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trong d6 A va Cy c6 mot trong sO cac y nghia nhu duge xac dinh trong ban mo ta va duoc
pham chtra hop chit nay. Cac hop chat theo sang ché hiru dung 1am chét trc ché Cathepsin
C va hitu dung dé diéu trj va/hoac ngan ngua cac bénh co lién quan dén hoat tinh
dipeptidyl peptidaza I, vi du cac bénh ho hép.
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Linh vue k§ thuit dwoce dé cap

Sang ché dé cap dén hop chit c6 cong thirc T

trong d6 A va Cy c6 mét trong s cac ¥ nghia nhu dugce xac dinh trong ban md ta va
duoc phidm chira hop chit nay. Cac hop chat theo sang ché hitu dung 1am chét trc ché
Cathepsin C va hiru dung dé diéu tri va/hoic ngin ngira c4c bénh c6 lién quan dén hoat

tinh dipeptidyl peptidaza I, vi du cac bénh ho hép.
Tinh trang k§ thuit clia sang ché

WO02004110988 bdc 10 chat Gc ché peptidyl nitril 1am chit @c ché
dipeptidyl-peptidaza I (DPPI) dé diéu tri hang loat céc bénh.

W02009074829 va W02010142985 ciing boc 10 chit trc ché peptidyl nitril 1am
chét e ché dipeptidyl-peptidaza I (DPPI) dé diéu tri bénh hen, COPD hodc viém miii
di tng.

W02013041497 bdc 16 cic hop chit N-[1-xyano-2-(phenyl)etyl]-2-azabixyclo
[2.2.1]heptan-3-carboxamit duge thé 1am chét &c ché dipeptidyl-peptidaza I (DPPI) dé
didu tri, vi du, cac bénh ho hip.

Dipeptidyl-aminopeptidaza I (DPPI hay Cathepsin C; EC3.4.141), 1a mot xystein
proteaza lysosom c6 kha néng loai bo cac dipeptit khoi d4u tan cling amino ctia cc co
chét protein. DPPI d4u tién dugc phat hién béi Gutman va Fruton nim 1948 (J. Biol.
Chem 174: 851-858, 1948). cADN clia enzym ngudi nay dd duge mo ta ndm 1995 (Paris
et al.; FEBS Lett 369: 326-330, 1995). Protein DPPI dugc xtr ly thanh enzym c6 hoat
tinh phan giai protein thanh thuc gém mot chudi ning, mot chudi nhe, va mdt propeptit
ma van c6 lién quan dén enzym hoat tinh (Wolters et al.; J. Biol. Chem. 273:

15514-15520, 1998). Trong khi c4c xystein Cathepsin khac (vi du B, H, K, L va S) la

-2-



27111

cac monome, DPPI 12 mot tetrame 200-kD véi 4 tiéu phan giéng nhau, mdi tiéu phan
gdm 3 chudi polypeptit khac nhau. DPPI dugc bidu hién mot cach co dinh trong nhiéu
md v6i mirc cao & phdi, than, gan va lach (Kominami et al.; Biol. Chem. Hoppe Seyler
373:367-373, 1992). Phu hop véi vai tro cia né trong hoat hda céc serin proteaza tur té
bao tao mau, DPPI ciling dugc biéu hién & mtc tuong dbi cao trong bach cau trung tinh,
lympho bao ddc té bao, té bao giét tu nhién, dai thuc bao phé nang va dudng bao. Céc
dit lidu gan day tir chudt thiéu hut DPPI cho thdy rang, ngoai viéc 14 mot enzym quan
trong trong su thoai bién protein lysosom, DPPI con ¢6 chitc ning la enzym chinh trong
su hoat héa céc serin proteaza hat trong cac lympho bao T doc té bao va cac té bao giét
tw nhién (granzym A va B; Pham et al.; Proc. Nat. Acad. Sci 96: 8627-8632, 1999),
dudng bao (chymaza va tryptaza; Wolter et al.; J Biol. Chem. 276: 18551-18556, 2001),
va bach cau trung tinh (Cathepsin G, elastaza va proteinaza 3; Adkison et al.; J Clin.
Invest. 109: 363.371, 2002). Khi duoc hoat hoa, cac proteaza nay c6 kha niang lam thoai
bién nhidu thanh phin nén ngoai bao khac nhau, ma cé thé dan dén thuong tén md va
viém man tinh.

Do d6, cac chét trc ché Cathepsin C c¢6 thé 13 c4c tic nhan didu tri hitu dung tiém
niang dé diéu tri cic bénh viém ma bach cdu trung tinh-chiém wu thé nhu bénh phéi tic
ngh&n man tinh (chronic obstructive pulmonary disease - COPD), khi thung phéi, hen,
da xo cing, va xo nang (Guay et al.; Curr. Topics Med. Chem. 10: 708-716, 2010; Laine
and Busch-Petersen; Expert Opin. Ther. Patents 20: 497-506, 2010). Viém khép dang
thip ciing 1a mdt bénh viém man tinh khéc trong 46 DPPI ¢6 vai trd nhét dinh. Cac bach
cdu trung tinh dugc tap hop dén vi tri viém khép va giai phong Cathepsin G, elastaza va
proteinaza 3, cac proteaza dugc cho la chiu trach nhiém pha hiy sun c6 lién quan dén
bénh viém khép dang thép. Thuc té, chudt thiéu hut DPPI dugc bao vé chéng lai bénh
viém khép clp do viéc chuyén thu dong khéng thé don dong chéng lai colagen typ II
(Adkison et al.; J Clin. Invest. 109: 363.371, 2002).

Ban chat ky thuat ciia sang ché

Theo vai tro ctia DPPI trong viéc hoat héa céc serin proteaza gay viém nhét dinh,
muc dich cta sang ché 13 giai quyét nhiing vén d& va dap tng nhu cu con tdn tai trong
linh vuc nay. Nhim muc dich nay, sang ché dé xuét cac hop chAt ma @c ché hoat tinh

ciia nd, nhd d6 e ché hoat tinh serin proteaza sau do.
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Cu thé, sang ché d& xuit hop chét c6 cong thirc I hodc mudi hodc solvat dugc dung
cua no,
)()L
H N
Cy N \///

BN

1
trong do:

Cy la:

trong do:

W dugc chon tir nhém gébm CH va N;

X duge chon tir nhém gdm CH va N;

Y duoc chon tir nhom gém CHvaN;

véi didu kién 1a ti da mot trong s cac nhém W, X va 'Y ¢6 thé 1a N;

D-E duoc chon tir nhom gém N(R?)-C(0), CH2CHa, C(0)-O va CH»-O;

R? dugc chon tir nhém gdm H va Cis-alkyl;

R! dugc chon tir nhém gém H, Cis-alkyl, CH30CH2CH:-, oxetanyl,
tetrahydrofuranyl, 4-tetrahydropyranyl va 3-tetrahydropyranyl;

ilal, 2 hodc 3;

jla 1,2 hodc 3;

vé6i didu kién 12 tdng i+j 12 2, 3 hoic 4.
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Séang ché ciing dé xut dugc phim chira hop chat theo séang ché hozic chira hop chét
theo sang ché va cac hop chit c6 dugc tinh khAc.
M5 ta vén tit hinh v&

Fig. 1 12 hinh v& thé hién cAu tric ctia cac phirc v&i phéi tt Cathepsin C. Trong do,
Fig.1 (A) 1a phirc ctia hop chat vi du 11 va Fig.1 (B) 1a phirc ciia hop chét vi du 16.
Mo ta chi tiét sang ché

Da bt ngd phat hién rang cac hop chit vong xo#n theo sang ché co

ehoat tinh Cathepsin C (DPPI) cao, tot hon 12 thé hién ICso [pM] ctia DPPI < 0,0050,
dic biét tét hon 1a < 0,0030,

Hon nita, c4c hgp chat theo sang ché thé hién cic kha nang sau, ma c6 loi cho hi€u

qua dugc ly cua ching:

ehoat tinh cao trén té bao, vi du trc ché viéc xir 1y elastaza ctia bach ciu trung tinh
trong dong té bao U937, tt hon 14 thé hién IC50 [uM]<0,5, dic bit tot hon 1a
<0,003.

edd chon loc cao chéng lai cac Cathepsin khac, vi du Cathepsin K, va

ecac dic tinh dugc dong hoc mong mudn néi chung, vi du dd dn dinh chuyén hoa,
t5t hon 12 thé hién d6 én dinh in vitro khi 1 tiéu thé gan nguoi 13 t1/2 [phat] >110,
dac biét tt hon 1a >120.

Ciing bt ngd phét hién rang céc hop chit theo sang ché thé hién mic d§ tc ché
hoat tinh elastaza bach cdu trung tinh cao trong san phim dung giai té bao dich rira phé
quan phé nang (bronchoalveolar lavage fluid - BALF) trong mé hinh chudt nhit twong
tac voi dich.

Hon nita, d bat ngd phét hién rang cac hop chét vong xoén theo sang ché tao ra
cdu mubi bd sung véi Glu275 ciia Cathepsin C ma din dén hoat tinh enzym va hoat tinh
trén t& bao cao cua loai hop chit nay. Tuong tic bd sung ndy ctia amin vong xoan (vi du
spiro-azetidin theo vi du 11 va spiro-pyrolidin theo vi du 16) da duoc kiém chimg bing
céc thir nghiém ddng két tinh protein Cathepsin C v6i cac hop chét theo vi du 11 va 16.
Trong ca hai truong hop, nguyén tr nito bazo tao ra cau mubi véi Glu275.

Da bét ngd phat hién ring van dé néu trén dugc gidi quyét béi cac hop chét c6
cong thuee I theo sang ché.

Do @6, sang ché dé cip dén hop chat c6 cdng thire I hodc mudi dugc dung cua no,
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trong do:

W duogc chon tir nhém gém CHvaN;

X duoc chon tir nhém gém CHvaN;

Y duogc chon tir nhém gém CHvaN;

véi didu kién 13 t6i da mot trong s6 W, XvaYcod thé 1a N;

D-E  dugc chon tir nhém gdm N(R?)-C(0), CH2CHz, C(0)-O va CHz-O;

R? duoc chon tir nhém gébm H va Ci.3-alkyl;

R! duogc chon tor nhém gém H, Cis-alkyl, CH;OCH2CH»-, oxetanyl,
tetrahydrofuranyl, 4-tetrahydropyranyl va 3-tetrahydropyranyl;

ilal,2hoic 3;

jlal, 2 hodc 3;

v6i didu kién 12 tdng i+j 12 2, 3 hoic 4.
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Cac phuong an uu tién

Dic biét vu tién cac hop chit c6 cong thire I trén day, hodc mubi dugc dung cla
chung, trong do:

Cy la:

(5

Uu tién c4c hop chét cé cong thirc I trén ddy, hodc mudi duge dung ctia ching,
trong do: |

Cy la:

Q ENH

Ul tién cac hop chét ¢ cong thirc I trén ddy, hodc mudi duge dung cla ching,
trong do:

R! duogc chon tir nhom gém H, CHs- va oxetanyl;

Ut tién cac hop chét c6 cong thic I trén dy, hodc mudi duge dung cla ching,
trong do:

R2 duge chon tir nhém gdm H va CHs;

Ul tién cac hop chét c6 cong thirc I trén ddy, hodc mudi dugc dung clia ching,
trong do:

R? la H.

Uu tién cac hop chét c6 cong thirc I trén day, hodc mudi duoc dung ciia chung,
trong do:

R? l1a CHs;

Uu tién cac hop chét c6 cong thirc I trén day, hodc mudi duoc dung ciia ching,
trong do:

D-E  1aCH»-O

Ut tién cac hop chét c6 cong thirc I trén ddy, hodc mudi duoc dung ctia chung,

trong do:
R! duge chon tir nhém gdm H, CH; va oxetanyl;
R2 12‘1 CH3;

Y% duogc chon tir nhém gdbm CH va N;
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X duoc chon tir nhém gém CHvaN;
Y dugc chon tir nhém gdm CH;

vé6i didu kién 12 t6i da mot trong s6 W, X va Y ¢6 thé 1a N;
D-E  dugc chon tir nhém gdm N(R?)-C(O), CHCH,, C(0)-O va CH»>-O;
ila 1hodc2;
j 1a 1 hodc 2;
v6i didu kién 13 tdng i+j 14 2, 3 hoic 4.
Uu tién cac hop chit c6 cong thire I trén ddy, hodc mudi dugc dung ciia ching,
trong do:

A duoc chon tir nhom gdm céc cong thirc A1 dén Al4:

o
@@ .
o
stey

A10 A11 A12
1
—N N/R
//
o
o)
A13 A14
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Uu tién céc hop chit c6 cong thirc I trén day, hodc mudi dugce dung cua chung,
trong do:

A duge chon tir nthom gom A2, A3, A4, AS, A6, A7, A10, Al13, va Al4.

* /R1 * /R1
N — N
QQ NQQ
@) O
A2, A3,
* R1 * 1
Ve /R
N N
@) (0]
(o) 0]
) R _R'
N — N
N
\ /
o O
o (@]
1

* N/R
—N N/R
N0 N\ //
R2 O

AlO, Al3,

A4, A5

A6, A7,

1

O Al4,
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Ul tién céc hop chét c6 cong thirc I trén day, hodc mudi duoc dung cla ching,
trong do:

A duoc chon tir nhom gdm A2 va A13

* R1 * 1
N~ —N N

N\ 7/

O O
A2, Al3

Ul tién cac hop chét c6 cong thirc I trén déy, hodc mubi dugc dung cua ching,
trong do:

A la nhém c6 cong thirc A2.1.
. /C/O
N

O
A2.1

Ul tién céc hop chét c6 cong thirc I trén day, hodc mubi dugc dung cuia ching,
trong do:

A 1a nhém c6 cong thire A13.1

N /C/O
N

—N

N\ //

O
Al3.1

Ul tién cac hop chét ¢ cong thirc I trén day, duge chon tir nhém gbm céac hop

chittheovidu 1, 5, 8, 10, 12, 13, 14, 19, 22, 23, 24, 25 va 27.

Vidul

Vidu5
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Viduy 12

Vidu 19

Vidu 24

Vi du 25
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Vidu 27

U tién cac hop chét c6 cong thirc I trén dy, hodc mudi duoc dung ctia ching,
trong do:

R! dugc chon tir nhém gdbm H va CHs,

Dic biét vu ti€n cac hop chét c6 cong thue I trén day, hodc mudi duge dung cia
chung, trong do:

R! 14 oxetanyl.

U tién cac hop chét c6 cong thirc I trén ddy, hodc mudi duoc dung ctia chiing,
trong do:

R! dugc chon tir nhém gdm H, CH; va oxetanyl;

R? duoc chon tir nhém gébm H va CHs-.

U tién cac hop chét c6 cong thirc I trén ddy, hodc mubi duge dung cua ching,
trong do:

R! dugc chon tir nhém gdm H va CHs;

R? duoc chon tir nhém gébm H va CHs.

Ul tién cac hop chét c6 cong thirc I trén day, hodc mubi duoc dung cua chiing,
trong do:

D-E  dugc chon tir nhém gébm CH,-O, C(0)-O va N(R?)-C(O).

Dic biét uu tién cac hop chit c6 cong thirc I trén day, hoic mudi dugc dung cla
chung, trong do:

D-E  dugc chon tir nhém gdm CH>-O va C(0)-O.

Uu tién cac hop chét c6 cong thirc I trén ddy, hodc mubi duge dung cia ching,
trong do:

R! dugc chon tir nhém gdm H, CHs va oxetanyl;

R? duoc chon tir nhém gdm H va CHs.

D-E  duogc chon tir nhém gdm CH-O, C(0)-O va N(R2)-C(O).
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Pic biét uwu tién cac hop chit c6 cong thic I trén ddy, hodc mubi dugc dung clia
ching, trong do:

R! duoc chon tir nhém gdm H, CHs, oxetanyl;

D-E  dugc chon tir nhém gdm CH,-O va C(0)-O.

Dic biét vu tién cac hop chét ¢c6 cong thire I trén day, hodc mubi duge dung cua
ching, trong do:

R! duoc chon tir nhém gdm oxetanyl;

D-E  dugc chon tir nhém gém CH>-O va C(0)-O.

Dic biét vu tién cac hop chét c6 cong thiic I trén day, hodc mudi dugc dung cua

ching, trong do:

\Y la CH;

X la CH;

Y la CH.

Utu tién céc hop chét c6 cong thic I trén ddy, hodc mudi duge dung cia ching,
trong do:

W la CH;

X laN;

Y la CH.

Ul tién c4c hop chit ¢ cong thie I trén day, hodc mubi duoc dung ctia ching,
trong do:

W laN;

X la CH;

Y la CH.

Uu tién céc hop chéit c6 cong thire I trén ddy, hodc mudi duge dung cia ching,
trong do:

W la CH;

X la CH;

Y la N.

Uu tién céc hop chit c6 cong thic I trén day, hodc mudi dugc dung ctia ching,
trong do:

R! duge chon tir nhém gdm H, CHs- va oxetanyl;

R? duoc chon tir nhém gdm H va CHs-;
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duogc chon tir nhém gdm CHa-0, C(0)-0O va N(R2)-C(O);
la CH;
la CH;
la CH.

DPic biét uu tién cac hop chét c6 cong thic I trén day, hoic mudi duoc dung cla

chung, trong do:

Rl
D-E
W
X
Y

duoc chon tir nhém gém H, CH3- va oxetanyl;
duge chon tir nhém gdm CH-O va C(0)-0;
la CH;

la CH;

la CH.

Uu tién céc hop chét co cong thtc I trén ddy, hoac mudi duge dung ctia chung,

trong do:
R!
R2
D-E
W
X
Y

duogc chon tir nhom gém H, CH3- va oxetanyl;

dugc chon tir nhom gém H va CHz-;

duoc chon tir nhém gém CH,-0, C(0)-0 va N(R2)-C(0);
laN;

la CH;

la CH.

Dic biét uu ti€n cac hgp chét c6 cong thic I trén day, hodc mubi duogc dung cua

ching, trong do:

Rl
D-E
w
X
Y

dugc chon tir nhom g?)m H, CH3- va oxetanyl;
dugc chon tir nthém gdm CH,-O va C(0)-0;
IaN;

la CH;

la CH.

Uu tién cac hop chét ¢ cong thirc I trén ddy, hodc mubi duoc dung cia ching,

trong do:
Rl
R2
D-E
W

dugc chon tir nhém gém H, CHzs- va oxetanyl;

duogc chon tir nhém gém H va CHs-;

duge chon tir nhém gdm CHa-0, C(0)-0 va N(R2)-C(O);
la CH;
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l[aN;
la CH.

Pic biét wu tién cac hop chét c6 cong thire I trén day, hodc mubi duge dung clia

chung, trong do:

R!
D-E
W
X
Y

duogc chon tir nhém gém H, CHs3- va oxetanyl;
duoc chon tir nhém gdm CH,-O va C(0)-0;
la CH;

laN;

la CH.

U tién cac hop chét cé cong thire I trén ddy, hodc mubi dugc dung cia ching,

trong doé:
R!
R2
D-E
w
X
Y

duoc chon tir nhom gém H, CH3- va oxetanyl;

duogc chon tir nhém gém H va CHs-;

duogc chon tir nhém gdm CHa-0O, C(0)-O va N(R2)-C(0);
la CH;

la CH;

laN.

Pac biét uu tién céc hop chét c6 cong thire I trén day, hodc mudi dugc dung cua

chung, trong do:

Rl
D-E
\%
X
Y

duoc chon tir nhom gf‘)m H, CHs- va oxetanyl;
dwoc chon tir nthém gdm CHz-O va C(0)-O;
la CH;

la CH;

la N.

Dic biét wu tién cac hop chét c6 cong thire I trén déy, hodc mubi duge dung ciia
ching, trong d6 A dugc chon tr nhém gém A2, A3, A4, A5, A6, A7, A8, A9, A10, All,
Al12, A13 va Al4.

Dic biét wu tién cac hop chéit c6 cong thic I trén dy, hodc mubi duge dung clia

chung, trong d6 A dugc chon tir nhom gf’)m Al, A2, A3, A4, A6, A7, A9, A10, A13 va

Al4.

Dbac biét vu tién cac hop chét c6 cong thirc I trén ddy, hoic mudi dugc dung cua

chung, trong d6 A dugc chon tir A4, A5, A6, A7, A8, A9 va Al4.
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DPic biét uu tién cac hop chét c6 cbng thuc I trén day, hodc mudi duoc dung cia
chting, trong d6 A duoc chon tir nhém gdm A10, A11 va A12.

Pic biét uu tién cac hop chét c6 cong thire I trén day, hodc mudi duoc dung cua
ching, trong d6 A dugc chon tir nhom gf‘)m A2, A3, A9, A13 va Al4.

Pic biét uu tién céc hop chét c6 cong thuc I trén day, hodc mudi duoc dung cua
chung, trong d6 A dugc chon tr nhom gdm A2, A3 va Al3.

Dic biét wu tién cac hop chét c6 cong thire I trén day, hoic mubi duge dung cla
chung, trong d6 A 1a A2.

bac biét wu tién cac hop chét ¢6 cong thire I trén day, hodc mudi duge dung cua
chung, trong d6 A 1a A13.

Uu tién cac hop chit c6 cong thirc I trén day, hodc mubi dugc dung cla ching,
trongdéila2vajlal.

Uu tién céac hop chét c6 cong thic I trén day, hodc mubi duoc dung ciia chiing,
trongdéilalvajlal.

Dic biét wu tién cac hop chét c6 cong thirc I trén day, hodc mubi duge dung clia
ching, trong d6ila2vajla2.

U tién céc hop chét c6 cong thie I, trong d6 cac hop chét nay dugc chon tir nhém
gbm céc hop chittheo vidu 1, 3,4, 5, 6,7, 8, 10, 12, 13, 14, 16, 17, 18, 19, 20, 22, 23,
24,25,26 va27.

Dinh nghia bt ky va timg dinh nghia vé R, R, Cy, A, D, E, W, X, Y, i vaj c6 thé
duogc két hop véi nhau.

Theo mot phuong én khéc, sang ché d& cap dén hop chét c6 cong thirc T hodc mudi
duoc dung ctia né dé ding lam thudc.

Theo mdt phuong an khéc, séng ché d& cap dén hop chét c6 cong thirc I hodc mudi
duoc dung cia nd dé ding 1am thudc dé diéu tri bénh hen va cac bénh di ing, bénh viém
da day rudt, viém than tiéu cau, bénh va eosin, bénh phéi tac ngh&n man tinh, nhiém vi
khuén gdy bénh, viém khép dang thép, bénh ua bach cau trung tinh, xo nang (CF), xo
héa khong & nang, xo héa phdi vo cin, gidn phé quan, viém mach lién quan dén khang
thé ANCA, ung thu phdi, khi thing, viém phé quan man tinh, chén thwong phdi cap
(acute lung injury - ALI), hoi ching suy ho hép cép (acute respiratory distress syndrome

- ARDS), tdng 4p phéi, (PAH) va Alpha-1-antitrypsin deficiency (AATD), bénh béo phi
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va tinh trang viém 1ién quan, khang insulin, bénh tiéu dudng, gan nhiém md va gan thiAm
ma.

Ul tién hop chit c¢6 cong thirc I hodc mudi duge dung ctia né dé dung lam thubc
@& didu tri bénh hen va céc bénh di Gmg, bénh viém da day rudt, bénh va eosin, bénh
phdi tic nghén man tinh, khi thing, nhiém vi khuén gy bénh, viém khép dang thap va
x0 vita dong mach.

Dic biét vu tién hop chit c6 cong thire I hoic mudi dugc dung ctia nd dé dung lam
thudc d& diéu tri bénh phdi tic nghén man tinh va khi thung.

Theo mét phwong 4n khac, sang ché dé cap dén duoc phim, khac biét & chd duge
pham nay chira mdt hozic nhiéu hop chit ¢ cong thirc I hodc mudi ¢6 dugce tinh ciia né.

Ban moé ta boc 16 phuong phap diéu tri hodc phong nglra bénh, trong d6 chét trc
ché hoat tinh DPPI ¢6 1oi {ch tri lidu, phuong phéap niy bao gdm buéc sit dung lugng c6
tac dung didu tri hodic phong ngira ctia hop chét c6 cong thirc 1 cho bénh nhan can diéu
tri hodc phong ngura.

Theo mot phuong an khac, sang ché d& cap dén dugc phdm, ngoai hop chit ¢6
cong thtrc I, con hop chét c¢6 duge tinh dugc chon tir nhém gém cac betamimetic (chét
hudng beta giao cam), anticholinergic (rc ché pho giao cam), corticosteroit, chét &rc ché
PDE4 , chit déi khang LTD4, chét e ché EGFR, chit Gc ché CRTH?2, chét e ché 5
LO, chat dbi khéng thu thé histamin, chat dbi khang CCR9 va chét tc ché SYK, chét trc
ché NE, chit trc ché MMP9 va chét trc ché MMP12, va ca td hop ctia hai hoic ba chét

hoat nay.
Céc thuat ngit va dinh nghia dugc sir dung

Céc thuat ngit khong dugc xac dinh cu thé & ddy nén 14y nghia dugc gén cho ching
béi ngudi ¢ hidu biét trung binh trong linh vuc theo ndi dung bdc 10 va ngit canh. Tuy
nhién, theo st dung trong ban md ta nay, trir khi dugc xac dinh nguoc lai, cac thuat ngir
sau day c6 y nghia dugc chi rd va nhitng quy wéc sau day duoc tuan tha.

