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Linh vue k§ thuat dwge dé cap

Sang ché @& cap dén hop chét pyrazin c6 hoat tinh duge va duge phim chira

céc hop chit nay .
Tinh trang k§ thuit ciia sang ché

Viéc hydrat héa biéu mod dudng khi phdi s& dam bao cho chuc ning 16ng mao
mot cach hiéu qua, va viéc thanh thai niém mac c6 mao (mucociliary clearance: MCC)
1a co ché bao vé badm sinh quan trong hang ddu cho dudng khi. Thét bai trong viéc
thanh thai dich nhiy thich hop s& tao ra tinh trang r dong dich nhiy va nguy co tic
duong khi va anh hudng dén tinh trang nhiém vi khudn man tinh. Su ting tiét dich
nhdy, 1am dic thém dich nhdy va téc d6 thanh thai niém mac c6 mao giam 13 nhing
dic tinh dugc hinh thanh cta ca bénh ly xo héa nang (Cystic Fibrosis: CF) va bénh
phdi tic nghén man tinh (Chronic Obstructive Lung Disease: COPD), va gép phin
dang ké vao sy hoanh hanh va ty 16 chét ciia bénh. Mirc d6 MCC kém s& din dén su
tac dudng khi do su  dong dich nhdy, su & dong nay s& tac dong dén chirc ning cia
phdi va chinh 1 ngudn gay ra nhi®m tring tao thun loi cho tip doan vi khuin va din

dén ty 16 va mic d6 trdm trong bénh gia ting.

Bénh 1y cta bénh CF 13 dugc dic trung bdi va duge giy ra béi sy dot bién &
gen diéu hoa d9 din mang xo hoéa nang (Cystic Fibrosi Transmembrane Conductance
Regulator: CFTR) d&n dén sy mét nudc cia duong khi, va van con 12 mét trong sb cac
rdi loan di truyén gy chét thuong giap nhét trén thé gigi. Mic du CF 1a mot bénh cua
nhiéu co quan két hop, su hoanh hanh cua bénh va ty 18 chét cua bénh dugc xé4c dinh
chtt yéu béi bénh phdi tic nghén man tinh ma bit ngudn tir dich nhdy khéi phét sém
bit kin dudng khi nhd, tinh trang viém dudng khi do bach ciu trung tinh man tinh va
nhiém vi khuén.

Bénh ly cia bénh COPD la phirc tap va dugc hiéu biét mot cach ngheo nan.
Nhitng huéng din 14m siang hién nay mé ta COPD 13 mét tinh trang bénh duoc dic

trung boi su gidi han cia ludng khi ma khong dwoc dao nguoc mot cach day du. Tinh

-2-



20210

trang gi6i han ctia ludng khi thudng thuong tién trién va lién quan dén d4p tmg viém
bét binh thudng ctia phbi véi cac hat va khi doc hai. Ngudn déng gép quan trong nhét
cac hat va khi ndy 1a khéi thudc 14. Cac bénh nhan COPD c6 nhiéu triéu chimg, bao
gbm ho, khé thé, va su tiét qua mirc dom dai; céc triéu cht’mg ndy gia tang do su rdi
loan chitc ning ciia mét s6 khoang té bao, bao gdm cac té bao bach ciu trung tinh, dai

thuc bao, va t€ bao bi€u mo.

Viéc hydrat héa dudng khi vira dit 12 diéu quan trong dé duy tri MCC va luong
nuée thich hop clia dich nhiy. Viéc diéu hoa su hydrat héa dudng khi ¢6 lién quan mat
thiét dén chit dién phan va su dich chuyén ctia nu6c qua 16p té bao biéu mo. Dich long
quanh long (periciliary liquid: PCL) trén bé mit biéu mé dudng khi xung quanh 16ng
mao sé& phén tich 16p dich nhdy nhét ra khéi bé mat biéu mé va tao didu kién thuan loi
cho 16ng mao hoat dong. Thé tich/dd sdu cua PLC duoc thdy 1a yéu tb quyét dinh
chinh ctia toc & MCC.

ENaC (Epithelial Natri Channel: Kénh natri biéu mé) 1a kénh ion c¢6 cdng
‘nhay v6i amilorua, khong ¢6 dién thé dugc biéu thi rong rai trong biéu mé cia hé ho
hép, hé¢ tiét niéu, hé tidu hoa, hé sinh san va da. V& mit hé théng, ENaC déng vai trd
quan trong trong qu4 trinh ndi c4n bang chit dién phan va can bang thé tich 16ng bang
cach diéu hoa su van chuyén Na* qua biéu mo than.. Thong qua su kidm soat van
chuyén natri, ENaC s& kiém soét gradien thim thiu qua biéu mé duong khi va nho d6
didu hoa thé tich PCL. Sy e ché van chuyén natri gy ra qua trung gian ENaC s& lam
gidm gradien thdm thiu qua biéu mé, din dén su gitr lai dugc nude trén bé mit duong

khi (thé tich PLC gia ting), va lam ting mirc d6 hydrat héa dich nhdy va téc do MCC.

Vai tro ciia ENaC déng vai trd lam chit diéu hoa chi chdt thé tich dich long
xung quanh bé mit dudng khi (airway surface liquid: ASL) va thanh thai niém mac c6
mao (MCC) in vivo di dugc biét trong tai liéu chuyén nganh. Cac nghién ciru l4n luogt
trén chudt a- B- va y-ENaC (-/-) cho thdy vai trd cha chdt cia chire nang ENaC trong
viéc thanh thai dich 16ng cta phdi chu sinh (Barker et al., J. Clin. Invest., 1998.
102(8):1634; Bonny and Hummler, Kidney Int., 2000. 57(4):1313; Pradervand et al.,
Proc. Natl. Acad. Sci. U S A., 1999. 96(4):1732). Chuét chuyén gen biéu hién qua
mitc phan tir phu ENaC B thé hién sy hip thu Na* trong dudng khi gia ting, suy giam
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thé tich ASL, khir hydrat héa dich nhiy va MCC tri hodn. Chudt méc phai bénh phéi
ning c¢6 cac ddu hiéu 1am sang tuong ty v6i CF va COPD, bao gdm téic nghén dich
nhdy, di san t bio hinh dai, viém bach ciu trung tinh, thanh thai vi khudn khiém
khuyét va tran khi (Mall et al., Nature Med., 2004. 10:487; Mall et al., Am. J. Respir.
Crit. Care Med., 2007. 177:730). Ty I& tir vong trong sb cac con chuyén gen trong
vong 20 ngdy diu tién cua cude doi 1a khoang 50% do dich nhiy qua murc bit kin
dudng khi din dén trang thai ngat, nhung ty 18 chét dugc 1am gidm dang ké néu diung
amilorua cho phdi cta chudt 14 ngdy sau khi sinh (Mall et al., ATS Poster abstract
#GS55, 2008).

Ngoai ra, nhitng hguéri_bi hién tugng gidm aldosteron 1 gia (PHA1), mdt bénh
gay ra bdi su dot bién mat chuc ning & cac gen ma héa o B- va y-ENaC, cho théy thé
tich ASL gia ting va diéu hoa ting MCC (Kerem et al., N. Engl. Med., 1999.
341:156). Viéc diéu trj cho dbi twong binh thudng bj phong bé kénh ENaC bing hop
chit amilorua s& 1am tang thé tich ASL va téc 46 MCC (Sood et al., Am. J. Crit. Care
Med., 2003. 167:158).

Amilorua va benzamil 1a din xuét pyrazin c6 hoat tinh dugc di biét dé 1am

phong bé kénh natri biéu m.
Ban chat kj thuit cia sang ché

Vi céc ly do néu trén, muc dich cua sang ché, theo mot khia canh, 13 dé xuét

hop chét c¢6 cong thire (1):

o)
H
Ch Ny 1
T R
=
H,N™ N7 NH, NH
CH,)_

R3

x—wCHgn——( ()
R2

trong do:

R! dugc chon tir hydro hodc Cy_4 alkyl;
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m la 1 hoac 2;

A dugc chon tir phenyl hodc heteroxyclyl;

X dugce chon tir ~C(=0)—, —-C(=0)-NR"*- hoic ~0-C(=0)-NR’—;
n la 2 hojc 3;

R? duoc chon tir hydro hodc C,g alkyl,

R? 1a Cs. alkyl-OH, trong d6 nhom Csg alkyl néu trén con dugc thé thém
bang 3 hoic 4 nhom -OH nita; va

R*var’ dugc chon tir hydro hodc Cy4 alkyl;

hodc mudi dugc dung ctia né.

Sang ché con dé cap dén duoc phdm chira hop chét c6 cong thtrc (I), hodc

mudi dugc dung ctia nd, va ta duoc, chit pha lodng ho#ic chét mang duoc dung.

Sang ché con dé cap dén hop chét c6 cong thirc (I), hodc mudi duge dung cua

no, dé str dung trong diéu tri.

Séng ché con dé cap dén hop chét c6 cdng thirc (I), hodc mudi duge dung cta

no, dé diéu tri hodc ngin ngua tinh trang bénh giy ra qua trung gian ENaC.

Séang ché con dé cap dén hop chit co cdng thirc (I), hodc mubi duge dung cua
no, trong viéc san xuét thudc dé didu tri hodc ngan ngtra tinh trang bénh giy ra qua

trung gian ENaC.

Sang ché con mo ta phuong phép diéu tri hodc ngin ngira tinh trang bénh gay
ra qua trung gian ENaC & dong vit c6 vii méc phai, hodc co nguy co bi bénh néu trén,
phuong phép niy bao gdm viéc ding cho dong vat c6 vi cin didu tri mot luong hitu

hiéu co tac dung diéu tri hop chét c6 cong thite (1), hodc mudi duoc dung ctia né.
M@ ta chi tiét sang ché

Cac khia canh khéc clia séng ché s& tré nén rd rang hon déi véi nguodi ¢6 hiéu
biét trung binh trong linh vuc k¥ thuat nay sau khi doc ban mo ta.

Hop chét theo sang ché c6 thé ton tai & dang mubi hoic dang khong phai mudi
(trc 1a dudi dang bazo tu do), va sang ché bao ham ca cac dang mudi va dang khong

phai muoi.
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Hop chit dugc mé ta trong ban mo ta nay c6 thé tao ra mubi cong axit. N6i
chung, mubi cdng axit co thé duogc diéu ché béng cach sir dung cac axit vé co hodc
hitu co khac nhau. Cac mubi nay c6 thé dugc tao ra bing cach, vi du, tron hop chit véi
axit (vi du mot lugng ty lugng ciia axit) bing cach sir dung cac phuong phép khac
nhau d biét trong linh vyc k¥ thuit ndy. Budc tron nay cé thé xay ra trong nudc, dung
mdi hitu co (vi du ete, etyl axetat, etanol, metanol, isopropanol, hodc axetonitril), hoic

hdn hop nuéc/hiru co.

Theo phuong 4n khac cia sang ché, mudi cong axit 13, vi duy, trifloaxetat,

format, axetat hodc clohydric.

Ngudi c6 hiéu biét trung binh trong linh vuc k§ thudt nay s& biét ro céc
nguyén tic chung va ky thuat @ didu ché mudi duoc dung, nhu mubi duge mé ta

trong, vi du, tai liéu Berge et al., J. Pharm. Sci., 66, 1-19 (1977).

Hop chit va mubi duge mo ta trong sang ché nay c6 thé bao gdbm mot hoic
nhiéu tAm bat dbi (tirc 1a khong dbi ximg).

Hop chét va mubi duge mo ta trong ban mo ta nay c6 thé bao gdbm mot hogc
nhiéu tdm bét ddi (trc 1a khong dbi ximg). Ddi v6i pham vi cia céu triic hodc tén hoa
hoc trong ban mo ta nay khéng thé hién tinh khong dbi xtmg, ciu tric hodc tén duge
dy dinh bao ham chét ddng phan 1ap thé don bat ky (tirc 1a chét ddng phan khong dbi
xtg don bét ky) twong tmg véi ciu trac hodc tén, cling nhur hdn hop bat ky cuia cac
chét ddng phan 14p thé (vi du raxemat). Theo mét s6 phwong 4n, chit ddng phan lap
thé don thu duge bing cach phén tach né ra khéi hdn hop cac chat ddng phan (vi du
raxemat) bang cach st dung, vi du, phan tach sic ky bét d6i. Theo phwong 4n khéc,
chét ddng phan 1ap thé don thu dugc bing cach téng hop truc tiép tir, vi dy, nguyén
liéu dau khong dbi xtng.

Khi & dang tinh thé rin, hop chét c6 cong thirc (I) c6 thé & dang ddng tinh thé

v6i thuc thé héa hoc khac va sang ché bao ham tat ca céc dang dong tinh thé nay.

Hop chét theo sang ché co thé ton tai dudi dang solvat hoa (nhu hydrat) cling

nhu dang khong dugc solvat héa, va sang ché bao ham tit ca cac dang solvat nay.
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Hop chit va mubi dugec md ta trong ban mé ta nay c6 thé ton tai & nhiéu dang
tautome khac nhau va sdng ché bao ham tat ca cic dang tautome ndy. Thuit ngi
“tautome” 1a chi céc chat déng phan vé mit cau tric ma ton tai & dang cin bang 1a két

qua tir su di chuyén ctia nguyén tir hydro.

Hop chit va mudi duge mé ta trong ban mé ta nay c6 thé dugc danh diu ddng
vi (hodc “danh diu phéng xa”). Trong trudng hop nay, mét hodc nhiéu nguyén tr dugc
thay thé bang nguyén tir c6 khdi luong nguyén tir hodc sb khéi khéc véi khéi lugng nt
hogc s khéi thudong thdy trong tu nhién. Vi du v& chét nuclit phéng xa c6 thé dugc
dua vao bao gém ’H (con duoc viét 1a “D” déi v6i deuteri), *H (con dugce viét 1a “T”
d6i véi triti), ''C, 1°C, MC, BN, N, 0, 70, 0 va 3Cl. Nuclit phéng xa ma duge sir
dung s& ty thudc vao tng dung cu thé ciia din xuét duge danh diu phdng xa nay. Vi
du, d6i véi cac thir nghiém danh diu phéng xa va canh tranh in vitro, °H hoic “C 13
thudong dugce st dung. D4i vé6i tmg dung chup anh phéng xa, ''C thuong duge sir dung.
Theo mét s6 phuong 4n, nuclit phéng xa 14 *H. Theo mot sb phuong é4n, nuclit phong

xala 1C. Theo mot sb phuong én, nuclit phéng xa 1a e,

Céac nhém va cac géc alkyl 14 mach théng hodc mach nhanh, vi du Cy alkyl,
Ci.6 alkyl, C;_4 alkyl hodc Cs alkyl. Vi du vé cac nhém alkyl 1a metyl, etyl, n-propyl,
iso-propyl, n-butyl, t-butyl, n-pentyl, n-hexyl, n-heptyl va n-octyl, nhu metyl ho#ic n-
hexyl.

Heteroxyclyl 1a vong khong thom c6 5 hodc 6 canh chira 1 hoac 2 nguyén tir
khac loai ddc 1ap dugc chon tir nito, oxy hodc luu huynh; hodc N-oxit cua nd, hoic S-
oxit hogc S-dioxit cia né. Vi du vé heteroxyclyl 14 vong khong thom ¢6 5 hodc 6 canh
chira 1 hodc 2 nguyén tir nito; hodc N-oxit cia nd, hodc S-oxit hoic S-dioxit ctia nd, vi
du, pyrolidinyl hodc piperidinyl, nhu piperidin-4-yl. P& tranh nghi ngd, cic phin t
thé trén vong heteroxyclyl c6 thé dugc lién két qua nguyén tir cacbon hodc nguyén tir

khéac loai.

Thuét ngit “dugc dung” duge sir dung & day 1a dé chi nhém (vi du mudi, dang

lidu hodc ta dugc) 1a thich hop dé sur dung cho bénh nhan du dinh.

Theo mét khia canh cu thé, R! duge thé vao nhém phenyl & vi tri 2 tuong ting

v6i di€ém gan cla phan con lai cia hgp chat ¢6 cong thie (I).
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Theo khia canh khac, R! 1a C,4 alkyl.
Theo khia canh khac, R'1a metyl.
~ Theo khia canh khic, m1a 1.
Theo khia canh khac nita, A dugc chon tir phenyl hodc piperidinyl.
Theo khia canh khéc, A 1a phenyl.
Theo khia canh khac, A 1a piperidinyl.
Theo khia canh khéc, X 13 “C(=0)-NR*-.
Theo khia canh khac, X 1a —-C(=O)-NH-.

Theo mot khia canh, khi nhém X 12 —C(=0)-NR*—, thi nhém cacbonyl cua X
duoc lién két v6i A va nhém amino cia X duoc lién két voi (CH,),. Theo khia canh
khac, khi nhém X 1a —C(=O)—NR4—, thi nhém amino cia X dugc lién két véi A va
nhém cacbonyl ciia X duge lién két v6i (CHy),.

Theo mot khia canh, khi nhém X 13 —O-C(=0)-NR’—, thi ete oxy cta X dugc
lién két v6i A va nhém amino cia X duoc lién két véi (CH,),. Theo khia canh khac,
khi nhém X 1a O—C(=0)-NR’-, thi nhém amino ctia X dugc lién két véi A va ete oxy
ciia X duoc lién két vé6i (CHy),.

Theo khia canh khac, nhém X dugc thé v6i nhém A & vi tri 4 tuong u’ng voi

diém lién két v6i phan con lai ciia hop chét ¢6 cong thirc (I).
Theo khia canh khac, n 1a 2.
Theo khia canh khac, R? 1a C,.¢ alkyl.
Theo khia canh khéc nita, R” 1a n-hexyl.

Theo khia canh khac, R 1a Cs alkyl-OH, trong d6 nhém Cs alkyl néu trén con
duoc thé thém bang 3 nhém -OH nita.

Theo khia canh khac, R> 1a Cq alkyl-OH, trong d6 nhém Cg alkyl néu trén con
dugc thé thém bang 4 nhém -OH nita.

Theo khia canh khac, R® duoc chon tir chit sau day:
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OH
OH HO

HO HO
OH OH

OH OH
hoac

Theo khia canh khéac, R® dugc chon tir chét sau day:

HO

hoédc
Theo khia canh khéc, R3 duoc chon tir chit sau day:

OH

HO

, hodc

Theo khia canh khéc, R dugc chon tir (2S,3R,4R)-2,3,4,5-tetrahydroxypentyl,
(25,3R,4R 5R)-2,3,4,5,6-pentahydroxyhexyl, (2R,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl hodc (2R,3S,4S)-2,3,4,5-tetrahydroxypentyl.

Theo khia canh khéc, R3 dugc chon tir (25,3R,4R)-2,3,4,5-tetrahydroxypentyl,
(2S,3R,4R,5R)-2,3,4,5,6-pentahydroxyhexyl hoiac (2R,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl.

Theo khia canh khéc, R 1a hydro.

Theo khia canh khac, R! 1a Ci4 alkyl; m 1a 1 hodc 2; A 1a phenyl hoidc
piperidinyl; X dugc chon tir —C(=0)-, —C(=O)—NR4— hodc —O—C(=O)—NR5—; nla?2
hoic 3; R? 1a hydro hodc Cy alkyl; R? 13 Cs.6 alkyl-OH, trong d6 nhém Cs. alkyl néu

trén con dugce thé thém b%mg 3 hodc 4 nhom -OH nira; va R*vaR’déula hydro.
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Theo khia canh khac, R! 13 Ci4 alkyl; m 12 1; A 1a phenyl hodc piperidinyl; X
la -C(=0)-NH—; n 14 2; R%1a Ci.g alkyl; R® dugc chon tir chit sau day:

OH
OH HO
HO HO
OH OH
OH OH

Theo khia canh khéc, R! 13 Ci4 alkyl; m 14 1; A 1a phenyl; X 1a -C(=0O)-NH-;
nla2; R*1a Cyg alkyl; va R? duge chon tir chit sau day:

OH
OH HO
HO HO
OH OH
OH OH

Theo khia ce_inh khéc ciia sang ché hop chét theo sang ché ¢6 hoa hoc 14p thé R

hoic

hodc

& tam cacbon dugc danh ddu bang du hoa thi (*) trong cOng thuc (Ia) dudi day:

0
CI N T
I SARRSY
—
H,N" "N~ “NH, NH

CH,) . .
R

-X—(CH,), —N (Ia)
R2

Vi du v& hop chit theo sang ché 1a:

3,5-diamino-6-clo-N-(2-(2-metylbenzyl)-3-(((1-(3-((2,3,4,5-
tetrahydroxypentyl)amino)propanoyl)piperidin-4-yl)metyl)amino)propyl)pyrazin-2-
carboxamit;

3,5-diamino-6-clo-N-(3-((4-((2-(hexyl(2,3.4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;

-10-
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3,5-diamino-6-clo-N-(3-((1-(2-(hexyl(2,3,4,5,6-
pentahydroxyhexyl)amino)etylcarbamoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-(3-((1-(3-(hexyl(2,3,4,5,6-
pentahydroxyhexyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-(3-((1-(3-(hexyl(2,3,4,5-
tetrahydroxypentyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-(3-((1-(4-(hexyl(2,3,4,5,6-
pentahydroxyhexyl)amino)butanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-(2-(2-metylbenzyl)-3-((1-(3-(2,3,4,5,6-
pentahydroxyhexylamino)propanoyl)piperidin-4-yl)metylamino)propyl)pyrazin-2-
carboxamit;
3,5-diamino-6-clo-N-(3-((1-(3-(hexyl(2,3,4,5,6-
pentahydroxyhexyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-(3-((4-((2-(hexyl(2,3,4,5 ,6_-
pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-(3-((4-((2-(hexyl(2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;

4-((3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propylamino)metyl)phenyl 2-(hexyl(2,3,4,5,6-
pentahydroxyhexyl)amino)etylcarbamat;
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~ 3,5-diamino-6-clo-N-(3-((4-((2-(hexyl(2,3,4,5,6-

pentahydroxyhexyl)amino)etyl)carbamoyl)phenetyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;

3,5-diamino-6-clo-N-(3-((4-((2-(hexyl(2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)phenetyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;

3,5-diamino-6-clo-N-(3-((4-((2-(hexyl(2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;

3,5-diamino-6-clo-N-(3-(3-(2-(hexyl(2,3.4,5,6-
pentahydroxyhexyl)amino)etylcarbamoyl)phenetylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
hoacrnuéiduchungcﬁané.

Vi du thém vé hop chét theo sang ché la:

3,5-diamino-6-clo-N-(2-(2-metylbenzyl)-3-(((1-(3-(((2S,3R,4R)-2,3,4,5- |
tetrahydroxypentyl)amino)propanoyl)piperidin-4-yl)metyl)amino)propyl)pyrazin-2-
carboxamit;

3,5-diamino-6-clo-N-(3-((4-((2-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;

3,5-diamino-6-clo-N-(3-((1-(2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etylcarbamoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;

3,5-diamino-6-clo-N-(3-((1-(3-(hexyl((2S,3R,4R,5R)-2,3.4,5,6-
pentahydroxyhexyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
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3,5-diamino-6-clo-N-(3-((1-(3-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino—6¥clo-N-(3-((1-(4-(hexyl((28,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)butanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-(2-(2-metylbenzyl)-3-((1-(3-((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexylamino)propanoyl)piperidin-4-yl)metylamino)propyl)pyrazin-2-
carboxamit;
3,5-diamino-6-clo-N-(3-((1-(3-(hexyl((2R,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-(3-((4-((2-(hexyl((2R,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-(3-((4-((2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
4-((3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propylamino)metyl)phenyl 2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etylcarbamat;
3,5-diamino-6-clo-N-(3-((4-((2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)phenetyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-(3-((4-((2-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)phenetyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
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3,5-diamino-6-clo-N-(3-((4-((2-(hexyl((2R,38S,4S)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-(3-(3-(2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etylcarbamoyl)phenetylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
hoécrnuéiduchungcﬁané.
Vi du thém vé hop chét theo sang ché 1a:
3,5-diamino-6-clo-N-((R)-2-(2-metylbenzyl)-3-(((1-(3-(((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)propanoyl)piperidin-4-yl)metyl)amino)propyl)pyrazin-2-
carboxamit;
3,5-diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-((R)-3-((1-(2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etylcarbamoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-((R)-3-((1-(3-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-((R)-3-((1-(3-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-((R)-3-((1-(4-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)butanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
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3,5-diamino-6-clo-N-((R)-2-(2-metylbenzyl)-3-((1-(3-((2S,3R,4R,5R)-
2,3,4,5,6-pentahydroxyhexylamino)propanoyl)piperidin-4-
yl)metylamino)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-((R)-3-((1-(3-(hexyl((2R,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2R,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
~metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
4-((R)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propylamino)metyl)phenyl 2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etylcarbamat;
3,5-diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)phenetyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R)-2,3.4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)phenetyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N—((S)-3-((4-((2-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-((S)-3-((4-((2-(hexyl((2R,3S,4S)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
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3,5-diamino-6-clo-N-((R)-3-(3-(2-(hexyl((2S,3R,4R,5R)-2,3.4,5,6-
pentahydroxyhexyl)amino)etylcarbamoyl)phenetylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;

hodc mudi dugc dung ctia nd.

Déu hiéu khéc ciia sang ché 14 phuong 4n bét ky dugc mo ta trén ddy voi didu
kién 13 cac hop chét ctia cac Vi du cu thé khong duge bao ho. Vi dy, diu hiéu khac 1a
phuong 4n bét ky dugc md ta trén ddy véi diéu kién 12 hop chit bit ky dugc chon tir
danh sach trén day 1a vi du v& hop chét theo sang ché khong dugc bao ho.

Theo mdt sb phuong 4n, hop chét theo sang ché 13 hop chét c6 cong thirc (I)
ngoai trir it nhit mot hop chit dugc néu trong phan Vi du dudi ddy. D& minh hoa theo
cac phuong 4n nay, hop chét theo sang ché 12 hop chit c6 cong thuc (I) ngoai trix hop
chit dugc mé ta trong Vi du X, trong d6 X ¢6 thé 1a 1, 2, 3, v.v... Theo phuong én
khac, hop chét theo sang ché 13 hop chét c6 cong thirc (I) ngoai trir hop chét duge md
ta trong cac Vidu Y, trong d6 Y c6 thé 1a td hopctal,?2,3, v.v..

Hop chat c6 cong thire (I) c6 thé dugc didu ché tir hop chit c6 cong thire (II)
theo So d6 1, trong do Rl, R2, R® , A, X, m va n 1a nhu dugc xé&c dinh trong cong thirc
D, ve‘i trong d6 p =m-1.

H

o)
C __N H OA\fCHz)p :
| ] W : |
_ H R + le
H,N" N” NH, NH, X—(CHyn —N
o
an
0
H
Cl N\ N 1
| I H R
H,N” N7 "NH, NH
a) CHZ)m
- 0 R
X=(CHn—N__
R
So do 1:

a) NaH(OAc);, AcOH, THF hoic NaBH,;, MeOH

Theo cach khac, hop chit c6 cong thirc (I) c6 thé duoc didu ché theo cich
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duogc mo ta trong So dd 2 trong do Rl, R2, R, A, X, m va n 1a nhu duogc xéc dinh trong

cong thirc (I), va trong d6 Y 1a halogen, vi duy, clo, brom hoéc iot va p = m-1.

H
0 )\
H Y CH,)p
cl IN\ N 1 f 2
_ H R + ’RZ
CHNT N ONH, NH, X—(CHyn —N
-
an
0
H
C[IN\jflkNmR‘
1 H
3 HN N ONH,  ONH
— CH),
0 R
X=(CHn—N_,

R
So d6 2:
a) NaH hoac K,CO; hodc Cs,CO3 hodc DIEA, DMF.

Theo cach khéac, hop chét c6 cong thirc (I) c6 thé dugc diéu ¢hé bang cach dua
R? vao budc cubi ciing bang cach alkyl héa khtr alkylaldehyt dugc polyhydroxylat hoa
thich hop nhu hexoza hodc pentoza (R3-aldehyt), nhur duge mé ta trong So dd 3, va
trong d6 R, R%, R?, A, X, m va n 14 nhu dugc x4c dinh trong cong thic (I). Mach
polyhydroxyalkyl c6 mét trong R® ¢6 thé duoc bao vé bing nhém bao vé rugu thich
hop bat ky, vi du nhu dugc md ta trong tai liu P. G. M. Wuts, Th. W. Greene,
Greene’s Protective Groups in organic Synthésis, Wiley-Interscience, New York,
2006. Ngoai ra, nhu ngudi c6 hidu biét trung binh trong linh vuc k¥ thudt niy da biét,
va nhu dugc mo ta trong phén Vi du thuc hién sang ché & day, cic nhém amino bd
sung ¢6 mat trong hop chét c6 cong thire (IT) c6 thé dugc bao vé bing nhém bao vé
amino bt ky, vi du nhu dugc md ta trong tai liéu cia Wuts va Greene (trén day), nhu
bing cic nhém bao vé di-tertbutyl dicacbonat (Boc) hoic ﬂorenylmetyloxycacbonfl
(FMoc). |

o 0
H H
NN N ) O Ny ;
| | H R | | H R
H,N” N7 TNH, NH +  Ra-aldehvt a) HN" N7 "NH, NH

CHy),  —— CH,).,
R 0} R
X—(CHn —N X—(CHn —N
H R®
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So db 3:
a) NaBH(OAc); hoic NaBH;CN, AcOH, THF hoic NaBH,, MeOH
Hop chét c6 cong thirc (IT) c6 thé duge didu ché chon loc v& mat déi anh bing
céc phuong phap nhu duge mé ta trong So dd 5 (J. C. D. Miiller-Hartwieg, L. La

Vecchia, H. Meyer, A. K. Beck, D. Seebach, Org. Synth. 85 (2008), 295.) hoic bang
phuong phap dugc thé hién trong cac So db 4, va 6, trong d6 R’ 1a nhw dwogc xac dinh

trong cong thure (I).
J ) @ ©
So NS+ R 1 O K/\ - .

254 H@ €y “@
B

(0]
>LOJLNCA . v SLR o A, O
b NN

L A
Clj: j\)\/\v\@ (R)-(11)

So db 4:

a) 1) L-prolin, DMF, ii) NaBH,;, MeOH; b) Phtalimit, PPh;, DEAD, THF; c)
CH;NH,, EtOH, d) Boc,0, DCM, TEA; e) Pd(OH),, H,, MeOH, 70psi; f) (3-clo-5-
(1H-imidazol-1-ylcacbonyl)pyrazin-2,6-diamin, DIPEA, NMP;g) TFA, DCM; h)
NaOH, THF.
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N NT NN ]
NH + N o
0" o 2 cl 0o
Cl
Ph on”

). h)
& Y
NH, O
Ay

| H ¢ (R)-(
HzN)\f N SNH,

So db 5:

a) BuLi, THF; b) TiCl,, TEA, DCM; ¢) LiOH, H,0,, THF, H,0; d) (COCI),,
NH,OH, DCM; e) BH;*THF; f) NMP;g) TFA, DCM; h) NaOH, THF. |
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R' ' R’
a), b), c) e) ", o
.ﬁ £ O g
iNJL = N
H
ﬁ ﬁ A A
R’ R
NH, O oL h)
H,N o} )\/U\N o

o I':ll o)
NH,
f)
NJ\HLNN N
+ | _ e E— -
W HzN)YN sy JYN HoE (R)-(1h
H /i\ cl :

So db 6:

a)  Dialylcacbonat, Lipaza PS-C Amano I, MTBE; b) Axit (vi du D-tartrat),
tai két tinh; c) 10M NaOH, MTBE; d) (BOC),0, MTBE; e) LiBH,, Pd(PPh3),, THF; f)
CDI; iPrOAc;g) TFA, DCM; h) NaOH, THF.

| So dd 4, 5 va 6 m6 ta phuong phép thu dugc chét ddng phan déi anh (R) cia
hop chét c6 cong thire (I). Cac phan ng dugc mo ta trong cac so dd niy c6 thé duge
ap dung cho phuong phép dat dugc chit ddng phan (S) c6 lién quan bang cach st dung
nguyén liéu ban ddu c6 cdu hinh tuyét dbi nghich ddo hodc enzym c6 tinh dic hiéu lap
thé khac nhau.

Theo cach khéc, hop chét c6 cong thie (IT) ¢6 cAu hinh (S) ¢6 thé duoc didu
ché nhu dugc thé hién trong So dd 7.

R
b) NH, O
— NN (S)-(11)
HzN/Kf N NH,
Cl :
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So dd 7:
a)  CDI; iPrOAc; b) LiBH,, Pd(PPh;),, THF.

Phuong phép dugc mé ta & Buée (a) clia So dd 6 bao gdm bude lam mét dbi

xtmg diamin (IIT) quan trung gian enzym bang cach st dung dialylcacbonat.

NH2

Enzym thich hop cho phan g nay bao gém lipaza, cu thé 1 lipaza ma c6
ngudn gbc tir Candida Antarctica hoic Pseudomonas Cepacia. Enzym thich hop bao
gdbm IMM CALB (Candida Antartica Lipaza B), IMM CALBY (Candida Antartica
Lipaza B), Novozym 435 (Candida Antarctica Lipaza B), Amano Lipaza PS-Cl
(Pseudomonas Cepacia Lipaza), Amano Lipaza PS-IM (Pseudomonas Cepacia Lipaza)
va Amano Lipaza PS-D (Pseudomonas Cepacia Lipaza), nhu Amano Lipaza PS-C1,
Amano Lipaza PS-D va Amano Lipaza PS-IM. Phan tmg nay c6 thé dugc thuc hién
trong pham vi dung méi phan cuc va dung méi khong phan cyc, va hdn hop cia no,
bao gdm tert-butyl dimetyl ete (TBME), tetrahydrofuran (THF), metyl-THF (MeTHF,
vi du 2-metyl-THF), heptan, xyclohexan va toluen, nhu MeTHF. Phéan tmg nay c6 thé
dugc thye hién & mot khoang nhiét do, vi du tir 0°C dén 50°C, vi du tir 15°C dén 35°C,
vi du khoang 30°C. Luong du déﬁg phan ddi anh ciia san phim thd tao thanh c6 thé
dugc gia ting tlly ¥ bing qua trinh phan gidi ma ngudi c6 hidu biét trung binh trong
linh vyc k¥ thudt ndy da biét, vi du bang cach két tinh tir muébi tartrat.

Theo khia canh khac, sang ché dé xut quy trinh didu ché hop chét c6 cong
thirc (IV), trong d6 R' 12 nhu dugc xac dinh trén day (nhu hop chét (R)-alyl-(3-amino-
2-(2-metylbenzyl)propyl)carbamat):
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Iv)

quy trinh ndy bao gdm budc 1am mét déi xung diamin (IIT) gdy ra qua trung gian
enzym vdi sy ¢ mit cua diallycacbonat, va sau d6 tuy y thyc hién budc phan giai
dong phén dbi anh. Theo khia canh khac, enzym dugc chon tir loai ma c6 ngudn gbe tir
Candida Antarctica hodc Pseudomonas Cepacia, nhu IMM CALB (Candida Antartica
Lipaza B), IMM CALBY (Candida Antartica Lipaza B), Novozym 435 (Candida
Antarctica Lipaza B), Amano Lipaza PS-C1 (Pseudomonas Cepacia Lipaza), Amano
Lipaza PS-IM (Pseudomonas Cepacia Lipaza) va Amano Lipaza PS-D (Pseudomonas
Cepacia Lipaza). Theo khia canh khac, 'enzym dugc chon tir Amano Lipaza PS-C1,
Amano Lipaza PS-D va Amano Lipaza PS-IM, nhuAmino Lipaza PS-IM.

Theo khia canh khéc, sang ché dé xuit hop chét (R)-alyl-(3-amino-2-(2-
metylbenzyl)propyl)carbamat.

Quy trinh cy thé dé didu ché hop chit theo sang ché s& dugc mé ta k§ hon
trong phan Vi du dudi day.

Hop chit va mudi dugce mo ta trong ban mo ta nay c6 thé duge sir dung trong
phuong phép diéu trj cac réi loan bénh khéc nhau & dong vat, cu thé 1a dong vat c6 vi.

Pong vat c6 vi bao gdm ngudi.

Hop chét theo séang ché, va mubi duge dung cta nd, c6 hoat tinh lam dugce
chit, cu thé 13 1am chét diéu bién ENaC, va c6 thé dugc sir dung trong viée didu tri

bénh dudng ho hép, bénh xuong va khép, va cac rdi loan tu mién va di tmg khéc.

Tinh trang bénh ma cé thé dugc diu tri bﬁng hop chét theo sang ché, hoic
mudi duge dung cda nd, bao gém, nhung khong chi gi6i han &, bénh vé duong ho hép,
nhu: bénh dudng khi tic nghén bao gdm: bénh hen, bao gdm bénh hen phé quan, hen
di ing, hen do cac yéu td noi lai, hen do cac yéu tb ngoai lai, hen do luyén tap, hen do

thudc gy ra (bao gdm aspirin va gy ra bdi NSAID) va bénh hen do bui gdy ra, ca
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khong lién tuc va lién tuc va tit ca tinh trang nghiém trong, va céc nguyén nhéan khac
cia dap mg ting cia dudng khi; bénh phdi tic nghén man tinh (chronic obstructive
pulmonary disease: COPD); viém phé quan, bao gdm viém phé quan do lay va viém
phé quan ua eosin; tran khi; gidn phé quén; xo hda nang; bénh sacoit; bénh phéi va
bénh c6 lién quan dén ngudi trdng trot; bénh viém phdi ting cam; xo héa phéi, bao
gbm viém xo phé nang v6 cin, viém phdi ndi tai tu phat, xo hoéa phbi tu phat, liéu
phép chéng khéi u bién chimg xo hoa va lay nhiém man tinh, bao gdm bénh lao va
nhiém vi ndm va cac dang lay nhim nidm khac; bién chimg cta phép ciy ghép phdi;
r6i loan viém mach méu va ching huyét khéi cua hé mach mau phéi, va bénh cao
huyét 4p do bénh phdi; ¢ hoat tinh chéng ho bao gbm diéu tri ching ho man tinh kém
theo tinh trang viém va tiét dich cta dudng khi dao, va ho giy ra do didu tri bénh;
viém miii cdp va man tinh bao gdm viém miii do ding thudc, va viém mii vi n& mach
mau; viém miii di Ung tai dién va theo mua bao gém bénh viém mii tinh than (bénh
sot mila ¢6 kho); bénh polyp miii; 1y nhiém virut cép bao gdm ching cam thuong, va
nhiém khuin do virut hop bao hd hip (virut RSV - respiratory syncytial virus), bénh
clim, coronavirut (bao gdm SARS) va adenovirut; tn thwong phdi cép tinh; hodc hoi

chimg suy ho hip & ngudi 16n (Adult Respiratory Distress Syndrome: ARDS).

