 1,72 (br. s., 1 H), 1,79 - 1,98
(m, 4 H), 2,19 (s, 3 H), 3,08 (d, 1 H), 3,16 (d, 1 H), 6,62 (br. s., 2 H), 6,90 (d, 1 H), 7,43
(d, 1 H), 7,60 (dd, 1 H), 8,10 (t, 1 H), 8,57 (d, 1 H), 8,72 (d, 1 H). MS (APCI+) m/z 415,2
[M+H]".

Vidu 28d

N-(4"-amino-4,4-diflo-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)-5-clopyridin-2-carboxamit

Budc 1: 4,4-diflo-5"-metyl-3"H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-4",6'-diamin

»/—__(NH2

N N
H,N F
F

- Tron 6'-bromo-4,4-diflo-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-4"-amin (Vi du 27, 116 mg, 0,30 mmol), trans-4-hydroxy-L-prolin (40 mg,
0,30 mmol), ddng(l) iodua (29 mg, 0,15 mmol) va K,CO; (126 mg, 0,91 mmol) trong
dimetylsulfoxit (3 ml) kho trong binh vi séng. Khudy hén hop nay duéi khi argon & nhiét
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dd trong phong trong thoi gian 30 phit. Cho amoniac (30-33% in H,0) (0;285_“m1, 4,55
mmol) vao, binh nhé dugc day lai va dugc gia nhiét & nhiét d6 110 °C trong thoi gian 3 h
trong thiét bi tdng hop vi song. Dong(I) iodua (29 mg, 0,15 mmol) va trans-4-hydroxy-L-

| prolin (40 mg, 0,30 mmol) bd sung duoc cho vao va sau do hdn hop nay dugc gia nhiét
dén nhiét d6 110 °C trong thoi gian 4 h. Hon hop nay dugc pha loadng véi EtOAc (10 ml)
va rira bing nuéc mudi (10 ml). Chiét 16p nuée bing EtOAc (2 x 10 ml). Lép hitu co
dugc két hop va co trong chan khong. Phan con lai duoc dugc dua 1én cot silica ngin (4g
Si0,) va rira giai bang 0-100% (7 M NH; trong MeOH va DCM 1: 9) trong DCM & tao
ra hop chét néu & d& muc nay (46 mg, hi¢u suit 48%): 'H NMR (500 MHz, DMSO-ds) &
ppm 1,17 (t, 1 H), 1,48 (br. s., 2 H), 1,64 - 1,96 (m, 5 H), 2,11 - 2,17 (m, 3 H), 2,83 (d, 1
H), 2,90 (d, 1 H), 4,75 (s, 2 H), 5,83 (d, 1 H), 637(dd 1 H), 6,50 (s, 2 H), 6,90 (d, 1 H);
MS (ES+) m/z 319,1 [M+H]".

Budc 2: N-(4"-amino-4,4-diflo-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-6'-yl)-5-clopyridin-2-carboxamit

NH

e e

Cho N-(3-dimetylaminopropyl)-N'-etylcarbodiimit hydroclorua (36 mg, 0,19
mmol) vao huyén phil cia axit 5-clopicolinic (27 mg, 0,17 mmol) trong DCM (0,5 ml).
Khudy dung dich mau da cam thu duge trong thoi gian 5 phﬁt va sau d6 dugc bd sung
ting giot trong thdi gian 2 phiit vao dung dich duoc 1am lanh bing d4 cua 4,4-diflo-5"-
metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4",6'-diamin (Vi du 28d Budc 1,
46 mg, 0,14 mmol) va 2M HCI trong nudc (0,072 ml, 0,14 mmol) trong DMF (0,5 ml).
Khudy hdn hop nay & nhiét d6 0 °C trong thoi gian 10 phut va sau d6 dugc dé _dén nhiét
do trong phong qua dém. Lam bay hoi dung moi. Chét thd dugc tinh_ché bing cach sir
dung phuong phéap sic ky diéu ché dé tao ra hop chit néu & d& muc nay (11 mg, hiéu suét
17%): "H NMR (500 MHz, DMSO-dg) & ppm 1,23 (d, 1 H), 1,51 (d, 2 H), 1,66 - 1,98 (m,
5 H), 2,18 (s, 3 H), 2,99 (d, 1 H), 3,08 (d, 1 H), 6,63 (br. s., 1 H), 7,23 - 7,29 (m, 2 H),
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7,62 (d, 1 H), 8,10 (d, 1 H), 8,18 (dd, 1 H), 8,74 (s, 1 H), 10,50 (s, 1 H); MS (APCI+) m/z
458,1 [M+H]". |

Vi du28h

4,4-diflo-5"-metyl-6'-[5-(prop-1-yn-1-yl)pyridin-3-yl]-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin

Hop chét néu & dé muc nay (26 mg, 24% hiéu suit) duoc didu ché nhu mé ta vi
du 28c bit diu tir axit 6'-bromo-4,4-diflo-5"-metyl-3'H-dispiro[xyclohexan-1,2"-inden-
1',2"-imidazol]-4"-amin (Vi du 27, 100 mg, 0,26 mmol) va 5-(prop-1-ynyl)pyridin-3-
ylboronic (Hop chét trung gian 15, 50,5 mg, 0,31 mmol). 'H NMR (500 MHz, DMSO-dy)
S ppm 1,22 - 1,30 (m, 1 H), 1,51 (br. s., 2 H), 1,71 (br. s., 1 H), 1,78 - 1,97 (m, 4 H), 2,09
(s, 3 H), 2,19 (s, 3 H), 3,06 (d, 1 H), 3,15 (d, 1 H), 6,61 (s, 2 H), 6,85 (d, 1 H), 7,41 (d, 1
H), 7,56 (dd, 1 H), 7,91 (t, 1 H), 8,51 (d, 1 H), 8,67 (d, 1 H). MS (APCI+) m/z 419,2
[M+H]".

Vidu 29

5'-bromo-4-metoxy-5"-metyldispiro[xyclohexan-1,2'-[1]benzofuran-3',2"-

imidazol]-4"-amin

Buéce 1: N-(5-bromo-4'-metoxy-3H-spiro[benzofuran-2,1'-xyclohexan]-3-

(0]
RO
wLS\N
Br (0]
3 \
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Cho titan etoxit (3,71 ml, 18,00 mmol) vao hdn hop gém 5-bromo-4'-metoxy-3H-
spiro[benzofuran-2,1'-xyclohexan]-3-on (Hop chét trung gian 12, 2,8 g, 9,00 mmol) va 2-
metylpropan-2-sulfinamit (2,024 g, 16,20 mmol) trong metyl THF (15 ml) va hén hop
phan L'rng nay dudc gia nhiét dén héi luu. Sau 21 h, phan tng nay dugc lam ngudi xubng
nhiét dd trong phong sau d6 dugc pha loang v6i EtOAc (150 ml). Cho ting giot nudc (12
ml) vao trong thoi gian 10 phat cing vé6i khudy tron manh va sau d6 hdn hop nay duoc
dé yén ma khong khudy trong thoi gian 1,5 h. Chét rin dugc loc tach va céc_chét hitu co
dugc 1am bay hoi. Tinh ché san phdm thd bang cach sic ky nhanh bing cich st dung
gradient cia 0%- 50% EtOAc trong heptan, tao ra 2,41 g hop chét néu & @& muc nay
(hiéu sudt 65%): "H NMR (500 MHz, CDCl;) & ppm 1,33 (s, 9 H), 1,81 (m, 6 H), 2,12 (d,
2 H), 3,33 (m, 1 H), 3,42 (s, 3 H), 6,94 (d, 1 H), 7,59 (dd, 1 H), 8,53 (m, 1 H); MS (ES+)
m/z 415 [M+H]".

Budce 2: 5-bromo-4'-metoxy-3H-spiro[benzofuran-2,1'-xyclohexan]-3-imin

NH
X
Br 0]
3 \

Cho 4M HCI trong 1,4-dioxan (12,07 ml, 48,27 mmol) vao dung dich chira N-(5-
bromo-4'-metoxy-3H—spiro[benzofuran-Z,1'-xyclohexan]-3-yliden)-2-metylpropan-2-
sulfinamit (Vi du 29 Budc 1, 2 g, 4;83 mmol) trong 1,4-dioxan khan (40 ml) va khudy
hdn hop thu dugc nay dudi khi nito & nhiét d trong phong qua dém. Cho Et,0 (30 ml)
vao va chit két tiia nay duoc loc ra va rira bing Et,0, sau d6 phan chia gitta DCM (40
ml) va NaHCOj; trong nudc bdo hoa (40 ml). Cac pha ndy dugc tach riéng va 16p hitu co
cd dic, tao ra 1,37 g hop chit thd néu & tiéu dé, chit nay duoc sir dung ngay trong budc
tiép theo: MS (EI) m/z 309 M*.

‘ Budc 3: 5'-bromo-4-metoxy-5"-metyldispiro[xyclohexan-1,2'-[1]benzofuran-
3!,2"-imidazol]-4"(3"H)-thion
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Hoa tan 5-bromo-4'-metoxy-3H-spiro[benzofuran-2,1'-xyclohexan]-3-imin (Vi
du 29 Buéc 2, 1,37 g, 4,41 mmol) va 2-oxopropanthioamit (Hop chit trung gian 2, 0,909
g, 8,81 mmol) trong MeOH khoé (25 ml) va gia nhiét dung dich mau da cam thu dugc &
nhiét d6 60 °C duéi khi nito qua dém. Cho thém mot phan 2-oxopropanthioamit (400
mg) vao va tiép tuc khudy. Saﬁ 24 h, 1am nguoi hdn hop nay xudng nhiét d6 trong phong
va lam bay hoi dung méi. Tinh ché bang sic ky nhanh bang cach st dung gradient cua 0-
100% EtOAc trong heptan tao ra 373 mg hop chit néu & d& muc nay (hiéu suét 21%). 'H
NMR (500 MHz, DMSO-dg) & ppm 1,35 (m, 1 H), 1,47 (m, 3 H), 1,87 (m, 2 H), 1,97 (m,
2 H), 2,29 (s, 3 H), 3,13 (s, 3 H), 4,11 (m, 1-H), 6,99 (d, 1 H), 7,16 (d, 1 H), 7,48 (dd, 1
H); MS (ES+) m/z 396 [M+H]".

Budc 4: 5 '—bromo-4-metbxy-5 "-metyldispiro[xyclohexan-1,2'-[1]benzofuran-

HNHZ
7\

N_ N
Br (o)
g \

Pidu ché hdn hop gdm 5'-bromo-4-metoxy-5"-metyldispiro[xyclohexan-1,2'-
[1]benzofuran-3',2"-imidazol]-4"(3"H)-thion (Vi du 29 Budc 3, 365 mg, 0,92 mmol) va
M amoniac trong MeOH (10mL, 70,00 mmol) trong binh vi séng. Binh nhé dugc day

3',2"-imidazol]-4"-amin

lai va hon hop phin mg nay dugc gia nhiét & nhiét ¢ 120 °C trong thoi gian 30 phut
trong binh phan tng vi séng. C6 dic hdén hop nay va hoa tan phin con lai trong 7M
amoniac trong MeOH (4 ml) va gia nhiét mdt 1an nira & nhiét d6 120 °C trong thoi gian
30 phut bang cach sir dung MW. Tiép nira, cd dic hdn hop nay, cho 7M amoniac trong
MeOH (10mL, 70,00 mmol) vao va gia nhiét hdn hop nay & nhiét d6 120 °C. C6 dic hon
hop nay va hoa tan san phim thd trong 20% MeOH trong DCM va loc qua tAm silica va
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rira giai bang 20% MeOH trong DCM. Sau khi ¢ dic 16p hitu co, cho DCM vio phin
. con lai. Chét rén tao ra dugc loc ra va ria br?mg DCM, tao ra 94 mg hop chét néu & dé
muc nay (hiéu suét 27%). C6 ddc nudc cdi, cho Et,O vao va chét rin dugce loc ra va lam
khé, tao ra phan thir hai cﬁa‘hqp chit néu & & muc nay (85 mg, hiéu sudt 24%). '"H NMR
(500 MHz, DMSO-d¢) 6 ppm 1,19 (d, 1 H), 1,43 (m, 3 H), 1,80 (d, 2 H),‘ 1,95 (m, 2 H),
2,20 (s, 3 H), 3,07 (d, 1 H), 3,21 (s, 3 H), 6,68 (d, 1 H), 6,74 (br. s., 2 H), 6,87 (d, 1 H),
7,31 (dd, 1 H); MS (ES+) m/z 379 [M+H]". |

Vidu30b

5'-(3-clophenyl)-4-metoxy-5"-metyldispiro[xyclohexan-1,2'-[ 1 ]benzofuran-3',2"-

imidazol]-4"-amin

Cho axit 3-clophenylboronic (4}7,7 mg, 0,31 mmol), 5'-bromo-4-metoxy-5"-
metyldispiro[xyclohexan—1,2'-[1]benzoﬁiran—3',2"-imidazol]-4"—amin (Vi du 29, 77 mg,
0,20 mmol) va (1,1'-bis(diphenylphosphino)feroxen)-diclopaladi(Il) (8,37 mg, 10,18
pumol) vao trong binh vi séng va hoa tan trong dioxan khd (2 ml). Cho dung dich trong
nuée K,CO3 2M (0,204 ml, 0,41 mmol) vao, khir khi hdn hop phan tmg bang khi nito va
gia nhiét hon hop nay & nhiét d6 120 °C trong thoi gian 20 phit trong binh phan tmg vi
song. Hon hop nay duge két hop véi hdn hop phan Gng thir hai tir 10 mg (0,03 mmol) of
5'-bromo-4-metoxy-5"-metyldispiro[xyclohexan-1,2'-[ 1 ]benzofuran-3',2"-imidazol]-4"-
amin va c¢6 dic. Cho EtOAc (7 ml) va dung dich trong nudc bdo hoa ctia NaHCOj; (5 ml)
vao va cac pha nay duoc tach riéng. Chiét pha nudc bang EtOAc (5 ml) va 16p hitu co
hdn hop dugc 1am kho bing MgSO;, loc va 1am bay hoi. Tinh ché san phim thd bing
phuong phép séc ky diéu ché, tao ra 38,5 mg hop chit néu & d& muc nay (hidu suét 41%).
'H NMR (500 MHz, DMSO-dg) & ppm 1,21 (m, 1 H), 1,46 (m, 3 H), 1,82 (m, 2 H), 1,98
(m, 2 H), 2,21 (s, 3 H), 3,09 (m, 1 H), 3,22 (s, 3 H), 6,71 (br. s., 2 H), 6,85 (d, 1 H), 6,98
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(d, 1 H), 7,32 (m, 1 H), 7,40 (s, 1 H), 747 (m, 1 H), 7,51 (m, 1 H), 7,54 (s, 1 H); MS
(APCI+) m/z 410 [M+H]".

Vidu30d

5'-(5-clopyridin-3-yl)-4-metoxy-5"-metyldispiro[xyclohexan-1,2'-[ 1]benzofuran-

3',2"-imidazol]-4"-amin

N
/\ N N
(0]
~
Cl (0] \

Cho natri tetraclopaladat (II) (2,294 mg, 7,80 ~umol), 3-(di-tert-
butylphosphoni)propan sulfonat (4,19 mg,. 0,02 mmol), axit 5-clopyridin-3-ylboronic
(25,8 mg, 0,16 mmol) va 5'-bromo-4-metoxy-5"-metyldispiro[xyclohexan-1,2'-
[1]benzofuran-3',2"-imidazol]-4"-amin (Vi du 29, 59 mg, 0,16 mmol), vao binh nhd. Cho
2-metyl-tetrahydrofuran (1 ml) va 2 M K,COj; trong nude (0,234 ml, 0,47 mmol) vao va
khir khi hén hgp phan g bang cach suc khi nito qua dung dich nay. Binh nhé duge day
lai va gia nhiét trong binh phan g vi séng' & nhiét do 90 °C trong thoi gian 30 phut VE‘I-
hdn hop thd nay duge két hgp véi hdn hop phan Gng thtr hai tir 20 mg (0,05 mmol) of 5'-
* bromo-4-metoxy-5"-metyldispiro[xyclohexan-1,2'-[ 1]benzofuran-3',2"-imidazol]-4"-
amin. Cho nudc (5 ml) va EtOAc (5 ml) vao va cic pha niy duoc tach riéng. Chiét pha
nu6e bang EtOAc (5 ml) va 16p hitu co hdn hop duge 1am khd bang MgSO;, loc va lam
bay hoi. Tinh ché bang sic ky nhanh bang cach sir dung gradient 0-10% cia MeOH, chira
1,2% 7M NHj trong MeOH, trong DCM tao ra 36 mg hop chét néu & d& muyc nay (hiéu
sudt 56%): '"H NMR (500 MHz, DMSO-dg) 6 ppm 1,22 (m, 1 H), 1,46 (m, 3 H), 1,81 (m,
2 H), 1,97 (m, 2 H), 2,21 (s, 3 H), 3,10 (m, 1 H), 3,22 (s, 3 H), 6,71 (br. s., 2 H), 7,01 (m,
2 H), 7,61 (dd, 1 H), 8,08 (t, 1 H), 8,51 (d, 1 H), 8,72 (d, 1 H); MS (APCI+) m/z 411
[M+H]. |

Vidu 30e
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4-metoxy-5"-metyl-5'-[5-(prop-1-yn-1 -yl)pyridin—3 -yl]dispiro[xyclohexan-1,2'-

[1]benzofuran-3',2"-imidazol]-4"-amin

Hoa tan axit 5-(prop-1-ynyl)pyridin-3-ylboronic (Hop chit trung gian 15, 57,4
mg, 0,36 mmol), (1,1'-bis(diphenylphosphino)feroxen)-diclopaladi(Il) (9,79 mg, 0,01
mmol), xesi cacbonat (233 mg, 0,71 mmol) va 5'-bromo-4-metoxy-5"-
metyldispiro[xyclohexan—1,2'-[1]benzofuran-3',2"-imidazol]-4"-amin (Vi du 29, 90 mg,
0,24 mmol) trong hdn hgp theo ty 1¢ 6: 3: 1 ctia DME: EtOH: nudc (2 ml) va gia nhiét &
nhiét vd(f) 150 °C trong binh phén tng vi séng trong thoi gian 15 phit. C6 dic hdn hop nay
va phéan con lai dugc phan bd giita EtOAc (7 ml) va NaHCO; trong nudc bdo hoa (5
ml).Céc 16p nay dugc tach riéng va 16p hitu co dugc 1am kho trén MgSO, va c6 déc. Tinh
ché san phdm thé bang phuong phap sdc ky diéu ché tao ra 41 mg hop chét néu & d& muc
nay (hiéu suit 42%). "H NMR (500 MHz, DMSO-dg) 6 ppm 1,22 (m, 1 H), 1,46 (m, 3 H),
1,81 (m, 2 H), 1,98 (m, 2 H), 2,09 (s, 3 H), 2,21 (s, 3 H), 3,10 (m, 1 H), 3,22 (s, 3 H),
6,70 (s, 2 H), 6,95 (d, 1 H), 6,99 (d, 1 H), 7,56 (d, 1 H), 7,91 (t, 1 H), 8,47 (d, 1 H), 8,67
(d, 1 H); MS (APCI+) m/z 415 [M+H]".

Vidu 45

6'-bromo-5-metyl-5",6"-dihydro-4"H-dispiro[imidazol-2,4'-chromen-2',3"-pyran]-

4-amin

Budce 1: N-(6-bromo-5',6'-dihydro-4'H-spiro[chromen-2,3'-pyran]-4(3H)-
yliden)-2-metylpropan-2-sulfinamit
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N/S\'<
Br )

Hoa tan 6—bromo-5',6'-dihydro-4"H-Spir0[chrbmen-2,3'-pyran]-4(3H)—on (Hop
chét trung gian 26, 2,007 g, 6,75 mmol), 2-metylpropan-2-sulfinamit (1,228 g, 10,13
mmol) va titan etoxit (2,78 ml, 13,51 mmol) trong metyl THF (16 ml) va gia nhiét dén
hdi luu trong thoi gian 19 h. Hon hop phan ung nay dugc dé lanh xudng dén nhiét 46
trong phong ddng thdi cho EtOAc (80 ml) va NaHCO; (bdo hoa, 5 ml) vio trong didu
kirén c¢6 khudy. Hon hop nay dugc dé yén trong thoi gian 1 h. Pha hitu co nay duoc thu
gom bang céch loc, 1am khd bang MgSO, va cb dic. Tinh ché san phim thod bang cach
sic ky nhanh bing cach sir dung gradient ctia 0-50% EtOAc trong heptan. Lam bay hoi
c4c phan doan mong mudn dé tao ra hop chit néu & d& muc nay dudi dang hdn hop cia
céc chét ddng phan khong dbi quang véi ty 18 1: 1 nhu duge xac dinh bén_g NMR (2,63 g,
hidu sudt 97%): '"H NMR (500 MHz, CDCl;) 8 ppm 1,34 (s, 9H), 1,50 - 1,57 (m, 0,5H),
1,60 - 1,68 (m, 1H), 1,73 (m, 0,5H) 1,87 - 2,09 (m, 2H), 2,99 (d, 0,5H), 3,26 (d, 0,5H),
3,33 (d, 0,5H), 3,45 - 3,61 (m, 2H), 3,64 (d, 0,5H), 3,77 - 3,93 (m, 2H), 6,88 - 6,93 (m,
1H), 7,48 (dd, 1H), 7,98 (dd, 1H); MS (ES+) m/z 401,9 [M+H]".

Budce 2: 6-bromo-5',6'-dihydro—4'H—spiro[chromen-2,3'-pyran]-4(3H)-imin

NH
Br

Cho HCI (4 M trong 1,4-dioxan) (0,395 ml, 12,99 mmol) vao huyén phu ciia N-
(6-bromo-5',6'-dihydro-4'H-spiro[chromen-2,3'-pyran]-4(3H)-yliden)-2-metylpropan-2-
sulfinamit (Vi du 45 Buéc 1, 520 mg, 1,30 mmol) trong 1,4-dioxan khan (6 ml) va khudy
hdn hgp thu dugc nay dudi khi nito & nhiét d9 trong phong trong thoi gian 2 ngay. Chét
két tia dugce tao ra. Chét két tha nay dugc loc ra va rira béng Et,0. VSau d6, chit rin nay

dugc hoa tan trong DCM va NaHCOj5 trong nuéc bdo hoa. Hon hop nay duogc rét vao
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thiét bi tach pha, thu gom va c6 dic 16p hitu co. Hop chat néu ¢ d& muc nay dugc st

dung truc tiép trong budc tiép theo ma khong cin bét ky tinh ché thém nao.

Buéc 3: 6'-bromo-5-metyi—5",6"—dihydro-4"H—dispiro[imidazol-2,4’-chromen—
2',3"-pyran]-4(3H)-thi0n

"Br

Hoa tan 2-oxopropanthioamit (Hrcjp chit trung gian 2, 289 mg, 2,80 mmol) va 6-
bromo-5',6'-dihydro-4'H-spiro[chromen-2,3'-pyran]-4(3H)-imin (Vi du 45 Buéc 2, 331,4
'mg, 1,12 mmol) trong axetonitril (3 ml) va gia nhiét bang cach sir dung MW trong thoi
gian 20 phut dén 120 °C. Lam bay hoi dung méi duéi 4p suét giam. Tinh ché san phim
thd bang cach sic ky nhanh bang cach st dung gradient cua 0-50% EtOAc trong heptan
but dwoc dong rira giai bang cac san phém phu. San phdm khong hoan toan tinh khiét nay

dugce st dung duéi dang hén hop trong bude tiép theo.

Buéc 4: 6'-brom0-5-metyl-5",6"-dihydro-4"H-dispir0[imidazol-2,4'-chromen-

: NH,
N

N_ N

2'.3"-pyran]-4-amin

Br

Hép thu 6'-bromo-5-metyl-5",6"-dihydro-4"H-dispiro[imidazol-2,4'-chromen-
2'3"-pyran]-4(3H)-thion (Vi du 45 Budc 3, 319 mg, .0,84 mmol) trong amoniac (7TM
trong MeOH, 10 ml, 70,00 mmol) va gia nhiét hon hop thu duoc nay trong binh phan tng
vi séng & nhiét do 120 °C trong thoi gian 2 h. Lam bay hoi dung mdi va cho amoniac
(7M trong MeOH, 10 ml, 70,00 mmol) vio va gia nhiét hdn hop phan Gmg nay bang cach
st dung MW trong thoi gian 1 h & nhiét d6 120 °C. Lam bay hoi dung méi va phin cin
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taora dliqc' hép thu trong DCM va NaHCO; bio hoa va rét vao thiét bi tach pha. Pha hitu
co du’qcblém khd va co dic. Tinh ché san phdm thd bing cach sic ky nhanh bing cich st
dung gradient ctia 0-100% EtOAc trong heptan tiép d6 1a gradient cua 0-40% MeOH véi
1% NHj; trong DCM. Lam bay hoi cac phan doan mong mubn dé tao ra hop chét néu & dé _
muc nay (130 mg, hiéu sut 43%) dudi dang hdn hop cac chit ddng phén khéng d6i
quang theo ty 1€ 1: 1 nhu dugc xac dinh béng NMR: 'H NMR (500 MHz, DMSO-dg) &
ppm 1,41 - 1,49 (m), 1,76 - 1,89 (m), 1,89 - 1,95 (m), 1,95 - 2,06 (m), 2,21 (s), 2,23 (s),
3,16 (m), 3,41 (d), 3,51 (dd), 3,69 (dd), 3,92 (1), 4,07 - 4,12 (m), 6,45 (d), 6,47 (d), 6,57
(br.s.), 6,61 (br. s.), 6,82 (d), 7,25 (d), 7,26 (d); MS (ES+) m/z 366,0 [M+H]".

Tach cédc chit ddng phan cia  6'-bromo-5-metyl-5",6"-dihydro-4"H-

dispiro[imidazol-2,4'-chromen-2',3"-pyran]-4-amin

Hbn hop chat dong phan khong dbi quang 6'-bromo-5-metyl-5",6"-dihydro-4"H-
dispiro[imidazol-2,4'-chromen-2',3"-pyran]-4-amin (Vi du 45 Buéc 4) dugc tach ra (3 lan
phun riéng r&) bing cach st dung phuong phép sic ky diéu ché (hé théng Gilson Prep.
v6i cot XBridge C18 10pum 50 x 250mm dung gradient ctia 15-55% B (100% MeCN)
trong A (95% 0,05 M NH4OAc trong nudc MilliQ va 5% MeCN) trong thoi gian 15 phut
& tbc do chay of 100 ml/phit) dé tao ra: |

Chét ddng phan 1 (0,143 g, hiéu suit 11,5%) v6i cAu hinh tuyét ddi khong duogc
xac dinh va véi thoi gian luu 12;5 phit: 'H NMR (500 MHz, CDCL;) & ppm 1,54 - 1,61
(m, 1 H), 1,84 (ddd, 2 H), 1,96 - 2,06 (m, 1 H), 2,13 - 2,18 (m, 1 H), 2,36 (s, 3 H); 3,57
(ddd, 1 H), 3,70 (d, 1 H), 3,80 - 3,86 (m, 1 H), 4,03 (d, 1 H), 6,60 (d, 1 H), 6,88 (d, 1 H),
7,25 (dd, 1 H); MS (ES+) m/z 366,0 [M+H]".

Chét dong phan 2 (0,109 g, hiéu sudt 9%) v&i cdu hinh tuyét dbi khong dugc xac
dinh va véi thoi gian luu 13,1 phit: 'H NMR (500 MHz, CDCl;) 6 ppm 1,52 - 1,60 (m, 1
H), 1,72 (br. s., 2 H), 1,86 (ddd, 1 H), 1,95 - 2,06 (m, 1 H), 2,20 - 2,26 (m, 1 H), 2,37 (s,
3 H), 3,57 (ddd, 1 H), 3,66 (d, 1 H), 3,80 - 3,86 (m, 1 H), 3,95 (d, 1 H), 6,59 (d, 1 H),
6,88 (d, 1 H), 7,25 (dd, 1 H); MS (ES+) m/z 366,0 [M+H]".

Vi du 46a
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6'-(3-clophenyl)-5-metyl-5",6"-dihydro-4"H-dispiro[imidazol-2,4'-chromen-2',3"-

pyran]-4-amin

Chét ddng phan 1

Cho hén hop gdm 6'-bromo-5-metyl-5",6"-dihydro-4"H-dispiro[imidazol-2,4'-
chromen-2',3"-pyran]-4-amin (Vi du 45 Chéit ddng phén 1, 116 .mg, 0,32 mmol), axit 3-
clophenylboronic (64,7 mg, 0,41 rhmol), [1,1'-bis(diphenylphosphino)feroxen]paladi(Il)
clorua (26,0 mg, 0,03 mmol), K,CO;5 (2 M aq) (0,318 ml, 0,64 mmol) va 1,4-dioxan (2
ml) vao binh vi séng. Binh nhé dugc da_iy nép lai, duoc hut chan khong va duge db khi
argon. Gia nhiét binh nhd ndy trong binh phan tng vi séng & nhi¢t d6 130 °C trong thoi
gian 20 phut. Cho nudc mubi vao va phin con lai dugc chiét bang DCM (x3), lam kho
bang thiét bj tach pha va cb dic dudi 4p sudt giam.Tinh ché san phdm thd bing phuong
phép sic ky diéu ché. C6 dic cac phan doan mong muén. Cho nudc va DCM vao va cac
16p nay dugc tach riéng. Pha hitu co nay duoc lam kho bang thiét bi tach pha va co dic
dé tao ra chit déng' phéan 1 cia hop chit néu & d& muc nay (38,5 mg, hi¢u suét 30%) voi
cdu hinh khéng xac dinh: 'H NMR (500 MHz, DMSO-dg) 6 ppm 1,44 - 1,53 (m, 1 H),
1,83 - 1,92 (m, 3 H), 2,01 (d, 2 H), 2,22 (s, 3 H), 3,41 - 3,48 (m, 1 H), 3,56 (d, 1 H), 3,67
- 3,73 (m, 1 H), 3,99 (d, 1 H), 6,58 (s, 1 H), 6,62 (s, 1 H), 6,95 (d, 1 H), 7,31 - 7,39 (m, 2
H), 7,39 - 7,47 (m, 3 H); MS (ES+) m/z 396 [M+H]".

Chét dong phén 2

Xu ly 6’-br0m0-5-mety1—5",6"-dihydro-4"H-dispir0[imidazol-2,4’-chr0men—2_',3"-
pyran]-4-amin (Vi du 45 Chit dong phan 2, 102 mg, 0,28 mmol) nhu mé ta & vi du 46a,
Chit ddng phan 1, dé tao ra chét déng phan 2 cta hop chit néu & d& muc nay (52 mg,
hiéu sudt 46%) véi cu hinh khéng xac dinh: 'H NMR (500 MHz, DMSO-d¢) 8 ppm 1,45
- 1,51 (m, 1 H), 1,80 - 1,91 (m, 3 H), 2,04 (d, 1 H), 2,06 - 2,11 (m, 1 H), 2,25 (s, 3 H),
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3,40 - 3,47 (m, 1 H), 3,54 (d, 1 H), 3,68 - 3,74 (m, 1 H), 3,94 (d, 1 H), 6,54 (s, 1 H), 6,59
(d, 1 H), 6,95 (d, 1 H), 7,32 - 7,36 (m, 1 H), 7,36 - 7,40 (m, 1 H), 7,41 (d, 1 H), 7,43 -
7.47 (m, 2 H); MS (ES+) m/z 396 [M+H]". ' |
Vidu 46b

6'-(3-clo-4-flophenyl)-5-metyl-5",6"-dihydro-4"H-dispiro[imidazol-2,4'-chromen-
2',3"-pyran]-4-amin

Chét ddng phén 1

6'-bromo-5-metyl-5",6"-dihydro-4"H-dispiro[imidazol-2,4'-chromen-2',3"-pyran]-
4-amin (Vi dy 45 Chéit dong phan 1, 77 mg, 0,21 mmol) va axit 3-clo-4-flophenylboronic
(47,9 mg, 0,27 mmol) dugc cho phan tng béﬁg céach dung cac diéu kién dugc mo ta vi du
46a Chét déng phan 1, dé tao ra Chit ddng phén 1 cta hop chét néu & dé muc nay (33
mg, 38% hiéu suit) véi cAu hinh khéng xéac dinh: "H NMR (500 MHz, DMSO-ds) & ppm
1,44 - 1,52 (m, 1 H), 1,81 - 1,92 (m, 3 H), 1,97 - 2,05 (m, 2 H), 2,22 (s, 3 H), 3,41 - 3,48
(m, 1 H), 3,56 (d, 1 H), 3,67 - 3,74 (m, 1 H), 3,98 (d, 1 H), 6,57 (s, 2 H), 6,60 (d, 1 H),
6,94 (d, 1 H), 7,38 - 7,46 (m, 3 H), 7,60 (dd, 1 H); MS (ES+) m/z 414 [M+H]".

Chét dong phan 2

6'-bromo-5-metyl-5",6"-dihydro-4"H-dispiro[imidazol-2,4'-chromen-2',3"-
pyran]-4-amin (Vi du 45 _Ch'flt_ déng phan 2, 77 mg, 0,21 mmol), va axit 3-clo-4-
flophenylboronic (47,9 mg, 0,27 mmol) dugc cho phan tmg bang cach ding céac diéu kién
duge md ta vi du 46a Chét ddng phan 1, dé tao ra Chét déng phén 2 ctia hop chét néu &
d& muc nay,(24 mg, 27% hiéu suit) v6i cdu hinh khong xac dinh: 'H NMR (500 MHz,
DMSO-de) 8 ppm 1,41 - 1,54 (m, 1 H), 1,78 - 1,92 (m, 3 H), 1,99 - 2,13 (m, 2 H), 2,25 (s,
3 H), 3,40 - 3,47 (m, 1 H), 3,54 (d, 1 H), 3,68 - 3,74 (m, 1 H), 3,94 (d, 1 H), 6,53 (br. s, 2
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H), 6,58 (d, 1 H), 6,94 (d, 1 H), 7,39 - 7,46 (m, 3 H), 7,58 - 7,63 (m, 1 H); MS (ES+) m/z
414 [M+H]". |

Vidu 47

6-bromo-5 '-metyl—2—(tetrahydfo-2H—pyran—3—yl)spiro[chroman—4,2"-imidazol]-4'-

amin

Bu6c 1:  N-(6-bromo-2-(tetrahydro-2H-pyran-3-yl)chroman-4-yliden)-2-

metylpropan-2-sulfinamit

Br

Hoa tan 6-bromo-2-(tetrahydro-2H-pyran-3-yl)chroman-4-on (Hop: chit trung
gian 27, 1,5 g, 4,82 mmbl) va 2-metylpropan-2-sulfinamit (1,052 g, 8,68 mmol) trong 2-
metyl-tetrahydrofuran (12 ml) khé. Cho titan etoxit (1,788 ml, 8,68 mmol) dang nguyén
chit vao. Gia nhiét hdn hop thu dugc ndy bing 10 vi soéng & nhiét do 130 °C trong thoi
gian 60 phut. Hon hgp niy dugc pha lodng v6i EtOAc (150 ml) va cho timg giot nuée
(40 ml) vao ddng thoi khudy manh hdn hop phan g nay. Tiép tuc khudy trong thoi gian
15 phut. Chét ran duoc l_a"mg gan va loc hdn hop nay qua tm diatomit. Lop hitu co duge
tach ra, lam kho bang MgSO, va loc chan khéng truc tiép qua tAm silica (vao khoang 10
g) va co trong chan khong dé tao ra hop chit néu & d muc nay (1,8 g, hiéu suét 90%).

MS (ES+) m/z 414 [M+H]".

Budéce 2: 6-bromo-4'-metyl-2-(tetrahydro-2H-pyran-3-yl)spiro[chroman-4,2'-
imidazol]-5'(1'H)-thion '
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/.
N NH
Br.

Hoa tan N-(6-bromo-2-(tetrahydr0-2H-pyran-3-yl)chroman—4-y1iden)-2-
metylpropan-2-sulfinamit (Vi du 47 Budce 1, 0,5 g, 1,21 mmol) va 2-oxopropanthioamit
(Hop chét trung gian 2, 0,373 g, 3,62 mmol) trong axetonitril kho (4,0 ml) trong binh vi
s6ng kho. Binh nhé dugc ddy lai va gia nhiét bang 10 vi séng trong thoi gian 20 phut &
nhiét do 130 °C. Lam bay hoi dung mdi dé tao ra hop chét tho néu & tiéu dé, chat nay
dugc sir dung truc tiép trong phan tmg tiép theo. MS (ES+) m/z 395 [M+H]".

Budce 3: 6-bromo-5'-metyl-2-(tetrahydro-2H-pyran-3-yl)spiro[chroman-4,2'-

imidazol]-4'-amin

Hoa tan  6-bromo-4'-metyl-2-(tetrahydro-2H-pyran-3-yl)spiro[chroman-4,2'-
imidazol]-5'(1'H)-thion (Vi du 47 Budc 2, 3,78 g, 9,56 mmol) trong dung dich 7N
amoniac trong MeOH (30,1 ml, 210 mmol) va gia nhiét bang 16 vi s6ng & nhiét d6 100 °C
trong thoi gian 1 gi&. Cb dic hdn hop phan ung nay, phan con lai duge hoa tan lai trong
DCM, rira bang nuée mudi, 1am kho bang Na,SO, va ¢b dic dudi ap suét giam. Hai hdn
hop ddng phan dugc tach bing cach st dung hé Gilson RP HPLC véi ¢t X-Bridge C18,
50x250 mm véi gradient giai hap axetonitril trong 0,05 M amoni axetat trong nude dé tao

ra:

hén hop ddng phan 1 (241 mg, hiéu suit 7%) voi thoi gian luu 13,75 phat: MS
(ES+) m/z 378 [M+H]", va
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hdn hop ddng phan 2 (206 mg, hiéu suét 6%) véi thoi gian luu 14,53 phit: MS
(ES+) m/z 378 [M+H]".

Budc 4: Tach cac chét d@)ng phan clia 6-bromo-5'-metyl-2-(tetrahydro-2H-

pyran-3 _—yl)spiro[chrbman—4,2'—imidéiol]-4‘—amin

Tach céc chét dong phan trong hdn hop ddng phan 1 tir Vi du 47 Buée 3, 60 mg,
trén SFC khéng d6i xing bang cach str dung cot Chiralcel OD-H; 4,6*250 mm; 5 um va
pha dong bao gdbm 10% MeOH (chtra 0,1% dietylamin) va 90% CO, & téc do chay 3
ml/phut dé tao ra chat ddng phan I4p thé sau day vai cAu hinh tuyét d6i khong x4c dinh:

Chét ddng phan 1 (13,7 mg, hiéu suit 11%) véi thoi gian luu 7,63 phat: 'H NMR
(400 MHz, CDCl3) & ppm 1,48 (m, 2 H), 1,66 (m, 2 H), 1,83 (dt, 1 H), 1,98 (ddt, 1 H),
2,41 (s, 3 H), 2,48 (m, 1 H), 3,38 (m, 2 H), 3,92 (d, 1 H), 4,25 (m, 1 H), 4,33 (ddd, 1 H),
6,55 (d, 1 H), 6,79 (d, 1 H), 7,22 (dd, 1 H); MS (ES+) m/z 378 [M+H]".

Chét dong phan 2 (15,7 mg, hiéu sudt 13%) véi thdi gian luu 8,67 phit: "H NMR

(500 MHz, CDCl3) 8 ppm 1,46 (m, 1 H), 1,53 (dd, 1 H), 1,67 (m, 2 H), 1,83 (dt, 1 H),

1,99 (dtd, 1 H), 2,44 (s, 3 H), 2,50 (m, 1 H), 3,38 (m, 2 H), 3,92 (d, 1 H), 4,25 (dd, 1 H),
4,32 (ddd, 1 H), 6,56 (d, 1 H), 6,79 (d, 1 H), 7,24 (dd, 1 H); MS (ES+) m/z 378 [M+H]".

Chét ddng phan 3 (7,6 mg, hiéu suit 6%) véi thoi gian luu 10,60 phit: 'H NMR
(500 MHz, CDCl3) & ppm 1,46 (m, 1 H), 1,56 (dd, 1 H), 1,67 (m, 2 H), 1,83 (dt, 1 H),
1,97 (dtd, 1 H), 2,35 (s, 3 H), 2,40 (t, 1 H), ‘3,38 (m, 2 H), 3,93 (d, 1 H), 4,26 (dd, 1 H),
4,47 (ddd, 1 H), 6,72 (d, 1 H), 6,79 (d, 1 H), 7,24 (dd, 1 H); MS (ES+) m/z 378 [M+H]".

Chit ddng phan 4 (7,8 mg, hidu suit 6,5%) v6i thoi gian luu 11,64 phut: 'H
NMR (500 MHz, CDCl;) & ppm 1,45 (m, 1 H), 1,55 (dd, 1 H), 1,67 (m, 2 H), 1,83 (dt, 1
H), 1,97 (dtd, 1 H), 2,34 (s, 3 H), 2,40 (m, 1 H), 3,38 (m, 2 H), 3,93 (d, 1 H), 4,26 (dd, 1
H), 4,47 (ddd, 1 H), 6,71 (d, 1 H), 6,79 (d, 1 H), 7,24 (dd, 1 H); MS (ES+) m/z 378
[M+H]".

