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Cong thuc I,

trong d6 A, B, D, X, R!, R? va R® nhu duoc xac dinh trong ban mo ta nay, la cac
hop chét co dic tinh dbi khang PCSK9. Séng ché ciing dé cap dén dugc phdm chira hop
chét ¢6 cong thire I hodc mubi ctia n6, va phuong phap diéu tri bénh va tinh trang bénh
tim mach li€én quan dén hoat tinh PCSKO, vi du, bénh xo vita déng mach, chimg ting
cholesterol-huyét, bénh tim mach vanh, hoi chung chuyén hoa, hoi chung mach vanh

cAp tinh, hodc bénh tim mach c6 lién quan va tinh trang bénh tim mach chuyén hoa.
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Linh vie k§ thuat dwoe dé cap

Sang ché d& cip dén hop chit lam chit ddi khang proprotein convertaza

subtilisin-kexin typ 9 (PCSK9) va duoc phdm chira hop chét nay.
Tinh trang k§ thuit cia sang ché

Viéc xé4c dinh hop chit va/hoic chét c6 hiéu qua trong viéc diéu tri con dau do
bénh tim mach dang rit dugc mong doi. Trong thir nghiém 1am sang, sy giam ndng do
LDL cholesterol ¢6 lién quan truc tiép dén ty 1& bién c6 mach vanh; Law et al., 2003
BMJ 326:1423-1427. Sy giam vira phai nong d6 LDL cholesterol trong huyét twong
trong sudt cudc doi duoc phat hién 1a twong Gmg véi su giam dang ké ty 16 bién c6 mach
vanh; Cohen et al., 2006 N. Engl. J. Med. 354:1264-1272. Diéu nay xdy ra ngay ca &
nhitng quén thé c6 ty 1é mac cac yéu t6 nguy co tim mach khong lién quan dén lipit; &

trén. Do do, rat c6 loi khi dat duogc sy kiém soét c6 quén ly néng d6 LDL cholesterol.

Proprotein convertaza subtilisin-kexin typ 9 (dudi ddy duoc goi 1a “PCSK9”),
ciing duge biét dén 1a convertaza dugc didu hoa béi su chét té bao theo chuong trinh &
than kinh 1 (“NARC-17), 14 subtilaza giéng proteinaza K dugc x4c dinh 1a thanh vién
thtr 9 cua ho subtilaza tiét; xem tai lidu Seidah et al., 2003 PNAS 100:928-933. PCSK9
thudc ho proprotein convertaza cia serin proteaza & dong vat cd vu va chura trinh tu tin
hiéu dau tan cung N, prodomain, mién xdc tac, va mién dau tan cung C; xem tai li€u
Seidah et al., 2012 Nat. Rev. Drug Discov. 11:367-383. Nghién ctru vé su diéu hoa
phién ma PCSK9 chimg minh rang PCSK9 dugc didu hoa boi protein gan két yéu td
diéu hoa sterol (“SREBP”), nhu dugc thdy véi cac gen khéc lién quan dén su chuyén
héa cholesterol; Maxwell ef al., 2003 J. Lipid Res. 44:2109-2119, la dién hinh cta céc
gen khac lién quan dén chuyén hoa lipoprotein; Dubuc ef al., 2004 Arterioscler. Thromb.
Vasc. Biol. 24:1454-1459. Statin cho thiy la c6 kha nang didu hoa ting su biéu hién
PCSK9 theo cach dugc cho la do tdc dung lam giam cholesterol cua thude; o trén. Hon
thé nira, duoc théy rz"mg chét tang xuc tac PCSK9 c6 hai vi tri dugc bdo toan li€n quan

dén diéu hoa cholesterol, yeu to diéu hoa sterol va vi trf Spl; ¢ trén.



51492 2/176

Trong khi & trong ludi ndi chit, PCSK9 thuc hién hoat dong xtc tac duy nhét cta
n6 13 ty phén cét gifta cac gbe Gln-152 va Ser-153; xem tai lidu Naureckiene ef al., 2003
Arch. Biochem. Biophys. 420:55-67; Seidah et al., 2003 Proc. Natl. Acad. Sci. U. S. A.
100:928-933. Prodomain vin lién két chiit ché véi mién xuc tac trong sudt qua trinh van
chuyén sau d6 thong qua mang ludi trans-Golgi. Sy trudng thanh nhd su trr phén cét
dugc ching minh 12 quan trong cho su tiét PCSK9 va chiic ning ngoai bao sau d6 (xem
tai liéu Benjannet et al., 2012 J. Biol. Chem. 287:33745-33755). Do d6, mdt s6 béng
ching chimg minh ring PCSK9, cu thé 13, lam giam luong LDLR protein trong gan va
do d6 1am ton thwong dén kha ning cia gan dé loai bo LDL cholesterol khoi vong tudn

hoan.

Sy biéu hién qua mirc cia PCSK9 dugc diéu tiét boi adenovirut trong gan ciia
chudt nhit dan dén tich tu tudn hoan LDL-C do mét nhiéu LDLR protein & gan, khong
anh huéng dén ndng d6 LDLR mARN; Benjannet e al., 2004 J. Biol. Chem. 279:48865-
48875; Maxwell & Breslow, 2004 PNAS 101:7100-7105; Park et al., 2004 J. Biol.
Chem. 279:50630-50638; va Lalanne ef al., 2005 J. Lipid Res. 46:1312-1319. Tac dung
cta su bidu hién qua mic PCSK9 trong viéc 1am ting sy tudn hoan néng d6 LDL-C &
chudt nhét hoan toan phy thudc vao su biéu hién cia LDLR, 14n nita, chi ra ring su diéu
hoa ctia LDL-C boi PCSK9 duge diéu tiét nhd didu hoa giam LDLR protein. Phi hop
v6i nhitng phét hién nay, chu6t nhét thiéu PCSK9 hodc trong d6 PCSK9 mARN dugc
1am giam boi chét e ché oligonucleotit ddi nghia c6 ndng do cao hon ctia LDLR protein
trong gan va kha nang tudn hoan LDL-C cao hon rd rét; Rashid et al., 2005 PNAS
102:5374-5379; va Graham et al., 2007 J. Lipid Res. 48(4):763-767. Ngoai ra, viéc gidm
ndng d6 PCSKY trong té biao gan ciia ngudi dugc nudi cdy boi siARN ciing dan dén
ndng dd LDLR protein cao hon va kha ning tang dé hap thu LDL-C; Benjannet et al.,
2004 J. Biol. Chem. 279:48865-48875; va Lalanne et al., 2005 J. Lipid Res. 46:1312-
1319. Céac sb liéu nay cing nhau chi ra ring hoat tinh PCSK9 dén dén LDL-C ting bang

cach lam giam ndng ¢ LDLR protein.

Mot s& dot bién trong gen PCSK9 ciing dugc két luan 1a ¢6 lién quan dén ching
tdng cholesterol-huyét c6 sy biéu hién tréi cua nhiém sic thé thuong (autosomal
dominant hypercholesterolemia - ADH), mot rdi loan chuyén héa di truyén dugc dic
trung boi sy gia ting rd rét cia cac hat lipoprotein ty trong thap (“LDL”) trong huyét

trong ma co thé dan dén suy tim mach sém; xem tai liéu Abifadel ef al., 2003 Nature
2
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Genetics 34:154-156; Timms et al., 2004 Hum. Genet. 114:349-353; Leren, 2004 Clin.
Genet. 65:419-422. Nghién ctru duoc cong bd sau d6 vé dot bién S127R ciia Abifadel
et al., néu trén, da bao cdo rang bénh nhan mang d6t bién nay biéu hién téng cholesterol
va apoB100 cao hon trong huyét twong 14 do (1) su san xuit qua mirc lipoprotein chira
apoB100, ching han nhu lipoprotein ty trong thip (“LDL”), lipoprotein ty trong rat thip
(“VLDL”) va lipoprotein ty trong trung binh (“IDL”), va (2) su giam lién quan dén do
thanh thai hoic chuyén hoa lipoprotein néu trén; Ouguerram et al., 2004 Arterioscler.

Thromb. Vasc. Biol. 24:1448-1453.

Do d6, khong thé nghi ngd rang PCSK9 déng vai trd trong viée didu hoa LDL.
Su biéu hién hodc didu hoa ting PCSKO ¢6 lién quan dén ndng d6 LDL cholesterol ting
trong huyét twong, va sy e ché hodc thidu biéu hién PCSK9 twong ting c6 lién quan
dén ndng d6 LDL cholesterol giam trong huyét trong. Nong do LDL cholesterol giam
lién quan dén cac bién d6i trinh tu trong PCSK9 da dugc phat hién dé mang lai su bao

ve chéng lai bénh tirﬁ mach vanh; Cohen, 2006 N. Engl. J. Med. 354:1264-1272.

Do @06, viéc xac dinh cac hop chét va/hodc chit c6 hiéu qua trong diéu trj con dau
do bénh tim mach rt dugc mong doi, bao gém ca su ddi khang véi vai tro ciia PCSK9
trong viéc diéu hoa LDL, tuy nhién, nhin chung, vi PCSK9 tudn hoan trong méu va cé
& luc ghn két khiém t6n v6i thu thé LDL bé mat té bao nén cac nd luc tir trude dén nay
nhdm st dung co ché nay trong diéu tri cac bénh lién quan dén ndng d6 LDL huyét thanh
cao da tap trung vao viéc st dung cac phan ti sinh hoc 16n, vi du, cac khang thé. Do dé,
¢6 rét it cong bd phan anh hoat dong hudng dén myc tiéu nay bang cach st dung peptit
nhé hodc phan t&r nho dé uc ché PCSK9, xem vi du, Zhang et al., 2014 J. Biol.
Chemistry, 289(2): 942-955. Hon thé nita, c6 mét sb it cac hop chat ¢6 thé dugc sira ddi
thanh dang bao ché dé st dung qua duong miéng bang cich dung lidu chira cac hop chit
ndy, dudong ding mong mudn dé cung cép liéu phap didu tri cho cac tinh trang bénh
trong do su diéu hoa hoat dong ctia PCSK9 c6 thé déng mot vai tro.

Sang ché giai quyét cac van dé nay bing cach dé xuat chit d6i khang PCSK9
dugc cho 1a ding dé tc ché hoat dong cia PCSK9 va PCSK9 dong vai trd tuong Gng
trong cac tinh trang bénh khéc nhau ma dung chét d6i khang PCSK9 cung cap liéu phép
diéu tri.

Ban chit ky thuét ciia sang ché
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Theo mét khia canh cta sang ché, sang ché d& xuét hop chit co cong thirc I:

O
HN‘%
@ 8
R
\/IKH/, HN
0 N T
0] o/

Cong thte I,
trong do:
X laH, F, Cl hodc Br;
R! dugce chon tur:
(a) -H; hodc
(b) -(CHy),-RA, trong d6: z 1a tir 1 dén 6, va R4 1a:
(i) -H;
(ii) —NHz;
(iii) -N"Hs;
(iv) -N*"(HsC)s;

(v) -NH-C(0)-[(CH2)2-O-]o-(CH2):R B trong d6 R1B 1a: -NH,; -N*"Hs; -N(CHs)a;

hodc -N*(CHzs)3;

(vi) -NH-C(O)-[(CH2)y12-O-]>-(CHa2)y13R B trong do:
y12 va y13 khéng phai c& hai 1a 2 va doc 1ap ndm trong khodng tir 2 dén 4; va
R¥B 1a: -NHp; -N"H3; -N(CH3)2; hodc -N*(CHs)s;

(vii) -NH-C(O)-(CH2)yR™¢, trong d6, y= 1 dn 6 va RNMC

1a -O-(CH2).a-N"(CH3)3, trong d6 za 1a 3 hodc 4; va

4



51492 5/176

(viii) -NH-C(O)-(CH2)yR ™€, trong d6, y= 1 dén 6 va R1C 1a:
(ai) —O-(CH2),-N*(CH3)3;
(aii) -N"(CH3)3; hoac
(aiii) gbc ¢ cong thic:
0 HO OH

%ﬁ o OH

HO
R? duoc chon tur:
(a) -H; va
(b) -(CH),-R!A, trong d6: z 1a tir 1 dén 6, va R'*A dugc chon tur:
(1) -H;
(i1) —=NHoa;
(iif) -N*H;
(iv) -N*(H3C)s3;

(v) -NH-C(O)-[(CH2)2-O-]2-(CH2)2R *B trong d6 R'? 1a: -NHa; -N*"Hs; -N(CHs )z;
hodc -N*(CH3)3;

(vi) -NH-C(O)-[(CH2)y12-O-]2-(CH2)y13R B trong do:
y12 va y13 khong phai ca hai 1a 2 va doc lap nim trong khoang tir 2 dén 4; va
RB Ja: -NH,; -N"H3; -N(CH3)2; hodc -N"(CH3)s;

(vii) -NH-C(0)-(CHz),R ™, trong d6, y= 1 dén 6 va R*C 12 -O-(CH2)»-N"(CHs)s,

trong d6 zb 1a 3 hodc 4; va
(viii) -NH-C(O)-(CH2),R™C, trong d6, y= 1 dén 6 va R1C la:
(ai) —O-(CH2)»-N*(CH3)3;
(aii) -NT(CH3)R <2, trong d6 R'°2 1a ~CH3 hodc —(CH2)1-4-OCHs;

(aiii) gbc co6 cong thirc:
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o) HO OH
HO : hoa

(aiv) gbc c6 cong thire:

O
- Jf\f | ZO\M/ N*(CHa)s
y14Cb y14C<:

3

C

14Cb 14Cc

trong d6 y'4C® va y'4Ce nam trong khoang tir 1 dén 4; hoic

R! va R? ¢6 thé dugc gan két voi nhau dé tao ra goc ¢o cdng thie:

N T

H,C CH,
/
\I?J—-—G1—-N

|
Re1e RE™ | trong do:

G!, RO12 y3 RO duoc x4c dinh nhu dudi day:

(a)  G'la gbc nhom lién két c6 cong thirc:

O
WOW
nql mq

trong 6 n%' nim trong khoang tir 1 dén 6, m9' 12 0, 1 hodc 2 va gié tri cia nd' va
m% duoc chon cing nhau sao cho do dai ciia goc nhom lién két ma chiung xac dinh
khong vuot qua tdng 8 nguyén tir cacbon va/hodc oxy bao gébm chudi chtta nguyén ti

cacbon trong chudi ma tao ra gbc cacbonyl;
RS2 duge chon tir: (i) —H; va (ii) alkyl 1én dén 4 nguyén tit cacbon; va
RO duoc chon tir:

(i) gbc co cong thic:

N*—

o)——éj/ \
© 15 V210

ii) goc c6 cong thirc:
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|
N*\/
1-8 ; hoac

(b) G' 1a gbc nhom lién két c6 cong thire:

O
(0]
n9?
m%

trong d6 n% 12 0, 1 hodc 2, m% nam trong khoéang tir 1 dén 6, va gié tri cia n% va
m% duoc chon cung nhau sao cho d dai cia goc nhom lién két ma ching xac dinh
khong vuot qua tdng 8 nguyén tir cacbon va/hodc oxy bao gom chudi chira nguyén tix

cacbon trong chudi ma tao ra goc cacbonyl;
RS2 duoc chon tur:

(i) gbe ¢6 cong thirc:

XA /
N*\/
A b,
1-5 2-10 2

a

(i) gbc co cong thic:

7 [
Tav
1-8 Vi

RO dugc chon tir: (i) —H; va (ii) alkyl 1én dén 4 nguyén tir cacbon;
R® 1a —CH3 hoic gbc ¢ cong thic:

RSa

/

0

’LkCH:;

trong d6 R% 1a —H, hodc alkyl mach théng, mach nhanh hoac vong 1én dén bdn

nguyén ti cacbon;

A duoc chon tu:



51492 8/176

(a) gbc 6 cong thire:

(b) -CHz.(CHa)y-CHs-, trong d6 y ndm trong khoang tir 1 dén 6;

(c) gbc c6 cong thue:

L"L/E’W\N A" , trong d6 AP la:

(i) gbc ¢6 cong thirc:

X trong d6 x ndm trong khoang tir 1 dén 6; hozc

(i)  gbc co cong thirc:
§-——-€CH2}—O—§
y trong d6 y nim trong khoang tir 1 dén 5;

(d) gbc c6 cong thiac: -CHz-(CH)m-O-(CHa)n-, trong d6 m = 1 dén 5, van=0

hodc 1 dén 4;
B la:
(a) lién két;
(b) —(CH2)14; hodc

(c) gde cb cong thire:

éff\NH

D la:

(a) gbc co cong thirc:
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(>
YN

trong do E la -CHa- hodc —(CHz)2-4-O-, va A va B nhu dugc xac dinh & trén;

(b) gbe c6 cong thirc:
S
B/\/U\N
H

trong d6 A va B nhu dugc xac dinh & trén;

(c) gbc co cong thirc:

A
@]
ﬁn\a %
° (XFO/C/J\/\H
07
m
trong d6 n®1a 1, 2, hodc 3, m* 1a 2, 3, hodc 4, van® + m*> 3, va trong d6 A va B

nhu dugc xac dinh & trén;
(d)  gbc co cong thirc:

R34b A
|
BWN
o)

trong d6, R3** 1a —H hoic alkyl mach thdng, mach nhanh hoic vong 1én dén bon

b

nguyén tr cacbon, va A va B nhu dugc xac dinh & trén,
hodc mudi dugc dung cua né.

Theo mot phuong 4n khéc, sang ché dé xuét hop chit c6 cong thirc I, trong do X
la F, hoac mubi duge dung ctda n6. Theo mot sb phuong &n, dugc uu tién d6i voi D 1a

goc c6 cong thuec:
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B /A
\/EKN\E @f

trong do, E 1a -CHz- hodc —(CH»)2-O-, va A va B nhu dugc xéac dinh trong ban
mo ta nay.

Theo mot sO phuong an, dugc uu tién doi voi D 1a goc c6 cong thic:

7
B\/\[/N\ED\N
O

b

trong d6, E 1a -CHa- hodc —(CH2)2-O-, va A va B nhu dugc xéc dinh trong ban
mo ta nay.

Theo mot s6 phuong an duge vu tién doi véi D 1a goc c6 cong thire:

trong do A va B nhu dugc xéac dinh trong ban mo ta nay.

Theo mdt s6 phuwong an, dugc wu tién doi vai D 1a goc ¢ cong thice:

8 H
\/YN A
O

trong d6 A va B nhu dugc xac dinh trong ban mo ta nay.

Theo mdt s6 phuong 4n, dugc wu tién d6i véi D 1a goc ¢ cong thirc:

BV\!{N\/@\/\J,

10



51492 11/176

trong d6 A va B nhu dugc xac dinh trong ban mé ta nay.

Theo mdt s6 phuong an, dugc wu tién doi voi D 1a goc c6 cong thire:

o A.
H 3
trong d6 A va B nhu dugc xac dinh trong ban mo ta nay.

Theo mot sO phuwong an, dwoc uvu tién doi vai D 1a gde ¢ cong thire:

A
B\/\O A~ O@\/\ﬁ

trong d6 A va B nhu dugce xac dinh trong bdn mo ta nay.
Theo mdt s phuong an, duoc vu tién ddi voi D 1a gbe c¢6 cong thie:
A
7
\/\O /\/ \

9
trong d6 A va B nhu dugc x4c dinh trong ban mo ta nay.
Theo mot s6 phuong 4n trong d6 R! va R? lién két voi nhau, cing v6i vong peptit
ma ching géan vao nho d6 tao ra cau truc vong, dugce uvu tién doi véi R! va R? dé tao ra

g0c co cau tric:

:K;W\T ;

_CH,
N
N /A\v/o\\//\\N
© \

o}
Theo mot phwong an, sang ché dé xuét dugc phdm chira hop chat theo sang ché,
vi du, hop chét ¢6 cong thirc I, va it nhat mét ta duoc duge phém, tot hon 1a duoc phém
dugc dung truc tiép qua duong miéng.
Theo mdt khia canh, sang ché dé xuét phuong phap d6i khang PCSK9 trong viéc

cung cip liéu phéap cho tinh trang bénh lién quan dén hoat tinh PCSK9, vi du, bénh xo

11
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vita dong mach, ching ting cholesterol-huyét, bénh tim mach vanh, hoi chimg chuyén
héa, hdi chimg mach vanh cép tinh, hodc bénh tim mach cé lién quan va tinh trang bénh
tim mach chuyén hoa, béng cach dung cho ddi tuong can diéu tri lugng cho hiéu qua

diéu tri ctia hop chit c6 cong thire I, hodc mubi cia ching, t&t hon 1a & dang duoc pham.
M3 ta chi tiét sang ché
Trong phin md ta cho phép su biéu dién cdu trac thong thudng duoc sir dung va

bao gom ky higu héa hoc 1ap thé théng thuong ddi véi tim cacbon khong dbi xting nhat
dinh.

Do d6, su biéu dién ciu triic ctia hop chit theo sang ché bao gdm ky hiéu héa hoc
1ap thé thong thuong dbi véi mot sé tdm cacbon khong déi ximg dugc thé hién trong
hop chét vi du. Do d6, trong céc trudng hop nay, céc lién két "hinh ném" mau den nét
lién thé hién c4c lién két nho ra tir mat phing clia mdi trudng tai tao, cac lién két “hinh
ném dt” thé hién cac lién két giam din vao mit phang ctia moi truong tai tao, va dudng
“lugn soéng” ndi véi cacbon mang lién két ddi chi ra ca hudng cis va trans dugce bao
gdm. Nhu thong thuong, cac duong nét lién don gian thé hién tit ca cac cau hinh khong
gian d6i vé6i lién két dugc mo ta. Do do, khi khong c¢6 ky hidu hoa hoc cu thé nao duge
cung cép, su bidu difn s& bao gdm tt ca cac hudng hoa hoc 1ap thé va khong gian cua
cac diu hiéu cAu trac. |

Nhu dugc thé hién trong vi du theo séng ché, va duoc néu ¢ trén, tdm cacbon
khéng ddi xtmg cu thé duge thé hién vé mit cdu trac bang cach sir dung sy biéu dién
lién két “hinh ném nét 1ién” va “hinh ném nét duat”. Hau hét, cAu hinh tuyét d6i khong
duoc xac dinh dbi véi hop chét vi du, nhung duge quy dinh twong tu hop chét vi du cu
thé vé& cAu hinh hoa hoc di 1ap thé da biét (dwoc x4ac dinh bang tinh thé hoc tia X) dugc
diu ché bang cach str dung didu kién phan tng va chét phan ting ban dau tuong tu hodc
gibng va duge phan tach dudi cing didu kién sic ky. Do d6, quy dinh cu thé vé cdu hinh
duoc thé hién v& mit clu tric & day nghia 1 dé x4c dinh hop chét cu thé dugc didu ché
6 nhidu hon mot chit ddng phén 14p thé cu thé va khong nhét dinh phai dua ra mot
tuyén bd vé su xac dinh tuyét d6i cta cAu trac hoa hoc 14p thé cta hop chét nay trir khi
dugc luu y trong s6 liéu dugc thé hién.

Pugc danh gi4 ring & vi tri hdn hop dong phéan thu duoc, viée diéu ché cac chat

ddng phan 1ap thé riéng ré theo ty 18 phan tram du chat ddng phan ddi anh dang ké c6
12
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thé dugc thuc hién, néu muén, bang cach tach hdn hop bang cach sir dung phwong phap
thong thuong, vi du bang sic ky hoic két tinh, hodc bang cach sit dung nguyén liéu ban
dau dong dang v& mat hoa hoc 1ap thé cho quy trinh tong hop dugc md ta, hodc bing
quy trinh téng hop chon loc 14p thé. Tuy v quy trinh tao dan xuét c6 thé dugc thuc hién
trude khi tach chit ddng phan l4p thé. Viéc tach hdn hop cua chat ddng phan 14p thé co
thé duoc thue hién & bude trung gian trong qué trinh téng hop hop chét c6 cong thire I

hodc c6 thé dugce thuc hién trén san pham raxemic cudi cung.

Dugc chi ra trong ban md ta ndy, hoa hoc 1ap thé tuyét ddi duoc xac dinh bang
tinh thé hoc tia X ctia san phdm tinh thé hodc hop chat trung gian tinh thé dwgc din xuit,
néu cin, v4i chit phan Gng chtra nguyén tir cacbon khong ddi xang c6 cau hinh da biét.
Trir khi chit ddng phan cu thé, mudi, solvat (bao gdm hydrat) hoic mudi duge solvat
hoa ciia raxemat, chit déng phan ddi anh, hodc chat dong phan khong ddi quang duoc
chi ra, sang ché bao gdm tét ca cac chat ddng phén nay, cling nhu mubi, solvat (bao gébm
hydrat) va mudi duoc solvat hoa cua raxemat, chit dong phan déi anh, chét ddng phan

khéng dbi quang va hdn hop cua chung.

Sang ché ciing dé xuit hop chit duoc ddnh diu ddng vi theo sang ché twong dong
v& mit cu truc véi cac hop chét dugce néu trong ban md ta ndy, nhung thuc té laty 16
phan trim c6 y nghia vé& mit théng ké ciia mdt hodc nhidu nguyén tir trong d6 dang ciia
hop chét dugce thay thé bing nguyén tir ¢6 khéi lwgng nguyén tir hodc s khbi khac khoi
luong nguyén tir hodc sb khdi ctia dong vi da dang nhit thuong dugc phat hién, do d6
v& ban chét thay dbi do phong pht ton tai trong tw nhién cia dong vi c6 mit trong hop
chat theo sang ché. Sang ché bao gdm tét ca cac bién thé ddng vi thich hop cua hop chét

c6 cong thuc 1.

Vi du v& ddng vi ma c6 thé dugc wu tién két hgp vao hop chat theo séang ché bao
g@)m déng vi cua hydro, cacbon, nito, oxy, phospho, iot, flo va clo, vi du, nhung khong
glé’l han &: ZH 3H 11C 13C 14C 13N 15N ISO 170 1807 31P, 32P, BSS, 18F’ va 36C1, 1231’ va
125]. Puge danh gia rang céc ddng vi khéc c6 thé ciing duge két hop bing cac phuong
phép da biét.

Cu thé 13, hop chét duoc danh d4u ddng vi nhét dinh theo sang ché (vi du, cac
hop chét duoc danh ddu bang *H, ''C, va C) duge nhén ra 1 dic biét hitu dung trong
thtt nghiém phan phéi hop chat va/hodc thir nghiém phéan phdi md co chat sir dung nhiéu

13
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k¥ thuat da biét. Ngoai ra, hop chit theo sang ché bao gdm sy thay thé ddng vi bao gdbm
céc dang dong vi khac nhau cta hydro (H), bao gdém proti (‘H) va doteri (*H hoic D).
Proti 14 déng vi hydro chii yéu dwoc tim thiy trong tw nhién. Viée lam giau d6i vai doteri
c6 thé tao ra loi ich didu tri nhét dinh, ching han nhu lam tang thoi gian ban hity in vivo
hodc lam gidm yéu cau vé lidu lugng, hodc c6 thé tao ra hop chét hitu ich 1am tiéu chuin
dé xac dinh dic diém ctia mAu sinh hoc. Hop chit duoc lam giau vé& mit déng Vi trong
cong thire I ¢6 thé duoc didu ché ma khong thir nghiém qua mirc bang cac ky thuat thong
thuong da biét d6i véi ngudi c6 hiéu biét trung binh trong linh vue k¥ thuét hodc bang
quy trinh twong ty cac quy trinh dwoc mé ta trong so dd va vi du trong ban md ta nay
bang cach str dung chat phan tng va/hodc hgp chit trung gian dwugc lam giau dong vi

thich hop.

O noi duong luon séng két thic lién két thong thuong (trai nguoc véi viée nbi

hai nguyén tr bén trong cau truc) chi ra diém gan két véi cu trace, vi du:

CH2—§

chi ra gc butyl thir hai duge gan két nho nhém metylen nho lién két duoc két
thuc bang duong luon séng. Trong d6 ky hiéu chit cai duge sir dung dé mo ta gbc phan
tir thé, duong vach duge sit dung dé chi ra diém gén két v6i co chat duoc chi ra, vi du:

-CH,-C(0)-CHaCl chi ra gbc axetyl clorua duge gin két nho phan metylen ctia gbc nay.

Khi bién thé bét ky (vi du, n, Ra, Rb, V.V.) xudt hién nhiéu hon mot lan trong phﬁn
ttr cAu thanh bét ky hodc trong cong thirc I, dinh nghia ctia né d6i véi moi lan xudt hién
la doc 1ap véi dinh nghia cda nd tai mdi vi tri xuét hién khac trir khi duge néu cu thé &
diém dinh nghia. Ngudi c¢6 hidu biét trung binh trong linh vic k§ thuat s& nhén ra ring
viéc lya chon t6 hop cia cac ph?m ttr thé khac nhau dugc xac dinh trong ciu trac, nghia
la, R, RA, v.v., duoc chon phi hop v6i nguyén tic da biét ro vé sw két ndi ciu tric hoa
hoc va d6 6n dinh, Vé su két hop cua céc phén ttr thé va/hodc cac bién dbi chi co thé

dugc cho phép néu céc td hop nay din dén cac hop chét 6n dinh.

Hop chét “bén” 12 hop chét c6 thé dugc didu ché va dugc phéan tach va cau tric
ctia chung va céac dic tinh duy tri hodc co thé dugc lam cho vé co ban khong thay doi

trong mot khoang thoi gian du dé cho phép st dung hop chét cho muyc dich dugc mo ta

14
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& day (vi du, dung diéu trj cho déi tuong). Hop chét theo sang ché duoc gidi han & cac

hop chit 6n dinh dugc bao gdm béi cong thire 1.

O noi bién sb hodc gde bat ky duoc biéu hién ¢ dang khoang, vi du, (-CHa.)1.4,
ca hai diém cuec tri ctia khoang cu thé nay déu duoc bao gdm (nghia 13, 1 va 4 trong vi

du) cling nhu tit ca cac gia tri s6 nam trong khoang (nghia 13, 2 va 3 trong vi du).

Thuéat ngt "halogen" bao g@)m flo, clo, brom va iot trir khi dugc néu cu thé khi

str dung.

Thudt nglt dugc st dung trong ban mo ta nay, “dbi tuong” (theo céach khac la
“bénh nhan”) chi dong vat, tot hon 12 dong vat ¢ v, va cu thé 14 ngudi hoic dong vat
khéng phai ngudi bao gdm dong vat nudi va dong vat chian nudi bao gbm, nhung khéng
gidi han 0, gia suc, ngua, cru, lon, dé, tho, meéo, chd, va cac dong vat cé vi khac can
didu tri. Theo mot s6 phuong 4n, ddi tugng tot hon 13 ngudi. Nhu duge st dung trong
ban mo ta ndy, thuat ngit "dung" va céac bién thé ctia n6 (vi dy, "dung" hop chat) dé cap
dén hop chit co cong thue I nghia 12 cung cip hop chét, hodc mudi duoc dung ciia né,

cho ddi tugng can diéu tri.

Nhu dugc néu & trén, theo mot khia canh, sang ché dé xuat viéc cung cap céac hop
chat ¢6 cong thirc I, hodc mudi dugc dung ctia n6, cé dic tinh doi khang chirc nang

PCSKO9.

