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(57) Sang ché dé cap dén hop chat c6 cong thire I:

va mudi duoc dung cua nd, trong d6 Cy, R! va R? 1a nhu duoc xac dinh trong ban mo ta
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Linh vwe ky thuat dwoc dé cap

Sang ché @& cap dén hop chét heteroaryl hitu ich 1am chét tc ché aldosteron
synthaza (CYP11B2) va do d6, hitu ich dé diéu tri nhiéu loai bénh duoc gy ra hodc dugc
duy tri bdi hoat tinh aldosteron, bao gém bénh than, bénh thén do dai thdo duong, bénh
tim mach va rdi loan vé co. Séng ché ciing dé cap dén dugc phim chira cac hop chét nay

va quy trinh didu ché hop chét nay va cac hop chét trung gian hitu ich cho quy trinh nay.
Tinh trang k¥ thuit cia sing ché

Aldosteron 1a hormon steroid cé hoat tinh corticoid khoédng. N6 dugc tao ra chu
yéu bdi ving ciu cla vo thuong thin dé dap tng lai angiotensin II, hormon kich vé
thuong than va ting ndng d6 kali trong huyét thanh. Vai trd sinh Iy chu yéu ctia aldosteron
trong than 12 nhdm duy tri su cin bang cta lugng natri va kali bang cach diéu chinh sy
trao d6i cation (tai hip thu Na* va tiét K*) trong céc don vi than xa. Tuy nhién, aldosteron
con dugc phét hién 1a hormon tién viém va tién xo hoa trong mach mau, tim va thén. Téac
dung cua aldosteron dbi voi su biéu hién gen dugc gy ra nho sy gén két vao thu thé
corticoid khoang (mineralocorticoid receptor-MR) va con dudng thu thé hormon nhén
kinh dién. Tuy nhién, hormon ciing gay ra cdc ddp ng nhanh, khdng thude vé hé gen,
bao gém viée diéu hoa cép tinh hoat tinh cac chit van chuyén ion dang éng, vi du, chét
trao db6i Na*/H" (NHEs), H"-ATPaza, ENaC, va Na'/K* ATPaza (D. W. Good, 2007,
Hypertension, 49, 728-739). Dudng nhu mdt vai trong sb cac tac dung nay dugc gy ra
béi con dudong khong phu thude MR. Nguoc lai, MR c6 thé gin két v6i cac phdi tir lya
chon, bao gém deoxycorticosteron, corticosteron, cortisol va progesteon. Do do, viéc trc
ché su téng hop aldosteron dugc dy doan 1a c6 profin dugc dong khac biét voi nhitng gi

quan st dugc vé6i chit dbi khang MR.

Aldosteron dugc téng hop trong ving ciu cia tuyén thugng than, tai d6 enzym
riéng 1, CYP11B2 (aldosteron synthaza), xc tdc vi€c chuyén hoa 3 buéc tir 11-
deoxycorticosteron (11-DOC) thanh aldosteron, qua corticosteron va 18-

hydroxycorticosteron. Hoat tinh aldosteron synthaza thugng than duoc diéu hoa boi
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lwong Angiotensin II va K+ va chét didu hoa c6 ngudn gbc tir adipocyt khong x4c dinh
duogc. Luong aldosteron synthaza thip con duge phét hién trong tim va hé than kinh trung
uong (CNS), tuy su lién quan vé sinh 1y 14 khong chic chén, c6 18 1a lién quan dén tac
dung cén tiét. Aldosteron toan than dugc cho 14 ¢6 ngudn gbc hoan toan chu yéu tir

thuong than.

Ngoai vai tro ctia n6 trong viéc didu hoa su cin bang natri va kali, da phét hién ra
aldosteron c6 tac dong tién viém va tién xo hoa & nhidu mé bao gdbm than, mach mau va
tim. Tac dung c6 hai cia lugng aldosteron khong phu hop d6i v6i huyét ap va chire ning
va cu tao cla tim, than, ndo va mach mau, da dugc thong bao rong rai trong céc tai liéu
chuyén nganh, bao gbm: i) tang viéc giit natri do viéc quy nap bom Na*/K* ATPaza trong
cac 6ng than xa din dén viéc gia ting thé tich va huyét 4p cao, ii) loan chirc ning mang
trong, iii) mg sut oxy hoa, iv) thin va tim to, v) ting sinh nguyén bao soi, va, vi) téng

hop qua mirc nén ngoai bao dan dén chimg xo héa than, mach méau va tim.

Loi ich cua viée phong bé/trc ché aldosteron bao gbm 1am giam chimg xo hoa thin
va céi thién tdc dd loc cua cAu than va albumin niéu & cidc md hinh méc than bénh man
tinh (chronic kidney disease-CKD) va bénh thén do dai thdo duong. Diéu nay dugc hd
tro boi cac dit liéu tién 1am sang (vi du, Fiebler et al., 2005, Circulation, 111, 3087-3094;
Lea et al., 2009, Kidney International, 75, 936-945). Cac loi ich khic dugc thong bao
trong cac tai liéu chuyén nganh bao gbm 1am giam huyét 4p va thuong tdn co quan dich

(tim, th4n, mach méu) trong ¢4 ching cao huyét ap phu thudc than t6 va nhay véi mubi.

Mic du rAt nhiéu tac dung da biét cua aldosteron duoc giy ra béi su hoat hoa thu
thé corticoid khoang (MR), va nhiéu ching ¢ huéng téi con dudng nay dugc rit ra tir
céc thir nghiém vai chéat ddi khang MR, tac dung duge gy ra khong do MR da dugc
thong bao va chudt chuyén gen MR va aldosteron synthaza c6 kiéu hinh khéc. Céc quan
sat nay ciing khing dinh thém chit tc ché aldosteron synthaza c6 thé ¢ profin khéc va

c6 cac vu diém khac hon chat doi khang MR.

Vi du, mot vai tac dung aldosteron khong bi trc ché bsi chit dbi khang MR, bao
gbm tac dung gy hai tiém tang ddi voi hé mach (ting stc can ngoai bién), tim (tc dung
dén viéc tai phan cuc thanh tim) va hé ndi tiét (giam viéc tiét insulin). Ngoai ra, co ché

d6i khang MR sé& lam ting aldosteron tudn hoan, du bao s& 1am ting viéc phat tin hiéu
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aldosteron qua con dudng khong MR va, c6 kha néng, phuc hdi mdt phan sy phong bé

MR tu than.

Céc chién lugc tri 1iéu hién hanh tap trung vao su tién trién chdm va diéu tri tinh
trang bénh lién quan dén bénh than do dai thao dudng: kiém sodt dudng huyét va kiém
so4t huyét ap cao. P4 quan sat thiy chit tc ché enzym chuyén héa angiotensin
(angiotensin converting enzyme-ACE) va chét phong bé thu thé angiotensin (angiotensin
receptor blockers-ARB) ¢6 oi ich cho than & cdc bénh nhén méc bénh déi thio dudng.
Cho dén nay, dai dién ciia nhém chét irc ché ACE va nhém ARB dé duoc phé chuén dé
didu tri bénh than do déi thdo dudng. Cac phép tri liéu nay c6 loi ich nhat dinh v6i bénh

nhan méc bénh than do d4i thio duong.

Miic dui viéc st dung chat trc ché ACE va ARB 12 tiéu chuan chim soc hién hanh
cho bénh nhan méc bénh than do d4i thdo dudng, cac bénh nhan sé& bi suy giam chirc nang
than din dan khi ding cac thubc niy, nhu duge néu trong cac nghién ctru IDNT (E. J.
Lewis et al., 2001, N. Engl. J. Med., 345, 851-860) va RENAAL (B.M. Brenner et al.,
2001, N. Engl. J. Med., 345, 861-869), trong d6 thong bao viéc giam tdc do loc cau than
theo thoi gian, 1a thude do chinh xac sy tién trién than bénh man tinh & bénh nhan dugc
diéu tri bang phuong phap thong thuong nay. & than bénh man tinh giai doan 5, cAn phai

tién hanh viéc thay than, & dang thAm tach méu hoic cdy ghép.

Viéc we ché aldosteron synthaza con c6 thé dugc du doan 13 tao ra cac uu diém &
dang li€u phap diéu tri bd sung bang chét trc ché ACE va ARB. Dic biét, khoang 25 dén
50% bénh nhan dung cac thudc nay c6 kha ning “choc thung aldosteron” trong d6 lugng
aldosteron ban dau duoc 1am giam bawgf cach didu tri nay mac du cudi cling s& quay vé
mirc trude diéu tri. Hién tuong ndy thuong khong xay ra véi viéc {rc ché aldosteron

synthaza truc tiép va c6 thé 1am ting hidu qua trong phép tri liéu két hop.

Do d6, vin ¢6 nhu ciu tim ra thubc dé diéu trj bénh than do dai théo dudng, nham
tam dirng hodc 1am thodi lui sy tién trién bénh b%lng cach hudng dich dac hiéu cac co ché
sinh Iy bénh dang phai chiu két hop v6i chitng viém va chimg xo héa man tinh, khong
quan tim dén ngudn gbc cia bénh va khi dung d6ng thoi vé6i cac liéu phéap hién hanh.
Céc nghién ctru dugc md ta trén ddy va trong céc tai li¢u chuyén nganh duara bang ching

cho théy chét trc ché viée téng hop aldosteron s& hitu ich dé diéu tri bénh than do dai thao
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dudng bao gdm bénh than do déi thdo dudng; bénh than khong do dai thdo dudng bao
g(‘“)m x0 hoéa clu than, viém than tiéu ciu, bénh than IGA, hdi chiing than hu va xo hoa
cAu thin khu tra timg doan (Focal segmental glomerulosclerosis - FSGS); bénh tim mach
bao gdm chiing cao huyét ap, chimg cao huyét 4p dong mach phéi, hoi chimg Crohn, suy
tim tAm thu, suy tim tdm truong, loan chirc ndng tim that trai, chimg héa rin va ching
x0 hoa nang tAm tht trai, chimg bét thuong dd day tdm thét trai, chitng héa rin dong
mach, chimg xo vita dong mach va bién c¢b tim mach két hop vé6i cudng aldosteron so

cép hodc thir cAp; chimg ting san thugng than va cudng aldosteron so cAp hoic thir cAp.
Ban chit k§ thuit ciia sing ché

Sang ché d& xuét hop chét c6 kha ning trc ché aldosteron synthaza (CYP11B2) va
do d6, hitu ich dé didu tri nhidu loai bénh va rdi loan c6 thé 1am thuyén giam bang cach
lam giam lugng aldosteron bao gbm bénh than, bénh than do dai thdo dudng, bénh tim
mach va 16i loan vé& co. Theo khia canh khéc, séng ché @& xuét hop chét rc ché aldosteron
synthaza chon loc hon cortisol synthaza (CYP11B1), CYP17A1 va CYP19ALl. Sang ché
ciing @& cap dén dugc phadm chta céc hop chat ndy va quy trinh diéu ché cac hop chét

nay va cac hop chét trung gian hitu dung cho céc quy trinh nay.

Theo mdt phuong 4n, sang ché @& xuét hop chit c6 cong thirc I:

Cy\ o
N
o]
QO R’
N R2
|

trong do:

Cy 12 hé nhan don hodc hai vong dugc chon tir Cs.10xycloalkyl, heteroxyclyl, aryl va

heteroaryl,

trong d6 mdi trong s6 nhém Cs.joxycloalkyl, heteroxyclyl, aryl va heteroaryl nay
tuy y va doc lap dugce thé bing mét, hai, hodc ba nhém phén tir thay thé dugc chon

tir halogen, -Ci-3-alkyl, -OC1.3-alkyl, -CF3, xyano, oxo, -N(Ci.3-alkyl)2, -NH(C1.3-
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alkyl), -NHCOC 15-alkyl, -C(0)Ci.3-alkyl, -C(0)OCi.zalkyl, hydroxyCi.salkyl,

hodc heteroaryl;

R! va R? doc 1ap duge chon tir H, Cisalkyl, hydroxyCi.salkyl, -CH2NHC(O)OC1.4alkyl,
_CHOC(0)Craalkyl, -C(0)OCis-alkyl, -C(O)H, -COOH, -C(O)NHCp-alkyl va
C(O)N(Ci-s-alkyl)z, hodc

R! va R? duoc liy ciing nhau dé tao thanh Cs.exycloalkyl hodc Cs-s-heteroxyclyl;
hoac mubi ciia no.

Theo phuong 4n khac, sang ché d& xuét hop chit c6 cong thirc I nhu duge mo ta

theo phuong 4n néu trén va trong do

Cy 1a nhém phenyl, xyclohexyl, indanyl, 2,3-dihydrobenzofuranyl hodc
tetrahydroquinolinyl, mdi nhém tuy ¥ dugc thé bang mot, hai, hoic ba nhém phén tir thay
thé doc lap dugce chon tir —Cl, -F, Ci3alkyl, oxo va CN; va

R! va R? doc 1ap duoc chon tir H, Cisalkyl, hydroxyCi-salkyl, -CH>NHC(0)OCh.4alkyl,
-C(O)N(C1-4-alkyl)2 va -CH2OC(O)Ci-salkyl.

Theo phuong én khac, sang ché d& xuét hop chit c6 cong thirc I nhu duge md ta

theo phuong an bét ky trong sb cac phuong 4n néu trén va trong doé

Cy la phenyl tuy y duoc thé bang mot, hai, hodc ba nhom phéan tir thay thé doc lap duoc
chon tir —Cl, -F, Ci3alkyl va CN.

Theo phuong 4n khac, sang ché d& xuét hop chit c6 cong thire I nhu duge mo ta

theo phuong an bat ky trong sd cac phuong an néu trén va trong doé

Cy la phenyl dugc thé bang mat, hai, hodc ba nhom phén tr thay thé doc 1ap dugc chon
tir —Cl, -F, Cisalkyl va CN.

Theo phuong 4n khac, sang ché d& xuét hop chét c6 cong thirc I nhu duge mod ta

theo phuong an bat ky trong sd cac phuong 4n néu trén va trong do

Cy la phenyl dugc thé bing CN va ty y dugc thé bing mot hodc hai, nhém bd sung doc
lap dugc chon tir —Cl, -F va Cialkyl.
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Theo phwong 4n khac, sang ché d& xuét hop chét c6 cong thirc I nhu duoc mé ta

theo phwong an bét ky trong sd cdc phuong 4n néu trén va trong d6
R!1a-CHs; va
R? 1a —CH3 hodc —CH>OH.

Theo phuong 4n khac, sang ché d& xudt hop chét c6 cong thire I nhu dugc mo ta

theo phuong 4n bét ky trong sb cac phuong 4n néu trén va trong d6
R!1a —CHjs; va
R? 1a -CH,OH.

Theo phwong 4n khac, sang ché dé xudt hop chit ¢6 cong thirc I nhu duge mo ta

theo phuong 4n bat ky trong sd cac phuong 4n néu trén va trong d6
R!'1a —-CHjs; va
R? 1a —CHs.

Theo mot khia canh khéc, sang ché @& xuit hop chét co cong thirc chung I theo
phwong 4n bat ky trong sd cac phuong an trén dy, hodc mudi duge dung ctia né dé st
dung trong phuong phap chita bénh nhu duge mo ta trén day va dudi day.

M0 ta chi tiét sang ché

Béng 1 thé hién cac hop chét dai dién ctia sang ché, cac hop chét nay co thé duge
didu ché theo cac so dd téng hop chung, cac vi du dudi ddy va cac phuong phap da biét

trong linh vuc k¥ thuat nay.

