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va mudi duge dung, solvat, solvat cia mudi va tién duoc chét cta né, hitu ich trong viéc
ngin ngira (vi dy, tri hodn su khoi phat hodc 1am giam nguy co phat trién) va diéu tri (vi
du, kiém soat, 1am giam, hodc lam cham sy tién trién) cta bénh thoai hoa diém vang do
tudi tac (AMD) va bénh lién quan dén mat. Cac bénh nay bao gom AMD dang kho, AMD
dang udt, bénh teo diém vang dang dia dd, bénh vong mac do tiéu duong, bénh vdng mac
& tré sinh non, bénh 1y polyps hic mac, va bénh thoai hoa té bao nhén kich thich 4nh sang
hodc vong mac. Céac hop chit theo sang ché 1a chat tc ché HTRA1, do dé, cac hop chat
theo sang ché 1 hiru ich trong viéc ngin ngira va diéu tri cic bénh qua trung gian (mot
phan hoic toan bo) HTRA1. Cac hop chét theo sang ché ciing hiru ich dé tc ché hoat tinh
proteaza HTRA1 & mit hodc vi tri viém khép hodc bénh lién quan. Sang ché con dé cap
dén duoc pham chira hop chat nay.
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Linh vic k§ thut dwgc dé cap

Sang ché dé cap dén din xuat prolinamit béo méi, dugce phdm chira hop chét
ndy, va phuong phép ngin ngira va didu tri bénh thodi hoa diém vang do tudi tac

(AMD) va bénh lién quan dén mat.
Tinh trang k§ thuit ciia sang ché

Bénh tho4i héa didm vang do tudi tac (AMD) 1a nguyén nhan hang dau dan dén
mat thi lyc nghiém trong & nguoi trén 60 tudi, tudi tac 1a yéu t6 giy nguy co 1am khai
phat AMD cao: kha ning tién trién AMD gép ba lan sau tudi 55, tuy nhién, c6 nhiéu

yéu t0 dan dén kha ndng mot c4 nhan bi mac AMD.

Nhu di t6m tit trong cong bd qubc t& sb W02001/006262, didu kién “mdi
trudng” ¢6 thé anh huéng dén ti 1& c4 nhan mic AMD hoic mic dd trdm trong ctlia
bénh. Phoi nhim 4anh sang duoc cho 1a yéu t6 gdy nguy co 6 thé xay ra, vi AMD anh
hudng nghiém trong nhat dén diém vang, noi tiép xic voi anh sang cao. (Xem Young,
R. W. (1988), Surv. Ophthalmol. 32(4), 252-69; Taylor, H. R. et al., (1990), Trans.
Amer. Ophthalmol. Soc. 88, 163-73; Schalch W. (1992), Exs, 62, 280-98). Luong thoi
gian ¢ ngoai trdi cé lién quan dén nguy co cao méc bénh tin mach hic mac & nam
giGi, va d6i mii vd/hodc deo kinh co6 li€n quan dén viéc giam ti 18 bi drusen mém
(Cruickshanks, K. et al., (1993), Arch. Ophthalmol., 111, 514-518). Viéc vd tinh tiép
xuc v6i chiéu xa vi song ciing dugc chimg minh c6 lién quan dén sy tién trién cua
nhiéu drusen (Lim, J. et al., (1993), Retina. 13, 230-3). Mot sb bao cao cling cho réng
viée loai bé duc thay tinh thé va sic td méng mét nhe cling duge cho 1a yéu t6 gay
nguy co (Sandberg, M. et al., (1994), Invest. Ophthalmol. Vis. Sci. 35(6), 2734-40).
Piéu nay cho thdy: 1) mét d& bi duc thiy tinh thé c6 nhidu kha ning tién trién AMD;
2) cing thing phiu thuét loai bd duc thity tinh thé c6 thé din dén ting nguy co bi
AMD, do viém hoic cac yéu té khac trong qua trinh phiu thuét; hodc 3) duc thiy tinh
thé ngan sy tiép xtc anh sang qua mic roi vao diém vang, va trong mot sb truong hop
ngan ngira mic bénh AMD. Mic du c6 thé sic t6 méng méit sAm mau cé thé bao vé
diém vang khoi bi tdn thwong do 4nh sang, nhung rit khé dé phan biét gitta sic to
mdng mét don thun va cac yéu t6 di truyén khac biét khac ma c6 thé 1a cac yéu tb gay
nguy co méc bénh trén thuc té.
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Hut thude, gi6i tinh (phu nit c6 nguy co cao hon), bénh béo phi, va su phoi

nhiém lap lai véi chiéu xa UV ciing lam ting nguy co mic AMD.

Gan day, nhidu polymorph nucleotit don (SNP) HTRA1 dugc phat hién 1a 6
lién quan dén nguy co cao mic AMD. Xem, vi du, WO2008/013893A2,
WO02008/067040A2 va WO2008/094370A2. Cic SNP’s bao gdm rs11200638,
rs10490924, rs3750848, rs3793917 va rs932275. Cu thé 1a, nguy co alen rs11200638,
duoc phat hién 1a cé lién quan dén su bién hién protein vdA HTRAI mRNA ting cao, va
HTRAI1 1a c6 mit trong drusen & bénh nhan méic AMD. (Xem Dewan et al., (2006),
Science 314:989-992; Yang et al., (2006), Science 314:992-993). Céc tai liéu trén
chiing minh rang HTRA1 13 yéu t6 quan trong dbi v6i bénh AMD va su tién trién ctia

noé

Theo nghia rong, c6 hai loai AMD: AMD dang kho va AMD dang w6t. Dang
kho 1a dang thong thudng hon, va chiém 85-90% bénh nhan mic AMD, va thuong
khong din dén mu 10a. P6i véi AMD dang khd, (cling duge goi 14 AMD khong mach
mau hoac AMD khong tiét dich) drusen xuét hién trén diém vang cua mit, cac t& bao
trong diém vang chét, va mét thi luc. AMD dang kho c6 thé tién trién theo ba giai
doan: 1) AMD dang kho giai doan sém, 2) AMD dang kho giai doan giita, va 3) AMD
dang kho giai doan ning. AMD dang kho cling ¢ thé tién trién thanh AMD dang w6t

& bat ctr giai doan nao.

AMD dang uét (con goi la AMD tiét dich hodc mach mau), c¢6 lién quan dén
phén Gng than kinh phan doan sau bénh ly. Phan tng than kinh phan doan sau (PSNV)
tim thdy trong AMD tiét dich dugc dic trung béi bénh tAn mach hic mac bénh ly. Viéc
r0 11 cac mach mau bt thudng tao thanh trong qua trinh nay lam tdn thuong diém vang

va lam giam thi lyc, thdm chi gy mu loa.

Giai doan cudi cia AMD dic trung bdi su suy gidm hoan toan vdng mac than
kinh va céc bidu mé sic té vong mac dudi trong khu vuc diém vang. Giai doan ning
ctia bénh AMD c6 thé chia nhé thanh bénh teo diém vang dang dia dd (GA) va AMD
tiét dich. Bénh teo diém vang dang dia dd dic trung béi viéc teo tién trién cia biéu mod
sic t6 vong mac (RPE). Mic du GA thuong duge xem 12 it nghiém trong hon AMD
tiét dich do khoi phat bénh it dot ngdt hon, tuy nhién cho dén nay chua co liéu phéap

diéu tri nao hiéu qua dé ngan chan hodc lam chdm sy tién trién bénh.
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Hién nay, viéc diéu tri AMD dang khd bao gé)m viéc str dung vitamin va/hodc
kém chdng oxy héa. Vi du, mot nghién cru cta National Eye Institute danh gid ché

pham chta vitamin C, B-caroten, kém oxit va dong oxit.

Viéc diéu tri AMD dang uét cling thue sy cép bach. Thubc diéu tri ¢6 sin bao
gdm: bevacizumab (Avastin®, Genentech, CA), ranibizumab (Lucentis®, Genentech,
CA), pegaptanib (Macugen® Bausch & Lomb, NJ), va aflibercept (Eylea®,
Regeneron, NY). Trong mdi vi du, thudc duge tiém vao mit. Viéc tiém c6 thé lip lai
mdi bdn dén tam tudn dé gitr hidu qua co loi cta thubc. Bénh nhan c6 két qua tich cuc
c6 thé phuc hdi thi luc mot phan do cdc mach méu co lai va dich 16ng duéi vong mac

duoc hap thy, gitp cac té bao vong mac phuc hoi mot s6 chire nang.

Liéu phap duge ly dé didu tri phu diém vang lién quan dén AMD dang thiéu.
Tiéu chudn chiam séc hién nay 1a quang hoa bang tia laze, ma duoc st dung dé 6n dinh
hodc giai quyét phu diém vang va ngin su tién trién cta bénh & giai doan sau. Quang
hoa bang tia laze co thé lam giam thiéu mau vong mac bang cach pha hity cac md khoe
manh va do d6 lam giam nhu clu trao ddi chit; no cling co thé diéu chinh su biéu hién
va san sinh cac yéu t xytokin va trophic khdc nhau. Hién nay, chua c6 phwong phap
diéu tri hién nao dé ngan mét thi luc sau khi AMD dang khd budce vao giai doan ning.
Ciing khong cé phuong phép dut diém nao dé ngan chin su tién trién cia AMD dang
kho chuyén sang giai doan ning ma khong thd bao dam hodc dimg su tién trién cla
bénh AMD ngoai vi€c tranh va/hodc giam céac yéu td gdy bénh va bd sung ché do an
ubng. Do d6, cin c6 phuong phép tri liéu ma c6 thé diéu tri bénh AMD dang kho va
ngan su tién trién tir AMD dang kho sang AMD dang u6t.

Hop chit axit (1-{3-xyclohexyl-2-[naphtalen-2-carbonyl)-amino]-propionyl}-
pyrolidin-2-carboxylic [5-(3-xyclohexyl-ureido)-1 -dihydroxyboranyl-pentyl]amit duoc
boc 10 trong Grau, S. et. al., (2006), J. Biol. Chem., 281(10):6124-6129 va in
W02012/078540 (duoc xac dinh & day 18 NVP-LB976) lam chét tc ché HTRAL,

Ngoai AMD, mot sb 4n phém d3 mo ta vai tro tiém 4n cia HTRA1 va cé4c bénh,
bao gdm ting sinh mach mau vong mac (Ohkuma, Y., et al., (2014) Clin. Ophthalmol.,
8:143-8), foveomacular proliferation (Chowers, 1., ef al., (2015) Progress in Retinal va
Eye Research, 47:64-85), bénh co xuong khop, bao gdm viém xwong khép, thoai hoa
dia dém cot sdng, viém co va thoai héa khép (Taiden, AN. va Richards, P.J. (2013)
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Am. J. Pathology, 182(5):1482-8), va vi¢c diéu tri cac t€ bao sun tu than trudc khi céy
ghép ndi md (Ollitrault, D. er al, (2015) Tissue Engineering, Part C Methods,
21(2):133-47). Do 4o, chét trc ché HTRA1 c6 thé c6 hiéu qua tri liéu trong cac trudng
hop bd sung nay.

Bé4n chét k§ thuit clia sang ché

Muc dich cia séng ché 1a nham dé xuit dén dan xuét prolinamit béo méi co
cong thue I, va mudi duoc dung, solvat, solvat cua mudi va tién dugc chét cua no,
duogc phdm chira hop chét c6 cong thire 1, va phuong phap ngén ngira va diéu trji bénh
thoai héa didm vang do tudi tic (AMD) va bénh lién quan dén mét bao gém viéc st
dung cho bénh nhén can diéu tri luong hitu hiéu diéu tri cta hop chét c6 cong thue L.
Nhitng bénh nay bao gbm, nhung khong chi gi¢i han &, AMD dang kho, AMD dang
udt, bénh teo diém vang dang dia dd, bénh vong mac do tiéu duong, bénh vong mac &
tré sinh non, bénh ly polyps hic mac, va bénh thoai héa té bao nhan kich thich 4nh
sang hodc vong mac. Hop chét theo sang ché 13 chét trc ché HTRAL, va hitu ich trong
viéc ngdn ngira va diéu tri bénh cé trung gian (mot phan hoic toan bd) HTRAL. Hop
cht theo sang ché ciing hitu ich dé rc ché Hoat tinh proteaza HTRA1 & mit hodc vi tri

viém khdp hodc bénh lién quan.
M5 ta chi tiét sang ché

Theo phuong 4n thu nhét, sang ché @& cap dén hop chét c6 cong thirc (1):

RSc RSa
0O R? 3b
R
H
O NH
O o)
R4
NH
(@) |lQ5

@
hoac mubi dugc dung, solvat, solvat cua mudi hodc tién duge chét cua no trong do:
R! dugc chon tir nhém bao gom:
(a) —aryl va

(b) —heteroaryl;
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trong d6 mdi aryl va heteroaryl cta Iya chon (a) va (b) 1a tiy y dugc thé bang 1 dén 3

phin ttr thé doc 1ap duge chon tir nhém bao gbm:

®
(ii)
(iii)
(iv)
)
(vi)
(vii)
(viii)
(ix)
)
(xi)
(xii)
(xiii)
(xiv)
(xv)
(xvi)

(xvii)

—halogen,
—CN,
—Ci-salkyl,
—Ca-salkenyl,
—Ca.¢alkynyl,
~C(O)RS,
~CO2RS,
—~CONR’RS,
—OH,
—0-Crealkyl,
—SH,
—S(0),-Ci-salkyl,
~S(0)2NR°RS,
—NOo,
~NRRE,
~NHC(O)RE,
~NHC(O)ORS,

(xviii) ~NHC(O)NR’RS, va
(xix) —NHSO,C1.salkyl,

trong d6 mdi nhém alkyl cta Iwa chon (iii), (x), (xii) va (xix) tiy ¥ dugc thé bang 1

dén 5 phin tr thé doc lap duge chon tir —halogen, —haloCisalkyl, —COR?, —
—NR’R®, —OH, —O-C1.4alkyl, —=SH va —S-Ci.qalkyl;

CO2R8, -CONR’RS,

R? duge chon tir nhém bao gdm:

(a) —Cssalkyl,

(b)  —Co-salkyl-R7, va

(©  ~(CH2eNRP)RY),

trong d6 mdi nhém alkyl ctia Iya chon (a) va (b) ty y duoc thé bang 1 dén 5 phan tir

thé doc 1ap duoc chon tir:
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(i)  —halogen,

(i)  —Ci.alkyl,

(iii) —haloCi.salkyl,
(iv) —OH,

(v) —O-Ciaalkyl,
(vi) —SH,va

(vii) —S-Ciasalkyl;

R3 va R ciing 13 —(CHa)23—, va R 1a H; hodc

mdi R3® va R3¢ 13 H, va R duoc chon tir nhém bao gom:

(@ -H,
(b) _aryla
HAr N‘%
(©) ,va

Heyl N—é

(d)

trong d6 HAr 12 heteroaryl va Heyl 1a di vong, trong do6 mdi aryl ctia Iya chon (b), HAr

va Heyl tuy v duge thé bang 1 d&n 3 nhém doc 1ap dugce chon tir nhom bao gdm:

(i) —halogen,

(i1)—OH,

(iii) —CR'"R!R!2

(iv) —(CHa2)o-3-NHSO»-Ci.4alkyl, va
(v) <(CHz2)0-3-SO2-Ci4alkyl;

R* duoc chon tir nhém bao gom:
(1) —Crealkyl,

(b)  —haloCi.alkyl,

(¢) —Cayealkenyl,

(d)  —Carsalkynyl,

(e) —Ci.salkyl-Csexycloalkyl,
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()  —Cisalkyl-aryl, trong d6 aryl tuy y dugc thé bang nitro hoic
-NRP)RD),

(g0 —Crealkyl-R% va

(h)  —haloC.ealkyl-R’;

m&i RS va méi R® doc 1ap duoc chon tir nhém bao g6m:

(a) _H:

(b) —Ci-ealkyl,

(¢c) —Cosalkyl-Cs.12xycloalkyl,

(d) —Co.salkyl-heterocyclyl,

(e) —Co-salkyl-heteroaryl, va

(f) —Co-ealkyl-aryl,
trong d6 nhom alkyl cta lya chon (b) — () tuy y dugc thé bang 1 dén 3 nhém doc 1ap
duoc chon tu:

6] —halogen,

(i) —C(O)Cialkyl,
(ili) —C(0O)OC 4alkyl,

(iv) —OH,

(v)  —OCj.alkyl,
(vi) —SH,

(vii) —SCialkyl,
(viii) —NHo,

(ix) —NH(Ci.salkyl), va
(x)  —N(Ci.salkyl)(Cisalkyl); hodc

RS, R® va nguyén tir nite ma ching lién két cing v6i nhau tao thanh di vong don
vong ¢o tir 3 dén 7 canh hodc vong doi co tir 6 dén 11 canh tuy ¥ ¢6 gbc nguyén tir
khac loai bd sung dugc chon tir —O-, -S(O)p-, va -NR'3-, va trong d6 di vong nay tuy y
duoc thé bang 1 dén 2 nhém doc 1ap duge chon tir halogen, —haloCi.salkyl, —OH,
—0-Cisalkyl, =SH va —S-Ci.4alkyl;

R7 duge chon tir nhém bao gom:

(a)  —Cs.ioxycloalkyl, va
-8-
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(b)  —heterocyclyl,
trong d6 mdi trong sd céc lwa chon (a) va (b) tuy ¥ dugc thé bang 1 dén 3 phan tir thé
doc 1ap dugc chon tir nhém bao gém:

(i)  —Ciaalkyl,
(i)  —halogen,

(iii) —OH,
(iv) —O-Ci.salkyl,
(v) -SH,va

(vi)  —S-Ci.salkyl;
R3 dugc chon tir nhém bao gdm:
(a) —Ci-salkyl,
(b) —Co-salkyl-Cs.12xycloalkyl,
(¢) —Co-salkyl-heterocyclyl,
(d) —Co-ealkyl-heteroaryl, va
(e) —Co-salkyl-aryl,
trong d6 mdi nhoém alkyl ctia lya chon (a) — (e) tuy y duge thé bang 1 dén 3 nhém doc

lap dugc chon tu:

) —halogen,

(i) —OH,
(ili) —OCialkyl,
(iv) —SH, va

(v)  —=SCi.aalkyl;
R® dugc chon tir nhom bao gdm:

(a) -NHo,

(b) -NH-C1.salkyl,

(c) —N(Cialkyl)a,

(d) -NH-C(=0)-NHa,

(¢) -NH-C(=0)-NH-C}.4alkyl,
(f) -NH-C(=0)-N(C1.4alkyl),
(g) -NH-C(=0)-NH-Cs.salkenyl,

-0
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(h) -NH-C(=0)-NH-Cj.salkynyl,

(i) -NH-C(=0)-NH-Cs.¢xycloalkyl,
(j) -NH-C(=0)-NH-aryl,

(k) -NH-C(=0)-NH-heterocycle,

(1) -NH-C(=0)-NH-heteroaryl,

(m) -NH-C(=0)-NH-SO,-Ci.salkyl,
(n) -NH-C(=0)-NH-S0-Cs.6xycloalkyl,
(0) -NH-C(=0)-0-Cj.salkyl,

(p) -NH-C(=0)-0O-Ci.salkylaryl,

(q) -NH-C(=0)-Ci4alkyl,

(r) -NH-C(=0)-Cs.¢xycloalkyl,

(s) -NH-C(=0)-aryl,

(t) -NH-C(=0)-heterocycle,

(u) -NH-C(=0)-heteroaryl, va

(v) -NH-SO,-Ci.4alkyl,

trong d6 mdi trong s cac lya chon (b) dén (v) thy y duoc thé bing 1 dén 3 phén tir thé
doc 14p dugce chon tr nhdém bao gbm:

(i)  —Ciaalkyl,
(ii))  —halogen,

(i) —OH,
(iv) —O-Craalkyl,
(V) —SHa

(vi) —S-Ci.salkyl;

(vil) —-NOg2, va

(viii) —CN;

(ix)

R R!!, va R2 doc 1ap duge chon tir nhém bao gdm: H, halogen, ~OH va —C1.6

alkyl; hodc
R!, R va nguyén tit cacbon ma chiing lién két cing v6i nhau tao thanh Cs.
12xycloalkyl hodc nhom heterocyclyl;

R duoc chon tir nhdm bao gom:

-10-
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() -H,

(b)  —Ciaalkyl,

(¢) —C(O)-Cialkyl,

(d —C(O)NHy,

(e) —C(O)-NH(Ci.alkyl),

()  —C(O)-NH(Cssxycloalkyl),
(g) —C(O)-N(Cialkyl),

(h) —C(0)O-Cialkyl, va

(i)  —C(0)O-Ciaalkylaryl;

p1a 0, 1 hodc 2,

Theo phuong én thtr hai, d6i voi hop chét clia phuong én thi nhit, R! dugc

chon tir nhém bao gom:

(a) —aryl va
(b) —heteroaryl;

trong d6 mdi aryl va heteroaryl ctia lya chon (a) va (b) 1a tuy y dugc thé bang 1 dén 3

phén tir thé doc 1ap duge chon tir nhém bao g61n:

(i)  —halogen,

(i) —CN,

(iii) —-C(O)R®,

(iv) —CONR’RS,

(v) -OH,

(vi) —O-Cralkyl,
(vii) —S(O)p-Ci-salkyl,
(viii) —S(O)NR’R®,
(ix) —NHC(O)RS,

(x) -NHC(O)OR?,
(xi) —-NHSO2Crsalkyl,

trong d6 mai nhom alkyl ctia lya chon (iii), (x), (xii) va (xix) thy y dugc thé bang 1
dén 5 phén tr thé doc lap duoc chon tir —halogen, —haloCi.salkyl, —COR8, —
CO.RS, -CONRSRS,  —NRSR®, —OH, —O-Cj.4alkyl, —=SH va —S-Ci.alkyl.

-11-
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Theo phuong én thtr ba, d6i véi hop chét ctia phuong 4n bét ky trong sd céc

phuong 4n néu trén, R? dugc chon tir nhém bao gbm:
(a) —Crealkyl-R7, va
(b)  ~(CH2)1.e-NRP)RY),

trong d6 nhém alkyl cua lua chon (a) thy y dugc thé bing 1 dén 5 phén tir thé doc lap

duoc chon tu:
(i)  —halogen,

(i) —Craalkyl,
(i) —haloCialkyl,

(iv) —OH,
(v)  —O-Ci.alkyl,
(vi) —SH,va

(vii) —S-Cisalkyl.

Theo phuong é4n thtr tu, d6i v6i hop chat cia phuong 4n bat ky trong sd cic

phuong 4n néu trén, R? duge chon tir nhém bao gbm:
(a) —(CH2)i6-R7, va
(b)  ~(CH21.-NRP)RP).

Theo phuong an thr ndm, d6i v6i hop chat cua phuong én bét ky trong sd cac

phuong 4n néu trén, mi R va R 1a H, va R* duoc chon tir nhém bao gom:

HAr N
, va

Heyl N—z

(a)

(b)
trong d6 HAr 12 heteroaryl va Heyl 1a di vong, trong do mdi HAr va Heyl tuy ¥ dugc
thé bang 1 dén 3 nhém doc 1ap dugce chon tir nhom bao gbm:

@A) —halogen,

(ii) —OH,

(iii) —CR'R!R!?,

(iv) —(CH2)o-3-NHSO»-Ci.4alkyl, va

-12-
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(v)  —~(CHz2)0-3-SO2-Cisalkyl.

Theo phuong an thor séu, d6i v6i hop chét ctia phuong an bét ky trong sb céac

phuong 4n néu trén, R* duge chon tir nhém bao gbm:
(a) —Ciealkyl,
(b) —Caealkenyl,
(¢) —Cisalkyl-Cs.sxycloalkyl,

(d) —Crealkyl-aryl, trong dé aryl tuy y duoc thé bang nitro hodc -
NRP)R"), va

(e) —Crealkyl-R’.

Theo phuong an tht bay, d6i voi hop chét ctia phuong 4n bét ky trong sb cac
phuong an néu trén, R* 1a —C1.salkyl-R®.

Theo phuong 4n thtr tam, d6i voi hop chit cia phuong an thir nhét 14 hop chat

c6 cong thire (1a):

\éRH

R12
Bt ]\(?

NH2

(Ia)

hoac mudi dugc dung, solvat, solvat cua mubi hoic tién duoc chét cua no; trong do:

R! duoc chon tir nhém bao gdm:

(a) —aryl va

(b) —heteroaryl;
trong d6 mdi aryl va heteroaryl cta lya chon (a) va (b) la tuy y dugc thé bang 1 dén 3
phn tir thé ddc 1ap duge chon tir nhém bao gbm:

(i) —halogen,
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(ii)) —CN,

(iii)) —Ci-ealkyl,
(iv) —Carealkenyl,
(v)  —Caealkynyl,
(vi) —C(O)RS,
(vii) —CO2RE,
(viii) —~CONR’RS,

(ix) —OH,
(x) —0-Crealkyl,
(xi) —SH,

(xii) —S(O)p-Ci-salkyl,
(xiii) —S(O):NR°RS,
(xiv) —NOg,
(xv) -NR°RE,
(xvi) —NHC(O)RS,
(xvii) -NHC(O)ORS,
(xviii) -NHC(O)NR’RS, va
(xix) —NHSO2C1-salkyl,
trong d6 mdi nhoém alkyl cta lya chon (iii), (x), (xii) va (xix) tay y dugc thé bang 1
dén 5 phﬁn te thé doc lap dugc chon tir —halogen, —haloCi.salkyl, —CORS, —
CO.R8, -CONR’R®,  —NR’R®, ~OH, —O-Ci.4alkyl, —SH va —S-Ci.salkyl;
m3i RS va mdi R® doc 1ap duge chon tir nhém bao gdm:
(@) -H,
(b) —Cisalkyl,
(¢)  —Cosalkyl-Cs.1oxycloalkyl,
(d) —Co-salkyl-heterocyclyl,
(e)  —Co-salkyl-heteroaryl, va
()  —Cosalkyl-aryl,
trong d6 mdi trong s6 cac nhom alkyl cua lua chon (b) — (f) tuy ¥ duoc thé bang 1 dén

3 nhém ddc 1ap dugce chon tu:
(i) —halogen,
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(i) —C(0)Cialkyl,
(ili) —C(0)OC .4alkyl,

(iv) —OH,

(v)  —OCi.alkyl,
(vi) —SH,

(vii) —SCi.salkyl,
(viii) —NHoy,

(ix) —NH(Ci4alkyl), va
(x)  —N(Ci.alkyl)(Ci.4alkyl); hodc
R5, R® va nguyén tir nito ma chung lién két cing véi nhau tao thanh di vong don
vong co tir 3 dén 7 canh hodc vong doi c6 tir 6 dén 11 canh tiy ¥ c6 gbc nguyén tir
khéc loai bd sung dugc chon tir ~O-, -S(O),-, va NR-, va trong d6 di vong nay tuy y
duoc thé bing 1 dén 2 nhom ddc lap duoc chon tir halogen, —haloCi.salkyl, -OH,
—0-Cj.4alkyl, —=SH va —S-Ci.4alkyl;
R’ duoc chon tir nhém bao gdm:
(a)  —Cs.oxycloalkyl, va
(b)  —Csoheterocyclyl,
trong d6 mdi trong sb lua chon (a) va (b) tuy ¥ duge thé bang 1 dén 3 phan tir thé doc
1ap dugc chon tir nhém bao gbm:

(i) —Ci.salkyl,
(i)  —halogen,

(i) —OH,
(iv) —O-Calkyl,
(v) -SH,va

(vi) =S-Cisalkyl;
RS dugc chon tir nhém bao gom:

(a) —Cr-salkyl,

(b) —Co-salkyl-Cs.12xycloalkyl,
(¢) —Co-salkyl-heterocyclyl,
(d) —Co-salkyl-heteroaryl, va
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(e) —Co-salkyl-aryl,

trong d6 nhém alkyl cta lya chon (a) — (e) tuy y dugce thé bang 1 dén 3 nhom doc lap

duoc chon tu:

(1) —halogen,
@) —OH,

(iii) —OCialkyl,
(iv) —SH,va

(v)  —SCialkyl;

R dwoc chon tir nhém bao gdm:

(a) -NHoz,

(b) -NH-Cj.salkyl,

(¢) -N(Ci-salkyl)s,

(d) -NH-C(=0)-NHa,

(e) -NH-C(=0)-NH-C;.salkyl,

(f) -NH-C(=0)-N(Ci-salkyl)o,

(g) -NH-C(=0)-NH-Cs.salkenyl,
(h) -NH-C(=0)-NH-Cs.salkynyl,

(i) -NH-C(=0)-NH-C3.6xycloalkyl,
(j) -NH-C(=0)-NH-aryl,

(k) -NH-C(=0)-NH-heterocycle,

(I) -NH-C(=0)-NH-heteroaryl,
(m) —NH-C(=0)-NH-SO,-Cialkyl,
(n) -NH-C(=0)-NH-S0,-Cs.sxycloalkyl,
(0) -NH-C(=0)-0-Cj.4alkyl,

(p) -NH-C(=0)-O-Ci.4alkylaryl,

(q) -NH-C(=0)-Ci.4alkyl,

(r) -NH-C(=0)-Cs.¢xycloalkyl,

(s) -NH-C(=0)-aryl,

(t) -NH-C(=O)-heterocycle,

(u) -NH-C(=O)-heteroaryl, va

(v) -NH-SO»-C.4alkyl,
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trong d6 mdi trong sé céc lua chon (b) dén (v) tuy ¥ duge thé bang 1 dén 3 phan tir thé
ddc 1ap duge chon tir nhom bao gém:

(1) —Cr.salkyl,
(i)  —halogen,

(i) —OH,
(iv) —O-Ciaalkyl,
(V) _SHs

vi) —S-Craalkyl;
(vii) —NOy, va
(viii) —CN;
R, R, va R doc 1ap duge chon tir nhém bao gbm: H, halogen, -OH va —Ci.6
alkyl; hodc

R!°, R v nguyén ti cacbon ma ching lién két cung v6i nhau tao thanh Cs.

1xycloalkyl hodc nhom heterocyclyl;
R'3 duoc chon tir nhém bao gdm:

(a) -H,

(b)  —Cialkyl,

(¢) —C(0)-Cialkyl,

(d) —C(O)NH,

() —C(O)-NH(C.alkyl),

()  —C(O)-NH(Cs.6xycloalkyl),
(g —C(O)-N(Crsalkyl),

(h) —C(0)O-Cialkyl, va

(i)  —C(0)O-Cisalkylaryl; va

pla0, 1 hodc 2,

Theo phuong an tht chin, dbi v6i hop chét cia phuong an bét ky trong sb cic

phuong 4n néu trén c6 cong thire (Ia), R! dugc chon tir nhém bao gom:
(a) —aryl, va

(b) —heteroaryl;
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trong d6 mdi aryl va heteroaryl cta lya chon (a) va (b) la tay y dugc thé bing 1 dén 3

phén ttr thé doc 1ap duoc chon tir nthém bao gbm:

(1) —halogen,

(i) —CN,

(iii) —C(O)RS,

(iv) —CONR’RS,

(v) —OH,

(vi) —O-Crealkyl,

(vi)) —S(O)p-Ci-salkyl,
(viii) —S(O):NRR,
(ix) -NHC(O)RS,

(x) —NHC(O)ORS, va
(xi) —-NHSO2C1-salkyl,

trong d6 mdi nhom alkyl cia lwa chon (vi), (vii), va (xi) tiy ¥ duoc thé bang 1 dén 5
phén tr thé doc lap dugc chon tir —halogen, —haloC)4alkyl, -COR®, —CO2RS, —
CONRSR®, -NRRS, —OH, —O-C)alkyl, —SH va —S-Ci.4alkyl;

R7 1a —Cs.10xycloalkyl;
R® dwoc chon tir nhoém bao gdm:

(a) —NH-C(=0)-NH-Ci.salkyl,

(b) —NH-C(=0)-N(Ci-salkyl)s,

(¢) -NH-C(=0)-NH-Cj;.salkenyl,
(d) -NH-C(=0)-NH-Cs-salkynyl,
(e) -NH-C(=0)-NH-Cs.¢xycloalkyl,
()  -NH-C(=0O)-NH-aryl,

(g) —NH-C(=0)-NH-heterocycle,
(h) —-NH-C(=0)-NH-heteroaryl,

(i)  -NH-C(=0)-NH-SO,-Ci.salkyl,
(G) —NH-C(=0)-NH-S0,-Cs.¢xycloalkyl,
(k) —-NH-C(=0)-O-Ci.4alkyl, va

()  -NH-C(=0)-O-Ci.4alkylaryl,
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trong 6 mdi trong s6 céc lya chon (a) dén (1) ty y dugce thé bang 1 dén 3 phan tir thé
doc 1ap dugc chon tir nhom bao gbm:

6 —Cisalkyl,
(i)  -—halogen,

(iii) —OH,
(iv) —0O-Ciaalkyl,
(v) —SH,va

(vi) —S-Cialkyl;
mdi R V2 RM [3-C.4alkyl, hodc
R R!" va nguyén t& cacbon ma ching lién két ciung véi nhau tao thanh
Cs-¢xycloalkyl hodc di vong c6 tur 4 dén 6 canh, va
R!? 13 -OH.
Theo phuong an tht muoi, hop chét theo phuong &n dAu tién 12 hop chit co
cong thuc (Ib):
N
N’
(e=N\g N
0O ™ (S, A OH
(S
O

I
bl HSC
RVlL TN
NH

(R)
O
9
et
NH,

N
0]
O
(Ib)

hodc mudi duge dung, solvat, solvat cla mudi hodc tién dugc chét cua no, trong d6 R!
dugce chon tir nhom bao gbm:

(a) —aryl, va

(b) —heteroaryl;

trong d6 mdi aryl va heteroaryl cta lya chon (a) va (b) 1a tuy y dugc thé bang 1 dén 3
phan ttr thé doc 1ap dugc chon tir nhom bao gbm:
i) —halogen,
(i) —CN,
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(iii) —C(O)RS,

(iv) —CONR’RS,

(v) -OH,

(vi) —O-Crealkyl,

(vil) —S(O)p-Cisalkyl,
(viii) —S(O)NR°R,

(ix) -NHC(O)R?,

(x) -NHC(O)ORS,

(xi) —-NHSO2C.alkyl, va
(xii) Cialkyl;

trong d6 mdi nhém alkyl cta lya chon (vi), (vii), va (xi) tiy y duoc thé bang 1 dén 5
phin tir thé doc 1dp dugc chon tir —halogen, -haloCi.salkyl, —CORS8, -
CO.R8, -CONRSRS, -NR’RS,  —OH, —O-Ci.qalkyl, —SH va —S-Cisalkyl;

R® dugc chon tir nhom bao gdm:

(a) -NH-C(=0)-NH-Cj.4alkyl,
(b) —NH-C(=0)-N(Ci4alkyl),
(c) -NH-C(=0)-NH-Cs.salkenyl,
(d) -NH-C(=0)-NH-Cs.salkynyl,
(e) —NH-C(=0)-NH-Cjs.6xycloalkyl,
() —NH-C(=0)-NH-aryl,
(g2) -NH-C(=0)-NH-heterocycle,
(h) -NH-C(=0)-NH-heteroaryl,
(i) -NH-C(=0)-NH-SO,-C;.salkyl,
) —NH-C(=0)-NH-SO»-Cs.sxycloalkyl,
(k) —-NH-C(=0)-O-Ci4alkyl, va
()  -NH-C(=0)-O-Ci.salkylaryl,
trong d6 mdi trong sé cac lua chon (a) dén (1) tuy y duoc thé bang 1 dén 3 phén tir thé

ddc 1ap duge chon tir nhom bao géln:

(i)  —Ciaalkyl,
(ii)  —halogen,
(iii) —OH,
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(iv) —O-Ciaalkyl,
(v) -SH,va
(vi) —S-Cialkyl; va

nlaldéns,

Theo phurong an thir muoi mot, dbi v6i hop chét theo phuong 4n thir mudi n 1a

Theo phuong 4n thtr mudi hai, dbi v6i hop chét theo phwong 4n thir mudi hodc
mudi mot, R! 1a phenyl tuy y dugc thé bang 1 dén 3 phan tir thé doc lap dugc chon tir

nhom bao gom:

@) —halogen,

(i) —CN,

(iii) —C(O)RS,

(iv) —CONR’RS,

(v) -OH,

(vi) —O-Crsalkyl,

(vii) —S(O)p-Cisalkyl, va

(viii) —S(O)NRR®;
trong d6 mdi nhom alkyl cta lya chon (vi) va (vii) tuy y duoc thé bang 1 dén 5 phéan tir
thé doc 1ap duoc chon tir —halogen, ~haloC1.salkyl, ~COR®, —COsR8, -CONH,, —OH,
va —0-Ci.qalkyl.

Theo phuong 4n muoi ba, d6i v6i hop chét theo phuong én thir mudi hode muoi

mot R 12 naphtyl.

Theo phuong 4n mudi bbn, dbi voi hop chét theo phuong an thir mudi hodc

muodi mdt R! duoce chon tir nhém bao gom:

(a)  vong heteroaryl don vong c¢é tir 5 dén 6 canh c6 nguyén tir khic loai

duogc chon tr N, O va S, vatuy y 1, 2 hodc 3 nguyén tir N bd sung; va

(b)  vong heteroaryl hai vong ngung tu ¢6 8, 9, hodc 10 canh ¢6 nguyén tr

khéc loai dugc chon tr N, O va S, va tuy y 1, 2 hodc 3 nguyén tu N bd sung;

trong d6 mdi trong s6 cac lua chon (a) va (b) tuy ¥ duoc thé bang a nhém duge chon

tir: OH va Cj.4alkyl.
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Theo phuong an mudi 1dm, hop chit theo phwong 4n dau tién 13 hop chét duoc

chon tur:

(28)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-4-metyl-1,2-

dioxopentan-3-yl)pyrolidin-2-carboxamit;

metyl (3-((S)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)pyrolidin-2-

carboxamido)-4-metyl-2-oxopentanoyl)glyxinat;

(25)- 1-((R)-Z-(2-naphtamido)-3-Xyclohexylpropanoyl)-N-(1-((2-met0xyetyl)amino)-4-
metyl-1,2-dioxopentan-3-yl)pyrolidin-2-carboxamit;

(28,4R)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1 -amino-4-metyl-1,2-
dioxopentan-3-yl)-4-phenylpyrolidin-2-carboxamit;

(2S.,4R)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1 -amino-4-metyl-1,2-
dioxopentan-3-yl)-4-(piperidin-1-yl)pyrolidin-2-carboxamit;

(28,4R)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-7-(3-
xyclohexylureido)-2-hydroxy-1-oxoheptan-3-yl)-4-(piperidin-1 -yl)pyrolidin-2-

carboxamit;

(28,4R)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(4-amino-1-xyclobutyl-3,4-
dioxobutan-2-yl)-4-(piperidin-1-yl)pyrolidin-2-carboxamit;

(2S,4R)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-4-metyl-1,2-
dioxohexan-3-yl)-4-(piperidin-1-yl)pyrolidin-2-carboxamit;

(2S,4R)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(4-amino-3,4-dioxo-1-
phenylbutan-2-y1)-4-(piperidin-1-yl)pyrolidin-2-carboxamit;

(28.4S)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(4-amino-1 -xyclobutyl-3,4-
dioxobutan-2-yl)-4-(piperidin-1-yl)pyrolidin-2-carboxamit;

(25,48)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-7-(3-
xyclopropylureido)-1,2-dioxoheptan-3-yl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-

triazol-1-yl)pyrolidin-2-carboxamit;

-2



36473

(28.48)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-7 -(3-
isobutylureido)-1,2-dioxoheptan-3-yl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamit;

(2S,4S)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1 -amino-7-(3-
xyclohexylureido)-1,2-dioxoheptan-3-yl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-
1-yl)pyrolidin-2-carboxamit;

(28.48)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-1 ,2-diox0-7-(3-
(pyridin-4-yl)ureido)heptan-3-yl)-4-(5-(2-hydroxypropan-2-yl)-14-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamit;

(28.45)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1 -amino-7-(3-etylureido)-
1,2-dioxoheptan-3-y1)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-

carboxamit;

(28.48)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1 -amino-7-(3-(1-metyl-
1 H-pyrazol-3-yl)ureido)-1,2-dioxoheptan-3 -yl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-

triazol-1-yl)pyrolidin-2-carboxamit;

(28,4S)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-7-(3 -(isoxazol-3-
yl)ureido)-1,2-dioxoheptan-3-yl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamit;

(28.48)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-1 ,2-dioxo-7-(3-
(tetrahydro-2H-pyran-4-yl)ureido)heptan-3-yl)-4-(5-(2-hydroxypropan-2-yl)-14-1 ,2,3-

triazol-1-yl)pyrolidin-2-carboxamit;

(28.48)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-1 ,2-diox0-7-(3-
(pyrimidin-5-yl)ureido)heptan-3-y1)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamit;

(2S,45)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-7-(3-(1-
oxidotetrahydro-2H-thiopyran-4-yl)ureido)-1,2-dioxoheptan-3-yl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamit;
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(28,48)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-1,2-dioxo-7-(3-
(tetrahydro-2H-thiopyran-4-yl)ureido)heptan-3-y1)-4-(5-(2-hydroxypropan-2-yl)- 1 -
1,2,3-triazol-1-yl)pyrolidin-2-carboxamit;

(28,4S5)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-1 ,2-dioxo-7-(3-
(pyridin-3-yl)ureido)heptan-3-yl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamit;

(28.45)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-1 ,2-diox0-7-(3-
(pyridin-2-yl)ureido)heptan-3-yl)-4-(5-(2-hydroxypropan-2-y1)-1H4-1,2,3 -triazol-1-

yl)pyrolidin-2-carboxamit;

(28,4S)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-1 ,2-dioxo-7-(3-
(prop-2-yn-1-yl)ureido)heptan-3-yl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamit;

(28,45)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-7-(3-(5-(tert-
butyl)isoxazol-3-yl)ureido)-1,2-dioxoheptan-3-yl)-4-(5-(2-hydroxypropan-2-yl)-1-
1,2,3-triazol-1-yl)pyrolidin-2-carboxamit;

(28,48)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(7-(3-allylureido)- 1 -amino-
1,2-dioxoheptan-3-yl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamit;

(28.45)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-7-(3-
(xyanometyl)ureido)-1,2-dioxoheptan-3-yl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-

triazol-1-yl)pyrolidin-2-carboxamit;

(28.45)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-7-(3-
xyclobutylureido)-1,2-dioxoheptan-3-y1)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-
1-yl)pyrolidin-2-carboxamit;

(2S,4S)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-1,2-dioxo-7-
((triflometyl)sulfonamido)heptan-3-y1)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamit;
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(25,48)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1 -amino-7-(3-
(xyclopropylsulfonyl)ureido)-1,2-dioxoheptan-3-y1)-4-(5 -(2-hydroxypropan-2-yl)-1H-
1,2,3-triazol-1-yl)pyrolidin-2-carboxamit;

benzy! (5-((28,4S)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat;

benzyl (5-((2S,4S)-1 -((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-4-(4-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat;

benzyl (5-((2S,4R)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat;

benzyl (5-((25,4R)-1-((R)-2—(2-naphtamido)-3-xyclohexylpropanoyl)—4-(4-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat;

(2S,45)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1 -amino-1,2-dioxohex-5-
en-3-yl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamit;

N-((2R)-1-((2S,4S)-2-((7-(3-propargylureido)-1-amino-1,2-dioxoheptan-3 -yl)carbamoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-1-y1)-3 -xyclohexyl-1-

oxopropan-2-yl)isonicotinamit;

(28,48)-N-(7-(3-propargylureido)-1-amino-1,2-dioxoheptan-3-y1)-1-((R)-3 -xyclohexyl-
2-(4-(metylsulfonyl)benzamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-14-1 ,2,3-

triazol-1-yl)pyrolidin-2-carboxamit;

(2S,48)-N-(1-amino-1,2-dioxo-7-(3-(prop-2-yn-1-yl)ureido)heptan-3-yl)-1 -((R)-3-
xyclohexyl-2-(4-(2,2,2-triflo-1,1 -dihydroxyetyl)benzamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamit;

benzyl (5-((2S,4S)-1-((R)-2-(1H-benzo[d]imidazol-2-carboxamido)-3-
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xyclohexylpropanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-7-amino-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-(4-
(metylsulfonyl)benzamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (5-((2S,4S)-1-((R)-2-(1H-benzo[d]imidazol-4-carboxamido)-3-
xyclohexylpropanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-7-amino-6,7-dioxoheptyl)carbamat;

benzyl (5-((2S,4S5)-1-((R)-2-(1H-benzo[d]imidazol-6-carboxamido)-3-
xyclohexylpropanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-7-amino-6,7-dioxoheptyl)carbamat;

benzy! (7-amino-5-((2S,4S5)-1-((R)-3-xyclohexyl-2-(1,6-naphtyridin-5-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S5)-1-((R)-3-xyclohexyl-2-(1,6-naphtyridin-8-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-(1,8-naphtyridin-4-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(quinoxalin-5-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(quinazolin-2-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-(quinoxalin-2-
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carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1,5-naphtyridin-2-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-(1,6-naphtyridin-2-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,45)-1-((R)-3-xyclohexyl-2-(1,8-naphtyridin-2-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1,7-naphtyridin-3-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-(1,5-naphtyridin-3-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-(quinoxalin-6-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(4-0x0-3,4-dihydroquinazolin-7-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,45)-1-((R)-3-xyclohexyl-2-(1,5-naphtyridin-4-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1-metyl-1H-imidazol-5-
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carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1-metyl-1H-imidazol-4-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1-metyl-1H-imidazol-2-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,45)-1-((R)-3-xyclohexyl-2-(1H-pyrrolo[3,2-c]pyridin-2-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,45)-1-((R)-3-xyclohexyl-2-(1H-indol-2-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1H-indol-5-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1 H-indol-6-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1 H-indazol-4-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1 H-indazol-5-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1 H-indazol-6-
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carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1H-indazol-7-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (5-((2S,4S)-1-((R)-2-(1-naphtamido)-3-xyclohexylpropanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(isoxazol-4-carboxamido)propanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,45)-1-((R)-3-xyclohexyl-2-(oxazol-4-carboxamido)propanoyl)-4-
(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(oxazol-2-carboxamido)propanoyl)-4-
(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-2-(3-carbamoylbenzamido)-3-xyclohexylpropanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;;

benzyl (7-amino-5-((25,45)-1-((R)-2-(4-carbamoylbenzamido)-3-xyclohexylpropanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,45)-1-((R)-2-(2-xyanobenzamido)-3-xyclohexylpropanoyl)-4-(5-
(2-hydroxypropan-2-yl1)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-2-(3-xyanobenzamido)-3-xyclohexylpropanoyl)-4-(5-
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(2-hydroxypropan-2-y1)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((28,4S)-1-((R)-2-(4-xyanobenzamido)-3-xyclohexylpropanoyl)-4-(5-
(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,45)-1-((R)-3 -xyclohexyl-2-(2-flobenzamido)propanoyl)-4-(5-(2-
hydroxypropan-2-y1)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,45)-1-((R)-3 -xyclohexyl-2-(4-flobenzamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,45)-1-((R)-3 -xyclohexyl-2-(2-metoxybenzamido)propanoyl)-4-
(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(3 -metoxybenzamido)propanoyl)-4-
(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,45)-1-((R)-3 -xyclohexyl-2-(4-metoxybenzamido)propanoyl)-4-
(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl  (7-amino-5-((2S,45)-1-((R)-3-xyclohexyl-2-(2-((metylperoxy)thio)benzamido)-
propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl  (7-amino-5-((25,45)-1-((R)-3-xyclohexyl-2-(3-((metylperoxy)thio)benzamido)-
propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S5)-1-((R)-3-xyclohexyl-2-(4-((diflometyl)sulfonyl)benzamido)-
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propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S5)-1-((R)-3-xyclohexyl-2-(4-((2-
metoxyetyl)sulfonyl)benzamido)propanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-
triazol-1-yl)pyrolidin-2-carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7—amino-5-((2S,4S)-1-((R)-2-(4-((2-amino-2-oxoetyl)sulfonyl)benzamido)-3—
xyclohexylpropanoyl)-4-(5-(2-hydroxypropan-2-yl)-14-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(4-
(isopropylsulfonyl)benzamido)propanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-
1-yl)pyrolidin-2-carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4:S)-1-((R)-3 -xyclohexyl-2-(nicotinamido)propanoy1)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S)-1-((R)-3-Xyclohexy1-2-(picolinamido)propanoyl)—4—(S-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,45)-1-((R)-3 -xyclohexyl-2-(isonicotinamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,45)-1-((R)-3-xyclohexyl-2-(pyrimidine-2-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(isoquinolin-1-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S5)-1-((R)-3 -xyclohexyl-2-(quinolin-4-carboxamido)propanoyl)-
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4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-

dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S)- 1-((R)-3-xyclohexyl-2-(quinolin-5-carboxamido)propanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(isoquinolin-5-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(isoquinolin-8-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amin0-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(quinolin-8-carboxamido)propanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,45)-1-((R)-3 -xyclohexyl-2-(quinolin-2-carboxamido)propanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-(1-0xo-1,2-dihydroisoquinolin-3-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-(isoquinolin-3-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S)-1-((R)-3 -xyclohexyl-2-(quinolin-3-carboxamido)propanoy1)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(2-oxo-1,2-dihydroquinolin-6-
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carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S5)-1-((R)-3 -xyclohexyl-2-(isoquinolin-6-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S)-1-((R)-3 -xyclohexyl-2-(isoquinolin-7-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-y1)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amirio-5-((2S,4S)- 1-((R)-3-xyclohexyl-2-(imidazo[1,2-a]pyridin-6-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S5)- 1—((R)-3-xyclohexyl—Z-(quinolin-7-carboxamido)propanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)—1-((R)-3-xyclohexyl-Z-(pyrido[2,3-b]pyrazin-S-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7—amino-5-((2S,4S)-1-((R)-3-xyclohexy1-2-(pyrido[2,3-b]pyrazin-6-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-Z-(pyrido[2,3-b]pyrazin-7-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-14-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1H-1 ,2,3-triazol-4-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzy! (7-amino-5-((25,4S5)-1-((R)-3-xyclohexyl-2-(1-metyl-1/-1 ,2,3-triazol-4-
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carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-14-1 ,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

(28.48)-N-(1-amino-7-(3-xyclopropylureido)-1 ,2-dioxoheptan-3-yl)-1-((R)-3-
xyclohexyl-2-(4-(metylsulfonyl)benzamido)propanoyl)-4-(5 -(2-hydroxypropan-2-yl)-
1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamit;

(28,4S)-N-(1-amino-7-(3-xyclopropylureido)-1 ,2-dioxoheptan-3-yl)-1-((R)-2-(4-
xyanobenzamido)-3 —xyclohexylpropanoyl)-4-(5-(2-hydroxypropan—2-yl)- 1H-1,2,3-

triazol-1-yl)pyrolidin-2-carboxamit;

N-((2R)-1-((25,45')-2-((1-amino-7-(3-Xyclopropylureido)- 1,2-dioxoheptan-3-
yl)carbamoyl)-4-(5-(2-hydroxypropan-2-yl)-1H- 1,2,3-triazol-1-yl)pyrolidin-1-yl)-3-

xyclohexyl-1-oxopropan-2-yl)imidazo[1 ,2-a]pyridin-6-carboxamit;

N-((2R)-1-((28,4S)-2-((1-amino-7-(3 -xyclopropylureido)-1,2-dioxoheptan-3-
yl)carbamoy1)-4-(5-(2-hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-yl)pyrolidin-1-yl)-3-

xyclohexyl-1-oxopropan-2-yl)quinolin-3 -carboxamit;

(25,45)-1 -((R)-2-(4-((2-amin0-2-0xoetyl)sulfonyl)benzamido)—3 -xyclohexylpropanoyl)-
N-(1-amino-7-(3-xyclopropylureido)-1,2-dioxoheptan-3 -yl)-4-(5-(2-hydroxypropan-2-
y1)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamit;

(28,4S5)-N-(1-amino-7-(3-xyclopropylureido)-1 ,2-dioxoheptan-3-yl)-1-((R)-3-
xyclohexyl-2-(4-((diﬂometyl)sulfonyl)benzamido)propanoyl)-4-(5 -(2-hydroxypropan-2-
y1)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamit;

N—((ZR)-1-((2S,4S)-2—((1-amin0-7-(3-xyclopropylureido)- 1,2-dioxoheptan-3-
yl)carbamoyl)-4-(5-(2-hydroxypropan-2-yl)- 1H-1,2,3-triazol-1-yl)pyrolidin-1-y1)-3-

xyclohexyl-1-oxopropan-2-yl)- 1 H-indazol-7-carboxamit;

(28,4S)-N-(1-amino-7-(3-xyclopropylureido)-1 ,2-dioxoheptan-3-yl)-1-((R)-3-
xyclohexy1-2—(4-((2-met0xyety1)sulfonyl)benzamido)propanoyl)—4-(5 -(2-hydroxypropan-
2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamit;

(25,4S)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoy!l)-N-(4-amino-1-(4-
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nitrophenyl)-3,4-dioxobutan-2-yl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-

yl)pyrolidin-2-carboxamit;

(28,4S5)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1-(4-axetamidophenyl)-4-
amino-3,4-dioxobutan-2-yl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamit;

(25,4S5)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(4-amino-1-(4-(3-
xyclohexylureido)phenyl)-3,4-dioxobutan-2-yl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-

triazol-1-yl)pyrolidin-2-carboxamit;

benzyl (2-((2S,4S)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-4-amino-3,4-

dioxobutyl)carbamat;

benzyl (7-amino-5-((3S)-2-((R)-3-xyclohexyl-2-(4-
(metylsulfonyl)benzamido)propanoyl)-2-azabixyclo[2,2,1]heptan-3-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (5-((2S,4S)-1-(2-(2-naphtamido)-4-((1S,4R)-bixyclo[2,2,1]heptan-2-yl)butanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-7-amino-
6,7-dioxoheptyl)carbamat;

benzyl (5-((28,45)-1-((R)-2-(2-naphtamido)-3-(((benzyloxy)carbonyl)amino)propanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-7-amino-
6,7-dioxoheptyl)carbamat;

benzyl (5-((2S,45)-1-(2-(2-naphtamido)-3-(tetrahydro-2 H-pyran-4-yl)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat;

benzyl (5-((2S,4S)-1-(2-(2-naphtamido)-3-((3S5,5S,7S)-adamantan-1-yl)propanoy1)-4-(5-
(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat;

benzyl (5-((2S,4S)-1-(2-(2-naphtamido)-3-((1S,2R,5S5)-6,6-dimetylbixyclo[3,1,1 ]heptan-
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2-yl)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-7-amino-6,7-dioxoheptyl)carbamat; va

benzyl (5-((2S,4S)-1-(2-(2-naphtamido)-3-(3-metyloxetan-3 -yl)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat;

hodc mudi dugc dung, solvat, mudi cuia solvat hodc tién duoc chat cua no.