Theo khia canh khac ciia sang ché, bénh vé duong ho hp ma c6 thé dugc didu
tri bang hop chét theo sang ché, hodc mubi dugc dung ctia né, bao gdm: bénh phdi tic
nghé&n man tinh (COPD); viém phé quan, bao gdm viém phé quan do lay va viém phé
quéan wa eosin; gidn phé quan; xo héa nang; hoat tinh chéng ho bao gdm didu tri chung
ho man tinh kém theo tinh trang viém va tiét dich ctia duong khi, va ho gdy ra do diéu
tri bénh; bénh hen, bao gé)m bénh hen phé quan, hen di tng, hen do cac yéu td ndi lai,
hen do céc yéu té ngoai lai, hen do luyén tap, hen do thubc gay ra (bao gdm aspirin va
Gay ra boi NSAID) va bénh hen do bui gy ra, ca khong lién tuc va lién tuc va tit ca
tinh trang nghiém trong, va cac nguyén nhén khac ciia dap g ting ciia duong khi.

Theo khia canh khéc nita ciia sing ché, tinh trang bénh ma c6 thé dugc didu tri
bang hop chét theo sang ché, hoic mubi duge dung ctia n6, bao gdm bénh phdi tic
nghén man tinh (COPD), xo héa nang, bénh hen, viém phé quin man tinh va gian phé

quan.
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Theo khia canh khac nita ciia sang ché, tinh trang bénh ma c6 thé dugc diéu tri
bing hop chét theo sang ché, hoic mudi dugc dung cia nd, 1a bénh phéi tic nghén
man tinh (COPD).

Theo mot khia canh, sang ché @& xuit hop chét ¢6 cong thire (I), hodc mudi

dugc dung cia no, dé didu tri bénh COPD.

Theo khia canh khac, sang ché @& xuit hop chét c6 cong thirc (I), hodc mubi

dugce dung cia no, trong viéc san xuét thube dé diéu tri bénh COPD.

Theo khia canh khéc, sang ché md ta phuong phép diéu tri hoic ngin ngira
COPD & ddng vat c6 vt méc phai, hodc c6 nguy co bi bénh néu trén, phuong phép nay
bao gdm viéc ding cho dong vat ¢6 vii can didu tri mot lwong hitu hidu cé tac dung

diéu tri hop chét ¢6 cong thire (I), hoac mudi dugce dung cia no.

Theo khia canh khéc nira ciia séng ché, tinh trang bénh ma c6 thé dugc didu tri
bang hop chit theo sang ché, hodc mudi dugc dung ciia né, 1a tinh trang xo héa nang
(CF).

Theo mot khia canh sang ché con mé ta hop chit c6 cong thic (I), hoic mudi

dugc dung cia no, dé diéu tri bénh CF.

Theo khia canh khéc, sang ché con mo tahop chét c6 cong thuc (I), hodc mubi

dugc dung ciia né, trong viée san xuét thubc dé didu tri bénh CF.

Theo khia canh khéc, sang ché con md taphuong phap didu tri hodc ngin ngira
CF & dong vit c6 vi méc phai, hodic ¢6 nguy co bj bénh néu trén, phuong phép nay
bao gém viéc ding cho d6ng vat c6 vii can diéu tri mot luong hiru hi€u c6 tac dung

diéu tri hop chét c6 cong thirc (I), hosic mubi duge dung cia né.

Khi hop chét hodc mubi duge mé ta trong ban md ta nay dugc ding dé didu tri
ri loan, “lugng hiru higu c6 tac dung diéu tri” 13 lugng di dé 1am giam hodc loai bo
hoan toan céc triéu chirng hodc céc tac dung c6 hai khac cia rbi loan; chira tri rbi loan;
lam dao nguoc, chdm dut hoan toan, hodc 1am cham lai qua trinh tién trién cua rdi

loan; hodc lam giam rdi ro cda r6i loan khi tré nén t6i té hon.

Theo mdt s6 phwong 4n trong d6 liéu phap két hop dugce sir dung, lugng hop

chit hodc mudi duge mo ta trong ban md ta nay va lugng tac nhan dugc tinh khac khi
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duoc str dung két hop, 14 Iuvgng hitu hi€u dé diéu tri cho rdi loan dich & d6i trong dong
vat. Trong ban mo ta nay, lugng két hop 13 “lugng hiru hiéu c6 tac dung diéu tri”, khi
dugc str dung két hop, néu chung du dé 1am giam hodc loai bd hoan toan céc triéu
ching hodc céc tdc dung c6 hai khac cua rdi loan; chira tri r6i loan; 1am déo nguoc,
chdm dirt hoan toan, hodc 1am chim lai qué trinh tién trién cua rbi loan; hodc lam giam
rtii ro cia rdi loan khi tré nén tdi t& hon. Thong thudng, luong nay c6 thé dugc ngudi
c¢6 hiéu biét trung binh trong linh vure k¥ thuat nay xac dinh, vi dy, bing cach bit diu
bang khoang liéu dugc mo ta trong ban md ta nay dbi voi hop chit hodc mudi va duge

chip nhan hozc khoang lidu céng bd khac cia hop chét dugc hoat tinh khéc.

Pé st dung hgp chét theo sang ché, hoic mubi duge dung cda no, dé diéu tri
cho dong vét c6 vii, nhu ngudi, thanh phin néu trén thudng dugc bao ché thanh duoc
phém theo dugc thuc tién tiéu chuin. Do d6, theo khia canh khac, sang ché @& xuit
duoc phém ma chira hop chét c6 cong thirc (I), hodc mudi duoc dung cua no6 (hoat

chét), va t4 dugc, chit pha loang hoic chit mang dugc dung.

Theo khia canh khac, sang ché d& xuit quy trinh bao ché ché phém néu trén,
quy trinh nay bao gdm budc tron hoat chét véi ta dugc, chit pha lodng hodc chit mang
dugc dung. Tuy thudc vao cach thirc sir dung, dugc phém, vi du, s& chira hoat chét voi
lwong nim trong khoang tir 0,05 dén 99% trong luwgng (phén trim trong luong), nhu tir
0,05 dén 80% trong luong, vi du tir 0,10 dén 70% trong lwong, nhu tir 0,10 dén 50%
trong lugng, tat ca ph'e“m tram theo khoi lugng dugc tinh dua trén téng khdi lugng hdn

hop.

Dugc phdm theo sang ché c6 thé dugc ding theo cach tiéu chudn cho tinh
trang bénh ma mong mudn dugc didu tri, vi du b?mg cach dung khu tri (nhu vao phéi
va/hodc vao dudng khi hodc vao da), hit, qua dudng miéng, qua truc trang hodc ding
ngodi dudng tiéu héa. Pbi véi nhimg muc dich nay, hop chit theo sang ché co thé
dugc bao ché bang cac phuong phap da biét trong linh vire k§ thuat nay. Dugc phim
thich hop theo sang ché 14 chit thich hop dé sir dung qua dudong miéng & dang lidu don

vi, vi du vién nén hodc vién nang chira hoat chat véi lugng tir 0,1mg den 1g.
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M5i bénh nhan c6 thé nhan dugc hoat chét, vi du, véi muc lidu tir
0,0001mg/kg dn 10mg/kg, vi du nim trong khoang tir 0,005mg/kg dén Smg/kg, dugc

ding vi dy, tir 1 dn 4 14n mbi ngay.

Theo mdt phuong 4n ciia sang ché, sang ché dé Xué_t dugc phim chira hop chét
c6 cong thire (I) két hop véi ta dugc, chit pha loang hoic chit mang dugc dung, dugc

phim nay duoc bao ché @ dung bing cach hit (bao gdm hit qua miéng va mii).

Hop chit c6 cong thire (I) ¢6 thé duge ding bing cach st dung co ciu giai
phong thich hgp, vi du tir may hit bot kho, may hit lidu dinh truéc, may khi dung hodc

co cAu giai phong qua dudng miii. Cac co ciu nay 1a da biét trong linh vuc k¥ thuét.

My hit bot kho c6 thé duge sir dung dé ding hop chét c6 cong thuc (1), riéng
1¢ hodc két hop véi chit mang dugce dung, trong trudng hop két hop, dudi dang bot
min hodc hdn hop dit trude cia nd. May hit bot khd c6 thé & danglliéu don hodc da

lidu va c6 thé sir dung bot khé hodc vién nang chira bot.

Theo mot phuong 4n, hop chét cé cong thirc (I), hodc dugc phidm chira hop
chit c¢6 cong thic (I), duge ding bang cac phuong phép sir dung mdy hit bot kho (dry
powder inhaler: DPI).

DPI c6 thé dugc str dung “bi dong” hodc “kich hoat bang hoi thd”, hodc “chi
dong”, trong d6 bt duge phan tan bing mot sé co ché khac khéng phai bang cach hit
boi bénh nhén, vi du, bing cach cip khi nén bén trong. Tai thdi diém nay, c6 3 loai
may hit bot kho thy dong: mdy hit lidu don, may hit da lidu don vi hogc may hit lidu da
(c6 khoang chira). Trong co céu lidu don, mdi lidu dugc cung cép, thudng & dang vién
nang gelatin, va dugc nap vao may hit trude khi st dung, vi du vé loai co chu nay bao
gdm céc co chu Spinhaler® (Aventis), Rotahaler® (GlaxoSmithKline), Aeroliser™
(Novartis), Inhalator® (Boehringer) va Eclipse (Aventis). M4y hit da liéu don vi chta
mdt s liéu dugc bao gbi riéng biét, dudi dang nhiéu vién nang gelatin hodc & dang vi
bam, vi du v& loai co cAu niy bao gém céc co cAu Diskhaler® (GlaxoSmithKline),
Diskus® (GlaxoSmithKline), Nexthaler® (Chiesi) va Aerohaler® (Boehringer). Trong
céc co cu da lidu, dugc chit dugc giit trong khoang chira bot 16n, tir d6 mdi liéu s&

dugc dinh lugng, vi du v€ loai co cau ndy bao gom cic co ciu Genuair®
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(AstraZeneca), Turbuhaler® (AstraZeneca), Easyhaler® (Orion), Novolizer® (ASTA

Medica), Clickhaler® (Innovata Biomed), Spiromax® (Teva) va Pulvinal® (Chiesi).

Dugc phdm ding dé hit dé sir dung trong DPI ¢6 thé dugc bao ché bing cach
tron hoat chét nghién min (c6 dudng kinh khi dong luc thuong bang hoic nhd hon
10pm, nhu bang hoic nhé hon 5um, vi du ndm trong khoang tir 1 dén 5pum) béng chét
mang, vi du, mono-, di- hodc polysaccarit, rugu dudng, hodc polyol khac. Chét mang
thich hop 1a duong, vi du, lactoza, glucoza, raffinoza, melezitoza, lactitol, maltitol,
trehaldza, sucroza, manitol; va tinh bot. Thich hop 13, cac hat hoat chit bam dinh vao
hat chét mang dé tao ra hdn hop bot dinh trude (cé su tuong tac). Cac hat chét mang
¢6 thé c6 dudng kinh trung binh nim trong khoang tir 20 dén 1000um, thudng 14 tir 50
dén 500um.

Theo cach khac, dugc phdm ding @ hit c6 thé dugc bao ché bang cach tao
hinh cau bot nghién min (vi du chira hoat chét nghién min va cac hat chat mang nghién

min), hinh cdu nay s& bi pha v& trong qua trinh hit.

Tiép theo, hdn hop bot, néu cin, cé thé dugc phan tan vio vién nang gelatin
ctrng, mdi vién chira murc liéu hoat chat mong mudn. Theo céch khac, hdn hop bot co

thé nap vao khoang chira cia may hit da li€u, vi du, Genuair®, hoic Turbuhaler®.

Theo phuong 4n khéc nira, hop chit c6 cong thic (I) duge ding bang cic
phuong phép ding cho méy hit dinh liéu, cu thé 1a may hit dinh liéu c¢6 4p (pressurised
metered dose inhaler: pMDI). pMDI chira dung dich hoic hdn dich thich hop 1am hoat
chét trong dd chtra c¢6 4p. Hoat chit duoc giai phong bing cach khéi dong van trén
thiét bj pMDI. Viéc khoi dong c6 thé bang tay hodc duge khéi dong bang hoi thé. O
pMDI duoc khéi dong bang tay, co ciu duoc khéi dong bai ngudi sir dung khi ho hit,
Vi du bing cach ép mét co ché giai phong thich hop 1én co cdu pMDI. pMDI dugc
khéi dong bang hoi thé s& dugc khdi dong khi bénh nhén hit qua miéng. Diéu nay c6
thé 1a thuan 1gi vi viée khoi dong co cAu dugc thyc hién nhd viée hit cia bénh nhan va
c6 thé din dén viéc dinh liéu hoat chit dn dinh hon nita. Vi du vé co ciu pMDI bao

gdm, vi du Rapihaler® (AstraZeneca).
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Dugc phdm ding dé hit @& sir dung trong pMDI c6 thé dugc bao ché bing
cach hoa tan hodc phan tan hop chét c6 cong thirc (I) trong chit day thich hop va ¢6
hodc khong c6 ta dugc bd sung nhu dung moéi (vi du etanol), chét hoat dong bé mat,
chét 1am tron hoidc tic nhan 1am dn dinh. Chét d4y thich hop bao gbm cac chit ddy
hydrocacbon, cloflocacbon va hydrofloalkan (vi du heptafloalkan), hoic hdn hop bét
ky clia cac chét diy nay. Chét dAy duge vu tién 12 P134a va P227, mbi chét ndy c6 thé
dugc st dung riéng 1é hoic két hop véi cac chit ddy khac va/hodc chét hoat dong bé

maét va/hodc ta dugce khac.

Theo phuong 4n khac nita, hgp chét c6 cong thirc (I) duge ding bang cic
phuong phap ding cho méy hit dinh liéu két hop véi co ciu dém. Co clu dém la da
biét va bao gdm Nebuchamber® (AstraZeneca) hodc Volumatic® (GlaxoSmithKline).

Theo phuong 4an khac nita, hop chit c6 cong thirc (I) duge ding bing céc
phuong phap dung cho may khi dung. Méy khi dung thich hop 12 da biét va bao gdbm
eFlow® (PARI GmbH).

Dugc phim ding d& hit dé sir dung trong méy khi dung c6 thé dugc bao ché
bang cach phan tan hoic tét hon 1a hoa tan hop chét c6 cong thire (1) trong moi truong
nuéc thich hgp. Duge phim con c6 thé chira, vi du chat didu chinh d6 pH va/hodc chét
diéu chinh do truong thich hop, chit hoat dong bé mat va chit bao quan. Vi du ché
pham thich hop dé hit tir may khi dung chira hop chit ¢6 cong thirc (I) duge phan tan
trong moi truong nudce thich hgp (mg/g trdng nu6e Mill-Q) chira natri clorua (9mg/g);
axit xitric khd (0,0735mg/g); natri xitrat (0,19mg/g); benzalkoni clorua (0,1mg/g),
EDTA (etylendiamin axit tetraaxetic, 0,1mg/g) va Polysorbat 80 (0,3mg/g).

Theo phuong 4n khéc nita, hgp chét ¢ cong thirc (I) duge dung qua duong
mili du6i dang dang phun tir co cu giai phong ding qua mii thich hop, vi du bom khi
dung hodc MDI. Theo cach khéc, hop chit c6 thé duge sir dung qua duong miii dudi
dang bot bang cach sir dung co cdu DPI thich hop vi du Rhinocort®, Turbuhaler®
(AstraZeneca). |

Dugc phim ding d& hit dé s dung trong bom khi dung hodc co cidu MDI
ding qua dudng miii c¢6 thé dugc bao ché bang cach phén tan hoic t6t hon 12 hoa tan

hop chit c6 cong thirc (I) trong méi trudong nudce thich hgp. Duge phdm nay con c6 thé
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chira chét diéu chinh d6 pH va/hodc chét diu chinh d9 truong thich hop, chit hoat
dong bé mit, cht bao quéan, chét 1am tron, chit 1am thay déi mui vi hodc do nhét. Néu
can, chét phu trg d& 1am ting do hip thu tir khoang miii c6 thé ciing duge bao gbm,
nhur polyme két dinh sinh hoc thich hop. Ché phim bot khé thich hop dé giai phéng
qua dudng mili nhu duge mo ta trén day trong phén lién quan dén co ché giai phong
DPI. Tuy nhién, néu mudn han ché sy thAm nhép cta hop chét vao phdi va giir hop
chét & trong khoang miii, c6 thé can thiét sir dung thém hop chét & dang hat co kich ¢&
to hon, vi du hat c6 dudng kinh trung binh 16n hon khoang 10pm, vi du tir 10pm dén
50um.

Theo d6, sang ché con @& xult co chu hit (vi du may hit bot kho, cu thé 1a may
hit bt khd da liéu don vi, hosic may hit pMDI) chtra dugc phim ding dé hit theo sang

7
LA

che.

Sang ché con dé cap dén hén hop diéu tri, trong d6 hop chét theo sang ché,
hodc mubi dugce dung ctia no, va hoat chét thir hai duoc dung dE‘mg thoi, lién tuc hodc
trong cling mot hdn hop, dé diéu tri mot hodc nhiéu tinh trang bénh dugc néu trén day.
Hén hop diéu tri nay co thé dugc st dung két hop v6i mot hodc nhiéu hoat chit khac.

Theo khia canh khac, sang ché dé xuit duoc phdm (vi du, dé st dung 1am
thudc dé diéu tri mot trong s6 cac bénh hoic tinh trang dugc néu trong sang ché nay,
nhu CF hoic COPD) chira hop chit theo sang ché, hosic mudi dugc dung ciia nd, va it

nhét mot hoat chit bd sung dugc chon tir:
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a)  chét cht van nhén thu thé beta-adreno;

b)  chét dbi khang thy thé muscarinic;

c) chét dbi khang thu thé muscarinic va chit chu van thu thé nhan beta-
adreno két hop;

d)  chét chi van thu thé gidng Toll (nhu chit chi van TLR7 hodc TLRY)

e) chit dbi khang adenosin;

f)  chat chi véan thu thé glucocorticoit (steroidal hodc khong-steroidal);

g)  chét d6i khang p38;

h)  chit d6i khang IKK?2;

i)  chét d6i khang PDE4;

j)  chéit diéu bién chtrc nang thu thé chemokin (nhu chét d6i khang thu thé
CCR1, CCR2B, CCR5, CXCR2 hodc CXCR3);

k)  chit d6i khang CRTh2; hodc

1)  chét thdm thiu, vi du chét thdm thiu ion, nhu muébi tang truong luc
nhu dugc xé4c dinh dudi day.

Sang ché con @& cap dén viéc két hop hop chét theo séang ché, hoac mubi dugc

~dung cua nd, cung véi chét chu vén nhan thu _thé beta-adreno (bao gﬁ‘)m kiéu phu thu

thé beta 1-4) nhu terbutalin (vi du nhu mudi sulphat), salmeterol (vi du nhu muéi
xinafoat), salbutamol (albuterol) (vi du nhu muébi sulphat), procaterol (vi du nhu mudi
hydroclorua), pirbuterol (vi du nhu mudi axetat), orciprenalin (metaproterenol) (vi du
nhur mudi sulphat), milveterol (vi du nhur mudi hydroclorua), levosalbutamol
(levalbuterol) (vi du nhu mudi hydroclorua), abediterol, isoprenalin (isoproterenol) (vi
du nhu mudi hydroclorua), indacaterol (vi du nhu mubi maleat), vilanterol (vi du nhu
mudbi trifenatat (axit triphenylaxetic axit)), formoterol (vi du nhu mudi fumarat, vi dy
mudi fumarat dihydrat), carmoterol, bitolterol (vi du nhu mubi mesylat), olodaterol,
bedoradrin (vi du nhu muébi sulphat), bambuterol (vi du nhu muéi hydroclorua),
arformoterol (vi du nhu mudi tartrat), PF-610355 (2-[3-[2-[[(2R)-2-hydroxy-2-[4-
hydroxy-3-(metansulfonamido)phenyl]etyl]Jamino]-2-metyl-propyl]phenyl]-N-[[3-(4-
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hydroxyphenyl)phenyl]metyl]axetamit), N-(2-dietylaminoetyl)-N-[2-[2-(4-hydroxy-2-
oxo0-3H-1,3-benzothiazol-7-yl)etylamino]etyl]-3-[2-(1-naphtyl)etoxy]propanamit, N-
xyclohexyl-3-[2-(3-flophenyl)etylamino]-N-[2-[2-(4-hydroxy-2-ox0-3H-1,3-
benzothiazol-7-yl)etylamino]etyl]propanamit, hodc N-xyclohexyl-N-[2-[2-(5-hydroxy-
3-0x0-4H-1,4-benzoxazin-8-yl)etylamino]etyl]-3-[2-[3-(1-metylpyrazol-4-
yl)phenyl]etoxy]propanamit. '

Sang ché con dé cap dén hdn hop cia hop chét theo sang ché, hodc mubi duoc
dung cta nd, cung véi chit dbi khéng thu thé muscarinic (vi du chit d6i khéng M1,
M2 hogc M3, nhu chét d6i khang M3 chon loc) nhur tiotropi (vi du nhu muéi bromua),
oxitropi (vi du nhu mudi bromua), ipratropi (vi du nhu mudi bromua), glycopyroni
bromua (vi du nhu hdn hgp raxemic clia cc chit ddng phéan 1ap thé, hodc dudi dang
chit déng phan lap thé R,R-, R,S-, S,R-, hodc S,S-, hodc duéi dang hén hop chua 2
hodc nhiéu chit dong phan 14p thé R.R-, R,S-, S,R-, hodc S,S-), aclidini (vi du nhu
mudi bromua), GSK573719 (3-[2-[3-(5-xyclohexyloxycacbonyl-thiophen-2-y1)-
ureido]-3-(4-hydroxy-phenyl)-propionylamino]-1-(3-hydroxy-benzyl)-1-metyl-
piperidini), BEA2180BR (8-metyl-8-aza-bixyclo[3,2,1]oct-6-en-3-yl este cua axit
hydroxy-di-thiophen-2-yl-axetic) (vi du nhu muéi hydrobromua), [(3R)-1-[2-0x0-2-(2-
pyridylamino)etyl]quinuclidin-1-ium-3-yl] 1-phenylxycloheptancarboxylat (vi du nhu
mudi bromua), hoic 2-[(4-clophenyl)metoxy]etyl-[[2-[(R)-xyclohexyl-hydroxy-
phenyl-metyljoxazol-5 -yl]metyl]-dimetyl-Amoni (vi du nhir mudi napadisylat).

Sang ché con d& cép dén hdn hop ctia hop chit theo sang ché, hoic mudi dugce
dung cda no, cling v6i tac nhan 13 chat dbi khang thu thé muscarinic cho khép (vi du
chit d6i khang M1, M2 hozc M3, nhuchét déi khang M3 chon loc) va chit chii van
nhan thu thé beta-adreno nhur PF4348235 ([1-[9-[[(2R)-2-hydroxy-2-[4-hydroxy-3-
(metansulfonamido)phenyl]etyl]amino]nonyl]-4-piperidyl]-N-[2-(3-clo-4-hydroxy-
phenyl)phenyl]carbamat), 3-[2-[2-clo-3-[[8-(2-etylthiazol-4-cacbonyl)-11-oxa-3,8-
diazaspiro[5,5]undecan-3-yl]metyl]phenyl]etoxy]-N-xyclopentyl-N-[2-[2-(5-hydroxy-
3-o0x0-4H-1,4-benzoxazin-8-yl)etylamino]etyl]propanamit, N-butyl-N-[2-[2-(5-
hydroxy-3-oxo-4H-1,4-benzoxazin-8-yl)etylamino]etyl]-3-[2-[3-[2-[8-(2-
isopropylthiazol-4-cacbonyl)-11-oxa-3,8-diazaspiro[5,5Jundecan-3-

yl]etyl]phenyl]jetoxy]propanamit, hodc 7-[(1R)-2-[2-[2-flo-5-[[8-(2-isopropylthiazol-4-
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cacbonyl)-11-oxa-3,8-diazaspiro[5,5Jundecan-3-yl]metyl]phenyl]etylamino]-1-
hydroxy-etyl]-4-hydroxy-3H-1,3-benzothiazol-2-on.

Séng ché con dé cap dén hdn hop ctia hop chét theo sang ché, hodc mudi dugce
dung cua n6, cing véi chét chi van thu thé giéng Toll (bao g(“)m chét cha van TLR7
hodc TLR9) nhu loxoribin (7-alyl-2-amino-9-[(2R,3R,4S,5R)-3,4-dihydroxy-5-
(hydroxymetyl)tetrahydrofuran-2-yl]-1H-purin-6,8-dion), metyl 2-[3-[[3-(6-amino-2-
butoxy-8-oxo-7H-purin-9-yl)propyl-(3-morpholinopropyl)aminojmetyl]phenyl]axetat
(vi du nhu mudi hydrobromua, hydroclorua hodc dimaleat), 4-(dimetylamino)butyl 2-
[4-[[2-amino-4-metyl-6-(pentylamino)pyrimidin-5-ylJmetyl]phenyl]axetat (vi du nhu
disaccharin, mubi cia axit difumaric, mudi cta axit di-1-hydroxy-2-naphtoic hoic
mubi ciia axit mono-benzoic), hoic 5°-TCG AAC GTT CGA AGA TGA TGA T
(dugc mo ta 1a SEQ ID 171 trong W02004/0158179).

Séng ché con dé cap dén hdn hop ciia hop chét theo sang ché, hodc mubi dugc
dung ciia né, cling v6i chit dbi khang adenosin nhu regadenoson, ATL-313 (metyl 4-
[3-[6-amin0-9-[(2R,3R,4S,5 S)-5-(xyclopropylcarbamoyl)-3,4-dihydroxy-
tetrahydrofuran-2-yl]purin-2-yl]prop-2-ynyl]piperidin-1-carboxylat), hodc apadenoson
(metyl 4-[3-[6-amino-9-[(2R,3R,48S,5S)-5-(etylcarbamoyl)-3,4-dihydroxy- -
tetrahydrofuran-2-yl]purin-2-yl]prop-2-ynyl]xyclohexancarboxylat).

Séang ché con dé cap dén hdn hop ciia hop chit theo sang ché, hodc mubi duge
dung ciia né, ciing véi chit chﬁ vén thu thé glucocorticoit (steroidal hoic khong-
steroidal) nhu triamxinolon, triamxinolon axetonua, prednison, mometason furoat,
loteprednol etabonat, fluticason propionat, fluticason furoat, fluoxinolon axetonua,
dexametason xipecilat, desisobutyryl xiclesonua, clobetasol propfonat, xiclesonua,
butixocort propionat, budesonua, beclometason dipropionat, alclometason dipropionat,
(1IR,3a8,3b8S,10aR,10bS,118,12aS)-1-{[(xyanometyl)thio]cacbonyl } -7-(4-flopheny])-
11-hydroxy-10a,12a-dimetyl-1,2,3,3a,3b,4,5,7,10,10a,10b,11,12,12a-
tetradecahydroxyclopenta[5,6naphto[1,2-f]indazol-1-yl 2-furoat,
(1R,2R,3a8,3bS,10aS,10bR,118S,12aS)-10b-Flo-1-{[(flometyl)sulfanyl]cacbonyl}-7-
(6-flopyridin-3-yl)-11-hydroxy-2,10a,12a-trimetyl-
1,2,3,3a,3b,4,5,7,10,10a,10b,11,12, 12a-tetradecahydroxyclopénta[S ,6]naphto[1,2-
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flindazol-1-yl metoxyaxetat, 2,2,2-triflo-N-[(1S,2R)-2-[1-(4-flophenyl)indazol-5-
ylJoxy-2-(3-metoxyphenyl)-1-metyl-etyl|Jaxetamit, 3-[5-[(1R,2S)-1-(4H-1,3-
benzodioxin-7-yl)-2-(2,2-diflopropanoylamino)propoxy]indazol-1-y1]-N-(3-
pyridylmetyl)benzamit, 3-[5-[(1R,2S)-2-(2,2-diflopropanoylamino)-1-(2,3-dihydro-
1,4-benzodioxin-6-yl)propoxylindazol-1-yl]-N-[(3R)-1,1-dioxothiolan-3-yl |benzamit,
hodc 3-[5-[(1R,2S)-2-(2,2-diflopropanoylamino)-1-(2,3-dihydro-1,4-benzodioxin-6-
yl)propoxyJindazol-1-yl1]-N-[(3R)-tetrahydrofuran-3-yl]benzamit.

Séang ché con d& cap dén hén hop cua hop chét theo sang ché, hoic mubi dugc
dung ctia né, cliing véi chit d6i khang p38 nhu PH797804 (3-[3-bromo-4-(2,4-diflo-
benzyloxy)-6-metyl-2-oxo-2H-pyridin-1-yl]-4,N-dimetyl-benzamit), losmapimod,
PF03715455 (1-[5-tert-butyl-2-(3-clo-4-hydroxy-phenyl)pyrazol-3-y1]-3-[[2-[[3-[2-(2-
hydroxyetylsulfanyl)phenyl]-[1,2,4]triazolo[4,3-a]pyridin-6-
yl]sulfanyl]phenylmetylJure), N-xyclopropyl-4-metyl-3-[6-(4-metylpiperazin-1-yl)-4-
oxo0-quinazolin-3-yl]benzamit, hodc N-xyclopropyl-3-flo-4-metyl-5-[3-[[1-[2-[2-

(metylamino)etoxy]phenyl]xyclopropyl]amino]-2-oxo-pyrazin-1-yl]benzamit.

Séang ché con @& cap dén hén hop ciia hop chét theo sang ché, hoic mubi dugc
dung ctia n6, ciing véi chét trc ché phosphodiesteraza (PDE) nhu metylxantanin bao
gbm theophylin va aminophylin hodc chét trc ché PDE isoenzym chon loc (bao gbm
chét tc ché PDE4 hodc chét trc ché cua dﬁng dang PDE4D) nhu tetomilast,
roflumilast, oglemilast, ibudilast, GPD-1116 (3-benzyl-5-phenyl-1H-pyrazolo[4,3-
c][1,8]naphtyridin-4-on), ronomilast, NVP ABE 171 (axit 4-[8-(2,1,3-benzoxadiazol-
5-y1)-1,7-naphtyridin-6-yl]benzoic), RPL554 (2-[(2E)-9,10-dimetoxy-4-ox0-2-(2,4,6-
trimetylphenyl)imino-6,7-dihydropyrimido[6,1-a]isoquinolin-3-yl]etylure), CHF 5480
([(Z)-2-(3,5-diclo-4-pyridyl)-1-(3,4-dimetoxyphenyl)vinyl](2S)-2-(4-
isobutylphenyl)propanoat), hodc GSK256066 (6-[3-
(dimetylcarbamoyl)phenyl]sulfonyl-4-(3-metoxyanilino)-8-metyl-quinolin-3-

carboxamit).

Séang ché con dé cap dén hén hop ctia hop chit theo sang ché, hoic mubi dugce
dung ciia no, cling vé6i chat d6i khang IKK?2 nhur axit 5-(2-isopropylisoindolin-5-yl)-3-
[1-(2-metoxyetylsulfonyl)-4-piperidyl]-1H-indol-7-carboxylic. (
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Sang ché con dé cép dén hdn hop ctia hop chit theo sing ché, hozc mubi dugc
dung ctia nd, cling véi chét diéu bién chirc ning thu thé chemokin nhu chit déi khéng
cua CCR1, CCR2, CCR2A, CCR2B, CCR3, CCR4, CCR5, CCR6, CCR7, CCRS,
CCR9, CCR10 hogc CCR11 (d8i véi ho C-C), vi du chét déi khang thy thé CCR1,
CCR2B hogc CCR5; CXCR1, CXCR2, CXCR3, CXCR4 hoic CXCRS5 (dbi véi ho C-
X-C), vi du chét d6i khang thu CXCR2 hodc CXCR3; hodc CX;CR1 déi véi ho C-Xs-
~C. Vi dy, séng ché d& cap dén hén hop ciia hop chét theo sang ché véi PS-031291 (2-
[(4-clo-benzyl)-metyl-amit] 1-[(4-triﬂometyl-phenyl)-amit]cﬁa axit pyrolidin-1,2- K
dicarboxylic), CCX-354 (1-[4-(4-clo-3-metoxy-phenyl)piperazin-1-y1]-2-[3-(1H-
imidazol-2-yl)pyrazolo[3,4-b]pyridin-1-yl]etanon), vicriviroc, maraviroc, xenicriviroc,
navarixin (2-hydroxy-N,N-dimetyl-3-[[2-[[(1R)-1-(5-metyl-2-furyl)propyl]amino]-3,4-
dioxo-xyclobuten-1-ylJamino]benzamit), SB656933 (1-(2-clo-3-flo-phenyl)-3-(4-clo-
2-hydroxy-3-piperazin-1-ylsulfonyl-phenyl)ure), N-[1-[(3R)-3-(3,5-diflophenyl)-3-(1-
metylsulfonyl-4-piperidyl)propyl]-4-piperidyl]-N-etyl-2-(4-
metylsulfonylphenyl)axetamit, N-[2-[(2S)-3-[[1-[(4-clophenyl)metyl]-4-
piperidylJamino]-2-hydroxy-2-metyl-propoxy]-4-hydroxy-phenyl]axetamit, axit 2-[2-
clo-5-[(2S)-3-(5-clospiro[ 3H-benzofuran-2,4'-piperidin]-1'-y1)-2-hydroxy-propoxy]-4-
(metylcarbamoyl)phenoxy]-2-metyl-propanoic, N-[2-[(2,3-diflophenyl)metylsulfanyl]-
6-[(1R,28)-2,3-dihydroxy-1-metyl-propoxy]pyrimidin-4-yl]azetidin-1-sulfonamit,
hodc N-[2-[(2,3-diflophenyl)metylsulfanyl]-6-[[(1R,2R)-2,3-dihydroxy-1-metyl-

propyl]amino]pyrimidin-4-yl]azetidin-1-sulfonamit.

Séng ché con @ cap dén hén hop ctia hop chét theo sang ché, hogc mudi dugc
dung clia n6, ciing véi chit trc ché sinh tdng hop leukotrien, chat tc ché 5-lipoxyaza
(5-LO) hodc chit dbi khang protein hoat hoa 5-lipoxyaza (5-lipoxygenase activating
protein: FLAP) nhu TA270 (4-hydroxy-1-metyl-3-octyloxy-7-sinapinoylamino-2(1H)-
quinolinon), PF-4191834 (2H-pyran-4-carboxamit, tetrahydro-4-[3-[[4-(1-metyl-1H-
pyrazol-5-yl)phenyl]thio]phenyl]-),  setileuton, CMI977  (1-[4-[(2S,5S)-5-[(4-
flophenoxy)metyl]tetrahydrofuran-2-yl]but-3-ynyl]-1-hydroxy-ure), axit fiboflapon (3-
[3-tert-butylsulfanyl-1-[[4-(6-etoxy-3-pyridyl)phenyl[metyl]-5-[ (5-metyl-2-
pyridyl)metoxy]indol-2-y1]-2,2¥dimety1-propanoic), GSK2190915 (axit 1H-indol-2-
propanoic, 3-[(1,1-dimetyletyl)thio]-1-[[4-(6-metoxy-3-pyridinyl)phenylJmetyl]-a,-
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dimetyl-5-[(2-pyridinyl)metoxy]-), licofelon, quiflapon (axit 3-[3-tert-butylsulfanyl-1-
[(4-clophenyl)metyl]-5-(2-quinolylmetoxy)indol-2-yl]-2,2-dimetyl-propanoic),

veliflapon (axit (2R)-2-xyclopentyl-2-[4-(2-quinolylmetoxy)phenyl]axetic), ABT080
(axit 4,4-bis[4-(2-quinolylmetoxy)phenyl]pentanoic), zileuton, zafirlukast, hodc

montelukast.

Sang ché con dé cap dén hén hop clia hop chit theo sang ché, hodc mubi dugce
dung clia né, cling véi chat d6i khang CRTh2 hoc chit d6i khang DP2 nhu
ACT129968 (axit 2-[2-[(5-axetyl-2-metoxy-phenyl)metylsulfanyl]-5-flo-
benzimidazol-1-yl]axetic), AMGS853 (axit 2-[4-[4-(tert-butylcarbamoyl)-2-[(2-clo-4-
xyclopropyl-phenyl)sulfonylamino]phenoxy]-5-clo-2-flo-phenyl]jaxetic), AM211 (axit
2-[3-[2-[[benzylcarbamoyl(etyl)Jamino]metyl]-4-(triflometyl)phenyl]-4-metoxy-
phenyl]axetic), axit 2-[4-axetamido-3-(4-clophenyl)sulfanyl-2-metyl-indol-1-yl]axetic,
axit (25)-2-[4-clo-2-(2-clo-4-etylsulfonyl-phenoxy)phenoxy]propanoic, axit 2-[4-clo-
2-[2-flo-4-(4-flophenyl)sulfonyl-phenyl|phenoxy]axetic, hodc axit (2S)-2-[2-[3-clo-4-
(2,2-dimetylpyrolidin-1-cacbonyl)phenyl]-4-flo-phenoxy Jpropanoic.

Séng ché con dé cip dén hdn hop ciia hop chit theo sang ché, hodc mudi duoc
dung ctia né, ciing véi chit d6i khang MK2 (MAPKAP kinaza 2) nhu varesplabid, PF-
3644022 ((10R)-10-metyl-3-(6-metylpyridin-3-y1)-9,10,11,12-tetrahydro-8H-
[1,4]diazepino[5',6":4,5]thieno[3,2-f]quinolin-8-on), hodc 4-benzoyl-D-phenylalanyl-
D-seryl-D-tryptophyl-D-seryl-2,3,4,5,6-pentaflo-D-phenylalanyl-3-xyclohexyl-D-
alanyl-D-arginyl-D-arginyl-D-arginyl-D-glutaminyl-D-arginyl-D-arginin. |

Sang ché con dé cdp dén hdn hop clia hop chét theo sang ché, hosic mudi dugc
dung ciia no, cling v6i chit d6i khang myeloperoxidaza nhu resveratrol, pixeatannol,
3-[[(2R)-tetrahydrofuran-2-yl]metyl]-2-thioxo-7H-purin-6-on, hodc 1-(2-
isopropoxyetyl)-2-thioxo-5SH-pyrolo[3,2-d]pyrimidin-4-on.