Trong cac nhém, cac gbc hoidc cac phan dinh nghia dudi day, sb lugng nguyén tir
cacbon thudng dugc x4c dinh & truge nhém, vi dy, Ci-6-alkyl c6 nghia 1a nhém hodc
gbc alkyl c6 1 dén 6 nguyén tir cacbon.

No6i chung trong cac nhém don nhu HO, HoN, S(O), S(O)2, NC (xyano), HOOC,
F3C hodc nhom tuong tu, nguoi ¢6 k¥ ndng co thé thiy (c4c) diém lién két gbc v6i phan

tir tir cac hoa tri tw do ctia ban than nhém. Doi v6i cac nhoém két hop gom hai hodc nhiéu

-17-



27111

phan nhém, phadn nhém goi tén cudi cung la diém lién két géc, vi du, nhém thé
"aryl-Ci-4-alkyl-" nghia 12 nhém aryl ma duoc lién két v6i nhém Ci-s-alkyl-, nhém nay
dugc lién két v6i nhan hogic v6i nhém ma nhém thé duge lién két véi no.

Theo cach khéc, “*” chi diém gén két trong don vi cAu tric héa hoc.

Néu hop chét theo sang ché duge md ta & dang tén héa hoc va dang cong thic,
trong trudng hop c6 bat ky sw khong nhit quan nao, thi cong thirc chiém uwu thé. Ky hiéu
dAu sao c6 thé duge st dung trong céc cong thirc-phu dé chi lién két ma két ndi voi phan
tr 161 khi duoc xac dinh.

Nhiéu thuat ngit sau day c6 thé duogc sir dung lip lai khi dinh nghia vé cong thirc
hoac nhém va trong mdi truong hop, c6 mot trong sb cac y nghia dua ra ¢ trén, mot cach
ddc 18p v6i nhau.

Thuat ngit "dugc thé" theo sit dung & dy, c6 nghia 1a bét ky mot hodc nhiéu hydro
trén nguyén tr xac dinh duoc thay thé bang mot phan tir Iwa chon tir nhém x4c dinh, véi
diéu kién khéng duoc vugt qua hoa tri binh thudng cta nguyén tir xac dinh va sy thé

dAn dén mot hop chét 6n dinh.

Céach dién giai "phong ngtra", "du phong", "didu tri dy phong" hoic "diéu tri phong
ngira" st dung & day can duoc hiéu 13 ddng nghia va véi nghia 13, 1am gidm nguy co
phat trién mot tinh trang d4 néu truéce d6 trong tai liéu nay, nhét 12 & bénh nhén c6 nguy
co cao vé céc tinh trang néu trén hoic tién st bénh twong Gng, vi du, nguy co cao phat
trién rdi loan chuyén héa nhu bénh tiéu duong hoac béo phi hodc r6i loan khac d3 néu
& day. Do d6, cach dién giai "phong ngira bénh" theo sir dung & ddy c6 nghia la vige
quan 1y va chim s6c mét ca thé c6 nguy co phat trién bénh trude khi bénh khoi phét vé
mat 1dm sang. Muc dich cta viéc phong ngura 1a chéng lai su phat trién bénh, tinh trang
hoic rdi loan va bao gff)m viéc st dung cac hoat chét dé phong ngira hodc lam chém sy
khéi phat cia tri€u chung hodc bién chung va dé phong ngira hodc 1am chim su phat
trién cua bénh, tinh trang hodc r6i loan. Sy thanh coéng clia viéc diéu tri néu trén duoc
phan 4nh vé mit théng ké béi tin s6 mic tinh trang néu trén giam & mot quin thé bénh
nhén c¢6 nguy co vé tinh trang nay so véi quan thé bénh nhan twong duong khong dugc
didu tri phong ngira.

Céach dién giai "diéu tri" hodc "tri liéu" c6 nghia l1a diéu tri tri liéu cho bénh nhan
d3 phat trién mdt hoic nhiéu tinh trang néu trén & dang rd rang, cAp tinh hoic man tinh,

bao gdm ca diéu tri triéu chimg dé lam giam cac triéu ching cua mot chi dinh cu the
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hodc diéu tri nguyén nhan d& 1am dao nguoc hodc dio nguge mot phan tinh trang bénh
hodc dé 1am chim su tién trién cua tinh trang chi dinh trong chirg murc ¢6 thé, tily thudc
vao tinh trang va mic d6 trdm trong cua tinh trang nay. Do do, cich dién giai "didu tri
bénh" theo sir dung ¢ ddy c6 nghia 13, viéc quan ly va chdm séc cho mt bénh nhén da
phat trién bénh, tinh trang hodc t6i loan. Muc dich cua diéu trj 1a chéng lai bénh, tinh
trang hodc rdi loan. Viéc diéu tri bao gém budc st dung céc hop chét hoat tinh dé loai
trir hodc kiém soat bénh, tinh trang hodc r6i loan cling nhu dé lam gidm céc triéu chiing

hoic bién chimg két hop v6i bénh, tinh trang hoc rdi loan.

Tru khi duge chi ra cu thé, trong toan bo phin md ta va yéu cu bao ho, mot tén
hodc cong thurc hda hoc x4c dinh s& bao ham ca céac tautome va tAt ca cac chat ddng phan
1ap thé, quang hoc v hinh hoc (vi du, c4c chét ddng phan dbi anh, cac chit ddng phan
khéng dbi quang, cac chét dong phan E/Z, v.v.) va cac chét triét quang cua chiing ciing
nhu céc hdn hop véi ty 16 khac nhau ciia cic chat ddng phan ddi anh riéng biét, hdn hop
ctia cac chét ddng phan khong dbi quang, hoic hdn hop clia dang bét ky trong s_é cac
dang néu trén khi cac chat ddng phan va cac chét ddng phan dbi anh nhu vay ton tai,
cling nhu cac mubi, bao gdm ca mudi dugc dung ctia chiing va céc solvat ctia chung, vi
du nhu cac hydrat bao gdm ca cic solvat ctia cac hop chit tw do hodc cic solvat clia
mudi ctia hop chit.

Thuéat ngtt "dugc dung" dugc dung & day dé chi cac hop chét, nguyén liéu, ché
phim va/hodc cac dang liéu ma, trong pham vi ctia danh gia y té thich hop, thich hop dé
ding tiép xtc véi md nguoi va dong vat ma khong gy doc hai, kich ing, phéan ung di
mg qua mirc hodc khong gy ra vin dé hozic bién chimg khic va tuong xtng véi ty 1
loi ich/nguy co hop ly.

Theo st dung & ddy, "mubi duoc dung” duoc ding dé chi cac dan xudt ctia cac hop
chat dugc boc 16 & day, trong d6 hop chét gbc duge cai bién bang cach tao ra cac mubi
axit hodic bazo cta né. Vi du vé cac mudi dugc dung bao gébm, nhung khdng chi gisi
han &, cac mudi axit vo co hoidc hitu co clia cac géc bazo nhu cac amin; cac mudi kiém
hodc hitu co ctia cac géc axit nhu céc axit cacboxylic; va mudi tuong tu. Vi du, céc mudi
nhu vy bao gém cac mudi ciia amoniac, L-arginin, betain, benetamin, benzathin, canxi
hydroxit, cholin, deanol, dietanolamin (2, 2’-iminobis(etanol)), dietylamin,
2-(dietylamino)-etanol, 2-aminoetanol, etylendiamin, N-etyl-glucamin, hydrabamin,

1H-imidazol, lysin, magie hydroxit, 4-(2-hydroxyetyl)-morpholin, piperazin, kali
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hydroxit, 1-(2-hydroxyetyl)-pyrrolidin, natri hydroxit, trietanolamin (2, 2’
2"-nitrilotris(etanol)), trometamin, k&m hydroxit, axit axetic, axit 2.2-diclo-axetic, axit
adipic, axit alginic, axit ascorbic, axit L-aspartic, axit benzensulfonic, axit benzoic, axit
2, 5-dihydroxybenzoic, axit 4-acetamido-benzoic, axit (+)-camphoric, axit
(+)-camphor-10-sulfonic, axit cacbonic, axit cinnamic, axit xitric, axit xyclamic, axit
decanoic, axit dodexylsulfuric, axit etan-1, 2-disulfonic, axit etansulfonic, axit
2-hydroxy-etansulfonic, axit etylendiamintetraaxetic, axit formic, axit fumaric, axit
galactaric, axit gentisic, axit D-glucoheptonic, axit D-gluconic, axit D-glucuronic, axit
glutamic, axit glutaric, axit 2-oxo-glutaric, axit glycerophosphoric, axit glycin, glycolic,
axit hexanoic, axit hippuric, axit hydrobromic, axit clohydric, axit isobutyric, axit
DL-lactic, axit lactobionic, axit lauric, lysin, axit maleic, axit (-)-L-malic, axit malonic,
axit DL-mandelic, axit metansulfonic, axit galactaric, axit naphtalen-1,5-disulfonic, axit
naphtalen-2-sulfonic, axit 1-hydroxy-2-naphthoic, axit nicotinic, axit nitric, axit
octanoic, axit oleic, axit orotic, axit oxalic, axit palmitic, axit pamoic (axit embonic),
axit phosphoric, axit propionic, axit (-)-L-pyroglutamic, axit salicylic, axit
4-amino-salicylic, axit sebacic, axit stearic, axit suxinic, axit sulfuric, axit tannic, axit
(+)-L-tartric, axit thioxyanic, axit p-toluensulfonic va axit undexylenic. Cac mudi dugc
dung khéc c6 thé dugc tao ra nhd céc cation tir cac kim loai nhu nhdm, canxi, lithi,
magie, kali, natri, kém va cdc kim loai twong tu. (Tuong ty, xem trong tai liéu
Pharmaceutical salts, Birge, S.M. et al., J. Pharm. Sci., (1977), 66, 1-19).

Céc mubi duoc dung theo sang ché c6 thé dugc tdng hop tir hop chit gbc ma chira
gbc axit hodc bazo bang cac phuong phap héa hoc thong thudng. Néi chung, cac mudi
nay c6 thé duoc didu ché bang cach cho c4c dang axit hodc bazo ty do cta cc hop chét
ndy phan g vé&i lugng di ciia bazo hodc axit thich hop trong nude hodc trong chét pha
logng hitu co nhu ete, etyl axetat, etanol, isopropanol, hodc axetonitril, hodc hén hop
cua chung.

Mubi ciia cac axit khac khong phai céc axit dugc dé cap trén ddy ma, vi du hiru
dung @& tinh ché hoic tach cac hop chit theo sang ché (vi du cac mudi triflo axetat),
ciing 14 mot phan ctia sang ché.

Thuét ngit halogen thudng dé chi flo, clo, brom va iot.

Thuét ngit “Ci-p-alkyl”, trong d6 n 1a ) nguyén dugc chon tir 2, 3, 4, 5 hodc 6, doc

1ap hodc két hop v6i gbe khac duge dung dé chi gbc hydrocacbon mach thing hodc mach
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nhanh, khong vong, bdo hoa co tur 1 dén n nguyén tir C. Vi du thuat ngit Ci-s-alkyl bao
gdm céc gbc HsC-, H3C-CHa-, H3C-CH2-CH,-, H3C-CH(CH3)-, H3C-CH>-CH,-CHo-,
H;C-CH,-CH(CH3)-, H3C-CH(CH3)-CHz-, H3C-C(CH3)2-, H3C-CH,-CH,-CH2-CHo-,
H3C-CH,-CH2-CH(CH3)-,  H3C-CH2-CH(CH3)-CHz-,  H3C-CH(CH3)-CH2-CHo-,
H3C-CH2-C(CHas)»-, H3C-C(CHz3)2-CHo-, H3C-CH(CH3)-CH(CHs)- va
H3C-CH,-CH(CH2CH3)-.

Thuit ngit “oxetanyl” chi vong no 4 canh chira nguyén tir oxy & vi tri s6 3 so véi
diém gin két.

Diéu ché
Céc phuong phép téng hop chung

Séang ché ciing dé xuét quy trinh diéu ché hop chét c6 cong thic L.

Céc didu kién va thoi gian phan Gng t6i wu c6 thé thay ddi tiy thudc vao céc chét
phan tg cu thé duge st dung. Trir khi ¢6 quy dinh khac, dung mdi, nhiét do, ap sut va
céc didu kién phan tmg khac c6 thé d& dang dugc chon béi ngudi c6 hiéu biét trung binh
v& linh vuc nay. Cac quy trinh cu thé dugc dua ra trong myc Céc vi du tbng hop. Thong
thuong, tién trinh phan tng c6 thé duoc theo ddi bang phuwong phép sic ky 16p méng
(thin layer chromatography - TLC) hodc LC-MS, néu mudn, va cac hop chit trung gian
va san phdm c6 thé dugc tinh ché bang phwong phap séc ky trén silica gel, HPLC va/hogic
bing céach két tinh lai. Cac vi du sau day nhdm minh hoa va, nhu ngudi c¢6 hiéu biét
trung binh v& linh vuc nay thira nhan, céc chét phan Ung hodc didu kién cu thé c6 thé
duoc thay dbi néu can dbi véi timg hop chét riéng r& ma thir nghiém khong phi ly. Céc
nguyén li€u ban dau va céc hop chét trung gian duoc str dung trong cdc phuwong phép
du6i day c6 ban trén thi trudng hodc dé dang didu ché dugc tir cac nguyén lidu c6 ban
trén thi trudng béi ngudi c6 hiéu biét trung binh trong linh vyc k¥ thuat nay.

Hop chét c6 cong thire I c6 thé duge diéu ché bang phuong phép dugc duoc ra

trong So dd 1,2, 3 hodc 4:
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Nhu dugc minh hoa trong so d6 1, viéc bao vé va loai bao vé cac nhom chire duge

md ta trong tai liéu ‘Protective Groups in Organic Synthesis’, cia T. W. Greene va P.
G. M. Wuts, Wiley-Interscience. Vi du, dé loai bio vé nhoém zerz-butoxycacbonyl, axit
nhu axit formic, axit trifloaxetic, axit p-toluensulfonic hodc HCI c6 thé dugc st dung

trong dung mdi thich hgp nhu nuéec, DCM hodc dioxan dé tao ra hop chit c6 cong thirc

Viéc cho axit c6 cong thitc IV, trong d6 PGi 1a nhém bao vé (vi du tert-

butoxycacbonyl) stt dung cac quy trinh trong tai li¢u chuin dé diéu ché amit, vi du véi
su ¢ mit cia bazo nhu N,N-diisopropyletylamin (DIPEA) va chét hoat héa nhw HATU
hodc TBTU, phan tng véi amin ¢6 cdng thirc III trong dung moi thich hop, tao ra hop
chét c6 cong thirc V. Cac phan tng két hop peptit chuén da biét trong linh vuc nay (xem
vi du M. Bodanszky, 1984, The Practice of Peptide Synthesis, Springer-Verlag) c6 thé

duoc st dung trong céc quy trinh tbng hop nay.
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Viéc loai nuée amit nhu trong hop chit ¢6 cong thirc V thanh nitril c6 cong thirc
VI c6 th8 thuc hién dugc biang cich st dung chit loai nuéc nhu
(metoxycacbonylsulfamoyl)trietyl amoni hydroxit, trong dung moéi thich hop nhu
diclometan (DCM).

Céc hop chat c¢6 cong thirc VI (Xi=1, Br) ¢6 thé duoc chuyén thanh din xudt axit
boronic twong tng VII, trong d6 R co thé 14 H hoic alkyl thip hon mét cach ddc lap va
cac gbc R c6 thé tao thanh vong. Vi du, hop chat VI c6 thé dugce cho phan tng véi
bis(neopentyl glycolato)diboron véi sy c6 mit cua chit xtc tac thich hop nhu [1,1'-
bis(diphenylphosphino)feroxen]diclopaladi(Il), va bazo thich hop nhu kali axetat hodc
natri, kali hodc xesi cacbonat hodc phosphat, trong dung mdi thich hop nhu dioxan,
dimetylformamit (DMF), hodc diclometan (DCM) dé tao ra cac dan xuit axit boronic
VIL.

Céc hop chit nay c6 thé dugc cho phan ng trong phéan tmg hop chét c6 cong thirc
VIII (X>= Cl, Br) c6 xuc tac kim loai (chuyén tiép). Viéc két hop cac halogenua VIII
nay tao ra hgp chit c6 cong thirc IX. Vi du, phan (g cla cac halogenua nay véi axit
boronic hoic este ciia axit boronic twong tng VII, trong dung mdi thich hop nhu dioxan,
v6i su ¢6 mit cia chit xdc tac thich hgp nhu 1,1'-bis(di-tert-butylphosphino)feroxen
paladi diclorua va bazo thich hgp nhu natri, kali hodc xesi cacbonat, tao ra hop chét c6
cong thuc IX.

Viéc bao vé va loai bao vé cac nhom chirc duge mo ta trong tai liéu ‘Protective
Groups in Organic Synthesis’, cia T. W. Greene va P. G. M. Wuts, Wiley-Interscience.
Vi dy, dé loai bao vé nhom tert-butoxycacbonyl, axit nhu axit p-toluensulfonic
monohydrat c6 thé dugc st dung trong dung moi thich hgp nhu axetonitril dé tao ra hop

chét c6 cong thirc L.
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Nhu duge minh hoa trong so dd 2, viée cho axit ¢ cong thirc IV, trong d6 PG 12
nhom bao vé (vi du tert-butoxycacbonyl) sit dung cac quy trinh trong tai li€u chuén dé
diéu ché amit, vi du véi su c6 mit cia bazo nhu N, N-diisopropyletylamin (DIPEA) va
chét hoat héa nhu HATU hodc TBTU, phan g v6i amin c6 cong thtrc III trong dung
moi thich hop, tao ra hop chit c6 cong thirc V. Cac phan tng két hop peptit chudn da
biét trong linh vuc nay (xem vi du M. Bodanszky, 1984, The Practice of Peptide
Synthesis, Springer-Verlag) c6 thé dugc st dung trong céc quy trinh tdng hop nay.
Céc hop chét ¢ cong thirc V ¢ thé duoc chuyén thanh cac dan xuét axit boronic

X tuong tng theo cach twong ty nhu quy trinh phan ng dugc mo ta trong so do 1.
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Céc hop chét nay c¢6 thé duoc cho phan tng trong phan tng clia hop chit c6 cong
thirc VIII (X,= Cl, Br) c6 xtc tac kim loai (chuyén tiép) dé tao ra hop chit c6 cong thirc
XI trong tu voi quy trinh phan tng dugc md ta trong so do 1.

Hop chét c6 cong thirc XI ¢6 thé duge chuyén thanh hop chét c6 cong thire XII
bang cach st dung chit khtr nhu lithi ho#c natri bohydrua trong dung méi thich hop nhu
tetrahydrofuran.

Hop chit c6 cong thire XII ¢6 thé dugce chuyén thanh hop chat c6 cong thirc XIII
bang cach st dung cac chit phan ting nhu p-toluensulfonic anhydrit hodc metansulfonyl
clorua véi su ¢6 mit cua bazo nhu trietylamin hodc N,N-diisopropyletylamin (DIPEA)
trong dung moéi thich hgp nhu tetrahydrofuran. |

Viéc loai nu6e amit nhu trong hop chét c6 cong thire XIII thanh nitril ¢6 cong thirc
XIV c¢6 thé thuc hién dugc bing cach st dung chdt loai nudc nhu
(metoxycacbonylsulfamoyl)trietyl amoni hydroxit, trong dung mdi thich hop nhu
diclometan (DCM).

Viéc bao vé va loai bao vé& cac nhom chirc duge mo ta trong tai liéu ‘Protective
Groups in Organic Synthesis’, cia T. W. Greene va P. G. M. Wuts, Wiley-Interscience.
Vi du, d loai bao vé nhém tert-butoxycacbonyl, axit nhu axit p-toluensulfonic
monohydrat c6 thé duge sit dung trong dung méi thich hgp nhu axetonitril dé tao ra hop

chét c6 cong thirc I.
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Nhu dugc minh hoa trong so dd 2, viéc cho axit c6 cong thirc XV, trong d6 PG1
12 nhém bao vé (vi du feri-butoxycacbonyl) st dung cic quy trinh trong tai liu chuén
dé diéu ché amit, vi du véi su ¢6 mit cia bazo nhu N-metylmorpholin va chét hoat hoa
nhu axit 1-propanphosphonic anhydrit vong (PPA) véi amin c¢6 cong thirc I1I trong dung
moi thich hop, tao ra hop chét c6 cong thirc XVI. Cac phan ing két hop peptit chuin da
biét trong linh vuc ndy (xem Vi du M. Bodanszky, 1984, The Practice of Peptide
Synthesis, Springer-Verlag) c6 thé dugc st dung trong cac quy trinh tdng hop nay.

Viéc bao vé va loai bdo vé cdc nhom chirc dugc md ta trong tai liéu ‘Protective
Groups in Organic Synthesis’, cia T. W. Greene va P. G. M. Wuts, Wiley-Interscience.
Vi du, dé bao vé amin ¢ cong thirc XVI, di-tert-butyl dicacbonat c6 thé dugc st dung
trong dung moi thich hgp nhu diclometan dé tao ra hop chit c6 cong thire XVIL

Viéc loai nuéc amit nhu trong hop chét c6 cong thirc XVII thanh nitril ¢6 cong

thitc XVIII c6 thé thuc hién dugc b%mg cach st dung chit loai nuéc nhu
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(metoxycacbonylsulfamoyl)trietyl amoni hydroxit, trong dung moéi thich hop nhu
diclometan (DCM).

Céc hop chit ¢6 cong thire XVIII (Xi= I, Br) ¢6 th8 dugc chuyén thanh din xuét
axit boronic tuong tng XIX, trong d6 R co thé 1a H hodc alkyl thip hon mét cach doc
1ap va cac gbc R c6 thé tao thanh vong. Vi du, hop chat XVIII c¢6 thé duoc cho phan tng
véi bis(pinacolato)diboron véi sy ¢ mit cia chit xtc tac thich hop nhu [1,1'-
bis(diphenylphosphino)feroxen]diclopaladi(II), va bazo thich hop nhu kali axetat hodc
natri, kali hodc xesi cacbonat hodc phosphat, trong dung moi thich hgp nhu dioxan,
dimetylformamit (DMF), hodc diclometan (DCM) dé tao ra céc dan xuét axit boronic
XIX.

Céc hop chat nay c6 thé dugc cho phan ting trong phan (ng hop chét ¢ cong thirc
VIII (X2= Cl, Br) ¢6 xuc tac kim loai (chuyén tiép). Viéc két hop céc halogenua VIII
nay tao ra hop chét c6 cong thirc XX. Vi dy, phan tng clia cac halogenua nay véi axit
boronic hoic este cua axit boronic twong ing XIX, trong dung mdi thich hgp nhu dioxan,
v6i su c6 mit caa chit xuc tac thich hop nhu 1,1'-bis(di-tert-butylphosphino)feroxen
paladi diclorua va bazo thich hgp nhu natri, kali hodc xesi cacbonat, tao ra hop chét ¢6
cong thue XX.

Viéc bao vé va loai bao vé cdc nhom chirc duge md ta trong tai liéu ‘Protective
Groups in Organic Synthesis’, caa T. W. Greene va P. G. M. Wuts, Wiley-Interscience.
Vi du, d loai bao vé nhém tert-butoxycacbonyl, axit nhu axit p-toluensulfonic
monohydrat c6 thé dugc str dung trong dung moi thich hgp nhu axetonitril dé tao ra hop

chét c6 cong thic 1.
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- So 6 4
Nhu duge minh hoa trong so dd 4, hop chét c6 cong thire II ¢6 thé duge chuyén

thanh dan xuét axit boronic twong tng XXI, trong d6 R c6 thé 1a H hoic alkyl thap hon

mot cach doc 1ap va céac géc R c6 thé tao thanh vong. Vi duy, hop chét II ¢6 thé dugc cho

phan Ung v6i bis(neopentyl glycolato)diboron véi sy cé madt cua chét xtc tac thich hop

nhu [1,1'-bis(diphenylphosphino)feroxen]diclopaladi(Il), va bazo thich hgp nhu kali

axetat hodc natri, kali hodc xesi cacbonat hodc phosphat, trong dung mdi thich hgp nhu

dioxan, dimetylformamit (DMF), hodc diclometan (DCM) d8 tao ra cac dan xuét axit

boronic XXI.

Céc hop chit nay c6 thé duoc cho phan ting trong phan tng ctia hop chét ¢6 cong

thirc VIII ¢6 xuc tac kim loai (chuyén tiép) twong tu v6i quy trinh phan (g dwoc mo ta

trong so d6 1 d& tao ra hop chét c6 cong thire XXII.