Theo phuong 4n muoi sdu, sang ché dé& cap dén duoc phim chira hop chét theo
phuong an bét ky trong s6 cac phuong 4n tir phuong 4n thir nhit dén phuong 4n mudi

lam, va chét mang dugc dung.

Theo phuong 4n muoi bay, sang ché @& cap dén phuong phap ngin ngira, hodc
diéu tri bénh vé mit dugce chon tt AMD dang khd, AMD dang udt, bénh teo diém
vang dang dia dd, bénh vong mac do tiéu duong, bénh vdng mac & tré sinh non, bénh
ly polyps hic mac, va bénh thodi hoa té bao nhan kich thich anh sang hodc vong mac,
bao gém: bao gdm viéc cho d6i tuong cAn diéu tri st dung lwong hitu hiéu diéu tri cua
hop chét theo phwong 4an bét ky trong sb cac phuong én tir phwong én thir nhit dén
phuong dn muoi 1dm, hodc mubi duoc dung, solvat, solvat cua mubi hodc tién dugc

chét ctia n6, hodc dugc pham theo phuong 4n mudi sau.

Theo phuong 4n muodi tam, d6i voi phuwong phép theo phuong 4n mudi bay,
phwong phap ngdn ngira dugc chon tlr viée tri hodn su khai phat ciia bénh va lam giam
nguy co tién trién bénh vé& mit, trong d6 bénh vé mét dugce chon tr AMD dang khd,
AMD dang uét, bénh teo diém vang dang dia dd, bénh vong mac do tiéu duong, bénh
vdng mac & tré sinh non, bénh ly polyps hic mac, va bénh thodi hoa té bao nhan kich

thich anh sang hodc vong mac.

Theo phuong 4n muoi chin, dbi véi phuong phép theo phwong 4n mudi bay,
phuong phap didu tri bénh vé mét dugc chon tir viéc kiém soét, 1am gidm, va lam
cham su tién trién cta, trong d6 bénh dugc chon tir AMD dang kho, AMD dang udt,
bénh teo diém vang dang dia dd, bénh vong mac do tiéu dudng, bénh vong mac & tré
sinh non, bénh ly polyps hic mac, va bénh thoai hoa té bao nhan kich thich anh sang

hodc vong mac.
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Theo phuong an hai muoi, dbi voi phurong phap theo phuong dn bat ky trong sb
cac phuong an tir phuong 4n mudi bay dén phwong 4n muoi chin, bénh nay la bénh teo

diém vang dang dia do.

Theo phuong an hai muoi mdt, sang ché dé cap dén phuong phép Gc ché hoat
tinh proteaza HtrAl ¢ mét, bao gdm viéc cho ddi tugng can diéu tri sir dung lugng hitu
hidu didu tri cia mot trong sd cac hop chat theo phuong an bét ky trong s6 cac phuong
an tr phuong éan thir nhit dén muoi 1am hodc mubi duge dung, solvat, solvat cua mudi

hodc tién dugc chit ctia nd, hodc duge pham theo phuong dn mudi sau.

Bét c ddu hiéu ndo ctia mot phuong an déu c6 thé ap dung cho tat ca céc
phuong an duoc xac dinh trong ban mo ta nay. Hon nita, bat ky déu hiéu nao cia mot
phuong an déu c6 thé doc 1ap két hop, mot phan hoic toan by vdi cac phuong an khac
duogc mo ta & day theo cach bét ky, vi du, mét, hai, hodc ba hodc nhiéu phuong an co
thé két hop mot phan hogc toan bo. Hon nira, bét ky d4u hiéu ndo ctia mdt phwong an
déu c6 thé két hop tly ¥ voi cac phuong an khac. Phuong én bét ky ctia phwong phap
c6 thé bao gdbm phuong an khéc ctia hop chét, va phuong an bét ky cta hop chét c6 thé
két hop dé tao thanh phuong phép theo phuong 4n khéc.

Dinh nghia

Trir khi ¢6 quy dinh khéc, tat ca cac thuat ngit khoa hoc va ky thudt dugc st
dung trong ban mo ta nay co6 nghia gidng nhu duge hiéu thong thuong béi ngudi co
hiéu biét trung binh trong linh vuc. TAt ca céc sang ché, don, don di cong bd va tai
lieu da cong bd khac dugc tham khao trong ban mo ta ndy dugc két hop bang cach
vién din toan bd nodi dung trir khi c6 quy dinh khac. Trong trudong hop co nhiéu dinh
nghia cho mot thuit ngir trong ban mo ta nay, nhitng dinh nghia trong phan nay 1a

nhitng dinh nghia c6 tinh phd quat trir khi c6 quy dinh khéc.

Thuéat nglt “bénh nhan” bao gbm dong vat ¢6 vi nhu chudt nhat, chubt, bo, clru,

lon, tho, dé, ngua, khi, chd, meo, va ngudi.

Thuét ngit “halo” hodc “halogen” dung d& chi gbc bat ky cta flo, clo, brom

hoac iot.

Thuéat ngtt “alkyl” dung dé chi mach hydrocacbon no ma c6 thé 1a mach thang

hodc mach nhénh, chira s6 lugng duoc thé hién cta nguyén tir cacbon. Vi du, Ci-¢alkyl

-37-



36473

thé hién ring nhom co thé c6 tir 1 dén 6 (toan bo) nguyén t cacbon. Theo mot s6
phuong 4n, alkyl la Ci.salkyl ma la gbc hydrocacbon no mach nhanh hodc mach thang
¢6 1 dén 6 nguyén tir cacbon. Vi du vé alkyl bao gdm nhung khong khi gii han ¢
metyl, etyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, va tert-butyl. Ky hiéu
“Conalkyl” thé hién su véng mit ctia gbe alkyl, hodc sy c6 mit clia gbe alkyl c6 1 dén
n nguyén tir cacbon. Do d6, vi du, thuat nglt “Co-salkyl-R>” thé hién ring nhom R’ lién
két truc tiép v6i gde chinh (parent moiety), hodc thé hién rang c¢6 nhom alkyl xen k&
c¢6 1 dén 6 nguyén tit cacbon gitra R> va gbc chinh; nhém xem k& nay c6 thé 1a, vi du,

—~CH)—, —-CH>CH>—, ~CH(CH3)— va —C(CHs)2—.

Thuét ngit “haloalkyl” dung dé chi nhom alkyl trong do it nhét mot nguyén tir
hydro duogc thé bang halo. Theo mot sd phuong 4n, nhiéu hon mot nguyén tir hydro (vi
du, 2,3, 4,5,6,7,8,9, 10, 11, 12, 13, hodc 14) dugc thé bang halo. Theo nhiing
phuong 4n nay, mdi nguyén tir hydro c6 thé duoc thé bang halogen twong tu (vi du,
flo) hodc nguyén tir hydro co thé dugc thé bang su két hop cia cac halogen khac nhau
(vi dy, flo va clo). “Haloalkyl” cling bao gdm gde alkyl trong do tht ca cac hydro dugc
thé bing halo (d6i khi trong ban md td nay dung dé chi perhaloalkyl, nghia 1a,
perfloalkyl, nhu triflometyl).

Nhu dugc mo ta trong ban md ta nay, thuat nglt “alkoxy” dung dé chi nhém c6
cong thirc -O-(alkyl). Alkoxy co thé 13, vi du, metoxy, etoxy, propoxy, iSopropoxy,
butoxy, iso-butoxy, sec-butoxy, pentoxy, 2-pentoxy, 3-pentoxy, hoic hexyloxy. Cling
nhu vay, thuat ngtt “thioalkoxy” dung dé chi nhoém c6 cong thire -S-(alkyl). Thuat ngit
“haloalkoxy” va ‘“thiohaloalkoxy” lAn lwot ding dé chi -O-(haloalkyl) va -S-
(haloalkyl). Thuét ngtt “sulthydryl” dung dé chi -SH.

Thuéat ngtt “aralkyl” dung dé chi gde alkyl trong d6 nguyén tir hydro alkyl dugc
thé bang nhom aryl. Mot trong s& cac cacbon cia gbe alkyl ¢6 vai trd nhu diém lién
két nhom aralkyl voi gde khéc. Vi du khong nhdm gi¢i han vé “aralkyl” bao gbm cac
nhém benzyl, 2-phenyletyl, va 3-phenylpropyl.

Thuat ngtr “alkenyl” dung dé chi mach hydrocacbon mach thang hoic mach
nhanh chua s lugng duoc thé hién ctia nguyén tir cacbon va c6 mdt hodc nhiéu lién
két doi cacbon-cacbon. Nhom alkenyl ¢6 thé bao gbm, nghia 13, vinyl, allyl, 1-butenyl,

va 2-hexenyl. Theo mét s6 phuong 4n, alkenyl 1a C2-6alkenyl.
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Thuét ngtt “alkynyl” dung dé chi mach hydrocacbon mach thing hodc mach
nhanh chita s6 lugng dugc thé hién cua nguyén tir cacbon va ¢6 mot hodc nhiéu lién
két ba cacbon-cacbon. Nhom alkynyl ¢ thé bao gdm, nghia 13, etynyl, propargyl, 1-
butynyl, va 2-hexynyl. Theo mot sb phuong 4n, alkynyl 1a C2-6alkynyl.

Thuét ngtr “heterocycle”, “heterocyclyl” hodc “heterocyclic” nhu dugc str dung
trong ban md ta nay trir khi c6 quy dinh khéc, 12 hé vong di vong hai vong ¢6 6, 7, g,
9,10, 11, hodc 12 canh dn dinh hodc vong don c6 4, 5, 6, hodc 7 canh 4n dinh ma chira
it nhat mot vong khong thom (vi dy, no hodc khong no mot phan) ma chtra nguyén tir
cacbon va tir mot dén bén, tét hon 13 dén ba, nguyén tir khac loai dugc chon tlir nhém
bao gdbm N, O va S, trong d6 nguyén tir nito va luu huynh ¢6 thé tily ¥ bi 6xy hoa nhu
N-oxit, sulfoxit hodc sulfon, va trong d6 nguyén tir nito ¢6 thé tuy y duoc bic bbn hoa.
Hop chit di vong ¢ thé lién két thong qua nguyén tir cacbon mach vong hodc, néu c6
sin, thong qua nguyén tr nito mach vong. Hé vong hai vong di vong ¢o thé 12 hé vong
di vong hai vong ngung tu, béc ciu, hoic xodn. Theo mdt sé phwong an, heterocyclyl
la vong don c6 4 dén 7, t6t hon 1a 4 dén 6, nguyén tir mach vong, trong d6 1 hodc 2 1a
nguyén ttt khéac loai doc lap dugc chon tir nhéom bao gdbm N, O va S. Theo mdt sd
phuong 4n, nhém heterocyclyl 12 vong doi, va trong trudong hop, vong thir hai ¢6 thé 12
vong thom ho#c khong thom ma bao gdm nguyén t&r cacbon va tir mot dén bdn, tot
hon 1a dén ba, nguyén tir khéc loai doc 1ap dugc chon tir nhém bao gé)m N, Ovas,
hoac vong tht hai cé thé 1a vong benzen, hodc “xycloalkyl”, hodc “xycloalkenyl”, nhu
duoc x4c dinh trong ban mo ta nay. Vi du vé nhém di vong bao gdm, nhung khong chi
gi6i han & azetidin, chroman, dihydrofuran, dihydropyran, dioxan, dioxolan,
hexahydroazepin, imidazolidin, imidazolin, indolin, isochroman, isoindolin,
isothiazolin, isothiazolidin, isoxazolin, isoxazolidin, morpholin, oxazolin, oxazolidin,
oxetan, piperazin, piperidin, dihydropyridin, tetrahydropyridin, dihydropyridazin,
pyran, pyrazolidin, pyrazolin, pyrolidin, pyrolin, tetrahydrofuran, tetrahydropyran,
thiamorpholin, tetrahydrothiophen, thiazolin, thiazolidin, thiomorpholin, thietan,
thiolan, sulfolan, 1,3-dioxolan, 1,3-oxazolidin, 1,3-thiazolidin, tetrahydrothiopyran,
tetrahydrotriazin, 1,3-dioxan, 1,4-dioxan, hexahydrotriazin, tetrahydro-oxazin,
tetrahydropyrimidin, perhydroazepin, perhydro-1,4-diazepin, perhydro-1,4-oxazepin,
7-azabixyclo[2,2,1]heptan, 3-azabixyclo[3,2,0]heptan, 7-azabixyclo[4,1,0]heptan, 2,5-
diazabixyclo[2,2,1]heptan,  2-oxa-5-azabixyclo[2,2,1]heptan,  tropan, 2-0xa-06-
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azaspiro[3,3]heptan, dihydrobenzofuran, diydrobenzimidazolyl, dihydrobenzoxazol,

va dihydrobenzothiazolyl, va N-oxit hodc sulfon hogc sulfoxit ctia nd.

Thuat nglr “xycloalkyl” dung dé chi nhom hydrocarbon don vong, hai vong, ba
vong hodc da vong no hoan toan co s6 lugng duoc chi dinh cia nguyén tir cacbon
vong. Xycloalkyl da vong c¢6 thé 1a hé vong ngung ty, béc cdu hodc xoidn. Nhém
xycloalkyl bao gdbm, nhung khong chi giéi han &, xyclopropyl, xyclobutyl,
xyclopentyl, xyclohexyl, xycloheptyl, xyclooctyl, norbornyl (bixyclo[2,2,1]heptyl),
decalinyl, adamantyl, spiropentyl, bixyclo[2,1,0]pentyl,  bixyclo[3,1,0]hexyl,
spiro[2,4]heptyl, spiro[2,5]octyl, bixyclo[5,1,0]octyl, spiro[2,6]nony],
bixyclo[2,2,0]hexyl, spiro[3,3]heptyl, bixyclo[4,2,0]octyl, bixyclo[2,2,2]octyl, va
spiro[3,5]nonyl. Theo mot s& phuong 4n, xycloalkyl 1a vong don C3-8xycloalkyl.
Theo phuong 4n khac, xycloalkyl 1a C5-12xycloalkyl vong doi ho#ic vong ba. Theo
phuong 4n khéc, xycloalkyl 1a C5-12xycloalkyl vong X0An.

Thuét ngit “xycloalkenyl” dung dé chi nhom hydrocarbon don vong, hai vong,
ba vong, hodc da vong khong bdo hoa mot phén. Cacbon mach vong (vi du, no hodc
khong no) la diém lién két phin tir thé xycloalkenyl. Gbc xycloalkenyl c6 thé bao
gdm, nghia 13, xyclopentenyl, xyclohexenyl, Xyclohexadienyl, hodc norbornenyl. Theo
mdt s phuong 4an, xycloalkenyl 1a C4-10xycloalkenyl. Theo phuong an khac,
xycloalkenyl 12 C4-6xycloalkenyl. Theo mot s6 phuong 4n, xycloalkenyl la vong don.

Theo mét s& phuong 4n, xycloalkenyl 1 vong doi.

Thuat ngit “aryl” nhu dugc st dung trong ban md ta nay, 12 nham thé hién vong
cacbon vong don hodc vong doi bat ky ¢6 6 canh trong mdi vong, trong do it nhét mot
vong la thom. Vi du v& aryl bao gdm phenyl, naphtyl, tetrahydronaphtyl, indanyl, hoac
biphenyl.

Thuét ngit “heteroaryl”, nhu dugc st dung trong ban mo ta nay trir khi c6 quy
dinh khac, 14 hé vong hai vong ngung tu c6 9 hodc 10 canh dn dinh ho#c vong don ¢6
5, 6 hodc 7 canh dn dinh ma bao gdm it nhit mot vong thom, ma bao gbém nguyén tir
cacbon va tir mot dén bdn, tbt hon 14 dén ba, nguyén tir khac loai dugc chon tir nhém
bao gdm N, O va S trong d6 nguyén tir khic loai luu huynh va nito ¢6 thé tly y bi oxy
hoa, va nguyén tr khéc loai nito ¢6 thé tly ¥ dugc bac bdn hoa. Trong trudng hop ma

“heteroaryl” ma 1a nhom vong ddi, vong thtr hai khong can 1a vong thom va khong can
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bao gdm nguyén tir khéc loai. Theo d6, “heteroaryl” vong d6i bao gdm, vi dy, vong
thom don vong cd 5 hodc 6 canh én dinh bao gdm nguyén tir cacbon va tlr mot dén
bén, t6t hon 12 dén ba, nguyén tt khac loai, nhur duge xéc dinh ngay & trén, dugce
ngung tu v6i vong benzen, hodc “heteroaryl” don vong thir hai, hodc “heteroxyclyl”,
“xycloalkyl”, hodc “xycloalkenyl”, nhu x4c dinh & trén. Vi du vé nhoém heteroaryl bao
gdm, nhung khong chi giéi han ¢, benzimidazol, benzopyrazol, benzisothiazol,
benzisoxazol, benzofuran, isobenzofuran, benzothiazol, benzothiophen, benzotriazol,
benzoxazol, xinolin, furan, furazan, imidazol, indazol, indol, indolizin, isoquinolin,
isothiazol, isoxazol, naphthyridin, oxadiazol, oxazol, phthalazin, pteridin, purin,
pyrazin, pyrazol, pyridazin, pyridin, pyrimidin, pyrol, quinazolin, quinolin, quinoxalin,
tetrazol, thiadiazol, thiazol, thiophen, triazin, triazol, benzimidazol, benzothiadiazol,
isoindol, pyrrolopyridin, imidazopyridin nhu imidazo[1,2-a]pyridin, pyrazolopyridin,

pyrrolopyrimidin va N-oxit ctia no.

Thuét ngit “axyl”, nhu dugc sir dung trong ban md ta nay, dung d& chi nhiing
nhém ¢ ngudn gdc tir axit hiru co bang cach loai bo phan hydroxy cua axit. Theo do,
axyl c6 nghia la bao gbm, vi du, axetyl, propionyl, butyryl, decanoyl, pivaloyl, benzoy]l

va tuong tu.

Nhu duoc st dung trong ban md ta ndy, thut nglt “ngung tu” ding dé chi su
lién két giita hai vong trong d6 hai nguyén tir lién k& chung nhau it nhé4t mot lién két

(no hodc khong no) 1a lién két chung cho cdc vong. Vi du, trong ciu trac dudi day,

vong A va B 1a ngung tu H H . Vi du v& céu tric vong ngung tu bao gdm,

nhung khong chi gigi han ¢, decahydronaphtalen, 1H-indol, quinolon, chroman,

bixyclo[2,1,0]pentan va 6,7,8,9-tetrahydro-5H-benzo[ 7]anulen.

Nhu duge st dung trong ban mo ta nay, thut ngt “bic cau” dung dé chi sy lién
két trong d6 c6 ba hodc nhiéu nguyén tir chung gitta hai vong. CAu trac dudi day

*

va 1a vi du vé vong “bic cau” vi cdc nguyén tir duge chi dinh
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la chung gifra it nhét hai vong. Vi du vé cAu trac vong béc ciu bao gbm, nhung khong
chi giéi han &, bixyclo[1,1,1]pentan, 2-oxabixyclo[1,1,1]pentan, 5-

azabixyclo[2,1,1]hexan, 6-azabixyclo[3,1,1]heptan, adamantan va norbornan.

Nhu duge st dung trong ban md ta nay, thuat ngt “xodn” dung dé chi su lién

két gitra hai vong trong d6 hai vong nay chi c6 mot nguyén tir chung. Vi du, trong ciu

D

A‘

C

tric vong C va D dugce lién ket boi lién két xodn. Vi du veé cdu tric vong

duoc lién két xodn bao gbdm, nhung khong chi gidi han &, spiro[3,3]heptan, 2,6-
diazaspiro[3,3]heptan,  2-oxa-6-azaspiro[3,3]heptan, spiro[4,5]decane  va  2,6-
dioxaspiro[3,3]heptan.

Péi v6i mdi gbe hitu co duge xac dinh & day, nguyén tir bat ky c6 thé tuy y

dugc thé, nghia 13, bdi mot hodc nhiéu phén tir thé.

Trir khi ¢6 quy dinh khéc, khi lién két dwoc md ta trong ciu tric héa hoc dang
vV nghia 1a lién két 4y & vi tri trung tAm 14p thé trong d6 chu tric ndy co thé co
c4u tao S hoic R nhu duge hiéu theo hé théng Cahn-Ingold System dé dit tén cac chét

ddng phan dbi quang. Vi du, ky hiéu vwwv ¢6 thé biéu thi ring lién két & vi tri xac

dinh truge co thé 1a o“‘\\\\\\ hoeftc/ . Su ¢6 mit ctia vwvv khong giéi han hop chét
dugc ldy 1am vi du chi & mot raxemat, ma c6 thé bao gdm tét ca cac cAu hinh 1ap thé
c6 thé.

Thuét nglr "dang didu tri", "diéu tri", hodc "viéc diéu tri" dung dé chi chung
viéc kiém soat, lam giam, cai thién, 1am chdm su tién trién ctia hodc loai bd tinh trang
d4 biét khi tinh trang duoc thiét 1ap. Ngoai nghia thong thuong, thudt ngit "dang ngan
ngira", “ngin nglra”, hodc “viéc ngan ngira” cling dung dé chi viéc tri hodn sy khoi
phat cua, hodc 1am giam nguy co phat trién tinh trang da biét hodc cta tién trinh ma cé
thé gdy ra tinh trang, hodc sy tai phat céc triéu chiing cua tinh trang bénh.

Thuét ngit "lugng hitu hiéu diéu tri" hodc "luong hitu hiéu" 1a luong du dé dem
lai hiéu qua hodc két qua 14m sang mong mudn. Lugng hitu hiéu c6 thé duogc st dung
trong mot hodc nhiéu 1an st dung. Luong hitu hiéu thuong 1a di dé lam giam, cai

thién, 1am On dinh, dao nguge, 1lam chidm hodc tri hoén sy tién trién tinh trang bénh.
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Céc dang hop chét va mudi

Céc hop chét theo sang ché c6 thé chira mot hogic nhiéu tAm bét d6i ximg va do
d6 tdn tai dudi dang raxemat va hdn hop raxemic, hon hop lam giau céc chét dong
phan d6i quang, céc chét ddng phan d6i quang riéng ré&, chit déng phan khong d6i
quang riéng ré€ va cac hdn hop ddng phan khong dbi quang. Hop chét theo sang ché ¢c6
thé, do ban cht tAm bét d6i xtmg ho#c quay gidi han, c6 mit dudi dang cac chét déng

phéan (vi du, cac chét ddng phan ddi quang, chét ddng phan khong d6i quang).

Can phai hiéu rang khi hai hodc nhidu tam bat ddi xtmg c6 mit trong hop chit
theo sang ché, thong thudng s& co thé ¢6 cac chit dong phan khong dbi quang va céac
chit ddng phéan dbi quang ctia cac chu trac duge 1dy 1am vi dy, va cac chét dong phan
khong dbi quang tinh khiét va céc chit ddng phén dbi quang tinh khiét 1a phuong an
duge wu tién. Puoc du dinh 1a céc ddng phan 1ap thé tinh khiét, chat dong phan khong
d6i quang tinh khiét, chét ddng phan déi quang tinh khiét, va hon hop cta ching, 1a

thudc pham vi cua sang ché.

T4t ca cdc cht ddng phan, bét k& 1a dugc tach, tinh khiét, tinh khiét mot phan,
hodc & dang hdn hop raxemic, clia cac hop chét theo sang ché déu duoc bao ham trong
pham vi cia sang ché. Viéc tinh ché céc chét ddng phan nay va viéc tach hdn hop céc
chét ddng phan nay c6 thé duoc thuc hién theo k¥ thudt tiéu chudn da biét trong linh
vuc. Vi dy, hdn hgp céc chét ddng phan khéng d6i quang c6 thé duogc tach thanh céc
chit ddng phan riéng ré bang cac phép sdc ky hodc bing cach két tinh, va raxemat c6
thé duoc tach thanh céc chét dong phan d6i quang tuong (mg hodc bang phép sdc ky

trén pha bit ddi hodc bang cach phan giai.

Hop chit theo sang ché bao gdm tit ca cac chit ddng phan cis, trans, syn, anti,
entgegen (E), va zusammen (Z) va hdn hop cta chung. Hop chit theo sang ché cling
¢6 thé & dang da hdn bién, trong cac truong hop nay, sang ché bao gbém tit ca dang
hdn bién cta cac hop chit duoc mo ta & ddy, mic du chi dang hén bién don dugc thé
hién. Ngoai ra, khi thudt nglt dugc sit dung trong sang ché bao gdm nhém ma co thé
duge hdn bién hoa, tit ca cac dang hdn bién déu dugc bao gbém trong d6. Vi du,
heteroaryl dugc thé hydroxy bao gdbm 2-hydroxypyridin va 2-pyridon, 1-

hydroxyisoquinolin va 1-oxo-1,2-dihyroisoquinolin, 4-hydroxyquinazolin va 4-oxo-
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3,4-dihydroquinazolin, va tuong tu. TAt ca cac dang chét ddng phan nay cta cac hop

chat déu dugc bao gdbm trong sang che.

Hop chét theo séng ché bao gébm chinh céc hop chét, va mudi ctia chiing, solvat,
solvat ctia mudi va tién duoc chit cla chung, néu thich hop. Mudi phit hop v6i muc
dich cua sang ché tét hon 12 mubi duoc dung cua cac hop chét theo sang ché. Mudi ma
ban than chiing khong thich hop dé str dung duge dung nhung c6 thé duogc sir dung, vi
du, dé phan tach hogc tinh ché céc hop chit theo séng ché ciing bao gém trong pham vi
sang ché. Mudi, vi du, c6 thé tao thanh giita anion va phan ttr thé tich dién duong (vi
du, amino) trén hgp chit dugc mo ta & ddy. Céc anion thich hgp bao gdm clorua,
bromua, iodua, sulfat, nitrat, phosphat, xitrat, metansulfonat, trifloaxetat, va axetat.
Tuong tu, mudi cling c6 thé tao thanh giita cation va phén tir thé tich dién am (vi duy,

carboxylat) trén hop chit dugc mé ta & day. Cac cation thich hop bao gbm ion natri,

ion kali, ion magie, ion canxi, va amoni cation nhu ion tetrametylammoni.

Nhu dugc st dung trong ban md ta nay, “mubdi duoc dung” dung dé chi din
xuét trong d6 hop chit gbe dugc bién ddi bang cach tao ra mudi axit hodc bazo cua no.
Vi du v& mubi duge dung bao gbm, nhung khong chi gi6i han ¢, mudi vé6i axit vo co
hodc hitu co cua géc bazo nhu amin; mubi kiém hoic mudi hitu co cla géc axit nhu
axit carboxylic; va twong tu. Khi hop chét theo sang ché 14 bazo, mubi duge dung bao
gbm mudi khong doc thong thudng hodc mudi amoni bac bén ciia hop chét gbc tao
thanh, vi duy, tir axit hitu co hodc vo co khong doc. Vi du, céc mudi khong doc thong
thuong bao gdm cac mudi ¢6 ngudn gdc tir axit vd co nhu clohydric, bromhydric,
sulfonic, sulfuric, sulfamic, phosphoric, nitric va tuong tu; va mudi duge didu ché tur
axit hitu co nhu axetic, propionic, suxcinic, glyxolic, stearic, lactic, malic, tartaric,
xitric, ascorbic, pamoic, maleic, hydroxymaleic, phenylaxetic, glutamic, benzoic,
salicylic, sulfanilic, 2-axetoxybenzoic, fumaric, benzensulfonic, toluensulfonic,
naphtalendisulfonic, metansulfonic, etansulfonic, etandisulfonic, camphorsulfonic,

gluconic, mandelic, mucic, pantothenic, oxalic, isethionic, va tuong tu.

Khi hop chat theo sang ché c6 tinh axit, mudi c6 thé dugc diu ché tir cac bazo
khong d6c dugc dung, bao gém bazo v6 co va hitu co. Cac mudi ma cé thé duoc diéu
ché bao gém mubi lithi, mudi natri, mudi kali, mubi magie, mudi canxi, mubi
dixyclohexylamin, mubi N-metyl-D-gluxamin, mudi tris(hydroxymetyl)metylamin,

muoi arginin, mudi lyzin, va tuong tu.
-44-



36473

Danh sich cac mudi thich hop c6 th8 tim thdy trong Remington’s
Pharmaceutical Sciences, 17th ed., Mack Publishing Company, Easton, Pa., 1985, p.
1418; S. M. Berge et al., “Pharmaceutical Salts”, J. Pharm. Sci. 1977, 66, 1-19; va
“Pharmaceutical Salts: Properties, Selection, va Use. A Handbook”; Wermuth, C. G.
va Stahl, P. H. (eds.) Verlag Helvetica Chimica Acta, Zurich, 2002 [ISBN 3-906390-
26-8]; mdi trong sb chung dugc két hop trong ban mo ta nay bing cach vién dan toan
bo.

Solvat theo sang ché dugc chi dinh 1a cdc dang cia hop chét theo sang ché ma
tao thanh phirc chét & trang thai 10ng hodc rén bang cach két hop can bang hoa hoc voi
cic phan tir dung mdi. Hydrat la dang cu thé cua solvat, trong d6 su két hop dién ra voi
nuéc. Hydrat 1a solvat dugc vu tién theo sang ché. Su tao thanh cua solvat duge mo ta
chi tiét hon trong “Solvents and Solvent Effects in Organic Chemistry”; Reichardt, C.
va Welton T.; John Wiley & Sons, 2011 [ISBN: 978-3-527-32473-6], ndi dung cia nd
duoc két hop vao ban md ta nay bing cach vién dan toan bd ndi dung. Nguoi co hiéu

biét trung binh trong linh vyc s& nhan biét duge solvat theo sang ché.

Sang ché ciling bao gOm tét ca céc bién thé ddng vi thich hop cta cac hop chét
theo sang ché, cho du c6 tinh chét phong xa hay khong. Bién thé dong vi ctia hop chét
theo sang ché can duoc hiu 12 hop chét trong do it nhit mot nguyén t trong hop chat
theo sang ché dugc trao ddi voi nguyén tir khac c6 cing s6 nguyén tit, nhung c6 khéi
lwong nguyén tu khéac voi khéi lugng nguyén tt ma thuong hodc chu yéu xay ra trong
tw nhién. Vi du vé& ddng vi ma c6 thé duoc két hop vao hop chit theo sang ché 1a cac
ddng vi cta hydro, cacbon, nito, oxy, flo, clo, brom va iot, nhu 2H (doteri), *H (triti),
13C, 14C, BN, 170, B0, 18F, 3Cl, 2Br, 121, 1241, 1], I va P'I. Céc bién thé dong vi cu
thé cta hop chit theo sing ché, dic biét 1a cac bién thé trong d6 mot hodc nhiéu dong
vi phéng xa dugc két hop, ¢ thé ¢6 loi, vi du, dé xem xét co ché hoat dong hodc phan
phdi hoat chét trong co thé. Do kha ndng phat hién va didu ché twong d6i dé dang, dic
biét 1a cc hop chit dwgc danh dau dong vi °H, '*C va/hodc "F 1a thich hop cho muc
dich nay. Ngoai ra, su két hop cla cac df‘)ng vi, vi du cta doteri, co thé dua dén hiéu
qua tri liéu dic biét nhu 1a hé qua cua sy trao dbi chat 6n dinh cta hop chét, vi du su
kéo dai chu ky bén ra trong co th& hodc sy giam liéu hoat tinh can thiét. Tir d6, trong
mdt sb truong hop, nhitng cai bién nay ctia cc hop chit theo sang ché co thé tao thanh
phuong én uu tién theo sang ché. Theo mdt sd phwong 4n, céc nguyén tir hydro cua
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cac hop chét dugc mo ta & ddy co thé dugc thay thé bang nguyén ti doteri. Céac bién
thé déng vi ciia hop chét theo sang ché c6 thé dugc didu ché theo quy trinh da biét dbi
véi nguoi ¢ hidu biét trung binh trong linh vuc, vi du theo phuong phdp dugc mo ta
dudi day va cac phuong phéap duge mo ta trong cac vi du thuc hién, bing cach st dung
nhitng bién dbi ddng vi twong ng cua chét phan tmg cu thé va/hogc cac hop chét ban

dau trong do.

Sang ché bao gdm trong pham vi ctia n6 tién duge chat ctia cac hop chét c6
cong thue L. Tién dugc chit noi chung 12 tidn chit cia thudc ma, sau khi st dung cho
dbi twong thi duge chuyén hoa thanh hoat chat, hodc nhiéu loai hoat chat béi mot s&
quy trinh, nhu chuyén hoa bang phuong phép thily phén héa hoc hodc thong qua trao
dbi chit. Do dé, trong phuong phéap diéu tri theo sang ché, thuét ngit “viéc st dung
cta” hodc “str dung” hop chét s& bao g6m viéc didu tri cac tinh trang bénh dugc mo ta
bang hop chit duoc boc 10 cu thé hoic bang hop chit ma khong duge boc 16 cu thé,
nhung chuyén héa thanh hop chét cu thé in vivo sau khi st dung cho bénh nhén. Quy
trinh thong thuong dé lua chon va didu ché dan xuit tién dugc chét thich hop dugec md
ta, vi du, trong “Design of Prodrugs,” ed. H. Bundgaard, Elsevier, 1985 (Amsterdam,
NL). Vi du vé tién dugc chét bao gdm Ci.6 alkyl este ctia nhém axit carboxylic va este
cua axit boronic, ma, khi st dung cho d6i twong, c6 kha ning tao ra cac hop chét hoat

tinh.

Céc hop chit c6 cong thie I ¢6 thé duoc didu ché & dang tidn dugc chit ciia gbe
ketoamit. Vi du vé tién duoc chét keton bao gdm nhung khong chi gidi han & ketimin,
oxim, aminal, ketal, hemiaminal, hemiketal, thioketal, keton hydrat h6éa ma, khi st
dung cho dbi twong, ¢ kha ning tao ra cic hop chét hoat tinh. Dan xuét carbonyl clia

ketoamit dugc minh hoa béi cong thue Ila va IIb:

1 2
Y Yz Y8

N

x! X ] | ]
NHR NHR
(0] 0]
ITa ITb

trong do:

mdi X va X» ddc 1ap duoc chon tir O, N va S;
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mdi Y1 va Y2 doc lap duge chon tir hydro, tuy y dugc thé Cr.ealkyl, Cs.

ioxycloalkyl, Ci.sheterocycle, hodc Y1 va Y2 duoc lién két v6i nhau dé tao thanh nhom:
=YY=
trong d6 Y1 va Y2 tao thanh Caealkyl tuy y duge thé, hodc di vong tuy y dugc thé.
Phin tt thé tiry ¥ bao gdm, vi du, hydroxyl, halogen va Ci.zalkoxy;
Ys 14 H, Cy.4alkyl, -OH hodc O-Ci-salkyl.
Céc tién dugc chit keton minh hoa Ia:

Chs OH
/N—CH3 N-O OH
E——‘i 7

~ HSC\

HaCo
3¥SNH

OH (@)
\CH3 g_i/

HaC
HaCw. GMs
s | oq

O

o)

H

@]

Duoc phdm

Thuét nglt “duoc phidm” nhu dugc st dung trong ban md ta nay dugc dung dé
bao ham san pham chira (cac) thanh phan hoat tinh, va (cac) thanh phan tro ma tao
thanh chit mang, va sén phim bat ky ma, truc tiép hodc gian tiép, tao thanh tur hén
hop, phttc hop hodc khéi tap hop cta hai hodc nhiéu thanh phin bét ky, hodc tir sy
phén ly ctia mot hodc nhiéu thanh phén, hoic tir cac loai khac ctia phan ung hodc su
tuong tic cia mot hoac nhiéu thanh phﬁn. Theo d6, duoc phém theo sang ché bao ham
ché phdm bét ky duoc tao ra bang cach phéi tron hop chét theo sang ché, hodc mudi

duoc dung, hodc solvat hodc solvat clia mudi cia no, va chat mang dugc dung.

Thuét ngit “chdt mang dugc dung” ding dé chi chit mang hodc t4 dugc ma cd
thé duoc st dung cho bénh nhén, cing véi hop chit theo sang ché, hoic mudi duge

dung, solvat, mudi ciia solvat hodc tién dugc chit ctia nd, va khong pha hiy hoat tinh
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duge 1y cta n6 va khong doc hai khi duge st dung theo liéu luong di dé phéan phbi

lugng didu tri ctia hop chat,

Ham lwong duoc st dung phu thude vao cong thire cia hop chét, duong ding,
etc. va thong thuong duge xac dinh theo kinh nghiém trong thir nghiém hang ngay, va
nhitng thay ddi sé xay ra néu can tly thudc vao muc dich, d6i tuong, va dudong dung,
v.v. Thong thuong, lugng hop chét hoat tinh trong mot lidu don vi c6 thé da dang hodc
duoc diéu chinh tr khoang 1, 3, 10 hodc 30 dén khoang 30, 100, 300 hodc 1000 mg,
theo tirng truong hop cu thé. Pé thuan tién, téng liéu ding hang ngay c6 thé chia nho

va st dung tirng phan trong ca ngay néu muon.

Dugc pham theo séng ché dung dé tiém bao gdm dung dich vd tring dang nudc
hodc khong nuée duge dung, chit 1am phan tan, huyén phil hogc nhil twong va bot vo
tring dé tai cAu tao vao dung dich tiém v0 trung hodc chit 1am phan tan chi trude khi
str dung. Vi du vé chAt mang, chét 1am loang, dung méi hodc chét dan thubc dang nude
hoic khong nudc thich hop bao gdbm nuéc, etanol, polyol (nhu glyxerol, propylen
glyxol, polyetylen glyxol, va tuong ty), va hdn hop thich hgp cla no, dau thue vat
(nhu dau oliu), va este hitu co co thé tiém duoc nhu etyl oleat. Do 1ong phu hop ¢6 thé
duoc duy tri, vi du, bé‘mg cach st dung chét pht nhu lexitin, bé‘mg cach duy tri c& hat

yéu cau trong truong hop chét phan tan, va bang cach st dung chit hoat dong bé mit.

Céc duge phdm nay cling 6 thé bao gém ta dugc nhu chét bao quan, chét lam
wot, chét nhil hoa, va chat 1am phan tan. Viéc ngin chan tic dong cia céc vi sinh vat
c6 thé dugc dam bao bing cach bao gdm céc chit khang khudn va chéng ndm khéc
nhau, vi dy, paraben, clobutanol, axit phenol sorbic, va tuong tu. Cling ¢é thé mong
muén 1 bao gdm cic chét déng trwong nhu dudng, natri clorua, va tuong tu. Su hép
thu kéo dai cua dang dugc pham tiém c6 th8 mang lai bang c4ch bao gdm céc tac nhén
lam tri hoén su hép thu nhu nhdm monostearat va gelatin. Néu mudn, va dé dat hicu
qua phéan phéi cao hon, cac hop chét c6 thé dugc két hop vao cac hé phan phdi muc
tiéu hodc giai phong chim nhu polyme matrixe, liposome, va vi céu.

Duoc phém ma 14 ché phém tiém c6 thé duoc lam vo trung, vi du, bé‘mg cach loc
qua thiét bi loc gitt lai vi khuén, hodc biang cach két hop voi chét tiét tring dudi dang
ché phém rin v6 tring ma c6 thé hoa tan hodc phan tan trong nudc vo trung hodc trong

méi truomg tiém vo trang khac trudce khi sir dung.
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Dang lidu rin cta duoc pham udng ding ngay cho dudng miéng bao gdm vién
nang, vién tron, vién nhong, bot, va hat. Péi voi dang liéu rin nhu vay, hoat chét dugc
tron voi 1t nhat mot chét tro, ta dugc hoic chét mang dugc dung nhu natri Xitrat hodc
dicanxi phosphat va/hodc a) chit don hoic chét bd sung nhu tinh bot, lactoza, sucroza,
glucoza, manitol, va axit silicic, b) chit két dinh nhu, vi du, carboxymetylcenluloza,
alginat, gelatin, polyvinylpyrolidon, sucroza, va acacia, ) chét gitt Am nhu glyxerol, d)
chit gy rd nhu agar-agar, canxi carbonat, tinh bt khoai tdy hodc tinh bot san, axit
alginic, silicat 4n dinh, va natri carbonat, e) chét 1am chdm dung dich nhu parafin, f)
chit thiic diy qué trinh hép thu nhu cac hgp chét amoni bac bén, g) chét lam uét nhu,
vi dy, xetyl ruou va glyxerol monostearat, h) chit thAm nuéc nhu cao lanh va dat sét
bentonit, va 1) chit 1am tron nhu bot talc, canxi stearat, magie stearat, glyxol
polyetylen rin, natri lauryl sulfat, va hdn hop cta ching. Pdi v6i vién nang, vién nén

va vién nhdng, dang li€u cling c6 thé chira chat dém.

Duoc pham rin hogc loai tuong tu ciing ¢6 the sir dung lam chat don trong vién
nang gelatin mém va ctng st dung céc td dugc nhu lactoza hodc duong stta cling nhu

polyetylen glyxol ¢o trong lugng phén tir cao va tuong tu.

Dang liéu rén cta duoc phdm ding ngay nhu vién nén, vién bao dudng, vién
nang, vién nhdng, va hat co thé duoc bao ché vai 16p bao va vo nhu 16p bao tan trong
rudt va cac 16p bao khac da biét trong linh vuc bao ché dugce pham. Ching c6 thé thy ¥
chira chit can quang va cling c6 thé 12 ché pham ma chi giai phong (céc) thanh phan
hoat tinh, t6t hon 13, trong mot phé”ln nhét dinh cua dudng rudt, tuy ¥, mot cach cham
rdi. Vi du vé duoc phdm duge dua vao ma co thé str dung bao gdm cac chét polyme va
sap.

Céc hop chit hoat tinh ciing ¢ thé & dang vi nang, néu thich hop, cling véi mot

hodc nhiéu ta dugc dugc dé cap & trén.