Bang 1
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Hop
chat

Cong thirc cau tric

Tén

F

tert-butyl N-{[3-(3,4-diflophenyl)-6-metyl-4-

/

3H,4H,6H,7H-pyrano[3,4-d]imidazol-4-on

F
o
0x0-3H,4H,6H,7H-pyrano[3,4-d]imidazol-6-
yl]metyl}carbamat
TV
F
F
5 o 3-(3,4-diflophenyl)-6,6-dimetyl-
«ﬁ 3H,4H,6H, 7H-pyrano[3,4-d]imidazol-4-on
/
N
|
3 4-{6,6-dimetyl-4-oxo-3H,4H,6H,7H-
i pyrano[3,4-d]imidazol-3-yl}benzonitril
%
cl
4 @jo 3-(3,4-diclophenyl)-6,6-dimetyl-
M
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Hop

k Cong thirc chu tric Tén
chat g

6-{6,6-dimetyl-4-ox0-3H,4H,6H,7H-
pyrano|3,4-d]imidazol-3-yl}-1-metyl-1,2,3,4-
tetrahydroquinolin-2-on

(§/]
O
\ <§Z\
O

2-clo-4-{6,6-dimetyl-4-oxo-3H,4H,6H,7H-
pyrano|3,4-d]imidazol-3-yl}benzonitril

s

B

3-(2-clo-3-flophenyl)-6,6-dimetyl-
3H,4H,6H,7H-pyrano[ 3,4-d]imidazol-4-on

0
M O
DN
go

3-(3-clo-2-flophenyl)-6,6-dimetyl-
3H,4H,6H,7H-pyrano|3,4-d]imidazol-4-on
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Hop A . £ . A
chit Cong thirc cau tric Tén
cl
9 o - 3-(4-clophenyl)-6,6-dimetyl-3H,4H,6H,7H-
«& pyrano[3,4-d]imidazol-4-on
/
N
it
F
10 4-{6,6-dimetyl-4-oxo0-3H,4H,6H,7H-
7 pyrano| 3,4-d]imidazol-3-yl}-2-flobenzonitril
N
|
4-{6,6-dimetyl-4-oxo-3H,4H,6H,7H-
11 0 pyrano|3,4-d]imidazol-3-yl}-2-
{Vﬁ metylbenzonitril
\ cl
X
1 2-clo-5-{6,6-dimetyl-4-oxo-3H,4H,6H,7H-

i

pyrano[3,4-d]imidazol-3-yl}benzonitril

-10-




25224

Hop A . X . A
chit Cong thirc cau truc Tén
N
It
4-{6,6-dimetyl-4-oxo-3H,4H,6H,7H-
13 o pyrano[3,4-d]imidazol-3-yl}-3-
metylbenzonitril
»
F
14 o 3-(4-flophenyl)-6,6-dimetyl-3H,4H,6H,7H-
{ pyrano[3,4-d]imidazol-4-on
/
N
\
s © 2-clo-4-[6-metyl-4-oxo0-3H,4H,6H, 7H-
i pyrano[3,4-d]imidazol-3-yl]benzonitril
SO
N
it
16 4-[6-metyl-4-oxo0-3H,4H,6H,7H-pyrano|3,4-
2 d]imidazol-3-yl]benzonitril
1 0 6,6-dimetyl-3-phenyl-3H,4H,6H,7H-

pyrano[3,4-d]imidazol-4-on
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Hop
chit

Cong thirc cau tric

Tén

18

3-clo-4-{6,6-dimetyl-4-oxo-3H,4H,6H,7H-

? pyrano|3,4-d]imidazol-3-yl}benzonitril
i
N
It
19 . 4-{6,6-dimetyl-4-oxo0-3H,4H,6H,7H-
7 pyrano[3,4-d]imidazol-3-yl}-3-flobenzonitril
/
|
20 o 3-(4-clophenyl)-3H,4H,6H,7H-pyrano[3,4-
o d]imidazol-4-on
Iz
N
/l
21 4-{4-ox0-3H,4H,6H,7H-pyrano[3,4-
i d]imidazol-3-yl}benzonitril
o
Qe
N
Nl
" ! 2-clo-4-{4-ox0-3H,4H,6H,7H-pyrano[3,4-
0

d]imidazol-3-yl}benzonitril
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Hop
chat

Cong thirc cau tric

Tén

3-(3,4-diclophenyl)-3H,4H,6H,7H-

23 i B
o pyrano[3,4-d]imidazol-4-on
Lo
F
F
24 o 3-(3,4-diflophenyl)-3H,4H,6H,7H-
o pyrano[3,4-d]imidazol-4-on
(7
25 g 3-(2,3-dihydro-1H-inden-2-yl)-3H,4H,6H,7H-
7 pyrano[3,4-d]imidazol-4-on
g
26 o 3-(2,3-dihydro-1H-inden-2-yl)-6,6-dimetyl-
3H,4H,6H,7H-pyrano[3,4-d]imidazol-4-on
»;
3-(2,3-dihydro-1H-inden-2-yl)-6-
27 ? (hydroxymetyl)-6-metyl-3H,4H,6H,7H-

OH

pyrano|3,4-d]imidazol-4-on
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chit Cong thirc cau triac Tén
N
\
trans-4-(6,6-Dimetyl-4-0x0-6,7-dihydro-4H-
28 / o pyrano 3,4-d]imidazol-3-yl)-
’Nﬁ xyclohexancarbonitril
\
N
It
c
2-clo-4-[(6R)-6-(hydroxymetyl)-6-metyl-4-
29 A 0 oxo-3H,4H,6H,7H-pyrano|3,4-d]imidazol-3-
11b itril
g\‘ 7 yl]benzonitri
H
N
|
c
2-clo-4-[(6S)-6-(hydroxymetyl)-6-metyl-4-
29B 0 0x0-3H,4H,6H,7H-pyrano|3,4-d]imidazol-3-
yl]benzonitril
cl
c
3-(3,4-diclophenyl)-6-(hydroxymetyl)-6-
30 ? metyl-3H,4H,6H,7H-pyrano[3,4-d]imidazol-

OH

4-on
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Hop
chit

Cong thirc cau tric

Tén

4-[6-(hydroxymetyl)-6-metyl-4-oxo-

31 3H,4H,6H,7H-pyrano[3,4-d]imidazol-3-yl]-3-
7 metylbenzonitril
H
1\
¢ [3-(3-clo-4-xyanophenyl)-6-metyl-4-oxo-
32 i 3H,4H,6H,7H-pyrano[3,4-d]imidazol-6-
| yl]metyl axetat
\ e
N
\
ol 2-clo-4-[6-(hydroxymetyl)-4-oxo-
33 0 3H,4H,6H,7H-pyrano|3,4-d]imidazol-3-
yl]benzonitril
<\\‘ I OH
F
C; ; o 3-(2-clo-3-flophenyl)-6-(hydroxymetyl)-6-
34 metyl-3H,4H,6H,7H-pyrano|3,4-d]imidazol-
/ 4-on '
H
c
I:Q o 3-(3-clo-2-flophenyl)-6-(hydroxymetyl)-6-
35 metyl-3H,4H,6H,7H-pyrano[3,4-d]imidazol-

4-on
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Hop
chit

Cong thirc cau tric

Tén

O

3-(4-clophenyl)-6-(hydroxymetyl)-

36 %/ 3H,4H,6H,7H-pyrano[3,4-d]imidazol-4-on
/
OH
N
\
4-[6-(hydroxymetyl)-6-metyl-4-oxo-
37 o 3H,4H,6H,7H-pyrano|3,4-d]imidazol-3-
<\ , yl]benzonitril
H
cl
13 i o 3-(4-clophenyl)-6-(hydroxymetyl)-6-metyl-
7 3H,4H,6H,7H-pyrano[3,4-d]imidazol-4-on
H
N
|l
4-[6-(hydroxymetyl)-6-metyl-4-o0xo-
39 0 3H,4H,6H,7H-pyrano[3,4-d]imidazol-3-yl]-2-

%

OH

metylbenzonitril
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H(.rp A , A , A
chit Cong thirc ciu tric Tén
ol
N
6-[(6R)-6-(hydroxymetyl)-6-metyl-4-oxo-
40 0 | 3H,4H,6H,7H-pyrano|[3,4-d]imidazol-3-yl]-1-
metyl-1,2,3,4-tetrahydroquinolin-2-on
Cl
H
cl
c
41 o 3-(3,4-diclophenyl)-6-metyl-3H,4H,6H,7H-
pyrano|3,4-d]imidazol-4-on
/
o}
42 . 3-(2,3-Dihydro-benzofuran-5-yl)-6-
hydroxymetyl-6-metyl-6,7-dihydro-3H-
<\ | pyrano| 3,4-d]imidazol-4-on
H
N
\
43 ? o 2-clo-4-(6-formyl-6-metyl-4-oxo0-6,7-dihydro-
4H-pyrano|3,4-d]imidazol-3-yl)-benzonitril
o O
U
N
\\
c Axit  3-(3-Clo-4-xyano-phenyl)-6-metyl-4-
44 0x0-3,4,6,7-tetrahydro-pyrano|3,4-

d]imidazol-6-carboxylic
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Hop A .k . n
chit Cong thire cau tric Tén
N
\
o Metyl este ctia axit 3-(3-Clo-4-xyano-phenyl)-
45 Q 6-metyl-4-0x0-3,4,6,7-tetrahydro-pyrano[ 3,4-
<q | o o d]imidazol-6-carboxylic
\
W\
¢ Dimetylamit cua axit 3-(3-Clo-4-xyano-
46 i phenyl)-6-metyl-4-o0xo0-3,4,6,7-tetrahydro-
<\ | o 0 pyrano| 3,4-d]imidazol-6-carboxylic
/

Theo mdt phuong 4n, sang ché d& cap dén hop chit 1-46 dugc mo ta trong Bang

1 néu trén va mudi duge dung cua no.

Theo phwong 4n khéc, sang ché dé cap dén hop chét 1-11, 13, 15, 18, 19, 22, 23,
26, 28, 29A, 29B, 30-33, 35, 39, 41, 42, 45 va 46 dugc mo ta trong Bang 1 néu trén va

mudi dugc dung cua no.

Trur khi dugce chi ra cu thé, trong Phin mo ta va Yéu cu bao hd, mdt tén hoic
cong thirc hoa hoc dugce néu s€ bao ham céa céc tautome va tAt ca cac chat ddng phan l1ap
thé, quang hoc va hinh hoc (vi du cac chit ddng phan dbi anh, cac chit ddng phan khong
d6i quang, cac chit ddng phan E/Z, v.v.) va cac chét triét quang ciia chiing cling nhu cac
hdn hop véi ty phan khac nhau cia cac chit ddng phan d6i anh riéng &, cac hdn hop ciia
cac chit ddng phan khong d6i quang, hodc cac hdn hop ciia dang bét ky trong sb cac dang
néu trén khi céc chit ddng phan va cac chit ddng phan d6i anh nhu vay ton tai, cling nhu
cac mudi, gdm ca cac mudi dugc dung ctia chiing va cic solvat clia chiing nhu vi du céc

hydrat gdm ca céc solvat cta cac hgp chat ty do hodc céac solvat ctia mudi ctia hop chat.
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Mbt sb hop chét c6 cong thuc I co thé tdn tai & nhidu hon mét dang tautome. Phén

mo ta bdc 1§ cac phuong phap st dung tAt ca cac tautome nay.

Céc hop chit theo sang ché con bao gdm céc dang duogc danh ddu ddng vi cia
ching. Dang dugc danh ddu dong vi ctia hoat chit ciia ché phdm phdi hop theo sang ché
12 giéng nhu hoat chét d6 nhung thuc té 12 mot hogc nhidu nguyén tir ctia hoat chit d6 da
dugc thay thé bing nguyén tir hogic cac nguyén tir ¢6 khdi lwgng nguyén tir hoic sé khdi
khac véi khéi lwong nguyén tir hodc sd khéi ciia nguyén tir @ néu ma thuong duge thy
trong ty nhién. Vi du vé cac déng vi ma c6 ban trén thi trudng va co thé duoc két hop
vao hoat chét ctia ché phim phdi hop theo sang ché phit hop véi cac quy trinh da 6, bao
gém cac déng vi cta hydro, cacbon, nito, oxy, phospho, flo va clo, vi du, lan luot 12 2H,
3H, 13, 14C, BN, B0, 170, 31P, 32p, 35S, 18F, va Cl. Hoat chit ciia ché phim phéi hop
theo séng ché, tién dugc chit cuia n6, hoidc mubi duge dung cuia chiing ma chira m¢t hodc
nhiéu ddng vi néu trén va/hoic céc ddng vi khac cta cac nguyén tir khac duge dy tinh 1a

nam trong pham vi cua sang cheé.

Sang ché bao gdm céc din xuét dugce dung ctia hop chét ¢6 cong thire (I). "Dan
xuét duge dung” duge ding dé chi este hozic mubi duge dung bét k¥, hodc hop chit khac
bt ky, ma khi bénh nhin dung, c6 kha nang tao ra (truc tiép hoic gian tiép) hop chat hitu
dung cho sang ché, hozc san phim chuyén héa c6 hoat tinh dugc Iy hodc gbc c6 hoat tinh
dugc Iy caa né. San pham chuyén héa c6 hoat tinh duge ly dugc hiéu 13 hop chét bat ky
cta sang ché c6 kha ning dugc chuyén hoéa hoa hoc hodc nhd enzym. Cac chét nay bao

gbm, vi dy, dan xuét hydroxyl héa hoic oxy hoa cia cac hop chét co6 cong thic 1.

Nhu duge sit dung & ddy, "cac mubi duge dung” duge dung dé chi cac dan xut
ctia cac hop chét duoc boc 16 & ddy, trong d6 hop chét gbc duge cai bién bang cach tao
ra cac mudi axit hodc bazo ciia né. Cac vi du vé cac mudi duge dung gdm, nhung khong
chi giéi han &, cac mudi axit hitu co hoic khoang ciia cic géc bazo nhu cac amin; cac
mudi kidm hoic hitu co cta cac gde axit nhu céc axit carboxylic; va céc mudi trong tu.
Vi du, céc mudi nhu vay gém axetat, ascorbat, benzensulfonat, benzoat, besylat,
bicacbonat,  bitartrat,  bromua/hydrobromua, edetat, camsylat,  cacbonat,
clorua/hydroclorua, xitrat, edisylat, etan disulfonat, estolat esylat, fumarat, gluceptat,

gluconat, glutamat, glycolat, glycollylarsnilat, —hexylresorcinat, hydrabamin,

-19-



25224

hydroxymaleat, hydroxynaphtoat, iodua, isothionat, lactat, lactobionat, malat, maleat,
mandelat, metansulfonat, metylbromua, metylnitrat, metylsulfat, mucat, napsylat, nitrat,
oxalat, pamoat, pantothenat, phenylaxetat, phosphat/diphosphat, polygalacturonat,
propionat, salixylat, stearat, subaxetat, sucxinat, sulfamit, sulfat, tannat, tartrat, teoclat,
toluensulfonat, triethiodua, amoni, benzatin, cloprocain, cholin, dietanolamin,
etylendiamin, meglumin va procain. Cac mudi dugc dung khéc c6 thé duoc tao ra nhd
céc cation tir cac kim loai nhu nhdom, canxi, lithi, magie, kali, natri, k€m va céc kim loai
tewong tu. (cling xem Pharmaceutical salts, Birge, S.M. et al., J. Pharm. Sci., (1977), 66,
1-19).