Céc chit dong phan trong hdn hop dong phan 2 tir Vi du 47 Bude 3, 60 mg, dugc
tach trén SFC khong dbi xung bing cach st dung cot Chiralpak AD-H; 20*250 mm;
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Sum; va pha dong bao gdm 15% IPA (chira 0,1% dietylamin) va 85% CO, & téc do chay
50 ml/phit dé tao ra chit ddng phan 14p thé sau day c6 cAu hinh tuyét ddi khong x4c dinh:

Chét ddng phan 5 (14,2 mg, hiéu sudt 11%) véi thoi gian luu 5,49 phut: 'H NMR
(500 MHz, CDC13). 8 ppm 1,44 (d, 1 H), 1,66 (m, 3 H), 1,98 (m, 2 H), 2,43 (s, 3 H), 2,57
(m, 1 H), 3,45 (m, 2 H), 3,92 (m, 2 H), 4,41 (m, 1 H), 6,57 (d, 1 H), 6,80 (d, 1 H), 7,24
(dd, 1 H); MS (ES+) m/z 378 [M+H]".

Chét ddng phan 6 (4,4 mg, hiéu sudt 4%) véi thoi gian luu 6,27 phut: 'H NMR
(500 MHz, CDCl;) & ppm 1,49 (d, 1 H), 1,64 (m, 3 H), 1,97 (m, 2 H), 2,39 (s, 3 H), 2,48
(m, 1 H), 3,43 (m, 2 H), 3,93 (m, 2 H), 4,53 (ddd, 1 H), 674(d 1 H), 6,80 (m, 1 H), 7,25
(m, 1 H); MS (ES+) m/z 378 [M+H]".

Chat dong phan 7 (14,3 mg, hiéu suit 12%) véi thoi gian luu 7,17 phat: "H NMR
(500 MHz, CDCl3) & ppm 1,44 (d, 1 H), 1,66 (m, 3 H), 1,99 (m, 2 H), 2,43 (s, 3 H), 2,57
(m, 1 H), 3,45 (m, 2 H), 3,93 (m, 2 H), 4,41 (m, 1 H), 6,57 (d, 1 H), 6,80 (d, 1 H), 7,24
(dd, 1 H); MS (ES+) m/z 378 [M+H]".
* Chit ddng phan 8 (4,5 mg; hiéu suét 4%) véi thoi gian Iuu 8,98 phat: 'H NMR
(500 MHz, CDCl3) & ppm 1,43 (m, 1 H), 1,63 (m, 3 H), 1,94 (m, 1 H), 2,04 (m, 1 H),
2,31 (m, 3 H), 2,47 (¢t, 1 H), 3,43 (m, 2 H), 3,94 (m, 2 H), 4,53 (m, 1 H), 6,71 (d, 1 H),
6,78 (d, 1 H), 7,23 (dd, 1 H); MS (ES+) m/z 378 [M+H]".

Vidu 48a

6-(3-clophenyl)-5'-metyl-2-(tetrahydro-2H-pyran-3-yl)spiro[chroman-4,2'-

imidazol]-4'-amin
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Hon hop gdm 6-bromo-5'-metyl-2-(tetrahydro-2H-pyran-3-yl)spiro[chroman-
4,2'-imidazol]-4'-amin (hdn hop déng phén 1 tir Vi du 47 Buée 3, 0,181 g, 0,48 mmol),
axit 3-clophenylboronic (0,112 g, - 0,72 mmol), [1,1'-
bis(diphenylphosphino)feroxen]paladi(Il) clorua (0,035 g, 0,04 mmol), K,CO; 2 M
trong nudc) (0,479 ml, 0,96 mmol) va 1,4-dioxan (4 ml) dugc trén trong binh nhé va gia
nhiét trong binh phan Gng vi séng & nhiét d 130 °C trong thoi gian 15 phuat. Khi dugce
lam lanh xuéng nhiét d6 trong phong, hdn hop nay dugc pha lodng véi nude mubi (3 ml)
va _chiét bang DCM (3 x 3 ml). C6 dic 16p hitu co hdn hop va phén cin tao ra duoc hép
thu trong MeOH (1,5 ml), loc va tinh ché bang phuong phép sic ky diéu ché. Tach chit
ddng phan 1ap thé bang cach sir dung HPLC SFC khong ddi xtng trén cdt Phenomenex
Lux C4; 4,6*250 mm; Sum, va pha dong bao gém 20% MeOH (chtra 0,1% dietylamin)
va 80% CO, va tdc d6 chay 50 ml/phit dé tao ra:

Chit déng phan 1 (2S,4R)-6-(3-clophenyl)-5'-metyl-2-[(3R)-tetrahydro-2H-
pyran-3-yl]-2,3-dihydrospiro[chromen-4,2'-imidazol]-4'-amin:

NH,
>/ \<
N N

(23 mg, hiéu sudt 12%) voi thoi gian luu 6,77 phat: "H NMR (500 MHz, CDCls)
& ppm 1,70 (m, 4 H), 1,86 (m, 1 H), 2,02 (ddt, 1 H), 2,45 (s, 3 H), 2,57 (t, 1 H), 3,40 (m,
2 H), 3,94 (d, 1 H), 4,30 (dd, 1 H), 4,39 (ddd, 1 H), 6,59 (d, 1 H), 6,98 (d, 1 H), 7,24 (m,
1 H), 7,29 (m, 2 H), 7,34 (dd, 1 H), 7,39 (s, 1 H); MS (ES+) m/z 410 [M+H]".

Chét déng phan 2 véi cdu hinh tuyét d6i khong duge x4c dinh (19 mg, hidu suit
10%) v6i thoi gian luu 7,85 phat: 'H NMR (500 MHz, CDCL;) & iopm 1,69 (m, 4 H), 1,86
(m, 1 H), 2,02 (m, 1 H), 2,44 (s, 3 H), 2,57 (t, 1 H), 3,40 (m, 2 H), 3,94 (d, 1 H), 4,30 (dd,
1 H), 4,40 (ddd, 1 H), 6,59 (d, 1 H), 6,98 (d, 1 H), 7,24 (qd, 1 H), 7,28 (m, 2 H), 7,33 (dd,
1 H), 7,39 (m, 1 H); MS (ES+) m/z 410 [M+H]"
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Chét dong bhﬁn 3 v6i cAu hinh tuyét d6i khéng dugc x4c dihh (12 mg, hiéu sut
6%) véi thdi gian luu 10,03 phat: 'H NMR (500 MHz, CDCl;) d ppm 1,68 (m, 4 H), 1,86
(m, 1 H), 2,01 (m, 1‘ H), 2,34 (s, 3 H), 2,47 (t, 1 H), 3,40 (m, 2 H), 3,94 (m, 1 H), 4,31
(dd, 1 H), 4,54 (m, 1 H), 6,75’ (d, 1 H), 6,98 (m, 1 H), 7,23 (m, 1 H), 7,30 (m, 2 H), 7,34
(dd, 1 H), 7,40 (m, 1 H); MS (ES+) m/z 410 [M+H]" ; |

Chit ddng phin 4 (2R,4R)-6-(3-clophenyl)-5'-metyl-2-[(3S)-tetrahydro-2H-
pyran-3-yl]-1',2,3,3"-tetrahydrospiro[ chromen-4,2'-imidazol]-4'-amin:

»/_\(NH2

NN
L7
ge
H
o]
(10 mg, hidu suit 5%) véi thoi gian luu 11,65 phat: "H NMR (500 MHz, CDCl5)
d ppm 1,69 (m, 4 H), 1,86 (d, 1 H), 2,01 (m, 1 H), 2,34 (s, 3 H), 2,47 (t, 1 H), 3,40 (m, 2

H), 3,95 (d, 1 H), 4,31 (dd, 1 H), 4,54 (ddd, 1 H), 6,76 (d, 1 H), 6,97 (d, 1 H), 7,23 (m, 1
H), 7,30 (m, 2 H), 7,34 (dd, 1 H), 7,40 (m, 1 H); MS (ES+) m/z 410 [M+H]".

Cl

6-bromo-5'-metyl-2—(tefrahydro-2H-pyran-3-yl)spiro[chroman-4,2'-imidazol]-4'-
amin (hén hop ddng phén 2 tir Vi du 47 Bude 3, 0,146 g, 0,39 mmol) dugc cho phéan ng
voi axit 3-clophenylboronic (0,091 g, 0,58 rrimol) nhu d3 néu trén. Cac chit ddng phan
ndy dugc tich bing cach st dung cac phuong phap HPLC khong d6i xtmg:

Phuong phép 1: SFC HPLC véi ¢t OD-H; 20*250 mm; 5um va pha dong bao
gém 15% (IPA/EtOH 50: 50 chira 0,1%dietylamin) va 85% CO, & tbc do chay 50

ml/phut dé tao ra:

Chét ddng phén 5 v6i chu hinh tuyét d6i khong dugc x4c dinh (29 mg, hiéu sut
15%) véi thoi gian luu 8,94 phit: 'H NMR (500 MHz, CDCl;) 6 ppm 1,67 (m, 4 H), 2,02
(m, 2 H), 2,46 (s, 3 H), 2,65 (t, 1 H), 3,44 (td, 1 H), 3,52 (t, 1 H), 3,95 (m, 2 H), 4,46 (m,
1 H), 6,60 (d, 1 H), 6,99 (d, 1 H), 7,24 (m, 1 H), 7,29 (d, 2 H), 7,35 (dd, 1 H), 7,39 (s, 1
H); MS (ES+) m/z 410 [M+H]".
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va

Chit ddng phén 6 v6i chu hinh tuyét déi khong dugc xéc dinh (9 mg, hiéu sudt
5%) v6i thoi gian Iuu 11,11 phat: "H NMR (500 MHz, CDCl;) § ppm 1,60 (m, 4 H), 1,98
(td, 1 H), 2,07 (d, 1 H), 2,36 (s, 3 H), 2,56 (¢, 1 H), 3,43 (m, 1 H), 3,51 (t, 1 H), 3,96 (m, 2
H), 4,60 (dd, 1 H), 6,76 (d, 1 H), 6,98 (d, 1 H), 7,24 (m, 1 H), 7,30 (m, 2 H), 7,36 (dd, 1
H), 7,41 (s, 1 H); MS (ES+) m/z 410 [M+H]".

va

| hén hop ddng phén 1 dugc tach riéng nita bang cach sir dung Phuong phép 2:
SFC HPLC véi cot Phenomenex Lux C4; 20%250 mm; Sum, va pha dong bao gém 20%
MeOH (chira 0,1% dietylamin) va 80% CO, & tbc d6 chay 50 ml/phit dé tao ra:

Chit ddng phan 7 (2R,4R)-6-(3-clophenyl)-5'-metyl-2-[(3R)-tetrahydro-2H-
pyran-3-yl]-1',2,3,3'-tetrahydrospiro[chromen-4,2'-imidazol]-4'-amin: '

NH

NG .
5o’
o

(8 mg, hiéu suit 4%) véi thoi gian luu 6,64 phit: "H NMR (500 MHz, CDCl) o
ppm 1,65 (m, 4 H), 1,98 (dd, 1 H), 2,08 (d, 1 H), 2,32 (s, 3 H), 2,55 (t, 1 H), 3,43 (td, 1 -
H), 3,51 (t, 1 H), 3,96 (m, 2 H), 4,61 (m, l.H), 6,76 (d, 1 H), 6,97 (d, 1 H), 7,23 (m, 1 H),
7,30 (m, 2 H), 7,34 (dd, 1 H), 7,41 (s, 1 H); MS (ES+) m/z 410 [M+H]".

Cl

va

Chit ddng phan 8 (28,4R)-6-(3-clophenyl)-5'-metyl-2-[(3S)-tetrahydro-2H-
pyran-3—yl]-1',2,3,3’-tetrahydrospir_o[chromen—4,2'-imidazol]-4'-amin:
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(25 mg, hiéu sudt 13%) vé6i thoi gian lwu 10,30 phut: 'H NMR (500 MHz,
CDCl3) 6 ppm 1,68 (m, 4 H), 2,01 (m, 2 H), 2,43 (s, 3 H), 2,64 (t, 1 H), 3,45 (td, 1 H),
3,52 (t, 1 H), 3,95 (m, 2 H), 4,47 (m, 1 H), 6,60 (d, 1 H), 6,98 (d, 1 H), 7,24 (m, 1 H),
7,28 (d, 2 H), 7,33 (dd, 1 H), 7,39 (s, 1 H); MS (ES+) m/z 410 [M+H]".

Vidu 49

6—br0m0-2-(2,2-dimety1tetrahydro—2H-pyran-4—yl)-5'Qmetyl-spiro[chroman-4,2'—

imidazol]-4'-amin

Bude 1: N-(6-bromo-2-(2,2-dimetyltetrahydro-2H-pyran-4-yl)chroman-4-
yliden)-2-metylpropan-2-sulfinamit

0
I
N/S\jfl

Br

Cho titan (IV) etoxit (6,18 ml, 29,48 mmol) vao dung dich chira 6-bromo-2-(2,2-
dimetyltetrahydro-2H-pyran-4-yl)chroman-4-on (Hop chét trung gian 28, 4 g, 11,79
mmol) trong THF kh (150 ml) duéi khi argon. Khudy dung dich nay 5 phit trude khi bd
sung 2-metylpropan-2-sulfinamit (1,715 g, 14,15 mmol) dugc thuc hién nhu mot phﬁn.
Hdn hop phan tmg nay dugc hdi luu qua cudi tudn (~70 gi®) véi nhiét 6 bé gia nhiét 80
- °C. Hén hop phéan ng ndy dugc 1am ngudi xudng nhiét d6 trong phong, va pha lodng
bang EtOAc (300 ml). Cho NaHCO; (150 ml) bdo hoa vao cung véi khudy trén manh.
Sau 5 phit, cho diatomit vao va khudy hdn hop nay thém 10 phut nita. Loc huyén phu

dic nay qua diatomit (rira bang EtOAc) va lam bay hoi dich loc duéi 4p suét giam. Tinh
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ché bing sic ky nhanh (EtOAc/heptan) trén silicagel tao ra hop chit néu & d& muc nay
(4,93 g, hiéu suét 95%): MS (ES+) m/z 442 [M+H]".

Bugc2: 6-bromo-2-(2,2-dimetyltetrahydro-2H-pyran-4-y1)-4'-
metylspiro[chroman—4,2'—imidazol]—5'(l'H)-thion :
S
)/ <

N NH
B_r

o]

Cho dung dich 2-oxopropanthioamit (Hop chit trung gian 2, 3,29 g, 31,94 mmol)
trong DMF kh6o (15 ml) vao N-(6-bromo-2-(2,2-dimetyltetrahydro-2H-pyran-4-
yl)chroman-4-yliden)-2-metylpropah—Z-sulﬁnamit (Vidu 49 Budce 1, 4,71 g, 10,65 mmol)
trong binh vi séng da dugc lam kho dusi khiiargon. Binh nhd dugc day lai va duoc gia
nhiét & nhiét do 120 °C trong thoi gian 30 phit. San phdm nay khong duoc phén tach ma
dugce str dung truc tiép trong dung dich trong phan tng tiép theo: MS (ES-) m/z 421 [M-
H].

Buéc 3: 6-bromo-2-(2,2-dimetyltetrahydro-2H-pyran-4-yl)-5'-

metylspiro[chroman-4,2'-imidazol]-4'-amin

NH,
>/ \<
N

N
Br

Hoa tan 6-bromo-2-(2,2-dimetyltetrahydro-2H-pyran-4-yl)-4'-
metylspiro[chroman-4,2';imidazol]-5'(l'H)-thion (Vi du 49 Buéc 2), truc tiép tir bude
trudce trong DMF kho (4 ml) trong binh vi séhg. Cho amoniac, 7M trong MeOH (18 ml,
.126 mmol) vao. Binh nh6 dugc ddy lai va hdn hop phan ng nay dugc gia nhiét & nhiét
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d6 100 °C trong thoi gian 60 phit trong binh phan Gng vi séng (thoi gian Iuru cb dinh). Co
ddc hdn hop hﬁy va phén con lai dugc hoa tan trong amoniac (7M trong MeOH, 18 ml,
126 mmol) va gia nhiét & nhiét d6 120 °C trong thoi gian 30 phut frong binh phan tng vi
séng. Chu trinh nay dugc lap lai ba lan nita. Sau khi 1am bay hoi dung mdi, san phdm con
' lai dwgc xir Iy bang phuong phap sic ky nhanh (0 - 7% MeOH(NH;) trong DCM) d tao
ra hop chét néu & dé muc nay dudi dang hdn hop cta chit ddng phén (1,29 g, hiéu suét
30% trong ca hai buéc): MS (ES+) m/z 406 [M+H]".

Budc 4: Tach céc chit dong phan ciia 6-bromo-2-(2,2-dimetyltetrahydro-2H-
pyran-4-yi)-5'—metylspiro[chroman-4,2'—imidazol]-4'-amin:

Tinh ché 6-bromo-2-(2,2-dimetyltetrahydro-2H-pyran-4-yl)-5'-
metylspiro[chroman-4,2'-imidazol]-4'-émin (Vidu 49 Buéé 3, 1,28 g, 3,15 mmol) bang
cach st dung hé théng Gilson RP HPLC véi ¢t X-Bridge C18 , 50x250 mm v&i gradient
giai hép clia axetonitril trong 0,05 M amoni axetat trong nuéc. Tinh ché tao ra hai hdn |
hop ctia chit dong phén:

hén hop dong phan 1: (182 mg, hiéu suit 14%) véi thoi gian luu 8,11 phut: MS
(ES+) m/z 406 [M+H]".

hén hop ddng phan 2: (608 mg, hiéu sut 47%) vdi thoi gian luu 8,68 phuat: MS
(ES+) m/z 406 [M+H]".

Vi du 50

6-(3-clophenyl)-2-(2,2-dimetyltetrahydro-2H-pyran-4-yl)-5'-

metylspiro[chroman-4,2'-imidazol]-4'-amin

Tron 6-bromo-2-(2,2-dimetyltetrahydro-2H-pyran-4-yl)-5'-metylspiro[ chroman-
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4,2'-imidazol]-4'-amin (hdn hop d6ng phéan 1 tir Vi du 49 Budc 4, 0,08 g, 0,20 mmol),
axit 3-clophenylboronic (0,046 g, 0,30 mmol), [1,1'-
bis(diphenylphosphino)feroxen]paladi(I) clorua (0,015 g, 0,02 mmol), dung dich K,CO;
| 2M trong nude (0,197 ml, 0,39 mmol) va 1,4-dioxan (1,5 ml) trong binh nho va gia nhiét
trong binh phan g vi séng & nhiét d6 130 °C trong thoi gian 20 phut. Khi dugc lam
lanh xudng nhiét d6 trong phong, hdn hop nay dugc pha lodng véi DCM, rira bang nuéc
va lérﬁ kho bang Na,SO,. C6 dic dich loc va tinh ché san phim bang phwong phép séc ky
diéu ché dé tao ra hdn hop ddng phan 1 cia hop chit néu & d& muc nay (30 mg, hidu suit
35%): "H NMR (500 MHz, CDCl;) & ppm 1,28 (m, 7 H), 1,48 (m, 3 H), 1,64 (d, 1 H),
1,91 (t, 1 H), 2,11 (m, 1 H), 2,40 (s, 3 H), 2,51 (t, 1 H), 3,74 (td, 1 H), 3,85 (td, 1 H), 4,48
(dd, 1 H), 6,81 (d, 1 H), 7,01 (d, 1 H), 7,26 (m, 1 H), 7,32 (d, 2 H), 7,40 (m, 2 H); MS
(BS+) m/z 438 [M+H]".

Bing cach sir dung ciing mét quy trinh nhu néu trén nhung bét du tir 6-bromo-2-
(2,2-dimetyltetrahydro-2H-pyran-4-yl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin
(hén hop ddng phan 2 tir Vi dy 49 Buéc 4, 0,102 g, 0,25 mmol) tao ra hdn hop ddng phan
2 clia hop chit néu & dé muc nay (35 mg, hiéu suit 32%): '"H NMR (500 MHz, CDCl;) &
ppm 1,29 (m, 6 H), 1,50 (m, 3 H), 1,66 (d, 1 H), 1,90 (d, 1 H), 2,17 (m, 1 H), 2,51 (s, 3
H), 2,62 (m, 1 H), 3,74 (td,. 1 H), 3,86 (dd, 1 H), 4,29 (dd, 1 H), 6,64 (d, 1 H), 7,03 (d, 1
H), 7,27 (m, 1 H), 7,32 (m, 2 H), 7,40 (m, 2 H), 8,18 (s, 1 H); MS (ES+) m/z 438
[M+H]".

Vi du 51

7'-bromo-5-metyl-3',4'-dihydro-2'H-spiro[imidazol-2,1'"-naphtalen]-4-amin

NH
at

N N

Budce 1: N-(7-bromo-3,4-dihydronaphtalen-1(2H)-yliden)-2-metylpropan-2-

sulfinamit
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Q
N’S

Hoa tan7-bromo-3,4-dihydronaphtalen-1(2H)-on (5 g, 22,21 mmol), 2-
metylpropan-2-sulfinamit (4,04 g, 33,32 mmol) va titan etoxit (9,15 ml, 44,43 mmol)
trong 2-Me THF (50 ml) va gia nhiét d&&n hdi Iru trong thoi gian 22 h. Dé lanh hdn hop
phan mg nay xudng dén nhiét d6 trong phong EtOAc (20 ml), cho NaHCO; (bdo hoa, 5
ml) va nuéc vao trong diu kién c¢6 khudy. Hon hop nésf dugce dé yén ma khong khudy
trong thoi gian 1 h. Pha hitu co nay duogc thu gom béng cach loc, 1am khé biang MgSO,
va cd trong chan khéng dé tao ra hdp chét néu & d& muc nay (7,29 g), hop chét nay dugc
sir dung ma khong cin tinh ché trong buéc tiép theo: 'H NMR (500 MHz, CDCl;) & ppm
1,34 (s, 9 H), 2,00 - 2,10 (m, 2 H), 2,77 - 2,86 (m, 2 ’H), 3,01 -3,12 (m, 1 H), 3,28 (ddd, 1
H), 7,09 (d, 1 H), 7,50 (dd, 1 H), 8,25 (d, 1 H), MS (ES+) m/z 328[M+H]".

Budc 2:  7-bromo-3,4-dihydronaphtalen-1(2H)-imin

NH

Cho HCI (4M trong 1,4-dioxan) (6,75 ml, 222,07 mmol) vao huyén phii cia N-
(7-bromo-3,4-dihydronaphtalen-1(2H)-yliden)-2-metylpropan-2-sulfinamit (Vi du 51
Budc 1, 7,29 g, 22,2 mmol) trong 1,4-dioxan khan (50 ml). Khudy hdn hop thu duogc nay
dudi khi nito & nhiét do trong phong trong thoi gian 1 h. Chét két tua tao ra dugce loc ra
va rira bang Et,0. Sau d6, chét rin nay dugc hoa tan trong DCM va trong nuéc bdo hoa
NaHCO;. R6t hdn hop nay vao thiét bi tach pha, 16p hiru co duoc thu gom va cb dic. San

phim duoc str dung truc tiép trong bude tiép theo.

Bude 3: 7'-bromo-4-metyl-3',4'-dihydro-2'H-spiro[imidazol-2,1'-naphtalen]-
5(1H)-thion
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Nad
N/ NH
“CO

Hoa tan 7-bromo-3,4-dihydronaphtalen-1(2H)-imin (Vidu 51 Bu6c 2,3 g, 13,39
mmol) trong MeOH (70 ml) va THF (10 ml). Cho 2-oxopr0panthi0amit (4,14 g, 40,16
mmol, Hop chét trung gian 2) vao. Gia nhiét dung dich ndy & nhiét do 60 °C qua dém.
Lam nguodi hn hgp phan ng nay xubng nhiét d6 trong phong Chét két tua tao ra dugc
loc ra, rira bing MeOH lanh va 1am kho trong chan khong. C6 dic nuée céi. Tinh ché
chat két tia két hop va nudc cai dic bing cach sir dung hai phuong phép sic ky nhanh
sau do (1: 40 g SiO,, 0-30% 0,2 NH; trong MeOH trong DCM, 2: 80 g SiO,, 0-10 % 0,2
M NH; trong MeOH trong DCM) dé tao ra hop chit néu & dé muc nay (1,05 g, hiéu sufit
25%). MS (ES+) m/z 309 [M+H]". ) :

Buéc 4: 7'-bromo-5-metyl-3',4'-dihydro-2'H-spiro[imidazol-2,1'-naphtalen]-

4-amin

Hip thu 7'-br6mo—4-metyl-3',4'—dihydro-2'H-spiro[imidazol-Z,1'-naphtalen]-
5(1H)-thion (Vi du 51 Budc 3, 1 g, 3,23 mmol) trong amoniac (7M trong MeOH, 15 ml,
105 mmol) va gia nhiét hdn hgp thu dugc nay trong binh phan émg vi séng & nhiét d6 110
°C trong thoi gian 30 phat. Lam bay hoi dung moi. Cho amoniac (7M trong MeOH, 15
ml, 105 mmol) vao va dugc gia nhiét tiép hdn hop phan tmg niy bang cach st dung MW
trong thoi gian 30 phit ¢ nhiét do 110 °C. Lam bay hoi dung méi. Cho amoniac (7M
trong MeOH, 15 ml, 105 mmol) vao va gia nhiét tiép hdn hop phan tmg nay bing céch s
dung MW trong thoi gian 30 phit ¢ nhiét 6 110 °C. Lam bay hoi dung rh@i va hoa tan
phin con lai trong EtOAc (20 ml). Hon hop thu dugc nay duge chiét bang 0,1 M axit
xitric (2 x 10 ml). Lép hitu co duge b di trong khi d6 kiém hoa pha nuGe bang dén pH
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12 bang cach bd sﬁng 50% NaOH (trong nuéc) va chiét bing DCM (3 x 20 ml). Pha hitu
co nay dugc 1am khd bing thiét bi tach pha \./2‘1 cd trong chan khong dé tao ra hop chit
néu & d& muc nay (0,619 g, hiéu suit 65%). Tinh ché 20 mg san phim ’b_én’g cach str dung
phuong phép séc ky nhanh (4 g SiO,, DCM trong 0,1M NHj; trong MeOH) dé tao ra hop
chét néu ¢ d& muc nay (10 mg). "H NMR (500 MHz, CDCl;) & ppm 1,88 - 1,99 (m, 2 H),
2,07 - 2,16 (m, 1 H), 2,20 (dqd, 1 H), 2,31 - 2,37 (m, 3 H), 2,92 (t, 2 H), 6,68 (d, 1 H),
7,04 (d, 1 H), 7,25 (dd, 1 H); '"H NMR (500 MHz, CD;0D) & ppm 1,84 (ddd, 1 H), 1,94
' (ddd, 1 H), 2,03 - 2,12 (m, 1 H), 2,15 (dtd, 1 H), 2,34 (s, 3 H), 2,91 (t, 2 H), 6,69 (d, 1 H),
7,11 (d, 1 H), 7,29 (dd, 1 H), MS (ES+) m/z 292 [M+H]".

Vidu 52

7'-(5-clopyridin-3-yl)-5-metyl-3',4'-dihydro-2'H-spiro[imidazol-2,1'-naphtalen]-

4-amin

NH
P

| N N

Cho natri tetraclopaladat(Il) (3,52 mg, 0,01 mmol), 3-(di-tert-
butylphosphoni)propan sulfonat (6,43 mg, 0,02 mmol), axit 5-clopyridin-3-ylboronic
(51,6 mg, 0,31 mmol) va 7'-bromo-5-metyl-3',4'-dihydro-2'H-spiro[imidazol-2,1'-
. naphtalen]-4-arﬁin (Vi du 51 Buéce 4, 70 mg, 0,24 mmol) vao binh nh6. Cho 2-metyl-
tetrahydrofuran (1 ml) va K,CO; (2M trong nudc) (0,359 ml, 0,72 mmol) vao va khir khi
hdn hgp phan tmg bang cach suc N, (g). Binh nhé dugc day lai va gia nhiét trong binh
phén g vi séng ¢ nhiét d§ 90 °C trong thoi gian 30 phut. EtOAc (5 ml) va cho huéc (5
ml) vao va tach cdc pha nay. Pha nuéc duge chiét bang EtOAc hai 14n va 16p hitu co hdn
hop dugc 1am kho bang MgSOy, loc va ¢d trong chin khong. Tinh ché san phém thd biang
cach sic ky nhanh (4 g SiO,, 0-10% MeOH chira 0,1M NH; trong DCM). Céc phan doan
chtra san pham dugc két hop va co dic, tao ra hop chét néu & dé muc nay (26 mg, hiéu
sudt 33%). '"H NMR (500 MHz, CD;0D) & ppm 1,85 - 1,94 (m, 1 H), 2,01 (ddd, 1 H),
2,08 - 2,17 (m, 1 H), 2,17 - 2,27 (m, 1 H), 2,35 (s, 3 H), 3,02 (t, 2 H), 6,84 (d, 1 H), 7,34
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(d, 1 H), 7,48 (dd, 1 H), 7,97 (, 1 H), 8,48 (d, 1 H), 8,57 (d, 1 H); MS (ES+) m/z 325
[M+H]". |
Vi du 53

S;mety1=7'-(5-(prop- 1-ynyl)pyridin-3-yl)-3',4'-dihydro-2'H-spiro[imidazol-2,1'-

naphtalen]-4-amin

Hop chit néu & dé muc nay (19 mg, hiéu sudt 22%), dugc diéu ché nhu mo ta vi
du 52 bit dAu tir axit 5-(prop-1-ynyl)pyridin-3-ylboronic (Hop chét trung gian 15, 66 mg,
0,33 mmol) va 7'-bromo-5-metyl-3',4'-dihydro-2'H-spiro[imidazol-2,1'-naphtalen]-4-amin
(Vi du 51, 75 mg, 0,26 mmol). "H NMR (500 MHz, CD;0D) & ppm 1,86 - 1,93 (m, 1 H),
2,01 (ddd, 1 H), 2,08 (s, 3 H), 2,09 - 2,17 (m, 1 H), 2,17 - 2,26 (m, 1 H), 2,34 (s, 3 H),
3,02 (t, 2 H), 6,80 (d, 1 H), 7,33 (d, }1 H), 7,45 (dd, 1 H), 7,85 (t, 1. H), 8,44 (d, 1 H), 8,52
(d, 1 H); MS (ES+) m/z 329 [M+H]".

Vidu 54

6'-bromo-5"-metyl-3'H-dispiro[xyclobutan-1,2'-inden-1',2"-imidazol]-4"-amin

Bude 1: N-(5'-bromospiro[xyclobutan-1,2'-inden]-3'(1'H)-yliden)-2-

(o]
/I g
N—S
Br- : jj

Hoa tan 6'-bromospiro[xyclobutan-1, 2'-inden]-1'(3'H)-on (Hop chit trung gian

metylpropan-2-sulfinamit

38, 1,1 g, 4,38 mmol), 2-metylpropan-2-sulfinamit (0,96 g, 7,88 mmol), va titan etoxit
(1,805 ml, 8,76 mmol) trong metyl THF (20 ml), va gia nhiét dén héi Iru qua dém. Hon

hop phan ung nay dugce lam ngudi xudng nhiét d6 trong ph(‘)ng, sau d6 dugc pha loang
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voi EtOAc (150 ml). Cho tung giot nuée (22 ml) vao trong thoi gian 10 phut cﬁhg v6i
khudy tr6n manh va sau dé hdn hop nay dugce dé yén ma khong khudy trong thoi gian 1,5
h. Loc tach chét ran va lam bay hoi 16p hitu co dé tao ra san pham tho, tinh ché san phim
nay bang cach sic ky nhanh (dung mdi rira giai: heptan/etylaxetat 8: l)ldé tao ra hop chét
néu & dé muc nay (2,1 g, hiéu sult 77%), hop chét nay duogc ding nhu vay trong budc
tiép theo: MS (ES+) m/z 354 [M+H]".

Budce 2: 6'-bromospiro[xyclobutan-1,2'-inden]-1'(3'H)-imin

NH
Br< : :/j/

Cho axit clohydric (4M trong 1,4-dioxan, 14,89 ml, 59,55 mmol) vao dung dich
chira N-(5'-bromospiro[xyclobutan-1,2'-inden]-3'(1'H)-yliden)-2-metylpropan-2- |
sulfinamit (Vi du 54 Buéc 1, 2,11 g, 5,96 mmol) trong 1,4-dioxan khan (60 ml), va khudy
hén hop thu duge nay dudi khi quyén argon trong thoi gian 3 h. Cho Et,O (4 ml) vao va
chét két tia dugc loc ra va rira bang Et,0, saﬁ d6 phan chia gitta DCM (100 ml), va
NaHCOj; trong nuéce bdo hoa (100 ml). Cac pha nay dugc tach riéng va c¢6 dac 16p hitu co
dé tao ra hop chit néu & dé muc nay, hop chit nay duoc sir dung nhu vy ma khong cin

tinh ché thém.
Budce 3: 6'-bromo-5"-metyl-3'H-dispiro[xyclobutan-1,2'-inden-1',2"-
imidazol]-4"(3"H)-thion

S

!
N NH

T

 Hoa tan 6'-bromospiro[xyclobutan-1,2'-inden]-1'(3'H)-imin (Vi du 54 Buéc 2,
1,49 g, 5,96 mmol) va 2-oxopropanthioamit (Hop chét trung gian 2, 1,844g, 17,88 mmol)
trong MeOH kho (12 ml), va gia nhiét dung dich thu dugc & nhiét 36 60 °C dudi khi

quyén argon qua dém. Hdn hop phan tng nay duoc 1am ngudi xudng nhiét do trong
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phéng va sau d6 cb dic dé tao ra san phdm tho, tinh ché san phdm nay bing cach sic ky
nhanh (dung mdi rira giai: heptan/EtOAc12: 1 to 10: 1) dé tao ra hop chét héu & @& muc
nay (1,62 g, hi¢u suét 81%): NMR: 'H NMR (500 MHz, CDCl5) & ppm 1,73 - 2,07 (m, 6
H), 2,42 (s, 3 H), 3,13 - 3,38 (m, 2 H), 7,10 (s, 1 H), 7,21 (d, 1 H), 7,42 - 7,47 (m, 1 H),
19,15 (br. s., 1 H); MS (ES+) m/z 337 [M+H]".

Budc 4: 6'-bromo-5"-metyl-3'H-dispiro[xyclobutan-1,2'-inden-1',2"-

imidazol]-4"-amin

NH
at

OO

Tron 6'-bromo-5"-metyl-3'H-dispiro[xyclobutan-1,2'-inden-1',2"-imidazol]- |

4"(3"H)-thion (Vi du 54 Buéc 3, 1,62 g, 4,83 mmol) va amoniac (7M trong MeOH, 15,2

Br

ml, 106 mmol) cling v6i nhau trong binh vi séng. Binh nhé dugc ddy lai va gia nhiét hdn
hop phén tng nay & nhiét 4§ 90 °C trong thoi gian 30 pht trong binh phan Gng vi song.
C6 dic hbn hop nay va hoa tan phin con lai trong amoniac (7M trong MeOH, 15,2 ml,
106 mmol), va dugc gia nhiét mot 14n nita at 90 °C for 30 phut trong binh phéan tmg vi
séng. Chu frinh nay duqé lap lai bdn 1an nita. Sau khi 1am bay hoi dung méi, san phim
thd duge axit hoa bing 2 M axit clohydric trong nudc, va rira bang EtOAc. Pha nuéc
duoc xir 1y bang 2M NaOH cho dén khi dat dén d6 pH kiém va sau d6 chiét bing EtOAc.
Pha hitu co nay dugc lam kho trén MgSO, va cd dac. Sau do, axit hod phé hitu co nay
bang 2M axit xitric. Pha nudc dugc xir Iy bing 2M NaOH cho dén khi dat dén do pH
kiém va sau d6 dung dich ndy duoc chiét bing EtOAc. Cac pha hitu co chita hop chit néu
& @& muc nay duoc két hop, 1am kho bing MgSO, va c¢b dic. Phan con lai duge hoa tan
trong EtOAc va rira bang 50% NaOH trong nuéc. Lop hitu co duge 1am kho trén MgSO4
va cb dic dé tao ra hop chit néu & d& muc nay (1,0 g, hiéu suét 65%): NMR: '"H NMR
(500 MHz, DMSO-dg) 6 ppm 1,48 - 1,67 (m, 4 H), 1,73 - 1,86 (m, 1 H), 2,08 -2,17 (m, 1
H), 2,19 (s, 3 H), 3,06 - 3,20 (m, 2 H), 6,65 (br. s., 2 H), 6,71 (d, 1 H), 7,26 (d, 1 H), 7,35
(dd, 1 H); MS (ES+) m/z 318 [M-+H]". |
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Vidu 55

6'-(5-clopyridin-3-yl)-5"-metyl-3'H-dispiro[xyclobutan-1,2'-inden-1',2"-

imidazol]-4"-amin

Cho natri tetraclopaladat (II) (2,77 mg, 9,43 pumol), 3-(di-tert-
butylphosphoni)propan sulfonat (5,06 mg, 0,02 mmol), axit 5-clopyridin-3-ylboronic
(40,6 rrig, 0,25 mmol) va 6'-bromo-5"-metyl-3'H-dispiro[xyclobutan-1,2'-inden-1'2"-
imidazol]-4"-amin (Vi du 54, 60 mg, 0,19 mmol), vao binh nhé. Cho 2-metyl- -
tetrahydrofuran (1 ml) va 2 M K,COj; trong nude (0,283 ml,-0,57 mmol) vao va khir khi
hdn hop phan tmg nay bang cach suc N, (g). Binh nhé duoc ddy lai va gia nhiét trong
binh phan tng vi séng & nhiét d6 90 °C trong thoi gian 30 phit. Cho EtOAc (5 ml) va -
nude (5 ml) vao va cdc pha nay duge tach riéng. Chiét pha nuéc bang EtOAc va 16p hitu
co hdn hop duge 1am kho bing MgSOy, loc va c6 trong chin khong. Tinh ché bang sic
ky nhanh biang cach sir dung gradient ctia 0-10% MeOH, chta 1,2% 7M NH; trong
MeOH, trong DCM, tao ra 51 mg hop chét néu & d& muc nay (hi€u suét 77%). 'H NMR
(500 MHz, DMSO-d¢) 6 ppm 1,62 (m, 4 H) 1,83 (d, 1 H) 2,16 (s, 1 H) 2,21 (s, 3 H) 3,23
(d,2H) 6,60 (s,2H) 6,94 (d, 1 H) 7,43 (d, 1 H) 7,58 (dd, 1 H) 8;10 (t, 1 H) 8,57 (d, 1 H)
8,71 (d, 1 H); MS (ES+) m/z 351 [M+H]".

Vi du 56

5"-metyl-6'-[5-(prop-1-yn-1-yl)pyridin-3-yl]-3'H-dispiro[xyclobutan-1,2'-inden-

1',2"-imidazol]-4"-amin
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Hop chat néu & & muc nay (60 mg, hiéu suit 68%) duoc didu ché bang phuong
phdp nhu dugc md ti trong Vi du 55, bit diu tir 6'-bromo-5"-metyl-3'H-
—dispiro[xyclobutan-1,2'—inden-1',2"-imidazol]-4"-amin (Vi du 54) (80 mg, 0,25 mmol) va
axit 5-(prop-1-ynyl)pyridin-3-ylboronic (Hop chét trung gian 15, 53 mg, 0,33 mmol). 'H
NMR (500 MHz, DMSO-dg) 6 ppm 1,59 (m, 4 H) 1,83 (d, 1 H) 2,09 (s, 3 H) 2,16 (d, 1
H) 2,21 (s, 3 H) 3,23 (m, 2 H) 6,60 (s, 2 H) 6,8‘9 (d, 1H) 7,41 (d, 1 H) 7,54 (dd, 1 H) 7,91
(t, 1 H) 8,52 (d, 1 H) 8,67 (d, 1 H). MS (ES+) m/z 355 [M+H]".