Dang liéu 16ng ctia dugc phim ding ngay dé dung dudong miéng bao gbm nhi
trong, dung dich, huyén phu, xi-ré va con ngot dugc dung. Ngoai cac hop chit hoat
tinh, dang liéu 16ng c6 thé bao gdm chit pha lodng tro thuong dugce st dung trong linh
vuc, vi du, nudce hoac‘céc dung moi khéc, chit hoa tan va chét nhii hoa nhu rugu etyl,
rugu isopropyl, etyl carbonat, etyl axetat, rugu benzyl, benzyl benzoat, propylen

glyxol, 1,3-butylen glyxol, dimetyl formamit, dau (cu thé 13, dau bong, dau lac, dau
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ngo, diu mam, dau oliu, dau thau diu va diu me), glyxerol, rugu tetrahydrofurfuryl,

polyetylen glyxol va este cia axit béo cua sorbitan, va hdn hop cuia ching.

Ngoai chét lam lodng tro, dugc phdm ding dudng miéng con co thé bao gbdm ta
duoc nhu chit 1am wé6t, chit nhil hoa va tao huyén phu, chét 1am ngot, chét tao huong

vi, va chét tao huong thom.

Huyén phu cia cac hop chit ding ngay, ngoai cic hop chit hoat tinh, ¢6 thé
bao gbm chét tao huyén phtl nhu, vi dy, isostearyl rugu da etoxy hoa, polyoxyetylen
sorbitol va sorbitan este, xenluloza vi két tinh, nhom metahydroxit, bentonit, agar-agar,

va tragacanth, va hon hop cta chung.

Dugc phdm dung cho truc trang hodc &m dao t6t hon 1a thudc dan ma c6 thé
duoc didu ché biang cach trdn cac hop chét v6i chit mang hodc tA duge khong gly kich
tng thich hop nhu bo ca cao, polyetylen glyxol hodc sap dang thudc dan ma ran khi &
nhiét do trong phong nhung chuyén thanh dang long khi & nhiét do co thé va do d6 tan
chay trong tryc trang hodc khoang am dao va giai phong hop chét hoat tinh.

Dang lidu dung tai chd cia hop chit hozc duoc phém theo sang ché bao gém
bot, miéng dan, thudc xit, thudc m& va thudc hit. Hoat chit dugc tron trong diéu kién
vO trung voi chit mang dugc dung va chét bao quan, chit dém, hodc chit nd déy bét
ky ma ¢6 thé cin thiét.

Dang lidu ding cho mét bao gdm dung dich, huyén phu, thuéc md, gel, nhil
tuong, dai, dang chén nhu kinh ap trong va miéng ghép ma dugc st dung tai chd, tiém

tinh mach, quanh mét, va tuong tu.

St dung

Sang ché dé cap dén din xuét prolinamit di vong méi c6 cong thire I, va mudi
dugc dung, solvat, mubi ciia solvat va tién duge chét ctia no, hitu ich trong viéc ngan
nglra (vi du, tri hoan sy khoi phdt hodc lam giam nguy co tién trién) va diéu tri (vi dy,
kiém so4t, 1am gidm, hodc lam cham su tién trién) ctia bénh thodi hoa diém vang do
tudi tac (AMD) va cac bénh lién quan dén mit. Cac bénh nay bao gdm AMD dang
kho, AMD dang udt, bénh teo diém vang dang dia dd, bénh vong mac do tiéu duong,
bénh vong mac & tré sinh non, bénh ly polyps hic mac, bénh phu diém vang do tiéu

duong (DME), cac bénh lién quan dén vdng mac khac nhu bénh tdn mach mang dém
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(CNV), mang mach méau don mach chum (CNVM), phu diém vang dang nang (CME),
mang trén vong mac (ERM) va 16 diém vang, thay dbi séc td clia bidu mo séc t6 vong
mac (RPE), thay dbi teo biéu mo sic tb vOng mac, bong vong mac, tac tinh mach mang
dém, tdc tinh mach vong mac, tao mach gidc mac theo sau, vi du, viém giac mac, ghép
giac mac hodc tao hinh gidc mac, tao mach giac mac do thiéu oxy (vi du, do deo kinh
ap trong nhidu qua muc), mong thit o két mac, phu du6i mang ludi, phu trong vong
mac, bénh Stargardt va bénh thoai hoa té bao nhan kich thich 4nh sdng hodc vdng mac.
Trong ban mo ta nay, sang ché con mo ta phuong phap ngan nglra, lam cham su tién
trién, va diéu tri AMD dang kho, AMD dang w6t, va bénh teo diém vang dang dia do,
bénh vdng mac do tidu dudng, bénh véng mac & tré sinh non, bénh 1y polyps hic mac,
bénh phu diém vang do tiéu dudng (DME), cac bénh khéc lién quan dén vong mac nhu
bénh tdn mach mang dém (CNV), mang mach mau don mach chum (CNVM), phu
diém vang dang nang (CME), mang trén vong mac (ERM) va 15 diém vang, thay ddi
sic td cia biéu mo sic t6 vong mac (RPE), thay dbi teo biéu mo sic t6 vong mac, bong
vong mac, tac tinh mach mang dém, tac tinh mach vong mac, tao mach gidc mac sau
d6 12, vi du, viém gidc mac, ghép gidc mac hodc tao hinh gidc mac, tao mach giac mac
do thiéu oxy (vi du, do deo kinh 4p trong nhidu qua murc), mong thit & két mac, phu
du6i mang ludi, phu trong vong mac, bénh Stargardt va bénh thodi hoa té bao nhan
kich thich 4nh sang hodc vdng mac, bao gém: viéc st dung lugng hitu hiéu diéu tri ctia
hop chét theo sang ché. Hop chét theo sang ché 1a chét uc ché HTRAL. Do do, hop
chit theo sang ché 13 hitu ich trong viéc ngan ngilra va didu tri nhiéu bénh c6 trung gian
(mdt phan hozc toan bd) HTRA1L. Hop chét theo séng ché ciing hitu ich dé trc ché hoat
tinh proteaza HTRAI & mit va cac chd khac. Nho hoat tinh ctia ching, hop chét theo
sang ché 1a ddc biét thich hop cho viéc ngdn ngira va/hodc diéu tri cac rdi loan vé mit,
nhu bénh thodi héa diém vang do tudi tic (AMD) nhu AMD dang w6t hodc AMD
dang kho, bénh teo diém vang dang dia dd, bénh véng mac do tiéu dudng, bénh
Stargardt, bénh tdn mach mang dém (CNV), va bénh phu diém vang do tiéu duong
(DME).

Ngoai ra, cac hop chat theo sang ché c6 thé hitu ich trong viée diéu tri cdc bénh
khac ma HTRA1 ¢6 thé c6 lién quan, bao gom bénh tang sinh mach mau vong mac,

bénh ting sinh hd diém vang (foveomacular proliferation), bénh co xuong khop, bao
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gdm viém xuong khop, thoai héa dia dém cot sdng, viém co va loan dudng xuong, va
viéc diéu tri bénh sun ty than trude khi ciy ghép nodi khép.
Puong dung

Céc hop chit va ché phim duge mo ta & day co thé, vi du, dugc st dung qua
dudng miéng, ngoai duong ti€u hoa (vi du, ngoai da, dudi da, trong tinh mach, co,
khép, dong mach, trong bao hoat dich, trong xuong trc, ndi tiy mac, chd thuong ton va
bang k¥ thuat tiém hodc tiém truyén noi so), bang cach phun hit, tai chd, trong tryc
trang, trong mili, trong miéng, trong &m dao, thong qua binh chira, bing cach tiém,
duéi da, trong mang bung, trong niém mac, hodc trong ché phdm nhén khoa, vdi lidu
luong nim trong khoang 0,01 mg/kg dén khoang 1000 mg/kg, (vi du, tir khoang 0,01
dén khoang 100 mg/kg, tir khoang 0,1 dén khoang 100 mg/kg, tir khoang 1 dén khoang
100 mg/kg, tir khodng 1 dén khoang 10 mg/kg) mdi 4 dén 120 gid, hodc theo yéu cau
ciia loai thube, dang liéu, va/hogc dudong dung cy thé. Mdi tuong quan vé lidu lwong
cho ddng vat va ngudi (theo miligam mdi m? bé mit co thé) dugc md ta boi Freireich
et al., Cancer Chemother. Rep. 50, 219-244 (1966). Dién tich bé mit co thé co thé
duoc xac dinh bdi chidu cao va trong lwgng cua bénh nhan. Xem, vi duy, Scientific
Tables, Geigy Pharmaceuticals, Ardsley, N.Y., 537 (1970). Theo phuong an cu thé,
ché phdm duoc st dung theo dudong miéng hodc tiém. Cac phuong phap nay nhim
huéng dén viée sit dung luong hiru higu cta hop chit hodc ché phim dé dat duoc hiéu
qua mong muén hodc dé ra. Thong thuong, dugc phém theo sang ché s& duoc s dung
tir khoang 1 dén khoang 6 14n mot ngay hodc theo cach khac, dugc s dung dudi dang
tiém truyén lién tuc. Viéc st dung nhu vay c6 thé dung trong didu tri bénh cép tinh

hodc man tinh.

Lidu lwong thap hon hoic cao hon 1idu lwong mo ta & trén co thé duogc ap dung.
Liéu lugng va phac dd diéu tri cu thé cho d6i twong bénh nhén cu thé s& phu thudc vao
nhiéu yéu t, bao gém hoat tinh ctia hop chét cu thé duoc str dung, tudi, trong lugng co
thé, tinh trang suc khoe té)ng quat, gidi tinh, ché 46 an uéng, thoi gian st dung, muc do
bai tiét, su két hop thudc, mirc dd nghiém trong va dién bién bénh, tinh trang hoic
triéu ching bénh, khuynh hudng ctia b¢nh nhan dbi voi bénh, va danh gia clia bac si

diéu tri.
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Dang liéu bao gbm tir khoang 0,001 miligam dén khoang 2,000 miligam (bao
gdm, tir khoang 0,001 miligam dén khoang 1,000 miligam, tir khodng 0,001 miligam
dén khoang 500 miligam, tir khoang 0,01 miligam dén khoang 250 miligam, tir khoang
0,01 miligam dén khoang 100 miligam, tir khoang 0,05 miligam dén khoang 50
miligam, va tir khoang 0,1 miligam dén khoang 25 miligam) cta hop chét c6 cong
thirc I (va/hodc hop chét c6 cong thirc khac duge mo ta ¢ day) hodc mubi (vi du, mudi
dugc dung) cia ndé dugc thé hién trong ban mo ta nay. Dang lidu con c6 thé bao gdbm

chit mang dugc dung va/hodc chit didu tri b sung.

Pbi vai cac ché phdm nhan khoa, do bénh AMD va cdc bénh lién quan (bao
gém bénh AMD dang khd, AMD dang udt, bénh teo diém vang dang dia dd, bénh
vong mac do tiéu duong, bénh vong mac & tré sinh non, bénh ly polyps hic mac, va
bénh thoai hoa t& bao nhan kich thich 4nh sang hodc vong mac) chi yéu anh hudng
dén phia sau cla mit, nén viéc st dung khu trd nhu st dung tai chd, dua thudc qua
mang cing va dung thudc qua nodi nhan c6 thé thich hgp hon viéc st dung toan thén.
Viée ding thubc qua ndi nhan con co thé chia thanh tiém ndi nhan va ciy thudc noi
nhan. Trong s& d6, tiém ndi nhan dwdng nhu duge s dung rong rai nhit. Cac san
phim d8 tiém noi nhdn bao gdm Trivaris® (triamcinolone acetonide), Triescence®
(triamcinolone acetonide, Alcon Fort Worth, TX), Macugen®(pegaptanib sodium,
Bausch va Lomb, Rochester, NY), Lucentis® (ranibizumab injection, Genentech,
South San Francisco, CA), Ozurdex® (dexamethasone, Allergan, Inc., Irvine, CA) va
Tluvien® (flucinolone acetonide, Alimera Sciences, Alpharetta, GA). Khoang lidu
lugng duge uwu tién dé st dung khu tra vao phia sau cla mét ndm trong khoang tir
0,001 mg dén 100 mg (bao gom tir khoang 0,01 miligam dén khoang 500 miligam, tir
khoang 0,05 miligam dén khoang 250 miligam, tir khodng 0,05 miligam dén khoang
100 miligam, tir khoang 0,1 miligam dén khoang 50 miligam, tir khoang 0,1 miligam
dén khoang 25 miligam, va tir khoang 0,1 miligam dén khoang 10 miligam). Tham

khéo vé d6i tugng dé truyén thudc nhan khoa bao goém:

Kompella U.B. et al., Recent Advances in Ophthalmic Drug Delivery, Ther. Deliv.

2010 1(3): 435-456; Gaudana R. et al., Ocular Drug Delivery, AAPS Journal, Vol. 12,

No. 3: 348-360 (2010); Haghjou N. e? al., Sustained Release Intraocular Drug Delivery

Devices for Treatment of Uveitis, J. Ophthalmic Vis. Res. 2011; 6 (4): 317-329; Kuno

N. va Fujii S. Recent Advances in Ocular Drug Delivery System, Polymers (2011),
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3:193-221; Patel A. et al., Ocular Drug Hé théng phan phdi: An Overview, World J.
Pharmacol. (2013) 2:47-64; Morrison P. W. J. va Khutoryanskiy V. V. Advances in
Ophthalmic Drug Delivery, Ther. Deliv. (2014) 5:1297-1315; Chen H. Recent
Developments in Ocular Drug Delivery, J. Drug Target (2015), 23:597-604; tit ca cac

tai liéu nay dugc vién dan bang cach tham khao.

Péi vé6i viée diéu tri va/hodc ngdn ngira cac roi loan ve mat, nhu mo ta & trén,
duong dung duge wu tién dé st dung hop chat theo sang ché la dung khu tru trong mat
hodc bang hé thong dua thudc vao mat. Vige tiém noi nhén 13 cach khac dé sir dung

hop chét theo sang ché ma phu hop v6i muc dich nay.

Viéc dua thube dén cac khu vuc trong mit c6 thé thuc hién bang cach tiém, sir
dung 6ng thong hodc thiét bi dan thubc khac duge thiét ké dé dua mot lwong chinh xac
ctia ché phém mong mudn vao mot ph?m hodc mo cu thé trong mét (vi dy, khoang sau
hodc vong mac). Viéc tiém nodi nhén c thé vao thiy tinh thé (ndi nhan), dudi két mac
(tiéu khung), phia sau mit (sau cau mét), vao mang cimg, hodc dudi nang clia mong
mét (tiéu mong mit), va co thé & dang tiém ngim dan. Puong st dung trong mit khac

va dang va vi tri tiém cling dugc du tinh va thudc pham vi bao ho clia sang ché.

Céc hop chét theo sédng ché c6 thé duoc diéu ché theo cach da biét bai nguoi c6
hiéu biét trung binh trong linh vuc dé o thé dua dugc luong vira du vao phia sau mét,
ma ¢6 thé theo lidu dung hang ngay, nhu thubc nho mét, hodc béng cach sir dung hé
théng phan phdi dé giai phong mot cach co kiém soat, nhu giai phong cham, hgp chét

theo sang ché.

Ché pham dung cho mét duge wu tién chia hop chit theo sang ché bao gdm
dung dich nudc, huyén pht hodc gel chira cac hop chét nay & dang cac giot chét 1éng,
chit 16ng, thude xit, thudc m& hodc gel, trong hdn hop véi td dugc thich hop dé san
xuét va str dung céc dang (mg dung nay. Ngoai ra, hop chit theo sang ché c6 thé duoc
str dung cho mét thong qua loposome hodc hé théng phan phdi thudc vao mit khic da

biét trong linh vuc.

Muc lidu dung thich hgp ¢ thé duoc x4c dinh bang bt ky phuong phép phu
hop ndo da biét béi ngudi co hiéu biét trung binh trong linh vuc didu tri cac bénh vé
mét. Tt hon 13, hoat chét duoc st dung voi tan sudt 1 dén 4 14n mdi ngay dé st dung

tai chd, hodc it thudng xuyén hon néu st dung hé thong phan phdi thudc. Thong
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thudng, ché phim ding cho mét dé str dung tai chd c6 chra thanh phan hoat chét trong

khoang ndng db tir 0,001% dén 10%.

Tuy nhién, mtrc lidu dung thuc té va thoi gian st dung thanh phén hoat tinh
trong ché pham duoc phdm theo séng ché c6 thé thay dbi dé dat duoc luong thanh
phén hoat tinh c¢6 hi¢u qua dé dat duoc dap Ung diéu tri mong mudn cho bénh nhén cu
thé, dbi voi ché phim va dudng dung cu thé, ma khong gy doc cho bénh nhan. Do do,
khi cin c6 thé thay ddi lwong da néu, cu thé 1a dya vao chirc ning cua tudi tac, gidi
tinh, trong luong co thé, ché do an udng va tinh trang stirc khoe tdng quat ctia bénh
nhan, dudng dung thudc, phan (g cta cd nhan v6i thanh phén hoat tinh, ban chét cua
ché phdm, va thoi gian hodc khoang thoi gian st dung thude. Do d6, trong mdt sd
truong hop, viéc dung it hon lugng ti thiéu néu trén van chép nhan dugc, tréi lai trong
cac truong hop khéc, co thé vuot qua gi6i han trén da néu. Trong trudng hop st dung

v6i lugng 16n hon, thi nén chia ching thanh nhiéu lidu riéng ré& trai déu trong ngay.

Theo mot khia canh, hgp chét theo sang ché ¢co thé dﬁ”)ng str dung v6i mot hodc
nhiéu thudc bd sung. Cac thudc bd sung nay bao gbm, nhung khong chi giéi han &
Acuvail® (dung dich dung cho mét ketorolac trometamin), AK-Con-A®/OcuHist®
(dung dich dung cho mét pheniramin maleat-naphazolin HCI), Akten® (gel dung cho
mét lidoxain HCI1), Alamast® (dung dich dung cho mit pemirolast kali), Alphagan®
(dung dich dung cho mét brimonidin tartrat), Bepreve® (dung dich dung cho mit
bepotastin besilat), Besivance® (huyén phu dung cho mit besifloxacin), Betaxon®
(huyén phu dung cho mét levobetaxolol HCI1), Cosopt® (dung dich dung cho mat
dorzolamit HCI — timolol maleat), Cystaran® (dung dich dung cho mit Xysteamin
HCI), Durezol® (nhil tvong dung cho mit difluprednat), Eylea® (thubc tiém nodi nhan
aflibercept), Jetrea® (thudc tiém nodi nhan ocriplasmin), Lotemax® (huyén phu dung
cho mit loteprednol etabonat), Lucentis® (thubc tiém ranibizumab), Lumigan®
(bimatoprost dung dich dung cho mét), Macugen® (pegaptanib thube tiém noi nhan),
Ocuflox® (ofloxacin dung dich dung cho mat), Omidria® (thubc tiém phenylephrin va
ketorolac), Ozurdex® (cdy ghép noi nhan dexamethason), Quixin® (dung dich dung
cho mit levofloxacin), Rescula® (dung dich dung cho mét unoproston isopropyl
0,15%), Restasis® (nhil twong dung cho mit xyclosporin), Salagen® (vién nén
pilocarpin HCI), Travatan® (dung dich dung cho mit travoprost), Valcyte® (vién nén
va dung dich dung dudng miéng valganciclovir HCI), Vistide® (vién nén cidofovir),
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Visudyne® (thudc tiém verteporfin), Vitrasert® (nudi cdy ganciclovir), Vitravene®
(thudc tiém fomivirsen), Zioptan® (dung dich dung cho mét tafluprost), Zirgan® (gel
dung cho mét ganciclovir), va Zymaxid® (dung dich dung cho mit gatifloxacin).
Ngoai ra, cac hop chit theo sang ché c6 thé ddng st dung v6i mot hodc nhiéu chét trc
ché su tao mach c6 trung gian la VEGF, nhu, vi du, ACTB-1003 (Edding Pharm, CN),
apatinib, axitinib, bevacizumab, bevasiranib, BMS-690514 (Bristol-Myers Squibb
(BMS), NY), brivanib, cediranib, CT-322 (Adnexus/BMS, MA), dovitinib, lenvatinib,
foretinib, KH-902/conbercept (dugc phé chudn & CN dbi v6i bénh thodi hoa diém
vang), linifanib, MGCD-265 (Mirati Therapeutics, CA), motesanib, elpamotide,
pazopanib, pegaptanib, ranibizumab, regorafenib, ruboxystaurin, sorafenib, SU-14813
(Pfizer, CT), sunitinib, telatinib, TG-100801, tivozanib, TSU-68 (Taiho
Pharmaceuticals, JP), vandetanib, vargatef, vatalanib va Carbometyx® (cabozantinib
tablets, Exelixis, CA), hoic véi cac chit e ché dudng truyén tin hiéu khic nhu
disulfiram, fenretinide, mecamylamin, PF-04523655 (Pfizer, CT), sonepcizumab,

tandospirone va volociximab.

Céc chit khac ma c6 thé dugc sir dung cho viéc dbng st dung bao gbm: cac
vitamin va chit chdng oxy hoa da biét nhu AREDS/AREDS2 (phan phy luc trong
Age-Related Eye Disease Study/Study 2, National Eye Institute, US), cac aixt béo
omega-3, lutein, zeaxanthin, vitamin A; chit didu bién chu ky thi gidc nhu emixustat
(ACU-4429, Acucela, WA); chét chéng viém nhu Illuvien® (fluocinolone acetonide),
sirolimus, Triesence® /Trivaris® (triamcinolone acetonide); chit diéu bién bd sung
nhu lampalizumab, Soliris® (eculizumab, Alexion, CT); chét didu bién amyloid nhu
GSK933776 (GlaxosmithKline, PA), RN6G (PF-04382923, Pfizer, CT) va chit diéu
bién yéu t6 sinh truéng co ngudn gbc platelet nhu, vi du, Fovista® (pegpleranib,

Ophthotech, NY).

Theo phuong an nhét dinh, cac chit bd sung co thé dugc dung riéng 1& (vi du,
dung tudn tu; theo cac lich trinh chéng chéo khac nhau), nhu 1a mot phén cta ché do
tri liéu da liéu, tir cac hop chét theo sang ché (vi dy, mot hodc nhiéu hop chét c6 Cong
thirc (I) va /hodc hop chét c6 cong thirc bét ky khac, bao gdm hop chét phu hoic hop
chit cu thé bat ky cua chung). Theo phuong an khéc, cac chét nay c6 thé 12 mot phan
cta dang liéu dung duy nhét, dugc tron véi cac hgp chét theo sang ché trong ché phim

riéng ré&. Theo phuong an khic nita, cdc chét nay co thé dugc dung dudi dang li€u
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riéng biét dugc st dung cung lic véi mot hodc nhiéu hop chit co cong thic (1)
(va/hodc hop chét c6 cong thirc bat ky khac, ké ca hop chét phu bat ky hodc cc hop
chét cu thé cua ching) duogc st dung (vi du, dong thoi véi viée st dung mot hodc
nhiéu hop chét c6 cong thirc (I) (va/hodc hop chit c6 cong thire bit ky khac, bao gdm
bat ky hop chit phu hodc hop chét cu thé cta chiing)). Khi ché phim theo sing ché
bao gdm hdn hop cla hop chét c6 cong thirc dugc md ta trong ban md ta nay va mot
hodc nhidu chét tri liéu hodc didu tri du phong bd sung, ca hop chit va chét bd sung co
thé ¢6 mat voi mire lidu tr khoang 1 dén 100%, va tdt hon nita 1a khoéng 5 dén 95%

lifu dung thuong dung trong ché o don tri liéu.

Ché phém theo sang ché c6 thé chura chét mang, t4 dugc hodc chét din thubc
khéng doc thong thudong bét ky. Trong mot sb truong hop, do pH cia ché pham c6 thé
duoc didu chinh bing céc axit, bazo hodc chét dém dugc dung dé ting cudng tinh 6n

dinh cua hop chéat hoic dang phan phéi cia né.

Ché phim theo sang ché co thé dugc st dung theo dudng miéng véi dang lidu
luong kha dung theo duong miéng bét ky, bao gdm, nhung khong giéi han &, vién
nang, vién nén, nhil tuong va dung dich nudc, chit phan tan va dung dich. Trong
trurong hop vién nén dé st dung theo duong miéng, cac chit mang thuong duge sir
dung bao gdm lactoza va tinh bot ngd. Céc chit 1am tron, nhu magié stearat, cling
thuong dugce thém vao. Ddi vé6i viée str dung theo dudong miéng dudi dang vién nang,
chit pha lodng hitu ich bao gdm lactoza va tinh bot ngd kho. Khi huyén phu nuéc
va/hodc nhii twong duge dung theo dudong miéng, thanh phén hoat tinh ¢6 thé tao
huyén phii hozc hoa tan trong pha diu va sau d6 két hop v6i cac chit nhil hoa va/hodc
huyén phu. Néu mudn, c6 thé thém mot s6 chit 1am ngot va/hodc huong liéu va/hodc

chat tao mau.

Chtrc ning sinh hoc

Tinh hitu dung cua sang ché ¢o thé duoc ching minh bang mot hoic nhiéu
phuong phap dudi day hodc bang cac phuong phép khéc da biét trong linh vuc:
Ther nghiém HTRA1 d6 dai day du
Dung dich pha lodng nbi tiép (1/3) tir 1000 uM giam xubng 0,051 uM cua hgp
chét thi nghiém duoc didu ché trong dimety! sulfoxit (DMSO). Sau d6 2 pL dung dich
tr mdi dung dich pha loang dugc bd sung vao 100 pL His-HTRA1 nguoi c6 do dai
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day du 4nM trong chét dém thir nghiém (50 mM Tris, pH 7,5, 200 mM NaCl va 3-[(3-
cholamidopropyl)dimetylammonio]-1-propansulfonat 0,25% hodc CHAPS) trong dia
96 15 khong gin két mau tréng. Dung dich thir nghiém dugc trdn trong 5 gidy trén dia
lic va @ trong 10 phut & nhiét do trong phong. Mubi Mca-H,OPT
(Mca—Ile-Arg-Mg-Val—Ser-Tyr-Ser-Phe-Lys(an)-Lys—OH trifloaxetat) (Mca = axit
7-metoxycoumarin-4-axetic; Dnp = dinitrophenyl) (5 uM) trong 100 pL chit dém thir
nghiém duoc bd sung vao dung dich thir nghiém. Hon hop phéan tmg duoc lic trong 5
gidy trén dia l4c va viéc phan taich Mca-H2OPT duge kiém so4t bang huynh quang ké
(SpectraMax M3 ctia Molecular Devices, CA) trong 10 pht (ExA = 330 nm; EmA =
420 nm). Phan tram {rc ché dugc tinh toan bing cdch khép céc gia tri véi mo hinh toan

hoc tiéu chuén dé xac dinh dudng cong dép tmg licu.
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Vi du HtrA1 ICso
(nM)
1 0,013
2 0,14
3 0,057
4 0,11
5 0,013
6 0,051
7 0,017
8 0,028
9 0,058
10 0,15
11 0,050
12 0,029
13 0,044
14 0,05
15 0,057
16 0,055
17 0,034
18 0,062
19 0,076
20 0,10
21 0,043
22 0,022
23 0,021
24 0,023
25 0,020
26 0,025
27 0,069
28 0,013
29 0,035
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Vidu HtrA1 ICso
(nM)
66 0,024
67 0,030
68 0,040
69 0,073
70 0,11
71 0,19
72 0,077
73 0,054
74 0,13
75 0,028
76 0,024
77 0,037
78 0,024
79 0,050
80 0,029
81 0,029
82 0,15
&3 0,041
84 0,015
85 0,020
86 0,027
87 0,019
88 0,053
89 0,079
90 0,040
91 0,15
92 0,060
93 0,061
94 0,062




30 0,083
31 0,017
32 0,018
33 0,021
34 0,015
35 0,071
36 0,076
37 0,33
38 0,051
39 0,07
40 0,02
41 0,097
42 0,053
43 0,091
44 0,21
45 0,17
46 0,12
47 0,072
48 0,067
49 0,11
50 0,095
51 0,42
52 0,15
53 0,13
54 0,059
55 0,12
56 0,18
57 0,13
58 0,38
59 0,41
60 0,14
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95 0,060
96 0,063
97 0,075
98 0,040
99 0,038
100 0,045
101 0,037
102 0,064
103 0,027
104 0,023
105 0,043
106 0,044
107 0,23
108 0,22
109 0,081
110 0,13
111 0,14
112 0,060
113 0,047
114 0,20
115 0,078
116 0,072
117 0,063
118 0,064
119 0,052
120 0,13
121 1,1

122 0,063
123 0,13
124 0,089
125 0,014
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61 0,02 126 0,092

62 0,023 127 0,91

63 0,014 128 0,011

64 0,043 129 0,017

65 0,034 130 1,4
Téng hop

Chét ban dau dugc dung dé té)ng hop dugce téng hop hodc mua dugc tir cac
ngudn trén thi trudng, nhu, nhung khong chi gi6i han &, Sigma-Aldrich, Fluka, Acros
Organics, Alfa Aesar, VWR Scientific, va tuong tu. Phan tich Cong hudng tir hat nhan
(NMR) duge thyc hién st dung quang phd ké Varian Mercury 300 MHz v6i dung moi
di dugc dotéri hoa thich hgp. Phan tich LCMS duoc thuc hién st dung Waters
Acquity UPLC véi thiét bi do QDA MS su dung Waters C18 BEH 1,7 uM, cot 2,1 x
50 mm, rira giai bang 95:5 dén 0:100 H,O:MeCN + axit formic 0,1% vdi tbc do chay
0,6 mL/phut trong 3,5 phit. Thiét bi do QDA MS dugc thiét 1ap dé quét ca ion duong
va am trong khoang tir 100-1200 Dalton. Cac phuong phép chung dé diéu ché cac hop
chit ¢6 thé thay dbi bang cach sir dung cic chét phan tng va diéu kién thich hop aé

dua ra cac gbe khac nhau trong céu tric duge dé€ cap trong ban mo ta nay.

Chit viét tit

Appro. Khoang

Boc tert-butyl carbonat

C do C

Cbz carboxybenzyl

Cp* pentametylxyclopentadien
DBU 1,8-diazabixyclo[5,4,0]Jundec-7-en
DME dimetoxyetan

DMF dimetylformamit

DMP Dess-Martin Periodinan
DMSO dimetylsulfoxit
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EDC 1-etyl-3-(3-dimetylaminopropyl)carbodiimit

EtOAc etyl axetat

Et etyl

equiv duong luong

h gio

HATU 1-[bis(dimetylamino)metylen]-1H-1,2,3-triazolo[4,5 -b]pyridinium

3-oxid hexaflophosphat

HOBt ~ hydroxybenzotriazol

IBX axit 2-iodoxybenzoic

g gam

L lit

LCMS phuong phép do khdi phd-sic ky 16ng
LiHMDS lithi bis(trimetylsilyl)amit
liq. long

M mol

Me metyl

MeCN axetonitril

mg miligam

mL millilit

mmol milimol

mol mol

Ms, Mes hodac Mesyl metansulfonyl

MS phuong phap do khdi ph
MTBE metyl fert-butyl ete

NHS N-hydroxysucxinimit
NMM N-metyl morpholin
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propyl hodc isopropyl

phenyl

Nhiét @6 trong phong nhiét 46 xung quanh, khoang 21-25 °C

sat.
THF
TLC
TFA
THO
uL

wt%

bao hoa

tetrahydrofuran

phép sic ky 16p mong (thong thuong dya trén silica gel)
axit trifloaxetic

triflometansulfonic anhydrua

microlit

% trong luong

Céc tir/chit viét tit trong cac so dd phan Ung:

e.g.

or

balloon

aq
in
conc

on

paladium

vidu

hodc

khi cAu, binh chtra
dung dich nude
trong

dam dac

trén

paladi

So dd tong hop chung

nhu dugc trinh bay trong so d6 tong hop chung dudi day. Co th8 nhén thdy ring céc
hop chit nay bao gdm bén thanh phan nhu thé hién trong cdu tao chung: A — nhém R!-
C(0), B — nhém a-amino axyl, C — nhém prolyl, va D — nhém c-aminoketoamit. TAt

ca cic bién thé trong ciu tao chung va trong so d6 tong hop 13, trir khi ¢6 quy dinh

Theo mot s6 phuong an, cac hop chét dugc md ta & déy co thé dugc didu ché

khac, nhu dugc dinh nghia trong yéu cAu bao ho.
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Céu tao chung

Trong céc so dd, trir khi ¢6 quy dinh khéc, PG la nhom béo vé thong thuong (vi
du, BOC ho#ic CBz cho nhém amino, alkyl este cho axit carboxylic hodc nhoém axit
boronic); LG 12 nhém ro1 chuyén (vi du, metansulfonyloxy); Nuc la 4i nhan (vi dy, N3
hodc piperidin); va R 1a nhém bao vé hodic mot hoge nhidu thanh phan A, B, C, D duge
bao vé tuy y.

Phwong phap A: Tdng hop amino-2-hydroxy-amit

Axit oi-amino dugc bao vé thich hgp (co san trén thi truong, hodc dugc didu ché
tir keton twong tng st dung quy trinh da biét nhu Naydenova, E. D., et al. Eur. J. Med.
Chem. 2008, 43, 1199-1205) c6 thé duge khir thanh ruou bic nhit (nghia 12 bang
LiAH4) va sau d6 oxy hda thanh aldehyt bing chit phan ing oxy hoa thich hgp (nghia
1a Dess Martin Periodinan). Ngoai ra, axit o-amino ¢ thé chuyén hoa thanh aldehyt
bing cach khir. Vi du, axit c6 thé duge ghép doi voi N,0-dimetylhydroxylamin thong
qua céc diéu kién ghép ddi amit dugc md ta trong tai ligu (vi du Valeur, E., et al.
Chem. Soc. Rev. 2009, 38, 606-631), thu dugc amit Weinreb, ma duge khir (nghia 1a
bing LiAH4) dé thu dugc o-amino aldehyt. o-amino aldehyt tao thanh dugc phan ung
v6i mubi xyanit (vi du KCN) trong diéu kién dung dich axit (nhu nuéc NaHSO3) aé
thu dwoc 1-amino 2-hydroxyxyanit. Xyanit dugc thily phén thanh hydroxyaxetamit (vi
du nho didu kién oxy hoa nhu hydro peroxit). 1-amino 2-hydroxyaxetamit da dugce bao
vé N sau d6 dugc chuyén hoa thanh 1-amino 2-hydroxyaxetamit hodc mudi ctia nd
bang cach loai bé nhom bao vé nito (vi du bing axit manh nhu HCI d6i véi nhom

Boc).
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P&, 1) khiv LAH 1) tong hop amit PG_ KCN
NH (LAH 5 duong luong) Weinreb NH  nude NaHSO;
4 OH - or - . H ——
R 2) oxy héa DMP 2)khir LiAH4
O o}
PG PG NH, O
thiy phan xyanit ~ 2
“NH _N ot 3;‘:4202 h‘{éc HEN NH O khir bdo vé R 4JYU\N,R5
= c———— & S———
R“J\/ R NH, Sn H
OH CH

hosic mudi clia nd

Phuwong phap B: Ghép doi amit

Trong nhidu vi du, lién két chinh trong céc hop chét theo séng ché c6 thé két
hop thong qua hoa hoc ghép ddi amit tiéu chuén. Vi du chét tuong tu prolin dugc thé
(hozic mubi ctia nd) co thé duoc lién két cling v6i axit carboxylic thich hop dé thu duoc
san phdm dugce ghép doi trong cic didu kién ghép d6i amit tiéu chuén (vi du HATU,
EtN(iPr);, CH2CL). Cac diéu kién ghép doi amit dién hinh dugc mo ta trong tai liéu,
bao gbm tai liéu tham khao béi Eric Valeur va Mark Bradley trong Chemical Society
Reviews, 2009, 38, 606-631.

RE:: R‘ﬁa
5 aghép 361 amit
R HN R3§J R
R‘N’J\W’OH + baze (vi dy EIN(Pr),
H fe] o ~r dung mdi (v dg CHCly)
hodic modi
R Ja
K e
O RZR‘} ghép do amit o R;;_R\r.ﬁ
)J\ : S —— I L R3b
OH + HgN a/m{m dy EtN(iPr), R ﬁ {
dung mai (v dy CHCly) O R
hode muén
O R? ghép 381 amit 0 R
A L __or — AL oR
R™ "OH + HN \g’ bazo (vidy . BIN(IPr)z R ﬁ
dung mdi (vi dy CHzCl) 0
hosc mudi
Rﬁc 83{4
CH
R® H
N + HQN\E/Q N, ghép abi amit
OH 4 R — OH
o) R* O baze (vi du EIN(IPT),)

azo (vi dy ! Z
hodc mubi dung moi (vi dy CHyCly) 0 R}t/%f N{_i

Phwong phap C: Tbng hop chét twong tu prolin duoc thé & vi trf 4 bang cach chuyén
vi ai nhan
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Géc ruou tir chét twong tu 4-hydroxyprolin dugc chuyén héa thanh nhom roi
chuyén thich hop (vi du mesylat) trong didu kién tiéu chuén va sau d6 phan tng voi su
¢6 mét cua chét 4i nhan thich hop (vi du amin, azit) v6i su c6 mit cua bazo (vi du EtsN
hoiic NaH) dé thu dugc din xuét prolin duge thé & vi tri 4. Prolin ¢6 thé dugc bao vé &
nito prolin (vi du Boc, Cbz) hodc c¢on c6 thé dugc chirc hoa bang axit o-amin hodc dan

xuét. Prolin ¢6 thé chira gbc 2-amit hodc 2-este.

Nue-H, hoie Nuc™M*

OH tao thanh nhom ;!“G thay thé nhom roi Nuc
7oi chuyen chuyén
— J
R,« N ) R} N — - N
vidy MsClL TEA vi du NR{Ry hofic NaN3
o R 2 g@ R
R’ & OR hogc NHR

Phwong phap D: Tbng hop chét twong tu prolin dugc thé 4-triazol

Chét twong tu 4-azido prolin thich hgp, dugc didu ché nhu trong Phwong phap
C, duoc phan tng véi alkyn tin cung (nhu 2-metyl-3-butyn-2-ol) trong diéu kién bd
sung xyclo dugc xuc tac kim loai chuyén tiép (nhu Cp*RuCl(PPhs),, duge mo ta trong
tai liéu: Boren, B. C., et al. J. Am. Chem. Soc. 2008, 130, 8923-8930), tao thanh chét
dong phan 1,5-isome cua chét twong tu prolin dugc thé 4-triazol. Theo cach khac, bang
cach ap dung hé théng xtc tac kim loai chuyén tiép khac (nhu CuSOas/axit L-ascorbic,
nhu md ta trong tai liéu: Rostovtsev, V. V., et al. Angew. Chem. Int. Ed. 2002, 41,
2596-2599) san phém 1,4-xycloaddition c6 thé d& dang dugc tao ra.

Ra
Ra _é/\ {s& == Ra T Ra %\ Rj

z

N chét xic tac 1 N chét xtc tac 2 N
phéi i 1 phditly 2
N —— N ————— N/
R e.9. RuCp*CI(PPha) R e.g. CuSOs R )\
o R o R axit L-ascorbic o R

R® |a phén tdr thé cho nhém heteroaryl, nhu dinh nghia trong cdng thire (1)
R’ 1a OR hodc NHR

Phwong phéap E: Sy bién doi amin ¢ R*

Trong cac vi du cu thé, phén t0r thé gﬁn véi ketoamit hodc amino 2-hydroxy

amit con co thé duoc chtc hoa. Vi du, amin sau d6 c6 thé phan g v6i cdc chat phan
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ing axyl hoéa, bao gbm isoxyanat, axyl clorua va sulfonyl clorua d8 tao thanh chét

twong tu dugc dugce chic hoa.

OH OH OH

H 9H 4 R%-X X s R R R y
N N, R ‘RS R ‘RS R ‘RS
A R® ,0 L o & ) O
HoN In © e.g. R-NCO, R(O)CI, H/!L n Hl n HNT 0
RS(O)QC| Hrg O Rb O Rb";;'i“o

Rb

R® 13 nhom d8i voi uré, amit va sulfonamit nhu thé hién trong dinh nghia cla R® @i voi cong thre (1)

Phwong phap F: Téng hop din xuét a-amino axit duge thé don & vi tri o

Céc din xuit a-amino axit duoc thé don & vi tri o 6 thé thu dugc béng cach
téng hop ba buédc tir ruou bac mot. Dau tién, rugu duoc oxy hoa thanh aldehyt trong
didu kién oxy héa rugu tiéu chudn (vi du su oxy héa DMP). Aldehyt tao thanh co thé
phan ung véi dan xuét axit o-phosphoryl-ai-amino bang phan tmg Horner-Wadsworth-
Emmons theo quy trinh tiéu chuén trong tai liéu (vi du St. Jean Jr. D. J., et al. J. Med.
Chem., 2014, 57, 309-324). Su hydrat hoa olefin sau d6 cua a,B-khéng bao hoa B-
amino este c¢6 thé d& dang dugc tao ra trong diéu kién hydrat hoéa xtc tac khong dong
nhét thong thuong (vi du Pd/C, binh chira Hy), thu duogc dan xuit a-amino axit duoc
thé don & vi trf o

OMe phan tng Horner-

oxy hoa gy Oxg-OMe Wadsworth-Emmons

RY RZ

I P ~ )+ PG g
cthat oxy hoa {e.g. DMP) | ~ N)wfo\atkyi bazo (e.g. DBU)
dung méi {e.g. CHyCly) 5 dung méi [e.g. CH,CL)

{tir nguén trén thi trudmg)

khi Hz . olefin R7

) sy hydro hoa
PG_ > pg
N7 N Oalkyl Kim loai chuyén tiép NN iyl

(e.q. cat. Pd/C) o
dung méi (e.g. MeOH)

Phwong phap G: Sy oxy hoa cua 2-hydroxy amit thanh ketoamit

2-hydroxy-amit cé thé duoc oxy hoa thanh ketoamit twong ng trong diéu kién
oxy héa rugu tiéu chudn, st dung chét oxy héa nhu DMP hodc IBX. Cac diéu kién tiéu
biéu dé téng hop ketoamit c6 thé tim thdy trong bai viét gin ddy cua Risi, Pollini va

Zanirato trong Chem. Rev., 2016, 116, 3241-3305,
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oxy hba rugu

v 9w T Holod
N N, chét oxy hoa (DMP hoag I8X) R«N N .
R R‘S i R
4 dung méi (e.g, CHCh RY O
R® © hosc DMSO)

Didu ché chét trung gian

Chit trung gian A: 3-Amino-2-hydroxy-4-metylpentanamit hydroclorua

o HsC-., -OCH; o
H oHCI H \
H LIAIH
ANE - S| . 4
Cbz NJ\;)/KOH ——— e
A t i CHy THF, 0°C, 1 h
HyC™ “CHy EIN(Pr), HyC” “CHy
CH,Clp, 23 °C, 18 h
e P
KCN H07 (3 equiv)
Cbz”N\@/)LH —_— coz ™ CN A,
: NaHSO;, dioxary KyCO3, MeOH
HoC” "CHy 0t023°C,18h HyC™ “CHy 010 23°C. 2
sHCl  OH
o o 20 W% Pd(OH)/C H,N NH,
chz NHy — ———
1,5 equiv HCI HAC CHO
e el MeOH, Hp balloon 3 3
’ 23°C, 18 h

Chat trung gian A

Buéce 1: Didu ché benzyl (S)-(l-(metoxy(metyl)amino)—3-metyl-1—oxobutan-2-

yl)carbamat

B6 sung N-Cbz-L-valin (18,6 g, 74 mmol, 1,0 duong luong),
N,O-dimetylhydroxylamin hydroclorua (8,6 g, 88 mmol, 1,2 duong lugng), EDC (17
g, 88 mmol, 1,2 duong lugng), HOBt (1,2 g, 8,8 mmol, 0,1 duong luong) va CH.Cl,
(200 mL) vao binh thét c¢b day tron loai 500 mL c6 1ap thanh khudy tir va trong moi
truong nito. Hon hop phéan tmg dugc xur ly bang EtN(iPr); (31 mL, 177 mmol, 2,0
duong lugng) va duoc khudy & nhiét do trong phong trong 18 gio qua dém. Hon hop
phan Gng dugce lam dung bang nudce (100 mL) va dugce rét vao phéu tach dung tich
500mL chira nuée (100 mL) va dugce chiét bang CH2Clz (2 x 150 mL). L6p hitu co két
hgp duge rira bing dung dich nuge HCL IM (2 x 100 mL), nude mudi (100 mL), lam
kho bang MgS0s, dugce loc va duge co dé thu duoc dau mau vang ma dugc st dung

truc tiép trong budc tiép theo (11,3 g).

Buéc 2: Didu ché benzyl (S)-(3-metyl-1-oxobutan-2-yl)carbamat
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Bb sung LiAlH4 rin (3,6 g, 95 mmol, 1,5 duong lugng) va THF khan (100 mL)
vao binh thot ¢ day tron loai 500 mL di duge lam kho bing ngon lra ¢ 15p thanh
khudy tir va trong mdi trudng nito. Huyén phii mau xam dugc lam lanh xubng 0 °C
trong bon nuéc da va d6 ddy vao binh bang phéu bd sung loai 200 mL. Dung dich
chtra benzyl (S)-(1-(metoxy(metyl)amino)-3-metyl-1-ox0butan-2-yl)carbamat (18,8 g,
64 mmol, 1,0 duong luong) trong THF (100 mL) dugc didu ché va duogc bd sung ting
giot bang phéu bd sung vao huyén phi mau x4m trong 30 phut. Hon hop phan ung
dugc khudy & 0 °C trong 1 gio nira va sau d6 duge lam lanh dén -10 °C trong bon
nuée mudi/nude da. Phan ung dugc cd bang céch bd sung timg giot dung dich nudc
NaHSOs (11,4 g trong 100 mL nude, 83 mmol, 1,3 duong lugng) trong 30 phut va
huyén phu dic dugc lam Am dén nhiét do trong phong. Huyén phu duge rira nhanh
bang EtOAc (3 x 100 mL) ma duoc gan tir chit rén va chit hitu co két hop dugce dua
vao phéu tach loai 500mL. L6p hitu co dugce rira bang dung dich nudc NaHCOs béo
hoa (100 mL), dung dich nuéc HCI IM (100 mL), nude (100 mL), nude mubi (100
mL), [am kho bang MgSOs, duge loc va dugce cd dé thu dugc chit dAu hoi mo duc ma

duogce st dung truc tiép ma khong cAn tinh ché thém.
Buwée 3: Didu ché benzyl (1-xyano-1-hydroxy-3-metylbutan-2-yl)carbamat

B4 sung benzyl (S)-(3-metyl-1-oxobutan-2-yl)carbamat chwa tinh ché (64
mmol, 1,0 duong luong) va 1,4-dioxan (66 mL) vao binh thot cd day tron loai 500 mL
¢6 lap thanh khudy tir va trong mdi truong nito. Dung dich duge lam lanh xudng 0 °C
va duoc xtr Iy bang dung dich nudc natri bisulfit 40% (33 mL, 128 mmol, 2 duong
luong) tiép theo 1a KCN (8,3 g, 128 mmol, 2 duong lugng). Hon hop dugc lam 4m dén
nhiét do trong phong va dugc khudy trong 18 git qua dém. Hon hop phan tng duoc
lam dimg bang nudc (200 mL) va duge rét vao phéu tach loai 500mL va dugc chiét
bing EtOAc (3 x 100 mL). L6p hitu co két hop dugc rira bang nuée mudi (100 mL),
lam khd bing MgSO0s, duge loc va dugc cd dudi dp sudt giam. Tinh ché bang séc ky
¢t nho silica gel (150 g) duge rua giai bang 100:0 dén 50:50 Hexan:EtOAc la gradien
d8 thu dugc hop chat mong mudn & dang dau trong (8,8 g).