Céc mudi duge dung theo sang ché c6 thé dugc tbng hop tir hop chét gbc ma chira
gbc axit hodc bazo bing cic phuwong phap héa hoc thong thuong. N6i chung, céc mubi
ndy c6 thé duoc diéu ché bang cach cho cac dang axit hodc bazo ty do cua cac hop chét
nay phan tng véi lugng du cia bazo hodc axit thich hop trong nuéc hodc trong chét pha
loang hitu co nhu ete, etyl axetat, etanol, isopropanol, hodc axetonitril, hodc hén hop cua

chung.

Céac muoi cua cac axit khac cac axit dugc dé cap trén day ma, vi du hitu dung trong
tinh ché hoic tach cac hop chat theo sang ché (vi du cac mudi triflo axetat), cling 12 mot

phan cia sang ché.

Ngoai ra, phdn mo ta boc 16 viéc st dung tién dwogc chét of hop chit c6 cong thirc
(D). Tién dugc chit bao gdm cac hop chat, khi dugc bién ddi hoa hoc don gian, duge cai
bién dé tao ra hop chét theo sang ché. Céc chuyén héa héa hoc don 1¢ gdm thiy phan,
oxy héa va khtr. Cu thé 13, khi cho bénh nhan ding mét tién dugc chét, tién dugc chat
nay cé thé duoc chuyén hoa thanh hop chit duogc boc 10 trén day, nho d6 tao ra tac dung

dugc ly mong mudn.

Céc hop chét theo sang ché chi 1 cac hop chit ma duoc du tinh 13 6n dinh vé mit
héa hoc nhu s& dugc chuyén gia c6 trinh d9 trung binh trong linh vuc nay hiéu 3. Vi dy,
peroxit hodc hop chit ma c6 ‘héa tri dung dua’, hodc ‘carbanion’ khong phai 1a cac hop

chét dugc dua tinh bdi cac phuong phap sang tao duge boc 10 ¢ day.
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Déi vai tht ca cac hop chat dugce boc 19 trén day trong don nay, néu danh phap ma

mau thudn véi cau tric, thi dugc hiéu 1a hop chét nay dugc dinh nghia béi cAu truc.

T4t ca céac thuat ngit nhu dugc sir dung ¢ dy trong ban mo ta nay, trir khi duge
chi ra khdc, s& dugc hiéu theo nghia thong thudng cua chiing nhu da biét trong linh vuc
ky thuat nay. Vi du, “Ci.salkyl” 1a gbc hydrocacbon béo bdo hoa hoa tri mot chira 1-4
cacbon nhu metyl, etyl, n-propyl, 1-metyletyl (isopropyl), n-butyl hodc ¢-butyl; “Ci4
alkoxy” 1a Ci.4 alkyl c6 mot oxy d4u cubi, nhu metoxy, etoxy, propoxy, butoxy. Tht ca
cac nhom alkyl, alkenyl va alkynyl dugc hiéu 14 c6 mach nhanh, khong phan nhanh, vong
hodc khong vong khi ¢6 thé tOn tai v& mat cAu trac va trir khi c6 quy dinh khéc. Cac dinh

nghia cu thé hon 1a nhu sau:

Thuét ngit “Ci.n-alkyl”, trong d6 n 1a s6 nguyén nim trong khoang tir 2 dén n, doc
1ap hodc két hop véi gbc khac duge ding & chi gbc hydrocacbon mach thing hoic mach
nhanh, khéng vong, bdo hoa cé tur 1 dén n nguyén tix C. Vi dy, thuat ngir Cis-alkyl bao
ham cac gbc H3C-, H3C-CHa-, H3C-CHz-CHa-, H3C-CH(CHs)-, H3C-CH,-CH>-CHo-,
H3C-CH,-CH(CH3)-, H3C-CH(CH3)-CHz-, H3C-C(CHs)2-, H3C-CHa-CH2-CH,-CHo-,
H3C-CH,-CH»-CH(CH3)-, H3C-CH>-CH(CH3)-CH,-, H3C-CH(CH3)-CH2-CHz-, HsC-
CH,-C(CH3)-, H3C-C(CH3)-CHz-, H3C-CH(CH3)-CH(CH3)- va  HsC-CHo-
CH(CH2CHz)-.

Thuét ngit "Ci-s-alkylen", trong d6 n 1a s& nguyén nam trong khoang tir 1 dén n,
doc lap hoic két hop véi gbc khéac, duge dung @& chi gbc alkyl hoa tri hai mach thing
hodc mach nhanh, khong vong chura tir 1 dén n nguyén ti cacbon. Vi dy, thuét ngit Ci4-
alkylen bao gdm -(CHa)-, -(CH2-CHa)-, -(CH(CH3))-, -(CH>-CH2-CHa)-,  -(C(CH3)2)-
, -(CH(CH2CH3))-, -(CH(CH3)-CHa)-, -(CH2-CH(CH3))-, -(CH2-CH2-CHa-CHz)-, -(CHo-
CH>-CH(CH3))-, -(CH(CH3)-CH2-CH2)-, -(CH2-CH(CH3)-CHa)-, -(CH2-C(CHs)o)-, -
(C(CH3)2-CH2)-, -(CH(CH3)-CH(CH3))-, -(CH2-CH(CH>CHj3))-, -(CH(CH2CHs)-CH>)-
, -(CH(CH,CH,CHs))-, -(CHCH(CH3)2)- va —C(CH3)(CH2CH3)-.

Thuét ngit “Cs.n-xycloalkyl”, trong do6 n s& nguyén nim trong khoang tir 4 dén n,
doc lap hodc két hop v6i gbe khéc, duge ding dé chi gbc hydrocacbon mach vong, khong
phan nhanh, bao hoa c6 tur 3 dén n nguyén t C. Vi dy, thudt ngit Cs.7-xycloalkyl gdm
xyclopropyl, xyclobutyl, xyclopentyl, xyclohexyl va xycloheptyl.
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Thuat ngit “nguyén tir khac loai”, nhu duoc sir dung & ddy, dugc hiéu la nguyén
tir khac cacbon nhu O, N, S va P.

Trong t4t ca cac nhom alkyl hodic cic mach cacbon, mot hodic nhiéu nguyén ti
cacbon tuy y c6 thé duoc thay thé béi cac nguyén tir khac loai: O, S hoic N, s& duoc hiéu
1a néu N khéng dugc thé thi n6 1a NH, ciing s& dugc hiéu ring cac nguyén tir khac loai
c6 thé thay thé cac nguyén tir cacbon d4u cubi hoidc cac nguyén tir cacbon bén trong mach
cacbon phan nhanh hodc khong phan nhanh. Cac nhém nhu vay co thé dugc thé nhu duoc
mo ta trén day bing cic nhém nhu oxo dé tao ra cAc nhém nhu, nhung khong chi gisi

han ¢: alkoxycacbonyl, axyl, amido va thioxo.

Thuat nglt “aryl”, nhu dugce st dung & day, doc lap hoac két hop vai gbe khac,
ding d& chi nhém don vong cacbon thom chira 6 nguyén tir cacbon ma c6 thé dugc ngung
tu thém v&i nhom vong cacbon 5 hodc 6 canh thir hai ma cé thé 1a thom, bdo hoa hoic
khong bao hoa. Aryl gdbm, nhung khong chi giéi han &, phenyl, indanyl, indenyl, naphtyl,
antraxenyl, phenanthrenyl, tetrahydronaphtyl va dihydronaphtyl.

Thuat ngit "heteroaryl" nghia la heteroaryl don vong thom 5 hodc 6 canh hodc hé
hai vong thom heteroaryl tir 7 dén 11 canh, trong d6 it nhat mdt trong sd cac vong nay 14
thom, trong d6 vong heteroaryl nay chira tir 1 dén 4 nguyén tir khac loai nhu N, O va S.
Céac vi du khong gi6i han vé& cic vong heteroaryl don 5 hodc 6 canh gdm furanyl,
oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl, pyrazolyl, pyrolyl, imidazolyl, tetrazolyl,
triazolyl, thienyl, thiadiazolyl, pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, triazinyl,
va purinyl. Céc vi du khong gidi han v& cac hé hai vong heteroaryl tir 7 &én 11 canh gdm
benzimidazolyl, quinolinyl, dihydro-2H-quinolinyl, tetrahydroquinolinyl, isoquinolinyl,
quinazolinyl, indazolyl, thieno[2,3-d]pyrimidinyl, indolyl, isoindolyl, benzofuranyl,

dihydrobenzofuranyl, benzopyranyl, benzodioxolyl, benzoxazolyl va benzothiazolyl.

Thuét ngit "heteroxyclyl” dugc dung @& chi gbc di vong don bén khong thom tir 4
dén 8 canh hodc gbc di vong bén khong thom spiro, hai vong ndi ciu, hai vong ngung tu
tir 6 dén 11 canh. Di vong tir 5 dén 11 canh gdm c6 cac nguyén ti cacbon va mot hodc
nhidu, vu tién 14 tir mot dén bdn nguyén tir khac loai duge chon tir nito, oxy va luu huynh.
Dj vong c6 thé 14 bdo hoa hoic mét phén khong bio hoa. Cac vi du khong gidi han vé

cac gbe di vong don vong khdng thom bao gbm tetrahydrofuranyl, azetidinyl, pyrolidinyl,
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pyranyl, tetrahydropyranyl, dioxanyl, thiomorpholinyl, 1,1-dioxo-1A%-thiomorpholinyl,
morpholinyl, piperidinyl, piperazinyl, va azepinyl. Cac vi du khong giéi han vé cac gbc
hai vong ngung tu, khong thom, c6 6 dén 11 canh bao gbm octahydroindolyl,
octahydrobenzofuranyl, va octahydrobenzothiophenyl. Cac vi du khéng giéi han vé cac
gbc hai vong lién két cdu, khong thom, c6 6 dn 11 canh bao gdm 2-
azabixyclo[2.2.1]heptanyl, 3-azabixyclo[3.1.0]hexanyl, va 3-azabixyclo[3.2.1]octanyl.
Céc vi du khong gi6i han vé cac gbe di vong kiu vong xodn, khong thom, ¢ 6 dén 11
canh bao gdm 7-aza-spir0[3.,3]heptanyl, 7-spiro[3,4]octanyl, va 7-aza-spiro[3,4]octanyl.

Pham vi ciia thuat ngit “heteroxyclyl” con bao gom tit ca cac dang ddng phan c6 thé.

Thuat ngit “halogen” nhu dugc st dung trong ban mo ta nay nghia la brom, clo,

flo hoac iot. Céc thuat ngit “duoc halogen héa”, “ dugc halogen héa hoan toan hodc mot

‘
A%,

phan”; dugc flo héa hoan toan hodc mot phan; “duoc thé bing mét hoic nhidu nguyén tir
halogen”, gom vi du, dan xuit mono, di hodc tri halo trén mdt hodc nhiéu nguyén ti

cacbon. Di véi alkyl, vi du khdng gidi han c¢6 1€ 1a -CH,CHFa, -CF3, v.v.

MBbi alkyl, xycloalkyl, di vong, aryl ho#c heteroaryl, hodc céac chit turong tu cla

ching dugc mb ta & ddy cé nghia dugce halogen hoa tity y mdt phan hozc hoan toan.

Nhu dugc sir dung & ddy, “nito” hodc N va “luu huynh” hodc S bao gbm dang
duoc oxy hoa bit ky cta nito va lwu huynh va dang béc bbn cua nito bazo bat ky. Vi du,
d6i v6i gbe -S-Ci.6 alkyl, trir khi c6 quy dinh khac, c6 nghia 1a gdm -S(0)-C1.¢ alkyl va -
S(0)2-C1.6 alkyl, trong tu, -S-Ra c¢6 thé duge biéu thi & dang phenyl-S(O)m-, khi R, 12
phenyl va khi m bang 0, 1 hoc 2.

Vi du thwe hién sang ché

Cac phuong phap tdng hop chung

Céc hop chét cia sang ché c6 thé dugc diéu ché theo cac phurong phép va cac vi
du dudi diy va cac phuong phép da biét ddi véi ngudi c6 hiéu biét trung binh trong linh
vuc k¥ thuét nay. Cac phuong phap duge mo ta trong ban md ta ndy chi nhim muc dich
minh hoa va thuc hién sang ché ma khong gi6i han cac d6i twong ctia nod, hop chéit yéu
cAu bao ho, va cac vi du. Cac didu kién va thoi gian phan tng t61 wu 6 thé thay dbi tiry

thudc vao cac chét phan tmg cu thé dugc st dung. Trir khi c6 quy dinh khéac, dung moi,

-23-



25224

nhiét do, ap suét va cac didu kién phan tng khéc c6 thé dé dang dugc chon béi chuyén
gia c6 trinh d6 trung binh trong linh vue nay. Céc quy trinh cu thé dugc dua ra dudi day.
Céc hop chét trung gian dugc str dung trong cic quy trinh tdng hop duéi day c6 thé mua
dugc trén thi truong hodc d& dang didu ché dugc theo cac phuong phap da biét dbi voi
ngudi c6 hiéu biét trung binh trong linh vire k¥ thuat nay. Quy trinh phén tng c6 thé duoc
theo doi theo cac phuong phap thong thudng nhu sic ky 16p mong (TLC - thin layer
chromatography) hodc phd khéi - sic ky 1éng cao 4p (HPLC-MS - high pressure liquid
chromatography-mass spec). Cac hop chét trung gian va céc san phim c6 thé dugc tinh
ché theo céc phwong phap da biét trong linh vuc k¥ thuat nay, gdm séc ky cot, HPLC, tai
két tinh hogic TLC diéu ché.

Céc hop chét c6 cong thie (I) c6 thé dugc didu ché nhu dwoc mb ta trén So db 1.

So dd 1
~
0 Tol
Ar\ \R O:S R1
dung moi O// Y\H/
N Ar\ (0]
H U= 1-01 hote N OR
hoac 1-02 <\ |
dung moéi N\ N
ArNH, khong Ar N/ \R 1
proton + R
chét khit O 00|
nudc 1Ib
Ar\ 9
(0]
Ar 0 N
X g w0 Y
s 1 i OH
xa phong hoa | I N o) 1 N .
—  +~ N\ 5 <\ | R
N N 1 I (R2 = Me)
R Nu- o
R1 AI’\
v v N o) Nu
S
N R’

I (R2=-CH,Nu)

Nhu dugce minh hoa trén So dd 1, este cua axit 2-oxoaxetic c6 thé duoc cho phan
Ung v6i anilin tiy y dugc thé trong dung moi proton thich hop nhu metanol dé tao ra hop

chét trung gian ITa. Theo cach khac, phan tng trong dung moi khong proton nhu toluen,
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v6i sy ¢6 mit cta chét khir nude thich hop nhu Na;SO4 khan tao ra hop chét trung gian
IIb. Phan tng cia Ila hodc IIb v6i hop chét trung gian 1-01 hoic I-02 trong dung mbi
thich hop nhu EtOH véi su ¢6 mit ciia bazo thich hop nhu K2COs tao ra hop chit trung
gian c6 cong thire I11. Vigc thiy phéan este III tao ra axit carboxylic IV. Phan ing gitta IV
v6i I trong dung moi thich hop nhu THF véi sy ¢ mét cia bazo thich hgp nhu NaHCOs
tao ra hop chit trung gian ¢6 cong thirc V. Viéc khir lacton V bang tac nhan khir thich
hop nhu BusSnH/AIBN tao ra hop chit mong muén c6 cong thic I ¢6 Cy = Ar tily ¥
duoc thé, X = mot lién két va R2 = metyl. Theo cach khéc, viéc thay thé I trong hop chét
trung gian V bang NuH 4i nhén tao ra hop chét c6 cong thic I ¢6 Cy = Ar tity ¥ dugc thé
va R? = -CH;Nu.