Vi du 57

Téch cac chat ddng phan cua 5"-metyl-6'-[5-(prop-1-yn-1-yl)pyridin-3-y1]-3'H- 4

dispiro[xyclobutan-1,2'-inden-1',2"-imidazol]-4"-amin

Cac chit dong phin cla 5"-metyl-6'-[ 5-(prop-1-yn-1-yl)pyridin-3-yl]-3'H-
dispiro[xyclobutan-1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 56, 47 mg, 0,13 mmol)
dugc tach riéng biang cach sir dung HPLC diéu ché SFC Berger Multigram II, véi cot
Chiralcel OD-H; 20¥250 mm; 5pm, va pha dong bao gdm 30% MeOH (chira 0,1% DEA)
va 70% CO, & toc d chay 50 ml/phut dé tao ra:

Chét déng phén 1 véi cAu hinh tuyét dbi khong dugc xac dinh (16 mg, hiéu suét
34%) v6i thoi gian luu 2,4 phit: 'H NMR (500 MHz, DMSO-dg) 6 ppm 1,58 (m, 4 H),
1,83 (m, 1 H), 2,09 (s, 3 H), 2,16 (m, 1 H), 2,21 (s, 3 H), 3,23 (m, 2 H), 6,59 (m, 2 H),
6,89 (m, 1 H), 7,41 (m, 1 H), 7,55 (m, 1 H), 7,91 (m, 1 H), 8,52 (m, 1 H), 8,67 (m, 1 H);
MS (APCI+) m/z 355 [M+H]"; va

Chét ddng phén 2 v&i ciu hinh tuyét dbi khong duoc xac dinh (15 mg, hiéu suét
33%) véi thoi gian hru 7,2 phit: '"H NMR (500 MHz, DMSO-dg) & ppm 1,61 (br. s., 4 H),
1,82 (m, 1 H), 2,09 (s, 3 H), 2,16 (m, 1 H), 2,21 (s, 3 H), 3,23 (d, 2 H), 6,60 (s, 2 H), 6,89
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(d, I H), 7,41 (d, 1 H), 7,54 (d, 1 H), 7,91 (t, 1 H), 8,52 (d, 1 H), 8,67 (d, 1 H); MS
(APCI+) m/z 355 [M+H]".

 Vidu 58

6'- (xyclopropyletynyl) 5"-metyl-3'H- d1sp1ro[xyclobutan-1 2'-inden-1', 2"-

imidazol]-4"- -amin

Cho etynylxyclopropan (0,031 g, 0,47 mmol), |
tetrzikis(triphenylphosphin)paladi(O) (0,036 g, 0,03 mmol) va trietylamin (1,31 ml, 9,43
mmol) vao dung dich chtta 6'-bromo-5"-metyl-3'H-dispiro[xyclobutan-1,2'-inden-1',2"-
imidazol]-4"-amin (Vi du 54, 0,10 g, 0,31 mmol) trong DMF (10 ml) dudi khi argon.
Khudy hén hop phan tng nay & nhiét do trong phong trong thoi gian 5 phut trude khi bd
sung ddng iodua (8,98 mg, 0,05 mmol). Khudy hdn hop phan tmg nay qua dém & nhiét do
65 °C. Hon hqp‘phén trng ndy duogc phan bd gitra NaHCO; trong nudc bao hoa va EtOAc.
Pha hitu co nay dugc 1am kho trén MgSO, va ¢ dic dé tao ra san pham tho, tinh ché san
phim nay bang phwong phép séc ky diéu ché dé tao ra hop chét néu ¢ dé muc nay (0,046
g, hiéu sudt 48%): '"H NMR (500 MHz, DMSO-d¢) & ppm 0,60 - 0,73 (m, 2 H), 0,77 -
0,89 (m, 2 H), 1,46 (tt, 1 H), 1,50 - 1,65 (m, 4 H), 1,72 - 1,85 (m, 1 H), 2,08 - 2,16 (m, 1
H), 2,18 (s, 3 H), 3,07 - 3,23 (m, 2 H), 6,54 (d, 1 H), 6,60 (s, 2 H), 716(dd 1 H), 7,20 -
7,27 (m, 1 H); MS (ES+) m/z 304 [M+H]".

Vidu 59

6'-(3, 3-dimetylbut-1-yn-1-yl)-5"-metyl-3'H-dispiro[xyclobutan-1, 2'-inden-1', 2"-

imidazol]-4"-amin
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Cho 3, 3-dimetylbut-1-yne (0,039 g, ' 0,47 mmol),
tetrakis(triphenylphosphin)paladi(0) (0,036 g, 0,03 mmol) va trietylamin (1,31 ml, 9,43 |
mmol) vao dung dich chira 6'-bromo-5"-metyl-3'H-dispiro[xyclobutan-1,2'-inden-1',2"-
imidazol]-4"-amin (Vi du 54, 0,100 g, 0,31 mmol) trong DMF (10 ml) dudi khi argon.
Khudy hdn hop phan tmg nay & nhiét d6 trong phong trong thoi gian 5 phut trude khi bd
sung dong iodua (8,98 mg, 0,05 mrhol). Khudy hén hop phéﬁ ung nay qua dém & nhiét do
65 °C va sau d6 phan chia giita NaHCO; trong nuéc bao hoa va EtOAc. Pha hitu co duge

-lam kho trén MgSO4 va cb dic dé tao ra san phdm tho, tinh ché san phim nay bing
phwong phap séc ky diéu ché dé tao ra hop chit néu & d& muc nay (0,039 g, hiéu suét
38%): '"H NMR (500 MHz, DMSO-d6) o ppm 1,24 (s, 9 H), 1,47 - 1,66 (m, 4 H), 1,73 -
1,84 (m, 1 H), 2,09 - 2,17 (m, 1 H), 2,18 (S, 3 H), 3,16 (d, 2 H), 6,53 (d, 1 H),‘ 6,60 (s, 2
H), 7,14 (dd, 1 H), 7,24 (d, 1 H); MS (ES+) m/z 320 [M+H]".

Vidu 60

(1r,41r)-6'-(5-clo-6-metylpyridin-3-yl)-4-metoxy-5"-metyl-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

. \ NH,
;/ \:
N_ N

Cho 4,4,4'4'5,5,5'5'-octametyl-2,2'-bi(1,3,2-dioxaborolan) (287 = mg, 1,13
mmol), (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-4"-amin (Vi du 19, 213 mg, 0,57 mmol) va kali axetat (167 mg, 1,70 mmol) va
dioxan (3 ml) vao va khir khi hdn hop phén ting bing dong argon (g) trong vai phut. Cho
PdCly(dppf) CH,Cl, (32,4 mg, 0,04 mmol) vao va gia nhiét hn hop nay dén hdi luu
trong thoi gian 1,5 h dudi khi N,. Cho 4,4,4'4'5,5,5,5' -octametyl-2,2'-bi(1,3,2-
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dioxaborolan) (120 rﬁg, 0,47 mmol) vao va gia nhiét hdn hop phan tng nay dén hdi luu
qua dém. Loai cac chat d& bay hoi ra trong chan khong va 80 mg cta phin con lai
(q! r,4r)-4-metoxy-5"-rhetyl-6'—(4,4,5 ,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-3'H-
dispiro[xyclohexan;1,2'-inden—1',2"-imidazol]-4"—amin MS (ES+) m/z 424 [M+H])
du#qc. tron véi 5-bromo-j-clo-2-metylpyridin (Hop chit trung gian 43, 47 mg, 0,23
~ mmol), K,CO3 (0,38 ml, 0,76 mmol) va dioxan (2 ml). Khir khi hdn hop phéh mg bing
dong argon (g) trong vai phut. Cho san phim cong PdCly(dppf) CH,CI, (138 mg, 0,19
mmol) vao. Binh nhé dugc ddy lai va dugc gia nhiét trong binh phan Gng vi s6ng & nhiét
dd 140 °C trong thoi gian 30 phat. Cho EtOAc vao vé rira hén hop nay bing nuéc fnuéi
va nudce. Pha hitu co ndy dugc lam kho bang MgSO,, loc va cd trong chan khong. Tinh
ché san phémr tho bang cach sic ky nhanh (12 g SiO,, 0-20% MeOH chira 0,1 M NH;
trong DCM). Tinh ché san phim tho b%mg phuong phap sic ky diéu ché. Cac phan doan
chira san phdm dugc két hop lai va ¢b dac. Pha nude duge chiét bing DCM va céc pha
nay dugc tach riéng bang cach st dung thiét bj tach pha. Pha hitu co nay dugc cd trong
chan khong tao ra hop chat néu & & muyc nay (5 mg, hiéu sudt 6%): '"H NMR (CD;0D) &
ppm 1,11 (td, 1 H), 1,24 - 1,43 (m, 2 H), 1,49 (td, 1 H), 1,63 (td, 2 H), 1,90 - 2,00 (m, 2
H), 2,32 (s, 3 H), 2,61 (s, 3 H), 3,04 - 3,12 (m, 1 H), 3,15 (d, 1 H), 3,25 (d, 1 H), 3,33 (s,
3 H), 6,99 (d, 1 H), 7,47 (d, 1 H), 7,55 (dd, 1 H), 7,99 (d, 1 H), 8,51 (d, 1 H); MS (MM-
ES+APCI)+ m/z 423 [M+H]". |

Vidu 61

(1r,1'R,4R)-6'-(5 -clo-6;metylpyridin-3 -yl)-4-metoxy-5"-metyl-3'H-

dispiro[xyclohexan-1,2"-inden-1',2"-imidazol]-4"-amin

" NH,
>/ \<
N

Hoa tan (lr,1'R,4R)—6'—(bromo-4-mefoxy-S"-metyl—3'H-dispiro[xyclohexan-1,2'-
inden-1',2"-imidazol]-4"-amin dué6i dang mudi cua axit D(+)-10-camphor sulfonic (Vi du

19 Budc 5, 0,4 g, 0,66 mmol) trong 2-metyl-tetrahydrofuran (5 ml). Cho KOH (0,4 g,
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7 ,13. mmol) trong nuéc (3 ml) vao. Khudy h5n hop phén l’Irig ndy trong thoi giari 30 phut
truée khi pha nudc du’dc loai ra va phan con lai duge rira bing dung dich 2M K,CO; (3
ml). Pha nuéc duge loai ra va pha hitu co ndy dugc chuyén téi binh vi séng. Cho 3-clo-2-
metyl-5-(4,4,5 ,S-tetramétyl-1,3,2—dioxaborolan-2-yl)pyridin (Hop chit trﬁng gian 44,
0,200 g, 0,79 mmol) vao tiép d6 1a K,CO; (2,0 M, 0,986 ml, 1,97 mmol). Suc Ar (g) qua
hdn hQ‘p ndy. Cho natri tetraclopaladat(Il) (9,67 mg, 0,03 mmol) va 3-(di-tert-
butylphosphoni)propan sulfonat (0,018 g, 0,07 mmol) vao va binh nho dugc dong lai va
dﬁqc gia nhiét bang 10 vi séng trong thoi gian 30 phut & nhiét dd 100 °C. Sau khi lam
ngudi xubng nhiét do trong phong, cho nudc va 2-Me THF vao va pha nu6e dugc loai ra.
Pha hitu co dugc rira bang nudec mudi va nuée va ¢d trong chan khéng. Tinh ché san
phim bang cach st dung phuong phép séc ky nhanh (40 g SiO,, gradient' giai hép 0-
100% EtOAc trong heptan) sau d6 bang céach sic ky nhanh (40 g SiO,, gradient giai hép
0-10% MeOH (chira 0,2 M NH3) trong DCM) dé tao ra hop chit néu & d& muc nay (0,065
g, hiéu suét 23%): 'H NMR (500 MHz, DMSO-d¢) & ppm 0,90 - 1,02 (m, 1 H), 1,09 -
- 1,31 (m, 2 H), 1,35 - 1,55 (m, 3 H), 1,83 (d, 2 H), 2,17 (s, 3 H), 2,52 - 2,59 (m, 3 H), 2,89
- 3,03 (m, 2 H), 3,03 - 3,13 (m, 1 H), 3,19 (s, 3 H), 6,54 (br. s., 2 H), 6,84 (s, 1 H), 7,40
(d, 1 H), 7,54 (d, 1 H), 8,00 (s, 1 H), 8,58 (s, 1 H); MS (ES+) m/z 423 [M+H]".

Vi du 62

(1r,4r)-6'-(5-clo-2-metylpyridin-3-yl)-4-metoxy-5"-metyl-3'H-

dispiro [Xyclohexan- 1,2'-inden-1',2"-imidazol]-4"-amin

Cho 3-bromo-5-clo-2-metylpyridin (Hop chét trung gian 41, 47 mg, 0,23 mmol),
(1r,4r)-4-metoxy-5"-metyl-6'-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-3'H-
dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]}-4"-amin (dugc didu ché & Vi du 60, 80 mg,
. 0,19 mmol), K,CO; (2 M dung dich trong nuéc; 0,38 ml, 0,76 mmol) va dioxan (2 ml)
vao va khir khi hdn hop phan ting nay bing dong argon trong vai phut. Cho san phdm

-211-



119492

cong PdCl,(dppf) CH,Cl, (138 mg, 0,19 mmol) vao. Binh nh6 dugc day lai va duogc gia
nhiét trong binh phan Gng vi séng & nhiét d 140 °C trong thoi gian 30 phat. Cho EtOAc
va0 va rira hén hop phan ﬁng ndy bang nude mudi va nuée. Pha hitu co duge lam khod
bang MgSO,, loc va ¢b trong chan khong. Tinh ché san phdm tho bing cach ééc ky nhanh
(12 g SiO,, 0-20% MeOH chira 0,1 M NH; trong DCM). Tinh ché san phim thd bang
phuong phép sic ky didu ché. Céc phan doan chira san pham dugc két hop, ¢o dic va sdy
& nhiét do thip tao ra hop chit néu & d& muc nay (5 mg, hiéu sudt 6%): 'H NMR
(€CD;0D) 6 ppm 1,07 - 1,19 (m, 1 H), 1,29 - 1,44 (m, 2 H), 1,49 (td, 1 H), 1,57 - 1,72 (m,
2 H), 1,92 -2,00 (m; 2 H), 2,30 (s, 3 H), 2,37 (s, 3 H), 3,04 - 3,13 (m, 1 H), 3,17 (d, 1 H),
3,26 (d, 1 H), 3,34 (s, 3 H), 6,66 - 6,72 (m, 1 H), 7,26 (dd, 1 H), 7,46 (d, 1 H), 7,60 (d, 1
H), 8,38 (d, 1 H); MS (MM-ES+APCI)+ m/z 423 [M+H]".

Vi du 63

(1r,4r)-4-metoxy-5"-metyl-6'-[4-metyl-5-(prop-1-yn-1-yl)pyridin-3-yl]-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

Huyén’phl‘l cua 4,4,4'.4',5,5,5',5"-octametyl-2,2'-bi(1,3,2-dioxaborolan) (160 mg,
0,63 mmol), 3-bromo-4-metyl-5-(prop-1-ynyl)pyridin (Hop chét trung gian 45, 66 mg,
0,31 mmol) va kali axetat (93 mg, 0,94 mmol) trong dioxan (3 ml) dugc loai khi bang
dong argon trong vai phit. Cho PdCl,(dppf) CH,Cl, (13 mg, 0,02 mmoi) vao va gia nhiét
hén hop nay & nhiét d6 hdi lvu dudi khi N, trong thoi gian 4 h. Hf)n hop nay dugc dé
ngudi, loc va cd trong chan khong. Phan con lai thu dugc (80 mg, 4-metyl-3-(prop-1-
ynyl)-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)pyridin) dugc trdn véi  natri
tetraclopaladat(Il) (4 mg, 0,01 mmol), 3-(di-tert-butylphosphoni)propan sulfonat (6 mg,
0,02 mmol), va (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'"H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-4"-amin (Vi du 19, 90 mg, 0,24 mmol) trong dioxan (3 ml). Khir khi hon
hop phan tmg bing dong argon trong vai phit va sau d6 dun hdi lvu. Hn hop phan tmg

-212-



19492

'na‘iy dugce dé ngudi va tach ldai dung méi trong chan khéng. Phan con lai dugc phan bb |
giita nudc va EtOAc. Pha hitu co duge 1am kho (Na,SO,) va 1am bay hoi @ tao ra san
pham tho, tinh ché san phdm nay bing cich sic ky nhanh (4 g SiO,, gradient heptan-
(EtOAc/MeOH/NH; 90: 10: 1). Chét liéu thu dugc nay duge tinh ché bing phuong phép
sdc ky diéu ché. Cac phan doan chta san phim nay duogc tap trung lai va dung moi hiru
co duogc loai ra trong chan khéng'. Phan con lai duge phan bé gitta 1 M NaOH va EtOAc.
Pha hitu co nay dugc lam khé (Na,SO,4) va lam bay hoi dé tao ra ph?m can dau, phén nay
dugc hoa rén bang cach 1am ddng bay hoi vdi axetonitril dé tao ra hop chit néu & d& muc
nay (15 mg, hiéu suit 15%) sau khi 1am kho trong chan khong & nhiét do 40 °C: '"H NMR
. (400 MHz, DMSO-de) 8 ppm 0,98 (t, 1 H), 1,11 - 1,34 (m, 2 H), 1,34 - 1,57 (m, 3 H),
1,83 (d, 2 H), 2,13 (m, 9 H), 2,87 - 3,13 (m, 3 H), 3,20 (s, 3 H), 6,50 (d, 3 H), 7,18 (d, 1
H), 7,39 (d, 1 H), 8,16 (br. s., 1 H), 8,46 (br. s., 1 H); MS (APCI") m/z 427 [M+H]".

‘Vidu 64

(1r,4r)-6'-bromo-5"-etyl-4-metoxy-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-4"-amin

Budec 1: (1r,4r)-6'-bromo-5"-etyl-4-metoxy-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"(3"H)-thion
ws
' N/ .NH
Br
3 \

Cho HCI (4M trong 1,4-dioxan, 1,807 ml, 7,23 mmol) vao dung dich chia N-
((1r,4r)-5'-bromo-4-metoxyspiro[xyclohexan-1,2'-inden]-3'(1 'H)-yiiden)-2-metylpropan-
2-sulfinamit (Vi du 19 Phuong phap B Budc 1, 0,60 g, 1,45 mmol) trong 1,4-dioxan khan
(3 ml) va khudy hdn hop thu duoc nay dudi khi nito & nhiét do trong phong trong thoi
gian 90 phut. Chét két tia duoc tao ra. Cho Et,O (15 ml) vao va chét rén duoc loc ra va
rira bang Et,0 (10 ml). Chét rin ndy dugc phan bd gitta DCM (20 ml) va NaHCO; trong
nude bdo hoa (20 ml). Cac pha nay dugce tach riéng va 16p hitu co dugc lam khod trén

Na,SO, va cb dic dé tao ra (1r,4r)-6'-bromo-4-metoxyspiro[xyclohexan-1,2'-inden]-
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1'(3'H)-imin thé (1,658 g), chét ndy dugc trén véi 2-oxobutanthioamit (Hop chét trung
gian 29, 1,891 g, 16,14 mmol) trong MeOH (50 ml). Hn hop thu duqc; nay duoc héi luu
trong thoi gian 18 h. C6 déc hén hop phan tmg nay va tinh ché san phim nay bing cach
sdc ky nhanh trén silicagel, (gradient giai hip 0 dén 50% EtOAc trong n-heptan) dé tao ra
hop chét néu & dé muc nay (1,8 g, hiéu suit 82%): '"H NMR (500 MHz, CDCls) 6 ppm
1,17 (td, 1 H), 1,33 (m, 6 H),:1,63 (m, 1 H), 1,75 (m, 1 H), 2,02 (m, 2 H), 2,80 (m, 2 H),
3,09 (m, 3 H), 3,35 (s, 3 H), 7,04 (d, 1 H), 7,21 (d, 1 H), 7,45 (dd, 1 H), 8,97 (br. s., 1 H);
MS (ES+) m/z 407 [M+H]". '

Buéc 2: (1r,41)-6'-bromo-5"-etyl-4-metoxy-3'H-dispiro[xyclohexan-1,2'-

\>\<NH2
7\ v
Br< :Ni<N:
R nQ
S \

Hoa tan (1r,4r)-6'-bromo-5"-etyl-4-metoxy-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-4"(3"H)-thion (Vi du 64 budc 1, 0,32 g, 0,80 mmol) trong amoniac (dung

.inden-1',2"-imidazol]-4"-amin

dich 7M trong MeOH, 7,04 ml, 49,31 mmol) va gia nhiét hdn hop ndy trong 10 vi séng &
nhiét do 90 °C trong thoi gian 2 h. Hdn hop nay duoc co dic, hoa tan lai trong amoniac
(dung dich 7M trong MeOH, 7,04 ml, 49,31 mmol) va gia nhiét & nhiét d6 90 °C trong
thoi gian 30 phut. Qua trinh nay dugc lap lai thém mot 14n nira. Dung mdi dugc cd trong
chéan khong va phan con lai dugc phan bd giira axit xitric (dung dich 2 M trong nudc, 10
ml) va EtOAc (5 ml). Trung hoa 16p nudc biang NaHCO; rén cho dén khi qua trinh thoat
khi ngimg lai va chiét sin phdm bing EtOAc (50 ml). Lép hitu co duge rira biang nudc
mudi, 1am kho bang Na,SO, va cb dic dudi ap suit giam dé tao ra hop chit néu & d& muc
nay (0,168 g, hidu sut 54%): "H NMR (500 MHz, CDCl;) & ppm 1,08 (td, 1 H), 1,38 (m,
6 H), 1,67 (m, 2 H), 1,96 (m, 2 H), 2,62 (m, 2 H), 3,06 (m, 1 H), 3,12 (m, 2 H), 3,34 (s, 3
H), 6,87 (d, 1 H), 7,20 (d, 1 H), 7,36 (dd, 1 H); MS (ES+) m/z 390 [M+H]".

Vidu 65

(1r,4r)-6'-(5-clopyridin-3-yl)-5"-etyl-4-metoxy-3'H-dispiro[xyclohexan-1,2'-
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inden-1',2"-imidazol]-4"-amin

Tron hdn hop gbém (1r,4r)-6'-bromo-5"-etyl-4-metoxy-3'H-dispiro[xyclohexan-
1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 64, 0,084 g, 0,22 mmol), axit 5-clopyridin-3-
ylboronic (0,034 g, 0,22 mmol), [1,1'-bis(diphenylphosphino)feroxen]paladi(Il) clorua
- (0,016 g, 0,02 mmol), K,CO;5 (2 M dung dich trong nuéc, 0,215 ml, 0,43 mmol) va 1,4-
dioxan (2 ml) trong binh nhé va gia nhiét trong binh phan Gng vi séng & nhiét do 130 °C
trong thoi gian 20 phut. Khi dwgc 1am lanh xubng nhiét do trong phong, hdn hop nay
duogc pha loang véi DCM, rira br:ng nudce, 1am khd bﬁng Na,SO,, va cb dic. Tinh ché san
phim bing phwong phép sic ky diéu ché dé tao ra hop chét néu & d& muc nay (46 mg,
hiéu suét 51%): 'H NMR (SOOFMHZ, CDCl;) 6 ppm 1,12 (td, 1 H), 1,38 (m, 6 H), 1,72
(m; 2 H), 2,03 (m, 2 H), 274(q,2H) 3,11 (m, 1 H), 3,23 (d, 1 H), 3,30 (d, 1 H), 3,35 (s,
3 H), 6,99 (s, 1 H), 7,50 (m, 2 H), 7,79 (t, 1 H), 8,35 (s, 1 H), 8,52 (d, 1 H), 863(m 1
H); MS (ES+) m/z 423 [M+H]".

"Vidu 66

- Téach c4c chat ddng phan cla (1r,4r)-6'-(5-clopyridin-3-yl)-5"-etyl-4-metoxy-3'H-

dispiro[xyclohexan-1;2'-inden-1',2"-imidazol]-4"-amin

Xt ly (Ir4r)-6'-(5-clopyridin-3-yl)-5"-etyl-4-metoxy-3"H-dispiro[xyclohexan-
1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 65, 39 mg, 0,09 mmol) tich HPLC khéng dbi
ximg bang cach sit dung hé théng SFC Berger Multigram II véi cft Chiralcel OD-H
(4,6*250 mm; 5pm) va pha déng bao gdm 25% MeOH (chtra 0,1% DEA) va & tbe do
chay 75% CO, 50 ml/phut dé tao ra:

Chat dong phan 1 vé6i ciu hinh tuyét ddi khong duge xac dinh (15 mg, hiéu suit
39%) v6i thoi gian luu 3,2 phut: "H NMR (600 MHz,) & ppm 1,12 (td, 1 H), 1,32 (t, 3 H),
1,42 (m, 3 H), 1,71 (t, 2 H), 1,97 (d, 2 H), 2,63 (m, 2 H), 3,08 (m, 1 H), 3,24 (m, 2 H),
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3,35 (s, 3 H), 6,90 (s, 1 H), 7,44 (s, 2 H), 7,78 (s, 1 H), 8,49 (m, 1 H), 8,62 (s, 1 H); MS
 (MM-ES+APCI)+ m/z 423 [M+H]". |

va

Chat ddng phan 2 v6i ciu hinh tuyét dbi khong dugc xdc dinh (11 mg, hiéu suét
29%) v6i thoi gian luu 8,9 phut: 'H NMR (600 MHz, CDCl3) 6 ppm 1,11 (m, 1 H) 1,32
(t, 3H) 1,39 (m, 2 H) 1,50 (m, 1 H) 1,72 (t, 2 H) 1,97 (d, 2 H) 2,61 (dquin, 2 H) 3,08 (m,
1 H) 3,24 (m, 2 H) 3,35 (s, 3 H) 6,89 (s, 1 H) 7,43 (m, 2 H) 7,78 (s, 1 H) 8,49 (m, 1 H)
8,62 (s, 1 H); MS (MM-ES+APCI)+ m/z 423 [M+H]".
Vi du 67

(1r,4r)-5"-etyl-4-metoxy-6'-[ 5-(prop-1-yn-1-yl)pyridin-3-y1]-3'H-

dispiro[xyclohexan-1,2'-inden- 1',2"-imidazol]—4"-amin

Hop chét néu ¢ & muc nay (40 mg, hiéu suit 43%) duge didu ché bang phwong
phap nhu dugc mé ta trong Vi du 65 bat dau tir (1r,4r)-6'-bromo-5"-etyl-4-metoxy-3'H-
dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 64, 84 mg, 0,22 mmol), va
axit 5-(prop-1-ynyl)pyridin-3-ylboronic (HQp chét trung gian 15, 35 mg, 0,22 mmol): 'H
NMR (500 MHz, CDCl;)  ppm 1,12 (td, 1 H), 1,34 (t, 3 H), 1,41 (m, 3 H), 1,70 (dd, 1
H), 1,77 (d, 1 H), 2,05 (m, 2 H), 2,09 (s, 3 H), 2,80 (q, 2 H), 3,11 (m, 1 H), 3,22 (d, 1 H),
3,30 (d, 1 H), 3,35 (s, 3 H), 7,03 (s, 1 H), 7,46 (m, 1AH), 7,52 (m, 1 H), 7,79 (s, 1 H), 8,54
(m, 1 H), 8,64 (m, 1 H); MS (ES+) m/z 427 [M+H]".

Vidu 68
Tach céc chét dong phan nay of (1r,4r)-5"-etyl-4-metoxy-6'-[ 5S-(prop-1-yn-1-

yD)pyridin-3-yl]-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

-216-



19492

Xt ly | (1r,4r)-5"-etyl-4-metoxy-6'-[ 5-(prop-1-yn-1-yl)pyridin-3-y1]-3'H-
dispiro[xyclohexan-1,2"-inden-1',2"-imidazol]-4"-amin (Vi du 67, 29 mg, 0,07 mmol)
bang tach bing HPLC khong dbi xtng bang cach sit dung hé théng SFC Berger
Multigram II v6i cdt Chiralcel OD-H (4,6%250 mm; Sum) va pha dong bao gébm 25%
MeOH (chtra 0,1% DEA) va & téc d6 chay 75% CO, 50 ml/phut dé tao ré:

Chét dong phan 1 véi ciu hinh fuyét d6i khong duogc xac dinh (11 mg, hiéu suét
39%) véi thoi gian luu 3,4 phut: "H NMR (600 MHz, CDCl3) 6 ppm 1,12 (m, 1 H), 1,32
(t,3H), 1,41 (m, 3 H), 1,72 (m, 2 H), 1,99 (br. s., 2 H), 2,09 (s, 3 H), 2,66 (m, 2 H), 3,09
(m, 1 H), 3,24 (m, 2 H), 3,35 (s, 3 H), 6,93 (s, 1 H), 7,44 (q, 2 H), 7,77 (s, 1 H), 8,53 (br.
s., 1 H), 8,62 (br. s., 1 H); MS (MM-ES+APCI)+ m/z 427 [M+H]+.

va

Chat dong phén 2 v6i céu hinh tuyét déi khong dugc xéc dinh (11 mg, hiéu suét
39%') v6i thoi gian Iuu 8,7 phit: 'H NMR (600 MHz, CDCl;) & ppm 1,11 (m, 1 H), 1,32
(t, 3 H), 1,39 (m, 2 H), 1,49 (m, 1 H), 1,72 (m, 2 H), 1,97 (d, 2 H), 2,09 (s, 3 H), 2,61 (m,

2 H), 3,08 (m, 1 H), 3,23 (m, 2 H), 3,35 (s, 3 H), 6,89 (s, 1 H), 7,43 (m, 2 H), 7,77 (s, 1
H), 8,53 (s, 1 H), 8,61 (s, 1 H); MS (MM-ES+APCI)+ m/z 427 [M+H]".

Vi du 69

5-[(1r,4r)-4"-amino-5"-etyl-4-metoxy-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl]pyridin-3-cacbonitril

Hop chét néu & dé muc nay (44 mg, 52% hiéu suét) dugc didu ché bang phuong
phép nhu dugc md ta trong Vi du 65 bt dau tir (1r,4r)-6'-bromo-5"-etyl-4-metoxy-3'H-
dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 64, 80 mg, 0,20 mmol), va
axit 5-xyanopyridin-3-ylboronic (0,030 g, 0,20 mmol): 'H NMR (500 MHz, CDClL) &

-217-



19492

ppm 1,14 (td, 1 H), 1,37 (m, 6 H), 1,72 (m, 2 H), 2,04 (m, 2 H), 2,73 (q, 2 H), 3,10 (m, 1
H), 3,24 (d, 1 H), 3,31 (d, 1 H), 3,36 (s, 3 H), 7,00 (s, 1 H), 7,52 (m, 2 H), 8,06 (t, 1 H),
8,83 (d, 1 H), 8,95 (d, 1 H); MS (ES+) m/z 414 [M+H]".

Vidu 70

3- [(1r,4r)-4"-amin0-5"-etyl-4-met0xy-3'H-dispiro[xyclohexan— 1,2'-inden-1',2"-

imidazol]-6'-yl]benzonitril

Hop chat néu & dé muc nay (73 mg, hiéu suit 85%) duogc didu ché bang phuong
~ phép nhu duge md ta trong Vi du 65 bt dau tir (1r,4r)-6'-bromo-5"-etyl-4-metoxy-3'H- -
dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 64, 81 mg, 0,21 mmol), va

axit 3-xyanophenylboronic (30 mg, 0,21 mmol): '"H NMR (500 MHz, CDCl;) & ppm 1,13°
(td, 1 H), 1,38 (m, 6 H), 1,72 (m, 2 H), 2,05 (m, 2 H), 2,76 (q, 2 H), 3,11 (i, 1 H), 3,22

(d, 1 H), 3,30 (d, 1 H), 3,35 (s, 3 H), 7,00 (s, 1 H), 7,46 (m, 1 H), 7,52 (m, 2 H), 7,61 (d,

1 H), 7,73 (d, 1 H), 7,78 (s, 1 H), 8,32 (br. s., 1 H); MS (ES+) m/z 413 [M+H]".

Vidu71
Téch cac chit déng phan cia 3-[(1r,4r)-4"-amino-5"-etyl-4-metoxy-3'H-dispiro-
[xyclohexan-1,2'-inden-1',2"-imidazol]-6'-yl]benzonitril

Xt ly 3-[(1r,4r)-4"-amino-5"-etyl-4-metoxy-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-6'-yl]benzonitril (Vi du 70, 34 mg, 0,08 mmol) bing tich bing HPLC
khéng d6i ximg bang cach st dung hé théng SFC Berger Multigram H v6i c¢dt Chiralcel
OD-H (4,6*250 mm; 5um) va pha dong bao gdm 25% MeOH (chita 0,1% DEA) va 75%

CO ¢ téc do chay 50 ml/phut dé tao ra:

Chét déng phén 1 v6i cAu hinh tuyét dbi khong duoc xac dinh (22 mg, hiéu suit
65%) v6i thdi gian luu 3,4 phut: "H NMR (600 MHz, CDCl3) & ppm 1,12 (td, 1 H), 1,33
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(t, 3 H), 1,42 (m, 3 H), 1,72 (m, 2 H), 1,98 (d, 2 H), 2,63 (m, 2 H), 3,08 (m, 1 H), 3,24
(m, 2 H), 3,35 (s, 3 H), 6,90 (s, 1 H), 7,43 (m, 2 H), 7,48 (t, 1 H), 7,57 (d, 1 H), 7,73 (d, 1
H), 7,78 (s, 1 H); MS (MM-ES+APCI)+ m/z 413 [M+H]".

va

Chat ddng phan 2 véi cAu hinh tuyét déi khong dugc xac dinh (19 mg, hiéu suét
56%) v6i thoi gian Iwu 11,6 phit: "H NMR (600 MHz, CDCl3) 8 ppm 1,11 (m, 1 H), 1,32
(t, 3 H), 1,39 (m, 2 H), 1,48 (m, 2 H), 1,72 (t, 2 H), 1,97 (d, 2 H), 2,62 (dquin, 2 H), 3,08

(m, 1 H), 3,23 (m, 2 H) 3,35 (s, 3 H), 6,89 (s, 1 H), 7.42 (s, 2 H), 7,47 (t, 1 H), 7,57 (d, 1
H), 7,72 (d, 1 H), 7,78 (s, 1 H); MS (MM-ES+APCI)+ m/z 413 [M+H]".

Vidu 72

(1r,4r)-6'-[ 5-(but-1-yn-1-yl)pyridin-3-yl]-4-metoxy-5"-metyl-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

Can (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[ xyclohexan-1,2'-inden-
1',2"-imidazol]-4"-amin (Vi du 19 Phuong phap B Budc 4, 83 mg, 0,22 mmol), san phém
cong. PdCl,(dppf)-CH,Cl, (9,0 mg, 0,01 mmol), axit 5-(but-1-ynyl)pyridin-3-ylboronic
(60 mg, 0,34 mmol) va Cs,COs (144 mg, 0,44 mmol) c4n cho vao binh vi séng. Cho hdn
hop gébm DME, nuéc va EtOH (6: 3: 1) (5 ml) vao va suc binh nhé bang argon. Gia nhiét
hén hop thu dugc nay dén nhiét do 120 °C trong binh phén tng vi séng trong thoi gian 1
h. Hon hop niy dugc pha lodng véi EtOAc va loc. Lam bay hoi cdc dung mdi va tinh ché
phén con lai bing phuong phap séic ky didu ché dé tao ra 37 mg (hiu sudt 39%) clia hop
chit néu & dé muc nay: 'H NMR (500 MHz, CDCl3) & ppm 1,12 (td, 1 H), 1,27 (t, 2 H),
1,29 - 1,44 (m, 2 H), 1,50 (td, 1 H), 1,65 - 1,77 (m, 2 H), 1,92 - 2,01 (m, 2 H), 2,31 (s, 3
H), 2,45 (q, 2 H), 3,02 - 3,15 (m, 1 H), 3,17 - 3,28 (m, 2 H), 3,34 (s, 3 H), 6,90 (s, 1 H),
7,41 (s,2 H), 7,78 (t, 1 H), 8,53 (d, 1 H), 8,61 (d, 1 H); MS (APCI+) m/z 427 [M+H]".
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Vi du 73

(1r,1'R,4R)-4"-amino-5"-metyl-6'-[ 5-(prop-1-yn-1-yl)pyridin-3-y1]-3'H-

dispiro[xyclohexan-1,2'-inden-1 ',2"-imidazol].-4-ol

--lllOH

Cho (1r,1 'R,4R)—4-metoxy-5"-metyl—6'—[5-(p-rop- 1-yn-1-yl)pyridin-3-yl]-3'H-
dispiro[xyclohexan—1,2’-inden—1',2"-imidazol]-4";amin (Vi du 20a Chét ddng phan 1, 519
mg, 1,26 mmol) vao (metylthio)trimetylsilan (1,249 ml, 8,81 mmol) trong 1,2-dicloetan
(8mL), tiép d6 1a kém iodua (2,0 g, 6,29 mmol) va tetrabutylamoni iodua (697 mg, 1,89
mmol). Khudy huyén phii nay & nhiét do 60 °C trong thoi gian 2 ngay. Loc hdn hop phan
Uung nay va rtra dich loc bﬁng dung dich 5% trong nudc cia bari hydroxit, sau d6 véi
nuée. Sau khi 1am bay hoi dung méi, phan con lai duge xir 1y bing phuong phép sic ky
nhanh (0 - 7% MeOH (chtra NH3) trong DCM) dé tao ra hop chét néu & d muc nay (100
mg, hi¢u suét 20%): 'H NMR (500 MHz, DMSO-dg) 6 ppm 0,89 - 1,02 (m, 1 H) 1,13 -
1,35 (m, 2 H) 1,41 (br. s., 3 H) 1,66 (br. s., 2 H) 2,09 (s, 3 H) 2,17 (s, 3 H) 3,04 (dd, 2 H)
3,18 -3,27 (m, 1 H) 4,55 (br. s, 1 H) 6,53 (br. s., 2 H) 6,82 (s, 1 H) 7,41 (d, 1 H) 7,53 (dd,
1 H) 7,90 (s, 1 H) 8,51 (db, 1 H) 8,66 (d, 1 H); MS (ES+) m/z 399 [M+H]". -

Vidu 74

3-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2"-inden-1',2"-
imidazol]-6'-yl]-5-metylbenzonitril

Cho (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[Xyclohexan-1,2'-inden-
1',2"-imidazol]-4"-amin (Vi du 19 Phuong phap B Budc 4, 414 mg, 1,10 mmol), kali |
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axetat (216 mg, 2,20 mmol), bis(pinacolato)diboron (307 mg, 1,21 'mmol) va san phém
cong PdCl,(dppf)-diclometan (44,9 mg, 0,06 mmol) hp thu trong dioxan (8 ml) trong
binh vi bséng Biotage 10-20 ml. Miéng binh phan ng nay dugc ddy lai va gia nhiét &
nhi€t do 130 °C trong thoi gian 35+20 phﬁt trong chat khoi mao Biotage. Hon hop thu
dugc chira hdn hop (1r,4r)-4-metoxy-5"-metyl-6'-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-
2-yl)-3'H-dispiro[xyclohexan-1,2"-inden-1',2"-imidazol]-4"-amin dugc st dung truc tiép.
Cho K,COj3 (2 M trong nudce, 2,20 ml, 4,41 mmol), Pd(Ph3P)4 (63,7 mg, 0,06 mmol) va
3-bromo-5-metylbenzonitril (Hop chét trung gian 50, 216 mg, 1,10 mmol) trong dioxan
@) ml) vao. Miéng binh phén ing nay dugc day lai va gia nhiét & nhiét do 130 °C trong
thoi gian 20 phit trong Chét khoi mao Biotage. Sau khi lam ngudi, binh nay dugc mé
nép, hdn hop nay duoc pha lodng v6i DCM, rira bang nude mudi, 1am kho bang MgSO,,
loc va ¢ trong chan khéng. Tinh ché san phim nay biang phuong phép sic ky didu ché dé
tao ra hop chét san phdm néu & d& muc (62 mg, hiéu suit 16%): 'H NMR (600 MHz,
DMSO-dg) 6 ppm 0,97 (td, 1 H) 1,11 - 1,30 (m, 2 H) 1,35 - 1,52 (m, 3 H) 1,83 (d, 2 H)
2,18 (s, 3 H) 2,39 (s, 3 H)2,90-2,97 (m, 1 H) 2,97 - 3,11 (m, 2 H) 3,20 (s, 3 H) 6,53 (br.
s, 2H) 6,82 (s, 1 H) 7,39 (d, 1 H) 7,52 (d, 1 H) 7,59 (s, 1 H) 7,67 (s, 1 H) 7,77 (s, 1 H);
MS (ES+) m/z 413 [M+H]".

Vidu75

3-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'—y1]-5-ﬂobenzonitril

Tron hdn hop gébm (1r,4r)-6'-br0mo—4-metoxy-5"-mety_1—3'H-dispiro[xyélohexan-
1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 19 Phuong phip B Budc 4, 300 mg, 0,80
mmol), axit 3-xyano-5-flophenylboronic (145 mg, 0,88 mmol), [1,1-
bis(diphenylphosphino)feroxen]paladi(Il) clorua (59,0 mg, 0,07 mmol), K,CO;, 2 M
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dung dich trong nude (0,797 ml; 1,59 mmol) va 1,4-dioxan (5 ml) trong binh nhé va gia
nhiét trong binh phan mg vi séng ¢ nhiét d§ 130 °C trong thoi gian 20 phut. Khi duge
1am lanh xubng nhiét d6 trong phong, hdn hop nay dugc pha loang véi DCM, rira bing
nuéce va lam kho bing Na,SO,. Co dic dich »l()c va tinh ché sin phdm nay bing phuong
phap sic ky didu ché dé tao ra hop chét néu & d& muc nay (190 mg, hiéu sut 57%): 'H
~ NMR (400 MHz, DMSO-dg) & ppm 0,90 - 1,03 (m, 1 H) 1,11 - 1,31 (m, 2 H) 1,36 - 1,53
(m, 3 H) 1,82 (d, 2 H) 2,18 (s, 3 H) 2,88 - 2,98 (m, 1 H) 2,96 - 3,12 (m, 2 H) 3,19 (s, 3 H)
6,56 (br. s, 2 H) 6,90 (d, 1 H) 7,40 (d, 1 H) 7,58 (dd, 1 H) 7,73 - 7,84 (m, 2 H) 7,90 (t, 1
H); MS (ES+) m/z 417 [M+H]".