Séang ché con @& cap dén hdn hop ciia hop chét theo sang ché, hodc mubi duge
dung ciia n6, ciing véi chét thdm thdu. Nhu duge sir dung trong ban md ta nay, thuat
ngit “chét thdm th4u” 13 phén tir nhod c6 hoat tinh thAm théu va nhim d& bao ham ca

chit thim thu ion va chit thdm thu khéng ion. Theo khia canh khéc, séng ché dé
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xuat hén hop ciia hgp chét theo sang ché, hoic mubi duge dung cia nod, cung vdi chat

tham thiu ion, nhumubi tdng truong luc.

~ Theo khia canh kh4c nifa, séng ché dé xuit dugc phdm (vi dy, dé sir dung lam
thudc dé diéu tri mdt trong sb cac bénh hoic tinh trang dugc néu trong sang ché nay,
nhu CF hoic COPD) chira hop chét theo sang ché, hoic mudi duge dung cda no, va it

nhét mot hoat chit bd sung dugc chon tir:
a) chét chi van nhén thu thé beta-adreno ;
b) chét dbi khéng thu thé muscarinic;

c) chat dbi khéang thu thé muscarinic va chét chu van thy thé nhan beta-

adreno két hop; hodc
d)  chét cha van thy thé glucocorticoit (steroidal hodc khong-steroidal); hodc
e)  chét thAm théu, vi du chit thAm th4u ion, nhu muédi tang truong luc.

nhu dugce néu trén day.

Theo khia canh khéc nita clia sang ché, it nhit mot hoat chit bd sung 13 chét
cht van nhén thu thé beta-adreno. Theo khia canh khéc, it nhit mot hoat chét bd sung
12 chat dbi khang thu thé muscarinic. Theo khia canh khdc, it nhit mot hoat chit bd
sung 1a chit chi vén thu thé glucocorticoit (steroidal hodc khong-steroidal). Theo khia
canh khéc nira, it nhit mot hoat chét b sung la chit dbi khéang thu thé muscarinic va
chit chu van thu thé nhén beta-adreno két hop. Theo khia canh khéc nita, it nhét mot

hoat chit bd sung 14 chit thim théu.
Vi du thye hién sang ché

Hop chét duge mo ta trong ban mo ta ndy s& dugc minh hoa thém trong phén
Vi du thuc hién sang ché sau ddy. Cac Vi du nay chi nhim muc dich minh hoa cho
sang ché ma khong 1am gi6i han no.

Céc chit viét tit:

aq (Aqueous) Trong nudc

(BOC),0/Boc Di-tertbutyl dicacbonat
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DEA

DEAD

DIPA

DIEA/DIPEA

ESI

FA

FMOC/Fmoc

HATU
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(Column Volume) Thé tich cot

Dietylamin

Dietylazadicarboxylat

Diisopropylamin

Diisopropyletylamin

(Electrospray Ioniéation) Ion héa phun dién ti
Axit Formic

Florenylmetyloxycacbonyl

1-[Bis(dimetylamino)metylen]-1H-1,2,3-triazolo[4,5-

b]pyridini 3-oxid hexaflophosphat

HBSS
Hank

HBTU
hexaflophosphat

HEPES

HPLC
tinh nang cao

IPA

LC/MS
ky long

MeTHF

MTBE

Rt
sat.

SFC

(Hanks’ Balanced Salt Solution) Dung dich muédi cin bing

- 2-(1H-Benzotriazol-1-yl)-1,1,3,3-tetrametyluroni

Axit 2-[4-(2-hydroxyetyl)piperazin-1-yl]etansulfonic

(High Performance Liquid Chromatography) Sic ky 16ng

Isopropylamin

(Liquid Chromatography-Mass Spectroscopy) Phd khi séc

Metyl-tetrahydrofuran

tert-Butyl metyl ete
N-metylpyrolidinon

(Retention time) Thoi gian duy tri
(Saturated) Bao hoa

(Superecritical fluid chromatography) Sic ky 16ng siéu t&i
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han
TBME tert-Butyl metyl ete
TEA Trietylamin
THF Tetrahydrofuran
wt-% (weight-%)% trong lugng -
Phuong phéap chung

Phd NMR dugc ghi lai trén phd ké Bruker Avance, Avance II hoic Avance III
& tan sb proton 12 400, 500 hosic 600MHz. Phé ké JEOL EX-270 dugc st dung néu tAn
s& proton 12 270MHz duoc bio cdo. Cac dinh trung tdm cua cloform-6 (H 7,26 ppm),
axeton (H 2,04 ppm), diclometan-d, (H 5,32 ppm), CH;0D (H 3,30 ppm) hoic
DMSO-dg (H 2,49 ppm) duge sir dung 1am tham chiéu ndi. Sy bién déi it cta dich
chuyén hoéa hoc c6 thé xay ra, nhu 1a da biét trong linh vyc k¥ thuat nay, 1a két qua cia
nhitng thay dbi khi diéu ché mAu, nhu sy bién dbi cia mAu phén tich va chtra hoic loai

bo chét phu trg (vi du céc chudn cuia thir nghiém NMR hodc axit trifloaxetic).

Céc thir nghiém LC/MS dugc thuc hién bang cach st dung hé¢ Waters Acquity
UPLC dugc két hop véi khdi phd ké Waters Xevo Q-ToF theo kidu ESI. Phép LC
dugc thyc hién 1am 2 qué trinh: 1) ¢6t BEH C18 (1,7um 2,1x50mm) két hop véi
gradien (2-95% B trong 5 phut) cia dung dich dém Amoni cacbonat 46mM trong
nugc/amoniac & do pH =10 (A) va MeCN (B) & tbc do chay 1a 1,0ml/phut. 2) cdt HSS
C18 (1,8um 2,1x50mm) véi gradien (2-95% B trong 5 phut) cia dung dich dém FA |
10mM trong nu6e /amoni format 1mM & d6 pH = 3 (A) va MeCN (B) & téc d6 chay la
1,0mU/pht.

Do tinh khiét quang, duoc bidu thi duéi dang luong du ddng phan dbi anh
(enantiomeric excess: (% ee)), dugc x4c dinh bing phép HPLC bét dbi bing cach sir
dung phuong phép sic ky seri Agilent 1100. Phuong phap A: Hé thdng duoc trang bi
Chiralpak IC 250x4,6mm; 5um. Heptan/iPrOH/etanolamin (véi ty 1€ 60:40:0,1) c6 tde
do chay 1a Iml/phut duge st dung 1am pha di dong. Thé tich truyén 1a 10pul va phat
hién hop chét dugc phat hién bing tia UV & budc séng 268nm. Phuong phép B: Hé
théng duogc trang bi Chiralpak IC 150x4,6mm, 3pum. CO,, 120 bar (A) va MeOH
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(0,5% DEA) (B) dugc sir dung 1am pha di dong véi ty 18 ciia A/B 1a 80/20 c6 tdc dd
chéy 1a 4ml/phut. Thé tich truyén 13 5pl.

| Phép HPLC diéu dugc thuc hién bing hé Waters FractionLynx véi viéc phat
hién MS duoc tich hgp vao va dugce trang bi ¢t Prep C18 OBD 5um 19 x 150mm cua
X-Bridge hodc Sunfire. Theo cach khéc, thiét bi Gilson GX-281 c6 bd phét hién UV
dugc tich hgp vao dugc st dung, dugc trang bi cot Kromasil C8 10um, dudong kinh
trong 20x250 hodc dudng kinh trong 50x250mm. Gradien nudc/MeCN/AcOH (véi ty
1€ 95/5/0,1) hodc nudc/0,05% TFA hodc nude/0,1% NH,HCO; (A) va MeCN (B) duoc
str dung lam dung mdi rra gidi.

Phép SCF diéu ché dugc thuc hién bing hé Waters Prepl00 SCF c6 bd phat
hién MS dugec tich hgp vao, dugc trang bi cdt Waters Viridis 2-EP hoic Phenomenex
Luna Hilic, 30 x 250mm, Sum. Gradien CO, (100g/min, 120 bar, 40°C) (A) va
MeOH/NH; (20mM) hodc MeOH (5% FA) hodc MeOH (B) dugc st dung 1am dung
moi rira giai '

Trr khi duge quy dinh khac, nguyén li€u ban d4u 12 c6 béan sin trén thi truong
hodc di dugc mod ta trudce trong tai liéu chuyén nganh. Tt ca cac dung méi va chét
phan img thuong mai 1a thudc loai danh cho phong thi nghiém va dugc sir dung

nguyén nhu khi nhén dugc, trir khi c6 quy dinh khéc.

Tén héa hoc nhu duge mé ta trong phan Vi du duéi diy dugc hinh thanh bang
cach sir dung géi dinh phan mém danh ChemDraw (Ultra 11). Ngudi c6 hidu biét trung
binh trong linh virc k¥ thuét nay s& biét rd rang, cic goi san phdm dinh danh khéc nhau
c6 thé tao ra tén hoéa hoc khac nhau cho ciing mét hop chit. Chi nhdm muc dich minh
hoa, tén hoa hoc duge tao ra trong cac Vi du tir 1 dén 16 duéi day lan lugt bﬁng cach
sir dung g6i phin mém dinh danh ACD/Name 2012:

3,5-diamino-6-clo-N-[(2R)-2-(2-metylbenzyl)-3-({[1-(3-{[(2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl]amino} propanoyl)piperidin-4-ylJmetyl }amino)propyl]pyrazin-2-
carboxamit;

1-deoxy-1-[(2-{[4-({[(2R)-3-{[(3,5-diamino-6-clopyrazin-2-
yl)cacbonyl]amino}-2-(2-metylbenzyl)propyl]amino} metyl)benzoyl]amino} etyl)-
(hexyl)amino]-D-xylitol;
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- 1-deoxy-1-{[2-({[4-({[(2R)-3-{[(3,5-diamino-6-clopyrazin-2-
yl)cacbonyl]amino}-2-(2-metylbenzyl)propyl]amino } metyl)piperidin-1-
yl]cacbonyl}amino)etyl] (hexyl)amino}-D-gluxitol;

3,5-diamino-6-clo-N-[(2R)-3-({[1-(3-{hexyl[(2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl]amino } propanoyl)piperidin-4-yljmetyl } amino)-2-(2-
metylbenzyl)propyl]pyrazin-2-carboxamit; |

3,5-diamino-6-clo-N-[(2R)-3-({[1-(3-{hexyl[(2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl]amino } propanoyl)piperidin-4-ylJmetyl }amino)-2-(2-
metylbenzyl)propyl]pyrazin-2-carboxamit;

1-deoxy-1-[{4-[4-({[(2R)-3-{[(3,5-diamino-6-clopyrazin-2-
yl)cacbonyl]amino}-2-(2-metylbenzyl)propyl]Jamino } metyl)piperidin-1-yl]-4-
oxobutyl}(hexyl)amino]-D-gluxitol;

_ 3,5-diamino-6-clo-N-[(2R)-2-(2-metylbenzyl)-3-({[1-(3-{ [(2S,3R,4R, 5R)
2,3,4,5,6-pentahydroxyhexyl]amino } propanoyl)piperidin-4-
yl]metyl }amino)propyl]pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-[(2R)-3-({[1-(3-{hexyl[(2R,3R,4R,5R)-2,3.4,5,6-
pentahydroxyhexyl]amino } propanoyl)piperidin-4-yl]metyl }amino)-2-(2-
metylbenzyl)propyl]pyrazin-2-carboxamit;
1-deoxy-1-[(2-{[4-({[(2R)-3-{[(3,5-diamino-6-clopyrazin-2-
yl)cacbonyl]amino}-2-(2-metylbenzyl)propyl]amino } metyl)benzoylJamino} etyl)-
(hexyl)amino]-D-mannitol;
1-deoxy-1-[(2-{[4-({[(2R)-3-{[(3,5-diamino-6-clopyrazin-2-
yl)cacbonyl]amino}-2-(2-metylbenzyl)propyl]amino } metyl)benzoyl]amino}etyl)-
(hexyl)amino]-D-gluxitol;
1-deoxy-1-{[2-({[4-({[(2R)-3-{[(3,5-diamino-6-clopyrazin-2-
yl)cacbonyl]amino}-2-(2-metylbenzyl)propyl]amino } metyl)phenoxy]cacbonyl}-
amino)etyl](hexyl)amino }-D-gluxitol;
1-deoxy-1-[(2-{[4-(2-{[(2R)-3-{[(3,5-diamino-6-clopyrazin-2-
yl)cacbonyl]amino}-2-(2-metylbenzyl)propyl]amino}etyl)benzoyl]amino } etyl)-
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(hexyl)amino]-D-gluxitol;
1-deoxy-1-[(2-{[4-(2-{[(2R)-3-{[(3,5-diamino-6-clopyrazin-2-
yl)cacbonyl]amino}-2-(2-metylbenzyl)propyl]amino } etyl)benzoyl]amino } etyl)-
(hexyl)amino]-D-xylitol;
1-deoxy-1-[(2-{[4-({[(2S)-3-{[(3,5-diamino-6-clopyrazin-2-
yl)cacbonyl]amino }-2-(2-metylbenzyl)propyl]amino } metyl)benzoyl]Jamino} etyl)-
(hexyl)amino]-D-xylitol;

5 -deoxy-S -[2-{[4-({[(2S)-3-{[(3,5-diamino-6-clopyrazin-2-
yl)cacbonyl]amino}-2-(2-metylbenzyl)propyl]Jamino } metyl)benzoyl]amino } etyl)-
(hexyl)amino]-D-xylitol;

1-deoxy-1-[(2-{[3-(2-{[(2R)-3-{[(3,5-diamino-6-clopyrazin-2-
| yl)cacbonyl]amino}-2-(2-metylbenzyl)propyl]amino}etyl)benzoyl]amino } etyl)-
(hexyl)amino]-D-gluxitol.

Vidul
3,5-Diamino-6-clo-N-((R)-2-(2-metylbenzyl)-3-(((1-(3-(((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)propanoyl)piperidin-4-yl)metyl)amino)propyl)pyrazin-2-

29

Cl

carboxamit

Buodc 1

(R)-(9H-Floren-9-yl)metyl (3-(4-(((3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)amino)metyl)piperidin-1-yl)-3-oxopropyl)carbamat
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Hén hop cia (R)-3,5-diamino-N—(3-amino-2-(2-metylbenzy1)pr0pyl)-6-
clopyrézin-2-carboxamit (318mg, 0,91mmol) (Chét trung gian A), (9H-floren-9-
yDmetyl 3-(4-formylpiperidin-1-yl)-3-oxopropylcarbamat (440mg, 1,08mmol) (Chéat
trung gian F) va axit axetic (80pl, 1,40mmol) trong THF khd (6ml) dugc khudy & nhiét
do trong phong trong 30 phut. Natri triaxetoxybohydrua (340mg, 1,60mmol) dugc
thém vio va hdn hop phan tmg nay dugc khudy & 40°C trong 1,5 gidr nita. Nude dugc
thém vao va hdn hop phan tmg dugc khudy trong 5 phut va dung méi dugc 1am bay
hoi hét. Chét con lai duoc phan b gitta EtOAc va nu6e. Dung dich NaHCO; 10%
(trong nuc’rc) dugc thém vao pha nuée cho dén khi dat t6i do pH = 8-9. Cac pha duogc
tach riéng va pha nuéc dugc chiét ngugc bing EtOAc. Pha hiru co mau vang thu gom

dugc dugc 1am kh trén MgSOy, loc va dung mdi duge 1am bay hoi hét. San phdm thd
' dugc tinh ché bing phép HPLC didu ché (Kromasil C8; H,O0/MeCN/AcOH véi ty 18
95/5/0,2). Céc phan doan c6 lién quan dugc két hop iai va dugc cd trong chan khong.
Dung dich NaHCO; 10% (trong nuéc) duge thém vio va pha nuéc duge chiét bang
EtOAc. Pha hitu co dugce lam kho trén MgSOy, loc va l1am bay hoi. DAu dinh nhét con
lai dugc hoa tan trong DCM/Heptan dé thu dugc hop chit néu ¢ dé muc nay duéi dang
chit rin, 196mg (29%, d¢ tinh khiét 87%) sau khi 1am bay hoi.

LC/MS: m/z 739 [M+H]".
Budc 2

(R)-3,5-Diamino-N-(3-(((1-(3-aminopropanoyl)piperidin-4-yl)metyl)amino)-2-(2-
metylbenzyl)propyl)-6-clopyrazin-2-carboxamit
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(R)-(9H-Floren-9-yl)metyl 3-(4-((3-(3,5-diamino-6-clopyrazin-2-
carboxamido)-2-(2-metylbenzyl)propylamino)metyl)piperidin-1-yl)-3-
oxopropylcarbamat (196mg, 0,27mmol) (tir Buéc 1) dugc hoa tan trong DCM (5ml)
va dugc xir 1y bang piperidin (0,5ml). Dung dich phan tmg dugc khudy & hhiét do

trong phong trong 3 gid, tiép theo 1am bay hoi dé thu dugc chét rin mau vang.

Chét tho dugc hoa tan trong THF (5ml) va DIPEA (280pl, 1,60mmol) va dugc
xtr Iy bang (BOC),0 (0,141ml, 0,61mmol) trong THF (1ml). Hdn hop phén Gng dugc
khudy & nhiét d6 trong phong. Sau 3 gid, LC/MS chi cho thiy mét luong nho chuyén
hoéa thanh san phém dugc bao vé Boc mdt 1an, ph?m 16n van 13 amin khong dugc phan
u’ng Mot lwong du 16n DIPEA va BOC,(0) dugc thém vao va hdn hop phan tmg duoc
khudy trong 1 gi& & nhiét d¢ trong phong. MeCN (2-3ml) dugc thém vao dé 1am ting
do hoa tan va hdn hgp phan tng dugce dun néng & 50°C trong 2 giv, tiép theo 13 & nhiét

d6 trong phong qua cubi tuan.

Céc chét d& bay hoi dugc 1am bay hoi trong chan khong va phén cin duoc
phan bd giita EtOAc Vé nuéc. Pha nuée duge axit héa bang cach thém dung dich axit
xitric 0,5M. Nudc mudi duqc thém vao dé trg gitip tach cac pha. Pha hitu co dugc rira
bing nudc va nude mudi.

Dung moi dugc 1am bay hoi hét va ph?ln cdn dugc hoa tan trong DCM va dugce
tinh ché bing phép sic ky nhanh (EtOAc/heptan, gradien 30 — 100% EtOAc). Dung
moi duge 1am bay hoi dé thu dugc ﬁqp chit néu & d& muc nay duogc bao vé BOC hai
14n (96mg).

Hop chit dugc bao vé BOC hai 1an vira thu duge (96mg) dugc hoa tan trong
DCM (2ml) va duge xir Iy bang TFA (0,5ml), dung dich phan tmg dugc khuy & nhiét
do trong phong trong 2,5 gir. Hon hop phén tng dugc 1am bay hoi, phan can dugc hoa
tan trong nuéc va dugc tinh ché bing phép HPLC didu ché (Kromasil C8;
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H,0/MeCN/HCO,H véi ty 1€ 95/5/0,2 dén 60/40/0,2 trong 16 phit). Lam kho lanh s&
thu duge hop chit néu & d& muc ndy dudi dang chét rin (64mg, 45%).

LC/MS: m/z 517 [M+H]"
'H NMR (500MHz, MeOD) & 1,13 - 1,34 (m, 2H), 1,83 - 2,06 (m, 3H), 2,29 -
2,39 (m, 1H), 2,35 (s, 3H), 2,59 - 2,93 (m, 9H), 3,08 - 3,23 (m, 3H), 3,32 - 3,37 (m,

1H), 3,67 - 3,74 (m, 1H), 3,87 - 3,96 (m, 1H), 4,52 - 4,6 (m, 1H), 7,11 - 7,22 (m, 4H),
8,51 (s, 0,4H, phin cin axit formic).

. Buoc 3

3,5-Diamino-6-clo-N-((R)-2-(2-metylbenzyl)-3-(((1-(3-(((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)propanoyl)piperidin-4-yl)metyl)amino)propyl)pyrazin-2-

carboxamit

(R)-3,5-Diamino-N-(3-(((1-(3-aminopropanoyl)piperidin-4-yl)metyl)amino)-
2-(2-metylbenzyl)propyl)-6-clopyrazin-2-carboxamit (900mg, 1,74mmol) duoc hoa
tan trong metanol (10ml). (2R,3S,4R)-2,3,4,5-tetrahydroxypentanal (261mg,
1,74mmol) dugc thém vao, sau d6 thém tiép 5 nuéc nudce. Natri xyanobohydrua
(328mg, 5,22mmol) dugc thém vao tiép d6 va d6 pH dugc didu chinh dén ~7,0 bing
cach thém dung dich axit axetic. Dung dich tao thanh dugc khudy & nhiét do trong
phong trong 18 gid. Céc chét d& bay hoi dugc loai bd va san phdm thé tao thanh dugc
tinh ché bing phép HPLC didu ché (H20/MeCN/AcOH véi ty 1& 95/5/0.2 dén
60/40/0,2 trong 20 phut). Cac phan doan c6 lién quan dugc thu gom lai va duoc lam
kho lanh. Hop chat néu & d& muc ndy dugc hoa tan trong 2M HCI (4ml) va dugc lam
kho lanh, quy trinh nay dugc 13p lai 3 14n, s& thu dwge mudi HCI cia hop chét néu & dé
muc nay (144mg, 11%).
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"H NMR (500MHz, MeOD) & 1,30 (ddd, 2H), 1,84 - 2,13 (m, 3H), 2,32 - 2,45
(m, 4H), 2,62 - 2,77 (m, 2H), 2,81 - 2,98 (m, 7H), 3,15 (dd, 1H), 3,26 (d, 2H), 3,32 -
3,42 (m, 2H), 3,58 - 3,83 (m, 6H), 3,95 (t, 1H), 4,06 (dd, 1H), 4,55 (s, 1H), 7,05 - 7,33
(m, 4H).

Vidu2

3,5-Diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R)-2,3,4,5 -tetrahydroxypentyl)-
amino)etyl)carbamoyl)benzyl)amino)-2-(2-metylbenzyl)propyl)-pyrazin-2-carboxamit

Cl
H OH
0]

OH OH

Phuong phép A

Buée 1

tert-Butyl ((S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-metylbenzyl)-
propyl)(4-((2-(hexyl((2S,3R,4R)-2,3,4,5-tetrahydroxypentyl )Jamino)etyl)carbamoyl)-

NH, O /\?\
A

Y (0]
| H = J<

Cl

benzyl)carbamat

(S)-tert-Butyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexylamino)etyl)carbamoyl)benzyl)carbamat (Chét trung -
gian E, 1,23¢g, 1,73mmol), (2R,35,4R)-2,3,4,5-tetrahydroxypentanal (0,521g,
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3,47mmol) va DIPEA (0,303ml, 1,73mmol) dugc hoa tan trong MeOH (10ml) va duogc
khudy & nhiét d6 trong phong trong 1 gid. Natri xyanobohydrua (0,327g, 5,20mmol)
va axit axetic (0,099ml, 1,73mmol) dugc thém vao va viéc khudy dugc tiép tuc & 50°C
trong 3 ngay. Hon hgp phéan ting dugc 1am ngudi dén nhiét do trong phong, toi bang
cach thém dung dich NaHCO3 8% (trong nuéc), dugce khudy trong 15 phit va tiép
theo dugc cd trong chan khéng. Phin cin dugc hoa tan trong EtOAc (100ml) va dung
dich NaHCO3 8% (trong nuéc) (50ml), lic va cac pha dugc tach riéng. Pha nudc dugc
chiét bang EtOAc (100ml). Pha hiru co thu gom dugc duge 1am kho bing Na2S04, loc
va lam bay hoi trong chén khdng. Hop chit dugc tinh ché bang phép HPLC didu ché
trén ct Kromasil C8 (10pm, dudng kinh trong 250x50mm) bang cach st dung gradien
20 — 60% axetonitril trong dung dich d¢ém H20/MeCN/AcOH véi ty 1€ 95/5/0,2 trong
20 phut v6i téc do chay 1a 100ml/phiit. Hop chat duoc bao vé bao vé bing tia UV &
' bude song 268nm. Hop chét ndy dugc thu gom va dugc 1am kho lanh dé thu dugc tert-
butyl ((S)—3-(3,5-diamino-6-clopyrazin—2-carboxamido)-2-(2—metylbenzyl)propyl)(4-
((2-(hexyl((2S,3R,4R)-2,3,4,5-tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)-
carbamat (1,21g, 83%) duéi dang chét rin mau tring.

LC/MS: m/z 843,5 [M+H]"

IH NMR (500MHz, DMSO-d6) & 0,74 - 0,85 (m, 3H), 1,12 - 1,27 (m, 6H),
1,27 - 1,45 (m, 11H), 2,20 (s, 3H), 2,25 - 2,35 (m, 1H), 2,39 - 2,66 (m, 6H), 2,9 - 3,06
(m, 1H), 3,06 - 3,51 (m, 12H), 3,53 - 3,6 (m, 1H), 3,6 - 3,72 (m, 1H), 4,2 - 4,68 (m,
5H), 6,97 (bs, 2H), 7,03 - 7,19 (m, 6H), 7,72 (d, 2H), 7,78 - 7,99 (m, 1H), 8,21 - 8,36
(m, 1H).
Budc 2
3,5-Diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit dihydroclorua
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(0] OH OH

Axetyl clorua (5,69ml, 80,0mmol) dugc thém ting giot vao binh d3 dugc lam
lanh trong thung nuéc d4 chira MeOH (20ml). Hon hop phan tmg dugc khudy trong 5
phut va tert-butyl ((S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)carbamat (1,21g, 1,43mmol) dugc
thém vao. Hon hop phan tmg duge khudy & nhiét d6 trong phong trong 1,5 gic‘r va tiép
theo dugc 1am bay hoi trong chan khong. Phin cin dugc hoda tan trong nude va duge
lam khd lanh dé thu duoc 3,5-diamino-6-clo-N-((R)-3-((4‘-((2-(hexyl((2S,3R,4R)-
2,3,4,5-tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit dihydroclorua (1,17g, 100%) dudéi dang
chét rin mau nhat.

LC/MS: m/z 743,4 [M+H]"

1H NMR (500MHz, DMSO-d6) & 0,8 - 0,9 (m, 3H), 1,2 - 1,33 (m, 6H), 1,62 -
1,74 (m, 2H), 2,26 (s, 3H), 2,3 - 2,41 (m, 1H), 2,59 - 2,74 (m, 2H), 2,74 - 2,85 (m,
1H), 2,86 - 2,98 (m, 1H), 3,09 - 3,51 (m, 11H), 3,56 - 3,62 (m, 1H), 3,62 - 3,75 (m,
2H), 3,99 - 4,09 (m, 1H), 4,14 - 4,29 (m, 2H), 4,58 (s, 4H), 7 - 7,21 (m, 6H), 7,62 (d,
2H), 7,92 (d, 2H), 8,27 (t, 1H), 8,91 - 9 (m, 1H), 9,16 (d, 2H), 9,52 (d, 1H).

Budc 3

3,5-Diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R)-2,3,4,5-tetrahydroxypentyl)-
amino)etyl)carbamoyl)benzyl)amino)-2-(2-metylbenzyl)propyl)pyrazin-2-carboxamit
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3,5-Diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R)-2,3.4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit dihydroclorua (1,17 g, 1,43mmol) dugc hoa
tan trong nuéc (15ml) va dugc bazo hoa bing cach thém dung dich Na2CO3 10%
(trong nuéc) dén d6 pH ~11. San phdm duge chiét bang EtOAc (5x70ml). Pha hitu co
thu gom dugc dugc 1am khd bing Na,SO4, loc va 1am bay hoi trong chan khong dé thu
duoc chit ban ran/diu. Phin cin dugc hoa tan trong axetonitril/nude va dugc 1am kho
lanh »dé thu dugc 3,5-diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R)-2,3.4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-metylbenzyl)propyl)-
pyrazin-2-carboxamit (1,02g, 96%) dudi dang chat rdn mau nhat.

LC/MS: m/z 743,5 [M+H]"
‘ | 1H NMR (500MHz, DMSO0-dé6) 6 0,75 - 0,85 (m, 3H), 1,12 - 1,26 (m, 6H),
1,31 - 1,43 (m, 2H), 1,94 - 2,05 (m, 1H), 2,24 (s, 3H), 2,35 - 2,49 (m, 5H), 2,54 - 2,65
(m, 4H), 3,14 - 3,23 (m, 1H), 3,25 - 3,4 (m, 5H), 3,4 - 3,49 (m, 2H), 3,53 - 3,59 (m,
1H), 3,62 - 3,78 (m, 3H), 4,26 (d, 1H), 4,38 (d, 1H), 4,45 (t, 1H), 4,51 (d, 1H), 6,96
(bs, 2H), 7,03 - 7,14 (m, 4H), 7,40 (d, 2H), 7,74 (d, 2H), 8,24 - 8,37 (m, 2H).

Phuong phép B

3,5-Diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R)-2,3,4,5-tetrahydroxypentyl)-
amino)etyl)carbamoyl)benzyl)amino)-2-(2-metylbenzyl)propyl)pyrazin-2-carboxamit
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Dung dich chtta 4-formyl-N-(2-(hexyl((2S,3R,4R)-2,3,4,5-tetrahydroxy-
pentyl)amino)etyl)benzamit (Chat trung gian I, 133g, 108,5g hoat chét, 0,26mol) trong
EtOH (1500ml), (R)-3,5-diamino-N-(3-amino-2-(2-metylbenzyl)propyl)-6-clopyrazin-
2-carboxamit (Chét trung gian A, 108,8g, 0,31mol), EtOH (230ml) va DIPEA (64,4ml,
0,37mol) dugc nap vao binh c6 vanh & c¢b dung tich 5 lit. Hon hop phan tng dugc dun
néng dén 40°C trong 1 gid. AcOH (45,4ml, 0,79mol) dugc nap vao dung dich trong
subt ndy. Dung dich phan tmg dugc khudy & 40°C trong 20 phut. NaCNBH; (23,2g,
0,37mol) dugc nap timng phén vao dung dich phan mg trong 10 phit, Iuu y ring c6 bay
hoi khi. H8n hop phén tmg dugc khudy & 40°C qua dém. Hén hop phan tng duoc 1am
ngudi dén nhiét do trong phong, t6i cin than b%lng dung dich NaHCO; béo hoa trong
nuée (3100ml) va duge khudy & nhiét do trong phong trong 1 gid. Hon hop phén Ung
duoc chiét bang 10% MeOH/EtOAc (2 x 5000ml) va 10% MeOH/DCM (5000ml). Pha
hitu co duge ké'f hop lai va duge co trong chin khong dé thu dugc 271g chét thd. Phép
phan tich NMR cho thy d6 tinh khiét khoang 80%, v6i cac diu vét NaCNBH; c6 mat.
Phén cin duoc hoa tan trong DCM (12 lit) va IPA (770ml). Hon hop phén Gng dugc
rira bang hdn hop cia dung dich NaHCO; bdo hoa trong nudc (2700ml) va nude
(770ml). Pha nuée duge chiét bing DCM (1200ml). Céc chét hiru co dugc két hop lai
va dugc cb trong chan khong dé thu duge 298g (191g hoat chit, 97%) dudi dang chét
rin mau vang. HPLC-MS cho thdy d6 tinh khiét 88,0%. 'H NMR cho thiy do tinh
khiét khoang 60%, véi khoang 27% trong lrgng IPA va khoéng 8% trong luong Chét
trung gian A.

Chét tho vira thu duge (290g, 235mmol) dugc pha loing trong MeOH 4m

(750ml) va axetonitril (15 lit) dugc thém vao trong khi van tiép tuc 1am bay hoi hdn
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hop ding phi ra khéi hdn hop phéan tng. Sau khi khoang 10 lit dung moi dugc 1am bay
hoi, hén hop con lai chira chit két tia gibng gém dugc khudy trong 14 ngay nita &

nhiét dg trong phong.

Pha 1éng dugc gan ra khéi phin can gidng gom. 2,5 lit axetonitril dugc thém
vao phin cin ndy va sau khi khudy trong 1 gir va axetonitril dugc gan ra. Chét tho vira
thu duge (khoang 175g) dugc dua vao tinh ché 14n cudi bang phép sic ky HPLC
[CelluCoat 250x100mm, 10pm; pha di dong: MeOH/MeCN/TEA = 95:5:0,1; lugng
truyén vao: 1,0g/chu trinh; thdi gian cta chu trinh: 3,5 phut]. Hiéu suét cia hop chit
néu & d& muc nay: 148g (77%). |

LC/MS: m/z 743,5 [M+H]"

'H NMR (600MHz, DMSO; trong truong hop clia cac dinh ddng phén atropi,
chi c6 nhitng dich chuyén ciia chit déng phan atropi dugc béo c4o) & 0,80 (t, 3H), 1,34
— 1,4 (m, 2H), 1,09 — 1,24 (m, 6H), 1,34 — 1,4 (m, 2H), 2,00 (s, 1H), 2,00 (s, 1H), 2,24
(s, 3H), 2,36 — 2,42 (m, 1H), 2,43 — 2,49 (m, 4H), 2,51 — 2,54 (m, 1H), 2,56 — 2,64 (m,
4H), 3,15 — 3,22 (m, 1H), 3,23 — 3,3 (m, 3H), 3,35 — 3,4 (m, 1H), 3,42 (s, 1H), 3,43 —
3,49 (m, 1H), 3,54 — 3,59 (m, 1H), 3,62 — 3,7 (m, 2H), 3,74 (d, 1H), 4,27 (s, 1H), 4,39
(s, 1H), 4,46 (t, 1H), 4,52 (s, 1H), 6,96 (s, 1H), 7,03 — 7,08 (m, 2H), 7,40 (d, 2H), 7,74
(d, 2H), 8,26 — 8,31 (m, 1H), 8,31 — 8,35 (m, 1H).

BC NMR (151MHz, DMSO) & 13,91, 19,04, 22,08, 26,48, 26,61, 31,27,
34,23, 37,42, 38,60, 41,55, 50,84, 53,06, 53,44, 54,55, 57,43, 62,65, 69,23, 71,12,
72,61, 112,95, 117,12, 125,54, 125,83, 126,89, 127,72, 129,63, 130,03, 132,85,
135,82, 138,74, 144,02, 152,69, 154,14, 165,55, 166,01.

HPLC bét di (phuong phép A; heptan/IPA/TEA véi ty 1€ 75:25:0,1): 98,9%
ee, Rt = 14,75 phut (R), 18,63 phut (S).

Vidu3

3,5-Diamino-6-clo-N-((R)-3-((1-(2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etylcarbamoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit
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(9H-Floren-9-yl)metyl 2 (((2S,3R)-2,3-dihydroxy-3-((4R,5R)-5- hydroxy-2-phenyl-
1,3- d1oxan—4-yl)propyl)(hexyl)amlno)etylcarbamat _

_—\—\_\ O, OH

9H-Floren-9-ylmetyl N-(2-aminoetyl)carbamét hydroclorua (1,50g, 4,71mmol,
1,0 duong luong), (2R.4aR,7R,8R,8aS)-2-phenyl-hexahydro-2H-pyrano[3,2-
d][1,3]dioxin-6,7,8-triol (1,51g, 5,63mmol, 1,20 duong lugng), metanol (30ml) dugce
thém vao binh déy tron dung tich 100ml. Sau khi khudy hén hop trén ddy trong 30
phtt, NaBH;CN (590mg, 9,39mmol, 2,00 durong lugng), AcOH (570mg, 9,49mmol,
2,0 duong lugng) duge thém vao. Dung dich tao thanh dugc khuéy qua dém & nhiét do
trong phong. Tiép theo, hexanal (530mg, 5,29mmol, 1,50 duong lugng) dugc thém
vao, sau d6 thém tiép NaBH;CN nita (450mg, 7,16mmol, 2,00 duong lugng). Dung
dich tao thanh dugc khudy trong 5 gid & nhiét d6 trong phong. Tiép theo, dung dich
phan g duogc cb trong chan khoéng. Hon hop tao thanh duge rira bing nudc, chiét
bang etyl axetat va Lép hiru co dugc thu gom va dugc 1am khd trén Na2SO4. Chét rin
duoc loc ra. Qua trinh nay s& thu dugc 1,6g (73%) hop chét néu & d& muc nay dudi

dang-dau mau vang sang.
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LC/MS: m/z 619 [M+H]"

'H NMR (300MHz, CD;0D): 1,80 - 1,92 (m, 3H), 1,15 — 1,40 (m, 6H), 1,41 —
1,72 (m, 2H), 2,88 — 3,15 (m, SH), 3,33 — 3,43 (m, 2H),3,55 — 3,61 (m, 1H), 3,67 —
3,83 (m, 1H), 3,85 - 4,12 (m, 3H), 4,22 — 4,40 (m, 4H), 5,57 (s, 1H), 7,33 — 7,65 (9H,
m), 7,67 (d, 2H), 7,83 (d, 2H).

Budc 2:

(1IR,2S)-3-((2-Aminoetyl)(hexyl)amino)-1-[(2R,4R,5R)-5-hydroxy-2-phenyl-1,3-
dioxan-4-yl]propan— 1,2-diol

_\_\j o,

H2N

>Ph

9H-Floren-9-ylmetyl N-(2-[[(2S,3R)-2,3-dihydroxy-3-[(2R,4R,5R)-5-
hydroxy-2-phenyl-1,3-dioxan-4-yl|propyl](hexyl)amino]etyl)carbamat (1,6g,
2,59mmol, 1,0 duong lugng), metanol (10ml), dietylamin (5ml) dugc thém vao binh
day tron dung tich 50ml. Dung dich tao thanh dugc khudy qua dém & nhiét 4o trong
phong. Phan cin dugce dua vao cot silicagel va dugc rira giai b%mg amoniac/MeOH
(véi ty 1€ 1:100). Qua trinh nay s& thu duge 600mg (59%) hop chit néu & dé muc nay
dudi dang chit rin mau vang.