Hop chét c6 cong thic I ¢c6 R2 = -CH,OH c¢6 thé dugc didu ché bang phan tng
gitta hop chat trung gian IV véi peraxit thich hop nhu axit m-cloperoxybenzoic (mnCPBA)
nhu dugc thé hién trén So dd 2.

So db 2
Ar Ar\ 9
N OH peraxit N o OH
| A
N N R’
R’ !
v

Phuong phap didu ché hop chét trung gian XXII, ¢6 thé dugc sir dung dé diéu ché
hop chét ¢6 cong thirc I, dwoc minh hoa trén So dd 3
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So dd 3
0O ) o
H A~ NBS H ~. BnBr
§ - I e
N N Br \N
Br
XV XVI XVl
©\\ > ©\\ 0
Sukuki xa phong hé
ukuki N 0 phong hoa <N | OH
R’ < N
N N
(Bu)g,sn\/&
R’ R’
XVIII XIX

©\\ 0 ©\\ 9 H f
I, \ . Bu,SnH \ 5 H, N o
< I ABN < Pd/C <\N |
N > N 1 1
R

XX XXI XX1I

Nhu duoc thé hién trén So dd 3, phan ung gitra hop chét trung gian XV véi tac
nhén brom héa thich hgp nhu NBS tao ra hop chét trung gian c¢6 cong thirc XVI. Phan
g gitta XVI v6i benzyl halogenua tity y dugc thé nhu benzyl bromua nhu dwgc thé hién
tao ra hop chét trung gian c6 cong thitc XVIL. Phan tng lién hop Suzuki gitta XVII véi
chét phan tng tributyl thiéc thich hgp mang R! tao ra hop chit trung gian c6 cong thirc
XVIII. Viéc thiy phan XVIII tao ra axit carboxylic cé cong thirc XIX. Phén ting gitta
hop chét trung gian XIX véi I» tao ra hop chét c6 cong thirc XX. Viéc khir hop chét ¢6
cong thirc XX bang tac nhan khir thich hop nhu BusSnH/AIBN tao ra XXI. Viéc hydro
phén hop chét c6 cong thire XXI, vi du bang cach xir Iy bang Hz v6i su ¢6 mit ciia Pd/C
tao ra hop chét c6 cong thirc XXII.

Hop chét trung gian XXII c6 thé dugc st dung dé didu ché hop chit c6 cong thirc

I nhu dugce thé hién trén So dd 4 va cac vi du téng hop.
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So db 4
Ar-xmudi Cu
N Ar O
o Chan-Lam \N
(@)
y <\ | R
0 ArBORx( N 1
<\ | R2 xuc tac Pd / R
N R’ Buchwald-Hartwig H(CY = An)
XX ruou béo (ROH), oy 0
phosphin, ’ \
dialkylazodicarboxylat 3 N 0
S R?
Mitsunobu N R
I (Cy = hé nhén béo I
hodc di béo)

Ngoai ra, hop chit c6 cong thire I ¢6 hydro & ca R! va R? c6 thé dugc duge diéu

ché tir hop chét trung gian XIV, ma c6 thé dugc tdng hop nhu duge minh hoa trén So o

3.
So dd 5
o
| DIBALH MeOCHzP(Ph){)I | 0
€ [ o~ \ / 0~ KOtBu d T o~
N N N
O —
/)
0] N (0] o—
IX X XI
0 H 0
N
H,SO pTsOH N H,, Pd/C
- O L) R W O
o~ N
NaBH, N
XIII X1v

Nhu duge thé hién trén So dd 5, viéc khtr dieste hop chét trung gian c6 cong thirc
IX bing chét phan tmg thich hop nhu DIBALH tao ra aldehyt X. Phan img Wittig gitra
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hop chét c6 cong thirc X tao ra olefin XI, 14 s& duoc khir dé tao ra hop chét trung gian
XII. Viéc lacton héa axit c6 cong thirc XII v6i sy ¢6 mat cua axit thich hgp nhu p-TsOH
tao ra hop chét trung gian c6 cong thirc XIIL. Viéc hydro phan XIII tao ra hop chit trung
gian X1V, c6 thé duoc sir dung dé tao ra hop chét c6 cong thuc I bd sung nhu dugc thé
hién d6i v6i hop chit trung gian XXII trén So dd 4.

Céc vi du tdng hop

Céc hop chit cudi ciing dugc néu bang cac sb hop chit twong tng véi cac sé hop
chét trong Bang 1. C4c hop chét dugc phan giai bang HPLC bit dbi xtng dugc thuc hién
béng céc didu kién duge mé ta trong cac vi du dudi ddy. Chét diu tién duoc rira giai goi
1a chit ddng phan dbi hinh A, va chét thtr hai dwoc rira giai goi 1a chat ddng phan d6i
hinh B.

Téng hop 1-(1-isoxyano-3-metyl-but-3-enyl)sulfonyl-4-metyl-benzen (I-01).

0
I ?
¢ Y — <O
o N- o Ny
C A\
TosMIC 3-bromo-2-metyl- | 1-01

prop-1-en

B& sung 1,5g (4mmol) tetrabutylamoni iodua, 2,6ml (25mmol) 3-bromo-2-metyl-
prop-1-en va 40ml dung dich nuéc NaOH 30% vao dung dich chtra 4,0g (20mmol)
toluenmetyl isoxyanat (TosMIC) trong 50ml CH,Cl, trong khi khudy va dugc 1am lanh
(0°C). Hdn hop nay dugc khudy manh trong 3 gid, va tiép theo, pha loing bang H,O.
Téch riéng céc 16p va chiét bing CH2Clo. Gom dich chiét, rira bang H>O, nuée mudi, [am
kho (MgSO0a), loc va cb dé tao ra cin ma né dugc hoa tan trong ete/EtOAc va dugc chiét
hai 14n, mdi 14n bang 100ml H>O. Pha hitu co dugc lam khd biang MgSOs, loc v ¢d dé

tao ra 5,0g hop chit I-01 ma né dugce st dung truc tiép ma khong cin tinh ché.
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Hop chét 1-02 duge didu ché theo cach twong tu véi hop chét I-01 bang cach st
dung alyl bromua thay cho 3-bromo-2-metyl-prop-1-en.

Tbng hop etyl 2-(3,4-difloanilino)-2-metoxy-axetat (I-03a).

F Q F o~
j@\ + H\H)LO/\___, FD\N/H(O\/
F NH, 4 Ho U
1-03a
B6 sung 4,0g (39mmol) etyl 2-oxoaxetat vao dung dich chtra 2,0g (15mmol) 3,4-
difloanilin trong metanol trong khi khudy. Sau khi khudy trong 14h, hdn hop nay duge
o dé tao ra 3,7g I-03a ma né dugc sir dung truc tiép ma khong can tinh ché.
2-arylamino-2-metoxyaxetat I-03b dén 1 sau duoc didu ché theo c4ch twong tur nhur

1-03a bing cach sir dung arylamin tuwong tu.

~

Ar\N/K[(O
H

)
1-02
I-03b: Ar = 4-xyanophenyl
I-03c: Ar = 3,4-diclophenyl
I-03d: Ar = 1-metyl-3,4-dihydroquinolin-2-on-6-yl
I-03e: Ar = 3-clo-4-xyanophenyl
I-03f: Ar = 2-clo-3-flophenyl
I-03g: Ar = 2-flo-3-clophenyl
I-03h: Ar = 4-clophenyl
I-03i: Ar = 3-flo-4-xyanophenyl
I-03j: Ar = 3-metyl-4-xyanophenyl
I-03k: Ar = 2-clo-4-xyanophenyl
I-031: Ar = 2-flo-4-xyanophenyl

Tbng hop etyl este clia axit 4-clo-3-xyano-phenylimino-axetic (I-04m).
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Hdn hop gdm 1,3ml (6,6mmol) etyl glyoxal 50% trong toluen, 1,0g (6,6mmol) 5-
amino-2-clobenzonitril, toluen (85 ml) va 11g (33mmol) NaSOs dugc dun néng & nhiét
d6 hoi luu trong 2 gio. Hon hop ndy dugc 1am lanh, loc va c6 dé tao ra 1,6g I-04m ma n6
duoc sir dung truec tiép.
Céc imin I-04n va o sau dugc didu ché theo cach twong tw v6i [-04m bang cach sir

dung arylamin phu hop.
H

Ar< N/)\H/OV

0
I-04m, n

I-04n: Ar = 2-metyl-4-xyanophenyl
I-040: Ar = 4-flophenyl

Téng hop etyl este cua axit 3-(3,4-diflo-phenyl)-5-(2-metyl-alyl)-3H-imidazol-4-
carboxylic (I-05a).

F
0

o S=0 N

\

e
\\\C_
/\o 0

1-03a 1-01 1-052

B sung 20g (80mmol) I-03a va 23g (160mmol) K2COs vao dung dich chira 10g
(41mmol) I-01 trong etanol trong khi khudy. Sau dun néng & nhiét do hdi luu trong 5 gid,
hdn hop nay duge 1am lanh xudng nhiét do trong phong va bd sung nuéc. Hon hop nay
duoc chiét béng EtOAc va dich chiét dugc c6. Chit co dic duge chay sic ky (30%
EtOAc/xing) dé tao ra 2,1g I-05a.

-30-



25224

Cac imidazol I-05b dén I-051 sau dugc diéu ché theo cach teong tu nhu [-05a béng

céch sir dung I-01 va hop chét trung gians I-03b dén I-031 phu hop.

v g
(/ 0
ERNEN
I-05b-k

[-05b: Ar = 4-xyanophenyl
I-05¢c: Ar = 3,4-diclophenyl
I-05d: Ar = 1-metyl-3,4-dihydroquinolin-2-on-6-yl
I-05e: Ar = 3-clo-4-xyanophenyl
[-05f: Ar = 2-clo-3-flophenyl
[-05g: Ar = 2-flo-3-clophenyl
[-05h: Ar = 4-clophenyl
I-05i: Ar = 3-flo-4-xyanophenyl
1-05j: Ar = 3-metyl-4-xyanophenyl
[-05k: Ar = 2-clo-4-xyanophenyl
I-051: Ar = 2-flo-4-xyanophenyl
Céc imidazol I-05m, n va o sau dugc diéu ché theo cach twong tw nhu I-05a bing
cach st dung I-01 va imin I-04m, n va o phu hop thay cho I-03a.
/?\r

0 (0]
{ /0
AN
I-051,m,n

I-05m: Ar = 3-xyano-4-clophenyl

I-05n: Ar = 2-metyl-4-xyanophenyl

I-050: Ar = 4-flophenyl

Céc imidazol I-06b, e, va h sau duoc didu ché theo cach teong tu nhu 1-05a béng

cach str dung I-02 va hop chét trung gians I-03b, e, va h phu hop.
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1-06b,e,h
[-06b: Ar = 4-xyanophenyl
I-06e: Ar = 3-clo-4-xyanophenyl
[-06h: Ar = 4-clophenyl

Téng hop axit 3-(3,4-diflophenyl)-5-(2-metylalyl)imidazol-4-carboxylic (I-07a).

F F
F F
o) NaOH 0
N —_— N
\ 0 \ OH
\ / N \ /
1-05a 1-07a

B6 sung 0,26g (6,6) NaOH trong H,O vao dung dich chia 0,67g (2,2mmol) I-05a

trong EtOH va THF trong khi khudy. Sau khi khudy trong 12 gio, bd sung axetic axit cho

dén khi d6 pH ctia hdn hop 14 axit, va hdn hgp nay duge cd dé tao ra 0,61g (2,2mmol) I-

07a.

Céc axit I-07b, ¢, va d sau dugc diéu ché theo cach tuong tu nhu I-07a tir olefin I-

05b, c, va d phu hop.

Moo
(N
\ OH
\ /
1-07b,c,d

I-07b: Ar = 4-xyanophenyl
I-07¢c: Ar = 3,4-diclophenyl
1-07d: Ar = 1-metyl-3,4-dihydroquinolin-2-on-6-yl
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Téng hop 2-clo-4-[6-(iodometyl)-6-metyl-4-oxo-7H-pyrano[ 3,4-d]imidazol-3-
yl]benzonitril (I-07¢).

N N
it it
Cl cl
0 LiOH 0
N —_— N
\ 0 \ OH
\ / N \ /
1-05e 1-07e

B6 sung 0,83g (19mmol) LiOH hydrat vao dung dich chra 5,0g (15mmol) I-05¢
trong 125ml hdn hop gdbm THF/H,0 véi ty 1é 3:1 trong khi khudy. Sau 16 gid, bd sung
80ml THF/H,0 véi ty 18 3:1. Sau 8h, bd sung 10ml EtOH. Sau 40h hdn hgp nay duge cd
va axit héa bang cach bd sung AcOH. Chét két taa thu dugc duoc gom bang cach loc va
lam khé dé tao ra 4,0g (13mmol) I-07e.

Cac axit I-07f, g, h, i, j, 1, m, va n sau duoc diéu ché theo cach tuong tu nhu I-07¢
tir olefin I-07f, g, h, i, j, 1, m, va n phu hop.

Ao
N

i/ OH

1-07f,g,h,i,l,m,n
[-07f: Ar = 2-clo-3-flophenyl

I-07g: Ar = 2-flo-3-clophenyl

[-07h: Ar = 4-clophenyl

I-07i: Ar = 3-flo-4-xyanophenyl

I-07j: Ar = 3-metyl-4-xyanophenyl

I-07m: Ar = 3-xyano-4-clophenyl

[-07n: Ar = 2-metyl-4-xyanophenyl

I-070: Ar = 4-flophenyl
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Céc axit I-8b, e, va h sau dugc diéu ché theo cach tvong tw nhu I-07¢ tir olefin I-
06b, e, va h phu hop.

\
1-08b,e,h
I-08b: Ar = 4-xyanophenyl
I-08e: Ar = 3-clo-4-xyanophenyl
I-08h: Ar = 4-clophenyl

Téng hop 3-(3,4-diflophenyl)-6-(iodometyl)-6-metyl-7H-pyrano[3,4-d]imidazol-4-on
(I-09a).