Vidu 76

Tach cac chit ddng phin cua 3-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-

dispiro[xyclohexan-1 ,2’-inden- 1',2"-imidazol]-6'-y1]-5-flobenzonitril

Hoa tan 3-[(1r4r)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-6'-yl]-5-flobenzonitril (Vi du 75, 157 mg, 0,378 mmol) trong

MeOH/DEA va dung dich thu dugc duoc bom (2 14n bom riéng 1&) 1én hé théng SFC

| Berger Multigram II dugc trang bi ¢t LuxC4 (4,6*¥250 mm; 5um) bang cach dung pha

dong bao gdm 30% MeOH (chira 0,1% DEA) va 70% CO, & van tbc dong chay 50
ml/phiit dé tao ra:

Chat dong phan 1 v6i cAu hinh tuyét di khong duogc xac dinh (56 mg, hidu suit
36%) v6i thoi gian luu 4,8 phut: "H NMR (500 MHz, DMSO-dg) 6 ppm 0,88 - 1,05 (rh, 1
H) 1,09 - 1,30 (m, 2 H) 1,35 - 1,52 (m, 3 H) 1,83 (d, 2 H) 2,18 (s, 3 H) 2,88 - 2,98 (m, 1
H) 3,04 (q, 2 H) 3,19 (s, 3 H) 6,53 (br. s, 2 H) 6,90 (s, 1 H) 7,41 (d, 1 H) 7,59 (d, 1 H)
7,74 - 7,84 (m, 2 H) 7,90 (s, 1 H); MS (ES+) m/z 417 [M+H]"; va

Chéat ddng phan 2 véi cAu hinh tuyét ddi khong duoc xac dinh (56 mg, hidu sut
36%) véi thoi gian luu 13 phat: 'H NMR (500 MHz, DMSO-dg) 6 ppm 0,92 - 1,06 (m, 1
H) 1,11 - 1,30 (m, 2 H) 1,36 - 1,56 (m, 3 H) 1,83 (d, 2 H) 2,18 (s, 3 H) 2,89 - 2,97 (m, 1
H) 3,04 (q, 2 H) 3,20 (s, 3 H) 6,53 (br. s., 2 H) 6,90 (s, 1 H) 7,41 (d, 1 H) 7,59 (d, 1 H)
7,73 - 7,83 (m, 2 H) 7,91 (s, 1 H); MS (ES+) m/z 417 [M+H]". ' |
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Vidu 77
6'-bromo-5"-metyl-3'H-dispiro[xyclopropan-1,2'-inden-1',2"-imidazol]-4"-amin

Buéc 1:  N-(5'-bromospiro[xyclopropan-1,2'-inden]-3'(1'H)-yliden)-2-

metylpropan-2-sulfinamit

Br

Hop chit néu & dé muc nay dugc diéu ché véi hiéu sut dinh lugng nhu duge moé
ta & vi du 19 Phuong phap A Budc 1 bét ddu tir 6'-bromospiro[xyclopropan-1,2'-inden]-
1'(3'H)-on (Hop chét trung gian 52, 1,41 g, 5,96 mmol): MS (ES+) m/z 342 [M+H]".

Budce 2: | 6'-bromospiro[xyclopropan-1,2'-inden]-1'(3'H)-imin

Br< l ’ 4

Hop chét néu & d& muc nay (0,61 g, hiéu suét 44%) duogc diéu ché nhu mé ta vi
du 19 Phuwong phip A Budc 2 bit déu tir N-(5'-bromospiro[xyclopropan-1,2'-inden]-
3'(1'H)-yliden)-2-metylpropan-2-sulfinamit (Vi du 77 Buédc 1, 2,0 g, 5,88 mmol): MS
(ES+) m/z 236 [M+H]".

Budce 3: 6'-bromo-5"-metyl-3'H-dispiro[xyclopropan-1,2'-inden-1',2"-
imidazol]-4"(3"H)-thion

Hop chit néu & dé muc nay (0,51 g, hiéu suit 63%) dugc didu ché nhu mo ta vi

du 19 Phuong phap A Budc 3 bét diu tir 6'-bromospiro[xyclopropan-1,2'-inden]-1'(3'H)-
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imin (Vi du 77 Buéc 2, 0,61 g, 2,54 mmol); 'H NMR (500 MHz, CDCl3) & ppm 0,55 -
0,62 (m, 1 H), 0,64 - 0;73 (m, 2 H), 0,79 - 0,87 (m, 1 H), 2,39 (s, 3 H), 2,91 (d, 1 H), 3,36
(d, 1 H), 7,09 (d, 1 H), 7,21 (d, 1 H), 7,48 (dd, 1 H), MS (ES+) m/z 321 [M+H]".

Budce 4

6'-bromo-5"-metyl-3'H-dispiro[xyclopropan-1,2'-inden-1',2"-imidazol]-4"-amin

>\(‘NH2
7\

Br\CNi§N<]
| Hop chat néu ¢ d& muc nay (0,33 g, hiéu suit 68%) dugc diéu ché nhu mé ta & vi
du 19 Phuong phip A Bué6c 4 bét dau tir 6'-bromo-5"-metyl-3'H-dispiro[xyclopropan-
1,2'-inden-1',2"-imidazol]-4"(3"H)-thion (Vi du 77 buéc 3, 0,51 g, 1,59 mmol): 'H NMR
(500 MHz, CDCls) 6 ppm 0,23 (ddd, 1 H), 0,42 - 0,57 (m, 1 H), 0,65 (dt, 1 H), 0,79 (ddd,

1 H), 2,29 (s, 3 H), 2,87 (d, 1 H), 3,42 (d, 1 H), 6,90 (d, 1 H), 7,19 (d, 1 H), 7,37 (dd, 1
H), MS (ES+) m/z 304 [M+H]". |

Vidu 78

3-(4"-amino-5"-metyl-3'H-dispiro[xyclopropan-1,2'-inden-1',2"-imidazol]-6'-yl)-

5-clobenzonitril

>\<NH2
N/ \N
N’ <

Cho 6'-bromo-5"-metyl-3'H-dispiro[xyclopropan-1,2'-inden- 1',2"-imida201]-4"—
amin (Vi du 77, 0,10 g, 0,33 mmol), 3-clo-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-

yl)benzonitril (Hop chét trung gian 35, 0,121 g 0,46 mmol), [1,1-
bis(diphenylphosphino)feroxen]paladi(Il) clorua (0,048 g, 0,07 mmol), 2M trong nudc
K,COs3 (0,493 ml, 0,99 mmol) va THF (1 ml) vao binh vi séng. Khir khi hdn hop phan
g bang cach suc N, (g) qua né. Binh nhé dwgc day lai va gia nhiét trong binh phan tng
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vi song & nhiét d¢ 130 °C trong thoi gian 30 phat. Cho [1,1'-bis(diphenylphosphino);
feroxen]paladi(Il) clorua (0,048 g, 0,07 mmol) vao va khir khi hgn hgp phan tGng béng
cach suc N, (g) qua n6. Binh nhé dugc day iai va gia nhiét trong binh phan tng vi séng &
nhiét ¢ 130 °C trong thoi gian 30 phut. Hoa tan phan con lai trong EtOAc va chiét hén
hop nay bang 1,0 vM HCI (2x10 ml). Lép hitu co dugce bo di trong khi d6 pha nuée duge
kiém hoa bang dén d6 pH 12 bang cach bd sung 1 M NaOH (trong nudc). Chiét pha nude
¢6 tinh kiém nay bang DCM (2x20 ml). Pha hitu co nay dugc lam kho béng thiét bi téch

pha va c6 trong chan khéng. Tinh ché san phdm thod bang cach sic ky nhanh (0-10% 0,1 |

M NH; trong MeOH, trong DCM, 25 g cdt SiO,). Tinh ché san phdm nay bang phuong
phap sic ky nhanh thir hai (0-100% EtOAc trong heptan, 25 g cot Si0,) tiép d6 1a phuong
phép sic ky diéu ché. Cac phan doan chtra tinh khiét san phidm dugc két hop va cd dic.
- Cho DCM vao va pha hitu co ndy duge thu gom va lam kho bing thiét b tach pha va ¢
trong chan khong, tao ra hop chit néu & d& muc nay (10 mg, 0,028 mmol, hiéu suét 8%):
'H NMR (500 MHz, CD;0D) & ppm 0,14 - 0,23 (m, 1'H), 0,50 - 0,58 (m, 1 H), 0,62 -
0,70 (m, 1 H), 0,80 (ddd, 1 H), 2,30 (s, 3 H), 2,96 (d, 1 H), 3,49 (d, 1 H), 7,02 - 7,08 (m,
1 H), 7,47 (d, 1 H), 7,59 (dd, 1 H), 7,73 (s, 1 H), 7,88 (s, 2 H); MS (MM-ES+ APCI)+
m/z 361 [M+H]". &

Vidu 79

(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-cacbonitril

Bude 1: Tert-butyl [(1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-

dispiro[xyclohexan-1,2"-inden-1'2"-imidazol]-4"-yl]carbamat
H\\(07<
Br N
] \< Y0
& \

Cho di-tert-butyl dicacbonat (87 mg, 0,40 mmol) vao dung dich c6 khudy cua
(1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'"H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol ]-

-225-



19492

4"-amin (Vi du 19 Phuong phép B Budc 4, 100 mg, 0,27 mmol) trong DMF (5 ml).
| Khudy hén hop phan tng nay & nhiét d6 trong phong qua dém. Sau d6, hén hop nay dugc
phén chia gitta nu6e (10 ml) va EtOAc (10 ml). Pha hitu co dugc rira b%mg nude mudi
(10 ml), lam kho bang MgSO, va cb trong chin khong dé tao ra hop chét néu & dé» muc
nay (112 mg, hiéu sut 88%): MS (ESQ) m/z 474 [M—H]'.‘Vi tri cia nhom tBuOC(O)

khong duogc thiét 18p mot cach chéc chén.

Budc 2: (1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-6'-cacbonitril

"Hdn hop gdm  tert-butyl  [(1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-
dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-yl]carbamat (Vi du 79 budc 1, 112 mg,
0,24 mmol), k€m xyanua (33 mg, 0,28 mmol) va tetrakis(triphenylphosphin)paladi(0) (14
mg, 0,01 mmol) trong DMF khan (2,1 ml) dugc chiéu tia & nhiét do 170 °C trong 10 vi
soéng trong thoi gian 60 phit va sau d6 dugce dé & nhiét d6 trong phong qua dém. Hn hop
nay dugc pha lodng v&i NH; dic (10 ml) va chiét bang DCM (2x10 ml), lam khé bang
thiét bi tach pha va cb trong chin khong. San phim dugc tinh ché bang cach sir dung
phuong phép sic ky diéu ché dé tao ra hop chét néu & dé muc nay (5 mg, hi¢u suit 6%):
'H NMR (500 MHz, CDCl3) & ppm 1,16 (m, 1 H) 1,34 (m, 3 H) 1,66 (m, 2 H) 2,04 (m, 2
H) 2,45 (s, 3 H) 2,66 (s, 2 H) 3,04 - 3,15 (m, 1 H) 3,35 (s, 3 H) 7,17 (s, 1 H) 7,48 (d,
J=7,88 Hz, 1 H) 7,63 (d, J=7,57 Hz, 1 H) 8,23 (br. s., 1 H) MS (ES+) m/z 323 [M+H]".

Vidu 80

(1r,4r)-4-metoxy-6'-[3-(metoxymetyl)phenyl]-5"-metyl-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin
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Dua '(1r,4r)-6'-bromo-4-met0xy-5 "-metyl-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-4"-amin (Vi du 19 Budc 4 Phuong phép B, 183 mg, 0,49 mmol), san
pham cong PdCly(dppf)-CH,Cl, (20 mg, 0,02 mmol) va Cs,CO; (317 mg, 0,97 mmol)
vao trong binh vi séng. Cho dung dich chira axit 3-(metoxymetyl)phenylboronic (105 mg,
0,63 mmol) trong hdén hop c6 ty 1& 6: 3: 1 ciia DME, nuéc va EtOH (5 ml) \}2‘10, va dng
nay duoc ddy nép lai va dugc thdi khi argon. Gia nhiét hdn hop nay dén nhiét do 120 °C
trong binh phan tng vi séng trong thdi gian 1 h. Hon hop phan tmg nay duoc loc qua nut
diatomit va MgSO,4. Lam bay hoi dung méi va tinh ché phén con lai bang phuong phép
sic ky diéu ché dé tao ra 54 mg (hiéu sult 26%) ctia hop chit néu & d& muc nay: '"H NMR
(500 MHz, DMSO-dg) 6 ppm 0,94 (td, 1 H), 1,12 - 1,31 (m, 2 H), 1,43 - 1,52 (m, 3 H),
1,83 (m, 2 H), 2,16 (s, 3 H), 2,91 - 3,01 (m, 2 H), 3,05 - 3,11 (m, 1 H), 3,20 (s, 3 H), 3,30
(s, 3 H), 4,45 (s, 2 H), 6,56 (s, 2 H), 6,75 (d, 1 H), 7,25 (m, 1 H), 7,35 - 7,40 (m, 2 H),
7,40 - 7,44 (m, 2 H), 7,44 - 7,47 (m, 1 H); MS (ES+) m/z 418 [M+H]".

Vidu 81

(1r,4r)-6'-[3-flo-5-(metoxymetyl)phenyl]-4-metoxy-5"-metyl-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

Can 1-bromo-3-flo-5-(metoxymetyl)benzen (Hop chét trung gian 53, 139 mg,
0,63 mmol), 4,4,4'4'5,5,5',5'-octametyl-2,2'-bi(1,3,2-dioxaborolan) (177 mg, 0,70
mmol), san phdm cong PdCl,(dppf)-CH,Cl, (26 mg, 0,03 mmol) va kali axetat (187 mg,
1,90 mmol) vao binh vi séng. Cho 2-Me THF (2 ml) vao va binh nhé dugc suc bing
argon. Gia nhiét hn hop nay dén nhiét d6 100 °C trong binh phan tng vi séng trong thoi
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* gian 30 phut. Tir hdn hop phan tmg nay, phin dugc cho 1 dung dich 0,3 M trong dioxan,
duoc 15y ra tao thanh 2-(3?ﬂo—5Q(metoxymetyl)phenyl)-4,4,5,S-tetrametyl—1,3,2-
dioxaborolan (0,945 ml, 0,28 mmol). Dung dich nay dwoc cho vio vao hdn hop gém
(1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden- 1 ',2"-imidaiol]-
4"-amin (Vi du 19 Phuong phap B Buéc 4, 82 mg, 0,22 mmol), natri tetraclopaladat(II)b
(7 mg, 0,02 mmol), axit 3—(di-tert-butylphosphino)prbpan—l-sulfonic (13 mg, 0,05 mmol),
- K,CO5 (0,33 ml, 0,65 mmol) va dioxan (2 ml) trohg bng vi séng. Ong nay dugc suc bing
argon va gia nhiét hdn hop nay dén nhiét d6 120 °C trong binh phan ungv1 séng trong
thoi gian 2 h. Hn hop phéan Gng nay duoc phan bd gitra EtOAc va nuée. Chiét pha nudc
bang EtOAc. Lép hitu co hdn hop duge rira bang nudc va lam khod bang MgSO,. Sau do,
16p nay duogc xir Iy bang than hoat tinh trohg thoi gian 5 phat, loc va c6 trong chan
khong. Tinh ché phan con lai bang HPLC dé tao ra 19 mg (hiéu sut 20%) ctia hop chét
néu & d& muc nay: 'H NMR (500 MHz, DMSO-dg) & ppm 0,94 (m, 1 H), 1,12 - 1,30 (m,
2 H), 1,40 - 1,51 (m, 3 H), 1,83 (m, 2 H), 2,17 (s, 3 H), 2,91 - 3,02 (m, 2 H), 3,05 - 3,11
(m, 1 H), 3,20 (s, 3 H), 3,31 (s, 3 H), 4,46 (s, 2 H), 6,56 (br. s., 2 H), 6,79 (s, 1 H), 7,07
(d, 1 H), 7,23 - 7,30 (m, 2 H), 7,38 (d, 1 H), 7,47 - 7,51 (m, 1 H); MS (ES+) m/z 436
[M+H]". ‘

Vi du 82

(1r,4r)-4-metoxy-5"-mety1-6’-{5-[(2,2,2-triﬂoetoxy)metyl]pyridin-3—yl}—3'H¥

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

Hop chét néu & d& muc nay (37 mg, hiéu sut 19%) duogc didu ché nhu mé ta & vi
du 81 bit dau tir 3-bromo-5-((2,2,2-trifloetoxy)metyl)pyridin (Hop chit trung gian 54,
222 mg, 0,82 mmol) va (lr,4r)-6'-bromo-4-metoxy-5"-metyl-3"H-dispiro[xyclohexan-
1,2'-inden-1',2"-imidazol]-4"—amin (Vi du 19 Phuong phap B Budc 4, 149 mg, 0,40
mmol): "H NMR (500 MHz, DMSO-dg) & ppm 0,91 - 1,01 (m, 1 H), 1,13 - 1,31 (m, 2 H),
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1,44 - 1,52 (m, 3 H), 1,83 (m, 2 H), 2,17 (s, 3 H), 2,90 - 3,04 (m, 2 H), 3,05 - 3,14 (m, 1
H), 3,20 (s, 3 H), 4,16 (q, 2 H), 4,76 (s, 2 H), 6,56 (s, 2 H), 6,80 - 6,85 (m, 1 H), 7,42 (d,
1 H), 7,50 - 7,56 (m, 1 H), 7,83 - 7,90 (m, 1 H), 8,48 - 8,52 (m, 1 H), 8,70 (m, 1 H); MS
 (ES+) m/z 487 [M+H]". '

Vidu 83

(1r, 1'R,4R)-4-metoxy-5"-métyl-6'-(5 -metylpyridin-3 -yl)-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin

Xa ly (lr,1'R,4Rj—6'-br0mo-4-met0xy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-
inden-1',2"-imidazol]-4"-amin nhu 13 mubi cia axit D(+)-10-camphor sulfonic (Vi du 19
Bude 5, 130 mg, 0,21 mmol) bing 2-metyl-tetrahydrofuran (3 ml). Cho dung dich KOH
trong nuéc (1 M, 3 ml) vio, va khudy hdn hop nay trong thoi gian 1 h. Pha nude duge
loai ra va rira huyén phii bing dung dich K,COs trong nudc (2 M, 3 ml). Cac pha nay
dugc tach riéng, va cho hc*)n‘hqp gbm (5-metyl-3-pyridinyl)-boronic axit (40,5 mg, 0,30
mmol),A natri tetraclopaladat(Il) (8,80 mg, 0,03 mmol), va 3-(di-tert-
butylphosphoni)propan sulfonat (16,05 mg, 0,06 mmol) vao 16p hitu co trong binh vi
song. Cho K,CO; (2,0 M, 0,320 ml, 0,64 mmol) vao, binh nhé dugc déng lai, va khi
quyén duoc thay cho argon. Hdn hop phan tmg ndy duoc gia nhiét dén nhiét do 100 °C
trong thoi gian 30 phit bang cach chiéu vi séng. Lam ngudi hdn hop phan ing nay xubng
nhiét do trong phong, pha lodng bang EtOAc, va rira bing nudc mubi. Lép hiru co duge
lam kho trén MgSO,, loc, va cb trong chan khong. Tinh ché phin con lai bing phuong
phap sic ky diéu ché dé tao ra hop chit néu & d& muc nay (18 mg, hiéu sudt 19%): 'H
NMR (500 MHz, DMSO-d) 8 ppm 0,96 (td, 1 H) 1,12 - 1,29 (m, 2 H) 1,41 - 1,52 (m, 3
H) 1,83 (d, 2 H) 2,17 (s, 3 H) 2,33 (s, 3 H) 2,89 - 2,98 (m, 1 H) 3,04 (q, 2 H) 3,20 (s, 3 H)
6,55 (br.s., 2 H) 6,80 (s, 1 H) 7,40 (d, 1 H) 7,50 (dd, 1 H) 7,72 (s, 1 H) 8,35 (s, 1 H) 8,52
- (d, 1 H); MS (ES+) m/z 389 [M+H]".
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Vi du 84

(1r,1 'R,4R)-4-metoxy—5"—rhety~1—6‘- [5-(triflomety])pyridin-3-y1]-3'H-

dispiro[xyclohexan-1,2"-inden-1',2"-imidazol]-4"-amin

Hop chit néu & dé muyc nay (35 mg hiéu suét 32%) duoc diu ché nhu mé ta & vi
du 83 bit diu tir (1r,1'R,4R)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[ xyclohexan-1,2'-
inden-1',2"-imidazol]-4"-amin nhu 13 mudi cua axit D(+)-10-caf11phof sulfonic (Vi du 19
Budce 5, 130 mg, 0,21 mmol), va 5-triflometyl-pyridin-3-boronic axit (56,5 mg, 0,30
mmol): 'H NMR (500 MHz, DMSO-dg) 6 ppm 0,87'- 1,06 (m, 1 H) 1,11 - 1,31 (m, 2 H)
1,38 - 1,54 (m, 3 H) 1,83 (d, 2 H) 2,17 (s, 3 H) 2,96 (m, 1 H) 3,06 (q, 2 H) 3,20 (s, 3 H)
6,55 (br. s, 2.H) 6,93 (d, 1 H) 7,45 (d, 1 H) 7,63 (dd, 1 H) 8,28 (s, 1 H) 8,91 (d, 1 H) 9,05
(d, 1 H); MS (ES+) m/z 443 [M+H]".

Vi du 85

3-[(1r,1'R,4R)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-6'-yl]-5-(triflometyl)benzonitril

Hop chét néu & d& muc nay (34 mg, hiéu suét 34%) dugc didu ché nhu mo ta &

Vi du 83 bit diu tr (lr,1'R,4R)-6'—bromo-4-met0xy-5"—metyl-3'H-dispiro[xyclohexan-
1,2'-inden-1',2"-imidazol]-4"-amin nhu 13 mudi axit ciia D(+)-10-camphor sulfonic (Vi du )
19 Bude 5, 130 mg, 0,21 mmol)) va 3-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-5-

| (triflometyl)benzonitril (Hop chit trung gian 55, 70 mg, 0,23 mmol): 'H NMR (500 |
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MHz, DMSO-dg) & ppm 0,97 (br. 5., 1 H) 1,12 - 1,29 (m, 2 H) 1,40 - 1,50 (m, 3 H) 1,83
(d, 2 H) 2,18 (s, 3 H) 2,91 - 3,13 (m, 3 H) 3,20 (s, 3 H) 6,55 (br. 5., 2 H) 6,94 (s, | H)
7,44 (m, 1 H) 7,64 (m, 1 H) 8,14 (s, 1 H) 8,27 (s, 1 H) 8,35 (s, 1 H); MS (ES+) m/z 467
[M+H]". | |

Vidu86

3-[(1r,1'R,4R)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2"-inden-
1',2"-imidazol]-6'-yl]-5-(diflometyl)benzonitril '

Hop chit néu & & muc nay (50 mg, hiéu suit 49%) dugc didu ché theo quy trinh
nhu dugc mo ta trong Vi du 83 bat dau tir (1r,1'R,4R)-6'-bromo-4-metoxy-5"-metyl-3'H-
dispiro[xyclohexaﬁ-1,2'-inden-1',2"-imidazol]—4"-amin nhu & mudi axit cia D(+)-10-
camphor sulfonic (Vi du 19 Buéc 5, 130 mg, 0,21 r;lmol) va 3-(diflometyl)-5-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)benzonitril (Hop chét trung gian 56, 71,5 mg, 0,26
mmol): 'H NMR (500 MHz, DMSO-dg) 8 ppm 0,96 (d, 1 H) 1,19 - 1,30 (m, 2 H) 1,38 -
1,50 (m, 3 H) 1,83 (d, 2 H) 2,18 (s, 3 H) 2,91 -'3,12 (m, 3 H) 3,20 (s, 3 H) 6,55 (br. s., 2
H) 6,89 (d, 1 H) 7,01 - 7,26 (m; 1 H) 7,43 (d, 1 H) 7,60 (dd, 1 H) 8,01 (d, 2 H) 8,22 (s, 1
H); MS (ES+) m/z 449 [M+H]" va (ES-) m/z 447 [M-HJ..

Vidu 87

5-[(1r,1 'R,4R)-4"-amino-4-met0xy-5"—metyl-3 'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-6'-yl]-2-flo-3-metoxybenzonitril
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Hop chit néu & & muc nay (13 mg, hiéu sut 12%) dugc diéu ché theo quy trinh
nhu duge md ta trong Vi du 83 bét dau tir (1r,1'R,4R)-6'-bromo-4-metoxy-5"-metyl-3'H-
dispiro[xyclohexan-1,2-inden-1'2"-imidazol]-4"-amin nhu 13 mubi axit D(+)-10-
camphor sulfonic (Vi du 19 Buéce 5, 0,150 g, 0,25 mmol) va 2-flo-3-metoxy-5-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)benzonitril (Hop chét trung gian 79, 0,082 g, 0,30
mmol) chi khéc 1a thoi gian phén tng 1 1 h: "TH NMR (500 MHz, DMSO-dg) & ppm 0,97
(td, 1 H), 1,22 (m, 2 H), 1,43 (m, 3 H), 1,83 (d, 2 H), 2,17 (s, 3 H), 2,95 (m, 2 H), 3,08 (d,
i H), 3,20 (s, 3 H), 3,97 (s, 3 H), 6,53 (s, 2 H), 6,84 (d, 1 H), 7,40 (d, 1 H), 7,54 (m, 2 H),
7,58 (dd, 1 H); MS (APCI+) m/z 447,2 [M+H]".

Vidu 88

(1r,1'R,4R)-6'-(3,5-diflophenyl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin

Hop chét néu & d& muc nay (49 mg, 48% hiéu suit) duoc didu ché theo quy trinh
nhu dugc mo ta trong Vi du 83 bét du tir (1r,1'R,4R)-6'-bromo-4-metoxy-5"-metyl-3'H-
dispiro[xyclohexan-1,2"-inden-1',2"-imidazol]-4"-amin nhu 13 mudi cta axit D(+)-10-
camphor sulfonic (Vi du 19 Buédc 5, 153 mg, 0,25 mmol) va axit 3,5-diflophenylboronic
(48 mg, 0,30 mmol) chi khéac 1 nhiét d6 phan tmg nay 1a 120 °C: 'H NMR (500 MHz,
DMSO-dg) & ppm 1,0 (td, 1 H), 1,1 - 1,3 (m, 2 H), 1,4 - 1,5 (m, 3 H), 1,8 (m, 2 H), 2,2 (s,
3 H), 2,9 -3,0(m,2H),3,0-3,1(m,1H),3,2(s,3H),6,5(,2H),6,8(s,1H),7,1-72
(m, 1 H),7,2-7,3 (m,2H),7,4(d, 1 H),7,5-7,6(m,1H); MS (ES+) m/z 410 [M+H]".
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Vi du 89

(1r,1'R,4R)-6'-(2-flo-3-metoxyphenyl)-4-metoxy-5"-metyl-3'H-

dispiro[xyclohexan-1,2'-inden- 1A',2"-imidazol]-4";amin

Hop chéit néu & dé muc nay (49 mg, 47% hiéu suét) duoc diéu ché theo quy trinh
nhu dugc mb ta trong Vi du 83 bét dau tir (1r,1'R,4R)-6'-bromo-4-metoxy-5"-metyl-3'H-
dispiro[xyclohexan-1,2'-inden-1'2"-imidazol]-4"-amin nhu 13 mudi cua axit D(+)-10-
camphor sulfonic (Vi du 19 Budc 5, 153 mg, 0,25 mmol) va 2—(2-ﬂ0—3-metoxyphenyl)-
4.,4,5,5-tetrametyl-1,3,2-dioxaborolan (76 mg, 0,30 mmol): "H NMR (400 MHz, DMSO-
dg) & ppm 0,94 (td, 1 H), 1,10 - 1,33 (m, 2 H), 1,39 - 1,54 (m, 3 H), 1,83 (m, 2 H), 2,15 (s,
3 H), 2,90 - 3,03 (m, 2 H), 3,04 - 3,13 (m, 1 H), 3,20 (s, 3 H), 3,84 (s, 3 H), 6,55 (s, 2 H),
6,64 (s, 1 H), 6,89 (td, 1 H), 7,08 - 7,19 (m, 2 H), 7,31 (m, 1 H), 7,38 (d, 1 H); MS (ES+)
m/z 422 [M+H]".

Vidu 90

(1r,1'R,4R)-4-metoxy-5"-metyl-6'-phenyl-3'H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-4"-amin

Hop ché;ltrnéu & d& muc nay (41 mg, 44% hiéu suat) dugc didu ché theo quy trinh
nhu dugc mé ta trong Vi du 83 bét diu tir (1r,1'R,4R)-6'-bromo-4-metoxy-5"-metyl-3'H-
dispiro[xyclohexan-1,2-inden-1',2"-imidazol]-4"-amin nhu 14 mudi cia axit D(+)-10-
camphor sulfonic (Vi du 19 Buéc 5, 149 mg, 0,24 mmol) va axit phenylboronic (30+6
mg, 0,24+0,05 mmol), chi khéc 1a thoi gian phan tng nay 1a 30+15 phut: 'H NMR (500
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MHz, DMSO-dg) 8 ppm 0,95 (td, 1 H) 1,12 - 1,30 (m, 2 H) 1,43 - 1,51 (m,3H) 1,83 (d, 2
H) 2,16 (s, 3 H) 2,91 - 2,96 (m, 1 H) 2,96 - 3,00 (m, 1 H) 3,06 - 3,10 (m, 1 H) 3,20 (s, 3
H) 6,54 (br. s., 2 H) 6,75 (d, 1 H) 7,28 - 7,33 (m, 1 H) 7,35 - 7,47 (m, 4 H) 7,47 - 7,52
(m, 2 H); MS (ES+) m/z 374 [M+H]".

Vidu91

3-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl]-5-metoxybenzonitril

Tron hdn hop gdm (1r,4r)-6’-bromo-4-metoxy-5"-metyl-3'H-dispir0[Xyclohexan-
1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 19 Phuong phép B Buéc 4, 87 mg, 0,23
mmol), axit 3-xyano-5-metoxyphenylboronic (45 mg, 0,25 mmol), [1,1-
bis(diphenylphosphino)feroxen]paladi(Il) clorua (17 mg, 0,02 mmol), K,CO; (2 M
aq.dung dich, 0,231 ml, 0,46 mmol) va 1,4-dioxan (2 ml) trong binh nho va gia nhiét
trong binh phan Ung vi séng & nhiét d¢ 130 °C trong thoi gian 20 phut. Khi dugc lam
lanh xudng nhiét 4o frong phong, hdn hop nay dugc pha lodng véi DCM, rira bang nudc,
lam kho bang Na,SOy, va cb trong chan khong. Tinh ché san pham bang phuong phap
sic ky diéu ché dé tao ra hop chét néu & @ muc nay (37 mg, hiéu suit 37%): 'H NMR
(400 MHz, DMSO-dg) 6 ppm 0,97 (m, 1 H), 1,22 (m, 2 H), 1,44 (m, 3 H), 1,83 (d, 2 H),
2,18 (s, 3 H), 2,99 (m, 3 H), 3,19 (s, 3 H), 3,85 (s, 3 H), 6,83 (d, 1 H), 7,37 (m, 3 H), 7,54
(m, 2 H), 8,18 (s, 1 H); MS (ES+) m/z 430 [M+H]".

Vidu 92

Tach cac chit ddng phén cula 3-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-6'-yl]-5-metoxybenzonitril
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Hén hop raxemic cua 3-[(1r,4r)-4"-amin0-'4-metoxy-5"-mety1-3'H-
dispiro[xyclohexan;1,2'-inden-1',2"-imidazol]-’6'-yl]-5-metoXybenzonitril tir vi du 91 (19
mg, 0,04 mmol) dugc tich ra bang cich sir dung hé théng SFC Berger Multigram IT véi
cot Chiralcel OD-H (4,6%250 mm; 5pm) va pha dong bao gdm 25% MeOH (chira 0,1%
DEA) va 75% CO, & van tdc dong chay 50 ml/phut dé tao ra:

Chat dbéng phan 1:  3-[(Ir,1'R,4R)-4"-amino-4-metoxy-5"-metyl-3'H-
dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-6'-y1]-5-metoxybenzonitril (2 mg, hiéu suit

10%) véi thoi gian luu 3,5 phat:

'H NMR (500 MHz, CDCL;) & ppm 1,04 (td, 1 H), 1,29 (m, 2 H), 1,42 (td, 1 H),
1,63 (m, 2 H), 1,89 (d, 2 H), 2,25 (s, 3 H), 3,01 (m, 1 H), 3,14 (m, 2 H), 3,27 (s, 3 H),
3,78 (s, 3 H), 6,80 (s, 1 H), 6,98 (s, 1 H), 7,16 (m, 1 H), 7,29 (s, 1 H), 7,33 (s, 2 H); MS
(MM-ES+APCI)+ m/z 429 [M+H]"; va

Chit dbéng phan 2 3-[(1r,1'S,4S)-4"-amino-4'—met0xy—5"-metyl-3'H-
dispiro[xyclohexan-1,2-inden-1',2"-imidazol]-6"-yl]-5-metoxybenzonitril (1 mg, hiéu sudt

5%) véi thoi gian luu 9,5 phat:

'H NMR (500 MHz, CDCl;) 8 ppm 1,05 (m, 1 H), 1,29 (m, 3 H), 1,43 (m, 1 H),
1,63 (m, 2 H), 1,89 (d, 2 H), 2,25 (s, 3 H), 3,00 (m, 1 H), 3,14 (m, 2 H), 3,27 (s, 3 H),
3,78 (s, 3 H), 6,80 (s, 1 H), 6,98 (s, 1 H), 7,16 (s, 1 H), 7,29 (s, 1 H), 7,33 (s, 2 H); MS
(MM-ES+APCI)+ m/z 429 [M+H]". |
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Vi du 92 Chét dong phén 1 (phwong phap khac)

3-[(1r,1'R,4R)-4"-amino-4-metoxy- 5"—mety1 -3'H- dlsplro[xyclohexan-l 2'-inden-

1 2" imidazol]-6'-yl]-5-metoxybenzonitril

Hop chit néu & d& muyc nay (26 mg, hiéu sudt 24%) duogc didu ché theo quy trinh
nhu duge mé ta trong Vi du 83 bit ddu tir (1r,1'R,4R)-6'-bromo-4-metoxy-5"-metyl-3'H-
diépiro[xyclohexan-1,2'-inden—1',2-"-imidazol]-4"-amin nhu 13 mudi cta axit D(+)-10-
camphor sulfonic (Vi du 19 Buéc 5, 151 mg, 0,25 mmol) va axit 3-xyano-5-
metoxyphenylboronic (44 mg, 0,25 mmol), chi khac la thoi gian phan Gng nay 1a 30+30
phut: 'H NMR (500 MHz, CDCl3)'8 ppm 1,16 (td, 1 H), 1,42 (m, 3 H), 1,74 (m, 2 H),
2,02 (m, 2 H), 2,39 (s, 3 H), 3,11 (m, 1 H), 3,25 (q, 2 H), 3,37 (s, 3 H), 3,88 (s, 3 H),‘ 6,93
(s, 1 H), 7,09 (s, 1 H), 7,26 (m, 1 H), 7,39 (s, 1 H), 7,46 (m, 2 H); MS (MM-ES+APCI)+
m/z 429 [M+H]". |

Vidu 93

3-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[ xyclohexan-1,2"-inden-1',2"-

imidazol]-6'-yl]-5-bromobenzonitril |

"Trén hén hop gbém (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-
1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 19 Phuong phiap B Budc 4, 120 mg, 0,32
mmol), kali axetat (63 mg, 0,64 mmol), bis(pinacolato)diboron (89 mg, 0,35 mmol) va
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san phdm cong PdCly(dppf)-CH,Cl, (13 rrig, 0,02 mmol) trong dioxan (2 ml) trong binh
nhé va gia nhiét trong binh phan ung vi séng & nhiét d§ 130 °C trong thoi gian 35 phut.
Phat hi€n dugc su tao thanh (1r,4r)—'4—met0xy-5"-metyl-6'—(4,4,5,5-tetramety1—1,3,2-
dioxaborolan—2-yl)-3'HA-dispiro[xycloheXén-1,2'-inden—1',2"-imidazol]-4"-amin bing
LCMS (MS (ES+) m/z 342, 425 tM+H]J;, phét hién dugc khéi luong twong tmg véi ca
este boronic va axit boronic duoc thiy phan). Hon hop thu dugc duoc sir dung & dang
nhu vay. Cho K,COj; (dung dich trong nude 2 M, 0,319 ml, 0,64 mmol), Pd(Ph;P), (18
mg, 0,02 mmol) va 3,5-dibromobenzonitril (125 mg, 0,48 mmol) trong dioxan (1 ml) vao
hdén hop néu trén chira ( 1r,4r)-4-metoxy-5"-metyl-6'-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)-3 'H-dispiro [xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin. =~ Miéng
binh phan ting héy dugc day lai va gia nhiét ’trdng binh phan tng vi séng & nhiét do 130
°C trong thoi giaﬂ 20 phut. Khi dugce lam lanh Xuéng nhiét d¢ trong phong, hdn hgp nay
dugc pha lodng véi DCM, rira bang nude mudi, 1am khod bing MgSO,, va ¢d trong chan
* khong. Tinh ché san phim ne‘ly 'belmg phuong phap sic ky diéu ché dé tao ra hop chit néu
& d& muc nay (45 mg, hiéu suit 30%): '"H NMR (400 MHz, DMSO-dg) & ppm 0,97 (m, 1
H), 1,21 (m, 2 H), 1,44 (m, 3 H), 1,83 (d, 2 H), 2,18 (s, 3 H), 2,94 (m, 1 H), 3,00 (d, 1 H),
3,09 (d, 1 H), 3,20 (s, 3 H), 6,56 (br. s., 1 H), 6,88 (d, 1 H), 7,41 (d, 1 H), 7,58 (dd, 1 H),
8,07 (m, 3 H); MS (ES+) m/z 477 [M+H]".

Vi du 94

Tach cac chit dong phén cua 3-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-6'-yl]-5-bromobenzonitril

Hén  hgp raxemic ctia  3-[(lr,4r)-4"-amino-4-metoxy-5"-metyl-3'H-
dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-6'-y1]-5-bromobenzonitril tir vi du 93 (60
mg, 0,13 mmol) dugc tach ra bang cach sir dung hé théng SFC Berger Multigram II véi
cot Chiralcel OD-H (20*250 mm; 5pum) va pha dong bao gbém 35% MeOH (chtra 0,1%
DEA) va 65% CO, & van téc dong chay 50 ml/phut dé tao ra

Chét dong phan 1 vé6i cAu hinh tuyét d6i khong duoc xac dinh (13 mg, hiéu suét
22%) v6i thoi gian Iuu 2,0 phat: 'H NMR (500 MHz, CDCl;) & ppm 1,12 (td, 1 H), 1,37
(m, 2 H), 1,50 (m, 1 H), 1,70 (m, 2 H), 1,97 (d, 2 H), 2,34 (s, 3 H), 3,08 (m, 1 H), 3,22
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(m, 2 H), 3,35 (s, 3 H), 6,87 (m, 1 H), 7,41 (m, 2 H), 7,70 (dt, 2 H), 7,87 (¢, 1 H); MS
(MM-ES+APCI)+ m/z 477 [M+H]"; va |

Chét ddng phén 2 v6i cdu hinh tuyét déi khong dugc xac dinh (15 mg, hiéu sﬁét
25%) v6i thoi gian luu 4,9 phat: 'H NMR (500 MHz, CDCl;) & ppm 1,12 (td, 1 H), 1,38
(m, 2 H), 1,51 (td, 1 H), 1,70 (m, 2 H), 1,97 (d, 2 H), ‘2,34 (s,3H), 3,09, 1 H); 3,23 (m,
2 H), 3,35 (s, 3 H), 6,87 (s, 1 H), 7,41 (m, 2 H), 7,70 (m, 2 H), 7,87 (t, 1 H); MS (MM-
ES+APCI)+ m/z 477 [M+H]".

Vidu 95

3-[(Ir,4r)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[ xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl]-5-etylbenzonitril

Hop chit néu & dé muc nay (38 mg, hi€u suét 17%) duoc diéu ché nhu mé ta vi
du 93 bit d?m tir 3-bromo-5-etylbenzonitril (Hop chit trung gian 58, 0,124 g, 0,59 mmol)
va (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-4"-amin) (Vi du 19 Phuong phap B Budc 4, 200 mg, 0,53 mmol): 'H NMR
(400 MHz, CDCl;) & ppm 1,14 (td, 1 H) 1,27 (t, 3 H) 1,36 (m, 3 H) 1,71 (m, 2 H) 2,00
(m, 2 H) 2,39 (s-, 3H) 2,72 (q, 2 H) 3,10 (m, 1 H) 3,23 (m, 2 H) 3,35 (s, 3 H) 6,95 (m, 1
H) 7,45 (m, 3 H) 7,54 (s, 1 H) 7,59 (m, 1 H) 8,49 (s, 1 H); MS (ES+) m/z 427 [M+H]".

