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(57) Sang ch& dé cap dén céc hop chat c6 cong thic I:
O W
Z _~NH
l
X7 NP R?

trong d6 Z, X, J, R* vi W nhu duoc dilnh nghia trong ban mo ta, cling nhu cic
solvat, cdc hydrat, cic chit déng phan hd bién va cdc muéi dugc dung cia
ching, ma tc ch& céc protein tyrosin kinaza, dic biét 1a kinaza c-fms. C4c hop
chét nay dugc diung dé diéu tri cac bénh tu mién; va cdc bénh c6 thanh t6 viem;
diéu tri di can tir ung thu budng trimg, ung thu ti cung, ung thw v, ung thu
tuyén tién liét, ung thu phdi, ung thu rudt két, ung thu da day, bénh bach cdu t&
bao tua; va diéu tri chiing dau, trong d6 c6 dau xuong do di can khéi u gay ra
hodc viém xuong-khép, hodc dau than kinh, dau viém va dau ndi tang; cling nhu
bénh loang xuong, bénh Paget, va cdc bénh khdc ma trong d6 ching tiéu xwong
lam trung gian gay bénh trong d6 c6 viém da khép dang thap, va cic dang khac
clia viem khép, viem xuong-khGp, hong bd phan ghép nhan tao, sacom tiéu

xuong, u tiy, va di can khoi u vao xuong.
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Linh vire k§ thuat dwoc dé cap

Sang ché dé cap den cac hop chat cé chirc nang nhu chat rc ché protein tyrosin
kinaza. Cu thé€ hon, sang ché d€ cdp dén cac hgp chat ¢ chirc nang nhu cac chat uc ché

kinaza c-fins.
Tinh trang k§ thuit ciia sang ché

Céc protein kinaza 12 nhitng enzym d6ng vai tro 1a thanh phin chinh cua céc con
duong tai nap tin hiéu bing cach xuc tac qua trinh chuyén phosphat diu tin cing cua
adenosin 5’-triphosphat (ATP) dén nhém hydroxy cuia gdc tyrosin, serin va threonin
cta céc protein. Két qua 13, cic chét ic ché protein kinaza va cic co chit 1a nhimg
cong cu quy gid dé danh gia nhimg hau qua sinh 1y cua viéc hoat hoa protein kinaza.
Su biéu hién qua muc hogic s bidu hién khong thich hop cia cac protein kinaza dot
bién hogc binh thudng trong dong vat c6 vi da dwoc chimg minh 13 déng vai trd quan
trong trong sur tién trién ciia nhiéu bénh, trong d6 ¢6 ung thu va dai thao dudng.

Céc protein kinaza c6 thé dugc chia thanh hai nhém: mot nhém gbém chu yéu
céc gbc phoshorylat tyrosin (cac protein tyrosin kinaza ) va mot nhom gdm chi yéu cac
gdc phosphorylat serin va/hodc threonin (cic protein kinaza serin/threonin). Céc
protein tyrosin kinaza thyc hién céc chirc ndng khac nhau tir su kich thich sy ting
trudng cia té bao va biét hoa dén sy kim ham sy tang sinh cua t& bao. Ching c6 thé
dugc phén loai thanh protein tyrosin kinaza thu thé hodc cac protein tyrosin Kinaza ndi
bao. Céc protein tyrosin kinaza thu thé, loai s& hitu mién lién két phdi tir ngoai bao va
mién xic tic ndi bio c6 hoat tinh tyrosin kinaza ndi tai, dugc phan bé trong 20 phén
ho.

Céc tyrosin kinaza thu thé ciia ho nhan t6 sinh trudng biéu bi (“EGF”), ma bao
gdm cac thu thé HER-1, HER-2/neu va HER-3, chira mién lién két ngoai bao, mién

xuyén mang va mién xic tac t€ bao chat ndi bao. Qua trinh lién két thu thé dan dén su
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khéi phat nhidu qua trinh phosphoryl hoa phu thudc tyrosin kinaza ndi bao, ma cudi
cung thi gdy ra qué trinh phién ma gen gdy ung thu. Ung thu vi, ung thu tryc trang-
rut két va ung thu tuyén tién 1iét c6 lién quan dén ho thy thé nay.

Thu thé insulin (“IR”) va thu thé nhén t6 sinh truéng gibng insulin I (“IGF-1R”)
13 ¢6 lién quan vé& mit cdu triic va mit chirc ning, nhung cé nhitng tic dong sinh hoc
khéc nhau. Sy biéu hién qua mirc IGF-1R thi gén lién véi ung thu vu.

Céc thy thé nhén t6 sinh truéng cé ngudn gdc tir tiéu ciu (“PDGF”) l1am trung
gian cho cac déap {rng té bao bao gdm qua trinh ting sinh, di chuyén va séng s6t va bao
gdm PDGFR, thy thé nhan t6 t& bao gbc (c-kit) va c-fms. Nhitng thu thé nay co lién
quan dén cac bénh nhu vita xo dong mach, bénh xo héa va bénh ting sinh dich kinh-
ving mac.

Céc thu thé nhan t6 sinh truéng nguyén bao sgi (“FGR”) bao gdm bdn thy thé
chiu trach nhiém vé su san sinh cdc mach mau, vé hién tugng phat trién qua nhanh cia
chi, va vé su ting trudng va bi€t hoa cua nhiéu loai té bao khac nhau.

Nhan t6 sinh truéng ndi mé mach (“VEGF”), mét tac nhan gy phan bio higu
nghiém cia céc t& bao ndi mo, duge san xuit voi lugng gia ting béi nhidu khéi u, bao
gbm caxinom budng trimg. Céc thy thé da biét cia VEGF dugc ky hiéu 14 VEGFR-1
(Flt-1), VEGFR-2 (KDR), VEGFR-3 (Flt-4). Nhém céc thy thé cé lién quan, kinaza
tie-1 va tie-2, d3 dugc nhéan di¢én trong té bao tao mau va ndi mdé mach. Cac thu thé
VEGF c¢6 lién quan dén hién tuong tao mach mai hoan toan va hién tugng tao mach tu
mach c6 sin.

Céc protein tyrosin kinaza ndi bao con dugc goi 1a cac protein tyrosin kinaza
khoéng thu thé. Hon 24 Kinaza nhu vay da dugc nhan dién va da dugc phén loai thanh
11 phén ho. C4c protein kinaza serin/threonin, giéng nhu cic protein tyrosin kinaza té
bao, thi phén 16m 1a n6i bao.

Piéi thao dudng, hién tuong tao mach tir mach c6 sén, bénh vay nén, tai phat
hep, cac bénh vé mit, tAm thin phén li€t, viém da khép dang thép, bénh tim mach va
ung thu 1a cic bénh tiéu biéu co lién quan dén hoat tinh protein tyrosin kinaza bét

thuong. Vi viy, tdn tai nhu ciu vé chét trc ché protein tyrosin kinaza phan tir nho hiéu
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nghiém va chon loc. Patent M§¥ sb 6,383,790; 6,346,625; 6,235,746; 6,100,254 va WO
01/47897, WO 00/27820 va WO 02/068406 1a nhitng tai liéu chirg thuc cho nhimg nd

Iuc gan day trong viée téng hop cac chit rc ché nay.
Ban chit ky thuit ciia sing ché

Muc dich ctia sang ché 13 tim ra chét trc ché protein tyrosin kinaza hiéu nghiém
va chon loc dé giai quyét cac nhu ciu hién co.
bé dat dugc muc dich trén, sang ché dé xuat chat rc ché hiéu nghiém kinaza c-

fms c6 cong thac I:

on
z ~ NH
X~ N7 R?
I

hodc solvat, hydrat, chit ddng phan hd bién hoic mubdi duge dung ciia chiing, trong do:

R4

R* R4
) HN HN HN HN'Q
Wla ﬁ",k\.N—\S'\R“ ‘ }:.‘, N ) R* ’ E,BCN }"/Q\

» N ’

N—N
-“a@\w hoic ,/QN»*R“ :
H

trong dé mdi nhém 'R“ doc lap 1a H, F, Cl, Br, I, OH, OCHs, OCH>CH3, SCa-4yalkyl,
SOC.salkyl, SO2Ca.aalkyl, -Casalkyl, CO:RY, CONR®R!, C=CRE, hoic CN;
trong d6 RY1a H, hodc -Cq-3alkyl;

R* 14 H, hoic -C-3)alkyl;

Rf1a H, hodc -Cq-3jalkyl; va

Re 1a H, -CH20H, hoic -CH2CH,OH;



21225

R? 1a xycloalkyl, xycloalkenyl dugc thé-vong xoén, thiophenyl, dihydrosulfonopyranyl
phenyl, furanyl, tetrahydropyridyl, hoic dihydropyranyl, nhém bét ky trong sb
chiing c6 thé doc 1ap duge thé bing mdt hoic hai trong sé cac nhém sau déy: clo,

flo, hydroxy, Cq-3jalkyl, va Cq-salkyl
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trong d6 R 1a H, -C.4)alkyl, -CO,C-salkyl, -CONH», -CONHC1-4)alkyl, -CON(C-
salkyl)2, hodc -COC-4alkyl.

Mo ta van tit cac hinh vé

FIG.1 12 mAu nhiu xa bdt tia X clia hop chit cta vi du 31 dugc thé hién bang gia tri
©26.
FIG.2 12 miu nhiu xa bt tia X ctia hop chit cia vi du 32 dugc thé hién bang gia tri
©20.
FIG.3 12 mAu nhiéu xa bdt tia X ciia hop chit ctia vi du 33 dugc thé hién bang gia tri
°26.
FIG.4 biu thj hiéu qua cta hop chit A dbi véi hién twong sung chin va mit c4 chén
trong miu viém khép do véch té bao lién cu khuin (streptococcal cell wall-SCW) gay

ra & chudt.
A 4 . .‘ 14
MB0 ta chi tiét sang ché
Séng ché gidi quyet nhu cau hién cé vé chat e che protein tyrosin kinaza hiéu

nghiém va chon loc bang cach dé xuat cac chat e ché hiéu nghiém kinaza c-fms. Sang

ché dé xuat cac hgp chat mai c6 cong thire I:

OYW
Z A~ NH
X~ NP R2
1

hoic solvat, hydrat, chit ddng phan hd bién hodc mubi dugc dung ciia chiing, trong dé:
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R4

HN
N

R4 R*
HN HN HN
W:la }"’J\\;\S\R“ ’ }7,, SN ) R4 ' }l'gN

N-N
&J[;>~R4,n¢ 2 Py
H

trong d6 m6i nhém .R“ doc lap 1a H, F, Cl, Br, I, OH, OCH3, OCH2CH3, SC(1-4)alkyl,

SOCq-salkyl, SO2C1-syalkyl, -Cqi-sjalkyl, CO2RY, CONRCR!, C=CR, hoic CN;

trong 46 RY1a H, hodc -Cq-3alkyl;

R* 1a H, hoidc -Cq.3jalkyl;
Rf1a H, hodc -Cq-3jalkyl; va
Re 14 H, -CH20H, hoic -CH>CH,OH;

R? 1a xycloalkyl, xycloalkenyl dugc thé-vong xoén, thiophenyl, dihydrosulfonopyranyl,
phenyl, furanyl, tetrahydropyridyl, hodc dihydropyranyl, nhém bét ky trong s cac
nhom nay cé thé doc 13p dugc thé bang mot hodc hai nhém duge chon trong sb cac
nhém sau day: clo, flo, hydroxy, Cq.sjalkyl, va Cq.salkyl;

Z1aH,F, Cl, hoic CHs;

J1a CH, hoidc N;
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LLIPYP)

rrrmm&

trong d6 RY 1a H, -C1-sjalkyl, -CO2C(1-4yalkyl, -CONH>, -CONHC1-4)alkyl, -CON(Cq

salkyl)z, hodac -COCi.galkyl.
Phuong 4n khac ciia sang ché dé xuét dé xut hop chéit c6 cong thirc I, trong d6
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>
va cac solvat, cac hydrat, cac chat dong phan hd bién va cac mudi dugc dung cua

ching.
Phuong 4n khéac cia sang ché dé xuit dé xuét hop chét c6 cong thirc I, trong do:
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Q. OMe
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Cd

va céac solvat, cac hydrat, cac chdt ddng phan hd bién va cdc mudi dugc dung cia
chung.

Phuong 4n khac cia sang ché dé xuit dé.xuét hop chét c6 cong thire I, trong d6:

. HN HN HN
Wi ,@T%tht );:>_— g;k:§L~ssN ﬁgk;}*~ss
% o =N % ' N ~hoac :

Z1aH;
J1a CH, hoac N;
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va cac solvat, cac hydrat, cic chat dong phéan hd bién va cdc mudi dugc dung cua
chung.

Phuong 4n khéc cia sang ché dé xudt d& xult hop chit c6 cong thic I, trong do:

-13-
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HN
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va céc solvat, cac hydrat, cdc chat dong phan hd bién va cac mudi dugc dung cua
chung.

Phuong 4n khac ctia sang ché dé xult d& xuét hop chét c6 cong thirc Ia:

N
W
R? HN
H N\
AN NTH%N
y lJ o
Ia

trong do:

en JO JOF
% hodc % i

J1a CH, hodc N; va
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~0O

OH, ,

::l:..

-
-
- 0
-
-

./ . g, @:
" hoac

trong d6 R 1a H, -Cq.4jalkyl, -CO2C.4alkyl, -CONH,, -CONHC.salkyl, -CON(Cq-

aalkyl)2, hodc -COC-4alkyl,;
va céac solvat, cac hydrat, cac chét déng phéan hd bién va cac mudi duge dung cua

ching.
Phuong 4n khac ctia sang ché @& xuét d& xuét hop chit c6 cong thirc Ia trong

do:

-16-



21225

R%1a ,@ @L
% hoac - ;

J1a CH, hoic N;
X la:

va céc solvat, cac hydrat, cac chit ddng phan hd bién va cic mubi duge dung cla

ching.

-17-
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Phuong 4n khéc cia sang ché dé xudt dé& xult hop chét bt ky duoc chon tir

nhém bao gom:

HO = O

18-
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va céc solvat, cac hydrat, cAc chat dong phan hd bién va cdc mudi dugc dung cua
chung.

Hop chét tiéu biéu cho sang ché 12 hop chét ¢ cong thirc:

\

CN
H '}’\g
N\rH\
d N
O H

=z
\ 7

-
[} .
>

va cac solvat, cac hydrat, cdc chat dong phéan hd bién va cac mudi dugc dung cla

chung. Tt hon, néu hop chét nay la dugc chon tir nhém bao gém:

-32-
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[2-xyclohex-1-enyl-6-(2,2,6,6-tetrametyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit cta
axit 4-xyano-1H-imidazol-2-carboxylic;
mubi hydroclorua cua [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-
tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit ctia axit 4-xyano-1H-imidazol-2-carboxylic;
muébi axit metansulfonic cia [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-
tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit cia axit 4-xyano-1H-imidazol-2-carboxylic;
va mudi axit (1S)-(+)-10-camphorsulfonic cia [2-(4,4-dimetyl-xyclohex-1-enyl)-6-
(2,2,6,6-tetrametyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit ciia axit 4-xyano-1H-
imidazol-2-carboxylic.
T6t nhét, néu hop chét nay 13 mudi hydroclorua ciia [2-(4,4-dimetyl-xyclohex-1-enyl)-
6-(2,2,6,6-tetrametyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit cia axit 4-xyano-1H-
imidazol-2-carboxylic.

Theo phuong an khéc, sang ché dé xuét san phim dugc san xuét bang quy trinh
bét ky duoc néu trong cac vi du tir 1 dén 30.

Phuong 4n khéc cia sang ché dé xuit duoc phdm, chtra hop chét c¢6 cong thirc I
va chit mang dugc dung.

Phuong 4n khac cia sang ché d& xuit dugc phim, chira hop chét cé cong thirc Ia
va chit mang dugc dung.

Phwong 4n khéac cua sang ché dé& xuét dugc phdm, chira hop chét duoc liét ké
trong phan cac vi du thuc hién sang ché ciia ban md ta nay va chét mang dugc dung.

Theo mdt phuong 4n, sang ché mé ta phwong phap didu tri bénh dugc chon tir
nhém bao gdm bénh lodng xuong, bénh Paget, viém da khép dang thip va cac dang
khac ctia bénh viém khép, viém xuwong-khép, hong bo phin ghép nhan tao, sacom ti€u
xwong, u tiy, va di cin khéi u vao xuong, bao gdm cho ddng vat c¢6 v cin diéu tri sir
dung lugng hitu hiéu c6 tac dung chira bénh cua it nhét mot hop chét c6 cong thic 1.

Theo mdt phuong 4an, sang ché md ta phuong phéap diéu tri bénh dugc chon tur
nhém bao gém bénh viém thén tiéu cu, bénh viém rudt, hong bd phan ghép nhén tao,
bénh sacoit, bénh phéi tic nghén xung huyét, bénh xo hoa phéi vd cin, hen suyén,

viém tuy, nhiém HIV, bénh vay nén, bénh dai thdo dudng, hién twong tao mach tir
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mach c6 sin lién quan dén khéi u, thoai hoa mach lién quan dén tudi tic, bénh vong
mac do dai thdo dudng, bénh tai phat hep, bénh tam than phén liét va bénh sa sut tri tué
Alzheimer, bao g@)m cho ddng vat c6 vi can didu tri sir dung lugng hiru hiéu c6 tac
dung chira bénh cua it nhét mot hop chét co cong thuc L.

Theo mdt phuong 4n khéc, sang ché md ta phuong phép diéu tri ching dau,
trong d6 c6 dau xwong do di can khéi u gy ra hodic viém xwong-khdp, hoic dau thin
kinh, dau viém hodc dau ndi tang & dong vét c6 vi, bao gém cho dong vat c6 va can
diéu tri str dung luong hiru hiéu c6 tac dung chira bénh cia it nhit mot hop chét c6
cong thuec I.

Theo mdt phuong 4n khac, sing ché mé ta phuong phap diéu tri bénh dugc chon
tir nh6m bao gdm ung thu budng trimg, ung thu tir cung, ung thu vi, ung thu tuyén tién
liét, ung thu phéi, ung thu rudt két, ung thu da day, hodc bénh bach ciu té bao tua, bao
gbm cho dong vét c6 vu can diéu trj str dung luong hitu hiéu c6 tic dung chira bénh clia
it nhit mot hop chit c6 cong thic L.

Theo mot phwong 4n khac, sang ché md ta phuong phép diéu tri hodic phong
ngira sy di cin tir: ung thu budng trimg, ung thu tir cung, ung thu v, ung thu tuyén
tién liét, ung thu phéi, ung thu rudt két, ung thu da day, hodc bénh bach cau té bao tua,
bao gém cho dong véat c6 vl cin diéu tri sir dung luong hitu hiéu co tic dung chira
bénh cua it nhat mot hop chét ¢o cOng thirc I.

Theo mdt phuong 4n khéc, sang ché mé ta phuong phap diéu tri bénh ty mién
dugc chon tir nhém bao gdm liput ban d6 toan than, viém da khép dang thdp va cac
dang khac cia viém khép, bénh vay nén, hdi ching Sjogren, xo cing rai rac, hoic
viém mang mach nho, bao gém cho dong vt c6 v can diéu trj sir dung lugng hitu hiéu
c6 tac dung chira bénh cua it nhat mot hop chéit ¢6 cong thirc I.

Theo mot phuong 4n khac, sang ché md ta phwong phéap diéu tri bénh dugc chon
tir nhom bao gbm bénh lodng xwong, bénh Paget, viém da khép dang thip va cac dang
khic cua viém khép, viém xuong-khép, hong b phan ghép nhan tao, sacom tiéu

Xuong, u tiy, va di cin khéi u vao xuong, bao gom cho dong vét c6 vii can dicu tri st
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dung lwong hiru hiéu c6 tac dung diéu tri cia it nhat mot hop chét duge liét ké trong
phéan vi du thyc hién sang ché ctia ban mé ta nay.

Theo mét phuong 4n khac, sang ché mé ta phuong phap diéu tri bénh dugc chon
tir nhém bao gdm bénh viém thén tiéu cdu, bénh viém rudt, héng bd phan ghép nhén
tao, bénh sacoit, bénh phdi tic nghén xung huyét, xo hoa phdi v6 cin, bénh hen suyén,
viém tuy, nhiém HIV, bénh vay nén, dai thao duong, hién tugng tao mach tir mach c6
sin lién quan dén khéi u, thoai hoa mach lién quan dén tudi tic, bénh vong mac do dai
thdo dudng, bénh tai phat hep, bénh tdm than phan liét va bénh sa st tri tu¢ Alzheimer,
bao gém cho dong vat c6 vu can didu tri sir dung lugng hiru hiéu c6 tac dung diéu tri
clia it nhit mot hop chét dugc liét ké trong phén vi du thye hién sang ché ciia ban mo ta
nay.

Theo mét phuong an khéc, sang ché mé ta phuong phap diéu tri chimg dau,
trong d6 ¢6 dau xwong do di can khéi u gdy ra hodc viém xuong-khép, hodc dau thin
kinh, dau viém hodc dau néi tang & dong vat cé v, bao gdm cho ddng vt c6 vi can
diéu trj sir dung luong hiru hiéu c6 tac dung didu trj cua it nhit mét hop chéit dugc liét
ké trong phan vi du thuc hién sdng ché ctia ban mé ta nay.

Theo mét phuong an khac, sang ché mé ta phuong phap diéu tri bénh dugc chon
tir nhém bao gdm ung thu budng trimg, ung thur tir cung, ung thu vi, ung thu tuyén tién
liét, ung thu phéi, ung thu rudt két, ung thu da day, hoic bénh bach clu té bao tua, bao
gé)m cho djng vat c6 vi can diéu tri sir dung luong hitu hidu cé tic dung diéu trj cua it
nh4t mdt hop chit duoc liét ké trong phén vi du thyre hién sang ché ciia ban mo ta nay.

Theo mot phuong 4n khéc, sang ché mé ta phuong phép diéu tri hoic phong
ngira sy di can tir: ung thu budng trimg, ung thu tir cung, ung thu vi, ung thu tuyén
tién liét, ung thu phdi, ung thu rudt két, ung thu da day, hodc bénh bach ciu té bao tua,
bao gdm cho dong vit c6 v cin diéu trj st dung lugng hiru hi€u ¢6 tac dung diéu tri
ctia it nhat mot hop chét dugce liét ké trong phin vi du thuc hién sang ché ctia ban mo ta
nay.

Theo modt phuong an khac, sang ché mé ta phuong phap diéu tri bénh tu mién

dugc chon tir nhém bao gdm liput ban d6 toan than, viém da khép dang thdp va cac
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dang khac cua viém khép, bénh vay nén, hoi ching Sjogren, bénh xo cung rai rac, hodc
viém mang mach nho, bao gém cho dong vat c6 va can diéu tri sir dung lugng hitu hi¢u
c6 tac dung diéu tri cua it nhit mot hop chét dugc liét ké trong phén vi du thuc hién
sang ché clia ban mo ta nay.

Theo m6t phuong an khac, sang ché mé ta phuong phép diéu tri bénh duge chon
tir nhom bao gém bénh lodng xwong, bénh Paget, bénh viém da khép dang thip va cac
dang khac cua viém khdp, viém xuong-khdp, hdng bd phan ghép nhén tao, sacom tiéu
xuong, u tiy, va sy di cin khdi u vao xuong, bao g(“)m cho dong vat c6 v can diéu tri
sir dung lugng hitu hi€u c6 tac dung diéu tri cua it nhit mot hop chét duoc liét ké trong
phén vi du thuc hién sang ché ctia ban mo ta nay.

Sang ché ciing mé ta phuong phap tc ché hoat tinh protein tyrosin kinaza &
dong vat c6 vii bing cach cho ding lugng hitu higu c6 tac dung diéu tri ciia hop chét c6
cong thirc . Tyrosin kinaza dugc wu tién la c-fms.

Sang ché dugc cho 14 bao gdm cac dang dong phan ddi anh, dong phan khong
d6i quang va ddng phén hd bién cua tit ca cac hop chét c6 cong thirc I cling nhu céc
hén hop triét quang ciia chiing. Ngoai ra, mot s& hop chit c6 cong thirc I va Ia c6 thé 14
tién dugc chit, tirc 13, cac din xuét cia thudc hoat tinh c6 kha ning phén tan cao hon
va gid tri tri liéu cao hon so v&i chinh thubc hoat tinh d6. Cac tién dugc chét dugc bién

d6i thanh thudc hoat tinh bing quy trinh héa hoc hoic quy trinh enzym in vivo.

L Céc dinh nghia

Thuét ngit “alkyl” dugc dung dé chi ca gbc mach thing va gbc mach nhanh c6
dén 12 nguyén tir carbon, tot hon 1a c¢6 dén 6 nguyén tir carbon, trir khi c6 quy dinh
khac, va bao gébm, nhung khong chi han ché &, metyl, etyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, hexyl, isohexyl, heptyl, octyl, 2,2,4-
trimethylpentyl, nonyl, dexyl, undexyl va dodexyl.

Thuét ngt “xycloalkyl” dugc dung dé chi vong no hoic vong khéng no mét
phin bao gbm tir 3 dén 8 nguyén tir carbon. C6 dén bén phan tir thé alkyl tily ¥ c6 thé

¢6 mat trén vong nay. Cac vi du bao g(‘Sm xyclopropyl, 1,1-dimetyl xyclobutyl, 1,2,3-
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trimetylxyclopentyl, xyclohexyl, xyclopentenyl, xyclohexenyl, va 4,4-dimetyl
xyclohexenyl.

Thuét ngir “alkylamino” dugc ding d& chi amino c¢6 mét phan tir thé alkyl, trong
d6 nhém amino nay 1a diém gin két vao phén con lai ctia phan tir.

Thuét ngit “heteroaryl” dugc ding d& chi hé vong thom mot vong c¢6 5 dén 7
canh hoic hé vong thom hai vong c6 8 dén 10 canh, vong bét ky trong s6 céc vong nay
c6 thé bao gdm tir m6t dén bdn nguyén tir khac loai dugc chon tir N, O hoic S trong d6
nguyén tir nito va nguyén ttr luu huynh c6 thé tdn tai & trang thai oxy héa bt ky cho
phép. Céc vi du bao gdbm benzimidazolyl, benzothiazolyl, benzothienyl, benzoxazolyl,
furyl, imidazolyl, isothiazolyl, isoxazolyl, oxazolyl, pyrazinyl, pyrazolyl, pyridyl,
pyrimidinyl, pyrolyl, quinolinyl, thiazolyl va thienyl.

Thuét ngit “nguyén tir khac loai” dugc ding dé chi nguyén tir nito, nguyén tir
oxy hodc nguyén ti lvu huynh trong d6 cc nguyén tir nito va lvu huynh cé thé ton tai
& trang thai oxy hoa cho phép.

Thuét ngir “alkoxy” duoc dung dé chi gbc mach thing hoidc gbc mach nhanh c6
dén 12 nguyén tir carbon, trir khi c6 quy dinh khéc, dugc lién két vao nguyén tir oxy.
Céc vi du bao gdm metoxy, etoxy, propoxy, isopropoxy va butoxy.

Thuit ngit “xycloalkenyl duogc thé-vong xodn” dugc dung dé chi cip vong

xycloalkyl ¢6 chung mot nguyén tir carbon va trong do it nhit mot trong sb cac vong

nay 1 khoéng no mét phén, vi du: é@O .

II.  Cong dung diéu tri

Céc hop chét c6 cong thuc I 1a céc hop chit tiéu bidu cho cac chét trc ché higu
nghiém protein tyrosin kinaza , nhu c-fims, va co thé hiru dung dé phong ngira va didu
trj cac rbi loan bét ngudn tir cac tac dong cua nhitng kinaza nay.

Sang ché con mo ta phuong phap tc ché protein tyrosin kinaza bao gbm cho
protein tyrosin kinaza tiép xtic véi mét lugng chit e ché hiru hiéu caa hop chit c6
cong thirc 1. Tyrosin kinaza dugc uu tién 1a c-fms. Cac hgp chit cua sang ché ciing 1a

céc chét trc ché hoat tinh cta tyrosin kinaza FLT3. Theo mdt phuong 4n uc ché protein
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tyrosin kinaza , it nhat mot trong cac hop chit c6 cong thire I duge két hop véi chét trc
ché tyrosin kinaza da biét.

Theo c4c phuong 4n khac nhau cia sdng ché, cac protein tyrosin kinaza bj tc
ché boi cac hgp chit c6 cong thirc I déu nim trong té bao, & dong vat c6 va hoic in
vitro. Trong trudng hop clia dong vat c6 vi, ké ca ngudi, lugng hitu hiéu diéu trj cia
dang dugc dung cta it nhit mét trong s cac hop chét c6 cong thirc I duoc cho sir dung.

Sang ché con mod ta phuong phap diéu trj ung thu & déng vét c6 vi, ké ca ngudi,
bao gém cho sur dung lugng hitru hi¢u c6 tac dung diéu tri cta it nhit mot hop chét cé
cong thirc I. Cac bénh ung thu tiéu biéu bao gbm, nhung khéng chi han ché &, bénh
bach ciu tiiy séng cdp tinh, bénh bach ciu lympho cép tinh, ung thu budng tring, ung
thur tir cung, ung thu tuyén tién liét, ung thu phdi, ung thu v, ung thu rudt két, ung thu
da day, va bénh bach cau té bao tua. Sang ché con mé ta phuong phap didu tri mot sb
tén thuong tién ung thu nhét dinh trong d6 c6 xo hoa tiy xuong. Theo mdt phuong 4n
cta sang ché, luong hiru hiéu cua it nhat mot hop chit co cong thic I dugc cung cip
trong t4 hop véi lugng hitu hiéu cuia tac nhan héa trj liéu.

Sang ché con mo ta phuong phép diéu tri va phong ngira sy di can phét sinh tir
ung thur bao gbm, nhung khéng chi han ché &, ung thu budng trimg, ung thu tir cung,
ung thu tuyén tién liét, ung thu phéi, ung thu vu, ung thu ruft két, ung thu da day, va
bénh bach ciu té bao tua.

Sang ché ciing mo ta phuong phap diéu tri bénh lodng xuong, bénh Paget, va
céac bénh khac ma trong d6 ching ti€u xuong lam trung gian gy bénh trong d6 c6 viém
da khép dang thip va cac dang khac ciia viém khép, viém xuong-khép, héng bd phan
ghép nhén tao, sacom tiéu xwong, u tiy, va di cin khéi u vao xuong nhu thudng xay ra
trong bénh ung thu, bao gbm, nhung khong chi han ché &, ung thu vu, ung thu tuyén
tién liét va ung thu rudt Kkét.

Séang ché ciing mé ta phuong phap diéu tri chimg dau, cu thé 1 dau xuong do sy
di cin khéi u gy ra hoic viém xuong-khép, cling nhu dau than kinh, dau viém va dau

ndi tang.
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Sang ché ciing mé ta phuong phap diéu tri bénh tim mach, bénh viém va bénh tu
mién & ddng vat co i, ké ca nguoi, béng cach cho dung lugng hiru hi¢u diéu tri cua
dang dugc dung cua it nhit mot trong cic hop chét c6 cong thirc I. Cac vi du vé céc
bénh c6 thanh t& viém bao gdm bénh viém than tiéu ciu, bénh viém rudt, hong bd phén
ghép nhén tao, bénh sacoit, bénh phéi tic nghén xung huyét, bénh xo hoa phéi vO cén,
bénh hen suyén, viém tuy, nhiém HIV, bénh vay nén, bénh dai thdo dudng, hién tuong
tao mach tir mach c6 sén lién quan dén khdi u, bénh thoai hoa mach lién quan dén tubi
tac, bénh vong mac do dai thao dudng, bénh tai phéat hep,bénh tim than phén lié€t hoic
bénh sa sut tri tu¢ Alzheimer. Nhitng bénh nady cé thé dugc diéu tri mét cach hiéu qua
bing cac hop chét cua sang ché. Cac bénh khéc c6 thé dwoc diéu tri mot cach hiéu qua
bao g(“)m, nhung khong chi han ché &, bénh vira xo dong mach va bénh phi dai tim.

Céac bénh ty mién nhu liput ban d6 toan than, viém da khép dang thf’ip, va cac
dang khac cua viém khép, bénh vay nén, hoi ching Sjogren, bénh xo cing rai rac, hoac
bénh viém mang mach nho, ciing c6 thé dugc diéu trj b%mg céc hop chéit cua sang ché.

Thuét ngir “lugng hiru hiéu didu tri” nhu dugc sir dung & day, c6 nghia la lugng
duge chit hoic hop chit hoat tinh ma c6 dap tng sinh hoc hodc y hoc trong hé mo,
dong vat hodc con ngudi dang dugce nghién ciru bdi nha nghién ciru, bac si tha y, bac si
y khoa hoic béc s¢ 1am sang khac, n6 bao gdm 1am thuyén giam, phong ngira, diéu tri,
hodc lam tri hodn sy khdi phat hodc su tién trién cia cac triéu chimg bénh hoic rdi loan
dang dugc diéu trj.

Khi duge sir dung duéi dang chét trc ché protein tyrosin kinaza, cac hop chét
ctia sang ché c¢6 thé duogc ding véi lugng hiru hiéu trong pham vi lidu lrong ndm trong
khoang tir 0,5mg dén 10g, t6t hon 1a tir 0,5mg dén 5g, dudi dang lidu don hoic liéu
hang ngay dugc chia nho. Lidu ding s& bi anh hudng béi cac nhéan té nhu dudong ding
thudc, sirc khoe, can ndng va tudi tac cua ngudi nhén, tn suét diéu tri va su c6 mit cua
nhimg trj liéu ddng thoi va nhing trj liéu khong lién quan.