Viéc loai nude amit nhu trong hop chit c6 cong thirc XXII thanh nitril c6 cong

thte XXIII c6 thé thuc hién duoc béng cach su dung chit loai nudc nhu
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(metoxycacbonylsulfamoyl)trietyl amoni hydroxit, trong dung moi thich hgp nhu
diclometan (DCM).

Viéc bao vé va loai bao vé cac nhém chitc dugc mo ta trong tai liéu ‘Protective
Groups in Organic Synthesis’, cua T. W. Greene va P. G. M. Wuts, Wiley-Interscience.
Vi du, dé loai bao vé tert-butoxycacbonyl, axit nhu axit p-toluensulfonic monohydrat c6
thé duogc sir dung trong dung mdi thich hgp nhu axetonitril dé tao ra hop chét c6 cong
thic XXIV.

Viéc cho axit c¢6 cong thirc XV, trong d6 PG1 1a nhém bao v€ (vi du fert-
butoxycacbonyl) st dung céc quy trinh trong tai liéu chuén dé diéu ché amit, vi du v6i
su c¢6 mit cia bazo nhu N-metylmorpholin va chit hoat héa nhu axit 1-
propanphosphonic anhydrit vong (PPA) v6i amin ¢6 cong thire XXIV trong dung méi
thich hop, tao ra hop chét cé cong thirc XX V. Céc phén tmg két hop peptit chuén da biét
trong linh vurc ndy (xem Vi du M. Bodanszky, 1984, The Practice of Peptide Synthesis,
Springer-Verlag) c6 thé duoc st dung trong c4c quy trinh téng hop nay.

Viéc bao vé va loai bao vé& cac nhom chirc dugc md ta trong tai liéu ‘Protective
Groups in Organic Synthesis’, cua T. W. Greene va P. G. M. Wuts, Wiley-Interscience.
Vi du, dé loai bao vé tert-butoxycacbonyl, axit nhu axit p-toluensulfonic monohydrat c6
thé dugc st dung trong dung mdi thich hgp nhu axetonitril dé tao ra hop chét c6 cong
thire I.

Cac bién dbi khac cta cac hop chit c6 cong thie I bang phuong phap da biét trong
linh vuc nay va dugc minh hoa trong céc vi du duéi day, co thé duoc sir dung dé diéu
ché cac hop chét khic theo sang ché.

Vi du thye hién sang ché
Céc vi du tong hop

Duéi day 1a cac hop chét dai dién ctia séng ché, cac hop chét nay c6 thé duge diéu
ché theo cac so @6 tng hop chung, cac vi du duéi day va cac phuong phap da biét trong
linh vuc k§ thuat nay. Céac nguyén liéu ban dAu va cac hop chit trung gian c6 ban trén
thi truong va mua dugc theo danh muc cia cidc hing ABCR, ACROS, ABLOCK
PHARMATECH, ACTIVATE, ALDRICH, APOLLO SCIENTIFIC, ARK PHARM
INC, ATLANTIC SCIENTIFIC TECHNOLOGY, BETAPHARM, BEFARM,
CHEMBRIDGE CORPORATION, CNH-TECH, ENAMINE LTD, GOLDENBRIDGE
PHARMA INC, GVK BIO, MERCACHEM, MOLBRIDGE, WUXI APPTEC,
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ZERENEX hoic dugc téng hop theo tai liéu hodc dugc md ta dudi diy trong muc “Tbng

hop cac nguyén li€u ban dau/cac chat chiét”

Thoi gian luu trong phwong phép séc ky 1ong-phd khéi (Liquid chromatography-

mass spectroscopy - LCMS) va dit lidu m/z quan sat dugc d6i vé6i cac hop chat dudi day

thu dugc bing mot trong cac phwong phap sau:
Phuong phap LC-MS V001_007

M3 ta thiét bi Waters Alliance v6i DAD va MSD
Cot Waters XBridge C18

Kich thudce cot 4,6 x 30 mm

Kich thudc hat 3,5 um

Gradien/Dung méi | % Sol % Sol [Metanol] | Dong Nhiét do [°C]
Thoi gian [phat]  |[H20, TFA 0,1%)] [ml/phut]

0,0 95 5 4 60

1,6 100 4 60

1,85 100 4 60

1,9 95 5 4 60

Phuong phap LC-MS V003_003

MO ta thiét bi Waters Alliance voi DAD va MSD

Cot Waters XBridge C18

Kich thuéc cot 4,6 x 30 mm

Kich thudc hat 3,5 um

Gradien/Dung mo6i| % Sol [H20, 0,1% |% Sol [Metanol] |Dong Nhiét do

Thoi gian [phat]  |NHs] [ml/phut] [°C]

0,0 95 5 4 60

0,2 95 5 4 60

1,5 100 4 60

1,75 100 4 60
Phuong phap LC-MS V011 _S01

MO ta thiét bi Waters Alliance véi DAD va MSD

Cot Waters XBridge C18

Kich thudc cot 4,6 x 30 mm

Kich thuéc hat 3,5 pm

Gradien dung méi |% Sol [H20, 0,1% | % Sol Dong Nhiét do

thoi gian [phut]  |NH;] [Axetonitril] [ml/phut] [°C]
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MO ta thiét bi Waters Alliance véi DAD va MSD
0,0 97 3 5 60
0,2 97 3 5 60
1,6 0 100 5 60
1,7 0 100 5 60

Phuong phap LC-MS V012_S01

MG ta thiét bi Waters Alliance v6i DAD va MSD
Cot Waters XBridge C18

Kich thudc cot 4,6 x 30 mm

Kich thudc hat 3,5 pm

Gradien dung moi |% Sol % Sol Dong Nhiét do
thoi gian [phut] [H20, TFA 0,1%)] |[Axetonitril] [ml/phut] [°C]

0,0 97 3 5 60

0,2 97 3 5 60

1,6 0 100 5 60

1,7 0 100 5 60

Phuong phap LC-MS X001 004

MBO ta thiét bi Waters Acquity véi DAD va MSD
Cot Waters XBridge C18

Kich thudc cot 2,1 x 20 mm

Kich thuédc hat 2,5 pm

Gradien/Dung méi | % Sol % Sol [Metariol] Dong Nhiét do
Thoi gian [phat] | [H20, TFA 0,10%] [ml/phit] [°C]

0,0 95 5 1,4 60

0,05 95 5 1,4 60

1,00 0 100 1,4 60

1,1 0 100 1,4 60

Phuong phap LC-MS X011_S03

MBb ta thiét bi Waters Acquity véi DAD va MSD
Cot Waters Xbridge BEH C18

Kich thuéc cot 2,1 x 30 mm

Kich thuéc hat 1,7 pm
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MO ta thiét bi Waters Acquity véi DAD va MSD

Gradien dung mdi | % Sol % Sol Dong Nhiét 46 [°C]
thoi gian [phat] | [H20, NH3 0,1%)] | [Axetonitril] | [ml/phut]

0,00 95 5 1,3 60

0,02 95 5 1,3 60

1,00 0 100 1,3 60

1,10 0 100 1,3 60

Phuong phap LC-MS X012 _S02

MBO ta thiét bi Waters Acquity véi DAD va MSD

Cot Waters XBridge BEH C18

Kich thuéc cot 2,1 x30 mm

Kich thudc hat , 1,7 pm

Gradien dung méi | % Sol % Sol Dong Nhiét do [°C]
thoi gian [phat] | [H20, 0,1% TFA] |[Axetonitril] | [ml/phut]

0,0 99 1 1,3 60

0,02 99 1 1,3 60

1,00 0 100 1,3 60

1,10 0 100 1,3 60

Phuong phap LC-MS Z011_S03

MO t4 thiét bi Agilent 1200 v6i DAD va MSD

Cot Waters XBridge C18

Kich thuéc cot 3 x 30 mm

Kich thuéc hat 2,5 um

Gradien/Dung % Sol % Sol Dong [ml/phat] | Nhiét do

moi [H20, 0,1%NH3] |[Axetonitril] [°C]

Thoi gian [phut]
0,00 97 3 2,2 60
0,20 97 3 2,2 60
1,20 0 100 2,2 60
1,25 0 100 3 60
1,40 0 100 3 60
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Phuong phap LC-MS Z012_S04

MBS ta thiét bi Agilent 1200 v6i DAD va MSD
Cot Waters XBridge C18

Kich thuéce cot 3x 30 mm

Kich thuéc hat 2,5 pm

Gradien/Dung moéi | % Sol % Sol Dong Nhiét do
Thoi gian [phut] [H20, 0,1%NH3] | [Axetonitril] | [ml/phut] [°C]
0,00 97 3 2,2 60
0,20 97 3 2,2 60
1,20 100 2,2 60
1,25 100 3 60
1,40 0 100 3 60

Phuong phap LC-MS Z018_S04

MO ta thiét bi Agilent 1200 véi DAD va MSD

Cot Waters Sunfire C18

Kich thudc cot 3 x 30 mm

Kich thuéc hat 2,5 um

Gradien dung moi % Sol % Sol Dong Nhiét do

thoi gian [phut] [H20, TFA 0,1%)] [Axetonitril] | [ml/phut] [°C]

0,00 97 3 2,2 60

0,20 97 3 2,2 60

1,20 0 100 2,2 60

1,25 100 3 60

1,40 100 3 60
Phuong phép LC-MS Z020_S01

MO ta thiét bi Agilent 1200 véi DAD va MSD

Cot Waters Sunfire C18

Kich thudc cot 3 x 30 mm

Kich thuéc hat 2,5 pm

Gradien dung moi % Sol % Sol Dong Nhiét do

thoi gian [pht] [H20, 0,1%FA] | [Axetonitril] | [ml/phit] [°C]

0,00 97 3 2,2 60

0,20 97 3 2,2 60

1,20 100 2,2 60

1,25 100 3 60

1,40 100 3 60
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Phuong phép LC-MS Z021 S01

MBS ta thiét bi Agilent 1200 v&i DAD va MSD
Cot XBridge C18

Kich thuédc cot 3x30mm

Kich thuéc hat 2,5 pm

Gradien dung moi % Sol % Sol Dong Nhiét do
thoi gian [phut] [H20, 0,1%FA] [Axetonitril] | [ml/phat] |[°C]
0,00 97 3 2,2 60

0,20 97 3 2,2 60

1,20 0 100 2,2 60

1,25 0 100 3 60

1,40 0 100 3 60

Céc phuong phép téng hop:
Phuong phéap A: Téng hop (18,2S,4R)-N-[(1S)-1-xyano-2-[2-flo-4-[1'-(oxetan-3-
yl)spiro[ 1H-isobenzofuran-3,4'-piperidin]-5-yl]phenyl] etyl]-3-

azabixyclo[2.2.1]heptan-2-carboxamit (hop chat vi du 1)

o
NYO

>Loj\ﬂ\=/ﬁ\ H2N\§/ﬁ\NH2 F re K

Hop chét vidu 1 Cp
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Budce 1: Toéng hop hop chit trung gian I-1.1

Bb sung axit trifloaxetic (17,09 mL, 221,48 mmol) vao R1 (20,00 g, 55,37 mmol)
trong diclometan (50 mL) va hdn hop phan tng dugc khudy qua dém & nhiét do trong
phong. Hon hop phan tng duge cd dic, phén cin dugc hoa tan trong diclometan (15
mL) va diisopropyl eter (140 mL). Chét két tia duogc loc ra, rira bang diisopropyl eter
va lam kho @8 tao ra hop chét I-1.1 duéi dang mudi TFA.

Hiéu suét 99%, m/z 261 [M+H]+, thoi gian Ivu 0,50 phut, phuwong phap LC-MS
7018 S04.
Budc 2: Toéng hop hop chit trung gian I-1.2

Bb sung DIPEA (9,02 mL, 50,67 mmol) vao R2 (13,86 g, 55,72 mmol) trong DMF
(65 mL) va lam mét dén 5°C. TBTU (17,89 g, 55,72 mmol) dugc bd sung vao va hdn
hop phan tmg dwoc khudy trong 15 phit. Sau d6, hop chét I-1.1 (mudi TFA) (19,0 g,
50,65 mmol), DMF (65 mL) va DIPEA (13,52 mL, 75,98 mmol) dugc bd sung vao va
hdn hop phan tmg duoc khudy qua dém & nhiét do trong phong. Hbdn hop phén tng dugc
pha lodng bing etyl axetat va chiét bang nudc. Lép nude duge chiét bang etyl axetat.
Céc 16p hitu co hdn hop dugce rira bang nude, dung dich nuée axit clohydric 1mol/L,
nude, dung dich nude natri hydro cacbonat (5%) va ria lai bang nudc. Lép hitu co duge
lam kho qua MgSOs, loc va cd dac trong chan khong. Phan c3n thd dugc tinh ché bang
phwong phap séc ky nhanh (chét rtra giai: diclometan/ metanol 95:5).

Hiéu suét 82%, m/z 484 [M+H]+, thoi gian luu 0,91 phat, phuong phap LC-MS
7018 S04.
Budc 3: Toéng hop hop chit trung gian I-1.3

Bb sung R3 (19,68 g, 82,58 mmol) vao I-1.2 (20,0 g, 41,29 mmol) trong
diclometan (200 mL) va hdn hop phan g duoc khudy qua dém & nhiét do trong phong.
Hon hop phéan tng dugce cb dic trong chin khong, phan cin dugc hoa tan trong etyl
axetat va chiét bing nudc, dung dich nuée axit axetic 1 mol/L, va nudce. L6p hitu co
duoc 1am kho qua MgSOs, loc va cd ddc trong chan khong. Phan cin duoc két tinh lai
tur axetonitril va loc ra.

Hiéu suét 71%, m/z 466 [M+H]+, thoi gian luu 0,98 phut, phwong phap LC-MS
7018 S04.
Budc 4: Téng hop hop chét trung gian I-1.4
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Bb sung R4 (799,22 mg, 3,54 mmol), kali axetat (0,947 g, 9,65 mmol) va [1,1'-
bis(diphenylphosphino)feroxen]diclopaladi(Il), phuc véi diclometan (1:1) (52,54 mg,
0,064 mmol) vao I-1.3 (1,5 g, 3,22 mmol) trong dioxan (20 mL). Hdn hop phan tng
dugc suc bang nito va dun néng dén 70 °C trong 1,5 gid. Hon hop phan ting dugc pha
loang bang diclometan va nudc. Hép hitu co dugc tach va cb dic trong chan khong.
Phén cin duge tinh ché bing phuong phap HPLC d4o pha.

Hiéu suit 94% m/z 332 [M+H-Boc]+, thodi gian luu 0,96 phut, phwong phép LC-
MS Z7020_SO1.

Budc 5: Téng hop hop chit trung gian I-1.5

B4 sung R5 (301,0 mg, 0,93 mmol) vao hop chit I-1.4 (400,0 mg, 0,93 mmol)
trong axetonitril (18 mL) va hdn hop nay duoc suc bing argon. Dung dich nuéc natri
cacbonat 2 mol/L (928 pL, 1.86 mmol) va 1,1'-bis(di-tert-butylphosphino)feroxen
paladi diclorua (60,5 mg, 0,09 mmol) dugc bd sung vio, hdn hop phan tmg duoc suc lai
bang argon va khudy & 80°C trong thiét bi phan ung vi séng trong 45 phit. Hdn hop
phan tmg duoc pha lodng bing dung dich natri hydro cacbonat bdo hoa, va chiét bang
etyl axetat vai lan. Lép hitu co dugce rira béng nuée mudi, lam khod qua NaxSOq, loc va
¢d dic trong chan khong. Phan cin thd dugc tinh ché bing phuong phép sic ky cot
silicagel (DCM: MeOH = 98:2 dén 92:8) dé tao ra hop chatI-1.5.

Hiéu suét 79% m/z 631 [M+H]+, thoi gian luu 1,09 phit, phuong phip LC-MS
7011 _S03.

Phuong phap khac dé tdng hop hop chit trung gian I-1.5

N B
|-1‘.:3 > 1-1.4.1 O‘é O °
Tbng hop hop chét trung gian I-1.4.1

Bb sung bis(pinacolato)dibo (13,07 g, 51,46 mmol), kali axetat (12,63 g, 128,66
mmol) va [1,1'-bis(diphenylphosphino)feroxen]diclopaladi(Il), phitc véi diclometan
(1:1) (1,75 g, 2,14 mmol) vao hop chatI-1.3 (20 g, 42,89 mmol) trong dioxan (255 mL).

Hbn hop nay dugc suc bang nito trong 5 phit, dun néng dén 70 °C va khudy qua dém &
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nhiét do ndy. Hon hop phéan g dugc pha lodng bang diclometan va nuéc. Lép hitu co
duge tach va ¢b dic trong chan khong. Phan cin dugc tinh ché bang phwong phap sic
ky cot silicagel (ete dau mé: EtOAc = 92:8 dén 34:66).

Hiéu suit 64% m/z 332 [M+H — Boc — ((CH3)2CH),]+, thoi gian luu 0,73 phit,
phuong phap LC-MS Z011_S03.
Téng hop hop chét trung gian I-1.5

B& sung R5 (2,50 g, 7,71 mmol) vao hgp chéat I-1.4.1 (3,96 g, 7,71 mmol) trong
axetonitril (60 mL) va hdn hop nay duoc suc bang argon. Dung dich nuéc natri cacbonat
2 mol/L (7,71 mL, 15.42 mmol) va 1,1'-bis(di-tert-butylphosphino)feroxen paladi
diclorua (502,6 mg, 0,77 mmol) dugc bd sung vao, hdn hgp phan tng dugc suc lai bing
argon va khudy & 80°C trong 90 phut. Hén hgp phén ung dugc pha lodng bing dung
dich natri hydro cacbonat bdo hoa, va chiét bing etyl axetat vai 1an. L6p hitu co duge
ria bé‘mg nuéc mudi, 1[am kho qua Na»SOy4, loc va cd déc trong chin khong. Phén cin
thd dugc tinh ché bing phuong phap sc ky cot silica gel (DCM: MeOH = 99:1 dén
94:6) dé tao ra hop chét I-1.5.

Hiéu suét 75% m/z 631 [M+H]+, thoi gian luu 1,09 phut, phuong phap LC-MS
7011_S03.

Céc hop chit trung gian dugc thé hién trong bang 1 sau day duoc tdng hop theo
cach tuong tu tir hop chét trung gian I-1.4 va céc chét chiét thich hop:

Béang 1
Bop ol [ cge| ], | T [ Phung
trung chit Cau trtic cia hop chat trung gian [MH]+ gian luu | phap LC-
gian (phut) MS
517 [M-
I-1.5.1 R6 Boc-tbut | 1,29 | Z012_S04
+H]+
532 [M-
I-1.52 | R8 Boc-tbut | 1,14 | Z012_S04
+H]+
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I-1.53 | R9 Boc-tbut | 1,19 | Z012 S04
+H]+
I-1.54 | R10 616 0,95 | Z012 S04
I-1.5.5 Rio' 602 0,91 |Z012 S04
589 [M-
-1.5.6 |1-7.2 Boc 1,19 | Z012 S04
+H]+
1-1.5.7 R;O' 603 0,94 | Z012_ S04
. 575 [M-
158 |, Boc 1,15 | Z011_S03

+H]+




I-1.5.9 R;O. 589 0,95 | Z012_S04
L 561 [M-
1510 | 5, Boc 1,17 | Z012_S04
o +H]+
I-1.5.11 ZRiO. 575 1,04 | Z011_S03
575 [M-
[-15.12 | 174 Boc 1,24 | Z011_S03
+H]+
I-1.5.13 Réo' 589 1,12 | Z011_S03
I-1.5.14 | R7 587 1,19 | Z011_S03
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574 [M-
-1.5.15 | R12 Boc 1,10 | Z011 S03
+H]+
(o]
N AN
R10 N0
11516 | °7< 615 0.80 | Z020 S01
590 [M-
-15.17 | R14 Boc 1,16 | Z011 _S03
+H]+
1-1.5.18 R;O' 604 1,04 | Z011 S03
I_
-1.5.19 | 11.1. 590 1,02 | Z011 _S03
1
-1.5.20 | R15 604 1,03 | Z011_S03
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546 [M-
I-1.521 | R16 Boc 1,00 | Z011 S03
+HH]+
1-1.522 | R17 632 1,03 | Z011_S03
I-1.523 | RI8 646 0,90 | Z011 S03
I-1.5.24 | R19 632 1,04 | Z011 S03

Buéc 6: Tong hop hop chét vi du 1

Bé sung axit p-toluensulfonic monohydrat (5,49 g, 28,88 mmol) vao hop chat I-
1.5 (3,64 g, 5,78 mmol) trong axetonitril (60 mL) va hdn hop phéan Gng dugc khudy qua
dém & nhiét do trong phong. Hon hop phan ng duoc pha lodng bang dung dich natri
hydro cacbonat bdo hoa, va chiét biang etyl axetat vai lan. Lép hitu co dugce ria bang
nuée mudi, lam kho qua MgSOs4, loc va c6 dac trong chan khong. Phan cin tho dugc
tinh ché bing phwong phap HPLC dao pha.

Hiéu suit 84% m/z 531 [M+H]+, thoi gian luu 1,00 phit, phuwong phap LC-MS
Z011_S03.
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Téng hop hop chét (18,2S,4R)-N-[(18)-1-xyano-2-[2-flo-4-[1'-(oxetan-3-yl)spiro [3H-
furo[3,4-c]pyridin-1,4'"-piperidin]-6-yl]phenyl]etyl]-3-azabixyclo[2.2.1] heptan-2-
carboxamit (hop chét vi du 23)

Hop chit vi du 23

Buéce 1: Téng hop hop chit trung gian I-1.5.22

B6 sung R17 (48,0 mg, 0,17 mmol) vao hop chétI-1.4 (92,2 mg, 0,17 mmol) trong
axetonitril (3 mL) va hdn hop nay duogc suc bing argon. Dung dich nuéc xesi cacbonat
2 mol/L (171 pL, 0.34 mmol) va 1,1'-bis(di-tert-butylphosphino)feroxen paladi diclorua
(11,1 mg, 0,02 mmol) duoc bd sung vio, hdn hop phan tmg dugc suc lai bang argon va
khudy & 80°C trong thiét bi phan ting vi séng trong 45 phiit. Hon hgp phan tmg dugce
pha loang bang dung dich natri hydro cacbonat bdo hoa, va chiét bang etyl axetat vai
lan. Lép hitu co dugce rira bing nudc mudi, 1am kho qua MgSOs, loc va cd dic trong
chan khong. Phan cin thd duoc tinh ché bing phwong phap HPLC dao pha dé tao ra hop
chit1-1.5.22.

Hiéu suit 52% m/z 632 [M+H]+, thoi gian lvu 1,04 phut, phuwong phap LC-MS
7011 _S03.
Budc 2: Tng hop hop chat vi du 23

B sung axit p-toluensulfonic monohydrat (84,3 mg, 0,44 mmol) vao hop chat I-
1.5.22 (56,0 mg, 0,09 mmol) trong axetonitril (2 mL) va hdn hgp phan tng duoc khudy
qua dém & nhiét do trong phong. Hén hop phan tng dugc bazo héa bang TEA, loc qua
mang loc va tinh ché bing phuong phap HPLC dao pha.
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Hiéu suét 83% m/z 532 [M+H]+, thoi gian luu 0,96 phut, phuong phap LC-MS
Z011_S03.

Téng hop (18,2S,4R)-N-[(1S)-1-xyano-2-[2-flo-4-[1'-(oxetan-3-yl)spiro[ SH-furo[3,4-
b]pyridin-7,4'-piperidin]-2-yl]phenyl]etyl]-3-azabixyclo[2.2.1 ]heptan-2-carboxamit
(hop chét vi dy 25)

(0]

H _N CkUN
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N\.//): 3)

- NH = N

Hop chét vi du 25

Buéc 1: Toéng hop hop chit trung gian I-1.5.24

B6 sung R19 (1,50 g, 5,34 mmol) vao hop chit I-1.4 (2,304 g, 5,34 mmol) trong
axetonitril (50 mL) va hdn hop nay duge suc bang argon. Dung dich nuéc natri cacbonat
2 mol/L (5,343 mL, 10.69 mmol) va 1,1'-bis(di-tert-butylphosphino)feroxen paladi
diclorua (348,2 mg, 0,53 mmol) dugc ) sung vao, hdn hop phan tng dugc suc lai b?mg
argon va khudy & 70°C trong thiét bi phan ting vi séng trong 45 phut. Thém mét lugng
hop chit I-1.4 (150 mg, 0,35 mmol) duoc bd sung vao va hdn hgp phan tng duge khudy
& 70°C trong 25 phut. Hdn hgp phan ting dugc pha lodng bang dung dich natri hydro
cacbonat bo hoa, va chiét bang etyl axetat vai 1an. L6p hitu co dugc rira bang nuéc
mudbi, 1am kho qua MgSOs, loc va ¢d dic trong chan khong. Phan cin thd dugce tinh ché
bang phuong phap sic ky cdt silicagel (DCM: MeOH = 99:1 dén 9:1) dé tao ra hop chét
I-1.5,24.