Theo mét phuong 4n, hop chét ¢6 cong thirc I c6 cAu tric c6 cong thirc IA:

0]
HN—g
o © RS
\/1\ H/, HN
N O
N o HNg g
N 0

Cong thuc IA,

15
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trong do:

R! duoc chon tur:

(a) -H; hodc

(b) -(CH,),-R'A, trong d6: z 1a tir 1 dén 6, va RMA [a:
(1) -H;

(ii) —=NHp;

(iii) -N"Hs;

(iv) -N"(HsC)s;

(v) -NH-C(0)-[(CH2)2-O-]2-(CH2)2R B trong d6 R'B 1a: -NHa; -N*Hs; -N(CHs)z;
hodc -N*(CH3)3;

(vi) -NH-C(O)—[(CHz)y12-O-]1.4-(CH2)y13R14B, tot hon 1 -NH-C(O)-[(CH2)y12-O-
]o-(CH2)y13R B trong do:

y12 va y13 khong phai c4 hai la 2 va doc 14p ndm trong khoang tlr 2 dén 4; va
RMB 1a: -NH,; -N"H3; -N(CH3)2 ; hodc -N*(CH3)s;

(vii) -NH-C(O)-(CH2);RMC, trong d6, y= 1 dén 6 wva RIC
1a -O-(CH2).-N*(CH3)3, trong do6 za 1a 3 hoac 4; va

(viii) -NH-C(O)-(CH2),R™C, trong d6, y= 1 dén 6 va R'*C la:
(ai) —O-(CH2)2-N"(CH3)3;

(aii) -N*(CH3)3; hodc

(aiii) gbc c6 cong thirc:

o) HO OH

‘ZJ\{Q‘ o OH

HO
R2? duoc chon tur:
(a) -H; va
(b) -(CH2),-R™A, trong d6: z 1a tir 1 dén 6, va R dugce chon tur:

16
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(i) -H;

(i) -NHy;

(iii) -N*H;;
(iv) -N*(H:C)3;

(v) -NH-C(O)-[(CH2)-O-]14-(CH2);R™E, tét hon 13 -NH-C(O)-[(CHa)s-O-]o-
(CH2)2RMB trong d6 R!*B 1a: -NH»; -N*Hs; -N(CH3)2; hodc -N*(CH3)s;

(vi) -NH-C(O)-[(CH2)y12-O-]-(CHz)y13R B trong do:
y12 va y13 khong phai ca hai 1a 2 va doc 14p nam trong khoang tir 2 dén 4; va
R™B 1a: -NHa; -N"Hs; -N(CH3)2; hodc -N*(CH3)s3;

(vi) -NH-C(O)-(CH),R!C, trong d6, y= 1 dn 6 va RMC
1a -O-(CH2)-N*(CHz3)3, trong d6 zb 1a 3 hoac 4; va

(viii) -NH-C(O)-(CH2),RYC, trong d6, y= 1 dén 6 va R™C Ia;
(ai) —O-(CH2)2-N*(CHs)s;
(aii) -N*(CH3)2R !, trong d6 R [a —CH3 hodc —(CH2)1.4-OCHj;

(aiii) gbc c6 cong thic:

0 HO OH
Lf\ ”%OH
HO

(aiv) gbc c6 cong thirc:

~ /u\ : 3 (CH3)3
14Cb M/MCC

trong d6 Y'*C® va Y4 ndm trong khoang tir 1 dén 4; hodc

; hodc

R! va R? ¢6 thé dugc gin két voi nhau dé tao ra goc ¢6 cong thirc:

17
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N"fv\

H2C\ CH2
N—-—G1——l\|l
RG1e|1 RG1b
trong do:

G!, RO ya RE® dquoc x4c dinh nhu duéi day:

(a) G! 1a gbc nkom lién két co cong thirc:

0O
WO\/?\E
nd! m‘

18/176

trong d6 n?! nam trong khoang tir 1 dén 6, m?! 12 0, 1 hodc 2 va cung véi gid tri

ctia n4! va m%' dugc chon sao cho do dai cia goc nhom lién két ma ching xac dinh khong

vuot qué tong 8 nguyén tir cacbon va/hodc oxy bao gbm chudi chira nguyén tir cacbon

trong chudi ma tao ra goc cacbonyl;

RS duge chon tir: (i) —H; va (ii) alkyl 1én dén 4 nguyén tir cacbon; va

RS dugce chon tir:

(i) gbc c6 cong thirc:

N+\"’
0O (0]
1-5 2-10 v

(ii) gdc c6 cong thirc:

a

(0]
b) G' 13 26¢ nhém lién két c6 cong thirc:
g g
0
O
n4?
m%2

18
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trong d6 n% 13 0, 1 hodc 2, m% nim trong khoang tir 1 dén 6, va cung véi gid tri
ctia n% va m% duge chon sao cho do dai ctia goc nhom lién két ma chung xé4c dinh khong
vuot qua tong 8 nguyén tir cacbon vi/hodc oxy bao gdm chudi chira nguyén tir cacbon

trong chudi ma tao ra gbc cacbonyl;
RS2 duogc chon tur:

(i) gbe co cong thirc:

XA /+
N\/
1-5 2-10 V3

a

S /
NFT
‘ZLW N
1-8 ;va

RS duoce chon tir: (i) —H; va (ii) alkyl 1én dén 4 nguyén tir cacbon;

(i) gbc c6 cong thirc:

R® 14 —CH; hoic gdc co cong thic:

R8a

/

@)

trong d6 R3? 1a —H, hozc alkyl mach théng, mach nhanh hodc vong 1én dén bdn

nguyén t cacbon;
A duoc chon tur:

(a) gbc c6 cong thirc:

(b) -CHa.(CHa)y-CHa-, trong d6 y ndm trong khoang tir 1 dén 6;

(c) gbe co cong thirc: A_—"’""“ A trong d6 AP! 1a:

19
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) géc c6 cong thuc:

g—ecw)-j

trong d6 x nam trong khoang tir 1 dén 6; hoic

(i) gbc c6 cong thire:

;—-%CHZtO—-g

trong d6 y ndm trong khoang tir 1 dén 5;

(d) gbe ¢6 cong thirc: ~-CHa-(CH2)m-O-(CHa)u-, trong d6 m = 1 dén 5, va n= 0

hodc 1 dén 4;
B la:
(a) lién két;
(b) —(CH2)1-4; hoac

(c) gbc co cong thic:

;)J\NH

D la:

(a) gbc cb cong thirc:

BW*\EQJ%
O

trong d6 B 1a -CHa- hodc —(CH2)24-O-, va A va B nhu dugc xé4c dinh ¢ trén;

9

(b) gdc co cong thirc:

20
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O A@ﬁ
H M
trong d6 A va B nhu dugc x4c dinh & trén;

(¢) gbc cb cong thirc:

A
@]
/\)n\a 4
B (\9\ //\/ \
mf’lO x
trong d6 n®1a 1, 2, hodc 3, m®1a 2, 3, hoic 4, va n® + m® it nhét 14 3, va trong d6

A va B nhu duogc xac dinh & trén;
(d) gbc c6 cong thirc:

R34 A
|
B\/\r/N
o)

trong d6, R3*" 1a —H hodc alkyl mach thing, mach nhanh hodc vong 1én dén bon

b

nguyén tir cacbon, va A va B nhu dugc x4c dinh & trén,
hoac muoi dugc dung cta no.

Theo mot phuong 4n ciia hop chat co cong thire IA, R! 1a -(CHa)-R!MA, trong do:

z1athr 1 dén 6, va R1A La:
(1) -H;
(i) ~NHy;
(iif) -N"Hs; hodc
(iv) -N"(H3C)s;
R? 1a -(CH,),-R™A, trong d6: z 1a tir 1 dén 6, va R4 dugc chon tir:
(i) -H;

(i1) —-NHo;
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(iiii) -NH-C(O)-[(CH)2-O-]14-(CH2)2R™B, 5t hon 13 -NH-C(O)-[(CHz)2-O-]o-
(CH2)2RB trong @6 R!*B 1a: -NHa; -N*Hs; -N(CH3),; hodc -N*(CHz)s;

(iv) -NH-C(O)-[(CHa2)y12-O-]2-(CH2)y13R B trong do:
y12 va y13 khong phai ca hai 1a 2 va doc 1ap ndm trong khoang tir 2 dén 4; va
R!B 1a: -NH,; -N*Hs; -N(CH3),; hodc -N*(CH3)s;

(v) -NH-C(O)-(CH2)yR ™€, trong d6, y= 1 dén 6 va R'*C 1a -O-(CH2)4-N*(CHs)3,

trong d6 zb la 3 hoac 4; va
(vi) -NH-C(0)-(CHz),R™¢, trong d6, y= 1 dén 6 va R™C la:
(ai) ~O-(CHa,)2-N*(CH3)s3;
(aii) -N*(CH3)2R <8, trong d6 R1*°a [a ~CH3 hodc —~(CH2)14-OCHj3;

(aiii) gbc c6 cong thic:

0 HO OH
HO

(aiv) gde c6 cong thirc:

(0]
A ; B/O\M/NWCHa)a
yl4Cb y14Cc

trong d6 Y€ va Y'*Cenim trong khoang tir 1 dén 4; hogc

; hodc

5

R8 1a —CHj3 hodc gde c6 cong thic:

RSa

/
of

trong d6 R% 1a —H, hodc alkyl mach théng, mach nhanh hodc vong lén dén bén

>

nguyén tr cacbon;

A duoc chon tur:

22
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(a) gbc co cong thue:

(b) -CH,.(CHa),-CHy-, trong d6 y nam trong khoang tir 1 dén 6;

(c) gbc cb cong thirc: L"L/EWNAM , trong d6 A®! la:
g

(i) gbc c6 cong thirc:

trong d6 x ndm trong khoang tir 1 dén 6; hoic

(i) gbc ¢o6 cong thire:

Hona—yof—g

trong d6 y nam trong khoang tir 1 dén 5; va

(d) gbe c6 cong thire: -CHa-(CH))m-O-(CHa)s-, trong d6 m = 1 dén 5, van=0

hodc 1 dén 4;
B la:
(a) —(CHa2)14; hodc

(b) gbc co cong thic:

éﬁ\NH

D la:
(a) gbc co cong thirc:
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e
B N

trong d6 E 1a -CHz- hodc —(CH2)2-4-O-, va A va B nhu duoc x4c dinh & trén;

(b) gbc cb cong thire:
L AE
H M
trong d6 A va B nhu dugc xac dinh & trén; hodc

(c) gbc co cong thire:

R34b
l
B\/\[K N
6]

trong do, R3 1a —H hoic alkyl mach thang, mach nhanh hodc vong lén dén bén

3

nguyén tr cacbon, va A va B nhu dugc x4c dinh ¢ trén,
hodc muoi duge dung ctia no.

Theo mdt phuong 4n cta hop chit ¢6 cong thic IA, D 14 gbc ¢o cong thie:

B /A
N J@/ﬁ

trong do, E 1a -CHa- hodc —(CHaz)2-O-, va A va B nhu dugc xé4c dinh & trén trong
cong thire [A.

Theo mét phuong 4n cta hop chét ¢ cong thire IA, A 1a:
(a) (CHa)s;

(b) gbc ¢ cong thirc:
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trong d6 x nam trong khoang tir 1 dén 3; hoic

(c) gbc co cong thuc:

Theo mét phuong 4n khac ctia hop chit c6 cong thire 1A, R? 1a:
(a) —(CHz)Z-R”A, trong d6: z 1a tir 1 dén 6, va R4 1a:

(a) -H;

(b) —CH3;

(¢) NHo;

(d) -N"Hs;

(e) -N"(H3C)s;

63) -NH-C(O)-[(CH2)2-4-O-]2-4-(CH2)2-4R 4B trong do R14B
1a: -NHa; -N*Hs; -N(CH3)2; hodc -N*(CH3)3 ;
(2) -NH-C(O)-[(CH2)yR!C, trong d6, y= 1 dén 6 va R'¢ la:
(ai) . —0O-(CHa2)24-N"(CHa);3;
(aii) -N*(CH3)3; hodc
(aiii) , gdc c6 cong thie:
o HO OH
LZ‘\H o OH
HO ; hoac

(b)  gbec cb cong thire
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N\N
H3C)3N* \ N/
(3)3%5 \/é

Theo mot phurong 4n khac ctia hop chit c6 cong thiic IA, R! duoc chon tir:
(@) -H;

(b)  -(CH2),-R™A, trong d6: z 1a tir 1 dén 6, va RM*A la:

(1) -H;
(ii) -N"Hj3; hodc
(iii) -NH-C(O)-[(CH2)2-O-]2-(CHa2)2-N"(CH3)s.

Theo mét phuwong 4n khic nita cia hop chit c6 cong thic IA, A la -
CH»-(CHz2)y-CHa-, trong d6 y 1a 3-5. Theo mét phuong an khac, A 1a —(CHz)s.

Theo mdt phuong 4n khéc ctia hop chit c6 cong thic IA, B 1a gbe 6 cong thue:

é{NH

Theo mot phuong an khac cta hop chét c6 cong thic IA, R! 1a -(CHy),-R'A,
trong d6: z 1a tir 1 dén 6, va R4 14 -H. Theo mot phuong an khéc ctia hop chat ¢6 cong

thirc IA, R! 1a -(CH,),-R!*A, trong d6: z1a 1, va RA 1a -H.

Theo mdt phuong 4n khac cta hop chat cé cong thirc IA, R? 1a -(CHz)-R'*A,
trong do6: z 1a tr 1 dén 6, va R1A 1a -NH-C(0)~(CH2)yR'C, trong d6 y= 1 dén 6 va R*C
1a -N*(CH3)2R!, trong d6 R!*¢a 1a —~CHs.

Theo mot phu’oﬁg an khac ctia hop chét c6 cong thic IA, R® 14 gbc ¢6 cong thirc:

RBa

/

0

b
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trong d6 R® 1a —H hodc alkyl mach thang 1én dén bdn nguyén tir cacbon. Theo

mot phuong 4n khac, R® 1a gbe ¢ cong thie:

trong d6 R® 1a —H, -CH3, hodc ~C(CH3)s.

Theo mot s6 phuong an, dugc vu tién doi véi hgp chat co cong thirc I dé ¢o6 cau

trac ¢6 cong thire II hodc cong thire ITA, hodc mubi dugc dung ctia no:

Cong thtc 11,
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HN-

Cong thire ITA,
trong do, A, R! va R? nhu duge x4c dinh & trén trong cong thirc IA va B! 1a —
(CH2)o-2, va D! duoc chon tur:
a) gbc 6 cong thire:
!
N
s va

b) gbe ¢6 cong thire:

ot

Theo mét s phuong 4n ctia Cong thirc I hodc Cong thic 1A, dugc vu tién a6i

—
I

N

v6i D! 1a gbe c¢6 cong thirc: . Theo mot s6 phuong 4n Cong thire IT hodc

Cong thuc IIA, dugc vu tién d6i v6i D! 1a gbe c¢6 cong thirc: if@ﬁ Theo

mdt s& phuong 4n cia Cong thire 11 hodc Cong thirc ITA, duge wu tién d6i voi D! 1a gbe
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c6 cong thic: . Theo mdt s6 phwong an cta Coéng thire IT hoic Cong

, , %\o
thirc ITA, dugc vu tién d6i vai D! 1a goc ¢6 cong thire: .

Theo mot s6 phuong an, hop chit c6 cong thire I tdt hon 12 hop chit c6 cong thire
IT:

Cong thie I11,

trong do, A, R! va R? nhu dwoc xac dinh & trén trong cong thire IA va D? 13 gdc

c6 cong thtc:

Theo mdt sé phuwong 4n ctia Cong thirc I11, duge wu tién d6i véi D? 1a gbe c6 cong

A

7 N\

thire: L?i/_— . Theo mdt s phwong 4n cua Cong thire III, duge wu tién dbi voi
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D? 1a gbe ¢6 cong thic: . Theo mdt s6 phuong an ctia Cong thie 111,
A

dugc vu tién doi véi D? 14 gde ¢6 cong thirc:

Theo mét sb phwong an, hop chét c¢6 cong thire I tét hon 12 hop chét c6 cong thirc

IV:
O
HN‘S
@)
H\)Oj\ H//,
Y N
HN o E \/,
) =
R , 0 —

Pz

Cong thuc IV,
trong do, A, R! va R? nhu dugc xac dinh & trén trong cong thte [A.

Theo mdt s6 phuong 4n, hop chit c6 cong thirc I 1a hop chét ¢6 cong thirc V
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O

HN-

o O OH
\/l\ H, HN
N O
O = N \f( /
HN
. X 0 O
ln F

Cong thirc V,
trong dé
A, B, R!' va R? nhu duoc x4c dinh & trén trong cong thie [A; va
D? la:

(a) gbc co cong thirc:

(b) gbc ¢6 cong thirc:

A

(c) gbe o cong thirc:

A

; hodc
(d) gbe 6 cong thirc:
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Theo mét s& phwong 4n ctia Cong thirc I, Cong thirc IA, Cong thirc 11, Cong thirc
ITA, Cong thuce ITI, Cong thirc IV, hodc Cong thirc V, duge uu tién dbi véi A 1a géc co
cong thitc: —(CHa)ya, trong d6 ya ndm trong khoang tir 4 dén 6. Theo mét sé phuong an
cta Cong thtc I, Cong thic IA, Cong thirc II, hodc Cong thic ITA, duge uu tién dbi voi
A 13 gbe c6 cong thirc: -CHz-(CH2)ma-O-(CHa)na-, trong d6 ma 14 2 hodc 3 va na 1a 0
hodc 1. Theo mdt sb phuong 4n cia Cong thic III, Cong thirc IV, hodc Cong thuc V,
dugc wu tién ddi véi A 1a gde ¢6 cong thire: -CHa-(CHy)ma-O-(CHa)na-, trong d6 ma 13 2
hodic 4 vana 13 0, 1, hodc 2. Theo mét s6 phuong an ctia Cong thirc I, Cong thirc 1A,
Cong thic I1, Cong thic ITA, Cong thire II1, Cong thic IV, hodc Cong thirc V, dugc uu

tién doi voi A 1a gde ¢b cong thire:

CH
M 2>y}b

trong d6 yb nam trong khoang tir 1 dén 3. Theo mot sb6 phuong an ctia Cong thire
I, Cong thirc IA, Cong thirc I, Cong thire ITA, Cong thte 111, Cong thirc IV, hodc Cong

thirc V, dugc uu tién doi vdi A 1a goc c6 cong thire:

Ciing duoc dé xuét trong ban mo ta nay 1a Cong thire I 1a cac hop chat Ex-1, Ex-
2, BEx-3, Ex-4, Ex-5, Ex-6, Ex-7, Ex-8, Ex-9, Ex-10, Ex-11, Ex-12, Ex-13, Ex-14, Ex-
15, Ex-16, Ex-17, Ex-18, Ex-19, Ex-20, Ex-21, Ex-22, Ex-23, Ex-24, Ex-25, Ex-26, Ex-
27, Ex-28, Ex-29, Ex-31, Ex-35, Ex-36, Ex-38, Ex-39, Ex-40, Ex-41, Ex-44, Ex-47, Ex-
48, Ex-49, Ex-50, Ex-51, Ex-52, Ex-53, Ex-54, Ex-55, Ex-56, Ex-57, Ex-58, Ex-59, Ex-
60, va Ex-61, hodc mudi duoc dung bét ky cta chung. Cac hop chét nay, dugc boc 10c

trong bang 1, cling duoc dé cap dén trong ban mo ta nay 1a “hop chét theo sang ché.”
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Ex-60
/
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Ex-61

trong d6 A" la anion dugc dung.

Thuat ngit “(cac) mubi”, va viée st dung chiing trong cym tir “mudi dugc dung”
dugc st dung trong ban mo ta nay, bao gom bét ky dudi day: mudi axit duoc tao ra tir
axit vo co va/hoac hitu co, mudi bazo dugc tao ra tir bazo v co va/hodc hitu co, phire
chét amoni ludng tinh va bac bén. Mubi ciia hop chét theo sang ché c6 thé dugce tao ra
béng cac phuong phap da biét ddi véi ngudi co hiéu biét trung binh trong linh vuc k§
thuét, vi du, béng cach cho hop chat theo sang ché phan Umg véi lugng axit hodc bazo,
chdng han nhu luong twong duong, trong mdi truong ching han nhu méi trudng trong

d6 muoi két tia hodc trong mdi trudng chita nudce sau d6 dong kho.
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Hop chit theo sang ché chira nguyén tir cacbon ba phéi tri, vi du, gbc amino bac
nhat, bac hai hoic béc ba, trong d6, nhu da biét, cap dién tr duy nhat nim trén nguyén
tlr nito c6 thé duoc proton héa véi axit thich hop hodc dugc alkyl hoa bang chét phan
ung thich hgp, vi du, alkyl bromua, duéi diéu kién phan tng thich hop dé tao ra nito tich
dién 4 phéi tri duoc 1lam on dinh béng anion dugc tao ra trong quy trinh nay, vi dy, ion
halogen hoic bazo lién hop. Do d6, hop chit theo sang ché c6 thé duge diéu ché ¢ dang
bazo tu do hodc dugc phén tach & dang phirc chit bac bon hodc phirc chit mudi. Trong
mot s& truong hop, khi ¢ mot proton axit thich hop gan mét nito bazo thi c6 thé tao
thanh phitc chit ion ludng tinh. Thuét ngit duoc st dung trong ban mo ta nay 1a mudi
ctua hop chét theo séng ché, mudi axit duoc tao ra tir axit vé co va‘hodc hitu co, mudi
bazo dugc tao ra tir bazo vo co va/hodc hitu co, mudi dugc tao ra ma bao g6m dac tinh
ion ludng tinh, vi du, trong d6 hop chét chira ca gdc bazo, vi du, nhung khong gidi han
&, nguyén t nito, vi du, amin, pyridin hodc imidazol, va gbc axit, vi du, nhung khong
gi6i han & axit carboxylic, va phtrc chit amoni bic bdn duge bao gém trong pham vi

ctia hop chit theo sang ché duoc mo ta & day.

Do d6, su biéu dién cAu tric cia hop chét theo sang ché, & dang bazo tu do, dang
mudi, dang ion ludng tinh hodc dang amoni bac bdn, ciing bao gdm tat ca cac dang khac
cua cac hop chit dugc boc 16 & trén. Do d6, mdt khia canh clia sang ché 1a dé xuét hop
chit theo sang ché & dang mudi duoc dung, phirc chit ion ludng tinh hoic phiic chét
amoni bac bdn. Nguoi ¢6 hiéu biét trung binh trong linh vuc k¥ thuét sé nhan ra céac
trudng hop nay trong d6 hop chét theo sang ché c6 thé tao ra cac phirc chit nay, bao
gbm trong d6 nito bén phdi tri c6 thé duge thé bac bon hodc duge proton héa va dang
nito tich dién dugc 1am 6n dinh béng anion lién két. Thuat ngit "mudi duoc dung" dé
cap dén mudi (bao gdbm phirc chat amoni bac bén va mudi ndi chang han nhu phitc chat
ion ludng tinh) ¢6 hiéu qua twong tu hodc cao hon dang bazo tu do cta hop chét va
khong gdy hai vé& mit sinh hoc hodc néu khong thi khong duge mong doi (vi du, khong
doc ciing nhu khéng gay hai cho ngudi nhén).

Su tao thanh mudi hitu dung vé mat duoge tir hop chit dugc ¢ tinh bazo (hoidc ¢6
tinh axit) dugc boc 19, vi du, trong S. Berge et al., Journal of Pharmaceutical Sciences
(1977) 66(1) 1-19; P. Gould, International J. of Pharmaceutics (1986) 33 201-217;
Anderson et al, The Practice of Medicinal Chemistry (1996), Academic Press, New

York; trong The Orange Book (Food & Drug Administration, Washington, D.C. trén
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trang web cuia ho); va P. Heinrich Stahl, Camille G. Wermuth (Eds.), Handbook of
Pharmaceutical Salts: Properties, Selection, and Use, (2002) Int'l. Union of Pure and
Applied Chemistry, pp. 330-331. Céc tai liu dugc dua vao phan mo ta bang céach vién

dan.

Sang ché bao gdm ca dang bazo tu do ctia hop chit theo sang ché va tat ca mudi
c6 sdn, bao gdm mudi mubi thudng duwoc cong nhan 13 an toan dé sir dung trong diéu
ché dugc phidm va mubi ¢ thé dugc tao ra trong pham vi k¥ ning thong thudng trong
Iinh vuc nay va sau d6 dugc phan loai l1a “thuong dugc cong nhén la an toan” dé sir dung
trong qué trinh diéu ché dugc phém, dugc dinh nghia ¢ day la “mudi dugc dung”. Nhu
s& dugc danh gia, hop chét bazo tu do c6 thé dugc diéu ché béng cach kiém soat diéu
kién phén 14p hop chit trong sudt qué trinh tdng hop hodc bing phan tng trung hoa va

trao doi ion tir cac dang mudi cia hop chat theo sang che.

Vidu vé mudi axit dugc dung bao gém, nhung khong gidi han ¢, axetat, bao g@)m
mudi trifloroaxetat, adipat, alginat, ascorbat, aspartat, benzoat, benzensulfonat, bisulfat,
borat, butyrat, xitrat, !camphorat, camphorsulfonat, xyclopentanpropionat, digluconat,
dodexylsulfat, etansulfonat, fumarat, glucoheptanoat, glyxerophosphat, hemisulfat,
heptanoat, hexanoat, hydroclorua, hydrobromua, hydroiodua, 2-hydroxyetansulfonat,
lactat, maleat, metansulfonat, metyl sulfat, 2-naphtalensulfonat, nicotinat, nitrat, oxalat,
pamoat, pectinat, persulfat, 3-phenylpropionat, phosphat, picrat, pivalat, propionat,
salixylat, suxinat, sulfat, sulfonat (chéng han nhu cac mubi duoc néu ¢ day), tartrat,
thioxyanat, toluensulfonat (cling duogc biét dén 1a tosylat), undecanoat, va cac mudi

tuong tu.

Vi du vé& mudi bazo dugc dung bao gém, nhung khong gidi han 6, mudi amoni,
muéi kim loai kiém ching han nhu mubi natri, lithi, va kali, mudi kim loai kiém thd
chéng han nhu mudi canxi va magie, mubi nhom, mudi kém, mudi véi bazo hiru co (vi
du, amin hitu co) chfmg han nhu berzathin, dietylamin, dixyclohexylamin, hydrabamin
(dugc tao ra vai N,N-bis(dehydroabietyl)etylendiamin), N-metyl-D-glucamin, N-metyl-
D-glucamit, t-butyl amin, piperazin, phenylxyclohexyl-amin, cholin, tromethamin, va
mudi v6i axit amin ching han nhu arginin, lysin va tuong ty. Nhom chtra bazo nito c6
thé dugc chuyén hoa thanh ion amoni hodc dugc thé bac bbn bang chét chang han nhu

alkyl halogenua mach ngin (vi du, metyl, etyl, propyl, va butyl clorua, bromua va
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iodua), dialkyl sulfat (vi du, dimetyl, dietyl, dibutyl, va diamyl sulfat), halogenua mach
dai (vi du, dexyl, lauryl, myristyl va stearyl clorua, bromua va iodua), aralkyl halogenua

(vi du, benzyl va phenetyl bromua), va cac chat khac.

Thuét ngt “anion dugc dung" dé cap dén anion thich hop dé tao ra mudi duge

dung.

Vi du khac vé& mudi dugc dung co thé dugc su dung theo sang ché bao gém,

nhung khong gi¢i han 6, florua, clorua, bromua va iodua.

Nhin chung, mudi ctia cac hop chét duogc du dinh 12 mubi duoc dung trong pham
vi theo sang ché.

7
A

Thuat ngtt “duogc tinh ché”, “6 dang duoc tinh ché” hodc “é dang duge phan tach
va dugce tinh ché” dbi v6i hop chit dé cap dén trang thai vat Iy ctia hop chat nay sau khi
dugc phan tach tir quy trinh tdng hop hodc ngudn tu nhién hozc hdn hgp cia ching. Do
do6, thuat ngir “dugc tinh ché”, “& dang duogc tinh ché” hodc “& dang dugc phan tach va
duge tinh ché” dbi véi hop chit dé cap dén trang théi vat Iy ctia hop chét nay sau khi
duogc thu tir quy trinh hodc cac quy trinh tinh ché duoc mé ta & day hoidc da biét d6i véi
nguoi co hiéu biét trung binh trong linh vuc k¥ thudt, va & d tinh khiét du dé dugc xac
dinh dic diém bing k§ thuat phan tich chudn dugc md ta & day hodc da biét déi voi
ngudi ¢6 hidu biét trung binh trong ‘IATnh vuc k§ thuét. Hop chét theo sang ché bao gdm
dang bét k¥ ctia hop chét bao gdm ca dang tai ché trong hdn hop phan tng cling nhu &
dang duogc phan tach va dugc tinh ché dugc thu béng k§ thuat thong thudong. Sang ché
cling bao gbm cac dang da hinh ctia hop chit theo séng ché va solvat va tién duoc chét

cua ching.

Céc hop chét nhit dinh theo sing ché c6 thé ton tai ¢ cac dang tautome khéc
nhau, vi du, nhung khoéng giGi han ¢, dang tautome keton/enol, dang tautome imin-
enamin, va vi du dang thom khéc loai chéng han nhu cac géc duoi day:

L P
| B
@] 3 N

va OH

Theo cung céch, trr khi dugc chi ra khéc, viée thé hién cau tric cuia dang tautome

bét ky cua hop chit ma thé hién hién tugng tautome nghia 12 bao gOm tét ca cac dang
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tautome nay ctia hgp chét. Do d6, trong d6 hop chit theo sang ché, mubi cua ching, va
solvat va tién dugc chét cia ching, cé thé ton tai & cac dang tautome khéc nhau hoac &
dang cén bang trong sb cac dang nay, tit ca cac dang nay cia hop chit dugc bao gém

bdi, va dugc bao gom trong pham vi clia sang che.

Theo mot khia canh khéc, sdng ché dé xuét dugc phém chira mot hodc nhiéu hop
chét theo sang ché. Nhur dugc st dung trong ban md ta nay, thuat ngit “dugc pham”
chra it nhat mot hop cht c6 hoat tinh vé mat dugc phém va it nhat mét ta duoc, va duoc
du dinh bao gém ca hdn hop ctia cac thanh ph?m cu thé véi luong cu thé, va san phém
bat ky ma thu duoc, truc tiép hodc gian tiép, tir t6 hop cia cac thanh phén cu thé voi

lugng cu thé.

Nhu s& duoc danh gid boi ngudi c6 hiéu biét trung binh trong linh vue k¥ thuat,
* t4 duoc 12 phén tir cAu thanh bat ky ma 1am cho ché phdm phu hop vé6i dudng ding cu
thé hodc hd tro qua trinh xir Iy ctia ché phim thanh dang liéu ma ban than né khong c6
tac dung dugc c6 hoat tinh. Nhin chung ché phém chira nhiéu hon mot ta dugc tuy thudc
vao duong dung va dic diém cua cac hoat chat duge ding. Vi du vé ta duoc mang lai
cac dic tinh cho ché phdm khién ché pham d& xir Iy hodc san xuit bao gdm, nhung
khong gi6i han &, chit 1am tron hodc chit hd trg ép trong thude dang bot ding dé tao
vién nén, va chit én dinh nhil tuong trong cac ché phim ma hoat chat c6 & dang nhii
trong. Vi du vé t4 duoc ma lam cho ché phdm phi hop véi dudng ding mong muén, vi
du, nhung khong gidi han &, dung qua dudng miéng, chét tang cuong hép thu thuc ddy
su hip thu qua duong da day rudt, ding qua da hodc qua niém mac, chét ting cuong
xam nhép, vi du, céc chéit duoc sir aung trong "miéng dan" dinh da hodc céac ché phém

dé dung bing miéng.

Tuy t4 dugc thé hién chirc ning trong ché pham, ta duogc duge goi chung 1a & day
"ch4t mang”. Thong thudng, cong thirc cé thé chira dén khoang 95% thanh phan hoat
tinh va con lai 1a chét mang, mac du cong thirc v6i cac ty 1€ khac nhau ¢6 thé dugc chuén
bi. Nhin chung, dugc phém duoc dung chira néng do hoat chét thich hop ma lugng hitu
hiéu cta chit dbi khang PCSK9 c6 thé dugc cung cip & dang bao ché riéng 1& voi thé
tich chép nhan dugc dua trén duong dung sao cho no ¢ thé tao ra néng d6 hoat chat
trong huyét thanh diéu tri trong mot khoang thoi gian 6 thé chip nhan dugc & d6i tuong

ma ché phim duoc dung va ché pham s& duy tri hoat tinh sinh hoc trong qué trinh béao
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quéan trong khoang nhiét d6 ¢ thé chip nhan dugc trong khoang thoi gian c6 thé chap

nhan dugc.

Dugc pham, nhu dugce st dung trong ban md ta nay, chi ca dugce phém liéu ldm,
nghia 1a, nguyén liéu dugc bao ché chua dugc tao thanh don vi liéu riéng r€ dé dung, va

dugc pham nay dugce chira trong cac don vi li€u riéng ré.

Trong khi dugc phém theo sang ché c6 thé duge st dung & dang lidu 16n, dugc
danh gia rang dbi v6i hiu hét dwoc phdm tng dung s& duoc két hop vao dang lidu tao ra
don vi riéng r& thich hop dé ding cho bénh nhan, mdi dang liéu chira lugng dugc pham
duoc chon ma chtra lugng hitu hi¢u ciia mot hodc nhiéu hop chit c6 cong thire 1. Cac vi
du v& dang liéu thich hop bao gdm, nhung khong gi6i han &, dang liéu phu hop dé: (i)
dung dudng miéng, vi du, chét long, gel, bot, dugce phém ran hodc ban rin duoc nap vao
vién nang hodc dugc ép thanh vién nén va c6 thé chira thém mot hodc nhiéu 16p phi ma
cai bién dic tinh giai phong clia né, vi du, 16p pht mang lai sy giai phong hodc cong
thirc duge lam cham 1ma c6 dic tinh giai phong kéo dai; (ii) dang liéu phi hop dé ding
qua m6 cua khoang miéng, vi dy, vién nén hoa tan nhanh, vién thuéc hinh thoi, dung
dich, gel, bao hoac mang kim thich hgp dé tao ra viéc dung qua niém mac; (iii) dang
lidu phu hop dé dung qua niém mac ctia mii hodc khoang ho hép trén, vi du dang bao
ché dung dich, huyén phi hodc nhil twong dé phan tan trong miii hodc dudng thd; (iv)
dang liéu pht hop dé dung qua da, vi du, miéng dén, kem hoic gel; (v) dang lidu phu
hop dé dung qua da, vi du, mang vi kim; (vi) dang lidu ph hop dé truyén qua tinh mach
(IV), vi du, trong thoi gian kéo dai bang cach sit dung bom truyén L.V.; (vii) dang liéu
phi hop dé dung trong co (IM), vi du, dung dich hoic huyén phu ¢6 thé tiém dugc, va
c¢6 thé phu hop dé tao ra kho chira c6 dic tinh gidi phong kéo dai; (viii) dang liéu phu
hop dé dung nhé giot qua tinh mach (IV), vi du, dung dich hoac huyén phu, vi du, 1a
dung dich I'V hodc chit ¢6 can dugc tiém vao tii nuée mudi IV; (ix) dang liéu pht hop
dé dung dudi da, bao gdm dung trohg thoi gian kéo dai bang cach ciy bang que hoic
thiét bi khac ma khuéch tan hop chit vao mé xung quanh va nho d6 cung cép luong didu
tri huyét thanh lién tuc; hoic (x) dang liéu phtt hop dé phan phéi qua truc trang hoic

niém mac am dao, vi du, thudc dan.