Chuyén gia trung binh trong linh virc ndy ciing hiéu ro ring lidu luong hitu hidu
diéu tri cia cac hop chét theo sang ché hoic dugc phdm cia né s& thay ddi tuy theo

hiéu qua mong mudn. Do d6, liéu lugng t6i vu dugc dung c6 thé duge cac chuyén gia
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trung binh trong linh vuc nay xac dinh mot cach dé& dang va s& thay ddi tuy theo hop
chét cu thé dugc st dung, dudng dung thudc, d0 manh coa ché phém, va su bién
chuyén cta tinh trang bénh. Ngoai ra, cic nhan td di kém vai dbi tugng cu thé dang
dugc didu tri, trong do6 cé ché d6 an, can ning, tudi tac cua ddi tuong va thoi gian dung
thudc, s& 1a can ctr cho nhu cu didu chinh liéu lugng dén muc diéu trj thich hop. Vi
vay, cac lidu lugng trén ddy 1 c6 tinh chit minh hoa cho trudng hop trung binh. Tt
nhién, c6 thé cé nhitng trudng hop riéng ma trong d6 pham vi lidu ding thip hon hodc
cao hon duge sir dung, va khoang liéu ding nay ciing nim trong pham vi ciia sang ché.

Céc hop chét c6 cong thic I ¢6 thé dugc bao ché thanh cac dugc phim bao gém
cac chit mang dugc dung da biét bat ky. Cac chit mang tiéu biéu bao gbém, nhung
khong chi han ché @, dung mdi, mdi trudng phén tan, chit 1am vé bao, chét khang nam
va chit khang khuén va chét ding trrong. Cac ta dwoc tiéu bidu ma ciing c¢6 thé 1a
nhitg hop phén cia ché phdm bao gbém chit don, chit két dinh, chét gay ra va chit lam
tron.

Céac mubi dugce dung ctia cac hop chét c6 cong thirc I bao gdm cac mudi khong
doc thong thuong hodc cac mubi amoni bac bdn ma dugce tao ra tir cac bazo hoic cac
axit hiru co hodc v co. Cac vi du vé nhimg mubi cong axit nhu viy bao gbm axetat,
adipat, benzoat, benzensulfonat, xitrat, camphorat, dodexylsulfat, hydroclorua,
hydrobromua, lactat, maleat, metansulfonat, nitrat, oxalat, pivalat, propionat, suxinat,
sulfat va tartrat. Cac mudi bazo bao gdm cac mubi amoni, cac mudi kim loai kiém nhu
mudi natri va mudi kali, mubi kim loai kiém thd nhu mudi canxi va mubi magie, cac
mudi v6i nhitng bazo hitu co nhu cac mudi dixyclohexylamino va nhitng mudi véi cac
axit amin nhu arginin. Ddng thoi, cic nhém chira nito bazo c6 thé dugc bac bbn héa
biang, vi du, cac alkyl halogenua.

Céc dugc phim cua sang ché co thé duoc cho ding bing phuong tién bét ky ma
thuc hién dugc muc dich d3 dugc du dinh cua ching. Cac vi du bao g6m viéc cho dung
qua dudmg ngoai dudng ti€u hoéa, dudi da, trong tinh mach, trong co, trong mang bung,
qua da, qua dwdong miéng hosic dudng mit. Theo cach xen k& hodc ddng thoi, c6 thé

cho diing thudc qua dudng miéng. Nhitng ché phém thich hop cho phuong thirc dung
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ngoai dudng tiéu héa bao gdm céc dung dich nuéc chira cac hop chét hoat tinh & dang
tan trong nudc, vi du, mudi tan trong nudc, cac dung dich axit, cac dung dich kiém, cac
dung dich dextroza-nudc, cic dung dich carbohydrat déng trwong va cdc phirc chét
thanh phan 16ng nhau xyclodextrin.

Sang ché ciing dé cap dén phuong phép san xuét dugc phim bao gbm viée tron
chit mang dugc dung véi hop chét bt ky trong sé cac hop chit cua sang ché. Ngoai ra,
sang ché bao g(“)m cac dugc phém dugc san xuét béng céch tron chit mang dugce dung
v6i hop chit bt ky trong sb cac hop chit cia sang ché. Nhu duoc sir dung & day, thuat
ngit “ché phim” 14 c6 y bao ham san phim chira thanh phén cu thé theo luong cu thé,
ciing nhu san phdm bat ky ma dem lai két qua, truc tiép hodc gian tiép, tir cac su két
hop nhimng thanh phén cu thé theo lugng cu thé.

Céac dang da hinh va céac solvat

Ngoai ra, cac hop chét cta sang ché c6 thé c6 mot hodc nhidu dang da hinh hogic
dang tinh thé v6 dinh hinh va nhitng dang nhu vdy déu thudc pham vi cta sang ché.
Ngoai ra, cac hop chit co thé tao solvat, vi dy, v6i nuée (tirc 13, cac hydrat) hoic cac
dung moi hitu co thong thuong. Nhu duge st dung & day, thuat ngir “solvat” cé nghia
1a su két hop vét 1y cia cac hop chit cia sang ché v6i mot hodc nhidu phan tir dung
moi. Su két hop vat Iy nay lién can dén cac mirc lién két cong hoa tri va lién két ion
khéc nhau, k& c4 lién két hydro. Trong truong hop nhét dinh, solvat c6 kha ning phan
1ap, vi du, khi mot hodc nhiéu phén tir dung méi duge hgp nhit vao mang tinh thé cia
chit rin dang tinh thé. Thuét ngit “solvat” 1 c6 y bao ham ca céc solvat c6 thé phan
1ap va pha-dung dich. Cac vi du khéng han ché vé nhimg solvat thich hgp bao gbm
etanolat, metanolat va cac chét tuong tu.

Dy dinh ring, sang ché bao gdm trong pham vi ciia n6 cic solvat cua cac hgp
chit cia sang ché. Vi vdy, trong nhitng phuong phap diéu tri clia sang ché, thuat ngir
“cho dung” s& bao ham phuong tién d& diéu tri, lam thuyén gidm hogc phong ngira hoi
ching, rdi loan hodc bénh dugc mé ta & day béng cac hgp chét cua sang ché hoic
solvat ciia ching, nhimg chit nay r3 rang 13 nim trong pham vi bao hd cia séng ché

méc dau khong dugce bde 160 mot cach cu the.
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Theo phuong an khéc, sang ché dé cap dén hop chét nhu duge mo ta trong céc
vi dy, cong thire I, hodic cong thirc Ia ding lam thudc.

Theo phuong 4n khac, sang ché dé cap dén hop chét nhu dugc md ta trong cac
vi dy, c6 cong thirc I, hodc cong thirc Ia dugc dung dé bao ché thudc diéu trj bénh ge“'m
lién véi muc san xut c-FMS cao.

Theo phuong an khac, sang ché d& cap dén hop chét theo cac vi du, c6 cong
thirc I, hoiic cong thirc Ia duge ding dé bao ché thudc diéu tri bénh dwoc chon tir nhém
bao gdm bénh lodng xuong, bénh Paget, bénh viém da khop dang thip va cac dang
khac ctia viém khép, viém xuong-khép, hong bd phin ghép nhan tao, sacom ti€u
xuong, u tly, va di can khéi u vao xuong.

Theo phwong 4n khac, sang ché dé cip dén hop chét theo céc vi du, c6 cong
thire I, hodc cong thire Ia duge dung dé bao ché thudc diéu tri bénh ty mién dugc chon
tir nhém bao gébm bénh liput ban do toan than, viém da khdp dang thép va céc dang
khac ctiia bénh viém khdp, bénh vay nén, hoi chimg Sjogren, bénh xo cing rai rac, hoac
bénh viém mang mach nho.

Theo phwong 4n khac, sang ché dé& cap dén hop chét theo céc vi du, c6 cong
thire I, hodc cong thirc Ia dugce dung dé bao ché thudc diéu tri bénh duge chon tir nhém
bao gbm bénh viém than tiéu ciu, bénh viém rudt, héng bd phan ghép nhan tao, bénh
sacoit, bénh phéi tic nghén xung huyét, x0 hoa phéi vO cin, hen suyén, viém tuy, bénh
nhiém HIV, bénh vay nén, bénh dai thao dudong, hién tugng tao mach tir mach ¢6 sén
lién quan dén khdi u, thoai hoa mach lién quan dén tudi tac, bénh véng mac do dai thao
duong, bénh tai phat hep,bénh tim than phan liét va bénh sa st tri tué¢ Alzheimer.

Theo phuong 4n khac, sang ché d& cip dén hop chét theo cac vi du, c6 cong
thire I, hodc cong thuc Ia duge dung dé bao ché thudc diéu tri ching dau, trong d6 co
dau xwong do di cian khéi u gy ra hoic viém xuong-khép, hodc dau than kinh, dau
viém hodc dau ndi tang & dong vit co vu.

Theo phuong an khac, sang ché dé cap dén hop chit theo cac vi dy, c6 cong

thirc I, hodc cong thirc Ia dugc ding dé bao ché thudc diéu tri ung thu budng trimg, ung
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thur tir cung, ung thu vi, ung thu tuyén tién liét, ung thu phéi, ung thur rudt két, ung thu

da day, hoic bénh bach cu té bao tua.

Phuong phép diéu ché
So db 1
V4 | N0z ZITNHz
L J/ L J/
1-1 1-2

N N7 2) R?M - XTNR?
1-3 14

l 15
O W (o) W“P'
4 X NH yd N NH
| -— |
X~ N7 R2 X~ N7 R2
I 1-6

So dd 1 minh hoa phuong phép chung dé diéu ché hop chit c6 cong thic 1.
Nhim minh hoa phwong phap néu trong so dd nay, cic chét phan img va cac diéu kién
dung cho cac hgp chit ma trong d6 J 1a CH 1a duge xac dinh. Chuyén gia trung binh
trong linh vyc nay s& nhén thiy ring néu J 13 N, thi cac sy cai bién nho dbi véi didu
kién phan ung va cac chit phan tng wu tién c6 thé c6 hodic c6 thé khdng cén.

C6 thé thu dugc cac hop chét c¢6 cong thic 1-3 tir cac hop chét nitro c6 cong
thirc 1-1 trong d6 L 12 nhém rdi chuyén hoic nhém phan tng nhu halogen, trialkyl
thiéc, dihydroxyboron, dialkoxyboron, hoic alkylsulfonyloxy dugc polyflo hoa bing
phan tmg lién hgp dugc xic tac bing kim loai v6i thanh phin lién hgp thich hop dé
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dwa X vio. Thanh phén lién hop thich hop la: céc este alkylsulfonat duge polyflo hoa
cta céc enol khi L 1a trialkyl thiéc, dihydroxyboron, hoic dialkoxyboron; va este
xycloalkenyl boronat va céc axit boronic khi L 1a brom, iot, hodc alkylsulfonyloxy
dugc polyflo hoa. Phuwong phép lién hop duge wu tién 1 phan g Suzuki-Miyaura (dé
tham khao, xem: N. Miyaura va A. Suzuki, Chem. Rev., 95:2457 (1995); A. Suzuki
trong “Metal-Catalyzed Coupling Reactions,” F. Deiderich, P. Stang, Eds., Wiley-
VCH, Weinheim (1988)) vé céc hgp chit c6 cong thirc 1-1 khi L 14 brom hoic iot.
Nhitng didu kién dugc wu tién ding cho phan ung Suzuki-Miyaura 1a chit xuc tic
paladi nhu tetrakis(triphenylphosphin)-paladi(0) (Pd(PPhs)4), nuéc bazo nhu dung dich
nudc NayCOs, va dung méi thich hgp nhu toluen, etanol, 1,4-dioxan, dimetoxyetan
(DME), hoic DMF. Quy trinh tong hop céc thanh phén lién hop 13 dwgc mé ta trong
céc so dd sau day.

C6 thé thu dugc cac amin cé cong thirc 1-4 tir nhitng hop chét nitro c6 cong
thirc 1-3 bang cach khir ¢6 sir dung phurong phap tng hop tiéu chudn (xem Reductions
in Organic Chemistry, M. Hudlicky, Wiley, New York, 1984). Céc diéu kién vu tién 1a
su hydro héa xuc tac ¢ sir dung chit xuc tac paladi trong dung méi thich hgp nhu
metanol hodc etanol. Néu X chira alken, thi n6 s& bi khir thanh alkan. Péi véi nhiing
hop chit ma trong d6 X chira alken duge giir lai trong hop chit cudi, thi cac phan tng
khir nitro c6 thé duge thuc hién mdt cach chon loc bﬁng cach sir dung sit hodc kém
trong dung méi thich hop nhu axit axetic, hodc bang cach sir dung st va amoni clorua
trong etanol va nudc.

Theo cach khac, c6 thé thu dugc cac hop chit ¢6 cong thirc 1-4 tir nhitng amin
c6 cong thie 1-2 bing phuong phéap thay thé L bing X dugc md ta trén day. Déi voi
cac hop chét co cong thuc 1-4 trong d6 X chira alken, thi n6 cé thé bj khir thanh alkan
bing phuong phap dugc md ta trén day néu mudn. Cac hop chét c6 cong thirc 1-2 ma
khong c6 ban trén thj truong thi c6 thé thu duge tir cac hop chét c6 cong thirc 1-1 bang
phuong phép khir nitro ¢é st dung sét hoic k&m trong dung méi thich hgp nhu axit

axetic, hodc bang cach sir dung sét va amoni clorua trong etanol va nudc.
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C6 thé thu dugc cic hgp chit c6 cong thirc 1-5 bing cach ortho-halogen hoéa, tbt
hon, néu 1 brom héa cac hgp chit amino c6 cong thic 1-4, sau do 13, phan tng lién
hgp dugce xic tac bé‘ing kim loai véi cac axit boronic hodc cac este boronat (phan ng
Suzuki-Miyaura, trong d6 RM 1a RZB(OH), hoic este boronic, xem cic phin tham
khio trén ddy) hodc cac chédt phan trng thiéc (phan tng Stille, trong d6 R2M la
R2Sn(alkyl)s, xem J. K. Stille, Angew. Chem, Int. Ed. Engl., 25: 508-524 (1986)) trén
hop chét halo trung gian. Nhing diéu kién dugc wu tién ding cho qua trinh brom héa
hop chit c¢6 cong thirc 1-4 13 N-bromosuxinimit (NBS) trong dung méi thich hop nhu
N,N-dimetylformamit (DMF), tetraclometan hoic tét hon, néu 1a diclometan (DCM)
hodc axetonitril. Phan tmg lién hop duge xuc tic bdi kim loai, tét hon 1a phan img
Suzuki-Miyaura, sau do, c6 thé duoc thuc hién theo phuong phap tiéu chudn nhu duoc
md ta va dugc vién dan trén day.

C6 thé thu dugc cac hop chit c6 cong thirc 1-6 tir nhitng hop chét ¢ cong thirc
1-5 béng cach cho nhém amino nay phan tmg véi axit dj vong P'-WCOOH (hodc mudi
twong tng ctia né PI-WCOOM?, trong d6 M? 1a Li, Na hodc K) trong d6 P! 1a nhom
bao v¢ tuy y (vi dy, 2-(trimetylsilyl)etoxymetyl (SEM) nhu khi W 1a imidazol, triazol,
pyrol, hodic benzimidazol) hodc trong d6 P! 12 khéng c6 mat nhu khi W 1a furan. (Vé
danh sach cac nhém bao v¢ thich hgp ding cho W, xem Theodora W. Greene va Peter
G. M. Wuts, Protective Groups in Organic Synthesis, John Wiley va Sons, Inc., NY
(1991)). C6 thé thyuc hién phan tng lién hop theo cic quy trinh tiéu chuin dé tao ra
lién két amit (xem téng quan, xem: M. Bodansky and A. Bodansky, The Practice of
Peptide Synthesis, Springer-Verlag, NY (1984)) hodc bing phin tmg véi céc clorua
axit P1-WCOCI hodc cac este dugc hoat héa PI-WCO2R4 (trong d6 RY 1a nhém roi
chuyén nhu pentaflophenyl hodc N-suxinimit) dé tao cac hop chit c6 cong thic 1-6.
Nhimng diéu kién phan tng wu tién ding cho phan tng lién hgp véi P1-WCOOH hogc
PI-WCOOM? la: khi W la furan (nhém bao vé tity y P! khong c6 mit), oxalyl clorua
trong diclometan (DCM) véi DMF trong vai tro la chét xuc tac dé tao clorua axit
WCOCI va sau d6, phan ung lién hop vdi sy c6 mit cia mot trialkylamin nhu N,N-

diisopropyletylamin (DIEA); khi W 1a pyrol (nhém bao vé tuy y P! khong co mit), 1-
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(3-dimetylaminopropyl)-3-etylcarbodiimit hydroclorua (EDCI) va 1-
hydroxybenzotriazol (HOBt); va khi W 13 imidazol, triazol, pyrol hodc benzimidazol
(P! thy y c6 mit) thi cdc diéu kién wu tién 1a bromotripyrolidinophosphoni
hexaflophosphat (PyBroP) va DIEA trong dung mdi nhu DCM hodc DMF.

Khi W trong cic hgp chét c6 cong thirc 1-6 chira nhém bao vé tily y P! nhu
dugc dé cap trén day, thi né co thé bi loai ra & thoi diém nay dé thu dugc cac hop chét
c¢6 cong thirc 1. Vi dy, khi W 13 imidazol dugc bao vé trén nito bing nhém SEM, thi
nhém SEM niy c6 thé bi loai ra bang cac chit phin @mg c6 tinh axit nhu axit
trifloaxetic (TFA) hodc bing céc ngudn florua nhu tetrabutylamoni florua (TBAF)
(xem Greene va Wuts, trén day). Néu cac hop chét c6 cong thirc 1-6 khong chira nhom
bao vé, thi chiing ciing 1 nhimng hop chét ¢6 cong thirc I

Cudi cung, cin phai hiéu ring cac hop chét c6 cong thirc I ¢ thé dugc tiép tuc
dan xuit hoa. Cac vi du vé sy tao din xuét nay, bao gdm, nhung khong chi han ché é:
néu cic hop chét c6 cong thirc I chira nhém xyano, thi nhom nay c¢é thé dugc thiy phan
thanh amit hodc axit dudi diéu kién bazo hodc axit; néu cac hop chét cé cong thirc 1
chira este, thi este ndy cé thé duogc thuy phan thanh axit, va axit nay c6 thé dugc
chuyén héa thanh amit bing phwong phap dugc mé ta trén day dbi véi viée tao lién két
amit. Céc axit c¢6 thé dugc khir thanh rugu. Nhimg diéu kién duoc wu tién ding cho
viéc khir axit carboxylic véi su ¢6 mat cia nhém xyano bao gém natri borohydrua va
etyl cloroformat trong THF. Cac olefin c6 thé dugc khir bing cach hydro héa xtc tac.
Céc olefin ciing c6 thé duoc dihydroxyl hoa dé thu duge cac diol bing cach sir dung
mdt s6 phurong phap trong d6 c6 phan g véi N-metylmorpholin N-oxit duge xic tac
bdi osmi tetroxit (d& tham khao, xem: Sundermeier, U., Doebler, C. va Beller, M.,
Modern Oxidation Methods, Baeckvall, J. (Ed.)., 1-20, Wiley-Verlag (2004)
Weinheim, Germany (2004), va, Beller, M. and Sharpless, K. B., Applied
Homogeneous Catalysis with Organometallic Compounds, Cornils, B. va Herrmann,
W. A. (Eds.), 2, 1009-1024, VCH, Weinheim, Germany (1996)). Néu cac hop chét ¢6
cong thirc I chira sulfua, ca & dang vong hodc khong vong, thi sulfua co thé dugc oxy

héa tiép thanh sulfon hodc sulfoxit trong tmg. Cé thé thu dugc cac sulfoxit bing cach
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oxy héa cé sur dung chét oxy hoa thich hgp nhu mdt duong lugng cia axit meta-
cloperbenzoic (MCPBA) hoic bing cach xir Iy bing NalOs (xem, vi du, J Med.
Chem., 46: 4676-86 (2003)) va c6 thé thu dugc cac sulfon bing cach sir dung hai
duong Iuwgng cia MCPBA hodc bang cich xir 1y bing 4-metylmorpholin N-oxit va
osmi tetroxit lam xuc tac (xem, vi du, WO 01/47919). Déng thoi, ca cac sulfoxit va cac
sulfon déu c6 thé diéu ché dugc béng cach sir dung ldn lugt mot duong luong va hai
duong lugng H20,, véi su ¢6 mit cua titan (IV) isopropoxit (xem, vi du, J. Chem. Soc.,
Perkin Trans. 2, 1039-1051 (2002)).

So db 2

2-5
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So 36 2 mo ta qua trinh téng hop céac hop chét co cong thire I trong d6 X la:

fOHA,

!g. ,,,,,

o, OR* .
L s ; o

NY, P o4 O “OH
\ Y J“OH 740 HO

V6i myc dich minh hoa phuong phap diéu ché, cac diéu kién va cac chét phan

tmg dugc dinh nghia trong so d6 nay d6i véi céc chét tic dung trong d6 X la
RA 3% OH -
RY RY

R® R® . Ela0, hoic NCOR™; R* Iz H, hoic Me; R’ 1a H, hogc CH;R"
trong d6 R¥ 1a H, OMe hodc OPG trong d6 PG la nhém bao v¢ thich hgp ma 4n dinh
dudi cac didu kién bién dbi cua so dd nay va c6 thé bj loai ra sau d6 dé 16 ra RY 13 OH;
va R? 1a H hoiac OH trong d6 hai nhém OH co6 thé dugc bao vé mot cach thich hop
bing nhém bao v& silyl hojic ketal thich hgp ma c6 thé hoic bi loai bd hodc duge giir
lai trong san phim cubi. Chuyén gia trung binh trong linh vuc nay s& nhén thdy ring
tinh chét héa hoc 1a ap dung dugce cho tat ca X, R*, RY, va R? dugc vién dén trén day va
c6 thé dugc st dung véi viée ¢6 cac cai bién nho ddi vai cac diéu kién va cac chét phan
ung.

Nguyén liéu ban dau c6 cong thire 2-1 1a duoc chuyén hoa thanh hop chét iot
héa c6 cong thirc 2-2 bing phéan tmg vdi I, hoic NIS hoic tt hon, néu bang I/Ag2S0s
trong dung moi thich hgp nhu rugu metyl, ruou isopropyl hodc t6t hon, néu 1a rugu
etyl. Cac hop chét cé cong thirc 2-3 trong d6 R? 1a xycloalkenyl va xycloalkyl thi c6

thé thu dwgc tir hop chét ¢ cong thirc 2-2 bing phan tmg lién hop duge xic tac bing
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kim loai chon lgc véi cac axit boronic hodc cac este boronat nhu dugc mé ta trong so
dd 1. Sau d6, nhém amino trong cac hop chit c6 cong thic 2-3 ¢6 thé dugc cho lién
hop véi axit di vong P'-WCOOH dé tao cac hop chét ¢ cong thirc 2-4 nhu duoc mb ta
trong so @6 1. Néu W trong céac hop chit c6 cong thirc 2-4 chira nhém bao vé tuy y P!,
thi nhém bao vé nay c6 thé bj loai ra & thoi diém nay nhu dugc mé ta trong so dd 1 dé
thu dugc hop chat ¢é cong thirc 2-5. Cudi cing, hop chit brom c6 cong thirc 2-5 dugc
chuyén héa thanh rugu ¢ cong thirc 2-6 bing qua trinh ban diu khir proton dbi vai cac
proton axit bing bazo thich hgp, nhu isopropylmagie clorua (i-PrMgCl) trong dung
moi nhu etyl ete, DME hoic t5t hon, néu 1a THF, sau do 13, phan Ung trao dbi lithi-
halogen véi chit phan tmg lithi thich hgp nhu n-butyllithi, sec-butyllithi hoc tt hon,
4 tert-butyllithi & nhiét d6 nim trong khoang tir - 100°C dén - 40°C, tét hon, néu 1a -
78°C, va sau d6, by bt hop chét trung gian lithi hitu co bing keton thich hgp ¢ cong
thirc 2-7. Viéc tdng hop cac keton ¢ cong thirc 2-7 duge mo ta trong cac so dd 6 va 7.
Chuyén gia trung binh trong linh vic nay s& nhén thiy ring cac hop chit cua sang ché
c6 thé duogc cai bién thém & thoi diém nay. Vi dy, néu hop chét 2-6 ¢6 nhém axit trén
W, thi nhém axit d6 c6 thé dugce este héa;tuong tu, amit trén W ¢c6 thé duoc loai nuéce

dé tao nitril.

So dd 3
Ry O 0
PN EH, .
| R
y Ry
Ry Rz Rz E Rz
3-1 3-2

So d6 3 minh hoa phuong phéap chung dé diéu ché cac keton di vong c6 cong
thirc 3-2 trong d6 E 14 O, S, SO, hodc SO, va RY 13, R* 14 CH3. Céac keton nay hitu dung
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dé didu ché cac hop chét c6 cong thuc I, trong d6 X la:

o y
O:
6,8 ,va >
Céc keton dji vong nay c6 thé didu ché dugc bing phan tmg cong Michael kép
dugc xic tac bang axit hodc bing bazo ciia tic nhan wa nhén thich hgp thanh cac
dienon c6 cong thirc 3-1 & nhiét 36 tir 0-100°C. Khi nudc dugce sir dung lam tdc nhén
ua nhin (EH: 13 OH>), thi nhimng diéu kién dugc wvu tién ding cho phan ing bién ddi
nay bao gdm phan (mg ciia cac dienon c6 cong thirc 3-1 &, vi du, 40-50°C trong 4 ngay
v6i lugng du dung dich nuéc HCI 1-4N dé thu dugc cac hop chét cé cong thic 3-2
trong d6 E 1a O (WO 2005012220). Tuong tu, khi H,S dugc st dung 1am tac nhén uva
nhén, thi c6 thé thu dugc cac hop chét co cdng thirc 3-2 trong d6 E 1a S vdi sy c6 mat
cla bazo v0 co nhu KOH ma cé hodc khong c6 lugng xuc tac cia mdt amin hitu co
nhu piperidin trong cic dung méi proton nhu EtOH dudi diéu kién hdi huu két hop suc
khi H,S chim va lién tuc (Journal of Industrial and Engineering Chemistry
(Washington, D. C.)(1952), 44,1659-62). Cin phai ro rang dbi véi chuyén gia trung
binh trong linh vuc nay ring cac keton chita luu huynh c6 cong thirc 3-2 trong d6 E 12
S c6 thé dugc oxy hoa bing mot hodc hai duong lugng ciia chit oxy hoa thich hgp, nhu
axit m-cloperbenzoic, dé thu dugc céc hop chét ¢6 cong thuc 3-2 trong d6 E 14n luot 1a
SO hoic SOa,.
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So db 4
R 0 0 9
RZ H2E MQS L
N "R R Ry—)E+ jVRfy
R¥” "R® R? E R? R/s \Rs
4-1 3-2 4-3

Hai con dudng téng hop khac dé diéu ché cac hop chét c6 cong thirc 3-2 dugc
thé hién trong so d6 4 trong d6 E 12 S va RY 12 H, Me, va CH,R" trong d6 R" 13 H, OMe
hodic OPG trong d6 PG 13 nhém bao vé thich hop ma 6n dinh duéi cac didu kién bién
d6i ciia so dd nay va c6 thé bj loai ra sau d6 dé 16 ra RY 1a OH. Cac aminoketon khong
no ¢6 cong thirc 4-1 va cac mudi amoni bac bdn ciia nhitng piperidon c6 cong thirc 4-3
(t6t hon, néu 1a cac halogenua N,N-dimetylpiperidoni dugc thé (R® 1a Me) dugc tao ra
bing cach xir Iy piperidon dugc thé mot cach thich hgp bing mot halometan nhu
iodometan (L 12 I)), c6 thé dugc chuyén hoa thanh céc hop chét c6 cong thirc 3-2 trong
d6 E 13 S 14n luot bing phan {mg cia HzS hoic bing cac sulfua kim loai (Ma2S), t6t
hon, néu 1& cac sulfua kim loai kiém nhu Na;S (lin lwot 1a Khimiya
Geterotsiklicheskikh Soedinenii, Sbornik (1970) (2), 174-80 va Izvestiva Akademii
Nauk Kazakhskoi SSR, Seriya Khimicheskaya (1986) (3), 92-3).

Sodd 5
@) ®)
R'O,C CO,R! COR'
B ol
Rz E Rz Rz E Rz
52 3-2

So dd 5 thé hién mot phuong phép tiép can khac vé tdng hop céc keton di vong
¢ cong thirc 3-2 trong d6 E 1a O, S, RY 1a Me va CH2Rv trong d6 RY 1a H, OMe hodc
OPG trong d6 PG 13 nhém bao vé thich hop ma én dinh duéi cac diéu kién bién ddi cia
so dd nay va cé thé bi loai ra sau d6 dé 16 ra R¥ 13 OH, va R? 1a Me hoic c4 hai R? dugc

két hop lai 1a CH>-CH; hoic CH 1a CH sao cho keton 3-2 thu dugc la vong kép.
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Piéu nay c6 thé thuc hién duoc bing phuong phap déng vong kidu Dieckmann
ndi phan tir dbi v6i nhirng tién chét thich hop c6 cong thire 5-1 (R! 1a Me hogc Et) dudi
diu kién axit hodc bazo, sau dé 1a, loai bo ph?m tir thé a-alkoxycarbonyl CO2R" nhu
duge thé hién trong so db 5. Phwong phap wu tién cua trinh tu tdng hop nay bao gém
viéc dong vong duge kich thich béi bazo ddi voi cac dieste c6 cong thirc 5-1 & nhiét 4o
nim trong khoang tir -78°C dén nhiét do trong phong (nhiét do trong phong) dé thu
dugc B-ketoeste c6 cdng thirc 5-2, sau d6 13, phan tng thiy phéan c6 axit xtc tdc va khir
carboxyl & nhiét dd nim trong khoang tir 20 dén 200°C. Cén phai hiéu ring, sau khi
thiy phan este, thi budc loai nhém carboxyl déi v6i hop chét trung gian 5-2 c6 thé
dugce thuc hién véi viée ¢ hodc khong c¢6 bude phén 14p axit carboxylic twong (ing dé
thu duge cac hop chét cé cong thirc 3-2. Bazo wu tién danh cho budc thir nhit bao
gbm, nhung khong chi han ché &, cac bazo manh nhu cac alcoxit kim loai kiém va céc
hydroxit nhu natri metoxit, natri etoxit, kali tert-butoxit va lithi hydroxit, va cac mubi
kim loai kiém ciia cic amin hitu co bic hai nhu lithi diisopropylamit va lithi
hexametyldisilazit. Nhimg diéu kién duoc wu tién ding cho qua trinh thily phan va loai
b carboxyl bao gdm, nhung khong chi han ché &, dun néng cac hop chat c¢6 cong thirc
5-2 véi cac axit v6 co lodng nhu dung dich nuée 1M HCI ¢6 hodc khong c6 mot dung
moi thich hgp nhu THF. Qua trinh thdy phéan este c¢6 cong thirc 5-2 ciing ¢6 thé dugc
thuc hién bang cach xir Iy véi dung dich nuéc bazo nhu natri hydroxit, kali hydroxit
hoic kali carbonat trong hdn hop dung méi thich hop nhu nuéc va mdt dung moi hitu
co nhu THF, metanol, etanol hodc isopropanol. Sir dung quy trinh dugc xuc tac bazo
ndy dé thay phan, mudi axit carboxylic thu dugc s& duge xir Iy bing mdt axit v co
nhu dung dich nuéc HC1 0,01-12M hodc H2SO4 trong diéu kién c6 hodc khong c6 dung
modi hiru co thich hgp nhu THF hodc dioxan dé tao ra axit carboxylic tuong img. R
rang d6i v6i chuyén gia trung binh trong linh vuc nay 1a axit carboxylic twong Ung cia
céc hop chéit ¢ cong thirc 5-2 ma dugc san xuét hodic bing thuy phén do axit xic tic,
hoic bing thiy phan do bazo xtc tic, sau d6 dugc axit hoa, co thé tuy y loai bd
carboxyl trong diéu kién c¢6 hodc khong cé mit cia chét phan tmg bazo hofc axit bét

ky bén ngoai nao va c¢6 hodc khong c6 su dun nong. Ngoai ra, can phai hi€u rang cac
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hop chit c6 cong thirc 5-1 co thé diéu ché dugc bing cach sir dung cac phuong phép da
biét hodc cai bién don gian hodic md rong cac phuong phép di biét. (vi du vé dieste c6
cong thirc 5-1 va cac diaxit tuong Ung, xem: Journal of the American Chemical Society
(1996), 118, 10168-10174; US 2466420, Journal of the American Chemical Society
(1957), 79, 2323-5 va Journal of Organic Chemistry (1951), 16, 232-8.)