F F
F F
0 0
N —_— N
\ OH \
\ / \_ [ ©
I
1-07a 1-09a

I-07a (0,61 g, 2,2mmol) dugc hoa tan trong THF va dugc lam lanh xudng 0 °C.
B sung NaHCO; (0,74 g, 8,8mmol) va I» (1,7 g, 6,6mmol) vao va hdn hop nay dugc
khudy & 0 °C trong 2 gio. B& sung dung dich Na;S,03 trong nude vao va hdn hop nay
duoc chiét hai 14n béng EtOAc. Gom dich chiét, rira béng H>0, nudc mudi va co. Sic ky
nhanh (0-100% EtOAc/heptan) tao ra 0,89g I-09a.
Céc iodua I-09b dén j va m, n va o sau duoc didu ché theo cach twong tu nhu I-
09a tir olefin I-09b dén j va m, n va o phu hop.
,?\r
N

0O

I
1-09b,c,d,e,f,g,h,i,j,m,n,0
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[-09b: Ar = 4-xyanophenyl
I-09c: Ar = 3,4-diclophenyl
1-09d: Ar = 1-metyl-3,4-dihydroquinolin-2-on-6-yl
I-09e: Ar = 3-clo-4-xyanophenyl
I-09f: Ar = 2-clo-3-flophenyl
I-09g: Ar = 2-flo-3-clophenyl
[-09h: Ar = 4-clophenyl
I-09i: Ar = 3-flo-4-xyanophenyl
I-09j: Ar = 3-metyl-4-xyanophenyl
[-09m: Ar = 3-xyano-4-clophenyl
[-09n: Ar = 2-metyl-4-xyanophenyl
I-090: Ar = 4-flophenyl
Céc iodua I-10b va e sau dugc diéu ché theo cach tuong ty nhu 1-09a tir olefin I-
8b va e phu hop.
Ar

I-10b & e
I-10b: Ar = 4-xyanophenyl
I-10e: Ar = 3-clo-4-xyanophenyl

Téng hop 3-clo-4-[6-(iodometyl)-6-metyl-4-oxo-7H-pyrano[3,4-d]imidazol-3-
yl]benzamit (I-09p).
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H 0] NH, 0] NH,
cl o Cl 0 cl o
IEI NN r§1 / “oH r§1 /B
I

1-05j 1-07p I-09p

B4 sung 0,10g (2,4mmol) LiOH hydrat vao hdn hgp gdm 0,61g (1,9mmol) I-05k
trong 3/2 hén hop gdm THF/H,O trong khi khudy. Sau 16 gio, bd sung 100mg LiOH
hydrat va hdn hop nay duoc khudy trong 4 h va bd sung 4ml EtOH va 4ml H>O. Sau khi
khudy trong 72 gi®, hdn hop nay dugc cd, cin thu duge duge tao huyén phti trong 20ml
H,0 va bd sung AcOH cho dén khi d6 pH 14 axit. Hon hgp nay dugc chiét bang 2 x 100ml
EtOAc va dich chiét dugc rira br:ftng 40ml nuéc mudi, lam kho trén MgSOs, loc va ¢d dé
tao ra 486 mg 1-07p v&i dd tinh khiét 80% ma n6 dugc khudy trong CH3CN va duge lam
lanh xuéng 0°C. B sung NaHCOj3 (0,51 g, 6,Immol) va 1,2g (4,6mmol) I va hdn hop
nay duogc khudy & 0°C trong 2 gid. B sung dung dich nuréc Na»S,03 vao va hdn hop nay
duoc chiét hai 1an bé‘lng EtOAc. Gom dich chiét, rira bing H>O, nuée mudi va co. Sic ky

nhanh (0-100% EtOAc/heptan) tao ra 0,57g I-09p.
OsNH,

Z=—
—~I
(@)

I
1-09q

Hop chét I-09q duoc didu ché tir I-051 theo céch twong tw nhu hop chét I-09p.

Tbng hop 6,7-dihydro-3H-pyrano[3,4-d]imidazol-4-on (I-16)
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(N 0 DIBALH Nl @) MeOCH,P(Ph),ClI | o]
\ o— \ 0~ KOtBu —
O\ / —

@) @) o—
I-11 I-12 I-13

H
0] N
H,SO, N pTsOH N o H,, Pd/C <\ I 0
> « / O/ <\ / N
NaBH, N N
OH
I-14

I-15 I-16

B6 sung 52ml (52mmol) IM DIBAL-H trong THF vao hén hop gdbm I-11 (Haolun,
J. et al., Bioorg. Medicinal Chem. Lett, 2006, 16, 3985) 10g (37mmol) trong 100ml THF
&—78 °C trong khi khudy va hdn hop phan tmg dwoc khudy —78°C trong 2 gid. Tiép theo,
nude duge bd sung vao tir tir va hdn hop phan tmg duge chiét bing etyl axetat. Lép hitu
co dugce 1am kho trén NaxSOy, loc, va c¢d dé tao ra I-12 ma né duge sit dung ma khong
can tinh ché thém.

BS sung 1,2g (12mmol) t-BuOK vao huyén phi ch@a 3,9g (12mmol)
metoxymetyltriphenylphosphoni clorua trong THF (25 ml) & 0°C. Hdn hgp thu duoc
dugc khudy trong 1 gidy, va tiép theo, bd sung 0,80g (3,3mmol) I-12 trong THF (6 ml).
Sau 2 gid, bd sung dung dich NHCl4 bio hoa, tiép theo 1a EtOAc. Hon hop nay duoc rira
bang nudc va 16p hiru co duge 1am khod bing NazSOs, loc, ¢b, va tinh ché bang sic ky
silicagel (0-10% MeOH trong CH>Cl,) dé tao ra hdn hop gdm I-13 va chit ddng phan Z
ctia n6. Hdn hop nay duoc tinh ché bing sic ky silicagel (0-100% EtOAc trong heptan)
dé tao ra 500mg (1,8mmol) metyl 3-benzyl-5-[(E)-2-metoxyvinyl]imidazol-4-carboxylat
(I-13) dué6i dang chit rin mau trang.

Bb sung 10ml dung dich H2SO4 2M véo dung dich chira 2,6g (9,6mmol) hop chét
I-13 trong 30ml THF trong khi khudy, va hdn hop phan ung dugc dun nong dén 80 °C
trong 14 gid. Hon hop phén tng duge 1am lanh xudng 0 °C va bd sung dung dich nuéc

NaOH dé tang d6 pH dén 7. Hdn hop niy dugc chiét bing EtOAc va 16p hitu co dugc
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lam kho trén NaxSOs, loc, ¢d, dugc hoa tan trong CH2Cl, va tiép theo, bd sung 1,82¢
(48mmol) NaBHq. Sau khi khudy trong 1 gid, bd sung nuéc vao va hdn hop nay dugc
chiét bing CH2CLo. L6p hitu co duge 1am khd trén Na»SOs, ¢b va tinh ché bang sic ky
cdt, tiép theo 1a HPLC diéu ché (30-90% MeCN trong nuéc véi 0,1% TFA; YMC Triart
(150 x 19mm)10p) dé tao ra hop chit I-14 (0,86g, 35%).

Hdn hop gdm 0,20g (0,75mmol) I-14 va 0,14 (0,75mmol) p-TsOH trong 10ml
toluen dugc khudy & 100°C trong 6 gid. Hén hop phan ting dugc pha lodng bang EtOAc,
ria béng dung dich NaOH 1M, 1am kho trén NaSOs, loc, c6 va tinh ché bﬁng séc ky
silicagel (0-10% MeOH trong CH>Cly) dé tao ra 0,11g (0,49mmol) 3-benzyl-6,7-
dihydropyrano[3,4-d]imidazol-4-on (I-15) duéi dang diu khéng mau.

Hbn hop gbm 0,11g (0,49mmol) I-15 va 15mg 10% Pd/C trong Sml metanol da
loai khi dugc khuéy qua dém. Hdn hop niy duoc loc va cin dugc co dé tao ra 68mg

(0,49) 6,7-dihydro-3H-pyrano[3,4-d]imidazol-4-on (I-16) duéi dang chét rdn mau tring.
Tbng hop 6,6-dimetyl-3,7-dihydropyrano[3,4-d]imidazol-4-on (I-24)

0] 0]
H ~  NBS H ~  BnBr ©\\ 0
N o - - N 0 _— N PN
Q| Q| % o
N N Br \N

|
Br

I-17 I-18 I-19
0O ©\\ o
Pd(P(Ph),), \ s~ LioH N o
< — <

N
(Bu)ssn\/g

1-20 I-21
©\\ o ©\\ 9 ’ g 0
I Bu,SnH
2 N o u3 N o 2 N 0
<\ I I AIBN <\ l Pd/C <\ |
N N N
1-22 1-23 1-24
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B6 sung NBS (25 g, 140mmol) vao dung dich chira etyl 3H-imidazol-4-carboxylat
(I-17) trong 1,41 MeCN trong khi khudy. Hn hop phan tng dugc khudy trong 12 gi®
trong bong ti, tiép theo, ¢d va tinh ché bang sic ky silicagel (0-70% EtOAc trong heptan)
dé tao ra 17g (65mmol) etyl 3H-imidazol-4-carboxylat etyl 4-bromo-1H-imidazol-5-
carboxylat (I-18) dudi dang chét rdn mau tring. Chét thu dugc dugc khudy véi 11g
(78mmol) K»CO3 va 8,5ml (71mmol) benzyl bromua trong 200ml DMF trong 12 gio.
Hdn hop phén tmg dugc pha lodng bing nuéc va chiét ba lan bang EtOAc. Gom dich
chiét, rira béng nude mudi, 1am kho trén Na,SOs, loc, ¢6 va tinh ché béng sic ky silicagel
(0-50% EtOAc trong heptan) dé tao ra 9,6g (3 1mmol) etyl 3-benzyl-5-bromo-imidazol-
4-carboxylat (I-19) duéi dang dau khong mau ma né héa ran khi dé yén.

Bé sung Pd(PPhs)s (0,79 g, 0,69mmol) va 3,3ml (14mmol) (Bu)s;Sn(2-metylalyl)
vao 4,3g (14mmol) I-19 trong 30ml DMF d4 loai khi. Hon hgp nay dugc khudy & 120°C
trong 5 gio, tiép theo, khudy trong 12 gid & nhiét do trong phong. Hon hop phan mg
dugc cho phan bd gitta MeCN va heptan. T4ch riéng céc 16p va heptan dugc chiét bing
MeCN. Gom dich chiét MeCN, rira bing heptan, ¢, va tinh ché bang sic ky silicagel (0-
50% FEtOAC trong heptan) dé tao ra 2,1g (7,3mmol) etyl 3-benzyl-5-(2-
metylalyl)imidazol-4-carboxylat (I-20) duéi dang dau mau vang.

Han hop gbém 2,7g (9,7mmol) 1-20 va 24ml (48mmol) dung dich nu¢c LiOH 2M
va 24ml EtOH dugc khudy trong 12 gid, tiép theo, c¢d. Cho hép thy cin thu dugc trong
20ml H20 va axit héa (pH=5) biang cach bd sung AcOH. Gom chét két tiia bang céach loc,
rira bang H>O va lam kho trong dong khong khi dé tao ra 2,2g (8,6mmol) axit 3-benzyl-
5-(2-metylalyl)imidazol-4-carboxylic (I-21) dudi dang chit rdn mau tring.

B sung 14n lugt 2,9g (35mmol) NaHCOs va 6,6g (26mmol) I vao hdn hop gém
2,2g (8,6mmol) I-21 trong 30ml THF trong khi khudy. Hon hop nay dugc khudy qua
dém, bd sung dung dich nuéc Na2S>03 cho dén khi bién mét toan bd mau d6, va hdn hop
nay duogc chiét ba lan bing EtOAc. Gom dich chiét, rira bang nudc mudi, lam kho
(Na2S0s4), loc, ¢o va tinh ché bing sic ky silicagel (20-80% EtOAc trong heptan) dé tao
ra 3,0 (7,7mmol) 3-benzyl-6-(iodometyl)-6-metyl-7H-pyrano[3,4-d]imidazol-4-on (I-22)
dué6i dang diu mau vang. .

Bé sung 0,1g (0,6mmol) AIBN va 9,4ml (9,4mmol) BusSnH 1M trong xyclohexan
nho giot vao dung dich chira 2,4g (6,3g) 1-22 trong 45ml benzen. Dung dich nay dugc

dun néng dén nhiét do hdi lwu trong 3 gid trong mdi trudng Ar. B6 sung mot lugng 4,7ml
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(4,7mmol) BuszSnH nita va hdn hop ndy dwoc khudy & nhiét d6 hdi lwu trong 3 gid, va
tiép theo, dugc khudy & nhiét do trong phong trong 2 ngay. Hon hop nay dugc cho phén
b6 gitta MeCN va heptan va tach céc 16p. Rira dich chiét MeCN hai 14n biang heptan vi
gom céc 16p heptan, chiét nguoc bang MeCN. Gom MeCN, c6 va tinh ché bang séc ky
silicagel (25-100% EtOAc trong heptan) dé tao ra 1,5g (5,7mmol) 3-benzyl-6,6-dimetyl-
7H-pyrano[3,4-d]imidazol-4-on (I-23) dudi dang chét rin mau vang,

Hén hop gdm 1,5g (5,7mmol) I-23 va 0,2g 10% Pd/C trong 5ml EtOH dugc khudy
trong moi treong Hz trong hai ngay. B6 sung 0,1g 10% Pd/C va khudy hén hop nay trong
mdi trudng Hy trong 12 gio, tiép theo, loc qua dat tao diatomit va cd dé tao ra 0,94g

(5,6mmol) I-24 du6i dang chét rdn mau tring.

Téng hop 6-(hydroxymetyl)-6-metyl-3,7-dihydropyrano[3,4-d]imidazol-4-on (I-26)

( \5\ 0 @\\ 0
o H

Q| — N o T (|
N <\N‘ oH N OH

121 125 1-26

B6 sung 3,3g (15mmol) 77% m-CPBA vao hén hop gbm 2,5g (9,8mmol) 1-21
trong 10ml CH2Cl, trong khi khudy. Hén hop nay dugc khudy trong 12 gio, tiép theo, bd
sung dung dich Na2S>0s bao hoa, tiép theo 1a nu6c, CH2Cl, va dung dich NH4Cl bdo hoa.
Tach riéng cac 16p va 16p nudc dugce chiét hai 14n bang CH,Clo. Gom dich chiét, rira bang
nude mubi, 1lam khd (NaS0s), ¢d va tinh ché bang sic ky silicagel (0-8% MeOH trong
CH,Clp) dé tao ra 1,8g (6,6mmol) 3-benzyl-6-(hydroxymetyl)-6-metyl-7H-pyrano|3,4-
d]imidazol-4-on (I-25) dudi dang chét rin mau tréng.

Hdn hop gdm 1,8g (6,6mmol) I-25 va 0,2¢g 10% Pd/C trong 50ml EtOH va 25ml
CH,Cl, duge khudy trong méi trudng Hy trong 12 gio. Hon hop nay dugc loc qua dat tao

diatomit va c6 d& tao ra 0,97g 1-26 dudi dang bot mau tring.

Vi du 1: Téng hop tert-butyl N-{[3-(3,4-diflophenyl)-6-metyl-4-oxo-3H,4H,6H,7H-
pyrano[3,4-d]imidazol-6-yl|metyl}carbamat (1).
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B6 sung 74mg (1,1mmol) NaN; vao 0,31g (0,76mmol) I-09a trong 5Sml DMF. Hén
hgp nay dugc dun néng & 100°C trong 17 gid, pha lodng béng 150ml EtOAc, rira bing 2
x 20ml H20 va mot 13n bing 20ml nude mudi. Dich chiét duoc 1am khd bing MgSOs,
loc va cd. Séc ky nhanh (0-100% EtOAc/heptan) tao ra 112mg [-27 ma nd dugc hoa tan
trong THF. B sung trietylphosphin (1M trong THF; 0,42ml; 0,42mmol) va 103mg
(0,42mmol) BOC-ON vao va hdn hgp nay dugc khudy trong 1 gid. Hon hop nay dugc
pha loang bing 50ml EtOAc varira bang 2 x 20ml H>0 va 1 x 20ml nuée mubi, tiép theo,
1am khd bing MgSOs, loc va ¢b. TLC diéu ché (100% EtOAc) tao ra 58mg 1.