Buéc 4: Diéu ché benzyl (1-amino-2-hydroxy-4-metyl-1-oxopentan-3-

yl)carbamat
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Bd sung benzyl (1-xyano-1-hydroxy-3-metylbutan-2-yl)carbamat (12,0 g, 46
mmol, 1,0 dwong luong), K2CO3 (7,0 g, 50 mmol, 1,1 dwong lugng) va metanol (180
mL) vao binh thot cb day tron loai 250 mL ¢6 lip thanh khudy tir va trong mdi trudng
nito. Huyén phit mau cam dugc lam lanh xubng 0 °C va duge bd sung dung dich nude
H20 35% trong lwgng (13,3 mL, 137 mmol, 3 duong lugng). Hon hop phan ting duoc
khudy & 0 °C trong 1 gid va sau d6 lam Am dén nhiét do trong phong va dugc khudy
trong trong 1 gid nira. Phén tich TLC & thoi diém nay thé hién su chuyén hoa ciia chét
ban ddu. Phan tmg dugc lam lanh xubng 0 °C va natri thiosulfat (23 g, 146 mmol, 3,2
duong lugng) duoc bd sung thanh 4 phan trong 30 phut va dugc khudy & nhiét do
trong phong trong 30 phut nia. Hon hgp mau vang duoc rét vao phéu tach loai 1 L
chira nuée (600 mL) va duge chiét bang EtOAc (3 x 150 mL). L6p hitu co két hop
duoc rira bang nudce mubi (150 mL), lam kho bang MgS04, duge loc va dugc ¢d dé
thu dugc chit ddu mau vang. Tinh ché bang sic ky cot silica gel (140 g) rira gidi bing
100:0 dén 90:10 CH,Cl:MeOH 1a gradien thu duoc hop chét néu & d& muc & dang

chét rin mau vang nhat (4,25 g).
Buée 5: Diéu ché 3-amino-2-hydroxy-4-metylpentanamit hydroclorua

B sung benzyl (1-amino-2-hydroxy-4-metyl-1-oxopentan-3-yl)carbamat (4,25
g, 1,5 mmol, 1,0 duong lugng) va metanol (20 mL) vao binh thét cd day tron loai
100mL c6 lap thanh khudy tir va trong mdi trudng nito. Hon hop bén trong binh duogc
lam sach bang dong khi N n dinh trong 10 phiit va sau d6 20% trong luong Pd(OH)2
trén cacbon (1,0 g) duoc bd sung vao va qué trinh lam sach bang N, dugc tiép tuc
trong 10 phut nita, sau do dAu vao Ny duge thay bing khi cdu Hz. Qud trinh 1am sach
hdn hop bén trong binh bang H, tiép tuc trong 10 phut, va sau dé dau ra ctia bot khi
duoc loai bd va phan tng dugc khudy trong binh chtra Hs trong 18 git qua dém. Phén
tich LCMS th& hién mét s6 chét ban dau con lai, va vi thé dung dich nugc HCI 10 M
duoc b sung (640 uL, 6,4 mmol, 1,5 duong luong) vao va hdn hop duge khudy trong
binh chtra Hy trong 4 gio' dén khi tAt ca chit ban dau duge st dung hét. Binh chta Ha
duoc loai bo va huyén phtt mau den duoc loc bang tAm celite trén phéu nhya thiéu két
va tdm celite dugc rira bing CH2Cly (3 x 10 mL). Chét loc mau vang nhat dugc ¢6
du6i 4p sudt giam @8 thu dugc hop chét néu & d& muc & dang chét ran mau vang (2,23
g).

Chét trung gian B: axit (R)-2-(2-Naphtamido)-3-xyclohexylpropanoic
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Chét trung gian B

Budée 1: Didu ché metyl (R)-2-(2-naphtamido)-3-xyclohexylpropanoat

B4 sung metyl (R)-2-amino-3-xyclohexylpropanoat hydroclorua (2,50 g, 11,3
mmol, 1,0 duong luong) va CH2Clz (30 mL) vao binh thot ¢ day tron loai 100mL c6
lip thanh khudy tir va dudi mdi trudong khi nito. Huyén phu duge xur ly bing 2-
naphthoyl clorua (2,36 g, 12,4 mmol, 1,1 dwong luong) sau do bang EtN(iPr)2 (4,1
mL, 23,7 mmol, 2,1 duong lugng). Dung dich mau vang nhat dugc khudy & nhiét do
trong phong trong 3 gi¢. Phan tich TLC thé hién su chuyén héa hoan toan clia chét ban
d4u. Phan tmg duogc lam ding bing nudc (25 mL) va duge rét vao phéu tach loai
250mL chtra dung dich nuéc HCI 1M (100 mL) va 16p nudc duge chiét bang CH>Cla
(2 x 75 mL). Lép hitu co két hop duoc ria bing nudc mudi (50 mL), 1am kho bang
MgSOs, duge loc va dugc cd dudi ap sudt giam. Hon hop phan tng dugc tinh ché
bing sdc ky cot silica gel (40 g), rira giai bang 80:20 Hexan:EtOAc dé thu duoc san

phdm néu & @& muc & dang chit bot mau tring (2,36 g).
Budre 2: Didu ché axit (R)-2-(2-naphtamido)-3-xyclohexylpropanoic

B6 sung metyl (R)-2-(2-naphtamido)-3-xyclohexylpropanoat (2,35 g, 692
mmol, 1,0 dwong lwong), THF (10 mL) va MeOH (10 mL) vao binh thét ¢d day tron
loai 100mL c6 lip thanh khudy tr. Dung dich nay duoc xur ly bing dung dich nudc
LiOH 1M (10,4 mL, 10,4 mmol, 1,5 duong luong) va duogc khqu O nhiét do trong
phong trong 3 gio. Phan tich TLC thé hién su chuyén hoa hoan toan cia chit ban dau.
Hon hop phén ung duoc c6 dudi ap suit giam va chét rin tao thanh dugc cho vao 5
ml metanol va dugc axit hoa dén do pH < 2 bang dung dich nuéc HCI 1M (khoang 15
mL). Huyén phil mau trdng tao thanh duoc khudy & nhiét do trong phong trong 4 gid

-71-



36473

va sau d6 duoc loc bang phéu Buchner bao gdm gidy loc Whatman # 1 trong chén
khong. Banh loc dugc 1am kho trong chén khong dé thu duge chét ran chdy ty do mau
tring (2,07 g).
Chét trung gian C: axit (25,4R)-1-((R)-2-(2-Naphtamido)-3-
xyclohexylpropanoyl)-4-(piperidin-1 -yl)pyrolidin-2-carboxylic

()
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- w ° i A
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Chét trung gian C

Buée 1: Didu ché 1-(tert-butyl) 2-metyl (2S,4R)-4-(piperidin-1-yl)pyrolidin-
1,2-dicarboxylat

Cho 1-(tert-butyl) 2-metyl (28.48)-4-hydroxypyrolidin-1,2-dicarboxylat (10,0
g, 41 mmol, 1,0 duong luong) vao binh thot cd day tron loai 500 mL ¢6 lap thanh
khudy tir va trong moi trudng nito. Chét rin dugc hoa tan trong CH2Clz (160 mL) va
dugce lam lanh dén -78 °C trong Dewar axeton/d4 kho. Dung dich lanh dugc xu ly
bang EtN(Pr): (8,6 mL, 49 mmol, 1.2 dwong lugng) va sau d6 anhydrit
triflometansulfonic (7,4 mL, 45 mmol, 1,1 duong lwgng) dugc bd sung timg giot trong

30 phut. Sau khi khudy & -78 °C trong 1 gio, hdn hop duge ting nhiét do dén -20 °C
-72-



36473

va piperidin (8,1 mL, 82 mmol, 2,0 duong lugng) dugc bd sung tung giot trong 135
phut. Hon hop phéan tng dugc lam 4m dén nhiét do trong phong va khudy trong 18 gio
qua dém. Phan tich LCMS thé hién sy tao thanh sén phém. Hon hop phén ing dugce rét
vao phéu tach loai 500mL chira nuéc (100 mL) va duoc chiét bang EtOAc (3 x 100
mL). Lép hitu co két hop dugc ria bang nudc mudi (100 mL), 1am kho bang MgSOs,
dugc loc va duge co. Tinh ché bang sic ky cot silica gel (120 g), ria giai bang 90:10

dén 0:100 Hexan:EtOAc 1a gradien dé thu dugc san pham mong mudn(9,7 g).

Buéc 2: Didu ché metyl (2S,4R)-4-(piperidin-1-yl)pyrolidin-2-carboxylat

hydroclorua

Cho 1-(tert-butyl) 2-metyl (2S,4R)—4-(piperidin-1-y1)pyrolidin—1,2-dicarboxylat
(9,7 g, 31 mmol, 1,0 duong lugng) va metanol (20 mL) vao binh thot cb day tron loai
250 mL, ¢6 lip thanh khudy tir va trong mdi trudng nito. Dung dich dugc xir Iy bing
HCI 4 M trong dioxan (19 mL, 78 mmol, 2,5 duong luong) va phan tng dugc khudy &
nhiét d trong phong trong 18 gio. Hon hop phan Gmg dugce loc béng gidy Whatman #1
trén phéu Hirsch, rta bang dioxan (20 mL). Banh loc tao thanh mau tring dugc rira
thém bang dietyl ete (40 mL) va 1am kho trong chén khong dé thu dugc chét rdn mau
tréang (8,2 g).

Buée 3: Didu ché metyl (2S,4R)-1-((R)-2-((tert-butoxycarbonyl)amino)-3-
xyclohexylpropanoyl)-4-(piperidin-1 -yl)pyrolidin-2-carboxylat

Cho axit (R)-2-((z‘ert—butoxycarbonyl)amino)-3-xyclohexylpropanoic (7,75 g,
29 mmol, 1,0 duong luong), HATU (16,3 g, 43 mmol, 1,5 duong lugng) va CH2Cly
(50 mL) vao binh thot cd day tron loai 250 mL c6 lap thanh khudy tir va trong moi
trudng nito. Huyén phu dugc khudy & nhiét do trong phong trong 30 phit va sau doé
duoc xt ly bang metyl (2S,4R)-4-(piperidin-1-yl)pyrolidin-2-carboxylat hydroclorua
(8,2 g, 29 mmol, 1,0 duong luong), sau doé béng EtN(iPr); (15 mL, 86 mmol, 3,0
duong luong) va phan tmg dugc khudy & nhiét do trong phong trong 3 ngay. Hon hop
phan ting dugc pha lodng bang nude (100 mL) va dugce rét vao phéu tach loai 500mL
va duoc chiét bing CHCl (2 x 100 mL). Céc chét hitu co két hop duge rira bang
dung dich nuéc NaHCOs bdo hoa (100 mL), nudc mudi (100 mL), lam kho bang

MgSO0s, dugc loc va duge co dudi ap sudt giam. Tinh ché bang sic ky cot silica gel
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(120 g), rira giai bang 75:25 dén 0:100 Hexan:EtOAc 1a gradien @8 thu duoc hop chat
néu & dé muc & dang chit bot (12,5 g).

Buéc 4: Didu ché metyl (25,4R)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-4-(piperidin-1 -yD)pyrolidin-2-carboxylat

B6 sung metyl (2S,4R)-1-((R)-2-((tert-butoxycarbony1)amin0)-3-Xyclohexyl
propanoyl)—4-(piperidin-1-yl)pyrolidin—2-carboxylat (10,2 g, 22 mmol, 1,0 duong
lugng), 1,4-dioxan (15 mL) va metanol (15 mL) vao binh thét cd day tron 200 mL ¢
lip thanh khudy tir va trong mdi truong nito. Dung dich dugc xur ly bang HCI 4M
trong dioxan (13,7 mL, 55 mmol, 2,5 duong lwong) va hdn hop dugc khudy & nhiét do
trong phong trong 18 gid qua dém. Hdn hop phén tng dugc co dudi ap suét giam,
duoc tao huyén phu 14n nita trong metanol (5 mL) va EtOAc (40 mL) va duoc cd dudi

ap suat giam dé thu dugc chét dau (7,8 g).

Mot phén dAu thu duoc & trén (5,7 g, 13 mmol, 1,0 duong lugng) dugc hoa tan
trong CH,Cly va duoc lam lanh dén 0 °C trong bdn nude da. B sung 2-naphthoyl
clorua(3,7 g, 20 mmol, 1,5 duong lugng) vao, sau d6 13 EtN(iPr), (6,8 mL, 39 mmol, 3
duong lugng) va khudy & nhiét d§ trong phong trong 1 gio. Phan tich LCMS ¢ thoi
diém nay thé hién sy tao thanh san phidm. Hon hop phan tng dugc lam dimg bang
nuée (100 mL) va dugce rot vao phéu tach loai 500mL va dugc chiét biang CH,Cl, (2 x
100 mL). Lép hitu co két hop duge ria bang dung dich nugc NaHCO; béo hoa (100
mL), lam kho bing MgSOs, dugc loc va dwgc cd dudi ap suit giam. Tinh ché bang sdc
ky cot silica gel (120 g), rira giai bing 100:0 dén 93:7 CH2Cl2MeOH la gradien dé thu
duoc hop chét néu & dé muc (5,96 ).

Buéc 5: Diéu ché axit (25,4R)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-4-(piperidin-1-yl)pyrolidin-Z-carboxylic

B6 sung metyl (2S,4R)-1-((R)-Z-(Z-naphtamido)-3-xyclohexylpropanoyl)—4-
(piperidin-1-yl)pyrolidin-2-carboxylat (5,9 g, 11,5 mmol, 1,0 duong lugng), metanol
(30 mL) va THF (30 mL) vao binh thot c¢b day tron loai 250 mL ¢6 1ap thanh khudy tir
va trong mdi trudng nito. Dung dich nay dugc xt ly bang dung dich nudc LiOH 1M
(28,7 mL, 28,7 mmol, 2,5 duong lugng) va dugc khudy & nhiét do trong phong trong 1
gid. Phan tich LCMS sau thoi diém nay thé hién su chuyén héa hoan toan thanh sin
phdm. Hon hop phan ung dugc c6 dudi ap sudt giam dén khoang ntra thé tich ban dau
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va dugc pha lodng bang 100 mL CHxCly, Hon hop duge xur ly bang timg giot dung
dich nudec HCl 1M (29 mL) trong khoang thoi gian 20 phut va hdn hop dugc rot vao
phéu tach 250 mL. L6p hitu co dugc loai bd va 16p nude duge chiét bang CH>Cl, (100
mL). Lop hitu co két hop duge rira bing nuée (40 mL), 1am kho bang MgSOs, dugc
loc va dugc ¢o dudi ap sudt giam dé thu duoc chit rin mau trdng nhd (5,95 g).
Chit trung gian D: axit (25,45)-1-((R)-2-(2-Naphtamido)-3-
xyclohexylpropanoyl)-4-(piperidin-1 -yl)pyrolidin-2-carboxylic

e
s

o
Chét trung gian D
Hop chit nay dugc diéu ché theo cach twong ty véi chét trung gian C, ngoai trir
1-(tert-butyl) 2-metyl (2S,4R)-4-hydroxypyrolidin-1,2-dicarboxylat dugc dung thay
cho 1-(tert-butyl) 2-metyl (2S,45)-4-hydroxypyrolidin-1,2-dicarboxylat trong budc 1
ctia chudi phan mg.
Chét trung gian E: Benzyl (5,7-diamino-6-hydroxy-7-oxoheptyl)carbamat

hydroclorua
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Chét trung gian E

Buée 1: Diéu ché benzyl fert-butyl (6-(metoxy(metyl)amino)-6-oxohexan-1,5-
diyl)(S)-dicarbamat

B6 sung isobutyl cloformat (108 g, 0,8 mol, 1,0 duong lugng) vao dung dich
chira N°-((benzyloxy)carbonyl)-N-(tert-butoxycarbonyl)-L-lysin (300 g, 0,78 mol, 1,0
duong luong) va N,0-dimetylhydroxylamin hydroclorua (159 g, 1,6 mol, 2,0 duong
lwong) va NMM (176 mL, 1,6 mol, 2,0 duong lugng ) trong CH,Clx (3,0 L) & -15 °C.
Hon hop duoc khudy & 15 °C trong 12 gio. Phan tich TLC thé hién sy chuyén hoéa cta
chét ban dau. Hon hgp phan ung duge lam ding bang cach bd sung nude (2 L) & 15
°C, dugc 16t vio phéu tach rong va duge chiét bang CHCl (3 x 1 L). Lép hiru co két
hop duogc rua béng dung dich nugc HCI IM (1 L), 1am kho béng Na,S0s4, dugc loc va
duge o dudi ap suét giam d8 tao ra phan lang. San phim thd dugc tinh ché bang sic
ky cot silica gel rira gidi bing 95:5 dén 90:10 ete ddu m6:EtOAc dé thu duge hop chét
néu & d& muc dudi dang dau mau vang (268 g).

Buéc 2: Didu ché benzyl rert-butyl (6-oxohexan-1,5-diyl)(S)-dicarbamat

B6 sung timg giot benzyl zert-butyl (6-(metoxy(metyl)amino)-6-oxohexan-1,5-
diy1)(S)-dicarbamat (100 g, 236,1 mmol, 1,0 duong luong) vao dung dich chira LiAlH4
(17,9 g, 472 mmol, 2,0 dwong lugng) trong THF (1,0 L) ¢ -15 °C trong khoang 1 gio.

Sau khi hoan tit viéc bd sung, hdn hop dugc khudy & nhiét do ndy trong 1 gid. Phan
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tich LCMS thé hién su tiéu thu hoan toan chit ban d4u. Hon hop phéan ang dugc co
bang cach bd sung tir tir dung dich nuéc KHSO4 bdo hoa (41,8 g, 306 mmol, 1,3
dwong lugng) trong nude (200 mL) & ti 18 sao cho nhiét do phan Gmg dudi 0 °C trong
khi duy tri nhit do bdn dudi -10 °C. Sau khi hoan tht viéc bd sung, loai bd bdn 1am
lanh va phan ung dugc lam 4m dén nhiét @6 trong phong trong 1 gid. Sau do, huyén
phu nay duoc rot vao phéu tach rong va duoc chiét bang EtOAc (2 x 500 mL). Lép
hitu co két hop duoc rira bang dung dich nuéc HCI IM (500 mL), dung dich nudc
NaHCOs; bdo hoa (500 mL), lam khd béng MgSOs, dugc loc va dung moi dugc loai bd
dudi 4p suét giam dé tao ra diu khéng mau. Chét nay (90 g) dugc su dung truc tiép

trong budc tiép theo ma khong can tinh ché thém.

Buée 3: Didu ché benzyl tert-butyl ((55)-6-xyano-6-hydroxyhexan-1,5-
diyl)dicarbamat

B sung benzyl tert-butyl (6-oxohexan-1,5-diyl)(S)-dicarbamat (90 g, 247
mmol, 1,0 duong luong) va 1,4-dioxan (500 mL) vao binh thot cb day tron 2L, c6 lap
thanh khudy tir va trong méi truong nito. Dung dich dugc lam lanh trong bdn nude d4
dén 0 °C. B6 sung vao dung dich nay, biang phéu bd sung, dung dich chira dung dich
nuéc NaHSO3 40% (194 g, 745 mmol, 3,0 duong luong) trong 10 phut. Hon hop nay
duoc khudy trong 30 phit trong bon nuéc da va sau do dung dich chira KCN (48,4 g,
742,9 mmol, 3,0 duong luong) trong HoO (200 mL) duge bd sung bing phéu hé tro
trong 10 phut. Hon hop phéan tmg duoc khudy & nhiét do trong phong trong 12 gio. Sau
d6, EtOAc (2 L) va dung dich nude bdo hoa NaHCO; (500 mL) dugce bd sung vao va
cac 16p dugce phan chia trong phéu tach rong. Lop nude duge chiét bang EtOAc (1 L)
va 16p hitu co két hop dugce rira bing dung dich nudce bdo hoa NaHCO;3 (2 x 500 mL),
lam kho bang MgSOs, duge loc va dugce ¢d dudi ap sudt giam. Phan cin duoc tinh ché
bing sic ky cot silica gel, rira giai bing 100:0 dén 95:5 CH2Cl:MeOH la gradien aé

thu duoc hop chét néu & d& muc duéi dang dau khong mau (59 g).

Buéc 4: Diéu ché benzyl fert-butyl ((5S)-7-amino-6-hydroxy-7-oxoheptan-1,5-
diyl)dicarbamat

B6 sung benzyl fert-butyl ((585)-6-xyano-6-hydroxyhexan-1,5-diyl)dicarbamat
(59 g, 150 mmol, 1,0 duong lugng), K2COs (10,4 g, 75 mmol, 0,5 duong luvong), H2O
(150 mL) va DMSO (450 mL) vao binh thét cb day tron 1L, ¢6 lap thanh khudy tir va
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trong mdi trudng nito. Huyén phu dugc lam lanh xubng 0 °C va dugc xt ly bang cach
bd sung timg phan urea hydro peroxit (71 g, 753 mmol, 5,0 duong luong). Sau khi bd
sung xong, hdn hop duge khudy & 15 °C trong 12 gio. Hon hop phan Gng dugc lam
dimg bang cach thém nudce (400 mL) ¢ 15 °C, va hdn hop duge rot vao phéu tach rong
va duoc chiét bing CHaCL (3 x 500 mL). Lép hitu co két hop dugc rira bang dung
dich nudc Na,S,03 10% (200 mL), lam kho béng NaxS0s4, duge loc va duge co dudi
ap sudt giam. Phén can duge tinh ché bang cich két tinh lai tir EtOAc (150 mL) va
banh loc tao thanh dugc rira bang nudc 4m (150 mL) va lam kho. Viéc tinh ché thém
bing sic ky cot silica gel, rira giai bing 100:0 dén 95:5 CH2Cl:MeOH la gradien, aé

thu dugc san phAm mong mudn dudi dang chat rin mau trang (25,5 g).

Buwée 5: Didu ché benzyl (5,7-diamino-6-hydroxy-7-oxoheptyl)carbamat

hydroclorua

B6 sung benzyl fert-butyl ((58)-7-amino-6-hydroxy-7-oxoheptan-1,5-
diyl)dicarbamat (10,0 g, 24,4 mmol, 1,0 duong lugng), 1,4-dioxan (25 mL) va metanol
(25 mL) vao binh thot cb day tron loai 250 mL cd lip thanh khudy tir va trong mdi
truong nito. Dung dich dugc xir ly bang HC1 4M trong dioxan (25 mL, 98 mmol, 4
duong luong) va huyén phti tao thanh dugce khudy & nhiét do trong phong trong 2 gio.
Hon hop duge pha loang bang EtOAc (100 mL) va dugc khudy & nhiét do trong phong
trong 20 phut. Huyén phu dic duge loc trong chén khong bang gidy loc Whatman #1
trén phéu Hirsch va banh loc tao thanh dugc rira bang EtOAc (2 x 25 mL), EO (2 x
25 mL) va hexan (25 mL). Chét rdn mau tring dugc lam kho trong chan khong cao

trong 18 gid dé thu duoc chét rin mau trdng nho (8,3 g).

Chit trung gian F: axit (25,4S)-1-((R)-2-(2-Naphtamido)-3-
xyclohexylpropanoy!)-4-azidopyrolidin-2-carboxylic

-78-



36473

HO, 1) MsCl, EtN Na Ns_
N - N > N
{ 2) N8N3 | MBOH; 23 C, 18 h HCle H O
Boc © DME, 75 °C, 24 h Boc ©

- MeOH, 18 h
HATU, EINGPr), "o ook,

CH,Cly, 23 °C, 18 h o

B \_OH t‘:\ N w &
QC«, ]
ﬁY H conc HCI TN
o BOGxN/\n/N ——————— HCl‘HzN/Y
O 7 ~0CH;

O
Ci
ﬁ))\ LlOH
(l/ OCH THFMeOHIH,0

EtN(iPr)p, CHoClz
23“0.18“ 23 C 18h

o\ Ny
o 1 ?
e : N
N
(j:jk 0 o7 “OH

Chét trung gian F

Buée 1: Didu ché 1-(tert-butyl) 2-metyl (28,4S)-4-azidopyrolidin-1,2-
dicarboxylat

Dung dich chta 1-(fert-butyl) 2-metyl (2S,4R)-4-hydroxypyrolidin-1,2-
dicarboxylat (33,8 g, 138 mmol, 1,0 duong lugng) trong CH>Cl2 (280 mL) dugc lam
lanh trong bdn nuéc da va EtN (44 mL, 606 mmol, 4,4 duong lugng) va
metansulfonyl clorua (23,5 mL, 303 mmol, 2,2 duong lugng) dugc bd sung vao mot
cach tudn ty & 0 °C. Phan tng duogc lam 4m dén nhiét do trong phong va dugc khqu
trong 18 gid qua dém. Sau do, hdn hop phén ng dugc pha lodng bang CH,Cl, (200
mL) va dugce ria bang dung dich nudc bdo hoa NaHCO; (200 mL), nuge (200 mL) va
cudi cing bang nudc mudi (100 mL). Lép hitu co két hop duoc lam khod bing MgSOs,
duoc loc va dugc cd dudi ap sudt giam dé thu duge hop chét néu & dé muc dudi dang
diu. BS sung NaNs (18,0 g, 276 mmol, 2,0 duong lugng) trong DMF (270 mL) vao
dau tao thanh va hdn hop dugc khudy ¢ 75 °C trong bdn dau trong moi trudng nito.
Sau 24 gid, hdn hop duge lam ngudi dén nhiét do trong phong, dugc pha lodng bang
nude (100 mL) va duge chiét bing EtOAc (3 x 200 mL) st dung phéu tach. Lop hiru
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co két hop duge rira bing nudc mubi (100 mL), 1am khd bang MgSOs, dugc loc va
dung moi duge co dudi ap suit giam. Tinh ché bing sic ky cot silica gel (660 g) rira
giai bang 100:0 dén 70:30 Hexan:EtOAc la gradien d8 tao ta hop chét néu & dé muc
(34,7 g).

Buée 2: Didu ché metyl (25,4S)-4-azidopyrolidin-2-carboxylat hydroclorua

B6 sung dung dich nuéc HCI 36% (38 mL, 456 mmol, 4,3 duong lugng) vao
dung dich chtra 1-(fert-butyl) 2-metyl (2S,4S)-4-azidopyrolidin-1,2-dicarboxylat (28,4
g, 105 mmol, 1,0 duong lugng) trong MeOH (250 mL) va hén hop duge khudy & nhiét
d6 trong phong trong 18 gid qua dém. Dung moi duoc loai b dudi ap sudt giam va
phan cin tao thanh duge lam ddng bay hoi bang MeOH (4 x 100 mL) dé loai bé nudce
va HCI du. Chét rén tao thanh dugc 1am khd trong chén khong dé thu dugc san pham

mong mudn (21,9 g).

Budc 3: Piéu ché metyl (28,48)-4-azido-1-((R)-2-((tert-
butoxycarbonyl)amino)-3-xyclohexylpropanoyl)pyrolidin-2-carboxylat

Huyén phu chtra axit (R)-2-((tert-butoxycarbonyl)amino)-3-
xyclohexylpropanoic (34,2 g, 126 mmol, 1,2 duong lugng) va HATU (48 g, 126
mmol, 1,2 duong lugng ) trong CH>2Clz (280 mL) dugc khudy trong 10 phut va sau d6
metyl (28,4S)-4-azidopyrolidin-2-carboxylat hydroclorua (21,7 g, 105 mmol, 1,0
duong luong) va EtN(iPr)2 (46 mL, 262 mmol, 2,5 duong lugng) duge bd sung vao va
hén hop phan tmg duge khudy & nhiét do trong phong trong 18 gid qua dém. Hon hop
phan Gng dugc lam lanh xudng 0 °C trong bon nuéc da va duge lam dirng bang dung
dich nuéc HCI 1M (500 mL). Hon hop duge chuyén vao phéu tach loai 1 L va dugc
chiét bing CH,Cly (3 x 200 mL). L6p hitu co két hop dwge rira bang dung dich nudc
bdo hoa NaHCO3 (100 mL), nuéc mubi (100 mL), 1am kho béng MgSQOs, duge loc va
duoc ¢d dudi ap suét giam. Phan cin nay duge tinh ché bang sic ky cot silica gel (660
g) rira giai bang 100:0 dén 50:50 Hexan:EtOAc 13 gradien. Cac phan doan dugc kiém
so4t bang TLC (7:3 Hexan:EtOAc, dugc quan sat bing mét thuong bang cach nhuém
ninhydrin). Cac phdn mong mudn duoce két hop va dung moi duge loai bo bang thiét bi
bay hoi quay dé thu dugc hop chét néu & dé muc (24,4 g).

Buéc 4: Didu ché metyl (25,45)-1-((R)-2-amino-3-xyclohexylpropanoyl)-4-

azidopyrolidin-2-carboxylat hydroclorua
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Bb sung metyl (2S,4S)-4—azido-1-((R)-2-((tert—butoxycarbonyl)amino)—3-
xyclohexylpropanoyl)pyrolidin-2-carboxylat (24,4 g, 57,5 mmol, 1,0 duong luong) va
MeOH (150 mL) vao binh thot cb day tron loai 250 mL c6 lap thanh khudy tir va trong
méi truong nito. Dung dich nay dugc xir ly bang dung dich nuge HCI 36% (42 mL,
402 mmol, 6,5 duong luong) va hdn hop dugc khudy & nhiét do trong phong trong 3
ngay, tré thanh huyén pht dic. Hon hop phén ing duge cb dudi ap sudt giam, str dung
MeOH bd sung (4 x 100 mL) dé lam dong bay hoi nuée va HCI du. Chét rdn mau
tring nho tao thanh duge lam kho trong chén khong dé thu duoc hop chit mong mubn

(20,5 ).

Buwée 5: biéu ché metyl (25,4S)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl) -4-azidopyrolidin-2-carboxylat

B6 sung EtN(iPr); (25 mL, 142 mmol, 2,5 duong lugng) vao huyén phu chtra
metyl (2S,4S)-1-((R)—2-amin0-3-xyclohexylpropanoyl)—4-azidopyrolidin-2-carboxylat
hydroclorua (20,5 g, 57 mmol, 1,0 duong luong) va 2-naphthoyl clorua (11,9 g, 62,6
mmol, 1,1 duong lugng) trong CH>Clz (300 mL) va hdn hop phéan ung dugc khudy &
nhiét do trong phong trong 18 gio qua dém. Hon hop dugc 1am dung phéan Gng bang
nude (100 mL) va dugce phan b gitra dung dich nuge HCI 1M (300 mL) va CHxCl2 (3
x 200 mL). Lép hitu co két hop duoc ria bang nudce mudi (150 mL), lam khd bang
MgS0s4, duge loc va dung méi duge loai bo dudi ap sut giam. Phan cin nay dugc tinh
ché bang sic ky cot silica gel (330 g), rira giai bang 100:0 dén 50:50 Hexan:EtOAc la
gradien. Cac phan mong mudn duge két hop va dung moi dugce loai bé dudi ap suét

giam dé thu dugc hop chét néu & dé muc (22,2 g).

Buée 6 Didu  ché  axit  (254S5)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-4-azidopyrolidin-2-carboxylic

B4 sung dung dich nudée LiOH 1M (70 mL, 70 mmol, 1,5 duong lugng) vao
dung dich chra metyl (2S,4S)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl) -4-
azidopyrolidin-2-carboxylat (22,2 g, 46,5 mmol, 1,0 duong lugng) trong MeOH (75
mL) va THF (75 mL) va hdn hop duoc khudy & nhiét d6 trong phong trong 18 git qua
dém. Hon hop phéan tng duge co dudi ap sudt giam va phan cin dugc pha lodng trong
EtOAc (70 mL) va dugc axit hoa dé dat do pH <2 bing dung dich nu¢ec HC1 IM (= 90
mL). Hon hop phan tung dugc rét vao phéu tach loai 250mL chira nuéc (100 mL) va
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16p nudc dugc chiét bang EtOAc (4 x 100 mL). Lép hiru co két hop duoc rira bing
nude mudi (100 mL), 1am kho béng MgSQy4, duge loc va duge ¢co dudi ap sudt giam dé
thu dugc hop chat néu & d& muc & dang chét rin mau tring (20,4 g).

Chit trung gian G: (2S,4S)-1-((R)-2-(2-Naphtamid0)-3-xyclohexylpropanoyl)—
N-(1,7-diamino-2-hydroxy-1 -oxoheptan-3-yl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-

triazol-1-yl)pyrolidin-2-carboxamit

HCI«H N
H)j\OH hade hoac
o w
Ch g trung gian F Chét trung gian E
CHs
_ﬂ_%cn—ig
e R
EtN{Pr)2 Cp*RU01(pPh3)g
CH,LCL/DMF 1 ,4-gcoxan<
23°C,2h Cbz~ 80°C, 2h
N NH
H o 2
N
N CHg
Pd(OH), on C N HC ©
2 0N
N/\n’ Binh chira H2 ~ /\Ig
1 M HCI, MeOH
23°C.3h
Chz~ HCle
g :sng HzN o7 NH,

Chét trung gian G

Buée 1: Diu ché benzyl (5-((28,48)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-4-azidopyrolidin-2-carboxamido)-7-amino-6-hydroxy-7-
oxoheptyl)carbamat

Bé sung axit (25,45)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-4-
azidopyrolidin-2-carboxylic (Chét trung gian F, 6,0 g, 13,0 mmol, 1,0 duong lugng),
benzyl (5,7-diamino-6-hydroxy-7-oxoheptyl)carbamat hydroclorua (Chét trung gian E,
4,5 g, 13,0 mmol, 1,0 duong luong), HATU (5,9 g, 15,5 mmol, 1,2 duong luong),
CH,Cl, (26 mL) va DMF (3 mL) vao binh thét ¢b déy tron loai 250 mL ¢6 lap thanh
khudy tir va trong mdi trudng nito. Hdn hop phan Gng dugc xir ly bang EtN(iPr) (9,1
mL, 51,9 mmol, 4,0 duong luong) va hdn hop phén tng dugc khudy & nhiét do trong
phong trong 2 gio. Phan tich LCMS thé hién su chuyén hoa hoan toan cua chét ban
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dau. Hon hop phan tng duoc lam ding bang nuéc (500 mL) va dugce rét vao phéu tach
loai 1 L va dugc chiét bing EtOAc (3 x 200 mL). Lép hitu co két hop duge rira bing
dung dich nu¢ec HCI 1M (250 mL), nude mudi (200 mL), lam kho bang MgSOs, dugc
loc va dugc o dudi ap sudt giam. Tinh ché bang sic ky cot silica gel (330 g), rira giai
bing 100:0 dén 85:15 CH,Cl2:MeOH la gradien @8 thu duoc hop chit néu & dé muc &
dang chit bot mau be (9,96 g).

Buéc 2: Didu ché benzyl (5-((25,4S)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-4-(5-(2-hydroxypr0pan—2-y1)- 1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-7-amino-6-hydroxy-7-oxoheptyl)carbamat

B6 sung benzyl (5-((28,48)-1-((R)-2-(2—naphtamido)—3-xyclohexylpropanoyl)-
4—azidopyrolidin—Z-carboxamido)-7-amin0—6-hydr0xy-7-oxohepty1)carbamat (9,96 g,
13,2 mmol, 1,0 duong luong), 2-metylbut-3-yn-2-ol (5,12 mL, 53 mmol, 4,0 duong
luong) va 1,4-dioxan (66 mL) vao binh thot cd day tron loai 250 mL c6 15p thanh
khudy tir va trong moi trudng nito. Hon hop bén trong binh dugc lam sach bang dong
khi N> én dinh trong 10 phut, va sau d6 Cp*RuCl(PPhs); (526 mg, 0,66 mmol, 0,05
duong luong) duoc bd sung vao va qua trinh 1am sach duoc tiép tuc trong 15 phut nira.
Piu ra khi nito duge loai bd va hdn hop bén trong binh dugc gia nhiét trong bdn dau &
80 °C trong 2 gio, tr¢ thanh hdn hop ¢6 mau den. Hon hop phan tng di dugce lam
ngudi dugc cd dudi ap suit giam va tai truc tiép 1én silica gel. Tinh ché bang sic ky
cot silica gel (330 g), rira giai bang 100:0 dén 90:10 EtOAc:MeOH la gradien dé thu

duoc hop chét néu & d& muc & dang chit bot mau cam nhe (9,9 g).

Buwée 3: Piéu ché (2S,4S)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N—
(1,7-diamino-2-hydroxy-1-oxoheptan-3-yl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-

triazol-1-yl)pyrolidin-2-carboxamit hydroclorua

Dung dich chura benzyl (5-((2S,4S)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-
carboxamido)-7-amino-6-hydroxy-7-oxoheptyl)carbamat (9,9 g, 11,9 mmol, 1,0 duong
lwong), MeOH (225 mL) va dung dich nudce HCI 1M (13,1 mL, 13,1 mmol, 1,1 duong
lugng) dugce loai khi béng dong khi N» 4n dinh trong 15 phuat. Sau do, 20% trong
lugng Pd(OH); trén cacbon (997 mg) dugc bd sung vao va tiép tuc loai khi bing dong
khi N> trong 15 phut nira. Piu vao N, duoc thay bing khi cAu Hz va hdn hop bén trong

-83-



36473

binh dugc lam sach trong 15 phut nita sau d6 d4u ra duge loai bé. Huyén phi mau den
duoc khudy dudi khi Hs trong 3 gio ¢ nhiét d6 trong phong. Hon hop phan tng dugc
loc bing tdm celite trén phéu nhya thiéu két, va hon hop bén trong binh va banh loc
duoc rira bing CH>Cl, (3 x 50 mL). Chét loc trong sudt dugce cd dudi ap sudt giam va

hop chét néu & dé muc duoc tach riéng dudi dang mudi hydroclorua (8,32 g).

Chét trung gian H: Benzyl (5-((2S,4R)-1-((R)-2-(2-naphtamido)-3-
Xyclohexylpropanoyl)-4-azidopyrolidin-2-carboxamido)-7-amino-6-hydr0xy-7-

oxoheptyl)carbamat
HO,
1) MsCl, EtgN Ny Hel Ny
OCH;  CHyCh, 0-23C, 18h (’X\ﬁocp{3 [‘)\‘(ocﬁ3
N N’ MeOH, 50 °C, 18 h N
) 0 2) NaNg ) O s, : HCls H 0
Boc DM, 75 °C, 24 h Boc

BOC‘N/:\H/OH \m { -‘N3

o Boc.. : N/> conc HCI

T NY ) MeOH.50°C, 18h O HQN/\[{ 3
OCHs OCH3

HATU, EIN(Pr), 0
CH,Cly, 23°C, 18 h o

0O

LlOH
EN{Pr)o, CHgClg THF/MeOHngc
23°*C,18h OCH3 23°C,4h

HCle
HQN

OH
M/)j\
Cbz~ N NHQ

H 9]

e ‘“"*2

HATU
EIN(iPr);, CHCly Cbzmy ™
23°C, 18h N 7 NH
Buée 1: Didu ché 1-(fert-butyl) 2-metyl (2S,4R)-4-azidopyrolidin-1,2-

dicarboxylat

B6 sung 1-(tert-butyl) 2-metyl (28,4S)-4-hydroxypyrolidin-1,2-dicarboxylat

(5,0 g, 20,4 mmol, 1,0 duong lugng) va CH>Cl> (50 mL) vao binh thot ¢ day tron loai

250 mL ¢6 lap thanh khudy tir va duéi khi Na. Dung dich duge lam lanh xubng 0 °C
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trong bdn nudc da va EtsN (12,5 mL, 90 mmol, 4,4 duong luong) dugc bd sung, tiép
theo 1a metansulfonyl clorua (3,5 mL, 45 mmol, 2,2 duong lrong). Dung dich mau
vang- cam tao thanh dugc khudy ¢ 0 °C trong 1 gid va lam 4m dén nhiét do trong
phong trong 18 gio. Hon hop duoc cd bang dung dich nudc bdo hoa NaHCO; (50 mL)
va duoc rot vao phéu tach loai 250mL chira nude (50 mL). Hon hop duoc chiét bang
CHyCl2 (3 x 50 mL) va 16p hitu co két hop duge rira bang nudc mubi (50 mL), 1am
kho bang MgSOs, dugc loc va duge cb dudi dp suét giam. Chét dau tao thanh duoc st

dung truc tiép ma khong cin tinh ché thém.

B6 sung mesylat duoc diéu ché & trén, NaN3 (2,6 g, 41 mmol, 2,0 duong luong)
va DMF (40 mL) vao binh thot c¢d day tron loai 250 mL c6 lip thanh khudy tir va trong
mdi trudng Na. Huyén phu duge khudy & 75 °C trong bdn dau trong 18 gid qua dém.
Hdn hop phan tng dugc lam lanh xubng nhiét d6 trong phong va dugc lam dimg bang
nude (100 mL) va duge rét vao phéu tach loai 250mL. Hon hop phén (mg dugc chiét
bang Et20 (3 x 75 mL) va 16p hitu co két hop dugce rita bang nudc mudi (50 mL), 1am
kho bang MgS0s, dugc loc va duge ¢d dudi dp sudt giam. Tinh ché bing sic ky cot
silica gel (80 g), rua giai bing 100:0 dén 50:50 Hexan:EtOAc 1a gradien dé thu duge

hop chit néu & d& muc dudi dang dau mau vang nhat (3,08 g).
Buée 2: Diéu ché metyl (25,4R)-4-azidopyrolidin-2-carboxylat hydroclorua

B& sung 1-(tert-butyl) 2-metyl (2S,4R)-4-azidopyrolidin-1,2-dicarboxylat (3.0
g, 11,1 mmol, 1,0 dwong lugng) va metanol (15 mL) vao binh thot cd day tron loai
100mL c6 1&p thanh khudy tir va trong mdi truong Na. Dung dich nay dugc xtr ly bang
dung dich nuéc HCI 37% (3,0 mL) va hdn hop phan tmg dugce gia nhiét dén 50 °C
trong bdn dau trong 18 gid qua dém. Phan tich LCMS hdn hop phén g thé hién su
chuyén héa hoan toan clia chét ban dau. Phan tng duoc lam lanh xubng nhiét do trong
phong va duge co dudi ap sudt giam. Chét didu mau vang tao thanh duoc lam kho trong
chan khong trong 4 gi¢ va dugc su dung truc tiép trong budc tiép theo ma khong can
tinh ché thém (2,3 g).

Buéc 3: Didu ché metyl (25,4R)-4-azido-1-((R)-2-((tert-
butoxycarbonyl)amino)-3-xyclohexylpropanoyl)pyrolidin-2-carboxylat
B6 sung axit (R)-2-((tert-butoxycarbonyl)amino)-3-xyclohexylpropanoic (2,5 g,
9,3 mmol, 1,0 duong lugng), HATU (4,22 g, 11,1 mmol, 1,2 duong lugng) va CHxCl,
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(20 mL) vao binh thot cd day tron loai 100mL c6 lip thanh khudy tir va trong mdi
truong No. HOn hop phéan tmg duoc khudy & nhiét do trong phong trong 20 phut va sau
d6 bd sung metyl (2S,4R)-4-azidopyrolidin-2-carboxylat hydroclorua (2,3 g, 11,1
mmol, 1,2 duong lugng) tiép theo 14 EtN(iPr)2 (3,2 mL, 18,6 mmol, 2,0 duong lugng)
vao. Hon hop phan tng duge khudy & nhiét do trong phong trong 18 gid qua dém. Hon
hop phan tng dugce cb bing dung dich nudc HCI 1M (100 mL) va dugc rét vao phéu
tach loai 250mL chra nude (50 mL). Hon hgp dugc chiét bang CH>Cl, (3 x 50 mL) va
16p hitu co két hop dugc rira bang nudc mudi (50 mL), lam kho bang MgSQs, duge
loc va dugc c6 dudi ap suit giam. Tinh ché bang sic ky cot silica gel (80 g), rira giai
bing 90:10 dén 40:60 Hexan:EtOAc la gradien @& thu duoc hop chét néu & dé muc &
dang chét bot mau trang (2,52 g).

Buwéc 4: Didu ché metyl (2S,4R)—1-((R)-2-amino-3-Xyclohexylpropanoyl)-4-

azidopyrolidin-2-carboxylat hydroclorua

B6 sung metyl (2S,4R)-4-azido-1-((R)-Z-((tert—butoxycarbonyl)amino)-3-
xyclohexyl propanoyl)pyrolidin-2-carboxylat (2,5 g, 5,9 mmol, 1,0 dwong luong),
MeOH (20 mL) va dung dich nudc HCI 37% (2,5 mL) vao binh thét ¢d day tron loai
100mL c6 lap thanh khudy tir va trong moi trudng No. Hon hop phan ung dugc gia
nhiét dén 50 °C trong bon diu trong 18 gid qua dém. Hon hop phan ng dugc lam lanh
xudng nhiét d trong phong va dugc cb dudi ap sudt giam. Mot luong bd sung MeOH
(2 x 10 mL) dugc dung dé loai bé nuéc hodc HCI du. Chét rén tao thanh duoc lam kho

trong chan khong va dugc st dung truc tiép trong budc tiép theo (1,9 g).

Buée 5: Didu ché metyl (25,4R)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-4-azid0pyrolidin-2-carboxylat

B6 sung metyl (2S,4R)-1-((R)-2-amino-3-xyclohexylpropanoyl)-4-
azidopyrolidin-2-carboxylat hydroclorua (1,9 g, 5,9 mmol, 1,0 duong lugng), 2-
naphthoyl clorua (1,35 g, 7,1 mmol, 1,2 duong lugng) va CHaClz (20 mL) vao binh
thot ¢d ddy tron loai 100mL co6 lap thanh khudy tlr va trong mdi truong No. Hén hop
duoc xtr Iy bang EtN(Pr)2 (2,1 mL, 11,8 mmol, 2 duong lugng) va phan tng duoc
khudy & nhiét d6 trong phong trong 18 git qua dém. Phan tmg duoc co bang dung dich
nuéc bio hoa NH4Cl (100 mL) va dugc rét vao phéu tach loai 250mL. Lép nude duge
chiét bang CH2Cl, (3 x 50 mL) va 1ép hitu co két hop dugc rira bang nudce mubi (50
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mL), [am kho bang MgS0s, duge loc va duge cd dudi ap sudt giam. Phan can dugc
tinh ché bang sic ky cot silica gel (80 g), rira gidi bang 90:10 dén 40:60 Hexan:EtOAc

la gradien. Thu dugc hop chét néu & d& muc & dang chét rin mau tring nho (1,65 g).

Buwéc 6: Diéu ché axit (25,4R)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-4-azi'd0pyrolidin—2-carboxylic

B sung metyl (2S,4R)-1-((R)-Z-(Z-naphtamido)-3-xyolohexylpropanoyl)-4-
azidopyrolidin-2-carboxylat (1,65 g, 3,45 mmol, 1,0 duong lugng), THF (10 mL) va
MeOH (10 mL) vao binh thot cb day tron loai 100mL c6 lip thanh khudy tir va trong
moi truomg Na. Dung dich nay duge xtr Iy bang dung dich nuge LiOH 1M (8,6 mL, 8,6
mmol, 2,5 duong luong) va hdn hop duoc khudy ¢ nhiét d trong phong trong 4 gio.
LCMS thé hién khong con st chét ban diu & thoi didm nay. Hon hop phan Gng dugc
¢6 dudi ap sudt giam va phan cin duge cho vao trong nuée (10 mL) va dugc axit hoa
dé dat @6 pH <2 bang dung dich nudc HCI IM. Hon hop duge rét vao phéu tach loai
125 mL va duoc chiét bang CH>Clz (3 x 30 mL). Céc chét hitu co két hop dugc ria
bing nudc mubi (50 mL), lam kho bang MgSOs, dugc loc va duge c¢d dudi ap suét
gidm. Bot tring tao thanh dugc lam kho trong chén khong @8 thu duoc hop chit néu &

dé muc (1,32 ).

Buéc 7: Ditu ché benzyl (5-((2S,4R)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-4-azidopyrolidin-2-carboxarnido)—7-amino-6-hydroxy-7-
oxoheptyl)carbamat

B6 sung axit (2S,4R)-1-((R)-2-(2—naphtamid0)-3—xyclohexylpropanoyl)—4-
azidopyrolidin-2-carboxylic (458 mg, 0,99 mmol, 1.1 duong lugng), benzyl (5,7-
diamino-6-hydroxy-7-oxoheptyl)carbamat hydroclorua (Chét trung gian E, 310 mg,
0,90 mmol, 1,0 duong lugng), HATU (444 mg, 1,17 mmol, 1,3 duong lugng) va
CH:Cl, (5 mL) vao binh thot c¢b day tron loai 100mL ¢ lap thanh khudy tir va trong
mdi trudong nito. Hon hop phén tng dugc xit ly bang EtN(iPr), (480 uL, 2,7 mmol, 3
dwong lwong) va hdn hop phan tmg dugc khudy & nhiét d6 trong phong trong 18 gio
qua dém. Hdn hop phan tmg duoc co bang dung dich nude HCI 1M (30 mL) va dugce
rot vao phéu tach loai 125 mL va dugc chiét bang FtOAc (4 x 50 mL). Lép hitu co két

hop duogc rira bing nudc mudi (20 mL), 1am kho bang MgS0s, duge loc va dugce co
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dudi 4p suét giam. Tinh ché bang sic ky cot silica gel (24 g), rira giai bing 100:0 dén
85:15 CH2Cl:MeOH la gradien dé thu duogc hop chét néu & dé muc (523 mg).