Dugc phdm c6 thé 1a chit rén, ban rAn hodc chit 16ng. Ché phdm dang rin, ban

rén va 1ong c6 thé phi hop cho nhiéu cach dung, céc vi du trong s6 d6 bao gdm, nhung
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khong gidi han &, bot, vién nang cé thé phén tan dugc, vién nén nho, giot, co thé duogc
st dung, vi du, dé dung cho vién nén, bao nang, hodc dung truc tiép. Ngoai ra, dugc
pham dang 16ng bao gdm, nhung khong gidi han &, dung dich, huyén phi va nhil twong
vi du, nhung khong loai trir, c6 thé dugc st dung trong quy trinh didu ché duge phim
dugc du dinh dung dé an, hit hodc qua tinh mach (IV), vi dy, nhung khong giéi han ¢,
ding qua bom IV nhé giot hodc truyén, tiém trong co (IM), vi du, lidu 16n duoc giai

phong trong thoi gian kéo dai, tiém IV truc tiép, hodc phil hop véi dudng ding dudi da.

Céc duong dung khac cé thé bao gom dung trong miii, hodc dung cho mdot so
mang niém mac khac. Dugc pham dugce dicu cheé dé dung cho cdc mang niém mac khéac
nhau cfing ¢6 thé c6 cac thanh phan khac phi hop dé dung nhu vy, vi du, chat cai bién

dd nhaot.

Mic du theo mot sd phuong an, dugc ph'?lm thich hop dé st dung & dang liéu rén
ding qua miéng, vi dy, vién nén hodc dang bao ché tan trong miéng néng tan chay nhanh
1a duong dung thich hop dbi v6i hop chat theo séng ché hodc mudi cua ching, dugc
phim theo sang ché c6 thé dugc bao ché dé ding qua cac duong khac dugce néu & trén.
Céc vi du bao gdm ché phdm dang sol khi, vi du, thich hop dé diing bang cach hit hoac
qua niém mac mili, co thé bao g@)m dung dich va chét rin & dang bdt, co thé két hop vai
nhién liéu déy dugc dung, vi du, kbki nén tro, vi du, nito. Ciing bao gém cac dang bao
ché ran dugc du dinh dé dugc chuyén hoa, nhanh trudce khi st dung, thanh huyén phu
hodc dung dich, vi dy, dé dung qua miéng hoic ngoai duong tiéu héa. Cac vi du vé cac
dang chét rin nay bao gdm, nhung khong gi6i han &, dang bao ché dugc lam déng kho

va dang bao ché 1ong dugc hip phu vao mdi trudng chét hip phu ran.

Vi du, hop chét theo sang ché ciing c6 thé phan phéi qua da hodc qua niém mac,
vi du, tir chit l16ng, thudc dan, kem, bot, gel, hodc dang chit rin hoa tan nhanh chéng.
DPuge danh gia raing duge phdm qua da ciing c6 thé dugc ding & dang kem, nudc thom,
sol khi va/hodc nhii twong va ¢6 thé duge tao ra & dang lidu don vi bao gdm miéng déan
qua da da biét bt ky trong linh vuc k¥ thuat, vi dy, miéng déan két hop chit nén bao gém
hop chit c6 hoat tinh vé& mat duoc phém hodc vat chira ma chtra dang ran hodc dang
long cua hop chit ¢6 hoat tinh vé& mat dugc phém.

Céc vi du vé chit mang dudc dung va phuong phéap san xudt dbi véi cac duge
pham khac nhau dugc néu & trén c6 thé dugc tim thdy trong tai liéu A. Gennaro (ed.),
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Remington: The Science and Practice of Pharmacy, 20" Edition, (2000), Lippincott
Williams & Wilkins, Baltimore, MD. Céc vi du khac vé cac van dé bao ché dang dugc
thao luan da cong bd c6 thé duoc tim thdy trong tai liéu: Pharmaceutical compositions
may be cong thircted by any number of strategies known in the art, xem, vi du, McGoff
va Scher, 2000 Solution Formulation of Proteins/Peptides: In — McNally, E.J., ed.
Protein Formualtion and Delivery. New York, NY: Marcel Dekker; pp. 139-158; Akers
& Defilippis, 2000, Peptides and Proteins as Parenteral Solutions. In — Pharmaceutical
Formulation Development of Peptides and Proteins. Philadelphia, PA: Taylor and
Francis; pp. 145-177; Akers et al., 2002, Pharm. Biotechnol. 14:47-127.

Theo mot khia canh khéc sdng ché dé xuét cic phuwong phap st dung hop chat
d6i khéng dic hiéu PCSK9 duge md ta & ddy dé dbi khang chirc nang PCSK9; céc
phuong phap nay con duge mé ta duéi day. Viéc sit dung thuat ngit “ddi khang” xuyén
subt ban md ta dé cap dén viéc cung cép cho (c4ac) mo bi anh hudéng chét c¢6 hoat dong
uc ché, lam mét tac dung, lam trung tinh hodc lam mat mot hodc nhiéu chirc nang cua
PCSKJ9 trong mé bi anh hudng. Su trc ché hoic dbi khang ctia mdt hodc nhidu dic tinh
chirc ning lién quan dén PCSK9 c6 thé d& dang dugc xé4c dinh theo cac phuong phép da
biét trong linh vuc k¥ thuét (xem, vi du, Barak & Webb, 1981 J. Cell Biol. 90:595-604;
Stephan & Yurachek, 1993 J. Lipid Res. 34:325330; va McNamara et al., 2006 Clinica
Chimica Acta 369:158-167) cling nhu céc vi du duge md ta & day. Su tic ché hodc ddi
khang s& dem lai sy giam hoat tinh PCSK9 so véi hoat tinh c6 thé thay trong khi khong
c6 mit chét d6i khang hoac, vi du, dugc tha“iy so v&i hoat tinh dugc quan sat théy khi co
chat ddi khang ddi ching c6 tinh ddc hiéu khong lién quan. Tét hon 13, chit déi khang
dac hiéu PCSK9 theo sang ché dbi khang hoat tinh PCSK9 dén mtic c6 su gidm it nhét
10% thong s do duogc bao gdm nhung khong gidi han & hoat tinh duge boc 1§ & day, va
t6t hon nita 13, giam it nhat 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% va 95% thong
s do duoge. Su uc ché/dbi khang nay cua hoat tinh PCSK9 dac biét hiéu qua trong cac
truong hop nay trong do6 hoat tinh PCSK9 déng gop it nhit mot phin vao kiéu hinh,

bénh, réi loan hodc tinh trang bénh cu thé ma tac dung bét loi cho dbi tuong.

Theo mdt khia canh, sang ché d& xuét phwong phép d6i khang hoat tinh cia
PCSK9, ma bao gf?)m viéc cho té bao, quﬁn thé té bao hodc miu mé c6 kha ning bi anh
hudéng bdi PCSK9 (nghia la, bidu hién va/hogc bao gdm thy thé LDL) tiép xtic v6i chét

dbi khang dic hieu PCSK9 duoc boc 10 & ddy duéi didu kién ma cho phép chét dbi
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khang nay gin két voi PCSK9 khi ¢6 mat va tre ché su e ché PCSKO9 hép thu LDL té
bao. Theo mot s6 phwrong 4n ctia sang ché bao gdm céc phuong phap trong d6 té bao
nay 1a té bao ngudi. Cac phuong an khéac cta sang ché bao gdm cac phwong phép trong

d6 té bao nay 1a té bao chudt.

Theo mot khia canh, sang ché d& xuit phuong phap dbi khéng hoat tinh cta
PCSK9 & ddi tugng, bao gdm viéc ding cho ddi twong luwong cho hidu qua didu trj cia
chét di khang dic hiéu PCSK9 theo sang ché. Theo mdt s6 phuong an, cac phuong
phap dé d6i khang chirc nang PCSKO 1a dé diéu tri, nhu duoc xac dinh & day, bénh, rdi
loan hodc tinh trang bénh lién quan dén PCSK9 hoic, theo c4ch khAc, dé cung cap liéu
phép trong bénh, rdi loan hodc tinh trang bénh ma co thé c6 loi tir tic dong ciia chét dbi

khang PCSKO.

Do d6, sang ché bao gdm viéc sir dung chat d6i khang dic hiéu PCSK9 duge mo
ta & dy trong cac phuong phap diéu tri khac nhau trong d6 dbi khang chirc ning PCSK9
dugc mong doi. Nhu duge st dung trong ban md ta nay, thuat ngt “phuong phéap didu
tri” chi qud trinh hoat dong dan dén su thay dbi & it nht mot tricu chirng cua trang thai
bénh ma v& ban chit c6 thé phong ngira hodc diéu tri. Theo mot s6 phuong an, sang ché
d& xuat phwong phép diéu tri cho tinh trang bénh lién quan dén va/hoic duoc cho 1a do
hoat tinh PCSK9, hodc tinh trang bénh trong dé chirc nang cua PCSK9 cim dung cho
ddi tuong cu thé, phuong phap nay bao gdm viée diing cho d6i tugng lugng cho hiéu
qué didu tri ctia hop chit c6 cong thie I chat dbi khang PCSK9, hodc mudi duoc dung
ctia né. Theo mot s6 phuong an, tinh trang bénh ¢6 thé 1a bénh xo vita dong mach, chiing
ting cholesterol-huyét, bénh tim mach vanh, hdi ching chuyén hoa, hoi ching mach
vanh cép tinh hodc bénh tim mach c¢6 lién quan va tinh trang bénh tim mach chuyén hoa,
hodc ¢6 thé 1a trang thai bénh hodc tinh trang bénh trong do6 hoat tinh PCSK9 bi cAm

dung.

Phuong phép didu tri theo sang ché bao gdm viéc dung cho d6i twong luong hiru
higu c6 tic dung tri liéu (hodc cé tac dung phong ngira) cta chét dbi khang dic hiéu
PCSK9 theo sang ché. Viéc st dung thuat ngit “cé tac dung tri liu hiéu qua” hoac “cac
tac dung phong ngtra hiéu qua” dé cap dén luong chi luong can thiét & lidu dugc dy dinh
dé dat duoc tac dung diéu tri va/hodc phong nglra mong muén trong thoi gian mong

mudn. Tac dung mong muon c6 thé 13, vi du, 1am giam, cai thién, gidm hodc ngung it
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nhét mot triéu chimg lién quan dén tinh trang bénh cn didu tri. Lwong nay sé& thay ddi,
khi ngudi ¢6 hiéu biét trung binh trong linh vuc k§ thuat s& danh gia, theo cac yéu td
khac nhau, bao gém nhung khong gidi han & trang thai bénh, do tudi, gidi tinh, va cén
ning cua dbi twong, va kha nang cua chit dbi khang dac hiéu PCSK9 dé suy ra tac dung
mong mudn & ddi tuong. Pap tmg nay cé thé dugc ghi lai bang thir nghiém in vitro,
nghién ctu dong vat khong phai nguoi in vivo, va/hodc con duge hd trg tlr cic thir

nghiém lam sang.

Theo mdt sb phuong 4n duwgc vu tién 1a dung hop chat d6i khang PCSK9 theo

sang ché & dang dugc pham nhu duge mé ta & day.

Lidu diéu tri d6i khang ciing nim trong linh virc ctia ngudi ¢6 hiéu biét trung binh
trong linh vuc k¥ thuat, xem, vi du, Lederman et al., 1991 Int. J. Cancer 47:659-664;
Bagshawe et al., 1991 Antibody, Immunoconjugates and Radiopharmaceuticals 4:915-
922, va s& thay doi dwa trén mot sé yéu t6, vi du, nhung khong gidi han &, cac yéu t6
dugc néu & trén, bao gdm tinh trang bénh ctia bénh nhén, ving can diéu tri, duong dung,
va viéc diéu tri mong mudn, vi du, phong ngira hodc didu tri cip tinh va twong tu. Bac
sT hodc bac s tht y ¢6 hiéu biét trung binh c¢6 thé dé dang x4c dinh va ké lugng cho higu

qua diéu tri cua chat doi khang.

' Péi twong c6 thé can, hoic mudn, diéu tri bénh dang ton tai hodc tinh trang bénh
y té. Nhu duge str dung trong ban mo ta nay, dbi tuong "can" diéu tri tinh trang bénh
dang ton tai bao gdbm ca xéac dinh 14 cin bdi chuyén gia y té ciing nhu mong mudn cia
d6i tuong d6i véi viée diu tri nay. Khi hop chét hoic mudi cua ching duoc tao ra két
hop véi mot hodc nhiéu chét c6 hoat tinh khac, "viéc dung" va mdi bién thé ctia n6 dugc
hidu 12 bao gdm viéc cung cap hop chat hoic mudi cta nd va chat khic cing luc hodc
ddng thoi hodc qua qué trinh dung riéng r& qua thoi gian. Khi chét trong ché pham két
hop dugc ding tai cung thoi diém, ching c6 thé dugc dung ciing nhau trong duoc phdm
riéng ré€ hodc ching cd thé dugc ding riéng ré. Can hiéu ring "td hop" cac chét ¢ hoat
tinh ¢6 thé 1a dugc phém duy nhét chia tit ca cac chat co hoat tinh hodc nhiéu dugc
phém mdi duge phém chita mdt hodc nhiéu chét c6 hoat tinh. Trong trudng hop c6 hai
chit c6 hoat tinh td hop c6 thé 12 dugc phdm duy nhit chira ca hai chat hodc hai dugc
phéim riéng ré mdi dugc phim chira mot trong sb cac chit; trong trudong hop ¢ ba chét

¢6 hoat tinh ché phém két hop c6 thé 1a mot duge pham chira ca ba chét, ba dugc pham
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riéng r& moi dugc pham chira mot trong so cac chat, hodc hai dugc pham mot duge phém

trong sO do6 chtra hai chat va dugc pham con lai chira ba chat; va v.v.

Dugc pham va tb hop theo sang ché thich hop dugce dung véi lugng hitu hidu.
Thuét ngit “lugng hitu hiéu” nghia 14 lwong hop chat c¢6 hoat tinh di dé d6i khang
PCSKO9 va nh¢ d6 suy ra dap tmg dang dugce tim kiém (nghia 1o, gy ra dap ng tri liéu
trong viéc diéu tri hodc quan 1y tinh trang bénh lién quan dén hoic duoc tac dong boi
chirc ndng PCSK9, bao gém, nhung khong gi6i han & bénh xo vita dong mach, chiing
tang cholesterol-huyét, bénh tim mach vanh, hoi chimg chuyén héa, hdi chirng mach
vanh cip tinh, va bénh tim mach c6 lién quan va tinh trang bénh tim mach chuyén hoa

¢ dong vat hodc nguoi).

Lidu thuc t& dugc st dung co thé thay dbi tuy thude vao yéu ciu ciia bénh nhan
va mic do nghiém trong cia tinh trang bénh duoc didu tri. Viéc xac dinh phac do dung
lidu phi hop cho trudng hop cu thé 1a thuoc hiéu biét trung binh trong linh vuc k¥ thuat,
vi du, nhu dugc mo td trong tai liéu chuin, vi du, nhu dugc md ta trong tai lidu
“Physicians’ Desk Reference” (PDR), vi du, tai ban 1an 1996 (Medical Economics
Company, Montvale, NJ 07645-1742, USA), Physicians’ Desk Reference, tai ban lan
thit 56, 2002 (dugc cong bd bdi Medical Economics company, Inc. Montvale, NJ 07645-
1742), hodc Physicians’ Desk Reference, tai ban lan thir 57, 2003 dugc cong bd béi
Thompson PDR, Montvale, NJ 07645-1742); ndi dung cta cdc tai liéu nay dugc két hop
trong ban mo ta nay bang cach vién dan. Dé thuén tién, téng lidu hang ngay co thé dugc
chia nhé va duoc ding timg phan trong ci ngay nhu yéu cdu hodc duge phan phbi lién

tuc.

Chét d6i khéng dac hiéu PCSK9 c6 thé duge ding cho dbi tuong bang dudng
ding bit ky duoc danh gi4 trong linh vuc k¥ thuat, bao gém nhung khong gi6i han &
ding dudng miéng, ding bang cach tiém (phuong én cu thé bao gdm tiém qua tinh mach,
dudi da, trong mang bung hodc qua co), hodc dung bang céach hit, qua miii, hodc dung
tai chd, mot minh hodc két hop v6i chét khac duge chi dinh dé hd trg vide diéu tri clia
dbi twong. Chét déi khéng dic hiéu PCSK9 ciing ¢6 thé duge ding bang thiét bi tiém,
but tiém, thiét bi khong kim; va hé théng phan phbi miéng dan duéi da. Puong ding

can dugc xac dinh dua trén s6 1an xem xét dugc danh gid bdi nguoi cé hiu biét trung
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binh trong linh vuc k§ thuat bao gdm, nhung khéng gidi han ¢, dic diém hoa sinh ly

mong mudn cua viéc di€u tri.

Mot hozc nhidu chét ¢ hoat tinh duoc 1y khéc c6 thé duge ding két hop vai hop
chét co cong thuc I. Chét (hodc cac chét) ¢6 hoat tinh khac dugc du dinh c6 nghia la
chét (hodc cac chét) ¢6 hoat tinh dugc ma hoat dong trong co thé, bao gém tién duogc
chit ma chuyén hoa thanh dang c6 hoat tinh dwogc sau khi ding, ma khac véi hop chét
c6 cong thire I, va cling bao gém mudi axit tu do, mudi bazo tu do va mubi duge dung
ctia chét c6 hoat tinh khac. Thong thuong, chét hodc cac chét c6 hoat tinh khac thich
hop bét ky, bao gdm nhung khong gi6i han & chit chdng ting huyét ép, chat chéng xo
vita dong mach chéng han nhu hop chét cai bién lipit, chét chéng dai thdo duong va/hodc
chit chéng béo phi ma c6 thé duge str dung két hop bat ky véi hop chit co cong thirc I
& dang bao ché lidu duy nhét (td hop dugc chét lidu ¢b dinh), hodc ¢6 thé duge dung cho
di twong & mot hoic nhiéu dang bao ché lidu riéng r& cho phép ding dong thoi hodc

1an luot chit c6 hoat tinh (cting dung chit c6 hoat tinh riéng ré).

Vi du v& chat c6 hoat tinh khéc ¢ thé dugc st dung bao gdm nhung khong gidi
han & chét e ché enzym chuyén hoéa angiotensin (vi du, alacepril, benazepril, captopril,
ceronapril, cilazapril, delapril, enalapril, enalaprilat, fosinopril, imidapril, lisinopril,
moveltipril, perindopril, quinapril, ramipril, spirapril, temocapril, hodc trandolapril),
chét ddi khang thy thé angiotensin II (vi du, losartan nghia 1a,, COZAAR®, valsartan,
candesartan, olmesartan, telmesartan va thudc bét ky trong sé cac thubc nay dugc sir
dung két hop vé6i hydroclorothiazit ching han nhu HYZAAR®); chit Gc ché
endopeptidaza trung tinh (vi dy, thiorphan va phosphoramidon), chat ddi khang
aldosteron, chét tc ché aldosteronsynthaza, chit @c ché renin (vi du, dan Xuét ure ctia
di- va tri-peptit (xem tai liéu Patent My s6 5,116,835), axit amin va dan xut (Patent My
5,095,119 va 5,104,869), chudi axit amin dugc lién két bai lién két khong peptit (Patent
My sb 5,114,937), dan xuét di- va tri-peptit, peptidyl amino diol va peptidyl beta-
aminoacyl aminodiol carbamat, va chat trc ché renin phén tir nhé (bao gdm diol
sulfonamit va sulfinyl), din xudt N-morpholino, ruou di vong chia N va
pyrolimidazolon; ngoai ra, dan xuét‘pepstatin va dan xuét floro- va cloro- cla peptit
chtra staton, enalkrein, RO 42-5892, A 65317, CP 80794, ES 1005, ES 8891, SQ 34017,
aliskiren (2(8),4(S),5(S),7(S)-N-(2-carbamoyl-2-metylpropyl)-5-amino-4-hydroxy-2,7-
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diisopropyl-8-[4-metoxy-3-(3-metoxypropoxy)-phenyl]-octanamid hemifumarat)
SPP600, SPP630 va SPP635), chit d6i khang thu thé endothelin, chit tc ché
phosphodiesteraza-5 (vi du, sildenafil, tadalfil va vardenafil), chit gy gidn mach, chét
phong bé kénh canxi (vi du, amlodipin, nifedipin, veraparmil, diltiazem, gallopamil,
niludipin, nimodipin, nicardipin), chit hoat hoa kénh kali (vi duy, nicorandil, pinacidil,
cromakalim, minoxidil, aprilkalim, loprazolam), thubc loi tiéu (vi du,
hydroclorothiazit), chit trc ché giao cam, thubc chen beta gy tiét adrenalin (vi du,
propranolol, atenolol, bisoprolol, carvedilol, metoprolol, hodc metoprolol tartat), thude
chen alpha giy tiét adrenalin (vi du, doxazocin, prazocin hodc alpha metyldopa), chit
chi vén alpha gay tiét adrenalin trung tam, chét gdy gidn mach ngoai vi (vi du,
hydralazin); chat ha lipit, vi du, chit ¢ ché HMG-CoA reductaza chang han nhu
simvastatin va lovastatin dugc ban trén thi truong véi tén 1a ZOCOR® va MEVACOR®
& dang tién duogc chit lacton va chitc ning 1a chat trc ché sau khi ding, va mudi dugc
dung cta chét trc ché HMG-CoA reductaza axit vong m& dihydroxy chang han nhu
atorvastatin (cu thé 12 mudi canxi dugc ban véi tén 1a LIPITOR®), rosuvastatin (cu thé
1a mudi canxi dugc ban dudi tén 1a CRESTOR®), pravastatin (cu thé 12 mubi natri duoc
bén duéi tén la PRAVACHOL®), fluvastatin (cu thé 1a mubi natri dugc ban duéi tén 1a
LESCOL®), crivastatin, va pitavastatin; chét trc ché hép thu cholesterol chéng han nhu
ezetimibe (ZETIA®) va ezetimibe két hop v6i bit ky chét ha lipit khac ching han nhu
chit tc ché HMG-CoA reductaza duoc luu y & trén va cu thé 1a véi simvastatin
(VYTORIN®) hoac voéi atorvastatin canxi; niacin & dang giai phong tic thi hoac giai
phong kiém soat va/hodc véi cht G ché HMG-CoA reductaza; chét chi van thu thé
niacin chéng han nhu acipimox va acifran, cling nhu chit chu van mét phén thu thé
niacin; chét thay ddi trao dbi chét bao gé)m insulin va chit mo phéng insulin (vi du,
insulin degludec, insulin glargin, insulin lispro), chét uc ché dipeptidyl peptidaza-IV
(DPP-4) (vi du, sitagliptin, alogliptin, omarigliptin, linagliptin, vildagliptin); chét nhay
insulin, bao gdm (i) chat chi van PPARy, ching han nhu glitazon (vi du, pioglitazon,
AMG 131, MBX2044, mitoglitazon, lobeglitazon, IDR-105, rosiglitazon, va
balaglitazon), va phdi tir PPAR khac, bao gbm (1) chit chii van kép PPARa/y (vi du,
ZYH2, ZYH1, GFT505, chiglitazar, muraglitazar, aleglitazar, sodelglitazar, va
naveglitazar); (2) chét cht van PPARa ching han nhu dan xuét axit fenofibric (vi du,

gemfibrozil, clofibrat, ciprofibrat, fenofibrat, bezafibrat), (3) chét diéu bién PPARYy chon
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loc (SPPARYM), (vi du, ching han nhu céc chit dugc bdc 16c trong tai lidu WO
02/060388, WO 02/08188, WO 2004/019869, WO 2004/020409, WO 2004/020408, va
WO 2004/066963); va (4) chat chu van mot phan PPARy; (ii) biguanit, ching han nhu
metformin va mudi duge dung ctia né, cu thé 1a, metformin hydroclorua, va dang bao
ché giai phong kéo dai cta chung, ching han nhu Glumetza™, Fortamet™, va
GlucophageXR™; va (iii) chat trc ché protein tyrosin phosphataza-1B (PTP-1B) (vi du,
ISIS-113715 va TTP814); insulin hodc chét tuong ty insulin (vi du, insulin detemir,
insulin glulisin, insulin degludec, insulin glargin, insulin lispro va dang bao ché c6 thé
hit dugc ctia mdi chét); leptin va dan xuét leptin va chét chu van; amylin va chét tuong
tur amylin (vi du, pramlintit); sulfonylure va chat kich thich bai tiét insulin khong
sulfonylure (vi du,. tolbutamit, glyburide, glipizide, glimepiride, mitiglinide,
meglitinide, nateglinide va repaglinide); chat trc ché a-glucosidaza (vi du, acarboza,
vogliboza va miglitol); chit d6i khang thu thé glucagon (vi du, MK-3577, MK-0893,
LY-2409021 va KT6-971); chit mé phong incretin, ching han nhu GLP-1, chit twong
tw GLP-1, dan xuit, va chit mé phéng; va chat chi van thu thé GLP-1 (vi du,
dulaglutide, semaglutide, albiglutide, exenatide, liraglutide, lixisenatide, taspoglutide,
CJC-1131, va BIM-51077, bao gdm trong mili, qua da, va dang bao ché ding mot lan
mdi tudn cuia ching); chit chelat héa axit mat (vi du, colestilan, colestimide,
colesevalam hydroclorua, colestipol, cholestyramin, va din xuét dialkylaminoalkyl ctia
dextran lién két ngang), axyl CoA: chat trc ché cholesterol acyltransferaza, (vi du,
avasimibe); chat chéng béo phi; chit duoc du dinh dé st dung cho tinh trang viém,
chéng han nhu aspirin, thude chéng viém khong steroit hoac NSAID, glucocorticoit, va
chét rc ché xyclooxyaza-2 hodc COX-2 chon loc; chét hoat héa glucokinaza (GKA) (vi
du, AZD6370); chét e ché 11p-hydroxysteroit dehydroaza typ 1, (vi du, chang han nhu
cac chit dugc boc 1oc trong tai liéu Patent My s6 6,730,690, va LY-2523199); chit trc
ché CETP (vi dy, anacetrapib, torcetrapib, va evacetrapib); chét e ché cua fructoza 1,6-
bisphosphataza, (vi du, chéng han nhu cic chat dugc boc 16c trong tai liéu Patent My sd
6,054,587 6,110,903; 6,284,748; 6,399,782; va 6,489,476); chat tic ché ctia axetyl CoA
carboxylaza-1 hodc 2 (ACC1 hodc ACC2); chét hoat héa protein kinaza hoat hda AMP
(AMPK); chét chu vén khéc ctia thu thé lién két G-protein: (i) GPR-109, (ii) GPR-119
(vi dy, MBX2982 va PSN821), va (iii) GPR-40 (vi du, TAK875); chét dbi khang SSTR3
(vi du, chdng han nhu c4c chit dugc boc 1o¢ trong tai lidu WO 2009/001836); chét chu
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van thu thé neuromedin U (vi du, ché’mg han nhu céc chit dugc boc 1o¢ trong tai liéu
WO 2009/042053, bao gdm, nhung khong gidi han &, neuromedin S (NMS)); chat diéu
bién SCD; chét ddi khang GPR-105 (vi dy, ching han nhu c4c chit dugc boc 1dc trong
tai lisu WO 2009/000087); chét trc ché SGLT (vi du, ASP1941, SGLT-3, empagliflozin,
dapagliflozin, canagliflozin, BI-10773, ertugliflozin, remogloflozin, TS-071,
tofogliflozin, ipragliflozin, va LX-4211); chit wc ché ctia axyl coenzym
A:diaxylglyxerol axyltransferaza 1 va 2 (DGAT-1 va DGAT-2); chit trc ché cua axit
béo synthaza; chit e ché cia axyl coenzyme A:monoaxylglyxerol axyltransferaza 1 va
2 (MGAT-1 va MGAT-2); chit chii van cta thu thé TGRS (ciing dugc biét dén 1a
GPBARI, BG37, GPCR19, GPR131, vd M-BAR); chit &rc ché van chuyén axit mat hoi
trang; PACAP, chit md phong PACAP, va chit cht van PACAP thu thé 3; chit chii véan
PPAR; chét tic ché protein tyrosin phosphataza-1B (PTP-1B); khédng thé IL-1b, (vi du,
XOMAO052 va canakinumab); va bromocriptin mesylat va dang bao ché giai phong
nhanh cua chiing; hodc véi cac thubc khac c6 1gi dé diéu tri cac tinh trang bénh hoic rdi
loan dugc néu & trén bao gém dang mubi axit tu do, dang mubi bazo tu do, va dang

mudi duoc dung cia chét cd hoat tinh ¢ trén tai vi tri 6 thé vé mét hoa hoc.