LC/MS: m/z 397 [M+H]"
Budc 3:
(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl((1-(2-(((2S,3R)-2,3-dihydroxy-3-((2R,4R,5R)-5-hydroxy-2-
phenyl-1,3-dioxan-4-yl)propyl)(hexyl)amino)etylcarbamoyl)piperidin-4-
yl)metyl)carbamat
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Cl
H
N
\H/N_\-—N OH
0 3
HO OH
”O
o

(S)-(9H-Floren-9-yl)metyl -3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-
(2-metylbenzyl)propyl(piperidin-4-ylmetyl)carbamat (Chét trung gian B, 400mg,
0,60mmol, 1,0 duong luong), trietylamin (177mg, 1,75mmol, 3,0 duong lugng),
triphosgen (173mg, 0,58mmol, 1,0 duong lugng) trong DCM (5ml) duge thém vao
binh déy tron dung tich 50ml. Dung dich tao thanh duoc khudy trong 0,5 i & nhiét
d6 trong phong. Hon hop tao thanh dugce rira bang 3x10ml nude. Hon hop tao thanh
dugc cb trong chan khéng dé thu dugc cloformamit trung gian, chét nay dugc thém
vao ting giot (dugc hoa tan trong DCM) vao dung dich chira trietylamin (177mg,
1,75mmol, 3,0 duong lugng) va (1R,2S)-3-[(2-aminoetyl)(hexyl)amino]-1-
[(2R,4R,5R)-5-hydroxy-2-phenyl-1,3-dioxan-4-yl]propan-1,2-diol (347mg, 0,8 8mmol,
1,50 dwong lugng) trong DCM (5ml) dugc khudy trong 2 gid & nhiét d¢ trong phong.
Hdn hop tao thanh dugc cb trong chan khong. Phan cin dugc tinh ché bang phép TLC
didu ché bing DCM/MeOH (véi ty 18 10:1). Qud trinh nay & thu duoc 145mg (22%)

hop chit néu & d& muc nay duéi dang chét rdn mau vang.
LC/MS: m/z 1090 [M+H]"
Buéece 4:

(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl((1-(2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etylcarbamoyl)piperidin-4-yl)metyl)carbamat
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(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl((1-(2-(((2S,3R)-2,3-dihydroxy-3-((2R,4R,5R)-5-hydroxy-2-
phenyl-1,3-dioxan-4-yl)propyl)(hexyl)amino)etylcarbamoyl)piperidin-4-
yDmetyl)carbamat (144mg, 0,13mmol, 1,0 durong lugng), etanol (0,5ml), dung dich
HC1 4M (3ml) dudc thém vao mat lo nhd dung tich 8ml. Dung dich tao thanh duoc
khudy qua dém & nhiét do trong phong. Hén hop tao thanh dugc cd trong chan khong.
Qué trinh nay sé& thu dugc 120mg (dang thd) hop chét néu & d& muc nay dudi dang dau

mau vang.

LC/MS: m/z 1002 [M+H]"
Bude 5:
3,5-Diamino-6-clo-N-((R)-3-((1-(2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-

pentahydroxyhexyl)amino)etylcarbamoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit

9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl((1-(2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etylcarbamoyl)piperidiﬁ-4-yl)metyl)carbamat (120mg,
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0,12mmol, 1,0 duong lugng), dietylamin (2ml) trong N,N-dimetylformamit (4ml)
duge thém vao binh déy tron dung tich 50ml. Dung dich tao thanh dugc khudy qua
dém & nhiét d6 trong phong. Hon hop tao thanh dugc ¢6 trong chan khong. San phdm
thd (100mg) dugc tinh ché bing phép HPLC diéu ché véi cac didu kién sau day (2#-
AnalyseHPLC-SHIMADZU(HPLC-10)): Cot XBridge Prep C18 OBD,
5um,19*150mm; pha di dong, nudc véi TFA 0,05% va ACN (ACN 23,0% 1én dén
33,0% trong 15 phut); Detecto, MS, UV 254nm. Qua trinh nay s€ thu dugc 8mg (7%)
hop chét néu & dé muc nay dudi dang chit rin mau vang.

LC/MS: m/z 780 [M+H]"

'H NMR (300MHz, CD;0D): 0,91- 0,95 (m, 3H), 1,27 — 1,38 (m, 8H), 1,81 —
1,97 (m, 5H), 2,36 (s, 4H), 2,62-2,69(m, 1H), 2,86-2,96 (m, 7H), 3,31-3,55 (m, 3H),
3,63-3,68 (m, 6H), 3,70-3,83 (m, 6H), 4,05-4,17 (m, 3H), 7,13-7,20 (m, 4H)
Vidu4
-3,5-Diamino-6-clo-N-((R)-3-((1-(3-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit

£,
%gi:

HN _
cl

Budce 1:

Benzyl 3-((2S,3R)-2,3-dihydroxy-3-((2R,4R,5R)-5-hydroxy-2-phenyl-1,3-dioxan-4-
yl)propylamino)propanoat

OH

~O_aPh

Jv' )
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Benzyl 3-aminopropanoat cua axit 4-metylbenzen-1-sulfonic (2,00g,
5,69mmol, 1,0 duong Iluong), (2R,4aR,7R,8R,8aS)-2-phenyl-hexahydro-2H-
pyrano[3,2-d][1,3]dioxin-6,7,8-triol (2,29g, 8,54mmol, 1,5 duong lugng), metanol
(30ml) dugc thém vao binh day tron dung tich 100ml. Sau 30 phat, NaBH;CN
(720mg, 11,46mmol, 2,00 duong lugng), AcOH (680mg, 11,32mmol, 2,0 duong
lwong) duge thém vao. Dung dich tao thanh dugc khudy qua dém & nhiét do trong
phong. Hon hop tao thanh dugc cd, dugc pha lodng bing etyl axetat va duoc rira bing
nude. Lép hitu co duge 1am kho trén natri sulfat khan. Chét rin dugc lgc ra. Viéc loai
b6 dung moi trong chin khong s& tao ra 1,9g (77%) hop chit néu & d& muc nay dudi

dang diu khong mau, chit nay dugc sir dung truc tiép trong budc tiép theo.
LC/MS: m/z 967 [M+H]".
Budéc 2:

Benzyl 3-(((2S,3R)-2,3-dihydroxy-3-((2R,4R,5R)-5-hydroxy-2-phenyl-1,3-dioxan-4-
yD)propyl)(hexyl)amino)propanoat

OH
(o] \\\O\[\\\Ph

o Mo
(0]
BnOJ\/\N HO

Benzyl 3-[[(2S,3R)-2,3-dihydroxy-3- [(2R,4R, 5R)-5-hydroxy-2-phenyl-1,3-
dioxan-4-yl]propyl]amino]propanoat (1,90g, dang thd), hexanal (660mg, 6,59mmol,
1,5 duong lugng), metanol (30ml) dugce thém vao binh day tron dung tich 100ml. Sau
30 phat, NaBH3;CN (550mg, 8,75mmol, 2,0 duong lugng) va AcOH (530mg,
8,83mmol, 2,0 duong lugng) dugc thém vao. Dung dich tao thanh dugce khuéy qua
dém & nhiét d6 trong phong. Hbn hop tao thanh dugc ¢b, dugc pha lodng bing etyl
axetat va dugc rira bang nude, 16p hitu co duoc 1am kho trén natri sulfat khan. Chit
ran dugce loc ra. Phin cin duge dua vao cot silicagel va dugce rira giai bang etyl
axetat/ete ddu mé (v6i ty 18 1:2). Qua trinh nay sé& thu duoc 1,3g (57%) benzyl 3-
[[(2S,3R)-2,3-dihydroxy-3-[(2R,4R,5R)-5-hydroxy-2-phenyl-1,3-dioxan-4-

yl]propyl](hexyl)amino]propanoat dué¢i dang diu mau vang sang.
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LC/MS: m/z 516 [M+H]".
Budece 3:

Axit 3-(((2S,3R)-2,3-dihydroxy-3-((2R,4R,5R)-5-hydroxy-2-phenyl-1,3-dioxan-4-
yl)propyl)(hexyl)amino)propanoic

OH
\\O

Jv D

wPh

Benzyl 3—[[(2S,3R)-2,3-dihydroxy-3-[(2R,4R,5R)-5-hydr0xy-2-phenyl-1,3-
dioxan-4-yl]propyl](hexyl)amino]propanoat (1,3g, 2,52mmol, 1,0 duong lugng), Pd/C
(5% trong lugng, 700mg), etanol (20ml) dugc thém vao binh ddy tron dung tich
100ml. H, (g) dugc thém vao hdn hop trén. Dung dich tao thanh dugc khudy trong moi
truomg H2 qua dém & nhiét do trong phong. Chét rin dugc loc ra. Dich loc duge cd
trong chan khong. Qua trinh nay s& thu dugc 0,5g (47%) axit 3-[[(2S,3R)-2,3-
dihydroxy-3-[(2R,4R,5R)-5-hydroxy-2-phenyl-1,3-dioxan-4-
yl]propyl](hexyl)amino]propanoic duéi dang diu khong mau.

LC/MS: m/z 426 [M+H]".
Buéc 4:
(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-

metylbénzyl)propyl((1-(3-(((2S,3R)-2,3-dihydroxy-3-((2R,4R,5R)-5-hydroxy-2—
phenyl-1,3-dioxan-4-yl)propyl)(hexyl)amino)propanoyl)piperidin-4-yl)metyl)carbamat

B o

NFmoc Ho
C' N~~~
N
(0]

Axit 3-[[(2S,3R)-2,3-dihydroxy-3-[(2R,4R,5R)-5-hydroxy-2-phenyl-1,3-
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dioxan-4-yl]propyl](hexyl)amino]propanoic (381,49mg, 0,90mmol, 3,00 duong
luong), (S)-(9H-floren-9-yl)metyl 3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl(piperidin-4-ylmetyl)carbamat (Chét trung gian B, 200,0mg,
0,30mmol, 1,0 duong lugng), HATU (170,5mg, 0,45mmol, 1,5 duong lugng), DIEA
(57,9mg, 0,45mmol, 1,5 duong lugng), N,N-dimetylformamit (5ml) dugc thém vao
binh d4y tron dung tich 50ml. Dung dich tao thanh dugc khudy trong 2 gitr & nhiét do
trong phong. Nuéc duge thém vao hdn hgp phan tmg trén va huyén phu duoc chibt
bing etyl axetat. Lép hitu co duge thu gom va dugc rira bing nuéc mudi. Hon hop
phan tng dugc lam kho trén natri sulfat khan. Chét rén duoc loc ra va dich loc dugc
1am bay hoi trong chén khéng. Phin cin duoc tinh ché bing phép TLC didu ché
(DCM:MeOH=10:1). Cac phan doan c6 lién quan dugc thu gom lai va sau khi loai bd
cac chét d& bay hoi s& tao ra 200mg (62%) hop chit néu & dé muc nay dudi dang chét

rin mau vang.
LC/MS: m/z 1076 [M+H]".
Budec 5:
(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-

metylbenzyl)propyl((1-(3-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propanoyl)piperidin-4-yl)metyl)carbamat

M§ f

NFmoc

(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl((1-(3-(((2S,3R)-2,3-dihydroxy-3-((2R,4R,5R)-5-hydroxy-2-
phenyl-1,3-dioxan-4-yl)propyl)(hexyl)amino)propanoyl)piperidin-4-yl)metyl)carbamat
(Budce 4, 200mg, 0,19mmol, 1,0 duvong lugng) va dung dich HCI (4M trong etanol,
2ml) duge thém vao binh ddy tron dung tich 50ml. Dung dich tao thanh dugc khudy
qua dém & nhiét @6 trong phong. Lam bay hoi cac chét d& bay hoi sé tao ra 200mg hop
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chét néu & d& muc nay dang thé dudi dang chét rin mau vang.
LC/MS: m/z 987 [M+H]".
Buéc 6:

3,5-Diamino-6-clo-N-((R)-3-((1-(3-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propanoyl)piperidin-4-yl)metylamino)—Z-(Z-
metylbenzyl)propyl)pyrazin-2-carboxamit

OH
NH, O HO.,,
N)\HLH : HOG~on
N =
N \NH OH
cl N
“Y(
0

(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-Z-carboxamido)—2-(2-
metylbenzyl)propyl((1-(3-(hexyl((2S,3R,4R,5R)-2,3,4,5 ,6-pentahydrOXYhexyl)amino)-
propanoyl)piperidin-4-yl)metyl)carbamat (Budc 5200mg, 0,20mmol, 1,00 duong

H,N

lugng), metanol (6ml), dietylamin (3ml) dugc thém vao binh day tron dung tich 25ml.
Dung dich tao thanh dugc khudy qua dém & nhiét d9 trong phong. Hdn hop tao thanh
duogc co trong chan khong. San phadm thé (100mg) duge tinh ché biang phép HPLC
diéu ché véi cac didu kién sau day (Prep-HPLC-019): Cot XSelect CSH Prep C18
OBD, 5um,19*150mm; pha di dong, nudc chira TFA 0,05% va MeCN (MeCN 22,0%
1én t6i 30,0% trong 8 phut, 1én t6i 100% trong 1 phut, dugc gilt & 100% trong 1 phit,
giam xudng 22% trong 2 phut); Detecto, UV 254/220nm. Qua trinh nay s& thu dugc
38mg (21%) 3,5-diamino-6-clo-N-[(2R)-3-([[1-(3-[hexyl[(2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl]amino]propanoyl)piperidin-4-yllmetyl]Jamino)-2-[(2-
metylphenyl)metyl]propyl]pyrazin-2-carboxamit; axit trifloaxetic du6i dang chit rin
mau vang.

'H NMR (300MHz, CD;0D): & 0,95 - 0,97 (m, 3H), 1,22 - 1,50 (m, 8H), 1,70
- 2,10 (m, 5H), 2,30 - 2,51 (m, 4H), 2,63 - 2,81 (m, 2H), 2,88 — 3,16 (m, 7H), 3,16 —
3,20 (m, 2H), 3,34 — 3,78 (m, 5H), 3,51-3,87 (m, 7H), 3,95 — 4,10 (m, 1H), 4,10 — 4,25
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(m, 1H), 4,54 (d, 1H), 7,14 — 7,22 (m, 4H).
LC/MS: m/z 765 [M+H]".
Vidu5

3,5-Diamino-6-clo-N-((R)-3-((1-(3-(hexyl((2S,3R,4R)-2,3 4,5-
tetrahydroxypentyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit

r o
H@g{i

H,N
Cl

Budce 1:

(S)-(9H-Floren-9-yl)metyl (1-(3-tert-butoxycacbonylaminopropanoyl)-piperidin-4-
yDmetyl(3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)-

carbamat

NY\/NHBOC

Mot binh (25ml) dugc nap (S)-(9H-floren-9-yl)metyl 3-(3,5-diarhin0-6-

clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl(piperidin-4-ylmetyl)carbamat

(Chét trung gian B, 300mg, 0,45mmol), axit 3-(tert-butoxycacbonylamino)propanoic
(100mg, 0,53mmol), DIPEA (145mg, 1,13mmol), HATU (342mg, 0,9mmol) va DMF
(10ml). Hon hop phan tmg dugc khudy trong 6 gi & nhiét d6 trong phong. Hn hop

phan g duge pha lodng bing 25ml etyl axetat va dugc ria bing nudc (3 x 25ml).

Lép hitu co dugc lam kho trén Na2SO4 khan. Chit két taa dugce loc ra va dich loc
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dugc cd trong chan khong. San phim tho thu duge dugc tinh ché bing cot silicagel
bang diclometan/metanol (v&i ty 16 20:1, thé tich) dé thu dugc hop chit néu & dé muc
nay (280mg, 67%) dudi dang chit rin mau vang sang.

LC/MS: m/z 839 [M+H]".

Budc 2:

(S)-(9H-Floren-9-yl)metyl (1-(3-aminopropanoyl)piperidin-4-yl)metyl(3-(3,5-
diamino-6-clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)carbamat

(S)-(9H-Floren-9-yl)metyl (1-(3-tert-
butoxycacbonylaminopropanoyl)piperidin-4-yl)metyl(3-(3,5-diamino-6-clopyrazin-2-
carboxamido)-2-(2-metylbenzyl)propyl)carbamat (Budc 1, 216mg, 0,26mmol, 1,0
duong luong) va hydro clorua (4M trong metanol, S5ml) dugc thém vao binh day tron
dung tich 50ml. Dung dich tao thanh dugc khudy trong 1 gi® & nhiét 46 trong phong.
Lam bay hoi cac chét d& bay hoi s& tao ra 190mg hop chét néu & d muc nay dang tho

duéi dang chit rin mau vang.
LC/MS: m/z 739 [M+H]".
Budec 3:

(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl((1-(3-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)propanoyl)piperidin-4-yl)metyl)carbamat
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Tt o

NFMOC

”\

(S)-(9H-Floren-9-yl)metyl (1-(3-aminopropanoyl)piperidin-4-yl)metyl(3-(3,5-

Cl

diamino-6-clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)carbamat (Buéc 2,
190mg, 0,26mmol, 1,0 duong luong), (3R,4S,5R)-oxan-2,3,4,5-tetrol (39mg,
0,26mmol, 1,0 duong lugng), metanol (6ml) dugc thém vao binh day tron dung tich
50ml. Sau 30 phut, NaBH;CN (66mg, 1,05mmol, 4,0 duong lugng) dugc thém vao tir
tir & 0°C. Dung dich tao thanh dwgc khudy qua dém & nhiét do trong phong. Tiép theo,
hexanal (39mg, 0,39mmol, 1,0 duong lugng) dugc thém vao, sau d6 thém tiép
NaBH3CN bd sung (66mg, 1,05mmol, 4,0 dwong lugng). Dung dich tao thanh dugc
khudy trong 5 gid & nhiét do trong phong. Dung mdi dugc loai bé dé thu dugc san
pham thé, chit nay duoc sir dung truc tiép trong budce tiép theo ma khong cén tinh ché
thém.
LC/MS: m/z 957 [M+HT'".
Budc 4:

3,5-Diamino-6-clo-N-((R)-3-((1-(3-(hexyl((2S,3R,4R)-2,3.4,5-
tetrahydroxypentyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit

§

Cl

(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
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metylbenzyl)propyl((1-(3-(hexyl((2S,3R,4R)-2,3,4,5-tetrahydroxypentyl)amino)-
propanoyl)piperidin-4-yl)metyl)carbamat (Budc 3, 230mg, 0,24mmol, 1,00 duong
luong), metanol (5ml), dietylamin (0,5ml) dugc thém vao binh day tron dung tich
50ml. Dung dich tao thanh dugc khudy trong 3 gid & nhiét do trong phong. San phim
thd dugc tinh ché bang phép HPLC diéu ché véi cac diéu kién sau day (Prep-HPLC-
019): Cot XSelect CSH Prep C18 OBD, 5um,19*150mm; pha di dong, nudc chira
TFA 0,05% va MeCN (MeCN 18,0% 1én t6i 35,0% trong 8 phut, 1€n t&i 100,0% trong
1 pht’lt_, gitt & 100,0% trong 1 phut, giam xudng 18,0% trong 2 phiit); Detecto, UV
254/220nm. Qué trinh ndy sé& thu dugc 36,9mg (16%) of hop chét néu & d& muc nay

dudi dang chit rin mau vang.
LC/MS: m/z 735 [M+H]".

'H NMR (300MHz, CD;0D): & 0,96 (d, 3H), 1,26-1,40 (m, 8H), 1,81-2,01(m,
5H), 2,37 (s, 4H), 2,62-2,94 (m, 9H), 3,17-3,47 (m, 7H), 3,55-3,78 (m, 6H), 3,98 (d,
1H), 4,15 (s, 1H), 4,56 (d, 1H), 7,14-7,21 (m, 4H).
Vidu6
3,5-Diamino-6-clo-N-((R)-3-(( 1-(4-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)butanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit

NH, O /\?\
NA\RL Ho,,

N
N

N
B H
, \NH [0}
Cl
N
N
o

4,

Budce 1:

(S)-(9H-Floren-9-yl)metyl ((1-(4-((tert-butoxycacbonyl)amino)butanoyl)piperidin-4-
yl)metyl)(3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)carbamat
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N\n/\/\NHBOC

o)

(S)-(9H-Floren-9-yl)metyl  (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-
(2-metylbenzyl)propyl)(piperidin-4-ylmetyl)carbamat (Chét trung gian B, 900mg,
1,35mmol), axit 4-((tert-butoxycacbonyl)amino)butanoic (821mg, 4,04mmol), HATU
(2305mg, 6,06mmol), va DIEA (1,06ml, 6,06mmol) trong DMF (10ml) dugc thém vao
binh d4y tron dung tich 50ml dé thu dwoc dung dich mau vang. Dung dich tao thanh
dugc khudy & 25°C trong 16 gio. Hon hop phan tmg nay dugc pha lodng bang EtOAc
(50ml), va dugc rira lién tuc bing Nudc (50ml). Lop hitu co duge 1am khéd trén
Na, S0y, loc va 1am bay hoi trong chan khong @ thu duoc san phim thé. San phim tho
dugc tinh ché bang phép sic ky nhanh trén silicagel, rira giai bing gradien tir 20 dén
70% EtOAc trong ete ddu mé. Cac phan doan tinh khiét dugc 1am bay hoi dén kho dé

thu duoc hop chit néu & d& muc héy (834mg, 73%) dudi dang chit rin mau vang.
LC/MS: m/z 853 [M+H]".
Budc 2:

(S)-(9H-Floren-9-yl)metyl (1-(4-aminobutanoyl)piperidin—4-yl)metyl(3-(3,5-diamino-
6-clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)carbamat

(S)-(9H-Floren-9-yl)metyl ((1-(4-((tert-butoxycacbonyl)amino)butanoyl)-
piperidin-4-yl)metyl)(3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)carbamat (Budc 1, 834mg, 0,98mmol) dugce hoa tan trong dung
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dich HCI trong metanol (4M) va dugc khudy & nhiét dd trong phong trong 1 gid. Dung
mdi dugc 1am bay hoi trong chan khong @ thu dugc hop chit néu & dé muyc nay dudi
dang chét rin mau vang.

LC/MS: m/z 753 [M+H]".
Budce 3:
(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl((1-(4-((2S,3R)-2,3-dihydroxy-3-((2R,4R,5R)-5-hydroxy-2-
phenyl-1,3 -dioxan-4-yl)propylaminb)butanoyl)piperidin-4-yl)metyl)carbamat

N AN “NFmoc OH
¢l HOL,, _\\OT\Ph
N\n/\/\NJH)Oj\/O
X H

(S)-(9H-Floren-9-yl)metyl (1-(4-aminobutanoyl)piperidin-4-yl)metyl(3-(3,5-
diamino-6-clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)carbamat (Budc 2,
250mg, 0,33mmol, 1,0 duong lugng), D-glucoza dugc bao vé axetal
(2R,4aR,7R,8R,8aS)-2-phenyl-hexahydro-2H-pyrano[3,2-d][1,3]dioxin-6,7,8-triol
(133mg, 0,50mmol, 1,5 duong lwong) va metanol (5ml) duge thém vao binh day tron
dung tich 25ml. Hén hop phén ting dugc khudy trong 30 phut. Tiép theo, NaBH;CN
(41mg, 0,65mmol, 2,0 duong luong) va AcOH (40mg, 0,67mmol, 2,00 duong lrong)
dugc thém vao. Dung dich tao thinh dugc khudy qua dém & nhiét do trong phong.
Dung mdi dugc loai bo trong diéu kién 4p suét giam dé thu dugc 210mg (dang tho)
(9H-floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl((1-(4-((2S,3R)-2,3-dihydroxy-3-((2R,4R,5R)-5-hydroxy-2-
phenyl-1,3-dioxan-4-yl)propylamino)butanoyl)piperidin-4-yl)metyl)carbamat dudGi

dang chit rdn mau vang.
LC/MS: m/z 1005 [M+H]".
Budc 4:

(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
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metylbenzyl)propyl((1-(4-(((2S,3R)-2,3-dihydroxy-3-((2R,4R,5R)-5-hydroxy-2-
phenyl-1,3-dioxan-4-yl)propyl)(hexyl)amino)butanoyl)piperidin-4-yl)metyl)carbamat

(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl((l-(4-((2S,3R)-2,3-dihydroxy-3-((2R,4R,5R)-5-hydroxy-2-
phenyl-1,3-dioxan-4-yl)propylamino)butanoyl)piperidin-4-yl)metyl)carbamat (210mg,
dang th6) dugc hoa tan trong MeOH (5ml), hexanal (42mg, 0,42mmol, 2,00 duong
lugng) dugc thém vao, sau d6 thém tiép NaBH;CN (26mg, 0,41mmol, 2,00 duong
lugng) va AcOH (25mg, 0,42mmol, 2,00 duong luong). Hon hop tao thanh dugc
khudy trong 2 gi® & nhiét d trong phong va tiép theo, duoc cb trong chin khong. Phan
cin duge hoa tan v6i nudce va chiét bang 3x20ml etyl axetat. C4c 16p hitu co thu gom
dugc va dugce cd trong chan khong va s€ tao ra 152mg (67%) hop chét- néu & d& muc

nay dudi dang dau mau vang thé.
LC/MS: m/z 1089 [M+H]".
Budc 5:

(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl((1-(4-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)butanoyl)piperidin-4-yl)metyl)carbamat
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(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl((1-(4-(((2S,3R)-2,3-dihydroxy-3-((2R,4R,5R)-5-hydroxy-2-
phenyl-1,3-dioxan-4-yl)propyl)(hexyl)amino)butanoyl)piperidin-4-yl)metyl)carbamat
(Budc 4, 152mg, 0,14mmol, 1,00 duong lugng), HCI (4M trong etanol, Sml) va etanol
(1ml) duge thém vao binh day tron dung tich 25ml. Dung dich tao thanh dugc khudy
qua dém & nhiét 46 trong phong. Lam bay hoi cac chit d& bay hoi s& tao ra 138mg hop

chét néu & d& muc nay dang thd duéi dang diu mau vang.
LC/MS: m/z 1002 [M+H]".
Buéc 6:

3,5-Diamino-6-clo-N-((R)-3-((1-(4-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
~ pentahydroxyhexyl)amino)butanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit

NH, O /\?\

N
H

: H
- NH [0)
Cl N
N
(o]

1,

(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl((1-(4-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)butanoyl)piperidin-4-yl)metyl)carbamat (Budc 4, 138mg,
0,14mmol, 1,0 duong lugng), dietylamin (2ml), N,N-dimetylformamit (2ml) duogc
thém vao binh day tron dung tich 25ml. Dung dich tao thanh dugc khudy trong qua
dém & nhiét do trong phong. Hon hop tao thanh duge c6 trong chan khéng. San phim
thd (110mg) dugc tinh ché bing phép HPLC diéu ché véi cac diéu kién sau day: Cot
XSelect CSH Prep C18 OBD, Sum, 19*150mm; pha di dong, nu6c chira TFA 0,05%
va MeCN (MeCN 23% 1én t6i 30% trong 8 phat, 1€n t&i 100% trong 1 phut, dugc giir
& 100% trong 1 phut, giam xubng 23,0% trong 2 phut); Detecto, UV 254/220nm. Thu
dugc 15,7mg (13%) hop chét néu & d& muc nay dang trifloaxetat duéi dang chét rin

mau vang.
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LC/MS: m/z 779,5 [M+H]".

'H NMR (300MHz, CD;0D): 0,92- 0,96 (m, 3H), 1,21 — 1,39 (m, 8H), 1,78 —
2,03 (m, 7H), 2,36 (s, 4H), 2,61-2,69 (m, 4H), 2,87-2,93 (m, SH), 3,13-3,31 (m, 5H),
3,32-3,36 (m, 1H), 3,63-3,77 (s, 6H), 3,78-3,96 (m, 1H), 4,15-4,18 (m, 1H), 4,84-4,86
(m, 1H), 7,13-7,20 (m, 4H).
Vidu7
3,5-Diamino-6-clo-N-((R)-2-(2-metylbenzyl)-3-((1-(3-((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexylamino)propanoyl)piperidin-4-yl)metylamino)propyl)pyrazin-2-

#d %

(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl((1-(3-((2S,3R)-2,3-dihydroxy-3-((2R,4R,5R)-5-hydroxy-2-
phenyl-1,3-dioxan-4-yl)propylamino)prop anoyl)piperidih-4-yl)metyl)carbamat

carboxamit

Buédce 1:

3,5-Diamino-6-clo-N-((R)-3-((1-(3-(hexyl((2S,3R,4R)-2,3 4,5-
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tetrahydroxypentyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-

metylbenzyl)propyl)pyrazin-2-carboxamit (Vi du 5/Buéc 2, 20mg, 0,27mmol, 1,0
duong lugng) va D-glucoza dugc bdo vé axetal (2R,4aR,7R,8R,8aS)-2-
phenylhexahydropyrano[3,2-d][1,3]dioxin—6,7 ,8-triol (218mg, 0,81mmol, 3,0 duong
lugng) trong metanol (Sml) dugce thém vao binh day tron dung tich 25ml. Dung dich
tao thanh dugc khudy trong 0,5 gio & nhiét do trong phong. NaBH;CN (34mg,
0,54mmol, 2,0 duong lugng), AcOH (30mg, 0,50mmol, 2,0 duong lugng) dugc thém
vao. Hon hop tao thanh dugc khudy qua dém & nhiét do trong phong. T6i bing nudc
va Xtr Iy bing cach chiét sau khi loai bd dung méi s& thu dwoc 220mg hop chét néu &

dé muyc nay dang thd dudi dang chét rin mau vang.
LC/MS: m/z 992 [M+H]".
Budce 2:
(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-

metylbenzyl)propyl((1-(3-((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexylamino)propanoyl)piperidin-4-yl)metyl)carbamat

OH
(o)
NH, O HOx,
N)\(u\ . HO OH

(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl((1-(3-((28,3R)-2,3-dihydfoxy-3-((2R,4R,5R)-5-hydroxy-2-
phenyl-1,3-dioxan-4-yl)propylamino)propanoyl)piperidin-4-yl)metyl)carbamat (BuGc
1, 200mg, 0,20mmol, 1,0 duong lugng), etanol (1,5ml) va HCI (4M trong etanol, 5ml)
dugc thém vao binh day tron dung tich 25ml. Dung dich tao thanh duoc khuéy qua
dém & nhiét d6 trong phong va tiép theo, dugc cb trong chan khong. Thu dugc 180mg

hop chét néu & dé muc nay dang thd du6i dang chét rin mau vang.

LC/MS: m/z 904 [M+H]".
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Budc 3:

3,5-Diamino-6-clo-N-((R)-2-(2-metylbenzyl)-3-((1-(3-((2S,3R,4R,5R)-2,3 ,4,5,6-
pentahydroxyhexylamino)propanoyl)piperidin-4-yl)metylamino)propyl)pyrazin-2-

OH

HO

NH, O “

NJYLN ; Ho OH :
N Ho3

HzN/Iﬁ/ NH _ OH

NH

NWI

(0]

carboxamit

9H-Floren-9-ylmetyl N-[(2S)-3-[(3,5-diamino-6-clo-3,4-dihydropyrazin-2-
yl)formamido]-2-[(2-metylphenyl)metyl]propyl]-N-[[1-(3-[[(2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl]amino]propanoyl)piperidin-4-yllmetyl]carbamat (Budc 2, 180mg,
0,20mmol, 1,0 duong lugng), dietylamin (2ml) va N,N-dimetylformamit (4ml) duoc
thém vao binh d4y tron dung tich 25ml. Dung dich tao thanh dugc khudy trong 4 gid &
nhiét d9 trong phong va sau d6 dugc cb trong chan khéng. San phim thd (150mg)
dugc tinh ché bang phép HPLC diéu ché bing cach sir dung cac didu kién sau day: Cot
XBridge Prep CIS OBD, 5um, 19*150mm; pha di dong, nuéc chira TFA 0,05% va
ACN (ACN 16,0% lén t6i 26,0% trong 15 phiit); Detecto, MS, UV 254/220nm. Qua
trinh nay s& thu dugc 15,5mg (10%) trifloaxetat clia hop chat néu & d& muc nay duéi

dang chét rin mau vang.
LC/MS: m/z 681,4 [M+H]"

'H NMR (300MHz, CD;0D): 1,12- 1,43 (m, 2H), 1,87 — 2,12(m, 3H), 2,14(s,
4H),2,62-2,75(m, 2H),2,87-2,93(m, 7H), 3,01-3,19 (m, 3H), 3,31-3,37(m, 1H), 3,77-
3,80 (m, 5H),3,87-3,95(m, 2H), 4,07-4,58(s, 1H), 4,80-4,96(d, 1H), 7,13-7,20(m, 4H).

Vidu8

3,5-Diamino-6-clo-N-((R)-3-((1-(3-(hexyl((2R,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit
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(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl((1-(3-(((2R,3R)-2,3-dihydroxy-3-((2R,4R,5R)-5-hydroxy-2-
phenyl-1,3-dioxan-4-yl)propyl)(hexyl)amino)propanoyl)piperidin-4-yl)metyl)carbamat

Ph
NH, O 0o
. NMN g HOJ;\H

Il H Z
HZN&/N SNFmoc  Ho OH
Cl N
”mj
. 0

Natri xyanobohydrua (57,0mg, 0,91mmol) dugc thém timg phan vao hén hop
cua hexanal (45,5mg, 0,45mmol) va (9H-floren-9-yl)metyl ((S)-3-(3,5-diamino-6-
clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)((1-(3-(((2R,3R)-2,3-dihydroxy-
3-((2R,4R,5R)-5-hydroxy-2-phenyl-1,3-dioxan-4-yl)propyl)amino)propanoyl)-
piperidih-4-yl)metyl)carbamat [dugc diéu ché bang quy trinh twong tu nhu dugc md ta
trong Vi du 7/Budc 1; bit dau tir D-mannitol dugc bao vé axetal (2R.,4aR,7S,8R,8aS)-
2-phenylhexahydropyrano[3,2-d][1,3]dioxin-6,7,8-triol]] (300mg, 0,30mmol) trong
MeOH (20ml). Dung dich tao thanh dugc khudy & 25°C trong 4 gi. Dung mdi duge
vloai b6 trong diéu kién 4p suét giam. Phin cin duoc tinh ché bang phép TLC didu ché
(DCM: MeOH = 25:1) dé thu dugc (9H-floren-9-y)metyl ((S)-3-(3,5-diamino-6-
clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)((1-(3-(((2R,3R)-2,3-dihydroxy-
3-((2R,4R,5R)-5-hydroxy-2-phenyl-1,3-dioxan-4-yl)propyl)(hexyl)amino)propanoyl)-
piperidin-4-yl)metyl)carbamat (270mg, 83%) duéi dang gbm mau vang.
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LC/MS: m/z 1076 [M+H]"

'H NMR (300MHz, CD;0D): & 0,89 - 1,19 (m, 8H), 1,23 - 1,37 (m, 11H),
1,59 - 1,65 (m, 4H), 2,16 - 2,21 (m, 6H), 2,62 - 3,04 (m, 14H), 3,34 - 3,68 (m, 2H),
3,87 - 3,96 (m, 4H), 4,11 - 4,27 (m, 4H), 4,70 - 4,80 (m, 2H), 5,57 (s, 1H), 7,07 - 7,29
(m, 4H), 7,31 - 7,50 (m, 7H), 7,50 - 7,53 (m, 4H), 7,78 (d, 2H).
Budc 2:
(9H-Floren-9-yl)metyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-

metylbenzyl)propyl((1-(3-(hexyl((2R,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propanoyl)piperidin-4-yl)metyl)carbamat

(9H-Floren-9-yl)metyl ((S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-
(2-metylbenzyl)propyl)((1-(3-(((2R,3R)-2,3-dihydroxy-3-((2R,4R,5R)-5-hydroxy-2-
phenyl-1,3-dioxan-4-yl)propyl)(hexyl)amino)propanoyl)piperidin-4-yl)metyl)carbamat
(270mg, 0,25mmol) dugc thém vao HCI (4M, trong nuée, 15ml) trong etanol (5ml).
Sau khi khudy & 25°C trong 2 gi® hdn hop phéan tng duge duge cd trong diéu kién 4p
suit giam va sé& thu dugc hop chét néu & dé muc nay (200mg, 81%) duéi dang dau
mau vang.

LC/MS: m/z 987 [M+H]".

Budc 3:

3,5-Diamino-6-clo-N-((R)-3-((1-(3-(hexyl((2R,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit
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Dietylamin (3ml) dugc thém vao (9H-floren-9-yl)metyl ((S)-3-(3,5-diamino-6-
clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)((1-(3-(hexyl((2R,3R,4R,5R)-
2,3,4,5,6-pentahydroxyhexyl)amino)propanoyl)piperidin-4-yl)metyl)carbamat  (Budc
2, 200mg, 0,20mmol) trong DMF (6ml). H6n hop tao thanh dugc khudy & 25°C trong
2 gid. Dung mdi duge loai bo trong diéu kién 4p suét giam. San phdm thd dugc tinh
ché bang phép HPLC diéu ché, Cot: X Bridge C18, 19*150mm, Sum; Pha di dong
A:Nudc/0,05% TFA, Pha di dong B: ACN; Téc 36 chdy: 20ml/phut; Gradien: 30% B
dén 70% B trong 10 phut; 254nm, 1am dung moéi ria gidi. Cac phén doan chtra hop
chit mong muén dugc lam bay hoi dén kho dé thu duoc 3,5-diamino-6-clo-N-((R)-3-
(((1-(3-(hexyl((2R,3R 4R,5R)-2,3,4,5,6-pentahydroxyhexyl)amino)propanoyl)-
piperidin-4¥yl)metyl)amino)-2-(2-metylbenzyl)propyl)pyrazin—2-carboxamit (23,5mg)
dudi dang gdbm mau vang.

LC/MS: m/z 765,4 [M+H]"

'H NMR (300MHz, CD3OD): 6 0,94 (t, 3H), 1,29 - 1,40 (m, 8H), 1,80 - 2,04
(m, 5H), 2,35 (s, 3H), 2,35 (m, 1H), 2,62 - 2,71 (m, 2H), 2,85 - 2,97 (m, 7H), 3,15 -
3,30 (m, 4H), 3,31 - 3,69 (m, 4H), 3,71 - 3,83 (m, 6H), 4,03 - 4,06 (m, 2H), 4,86 -
4,87(m, 1H),7,13 - 7,20 (m, 1H).