Chét trung gian I: 3-Amino-2-hydroxyhex-5-enamit hydroclorua

BOC\NH

Boc~
,\\(D HN(CH5)OCH; NS
7~ TR, Y
OH HATU, EINGPT);, 7 N
CH,Cl He OCHs
Bog- BOC— i
LiAIH, N KCN CTNH
»»»»»»»»»»»»»»»»»»»»» o 4 —————————
THF, 0°C 7 NaHSO, 77 W
dioxaninuwdc
23°C, 18 h
Boc~NH HCI* 1N
H;0, OH HCl Y OH
mm————————— i
KoCO3, MeOH 7 1,4-dioxan /
23 °C,2h o7 NH 23°C,4h o7 NH,
Chét wrung gian |

Buwée 1: Didu ché ters-butyl (1-(metoxy(metyl)amino)-1-oxopent-4-en-2-

yl)carbamat

B4 sung axit 2-((tert-butoxycarbonyl)amino)pent-4-enoic (5,00 g, 23,2 mmol,
1,0 dwong lugng), N,O-dimetylhydroxylamin hydroclorua (2,49 g, 25,5 mmol, 1,1
duwong lugng), HATU (10,6 g, 27,8 mmol, 1,2 duong lwong) va CH2Cl2 (50 mL) vao
binh thot ¢ day tron loai 250 mL ¢c6 lap thanh khudy tir va trong mdi truong No. Hon
hop phéan ung dugc xt ly bang EtN(iPr). (8,1 mL, 46,4 mmol, 2 duong luong) va
huyén phu duge khudy & nhiét do trong phong trong 18 gi¢' qua dém. Hon hop phén
ung dugc cod bang dung dich nuge HCI 1M (50 mL), va dugc rét vao phéu tach loai
250mL chira nuée (50 mL). Hon hop duge chiét bang CH>Cl (3 x 50 mL) va 16p hitu
co két hop duge rira bang nuéce mudi (50 mL), 1am kho bang MgS0s, dugc loc va
duoc cd dudi ap sudt giam. Tinh ché bang cach két tinh lai tr EO néng dé thu dugc

chét rin mau vang nhat, ma duge lam kho trong chan khong (5,18 g).
Buéc 2: Diéu ché fert-butyl (1-oxopent-4-en-2-yl)carbamat
B6 sung LiAlH4 réan (1,4 g, 38 mmol, 1,9 duong lwong) va THF khan (25 mL)

di duoc 1am kho bing ngon Itra vao binh thot cb day tron loai 250 mL ¢ lap thanh

-88-



36473

khudy tir va trong moi trudong No. Huyén phtt mau x4m dugc lam lanh xudng 0 °C
trong bdn nuéc dé. BS sung ting giot dung dich chira ters-butyl (1-
(metoxy(metyl)amino)-1-oxopent-4-en-2-yl)carbamat (5,18 g, 20 mmol, 1,0 duong
lvong) trong THF khan (25 mL) vao huyén phtt mau xém trong 20 phut. Hon hop phan
ung dugc khudy & 0 °C trong 1 gid va dugc lam ding bang cach bd sung timg giot
dung dich nuéc NaHSOq4 (3,6 g, 26 mmol, 1,3 duong luong trong 20 mL nudc) trong
thoi gian 20 phat. Hon hop duoc khudy & nhiét do trong phong trong 1 gi¢ va sau do
duoc rét vao phéu tach loai 250mL chira nuée (50 mL) va duge chiét bang EtOAc (3 x
40 mL). L6p hitu co két hop duge rira bang dung dich nuée HCI IM (50 mL), nude
(50 mL), lam kho bing MgSOs, duge loc va duge cd dudi 4p sudt giam dé thu duoc
hop chit mong mudn, ma duge st dung truc tiép trong budc tiép theo ma khong cin

tinh ché.
Buwée 3: Didu ché rert-butyl (1-xyano-1-hydroxypent-4-en-2-yl)carbamat

Cho tert-butyl (1-oxopent-4-en-2-yl)carbamat (20 mmol, 1,0 dwong luong),
1,4-dioxan (50 mL), dung dich nudc NaHSO3 40% (21 mL, 80 mmol, 4 duong lugng)
va KCN (5,2 g, 80 mmol, 4 dwong luong) vao binh thot cb day tron loai 250 mL ¢6 lap
thanh khudy tir va trong mdi trudng Na. Hon hop duoc khudy & 0 °C trong bdn nuée
da trong 1 gi¢ va lam Am dén nhiét do trong phong cung voi khudy trong 18 gid qua
dém. Hon hop phén ung duge co bing dung dich nu¢c bdo hoa NaHCOs (20 mL) va
dugc rot vao phéu tach loai 250mL chira nuéce (50 mL). Hon hop duoc chiét bang
EtOAc (3 x 30 mL) va 16p hitu co két hgp duogc rira bang nuée mudi (50 mL), lam kho
béng MgSOs, duge loc va dugc c6 dudi ap suét gidm. Tinh ché béng sdc ky cot silica
gel (60 ), rira giai bing 100:0 dén 50:50 Hexan:EtOAc la gradien d¢ thu dugc hop

chit néu & d& muc dudi dang diu khong mau (1,15 g).
Buéc 4: Didu ché rert-butyl (1-amino-2-hydroxy-1-oxohex-5-en-3-yl)carbamat

Cho fert-butyl (1-xyano-1-hydroxypent-4-en-2-yl)carbamat (1,15 g, 5,1 mmol,
1,0 duong lugng), K2COs (770 mg, 5,6 mmol, 1,1 dwong lugng) va MeOH (20 mL)
vao binh thét ¢b day tron loai 250 mL ¢ lap thanh khudy tlr va trong mdi truong Na.
Hdn hop phan g dugc xir ly bing cach bd sung timg giot dung dich nude H202 30%
(1,5 mL, 15,2 mmol, 3 duong lugng) va huyén phu tao thanh dugc khqu & nhiét do

trong phong trong 2 gid. Hon hop phan Gmg dugc lam lanh xubng 0 °C trong bon nude

-890-



36473

d4 va duoc lam dimg bing cach bd sung tirng giot dung dich nudc NaxS>208 10% trong
10 phat. Hon hgp phén tng dugc lam Am dén nhiét do trong phong va duoc khudy
trong 1 gio & nhiét d6 nay. Hon hop dugc rét vao phéu tach loai 250mL chira nudc
(100 mL) va dugc chiét bing EtOAc (3 x 30 mL). Lép hitu co két hop duge rira bang
nuwée mudi (50 mL), lam khd bing MgSOu, dugc loc va duge cd dudi 4p sudt giam.
Tinh ché bang sic ky cot silica gel (24 g), rira giai bang 80:20 dén 20:80
Hexan:EtOAc 14 gradien dé thu duoc hop chit mong mudn (345 mg).

Buéc 5: Didu ché 3-amino-2-hydroxyhex-5-enamit hydroclorua

B6 sung tert-butyl (1-amino-2-hydroxy-1-oxohex-5-en-3-yl)carbamat (345 mg,
1,4 mmol, 1,0 duong luong) va 1,4-dioxan (1 mL) vao binh thot ¢ day tron loai 25
mL c6 lip thanh khudy tir va trong m6i trudng Na. Dung dich duge xt ly bang HCI
4M trong dioxan (880 pL, 3,5 mmol, 2,5 duong luong) va dugce khuéy & nhiét do trong
phong trong 4 gid. Phan tich TLC & thoi diém nay thé hién khong ¢6 thém chit chat
ban ddu nao duogc giit lai. Hon hop phan tng dugc c6 dudi ap sut giam dé thu duogc

chit rén mau tring nho ma duge lam kho trong chén khong trong 4 gio (180 mg).

Chit trung gian J: (2S5,4S)-N-(7-(3-Propargylureido)- 1-amino-2-hydroxy-1-
0x0heptan—3-yl)-1-((R)-2-amino-3-xyclohexylpropanoyl)-4-(5-(2-hydr0xypropan-2-
y1)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamit hydroclorua
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Chét trung gian J

Bude 1: Didu ché axit (25,45)-4-azido-1-((R)-2-((tert-butoxycarbonyl)amino)-
3-xyclohexylpropanoyl)pyrolidin-2-carboxylic

B6 sung metyl (2S,4S)-4-azido-1-((R)-2—((tert-butoxycarbonyl)amino)-3-
xyclohexylpropanoyl)pyrolidin-2-carboxylat (Chét trung gian F, bude 3, 7,0 g, 16,5
mmol, 1,0 dwong luong), MeOH (40 mL) va THF (40 mL vao binh thét ¢b day tron
loai 250 mL ¢6 lip thanh khudy tir va trong mdi truong N2). Dung dich nay duoc xu ly
bang dung dich nuéc LiOH IM (41 mL, 41 mmol, 2,5 duong lwong) va hon hgp phan
ung duoc khudy & nhiét do trong phong trong 2 gio. Phén tich LCMS & thoi diém nay
thé hién su chuyén héa hoan toan cta chit ban diu. Hon hop phén Gmg dugc co dudi
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ap sudt giam, dugc pha lodng bang nuéc (25 mL) va dugc lam lanh dén 0 °C trong bdn
nude da. Qué trinh axit hoa bing cach bd sung timg giot dung dich nuéec HCl IM
(khoang 50 mL) tao thanh chit két tha mau tring. Chét rén thu dugc bang cach loc
trong chan khong bing gidy loc Whatman #1 trén phéu Hirsch, dugc rtra bang nudce (2
x 20 mL) va hexan (2 x 20 mL). Banh loc mau tring tao thanh duoc lam kho trong

chan khong qua dém dé thu duoc hop chat néu & dé muc (5,4 g).

Buéc 2: Didu ché rert-butyl (2R)-1-((2S,4S)-2-((1-amino-7-
(((benzyloxy)carbonyl)amino)-2-hydroxy-1-oxoheptan-3 -yl)carbamoyl)-4-
azidopyrolidin-1-yl)-3-xyclohexyl-1-oxopropan-2-yl)carbamat

Hon hop bao gbm axit (28.4S)-4-azido-1-((R)-2-((tert-butoxycarbonyl)amino)-
3-xyclohexylpropanoyl)pyrolidin-2-carboxylic (992 mg, 2,43 mmol, 1,1 duong
lwong), benzyl (5,7-diamino-6-hydroxy-7-oxoheptyl)carbamat hydroclorua (Chét trung
gian E, 761 mg, 2,20 mmol, 1,0 duong lugng), HATU (1,1 g, 2,87 mmol, 1,3 duong
lrong) va CH2Clz (11 mL) dugce khudy trong moi truong Na. Hon hop duoc xtr Iy bang
EtN(iPr): (1,2 mL, 6,62 mmol, 3 duong luong) va dugc khqu & nhiét do trong phong
trong 2 ngdy. Hon hop phan Gng dugc co bing dung dich nuéc HCl IM (20 mL) va
dugc rot vao phéu tach loai 125 mL chta nude (20 ml). Hon hop duoc chiét bang
CH,CL (3 x 20 mL) va 16p hitu co két hop dugc rira bing nuée mubi (20 mL), lam
kho bing MgSOs, duge loc va dugc ¢6 duéi ap sut giam. Tinh ché bing sdc ky cot
silica gel (50 g), rira gidi bing 100:0 dén 75:25 MeOH:CHaCl 1a gradien dé thu duge
hop chéat mong mudn (1,54 g).

Buéc 3: Diu ché rert-butyl (2R)-1-((28,4S)-2-((1-amino-7-
(((benzyloxy)carbonyl)amino)—Z—hydroxy-1-oxoheptan-3—yl)carbamoyl)—4-(5—(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-1-y1)-3 -xyclohexyl-1-oxopropan-
2-yl)carbamat

Nap tert-butyl ((2R)-1-((28,4S5)-2-((1-amino-7-(((benzyloxy )carbonyl)amino)-
2-hydroxy-1-oxoheptan-3-yl)carbamoyl)-4-azidopyrolidin-1-y1)-3 -xyclohexyl-1-
oxopropan-2-yl)carbamat (1,54 g, 2,21 mmol, 1,0 duong lugng), 2-metyl-3-butyn-2-ol
(860 pL, 8,84 mmol, 4 duong lugng), Cp*RuCl(PPhs): (88 mg, 0,11 mmol, 0,05
duong lugng) va 1,4-dioxan (10 mL) vao binh thot cb déy tron loai 100mL. Dung dich
mau nau nhat duoc loai khi bang dong khi N2 n dinh trong 10 phat va hdn hop dugce
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gia nhiét dén 60 °C trong bon dau trong 18 gid' qua dém. Hon hop phan mg mau nau
dam tao thanh dugc c6 dudi ap suét giam va tai truc tiép 1én silica gel. Tinh ché bang’
sdc ky cot silica gel (40 g) rira giai bang 100:0 dén 85:15 CH2Cl:MeOH la gradien dé
thu duge hop chit mong mudn c6 do tinh khiét khoang 80%. Viéc tai tinh ché chit (=1
o) bing séc ky cot silica gel (24 g), rira giai bing 100:0 dén 85:15 CHaCla:MeOH la
gradien dé thu dugc hop ch4t mong mubn cé do tinh khiét da dé str dung trong budc

tiép theo (560 mg).

Buéc 4: Didu ché fert-butyl ((2R)-3-xyclohexyl-1-((28,45)-2-((1 ,7-diamino-2-
hydroxy-1-oxoheptan-3-yl)carbamoy1)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-
1-yl)pyrolidin-1-yl1)-1-oxopropan-2-yl)carbamat

Bo sung tert-butyl ((2R)-1-((2S,4S)-2-((1-amino-7-
(((benzyloxy)carbonyl)amino)-2-hydroxy-1-oxoheptan-3 -yl)carbamoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-1 -yl)-3-xyclohexyl-1-oxopropan-
2-yl)carbamat (560 mg, 0,71 mmol, 1,0 duong luong) va MeOH (14 mL) vao binh
thot ¢b day tron loai 100mL co lip thanh khudy tir va trong mdi truong Na. Dung dich
duoc lam sach bang dong khi Na 4n dinh nho dung dich bang kim trong 10 phut. 0
thoi didm nay, 10% trong lugng paladi trén cacbon (60 mg) duoc bd sung vao binh va
viée lam sach bang N, dugc tién hanh tiép trong 10 phut & giai doan nay dau vao N»
duoc thay bang khi cAu H», Qua4 trinh 1am sach huyén phi bang H, duoc tiép tuc trong
10 phut, giai doan nay dAu ra duoc loai b va hdn hgp phan tng dugc khudy trong moi
trwomg khi Ha trong 1 gio. Phan tich LCMS & thoi diém ny thé hién sy chuyén hoa
hodn toan cta chit ban dau. Hon hop phéan Gng duge loc bing tm celite trén phéu
nhua thi€u két, rira bang MeOH (2 x 10 mL) va chét loc tao thanh duoc c6 dudi ap
suét giam dé thu dugc hop chét néu & d& muc (430 mg).

Buwée 5: Diéu ché fert-butyl ((2R)-1-((2S,4S)-2-((7-(3-propargylureido)-1-
amino-2-hydroxy-1-oxoheptan-3 -yl)carbamoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-
1,2,3-triazol-1-yl)pyrolidin-1-yl)-3-xyclohexyl-1-oxopropan-2-yl)carbamat

Bd sung propargyl amin (127 pL, 1,3 mmol, 3 duong luong) va THF (8 mL)
vao binh thot ¢b day tron loai 25 mL da lam khd c6 lap thanh khudy tir va trong moi
truong Na. Dung dich dugc lam lanh xubng -78 °C trong bon axeton/d4 kho va bd sung

dung dich chta triphosgen (219 mg, 0,73 mmol, 0,6 duong lugng) trong THF (2 mL).
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O giai doan nay, EtN(iPr)2 (453 pL, 2,6 mmol, 6 duong lvong) dugce bd sung vao va
bdn -78 °C dugc thay bing bdn nue da 0 °C va hdn hop dugc khudly ¢ nhiét do nay
trong 20 pht.

B6 sung tert-butyl ((2R)-3-xyclohexyl-1-((2S,45)-2-((1,7-diamino-2-hydroxy-1-
oxoheptan-3-yl)carbamoy!)-4-(5-(2-hydroxypropan-2-yl)-14-1 ,2,3-triazol-1-
yl)pyrolidin-1-yl)-1-oxopropan-2-yl)carbamat (430 mg, 0,66 mmol, 1,0 duong lugng)
va THF (2 mL) vao binh thot ¢ day tron loai 25 mL riéng co lip thanh khudy tir va
trong moi trudng Nz. Dung dich dugc lam lanh xubng 0 °C trong bdn nuée da va 4,6
mL isoxyanat dugc diéu ché & trén (0,75 mmol, 1,1 duong lugng trén co s& chit phan
mg gi¢i han propargyl amin) dugc bd sung timg giot & 0 °C va hdn hop dugc khudy &
nhiét do nay trong 1 gio. Hon hop phan tng dugc co bang dung dich nudc bdo hoa
NH4CI (10 mL) va lam 4m dén nhiét do trong phong. Hon hop duoc chiét bing EtOAc
(3 x 10 mL) st dung phéu tach 50 mL va 16p hitu co két hop duoc rira bang nudc
mudi (10 mL), 1am kho bang MgSOs, duge loc va duge ¢ dudi ap sudt giam. Hop
chét nay duogc st dung truc tiép trong phén Ung tiép theo ma khong can tinh ché thém

(498 mg).

Buée 6: Didu ché (2S,45)-N-(7-(3-propargylureido)- 1-amino-2-hydroxy-1-
oxoheptan-3-yl)-1-((R)-2-amino-3 -xyclohexylpropanoyl)-4-(5-(2-hydroxypropan-2-
yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamit hydroclorua

B6 sung tert-butyl ((2R)-1-((28,4S)-2-((7-(3-propargylureido)-1-amino-2-
hydroxy-1-oxoheptan-3-yl)carbamoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-
1-yl)pyrolidin-1-y1)-3-xyclohexyl-1-oxopropan-2-yl)carbamat (484 mg, 0,66 mmol,
1,0 duong luong) va 1,4-dioxan (2 mL) vao binh thot cb day tron co lap thanh khudy
tir va trong mdi trudng N, Dung dich dugce xtr 1y bang HCI 4M trong dioxan (700 uL,
2,7 mmol, 4 duong luong) va hdn hop phan tmg dwoc khudy & nhiét do trong phong
trong 18 gio qua dém. Hon hop phan tmg dugce ¢o dudi ap sudt giam, véi MeOH (2 x
5 mL) dugc sir dung dé loai bo nudc hodc HCI du. Chét rin mau vang nhat tao thanh

dugc lam kho trong chan khong (480 mg).

Chit trung gian K: Metyl (285,45)-1-((R)-2-((tert-butoxycarbonyl)amino)-3-
xyclohexylpropanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxylat
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Buéc 1: Pidu  ché 1-(tert-butyl) 2-metyl (2S,4R)-4-
((metylsulfonyl)oxy)pyrolidin-1,2-dicarboxylat

B6 sung 1-(fert-butyl) 2-metyl (2S,4R)-4-hydroxypyrolidin-1,2-dicarboxylat
(100,0 g, 0,4 mol, 1,0 duong lugng) va CH2Cl2 (800 mL) vao binh thét ¢d ddy tron 2L
¢6 1ap thanh khudy rong va trong mdi truong nito. Dung dich dugc lam lanh xubng 0
°C trong bdn nudc d4 va trietylamin (182 g, 1,8 mol, 4,5 duong lugng) duoc bd sung
theo phan duy nhét, tiép d6 bd sung timg giot metansulfonyl clorua (103 g, 0,9 mol,
2,3 duong luong). Hon hop tao thanh duge khudy & 0 °C trong 1 gid va sau d6 lam 4m
dén nhiét do trong phong va duge khudy trong 18 gio qua dém. Phén tich TLC thé hién
su chuyén hoa hoan toan cta chét ruou ban dau. Phan tmg duge 1am ding bang cach
r6t hdn hop vao nude (2,0 L) va hdn hgp duoc chuyén vao phéu tach rong. Lop nude
duoc chiét bang CH,Cl, (3 x 1,0 L) va 16p hitu co két hop dugce rira bang dung dich
nuée bio hoa NaHCOs (1,0 L), nuée (1,0 L) va nuée mudi (1,0 L), lam kho bing
MgSOs, duge loc va duge cd dudi ap suét giam. Chét dau mau vang tao thanh (130 g)

duge st dung truc tiép trong bude tiép theo ma khong can tinh ché thém.

Bude 2: Didu ché 1-(tert-butyl) 2-metyl (2S,45)-4-azidopyrolidin-1,2-
dicarboxylat
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Bd sung 1-(tert-butyl) 2-metyl (2S,4R)-4-((metylsulfonyl)oxy)pyrolidin-1,2-
dicarboxylat (143 g, 442 mmol, 1,0 duong lugng), natri azit (53 g, 804 mmol, 1,8
dwong lugng) va DMF (900 mL) vao binh thot c¢b day tron 3L ¢6 lap thanh khudy tir
va trong mdi truong nito. Dung dich duge gia nhiét dén 70 °C trong 18 gi qua dém.
Hon hop phan tmg dugc lam lanh xudng nhiét do trong phong va rét vao nude (2,0 L).
Hon hop duge chuyén sang phéu tach rong va 1ép nude dugce chiét bang MTBE (3 *
1,0 L). Lép hitu co két hop duge rira bang nude (5 x 1,0 L), nude mudi (2 x 1,0 L),
Jam kho bang MgSOs, duge loc va dugce co dudi ap sudt giam. Thu dugc hop chét néu

& d& muc dudi dang dau (98 g).

Buwée 3: Diéu ché 1-(tert-butyl) 2-metyl (285,4S)-4-(5-(2-hydroxypropan-2-yl)-
1H-1,2,3-triazol-1-yl)pyrolidin-1,2-dicarboxylat

Dung dich chira 1-(fert-butyl) 2-metyl (28,48)-4-azidopyrolidin-1,2-
dicarboxylat (Chét trung gian F, Budc 1, 60 g, 220 mmol, 1,0 duong lugng), 2-
metylbut-3-yn-2-ol (43 mL, 440 mmol, 2,0 dwong luong), Cp RuCl(PPhs): (8,8 g, 11
mmol, 0,05 dwong luong) va 1,4-dioxan (500 mL) dugc dd vao binh thot ¢b ddy tron
1L. Dung dich sti bot du6i ludng khi nito 6n dinh trong 1 gid, va hdn hop phan Gmg
doi rha‘lu to mau vang thanh nau dam. Hon hop phan tng dugc gia nhiét dén 70 °C
trong 15 gid va sau d6 duoc lam ngudi dén nhiét do trong phong. Hon hop duge cd
dudi ap suét giam dé loai bo phan 16n dioxan va chit dau tao thanh duoc tai truc tiép
1én cot silica gel (1 kg) va dugc tinh ché bang sic ky cdt, ria giai bang 98:2 dén 96:4
CH,Cl;:MeOH 1a gradien. Thu duoc hop chét néu & d& muc duéi dang diu mau niu

(67 2).

Buéc 4: Didu ché metyl (2S,4S)-4-(5-(2-hydr0xypropan—2-yl)-lH-1,2,3-triazol-
1-yl)pyrolidin-2-carboxylat hydroclorua

1-(tert-Butyl) 2-metyl (2S,4S)-4-(5-(2-hydroxypropan-2-y1)-1H—1,2,3-triazol-1-
yl)pyrolidin-1,2-dicarboxylat (98 g, 277 mmol, 1,0 duong lugng), MeOH (400 mL) va
dung dich HCI metanolic (khoang 3,0 M, 800 mL) dugc bd sung vao binh thot cb day
tron 3L ¢6 lap thanh khudy tir. Hon hop phén tmg dugc khudy & nhiét do trong phong
trong 12 gio tai diém d6 phan tich TLC thé hién su chuyén hoa hoan toan cla chét ban

d4u. Hon hop phan tng dugc c¢d dudi ap sudt giam va lam kho trong chén khong dé
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loai bd chét cin HCI ho#c metanol bat ky. Chét rdn mau nau tao thanh dugc sir dung

truc tiép trong budc tiép theo ma khong cAn tinh ché thém (90 g).

Buwée 5: Didu ché metyl (2S,45)-1-((R)-2-((tert-butoxycarbonyl)amino)-3-
xyclohexylpropanoyl)-4-(5-(2-hydroxypropan-2-yl)-14-1 ,2,3-triazol-1-yl)pyrolidin-2-

carboxylat

B6 sung metyl (2S,48)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxylat hydroclorua (70 g, 241 mmol, 1,0 duong lugng), axit (R)-2-
((tert-butoxycarbonyl)amino)-3-xyclohexylpropanoic (70 g, 258 mmol, 1,07 duong
lwong), HATU (110 g, 289 mmol, 1,2 dwong lugng), CH2Cl (600 mL) va DMF (400
mL) vao binh thét cb day tron 3L ¢ 1ap thanh khudy tir. Hon hop phan tng duge xir 1y
bing EN(iPr); (126 g, 973 mmol, 4,0 duong lugng) ting giot trong 30 phut va hdn
hop dugc khudy & nhiét d trong phong trong 12 gio dé thu dugc dung dich mau nau
dam. Hon hop phan tmg dugc pha lodng bang EtOAc (1,0 L) va duge rét vao phéu
tach rong. Ldp hitu co dugc rira bang dung dich nuge HCl IM (3 x 400 mL), nudc
mubi (3 x 300 mL), 1am khd bing NaxSOs va duge cd dudi 4p sudt gidm dé thu duoc
chit diu. Tinh ché bing sic ky cot silica gel (1 kg), rira giai bing 98:2 dén 96:4
CH,Clo:MeOH la gradien dé thu dugc hop chit néu & d& muc & dang chat rin mau niu

nhat (77 g).

Chit trung gian L: Benzyl (7-amino-5-((2S,4S)-1-((R)-2-amino-3-
xyclohexylpropanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat hydroclorua
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Buwée 1: Didu ché benzyl (7-amino-5-((2S,4S)-1-((R)-2-((tert-
butoxycarbonyl)amino)-3 -xyclohexylpropanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-
1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-dioxoheptyl)carbamat

B sung benzyl (7-amino-5-((28,4S)-1-((R)-2-((tert-butoxycarbonyl)amino)-3-
xyclohexylpropanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-yl)pyrolidin-2-
carboxamido)-6-hydroxy-7-oxoheptyl)carbamat (Chét trung gian J, budc 3, 2,8 g, 3,6
mmol, 1,0 duong lugng) va CH2Clz (50 mL) vao binh thot c¢b day tron 200 mL ¢6 lap
thanh khudy tir va trong mdi trudng No. Dung dich tao thanh duoc lam lanh xudng 0
°C trong bdn nude da va duge xir ly bang Dess-Martin Periodinan (2,12 g, 5,0 mmol,
1,4 duong luong) va huyén phti dugc khudy & 0 °C trong 3 gio. Hon hop tao thanh
dugc pha lodng bang CHCl> (50 mL) va dugc lam dung bang dung dich nudc
Na28203 10% (20 mL). Hon hgp duge rét vao phéu tach loai 250mL chtra dung dich
nuée bao hdoa NaHCO; (30 mL) va 16p hitu co duge loai bo. Lop nude con lai dugc
chiét bing CHoCly (50 mL) v 16p hitu co két hop duge 1am kho bing MgSOs, duge
loc va dugc c6 dudi ap sudt giam. Tinh ché bang sic ky cot silica gel (120 g), rira giai
bang 100:0 dén 80:20 CH2Cl:MeOH la gradien. San phim mong mubn chtra phan
duoc ¢d dudi &p sudt giam va lam kho trong chén khong dé thu dugc chét bot mau

trdng nho (2,3 g).

-08-



36473

Buwée 2: Didu ché benzyl (7-amino-5-((25,45)-1-((R)-2-amino-3-
xyclohexylpropanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat hydroclorua

B sung benzyl (7-amin0-5-((2S,4S)—1-((R)-2-((terz‘-butoxycarbonyl)amino)-3-
xyclohexylpropanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-yl)pyrolidin-2-
carboxamido)-6,7-dioxoheptyl)carbamat (2,3 g, 2,9 mmol, 1,0 duong luong) va
CH,Clz (20 mL) vao binh thot c¢b day tron loai 100mL c6 lap thanh khudy tir va trong
moi trudng Na. Dung dich duge xt ly bing HC1 4M trong dioxan (2,9 mL, 11,8 mmol,
4 duong lugng) va dugc khudy & nhiét do trong phong trong 1 gio. Huyén pht duge
pha lodng bang CH,Cl> (10 mL) va duoc loc trong chén khong bang gidy loc Whatman
#1 trén phéu Hirsch, rira bang CH2Clz (2 x 5 mL). Chét ran tuong tmg dugc 1am kho
trong chan khong d8 thu dugc hop chét néu & dé muc (2,0 g).

Chit trung gian M: (2S,4S)-1-((R)-2—Amin0-3-xyclohexylpropanoyl)-N-(1-
amino-7-(3-xyclopropylureido)-1,2-dioxoheptan-3 -y1)-4-(5-(2-hydroxypropan-2-yl)-
1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamit
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Chét trunyg aian M

Buée 1: Diu ché axit (25,45)-1-((R)-2-((tert-butoxycarbonyl)amino)-3-

xyclohexylpropanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxylic

B6 sung metyl (28,4S)-1-((R)-2-((tert-butoxycarbonyl)amino)-3-xyclohexyl

propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxylat

(Chét trung gian K, 15,0 g, 29,6 mmol, 1,0 duong luong), THF (50 mL) va metanol
(50 mL) vao binh thot ¢ day tron loai 500 mL ¢6 lip thanh khudy tir va trong moi
truong nito. Dung dich nay dugc xt ly bang dung dich nuée LiOH 1,0 M (59 mL, 59
mmol, 2,0 duong lugng) va hdn hop duge khudy & nhiét d trong phong trong 2 gio tai
diém d6 phan tich LCMS thé hién sy chuyén héa hoan toan thanh san pham. Hon hop
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phan tng dugc cod dudi ap sudt giam va hdn hop tao thanh dugc pha loang bang nudc
(50 mL) va duoc axit hda dé dat do pH = 4,0 béang axit formic dugc co. B6 sung thém
2 mL dung dich nuéc HC1 1,0 M dé loai bd proton hoan toan. Hon hop phén ing duoc
rot vao phéu tach loai 250mL va dugc chiét bing EtOAc (3 x 50 mL). L6p hiru co két
hop duoc rira bing nuée mudi (50 mL), lam kho bing MgS0s, dugc loc va duge ¢

dudi ap sudt giam dé thu duoc chit bot mau be (14,3 g).

Budc 2: Didu ché tert-butyl ((2R)-1-((2S,45)-2-((1-amino-7-
(((benzyloxy)carbonyl)amino)-2-hydroxy-1 -oxoheptan-3-yl)carbamoy1)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-1-yl)-3-xyclohexyl-1-oxopropan-
2-yl)carbamat

Bd sung axit (28,4S)-1-((R)-2-((tert-butoxycarbonyl)amino)-3-
xyclohexylpropanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-
carboxylic (2,76 g, 5,6 mmol, 1,0 duong lugng), benzyl (5,7-diamino-6-hydroxy-7-
oxoheptyl)carbamat (Chét trung gian E, 1,94 g, 5,62 mmol, 1,0 duong lugng), HATU
(2,74 g, 7,1 mmol, 1,3 duong luong), CH2Cl2 (28 mL) va DMF (2 mL) vao binh thot
c¢b day tron loai 100mL c6 lap thanh khudy tlr va trong moi trudng nito. Hon hop phan
tmg dugc xtr ly béng EtN(iPr)2 (3,9 mL, 22,5 mmol, 4,0 duong luong) va dugc khuéy
& nhiét do trong phong trong 1 gio. Hon hop phéan tmg dugc lam ding bang nudce (30
mL) va duge chiét bing CH2Cla (3 x 30 mL) sir dung hop tach pha va 16p hiru co két
hop dugc cd dudi ap sudt giam. Tinh ché bing sdc ky cot silica gel (120 g) ria giai
bing 100:0 dén 90:10 CH2Cl:MeOH la gradien dé thu dwoc hop chét néu & d& muc
(4,48 2).

Buée 3: Didu ché tert-butyl  ((2R)-1-((2S.4S)-2-((1-amino-7-(3-
xyclopropylureido)-2-hydroxy-1-oxoheptan-3 -yl)carbamoy1)-4-(5-(2-hydroxypropan-
2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-1-y1)-3 -xyclohexyl-1-oxopropan-2-yl)carbamat

Dung dich chtra tert-butyl ((2R)-1-((28,45)-2-((1-amino-7-(((benzyloxy)
carbonyl)amino)-2-hydroxy-1-oxoheptan-3 -yl)carbamoy1)-4-(5-(2-hydroxypropan-2-
yl)-1H-1,2,3-triazol-1-yl)pyrolidin-1-y1)-3 -xyclohexyl-1-oxopropan-2-yl)carbamat
(5,84 g, 5,62 mmol, 1,0 duong luong) trong metanol (50 mL) trong binh thot cb day
tron loai 100mL chura thanh khudy duoc lam sach bang khi nito trong 10 phit. Dung
dich sau d6 dugc xur ly bang 20% trong lugng Pd(OH), trén cacbon (800 mg) va viéc
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lam sach khi nito duoc tiép tyc trong 10 phut nira. Piu vio khi nito dugc thay bing
binh chtra khi Ha, va quaé trinh lam sach dugc tiép tuc trong 10 phut sau do dau ra cia
bot khi dugc loai bo. Huyén phit mau den dugc khudy duéi khi hydro trong 18 gio qua
dém. Phéan tich LCMS & thoi diém nay thé hién su chuyén hoa hoan toan cta chat ban
dau. Binh chita duoc loai bo va huyén phu dugc loc qua tAm celite trén phéu nhua
thiéu két, rira bang CH>Cl, (3 x 30 mL) va chét loc dugce co dudi ap suét giam dé thu

dugc amin tu do.

Amin tu do thu dugc & trén (5,62 mmol) duge cho vao binh thot cb day tron
loai 100mL chta CH2Cla (50 mL), 2.3,5-colidin (1,4 mL, 11,2 mmol, 2,0 dwong
lwong) va EtN(iPr)2 (1,9 mL, 11,2 mmol, 2,0 duong luvong). Dung dich duoc lam lanh
xubng 0 °C trong bdn nudc da va isoxyanatoxyclopropan (467 pL, 5,6 mmol, 1,1
duong luong) dugc bd sung vao. Dung dich duoc khudy & 0 °C trong 1 gio, ¢ giai
doan nay phén tich LCMS thé hién su chuyén hoa hoan toan ctia chét ban dau. Hon
hop phén ung dugc co bing cach bd sung metanol (10 mL) va hdn hop duge cd dudi
ap suit giam. Hon hop phan tmg dugc tai 1én silica gel va dugc tinh ché bing sic ky
cot silica gel (100 g), rira giai bang 100:0 dén 85:15 CH2C:MeOH la gradien dé thu

duoc hop chit néu & d& muyc ¢ dang chit bot mau tring nho (2,58 g).

Buée 4: Didu ché  fert-butyl  ((2R)-1-((25.,4S)-2-((1-amino-7-(3-
xyclopropylureido)-1,2-dioxoheptan-3 -yl)carbamoyl)-4-(5-(2-hydroxypropan-2-yl)-
1H-1,2,3-triazol-1-yl)pyrolidin-1-y1)-3-xyclohexyl-1 -oxopropan-2-yl)carbamat

Nap tert-butyl ((2R)-1-((2S,4S)-2-((1-amino-7-(3-xyclopropylureido)-2—
hydroxy-1-oxoheptan-3-yl)carbamoy1)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-
1-yl)pyrolidin—l-yl)-3-xyclohexy1—1-oxopropan-2-yl)carbamat (2,58 g, 3,5 mmol, 1,0
dwong lurong) va DMSO (30 mL) vao binh thot cb day tron loai 100mL cd lap thanh
khudy tir va trong mdi trudng nito. Dung dich duge xt ly bang IBX (45% trong lugng,
4,5 g, 7,0 mmol, 2,0 duong lugng) va huyén phu dugc khudy & nhiét do trong phong
trong 18 gid qua dém. Hon hop phéan tng duge lam dung bang dung dich nudc
Na;S:03 10% (100 mL) va dugc chiét bang CH>Cl2 (3 x 30 mL) sir dung phéu tach.
Cac chét hitu co két hop duge rira bing nude mudi (30 mL), lam kho bing MgSOs,
dugc loc va duge 6 dudi ap sut giam. Tinh ché bang séc ky cot silica gel (100 g) rira
gidi bing 100:0 dén 85:15 CH2Cla:MeOH la gradien d¢ thu dugc hop chit néu & dé

muc & dang chét bot mau tring nho (2,03 g).
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Buéic 5: Didu ché (25,45)-1-((R)-2-amino-3 -xyclohexylpropanoyl)-N-(1-amino-
7-(3-xyclopropylureido)-1,2-dioxoheptan-3-yl)-4-(5 -(2-hydroxypropan-2-yl)-1H-
1,2,3-triazol-1-yl)pyrolidin-2-carboxamit

B sung tert-butyl ((2R)-1-((2S,4S)-2-((1-amin0-7-(3-xyclopropylureido)-1,2-
dioxoheptan-3-yl)carbamoy1)-4-(5-(2-hydroxypropan-2-y1)-1 /-1 ,2,3-triazol-1-
yl)pyrolidin—1-y1)-3-xyclohexy1-1—oxopropan-2-y1)carbamat (2,03 g, 2,78 mmol, 1,0
duong lugng) va 1,4-dioxan (4 mL) vao binh thot cb day tron loai 100mL c6 14p thanh
khudy tir va trong moi trudng nito. Dung dich dugc xtr 1y bang HCI 4M trong dioxan
(1,8 mL, 7,0 mmol, 2,5 duong lugng) va hdn hop phan Gng duge khudy & nhiét do
trong phong trong 18 gio qua dém. LCMS thé hién khoang 15% chét ban diu con lai
va mot phan HCI 4M khac trong dioxan dugc bb sung vao (1,0 mL) va hdn hop duoc
khudy & nhiét do trong phong trong ngdy nifa. LCMS thé hién sy chuyén héa hoan
toan clia chat ban dau. Hon hop phén tmg duge co dudi ap sudt giam dé loai bé dioxan
va HCI du va hdn hop va lam kho trong chan khong. Bot mau tring nho tao thanh
duoc st dung truc tiép ma khong cAn tinh ché thém (2,03 g).

Chét trung gian N: 3-Amino-2-hydroxy-4-(4-nitrophenyl)butanamit

hydroclorua
Boc\
Boc\ BOC\NH
CICO,EL OH  oxalyl clorua H
THF,0°C __ DMSO,EtN KCN
O T
sau d6 (& NaBHy CH,Cl, ] ‘ NaHSO0,
MeOH ~75°C L dioxan/nude
23°C,20h
NO,
Boc. Boc\

NHg
CN
O
OH R
KoCOs3, MeOH dioxan /CH,Cly
23¢C,18h 23°C,2h

Buée 1: Didu ché rert-butyl (1-hydroxy-3-(4-nitrophenyl)propan-2-yl)carbamat

NO,

B sung axit 2-((tert—butoxycarbonyl)amino)-3—(4-nitrophenyl)propan0ic (10,0
g, 32,2 mmol, 1,0 dwong lugng) va THF (80 mL) vao binh 500 mL c6 1ap thanh khudy
ttr. Dung dich duoc khuéy & 0 °C trong 30 phut, va etyl cloformat (3,1 mL, 32,2 mmol,
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1,0 duong lugng) dugc bd sung ting giot trong 10 phit. Sau khi hdn hop phéan tng
duoc khudy ¢ 0 °C trong 30 phut, natri borohydrua rén (3,67 g, 96,6 mmol, 3 duong
lwong) duoc bd sung theo mdt phan duy nhét. Trong khi duy tri hdn hgp phan tng ¢ 0
°C, MeOH (60 mL) duoc bd sung tir tir trong khoéng 1 gio. Loai bd bdn nude da sau
khi hoan thanh viéc bd sung, va hdn hop duge khudy & nhiét do trong phong trong 30
phut nita sau d6 dugce c6 dudi ap sudt giam. Phan cin dugc cd bang dung dich nuéce
HCI 1M (100 mL), dugc rot vao phéu tach va duoc chiét bang EtOAc (2 x 100 mL).
Lép hitu co két hop duoc 1am khd bang MgSOs, duge loc va dugc ¢d dudi ap suét
giam. Tinh ché bang sic ky cot silica gel (80 g), rira giai bang 100:0 dén 50:50
Hexan:EtOAc 1a gradien dé thu duoc hop chét néu & d& muc (5,2 g).

Buéc 2: Diéu ché rert-butyl (1-(4-nitrophenyl)-3-oxopropan-2-yl)carbamat

B4 sung oxalyl clorua (1,27 g, 10 mmol, 1,5 dwong lugng) va CH2Clz (10 mL)
vao binh 500 mL ¢6 lip thanh khudy tir. Dung dich duoc lam lanh xubng -78 °C trong
bdn axeton/da kho va DMSO (0,95 mL, 13,4 mmol, 2 duong luong) dugc bd sung
timg giot & nhiét do nay. Sau 40 phit ¢ nhiét do dudi -70 °C, dung dich chira rert-butyl
(1-hydroxy-3-(4-nitrophenyl)propan-2-yl)carbamat (2,0 g, 6.7 mmol, 1,0 duong
lwong) trong CH2Clz (15 mL) dugce bd sung timg giot, trong khi gift nhiét d6 phan Gmng
duéi -65 °C. Sau 30 phut & nhiét do nay, EtsN (3,9 mL, 26,8 mmol, 4 duong lugng)
duoc bd sung. Hon hop phan Gng duoc khudy & -78 °C trong 2 gid. O thoi diém nay,
hdn hop phéan tng duge cd bing bd sung ting giot nude (300 mL). Dung dich dugce
lam 4m dén nhiét do trong phong, duge rét vao phéu tach va 16p hitu co duge téch ra
va duoc rira bang dung dich nuéc HCI IM (2 x 200 mL), dung dich nu6e béo hoa
NaHCO3 (200 mL), 1am kho bang MgSOs, dugc loc va duge cd dudi 4p sudt giam.
Aldehyt thu duoc (1,9 g) duoc sur dung truc tiép trong bude tiép theo ma khong can
tinh ché thém.

Buée 3: Didu ché fert-butyl (1-xyano-1-hydroxy-3-(4-nitrophenyl)propan-2-
yl)carbamat

B4 sung tert-butyl (1-(4-nitrophenyl)-3-oxopropan-2-yl)carbamat (1,9 g, 6,5
mmol, 1,0 duvong lugng) trong 1,4-dioxan (60 mL) vao binh 100 mL ¢6 lap thanh
khuéy tir. Dung dich dugc lam lanh xubng dudi 4 °C va dung dich nudc chira NaHSO3
40% (6 mL, 23 mmol, 3,5 duong lugng) dugc bd sung trong khi gift nhiét do phan tng
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dudi 7 °C. Sau khi khudy & nhiét d nay trong 10 phut, dung dich chira KCN (1,5g,24
mmol, 3,7 duong luong) trong nude (5 mL) dugc bd sung ting giot vao hdn hop phéan
tmg, trong khi gift nhiét do cua ham lugng trong binh dudi 10 °C. Dung dich dugc lam
Am dén nhiét do trong phong va dugc khudy trong 20 gid qua dém. Dung dich dugc ¢d
dudi ap sudt giam, dugc rot vao phéu tach va duoc chiét bang EtOAc (400 mL). L6p
hitu co duoc lam khd bang MgSOa, dugc loc va dugc cb dudi ap suit giam. Tinh ché
bing sic ky cdt silica gel (80 g), rira giai bang 100:0 dén 0:100 Hexan:EtOAc+10%
MeOH la gradien dé thu duge hop chét néu & dé muc (1,6 g).

Buéc 4: Diu ché tert-butyl (4-amino-3-hydroxy-1-(4-nitrophenyl)-4-oxobutan-
2-yl)carbamat

B6 sung tert-butyl (l-xyano-1-hydroxy-3-(4-nitr0pheny1)propan-2—y1)carbamat
(1,6 g, 5,0 mmol, 1,0 duong lugng), Ko.COs (757 mg, 5,5 mmol, 1,1 duong lugng) va
MeOH (10 mL) vao binh 100 mL ¢6 lép thanh khqu tir. Dung dich dugc lam lanh
xudng dudi 4 °C trong bdn nude da va bd sung dung dich nuée hydro peroxit 35% (1,5
g, 15 mmol, 3 dwong luong). Dung dich dugc lam Am dén nhiét do trong phong va
duge khudy trong 18 gid qua dém. Phan tng dugc lam ding bing cach bd sung
Na28203 rén (3,5 g, 22,5 mmol, 4,5 duong lugng) va hdn hop phéan tng dugc khudy
trong 1 gid & nhiét do nay. Hon hop phan tmg dugc rot vao phéu tach va dugc chiét
bing CH>Cl> (100 mL). Lép hitu co duge lam khod bang MgSQs, dugc loc va duge cd
dudi ap sut giam. Tinh ché bang sdc ky cot silica gel (80 g), rira gidi bing 100:0 dén
0:100 Hexan:EtOAc+10% MeOH la gradien @8 thu dugc hop chit néu & d& muc (1,0
g).

Buérc 5: Pidu ché 3-amino-2-hydroxy-4-(4-nitrophenyl)butanamit hydroclorua

B6 sung fert-butyl (4-amino-3-hydroxy-1-(4-nitrophenyl)-4-oxobutan-2-
yl)carbamat (170 mg, 0,5 mmol, 1,0 dwong lugng) va CHCl, (5 mL) vao binh 100mL
¢6 lap thanh khudy tlr. Dung dich dugc xir ly bang HCI 4M trong dioxan (4,0 mL, 16
mmol, 32 duong lugng) va dugc khudy & nhiét do trong phong trong 2 gio. Hon hop
phan ung dugc cd dudi ap sudt giam, chét ran tao thanh dugc st dung truc tiép ma

khong can tinh ché thém (138 mg).

Chét trung gian O: Benzyl (2,4-diamino-3-hydroxy-4-oxobutyl)carbamat
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Chét trung gian O
Buéc 1: Didu ché benzyl tert-butyl (3-oxopropan-1,2-diyl)dicarbamat

B6 sung CH2Cl, (30 mL) va oxalyl clorua (1,9 mL, 22,7 mmol, 1,5 duong
lugng) vao binh thot cd day tron loai 100mL co lip thanh khudy tir va trong mdi
trudng Na. Dung dich dugc lam lanh xubng -78 °C trong bdn axeton/da khd va DMSO
(2,1 mL, 30,2 mmol, 2 duong luong) dugc bb sung. Sau khudy & -78 °C trong 10 phiit,
dung dich chua benzyl fert-butyl (3-hydroxypropan-1,2-diyl)(S)-dicarbamat (4,9 g,
15,1 mmol, 1,0 dwong lugng) trong CH2Cl2 (10 mL) duoc bd sung va hdn hgp duge
khudy & -78 °C trong 20 phit. O thoi diém nay, Et:N (8,5 mL, 60,4 mmol, 4 duong
lugng) duogc bd sung va dung dich dugc khudy & -78 °C trong 20 phut nira.
Phan Ung dugc lam dung bing cach bd sung nude (10 mL) vao dung dich ¢ -78 °C va
hdén hop dugc lam 4m dén nhiét d6 trong phong va dugc rét vao phéu tach loai 125
mL. L6p hitu co duge rua bang dung dich nuéc HC1 IM (2 x 10 mL), dung dich nudc
bio hoa NaHCOs (10 mL), 1am khé bing MgSOs, dugc loc va duge cd dudi ép sudt
giam. Aldehyt dugc sir dung truc tiép trong phan tng tiép theo ma khong can tinh ché

4,3 g).

Bwée 2: Didu ché benzyl tert-butyl (3-xyano-3-hydroxypropan-1,2-
diyl)dicarbamat

B& sung benzyl tert-butyl (3-oxopropan-1,2-diyl)dicarbamat (3,9 g, 12 mmol,
1,0 duong luong), 1,4-dioxan (20 mL) va dung dich nuéc NaHSOs 40% (12 mL) vao
binh thét ¢b day tron loai 100mL ¢6 1ap thanh khudy tir va trong moi trudng Na. Hon
hop dugc lam lanh xubng 0 °C va KCN ran (2,8 g, 45 mmol, 3,7 duong lugng) dugc
bd sung. Hon hop phan tmg dugc khudy & 0 °C trong 1 gid va duge 1am 4m dén nhiét
do trong phong trong 18 gio qua dém. Hon hgp phan ang dugc pha lodng bang EtOAc

(150 mL) va dugc rét vao phéu tach loai 250mL va dugc rira bang dung dich nuéc bdo
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hoa NaHCOs3 (3 x 15 mL). Lép hitu co két hop duogc lam kho bang MgSQs, dugc loc
va duoc cd dudi ap sudt giam. Tinh ché bang sic ky cdt silica gel (40 g), rira gidi bang

100:0 dén 50:50 Hexan:EtOAc la gradien & thu duogc hop chat mong mubn (3,6 g).