So db 6
Rx\');\‘/ R*
Phan 1rng thém vong [4+3]
6-1 2. Loai nhém halogen

So d6 6 minh hoa qua trinh tdng hop céc keton di vong hai vong c6 cong thirc 6-
2 ma dugc st dung 1am cac hop chét trung gian cho cac phan {ng lién hop trong so a6
2. Con dudng tdng hop chung bao gdm phan tmg thém vong kiéu [4+3] cia cation
oxyalyl dugc tao tai chd c6 cong thirc 6-1 véi dien thich hgp, sau do 1, budc loai nhém
halogen ké tiép dbi véi san phdm thu dugc. Cac tién chit wu tién cho viéc tao cac
cation oxyalyl bao gdm poly o-halo keton, alyl ete dugc thé oxy & vi tri 2 va cic
acrolein ma c6 thé dugc chuyén hoa thanh cation oxyalyl va dugc bdy tai chd bang
dien thich hop dudi diéu kién axit Lewis ho#c bazo, khir. Ciing c6 thé tao ra cation
oxyalyl cin thiét biang phan ing mé vong quay ngugc chidu cta cac xyclopropanon
hodc phan ung ddng phan héa quay ciing chiéu cia céc oxit alen (J. Am. Chem. Soc.
(1998), 120, 12310). C6 thé dat dugc su loai nhom halogen déi véi poly a-haloketon
bing céc chdt phan ung nhu Cw/ Nal (M 1a Na), Zn/Cu hodc Zn/Ag (M 1a Zn),
Zn/Cu/TMSCI (M 1a TMS) hodc Zn/ (EtO):B (M la B (OEt)2), EtzZn (M la Zn) va
Fes(CO)o (M 12 Fe) (détham khéo, xem, Org. React., 1983, 29, 163, J. Org. Chem.
(1999), 64, 3398)) dé tao cic cation oxyalyl. Cac chét phan ung bazo dung cho qua
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trinh loai nhém halogen cac a-haloketon dé tao céc cation oxyalyl c6 cong thirc 6-1
bao g6m cdc chét phan Ung nhu Et;N/ CF3;CH2OH, natri alcoxit cua 2,2,3,3-
tetraflopropanol va 2,2,2-trifloetanol (J. Chem. Res., Synop, (1986), 424. J. Chem. Res.,
Synop. (1981), 246., J. Chem. Res., Synop. (1983), 166.) va LiClO« EtsN (J. Org.
Chem. (1999), 64, 3398). Céc axit Lewis nhu AgO2CCF3 c6 thé dugc sir dung cho qua
trinh loai nhém halogen dé thu dugc céc cation oxyalyl tir 2-metoxyalyl halogenua (J.
Am. Chem. Soc. (1973), 95, 1338) trong khi AgBF4 c6 thé dugc st dung cho alyl
halogenua dugc thé amino & vi tri 2 (Helv. Chim. Acta. (1974), 57, 1883). Céc axit
Lewis khac nhu SnCls, Sc(OTf); va TiCls cb thé dugc sir dung dé tao ra cac cation
oxyalyl tr 2-O-silyloxy-acrolein (Tett. Lett. (1982), 23, 1693; Org. Lett. (2000), 2,
2703). Mot phuong phap tao ra cac cation oxyalyl 14 xir ly cac a-haloketon, vi du,
tetrabromoaxeton, bang cip chit Zn/Cu trong dung mdi hitu co thich hgp nhu THF.
Phuong phép thir hai ding dé tao ra cac cation oxyalyl 14 xir Iy c4c a-haloketon, vi dy,
tricloaxeton ho#ic pentacloaxeton, béng natri 2,2,2-trifloetoxit hodc trietylamoni 2,2,2-
trifloetoxit trong 2,2,2-trifloetanol trong vai tro la dung moi (Lee, K. va Cha, J. K., J.
Am. Chem. Soc. (2001), 123, 5590-91; va Sendelbach, et al, Journal of Organic
Chemistry (1999), 64(10), 3398-3408). Ngoai ra, cac diéu kién quang hoéa c6 thé
dugc sir dung dé tao ra cac cation oxyalyl tir cac divinylketon (J. Org. Chem (1993),
58,6795 va J. Am. Chem. Soc. (1968), 90, 6251).

Céc tac nhan biy dien 13 nhimg di vong thom nhu c4c furan va céac pyrol dugc
thé mot cach thich hgp ma hodc 13 c6 ban trén thi truong hodic c6 thé didu ché dugc
bing quy trinh nhu duge néu trong tai liéu chuyén nganh. Vi vay, san phim phan (g
thém vong kiéu [4+3] ban diu thu duge theo cach nay co thé dugc loai nhém halogen
bing cac phuong phap da biét, tt hon, néu bing phuong phép loai nhom halogen khir
¢6 sir dung Zn hoic cdp Zn/Cu.
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So dd 7

0 0]
bis-hydroxyl héa Bao vé
RY RY TR R R
HO OH
6-2 7-1

l Bao vé

o
RY
oxo 7.
Khu

O

O
RY@RY Ry/é\Ry
7-4 0 -
S0

Cén phai hiéu ring lién két doi trong cac san phidm cdng oxabixyclo c6 cong
thirc 6-2 ¢6 thé dugc tao nhém chirc thém bing cach sir dung céc diéu kién phan ung
thich hop. Nhur dugc thé hién trong so db 7, vi du, cac hop chit c6 cong thirc 6-2 ¢6 thé
dugc bis-hydroxyl hoa bing cach sir dung cac quy trinh da biét dugc néu trong tii liu
chuyén nganh (vé danh sach cac chit phan Umg va tai liéu tham khdo, xem Larock,
R.C. Comprehensive Organic Transformations, 4n ban thir hai, Wiley-VCH, NY,
(1999), cé4c trang 996-1003) d& thu dugc cac cis-diol c¢6 cong thirc 7-1 ma sau d6 c6 thé
duge bao vé dé thu dugc cac hop chét ¢6 cac cong thic 7-2 va 7-3. Nhimg diéu kién
duoc uu tién dung cho qua trinh bis-hydroxyl héa bao gbdm, nhung khong chi han ché
&, xtr Iy cac hop chét c6 cong thirc 6-2 bing lugng xiic tic ctia OsO4 va fer--BuOOH
trong vai trd 1 chét tai oxy héa véi sy c6 mit ciia EWNOH (Bulletin of the Chemical
Society of Japan (1984), 57(9), 2515-25). Céc diol c6 cong thirc 7-1 co thé dugc bao vé
dé thu duogc cac hop chét c6 cong thirc 7-2 va 7-3. C4c vi du vé cac nhom bao vé diol
thich hop ¢6 thé dugc tim thiy trong “Protective Groups in Organic Synthesis”, cua
Theodora W. Greene va Peter G. M. Wuts, John Wiley & Sons. Inc, NY, (1999). Cac
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nhém bdo v¢ dugce wu tién 1a isopropylidin ketal (Bulletin of the Chemical Society of
Japan (1984), 57(9), 2515-25) va di-tert-butylsilylen c6 sir dung (tert-Bu)2SiClz lam
tac nhén silyl héa trong cdc dung méi clo héa nhue DCM hodc DCE va imidazol & nhiét
d6 tir -78°C dén nhiét d6 trong phong, tdt hon, néu & 0°C. Cac nhém chirc olefin cia
cac hop chét c6 cong thirc 6-2 ciing c6 thé dugc 1am no dé thu dugc cac hop chét co
cong thirc 7-4. Nhitng diéu kién dugc wu tién dung cho sy bién dbi nay 1a sy hydro hoa
c6 xuc tac (Vi du, xem: Journal of Organic Chemistry (1999), 64(10), 3398-3408.)

So do 8

6_b

O 1. Bazo 0S0,CFans1 -4
2. Flosulfonyl h6a -
Boryl héa
8-1 8-2 8-3

So dd 8 minh hoa viéc st dung cac keton di vong c6 cong thuc 3-2, 6-2, 7-2, 7-3
va 7-4 ma tit ca dugc thé hién bing hop chit c6 cong thirc 8-1 vi cac muc dich cia so
d6 8. Cac keton c6 cong thirc 8-1 c6 thé duge chuyén héa thanh enol este alkylsulfonat
dugc polyflo héa twong tmg, tét hon, néu enol triflometansulfonat va enol
nonaflobutansulfonat, bing cic phuong phap di biét trong tai liéu chuyén nganh. (vi
du, xem lan luot: Bioorganic & Medicinal Chemistry (2002), 10(11) va 3583-3591,
Chem. Eur. J, 2007, 13, 2410). Nhimg diéu kién dugc wu tién ding cho sy bién dbi
nay bao gbm, nhung khong chi han ché &, viéc xtr Iy céc keton di vong c6 cong thirc 8-
1 bing cac bazo manh nhu lithi diisopropylamit hoic lithi hexametyldisilazit & nhiét do
tir -78°C dén nhiét dd trong phong, t6t hon, néu 1a -78°C, sau d6 14, bd sung tac nhan
flosulfonyl hoéa nhu nonaflobutanesulfonyl florua, 2-[N,N-
bis(triflometansulfonyl)amino]pyridin hodc N-phenyl-bis(triflomethan-sulfonimit). Cac
hop chét c6 cong thirc 8-2 co thé dugc sir dung mot cich truc tiép trong phan tmg lién
hgp dugce xuc tac bdi kim loai duge mo ta trén diy trong so dd 1. Ngoai ra, cic hgp
chit ¢6 cong thic 8-2 c6 thé dugc chuyén héa thanh cdc este boronat twong ung c6

cong thirc 8-3 trude khi sir dung trong quy trinh lién hop Suzuki-Miyaura dugc mé ta
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trong so dd 1. (Vé cac quy trinh ti€u biéu, xem: Eastwood, P., Tetrahedron Lett.
(2000), 41, 3705-8 va Takahashi, K., et al, Chem. Lett. (2000), 126-7.) Cudi cling, néu
hop chét c6 cong thirc 8-2 hodc 8-3 chira nhém bao vé, thi né co thé bj loai ra trong
budc trung gian hodc bude cubi cing bing cach sir dung cac diéu kién thich hop. Vi
du, khi cis-diol hi¢n dang dugc bdo vé dudi dang isopropylidin ketal, thi nhém bao vé
c6 thé bi loai ra béng cac diéu kién dung dich nudc axit & nhiét do cao, tdt hon, néu &
100°C, va néu no dugc bao vé€ dudi dang di-tert-butylsilylen diete, thi nhom bao vé co
thé bj loai ra dudi diéu kién axit hodc tét hon, néu bing cic ngudn florua nhu TBAF
(xem: “Protective Groups in Organic Synthesis” do Theodora W. Greene va Peter G.

M. Wuts, John Wiley & Sons. Inc, NY, (1999).

So db 9
H
Rc N Rc N 3 Rc
Halogen héa N
3 P L E N
Ra N Ra N‘ ) Ra I‘! 1
P P
al 9-2 9-3

3

N O RN O
MOH
Ty - PR
N oM a N O
9-4
So dd 9 minh hoa quy trinh diéu ché 2-imidazolcarboxylat c6 cong thirc 9-5
trong d6 R? 1a H hodc Cg-salkyl, va R? 1a H, alkyl, -CN, hodc -CONH, ma dugc su

dung 1am c4c hop chét trung gian trong qué trinh tbng hop cac hop chit c6 cong thirc 1

trong d6 W 1a imidazol.
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Céc imidazol c6 cong thirc 9-1 trong d6 R? 1a H hodc C(i-gjalkyl, va R 1a H, Cq.-
ayalkyl hodc -CN hodc ¢6 ban trén thi trrdng hodc, trong truong hop khi R 1a -CN, thi
dé thu duge tir aldehyt dugc ban trén thi truong (9-1 trong d6 R¢ 1a CHO) bing phan
ng véi cac hydroxylamin, sau d6 13, loai nudc bang mét chit phan tmg thich hop nhu
phospho oxyclorua hodc axetic anhydrit (Synthesis, (2003), 677). Cac imidazol c6 cong
thirc 9-1 c6 thé duge bao vé bang nhém (PY) thich hop nhu metoxymetylamin (MOM),
hodc t6t hon, néu 1 nhém SEM dé thu dugc cac hop chét c6 cong thic 9-2 (xem
Theodora W. Greene and Peter G. M. Wuts, Protective Groups in Organic Synthesis,
John Wiley va Sons, Inc., NY (1991)).

Céc imidazol c¢6 cong thirc 9-2, trong d6 R® 1a -CN, c6 thé dugc halogen hoa
bing mot chit phan tng thich hop nhu N-bromosuxinimit hosic N-iodosuxinimit hozc
dudi diéu kién ua dién tir trong dung méi nhu DCM hodc CH3CN hoic dudi diéu kién
phan tmg gbc vé6i s c6 mit cia mot chit khoi mao nhu azobis(isobutyronitril) (AIBN)
trong dung mdi nhu CCls dé thu dwogc cac hop chit c6 cong thirc 9-3 trong d6 L 1a
nhém roi chuyén (t6t hon, néu 1a brom hoic iot). Sy trao ddi halogen-magie trén céc
hop chit c6 cong thirc 9-3 c6 thé dem lai thanh phin magie hiru co, ma sau d6 co thé
tac dung voi chit wa dién tir thich hop dé tao ra cac hop chéit c¢6 cong thirc 9-4. Nhitng
diéu kién dugc uu tién dung cho su trao dbi halogen-magie 14 sir dung chét phan {mg
alkyl-magie, t6t hon, néu 12 isopropylmagie clorua trong dung méi thich hgp nhu THF
& nhiét d9 tir -78°C dén 0°C. Céc chét wa dién tir dugc wu tién 13 etyl cloroformat hodc
etyl xyanoformat. (vi du vé& sy trao d6i halogen-magie trén cdc xyanoimidazol, xem: J.

Org. Chem. (2000), 65, 4618).

Péi véi cac imidazol c6 cong thirc 9-2, trong d6 R® khong phai 1a -CN, thi
nhitng chét nay c6 thé dwgc chuyén héa truc tiép thanh cac imidazol cé cong thirc 9-4
bing céch loai bé proton bing bazo thich hgp nhu alkyllithi, sau d6 13, phan ng véi
chit wva dién t&r nhu dwgc mo ta trén ddy déi véi thanh phin magie hitu co. Céc diéu

kién wu tién 13 xir 1y imidazol bang n-butyllithi trong THF & -78°C va dép tat thanh

-58-



21225

phén lithi hiru co thu dugc b?mg etyl cloformat. (vi du, xem: Tetrahedron Lett. (1988),
29,3411-3414.)

Sau d6, céc este c6 cong thirc 9-4 c6 thé duge thiy phan thanh axit carboxylic
(M 14 H) hoic mubi carboxylat (M 14 Li, Na, hodc K) c6 cong thirc 9-5 bing cach sir
dung mét dwong luong cia dung dich hydroxit kim loai trong nuéc (MOH), tt hon,
néu 14 kali hydroxit trong dung méi thich hop nhu etanol ho3c metanol. Viéc tdng hop
céc hop chit ¢6 cong thirc 9-5 trong d6 R4 14 -CONH; dugc thyc hién bing budc xi 1y
céc hop chét c6 cong thirc 9-4 trong d6 R° 14 -CN trude tién bang mot alcoxit thich hop
nhu kali etoxit dé chuyén hoa nhém xyano thanh nhém imidat (phan ung Pinner) sau
d6 13, thiy phian ci nhém este va nhém imidat biang hai duong lugng dung dich
hydroxit kim loai trong nuéec.

So db 10
RN 0 R\_N O
\[ v MOH \[H
N © N oM
/ P1< p!
N ¢/ 10-2 10-3
['?_j(o

p1 < \
Rr N o Rr
MOH N O
10-1 I Y — I e
Rr N O Rr N OM
P’ < 3

10-4 10-5
So d5 10 minh hoa quy trinh diéu ché 2-imidazolcarboxylat c6 cong thirc 10-3
hoac 10-5 trong d6 R* 14 clo hodc brom, va M 1a H, Li, K, hodc Na ma dugc sir dung
lam céc hop chét trung gian trong qua trinh téng hop céc hop chét ¢6 cong thirc I trong

dé W la imidazol.
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Truéc tién, cac hop chét c6 cong thire 10-1 ¢6 thé duge didu ché bing cach bao
v¢ etyl imidazolecarboxylat c6 ban trén thi truong theo nhitng phuong phép duge tém
lugc trong so dd 9, tét hon, néu 12 bing nhém SEM.

Céc hop chét c6 cong thirc 10-2 ¢6 thé didu ché dugc bing cach cho cac hop
chit c6 cong thirc 10-1 phan (g véi mdt duong lwong cua chit phan img halogen héa
thich hop, nhu NBS ho#c NCS trong dung méi thich hgp nhu CH3CN, DCM hoic
DMF & 25°C. Cac hop chét c6 cong thirc 10-4 c6 thé diéu ché duge bang cach cho cac
hop chit c6 cong thire 10-1 phan tng v6i hai duong lugng cia chét phan tmg halogen
héa thich hgp, nhu NBS hoac NCS trong dung moi thich hgp nhu CH3CN hodac DMF ¢
nhiét do tir 30°C va 80°C. Sau d6, c6 thé thu dugc cac imidazol c6 cong thirc 10-3 va
10-5 tir este twong (g bing phurong phép thiy phin nhu duge md ta trong so db 9.
Sodo 11

/\ O p1 O p!
N\ ‘ (
0 N/ MO N
JI»— —_— [ — A[»—Rf
N N
11-1 11-2 11-3

So d6 11 minh hoa phuong phép diéu ché cac imidazol ¢ cong thirc 11-3 trong
d6 Rf1a -SCH3, -SOCH3, hodc -SO2CH3, M 1a H, Li, K, hodc Na ma dugc sir dung lam
cac hop chit trung gian trong qua trinh téng hop cac hop chét c6 cong thirc I trong d6
W 1a imidazol.

Imidazol 11-1 (WO 1996011932) dugc bao vé theo cac phuong phap dugc mo
ta trong so dd 9, tdt hon, ndu bing nhém bio vé SEM dé thu dugc cic hgp chét c6
cong thirc 11-2. Su thity phan este theo quy trinh néu trong so d6 9 tao ra cac hop chét
c6 cong thirc 11-3 trong d6 Rf 1a -SCH3. Oxy héa 2-metylthioimidazol cé cdng thirc
11-2 bing mdt duong lugng chét oxy héa thich hgp, sau d6 13, sy thiy phan este theo
quy trinh néu trong so d6 9 thu dugc céc hop chét c6 cong thic 11-3 trong d6 Rf 1a -
SOCH3. Oxy hoa bing hai duong lugng chét oxy hoa thich hop, sau d6 13, sy thiy
phéan este theo quy trinh néu trong so d6 9 thu dugc céc hop chét cé cong thirc 11-3
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trong d6 Rf1a -SO2CH3. Chét phan tmg dugc wu tién cho qué trinh oxy hoa 1a MCPBA
trong DCM. Céc tai liéu tham khéao vé sy chuyén hoda cac sulfua thanh cac sulfoxit va
cac sulfon duge thé hién trong so dd 1.

Vi du thuc hién sang ché

Vidul
[2-(4,4-dimetyl-xyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-1,5-bis-metoxymetyl-8-oxa-
bixyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amit cua axit 4-xyano-1H-imidazol-2-carboxylic

a) 4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenylamin
oh
Br

Hén hop g@)m 4-brom-2-iodo-phenylamin (873mg, 2,93mmol), axit 4,4-
dimetylyclohexen-1-ylboronic (496mg, 3,22mmol), Pd(PPh3)s4 (169mg, 0,147mmol) va

dung dich nudc Na;CO; 2,0M (11,7mL, 23,4mmol) trong 20mL 1,4-dioxan dugc
khudy & 80°C trong 12 gid trong diéu kién Ar. Sau khi d& ngudi xudng nhiét d6 trong
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phong, hdn hop phan umg dugc xtr 1y bing EtOAc (50mL) va dugc rira bang H.0
(25mL) va nuéc mudi (20mL). Lép hiru co duge 1am khan (Na»SO4) va dugce b trong
chan khong. Phin cin dugc tinh ché bing sic ky nhanh trén silicagel (5%
EtOAc/hexan) dé thu dugc 770mg (91%) hop chét dugc néu trong dé muc dudi dang
diu khong mau. Phd khéi (ESI, m/z): Theo tinh toan d6i véi CisHisBrN, 280,1
(M+H), theo thyc nghiém 1a 280,1.

b) [4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit cua axit 4-xyano-1-(2-

trimetylsilanyl-etoxymetyl)-1H-imidazol-2-carboxylic

Hbn hop gém 4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenylamin (thu dugc &
budc trén, 770mg, 2,75mmol), kali 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-
imidazol-2-carboxylat (cong bd don yéu ciu cip Patent My sb 2006189623 Al,
840mg, 2,75mmol) va PyBroP (1,28g, 2,75mmol) trong 20mL DMF dugc bd sung
DIEA (1,44mL, 8,25mmol). Hén hop thu dugc duoc khudy & nhiét do trong phong
trong 16 gid trong diéu kién Ar. Sau khi dugc xir ly bing 80mL EtOAc, hén hgp dugc
rira bang H,0 (2 x 20mL), nuéc mudi (20mL) va dugc lam khan (Na,SOs). Loai bd
dung méi dudi ap sudt giam, sau d6 13, sic ky nhanh phin cin trén silicagel (5-10 %
EtOAc/hexan) thu dugc 1,28g (88%) hop chit duge néu trong dé muc dudi dang chét
rén mau tring. Phd khéi (ESI, m/z): Theo tinh toan déi véi CasHss BrN4O2Si, 529,2
(M+H), theo thyc nghiém la 528,9.

c) [4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit cta axit 4-xyano-1H-

imidazol-2-carboxylic
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Dung dich chira [4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit cia
axit 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-imidazol-2-carboxylic (thu dugc &
budc trén, 350mg, 0,661mmol) trong SmL DCM (CH:Cl,) dugc bd sung 0,15mL
EtOH, sau d6 13, 2,5mL TFA. Sau khi khudy & nhiét d6 trong phong trong 3 gid, hén
hop dugce xtr ly bang 10mL n-propanol va dugc c6 trong chan khong. Phin cin duoc
nghién thanh bt bing DCM d& thu dugc 253mg (96%) hop chit dugce néu trong dé
muc duéi dang chét rin mau tring. 'H-NMR (DMSO-ds; 400MHz): § 14,3 (s, 1H),
9,78 (s, 1H), 8,31 (s, 1H), 7,95 (d, 2H, J = 8,6Hz), 7,50 (dd, 2H, J = 8,6, 2,3Hz), 7,41
(d, 1H, J = 2,3Hz), 5,71 (m, 1H), 2,24 (m, 2H), 1,95 (m, 2H), 1,47 (m, 2H), 0,98 (s,
6H). Phd khéi (ESIL, m/z): Theo tinh toan d6i véi CisHio BrN4O, 399,1 (M+H), theo
thuc nghiém 1a 399,1.

d) 2,5-Bis-metoxymetyl-furan

| 4

Huyén phu natri hydrua (khan, 314mg, 13,1mmol) trong 2mL ctia THF khan
trong diéu kién Ar dugc bd sung than trong dung dich chira 2,5-bis-hydroxymetylfuran
(WO 2006122772 A1) trong 10mL THF khan. Sau khi khudy & nhiét do trong phong
trong 20 phtt, metyl iodua (672 pL, 10,8mmol) dugc bd sung va hdn hop dugc khudy

trong 14 gi¢ nita. Nudc (15mL) duoc b sung rt cin than va hdn hop dugc co trong
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chan khéng dé loai bo THF. Hn hop nude con lai duge 1am bao hoa bing NaCl rén va
dugc chiét bing Et,0 (5 x 15mL). Cac 16p hitu co gdp lai dugc 1am khan trén Na,SO4
va dugc cb trong chan khéng thu duge diu mau vang ma diu nay duge tinh ché bing
sic ky trén silicagel (EtOAc 5-30%/hexan) thu duoc hop chit dugc néu trong dé muc
(688mg, 94%) dudi dang déu khong mau. 'H-NMR (CDCls; 400MHz): § 6,28 (s, 2 H)
4,39 (s,4 H) 3,37 (s, 6 H).

€) 1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-6-en-3-on

Huyén phi k&m (bot nano, Aldrich Chemical Co., 602mg, 9,20mmol) trong
dung dich chira 2,5-bis-metoxymetylfuran (thu dugc & budce trén, 958mg, 6,13mmol)
trong 1,0mL THF khan trong diéu kién Ar dugc bd sung timg giot dung dich chira
1,1,3,3-tetrabromo-axeton (3,44g, 9,20mmol) va trietyl borat (2,20mL, 12,9mmol)
trong 2,8mL THF trong 15 phut. Binh phan tmg duoc boc trong 14 nhém d tranh anh
sang va hdn hop duoc khudy & nhiét d6 trong phong trong 18 gid. Nudc (10mL) duge
b sung va, sau khi khudy trong 15 phuat, hdn hop dugc loc (Xelit) rira bing EtOAc (2 x
10mL). Céc 16p dugce tach, 16p nude duge chiét bing EtOAc (3 x 25mL) va céc 16p
hitu co gdp lai dugc rira bﬁng nude (50mL), dugc lam khan (Na2S0s), va duge co dic
thanh diu mau tdi sAm. Phén cin nay trong SmL MeOH dugc bd sung timg giot vao
huyén phu bui kém (<10pm, 2,09g, 31,9mmol), déng (I) clorua (316mg, 3,19mmol) va
amoni clorua (2,29g, 42,9mmol) trong SmL MeOH va dugc khqu & nhiét do trong
phong trong 16 gid. Hon hgp duge loc (Xelit) rira bang MeOH (10mL) va EtOAc
(10mL) va dich loc duge cd dac thanh diu mau sim. Phin cin dugc phan bd giira
Et;0-hexan (3:1, 50mL) va nuéc (25mL). Nhitng chét rin két tha duoc 1am tan bing
cach bd sung 1M HCI (vao khoang 10mL) va 16p nudc duge chiét bing Et,0-hexan
(3:1, 3 x 50mL). Céac 16p hitu co gdp lai dugc rira b?mg dung dich nugc NaHCO;3 béo
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hoa (100mL) va nudc mudi (100mL), dugc 1am khan (Na;SO4), va duge cd dic thu
dugc 1,21g diu mau vang. Séc ky trén cot SPE silicagel 20-g (2% EtOAc-DCM) thu
dugc 278mg (29%) 2,5-bis-metoxymetylfuran chua phan ing. Budc rnra gidi ké tiép
bing 2-15% EtOAc-DCM thu duogc hop chét dugc néu trong dé muc (667mg, 51%,
72% trén co s& nguyén liéu ban dau dugc thu hdi) dudi dang dau khong mau. '"H-NMR
(CDCls; 400MHz): 6 6,10 (s, 2H) 3,63 (d, 4H, J=1,77Hz) 3,44 (s, 6H) 2,69 (d, 2H,
J=16,9Hz) 2,34 (d, 2H, J=16,9Hz). Phd khdi (ESL, m/z): Theo tinh toan dbi véi
C11H1604, 213,1 (M+H), theo thuc nghi€ém 1a 212,8.
f) [2-(4,4-dimetyl-xyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-1,5-bis-metoxymetyl-8-
oxa-bixyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amit clia axit 4-xyano-1H-imidazol-2-
carboxylic

Dung dich chira [4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit cia axit
4-xyano-1H-imidazol-2-carboxylic (nhu dugc diéu ché trong budc (c) vi du nay,
204mg, 0,511mmol) trong 7mL THF khan & -78°C trong diéu kién Ar dugc bd sung
dung dich isopropylmagie clorua (2,0 M trong THF, 321uL, 0,641mmol). Hén hop
phan tmg dugc dé 4m dén nhiét do trong phong va duge khudy trong 75 phut va sau d6,
dugc 1am lanh tré lai xudng -78°C. Dung dich tert-butyllithi (1,7M trong pentan,
900uL, 1,53mmol) dugc bd sung va, sau khi khudy trong 20 phut, dung dich 1,5-bis-
metoxymetyl-8-oxa-bixyclo[3.2.1]Joct-6-en-3-on (thu dugc & budc trén, 14Img,
0,664mmol) trong 3,5mL THF dugc bd sung trong 1,5 phiit. Hon hop dugc khudy & -
78°C trong 30 phit va sau d6, & nhiét do trong phong trong 16 gid. Phan (mg dugc dap
tit bang 4mL dung dich nuéc NH4Cl bio hoa, dugce rét vao EtOAc (50mL), dugc rira
bing nudc (10mL) va nude mubi (10mL), duge 1am khan (Na2S0s), va duge ¢d dé thu
dugc 292mg chét rén. Phin cin duge tao huyén phil trong 4mL MeCN va dugc loc, rira
bang MeCN (2 x 1mL), va dich loc dugc cd dic dé thu duge 230mg chét rin. Sic ky
trén cot SPE silicagel 20-g (10-60% EtOAc-DCM) thu dugc thuy tinh ma, sau khi co
hét EtOAc-hexan (1:1), thu dugc hop chét duge néu trong dé& muc (32,4mg, 12%) duéi
dang chit rin mau tring. 'TH-NMR (CDCl3; 400MHz): § 9,62 (s, 1H), 8,37 (d, 1H,
J=8,6Hz), 7,69 (s, 1H), 7,53 (dd, 1H, J=8,6, 2,3Hz), 7,35 (d, 1H, J=2,3Hz), 6,43 (s,
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2H), 5,74 - 5,78 (m, 1H), 3,59 (s, 4H), 3,40 (s, 6H), 2,40 (d, 2H, J/~14,7Hz), 2,25 - 2,33
(m, 2H), 2,08 - 2,11 (m, 2H), 1,96 (d, 2H, J/~14,7Hz), 1,58 (t, 2H, J=6,2Hz), 1,10 (s,
6H). Phd khéi (ESI, m/z): Theo tinh todn dbi véi C30HzeN4Os, 515,3 (M-H20+H), theo
thuc nghi€ém 1a 515,0.

Su x4c dinh hoa lap thé twong ddi duge thuc hién bang cach st dung 1D 'H-
NMR va 2D 'H-NMR (NOESY).
Vidu?2
[2-(4,4-dimetyl-xyclohex-1-enyl)-4-((3-ex0)-3-hydroxy-1,5-bis-hydroxymetyl-8-oxa-
bixyclo[3.2.1]oct-6-en-3-yl)-phenyl]-amit cuia axit 4-xyano-1H-imidazol-2-carboxylic

H HN
N\“/k\}\:N
e

HO Z 0

a) [4-[(3-ex0)-3-hydroxy-1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-
bixyclo[3.2.1]oct-6-en-3-yl]-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit cua axit 4-

xyano-1H-imidazol-2-carboxylic

HN

H

“YQ\: "
e

TBSO > O

@ OTBS
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Hop chit dugc néu trong & muc duogc diéu ché bang quy trinh néu trong vi dy
1, budc (f) bing cach st dung [4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit
clia axit 4-xyano-1H-imidazol-2-carboxylic (nhu dugc diéu ché trong vi du 1, buéce (c),
299mg, 0,749mmol) va 1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-
bixyclo[3.2.1]oct-6-en-3-on (Lee, K. va Cha, J. K., J Amer. Chem. Soc., 123: 5590-
5591 (2001), 309mg, 0,749mmol). Séc ky trén silicagel (1-3 % EtOAc¢/DCM) thu dugc
hop chét dugc néu trong dé muc (154mg, 28%) dudi dang chéit rin mau tring. Phd khéi
(ESI, m/z). Theo tinh toan dbi véi CsoHeoN4Os Siz, 7154 (M-H,0+H), theo thuc
nghiém 1a 715,0.
b) [2-(4,4-dimetyl-xyclohex-1-enyl)-4-((3-ex0)-3-hydroxy-1,5-bis-hydroxymetyl-
8-oxa-bixyclo[3.2.1]oct-6-en-3-yl)-phenyl]-amit cla axit 4-xyano-1H-imidazol-2-
carboxylic

Hbn hop gbm [4-[(3-endo)-3-hydroxy-1,5-bis-(tert-butyl-dimetyl-
silanyloxymetyl)-8-oxa-bixyclo[3.2.1]oct-6-en-3-yl]-2-(4,4-dimetyl-xyclohex-1-enyl)-
phenyl]-amit cua axit 4-xyano-1H-imidazol-2-carboxylic (thu dugc & budc trén,
125mg, 0,17 1mmol) va tetrabutylamoni florua monohydrat (TBAFH>0) (357mg,
1,36mmol) trong 3mL THF dugc khudy & 60°C trong 1 gid. Sau khi dé ngudi xubng
nhiét do trong phong, hdn hop duoc xir Iy bing EtOAc (50mL) va dugc rira bing H20
(10mL), dung dich nuéc NH4Cl bédo hoa (2 x 10mL) va nudc mudi (10mL). Lép hiru
co dugc 1am khan trén NaxSO4 va dugc ¢6 trong chan khéng. Phin cin dugc nghién
thanh bt bdng DCM a8 thu duoc hop chét dugc néu trong dé myc (72mg, 84%) dudi
dang chét rin mau tring. 'H-NMR (CD;0D; 400MHz): 5 8,15 (d, 1H, J = 8,6Hz), 7,99
(s, 1H), 7,38 (dd, 1H, J = 8,6, 2,3Hz), 7,31 (d, 1H, J =2,3Hz), 6,18 (s, 2H), 5,73 (m,
1H), 3,68 (s, 4H), 2,31 (m, 2H), 2,12 (d, 2H, J = 14,7Hz), 2,07 (m, 2H), 1,79 (d, 2H, J
= 14,7Hz), 1,59 (t, 2H, J = 6,3Hz), 1,09 (s, 6H).

Sy xéac dinh héa hoc lap thé twong ddi dugc thuc hién trén co sd twong tu véi [2-

(4,4-dimetyl-xyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-1,5-bis-metoxymetyl-8-oxa-
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bixyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amit cuia axit 4-xyano-1H-imidazol-2-carboxylic
(nhu duge didu ché trong vi du 1, budce ().