Vi du 2: Téng hop 3-(3,4-diflophenyl)-6,6-dimetyl-3H,4H,6H,7H-pyrano[3,4-
d]imidazol-4-on (2)
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B& sung 16mg (0,1mmol) AIBN va 0,36g (0,12mmol) BusSnH vao dung dich
chira 0,41g (1,0mmol) I-09a trong benzen. Dung dich ndy dugc dun noéng dén nhiét do
hdi Iuu trong 1,5 gid trong méi trudng Ar, tiép theo, 1am lanh xubng nhiét d6 trong phong.
Hdn hop nay duoc cb va tinh ché bang sic ky nhanh (0-100% EtOAc/heptan) dé tao ra
0,22g 2 dué6i dang chat rdn mau tring.

Céc hop chét sau dugc diéu ché tir iodua I-09¢ dén I-09n phi hop theo cach tuong
tw nhu hop chét 2.

3 tir I-09b: Ar = 4-xyanophenyl

4 tir I-09c: Ar = 3,4-diclophenyl

5 tir I-09d: Ar = 1-metyl-3,4-dihydroquinolin-2-on-6-yl
6 tu I-09e: Ar = 3-clo-4-xyanophenyl

7 tit I-09f: Ar = 2-clo-3-flophenyl

8 tir [-09g: Ar = 2-flo-3-clophenyl

9 tir I-09h: Ar = 4-clophenyl

10 tir I-09i: Ar = 3-flo-4-xyanophenyl

11 tir I-09j: Ar = 3-metyl-4-xyanophenyl
12 tir I-09m: Ar = 3-xyano-4-clophenyl
13 tir I-09n: Ar = 2-metyl-4-xyanophenyl
14 tir I-090: Ar = 4-flophenyl
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Vi du 2: Téng hop 2-clo-4-[6-metyl-4-oxo0-3H,4H,6H,7H-pyrano[3,4-d]imidazol-3-
yl]benzonitril (chit ddng phan ddi hinh A & B cuia hop chét 15).

N N
Il |l
cl cl
—_— o) +

N 0o N N
] {
\_ﬁz N oH N
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HO HO
1-28 128

chét ddng phan @i hinh A chit d("ing phan di hinh B

N
|
Cl
pTSA \ 0 .
\ \
N / % ﬂ

15
chit ddng phan d6i hinh A chét ddng phan d6i hinh B

Hbn hop raxemic gdm hop chat 15 duge diéu ché tir I-10e theo cach twong tw nhu
hop chit 2. Sic ky bét d6i ximg 180mg (ChiralPak IA, 30 (1:1:1 MeOH/EtOH/iPA + 1%
Et;NH):CO,, 105ml/phut, 100 ba (10* kPa), 35°C) tao ra chit ddng phan dbi hinh A cua
hop chét I-28 va chit ddng phan déi hinh-B ciia hop chét I-28. Mdi ruou nay duoc két

hop mot cach riéng biét voi mot lwgng xtc tac pTSA trong 2ml toluen & 120°C trong 16
gid. Mbi hdn hop duoc pha lodng bing 50ml EtOAc, rira bang 2 x 20ml H,O va mdt 1an
bang 20ml nuéc mubi, 1am kho trén MgSOs, loc va co. Mdi hop chat dugc tinh ché bang
TLC didu ché (100% EtOAc) dé tao ra 40mg chét ddng phan ddi hinh A ciia hop chét 15
va 38mg chét ddng phan dbi hinh B ciia hop chét 15.

Vi du 3: Tbéng hop 4-[6-metyl-4-oxo-3H,4H,6H,7H-pyrano[3,4-d]imidazol-3-
yl]benzonitril (chit ddng phan déi hinh A & B ctia hgp chét 16).
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Raxemic 16 dugc didu ché tir I-10b theo cach trong tw nhu hop chét 2. Sac ky bat
d6i xtmg 58mg (ChiralPak AD, 55 (MeOH + 1% iPrNH>):CO>, 80ml/phut, 100 ba (104
kPa), 25°C) tao ra 28mg chét déng phan d6i hinh A cua hop chit 16 va 23mg chit ddng
phan déi hinh B ciia hop chit 16.

Vi du 4: Téng hop 6,6-dimetyl-3-phenyl-3H,4H,6H,7H-pyrano[3,4-d]imidazol-4-on (17)
Cl

e

8 17
Hbn hop gdm hop chét 8 (0,10g; 0,36mmol) va Pd/C (0,1g) trong EtOAc (50 ml)
duoc khudy & 50°C trong moi trudng Hz (50 psi (344,74 kPa)) trong 2 ngay. Hén hop nay

duoc loc va co dé thu duoc 41mg hop chit 17 duéi dang bot mau tréng.

Vi du 5: Téng hop 3-clo-4-{6,6-dimetyl-4-oxo-3H,4H,6H,7H-pyrano| 3,4-d]imidazol-3-
yl}benzonitril (18).
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Hop chit I-29 duoc diéu ché tir iodua I-09p theo cach twong ty nhu hop chét 2.

B6 sung 0,54ml (6,4mmol) pyridin va 0,48ml (0,34mmol) trifloaxetic anhydrit
vao 0,11g (0,34mmol) I-29 trong 6ml dioxan kho. Hon hop nay duge khudy trong 2 gio,
tiép theo, pha lodng bang 50ml EtOAc v rira bang 20ml dung dich nueéc NH4Cl béo hoa,
hai 14n, mi 14n bang 20ml H>O va mét 14n bing 20ml nude mubi. Pha hitu co dugc lam

kho bang MgSOs, loc va cd. TLC diéu ché (100% EtOAc) tao ra 55 mg hop chat 18.
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Hop chét 19 dugce didu ché tir 1-09q theo cach twong tw nhu hop chat 18.

Vi du 6: Tong hop 3-(4-clophenyl)-3H,4H,6H,7H-pyrano[3,4-d]imidazol-4-on (20)
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Hdn hop gbm 30mg (0,22mmol) I-16, 51mg (0,33mmol) axit 4-clophenylboronic,
63mg (0,35mmol) Cu(OAc)z, 0,07ml (0,9mmol) pyridin trong 2ml CH2Cl2 duge khudy
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trong 12 gid. Hon hop nay duoc loc qua nut silicagel ngén, tiép theo, c¢b va tinh ché bang
TLC didu ché (4% MeOH trong CHa2Cly) dé tao ra 7mg (0,03mmol) 20 duéi dang chit
rin mau tring ciing nhu 3mg 1-(4-clophenyl)-3H,4H,6H,7H-pyrano|3,4-d]imidazol-4-
on. ,

Céc hop chit 21 — 24 dugc diéu ché tir I-16 va axit boronic phu hop theo cach
tuong ty nhu 20.

21-24
21 tir axit 4-xyanophenylboronic
22 tir axit 3-clo-4-xyanophenylboronic
23 tir axit 3,4-diclophenylboronic
24 tlr axit 3,4-diflophenylboronic

Vi du 7: Téng hop 3-(2,3-dihydro- 1H-inden-2-yl)-3H,4H,6H, 7H-pyrano|[3,4-d]imidazol-
4-on (25).

§ 0 DBAD g
P(octyl),
iy
HO—C@ (
N
1-16 25

B sung 110mg (0,47mmol) di-terz-butyl azodiocarboxylat (DBAD) trong thoi
gian 5 phit vao hdn hop gdm 50mg (0,36mmol) I-16, 0,17g (0,47mmol) trioctylphosphin,
50mg (0,37mmol) indan-2-ol trong Sml THF & 0 °C. Sau khi khudy trong 12 gid, hdn
hop nay dugc ¢ va tinh ché bing HPLC pha dao didu ché (5-95% MeCN trong nudc)
dé taora 57mg (0,22mmol) 25 duéi dang chéit rin mau tréng.

Céc hop chét sau dugc diéu ché tir rugu phi hop va imidazol phu hgp theo cch
tuwong tuy nhu hop chat 25.

3-(2,3-dihydro-1H-inden-2-y1)-6,6-dimetyl-3H,4H,6H,7H-pyrano[3,4-

dJimidazol-4-on (26) tir indano-2-ol va I-24.
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3-(2,3-dihydro-1H-inden-2-yl)-6-(hydroxymetyl)-6-metyl-3H,4H,6H,7H-
pyrano[3,4-d]imidazol-4-on (27) tir indan-2-ol va I-26.
trans-4-(6,6-Dimetyl-4-0x0-6,7-dihydro-4H-pyrano[3,4-d]imidazol-3-yl)-

xyclohexancarbonitril (28) tir cis-4-hydroxyxyclohexancarbonitril va I-24.

Vi du 8: Téng hop 2-clo-4-[(6R)-6-(hydroxymetyl)-6-metyl-4-oxo-3H,4H,6H,7H-
pyrano[3,4-d]imidazol-3-yl]benzonitril (chit ddng phan d6i hinh A ctia hop chit 29) va
2-clo-4-[(6S)-6-(hydroxymetyl)-6-metyl-4-oxo-3H,4H,6H,7H-pyrano[ 3,4-d]imidazol-
3-yl]benzonitril (chit ddng phan d6i hinh B ciia hop chat 29)
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Hn hop gbém 0,50g (1,7mmol) I-07e va 0,56¢ (2,5mmol) 77% m-CPBA (axit m-
cloperoxybenzoic) trong 10ml CH>Cl> dugc khudy trong 16 gid. B6 sung EtOAc (200ml)
va 20ml Na;SO3 10% vio. H8n hop nay duge rira hai 1dn bing 50ml NaHCO; va chiét
nuée rira bing 50ml CH,Clo. Gom dich chiét hitu co, 1am khd bang MgSO4, loc va ¢d dé
tao ra 507mg raxemic 29 dudi dang chit rin mau vang nhot. Sic ky bét dbi xang 507mg
(LUX 5u Cellulose 4, 28% EtOH:CO», 80g/phut, 120 ba (12.10%kPa), 40°C) tao ra 238mg
chét ddng phéan d6i hinh A ctia hop chét 29 va 230mg chét ddng phan d6i hinh B cua hop
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chét 29. Hoa lap thé tuyét dbi ciia hop chit 29 A va 29 B were dwoc x4c dinh bang cach
xé4c dinh ciu trac tinh thé tia X tinh thé don c6 d6 phan giai cao va xem xét cén than
thong s6 Flack trén céc cdu truc da dugce tinh ché (H.D. Flack and G. Bernardinelli, 2008,
Chirality, 20, 681-690).

Céc hop chét sau dugc diéu ché tir olefin I-07¢ va n phu hop theo cach twong tur
nhu chit ddng phan d6i hinh A & B ctia hop chit 29.

3-(3,4-diclophenyl)-6-(hydroxymetyl)-6-metyl-3H,4H,6H,7H-pyrano[3,4-
d]imidazol-4-on (chit ddng phan di hinh A & B cua hop chit 30) tir I-
07c.(RegisPack, 25% (EtOH + 1% iPrNH,):CO», 80ml/phtt, 100 ba (10*kPa),
25°C)

4-[6-(hydroxymetyl)-6-metyl-4-oxo-3H,4H,6H,7H-pyrano|3,4-d]imidazol-3-yl]-
3-metylbenzonitril (chit ddng phan dbi hinh A & B cuia hop chit 31) tir I-07n.
(LUX 5u Cellulose 4, 25% EtOH:CO», 90g/phut, 120 ba (12.10°kPa), 40 °C)

Vi du 8a: Tdng hop [3-(3-clo-4-xyanophenyl)-6-metyl-4-oxo-3H,4H,6H,7H-pyrano[3,4-
d]imidazol-6-yllmetyl axetat (32).
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29 32

Bb sung 0,18ml (0,18mmol) AcCl IM trong CH:Cl, tiép theo 1a 0,04ml
(0,2mmol) iProNEt vao 50mg (0,16mmol) raxemic 29 trong Sml CHCl, & 4°C. Sau khi
khudy trong 16 gi®, bd sung mot lugng 0,18ml (0,18mmol) AcCl 1M nita vao va hdn hop
nay duogc khudy trong 72 gio. B6 sung EtOAc (50ml), va hdn hgp nay dugc rira bang

20ml dung dich NH4Cl bdo hoa, hai l4n bang 20ml nuéc, va mot l4n bang 20ml nudce
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mudi. Pha hitu co duge 1am kho bang MgSOs, loc, ¢d, va tinh ché bang TLC diéu ché
(100% EtOAc) dé tao ra 43mg (0,12mmol) 32.

Vi du 9: Téng hop 2-c10-4-[6-(hydroxymetyl)-4-0Xo-3H,4H,6H,7H-pyrano[3,4-
dJimidazol-3-yl]benzonitril (chit ddng phan déi hinh A & B ciia hop chit 33).
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33 33
chit ddng phan ddi hinh A chit ddng phan d6i hinh B

B6 sung 1,1ml axit peraxetic 32% (5,2mmol) vao 0,25g (0,87mmol) I-8¢ trong
4ml axeton. Hon hop nay dugc dun nong & 50°C trong 24 gio, tiép theo, cd va tinh ché
bang séc ky silicagel (0-10% MeOH trong CHCly) dé tao ra 110mg (0,37mmol) raxemic
33. Sic ky bét dbi xing 103mg (LUX Su Cellulose 4, 35% (1:1:1
MeOH/EtOH/iPA):CO,, 80g/phut, 120 ba (12.10%kPa), 35°C) tiép theo 1a TLC diéu ché
(5% MeOH trong CH2Cly) tao ra 48mg (0,16mmol) chét ddng phan d6i hinh A cta hop
chét 33 va 33mg (0,11mmol) chit ddng phan d6i hinh B cta hop chat 33.

Céc hop chét sau dugc didu ché tir olefin 1-07 hogc I-08 phi hop theo céch tuong
tw nhu cht ddng phan dbi hinh A & B ciia hop chit 33.
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3-(2-clo-3-flophenyl)-6-(hydroxymetyl)-6-metyl-3H,4H,6H,7H-pyrano[3,4-
dJimidazol-4-on (chdt ddng phan déi hinh A & B ctia hop chét 34 tir 1-07g.
(RegisPack, 20% (1:1:1 MeOH/EtOH/iPA):CO2, 135ml/phit, 120 ba (12.10°kPa),
35°C)

3-(3-clo-2-flophenyl)-6-(hydroxymetyl)-6-metyl-3H,4H,6H, 7H-pyrano[ 3,4-
d]imidazol-4-on (cht ddng phan di hinh A & B cta hop chét 35) tir I-07f.
(ChiralPak 1A, 25% (1:1:1 MeOH/EtOH/iPA):CO,, 120g/phut, 120 ba
(12.10°%kPa), 35°C)

3-(4-clophenyl)-6-(hydroxymetyl)-3H,4H,6H,7H-pyrano|3,4-d]imidazol-4-on
(36) tir I-8h ma khong can phén giai bat doi ximg.

4-[6-(hydroxymetyl)-6-metyl-4-oxo-3H,4H,6H,7H-pyranol[3,4-d]imidazol-3-
yl]benzonitril (37) tir I-07b ma khong cin phan giai bat d6i xtmg.

3-(4-clophenyl)-6-(hydroxymetyl)-6-metyl-3H,4H,6H,7H-pyrano[ 3,4~
dJimidazol-4-on (cht ddng phan déi hinh A & B ctia hop chat 38) tir I-07h. (LUX
5u Cellulose 4, 20% (1:1:1 MeOH/EtOH/iPA + 1% Et;NH):COz, 80ml/phut, 120
ba (12.10°kPa), 40 °C)

4-[6-(hydroxymetyl)-6-metyl-4-oxo0-3H,4H,6H,7H-pyrano| 3,4-d]imidazol-3-yl]-
2-metylbenzonitril (chit ddng phan @i hinh A & B cua hop chét 39) tir I-07j.
(LUX 5u Cellulose 4, 25% (1:1:1 MeOH/EtOH/iPA):CO,, 80g/phut, 120 ba
(12.10%kPa), 35°C)

6-[6-(hydroxymetyl)-6-metyl-4-oxo-3H,4H,6H,7H-pyrano[ 3,4-dJimidazol-3-yl}-
1-metyl-1,2,3,4-tetrahydroquinolin-2-on (chét ddng phan d6i hinh A & B cia hgp
chét 40) tir 1-07d.