Hop chét theo sang ché c6 thé dugc didu ché dé dang theo so d6 phan tng va céc |
vi du duéi déy, hodc cai bién clia chung, bang cach sir dung nguyén liéu ban dau c6 san,
chét phan tng va quy trinh tbng hop thong thuong. Trong cac phan tng nay, ciing c6
thé sir dung céc bién thé da biét. Dé tinh ché hop chat bang cach st dung sic ky pha dao
(hodc HPLC hodc MPLC, nhu dugc luuy dudi day), cot C18 duoce sir dung. Cac phuong

~~~~~

biét trung binh trong linh vuc k¥ thuat khi xét dén so d6 phan ng va cac vi du dudi day.
Céc cum tir viét tit duoc liét ké dudi day c6 thé duoc sir dung trong so dd lam vi du

va/hodc cac vi du & day.
ACN la axetonitril
AcOH Ia axit axetic
AcO'NH4 la amoni axetat
Boc,0 la di-tert-butyl dicacbonat

Bn 1a benzyl
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BnBr 1a benzyl bromua

BzC(Cl 1a benzoyl clorua

CBr34 1a perbromometan

Cbz-Cl 1a benzyl cloroformat

DBU la 1,8-Diazabixyclo[5.4.0]Jundec-7-en

DCC la dixyclohexylcarbodiimit

DCE la 1,2-dicloetan

DCM 1a diclorometan

DEA Ia N,N-dietylamin

DIAD la (E)-diisopropyl diazen-1,2-dicarboxylat
DIEA hodc DIPEA 1a N,N-diisopropyletylamin
DMAP 14 4-dimetylaminopyridin

DMF la N,N-dimetylformamit

DMSO la dimetyl sulfoxit

EA hoac EtOAc la etyl axetat

EtOH 1a etanol

Et;0 1a dietyl ete

Fmoc 1a nhom bao vé florenylmetyloxycacbonyl
Fmoc-Cl 1a (9H-floren-9-yl)metyl cacbonocloridat

Fmoc-D-Dap(Boc)-OH la axit N-alpha-(9-Florenylmetyloxycacbonyl)-N-beta-t-

butyloxycacbonyl-D-2,3-diaminopropionic
Fmoc-Osu la Fmoc N-hydroxysuxinimit este

HATU la 1-[bis(dimetylamino)metylen]-1H-1,2,3-triazolo[4,5-b]pyridini 3-oxid
hexaflophosphat

HPLC la séc k¥ 16ng hiéu niag cao

IPA la rugu isopropyl
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LiOH 1a lithi hydroxit

LC/MS 14 sic ky 16ng—khdi phd

MesN 1a trimetyl amin

MeOH la metanol

MPLC 14 sic ky 1éng 4p suét trung binh
MsCl 1a metansulfonyl clorua
NaBH(OACc); 1a natri triaxetoxyborohydrua
NMR la cdng hudng tir hat nhan

NsCl 13 4-nitrobenzen-1-sulfonyl clorua

PE la ete dau mo

Pdy(dba);(HCCl;) 1a sin phidm cdng tris(dibenzylidenaxeton)dipaladi(0)-

cloroform
PPh; 14 triphenylphosphin

PdClz(dppf) hodc Pd(ii)(dppf)Cl2 la dicloro[1,1'-
bis(diphenylphosphino)feroxen]paladi(Il)

Pd(dppf)Cl.CH>Cl, 1a san pham cong dicloro[1,1'-
bis(diphenylphosphino)feroxen]paladi(I) diclorometan

Pd(PPhs3)s 12 tetrakis(triphenylphosphin)paladi
PPT; 1a pyridiri p-toluensulfonat

[Rh(OACc)]2 1a rodi(IT) axetat dime

RT hodc r.t. hodc rt 1a nhiét do trong phong
tBuOAc la tert-butyl axetat

TEA 1a trietylamin

TFA la axit trifloaxetic

TFE la tetrafloetylen

THF la tetrahydrofuran
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T£0 la triflometansulfonic anhydrit

Teoc-OSu 1a 2,5-dioxopyrolidin-1-yl (2-(trimetylsilyl)etyl) cacbonat
TBAF la tetrabﬁtylamoni florua

TMS 1a tetrametylsilan

Chit xtc tac Zhan 1B 1a dicloro(1,3-bis(2,4,6-trimetylphenyl)-2-
imidazolidinyliden)((5-((dimetylamino)sulfonyl)-2-(1-metyletoxy-O)phenyl)metylen-
O)ruteni(Il) [cling dugc md ta 1a 1,3-Bis(2,4,6-trimetylphenyl)-4,5-dihydroimidazol-2-
yliden[2-(i-propoxy)-5-(N,N-dimetylaminosulfonyl)phenyl[metylenruteni 1D)

diclorua]
Vi du thue hién sang ché

Vi du 1 Diéu ché Ex-01 va Ex-51

Ex-01, (khéng chira bazo dugc minh hoa)
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Ex-51, (khong chtta bazo dugc minh hoa)

57/176

Dang mudi cta hop chit Ex-01 va Ex-51 duogc diéu ché tir hop chit trung gian

76 va 86 (quy trinh didu ché dudi day) theo so d6 dudi day:
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j:f Budce I
TFA/DCM
HCIDCM Ex-51, mudi format

axit formic

é pha dao
(0]
Buéc H
Hydro hoa TFA/DCM
> 95 Ex-01, mudi format
Buse G HCI/DCM
axit formic
pha déo

Bude A: Piéu ché hop chdt trung gian 89

B sung HATU (0,802 g, 2,108 mmol) va DIEA (0,670 ml, 3,83 mmol) vao dung
dich cta 76 (1,56 g, 1,917 mmol, quy trinh diéu ché dudi day) va 86 (1,506 g, 1,936
mmol, quy trinh didu ché duéi day) trong DMF (40 ml). Dung dich tao thanh duoc khudy
& nhiét do trong phong trong 50 phut, sau d6 duge chia phan gitta EtOAc (300 mL) va
nude mudi (100 mL). Pha hitu co duge rira bang nudc mudi (2x100 mL), dugc 1am kho
trén NaSO4, duge cb6 va phén con lai dugc tinh ché trén cot silicagel st dung

MeOH/DCM lam dung dich rtra giai dé tao ra 89. LC/MS: (M+1)": 1573,8.
Buéc B: Piéu ché hop chdt trung gian 90

Dung dich cua 89 (0,68 g, 0,432 mmol) trong DCM (500 ml) va axit axetic (40
mL) duoc suc Ny trong 20 phut sau d6 bd sung chét xtc tac Zhan-1b (0,222 g, 0,302
mmol). Hon hop tao thanh con duge suc N» trong 20 phit, sau d6 gia nhiét & nhiét do
55°C trong 5 gid. Sau khi 1am ngudi dén nhiét do trong phong hén hop dugce loc qua
xelit, dich loc duogc co, va phén con lai dugce tinh ché trén cot silicagel st dung
MeOH/DCM lam dung dich rira giai dé tao ra 90 (hdn hop cis/trans). LC/MS: (M+1)*:
1545,7.

Buéc C: Diéu ché hop chat trung gian 91

B sung piperidin (0,042 ml, 0,420 mmol) vao dung dich cua 90 (hdn hop
cis/trans) (65 mg, 0,042 mmol) trong axetonitril (2 ml). Dung dich tao thanh dugc khudy
& nhiét dd trong phong trong 1 gi¢, sau do dugc c6 va phan con lai dugc hoa tan trong
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axetonitril (4 mL) va duoc ¢b 1an nita. Phan con lai duoc 1am kho tiép trong diéu kién
chan khéng cao trong 30 phut dé tao ra 91 (hdn hop cis va trans). LC/MS: (M+1)":
1324,0.

Bu6e D: Diéu ché hop chdt trung gian 92

B sung HATU (181 mg, 0,476 mmol) va DIEA (0,166 ml, 0,952 mmol) vao
dung dich cua 91 (hdn hop cis/trans) (548 mg, 0,414 mmol) va 88 (227 mg, 0,455 mmol,
quy trinh diéu ché dudi day) trong DMF (10 ml) & nhiét d6 0°C. Dung dich tao thanh
dugc khudy & nhiét do 0°C trong 1 gib, va dung dich duoc tinh ché bang MPLC pha dao
trén cdt C18 st dung axetonitril (0,05% TFA)/nude (0,05% TFA) lam dung dich rta
giai dé tao ra 92 (hdn hop cis/trans). LC/MS: (M+1)": 1803,5.

Bude E: Piéu ché hop chdt trung gian 93

B6 sung IN LiOH chira nude (3,11 ml, 3,11 mmol) timg giot vao dung dich ctia
92 (700 mg, 0,388 mmol) trong THF (20 ml), MeOH (6 ml), va nudc (6 ml) & nhiét do
0°C, va dung dich tao thanh duoc khudy & nhiét d6 0°C trong 23 gid. Dung dich dugc
trung hoa bang cach b sung 1N HCI dén pH 7-8, chit dé bay hoi dugc 1am bay hoi, pha
chira nuGe dugce axit héa dén pH 5, va hdn hop duoc tinh ché br?mg MPLC pha ddo trén
cot C18 sir dung axetonitril (0,05% TFA)/nuéc (0,05% TFA) lam dung dich rira gidi dé
tao ra 93 dudi dang mudi TFA. B sung 0,1 N HCl (13,5 ml, 1,350 mmol) tirng giot vao
dung dich ctia mubi TFA 93 (427 mg, 0,257 mmol)) trong nudce (70 mL) va axetonitril
(70 ml) & nhiét @6 0°C, dung dich tao thanh dugc khuéy & nhiét do 0°C trong 5 phut,
sau d6 dugc déng kho dé tao ra 93 dudi dang mudi HCL. LC/MS: (M+1)*: 1567,1,

Buée F: Piéu ché hop chat trung gian 94

B6 sung HATU (56,9 mg, 0,150 mmol) vao dung dich ciia 93 dudi dang mudi
HCI (200 mg, 0,125 mmol) trong DMF (30 mL). Dung dich tao thanh dugc khudy &
nhiét do trong phong trong 30 phut, sau d6 dugc pha lodng véi DCM (400 mL) sau d6
bd sung DIEA (0,065 mL, 0,374 mmol). Dung dich tao thanh dugc khudy & nhiét do
trong phong trong 1 gid, chat dé bay hoi dugc lam bay hoi trén thiét bi 1am bay hoi quay,
va dung dich DMF tao thanh dugc tinh ché bang MPLC pha do sit dung axetonitril
(0,05% TFA)/nuéce (0,05% TFA) lam dung dich rira giai dé tao ra 94. LC/MS: M+1)*:
1549,2.
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Buéc G: Piéu ché hop chdt trung gian 95

B6 sung 10% Pd/C vao dung dich cta 94 (14 mg, 9,04 pmol) trong MeOH (20
ml) (1,924 mg, 1,808 pmol) va hon hop tao thanh duogc thuc hién phan (g hydro hoa
& nhiét do phong qua binh cdu H, trong 1 gio. Hon hop duge loc qua xelit va dich loc

duoc cd dé tao ra hop chét trung gian 95. LC/MS: (M+1)*: 1550,9.
Buéc H: Piéu ché Ex-01

Hop chit trung gian 95 dugc didu ché ¢ bude trén (26 mg, 0,017 mmol) duge hoa
tan trong DCM (2 ml). B sung TFA (6 mL, 78 mmol) vao dung dich ndy va dung dich
tao thanh duoc khudy & nhiét d6 trong phong trong 30 phit, sau d6 dugc cd va phan con
lai duge hoa tan trong DCM (3 mL) va duge xt Iy bang 4N HCI trong dioxan (0,042
mL, 0,168 mmol), va dugc co 1an nt¥a dé tao ra Ex-01 12 san phém thd. San phém tho &
Ex-01 dugce tinh ché bang HPLC pha déo st dung axetonitril (axit formic 0,1%)/nudc
(axit formic 0,1%) lam dung dich rta giai dé tao ra dang mudi format ctia Ex-01.

LC/MS: (M+1)*: 1394,4.
Buée I: Piéu ché Ex-51

B& sung TFA (4 ml, 51,9 mmol) vao dung dich ctia hop chét trung gian 94 (30
mg, 0,019 mmol) trong DCM (2 ml), va hdn hop phan tmg duoc khudy & nhiét do xung
quanh trong 30 phut, sau d6 dugc co. Phén con lai duge hoa tan trong DCM (2 mL),
duoe xur Iy bang HCI (4N trong dioxan) (0,048 ml, 0,194 mmol), va dugc co dé tao ra
Ex-51 du6i dang mudi HCL. Hop chét duge tinh ché biang HPLC pha déo st dung
axetonitril (axit formic 0,1%)/nudc (axit formic 0,1%) lam pha dong détaora dang mudi

format ctia Ex-51. LC/MS: (M+1)": 1392,0.

So dd va quy trinh dudi day duoc sir dung dé diéu ché hop chét trung gian 76, 86

va 88 dugc st dung trong quy trinh dugc mo ta ¢ trén.

Diéu ché hop chét trung gian 68 duge st dung trong didu ché hop chat trung gian
76
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Bu6c A: Piéu ché hop chdt trung gian 65

B6 sung natri hydroxit (122 ml, 122 mmol), sau d6 bd sung benzyl cloroformat
(6,50 ml, 44,6 mmol) timg giot vao huyén phu cua axit (28,3S)-3-hydroxypyrolidin-2-
carboxylic (5,32 g, 40,6 mmol) trong dioxan (100 ml) & nhiét d6 0°C. Huyén phu tao
thanh dugc khudy & nhiét d6 0°C trong 5 gid. Sau khi loai bo chit dé bay hoi, pha chira
nuée duoc axit héa dén pH 3, sau d6 duoc chia phan gitta 30% IPA/DCM (200 mL) va
nuée mudi (50 mL), pha chira nuée dugc chiét tiép bang 30% IPA/DCM (2x100mL).
Pha hitu co két hop dugc 1am kho trén Na,SOq4 va duoc c¢d dé tao ra axit (28,3S)-1-
((benzyloxy)cacbonyl)-3-hydroxypyrolidin-2-carboxylic (65). LC/MS: (M+1)*: 266,1.

Buéc B: Piéu ché hop chdt trung gian 66

B6 sung TMS-Diazometan (70,5 ml, 141 mmol) timng giot vao dung dich ctia 65
(7,48 g, 28,2 mmol) trong MeOH (80 ml), va dung dich tao thanh dugc khudy & nhiét
d6 trong phong trong 10 phut sau d6 dimg bang céch bd sung axit axetic (khoang 400
ul) tung giot. Dung dich dugc co, va phén con lai duge tinh ché trén cot silicagel su

dung EtOAc/hexan lam dung dich rira giai dé tao ra 66. LC/MS: (M+1)*: 280,1.
Buée C: Piéu ché hop chdt trung gian 67

Dung dich cua 66 (4,81 g, 17,22 mmol) trong DCM (200 mL) dugc suc N, trong
30 phut, sau d6 bd sung rodi(ii) axetat dime (0,761 g, 1,722 mmol). Hon hop dugc lam
ngudi trong bé nudc da, va tert-butyl diazoaxetat (3,58 mL, 25,8 mmol) duge bd sung &
nhiét dd 0°C ting giot. Hon hop tao thanh dugc khuéy & nhiét do 0°C trong 1,5 gio.
Phén g dugc dimg bang cach bd sung nude (100 mL), hdn hop duge chiét bang DCM
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(3x100 mL), pha hitu co két hop duoc 1am kho trén NapSOa, duge cd va phan con lai
duoc tinh ché bang MPLC pha dao sir dung axetonitril (0,05% TFA)/nuéc (0,05% TFA)

lam dung dich rira giai. Phan chira san pham dugc cd va pha chtra nude duoce chiét bang

DCM (2x100mL). Pha hitu co két hop duge 1am khé trén NaxSOs va duge co dé tao ra

67. LC/MS: (M+1)™: 394,2.

Buée D: Piéu ché hop chat trung gian 68

B sung 10% Pd/C (0,805 g, 0,756 mmol) vao dung dich cua 67 (3,72 g, 9,46

mmol) trong MeOH (80 ml) va hdn hgp tao thanh dugc thuc hién phan tng hydro hoa

qua binh cdu H, & nhiét do xung quanh trong 2 gid¢, sau d6 dugc loc qua xelit. Dich loc

duoc co dé tao ra 68. LC/MS: (M+1)*: 259,9.

Piéu ché hop chét trung gian 76
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Budc A: Piéu ché hop chat trung gian 69

B6 sung NaOH (20,25 ml, 20,25 mmol) vao dung dich cia axit (S)-2-(((9H-
floren-9-yl)metoxy)cacbonyl)amino)-3-(5-floro-1H-indol-3-yl)propanoic (3 g, 6,75
mmol) trong THF (20 ml), MeOH (10 mL), va nudc (20,00 ml) & nhiét do 0°C va dung
dich tao thanh dugc khudy & nhiét d6 xung quanh trong 4 gid, sau d6 chat d& bay hoi
duge lam bay hoi. Bb sung dioxan (50 ml) va nuéc (20 mL) vao dung dich chira nuée,
dung dich tao thanh dugc lam ngudi & nhiét do 0°C va Boc2O (1,881 ml, 8,10 mmol)
duoc bd sung vao dung dich ¢ trén. Dung dich tao thanh dugc khuéy & nhiét do 0°C for
3 gid, chit dé bay hoi duoc loai bo va pha chira nuéc dugce chiét bang Et,O (3x40 mL),
duoc axit hoa dén pH 3, sau d6 dugc chiét béng DCM (3x100mL), sau do6 30%
IPA/DCM (2x80 mL). Pha hitu co két hop duoc 1am kh trén Na;SO4 va duge ¢d dé tao
ra 69. LC/MS: (M+1)": 322,9.

Bu6e B: Diéu ché hop chat trung gian 70

Bb sung 60% NaH trong hexan (0,568 g, 14,19 mmol) vao dung dich cua 69
(2,079 g, 6,45 mmol) trong DMF (40 ml) & nhiét do 0°C, va dung dich tao thanh dugc
khudy & nhiét d6 0°C trong 50 phut sau d6 bd sung alyl bromua (1,172 mL, 13,54 mmol)
timg giot. Dung dich tao thanh dugc khudy & nhiét do 0°C trong 1,5 gid, sau d6 dung
bang cach bd sung 1IN HCI (khoang 3,68 mL). Dung dich sau d6 dugc chia phan gitta
EtOAc (200 mL) va nudc (100 mL), pha hitu co dugc rira bang nude mudi (2x100 mL),
dugc lam khd trén NaxSOs, duoc ¢6 va phén con lai duoc tinh ché trén cot silicagel str

dung MeOH/DCM lam dung dich rira giai dé tao ra 70. LC/MS: (M+1)*: 363,0.

Buée C: Piéu ché hop chit trung gian 71
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B6 sung HATU (2,82 g, 7,41 mmol) va DIEA (2,59 ml, 14,83 mmol) vao dung
dich cta 70 (2,239 g, 6,18 mmol) va 68 (1,842 g, 7,11 mmol) trong DMF (30 ml), va
dung dich tao thanh dugc khudy & nhiét do xung quanh trong 1 gi. Hon hop dugce chia
phan giita EtOAc (200 mL) va nudc mudi (100 mL), pha hitu co dugc rira bang nude
mudi (3x100 mL), duoc 1am kho trén NaySOs, duge ¢d va phan con lai duge tinh ché
trén cot silicagel st dung EtOAc/hexan lam dung dich rira giai dé tao ra 71. LC/MS:
(M+1)": 604,2.

Buéc D: Piéu ché hop chat trung gian 72

B sung axit metansulfonic (1,218 ml, 18,75 mmol) vao dung dich cua 71 (2,83
g, 4,69 mmol) trong CH>Cl, (20 ml) va tBuOAc (30 ml) & nhiét d§ 0°C, va dung dich
tao thanh duoc khuéy & nhiét 4o 0°C trong 16,5 gio, sau d6 ¢ nhi€t do xung quanh trong
2,5 gio. Dung dich (72) duoc st dung truc tiép trong budc tiép theo. LC/MS: (M+1)":
504,2.

Buée E: Diéu ché hop chdt trung gian 73

B6 sung HATU (1,961 g, 5,16 mmol) va DIEA (5,32 ml, 30,5 mmol) vao dung
dich cua axit  (S)-2-((((9H-floren-9-yl)metoxy)cacbonyl)amino)-3-(3-(((tert-
butoxycacbonyl)amino)metyl)phenyl)propanoic (2,66 g, 5,16 mmol) trong DMF (10
ml), va dung dich tao thanh dugc khudy & nhiét d6 trong phong trong 30 phut sau d6
duge bd sung vao bé nudce lanh cta dung dich 72 duoc diéu ché & trén. Dung dich tao
thanh dugc khudy & nhiét d6 xung quanh trong 1 gio. Chét d& bay hoi duoc 1am bay hoi
trén thiét bi 1am bay hoi quay, va phan con lai duoc tinh ché bing MPLC pha dao sur
dung axetonitril (0,05% TFA)/nudc (0,05% TFA) lam dung dich rtra giai. Phan thu duoc
duoc ¢ trén thiét bi lam bay hoi quay dé tao ra 73. LC/MS: (M+1)*: 1002,1.

Buée F: Diéu ché hop chat trung gian 74

B sung TFA (7,46 ml, 97 mmol) vao dung dich cta 73 (3,235 g, 3,23 mmol)
trong DCM (4 ml), va dung dich tao thanh dugc khudy & nhiét do xung quanh trong 1
gid, sau d6 dugc cd. Phan con lai duge hoa tan trong DCM (10 mL), dugce xtr ly bang
4N HCI trong dioxan (3,23 ml, 12,91 mmol), sau dé duoc cd va phén con lai duoc hoa
tan trong axetonitril (100 mL)/nudc (50 mL) va duge dong kho dé tao ra 74. LC/MS:
(M+1)": 846,1.
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Buéc G: Diéu ché hop chdt trung gian 75

B6 sung HATU (1,474 g, 3,88 mmol) vao dung dich ctua 74 (2,85 g, 3,23 mmol)
trong DMF (45 ml), va dung dich tao thanh dugc khudy & nhiét do xung quanh trong 30
phut, sau d6 duoc pha lodng v6i DCM (600 ml) sau d6 bd sung DIEA (1,692 ml, 9,69
mmol) timg giot. Dung dich tao thanh dugc khudy & nhiét do xung quanh trong 1 gid.
Dung dich dugc ¢6, va phéan con lai dugc tinh ché bing MPLC pha d4o trén cot C18 six
dung axetonitril (0,05% TFA) / nuéce (0,05% TFA) lam dung dich rira giai. Phan chura
san pham dugc cd va }lép chita nude dugc chia phan gitta DCM (200 mL) va NaHCOs
bao hoa (200 mL). Pha chtra nu6e dugce chiét bing DCM (2x100 mL) va pha hitu co két
hop dugce lam kho trén NaxSO4 va duge ¢o dé tao ra 75. LC/MS: (M+1)*: 828, 1.

Buéc H: Piéu ché hop chdt trung gian 76

B6 sung 1IN LiOH chita nuée (9,9 ml, 9,90 mmol) ting giot vao dung dich ctia
75 (1,93 g, 2,331 mmol) trong THF (60 ml), MeOH (30 ml), va nuéc (20 ml) & nhiét do
0°C, va dung dich tao thanh duoc khudy & nhiét d6 0°C trong 16 gid sau d6 dimg bing
cach bd sung HCI (1IN, 9,9 mL). Chét d& bay hoi dugc lam bay hoi trén thiét bi lam bay
hoi quay va bd sung axeton (60 ml), natri cacbonat (0,371 g, 3,50 mmol), va Fmoc-Osu
(0,802 g, 2,378 mmol) vao dung dich ¢ trén & nhiét d 0°C. Dung dich tao thanh duoc
khudy & nhiét do 0°C trong 6 gid, chét dé bay hoi dugc lam bay hoi trén thiét bi lam bay
hoi quay, pha chira nuoc dugc axit hda dén pH 4, sau d6 duoc chiét bang 30% IPA/DCM
(3x100 mL). Pha hitu co két hop dugc lam kho trén NaxSO4, duge ¢d va ph?m con lai
duogc tinh ché trén cot silicagel sit dung MeOH/DCM lam dung dich rira giai dé tao ra
76. LC/MS: (M+1)": 814,2.

Diéu ché hop chét trung gian thay thé 75b va hop chét trung gian 76B tir do:

%Oj)\ O>‘~o>4

HN
" v © o~ 0
Budc D HCI.NH, N
%O"E\IH \:”g -0 Fmoey
N/ \Nn O . HCI =\ S
Boc 0 69 > 71a —_— >
HO F 722 HATU/DIEA/DMF
Buée C
Budc E
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N6i chung 1a theo quy trinh chung dugc mo ta & trén dé diéu ché hop chit trung
gian 75, ngoai trir budc B dugce bo di va bude G cubi ciing ciing bao gdbm budc thay thé
nhém bao vé Fmoc bing nhém bao vé Boc, do d6 tao ra hop chét trung gian 75a. Quy

trinh dbi v&i hop chat 75a va 76B dugc mo ta dudi day.
Bude C: Diéu ché hop chdt trung gian 71a

B6 sung 68 vao dung dich ctia 69 (5,00 g, 15,5 mmol) trong DMF (40,0 mL) &
nhiét d6 -50°C, HATU (5,90 g, 15,5 mmol) va DIEA (4,01 g, 31,0 mmol) va hén hop
phén img dugc khudy & nhiét do -50°C trong 3 gio. Dung dich cudi cing duge lam dimg
bang nude (5 mL), duge ¢d dusi 4p suat giam va phin con lai duge tinh ché bang sic
ky cot pha dao trén C18 (rira giai bang gradien cuia axetonitril/nude + 0,01% amoni
bicacbonat) dé tao ra 71a. LCMS (ESI) dugc tinh cho CasH3sFN3Os [M + H]+: 564,3,
phét hién 564,2.

Buéc D: Diéu ché hop chdt trung gian 72a

B6 sung 71a (8,40 g, 14,9 mmol) vao dung dich ctia 2 N HCI trong dioxan (100
mL) va THF (100 mL) & nhiét do trong phong va hon hop phéan tmg dugc khudy trong
5 gio. Dung dich cudi cing dugc c6 duéi 4p sudt giam dé tao ra 72a. LCMS (ESI) duoc

tinh cho C23H31CIFN3O0s [M - HC1 + H]+: 464,2, phat hién 464,3.
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Bu6e E: Piéu ché hop chdt trung gian 73a

B6 sung axit (S)-2-((((9H-floren-9-yl)metoxy)cacbonyl)amino)-3-(3-(((tert-
butoxycacbonyl)amino)metyl)phenyl)propanoic (827 mg, 1,60 mmol), HATU (608 mg,
1,60 mmol) va DIEA (620 mg, 4,80 mmol) vao dung dich cia 72a (800 mg, 1,60 mmol)
trong DMF (10,0 mL) & nhiét d6 -50°C va hén hop duoc khudy ¢ nhiét do -50°C trong
3 gio. Dung dich tao thanh dugc pha lodng v6i nude (50 mL) va 16p chira nuge duoc
chiét bang EtOAc (3 x 100 mL). Lép hitu co két hop dugc rira bang nude mudi, dugc
lam kho trén NaySO4 khan va loc. Dich loc dugce ¢d dudi 4p sudt giam va phan con lai
dugc tinh ché bang sic ky cot silicagel (rira giai bang gradien 1%-60% EtOAc trong PE)
dé tao ra 73a. LCMS (ESI) duoc tinh cho Cs3HgoFNsO11 [M + H]+: 962,4, phét hién
962,6.

Buéc F: Diéu ché hop chdt trung gian 74a

B6 sung TFA (15,0 mL) vao dung dich cia 73a (3,00 g, 3,12 mmol) trong DCM
(15,0 mL) & nhiét do trong phong va hdn hop phan tng dugc khudy trong 1 gi&r & nhiét
do trong phong. Dung dich tao thanh dugc ¢6 dudi ap suit giam, duoc lam cling bay hoi
vé6i toluen va DCM dé tao ra 74a. LCMS (ESI) dugc tinh cho CasHasF4NsO11 [M - TFA
+ H]J+: 806,3, phat hién 806,7.

Buéc G: Diéu ché hop chdt trung gian 75a

B sung HATU (1,65 g, 4,35 mmol) vao dung dich ctia 74a (4,00 g, 4,35 mmol)
trong DMF (150 mL) & nhiét do trong phong va dung dich phan tng dugc khudy trong
0,5 gio. Dung dich dugc pha lodng véi DCM (450 mL) va DIEA (1,69 g, 13,1 mmol)
sau d6 duoc khudy & nhiét d trong phong trong 3 gid. Dung dich tao thanh dugc lam
dimg bang nuéce (5 mL), duge ¢d dudi 4p suit giam va phan con lai duge tinh ché bang
sdc ky cot pha ddo trén C18 (rira giai bang gradien ctia axetonitril/nude + 0,05% TFA)
dé tao ra hop chét trung gian duge bao vé béi Fmoc. LCMS (ESI) dugc tinh cho
C44HFNsOg [M + H]+: 788,3, phat hign 788,9.

B6 sung piperic‘iin (1,25 mL) vao dung dich cua hop chét trung gian duoc bao vé
boi Fmoc néu trén (200 mg, 0,250 mmol) trong DCM (5,00 mL) & nhiét d6 trong phong
va dung dich phan Gng duogc khudy trong 1 gi¢. Dung dich cudi cung duoc co dudi ap

sudt giam va phan con lai duge tinh ché bang sic ky cot silicagel (rira giai bang gradien
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0%-5% MeOH trong DCM) dé tao ra hop chét trung gian amin. LCMS (ESI) dugc tinh
cho Ca9H32FNsOg [M + HJ+: 566,2, phét hién 566,3.

B6 sung Boc0.(2,21 g, 10,1 mmol) va natri bicacbonat (1,70 g, 20,2 mmol) vao
dung dich ctia hop chét trung gian amin néu trén (2,86 g, 5,06 mmol) trong THF (30,0
mL) va nu6e (30,0 mL) & nhiét d6 trong phong va phan ung duge khudy trong 3 gio.
Dung dich cudi ciing durge pha lodng véi nuée (50 mL) va duoc chiét bang EtOAc (3 x
100 mL). Lép hitu co két hop duoc rira bang nude mudi (3 x 100 mL), dugc lam kho
trén NaxSO4 khan va lgc. Dich loc dugce ¢ dudi ap suét gidm va phé“m con lai duge tinh
ché bang sic ky cot silicagel (rira giai bang gradien 0%-5% MeOH trong DCM) dé tao
ra 75a. LCMS (ESI) dugc tinh cho C34sHaoFNsOs [M + H]+: 666,3, phat hién 666,5; 'H
NMR (300 MHz, CD3;0D) ¢ 7,35-7,08 (m, 6H), 6,95-6,79 (m, 2H), 5,01-4,91 (m, 1H),
4,72-4,56 (m, 2H), 4,45-4,38 (m, 1H), 4,45-4,38 (m, 5H), 3,69 (s, 3H), 3,32-2,92 (m,
5H), 2,14-1,82 (m, 2H), 1,47 (s, 9H).

Buée H: Piéu ché hop chdt trung gian 75b

B6 sung Cs2CO; (1,11 g, 3,40 mmol) va 3-bromoprop-1-en (0,43 g, 3,55 mmol)
vao dung dich cua 75a (0,665 g, 0,99 mmol) trong DMF (0,5 mL) & nhiét d 0°C. Hén
hop phéan Uung dugc khudy & nhiét do trong phong trong 16 gidy va rét vao S mL dung
dich 50% nudc mudi bdo hoa/10% axit xitric, sau d6 duoc chiét bing etyl axetat (2 x 20
mL). Lép hitu co duge rira bang nude mudi (3 x 20 mL), dugc lam kho trén MgSOs
khan va loc. Dich loc dugc cd dudi ap sudt giam. Phan con lai duge tinh ché bang sic
ky cot silicagel, rira giai bang 1%-5% gradien MeOH trong DCM. Céc phan chtra hop
chét trung gian 75b duogc két hop va duoc c¢d dé tao ra hop chét ¢ tiéu d&. LCMS (ESI)
duoc tinh cho C37H44FNsOg [M + H]™: 706,3, phat hién 706,3.

Buée I: Piéu ché hop chdt trung gian 76B

Thiy phan 75b bang LiOH theo cac didu kién dudi day twong tu cac didu kién
duoc md ta trong quy trinh diéu ché hop chét trung gian 93 dé tao ra 76B.

Pidu ché hop chét trung gian 77B
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Bue A: Diéu ché hop chit trung gian 774

Bb sung HATU (8,00 g, 21,05 mmol) va DIPEA (9,16 ml, 52,6 mmol) vao dung
dich cua axit (S)-1-(((9H-floren-9-yl)metoxy)cacbonyl)-2-metylpyrolidin-2-carboxylic
(6,16 g, 17,54 mmol) va tert-butyl 4-(2-aminoetyl)benzylcarbamat hydroclorua (5,03 g,
17,54 mmol) trong DMF (140 ml) & nhiét d6 0°C sau d6 phan ing duge lam dm dén
nhiét do trong phong va duge khudy trong 2 gio. Hon hop cudi cung duoc pha lodng véi
nudce, dugce chiét béng EtOAc, dugc rira béng nude mudi, duge lam kho trén MgSOs, va
loc. Dich loc dugc cd va phén con lai dugc tinh ché béng sdc ky cot trén silicagel (rtra
giai bang gradien ctia 0-60% EtOAc trong hexan) dé tao ra 77A. MS (ESI): m/z (M+H)+
584.5.

Bu6c B: Diéu ché hop chdt trung gian 77B

B6 sung HCI 4N trong dioxan (15,28 ml, 61,1 mmol) vao dung dich cia 77A