Hiéu suit 55% m/z 632 [M+H]+, thoi gian Ivu 1,05 phut, phuong phap LC-MS
Z011_S03.
Budc 2: Téng hop hop chat vi du 25
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Bé sung axit p-toluensulfonic monohydrat (2,78 g, 14,64 mmol) vao hop chét I-
1.5,24 (1,85 g, 2,93 mmol) trong axetonitril (50 mL) va hdn hop phan tng duge khudy
qua dém & nhiét do trong phong. Hon hgp phan ing dwgc pha loang bang dung dich
natri hydro cacbonat bdo hoa, va chiét bing etyl axetat vai 1an. Lép hitu co duge rira
bing nuée mubi, 1am kho qua MgSOs, loc va ¢ dic trong chan khong. Phan cin thd
duoc tinh ché bing phwong phap HPLC dao pha.

Hiéu suét 88% m/z 532 [M+H]+, thoi gian luu 0,97 phut, phuong phap LC-MS
7011_S03.

Phuong phép B

Téng hop (18,2S,4R)-N-[(1S)-1-xyano-2-[2-flo-4-(1'-metylspiro[ 3H-furo[3,4-
c]pyridin-1,4"-piperidin]-6-yl)phenyl]etyl]-3-azabixyclo[2.2.1 ]heptan-2-carboxamit
(hop chét vi du 26)

1-2.3

Rl
AN ~
R3 N Z
el
F > F D
Nl P NA°
2.5 Hop chit vi du 26

Bude 1: Téng hop hop chét trung gian 1-2.1

Bb sung R4 (512,99 mg, 2,27 mmol), kali axetat (607,92 mg, 9,65 mmol) va[1,1'-
bis(diphenylphosphino)feroxen]diclopaladi(Il), phirc v6i diclometan (1:1) (33,72 mg,
0,041 mmol) vao hgp chétI-1.2 (1,0 g, 2,07 mmol) trong dioxan (10 mL). Hon hop phan
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tng dugc suc bing nito va dun néng dn 70 °C qua dém. Hop chat R4 (100 mg, 0,44
mmol) va [1,1'-bis(diphenylphosphino)feroxen]diclopaladi(Il), phttc véi diclometan
(1:1) (10 mg, 0,01 mmol) dugc bd sung tiép va hén hop phan tng dugc khudy & 70°C
trong 2 gio. Hon hop phan ting dugc pha lodng bing dung dich natri hydro cacbonat bdo
hoa va chiét bang etyl axetat. Lop hitu co duoc rira bang nuéc mudi, 1am khd qua
MgSQOy4, loc va cd dic trong chan khong. Phdn cin duge tinh ché bang phuong phép
HPLC dao pha.

Hiéu sut 50% m/z 450 [M+H]+.
Budce 2: Téng hop hop chit trung gian I-2.2

B4 sung R10.7 (115 mg, 0,46 mmol) vao hop chit I-2.1 (204,46 mg, 0,46 mmol)
trong axetonitril (4 mL) va hdn hgp nay dugc suc bang argon. Dung dich xesi cacbonat
2mol/L (455,09 pL, 0.91 mmol) va 1,1-bis(di-tert-butylphosphino)feroxen paladi
diclorua (29,66 mg, 0,046 mmol) dugc bd sung vao, hdn hop phan ung dugc suc lai
bing argon va khudy & 80°C trong thiét bi phan tng vi séng trong 45 phut. Hén hop
phan Gng dugc pha lodng bang nude, va chiét bing etyl axetat. Lép hitu co dugce rira
bing nudc mudi, 1am khd qua MgSOs, loc va cd dic trong chan khong. Phan cin dugc
tinh ché bing phuong phap HPLC dao pha.

Hiéu suét 75%.
Budce 3: Téng hop hop chét trung gian I-2.3

B4 sung lithi bohydrua (2 mol/L, 0,26 mL, 0,51 mmol) vio hop chat I-2.2 (212
mg, 0,34 mmol) trong THF (5 mL) va hdn hgp phéan ung duoc khudy trong 3 gi® & nhiét
d6 trong phong. Hon hop phéan ing duoc lam ngliing phan tng bang metanol, pha loing
bang nudc va etyl axetat. L6p hitu co duge rira bang dung dich natri hydro cacbonat va
nuée mudi, 1am khé qua NaxSO4, loc va ¢d dic trong chan khong.

Hiéu sut 91%.
Budce 4: Téng hop hop chét trung gian 1-2.4

Bé sung TEA (0,22 mL, 1,55 mmol) va p-toluensulfonic anhydrit (121,43 mg, 0,37
mmol) & 0°C vao hop chatI-2.3 (194 mg, 0,31 mmol) trong THF (5 mL). Hon hop phan
tng dwgc dé cho tré vé nhiét do trong phong va khudy qua dém. Hdn hop phan (mg
duoc 1am ngimg phan ng bang nudce va cd dic trong chan khong. Phan cin duoc pha

loding bang dung dich natri hydro cacbonat va chiét bang etyl axetat. Lép hitu co duge
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ria bfmg nude mudi, lam kho qua NaxSOy4, loc va c6 dic trong chin khong. Phan cin
duoc tinh ché bang phuong phap HPLC dao pha.

Hiéu suét 34% m/z 608 [M+H]+.
Budce 5: Téng hop hop chét trung gian I-2.5

B4 sung R3 (63,72 mg, 0,27 mmol) vio hgp chit 1-2.4 (65 mg, 0,11 mmol) trong
diclometan (2,5 mL) va hdn hgp phan tng dugc khudy qua dém & nhiét d trong phong.
Hén hop phan tng dugc pha lodng bing etyl axetat va chiét bing nude. Lép hitu co
duoc rira bang nude mubi, 1am khd qua MgSOs, loc va cd ddc trong chén khong.

Hiéu suit >95%.
Buéce 6: Téng hop hop chat vi du 26

B4 sung axit p-toluensulfonic monohydrat (98,70 mg, 0,52 mmol) vao hop chét I-
2,5 (68 mg, 0,10 mmol) trong axetonitril (2 mL) va hdn hop phan ing duge khudy trong
1 gid' & nhiét dd trong phong. Hon hgp phan tng dugc bazo hoa bing TEA va tinh ché
bing phwong phap HPLC dao pha.

Hiéu suét 28% m/z 490 [M+H]+, thoi gian luu 0,96 phit, phuwong phap LC-MS
Z011_SO03.
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Phuong phép C
Téng hop N-[(1S)-1-xyano-2-[2-flo-4-[1'-(oxetan-3-yl)spiro[ 1H-isobenzofuran-3,4'-
piperidin]-5-yl]phenyl]etyl]-3-azabixyclo[2.2.2]octan-4-carboxamit ( hop chét vi du27)

Nfoé . NYO
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1-3.5 Hop chit vi du 27

Budc 1: Tong hop hop chat trung gian 1-3.1

B4 sung vao dung dich dugc lam mét dén 0°C chira hop chat I-1.1 (5,80 g, 22,2
mmol), axit 3-tert-butoxycacbonyl-3-azabixyclo[2.2.2]octan-4-carboxylic, dugc didu
ché theo Radchenko et al. J. Org. Chem. 2009, 5541-5544 (5,67 g, 22,2 mmol) va N-
metyl-morpholin (12,2 mL, 111,0 mmol) trong diclometan khan (67 mL), PPA (13,08
mL (50% trong etyl axetat), 22,2 mmol). Hon hop phan tng dugc dé cho try vé nhiét do
trong phong va khudy qua dém. Hon hop phan ting dugc pha loang bang dung dich natri
hydro cacbonat bdo hoa va chiét bing diclometan vai lan. Lép hitu co dugce rira bang
nude mudi, 1am kho qua MgSOy4, loc va cb déc trong chan khong dé tao ra hop chét I-
3.1, hop chét nay duogc st sung & bude tiép theo ma khong can tinh ché tiép.

Hiéu suét 73%, m/z 398/400 [M+H]+, thoi gian luu 0,87 phit, phwong phép LC-
MS 7011_S03.
Buéc 2: Téng hop hop chit trung gian I-3.2
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Bé sung ting giot dung dich chira di-tert-butyl dicacbonat (6,26 g, 28,70 mmol)
trong 20 ml diclometan khan vao dung dich dugc lam mat dén 0°C chira hop chat I-3.1
(8,625 g, 21,66 mmol) trong 300 mL diclometan khan. Hon hop phan tng duoc khudy
trong 2 gidr & 0°C, dé cho trd vé nhiét do trong phong, va khudy trong 2 ngay. Hon hop
phan tng dugc cd dic trong chin khong dé tao ra hop chét I-3.2, hop chét ndy dugc st
dung & budc tiép theo ma khong can tinh ché tiép.

Hiéu sudt 98%, m/z 398/400 [M+H — Boc]+, thoi gian luu 1,04 phit, phuong phap
LC-MS Z011_SO03.

Bude 3: Tng hop hop chét trung gian I-3.3

B& sung hop chéat R3 (3,96 g, 16,60 mmol) thanh bbn phan vao huyén phil chtra
hop chit I-3.2 (5,52 g, 11,07 mmol) trong diclometan khan (70 mL) va hdn hop phan
tmg duoc khudy qua dém & nhiét @ trong phong. Thém mot lugng hop chit R3 (791,0
mg, 3,32 mmol) dugc bd sung vao va hdn hgp phan Gng dugc khudy trong 6 gi& & nhiét
d6 trong phong. Hon hop phéan tng dugc pha lodng bang diclometan, rira bang dung
dich nuéc axit tartric 10%, dung dich natri hydro cacbonat bdo hoa, nudc mudi, 1am khé
qua MgSOs4, loc va c6 dic trong chan khong. Phan can thu dugce dugc tinh ché béng
phuong phép sic ky cot silicagel (ete diu mé: EtOAc = 94:6 dén 69:31) d tao ra hop
chat1-3.3.

Hiéu sut 77% m/z 380/382 [M+H — Boc]*, thoi gian luu 1,10 phut, phuong phap
LC-MS Z011_SO03.

Budce 4: Téng hop hop chit trung gian I-3.4

B& sung bis(pinacolato)dibo (3,24 g, 12,78 mmol), kali axetat (2,21 g, 22,55
mmol) va [1,1'-bis(diphenylphosphino)feroxen]diclopaladi(Il), phitc v6i diclometan
(1:1) (61,4 mg, 0,08 mmol) vao hgp chét I-3.3 (3,61 g, 7,52 mmol) trong dioxan (45
mL). HOn hop nay dugc suc bang nito trong 5 phit va dung néng & 70 °C trong 3 gio.
Hdn hop phan tng dugc pha loing bing nudc va chiét bang diclometan. Lép hitu co
duoc rira bang nuée mudi, 1am khd qua MgSOs, loc va cd dic trong chan khong. Phan
cin dugc tinh ché bing phuong phép sic ky cot silicagel (ete dau mé: EtOAc = 100:0
dén 91:9) dé tao ra hop chat I-3.4.

Hiéu suit 68% m/z 346 [M+H — Boc — ((CH3)2CH)2]+, thoi gian luu 0,77 phut,
phuong phap LC-MS Z011_S03.

Buéce 5: Tong hop hop chét trung gian I-3.5

-48-



27111

B6 sung R5 (0,70 g, 2,16 mmol) vao hop chat I-3.4 (1,14 g, 2,16 mmol) trong
axetonitril (30 mL) va hdn hop nay duge suc bang argon. Dung dich nuéc natri cacbonat
2 mol/L (2,16 mL, 4,32 mmol) va 1,1'-bis(di-tert-butylphosphino)feroxen paladi
diclorua (141,0 mg, 0,22 mmol) dugc bd sung vao, hdn hop phan ung duge suc lai béng
argon trong 5 phut va khudy & 80°C trong 70 phut trong thiét bi phan tmg vi séng. Hon
hop phan tng dugc pha lodng bang dung dich natri hydro cacbonat bdo hoa, va chiét
bang etyl axetat vai lan. Lép hitu co dugc rira bing nuéc mudi, 1am kho qua MgSOs,
loc va ¢6 dic trong chan khong. Phan cin tho dugc tinh ché bang phuong phép sic ky
cot silicagel (DCM: MeOH = 99:1 dén 9:1) dé tao ra hop chét I-3.5.

Hiéu suét 81% m/z 645 [M+H]+, thoi gian luu 1,11 phit, phuong phap LC-MS
7011_S03. |
Buéce 6: Toéng hop hop chit vi du 27

Bé sung axit p-toluensulfonic monohydrat (681,0 mg, 3,58 mmol) vao hop chét I-
3.5 (923,0 mg, 1,43 mmol) trong axetonitril (40 mL) va hdn hop phan tng duge khudy
trong 3 ngay & nhiét d trong phong. Hon hgp phéan tmg dugce trung hoa bang TEA va
cd dic trong chan khdng. Nudc dugc bd sung vao va hdn hop phan Gng dugc chiét bang
etyl axetat vai 1an. Lép hitu co duge ria bing nude mudi, 1am khd qua MgSOs, loc va
06décnnngchmlkhéng.PhéncanthéduqcﬁnhchébéngphuongphépI{PLﬁldéoph&

Hiéu suét 61%, m/z 545 [M+H]+, thoi gian luu 1,02 phut, phwong phap LC-MS
7011 _S03.
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Phuong phép D

Céach khac dé tdéng hop N-[(1S)-1-xyano-2-[2-flo-4-[1'-(oxetan-3-yl)spiro[ 1H-
isobenzofuran-3,4'-piperidin]-5-yl]phenyl]etyl]-3-azabixyclo[2.2.2]octan-4-carboxamit
(hop chét vi du 27)

R1 1-4.1 4.2
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Hop chit vi du 27

Budce 1: Téng hop hop chét trung gian I-4.1

B6 sung hop chit R4 (288 mg, 1,28 mmol), kali axetat (277 mg, 2,82 mmol) va
[1,1'-bis(diphenylphosphino)feroxen]diclopaladi(I), phirc v6i diclometan (1:1) (15,3
mg, 0,02 mmol) vao hop chét R1 (340 mg, 0,94 mmol) trong dioxan (7 mL). Hon hop
nay dugc syc bang nito va dun néng dén 70 °C trong 2 gid. Hon hgp phan tng duoc pha
lodng bang dung dich natri hydro cacbonat bdo hoa va chiét bang etyl axetat. Lép hitu
co dugc rira bang nude mudi, 1am khd qua MgSOs, loc va cd dic trong chan khong.
Phn cin duge tinh ché bang phuong phdp HPLC déo pha d8 tao ra hop chat I-4.1.

Hiéu suét 90%, m/z 325 [M-H]-, thoi gian luu 0,94 phut, phuong phap LC-MS
7020_SO01.
Budce 2: Téng hop hop chét trung gian I-4.2

Bb sung R5 (239 mg, 0,70 mmol) vao hgp chét I-4.1 (228 mg, 0,70 mmol) trong

axetonitril (10 mL) va hdn hgp nay dugc suc bang argon. Dung dich nuéc kali cacbonat
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2mol/L (700 pL, 1,4 mmol) va 1,1-bis(di-tert-butylphosphino)feroxen paladi diclorua
(46 mg, 0,07 mmol) dugc bd sung vio, hdn hop phén tmg dugc suc lai bing argon va
khudy & 80°C trong 45 phit trong thiét bj phan tng vi séng. Hon hgp phan tng dugc
pha lodng bang dung dich natri hydro cacbonat bdo hoa va chiét bang etyl axetat. Lép
hitu co dugc rira bing nude mudi, 1am kho qua MgSOs, loc va ¢d dic trong chén khong.
Phin cdn dugce tinh ché bing phuwong phap HPLC dio pha dé tao ra hop chét 1-4.2.

Hiéu suét 80%, m/z 526 [M+H]*, thoi gian luu 0,83 phut, phwong phap LC-MS
7011 _S03.
Budce 3: Tng hop hop chit trung gian 1-4.3

B6 sung hop chét R3 (333 mg, 1,4 mmol) vao hgp chéat I-4.2 (294 mg, 0,56 mmol)
trong diclometan (10 mL) va hdn hgp phan tng dugc khudy trong 40 phiit & nhiét do
trong phong. DCM dugc loai bé trong chin khong, phén can thu dugc dugce tach giira
etyl axetat va dung dich nudce axit tartric 10%, cac pha dugc tich va pha nuge duge chiét
bang etyl axetat. L6p hitu co hdn hop dugc rira bang dung dich natri hydro cacbonat bdo
hoa, nude mudi, 1lam khod qua MgSOs, loc va ¢ déc trong chan khong dé tao rahop chét
1-4.3.

Hiéu sudt 95%, m/z 508 [M+H]*, thdi gian Iuu 1,06 phut, phuwong phip LC-MS
7011 _S03.
Buéc 4: Téng hop hop chét trung gian I-4.4

B6 sung axit p-toluensulfonic monohydrat (600 mg, 3,15 mmol) vao hop chét I-
4.3 (320 mg, 0,63 mmol) trong axetonitril (8 mL) va hdn hop phén tmg dugc khudy qua
dém & nhiét do trong phong. Hon hop phan ung dugc pha lodng bﬁng dung dich natri
hydro cacbonat bdo hoa va chiét bing etyl axetat ba 1an. L6p hitu co dugc rira bang nuée
mubi, 1am khd qua MgSOs, loc va ¢ dic trong chin khong.

Hiéu suit 80%, m/z 408 [M+H]+, thoi gian luu 0,90 phut, phwong phap LC-MS
7011 _S03.
Budce 5: Toéng hop hop chéit vi du 27

B6 sung vao hop chéit I-4.4 (30 mg, 0,07 mmol) trong DMF (1 mL) axit 3-tert-
butoxycacbonyl-3-azabicyclo[2.2.2]octan-4-carboxylic, dugc didu ché theo Radchenko
et al. J. Org. Chem. 2009, 5541-5544 (19 mg, 0,07 mmol), N-metyl-morpholin (16 pL,
0,15 mmol) va PPA (43 uL, 50% trong DMF) & nhiét do trong phong. Hon hop phan
ung duogc khudy trong 2,5 gi & nhiét do trong phong, pha loang bing dung dich natri
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hydro cacbonat bdo hoa va chiét bang etyl axetat vai 1an. Lép hitu co duge ria bing
nuéc mudi, 1am khod qua MgSOy4, loc va cd déc trong chan khong. Phén cin dugc tinh
ché bang phuong phap HPLC dao pha dé tao ra hop chit vi du 27 (trong qua trinh lam
sach va/hodc tinh ché viéc loai bao vé nhém Boc xay ra).

Hiéu suét 32%, m/z 545 [M+H]+, thoi gian luu 1,02 phit, phuvong phap LC-MS
7011 _SO03.

Tbng hop cac nguyén lidu ban du/cac chét chiét
Téng hop tert-butyl  N-[(1S)-2-amino-1-[(4-bromo-2-flo-phenyl)metyl]-2-oxo-
etyl]carbamat (R1)

WLV
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Bude 1: Téng hop hop chét trung gian 1-5.1
(2R)-(-)-2,5-Dihydro-3,6-dimetoxy-2-isopropylpyrazin (212 g, 1151 mmol) trong
tetrahydrofuran khan (600 mL) dugc lam mat dén -78°C. Sau d6, n-butyllithi (2,5 M
trong hexan, 552 mL, 1381 mmol) dugc bd sung vao ting giot, gitt & nhiét do dudi -
78°C. Sau 30 phat 4-bromo-2-flobenzyl bromua (324g, 1209 mmol) trong
tetrahydrofuran khan (120 mL) dugc bd sung vao timg giot. Hon hgp phan tmg dugc
khudy & -78°C trong 1 gié. Hon hop nay dugc ngimg phan Gtng bing dung dich NH4Cl
bao hoa va chiét ba 1an bing etyl axetat. Lép hitu co dugc ria bing nudc mubi, 1am khd
qua NazSOy4, loc va 1am bay hoi trong chin khong. Phan cin duoc tinh ché bang phuong
phép séc ky nhanh (heptan/ etyl axetat = 80/20). Hiéu suét 60%.
Budc 2: Téng hop hop chét trung gian I-5.2
B& sung vao hop chét I-5.1 (104 g, 265 mmol) trong axetonitril (600 mL) dung
dich nuéc HC10,2 M (2788 mL, 558 mmol). Hon hop nay dugc khuéy & nhiét do trong
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phong trong 12 git. Hon hop nay duge chiét bang dietyl ete va d6 pH ctia 16p nudce duge
didu chinh dén ~8 bing dung dich NaHCO; bdo hoa. Sau d6, hdn hop nay dugc chiét ba
]4n bang etyl axetat. L6p hitu co dugce rira bang nudc mudi, 1am khd qua NazSOs, loc va
cd ddc. Hiéu suat 80%.
Buéc 3: Téng hop hop chét trung gian I-5.3

Hop chéit I-5.2 (62,4 g, 211 mmol) dugc khudy trong dung dich nuéc HC13 M (3
mol/L, 1000 mL) & 60°C trong 16 git. Hdn hop nay dugc 1am mét va do pH dugc didu
chinh dén ~7 bang dung dich nuéc NaOH 6 M. Sau d6 hdn hgp phan tmg dugc loc, rira
ba 14n bang nudc va 1am khd trong 16 chan khong & 40°C trong 12 gid. Hiéu suét 74%.
Buéc 4: Tdng hop hop chét trung gian I-5.4

B6 sung dung dich nuéc natri cacbonat 2 M (301 mL, 602 mmol) va di-tertbutyl
dicacbonat (138 g, 632 mmol) vao dung dich chira hop chét I-5.3 (151g, 546 mmol)
trong 1,4-dioxan (2,2 L). Hdn hop nay dugc khudy trong 4 gio. Sau d6, nuée duge b
sung vao va do pH dugc diéu chinh dén ~4-5 bang axit xitric. Hon hgp nay dugc chiét
ba 14n bing etyl axetat. Lép hitu co dugce rira bang nude mudi, 1am khd qua NaxSOs, loc
va cd dac. Phén cin dugc khqu trong heptan trong 15 phut va san phém duoc loc ra.
Hiéu suét 87%.
Buéc 5: Tong hop hop chit R1

B6 sung N-metylmorpholin (72 g, 713 mmol) va TBTU (153 g, 476 mmol) vao
hop chit I-5.4 (181 g, 476 mmol) trong DMF khan (1200 mL) va hén hop phan Gng
duoc khudy trong 30 phut. Sau d6, hdn hop phén tng duge 1am mat dén 0°C va dung
dich nuéc amoni clorua 35% (47 mL, 856 mmol) duoc bd sung vao va hdn hgp nay
duoc khudy & nhiét do trong phong trong 12 gid. Nuéde dugce bd sung vao va san phim
tao thanh dugc loc ra va rira ba lan béng nudce. San phém duoc 1am khd trong 10 chén

khong & 40°C trong 72 gid. Hidu suit 64%.