Vidu 96

3-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3"H-dispiro[xyclohexan-1,2'-inden-1 ',2'.'-

imidazol]-6'-yl]-5-(metoxymetyl)benzonitril
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Hop chét néu & & muc nay (52 mg, hiu suét 40%) dugc didu ché nhu md ta & vi
du 93 bit dau tir 3-bromo-5-(metoxymetyl)benzonitril (Hop chét trung gian 59, 66 mg,
0,29 mmol) va (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-4"-amin) (Vi du 19 Phwong phap B Budc 4, 109 mg, 0,29 mmol): 'H
NMR (500 MHz, CDCl3) & ppm 1,15 (td, 1 H), 1,39 (m, 3 H), 1,72 (m, 2 H), 2,02 (m, 2
H), 2,43 (s, 3 H), 3,10 (m, 1 H), 3,20 (d, 1 H), 3,28 (d, 1 H), 3,35 (s, 3 H), 3,44 (s, 3 H),
4,52 (s, 2 H), 6,99 (s, 1 H), 7,48 (m, 2 H), 7,58 (s, 1 H), 7,69 (d, 2 H), 8,41 (br. s., 1 H);
MS (MM-ES+APCI)+ m/z 443 [M+H]".

Vidu 97

Tach cic chit ddng phin coa 3-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'H-

dispiro[xyclohexan-1,2"-inden-1',2"-imidazol]-6'"-yl]-5-(metoxymetyl)benzonitril

Téch hon hop raxemic tir vi du 96 (40 mg, 0,09 mmol) ra br?mg cach sir dung hé
théng SFC Berger Multigram II v6i ¢ot Chiralcel OD-H (20%250 mm; 5um) va pha dong
bao gdm 30% MeOH (chira 0,1% DEA) va 70% CO, & tbc d6 chay 50 ml/phut dé tao ra:

Chét ddng phan 1 vé6i cu hinh tuyét d8i khong duge xac dinh (14 mg, hiéu sut
35%) voi thoi gian luu 2,5 phit: 'H NMR (500 MHz, CDCl5) & ppm 1,12 (td, 1 H), 1,37
(m, 2 H), 1,51 (td, 1 H), 1,72 (td, 2 H), 1,97 (d, 2 H), 2,34 (s, 3 H), 3,09 (m, 1 H), 3,23
(m, 2 H), 3,35 (s, 3 H), 3,43 (s, 3 H), 4,50 (s; 2H), 6,91 (s, 1 H), 7,43 (m, 2 H), 7,54 (s, 1
H), 7,70 (s, 2 H); MS (MM-ES+APCI)+ m/z 443 [M+H]"; va

Chét déng phén 2 véi cAu hinh tuyét dbi khong dugce xéac dinh (13 mg, hiéu suét
33%) véi thoi gian luu 7,5 phut: "H NMR (500 MHz, CDCIl5) 6 ppm 1,12 (td, 1 H), 1,38
(m, 2 H), 1,51 (m, 1 H), 1,72 (m, 2 H), 1,97 (d, 2 H), 2,34 (s, 3 H), 3,09 (m, 1 H), 3,23
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(m, 2 H), 3,35 (s, 3 H), 3,43 (s, 3 H), 4,50 (s, 2 H), 6,91 (s, 1 H), 7,43 (m, 2 H), 7,54 (s, 1
H), 7,70 (s, 2 H); MS (MM-ES+APCI)+ m/z 443 [M+H]". |

Vidu98

(1r,1'R,4R)-6'-(2-flo-5-metoxyphenyl)-4-metoxy-5"-metyl-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

Hop chit néu & & muc nay dﬁqo diéu ché theo quy trinh nhr duge mb ta trong
Vi du 83 bit dau tir (lr,1'R,4R)-6'-Bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan—
1,2"-inden-1',2"-imidazol]-4"-amin nhu 12 mubi cta axit D(+)-10-camphor sulfonic (Vi du
19 Budce 5, 150 mg, 0,25 mmol) va axit 2-ﬂo-SQmetoxyphenylboronic (42+21 mg, 0,25
mmol), chi khéc 1a thoi gian phén ung nay was 30+30 pﬁﬁt. Chét liéu thu dugc duge két
hop véi san phdm tir chay phan tng ddng nhit bit diu véi 80 mg (0,13 mmol)
(1r,1'R,4R)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1 ,2'-inden; 1',2"-
imidazol]-4"-amin nhu 1a mudi cia axit D(+)-10-camphor sulfonic va tinh ché bing
phuong phap sic ky- diéu ché dé tao ra 38 mg (hiéu suit 24%) hop chit néu & d& muc
nay: '"H NMR (SOO MHz, DMSO-dg) 8 ppm 0,94 (m, 1 H) 1,21 (m, 2 H) 1,47 (m, 3 H)
1,83 (m, 2 H) 2,15 (s, 3 H) 2,94 (m, 1 H) 3,04 (m, 2 H) 3,20 (s, 3 H) 3,76 (s, 3 H) 6,54 (s,
2 H) 6,67 (s, 1 H) 6,88 (m, 2 H) 7,17 (t, 1 H) 7,36 (m, 2 H); MS (ES+) m/z 422 [M+H]".

Vi du 99

~(1r,1'R,4R)-6'-(2,5-diflophenyl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin
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Hop chét néu & dé muc nay (24,4 mg, hiéu sudt 16%) dugc didu ché theo quy
trinh nhu duoc mé ta trong Vi du 83 bét ddu tir (1r,1'R,4R)-6'-bromo-4-metoxy-5"-metyl-
3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin nhu 12 mudi cta axit D(+)-10-
camphor sulfonic (Vi du 19 Budc 5, 230 mg, 0,38 mmol) va axit 2,5-diflophenylboronic
(87 mg, 0,56 mmol): 'H NMR (500 MHz, DMSO-dg) o ppm 0,94 (m, 1 H) 1,21 (m, 2 H)
1,46 (m, 3 H) 1,83 (m, 2 H) 2,15 (s, 3 H) 2,94 (m, 1 H) 3,05 (dd, 2 H) 3,20 (s, 3 H) 6,54
(s, 2 H) 6,70 (s, 1 H) 7,20 (m, 1 H) 7,29 (m, 2 H) 7,38 (d, 2 H); MS (ES+) m/z
410 [M+H]".

Vidu 100

5-[(1r,1'R,4R)-4"-amino-4-metoxy-5"-metyl-3 'H-dispiro [xyclohexan-1,2'-inden-
- 1',2"-imidazol]-6'-y1]-3-clo-2-flobenzonitril '

Hop chét néu & dé muc nay (22 mg, hiéu suit 20%) dugc didu ché theo quy trinh
nhu dugc mé ta trong Vi du 83 bt ddu tir (1r,1'R,4R)-6'-bromo-4-metoxy-5"-metyl-3'H-
dispiro[xyclohexan-1,2"-inden-1'2"-imidazol]-4"-amin nhu 12 mudi cta axit D(+)-10-
camphor sulfonic (Vi du 19 Budc 5, 150 mg, 0,25 mmol) va 3-clo-2-flo-5-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)benzonitril (Hop chét trung gian 57, 90 mg, 0,32
mmol): 'H NMR (500 MHz, CDCl;) 6 ppm 1,07 - 1,17 (m, 1 H), 1,29 - 1,44 (m, 3 H),
1,50 (br. s., 2 H), 1,65 - 1,75 (m, 4 H), 1,98 (d, , 2 H), 2,36 (s, 3 H), 3,04 - 3,13 (m, 1 H),
3,23 (d, 2 H), 3,35 (s, 3 H), 6,85 (d, 1 H), 7,35 - 7,39 (m, 1 H), 7,41 - 7,45 (m, 1 H), 7,63
(dd, 1 H), 7,77 (dd, 2,36 Hz, 1 H) ; MS (ES+) m/z 451 [M+H]".

Vidu 101

(1r,1'R,4R)-6'-(2,3-diflophenyl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin

-241-



19492

Xt ly (1r,1'R,4R)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-
inden-1',2"-imidazol]-4"-amin nhu 13 mudi cua axit D(+)-10-camphor sulfonic (Vi du 19
Buéc 5, 150 mg, 0,40 mmol) bang 2-Me THF (2 ml) va dung dich KOH trong nudc (0,4
g KOH trong 3 ml nuéc). Khudy hdn hop phan g nay trong thoi gian 30 phut truée khi
pha nuéc dugc loai ra va rira huyén phii con lai bang dung dich 2 M Na,COj trong nudc
- (3 ml). Loai dung dich nuéc ra, va pha hitu co nay duoc chuyén t6i a binh vi séng. Cho
axit 2,3-diflophenylboronic (126 mg, 0,80 mmol) vao, tiép d6 1a Na,CO; (598 pl, 1,20
mmol). Loai khi dung dich nay bing cach suc argon qua né. Cho 1,1
bis(diphenylphosphino)feroxen-paladi diclorua (16,4 mg, 0,02 mmol) vao, va hdn hop
phan {mg nay dugc chiéu tia trong binh phén tmg vi séng trong thdi gian 30 phﬁt & nhiét
doé 120 °C. Cho nuéc/EtOAc vao, cac pha nay dugc tach riéng. Pha hitu co dugc ria
bang nudc mudi va nude va lam kho bing Na,SO, va sau do co trong chan khong. Tinh
ché san phdm bang céch st dung phuong phap séc ky diéu ché dé tao ra hop chit néu &
dé muc nay (61 mg, hiéu suit 60%): "H NMR (500 MHz, CDCl;) & ppm 1,14 (d, 1 H)
1,42 (d, 3 H) 1,67 - 1,81 (m, 2 H) 1,94 - 2,12 (m, 2 H) 2,41 (s, 3 H) 3,11 (m, 1 H) 3,16 20
(m, 1 H) 3,29 (m, 1 H) 3,36 (s, 3 H) 6,97 (s, 1 H) 7,06 - 7,15 (m, 3 H) 7,44 (m, 1 H) 7,50
(m, 1 H) 8,35 (s, 1 H); MS (ES+) m/z 410 [M+H]".

Vi du 102

3-[(1r,1'R,4R)-4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-6'-yl]-4-flobenzonitril
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Hop chit néu & dé muc nay (20 mg, hiéu suit 19%) dwoc diéu ché bing cach st
dung quy trinh nhu duoc mé ta trong Vi du 101 bat dau tir (1r,1'R,4R)-6'-bromo-4-
»metoxy-S"émetyl-3’H-dispiro[xyclohexan-1,2’-inden—1',2"-imidazol]-4"—amin nhu 13 mubi
cua axit D(+)-10-camphor sulfonic (Vi du 19 Buédce 5, 150 mg, 0,40 mmol) va axit 5-
xyano-2-flophenylboronic (131 mg, 0,80 mmol): 1I—.I NMR (500 MHz, CDCl;) & ppm
1,L15(d, 1 H) 1,31 - 1,47 (m, 3 H) 1,67 - 1,79 (m, 2 H) 1,95 - 2,11 (m, 2 H) 2,43 (s, 3 H)
3,12 (m, 1 H) 3,22 (m, 1 H) 3,30 (m, 1 H) 3,36 (s, 3 kH) 6,95 (s, 1 H) 7,23 (dd, 1 H) 7,41 -
7,52 (m, 2 H) 7,61 (ddd, 1 H) 7,70 (dd, 1 H) 8,38 (br. s., 1 H); MS (ES+) m/z 417
[M-+H]". o

Vi du 103

(1r,1'R,4R)-6'-(2,4-diflophenyl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin

Hop chit néu & d& muc nay (56 mg, hiéu suit 53%) dugc didu ché theo quy trinh
nhu dugc mé ta trong Vi du 83 bt du tir (1r,1'R,4R)-6'-bromo-4-metoxy-5"-metyl-3'H-
dispiro[xyclohexan-l,2'-inden—1',2"-imidazol]-4"-amin nhu 12 mubi cia axit D(+)-10-
camphor sulfonic (Vi du 19 Buéc 5, 155 mg, 0,25 mmol) va axit 2,4-diflophenylboronic
(48,3 mg, 0,31 mmol). Hop chat néu & d& muc nay duge két tinh lai tir CHCly/MeOH: 'H
NMR (500 MHz, DMSO-d6) d ppm 0,95 (m, 1 H), 1,12 - 1,32 (m, 2 H), 1,39 - 1,55 (m, 3
H), 1,84 (d, 2 H), 2,16 (s, 3 H), 2,91 - 3,01 (m, 2 H), 3,11 (d, 1 H), 3,21 (s, 3 H), 6,55 (s,
2 H), 6,65 (s, 1 H), 7,14 (td, 1 H), 7,26 - 7,35 (m, 2 H), 7,40 (d, 1 H), 7,45 (m, 1 H); MS
(ES+) m/z 410,1 [M+H]".

Vidu 104

(1r,1'R,4R)-6'-(2,3-diclophenyl)-4-metoxy-5"-metyl-3'H-dispiro[ xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin
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Hop chét néu & dé muc nay (19 mg, hiéu suit 11%) duoc didu ché bang céach sir
dung quy trinh nhu dugc md té trong Vi du 101 bat dau tir (1r,1'R,4R)-6-bromo-4-
metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin nhu 1a mudi ’
cia axit D(+)-10-camphor sulfonic (Vi du 19 Buéc 5, 150mg, 0,40 mmol) va 2,3-
diclophenylboronic axit (114 mg, 0,60 mmol): 'H NMR (500 MHz, DMSO-dg) & ppm
1,01 (m, 1 H) 1,13 - 1,34 (m, 2 H) 1,41 (t, 1 H) 1,49 (d, 2 H) 1,84 (d, 2 H) 2,17 (s, 3 H)
2,95 (m, 1 H) 3,03 (m, 1 H) 3,12 (m, 1 H) 3,20 (s, 3 H) 6,61 (s, 1 H) 7,25 (dd, 2 H) 7,35 -
7,41 (m, 2 H) 7,61 (dd, 1 H); MS (ES+) m/z 442 [M+H]". |

Vidu 105

3-[(1r,4r)-4"-amino-4-(diflometoxy)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-6'-yl]-5-flobenzonitril

- Cho 3-xyano-5-flophenylboronic axit (54 mg, 0,33 mmol) vao (1r,4r)-6'-bromo-
4-(diflometoxy)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden- 1',2";imidazol]-4"-amin (Vi
du 15 Buéc 3, 90 mg, 0,22 mmol) trong 2-metyl-tetrahydrofuran kho (2 ml). Cho K,COj;
(2,0 M trong nuérc, 0,327 ml, 0,65 mmol) vao. Khir khi hdn hop phan tng bing cach suc
Ar (g) qua n6 (1 phut). Sau d6, cho natri tetraclopaladat(II) (3,2 mg, 10,92 umol) va 3-
(di-tert-butylphosphoni)propan sulfonat (5,9 mg, O.,02 mmol) vao va xir Iy bing vi séng
hén hop nay trong thoi gian 40 phut & nhiét d6 100 °C. Cho axit 3-Xyano-5-
flophenylboronic (54 mg, 0,33 mmol), natri tetraclopaladat(Il) (3,2 mg, 10,92 pumol) va
3-(di-tert-butylphosphoni)propan sulfonat (5,9 mg, 0,02 mmol) vao va xit Iy bang vi séng
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hdn hop nay trong thoi gian 1 h & nhiét do6 120 °C. Cho nudc, 2-metyl-tetrahydrofuran va
EtOAc vao hdn hop nay va cdc pha nay dugc tach riéng. Rira pha hitu co ndy mét lan
b'fmg nudc vmu(")i va nudc. Pha hitu co duge lam khd (Na,SO,), loc va ¢d trong chén
khong. Tinh ché bing sic ky nhanh bang cach sir dung gradient ctia CHCly/MeOH (30: 1-
20: 1) tiép d6 1a phuong phap séc ky diéu ché tao ra hop chét néu & d& muc nay (13 mg,
- hiéu suét 13%): '"H NMR (500 MHz, DMSO-d¢) & ppm 1,05 (m, 1 H), 1,37 - 1,58 (m, 5
H), 1,81 (d, 2 H), 2,19 (s, 3 H), 3,03 (d, 1 H), 3,12 (d, 1 H), 3,88 (m, 1 H), 6,56 (s, 2 H),
6,66 (t, 1 H), 6,91 (s, 1 H), 7,42 (d, 1 H), 7,60 (dd, 1 H), 7,79 (m, 2 H), 7,91 (s, 1 H); MS
(ES+) m/z 453,0 [M+H]". | | |

Vi du 106

3-[(1r,4r)-4"-amino-4-(diflometoxy)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-6'-yl]-5-metoxybenzonitril

Hop chét néu & dé muc nay (45 mg, hiéu sut 22%) dugc diéu ché bang cach st
dung quy trinh nhu dugc md ti trong Vi du 105 bit ddu tir 3-metoxy-5-(4,4,5,5-
tetrametyl—l,3,2-dioxabbrolan-Z-yl)benzonitril (139 + 139 mg, 0,54+0,54 mmol) va
(1r,4r)-6'-bromo-4-(diflometoxy)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-4"-amin (Vi du 15 Buéc 3, 184 mg, 0,45 mmol). Hon hop phan tmg nay duoc
chay trong binh phan tmg vi séng & nhiét d§ 100 °C trong thdi gian 40 phut tiép do 1a
téng cong 3 h & nhiét d6 120 °C : "H NMR (500 MHz, DMSO-d¢) & ppm 1,04 (m, 1 H),
1,38 - 1,58 (m, 5 H), 1,81 (m, 2 H), 2,18 (s, 3 H), 3,02 (d, 1 H), 3,12 (d, 1 H), 3,81 - 3,93
(rh_, 4 H), 6,56 (s, 2 H), 6,66 (t, 1 H), 6,83 (d, 1 H), 7,33 - 7,43 (m, 3 H), 7,50 - 7,59 (m, 2
H); MS (ES+) m/z 465,1 [M+H]".

Vi du 107
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(1r,4r)-4-(diflometoxy)-5"-metyl-6'-[5-(triflometyl)pyridin-3-yl]-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

Hop chit néu & d& muc nay (68,5 mg, hiéu sut 59%) dugc didu ché bang céach st
dung quy trinh nhu dwgc mo ta trong Vi du 105 bat dau tir 3-(4,4,5,5- tetrametyl-1,3,2-
dioxaborolan-2-yl)-5-(triflometyl)pyridin (99+99 mg, 0,36+0,36 mmol) va (1r,4r)-6'-
bromo-4-(diflometoxy)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-
amin (Vi du 15 Budc 3, 100 mg, 0,24 mmol). Gia nhiét hdn hop phéan Ung nay trong binh
phéan g vi séng & nhiét do 120 °C trong thoi gian 40+30 phut: 'H NMR (500 MHz,
DMSO-dg) & ppm 0,96 - 1,11 (m, 1 H), 1,39 - 1,47 (m, 1 H), 1,47 - 1,60 (m, 4 H), 1,82 ,
(m, 2 H), 2,18 (s, 3 H), 3,05 (d, 1 H), 3,14 (d, 1 H), 3,89 (m, 1 H), 6,58 (br. s., 2 H), 6,66
(t, 1 H), 6,94 (d, 1 H), 7,46 (d, 1 H), 7,64 (dd, 1 H), 8,28 (s, 1 H), 8,91 (s, 1 H), 9,05 (d, 1
H); MS (ES+) m/z 479,1 [M+H]".

Vidu 108

3-[(1r,4r)-4"-amino-4-(diflometoxy)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-6'-yl]-5-clobenzonitril

Hop chét néu & dé muc nay (20 mg, hiéu suit 17%) duoc didu ché biang cach sir
dung quy trinh nhu dugc mo ta trong Vi du 105 bit dau tir 3-clo-5-(4,4,5,5-tetrametyl-
1,3,2-dioxaborolan-2-yl)benzonitril (Hop chit trung gian 35, 96 mg, 0,36 mmol) va
(1r,4r)-6'-bromo-4-(diflometoxy)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
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imidazol]-4"-amin (Vi du 15 Budc 3, 100 mg, 0,24 mmol). Gia nhiét hén hop phan Gng
nay trong binh phan ﬁ’ng vi séng & nhiét dd 120 °C trong thoi gian 40+30+30 phut: 'H
NMR (500 MHz, DMSO-dQ o ppm 1,05 (m, 1 H), 1,38 - 1,57 (m, 5 H), 1,81 (m, 2 H),
2,19 (s, 3 H), 3,03 (d, 1 H), 3,12 (d, 1 H), 3,88 (m, 1 H), 6,56 (s, 2 H), 6,66 (t, 1 H), 6,90
(s, 1 H), 7,42 (d, 1 H), 7,59 (dd, 1 H), 7,95 (m, 2 H), 8,02 (s, 1 H); MS (ES+) m/z 469,1
[M+H]". | ‘

Vidu 109

(1r,4r)-4-(diflometoxy)-6'-(3,5-diflophenyl)-5"-metyl-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin

Hop chét néu & dé muc nay dwoc didu ché bang cach sir dung quy trinh nhu dugc
md tad trong Vi du 105 bat diu tir 2-(3,5-diflophenyl)-4.4,5,5-tetrametyl-1,3,2-
dioxaborolan  (62+34+34 mg, 0,26+0,14+0,14 mmol)va (lr4r)-6'-bromo-4-
(diflometoxy)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (Vi
du 15 Budce 3, 97 mg, 0,24 mmol). Gia nhiét hSh hop phén Ung nay trong binh phan tng
vi séng & nhiét d6 120 °C trong thoi gian 14n lwot 30+30+20 phut. Tinh ché bing phuong
phap sic ky diéu ché (2 1dn phun riéng biét) bang cach st dung cot XBridge C18; 21*250
mm; Spm va 40-80% MeCN / 0,1% trong nuéc NH; 1am pha dong véi téc do chay 20
ml/phit tao ra hop chit néu & dé muc nay véi thoi gian luu 12,4 phut. Cac phan doan
mong mudn duoc tap trung lai, lam bay hoi axetonitril va chiét pha nuéc con lai bing
DCM. Lép hitu co dugce rira béng nudc, ¢d dac va lam kho trong chan khong & nhiét do
45 °C qua dém dé tao ra hop chit néu & d& muc nay (44,5 mg, hiéu suit 42%): '"H NMR
(500 MHz, DMSO-dg) & ppm 0,98 - 1,08 (m, 1 H) 1,40 - 1,46 (m, 1 H) 1,46 - 1,56 (m, 4
H) 1,77 - 1,85 (m, 2 H) 2,18 (s, 3 H) 3,01 (d, 1 H) 3,11 (d, 1 H) 3,84 - 3,93 (m, 1 H) 6,56
(s,2H)6,83 (s, 1 H) 7,17 (tt, 1 H) 7,27 (d, 2 H) 7,39 (d, 1 H) 7,52 - 7,57 (m, 1 H); MS
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(ES+) m/z 446,0 [M+H]".
Vidu 110

5-[(1r,4r)-4"-amino-4-(diflometoxy)-5"-metyl-3'H-dispiro[ xyclohexan-1,2'-

inden-1',2"-imidazol]-6'-y1]-2-flo-3-metoxybenzonitril

Hop chat néu & dé muc nay (22 mg, hiéu suit 21%) dugc diéu ché bang cach sir
dung quy trinh nhu dugc mo ta trong Vi du 105 bét dau tir 2-flo-3-metoxy-5-(4,4,5,5-
tetrametyl-1,3,2-dioxaborolan-2-yl)benzonitril (Hop chit trung gian 79, 89+30 mg,
0,32+011 mmol) va (1r,4r)-6'-bromo-4-(diflometoxy)-5"-metyl-3'H-dispiro[xyclohexan-
'1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 15 Buéc 3, 88 mg, 0,21 mmol). Hén hop phan
g nay duoc gia nhiét bang 10 vi séng & nhiét d6 120°C trong thdi gian 30 +30+15 phut.
Tinh ché bing phuong phép sic ky diéu ché (3 1an phun riéng biét) bing cach sir dung cot
XBridge C18; 4,6%250 mm; Spum va 30-70% MeCN / 0,1% trong nuéc NH; lam pha
dong véi tde do chay 20 ml/phut tao ra hop chét néu & d& muc nay véi thoi gian luu 16,2
phut: H NMR (500 MHz, DMSO-d¢) 6 ppm 0,98 - 1,08 (m, 1 H) 1,40 - 1,55 (m, 5 H)
1,76 - 1,86 (m, 2 H) 2,18 (s, 3 H) 3,02 (d, 1 H) 3,11 (d, 1 H) 3,83 - 3,93 (m, 1 H) 3,97 (s,
3 H) 6,56 (s, 2 H) 6,66 (t, 1 H) 6,85 (s, 1 H) 7,41 (d, 1 H) 7,53 - 7,57 (m, 2 H) 7,58 (dd, 1
H); MS (ES+) m/z 483,0 [M+H]".

Vidu 111

(1r,4r)-4-metoxy-4,5"-dimetyl-6'-[ 5-(prop-1-yn-1 -yl)pyridin-3-yl]-3'H—

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin
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Buéce 1: N-[(1r,4r)-6"-bromo-4-metoxy-4-metylspiro[xyclohexan-1,2'-inden]-
1'(3'H)-yliden]-2-metylpropan-2-sulfinamit

Hoa tan (1r,4r)-6'-bromo-4-metoxy-4-metylspiro[xyclohexan-1,2'-inden]-1'(3'H)-
on (Hop chit trung gian 61, 0,613 g, 1,90 mmol), 2-metylpropan—2-sulﬁnamit (0,919 ¢,
7,59 mmol) va titan(IV) etoxit (2,163 ml, 10,43 mmol) trong 2-Me THF (6 ml) va dun
héi Iuu trong thoi gian 6 ngay. Lam ngudi hdn hop phan {mg nay xudng nhiét do trong
phong va sau d6 pha loadng véi EtOAc (30 ml). Cho nuéc (20 ml) vao ddng thoi véi
khudy trén manh, va khudy hén hop thu duoc trong thoi gian 10 phut. Cho diatomit vao
va hdn hop nay duoc dé yén ma khong khudy trong thoi gian 1 h. Hon hop nay duoc loc
qua tdm diatomit. Lép hitu co duge tach ra, lam kho bing MgSO, va cb trong chan
khong. Hop chét thd néu & tiéu dé (0,7 g, hidu suit 87%) duogc sir dung trong budc tiép
theo ma khéng cAn tinh ché thém: MS (ES+) m/z 428 [M+H]".

Budce 2: (1r,41r)-6'-bromo-4-metoxy-4-metylspiro[xyclohexan-1,2'-inden]-
1'(3'H)-imin

Cho HCl (4M trong 1,4-dioxan, 1,9 ml, 7,60 mmol) vao dung dich chra N-
((1r,4r)-5'-bromo-4-metoxy-4-metylspiro[xyclohexan-1,2'-inden]-3'(1'H)-yliden)-2-
metylpropan-2-sulfinamit (0,648 g, 1,52 mmol, Vi du 111 Budc 1) trong 1,4-dioxan khan
(4 ml) va khudy hén hop thu duoc nay dudi khi nito & nhiét d6 trong phong trong thoi
| gian 90 phut. Cho chét két tia tao ra Et,O (5 ml) vao va chét rin dugc loc ra va rira bang
Et,0 (5 ml). Chéit rin nay duoc phan bd giira DCM (20 ml) va NaHCO; trong nuge bao
hoa (20 ml). Céc pha nay duoc tach, 16p hitu cd dugc 1am kho bang Na,SO, va ¢b trong

-249-



19492

chan khéng dé tao ra hop chét thd néu & tiéu dé, chit nay dugc st dung truc tiép trong
bude tiép theo: GCMS (CI) m/z 322 [M+H]".

Buéc 3: (1r,41r)-6'-bromo-4-metoxy-4,5"-dimetyl-3'H-dispiro[ xyclohexan-
1,2'-inden-1',2"-imidazol]-4"(3"H)-thion
S
—

N
Br b / )
WO

Hoa tan (1r,4r)-6'-bromo-4-metoxy-4-metylspiro[xyclohexan-1,2'-inden]-1'(3'H)-
imin (0,515 g, 1,60 mmol, Vi du 111 Buéc 2) va 2-oxopropanthioamit (Hop chét trung
| gian 2, 0,495 g, 4,79 mmol) trong MeOH (6 ml) va dun hdi luu trong thoi gian 18 h. Co
dic hdn hop phan g nay va hoa tan phan con lai trong DCM (10 ml). Lép hitu co duge
ria béng nude (10 ml), lam kho béng Na,SO,, va loé. Dich loc duogc chuyén qua tAm
silicagel va rira gidi bang DCM (loai bd cac san phim phu) va bing DCM: MeOH (9: 1)
(dé rira giai san phdm). C6 diac dung dich san phdm dé tao ra hop chit néu & d& muc nay
(0,536 g, hi¢u suét 82%): 'H NMR (500 MHz, CDCl3) 6 ppm 1,16 (s, 3 H), 1,35 (m, 3
H), 1,60 (m, 8 H), 2,40 (s, 3 H), 3,08 (s, 2 H), 3,23 (s, 3 H), 7,06 (d, 1 H), 7,20 (d, 1 H),
7,45 (dd, 1 H); MS (ES+) m/z 407 [M+H]".

Budc 4: (1r,4r)-6’-bromo-4-met0xy-4,5"—dimctyl-3'H-dispiro[xyclohexan-

>\<NH2
7\

N

Br N /
‘\\\O

_ Hoa tan (lr,4r)-6'-bromo-4-metoxy-4,5"-dimetyl-3'H-dispiro[xyclohexan-1,2'-
inden-1',2"-imidazol]-4"(3"H)-thion (0,535 g, 1,31 mmol Vi du 111 Buédc 3) trong

1,2'-inden-1',2"-imidazol]-4"-amin

amoniac (7 M trong MeOH, 16,89 ml, 118,2 mmol) va gia nhiét hdn hop nay b?mg vi
séng & nhiét do 90 °C trong thdi gian 60 phuit. Hon hop ndy duge c¢b dic, hoa tan trong
amoniac (7M trong MeOH, 18,76 ml, 131,3 mmol) va dugc gia nhiét tiép bang vi séng
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trong thoi gian 30 phut & nhiét d6 90 °C. Qua trinh ndy (co dic va xir Iy bing amoniac
trong binh phéan Ung vi séng) dugc 1ap lai mét 14n nira. C6 dic hdn hop nay va tinh ché
san phim nay bang cach sic ky nhanh véi gradient 0-6% MeOH trong DCM (chira 6%o
TN NH3 trong MeOH): '"H NMR (500 MHz, CDCI3) & ppm 1,12 (s, 3 H), 1,56 (m, 8 H),
2,32 (s, 3 H), 3,11 (d, 2 H), 3,22 (s, 3 H), 684(d 1 H), 7,17 (d, 1 H), 7,33 (dd, 1 H); MS
(ES+) m/z 392 [M+H]".

Budc 5: (1r,4r)-4-metoxy-4,5"-dimetyl-6'-[ 5-(prop-1-yn-1-yl)pyridin-3-yl1]-

3'H-dispiro[xyclohexan-1,2'"-inden-1',2"-imidazol]-4"-amin

Gia nhiét hdn hop gbm  (1r,41)-6'-bromo-4-metoxy-4,5"-dimetyl-3'H-
dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 111, Buéc 4, 84 mg, 0,22
mmol), axit 5-(prop-1-ynyl)pyridin-3-ylboronic (Hop chit trung gian 15, 45 mg, 0,28
- mmol) [1,1'-bis(diphenylphosphino)feroxen]paladi(Il) clorua (17,7 mg, 0,02 mmol),
K,COs3 (2 M dung dich trong nuéc, 0,215 ml, 0,43 mmol) va 1,4-dioxan (1 ml) trong binh
phan ung vi séng & nhiét dd 130 °C trong thoi gian 20 phut. Khi dugc 1am lénh xubng
nhiét do trong phong, hdn hop ndy duoc pha lodng véi DCM, rira bing nude, lam kho
_bﬁng Na,SO, va cd trong chan khong. Tinh ché san phdm nay bing phuong phap sic ky
diéu ché dé tao ra hop chét néu & d& muc nay (53 mg, hiéu suit 58%): 'H NMR (CDCl5)
o ppm 1,15 v(s, 3 H), 1,29 (d, 1 H), 1,65 (m, 7 H), 2,10 (s, 3 H), 2,39 (s, 3 H), 3,20 (m, 1
H), 3,24 (s, 3 H), 3,27 (m, 1 H), 6,94 (d, 1 H), 7,45 (m, 2 H), 7,78 (t, 1 H), 8,55 (d, 1 H),
8,62 (d, 1 H); MS (MM-ES+APCI)+ m/z 427 [M+H]".

Vidu 112

(1r,4r)-6'-(xyclobutyletynyl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin
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Cho (xyclobutyletynyl)btrimetylsilar; (0,102 g, 0,67 mmol) vao hdn hop gdém
(1r,41)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-
4"-amin (Vi du 19 Phuong phap B Budc 4, 0,1655 g, 0,45 mmol), K,COs5 (0,093 g, 0,67
mmol), ddng(I) iodua (5,10 mg, 0,03 mmol), tetrakis(triphenylphosphin)paladi(0) (0,031
g,' 0,03 mmol) trong DMF (10 ml) (xem Kozhushkov, S. I.; Wagner-Gillen, K.;
Khlebnikov A. F.; de Meijere, A. Synthesis 2010 (23), 3967-3973). Khi quyén trén hén
hop phén tng nay dugc thay bing argon va gia nhiét hdn hop nay dén 70 °C qua dém.
Hon hop phan tng nay duoc dé dén .nhiét do trong phong, cho EtOAc va nuéc mudi vao. -
Pha hitu co duge 1am kho trén MgSO,, loc va ¢b trong chan khong. Tinh ché phan con lai
bang phuong phap sic ky didu ché dé tao ra hop chit néu & dé muc nay (73 mg, hiéu suit
44%): '"H NMR (500 MHz, DMSO-d¢) & ppm 1,28 (d, 1 H), 1,49 (d, 2 H), 1,70 - 1,83 (m,
3 H), 2,10 - 2,21 (m, 3 H), 2,21 - 2,31 (m, 1 H), 2,41 (td, 2 H), 2,50 (s, 3 H), 2,55 - 2,65
(m, 2 H), 3,23 - 3,42 (m, 3 H), 3,50 - 3,59 (m, 4 H), 6,85 (s, 1 H), 6,88 (s, 2 H), 7,51 (dd,
1 H), 7,59 (d, 1 H); MS (ES+) m/z 376 [M+H]".

Vidu 113

(1r,4r)-4-metoxy-5"-metyl-6'-(3-metylbut-1-yn-1-yl)-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin

Cho 3-metylbut-1-yne (0,028 g, 0,41 mmol), tetrakis(triphenylphosphin)paladi(0)
(0,047 g, 0,04 mmol) va trietylamin (1,70 ml, 12,2 mmol) vao dung dich chtra (1r,4r)-6'-

bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin
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(Vi du 19 Phuong phép B Budc 4, 0,153 g, 0,41 mmol) trong DMF (8 ml) duéi kh1
argon. Khuiy hén hop phan ng nay & nhiét d6 trong phong trong thoi gian 5 phut, sau
d6 cho ddng iodua (0,012 g, 0,06 mmol) vao va gia nhiét hdn hop phan Gng nay & nhiét
dd 65 °C trong thoi gian 18 h. Hon hop phan tmg ndy dugc phén bé gifta nudc mudi va
~ EtOAc. Pha hitu co nay duc_fc 1am kho trén MgSO, va ¢d trong chan khong. Tinh ché
phin con lai bang phuong phép sic ky diéu ché dé tao ra hop chit néu & dé muc nay -
(0,035 g, hi¢u suét 24%): "H NMR (500 MHz, DMSO-d6) S ppm 0,87 - 0,98 (m, 1 H),
1,09 - 1,26 (m, 8 H), 1,35 - 1,48 (m, 3 H), 1,81 (d, 2 H), 2,15 (s, 3 H), 2,73 (dt, 1 H), 2,88
- 3,08 (m, 3 H), 3,18 (s, 3H), 6,49 (s, 1 H), 6,54 (s, 2 H), 7,15 (dd, 1 H), 7,24 (d, 1 H);
MS (ES+) m/z 364 [M+H]". '

Vidu 114

(1r,1'R,4R)-4-metoxy-5"-metyl-6'-{ 5-[(2H3)prop- 1-yn-1-yl]pyridin-3-yl}-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

Xt ly dung dich gdm ’(lr,1'R,4R)-6'-bromo—4-met0xy-5"-metyl-3'H—
dispiro[xyclohexan-1,2"-inden-1'2"-imidazol]-4"-amin nhu 14 mudi cia axit D(+)-10-
camphor sulfonic (Vi du 19 Budc 5, 135 mg, 0,22 mmol) trong 2-Me THF (3 ml) bing
KOH (1 M trong nuéc, 3,5 ml). Khudy hén hop nay trong thoi gian 30 phut, 16p hitu co
dugc tach riéng, rira béng nudc, lam kho béng Na,SO, va c6 dic. Phan con lai duogc hoa
‘tan trong 1,4-dioxan (2 ml) va bis(pinacolato)diboron (62 mg, 0,24 mmol), kali axetat (44
mg, 0,44 mmol) va cho san phdm cong PdCl,(dppf)-CH,CL, (9 mg, 0,01 mmol) vao. Hon
hop thu dugc dugc gia nhiét bang vi séng & nhiét dd 130 °C trong thoi gian 40 phut. Sau
khi lam ngudi, mé na"lp binh nay, va cho K,CO4 (2 M trong nuéc, 0,22 ml, 0,44 mmol),
Pd(Phs;P), (13 mg, 0,01 mmol) va 3-bromo-5-[(*H;)prop-1-yn-1-yl]pyridin (Hop chét
trung gian 70, 53 mg, 0,27 mmol) trong dioxan (1 ml) vao. Miéng binh phan ting nay
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dugc day lai va gia nhiét bang vi séng & nhiét do 130 °C trong thoi gian 20 phut. Hon
hop nay dugc pha lodng véi DCM, rira bing nuéc mubdi, 1am kho bing MgSOy, loc, va cd
trong chan khéng. Tinh ché san phdm nay bing phuong phép sic ky diéu ché (cot
XBridge 19x250 mm, 5Spm, v6i pha d(f)ng 20-60% MeCN trong 0,1% amoniac trong
nude, & tbe do chay 15 ml/phit) dé tao ra hop chit néu & a8 muc ndy (15 mg, hiéu suét
16%, Thoi gian lwu 14 phat): "H NMR (500 MHz, CDCls) & ppm 1,12 (td, 1 H), 1,37 (m,
- 2H), 1,50 (m, 1 H), 1,72 (m, 2 H), 1,98 (m, 2 H), 2,34 (s, 3 H), 3,09 (m, 1 H), 3,23 (m, 2
"H), 3,35 (s, 3 H), 6,92 (s, 1 H), 7,43 (s, 2 H), 7,77 (t, 1 H), 8,54 (d, 1 H), 8,62 (d, 1 H);
MS (MM-ES+APCI)+ m/z 416 [M+H]".

Vidu 115

- 3-(4"-amino-5"-metyl-4-oxodispiro[xyclohexan-1,2'-[ IH]inden-1'(3'H),2"- “
[2H]imidazol]-6'-y1)-5-flobenzonitril )

Budc 1: N—(6"-brdmodispir0[ 1,3-dioxolan-2,1'-xyclohexan-4',2"-inden]-

1"(3"H)-yliden)-2-metylpropan-2-sulfinamit

Hoa tan 6"-bromodispiro[1,3-dioxolan-2,1'-xyclohexan-4',2"-inden]-1"(3"H)-on
(Hop chét trung gian 71, 320 mg, 0,95 mmol), 2-metylpropan-2-sulfinamit (173 mg, 1,42
mmol) va titan etoxit (0,391 ml, 1,90 mmol) trong 2-Me THF (5 ml) va gia nhiét dén hdi
Iwu qua dém. Phan ng nay duge dimg lai va dugc dé lanh xubng dén nhiét do trong
phong. Cho EtOAc va nudc vao trong didu kién c6 khudy. Hon hop nay dugc @ yén
trong thoi gian 2 h. Pha hitu co nay dugc thu gom bang cach loc, 1am kho bing cach st
dung thiét bi tach pha va cd trong chan khong. Tinh ché san phim tho bang cach sic ky
nhanh bang cach sir dung gradient cta 0-30% EtOAc trong heptan dé tao ra hop chét néu
& dé muc nay (290 mg, hiéu suét 69%): 'H NMR (500 MHz, CDCl3) 6 ppm 1,35 (s, 9 H)
1,48 - 1,54 (m, 1 H) 1,61 (dd, 1 H) 1,67 - 1,77 (m, 2 H) 1,81 - 1,90 (m, 2 H) 2,10 (br. s., 2
H) 2,95 - 3,05 (m, 2 H) 3,95 - 4,02 (m, 4 H) 7,25 (s, 1 H) 7,60 (dd, 1 H) 8,62 (br. s., 1 H);
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MS (ES+) m/z 440,0 [M+H]".