Buée 3: Didu ché benzyl ters-butyl (4-amino-3-hydroxy-4-oxobutan-1,2-
diyl)dicarbamat

Dung dich cha benzyl tert-butyl (3-xyano-3-hydroxypropan-1,2-
diyl)dicarbamat (3,6 g, 10,3 mmol, 1,0 duong luong), KoCOs (1,6 g, 11,3 mmol, 1,1
duwong lwong) trong MeOH (40 mL) dugc cho vao binh d4y tron loai 250ml chira thanh
khudy tir va dugc khudy trong mdi truong N2, Dung dich duge xir ly bang céch bd
sung timg giot dung dich nuéc H.02 30% (3,5 mL, 31 mmol, 3 duong lugng). Hon
hgp phan ung duoc khudy & nhiét do trong phong trong 2 gid, ¢ giai doan nay phéan
tich LCMS thé hién sy chuyén héa hoan toan ctia chit ban diu. Hon hop phan tng
duge 1lam ding bang dung dich nuée NazS$203 20% (10 mL) va dugc cd dudi ap suét
gidm. Phén cin dugc cho vao MeCN (20 mL) va dugc loc trong chén khong bang phéu
nhua thiéu két va chét loc tao thanh dugc co dudi ap sudt giam. Hon hop phan tmg
duge tinh ché bing sic ky cdt silica gel (80 g), rira gidi bang 100:0 dén 40:60
Hexan:EtOAc 1a gradien @& thu duoc hop chét néu & dé muc (800 mg).

Buére 4: Didu ché benzyl (2,4-diamino-3-hydroxy-4-oxobutyl)carbamat

B6 sung benzyl tert-butyl (4-amino-3-hydroxy-4-oxobutan-1,2-diyl)dicarbamat
(800 mg, 2,2 mmol, 1,0 dwong lugng) va CH2Clz (5 mL) vao binh thét ¢d ddy tron loai
100mL c6 lip thanh khudy tir va trong méi trudng Na. Dung dich tao thanh dugc Xt ly
br?mg HCI 4M trong dioxan (1 mL, 4,0 mmol, 1,8 duong luong) va dugce khuéy & nhiét
do trong phong trong 18 gio qua dém. Hon hop tao thanh dugc cd dudi ap suit giam
va 1am kho trong chan khong dé thu duoc chit ddu ma dugc st dung truc tiép ma

khong can tinh ché thém (650 mg).

Chét trung gian P: axit (2S,4S)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-4-
(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxylic
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B6 sung axit (2S.48)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-4-
azidopyrolidin-2-carboxylic (Chét trung gian F, 2,0 g, 4,32 mmol, 1,0 duong lugng),
2-metyl-3-butyn-2-ol (857 pL, 8,64 mmol, 2,0 duong luong), Cp*RuCl(PPhs), (342
mg, 0,43 mmol, 0,1 duong luong) va 1,4-dioxan (20 mL) vao binh thét ¢b day tron
loai 100mL c6 lip thanh khudy tir va trong mdi trudng No. Hon hgp bén trong binh
duoc lam sach bang dong khi Na dn dinh bang kim vao dung dich mau vang nhat trong
20 phit. O giai doan nay hdn hop phéan tng dugc gia nhiét trong bdn dau & 80 °C
trong 2 gio. Hon hop phan tmg duge lam lanh xudng nhiét d6 trong phong va dimg
bang dung dich nuge HCI IM (50 mL) va duge rét vao phéu tach loai 250mL chira
nuée (50 mL). Hdn hop duge chiét bang EtOAc (3 x 30 mL). Lép hitu co két hop
duoc rira bang nudce mubi (25 mL), 1am khd bang MgS0s, dugc loc va duge co dudi
ap suét giam. Tinh ché bang sic ky cot silica gel (50 g), rira giai bang 100:0 dén 90:10
CH,Cl:MeOH + 1% AcOH 1a gradien @ thu duoc san phdm mong mudnduéi dang
chét bot mau be (1,13 g).

Chét trung gian Q: Benzyl (7-amino-6-hydroxy-5-((2S,4S)-4-(5-(2-hydroxypropan-2-
y1)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-7-oxoheptyl)carbamat hydroclorua

-108-



N ’/N
" N sHo O
N CHs N—\_-CH, HoN- NH,
' - OH 3 HATU
H,c OH LiOH HaC o]
Boct) 3 N BOCQ . EtN(Pr)
MeOH/THF/HO CH,CL/IDMSO
o Al
o ~OCHs 23°C,4h o ©H NHChz 23°C,1,5h

Chét trung gian K, bude 3

N.

N" I

Chét trung gian E

N
N |
CHjy

HaC OH +HCI H,C OH
Boch? 4 MHCI " HN
dioxan.
N NH
/\/O\Ir%i)“ 23°C,18h Y JJ}ji)H
ChzHN’ o NH; ChzHN o "NH,

Chét trung gian Q

Buéc 1: Didu ché axit (285,4S)-1-(tert-butoxycarbonyl)-4-(5-(2-hydroxypropan-
2-y1)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxylic

B6 sung dung dich nu¢e LiOH 1M (26 mL, 26 mmol, 2,5 duong lrgng) vao
dung dich chta 1-(tert-butyl) 2-metyl (28,4S5)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-
triazol-1-yl)pyrolidin-1,2-dicarboxylat (3,7 g, 10,5 mmol, 1,0 duong lrong) trong
MeOH (26 mL) va THF (26 mL) va hdn hop dugc khudy & 23 °C trong 4 gid. Dung
mdi dugc loai bo dudi ap sudt giam va phén cin tao thanh duogc hoa tan trong THF (30
mL) va dugc axit hoa bang dung dich nuéc HCl 1M dé dat do pH =~ 1, hdn hop nay
dugc pha loang thém bang nudc (50 mL) va duge chiét bang EtOAc (3 x 40 mL) st
dung ph&u tach. Phan chiét hiru co két hop duge lam kho bang MgSOs, duge loc va

dung moéi dugc loai bo dudi ap sudt giam dé thu dugc hop chét néu & dé muc (2,5 g).

Buwéc 2: Diéu ché tert-butyl (28,4S)-2-((1-amino-7-
(((benzyloxy)carbonyl)amino)-2-hydroxy-1-oxoheptan-3-yl)carbamoyl)-4-(5-(2-

hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-1-carboxylat

B& sung axit (2S,4S)-1-(tert-butoxycarbonyl)-4-(5-(2-hydroxypropan-2-yl)-1H-
1,2,3-triazol-1-y1)pyrolidin-2-carboxylic (2,0 g, 6,0 mmol, 1,0 duong luong), HATU
(2,7 g, 7,2 mmol, 1,2 duong lugng) va CH2Clz (30 mL) vao binh thét cd day tron loai
100mL ¢6 14p thanh khudy tir va trong mdi trudng nito. Huyén pht tao thanh duge xir

Iy bang benzyl (5,7-diamino-6-hydroxy-7-oxoheptyl)carbamat hydroclorua (Chét
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trung gian E, 2,2 g, 7,2 mmol, 1,2 duong lugng) trong DMSO (2 mL). B sung
EfN(iPr)2 (3,3 mL, 18,6 mmol, 2,0 dwong lugng) vao hén hop va huyén phi mau vang
duge khudy & nhiét do trong phong trong 1,5 gid. Phén tich LCMS thé hién sy chuyén
hoéa thanh san phdm. Phan tng dugc cd bing dung dich nude bdo hoa NH4Cl (50 mL)
va duge chiét baing CHxCl (3 x 50 mL) st dung phéu tach loai 250mL. Lép hitu co
két hop duoc rira bing nude mudi (50 mL), 1am kho bang MgSOs, duge loc va duge
o dudi ap sudt giam. Chét diu mau vang tao thanh duge tai 1én precartridge C18 5g.
Tinh ché bing sfc ky cot pha dao (40 g cot C18) rira giai bang 100:0 dén 60:40
H,0:MeCN + 0,1% HCOOH 1a gradien @& thu dugc hop chit néu & d& muc & dang

chit rin mau tring (1,9 g).

Buée 3: Didu ché benzyl (7-amino-6-hydroxy-5-((2S,45)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-7-

oxoheptyl)carbamat hydroclorua

Nap tert-butyl (2S,4S)-2-((1-amino-7-(((benzyloxy)carbonyl)amino)-2-
hydroxy-1-oxoheptan-3-yl)carbamoy1)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-
1-yl)pyrolidin-1-carboxylat (1,9 g, 3,1 mmol, 1,0 dwong luong) va 1,4-dioxan (5,7
mL) vao binh thot c¢b day tron loai 100mL, c6 lap thanh khudy tir va trong moi trudng
nito. Dung dich dugc xu ly bé“mg HCI 4M trong dioxan (1,9 mL, 7,7 mmol, 2,5 duong
lugng) va phan tmg dugc khudy & nhiét d6 trong phong trong 18 gid. Hon hop phan
g dugce cd dudi ap suét giam dé thu dugc hop chét néu & d& muc ma duoc sir dung

truc tiép ma khong can tinh ché thém (1,5 g).

Chit trung gian R: axit 2-((tert-Butoxycarbonyl)amino)-3-(tetrahydro-2H-
pyran-4-yl)propanoic

OMe O

0 Oxg-OMe DBU
+ -
i aocm}j(c’c”?' CH,Cly, 18 h L ock,
o & 0to23°C BocHN
o
paladium trén C OO\ o
binh cAu Hy 1 M LIOH
MeOH BocHN/%r RN THF/MeOH BocHN OH
23°C, 3h 23°C,4h S
o}
Chét rung gian R
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Buéc 1: Didu ché metyl (Z)-2-((tert-butoxycarbonyl)amino)-3-(tetrahydro-2 -
pyran-4-yl)acrylat

Hdn hop bao gém tetrahydro-2H-pyran-4-carbaldehyt (1,0 g, 8.8 mmol, 1,2
duong lugng), metyl 2-((tert-butoxycarbonyl)amino)-2-(dimetoxyphosphoryl)axetat
(2,2 g, 7,3 mmol, 1,0 duong lugng) va CH,CL (20 mL) dugc bo sung vao binh thét cd
day tron da dugc lam khd bang ngon Itra chira thanh khudy tir va dugc khudy trong
méi trudng Na, Dung dich duge lam lanh xudng 0 °C trong bdn nude d4. Bb sung ting
giot DBU (1,1 mL, 7,3 mmol, 1,0 duwong luwong) vao hdn hop trong khi gilt nhiét do
phan ung khoang 0 °C. Hon hop phan tng duge lam 4m dén nhiét do trong phong qua
dém trong 18 gid. Phan Gng dugc lam dung bang cach bd sung dung dich nude bdo
hoa NH4Cl (40 mL) va duoc chiét bang CH,Cl, (3 x 15 mL) str dung hop tach pha.
Lép hitu co két hop duge co dudi ap sudt giam va dugc tinh ché bang sic ky cot silica
gel (80 g), rira giai bing 95:5 dén 50:50 Hexan:EtOAc 1a gradien @8 thu duoc hop chit
mong mudn (2,43 g).

Bwée 2: Diéu ché metyl 2-((fert-butoxycarbonyl)amino)-3-(tetrahydro-2H-
pyran-4-yl)propanoat

B6 sung metyl (Z)-2-((tert—butoxycarbonyl)amino)-3-(tetrahydro-ZH—pyran-4-
yDacrylat (2,43 g, 8,76 mmol, 1,0 duong lugng) va MeOH (25 mL) vao binh thot cb
day tron loai 100mL c6 lap thanh khudy tir va trong moi truong No. Hon hop phan tng
duoc lam sach bang dong khi N» 4n dinh trong 15 phat, & giai doan nay 10% trong
luong paladi trén cacbon (354 mg) dugc bd sung vao va binh duge lam sach bang N,
trong 15 phut. Pau vao Nz dugc thay bing khi cdu Hz va qua trinh 1am sach dugc tiép
tuc trong 15 phut, & giai doan nay diu ra duoc loai bo va hdn hop phan tng duge
khudy & nhiét d6 trong phong trong mdi truong H, trong 3 gio. Phan tich LCMS ¢ thoi
diém nay thé hién su chuyén hoéa hoan toan cta chét ban dau. Hon hop phan tmg dugc
loc bing tim celite trén phu nhya thidu két, rira bing MeOH (3 x 10 mL). Chét loc
trong sudt dugc cd duéi dp sudt giam va duge st dung truc tiép trong budc tiép theo

(=2,4 g).

Buéc 4: Diéu ché axit 2-((tert-butoxycarbonyl)amino)-3-(tetrahydro-2H-pyran-
4-yl)propanoic
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BS sung metyl 2-((tert-butoxycarbonyl)amino)-3-(tetrahydro-2 H-pyran-4-
yl)propanoat (2,4 g, 8,7 mmol, 1,0 dwong lugng), THF (22 mL), MeOH (22 mL) va
dung dich nu¢e LiOH IM (22 mL, 22 mmol, 2,5 duong lwong) vao lo mau loai 20 mL
¢6 lap thanh khudy tir va trong moi trudng Na. Hon hop phéan tmg duoc khudy & nhiét
d6 trong phong trong 4 gid sau d6 phan tich LCMS thé hién sy chuyén hoa hoan toan
clia chét ban dau. Hon hop phan tng duoc co dudi ap suét giam va chat dau tao thanh
dugc pha loang bang CHxCl, (25 mL) va duoc axit héa dé dat do pH = 2 bang dung
dich nuéc HCI 1M (khoang 25 mL). Hén hop duoc rét vao phéu tach loai 125 mL
chtra nude (40 mL) va duoc chiét bang CH>Cl> (3 x 25 mL). L6p hitu co két hop dugc
rira bang nudc mudi (40 mL), 1am kho bang MgSOs, dugc loc va duge o dé thu duoc

chat diu mau x4m ma duoc sir dung truc tiép ma khong can tinh ché thém (=2,0 g).

Chét trung gian S: axit 3-(Adamantan-1-yl)-2-((tert-

BccHNifo

OH

butoxycarbonyl)amino)propanoic

hat trung gian 8

Hop chat duoc didu ché theo cach twong ty nhu Chét trung gian R, st dung
(adamantan-1-yl)carbaldehyt thay vi tetrahydro-2H-pyran-4-carbaldehyt trong Budgce 1.

Chit trung gian T: axit 2-((tert-Butoxycarbonyl)amino)-3-((1S,2R,55)-6,6-
dimetylbixyclo[3,1,1]heptan-2-yl)propanoic

H CH,

7 CH
H 3

H

BocHN
OH

Chét trung gian T

Hop chit dugc didu ché theo cach twong tu nhu Chét trung gian R, st dung
((18,28,55)-6,6-dimetylbixyclo[3,1,1]heptan-2-yl)carbaldehyt thay vi tetrahydro-2H-
pyran-4-carbaldehyt trong Budc 1,
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Chét trung gian U: axit 2-((tert-Butoxycarbonyl)amino)-3-(3-metyloxetan-3-

H30>CIQ

BocHN 0

OH
Hop chét dugc diéu ché theo cach tuong ty nhu Chét trung gian R, st dung (3-
metyloxetan-3-yl)carbaldehyt thay vi tetrahydro-2 H-pyran-4-carbaldehyt trong Budc
1.
Chit trung gian V: axit 2-(2-Naphtamido)-4-((1S,4R)-bixyclo[2,2,1 ]heptan-2-
yl)butanoic

IR P
LiAng N3H803 ~\\"p»"DMS
- - +
o OCH
H/QH Et,OfTHF CHCl, 1 h % BocHN/%‘/ 3
2h,0°C 0°C o
[¢]

0 OH o)
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CH.Cly, 18 h CbzHN 3 MeOH Hzn%( OCHs CH,Clo/OMSO
0dén 23°C o} 23°C,3h o 23°C, 18 h

o % 1M LiOH 0 %
OCH - OH
ﬁ’%{ : THF/MeOH Z ﬁir(
0 23°C, 4 h A o

Chét trung gian V

Buée 1: Didu ché 2-((1S,4R)-bixyclo[2,2,1]heptan-2-yl)ethan-1-ol

B sung bot LIAIH, (2,4 g, 64,8 mmol, 4,0 duong lugng) vao binh thot ¢o day
tron loai 250 mL da lam kho bang ngon lira co lap thanh khudy tir va trong moi trudng
nito. Chét rén duoc pha lodng bing Et;O khan (32 mL) va dwgc lam lanh dén 0 °C
trong bon nuéc da. B6 sung axit 2-norbornanaxetic ¢6 san trén thi truong (2,5 g, 16,2
mmol, 1,0 duong lwong) va THF khan (32 mL) vao cbc mo vit 200 mL. Hon hop dugce
nghién bing séng am dé tao ra dung dich, ma dugc bd sung ting giot vao chét pha tron

lodng LiAIH4/Et,O béing phéu bd sung trong 1 gid. Huyén phit mau xam dugc khudy &
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0 °C trong 1 gid va sau d6 duge lam dirng chim bang cach bd sung tudn ty ting giot
H,0 (2,5 mL), dung dich nuéc NaOH 15% (2,5 mL) va H2O (7.5 mL). Huyén phu
mau tring x4m tao thanh dugc khudy & 0 °C trong 20 phut va sau d6 dugc loc trong
chan khong bing tAm celite trén phéu kinh thiéu két, rira bang EtOAc (3 x 50 mL).
Chét loc dugc 1am kho béng MgSQ4, dugce loc va duge ¢d dudi ap suét giam. Chét dau
tho duge lam khé trong chian khong trong 2 gid va dugc su dung truc tiép ma khong

can tinh ché (840 mg).
Buérc 2: Didu ché 2-((15,4R)-bixyclo[2,2,1]heptan-2-yl)axetaldehyt

B4 sung 2-((1S,4R)-bixyclo[2,2,1]heptan-2-yl)ethan-1-ol (840 mg, 6,0 mmol,
1,0 duong lugng), CH2Cl, (12 mL) va NaHCO3 (1,0 g, 12,0 mmol, 2 duong lugng) vao
binh thét ¢ day tron loai 100mL co lip thanh khudy tir va trong mdi truong nito.
Huyén phti dugc 1am lanh xubng 0 °C trong bon nude da va Dess-Martin Periodinan
(3,8 g, 9,0 mmol, 1,5 duwong luong) dugc bd sung timg phan trong 20 phit. Hén hop
phan tmg dugc khudy & 0 °C trong 40 phit 6 thoi diém d6 phén tich TLC thé hién su
chuyén hoa hoan toan cia chét ban dau. Phan tng dugc co bing cach bd sung ting
giot dung dich nudc natri thiosulfat 10% (10 mL) va dugc rot vao phéu tach loai 125
mL chtra nude (20 mL). Hon hop dugc chiét bang CH,Cl, (3 x 20 mL) va 16p hitu co
két hop duoc rira bang nude mudi (20 mL), 1am kho bang MgSOs, duge loc va dugce
o dudi ap suét giam. Tinh ché bang sic ky cot silica gel (45 g), rira gidi bang 98:2 dén
70:30 Hexan:EtOAc 12 gradien dé thu duge hop chit néu & d& muc du6i dang diu mau

vang (434 mg).

Buéc 3: Didu ché metyl (2)-2-(((benzyloxy)carbonyl)amino)-4-((1S,4R)-
bixyclo[2,2,1] heptan-2-yl)but-2-enoat

B6 sung metyl 2-(((benzyloxy)carbonyl)amino)-2-(dietoxyphosphoryl)axetat
(691 mg, 2,1 mmol, 1,0 duwong lugng) va CH2Clz khan (2 mL) vao binh day tron loai
25 mL da duge lam kho bang ngon lira c6 lap thanh khudy tir trong mdi truong nito.
Dung dich dugc lam lanh xubng 0 °C trong bdn nude da. Bb sung tir tir DBU (312 pL,
2,1 mmol, 1,0 duong lugng) vao hdn hop. Hon hgp duge khudy & 0 °C trong 20 phut,
sau d6 dugc xt ly bang dung dich cha 2-((1S,4R)-bixyclo[2,2,1]heptan-2-
yl)axetaldehyt (434 mg, 3,1 mmol, 1,5 duong luong) trong CH2Cl2 (2 mL). Phan g
duoc 1am 4m dén nhiét do trong phong trong 18 gid qua dém. Phén tich LCMS thé
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hién su tao thanh san phém. Phan tng dugc co b%mg dung dich nuéc bdo hoa NH4Cl
(20 mL) va dugc rot vao phéu tach loai 125 mL va duge chiét bang CH.Cl> (3 x 15
mL). Lép hitu co két hop duoc ria bing nude mubi (25 mL), 1am kho bang MgSOs,
dugc loc va dugce co dudi ap suét giam. Tinh ché bing sic ky cot silica gel (30 g), rira
gidi bang 100:0 dén 70:30 Hexan:EtOAc la gradien dé thu duoc hop chét néu & e
muc (720 mg).

Buée 4: Didu ché metyl 2-amino-4-((1S,4R)-bixyclo[2,2,1]heptan-2-
yl)butanoat

B6 sung metyl (Z)—2-(((benzyloxy)carbonyl)amino)—4-((1S,4R)-bixyclo[2,2,1]
heptan-2-yl)but-2-enoat (720 mg, 2,1 mmol, 1,0 dwong lugng) va MeOH (6 mL) vao
binh day tron loai 25 mL ¢o lap thanh khudy tir va trong moi truong nito. Dung dich
duoc 1am sach dudi dong khi N dn dinh bang kim dai trong 30 phut. B6 sung 10%
trong luong paladi trén cacbon (85 mg) vao binh va qua trinh lam sach bing N» tiép
tuc trong 10 pht. O thoi didm nay, ngudn khi nito sau d6 dugc thay bing khi ciu
Hydro. Hon hop bén trong binh dugc lam sach bing hydro, sau d6 loai bo bot khi dau
ra. Phan ung duogc khudy & nhiét do trong phong trong 3 gi0 trong moi truong Ho,
Phan tich LCMS & thoi diém nay thé hién sy hoan thanh phan tng. Hon hop phan tng
duoc loc bang tAm celite trén phéu nhya da thiéu két, rira bang CH,Clz (3 x 15 mL).
Chét loc trong sudt duge cd va duge sir dung truc tiép trong budce tiép theo ma khong

cin tinh ché thém.

Buéc 5: Didu ché metyl 2-(2-naphtamido)-4-((1S,4R)-bixyclo[2,2,1]heptan-2-
yl)butanoat

Binh thét ¢d day tron loai 100mL c6 lap thanh khudy tir va trong moi truong No
duoc bd sung axit 2-naphthoic (359 mg, 2,1 mmol, 1,0 duong lugng), HATU (950 mg,
2,5 mmol, 1,2 duong luong) va CH2Clx (10 mL). Dung dich duoc khuéy & nhiét do
trong phong trong 15 phut va sau d6 metyl 2-amino-4-((1S,4R)-bixyclo[2,2,1]heptan-
2-yl)butanoat (khoang 440 mg, 2,1 mmol, 1,0 duong luong) dugc bd sung sau do 1a
EtN(iPr)2 (365 pL, 2,1 mmol, 1,0 duong lugng) va DMSO (2 mL). Hon hop phén Gng
duoc khudy & nhiét d trong phong trong 18 h qua dém. Hon hop phan tng duge pha
lodng bang nude (10 mL) va duge chiét bing CH,Cl, (3 x 10 mL) sir dung phéu tach.
Lép hitu co két hop duoc ria bang nudce mudi (10 mL), 1am khd bang MgSOs, dugc
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loc va dugce co dudi ap sudt giam. Tinh ché bang sic ky cot silica gel (25 g), rira giai
bing 95:5 dén 50:50 Hexan:EtOAc la gradien @& thu duge hop chit néu & dé muc (518
mg).

Buée 6: Didu ché axit 2-(2-naphtamido)-4-((1S,4R)-bixyclo[2,2,1]heptan-2-
yl)butanoic

Dung dich chua metyl 2-(2-naphtamido)-4-((1S,4R)-bixyclo[2,2,1]heptan-2-
yl)butanoat (518 mg, 1,4 mmol, 1,0 duong luong) trong MeOH (3,6 mL) va THF (3,6
mL) duge bd sung dung dich nuge LiOH 1M (3,6 mL, 3,6 mmol, 2,5 duong luong) va
hdn hop duge khudy & nhiét do trong phong trong 4 gio. O thoi diém nay, dung moi
dugc loai bo dudi ap suét giam va phén can tao thanh duge hoa tan trong THF (30 mL)
va duoc axit hoa dé dat do pH <2 bing dung dich nugec HCI 1IM. Hon hop con dugc
pha lodng bang nuée (20 mL), dugce rot vao phéu tach loai 125 mL va dugc chiét bang
EtOAc (3 x 20 mL). Lép hitu co két hop duge 1am khod bang MgS0s, duge loc va
dung mdi dugc loai bo dudi ap sudt giam dé thu duoc hop chét néu & dé muc (459
mg).

Vi du thye hién sang ché

Vi du 1: (25)-1-((R)-2-(2-Naphtamido)-3 -xyclohexylpropanoyl)-N-(1-amino-4-
metyl-1,2-dioxopentan-3-yl)pyrolidin-2-carboxamit
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Buéc 1: Diéu ché metyl ((R)-2-((tert-butoxycarbonyl)amino)-3-
xyclohexylpropanoyl)-L-prolinat

Binh thét ¢b day tron loai 100mL, co lap thanh khudy tir va trong moi trudong
nito dugc bd sung axit (R)-2-((tert-butoxycarbonyl)amino)-3-xyclohexylpropanoic
(2,05 g, 7,6 mmol, 1,0 duong luong), HATU (4,31 g, 11,3 mmol, 1,5 duong luong) va
CH,Cl, (20 mL). Huyén phu dugc khudy & nhiét d trong phong trong 30 phut va sau
d6 L-prolin metyl ester hydroclorua (1,50 g, 9,1 mmol, 1,2 duong luong) dugc bd sung
sau d6 1a BtN(Pr), (2,6 mL, 15,1 mmol, 2 dwong lugng). Dung dich mau vang nhat
tao thanh dwogc khudy & nhiét 6 trong phong trong 18 gid qua dém. Hon hop phan ing
duogc rot vao phéu tach loai 250mL chira dung dich nuée HCI IM (100 mL) va duoc
chiét bang CH>Cl» (3 x 40 mL). Lép hitu co két hop duoc ria bang nudc mudi (50

mL), lam kho bang MgSQs, dugc loc va dugc o dudi dp suit giam. Tinh ché bing sic
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ky cot silica gel (65 g), rira giai bing 95:5 dén 40:60 Hexan:EtOAc la gradien trong 25
phit dé thu dugc hop chit néu & dé muc & dang chét rén (2,62 g).

Buée 2: Didu ché metyl ((R)-2-amino-3-xyclohexylpropanoyl)-L-prolinat

hydroclorua.

B6 sung metyl ((R)-2-((tert-butoxycarbonyl)amino)-3-xyclohexylpropanoyl)-L-
prolinat (2,5 g, 6,6 mmol, 1,0 duong luong) va 1,4-dioxan (8 mL) vao binh thét cb day
tron loai 100mL c6 lap thanh khudy tir va trong moi trudng nito. Dung dich dugc xir Iy
béng HCI 4M trong dioxan (4,0 mL, 16 mmol, 2,5 duong lwong) va hdn hop duoc
khudy & nhiét do trong phong trong 1 h. O giai doan nay, hdn hop tré nén day dac, va
vi thé MeOH (5 mL) dugc bd sung vao. Sau khudy & nhiét do trong phong trong 3
ngay, hdn hgp phan tng dugc ¢d dudi ap suit giam va hop chét tao thanh duoc 1am
kho trong chan khong @ thu duge hop chit mong muén & dang chét rin mau vang
(2,1 g).

Buée 3: Didu ché metyl ((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-L-

prolinat

Bé sung axit 2-naphthoic (533 mg, 3,1 mmol, 1,0 duong luong), HATU (1,41
g, 3,7 mmol, 1,2 duong luong) va CH2Clz (10 mL) vao binh thét ¢d day tron loai
100mL c6 lap thanh khudy tlr va trong moi truong nito. Hon hop dugce khudy & nhiét
d6 trong phong trong 30 phut va sau d6 metyl ((R)-2-amino-3-xyclohexylpropanoyl)-
L-prolinat hydroclorua (1,18 g, 3,7 mmol, 1,2 duong lugng) duoc bd sung sau do la
EtN(iPr) (810 pL, 4,6 mmol, 1,5 duong luong). Hon hop phan ung dugc khudy &
nhiét d6 trong phong trong 18 gid qua dém. Phéan ng dugc co bang dung dich nudc
HCI 1M (50 mL) va dugc chiét bang CH>Clz (3 x 30 mL) sir dung hop tach pha. Lop
hitu co két hop duoc co. Tinh ché bang sic ky cot silica gel (65 g) rira giai bang 80:20
dén 20:80 Hexan:EtOAc la gradien dé thu dugc hop chét néu & d& muc & dang chét bot
mau tring (1,1 g)

Buéc 4: Diéu ché ((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-L-prolin

B6 sung metyl ((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-L-prolinat (1,0
g, 2,3 mmol, 1,0 duwong luong), THF (5 mL) va metanol (5 mL) vao binh thot cb day
tron loai 100mL c6 lip thanh khudy tlr va trong méi trudng nito. Dung dich nay dugc

Xt ly béng dung dich nuéc LiOH 1M (5,8 mL, 5,8 mmol, 2,5 duong lugng) va dung
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dich duogc khudy & nhiét do trong phong trong 18 h qua dém. Hdn hop phéan Ging dugc
o dudi 4p suat gidm va chét diu tao thanh dugc pha lodng bang nude (50 mL) va
duoc axit hoa dé dat pH <2 bang dung dich nuéc HCI IM (= 6 mL). Lop nudc duge
chiét bang CH,Cl, (3 x 30 mL) str dung hdp tach pha va phan hitu co két hop duge cd

dudi ap sudt giam dé thu duoc chat bot mau tring (810 mg).

Buée 5: Didu ché (2S)-1-((R)-Z-(2-naphtamido)-3-xyclohexylpropanoyl)-N—(1-
amino-2-hydroxy-4-metyl-1-oxopentan-3 -yl)pyrolidin-2-carboxamit

B6 sung ((R)-2-(2-naphtamid0)-3-Xyclohexylpropanoyl)-L-prolin (134 mg, 0,32
mmol, 1,0 duong luong), 3-amino-2-hydroxy-4-metylpentanamit hydroclorua (Chét
trung gian A, 87 mg, 0,48 mmol, 1,5 duong luong), HATU (180 mg, 0,48 mmol, 1,5
dwong lugng) va CH2Clz (2 mL) vao binh thoét ¢ day tron loai 100mL ¢ lap thanh
khudy tir va trong moi trudng nito. Hdn hop phan tng dugc xir ly bang EtN(iPr)2 (166
uL, 0,95 mmol, 3,0 duong luong) va dugc khudy & nhiét do trong phong trong 18 h
qua dém. Phan tng dugc cd bang dung dich nudc bao hoa NH,Cl dung dich (10 mL)
va duge chiét bang CH2Clz (3 x 15 mL) st dung hop tach pha. Phan hitu co két hop
duoc cd dudi ap sudt giam. Tinh ché bang sdc ky cot silica gel (29 g) rira gidi bang
100:0 dén 90:10 CH2Clo:MeOH la gradien dé thu duoc hop chit néu & d& muc & dang
chét bot tan (150 mg).

Buéc 6: Didu ché (2S)-1-((R)-2-(2-naphtamid0)-3-Xyclohexylpropanoyl)-N—(1-

amino-4-metyl-1,2-dioxopentan-3 -yl)pyrolidin-2-carboxamit

B6 sung (25’)-1-((R)—2-(2-naphtamid0)-3-Xyclohexylpropanoyl)-N-(l-amino-Z-
hydroxy-4-metyl-1-oxopentan-3-yl)pyrolidin-2-carboxamit (200 mg, 0,36 mmol, 1,0
duong lwong) va EtOAc (2 mL) vao lo mau 20mL c6 lap thanh khudy tir va trong moi
trudng nito. Dung dich duge xtr Iy bang DMSO (258 pL, 3,64 mmol, 10 duong luong)
va duoc lam lanh dén 0 °C trong bdn nudc da. Dung dich dugc nap EDC (350 mg,
1,82 mmol, 5 duong lugng) sau do la axit dicloaxetic (150 pL, 1,82 mmol, 5 duong
lwong) va dung dich dugc khudy & 0 °C trong 10 phut sau do lam Am dén nhiét do
trong phong trong 1 gi¢. Phén tich LCMS & thoi diém nay thé hién khoang 20% chét
ban diu con lai, nén 5 dwong lugng EDC nita dugc bd sung sau do 1a 5 dwong lugng
axit dicloaxetic va hdn hop duge khudy trong 18 gid qua dém. Phan tng duoc lam

dimg bang nudc (20 mL) va duge chiét bang EtOAc (3 x 15 mL) str dung hop tach
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pha. Lép hitu co két hop duge cd dudi dp suit giam. Tinh ché bang sic ky cot silica
gel (15 g) rira giai bang 100:0 dén 90:10 EtOAc:MeOH la gradien dé thu dugc hop
chit néu & d& muc & dang chét rin mau tring (67 mg). MS (ESI+) 549 (M+1)®

IH NMR (CDCI3, 300 MHz): & 8,37 (1H, d, J = 9,2 Hz), 7,96-7,89 (3H, m),
772-7.58 (3H, m), 7,08-7,06 (1H, m), 6,52-6,37 (1H, m), 5.41-5,28 (1H, m). 5,06-4.99
(2H, m), 4,72-4,64 (1H, m), 4,14-4,08 (2H, m), 3,62-3,57 (1H, m), 2:42-2,21 (1H, m),
1,99-0,72 (23H, m) ppm.

Vi du 2: Metyl (3-((S)-1-((R)-2-(2-naphtamido)-3—xyclohexylpropanoyl)pyrolidin-2-

carboxamido)-4-mety1-2-oxopentanoyl)glyxinat
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Buéc 1: Didu ché metyl 3-(((benzyloxy)carbonyl)amino)-2-hydroxy-4-

metylpentanoat
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B6 sung benzyl (1-xyano-1-hydroxy-3-metylbutan-2-yl)carbamat (Chét trung
gian A, Buéce 3, 2,6 g, 10,0 mmol, 1,0 dwong luong) va MeOH (50 mL) vao binh thot
c¢b day tron 200 mL c6 lip thanh khudy tir va thiét bi ngung tu hdi lwu. Hon hop phan
tng sti bot trong HCI (khi) dugc dua vao bing dng thly tinh xbp. Hon hop giit trong
méi truong HCI (khi) va dugc gia nhiét dé hdi luu trong 24 gio. O thoi diém nay, phan
tich LCMS thé hién khong con chit ban dau nao con lai. Hon hop phan tmg dugc lam
lanh xudng nhiét do trong phong va dugc ¢o duéi ap suit giam @8 thu duoc chét dau

mau vang ma dugc st dung truc tiép trong budc tiép theo ma khong cAn tinh ché thém.
Buwée 2: Diéu ché metyl 3-amino-2-hydroxy-4-metylpentanoat

B sung metyl 3-(((benzyloxy)carbonyl)amino)-2-hydroxy-4-mety1pentanoat
(5,0 g, 17 mmol, 1,0 duong luong) va metanol (25 mL) vao binh thét ¢ day tron loai
100mL c6 1ap thanh khudy tir va trong méi truong Na. Hon hop bén trong binh dugc
lam sach bing dong khi N» n dinh trong 10 phut va sau d6 10% trong luong paladi
trén cacbon (250 mg) dugc bd sung va N qud trinh lam sach dugc tiép tuc trong 10
phut nira. 3 thoi diém nay, dau vao Na duge thay bang khi cAu Hy va qud trinh lam
sach br?mg H, dugc thuc hién trong 10 phut, & giai doan nay, dau ra duoc loai bo. Hon
hop phan tng duoc khudy & nhiét d trong phong trong moi truong H, trong 18 gio
qua dém. Hon hop phan tmg dugce loc bing tm celite trén phéu nhya thiéu két, rira
bang CH>Clz (25 mL). Chét loc thu duge duge co dudi ap sudt giam va st dung truc

tiép ma khong cAn tinh ché thém.

Buée 3: Didu ché metyl 3-((S)-1-((R)-2-(2-naphtamido)-3-
Xyclohexylpropanoyl)pyrolidin-2-carboxamido)-2-hydroxy-4-metylpentanoat

Nap ((R)-Z-(2-naphtamido)-3-xyclohexylpropanoyl)-L-prolin (Vi du 1, Budc 4,
106 mg, 0,25 mmol, 1,0 duong lugng), HATU (114 mg, 0,3 mmol, 1,2 dwong lugng)
va CH>Cl (5 mL) vao binh thot cb day tron ¢ lip thanh khudy tir va trong moi truong
Na. Chét phan tng dugce xir ly bang metyl 3-amino-2-hydroxy-4-metylpentanoat (48
mg, 0,3 mmol, 1,2 duong 1uqng) va EtN(iPr)2 (82 pL, 0,6 mmol, 2,4 duong lugng) va
hdn hop dugc khudy & nhiét do trong phong trong 1 gio. Hdn hop tao thanh duoc lam
dimg bang nude (10 mL) va duge chiét bang CH2Clz (3 x 5 mL) str dung phéu tach 25
mL. Lép hitu co két hop duoc rira bang nudc mubi (10 mL), 1am kho bang MgSOs,
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duoc loc va dugce co. Hop chét duoc st dung truc tiép trong budc tiép theo ma khong

cAn tinh ché thém (=140 mg).

Buére 4: Didu ché axit 3-((S)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)pyrolidin-2-carboxamido)-2—hydroxy-4-metylpentanoic

Dung dich chira metyl 3—((S)-1—((R)-2-(2-naphtamido)—3-xyclohexylpropanoyl)
pyrolidin—2-carboxamido)-Z-hydroxy-4-metylpentanoat (=140 mg, 0,25 mmol, 1,0
duwong lugng) trong THF (2 mL) va MeOH (2 mL) dugc xu ly bang dung dich nude
LiOH 1M (630 pL, 0,63 mmol, 2,5 duong luong). Hon hop phan ung dugc khudy &
nhiét do trong phong trong 2 gio va sau d6 duoc co dudi ap sudt giam. Phan cdn dugc
cho vao trong nudc (5 mL) va duge axit hoa dé dat do pH <2 bang dung dich nudc
HCl] 1M. Hbn hop phéan tng dugc chiét bang CH,Cly (3 x 5 mL) st dung phéu tach
loai 25 mL. Lép hitu co két hop dugce rira bang nudc mubi (10 mL), lam kho bing
MgSOs, duge loc va duge cd. Hop chét dugce sir dung truc tiép trong budc tiép theo

ma khong can tinh ché thém (=100 mg).

Buée 5: Didu ché metyl (3-((S)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)pyro1idin—2-carboxamido)-2-hydroxy-4-metylpentanoyl)glyxinat

B6 sung axit 3—((S)-1-((R)-2-(2-naphtamido)-3-xyclohexy1propanoy1)pyrolidin—
2-carboxa1nido)—2—hydroxy-4-metylpentanoic (50 mg, 0,09 mmol, 1,0 duong luong),
HATU (38 mg, 0,1 mmol, 1,1 duong luong) va CHClz (3 mL) vao binh thot ¢b day
tron loai 25 mL ¢6 lip thanh khudy tir va trong mdi truong No. Hon hop phan ng
dwoc khudy o nhiét do trong phong trong 5 phut va sau d6 metyl glyxinat hydroclorua
(12 mg, 0,1 mmol, 1,1 duong luong) va EtN(Pr). (41 pL, 0,23 mmol, 2,5 duong
lugng) dugc bd sung vao va hén hop phan ung dugc khudy & nhiét do trong phong
trong 1 gio. Hdn hop phin tng dugce cd dudi ap suit giam. Tinh ché bang sic ky cot
pha déo (12 g, CI8 column), rira giai bang 90:10 dén 0:100 H2O:MeCN + 0,1%
HCO,H la gradien dé thu dugc hop chét néu & d& muc (50 mg).

Buée 6: Diéu ché metyl (3-((S)-1-((R)-Z-(2-naphtamid0)-3-
xyclohexyIpropanoyl)pyrolidin-2-carboxamido)-4—metyl-2-oxopentanoyl)glyxinat

Dung dich chtra metyl (3—((8)-1-((R)-Z-(2-naphtamido)—3-xyclohexylpropanoyl)
pyrolidin-2-carboxamido)-Z-hydroxy-4-metylpentanoyl)glyxinat (50 mg, 0,08 mmol,

1,0 duong lugng) in CH2Cl2 (3 mL) duoc xit Iy bing Dess-Martin Periodinan (37 mg,
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0,09 mmol, 1,1 duong lugng). Hon hop phan ung dugc khudy & nhiét do trong phong
trong 1 gi va sau d6 duge cd dudi ap sudt giam. Tinh ché bang sic ky cot pha ddo
(cot 12 g, C18), rira giai béng 90:10 dén 10:90 H,0:MeCN + 0,1% HCO:H la gradien
dé thu duoc hop chét néu & d& muc (40 mg). MS (ESI+) 621 (M+1)®

Hop chat & vi du 3 dugc didu ché theo cach tuong tu voi Vi du 2, trong do

metyl glyxinat hydroclorua trong Budc 5 duoc thay bing 2-metoxyetan-1-amin.

Vi du Céu triic MW MS
(ESI+)
Q
NWN (s
OO "o
o NH o
3 ~ 606,76 .
OCHs (M+1)
(25)-1 -((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-N—(1-((2-vmetoxyetyl)amino)-
4-metyl-1,2-dioxopentan—3-yl)pyrolidin-Z-
carboxamit

Vi du 4: (25,4R)-1 -((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1 -amino-4-
metyl-1,2-dioxopentan-3 —yl)-4-phenylpyrolidin-2-carboxamit

-123-



36473

» o
e *HCI

HaN

OH HATU, EINGPY) ”
+ & § >
Boc” N H3C \(ri ———;{—-—-—————-———-—"b BOC’ N
P, CHoCly, 23°C, 1h
o OH CH3O NHE 212, g NH on
Chét trung gian A chﬁ
CHsy? ™ NHy
«HCI
HCI o \ ’”\ OH  HATU, EINGPT),
e e ——
CH,Cl }NH CHoClp, 23°C. 181
23°C.18h c Chét trung gian B
H5C ;\
CHag? ™ NHy
/N 7N\

o ™ YKC}K
N N DMP % %)LN N
oYY, e OOV
& CH,Cl, SN & NH
Hacjﬂ}j\ 23°C, 1h Hac\fgj
CH NH; CH NHy

30
Vidu4

Buéc 1: Didu ché fert-butyl (2S,4R)—2-((1-amino-2-hydroxy-4-metyl-1-
oxopentan-3 -yl)carbamoyl)-4-phenylpyrolidin- 1-carboxylat

Nap axit (2S,4R)-1-(tert—butoxycarbonyl)-4-phenylpyrolidin-2-carboxylic (88
mg, 0,3 mmol, 1,0 duong lugng), 3-amino-2-hydr0xy-4-metylpentanamit hydroclorua
(Chét trung gian A, 44 mg, 0,3 mmol, 1,0 duong luong), HATU (125 mg, 0,33 mmol,
1,1 dwong lugng) va CH2Cl2 (3 mL) vao binh thot ¢ day tron. Phan ing dugc xur ly
bing EtN(iPr)2 (104 pL, 0,6 mmol, 2,0 duong lugng) va duoc khuéy & nhiét do trong
phong trong 1 h. Phan tmg dugc pha loang bang CH,Cla va dugc rét vao phéu tach loai
125 mL va duge rira bang dung dich nuée HCI 0,5M (25 mL), dung dich nu6c bdo hoa
NaHCO; dung dich (25 mL), nudc mubi (25 mL), lam kho bang MgSO4, duoc loc va
dugc ¢6 dudi ap suét giam. Tinh ché bang sic ky cot nho silica gel, ria giai bang
100:0 dén 0:100 Hexan:10% MeOH trong EtOAc 1a gradien d8 thu dugc hop chit néu

& dé muc ma dugc sir dung truc tiép trong budc tiép theo.

Buée 2: Didu ché (2S,4R)-N—(1-amino-2-hydroxy-4-metyl-1-oxopentan—3-yl)-
4-phenylpyrolidin-Z-carboxamit hydroclorua
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Dung dich chta tert-butyl (2S,4R)-2-((1—amino-2-hydroxy-4-mety1-1-
oxopentan-3-yl)carbamoyl)-4-phenylpyrolidin—1-carboxy1at (0,3 mmol, 1,0 duong
luong) trong CH>Cly (5 mL) duge xur Iy bang HCI 4M trong dioxan (0,5 mL, 0,8
mmol, 2,6 mmol). Hén hop phan tng dugc khudy & nhiét do trong phong trong 18 gio
qua dém. Hon hop phan Gng duge c6 dudi ap sudt giam va lam kho trong chan khong

& thu duoc chit rin mau tréng nhd (136 mg).

Buée 3: Didu ché (ZS,4R)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-
(1-amino-2-hydroxy-4-metyl-1-oxopentan—3-yl)-4-phenylpyrolidin-2-carboxamit

Hon hop bao gdm (25,4R)-N—(1-amino-2—hydroxy-4-metyl-1—0xopentan—3—yl)-
4-phenylpyrolidin—2-carboxamit hydroclorua (136 mg, 0,3 mmol, 1,0 duong lugng) va
axit (R)-Z-(Z-naphtamido)-3-xyclohexylpropanoic (Chét trung gian B, 117 mg, 0,36
mmol, 1,2 duong lugng) trong CH2Cla (5 mL) dugc xu ly bang HATU (125 mg, 0,33
mmol, 1,1 duong luong) tiép theo 12 EtN(Pr)2 (156 pL, 0,9 mmol, 3 duong lugng).
Hon hop phan tng dugc khudy & nhiét d§ trong phong trong 18 gid qua dém. Phan
tmg dugc rot vao phéu tach chra CH2Cla (100 mL) va dugc rira bang HCI nu6e 0,5 M
(25 mL), nudce (2 x 25 mL), nudc mubi (25 mL), 1am kho bﬁng MgSOs, dugce loc va
duoc cb dudi ap sudt giam. Chét thu dugc (230 mg) dugce su dung truc tiép trong budc

tiép theo ma khong cAn tinh ché thém.

Buéc 4: Didu ché (2S,4R)-1-((R)-2-(2-naphtamido)-3-Xyclohexylpropanoyl)-N-
(1-amino-4-metyl-1 ,2-dioxopentan-3 -yl)-4-phenylpyrolidin-2-carboxamit

Dung dich chira (2S,4R)—1-((R)-2-(2-naphtamid0)-3-Xyclohexylpropanoyl)-N-
(1-amino-2-hydroxy—4—mety1—1-oxopentan-3-yl)—4-phenylpyrolidin-Z-carboxamit (225
mg, 0,3 mmol, 1,0 dwong lugng) trong CH,Cly (4 mL) duge xur Iy bing Dess-Martin
Periodinan (153 mg, 0,36 mmol, 1,2 duong luong). Hon hop phan ung duge khqu 4]
nhiét do trong phong trong 1 git va sau d6 dugce lam dung bang nude (5 mL). Hon hop
duoc chiét bing CH2Cly (3 x 10 mL) 1am khd bing MgSO0s, dugc loc va duge cd dudi
ap suat giam. Tinh ché bing séc ky cot pha dao trén cOt C18, rira giai bang 90:10 dén
0:100 H,O:MeCN + 0,1% HCO-H la gradien 8 thu duoc hop chit mong mudn & dang
hdn hop bao gdm chét ddng phan khong d6i quang (52 mg). MS (ESI+) 625 (M+1)®

Vi du 5: (2S,4R)- 1-((R)-Z-(2-Naphtamido)-3-xyclohexylpropanoyl)-N-(1-amino-4-
metyl-1,2-dioxopentan-3 -yl)-4-(piperidin-1 -yl)pyrolidin-2-carboxamit
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Buée 1: Didu ché (2S,4R)-1-((R)-2-(2-naphtamido)-3—xyclohexylpropanoyl)-N—
(1-amino-2-hydroxy-4-metyl-1-oxopentan-3-yl)—4-(piperidin—l-yl)pyrolidin-2-

carboxamit

B6 sung axit (2S,4R)—1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-4-
(piperidin-1-yl)pyrolidin-2-carboxylic (Chét trung gian C, 466 mg, 0.9 mmol, 1,0
duong lugng), 3-amino-2-hydroxy-4-metylpentanamit hydroclorua (Chét trung gian A,
253 mg, 1,4 mmol, 1,5 duong luong), HATU (456 mg, 1,2 mmol, 1,3 duong luong) va
CH,Cl, (5 mL) vao binh thot c¢b day tron loai 25 mL ¢ lap thanh khudy tir va trong
mdi trudng nito. Hon hop dugc xit Iy bing EtN(Pr), (322 pL, 1,8 mmol, 2 duong
lugng) va dugc khudy & nhiét d§ trong phong trong 2 gio. Phan g dugc lam dung
bang nudce (10 mL) va dugc chiét bang CH>Cl, (2 x 20 mL). L6p hitu co két hop duge
rtra bang dung dich nudc bdo hoa NaHCOs (5 mL), lam kho bang MgSQOs, dugc loc va
duogc cd dudi ap sudt giam. Tinh ché bing séc ky cot silica gel (40 g), ria giai bang
100:0 dén 80:20 CH2Cl:MeOH la gradien dé thu duoc hop chit mong mudn & dang
hén hop bao gdbm chéit ddng phan khong dbi quang (544 mg).