Tong hop (1S,2S,4R)-3-[(tert.-butoxy)cacbonyl]-3-azabixyclo[2.2.1 ]heptan-2-
carboxylat (R2)
Hop chét nay c6 ban trén thi trudng hodc c6 thé tbng hop duoc theo cach twong ty

nhu cach cua Tararov et al, Tetrahedron Asymmetry 13 (2002), 25-28.
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Budc 1: Tédng hop hop chét trung gian I-6.1

Dung dich etyl oxoaxetat (44,9g, 0,44 mol), méi dwoc chung cit tir dung dich c6
ban trén thi trudng trong toluen (& 4p sudt SKPa (50mbar), 55°C) trong dietylete (300
ml) duoc 1am mét dén -10°C, tiép theo 1a bd sung timg giot (R)-(+)-1-phenyletanamin
(53 g, 440 mmol), gitt nhiét dd dudi 0°C. Sau khi hoan thanh viéc bd sung, MgS04*H,0
(91g, 660 mmol) dwoc bd sung vao, va hdn hop thu dugc duge khudy & nhiét do trong
phong qua dém. Hon hop nay duoc loc, nudce cai duge ¢d dic trong chin khong va phén
con lai dugc ching cét trong 4p suét giam thip dé tao ra hop chét 1-6.1 (47g, m/z 206
[M+H]+, thoi gian Iuu 1,29 phit, phuong phap LC-MS V003_003). San pham duoc sir
dung ma khong cin tinh ché tiép.
Buéc 2: Tng hop hop chét trung gian 1-6.2

Dung dich chira hop chit 1-6.1 (47g, 229 mmol) va 1,3-xyclopentadien (30g, 458
mmol) (méi duge chung cét tir dixyclopentadien) trong DMF (150 ml) va 120 pl nuée
duoc lam mat dén 0°C, trude khi bd sung timg giot TFA (18 ml, 234 mmol). Hon hop
nay duoc khudy qua dém & nhiét do trong phong, sau d6 bd sung vao dung dich chira
40g NaHCO3 trong 1200 ml nuéce va chiét bing dietyl ete. Lép hitu co dugc tach, sau
d6 rira bang dung dich nudc NaHCO; va nudc, 1am kho qua MgSOs, va cd dic trong
chan khong. Phin cin dugc tinh ché bing phuong phap sic ky cot silicagel
(xyclohexan/etyl axetat = 9:1) dé tao ra hop chit I-6.2 (hiéu suét 52% m/z 272 [M+H]+,
thoi gian luu 0,42 phiat, phuong phap LC-MS X001_004).
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Budc 3: Téng hop hop chét trung gian 1-6.3

B6 sung Raney niken (2,5 g) vao dung dich chtra hop chét I-6.2 (24,8 g, 91 mmol)
trong etanol (250 ml), va cho phan tng & 4p suét 344,74 KPa (50 psi) trong khi quyén
hydro & nhiét do trong phong. Chét xtic tac duge loc ra, dung dich nay duoc ¢ dic trong
chan khong va phin cin dugc tinh ché bing phuwong phap sic ky cot silicagel
(xyclohexan/etyl axetat 9:1). Sau khi 1am bay hoi dung méi hitu co, san phim thu dugc
duoc hoa tan lai trong dietyl ete va nghién tinh ché bing dung dich HCI trong dioxan,
cd ddc trong chin khong, hoa tan lai trong 200 ml etanol va c6 dac trong chan khong dé
tao ra hop chit I-6.3 (hiéu suét 78% m/z 274 [M+H]+, thoi gian luu 0,42 phit, phuong
phéap LC-MS X001 _004).
Budc 4: Téng hop hop chét trung gian 1-6.4

B6 sung Pd/C 10% (2,5 g) vao dung dich chtra hop chét 1-6.3 (22 g, 71 mmol)
trong etanol (250 ml), va cho phan ting & 4p sudt 1,5 MPa (15 bar) trong khi quyén hydro
& nhiét d6 trong phong. Chat xtic tic dugc loc ra, dung dich nay dwoc cd dic trong chan
khéng. Phin cin duoc rira bang diisopropyl ete dé tao ra hop chét 1-6.4 (hidu suit 98%
m/z 170 [M+H]+, thoi gian Ivu 0,48 phuat, phuong phap LC-MS V001 _007).
Budce 5: Téng hop hop chit trung gian I-6.5

B sung di-tert-butyl dicacbonat (15,9 g, 73 mmol) vao hop chat I-6.4 (14,3 g, 69,3
mmol) trong dung dich chira trietylamin (24,6 ml, 175,3 mmol), THF (150 ml) va nuéc
(2 mL), va hdn hop thu duoc dugc khudy trong 40 gid & nhiét do trong phong, sau d6
¢d dic trong chan khong. Etyl axetat duoc bd sung vao phan cin, sau d6 chiét bang
nudce, dung dich nudce axit axetic 1N va nudc, trude khi 16p hitu co duge lam kho qua
MgSOs4, loc va cb diic trong chan khong dé tao ra hop chét 1-6.5 (hiéu sudt 95% m/z 270
[M+H]+, thoi gian luu 1,33 phut, phuong phép LC-MS V003_003).
Budc 6: Tong hop hop chit R2

Hdn hop chita hop chit I-6.5 (16,9 g; 63 mmol) trong axeton (152 ml), nuéc (50
ml) va lithi hydroxit (3g, 126 mmol) dugc khudy qua dém & nhiét do trong phong. Nudc
(100 m1) duoc bd sung vio, thé tich duoc lam giam trong chan khéng truée khi lam mat
dén 0°C tiép theo 1a bd sung dung dich nudc HC1 1IN dé axit héa dén d6 pH=2-3, ngay
sau d6 chiét bing etyl axetat. Lép hitu co dugc rira bang nuéc, lam kho (MgSOs) va cd
dic. Phan con lai, diclometan (100 ml) va xyclohexan (100 ml) dugc bd sung vao, thé

tich dugc 1am giam trong chan khéng con mot nira va hdn hop duge 6n dinh & 15°C.
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Chét két tua duoc loc ra, rira bang xyclohexan dé tao ra hop chit R2 (hiéu suit 66%, m/z
242 [M+H]+).
Tbng hop 5-bromo-1'-(oxetan-3-yl)spiro[ 1H-isobenzofuran-3,4"-piperidin] (R5)

-
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Br NH, Br | —&0
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o o
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o
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Buéc 1: Téng hop hop chét trung gian 1-7.1

Metyl 2-amino-4-brombenzoat (10 g, 43,47 mmol) dugc tao huyén phi trong axit
sulphuric 20% (200 mL) va dung dich thu duoc dugc lam mat dén 0°C. Natri nitrit (3,60
g, 52,16 mmol), hoa tan trong nuée (40 mL), dugc bd sung timg giot & nhiét do tir 0°C
dén 5°C va hdn hop phan tmg duoc khudy trong 40 phit nita & nhiét d§ nay. Sau do,
dung dich da 1am mat (khoang 0°C) chura kali iodua (14,43 g, 86,93 mmol) trong nudc
(40 mL) duoc bd sung timg giot va hdn hgp phan tng dugc khudy trong 1 gio & 5°C.
Hon hop phan tmg dugc rét vao nude da va chiét bang etyl axetat. Lép hitu co dugce ria
béng nudce, dung dich nudce natri thiosulfat 10%, nudc mudi, [am kho qua Na2SO4 va co
dic trong chan khong. Hiéu sudt 94%.
Budc 2: Tdng hop hop chét trung gian I-7.2

Hop chét I-7.1 (9,42 g, 27,63 mmol) va tert-butyl 4-oxopiperidin-1-carboxylat
(6,24 g, 30,40 mmol) trong THF khan (200 mL) dugc lam mat dén -70°C. Phuc
isopropylmagie clorua-lithi clorua (1,3 mol/L trong THF, 23,38 mL, 30,40 mmol) dugc
bd sung timg giot va hdn hop phan tmg dugc khudy trong 20 phut nita & nhiét d6 nay,
dé cho tré v& nhiét do trong phong va khudy trong 45 phut. Hon hop phan tng dugc
ngirng phan tng bing nudc va chiét bang etyl axetat. L6&p hitu co dugc rira bang nudc

mubi, 1am kho qua Na»SOs va ¢ dic trong chan khong. Phén can thd dugc tinh ché
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bang phwong phap sic ky cot nhanh (ete diu mé: EtOAc = 95:5 dén 40:60) dé tao ra
hop chét 1-7.2.

Hiéu suét 74%, m/z 326,328 [M+H — tert-Bu]+, thoi gian luu 1,09 phut, phuong
phap LC-MS Z011_S03.

Céac hop chét trung gian dugc thé hién trong Bang 2 sau diy duoc tdng hop theo
cach tuong tu tir cac hop chét trung gian thich hop:

Béng 2
1 thoi Phuong
Hop Ch.a t Cbng thic cau triic m/z [M+H]+ gian luu | phap
frung glan (phat) | LC-MS
1k
Ao
1-7.2.1 N \ 312;314 M- | | 7011 S
o tert-But+H]+ ’ 03
(e}
N 298; 300 [M— 7012 S
722 Br tert-ButtH]+ | 04
O
(@]

Phuong phap khéac dé tong hop hop chét trung gian I-7.1

I-7.1

B6 sung axit sulphuric dic (10 mL) vao axit 4-bromo-2-iodobenzoic (9,0 g, 27,53
mmol) trong metanol (50 mL) va hdn hgp phan tmg dugc khudy trong 90 phut & 80°C.
Hon hop phan tmg duoc rét vao nude da, natri hydro cacbonat dugc bd sung vao dén
khi dat gia tri pH=7 va hdn hgp phan tng dugc chiét bing etyl axetat. Lép hitu co dugce
rira bang nuéc mudi, 1am khd qua MgSOs, loc va c6 dic trong chén khong. Higu suét
95%.
Buéce 3: Tdng hop hop chét trung gian 1-7.3

B6 sung lithi bohydrua (2 mol/L trong THF, 21,22 mL, 42,44 mmol) vao hop chét
I-7.2 (8,11 g, 21,22 mmol) trong THF (100 mL) va hdn hop phan tng duge khudy qua
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dém & nhiét do trong phong. Phép phan tich HPLC-MS cho thiy murc do chuyén hoa
20%. Thém mdt lugng lithi bohydrua (2 mol/L trong THF, 27,0 mL, 54,0 mmol) dugc
bd sung vao timg giot va hdn hgp phan tng duoc khudy trong 6 ngiy & nhiét do trong
phong. Hdn hop phan tng duge cAn than nging phan ting bang nudce trong khi [am mat
dén khoang 0°C bang bé nuéc d4. Dung dich natri hydro cacbonat bdo hoa dugc b sung
vao hdn hgp phan tng, chét két taa thu dugc duoc loc ra, va nude cai dugc chiét b:?mg
etyl axetat vai lan. Lép hitu co dugce roa béng nuée mudi, 1am khod qua MgSOs4, loc va
cd dac trong chan khong.

Hiéu suét >95%, m/z 312/314 [M+H — tert-Butyl — H2O]+, thoi gian luu 1,01 phut,
phuong phap LC-MS Z011_S03.
Budce 4: Téng hop hop chét trung gian 1-7.4

Hop chit1-7.3 (605 mg, 1,57 mmol) dugc hoa tan trong THF khan (20 mL) va lam
méat dén 0°C, TEA (1,09 mL, 7,83 mmol) va anhydrit p-toluensulfonic (613,44 mg, 1,88
mmol) dugc bd sung vao. Hdn hop phan tng dugce dé cho trd vé nhiét do trong phong
va khudy qua dém. Hdn hop phan Gmg dugc pha lodng bang nudc va dung dich natri
hydro cacbonat bdo hoa va chiét bang etyl axetat vai 1an. L6p hitu co dugce rira bang
nuée mudi, 1am khod qua NazSOs, loc va cd dic trong chan khong. Phan cin duge tinh
ché bang phuong phap HPLC dao pha.

Hiéu suét 72%, m/z 368; 370 [M+H]+
Buéc 5: Tong hop hop chét trung gian I-7.5

Hop chit I-7.4 (240 mg, 1,57 mmol) dugc hoa tan trong DCM khan (2 mL) va
TFA (500 puL, 6,53 mmol) dugc bd sung vao. Hon hop phan tmg dugc dé trong 70 phut
& nhiét do trong phong. Hon hop phén tmg dugc cd dic trong chan khong, phén cin
dugc hoa tan lai trong metanol, loc qua cot pha ran (StratoSpheres™ PL-HCO3 MP
Resin) va metanol dugc loai bd trong chan khong.

Hiéu sult 97%, m/z 268; 270 [M+H]+, nhiét d trong phong 0,93 phut, phuong
phap LC-MS Z011_S03.
Phuong phép khac dé tong hop hop chét trung gian I-7.5

-58-



27111

Oy o )
N N
Br: _— Br.
OH (o)
OH
1-7.5

1-7.3

Hop chit I-7.3 (8,39 g, 21,71 mmol) dugc hoa tan trong THF khan (25 mL), dung
dich nude HC1 5N (25 mL) dugc b sung vao va hdn hop phéan Gng dugc khudy & 90°C
trong 30 gi®. Hon hop phan ing dugc 1am mat dén nhiét do trong phong, bazo héa bing
dung dich natri hydro cacbonat bdo hoa va chiét bang etyl axetat vai 1an. Lép hitu co
duoc rira bang nude mudi, 1am khd qua NazSOq, loc va ¢b dac trong chan khong.

Hiéu sut 76%, m/z 268; 270 [M+H]+, nhiét do trong phong 0,93 phit, phuong
phap LC-MS Z011_S03.
Budce 6: Toéng hop hop chét RS

Hop chit I-7,5 (5,0 g, 18,49 mmol) dugc hoa tan trong tetrahydrofuran khan (20
mL), 3-oxetanon (1,78 mL, 27,73 mmol) va axit axetic (1,06 mL, 18,49 mmol) dugc bd
sung vao va hdn hgp phan ting duge khudy trong 25 phut & nhiét do trong phong. Natri
triaxetoxybohydrua (6,82 g, 30,57 mmol) dugc bd sung vao va hdn hop phén tmg duge
khudy trong 30 phut nita & nhiét d trong phong. Hon hop phan tng duge ngirng phan
g bing MeOH, pha loing bang dung dich natri hydro cacbonat bdo hoa, va chiét bang
etyl axetat vai 1an. L6p hitu co dugc ria bing nudc mudi, 1am khd qua MgSO4 va cd
dac trong chan khong dé tao ra hop chét RS5. |

Hiéu suét 89%, m/z 324, 326 [M+H]+, nhiét do trong phong 0,93 phut, phuong
phap LC-MS Z011_S03.
Tbng hop 6-bromo-1'"-metyl-spiro[indan-1,4"-piperidin] (R7)

Budc 1: Tédng hop hop chit trung gian 1-8.1

-59-



27111

B6 sung axit trifloaxetic (0,25 mL) vao hop chit R6 dugc mua tir hing WUXI
APPTEC (200 mg, 0,55 mmol) trong diclometan (3 mL) va hdn hop phan ung duge
khudy qua dém & nhiét d9 trong phong. Hon hop phan Gng dwoc cd dic trong chén
khong, phan cin dugc hoa tan lai trong metanol, loc qua cdt pha ran (StratoSpheres™
PL-HCO3 MP Resin) va metanol dugc loai bd trong chan khong. Hi€u suit >95%.
Budce 2: Téng hop hop chit R7

Bd sung formaldehyt (37% trong nudc, 0,21 mL, 2,86 mmol) va axit axetic (0,05
mL, 0,86 mmol) vao hop chit I-8.1 (152 mg, 0,57 mmol) trong metanol (4 mL). Hon
hop phan tng dugc khudy trong 2 gir & nhiét do trong phong. Natri triaxetoxybohydrua
(302,6 mg, 1,43 mmol) duoc bd sung vao va hdn hop phan tGng dugc khudy 80 phtt &
nhiét d6 trong phong. Hon hop phén tng dugce cb dic, nghién tinh ché bang nude va
dung dich natri hydro cacbonat bdo hoa va chiét bang etyl axetat. L6p hitu co dugc rira
bang dung dich natri hydro cacbonat bdo hoa va nuée mudi. Chét két taa duoc locrava
dich loc duoc 1am kho qua NaxSOs, loc va co ddc trong chan khong dé tao ra hop chét
R7.

Hiéu suét 89%.

Téng hop 5-bromo-1,1'-dimetyl-spiro[indolin-3,4'-piperidin]-2-on (R10)

o o

\)—0 lo) H /

N 3’ N N

Br. Br. Br. Br
0o (o]
N ° ° N
N N \
R8 R9 1-9.1 R10

Budc 1: Téng hop hop chat R9

B4 sung natri hydrua (thé phan tan 60% trong du khoéng, 31,5 mg, 0,79 mmol)
¢6 lam mat dén 0°C vao hop chit R8, mua duge tir hing ACTIVATE (200 mg, 0,53
mmol) trong DMF (4 mL) va hdn hgp phéan tmg dugc khudy trong 30 phiit nita & nhiét
dd trong phong. Metyl iodua (36 pL, 0,58 mmol) dugc bd sung vio va hén hgp phén
ung dugc khudy trong 40 phtit & nhiét do trong phong. Hon hop phan tng dugc pha
loding bang nudc v chiét bang etyl axetat. Lép hitu co duoc ria bang nudc va nudc
mudi, 1am kho qua Na2SO4, loc va cb dic trong chan khong dé tao ra hop chét R9. Hidu

suat 98%.
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Buéc 2: Téng hop hop chét trung gian I-9.1

Bé sung axit trifloaxetic (0,5 mL) vao hop chit R9 (191 mg, 0,48 mmol) trong
diclometan (5 mL) va hdn hop phan tng dugc khudy trong 20 phit & nhiét d9 trong
phong. Hén hop phan tng duge ¢b dic trong chin khong, phan cin duge hoa tan lai
trong metanol, loc qua cot pha rén (StratoSpheres™ PL-HCO3 MP Resin) va metanol
duogc loai bo trong chén khong.

Hiéu sut > 95%

Céc hop chét trung gian duoc thé hién trong Bang 3 sau ddy dugc tdng hop theo
cach twong tu tir cic hop chét trung gian thich hop:

Bang 3
£ o Phuong
Hop chat o LA m/z Thoi gian .
trung gian Cong thuc cau tric [M+H]+ lru (phit) i/tllgp LC-
H
N
1-9.1.1 Br O 282; 284 0,69 Z012_S04
(0]
NH
Br
1-9.1.2 o 268; 270 0,57 7021 _S01
(0]
H
N
B
19.1.3 r 5 254,256 | 0,62 7012_S04
0o

Buée 3: Téng hop hop chat R10

B6 sung formaldehyt (37% trong nuée, 0,19 mL, 2,58 mmol) va axit axetic (0,044
mL, 0,77 mmol) vao hop chét I-9.1 (152 mg, 0,52 mmol) trong metanol (5 mL) . Hén
hop phan Uing dugc khudy trong 2 gid & nhiét d6 trong phong. Natri triaxetoxybohydrua
(273,0 mg, 1,29 mmol) dugc bd sung vao va hdn hop phan ung duge khudy trong 40
phut & nhiét d6 trong phong. Hon hgp phéan tmg dugc ¢d dic, pha lodng bang nude vi
dung dich natri hydro cacbonat bdo hoa va chiét bang etyl axetat. L6p hitu co dugc ria

bing nude mudi, lam khd qua NaxSOs, loc va cd dédc trong chin khong.
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Hiéu suit >95%, 309; 311 [M+H]+, thoi gian luu 0,75 phit, phuong phap LC-MS
7012 _S04.

Céc hop chit trung gian duge thé hién trong Bang 4 sau day duoc tbng hop theo
cach twong tu tir cac hop chét trung gian thich hop:

Béang 4
Hop chét A L m/z Thoi gian Phuong phép
trung gian Cong thire cau trie [M+H]+ lIuu (phut) LC-MS
/
N
R10.1 Br. : % 295;297 | 0,69 7012 S04
(0]
N
H
/
N
R10.2 BFO\% 296;298 | 0,70 7012 S04
0]
(0]
7
N
R10.3 Br\@{% 282,284 | 0,68 7012_S04
(0]
/
N
R10.4 Br\@fjo 268;270 | 0,62 7012_S04
0
/
N
R10.5 . 282;284 | 0,77 7012_S04
0]
N/
R10.6 o 5 309;311 | 0,59 7020 _S01
N
\
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Téng hop mudi TFA ctia hop chit 5-bromospiro[indolin-3,4'-piperidin]-2-on (R11)
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?.4
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N N
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o] (o] F F
N N
H H
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B4 sung trifloaxetic (0,5 mL) vao hop chit R8, mua dugc tir hing ACTIVATE
(150 mg, 0,39 mmol) trong diclometan (3 mL) va hdn hop phéan tng duoc khudy trong
45 phut & nhiét d0 trong phong. Hon hop phéan tung duge cd dac. Higu suit 100%.

Tbng hop tert-butyl 5-bromo-2-oxo-spiro[indolin-3,3'-pyrrolidin]-1'-carboxylat (R12)

T X 1K

N N
Br
(o] (0]
N N
H

H
R12

B6 sung N-bromosucxinimit (30,5 mg, 0,17 mmol) vao tert-butyl 2-
oxospiro[indolin-3,3"-pyrrolidin]-1'-carboxylat, mua dugc tir hang Zerenex (50,0 mg,
0,17 mmol) trong axetonitril (1,5 mL) va hdn hop phan Gng duogc khudy trong 5 gid &
nhiét d6 trong phong. Hon hgp phéan tmg dugc pha lodng bing nude va dung dich natri
hydro cacbonat bdo hoa va chiét bang etyl axetat. L6p hitu co dugc rira bing nudc mudi,

lam kho va cd dic trong chan khong. Hiéu suét 80%, m/z 367; 369 [M+H]+

Téng hop 5-bromo-1-metyl-spiro[indolin-3,3'-piperidin]-2-on (R13)

>L o o)
0
 oLotok ok 5 ok Br a
— Br - -
(o) \ (o) o) (o)
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R13

1-10.1 1-10.2
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Buéc 1: Téng hop hop chit trung gian I-10.1

B6 sung TEA (0,64 mL, 4,62 mmol) va di-tert-butyl dicacbonat (958,6 mg, 4,39
mmol) vao 1-metylspiro[indol-3,3"-piperidin]-2(1H)-on, mua dugc tir hang ChemBridge
Corporation (1,0 g, 4,62 mmol) trong diclometan (20 mL). Hon hop phan tng dugc
khudy trong 10 phtit & nhiét do trong phong, pha loang bang nudc va dung dich natri
hydro cacbonat bdo hoa va chiét bang diclometan. C4c pha dugc tach va 16p nude duge
chiét bang DCM. Céac 16p hitu co hdn hgp dugc 1am kho qua MgSO4 va cd déc trong
chan khong.

Hiéu suit >95%, m/z 261 [M+H — tert-Butyl]+, thoi gian luu 1,06 phut, phuong
phap LC-MS Z020_SO1.
Budce 2: Téng hop hop chét trung gian 1-10.2

B6 sung N-bromosucxinimit (856,7 mg, 5 mmol) vao hop chdt1-10.1 (1,54 g, 4,87
mmol) trong axetonitril (35 mL) va hdn hop phan tmg duoc khudy qua dém & nhiét do
trong phong. Hon hop phéan ung dugc pha lodng bang nuéc va dung dich natri hydro
cacbonat bdo hoa va chiét bang etyl axetat. L6p hitu co duge rira bang dung dich natri
hydro cacbonat bdo hoa va nudc mubi, 1am khé qua NaxSOs4, loc va cd dic trong chén
khong.

Hiéu suét 93%, m/z 340 [M+H — tert-Butyl]+, thdi gian luu 1,13 phut, phuong
phap LC-MS 7020_SO01.
Budc 3: Téng hop hop chit R13

B6 sung axit trifloaxetic (5 mL) vao hgp chét I-10.2 (200 mg, 0,51 mmol) trong
diclometan (10 mL) va hdn hop phan ing dugc khudy trong 15 phut & nhiét dd trong
phong. Hdn hgp phan tng dugc cd dic trong chan khong va dong kho. Phan cin con lai
duoc hoa tan trong diclometan va chiét bang dung dich nu6c natri hydroxit 1mol/L va
nude mudi. Lép hitu co dugc 1am kho va co dic trong chan khong.

Hiéu suét 88%, m/z 295; 297 [M+H]+, thoi gian luu 0,59 phut, phuong phap LC-
MS 7020_SO01.
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Téng hop tert-butyl 6-clo-3-oxo-spiro[furo[3,4-c]pyridin-1,4'-piperidin]-1'-carboxylat

(R14)
/( :; O,
(o] H >L % \FO
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-11.1 111.2 R14
Budce 1: Tng hop hop chét trung gian I-11.1

Viéc téng hop hop chét trung gian I-11.1 duge md ta trong tai liéu EP20725 19 Al
p. 36.

( -78°C, dung dich hexan (94 mL, 150,81 mmol) chira 1,6 M n-butyllithi dugc bd
sung timg giot vao dung dich THF (110 mL) chtra 2,2,6,6-tetrametylpiperidin (16,14 g,
113,10 mmol) va dung dich thu dugc dugc khuéy trong 1 gio. Sau d6, dung dich THF
(50 mL) chtra axit 6-cloronicotinic (6,0 g, 37,70 mmol) duoc bd sung vao timg giot trong
1 gid va hdn hop phan tng duge khudy trong 2 gid. Dung dich THF (50 mL) chwra 1-
benzyl-4-piperidon (21,6 g, 113,10 mmol) dugc bd sung vao timg giot & -78°C. Sau khi
khudy trong 2 gi, nuéce (70 mL) dugce bd sung vao, va hdn hop phéan tng dugc lam Am
dén nhiét d6 trong phong.

Lép nude dugce tach, va 16p hitu co duoc chiét bing dung dich nuéc natri hydroxit
1 N (2x75 mL). Lép nuée thu duge dugc chiét bang dietyl ete (100 mL), va 16p nudc
duogc axit hoa (d6 pH~1) bang cach bd sung axit clohydric dic.

Sau khi khudy trong 1 gio, chét két tia duoc loc ra, rira bing nuéc, va hoa tan trong
etyl axetat.

L6p hitu co dugc rira bang dung dich nudce natri hydro cacbonat bdo hoa, 1am khd
qua Na>SO4 va co dic trong chan khong. Phan cin duoc rira bang dietyl ete.

Hiéu suét 66%, m/z 329 [M+H]+, thoi gian luu 0,72 phut, phuwong phap LC-MS
7012_S04. »

Hop chét trung gian dugc thé hién trong Bang 5 sau day duoc tdng hop theo cach
tuong ty tir hop chat trung gian thich hop:
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Bang 5
£ thoi gian .