Vidu3
[4-(1,5-bis-hydroxymetyl-8-oxa-bixyclo[3.2.1]octa-2,6-dien-3-yl)-2-(4,4-dimetyl-

xyclohex-1-enyl)-phenyl]-amit ctia axit 4-xyano-1H-imidazol-2-carboxylic

OH

Hbn hop gém [2-(4,4-dimetyl-xyclohex-1-enyl)-4-[(3-endo)-3-hydroxy-1,5-bis-
hydroxymetyl-8-oxa-bixyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amit cua axit 4-xyano-1H-
imidazol-2-carboxylic (nhu dwoc diéu ché trong vi du 2, buéc (b), 40,0mg,
0,0793mmol) trong ImL DCM & 0°C dugc bd sung timg giot axit trifloaxetic (SOuL).
Hbn hop thu dugc duoc khudy & nhiét do trong phong trong 2 gid. Dung méi dugc loai
bo trong chan khong va phn can duge tinh ché bing sic ky trén silicagel (2-5 %
MeOH/DCM) dé thu dugc hop chét dugc néu trong dé muc (37mg, 95%) duéi dang
chit rin mau tring. 'H-NMR (CD;OD; 400MHz): & 8,18 (d, 1H, J = 8,6Hz), 7,98 (s,
1H), 7,32 (dd, 1H, J = 8,6, 2,3Hz), 7,21 (d, 1H, J = 2,3Hz), 6,51 (br s, 1H), 6,41 (d, 1H,
I =5,8Hz), 5,96 (d, 1H, ] = 5,8Hz), 5,73 (m, 1H), 3,77-3,88 (m, 4H), 2,69 (dd, 1H, J =
17,7, 2,0Hz), 2,30 (m, 2H), 2,17 (dd, 2H, J = 17,7, 1,7Hz), 2,07 (m, 2H), 1,59 (t, 2H, J
= 6,3Hz), 1,09 (s, 6H). Phd khéi (ESI, m/z): Theo tinh toan dbi véi CasH30N4Os, 487,3
(M+H), theo thuc nghiém la 487,1.
Vidu4

[4-[(3-ex0)-1,5-bis-hydroxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-(4,4-dimetyl-

xyclohex-1-enyl)-phenyl]-amit cia axit 4-xyano-1H-imidazol-2-carboxylic
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OH
a) 1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-bixyclo[3.2.1]octa-2,6-dien-

3-yl este cua axit triflo-metansulfonic

oTf

TBSO @ oTBS

Dung dich chira 1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-
bixyclo[3.2.1]oct-6-en-3-on (Lee, K. and Cha, J. K., J Amer. Chem. Soc., 123: 5590-
5591 (2001) , 929mg, 2,25mmol) trong 10mL THF dugc bd sung vao dung dich chira
LHMDS (1,0M trong THF, 2,48mL, 2,48mmol) trong 20mL THF & -78°C trong didu
kién Ar. Hon hop dugc dé 4m dén nhiét do trong phong va dugc khudy trong 0,5 giv,
sau d6 dugc lam lanh xubéng -78°C lan nira. Dung dich chira 2-/N,N-
bis(triflometansulfonyl)amino]pyridin (888mg, 2,48mmol) trong 10mL THF dugc bd
sung. Hén hop thu duge duge dé 4m dén nhiét d9 trong phong va dugc khudy trong 2
gid trong didu kién Ar. Xir Iy bang 10mL dung dich nuéc NH4Cl bdo hoa, sau do 13,
100mL EtOAc, hdn hgp dugc rira bing dung dich nudc axit xitric bdo hoa (3 x 20mL),
H,0O (20mL), nuéc mubi (10mL) va duoc 1am khan (Na2SOs). Loai bé dung méi duéi
ap sudt giam thu dugc 1,22g hop chét duge néu trong d& muc duéi dang du mau vang

nhat. 'TH-NMR (CDCls; 400MHz): § 6,42 (d, 1H, J = 5,8Hz), 6,29 (br s, 1H), 5,91 (d,
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1H, J = 5,8Hz), 3,80 (s, 1H), 2,81 (dd, 2H, J = 17,7, 1,9Hz), 2,13 (dd, 1H, J = 17,7,
1,3Hz), 0,91 (s, 18H), 0,08 (s, 12H).
San phidm dugc st dung cho budc tiép theo ma khong cin phai tinh ché gi thém.
b. 4-[1,5-Bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-bixyclo[3.2.1]octa-2,6-
dien-3-yl]-phenylamin
NH,

T8SO @ OTBS

Hbn hop gdm 1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-
bixyclo[3.2.1]octa-2,6-dien-3-yl este cla axit triflometansulfonic (thu dugc & bude
trén, 1,22g, 2,24mmol), Pd(PPh3)4 (259mg, 0,224mmol) va 4-(4,4,5,5-tetrametyl-
[1,3,2]dioxaborolan-2-yl)-phenylamin (540mg, 2,46mmol) trong 20mL 1,4-dioxan
dugc bd sung 2,0M dung dich nuéc NaxCO3 (9,0mL, 18mmol). Hdn hop thu dugc
duge khudy & 80°C trong 2 gidr va sau d6, dugc dé ngudi xudng nhiét o trong phong.
Sau khi dugc xir Iy bing 100mL EtOAc, hdn hgp dugc rira bing H20 (3 x 20mL),
nuée mudi (20mL) va dugc 1am khan (Na;SO4). Loai bd dung méi dudi ap sudt giam,
sau d6 13, sic ky nhanh phan cin trén silicagel (hexan/DCM véi ty 1€ 1:1 - DCM) thu
duge 802mg (73% cho hai budc) hop chét dugc néu trong dé muc duéi dang ddu mau
nau nhat. Phd khdi (ESI, m/z): Theo tinh toan ddi véi C27HasNOsSiz, 488,3 (M+H),
theo thuc nghi¢m la 488,4.

c) 4-[(3-ex0)-1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-bixyclo[3.2.1]oct-
3-yl]-phenylamin (A) va 4-[(3-Endo)-1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-
oxa-bixyclo[3.2.1]oct-3-yl]-phenylamin (B)
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A B

Dung dich chira 4-[1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-
bixyclo[3.2.1]octa-2,6-dien-3-yl]-phenylamin (thu dugc & budce trén, 500mg,
1,03mmol) va 5% Rh/AL2O3 (250mg, 50% trong lugng) trong 20mL MeOH dugc
khudy & nhiét d6 trong phong trong méi trudmg H, (ap suédt qua béng) trong 2 gid.
Chét xtic tac Rh dugc loai ra bﬁng cach loc trén Xelit, va dich loc dugce c6 trong chan
khong dé thu dugc 500mg 4-[1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-
bixyclo[3.2.1]oct-2-en-3-yl]-phenylamin duéi dang diu mau nau nhat. Phé khéi (ESI,
m/z): Theo tinh toan d6i véi C27H47NO3Siz, 490,3 (M+H), theo thuc nghiém 1a 490,1.

Hdn hop gdm 4-[1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-
bixyclo[3.2.1]oct-2-en-3-yl]-phenylamin (nhu dugc diéu ché trong budc trén day,
500mg, 1,02mmol) va 10% Pd/C (250mg, 50 % trong luong) trong 25mL MeOH duoc
khudy & nhiét d6 trong phong dudi H, (50psi) trong 1 gid. Chét xic tac Pd dugc loai ra
b?mg cach loc trén Xelit, va dich loc dugc cb dic dé thu dugce 492mg (98%) cac hop
chét dugc néu trong dé myc dudi dang hdn hop (A:B) véi ty 1€ 2:1 dudi dang diu mau
nau nhat. Phd khéi (ESL, m/z): Theo tinh toan doi véi C27HagNO3Siz, 492,3(M+H),
theo thyc nghiém 1a 492 4.

~Su xé4c dinh héa hoc 1ap thé tuong dbi dugc thuc hién & budce cudi ciing (g).
d) 4-[(3-ex0)-1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-bixyclo[3.2.1]oct-
3-yl]-2-brom-phenylamin (A) va 4-[(3-endo)-1,5-Bis-(tert-butyl-dimetyl-
silanyloxymetyl)-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-brom-phenylamin (B)
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oTes

Dung dich chira 4-[(3-ex0)-1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-
bixyclo[3.2.1]oct-3-yl]-phenylamin va 4-[(3-endo)-1,5-bis-(tert-butyl-dimetyl-
silanyloxymetyl)-8-oxa-bixyclo[3.2.1]oct-3-yl]-phenylamin (thu dugc & budc trén,
492mg, 1,00mmol) trong 10mL DCM/MeCN ty 1€ 3:1 & 0°C dugc b sung N-
bromosuxinimit (NBS) (178mg, 1,00mmol) thanh 3 dot trong 5 phut. Hon hop dugc dé
4m dén nhiét do trong phong va dugc khudy trong 1 gid trong diéu kién Ar. Dung moi
dugc 1am bay hoi trong chan khéng va phan cén dugc tinh ché bang sic ky nhanh trén
silicagel (hexan/DCM véi ty 1€ 1:1) dé thu dugce 345mg (60%) hop chét A dugc néu
trong d& muc duéi dang ddu mau nau nhat va 172mg (30%) hop chét B dugc néu trong
d& muc dudi dang diu mau niu nhat.

A: Phd khéi (ESI, m/z): Theo tinh toan dbi véi C27HasBrNOsSiz, 570,2 (M+H),
theo thuc nghiém 1a 570,1.

B: Phd khéi (ESI, m/z): Theo tinh toan d6i voi C27HasBrNOsSiz, 570,2 (M+H),
theo thuc nghiém 1a 570,0.

Su x4c dinh hoa hoc 1ap thé tuong dbi dugc thuc hién & budc cudi ciing (g).

e) 4-[(3-Exo0)-1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-
bixyclo[3.2.1]oct-3-yl1]-2-(4,4-dimetyl-xyclohex-1-enyl)-phenylamin
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Hbn hop gbm 4-[(3-ex0)-1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-
bixyclo[3.2.1]oct-3-yl]-2-brom-phenylamin (thu dugc & budce trén, 343mg,
0,600mmol), axit 4,4-dimetylyclohexen-1-ylboronic (156mg, 0,660mmol) va
Pd(PPhs)s (69mg, 0,060mmol) trong SmL 1,4-dioxan dugc bd sung 2,0M dung dich
nuée NapCOs (2,4mL, 4,8mmol). Hon hop thu duge dugc khqu & 80°C trong 16 gid
trong diéu kién Ar, va sau d6, dugc dé ngudi xuéng nhiét d6 trong phong. Sau khi dugc
xit Iy bing 50mL EtOAc, hdn hop dugc rira bing H>O (2 x 10mL), nuée mudi (10mL)
va dugc 1am khan (Na;SOs). Loai bo dung méi dudi ap sudt giam, sau d6 13, sic ky
nhanh phén c3n trén silicagel (DCM) thu dugc 317mg (88%) hop chit dugc néu trong
dé muc dudi dang dAu mau nau nhat. Phd khéi (ESI, m/z): Theo tinh toan dbi voi
C3sHes1NOsSi2 1a 600,4 (M+H), theo thuc nghiém la 600,5.

Su xé4c dinh héa hoc 1ap thé twong dbi dugc thuc hién & budc cudi cing (g).

) [4-[(3-ex0)-1,5-bis-(tert-butyl-dietyl-silanyoxymetyl)-8-oxa-bixyclo[3.2.1]oct-
3-yl]-2-(4,4-dimetyl-xycl®ex-1-enyl)-phenyl]-amit cua axit 4-xyano-1-(2-
trimetylsilanyl-etoxymetyl)- 1 H-imidazol-2-carboxylic
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Hbn hop gbm kali 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)- 1H-imidazol-2-
carboxylat (nhu dugc diéu ché trong cong b don yéu ciu cip Patent My s6
2006189623 A1, 192mg, 0,630mmol) va pyridin (51,0uL, 0,630mmol) trong 3mL
DCM & 0°C dugc bd sung SOCI2 (46,0pL, 630mmol). Sau khi khudy & 0°C trong 0,5
gidr trong diéu kién Ar, hdn hop thu dugc dugc dé 4m dén nhiét do trong phong va
dugc bd sung vao dung dich chira 4-[(3-ex0)-1,5-bis-(tert-butyl-dimetyl-
silanyloxymetyl)-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-(4,4-dimetyl-xyclohex-1-enyl)-
phenylamin (thu dugc & bude trén, 315g, 0,525mmol) trong 2mL DCM & 0°C. Sau khi
khudy & 0°C trong 2 gi® trong didu kién Ar, hdn hop phan tmg dugc dé 4m dén nhiét
d6 trong phong. Sau khi dugc xur ly bing 50mL EtOAc, hdn hgp dugc rira bing H,O
(10mL), dung dich nuéc axit xitric 10% (10mL), dung dich nuéc NaHCO3 béo hoa
(10mL) va nudc mubi (20mL). Lép hitu co duge lam khan trén Na2SO4 va dugce ¢d
trong chan khong. Phén cin dugc tinh ché bang sic ky trén silicagel (2-5 %
EtOAc/hexan) dé thu dugc hop chit dugce néu trong dé muc (401mg, 90%) duéi dang
diu mau nau nhat. 'H-NMR (CDCl3; 400MHz): 9,72 (s, 1H), 8,29 (d, 1H, J = 8,6Hz),
7,76 (s, 1H), 7,18 (dd, 1H, J = 8,6, 2,3Hz), 7,07 (d, 1H, J = 2,3Hz), 5,96 (s, 2H), 5,76
(m, 1H), 3,59-3,68 (m, 6H), 3,02 (m, 1H), 2,29 (m, 2H), 2,09 (m, 2H), 1,76-1,88 (m,
6H), 1,66 (t, 2H, J = 12,7Hz), 1,59 (t, 2H, J = 6,3Hz), 1,11 (s, 6H), 0,97 (t, 2H, J =
8,3Hz), 0,89 (s, 18H), 0,05 (s, 12H), 0,01 (s, 9H).

Su xac dinh héa hoc lap thé tuong dbi dugc thuc hién & buéc cudi cung (g).
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g) [4-((3-ex0)-1,5-bis-hydroxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl)-2-(4,4-dimetyl-
xyclohex-1-enyl)-phenyl]-amit cia axit 4-xyano-1H-imidazol-2-carboxylic

Hbn hop gbm [4-[(3-ex0)-1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-
bixyclo[3.2.1]oct-3-yl]-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit cua axit 4-
Xyano-1-(2-trimetylsilanyl-etoxymetyl)- 1 H-imidazol-2-carboxylic (thu dugc & budc
trén, 400mg, 0,47 Immol) va tetrabutylamoni florua monohydrat (739mg, 2,83mmol)
trong SmL THF dugc khudy & 50°C trong 16 gidr. Sau khi dé ngudi xubng nhiét do
trong phong, hdn hop dugc xir Iy bing EtOAc (50mL) va dugc rira biang H,O (10mL),
dung dich nuéc NH4Cl bdo hoa (2 X 10mL) va nudc mudi (10mL). Lép hiru co dugc
lam khan trén Na»SOs va dugc 6 trong chan khong. Phin cin dugc nghién thanh bot
bang DCM dé thu dugc hop chét duge néu trong dé muc (203mg, 88%) dudi dang chit
rin mau tring. 'H-NMR (CD;OD; 400MHz): § 8,11 (d, 1H, J = 8,6Hz), 7,99 (s, 1H),
7,20 (dd, 1H, J = 8,6, 2,3Hz), 7,11 (d, 1H, J = 2,3Hz), 5,72 (m, 1H), 3,62 (d, 2H, J =
11,7Hz), 3,52 (d, 2H, J = 11,7Hz), 3,21 (m, 1H), 2,30 (m, 2H), 2,07 (m, 2H), 1,84-1,97
(m, 4H), 1,63-1,71 (m, 4H), 1,59 (t, 2H, J = 6,3Hz), 1,08 (s, 6H). Ph khéi (ESI, m/z):
Theo tinh toan d6i vdi C2sH34N4O4, 491,3 (M+H), theo thuc nghiém 1a 491,1.

Su xac dinh héa hoc 1ap thé tuong dbi duge thuc hién béng cach st dung 1D 'H
NMR, 2D COSY va 2D NOESY NMR.
Vidu5s
[4-[(3-endo)-1,5-bis-hydroxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-(4,4-dimetyl-

xyclohex-1-enyl)-phenyl]-amit cta axit 4-xyano-1H-imidazol-2-carboxylic
Ho MY ) CN

OH N =N

AW O

OH
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a) 4-[(3-endo)-1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-
bixyclo[3.2.1]oct-3-yl]-2-(4,4-dimetyl-xyclohex-1-enyl)-phenylamin

OTBS NH,
AW O

OoTBS

Hop chét dugc néu trong d& muc duge diéu ché theo quy trinh cia vi du 4, bude
(¢) bing cach sir dung 4-[(3-endo)-1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-
bixyclo[3.2.1]oct-3-yl]}-2-brom-phenylamin (B) (nhu duge diéu ché trong vi du 4, budc
(d), 171mg, 0,300mmol) va axit 4,4-dimetylyclohexen-1-ylboronic (77,9mg,
0,330mmol). Sic ky trén silicagel (DCM) thu dugc hop chit duge néu trong dé muyc
(165mg, 92%) dudi dang diu mau niu nhat. Phd khéi (ESI, m/z): Theo tinh toan dbi
véi C3sHe1NOsSi2, 600,4 (M+H), theo thuc nghiém 1a 600,5.

Su x4c dinh hoa hoc 1ap thé tuong dbi duoc thuc hién & budce cudi ciing (c).
b) 4[4-[(3-endo)-1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-
bixyclo[3.2.1]oct-3-yl]-2-(4,4-dimetyl-xyclohex- 1-enyl)-phenyl]-amit cua axit 4-

xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-imidazol-2-carboxylic

SEM,
H \
OTBS N\IHQ}CN
Y O 0

OTBS
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Hop chét dugc néu trong d& muc duge didu ché theo quy trinh ciia vi du 4, buédce
(f) bing cach st dung 4-[(3-endo)-1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-
bixyclo[3.2.1]oct-3-yl]-2-(4,4-dimetyl-xyclohex-1-enyl)-phenylamin (thu dugc & budc
trén, 150mg, 0,250mmol) va kali 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-
imidazol-2-carboxylat (nhu dwgc diéu ché trong cong bd don yéu ciu cip Patent M¥ s6
2006189623 Al, 92mg, 0,300mmol). Séic ky trén silicagel (2-5 % EtOAc/hexan) thu
dugc hop chit dugc néu trong dé muc (187mg, 88%) dudi dang ddu mau nau nhat. 'H-
NMR (CDCls; 400MHz): 8 9,72 (s, 1H), 8,27 (d, 1H, J = 8,6Hz), 7,76 (s, 1H), 7,19
(dd, 1H, J = 8,6, 2,3Hz), 7,07 (d, 1H, J = 2,3Hz), 5,96 (s, 2H), 5,75 (m, 1H), 3,66 (t,
2H, J = 8,3Hz), 3,61 (s, 4H), 2,94 (m, 1H), 2,28 (m, 2H), 2,14 (dd, 1H, J = 13,8,
6,7Hz), 2,09 (m, 2H), 1,77-1,83 (m, 2H), 1,56-1,67 (m, 6H), 1,11 (s, 6H), 0,97 (t, 2H, J
= 8,3Hz), 0,90 (s, 18H), 0,07 (s, 6H), 0,06 (s, 6H), 0,005 (s, 9H).

Su xac dinh hoéa hoc 1ap thé tuong dbi dugc thuc hién & budc cudi cung (c).
) [4-((3-endo)-1,5-bis-hydroxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl1)-2-(4,4-
dimetyl-xyclohex-1-enyl)-phenyl]-amit cua axit 4-xyano-1H-imidazol-2-carboxylic

Hop chét duoc néu trong d& muc duge diéu ché theo quy trinh cua vi du 4, budc
(g) bang cach st dung 4[4-[(3-endo)-1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-
oxa-bixyclo[3.2.1]oct-3-y1]-2-(4,4-dimetyl-xyclohex- 1-enyl)-phenyl]-amit cua axit 4-
xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-imidazol-2-carboxylic (thu dugc & budc
trén, 185mg, 0,218mmol) va tetrabutyl-amoni florua monohydrat (342mg, 1,31mmol).
Sic ky trén silicagel (1-5 % MeOH/DCM) thu dugc hop chét duge néu trong dé myc
(100mg, 93%) dudi dang ddu mau niu nhat. 'H-NMR (CDsOD; 400MHz): & 8,10 (d,
1H, J = 8,6Hz), 7,98 (s, 1H), 7,21 (dd, 1H, J = 8,6, 2,0Hz), 7,10 (d, 1H, J = 2,0Hz),
5,72 (m, 1H), 3,63 (d, 2H, J = 11,6Hz), 3,50 (d, 2H, J = 11,6Hz), 2,91 (m, 1H), 2,30
(m, 2H), 1,93-2,09 (m, 6H), 1,55-1,73 (m, 6H), 1,08 (s, 6H). Phd khdi (ESI, m/z):
Theo tinh toan d6i v&i C2sH3aN4Os, 491,3 (M+H), theo thuc nghiém 12 491,1.

Su x4c dinh héa hoc 1ap thé twong déi dugc thuc hién bing cach sir dung 1D 'H
NMR, 2D COSY va 2D NOESY NMR.
Vidub
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[4-[(3-endo)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-y1]-2-(4,4-dimetyl-

xyclohex-1-enyl)-phenyl]-amit cua axit 4-xyano-1H-imidazol-2-carboxylic

H HN
. X ;e
‘\\\ O

0
\
a) 1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]octa-2,6-dien-3-yl este cua axit
triflometansulfonic
OTf

Hop chit dugc néu trong d& muc duge diéu ché theo quy trinh cta vi du 4, budc
(a) bang cach sir dung 1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-6-en-3-on (nhu
dugc didu ché trong vi du 1, buéc (e), 600mg, 2,80mmol) va 2-/N,N-
bis(triflometansulfonyl)amino]pyridin (1,10g, 3,08mmol). Hop chit dugc néu trong dé
muyc (921mg, 95%) 14 ddu mau nau nhat. Phd khéi (ESI, m/z): Theo tinh todn dbi voi
C12Hi15F3068S, 345,0 (M+H), theo thuc nghi€ém la 344,9.
b. 4-(1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]octa-2,6-dien-3-yl)-phenylamin
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Hop chét dugc néu trong d& muc dugc diéu ché theo quy trinh cta vi du 4, budc
(b) bing cach st dung 1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]octa-2,6-dien-3-yl
este cua axit triflometansulfonic (thu dugc ¢ budc trén, 3,25g, 9,45mmol) va 4-
(4,4,5,5-tetrametyl-[ 1,3,2]dioxaborolan-2-yl)-phenylamin (2,28g, 10,4mmol). Sic ky
trén silicagel (5-10 % EtOAc/DCM) thu duge hop chit duge néu trong dé muc (2,19g,
81%) dudi dang diu mau ndu nhat. Phd khéi (ESI, m/z): Theo tinh toan déi véi
C17H21NOs3, 288,2 (M+H), theo thyc nghi¢ém 14 288,2.
c) 4-[(3-endo)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-y]l-phenylamin (A)
va 4-[(3-Exo0)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-phenylamin (B)

NH, NH

va I
Loy _s- Lo _o-

A B

Hop chét dugc néu trong d& muc dugc diéu ché theo quy trinh cta vi du 4, bude

(c) bing cach st dung 4-(1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]octa-2,6-dien-3-
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yl)-phenylamin (thu dugc & budc trén, 2,00g, 6,96mmol), 5 % Rh/Al>O; (800mg, 40 %
trong lugng) va 10 % Pd/C (800mg, 40 % trong lugng). Sic ky trén silicagel (0-1 %
MeOH/DCM) thu dugc 601mg (44%) hop chit A dugc néu trong d& muc duéi dang
diu mau nau nhat va 672mg (33%) hop chit B dugc néu trong d& muc dudi dang dau
mau nau nhat.

A: Phd khéi (ESI, m/z): Theo tinh toan di véi C17H2sNO3, 292,2 (M+H), theo
thuc nghiém 1a 292,2.

B: Phé khdi (ESL, m/z): Theo tinh toan dbi véi C17H2sNO3s, 292,2 (M+H), theo
thyc nghiém 1a 292,2.

Sur xéc dinh hoa hoc 1ap thé twong dbi dugc thuc hién & bude cubi cung (g).
d) 4-[(3-endo)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-brom-

phenylamin

NH,
Br

.,ov@\/o\

Hop chét dugc néu trong dé muc duge diéu ché theo quy trinh ctia vi du 4, budc
(d) bang cach sir dung 4-[(3-endo)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-y1]-
phenylamin (thu dugc & buée trén, 292mg, 1,00mmol), NBS (178mg, 1,00mmol). Séc
ky trén silicagel (0-10 % EtOAc/DCM) thu dugc 185mg (50%) hgp chit dugc néu
trong d& muc du6i dang diu mau niu nhat. Phé khéi (ESI, m/z): Theo tinh toan déi
v6i C17H24BrNOs3, 370,1 (M+H), theo thuc nghiém 1a 370,1.

Su x4c dinh hoa hoc 1ap thé twong dbi dugc thyc hién & bude cubi ciing (g).
€) 4-[(3-endo)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-(4,4-dimetyl-

xyclohex-1-enyl)-phenylamin
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Hop chit dwgc néu trong d& muc duge diéu ché theo quy trinh ctia vi du 4, buéc
(¢) bing cach st dung 4-[(3-endo)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-
2-brom-phenylamin (thu dugc & budc trén, 185mg, 0,500mmol), axit 4,4-
dimetylyclohexen-1-ylboronic (130mg, 0,550mmol). Sic ky trén silicagel (0-15 %
EtOAc/DCM) thu dugc 150mg (75%) hop chét dwoc néu trong d& muc dudi dang dau
vang nhat. Phd khéi (ESI, m/z): Theo tinh toan ddi véi C2sH37NOs, 400,3 (M+H), theo
thuc nghiém 1a 400,4.

Su xac dinh hoéa hoc 1ap thé turong d6i duge thyc hién & budc cubdi cing (g).
f) [4-[(3-endo)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-(4,4-dimetyl-
xyclohex-1-enyl)-phenyl]-amit cua axit 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-

imidazol-2-carboxylic

) e,
H
Yo N\n/k;%“CN
o O O
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Hop chét dugc néu trong dé muc duge diéu ché theo quy trinh ca vi du 4, bude
(f) bing cach sir dung 4-[(3-endo)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-
2-(4,4-dimetyl-xyclohex-1-enyl)-phenylamin (thu dugc & budc trén, 140mg,
0,350mmol) va kali 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)- 1H-imidazol-2-
carboxylat (nhu dugc didu ché trong cong b don yéu cdu cdp Patent My sb
2006189623 Al, 128mg, 0,420mmol). Sic ky trén silicagel (5 % EtOAc/DCM) thu
duoc 164mg (72%) cia hop chit dugc néu trong dé muc dudi dang diu vang nhat. Phd
khéi (ESL, m/z): Theo tinh toan dbi v&i CisHs2N4OsSi, 649,4 (M+H), theo thuc
nghiém 1a 649,1.

Su x4c dinh hoa hoc 1ap thé twong d6i dwoc thuc hién & budce cudi cing (g).
g) [4-((3-endo)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl)-2-(4,4-dimetyl-
xyclohex-1-enyl)-phenyl]-amit cla axit 4-xyano-1H-imidazol-2-carboxylic

Hogp chét dugc néu trong dé muc dugc diéu ché theo quy trinh cia vi du 4, budc
(g) bang cach sir dung [4-[(3-endo)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-
yl]-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit cua axit 4-xyano-1-(2-
trimetylsilanyl-etoxymetyl)- 1H-imidazol-2-carboxylic (thu dugc & budc trén, 150mg,
0,23 1mmol) va tetrabutyl-amoni florua monohydrat (181mg, 0,693mmol). Séc ky trén
silicagel (25% EtOAc/DCM) thu dugc hop chét dugc néu trong d& muc (102mg, 85%)
du6i dang chit rin mau tring. Phd khéi (ESI, m/z): Theo tinh toan dbi véi
C12H13BrN,0, 281,0 (M+H), theo thuc nghiém 1a 281,2. 'TH-NMR (CD3;0D; 400MHz):
58,11 (d, 1H, J = 8,6Hz), 7,98 (s, 1H), 7,20 (dd, 1H, J = 8,6, 2,3Hz), 7,09 (d, 1H, J =
2,3Hz), 5,71 (m, 1H), 3,46 (d, 2H, J = 10,1Hz), 3,40 (d, 2H, J = 10,1Hz), 3,40 (m, 6H),
2,90 (m, 1H), 2,29 (m, 2H), 2,17 (dd, 1H, J = 13,5, 6,7Hz), 2,06 (m, 2H), 1,80-1,89 (m,
2H), 1,67-1,76 (m, 2H), 1,58-1,64 (m, 2H), 1,58 (t, 2H, J = 6,3Hz), 1,08 (s, 6H). Phd
khéi (ESL, m/z): Theo tinh toan d6i véi C30H3sN4Os, 519,3 (M+H), theo thyc nghiém
1a 519,0.

Su x4c dinh ciu tric dugc thuc hién trén co s tuong ty véi [4-[(3-endo)-1,5-

bis-hydroxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-(4,4-dimetyl-xyclohex-1-enyl)-
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phenyl]-amit cia axit 4-xyano-1H-imidazol-2-carboxylic (nhu dugc diéu ché trong vi
du §, budc (c)).

Vidy7
[4-((3-ex0)-1,5-bis-hydroxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl)-2-(4,4-dimetyl-

xyclohex-1-enyl)-phenyl]-amit cia axit 4-xyano-1H-imidazol-2-carboxylic

H HN
\0 \H/L\—;}\:N
O

@O

0
\
a) 4-[(3-ex0)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-brom-
phenylamin
NH>

Hop chét dugc néu trong d& muc duge didu ché theo quy trinh ciia vi du 4, buéc
(d) bing cach st dung 4-((3-ex0)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl)-
phenylamin (nhu dugc diéu ché trong vi du 6, budc (c), 292mg, 1,00mmol), NBS
(178mg, 1,00mmol). Séc ky trén silicagel (0-10% EtOAc/DCM) thu dugc 185mg
(50%) hop chit dugc néu trong @& muc dudi dang diu mau nau nhat. Phd khéi (ESI,
m/z): Theo tinh toan dbi voi C17H24BrNO3, 370,1 (M+H), theo thuc nghiém 1a 370,2.
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Su x4c dinh hoa hoc 1ap thé trong dbi dugc thyuc hién & bude cudi cung (d).
b) 4-[(3-ex0)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-(4,4-dimetyl-

xyclohex-1-enyl)-phenylamin
N\

@O

0o
\

Hop chit dugc néu trong d& muc duge diéu ché theo quy trinh ctia vi du 4, budc
(¢) bing cach sir dung 4-[(3-ex0)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-
2-brom-phenylamin (thu dwgc & budc trén, 185mg, 0,500mmol), axit 4,4-
dimetylyclohexen-1-ylboronic (130mg, 0,550mmol). Sic ky trén silicagel (0-15 %
EtOAc/DCM) thu dugc 156mg (78%) hop chit dugc néu trong dé muc dudi dang dau
mau vang nhat. Phé khéi (ESI, m/z): Theo tinh toan di v&i C2sH37NOs, 400,3 (M+H),
theo thyc nghiém 1a 400,3.

Sw x4c dinh hoa hoc 13p thé twong dbi dugc thuc hién & buéc cudi cing (d).
c) [4-((3-ex0)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl)-2-(4,4-dimetyl-
xyclohex-1-enyl)-phenyl]-amit cua axit 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-

imidazol-2-carboxylic
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3,
H
o Nm/‘;N\B“CN
0

@O

]

Hop chét dugc néu trong dé muc dugc diéu ché theo quy trinh cia vi du 4, budc
(f) bang cach st dung 4-[(3-ex0)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-
(4,4-dimetyl-xyclohex-1-enyl)-phenylamin (thu dugc & budce trén, 140mg, 0,350mmol)
va kali 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-imidazol-2-carboxylat (nhu dugc
diéu ché trong cong bd don yéu cdu cip Patent My sb 2006189623 Al, 128mg,
0,420mmol). Séc ky trén silicagel (5% EtOAc/DCM) thu dugc 166mg (73%) hop chét
dwgc néu trong d& muc duéi dang du vang nhat. Phé khéi (ESIL, m/z): Theo tinh toan
d6i voi C3sHs2NaOsSi, 649,4 (M+H), theo thuc nghiém 1a 649,1.

Su xac dinh hoa hoc 14p thé trong dbi dugc thuc hién & bude cudi ciing (d).
d) [4-((3-ex0)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl)-2-(4,4-dimetyl-
xyclohex-1-enyl)-phenyl]-amit cta axit 4-xyano-1H-imidazol-2-carboxylic

Hop chit dugc néu trong & muc dugc didu ché theo quy trinh cia vi du 4, budc
(g) b?mg cach sir dung [4-((3-ex0)-1,5-bis-metoxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl)-
2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit cla axit 4-xyano-1-(2-trimetylsilanyl-
etoxymetyl)-1H-imidazol-2-carboxylic (thu dugc & budc trén, 150mg, 0,23 Immol) va
tetrabutylamoni florua monohydrat (181mg, 0,693mmol). Sic ky trén silicagel (25%
EtOAc¢/DCM) thu duge hop chit dugc néu trong dé muc (86,4mg, 72%) dudi dang
chét rén mau tring. '"H-NMR (CD;OD; 400MHz): & 8,11 (d, 1H, J = 8,5Hz), 7,98 (s,
1H), 7,19 (dd, 1H, J = 8,5, 2,0Hz), 7,09 (d, 1H, J = 2,0Hz), 5,73 (m, 1H), 3,45 (d, 2H, J
=10,1Hz), 3,41 (d, 2H, J = 10,1Hz), 3,39 (s, 6H), 3,16 (m, 1H), 2,31 (m, 2H), 2,07 (m,
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2H), 1,88-1,96 (m, 2H), 1,76-1,85 (m, 2H), 1,65-1,76 (m, 4H), 1,59 (t, 2H, J = 6,3Hz),
1,08 (s, 6H). Phé khéi (ESI, m/z): Theo tinh toan d6i v&i CioH3sN4Os, 519,3 (M+H),
theo thyc nghiém 1a 519,1.

Su xé4c dinh ciu triic dugc thuc hién trén co so tuong tu v6i [4-[(3-ex0)-1,5-bis-
hydroxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-
amit clia axit 4-xyano-1H-imidazol-2-carboxylic (nhu dugc diéu ché trong vi du 4,
budce (g)).