Bude 2: Didu ché (2S,4R)-1-((R)-Z-(2-naphtamido)-3-Xyclohexylpropanoyl)-N-
(1-amino-4-metyl-1,2-dioxopentan-3 -y1)-4-(piperidin- 1-yl)pyrolidin-2-carboxamit

Dung dich chira (2S,4R)-1-((R)-2-(2-naphtamido)-3—xyclohexylpropanoyl)-N-
(1-amino-2-hydroxy-4-metyl-1-oxopentan-3 -y1)-4-(piperidin-1-yl)pyrolidin-2-
carboxamit (544 mg, 0,86 mmol, 1,0 duong luong) trong EtOAc (5 mL) dugce xir ly
bing DMSO (609 pL, 8,6 mmol, 10 duong luong) va duoc lam lanh dén 0 °C trong
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bdn nude da. Dung dich duge xit ly bang EDC (821 mg, 4.3 mmol, 5 duong lugng),
dwoc khudy trong 10 phut va sau d6 dugc xir Iy bang axit dicloaxetic (353 uL, 4,3
mmol, 5 duong lugng) va dugc khudy & 0 © trong 10 phﬁttﬁia.I{Sn_hqp phan ung
duge 1am Am dén nhiét do trong phong va duoc khudy & nhiét do nay trong 18 gio qua
dém. Hon hop phan tng duge lam dung bang nudc (10 mL) va duge chiét bang
EtOAc (2 x 10 mL). Lép hitu co két hop duoc ria bang dung dich nuéc bdo hoa
NaHCOs5 (10 mL), lam kho bing MgSO0s, duge loc va dugc cd dudi ap suit giam. Tinh
ché bing sic ky cot silica gel (40 g), rira giai bang 100:0 dén 80:20 CH2Cl:MeOH la
gradien dé thu dugc hop chit mong mudn & dang hdn hgp bao gdm chét dong phan
khong di quang (351 mg). MS (ESI+) 632 (M+1)®

1H NMR (CDCI3, 300 MHz): & 8,33-8,30 (1H, m), 7,91-7,77 (4H, m), 7,57-
7,52 (2H, m), 7,25-7,20 (2H, m), 6,80-6,78 (1H, bs), 6,06-6,05 (1H, bs), 5,08-5,04
(2H, m), 4,79-4,76 (1H, m), 4,40-4,36 (1H, m), 3,89-3,85 (1H, m), 3,70-3,65 (1H, m),
2,80-2,61 (4H, m), 2,21-2,16 (2H, m), 1,81-1,75 (1H, m), 1,69-0,63 (25H, m) ppm.

Vi du 6: (2S,4R)-l-((R)-2-(2-Naphtamido)-3-xyclohexylpropanoyl)-N—(1-
amino-7-(3-xyclohexylureido)-2-hydroxy- 1-oxoheptan-3-yl)-4-(piperidin-1-
yl)pyrolidin-2-carboxamit
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Buée 1: Didu ché benzyl (5-((2S,4R)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-4-(piperidin- 1 -yl)pyrolidin—2-carboxamido)-7-amino-6-
hydroxy-7-oxoheptyl)carbamat

Bd sung axit (ZS,4R)-1-((R)—2-(2-naphtamido)-3—xyclohexylpropanoyl)-4-
(piperidin-1-yl)pyrolidin—?_-carboxylic (Chét trung gian C, 226 mg, 0,47 mmol, 1,0
dwong lugng), benzyl (5,7 diamino-6-hydroxy-7-oxoheptyl)carbamat hydroclorua
(Chét trung gian E, 232 mg, 0,67 mmol, 1,4 duong lugng), HATU (255 mg, 0,47
mmol, 1,4 duong lugng) va CH2Cla vao binh thét ¢d day tron 50 mL ¢6 lap thanh
khudy tir va trong moi truong nito. Hon hop duoc xu 1y bing EtN(iPr). (3 mL, 1,34
mmol, 2,9 duong luong) va duge khudy & nhiét o trong phong trong 4 gid. Hon hop
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phan Gng dugc lam dung bang nudce (5 mL) va dugc chiét bang CH,Clz (2 x 5 mL) st
dung phéu tach. Lop hitu co két hop dugc rira bing dung dich nudc bio hoa NaHCOs3
(5 mL), 1am kho bang MgSO4 va dugc c6 dudi ap sudt giam. Tinh ché bang sic ky cot
silica gel (40 g), rira giai bing 100:0 dén 80:20 CHxCl:MeOH la gradien dé thu duoc
hop chét néu & d& muc (280 mg).

Buéc 2: Diéu ché (2S,4R)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-
(1,7-diamino-2-hydroxy-1-oxoheptan-3 -yl)-4-(piperidin-1 -yl)pyrolidin-2-carboxamit

Dung dich chua benzyl (5-((2S,4R)-1-((R)—2-(2-naphtamid0)-3-xyclohexyl
propanoyl)—4-(piperidin-l-yl)pyrolidin-Z—carboxamido)-7-amino—6-hydr0xy-7-
oxoheptyl)carbamat (279 mg, 0,35 mmol, 1,0 duong lugng) trong etanol (10 mL) duogc
didu ché. Dung dich nay duoc b6 sung vao binh ddy tron 100 mL, binh da duoc lam
sach biang khi nito chira 10% trong luong paladi trén cacbon (140 mg) va hdn hop bén
trong binh dugc lam sach bang dong Kkhi nito on dinh. PAu vao khi nito dugc thay
bang khi ciu H> va hdn hgp phan ung duoc khudy trong mdi truong Ha ¢ nhiét do
trong phong trong 2 h. Phén tich LCMS thé hién su chuyén héa hoan toan ctia chét ban
d4u. Hon hgp phan tng dugc loc bang tdm celite trén phéu nhya da thiéu két, rira bing
MeOH (2 x 10 mL). Chét loc dugc cd dudi ap suit giam va duoc sir dung truc tiép

trong phan ong tiép theo (200 mg).

Bude 3: Didu ché (2S,4R)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N—
(1-amino-7-(3—xyclohexylureido)-Z—hydroxy-1-0xoheptan—3-yl)-4-(piperidin-1-
yl)pyrolidin-2-carboxamit

B6 sung (2S,4R)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N—(1,7-
diamino-2-hydroxy- 1-oxoheptan-3-yl)-4-(piperidin- 1-yl)pyrolidin-2-carboxamit (200
mg, 0,3 mmol, 1,0 duong lugng) va CH,Cl, (2 mL) vao binh thét ¢ day tron loai 25
mL ¢6 lap thanh khudy tir va trong moi trudong nito. Dung dich dugc xur ly bing
xyclohexyl isoxyanat (43 pL, 0,338 mmol, 1,12 duong luong) tiép theo bang EtN(iPr)2
(59 pL, 0,338 mmol, 1,12 duong luong) va hén hop duge khudy & nhiét do trong
phong trong 2 gio. Phan tng duoc ¢d bang dung dich nudc bdo hoa NaHCO3 (5 mL)
va duoc chiét bing CH2Cl (2 x 5 mL) st dung hop tach pha. Cac chét hitu co két hop

duoc ¢ dudi ap suit giam va dugce tinh ché bang sic ky cot silica gel (12 g), rira giai
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bing 100:0 dén 80:20 CH,Cl:MeOH la gradien dé thu dwoc hop chAt mong mudn &
dang chét bot mau tring nho (181 mg).

Buéc 4: Didu ché (2S,4R)-1-((R)-2-(2-naphtamido)—3-Xyclohexylpropanoyl)-N—
(1-amino-7-(3-xyclohexylureido)-2-hydroxy- 1-oxoheptan-3-yl)-4-(piperidin-1-
yl)pyrolidin-2-carboxamit

Dung dich chua (25,4R)-1—((R)-2—(2-naphtamido)-3-xyclohexylpropanoyl)-N—
(1-amino-7-(3-xyclohexylureido)-2-hydroxy-1 -oxoheptan-3-yl)-4-(piperidin-1-
yl)pyrolidin-2-carboxamit (181 mg, 0,23 mmol, 1,0 duong lugng) trong EtOAc (1,5
mL) va DMSO (163 pL, 2,3 mmol, 10 duong lugng) dugce lam lanh xubng 0 °C trong
bdn nude da. Dung dich duoc xtr ly bang EDC (221 mg, 1,15 mmol, 5 duong luong)
va duoc khudy & 0° trong 15 phut. Sau do, axit dicloaxetic (95 pL, 1,15 mmol, 5
duong lugng) duoc bd sung vao va hdn hop duge khudy & 0° trong 30 phit va sau do
lam 4m va khudy dén nhiét do trong phong trong 2 gid. Phan tich LCMS thé hién sy
chuyén héa hoan toan cua chat ban d4u. Hon hop phan tmg dugc pha lodng bang
EtOAc (10 mL) va nude (5 mL) va duge rét vao phéu tach 50 mL. L6p hitu co dugc
loai bd va con dugc ria bang dung dich nudc bdo hoa NaHCOs (2 mL). Lép nudce
duoc két hop va con dugc chiét bang EtOAc (2 x 4 mL) va 16p hiru co két hop duoc
lam kho bing MgSOs, duge loc va duge ¢ dudi ép sudt giam. Tinh ché bang sic ky
cot silica gel (12 g), rira giai bang 100:0 dén 80:20 CHxCla:MeOH la gradien dé thu
duge hop chat mong mudn & dang chit bot mau tring nhd (100 mg). MS (ESI+) 787
(M+1)®

Vidu 7: (2S,4R)-l-((R)-2-(2-Naphtamido)-3-xyclohexylpropanoy1)-N-(4-
amino-1-xyclobutyl-3,4-dioxobutan-2-yl)-4-(piperidin-1 -yl)pyrolidin-2-carboxamit
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Buwéc 1: Diéu ché (2S,4R)-1—((R)-Z-(2-naphtamido)-3-xyclohexylpropanoyl)-N—
(4-amino-1-xyclobutyl-3 -hydroxy-4-oxobutan-2-yl)-4-(piperidin-1 -yl)pyrolidin-2-

carboxamit

Bé sung axit (2S,4R)-1-((R)-2—(2-naphtamido)-3-xyclohexylpropanoyl)-4-
(piperidin-1-yl)pyrolidin-2-carboxylic (Chét trung gian C, 200 mg, 0,40 mol, 1,0
duong luong), 3-amino-4-xyclobutyl-2-hydroxybutanamit hydroclorua (99 mg, 0,48
mmol, 1,2 duong lugng), HATU (183 mg, 0,59 mmol, 1,5 duong lugng) va CH2Cla (2
mL) vao binh thét ¢ day tron 50 mL c6 lip thanh khudy tir va trong mdi truong nito.
Hon hop phan ung dugc khudy & nhiét do trong phong trong 2 gid' va sau d6 dung
bang dung dich nudc bado hoa NaHCO; (5 mL). Hon hgp duge chiét bang CH2Cl, (2 x
5 mL) st dung hop tach pha. Lép hitu co két hop duoc cd dudi ap sudt giam. Tinh ché
bing séc ky cot silica gel (12 g), rira gidi bing 100:0 dén 80:20 CH.Cl:MeOH 1a
gradien dé thu duoc hop chét néu & d& muc & dang chit bot mau be (268 mg).

Buwéc 2: Didu ché (2S,4R)-1-((R)-Z-(Z-naphtamido)-3-Xyclohexylpropanoyl)-N-
(4-amino-1-xyclobutyl-3,4-dioxobutan-2-y 1)-4-(piperidin-1-yl)pyrolidin-2-carboxamit

Binh dugc nap (2S,4R)-1-((R)-2-(2-naphtamido)-3-Xyclohexylpropanoyl)-N-(4-
amino-1-xyclobutyl-3-hydroxy-4-oxobutan-2-yl)-4-(piperidin- 1-yl)pyrolidin-2-
carboxamit (268 mg, 0,41 mmol, 1,0 duong luong), THF (5 mL) va DMSO (500 pL).
Hon hop phan Gng duge lam lanh xubng 0°C trong bdn nude da va duge xtr ly bing

Dess-Martin Periodinan (516 mg, 1,22 mmol, 3 dwong lugng). Hon hgp phan tng
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duoc khudy & 0°C trong 4 gio dén khi phan tich LCMS thé hién sy chuyén héa hoan
toan ctia chit ban dau. Hon hgp phan ung dugc cd bing dung dich nudc NaxS20g 10%
(5 mL) va dugc chiét bang EtOAc (30 mL). Lop hitu co con duge rira bang dung dich
nuéde bio hoa NaHCO; (10 mL), 1am kho bé‘mg MgSOs, dugce loc va duge ¢d dudi ap
sudt giam. Tinh ché bang séc ky cot silica gel (24 g), rua giai bing 100:0 dén 80:20
CH,Clx:MeOH 14 gradien @8 thu duoc hop chit néu & d& muc & dang chét bot mau be
(85 mg). MS (ESI+) 658 (M+1)®

Vi du 8 va 9 dugc didu ché theo céch tuong tu nhu Vi du 7, st dung 3-amino-2-
hydroxy-4-metylhexanamit (Vi du 8 — xem Cong b6 qudc té s6 WO 2008106139 Al
véi quy trinh didu ché tuong tu) hodc 3-amino-2-hydroxy-4-phenylbutanamit (Vi du9
— chét phan tng c6 trén thi truong) thay vi 3-amino-4-xyclobutyl-2-hydroxybutanamit

hydroclorua trong Budce 1.

Vi du CAu tric MW MS
(ESI+)

N
H@\W 5
O &/ NH

8 646

an 645,85
W chy 7 TN, (M+1)®

(2S,4R)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-N-(1 -amino-4-metyl-1,2-
dioxohexan-3-yl)-4-(piperidin-1-yl)pyrolidin-2-

carboxamit

680

679,86
(M+1)®

(L
(R)
(S)
NH
“Ikio
NH,

o)

o

(2S,4R)-1-((R)-2-(2-naphtamido)-3-
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xyclohexylpropanoyl)-N-(4-amino-3 ,4-dioxo-1-
phenylbutan-2-y1)-4-(piperidin-1-y1)pyrolidin-2-

carboxamit

Vidu 10: (2S,4S)—1-((R)-2-(2-Naphtamido)-3-Xyclohexylpropanoyl)-N—(4—amino-1-
xyclobutyl-3 .4-dioxobutan-2-yl)-4-(piperidin- 1-yl)pyrolidin-2-carboxamit

@ HCle HATU

= o
] N D\“}T?H EtNGPY),
H Y 23°C,18h
@@Jk O 4/ ~oH o/ NH
Chét trung gian D

\\'i;\ N—
M
N/\Ig’im{ CH,Cly, 23 °C, O 23°C.2h Clj)\ ’2
OH
T Fom =t

Vidu 10

Buée 1: Didu ché (2S,4S)-1-((R)-2-(2-naphtamido)-3-Xyclohexylpropanoyl)-N-
(4-amino-1-xyclobutyl-3 -hydroxy-4-oxobutan-2-yl)-4-(piperidin- 1-yl)pyrolidin-2-

carboxamit

B6 sung axit (2S,4S)-1-((R)-2-(2—naphtamido)-3-Xyclohexylpropanoyl)—4-
(piperidin-1-yl)pyrolidin-2—carboxylic (Chét trung gian D, 1,0 g, 1,98 mmol, 1,0
duong lugng), 3-amino-4-xyclobutyl-2-hydroxybutanamit hydroclorua (417 mg, 1,98
mmol, 1,0 duong luong), HATU (1,13 g, 2,97 mmol, 1,5 duong lugng) va CH2Cl (5
mL) vao lo nhé 20 mL ¢6 lap vach ngan teflon, thanh khudy tir va trong moi trudong
nito. Hdn hop phéan tng duge xu ly bang EtN(iPr)2 (700 uL, 4,0 mmol, 2,0 duong
lugng) va dugc khudy & nhiét d¢ trong phong trong 18 gio qua dém. Hon hop phan
ing dugc ¢ bang dung dich nudc bdo hoa NaHCO3 (40 mL) va dugc chiét bang
CH,Cl, (3 x 25 mL) st dung hop tach pha. Lép hitu co két hop duge co dudi ap suét
giam. Tinh ché bang sic ky cot silica gel (50 g), rira giai bang 100:0 dén 85:15
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CH2Cl2:MeOH la gradien 8 thu duoc san phdm mong mudn duéi dang mang mau be

(129 mg).

Buwée 2: Diéu ché (2S,4S)-1-((R)-2-(2-naphtamid0)-3-xyclohexylpropanoyl)-N—
(4-amino-1-xyclobutyl-3 ,4-dioxobutan-2-yl)-4-(piperidin-1 -yl)pyrolidin-2-carboxamit

B6 sung (2S,4S)-1-((R)—Z-(Z-naphtamido)-3-xyclohexylpropanoyl)-N-(4-amino-
1-xyclobutyl-3 -hydroxy-4-oxobutan-2-yl)-4-(piperidin-1 -yl)pyrolidin-2-carboxamit
(120 mg, 0,182 mmol, 1,0 duvong luong) va CH2Clx (2 mL) vao binh thot cd day tron
loai 25 mL ¢6 lap thanh khudy tir va trong mdi trudng nito. Dung dich duoc xtr Iy bang
Dess-Martin Periodinan (93 mg, 0,22 mmol, 1,2 duong luong) va dugc khuéy & nhiét
dd trong phong trong 2 h. Hon hop phén tng duoc cb bang dung dich nudc bdo hoa
NaHCOs (5 mL) va dung dich nuéc NaS208 10% (5 mL). Hon hop phan tng duoc
chiét bing CH,Cly (3 x 5 mL) st dung hop tich pha va 16p hitu co két hop dugc ¢d
dudi 4p suit giam. Tinh ché bang sic ky cot pha dao (cot C18 13 g) rira giai bing
90:10 dén 20:80 HaO:MeCN + 0,1% HCO,H Ia gradien. Cac phdn mong mudn duoc
¢d, hoa tan trong CHa2Clz (5 mL) va dugc rira bang dung dich nudc bao hoa NaHCOs
(2 x 5 mL). Lép hitu co duge 6 dudi 4p sudt giam dé thu duoc hop chat néu & dé muc

& dang chét bot (18 mg). MS (ESI+) 659 (M+1)®

Vi du 11: (2S,4S)-1-((R)-2-(2-Naphtamido)-3 -xyclohexylpropanoyl)-N-(1-amino-7-(3-
xyclopropylureido)-1,2-dioxoheptan-3-yl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-

triazol-1-yl)pyrolidin-2-carboxamit
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N

t"y\ NJ\KCHB

0 N HiC §>——N:C;

= N
/j!)/ 2 3,5 mlldm
EtN({iPr)z
CHyClz, 0°C, 1h

HCle HZN N,

Chit trung gian G

O E HgC OH pY Hsc OH
: :
! x N/ﬁf A N/\]/N
J R 5 M IBX k D
~ o] OH E—— R = o NH
o THF:DMSO o O
N )X\N/\/\ ) 23°C,24h A W
g H o NHe N E; @ NHz
H
Vidu 11

Buée 1: Didu ché (28,45’)—1-((R)-2-(2-naphtamido)-3-Xyclohexylpropanoyl)-N-
(1-amino-7-(3-xyclopropylureido)-2-hydroxy- 1-oxoheptan-3-y1)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamit

B6 sung (2S,4S)—1-((R)-Z-(2—naphtamido)-3-xyclohexylpropanoyl)-N—(1,7-
diamino-2-hydroxy-1-oxoheptan-3 -y1)-4-(5-(2-hydroxypropan-2-yl)-14- 1,2,3-triazol-
1-yl)pyrolidin-2-carboxamit hydroclorua (Chét trung gian G, 8,22 g, 11,2 mmol, 1,0
dwong luong) va CHa2Clz (140 mL) vao binh thot c6 day tron loai 100mL c6 lap thanh
khudy tir va trong moi truong nito. Dung dich dugc lam lanh xubng 0°C va 2,3,5-
colidin (2,93 mL, 22,5 mmol, 2 duong lwgng) va EtN(Pr)2 (3,93 mL, 22,5 mmol, 2
duong lugng) dugc bd sung vao tiép theo 1a isoxyanotoxyclopropan (1,03 mL, 12,4
mmol, 1,1 duong lugng). Dung dich dugc khudy & 0°C trong 1 gio va sau d6 dugc lam
dimg bing dung dich nuéc HCI 0,5M (200 mL) va dugc chiét bang CH2Cl, (6 x 100
mL) st dung phéu tach loai 500mL. Lép hiru co két hop duge ria bing nudc mubi
(100 mL), lam kho bing MgSOs, dugc loc va duge c6 dudi dp sut giam. Tinh ché
bing sic ky cot silica gel (330 g), rira gidi bang 100:0 dén 85:15 CH,Cl:MeOH 1a
gradien & thu dugc hop chit néu & d& muc & dang chét bot (6,44 g).

Buée 2: Didu ché (2S,4S)-1-((R)-2—(2-naphtamid0)-3—Xyclohexylpropanoyl)-N-
(1-amino-7-(3-xyclopropylureido)-1 .2-dioxoheptan-3-yl)-4-(5-(2-hydroxypropan-2-
yD)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamit
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B6 sung (2S,4S)-1-((R)-2-(2-naphtamido)-3-Xyclohexylpropanoyl)-N—(1—amino-
7-(3-xyclopropylureido)-2-hydroxy-1 -oxoheptan-3 -yl)-4-(5-(2-hydroxypropan-2-yl)-
1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamit (1,50 g, 1,9 mmol, 1,0 duong luong),
THF (8 mL) va DMSO (2 mL) vao binh thot cb day tron loai 100mL ¢6 lap thanh
khudy tir va trong mdi truong nito. Dung dich duogc xtr ly bang IBX 45% trong luong
(2,37 g, 3,8 mmol, 2,0 duong lugng) va huyén phit mau trang dugc khudy & nhiét do
trong phong trong 18 gio qua dém. Hon hop phan tng dugc cd bang dung dich nudc
Na28,08 10% (50 mL) va dugc rét vao phéu tach loai 250mL chira nude (75 mL) va
duoc chiét bang CH2Clz (3 x 50 mL). Lép hitu co két hop dugc ria bang nudc mudi
(50 mL), lam kho bang MgSOa, dugc loc va duge c6 dudi ap suit giam. Tinh ché bang
sdc ky cot silica gel (120 g), rtra giai bang 100:0 dén 85:15 EtOAc:MeOH la gradien
dé thu duoc hop chét néu & d& muc & dang chit bot mau trang (584 mg). MS (ESI+)
786 (M+1)®

1H NMR (CD30D, 300 MHz): & 8,23-8,19 (1H, m), 8,00-7,89 (4H, m), 7,62-
7,45 (3H, m), 5,84-5,78 (1H, m), 5,28-5,18 (1H, m), 4,66-4,43 (1H, m), 4,40-4,06 (2H,
m), 3,18-2,97 (4H, m), 2,40-2,19 (1H, m), 1,97-0,36 (30 H, m) ppm.

Vidu 12: (2S,4S)-1-((R)—2-(2-naphtamido)-3-Xyclohexylpropanoyl)-N—(1-amino—7-(3-
isobutylureido)-1,2-dioxoheptan-3-y1)-4-(5 -(2-hydroxypropan-2-yl)-1H-1 ,2,3-triazol-

1-yl)pyrolidin-2-carboxamit

CHg HsC

HC ‘OH /L\,'NHE
N
W Tnphosgen
EtsN
THF,0°C,1h
HCI
’HN o NH
Chét trung gian G
N N
N\N]\( N k
\ :§ CHs N CHs;
SONY NON Y
| H DMP | N
= 0 g NH oH , I o ¢ o NH
0 THF:DMSO o O
}L\N/‘\J/‘\ / NH2 0°C,Bh }\ /_\//"“N
C N 4 N NH
Hal \(\H H 0 H:«C\(\fg H o 2
CHa CHa
Vidui2
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Bude 1: Didu ché (25,45)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-
(1-amino-2-hydroxy-7-(3 -isobutylureido)-1-oxoheptan-3 -y1)-4-(5-(2-hydroxypropan-
2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamit

B6 sung isobutyl amin (36,9 mg, 0,5 mmol, 11 dwong lugng) va THF (10 mL)
vao lo mau loai 20 mL ¢6 lip thanh khudy tir va trong mdi truong nito. Dung dich
duoc lam lanh Xuéng 0°C trong bon nudc da va triphosgen (45,3 mg, 0,17 mmol, 3
duong luong) dugc bd sung vao, theo sau bdi EtsN (200 uL, 1,4 mmol, 2,8 duong
lugng). Dung dich dugc khudy & 0°C trong 1 gio dé thu dugc isoxyanat chua dugc

tinh ché.

Lo mau tach 20mL chtra (25,49)-1 -((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-N-(1 7-diamino-2-hydroxy-1-oxoheptan-3 -y1)-4-(5-(2-
hydroxypropan-Z-yl)-lH—l,2,3-triazol-1-yl)pyrolidin—Z-carboxamit (Chét trung gian G,
34 mg, 0,046 mmol, 1,0 duong lugng), EtN (20 uL, 0,138 mmol, 3 duong lugng) va
THF (2 mL) duoc lam lanh xubng 0°C trong bdn nude da. Phan 1,0 mL isoxyanat
duogc didu ché & trén (1,0 mL = 0,050 mmol, 1,1 dwong lugng) dugc bd sung vao lo
nhoé va hdn hop duge khudy & 0°C trong 1 gio. Phan ng dugc lam dung bing nude
(10 mL) va dugc chiét bang EtOAc (2 x 30 mL). LGp hitu co két hop duge lam khod
bing MgSOs, duge loc va dugc 6 dudi ap suat giam. Tinh ché bang séc ky cot silica
gel (10 g), rira giai bang 100:0 dén 80:20 EtOAc:MeOH la gradien dé thu duoc hop

chit néu & d& muc (17 mg).

Buérc 2: Didu ché (2S,4S)-1-((R)-2-(2-naphtamid0)-3-Xyclohexylpropanoyl)-N-
(1-amino-7-(3 -isobutylureido)-1,2-dioxoheptan-3 -yl)-4-(5 -(2-hydroxypropan-2-y1)-
1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamit

B6 sung (2S,4S)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N—(1-amino-
2-hydroxy-7-(3-isobutylureido)-1 -oxoheptan-3-yl)-4-(5 -(2-hydroxypropan-2-yl)-1H-
1,2,3-triazol—1-yl)pyrolidin—2-carboxamit (17 mg, 0,021 mmol, 1,0 duong lugng), THF
(4 mL) va DMSO (0,5 mL) vao lo mau loai 20 mL c6 lap thanh khudy tir va trong moi
trudng nito. Dung dich duge xir ly bing Dess-Martin Periodinan (54 meg, 0,126 mmol,
6,0 duong lugng) va phan ung duoc khudy & 0 °C trong 8 gi0. Phan ung duoc cb bang
dung dich nuéc NazS$203 10% (2 mL) va dugc khudy & nhiét 4o trong phong trong 30
phut. Hon hop phan tmg dugc pha lodng bang nudce (5 mL) va dugc chiét bang EtOAc
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(25 mL). L6p hiru co duge raa bang nude (5 mL), lam kho bang MgSOs, dugc loc va
duogc cd dudi ap sudt giam. Tinh ché bang séic ky cot silica gel (10 g), rira giai bang
100:0 dén 75:25 EtOAc:MeOH la gradien dé thu duogc hop chét néu & dé muc & dang
chét bot mau tréng nhd (6,1 mg). MS (ESI+) 802 (M+1)°

Hop chét trong vi du 13-29 duoc didu ché theo cach tuwong tu nhu trong vi du
12, st dung amin thich hop trong Budc 1 d tao thanh isoxyanat. Trong truong hop vi
du 13, xyclohexylisoxyanat twong ng 13 ¢6 ban sin trén thi truong. Trong truong hop
& vi du 15, etylisoxyanat twong ng la 6 ban s&n trén thi truong. Trong truong hop O
vi du 20, tetrahydro-2H—thiopyran-4-amin duoc st dung lam amin trong Budc 1 va
qué trinh oxy héa thanh sulfoxit dién ra trong sudt qua trinh oxy héa DMP trong budce
2, Vi du 21, thoi gian phéan Gng trong budc oxy hoa DMP giam xubng 1 gidy dé tach

sulfua. Vi du 29, triflometansulfonyl clorua dugc dung thay cho isoxyanat.

Vi du CAu tric MW MS
(ESI+)

N

N |
m N CHs
o (S OH

HaC

| O &/ NH o
(0]
O~ F 2
13 N H o’ NH2 828,03

(M+1)®
(2S,4S)-1-((R)-2-(2-naphtamid0)-3—

xyclohexylpropanoyl)-N-(1 -amino-7-(3-
xyclohexylureido)-1 .2-dioxoheptan-3-yl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-

y1)pyrolidin-2-carboxamit
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(2S,48)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-N-(1-amino-1 ,2-dioxo-7-(3-
(pyridin-4-yl)ureido)heptan-3 -yl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-
yl)pyrolidin-2-carboxamit

822,97

823
(M+1)®

15

N

N
m N CHs
(S)
O H.c OH

: 3
. N
N“(R) (S)
H/\n/
© o7 "NH

(@]
/\/\
/\H»\H NH;

HsC O

(2S5,49)-1 -((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-N-(1 -amino-7-(3-etylureido)-
1,2-dioxoheptan-3 -yl)-4-(5-(2-hydroxypropan-2-yl)-

1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamit

773,94

774
(M+1)®

16

N

N |
w N CHs
o (S) OH

< H3C
- N
N (R) (S)
Y
o NH
iL S~
H3C/N/;_/>\M N o NH,

(2S5,49)-1 -((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-N-(1 -amino-7-(3-(1-metyl-
1 H-pyrazol-3-yl)ureido)-1 ,2-dioxoheptan-3-yl)-4-

825,97

826
(M+1)®
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(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamit

17

/,N

CH3
3C OH

oo “f

(25,49)-1 -((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-N-(1 -amino-7-(3-(isoxazol-3-
yl)ureido)-1 .2-dioxoheptan-3-yl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamit

812,93

813
(M+1)®

18

N

N
m N CHs
), & OH

H4C

NH
%
O
@N)L N 7 NH,
H H

(25,45)-1 -((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-N-(1-amino- 1,2-dioxo-7-(3-
(tetrahydro-2H- _pyran-4-yl)ureido)heptan-3 -y1)-4-(5-
(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-

yl)pyrolidin-2-carboxamit

830,00

830
(M+1)®

19

823,96

824
M+1)®
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(25,4S)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-N-(1-amino- 1,2-dioxo-7-(3-
(pyrimidin-S-yl)ureido)heptan-3-yl)-4-(5—(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamit

20

/N

CHs

HyC OH
s
oy fow

(28,4S)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-N—(1-amin0-7-(3-(1 -
oxidotetrahydro-2H-thiopyran-4-yl)ureido)-1,2-
dioxoheptan—3-y1)—4-(5-(2—hydroxypropan-2-yl)-1H—
1,2,3-triazol-1-yl)pyrolidin-2-carboxamit

862,06

862
(M+1)°

21

N

N, |
m N CHs
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o NH
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/\/\)\i
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(28,4S)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-N—(1-amino-l,2-diox0-7-(3-

(tetrahydro-2H-thiopyran-4-yl)ureido)heptan-3-yl)-

4~(5-(2-hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-
yl)pyrolidin-2-carboxamit

846,06

846
(M+1)®
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(28.48)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-N-(1-amino- 1,2-dioxo-7-(3-
(pyridin—3-yl)ureido)heptan-3—yl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamit

822,97

823
(M+1)®

23

N

N
m N CHg
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: Hac O
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@]
\ S~y N NH,
N H H (@]

(28,45)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-N-(1-amino-1 ,2-dioxo-7-(3-
(pyridin-2-yl)ureido)heptan-3 -y1)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamit

822,97

823
(M+1)®

24

N
Hff?)\[( (s)
O o7 "NH

o)

I N/\/\ NH

AL o
(2S,4S)-1-((R)—2-(2-naphtamido)-3-
xyclohexylpropanoyl)-N-(1-amino-1 ,2-dioxo-7-(3-

783,93

784
(M+1)®
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(prop-2-yn-1-yl)ureido)heptan-3 -yl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamit

25

N

N
(=t NN\ CHs
0 () OH

B H3C

o NH
O
O-N

HaC N )\\ \ o~ "
HsC N H 0 2

H;C

(25,49)-1 -((R)-2-(2-naphtamido)-3-

xyclohexylpropanoyl)-N—( 1-amino-7-(3-(5-(tert-
butyl)isoxazol-3-yl)ureido)-1 ,2-dioxoheptan-3-yl)-

4-(5-(2-hydroxypropan-2-yl)- 1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamit

869,04

869
M+1)®

26

N

N
m N CHs
5 (s)

z ch OH
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o7 NH
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S48 o}

(25,45)-1-((R)-2-(2-naphtamido)-3-
xyclohexy1propan0y1)-N-(7—(3 -allylureido)-1-
amino-1,2-dioxoheptan-3-yl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-
yl)pyrolidin—2-carboxamit

785,95

787
(M+1)®
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(2S,45)-1 -((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-N-(1 -amino-7-(3-
(xyanometyl)ureido)-1 ,2-dioxoheptan-3-yl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-

yl)pyrolidin-2-carboxamit

784,92

785
(M+1)®

28

O S

(25.,45)-1 -((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-N-(1 -amino-7-(3-
xyclobutylureido)-1 .2-dioxoheptan-3-yl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-
yl)pyrolidin-2-carboxamit

799,97

800
M+1)®

29

0
0
O\:S”‘N/\/\)\j\
o " NH;

(25.,45)-1 -((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-N-(1 -amino-1,2-dioxo-7-
((triﬂomety1)su1fonamido)heptan—3 -y1)-4-(5-(2-

834,91

835
(M+1)®
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hydroxypropan-2-yl)-1H-1,2,3-triazol-1-

yl)pyrolidin-2-carboxamit

Vi du 30: (25,4S)-1-((R)-2-(2-Naphtamido)-3 -xyclohexylpropanoyl)-N-(1-amino-7-(3-
(xyclopropylsulfonyl)ureido)-1 ,2-dioxoheptan-3-yl)-4-(5 -(2-hydroxypropan-2-y1)-1H-
1,2,3-triazol-1-yl)pyrolidin-2-carboxamit

N
N TL
N7\ -CH; 0.0
N X Y

S.
E HaC OH V" NH,
R N/\T(N
| J H g NH etyl cloroformat
o Et,N, DMAP

OH

toluen , 95 °C, 18 h
oo™
HzN d: NHZ
- ian &
N N-
N N
YL':\ N CHs K N CHs
™
9 4 e OH 0 [\ Hye OH
SOR R w__ CXT Y
S O 7 ~NH o JRR S — AL 1o o ~NH
o 9 THF:DMSO o 0
oSl )LN/\/\ " 0°C,8h O‘\(isi) /\\\N/\/\
AL o e o N
Vidu 30

Buée 1: Didu ché (25,49)-1 —((R)-2-(2-naphtamid0)-3-xyclohexylpropanoyl)—N—
(1-amino-7-(3 -(xyclopropylsulfonyljureido)-2-hydroxy- 1-oxoheptan-3-y1)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamit

B6 sung xyclopropyl sulfonamit (121 mg, 1,0 mmol, 15 duong luong), EtN
(430 pL, 3,0 mmol, 45 duong luong) va CH,Cl, (6 mL) vao lo mau loai 20 mL ¢6 lap
thanh khudy tir va trong méi truong nito. Hdn hop phan tng duoc lam lanh xubng 0°C
va etyl cloformat (170 pL, 1,7 mmol, 26 duong lugng) dugc bd sung vao hdn hop.
Hon hop dugce lam Am dén nhiét dd trong phong va dugc khudy trong 2 h. Phan mg
duoc 1am dirng bang nude (5 mL) va duge axit hoa dé dat do pH =4 bang cach thém
ting giot axit axetic bang. Lép hiru co dugc loai bé va dugce cod dudi ap sudt giam.
Chét diu tao thanh dugc hoa tan trong toluen (3 mL) va dugc bd sung (25,45)-1-((R)-
2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-(1 ,7-diamino-2-hydroxy-1-oxoheptan-3-
y1)-4-(5-(2-hydroxypropan-2-yl)-1H-1 2.3-triazol-1-yl)pyrolidin-2-carboxamit (Chét

-145-




36473

trung gian G, 50 mg, 0,07 mmol, 1,0 duong lugng), DMAP (200 mg) va hdn hop tao
thanh dugc gia nhiét dén 95°C trong bon dau trong 18 gid qua dém. Hbn hop phan ung
dugc lam lanh xubng nhiét do trong phong va dung bang nuée (5 mL). Lop nude dugce
rira bang EtOAc (2 x 2 mL). Lép nudc tao thanh duoc axit hoa dé dat ¢o pH <1 bing
dung dich nuéc HCI 1M va duge chiét bing CH2Clz (2 x 2 mL). Lép CHa2Cl> duge o

dudi ap sudt giam dé thu duoc hop chét néu & d& muc (14 mg).

Bude 2: Didu ché (25,45)-1 -((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-
(1-amino-7-(3 -(xyclopropylsulfonyl)ureido)-1 .2-dioxoheptan-3-yl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-carboxamit

B6 sung (2S,4S)-1-((R)-2-(2-naphtamido)-3—Xyclohexylpropanoyl)-N—(1-amino-
7-(3- (xyclopropylsulfonyl)ureido)-Z-hydroxy-1-oxoheptan-3-yl)-4-(5—(2-
hydroxypropan-2-yl)-1H-1,2, 3-triazol-1-yl)pyrolidin-2- carboxamit (14 mg, 0,016
mmol, 1,0 duong lugng), THF (4 mL) va DMSO (0,5 mL) vao lo mau 20mL c6 1ip
thanh khudy tir va trong mdi truong nito. Dung dich dugc Xt ly bang Dess-Martin
Periodinan (50 mg, 0,120 mmol, 7,5 dwong lwgng) va phan tng duoc khudy & 0 °C
trong 8 h. Phan tmng duoc co bang dung dich nudc NaS;03 10% (2 mL) va duge
khudy & nhiét d§ trong phong trong 30 phut. Hdn hop phan Gmg dugc pha lodng bang
nude (5 mL) va duoc chiét bang EtOAc (25 mL). Lép hitu co dwoc rira bang nude (5
mL), lam kho bang MgSOs, dugce loc va duge cd dudi ap suit giam. Tinh ché bang sic
ky cot silica gel (12 g), rua giai bang 100:0 dén 75:25 CH2Cl:MeOH la gradien dé thu
dugc hop chét néu & dé muc & dang chét bot mau tréng nho (2 mg). MS (ESI+) 851
(M+1)®

Vi du 31: Benzyl (5-((25.,45)-1 -((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-4—(5 -
(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1 -yl)pyrolidin-Z-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat

CHs Y;O&

HaC OH : Ty OH
R N
N/Y MP | ﬁ
S = (e} & NH

THF: " TFoMso o - O
0°C,8h e
Chz~
N N
H d NHZ o0 i 7 NHz
rung ai / Vidu 31

-146-



36473

B6 sung benzyl (5-((2S,4S)-1-((R)-2-(2-naphtamido)-3-Xyclohexylpropanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2 3-triazol-1—yl)pyrolidin-Z-carboxamido)-7-
amino-6-hydroxy-7-oxoheptyl)carbamat (Chét trung gian G, Budc 2, 60 mg, 0,070
mmol, 1,0 dwong lugng), THF (4 mL) va DMSO (0,5 mL) vao 1o mAu 20mL c6 lap
thanh khudy tir va trong mdi truong nito. Dung dich dugc xu ly bang Dess-Martin
Periodinan (180 mg, 0,42 mmol, 6 duong lwgng) va phan tng duoc khudy & 0 °C trong
8 h. Phan ung dugc co bang dung dich nudc NaxS203 10% (2 mL) va dugc khudy &
nhiét do trong phong trong 30 phut. Hdn hop phan tng dugc pha lodng bang nude (5
mL) va dugc chiét bang EtOAc (25 mL). Lop hitu co dugc rira bang nudce (5 mL), lam
kho bang MgSOs, dugc loc va dugc 6 duéi ap suat giam. Tinh ché bang sic ky cot
silica gel (12 g), rira giai bang 100:0 dén 75:25 CH,Cl:MeOH la gradien dé thu duge
hop chit néu & d& muc ¢ dang chét bot mau tring nho (35 mg). MS (ESI+) 837

(M+1)®

Vi du 32: Benzyl (5-((25,45)-1 -((R)-2-(2-naphtamido)-3 -Xyclohexy1propanoy1)-4-(4-
(2-hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1 —yl)pyrolidin-2-carboxamido)-7-amino—6,7-

dioxoheptyl)carbamat
CH3
=—OH
CHg
N/}( ,,,,,, -
CUSOA
axit ascorbic
{BuOH:H,O
Cbz~ 23°C, 2 ngay
ﬁ o NH;
run
CHsoy CHaoyy

CH N
o N e

N

oY i e oM,
ST

THF:DMSO
CbZ\ /\/\ 0°C,4h

2 CbZ\N ) NHZ

H O
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Bude 1: Diéu ché benzyl (5—((2S,4S’)-1-((R)—Z-(2-naphtamid0)—3-
xyclohexylpropanoyl)-4-(4-(2-hydroxypropan-2-yl)- 1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)—7—amino-6-hydroxy-7-0xohepty1)carbamat
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Bb sung benzyl (5-((2S,4S)—1-((R)-2-(2-naphtamido)-3-Xyclohexylpropanoyl)-
4-azidopyrolidin-2-carboxamido)-7-amino-6-hydroxy-7-oxoheptyl)carbamat (Chét
trung gian G, Budc 1, 242 mg, 0,32 mmol, 1,0 duong luong), CuSO4 (10 mg, 0,06
mmol, 0,2 dwong lugng), axit L-ascorbic (56 mg, 0,32 mmol, 1 duong lugng), t-BuOH
(2 mL) va nuéc (2 mL) vao lo mau 20mL co lép thanh khudy tir va trong moi trudng
nito. Hon hgp duge xtr ly bing 2-metyl-3-butyn-2-ol (78 ul, 0,80 mmol, 2,5 duong
luong) va huyén phu dugc khudy & nhiét do trong phong trong 2 ngay. Phan tmg dugc
lam dung bang nude (10 mL) va duoc chiét bing EtOAc (4 x 5 mL) st dung phéu
tach. Lop hitu co két hop duge ria bang nudc mubi (10 mL), lam khd bang MgSOs4,
duge loc va dugce co dudi ap sudt giam. Tinh ché bing sic ky cot silica gel (12 g), rua
giai bang 100:0 dén 90:10 CH2Clh:MeOH la gradien dé thu duoc hop chét mong mudn
& dang chit bot (128 mg).

Buéc 2: Didu ché benzyl (5-((25,45)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-4-(4-(2-hydroxypropan-2-yl)- 1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-7-amino-6,7-dioxoheptyl)carbamat

Bb sung benzyl (5-((2S,4S)-1-((R)-2-(2-naphtamido)-3-Xyclohexylpropanoyl)-
4-(4-(2-hydroxypropan-2-yl)-1H-1 ,2,3-triazol- 1-yl)pyrolidin—Z-carboxamido)-7-
amino-6-hydroxy-7-oxoheptyl)carbamat (128 mg, 0,15 mmol, 1,0 duong luong), THE
(4 mL) va DMSO (1 mL) vao lo mau 20mL co lap thanh khudy tir va trong moi truong
nito. Dung dich dugc xt ly bang Dess-Martin Periodinan (390 mg, 0,92 mmol, 6
dwong luong) va phan tmg dugc khudy & 0°C trong 4 gi0. Phan tng dugc ¢d bang
dung dich nudc NaxS$203 10% (5 mL) va dugc khudy & nhiét do trong phong trong 30
phut. Hdn hop phan tmg dugc pha lodng bang nude (5 mL) va dugce chiét bang EtOAc
(4 x 10 mL). Lép hitu co duogc rira bang nudc mudi (10 mL), lam kho bang MgSOs,
duoc loc va duge co dudi ap suit giam. Tinh ché bing sdc ky cot silica gel (12 g), rira
gidi bang 100:0 dén 75:25 CH,Cl:MeOH la gradien dé thu dugc hop chét néu & dé
muc ¢ dang chét bot mau trang nhd (32 mg). MS (ESI-) 835 (M-1)®

Vi du 33: Benzyl (5-((2S,4R)-1-((R)-Z—(Z-naphtamido)-3-Xyclohexylpropanoyl)-4-(5-
(2-hydroxypropan-2-yl)-14-1 ,2,3-triazol-1 -yl)pyrolidin-Z-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat
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Buée 1: Didu ché benzyl (5-((25,4R)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-4-(5-(2-hydroxypropan-2—yl)- 1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-7-amino-6-hydroxy-7-oxoheptyl)carbamat

B6 sung benzyl (5-((2S,4R)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-
4-azidopyrolidin-2-carb0xamido)-7-amino-6-hydroxy-7-oxoheptyl)carbamat (Chét
trung gian H, 230 mg, 0,31 mmol, 1,0 duong lugng), 2-metyl-3-butyn-2-ol (118 pL,
1,22 mmol, 4 duong lugng) va Cp*RuCl(PPhs)2 (12 mg, 0,015 mmol, 0,05 duong
lugng) trong 1,4-dioxan (3 mL) vao binh thot ¢d day tron loai 25 mL ¢ lap thanh
khudy tir va trong moi truong Na. Hdn hop bén trong binh dugce lam sach bing dong
khi N, &n dinh trong 10 phut va sau d6 dung dich dugc gia nhiét dén 60°C trong bdn
dAu trong 2,5 h. Phan Gng dugc lam lanh xubng nhiét d trong phong va tai truc tiép
1én silica gel. Tinh ché bing sdc ky cot silica gel (12 g), rira giai bing 100:0 dén 90:10
CH,Cl;:MeOH la gradien dé thu duoc hop chét néu & dé muc & dang chét bot tan duogc
(155 mg).