Hop chat A oA, m/z Phuong phép

. . Cong thirc cau tric luu
trung gian [M+H]+ (phtit) LC-MS
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N~
@)

Buéc 2: Téng hop hop chét trung gian I-11.2

Hop chit I-11.1 (2,0 g, 6,08 mmol) trong dicloetan (15 mL) dugc 1am mat dén
0°C. Dung dich chra 1-cloetyl cloroformat (1,98 mL, 18,25 mmol) trong dicloetan (5
mL) duoc bd sung vao tir tir va hdn hgp phan tng dugc khudy trong 15 phut nita & 0°C.
Sau d6, hdn hop phan Gng dugce dun nong dén hdi luu va khudy qua dém. Hon hop phan
g dugc cd dic trong chan khéng. Phin cin dwgc hoa tan trong metanol va dun néng
dén hdi luu trong 30 phut, trong thoi gian nay chét két tia dugc tao thanh. Hdn hop phan
mg duoc pha lodng bang diclometan va chit két tiia duoc loc ra dé tao ra hop chét I-
11.2 (hydroclorua).

Hiéu suat 61%.
Buéce 3: Tng hop hop chit R14

B6 sung TEA (0,51 mL, 3,64 mmol) va di-tert-butyl dicacbonat (396,6 mg, 1,82
mmol) vao hop chit I-11.2 (500 mg, 1,82 mmol) trong diclometan (10 mL). Hén hop
phan @mg dugc khudy trong 20 phut & nhiét d trong phong, pha loang bang nudc va
dung dich natri hydro cacbonat bio hoa va chiét bang diclometan. L&p hitu co dugce lam

kho va cd dic trong chan khong. Hidu sudt 91%.

Tbng hop 3-clo-1"-metyl-spiro[furo[3,4-b]pyridin-5,4'-piperidin]-7-on (R15)

o .
o /U
Cl

X
o)
Z
N N

(o)
R15
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3 -78°C, dung dich hexan (2,38 mL, 3,81 mmol) chtra 1,6 M n-butyllithi dugc bd
sung ting giot vao dung dich THF (5 mL) chtra 2,2,6,6-tetrametylpiperidin (0,76 mL,
4,43 mmol) va dung dich thu duoc dugc khudy trong 1 gi& & nhiét do nay. Sau d6, dung
dich THF (1 mL) chira axit 5-clo-2-pyridincarboxylic (0,2 g, 1,27 mmol) duoc bd sung
vao timg giot trong 5 phit va hon hop phan tng dugc khuy trong 45 phit. Dung dich
THF (1 mL) chira 1-metyl-4-piperidon (0,44 mL, 3,81 mmol) dugc bd sung vao timg
giot & -78°C. Sau 1 gid, nuéc (10 mL) duge bd sung vao, va hdn hop phan Gng dugc
1am 4m dén nhiét d6 trong phong.

Etyl axetat (15 mL) va dung dich nuéc NaHCO;3 bdo hoa (15 mL) dugc bd sung
vao hon hop phan tmg va 16p nudc dugce tach. Lop hitu co duge chiét bang dung dich
nude NaHCO; bdo hoa (2x10 mL). Pha nu6ce hdn hop dugce axit hoa (d6 pH~1) bang
cach bd sung axit clohydric dic.

Sau khi khudy trong 1 gid hdn hgp phan Gng duge bazo hoa bang cach bd sung
dung dich nwéc NaHCO3 bao hoa va chiét bang etyl axetat (4x25 mL). Lép hitu co duge
rira bing nude mudi, 1am kho qua Na,SO4 va ¢d dic trong chan khong dé tao ra hop chit
R15. Hiéu suét 21%, m/z 253, 255 [M+H]+, thoi gian luu 0,41 phat, phuong phap LC-
MS Z012_S04.

Tbng hop 6-clo-1'-(oxetan-3-yl)spiro[ furo[3,4-c]pyridin-1,4'-piperidin]-3-on (R16)

X
| o} . ¢ A
N~ o]
N~
O xHCl
0
1-11.2 R16
a) Picu ché bazo tu do:

Hop chét I-11.2 (200 mg, 0,73 mmol) dugc hoa tan mot phén trong metanol khan,
tetraalkyl- amoni cacbonat gin két polyme (Aldrich, 540293) dugc bd sung vao va hén
hop nay dugc khudy trong 2 gid & nhiét do trong phong. Tetraalkyl- amoni cacbonat gén
Kkét polyme dugc loc ra va metanol dugc loai bé trong chén khong dé tao ra bazo tu do
ctia hop chét I-11.2.

b) Bazo tu do cua hgp chat I-11.2 dugc hoa tan trong hdn hop diclometan khan (3 mL)
/ tetrahydrofuran khan (1 mL), 3-oxetanon (0,23 mL, 3,64 mmol) va axit axetic (0,06
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mL, 1,1 mmol) duoc bd sung vao. Hén hop phan tng dugc khudy trong 75 phit & nhiét
d6 trong phong, sau d6 bd sung natri triaxetoxybohydrua va hdn hop phan tmg duoc
khudy trong 15 phit & nhiét do trong phong. Hon hop phan tng dugc pha lodng bang
dung dich natri hydro cacbonat bdo hoa va chiét bing etyl axetat. L6p hitu co duge rira
bang nude mudi, 1am kho qua Na;SO4 va ¢b dic trong chén khong. Hiéu suét 80%, m/z

295 [M+H]+, thoi gian luu 0,75 phit, phuong phap LC-MS Z011_S03.

Tbng hop 6-clo-1'-(oxetan-3-yl)spiro[3H-furo[3,4-c]pyridin-1,4'-piperidin] (R17)

r® A O

N
N/ N/

1-11.1 1-11.3 1-11.4
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—_— Cl X —_ = C N
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1-11.5 R17

Buéce 1: Tong hop hop chét trung gian I-11.3

Bé sung natri bohydrua (345 mg, 9,12 mmol) thanh céc phén nho vao hop chét I-
11.1 (1,00 g, 3,04 mmol) trong metanol (15 mL) va hdn hop phan tng dugc khuy trong
20 gid & nhiét do trong phong. Thém mot lugng natri bohydrua (750 mg, 19,82 mmol)
dugc bd sung vao hdn hop phan tng thanh 3 phan (mdi phan 250 mg) trong 5 gio. Hon
hop phan ng dugc ngung phéan ing bang nudc va pha lodng bang etyl axetat. Lép hitu
co dugc tach va 16p nude duoc chiét biang etyl axetat. Lép hitu co két hop duoc ria bang
dung dich natri hydro cacbonat bdo hoa, nude mudi, 1am khd qua NaxSO4 va ¢ dic
trong chan khong. Phin cin duge tinh ché bang phuong phép HPLC déo pha dé tao ra
hop chat I-11.3. Hiéu sudt 40%, m/z 333 [M+H]+, thoi gian luu 0,91 phut, phuong phéap
LC-MS Z011_S03.
Budc 2: Tdng hop hop chét trung gian I-11.4

Bb sung TEA (0,95 mL, 6,81 mmol) va metansulfonyl clorua (0,26 mL, 3,5 mmol)
& 0°C vao I-11.3 (378 mg, 1,14 mmol) trong THF khan (5 mL), hdn hop phéan ung dugc
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dé cho tr& v& nhiét do trong phong va khudy trong 1 gi. Hon hop phan tng dugc pha
lodng biang dung dich natri hydro cacbonat bao hoa va chiét bang etyl axetat. Lop hitu
co duge rira bang nude mudi, 1am kho qua NazSO4 va cd ddc trong chén khong dé tao
ra san phdm thd, san phdm nay dugc st sung & bude tiép theo ma khong can tinh ché
tiép.

Hiéu suét 95%, m/z 315 [M+H]+, thoi gian luu 1,06 phut, phuong phap LC-MS
7011_S03.
Bude 3: Téng hop hop chét trung gian I-11.5

B6 sung 1-cloetyl cloroformat (0,42 mL, 3,91 mmol) vao dung dich chira hgp chét
I-11.4 (246 mg, 0,78 mmol) trong dicloetan (4 mL) va hdn hop phan tng dugc dun néng
dén hdi luu va khudy trong 3 gio. Dicloetan dugc loai bo trong chin khong, phan cin
thu dugc dugc hoa tan lai trong metanol (3 mL) va dung dich thu dugc dugc dun hdi luu
trong 30 phit. Hon hgp phéan tmg dugc lam mat dén nhiét d6 trong phong va tinh ché
bang phuong phap HPLC dao pha dé tao ra hop chit I-11.5. Hiéu sudt 72%, m/z 225
[M+H]+, thoi gian lvu 0,71 phat, phuwong phdp LC-MS Z011_S03.
Budc 4: Tong hop hop chét R17

Hop chit I-11.5 (114 mg, 0,51 mmol) dugc hoa tan trong tetrahydrofuran khan (2
mL), 3-oxetanon (0,05 mL, 0,76 mmol) va axit axetic (0,044 mL, 0,76 mmol) duoc bd
sung vao va hdn hop phan ung dugc khudy trong 1 gio & nhiét do trong phong. Natri
triaxetoxybohydrua (269 mg, 1,27 mmol) duoc bd sung vio va hdn hop phéan Gng dugc
khudy trong 15 phut & nhiét do trong phong. Hon hop phén g dugc pha lodng bing
dung dich natri hydro cacbonat bdo hoa va chiét bang etyl axetat. Lép hitu co dugce rira
bang nudc mudi, 1am kho qua MgSO4 va ¢ dic trong chan khong d8 tao ra hop chét
R17. Hiéu suét 62%, m/z 281 [M+H]+, thdi gian luu 0,76 phit, phuong phap LC-MS
7011 _S03.
Tbng hop 2-clo-1'-(oxetan-3-yl)spiro[furo[3,4-b]pyridin-7,4'-piperidin]-5-on (R18)

Cl N._NH
IO @ O R0
= — / —_— _
¥ Sh Z
(0]
1-12.1 1-12.2 R18

Buéce 1: Téng hop hop chét trung gian I-12.1
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2-Amino-6-clorinonicotinonitril, mua dugc tir hing ABLOCK PHARMATECH
(2,0 g, 13,02 mmol) dugc hoa tan trong tetrahydrofuran khan (40 mL), ddng(I) iodua
(3,72 g, 19,54 mmol), diiodometan (8,39 mL, 104,2 mmol) va tert-butyl nitrit (6,20 mL,
52,1 mmol) duoc bd sung vao. Hon hgp phan tng dugc dun hdi lwu trong 1,5 giod, lam
mét dén nhiét do trong phong va tit ca céc chit d& bay hoi dugc loai bo trong chan
khong. Phin cin thu dugc dugc hoa tan trong etyl axetat (100 mL) va ria bing dung
dich nuéc natri thiosulfat 10% (25 mL), dung dich natri hydro cacbonat bdo hoa (25
mL), 1am khé qua MgSOs, loc va cd dic trong chan khong. Phan cin thd dugc tinh ché
bing phuong phap sic ky cot nhanh @8 tao ra 1-12.1 (chét rira giai: ete ddu mé / etyl
axetat).

Hiéu suét 74%, m/z 265 [M+H]+, thoi gian luu 0,90 phut, phuong phip LC-MS
7012 _S04. ‘
Buéc 2: Toéng hop hop chét trung gian 1-12.2

Hop chitI-12.1 (1,0 g, 3,78 mmol) va tert-butyl 4-oxopiperidin-1-carboxylat (753
mg, 3,78 mmol) dugc hoa tan trong THF khan (10 mL) va hdn hop phan tng duge lam
méat dén -65°C. Phirc isopropylmagie clorua-lithi clorua (1,3 mol/L trong THF, 3,78 mL,
4,92 mmol) dugc bd sung vao timg giot va hdn hop phéan tng duoc khudy trong 10 phut
nita & nhiét do ndy. Sau d6, hdn hop phan tng dugc dé cho tré v& nhiét d6 trong phong,
khudy trong 20 phiit va metanol (0,8 mL, 19,7 mmol) dugc bd sung vao. Hon hgp phén
ung duoc lam mat dén 0°C va dung dich nuéc axit sulphuric 50% (2,0 mL) dugc bb
sung vao ting giot. Hon hop phan tmg dugc 1am Am dén nhiét do trong phong va khudy
qua dém. Chét két tia mau tring duoc loc ra, ria bang THF va lam kho trong chén
khong dé tao ra hop chét 1-12.2 thd (mubi sulfat) duéi dang chét rin mau tring. San
phim tho dugc sir dung & budce tiép theo khong céan tinh ché thém.

Hiéu suét 94%, m/z 239 [M+H]+, thoi gian luu 0,69 phit, phuong phap LC-MS
7011_S03.
Budce 3: Tdng hop hop chat R18

a) Diéu ché bazo tu do:

Hop chat I-12.2 (150 mg, 0,45 mmol) dugc hoa tan trong hdn hop metanol (2 mL)
/ nuée (2 mL), tetraalkylamoni cacbonat gin két polyme (Aldrich, 540293) dugc bd

sung vao va hdn hop ndy dugc khudy trong 1 gid & nhiét do trong phong.
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Tetraalkylamoni cacbonat gén két polyme dugc loc loc ra, metanol va nuéc dugc loai
b6 trong chan khong dé tao ra bazo tu do clia hop chatI-12.2.

b) Phan cin thu dugc dugc hoa tan lai trong hén hop THF (2 mL) / nu6e (0,1 mL),
3-oxetanon (0,04 mL, 0,67 mmol) va axit axetic (0,038 mL, 0,67 mmol) dugc bd sung
vdo va hon hop phan tng duge khudy trong 1 gio & nhiét do trong phong. Natri
triaxetoxybohydrua duge bd sung viao va hdn hgp phan ung dugc khudy qua dém & nhiét
d6 trong phong. Hon hop phan g duge pha lodng bang dung dich natri hydro cacbonat
bdo hoa va chiét bang etyl axetat. Lép hitu co duge rira bing nuéc mubi, 1am khd qua
MgSO4 va co dic trong chan khong. Phén ciin tho duoc tinh ché bing phuong phép sic
ky cot nhanh dé tao ra R18 (chét rira giai: DCM / MeOH).

Hiéu suit 18%, m/z 295 [M+H]+, thoi gian luu 0,74 phat, phuwong phap LC-MS
7011 _SO03.

Tbng hop 2-clo-1'-(oxetan-3-yl)spiro[ SH-furo[3,4-b]pyridin-7,4'-piperidin] (R19)
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Budce 1: Toéng hop hop chit trung gian I-12.3
B sung TEA (4,04 mL, 28,95 mmol) vao hop chit 1-12.2 (3,25 g, 9,65 mmol)
trong diclometan (50 mL), hn hgp phan ing dugc khudy trong 20 phut & nhiét d6 trong
phong, va di-tert-butyl dicacbonat (2,11 g, 9,65 mmol) duogc bd sung vao. Hon hop phan
tng dugc khudy trong 90 phit & nhiét do trong phong, pha loang bang dung dich natri
hydro cacbonat bdo hoa va chiét bang etyl axetat vai 1an. Lép hitu co dugc ria bang

nude mudi, 1am kho qua MgSOs, ¢d dic trong chan khong va phan cin thu dugc duge
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tinh ché bang phuong phép sic ky cot nhanh (ete diu mé: EtOAc = 95:5 dén 60:40) dé
tao ra hop chét I-12.3.

Hiéu suét 49%, m/z 239 [M—Boc+H]+, thoi gian luu 1,03 phit, phwong phép LC-
MS 7011_S03.
Buéc 2: Téng hop hop chét trung gian I-12.4

B4 sung natri bohydrua (2,23 g g, 59,03 mmol) va canxi clorua (6,55 g, 59,03
mmol) thanh hai phan vao hop chit I-12.3 (10,0 g, 29,52 mmol) trong etanol (500 mL)
va hdn hop phan tmg dugc khudy qua dém & nhiét do trong phong. HPLC-MS cho thdy
murc d6 chuyén héa 85% thanh san phim mong mudn. Thém mot lugng natri bohydrua
(350 mg, 9,25 mmol) dugc bd sung vao va hdn hgp phan tng dugc khudy trong 6 gi& &
nhiét do trong phong. Hon hop phan ung dugce nging phan tmg biang dung dich natri
hydro cacbonat bdo hoa, etanol dugc loai bo trong chén khong va phﬁn can thu dugc
dugc nghién tinh ché bang etyl axetat. Chét két tia tao thanh dugc loc ra va nude cai
duoc chiét bing etyl axetat vai l4n. Lép hitu co két hop duoc rira bang nudc mudi, 1am
kho qua MgSOs, loc va co dic trong chan khong. Phan c3n thu dugc duge nghién tinh
ché bing axetonitril, chét két tua tao thanh dugc loc ra, nuéc cai duge cd dic trong chan
khong va quy trinh nay duoc lap lai hai 1An nita. Cac chét két tia dugc két hop va lam
khé trong chan khong dé tao ra hop chéatI-12.4.

Hiéu suét 54%, m/z 243 [M+H-Boc]+, nhiét do trong phong 0,97 phut, phuong
phap LC-MS Z011_S03.
Buéc 3: Téng hop hop chét trung gian I-12.5

Bb sung TEA (14,84 mL, 106,64 mmol) va metansulfonyl clorua (5,50 mL, 71,09
mmol) & 0°C vao hop chét 1-12.4 (6,77 g, 17,77 mmol) trong THF khan (75 mL). Hon
hop phan tng duoc dé cho trd vé nhiét do trong phong va khudy trong 1 gi. Hon hop
phan ung dugc pha lodng bang dung dich natri hydro cacbonat bdo hoa va chiét bang
diclometan vai lan. Lép hitu co duge rira béng nuée mudi, lam khod qua MgSOQg, co dic
trong chan khong va phén cin thu duoc duge tinh ché bang phuong phap sdc ky cot
nhanh (ete ddu mé: EtOAc = 95:5 dén 72:28) dé tao ra hop chatI-12.5.

Hiéu suit 65%, m/z 225 [M+H-Boc]+, thoi gian lwu 1,07 phat, phuong phéap LC-
MS Z011_S03.
Buéc 4: Téng hop hop chét trung gian 1-12.6
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B sung axit trifloaxetic (5 mL) vao hop chit I-12.5 (4,13 g, 12,07 mmol) trong
diclometan (15 mL) va hdn hgp phan tmg dugc khudy trong 3 gid & nhiét d trong
phong. Hon hgp phén tmg dugc c¢d dic trong chan khong, phén cin thu duge duge hoa
tan lai trong metanol (50 mL), tetraalkylamoni cacbonat li€n két polyme (Aldrich,
540293) dugc bd sung vao va hdn hop nay dugc khudy trong 30 phut & nhiét do trong
phong. Tetraalkylamoni cacbonat lién két polyme dugc loc ra va metanol dugc loai bo
Hongch&1kh6ngdétaorahqpchétL126.

Hiéu sult 99%, m/z 225 [M+H]+, thoi gian luu 0,74 phut, phuong phap LC-MS
7Z011_S03.

Buéc 5: Téng hop hop chat R19

Hop chatI-12.6 (3,62 g, 12,08 mmol) dugc hoa tan trong tetrahydrofuran khan (40
mL), 3-oxetanon (1,16 mL, 18,13 mmol) va axit axetic (691 pL, 12,08 mmol) duoc bd
sung vao va hdn hgp phén Gng duoc khudy trong 20 phut & nhiét do trong phong. Natri
triaxetoxybohydrua (6,74 g, 30,21 mmol) dugc bd sung vao va hdn hgp phan tmg duoc
khudy trong 25 phit & nhiét d¢ trong phong. Hon hop phan tng dugc nging phan ing
bang metanol, pha lodng bang dung dich natri hydro cacbonat bdo hoa va chiét bang etyl
axetat vai 1an. Lép hitu co dugce ria bang nuéc mubi, 1am kho qua MgSO;4 va cb dic
trong chan khong. Phén cin thu duoc duoc nghién tinh ché bang hdn hop axetonitril /
metanol (9:1), chét két tiia tao thanh dugc loc ra, nudc cai duge c6 déc trong chan khong
va quy trinh nay dugc ldp lai hai 1an nita. CAc chét két tia dugc két hop va lam kho trong
chan khong d& tao ra 2,47 g hop chét R19. Nudc cai duoc ¢b dic trong chan khong, phan
canthuduqcduqchbaunﬂaiuongaxdbnﬁﬂlvéﬁnhchébéngphuongphép}ﬁﬂxldéo
pha dé tao ra thém mot lugng (0,32 g) hop chat R19.

Hiéu sut 78%, m/z 281 [M+H]+, thoi gian luu 0,78 phut, phuong phap LC-MS
7011_S03.

(rt = thoi gian luu). Cac phuong phép loai bao vé: TSA (axit toluen sulfonic xem
vi du 1). Héa hoc lap thé & nguyén tir cacbon lién k& v6i nhom nitril duge gan 1a: lién

két 1ap thé nghia 14 chit dong phan S.

-73-



27111

Bang 6
N Chic | Longhop/loal |prs,
Cong thire cau trac chidt bao vé phuong suét [%]
phap HPLC ?

I-1.5 A/TSA 84

I-1.5.1 A/TSA >95

I-1.5.2 A/TSA 35

I-1.5.3 A/TSA 48

I-1.5.4 A/TSA 48
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6 I-1.5.5 A/TSA 7

7 I-1.5.6 A/TSA 43
8 I-1.5.7 A/TSA 41
9 I-1.5.8 A/TSA 90
10 I-1.5.9 A/TSA 16
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11 I-1.5.10 A/TSA 20
12 I-1.5.11 A/TSA 54
13 [-1.5.12 A/TSA 9

14 I-1.5.13 A/TSA 43
15 I-1.5.14 A/TSA 49
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16 I-1.5.15 A/TSA 58
17 I-1.5.16 A/TSA 46
18 I-1.5.17 A/TSA 35
I\\
N~ o
19 [-1.5.18 A/TSA 73
20 I-1.5.19 A/TSA 47
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21 [-1.5.20 A/TSA 36
22 I-1.5.21 A/TSA 35
23 I-1.5.22 A/TSA 83
F AN
|
N~ o
24 [-1.5.23 A/TSA >95
25 I-1.5.24 A/TSA 88
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26 I-2.5 B/TSA 28

27 I-3.5 C/TSA 61
Dit liéu phén tich cta cac vi du

Bang 7

V| i g | PSR | VG| | PREOTE BN

: + [phut] : + [phut]
1 531 1,00 Z011_S03 15 487 1,17 Z011_S03
2 473 1,19 Z011_S03 16 474 0,89 7Z011_S03
3 488 0,89 7012 _S04 17 516 0,60 7020_S01
4 502 0,73 7012_S04 18 490 0,90 Z011_S03
5 516 0,74 7012 _S04 19 504 0,95 7011 _S03
6 502 0,70 7012_S04 20 490 0,92 Z011_S03
7 489 0,72 7012 _S04 21 504 0,92 7Z011_S03
8 503 0,72 7012 _S04 22 546 0,94 7Z011_S03
9 475 0,91 7Z011_S03 23 532 0,96 Z011_S03
10 489 0,96 Z011_S03 24 546 0,93 7011 _S03
11 461 0,91 7Z011_S03 25 532 0,97 7011_S03
12 475 0,97 7011_S03 26 490 0,96 Z011_S03
13 475 0,76 7012_S04 27 545 1,02 Z011_S03
14 489 1,05 7Z011_S03
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Bang 8: Danh muc c4c chit viét tat

ACN axetonitril

ag. trong nudc

BOC, boc tert-butyloxycacbonyl

d ngay

DBU 1,8-diazabixyclo[5.4.0]Jundec-7-en

DCM diclometan

DEA dietylamin

DIPEA N,N-diisopropyletylamin

DIPE diisopropyl ete

DMAP 4-dimetylaminopyridin

DMF N,N-dimetylformamit

DMSO dimetyl sulfoxit

EA, EtOAc etyl axetat

FA axit formic

h gio

HATU 0-(7-azabenzotriazol-1-yl)-N,N,N',N'-
tetrametyluronihexafluoro-phosphat

LiOH Lithi hydroxit

MeOH metanol

MeTHF metyl tetrahydrofuran

min phut

NaH natri hydrua

PE ete ddu mo

PPA anhydrit vong cta axit 1-propanphosphonic

RT, r.t. nhiét do trong phong, vidu 15 - 25 °C

rt thoi gian luu

TBME tert-butyl metyl ete

TBTU o-(1H-benzo-1,2,3-triazol-1-y1)-N,N,N',N'-tetrametyluroni
tetrafluoroborat

TEA trietylamin

TFA axit trifloaxetic

THF tetrahydrofuran

TSA axit p-toluensulfonic monohydrat
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Dit liéu duoc ly

Céc dAu hiéu va loi thé khac cta sang ché s& tré nén rd rang tir cac vi du cu thé sau
day, cac vi du nay nhdm dé minh hoa cho c4c nguyén 1y clia sing ché.
Uc ché DPPI nguoi (Cathepsin C)

Nguyén liéu: Cac dia vi chuén d6 (Optiplate-384 F) mua duoc tir hang PerkinElmer
(Prod.No. 10 6007270). Co chit Gly-Arg-AMC mua dugc tir Biotrend (Prod.-
No0.808756 Custom peptide).