(8,92 g, 15,28 mmol) trong DCM (40 ml), va dung dich tao thanh duoc khudy & nhiét
d6 trong phong qua dém. Hon hop duge cd dé tao ra 77B. MS (ESI): m/z (M+H)+ 484 3.

Diéu ché hop chét trung gian 86
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Bude A: Piéu ché hop chdt trung gian 77

B6 sung DIEA (5,91 ml, 33,9 mmol) va CBZ-CI (1,726 ml, 11,85 mmol) ting
giot vao dung dich cua (S)-(9H-floren-9-yl)metyl 2-((4-
(aminometyl)phenetyl)carbamoyl)-2-metylpyrolidin-1-carboxylat hydroclorua (77B)

(5,87 g, 11,29 mmol) trong DCM (140 ml) 6 nhiét do 0°C, va dung dich tao thanh dugc
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khudy ¢ nhiét d6 0°C trong 4 gio. Dung dich phan g duoc chia phan gitta nude (200
mL) va DCM (200 mL), pha nuéc dugc chiét bang DCM (100 mL), pha hitu co két hop
dugc lam kho trén NaxSOs, va phén con lai duge tinh ché trén cot silicagel sir dung

EtOAc/hexan 1am dung dich rira giai dé tao ra 77. LC/MS: (M+1)": 618,3.
Bu6c B: Diéu ché hop chdt trung gian 78

B6 sung 1N NaOH chita nude (45,0 ml, 45,0 mmol) vao dung dich ctia 77 (5,56
g, 9,00 mmol) trong THF (100 ml), nudc (50 ml), va MeOH (30 ml), va dung dich tao
thanh dugc khudy & nhiét do trong phong trong 2 gid. Chét dé& bay hoi duge lam bay
hoi, va bd sung dioxan (200 ml), va Boc2O (2,508 ml, 10,80 mmol) trong dioxan (20
mL) vao dung dich chira nuéec. Hoén hop tao thanh dugce khqu tir 0°C dén nhiét do trong
phong qua dém. Chét dé bay hoi duoc 1am bay hoi trén thiét bi lam bay hoi quay, va pha
chira nuée duge chiét bing DCM (3x150 mL). Pha hitu co két hgp dugc 1am kho trén
NazS0s4, dugce cod va phén con lai dugce tinh ché trén cot silicagel stir dung EtOAc/hexan

lam dung dich rira giai dé tao ra 78. LC/MS: (M+1)*: 496,2.
Bude C: Diéu ché hop chat trung gian 79

Bb sung 10% Pd/C (0,867 g, 0,815 mmol) vao dung dich cua 78 (4,04 g, 8,15
mmol) trong MeOH (100 ml), va hdn hop tao thanh duge thyuc hién phéan tng hydro hoa
qua binh ciu H, & nhiét d9 trong phong trong 1,5 gio. Hon hop duoc loc qua xelit, va
dich loc dugc cd dé tao ra 79. LC/MS: (M+1)*: 362,2.

Buéc D: Piéu ché hop chdt trung gian 80

B6 sung pent-4-en-1-yl 4-metylbenzensulfonat (0,858 g, 3,57 mmol) va K,COs
(1,973 g, 14,27 mmol) vao dung dich cua 79 (2,58 g, 7,14 mmol) trong DMF (15 ml),
va hdn hop tao thanh dugc gia nhiét & nhiét do 80°C trong 6 gio. Sau khi lam lanh xudng
dén nhiét do trong phong, hdn hop dugce loc va dich loc duge tinh ché bang MPLC pha
dao st dung axetonitril (0,05% TFA)/ nuéc (0,05% TFA) lam dung dich rura giai dé tao
ra san phdm dudi dang mudi TFA, duoc chia phan gitta DCM (100 mL) va IN NaOH
chra nude (50 mL). Pha chira nuée dugc chiét tiép bang DCM (2x50mL), pha hitu co
két hop duoc 1am kho trén NaySO4, va duge ¢d dé tao ra 80. LC/MS: (M+1)*: 430,3.

Buéc E: Diéu ché hop chdt trung gian 81
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B6 sung axit 4-metoxy-4-oxobutanoic (0,321 g, 2,433 mmol), HATU (1,009 g,
2,65 mmol), va DIEA (0,927 ml, 5,31 mmol) vao dung dich cua 80 (0,95 g, 2,211 mmol)
trong DMF (15 ml), va dung dich tao thanh dwgc khudy o nhiét d6 trong phong trong 1
gid. Dung dich dugc chia phan gitta EtOAc (200 mL) va nude mudi (100 mL), pha hitu
co duogc ria béng nude mudi (2x100mL), dugc lam kho trén NaSO4, dugce c6 va phén
con lai duoc tinh ché trén cot silicagel str dung EtOAc/hexan 1am dung dich rira giéi daé

taora 81. LC/MS: (M+1)*: 544,2.
Bu6e F: Piéu ché hop chat trung gian 82

B6 sung HCI (4N trong dioxan) (5,36 ml, 21,43 mmol) vao dung dich cua 81
(1,165 g, 2,143 mmol) trong DCM (12 ml). Dung dich tao thanh duoc khudy & nhiét 4o
trong phong trong 3 gid, va hdn hop duoc cd dé tao ra 82. LC/MS: (M+1)": 4442,

Buée G: Piéu ché hop chat trung gian 83

Bd sung Fmoc-L-Tyr(Me)-OH (0,959 g, 2,298 mmol), HATU (0,914 g, 2,403
mmol), va DIEA (1,095 ml, 6,27 mmol) vao dung dich cua 82 (1,003 g, 2,089 mmol)
trong DMF (20 ml), va dung dich tao thanh duoc khudy & nhiét do trong phong trong 50
phut. Dung dich dugc chia phan gitta EtOAc (200 mL) va nudc mubi (100 mL), pha hitu
co dugc rida béng nude mudi (2x100 mL), pha hiru co két hop dugc lam kho trén
NazSOq4, duge co va phf?m con lai dugce tinh ché trén cot silicagel st dung EtOAc/hexan
lam dung dich rira giai dé tao ra 83. LC/MS: (M+1)*: 843,4.

Bude H: Piéu ché hop chdt trung gian 84

Bd sung piperidin (0,574 ml, 5,80 mmol) vao dung dich cua 83 (1,63 g, 1,934
mmol) trong axetonitril (10 ml), va dung dich tao thanh dugc khudy & nhiét do trong
phong trong 1 gio, sau d6 dugc cd. Phén con lai duoc tai huyén phii trong axetonitril (20
mL)‘ va duge ¢ 1an nita, chu trinh dugc lap lai mot l4n, va phé“m con lai dugc lam kho

tiép trong didu kién chén khong cao dé tao ra 84. LC/MS: (M+1)": 621,3.
Bude I Diéu ché hop chdt trung gian 85

B6 sung Fmoc-L-Thr(tBu)-OH (0,922 g, 2,320 mmol), HATU (0,919 g, 2,416
mmol), va DIEA (0,844 ml, 4,83 mmol) vao dung dich cta 84 (1,2 g, 1,933 mmol) trong
DMF (15 ml), va dung dich tao thanh dugc khudy ¢ nhiét do trong phong trong 1 gio.
Dung dich duoc chia phan gitta EtOAc (200 mL) va nudce mudi (100 mL), pha hitu co
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dugc rira béng nuée mudi (2x100 mL), dugc 1am kho trén Na,SO4, duge c¢6 va phén con
lai duge tinh ché trén cot silicagel st dung EtOAc/hexan lam dung dich rira giai dé tao

ra 85. LC/MS: (M+1)": 1000,2.
Burée J: Diéu ché hop chat trung gian 86

Bb sung piperidin (0,960 ml, 9,70 mmol) vao dung dich cua 85 duoc diéu ché &
budc trén (1,94 g, 1,940 mmol) trong axetonitril (20 ml), va dung dich tao thanh dugc
khudy & nhiét do trong phong trong 30 phit, sau d6 duge cd. Phan con lai duge hoa tan
lai trong DCM/axetonitril (1:1, 20 mL), sau d6 dwoc ¢o 1an nita, chu trinh dugc lap lai
mot 14n, va phin con lai duge 1am khé trong diéu kién chan khong cao dé tao ra 86.

LC/MS: M+1)*: 778,5.
Diéu ché hop chét trung gian 88

>L O 0
o/U\”/"" OH

NHFmoc

Y

Budec A
87
O
FmocHN :) OH o
: 0
HATU %QJLN'{ HL OH
- H HN. P
sau d6 AcOH. TFE trong DCM (;i
Buéc 88 ~ NHFmo¢

Buéce A — Téng hop hop chdt trung gian 87

B6 sung DCM kho (45 ml) vao nhua 2-cloro-2-clorotrityl 1-1,5 mmol/g (7.0 g,
1-1,5 mmol/g). Nhua nay duoc lic 20 phut sau d6 bd sung mdt nita DIPEA 0,17 N trong
DCM (3,67 ml, 21,00 mmol), Fmoc-D-Dap(Boc)-OH (3,28 g, 7,70 mmol) sau d6 phan
con lai cia DIPEA 0,17 N trong DCM (3,67 ml, 21,00 mmol). Nhua nay dugc lic &
nhiét do trong phong qua dém, rira bang DCM va duoc 1am kho. Nhya nay sau do duoc

lam ding bang 5% DIPEA va 10% MeOH trong DCM (80 mL), lac trong 2 gid sau d6
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loc, rira bing DCM (3x), DMF (3x) va DCM (3x) sau d6 dugc 1am kho trong chan khong

dé tao ra nhya 87 duoc st dung & budc tiép theo.
Buée B — Tong hop hop chdt trung gian 88

Nhua 87 (4,5 g, 2,475 mmol) duoc loai bao vé thil cong bang 5% piperidin trong
DMF (30 ml) trong 30 phit, loc, dugc xir 1y lai bang 5% piperidin trong DMF (30 ml)
trong thém 30 phit, loc, sau d6 rira bang DMF va DCM va dugc 1am kho. Nhya nay sau
d6 lién két thu cong véi Fmoc-Ala-OH (1,541 g, 4,95 mmol), HATU (1,694 g, 4,46
mmol) va DIPEA (1,729 ml, 9,90 mmol) trong DMF (30 ml) trong 2 gi¢ sau dé loc, rira
biang DMF va DCM, sau d6 dugc lam khd. Nhua ndy sau d6 duge xi ly bang 10%
AcOH va TFE trong DCM (60 ml) trong 90 phut, loc va dich loc duoc co dé tao ra 88.
LC/MS: [2M+H]*" =995,01.

Vi du 1A — Quy trinh téng hop thay thé cia Ex-01 va didu ché Ex-25 tir d6:

Hop chét Ex-01, duoc thé hién & trén, c6 thé dugc diéu ché theo cach khac, va
hop chit Ex-25 c6 thé duoc diéu ché tir Ex-01, theo so dd dudi day:
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0
/ Int-db 0
Ex-01 HATUIDIEA
DMF/nute (95:5) N

Budc L
Trao dbi ion

Ex-25 (mui = ——— -
TFA) MeCN/nuwde

0 " Exas (mudi Cl

Bu6c A — Tong hop hop chdt trung gian Int-cdl

B6 sung Int-2d (3,63 g, 9,84 mmol, quy trinh didu ché dugc mo ta duéi day) va
HATU (3,74 g, 9,84 mmol) vao dung dich cta Int-3¢ (tdng hop tir hop chét trung gian
107 dugc mob ta dudi diy) (7,09 g, 10,33 mmol) trong DMF (45 ml) ¢ nhi¢t do 0°C sau
d6 DIPEA trong DMF (6,87 ml, 39,4 mmol) va hdn hop dugc lam 4m dén nhiét d6 trong

phong va duoc khudy trong 1 gio. Hon hop dugc dimg & nhiét d6 0°C v6i nude mudi va
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duoc chiét béng EtOAc. Phén hitu co két hop dugc rira béng nude mubi, duge 1am khod
trén MgSO0s, loc va duge ¢b trong chan khong. Phin con lai dwoc tinh ché bang sic ky
cot trén silicagel (rira giai bang gradien ciia 1% dén 80% etyl axetat trong ete diu mo)

dé tao ra Int-cd1. LC/MS: [M+1]+ = 1000,5.
Buée B — Tong hop hop chdt trung gian Int-cd2

Bé sung piperidin (1,72 ml, 17,40 mmol) vao dung dich ctia Int-cd1 (3,48 g, 3,48
mmol) trong axetonitril (50 ml), va dung dich tao thanh dugc khuéy & nhiét do trong
phong trong 3 gio. Hon hop dugc ¢, phadn con lai dwge hoa tan lai trong
DCM/axetonitril (1:1, 20 mL), dugc ¢6 1an nita va phan con lai dugce 1am khd trong chan

khong dé tao ra Int-cd2 1a san phdm tho. LC/MS: (M+1)*=778,5.
Buée C — Tong hop hop chdt trung gian Int-cd3

B4 sung HATU (1,37 g, 3,61 mmol) sau d6 DIEA (1,05 ml, 6,02 mmol) vao dung
dich cua 76 (quy trinh didu ché duogc thé hién trong Vidu 1, ¢ trén) (2,45 g, 3,01 mmol)
va Int-cd2 (2,69 g, 3,46 mmol) trong DMF (70 ml) & nhiét do 0°C. Dung dich tao thanh
duoc khudy & nhiét d6 trong phong trong 50 phut, sau d6 duoc chia phan gitta EtOAc
(500 mL) va nude mudi (200 mL). Pha hitu co duoc rira bang nude mudi (2x200 mL),
duoc lam kho trén NaxSOs, dugce cd va phén con lai duoc tinh ché bang sic ky cot trén
silicagel (rtra giai bang gradien cta 1% — 5% MeOH trong DCM) dé tao ra Int-cd3.
LC/MS: (M+1)=1574,7.

Buéce D — Téng hop hop chdt trung gian Int-cd4

Dung dich & nhiét do trong phong cua Int-cd3 (1,91 g, 1,21 mmol) trong DCM
(1500 ml) va axit axetic (30 mL) dugc suc Nz trong 30 phut sau do bd sung chit xtc tac
Zhan-1B (0,445 g, 0,607 mmol). Hon hop tao thanh dugc suc tiép ¢ nhiét do trong phong
bang N trong 30 phiit, sau d6 gia nhiét & nhiét do 55°C trong 5 gio. Sau khi lam ngudi
dén nhiét do trong phong hon hop dugc loc qua xelit, dich loc dugce ¢d, va phan con lai
duoc tinh ché bang sic ky cot trén silicagel (rira giai bang gradien cia 1% — 5% MeOH
trong DCM) dé tao ra Int-cd4 (1a hdn hop cua cis va trans olefin). LC/MS:
(M+1)"=1546.8.

Budéc E — Tong hop hop chat trung gian Int-cd5
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B sung piperidin (1,76 ml, 17,8 mmol) vao dung dich ctia Int-cd4 (hdn hop cua
cis va trans olefin) (5,49 g, 3,55 mmol) trong DCM (20 ml) va axetonitril (50 ml). Dung
dich tao thanh dugc khuéy & nhiét do trong phong trong 2 gid, sau d6 dugc ¢d va phan
con lai dugc tao huyén phu trong axetonitril (20 ml) va dugc cd 14n nita. Phan con lai
sau d6 dugc lam kho trong chan khong dé tao ra Int-cd5 (1a hdn hop cua cis va trans

olefin) 12 hdn hop thd. LC/MS: (M+1)"=1323,8.
Buéc F — Tong hop hop chdt trung gian Int-cd6

Bd sung HATU (1,76 g, 4,62 mmol) va DIEA (1,55 ml, 8,88 mmol) vao dung
dich cua Int-cd5 (hdn hop clia cis va trans olefin) (4,70 g, 3,55 mmol) va Int-1d (2,21 g,
4,44 mmol, quy trinh diéu ché duge mo ta duéi ddy) trong DMF (70 ml) & nhiét d 0°C.
Dung dich tao thanh dugc lam 4m dén nhiét d6 trong phong va dugc khudy trong 1 gio,
sau d6 duogc chia phan gitta EtOAc (300 mL) va nuéc mubi (200 mL). Pha chita nuéc
duoc chiét bing EtOAc (200 mL), pha EtOAc dugc két hop va duge ria bang nude
mudi (3x200 mL), dugc lam khd trén NaxSOs, duoc cd va phan con lai dugc tinh ché
bang séc ky cot trén silicagel (rira giai bang gradien ctia 1% — 5% MeOH trong DCM)
dé tao ra Int-cd6 (1a hdn hop cua cis va trans olefin). LC/MS: (M+1)*= 1802,8

Buée G — Téng hop hop chdt trung gian Int-cd7

B6 sung IN LiOH chtra nuéc (24,0 ml, 24,0 mmol) ting giot vao dung dich cua
Int-cd6 (12 hdn hop clia cis va trans olefin) (5,41 g, 3,00 mmol) trong THF (100 ml),
MeOH (30 ml), va nude (30 ml) ¢ nhiét @6 0°C, va dung dich tao thanh duoc khudy &
nhiét d6 0°C trong 3 gid. Hon hop duoc trung hoa ¢ nhiét do 0°C bang cach bd sung IN
HCL, chét dé bay hoi dugc lam bay hoi, va 16p chira nuéc duge trung hoa dén pH 5 bang
IN HCI. Hon hop sau d6 dugce lam dong lanh va dong kho, va phén con lai duoc tinh
ché bang sic ky cot trén C18 (rtra giai bang gradien cua axetonitril (0,05% TFA)/nuéc
(0,05% TFA)) dé tao ra Int-cd7 (12 hAn hop ciia cis va trans olefin) dudi dang mubi TFA.
Do d6, bd sung 0,1N HCI chta nuée (150 ml, 15,00 mmol) tng giot ¢ nhi€t do 0°C vao
Int-cd7 mudi TFA thu duogc, (1a hdn hop cta cis va trans olefin) trong axetonitril (750
mL) va nudc (450 mL), sau d6 dung dich tao thanh dugc khuéy & nhiét do 0°C trong 5
phut, duge dong lanh va dugc dong kho dé tao ra Int-cd7 dudi dang mudi HCI (12 hdn
hop cua cis va trans olefin). LC/MS: (M+1)"=1566,6.

Budée H — Téng hop hop chat trung gian Int-cd8
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Bb sung DIEA (0,330 ml, 1,890 mmol) va HATU (0,287 g, 0,756 mmol) vao
dung dich cta Int-cd7 mubi HCI duoc thu tir bude trude d6 (1,01 g, 0,630 mmol) trong
DMF (50 ml) va DCM (1300 ml). Dung dich tao thanh duoc khudy & nhiét do trong
phong trong 2 gid, chit dé bay hoi duoc 1am bay hoi, va phin con lai duoc chia phin
gitta EtOAc (400 mL) va nudc mudi (200 mL). Pha chira nuée duge chiét bing EtOAc
(300 mL), 16p hitu co két hop duoc rira bang nude mubdi (3x100 mL), duoc 1am kho trén
NaxSOs, duwoc ¢d va phan con lai dﬁgc tinh ché bang sic ky cot trén silicagel (rira giai
bing gradien ctia 1% — 10% MeOH trong DCM) dé tao ra Int-cd8 (12 hdn hop ciia cis
va trans olefin). LC/MS: (M+1)"=1548,8.

Bueée I — Tong hop hop chdt trung gian Int-cd9

Bé sung 10% Pd/C (0,645 g, 0,607 mmol) vao dung dich ctia Int-cd8 dugc thu &
budc trude do (1,22 g, 0,788 mmol) trong MeOH (100 ml), va hdn hop tao thanh duoc
hydro héa & nhiét d6 xung quanh qua binh cau Hy trong 7 gid. Sau 7 gid phan (g dugc
loc qua xelit, dich loc dugce ¢, va phén con lai duoc tinh ché béng sdc ky cot trén
silicagel (rira giai bang gradien ctia 1% — 10% MeOH trong DCM) dé tao ra Int-cd9.
LC/MS: (M+1)™=1550,9.

Buéc J— Tong hop hop chat Ex-01 1 mudi HCI

B6 sung TFA (12 ml, 156 mmol) vao dung dich ctia Int-cd9 (1,14 g, 0,735 mmol)
trong DCM (6 ml), va dung dich tao thanh dugc khudy & nhiét d6 xung quanh trong 30
phut. Hon hop sau d6 dugce co, va phén con lai dugc hoa tan trong DCM (20 mL) va
toluen (20 mL). Hon hop tao thanh dugc o, va phén con lai duoc hoa tan lai trong DCM
(20 mL) va dugc xu Iy bang HCI (4N trong dioxan) (0,919 ml, 3,68 mmol). Hon hop
tao thanh dugc cd dé tao ra san phém 1a chit rén. San phém ran duogc hoa tan lai trong
axetonitril (200 mL) va nudc (100 mL), va vao dung dich & trén ¢ nhiét do 0°C dugc bd
sung 1N HCI chtra nu6e (3,68 ml, 3,68 mmol) timg giot. Dung dich tao thanh dugc
khqu & nhiét do 0°C trong 2 phut, sau d6 dugc dong lanh va duoc dong khod dé tao ra
Ex-01 12 mubi HCl. LC/MS: (M+1)"=1394,7.

Buée K — Téng hop Ex-25 1 mudi TFA
B sung HATU (254 mg, 0,669 mmol) va DIEA (425 pl, 2,433 mmol) vao dung
dich cua Ex-01 mudi HCI (870 mg, 0,608 mmol) va Int-4b (170 mg, 0,669 mmol, quy
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trinh didu ché duoc mé ta dudi day) trong DMF (1,2 ml) va nude (0,6 ml). Dung dich
tao thanh dugc khudy & nhiét do trong phong trong 1 gior sau d6 ding bang cach bd sung
1,2 mL nude. Hon hop duge loc, va dich loc dugce tinh ché béng sdc ky cot trén C18
(rira giai bang gradien cua axetonitril (0,05% TFA)/nudc (0,05% TFA)) dé tao ra Ex-25
1a muéi TFA. LC/MS: M*= 1550.6.

Buée L — Diéu ché Ex-25 1o mudi CI

Pong 73,6 g AG MP-1 dang clorua nhya trao dbi ion (s6 16 141-1841 BIO-RAD)
vao hai cdt cho téng 36,8 g nhua trong mdi cot. Mbi cot duoce rira béng nude (2x80 ml),
sau do6 20% axetonitril trong nudc (2x100ml). Dung dich cua Ex-25 mudi TFA dugc
didu ché & budce trén (737 mg, 0,443 mmol) trong 20% axetonitril trong nuée (100 mL)
duogc nap déu vao hai cot nhua, sau d6 mdi cot dugc rira giai béng 20% axetonitril trong
nude (130 ml). Chét rira giai duge két hop, duge déng lanh va dugc dong khd dé tao ra
Ex-25 14 mubi clorua. LC/MS: M* = 1550,6.

Duéi ddy 12 phdn mo ta vé mét s6 hop chit trung gian duoc str dung hitu ich trong

t6ng hop Ex-01 va Ex-25 duge mo ta ngay trude do.
Diéu ché hop chét trung gian Int-1d

Hop chét trung gian Int-1d duge didu ché tir nguyén liéu ban dau theo so d6 dudi

day:
Y N
0
o=
| 0 0= NH
o \/‘kOH M M on
T HCI HATU/DIEA O—  caCR2 //<
/\‘ NH2 HNYO _ ) ,___6 HN O
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Cl

Buéc A — Tong hop Int-1da

Bé sung DIPEA (7,03 ml, 40,2 mmol) vao dung dich ctia muéi D-Dap(Boc)-OMe
HCI (4,10 g, 16,10 mmol), Fmoc-Ala-OH (5,01 g, 16,10 mmol) va HATU (6,43 g, 16,90
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mmol) trong DMF (40 ml) & nhiét d6 0°C va hdn hop dugc khudy & nhiét dé 0°C trong
2 gidy sau d6 gift trong ti lanh qua dém. Hon hop duoc dimg & nhiét do trong phong bing
nuée va duoce chiét bang EtOAc. Phan hitu co két hop dugce rira bang nira nude mudi,
dugc lam kho trén Na2SOa, loc va dugc ¢ trong chan khong. Phén con lai duogc tinh ché
bing séc ky cot trén silicagel (rira giai bang gradien ciia Hexan/EtOAc) dé tao ra Int-
lda. LC/MS: [M+H]+= 512,3.

Buéc B — Tong hop Int-1d

B sung natri hydroxit rdn (0,691 g, 17,27 mmol) vao dung dich ctia Int-1da (8,03
g, 15,70 mmol) va 0,8 N canxi clorua (19,62 ml, 15,70 mmol) trong nuéc (40 ml) va 2-
propanol (120 ml) & nhiét do trong phong. Hon hop dugc khudy & nhiét do trong phong
qua dém. Hon hop duoc ¢d, dugc axit hoa bang 0,5 N dén pH ~2 (~40 mL), duoc chiét
mot chut b:?lng EtOAc, dugc rira bé‘mg nude mudi, duge 1lam khd trén Na:SOa va duge
cd. Phan con lai dugc tinh ché Béng sic ky cot trén C18 (rira giai bang gradien cia
axetonitril/nuéc + 0,1% TFA) dé tao ra Int-1d. LC/MS: [M+H]+ = 498,25,

Quy trinh diéu ché hop chit trung gian Int-1d duge mo ta & trén dé st dung trong
diéu ché Ex-01 va Ex-25. Phin nay cua phan ti ¢6 thé dugc mo ta 1a “nhom lién két”
tao vong vong peptit mach ngan dén vong peptit mach dai. Céc “nhém lién két” tuong
tu khac c6 thé duoc st dung & vi tri cia Int-1d bang céach thay dbi dém duogc str dung
trong qua trinh tdng hop, bao gdm nhung khong gidi han &, st dung Dap va D-Ala.

Diéu ché hop chét trung gian Int-2d

Hop chét trung gian Int-2d, hitu ich lam “nhém lién két” trong quy trinh diéu ché

hop chét theo sang ché, dugc didu ché theo so dd dudi day:
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Bude C
Bu6c A — Tong hop Int-2da

Dung dich cta 4-bromobenzaldehyt (15,00 g, 81 mmol), kali tert-butyl N-[2-
(trifloroboranuidyl)etyl]carbamat (20,97 g, 84 mmol), xesi cacbonat (52,8 g, 162 mmol)
va phtic chét 1,1'-bis(diphenylphosphino)feroxen-paladi(ii)diclorua diclorometan
(PA(ID)(dpph)Cla, 1,99 g, 2,43 mmol) trong toluen dugce khir khi (250 ml) va nude (85
ml) duoc lam 4m dén nhiét do 76°C va duoc khudy qua dém. Hdn hop dugc dimg &
nhiét do trong phong bang amoni clorua chira nude duge bao hoa mot ntra va duge chiét
bang EtOAc. Phan hitu co két hop duge rira bang nude mudi, duoc 1am kho trén Na2SOa,
loc va dugc ¢6 trong chan khong. Phan con lai duoc tinh ché béng sdc ky cot trén
silicagel (rra giai bang gradien cia DCM/EtOAc) dé tao ra Int-2da. LC/MS: (M-
56+1)™=193,0.

Buéc B — Tong hop Int-2db

B4 sung natri triaxetoxyhydroborat (32,9 g, 155 mmol) timg phén vao dung dich
cua Int-2da (12,9 g, 51,7 mmol) va pent-4-en-1-amin (6,61 g, 78 mmol) trong DCM
(120 ml) va AcOH (3 ml) & nhi¢t d9 trong phong trong bé nudce va hdn hop duge khudy
trong 30 phat. Phan tng dugce lam dung tir t & nhiét do 0°C bang 3 ml nuée, rét vao 1
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N NaOH (500 ml), dwgc khudy trong 15 phut sau d6 duoc chiét bing DCM, duoc lam
kho trén Na2SOs, va dugce cd. Phéan con lai duoc tinh ché béng sdc ky cot trén silicagel
(rtta giai bing gradien cia DCM/MeOH) dé tao ra Int-2db. LC/MS: (M+1)*=319,2.

Buéc C — Tong hop Int-2dc

B sung HATU (9,48 g, 24,92 mmol) va DIPEA (8,71 ml, 49,8 mmol) vao dung
dich cua Int-2db (8,48 g, 20,77 mmol) va axit 4-metoxy-4-oxobutanoic (3,02 g, 22,85
mmol) trong DMF (40 ml). Dung dich tao thanh duoc khudy & nhiét do trong phong
trong 1 gid, sau d6 duoc lam dimg bang NaHCOs bao hoa chira nude (10 mL). Hon hop
duoc chia ph'?m gitta EtOAc (500 mL) va NaHCO; bao hoa chita nuéce (200 mL), pha
hitu co dugce rira béng nuée mubi (3x200 mL), dugc lam kho trén Na>SOa, duge co va
phin con lai duoc tinh ché trén cot silicagel (rira giai bang gradien ctia Hexan/EtOAc)

dé tao ra Int-2dc. LC/MS: (M+1)"= 433 4.
Buée D — Tong hop Int-2d

B6 sung 4 M HCI trong dioxan (10 mL) vao dung dich cua Int-2dc (2,9 g, 6,70
mmol) trong DCM (15 mL) ¢ nhiét d6 trong phong. Hon hop phan tng dugc khudy &
nhiét d6 trong phong trong 1 gid. Hon hop duge co dudi ap sudt giam dé tao ra metyl 4-
((4-(2-aminoetyl)benzyl)(pent-4-en-1-yl)amino)-4-oxobutanoat hydroclorua (Int-2d).
LC/MS [M-HCI + HJ" =333,3.

Diéu ché Int-3c tir 107 duge st dung trong qué trinh tong hop Ex-01 va Ex-25

duoc md ta & trén

Hop chit trung gian Int-3¢ duoc diéu ché theo so d6 dudi day:

\’/ \’/ Fmoc—NH
O ‘\\\\ O “\\\
. O 0
Os " LiOH Fmoc-OSu, NaHCO;
‘NH, -
o)

© “'NH, NH
HN HN ‘
0L > "L e Q\O}N
Cz o) 0 q\l 0 (|3 Ve
''CO,Me | O\ HO

,''COOH
Me 107 Me Int-3ca .3
nt-s¢c

Buéc A — Tong hop Int-3ca
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B6 sung 2 N lithi hydroxit monohydrat (43,3 ml, 87 mmol) vao dung dich cua
107 (quy trinh didu ch2 duoc thé hién trong quy trinh tdng hop 109 va duoc st dung sau
d6 cho 116, ma hop chét trung gian dugc st dung trong qué trinh tdng hop ctia Ex-53,
Ex-54 va Ex-55 trong Vi du 3 duéi day) (10,34 g, 21,65 mmol) trong THF (100 ml) &
nhiét do trong phong va hdn hop duoc 1am 4m dén nhiét d6 45°C va dugc khudy qua
dém dé tao ra Int-3ca 1a dung dich tho. LC/MS: (M+1)"=464,3. Hon hop phan (g duoc
lam ngudi & nhiét do 0°C va dugce xu ly br?mg 1 M HCI (40 mL). Hon hop nay duoc sir
dung truc tiép trong budc tiép theo.

Buéc B — Tong hop Int-3c

Bé sung NaHCOs (1,725 g, 20,54 mmol) va Fmoc-OSu (3,81 g, 11,30 mmol) vao
Int-3ca thd duoc didu ché & bude trén ¢ nhiét do 0°C. Hon hop phan tng duge khudy &
nhiét d6 0°C trong 2 gidy, dwoc xi Iy bing 1 M HCI (20,5 mL), va duge chiét bang etyl
axetat (2 x 200 mL). Lop hitu co két hop duoc ria bang nude mudi (2 x 100 mL) va
dugc lam kho trén natri sulfat khan, loc va dugc ¢6 dudi ap suét giam. Phan con lai duoc
tinh ché bing séc ky cot silicagel, rira giai bing gradien ctia 2% dén 5% MeOH trong
DCM, d¢ tao ra Int-3c. LC/MS: (M+1)" = 686.4.

Diéu ché hop chét trung gian Int-4b

Hop chat trung gian Int-4b duge didu ché theo so d6 dudi day:

07L OWL o

O Me3N/EtOH g OH
-_—_ .
HCl/dioxan
o]
MeCN, 50 °C
\ \
Br —N* Int-4ba DCM _N* Int-4b
Br- | Br

Bude A- Tong hop Int-4ba tir tert-butyl-3-(2-hydroxyetoxy)proponat

B6 sung CBrs (1395 mg, 4,21 mmol) va PPhs (965 mg, 3,68 mmol) vao dung
dich clia tert-butyl 3-(2-hydroxyetoxy)propanoat (500,0 mg, 2,63 mmol) trong DCM (2
mL) & nhiét d6 0°C. Hon hop dugc khudy & nhiét do trong phong trong 2 gio. Hon hop
tao thanh dugc cd dudi ap sudt giam va phén con lai dugc tinh ché bang sic ky cot
silicagel, rira giai bang gradien 1% - 15% etyl axetat trong ete diu mé. Céc phan chira

san phdm mong mudn dugc két hop va duge co dé tao ra tert-butyl 6-bromohexanoat.
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Do d6 duoc diéu ché, dung dich cua tert-butyl 6-bromohexanoat (5 g, 19,91 mmol) trong
axetonitril (10 ml) duge xtr Iy bang trimetylamin (13,56 ml, 59,7 mmol) va dung dich
tao thanh duogc gia nhiét & nhiét 6 50°C qua dém. Dung dich dugc co dé tao ra Int-4ba.
LC/MS: M™=230,3.

Buwéc B — Tong hop Int-4b

B6 sung 4N HCI trong dioxan (27,4 ml, 110 mmol) vao dung dich cla Int-4ba
(6,8 g, 21,92 mmol) trong DCM (6 ml), va dung dich tao thanh dugc khuéy & nhiét 3o
trong phong trong 3 gitr. Hon hop sau d6 duoc ¢b dé tao ra Int-4b. LC/MS: M*= 174,3.