Vidu 8
[2-(4,4-dimetyl-xyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-1,5-bis-hydroxymetyl-8-oxa-
bixyclo[3.2.1]oct-3-yl]-phenyl]-amit cta axit 4-xyano-1H-imidazol-2-carboxylic

a) 1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-bixyclo[3.2.1]octan-3-on
O

><//’0 O—S/i/
K

Hbn hop gbm 1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-
bixyclo[3.2.1]-oct-6-en-3-on (200mg, 4,84mmol)(Lee, K. and Cha, J. K., J Amer.
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Chem. Soc., 123:5590-5591 (2001)) va 5% Pd/C (30mg) trong 10mL MeOH dugc
khudy & nhiét d¢ trong phong trong méi truong H» (ap sudt cia qua bong) trong 8 gio.
Chét xuc tac Pd dugc loai ra béng cach loc trén Xelit, va dich loc dugc ¢ dac dé thu
duge 200mg (100%) hop chét duge néu trong dé muc dudi dang diu khéng mau. Phd
khéi (ESI, m/z): Theo tinh toan d6i v6i C21Hs204Siz, 415,2 (M+H), theo thuc nghiém
la415,1.

b) [4-[(3-ex0)-1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-3-hydroxy-8-oxa-
bixyclo[3.2.1]oct-3-yl]-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit cloa axit 4-

xyano-1H-imidazol-2-carboxylic

Huyén phi cua [4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit ctia axit
4-xyano-1H-imidazol-2-carboxylic (125mg, 0,314mmol) (dugc diéu ché trong vi du 1,
budc (c)) trong 2mL THF & -40°C dugc bb sung dung dich i-PrMgCl (2M THF,
0,392mL, 0,785mmol) va hdn hop dugc dé 4m din dén nhiét do trong phong. Sau 10
phit, dung dich trong sut nay dugc lam lanh xudng -78°C va dung dich t-BuLi (1,7M
trong pentan, 0,554mL, 0,942mmol) dugc ) sung. Sau 15 phut & -78°C dung dich 1,5-
bis-(tert-butyl-dimetyl-silanyloxymetyl)-8-oxa-bixyclo[3.2.1]octan-3-on (200mg,
0,482mmol) (duge diéu ché trong budc truéc) trong THF (2mL) dugc bd sung va hén
hop dugce khuéy trong 30 phut & -78°C va sau d6, dugc dé 4m dan dén nhiét do trong
phong va duogc khudy trong 5 phit nita. Phan tmg duoc dép tit bang dung dich NH4Cl
b3o hoa (10mL) va dugc chiét bing EtOAc ( 3 x 10mL). Lép hitu co duge 1am khan
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(NazS04) va dugce co va hop chét dugc néu trong dé muc dugc tinh ché trén silicagel
rira giai bang 10% EtOAc/DCM dé thu duoc 116mg (51%) chét rdn mau tring. Phd
khéi (ESI, m/z): Theo tinh toan dbi véi CaoHe2NsOsSiz, 717,4 (M+H-H,0), theo thuc
nghiém 1a 717,1.

Su x4c dinh héa hoc 1ap thé tuong dbi duge thuc hién & bude cubi cung (c).

¢) [2-(4,4-dimetyl-xyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-1,5-bis-hydroxymetyl-8-
oxa-bixyclo[3.2.1]oct-3-yl]-phenyl]-amit ctia axit 4-xyano-1H-imidazol-2-carboxylic

Dung dich chia [4-[1,5-bis-(tert-butyl-dimetyl-silanyloxymetyl)-3-endo-
hydroxy-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-(4,4-dimetyl-xyclohex- 1-enyl)-phenyl]-amit
cua axit 4-xyano-1H-imidazol-2-carboxylic (dugc diéu ché trong budc trudc, 110mg,
1,49mmol) trong THF (1mL) duge xir Iy bang TBAF.H20 (150mg, 5,75mmol) va hdn
hop duge khudy & 60°C trong 8 gid. Hon hop phan tmg dugc pha lodng bing EtOAc
(10mL) va duogc rira bing H20 (2 x 10mL) va nuéc mubi (10mL) va duge 1am khan
trén Na2SO4 va duoc cd. Chét rén duoc nghién thanh bot bing Et20 va dugc loc dé thu
duoc 50mg (69%) chit rdn mau tring. 'H NMR (400MHz, DMSO-ds) 8 ppm 14,21 (br
s, 1 H), 9,73 (brs, 1 H), 8,31 (s, 1 H), 7,90 (d, J=8,6 Hz, 1 H), 7,35 (dd, J=8,6, 1,9 Hz,
1 H), 7,27 (d, J=1,9 Hz, 1 H), 5,66 (m, 1 H), 4,92 (s, 1 H), 4,61 (t, J=5,8 Hz, 2 H), 3,33
- 3,44 (m, 4 H), 2,22 - 2,29 (m, 4 H), 1,91 - 1,98 (m, 4 H), 1,70 - 1,76 (m, 2 H), 1,55 -
1,59 (m, 2 H), 1,47 - 1,52 (m, 2 H), 1,00 (s, 6 H). Phd khi (ESI, m/z): Theo tinh toén
61 véi C2sH34N4Os, 507,2 (M+H), theo thuc nghiém 1a 507,1.

Su x4c dinh héa hoc 13p thé tuong dbi dugc thuc hién trén co sé tuong tu véi [2-
(4,4-dimetyl-xyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-1,5-bis-metoxymetyl-8-oxa-
bixyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amit cuia axit 4-xyano-1H-imidazol-2-carboxylic
(nhu dugc diéu ché trong vi du 1, buédce (f)).

Vidu9
[2-(4,4-dimetyl-xyclohex-1-enyl)-4-((3-ex0)-3-hydroxy-1,5-dimetyl-8-oxa-
bixyclo[3.2.1]oct-6-en-3-yl)-phenyl]-amit cua axit 4-xyano-1H-imidazol-2-carboxylic
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Hop chit dugc néu trong d& muc dugc didu ché nhu duge mo ta trong vi du 1,
budc (f) bang cach sir dung [4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit ctia
axit 4-xyano-1H-imidazol-2-carboxylic (nhu dugc diéu ché trong vi du 1, budc (c)) va
1,5-dimetyl-8-oxa-bixyclo[3.2.1]oct-6-en-3-on  (Chemistry-A  European  Journal
(1995), 1(6), 368-73). 'H-NMR (CDCIl3; 400MHz): & 11,85 (br s, 1H), 9,59 (s, 1H),
8,36 (d, 1H, J = 8,5Hz), 7,69 (s, 1H), 7,51 (dd, 1H, J = 8,5, 2,3Hz), 7,33 (d, 1H, J =
2,3Hz), 6,28 (s, 2H), 5,77 (br s, 1H), 3,27 (s, 1H), 2,22-2,32 (m, 4H), 1,94-2,10 (m,
4H), 1,45 (s, 6H), 1,29 (m, 2H), 1,10 (s, 6H). Phd khbi (ESL, m/z): Theo tinh toan dbi
véi C28H32N403, 473,2 (M+H), theo thuc nghiém 1a 473,1.

Su xéc dinh héa hoc 14p thé twong dbi duge thyc hién trén co sé twong tw v6i [2-
(4,4-dimetyl-xyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-1,5-bis-metoxymetyl-8-oxa-
bixyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amit cia axit 4-xyano-1H-imidazol-2-carboxylic
(nhu duge diéu ché trong vi du 1, bude (f)).

Vidu 10

Metyl este cua axit 3-(3-exo)-[4-[(4-xyano-1H-imidazol-2-carbonyl)-amino]-3-(4,4-
dimetyl-xyclohex-1-enyl)-phenyl]-(3-ex0)-3-hydroxy-1,5-dimetyl-8-aza-
bixyclo[3.2.1]oct-6-en-8-carboxylic
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a) Metyl este cta axit 1,5-dimetyl-3-oxo0-8-aza-bixyclo[3.2.1]oct-6-en-8-carboxylic

MeQ O
g

A

Hop chét dugc néu trong d& muc duge didu ché tir metyl este clia axit 2,5-
dimetyl-pyrol-1-carboxylic (US 4551540) va 1,1,3,3-tetrabromoaxeton bing cich st
dung phan ung thém vong kiéu [4+3] quy trinh cia Kim va Hoffmann (European
Journal of Organic Chemistry (2000), (12), 2195-2201). Phd khéi (ESI, m/z): Theo
tinh toan d6i véi C11HisNOs, 210,1 (M+H), theo thuc nghiém 1a 210,0.

b) Metyl este cla axit 3-(3-ex0)-[4-[(4-xyano-1H-imidazol-2-carbonyl)-amino]-3-(4,4-
dimetyl-xyclohex-1-enyl)-phenyl]-(3-exo0)-3-hydroxy-1,5-dimetyl-8-aza-
bixyclo[3.2.1]oct-6-en-8-carboxylic

Hop chét dugc néu trong dé muc dugc diéu ché nhu dugc md ta trong vi du 1,
budc (f) bang cach sir dung [4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit cta
axit 4-xyano-1H-imidazol-2-carboxylic (nhu dugc diéu ché trong vi du 1, budc (c)) va
metyl este cia axit 1,5-dimetyl-3-ox0-8-aza-bixyclo[3.2.1]oct-6-en-8-carboxylic (thu
dugc & bude trén). 'H-NMR (CDCls; 400MHz): 8 9,60 (s, 1H) 8,16 (d, 1H, J = 8,6Hz),
7,63 (s, 1H), 7,17 (dd, 1H, J = 8,6, 2,0Hz), 7,12 (d, 1H, J = 2,0Hz), 5,98 (s, 2H), 5,68
(br s, 1H), 3,69 (s, 3H), 3,24 (br s, 1H), 2,45 (d, 2H, J = 15,2Hz), 2,20 (m, 2H), 2,00

-90-



21225

(m, 2H), 1,81 (d, 2H, J = 15,2Hz), 1,59 (s, 6H), 1,48 (m, 2H), 1,03 (s, 6H). Phd khéi
(ESI, m/z): Theo tinh toan dbi v&i C3oHasNsOs, 530,2 (M+H), theo thuc nghiém 1a
530,2.

Su xac dinh héa hoc 1ap thé twong dbi duoc thuc hién trén co s& tuong tu véi [2-
(4,4-dimetyl-xyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-1,5-bis-metoxymetyl-8-oxa-
bixyclo[3.2.1]Joct-6-en-3-yl]-phenyl]-amit cia axit 4-xyano-1H-imidazol-2-carboxylic
(nhur duge diéu ché trong vi du 1, bude (f)).

Vidu 11
[2-(4,4-dimetyl-xyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-1,5-dimetyl-6-exo0,7-ex0-
(dimetylmetylendioxy)-bixyclo[3.2.1]oct-3-yl]-phenyl]-amit cia axit 4-xyano-1H-

imidazol-2-carboxylic

Hop chét dugc néu trong dé muc dugc didu ché nhu duge mo ta trong vi du 1,
budc (f) bing cach sit dung [4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit
cua axit 4-xyano-1H-imidazol-2-carboxylic (nhu dugc diéu ché trong vi du 1, budc
(c)) va 1,4,4,7-tetrametyl-3,5,11-trioxa-trixyclo[5.3.1.0%6]undecan-9-on (nhu duoc
diéu ché theo quy trinh trong Bulletin of the Chemical Society of Japan (1983), 56(9),
2680-99). 'H-NMR (CDCls; 400MHz): § 12,65 (s, 1H), 9,53 (s, 1H), 8,43 (d, 1H, J =
8,8Hz), 7,61 (dd, 1H, J = 8,8, 2,3Hz), 7,59 (d, 1H, J = 2,5Hz), 7,24 (d, 1H, J = 2,3),
5,70 (br s, 1H), 4,93 (s, 2H), 2,22 (m, 2H), 2,03 (m, 2H), 1,82 (d, 2H, J = 15,1Hz),
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1,18-1,53 (m, 17H), 1,03 (s, 6H). Phd khéi (ESI, m/z): Theo tinh toan ddi véi
C31H33N4Os, 547,2 (M+H), theo thuc nghiém 1a 547,1.

Su xac dinh héa hoc 14p thé tuong dbi dugc thuc hién trén co s& tuong tu voi [2-
(4,4-dimetyl-xyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-1,5-bis-metoxymetyl-8-oxa-
bixyclo[3.2.1]Joct-6-en-3-yl]-phenyl]-amit cua axit 4-xyano-1H-imidazol-2-carboxylic
(nhu duge diéu ché trong vi du 1, buéc (f)).

Vidu 12
[2-(4,4-dimetyl-xyclohex-1-enyl)-4-(3-ex0)-3,6-ex0,7-exo-trihydroxy-1,5-dimetyl-8-

oxa-bixyclo[3.2.1]oct-3-yl)-phenyl]-amit cia axit 4-xyano-1H-imidazol-2-carboxylic

a) 4,4-di-tert-butyl-1,7-dimetyl-3,5,11-trioxa-4-sila-trixyclo[ 5.3.1.0>6Jundecan-9-on

Dung dich chtra 6,7-dihydroxy-1,5-dimetyl-8-oxa-bixyclo[3.2.1]octan-3-on
(Bulletin of the Chemical Society of Japan (1983), 56(9), 2680-99, 550mg, 2,95mmol)
trong DCE (20mL) dugc bd sung imidazol (2,0g, 29mmol) va di-tert-butyldiclosilan
(1,2mL, 5,9mmol). Hon hop thu dugc duoc khudy trong diéu kién Ar trong 48 gio.
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Hén hop phan g duge xir Iy bang dung dich NaHCO3 bdo hoa (20mL) va 16p DCE
dugc tach, duoc lam khan (Na;SO4) va duoc c¢d va phan can thu duge duge tinh ché
trén silicagel (5-20% EtOAc/hexan) dé thu dugc hop chit dugc néu trong dé muc
(869mg, 90%). 'H-NMR (CDCl3; 400MHz): § 4,23 (s, 2H), 2,43 (d, 1H, J = 15,6Hz),
2,31(d, 1H, J =15,6Hz), 1,45 (s, 6H), 1,12 (s, 9H), 1,04 (s, 9H).

b) N'-[4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-N,N-dimetyl-formamidin

O NQ:/N\
Br

Dung dich chirta 4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenylamin (nhu
dugc didu ché trong vi du 1, buée (a), 3,0g, 10mmol) trong N,N-dimetylformamit
dimetyl axetal (20mL) duoc dun néng & diéu kién hoi luu trong diéu kién Ar trong 48
gir. Dung moi dugc loai ra dudi 4p suét giam va phin cin dugc tinh ché trén silicagel
(5-20% EtOAc/hexan) dé thu dugc hop chit duge néu trong d& muc (2,6g, 73%). 'H-
NMR (CDCl3; 400MHz): § 7,36 (s, 1H), 7,23-7,21 (m, 2H), 6,65 (d, 1H, J = 8,0Hz),
5,64 (m, 1H), 2,97 (s, 6H), 2,37 (m, 2H), 1,95 (m, 2H), 1,44 (m, 2H), 0,99 (s, 6H).
¢) N'-[4-(9-ex0)-[4,4-di-tert-butyl)-9-hydroxy-1,7-dimetyl-3,5,11-trioxa-4-sila-trixyclo
[5.3.1.0%]undec-9-y]-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-N,N-dimetyl-

formamidin
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Dung dich chita N'-[4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-N,N-
dimetyl-formamidin (thu dugc & bude trén, 335mg, 1,00mmol) trong THF, dugc b
sung ting giot BuLi (0,68mL 1,6M trong hexan, 1,1mmol) & -78°C. Hdn hgp thu dugc
dugc khudy & -78°C trong 45 phiit va dugc xir Iy timg giot bang dung dich chira 4,4-di-
tert-butyl-1,7-dimetyl-3,5,11-trioxa-4-sila-trixyclo[5.3.1.0>Jundecan-9-on (nhu dugc
diéu ché trong vi du nay buéc (a), 358mg, 1,1mmol) trong THF (SmL). Hén hgp thu
duoc dé 4m dén nhiét 46 trong phong va dugce khudy trong 1 gio. Sau d6, hdn hop phan
g dugc xit Iy bing dung dich NH4Cl bdo hoa va san phim dugc chiét bing EtOAc (3
x 10mL). Céac 16p EtOAc duge gdp lai, lam khan (Na;SOs) va co. Phin cin thu dugc
dugc tinh ché trén silicagel (20% EtOAc/DCM-100% EtOAc) dé thu dugc hop chét
duoc néu trong d& muc (197mg, 34%). Phd khdi (ESI, m/z): Theo tinh toan i véi
C3sHs4N2048Si, 583,4 (M+H), theo thue nghiém 1a 583,5.

Sw x4c dinh hoa hoc 1ap thé twong dbi dugc thuc hién & budc cudi cing (f).

d) (9-ex0)-[4-amino-3-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-4,4-di-tert-butyl-1,7-
dimetyl-3,5,11-trioxa-4-sila-trixyclo[5.3.1.0>¢Jundecan-9-ol
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NH,
HES o
Si

7&‘0

Dung dich chtta N'-[4-(9-ex0)-[4,4-di-tert-butyl-9-hydroxy-1,7-dimetyl-3,5,11-
trioxa-4-sila-trixyclo[5.3.1.0>¢Jundec-9-yl]-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-
N,N-dimetyl-formamidin (nhu duoc diéu ché trong budc trude, 180mg, 0,309mmol)
trong isopropanol (0,5mL), dugc bd sung hydrazin khan (0,3mL). H6n hop thu dugc
dugc khudy & 40°C trong diéu kién Ar qua dém. H8n hop phan tmg dugc cb trong chan
khong va phin cin thu duge dugc xir Iy bing nuéc mubi bao hoa (10mL) va san phdm
dugc chiét bang EtOAc (3 x 10mL). Céc 16p EtOAc dugc gdp lai, lam khan (Na2SO4)
va dugc ¢ va phan cin thu dugc dugc tinh ché trén silicagel (50% EtOAc/hexan-
100% EtOAc) dé thu dugc hop chét duge néu trong dé muc (110mg, 67%). Phé khdi
(ESL, m/z): Theo tinh toan dbi voi C31HaeNO4Si, 528,3 (M+H), theo thuc nghiém la
528,2.

Su xac dinh héa hoc 1ap thé tuong dbi dugc thyc hién & bude cubi cung (f).
€) [4-(9-ex0)-(4,4-di-tert-butyl-9-hydroxy-1,7-dimetyl-3,5,11-trioxa-4-sila-
trixyclo[5.3.1.0>6]undec-9-yl)-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit cua axit
4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-imidazol-2-carboxylic
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(9-ex0)-[4-amino-3-(4,4-dimetyl-xyclohex- 1-enyl)-phenyl]-4,4-di-tert-butyl-
1,7-dimetyl-3,5,11-trioxa-4-sila-trixyclo[5.3.1.0>¢Jundecan-9-ol (thu dugc & budc trén,
148mg, 0,28mmol) dwgc cho phan tmg lién hop véi mudi kali, axit 4-xyano-1-(2-
trimetylsilanyl-etoxymetyl)-1H-imidazol-2-carboxylic nhu dugc mo ta trong vi du 1,
bude (b) dé thu dugc hop chét dugc néu trong dé muc (205mg, hiéu suit 94%). Phd
khéi (ESI, m/z): Theo tinh toan d6i véi Cs2HesN4OsSiz, 777,4 (M+H), theo thuc
nghiém la 777,8.

Su xé4c dinh héa hoc 14p thé twong dbi duogc thuc hién & budc cudi clng (f).

f) [2-(4,4-dimetyl-xyclohex-1-enyl)-4-((3-ex0)-3,6-ex0,7-exo-trihydroxy-1,5-dimetyl-
8-oxa-bixyclo[3.2.1]oct-3-yl)-phenyl]-amit cia axit 4-xyano-1H-imidazol-2-carboxylic

Dung dich chira 4-xyano-1-(2-trimet[4-(4,4-di-tert-butyl-(9-ex0)-9-hydroxy-1,7-
dimetyl-3,5,11-trioxa-4-sila-trixyclo[5.3.1.0>6Jundec-9-yl)-2-(4,4-dimetyl-xyclohex-1-
enyl)-phenyl]-amit cia axit 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-imidazol-2-
carboxylic (thu dugc & budc trén, 250mg, 0,321mg) trong DMF (2mL), dugc bd sung
TBAF hydrat rin (419mg, 1,60mmol). H6n hop thu dugc dugc khudy & 50°C qua dém.
Hbn hop phéan ng dugc dé ngudi xubng nhiét d6 trong phong va duge xtt ly bing nudc
(10mL). San phdm dugc chiét bing EtOAc (3 x 10mL). Cac 16p EtOAc duge gop lai,
lam khan (Na2SOs) va cb. Phin cin thu duge dugce tinh ché trén silicagel (50%

EtOAc/hexan-100% FtOAc) dé thu dugc hop chét dugc néu trong dé& muc (115mg,
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55%). '"H-NMR (CDsOD; 400MHz): & 8,18 (d, 1H, J = 8,6Hz), 8,01 (s, 1H), 7,37 (dd,
1H, J = 8,6, 2,2Hz), 7,30 (m, 1H ), 5,75 (br s, 1H), 4,64 (s, 2H), 2,33 (m, 2H), 2,09 (m,
2H), 2,00 (d, 2H, J= 14,9Hz), 1,92 (d, 2H, J = 14,9Hz), 1,61 (t, 2H, J = 6,4Hz), 1,30
(s, 6H), 1,10 (s, 6H). Phé khéi (APCI, m/z): Theo tinh toan dbi véi CasH34N4Os, 507,2
(M+H), theo thyc nghiém la 507,3.

Su xé4c dinh héa hoc 1ap thé tuong dbi dugc thuc hién trén co s tuong tu véi [2-
(4,4-dimetyl-xyclohex- 1-enyl)-4-[(3-ex0)-3-hydroxy-1,5-bis-metoxymetyl-8-oxa-
bixyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amit cua axit 4-xyano-1H-imidazol-2-carboxylic
(nhu dugc diéu ché trong vi du 1, budce (f)).

Vidu 13
[4-(3-endo)-(6-ex0,7-ex0-dihydroxy-1,5-dimetyl-8-oxa-bixyclo[3.2.1]oct-3-yl)-2-(4,4-

dimetyl-xyclohex-1-enyl)-phenyl]-amit cia axit 4-xyano-1H-imidazol-2-carboxylic

HO

a) 1,4,4,7-tetrametyl-3,5,11-trioxa-trixyclo[5.3.1.0>6Jundec-8-en-9-yl este cuia axit
1,1,2,2,3,3,4,4,4-nonaflo-butan-1-sulfonic

ONf

-

C><o
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Dung dich chira 1,4,4,7-tetrametyl-3,5,11-trioxa-trixyclo[5.3.1.0>¢Jundecan-9-
on (Bulletin of the Chemical Society of Japan (1983), 56(9), 2680-99, 386mg,
1,71mmol) trong THF (10mL) dugc 1am lanh xudng -78°C trong diéu kién Ar va dugc
xir ly biang diisopropylamit (LDA) (1,00mL dung dich 2M trong heptan/
THF/etylbenzen, 2mmol). Hdn hop thu dugc dugc khudy & -78°C trong 2 gidr va duge
xir ly timg giot bang nonaflo-1-butansulfonylflorua (0,60mL, 3,4mmol). H3n hop phan
tmg dugc dé 4m dén nhiét do trong phong va dwoc khudy qua dém va duoc pha lodng
bang nudc (10mL). San phim dugc chiét bang ete (4x10mL). Cac 16p hitu co dugc gop
lai, 1am khan (Na;SOs) va san phim duoc tinh ché trén silicagel (0-2% EtOAc/hexan)
dé thu dugc hop chit dwoc néu trong dé& muc (546mg, 63%). 'H-NMR (CDCls;
400MHz): 6 5,78 (br s, 1H), 4,37 (d, 1H, J = 5,5Hz), 4,28 (d, 1H, J = 5,5Hz), 2,52 (dd,
1H, J = 17,6, 2,0Hz), 2,04 (d, 1H, J = 17,6, 1,4Hz), 1,43 (s, 3H), 1,38 (s, 3H), 1,32 (s,
3H), 1,25 (s, 3H).

b) 1,4,4,7-tetrametyl-9-(4-nitro-phenyl)-3,5,11-trioxa-trixyclo[5.3.1.0%6Jundec-8-en

SO

Sau d6, hop chit dugc néu trong d& muc duge didu ché theo quy trinh lién hop Suzuki-
Miyaura ctia vi du 4, budc (b) bing cach sir dung axit 4-nitrophenylboronic (147mg,
0,880mmol) va 1,4,4,7-tetrametyl-3,5,11-trioxa-trixyclo[5.3.1.02,6]Jundec-8-en-9-yl
este cua axit 1,1,2,2,3,3,4,4,4-nonaflo-butan-1-sulfonic (nhu dugc diéu ché trén day,
326mg, 0,641mmol). 'H-NMR (CDCl3; 400MHz): 6 8,16 (d, 2H, J = 8,8Hz), 7,45 (d,
2H, J = 8,8Hz), 6,30 (brs, 1H), 4,41 (d, 1H, J = 5,5Hz), 4,32 (d, 1H, J = 5,5Hz), 2,64
(dd, 1H, J = 17,0, 1,7Hz), 2,18 (dd, 1H, J = 17,0, 1,7Hz), 1,48 (s, 3H), 1,42 (s, 3H),
1,39 (s, 3H), 1,27 (s, 3H).
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¢) 4-(3-ex0)-[1,4,4,7-tetrametyl-3,5,1 1 -trioxa-trixyclo[5.3.1.0>¢Jundec-9-yl]-
phenylamin va 4-(3-endo)-[1,4,4,7-tetrametyl-3,5,1 1-trioxa-trixyclo[5.3.1.0>%Jundec-9-
yl]-phenylamin

DO

Dung dich chira 1,4,4,7-tetrametyl-9-(4-nitro-phenyl)-3,5,11-trioxa-trixyclo-
[5.3.1.0%6]undec-8-en (nhu dugc diéu ché trong budc trudc) (145mg, 0,437mmol)
trong EtOH (10mL) dugc hydro hoéa trén 10% Pd/C (70mg) & 50psi trong 1 gio. Dung
dich nay dugc loc qua dém Xelit va dugc c6 dé thu dugc 4-(3-endo)-(1,4,4,7-
tetrametyl-3,5,1 1-trioxa-trixyclo[5.3.1.02,6]Jundec-9-yl)-phenylamin c¢é 14n 15% chét
dong phan 4-(3-exo0) (118mg, 89%), chét ndy dugc dung truc tiép trong budc tiép theo
ma khong cin phai tinh ché gi thém. Phd khéi (ESI, m/z): Theo tinh toan déi véi
CisH2sNOs, 304,1 (M+H), theo thyc nghiém 1a 304,3.

Su xé4c dinh héa hoc lap thé twong dbi dugc thyc hién & bude cudi cing (f).

d) 2-(4,4-dimetyl-xyclohex-1-enyl)-4-(9-endo)-(1,4,4,7-tetrametyl-3,5,1 1 -trioxa-
trixyclo[5.3.1.0>®Jundec-9-yl)-phenylamin

NH,
"\\

o

o
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Dung dich chita hdn hop gbébm 4-(3-endo)-(1,4,4,7-tetrametyl-3,5,11-trioxa-
trixyclo[5.3.1.0%¢Jundec-9-yl)-phenylamin ¢6 13n khoang 15% chét ddng phan-(3-exo)
(nhu dugc diéu ché trén day, 350mg, 1,06mmol) trong DCM (5mL) dugc bd sung NBS
(188mg, 1,05mmol) trong DCM (10mL) & 0°C va hén hop thu dugc dugc-khudy &
nhiét d9 trong phong trong 1 gid. Hn hop phan {mg dugc pha lodng bing DCM
(10mL) va duoc rira bing dung dich nuéc NaHCOj3 bdo hoa (10mL) va nude (10mL).
Lép hitu co duge tach, 1am khan (Na2SO4) va ¢6 trong chan khong dé thu dugc hén
hgp g6m 2-brom-4-[(9-endo)-1,4,4,7-tetrametyl-3,5,11-trioxa-
trixyclo[5.3.1.02,6Jundec-9-yl]-phenylamin bi 1in 15% 2-brom-4-[(9-ex0)-(1,4,4,7-
tetrametyl-3,5,11-trioxa-trixyclo[5.3.1.02,6 Jundec-9-yl]-phenylamin (404mg, 92%),
chit nay dugc st dung trong budc tiép theo ma khong can phai tinh ché gi thém.

Su xac dinh héa hoc 14p thé twong dbi duge thuc hién bing cach st dung 1D 'H
NMR va 2D NOESY NMR.

Sau d6, hop chit dugc néu trong dé muc duge tinh ché theo quy trinh lién hop
Suzuki-Miyaura cta vi du 15, buéc (f) bing cach sir dung 2-(4,4-dimetyl-xyclohex-1-
enyl)-4,4,5,5-tetrametyl-[1,3,2]dioxaborolan (28,3mg, 0,119mmol) va 2-brom-4-(9-
endo)-(1,4,4,7-tetrametyl-3,5,11-trioxa-trixyclo[5.3.1.02,6 Jundec-9-yl)-phenylamin bi
14n khoang 15% chit dong phéan 9-exo (nhu dugc diéu ché trén day, 38,2mg,
0,100mmol) va dugc tinh ché trén silicagel (20-100% EtOAc/hexan) dé thu dugc chét
ddng phén 9-endo cia hop chit dugce néu trong d& muc (25mg, 61%) chira khoang 15%
chét ddng phéan 9-exo. Phd khéi, (ESI, m/z): Theo tinh toan dbi véi C26H37NOs, 412,3
(M+H), theo thuc nghiém 1a 412,3.

e) 4-xyano-1-(2[2-(4,4-dimetyl-xyclohex-1-enyl)-4-(9-endo)-(1,4,4,7-tetrametyl-
3,5,11-trioxatrixyclo[5.3.1.0%¢]-undec-9-yl)-phenyl]-amit cua axit 4-xyano-1-(2-

trimetylsilanyl-etoxymetyl)-1H-imidazol-2-carboxylic
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2-(4,4-dimetyl-xyclohex-1-enyl)-4-(9-endo)-(1,4,4,7-tetrametyl-3,5,1 1-trioxa-
trixyclo[5.3.1.0>6Jundec-9-yl)-phenylamin chira khoang 15% chit ddng phan exo (thu
duge & budc trén, 439mg, 1,06mmol) dugc cho phan tmg lién hop v6i mudi kali, axit
4-xyano-1-(2-trimetylsilanyl-etoxymetyl)- 1H-imidazol-2-carboxylic nhu dugc mé ta
trong vi du 1, budc (b) dé thu dugc chit déng phan 9-endo ciia hop chit duge néu
trong d& muc chira khoang 15% chét ddng phan exo (514mg, 73%) sau khi tinh ché
trén silicagel (30-70% EtOAc-hexan): Phd khéi (ESI, m/z): Theo tinh toan d6i véi
C37Hs52N4Os58Si, 661,3 (M+H), theo thyc nghi€ém la 660,9
f) 3- [4-(3-endo)-[6-ex0,7-ex0-dihydroxy-1,5-dimetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-
(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit cla axit 4-xyano-1H-imidazol-2-
carboxylic

Dung dich choa [2-(4,4-dimetyl-xyclohex-1-enyl)-4-{(9-endo)-(1,4,4,7-
tetrametyl-3,5,11-trioxatrixyclo[5.3.1.0%6]-undec-9-yl)-phenyl)]-amit ctia axit 4-xyano-
1-(2-trimetylsilanyl-etoxymetyl)-1H-imidazol-2-carboxylic chira khoang 15% chét
ddng phan 9-exo (330mg, 0,500mmol) trong DCM (3mL) va EtOH (0,1mL), dugc bd
sung TFA (ImL). Sau khi khudy trong 5 gi® & nhiét d trong phong, hdn hgp phan tmg
dugc ¢b trong chan khong. Phén cin thu dugc dugc lam khan va lai 1am hoa tan trong
EtOH (5mL) va HCI 6N (10mL). Hn hop thu duoc duge dun nong & didu kién hdi heu
trong 6 gid va EtOH duoc loai bo trong chan khong va méi truong nudc dugce trung

hoa bing dung dich NaOH 6N. Sau d6, san phdm dugc chiét bing DCM (3 x 10mL).
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Cac 16p hiru co duge gop lai, 1am khan (NaSOs) va ¢ dic. Phan ciin thu duge dugc
tinh ché trén silic oxit (20-100% EtOAc/hexan) dé thu duogc chit ddng phén 3-endo (B)
ctia hop chét duge néu trong & muc (147mg, 60%) bj 14n 15% chét ddng phan 3-exo
(A). Chét déng phan endo; 'H-NMR (CD;OD; 400MHz): 8,18 (d, 1H, J = 8,3Hz), 7,95
(s, 1H), 7,16 (dd, 1H, J = 8,3, 2,3Hz), 7,04 (d, 1H, J = 2,3Hz), 5,73 (br s, 1H), 3,96 (s,
2H), 3,02 (m, 1H), 2,28 (m, 2H), 2,08 (m, 2H), 1,97 (m, 2 H), 1,60 (m, 2H), 1,58 (m,
2H) 1,30 (s, 6H), 1,08 (s, 6H); Phd khéi (ESI, m/z): Theo tinh toan dbi véi
C28H3aN404, 491,3 (M+H), theo thuc nghiém 1a 491,1.
Su x4c dinh héa hoc lap thé tuong dbi duge thuc hién bang cach st dung 1D 'H
NMR, 'H NOE NMR va 2D NOESY NMR.
Vidu 14
[4-cis-(2-cis,6-cis-bis-hydroxymetyl-2,6-dimetyl-tetrahydro-pyran-4-yl)-2-(4,4-
dimetyl-xyclohex-1-enyl)-phenyl]-amit cua axit 4-xyano-1H-imidazol-2-carboxylic
(A) va[4-trans-(2-cis,6-cis-bis-hydroxymetyl-2,6-dimetyl-tetrahydro-pyran-4-yl)-2-
(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit cla axit 4-xyano-1H-imidazol-2-
carboxylic (B)

SV, O, L
R S
N Ny
H H
HO "\\ O HO O O

O O

OH (A) OH (B)

Dung dich chta hdén hop gbm 3-[4-(3-endo)-[6-ex0,7-exo0-dihydroxy-1,5-
dimetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl}-amit
cha axit 4-xyano-1H-imidazol-2-carboxylic chira khoang 15% chit ddng phéan 3-exo

(nhu dugc diéu ché trong vi du 13, buéde (f), 217mg, 0,442mmol) trong MeOH (7mL)
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va nude (0,7mL), dugc bd sung NalO4 (140mg, 0,654mmol). Hon hop thu dugc duge
khudy & nhiét do trong phong trong 15 phut, sau d6, NaBH,4 (41,8mg, 1,1mmol) trong
MeOH (0,2mL) dugc bd sung tir tir va viéc khudy dugc tiép tuc trong 30 phut nita. Hon
hop phén g dugc ¢b6 va phin cin thu dugc duge phan bd gitta EtOAc (20mL) va
nude (20mL). Lép hitu co duge tach, lam khan (Na2SQO4) va c6 trong chan khong. Phin
can thu dugc duge tinh ché trén silic oxit (50% EtOAc/hexan-2% MeOH/EtOAc) dé
thu dugc chit ddng phén 4-cis ciia hop chét duge néu trong dé muc (135mg, hiéu suét
62%) chira khoang 15% chit dong phén 4-trans. Chit ddng phan 4-cis: 'H-NMR
(CDs0OD; 400MHz): & 8,00 (d, 1H, J = 8,3Hz), 7,74 (s, 1H), 7,09 (dd, 1H, J = 8,3,
2,0Hz), 6,98 (d, 1H, J = 2,0Hz), 5,61 (br s, 1H), 3,32 (m, 2H), 3,12 (m, 3H), 2,19 (m,
2H), 1,96 (m, 2H), 1,63 (m, 2H), 1,46 (m, 4H), 1,21 (s, 6H), 0,96 (s, 6H); Phd khdi
(ESI, m/z): Theo tinh todn d61 v&i CasH3sN4Os, 493,2 (M+H), theo thyc nghiém 1a
493,1.