Vidu9

3,5-Diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2R,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit dihydroclorua
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IJ\KU\H : 2xHCI
HZN)\f N NH

Buédc 1

tert-Butyl ((S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-metylbenzyl)-
propyl)(4-((2-(hexyl((2R,3R 4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)carbamat

NH, O /\gj\
eds L
HN)YN SN0

“ OH OH

H

o/'/H OH OH

(S)-tert-Butyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexylamino)etyl)carbamoyl)benzyl)carbamat (Chét trung
gian E, 500mg, 0,70mmol), (3S,4S,5S,6R)-6-(hydroxymetyl)tetrahydro-2H-pyran-
2,3,4,5-tetraol (254mg, 1,41mmol) va DIPEA (0,123ml, 0,70mmol) duoc hoa tan
trong MeOH (10ml) va dugc khudy & nhiét d6 trong phong trong 1 gi0. Natri
xyanobohydrua (133mg, 2,1 1mmol) va axit axetic (0,040ml, 0,70mmol) dugc thém
vao va viéc khudy duogc tiép tuc trong 18 gidr va tiép theo, & 50°C trong 30 gior. Hon
hop phan ing dugc 1am ngudi dén nhiét d9 trong phong, t6i bing cach thém dung dich
HCI 3M (trong nuéc), duge khudy trong 15 phut va tiép theo dugc cb trong chan
khong. Phén cin duge hoa tan trong EtOAc (50ml) va NaHCO; 8% (trong nuéc)
(50ml), lic va cac pha dugc tach riéng. Pha nuéc duogc chiét bing EtOAc (3x5 Oml).
Pha hitu co thu gom duge duge 1am kho bang Na2S04, loc va 1am bay hoi trong chan
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khong. Hop chét dugc tinh ché bang phép HPLC diéu ché trén cot Kromasil C8 (10pum
dudng kinh trong 250x50mm) bang cach st dung gradien dung dich dém 20 — 60%
axetonitril trong H20/MeCN/AcOH véi ty 1& 95/5/0,2 trong 20 phut véi tbc do chay 1a _
100ml/phut. Hop chat duge bao vé bao vé bang tia UV & bude séng 268nm. Hop chét

| nay dugc thu gom va dugc 1am kho lanh dé thu dugc hop chit néu & d& muc nay

(195mg, 32%) dudi dang chit rin khong mau.
LC/MS: m/z 873,6 [M+H]"

1H NMR (500MHz, DMSO-d6) 3 0,76 - 0,85 (m, 3H), 1,13 - 1,27 (m, 6H),
1,3 - 1,44 (m, 11H), 2,21 (s, 3H), 2,24 - 2,38 (m, 1H), 2,39 - 2,53 (m, 4H), 2,57 - 2,66
(m, 2H), 2,77 (d, 1H), 2,91 - 3,06 (m, 1H), 3,06 - 3,41 (m, 8H), 3,43 - 3,49 (m, 1H),
3,51 (d, 1H), 3,55 - 3,65 (m, 3H), 4,23 - 4,55 (m, 5H), 6,97 (bs, 2H), 7,04 - 7,18 (m,
6H), 7,72 (d, 2H), 7,78 - 7,99 (m, 1H), 8,27 - 8,37 (m, 1H).

Budc 2
3,5-Diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2R,3R,4R,5R)-2,3.4,5,6-

pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit dihydroclorua

“ NH, O /\?\
2
N)\)LN - XHCI

Axetyl clorua (1,42ml, 20mmol) dugc thém ting giot vao lo nhé di dugc lam
lanh trong thing nuéc d4 chita MeOH (5ml, 124mmol). Hén hop phan tmg duoc
khudy trong 5 phiit va tert-butyl ((S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-
(2-metylbenzyl)propyl)(4-((2-(hexyl((2R,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amipo)etyl)carbamoyl)benzyl)carbamat (190mg, 0,22mmol) dugc
thém tiép vao. Hdn hop phén tmg dugc khudy & nhiét d6 trong phong trong 1,5 gio va
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tiép theo dugc 1am bay hoi trong chan khong. Phin cin dugc hoa tan trong nude va
dugc 1am khd lanh dé thu dugc hop chit néu & d& myc nay (184mg, 100%) dudi dang
cht rin mau nhat.

LC/MS: m/z 773,4 [M+H]"

IH NMR (500MHz, DMSO-d6) 6 0,81 - 0,89 (m, 3H), 1,2 - 1,33 (m, 6H),
1,62 - 1,77 (m, 2H), 2,26 (s, 3H), 2,3 - 2,41 (m, 1H), 2,6 - 2,73 (m, 2H), 2,75 - 2,84
(m, 1H), 2,86 - 2,97 (m, 1H), 3,11 - 3,27 (m, 3H), 3,27 - 3,45 (m, 5H), 3,45 - 3,52 (m,
2H), 3,52 - 3,76 (m, 5SH), 3,89 - 3,99 (m, 1H), 4,03 - 4,48 (m, 7H), 6,88 - 7,23 (m, 6H),
7,63 (d, 2H), 7,93 (d, 2H), 8,26 (t, 1H), 8,93 - 9,02 (m, 1H), 9,13 - 9,34 (m, 2H), 9,55
(bs, 1H).
Vidu 10
3,5-Diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexy‘l)amino)etyl)carbamoyl)benzyl)amino)—2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit

Buoce 1

tert-Butyl ((S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexyl((2S,3R,4R,5R)-2,3.4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)carbamat
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H,N ~N \NJ\O
c 9’ OH. OH
N\/\NW\,OH
ol OH OH

(S)-tert-Butyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexylamino)etyl)carbamoyl)benzyl)carbamat (Chét trung
gian E, 1,25g, 1,76mmol), (3R,4S,5S,6R)-6-(hydroxymetyl)tetrahydro-2H-pyran-
2,3,4,5-tetraol (0,635g, 3,52mmol) va DIPEA (0,308ml, 1,76mmol) dugc hoa tan trong
MeOH (10ml) va dugc khudy & nhiét d6 trong phong trong 1 gidr. Natri
xyanobohydrua (0,332g, 5,29mmol) va axit axeﬁc (0,101ml, 1,76mmol) dugc thém
vao va viéc khudy dugc tiép tuc trong 40 gid' & 50°C. Hdn hop phéan tng duge 1am
ngudi dén nhiét d6 trong phong, t6i bing cach thém dung dich NaHCO3 8% (trong
nuéc), duge khudy trong 30 phut va duge cb trong chan khong. Phin cin dugc hoa tan
trong EtOAc (100ml) va NaHCO; 8% (trong nuéc) (100ml), 1ic va cac pha duogc tach
riéng. Pha nuée duge chiét b%mg EtOAc (2x100ml). Pha hiru co thu gom dugc duéc
1am khd bing Na,SO,, loc va 1am bay hoi trong chan khong. Hop chét duge tinh ché
bang phép HPLC diéu ché trén cot Kromasil C8 (10pm dudng kinh trong 250x50mm)
bang céch sir dung gradien 20 — 60% axetonitril trong dung dich dém
H20/MeCN/AcOH vé6i ty 18 95/5/0,2 trong 20 phiit véi toe d chay 1a 100ml/phit.
Hop chét dugc bao vé bao vé bing tia UV & bude séng 268nm. Hop chit nay duge thu
gom va dugc 1am khd lanh dé thu dugc tert-butyl ((S)-3-(3,5-diamino-6-clopyrazin-2-
carboxamido)-2-(2-metylbenzyl)propyl)(4-((2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)carbamat (1,26, 82%) duéi dang

chét rén mau tring.

LC/MS: m/z 873,6 [M+H]"

1H NMR (500MHz, DMSO-d6) & 0,73 - 0,86 (m, 3H), 1,1 - 1,27 (m, 6H),
1,27 - 1,46 (m, 11H), 2,20 (s, 3H), 2,24 - 2,38 (m, 1H), 2,38 - 2,49 (m, 3H), 2,53 - 2,69

-77-



20210

(m, 3H), 2,9 - 3,06 (m, 1H), 3,06 - 3,47 (m, 10H), 3,47 - 3,54 (m, 1H), 3,54 - 3,76 (m,
3H), 4,18 - 4,65 (m, 6H), 6,97 (bs, 2H), 7,03 - 7,19 (m, 6H), 7,72 (d, 2H), 7,78 - 8 (m,
1H), 8,24 - 8,37 (m, 1H).

Budc 2

3,5-Diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit dihydroclorua

NH, O
2xHCI
NN

Axetyl clorua (5,69ml, 80,0mmol) dugc thém timg giot vao binh di dugc 1lam
lanh trong thiing nuéc da chira MeOH (20ml). Hon hgp phan tmg duge khudy trong 5
phut va tert-butyl ((S)-3 -(3,5-diamino—6-clopyrazin_-Z-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)carbamat (1,26g, 1,44mmol) dugc
thém tiép vao. Hn hop phan tmg dugc khudy & nhiét d¢ trong phong trong 1,5 gios va
tiép theo duoc lam bay hoi trong chan khéng. Phin cin duoc hoa tan trong nugc va
dugc 1lam khé lanh dé thu dugc 3,5-diamino-6-clo-N-((R)-3-((4-((2-
(hexyl((25,3R,4R,5R)-2,3,4,5,6-pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)-
amino)-2-(2-metylbenzyl)propyl)pyrazin-2-carboxamit dihydroclorua (1,29g, 106%)

dudi dang chit rin mau nhat.
LC/MS: m/z 773,4 [M+H]"

'H NMR (500MHz, DMSO-dg) § 0,78 - 0,89 (m, 3H), 1,18 - 1,32 (m, 6H),
1,62 - 1,76 (m, 2H), 2,26 (s, 3H), 2,33 - 2,44 (m, 1H), 2,67 (d, 2H), 2,73 - 2,84 (m,
1H), 2,84 - 2,96 (m, 1H), 3,1 - 3,44 (m, 9H), 3,44 - 3,54 (m, 2H), 3,55 - 3,62 (m, 1H),
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3,62 - 3,75 (m, 3H), 4,02 - 4,12 (m, 1H), 4,12 - 4,3 (m, 2H), 5,58 (bs, 5H), 6,91 - 7,21
(m, 6H), 7,64 (d, 2H), 7,94 (d, 2H), 8,25 (t, 1H), 8,97 - 9,06 (m, 1H), 9,28 (bs, 1H),
9,41 (bs, 1H), 9,70 (d, 1H).

Budce 3

3,5-Diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit

OH OH

o) OH OH

3,5-Diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R,5R)-2,3.4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit dihydroclorua (1,23g, 1,45mmol) dugc hoa
tan trong nuéc (15ml) va duge bazo hoa bing cach thém dung dich Na2CO3 10%
(trong nuéc) dén @9 pH ~11. San phdm dugc chiét bing EtOAc (6x70ml). Pha hitu co
thu gom dugc duge 1am kho bang Na,SOy, loc va 1am bay hoi trong chan khong dé thu
duoc chét ban rin/dau. Phin can dugc hoa tan trong axetonitril/nudc va duge lam kho
lanh dé thu duogc 3,5-diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R.4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit (1,08g, 96%) du6i dang chét rin mau nhat.

LC/MS: m/z 773,4 [M+H]"

IH NMR (500MHz, DMSO-d6) 6 0,75 - 0,84 (m, 3H), 1,13 - 1,26 (m, 6H),
1,32 - 1,42 (m, 2H), 1,94 - 2,05 (m, 1H), 2,24 (s, 3H), 2,34 - 2,49 (m, 6H), 2,54 - 2,66
(m, 4H), 3,14 - 3,23 (m, 1H), 3,25 - 3,35 (m, 4H), 3,35 - 3,42 (m, 1H), 3,42 - 3,47 (m,
1H), 3,47 - 3,54 (m, 1H), 3,55 - 3,61 (m, 1H), 3,61 - 3,77 (m, 4H), 4,26 - 4,33 (m, 2H),
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4,47 (d, 1H), 4,51 (d, 2H), 6,96 (bs, 2H), 7,04 - 7,14 (m, 4H), 7,40 (d, 2H), 7,74 (d,
2H), 8,26 - 8,37 (m, 2H).

Vidull

4-(((R)-3-(3,5-Diamino-6-clopyrazin-2-carboxamido)-2-(2-

metylbenzyl)propylamino)metyl)phenyl 2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etylcarbamat

NHzo/\?\
NP
HzN’l§T/ NH
B
0

cl
NN
H HoT e OH
Ho” N+ OH
OH

Budce 1:

(R)-4-((3-(3,5-Diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propylamino)metyl)phenyl axetat

Trong binh hinh qud 1€ dung tich 50ml, (R)-3,5-diamino-N-(3-amino-2-(2-
metylbenzyl)propyl)-6-clopyrazin-2-carboxamit (Chat trung gian A, 1,6g, 4,59mmol)
va 4-formylphenyl axetat (0,753g, 4,59mmol) dugc thém vao DCM (30ml) dé thu
dugc dung dich mau vang. Sau khi khudy trong 1 gid, natri triaxetoxybohydrua (3,89¢,
18,4mmol) dugc thém vio vi viée khudy dugce tiép tuc qua dém. Hdn hop phan img
dugc pha loing bing DCM va dugc rira bang nude va nude mudbi. Lép hiru co dugce
1am kho trén Na,SO,, loc va lam bay hoi trong chan khéng dé thu dwuoc (R)-4-(((3-
(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-

metylbenzyl)propyl)amino)metyl)phenyl axetat (1,70g, 75%) tho duéi dang chit rin
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mau vang. San phim dugc sir dung truc tiép trong budc tiép theo ma khong cin tinh

ché thém.
LC/MS: m/z 467 [M+H]".
Buéc 2:

(S)-4-((tert-Butoxycacbonyl(3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)amino)metyl)phenyl axetat

(BOC),0 (1,07ml, 4,59mmol) dugc thém vao hdén hop ciia (R)-4-(((3-(3,5-
diamino-6-clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)amino)metyl)phenyl
axetat (1,9g, 3,82mmol) va Na,COs; (0,81g, 7,65mmol) trong dung mdi hdn hop
dioxan (25ml)/nuéc (8ml) & 0°C. Hdn hop phan tmg dugc dé dat t6i nhiét do trong
phong va dugc qua dém. Hon hop phan tmg nay duoc pha lodng bing EtOAc, va dugc
raa béng nuée mubi bdo hoa. Lép hitu co duge 1am kho trén Na,SOy,, loc va 1am bay
hoi trong chan khéng. Phin cin dugc tinh ché bing phép séc ky nhanh trén silicagel
bing cach sir dung gradien tir 10 dén 40% EtOAc trong ete ddu mé. Cac phan doan
tinh khiét dugc 1am bay hoi dén khé dé thu dugc hop chit néu & @& muyc nay (1,30g,

57%) duéi dang chét rin mau vang.
LC/MS: m/z 597 [M+H]"

'H NMR (300MHz, CD;0D): & 1,47 (s, 9H), 2,25 - 2,2,51 (m, 7H), 2,54 - 2,65
(m, 2H), 3,05 - 3,22 (m, 2H), 3,31 - 3,39 (m, 2H), 4,13 - 4,45 (m, 2H), 6,93 - 7,00 (m,
2H), 7,06 - 7,10 (m, 6H).

Budce 3:

(S)-tert-Butyl 3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl(4-hydroxybenzyl)carbamat
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NH, O /\gj\
A

LR LK
HZN)\(N SNTo

) L
OH

NaOH (0,174g, 4,35mmol) trong nuéc (8ml) dugce théfn timg giot vao dung
dich d3 dugc lam lanh choa (S)-4-(((tert-butoxycacbonyl)(3-(3,5-diamino-6-
clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)amino)metyl)phenyl axetat (1,3g,
2,18mmol) trong MeOH (20ml). Dung dich phéan tmg dwgc khudy trong 3 gir & nhiét
do trong phong. Hon hop phan tmg nay duge axit héa bang dung dich HC 2M trong
nuée. Hon hop phan tmg nay duge chiét bang EtOAc va pha hitu co duoc rira bing
Nuéc va nude mudi, duge 1am khod trén Na,SO,, loc va lam bay hoi dé thu dugc hop

chét néu & @& muc nay dang thé (1,20g, 99%) duéi dang chit rén mau vang .
LC/MS: m/z 555 [M+H]".
Budc 4:

(S)-4-((tert-Butoxycacbonyl(3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)amino)metyl)phenyl cacbonocloridat

NH, O /\?\
A

Y 0
HoL K
IS R

’ Cl K@\ 0
OJ\CI

Trong binh d4y tron dung tich 50ml, (S)-tert-butyl (3-(3,5-diamino-6-
clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)(4-hydroxybenzyl)carbamat
(250mg, 0,45mmol), DIEA (0,354ml, 2,03mmol) dugc thém vao THF (10ml) dé thu
dugc dung dich mau vang. Hén hop phéan tmg duoc duoc 1am lanh bing thing nuéc da
va triphosgen (200mg, 0,68mmol) dugc thém vao. Sau khi khudy trong 1 gi, hén hop
phan @ng nay dugc rét vao nudc va chiét bang EtOAc (3 x 20ml). Lép hitu co dugce
lam khd trén Na,SOy, loc va 1am bay hoi d¢é thu dugc hop chét néu & dé muc nay

(250mg, 90%) duéi dang diu mau vang.
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LC/MS: m/z 617 [M+H]+.
Budc 5:

tert-Butyl ((S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-(((2-(((2S,3R)-2,3-dihydroxy-3-((2R,4R,5R)-5-hydroxy-2-
phenyl-1,3-dioxan-4-yl)propyl)(hexyl)amino)etyl)carbamoyl)oxy)benzyl)carbamat

NZ '
H2NJ§/N NBoc
Cl 9
N/\/N\/\E»

Trong binh déy tron dung tich 50ml, (1R,2S)-3-((2-aminoetyl)(hexyl)amino)-
1-((2R,4R,5R)-5-hydroxy-2-phenyl-1,3-dioxan-4-yl)propan-1,2-diol (Vi du 3/Budc 2,
96mg, 0,24mmol) va DIEA (0,064ml, 0,36mmol) dugc hoa tan trong THF (10ml) dé
thu dugc dung dich khong mau. (S)-4-(((tert-Butoxycacbonyl)(3-(3,5-diamino-6-
clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)amino)metyl)phenyl
cacbonocloridat (Bugc 4, 150mg, 0,24mmol) dugc thém vao & 0°C. Dung dich tao
thanh dugc khudy & nhiét d6 trong phong trong 3 gid. Hn hop phéan tmg ne‘ly. dugc rot
vao nudc (20ml)va chiét bing EtOAc (3 x 20ml). Pha hitu co dugc 1am kho trén
Na,SOy, loc Vé‘l lam bay hoi trong chan khong. Phan cdn dugc tinh ché béng phép TLC
diéu ché (DCM: MeOH = 10: 1), dé thu dugc hop chit néu & d& muc nay (200mg,

84%) duéi dang chét rdn mau vang.
LC/MS: m/z 977 [M+H]".
Buéec 6:

4-(((R)-3-(3,5-Diamino-6-clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl-
amino)metyl)phenyl 2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-pentahydroxyhexyl)amino)-

etylcarbamat
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Trong binh d4dy tron dung tich 25ml, tert-butyl ((S)-3-(3,5-diamino-6-
clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)(4-(((2-(((2S,3R)-2,3-dihydroxy-
3-((2R,4R,5R)-5-hydroxy-2-phenyl-1,3-dioxan-4-
yl)propyl)(hexyl)amino)etyl)carbamoyl)oxy)benzyl)carbamat (Buéc 5, 200mg,
0,20mmol) dugc thém vao EtOH (1ml) dé thu dugc dung dich mau vang. Dung dich
HCI trong nudc (4M, 3ml) duge thém vao va dung dich tao thanh dugc khqu & nhiét
d6 trong phong trong 12 gid. San phidm thé duge tinh ché bing phép HPLC diéu ché
(Cot Waters XBridge Prep C18 OBD, 5p silic oxit, dudng kinh duong kinh trong
50mm, d6 dai 150mm), bang cach sir dung gradien c6 d6 phan cuc clia nu6e giam dan
(TFA 0,05%) va MeCN lam dung méi rira giai. Cac phan doan chira hop chit mong
mudn dugc 1am bay hoi dén kho dé thu dugc hop chédt néu & dé muc nay (28,0meg,
13%) duéi dang chét rin mau vang.

LC/MS: m/z 789,4 [M+H]"

'H NMR (300MHz, CD;0D): § 0,79 - 0,99 (m, 3H), 1,25 - 1,55 (m, 6H), 1,69
- 1,91 (m, 2H), 2,25 - 2,45 (m, 4H), 2,51 - 2,84 (m, 1H), 2,81 - 3,01 (m, 3H,), 3,28 -
3,31 (m, 4H), 3,34 - 3,82 (m, 12H), 3,86 - 3,92 (m, 1H), 4,09 - 4,37 (m, 3H), 7,03 -
7,35 (m, 6H), 7,453 (d, 2H).

Vidu 12

3,5-Diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)phenetyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit dihydroclorua
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OH
HO,,
2xHCl HO OH
" NH, O 0 OH
N)\(ILN y N/\/N
/”\(N H E\ H
H,N N
cl H
Buoc 1
EN06927-61

tert-Butyl ((S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-metylbenzyl)-
propyD)(4-((2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-pentahydroxyhexyl)amino)etyl)-
carbamoyl)phenetyl)carbamat

OH
HO,,

HO OH
NH, O 0 OH
AL A
LS H

HNT Y /NK
cl )o<o

2

(S)-tert-Butyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexylamino)etyl)carbamoyl)phenetyl)carbamat (Chét
trung gian D, 500mg, 0,69mmol), (3R,4S,5S,6R)-6-(hydroxymetyl)tetrahydro-2H-
pyran-2,3,4,5-tetraol (249mg, 1,38mmol) va DIPEA (0,121ml, 0,69mmol) dugc hoa
tan trong MeOH (5ml) va dugc khudy & 50°C trong 40 phut trude khi thém natri
xyanobohydrua (130mg, 2,07mmol) va axit axetic (0,044ml, 0,76mmol). Viéc khudy
dugc tiép tuc & 50°C trong 21 gidr va tiép d6 hdn hop phan img dugc dé ngudi dén
nhiét d6 trong phong. Hdn hgp phan tmg dugc ti bang cach thém dung dich NaHCO;
8% (trong nuéc). Hon hop phan tmg duge pha lodng trong EtOAc (50ml) va dung dich
NaHCO; 8% (trong nuéc) (50ml), lac va cac pha duoc tach riéng. Pha nuée duge chiét
bing EtOAc (4x50ml). Pha hitu co thu gom dugc dugc 1am khd bing Na2SO4, loc va
la‘im bay hoi trong chén khong. Hop chét dugc tinh ché bing phép HPLC diéu ché trén
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¢t Kromasil C8 (10pm, dudng kinh trong 250x50mm) bang céach sir dung gradien t20
— 60% axetonitril trong dung dich dém H20/MeCN/AcOH véi ty 1€ 95/5/0,2 trong 20
phut véi tbe do chay 1a 100ml/phiit. Hop chét dugc bao vé bao vé bing tia UV &
265nm. Hop chét nay dugc thu gom va dugc 1am khd lanh dé thu dugc hop chét néu &
dé muc nay (385mg, 63%) dudi dang chit rin mau nhat.

LC/MS: m/z 887,6 [M+H]"

'"H NMR (500MHz, DMSO-dg) & 0,80 (t, 3H), 1,12 - 1,26 (m, 6H), 1,29 - 1,43
(m, 11H), 2,16 - 2,29 (m, 4H), 2,41 - 2,48 (m, 2H), 2,56 - 2,67 (m, 2H), 2,71 (t, 2H),
2,96 (dd, 1H), 3,02 - 3,42 (m, 12H), 3,44 (dd, 1H), 3,47 - 3,54 (m, 1H), 3,55 - 3,74 (m,
3H), 4,18 - 4,79 (m, 4H), 6,96 (bs, 2H), 7,06 - 7,19 (m, 6H), 7,72 (d, 2H), 7.8 - 7,97
(m, 1H), 8,24 - 8,34 (m, 1H).

Budc 2

3,5-Diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)phenetyl)amino)-Z-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit dihydroclorua

OH
HO,,
2xHCI

HO OH
NH, O o) OH
NJ\/lkN . N/\/-N
Ly H & H
HNT Y N
cl .

2

Axetyl clorua (1,42ml, 20mmol) dugc thém timg giot vao dung dich da duoc
lam lanh trong thung nuéc d4 chira MeOH (5ml, 124mmol). Dung dich phan tng nay
dugc khudy trong 5 phut va tiép d6 dugc thém vao tert-butyl ((S)-3-(3,5-diamino-6-
clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)(4-((2-(hexyl((2S,3R,4R,5R)-
2,3,4,5,6-pentahydroxyhexyl)amino)etyl)carbamoyl)phenetyl)carbamat ~ (Buéc 1,
385mg, 0,43mmol). Hén hgp phan tmg dugc khudy & nhiét do trong phong trong 2,5
gir va tiép theo dugc cb trong chan khong. Phén cin duge hoa tan trong nude va duge

1am kho lanh @€ thu dugc hop chét néu & dé muc nay (369mg, 99%) duéi dang chét

-86-



20210

rin mau vang.

LC/MS: m/z 787,4 [M+H]"

1H NMR (500MHz, DMSO-d6) 6 0,78 - 0,88 (m, 3H), 1,17 - 1,31 (m, 6H),
1,6 - 1,74 (m, 2H), 2,23 - 2,39 (m, 4H), 2,64 - 2,75 (m, 2H), 2,75 - 2,87 (m, 1H), 2,87 -
2,99 (m, 1H), 3,05 (t, 2H), 3,09 - 3,44 (m, 11H), 3,44 - 3,54 (m, 2H), 3,55 - 3,75 (m,
4H), 4 - 4,1 (m, 1H), 4,69 (bs, 7H), 6,88 - 7,2 (m, 5H), 7,23 - 7,3 (m, 1H), 7,36 (d,
2H), 7,88 (d, 2H), 8,24 (t, 1H), 8,85 - 9,16 (m, 3H), 9,63 (d, 1H).
Vidu 13
3,5-Diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)phenetyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit dihydroclorua

OH

2xHCI
X HO OH
NH, O (o] OH
A~ A
| _N H X H
H,N H
Cl -

Budc 1:

Tert-butyl ((S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)phenetyl)carbamat

OH
HO OH
NH, O o OH
A o
| _N H :\ H
& X
Cl )O< o

(S)-tert-Butyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexylamino)etyl)carbamoyl)phenetyl)carbamat (Chét
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trung gian D, 500mg, 0,69mmol), (2R,3S,4R)-2,3,4,5-tetrahydroxypentanal (208mg,
1,38mmol) va DIPEA (0,121ml, 0,69mmol) dugc hoa tan trong MeOH (5ml) va dugc
khudy & 50°C trong 40 phut truéc khi thém natri xyanobohydrua (130mg, 2,07mmol)
va axit axetic (0,044ml, 0,76mmol). Viéc khudy duoc tiép tuc & 50°C trong 21 gid va
tiép theo duoc dé ngudi dén nhiét 4o trong phong. Hon hgp phan tng duoc toi bing
cach thém dung dich NaHCO3 8% (trong nuéc). Hon hop phan tmg dugc pha lodng
trong EtOAc (50ml) va dung dich NaHCO3 8% (trong nuéc) (50ml), lic va cac pha
dugc tach riéng. Pha nude dugce chiét béng EtOAc (4x50ml). Pha hiru co thu gom
dugc dugc 1am kho bing Na2S04, loc va 1am bay hoi trong chan khéng. Hop chét
dugc tinh ché bang phép HPLC didu ché trén cot Kromasil C8 (10pm dudng kinh
trong 250x50mm) bang cach sir dung gradien 20 — 60% axetonitril trong dung dich
dém H20/MeCN/AcOH véi ty 1€ 95/5/0,2 trong 20 phut véi téc d6 chay 1a
100ml/phit. Hop chit duge bao vé bao vé bing tia UV & 265nm. Hop chét nay duge
thu gom va dugc 1am kho lanh dé thu duge tert-butyl ((S)-3-(3,5-diamino-6-
clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)(4-((2-(hexyl((2S,3R,4R)-
2,3,4,5-tetrahydroxypentyl)amino)etyl)carbamoyl)phenetyl)carbamat (374mg, 63%)
duc’ri dang chét rin mau nhat.

LC/MS: m/z 857,6 [M+H]"

'H NMR (500MHz, DMSO-dg) & 0,74 - 0,85 (m, 3H), 1,11 - 1,28 (m, 6H),
1,28 - 1,44 (m, 11H), 2,14 - 2,29 (m, 4H), 2,46 (dd, 2H), 2,55 - 2,65 (m, 2H), 2,71 (t,
2H), 2,96 (dd, 1H), 3,02 - 3,51 (m, 14H), 3,52 - 3,6 (m, 1H), 3,6 - 3,71 (m, 1H), 4,17 -
4,77 (m, 3H), 6,96 (bs, 2H), 7,05 - 7,2 (m, 6H), 7,72 (d, 2H), 7,8 -7,97 (m, 1H), 8,23 -
8,34 (m, 1H).
Budc 2:
3,5-Diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)phenetyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit dihydroclorua
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OH

2xHCI HO oH
NH, O o) OH
N)\(U\N g N/\/N
LN H i H
HN" Y H
o]

2

Axetyl clorua (1,42ml, 20,0mmol) dugc thém tirng giot vao dung dich da duoc
1am lanh trong thing nuéc da chira MeOH (Sml, 123,59mmol). Dung dich phéan tng
nay dugc khudy trong 5 phut va tiép d6 dugc thém vao tert-butyl ((S)-3-(3,5-diamino-
6-clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)(4-((2-(hexyl((2S,3R,4R)-
2,3,4,5-tetrahydroxypentyl)amino)etyl)carbamoyl)phenetyl)carbamat (374mg,
0,44mmol). Hon hop phan tmg dugc khudy & nhiét d trong phong trong 2,5 gid va
tiép theo dugc c¢b trong chan khong. Phan cin duge hoa tan trong nude va duge lam
kho lanh dé thu dugc 3,5-diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R)-2,3 4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)phenetyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit dihydroclorua (361mg, 100%) dudi dang
chét rin mau vang. |

LC/MS: m/z 757,4 [M+H]"

'H NMR (500MHz, DMSO-dg) § 1 - 1,09 (m, 3H), 1,39 - 1,53 (m, 6H), 1,84 -
1,95 (m, 2H), 2,50 (s, 3H), 2,53 - 2,62 (m, 1H), 2,86 - 2,97 (m, 2H), 2,97 - 3,07 (m,
1H), 3,09 - 3,2 (m, 1H), 3,22 -.3,73 (m, 15H), 3,77 - 3,96 (m, 3H), 4,23 - 4,32 (m, 1H),
4,84 (bs, 6H), 7,15 - 7,42 (m, 5H), 7,45 - 7,52 (m, 1H), 7,58 (d, 2H), 8,11 (d, 2H), 8,46
(t, 1H), 9,13 - 9,2 (m, 1H), 9,30 (d, 2H), 9,92 (d, 1H). |
Viduy 14
Axit 3,5-diamino;6-clo-N-((S)-3-((4-((2-(hexyl((2$,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit axetic

-89-



20210
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H,NT N2 H H OH
N
NN OH
0 OH OH

Buéec 1

tert-Butyl ((R)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)carbamat

z

N
|
HZNJ\’N N/\©\(H OH
- Cl o*o N~ SN OH

S 0 H\OKHOH

(R)-tert-Butyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexylamino)etyl)carbamoyl)benzyl)carbamat (Chét trung
gian H) (163mg, 0,23mmol), (2R,3 S,4R)-2,3‘,4,5-tetrahydroxypentanal (69,0mg,
0,46mmol) va DIPEA (0,040ml, 0,23mmol) dugc hoa tan trong MeOH (4ml) va duoc

HLO
N
H

khudy & nhiét d6 trong phong trong 1 gio. Natri xyanobohydrua (14,44mg, 0,23mmol)
va axit axetic (0,039ml, 0,69mmol) duoc thém vao va hén hop phan tng dugc dun
n6ng dén 50°C trong 20 gid va tiép theo dwgc dé ngudi dén nhiét do trong phong. Hon
hop phén tmg dugc t6i bang cach thém dung dich NaHCO3 8% (trong nudc) va duge
khudy trong 30 phut. Dung mdi dugc cd trong chan khong. Phan cin dugc hoa tan
trong EtOAc (25ml) va dung dich NaHCO3 8% (trong nuéc) (25ml), lic va cac pha
dugc tach riéng. Pha nuée duge chiét biang EtOAc (2x25ml). Pha hitu co thu gom
dugc dugc 1am kho bang Na,SO;, loc va 1am bay hoi trong chan khong. Hop chit
dugc tinh ché bang phép HPLC diéu ché trén cot Kromasil C8 (10um, duong kinh
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trong 250x20mm) bang cach sir dung gradien 30 - 70% axetonitril trong dung dich
dém H,0/ACN/AcOH véi ty 18 95/5/0,2, trong 20 phut véi tdc do chay 1a 19ml/phut.
Hop chit durge bao vé bao vé bang tia UV & 265nm. Cac phan doe_m.chl'xa san phim
dugc thu gom lai va dugc 1am khé lanh dé thu duoc tert-butyl ((R)-3-(3,5-diamino-6-
clopyrazin-2-carboxamido)-Z-(2-metylbenzyl)propyl)(4-((2-(hexyl((2S‘,3R,4R)-
2,3,4,5-tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)carbamat (127mg, 65,5%)
dudi dang chét rén.

'H NMR (500MHz, DMSO-dg) & 0,75 — 0,84 (m, 3H), 1,13 — 1,26 (m, 6H),
1,29 — 1,42 (m, 11H), 2,20 (s, 3H), 2,25 — 2,35 (m, 1H), 2,41 — 2,47 (m, 2H), 2,56 —
2,62 (m, 2H), 2,89 — 3,05 (m, 1H), 3,07 — 3,15 (m, 1H), 3,2 — 3,49 (m, 13H), 3,52 —
3,59 (m, 1H), 3,61 — 3,69 (m, 1H), 4,21 — 4,35 (m, 2H), 4,‘35 — 4,55 (m, 3H), 6,96 (bs,
1H), 7,04 — 7,19 (m, 6H), 7,71 (d, 2H), 7,77 — 7,98 (m, 1H), 8,24 — 8,32 (m, 1H).

MS ES": m/z 843,4 [M+H]".

Budc 2

Axit 3,5-diamino-6-clo-N-((S)-3-((4-((2-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit axetic

NH,0 o
NN HOAN
HN N H OH
0 OH OH

Axetyl clorua (0,711ml, 10mmol) dugc thém tirng giot vao lg nhé da dugc lam
lanh trong thiing nuéc d4 chira MeOH (2,5ml, 61,79mmol) va dugc khudy trong 5 phut
truéc khi thém tert-butyl ((R)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexyl((2S,3R,4R)-2,3.,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)carbamat (127mg, 0,15mmol). Hon
hop phan tng dugc khudy & nhiét d9 trong phong trong 1 gid va tiép theo dugc cd
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trong chan khong. Phén cin dugc hoa tan trong EtOAc (25ml) va dung dich Na2CO3
5% (trong nudc) (25ml), léc va céc pha dugc tich riéng. Pha nu6c duge chiét bang
EtOAc (5x25ml). Pha hitu co thu gom dugc duge 1am khé bang NaySOy, loc va lam
bay hoi trong chin khong. Hop chét dugc tinh ché bing phép HPLC diéu ché trén cot
Kromasil C8 (10pm, dudng kinh trong 250x20mm) bing cach str dung gradien 5 —
45% axetonitril trong Dung dich d¢m H20/ACN/AcOH véi ty 1€ 95/5/0,2, trong 20
phut véi téc d6 chay 1a 19ml/phat. Hop chét duge bao vé bao vé bang tia UV & budc
séng 268nm. Sin phdm dugc lam kho lanh dé thu dugc 3,5-diamino-6-clo-N-((S)-3-
((4-((2-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)proﬁyl)pyrazin—2-carboxamit (100mg, 82%) dudi dang chit rin mau nhat.

'H NMR (500MHz, DMSO-dg) § 0,77 — 0,83 (m, 3H), 1,13 — 1,25 (m, 6H),
1,32 — 1,41 (m, 2H), 1,90 (s, 4H), 1,96 — 2,05 (m, 1H), 2,24 (s, 3H), 2,35 — 2,55 (m,
6H), 2,55 — 2,63 (m, 4H), 3,14 — 3,23 (m, 2H), 3,24 — 3,4 (m, 9H), 3,4 — 3,49 (m, 4H),
3,56 (q, 1H), 3,62 — 3,71 (m, 2H), 3,74 (d, 1H), 6,96 (bs, 2H), 7,04 — 7,14 (m, 4H),
7,40 (d, 2H), 7,74 (d, 2H), 8,28 (t, 1H), 8,33 (t, 1H).

MS ES": m/z 743,5 [M+H]".
Vidu 15
Axit 3,5-diamino-6-clo-N-((S)-3-((4-((2-(hexyl((2R,3S,4S)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit axetic

NH,O0 o
NJ\HLN
| N H HOJK
HzN)\?
Cl

Y PSS
NN on
o OH OH

Budce 1
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tert-Butyl ((R)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexyl((2R,3S,45)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)carbamat

NH20

)\(N
2N ’k

O
Os
T

(R)-tert-Butyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexylamino)etyl)carbamoyl)benzyl)carbamat (Chat trung
gian G) (163mg, 0,23mmol), (2S,3R,4S)-2,3,4,5-tetrahydroxypentanal (69,0mg,
0,46mmol) va DIPEA (40,1pl, 0,23mmol) dugc hoa tan trong MeOH va duoc khudy &
nhiét 46 trong phong trong 1 gid. Natri xyanobohydrua (14,44mg, 0,23mmol) va axit
axetic (39,5ul, 0,69mmol) dugc thém vao va hdn hgp phan tng duoc dun néng dén
50°C trong 20 gi& va tiép theo dugc dé ngudi dén nhiét do trong phong. Hon hop phan’
g dugc t6i bang cach thém dung dich NaHCO3 8% (trong nuéc) va dugce khudy
trong 30 phut. Dung mdi duoc cd trong chan khong. Phan cin duge hoa tan trong
EtOAc (25ml) va dung dich NaHCO3 8% (trong nuéc) (25ml), lic va cac pha dugc
tach riéng. Pha nuéc dugc chiét bang EtOAc (5x25ml). Pha hitu co thu gom duoc
duge 1am kho bang Na,SO, loc va 1m bay hoi trong chén khong. Hop chét dugc tinh
ché biing phép HPLC didu ché trén cot Kromasil C8 (10um, dudng kinh trong
250x20mm) bang cach sir dung gradien 30 — 70% axetonitril trong dung dich dém
H20/ACN/AcOH véi ty 1& 95/5/0,2, trong 20 phit v&i toc d6 chay 1a 19ml/phat. Hop
chét duogc bao vé bao vé béng‘tia UV & 265nm. Céac phéan doan chira san phém duoc
thu gom lai va dugc 1am khé lanh dé thu duge tert-butyl (R)-3-(3,5-diamino-6-
clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)(4-((2-(hexyl((2R,3S,4S)-
2,3,4,5-tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)carbamat (135mg, 69,7%)

duéi dang chit rén.
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'H NMR (500MHz, DMSO-dg) & 0,79 (d, 3H), 1,16 (d, 6H), 1,36 (s, 11H),
2,20 (s, 3H), 2,31 (s, 1H), 2,50 (dt, 5H), 2,58 (s, 3H), 2,92 — 3,05 (m, 1H), 3,06 — 3,15
(m, 1H), 3,31 (s, 6H), 3,39 — 3,5 (m, 2H), 3,53 — 3,59 (m, 1H), 3,61 — 3,69 (m, 11J),
4,22 — 4,34 (m, 2H), 4,34 — 4,55 (m, 3H), 6,97 (bs, 2H), 7,04 — 7,18 (m, 6H), 7,71 (d,
2H), 7,78 — 7,97 (m, 1H), 8,25 — 8,32 (m, 1H).