Quy trinh diéu ché hop chét trung gian Int-2d duge mod ta & trén dé str dung trong
didu ché Ex-01 va Ex-25. Phan nay cua phan tir ¢6 thé dugc mo ta 12 “nhém lién két”
tao vong vong peptit mach ngin mang céc phan tir thé R!, R va R®. C4c “nhém lién két”
tuong tu khac c6 thé duoc st dung & vi tri cia Int-2d. Dué6i day 1a phan mo ta cla cac
“nhém lién két” khac c6 thé dugc sit dung dé diéu ché céc vi du cia sang ché dugc md

ta trong ban mo ta nay.
Diéu ché hop chét trung gian Int-2e

Hop chit trung gian Int-2e, hitu ich lam “nhém lién két” trong quy trinh diéu ché

hop chét theo sang ché, duge didu ché theo so d6 dudi day:

NHBoc 7 NHBoc NHBoc
Ns-Cl, DMAP -
- O HoR | BH-THF
= EtsN 0
NsN THF/H,0O THF
HN HO
Budc A Int2-ea . NsHN Buéc C
Budc B Int-2eb
NHBoc BocHN
RL
OH
HO P, HS™ o
. NHB
DBU, DMF oc
K,CO3 0 .
NsHN H-N
/\/ NsHN 2 Int-2e
Int-2ec Buéc D Buéc E
Int-2ed

Bude A — Tong hop hop chat trung gian Int-2ea
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B6 sung NsCI (1,93 g, 8,69 mmol), trietylamin (1,76 g, 17,4 mmol) va DMAP
(0,141 g, 1,16 mmol) vao dung dich cua tert-butyl (2-(3-oxoisoindolin-5-
yl)etyl)carbamat (1,60 g, 5,79 mmol) trong DCE (20 mL). Hon hop phan mg dugc
khudy trong 14 gior & nhiét d6 40°C. Phan timg dugc 1am ngudi dén nhiét do trong phong
va duoc ¢d dudi ap suét giam. Phin con lai dwoc tinh ché bang sic ky cot trén silicagel
(rtra giai bang 1%-40% gradien EtOAc trong PE) dé tao ra Int-2ea. LC/MS: (M+Na)":=
484 4.

Bude B — Tong hop hop chdt trung gian Int-2eb

B6 sung LiOH (1,76 g, 73,5 mmol) vao dung dich ctia Int-2ea (11,3 g, 24,5 mmol)
trong THF (100 mL) va nu6e (100 mL). Hbn hop phan tng duoc khudy trong 5 gid ¢
nhiét 6 25°C sau d6 dung dich tao thanh dugc diéu chinh dén pH 4~5 bing HC1 (1M).
Dung dich duoc chiét bing EtOAc va 16p hitu co két hop duge rira bing nuéc mudi,
duoc lam kho trén NaySO4 khan va loc. Dich loc duge ¢d duéi ap suit giam va phan con
lai dugc tinh ché bang sic ky cot trén silicagel (rira giai bang 1%-6% gradien MeOH
trong DCM) dé tao ra Int-2eb. LC/MS: (M+Na)*:= 502,2.

Buée C — Téng hop hop chdt trung gian Int-2ec

B6 sung boran (0,147 g, 10,6 mmol) vao dung dich cua Int-2eb (1,70 g, 3,55
mmol) trong THF (8 mL) & nhiét do 0°C. Hon hgp phan (mg duge khudy trong 14 gid
& nhiét dd 25°C sau d6 dung dich tao thanh dugce cd dudi ap suat giam. Phan con lai
duoc tinh ché bang sic ky cot trén silicagel (rira giai bang 1%-50% gradien EtOAc trong
PE) dé tao ra Int-2ec. LC/MS: (M+NH4]"= 483,2.

Buéc D — Tong hop hop chit trung gian Int-2ed

Bé sung K»CO;3 (2,01 g, 14,5 mmol) va 3-bromoprop-1-en (1,41 g, 11,6 mmol)
vao dung dich cta Int-2ec (4,50 g, 9,67 mmol) trong DMF (150 mL). Hdn hop phan ung
duge khudy trong 5 giy  nhiét d6 trong phong sau d6 duge pha lodng v6i nudce va duge
chiét bing EtOAc. Lop hitu co két hop duoc rira bing nudc mudi, duge lam kho trén
Na2SO4 khan va loc. Dich loc dugc ¢d duéi ap sudt giam va phén con lai dugc tinh ché
bang sic ky cot trén silicagel (rira giai bang 1%-50% gradien EtOAc trong PE) dé tao
ra Int-2ed. LC/MS: M+H)":= 506,2.

Buéc E — Téng hop hop chdt trung gian Int-2e
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Bo sung DBU (1,35 g, 8,90 mmol) va 2-mercaptoetanol (2,08 g, 26,7 mmol) vao
dung dich cta Int-2ed (4,50 g, 8,90 mmol) trong DMF (35 mL). Hon hop phan ting duoc
khudy trong 14 gid' & nhiét do trong phong sau d6 dugce tinh ché bang sic ky cot trén
C18 (Cot: 330 g; Pha dong A: nudc/0,05% TFA, Pha dong B: ACN; Téc do dong: 85
mL/phut; Gradien: 10% B dén 20% B trong 15 phut, 20% B dén 45% B trong 15 phut;
B phét hién: UV 210 nm; Rt=20 phut) dé tao ra Int-2e. LC/MS: (M+H)":=321,2. 1H
NMR (300 MHz, CDCI3) 6 7,21-7,13 (m, 2H), 7,10-7,01 (m, 1H), 5,96-5,79 (m, 1H),
5,30-5,09 (m, 2H), 4,58 (s, 2H), 3,84 (s, 2H), 3,43-3,19 (m, 4H), 2,76 (t, J = 7,1 Hz, 2H),
1,41 (s, 9H).

Diéu ché hop chét trung gian Int-2f-1

Hop chét trung gian Int-2f-1, hitu ich lam “nhém lién két” trong quy trinh diéu

J

C 9
>(S\me\©
H

lg 9 Br

o >r “NH, S\\7 BrMg” X Int-2fb-1
SaaciE= St R

H gr  DCM
Br

ché hop chit theo sang ché, dugc didu ché theo so dd dudi day:

PPTs MgSO,4, DCM .

Int-2fa Budc B X S. NS

Budc A H

Br
\_ Int-2fh-2

Int-2fb- raxemic

)

A\ [ 0 A
= NA
/9 ) /S|\/\O)J\0’N
S HCI / 1,4-dioxan z
HN - E © Teoc -
(R) “.(R) > “NR
Et;N
Buéc C CIH HoN H .

Int-2fb-1 ar Int-2fc-1 Br Buée D Int-2fd-1
Fuo B,_f N =
3\\ ~ F
N + Té S
HN7R) —> H,N\'
PdClx(dppf)2, Cs,CO3 Buéc F NHBoc
Toluen/H>O Int-2fe-1 NHBoc Int-2f-1

Budéc E 90
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Buéc A — Téng hop hop chdt trung gian Int-2fa

B6 sung pyridin 4-metylbenzensulfonat (1,35 g, 5,40 mmol) vao dung dich cua
4-bromobenzaldehyt (20,0 g, 108 mmol), (S)-2-metylpropan-2-sulfinamit (12,5 g, 103
mmol), MgSOs4 (130 g, 1081 mmol) trong DCM (225 mL) trong su bao vé ctia nito. Hon
hop nay duoc khudy & nhiét do 25°C trong 72 gid sau d6 dung dich tao thanh duoc loc,
va dich loc dugc cd dudi ép sut giam. Can tao thanh duogc tinh ché béng sdc ky cot trén
silicagel (rira giai bang 1%-15% gradien EtOAc trong PE) dé tao ra Int-2fa. LC/MS:
(M+H)*:=287,9, 289,9.

Buéc B — Tong hop hop chdt trung gian Int-2fb (raxemat) va tdch thanh chat
dong phdn doi quang Int-2fb-1 vér Int-2fb-2

B6 sung but-3-en-1-ylmagie bromua (15,7 g, 99 mmol) tir tit vao dung dich cua
Int-2fa (20,0 g, 65,9 mmol) trong DCM kho (200 mL) & nhiét d¢ -48°C trong su béo vé
ctia nito. Hdn hop dugc khudy & nhiét do -48°C trong 2 gidr sau d6 dugc 1am dung bing
dung dich chtra nudc NH4Cl bdo hoa (400 mL) va dugc chiét bang DCM. Lép hitu co
két hop dugc ria béng nude mudi, duge lam khd trén NapSO4 khan va loc. Dich loc
dugc c6 dudi ap suét giam va cdn tao thanh (chua hdn hop raxemic Int-2fb) dugc tinh
ché bang sic ky cot trén silicagel (rra giai béing 1%-35% gradien EtOAc trong PE) dé
tao ra Int-2fb-1 va Int-2fb-2. LC/MS: (M+H)":= 344,0, 346,0.

Buée C — Tong hop hop chat trung gian Int-2fc-1

B6 sung Int-2fb-1 (17,0 g, 46,9 mmol) vao dung dich cua HCI (100 mL, 4 N trong
1,4-dioxan) & nhiét do trong phong. Dung dich phan ing duoc khudy trong 1 gid sau do
duogc cd dudi ap sudt giam dé tao ra Int-2fc-1. LC/MS: (M+H-HCI)*:= 240,0, 242,0.

Buée D — Tong hop hop chat trung gian Int-2fd-1

B6 sung TEA (8,55 g, 84 mmol) vao dung dich ctia Int-2fc-1 (8,20 g, 28,2 mmol)
va Teoc-OSu (8,03 g, 31,0 mmol) trong 1,4-dioxan (200 mL) & nhiét do 25°C. Hdén hop
nay dugce khudy trong 2 gio sau d6 dugc lam dung bang nudc va duoc chiét bang ete
dau mé (PE). Lop hitu co két hop duoc ¢d dudi ép sudt giam va phan con lai duge tinh
ché bing séc ky cot trén silicagel (ria giai bang 1%-10% gradien EtOAc trong PE) dé
tao ra Int-2fd-1. LC/MS: (M+Na+CH3CN)":= 4473, 449,3.

Budc E — Tong hop hop chat trung gian Int-2fe-1
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B6 sung PdClL(dppf) (1,37 g, 1,87 mmol) vao dung dich cta Int-2fd-1 (15,1 g,
37,3 mmol), kali (2-((tert-butoxycacbonyl)amino)etyl) trifloroborat (18,7 g, 74,6
mmol), Cs2COs3 (36,5 g, 112 mmol) trong toluen (285 mL) va nuéce (95 mL) trong su
bao vé cia nito. Hon hop dugc khudy ¢ nhiét d6 80°C trong 40 gid. Dung dich tao thanh
duoc lam dimg bang nudc va dugce chiét bang EtOAc. Lép hiru co két hgp dugc lam
kho trén NaySOq va loc. Dich loc dugc ¢6 dudi ap sult giam va phan con lai duoc tinh
ché bing sic ky cot trén silicagel (rira giai bang 1%-40% gradien EtOAc trong PE) dé
tao ra Int-2fe-1. LC/MS: (M+Na)":=471 4.

Buéce F — Tong hop hop chdt trung gian Int-2f-1

B6 sung 1N TBAF trong THF (44,9 mL, 44,9 mmol) vao dung dich cta Int-2fel
(10,6 g, 22,4 mmol) trong THF (100 mL). Hon hop nay dugc khudy & nhiét do trong
phong trong 16 gio sau d6 duoc lam dung bing nudc va duoc chiét biang EtOAc. Lop
hitu co két hop duogce rira bang nude mudi, duge 1lam kho trén NaySO4 khan va loc. Dich
loc duge cd dudi ap sudt giam va phan con lai duge tinh ché bang séc ky cot trén silicagel
(rtra giai biang 1%-70% gradien EtOAc trong PE) sau d6 bang sic ky cot trén C18 (Cot:
330 g; Pha dong A: nudc (10 mm NH4HCOs), Pha dong B: ACN; Téc do dong: 80
mL/phut; Gradien: 10% B dén 10% B trong 10 phut, 20% B dén 45% B trong 10 phut,
45% B dén 70% B trong 20 phat; Bo phat hién: UV 210 nm; Rt= 25 phut) dé tao ra Int-
2f-1.LC/MS: (M+H)":=305,1. IHNMR (300 MHz, CD30D) 6 7,27-7,16 (m, 4H), 5,85-
5,75 (m, 1H), 5,00-4,85 (m, 2H), 3,79 (t, J = 7,0 Hz, 1H), 3,32-3,21 (m, 2H), 2,75 (t, J
=7,4 Hz, 2H), 2,98-1,72 (m, 4H), 1,42 (s, 9H).

Vi du 2 Pidu ché Ex-50 va Ex-52

92



51492 93/176

@) 3 N \\\i NH H N
(o] N>,’/—<
(o)
N Ex-50 § )\gs é 0
0/\/0\/\ Ex-52

N*(CHa)s

Hop chit Ex-50 dugc didu ché theo quy trinh dudi day tir hop chat Ex-01, quy
trinh diéu ché dugc mo ta trong ban moé ta nay trong Vi du 1, bang cach cho né phin

g trong diéu kién thich hop vdi hop chit trung gian Int 32, dugc diéu ché theo so db

dudi day:
0 N
i MeCN, 50 °C

O >< o
O\/\()/\)LO HCI /\/“\OH

Br- DCM /'T”
Int-32A Br- Int-32

Buéc A: Diéu ché hop chat trung gian Int-324

B6 sung trimetylamin (33% trong etanol, 11,46 ml, 50,5 mmol) vao dung dich
cua tert-butyl 3-(2-(2-‘Bromoet0xy)etoxy)propanoat (5 g, 16,82 mmol) trong axetonitril
(10 ml), va dung dich tao thanh dugc gia nhiét ¢ nhiét do 50°C qua dém. Dung dich
duoc co dé tao ra 2-(2-(3-(tert-butoxy)-3-oxopropoxy)etoxy)-N,N,N-trimetyletanamini
bromua (Int 32A). LC/MS: (M)™: 276,5.

Bude B: Piéu ché hop chat trung gian Int-32
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B6 sung HCI (4N trong dioxan) (21,01 ml, 84 mmol) vao dung dich cua 2-(2-(3-
(tert-butoxy)-3-oxopropoxy)etoxy)-N,N,N-trimetyletanamini bromua (Int-32A) (5,99
g, 16,81 mmol) trong DCM (20 ml), va dung dich tao thanh dugc khudy & nhiét d6 trong
phong qua dém. Dung dich duoc co dé tao ra 2-(2-(2-carboxyetoxy)etoxy)-N,N,N-
trimetyletanamini bromua (Int-32). LC/MS: (M)*: 220,1.

Diéu ché theo hop chét vi du Ex-50

0

HNJS
OH
) j;‘ :
O H 0o 0
H /| HN
Q N%N ) HN
HQN\ %NH 0 = 0 0
e
HCl X N
NH F H
0 N :
I
N

N
0
0 Ex-01

O/>\L0 HATU/DIEA/DMF o J\\ \§_<
HN
S HO—//
Int-32 N\
oZ ’N+ \5

! 5%@
NH;T#< Ex-50

B6 sung HATU (5,69 mg, 0,015 mmol) va DIEA (6,54 pl, 0,037 mmol) vao dung
dich cta Ex-01 (thd) (17,4 mg, 0,012 mmol) va 2-(2-(2-carboxyetoxy)etoxy)-N,N,N-

oO—

N

trimetyletanamini bromua (Int-32) (4,49 mg, 0,015 mmol) trong DMF (2 ml), va dung
dich tao thanh dwogc khudy & nhiét do trong phong trong 50 phit, sau d6 dugc tinh ché
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bang HPLC pha d4o st dung axetonitril(axit formic 0,1%)/nuéc(axit formic 0,1%) lam
pha dong dé tao ra Ex-50. LC/MS: M* = 1596,3.

Piéu ché theo hop chit vi du Ex-52

Hop chét Ex-52 duogc didu ché theo cach twong tu quy trinh didu ché cua hop
chat Ex-50 nhung st dung Ex-51 thay vi Ex-01. Ex-52 dugc tinh ché bing cach sir dung

HPLC pha dao, theo phuong phap dugc mo ta trong ban mo tad nay. LC/MS: M+ =
1593,8.

Vi du 3 Piéu ché Ex-53, Ex-54 va Ex-55

95



51492 96/176

O
~, N
HN o l o
N CHs

\\\\CHS

1 ¢
N+(CH3 Ex-55

Hop chit Ex-53, Ex-54 va Ex-55 duoc diéu ché theo cach tuong tu hop chét duoc
md ta & trén tir hop chét trung gian 115 (quy trinh diéu ché dwgc mo ta dudi day), theo

quy trinh va phan md ta quy trinh téng hop duéi day:

Budc A NH )
NH Budce D
O)\H/ @) . Ex-53
NH HCI X
O

116

Ex-54 . Ex-55
Bug’rc C
HATU/DIEA/DMF

Budc A — Téng hop hop chdt trung gian 116

Bé sung DIPEA (0,030 ml, 0,173 mmol) sau d6 HATU (18,50 mg, 0,049 mmol)
vao dung dich cta 115 (66,3 mg, 0,044 mmol) trong DMF (1,5 ml), DCM (10 ml) va
nude (0,5 ml) & nhiét dd 0°C va hdn hgp duge khudy trong 30 phut. Hon hop dugc cd

trong chan khodng va duoc tinh ché truc tiép bang sdc ky cot trén C18 (30 g, ria giai
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béng axetonitril+0,05% TFA/nudce+0,05% TFA 90:10 dén 40:60) dé tao ra 116 12 hdn
hop ctia cac chit ddong phan E va Z ciing nhwr 116 13 cac phan tinh khiét ctia chat dong
phan E hodc Z. LC/ MS (chét dong phan chinh) LC/MS: M* = 1481,19; LC/MS (chat
ddng phan phy): LC/MS: M* = 1480.

BuéGc B — Tong hop hop chdt Ex-54

Dung dich cua 116 (25,1 mg, 0,017 mmol) va Pd-C 10% (3,61 mg, 3,39 pmol)
trong MeOH (10 ml) dugc hydro hoa ¢ 1 atm trong 1 gio. Phan tmg duoc loc qua xelit
va dugc ¢d. Phan con lai duge xt ly béng DCM/TFA 1:1 trong 30 phut sau d6 dugc co,
duogc xt Iy bang 4N HCI trong dioxan (100 uL) sau d6 dugc co dé tao ra Fx-54 & dang
mudi HCL. LC/MS: M* = 1383,44.

Budc C — Tong hop hop chat Ex-55

Hop chét vi du Ex-55 dugc diéu ché & dang mudi format tr Ex-54 theo cach
gidng vai cach duge mé ta trong Vi du 2 dé téng hop hop chit Ex-50. LC/MS: M* =
1583,69.

BuGc D — Tong hop hop chat Ex-53

Hop chét vi du Ex-53 dugc diéu ché & dang mudi HCI tir hop chét trung gian 116
theo cach gidng voi cach duge mo ta trong Vi du 1 dé téng hop hop chit Ex-51. LC/MS:
M*=1381,33.

Diéu ché hop chét trung gian can dé tao ra hop chét trung gian 115 tir d6 cac hop
chit Ex-53, Ex-54 va Ex-55 cubi cing dugc didu ché dugc mo ta trong so dd va qua

trinh tdng hop dudi day bét dau bang viéc didu ché hop chat trung gian 103.

€S,C0;3, PdCly(dppf).DCM K,CO;

0 FF
B (0]
Br OH ><)LN/\/ F !
|68 LI | S g
- N OH ﬂ\
) oy A
100
Budc A

NH, \O/U\/\ﬂ/(m /\/O NH, HCI
" + 0
NaBH3;CN, AcO'NH, >L /IOJ\ ﬂ HATU 0
0" N 0/\/
H .
102

Sau d6 TFA 0 103
Budc D

Buéc C
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Bude A — Tong hop hop chit trung gian 100

Dung dich ctia 4-bromo-2-hydroxybenzaldehyt (3,00 g, 14,92 mmol), kali tert-
butyl N-[2-trifloroboraniudyl)etyl] carbamat (3,82 g, 15,22 mmol), xesi cacbonat (17,02
g, 52,2 mmol) va phuc chit 1,1'-bis(diphenylphosphino)feroxen-paladi(ii)diclorua
diclorometan (0,611 g, 0,746 mmol) trong toluen dugc khit khi (45 ml) va nuée (15 ml)
dugc lam 4m dén 75°C va dugc khudy qua dém. Hon hop duge dimg & nhiét do trong
phong véi natri bicacbonat chira nude bdo hoa mot nira va duge chiét bing EtOAc. Phin
hitu co két hop dugc rira béng nude mudi, duge 1am kho trén NaySOq, duge loc va duge
¢b trong chan khong. Phéan con lai duge tinh ché bang sic ky cot trén silicagel (rira giai

bing Hexan/EtOAc 99:1 dén 60:40) dé tao ra 100. LC/MS: (M-55)" = 210,25.
Buéc B — Tong hop hop chat trung gian 101

Bb sung kali cacbonat (1,328 g, 9,61 mmol) vao dung dich cua 100 (1,70 g, 6,41
mmol) va alyl bromua (0,832 ml, 9,6 1 mmol) trong DMF (10 ml) & nhiét do trong phong
duge va hdn hop dugc 1am 4m dén nhiét d6 50°C va duge khudy trong 1 gid. Hn hop
duoc ding & nhiét d6 trong phong v6i natri bicacbonat chira nudc bdo hoa mot nira va
duoc chiét bé‘mg EtOAc. Phan hiru co két hop dugc rira béng nude mubi, duge lam kho
trén Na;SOq, loc va dugce ¢d trong chan khong. Phan con lai dugc tinh ché bang sic ky
cot trén silicagel (rira giai bing Hexan/EtOAc 99:1 dén 70:30) dé tao ra 101. LC/MS:
(M-55)"=250,29.

Buéce C — Tong hop hop chdt trung gian 102

Bé sung natri xyanoborohydrua (0,380 g, 6,05 mmol) vao dung dich ctia 101
duoc didu ché ¢ bude trén (1,76 g, 5,76 mmol), sang phén tir 4 A (2 g) va amoni axetat
(4,44 g, 57,6 mmol) trong MeOH (100 ml) & nhi¢t do trong phong va hén hop duoc lic
qua dém. Hon hop duoc o, dugc lam ding & nhiét d trong phong bing nudc va duoc
chiét béng DCM. Phén hitu co két hop duoc 1am khd trén NaaSOs, dugc loc va dugc ¢d
trong chan khong. Phin con lai dugc tinh ché bang sic ky cot trén silicagel (rira giai

bing DCM/MeOH 99:1 dén 30:70) dé tao ra 102. LC/MS: 2M+H)* = 613,56.
Buéc D — Téng hop hop chdt trung gian 103

B sung HATU (300 mg, 0,790 mmol) va DIPEA (0,314 ml, 1,795 mmol) vao

dung dich ctia 102 (220 mg, 0,718 mmol) va mono-metyl este cua axit suxinic (114 mg,
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0,862 mmol) trong DMF (4 ml) & nhiét d6 trong phong va hdn hop duge khudy trong
30 phut. Hén hop duogc dimng ¢ nhiét 6 trong phong bang natri bicacbonat chira nudc
bdo hoa va dugc chiét béng EtOAc. Phan hitu co két hop dugc rira béng nude mudi,
dugce lam kho trén NaxSOys, duge loc va duge cd trong chan khong. Phan con lai dugc
tinh ché bang séc ky cot trén silicagel (rira giai bang Hexan/EtOAc 99:1 dén 30:70) dé
tao ra hop chét trung gian dugc xir Iy bang 20% TFA trong DCM trong 1 gié. Phan ting
dugc ¢6 sau do dugce xu ly béng 4N HCI (1,5 mL) va dugc co dé tao ra 103. LC/MS:
(M+H)" =321,29.

Diéu ché hop chét trung gian 109

NH HCI

BocHN Me” "CO,Me BocHN HoN
HO S0 0 Q‘ 0 0 N" o 0
| \''CO,Me ''CO,Me
Me

Budc A Me Budc B
104 105

HO.__O \\F/ \\F/ \\F/
o O O O
X NHCO,Bn o o .
K ., . . BOC
HATU NHCO,Bn PIC Hy ON""NH,
. 0 0 6 Nmo . N"S0 o}
Budce C Q [ Bude D [ Buéc E ) ;
'CO,Me \''CO,Me “CO,Me
Me Me Me
106

0

Z

107 108

>
A

Buéc A — Tong hop hop chdt trung gian 104

B4 sung DIPEA (17,01 ml, 97,0 mmol) vao dung dich dugc khudy ctia metyl (S)-
2-metylpyrolidin-2-carboxylat hydroclorua (7,00 g, 39 mmol) va axit (S)-2-((tert-
butoxycacbonyl)amino)-3-(4-metoxyphenyl)propanoic (12,08 g, 40,9 mmol) trong
DMEF (100 ml) & nhiét do 0°C dugc sau d6 HATU (19,26 g, 50,7 mmol). Hén hop tao
thanh duoc lam 4m dén nhiét do trong phong va dugce khudy qua dém. Phan (g duoc
lam dimg bang dung dich chira nude LiCl 10% va duge chiét bang EtOAc. Dich chiét
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hitu co dugc rira bang 10% LiCl chira nudc va duoc lam khé trén MgSOs. Dung moi
dugc loai bé dudi ap sudt giam va phin con lai duoc tinh ché bing sic ky cot trén
silicagel (rra giai bang Hexan/EtOAc 80:20 dén 40:60) dé tao ra 104.

Buée B — Tong hop hop chdt trung gian 105

Bé sung 4 N HCl trong dioxan (48,8 ml, 195 mmol) vao dung dich ctia 104 (16,4
g, 39,0 mmol) trong EtOAc (100 ml). Hon hop tao thanh dugc khudy & nhiét d6 trong
phong trong 18 gir va duoc ¢d dudi ap sudt giam dé tao ra 105 ma duoc sit dung trong

bude tiép theo ma khong cén tinh ché thém.
Buée C — Tong hop hop chat trung gian 106

B6 sung DIPEA (16,15 ml, 92 mmol) vao dung dich ctia 105 (13,2 g, 37,0 mmol)
va N-((benzyloxy)cacbonyl)-O-(tert-butyl)-L-threonin (18,15 g, 37,0 mmol) trong DMF
& nhiét do 0°C sau d6 HATU (18,28 g, 48,1 mmol). Hon hop tao thanh duoc lam 4m
dén nhiét d6 trong phong va duoc khudy qua dém. Phin tmg duoc lam dirng bang dung
dich 10% LiCl chtra nu6e va duoc chibt bing EtOAc. Dich chiét hiru co duoc rira bang
10% LiCl chita nudce va dugce lam kho trén MgSO4. Dung mdi dugc loai bo dudi ap suit
giam va phan con lai dugc tinh ché bing séc ky cot trén silicagel (rra gidi bang
Hexan/EtOAc 80:20 ¢én 40:60) dé tao ra 106.

Buéc D — Tong hop hop chit trung gian 107

B4 sung huyén phu dic cia 10% Pd/C vao dung dich ctia 106 (16,5 g, 27,0 mmol)
trong MeOH duoc va hdn hop duge hydro hda & 20 psi trong 4 gio. Hon hop phan tng
duoc loc qua xelit va duoc ¢6 dudi dp sudt gidm. San pham thd sau d6 dugc hoa tan lai
trong DCM va dung dich duoc loc qua thiét bi loc 2 pm va dugc cd dé tao ra 107.

Buéce E — Tong hop hop chdt trung gian 108

B6 sung DIPEA (1,52 ml, 8,71 mmol) vao dung dich ctia 107 (3,2 g, 6,70 mmol)
trong DCM sau d6 di-tert-butyl dicacbonat (1,90 g, 8,71 mmol). Hon hop tao thanh duge
khudy & nhiét d6 trong phong trong 2 gid sau d6 duge cd dudi ap sudt giam. Phan con
lai duoc tinh ché bing séc ky cot trén silicagel (rira giai bing Hexan/EtOAc 100:0 dén
40:60) dé tao ra 108.

Buéc F — Tong hop hop chdt trung gian 109
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Dung dich cua 108 (1,43 g, 2,475 mmol) va 1 N LiOH chtra nuée (9,90 ml, 9,90
mmol) trong THF (15 ml) vda MeOH (15 ml) duoc 1am 4m dén nhiét d6 45°C va duoc
khudy trong 4 gio sau d6 ¢ nhiét o 32°C trong 48 gid. Phan Gmg dwoc cd, duge lam
dimg & nhiét d6 0°C bang 0,5 M axit clohydric chira nu6c cho dén khi pH ~2-3 va duoc
chiét br?mg EtOAc. Phan hitu co két hop dugc lam kho trén Na,SOs, duge loc va dugce
cd trong chan khong. Phan con lai duge tinh ché bang sic ky cot trén silicagel (rira giai
bang Hexan/EtOAc-EtOH 99:1 dén FtOAc-EtOH 3:1) dé tao ra 109. LC/MS: (M+H)*
= 564,49.

Diéu ché hop chét trung gian tir 110 dén 115

Buée A — Tong hop hop chat trung gian 110

xo e %

O NH

\NH S ' / OQ %3
nﬂ

109 Q
Bu‘é’CA M 110

e O
HATU
Dung dich cua 109 (217 mg, 0,385 mmol), HATU (133 mg, 0,350 mmol) va

DIPEA (0,245 ml, 1,400 mmol) trong DMF (2,5 ml) duoc xtt ly bang 103 (217 mg,

0,385 mmol) & nhiét ¢d 0°C va hdn hop duge lam 4m dén nhiét do trong phong va dugc
khudy trong 30 phut. Hén hop dugc dung & nhiét do 0°C bang natri bicacbonat chira
nudc bdo hoa va duogce chiét béng EtOAc. Phan hitu co két hop duogc rira béng nudc
mubi, duogc 1lam khd trén Na2SOs, loc va dugce cd trong chan khong. Phén con lai duoc
tinh ché bang séc ky cot trén silicagel (rira giai bing Hexan/EtOAc-EtOH 3:1 99:1 dén
EtOAc-EtOH 3:1) dé tao ra 110. LC/MS: (M+H)" = 866,21.

Buéc Bva C — Téng hop hop chdt trung gian 111 va 112
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Bb sung HCI1 4 N trong dioxan (0,359 ml, 1,438 mmol) vao dung dich cua 110
(249 mg, 0,288 mmol) trong DCM (1 ml) & nhiét d6 trong phong va hdn hop dwgc khudy
trong 6 gid sau d6 duoc ¢d dé taora 111. LC/MS: (M+H)" = 710,19.

B sung DIPEA (0,128 ml, 0,734 mmol) va HATU (123 mg, 0,323 mmol) vao
dung dich cta 111 (219 mg, 0,293 mmol) va 76 (232 mg, 0,285 mmol) trong DMF (3
ml) va nuée (0,15 ml) & nhiét d6 0°C va hdn hop duge khudy trong 30 phat. Hon hop
dugc dung & nhiét d¢ 0°C b?mg nude mudi va duogce chiét béng EtOAc. Phan hitu co két
hop dugc lam kho trén Na2SOs4, loc va dugc cd trong chan khong. Phén con lai duoc
tinh ché bang sic ky cot trén silicagel (rira giai bang Hexan/EtOAc-EtOH 3-1 99:1 dén
30:70 sau d6 DCM/MeOH 99:1 dén 70:30) dé tao ra 112. LC/MS: (M+H)* = 1506,11.

Buée D — Tong hop hop chat trung gian 113

112

Y

(0]
el
Budc D \O/U\/\n/ 113

B6 sung chét xuc tac Zhan (59,0 mg, 0,080 mmol) vao dung dich cua 112 (173
mg, 0,115 mmol) trong DCM (180 ml) va AcOH (15 ml) duoc khur khi bang nito trong
30 phut va hdn hop dugc 1am 4m dén nhiét d6 50°C va duge khudy trong 3 gio. Hon
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hop duge loc qua xelit, rira bing DCM sau d6 dugc ¢d trong chan khong. Phan con lai
duoc tinh ché bang sic ky cot trén silicagel (rtra giai bing DCM/MeOH 99:1 dén 80:20)
dé tao ra 113 12 hdn hop cuia cac chit ddng phan E va Z. LC/MS (chat ddng phan chinh):
(M)" = 1477,80; LC/MS (chat dong phan phu): (M)" = 1478,28.

Buéc E — Tong hop hop chat trung gian 114

0
. N — HN—
0 v
HO o4 o (w0l oM
=y, H i i
13 - - ;r—é'\” Ny V’J"W-NELFO
sau do HN_ & H HN

Budc E maﬂ\f\rw\)& 14

Bd sung piperidin (0,066 ml, 0,668 mmol) vao dung dich cua 113 (141 mg, 0,095
mmol)) trong axetonitril (2 ml) va hdn hop dugc khudy trong 45 phut. Hon hop dugce cd
trong chan khéng, dugc lam cung bay hoi v6i mot chut axetonitril dé tao ra chit tho. B6
sung HATU (39,7 mg, 0,105 mmol) va DIPEA (0,037 ml, 0,209 mmol) vao huyén phu
dic cta chét thd nay (119 mg, 0,095 mmol) va hop chét trung gian 88 (52,0 mg, 0,105
mmol) trong DMF (2 ml) va nuée (0,1 ml) & nhiét d§ 0°C va hdn hop duge khudy trong
30 phut. Hén hop duoc tinh ché bing sic ky cot trén C18 (rira gidi bang
axetonitril+0,05% TFA/nudc+0,05% TFA 90:10 dén 30:70) dé tao ra 114 1a hdn hop
cta cac chit ddng phan E va Z. LC/MS chit dong phéan chinh: (M)" = 1735,28; LC/MS
(chét ddng phéan phu): (M) = 1735,25.

Budéc F — Tong hop hop chat trung gian 115
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B6 sung 1 N LiOH chira nude (0,386 ml, 0,386 mmol) timg giot vao dung dich
cia 114 (134 mg, 0,077 mmol) trong THF (1,5 ml) va MeOH (1,5 ml) & nhiét 4o 0°C
va hdn hop duoc khudy trong 2 gio. Phan ing duge xir Iy & nhiét do 0°C tirng giot véi
0,5 N HCI cho dén khi pH~7, dugc cd tir dung moi hitu co, sau do huyén phu dac dugc
hoa tan v6i ~1 mL DMF va dugc tinh ché truc tiép bang sic ky cot trén C18 (rira giai
bing axetonitril+0,05% TFA/nudc+0,05% TFA 90:10 dén 50:50) dé tao ra 115 1a hon
hop cta cac chit ddng phan E va Z. LC/MS chéit dong phan chinh: (M)* = 1498,71;
LC/MS (chét déng phan phu): (M)" = 1499,48.

Nhu duge md ta & trén trong quy trinh diéu ché Ex-50 tir Ex-01, va Ex-55 tir Ex-