Albumin huyét thanh bd (BSA; Prod.No. A3059) va Dithiothreitol (DTT; Prod.No
D0632) mua dugc tir hang Sigma. Dung dich d¢ém TagZyme mua dugc tir hang Riedel-
de-Haen (Prod.-No. 04269), NaCl mua dugc tir hdng Merck (Prod.-No. 1.06404.1000)
va axit morpholinoetan sulfonic (MES) mua dugc tir hdng Serva (Prod.-No. 29834).
Chit tc ché DPP1 Gly-Phe-DMK mua dugc tr hang MP Biomedicals (Prod.-
No.03DK00625). DPPI ngudi tai t hop mua duge tir hing Prozymex. T4t ca cac nguyén
liéu khac déu c6 ban trén thi truong thudc loai tdt nhét.

Céc dung dich dém sau dugc stt dung: Dung dich dém MES: 25 mM MES, 50 mM
NaCl, 5 mM DTT, duoc diéu chinh dén 6 pH = 6,0, chita 0,1% BSA; dung dich dém
TAGZyme: 20 mM NaH2PO4, 150 mM NaCl dugc didu chinh dén d¢ pH 20 = 6,0 bang
HCI

Céc didu kién thir nghiém: DPPI ngudi téi t6 hop dugc pha lodng trong dung dich
dém TAGZyme dén 1 U/ml (twong tmg v6i 38,1pg/ml), va sau d6 hoat hoa bang cach
tron theo ty 1€ 1:2 v6i dung dich nuéc Cysteamine (2mM) va 0 trong 5 phit & nhi€t 4o
trong phong.

Néam uL hop chét thir nghiém (ndng do cubi 0,1 nM dén 100 pM) trong dung dich
aqua bidest 5 (chtra 4% DMSO, ndng d6 DMSO cudi 1%) dugc tron v6i 10 pL DPPI
trong dung dich &m MES (ndéng do cudi 0,0125 ng/pL) va U trong 10 phut. Sau do, 5
uL co chét trong dung dich &m MES (ndng dd cubi 50 pM) duoc bd sung vao. Sau dé,
cac dia vi chudn do dugc v & nhiét dd trong phong trong 30 phut. Sau d6, phan tmg duoc
ngung bang cach bd sung 10 uL Gly-Phe-DMK trong dung dich dém 10 MES (ndng do
cubi 1 pM). Cudng d6 huynh quang cla cc giéng duoc xic dinh bang céch st dung
thiét bi Molecular Devices SpectraMax M5 Fluorescence Reader (Ex 360 nm, Em 460

nm) hoic thiét bi Envision Fluorescence Reader (Ex 355 nm, Em 460 nm).
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MBOi dia vi chudn do thir nghiém chira céc giéng v6i dbi chiing chét dan (1% DMSO
trong dung dich bidest + 0,075% 15 BSA) lam tham chiéu cho hoat tinh enzym khong
bi trc ché (100% Ctl; cac gia tri cao) va cac giéng v6i chat e ché (Gly-Phe-DMK, trong
dung dich bidest + 1% DMSO + 0,075%BSA, ndng d¢ cudi 1uM) lam dbi ching cho
cudng d6 huynh quang nén (0% Ctl; cac gié tri thap).

Viéc phan tich dit li¢u dugc thuc hién bang cach tinh toan ty 1& % huynh quang
v6i sy ¢6 mit ciia hop chét thir nghiém so véi huynh quang cia dbi chung chat din sau

Kkhi trir di cuong d6 huynh quang nén bang cong thirc sau:
(RFU(mAu)-RFU(nén))*100/(RFU(dbi chimg)-RFU(nén))

Dit liéu tir cAc phép tinh toan nay dugc st dung dé dua ra cac gia tri IC50 cho uc

ché DPPI tuong ting.
Bang 9
Vidu Uc ché DPPI
ICso [uM]
1 0,0011
2 0,0006
3 0,0003
4 0,0004
5 0,0006
6 0,0002
7 0,0005
8 0,0007
9 0,0005
10 0,0006
11 0,0007
12 0,0005
13 0,0006
14 0,0010
15 0,0005
16 0,0005
17 0,0016
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18 0,0016
19 0,0010
20 0,0016
21 0,0014
22 0,0048
23 0,0050
24 0,0027
25 0,0018
26 0,0020
27 0,0029

Xéc dinh hoat tinh elastaza bach cau trung tinh trong ché phdm chira san pham phan giai
bao twong U937 sau khi ti v6i hop chit thir nghiém
Nguyén liéu:

Dfa Optiplate 384F mua dugc tir hang PerkinElmer (Prod. No. #6007270). Cac dia
nudi cdy té bao Nunclon 24 giéng (No. 142475) va 96 giéng (No. 267245) mua dugc tur
hang Nunc. Dimetylsulfoxit (DMSO) mua dugc tir hdng Sigma (Prod.No. D8418).
Nonidet-P40 (NP40) mua dugc tir hdng USBiological (Prod.No. N3500)

Co chét, dic hiéu véi elastaza bach ciu trung tinh, mua dugc tr hang Bachem
(MeOSuc-Ala-Ala-Pro-Val-AMC; Prod.No. 1-1270).

Elastaza cta bach cau trung tinh ngudi mua duge tir hang Calbiochem (Prod.No.
324681)
bém:

Dung dich dém Tris (100mM Tris; 1M NaCl; pH 7,5)

Dung dich dém Tris + HSA 0,1%; Albumin huyét thanh nguoi mua dugce tir hang
Calbiochem (Cat#. 126658)

Dung dich dém serin-proteaza (20mM Tris; 100mM NaCl; pH 7.5) + 0,1%HSA

Dung dich dém phan giai serin proteaza: 20mM Tris-HCI; 100mM NaCl pH 7.5;
+ 0,2% Nonidet-P40;

PBS: nuéc mudi dém phosphat, khong chira Ca va Mg, mua duoc tir hang Gibco
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Gibng nudi cly té bao:

U937 mua duge tir hing ECACC (Cat.No. 85011440) dugc nudi cdy trong huyén
phu & 37°C va 5% CO2.

Miét d6 té bao: 0,2-1 triéu Té bao/ml.

Mbi truong: RPMI1640 GlutaMAX (No. 61870) v6i 10% FCS mua dugc tir hang
Gibco
Gieo va xit Iy té bao:

Céc hop chit trong 100% DMSO dugc pha loang trong moi truong (-FCS) voi
10% DMSO va pha loang tiép theo ké hoach thtr nghiém.

20 pul dung dich hop chét dugc chuyén vao cac giéng tuwong ting trong dia 24 giéng
va pha loang bang 2ml huyén phu té bao/giéng chira 1x10° té bao/ml (ndng d6 DMSO
cubi = 0,1%). Hé s6 pha lodng hop chét = 100

Céc hop chét (én t6i 7 ndng d0) dugc thir nghiém theo bo ba bing 3 giéng dbi vai
dbi ching DMSO 0,1%, U trong 48 gid ma khong thay dbi moi trudng & 37°C, 5% CO2
va d6 4m twong ddi 95%.

Thu té bao va san phdm phén giai té bao:

Chuyén huyén phu t€ bao vao hop thir nghiém 96 giéng 2 ml. T4ch céc té bao khoi
moi trudng bang cach ly tim (500 X g; 10 phut; nhiét d9 trong phong); bo dich ndi. Tao
huyén phu té bao lai trong 1ml PBS; ly tdm (500 X g; 10 phut; nhiét do trong phong);
rtra t& bao hai 1An bing PBS. B4 sung 80 pl dung dich dém phén giai serin proteaza (lanh
bang) vao phan té bao két vién; tao huyén phu lai phén két vién nay va bdo quan trén
nugc da trong 10 phut. Loai bé manh vun bang cach ly tim 1000 X g trong 10 phit &
4°C. Chuyén 80-100 ul dich ndi chira san phdm phén giai vao dia 96 giéng va bao quan
ngay & -80°C.

Thir nghiém hoat tinh elastaza bach cau trung tinh:

San phim phan giai lanh dong duge 1am tan bang & 37°C trong 10 phut va bao
quan trén nude da. Ham luong protein dugc xac dinh bang thir nghiém protein Bradford.
San phim phén giai duoc pha loang dén 0,2-0,5 mg/ml protein trong dung dich dém
serin proteaza + HSA.

Chuln: NE (dung dich gdc 100 pg/ml trong dém Tris; dugc bdo quéan & -80°C)
duoc pha lodng trong dung dich dém Tris + HSA dén ndng d6 750 ng/ml, va tiép tuc
pha loang hang loat theo ty 1€ 1:2 8 tao dudng cong chuén.
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Dung dich dém, mau tréng, mau chudn va miu san phém phan giai duoc chuyén
vao dia 384 giéng
K& hoach chuyén bang pipet

Mau tréng: 5MI dung dich dém Tris + 10pl dung dich dém serin proteaza + Sul co

chit
Chudn: 5pl dung dich dém Tris + 10ul NE (ndng d6 khéc nhau) + 5ul co chét
San phém phén giai: Spl dung dich dém Tris + 10p! san phdm phén giai + 5pl co
chét

Do ting cuong d6 huynh quang (Ex360nm/Em 460nm) dugc xéac dinh sau 30 phut
béng thiét bi Molecular Device Spectramax M5 Fluorescence Reader. Két qua dugc ndi
suy thanh ng/mg protein san pham phén gidi béﬁg c4c ham cong thirc excel. Ty 1€ phén
tram e ché trong cdc miu san pham phan gidi dugc didu tri bang hop chét dugc tinh
toan so véi mAu dbi chimg dugc diéu tri bang DMSO (100-(mau hgp chat*100)/mau d6i
chung)

Hop chét thir nghiém s& cho cac gia tri G ché elastaza bach ciu trung tinh tr 0%
dén 100%. IC50 dugc tinh toan bang phdn mém Graphpad Prism; khép khong tuyén
tinh (log(cht Grc ché) so véi dap ting -- dd ddc thay ddi). Gia tri IC50 duge ni suy dudi
dang néng do hop chét thir nghiém ma din dén su giam hoat tinh elastaza bach cau trung
tinh 50% (so v6i dbi chimg dugc diéu tri bing DMSO).

Bang 10 ‘

Giam hoat tinh NE trong té bao U937

Vidy 1C50 [uM]

[u—

0,0010
0,0068
0,5030

0,0910

0,0023

0,0222

0,0349

0,0008

O |0 | Q| N n || LI

0,0215
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Vi du Giam hoat tinh NE trong t& bao U937
' IC50 [pM]
10 0,0014
11 0,0107
12 0,0012
13 0,0167
14 0,0011
15 0,0002
16 0,0738
17 0,0006
18 0,2202
19 0,0050
20 0,0232
21 0,0637
22 0,0157
23 0,0075
24 0,0060
25 0,0016
26 0,0046
27 0,0007

Uc ché Cathepsin K ngudi
Nguyén liéu:

Céac dia vi chudn do (Optiplate-384 F mua dugc tir hing PerkinElmer (Prod.No.
6007270). Co chit Z-Gly-Pro-Arg-AMC mua dugc tir hang Biomol (Prod.-No. P-142).
L-xystein (Prod.No. 168149) mua duoc tir hang Sigma. Natri axtetat mua dugc tr hang
Merck (Prod.-No. 6268.0250), EDTA mua dugc tir hang Fluka (Prod.-No. 03 680). Chét
trc ché E-64 mua dugc tir hing Sigma (Prod.-No. E3132). Proenzym Cathepsin K nguoi
tai t6 hop mua dugc tir hang Biomol (Prod.No. SE-367). T4t ca cac nguyén liéu khac

déu ¢6 ban trén thi trudng thudc loai t6t nhét.
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Cac dung dich dém sau dugc st dung: Dung dich dém hoat hoa: 32,5 mM natri
axetat, dugc diéu chinh dén do pH=3,5 bang HCI; dung dich dém thir nghiém: 150 mM
natri axetat, 4 mM EDTA, 20 mM L-xystein, duoc didu chinh dén d6 pH = 5,5 bang
HC],

Céc diéu kién thir nghiém:

P& hoat héa proenzym, 5 pl procathepsin K dugce tron v6i lul dung dich dém hoat
hoéa, va i & nhiét do trong phong trong 30 phut.

5 uL hop chét thir nghiém (ndng do cudi 0,1 nM dén 100 pM) trong dung dich
aqua bidest (chira 4% DMSO, ndng 46 DMSO cubdi 1%) dugc tron v6i 10 pL Cathepsin
K trong dung dich dém thir nghiém (ndng do cudi 2 ng/pL) va U trong 10 phut. Sau do,
5 uL co chét trong dung dich dém thir nghiém (ndng do cudi 12,5 pM) duge bd sung
vao. Sau dé, cac dia dugc U ¢ nhiét d6 trong phong trong 60 phut. Sau do, phan Gng
dugc ngimg bang cach bd sung 10 uL E64 trong dung dich dém thtr nghiém (ndng do
cudi 1 pM). Cuong do huynh quang cua cic giéng duoc xac dinh bang cach st dung
thiét bi Molecular Devices SpectraMax M5 Fluorescence Reader (Ex 360 nm, Em 460
nm).

MB&i dia vi chudn do thir nghiém chira cac giéng v6i d6i chiing chét din (1% DMSO
trong dung dich bidest) lam tham chiéu cho hoat tinh enzym-khong bi G ché (100%
Ctl; cac gia tri cao) va cac giéng véi chét @rc ché (E64 trong dung dich bidest + 1%
DMSO, ndng d6 cubi 1 pM) lam dbi chung cho cuong dd huynh quang nén (0% Ctl;
céc gid tri thp). Viéc phan tich dit liéu dugc thyc hién bang cach tinh toan ty 1€ % huynh
quang v6i su c6 mét ciia hop chét thtr nghiém so v6i huynh quang cla dbi chung chét

din sau khi trir di huynh quang nén:
(RFU(mAu)-RFU(nén))* 100/(RFU(d6i chiing)-RFU(nén))

Dit lidu tr c4c phép tinh toan nay duogc sir dung dé dua ra cac gia tri ICso cho Urc
ché Cathepsin K tuong ung.
Xéc dinh do én dinh chuyén hoa bang céc tiéu thé gan nguoi

Su thodi bién do chuyén héa ctia hop chét thtr nghiém duoc thir nghiém ¢ nhiét 4o
37°C bing céac tiéu thé gan ngudi tap hop. Thé tich 1 sau cing 1001 cho méi thoi diém
chra dung dich dém TRIS pH 7,6 (0,1M), magie clorua (5mM), protein tiéu thé

(1mg/ml) va hop chit thi nghiém & ndng do cudi 1pM. Tiép sau mdt giai doan 1 so bd
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ngén & nhiét d6 37°C, phan tng dugc khoi diu bang cach bd sung beta-nicotinamit
adenin dinucleotit phosphat & dang khir cia n6 (NADPH, 1mM) va duoc hoan thanh
bang viéc chuyén mét lugng phan uéc vao trong axetonitril sau cac thoi diém khac nhau.
Ngoai ra, sy phan hiy khong phu thuéc NADPH duogc theo doi trong cac phén @ khong
¢6 NADPH, duoc hoan thanh tai thoi diém cubi cing. [%] hop chét thir nghiém con lai
sau khi & doc 1ap NADPH dugc phan 4nh bing thong sb c(dbi chimg) (46 6n dinh chuyén
héa). Cac dung dich 0 dd lam dung dugc tao vién bing cach ly tam (10°000g, 5 phut).
Luogng phéan udc cua 16p ndi trén bé mat duoc thir nghiém bang phuong phap LC-
MS/MS vé lugng hop chit gbc.

Thoi gian bén huy (t1/2 INVITRO) dugc x4c dinh bang do dbc cta dd thi ban
logarit ctia bién dang ndng dd - thoi gian. PO thanh thai ndi tai (CL_INTRINSIC) dugc
tinh toan bing cach xem xét lugng protein trong phén u

CL_INTRINSIC [pl/mphit/mg protein] = (In 2 / (thoi gian ban hiy [phut] * ham
lugng protein [mg/ml])) *1°000.

Gié tri thoi gian ban huy (t1/2 INVITRO) cta cac hop chét lya chon trong thir

nghiém v& d6 6n dinh chuyén héa mo ta & trén dugc liét ké trong bang sau.

Béang 11
Vi du D6 6n dinh in vitro khi ﬁ,tiéu thé gan nguoi
£1/2 [pht]

! >130
2 >130
3 >130
4 >130
5 >130
6 110
7 >130
8 74

9 >130
10 >130
11 >130
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Vidy bo 4n dinh in vitro khi & tiéu thé gan nguoi
t1/2 [phut]

12 46

13 >130
14 >130
15 >130
16 >130
17 60

18 >130
19 >130
20 >130
21 >130
22 >130
23 >130
24 >130
25 >130
26 55

27 120

MO hinh chudt nhét twong tac véi dich
Diéu tri bang hop chét:

Pé theo dbi tac dung ctia cac hop chét thir nghiém 1én hoat tinh elastaza bach cau
trung tinh & céc bach ciu trung tinh mau ngoai vi, chudt nhit Crl:NMRI céi dugc diéu
tri nhu sau:

Nhom 1 (6 chudt): 0,5 mg/kg hop chét thtr nghiém trong 0,5% Natrosol (pH 2-3)

Nhém 2 (6 chudt): 0,5% Natrosol (40 pH = 2-3)

Nhém 3 (2 chudt): 0,5% Natrosol (40 pH = 2-3)

Cac hop chét thir nghiém hodc dung dich Natrosol dugc cho sur dung tir thir hai

dén thir 6 vao ltc 7:00 gid sang va 4:00 gid chiéu mbi ngay trong tudn thi nhét cta thi
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nghiém va vao tht hai va tht ba (7:00 gio sang va 4:00 gio chidu) trong tuén thit hai.
Céc hop chét thir nghiém hozc Natrosol dugc cho ding qua dudng miéng.
Kich thich bang LPS va chuén bi dich rira phé quan phé nang:

Vao thtr t trong tudn th hai, cac dong vét ndy dugc didu tri bing hop chét thi
nghiém ho#c dung dich Natrosol nhu m6 ta trén day (7:00 gid séng) tiép theo bang cach
x0ng kich thich LPS (lipopolysacarit):

Nhém 1 va nhém 2: Xong LPS 20 phut (E.coli typ huyét thanh 055:B5; 1mg/ml trong
PBS) bang cach st dung médy khi dung lién tuc MiniHeart Hi-Flo (Westmed)
Nhém 3: Khong kich thich bang LPS

4 git sau khi kich thich bang LPS dich rira phé quan phé nang bang dung dich
mudi Hank 2x1ml mbi dong vat duoc chudn bi tir tit ca cac dong vat va sb té bao trong
dich rira nay dugc xac dinh bang thiét bi Sysmex XT-1800i. Cac té bao trong dich rira
duoc tach bang cach ly tim va phan giai trong dung dich dém phén giai (100 mM TRIS
do pH=17,5, 1 M NaCl, 0,2% NP40).

Po elastaza ctia bach cau trung tinh (Neutrophile elastase- NE):

Hoat tinh NE trong san phdm phan giai té bao dich rtra phé quin phé nang
(bronchioalveolar lavage fluid - BALF) dugc x4c dinh bing co chit NE phat huynh
quang MeOSuc-Ala-Ala-Pro-Val-AMC (Bachem): 10 pl san phdm phén giai té bao
duoc tron v6i 5 pl dung dich dém thtr nghiém (20 mM Tris pH 7,5, 100 mM Nac(Cl, 0,1%
albumin huyét thanh ngudi) va 5 pl co chét (1 mM trong dung dich dém thir nghiém)
trong dia 384 giéng (Optiplate 384f, PerkinElmer). Hbn hop phan tng dugc 1 trong 60
phut & nhiét d trong phong va cuong do huynh quang dugc xac dinh (kich thich 360
nm, phét xa 460 nm). Gié tri huynh quang thu dugc duge chuin héa thanh sb bach cau
trung tinh BALF d6i v6i mdi dong vat. Dé tinh toin mtc dd e ché hoat tinh NE cla
céc hop chét thir nghiém, gié tri huynh quang cta nhém 1 va nhom 2 duge dem trur di
gi4 tri huynh quang trung binh ctia nhém 3 va ty 1€ % tc ché hoat tinh NE & nhom 1 so
v6i gid tri huynh quang trung binh cia nhém 2 duge tinh toan.

Hoat tinh elastaza bach cau trung tinh trong san pham phén giai sau khi xi Iy trude
bang cac chét ¢ ché Cathepsin C (stt dung hai 14n mot ngdy trong 7 ngdy) duoc liét ké

trong bang sau:
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Bang 12

Muc d0 tre ché hoat tinh elastaza bach cau trung tinh trong san
Vidu | phdm phéan gidi BALF sau khi didu tri trudc bang chat trc ché
Cathepsin C (lidu: 0,5 mg/kg hai 14n mét ngay trong 7 ngay)

1 96
25 94

CAu trac tinh thé cta phtrc Cathepsin C phébi tir
Phuong phap
Protein:

Cathepsin C ngudi tai t5 hop (Cat C) duoc tao ra theo cac quy trinh sinh hoc phén
tt chudn (Tai liéu: 1 - 3).

Két tinh va ngam:

Trudce khi két tinh, dung dich dém protein dugc trao dbi v6i 20 mM Bis-Tris pH
7.0, 150 mM NaCl, 2 mM EDTA, 2 mM DTT bing c6t NAP10 (GE Healthcare). Mau
protein dugc cd ddc thanh 9-10 mg/mL. C4c tinh thé dugc cho phat trién & 20°C trong
giot treo bang cach st dung 1,0 pL protein va 1,0 pL dung dich well (0,1 M Bis-Tris-
Propan pH 6,0-6,5, 18-20% (trong luong/thé tich) PEG 3350, 200 mM NaF, 1 mM
DDT). Céc tinh thé xuét hién qua dém va phét trién thanh kich thuéc hoan thién trong
2-3 ngay. Céc ddng cAu tric phéi tir thu dugce bing cach ngadm céc tinh thé apo trong
dung dich well c6 bd sung 1 mM phdi tir trong Gmg (bing cach pha lodng tir dung dich
gbc 100 mM trong DMSO) qua dém. Sau d6, trude khi thu thap dir liéu, c4c tinh thé
duoc lam lanh dong trong nito 1ong bang 20% glyxerol va dung dich well lam thanh
phén bao vé khi lanh dong.

Thu thap dit lidu, giai thich cAu triic va tinh chinh:

TAt ca cac dir liéu nhiéu xa dugc thu thap & 100 K trén thiét bi phat anot quay
(Rigaku) bang céach st dung bic xa CuKa va xtt Iy bang XDS (Tai liéu: 4). Céc dong
chu trac phéi tir duge 1am sdng to bang phuong phép sai phan fourier va tinh chinh bing
chuong trinh autoBuster (Global Phasing Ltd.) 13p lai bang cach tai 1ap thi cong bang
chuong trinh Coot (tai liéu: 5). S6 li¢u théng ké vé bude it Iy dit liéu cudi va tinh chinh
duoc liét ké trong Bang 13. Chuong trinh PyMOL (DeLano Scientific LLC) duogc su
dung dé chuén bi hinh anh.
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Két qua
CAu trac cua phitc Cathepsin C phéi ti:

Céu trac cta Cathepsin C nguoi (Cat C) duge mo ta trong tai liéu (tai ligu 2) dudi
dang tetrame chtra bén tidu don vi gibng nhau. Mai tiéu don vi gdm ba chudi: cac chudi
nhe va ning tao ra ving xuc tc, trong khi d6 ving goi la ving loai trir phong bé vi tri
hoat dong tach tai S2 1am hai va chiu trach nhiém v& hoat tinh exopeptidaza cua Cat C.
CAu trc cta Cat C trong phirc véi hop chit vi du 11 va 16 (Bang 14, Fig. 1) dugc xac
dhﬂldélmnséngtéphuongthﬁcHénkétcﬁanhénlhqpc&ﬁtnﬁy.Céchqpchétvidu11
va 16 lién két thong qua twong tac cong héa tri ctia nhom nitril véi Cys234. Hop chét vi
du 11 12 chit ddng phan d6i 4nh don véi nguyén ti cacbon lién két v6i nhom nitril trong
c4u hinh (S) trong hi d6 hop chét vi du 16 (nguyén tir cacbon vong xo4n ¢6 héa hoc 1ap
thé RS) 1a hdn hop céc chit ddng phan khong dbi quang. Axit amin hai vong tién t&i tai
S1 cia enzym tai d6 n6 dugc neo lai bang céc lién két hydro véi cdc nguyén tir khung
ctia Gly277 va Asn380 cling nhu voi chudi bén cta Aspl. Hé bis-aryl dugc dinh hudng
vao tai S2 tai d6 n6 tham gia vao tuong tac van der Waals v6i cac gbc Aspl va Pro3 cua
vung loai trur. Bt ngd 13, cac tac gia sang ché da quan sat dugc mot twong tac b sung
clia amin vong xoén: spiro-azetidin theo vi du 11 va spiro-pyrrolidin theo vi du 16. Trong
c4 hai trudng hop nguyén ti nito bazo tao ra cAu mudi véi Glu275, didu nay phi hop
Véihoatﬁnhenzynlcaocﬁanhénlhqpchétnéy.