MS ES*: m/z 843,5 [M+H]".
Budc 2

Axit 3,5-diamino-6-clo-N-((S)-3-((4-((2-(hexyl((2R,38S,4S)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit axetic

NH,0 0 .
O 107
HZNJ\f ” H QH
Cl N\/\NWOH
(0] OH OH

Axetyl clorua (0,711ml, 10mmol) dugc thém tirng giot vao 1o nhé da dugce lam
lanh trong thing nudc d4 chira MeOH (2,5ml, 61,7 9mmbl) va dugc khudy trong 5 phut
truéc khi thém tert-butyl ((R)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2¥(hexyl((2R,3 S,4S)-2,3,4,5-tetrahydroxypentyl)amino)etyl)-
carbamoyl)benzyl)carbamat (135mg, 0,16mmol). Hon hop phan tmg dugc khudy &
nhiét d9 trong phong trong 1 gir va tiép theo dugc lam bay hoi trong chan khong.
Phén can duogc hoa tan trong EtOAc (25ml) va dung dich Na2CO3 5% (trong nudc)
(25ml), 1ic va cac pha dugc tach riéng. Pha nuéc dugc chiét bang EtOAc (5x25ml).
Pha hitu co thu gom duge duge 1am khd bing NapS0y, loc va 1am bay hoi trong chan
khoéng. Hop chét dugc tinh ché bing phép HPLC didu ché trén cot Kromasil C8
(10pum, duong kinh trong 250x20mm) bang céch st dung gradien 5 — 45% axetonitril
trong dung dich d¢ém H20/ACN/AcOH véi ty 1€ 95/5/0,2 trong 20 phit véi tbe d6
chay 1a 19ml/phut. Hop chit dugc bao vé bao vé bang tia UV & bude song 268nm. San
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phdm dugc lam kho lanh dé thu duge 3,5-diamino-6-clo-N-((S)-3-((4-((2-
(hexyl((2R,38S,45)-2,3,4,5-tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-
2-(2-metylbenzyl)propyl)pyrazin-2-carboxamit (93mg, 70,2%) duéi dang chét rin mau
nhat.

'H NMR (500MHz, DMSO-dg) & 0,76 — 0,83 (m, 3H), 1,14 — 1,25 (m, 6H),
1,31 - 1,42 (m, 2H), 1,91 (s, 3H), 1,95 — 2,06 (m, 1H), 2,24 (s, 3H), 2,35 — 2,54 (m,
6H), 2,60 (dd, 4H), 3,14 — 3,5 (m, 11H), 3,56 (q, 1H), 3,66 (dd, 2H), 3,74 (d, 1H), 6,96
(s, 2H), 7,04 — 7,14 (m, 4H), 7,40 (d, 2H), 7,74 (d, 2H), 8,28 (t, 1H), 8,33 (t, 1H).

- MSES":m/z743,4 [M+H]".
Vidy 16 -
3,5-Diamino-6-clo-N-((R)-3-(3-(2-(hexyl((2S,3R,4R,5R)-2,3,4,5.,6-

pentahydroxyhexyl)amino)etylcarbamoyl)phenetylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit

f\'ﬁ T
H,N NH OH OH
N
H OH OH
NH

Budc 1

tert-Butyl (S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl(3-(2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etylcarbamoyl)phenetyl)carbamat
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H,N

Trong binh d4y tron dung tich S0ml, (S)-tert-butyl (3-(3,5-diamino-6-
clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)(3-((2-(hexylamino)etyl)-
carbamoyl)phenetyl)carbamat (Chét trung gian D, 370mg, 0,51mmol) va _
(3R,48,58,6R)-6-(hydroxymetyl)tetrahydro-2H-pyran-2,3,4,5-tetraol (138mg,
0,77mmol) trong MeOH (15ml) dugc cho vao binh nay dé thu duge dung dich mau
~ vang. Sau khi khudy hén hop trén day trong 30 phﬁt, NaCNBH; (32,1mg, 0,51mmol)
dugc thém vao. Dung dich tao thanh dugc khudy & 50°C trong 16 gid. Dung méi dugc
loai bé trong diéu kién 4p suit giam dé thu duoc san phim th tert-butyl ((S)-3-(3,5-
diamino—6-clopyrazin—2-carboxamido)-2-(2-mety1benzyl)propyl)(3-((2-
(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)phenetyl)carbamat (500mg, 110%) duéi
dang chét rin mau vang. San phim dugc sir dung truc tiép trong budc tiép theo ma

khéng can tinh ché thém.
LC/MS: m/z 887 [M+H]".
Budc 2

3,5-Diamino-6-clo-N-((R)-3-(3-(2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etylcarbamoyl)phenetylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit
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tert-Butyl ((S)-3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(3-((2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)cérbamoyl)phenetyl)carbamat (500mg, 0,56mmol)
trong HCI/MeOH (20ml, 0,56mmol) dugc thém vao binh d4y tron dung tich 50ml, dé
thu duoc dung dich mau vang. Dung dich tao thanh duoc khudy & nhiét d6 trong
phong trong 2 gid. Dung mdi dugc loai bé trong diéu kién ap suit giam. San phim thd
dugc tinh ché bang phép HPLC diéu ché (cot Waters XBridge Prep C18 OBD, 5y silic
oxit, duong kinh trong 50mm, chiéu dai 150mm), bang cach sir dung hbn hop c6 do
phan cuc giam dan cta nudce (chira NH,HCO; 0,1%) va MeCN lam dung méi rira giai.
Cac phén doan chira hop-chit mong muén dugc 1am bay hoi dén kho dé thu dugc 3,5-
diamino-6-clo-N-((R)-3-((3-((2-(hexyl((2S,3R,4R,5R)-2,3.,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)phenetyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit (8 7mg, 20%) du¢i dang chét rén mau vang.

LC/MS: m/z 788 [M+H]"

'H NMR (300MHz, CD;0D, 25 °C): & 0,85 - 0,91 (m, 3H), 1,15 - 1,35 (m,
6H), 1,39 - 1,59 (m, 2H), 2,12 - 2,25 (m, 1H), 2,31 (s, 3H), 2,57 - 2,89 m, 13H, 3,29
- 3,33 (m, 2H), 3,38 - 3,64 (m, 3H), 3,66 - 3,84 (m, 6H), 7,09 - 7,16 (m, 4H),7,38 (d,
2H), 7,70 - 7,73 (m, 2H).

Téng hop céc chét trung gian
Chét trung gian A

(R)-3,5-Diamino-N-(3-amino-2-(2-metylbenzyl)propyl)-6-clopyrazin-2-carboxamit
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Budece 1:

Dimetyl 2-(2-metylbenzyl)malonat

0]
MeO™ "O

Binh phan mg dugc nap dimetyl malonat (6,00kg, 45,4mol) va metanol (21,3'
lit). 25% NaOMe/MeOH (10,37 lit, 45,2mol) dugc thém vao trong 10 phut va tiép
theo, 2-metyl benzylclorua (4,26kg, 30,3mol) dugc thém vao trong 1,5 giv, duy tri
nhiét 40 phan mg thdp hon 30°C. Dung dich NH4Cl bdo hoa (53,1 lit) dugc thém vao
hdn hgp phan tmg, din dén d6 pH=8,5. San phim duoc chiét bang isopropyl axetat (3
x 25 lit) va céc 16p hiru co thu gom dugc duge rira bang 10% nude mubdi (10 lit) va
dugc cb trong didu kién 4p suét giam dé thu dugc hop chit néu & dé muc nay dudi
dang déu (8,63kg, 68% trong lugng, 83%). Hop chét néu & d& muc vira thu dugc nay
chira malonat da dugc alkyl hoa 2 lan. Do tinh khiét theo HPLC: 86%.

LC/MS: m/z 237 [M+H]"

'H-NMR (DMSO-dg, 270MHz) & 7,17-7,05 (4H, m), 3,60 (6h, s), 3,82 (1H, 1),
3,12 (2H, s), 2,21 (3H, s); *C-NMR (DMSO-ds, 270MHz) & 169,5, 136,6, 136,3,
130,8, 129,5, 127,3, 126,4, 52,8, 52,0, 31,8, 19,4.

Budc 2

2-(2-Metylbenzyl)malonamit

(0]
HzNJI\é
H,N" 0

Binh phén mg dugc nap dimetyl-2-(2-metylbenzyl)malonat (Buéc 1, 5,9kg,
68% trong luong, 17,0mol) va metanol (14,8 lit). Amoni hydroxit 34% (24 lit, 36
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duong lugng) duge thém vao va hdn hop phan tmg dugc khudy & 25°C cho dén khi
dugc coi 14 hoan toan theo phép phan tich HPLC. Chét rin duoc loc ra va tiép theo,
MTBE (15,3 lit) dugc thém vao. Sau 30 phit, chét rin duogc loc ra, dugce rira bﬁng
MTBE (2 x 15,3 lit) va dugc 1am khé trong diéu kién 4p suét gidm & 60°C d thu duoc

hop chéit néu & d& muc nay dudi dang chét rin mau trang (3,2kg, 91%).
LC/MS: m/z 206,9 [M+H]"

'H-NMR (DMSO-d¢, 270MHz) 6 7,32-7,21 (2H, br s), 7,15-7,00 (6H, m), 3,33
(1H, t), 2,96 (2H, d), 2,28 (3H, s); *C-NMR (DMSO-ds, 270MHz) & 171,0, 137,5,
136,0, 129,9, 128,9, 126,1, 125,6, 53,2, 32,5, 19,1.-

Buéc 3

2-(2-Metylbenzyl)propan-1,3-diamin

HZN/j/\©
H,N

Binh phan tng dugc nap 2-(2-metylbenzyl)malonamit (1,32kg, 6,40mol) va
THF (5,4 lit). Hon hop phan rng dinh nhét duge lam lanh dén 0°C va boran IM -THF
(25,6 lit, 25,6mol) dugc thém vio trong 2 gid, duy tri nhiét dd phan tmg thip hon 2°C.
Hbn hop phan tng duge lam 4m dén 15°C va tiép theo, dugc khudy & 50°C qua dém.
Khi phép phén tich HPLC cho thiy nhé hon 8% chat ban du con lai, hdn hop phan
ung nady dugc t6i trong KOH 4M (8 lit), duy tri nhiét do tha"lp hon 30°C. Lép hitu co
duogc cb trong diéu kién ap sudt giam va 16p nu6e dugce chiét hai 1an bing MTBE (2 x
10 lit). Dich chiét MTBE thu gom dugc dugc thém vao 16p hitu co da cb va cac 16p
hiru co thu gom duge tiép d6 duge nap vao dung dich chira HC1 6M (10 lit), duy tri
nhiét d6 thép hon 30°C. Pha nu6c dugc rira bing MTBE (10 lit) va tiép theo, dugc
bazo héa bing dung dich KOH 6M (12 lit). Pha nu6c duge chiét hai 1An bang THF (10
lit va tiép d6 1a 5 lit) va pha hiru co thu gom dugc duge cd trong didu kién 4p suét
giam. Toluen (5 1it) dugc thém vao va tiép theo dugc cit ding phi dé loai bo nudce con
lai bit ky. Hbn hop phan tmg duoc nghién bing toluen (5 lit) va chét rin duge loc ra
va duoc rira bang toluen (3 lit). Dich loc dugc cd trong diéu kién 4p suét giam s& thu
dugc hop chét néu & d&& muc nay dudi dang amin ty do (1,13kg, hiéu sudt 70%). Do
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tinh khiét theo HPLC: 91%.
LC/MS: m/z 179,0 [M+H]"

'H-NMR (CDCls, 270MHz) & 7,12-7,00 (4H, m), 2,72-2,59 (4H, m), 2,52 (2H,
d), 2,27 GH, s), 1,64 (1H, m), 1,48-1,25 (4H, br s); *C-NMR (CDCls, 270MHz)
139,0, 136,3, 130,5, 129,9, 126,2, 125.9, 44,7, 43,8, 34,3, 19.6.
Bude 4

2-(2-Metylbenzyl)propan-1,3-diamin L-tartrat

O OH
H,N

OH O

Etanol (4 lit) duoc thém vao diamin tho (tr Budc 3) (1,62kg, 9,1mol). Dung
dich chura axit L-tartaric (1,62kg, 10,8mol) dugc hoa tan trong etanol (11 lit) dugc
thém vao, giit nhiét d6 thdp hon 40°C. Hdn hop phan tmg dugc khudy & 25°C trong 3
ngay va tiép theo, chét rén'duqc loc ra, duoc rira bang etanol (2 x 2 lit) va duge lam
kho trong diéu kién ap sult giam & 50°C d& thu duge hop chét néu & & muc nay duéi
dang mudi mono-L-tartrat ciia n6 (3,21kg, hiéu suit dinh lwong). D6 tinh khiét theo
HPLC: 92,2%.

LC/MS: m/z 179,0 [M+H]"

'H-NMR (D,0, 270MHz) & 7,30-7,15 (4H, m), 4,27 (2H, s), 3,20-3,07 (2H,
dd), 3,04-2,94 (2H, dd), 2,79 (2H, d), 2,41 (1H, m), 2,27 (3H, s); *C-NMR (D,0,
270MHz) & 178,4, 137,2, 135,7, 131,0, 130,0, 127,6, 126,7, 73,9, 40,5, 35,9, 32,8,
18,7.

Buoc 5

(R)-Alyl (3-amino-2-(2-metylbenzyl)propyl)carbamat (1-(R))

Binh phan tng dugc nap mudi 2-(2-metylbenzyl)propan-1,3-diamin L-tartrat
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(3,57kg, 10,9mol) va nudc (17 lit). Dung dich NaOH 10M (17 lit, 170mol) dugc thém
vao, duy tri nhiét d6 phan tmg thap hon 25°C. Hdn hop phan tmg dugc khudy trong 30
phit & 25°C trong 3 ngdy va tiép theo, 2-MeTHF (14 lit) dugc thém vao. Cac 16p duogc
tach riéng va pha nuéc duge chiét bang 2-MeTHF (14 lit). Pha hitu co thu gom dugc
dugc 1am kho (natri sulfat), loc va dugc c6 trong diéu kién 4p suét giam sé& thu dugc
diamin ty do. Binh phan Ung duogc nap diamin ty do, 2-MeTHF (37,4 lit) va dialyl
cacbonat (1,80kg, 12,6mol). Lipaza Amano PS IM khoéng di dong (5,61kg, 3 ph?m
dwong luong khéi Iugng) duge thém vao timg phan trong 30 phat va nhiét do phéan
tmg dugc thiét 14p & 30°C. Sau 4 ngay, '"H NMR cho thdy nhé hon 5% chét ban diu
con lai va hén hop phan tng nay dugc loc trong qua Celite va duge cd trong diéu kién
4p suat giam dé thu dugc hop chit néu & d& muc nay (2,68kg, 82% ee, hidu sult
100%). P tinh khiét theo HPLC: 84,7%.

LC/MS: m/z 263,1 [M+H]"

'H-NMR (CDCls, 270MHz) & 7,15-7,05 (4H, m), 5,99-5,81 (1H, m), 5,80-
5,60 (1H, br s), 5,35-5,15 (2H, m), 4,54 (2H, d), 3,40-3,14 (2H, m), 2,85-2,52 (4H, m),
2,29 (3H, s), 1,90-1,77 (1H, m), 1,50-1,10 (2H, br s); *C-NMR (CDCls, 270MHz) 5
156,6, 138,1, 136,1, 133,0, 1305, 129,7, 126,3, 125,9, 117,5, 65,4, 44,0, 43,4, 41,6,
34,2, 19,5.

Budc 6

Mubi (R)-alyl (3-amino-2-(2-metylbenzyl)propyl)carbamat (1-(R)) D-tartrat

o)
OH
\/\O/U\N 0 E OH
H oG 0.5x HOJ\E/\[(
NH, OH O

(R)-Alyl (3-amino-2-(2-metylbenzyl)propyl)carbamat thd (2,68kg, 10,2mol)
dugc thém vao EtOH (7,1 lit). Dung dich chtra axit D-tartaric (1,53kg, 10,2mol) trong
EtOH (8 lit) dugc thém vao giit nhiét d6 thap hon 25°C. Sau khoéng 1 gid;, chét két tia
bat dau tao thanh va hdn hop phan tmg dugc dé khudy qua dém. MeCN (5 lit) duge
thém vao & 25°C va chét ran dugce loc ra, duge rira bﬁng MeCN (2 x 5 lit) va dugce lam

kho trong diéu kién &p suét giam & 40°C dé thu dugc 2,94kg hop chit néu & dé muc
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nay (mudi (R) D-tartrat, hiéu suét 100%) véi ty 1€ ty lugng bazo/di-axit = 2:1. D0 tinh
khiét theo HPLC: 91,6%.

LC/MS: m/z 263,1 [M+H]"

'H-NMR (DMSO-dg, 270MHz) & 7,50 (1H, t), 7,22-7,05 (4H, m), 5,98-5,85
(1H, m), 5,35-5,12 (2H, m), 4,48 (2H, d), 3,95 (2H, s), 3,13-2,99 (2H, m), 2,90-2,79
(1H, m), 2,75-2,58 (2H, m), 2,26 (3H, s), 2,08 (1H, m); *C-NMR (DMSO-dq,
270MHz) § 174,6, 156,6, 137,4, 136,1, 133,7, 130,3, 129,7, 126,3, 125.8, 117,0, 71,8,
64,4, 65,5, 37,6, 32,7, 19,1, 18.9.

HPLC bt ddi (phuong phép A): 88,3% ee; nhiét d¢ trong phong = 11,14 phut
(S), 14,57 phut (R).
Bué6c 7
(R)-Alyl (3-amino-2-(2-metylbenzyl)propyl)carbamat

o)

Nuéce (14,7 lit) va MTBE (14,7 lit) dugc thém vao binh dung tich 50 lit trong
ditu kién nito, sau d6 thém tip mubi (R)-Alyl (3-amino-2-(2-
metylbenzyl)propyl)carbamat (1-(R)) D-tartrat (Buéc 6, 2940g). Dung dich NaOH
10M (14,7 lit) duge thém vao hdn hop phan tmg va nhiét 6 phan émg dugc duy tri
duéi 30°C. Hon hop phan tng duge khudy trong 30 phit, cac chit hitu co dugc tich
riéng va pha nu6c duge chiét lai bing MTBE (14,7 lit). Mot phin cac chat hiru co
dugc o trong chan khong (1 lit) dé thu dugc hidu suét theo phép ngoai suy 1a 1779¢g,
95%.

LC/MS: m/z 263,1 [M+H]"

'H NMR (CDCls, 270MHz) & 7,05-7,15 (4H, m), 5,80-5,99 (1H, m), 5,32-5,14
(m, 2H), 4,52 (d, 2H), 3,15-3,38 (m, 2H), 2,55-2,81 (m, 2H), 2,54 (d, 2H), 2,29 (s,
3H), 1,76-1,87 (m, 1H).

Budce 8
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(S)-Alyl tert-butyl (2-(2-metyibenzyl)propan-1,3-diyl)dicarbamat

(R)-Alyl (3-amino-2-(2-metylbenzyl)propyl)carbamat (1740g) dugc hoa tan
trong MTBE (29,4 lit) dugc thém vao binh dung tich 50 lit trong diéu kién nito. Sau d6
thém tiép trietylamin (922ml). H3n hop phan tmg duoc 1am lanh d&n 0°C va duge xtr
1y bing BOC-anhydrit (1600ml, 15 18g) dugc hoa tan trong MTBE (3,48 lit). Hon hop
phan g duogc 1am 4m dén 20°C va dugce khudy trong 2 gi. Hon hop phéan tmg duge
dwgc cho 13 hoan toan theo "H NMR. Hén hop phéan ng dugce thém nudce (8,7 lit) va
dugc khudy trong 15 phit. Cac chit hiru co duge tach riéng va dugc rira bang dung
dich axit xitric 5% (8,7 lit) va nudc mubi (8,7 lit) trudc khi lam khd trén magie
sulphat, loc va ¢ dic trong chin khong s& thu duoc hop chét néu & d& muc nay
(2320g, 94%). "H NMR cho thdy do tinh khiét 13 >90%.

'H NMR (CDCl;, 270MHz) & 7,02-7,10 (m, 4H), 5,82-5,99 (m, 1H), 5,55 (t,
1H), 5,32-5,15 (m, 2H), 5,02 (t, 1H), 4,52 (d, 2H), 3,17-3,30 (m, 2H), 2,95-3,15 (m,
2H), 2,51 (d, 2H), 2,28 (s, 3HO, 1,87-1,95 (m, 1H), 1,43 (s, 9H).

Budc 9

(S)-tert-Butyl (3-amino-2-(2-metylbenzyl)propyl)carbamat

(S)-Alyl tert-butyl (2-(2-metylbenzyl)propan-1,3-diyl)dicarbamat (2330g) hoa
tan trong DCM (12,9 1it) va MeOH (10,3 lit) dugc thém vao binh dung tich 50 lit trong
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diéu kién nito, sau d6 thém tiép Pd(PPhs), (148,4g). Hon hop phan tmg ndy dugc lam
lanh dén 5°C va dugc thém NaBH, (729g) timg phan trong thoi gian 2 gid. Hon hop
phan tmg dugc 1am 4m dn 20°C va dugc khudy trong 2 gid. Hdn hop phan img nay
dugc t6i cin than trong nude (46,6 lit) va tiép theo, dugc khudy trong 20 phut. Céc
chét hiru co duge tach riéng va pha nudc dugce chiét lai bang DCM (23,6 lit). Cac chét
hitu co thu gom dugc dugc lam khod trén magie sulfat, loc va dugc c6 trong chan
khong dé thu dugce hop chét néu & @& muc nay (1679g, hiéu sudt 100% (do tinh khiét
~80% theo "H NMR).

'H NMR (CDCls, 270MHz) § 7,02-7,15 (m, 4H), 5,22 (br s, 1H), 3,10-3,28
(m, 2H), 2,62-2,80 (m, 2H), 2,52 (d, 2H), 2,29 (s, 3H), 1,75-1,82 (m, 1H), 1,92 (s, 9H),
1,30 (br s, 2H).

Budéce 10

(S)-tert-Butyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)

carbamat

Axit 3,5-diamino-6-clopyrazin-2-carboxylic (100g), HBTU (202,8g), THF

(1200ml) va DIPEA (111ml) dugc thém vio binh c¢6 dung tich 5 lit trong diéu kién
| nito. Hn hop phan tmg duoc dé khudy trong 24 gio & nhiét do trong phong. ‘(S)-tert-
Butyl (3-amino-2-(2-metylbenzyl)propyl)carbamat (Buéc 9, 148,6g) hoa tan trong
THF (1,49 lit) dugc thém vao hdn hop phan tng. Can hru ¥ ring, phan Gng téa nhiét &
10°C trong khi thém. Hdn hop phan tmg dugce dé khudy trong 24 gir & nhiét do trong
phong, LCMS cho thdy 5% san phim cong con lai. Hon hop phan ing dugc dun néng
dén 35°C trong 4 gid. LC/MS cho thiy 2% sén phim cong con lai. Hén hop phan ting
dugc khudy trong 1 gidr nita trude khi duge 1am ngudi dén nhiét do trong phong va
dugc co trong chan khong. Phan cin duoc hoa tan trong etyl axetat (1,5 lit) va MTBE
(1,5 lit) va duoc rira bing dimg dich NaHCO3 béo hoa (1 lit), dung dich axit xitric 5%
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(700ml) va nuée mubi (700ml). Céc chat hiru co dugc lam kho trén magie sulfat, loc
va dugc cd tfong chan khong. Phan cin dugc hoa tan trong MTBE (1 lit) va dugc ¢o
lai trudc khi hoa tan trong MTBE (500ml) va dietyl ete (500ml) va loc dé loai b mubi
DIPEA. Dich lgoc dugc c6 va phép phan tich cho théy mdt s mudi DIPEA con lai.
Phén cin dugc nghién lai bing MTBE (750ml) va dietyl ete (750ml) va duoc loc lai.
Dich loc dugc cd dé thu duoc hop chét néu & d& muc nay (225g, 94% (dugc tinh toan
cho dung moéi va TMU).

LC/MS: m/z 349,2 [M+H]"

* 'H NMR (CDCls, 270MHz) § 7,46 (t, 1H), 7,13 (m, 4H), 5,52 (t, 1H), 5,22 (br
s, 2H), 3,62-3,75 (m, 1H), 3,00-3,40 (m, SH), 2,80 (s, 3H), 2,49-2,75 (m, 2H), 1,95-
2,02 (m, 1H), 1,42 (s, 9H).

Budc 11

3,5-Diamino-N-[(2R)-3-amino-2-(2-metylbenzyl)propyl]-6-clopyrazin-2-carboxamit

St

(S)-tert-Butyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl) carbamat (Buéc 10, 2215g) trong dioxan (6 lit) dugc thém vao
* binh c6 mép dung tich 20 lit trong diu kién nito. Hon hop phéan tng dugc khudy trong
20 phit cho dén khi hoa tan hoan toan. Tiép d6, dung dich HCI 4M trong dioxan (10
lit) dugc thém vao hdn hop phan Umg. Phan Ung toa ra mot luong khi déng ké va nhiét
d6 phan tmg ting 1én dén 35°C trude khi duge 1am ngudi. Chét két tia dang dau nhét
dugc quan sét thiy trong phan tmg. Thyc hién phép LC/MS cho hén hop phén Gng nay
sau 1 gid cho thay phan tng hoan toan. Chét 16ng ndi 1én trén dugc gan ra va dugc cd
trong chén khong. Chit rin nhét gibng diu duoc hoa tan trong nude (6 lit) va duge két
hop véi chét ndi trén bé mat da duoc cd hoa tan trong nude (2 lit). Pha nuée duge ria
bang MTBE (5 lit). Tiép theo, pha nuéc dugc bazo héa bang dung dich NaOH 10M (2
lit) va chiét bang 2-Me-THF (4 x 10 lit). C4c chét hitu co duogc lam khd, loc va dugc
cb trong chan khéng. Tiép theo, phin cin dugc co tir MTBE (2 x 4 lit) d loai bé 2-
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MeTHF con lai. Chét rin dugc nghién bing MTBE:heptan (v6i ty 18 9 lit:1,8 lit) va dé
khudy qua cubi tudn. Chét rén dugc loc va duge 1am khd trong 10 & 40°C s€& thu dugc

hop chét néu & dé muc nay (1657g, 96%).

'H NMR (CDCls, 270MHz) § 7,60 (t, 1H), 7,08-7,15 (m, 4H), 5,75 (br s, 2H),
5,12 (b s, 2H), 3,38-3,45 (m, 2H), 2,52-2,82 (m, 4H), 2,30 (s, 3H), 1,80-1,98 (m, 2H),
1,20-1,28 (m, 2H).

Budc 12

(R)-3,5-Diamino-N-(3-amino-2-(2-metylbenZ}‘/l)propyl)-6-clopyrazin-2-carboxamit
(2R,3S)-2-benzoyl-3-(benzoyloxy)sucxinat

NH, (0] HO. _O o
RGN
| N H z 0.5x ©\(O 0
Z v
H,N H,N o
Cl O” OH

3,5-Diamino-N-[(2R)-3-amino-2-(2-metylbenzyl)propyl]-6-clopyrazin-2-
carboxamit (127,4g) va metanol (892ml) dugc thém vao binh c6 dung tich 5 lit trong
diéu kién nito. H6n hop phan tmg dwoc dun néng nhe dén 30°C cho dén khi tAt ca chét
ran dugc hoa tan. Hon hop phan tng dwgc 1am ngudi dén nhiét d6 trong phong va axit
(+)-dibenzoyl-D-tartaric (65,5g) trong metanol (458ml) dugc thém vao. Hdn hop phan
ing duge dé khudy, sau khoang 2 gio, phét rin bit dau két tia. Hdn hop phan tng
dugc dé khudy qua cudi tudn. Isopropyl axetat (1,5 lit) dugc thém vao hdn hop phan
tng va va viéc khudy duogc tiép tuc trong 4 gio. Tiép theo, chit két tia dugc loc ra va
duoc rira bang isopropyl axetat (2 x 1 lit). Tiép theo, Cchét rin dugc duge 1am kho
trong 10 trong 3 ngay & 40°C. Thu dugc tdng cong 147,5g (74%) & dang ty 1¢ ty luong

cua bazo/di-axit = 2:1.

'"H NMR (CDCls, 270MHz): & 7,60 (t, 1H), 7,08-7,15 (m, 4H), 5,75 (br s, 2H),
5,12 (b s, 2H), 3,38-3,45 (m, 2H), 2,52-2,82 (m, 4H), 2,30 (s, 3H), 1,80-1,98 (m, 2H),
1,20-1,28 (m, 2H).

HPLC bt ddi (phuong phap A): 98,7% ee, Rt = 11,93 phit (R), 14,24 phut
().
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Buéce 13

(R)-3,5-Diamino-N-(3-amino-2-(2-metylbenzyl)propyl)-6-clopyrazin-2-carboxamit

NH, O
le\(mumé
N s
HzN)\f H,N
cl

(R)-3,5-Diamino-N-(3-amino-2-(2-metylbenzyl)propyl)-6-clopyrazin-2-
carboxamit (2R, 3S)-2-benzoyl-3-(benzoyloxy)sucxinat (20g, 38,46mmol) duoc tao
huyén phi trong 2-metyl-THF (200ml) v nuéc (200ml) va dugce 1am lanh bing thing
nuéc da. Natri hydroxit, IM (42,3ml, 42,31mmol) dugc thém vao tir tir va tiép theo
hdn hop phan tng duge duge khudy & 40°C cho dén khi tit ca cac chit dugc hoa tan
hoan toan. Hon hgp phin tng dugc 1am ngudi dén nhiét do trong phong va cac pha
dugc tach riéng. Pha nuéc duge chiét bing 2-metyl-THF (2x200ml). Pha hitu co thu
gom dugc dugc rira bang nuéc mubi (200ml), duge 1lam kho bang thiét bi tich pha va
lam bay hoi trong chan khong dé thu dugc (R)-3,5-diamino-N-(3-amino-2-(2-
metylbenzyl)propyl)-6-clopyrazin—2-carboxémit (13,3g, 99%) dudi dang chét rin mau
nhat.

LC/MS: m/z: 349,3 [M+H]".

IH NMR (500MHz, DMSO-d6) & 1,50 (bs, 2H), 1,76 - 1,87 (m, 1H), 2,26 (s,
3H), 2,4 - 2,49 (m, 2H), 2,52 - 2,62 (m, 2H), 3,18 - 3,28 (m, 2H), 6,95 (bs, 2H), 7,04 -
7,17 (m, 4H), 8,14 (¢, 1H).

HPLC bét déi (phuong phap B): 99,3% ee, Rt = 11,55 phut (S), 13,28 phut

R).
[2]2: +11,8 (¢ 1,0, MeCN).
Chét trung gian B

(S)-(9H-Floren-9-yl)metyl 3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl(piperidin-4-ylmetyl)carbamat
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Buoce 1:

(R)-tert-Butyl 4-((3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propylamino)metyl)piperidin-1-carboxylat

NH, O
SRR
HzN)\fN NNH

Cl

Hon hop ctia tert-butyl 4-formylpiperidin-1-carboxylat (122mg, 0,57mmol,
1,00 duong luong) va 3,5-diamino-N-[(2R)-3-amino-2-[(2-metylphenyl)metyl]-
propyl]-6-clopyrazin-2-carboxamit (Chét trung gian A, 200mg, 0,57mmol, 1,0 dwong
lugng) trong diclometan (5Sml) dugc thém vao binh ddy tron dung tich 50ml, hdn hop
phan g duge khudy trong 1 gid. Tiép theo, natri triaxetoxybohydrua (486mg,
2,29mmol, 4,00 duong lugng) dugce thém vao. Dung dich tao thanh duoc khuéy qua
dém & nhiét do trong phong. Hon hgp tao thanh dugce rira bang 3x10ml nude, duge
1am khd trén natri sulfat khan va dugc ¢6 trong chan khong. Qua trinh nay sé thu dugc

250mg (80%) of hop chat néu & d& muc nay dudi dang chét rén mau vang.
LC/MS: m/z: 546 [M+H]".
Budéc 2:
(S)-tert-Butyl 4-(((((9H-floren-9-yl)metoxy)cacbonyl)(3-(3,5-diamino-6-clopyrazin-2-
carboxamido)-2-(2-metylbenzyl)propyl)amino)metyl)piperidin-1-carboxylat
| -108-
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FMOC-clorua (19mg, 0,07mmol, 1,00 duong lugng) trong dioxan (2,0ml)
dugc thém timg giot vao hdn hop ctia (R)-tert-butyl 4-((3-(3,5-diamino-6-clopyrazin- |
2-carboxamido)-2-(2-metylbenzyl)propylamino)metyl)piperidin-1-carboxylat (Budc 1,
40mg, 0,07mmol, 1,0 duvong lurong) va Na,CO; (12mg, 0,1 1mmol, 1,5 duong luong)
trong nude/dioxan (v6i ty 1€ 1:2, 3ml). Dung dich tao thanh dugc khudy trong 2 gitr &
nhiét dd trong phong, chiét bing 3x5ml etyl axetat. Pha hiru co thu gom dugc dugc
lam kho trén natri sulfat khan. Sau khi loai bd dung mdi trong chin khéng, thu dugc

42mg (75%) hop chét néu & & muc nay duéi dang chét rén mau vang.
LC/MS: m/z: 768 [M+H]".
Bude 3:

(S)-(9H-Floren-9-yl)metyl 3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyI)propyl(piperidin-4-y1mety1)carbamat

Dung dich chtra (S)-tert-butyl 4-(((((9H-floren-9-yl)metoxy)cacbonyl)(3-(3,5-
diamino-6-clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)amino)metyl)-
piperidin-1-carboxylat (Bué6c 2, 20mg, 0,03mmol, 1,0 duong hrgng) trong HCl/MeOH
(4M, 3ml) dugc thém vao binh ddy tron dung tich 25ml. Dung dich tao thanh dugc
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khudy trong 1 gid & nhiét d6 trong phong. Hon hop tao thanh dugc cd trong chin
khong. Qua trinh nay s€ thu dugc 15mg (86%) 9H-floren-9-ylmetyl N-[(2S)-3-[(3,5-
diamino-6-clopyrazin-2-yl)formamido]-2-[(2-metylphenyl)metyl]propyl]-N-
(piperidin-4-ylmetyl)carbamat du6i dang chit rin mau vang.

LC/MS: m/z: 668 [M+H]"
Chét trung gian C

(9H-Floren-9-yl)metyl (2-aminoetyl)(hexyl)carbamat hydroclorua

(3
CIH HZN/\/N\H/O ’Q
o]

Buée 1

tert-Butyl (2-(benzyl(hexyl)amino)etyl)carbamat

| )(O/?LH/\/NVQ

N—Benzylhexan—l-dmin (2,69g, 14,1Immol), tert-butyl (2-oxoetyl)carbamat
(4,48g, 28,1mmol) va DIPEA (2,46ml, 14,1mmol) dugc hoa tan trong MeOH (20ml)
va dugc khudy & nhiét do trong phong trong 45 phut. Natri xyanobohydrua (1,77g,
28,1mmol) va axit axetic (0,806ml, 14,1mmol) duoc thém vao va viéc khqu duoc tiép
tuc trong 18 gid. Hon hop phan tmg dugc t6i bang cich thém dung dich NaHCO3 8%
(trong nuéc) va duge khudy & nhiét do trong phong trong 1 gid. Dung méi dugce cd
trong chin khong. Phin cin duoc pha lodng bing nuéc va chibt bing EtOAc
(2x100ml). Pha hiru co thu gom duge duge 1am khé bang Na2S04, loc va 1am bay hoi
trong chan khong. Phén cin duoc tinh ché bing phép séc ky nhanh tu dong trén 2 cot
Biotage® KP-SIL 100g. Gradien tir 5 — 50% EtOAc trong heptan trong 12 CV duoc st
dung 1am pha di dong. San phim dugc thu gom va lam bay hoi trong chan khong dé

-110-



20210

thu dugc tert-butyl (2-(benzyl(hexyl)amino)etyl)carbamat (3,19g, 68%) dudi dang dau

khong mau.
LC/MS: m/z: 335,6 [M+H]"

1H NMR (500MHz, CDCl3) & 0,84 - 0,92 (m, 3H), 1,19 - 1,35 (m, 6H), 1,38 -
1,66 (m, 11H), 2,43 (t, 2H), 2,52 (t, 2H), 3,09 - 3,21 (m, 2H), 3,56 (s, 2H), 4,83 - 4,93
(m, 1H), 7,22 - 7,37 (m, 5H).