54 bang phan Gmg ctia R? amit ctia n6 trong hop chét ban du tvong (mg véi tién chit
ctia phan tir thé ¢6 tinh axit, cac hop chét trung gian dudi day co thé duoc sir dung trong
cac phan ung twong tu dé tao ra hop chét theo sang ché hiru dung.

Tdng hop tién chét clia phan tir thé R'/R?:

Didu ché 5-carboxy-N-(3-metoxypropyl)-N,N-dimetylpentan-1-aminium clorua
(hop chét trung gian Z-1a)

Buéce A: Didu ché hop chat trung gian Z-1

0O B_r
Y\/\/\N+/\/\O/
7\

O\f/
7-1

B6 sung 1-bromo-3-metoxypropan (853 mg, 5,57 mmol) vao dung dich dugc

khudy cta tert-butyl 6-(dimetylamino)hexanoat (300 mg, 1,393 mmol) trong axetonitril
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(1 mL). Hdn hop phan ting duoc khudy & nhiét d6 50°C trong 16 gid. Hon hop tao thanh
dugc co dudi ap suét giam dé tao ra Z-1. LC/MS: (M-Br)* = 288,4. '"H NMR (300 MHz,
CDCl3): 8 3,76-3,47 (m, 6H), 3,38 (d, J = 28,9 Hz, 9H), 2,25 (t, J = 7,2 Hz, 2H), 2,12-
1,95 (m, 2H), 1,87-1,55 (m, 4H), 1,45 (s, 11H).

Buée B: Tong hop hop chat trung gian Z-1a

o cl
Y\/\/\N+/\/\O/
7\

OH 7Z-1a

B6 sung 4 M HCI trong dioxan (2 mL) & nhiét do trong phong vao dung dich
duoc khudy ctia Z-1 (460 mg, 1,249 mmol) trong DCM (0,5 mL). Hon hop phan ting
dugc khudy ¢ nhiét do trong phong trong 4 gior va duge co dudi ap suit giam. Phan con
lai duoc hoa tan lai trong DCM (5 mL) va dugc cd dudi ap suét giam dé tao ra hop chat

trung gian Z-la. LC/MS: (M-Cl)" =232,3.
Diéu ché hop chét trung gian Z-2b

Buéc A: Diéu ché hop chat trung gian Z-2
| 0 L

B6 sung dimetylamin (2 M trong THF) (7,96 mL, 15,93 mmol) vao dung dich
dugce khudy cia rert-butyl 6-bromohexanoat (1,0 g, 3,98 mmol) trong THF (10 mL).
Hbn hop phéan tmg duge khudy ¢ nhiét do trong phong trong 16 gio. Hon hop tao thanh
dugc ¢d dudi 4p suét giam va phan con lai dugc tinh ché bing sic ky cot silicagel, rira
giai bang gradien 1% - 15% MeOH trong DCM. Céc phan chira san phim mong muén
duoc két hop va duge ¢ dé tao ra Z-2. LC/MS: (M+H)" = 216,2. 'TH NMR (300 MHz,
CDCl3): § 2,35-2,17 (in, J = 8,5, 6,5 Hz, 10H), 1,67-1,47 (m, 4H), 1,45 (s, 9H), 1,42 -
1,23 (m, 2H).

Buéc B: Piéu ché hop chat trung gian Z-2a

OY\/\/\ NN
7\
Oj< Br
/-2a
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B6 sung 1-bromo-2-metoxyetan (645 mg, 4,64 mmol) vao dung dich dugc khudy
ctia Z-2 (250 mg, 1,161 mmol) trong ACN (1 mL). Hon hop phan tng dugc khudy &
nhiét 46 50°C trong 16 gir. Hon hop tao thanh duoc cb dudi ap suat giam dé tao ra Z-
2a. LC/MS: (M-Br)" = 274,3. 'H NMR (300 MHz, CDCI;3): § 4,02-3,80 (m, 4H), 3,70-
3,54 (m, 2H), 3,42 (d, J = 13,0 Hz, 9H), 2,24 (t, J = 7,2 Hz, 2H), 1,85-1,75 (m, 2H),
1,72-1,55 (m, 2H), 1,44 (s, 11H).

Buée C: Diéu ché hop chdt trung gian Z-2b

OY\/\/\SK\/O\
7\

OH Z-2b

B6 sung 4 M HCI trong dioxan (2 mL) & nhiét do trong phong vao dung dich
dugc khudy cta Z-2a (450 mg, 1,270 mmol) trong DCM (0,5 mL). Hon hop phan tng
duoc khudy & nhiét do trong phong trong 4 gir va duge co duéi ap suit giam. Phan con
lai dugc hoa tan lai trong DCM (5 mL) va duogc cd duéi ap suit giam dé tao ra Z-2b.
LC/MS: (M-Cl)" =218,3.

Diéu ché hop chét trung gian Z-3b

Buéc A: Diéu ché hop chat trung gian Z-3
B r/\/O\/\H/O\‘/
© Z-3

B6 sung CBrq (1395 mg, 4,21 mmol) va PPhs (965 mg, 3,68 mmol) & nhiét do
0°C vao dung dich cua tert-butyl 3-(2-hydroxyetoxy)propanoat (500,0 mg, 2,63 mmol)
trong DCM (2 mL). Hn hop dugc khudy & nhiét d¢ trong phong trong 2 gi. Hon hop
tao thanh dugc ¢d dudi 4p sudt giam va phan con lai dugc tinh ché bang sic ky cot
silicagel, dugc rua giai bang gradien 1% - 15% EA trong PE. Cac phén chtra san phdm
mong mudn duoc két hop va dugc cd dé tao ra Z-3. '"H NMR (400 MHz, CDCls): 3,78
(dt, J=11,1, 6,3 Hz, 4H), 3,47 (t, J= 6,3 Hz, 2H), 2,53 (t, /= 6,4 Hz, 2H), 1,48 (s, 9H).

Buéc B: Tong hop hop chdt trung gian Z-3a
\N/\/O\/\”/ \'/
Br Z-3a
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B sung trimetylamin (955 mg, 5,33 mmol) (33%Wt, trong EtOH) vao dung dich
duoc khudy cua tert-butyl 3-(2-bromoetoxy)propanoat Z-3 (450 mg, 1,778 mmol) trong
ACN (2 mL). Hdn hop phan tmg dugc khudy & nhiét d6 50°C trong 16 gid. Hon hop tao
thanh dugc c6 dudi ap sut giam dé tao ra Z-3a. LC/MS: (M-Br)" = 232,3. "TH NMR
(400 MHz, CDCls): 6 5,32 (s, 1H), 4,04-3,94 (m, 4H), 3,73 (t, J= 5,7 Hz, 2H), 3,50 (s,
10H), 2,50 (t, J= 5,7 Hz, 2H), 1,44 (s, 9H).

Buéc C: Tong hop hop chdt trung gian Z-3b

\'lij (\/O\/\g/OH
cl Z-3b
B6 sung 4 M HCl trong dioxan (2,5 mL) & nhiét do trong phong vao dung dich
ctia Z-3a (550 mg, 1,761 mmol) trong DCM (0,6 mL). Hon hop dugc khudy & nhiét do
trong phong trong 4 gid. Hon hop tao thanh dugc c¢d dudi dp sudt giam va phan con lai
dugc hoa tan lai trong DCM (3 mL) va toluen (3 mL). Hon hop sau d6 duge c6 dudi ap
sut giam dé tao ra Z-3b. LC/MS: (M-C1)* = 176,2.

Diéu ché hop chét trung gian Z-4b

Bu6c A: Diéu ché hop chat trung gian Z-4

OY\©/ O~
A 7-4

B6 sung PhsP (2,368 g, 9,03 mmol) vao dung dich ctiia DIAD (1,755 mL, 9,03
mmol) trong THF (30 mL). Hon hop dugc khudy & nhiét do trong phong trong 10 phut,
sau do6 metyl 2-(3-hydroxyphenyl)axetat (1,0 g, 6,02 mmol) va 3-
(dimetylamino)propan-1-o0l (0,931 g,.9,03 mmol) duoc bd sung vao dung dich. Hon hop
dugc khudy ¢ nhiét do 50°C trong 1 gio. Dung dich tao thanh dugc ¢b dudi ap suit giam
va phén con lai dugc tinh ché bang sic ky cot silicagel, rira giai bing gradien 1% - 10%
MeOH trong DCM. Céc phan chira san pham mong mubn duge két hop va dugc cb dé
tao ra Z-4. LC/MS: (M+H)" =252,2. 'THNMR (300 MHz, CDCL): 8 7,23-7,18 (m, 1H),
6,82 (td, J = 8,7, 4,1 Hz, 3H), 4,01 (t, J = 6,4 Hz, 2H), 3,69 (s, 3H), 3,59 (s, 2H), 2,46
(t, J=17,3 Hz, 2H), 2,27 (s, 6H), 1,97 (dt, J= 7.9, 6,5 Hz, 2H).

Buéc B: Diéu ché hop chat trung gian Z-4a
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OY\@/O\/\/N\/
-
O Z-4a

B& sung Mel (1,288 g, 9,07 mmol) vao dung dich ctia Z-4 (600 mg, 2,268 mmol)

108/176

trong ACN (12 mL). Hon hop duge khudy & nhiét do trong phong trong 1 gid. Dung
dich tao thanh dugc cd dudi ap suét giam dé tao ra -Z-4a. LC/MS: (M-I)" = 266,2.

Bude C: Diéu ché hop chdt trung gian Z-4b
O 0\/\/'1“\/
m Sl 7 ap

B6 sung 2 M LiOH (1,729 mL, 3,46 mmol) vao dung dich cta Z-4a (800 mg,
1,729 mmol) trong THF (12 mL). Hdn hop nay duogc khudy & nhiét do trong phong trong
2 gid. Gid tri pH cta dung dich dugc diéu chinh dén 4 bang HCI (1 M) va dung dich
duogc c6 dudi 4p sut giam. San pham tho duge tinh ché bang sic ky pha ddo trén C18
(Pha dong A: nudc, Pha dong B: ACN; Tbc @6 dong: 60 mL/phut; Gradien: 1% B dén
25% B trong 25 phut; 25% B dén 95% B trong 15 phut; 95% B dén 95% B trong 10
phut) dé tao ra Z-4b. LC/MS: (M-C1)* =252,2. 'H NMR (300 MHz, CD;0D): 3 7,21 (t,
J=17.9Hz, 1H), 6,95-6,75 (m, 3H), 4,12 (t, J= 5,7 Hz, 2H), 3,63-3,50 (m, 4H), 3,18 (s,
9H), 2,35-2,20 (m, 2H).

Vi du 4 Diéu ché Ex-23

A OAcO
C
_ HBIAGOH o NaN,
—
OAc pom 0C DCM. 0 °C AcO DMF
OAc Br
Budc A Buéc B

S-1a

AcQO

A

Buéc C

S-1c¢c

S-1b

O AcO oﬁo

Y

cO DMAP

Buée D
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O

AcO HNJS
AcO O
o) O Ex-01
H OH
AcO NNOH .
OAc O HATU, DIEA; LiOH NH

\)\N \\<
@I é

HO OH

Ex-23

Buéc A: Diéu ché hop chdt trung gian S-1b

(2S,3R,48,5S,6R)-6-(axetoxymetyl)tetrahydro-2H-pyran-2,3,4,5-
tetrayltetraaxetat S-1a (5 g, 12,81 mmol) dugc bd sung vao dung moi cia 48% HBr
(7,25 mL, 64,0 mmol) trong AcOH va DCM (40 mL) & nhiét d¢ 0°C va hdn hop duoc
khudy & nhiét 46 0°C trong 1 gio. Hon hop phan tng dugc rét vao natri hydro cacbonat
bdo hoa chira nudc duyc lam mat trén da va hdn hop dugc chiét bang DCM (3 x 60mL).
L6p hitu co dugce rira béng nude mudi, duge 1am kho trén NaxSO4, duoc loc va duoge cd
sau d6 san pham thd duoc tinh ché bang sic ky nhanh trén silicagel (rra giai bang 0~30%
EtOAc/PE) thanh S-1b.

Buée B: Diéu ché hop chdt trung gian S-1c

B6 sung natri nitrua (0,854 g, 13,13 mmol) vao dung dich cua S-1b (4,5 g, 10,94
mmol) trong DMF khd (45 mL) va phan tng duoc khudy & nhiét do 18°C trong 30 phut.
Hon hop phan tmg duoc pha loang véi nude (30 mL) va duoc chiét bang EtOAc (3 x 80
mL). Lép hitu co duge 1am kho trén NaxSO4 va duge lam bay hoi dén khi kho. San phidm
thd dugce tinh ché bang sdc ky nhanh trén silicagel (rira giai bing 0~30% EtOAC/PE) dé
tao ra S-1c.

Buée C: Piéu ché hop chdt trung gian S-1d

B6 sung 10% Pd-C (0,898 g, 0,844 mmol) vao dung dich cua S-1c (3,15 g, 8,44
mmol) trong EtOH (60 mL). Ong phan tng dugc thdi khi va duoc nap Hz duéi ap suat
50 psi. Phan tng dwoc khudy & nhiét do 18°C trong 5 gio. Hon hop phan tng duoc pha
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lodng v6i EtOAc, dugc loc qua xelit, va dugc ¢d, dé tao ra S-1d duoc st dung cho budc

tiép theo.
Buée D: Piéu ché hop chét trung gian S-1e

Bb sung dihydrofuran-2,5-dion (0,742 g, 7,41 mmol) va Et3N (0,939 mL, 6,74
mmol) vao dung dich cta S-1d (2,34 g, 6,74 mmol) trong THF khan (20 mL). Phan ting
duogc khudy trong 3 gid cho dén khi tiéu thu hoan toan nguyén liéu ban dau sau dé dugc
bay hoi. San phim thd tao thanh dwogc tinh ché bang sic ky nhanh trén silicagel (rira giai
bang 0~10% DCM/MeOH) dé taora S-1le. MS (ESI): m/z (M+H)+ 448,1. IHNMR (400
MHz, CDCI3) &: 6,48“(d, J=9,04 Hz, 1H), 5,43 (s, 1H), 5,24 (t, J = 8,93 Hz, 1H), 5,07-
5,17 (m, 2H), 4,08-4,18 (m, 2H), 4,04 (q, J = 6,69 Hz, 1H), 2,72-2,84 (m, 1H), 2,58-
2,69 (m, 2H), 2,43-2,53 (m, 2H), 2,15 (s, 3H), 2,06 (s, 3H), 2,04 (s, 4H), 2,00 (s, 3H).

Buéc E: Diéu ché Ex-23

Bé sung DIEA (0,150 ml, 0,860 mmol) va HATU (98 mg, 0,258 mmol) vao dung
dich ctia Ex-01 (300 mg, 0,215 mmol) va S-1e (115 mg, 0,258 mmol) trong DMF (8 ml)
va nude (0,4 ml) va dung dich tao thanh dugce khudy & nhiét do trong phong trong 1 gio.
Phan trng dugc lam dung b.;fmg ting giot IN LiOH (2,58 ml, 2,58 mmol), dung dich tao
thanh duoc khudy & nhiét do trong phong trong 2 gio sau d6 loc va dich loc dugce tinh
ché trén HPLC pha ddo cot C18 bing cach st dung 29-34% gradien cia axetonitril
(0,05% TFA) trong nudc (0,05% TFA) dé tao ra Ex-23. LC/MS: [M+1]+ = 1657,1.

Vi du 5 Didu ché Fx-14
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Ex-14

Hop chét Ex-14 duoc didu ché theo cach twong tur quy trinh duge mo ta trong Vi
du 1 nhung st dung “céc nhém lién két” khac nhau va cac budc tong hop thay thé. Quy
trinh tdng hop “cac nhom lién két” nay, cac bude thay thé va thir tw chinh duge mo ta
duéi day.

Diéu ché hop chét trung gian Int-2g

Hop chét trung gian Int-2g, hitu ich 1am “nhém lién két” trong quy trinh diéu ché
hop chét theo sang ché, dugc diéu ché theo so d duéi day:
e) HN,BOC
= H2N/\/N3

Natri
triaxetoxy-
hydroborat

O NH Buéc A \‘\
Y N
>ro Int-2da int-2gb "
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0 H

N-Boc NH
~ OH 2
TF
o . N3
o TFA
8

HATU, DIPEA N

) N Buéce C
Bude B o Int-2gc 2 O Int-2g

@) —0

/O

Buéc A — Tong hop Int-2gb

B6 sung timg phén natri triaxetoxyhydroborat (1,06 g, 5 mmol) vao dung dich
cta Int-2da (0,5 g, 2 mmol) va 2-azidoethanamin, HCI (0,246 g, 2mmol) trong THF (16
ml) & nhiét do trong phong trong bé nudc va hdn hop duogc khudy trong 2 giv. Phan tng
duoc lam dimg tir tir bang dung dich NaHCO; bdo hoa chira nuéc, sau d6 dugc chiét
bang DCM va duge rira bang nudc mudi. Lép hitu co két hop duoc 1am khd trén MgSOs
va duoc ¢b dé tao ra Int-2gb. LC/MS: (M+1)*=320,3.

Buéc B — Tong hop Int-2gc

Bb sung HATU (0,914 g, 2,4 mmol) va DIPEA (0,7 ml, 4,01 mmol) & nhiét do -
15°C vao dung dich cua Int-2gb (0,64 g, 2 mmol) va mono-metyl suxinat (0,3 g, 2,3
mmol) trong DMF (4ml) va DCM (8 ml). Dung dich tao thanh dugc khudy & nhiét do -
15°C trong 2 gidy, sau d6 duoc 1am dimg bang nude va duge co. Phén con lai duge tinh
ché bang séc ky pha dao trén C18 (rira giai bing axetonitril/nuée + 0,1% TFA) dé tao
ra Int-2gc. LC/MS: (M+1)"= 434,3.

Buéc C — Tong hop Int-2g

B sung TFA (3 mL, 38,9 mmol) & nhiét do trong phong vao dung dich cua Int-
2gc (0,52 g, 1,2 mmol) trong DCM (9 mL). Hon hgp phan tmg dugc khudy & nhiét do
trong phong trong 2 gid. Hon hop duge ¢d dudi ap sudt giam dé tao ra Int-2g. LC/MS:
(M+1)"=334,3.

Diéu ché hop chét trung gian 70B va 76C
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)N
\ =
o con LiOH (2M)
o

Buéc A
@)
HN‘%
Gibng nhu dbi v6i hop chét trung gian 76 0
oa O H
Buéc C dén H H ..
P B RO N
- 0 z o
. N
B B
ude 76C \\\
=

Bu6c A — Tong hop hop chat trung gian 70B

Bb sung 95% NaH (0,141 g, 5,56 mmol) vao dung dich ctia 69B (1,5 g, 4,46
mmol) trong DMF (17,8 ml) & nhiét d6 0°C, va dung dich tao thanh dugc khudy & nhiét
d6 0°C trong 20 phut sau d6 bd sung timg giot 3-bromoprop-1-yn (80% trong toluen)
(0,596 ml, 5,35 mmol). B4 sung timg giot lithi hydroxit chtra nudc (2M) (3345 pl, 6,69
mmol) vao dung dich tao thanh. Phan tng dugc khudy & nhiét do trong phong trong 2
gid, loc va dugc tinh ché bang HPLC pha dao (rta gidi bing axetonitril/nude + 0,1%
TFA) dé tao ra 70B. LC/MS: (M+1)*: 361,0, (M+Na)*: 383,0.

Buée B — Tong hop hop chdt trung gian 76C

Quy trinh chuyén héa 70B thanh hop chét trung gian 76C duoc tién hanh theo
quy trinh twong ty quy trinh duge md ta trong qua trinh diéu ché hop chét trung gian 76
bude C dén H. LC/MS: [M+1]+ = 812,16.

Lép ghép vao vi du Ex-14:
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nt-29 — quivalh
—~0 0 Tuong VY
Bude A
HNJS

F N\ CN\Z‘ /EH
ﬁo g
Omo
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HO

O _o
HO CU(CN)4PF6

Na* )=
O OH

Step B

Tuong tu Vidu 1

Buéc A — Tong hop hop chdt trung gian 117

Hop chét trung gian 117 duogc didu ché tir hop chét trung gian Int-2g va 76C theo
quy trinh trong tw quy trinh duge mé ta trong vi du 1 va 1A. Cy thé hon Int-2g dugce tao
chirc nang theo chét phan tmg va quy trinh dé diéu ché hop chat trung gian 77B budc A
dén B, dugc xdy dung thém quy trinh dudi day dé didu ché hop chit trung gian 86 budc
G dén J, sau d6 cudi cung dugc két hop vai hop chit trung gian 76C quy trinh duéi dy
dé diéu ché Vi du 1A bude B dén C, dé taora 117. LC/MS: (M+1)+: 1573,36.

Buéc B — Téng hop hop chét trung gian 118
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Tetrakis(axetonitril)ddng(I) hexaflorophosphat (51,6 mg, 0,138 mmol), tris[(1-
benzyl-1h-1,2,3-triazol-4-yl)metyl]amin (73,4 mg, 0,138 mmol) va natri ascorbat (137
mg, 0,692 mmol) trong BuOH (185,00 mL)/nudc (93 mL) duoc suc nito va sau dé gia
nhiét & nhiét do 50°C. Hop chat trung gian 117 (435,3 mg, 0,277 mmol) dugc bd sung
vao phan tng dudi dang chét rn. Sau 1 gid, phan Gng duge xi Iy bang dém c6 do pH 4
chira nuéc va duge chiét bang EtOAc. Lép hitu co két hop duge bay hoi, va phan con
lai duoc tinh ché bang sic ky pha do (rtra giai bing gradien clia axetonitril/nudc +0,1%

axit formic) dé tao ra hop chit trung gian 118. LC/MS: (M+1)+: 1573,2.
Buéc C — Tong hop Ex-14

Téng hop vi du Ex-14 duoc tién hanh tir hop chat trung gian 118 theo quy trinh
tuong tu quy trinh dugc md ta trong vi du 1, bao gdm viée st dung céc dém thay thé dé

1ap ghép. LC/MS: [M+1]+=1621,01.

Bing cach st dung quy trinh tong hop duge md td & trén, va nhu s& duge danh
gia, trong mdt s truong hop véi su thé thich hop ctia céc hop chét trung gian nhét dinh
bao gdm viée st dung cic dém thay thé rd rang dbi voi ngudi c6 hidu biét trung binh
trong linh vuc k¥ thudt, quy trinh didu ché hop chit c6 thé dugc mo ta & trén, cac hop
chit duéi day theo sang ché, dugc liét ké trong bang 2 duéi ddy, dugce diéu ché. Ngoai

ra, dang mudi thay thé cta hop chat theo sang ché ciing c6 thé dugc mo ta trong don

nay:
Bang 2
Ex- sb Chu tric LC/MS: (M)*
Ex-01 1394,4
mubi

ACOH
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Ex- sb CAu trac LC/MS: (M)*
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Ex- sb Chu tric LC/MS: (M)*
EX-QS 0 1594,54
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Ex- 56 CAu triic LC/MS: (M)*
Ex-08 1608,46
mudi

TFA

Ex-09 0 1608,30

Mubi Cl HN)J\\

Ex-10 o 1608,40
mudi

TFA

119




51492

120/176

Ex- s CAu trac LC/MS: (M)*
Ex-11 1608,84
muoi

TFA

Ex-12 1579,54
muoi

TFA

Ex-13 1621,74
mudi

TFA
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Ex- sb CAu tric LC/MS: (M)
Ex-14 1622,28
muoi

TFA

Ex-15 1636,54
mudi

TFA

Ex-16 1592,52
mudi

TFA
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Ex- 6 CAu tric LC/MS: (M)*
Ex- 1,7 1582,68
muoi
TFA
Ex-18 1539,75
mudi
TFA
Ex-19 1692,91
mudi
TFA
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LC/MS: (M)*
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Ex- sb Céu tric LC/MS: (M)*
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Ex- sb CAu tric LC/MS: (M)*
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Ex- s CAu tric LC/MS: (M)*
Ex-28 1568,63
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Ex- 6 Céu trac LC/MS: M)*
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Ex- sb Chu trac LC/MS: (M)
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Ex- s Chu trac LC/MS: (M)*
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Ex- sb Céu trac LC/MS: (M)*
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Ex- s6

LC/MS: (M)*
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LC/MS: (M)*
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LC/MS: (M)*
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Ex- s6 CAu tric LC/MS: (M)*
Ex-61 O o 1592,4
Muoi Cl N N/U\/H? o

Xac dinh hoat tinh

Hop chét duge chon theo sang ché dugc dua vao mot hodc nhiéu quy trinh dudi

day dé thir nghiém hoat tinh ctia ching dé déi khang hoat tinh PCSKS9.

Duéi day 14 phan md ta cac thir nghiém duoc st dung dé x4c dinh hoat tinh ctia
céc hop chit theo sang ché, va cac hop chét so sanh bét ky duoc bao cdo, huéng dén dbi

khang PCSK9. PCSK9 dugc biotinyl héa dugc thu v& mit thuwong mai.
LDLR TR-FRET

Thtr nghiém PCSK9 TR-FRET xéc dinh sy tuong tac gitta PCSK9 va LDLR.
Dung dich chira 40 nM PCSK9 dugc biotinyl hoéa + 10 nM Lance ULight Streptavidin
duoc tao ra trong 50 mM HEPES pH 7.4, 0,15 M NaCl, 5 mM CaCl,, 0,01% BSA, va
0,01% Chét hoat dong bé mat P20. Dung dich riéng r& chtra 40 nM thLDLR-6xHis + 10
nM Eu-W1024 khang 6xHis dugc tao ra trong cung hé dém. Echo dugc st dung dé
chuyén 0,750ul hop chét vao dia thir nghiém sau d6 bd sung 15ul PCSK9+Ulight va
15ul LDLR+Eu. Thé tich thi nghiém cudi cung la 30,750ul chta 20nM PCSK9, 5nM
Ulight, 20nM LDLR, va 5nM Eu. Phan tng dugc 0 ¢ nhiét do trong phong trong it nhat
hai gio trudce khi do huynh quang bang cach str dung Bo doc Envision Multilabel Reader.
Gid tri IC50 duoc x4c dinh bang cach 1ap sd lidu vao dudng cong dap mg-liéu sigmoidal
bing cach st dung hoi quy khong tuyén tinh. Hé dém (hé dém B) cia LDLR gan nhin
europi sau do dé quan st néu hop chét tac dung tré lai LDLR. Su di xudng ctia hé dém

B ¢6 kha nang chi ra duong tinh gia cta su trc ché.
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Alexa FRET tiéu chuidn TR-FRET

Thir nghiém PCSK9 Alexa FRET tiéu chudn xac dinh su tuong tac gitta PCSK9
va peptit vong duoc gin dudi AlexaFluor647 (AF), chit phan ting A (Kp= 83nM). Dung
dich chita 1 nM PCSK9 dugc biotinyl hdéa + 2,5 nM Lance Streptavidin Europi (Strep-
Eu) duoc tao ra trong 50 mM HEPES pH 7,4, 0,15 M NaCl, 5 mM CaCl,, 0,01% BSA,
va 0,01% Chét hoat dong bé mit P20. Dung dich riéng ré& chira 40 nM peptit vong duoc
gén dudi AlexaFluor dugc tao ra trong cung hé dém. Echo dugc sir dung dé chuyén
0,750ul hop chét vao dia thir nghiém sau d6 bd sung 15ul PCSK9+Stept-Eu va 15ul
peptit AF. Thé tich thir nghiém cudi cung 1a 30,750ul chira 0,5nM PCSK9, 1,25nM
Strep-Eu, va 20nM peptit vong AF. Phan ng dugc U & nhiét do trong phong trong it
nhét hai gio trude khi do huynh quang bang céach st dung Bo doc Envision Multilabel
Reader. Gié tri IC50 dugc xéac dinh béng cach l4p sb liéu vao dudong cong dap tmg-liéu
sigmoidal bing cach st dung hdi quy khong tuyén tinh. Ki sau d6 dugc tinh tir IC50 va
Kp cua peptit vong AF. Hé dém (hé dém B) ciia PCSK9 dugc gin nhan europi sau d6
dé quan sat néu hop chét tac dung trd lai PCSK9. Su di xudng ctia hé dém B c6 kha nang
chi ra dwong tinh gia cta sy e ché. S6 lidu tlr quy trinh ndy dugc bdo cdo 1a “A = ‘gia

tri bang s8’ (nanomol)”
Chét phan Gmg A dugc didu ché theo phuong phap dudi day:

OH
N:\ OH N=\

“, _NHy “
HN 0 , o)
Budc A Buge B HN / o) //é
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Budce C

Chét phan tmg A

Buée A — Tong hop hop chit trung gian Int-A

Peptit dugc tong hop trén quy mé 0,250 mmol trén CEM Liberty Blue, Thiét bi
téng hop vi séng st dung hoa chat Fmoc//Bu trén nhwa PS Rink-Amit MBHA, 0,32
mmol g, Viéc lip ghép dugc thuc hién bing cach sir dung su két hop don sir dung 4
duong lugng axit amin dugc bao vé€ bai Fmoc 0,2M trong DMF, 4 duong luong 0,5M
HATU trong DMF, 4 duwong lugng 2M DIPEA (két hop kép ddi véi Tyr). Chu trinh khi
bao vé Fmoc duge thuc hién bang cach st dung 20% (thé tich/thé tich) piperidin trong
DMF.

Trinh tu cta axit amin dugc bao vé boi Fmoc va khéi céu tric duogc sir dung la:

1. N-(((9H-floren-9-yl)metoxy)cacbonyl)-S-trityl-L-xystein

2. Axit (S)-1((((9H-floren-9-yl)metoxy)cacbonyl)amino)-2-metylpyrolidin-
2-carboxylic

3. (((9H-floren-9-yl)metoxy)cacbonyl)-L-tyrosin

4. N-(((9H-floren-9-yl)metoxy)cacbonyl)-N-trityl-L-histidin

S. Axit  (S)-2-((((9H-floren-9-yl)metoxy)cacbonyl)amino)-4-(tert-butoxy)-
4-oxobutanoic

6. Axit  (S)-2-((((9H-floren-9-yl)metoxy)cacbonyl)amino)-3-(5-floro-1H-
indol-3-yl)propanoic

7. Axit  (S)-2-((((9H-floren-9-yl)metoxy)cacbonyl)amino)-3-(5-floro-1H-

indol-3-yl)propanoic
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8. (((9H-floren-9-yl)metoxy)cacbonyl)glyxin

9. N2-(((9H-floren-9-yl)metoxy)cacbonyl)-N°-(tert-butoxycacbonyl)-L-

lysin
10.  Axit 3-(tritylthio)propanoic

Khi két thuic viéc lip ghép, nhwa duge rira bang DMF, MeOH, DCM, Et,O. Peptit
duoc phén cat khoi nén do rin bang cach sit dung 50 ml dung dich TFA (thé tich/thé
tich) (91% TFA, 5% F»0, 4% TIPS) trong khoang 1,5 gio, & nhiét do trong phong. Nhua
duoc loc, duge rira bang TFA va dung dich duge c6 dén khi kho va duge 1am déng khd.
Quy trinh d6ng kho tao ra hop chdt trung gian Int. A (399mg), dugc st dung 1am chét
thd trong bude tiép theo. LCMS dugc phan tich tinh todn Cs1H75F2N15013S2: 1328,48,
phét hién: 1328,2 (M+1)"

Buée B — Tong hop hop chdt trung gian Int-B: nhu duge mo ta dbi v6i chét phan
ung B

Puogc tinh ché b?mg RP-HPLC (Waters Deltapak C4, bt tiém kép, 40x100 mm,
15um, 300A; 15% dén 35% ACN/nuéc + 0,1% chit cai bién TFA trong 20 phut). Céc
phin thu dugc duge dong kho dé tao ra 35mg hop chat trung gian Int-B. LCMS dugc
phan tich tinh toan dbi vai CeoHg1F2N15013S2: 1430,62; phat hién: 1430,9 (M+1)"

Buéc C— Téng hop hop chat Chét phdm ieng A: nhu duge md ta d6i vi chat phan
ung B

LCMS dugc phan tich tinh toan dbi véi CrosH122F2N17026S6>: 2268,58; 1135,8
(M+2)2+

Alexa FRET Cong TR-FRET

Tht nghiém PCSK9 Alexa FRET Cong xac dinh sy tuong tac gitta PCSK9 va
| peptit vong duoc gin dudi AlexaFluor647 (AF), chét phan tng B (Kp= 35nM). Dung
dich chra 1 nM PCSK9 duoc biotinyl hoa + 2,5 nM Lance Streptavidin Europi (Strep-
Eu) dugc tao ra trong 50 mM HEPES pH 7.4, 0,15 M NaCl, 5 mM CaCla, 0,01% BSA,
va 0,01% Chét hoat dong bé& mat P20. Dung dich riéng r& chira 1920 nM peptit vong
duoc gén dudi AlexaFluor duogc tao ra trong cung hé dém. Echo dugc su dung dé chuyén
0,075ul hop chét cong 0,675ul DMSO vao mdi giéng ctia dia thir nghiém sau d6 bo sung

15ul PCSK9+Stept-Eu va 15ul peptit AF. Thé tich thir nghiém cubi cung 1a 30,750ul
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chtra 0,5nM PCSKO9, 1,25nM Strep-Eu, va 960nM peptit vong AF. Phan tmg dugc 0 &
nhiét d6 trong phong trong it nhét hai gior truée khi do huynh quang bang cach sir dung
B0 doc Envision Multilabel Reader. Gia tri IC50 dugc xac dinh béng cach Iép sb lidu
vao dudng cong dap tmg-lidu sigmoidal bang cach st dung hdi quy khong tuyén tinh.
Ki sau d6 dwoc tinh tir IC50 va Kp cia peptit vong AF. Hé dém (hé d¢ém B) ctia PCSK9
duoc gén nhan europi sau do dé quan sat néu hop chét tac dung tr¢ lai PCSKO. Su di