Tai liéu tham khéo:

(1) Seren W. Dahl, Torben Halkier, Conni Lauritzen, Iztok Dolenc, J ohn
Pedersen, Vito Turk and Boris Turk. (2001) Human Recombinant Pro-dipeptidyl
peptidaza I (Cathepsin C) Can Be Activated by Cathepsins L and S but Not by
Autocatalytic Processing. Biochemistry 40, 1671-1678.

(2) Dusan Turk, Vojko Janjic, Igor Stern, Marjetka Podobnik, Doriano Lamba,
Suren Weis Dahl, Connie Lauritzen, John Pedersen, Vito Turk and Boris Turk (2001)
Structure of human dipeptidyl peptidase I (cathepsin C): exclusion domain added to
an endopeptidaza framework creates the machine for activation of granular serin
proteazas. The EMBO Journal 20, 6570-6582 .

(3) Furber, M. et al. (2014) Cathepsin C Inhibitors: Property Optimization and
Identification of a Clinical Candidate. J. Med. Chem., 57,2357-2367.

-92-



27111

(4) Kabsch, W. (2010) XDS. Acta Crystallogr. D. Biol. Crystallogr. 66, 125-
132.

(5) Emsley, P. & Cowtan, K. (2004) Coot: model-building tools for molecular
graphics. Acta Crystallogr. D. Biol. Crystallogr. 60, 2126-2132.

Bang 13. Sé liéu théng ké vé thu thap dit liéu va tinh chinh
Thu thap dit liéu !
Tap dit liéu Hop chitvidu 11 Hop chat vi du 16
B phét hién Saturn944 Mar345
Nhoém khong gian 1222 1222
Kich thuéc 6 mang don vi
a, b, c (A) 86,0, 89,3, 114,6 86,5, 88,7, 114,5
Do phan giai (A) 1,7 1,5
Ty 18 hoan thién (%) 81,0 (9,1) 93,3 (43,5)
Reym (%) 4,2 (31,6) 3,5 (28,0)
<o) > 32,1 (2,9) 32,5 (4,7)
Tinh chinh 2
R-hé s&/R-tu do (%) 17,8/19,2 21,3/21,7
Do dai lien két Rmsd (A) 0,008 0,008
Géc lién két Rmsd (°) 0, 90 0,93

1 Cé4c gia tri trong d4u ngodc don 1a cho 16p c¢6 do phan giai cao nhit; Reym =
S | L-<> | /il

2 R-hé sb = thll |Fobs | -k | Fcalc| |/Ehk1 | Fobs | ; R-tu do dugc tinh bfmg 5%
dit liéu loai trir khéi tinh chinh; Rmsd, d¢ 1éch trung binh binh phuong.
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Béang 14. Céc hop chit dugc kiém tra trong tinh thé hoc tia X
Hop chit Hop chit vi du 11 Hop chit vi du 16
Cong thire cAu tric @in o o @}n/); -

e

Chét dong phan lap thé chét ddng phan khéng dbi hdn hop céc chét dong
quang don phéan khong dbi quang
CatC ICso (nM) 0,7 0,5

Dugc phdm

Céc ché pham thich hop dé str dung cac hop chét c6 cong thirc I s& rd rang db6i véi
nguoi co hiéu biét trung binh v& linh vuc nay va bao gbm vi du vién nén, thudc vién,
vién nang, thudc dan, vién ngdm, vién ngdm det, dung dich, xi 10, con ngot, tui chua,
dang tiém, dang hit va bot, v.v., tdt hon 1a vién nén.

Céc vién nén thich hop co thé thu duoc, vi du, béng cach tron mot hoac nhiéu hop
chét c6 cong thirc I véi ta duoc da biét, vi du chét pha lodng, chit mang, chat géy ra,
chét phu trg, chét hoat dong bé& mit, chét két dinh va/hoic chét 1am tron. Cac vién nén

cing c6 thé gdm nhiéu 16p.

T hop

Hop chét c6 cong thirc chung I ¢6 thé dugc st dung riéng biét hodc két h(jp voi
céc hoat chat khac c6 cong thirc I theo séng ché. Céac hop chét c6 cong thic chung I tiry
¥ ciing c6 thé dugc két hop véi cac duoc chit khac. Cac dugc chét nay bao gdm, chit
chu Vé_ih B2-adrenoceptor-(hoat dong ngin va kéo dai-), chét chéng-cholinergic (hoat
dong ngén va kéo dai-), cac steroit chbng viém (c4c corticosteroit dung dudng miéng va
khu trt1), cromoglycat, metylxanthin, cac chét gia glucocorticoit da phan ly, cac chét trc
ché PDE3, céc chét trc ché PDE4, c4c chit Grc ché PDE7, chat dbi khang LTD4, céc chat
&tc ché EGFR, chét chi van dopamin, chit di khéng PAF, din xuét Lipoxin A4, chat
didu bién FPRL1, chét déi khang thu thé LTB4- (BLT1, BLT2), chit d6i khang thu thé
histamin H1, cht d6i khang thu thé histamin H4, cht d6i khang thu thé histamin kép
H1/H3, chét tc ché PI3-kinaza, chit G ché cac tyrosin kinaza khong thu thé vi du LYN,
L.CK, SYK, ZAP-70, FYN, BTK hoic ITK, cht trc ché MAP kinaza vi du p38, ERK1,
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ERK?2, JNK1, INK2, JNK3 hodc SAP, chét trc ché dudng truyén tin hi¢u NF-xB vi du
chét e ché IKK2 kinaza, chat &rc ché iNOS, chat trc ché MRP4, chét tic ché sinh tong
hop leukotrien vi du chét tc ché 5-Lipoxygenaza (5-LO), chét trc ché cPLA2, chét {rc
ché leukotrien A4 hydrolaza hodc chét tic ché FLAP, chit chdng viém khong steroit
(Non-steroital anti-inflammatory agents - NSAIDs), chit dbi khang CRTH2, chit diéu
bién thy thé DP1, chit déi khang thy thd Thromboxane, chit déi khang CCR3, chat déi
khang CCRY, chét dbi khang CCR1, chét dbi khang CCRS5, chat ddi khang CCR6, chat
dbi khang CCR7, chét dbi khang CCRS, chét dbi khang CCRY, chat d6i khang CCR30),
chit d6i khang CXCR?, chét dbi khang CXCR?, chét d6i khang CXCR?, chét d6i khéng
CXCR!, chét dbi khang CXCRS5, chit déi khang CXCRS, chét d6i khang CX3CR?, chét
(61 khang Neurokinin (NK 1, NK2), cht diéu bién thu thé Sphingosine 1-Phosphat, chat
trc ché Sphingosine 1 phosphat lyaza, chét didu bién thu thé adenosin vi du chét chii van
A2a, chét diéu bién thu thé purinergic vi du chét e ché P2X7, chit hoat héa histon
deaxetylaza (HDAC), chét d6i khang Bradykinin (BK1, BK2), chét trc ché TACE, chit
didu bién PPAR gama, chét tc ché Rho-kinaza, chdt uc ché enzym chuyén héa
interleukin 1-beta (ICE), chat didu bién thu thé Toll-Like (TLR), chét trc ché HMG-CoA
reductaza, chét dbi khang VLA-4, chét rc ché ICAM-1, chét chu van SHIP, chit dbi
khang thu thé GABAa, chét tc ché ENaC, chét rc ché Prostasin, chét tcc ché Matriptaza,
chét didu bién thu thé Melanocortin (MC 1R, MC2R, MC3R, MC4R, MC5R) , chat doi
khang CGRP, chit d6i khang Endothelin, chét d6i khang TNFa, khang thé khang TNF,
khang thé khang-GM-CSF, khéng thé khang-CD46, khang thé khang-IL-1, khang thé
khéng-TL-2, khang thé khéng-IL-4, khang thé khang-IL-5, khang thé khang-IL-13,
khang thé khang-IL-4/IL-13, khang thé khang -TSLP, khéang thé khang-0X40, chit didu
hoa su san sinh chat nhay, chit didu tri mién dich, cc hop chit chéng phu né duong
thd, cac hop chét chéng ho, chét e ché VEGF, chét tc ché NE, chit uc ché MMP?9,
chit tc ché MMP12, va ca td hop cia hai hodc ba hoat chét nay.

Céac betamimetic, anticholinergic, corticosteroit, chét trc ché PDE4, chit dbi khang
LTD4, chit trc ché EGFR, chét tc ché CRTH2, chét trc ché 5-LO, chét déi khang thu
thé histamin va chét e ché SYK, chat ttc ché NE, chét tic ché MMP9, chét trc ché
MMP12, va ca td hop gdm hai hoic ba hoat chit, tac la:

e  Cic betamimetic v6i corticosteroit, chit trc ché PDE4, chét wc ché

CRTH2-hoic chit d6i khang LTD4,
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e  Céac anticholinergic v4i betamimetic, corticosteroit, chit tc ché PDEA4,
chit trc ché CRTH2-hoic chét dbi khang LTD4,
e  Céac corticosteroit véi chit tc chéd PDE4, chét tc ché CRTH2-hodc chét
d6i khang LTD4-
e  Chét trc ché PDE4-v6i chat trc ché CRTH2-hodc chit d6i khang LTD4-
e  Chét (rc ché CRTH2-v6i chét di khang LTD4.
Chi dinh

Céc hop chét theo sang ché va mubi dugc dung cta ching c6 hoat tinh 13 dugc
phim, cu thé 1am cht tc ché hoat tinh dipeptidyl peptidaza I, va do d6 c6 thé dugc sir
dung trong diéu tri:

1. DPudng ho hip: cac bénh tic nghén duong thd bao gdm: bénh hen, bao gbdm bénh
hen phé quan, hen do di ting, hen do nguyén nhan ndi sinh, hen do nguyén nhén ngoai
sinh, hen do luyén tap, hen do ding thudc (bao gbm hen do aspirin va NSAID) va hen
do bui, ca khong lién tuc va dai ding va & moi mirc dd nghiém trong, va cic nguyén
nhan gdy dap tng qud muc ¢ duong thd; bénh phdi tic nghén man tinh (chronic
obstructive pulmonary disease - COPD); viém phé quan, bao gdm viém phé quan nhiém
tring va viém phé quan wa eosin; khi thung; thiéu hut alphal-antitrypsin, gin phé quan;
x0 nang; bénh sarcoid; bénh phéi ngudi 1am vudn va céc bénh lién quan; viém phdi qua
mAn; xo héa phbi, bao gdm viém xo phé nang vo cin, viém phdi k& vo cin, diéu tri
chéng ung thu giy bién ching xo héa va nhi®m tring man tinh, bao gébm nhiém
tuberculosis va aspergillosis va c4c tinh trang nhiém nim khéc; cac bién ching khi ghép
phéi; cac rdi loan viém mach va huyét khdi & hé mach méu phéi, viém da mach (u hat
Wegener) va ting ap phéi; hoat tinh chéng ho bao gdbm diéu tri chimg ho man tinh c6
lién quan dén viém va céc tinh trang tiét dich & duong thé, va ho do kham bénh hodc
didu tri; viém miii cAp va man tinh bao gém viém miii medicamentosa, va viém mili van
mach; viém miii di ing quanh ndm va theo mua bao gém viém miii tAm than (hay sét);
bénh polyp miii; tinh trang nhiém virut cAp bao gdm cam lanh thong thudng, va nhiém
virut hop bao hd hép, cim, coronavirus (bao gdm SARS) va adenovirus;

2. da: bénh vay nén, viém da dj Gng, viém da tiép xtic hodc cac ching viém da
eczema khac, va cac phan ing qua man loai chim; viém da do thyc vat va viém da do

anh sang; viém da do ting tiét ba nhon, viém da dang ecpet, bénh lichen phéng, bénh
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lichen xo ho4 va teo, viém da mu hoai thu, sarcoid da, lupus ban do dang dia, bénh
pemphigus, pemphigoid, hoi chimg thugng bi bong nuée, chiing may day, ching phu
mach, chiing viém mach nhd, héng ban do nhiém ddc, chitng ting bach cAu 4i toan da,
rung téc thanh dadm, hoi dau & dan ong, hoi chirng Sweet, hdi chimg Weber-Christian,
hong ban da dang; viém md té bao, ca do nhiém tring va khong nhiém tring; viém md
md; u lympho da, ung thu da khong phai u héc t6 va cac thuong tdn do loan san khac;
céc rbi loan do dung thubc bao gdm phat ban do thude ¢ dinh;

3. mét: viém bd mi; viém két mac, bao gém viém két mac di tng quanh nim va
mua dong; viém méng mét; viém mang mach nho phia truge va phia sau; viém mang
mach; céc rbi loan tw mién, thodi héa hodc viém anh huong dén vong mac; viém mét
bao gém viém mét giao cam; bénh sarcoid; nhiém trung bao gém nhiém virut, nhiém
nim, va nhiém khuén;

4. sinh duyc - tiét niéu: viém than bao gém viém than k& va viém thén tiéu cau; hoi
chirng than hu; viém bang quang bao gbm viém bang quang cAp va man tinh (k&) va loét
Hunner; viém ni¢u dao cép va man tinh, viém tuyén tién 1iét, viém mao tinh hoan, viém
budng trimg va viém voi t& cung; viém 4m hd-4m dao; bénh Peyronie; 161 loan chirc
ning cuong (ca nam va nt);

5. thai loai manh ghép ddng loai: sau khi bi bénh cép va man tinh, vi du, ghép than,
tim, gan, phéi, tiy xwong, da hogc gidc mac hodc sau truyén mau; hoic bénh ghép chéng
ch man tinh;

6. Cac rdi loai ty mién va di tmg khéac bao gf”)m viém khép dang thép, hoi ching
rudt kich thich, lupus ban dé hé théng, da xo cing, viém tuyén giap Hashimoto, bénh
Graves, bénh Addison, dai thdo dudng, xuét huyét giam tiéu cdu tu phat, viém mac ua
eosin, hdi chimg ting-IgE, hoi ching khang phospholipit va hoi ching Sazary;

7. Khéi u: didu tri c4c bénh ung thu phd bién bao gdbm khéi u tuyén tién liét, khéi
u v, khéi u phdi, khéi u budng tring, khéi u tuyén tuy, khéi u rudt va két trang, khdi u
da day, khéi u da va khdi u nfio va céc khdi u 4c tinh anh hudng dén tiy xuong (bao
gbdm bénh bach ciu) va hé théng bach huyét ting sinh, nhu u lympho Hodgkin va u
lympho khong-Hodgkin; bao gbm ngin ngira va diéu tri bénh di can va tai phat khdi u,
va cac hoi ching cén tan sinh; va,

8. Cac bénh truyén nhiém: bénh virut nhu mun céc sinh duc, mun céc thong

thudng, mun coc ban chan, viém gan B, viém gan C, virut herpes simplex, u mém lay,
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d4u mua, virut suy gidm mién dich & ngudi (human immunodeficiency virus - HIV),
virut papilloma ngudi (HPV), virut cytomegalo (CMV), virut varicella zoster (VZV),
virut rhino, virut adeno, virut corona, virut ctim, virut can-cim; cac bénh do vi khuén
nhu lao va mycobacterium avium, bénh phong; cac bénh truyén nhiém khéc, nhu céc
bénh do nim, chlamydia, Candida, aspergillus, cryptococcal meningitis, Pneumocystis
carnii, cryptosporidiosis, histoplasmosis, toxoplasmosis, nhiém trypanosome va

leishmaniasis.

9. dau: Cac dit licu g?ln day thu dugc tur chudt thiéu hut Cathepsin C-chi ra vai tro
diéu bién cua Cathepsin C trong cam gidc dau. Theo do, cac chét (e ché Cathepsin C
cling c6 thé hitu dung trong co s 1am sang cua nhiéu loai dau man tinh khac nhau, vi
du dau do viém hozc dau do bénh than kinh.

P& didu tri c4c bénh va céc tinh trang bénh Iy néu trén, liéu hitu hiéu diéu tri s&
thudong nim trong khoang tir 0,01 mg dén 100 mg/kg thé trong trén mbi lidu luong hop
chét theo sang ché; tét hon 14 nam trong khoang tir 0,1 mg dén 20 mg/kg thé trong trén
mdi lidu lwong. Vi du, dé ding cho ngudi c6 can ning 70kg, khoing liéu luong s& nim
trong khoang tur 0,7 mg dén 7000 mg trén mdi lidu lwong hop chét theo sang ché, tbt
hon 12 ndm trong khoang tir 7,0 mg dén 1400 mg trén mdi lidu lwong. M6t sd mic do
t8i wu héa lidu thong thuong co thé cAn thiét d x4c dinh mirc va mo hinh cép lidu téi
wu. Hoat chét c6 thé dugc ding tir 1 dén 6 14n mot ngay.

Luong hitu hiéu didu tri thuc té hay lidu didu tri tAt nhién sé& tiry thudc vao cac yéu
t6 ma ngudi c6 hiéu biét trung binh v& linh vuc nay da biét nhu do tudi va thé trong cua
bénh nhan, dudng ding va mic do nghiém trong cta bénh. Trong trudng hop bat ky
hoat chét s& dugc st dung véi lidu va theo cAch ma tao ra lugng hitu hiéu diéu tri dua

trén tinh trang dac biét ctia bénh nhén.
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YEU CAU BAO HO

1. Hop chit c6 cong thirc I hodc mudi hoic solvat duge dung ctia no,
O

H N
N

IJQ\A
I

Cy

trong do:
Cy la:

trong do:

W duogc chon tir nhém gém CHvaN;

X dugc chon tir nhém gém CHvaN;

Y duoc chon tir nhom gé)m CHvaN;

véi didu kién 12 tdi da mét trong s6 cac nhém W, X va Y ¢6 thé 1a N;
D-E duoc chon tr nhém gém N(R?)-C(0), CH2CHa, C(0)-0O va CH2-O;
R2? duge chon tir nhém gébm H va Ci3-alkyl;

R! dugc chon tir nhém g?)m H, C1.3-alkyl, CH3OCH,CH>-, oxetanyl, tetrahydrofuranyl,
4-tetrahydropyranyl va 3-tetrahydropyranyl;

ilal,2hoac 3;

jla 1,2 hogc 3;

vé6i didu kién 1a tdng i+j 12 2, 3 hoic 4.
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2. Hop chét c¢6 cong thire I theo diém 1, hodc mubi hoic solvat duge dung ctia né, trong

do:
0

3. Hop chét c¢6 cong thirc I theo diém 1, hoac mubi hodc solvat duge dung ciia nd, trong

do:
Q ENH

4. Hop chét c6 cong thirc I theo diém 1, 2 hodc 3, hodc mubi hoic solvat duge dung ctia

Cy la:

Cy la:

no, trong do:

R! duoc chon tir nhém gém H, CHs3- va oxetanyl.

5. Hop chét c6 cong thirc I theo diém bét ky trong sd cac diém tir 1 dén 4, hodc mudi
hodc solvat dugc dung ctia nd, trong do:

R2? dugc chon tir nhém gém H va CHa.

6. Hop chit c¢6 cong thirc I theo diém bét ky trong s6 céc diém tir 1 dén 5, hodc mubi
hoac solvat dugc dung ctia nd, trong do:

D-E la CH»-O.

7. Hop chét c6 cong thire I theo diém 1 hoic mudi hodc solvat duge dung clia né, trong
do:

R! duge chon tir nhém gdm H, CH; va oxetanyl;

R? 1a CHj,

W duoc chon tr nhom gém CHvaN;

X duoc chon tir nhém gém CHvaN;

Y la CH;

v&i didu kién 12 t61 da mot trong s6 cac nhom W, X va Y c6 thé 1a N;

D-E duoc chon tir nhém gdm N(R2)-C(0), CH,CH,, C(0)-O va CH>-O;

ila 1 hodc 2;
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jla 1 hodc 2;

vé6i didu kién 14 tong i+j 12 2, 3 hoic 4.

8. Hop chét c6 cong thic I, theo diém bt ky trong s cac diém tr 1 dén 7, hodc mudi
hoic solvat dugc dung ciia nd, trong do:

A dugc chon tir nhom gém cac cc”)ng thirc tir A1 dén Al14:

Q;o@%@
Q;@
g

*

A10 A11 A12

A13 Al4

9. Hop chat c6 cong thic I theo diém 8, hoac mudi hoic solvat duge dung clia no, trong
do:
A dugc chon tir nhom g?)m A2, A3, A4, A5, A6, A7, A10, A13, va Al4:
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O A4, As
* /R1 * R1
N — N
N
\ /
0] O
O A6, O A7,
* /R1
N . .
—N N/R
2[\1 e} \ / 5
R A10, Al3,
* 1
—N N/R
N\ //
O
O Ald,

10. Hop chét c6 cong thue I, theo diém 8 hoic 9, hodc mudi hodc solvat duge dung cua
no6, trong do:

A dugc chon tir nhom gdbm A2 va A13:

* 1

\_ 7/

Al3.
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11. Hop chét c6 cong thirc I, theo diém bt k¥ trong s6 cac diém tir 1 dén 10, trong d6
hop chét nay duoc chon tir nhém gdm céc hop chat vidu 1, 5, 8, 10, 12, 13, 14, 19, 22,
23, 24,25 va 27:

Vidu 12

Vidu 14

Vidu 19
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Vi du 24

Vidu 27

hodc muoi hodc solvat dugc dung cua nd.

12. Hop chét c6 cong thire I theo diém 11, hodc mudi hodc solvat dugc dung cua no,

trong d6 hop chét nay la:

Vidu 1.

13. Hop chét c6 cong thire I theo didm 11, hodc mudi hoic solvat dugc dung cia no,

trong do6 hop chét nay 1a:
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ViduS.

14. Hop chét c6 cong thuc I theo diém 11, hoic mudi hodc solvat dugc dung cia no,

trong d6 hop chat nay 1a:

0
Ny /
NH E N

Vidu 8.

15. Hop chit c6 cong thirc I theo diém 11, hodc mudi hoic solvat dugc dung cia no,

trong d6 hop chat nay 1a:

Vi du 10.

16. Hop chét ¢c6 cong thirc I theo diém 11, hodc mudi hodc solvat duoc dung cia nd,

trong d6 hop chat nay la:

Vidu 12.
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17. Hop chét c6 cong thire I theo diém 11, hoic mudi hoidc solvat dugc dung cua no,

trong d6 hop chat nay la:

Vidu 13.

18. Hop chét c6 cong thac I theo diém 11, hoic mudi hoic solvat dugc dung cla no,

trong d6 hop chét nay 1a:

o
Ny /
NH : N

Vidu 14.

19. Hop chét ¢6 cong thuce I theo diém 11, hodc mubi hodc solvat dugc dung cta no,

trong d6 hop chét nay 1a:

Vidu 19.

20. Hop chit c6 cong thirc I theo diém 11, hodc mudi hodc solvat dugc dung cia nd,

trong d6 hop chét nay 1a:
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Vi du 22.

21. Hop chét ¢c6 cong thirc I theo diém 11, hodc mudi hodc solvat dugc dung cta no,

trong d6 hop chét nay la:

Viduy 23.

22. Hop chét c6 cong thuc I theo diém 11, hoic mudi hodc solvat duge dung cta no,

trong d6 hop chét nay la:

Vidu 24.

23. Hop chét ¢6 cong thirc I theo didm 11, hoic mudi hoic solvat dugc dung cua no,

trong d6 hop chit nay la:

Vi du 25.
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24. Hop chét c6 cong thire I theo diém 11, hodc mudi hoic solvat dugc dung cua no,

trong d6 hop chét nay la:

Vidu 27.

25. Dugc phém, khac biét & chd, duogc ph'?lm nay chira mot hoac nhiéu hop chét c6 cong
thie I theo diém bét ky trong s6 cac diém tir 1 dén 24 hodc mudi hoic solvat duge dung

cua chung.

26. Duoc pham, trong d6 dugc pham ndy, ngoai hop chit c6 cong thirc I theo diém bt
ky trong sb cac diém tir 1 dén 24, con chira hop chét c6 dugc tinh duge chon tir nhém
gém cac betamimetic, anticholinergic, corticosteroit, cac chét trc ché PDEA4, cac chét dbi
khéng LTD4, céc chat tc ché EGFR, céc chét (e ché CRTH2, cac chét tic ché 5-LO,
céc chit dbi khang thu thé histamin, cic cht d6i khang CCR9 va céc chat wrc ché SYK,
cac chét tc ché NE, cac chit tc ché MMP9, céc chét trc ché MMP12, va ca céc tb hop

clia hai hozic ba hoat chét nay.
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Fig. 1 CAu triic cia cic phirc v6i phéi tir Cathepsin C.

(A) Hop chat vidu 11

(B) Hop chét vi du 16

Protein duoc thé hién duéi dang dai, v6i cac géc chon loc dugc thé hién dudi dang
thanh. Céc phéi tir dugc thé hién dudi dang thanh, cc lién két hydro dugc thé hién duéi
dang nét dut.
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