Vidu 15

[2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-tetrahydro-pyran-4-yl)-

pyridin-3-yl]-amit cta axit 4-xyano-1H-imidazol-2-carboxylic

CN
H ","\g
N
N \(-H\N
I/ o H

a) 2,2,6,6-tetrametyl-3,6-dihydro-2H-pyran-4-yl este cia axit 1,1,2,2,3,3,4,4,4-nonaflo-

butan-1-sulfonic
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Lithi diisopropylamit (LDA) (69mL, 0,13 mol, dung dich 2M trong
heptan/THF/etylbenzen) dugc dit trong binh ba cbd trong diéu kién Ar va dugc 1am lanh
xudng -78°C. Hop chit 2,2,6,6-tetrametyl-tetrahydro-pyran-4-on (Vi du 20 tir WO
2005012220, 18g, 0,11mol) trong THF (500mL) duoc b sung timg giot vao dung dich
nay. Sau khi bd sung, hdn hop phan ing dugc dé 4m dén 0°C, duge khudy trong 1 gio,
dugc lam lanh tr& lai xudng -78°C va dugc xir ly bang ting giot nonaflol-
butansulfonylflorua (24mL, 0,14mmol). Hbn hop dugc d 4m dén nhiét d6 trong phong
va duge khudy trong 12 gir va duge xir 1y bang dung dich nuéc NaHCO; bdo hoa
(200mL). Sau d6, hdn hop dugc chiét bing EtOAc (3 x 200mL). Céc 16p hiru co dugc
gop lai, lam khan (Na2SOa4) va c0 trong chan khong. Phén cin thu dugc duge tinh ché
trén silicagel (0-2% EtOAc/hexan) dé thu dugc hop chdt dugc néu trong dé muc
(29,3g, 68%) dudi dang chét long mau vang nhat. "H-NMR (CDCls; 400MHz): § 5,79
(s, 1H), 2,30 (s, 2H), 1,35 (s, 6H), 1,34 (s, 6H).

b) 2,2,6,6-tetrametyl-4-(4,4,5,5-tetrametyl-[ 1,3,2]dioxaborolan-2-yl)-3,6-dihydro-2H-
pyran

0.0
B

@)

2,2,6,6-tetrametyl-3,6-dihydro-2H-pyran-4-yl este cua axit 1,1,2,2,3,3,4,4,4-
nonaflo-butan-1-sulfonic (nhur duge diéu ché trong buée trude, 43,8g, 0,100mol) duge
hoa tan trong DME khan (500mL) va dugc xur ly bing bis(pinacolato)diboron (27,9g,
0,109mol), 1,1’-bis(diphenylphosphino)feroxen (1,60g, 2,90mmol) va KOAc ( 29,4g,
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0,30mol) va dugc loai khi bing séng siéu am trong diéu kién Ar. [1,1’-
bis(diphenylphosphino)-feroxen]-diclopaladi(Il), phtic chit véi diclometan (1:1)
(2,19g, 2,68mmol) duge bd sung va dugc gia nhiét & 80°C qua dém. Hn hop phan
{ng dugc dé ngudi xuéng nhiét d6 trong phong va dugce loc qua dém Xelit. Dich loc
duge ¢6 va phan cin thu dugc dugc sic ky trén silicagel (0-2% EtOAc/hexan) dé thu
dugce hop chét dugc néu trong dé& muc dudi dang chit rin mau tréng (17g, 64%). 'H-
NMR (CDCl3; 400MHz): 6 6,40 (t, 1H, J = 1,8Hz), 1,97 (d, 2H, J = 1,8Hz), 1,21 (s,
12H), 1,18 (s, 6H), 1,13 (s, 6H).

¢) 5-nitro-2-(2,2,6,6-tetrametyl-3,6-dihydro-2H-pyran-4-yl)-pyridin

N N0
|
X 2
0

2,2,6,6-tetrametyl-4-(4,4,5,5-tetrametyl-[ 1,3,2]dioxaborolan-2-yl)-3,6-dihydro-

2H-pyran (thu dugc & budc trén) (18,5g, 0,069mol) duge hoa tan trong dimetoxyetan
(DME) (350mL). Dung dich thu dugc duge xu ly b?mg dung dich 2M Na;CO; (280mL,
0,560mol), LiCl (5,00g, 0,110mol) va 2-brom-5-nitropyridin (14,0g, 0,060mol). Hbén
hop thu dugc dugc loai khi béng song si€u am trong 30 phut trong diéu kién Ar va sau
d6, Pd(PPhs)s (8,00g, 6,90mmol) dugc bd sung va hdn hop phan uing duge gia nhiét &
80°C trong didu kién Ar qua dém. Hdn hop phéan tmg duge dé ngudi xubng nhiét 4o
trong phong va dugc chiét bing EtOAc (3 x 150mL). Phin cin dugc tinh ché trén
silicagel bang 2-10% EtOAc:hexan dé thu dugc hop chit dugc néu trong d& muc dudi
dang chit rdn mau vang nhat (15,2g, 83%). 'H-NMR (CDCl3; 400MHz): § 9,40 (d, 1H,
J =2,8Hz), 8,45 (dd, 1H, J = 8,8, 2,8Hz), 7,59 (d, 1H, J = 8,8Hz), 6,90 (t, 1H, J =
1,6Hz), 2,5 (d, 1H, J = 1,6Hz), 1,40 (s, 6H), 1,34 (s, 6H).

d) 6-(2,2,6,6-tetrametyl-tetrahydro-pyran-4-yl)-pyridin-3-ylamin.

-105-



21225

NH,

—=z
W,

Dung dich chta S-nitro-2-(2,2,6,6-tetrametyl-3,6-dihydro-2H-pyran-4-yl)-
pyridin (thu dwgc & bude trén, 15,0g, 57,Immol) trong EtOH (60mL) dugc bd sung
10% Pd/C (7,00 g). Hon hop thu duge duge hydro hoa & 50psi &p sudt hydro trong 2
gio. Hon hop phan tmg dugc loc qua dém Xelit va dugc cb trong chan khong dé thu
dugc chit rin mau be (12,7g, 95%), chédt nay duoc sir dung truc tiép trong budc tiép
theo ma khéng can phai tinh ché gi thém. 'H-NMR (CDCls; 400MHz): & 8,05 (br s,
1H), 6,98 (m, 2H), 3,59 (br s, 2H), 3,16 (m, 1H), 1,79 (m, 2H), 1,52 (m, 2H), 1,35 (s,
6H), 1,26 (s, 6H). Phd khéi (ESI, m/z): Theo tinh toan dbi véi Ci1aH22N>O, 235,2
(M+H), theo thuc nghiém la 235,1.

e) 2-brom-6-(2,2,6,6-tetrametyl-tetrahydro-pyran-4-yl)-pyridin-3-ylamin

Br

N
'/

Dung dich chira 6-(2,2,6,6-tetrametyl-tetrahydro-pyran-4-yl)-pyridin-3-ylamin
(thu duge & budc trén, 13,5g, 0,057mol) trong DCM (100mL) duogc bd sung tirng giot
dung dich NBS vira méi tai két tinh (10,2g, 0,0570mol) trong DCM (300mL) & 0°C
trong 1 gio. H3n hop phan ung dugc dé 4m dén nhiét do trong phong, dugc khudy
trong 30 phut va sau d6, dugc xir Iy bang dung dich nuéc NaCO; bio hoa (300mL).
Pha hitu co dugc rira bing 10% NaS:0;3 (300mL) va nuée (300mL), duge lam khan
(Na2S0Oq4) va cd dé thu dugc hgp chét dugce néu trong dé muc dudi dang chét rin mau

d6 (17,1g, 95%), chét nay duogc sir dung truc tiép trong budc tiép theo ma khong cin
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phai tinh ché gi thém. 'H-NMR (CDCls; 400MHz): & 6,95 (d, 1H, J = 8,1Hz), 6,91 (d,
1H, j = 8,1Hz), 4,03 (br s, 2H), 3,08 (m, 1H), 1,73 (m, 2H), 1,44 (m, 2H), 1,28 (s, 6H),
1,26 (s, 6H). Phd khéi (ESI, m/z): Theo tinh toan d6i véi CiaH21BrN2O, 313,2 va
315,2 (M+H), theo thuc nghiém 1a 313,2 va 315,1.

f) 2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-tetrahydro-pyran-4-yl)-
pyridin-3-ylamin

NH,

=z
\ 7

Dung dich 2-brom-6-(2,2,6,6-tetrametyl-tetrahydro-pyran-4-yl)-pyridin-3-
ylamin (thu dugc & buédce trén, 17,0g, 0,054mol) trong DME (200mL) dugc bd sung
dung dich nuéc Na,CO3; 2M (214mL, 0,428mol), LiCl (2,70g, 0,0600mol) va 2-(4,4-
dimetyl-xyclohex-1-enyl)-4,4,5,5-tetrametyl-[ 1,3,2]dioxaborolan (15,3g, 0,064mol).
Hén hop thu duoc dugc loai khi bing song siéu 4m trong diéu kién Ar va Pd(PPhs)s
(6,20g, 5,30mmol) dugc bd sung va hdn hop phan ung duge gia nhiét & 80°C trong
diéu kién Ar qua dém. H3n hop phan timg duoc dé ngudi xudng nhiét do trong phong
va dugc chiét b%mg EtOAc. Sau khi c0, ph?m can thu dugc dugc tinh ché trén silicagel
bing 2-20% EtOAc:hexan dé thu dugc hop chit duge néu trong & muc duéi dang chét
rin mau tring (14,8g, 80%). Phd khdi (ESI, m/z): Theo tinh toan ddi véi C22H34N0,
343,2 (M+H), theo thuc nghi¢m la 343,3.

2) 4-xyano-1-(2-[2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-tetrahydro-
pyran-4-yl)-pyridin-3-yl]-amit cta axit 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-

imidazol-2-carboxylic
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2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-tetrahydro-pyran-4-yl)-
pyridin-3-ylamin (thu dugc & bude trén, 10,0g, 0,029mol) dugc phan tng lién hop voi
mudi kali ctia axit 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-imidazol-2-carboxylic
nhu dugc mo ta trong vi du 1, budc (b) dé thu dugc hop chit dugc néu trong d& muc
(15,8g, 92%) sau khi tinh ché trén silicagel (30-70 % EtOAc-hexan) duéi dang chit rin
mau tring: Phé khéi (ESI, m/z): Theo tinh toan déi véi CasHasNsOsSi, 592,3 (M+H),
theo thuc nghiém 1a 592.4.
h) [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-tetrahydro-pyran-4-yl)-
pyridin-3-yl]-amit ctia axit 4-xyano-1H-imidazol-2-carboxylic

Dung dich chira 4-xyano-1-(2-[2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-
tetrametyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit cia axit 4-xyano-1-(2-
trimetylsilanyl-etoxymetyl)- 1H-imidazol-2-carboxylic (nhu dugc diéu ché trong vi du
trude, 17,6g, 0,0290mol) trong DMF (30mL) duge bd sung TBAF hydrat rin (16,6g,
0,0630mol). Hn hop thu duge duge gia nhiét & 70°C qua dém. Hon hop phan ting
dugc dé ngudi xuéng nhi¢t dd trong phong va dugc phén bd gita EtOAc (200mL) va
nude (200mL). Lop hitu co dugce tach, 16p nude duge rira béng EtOAc (3 x100mL) va
cac 16p hitu co dugce gop lai, lam khan (Na;SO4) va co. Phén cin thu duge dugc 1am
khan trong chén khéong cao dé loai hét DMF du. Phan cin dugc tinh ché trén silicagel
(0-50% EtOAc/hexan). Sau dé, chét rin thu dugc dugc tao huyén phu trong 25%
ete/hexan va dugc chay siéu 4m trong 10 phit. San phdm dugc thu gom bang loc hut va
dugc 1am khan trong 16 chan khéng & 60°C trong 12 gio dé thu dugc hop chit duge néu
trong d& muc dudi dang chét rin mau trang (10,2g, 75%.) '"H-NMR (DMSO;
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400MHz): 8 14,26 (s, 1H), 10,02 (s, 1H), 8,32 (s, 1H), 8,12 (d, 1H, J = §,3Hz), 7,24 (d,
1H, J = 8,3Hz), 5,86 (br s, 1H), 3,23 (m, 1H), 2,40 (m, 2H), 1,91 (m, 2H), 1,74 (dd, 2
H,J=12,9, 3,3Hz), 1,48 (m, 4H), 1,30 (s, 6H), 1,15 (s, 6H), 0,96 (s, 6H). Phd khéi
(ESI, m/z): Theo tinh toan dbi vai C27H3sNs02, 462,2 (M+H), theo thuc nghiém 1a
462,3.

Vidu 16
[2-xyclohex-1-enyl-6-(2,2,6,6-tetrametyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit cia

axit 4-xyano- 1 H-imidazol-2-carboxylic

CN
N
NTX TKKN
| ) 4 H

a) [2-xyclohex-1-enyl-6-(2,2,6,6-tetrametyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit

cla axit 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-imidazol-2-carboxylic

Hop chit dugc néu trong dé muc dugc diéu ché b%mg cach su dung axit 1-
xyclohexenylboronic va 2-brom-6-(2,2,6,6-tetrametyl-tetrahydro-pyran-4-yl)-pyridin-
3-ylamin (nhu dugc didu ché trong vi du 15, buéce (e)) bang cach sir dung quy trinh ctia
vi du 15, céc bude (f ) va (g). Phd khdi (ESI, m/z): Theo tinh toan dbi véi
C31H4sN503Si, 564,3 (M+H), theo thyc nghiém 12 564,3.
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b) [2-xyclohex-1-enyl-6-(2,2,6,6-tetrametyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit
cua axit 4-xyano-1H-imidazol-2-carboxylic

Hop chit dugc néu trong d& muc duoc diéu ché tir [2-xyclohex-1-enyl-6-
(2,2,6,6-tetrametyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit cua axit 4-xyano-1-(2-
trimetylsilanyl-etoxymetyl)-1H-imidazol-2-carboxylic nhu dugc mo ta trong vi du 15,
budce (h). 'TH-NMR (CDCls; 400MHz): § 12,48 (br s, 1H), 9,72 (s, 1H), 8,59 (d, 1H, J =
8,3Hz), 7,74 (s, 1H), 7,12 (d, 1H, J = 8,3Hz), 6,06 (br s, 1H), 3,27 (m, 1H), 2,45 (m,
2H), 2,33 (m, 2H), 1,85 (m, 6H), 1,57 (t, 2H, J = 12,8Hz), 1,35 (s, 6H), 1,26 (s, 6H).
Phd khéi (ESI, m/z): Theo tinh toan d6i véi CasHaiNsOa, 434,2 (M+H), theo thuc
nghiém 13 434,2.
Vidy 17
[6-[(3-ex0)-6-ex0,7-ex0-(isopropylidindioxy)-1,5-dimetyl-8-oxa-bixyclo[3.2.1]oct-3-
yl]-2-(4,4-dimetyl-xyclohex-1-enyl)-pyridin-3-yl]-amit cia axit 4-xyano-1H-imidazol-

2-carboxylic

S

H '}"\{
N\N\I]/LN
L o H

25

7\0

a) 1,5-dimetyl-3-(4,4,5,5-tetrametyl-[ 1,3,2]dioxaborolan-2-yl)-6-ex0,7-ex0-
(isopropylidindioxy)-8-oxa-bixyclo[3.2.1]oct-2-en

o,
B.,0
O
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Hop chit dugc néu trong d& muc dugc didu ché theo quy trinh cua vi du 15,
buéce (b) b?mg cach sur dung 1,4,4,7-tetrametyl-3,5,11-trioxa-trixyclo[5.3.1.02,6]Jundec-
8-en-9-yl este cua axit 1,1,2,2,3,3,4,4,4-nonaflo-butan-1-sulfonic (nhu duge diéu ché
trong vi du 13, budc (a)). 'TH-NMR (CDCls; 400MHz): & 6,58-6,50 (m, 1H), 4,40 (d,
1H, J = 5,2Hz), 4,30 (d, 1H, J = 5,2Hz), 2,47-2,36 (m, 1H), 2,01-1,92 (m, 1H), 1,52 (s,
3H), 1,38 (s, 3H), 1,33 (s, 3H) 1,32 (s, 3H), 1,26 (s, 12 H).

b) 1,5-dimetyl-3-(5-nitro-pyridin-2-yl)-6-ex0,7-exo-(isopropylidindioxy)-8-oxa-

bixyclo[3.2.1]oct-2-en

Hop chét dugc néu trong dé muc dugc diéu ché theo quy trinh cia vi du 15,
budc (c) bang cach sir dung 1,5-dimetyl-3-(4,4,5,5-tetrametyl-[1,3,2]dioxaborolan-2-
yl)-6-ex0,7-exo-(isopropylidindioxy)-8-oxa-bixyclo[3.2.1]oct-2-en (thu dugc & budc
trén) va 2-brom-5-nitro-pyridin. Phé khéi (APCI, m/z): Theo tinh toan dbi véi
C17H20N20s, 333,1 (M+H), theo thuc nghiém 1a 333,1.
¢) (3-ex0)-(5-amino-pyridin-2-yl)-1,5-dimetyl-6-exo0,7-exo-(isopropylidindioxy)-8-

oxa-bixyclo[3.2.1]octan

Dung dich chira 1,5-dimetyl-3-(5-nitro-pyridin-2-yl)-6-exo0,7-exo-
(isopropylidindioxy)-8-oxa-bixyclo[3.2.1]Joct-2-en (265mg, 0,795mmol, thu dugc &
budc trén) trong EtOH (20mL) dugc hydro hoa & 1 atm c¢& 5% Pd/C & nhiét d§ trong
phong trong 2,5 gidr. Hén hop dugc loc qua Xelit, banh loc duge rira bing MeOH va
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cac dung méi duge 1am bay hoi trong chan khong. Phan cin duoc cho hip thu trong
EtOH va qua trinh hydro héa dugc tiép tuc thong qua dung cu H-Cube dudi cac diéu
kién sau day: nhiét d6 cot = 40°C; tc dd dong chay = 1mL/phit; phwong thirc Ha dugc
kiém soat, 4p sudt = 40 bar. Cac dung mdi dwoc 1am bay hoi trong chan khong dé thu
duoc hop chét duge néu trong dé muc (1 89mg, 78%) duéi dang chét rin mau tring
nhd. Phé khéi (ESI, m/z): Theo tinh todn déi voi C17H24N203, 305,2 (M+H), theo thue
nghiém la 305,2.
d) (3-exo0)-(5-amino-6-brom-pyridin-2-yl)-1,5-dimetyl-6-ex0,7-ex0-
(isopropylidindioxy)-8-oxa-bixyclo[3.2.1]octan

Br

Dung dich chira (3-ex0)-(5-amino-pyridin-2-yl)-1,5-dimetyl-6-exo0,7-exo-
(isopropylidindioxy)-8-oxa-bixyclo[3.2.1]octan (0,470g, 1,54mmol, thu dugc & budc
trén) trong axetonitril (10mL) duoc lam lanh xubng 0°C va dugc xir Iy bang NBS dudi
dang dung dich trong axetonitril (10mL). Hon hop dugc cb trong chan khéng. Phin cin
dugc ha‘ip thu trong EtOAc (50mL) va dugc rira bing dung dich nuéc NaHCOs bdo hoa
(1 x 20mL) va 16p nuée duge chiét bing EtOAc (1 x 20mL). Cac 16p hiru co gop lai
dugc lam khan trén MgSO4 va dugce cd trong chian khong. Phn cin duoc tinh ché trén
cdt SPE Sepra Si 50 40-g (Isco system: téc d6 dong chay = 20 mL/phut; dung méi rira
giai = 10% EtOAc-hexan trong 0-5 phut, sau d6 l1a 10-40 % EtOAc-hexan trong 5-30
phiit) dé thu dugc hop chit dugce néu trong d& muc (513mg, 87%) dudi dang chét rin
mau tring. Phd khdi (APCI, m/z): Theo tinh toan ddi v6i Ci7H23N203Br, 385,1 (M+H),
theo thuc nghiém 1a 385,2.

e) (3-ex0)-[5-Amino-6-(4,4-dimetyl-xyclohex- 1-enyl)-pyridin-2-yl]-1,5-dimetyl-6-

exo0,7-exo-(isopropylidindioxy)-8-oxa-bixyclo[3.2.1]octan
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Hop chit duge néu trong d& muc dugc didu ché theo quy trinh cua vi du 15,
buéc (f) bing cach st dung (3-exo)-(5-amino-6-brom-pyridin-2-yl)-1,5-dimetyl-6-
exo,7-exo-(isopropylidindioxy)-8-oxa-bixyclo[3.2.1]octan (thu dugc & budc trén). Phd
khéi (ESI, m/z): Theo tinh toan d6i v6i C2sH3sN20s, 413,3 (M+H), theo thuc nghiém 1a
413,3.

f) [6-[(3-ex0)-6-ex0,7-ex0-(isopropylidindioxy)-1,5-dimetyl-8-oxa-bixyclo[3.2.1]oct-3-
yl]-2-(4,4-dimetyl-xyclohex-1-enyl)-pyridin-3-yl]-amit cua axit 4-xyano-1-(2-

trimetylsilanyl-etoxymetyl)-1H-imidazol-2-carboxylic

Hop chét dugc néu trong dé muc duge diéu ché theo quy trinh ctia vi dy 1, buéc
(b), bing cach sir dung (3-exo)-[5-amino-6-(4,4-dimetyl-xyclohex-1-enyl)-pyridin-2-
yl]-1,5-dimetyl-6-exo0,7-exo0-(isopropylidindioxy)-8-oxa-bixyclo[3.2.1]Joctan (thu dugc
& bude trén). Phé khdi (ESI, m/z): Theo tinh toan ddi vai C3¢HsiNsOsSi, 662,4 (M+H),
theo thuc nghiém 1a 662,4.
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g) [6-[(3-ex0)-6-ex0,7-ex0-(isopropylidindioxy)-1,5-dimetyl-8-oxa-bixyclo[3.2.1]oct-
3-yl]-2-(4,4-dimetyl-xyclohex-1-enyl)-pyridin-3-yl]-amit cua axit 4-xyano-1H-
imidazol-2-carboxylic

Hop chét dugc néu trong d& muc duge didu ché theo quy trinh cia vi du 2, bude
(b), bing cach sir dung [6-[(3-ex0)-6-ex0,7-ex0-(isopropylidindioxy)-1,5-dimetyl-8-
oxa-bixyclo[3.2.1]oct-3-yl]-2-(4,4-dimetyl-xyclohex-1-enyl)-pyridin-3-yl]-amit ~ cua
axit 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-imidazol-2-carboxylic (thu dwgc &
budce trén). 'H-NMR (CDCl3; 400MHz): & 11,52 (br s, 1H), 9,75 (br s, 1H), 8,67 (d,
1H, J = 8,8Hz), 7,73 (s, 1H), 7,23 (d, 1H, J = 8,8Hz), 6,00-5,95 (m, 1H), 4,35 (s, 2H),
3,38-3,29 (m, 1H), 2,54-2,46 (m, 2H), 2,38-2,30 (m, 2H), 2,17-2,11 (m, 2H), 2,05-1,98
(m, 2H), 1,64-1,60 (m, 2H), 1,47 (s, 3H), 1,35 (s, 6H), 1,15 (s, 3H), 1,11 (s, 6H). Phd
khdi (APCI, m/z): Theo tinh toan dbi véi CioH37NsOa, 532,3 (M+H), theo thyrc nghiém
1a 532,3.

Su x4c dinh héa hoc 18p thé turong d6i dugc thyuc hién trén co so tuong tu voi [4-
((3-ex0)-1,5-bis-hydroxymetyl-8-oxa-bixyclo[3.2.1]oct-3-yl)-2-(4,4-dimetyl-xyclohex-
1-enyl)-phenyl]-amit ctia axit 4-xyano-1H-imidazol-2-carboxylic (nhu dwoc didu ché
trong vi du 4, budce (g)).

Vidu 18

Mubi axit trifloaxetic ciia [6-[(3-ex0)-(6-ex0,7-ex0-dihydroxy-1,5-dimetyl-8-
oxa-bixyclo[3.2.1]oct-3-yl)-2-(4,4-dimetyl-xyclohex-1-enyl)-pyridin-3-yl]-amit cia
axit 4-xyano-1H-imidazol-2-carboxylic va mudi axit trifloaxetic ctia [6-[(3-endo)-(6-
exo,7-exo-dihydroxy-1,5-dimetyl-8-oxa-bixyclo[3.2.1]oct-3-yl)-2-(4,4-dimetyl-

xyclohex-1-enyl)-pyridin-3-yl]-amit cua axit 4-xyano-1H-imidazol-2-carboxylic
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Dung dich chta [6-[(3-ex0)-6-ex0,7-ex0-(isopropylidindioxy)-1,5-dimetyl-8-
oxa-bixyclo[3.2.1]oct-3-yl]-2-(4,4-dimetyl-xyclohex-1-enyl)-pyridin-3-yl]-amit ~ cia
axit 4-xyano-1H-imidazol-2-carboxylic (76,4mg, 0,144mmol, nhu dugc didu ché trong
vi du 17, buéc (g)) trong rugu isopropyl (IPA) (5SmL) duge xir 1y ting giot bang 5,2M
HCI trong IPA (5mL) va duoc gia nhiét dén 60°C trong 2 gio. Lugng bd sung HCI
trong IPA (2,5mL, 5,2 M) dugc thém vao trong khi van tiép tuc gia nhiét trong 3 gio.
Hon hop dugc dé & nhiét d6 phong qua dém. Dung dich nuée HCI (SmL, 2 M) duge bd
sung, va hdn hgp dugc khudy & nhiét do trong phong trong 4 gir va & 45°C trong 1
gior. Hdn hop duoc co trong chan khong. Tinh ché phén cin bing RP-HPLC (C18)
bing 10-80 % CH;3CN trong 0,1% TFA/H;0 trong 25 phut thu dwgc cac hop chét duge
néu trong d& muc (28,6mg, 40%) dudi dang hdn hop chét ddng phan véi ty 18 2:1 dudi
dang chét rdn mau tring. Chit déng phén chinh: 'H-NMR (CD;0OD; 400MHz): & 8,94-
8,92 (m, 1H), 8,06 (s, 1H), 7,71-7,62 (m, 1H), 6,20-6,13 (m, 1H), 4,14-3,96 (m, 2H),
3,43-3,19 (m, 1H), 2,55-2,42 (m, 2H), 2,21-2,11 (m, 2H), 2,11-1,84 (m, 4H), 1,69-1,61
(m, 2H), 1,37-1,29 (s, 6H), 1,12 (s, 6H). Phd khbi (APCI, m/z): Theo tinh toan dbi véi
C27H33Ns04, 492,3 (M+H), theo thuc nghiém 1a 492,2.

Vidu 19

mudi axit trifloaxetic cGa [2-xyclohex-1-enyl-6-[(3-exo0)-(6-ex0,7-ex0-
dihydroxy-1,5-dimetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-pyridin-3-yl]-amit cla axit 4-
xyano-1H-imidazol-2-carboxylic va mubi axit trifloaxetic cia [2-xyclohex-1-enyl-6-
[(3-endo)-(6-ex0,7-ex0-dihydroxy-1,5-dimetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-pyridin-

3-yl]-amit cuda axit 4-xyano-1H-imidazol-2-carboxylic
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a) (3-ex0)-[5-Amino-6-(xyclohex-1-enyl)-pyridin-2-yl]-1,5-dimetyl-6-exo0,7-ex0-
(isopropylidindioxy)-8-oxa-bixyclo[3.2.1]octan va (3-endo)-[5-amino-6-(xyclohex-1-
enyl)-pyridin-2-yl]-1,5-dimetyl-6-exo,7-exo-(isopropylidindioxy)-8-oxa-
bixyclo[3.2.1]octan

Cac hop chédt dugc néu trong d& muc dugc didu ché tir (3-exo0)-(5-amino-6-
brom-pyridin-2-yl)- 1,5-dimetyl-6-ex0,7-exo-(isopropylidindioxy)-8-oxa-
bixyclo[3.2.1]octan (nhu dugc didu ché trong vi du 17, budc (d)) va axit xyclohexen-1-
ylboronic theo quy trinh trong vi du 15, budc (f). Phd khéi (ESI, m/z): Theo tinh toan
dbi véi C23H32N203, 385,2 (M+H), theo thuc nghiém la 385,3.

b) [6-[(3-ex0)-6-ex0,7-ex0-(isopropylidindioxy)-1,5-dimetyl-8-oxa-bixyclo[3.2.1]oct-
3-yl]-2-(xyclohex-1-enyl)-pyridin-3-yl}-amit clia axit 4-xyano-1-(2-trimetylsilanyl-
etoxymetyl)-1H-imidazol-2-carboxylic va [6-[(3-end0)-6-€x0,7-€X0-
(isopropylidindioxy)-1,5-dimetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-(xyclohex-1-enyl)-

pyridin-3-yl]-amit cla axit 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-imidazol-2-

carboxylic
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Céc hop chit dugc néu trong d& muc dugc diéu ché tir hdn hop gdm (3-exo)-[5-
amino-6-(xyclohex-1-enyl)-pyridin-2-yl]-1,5-dimetyl-6-exo0,7-exo-
(isopropylidindioxy)-8-oxa-bixyclo[3.2.1]Joctan va (3-endo)-[5-amino-6-(xyclohex-1-
enyl)-pyridin-2-yl]-1,5-dimetyl-6-exo,7-exo-(isopropylidindioxy)-8-oxa-
bixyclo[3.2.1]octan (thu dugc & budc trén) theo quy trinh cia vi du 1, budc (b). Phd
khéi (ESI, m/z): Theo tinh toan dbi vai C3aH47NsOsSi, 634,3 (M+H), theo thyrc nghiém
1a 634,3.

c) [6-[(3-ex0)-6-ex0,7-ex0-(isopropylidindioxy)-1,5-dimetyl-8-oxa-bixyclo[3.2.1]oct-
3-yl]-2-(xyclohex-1-enyl)-pyridin-3-yl]-amit cta axit 4-xyano-1H-imidazol-2-
carboxylic va [6-[(3-endo)-6-ex0,7-ex0-(isopropylidindioxy)-1,5-dimetyl-8-oxa-
bixyclo[3.2.1]oct-3-yl]-2-(xyclohex-1-enyl)-pyridin-3-yl]-amit cua axit 4-xyano-1H-

imidazol-2-carboxylic

Céc hop chét dugc néu trong dé muc dugc diéu ché tir [6-[(3-ex0)-6-ex0,7-ex0-

(isopropylidindioxy)-1,5-dimetyl-8-oxa-bixyclo[3.2.1]oct-3-yl}-2-(xyclohex- 1-enyl)-
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pyridin-3-yl]-amit cla axit 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-imidazol-2-
carboxylic va [6-[(3-endo)-6-ex0,7-exo-(isopropylidindioxy)-1,5-dimetyl-8-oxa-
bixyclo[3.2.1]oct-3-y1]-2-(xyclohex-1-enyl)-pyridin-3-yl]-amit cta axit 4-xyano-1-(2-
trimetylsilanyl-etoxymetyl)- 1H-imidazol-2-carboxylic (thu dugc & budc trén) theo quy
trinh ctia vi du 2, budc (b), ldy DMF thay cho THF. Phé khéi (APCI, m/z): Theo tinh
toan ddi véi C2sH33Ns04, 504,3 (M+H), theo thuc nghiém 14 504,3.

d) Mudi axit trifloaxetic cia [2-xyclohex-1-enyl-6-[(3-ex0)-(6-ex0,7-ex0-dihydroxy-
1,5-dimetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-pyridin-3-yl]-amit cua axit 4-xyano-1H-
imidazol-2-carboxylic va mudi axit trifloaxetic ctia [2-xyclohex-1-enyl-6-[(3-endo)-(6-
€x0,7-exo-dihydroxy-1,5-dimetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-pyridin-3-yl]-amit cta
axit 4-xyano-1H-imidazol-2-carboxylic

Céc hop chét dugc néu trong d& muc dwogc diéu ché tir [6-[(3-ex0)-6-¢x0,7-ex0-
(isopropylidindioxy)-1,5-dimetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-(xyclohex-1-enyl)-
pyridin-3-yl]-amit cta axit 4-xyano-1H-imidazol-2-carboxylic va [6-[(3-endo)-6-exo0,7-
exo-(isopropylidindioxy)-1,5-dimetyl-8-oxa-bixyclo[3.2.1]oct-3-yl]-2-(xyclohex-1-
enyl)-pyridin-3-yl]-amit cda axit 4-xyano-1H-imidazol-2-carboxylic (thu dugc & budc
trén) theo quy trinh ciia vi du 18. Thu dugc hdn hop chit ddng phan vai ty 18 2:1. Chét
dé)ng phan chinh: 'H-NMR (CD;OD; 400MHz): & 8,88-8,77 (m, 1H), 8,07 (s, 1H),
7,66-7,59 (m, 1H), 6,26-6,19 (m, 1H), 4,14-3,96 (m, 2H), 3,40-3,12 (m, 1H), 2,50-2,40
(m, 2H), 2,40-2,32 (m, 2H), 2,08-1,98 (m, 2H), 1,95-1,73 (m, 6H), 1,33 (s, 6H). Phd
khdi (APCI, m/z): Theo tinh toan déi véi CasHaoNsOs, 464,2 (M+H), theo thurc nghiém
12 464,3.