(Lux Amylose-2, 25% (75:25 MeO/iPA):CO2, 90g/phut, 120 ba (12.10%kPa),
40°C)
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Vi du 10: Téng hop 3-(3,4-diclophenyl)-6-metyl-3H,4H,6H,7H-pyrano[3,4-d]imidazol-

~4-on (41).
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Bé sung 2,5g (0,24mmol) 2,5% OsOs trong t-butanol, va 0,27g (2,3mmol) 4-
metylmorpholin N-oxit (NMO) vao hén hgp gdm 0,52g (1,5mmol) I-05¢ trong 4ml 50%
axeton va nudc. Sau 2 gio, bd sung dung dich natri thiosulfat bdo hoa, hdn hop nay duoc
cd va tiép theo, dugc tao huyén phi trong nuéc va chiét bang EtOAc (50mL x 3). Pha
hitu co dugce lam khod trén MgSOs, loc, cd, va tinh ché bi‘mg sic ky silicagel (0-10%
MeOH trong CH>Cl,) dé tao ra 0,41g (1,1mmol) etyl este cta axit 3-(3,4-diclo-phenyl)-
5-(2,3-dihydroxy-2-metyl-propyl)-3H-imidazol-4-carboxylic (I-31).

B6 sung 0,32g (1,5mmol) NalO4 vao 0,37g (1,0mmol) I-31 trong 10ml THF/nu6e
véi ty 1€ 1:1. Sau khi khudy trong 2 gio, bd sung 50ml EtOAc. Hdn hgp nay dugc rira
bing hai l4n bang 20ml nuéc va mot 1An biang 20ml nudc mubi. Pha hitu co duge lam
kho béng MgSOg4, loc, va co dé tao ra 0,33 g (0,96mmol) etyl este cua axit 3-(3,4-diclo-
phenyl)-5-(2-oxo-propyl)-3H-imidazol-4-carboxylic (I-32) ma né duoc khudy trong Sml
THF. Bb sung NaBH4 (73 mg, 1,9mmol) vao. Sau khi khudy trong 3,5 gio, bd sung 50ml
EtOAc vao. Hén hop nay dugce rira bang 20ml dung dich NH4Cl bdo hoa, hai 1an bang
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20ml nudc va mot lan béng 20ml nude mubi. Pha hitu co dugc 1am khd trén MgSOq4, loc,
cd va tinh ché bang sic ky silicagel (0-100% EtOAc trong heptan) dé tao ra 0,10g
(0,34mmol) 41.

Vi du 11: Téng hop 3-(2,3-dihydro-benzofuran-5-yl)-6-hydroxymetyl-6-metyl-6,7-
dihydro-3H-pyrano[3,4-d]imidazol-4-on (chit déng phan d6i hinh A va B ctia hop chat
42).

o)
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\ Ol  axit arylboronic <\ | OH
N N
1-26 42
') 0]
- . EQ 0] + O
N o N ‘ e}
Q| OH S OH
N N
42 4@
chit ddng phan ddi hinh A chit ddng phan ddi hinh B

Hdn hop gdm 0,15g (0,82mmol) 1-26, 0,15g (0,91mmol) axit 2,3-dihydro-1-
benzofuran-5-ylboronic, 92mg (0,25mmol) Cu(MeCN)s PF¢ trong 6ml MeOH dugc
khudy manh trong 12 gid. Hon hop nay duge loc qua dAt tao diatomit, c6 va tinh ché bang
sic ky cot (0-7% MeOH trong CH>Cl,) d8 tao ra 60mg (0,20mmol) 42. Séc ky bat dbi
xtng (LUX 5u Cellulose 3 Prep, 10% (1:1 MeOH/EtOH):CO», 88g/phut, 120ba, 40 "C)
tao ra 30mg (0,10mmol) ctia mdi chét ddng phan d6i hinh A ctia hop chét 42 va chit déng
phéan déi hinh B ctia hop chét 42.

Vi du 12: Téng hop 2-clo-4-(6-formyl-6-metyl-4-0x0-6,7-dihydro-4H-pyrano[3,4-
d]imidazol-3-yl)-benzonitril (43).
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IEI / O o) \D)/ IEI / o)
/)
HO Dess-Martin 0
29 Péiodinan 43

B6 sung 0,73g (1,7mmol) Dess-Martin periodinan vao hdn hop gbém 0,50g
(1,6mmol) 29 trong CH>Cl, trong khi khudy. Sau khi hdn hop phan tng dugc khudy trong
2 gid, bd sung hén hop gdm NaHCO3/Na,S,0; (dung dich nuée bdo hoa véi ty 1€ 1:1).

Pha hitu co dugc lam kho, loc, va cd détaora 0,30g (0,95mmol) 43.

Vi du 13 Téng hop axit 3-(3-clo-4-xyano-phenyl)-6-metyl-4-oxo-3,4,6,7-tetrahydro-
pyrano|[3,4-d]imidazol-6-carboxylic (44).

N
N
Il Il
o Cl
NaPO,H, 0
\ O NaClO, N
\_{ © > N
o OH
U 0
43 44

B6 sung 0,84ml (7,9mmol) 2-metyl-but-2-en, 71mg (0,79mmol) NaClO; va 76mg
(0,63mmol) NaHPO4 vio 50mg (0,16mmol) 43 trong mdi dung dich t-BuOH hogc H2O.
Hbn hop nay dugc khudy trong 1h, va tiép theo, bd sung 20ml dung dich NH4Cl bio hoa.
Hdn hop nay duogc chiét ba lan bang 20ml EtOAc, va dich chiét dugc lam kho bang
MgSOs, loc, va co dé taora 46mg (0,14mmol) 44.

Vi du 14: Tdng hop metyl este clia axit 3-(3-clo-4-xyano-phenyl)-6-metyl-4-oxo-3,4,6,7-
tetrahydro-pyrano[3,4-d]imidazol-6-carboxylic (45).
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B sung 0,07ml (0,14mmol) trimetylsilyl diazometan 2M trong hexan vao 50mg
(0,15mmol) 44 trong 2ml CH2Clo/MeOH véi ty 1¢ 1:1. Sau khi khudy trong 1 gid nita, b
sung 0,07ml (0,14mmol) trimetylsilyl diazometan 2M. Hon hop nay dugc khudy trong 1
gid, cd, hoa tan trong 50ml EtOAc, va rua bing hai 14n bang 20ml H,0 va mot 1an bang
20ml nuéc mudi. Pha hiru co duge 1am khod b%lng MgSOs, loc, va cd dé tao ra 21mg

(0,06mmol) 45.

Vi du 15: Téng hop dimetylamit cta axit 3-(3-clo-4-xyano-phenyl)-6-metyl-4-oxo-
3,4,6,7-tetrahydro-pyrano[3,4-d]imidazol-6-carboxylic (46).

N I
|
. Cl
o TBTU, o

N Me,NH,-HCI N
€T o ﬁ /0
N /

OH NG
0
0
44 46

B6 sung 58mg (0,18mmol) TBTU, 15mg (0,18mmol) dimetylamin hydroclorua
va 0,03ml (0,2mmol) {Pr2NEt vao 50mg (0,15mmol) 44 trong 2ml DMF. Hdn hop nay
duoc khu_éy trong 48 gio, pha lodng bing 50ml EtOAc, va rira hai 1an bang 20ml H>0 va
mdt lan bﬁng 20ml nuéc mudi. Pha hitu co dugc lam kho béng MgSQOs4, loc, ¢, va tinh

ché hai 14n bang TLC diéu ché (100% EtOAc) dé tao ra 22mg (0,06mmol) 46.
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Dit liéu LCMS duogc do bang cach sir dung phwong phép duoc néu trong Bang 2.

Dit lidu ctia cac hop chit trong Bang 1 dwoc néu trong Bang 3. Cac hop chét dugc tach

thanh chit ddng phan d6i hinh cia chung dugc néu bang cach nhap riéng ré cac chét ddng
phén d6i hinh A va chit dong phan dbi hinh B.

Béng 2: Phuong phap LC/MS

Phwon Luru
ha €| Pha dong A | Pha dong B | Gradien legng Cot
phap (mL/phut)
. BEH
95%nudc 90% A den 100%
MeCN + 2,1x50mm
5%MeCN + B trong 1,19 phut .
A _ 0,05% axit ., 10,8 C18, duong
0,05% axit gitt & 100% B dén
formic kinh hat
formic 1,70 phut
1,7um
BEH
95%nudc 90% A to 100% B
MeCN + 2,1x50mm
5%MeCN + trong 4,45 phut
B 0,05% axit ., 10,8 C18, duong
0,05% axit gitt & 100%B dén
formic kinh hat
formic 4,58 phut
1,7um
Bang 3: Dit li¢u LC/MS
£ Phwong |Thoi gian
g‘-”p chat| nrmyr phip |lwu HPLC
HPLC |(phut)
1 394,2 A 0,98
2 279,1 A 0,76
3 2679 A 0,64
4 311,0 A 1,1
5 326,2 A 0,61
6 302,1 B 1,3
7 295,1 A 0,87
8 295,1 A 0,83
9 277,0 A 0,74
10 286,1 A 0,67
11 2823 A 0,67
12 301,9 A 0,76
13 281,9 A 0,7
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£ Phuwong | Thoi gian
g‘-’p chat! ni+H)* phip |leu HPLC
HPLC | (phit)
14 2614 A 0,67
15 A |2879 A 0,68
15 B | 2879 A 0,68
16 A 2539 A 0,58
16 B 2539 A 0,58
17 243,1 A 0,69
18 302,1 A 0,68
19 286,1 A 0,64
20 249,0 A 0,65
21 240,0 A 0,53
2 273.9 A 0,61
23 282,9 A 0,75
24 251,1 A 0,65
25 2548 A 0,70
26 283,1 A 0.8
27 2991 A 0,65
28 274,0 A 0,62
29 A |3181 A 0,58
29 B |3179 A 0,54
30 A |3269 A 0,69
30 B 3269 A 0,68
31 A 2979 A 0,53
31 B 2979 A 0,53
32 360,1 A 0,73
33 A 3044 A 0,53
33 B | 3044 A 0,53
34 A |311,0 A 0,61
34 B 3106 A 0,61
35 A 3110 A 0,65
35 B |311,0 A 0,65
36 279,1 A 0,58
37 2842 A 0,49
38 A 2934 A 0,63
38 B 2935 A 0,63
39 A 2981 A 0,55
39 B 298, A 0,55
0 A 3420 B 132
20 B |3420 B 132
41 297,0 A 0,80
2 A 3010 A 0,56
2 B |30L0 A 0,56
43 348 A 0,64
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Phwong |Thoi  gian
(M+H)* phap lru HPLC
HPLC | (phut)

Hop chit
)

(M+MeOH)"
44 332,0 A 0,66
45 346,1 A 0,75
46 359,0 A 0,70

DPénh gid hoat tinh sinh hoc

Pidu ché ty thé thuong than khi Cynomolgus

Thir nghiém e ché aldosteron synthaza va cortisol synthaza st dung ty thé tuyén
thugng than khi cynomolgus lam ngudn aldosteron synthaza (CYP11B2) va cortisol
synthaza (CYP11B1). Ty thé duoc diéu ché tir tuyén thuong than khi cynomolgus dong
lanh theo phuwong phap A dugc mo ta trong J.D. McGarry et al. (Biochem. J., 1983, 214,
21-28), va dugc tai tao huyén phi 1an cudi trong dung dich dém AT nhu duge mo t trong
R. Yamaguchi et al. (Cell Death va Differentiation, 2007, 14, 616-624), dugc lam dong
lanh & dang cac phin phan uéc trong nito 1éng va bao quan & -80°C cho dén khi st dung.
Mbt don vi hoat tinh CYP11B2 va CYP11B1 trong trong cic ché pham nay dugc xac
dinh 13 lvgng enzym tao ra 1 pmol san phim trong mot gid trong cac diéu kién dugc mo

ta.

U ché Aldosteron synthaza

Céc hop chét theo sang ché c6 thé duge duge dénh gid hoat tinh tc ché aldosteron

synthaza bing thir nghiém sau:

Céc thtr nghiém duge tién hanh trong dia 96 18 voi thé tich cudi cing 1a 60pl/13,
chira 100 mM Kkali phosphat, pH=7,4, 1% (thé tich) DMSO, va ngoai ra, 2uM
corticosteron va 50 don vi hoat tinh CYP11B2. C4c phén tngs dugc bat dau bang cach
bd sung NADPH vao ImM va dé cho phan ung dién ra trong 90 phut ¢ 37°C. Céc phan
mg duoc dimg lai bing cach bd sung 60pul MeCN chira chét ndi chuén ding cho phd
khéi. Tiép theo, mot tram microlit dugc chuyén vao dia loc thily tinh va ly tim véi tbc

do 570 x g trong 5 phut va gom dich loc. San phim phan g aldosteron dugc dinh luong
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bang phd khéi. Pé xéc dinh tri s6 thir nghiém tréng (0% hoat tinh), NADPH duoc bé qua

trong mot s phan tng.

Viée e ché phu thude lidu duge dinh lvong bang cach sir dung hop chit ¢ cac
ndéng d6 khac nhau. Hoat tinh téi da (100%) dugc xdc dinh bing cic phan tmg chira
NADPH, ma khong chira hop chit. Hoat tinh & mdi ndng do dugc biéu thi dudi dang
phén trim cua hoat tinh t6i da (truc y) va dwoc 1ap dd thi theo ndng dd hop chit (truc x)
va ndng do tuong tng véi 50% hoat tinh (ICse) duge xac dinh bang cach sir dung chuong

trinh hiéu chinh dudng cong XLFit bang cach st dung md hinh théng ké 4 thong sd.

U ché viée tdng hop cortisol

Céc thtr nghiém dugc tién hanh d6i v6i aldosteron synthaza ngoai trir viéc sir dung
150 don vi CYP11B1, 11-deoxycortisol 1am chit nén va cortisol dugc do & dang san

pham.

Uc ché CYP17A1

Céc hop chét theo sang ché con ¢6 thé duge danh gia hoat tinh e ché CYP17A1

bang thir nghiém sau:

Céc thir nghiém dugc tién hanh trong dia 96 16 véi thé tich cudi cung 13 40p1/15
chtra 100mM dung dich dém kali phosphat, pH=7,4, 1% DMSO (thé tich), va ngoai ra
150nM progesteon va 0,025mg/ml rhCYP17A1 (dugc mua tir Cypex). Cac phan rngs
dugc bit diu bang cach bd sung NADPH vao 1mM va dé cho phan ting dién ra trong 15
phut & 37°C. Céac phan tng dugce dung lai béng cach bd sung 40l MeCN chira chét noi
chuin dung cho phd khéi. Céc dia duoc ly tdm véi toc dd 3000 vong/phiit trong 5 phit
va san phdm phan g 17-a-hydroxyprogesteon dugc dinh lugng bing phd khéi. Pé xac

dinh tri sb thir nghiém tréng (0% hoat tinh), NADPH duogc bo qua trong mot sb phan Ung.