Budc 2: 6'-bromo-1'-imino-1',3'-dihydrospiro [xj}clohexan- 1,2'-inden]-4-on

“NH
| Bf@ﬁ@"]
” (@]

Cho HClI (4 M trong 1,4-dioxan, 1,635 ml, 6,54 mmol) vao N-(6"-
bromodispiro[1,3-dioxolan-2,1'-xyclohexan-4',2"-inden]-1"(3"H)-yliden)-2-metylpropan-
2-sulfinamit (Vi du 115, Buéce 1, 288 mg, 0,65 mmol) trong 1,4-dioxan (2 ml) dudi khi
N, (g). Khudy hdn hop nay & nhiét d6 trong phong qua dém va sau d6 cd dic. San phim
thd duge hoa tan trong DCM va rira bing NaHCOj; (bdo hoa trong nudc). Chiét pha nude
bang DCM. Lép hitu co hdn hop duge 1am kho bing cach sir dung thiét bi tach pha va co
dic dé tao ra hop chit néu & @ muc nay (220 mg, hiéu suét theo dinh lugng), chit nay
dugce str dung truc tiép trong budce tiép theo: "H NMR (400 MHz, DMSO-d6) o ppm 1,13
- 1,24 (m, 2 H) 1,25 - 1,35 (m, 2 H) 1,66 - 1,75 (m, 2 H) 1,83 - 1,93 (m, 2 H) 2,86 (s, 2
H) 5,83 (s, 1 H) 7,40 (d, 1 H) 7,64 (dd, 1 H) 7,69 (d, 1 H) ; MS (ES+) m/z 292 [M+H]".

Budc 3: 6'-bromo-4"-metyl-5"-thioxo-1",5"-dihydro-3'H,4H-
dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4-on ‘

vy
Br N/ NH |
COO-
Gia nhiét 6'-bromo-1'-imino-1',3'-dihydrospiro[xyclohexan-1,2'-inden]-4-on (Vi
du 115, Budc 2, 2,37 g, 8,11 mmol) va trimetyl orthoformat (2,5 ml, 22,8 mmol) trong 2-
propanol (25 ml) dén nhiét d6 80 °C. Cho 2-oxopropanthioamit (Hop chit trung gian 2,
1,673 g, 16,2 mmol) hoa tan trong 2-propanol (10 ml) vao. Gia nhiét hén hgp nay & nhiét
d6 80 °C qua dém. Lam ngudi hdn hop nay xudng nhiét do trong phong trude khi co dic.

Tinh ché san phidm thé bang cach séc ky nhanh bang cach str dung gradient cua 0-100%

EtOAc trong heptan. C6 dic céc phan doan mong mubn duoc dé tao ra hop chét néu & dé
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muc nay (0,563 g, hiéu suét 18%): "H NMR (500 MHz, CDCL;) & 1,69 (ddd, 1 H), 1,74 -

1,81 (m, 1 H), 1,90 - 1,96 (m, 1 H), 2,00 - 2,05 (m, 1 H), 2,40 (s, 4 H), 2,42 - 2,55 (m, 3
“H), 3,25 - 3,35 (m, 2 H), 7,11 (d, 1 H), 7,26 (br. s., 1 H), 7,50 (dd, 1 H), 8,67 (br. s., 1 H);
 MS (ES+) m/z 377 [M+H]".

Budce 4: 6"-bromo-5""-metyl-3"H-trispiro[ 1,3-dioxolan-2,1'-xyclohexan-4',2"-
inden-1",2"-imidazol]-4"(3""H)-thion

S

- WNH
IO

7 Gia nhiét etan-1,2-diol (0,074 ml, 1,33 mmol), 6'—bromo-4"-metyl—5'};thioxo-
1",5"-dihydro-3'H,4H-dispiro[xyclohexan-1,2'—indén—1',-2"-imidazol]-4-on (Vi du 115
Bﬁéc 3, 0,5 g, 1,33 mmol) va monohydrat ctia axit p-toluensulfonic (0,013 g, 0,07 mmol)
trong toluen (8 ml) dén hdi luu bqua dém. Hon hop nay dugc lam ngu(f)i xudng nhiét do
trong phong va sau d6 rira bing NaHCO; (trong nudc bﬁo hoa). »Chié’t pha nuéc bang
EtOAc. Pha hiru co két hop dugc 1am khé bang MgSO,, 1(_)0 va cd trong chan khéng dé
tao ra hop chit néu & d& muc nay (0,506 g, hiéu suit 91%): MS [ES+] m/z 423 [M+H]".

Budéc 5: 6"-brlomo-5"'-metyl-3 "H-trispiro[ 1,3-dioxolan-2,1'-xyclohexan-4',2"-
inden-1",2""-imidazol]-4""-amin

NH,

- CDOA

Hép thu  6"-bromo-5""-metyl-3"H-trispiro[1 ,3-didx01an—2, I'-xyclohexan-4',2"-
inden-1",2""-imidazol]-4"'(3"'H)-thion (Vi du 115 Buédc 4, 0,5 g, 1,19 mmol) trong
amoniac (7 M trong MeOH, 15 ml, 105 mmol) va gia nhiét hdn hop thu duoc nay trong
binh phén g vi séng & nhiét 6 110 °C trong thoi gian 30 phat. Lam bay hoi dung méi

trong chan khong va cling mot quy trinh (b sung amoniac, gia nhiét va lam bay hoi)
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duogc lap lai 3 1an. Lam bay hoi dung méi & tao ra hop _chét néu & d& muc nay (0,568 g,
hiéu suét theo dinh luong), chit nay dugc st dung ma khong cin tinh ché thém: '"H NMR
(SOOFMHZ, CDCl) 6 ppm 1,35 - 1,49 (m, 2 H),- 1,61 (d, 2 H), 1,69 - 1,81 (m, 2 H), 2,33
(s, 3 H), 3,14 (s, 2 H), 3,87 - 3,98 (m, 4 H), 6,88 (d, 1 H), 7,19 (d, 1 H), 7,35 (dd, 1 H);
MS (ES+) m/z 404 [M+H]

Buéc 6: 4"-amino-6'-bromo-5"-metyl- 3'H 4H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-4-on

NH

2
OO~
Hoa tan 6"-bromo-5""- metyl 3"H-trispiro[1,3-dioxolan-2,1'-xyclohexan-4',2"-

inden 1",2"-imidazol]-4"-amin (Vi du 115 Buéc 5, 0,568 g, 1,40 mmol) trong HCl (1,25
M trong MeOH, 15 ml, 18,8 mmol) va nu6c (5 ml). Khudy hén hop nay & nhiét d6 60 °C
trong thoi gian 1,5 h. va sau d6 & nhiét dd 80 °C frong thoi gian 3 h. Cho EtOAc vao va
chiét pha nuéc. Pha nuée dugc bé di. Cho dung dich axit xitric trong nude (0,1 M) vao
pha hitu co va cac pha nay duoc tach riéng. Pha hitu co ne‘iy dugc chiét mot 14n nira bing
axit xitric (0,1 M trong nudc). Céc pha axit xitric két hop dugc kiém hoa bang bing 1 M
NaOH va chiét bang DCM hai I4n. Pha hitu co két hop dwoc 1am khé bang thiét bi tach
pha va 1am bay hoi dén khé trong chan khong. Tinh ché san phim tho bang cach sic ky
nhanh (24 g Si0,, gradient giai hép 0-20% (0,1 M NH; trong MeOH) trong DCM) dé tao
ra hop chat néu & d& muc nay (0,116 g, hiéu suit 23%): '"H NMR (500 MHz, CD;0D) &
ppm 1,24 (t, 1 H), 1,55 (td, 1 H), 1,88 (dd, 2 H), 2,15 - 2,30 (m, 2 H), 2,30 - 2,38 (m, 3
H), 2,42 - 2,60 (m, 2 H), 3,27 (s, 1 H), 3,33 - 3,41 (m, 1 H), 6,88 (d, 1 H), 7,31 (d, 1 H),
7,42 (dd, 1 H); MS (MM-ES+APCI)+ m/z 360,0 [M+H]". |

Buée 7: 3-(4"-amino-5"-metyl-4-oxodispiro[xyclohexan-1,2'-[ 1H]inden-
1'(3'H),2"-[2H]imidazol]-6'-y1)-5-flobenzonitril |
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Cho 4"-amino-6'-bromo-5"-metyl-3 'H,4H-dispiro[xyclohexan- 1,2-inden-1',2"-
imidazol]-4-on (Vi du 115 budc 6, 92 mg, 0,26 mmol), axit 3-xyano-5-flophenylboronic
(42 mg,. 0,26 mmol), 3-(di-tert-butylphosphoni)propan sulfonat (6,8 mg, 0,03 mmol),
natri tetraclopaladat(Il) (3,8 mg, 0,01 mmol), 2-Me THF (2 ml) va K,CO; (2 M trong
-nudc, 0,383 ml, 0,77 mmol) vao binh vi séng. Binh nhé dugc diy lai va gia nhiét trong 1
vi séng trong thoi gian 30 phit & nhiét @6 100 °C. Cho EtOAc va mréc vao va pha hiru co
nay dugc thu gom, 1am kho bang thiét bj tach pha va lam bay hoi dén kho trong chan
khong. Tinh ché san phdm tho bang cich sir dung phuong phép séc ky didu ché dé taora
hop chét néu & dé muc nay (39 mg, hiéu suit 38%): 'H NMR (500 MHz, DMSO-d6) 5
ppm 1,45 (td, 1 H), 1,67 - 1,78 (m, 2 H), 1,78 - 1,90 (m, 1 H), 2,08 (d, 1 H), 2,14 - 2,23
(m, 4 H), 2,34 - 2,48 (m, 2 H), 3,20 - 3,32 (m, 2 H), 6,61 (br. s., 2 H), 6,94 (s, 1 H), 7,45
(d, 1 H), 7,63 (d, 1 H), 7,74 - 7,87 (m, 2 H), 7,93 (s,-1 H); MS (MM-ES+APCI)+ m/z 401 _
[M+H]".

Vidullé

(1r,4r)-4-metoxy-5"-metyl-6'-(3-metyl- 1H;pYrolo[2,3-b]pyridin—S-yl)-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

Ap dung quy trinh tuong tu véi quy trinh dugc md ta vi du 81 bang cach sir dung
3-metyl-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)-1H-pyrolo[2,3-b]pyridin (98 mg,
0,38 mmol) va (lr,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-4"-amin (Vi du 19 Phuong phap B Buéc 4, 130 mg, 0,35 mmol). Tinh ché
san phdm nay bang cach sic ky nhanh trén silica st dung gradient giai hip véi 0-10% 0,2
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M amoniac trong metanol trong DCM dé tao ra 65 mg (hiéu suit 44%) hop chit néu & dé
muc nay: '"H NMR (500 MHz, DMSO-dy) 6 ppm 0,90 - 1,01 (m, 1 H), 1,13 - 1,33 (m, 2
H), 1,46 - 1,54 (m, 3 H), 1,84 (m, 2 H), 2,18 (s, 3 H), 2,28 (s, 3 H), 2,91 - 3,03 (m, 2 H),
3,05 - 3,12 (m, 1 H), 3,20 (s, 3 H), 6,56 (br. s., 2 H), 6,81 (s, 1 H), 7,23 (s, 1 H), 7,38 (d,
1 H); 7,47 - 7,53 (}m, 1 H), 7,93 - 7,98 (m, 1 H), 8,31 (m, 1 H), 11,31 (s, 1 H); MS (ES+)
m/z 428 [M+HT". | |

Viduy 117

(1r,4r)-6'-bromo-5"—metyl-4-[(2H3)metyloxy]-3'H-dispiro[xyclohexan-1,2’-inden—

1',2"-imidazol]-4"-amin

Budc 1: (1r,4r)-N-{6'-bromo-4- [(*H;)metyloxy] spiro[xyclohexan-1,2'-inden]-
1'(3'H)-yliden}-2-metylpropan-2-sulfinamit ’

O
/

F

D

Hoa tan 6'-br0fno-4-[(2H3)metyloxy]spiro[xyclohexan—1,2'-inden]-1'(3'H)—on
(Hop chét trung gian 72, 1,66 g, 5,32 mmol), 2-metylpropan-2-sulfinamit (1,20 g, 9,57
mmol) va titan etoxit (2,19 ml, 10,6 mmol) trong 2-Me THF (12 ml) va gia nhiét dén hoi
Iwu qua cudi tudn. Hon hop nay duge 1am ngudi xubng nhiét do trong phong sau d6 dugc
pha loéng v6i EtOAc (20 ml). Cho timg giot nuéc (15 ml) vao véi khudy tron manh. Sau
10 phut, hdn hop nay dugc dé yén ma khéng khudy trong thoi gian 1 h. Loc tach chét rén
va ¢d dic 16p hitu co. Tinh ché bang sic ky nhanh bing cich sit dung 0-25% EtOAc
trong heptan dugc ding 1am dung mdi rira giai tao ra 1,44 g (hiéu sut 65%) hop chit néu
& d& muc nay dudi dang hén hop cua chét ddng phén (1r,4r) chu yéu va chit ddng phan
(1s,4s) phu. Chit dong phéan chi yéu (1r,4r): "H NMR (500 MHz, CDCl;) & 1,31 - 1,36
(m, 9 H), 1,38 (m, 1 H), 1,52 - 1,68 (m, 4 H), 1,96 - 2,07 (m, 1 H), 2,13 (df, 2 H), 2,97 (d,
2 H), 3,20 - 3,33 (m, 1 H), 7,22 - 7,26 (m, 1 H), 7,61 (dd, 1 H), 8,46 - 8,71 (m, 1 H). MS
(ES+) m/z 415 [M+H]".
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Budc 2: (1r,4r)-6'-bromo-4-[(2H3)metyloxy] spiro[xyclohexan-1,2"-inden]-
1'(3'H)-imin

NH

Br.
R ---uO D
S >LD

D

Cho HCI (4 M trong 1,4-dioxan, 8,67 ml, 34,7 mmol) vao dung dich chira N-{6'-
bromo-4-[(*H;)metyloxy]spiro[xyclohexan-1,2'-inden]-1'(3'H)-yliden} -2-méty1propan-2-
sulfinamit (Vi du 117 budc 1, 1,44 g, 3,47 mmol) trong 1,4-dioxan khan (5 ml). Chét két
tia mau fre‘mg duoc tao ra ngay va khudy hdn hop duc thu dugc dudi khi quyén argon &
nhiét d6 trong phong trong thoi gian 45 phit. Cho Et,O (30 ml) vao va chét rin duogc loc
ra va rira bang Et,0. Chét rin nay dugc phan bd gitta DCM va NaHCO; trong nude bio
hoa. Cac pha nay duoc tach riéng va 16p hitu co dugc 1am khé bang Na,SO, va cb dic dé
tao ra 999 mg (hiéu suét 93%) hop chit néu & tiéu dé dudi dang hdn hop ciia chit déng
phén (1r,4r) (chi yéu) va (1s,4s) (phu) chit nay dugc sir dung truc tiép trong bude tiép
theo: MS (ES+) m/z 311 [M+H]".

Budc3:  (Ir,4r)-6'-bromo-5"-metyl-4-[(*Hs)metyloxy]-3'H-
dispiro[xyclohexan-1,2'-inden-1 ',2"-imidézol]-4"(3"H)-thion

S
/

N
Br NH
R "'“O D
S >LD

D

Gia nhiét 6'—br0m0-4-[(2H3)metyloxy]spiro[xyclohexan-1,2'-inden]- 1'(3'H)-imin
(Vi du 117 bude 2, 0,999 g, 3,21 mmol) Vé‘t trimetyl orthoformat (1,06 ml, 9,63 mmol)
trong 2-propanol (10 ml) dén nhiét d6 80 °C Cho tung giot 2-oxopropanthioamit (Hop
chét trung gian 2, 0,828 g, 8,02 mmol) da duoc hoa tan trong 2-propanol (6 ml) vio trong
thoi gian ~10 phit va khudy hdn hop mau da cam thu duoc & nhiét 6 80 °C dudi khi N,.
Sau 3 h, hdn hop nay dugc ¢ dic con khoang 1/2 thé tich va dugce dé qua dém & nhiét do

4°C. Chét ran tao ra duoc loc ra, rira béng MeOH lanh va lam khd trong chan khong, tao
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ra 0,701 g (hiéu sudt 55%) hop chét néu & dé muc nay dudi dang hdn hop cilia cac chét
~ ddng phan (83: 27 ciia (1r,4r) va (1s,4s)). Dich céi dugc cd dic va tinh ché san phim tho
bang cach sic ky nhanh bang cach sir dung gradient ciia 0-40% EtOAc trong heptan dé
taora 0,181 g nira (hiéu sut 14%) hop chit néu & dé mﬁc nay dudi dang h5n hop clia cac
~ chit ddng phan (94: 6 cua (1r,4r) Vé (1s,4s)). Chét ddng phén chu yéu (1r,4r): '"H NMR
(500 MHz, DMSO-dg) 6 1,16 - 1,32 (m, 4 H), 1,47 (dd, 2 H), 1,81 - 1,92 (m, 2 H), 2,23 -
2,29 (m, 3 H), 2,95 - 3,09 (m, 3 H), 6,98 (d, 1 H), 7,34 (d, 1 H), 7,51 (dd, 1 H), 12,35 (s,
1 H); MS (ES+) m/z 396 [M+H]".

Budc 4: (1r,4r)-6'-bromo-5"-metyl-4-[(*H;)metyloxy]-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

>\(NH2
a

N

Br N
SOy
8 >[_D

D

Tron ( 1r,4r)-6'-br0mo-5"-metyl—4-[(2H3)metyloxy]-3'H—dispiro [xyclohexan-1 ,2"-
inden—1',2"—imidazol]}-4"(3"H)-thion (Vi du 117 bude 3, 0,701 g, 1,77 mmol) va amoniac
(7 M trong MeOH, 12 ml, 84 mmol) trong binh vi séng. Binh nho dugc day lai va gia
nhiét hén hop phan ng niy & nhiét d6 100 °C trong thoi gian 30 phtt trong binh phan
ing vi séng (thoi gian luu ¢b dinh). C6 dic hdn hop nay va phin con lai dugc hoa tan
trong amoniac méi (7 M trong MeOH, 12 ml, 84 mmol) va gia nhiét tiép & nhiét d6 100
°C trong thoi gian 30 phit trong binh phan tmg vi séng. Qua trinh ndy, c¢b dic, bd sung
amoniac va gia nhiét, dugc lp lai mot 1an nira (tdng s6 3 14n). Sau khi lam bay hoi dung
moi, phan con lai duoc phan bd gitta EtOAc va 2 M axit xitric. Cac pha ndy dugc tach va
chiét 16p hiru co biang 2 M axit xitric. L6p hitu co duge bé di con pha nude két hop dugc
kiém hoa dén pH 12 bang cach bd sung 50% NaOH (trong nudc) va chiét bang EtOAc
x2. Lép hiru co hdn hop duoc xir Iy bang than cti va dugce loc qua diatomit. Rira tim loc
bing EtOAc va c¢b dic pha hitu co, tao ra 0,521 g (hiéu suét 78%) hop chét néu & d& muc
nay dudi dang hdn hoﬁ clia cac chit ddng phan (75: 25 cta (1r,4r) va (1s,4s)). Thu dugc
mau tinh khiét ctia (1r,4r)-6'-bromo-5"-metyl-4-[(*H;)metyloxy]-3'H-dispiro[xyclohexan-
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1,2-inden-1',2"-imidazol]-4"-amin bang cach su dung HPLC didu ché Water |
FractionLynx, v6i cft XBridge C18 (150*19 mm; 5um), va pha dong bao gém 5-40%
MeCN trong 0,1M NH,OAc trong nuéc trong thoi gian 18 phiit & tc d6 chay 20 ml/phut
va nhiét d6 45 °C: '"H NMR (500 MHz, DMSO-dg) & 0,88 - 0,98 (m, 1 H), 1,09 -.1,26 (m,
2 H), 1,35 - 1,46 (m, 3 H), 1,81 (d, 2 H), 2,16 (s, 3 H), 2,86 - 3,04 (m, 3 H), 6,59 (br. s., 2
H), 6,65 (s, 1 H), 7,25 (d, 1 H), 7,34 (dd, 1 H). MS (ES+) m/z 379 [M+H]".

Vidull8

3-{(1r,4r)-4"-amino-5"-metyl-4- [(2H3)metyloxy] -3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-6'-yl}-5-flobenzonitril

Cho (Ir,4r)-6'-bromo-5 "-metyl-4- [(2H3)mety10xy]-3'H-dispiro [xyclohexan-1,2'-
inden-1',2"-imidazol]-4"-amin (Vi du 117, 0,100 g, 0,26 mmol), 3-xyano-5-
flophenylboronic axit (65 mg, 0,40 mmol), natri tetraclopaladat(II) (3,8 mg, 0,01 mmol)
va 3-(di-tert-butylphosphoni)propan sulfonat (7,1 mg, 0,03 mmol) vao binh vi séng. Cho
2-Me THF (2 ml) vao tiép d6 1a K,CO3 (2,0 M, 0,395 ml, 0,79 mmol) va khit khi hén hop
phén ng nay. Sau d6, gia nhiét hdn hop nay & nhiét o 100 °C trong biﬁh phéan Ung vi
S(’)hg trong thoi gian 30 phat. Cho nudc va EtOAc vao va cac pha nay dugc tach riéng.
Chiét pha nuéc bang EtOAc va 16p hitu co hdn hop duge 1am khd bing MgSO, va cb
dic. Tinh ché san phdm tho bing phwong phap séc ky diéu ché sau d6 1a sic ky nhanh
bang cach sir dung gradient ciia 5% MeOH (chira 0,1M NH;) trong EtOAc dé thu dugc
40 mg (hiéu suét 37%) ctia hop chét néu & d& muc nay: 'H NMR (500 MHz, DMSO-dy) &
0,94 - 1,03 (m, 1 H), 1,13 - 1,28 (m, 2 H), 1,36 - 1,50 (m, 3 H), 1,82 (d, 2 H), 2,18 (s, 3
H), 2,90 - 2,98 (m, 1 H), 2,98 - 3,11 (m, 2 H), 6,53 (s, 2 H), 6,90 (s, 1 H), 7,41 (d, 1 H),
7,59 (dd, 1 H), 7,79 (dd, 2 H), 7,91 (s, 1 H); MS (ES+) m/z 420 [M+H]".

Vidu 119
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(1r‘,4r)-6’-(5-clopyridin-3-yl)—5"-mefyl-4-[(2H3)metyloxy]-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

HNHZ
7\
N

e

N

Hop chit néu & d& muc nay (23 mg, hiéu suit 21%) duogc didu ché bang cach st
dung quy trinh dugc mo tid vi du 118 bat ddu tir (lr,4r)-6'-bromo-5"-metyl-4-
[(*H;)metyloxy]-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 117,
0,100 g, 0,26 mmol) va axit 5-clopyridin-3-ylboronic (0,054 g, 0,34 mmol): 'H NMR
(500 MHz, DMSO-d(,) 60,93 - 1,02 (m, 1 H), 1,13 - 1,29 (m, 2 H), 1,40-1,50 (m, 3 H),
1,80-1,85 (m, 2 H), 2,17 (s, 3 H), 2,91 - 2,98 (m, 1 H), 2,98 - 3,13 (m, 2 H), 6,54 (s, 2 H),
6,87 (d, 1 H), 7,42 (d, 1 H), 7,57 (dd, 1 H), 8,09 (t, 1 H), 8,56 (d, 1 H), 8,71 (d, 1 H). MS
(ES+) m/z 412 [M+H]".

Vidu 120

(1r,4r)-6'-[ 5-(diflometyl)pyridin-3-y1]-4-metoxy-5"-metyl-3'H-

-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

Hoa taﬂ (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"—imidazol]-4"—amin (Vi du 19 Phuong phap B Budc 4, 400 mg, 1,06 mmol) trong 2-
Me THF (3 ml) tfong binh vi song nho. Cho 3-(diflometyl)-5-(4,4,5,5-tetrametyl-1,3,2-

, dioxaborolan-2-yl)pyridih (Hop chit trung gian 74, 184 mg, 0,72 mmol) vao, tiép do 1a
K,COs (2,0 M trong nudce) (1,595 ml, 3,19 mmol). Sau d6, cho natri tetraclopaladat(II)
(44 mg, 0,15 mmol) va 3-(di-tert-butylphosphoni)propan sulfonat (80 mg, 0,?;0 mmol)

vao, hé théng nay dugc dong lai va chay trong binh phéan @ng 10 vi séng trong thoi gian
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30 phut & nhiét d6 100 °C. Cho nudc va 2-Me THF vao. Pha nuée duoc loai ra. Rira pha
hitu co mdt 14n bang nude mudi va nude. Pha hitu co nay dugc co trong chan khong va
tinh ché san phdm nay bang phuong phép sic ky diéu ché dé tao ra 7 mg (hiéu suit 1,5%)
hop chét néu & dé& muc nay: "H NMR (500 MHz, DMSO-dg) & ppm 0,96 (m, 1 H) 1,12 -
1,31 (m, 2 H) 1,38 - 1,55 (m, 3 H) 1,83 (d, 2 H) 2,17 (s,}3 H) 2,91 - 2,99 (m, 1 H) 3,05 (q,
2 H) 3,20 (s, 3 H) 6,56 (br. s, 2 H) 6,87 (s, 1 H) 7,18 (t, 1 H) 7,44 (d, 1 H) 7,59 (dd, 1 H)
8,09 (s, 1 H) 8,73 (s, 1 H) 8,92 (s, 1 H); MS (ES+) m/z 425 [M+H]".

Vi du 121

(1r,4r)-4-metoxy-5"-metyl-6'-(3-metyl- 1H-indol-5-y1)-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin

Cho (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden- -
1',2"-imidazol]-4"-amin (Vi du 19 Phuong phép B Budc 4, 110 mg, 0,29 mfnol),
4,4,4’,4',5,5,5',5'—octametyl-2,2’-bi(1,3,2-dioxab0rol;1n) (82 mg, 0,32 mmol), san phém
cdng PdCl,(dppf)-CH,Cl, (11,9 mg, 0,01 mmol) va kali axetat (86 mg, 0,88 mmol) vao
trong binh vi séng. Cho 2-Me THF (5 ml) vao va binh nhd dugc hit chan khong va dugc
d6 diy khi argon. Gia nhiét hdn hop nay dén nhiét d6 100 °C trong thiét bj vi song trong
thoi gian 30 phat. Cho 5-bromo-3-metyl-1H-indol (74 mg, 0,35 mmol), natri
tetraclopaladat(Il) (4,3 mg, 0,01 mmol), 3-(di-tert-butylphosphino)propan-1-sulfonic axit
(7,8 mg, 0,03 mmol) va 2 M K,CO; trong nuéc (0,438 ml, 0,88 mmol) vao hdn hop thu
dugc nay. Binh nhé dugc hit chan khéng va dugc @6 day khi argon. Gia nhiét hdn hop
phan tmg nay dén nhiét d6 120 °C trong binh phén ung vi song trong thoi gian 30 phut.
Hdn hop phéan tng nay duoc pha lodng véi EtOAc va DCM, rira bang nuée, lam kho
bing MgSO;, loc va ¢d dic. Tinh ché phin con lai bing cach sic ky nhanh trén silica
bang cach sir dung gradient giai hp 0-10% (0,2 M amoniac trong MeOH) trong DCM dé
tao ra 56 mg (hiéu suét 44%) cia hop chit néu ¢ d& muc nay: 'H NMR (500 MHZ;
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DMSO-dg) & ppm 0,94 (m, 1 H), 1,12 - 1,32+(m, 2 H), 1,49 (m, 3 H), 1,84 (m, 2 H), 2,17
(s, 3 H), 2,27 (s, 3 H), 2,90 - 3,01 (m, 2 H), 3,03 - 3,12 (m, 1 H), 3,20 (s, 3 H), 6,55 (s, 2
H), 6,77 (s, 1 H), 7,11 (s, 1 H), 7,20 (m, 1 H), 7,30 - 7,38 (m, 2 H), 7,46 (m, 1 H), 7,54 (s,
1 H), 10,75 (s, 1 H); MS (ES+) m/z 427 [M+H]".

Vidu 122

(1r,41)-5"-metyl-4-[(*H;)metyloxy]-6'-[5-(prop-1-yn- 1-yl)pyridin-3 -yl]-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

Cho (1r,4r)-6"-5rom0-5"-metyl-4-[(2H3)metyloxy]-3'H—dispiro[xyclohexan— 1,2'-
inden-1',2"-imidazol]}-4"-amin (Vi du 117, 0,100 g, 0,26 mmol), axit 5-(prop-1-
ynyl)pyridin-3-ylboronic (Hop chit trung gian 15, 55 mg, 0,34 mmol), natri
tetraclopaladat(II) (3,88 mg, 0,01 mmol) va 3-(di-tert-butylphosphoni)propan sulfonat
(7,07 mg, 0,03 mmol) vao trong binh vi séng. Cho 2-Me THF (2 ml) vao, tiép d6 1a
K,COj5 trong nuée (2,0 M, 0,395 ml, 0,79 mmol). Khir khi hdn hop phan tmg, khi quyén
dugc thay thanh argon, va gia nhiét hdn hop nay & nhiét do 100 °C trong binh phan Gng
vi séng trong thoi gian 30 phat. Hdn hop phan tng nay duoc dé dén nhiét do trong
phong, va cho EtOAc va nudc mubi vao. Pha hitu co nay duge 1am khé trén MgSO,, loc
va cb trong chan khong. Tinh ché phan con lai bang phuong phép sic ky didu ché cot
(XBridge C18 (150 x 19 mm, 5 um) va gradient cia 10-40% MeCN trong 50 mM trong
nuoec NH4OAc trong thoi gian 18 phit ¢ nhiét d§ 45 °C véi tbc do chéy.ZO ml/phit) dé
tao ra hop chit néu & d& muc nay (55 mg, hiéu suit 50%): "H NMR (500 MHz, DMSO-
dg) 6 ppm 0,90 - 1,04 (m, 1 H), 1,11 - 1,31 (m, 2 H), 1,37 - 1,55 (m, 3 H), 1,83 (d, 2 H),
2,09 (s, 3 H), 2,17 (s, 3 H), 2,89 - 3,14 (m, 3 H), 6,53 (br. s., 2 H), 6,83 (s, 1 H), 7,41 (d,
1 H), 7,54 (d, 1 H), 7,90 (s, 1 H), 8,51 (s, 1 H), 8,67 (d, 1 H); MS (ES+) m/z 416 [M+H]".
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Vidu 123

(1r,4r)-6'-[2-clo-3-(prop-1-yn-1-yl)phenyl]-4-metoxy-5"-metyl-3'H-

dispiro[xyclohexan-1,2"-inden-1',2"-imidazol]-4"-amin

Hoa tan (1r,4r)-6'-br0mo~4-metoxy-5"-rrietyl-3'H-dispiro[xyclohexanf1,2'-inden-
1',2"-imidazol]-4"-amin (Vi du 19 Phuong phip B Budc 4, 0,218 g, 0,58 mmol),
4,4,4',4',5,5,5',5'-octametyl-2,2'-bi(1,3,2—dioxaboro'lan) (0,162 g, 0,64 mmol), 1,1'-bis-
(diphenylphosphino)feroxen-paladi diclorua (24 mg, 0,03 mmol) va kali axetat (0,114 g,
1,16 mmol) trong dioxan (7 ml) trong binh vi séng va cﬁiéu tia & nhiét do 130 °C trong
thoi gian 40 phut trong binh phan tng vi séng. Cho K,CO; (2 M trong mitéde, 0,578 ml,
1,16 mmol), tetrakis(triphenyiphosphin)paladi (33 mg, 0,03 mmol) va dung dich chira 1-
bromo-2-clo-3-(prop-1-ynyl)benzen (Hop chét trung gian 75, 146 mg, 0,64 mmol) trong
dioxan (2 ml) vao hdn hop nay. Binh nhé duge ddy lai va gia nhiét & nhiét d6 130 °C
trong thoi gian 20 phﬁt trong binh phén ung vi séng. Sau khi lam ngudi, hdn hop nay
dugc pha loing véi DCM, rira bang nudc mubi, lam kho bing MgSO,, IQc va cb trong
chan khéng. San phdm nay duogc phan tich bﬁng cach stt dung phuong phap sic ky diéu
ché dé tao ra 25 mg (hiéu suit 10%) ctia hop chit néu & dé muc nay: 'H NMR (500 MHz,
CDCl;) 6 ppm 1,15 (td, J=13,40, 2,84 Hz, 1 H) 1,30 - 1,47 (m, 3 H) 1,67 - 1,75 (m, 1 H)
1,79 (d, J=8,51 Hz, 1 H) 1,96 - 2,10 (m, 2 H) 2,12 (s, 3 H) 2,42 (s, 3 H) 3,11 (br. s., 1 H)
3,20 (m, 1 H) 3,29 (m, 1 H) 3,35 (s, 3 H) 6,87 (s, 1 H) 7,18 (q, J=7,99 Hz, 2 H) 7,35 -
7,44 (m, 3 H) 8,33 (br. s., 2 H); MS (ES+) m/z 446 [M+H]".

Vidu 124
6'-bromo-5"-metyl-4-(triflometyl)-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-4"-amin

-266-



19492

-Budc 1: N-(5'-bromo-4-(triflometyl)spiro[xyclohexan-1,2'-inden]-3'(1'H)-
yliden)-2-metylpropan-2-sulfinamit

g
S\
; N
Br. F
(XD
F

Gia nhiét titan etoxit (2,03 ml, 9,85 mmol), 2-metyl-2-propansulfinamit (0,895 g,
7,39 mmol) va 6'-bromo-4-(triflometyl)spiro[xyclohexan-1,2'-inden]-1'(3'H)-on (Hop
~ chét trung gian 78, 1,71 g, 4,93 mmol) trong 2-Me THF kho (30 ml) dén nhiét do 100 °C
dé tao ra chét déng phi & nhiét do 74 °C. Chung cit déng phi duoc tiép tuc trong thoi gian
5 h v sau d6 hdn hop nay dugc cho hdi luu trong thoi gian 2 ngay. Lam ngudi hdn hop
nay xubng nhiét do trong phong va cho nuée (10 ml) va EtOAc (20mL) vao, trong didu
kién khudy lién tuc, trong khi d6 chit rin dugc tao ra. Khudy hdn hop phén tng nay &
nhiét d6 trong phong trong thoi gian 2 h, va sau d6 chét rin tao ra dugc dé ling can trong
thoi gian 1 h. Loc hdn hop nay, va rira chét rin béng EtOAc. Dich loc dugc cd trong chan
khéng dé tao ra phan cin, phin nay dugc tinh ché bing cach sic ky nhanh (dung mdi rira
giai heptan/EtOAc 65/35) dé tao ra hop chit néu & dé muc nay (400 mg, hiéu suit 18%): .
"H NMR (400 MHz, CDCl3) & ppm 1,34 - 1,37 (m, 9 H) 1,56 (s, 4 H) 1,73 - 1,82 (m, 2
H) 2,13 (br. s., 5 H) 2,89 (d, 2 H) 7,22 (d, 1 H) 7,60 (dd, 1 H) 8,53 (d, 1 H); MS (ES+)
451 [M+H]":

Budgc2:  6'-bromo-5"-metyl-4-(triflometyl)-3"H-dispiro[xyclohexan-1,2'-
inden-1',2"-imidazol]-4"(3"H)-thion

S
/

N
Br NH F
F
F
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‘Hoa tan N-(5'-br0m0-4-(triﬂbmetyl)spiro[xyclohexan- 1,2'-inden]-3'(1'H)-yliden)-
2-metyli)ropan-2-sulﬁnamit (Vi du 124 Buéc 1, 400 mg, 0,89 mmol) trong dioxan (10
ml). Khi quyén duoc thay thanh argon. Cho axit clohydric (4M trong dioxan) (2,22 ml,
8,88 mmol) vao. Khudy _h5n hop phan Umg nay & nhiét do 21 °C trong thoi gian 2,5 h. C6
dic hdn hop nay va hoa tan phan cén lai trong DCM (~4-6 ml). Cho Et,0 (14 ml) vao va
chét rin nay duoc loc ra va rira bang Et,0. Chét rin nay dugc phan bd gitra DCM (10 ml)
va NaHCOj; trong nu6c bdo hoa (8 ml). Téch riéng cac pha nay va ¢6 16p hiru co trong
chan khong. Gia nhiét chit rin cn thiét (340 mg), trimetyl orthoformat (0,292 ml, 2,67
mmol), va N—etyldiisopropylamin (0,307 ml, 1,78 mmol) trong i-PrOH (20 ml) dén nhiét
&@ 80 °C trong thoi gian 10 phit, va sau d6 cho 2-oxopropanthioamit (Hop chét trung
gian 2, 183 mg, 1,78 mmol) vao. Pun hdi luu hdn hop phan Gng nay trong thoi gian 6 h.
Hdn hop nay duoc lam ngudi xubng nhiétrd(} trong phong, va cd trong chan khong. Phin
con lai dugc pha lodng véi EtOAc, va rira bing nudc mubi. Lép hiru co dugc 1am khod
trén MgSQO,, loc, va tinh ché bang cach séc ky nhanh (dung mdi rira giai heptan/EtOAc
80/20) d& tao ra hop chit néu & d& muc ndy (40 mg, hi¢u sudt 10%): 'H NMR (400 MHz,
CDCl;) 6 ppm 1,37 - 1,50 (m, 6 H) 1,66 - 1,83 '(m; 6 H) 1,89 - 2,04 (m, 4 H) 2,07 - 2,22
(m, 2 H) 2,44 (s, 4 H) 3,00 (d, 2 H) 7,01 (d, 1 H) 7,18 (d, 1 H) 7,45 (dd, 1 H) 9,04 - 9,13
(m, 1 H); MS (ES+) m/z 433 [M+H]" va (ES-) m/z 431 [M-HJ.

Budc 3: 6'-bromo-5"-metyl-4-(triflometyl)-3'H-dispiro[xyclohexan-1,2'-

HNHZ
7\

Br N N F
CTXO~
F
Hoa tan 6'-bromo-5"-metyl-4-(triflometyl)-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-4"(3"H)-thion (Vi du 124 Budc 2, 40 mg, 0,09 mmol) trong amoniac (7 M

"inden-1',2"-imidazol]-4"-amin

trong MeOH) (2 ml, 14,0 mmol) trong binh vi séng. Binh nhé dwgc ddy nép lai, va gia
nhiét dén nhiét do6 110 °C trong thoi gian 30 phut trong binh phan Ung vi séng. Cd dic
dung dich nay, va hoa tan phan con lai trong amoniac (7 M trong MeOH) (2 ml, 14,0
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mmol) va gia nhiét dén nhiét 6 110 °C trong binh phén tng vi séng. Chu trinh nay (cd
dac, bd sung amoniac va gia nhiét) duqc; 1ap lai cho dén khi tit ca nguyéniliéu duoc
chuyén hoa thanh san phim (6 14n). Lam ngudi hn hop phan tng héy dén nhiét do trong
ph(‘)hg, c0 trong chin khong Vﬂé‘li tinh ché bang phuwong phap sic ky diéu ché dé tao ra hop
chét néu & d& muc nay (8 mg, hiéu sudt 21%): 'H NMR (400 MHz, DMSO0-dg) 8 ppm
1,19-1,38 (m, 4 H) 1,42 - 1,59 (m, 3 H) 1,84 - 1,92 (m, 1 H) 1,98 (m, 1 H) 2,20 (s, 3 H)
2,76 - 2,94 (m, 2 H) 6,55 - 6,62 (m, 3 H) 7,22 (m, 1 H) 7,34 (m, 1 H); MS (APCI+) 416
[M+H]". ‘

Vidu 125

3-{(1r,41)-4"-amino-5"-metyl-4-[(*H;)metyloxy]-3 'H-diépiro [xyclohexan-1,2'-

inden-1',2"-imidazol]-6'-yl}-5-clobenzonitril

Hop chét néu & dé muc nay (40 mg, 35% hiéu suét) dugc didu ché bang cach sir
dung quy trinh dwgc md td vi du 118 bit dau tir (lr,4r)-6-bromo-5"-metyl-4-
[(2H3)metyloxy]-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]—4"-amin (Vi du 117,
0,100 g, 0,26 mmol) va 3-clo-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzonitril
(Hop chét trung gian 35, 0,114 g, 0,29 mmol): '"H NMR (500 MHz, DMSO-dy) & 0,91 -
1,04 (m, 1 H), 1,11 - 1,30 (m, 2 H), 1,35 - 1,51 (m, 3 H), 1,82 (d, 2 H), 2,18 (s, 3 H), 2,90
- 2,96 (m, 1 H), 2,96 - 3,12 (m, 2 H), 6,54 (br. s., 2 H), 6,89 (s, 1 H), 7,41 (d, 1 H), 7,58
(dd, 1 H), 7,95 (d, 2 H), 8,01 (s, 1 H). MS (APCI+) m/z 436 [M+H]".