Vidu 20
Mudi axit trifloaxetic cua [(4-cis)-(2-cis,6-cis-bis-hydroxymetyl-2,6-dimetyl-
tetrahydro-pyran-4-yl)-2-(4,4-dimetyl-xyclohex-1-enyl)-pyridin-3-yl]-amit cua axit 4-

xyano-1H-imidazol-2-carboxylic va mudi axit trifloaxetic ctia [(4-trans)-(2-cis,6-cis-
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bis-hydroxymetyl-2,6-dimetyl-tetrahydro-pyran-4-y1)-2-(4,4-dimetyl-xyclohex-1-

enyl)-pyridin-3-yl}-amit cla axit 4-xyano-1H-imidazol-2-carboxylic

Q
HO TFA

HO

Dung dich mubi axit trifloaxetic ciia [6-(6-ex0,7-exo-dihydroxy-1,5-dimetyl-8-
oxa-bixyclo[3.2.1]oct-3-yl)-2-(4,4-dimetyl-xyclohex-1-enyl)-pyridin-3-yl]-amit ~ cua
axit 4-xyano-1H-imidazol-2-carboxylic (235mg,0,479mmol, nhu dugc diéu ché trong
vi du 18) trong MeOH (20mL) va nuéc (2mL) duoc xir 1y bing NalOs (154mg,
0,718mmol) & nhiét d trong phong trong 20 phut. NaBH4 (54,3mg, 1,44mmol) dugce
bd sung, va hdn hop duge khudy trong 20 phut. Hn hop duge t6i bang NaOH (3mL,
2M nudc) va duge rét vao EtOAc (75mL). Lép hitu co duge rira bang 1M HCI trong
nuéce, dung dich nuéec NaHCO; bdo hoa, va nude mudi (1 x 25mL mdi loai). Cac 16p
nude gdp lai dugc chiét b%mg EtOAc (3 x 25mL), va cac 16p hitu co gop lai duge lam
khan trén MgSO4 va dugc cb trong chan khong. Phén cin duge tinh ché trén cot SPE
Sepra Si 50 40-g (Isco system: tdc do dong chay = 40 mL/phit; dung méi rira giai =
50% EtOAc-hexan trong 0-5 phut, sau d6 1a 50-100 % EtOAc-hexan trong 5-30 phut,
100 % EtOAc trong 10 phut, sau d6 1a 10% MeOH-EtOAc cho dén khi tét ca céc dinh
dugc rtra giai). Cac phén chira hop chit dugc néu trong dé muc dugc tinh ché thém
bing RP-HPLC (C18) bing 10-80% CH3CN trong 0,1% TFA/H,O trong 25 phat dé
thu dugc hop chit dugc néu trong d& muc (28,0mg, 12%) dudi dang chét rin mau
trang. 'H-NMR (CD3;O0D; 400MHz): & 9,03 (d, 1H, J = 8,8Hz), 8,08 (s, 1H), 7,78 (d,
1H, J = 8,8Hz), 6,28-6,22 (m, 1H), 3,75-3,65 (m, 1H), 3,52-3,45 (m, 2H), 3,32-3,27
(m, 2H), 2,54-2,45 (m, 2H), 2,22-2,16 (m, 2H), 1,97-1,87 (m, 2H), 1,78-1,70 (m, 2H),
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1,70-1,63 (m, 2H), 1,35 (s, 6H), 1,14 (s, 6H). Phé khdi (ESI, m/z): Theo tinh toan dbi
v6i C27H3sNsOa, 494,3 (M+H), theo thuc nghiém 14 494,3.

Vidu 21

[2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-1,1-dioxo-hexahydro-
1A8-thiopyran-4-yl)-pyridin-3-yl]-amit clia axit 4-xyano-1H-imidazol-2-carboxylic

N

/)

H","\{
A
| J § H

a) 2,2,6,6-tetrametyl-3,6-dihydro-2H-thiopyran-4-yl este cua axit 1,1,2,2,3,3,4,4,4-

nonaflo-butan-1-sulfonic

Hop chét dugc néu trong d& muc dugc diéu ché tir 2,2,6,6-tetrametyl-tetrahydro-
thiopyran-4-on (J. Org. Chem. (1970), 35(3), 592) theo quy trinh cta vi du 15, budc
(a). 'H-NMR (CDCl3; 400MHz): & 5,81-5,76 (m, 1H), 2,49 (d, 2H, J = 1,6Hz), 1,47 (s,
6H), 1,43 (s, 6H).

b) 4,4,5,5-tetrametyl-2-(2,2,6,6-tetrametyl-3,6-dihydro-2H-thiopyran-4-yl)-
[1,3,2]dioxaborolan
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Hop chét dugc néu trong dé muc duogc diéu ché tir 2,2,6,6-tetrametyl-3,6-
dihydro-2H-thiopyran-4-yl este cia axit 1,1,2,2,3,3,4,4,4-nonaflo-butan-1-sulfonic (thu
dugc & budce trén) theo quy trinh cta vi du 15, bude (b). 'H-NMR (CDCls; 400MHz): &
6,43-6,40 (m, 1H), 2,27 (d, 2H, J = 2,0Hz), 1,40 (s, 6H), 1,32 (s, 6H), 1,28 (s, 12 H).

¢) 5-nitro-2-(2,2,6,6-tetrametyl-3,6-dihydro-2H-thiopyran-4-yl)-pyridin
N7 NO,
~

Hogp chét dugc néu trong dé muc dugc diéu ché tir 4.,4,5,5-tetrametyl-2-(2,2,6,6-
tetrametyl-3,6-dihydro-2H-thiopyran-4-yl)-[1,3,2]dioxaborolan (thu dugc & budc trén)
va 2-brom-5-nitro-pyridin theo quy trinh cta vi du 15, buédce (c). Phé khéi (ESIL, m/z):
Theo tinh toan dbi v6i C14H1sN20,S, 279,1 (M+H), theo thuc nghiém 1a 279,2.

d) 5-nitro-2-(2,2,6,6-tetrametyl-1,1-dioxo-1,2,3,6-tetrahydro-1 AS-thiopyran-4-yl)-
pyridin
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Dung dich chra 5-nitro-2-(2,2,6,6-tetrametyl-3,6-dihydro-2H-thiopyran-4-yl)-
pyridin (0,300g, 1,08mmol, thu dugc & budc trén) trong MeOH (15mL) duge lam lanh
xubng 0°C va dugc xir ly bang oxon (984mg, 3,23 mmol trén co s& ham lugng
KHSOs) duéi dang dung dich trong nuéc (1,5mL). Bé nuéc d4 dugc loai ra, va hdn
hop dugc khudy & nhiét do trong phong trong 1 gio. Hon hop duogc pha lodng bing
nuéc va duge chiét bing CH,Cl> (2x). Cac 16p hitu co gop lai dugc 1am khan trén
MgSO;4 va dugc cd trong chan khong. Phin cin duoc tinh ché trén cot SPE Sepra Si 50
25-g (Isco system: tc d6 dong chay = 20 mL/phut; dung mdi rira gidi = 5 % EtOAc-
hexan trong 0-3 phut, sau d6 1a 5-15 % EtOAc-hexan trong 5-30 phiit) dé thu dugc san
phim néu trong d& muc nay (322mg, 96%) dudi dang chit rén mau tring nho. Phd khéi
(ESIL, m/z): Theo tinh toan d6i v&i CisH1sN204S, 311,1 (M+H), theo thyc nghiém 1a
311,0.

e) 6-(2,2,6,6-tetrametyl-1,1-dioxo-hexahydro- 1AS-thiopyran-4-yl)-pyridin-3-ylamin

N NH:
l

Dung dich chira 5-nitro-2-(2,2,6,6-tetrametyl-1,1-dioxo-1,2,3,6-tetrahydro-1AS5-
thiopyran-4-yl)-pyridin (322mg, 1,04mmol, thu dugc & budc trén) trong MeOH
(10mL) dugc hydro hoa bing 5% Pd/C va 1 atm H, & nhiét dd trong phong trong 17
gid. Hon hop dugc loc qua Xelit, va banh loc dugc rira bang MeOH. Céc dung mbi
dugc lam bay hoi trong chan khong. Phin c3n dugc tinh ché trén cot SPE Sepra Si 50
25-g (Isco system: téc do dong chay = 20 mL/phit; dung méi rira giai = 10 % EtOAc-
hexan trong 0-3 phut, sau d6 1a 10-50% EtOAc-hexan trong 5-30 phut, sau do6 la 50-
65% EtOAc-hexan trong 40 phit, sau d6 1a 65-100% EtOAc-hexan trong 40 phut) dé

thu duoc hop chit duoc néu trong dé muc nay (187mg, 64%) duéi dang chét rin mau
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tring nho. Phé khéi (ESI, m/z): Theo tinh toan déi voi C14aHznN20,S, 283,1 (M+H),
theo thyc nghiém 1a 283,1.

f) 2-brom-6-(2,2,6,6-tetrametyl-1,1-dioxo-hexahydro-1A%-thiopyran-4-yl)-pyridin-3-

ylamin

Hop chit dugc néu trong @& muc duoc didu ché tir 6-(2,2,6,6-tetrametyl-1,1-
dioxo-hexahydro-1A%-thiopyran-4-yl)-pyridin-3-ylamin (thu dugc & budc trén) theo
quy trinh ctia vi du 17, budc (d). Phd khéi (ESI, m/z): Theo tinh toan dbi véi
C1aH21N202S8Br, 361,1/363,1 (M+H), theo thuc nghiém la 361,1/363,1.

g)  2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-1,1-dioxo-hexahydro-1A%-
thiopyran-4-yl)-pyridin-3-ylamin

Hogp chit dugc néu trong dé muc dugc diéu ché tir 2-brom-6-(2,2,6,6-tetrametyl-
1,1-dioxo-hexahydro-1AS-thiopyran-4-yl)-pyridin-3-ylamin (thu dugc ¢ budc trén) va
4 4-dimetyl-xyclohex-1-enyl-4,4,5,5-tetrametyl-[ 1,3,2]dioxaborolan theo quy trinh cia
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vi du 15, buée (f). Phd khéi (APCI, m/z): Theo tinh toan d6i véi C22H34N20,S, 391,2
(M+H), theo thuc nghiém 1a 391,3.

h)  [2,(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-1,1-dioxo-hexahydro-1A5-
thiopyran-4-yl)-pyridin-3-yl]-amit cua axit 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-

1H-imidazol-2-carboxylic

Hop chit duge néu trong dé muc duge diéu ché tir 2-(4,4-dimetyl-xyclohex-1-
enyl)-6-(2,2,6,6-tetrametyl-1,1-dioxo-hexahydro-1A%-thiopyran-4-yl)-pyridin-3-ylamin
(thu dugce & budc trén) theo quy trinh cua vi du 1, budce (b). Phé khéi (ESI, m/z): Theo
tinh toan d6i vdi CasHasNsO4SSi, 640,3 (M+H), theo thyuc nghiém 1a 640,3.

i) [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-1,1-dioxo-hexahydro-1A°-
thiopyran-4-yl)-pyridin-3-yl]-amit cua axit 4-xyano-1H-imidazol-2-carboxylic

Hop chit duoc néu trong d& muc dwge didu ché tir [2,(4,4-dimetyl-xyclohex-1-
enyl)-6-(2,2,6,6-tetrametyl-1,1-dioxo-hexahydro-1A%-thiopyran-4-yl)-pyridin-3-yl]-
amit cla axit 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-imidazol-2-carboxylic (thu
dugc & budc trén) theo quy trinh cta vi du 1, budce (c) sau do 13, tao thanh bazo ty do
bing NaHCO;. 'H-NMR (CDCls; 400MHz): § 9,76 (s, 1H), 8,77 (d, 1H, J = 9,2Hz),
7,74 (s, 1H), 7,40 (d, 1H, J = 9,2Hz), 6,02-5,95 (m, 1H), 3,48-3,37 (m, 1H), 2,60-2,42
(m, 4H), 2,20-2,13 (m, 2H), 2,03-1,95 (m, 2H), 1,68 (s, 6H), 1,67-1,62 (m, 2H), 1,43
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(s, 6H), 1,13 (s, 6H). Phd khéi (ESL, m/z): Theo tinh toan di véi C27H3sNs0sS, 510,3
(M+H), theo thyc nghiém 1a 510,3.

Vidy 22

[2-(4,4-dimetyl-xyclohex-1-enyl)-4-(2,2,6,6-tetrametyl-1,1-dioxo-hexahydro-
1A5-thiopyran-4-yl)-phenyl]-amit cla axit 4-xyano-1H-imidazol-2-carboxylic

0-:3
]
0

a) 4-(2,2,6,6-tetrametyl-3,6-dihydro-2H-thiopyran-4-yl)-phenylamin

NH,

Hop chit dugc néu trong dé muc dugc didu ché tir 2,2,6,6-tetrametyl-3,6-
dihydro-2H-thiopyran-4-yl este cua axit 1,1,2,2,3,3,4,4,4-nonaflo-butan-1-sulfonic
(nhu dugc diéu ché trong vi du 21, buéc (a)) va 4-(4,4,5,5-tetrametyl-
[1,3,2]dioxaborolan-2-yl)-phenylamin theo quy trinh cuia vi du 15, budc (c). Phd khéi
(ESI, m/z): Theo tinh toan dbi voi Ci1sHaiNS, 248,1 (M+H), theo thuc nghiém 14 248,2.

b) 4-(2,2,6,6-tetrametyl-1,1-dioxo-1,2,3,6-tetrahydro-1 AS-thiopyran-4-yl)-phenylamin

-125-



21225

Hop chat dugc néu trong dé muc dugc diéu ché tur 4-(2,2,6,6-tetrametyl-3,6-
dihydro-2H-thiopyran-4-yl)-phenylamin (thu dugc & budc trén) theo quy trinh cia vi
du 21, buéc (d). Phd khéi (APCI, m/z): Theo tinh toan dbi voi CisHaiNO:S, 280,1
(M+H), theo thuc nghiém la 280,2.

c) 4-(2,2,6,6-tetrametyl-1,1-dioxo-hexahydro-1AS-thiopyran-4-yl)-phenylamin

NH,

Hop chit dugc néu trong dé muc dugc diéu ché tir 4-(2,2,6,6-tetrametyl-1,1-
dioxo-1,2,3,6-tetrahydro-1AS-thiopyran-4-yl)-phenylamin (thu dugc & budc trén) theo
quy trinh cta vi du 21, budc (e). Phd khéi (APCIL, m/z): Theo tinh toan ddi véi
Ci1sH3NO:zS, 282,1 (M+H), theo thyc nghiém la 2823,

d) 2-brom-4-(2,2,6,6-tetrametyl-1,1-dioxo-hexahydro-1AS-thiopyran-4-yl)-phenylamin

Br
NH,
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Hgp chét dugc néu trong dé& muc dugc diéu ché tu 4-(2,2,6,6-tetrametyl-1,1-
dioxo-hexahydro-1A%-thiopyran-4-yl)-phenylamin (thu dugc & budc trén) theo quy
trinh cia vi du 17, buéc (d). Phd khdi (ESL, m/z): Theo tinh toan dbi véi
C15sH22NO:SBr, 360,1/362,2 (M+H), theo thuc nghiém 1a 360,2/362,2.

e) 2-(4,4-dimetyl-xyclohex-1-enyl)-4-(2,2,6,6-tetrametyl-1,1-dioxo-hexahydro-1A5-
thiopyran-4-yl)-phenylamin

Hop chit duoc néu trong d& muc dugc diéu ché tir 2-brom-4-(2,2,6,6-tetrametyl-
1,1-dioxo-hexahydro-1A5-thiopyran-4-yl)-phenylamin (thu dugc & budc trén) theo quy
trinh cta vi du 15, budc (f). Phé khdi (APCI, m/z): Theo tinh toan d6i vdi C23H3sNO:S,
390,2 (M+H), theo thuc nghi¢m la 390,3.

f)  [2-(4,4-dimetyl-xyclohex-1-enyl)-4-(2,2,6,6-tetrametyl-1,1-dioxo-hexahydro-1A5-
thiopyran-4-yl)-phenyl]-amit cia axit 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-

imidazol-2-carboxylic
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Hop chét duge néu trong dé muc duge diéu ché tir 2-(4,4-dimetyl-xyclohex-1-
enyl)-4-(2,2,6,6-tetrametyl-1,1-dioxo-hexahydro- 1A%-thiopyran-4-yl)-phenylamin (thu
dwgc & bude trén) theo quy trinh cia vi du 1, bude (b). Phd khébi (ESI, m/z): Theo tinh
toan dbi voi C3sHsoN4O4SSi, 639,3 (M+H), theo thyuc nghiém la 639,0.

g)  [2-(4,4-dimetyl-xyclohex-1-enyl)-4-(2,2,6,6-tetrametyl-1,1-dioxo-hexahydro-1AS-

thiopyran-4-yl)-phenyl]-amit cua axit 4-xyano-1H-imidazol-2-carboxylic

Hop chét dugc néu trong dé muc duogc didu ché tir [2-(4,4-dimetyl-xyclohex-1-
enyl)-4-(2,2,6,6-tetrametyl-1,1-dioxo-hexahydro-1A%-thiopyran-4-yl)-phenyl]-amit cua
axit 4-xyano-1-(2-trimetylsilanyl-etoxymetyl)-1H-imidazol-2-carboxylic (thu dugc &
budc trén) theo quy trinh trong vi du 1, bude (¢). 'H-NMR (CDCls; 400MHz): 8 9,62
(s, 1H), 8,41 (d, 1H, J = 8,0Hz), 7,73 (s, 1H), 7,41 (d, 1H, J = 8,0Hz) 7,05 (d, 1H, J =
2,4Hz), 5,81-5,75 (m, 1H), 3,25-3,14 (m, 1H), 2,55-2,42 (m, 2H), 2,34-2,26 (m, 2H),
2,15-2,08 (m, 2H), 1,93-1,85 (m, 2H), 1,66 (s, 6H) 1,64-1,57 (m, 2H), 1,43 (s, 6H),
1,12 (s, 6H). Phd khéi (APCI, m/z): Theo tinh toan dbi v6i CasHieN4OsS, 509,3
(M+H), theo thuc nghiém la 509,1.

Vidu 23

mubi hydroclorua cia [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-
tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit cta axit 4-xyano-1H-imidazol-2-carboxylic
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Dung dich chira [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-
tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit ctia axit 4-xyano-1H-imidazol-2-carboxylic
(49,2mg, 0,107mmol, nhu dugc diéu ché trong vi du 15, budc (h)) trong EtOH (2mlL)
duoc xir Iy bing HCI (26,6uL, 0,107mmol, 4M trong dioxan) & nhiét d9 trong phong
trong 1,5 gio. Cac dung moi dugc 1am bay hoi trong chan khéng, va phan cin dugc lam
khan trong chan khong cao qua dém. Chét rin dugc lam tan trong lugng tdi thiu ciia
EtOH (900pL) bing song siéu 4m va dun néng. Trong khi 1am 4m, dung dich dwgc xir
Iy tir tir bing cac hexan (3mL) dén diém duc. Hn hop dugc gia nhiét 14n nita cho dén
khi trong sudt, cac thanh lo dugc nao ra, va hén hop dugc dé ngudi. Chit rén dugce loc
va dugc dé khod trong khong khi dé thu duoc hop chét dugc néu trong d& muc (20mg,
38%) tinh thé mau tring. 'H-NMR (CD30D; 400MHz): § 9,17 (d, 1H, J = 8,4Hz), 8,10
(s, 1H), 7,95 (d, 1H, J = 8,4Hz), 6,38-6,32 (m, 1H), 3,76-3,65 (m, 1H), 2,54-2,46 (m,
2H), 2,25-2,19 (m, 2H), 1,98-1,91 (m, 2H), 1,76-1,65 (m, 4H), 1,43 (s, 6H), 1,30 (s,
6H), 1,15 (s, 6H). Phd khéi (APCI, m/z): Theo tinh toan ddi véi Ca7H3sNsO2, 462,3
(M+H), theo thyc nghi¢m 1a 462,3.

Vidu 24

Mubi axit metansulfonic cua [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-
tetrametyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit ciia axit 4-xyano-1H-imidazol-2-

carboxylic
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Dung dich chra [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-
tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit cda axit 4-xyano-1H-imidazol-2-carboxylic
(50,0mg, 0,108mmol, nhu duge diéu ché trong vi du 15, budc (h)) trong EtOH (2mL)
dugc xir Iy bing axit metansulfonic (7,0uL, 0,108mmol) & nhiét d trong phong trong
1 gio. Cac dung mdi dugc 1am bay hoi trong chén khong, va phén cin dugc siy kho
trong chan khong cao qua dém. Chét rin dugc hoa tan trong luong tbi thiéu cua EtOH
(2mL) bing soéng siéu 4m va dun noéng. Trong khi 1am 4m, dung dich dugc xir 1y tir tir
bing cac hexan (3mL) dén diém duc. H3n hop dugc gia nhiét lan nita cho dén khi trong
sudt, cac thanh lo dugc nao ra, va hdn hogp duge dé nguoi. Chét rén dugc loc va dugc
dé kho trong khong khi dé thu dugc hop chat dwgc néu trong dé& muc (24mg, 40%)
du6i dang tinh thd mau tring. Phd khéi (APCI, m/z): Theo tinh toan dbi véi
C27H35Ns032, 462,3 (M+H), theo thuc nghiém 1a 462,3.

Vidu 25

Muéi axit (1S)-(+)-10-camphorsulfonic cia [2-(4,4-dimetyl-xyclohex-1-enyl)-6-
(2,2,6,6-tetrametyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit cua axit 4-xyano-1H-

imidazol-2-carboxylic
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Dung dich chta [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-
tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit cia axit 4-xyano-1H-imidazol-2-carboxylic
(52,4mg, 0,113mmol, nhu dugc diéu ché trong vi du 15, bude (h)) trong EtOH (2mL)
dugc xu ly béng axit (1S)-(+)-10-camphorsulfonic (26,4mg, 0,113mmol) & nhi¢t do
trong phong trong 1 gidr. Cac dung mdi dugc lam bay hoi trong chin khong, va phin
cin duoc sy kho trong chin khong cao qua dém. Chét rin dugc hoa tan trong lugng
t6i thiéu ciia EtOH (ImL) bing séng siéu 4m va dun néng. Trong khi lam 4m, dung
dich dugce xir ly tir tir b%mg hexan cho dén khi nhin théy chéit két tia dau tién & bé mat
ctia dung dich. Hn hop dugce khudy 30 phut & nhiét dd trong phong trong khi nguyén
liéu tiép tuc két tha. Chét rin dugc loc va duoc dé kho trong khong khi dé thu duoc
hop chit dugc néu trong dé muc (66,2mg, 84%) dudi dang tinh thé mau tre"lng. H-
NMR (CD;0D; 400MHz): & 9,17 (d, 1H, J = 8,4Hz), 8,10 (s, 1H), 7,95 (d, 1H, J =
8,4Hz), 6,39-6,32 (m, 1H), 3,76-3,64 (m, 1H), 3,38-3,34 (m, 2H), 2,80-2,75 (m, 1H),
2,75-2,65 (m, 1H), 2,54-2,45 (m, 2H), 2,40-2,30 (m, 1H), 2,25-2,18 (m, 2H), 2,10-2,00
(m, 2H), 1,98-1,86 (m, 3H), 1,76-1,66 (m, 4H), 1,65-1,56 (m, 1H), 1,47-1,38 (m, 7H),
1,30 (s, 6H), 1,15 (m, 9H), 0,87 (s, 3H). Phd khéi (APCI, m/z): Theo tinh toén dbi véi
C27H35Ns02, 462,3 (M+H), theo thuc nghiém 1a 462,3.
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Vidu 26
N-(4-(8-oxabixyclo[3.2.1]octa-2,6-dien-3-yl)-2-(4,4-dimetylxyclohex-1-enyl)phenyl)-
4-xyano-1H-imidazol-2-carboxamit (A) va N-(4-(8-oxabixyclo[3.2.1]octa-3,6-dien-3-
yl)-2-(4,4-dimetylxyclohex-1-enyl)phenyl)-4-xyano-1H-imidazol-2-carboxamit (B)

‘ CN ‘ CN
i i

Q N\g/"\” O NE)’\”

@ (A) @ (B)

Dung dich chita 4-xyano-N-(2-(4,4-dimetylxyclohex-1-enyl)-4-(3-ex0)-3-
hydroxy-8-oxabixyclo[3.2.1]oct-6-en-3-yl)phenyl)-1H-imidazol-2-carboxamit ~ (nhu
duge diéu ché trong vi du 27, 37mg, 0,083mmol) trong DCM (2mL) & 0°C dugc bd
sung thionyl clorua (20mg , 0,16mmol) trong 0,5mL DCM. Hén hop phan tng dugc
phép dé 4m dén nhiét d6 trong phong va sau do6, dugc xir Iy bang phirc chit MeLi-Cul
(0,49mmol) trong 2mL THF. H3n hop phan tng dugc khudy trong 20 phit va sau do,
duoc toi bing dung dich nuéc NH4Cl bdo hoa (10mL). Hén hop dugc chiét bang
EtOAc (2 x 20mL), dugc lam khan (Na2SO4) va dugce ¢d trong chan khong. San phim
thé dugc tinh ché bing sic ky 16p moéng didu ché (5% MeOH-CHCls) dé thu dugc
14mg (40%) cac hop chét duge néu trong d& muc dudi dang chit rin mau tring. Ph6
khéi (ESL, m/z): Theo tinh toan ddi véi Ca6H26N4O2, 427,2 (M+H), theo thyc nghiém
la 427,1.

Vi du 27

4-xyano-N-(2-(4,4-dimetylxyclohex-1-enyl)-4-((3-ex0)-3-hydroxy-8-
oxabixyclo[3.2.1]oct-6-en-3-yl)phenyl)-1H-imidazol-2-carboxamit
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Hogp chét dugc néu trong dé muyc dugc diéu ché nhu dugc mé ta trong vi du 8,
budc b bang cach sir dung [4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit ciia
axit 4-xyano-1H-imidazol-2-carboxylic (nhu dugc diéu ché trong vi du 1, budc (c)) va
8-oxabixyclo[3.2.1]oct-6-en-3-on (European Journal of Organic Chemistry (2000), 12,
2195-2201); '"H NMR (400MHz; DMSO-ds) 6 9,72 (s, 1H), 8,22 (s, 1H), 7,93 (d, J =
8,4 Hz, 1H) 7,30 (dd, J=8.4, 2,2 Hz, 1H) 7,22 (d, J= 2,2 Hz, 1H), 6,27 (s, 2H), 5,65 (br
s, 1H), 4,74 (d, J= 4,0 Hz, 2 H), 4,49 (s, 1H), 2,16 (dd, J = 14,2, 4,2 Hz, 4H), 1,96 (br
s, 2 H), 1,68 (d, /=14,2 Hz, 2 H), 1,49 (t, J = 6,2 Hz, 2H), 1,00 (s, 6H). Ph khéi (ESI,
m/z): Theo tinh toan dbi v&i CasHasN4Os, 445,2 (M+H), theo thuc nghiém 1a 445,1.

Su xac dinh hoa hoc 1ap thé tuong dbi duge thuc hién trén co s tuong tu véi [2-
(4,4-dimetyl-xyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-1,5-bis-metoxymetyl-8-oxa-
bixyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amit cia axit 4-xyano-1H-imidazol-2-carboxylic
(nhu dugc didu ché trong vi du 1, bude (f)).

Vidu 28

4-xyano-N-(2-(4,4-dimetylxyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-(2-endo-4-endo-
dimetyl)--8-oxabixyclo[3.2.1]oct-6-en-3-yl)pheny])-1H-imidazol-2-carboxamit
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Hop chét duogc néu trong & muc duge diéu ché nhu dugc mod ta trong vi
du 8, budc b bing cach sir dung [4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-
amit cha axit 4-xyano-1H-imidazol-2-carboxylic (nhw dugc didu ché trong vi duy 1,
budc (c)) va 2-endo-4-endo-dimetyl-8-oxabixyclo[3.2.1]oct-6-en-3-on (Tetrahedron
(1988), 44(16), 5151). 'H NMR (400MHz; CD3;OD) & 8,03 (d, J= 8,3 Hz, 1H), 7,87 (s,
1H), 7,26 (dd, J = 8,5, 2,2 Hz, 1H), 7,20 (d, J = 2,2 Hz, 1H), 6,50 (s, 2H) 5,63 (dt, J =
3,6, 1,8 Hz, 1H), 4,51 (d, J = 3,5 Hz, 2H), 2,27 - 2,36 (m, 2H), 2,16 - 2,24 (m, 2H),
1,98 (d, J= 3,5 Hz, 2H), 1,49 (t, J = 6,3 Hz, 2H), 0,98 (s, 6H), 0,52 - 0,62 (m, 6H). Ph
khéi (ESI, m/z): Theo tinh toan d6i voi CasH3:N403, 473,2 (M+H), theo thuc nghiém
12 473,2.

Su xac dinh héa hoc 14p thé tuong dbi duoc thuc hién trén co s& tuong t véi [2-
(4,4-dimetyl-xyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-1,5-bis-metoxymetyl-8-oxa-
bixyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amit cia axit 4-xyano-1H-imidazol-2-carboxylic
(nhu duoc diéu ché trong vi du 1, bude ().

Vidu 29

4-xyano-N-(2-(4,4-dimetylxyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-(2-endo,4-endo-
dimetyl)-1,5-dimetyl-8-oxabixyclo[3.2.1]octan-3-yl)pheny]-1H-imidazol-2-carboxamit
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Hop chét dugc néu trong d& muc duge didu ché nhu dugc mé ta trong vi
du 8, budc b bing cach sir dung [4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-
amit cla axit 4-xyano-1H-imidazol-2-carboxylic (nhu dugc diéu ché trong vi du 1,
buéc (c)) va 2-endo-4-endo-dimetyl-8-oxabixyclo[3.2.1]octan-3-on (Tetrahedron
(1988), 44(16), 5151). 'H NMR (400MHz; CD3;0D) & 8,15 (d, J = 8,59 Hz, 1 H), 8,00
(s, 1 H) 7,28 - 7,36 (m, 2 H) 5,76 (br s, 1 H), 4,18 - 4,22 (m, 2 H), 2,25 - 2,43 (m, 6 H),
2,10 (d, J =2,7Hz, 2 H) 1,71 - 1,77 (m, 2 H), 1,62 (t, ] = 6,1 Hz, 2 H) 1,10 (s, 6 H)
0,68 (d, J = 7,0 Hz, 6H). Phd khéi (ESL, m/z): Theo tinh toan dbi véi CasH3sN4Os3,
475,2 (M+H), theo thuc nghi€ém la 475,2.

Su x4c dinh hoa hoc 14p thé twong dbi duge thuc hién trén co sé trong tu véi [2-
(4,4-dimetyl-xyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-1,5-bis-metoxymetyl-8-oxa-
bixyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amit ctia axit 4-xyano-1H-imidazol-2-carboxylic
(nhu duge diéu ché trong vi du 1, bude (f)).

Vidu 30
4-xyano-N-(2-(4,4-dimetylxyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-(2-endo,4-endo-
dimetyl)-1,5-dimetyl-8-oxabixyclo[3.2.1]oct-6-en-3-yl)phenyl)-1H-imidazol-2-

carboxamit
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Hop chét dugc néu trong d& muc dugc diéu ché nhu dugc mo ta trong vi du 8,
budc b bing cach sir dung [4-brom-2-(4,4-dimetyl-xyclohex-1-enyl)-phenyl]-amit ctia
axit 4-xyano-1H-imidazol-2-carboxylic (nhu dugc diéu ché trong vi du 1, budc (c)) va
2-endo-4-endo-1,5-dimetyl-8-oxabixyclo[3.2.1]oct-6-en-3-on (J Amer Chem Soc,
(1978), 100(6), 1765-77). 'H NMR (400MHz; CD3;0D) 6 8,15 (d, /= 8,5 Hz, 1H), 8,01
(s, 1H), 7,40 (dd, J = 8,5, 2,2 Hz, 1H), 7,34 (d, J = 2,2 Hz, 1H), 6,34 (s, 2H), 5,75 (m,
1H), 2,34 (d, J = 1,7 Hz, 2H), 2,14 - 2,24 (m, 4H), 1,62 (t, J = 6,3 Hz, 2H),1,39,(s,
6H),1,11 (s, 6H), 0,72 (d, J = 7,3 Hz, 6H). Phd khéi (ESL, m/z): Theo tinh toan dbi véi
C30H36N403, 501,2 (M+H), theo thuc nghiém 1a 501,2.

Su x4c dinh hoa hoc 14p thé twong ddi durge thuc hién trén co sé twong tur véi [2-
(4,4-dimetyl-xyclohex-1-enyl)-4-[(3-ex0)-3-hydroxy-1,5-bis-metoxymetyl-8-oxa-
bixyclo[3.2.1]oct-6-en-3-yl]-phenyl]-amit cia axit 4-xyano-1H-imidazol-2-carboxylic
(nhu duge diéu ché trong vi du 1, budc ().