Viéc tc ché phu thude liéu dugc dinh lugng béng cach st dung hop chit & cac
ndng d khac nhau. Hoat tinh t6i da (100%) duoc xac dinh bing cic phan g chia
NADPH, ma khong chita hop chit. Hoat tinh & mdi ndng d¢ dugc biéu thi dudi dang
ph?m trim cuia hoat tinh t6i da (truc y) va dugc lap dd thi theo ndng d6 hop chét (truc x)
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va ndng d twong tng véi 50% hoat tinh (ICso) dwoc xac dinh bang cach st dung mod

hinh théng ké 4 théng sd.

Uc ché CYP19A1

Hop chét theo sang ché con c¢6 thé duoc danh gia hoat tinh tc ché CYP19A1
(Kragie, L. et al., 2002, Endocrine Research, 28 (3), 129-140).

Céc hop chét dai dién clia sang ché dwoc thir nghiém dé danh gia hoat tinh trong
céc thir nghiém trén ddy. Cac hop chét duge wu tién ¢6 ICso < 1,000 nM va céac hop chat
dugc vu tién hon c¢6 ICsp < 100 nM trong thir nghiém e ché aldosteron synthaza trén.
Céc hop chit dugc wu tién ¢6 d6 chon loc it nhit gdp 100 ddi véi viéc wc ché aldosteron
synthaza hon 1a &rc ché cortisol synthaza (CYP11B1) va it nhit gdp 500 so véi CYP17A1
va CYP19A1. Pé 1am vi du, dit liéu cia cac hop chét dai dién tir Bang 1 dugc néu trong
Bang 4. Dit liéu ctia cac chdt ddng phan ddi hinh riéng biét dugc thé hién bang cac sb

liéu dwgc nhap cho chét dong phan dbi hinh A va B.

Bang 4: Dit li€u sinh hoc

Hop | ICso trc ché | ICso e ché | ICso ICso

chit s6 aldosteron | cortisol CYP17A1 | CYP19A1
(nM) (rM) (eM) (M)

1 55 2,3
2 91 34 >20 >20
3 35 8,7 >20 >20
4 8,4 1,2
5 110 40 >20 >20
6 5,3 2,5 >20 >20
7 50 6,8
8 35 5,3 >20 >20
9 32 24 >20 >20
10 43 4,2 >20 >20
11 49 0,59 >20 >20
12 290 24
13 6,3 2,2 >20 >20
14 130 13
15A 7,5 3,4
15B 12 6,4
16A 100 26 >20 >20
16B 160 35 >20 >20
17 390 61
18 17 4,1 >20 >20
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Hop | ICso trc ché | ICso trc ché | ICs ICso

chit sb aldosteron | cortisol CYP17A1 | CYP19A1
(nM) (uM) (uM) (uM)

19 46 7.1 >20 >20
20 470 65
21 420 82
22 25 18
23 14 10
24 440 20
25 500 >30
26 64 25
27 220 >30
28 75 16 >20 >20)
29A 16 4,7 >20 >20
29B 48 23 >20 >20
30A 28 9,0 >20 >20
30B 31 52 >20 >20
31A 23 3.6 >20 >20
31B 210 24 >20 >20
32 36 6,5
33A 89 45 >20 >20
33B 27 14 >20 >20
34A 870 >30
34B 120 19 >20 >20
35A 70 24 15 >20
35B 620 >30
36 540 >100
37 210 34
38A 120 19
38B 390 36
39A 11 1,4 >20 >20
39B 13 8,6 >20 >20
40A 160 >30
40B 460 >30)
41 8,6 6,0
12A 210 >30
12B 76 >30 >20 >20
43 540 >3() >20 >20
44 670 >30 >20 >20
45 28 1,1
46 89 13
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Céac phuong phap g dung trong diéu tri bénh

Theo séng ché, phin mé ta bdc 16 phuong phap méi sir dung hop chét c6 cong
thire (I). Hop chét duge boc 16 trong ban mé ta nay e ché aldosteron synthaza mot cach
hitu hiéu. Viéc ttc ché aldosteron synthaza 1a phuong phap hip dan dé phong ngira va
diéu tri nhiéu loai bénh hoc tinh trang bénh ma c6 thé 1am thuyén giam bing cach lam
giam lugng aldosteron. Do dd, céc hop chét nay la hitu ich dé diéu tri bénh va tinh trang
bénh nhu durge md ta trong phin Tinh trang k¥ thudt ciia sang ché, bao gdm céc tinh trang

bénh va bénh sau:
Bénh thén do dai thdo dudong bao g6m bénh than tiéu dudng;

Bénh than khong do dai thio dudng bao gdbm xo hoda ciu than, viém than tidu ciu, bénh

than IGA, hoi chimg than hu va xo héa cu than khu tra tirng doan (FSGS);

Bénh tim mach bao gdm ching cao huyét 4p, chimg cao huyét 4p dong mach phdi, hoi
chting Crohn, suy tim tdm thu, suy tim tdm truong, loan chirc ning tm thét trai, chiing
hoéa ran va chimg xo héa ning tam thét trai, chimg bét thuong dd dy tam thét trai, ching
héa rin dong mach, chimg xo vira déng mach va bién cb tim mach két hop véi cudong

aldosteron so cép hodc thtr cap;

Chuing ting san thugng than va cudng aldosteron so cip hoic thir cép.

Céc rdi loan nay da duge mo ta dac trung & nguoi, nhung ciing ton tai véi bénh
can tuong tu & cac dong vat c6 vi khac va c6 theé dugce dicu tri bang dugc pham theo séng

7
A

che.

Do d6, hop chét c6 cong thirc I theo phuong an bit ky trong sd cac phuwong 4n
dugc md ta trong ban md ta nay hoic mudi duge dung ctia né c6 thé duoc sir dung dé bao
ché thudc dé didu tri bénh hoic réi loan dugc gy ra bsi aldosteron synthaza, bao gdbm
bénh thin do dai thao dudng, xo hoa ciu than, viém than tiéu ciu, bénh than IGA, hoi
chimg than hu, xo héa cau than khu trt timg doan (FSGS), ching cao huyét ap, ching
cao huyét ap dong mach phdi, hdi chitng Crohn, suy tim tAm thu, suy tim tdm truong,
loan chirc ning tAm thét trai, chimg héa rén va ching xo hoa ning tdm thét tréi, chimg

bét thudng db diy tAm thét trai, ching hoa ran dong mach, ching xo vita dong mach va
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bién cb tim mach két hop véi cudong aldosteron so cip hoic thi cip, chimg ting san

thuong than va cudng aldosteron so cdp hoic thir cép.

Dé sir dung trong chita bénh, cac hogp chét ctia sang ché co thé dugc dung & dang
dugce phim & dang liéu thong thudng theo cach thong thuong bét ky. Céc dang liéu thong
thuong thuong chura chit mang dugc dung thich hop v6i dang lidu cu thé duge chon.
Nhitng dudng ding gdm, nhung khéng chi gi6i han &, trong tinh mach, trong co, dudi
da, trong bao hoat dich, truyén, dudi ludi, qua chan bi, miéng, cuc bd hoic xong. Pudong

dung dugc uu tién 1a duong miéng va trong tinh mach.

Cac hop chét theo sang ché c6 thé duoc ding doc 1ap hoic két hop véi céc td dugce
ma lam tang do bén cuia chit e ché, tao didu kién thuan loi cho viée dung cac dugc phém
chira chung trong mdt sé phuong 4n nhét dinh, 1am ting qua trinh phan tan hoic hoa tan,
lam ting hoat tinh ¢ ché, tao ra liéu phép phu trg, va céc lgi ich twong tu, gém ca cac
hoat chit khac. Theo mdt phwong 4n, vi du, nhiéu hop chét cua sang ché c6 thé dugc
ding. Tt hon néu céc liéu phap két hop nhu vay ding céc lidu lwong thip hon cua cac
hoat chit chita bénh théng thuong, theo d6 tranh dugc tinh doc c6 thé c6 va cac tic dung
phu xuét hién khi cac tac nhan nay duoc st dung & dang liéu phép don. Cac hgp chét cua
sang ché co thé duoc két hop mot cach vat ly véi céc tc nhan chita bénh thong thudng
hodc cac ta dugc khac thanh mdt dugc phém. Tét hon néu céac hop chét nay sau do co thé
duge dung cung nhau & dang liéu don. Theo mot s6 phwong 4n, cac dugc phim chira cac
t8 hop hop chit nhu vay chira it nhit khoang 5%, nhung wu tién hon Ia it nhit khoang
20%, hop chat c6 cong thire (I) (trong lugng/trong lugng) hodc t6 hop cua ching. Phin
tram t6i wu (trong lwong/trong lugng) ctia hop chét theo sang ché c6 thé thay dbi va nguoi
c¢6 hiéu biét trung binh trong linh vuc k¥ thuat ndy s& hiéu rd nhiing thay ddi nhu vay.
Theo cach khéc, cac hop chét ctia séng ché va cac tic nhén chita bénh thong thuong hodic
cac ta dugc khac c6 thé duge ding riéng ré (ké tiép hodc song song). Viéc dinh lidu riéng

r& cho phép 4p dung ché do liéu lwong linh hoat hon.

Nhu dugc dé cp trén ddy, cic dang lidu luong ctia cac hop chét cua sang ché co
thé gbm cac chét mang dugc dungs va céc ta dugc da biét ddi v6i ngudi c6 hiéu biét trung
binh trong linh vuc k¥ thuét nay va phu hop véi dang lidu luong nay. Céc chit mang va

ta duoc nhu vay gE‘)m, vi du, cac chét trao d6i ion, nhdm oxit, nhom stearat, lexitin, protein
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huyét thanh, cac chét dém, nudc, mubi hoac cac chét dién gidi va céc chét trén co s&
xenluloza. Cac dang lidu dugc vu tién gém vién nén, vién nang, vi€én nén dai, 16ng, dung
dich, huyén phu, nhil trong, vién hinh thoi, xi rd, bdt hoan nguyén duogc, hat, thu6c dan
va miéng déan da. C4c phuong phap bao ché cac dang lidu hrong nhu vy 13 da biét (xin
xem, vi du, H.C. Ansel and N.G. Popovish, Pharmaceutical Dosage Forms va Drug
Delivery Systems, 5th ed., Lea and Febiger (1990)). Nhitng yéu cau va murc lidu lugng
d6i v6i cac hop chét cua sang ché c¢6 thé dwoc chon boi ngudi ¢6 hiéu biét trung binh
trong linh vuc k¥ thuat nay tir cac k¥ thuat va phuong phép sin c¢6 phit hgp véi bénh nhan
cu thé. Theo mot sé phuong 4n, mirc lifu nim trong khoang tir 1 dén 1000 mg/liéu d6i
v6Gi bénh nhan 70 kg. Mdc du mot liéu mot ngay co thé 1a du, cling c6 thé dung dén 5 liéu
mdt ngay. Déi vai cac lidu ding dudong miéng, c6 thé can ding dén 2000 mg/ngay. Nhu
ngudi ¢6 hidu biét trung binh trong linh vuc k¥ thuit ndy s& thiy, c6 thé can dung liéu
cao hon hoac thép hon tiy thude vao céac yéu t6 cu thé. Vi du, ché do diéu trji va lidu cu
thé s& phu thudc vao cac yéu t6 nhu tinh trang sirc khoe chung ciia bénh nhéan, mirc
nghiém trong va dién bién cua ri loan & bénh nhin hoic khuynh huéng phit trién, va

dénh gia cua béc sy diu tri.
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YEU CAUBAO HO
1. Hop chét c6 cong thire I:
Cy\ O
N 0 1
<l R
N R2
I

trong do:

Cy la hé nhan don hodc hai vong dugc chon tir Cs.joxycloalkyl, heteroxyclyl, aryl va

heteroaryl,

trong d6 mdi trong s6 nhém Cs.ioxycloalkyl, heteroxyclyl, aryl va heteroaryl nay
thy y va doc 1ap dugc thé bing mot, hai, hodic ba nh6m phan tir thay thé dwoc chon
tir halogen, -Ci.3-alkyl, -OCi.3-alkyl, -CF3, xyano, oxo, -N(Ci-3-alkyl)2, -NH(Ci.3-
alkyl), -NHCOC;3-alkyl, -C(O)Ci3-alkyl, -C(O)OCi-salkyl, hydroxyCi-salkyl,

hodc heteroaryl; va

R! va R? @oc 1ap dugc chon tir H, Cisalkyl, hydroxyCi.zalkyl, -CHoNHC(O)OC-salkyl,
_CH,0C(O)Cialkyl, -C(O)OCi4-alkyl, -C(O)H, -COOH, -C(O)NHCp-alkyl va
C(O)N(Ci-4-alkyl)2; hodc

R! va R? dugc 14y ciing nhau @ tao thanh Cs.exycloalkyl hodc Cs.¢-heteroxyclyl;
hodc mudi cua no.
2. Hop chét ¢6 cong thire 1 theo diém 1, trong d6:

Cy la nhom phenyl, xyclohexyl, indanyl, 2,3-dihydrobenzofuranyl hodc tetrahydro-
quinolinyl, mbi nhém tity y dugc thé bang mot, hai, hoic ba nhom phin tir thay thé doc

1ap dugc chon tir —Cl, -F, Cialkyl, oxo va CN; va

R! va R? doc 1ap duogc chon tir H, Cialkyl, hydroxyCi.salkyl, -CH2NHC(O)OC1.4alkyl,
-C(O)N(Cis-alkyl); va -CH,0C(0O)Ci-salkyl.
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3. Hop chét c¢6 cong thire I theo didm 1 hoic 2, trong do:

Cy la phenyl tity ¥ dugc thé bing mét, hai, hodc ba nhém phan tir thay thé doc 1ap dugc
chon tir —Cl, -F, Ci.zalkyl va CN.

4. Hop chit c6 cong thirc I theo diém bt ky trong sb cac diém 1, 2 hodc 3 trong do:

Cy 1a phenyl dugc thé bang CN va tiy ¥ duogc thé bang mot hoic hai nhém bd sung doc
1ap duogc chon tir —Cl, -F va Ci.zalkyl;

R!1a —-CHj3; va

R? 1a —~CH3 hoic -CHOH.

5. Hop cht theo diém bat ky trong s6 cac diém tir 1 dén 4, trong do:
R? ]a -CH,OH.

6. Hop chét theo diém bAt ky trong sb cac diém tir 1 dén 4, trong do:
R? 1a —CHs.

7. Hop chét theo diém 1 dugc chon tir nhém bao gbm:

F

F
0
1 25 0

T\
N
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g

va mudi dugc dung cta no.

8. Hop chét theo diém 7 dugc chon tir nhém bao gém hop chat s6 1-11, 13, 15, 18, 19,
22,23, 26, 28, 29A, 29B, 30-33, 35, 39, 41, 42, 45 va 46.

9. Hop chét theo diém 1, trong d6 hop chat nay 1a:

0

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

N
It

&

11. Hop chét theo diém 1, trong d6 hop chét nay 1a:
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N
Il

&

12. Hop chét theo diém 1, trong d6 hop chét nay la:

i

13. Hop chét theo diém 1, trong d6 hop chét nay la:

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

N
It

15. Hop chit theo diém 1, trong d6 hop chét nay 1a:
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16. Hop chét theo diém 1, trong d6 hop chét nay la:

Cl

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

18. Hop chét theo diém 1, trong d6 hop chét nay la:

N
It

Sall
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19. Muébi dugc dung caa hop chét theo diém bét ky trong s6 cac diém tir 1 dén 18.

20. Dugc phim chira hop chét theo diém bét ky trong s cac diém tir 1 dén 19 va chét

mang hodc ta dugc dugc dung.
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