xudng cua hé dém B c6 kha ning chi ra duong tinh gia clia sy tc ché. S6 liéu tir quy

trinh nay dugc bao cdo 1a “P= ‘gid tri bang s6’ (nanomol)”

Chét phan tmg B dugc diéu ché bang quy trinh dudi day.

z
z
T
O
z

) HO’< . N HN"N,
z HN (@) 4 NHQ /)
Buéc A 0 o) s I H /A ///
.. ~NH
NH 0 NH Ho /]/ 2

Bude C o é(')

Chat phan tng B

Bude A — Téng hop hop chdt trung gian Int-A
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Peptit dugc tong hop trén quy md 0,250 mmol trén CEM Liberty Blue, Thiét bi
tdng hop vi séng biang cach sir dung héa chat Fmoc/7Bu trén nhua PS Rink-Amit MBHA,
0,32 mmol g'. Viéc lip ghép duge thyc hién bing cach sir dung su két hop don bing
cach str dung 4 duong lugng axit amin dugce bao vé bdi Fmoc 0,2M trong DMF, 4 duong
lugng 1M Oxym trong DMF, 4 duong lugng 0,5M N, N-diisopropylcarbodiimit (DIC)
(két hop kép dbi voi YO01). Chu trinh khtr bdo vé Fmoc dugc thuc hién béng cach s
dung 20% (thé tich/thé tich) piperidin trong DMF.

Trinh tu cta axit amin dugc bao v€ bdi Fmoc va khdi cdu trac dugc st dung la:

1. N-(((9H-floren-9-yl)metoxy)cacbonyl)-S-trityl-L-xystein

2. Axit (S)-1((((9H-floren-9-yl)metoxy)cacbonyl)amino)-2-metylpyrolidin-
2-axit carboxylic

3. Axit (S)-2-((((9H-floren-9-yl)metoxy)cacbonyl)amino)-3-(4-
metoxyphenyl)propanoic

4. N-(((9H-floren-9-yl)metoxy)cacbonyl)-N-trityl-L-histidin

5. Axit  (S)-2-((((9H-floren-9-yl)metoxy)cacbonyl)amino)-4-(tert-butoxy)-
4-oxobutanoic

6. Axit  (S)-2-((((9H-floren-9-yl)metoxy)cacbonyl)amino)-3-(5-floro-1H-
indol-3-yl)propanoic

7. Axit  (S)-2-((((9H-floren-9-yl)metoxy)cacbonyl)amino)-3-(5-floro-1H-
indol-3-yl)propanoic

8. (((9H-floren-9-yl)metoxy)cacbonyl)-D-alanin

9. N2-(((9H-floren-9-yl)metoxy)cacbonyl)-N¢-(tert-butoxycacbonyl)-L-
lysin

10.  Axit 3-(tritylthio)propanoic

Khi két thic viée 1ip ghép, nhua dugc rira bing DMF, MeOH, DCM, Et,O. Peptit
dugc phan cit khoi nén do rin bing céch st dung 50 ml dung dich TFA (thé tich/thé
tich) (91% TFA, 5% H,0, 4% TIPS) trong khoang 1,5 gio, & nhiét do trong phong. Nhua
duoc loc, dugc rira béng TFA va dung dich duogc cd dén khi kho va duogc 1am dong kho.

Quy trinh dong kho tao ra hop chat trung gian Int. A (300mg), duge s dung lam chét
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tho trong budc tiép theo. LCMS duoc phan tich tinh toan Ce3H79FaN15013S2: 1356,53,
phat hién: 1356,9 (M+1)*

Buéc B — Tong hop hop chat trung gian Int-B

Int-A4 tho (0,22 mmol) dugc hoa tan lai trong 24ml DMF. 6ml 1M dung dich chira
nuée cla natri bicacbonat dugc bd sung dé ting do pH lén 7. Sau d6 0,26 mmol 1,3-
bis(bromometyl)benzen (0,1M trong DMF) duoc bd sung timg giot. Phan tng dugc dé
khudy & nhiét do trong phong trong 20 phut, dugc lam dimg bang TFA (pH dén 3-4) va
sau d6 dugc co trong chan khong dé tao ra Int-B tho, dugc tinh ché béng RP-HPLC
(Waters XBridge, C18, 50x150 mm, 5pm, 130A; 25% dén 40% ACN/nuéc + 0,1% chét
cai bién TFA trong 20 phiit). Phan thu dugc dwoc dong khd dé tao ra 35mg hop chit
trung gian Int-B. LCMS dugc phan tich tinh toan ddi v6i C71HssFaN15s013S2: 1458,67;
phat hién: 1458,8 (M+1)*

Buée C — Téng hop hop chit Chét phan iing B

Hop chdt trung gian Int-B (15mg) duoc hda tan trong 0,2ml DMSO khd. Sau d6
15mg ALEXAFLUOR 647NHS Este (A37566, Life technology) dugc hoa tan trong
1,5ml DMSO kho dugc bd sung. 20ul. DIPEA khé dugc bd sung. Phan ting duge dé
khudy & nhiét do trong phong trong 12 gidr duéi khi nito trong bong t61. Pugc lam dimng
bing TFA (pH dén 3-4) va duoc tinh ché bing RP-HPLC (Dr Maish, Reprosil Gold
C18, 250x20 mm, 120 A, 10um; 20% dén 35% 0,1% TFA trong ACN/0,1% TFA trong
H,0, trén 20 phit, sau d6 35% dén 40% trén 5 phit & tbc d6 dong 20 mL/phut). Phan
thu duge duge dong kho dé tao ra 16,1 mg hop chit Chat phan tng B. LCMS phén tich
dbi v6i C1o7H126F2N17026S6%:2296,64; phat hién: 1150,6 (M+2)**

S liéu hoat tinh dugc thu bang mdt hodc ci hai quy trinh dugc md ta & trén duge
béo cdo dbi vé6i cac hop chit vi du duge chon theo sang ché & dang dudi day:

Vi du s6: A (TR Fret chuén) = ‘gi4 tri bang s6’; P (Alexa Fret cong TR Fret
chuéin) = ‘gi4 tri bang s&’ /, luu ¥ ring tit ca cac gid tri c6 don vi [a nanomol.

Alexa FRET Ultra TR-FRET

Thir nghiém PCSK9 Alexa FRET Ultra x4c dinh sy twong tac gitta PCSK9 va
peptit vong dwoc gin dudi AlexaFluor647 (AF), chét phan tmg B (Kp= 0,99nM). Dung
dich chtra 1 nM PCSK9 dugc biotinyl hoa + 2,5 nM Lance Streptavidin Europi (Strep-
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Eu) dugec tao ra trong 50 mM HEPES pH 7.4, 0,15 M NaCl, 5 mM CacCl,, 0,01% BSA,
va 0,01% chét hoat dong bé mat P20. Dung dich riéng r& chira 1920 nnM peptit vong
duge gén dudi AlexaFluor dugc tao ra trong cuing hé dém. Echo duoc str dung dé chuyén
0,015 ul hop chat cong 0,735 ul DMSO vao mdi giéng cia dia thir nghiém sau d6 bd
sung 15 ul PCSK9+Stept-Eu va 15 ul peptit AF. Thé tich thir nghiém cudi cing 14 30,750
ul chra 0,5 nM PCSKO9, 1,25 nM Strep-Eu, va 960 nM peptit vong AF. Phan trng dugc
0 & nhiét do trong phong trong it nhit hai gir trude khi do huynh quang bang cach sir
dung B doc Envision Multilabel Reader. Gié tri IC50 dugc xac dinh bﬁng cach lép 36
liéu vao dudng cong dap tmg-lidu sigmoidal bing cach st dung hdi quy khong tuyén
tinh. Ki sau d6 dugc tinh tir IC50 va Kp cia peptit vong AF. H¢ dém (hé dém B) cua
PCSK9 dugc gin nhén europi sau d6 d& quan sat néu hop chit tic dong tré lai PCSKO.
Su di xudng ctia hé dém B c6 kha ning chi ra dwong tinh gia cta su tc ché. S6 lidu tur
quy trinh nay dugc bdo céo 1a “Ki Ultra = ‘gid tri bang s6° (s lidu duge bao cédo 1a

nanomol)”’

Céc hop chat duéi day dugc danh gid, nhu duoc thé hién trong bang 2, sir dung

quy trinh dugc mo ta & trén v6i cac két qua duge the hién:

Ex-01 Ki Plus = < 0,00558, Ki Ultra = 0,0046 / Ex-02 Ki Plus = 0,00558, Ki
Ultra = 0,005933/ Ex-03 Ki Plus = 0,02535, Ki Ultra = 0,06803/ Ex-04 Ki Plus <
0,00558, Ki Ultra = 0,004711/ Ex-05 Ki Plus = 0,009621, Ki Ultra = 0,03296/ Ex-06 Ki
Plus = 0,00568, Ki Ultra = 0,003424/ Ex-07 Ki Plus = 0,05914, Ki Ultra = 0,06753/ Ex-
08 Ki Plus = 0,01574, Ki Ultra = 0,06832/ Ex-09 Ki Plus = 0,09189, Ki Ultra = 0,247/
Ex-10 Ki Plus = 0,005743, Ki Ultra = 0,02489/ Ex-11 Ki Plus = 0,04334, Ki Ultra =
0,2067/ Ex-12 Ki Plus = 0,01448, Ki Ultra = 0,02247/ Ex-13 Ki Plus = 0,1454, Ki Ultra
=0,4772/ Ex-14 Ki Plus = 0,01605, Ki Ultra = 0,02099/ Ex-15 Ki Plus = 0,1027, Ki
Ultra = 0,2601/ Ex-16 Ki Plus = 0,01423, Ki Ultra = 0,05141/ Ex-17 Ki Plus < 0,00558,
Ki Ultra = 0,0028/ Ex-18 Ki Plus = 0,03356, Ki Ultra = 0,1183/ Ex-19 Ki Plus =
0,01662,.Ki Ultra = 0,01204/ Ex-20 Ki Plus = 0,01303, Ki Ultra = 0,01711/ Ex-21 Ki
Plus = 0,005692, Ki Ultra = 0,001264/ Ex-22 Ki Plus = 0,00926, Ki Ultra = 0,01519/
Ex-23 Ki Plus = 0,00938, Ki Ultra = 0,00239/ Ex-24 Ki Plus = 0,00812, Ki Ultra =
0,00767/ Ex-25 Ki Plus = 0,01127, Ki Ultra = 0,00463/ Ex-26 Ki Plus < 0,00558, Ki
Ultra = 0,002754/ Ex-27 Ki Plus < 0,00558, Ki Ultra = 0,00301/ Ex-28 Ki Plus <

0,00558, Ki Ultra = 0,00078/ Ex-29 Ki Plus = 0,00981, Ki Ultra = 0,00614/ Ex-31 Ki
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Plus < 0,00558, Ki Ultra = 0,00074/ Ex-35 Ki Plus = 0,04652, Ki Ultra = 0,08434/ Ex-
36 Ki Plus = 0,00762, Ki Ultra = 0,00507/ Ex-38 Ki Plus = 0,00904, Ki Ultra = 0,014 16/
Ex-39 Ki Plus = 0,00716, Ki Ultra = 0,00414/ Ex-40 Ki Plus = 0,30800, Ki Ultra =
0,86010/ Ex-41 Ki Plus = 0,00697, Ki Ultra = 0,00628/ Ex-44 Ki Plus = 0,01445, Ki
Ultra=0,02194/ Ex-47 Ki Plus = 0,01474, Ki Ultra=0,01193/ Ex-48 Ki Plus = 0,01169,
Ki Ultra = 0,01545/ Ex-49 Ki Plus = 0,00716, Ki Ultra = 0,00414/ Ex-50 Ki Standard
<1,26, Ki Plus = 0,01052, Ki Ultra = 0,00443/ Ex-51 Ki Standard <1,26, Ki Plus <
0,00558, Ki Ultra = 0,00597/ Ex-52 Ki Standard <1,26, Ki Plus < 0,00558, Ki Ultra =
0,00359/ Ex-53 Ki Standard <1,26, Ki Plus = 0,09629, Ki Ultra = 0,21500/ Ex-54 Ki
Standard <1,26, Ki Plus = 0,36720, Ki Ultra = 0,48390/ Ex-55 Ki Standard <1,26, Ki
Plus = 0,07240, Ki Ultra = 0,23800/ Ex-56 Ki Standard <1,257, Ki Plus = 0,02237, Ki
Ultra= 0,00481/ Ex-57 Ki Standard <1,257, Ki Plus <0,00558, Ki Ultra= 0,00162/ Ex-
58 Ki Standard <1,257, Ki Plus = 0,00773, Ki Ultra=0,00196/ Ex-59 Ki Plus = 0,007 88,
Ki Ultra = 0,004959/ Ex-60 Ki Plus = 0,006515, Ki Ultra = 0,005312 / Ex-61 Ki Plus =
0,00747, Ki Ultra = 0,006543.
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YEU CAU BAO HO

1. Hop chét c¢6 cong thue I:

@]

Cong thuc 1,
trong do:
X 1a H, F, Cl hoéc Br;
R! dugc chon tu:
(a) -H; hodc
(b) -(CHa2),~-RA, trong d6: z 1a tir 1 dén 6, va R1A 1a:
@ -H;
(i1) -NHoa;
(iii) -N"H3s;
(iv) -N*(H3C)s;

(v) -NH-C(O)-[(CH2)2-O-]2-(CH2)2R B trong d6 R 1a: -NHa; -N"Hs; -N(CHas);
hodc -N*(CHz3)3;

(vi) -NH-C(O)-[(CH2)y12-O-]>-(CHa)y13R*® trong do:
y12 va y13 khong phai cé hai 1a 2 va doc lap nim trong khoang tir 2 dén 4; va

RMB [a: -NH,; -N*Hj; -N(CH3)2; hodc -N*(CHas)s;

143



51492 144/176

(vii) -NH-C(O)-(CH,),R!€, trong d6, y= 1 dén 6 va RMC
la -O-(CH2)3-4-N"(CH3)3; va

(viii) -NH-C(0)-(CH2);R <, trong d6, y= 1 dén 6 va R'*C la:
(ai) —O-(CH2)2-N*(CH3)3;
(aii) -N"(CH3)3; hoac
(aiii) gbc co6 cong thire:
o) HO OH

N
4ZI\H 0 OH

HO
R? dugc chon tur:
(a) -H; va
(b) -(CH2),-RA, trong d6: z 1a tir 1 dén 6, va R dugc chon tir:
(i) -H;
(ii) -NHo;
(iii) -N*Hs;
(iv) -N*(H3C)s;

(v) -NH-C(0)-[(CH2)2-O-]2-(CH2)2.R B trong d6 R'*B la: -NHa; -N*Hs; -N(CHa)z;
hodc -N*(CHz)s;

(vi) -NH-C(0)-[(CH2)y12-O-]2-(CHa)y13R B trong do:
y12 va y13 khong phai ca hai la 2 va doc lap ndm trong khoang tir 2 dén 4; va
RMB [a: -NHa; -N"Hjs; -N(CH3)2; hodc -N"(CHs)s;

(vii) -NH-C(O)-(CH2)R'“C, trong d6, y= 1 dén 6 va RNMC
1a -O-(CH2)3-4-N"(CH3)s; va

(viii) -NH-C(O)-(CHz)yR!C, trong d6, y= 1 dén 6 va R1*C Ia:
(ai) —O-(CH2)2-N"(CHzs)s;
(aii) -N*(CHz)R ', trong d6 R1*¢ 13 ~CHs hodc —(CHa)1-4-OCHs;
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(aiii) gbc ¢ cong thirc:

0 HO OH
N
%&H%OH
HO ; hod

(aiv) gdc c6 cong thirc:

(@]
~ /U\ff | B/O\M/N*(Cm)s
y14Cb y14C<:

S

C

14Cc

trong d6 y"*C va y'*Ccndm trong khoang tir 1 dén 4; hoic

R! va R? ¢4 thé dugce gan két véi nhau dé tao ra gdc c6 cong thire:

, trong do:
G!, RY12 va RO duge xac dinh nhu dudi day:

(a) G! 1a gbc nhom lién két co cong thic:

O
TQEjfu\\(\’),/'é’C)\‘\\,//'>\\i§
nd! m4

trong d6 n! nim trong khoang tir 1 dén 6, m®! 13 0, 1 hodc 2 va gid trj ciia n?! va
m%' dugc chon cung nhau sao cho d6 dai cia gbc nhom lién két ma chung xac dinh
khong vuot qua tong 8 nguyén tir cacbon va/hogic oxy bao gém chudi chita nguyén ti

cacbon trong chudi ma tao ra gdc cacbonyl;
RS duge chon tir: (i) —H; va (ii) alkyl 1én dén 4 nguyén tir cacbon; va
RE® dwoc chon tur:

(i) gbc c6 cong thire:
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XA /
N*\"
A o]
1-5 2-10 -

a

(i) gbc ¢6 cong thirc:

0 |
LK
1-8

(b) G' 1a gbc nhém lién két c6 cong thirc:

(0]
(0]
n%?
m%

trong d6 n% 12 0, 1 hoic 2, m% nam trong khoéng tir 1 dén 6, va gia tri cia n% va

; hodc

m% dugc chon cung nhau sao cho do dai cua géc nhém lién két ma ching xac dinh
khong vuot qua tbng 8 nguyén tir cacbon va/hoic oxy bao gdm chudi chtra nguyén tir

cacbon trong chudi ma tao ra goc cacbonyl;
RS2 dugc chon tu:

(i) gde c6 cong thirc:

L/\ /+
N\/
Ao
1-5 2-10 VA

a

(ii) gbc co6 cong thire:

Q /
NYT
K
1-8 ;va

RO duoc chon tir: (i) —H; va (ii) alkyl 1én dén 4 nguyén ti cacbon;

R8 12 —CH3 hoiic gbe c6 cong thic:
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R8a

/

0

S

trong d6 R3@ 1a —H, hoic alkyl mach théng, mach nhanh hoac vong lén dén bon

nguyén tir cacbon;
A dugc chon tu:

(a) gbc c6 cong thue:

(b) -CH,.(CH,)y-CHa-, trong d6 y ndm trong khoang tir 1 dén 6;

) — b1
(c) goc ¢ cong thirc: M A ,

trong do AY! la:

(i) gbc c6 cong thirc:

trong d6 x nam trong khoang tir 1 dén 6; hoic

(i) gbe co cong thire:

HCHZ%O——g

trong d6 y nim trong khoang tir 1 dén 5;

(d) gbc c6 cong thie: -CHa-(CH2)m-O-(CH2)a-, trong d6 m = 1 dén 5, va n=0

hodc 1 dén 4;
B la:

(a) lién két;
147



51492 148/176

(b) —(CH2)1-2-; hodic

(c) gbe c6 cong thue:

‘ySJ\NH

D la:

(a) gbe ¢6 cong thuc:

Al\ @__/ﬁg
N
N

trong do E 1a -CHaz- hodc —(CH32)2-4-O-, va A va B nhu dugce xac dinh ¢ trén;

(b) gbc c6 cong thirc:
o) ‘}/@\/ﬁe
H

trong d6 A va B nhu dugce x4c dinh ¢ trén;

(c) gbc ¢o cong thic:

o A
yan 7
B ( - \
maO S
trong d6 n? 1a 1, 2, hodc 3, m*1a 2, 3, hodc 4, van*+ m® > 3, va trong do A va B

nhu duoc xac dinh & trén;

(d) gdc c6 cong thirc:
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R34b A
B\/\r(l\ll
@]

trong d6, R3** 1a —H hoic alkyl mach thang, mach nhanh hoic vong 1én dén bén

>

nguyén tir cacbon, va A va B nhu dugc xac dinh & trén,
hoac mubi dugc dung ctia no.
2. Hop chét theo diém 1 ¢6 Cong thtc I, trong d6 X 1a F, hodc mudi duge dung ctia no.

3. Hop chit theo diém 2, trong d6 D 14 gdc c6 cong thic:

B | /A
VYN\E @JA

trong do, E 1a -CHa- hodc —(CHz)2-O-, hodc mudi duge dung cua no.

4. Hop chét theo diém 2, trong d6 D 1a gbc c6 cong thic:

O~
N
YN

trong d6, E 1a -CH»- hodc —(CHa),-O-, hodc mudi dugc dung cta no.

5. Hop chat theo didm 2, trong d6 D 1a gbc c6 cong thirc:

A
B\/\{H\/Q\/ﬁ>
O s
hodc mudi dugc dung cda nd.

6. Hop chat theo diém 2, trong d6 D 1a gbc c6 cong thirc:
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5 H
\/\//N A
(0]

hodc muoi dugc dung ctia né.

7. Hop chét theo diém 2, trong d6 D 1 gbc ¢6 cong thic:

A
H
B\/YN\D\ﬂ
O 9

hodc muoi duge dung cua no.

8. Hop chét theo diém 2, trong d6 D 14 gbe ¢ cong thie:

e) A
B/\/U\N)\Q\N
H 9

hoac mudi dugc dung cua no.

9. Hop chét theo diém 2, trong d6 D 1a gbc c6 cong thic:

B\/\O/\/ O\©\/\H

hodc mudi dugc dung cia nd.
10. Hop chét theo diém 2, trong d6 D 1a gbc c6 cong thirc:
A
2
B 0~ 1w
\/\O /\/ =
hodc mudi dugc dung ciia né.

11. Hop chét theo diém 2, trong d6 R! va R? lién két v6i nhau bing gbe ¢o cong thirc:

150



51492

151/176

g iy
KON )j\/\/\N/CH2
i v O\/\NL"
0 0 \

sao cho ciing véi xyclopeptit ma R! va R? gan vao chiing tao ra cau tric vong,

S

hodc mudi duge dung ctia no.

12. Hop chét theo diém 2, trong d6 hop chat nay c6 cAu tric c6 cdng thirc 1IB, hoic

mudi dugc dung cia no:

Cong thuc IIB,
B! 1a —((CH2)o-2)-; va
D! 1a:

(a) gbc c6 cong thic:

Sen

>

(b) gbe 6 cong thire:

; hoac
151
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(¢c) gbe c6 cong thie:

o)t

13. Hop chét theo diém 2, trong d6 hop chét nay c6 ciu tric ¢ cong thirc IIC, hodc

muoi dugc dung cua noé:

Cong thire I1C,

trong do
D? 1a:

(a) gbc c6 cong thire:

(b) gbc c6 cong thirc:

A
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14. Hop chét theo diém 2, trong d6 hop chat nay c6 ciu triic c6 cong thirc IID, hodc

muoi dugc dung cua no:

H
R‘l N\N\ 2\>
D
O

Cong thuc [ID

trong do

D? la:

(a) géc c6 cong thuec:

Qﬁ

gbc 6 cong thic:

15. Hop chét theo diém 2, trong d6 hop chét nay ¢6 cdu tric ¢6 cong thire IIE, hodc mudi

duoc dung cia no6:
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HN

Cong thc IIE.

16. Hop chét theo diém 2, trong d6 hop chit nay cé chu tric ¢6 cong thire ITF, hodc mudi
dugc dung cta no:

Cong thuc ITF.

17. Hop chét theo diém bat ky trong sb cac diém tir 1 dén 16, hoic mudi dugc dung cua
nod, trong d6 A la:
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(a) (CHa)s;

(b) gbc o cong thirc:

trong d6 x nim trong khoang tir 1 dén 3; hodc

(¢) gbe c6 cong thirc:

18. Hop chét theo didm bt ky trong sé cac diém tir 1 dén 10 va tir 12 dén 17, hodc mudi

duoc dung cia né, trong d6 R? la:
-(CH),-R™A, trong d6: z 1a tir 1 dén 6, va R'*A 1a:
(a) -H;
(b) —NH3;
(c) -N"Hs;
(d) -N*(H3C)3;

(e) -NH-C(0)-[(CH2)2-4-O-]2-4-(CH2)2.4R 1B trong do R14B
1a: -NHa; -N*H3; -N(CH3)2; hodc -N*(CH3)s; hodc

(f) -NH-C(O)-[(CH2),R™C, trong d6, y= 1 dén 6 va RMC la:
(ai) ~O-(CH2)24-N*(CH3)s3;

(aii) -N*(CH3)3; hodc

(aiii) gbc c6 cong thirc:

o) HO OH

‘g)j\ﬁ o OH

HO
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19. Hop chit theo diém bat ky trong s6 cac diém tir 1 dén 10 va tir 12 dén 18, hodc mudi

duoc dung ctia né, trong d6 R! dugce chon tir:
(a) -H;
(b) -(CH,),-R™A, trong d6: z 1a tir 1 dén 6, va R'A 1a:
@) -H;
(i1) -N"H3; hoac
(iii) -NH-C(O)-[(CH2)2-O-]2-(CH2)>-N"(CH3)s.

20. Hop chét theo diém bét k¥ trong sb cac diém tir 1 dén 11 va tir 17 dén 19, hodc mudi

duoc dung cua no, trong d6 R® 1a gbc ¢6 cong thirc:

R8b
/
0O
L

trong d6 R®" 1a —H, -CH3, hodc —C(CHs)s.

21. Hop chét duoc chon tir nhém bao gdm:
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o HN H
Hun,
_O>__N —QO 0 H’\an
HN—, U od [

O

OH
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)
H NH O
(\« N
0 NH
(0] H F
PSS

159



51 492 160/176

| o]
0
OH HN
N o OH
OaHN o] o Ho Ifo O/
H/% H N “ 2
° N
N AN
H N . H (0] z N \[( HN
S HN—( % Ox—N NH O S ° °
( _ % N\ X N
o ks \ NH p N H
~n F N :
o NH " °
oA " ’
\”_/\( 4 N\ cr
$ N
i+ -O>—e-F O O ,
"{_ Carl ) °

3
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o o)
NH HN
° SN
N R o d Iy
Fo—( d NH N
F 0 o P
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hodc dang mubi dugc dung khéc bét ky ctua ching.

22. Dugc phdm chira it nhat mot hop chét theo diém bat ky trong sb cac diém tir 1 dén
21, hoac mudi duoc dung ciia né hodc dang bazo tu do ciia né va it nhat mot ta duogc

duoc dung.

23. Hop chét theo diém 15, ¢6 cdu tric co cong thure IIE, hodc mudi duge dung cda no,
(0]

HN—-g

o
Q A,

0 N \[{ N
RE @\A ] \g@

"ll

||III|

Cong thuc IIE
trong do
R! dugc chon tur:
(a)  -H;hoidc
(b)  -(CHi)-RMA trong d6: z latir 1 dén 6, va RMA la:
i -H
(il) —NHoa;
(iii) -N"Hs;

(iv) -N"(H3C)s;
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(v)  -NH-C(O)-[(CH2)2-O-]2-(CH2)2R B trong d6 R!*B
la: -NHj; -N"H3; -N(CH3)2; hodc -N*(CHs)s;
(vi)  -NH-C(O)-[(CHa)y12-O-]2-(CH2)y13R B trong d6:
y12 va y13 khéng phai ca hai 1a 2 va doc 1ap nam trong khoang tir 2 dén 4; va
RB 1a: -NHa; -N"Hjs; -N(CH3)z; hodc -N*(CH3)s;
(vii) -NH-C(O)-(CHz),RMC, trong d6, y= 1 dén 6 va R14C
la -O-(CH2)3.4-N"(CH3)s; va
(viii) -NH-C(O)-(CH2),RMC, trong d6, y= 1 dén 6 va R'C la:
(ai)  —O-(CH2)2-N*(CH3)3;
(aii) -N*(CH3)3; hodc

R? duogc chon tur:

(a) -H;va

(b)  -(CH2)-RMA, trong d6: z 1a tir 1 dén 6, va R'*A duge chon tir:
»H  -H

(i) —NHa; °

(iii) -N*Hs;
(iv)  -N'(HsC)s;
(v)  -NH-C(O)-[(CH2)2-O-],-(CH2),R*B trong d6 R!*®
la: -NHz; -N"H3; -N(CH3)2; hodc -N*(CH3)s;
(vi)  -NH-C(O)-[(CH2)y12-O-]>-(CHz)y13R*B trong do6:
y12 va y13 khong phai ca hai 1a 2 va doc lap nim trong khoang tir 2 dén 4; va
R!“B 1a: -NH,; -N*Hs; -N(CH3)2; hodc -N*(CHjs)s;
(vii) -NH-C(O)-(CH2);R™C, trong do, y= 1 dén 6 va R*C
14 -O-(CH2)3.4-N"(CHs)s; va
(viii) -NH-C(O)-(CH,),R™C, trong d6, y= 1 dén 6 va R1C la:
(ai)  —O-(CH2)2-N"(CHz3)3;
(aii)  -NT(CHj3)R!™? trong d6 R'*** 1a -CH3 hodc —(CH2)1-4-OCHs;
A dugc chon tu:

(a) -CH.(CH)y-CHa-, trong d6y nim trong khoang tr 1 dén 6;

| E— b1
(b) goc cb cong thire: M A

trong d6 AP! 1a:

5
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gdc ¢o cong thic:

¢

trong d6 x ndm trong khoang tir 1 dén 6; hodic

(i)  gdc c6 cong thirc:

§—écm)-yq—§

trong d6 y nam trong khoang tir 1 dén 5; va
(¢) gbe co cong thirc: -CHa-(CH2)m-O-(CHa)p-, trong d6 m = 1 dén 5, va n= 0
hodc 1 dén 4.

24. Hop chét theo diém 23, hoiic mudi duoc dung ctia nd,

trong do
R! 13 -(CH2),-R™A, trong d6: z 1a tir 1 dén 6, va RA 1a:
i -H;
(i)  —NHoy;
(ili) -N'Hs;
(iv)  -NT(H;C)s;
(v)  -NH-C(O)-[(CH2)2-O-]>-(CH2),R*E trong d6 R!*E
la: -NHa; -N*H3; -N(CHj3),; hodc -N*(CH3)3;
(vi)  -NH-C(O)-[(CH2)y12-O-]2-(CH2)y13R B trong do:
y12 va y13 khong phai ca hai 1a 2 va doc 1ap ndm trong khoang tir 2 dén 4; va
RMB 1a: -NHa; -N*Hs; -N(CH3s)»; hodc -N*(CH3)s;
(vii) -NH-C(O)-(CH,),R™C, trong d6, y= 1 dén 6 va R14C
la -O-(CH2)3-4-N"(CHz3)3; va
(viii) -NH-C(O)-(CH),R!C, trong d6, y= 1 dén 6 va R™C la:
(ai)  —O-(CHa2)2-N*(CHz3)3;
(aii) -N*(CH3)3; hodc
R2 [ -(CH2),-R!A, trong d6: z 1a tir 1 dén 6, va R!*A dugc chon tir:
@  -H;
(i) —NHy; -
(iii) -N*Hs;
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(iv) -N'(HsC)s;
(v)  -NH-C(O)-[(CH2)2-O-]2-(CH2)2R "B trong d6 R!*E
la: -NHpy; -N"H3; -N(CH3)a; hodc -N*(CH3)s;
(vi)  -NH-C(O)-[(CH2)y12-O-]2-(CHa)y13R B trong do:
y12 va y13 khong phai ca hai 12 2 va doc 1ap ndm trong khoang tir 2 dén 4; va
RM“B1a: -NHj; -N*Hj3; -N(CH3),; hodc -N*(CHs)s;
(vii) -NH-C(O)-(CH2)yR!C, trong d6, y= 1 dén 6 va R!C
la -O-(CH2)3.4-N"(CHz3)3; va
(vii)) -NH-C(O)-(CH2)yRMC, trong d6, y= 1 dén 6 va R1C la:
(ai) —O-(CH2)2-N*(CHz3)s3;
(aii) -N"(CHs)R' trong d6 R 13 ~CH3 hodc —(CHa)1.4-OCHg;
A 12 -CHy(CHa),-CHy-, trong d6 y niam trong khoang tir 1 dén 6.
25. Hop chét theo diém 24, hodc mubi duoc dung cda no,
trong do
R! 13 -(CH,),-R™A, trong d6: z 1a tir 1 dén 6, va R 1a:
i  -H;
R? 14 -(CH2).-R™A, trong d6: z 1a tir 1 dén 6, va R dugce chon tu:
»H -
(i) —NHa;
(iii) -N'Hs;
(iv) -N*(H:C)s;
(v)  -NH-C(O)-[(CH3),-O-]>-(CH2),RB trong d6 R!*B
1a: -NHp; -N"H3; -N(CHj3)2; hodc -N*(CHz3)s;
(vi)  -NH-C(O)-[(CH2)y12-O-]>-(CHz)y13R*B trong dé:
y12 va y13 khong phai ca hai 1a 2 va doc lap nim trong khoang tir 2 dén 4; va
RMB [a: -NHpy; -N*Hj; -N(CHs)2; hodc -N*(CH3)3;
(vii) -NH-C(O)-(CH2)yRMC, trong d6, y= 1 dén 6 va R™C
14 -O-(CH2)3.4-N"(CH3)3; va
(viii) -NH-C(O)-(CH2);RMC, trong d6, y= 1 dén 6 va RMC la:
(ai) —O-(CHa2)2-N*(CHzs)s;
(aii)  -N*(CH3)R!*? trong d6 R'** la —CH; hodc —(CH2)1-4-OCHs;
A 13 -CH.(CHa),-CHa-, trong d6 y nim trong khoang tir 1 dén 6.
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26. Hop chét duge chon tir nhom bao gbm:

/

O,
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0. o H%& H N
o) o
N %
;‘0 HN“';)_ M
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r

r

0]
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.
OH Y
Nj)
(o}
(0]
/t?
trong d6 A~ 12 anion dugc dung
uc

N

\Hg \
OxNH
-

~UNH
HN

0.

27. Hop chét
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trong d6 A" la anion dugc dung.
28. Duoc phém chtra hop chét theo diém 27, va it nhat mot ta duoc duge dung.
29. Hop chét theo diém 27, trong d6 hop chat nay la:

30. Dugc phém chira hop chét theo diém 29, va it nhat mot t4 duoc duge dung.

31. Hop chét ¢6 cdu trac:

trong d6 A" 1a anion dugc dung.

32. Duogc phém chtra hop chét theo diém 31, va it nhat mot t4 duoc duge dung.

171



51492 1721176

33. Hop chét theo diém 31, trong d6 hop chét nay 1a:

HN—/g
OH
C /
O H o] e}
H ',
N\/j\ ., HN
H Q N
0 N\ NH O 0 0
1
AN
N
o= F@ HT]/Q
H z
j\'\' 0
N cr
N
o
0

34. Duoc phém chtra hgp chét theo diém 33, va it nhat mét ta duoc duoc dung.

35. Hop chét c6 cdu triic:

/\ O

trong d6 A-1a anion dugc dung.
36. Dugc phdm chtra hop chét theo diém 35, va it nhat mot t4 duge duge dung.

37. Hop chét theo diém 35, trong d6 hop chat nay la:
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38. Duoc phém chira hop chét theo diém 37, va it nhat mét ta duge duoc dung.

39. Hop chét c6 cdu tric:

40. Duoc phém chira hop chét theo diém 39, va it nhat mot t4 duoc duge dung.

41. Hop chét c6 cu truc:
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trong d6 A" la anion dugc dung.

42. Duogc phém chtra hgp chét theo diém 41, va it nhat mot t4 duoc dugc dung.

43. Hop chét theo diém 41, trong d6 hop chét nay la:

44, Dugc phém chira hop chét theo diém 43, va it nhat mot ta duge duge dung.

45. Hop chét ¢6 cau truc:

NH

}5 B

Nt 0 j/N
N “y \)"’//O
H H l/

N

~2USNH I\©\O/

o \(&o o b OP
HN\”/\/U\N

T
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trong d6 A" la anion dugc dung.
46. Duogc phém chtta hgp chét theo diém 45, va it nhat mot ta duoc duoc dung.

47. Hop chét theo diém 45, trong d6 hop chét nay 1a:

48. Duoc phém chtra hop chét theo diém 47, va it nhit mot ta duoc dugc dung.

49. Hop chét ¢6 cau tric:

trong d6 A" 1a anion dugc dung.

50. Duogc phém chtta hop chét theo diém 49, va it nhit mét ta dugc duoc dung.
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51. Hop chét theo diém 49, trong d6 hop chit nay 1a:

52. Dugc phdm chira hop chat theo diém 51, va it nhét mot ta duge duoc dung.
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