Vidu3l
Mubi sulfat cia [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-tetrahydro-

pyran-4-yl)- pyridin-3-yl]-amit ctia axit 4-xyano-1H-imidazol-2-carboxylic

Huyén phi cia  [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-
tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit cia axit 4-xyano-1H-imidazol-2-carboxylic
(24,8mg, 0,0537mmol), nhu dugc diéu ché trong vi du 15, trong axetonitril (1,0mL)
dugc gia nhiét dé thu dugc dung dich. Dung dich axit sulfuric ddm dic (0,0062mL)
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trong nude (0,5mL) dugc bd sung vao dung dich nay & nhiét d6 trong phong. Thé tich
dung dich bj giam b6t thong qua viéc 1am bay hoi bang khi nito théi (xip xi 1,0mL).
Sau d6, dung dich ndy dugc dé qua dém & nhiét do trong phong trong lo dugc bit kin.
Sau do, tinh thé thu dugc duge gom thong qua loc va dugc dé kho trong khong khi.
Chét rin mau tréng dugc dic trung béi nhidu xa bot tia X (PXRD), phan tich nhiét
lugng bang tia quét vi phan (DSC), phén tich nhiét trong luong (TGA), va nhiéu xa tia
X tinh thé don. DSC ciia mubi sulfat biéu thj dinh thu nhiét cyc dai la 241 do bach
phan (46 C). PXRD cia san phdm mudi sulfat dugc thé hién trong Fig.1 va cic dinh

ndi bat dugc thé hién trong bang dudi day.
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Béo céo v& tinh hinh dinh (28 dinh, Max P/N (s6 phin t5i da)

=37,9)

[MT_1058_96_3.raw] rigaku_cu, comment line

DINH: 21-pts/BJ loc parabon, Ngudng=0,0, diém cat(cutoff)=0,0%, BG=3/0,6, Dinh-trén cing=Summit

FWHM

BG (bén 4o

(glucoza rong
2-Theta d(A) huyét) D cao 1%  Diéntich 1% vach phd)
3,3108 26,6644 583 39 0,6 550 0,6 0,24
6,1903 14,266 926 1985 30,9 24961 29,2 0,214
6,5701 13,4421 744 6420 100 85576 100 0,227
9,2704 9,5319 666 343 53 7138 8,3 0,354
11,5099 7,6818 678 535 83 7650 8,9 0,243
12,4103 7,1264 723 454 7,1 5198 6,1 0,195
12,9899 6,8097 731 801 12,5 11747 13,7 0,249
14,0503 6,298 704 358 5,6 4649 5,4 0,221
14,7302 6,0088 710 316 4.9 4557 5,3 0,245
16,1501 5,4836 735 897 14 12087 14,1 0,229
16,8681 5,2518 842 117 1,8 890 1 0,129
17,3702 5,1011 816 1048 16,3 20457 23,9 0,332
18,5898 4,7691 809 1043 16,2 17554 20,5 0,286
19,8095 4,4781 829 1013 15,8 14571 17 0,245
20,8298 4,261 899 335 5,2 6464 7,6 0,328
21,1102 4,205 930 171 2,7 6551 7,7 0,651
21,6705 4,0975 978 537 8.4 10680 12,5 0,338
22,111 4,0169 982 236 3,7 4437 5,2 0,32
22,8897 3,882 889 95 1,5 1587 1,9 0,284
23,6107 3,765 867 615 9,6 12474 14,6 0,345
24,9701 3,5631 771 351 5,5 5360 6,3 0,26
25,6908 3,4647 746 33 0,5 422 0,5 0,217
26,4892 3,3621 722 85 1,3 1205 1,4 0,241
27,3297 3,2606 704 211 3,3 3384 4 0,273
28,3492 3,1456 729 169 2,6 3085 3,6 0,31
29,1107 3,065 736 98 1,5 1081 1,3 0,188
29,8104 2,9946 681 135 2,1 2593 3 0,327
31,1698 2,8671 654 50 0,8 815 1 0,277

Cac dinh 2-Theta tiéu biéu cia san phim mubi sulfat dugc thé hién duéi day:

6,1903
6,5701
11,5099
12,4103
12,9899
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14,0503
14,7302
16,1501
17,3702
18,5898
19,8095
21,6705
23,6107
24,9701

Vidu 32
Mubi natri cia [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-tetrahydro-
pyran-4-yl)-pyridin-3-yl]-amit cuia axit 4-xyano-1H-imidazol-2-carboxylic (Dang A)

Huyén phu cioa  [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-
tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit ctia axit 4-xyano-1H-imidazol-2-carboxylic
(23,1mg, 0,0500mmol), nhu dugc diéu ché trong vi du 15, trong etanol (1,0mL) dugc
bb sung dung dich natri hydroxit (1,0N; 0,055mL; 0,055mmol). Dung dich dugc dé
bay hoi trong binh hé & nhiét do trong phong. Chét rin tinh thé mau tring dugc tao ra
va dugce dic trung boi PXRD va TGA (tdn hao khéi luong 6,1%). PXRD cia Dang A
ctia mudi natri duge thé hién trong Fig.2 va cac dinh ndi trdi dugce dua ra trong bang
dudi day.

Béo c4o vé tinh hinh dinh (27 dinh, Max P/N = 25,0)

[MT_1058_110_1.raw] rigaku_cu, comment line
DiNH: 23-pts/B0 loc parabon, Ngudng=1,0, diém cat=0,0%, BG=3/0,6, Pinh-trén cung=Summit

2-Theta d(A) BG D6 cao %  Diéntich 1% FWHM
5,47 16,1427 731 3085 100 67721 100 0,373
6,8695 12,8569 761 648 21 15965 23,6 0,419
7,7112 11,4552 794 67 2,2 664 1 0,168
8,6899 10,1673 803 144 4,7 3133 4,6 0,37
9,2697 9,5325 780 32 1 302 0,4 0,16
10,0912 8,7583 775 49 1,6 2004 3 0,695
10,4306 8,4741 770 85 2,8 2056 3 0,411
11,208 7,888 758 36 1,2 483 0,7 0,228
11,9471 7,4016 832 49 1,6 419 0,6 0,145
12,3902 7,1379 808 241 7.8 5472 8,1 0,386
13,3096 6,6468 803 93 3 1324 2 0,242
14,3697 6,1588 914 191 6,2 6112 9 0,544
14,7099 6,0171 898 229 7,4 9027 13,3 0,67
16,0095 5,5314 927 171 5,5 4263 6,3 0,424
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16,9507 5,2263 933 63 2 3406 5 0,919
17,3107 5,1185 927 169 5,5 2823 4,2 0,284
18,5489 4,7795 1117 351 11,4 5454 8,1 0,264
19,4892 4,551 1264 228 7,4 4366 6,4 0,326
20,0508 4,4247 1264 240 7,8 3965 5,9 0,281
20,491 4,3307 1241 46 1,5 1090 1,6 0,403
20,9324 4,2403 1128 119 3,9 1642 2,4 0,235
22,7096 3,9124 983 71 23 1451 2,1 0,347
23,5503 3,7746 932 90 2,9 1647 2,4 0,311
25,6499 3,4701 875 56 1,8 1475 2,2 0,448
26,6305 3,3446 829 32 1 732 1,1 0,389
28,0294 3,1807 786 50 1,6 1186 1,8 0,403
29,1306 3,063 753 38 1,2 895 1,3 0,4

Céc dinh 2-Theta tiéu biéu cta san phém mubi natri Dang A dugc thé hién dudi

day:

5,470

6,870

8,690

12,390
14,370
14,710
16,010
17,311
18,549
19,489
20,051

Vidu 33

Mudi natri cua [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-tetrahydro-

pyran-4-yl)-pyridin-3-yl]-amit cia axit 4-xyano-1H-imidazol-2-carboxylic (Dang B)
Huyén phi cia  [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-tetrametyl-

tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit cia axit 4-xyano-1H-imidazol-2-carboxylic

(26,1mg, 0,0556mmol), nhu dugce didu ché trong vi du 15, trong axetonitril (1,0mL)

dugc bd sung dung dich natri hydroxit (1,0N; 0,062mL; 0,062mmol) dé thu duoc dung

dich dang suong mu. Sau do6, nuéc (0,44mL) duge bd sung lam cho dung dich nay tr&
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nén trong subt. Sau d6, cac chéat d& bay hoi dugc 1am bay hoi dé thu dugc chit rin vo
dinh hinh. Sau d6, chét rin nay dugc hoa tan trong dietyl ete (1,0mL) va propylen
glycol (0,009mL). Heptan (2,0mL) duoc bd sung 1am cho hén hop tré thanh dang nhii
twong. Hon hop dugc dé qua dém trong lo hé. Nguyén lidu dang tinh thé hinh thanh
dugc gom va duge dic trung bdi PXRD va TGA (tbn hao khéi lugng 31,0%). PXRD
ctia mudi natri dang B dugc thé hién trong Fig.3 va cac dinh ndi trdi duge dua ra trong

bang dudi day.
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Béo c4o vé tinh hinh dinh (29 dinh, Max P/N = 10,8)
[MT_1058 101 1.raw] rigaku_cu, comment line
DiNH: 21-pts/B§ loc parabon, Ngudng=1,0, di€ém c&t=0,0%, BG=3/0,6, Pinh-trén cung=Summit

2-Theta d(A) BG  Pocao 1%  Diéntich 1% FWHM
4,9097 17,9838 1004 952 97,5 11090 66,1 0,198
5,4497 16,2028 1074 976 100 16773 100 0,292
6,13 14,4062 995 698 71,5 8522 50,8 0,208
7,5895 11,6387 814 68 7 845 5 0,211
8,1899 10,7868 820 539 552 6957 41,5 0,219
8,7499 10,0976 813 171 17,5 1903 11,3 0,189
9,8485 8,9736 793 49 5 907 5,4 0,315
10,8097 8,1777 797 271 278 4977 29,7 0,312
11,9294 7,4126 825 68 7 1246 7,4 0,312
12,25 7,2193 823 75 7,7 2842 16,9 0,644
12,65 6,9919 853 5l 52 526 3,1 0,175
13,7894 6,4166 860 142 14,5 3339 19.9 0,4
14,1102 6,2714 868 67 69 2452 14,6 0,622
15,1702 5,8355 901 307 31,5 4287 25,6 0,237
15,9882 5,5388 1060 224 23 3092 18,4 0,235
16,4312 5,3904 1068 172 17,6 5863 35 0,579
17,5691 5,0438 1047 223 22,8 2952 17,6 0,225
18,5695 4,7742 1121 586 60 10430 62,2 0,303
19,1098 4,6405 1164 37 38 373 22 0,171
19,7089 4,5007 1245 85 8,7 841 5 0,168
20,0485 4,4252 1272 40 41 1797 10,7 0,764
20,5504 4,3183 1190 361 37 6575 392 0,31
21,2081 4,1858 1139 74 76 1590 9,5 0,365
21,4894 4,1317 1125 112 11,5 2809 16,7 0,426
22,93 3,8752 1043 90 92 2236 13,3 0,422
24,1099 3,6882 967 51 52 665 4 0,222
24,7916 3,5883 958 61 63 747 4,5 0,208
25,6508 3,47 928 138 14,1 2247 13,4 0,277
26,4302 3,3694 879 105 10,8 2183 13 0,353

Céc dinh 2-Theta tiéu biu cia san phdm muébi natri dang B dugc thé hién dudi

day:
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4,910
5,450
6,130
8,190
8,750
10,810
15,170
15,988
16,431
17,569
18,570
20,550

MAu nhifu xa bot tia X dugc thuc hién bing cach sit dung D/Max Rapid,
Contact (Rigaku/MSC, The Woodlands, TX, M§), ma n6 st dung phin mém kiém soat
cia né6 RINT Rapid Control Software, Rigaku Rapid/XRD, phién ban 1.0.0 (41999
Rigaku Co.). Ngoai ra, phin mé&m phan tich duoc sir dung 14 phan mém thé hién RINT
Rapid, phién ban 1.18 (Rigaku/MSC), va JADE XRD Pattern Processing, céc phién
ban 5.0 va 6.0 ((31995-2002, Materials Data, Inc.).

P6i v6i phéan tich PXRD, cac tham s6 thu nhan 14 nhu sau: ngudn 14 Cu voi
dong K & 1,5406A; gian x-y 14 cim tay; kich ¢& dng chuén truc 13 0,3mm; éng mao
din (Charles Supper Company, Natick, MA, M§) ¢6 dudng kinh trong la 0,3mm;
phuong thirc phan xa duge sir dung; dién nang dén ong tia X 12 46 kV; cuong do dong
dién dén 6ng tia X 13 40 mA; truc Omega quay trong bién d¢ la 0-5 d¢ & muc vén tdc
la 1 d¢/phut; truc Phi quay mdt goc 1a 360 d§ & muc van tdc 1a 2 do/gidy; 6ng chuin
truc 0,3mm; thoi gian thu gom 1a 60 phut; nhiét d§ 1a nhiét d¢ trong phong; va thiét bj
gia nhiét thi khoéng duoc sir dung. Mau duge dua vao nguén tia X trong mao quan thiuy
tinh giau nguyén té bo.

Ngoai ra, cic tham sé phén tich 13 nhu sau: khoang tich phén 2-theta 1a 2-60 d¢;
khoang tich phén Chi la 0-360 d9; sb phén doan Chi 1a 1; kich c& buéc dugc sir dung la
0,02; tién ich tich phén la cylint; phuong phap chudn hoa duge str dung; sb 1an t6i 1a 8;

Omega offset 1a 180; va Chi va Phi offsets 1a 0.
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Phén tich DSC dugc thuc hién bing cach sir dung may do nhiét lugng bang tia
quét vi phan Q1000 (TA Instruments, New Castle, DE, M¥), thiét bi nay sir dung
Advantage for QW-Series, phién ban 1.0.0.78, Thermal Advantage Release 2.0 (32001
TA Instruments-Water LLC). Ngoai ra, phdn mém phén tich dugc sir dung la Universal
Analysis 2000 for Windows 95/95/2000/NT, phién ban 3,1E;Build 3.1.0.40 (32001 TA
Instruments-Water LLC).

Péi véi phan tich DSC, khi suc rira dugc st dung 1a nito khd, nguyén liéu lam
chuén 14 ndi nhém rdng duge gép nép, va mirc suc rira mau 1a 50 mL/phit.

Phan tich TGA duoc thuc hién béng cach sir dung may phén tich nhiét trong
Q500 (Q500 Thermogravimetric Analyzer) (TA Instruments, New Castle, DE, My),
thiét bj nay str dung Advantage for QW-Series, phién ban 1.0.0.78, Thermal Advantage
Release 2.0 (32001 TA Instruments-Water LLC). Ngoai ra, phdn mém phan tich duoc
st dung la Universal Analysis 2000 for Windows 95/95/2000/NT, phién ban
3,1E;Build 3.1.0.40 (32001 TA Instruments-Water LLC).

Péi véi tt ca cac thi nghiém TGA, khi suc rira dugc st dung 1a nito kho, suc

rira cAn bing la 40 mL/phut N2, va mirc suc rira miu 12 60 mL/phiit N>.

IV.  Két qua sinh hoc
A.  Thi nghiém mién dich canh tranh phén cuc huynh quang

Qua trinh tu phosphoryl héa, thir nghiém mién dich canh tranh phén cyc huynh
quang duoc ding d& xac dinh hiéu luc tc ché c-fis do cac hop chét cé cong thic 1
dugc chon thé hién. Thu nghiém nay dugc thyuc hién trong vi dia 96 16 den (LJL
BioSystems). Pém thir nghiém duge dung 1a 100mM axit 4-(2-hydroxyetyl)piperazin
1-etansulfonic (HEPES), pH 7,5, 1mM 1,4-dithio-DL-threitol (DTT), 0,01% (thé
tich/thé tich) Tween-20. C4c hop chét duogc pha lodng trong dém thir nghiém chita 4%
dimetylsulfoxit (DMSO) ngay trude khi thir nghiém. SpL hop chat dugc cho vao mdi
18, sau d6 13, bd sung 3uL hdn hop chira 33nM c-fms (Johnson & Johnson PRD) va
16,7mM MgCl, (Sigma) trong dém thir nghiém. Phan g kinaza dugc khoi mao bing
cach b sung 2pL cia SmM ATP (Sigma) trong dém thir nghiém. Céc ndng do cudi
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cung trong thr nghiém 1a 10nM c-fms, ImM ATP, SmM MgCl,, 2 % DMSO. Cac
phan ng d8i chimg dugc tién hanh trong mdi dia: trong cac 16 ddi chimg 4m va
duong, dém thir nghiém (dugc tao 4% trong DMSO) dugc dung dé thay thé cho hop
chit; ngoai ra, cac 16 d6i chimg dwong tiép nhan 1,2uL cla 50mM axit
etylendiamintetraaxetic (EDTA).

Céc dia dugc G & nhiét do trong phong trong 45 phiit. Vao cudi thoi ky 0, phan
ung dwoc dap tit bang 1,2uL cia 50mM EDTA (EDTA khong dugc bd sung vao céc 15
dbi chung duong & thoi diém nay; xem trén ddy). Sau giai doan @ 5 phut, mbi 13 tiép
nhan 10pL cua hén hop 1:1:3 cia lan luot 1a khéng thé khang phosphotyrosin, 10X,
chit déng vi xanh PTK, 10X (dugc lic xody), dém pha lodng FP (tit ca dugc mua tir
PanVera, cat. # P2837). Dia dugc day lai, 0 trong 30 phuat & nhiét do trong phong va sy
phan cuc huynh quang duge doc trén Analyst. Cac thong sb dugc thiét 1ap trén cong cu
la: b0 loc kich thich 485nm; b loc phat xa 530nm; dd cao Z: phf?m giira 15; yéu t6 G:
0,93. Dudi nhitng didu kién nay, cdc chi sé phan cuc huynh quang ciia cic di chimg
dwong va dbi ching 4m 1an luot 14 x4p xi 300 va 150 va duge ding dé xac dinh mirc tc
ché 100% va mirc &rc ché 0% cta phan tmg c-fms. Chi s6 ICso d4 ghi nhan 13 gi4 tri

trung binh cia ba l4n do doc lap.

Thir nghiém dai thuc bao dugc 14y tir tity xuong chudt do CSF-1-thic diy

Céc dai thuc bao dugc thu nhan bing cach nudi cdy tiy xwong chudt trong
alpha-MEM dugc bd sung 10% FCS va 50 ng/ml CSF-1 tai t6 hop cta chudt trong dia
nghién clru vi khuén. Vao ngdy thi sdu, cic dai thuc bao dugc g& ra khoi dia, dugc
rira, va tai tao huyén phu dén 0,05 triéu té bao/ml trong alpha-MEM chua 10% FCS.
Mot trdm ul ciia huyén pha té bao dwoc phan bb cho mdi 18 trong dia nudi cdy 96 1.
Céc 18 dugc bd sung thém nita phan bd sung clia 50ul méi truong chira 15 ng/ml CSF-
1,3uM Indometacin, va 3X cta ddy pha lodng clia cic hop chit thir nghiém. Céc té bao
duge nuéi cdy trong 30 gid & 37 d6 va 5% CO,. Trong sudt sdu gids cubi, moi trudng

nudi cdy dugc bd sung thém 30ul cia modi trudng chira chit pha loing
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bromodeoxyuridin (BrDU) ty 1& 1:500. Vao cubi giai doan nubi cdy, nhimng dia nay
dugc quay & muc 1000 vong/phit trong 1 phut va 130ul cia moi trudng dugc loai ra
bing dng pipet va dugc thay bing 150ul dung dich him trong 1 gi® & nhiét do trong
phong. Sau d6, dung dich hdm dugc loai khéi nhitng dia nay va nhitng dia nay duoc daé
kho trong khong khi. Su két hop BrDU vio cac té bao di dugc lam kho va c¢b dinh
dugc dinh lugng b?mg cach sir dung ELISA déc thu.

Bang 1 liét ké két qua thir nghiém cua cac hop chét tiéu biéu theo sang ché

-146-



21225

Bang 1
Vidusd  FMS ICso (uM) BMDM ICso (uM)
1 0,00086 0,0032
2 0,00043 0,037
3 0,00065 0,0093
4 0,00072 0,0066
5 0,00047 0,0047
6 0,0027 0,0050
7 0,0020 0,0033
8 0,00042 0,041
9 0,0011 0,0048
10 0,0035 0,040
11 0,0018 0,0025
12 0,00066 0,036
13 0,00081 0,0029
14 0,0011 0,0047
15 0,0029 0,0061
16 0,0014 0,0082
17 0,0046 0,037
18 0,00072 0,010
19 0,0029 0,027
20 0,00041 0,0065
21 0,0089 0,018
22 0,0020 0,0036
26 0,0071 0,059
27 0,00066 0,0069
28 0,016 0,069
29 0,014 0,088
30 0,099 Khong dugce xac dinh

B.  Viém khép do SCW géy ra & chudt
Muc dich: Viém da khép xay ra trén chudt Lewis céi sau khi cho dung cac thanh

phén thanh t& bao lién cdu khuln (strestreptococcal cell wall-SCW) theo phuong thirc
dung trong mang bung. Cac con chudt ndy c6 giai doan khong dn mon cap tinh (céc
ngdy 3-7) la pha bd sung va phu thudc bach cau trung tinh va mé hinh giai quyét. Giai
doan &n mon mén tinh bt diu vao khoang ngay mudi va phy thudc vao sy phat trién
kha ning mién dich té bao T dic hiéu véi SCW, va c6 thé 1a v6i chinh khang nguyén.
M3iu do SCW kich thich thi dugc ding cho thir nghiém dugc hoc it thuong xuyén hon

mau viém khép do colagen hodc do chét phu trg gy ra, nhung mdi mau dyu bao chinh
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xac tiém nang khang viém ciia cic chét irc ché-TNF. Giai doan man tinh ctia miu SCW
1a phu thudc dai thuc bao. Béi vi su vuot trdi cia dit li¢u cho théy vai tr6 quan trong
d6i véi cac dai thuc bao trong RA (viém da khdp dang thép), nén chiing toi chon giai
doan man tinh ciia cic mau viém khép do SCW dé nghién ciru kha ning ciia cac hop

chat dugc chon cuia sang ché trong viéc lam gidm viém khép mén tinh va mon xuong.

Phuong phap: Chudt Lewis céi (80-100gm mdi con) durgc mua tir Charles River.
Céc polyme peptidoglycan-polysacarit thanh té bao lién ciu khudn (PG-PS 10S) dugc
mua tir BD (Cat#210866). PG-PS 10S duoc khudy trong 30 gidy dé tron k§ nguyén liu
nay va dugc chiéu séng siéu am & mirc ning luong thip (mirc 6) trong 3 phiit bing
thiét bi chiéu song si€u am kiéu diu do trudce khi tiém. Vao ngay 0, sdu muoi con chudt
dwoc gdy mé bing cach sir dung isofluran, va dugc tiém trong mang bung bing 15ug
ramoza/gram thé trong (BW) & phén tu phia dudi bén trai ciia bung. Mudi con chudt

duoc xir Iy theo cach twong tu bing dung dich mudi tiét tring.

Vao ngay 5, cac con chudt dugce tiém PG-PS 10S 1a cé dap ung viém khép giai
doan cép tinh o nét trén co sé sung khép dugc ngiu nhién chia thanh cic nhém 2-5

dugc liét ké trong bang 2.

Viém khép mon xuong phu thude t€ bao T mén tinh 14 trdm trong vao ngay thi
20, vao thoi diém nay bat dau cho ding lidu qua duong miéng hai 14n mdi ngay cho
dén khi bi giét chét vao ngay 32 dé xac dinh xem liéu hop chét cua vi du 15 (sau day
goi 12 hop chét A) c6 thé 1am thay d6i hoan toan tinh trang bénh d thiét 1ap khong.

Hop chit A dugc bao ché trong 5% solutol, 5% etanol, 90% nudc. Thé tich liéu
dung 1a 5 ml/kg.
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Bang 2. Nghién ctru viém khép 510 SCW gdy ra: IPD07-032

Gay bénh Diewtn
. \ (hai lan moi | .z, 4 4 A X
Nhom N (trong  mang . dus Giétchet Thu thédp mau
bung, ngay 0) ngay, qua duong
T miéng)
Dung dich mudi 2, 14X . Huyét tuong, huyét thanh,
1 6 tiét tring (trang g (})1_ a;tzdan, neay ngay 32 | céc chi sau, can va cb dinh
thai On dinh) gan, lach & than
PG-PS £ £
10S & trang théi | Chét dfn, ngay : Huyet twong, huyét thanh,
2 O ngay 32 | céc chi sau, can va co dinh
6 on dinh 20-32 an. lach & than
(15ug/gramBW) gan, fac i
PG-PS £ £ £
10S & trang thai Hop chat A Huyét tuong, huyét thal}h,
3 6 dn dinh 3 mg/kg, |ngay 32 | cac chisau, can vaco dinh
a 5ué/gramBW ngay 20-32 gan, lach & than
PG-PS £ £ £
108 & trang théi Hop chat A Huyét tuong, huyét thar}h,
4 6 dndinh 10 mg/kg, | ngay 32 | céac chi sau, can va co dinh
a Su'g/gramBW ngay 20-32 gan, lach & thén
PG-PS £ £ £
10S & trang thai Hop chat A Huyét tuong, huyét thar}h,
5 6 n dinh 20 mg/kg, | ngay 32 | céc chi sau, cin va co dinh
a 5ué/gr amBW ngay 20-32 gan, lach & than

Cac mit ca chan sau phai va trai cia mdi con chudt dugc do bang thude kep

hang ngay trong 6 ngay diu (sau tiém) va sau do, it nhét hai ngay hoic ba ngay d6i véi

phén con lai ctia nghién ciru nay. Cac mat cé chan dugc gan mot di€ém so6 14m sang trén

co s& ban d6 va sung nhu sau: 1 = chi mat c4 chdn ma théi; 2 = mat ca chin va nira gn

cua khdp xuong ¢O chin; 3= mit ca chin va toan bd khép xuong cd chén; 4 = dinh

dang dén toan bd chin ké ca cic ngén chan. Diém cua con vat thé hién tong cia hai

chan sau.

Tiép xtic: hai gi sau lidu cudi cling cia 3, 10 va 20 mg/kg, cac mirc huyet

tuong cia hop chét A 1an luot 1 247 + 22, 802 + 35, va 1475 + 70 ng/ml (gia tri trung
binh + SEM).
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Két qua: khi viéc dung thudc duge bit dau vao ngay 20, sau khi bénh da tré nén
trdm trong, hop chit A gdy ra sy dao ngugc tinh trang sung chén dugce xé4c dinh tir céc
lan do d¢ day chén bing thudc kep va cac diém dugc dénh gia bang mit (Fig.4). Su
dao ngugec tinh trang sung chén thi chua triét dé, c6 18 boi vi su két tu tinh trang xo hoda
quanh khép truée ngay 20. Hiéu qua didu trj thi phu thudc liéu luong, nhung da rat
dang ké & liéu thdp nhét 13 3 mg/kg.

Su dao nguoc tinh trang bénh di kém véi viéc hdi phuc chirc néng.

Pé danh gia chuc nang, ba con chugt ti€u biéu cia mdi nhém duge thu hinh
trong ba muoi gidy vao ngay 19 va 32, va cac budc di duge thuc hién bang chi sau
dwoc dém va dugc ghi nhén trong bang 3. Vao ngay 19 sau khi ding SCW, cic con
chudt di lai chi yéu ding bing chén trude. Chan sau thi gin nhu bj b4t dong. Vao ngay
thir 32, cdc con chudt dugc diéu tri bﬁng hop chit A da sir dung chi sau theo 16i thong

thudng, trong khi d6 céc chi sau clia cdc con vét duge diéu tri biang chét din thi bi bét

dong.
Bang 3. Sy di lai ctia céc con chudt- dung SCW trudc va sau khi diéu
tri bang hop chét A
Hop chét A, mg/kg, ngay 19-32
Khéng 0 3 10 20
c6 bénh | (chit din)
Ngay 19,3* 2,3* 1,7 1,3 1,3
19 (20,16, (3,3,1) (3,0,2)  (0,1,3) (0,3, 1)
22)
Ngay 10,6* 0 7,7 7,3 6
32 (20,2,  (0,0,0) 8,10,5) (8,8,6) 8,3,7)
10)

* S6 budc thue hién bing cach st dung chi sau trong giai doan quan
sat ba muoi gidy. Chi s6 nay 1a gia tri trung binh cta ba con chugt. So6 chudt
thi dugce d€ trong ngodc don.

Trong khi phdn mo ta trén ddy mo ta cac nguyén ly cia sang che, voi cac vi du
dugc dua ra nhdm muc dich minh hoa, cin phai hi€u rang viéc thuc hién sang ché bao

ham tt ca nhimg thay déi, bién d6i v&/hodc nhimg cai bién thong thuong vi déu nim
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trong pham vi cia cac di€m yéu cau bao h{ dudi ddy va cac phan tuwong duong cua

chung.
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YEU CAU BAO HO
1. Hop chét c6 cong thirc I:

ZI\NH
X~ N7 R2
1

hoic solvat, hydrat, chat ddng phan hd bién hoic mubi dugc dung cia chiing, trong do:
R4

R4 R4
HN HN HN HN

’

%[;\}\RA ,hodac h’ENh\i\R4

trong d6 mdi R* doc lap 1a H, F, C'-li, Br, I, OH, OCH3, OCH2CH3, SC(-4)alkyl, SOCq-
salkyl, SO2Cq-syalkyl, -Cq-3alkyl, CO2RY, CONRCR!, C=CRE, hoic CN;

trong d6 R¢1a H, hodc -C(1-3jalkyl;

Re1a H, hoac -Cq.3jalkyl;

Rf1a H, hodc -C(1-3jalkyl; va

Re 1a H, -CH,0H, ho#c -CH,CH>OH;

R? 1a xycloalkyl, xycloalkenyl dugc thé-vong xoén, thiophenyl, dihydrosulfonopyranyl,
phenyl, furanyl, tetrahydropyridyl, hodc dihydropyranyl, chét bat ky trong sb ching
¢ thé doc lap dugc thé b%mg mot hodc hai trong s6 mdi chit sau day: clo, flo,

hydroxy, Cq-3alkyl, va Ca-salkyl;

Z1a H, F, Cl, hodc CHs3;
J1a CH, hoac N;
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HO

lll‘..
[LITTH

OHY
"’ll, hoa

trong d6 R 1a H, -Cq-4alkyl, -CO2C1-syalkyl, -CONH>, -CONHC1.4)alkyl, -CON(Cqa

syalkyl)z, hodac -COC.4alkyl.

2. Hop chét theo diém 1, trong d6:
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va céac solvat, cac hydrat, cic chat dong phan hd bién va cidc mudi dugc dung cla

chung.

3. Hop chét theo diém 2 trong d6:
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H

W I3 HN"\ NH, HN"Y TN N /
la . ’I;MO L n J;l}-— ' &/C;\\N ’ z{[ N/>—S\\O
Cl &)
HN"g\ ¥
\ HNTN HN"\ N
i’k\N =N 5 s Br Y J;NS’C' oy J:Ng

N

OoF O ORL o

va cac solvat, cic hydrat, cic chat dong phan hd bién va cac mudi dugc dung cla

9, '
I 7 S‘ /k\ = Q\
}{k\ , E,J:N> 6\0 ‘ X N N,hoac A =N :

chuing.

4. Hop chét theo diém 3 trong do:

‘ HN" HN) I
v ﬁs’[}\:w ‘7,);}_ : %’L\‘NB\:N hoac 3"»’@\:'“ :

’

va cac solvat, cac hydrat, cac chat dong phan ho bi€n va cdc mudi dugc dung cia

chung.

5. Hop chét theo diém 4 trong do:

HN
\
W ia j‘a’k\;}\:’N

*

R2 1a z%@ hoac H,,/OL
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va cac solvat, cic hydrat, cic chdt ddng phan hd bién va cic mubi dugc dung cua
chung.

6. Hop chét c6 cong thirc Ia:

trong do:

wu O, JOF
2 z'*, ,hoac - ;

J1a CH, hodc N; va
X la:

o o
OH 5. OH OH OH 5
& 4 ‘i ég‘*" Q‘* |
HO :
SN
\ OH_ OH, OH, OH, .
o
o, OR"
N NG
@ mOH : !"', lls
o HO
\!

~0

“, N “,
OoH \ “OH

>
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trong d6 RY 1a H, -C(1-sjalkyl, -CO2C1-9jalkyl, -CONH,, -CONHC1.4)alkyl, -CON(C-
salkyl),, hodc -COC(1-s)alkyl;
va cac solvat, cac hydrat, cac chét déng phan hd bién va cac mudi dugc dung cia

chung.
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7. Hop chét theo diém 6, trong d6 X la:

va cac solvat, cac hydrat, cac chit dong phan hd bién va cac mudi dugc dung cia

chung.

8. Hop chit c6 cong thirc:
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CN
H '}"\g
N
X WK‘\N
| P o H

0
>
va cac solvat, cadc hydrat, cic chdt dong phan hd bién va cac mudi dugc dung cua

ching.

9. Duoc phiam bao gébm hop chét theo diém 1 va chit mang dugc dung.
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FIG. 1

XPRD mudi sunfat cia [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-
tetrametyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit cia axit 4-
xyano-1H-imidazol-2-carboxylic

[MT_1058_96_3.raw]
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FIG. 2

XPRD mubi sunfat cua [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-
tetrametyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit cua axit 4-
xyano-1H-imidazol-2-carboxylic (Dang A)
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FIG. 3

XPRD muéi sunfat ctia [2-(4,4-dimetyl-xyclohex-1-enyl)-6-(2,2,6,6-
tetrametyl-tetrahydro-pyran-4-yl)-pyridin-3-yl]-amit cua axit 4-
xyano-1H-imidazol-2-carboxylic (Dang B)

[MT_1058_101_1.raw]
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FIG. 4

Hop chét A da lam hét chimg sung chan va mit c4 chan trong giai doan mén tinh cia bénh viém khép do
SCW gdy ra va ting cudng kha ning ting can.

Thudc diing theo phuong thirc hai 14n m3i ngay qua dudmg miéng dugc bit dAu vao ngay 20. B& rong ctia
mét c4 chan duoc x4c dinh bing c4c 14n do bing thudc kep. Céc mat c4 chan duge cho diém 1am sang dya
trén hién tuong ban dé va sung nhu sau: 1= chi & mit c4 chan ma thdi; 2 = & mét c4 chan va nira gén khép
¢b chén; 3 = & mét c4 chan va toan bd khop ¢d chan; 4= bao trim toan b chan, ké ca cdc ngén chén.

13 3 97 ¥
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3‘ ;
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