Vidu 126

(1r,4r)-6'-(xyclobutylmetoxy)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin
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Buéec 1: N-((1r,4r)-5'-(xyclobutylmetoxy)-4-metoxyspiro[xyclohexan-1,2'-
‘inden]-3'(1'H)-yliden)-2-metylpropan-2-sulfinamit

P
N—S -
(0]
R n-ulO
S \

Hoa tan (lr4r)-6'-(xyclobutylmetoxy)-4-metoxyspiro[xyclohexan-1,2'-inden]-
1'(3'H)-on (Hop chét trung gian 46, 1,48 g, 4,71 mmol) va 2-metylpropan-2-sulfinamit
(1,027 g, 8,47 mmol) trong 2-Me THF (17 ml) va cho titan(IV) etoxit (1,97 ml, 9,41
mmol) vao. Gia nhiét hdn hop thu dugc nay dén héi Twu qua dém. Cho 2-metylpropan-2-
sulfinamit (0,560 g, 4,62 mmol) vao va dun hdi Iuvu hdn hop phéan Gng nay trong thoi gian
6 h. Cho bd sung 2-metylpropan-2-sulfinamit (0,560 g, 4,62 mmol) va titan(IV) etoxit (1
ml, 4,79 mmol) Vo va dun hdi lwu hén hop niy qua dém. Cho thém 2-metylpropan-2-
sulfinamit (0,560 g, 4,62 mmol) va titan(IV) etoxit (1 ml, 4,79 mmol) vao va dun hdi luu
hdn hop nay qua dém dén thoi gian phan tng dat dugc dd chuyén hoa 80%. Cho EtOAc
(10 ml) va NaHCO; trong nudc bdo hoa (2 ml) vao trong diéu kién c6 khudy. Hon hop
nay dugc dé yén trong thdi gian 1 h. Pha hitu co nay duge thu gom bing cach loc qua
diatomit, 1am khd bing MgSO, va cb dic. Tinh ché san phém tho trén cot silicagel
(gradient giai hip 0-100% EtOAc trong n-heptan) dé tao ra hop chit néu & dé muc nay
(1,12 g, hiéu suét 57%) chira 30 % chét ddng phan (1s,4s). Chit nay duogc sir dung nhu
véy trong budc tiép theo: "H NMR (500 MHz, DMSO-dg) 6 ppm 1,26 (m, 11 H)? 1,50 (m,
3 H), 1,87 (m, 5 H), 2,06 (m, 4 H), 2,73 (m, 1 H), 2,96 (m, 2 H), 3,17 (m, 1 H), 3,26 (s, 3
H), 3,95 (d, 2 H), 7,22 (m, 1 H), 7,40 (m, 1 H), 7,83 (m, 1 H); MS (ES+) m/z 418,2
[M+H]".

Budc 2:  (1r,4r)-6'-(xyclobutylmetoxy)-4-metoxyspiro[xyclohexan-1,2'-
inden]-1'(3'H)-imin
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1 NH
(0] 4
(IO
S \

Cho HCI (4 M trong 1,4-dioxan) (6,70 ml, 26,8 mmol) vao dung dich chl’ra N-
((1r,4r)-5'-(xyclobutylmetoxy)-4-metoxyspiro[xyclohexan-1,2'-inden]-3'(1'H)-yliden)-2-
metylpropén-2-su1ﬁnamit (Vi du 126 Buéce 1, 1,12 g; 2,68 mmol) trong 1,4-dioxan khan
(8 ml). Khue“iy hdn hop phan tg nay duéi khi nito & nhiét do trong phong trong thoi gian
90 phut. Cho DCM (20 ml) va NaHCO; trong nuéc bdo hoa (15 ml) vao hdn hop phan
g nay. Cac pha ndy duoc tach riéng va cb dic 16p hiru co dé tao ra h(_fp chét néu & dé
mﬁc nay (0,840 g, hiéu suét theo.dinh luqhg), chét nay dugc sir dung truc tiép trong budce
tiép theo: MS (ES+) m/z 314,15 [M+H]".

Bude 3: (1r,4r)-6'-(xyclobutylmetoxy)-4-metoxy-5"-metyl-3'H-
dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"(3"H)-thion

. HS
I‘ N/ NH
0
A~ / \

Hoa tan (Ir,4r)-6'-(xyclobutylmetoxy)-4-metoxyspiro[xyclohexan-1,2'-inden]-
1'(3'H)-imin (Vi du 126 Buéc 2, 0,84 g, 2,68 mmol) va 2-oxopropanthioamit (Hop chit
trung gian 2, 0,829 g, 8,04 mmol) trong MeOH kho (12 ml) va gia nhiét dung dich mau
da cam thu dirqc ¢ nhiét d§ 60 °C dudi khi N, (g) qua d€m. Cho 2-oxopropanthioamit
(Hop chét trung gian 2, 0,829 g, 8,04 mmol) bd sung vao hdn hop phan tng nay va gia
nhiét hdn hop nay dén nhiét d6 60 °C trong thoi gian 6 h, nhung khéng c¢6 san phim
mong mudn trong hdn hop nay. C6 dic hdn hop phan tng ndy va thay dung mdi bing 2-
propanol (12 ml) va cho trimetyl orthoformat (0,880 ml, 8,04 mmol) vao. Hén hop phan
ting nay dugc gia nhiét dén nhiét d6 80 °C trong thdi gian khoang 2 ngay (dd chuyén hoa
20%). Cd dic hdn hop nay. Phin con lai dugce hoa tan trong EtOAc va sau do6 rira béng

nude. Pha hitu co ndy duge ¢b dic va tinh ché ph?m con lai trén cot silicagel (0-100%
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EtOAc trong n-heptan) dé tao ra hop chit néu & d& muc nay (0,140 g, hiéu Asuét 13%).
San phim nay chira 15% chét déng phan (1s,4s) va chét nay dugc sir dung nhu vy trong
buée tiép theo: "H NMR (500' MHz, DMSO-dg) & ppm 1,09 (m, 1 H) 1,24 (m, 3 H) 1,49
(m, 2 H) 1,85 (m, 6 H) 2,03 (m, 2 H) 2,26 (s, 3 H) 2,64 (dt, 1 H)>2,97 (m, 3 H) 3,20 (s, 3
H) 3,85 (m, 2 H) 6,30 (d, 1 H) 6,87 (dd, 1 H) 7,23 (d, 1 H) 12,29 (s, 1 H); MS (ES+) m/z

399,1 [M+H]". |

Budc 4: (1r,4r)-6'-(xyclobutylmetoxy)-4-metoxy-5"-metyl-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin

- HNHZ
) N/ \N | A
0 .
& \

Xa ly (1r,4r)-6'-(xyclobutylmetoxy)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan—
1,2'-inden-1',2"-imidazol]-4"(3"H)-thion (Vi du 126 Budc 3, 140 mg, 0,35 mmol) va
amoniac (7 M trong MeOH) (1,5 ml, 10,5 mmol) bang vi song trong thdi gian 40 phit &
nhiét dd 100 °C. Co6 dic hdn hop nay va sau d6 hoa tan lai trong amoniac (7 M trong
MeOH) (1,5 ml, 10,5 mmol). Xir Iy hdn hop nay bang vi séng trong thoi gian 40 phit &
nhiét d¢ 110 °C. Qua trinh nay (cd dac, hoa tan frong amoniac va gia nhiét) duoc lap lai 4
lan. Tinh ché san phim th trén cit silicagel (4g SiO,, gradient giai hép 0-100% (7 M
NH; trong MeOH/DCM 1: 9) trong DCM) tiép d6 1a phuong phép séc ky diéu ché dé tao
ra hop chét néu & d& muc nay (44,0 mg, hiéu suét 28%): "H NMR (500 MHz, DMSO-dg)
& ppm 0,90 (t, 1 H) 1,17 (m, 2 H) 1,41 (m, 3 H) 1,82 (m, 9 H) 2,01 (m, 2 H) 2,14 (s, 3 H)
2,62 (m, 1 H) 2,90 (m, 3 H) 3,18 (s, 3 H) 3,78 (m, 2 H) 6,05 (s, 1 H) 6,46 (br. s, 2 H) 6,70
(d, 1 H) 7,14 (d, 1 H); MS (APCI+) m/z 382,2 [M+H]".

Vidu 127

5-[(1r,4r)-4"-amino-4-metoxy-5"-metyl-3'"H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl]-2-flo-3-(metoxymetyl)benzonitril
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Hoa tan (1r,4r)-6'-bromo-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-
1 ,2"-imidazol]-4"-amin (Vi du 19 Phuong phap B Budc 4, 328 mg, 0,87 mmol) trong 2-
Me THF (5 ml). Cho 2-flo-3-(metoxymetyl)-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-
yl)benzonitril (Hop chét trung gian 86, 254 mg, 0,87 mmol) vao dung dich_néu trén, tiép
do 12 K,CO; (2,0 M trong nuée) (1,3 ml, 2,61 mmol). Cho natri tetraclopaladat(II) (35,9
mg, 0,12 mmol) va 3-(di-tert-butylphosphoni)propan sulfonat (65,5 mg, 0,24 mmol) vao,
binh nhé dung trong 10 vi séng dugc dong lai va gia nhiét trong Binh phan L’thg vi song
trong thoi gian 30 phut & nhiét &(f) 100 °C. Hén hop nay dugc chuyén t6i phéu tach, va
cho nudc va 2-Me THF vao. Pha nudc dugce loai ra. Rira bha hﬁ'uAccr mot 14n bﬁng nudc
mudi va nuée. Co pha hitu co trong chan khong va tinh ché san phidm nay bang phuong
phéap sﬁc ky diéu ché dé tao ra (23 mg, hiéu suit 5%) hop chit néu & dé& muc nay: 'H
NMR (500 MHz, CDCl3) & ppm 1,12 (td, 1 H), 1,31 - 1,45 (m, 2 H), 1,45 - 1,56 (m, 1 H),
1,71 (t, 2 H), 1,98 (d, 2 H), 2,36 (s, 3 H), 3,04 - 3,15 (m, 1 H), 3,22 (g, 2 H), 3,35 (s, 3
H), 3,45 (s; 3 H), 4,56 (s, 2 H), 6,89 (s, 1 H), 7,36 - 7,45 (m, 2 H), 7,65 (d, 1 H), 7,81 (d,
1 H); (ES+) m/z 461 [M+H]".

Vidu 128

6'-br0mo-4-(diﬂ0metyl)-5"—mety1-3'H—dispiro[xyclohexan- 1,2'-inden-1',2"-

imidazol]-4"-amin

Buéce 1: N-(5'-bromo-4-(diflometyl)spiro[xyclohexan-1,2'-inden]-3'(1'H)-

g

(O
N

Br\: f:
F

F

yliden)-2-metylpropan-2-sulfinamit
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Hoa tan titan etoxit (0,893 ml, 4,33 mmol), 2-metylpropan-2-sulfinamit (0,315 g,
2,60 mmol) va 6'-bromo-4-(diﬂometyl)spiro[xyclohexan—1,2'finden]—1'(3'H)-0n (Hop chét
trung gian 91, 0,713 g, 2,17 mmol) trong 2-Me THF (5 ml) va gia nhiét dén nhiét do 90
°C qua dém. Cho 2-metylpropan-2-sulfinamit (0,315 g, 2,60 mmol) va titan etoxit (0,893
ml, 4,33 mmol) vio va dun hdi luu hdn hop phan tng nay trong thdi gian 7 h. Mot phén
nita cdc chét phan tng duge cho vao va dun hdi luu hdn hop ndy qua dém. Hon hop phéan
mg nay dugc dé dat &n nhiét d6 trong phong, cho EtOAc (50 ml) vao, tiép d6 12 bd sung
timg giot NaHCO; (10 ml). Khuéy hén hop niy & nhiét d6 trong phong trong thoi gian 2
h. Tinh ché san phim thd bing cach st dung phuong phap sic ky nhanh (40 g SiO,, 0-
40% EtOAc trong heptan) dé tao ra hop chét néu & dé muc nay (564 mg, hiéu sut 60%):
MS (ES+) m/z 432 [M+H]".

Buéce 2: 6'-bromo-4-(diflometyl)spiro[xyclohexan-1,2'-inden]-1'(3'H)-imin

» NH
' F

Cho HCI (4 M trong 1,4-dioxan) (3,26 ml, 13,0 mmol) vao huyén phil ctia N-(5'-
bromo-4-(diflometyl)spiro[xyclohexan-1,2'-inden]-3'(1'H)-yliden)-2-metylpropan-2-
sulfinamit (Vi du 128 Buéc 1, 0,564 g, 1,30 mmol) trong 1,4-dioxan (5 ml) va khudy hén
hop thu duoc héy duéi khi nito & nhiét do trong phong qua dém. Chét két tua tao ra dugc
loc ra va rira bang Et,0. Sau d6, hoa tan chét rin nay trong DCM va NaHCO; trong nudc
bdo hoa. Rét hdn hop nay vao thiét bi tach pha, 16p hitu co dugc thu gom va co dic dé
tao ra hop chit néu & d& muc nay, chit nay dugc st dung nhu vy trong budc tiép theo:
MS (CI) m/z 328 [M+H]". '

Budce 3: 6'-bromo-4-(diflometyl)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-
inden-1',2"-imidazol]-4"(3"H)-thion
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Br NH
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Gia nhiét 6'-bromo-4-(diflometyl)spiro[xyclohexan-1,2'-inden]-1'(3'H)-imin (Vi
du 128 Budce 2, 0,310 g, 0,94 mmol), trimetyl orthoformat (0,209 ml, 1,89 mmol) va 2-

. propanol (4 ml) dén nhiét d6 80 °C. Cho 2-oxopropanthioamit (Hop chit trung gian 2,

0,244 g, 2,36 mmol) trong 2-propanol (1 ml) vao va gia nhiét hon hop nay trong thoi gian
3,5 h. C6 dic hdn hop nay va sau d6 cho MeOH vao. Hon hop phan tng nay duoc dé yén
trong may lanh trong cudi tuan. Lam bay hoi dung méi va tinh ché san phim tho bang
cach sir dung phurong phap sic ky nhanh (40 g SiO,, 0-100% EtOAc trong heptan) d& tao
ra hop chit néu & dé muc nay (300 mg, hiéu sut 77%): MS (ES+) m/z 413 [M+H]".

Budce 4: 6'-bromo-4-(diflometyl)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

>\-(NH2

A

Br N N
OO

F

inden-1',2"-imidazol]-4"-amin

Hép thu 6'—bromo-4-(diﬂomety1)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden—
1',2"-imidazol]-4"(3"H)-thion (Vi du 128 Buéc 3, 0,3 g, 0,73 mmol) trong amoniac (7 M
trong MeOH) (6,22 ml, 43,6 mmol) va gia nhiét hon hop thu duge nay trong binh phan
ung vi séng & nhiét 4§ 110 °C trong thdi gian 30 phut. Lam bay hoi dung méi. Cho cung
mot lwgng amoniac vao va gia nhiét hdn hQ*p‘nay va cb dic (5 1an). Hoa tan chét liéu tho
nay trong EtOAc. Cho dung dich axit xitric trong nudc (0,1 M) vao va céc pha nay dugc
tach. Pha axit xitric duoc kiém hod bang bang 1 M NaOH va chiét b%mg DCM hai lan. Co
dic dich chiét DCM hén hop dé tao ra hop chit néu & @& muc nay (0,120 g, hiéu sut
42%). Tinh ché 20 mg san phim nay bing phuong phap sic ky diéu ché dé tao ra 11 mg
hop chét néu & dé muc nay: "H NMR (500 MHz, DMSO-dg) & ppm 1,19 - 1,31 (m, 3 H),
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1,34 - 1,48 (m, 3 H), 1,66 - 1,82 (m, 2 H), 1,90 (d, 1 H), 2,20 (s, 3 H), 2,80 - 2,95 (m, 2
H), 5,53 - 5,97 (m, 1 H), 6,53 (s, 2 H), 6,59 (s, 1 H), 7,21 (d, 1 H), 7,33 (d, 1 H); MS
(ES+) m/z 396 [M+H]". -

Vidu 129

6'-(5-clopyridin-3 —yl)—4-(diﬂomety1)-5"—fnetyl-3'H-dispiro [xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin

Cho 6'-bromo-4-(diflometyl)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-4"-amin (Vi du 128, 0,1 g, 0,25 mmol), axit 5-clopyridin-3-yl boronic (0,048 g,
0,30 mmol), 3-(di-tert-butylphosphoni)propan sulfonat (6,77 mg, 0,03 mmol), natri
tetraclopaladat(II) (3,71 mg, 0,01 mmol), 2-Me THF (2 ml) va K,COs trong nuéc (2,0 M,
0,379 ml, 0,76 mmol) vao binh vi séng. Binh nhé dugc ddy lai va hit chan khong va db
diy Ar (g) va sau d6 dugc gia nhiét trong binh phan tmg vi séng trong thdi gian 30 phit &
nhiét do 100 °C. Cung mot luqng chét xuc tac Pd, phéi tr va este boronic dugc cho vio
va binh nh6 duge dy lai va hit chan khong va d6 ddy Ar (g). Gia nhiét binh nho nay
trong binh phan Ung vi séng trong thoi gian 30 phat & nhiét do 100 °C. Cho EtOAc va
nudc vao va pha hitu co nay dli'qc chiét, 1am kho bing thiét bi tach pha va lam bay hoi
dén kho. Tinh ché san phim thd bang cach sir dung phuong phép sdc ky diéu ché dé tao
ra hop chét néu & & muc nay (12 mg, hiéu suit 11%): '"H NMR (500 MHz, CD;CN) &
ppm 1,24 - 1,41 (m, 4 H), 1,45 - 1,54 (m, 3 H), 1,71 - 1,86 (m, 1 H), 2,00 (dt, 1 H), 2,24
(s, 3 H), 2,98 (d, 1 H), 3,07 (d, 1 H), 5,32 (br. s., 2 H), 5,64 (d, 1 H), 6,86 (d, 1 H), 7,38
(d, 1 H), 7,50 (dd, 1 H), 7,93 (t, 1 H), 8,49 (d, 1 H), 8,65 (d; 1 H); MS (MM-ES+APCI)+
m/z 429 [M+H]".

Vi du 130
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(1r,4r)-6'-bromo-4-etoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-4"-amin

Buégc 1:  N-[(1r,1'E,4r)-6'-bromo-4-etoxyspiro[xyclohexan-1,2'-inden]-
1'(3'H)-yliden]-2-metylpropan-2-sulfinamit ~

Hoa tan 6'-bromo-4-etoxyspiro[xyclohexan—-l,2'—inden]-1'(3'H)-on (Hop chét
trung gian 80, 3,7 g, 11,4 mmol, dudi dang hdn hop cia chét dong phan 2: 1), 2-
metylpropan-2-sulfinamit (2,77 g, 22,9 mmol) va titan etoxit (8,26 ml, 40,1 mrhol) trong
2-Me THF (30 ml) va gia nhiét &n hdi Iuu trong thoi gian 48 h. Hdn hop phan tmg nay
dugc dé lanh xubng. Cho EtOAc (100 ml) va NaHCO; (trong nudc bdo hoa, 30 ml) vao
trong diéu kién c6 khudy. Hn hop nay duoc dé yén trong thoi gian 1 h. Pha hitu co nay
dugc thu gom br:ing cach loc, 1am kho bang MgSO, va cb dic. Phuong phap sic ky nhanh
(hai 14n) bang cach sir dung 0 - 20% EtOAc trong n-heptan tao ra hop chit néu & d& muc
nay (1,48 g, hiéu suit 30%): "H NMR (500 MHz, DMSO-dg) & ppm 1,10 (t, 3 H) 1,24 (s, |
9H) 1,30 (m, 2 H) 1,44 - 1,57 (m, 2 H) 1,66 (br. s, 2 H) 1,99 (d, 2 H) 3,01 (s, 2 H) 3,23 -
3,32 (m, 1 H) 3,48 (q, 2 H) 7,48 (d, 1 H) 7,78 (d, 1 H) 8,53 (br. s, 1 H); MS ‘(ES+) m/z
426 [M+H]".

Budc 2: (1r,4r)-6'-bromo-4-etoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-imin

NH
Br
Q
R AN

Cho HCI (4 M trong 1,4-dioxan) (12,7 ml, 50,9 mmol) vao dung dich chl’ra\N-
((1r,4r)-5'-bromo-4-metoxyspiro[xyclohexan-1,2'-inden]-3'(1'H)-yliden)-2-metylpropan-
2-sulfinamit (Vi du 130 Buée 1, 2,17 g, 5,09 mmol) trong 1,4-dioxan khan (25 ml) va
khudy hén hop thu dugc nay du6i khi nito & nhiét do trong phong trong thoi gian 90

phut. Chét két tia mau tréng dugce tao ra. Cho Et,0O (30 ml) vao va chét rin nay dugc lloc
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ra va rira bang Et,0 (10 ml). Chat rin nay dwoc phén b gitta DCM (20 ml) va NaHCO;

trong nuéc bao hoa (20 ml). C4c pha nay dugc tach ra va 16p hitu co duge 1am khé bang

. Na,SO4 va co dic. San pham tho (1,2 g, hidu sudt 73%) dugc st dung truc tiép trong

budc tiép theo: MS (EI) m/z 322 M.

Budce 3: (1r,4r)-6"-bromo-4-etoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-
inden-1',2"-imidazol]-4"(3"H)-thion

S

N NH

Br
e}
_

Hoa tan (lr,4r)-6'-bromo-4-etoxyspiro[xyclohexan-1,2'-inden]-1'(3'H)-imin (Vi
du 130 Buéc 2, 1,2 g, 3,72 mmol) va 2-oxobutanthioamit (Hop chét trung gian 2, 1,15 g,
11,2 mmol) trong MeOH (80 mi) va gia nhiét & nhiét do 60 °C qua d@m. C6 dic hdn hop
phan 1'1’an nay va san phdm thu duoc duoc sir dung nhu vay trong budc tiép theo: MS
(ES+) m/z 407 [M+H]".

Bugc 4: (1r,4r)-6'-bromo-4-etoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-
inden-1',2"-imidazol]-4"-amin

\ NH,

[\
N N
OO

S AN

Hoa tan (lr,4r)-6'-bromo-4-etoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-4"(3"H)-thion (Vi du 130 Budc 3) trong amoniac (7 M trong MeOH) (18
ml, 126 mmol) va dugc cho vao binh vi séng. Binh nhé dwgc day lai va gia nhiét hdn hop
phan tmg nay & nhiét do 120 °C trong thdi gian 30 phut trong binh phén g vi séng. Hon
hop nay dugc cd dic va phan con lai dugc hoa tan trong amoniac (7 M trong MeOH) (18
ml, 126 mmol) va gia nhiét mot 14n nita & nhiét do 120 °C trong thoi gian 30 phit trong

binh phéan tmg vi séng. Qua trinh ndy (c6 dic, b sung amoniac va gia nhiét) duoc 1p lai
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3 14n nita. Sau khi 1am bay hoi dung mél, phin con lai duge xit Iy bing phuong phap séc
ky nhanh bang céch sir dung 0 - 7% MeOH( chtra NH;) trong DCM dugc ding 1am dung

& d& myc nay (600 mg, hiéu suit 41% trong hai budc): 'H NMR (500 MHz, DMSO-dy) &
‘ ppm 0,87 - 0,98 (m, 1 H), 1,06 (t, 3 H), 1,11 - 1,32 (m, 2 H), 1,35 - 1,48 (m, 3 H), 1,78
(dt, 2 H), 2,16 (s, 3 H), 2,90 (d, 1 H), 2,97 - 3,08 (m, 2 H), 3,39 (q; 2 H), 6,58 (br. s, 2 H),
6,64 (d, 1 H), 7,25 (d, 1 H), 7,34 (dd, 1 H); MS (ES+) m/z 390 [M+H]".

Vidu 131

(1r,4r)-4-etoxy-5"-metyl-6'-[ 5-(triflometyl)pyridin-3-y1]-3'H-dispiro[ xyclohexan-

1,2"-inden-1',2"-imidazol]-4"-amin

Hoa tan ( 1r,4r)-6'-bromo-4-et0xy-5"-mety1-3‘H-dispiro[xyélohexan-1,.2'-indén- '
1',2"-imidazol]-4"-amin (Vi du 130, 100 mg, 0,26 mmol) trong 2-Me THF (5 ml) va cho
axit 5-(triflometyl)pyridin-3-ylboronic (73,4 mg, 0,38 mmol) vao dung dich néu trén, tiép
dé la K,CO; (2,0M trong nudc, 0,384 ml, 0,77 mmol). Sau d6, cho natri
tetraclopaladat(Il) (10,5 mg, 0,04 mmol) va 3-(di-tert-butylphosphoni)propan sulfonat
(19 mg, 0,07 mmol) vao, hé théng nay dugc day lai (binh nho ding trong 16 vi séng) va
dugc cho vao 10 phan tng vi séng trong thoi gian 30 phit ¢ nhiét d6 100 °C. Lam ngudi
hdn hop phan tng nay xudng nhiét do trong phong, pha loang bang EtOAc, va rira bing
nuéc mudi. Lép hitu co duge thu gom, 1am khod bing MgSO,, loc, va ¢d trong chan
.khc”)ng. Tinh ché phﬁn con lai bang phuong phép sic ky diéﬁ ché, tao ra 25 mg (hiéu sut
21%) hop chit néu & & muc nay: '"H NMR (500 MHz, DMSO-dg) & ppm 0,97 (td, 1 H),
1,07 (t, 3 H), 1,14 - 1,34 (m, 2 H), 1,37 - 1,51 (m, 3 H), 1,81 (dt, 2 H), 2,17 (s, 3 H), 2,96
- 3,18 (m, 3 H), 3,41 (q, 2 H), 6,55 (br. s, 2 H), 6,93 (d, 1 H), 7,45 (d, 1 H), 7,63 (dd, 1
H), 8,28 (s, 1 H), 8,91 (s, 1 H), 9,05 (d, 1 H); MS (ES+) m/z 457 [M+H]".
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Vidu 132

3-[(1r,4r)-4"-amino-4-etoxy-5"-metyl-3'"H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-y1]-5-flobenzonitril

Hop chit néu & dé muc nay (9 mg, 9% hiéu sudt) dugc didu ché bing cach ap -
dung phuong phap nhu dugc mo ta trong Vi du 131 bat dau tir (1r,4r)-6'-bromo-4-etoxy-
5"-metyl-3'H-dispiro[xyclbohexan-1,2'-inden-1',2"-imidazol]-4"-amin (Vi du 130, 0,86
mg, 0,22 mmol) va 3-xyano-5-flophenylboronic axit (44 mg, 0,26 mmol): 'H NN[R (500
MHz, DMSO-dg)  ppm 0,91 (m, 1 H), 1,00 (t, 3 H), 1,06 - 1,27 (m, 2 H), 1,27 - 1,43 (m,
3 H), 1,67 - 1,82 (m, 2 H), 2,11 (S, 3 H), 2,88 - 3,07 (m, 3 H), 3,34 (q, 2 H), 6,46 (s, 2 H),
6,83 (s, 1 H), 7,34 (d, 1 H), 7,52 (dd, 1 H), 7,65 - 7,80 (m, 2 H), 7,84 (s, 1 H); MS (ES+)
m/z 431 [M+H]".

Vidu 133

(1r,4r)-6'-(5-clopyridin-3-yl)-4-etoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin

Hop chét néu & dé muc nay (34 mg, hiéu sudt 36%) dugc didu ché bang cach ap
dung phuong phéap nhu dugc md ta trong Vi du 26a bit dau tir (1r,41r)-6'-bromo-4-etoxy-
5"-metyl-3'H-dispiro[xyclohexan-1,2"-inden-1',2"-imidazol]-4"-amin (Vi du 130, 88 mg,
0,23 mmol) va 5-clopyridin-3-ylboronic axit (53,2 mg, 0,34 mmol), chi khac 1a thoi gian
phan ting nay 1 30 phut va tinh ché sin phim nay bang phuong phép séc ky diéu ché: 'H
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NMR (500 MHz, DMSO-d¢) & ppm 0,97 (td, 1 H), 1,06 (t, 3 H), 1,13 - 1,32 (m, 2 H),
1,35 - 1,49 (m, 3 H), 1,74 - 1,86 (m, 2 H), 2,17 (s, 3 H), 2,96 - 3,14 (m, 3 H), 3,40 (q, 2
H), 6,53 (br. s, 2 H), 6,87 (d, 1 H), 7,42 (d, 1 H), 7,57 (dd, 1 H), 8,08 (t, 1 H), 8,56 (d, 1

" H), 8,70 (d, 1 H); MS (ES+) m/z 423 [M+H]".

Vi du 134

3-[(1r,4r)-4"-amino-4-etoxy-5"-metyl-3"H-dispiro[xyclohexan-1,2'-inden-1 o
imidazol]-6'-yl]-5-(diflometyl)benzonitril

Hop chét néu & d& muc nay (50 mg, hiéu suit 48%) duoc didu ché bang cach ap
dung phuong phép nhu dugc mo ta trong Vi du 26a bat dau tir (1r,4r)-6'-bromo-4-etoxy-
5"-metyl-3'.H-dispiro[xyclohexan—1,2'1inden-1',2"—imidazol]-4"-amin (Vi dgi 130, 88 mg,
0,23 mmol) va 3-(diflometyl)-5-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)benzonitril
(Hop chit trung gian 56, 88 mg, 0,23 mmol), chi khac 12 hdn th) phéan mg nay dugc gia
nhiét trong thoi gian 30 phut va tinh ché san phdm nay bang phuong phap sdc ky diéu
ché: "H NMR (500 MHz, DMSO-dg) & ppm 0,96 (m, ’71 H), 1,07 (t, 3 H), 1,14 - 1,33 (m, 2
H), 1,40 - 1,50 (m, 3 H), 1,80 (m, 2 H),-2,17 (s, 3 H), 2,96 - 3,14 (m, 3 H), 3,41 (q, 2 H),
6,55 (br. s, 2 H), 6,90 (s, 1 H), 7’13 (t, 1 H), 7,43 (d, 1 H), 7,60 (dd, 1 H), 8,01 (d, 2 H),
8,22 (s, 1 H); MS (ES+) m/z 463 [M+H]".

Vidu 135

(1r,4r)-4-Etoxy-5"-metyl-6'-[ 5-(prop-1-yn-1-yl)pyridin-3-yl]-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin
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Hop chét néu & d&& muc nay (50 mg, hiéu sut 40%) duoc didu ché nhu mé ta & vi
du 26a bat diu tir (1r,4r)-6'?bromo-4-et()_xy-5"—metyl-3'H-dispiro[xyclohexan—1,2‘-inden-
1',2"-imidazol]-4"-amin (Vi du 130, 113 mg, 0,29 mmol) va axit 5-(prop-1-ynyl)pyridin-
3-ylboronic (ng chit trung gian 15, 56 mg, 0,35 mmol), chi khac 12 hén hop phén ing
nay dugc gia nhi€t trong thoi gian 30 phut va tinh ché san phim nay bang phuong phap
sic ky diéu ché: "TH NMR (500 MHz, DMSO-dg) & ppm 0,97 (td, 1 H), 1,06 (t, 3 H), 1,13 ~
- 1,33 (m, 2 H), 1,35 - 1,51 (m, 3 H), 1,80 (dd, 2 H), 2,09 (s, 3 H), 2,17 (s, 3 H), 2,94 -
3,13 (m, 3 H), 3,41 (q, 2 H), 6,53 (br. s., 2 H), 6,83 (s, 1 H), 7,40 (d, 1 H), 7,54 (dd, 1 H),
7,90 (s, 1 H), 8,51 (d, 1 H), 8,67 (d, 1 H); MS (ES+) m/z 427 [M+H]".

Thir nghiém sinh hoc
Thit nghiém mitc hoat tinh ctia hop chét being cach str dung cac phlfong phap sau:
Thir nghiém TR-FRET
Enzym [(-secretaza duqc sir dung trong TR-FRET dugc diéu ché nhu sau:

ADN b5 trg cho phin hoa tan 5-Secretaza cia nguoi (AA 1 — AA 460) dugc tach
dong biang cach st dung vat truyén biéu hién cua dong vat c6 vu ASP2-Fc10-1-IRES-
GFP-neoK. Gen nay dugc dung hop véi mién Fc cua IgG1 (nhan i luc) va duge tach
dong 6n dinh vao té bao HEK 293. sBACE-Fc tinh ché duge bao quan ¢ nhiét do —80 °C
trong dung dich dém Tris, pH 9,2 va c6 d¢ tinh khiét 40%.

Enzym nay (dang cdt cut) dugc pha loang dén 6 pg/ml (dung dich gbc 1,3
mg/ml) va chit nén (Europium)CEVNLDAEFK(Qsy7) dén 200 nM (dung dich gbc 120
uM) trong dung dich dém phan ing (NaAcetate, chaps, triton x-100, EDTA pH4,5). Hé

thng robot Biomek FX va Velocity 11 duoc st dung cho tit ca cic xir Iy chét 16ng va
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enzym nay va cac dung dich chét nén dugc gitt trén .dé cho dén khi duoc dua vao hé
théng robot. Enzym (9 pl) dwoc cho vao dia sau d6 cho 1 pl hop chit trong
dimetylsulphoxit vao, phédi trdn va u trude trong thoi gian 10 phit. Sau do, chét nén (10
pl) dugc cho thém vao, dugc phéi tron va phan mg dugc thuc hién trong thoi gian 15
phut & nhiét d6 trong phong. Phan ng nay duoc dimg lai khi bd sung dung dich lam "
ngimg phan tmg (7 pl, NaAcetate, pH 9). Do d6 huynh quang ciia san phim nay trén bd
doc dia Victor II véi do dai budc song kich thich 340nm va d¢ dai budc séng phat xa
615nm. Thir nghi€ém nay dugc thuc hién trén dia bé mit khong gén két, thé tich thép, day
tron 384 15 Costar (Corning #3676). Nong do cudi cia enzym nay 1a 2,7 Qg/ml; néng do
cubi cita chét nén 13 100 nM (Km ~250 nM). MAu di chimg dimetylsulphoxit, thay cho
“hop chét thir nghiém, xac dinh mirc hoat tinh 100% va hoat tinh 0% duogc x4c dinh vbzlmg
cac 16 khong c6 enzym (dugc thay bing duﬁg dich dém phan ung). Chét trc ché dbi

chimg ciing dugc sir dung trong thir nghiém dap tmg liéu lrong va c¢6 IC50 ~150 nM.
Thtr nghiém TR-FRETpha lodng

Céc hop chét c6 4i luc cao duge thir nghiém tiép trong thir nghiém TR-FRET pha
loang, diéu kién nhu d4 néu trén cho thir nghiém TR-FRET, nhung véi lugng enzym nhé
hon 50 I4n va thoi gian phan tng dai 6,5 h & nhiét do trong phong & chd tbi.

Thir nghiém giai phéng sAPPG

Céc t& bao SH-SYSY duoc nudi cdy trong DMEM /F-12 véi Glutamax, 10%
FCS va 1% axit amin khong thiét yéu va dugc béo quan dong lanh va luu gitr & nhiét 49 -
140 °C & ndng d6 7,5-9,5x100 t& bao cho mdi binh nhé. Lam tan biang cac té bao va gieo
mam & ndéng d6 vao khoang 10000 té bao/1d trong DMEM /F-12 ¢6 Glutamax, 10% FCS
va 1% axit amin khong thiét yéu vao dia dugc xir Iy nudi cy mé 384 15, 100pL huyén
phu t& bao/16. Sau dé, cic dia té bao nay dugc  trong thdi gian 7-24 h & nhiét dé 37 °C,
5% CO,. Méi trudng té bao nay dugc loai ra, sau dé bd sung 30 ul hop chét dugc pha
loang trong DMEM /F-12 bang Glutamax, 10% FCS, 1% axit amin khong thiét yéu va
1% PeSt dén ndng d6 cubi 1% DMSO. Cac hop chit nay duge & véi cc té bao nay trong

thoi gian 17 h (qua dém) & nhiét d6 37 °C, 5% CO,. Cac dia Meso Scale Discovery
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(MSD) duoc dung dé phat hién sy giai phong sAPPS. Cac dia MSD sAPPS duoc phong
bé trong 1% BSA trong dung dich dém ria Tris (40uL/15) trong thoi gian 1 h trong didu
kién lic & nhiét do trong phong va rira 1 1an trong dung dich dém rtra Tris (40uL/13).
20p1 moi trudng dugc chuyén t6i cac vi dia MSD sAPP® dd dugc phong bé trude va
dugc rira, va cac dia té bao nay dugc sir dung tiép trong thir nghiém ATP dé do ludong doc
tinh té bz‘lo;_Céc dia MSD nay duoc 0 bing cach lic & nhiét d6 trong phong trong thoi
gian 2 h va méi truong duge bé di. Cho khang thé phat hién 10 pl vao (1 nM) mdi 13, tiép
d6 1a u bang cach lic & nhiét d6 trong phong trong thoi gian 2 h va sau d6 duogc bo di.
Cho Dung dich dém Doc 40ul vao cho mdi 16 va cac dia nay duge ghi két qua trén trén

thiét bj hinh anh SECTOR Imager.
Thir nghi€m ATP

Nhu duge chi ra trong thir nghiém giai phong sAPPS, sau khi chuyén 20 pl méi
trudng tir cac dia té bao dé phat hién sAPP6, cac dia nay dugc st duhg dé phan tich doc
tinh t& bao bang cach sir dung kit su ting sinh/ddc tinh té bao té bao VialightTM Plus tir -
Cambrex BioScience do luong tbng ATP té bao. Thir nghiém nay dugc thuc hién theo
phudng phép ctia nha xan suit. N6i ngén gon 13, cho 10 pl tic nhin giy tan té bao vao
cho mdi 16. C4c dia nay duoc U & nhiét do trong phong trong thoi gian 10»ph1'1t. Hai phut
sau khi thém 25 oL chét phan ung ViaLightTM Plus ATP hoan nguyén, do phat huynh
quang trong thiét bi dém da nhan Wallac VictoR2 1420. Nguong doc 14 tin hiéu thip hon

75% mAu dbi chimg.
Céac két qua

Céc gia tri ICsq dién hinh cho cac hop chét theo sang ché 13 nim trong khoang tir
0,1 dén 100000 nM. S& liéu sinh hoc trén cac hop chét cudi duge néu vi du duge néu ra

sau day trong Bang 2.
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Bang 2

| Vidu ICsg trong | ICsg trong thir Vidu ICso trong | ICs, trong thir
~ thtr nghiém giai thir nghiém giai
nghiém | phéng sAPPS nghiém | phéng sAPPS
TR-FRET (nM) TR-FRET (nM)
(nM) (nM)
1 157 587 2 743 941
3 1700 2880 4 3200 -
5 3640 - 6 4250 -
7 6710 - 8 16300 -
9 1680 2450 10 6850 -
11 1980 - 12 1800 -
13a 1300 501 13¢ 1890 463
13d 112 239 13¢ 22° 106
13f 6460 - 13i 560 160
15 112 46
19 Chét 53° 18 19 Chat 10300
d6ng phan 1 ‘ddng phan 2
19 Chat 3330 19 Chat 16600
d6ng phan 3 ddng phén 4
20a 2,2 0,28 20a Chét 0,57° 0,10
ddng phén 1
20a Chat 7720 - 20b 2,3° 0,78
ddng phan 2
20c 52° 1,7 20d 1,6 0,72
20d Chét 0,63 0,26 20e 2,3 0,67
ddng phan 1
20e Chét 1,1° 0,57 20f 5,5° 3,3
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déng phén 1
" 20g EAE 2,6 20h 15° 7.1
20g Chat 2,5 1,8 -
déngphﬁnll
20h Chat 1910 277 20h Chét 21 5,0
déngphénl_ ' déng phén 2
20i 4,8 4,6 20i Chéat 14500
ddng phén 1
20i Chét 2,2° 2,3 20j 47 91
ddng phan 2 |
20k 34° 8,6 20n 17° 3,7
200 28 9,2 20q 20° 3.8
20t 20 0,56 20t Chét 0,89° 0,36
, ddng phén 1
20t Chat 8360 . - 20u 22 0,63
Ad(k)ng phéan 2
20y 25 1,2
20w 18° 5,7 20x 121 29
20y | 4,9 1,2 20z 1.4° 5,2
20aa 1,6° 0,72 25 7530 -
26a 100 53 26¢ 145 140
27 1760 399 28¢ 53 109
28d 408 89
28h 7,3 18 29 674 848
30b 5,3° 284 30d 52° 97
30e 1,4° 2,2 46a Chat 124 419
ddng phén 1
46a Chét 91 125 46b Chét 180 426
ddng phan 2 d6ng phan 1
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46b Chét 147 185 47 Chat | inactive -
ddng phan 2 dong phan 1
47 Chit 1030 657 47 Chit | inactive -
ddng phan 2 ddng phan 3
47 Chét 65300 - 47 Chat | 19800 -
ddng phan 4 ddng phan 5
47 Chit 1380 - 47 Chat inactive -
ddng phan 6 ddng phan 7
47 Chat 8100 - 48 Chat 0,7 20
ddng phan 8 ddng phan 1
48 Chat 2030 - 48 Chat 7040
ddng phan 2 | dbng phan 3
48 Chat 803 689 48 Chit 35700 -
ddng phan 4 ddng phan 5 |
48 Chat 2570 - 48 Chit 10° 191
ddng phan 6 ddng phén 7
48 Chat 14° 204 49 hénhep | 10,000 -
ddng phan 8 ddng phén 1
49 hdén hop | inactive - 50 hon hop 100 597
ddng phan 2 ddng phan 1
50 hon hop 5 17 51 75600 -
ddng phan 2
52 325 91 53 62 21
54 6610 - 55 284 118
56 31 24 57 Chit 19 19
| dong phan 1
57 Chat 27600 - |
ddng phén 2 ]
58 523 219 59 2610 -
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5,9

60 12 8,7 61 3,1
62 19° 8,6 63 89 29
64 401 125 65 5,7° 3,4
66 Chat | 2.9° % 66 Chat | 16300 :
ddng phan 1 | ddng phan 2 '
67 2,0° 0,81 68 Chat 1,2° 0,38
ddng phan 1
68 Chat 9970 - 69 21* 10
ddng phan 2
70 18° 13 71 Chét 7,4° 52
ddng phan 1
71 Chét 6720 763
- d6ng phan 2 '
72 2,3 0,76 73 1,3° 1,0
74 2,6° 2,1 75 57 2,1
76 Chat 3.4° 1,2 76 Chat 636 -
déng phén 1 d6ng phan 2
77 16300 - 78 101° 56
79 188 171 80 22 13
81 23 20 82 66 36
83 21 2,9 84 2,1° 0,99
85 3,1° 0,80 86 1,5° 1,1
87 2,2° 0,93 88 2,8 4,8
89 3,3 1,7 90 13 14
91 2.2a 0,62 92 Chét 0,84* 0,27
| ddng phan 1
92 Chat 5870 - 93 1,8° 0,56
ddng phan 2
94 Chat 0,7 0,17 04 Chkt | 4950 -
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dong phan 1 dong phan 2 ‘

95 5,3 3,6 96 6,1° 3,5

97 Chat .|  3,1° 1,4 97 Chat 15400 -

yd?)ng phén 1 ddng phén 2

98 1,5° 0,82 99 39" 5,7
100 0,72 0,59 101 19,8 6,3
102 3,3 25 103 34 14
104 64 34 105 22 9,7
106 1,0° 1,1 107 21 7,9
108 1,3° 1,8 109 21 28
110 24 4,0 111 51 31

112 22 2,0 113 24 1,6

114 1,2° 0,14 115 632 293
116 26 12 117 163 47
118 23 2,8 119 23 0,97
120 27 3,1 121 37 10
122 25 0,30 123 189 135
124 19300 6950 125 20 0,50
126 20 1,4 127 34 5,1
128 2610 - 129 748 417
130 842 148 131 44 24
132 21 17 133 25 5,5
134 28 7,7 135 22 0,85

?ICs, tir thir nghiém pha loang FRET .