Budc 2

tert-Butyl (2-(hexylamino)etyl)carbamat

o
)(O/U\ﬁ/\/NH

tert-Butyl (2-(benzyl(hexyl)amino)etyl)carbamat (3,19g, 9,54mmol) dugc hoa
tan trong MeOH (25ml) va Pd(OH),/C 20% (0,201g, 0,29mmol) dugc thém vao. Hon
hop phén tmg dugc hydro héa trong thiét bi hydro héa Buchi & 4 bar va nhiét do trong
phong trong 18 gid. Phan ung dugc chim dit. PA(OH),/C 20% bd sung (200mg,
0,28mmol) dugc thém vao va viéc hydro hoa dugc tiép tuc trong 6 gid, rdi budce hydro
dugc chdm dat. Chét xic tic duge loc ra, duoc rira bing MeOH va dich loc duge co
trong chan khong. Phin cin dugc hoa tan trong MeOH (15ml), Pd(OH),/C 20%
(250mg, 0,36mmol) dugce thém vao va viéc hydro hoa dugc tiép tuc & 4 bar va nhiét d6
trong phong trong 16 gid. Chét xuc tac duogc loc ra, duge rira bing MeOH va dich loc
1am bay hoi trong chan khong. Hon hop phan tmg duge hoa tan mot 14n nita trong
MeOH, Pd(OH),/C 20% (250mg, 0,36) dugc thém vao va viéc hydro hoa duoc tiép tuc
trong 3 ngay. Chét xic tdc duge loc ra, duge rira bﬁng MeOH va dich loc 1am bay hoi
trong chan khéng dé thu dugc tert-butyl (2-(hexylamino)etyl)carbamat (2,38g, 102%)

dudi dang diu khéng mau.

'H NMR (500MHz, CDCl3) § 0,89 (t, 3H), 1,22 - 1,36 (m, 6H), 1,41 - 1,53 (m,
11H), 2,61 (t, 2H), 2,75 (t, 2H), 3,19 - 3,28 (m, 2H), 4,97 (bs, 1H).
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Buoc 3

(9H-Floren-9-yl)metyl (2-((tert-butoxycacbonyl)amino)etyl)(hexyl)carbamat

; (3
)(OJ\H/\/N\[(])/O ’Q

DIPEA (1,79ml, 10,2mmol) va (9H-floren-9-yl)metyl cacbonocloridat (2,65g,
10,2mmol) dugc thém vao dung dich da dugc lam lanh trong thung nude da chira tert-
butyl (2-(hexylamino)etyl)carbamat (2,38g, 9,74mmol) trong DCM (40ml). Hén hop
phén ung dugc khudy két hop 1am lanh trong 10 phat va tiép theo & nhiét do trong
phong trong 1 gid. Nuéc (20ml) dugc thém vio, lac va céc pha duge tach riéng. Pha
nuéc duge chiét bang DCM (2x20ml). Pha hiru co thu gom dugc duge lam kho bing
thiét bi tich pha va 1am bay hoi trong chan khéng. Phén can dugc tinh ché bing phép
sic ky nhanh ty dong frén cot Biotége® KP-SIL 100g. Gradien tir 5 — 30% EtOAc
trong heptan trong 9 CV, rdi &én 30% EtOAc trong heptan trong 3 CV dugc st dung
lam pha di dong. San phim dugc thu gom bing cach st dung budc song 264nm. Cac
phén doan thu gom dugc duge lam bay hoi trong chan khéng dé thu dugc (9H-floren-
9-yDmetyl (2-((tert-butoxycacbonyl)amino)etyl)(hexyl)carbamat (3,70g, 81%) duéi

dang diu khong mau.
LC/MS: m/z: 467,4 [M+H]"

'H NMR (500MHz, CDCl3) & 0,89 (t, 3H), 1,06 - 1,36 (m, 8H), 1,43 (s, 9H),
2,78 - 2,87 (m, 1H), 2,95 - 3,08 (m, 2H), 3,11 - 3,36 (m, 3H), 4,18 - 4,26 (m, 1H), 4,49
- 4,63 (m, 2H), 4,89 (bs, 1H), 7,3 - 7,36 (m, 2H), 7,41 (t, 2H), 7,59 (d, 2H), 7,77 (d,
2H).

Budc 4

(9H-Floren-9-yl)metyl (2-aminoetyl)(hexyl)carbamat hydroclorua
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(3
CH HZNA\/N\[(O .Q
o]

Axetyl clorua (2,84ml, 40,0mmol) dugc thém timg giot vao lo nhé da dugce
lam lanh trong thing nuéc d4 chira MeOH (10ml, 247mmol) va dugc khudy trong 5
phut. Tiép d6, dung dich phan tmg nay dugc thém vao (9H-floren-9-yl)metyl (2-((tert-
butoxycacbonyl)amino)etyl)(hexyl)carbamat (3,7g, 7,93mmol) va hén hop phan tmg
dugc khudy & nhiéf do trong phong trong 2,5 gi¢. Dung mdi dugc cd trong chan khong
dé thu duoc (9H-ﬂoren—9-yl)metyl (2-aminoetyl)(hexyl)carbamat hydroclorua (2,92g,

91%) dudi dang chat rén mau tring.
LC/MS: m/z: 367,3 [M+H]"

1H NMR (400MHz, DMS0-d6) & 0,82 - 0,97 (m, 4H), 0,99 - 1,51 (m, 7H),
2,68 - 2,88 (m, 3H), 3,23 - 3,39 (m, 3H), 4,23 - 4,4 (m, 2H), 4,52 (d, 1H), 7,29 - 7,37
(m, 2H), 7,37 - 7,46 (m, 2H), 7,64 (d, 2H), 7,83 - 8,09 (m, SH).

Chét trung gian D

(S)-tert-Butyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexylamino)etyl)carbamoyl)phenetyl)carbamat

X

NH, O

[ ?
N)\)LN/ : 2 I
H :\N/\ X H

AN
HNT Y ) Y
K

Ci o

Budce 1

Metyl 4-(2-hydroxyetyl)benzoat
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/\/©)\O/
HO

Axit 4-(2-hydroxyetyl)benzoic (2,41g, 14,5mmol) dugc hoa tan trong MeOH
(5ml) va H,SO,4 (0,06ml, 1,13mmol) duge thém vao. Hon hop phan tng dugc dun
néng trong 16 vi séng & 120°C trong 1 gidr va tiép theo dugc 1am bay hoi trong chan
khong. Phin cin dugc hoa tan trong EtOAc (150ml), dlfgc rua béng dung dich
NaHCO3 8% (trong nuéc) (150ml), nuée mudi (50ml), duge 1am khé bing thiét bi
tach pha va 1am bay hoi trong chan khéng dé thu dugc metyl 4-(2-hydroxyetyl)benzoat
(2,41g, 92%) dudi dang dau mau nhat.

LC/MS: m/z: 181,0 [M+H]"

1H NMR (500MHz, CDCls) & 2,94 (t, 2H), 3,88 - 3,94 (m, SH), 7,32 (d, 2H),
7,97 - 8,02 (m, 2H).

Budc 2

Metyl 4-(2-oxoetyl)benzoat

@)&o/
O/

Metyl 4-(2-hydroxyetyl)benzoat (2,41g, 13,37mmol) dugc hoa tan trong DCM
(50ml) va Dess-Martin Periodinan (6,24g, 14,7mmol) duoc thém vao. Hdn hop phén.
g dugc khudy & nhiét d6 trong phong trong 2 gidr va tiép theo dugc t6i bing cach
thém dung dich 15% Na2S203/NaHCO3 véi ty 1€ 3:2 (trong nudc) (50ml) va duoc
khudy manh trong 30 phat. Céc pha dugc tich riéng va pha nuéc chiét bing DCM
(2x50ml). Pha hitu co thu gom duge dugc 1am kho bang thiét bi tach pha va 1am bay
hoi trong chan khong. Phan cin duoc tinh ché bang phép séc ky nhanh tu dong trén cot
Biotage® KP-SIL 100g. Gradien tr 5 — 40% EtOAc trong heptan trong 9 CV 1di dén
50% EtOAc trong heptan trong 3 CV dugc sir dung 1am pha di dong. San phim dugc
thu gom bang cach sir dung budc séng 245nm. San phim duoc thu gom va lam bay
hoi trong chan khong dé thu dugc metyl 4-(2-oxoetyl)benzoat (0,880g, 36,9%) dudi
dang chit rin mau vang.
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1H NMR (500MHz, CDCl3) & 3,78 (d, 2H), 3,93 (s, 3H), 7,29 - 7,34 (m, 2H),
8,03 - 8,09 (m, 2H), 9,79 (t, LH).

Budc 3

(S)-Metyl 4-(2-((tert-butoxycacbonyl)(3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-
(2-metylbenzyl)propyl)amino)etyl)benzoat

Chiral

(R)-3,5-Diamino-N-(3-amino-2-(2-metylbenzyl)propyl)-6-clopyrazin-2-
carboxamit (Chét trung gian A, 2,00g, 5,56mmol), metyl 4-(2-oxoetyl)benzoat (1,09g,
6,12mmol) va DIPEA (0,971ml, 5,56mmol) dugc hoa tan trong MeOH (4ml) va dugc
khudy & nhiét do trong phong trong 30 phut. Tiép theo, natri xyanobohydrua (1,05g,
16,7mmol) va axit axetic (0,318ml, 5,56mmol) dugc thém vao va hén hop phéan tmg
dugc khudy & nhiét do trong phong trong 3 gid. Hon hop phan ting dugc t6i bang cach
thém dung dich NaHCO3 8% (trong nuéc). Hén hop phan tng duge duoc pha lodng
bang EtOAc (100ml), dugc khudy trong 30 phiit va cc pha dugc tach riéng. Pha nuéc
dugc chiét bing EtOAc (100ml). Pha hitu co thu gom dugc duge rira bang nude mudi
(50ml), dugc 1am khd bang thiét bi tach pha va lam bay hoi trong chan khong. Phin
cdn dugc hoa tan trong DCM (20ml) va BOC,0 (1,290ml, 5,56mmol) dugc thém vao.
Hdn hop phan tmg duoc khudy & nhiét do trong phong trong 5,5 gio va tiép theo dugc
cd trong chan khong. Phén cin duoc tinh ché bing phép sic ky nhanh tw dong trén cot
Biotage® KP-SIL 100g. Gradien tir 10 — 80% of EtOAc trong heptan trong 10 CV
dugc sir dung 1am pha di dong. San phim dugc thu gom bing cach sir dung budce song
270nm. San phim dugc thu gom lai va 1am bay hoi trong chan khong dé thu dugc (S)-
metyl 4-(2-((tert-butoxycacbonyl)(3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)amino)etyl)benzoat (1,84g, 54%) dudi dang chét rin mau nhat.

LC/MS: m/z: 611,4 [M+H]"
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'H NMR (500MHz, DMSO-d) § 1,36 (d, 9H), 2,15 - 2,26 (m, 4H), 2,45 - 2,49
(m, 2H), 2,75 (t, 2H), 2,93 (dd, 1H), 3,01 - 3,4 (m, SH), 3,84 (s, 3H), 6,97 (bs, 2H),
7,05 - 7,17 (m, 4H), 7,21 (d, 2H), 7,82 (d, 2H), 7,85 - 7,94 (m, 1H).

Budc 4

Axit  (S)-4-(2-((tert-butoxycacbonyl)(3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-
(2-metylbenzyl)propyl)amino)etyl)benzoic

Chiral
Khéng ddi xirng
NH2 0] O
R Yo
H N/H&N -\N/\ NN !
2
cl A

(S)-Metyl 4-(2-((tert-butoxycacbonyl)(3-(3,5-diamino-6-clopyrazin-2-
carboxamido)-2-(2-metylbenzyl)propyl)amino)etyl)benzoat (1,84g, 2,56mmol) duoc
hoa tan trong MeOH (20ml) va natri hydroxit (3,37ml, 12,8mmol) dugc thém vao.
Hdn hop phéan tng durgc khudy & nhiét do trong phong trong 3 ngay. Tiép theo, dung
moi (MeOH) dugc c6 trong chan khong. Nudc (50ml) va MeTHF (50ml) duoc thém
vao va d6 pH dugc diéu chinh dén ~2 bang dung dich HCI 3M (trong nuéc). Céc pha
dugc tach riéng va pha nuée chiét bang L-MeTHF (50ml). Pha hitu co thu gom duogc
duoc 1am khd bang Na2SO4, loc va lam bay hoi trong chin khong dé thu duoc (S)-4-
(2~((tert-butoxycacbonyl)(3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)amino)etyl)benzoic axit (1,53g, 100%) duéi dang chét rin mau
nhat.

LC/MS: m/z: 597,4 [M+H]"

1H NMR (400MHz, DMSO-d6) & 1,33 (s, 9H), 2,21 (d, 4H), 2,38 - 2,49 (m,
2H), 2,73 (t, 2H), 2,83 - 3,43 (m, 6H), 6,84 - 7,26 (m, 8H), 7,78 - 7,98 (m, 3H), 12,80
(bs, 1H).

Budce 5

(8)-tert-Butyl 4-((2-((((9H-floren-9-
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yl)metoxy)cacbonyl)(hexyl)amino)etyl)carbamoyl)phenetyl(3-(3,5-diamino-6-
clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)carbamat

Khéng déi xirng
N, 0 K'j l
AP )
Jl\fN

Axit (S)-4-(2-((tert-butoxycacbonyl)(3-(3,5-diamino-6-clopyrazin-2-
carboxamido)-2-(2-metylbenzyl)propyl)amino)etyl)benzoic (1,24g, 1,77mmol), 2-(1H-
benzo[d][1,2,3]triazol-1-yl)-1,1,3,3-tetrametylisouroni tetrafloborat (0,623g,
1,94mmol) va DIPEA (1,54ml, 8,83mmol) dugc hoa tan trong DCM (30ml) va dugce
khudy & nhiét d6 trong phong trong 5 phut truée khi thém (9H-floren-9-yl)metyl (2-
aminoetyl)(hexyl)carbamat hydroclorua (Chét trung gian C, 0,95g, 2,12mmol). Hdn
hop phan tmg dugc khudy trong 2,5 gi&. Hdn hop phan tmg duge rira bing dung dich
NaHCO3 8% (trong nuéc) (150ml). Pha nuée duge chiét bing DCM (150ml). Pha hitu
co thu gom duge dugc 1am khd bang thiét bi tach pha va 1am bay hoi trong chan
khong. Phén cin duoc tinh ché bang phép séc ky nhanh tr dong trén cot Biotage® KP-
SIL 100g. Gradien tir 20 — 80% EtOAc trong heptan trong 9 CV rdi dén 80% EtOAc
trong heptan trong 3 CV dugc sir dung 1am pha di dong. San phim dugc thu gom va
1am bay hoi trong chan khong dé thu duoc (S)-tert-butyl 4-((2-((((9H-floren-9-
yl)metoxy)cacbonyl)(hexyl)amino)etyl)carbamoyl)phenetyl(3-(3,5-diamino-6-
clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)carbamat (1,56g, 93%) dudi

dang chét rin mau nhat.
LC/MS: m/z: 945,6 [M+H]"

'H NMR (500MHz, DMSO-d¢) & 0,82 (t, 3H), 0,87 - 0,97 (m, 2H), 1 - 1,27
(m, 5H), 1,33 (s, 9H), 1,38 - 1,47 (m, 1H), 2,15 - 2,27 (m, 4H), 2,45 (dd, 1H), 2,69 (s,
2H), 2,81 - 2,89 (m, 1H), 2,9 - 3 (m, 1H), 3,01 - 3,41 (m, 11H), 4,15 - 4,27 (m, 2H),
4,48 (d, 1H), 6,96 (bs, 2H), 7,05 - 7,18 (m, 6H), 7,30 (t, 2H), 7,39 (t, 2H), 7,55 - 7,65

-117-



20210

(m, 2H), 7,71 (dd, 2H), 7,8 - 7,97 (m, 3H), 8,37 - 8,51 (m, 1H).
Budc 6

(S)-tert-Butyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexylanino)etyl)carbamoyl)phenetyl)carbamat

Chiral

NH O

HN |
C! O/LO

(S)-tert-Butyl 4-((2-((((9H-floren-9-yl)metoxy)cacbonyl)(hexyl)amino)etyl)-
carbamoyl)phenetyl(3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)carbamat (1,59g, 1,68mmol) dugc hoa tan trong THF (15ml) va
piperidin (1,67ml, 16,8mmol) dugc thém vao. Hon hop phan tng duogc khuz"ly & nhiét
d9 trong phong trong 3 gid va tiép theo dugc cb trong chan khong. Phan cin dugc tinh
ché bang phép sic ky nhanh tu dong trén cot Biotage® KP-SIL 100g. Gradien tir 4 —
8% (2 M amoniac trong MeOH) trong DCM trong 5 CV r6i dén 8% (amoniac 2M
trong MeOH) trong DCM trong 10 CV dugc st dung lam pha di dong. San phim dugc
thu gom va lam bay hoi trong chan khéng dé thu dugc (S)-tert-butyl (3-(3,5-diamino-
6-clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)(4-((2-
(hexylamino)etyl)carbamoyl)phenetyl)carbamat (1,03g, 85%) duéi dang chét rin mau
nhat.

LC/MS: m/z: 723,6 [M+H]"

1H NMR (500MHz, DMSO-d6) & 0,84 (t, 3H), 1,19 - 1,44 (m, 17H), 2,15 -
2,29 (m, 4H), 2,45 (dd, 1H), 2,54 (t, 2H), 2,65 - 2,75 (m, 4H), 2,94 (dd, 1H), 3,02 -
3,18 (m, 2H), 3,18 - 3,3 (m, 3H), 3,3 - 3,4 (m, 4H), 6,97 (bs, 2H), 7,05 - 7,2 (m, 7H),
7,73 (d, 2H), 7,79 - 7,97 (m, 1H), 8,32 (t, 1H).

Chét truﬁg gian E
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(S)-tert-Butyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexylamino)etyl)carbamoyl)benzyl)carbamat

Sy L
HZNJ\(N SN0
cl
N
~">NH

Buédc 1

(S)-Metyl 4-(((tert-butoxycacbonyl)(3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-
(2-metylbenzyl)propyl)amino)metyl)benzoat '

NH, O
N

‘” H
HZN&%N N
cl o’&o o
K 0

(R)-3,5-Diamino-N-(3-amino-2-(2-metylbenzyl)propyl)-6-clopyrazin-2-
carboxamit (Chét trung gian A, 2,17g, 6,22mmol), metyl 4-formylbenzoat (1,12g,
6,84mmol) va DIPEA (1,09ml, 6,22mmol) dugc hoa tan trong MeOH (15ml) va duoc
khudy & nhiét do trong phong trong 1 gio. Tiép theo, natri xyanobohydrua (0,7 82g,
12,4mmol) va axit axetic (0,392ml, 6,84mmol) dugc thém vao va hdn hop phan mg
dugc khudy & nhiét do trong phong trong 3 gio. Khi theo ddi bang phép phan tich
LCMS, cho thdy chuyén héa khéng hoan toan, metyl 4-formylbenzoat (200mg,
1,22mmol) dugc thém vao va viéc khudy dugce tiép tuc trong 3 gid. Tiép theo, metyl 4-
formylbenzoat (200mg, 1,22mmol) va natri xyanobohydrua (200mg, 3,18mmol) lai
dugc thém vao va viéc khudy dugc tiép tuc trong 18 gio. Hon hop phéan g duogc toi

bang cach thém dung dich NaHCO3 8% (trong nudc). Dung mo6i dugc ¢ trong chin
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khong. Phin cin dugc hoa tan trong EtOAc (250ml) va dung dich NaHCO3 8% (trong
nuéc) 250ml), lic va cic pha dwoc tach riéng. Pha nuéc duoc chiét bang EtOAc
(250ml). Pha hitu co thu gom dugc dugc lam khé bing Na2S04, loc va lam bay hoi
trong chan khong. Phan cdn dugc hoa tan trong DCM (50ml), BOC,0 (1,63g,
7,46mmol) dugc thém vao va hdn hop phan tmg duge khudy & nhiét do trong phong
trong 2 gid. Hon hop phan tng dugc dugc co trong chan khéng va tiép theo duge tinh
ché bang phép séc ky nhanh tu dong trén cot Biotage® KP-SIL 100g. Gradien tir 20 —
80% EtOAc trong heptan trong 12 CV duogc sit dung 1am pha di dong. San phim dugc
thu gom bang céch sir dung budc séng 265nm. Sén phim dugc 1am bay hoi trong chan
khong dé thu dugc (S)-metyl 4-(((tert-butoxycacbonyl)(3-(3,5-diamino-6-clopyrazin-
2-carboxamido)-2-(2-metylbenzyl)propyl)amino)metyl)benzoat (2,85g, 77%) dudi

dang chét ran.

LC/MS: m/z: 597,5 [M+H]"

1H NMR (500MHz, DMSO-d6) & 1,36 (d, 9H), 2,21 (s, 3H), 2,24 - 2,38 (m,
1H), 2,45 - 2,57 (m, 2H), 2,95 - 3,3 (m, 4H), 3,83 (s, 3H), 4,33 - 4,51 (m, 2H), 6,97
(bs, 2H), 7,04 - 7,17 (m, 4H), 7,22 (d, 2H), 7,76 - 7,96 (m, 3H).

Budc 2

Axit (S)-4-(((tert-butoxycacbonyl)(3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)amino)metyl)benzoic

thr'ng' déi xirng

(S)-Metyl 4-(((tert-butoxycacbonyl)(3-(3,5-diamino-6-clopyrazin-2-
carboxamido)-2-(2-metylbenzyl)propyl)amino)metyl)benzoat (2,85g, 4,77mmol) dugc
hoa tan MeOH (40ml) va natri hydroxit, 3,8 M (6,28ml, 23,9mmol) dugc thém vao.
Hén hop phéan tng dugc khudy & nhiét d6 trong phong trong 24 gidy va dung méi
(MeOH) tiép theo dugc ¢ trong chin khong. Nuéc (75ml) va MeTHF (75ml) dugce
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thém véao va d pH dugc diéu chinh dén ~2 bang dung dich HCI 3M (trong nuéc). Cac
pha dugc tach riéng va pha nuée chiét bing MeTHF (75ml). Pha hitu co thu gom duogc
dugc lam kho bang thiét b tach pha va 1am bay hoi trong chan khong dé thu dugce (S)-
4-(((tert-butoxycacbonyl)(3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)amino)metyl)benzoic axit (2,75g, 99%) duéi dang chit rin:
LC/MS: m/z: 583,4 [M+H]"
IH NMR (500MHz, DMSO-d6) & 1,32 - 1,42 (m, 9H), 2,20 (s, 3H), 2,24 -
2,38 (m, 1H), 2,5 - 2,55 (m, 2H), 2,92 - 3,36 (m, 4H), 4,27 - 4,54 (m, 2H), 6,97 (bs,
2H), 7,03 - 7,17 (m, 4H), 7,19 (d, 2H), 7,78 - 8 (m, 3H), 12,85 (bs, 1H).
Buéc 3
(S)-tert-Butyl 4-((2-((((9H-floren-9-yl)metoxy)cacbonyl)(hexyl)amino)etyl)-
carbamoyl)benzyl(3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)carbamat

Chiral
Khéng d8i xirng

MN )

l H :

HZNJYN \NJ]\ OJ<
N)\j\)‘

Axit (S)-4-(((tert-butoxycacbonyl)(3-(3,5-diamino-6-clopyrazin-2-
carboxamido)-2-(2-metylbenzyl)propyl)amino)metyl)benzoic (1,61g, 2,76mmol), 2-
(1H-benzo[d][1,2,3]triazol-1-yl)-1,1,3,3-tetrametylisouroni tetrafloborat (0,975g,
3,04mmol) va DIPEA (2,41ml, 13,8mmol) dugc hoa tan trong DCM (150ml) va dugc
khudy & nhiét do trong phong trong 5 phut trude khi thém (9H-floren-9-yl)metyl (2-
aminoetyl)(hexyl)carbamat hydroclorua (Chét trung gian C, 1,48g, 3,3 1mmol). Hén
hop phéan g duoc khudy trong 1,5 giv. Hon hop phan ng dugc rira bang dung dich

NaHCO3 8% (trong nuéc) (100ml). Pha nuée duge chiét bing DCM (100ml). Pha hitu
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co thu gom dugc dugc 1am kho bang thiét bi tach pha va 1am bay hoi trong chan
khong. Phén cin duoc tinh ché bing phép sic ky nhanh tir dong trén cot Biotage® KP-
SIL 100g. Gradien tir 20 — 80% EtOAc trong heptan trong 12 CV rdi dén 80% EtOAc
trong.heptan trong 3 CV dugc st dung 1am pha di dong. San phim dugc thu gom va
lam bay hoi trong chan khong dé thu dugc (S)-tert-butyl 4-((2-((((9H-floren-9-
yDmetoxy)cacbonyl)(hexyl)amino)etyl)carbamoyl)benzyl(3-(3,5-diamino-6-
clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)carbamat (2,38¢g, 93%) duéi
dang chét rin mau nhat.

LC/MS: m/z: 931,5 [M+H]"

1H NMR (500MHz, DMSO-d6) § 0,82 (t, 3H), 0,86 - 0,96 (m, 1H), 0,99 -
1,27 (m, '6H), 1,27 - 1,48 (m, 10H), 2,19 (s, 3H), 2,23 - 2,35 (m, 1H), 2,45 - 2,54 (m,
2H), 2,8 - 2,9 (m, 1H), 2,9 - 3,05 (m, 1H), 3,05 - 3,38 (m, 8H), 4,16 - 4,32 (m, 3H),
4,39 - 4,56 (m, 2H), 6,97 (bs, 2H), 7,02 - 7,18 (m, 6H), 7,30 (t, 2H), 7,39 (t, 2H), 7,60
(t, 2H), 7,64 - 7,76 (m, 2H), 7,78 - 7,99 (m, 3H), 8,37 - 8,52 (m, 1H).

Budc 4

(S)-tert-Butyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexylamino)etyl)carbamoyl)benzyl)carbamat

Chiral
NH, O
U8k
HzN)\fN SN0
Cl
N
(0]

(S)-tert-Butyl 4-((2-((((9H-floren-9-yl)metoxy)cacbonyl)(hexyl)amino)etyl)-
carbamoyl)benzyl(3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)carbamat (2,38g, 2,55mmol) dugc hoa tan trong THF (25ml) va
piperidin (2,53ml, 25,6mmol) dugc thém vao. Hon hgp phan g dugce khudy & nhiét
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d trong phong trong 20 gid. Dung méi duge 1am bay hoi trong chan khong. Phén cin
duogc tinh ché bang phép sic ky nhanh ti dong trén cot Biotage® KP-SIL 100g.
Gradien tir 2,5 — 8% (amoniac 2M trong MeOH) trong DCM trong 9 CV rdi dén 8%
(amoniac 2M trong MeOH) trong DCM trong 3 CV dugc sir dung 1am pha di dong.
San phdm duoc thu gom va lam bay hoi trong chan khong dé thu dugc (S)-tert-butyl
(3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)(4-((2-
(hexylamino)etyl)carbamoyl)benzyl)carbamat (1,60g, 88%) dudi dang chét rin mau
nhat.

LC/MS: m/z: 709,5 [M+H]"

IH NMR (500MHz, DMSO-d6) $ 0,84 (t, 3H), 1,17 - 1,31 (m, 6H), 1,31 -
1,45 (m, 11H), 2,20 (s, 3H), 2,24 - 2,37 (m, 1H), 2,51 - 2,57 (m, 3H), 2,68 (t, 2H), 2,91
- 3,06 (m, 1H), 3,06 - 3,4 (m, 6H), 4,23 - 4,36 (m, 1H), 4,4 - 4,53 (m, 1H), 6,97 (bs,
2H), 7,04 - 7,19 (m, 6H), 7,72 (d, 2H), 7,79 - 7,98 (m, iH), 8,28 - 8,35 (m, 1H).

Chét trung gian F _
9H-Floren-9-yl)mety! (3-(4-formylpiperidin-1-yl)-3-oxopropyl)carbamat

(3

o oL

o) T\ O
gev;

(9H-Floren-9-yl)metyl 3-(4-(hydroxymetyl)piperidin-1-yl)-3-oxopropylcarbamat

(3
OH OTO ’Q

o

o)

Budce 1:

DIPEA (0,910ml, 5,21mmol) dugc thém vao dung dich da khuéy chira
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piperidin-4-ylmetanol (200mg, 1,74mmol), axit 3-(((9H-floren-9-
yl)metoxy)cacbonylamino)propanoic  (541mg, 1,74mmol) va HATU (660mg,
1,74mmol) trong DMF kho (5ml). Hon hop phén tmg mau vang dugc khudy & nhiét do
trong phong qua d&&m. Hén hop phan tig nay dugc pha lodng bing EtOAc (50ml) va -
dugc rira bang dung dich NaCl 15% trong nude(50ml) va dung dich NaCl 30% trong
nude (50ml). Dung mdi duge 1am bay hoi va phan cin dugc tinh ché bang phép HPLC
diu ché. Sau khi 1am kho lanh phén cin dugc hoa tan lai trong DCM va heptan dugc
thém vao. Lam bay hoi s& thu dugc hop chét néu & d& muc nay duéi dang chét rin
khong mau (378mg, 53%).

LC/MS: m/z: 409 [M+H]"

1H NMR (500MHz, DMSO) d 0,88 - 1,09 (m, 2H), 1,51 - 1,73 (m, 3H), 2,44
(t, 2H), 2,47 - 2,52 (m, 1H + DMSO peak), 2,93 (t, 1H), 3,18 (dd, 2H), 3,23 (d, 2H),
3,80 (d, 1H), 4,20 (t, 1H), 4,29 (d, 2H), 4,37 (d, 1H), 7,21 (¢, 1H), 7,33 (dt, 2H), 7,41
(t, 2H), 7,68 (d, 2H), 7,89 (d, 2H).

" Budc 2

(9H-Floren-9-yl)metyl (3-(4-formylpiperidin-1-yl)-3-oxopropyl)carbamat

(Y
(0] (0] ’
0 T | Q
_ O

Dess-Martin Periodinan rin (413mg, 0,97mmol) dugc thém vao dung dich
chira (9H-floren-9-yl)metyl 3-(4-(hydroxymetyl)piperidin-1-yl)-3-oxopropylcarbamat
(362mg, 0,89mmol) trong DCM (5ml). Huyén phii tao thanh dugc khudy & nhiét do
trong phong trong 2,5 gid. Na,S,0;3 10% (3ml), NaHCO; 10% (3ml) va DCM (2ml)
dugc thém vao hén hgp phan ting nay, hdn hop phan tng dugc khudy manh trong 10
phit va duge dé yén. Cac 16p dugce tach riéng va pha nuéc chira mudi khong hoa tan
duoc chiét lai béng DCM. Pha hifu co thu gom dugc dugce lam khd trén MgSOy, loc va

dung méi dugc lam bay hoi dé thu dugc san phdm thé (440mg) chit nay duge st dung
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ma khong cn tinh ché thém.
LC/MS: m/z: 407 [M+H]".
Chét trung gian G

(R)-tert-Butyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexylamino)etyl)carbamoyl)benzyl)carbamat

NH,0

A
th)\fN N H
Cl A N
' ;i\ o) ~"NH
o .

Budc 1

(R)-Alyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
. metylbenzyl)propyl)carbamat

NH,0

NI/'\T/U\H o
rbN”Lﬁ’N ”JLO/\¢¢

Cl

(3,5-Diamino-6-clopyrazin-2-yl)(1H-imidazol-1-yl)metanon, (858mg,
3,59mmol) va (R)-alyl (3-amino-2-(2-metylbenzyl)propyl)carbamat (Chét trung gian
A, Buéce 5) (990mg, 3,77mmol) duge tao huyén phu trong NMP (15ml) va dun néng
dén 100°C trong 4 gid. Hon hop phan tmg nay dugc dé ngudi dén nhiét do trong
phong. EtOAc (50ml) va nude (50ml) dugc thém véo; lic va cac pha dugc tach riéng.
Pha nudc duge chiét bing EtOAc (2x50ml). Pha hitu co thu gom dugc duge rira bing
dung dich HC1 0,1M (trong nuéc) (50ml), nude (2x50ml), nude mubi (50ml), duge
1am khd bang thiét bj tach pha va 1am bay hoi trong chin khéng. Phén cin dugc tinh
ché bang phép sic ky nhanh tr dong trén cot Biotage® KP-SIL 100g. Gradien tir 20 —
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80% EtOAc trong heptan trong 9 CV dugc st dung 1am pha di dong. San phim dugc
thu gom bang cach sir dung budc song 270nm. Cac phén doan thu gom dugc duoc két
hop lai va 1am bay hoi trong chin khong dé thu dugc (R)-alyl (3-(3,5-diamino-6-
clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)carbamat (714mg, 45,9%) dudi

dang chét rén mau nhat.

'H NMR (500MHz, DMSO-d,) § 1,9 - 2,02 (m, 1H), 2,23 (s, 3H), 2,41 - 2,55
(m, 2H), 2,91 - 3,09 (m, 2H), 3,12 - 3,23 (m, 2H), 4,48 (d, 2H), 5,17 (d, 1H), 5,24 -
5,32 (m, 1H), 5,85 - 5,96 (m, 1H), 6,97 (bs, 2H), 7,04 - 7,15 (m, 3H), 7,21 - 7,25 (m,
1H), 7,28 (t, 1H), 8,00 (¢, 1H).

- LC/MS: m/z 433,3 [M+H]".
Budéce 2

(S)-3,5 -Diamino-N-(3-amino-2-(2-metylbenzyl)propyl)-6-clopyrazin-2-carboxamit

NH, O
A
| N H

H,N" Y NH,

Cl

(R)-Alyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
‘metylbenzyl)propyl)carbamat (694mg, 1,60mmol), 1,3-dimetylpyrimidine-
2,4,6(1H,3H,5H)-trion (688mg, 4,41 mmol), palladi (II) axetat (14,4mg, 0,06mmol) va
triphenylphosphin (50,5mg, 0,19mmol) dugc hoa tan trong DCM (7ml) va dun néng
dén 35°C trong 1,5 git. Huyén phu dugc tao thanh. DCM (50ml) va dung dich
Na2CO3 5% (trong nudc) (50ml) duge thém vao va hdn hop phan tmg duge khudy
trong 15 phiit. Cc pha dugc tach riéng va pha nude chiét bang DCM (50ml). Pha hitu
co thu gom dugce duge lam kho bé,ng thiét bi tach pha va lam bay hoi trong chan
khong. Hop chit dugc tinh ché bang phép HPLC didu ché trén cot Kromasil C8 (10pm
dudng kinh trong 250x50mm) bang cach sir dung gradien 5 — 45% axetonitril trong
dung dich dém H,0/MeCN/AcOH véi ty 1€ 95/5/0,2 trong 20 phut véi tbe d6 chay 1a
100ml/phut. Hop chit dugc bao vé bao vé bang tia UV & 270nm. Céc phén doan chl’xé

san pham dugc thu gom lai va dugc 1am kho lanh dé thu dugc 586mg mudi cla axit

-126-



20210

axetic. Mubi dugc khudy trong EtOAc (50ml) va dung dich Na2CO3 5% (trong nuéc)
trong 15 phut va tiép theo cac pha dwoc tach ra. Pha nuéce duge chiét bing EtOAc
(3x50ml). Pha hitu co thu gom duge dugce 1am kho bang Na,SOy, loc va lam bay hoi
trong chan khong dé thu dugc (S)-3,5-diamino-N-(3 -amino-2-(2-metylbenzyl)propyl)-
6-clopyrazin-2-carboxamit (411mg, 73,5%) duéi dang chét rin mau vang sang. Do
tinh khiét bit di: 60% ee, dugc xac dinh bing cot SFC bét dbi: ChiralPak IC
(150x4,6mm), ¢& hat 3pm, pha di dong: 20% MeOH/DEA 100:0,5 trong CO,, 120 bar,
tbc 6 chay 4ml/phit.

'H NMR (500MHz, DMSO-dg) & 1,73 (bs, 2H), 2,01 - 2,12 (m, 1H), 2,50 (s,
3H), 2,64 - 2,73 (m, 2H), 2,76 - 2,86 (m, 2H), 3,4 - 3,53 (m, 2H), 7,19 (bs, 2H), 7,28 -
7,41 (m, 4H), 8,39 (¢, 1H).

LC/MS: m/z 349,2 [M+H]".
Buéc 3

(R)-tert-Butyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)carbamat

NH,O
N A
| N H

H NN NHJ<’
cl o™o

(S)-3,5-Diamino-N—(3-amino-2-(2-metylbenzyl)propyl)-6¥clopyrazin-2-
carbokamit (1,19¢g, 3,41mmol), BOC,0O (0,871ml, 3,75mmol) va DIPEA (0,596ml,
3,41mmol) dugc hoa tan trong DCM (100ml) va duge khudy & nhiét do trong phong
trong 18 gio. Hon hop phan tmg nay dugc rira bing dung dich HCI 0,1M (trong nudc),
dugc lam kho bang thiét bi tach pha va 1am bay hoi trong chan khong. Phin cin dugc
tinh ché bing phép sic ky nhanh tu dong trén cot Biotage® KP-SIL 100g. Gradien tir
30 — 70% EtOAc trong heptan trong 9 CV rdi dén 70% EtOAc trong heptan trong 3
CV dugc st dung 1am pha di dong. San phidm duoc thu gom bing cach sir dung budc
séng 268nm. San phidm duoc 1am bay hoi trong chan khéng dé thu dugc (1,150g, 75%)

dudi dang chit rin mau nhat.
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Chét dong phan ddi anh dugc tinh ché bing céach sir dung phép HPLC didu ché
bat dbi (Cot: ChiralPak AY (250x20mm), c¢& hat 20pm, pha di dong:
heptan/EtOH/TEA véi ty 1& 20/80:0,1, téc d6 chay 120m/phiit). Hop chét rira giai 1an
dau dugc thu gom dé thu dugc 866mg, do tinh khiét bit ddi: 98,6% ee. DO quay

quang[a ]y = -6 (axetonitril, c=1).

'H NMR (500MHz, DMSO-dg) & 1,38 (d, 9H), 1,88 - 2 (m, 1H), 2,23 (s, 3H),
2,39 - 2,49 (m, 2H), 2,83 - 2,93 (m, 1H), 2,93 - 3,03 (m, 1H), 3,09 - 3,23 (m, 2H), 6,89
(t, 1H), 6,97 (bs, 2H), 7,04 - 7,15 (m, 3H), 7,22 (d, 1H), 8,01 (t, 1H).