Xac dinh cAu tric tinh thé bing tia X cua cac hop chit vi du duoc ddng két tinh

vai protein BACE1

Biéu hién, tinh ché va két tinh protein

-289-




19492

-BACE cua nguoi, CID1328 14-453, dugc tach dong, biéu hién, duqc cudn gap,
hdat ho4 va duge tinh ché cac phuong phap duge cong bd trude day ‘(Patel, S., Vuillard,
L., Cleasby, A., Murray, C.W., Yon, J. J Mol Biol 2004, 343, 407). Dung dich dém
protein dugc thay bang 20 mM Tris pH 8,5, 150 mM NaCl va dugc ¢6 dic dén 3,5
mg/ml. Protein ¢6 dic duoc tr(f)ri theo ts”f 18 1: 1 vé6i dung dich gbc gdm 11% PEG6k, 100
mM Na axetat pH 5,0 & nhiét d6 trong phong va dugc két tinh bang céch str dung cac k¥
thuat khuéch tan hoi két hop v6i gieo mdm. Cac tinh thé duoc ngdm véi 10 mM hop chét
vi du, 10% DMSO, 18% PEG6000, 90 mM Na axetat pH 4,85, 18 mM Tris pH 8,5 va
135 mM NaCl trong thoi gian 24 gié va lam dong lanh nhanh trong nito long bang cach

su dung 20% glyxefol nhu 14 chét bao vé lanh.

| Thu thip va danh gia dit lieu

S6 liéu nhidu xa tia X ctia cac tinh thé duge ngam Vi du 48 Chét ddng phan 1, Vi
du 48 Chit dong phan 7 hoic Vi du 48 Chét ddng phan 8 dwoc thu gom & European
Synchrotron Radiation Facility beamlines ID23-1 va ID29, Grenoble France, dén d6 dung
giai ndm trong khoang tir 1,35-1,45 A. Sé lidu ciia hop chit Chét dong phén 1 cta Vi du
20d dugc thu gom trén anot quay Rigaku FR-E+ SuperBright va dia hién hinh anh HTC
dén do dung giai 1,80 A. TAt ca s lidu duoc lap thanh bang va dwgc hop nhét véi
MOSFLM (Leslie, A.G.W. Joint CCP4+ESF-EAMCB Newsletter on Protein
Crystallography 1992, 26, 27) va dugc xdc dinh thang SCALA (Collaborative
Computational Project 4, 1994) trong nhém khong gian P212121, véi kich thude té bao
vao khoang [48,76,105], cho hé s6 Matthews 2,2 A’/Da véi mdt monome cho mbi don vi
khéng d6i xtg. Cau tric cta Vi du 48 Chét ddng phan 1, Vi du 48 Chét ddng phan 7 va
Vi du 48 Chit dong phén 8 duoc x4c dinh bing tinh gian thé cimg cia cu trac BACE-1
dugc xéc dinh trude day dua trén cAu trac 1FKN dugc cong bb (Hong, L., Koelsch, G.,
Lin, X., Wu, S., Terzyan, S., Ghosh, A.K., Zhang, X.C., Tang, J. Science 2000, 290,
5489, 150-153) bang céch sir dung Refmac5 (Murshudov, G.N., Vagin, A.A., Dodson, E.
J. Acta Crystallogr., Sect. D 1997, 53, 240). M6 hinh ban du nay dugc tinh ché hon nira
b%mg chu trinh khéc cia tii cAu trGc md hinh Coot (Emsley, P., Cowtan, K. Acta
Crystallogr., Sect. D 2004, 60, 2126) va refinement in Refmac5 and AutoBuster
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(Bricogne, G., Blanc, E., Brandl, M., Flensburg, C., Keller, P., Paciorek, W., Roversi, P.,
Sharff, A., Smart, O., Vonrhein, C., Womack, T. Global Phasing Ltd, Cambridge, UK
2010). M4t @6 5-15 sigma Fo-Fc manh & ving ké can vi tri hoat tinh BACE biéu thi su
“khu trti ctia hop chit lién két. Sy kiém ché véi cac chit ddng phan cua Vi du 48 duge tao
ra bﬁng Writedict (Wlodek S., Skillman A.G., Nicholls A., Acta Crystallogr., Sect. D
2006, 62, 741-749) va dugc dung boi Flynn (Wlodek S., Skillmén A.G., Nicholls A.,
Acta Crystallogr., Sect. D 2006, 62, 741-749) dé xac dinh cAu hinh tuyét dbi cua hop chét
quan tdm dua trén ban dd b tinh ché. Tinh ché cubi cia phirc hop chét e ché BACE
dugc thuc hién trén Refmac5 va AutoBuster. Ban dd 2Fo-Fc thu dugc cta Chét d(“)ﬂg
phén 1 ctia Vi du 20d, Vi du 48 Chat ddng phan 1, Vi du 48 Chét ddng phan 7 va Vi du
48 Chét ddng phén 8 c6 thé xem & cac Fig 1-4. Cac sb liéu théng ké thu gom va tinh ché

ctia s liéu day du c6 thé dugc xem trong Bang 3.
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Bang 3. C4c s6 liéu thdng ké thu gom va tinh ché cia sb liéu

Chét dong Chét dong Chét dong Chét dong
phén 1 cia Vi phén 1 cua Vi phén 8 cia Vi phén 7 cua
 du20d du 48 du 48 Vi du 48
Thu gom s liéu
Nhém khong gian P2,2:2 P2,2:2; P2,2:2, P2,2:2;
Kich ¢& té bao (A) 47,8, 76,7, 479, 76,2, 47,9,75,9,  48,6,74,
| 104,8 104,7 104,5 104,6
Dung giai (A) 1,80-35,58  1,40-38,1  145-34,82 1535-34,92
Rinerge 0,047 (0,452) 0,057 (0,769) 0,107 (1,502) 0,088
(1,128)
I/ ol> 14,1 (2.,3) 11,7 (1,2) 8,6 (1,2) 7,1 (1,0)
D6 hoan toan (%) 93,6 (83,4)  98.8(89,5) 100 (100) 98,9 (96,5)
Mirc do dur 3,8(3,9) 3,7(2,7) 4,6 (4,5) 3,7(3,2)
Tinh ché | |
Dung giai (A) 1,80 - 30,0 1,40 - 30,0 1,45-30,0  1,35-25,0
Phan chiéu dugc do 129173 281786 318526 303172
Phén chiéu duy nhAt 33553 75301 68326 82658
Ruork / Riree 0,193/0235 0,189/0,216 0,200/0,231 0,192/
| 0,218
Sb nguyén tir
Protein 3014 3064 2978 3017
Nudc 183 310 318 313
Phéi tir 31 29 29 29
Céc yéu t6 B trung
binh
Protein (A% 29.6 18,9 18,5 16,3
Nudce (A?) 35,1 292 28.5 26,6
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Phdi tir (A%) 22,7 16,0 16,1 16,4
Phinngodi 0,97 1,69 1,64 0,96
Ramachandran (%) B
bo 1éch R.m.s
Chiéu dai lién két (A) 0,012 0,015 0,016 0,016
Goéc lién két (°). 1,58 1,62 1,66 1,69

! C4c gia trj trong ngoic ding d& chi 6 c6 d6 dung giai cao nhét.
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YEU CAUBAO HQ

Hop chét c6 cong thirc (I):

trong do:

A 1a -O- hodc -CH,-;

n bang 0 hoic 1;

R' 1a C,_¢alkyl hoic C;_ghaloalkyl; e

R*1a hydro, Cy.salkylaryl, Cy_alkylheteroaryl, C,salkynyl, C,¢alkenyl, C;.¢alkyl,
halogen, xyano, Cy.¢haloalkyl, NHC(O)R9 hodc OR?, trong do Cyealkylaryl, C,.
salkylheteroaryl, C, galkynyl, C,alkenyl, Cy_alkyl hodc Ci_ghaloalkyl néu trén tuy y

duoc thé béng tr mot dén ba R7;

R’ va R® doc 1ap 1a hydro, heteroxyclyl, C;_¢xycloalkyl, aryl, heteroaryl hodc C;.
salkyl, trong d6 heteroxyclyl, Cs_¢xycloalkyl, aryl, heteroaryl hodc C.¢alkyl néu trén
tuy v dugc thé bing mot hodc hai phén tir thé doc 1ap dugce chon tir halogen, C;.
salkyl, Cy.ghaloalkyl, xyano hoac ORS;

hoic R’ va R® cung véi nguyén tir cacbon ma ching gén vao, tao thanh nhan B, 1a
nhan don vong xycloalkyl hoic heteroxyclyl c6 tir 3 dén 14 canh, hodc nhan vong
d6i xycloalkyl hogc heteroxyclyl c6 tir 9 &én 14 canh; va trong d6 nhan B tuy y dugc
thé béng mot hodc hai phan tir thé doc 13p dugc chon tir oxo, halogen, Cy_galkyl, C;.
shaloalkyl, xyano, hodc OR®; va nhan B tuy y dugc ngung tu voi aryl hodc heteroaryl

de tao ra h¢ co hai hodc da vong;

R’ doc 14p 1a Cy_galkyl, halogen, xyano, Cy_¢alkylC;_¢xycloalkyl, C,.ghaloalkyl, OC;.
salkyl, OC;_ghaloalkyl, C, salkynyl hodc C,_ealkenyl, trong d6 C.alkyl, Cy.salkylCs.
- ¢xycloalkyl, C;_ghaloalkyl, OC;_salkyl, OC,.¢haloalkyl, C,¢alkynyl hodc C, ¢alkenyl
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néu trén tuy y duoc thé bang 1-3 phan tir thé doc 14p duge chon tir halogen, xyano
Cisalkyl, Cy_ghaloalkyl, OC; 6alky1 va OC,. 6haloalkyl

R® doc 1ap 1a hydro, Csalkyl, C,¢alkynyl, C,ghaloalkyl, aryl hoic heteroaryl, trong
do Cyealkyl, C1_6haloalkyl, aryl hoic heteroaryl néu trén tuy y duoc thé b%lng nhém

dugc chon tir halogen, xyano va Cy_galkyl;

R’ 1a heteroaryl, trong d6 heteroaryl néu trén tuy y duoc thé bang halogen, xyano,
OR®, C,.¢haloalkyl hodc Cy_galkyl;

~ & dang bazo ty do hodc mudi duoc dung cia chung.
Hop chét theo diém 1, hodc mudi dugc dung'cﬁa ching, trong d6 R'1a Ci.zalkyl.

Hop chét theo diém 2, hodc mudi dugc dung cua ching, trong d6 R 1a metyl hodc
etyl.

Hop chét theo diém bét ky trong sb cac diém tir 1 dén 3, hodc mubi duge dung ctia
chiing, trong d6 R? 13 aryl, heteroaryl, C,.¢alkynyl, halogen, NHC(O)R® hodc OR?,
trong d6 aryl, heteroaryl, hogc C,.¢alkynyl néu trén tuy y duoc thé bang tir mot dén
baR’. | ‘

Hop chét theo diém bAt ky trong sb cac diém tir 1 dén 4, hodc mudi duge dung cta
chiing, trong d6 R’ va R® doc 14p 14 hydro hodc heteroxyclyl trong d6 heteroxyclyl
néu trén tuy y dugc thé bang mot hoic hai phan tir thé doc lap dwoc chon tir Csalkyl
hodc ORS,

Hop chét theo diém bét ky trong sb cac diém tir 1-4, hogc mudi duge dung cia
chiing, trong d6 R’ va R® ciing v&i nguyén tir cacbon ma ching gén vao, tao thanh
nhan B, 1a nhan don vong xycloalkyl hodc heteroxyclyl c6 tir 3 dén 14 canh, hodc
nhéan vong d6i xycloalkyl hodc heteroxyclyl c6 tir 9 dén 14 canh; va trong d6 nhan B
tuy y dugc thé bﬁng mot hodc hai phﬁn tr thé doc lap dugc chon tir 0xb, halogen, C;.
salkyl hodc OR®; va nhan B tuy y dwoc ngung tu véi aryl hoic heteroaryl dé tao ra hé

c6 hai hodc nhicu vong.
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‘Hop chét theo diém bét ky trong sb cac diém tir 1 dén 4 hoic 6, hodc mudi duge

dung ctia chung, trong d6 R® va R® cﬁng v6i nguyén tir cacbon ma chung dinh vao
tao thanh nhéan xyclohexyl, nhan nay dugc thé bing OR®.

Hop chit theo diém bt ky trong sb cac diém tir 1-7, hoic mubi dugc dung cua
ching, trong d6 R’ ddc 1ap 1a Cy¢alkyl, halogen, xyano, C0_6a1ky1C3_6xyéloalkyl, CL
ghaloalkyl, OC,_alkyl hodc C, galkynyl, trong d6 C,.alkyl, Co_alkylCs_ ¢xycloalkyl,
C,.¢haloalkyl, OC¢alkyl hodc C, salkynyl néu trén tuy y duge thé bing tir 1 dén 3
phﬁn tir thé doc 1ap dugce chon tir halogen, xyano, C;_galkyl, Cy.¢haloalkyl, OC;_¢alkyl
va OCy_ghaloalkyl.

Hop chét theo diém bt ky trong sb cac diém tir 1 d&én 8, hodc mudi duoc dung cua

ching, trong do RS doc 1ap 1a Cygalkyl, C,alkynyl hodc C; ¢haloalkyl. -
Hop chét theo diém 1, hodc mubi duge dung ctua chﬁng, trong dé:

A 14 -O- hoic -CH, -;

n’bang 0 hoic 1;

R'1a C,galkyl;

R’ 1a Cy.galkylaryl, Cy.¢alkylheteroaryl, C,¢alkynyl, halogen, NHC(O)R® hodc OR®;
trong d6 Cy.galkylaryl, Cy.¢alkylheteroaryl hodc C,.¢alkynyl néu trén tuy y dugc thé
bang tir mot dén ba R’;

R’ va RS doc 13p 14 hydro hodc heteroxyclyl, trong d6 heteroxyclyl néu trén tuy y

duoc thé béng mdt hodc hai phﬁn ttr thé doc 13p dugc chon tir halogen, Cy_galkyl, C;.

‘¢haloalkyl, xyano hodc OR®;

hoic R’ va R® ciing véi nguyén tir cacbon ma ching gén vao, tao thanh nhan B, ma la
nhén don vong xycloalkyl hodc heteroxyclyl ¢ tir 3 dén 14 canh, hoic nhan vong
d6i xycloalkyl hoic heteroxyclyl c6 tir 9 dén 14 canh ; va trong d6 nhan B tuy y dugc
thé bang mot hoic hai phan tir thé doc 1ap dugc chon tir oxo, halogen, C,_galkyl hodc
OR®; va nhan B tuy y dugc ngung tu vai aryl hodc hetéroaryl dé tao ra hé co6 hai hoic

nhi€u vong;
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R’ doc lap 1a Cyealkyl, halogen, xyano, Cy.alkylCs_¢xycloalkyl, C;_¢haloalkyl, OC;.

“salkyl hodc C,.alkynyl, trong d6 C,ealkyl, Cy_salkylC;.¢xycloalkyl, C1_6haloalkyl,
-OC¢alkyl hodc Cy¢alkynyl néu trén tuy y duoc thé bﬁhg 1-3 phén tir thé doc lap

dugc chén tr halogen, xyano, C.¢alkyl, C;.¢haloalkyl, OC,_¢alkyl va OCi.¢haloalkyl;

RS doc 1ap 1a Cy.ealkyl, Cyalkynyl hodc C;haloalkyl, trong d6 C1_6alky1, C:.
chaloalkyl néu trén tuy y dugc thé bang nhém dugc chon tir halogen, xyano hodc C;.

calkyl; va

R’ 14 heteroaryl, trong d6 heteroaryl néu trén tuy ¥ duoc thé bang halogen, xyano,
OR®, C;_haloalkyl hodc C;galkyl;

Hop chét theo diém 1, hodc mudi duoc dung ctia ching, trong do6:
A 13 -O- hoiac -CH, -;

n béng 0 hoac 1;

R'1a Csalkyl;

R’ 1a aryl, heteroaryl, C,_salkynyl, halogen, NHC(O)R9 hodc ORS, trong do aryl,

~ heteroaryl hoic C,.alkynyl néu trén tuy y dugc thé biang tir mot @én ba R;

R’ va R® doc l4p 1 hydro hodc heteroxyclyl, trong d6 heteroxyclyl néu trén tuy y
duoc thé béng hai phﬁn tir thé doc 1ap duogc chon tir Cy_galkyl;

hodc R’ vaR$ cung v&i nguyén tr cacbon ma chung gén vao, tao thanh nhan B, la
nhan don vong xycloalkyl hoic heteroxyclyl c6 tir 3 dén 14 canh, hodc nhén vong
d6i xycloalkyl hodc heteroxyclyl c6 tir 9 dén 14 canh; va trong d6 nhan B tuy y duoc

thé béng mot hodc hai phe“m ttr thé doc 1ap dugc chon tir oxo, halogen, C_salkyl hodc

OR®; va nhén B tuy y dugc ngung tu véi aryl hoic heteroaryl dé tao ra hé mach vong
doi;

R’ doc 14p 1a C.galkyl, halogen, xyano, Cy.salkylCs_¢xycloalkyl, C¢haloalkyl, OC;.
salkyl hodc C,.¢alkynyl, trong d6 Cygalkyl, CoealkylCs. ¢xycloalkyl, C;.¢haloalkyl,
OC.¢alkyl hodc C,.¢alkynyl néu trén tuy y dugc thé bang 1-3 phan tir thé doc 1ap
duoc chon tir halogen, xyano, Cy.¢alkyl, C¢haloalkyl, OC,_¢alkyl va OC;.¢haloalkyl;
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RS doc 1ap 1a Cy.ealkyl, Cy¢alkynyl hodc Cy.¢haloalkyl, trong d6 Cyalkyl, C;.

¢haloalkyl n€u trén tuy y dugc thé bﬁng nhom dugc chon tir halogen, xyano hodc C;.

- galkyl; va

12.

- R’ 14 heteroaryl, trong d6 heteroaryl néu trén tuy y duoc thé bang halogen, xyano,

OR®, Cy_shaloalkyl hogc Cyalkyl;

Hop chét theo diém 1, dugc chon tﬁ nhém bao gém:

. 6-'(3,5—diclophenyl)—5’-metylspiro[chfoman;4,2’-imidazol]-4'-amin;
* 6-(5-clopyridin-3-yl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;
. 6-(3,S-diﬂophenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;

* 6-(3,5-dimetylphenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;

. 6-(2,5-dimetoxyphenyl)-5'-metylspiro[ chroman-4,2'-imidazol]-4'-amin;

* 6-(2,3-diflophenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;

. 6-(2,5-dimetylphenyl);5'-metylspiro[chroman-4,2'—imidazol]-4'-amin; |

* 6-(5-flo-2-metoxyphenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;

* 6-(2-flo-3-metoxyphenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;

. 6-(2-metoxy-5-metylpheflyl)-5'-metylspiro[chréman-4,2'—imidazol]—4'—amin;
* 6-(2-flo-5-metylphenyl)-5'-metylspiro[chroman-4,2'-imidazol]-4'-amin;

. '6-(2-ﬂ0-5-metoxyphenyl)-S'-metylspiro[chroman-4,2’-imidazol]-4’-amin;

* N-(4'-amino-5'-metyl-spiro[chroman-4,2'-imidazol]-6-yl)-5-clo-pyridin-2-

carboxamit;

* N-(4'-amino-5'-metyl-spiro[chroman-4,2'-imidazol]-6-yl)-5-(triflometyl)pyridin-2-

carboxamit;

* N-(4'-amino-5'-metyl-spiro[chroman-4,2'-imidazol]-6-yl)-5-nhung-2-ynoxy-

pyridin-2-carboxamit;
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N-(4'-amino-5'-metyl-spiro[chroman-4,2'-imidazol]-6-yl)-5-nhung-2-ynoxy-

pyrazin-2-carboxamit;

N-(4'-amino-5'-metyl-spiro[chroman-4,2'-imidazol]-6-yl)-5-metyl-thiophen-2-

carboxamit;

N-(4'-amino-5'-metyl-spiro[chroman-4,2'-imidazol]-6-yl)-3,5-diclo-pyridin-2-

carboxamit;

6'-bromo-4-(diflometoxy)-5"-metyl-3'"H-dispiro[xyclohexan-1,2'-inden-1',2"-

- imidazol]-4"-amin;

6'-bromo-4-metoxy-5"-metyl-3"H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-

4"-amin;

4-metoxy-5"-metyl-6'-[ 5-(prop-1-yn-1-yl)pyridin-3-y1]-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin;

4-metoxy-5"-metyl-6'-[4-(prop-1-yn- 1—yl)pyrid‘in-2-yl]-3’H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin;

5-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)benzen-1,3-dicacbonitril;

3-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)-5-clobenzonitril;

6'-(5-clopyridin-3-yl)-4-metoxy-5 "Qmetyl-3 '"H-dispiro[xyelohexan-1 ,2'-indén— 1'2"-

imidazol]-4"-amin;

6'-(5-flopyridin-3-yl)-4-metoxy-5"-metyl-3'H-dispiro[ xyclohexan-1,2'-inden-1',2"-

imidazol]-4"-amin;

5-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)-2-flobenzonitril;

6'-(3,3-dimetylbut-1-yn-1-yl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;
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6'-(xyclopropyletynyl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2"-inden-
1',2"-imidazol]-4"-amin;

N-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro [xyclohexan-1,2-inden-1',2"-
imidazol]-6'-yl)-5-bromopyrimidin-2-carboxamit;
N-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2"-inden-1',2"-
imidazol]-6"-yl)-5-(triflometyl)pyridin-2-carboxamit;
N-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl)-5-clo-3-metyl-1-benzofuran-2-carboxamit;
N-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-y1)-3,5-diclopyridin-2-carboxamit;
N-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'"-inden-1',2"-
imidazol]-6'-yl)-5-clopyridin-2-carboxamit;
4-metoxy-5"-metyl-6'-(2-metylpropoxy)-3'H-dispiro[ xyclohexan-1,2'-inden-1',2"-
imidazol]-4"-amin;

4-metoxy-5"-metyl-6'-(3 ,3 ,3-triflopropoxy)-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-4"-amin;
6'-(3-flopropoxy)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-4"-amin;
6'-bromo-5-metyl-2",3",5",6"-tetrahydro-3"H-dispiro[imidazol-2,1'-inden-2',4"-
pyran]-4-amin;
6'-(3-clophenyl)-5-metyl-2",3",5",6"-tetrahydro-3'H-dispiro[imidazol-2,1'-inden-
2' 4"-pyran]-4-amin;
6'-(3-clo-4-flophenyl)-5-metyl-2",3",5",6"-tetrahydro-3'H-dispiro[imidazol-2,1'-
inden-2',4"-pyran]-4-amin;

6'-bromo-4,4-diflo-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-

-amin;
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6'-(5-cldpyridin—3-yl)¥4,4<diﬂo-5 "-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-4"-amin; ' -

N{4'_'—amiho-4,4-diﬂo’-5 "-metyl-3'"H-dispiro[xyclohexan-1,2'-inden-1'2"-
imidazol]-6'-yl)-5-clopyridin-2-carboxamit;
5'-bromo-4-metoxy-5"-metyldispiro[xyclohexan-1,2'-[ 1 ]benzbfuran—j '2"-
imidazol]-4"-amin;
5'-(3-clophenyl)-4-metoxy-5"-metyldispiro[xyclohexan-1,2'-[1]benzofuran-3',2"-
imidazol]-4"-amin,;
6'—brom0-5-metyl-5'_',6"-dihydrq—4'.'H-dispiro[imidazol-2,4'-chromen-2',3"-pyran]-
4-amin;

6'-(3 —clophenylj-S-metyl-S",6"—dihydro-4"H-dispiro[imidazol-2,4'-chromen—2',3"-
pyran]-4-amin;
6’-(3-clo-4-ﬂ0pheny1)-5-metyl-S",6"-dihydro-4"H-dispiro'[imidazro1—2,4'-chromen-
2'.3"-pyran]-4-amin;

* 6-bromo-5'-metyl-2-tetrahydropyran-3-yl-spiro[ chroman-4,2'-imidazol]-4'-amin;
6-(3-clophenyl)-5'-metyl-2-(tetrahydro-2H-pyran-3-yl)-2,3-dihydrospiro[ chromen-
4,2'-imidazol]-4'-amin;
6-bromo-2—(2,2-dimetyltetrahydropyran—4-yl)-5'-mety1-§piro[chroman—4,2'-
imidazol]-4'-amin; '
6-(3-clophenyl)-2-(2,2-dimetyltetrahydro-2H-pyran-4-yl)-5'-metyl-2,3-
dihydrospiro[chromen-4,2'-imidazol]-4'-amin;
N-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
'imidazol]-6'-yl)-5-c10-3—metylpyridin—Z-carboxamit;
N-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl)-5-flopyridin-2-carboxamit;
4-metoxy-5"-metyl-6'-[2-(prop- 1-yn-1-yl)pyridin-4-yl]-3"H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin;
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4-metoxy-5"-metyl-6'-[3-(prop-1-yn-1-yl)phenyl]-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

6'-(5-bromopyridin-3-yl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan- 1 ,2'-inden—

1',2"-imidazol]-4"-amin;

4,4-diflo-5"-metyl-6'-[ 5-(prop-1-yn-1-yl)pyridin-3-yl]-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin;

5'-(5-clopyridin-3-yl)-4-metoxy-5"-metyldispiro[xyclohexan-1,2'-[1]benzofuran-

3',2"-imidazol]-4"-amin;

4-metoxy-5"-metyl-5'-[5-(prop-1-yn-1-yl)pyridin-3-yl]dispiro[xyclohexan-1,2'-

[1]benzofuran-3',2"-imidazol]-4"-amin;
7'-bromo-5-metyl-3',4'-dihydro-2'H-spiro[imidazol-2,1'-naphtalen]-4-amin;
7'-(5-clopyridin-3-yl)-5-metyl-3',4'-dihydro-2'H-spiro[imidazol-2,1'-naphtalen]-4-
amin;
5-metyl-7'-(5-(prop-1-ynyl)pyridin-3-yl)-3',4'-dihydro-2'H-spiro[imidazol-2,1'-
naphtalen]-4-amin;

6'-bromo-5"-metyl-3'H-dispiro[xyclobutan-1, 2'-inden-1', 2"-imidazol]-4"-amin;

6'-(5-clopyridin-3-yl)-5"-metyl-3'H-dispiro[xyclobutan-1,2'-inden-1',2"-imidazol]-

4"-amin;

5"-metyl-6'-[ 5-(prop-1 ->yn- 1-yl)pyridin-3-yl]-3'H-dispiro[xyclobutan-1,2'-inden-

1',2"-imidazol]-4"-amin;

6'-(xyclopropyletynyl)-5"-metyl-3'"H-dispiro[xyclobutan-1, 2'-inden-1', 2"-

imidazol]-4"-amin;

6'-(3, 3-dimetylbut-1-yn-1-yl)-5"-metyl-3'H-dispiro[xyclobutan-1, 2'-inden-1', 2"-

imidazol]-4"-amin;

6'-(5-c10-6—metylpyridin-3-yl);4-metoxy-5"-metyl-3'H—dispiro[xyclohexan—1,2'—

inden-1',2"-imidazol]-4"-amin,;
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6'-(5 -clo-2-metylpyridin-3-yl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan—1,2'-

inden-1',2"-imidazol]-4"-amin;

4-metoxy-5"-metyl-6'-[4-metyl-5-(prop- l-yﬁ-l-yl)pyridin—3 -yl]-3'H-

'dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;

6'-bromo-5"-etyl-4-metoxy-3'H-dispiro[xyclohexan-1,2"-inden-1',2"-imidazol]-4"-

amin;

6'-(5-clopyridin-3-yl)-5"-etyl-4-metoxy-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-4"-amin;

5"-etyl-4-metoxy-6'-[5-(prop-1-yn-1-yl)pyridin-3-yl]-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

5-(4"-amino-5"-ety1-4-metox§f-3 'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-

6'-yl)pyridin-3-cacbonitril;

3-(4"-amino-5"-etyl-4-metoxy-3 'H-dispiro[xyclohekan- 1,2'-inden-1',2"-imidazol]-

6'-yl)benzonitril;

6'-[5-(but-1-yn-1-yl)pyridin-3-yl]-4-metoxy-5"-metyl-3'H-dispiro[ xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin;

4"-amino-5"-metyl-6'-[ 5-(prop-1-yn-1-yl)pyridin-3-yl]-3'H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4-ol;

3-(4"-amino-4-metoxy-5"-metyl-3"H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)-5-metylbenzonitril;

3-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)-5-flobenzonitril;
6'-br0mo-5"—metyl-3 'H-dispiro[xyclopropan-1,2'-inden-1',2"-imidazol]-4"-amin;

3-(4"-amino-5"-metyl-3'H-dispiro[xyclopropan-1,2'-inden-1',2"-imidazol]-6'-y1)-5-
clobenzonitril;
4"-amino-4-metdxy-5"-.mety1-3 'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-

6'-cacbonitril; .
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4-metoxy-6'-[3-(metoxymetyl)phenyl]-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

6'-[3 -ﬂ0-5-(metoxymetyl)phenyl]-4-metdxy-5";metyl-3'H=dispir0[xyclohex9"—

1,2'-inden-1',2"-imidazol]-4"-amin;

4-metoxy-5"-metyl-6'-{ 5-[(2,2,2-triﬂ0€:t0xy)metyl]pyridin—3-yl}—3,'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;

4-metoxy-5"-metyl-6'-(5-metylpyridin-3-yl)-3'H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-4"-amin;

4-metoxy-5"-metyl-6'-[5-(triflometyl)pyridin-3-yl}-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

3-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)-5-(triflometyl)benzonitril;

3;(4"iathino-4-metoxy-5"-mety1-3 'H-dispiro[xyclohexan-1,2"-inden-1',2"-

imidazol]-6'-yl)-5-(diflometyl)benzonitril;

5-(4"-amino-4-metoxy-5"-metyl-3‘H-dispiro'[xyclohe){an— 1,2'-inden-1',2"-

imidazol]-6'-yl)-2-flo-3-metoxybenzonitril;

6'-(3,5-diflophenyl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-4"-amin;

6'-(2-flo-3-metoxyphenyl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-4"-amin;

4-metoxy-5"-metyl-6'-phenyl-3'H-dispiro[xyclohexan-1,2"-inden-1',2"-imidazol]-

4"-amin;

3-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden- I',2"-

imidazol]-6'-yl)-5-metoxybenzonitril;

3-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)-5-bromobenzonitril;
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3-(4"-amino-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"--

imidazol]-6'-yl)-5-etylbenzonitril;

3 —(4"-'amino-4-met0xy-5"-metyl-3 'H-dispiro[xyclohexan-1,2-inden-1',2"-

imidazol]-6'-yl)-5-(metoxymetyl)benzonitril;

6'-(2-flo-5-metoxyphenyl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-4"-amin,;

6'-(2,5-diflophenyl)-4-metoxy-5"-metyl-3 'H-dispiro[xyclohékan- 1,2'-inden-1',2"-

imidazol]-4"-amin;

5-(4"-amino-4-metoxy-5"-metyl-3'"H-dispiro[xyclohexan-1,2'-inden-1 ',2_"-

imidazol]-6'-yl)-3-clo-2-flobenzonitril;

6'-(2,3 -diﬂophenyl)-4-met0Xy-5 "-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-4"-amin;

3-(4"-amino-4-met0>iy—5"-metyl-3'H-dispiro[xyclohexan— 1,2'-inden-1',2"-

imidazol]-6'-yl)-4-flobenzonitril;

6'-(2,4-diflophenyl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-4"-amin;

6'-(2,3—diclophenyl)-.4-rﬂetoxy-5".-metyl-3'Hfdispiro[xyclohexan- 1,2'-inden-1',2"-

imidazol]-4"-amin;

3-(4"-amino-4-(diﬂometoxy)-5"—metyl—3'H-dispiro[xyclohexan— 1,2'-inden-1',2"-

imidazol]-6'-yl)-5-flobenzonitril;

3-(4"-amino-4-(diflometoxy)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)-5-metoxybenzonitril;

4-(diflometoxy)-5"-metyl-6'-[5-(triflometyl)pyridin-3-yl]-3'"H-dispiro[xyclohexan-

1,2'-inden-1',2"-imidazol]-4"-amin;

3-(4"-amino-4-(diflometoxy)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-6'-yl)-5-clobenzonitril;
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- 4-(diflometoxy)-6'-(3,5-diflophenyl)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-4"-amin;

5 -(4"-amin6-4-(diﬂ0metoxy)—5 "-metyl-3'"H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-6'-yl)-2-flo-3-metoxybenzonitril; |

4-metoxy-4,5"-dimetyl-6'-[ 5-(prop-1-yn-1-yl)pyridin-3-y1]-3'H-

dispiro[xyclohexan-1 ,2'-indén— 1',2"-imidazol]-4"-amin;

6'-(xyclobutyletynyl)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2"-inden-1',2"-

imidazol]-4"-amin;

4- metoxy -5"-metyl-6'-(3-metylbut-1-yn-1-yl)-3'H- dlsplro[xyclohexan-l 2'-inden-

I' 2" imidazol]-4"- -amin;

4‘-metoxy-5"-metyl-6'- {5-[(*H;)prop-1-yn-1-yl]pyridin-3-y1}-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;

3-(4"-amino-5"-metyl-4-oxodispiro[xyclohexan-1,2'-[ IH]inden-1'(3'H),2"-
[2H]1m1dazol] 6'-yl)-5-flobenzonitril;

4- metoxy -5"-metyl-6'-(3-metyl-1H-pyrolo[2,3 b]pyrldm- -yl)-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin;

6'-bromo-5"-metyl-4-[(*H;)metyloxy] -3'H-dispiro[xyclohexan-1,2'"-inden-1',2"-

imidazol]-4"-amin;

3-(4"-amino-5"-metyl-4-[(*H;)metyloxy]-3'H-dispiro [xyclohexan-1,2"-inden-1',2"-
imidazol]-6'-yl)-5-flobenzonitril;

6'-(5-clopyridin-3-yl)-5"-metyl-4-[(*H;)metyloxy]-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

6'-[5-(diflometyl)pyridin-3 ;yl] -4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-

inden-1',2"-imidazol]-4"-amin;

4-metoxy-5"-metyl-6'-(3-metyl-1H-indol-5-yl)-3'H-dispiro[xyclohexan-1,2"-inden-

1',2"-imidazol]-4"-amin;
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5"-metyl-4-[(*H;)metyloxy]-6'-[ 5-(prop-1-yn-1-yl)pyridin-3-y1]-3'H-

dispiro[xyclohexan-1,2'-inden-1',2"- imldazol] 4"-amin;

6'-[2-clo-3-(prop-1-yn-1-yl)phenyl]-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-
1,2'-inden-1',2"-imidazol]-4"-amin;
6'-bromo-5"-metyl-4-(triflometyl)-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-
imidazol]-4"-amin;

3-(4"-amino-5"-metyl-4- [( H3)metyloxy]-3'H- dlsplro[xyclohexan-l 2'-inden-1',2"-

imidazol]-6'-yl)-5-clobenzonitril;

6'-(xyclobutylmetoxy)-4-metoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-

1',2"-imidazol]-4"-amin;

5-(4"-amiho-4-met0xy-5"—metyl—3 'H-dispiro[xyclohexan-1 ,2'—ihden- 12"
imidazol]-6'-yl)-2-flo-3-(metoxymetyl)benzonitril;

6'-bromo-4-(diflometyl)-5"-metyl-3'H-dispiro[xyclohexan-1,2"-inden-1',2"-

imidazol]-4"-amin;

6'-(5-clopyridin-3-yl)-4-(diflometyl)-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-
1',2"-imidazol]-4"-amin;
6'-bromo-4-etoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-
amin; ” ‘

4-etoxy-5"-metyl-6'-[ 5-(triflometyl)pyridin-3-yl]-3'H-dispiro[xyclohexan-1,2'-
inden-1',2"-imidazol]-4"-amin;

3-(4"-amino-4-etoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-
6'-yl)-5-flobenzonitril;

6'-(5-clopyridin-3-yl)-4-etoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-

imidazol]-4"-amin;

3-(4"-amino-4-etoxy-5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-
6'-yl)-5-(diflometyl)benzonitril; va
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. 4-etoxy-5"-metyl-6'-[5;(prop- 1-yn-1-yl)pyridin-3-yl]-3'H-dispiro[xyclohexan-1,2'- -
inden-1',2"-imidazol]-4"-amin,
hodc mubi dugc dung ctia hop chét bat ky néu trén.
13. Hop chét theo diém 1, trong d6 hop chét nay 13 (1r,1'R,4R)-4-metoxy-5"-metyl-6'-[ 5-
(prop-1-yn-1-yl)pyridin-3-yl]-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-

amin:

hoic mudi dugc dung ciia nd.

14. Hop chét theo diém 1, trong d6 hop chat nay 14 3-[(1r,1'R,4R)-4"-amino-4-metoxy-
5"-metyl-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-6"-yl]-5-clobenzonitril:

hodc muoi dugc dung cia no.

15. Hop chét theo diém 1, trong d6 hop chét nay 1a (1r,4r)—4-mef0xy—5"-metyl-6'-(2-

metylpropoxy)-3'H-dispiro[xyclohexan-1,2'-inden-1',2"-imidazol]-4"-amin (chét

HNHZ
7\ o
, \ gy

\

(chit déng phan 1)

ddng phan 1):

hodc muoi duge dung cia no.
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16. Hop chét theo diém 1, trong d6 hop chét nay 1a (1r,1'R,4R)-4"-amino-5"-metyl-6"-[5-
(prop-1-yn-1-yl)pyridin-3-yl]-3'H-dispiro[cyclohexan-1,2 '-inden— 1',2"-imidazol]-4-ol:

hodc muoi dugc dung cia no.

17. Dugc phdm chira lwong hitu hiéu tri liéu hoat chét 13 hop chét theo diém bét ky trong
~ sb cac diém tir 1 dén 16, hodc mudi dugc dung ciia chung, cling vdi it nhit mot ta
dugc, chit mang hoic chét pha lodng dugc dung.
18. Dugc phdm chira theo diém 17, trong d6 dugc phém nay con chira it nhit mot chét

tdng nhan thuc, chit 1am tang tri nhd, hodc chét trc ché cholin esteraza
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