LC/MS: m/z 449,2 [M+H]"
Buéc 4

(S)-3,5-Diamino-N-(3-amino-2-(2-metylbenzyl)propyl)-6-clopyrazin-2-carboxamit

. NH, 0
A
| N H
HoNT Y NH,
o

Axetyl clorua (1,422ml, 20mmol) dugc thém ting giot vao binh di duoc 1am
lanh trong thing nuéc d4 chira MeOH (5ml, 123,59mmol). Hon hop phan tmg dugc
khudy trong 5 phiit va tiép d6 dugc thém vao mot binh chira (R)-tert-butyl (3-(3,5-
di‘amino-6-clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)carbamat (866mg,
1,93mmol). Hén hop phéan tmg dugc khudy & nhiét do trong phong trong 45 phut va
tiép theo dugc lam bay hoi trong chan khong. Phan cin dugc khudy trong EtOAc
(125ml) va dung dich NaHCO3 8% (trong nudc) (125ml) trong 15 phit. Céac pha duoc
tach riéng va pha nudc chiét bing EtOAc (3x125ml). Pha hiru co thu gom dugc dugc
lam khé bing NaSOy4, loc va 1am bay hoi trong chan khong dé thu duoc (S)-3,5-
diamino-N-(3-amino-2-(2-metylbenzyl)propyl)-6-clopyrazin-2-carboxamit ~ (459mg,
68,2%) du6i dang chat rin mau nhat. Do tinh khiét bit dbi: 99% ee, dugc xac dinh
bing cot SFC bét d6i: Lux C4 (150x4,6mm), c& hat 3um, pha di dong: 35%
EtOH/NH; 100:0,5 trong CO,, 120 bar, tdc do chdy 4ml/phat. D6 quay
quang[a ]y =—-45.9 (CHCls, c=1).
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'"H NMR (500MHz, DMSO-d,) 6 1,57 (bs, 2H), 1,78 - 1,88 (m, 1H), 2,26 (s,

3H), 2,39 - 2,48 (m, 2H), 2,52 - 2,62 (m, 2H), 3,18 - 3,28 (m, 2H), 6,95 (bs, 2H), 7,04
-7,17 (m, 4H), 8,14 (t, 1H).

LC/MS: m/z 349,2 [M+H]".
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Budc 5

(R)-(9H-Floren-9-yl)metyl(2-(4-(((tert-butoxycacbonyl)(3-(3,5-diamino-6-clopyrazin-
2-carboxamido)-2-(2-metylbenzyl)propyl)amino)metyl)benzamido)etyl)(hexyl)-

carbamat

(S)-3,5-Diamino-N-(3-amino-2-(2-metylbenzyl)propyl)-6-clopyrazin-2-
carboxamit (215mg, 0,62mmol), (9H-floren-9-yl)metyl (2-(4-
formylbenzamido)etyl)(hexyl)carbamat (Chét trung gian H) (293mg, 0,59mmol) va
DIPEA (0,103ml, 0,59mmol) dugc hoa tan trong MeOH (5ml) va dugc khqu & nhiét
d6 trong phong trong 1,5 gid. Tiép theo, natri xyanobohydrua (3 8,8mg, 0,62mmol) va
axit axetic (0,101ml, 1,76mmol) duogc thém vao va viée khudy dugc tiép tuc trong 3
gid. Hon hop phan g dugc toi bing cach thém dung dich NaHCO3 8% (trong nudc).
DCM (25ml) va dung dich NaHCO3 8% (trong nuéc) (25ml) duge thém vao, lic va
céc pha dugc tach riéng. Pha nuéc duoc chiét bing DCM (25m1). Pha hitu co thu gom
dugc dugc 1am kho bang thiét bi tach pha va 1am bay hoi trong chén khong.

Phén can va BOC,0 (0,150ml, 0,65mmol) dugc hoa tan trong DCM (5ml) va
dugc khudy & nhiét d6 trong phong trong 18 gi&. Hon hop phan tmg nay dugc cb trong
chan khong. San phdm dugc tinh ché bing phép séc ky nhanh tu dong trén cot
Biotage® KP-SIL 50g. Gradien tir 50 — 100% of EtOAc trong heptan trong 9 CV duoc
stt dung 1am pha di dong. San phim dugc thu gom bang cach st dung bude song
265nm. Céc phan doan chira sin phim dugc lam bay hoi trong chan khong dé thu
duoc (R)-(9H-floren-9-yl)metyl (2-(4-(((tert-butoxycacbonyl)(3-(3,5-diamino-6-

clopyrazin-2-carboxamido)-2-(2-
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metylbenzyl)propyl)amino)metyl)benzamido)etyl)(hexyl)carbamat (511mg, 93%)

dudi dang mang khong mau.

'H NMR (500MHz, DMSO-dg) 8 0,82 (t, 3H), 0,87 - 0,96 (m, 1H), 0,99 - 1,26
(m, 6H), 1,27 - 1,5 (m, 10H), 2,19 (s, 3H), 2,23 - 2,35 (m, 1H), 2,8 - 2,9 (m, 1H), 2,9 -
3,04 (m, 1H), 3,05 - 3,39 (m, 10H), 4,16 - 4,32 (m, 3H), 4,39 - 4,57 (m, 2H), 6,88 -
7,18 (m, 8H), 7,30 (t, 2H), 7,39 (t, 2H), 7,55 - 7,76 (m, 4H), 7,77 - 7,99 (m, 3H), 8,37 -
8,52 (m, 1H).

LC/MS: m/z 931,4 [M+H]".
Budc 6

(R)-tert-Butyl (3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-
metylbenzyl)propyl)(4-((2-(hexylamino)etyl)carbamoyl)benzyl)carbamat

NH,O

Rl
N
2N)\gl k/\@\’(N\/\N H

(R)-(9H-Floren-9-yl)metyl (2-(4-(((tert-butoxycacbonyl)(3-(3,5-diamino-6-
clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)amino)metyl)benzamido)etyl)
(hexyl)carbamat (511mg, 0,55mmol) dugc hoa tan trong THF (5ml) va piperidin
(0,543ml, 5,49mmol) dugc thém vao. Hén hop phan tng duoc khudy & nhiét do trong
phong trong 18 gid. Dung moi duge 1am bay hoi trong chan khong. Phin cin duoc
tinh ché bang phép séc ky nhanh tu dong trén cot Biotage® KP-SIL 50g. Gradien tir
2,5 - 8% (amoniac 2M trong MeOH) trong DCM trong 9 CV, sau d6 thém tiép 8%
(amoniac 2M trong MeOH) trong DCM trong 3 CV dugc sir dung 1am pha di dong.
San phdm duoc thu gom va lam bay hoi trong chan khong dé thu dugc (R)-tert-butyl
(3-(3,5-diamino-6-clopyrazin-2-carboxamido)-2-(2-metylbenzyl)propyl)(4-((2-
(hexylamino)etyl)carbamoyl)benzyl)carbamat (326mg, 84%) duéi dang chét rin mau
nhat.
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'H NMR (500MHz, DMSO-dg) & 0,84 (t, 3H), 1,12 — 1,45 (m, 17H), 2,20 (s,
3H), 2,24 — 2,36 (m, 1H), 2,51 — 2,58 (m, 2H), 2,69 (t, 2H), 2,92 — 3,05 (m, 1H), 3,05
—3,4 (m, 7H), 4,22 — 4,37 (m, 1H), 4,38 — 4,54 (m, 1H), 6,97 (bs, 2H), 7,03 — 7,18 (m,
6H), 7,72 (d, 2H), 7,79 — 7,98 (m, 1H), 8,28 — 8,35 (m, 1H).

LC/MS: m/z 709,4 [M+H]".
Chét trung gian H

(9H-Floren-9-yl)metyl (2-(4-formylbenzamido)etyl)(hexyl)carbamat

. ()

[
YO

Axit 4-formylbenzoic (0,81g, 5,40mmol) va 4-metylmorpholin (1,424ml,
12,95minol) dugc hoa tan trong THF (10ml) va dugc lam lanh bing thing nuéc da.
Isobutyl cacbonocloridat (0,700ml, 5,40mmol) duge thém vao timg giot, hén hgp phan
tmg dugc khudy trong 30 phut va (9H-floren-9-yl)metyl (2-aminoetyl)(hexyl)carbamat
hydroclorua (Chét trung gian C) (1,739g, 4,32mmol) dugc t‘:hém vao. Hdn hop phan
g dugc khudy & nhiét do trong phong trong 2,5 gid. Huyén phu tao thanh dugc chiét
gitta EtOAc (50ml) va nuéc (50ml). Pha hitu co duge rira bing dung dich axit xitric
5% (2x50ml), NapCO3 10% (trong nuéc) (50ml), nudec mubi (50ml), duge 1am khod
bang NapSOy4, loc va lam bay hoi trong chin khong. Phan cin dugc tinh ché bing
phép séc ky nhanh tu dong trén cot Biotage® KP-SIL 100g. Gradien tir 20 — 80%
EtOAc trong heptan trong 9 CV sau d6 thém tiép 80% EtOAc trong heptan trong 3 CV
dugc st dung 1am pha di dong. San phim duoc thu gom bing cach sir dung budc song
260nm. San phim dugc 1am bay hoi trong chan khong dé thu dugc (9H-floren-9-
yl)metyl (2-(4-formylbenzamido)etyl)(hexyl)carbamat (1,690g, 79%) duéi dang chét

ran mau trang.
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IH NMR (500MHz, CDCI3) 6 0,82 - 0,95 (m, 3H), 1,08 - 1,46 (m, 8H), 3,02 -

3,21 (m, 3H), 3,48 - 3,64 (m, 3H), 4,16 - 4,25 (m, 1H), 4,51 - 4,74 (m, 2H), 7,2 - 7,42
(m, 5H), 7,5 - 7,67 (m, 3H), 7,75 (d, 2H), 7,93 (g, 3H), 10,06 (s, 1H).

LC/MS: m/z 499,5 [M+H]".
Chét trung gian I

4-Formyl-N-(2-(hexyl((2S,3R,4R)-2,3.4,5-tetrahydroxypentyl)amino)etyl )benzamit

Buéce 1
tert-Butyl 2-(hexylamino)etylcarbamat

BOC\N/\/H\/\/\/
H

Hexylamin (1020ml, 7,76mol), Na,CO; (206g, 1,94mol) va MeCN (2560ml)
dugce nap vao binh ¢6 vanh dung tich 10 lit. Hn hop phan tmg dugc dun néng dén
70°C trong 1 gid. Dung dich chira tert-butyl 2-bromoetylcarbamat (371,3g, 289,6g
hoat chét, 1,29mol) trong MeCN (740ml) dugc nap tr tr vao hdn hop phan tng trén
trong 1 % gi¢. Hon hop phan tmg duge khudy & 70°C qua dém. Hon hgp phén Ung
dugc 1am ngudi dén 50°C va dugc cb trong chin khong. Nudc (2100ml) va EtOAc
(4200ml) duge nap vao phéan can da duge khudy. Céc 16p duogc tach riéng va pha hiru
co dugce rira bang nudce (3 x 2100ml). Pha hitu co duge cb trong chén khong va dugc
chung cit déng phi lién tuc v&i nuée (3 x 87 Oml) va EtOH (3 x 870ml) dé thu duoc
368,6g (315,8g hoat chét, hidu suit dinh luong) ciia giai doan 1 duéi dang diu trong

suot.
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1H-NMR (270MHz, CDCls,) § 4,95 (1H, br s), 3,29 — 3,19 (m, 2H), 2,71 (t,
2H), 2,58 (t, 2H), 1,50 — 1,40 (br. m, 11H), 1,35 — 1,23 (m, 6H), 0,89 (t, 3H).

LC/MS: m/z 245 [M+H]".
Buéc 2

tert-Butyl 2-(hexyl((2S,3R,4R)-2,3,4,5-tetrahydroxypentyl)amino)etylcarbamat

OH
HO OH
OH
BOC\N/\/N\/\/\/

H

D-xyloza (124,3g, 0,83mol), tert-butyl 2-(hexylamino)etylcarbamat (Budc 1,
181,8g, 155,8g hoat chét, 0,49mol), EtOH (5000ml) va DIPEA (110,8ml, 0,64mol)
dugc nap vao binh c6 vanh dung tich 10 lit. Hon hop phan tmg dugc dun néng dén
35°C trong 1 gid, cho dén khi dwgc hoa tan. AcOH (36,5ml, 0,64mol) dugc nap vao
dung dich phan tng niy va hdn hop tao thanh dugc khudy & 35°C trong 15 phit.
NaCNBH; (56,1g, 0,89mol) dugc nap timg phin vao hdn hop phéan tng ndy trong 5
phtit & 35°C. Khong thiy c6 su téa nhiét hodc bay hoi khi. Hon hop phan tng duogc
khudy & 35°C qua dém. NaCNBHj (8,0g, 0,13mol) dugc nap vao hén hop phéan Gng va
duoc khudy & 35°C trong 3 gid. Hon hop phan tng dugc dé ngudi dén nhiét do trong
phong qua dém. Dung dich bdo hoa trong nuéc NaHCO; (1600ml) duge thém vao hén
hop phan tng trong 10 phit, quan sat thy phéan {mg téa nhiét nhe. Hon hop phan img
dugc khudy & nhiét d9 trong phong qua cubi tudn. EtOH duoc loai bé trong chan
khong va dugc két hop voi mé thir hai ¢6 cing quy md (181,8g nhur giai doan 1) dé
dugc xtr Iy tiép. NaCl (311g) dugc nap vao hdn hop phan tmg. Pha hitu co dugc chiét
bing dung dich MeOH 10% /DCM (3 x 3000ml) va pha hitu co thu gom dugc duge cd
trong chan khong. Phén cin tao thanh dugc tinh ché bing cach séc ky (SiO,, 7kg), tai
nap va dugc ria gidi b%mg dung dich 5% MeOH/DCM + dung dich 0,2% NH; 7N
trong MeOH (35 lit), 50% MeOH/DCM + 0,2% 7 N NH; trong MeOH (75 lit), tiép
theo, rira doi bing 65% MeOH/DCM + 0,2% 7 N NH; trong MeOH (20 lit). San phim

chira cac phan doan dugc két hop lai, 1am bay hoi trong chan khéng va dugc cﬁung cit
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ddng s6i véi MeOH (2 x 500ml) dé thu dugc 387g (366g hoat chit, 76%) hop chit néu

& d€ muc phu du6i dang gobm mau vang.

1H-NMR (270MHz, DMSO-d6) & 6,80 (br.s, 1H), 4,80 — 4,30 (br. m, 3H),
4,22 — 4,05 (br. m, 1H), 3,74 — 3,60 (br. m, 1H), 3,59 — 3,48 (m, 1H), 3,47 — 3,20 (m,
6H), 3,08 — 2,87 (br. m, 2H), 2,70 — 2,45 (br. m, 3H), 1,51 — 1,35 (m, 10H), 1,32 —
1,16 (m, 7H), 0,85 (t, 3H).

LC/MS: m/z 401 [M+H]".
Buéc 3

(2R,3R,45)-5-((2-Aminoetyl)(hexyl)amino)pentan-1,2,3,4-tetraol

OH
HO OH
OH
CHNSA NS

Dung dich HCI 4M trong dioxan (1710ml, 6,84mol) dugc nap vao dung dich
chira tert-butyl 2-(hexyl((2S,3R,4R)-2,3,4,5-tetrahydroxypentyl)amino)etylcarbamat
(Budrc 2, 365g, 345g hoat chit, 0,91mol) trong MeOH (520ml) & nhiét do trong phong
trong 30 phut, duy tri nhiét @ < 31°C. Hon hop phan tmg dugc khudy & nhiét d6 trong
phong trong 1,5 gid. Hon hop phan tmg niy dugc co trong chin khéhg dé thu dugc
485,1g (306g hoat chat, 95%) hop chit néu & d& muc phu dudi dang hic in mau den
tim.

1H-NMR (270MHz, DMSO-d6) & 8,41-(br. s, 3H), 4,20 — 3,00 (br. m, 16H),
1,77 - 1,62 (br. m, 2H), 1,37 - 1,17 (br. m, 6H), 0,87 (br. t, 3H).

MS ES: m/z 279 [M+H]".
Budc 4

4-Formyl-N-(2-(hexyl((2S,3R,4R)-2,3,4,5-tetrahydroxypentyl )Jamino)etyl)benzamit
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Axit 4-formylbenzoic (107,6g, 0,72mol) va DMF (1400ml) dugc nap vao binh
¢6 vanh & c¢b dung tich 5 lit & nhiét do trong phong. 4-Metylmorpholin (255,5ml,
2,3mol) dugc nap vao hdn hgp phan tmg thu duge. Hon hop phan tng dugc 1am lanh
dén -15°C trong 5 phut. Isobutyl cloformat (93,4ml, 0,71mol) dugc nap vao hdn hop
nay trong 15 phut, duy tri nhiét d§ phan tng < -10°C. Hon hop phan tmg dugc khudy &
nhiét 6 nim trong khoang tir -10°C dén -15°C trong 1 gi0. Trong mot binh riéng biét
khic, (2R,3R,45)-5-((2-aminoetyl)(hexyl)amino)pentan-1,2,3,4-tetraol (Budc 3,
383,9¢g, 245,7g hoat chét, 0,71mol) ducjc hoa tan trong DMF (1400ml) va 4-
metylmorpholin (123ml, 1,1mol) & 45 °C trong 1 gi(‘i. Hdn hop chira san phim tir
Bué6c 3 duge nap vao hdn hop anhydrit da duge tron trong 15 phut, duy tri nhiét do
phan ng < -5°C. Hdn hop tao thanh dugc d& 4m dén nhiét d6 trong phong qua dém.
Dung dich NaHCO; béo hoa trong nudc (2500ml) duge nap tir tir vao hdn hop phan
ng nay trong 30 phut. Hon hop tao thanh dugc o trong chan khéng. Dung dich
NaHCO; bdo hoa trong nuée (1200ml) duge nap vao phin cin va dugce khue“'ly bang
DCM (4900ml) trong 10 phit & nhiét d6 trong phong. Céc 16p dugc tach riéng va 16p
nude duge chiét br?mg 13% MeOH/DCM (2870ml). Pha hitu co thu gom dugc dugce
rira bang dung dich NaHCO; bdo hoa trong nudc (1200ml) va duge co trong chin
khong dé thu dugc 395,3g. Phan cin dugc két hop voi 10g chét thd thu duge tir phéan
ttng & quy md chét trung gian va dugc tinh ché bing cach sic ky [SiO,, 3kg; dugc tai
nap véi 5% MeOH/DCM; dugc rira gidi bang 5% MeOH/DCM (30 lit), 10%
MeOH/DCM (20 lit), 20% MeOH/DCM (10 lit), 30% MeOH/DCM (30 lit), 40%
MeOH/DCM (20 lit) va 100% MeOH (80 lit)]. Cac phan doan chira san phim dugc két
hop lai (100 lit) va dugce co trong chan khéng dé thu dwoc 138,4g (112g hoat chit,
39% hiéu suit) hop chit néu & d& muc phu nay. "H NMR cho thiy hoat tinh véi 81,4%
trong lugng véi do tap chit formylbenzamit con lai khoang 5,5%. Phép phan tich

-136-



20210

HPLC-MS cho thiy d¢ tinh khiét 97,4%. Céc phan doan hdn hop (20 lit) dugc két hop
lai va dugc co trong chin khéng dé thu dugc 46g chit c6 do tinh khiét 14 74,5% theo
HPLC. Chét nay duogc tinh ché lai bing cach séc ky (SiO,, 600g), rira giai bang 10%-
30% MeOH/DCM (18 lit). Cac phan doan chira san phém duoc két hop lai va dugc cd
trong chan khong dé thu dugc 21,0g nira (20,3g hoat chit, 44%) hop chit néu & d&

muc phu nay.

1H-NMR (270MHz, DMSO-d6): 5 10,08 (s, 1H), 8,60 (t, 1H), 8,02 (d, 2H),
7,97 (d, 2H), 4,70 — 4,20 (br. m, 4H), 3,66 — 3,52 (m, 2H), 3,46 — 3,34 (m, 8H), 2,65 —
2,58 (m, 2H), 2,51 — 2,44 (m, 2H), 1,40 — 1,28 (br. m, 2H), 1,19 — 1,08 (m, 6H), 0,79
(t, 3H).

LC/MS: m/z 411 [M+H]".
Khir d6i xtmg 2-(2-metylbenzyl)propan-1,3-diamin bing enzym

Qua trinh khir d6i xing 2-(2-metylbenzyl)propan-1,3-diamin bang enzym
dugc thuc hién bang cach sir dung dialylcacbonat va mot khoang céc lipaza khong di

dong.

Thir nghiém lipaza khong di dong: dialylcacbonat (0,507ml, 3,53mmol) dugce
thém vao dung dich chira 2-(2-metylbenzyl)propan-1,3-diamin (0,60g, 3,37mmol)
trong 1,4-dioxan (30ml). cic phan phan uéc 1,0ml dung dich ndy dugc thém vao bng
thir nghiém dung tich 10ml c6 nép day bang ren chira enzym (0,02g) duoc md ta trong
Bang 1. Céac éng dugc lic & téc d6 500 vong/phut/30°C trong 3 ngay. Mdi 6ng duge
14y mau va dugc phén tich bing phép HPLC pha ngugc (4,6 x 50mm Thermoquest
Hypercarb, phét hién UV & 260nm) va HPLC bat dbi (4,6 x 250mm Chiralpak IC3,
phét hién UV & 260nm).

6 lipza da dugc thir nghiém cho thdy ring, nhidu hon 20% chuyén héa sau 3
ngay (Bang 1).

Béang 1

. O O
HzN/j/\@ diallylcarbonate \/\O /U\N /\(\© \/\O/U\N/\/\é
H Ho 2
HoN S
2 NH, (R “NH,

(S
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Enzym Mitc d6 chuyén héa' | Ty 16 R/S
IMM CALB (Candida Antartica Lipaza B) 33,2 0,87
IMM CALBY (Candida Antartica Lipaza B) 52,8 0,81
Novozym 435 (Candida Antarctica Lipaza B) 75,8 1,76
Amano Lipaza PS-C1 (Pseudomonas Cepacia Lipaza) | 31,4 9.8
Amano Lipaza PS-IM (Pseudomonas Cepacia Lipaza) | 21,2 5,0
Amano Lipaza PS-D (Pseudomonas Cepacia Lipaza) | 33,4 12,3
Khong c6 enzym (Pbi chimg) - -

M do chuyén héa thanh mono-alyl carbamat dugc thé hién br?mg % dién
tich tirt HPLC.

Ty 16 R/S dugc thé hién bing % dién tich chit ddng phan déi anh R chia cho
% dién tich chat ddng phan d6i anh S tir HPLC bt dbi .

Thir nghiém dung mdi bing Amano Lipaza PS-IM: thir nghiém dung méi bang
Amano Lipaza PS-IM dugc thuc hién trong 20 thé tich twong déi ciia dung moi bing
1,1 duong lugng dialylcacbonat, 1 duong lugng khéi lugng Amano PS-IM va 0,1 g 2-
(2-metylbenzyl)propan-1,3-diamin. Sau 6 ngdy & 30°C, thir nghiém dugc 14y mau bang
cach st dung phuong phép tuong tu nhu dugc mé ta dbi véi thir nghiém lipaza (Bang
2). 2-(2-Metylbenzyl)propan-1,3-diamin khong dugc hoa tan hoan toan trong dung
mdi khong phan cuc, nhu metyl t-butyl ete, heptan va xyclohexan. Tuy nhién, viéc
~ thém THF vao mdi dung méi s& cho phép diamin duogc hoa tan va hdn hgp dung moi
vé6i ty 16 1:1 trén d4y s& duogc thir nghiém. Két qua goi ¥ ring, 2-MeTHF sé& cho d6
chon loc déng phéan déi anh t6t nhét, bt k& phan ttng co ban nhu thé nao. P& 1am giémk
dén murc thip nhit phan tmg carboxyl héa co ban & 2-MeTHF, quy mo thtr nghiém 1g
chét dugc thyc hién & 30°C véi lugng du Amano lipaza PS-IM (3 duong lugng khéi
luong pha khong di dong, 1,2 duong lugng dialylcacbonat, 20 thé tich 2-MeTHF).
Phin g dugc tién hinh dén hoan thanh trong 3 ngay va sau khi xt Iy, (R)-
monoalylcarbamat 1-(R) thd duge tich ra c6 85% ee. Chuyén héa san phim thé thanh
mudi D-tartarat tuong ing trong etanol s& 1am gia ting hrong du ddng phan d6i anh

dén 91,0% (tdng hiéu suét 58% tir diamin).
Bang 2
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Dung mdi Mirc d6 chuyén héa' | Ty 18 R/S?
TBME:THF (1:1) 72,8 6,25
Heptan: THF (1:1) 884 5,45
Xyclohexan:THF (1:1) 89,8 6,81
Toluen 52,5 6,63

THF 36,8 491
MeTHF 1862 7,06
MeTHF (Khong c6 enzym) | 24,8 -

"Mirc d6 chuyén hoa thanh mono-alyl carbamat dugc thé hién bing % dién
tich tir HPLC.

2Ty 18 R/S dugc thé hién bing % dién tich chit ddng phan dbi anh R chia cho
% dién tich chit ddng phan d6i anh S tir HPLC bt déi.

Thir nghiém khoang Ussing ENaC kénh Natri

Té bao biéu m6 phé quan so cp cia ngudi duge biét hoa & bé mat giao dién
khi-16ng (air-liquid interface: ALI) trén tAm hd tro thAm dang 18 xofn trén 6c
(Snapwell) (MatTek Corporation, MA, USA, cat no AIR-100-SNP) dugc duy tri trong
mdi trrdng nudi cdy ALI trong thiét bi u dugc gitt dm & 37°C va 5% CO,. Méi trudong
day bén (MatTek Corporation, MA, USA cat no AIR-100-MM-ASY) duoc thay ddi
vao ngay thir hai. Dich nhay hoic dich 1éng dugc hinh thanh trén mit dinh dugc khudy

tron nhe sau mdi ngay thir hai dé duy tri kha nang ton tai va dic tinh ctia cac t& bao.

Pién 4p chuyén biéu mé gitra mang dinh va mang d4y bén dugc xac dinh bing
cach sir dung khoang Ussing 1 khoang Ussing dugc san xuét ndi bg, theo truc thing
dimg, kep DVC-1000 V/C c6 bd tién khuéch dai (World Precision Instruments), bd
dién cuc (EK1, World Precision Instruments), phdn mém Power Lab Chart5, thing
nuée duoc tudn hoan bén ngoai va phan phéi khi carbogen va hé didu chinh. Dién cuc
duoc sir dung khi thiét 13p hé théng dugc tha bing tay bang cach sir dung 4% agaroza

trong NaCl 0,9% vo tring theo huéng din ciia nha san xuét.

Khoang Ussing dugc lip rép v6i mang 18 xoén tron bc rdng (Costar 3407) va

cac dién cuc dugc chira trong dung dich dém Kreb (SIGMA-ALDRICH cat no K3753)
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trong 1 gid & 37°C vé6i sy cd mit cua 95% oxy va 5% cacbon dioxit. Sau budc can

bing nay, hé théng dugc b cho dién trd cta dich 16ng va dién 4p 1éch khong dau vao.
Trudce khi thtr nghiém, méi truong nudi ce‘iy ALI dugc danh gia vé dién trg

chuyén biéu mé (Trans Epithelial Electric Resistance: TEER) bing thiét bj EndOhm

(World Precision Instruments), cac t& bao c6 dién tré niam trong khoang tir 400 dén

600 Om dugc sir dung.

Khoang d3 dugc 1am can bing dugc két nbi lai v6i 15 xoin tron ¢ chira cac té
bao ALI va sau 20 phut 6n dinh, cac liu tich liy ciia hop chit dugc thém vao phia
dinh (apec) ciia mang. Sau d6, mic liéu cubi cing Benzamil 10puM duge thém vao dé

dat t6i muc t6i da.

T4t ci céc hop chét thir nghiém, bao gdm ca hop chit dbi ching, dugc pha
lodng tir dung dich gbc 10mM trong DMSO 100% va duroc thém vao dia 96 15 mo duc
(Greiner, Cat No. 651201). Pha loang lién tuc 12 mic liéu duoc chudn bi trong
DMSO, bét diu bang 3uM sau d6 tiép tuc budc pha loang 10 14n nita.

Phin mém Chart5 for Windows dugc sir dung dé xac dinh gia tri cia dong
doan mach sau mdi khi thém hop chat. Dir liéu dugc chuyén sang Excel va dwoc phan
tich bang cach sir dung chwong trinh IDBS XLfit® 5,2 (ID Business Solutions Ltd).
Noéng do mol ciia hop chét thir nghiém hogic hop chit dbi chung tao ra muc Gc ché
50% (dudng cong IC50) thu duge bang cach 1am khit dit liéu v6i ham sb logic 4 thong

s6 c6 dang:
y = (AH((B-A)/(1H(((10"C)/x)"D))))
A:Poan bang dudi day ctia dudng cong, tirc 12 gia tri y téi thiéu cudi cung
B:Poan bang trén dinh ctia dudng cong, tirc 12 gié tri y ti thiéu cudi cing
C: Gia trj logjox & gia tri ndng d y 12 50%
D:Hgé s6 nghiéng Hill
x: Gid trj x da biét
Béng 1 thé hién céc gia tri pICs, clia cac Vi du tir 1 dén 14.
Béang 1
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Vi du sb pICso Vi du s6 pICso
1 0,5 8 0,5

D 8,6 9 8,6

3 10,1 10 8,6

4 0,2 11 8,8

5 0,0 112 0,6

6 0,5 13 10,1
7 8,9 14 7,5

Ubc tinh mirc d9 thdm qua mang nhiy ruét bang cach sir dung té bao don 16p
Caco-2

Céc té bao Caco-2 dugc nudi truéng trong mdi trudng Pai bang bién tinh
Dulbecco (Dulbecco’s Modified Eagle’s medi: DMEM) trén dia chuyén 96 13
Transwell, mang polycacbonat duge dua vio trong 15 ngiy cho dén khi dat duoc su
nhap dong va biét héa. Sau khi ddnh gi4 tinh nguyén ven bing cach do dién tré chay
qua, céc té bao don 16p duge rira 2 1an bang HBSS (HEPES 25mM, do pH=7,4) va
dugc 0 & 37°C trong 30 phut.

Dung dich gbc clit’ra hop chat thir nghiém trong DMSO dugc pha losng bing
dung dich HBSS (chira vang Lucifer 100pM) dé dat duoc ndng d6 cubi cung l1a 10puM;
tit ca budc U dugc thuc hién 13p hai. Pé xac dinh ty 1€ van chuyén dugc chét theo
huéng tir khoang dinh sang khoang ddi bén (A sang B), 100pl dung dich chtra hop
chit thir nghiém dugc thém vao khoang dinh cua dia chuyén Transwell. Khoang d6i

bén dugc nap diy bang 300p] HBSS.

Pé x4c dinh sy van chuyén tir khoang d6i bén sang khoang dinh (B sang A),
khoang d6i bén dugc nap ddy 300pl dung dich chira hop chét thir nghiém va 100pl
HBSS dugc thém vao khoang dinh.

Sau khi 0 dia & 37°C trong 2 gid, 50ul dung dich tir mdi khoang dugc loai bo
va chuyén sang dia 96 15 dé xac dinh mirc phéat huynh quang trong thiét bi doc dia
thich hgp & budc séng kich thich 485nm va budc séng phat xa 530nm dé theo dai tinh
nguyén ven cua 16p don. pé phan tich d6 thim cia hop chét thi nghiém, 3 thé tich
metanol lanh dugc thém vao mdi miu dung dich d&m va cac méu dugc ly tAm & 4°C
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trong 15 phat. M6t phan phan wdc 5pl chit ndi 1én trén duge sir dung cho phép phan
tich LC/MS/MS.

D6 thdm biéu kién (Papp, tinh theo cm/s) c6 thé dugc tinh bing cach st dung
phuong trinh sau day:

po_ v, y [Duocchat]c,w
P DTG [Duocchaf ]b,mdau,nhan

trong do:
Valathé tiéh (ml) trong 16 nhan (0,3ml tir dinh sang dbi bén),

DT la dién tich bé mit cia mang (0,143cm2 dbi v6i mang hd trg thdm 96 15
HTS Transwell), va

TG la téng thoi gian van chuyén tinh theo s.

Do thim biéu kién theo hudng tir khoang dinh sang khoang dbi bén (Mbi
truong A sang B, Papp, 1E-6,cm/s) dugc xac dinh cho mdi hop chit theo cac Vi du tir
1 dén 16. DO thim khong bidu kién c6 thé dugc phét hién cho hop chét bét ky cia céc
Vi dy theo huéng tir khoang dinh sang khoang d6i bén. Hop chét ma c6 do thim thép
c6 thé duoc mong mubn dé giai phéng chit trc ché ENaC bing cach sir dung qua

dudng hit.

Phén mé ta cac phuong 4n minh hoa trén day chi nham giai thich cho nguoi c6
hiéu biét trung binh trung binh trong linh vire k§ thuat nay vé sang ché, muc dich cua
né va thyc tién &p dung sao cho ngudi 6 hiéu biét trung binh trung binh trong linh vuc
k¥ thuat ndy c6 thé d& dang diéu chinh va 4p dung sang ché & nhidu dang khéc nhau,
ching ciing c6 thé 14 thich hop nhét cho nhitng yéu cau sir dung cu thé. Phin mé ta va
cac vi du cu thé nay, trong khi thé hién céc phuong an cla sang ché, chi nham muc
dich minh hoa. Do d6, sang ché khong bi gidi han béi cac phuong an ¢ tinh minh hoa
dugc mb ta trong ban mo ta nay, va cb thé dugc bién dbi khac nhau. Ngoai ra, rd rang
rang, cac d4u hiéu khac nhau cia sang ché dugc mé ta trong cac phuong an riéng biét,
dé 1am cho r3 rang, con c6 thé duoc két hop lai dé tao ra phuong 4n duy nhét. Nguoc
lai, nhiéu diu hiéu khac nhau cua sang ché dugc mo ta trong cac phuong 4n riéng biét,

dé 1am cho ngfm gon, con ¢ thé duoc két hop lai détaora phuong &n phu ctia no.
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Yéu cau bao ho

1. Hop chét c6 cong thire (I):

O
H
Cl N\ N
j[ H ©R1
=
H,N" N NH, NH

CH,),,

X—(CHy),—N ()

trong do:
R! dugc chon tir hydro hodc C,.4 alkyl;
m 12 1 hodc 2;
A duogc chon tir phenyl hodc heteroxyclyl;
X duge chon tir —C(=0)—, —C(=0)-NR*- hoic —O-C(=0)-NR’;
n la 2 hoic 3;
R? dugc chon tir hydro hodc C,_g alkyl;

R’ 1a Cs.¢ alkyl-OH, trong d6 nhém Cs.¢ alkyl néu trén con dugc thé thém
bé"mg 3 hodc 4 nhém -OH nira; va

R* va R’ doc 14p duge chon tir hydro hodc Cy4 alkyl;
hodc mudi duge dung cua no.
2. Hop chét theo diém 1, hodc mubi dugc dung cua nd, trong do6 R'1a Ci4 alkyl va R*
va R’ déu 13 hydro.
3. Hop chét theo diém 1 hodc diém 2, hodc mubi dugc dung cua nd, trong do A 1a
phenyl.

4. Hop chét theo diém bt ky trong sb cac diém néu trén, hodc mudi duge dung cua no,
trong d6 X 1a -C(=0)-NR*-.

5. Hop chit theo diém bat ky trong sb céc diém néu trén, trong do:
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R'1aCy alkyl;

mlal;

A 1a phenyl;

X la —-C(=O)-NH—;

nla2;

R?1a Cy alkyl; Whod,
vaRr® duoc chon tir éha'(sau day:

OH
OH HO

HO HO
OH OH

OH OH
hodc :

hodc mudi dugce dung cia nd.

6. Hop chat theo di€m bat ky trong s6 cac diém néu trén, hodc mudi duge dung ctia nd

trong d6 R* 13 n-hexyl.
7. Hop chét theo diém 1, trong d6 hop chét ndy dugc chon tir:
3,5-diamino-6-clo-N-((R)-2-(2-metylbenzy!)-3-(((1-(3-(((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)aminb)propanoyl)piperidin-4-yl)metyl)amino)propyl)pyrazin—2-
carboxamit;
3,5-diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-((R)-3-((1-(2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etylcarbamoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-((R)-3-((1-(3-(hexyl((2S,3R.,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
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3,5-diamino-6-clo-N-((R)-3-((1-(3-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-((R)-3-((1-(4-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)butanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-((R)-2-(2-metylbenzyl)-3-((1-(3-((2S,3R,4R,5R)-
2,3,4,5,6-pentahydroxyhexylamino)propanoyl)piperidin-4-
yl)metylamino)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-((R)-3-((1-(3-(hexyl((2R,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)propanoyl)piperidin-4-yl)metylamino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2R,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)benzyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
4-(((R)-3-(3,5-diamino-6-clopyf_azin-2-carboxamido)-2-(2-
metylbenzyl)propylamino)metyl)phenyl 2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etylcarbamat;
3,5-diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R,5R)-2,3,4,5,6-
pentahydroxyhexyl)amino)etyl)carbamoyl)phenetyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;
3,5-diamino-6-clo-N-((R)-3-((4-((2-(hexyl((2S,3R,4R)-2,3,4,5-
tetrahydroxypentyl)amino)etyl)carbamoyl)phenetyl)amino)-2-(2-
metylbenzyl)propyl)pyrazin-2-carboxamit;

hodc mudi dugc dung cia no.
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8. Dugc phim chira hop chit c6 cong thire (1), hodc mubi duge dung ciia n6, theo diém
bat ky trong s6 cac diém tir 1 dén 7, va t4 dugc, chit pha lodng hoic chit mang dugc

dung.

9. Hon hop chira hop chét c6 cong thirc (1), hodc mudi duge dung ctia n6, theo diém
bat ky trong s6 cac diém tir 1 dén 7, va mét hodc nhidu tic nhan dugc chon tir nhém

cac chét sau day:
e chit chi van nhan thu thé beta-adreno;
e chit d6i khang thyu thé muscarinic;

o chat ddi khang thu thé muscarinic va chét chi véan thu thé nhan beta-adreno

két hop;
e chét chi van thy thé gidng Toll (nhu chét cht van TLR7 hodc TLRY);
o chit dbi khang adenosin;
e chit cha vén thy thé glucocorticoit (steroidal hodc khong-steroidal);
e chit d6i khang p38;
e chat d6i khang IKK2;

e chét dbi khang PDE4;

chit diéu bién chirc ning thu thé chemokin (nhu chit dbi khéng thy thé
CCR1, CCR2B, CCR5, CXCR2 hoic CXCR3); |

e chit dbi khang CRTh2; hodc

e chét thdm thiu, nhu mudi ting truong lyec.
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