Buéc 2: Didu ché benzyl (5-((25,4R)-1-((R)-2-(2-naphtamido)—3-
xyclohexylpropanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-
carboxamido)-7-amino-6,7-dioxoheptyl)carbamat

B sung benzyl (5-((2S,4R)-1-((R)-2-(2—naphtamido)—3-Xyclohexylpropanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-7-
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amino-6-hydroxy-7-oxoheptyl)carbamat (155 mg, 0,19 mmol, 1,0 duong lugng), THF
(2 mL) va DMSO (0,6 mL) vao binh thot c¢b day tron loai 25 mL c6 lip thanh khudy tir
va trong mdi trudng N2. Dung dich dugc lam lanh xubng 0°C trong bdn nudc da va
Dess-Martin Periodinan (470 mg, 1,1 mmol, 6 duong lugng) dugc bd sung vao va
huyén phu dugc khudy & 0°C trong 4 gid. Phan ng dugc ¢d bang dung dich nudc
NaS203 10% (5 mL) va dugc khudy & nhiét d trong phong trong 30 phut. Hon hop
phan Gng dugc pha loang bang nude (5 mL) va duoc chiét bang EtOAc (4 x 10 mL).
Lép hitu co dwoc rira bing nuée mudi (10 mL), 1am kho bing MgSOs, dugc loc va
dugc co dudi ap suét giam. Tinh ché bing sic ky cot silica gel (12 g), ria giai bang
100:0 dén 75:25 CH2Cl2:MeOH la gradien dé thu duoc hop chit néu & dé muc & dang
chat bot mau tring nho (70 mg). MS (ESI+) 837 (M+1)®

Vi du 34: Benzyl (5-((25,4R)-1-((R)—Z-(2-naphtamido)-3-xyclohexylpropanoyl)-4-(4-
(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-7 -amino-6,7-

dioxoheptyl)carbamat
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Buée 1: Didu ché benzyl (5-((2S,4R)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-4-(4-(2-hydr0xypr0pan-2-y1)— 1H-1,2,3-triazol-1-yl)pyrolidin-2-
carboxamido)-7-amino-6-hydroxy-7-oxoheptyl)carbamat

B6 sung benzyl (5-((2S,4R)-1-((R)-Z-(Z—naphtamido)-S-xyclohexylpropanoyl)—
4-azid0pyrolidin-2-carboxamido)-7-amino-6-hydroxy-7-oxoheptyl)carbamat (Chét
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trung gian H, 293 mg, 0,39 mmol, 1,0 duong lugng), 2-metyl-3-butyn-2-ol (90 uL,
0,97 mmol, 2,5 duong lugng), CuSO4 (12 mg, 0,08 mmol, 0,2 duong lugng) va axit L-
ascorbic (68 mg, 0,31 mmol, 0,8 duong lugng) vao binh thét ¢b day tron loai 25 mL ¢6
lap thanh khudy tir va trong moi truong Noa. Chét ran duge cho vao +-BuOH (2 mL) va
nudc (2 mL) va duoc khudy & nhiét d9 trong phong trong 18 h qua dém. LCMS thé
hién mot sb chat ban dAu con lai, vi vdy phan khac cta 2-metyl-3-butyn-2-ol (90 pL,
0,97 mmol, 2,5 duong lugng), CuSOs (12 mg, 0,08 mmol, 0,2 duong luong) va axit L-
ascorbic (68 mg, 0,31 mmol, 0,8 duong lugng) dugc bd sung vao. Hon hop bén trong
binh duoc khudy & nhiét d trong phong trong 24 h nita. Phan mg dugc lam dung
bang nude (10 mL) va duge chiét bang EtOAc (4 x 10 mL) sir dung phéu tach. Lép
hiru co két hop duge ria bang nudc mudi (10 mL), lam kho bing MgSQs, dugce loc va
dugc ¢6 dudi ap suit giam. Tinh ché bang sic ky cdt silica gel (12 g), ria giai bang
100:0 dén 90:10 CH,Cl:MeOH la gradien d8 thu duge hop chit mong mudn & dang
chit bot (90 mg).

Buérc 2: Diéu ché benzyl (5-((25,4R)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)—4-(4-(2-hydr0xypropan-2-y1)- 1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-7-amino-6,7-dioxoheptyl)carbamat

B6 sung benzyl (5-((25,4R)—1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-
4-(4-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamido)-7-
amino-6-hydroxy-7-oxoheptyl)carbamat (90 mg, 0,11 mmol, 1,0 duong lugng), THF
(2,5 mL) va DMSO (1 mL) vao binh thot cb day tron loai 25 mL ¢6 l4p thanh khudy tir
va trong mdi trudng Na. Dung dich duoc lam lanh xubng 0°C trong bdn nudc da va
Dess-Martin Periodinan (273 mg, 0,64 mmol, 6 duong luong) duoc bd sung vao va
huyén phtt duoc khudy & 0°C trong 4 gio. Phan Gng dugc o bang dung dich nudc
Naz$203 10% (5 mL) va dugc khudy & nhiét d6 trong phong trong 30 phut. Hon hop
phan Ung dugc pha lodng bang nude (5 mL) va dugce chiét bang EtOAc (4 x 10 mL).
L6p hitu co duge rira bang nudc mudi (10 mL), 1am kho bing MgSQs, dugce loc va
duoc ¢ dudi ap suat giam. Tinh ché bing sic ky cot silica gel (12 g), rira giai bang
100:0 dén 75:25 CH2Cl2:MeOH 1a gradien dé thu dugc hop chét néu & d& muc & dang
chét bot mau tring nho (19 mg). MS (ESI-) 835 (M-1)©
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Vi du 35: (ZS,4S)-1-((R)-Z-(2-Naphtamido)-3-Xyclohexylpropanoyl)-N-(1-amino- 1,2-
dioxohex-5-en-3-yl)-4-(5-(2-hydroxypropan-2-yl)-14- 1,2,3-triazol-1-yl)pyrolidin-2-

carboxamit
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Buéc 1: Didu ché (2S,4S)-1-((R)-2-(2—naphtamido)-3-xyclohexylpropanoyl)-N—

(1-amino-2-hydroxy-1-oxohex-5 -en-3 -yl)-4-azidopyrolidin-2-carboxamit

B6 sung axit (25,45)-1-((R)-2-(2-naphtamido)-3—xyclohexylpropanoyl)—4—
azidopyrolidin-2-carboxylic (Chét trung gian F, 590 mg, 1,27 mmol, 1,0 duong
luong), 3-amino-2-hydroxyhex-5-enamit hydroclorua (Chét trung gian I, 203 mg, 1,40
mmol, 1,1 duong lugng), HATU (580 mg, 1,52 mmol, 1,2 dwong lugng) va CH2CL (3
mL) vao binh thot cb day tron loai 25 mL ¢6 lap thanh khudy tir va trong moi truong
N,. Hon hop phan tmg dugc khudy & nhiét do trong phong trong 30 phut va sau do
EtN(iPr); (666 uL, 3,81 mmol, 3 duong luong) duge bd sung vao hdn hop. Hon hop
phan Ung dugc khudy & nhiét do trong phong trong 18 gio qua dém. LCMS & thoi
diém nay thé hién su chuyén héa hoan toan thanh san phém. Hdn hop phan tng dugc
¢ bing dung dich nuéc HCI 1M (20 mL) va dugce chiét bang CH2Cl (3 x 10 mL) sur
dung hop tach pha. L6p hitu co két hop duge co dudi ap suit giam. Tinh ché bang sic
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ky cot silica gel (45 g), rira giai bang 100:0 dén 90:10 CH2Cl:MeOH la gradien dé thu

dugc hop chét néu & d& muc & dang chét rén mau tring (740 mg).

Buée 2: Didu ché (25,45)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-
(1-amino-2-hydroxy-1-oxohex-5 -en-3-yl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-

triazol-1-y1)pyrolidin-2-carboxamit

B sung (25,49)-1 -((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1 -amino-
2—hydroxy—1-oxohex—S-en-3-yl)-4-azidopyrolidin-Z-carboxamit (750 mg, 1,27 mmol,
1,0 duong lugng), 2-metyl-3- butyn-2-ol (185 pL, 1,91 mmol, 1,5 duong lugng),
Cp*RuCl(PPhs), (101 mg, 0,13 mmol, 0,1 duong lugng) va 1,4-dioxan (5 mL) vao
binh thét cb ddy tron 50 mL c6 lap thanh khudy tir va trong moi truong No. Hon hop
phan tng duoc loai khi bang dong khi Na 6n dinh trong 20 phut va sau do dugc gia
nhiét dén 80 °C trong bdn dau trong 2 ngay. Hbn hop phan (mg dugc cd dudi ap suét
giam va tai truc tiép Ién silica gel. Tinh ché bang sic ky cot silica gel (60 g), rira giai
bang 100:0 dén 90:10 CH2Cl,:MeOH la gradien @& thu duoc san phim mong mubn

dudi dang chét bot tan dugc mau néu nhat (253 mg).

Buéc 3: Didu ché (2S,4S)-1-((R)-2-(2-naphtamid0)-3-xyclohexylpropanoyl)-N—
(l-amino-1,2—dioxohex—5-en—3-yl)-4-(5-(2-hydroxypropan-2-y1)-1H—1,2,3-triazol-1-
yl)pyrolidin-2-carboxamit

B6 sung (2S,4S)-1-((R)—Z—(2-naphtamid0)-3-Xyclohexylpropanoyl)-N—(1-amino-
2-hydroxy-1-oxohex-5-en-3 -yl)-4-(5—(2-hydr0xypropan—2-yl)- 1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamit (75 mg, 0,11 mmol, 1,0 duong luong), NaHCO; (19 mg,
0,22 mmol, 2,0 duong luong) va CH>Clz (2 mL) vao binh thot ¢ déay tron loai 25 mL
¢6 lap thanh khudy tir va trong moi truong No. Huyén phu duge lam lanh xubng 0°C
trong bdn nuée da va Dess-Martin Periodinan (57 mg, 0,13 mmol, 1,2 duong lugng)
duoc bd sung vao. Hdn hop duoc khudy & 0°C trong 30 phut tai giai doan nay phén
tich LCMS thé hién sy chuyén héa 30%. 1,0 duong luong nita cia DMP duoc bd sung
vio va hén hop phan tmg duge khudy & 0°C trong 30 pht. Phan tich LCMS thé hién
su chuyén héa 60%, vi thé 1,0 duong luong nita cia DMP duoc bd sung vao va hdn
hop duge khudy & 0°C trong 30 phit nita. Phén tich LCMS thé hién su chuyén hoa
hoan toan thanh san pham. Hon hop phan Gmg dugc ¢d bing dung dich nuéc NaxS20s

10% (10 mL) va dugc chiét bang CH2Clz (3 x 10 mL) sir dung hop tach pha. Lop hitu
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co két hop duogc cd dudi ap suit giam. Tinh ché bing sac ky cot pha dao (cot C18
15g), rira giai bing 80:20 dén 20:80 H2O:MeCN + 0,1% HCOH la gradien dé thu
duoc hop chit néu & dé muc & dang chét rén mau tring (15 mg). MS (ESI+) 672
(M+1)*

Vi du 36: N-((2R)-1-((25,49)-2-((7-(3 -propargylureido)-1-amino-1 ,2-dioxoheptan-3-
yl)carbamoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2.3 -triazol-1-yl)pyrolidin-1-y1)-3-
xyclohexyl-1 -oxopropan-2-yl)isonicotinamit

N
N
m\ N CHy
= ,/Q C OH = OH
Hy ’\ﬂf X
NH HATU

G B S—

o}

N
/,///\N H

Chét trung gian J

& EtN(/Pr)2, CH2Clp
o~ 23°C,18h

hl _CH
NSty t;\\\ <t
T\ HeC GH : HsC
N =N N,/\T‘N
ﬁr Ho o
THF!DMSO > NH

i\
N - g
0
0-23°C,18h 0 LA
/\/“)\L )LN/\/\E ;‘NH
N H o 2
/ /H
Vidu 36

Buge 1: Didu ché N-((2R)-1-((2S5.45)-2-((7-(3 -propargylureido)-1-amino-2-
hydroxy-1-oxoheptan-3 -yl)carbamoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-
1-yl)pyrolidin-1-y1)-3-xyclohexyl-1 -oxopropan-2-yl)isonicotinamit

B sung axit isonicotinic (14 mg, 0,11 mmol, 1,5 duong lugng), HATU (42 mg,
0,11 mmol, 1,5 dwong lugng) va CH2Cl2 (0,5 mL) vao lo miu 4 mL chira thanh khudy
tir va dudi No. Huyén phu duoc khudy & nhiét d trong phong trong 10 phut va sau do
(28,4S)-N-(7-(3-propargylureido)-1 -amino-2-hydroxy-1-oxoheptan-3-yl)-1 -((R)-2-
amino-3-xyclohexylpropanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamit (Chét trung gian J, 49 mg, 0,07 mmol, 1,0 duong luong)
dugc bd sung vao hdn hop, tiép theo 12 EN(iPr)> (38 uL, 0,22 mmol, 3 duong luong).
Hon hop phan tng dugc khudy & nhiét d¢ trong phong trong 18 gio qua dém. Phan
g duogc cd bang dung dich nuéc béo hoa NH4CI (1 mL) va MeOH (2,5 mL). Hon
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hop duge co dudi ap sudt gidm va phin cin duge tai tryc tiép lén silica gel. Tinh ché
bing sic ky cot silica gel (8 g), rira gidi bang 100:0 dén 80:20 CH,Cl:MeOH la
gradien dé thu duoc hop chét néu & dé muc (47 mg).

Buée 2: Didu ché N-((2R)-1-((2S,4S)-2-((7-(3-propargy lureido)-1-amino-1,2-
dioxoheptan-3-yl)carbamoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-1-yl)-3-xyclohexyl-1 -oxopropan-2-yl)isonicotinamit

B sung N-((2R)-1-((2S.4S)-2-((7-3 -propargylureido)-1-amino-2-hydroxy- 1-
oxoheptan-3-yl)carbamoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin—l-yl)-3-xyclohexyl-1-oxopropan-2-yl)isonicotinamit (47 mg, 0,06 mmol,
1,0 dwong luong), THF (2 mL) va DMSO (1 mL) vao binh thét c¢b day tron loai 25 mL
¢6 lip thanh khudy tir va trong moi truong Na. Dung dich dugc lam lanh xudng 0°C
trong bdn nudc da va duge xtr Iy bang Dess-Martin Periodinan (162 mg, 0,38 mmol, 6
duong lugng). Hon hop phan ing dugc khudy & 0°C trong 4 git va dugc lam 4m dén
nhiét do trong phong qua dém. Hon hop phan tng dugc cd bing dung dich nudc
NazS20s 10% (2 mL) va duoce khudy & nhiét do trong phong trong 30 phit. Hon hop
dugc pha loang bang nude (10 mL) va duge chiét bang CH,Cly (3 x 5 mL) st dung
hop tach pha. Lép hiru co két hop duge cd dudi ap suit giam. Tinh ché bang sic ky cot
pha dao (ct C18, 4g), rira giai bé‘mg 90:10 dén 30:70 H0:MeCN + 0,1% HCO:H 1a
gradien dé thu duoc hop chit néu & dé muc (3 mg). MS (ESI+) 736 (M+1)®

Hop chét néu & vi du 37 va 38 dugc didu ché theo cach tuong tu véi hop chit

néu & vi du 36, trong do axit isonicotinic trong Budc 1 duoc thay thé bang axit 4-

(metylsulfonyl)benzoic (vi du 37) hodc axit 4-(trifloaxetyl)benzoic (vi du 38).

Vidu CAu tric MW MS
(ESI+)

37 @/&N@\WN “ 1106 812
HyCug ¢ o NH (M+1)®
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(28,4S)-N-(7-(3-propargylureido)-1-amino-1,2-
dioxoheptan-3-y1)-1-((R)-3-xyclohexyl-2-(4-
(metylsulfonyl)benzamido)propanoy1)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamit

N
N |
T s
o (S)H3C OH
. _N
H(R) (S
FsC (@] g NH
HO OH @
)LN/\/\ NH
N H 0 2 848
38 / H 847,89

+ (&}
(28,45)-N-(1-amino-1,2-dioxo-7-(3-(prop-2-yn-1- (M+1)

yl)ureido)heptan-3-yl)-1-((R)-3 -xyclohexyl-2-(4-
(2,2,2-triflo-1,1-
dihydroxyetyl)benzamido)propanoyl)-4-(5 -(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamit

Vi du 39: Benzyl (5 -((ZS,4S)-1-((R)-Z-(1H—benzo[d]imidazol-2-carboxamido)—3-
Xyclohexylpropanoyl)—4-(5-(2-hydroxypropan—2-yl)- 1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-7-amino-6,7-dioxoheptyl)carbamat

N H
” 0 N
N ] DY N
N CHs PN N~
T N  OH Ae=ANg CHs
HCle : HyC O o 9 ﬁg Hic OH
< N <
- N
HgN/\ﬂ [ N%N'/ﬁ( \L
O TNH HATU @zN "o o
E}L EtN(/Pr),, DMF - o o)
23°C,18h Py,
N J~NH p.
i’ O H o NHz o0 N o N
Chét trung gian L Vidu 39

Cho benzyl (7-amino-5-((25,4S)-l-((R)-2-amin0—3—xyclohexy1pr0panoyl)-4-(5-
(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat (Chét trung gian L, 20 mg, 0,028 mmol, 1,0 dwong luong), axit
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1 H-benzo[d]imidazol-2-carboxylic (10 mg, 0,062 mmol, 2,2 duong luong), HATU
(12,7 mg, 0,033 mmol, 1,2 duong luong) va DMF (400 pL) vao lo mau 4 mL c6 lap
thanh khudy tir. Dung dich duge xi Iy bang EtN(Pr)> (15 plL, 0,083 mmol, 3 dwong
lwong) va hén hop duoc khudy & nhiét do trong phong trong 18 giv qua dém. Hon hop
phan ung dugc loc bang thiét bi loc hinh éng tiém PFTE 13 mm 0,45 uM va thu duge
chit loc. Qué4 trinh tinh ché chit loc bang sic ky cot pha dao (Waters XSelect CSH
Prep C18, 5 pm, 30 x 75 mm) st dung 60:40 dén 35:65 H2O:MeCN + 0,1% HCO:H 1a
gradien trong 10 phut dé thu duogc hop chit néu & d& muc. MS (ESI+) 826 (M+1)® |

Hop chét trong vi du 40-111 duoc didu ché theo cach twong tu nhu trong Vi du
39, thay thé axit 1 H-benzo[d]imidazol-2-carboxylic bing axit carboxylic tuong Ung
thich hop. Trong mot sb trudong hop, viée tinh ché pha dao dugc thyc hién stt dung
Phenomenex Gemini-NX cot C18 (5 pm, 30 x 50 mm) hodc Waters Xselect HSS PFP
cot (5 pm, 30 x 75 mm) va gradien 14 trong khoang 80:20 dén 30:70 HO:MeCN +
0,1% HCO2H.

Vi du Ciu tric MW MS
(ESI+)

CH3

3C OH

N
)LN 865
NHz 865,02

@)
benzyl (7-amin0-5-((2S,4S)-1-((R)-3-xyclohexy1—2-

EION
// \\

00
40

(4-(metylsulfonyl)benzamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)—6,7-

dioxoheptyl)carbamat
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@)
41 ) NH 826,96 i
O O 2 ,
Ph " (M+1)®
benzyl (5-((25,4S)-1—((R)-2-(lH-benzo[d]imidazol—
4-carboxamido)-3-xyclohexylpropanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamido)—7-amino-6,7-
dioxoheptyl)carbamat
J“
CH3
N 7@\[(
N 827
42 o o N Ha 826,96
(M+1)®
benzyl (5-((2S,48)-1-((R)-2-(1H- -benzo[d]imidazol-
6-carboxamido)-3-xyclohexylpropanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat
839
43 838,97
M+1)®

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-
(1,6-naphtyridin- 5-carboxamido)propanoyl)-4-(5-(2-

hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-
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yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

44

N

N
e
: N H5C
N ll:ll(R) I (S)
N/ NH o
/\OSL N/\/\J'KX\NH
Ph H o) 2
benzyl (7-amino-5-((25,45)-1-((R)-3-xyclohexyl-2-
(1,6-naphtyridin- 8-carboxamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

838,97

839
(M+1)®

45

J“

CH3

N
»\N NH2

P’ O
benzyl (7-amino-5-((25,45)-1-((R)-3-xyclohexyl-2-
(1,8-naphtyridin-4-carboxamido)propanoy1)-4-(5-(2-

hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

838,97

839
(M+1)®

46

pv’ O H o

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-

838,97

840
(M+1)®
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(quinoxalin-5 -carboxamido)propanoy!)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

47

N

NI’ |
CHs

(S)
HsC OH

@&N

)LN )iNHZ

pr’ O

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-
(quinazolin—2-carboxamido)propanoy1)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

838,97

840
(M+1)®

48

/,N

CHs

X W«? 30
)L

N NH
P o 2

benzyl (7-amino-5-((2S,45)-1-((R)-3-xyclohexyl-2-
(quinoxalin-2-carboxamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

838,97

840
(M+1)®
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49

CH3

Hy& OH
NfR)\ﬂ/

N NH
P’ o 2

benzyl (7-amino—5-((25,4S)-1-((R)-3-xyclohexy1—2-
(1 ,5-naphtyridin-2-carb0xamido)propanoyl)—4-(5 -(2-
hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

838,97

840
(M+1)®

50

J"

CH3

3C OH

N
)LN NH2

P 0

benzyl (7-amino-5-((2S,4S)-1-((R)-3—xyclohexyl-2-
(1 ,6-naphtyridin—2-carb0xamido)propanoyl)-4-(5 -(2-
hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

838,97

840
(M+1)*

S1

J“

CH3
{Rﬁ( ?

N
)\\N NH2

P O

benzyl (7-amino-5-((2S,4S)-1-((R)-3 -xyclohexyl-2-
(1 ,8-naphtyridin-Z-carboxamido)propanoyl)-4-(5 -(2-

hydroxypropan-2-yl)-1H-1,2,3-triazol-1-

838,97

840
(M+1)*
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yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

52

J"

CH3

3C OH

N
)LN NH2

P’ 0

benzyl (7-amino—5-((2S,4S)-1-((R)-3-xyclohexyl-2-
(1 ,7—naphtyridin—3-carboxamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

838,97

840
(M+1)®

53

/,N

CH3

3C OH

N
)LN NH2

P O

benzyl (7-amino-5-((2S,45)-1-((R)-3-xyclohexyl-2-
(1,5-naphtyridin-3-carb oxamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yDpyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

838,97

840
(M+1)*

54

J“

U@)Wé
)L

N NH
P’ o ?

benzyl (7 -amino-5-((2S,4S5)-1-((R)-3-xyclohexyl-2-

838,97

840
(M+1)°
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(quinoxalin-6-carboxamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

35

o) 3\ S~
o 0" N
benzyl (7-amino-5-((25,45)-1-((R)-3-xyclohexyl-2-
(4-0x0-3,4-dihydroquinazolin-7-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-
yD-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-

o7 NH,

6,7-dioxoheptyl)carbamat

854,97

855
(M+1)®

56

N
m N CHs
(S)

SN0 Y H,C OH
“__N
X u(m (S)
N~ o) NH

@)
»\N/\/\JKX\NHZ

770 H o
benzyl (7-amino-5-((2S,4S)-1-((R)-3 -xyclohexyl-2-
(1 ,5-naphtyridin—4-carboxamido)propanoyl)~4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yD)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

838,97

840
(M+1)°
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benzyl (7-amino-5-((2S,4S5)-1-((R)-3-xyclohexyl-2-
(1-metyl-1H-imidazol-5 -carboxamido)propanoyl)-4-
(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

790,92

791
(M+1)®

58

N

N" |
m N CHs
(S)
0O H4C OH

N
N NTR (s
¢ I H 5 N
H C'N o Y
3 (@]
P
S~ N NH,

Ph O

benzyl (7-amino-5-((25,45)-1-((R)-3-xyclohexyl-2-
(1-metyl-1H-imidazol-4-carboxamido)propanoyl)-4-
(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yD)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

790,92

791
(M+1)®

59

Ni’ /
CH,
(S)
Ne OH

H3C H

\!/U\N (R) (S

)LN Hj\\iONHZ

p” O H o
benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-
(1-metyl-1H-imidazol-2-carboxamido)propanoyl)-4-

(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-

790,92

791
(M+1)®
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yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

60

//N

N
m N CHs
(S)
0 H,& OH

! .
N
N 7 ON® s
7 N\ o) NH

N= 0 /\/\J\j\
O)LN NH,

Ph O

benzyl (7—amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-
(1H-pyrrolo[3,2-c]pyridine-2-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-
yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-
6,7-dioxoheptyl)carbamat

826,96

827
(M+1)°

61

N

N
T N
o ™ (%,¢ OH
N’ H(R) N~(s
O NH
(@]
o~
P’ O H o N
benzyl (7-amino-5-((2S,4S5)- 1-((R)-3-xyclohexyl-2-
(1H-indol-2-carboxamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

825,97

827
(M+1)®

62

,N

CH3

3C OH
foaﬁ(

N NH
P’ 0 2

benzy! (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-

825,97

827
(M+1)®
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(1H-indol-5-carboxamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

63

N

N
W N CHs
(S)
0 H,& OH

H :
N
\ o)
o7 "NH

@)
)X\ /\/\
~o N NH;

Ph O

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-
(1H-indol-6-carboxamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

825,97

827
(M+1)®

64

N

N
m N CHj
(S)
HyG OH

/N~ O =
HN B N
PNI (R) (S)
(0]
o NH

0]
)&\ /\/\
~o N NH;

Ph ©

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-
(1H-indazol-4-carboxamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

826,96

827
(M+1)®
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65

N

N
m N CHs
0 (S)

- H3C OH

N
qg/u\ NTR) (S
N H
N O 4/ NH

H 0

P’ O H
benzyl (7-amino-5-((25,4S5)-1-((R)-3-xyclohexyl-2-
(lH-indazol-S-carboxamido)propanoyl)-4-(5-(2-

o7 NH,

hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

826,96

827
(M+1)®

66

N

N
m N CHs
o (s)

H : Hac O
- N
N NTR) (S)
" . NH
@)
O
P’ © H
benzyl (7-amino-5-((25,45)-l-((R)-S-xyclohexy1-2-
(1H—indazol-6-carboxamido)propanoyl)-4-(5-(2-

o7 ~NH,

hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

826,96

827
(M+1)*

67

benzyl (7-amino-5-((2S,4S)-1-((R)-3-Xyclohexyl-2-
(1H- _indazol-7-carboxamido)propanoyl)-4-(5-(2-

hydroxypropan-2-yl)-1H-1,2,3-triazol-1-

826,96

827
(M+1)*
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yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

68

N

N
m N CHs
(S
O o Hyc OH
“__N
O H(R) (S)
o)
57 ~NH
o)
»\ /\/\
~o N NHy

Ph O

benzyl (5-((2S,4S)-1-((R)-2—(1-naphthamido)-3-
Xyclohexylpropanoyl)-4—(5-(2-hydr0xypropan-2-yl)-
1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-7-

amino-6,7-dioxoheptyl)carbamat

836,99

837
(M+1)®

69

N

N
m N CHs
(S)
0 ,& OH

O/j)LN(R) N (S)

\ H

N= O o7 “NH
0

/0 H NH;

Ph >

benzyl (7-amino-5-((2S,4S)—1-((R)-3-xyclohexyl-2-
(isoxaz01-4-carboxamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

777,88

778
(M+1)®

70

N

N |
m N CHs
)
o ™ .0 OH
N
O/ﬁ)\ r;l‘fﬁﬁ( ()
\=N (0] 3

O
e
pr’ O H
benzyl (7-amino-5-((25,4S5)-1-((R)-3 -xyclohexyl-2-

3
NH

7 "NH,

(0xaz01-4-carb0xamido)propanoy1)-4-(5-(2-

777,88

778
(M+1)®
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hydroxypropan-2-y!)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

71

N

N(’ r
CHs

(S)
HaC OH
</\,/“\N (R) (S)

»\N J\\ijHz

P 0
benzyl (7-amino-5-((25,45)-1-((R)-3-xyclohexyl-2-
(oxazol-2-carboxamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

777,88

778
(M+1)

72

I,N

N
m N CHs
(S)
0 0 .. OH

b 3
“__N
H,N NR) (S)
0 NH
o)

hy—~"
pn’ © H
benzyl (7-amino-5-((25,4S)-1-((R)-2-(3-
carbamoylbenzamido)-3-xyclohexylpropanoyl)-4-
(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-

o) NH,

yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

829,96

830
(M+1)®

73

N |
m N CHs
(S)
O HsC OH

829,96

830
(M+1)®
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benzyl (7-amino-5-((2S,45)-1-((R)-2-(4-
carbamoylbenzamido)-3-xyclohexylpropanoyl)-4-
(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

74

N
N |
W N CHs
(S
CN O Hyl OH
- N
N"(R) (S
H

o
o NH

O
)&\ /\/\
~o N NH;

Ph O

benzyl (7-amino-5-((2S,4S)-1-((R)-2-(2-
xyanobenzamido)-3-Xyclohexylpropanoyl)-4-(5—(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

811,94

812
(M+1)*

75

Ly~
pv’ O H

benzyl (7-amino-5-((25,4S)-1-((R)-2-(3-
xyanobenzamido)-3-xyclohexylpropanoyl)-4-(5-(2-

o)

hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

811,94

812
(M+1)®
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76

"N
N (R (S)
HO O !
NG oF N

0
A~
/\o)L N

N
K N CHj
&
0 H,C OH

NH
Ph o 2

benzyl (7-amino-5-((2S,4S)-1-((R)-2-(4-
xyanobenzamido)-3-xyclohexylpropanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

811,94

812
(M+1)®

77

//N

N" |
w N CHs
F O ®

- H3C OH

~__N
©/U\H R) (S)
0
g7 NH
0

)LN/\/\H)\S\NHz

p’ O H 0

benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-
(2-flobenzamido)propanoy1)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

804,92

805
(M+1)®

78

~ N
NTR s
HO !
F o N

0
o~
/\o)L N

N" |
W N CHs
(S)
0O H4C OH

NH
Ph o ?

benzyl (7-amino-5-((2S,45)-1-((R)-3-xyclohexyl-2-
(4-flobenzamido)propanoy1)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-

804,92

805
(M+1)®
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yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

79

N

N |
m N CHs
(S)

CH,O O

: 3
- N
O
o NH

O

Ph/\ O H

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-
(2-metoxybenzamido)propanoy1)-4-(5 -(2-

7 NH;

hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

816,96

817
(M+1)®

80

N

N

m N CHs
(S)

o ™ H.¢ OH

< 3
H,CO - N
3C \©)\H A (S)
(0]
o NH

0

Ph/\o H

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-
(3-metoxybenzamido)propanoy1)-4-(5-(2-

7 NH;

hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

816,96

817
(M+1)*

81

benzyl (7-amino-5-((25,45)-1-((R)-3-xyclohexyl-2-

816,96

817
(M+1)*
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(4-metoxybenzamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

82

N

N
m N CHs
(S)
G OH

CHy0,8 O "

“__N
©/U\H(R) (S)
0
o7 "NH

0
p O H o N

benzyl (7-amino-5-((25,45)-1-((R)-3 -xyclohexyl-2-
(2-((metylperoxy)thio)benzamido)propanoyl)-4-(5 -
(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

865,02

865
(M+1)®

83

N

N |
m N CHs
(S)
0O H4C OH

H.CO,S ‘N
SCZ\©/U\E|(R) s
0
o NH

0
O
)X\/\/\Pj\i
~o N NH;

Ph O

benzyl (7-amin0-5-((2S,4S)-1-((R)-3-Xyclohexyl-2-
(3-((metylperoxy)thio)benzamido)propanoyl)-4-(5-
(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

865,02

865
(M+1)®
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84

/,N

N |
m N CHs
o (s
N

HaG OH

benzyl (7-amino-5-((28,45)-1-((R)-3 -xyclohexyl-2-
(4-((diﬂometyl)sulfonyl)benzamido)propanoyl)-4-
(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

901,00

901
(M+1)®

85

N

N
m N CHs
(S)
0 H,& OH

N
o)
O g o7 ~N\H

(OJN0) SL N P
P’ O H
benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexy1—2-
(4-((2-metoxyety1)sulfonyl)benzamido)propanoy1)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-

H4C

7 NH;

yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

909,07

909
(M+1)?

86

< 3
~__N
HoN O NH
T ©

N

p’ O H

benzyl (7-amino-5-((2S,4S)-1-((R)-2—(4-((2—amin0-
2-oxoetyl)sulfonyl)benzamido)-3-

o)

xyclohexylpropanoyl)-4—(5—(2—hydroxypropan-2-y1)-

908,04

908
(M+1)®
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1H-1,2 3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

87

N

N |
N CHs
(S)

HeC OH
CHs /©/U\ NTR s
)L N NH,

00
v O
benzyl (7-amino-5-((2S,45)-1-((R)-3 -xyclohexyl-2-
(4-(isopr0pylsulfonyl)benzamido)propanoyl)—4-(5-
(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yD)pyrolidin-2-carboxamido)-6,7-

dioxoheptyl)carbamat

893,07

893
(M+1)®

88

//N

N
w N CHs
(S)
0 oG OH

‘N
0)\ m R (S)
Z @ NH

N o

(@]
/\o)L N/\/\)\;NHz

@)
benzyl (7-amino-5-((2S,45)-1-((R)-3-xyclohexyl-2-
(nicotinamido)propanoyl)-4-(5 -(2-hydroxypropan-2-
yD)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-
6,7-dioxoheptyl)carbamat

787,92

788
(M+1)®

89

N
N™ |
m N CHy
O (F,¢ OH
| A |r:l|(R) N(s
N o) NH
o 0]
S~
p’ O H o NH2
benzyl (7—amino—5-((2S,4S)-1-((R)-3-xyclohexy1—2-

(picolinamido)propanoyl)-4-(5-(2-hydroxypropan—2-

787,92

788
(M+1)®
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yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-
6,7-dioxoheptyl)carbamat

90

I/N

N
W N CHs
(S)
(@] HsC OH

‘" _N
®/mm B (s)
N~ (@]

o/ ~NH

O
)X\ /\/\
~o N NH,

Ph O

benzyl (7-a1nin0-5-((2S,4S)-1-((R)-3-xyclohexyl-2-
(isonicotinamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

787,92

788
(M+1)®

91

N
m N CHs
(S)
Q3 Hsc O
- N
l N\\KU\” (R) (S
N @) g

o)

A~
/\o)L N

NH

NH
Ph o 2

benzyl (7-amino-5-((25,45)-1-((R)-3-xyclohexyl-2-
(pyrimidine-2-carboxamido)propanoyl)-4-(5 -(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

788,91

789
(M+1)®

92

o ~NH,

0
A~
/\O)L N

Ph

benzyl (7-amino-5-((25,45)-1-((R)-3-xyclohexyl-2-

837,98

838
(M+1)®
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(isoquinolin-1-carboxamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

93

o’ O H o)
benzyl (7-amino-5-((28,45)-1-((R)-3 -xyclohexyl-2-
(quinolin—4-carboxamido)propanoyl)-4—(5—(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

837,98

838
(M+1)*

94

/N

CH3

c OH
N W

N
)LN NH2

v O
benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-
(quinolin-5-carboxamido)propanoyl)-4-(5-(2-

hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

837,98

838
(M+1)*
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95

N

N
A=\ N\ CHs
(S)
X O H,c OH

“__N
NR) (S
H

0]
o NH

0]
/\O)X\N/\/\
Ph H
benzyl (7-amino-5-((25,4S)-1-((R)-3—xyclohexyl—2-

(isoquinolin-S-carboxamido)propanoy1)-4-(5—(2-

l

o7 ~NH,

hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-

dioxoheptyl)carbamat

837,98

838
(M+1)®

96

//N

N
st Njw<CH
Ny “ o0 ®, 4 OH
I N 3
H(R) (S)
O /T NH o
O
)X\N/\/\;A\j\NH
pv’ O H or T
benzyl (7-amino-5-((25,4S)-1-((R)-3 -xyclohexyl-2-
(isoquinolin-8-carboxamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
y1)pyrolidin-2-carboxamido)-6,7-

dioxoheptyl)carbamat

837,98

838
(M+1)®

97

N
N
m N CHs
(S)

“__N
NR) (S
H

O]
o NH

(@]
)X\ /\/\
/0 H o NH;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-
(quinolin-8-carboxamido)propanoyl)-4-(5—(2-

hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-

837,98

838
(M+1)®
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yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

98

@)
P’ O H
benzyl (7-amino-5-((2S,4S}-1-((R)-3—Xyclohexyl-2-
(quinolin-2—carboxamido)propanoy1)-4—(5-(2-

o)

hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

837,98

838
(M+1)®

99

N

N |
m N CHs
(S)
0 H,c OH

‘__N
X NR) (S

NH 0
o NH

o) 3\ o~

o ™0 h

benzyl (7-amino-5-((2S,4S)- 1-((R)-3-xyclohexyl-2-
(1-ox0-1,2-dihydroisoquinolin-3-

carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-

yD)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-

o NH;

6,7-dioxoheptyl)carbamat

853,98

854
(M+1)®

100

N

N
m N CHs
0 S (S)

= H,c OH
"N
X ONR (s
H

N 0 g NH

0
o~
/\O)L N

NH
Ph o 2

benzyl (7—amino-5-((2S,4S)—1-((R)-3-Xyclohexyl-2-

837,98

838
(M+1)*
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(isoquinolin-3-carboxamido)propanoy1)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

101

N

N
(=g N\ Chs
(S)
0 H,C OH

N
SNNG (s
| " \H

N o

0
pv” O H o N

benzyl (7-amino-5-((2S,45)-1-((R)-3-xyclohexyl-2-
(quinolin-3-carboxamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

837,98

838
(M+1)®

102

N

N |
m N CHs
o (9

: Ha,c OH

‘__N
= N“(R) (S
H o0 NH
O~ °N o]

H 0
Jvadh
F’h/\o H
benzyl (7-amino-5-((2S,4S)-1-((R)-3 -xyclohexyl-2-
(2-ox0-1,2-dihydroquinolin-6-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-
yD)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-
6,7-dioxoheptyl)carbamat

7 " NH;

853,98

854
(M+1)®
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N

m N CHs
(S)

o ™ L& OH

c 3
: N
= H (R) (S)
N 0 o7 NH

O
Ph H
benzyl (7-amino-5-((2S,4S5)-1-((R)-3 -xyclohexyl-2-

(isoquinolin-6-carboxalnido)propanoyl)-4-(5-(2-

o7 NH,

hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

837,98

838
(M+1)®

104

N

N
m N CHs
(S)
0 h,C OH

N
N= N (R) (S)
A H 0 NH
o

O
O
)L/\/\;A\j\
~o N NH;

Ph O

benzyl (7-amino-5-((25,4S)-1-((R)-3 -xyclohexyl-2-
(isoquinolin-7-carboxamido)propanoyl)-4-(5 -(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

837,98

838
(M+1)®

105

N

N
m N CHs
(S)
0 H,& OH

‘_ _N
(/\N = H(R) (S)
N= F @) g NH
0
)&\ /\/\
/0 N NHz

Ph >

benzyl (7-amino-5-((2S,45)-1-((R)-3-xyclohexyl-2-

(imidazo[l,2-a]pyridine-6-carboxamido)propanoyl)-

4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-

826,96

827
(M+1)®
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yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

106

N

N
m N CHs
o (©)

: H ¢ OH
z N (R) N (S)
X O NH
0
)L A~
o N NH;

Ph O

benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-
(quinolin-7-carboxamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

837,98

838
(M+1)®

107

Ph
benzyl (7-amino-5-((2S,4S)- 1-((R)-3-xyclohexyl-2-
(pyrido[2,3-b]pyrazin-8-carboxamido)propanoyl)-4-

(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

839,96

840
(M+1)*

108

N

NI’ I
CH;

(S)
H4C OH
[ IJ)LN (R) (S)

N o "NH

)

Ph

benzyl (7-amino-5-((2S,45)-1-((R)-3-xyclohexyl-2-

839,96

840
(M+1)*
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(pyrido[2,3 -b]pyrazin-6—carboxamido)propanoyl)-4-
(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

109

N

NI’ |
CHs

(S)
HaC OH

N o NH;

O

Ph
benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexy1—2-
(pyrid0[2,3-b]pyrazin-7-carboxamido)propanoyl)-4-

(5-(2-hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat

839,96

340
(M+1)®

110

N
m N CHs
(S)
0 HyC OH
“_ _N
HN{Eﬁ/J\u(m (S)

N=N © NH

@)
oﬁKN/\V/\\jL:X;NH
Ph H 0 ?
benzyl (7-amin0-5-((2S,4S)-1-((R)-3-xyclohexyl-2-
(1H-1,2,3 -triazol-4-carboxamido)propanoyl)-4-(5-

(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamido)-6,7-

dioxoheptyl)carbamat

777,88

778
(M+1)®
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o~ 792
111 ~0 g7 “NH2 791,91
Ph (M+1)®

benzyl (7-amino-5-((2S,4S)-1—((R)-3-xyclohexy1—2-
(1-metyl-1H-1,2,3 -triazol-4-
carboxamido)propanoy1)-4-(5-(2-hydroxypropan-2-
yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-
6,7-dioxoheptyl)carbamat

Vi du 112: (25,49)-N-(1 -Amino-7-(3-xyclopropylureido)-1 ,2-dioxoheptan-3-yl)-1-
((R)-3 -xyolohexyl-2-(4-(metylsulfonyl)benzamido)propanoyl)—4—(5-(2-hydr0xypropan-
2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamit

Nj i
N
- k r,gs) OH HiC. ,dk @l r (S) CH:a

// \\ N H C
HCE»HgNW 3\ ﬁ ® \j\
HATU, EtN(tF’r)z HiCvg O & NH
DMF, 23 °C 5o 9~ o
H O N R o 2
H H
Chét trung gian M Vidy 112

Chuén bi dung dich chua (2S,4S)-1-((R)-2-amin0-3-xyclohexylpropanoyl)-N—
(1-amino-7-(3-xyclopropylureido)-1 ,2-dioxoheptan-3 -y1)-4-(5-(2-hydroxypropan-2-
yl)-lH-1,2,3-triaz01-1-yl)pyrolidin-Z—carboxamit hydroclorua (Chét trung gian M, 100
mg, 0,15 mmol, 1,0 duong luong), axit 4-(metylsulfonyl)benzoic (30 mg, 0,15 mmol,
1,0 dwong luong), HATU (68 mg, 0,18 mmol, 1,2 dwong lugng) va DMF (1,0 mL) vao
binh thot ¢d day tron co lap thanh khudy tir va trong mdi trudng nito. Dung dich dugc
xir ly bang céch bd sung timg giot EtN(iPr)2 (105 pL, 0,6 mmol, 4,0 duong luong) va
hdn hop duge khudy & nhiét do trong phong trong 18 gio qua dém. Hon hop phan ting
duogc lam dung bang nuée (5 mL) va dugc chiét bing CH2Cly (3 x 5 mL) va lop hiru

co két hop duge c6 dudi dp sudt giam va tai truc tiép 1én hop C18 5g. Tinh ché bing
-184-
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sdc ky cot pha ddo (cot C18 15g + precartridge C18 5g), rra giai bang 100:0 dén 60:40
H,0:MeCN + 0,1% HCOH 13 gradien dé thu dugc hop chét néu & dé muc (24 mg).

1H NMR (CD30D, 300 MHz):  8,12-7,85 (4H, m), 7,48-7,45 (1H, m), 5,85-
576 (1H, m), 5,11-5,03 (1H, m), 4,67-4,38 (1H, m), 4,20-4,05 (2H, m), 3,11 (3H, ),
3.15-2,86 (4H, m), 2,24-2,18 (1H, m), 1,98-0,34 (30H, m) ppm. MS (ESI+) 814

(M+1)*

Hop chit trong vi du 113-119 duoc diéu ché theo cach twong tw nhu trong Vi

du 112, thay thé axit 4-(metylsulfonyl)benzoic trong quy trinh & trén bang dan xudt

axit carboxylic tuong trng ¢6 san trén thi trudng.

Vi du Céu tric MW MS
(ESI+)
N
N™ |
m N CHg
o ™ (F4,¢ OH
NC o’ NH
113 Q o~ 761
N 760,90
H ” o NH, (M+1)®
(2S,48)-N-(1-amino-7-(3-xyclopropylureido)-1,2-
dioxoheptan-3-yl)-1-((R)-2-(4-xyanobenzamido)-3-
xyclohexylpropanoyl)-4-(5-(2-hydr0xypropan-2-y1)-
1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamit
N
N" |
w N CHs
o hy,¢ OH
(/\N ~ N(R) N~
NF 0 776
114 N o 775,91
(M+1)®

o7 " NH;

0
NP
H

N-((2R)-1-((2S,4S)-2-((1-amino-7-(3-
xyclopropylureido)-1,2-dioxoheptan-3-
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y1)carbamoy1)-4-(5-(2-hydroxypropan-2-yl)- 1H-
1,2,3-triazol-1-yl)pyrolidin-1-yl)-3-xyclohexyl-1-

oxopropan-2-yl)imidazo[ 1 ,2-a]pyridin-6-carboxamit

115

N

N |
m N CHs
(S)
0 ,d OH

"N
X NP s
) B "
N o

0
)X\ /\/\
B\H H g NH,

N-((2R)-1-((2S,4S)-2-((1-amino-7-(3-
xyclopropylureido)-1,2-dioxoheptan-3-
yl)carbamoy1)-4-(5 -(2-hydroxypropan-2-yl)-1H-
1,2,3-triazol-1-yl)pyrolidin-1-y1)-3 -xyclohexyl-1-

oxopropan-2-yl)quinolin-3-carboxamit

786,94

787
(M+1)°

116

N

N |

AL NN CHs
(S)

Q Hac O

‘N
HoN /©)J\N{R)\p)/ (S)NH
2
B S

A\

@)
o OO0 o
B\ »\N/\/\;)\S\NH
N ’

o)

(28,45)-1-((R)-2-(4-((2-amino-2-
oxoetyl)sulfonyl)benzamido)-3-
xyclohexylpropanoyl)-N-(1-amino-7-(3-

hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamit

xyclopropylureido)-1 ,2-dioxoheptan-3-yl1)-4-(5-(2-

857,00

857
(M+1)®
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117

I/N

N
m N CHs
(S)
0 HyG OH

N
F N(R) (S)
/k Ho o NH
F S @)

/7 \\
0]
H

o O

o7 ~NH;

(2S,4S)-N-(1-amino-7-(3 -xyclopropylureido)-1,2-
dioxoheptan-3-yl)-1-((R)-3-xyclohexyl-2-(4-
((diﬂometyl)sulfonyl)benzamido)propanoyl)-4-(5 -
(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamit

849,95

850
(M+1)®

118

N

N
m N CHs
N‘NH O = (S)H3C OH

/ E N
N (R) (S)
H 0 H
o N

o)
A~
A\H»\H S NH,

N-((2R)-1-((2S,4S)-2-((1-amino-7-(3-
xyclopropylureido)-1,2-dioxoheptan-3-
yl)carbamoyl)-4-(5-(2-hydroxypropan—2-y1)— 1H-
1,2,3-triazol-1-yl)pyrolidin-1-yl)-3-xyclohexyl-1-

oxopropan-2-yl)-1H-indazol-7-carboxamit

775,91

776
(M+1)*

119

J“

wo*%?

&M

CHs
H4C OH

HaC~

o7 ~NH,

(2S,4S)-N-(1-amino-7-(3 -xyclopropylureido)-1,2-
dioxoheptan-3-yl)-1-((R)-3-xyclohexyl-2-(4-((2-

858,03

858
(M+1)
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metoxyetyl)sulfonyl)benzamido)propanoyl)-4-(5 -(2-
hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamit

Vi du 120: (2S,4S)-1-((R)-2-(2-Naphtamido)—3-Xyclohexylpropanoyl)-N—(4-amin0-1-
(4-nitrophenyl)-3 ,4—dioxobutan—2-yl)-4—(5-(2-hydroxypropan—2-yl)- 1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamit

@%

Chét trung gian F Chét trun ian N
A=Ay Ns “om
O

: s

HATU, EtN(iPr)z : N
L OS¢ e
CH,Cly 7"NH Cp*RuCl{PPh3)

o
3h,23°C OH dioxan., 70 °C
2h
NH,
OoN

&)
N N
N E% N ]
Rt N CH 0 N CHy
O OH ’ Q OH
: HiC g HsC
Z EW N DMP E{/\WI
m————————
O O

X o NH g

THF, DMSO 0
;w\\j\ 0°C.3h }j\
J: j N I j NH
O,N o N 0N o T2
Vidu 120

Budc 1: Pidu ché (25,45’)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N—
(4-amino-3-hydroxy-1 -(4-nitropheny1)-4-oxobutan-2-yl)-4-azidopyrolidin-2-

carboxamit

B6 sung axit (ZS,4S)-1-((R)-Z-(2-naphtamido)-3-xyclohexylpropanoyl)-4-
azidopyrolidin-2-carboxylic (Chét trung gian F, 254 mg, 0,55 mmol, 1,1 duong
luong), CH2Cly (2 mL), va HATU (228 mg, 0,60 mmol, 1,2 duong lugng) vao 1o nho
20 mL c¢6 lap thanh khudy tir. Dung dich duoc khudy & nhiét do trong phong trong 10

phat, sau d6 dugc bd sung vao huyén phu chta 3-amino-2-hydroxy-4-(4-
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nitrophenyl)butanamit hydroclorua (Chét trung gian N, 138 mg, 0,50 mmol, 1,0 duong
luong), BtN(iPr)2 (263 pL, 1,5 mmol, 3 duong lugng) va CH2Cly (2 mL). Dung dich
duge khudy & nhiét do trong phong trong 3 gid. Hn hop phén ung dugc lam ding
bang nude (20 mL), duge rét vao phéu tach loai 125 mL, va duoc chiét bang CH2Cla
(3 x 10 mL). Lép hitu co két hop duge l1am kho bang MgSOas, dugc loc va dugce ¢d
du6i ap sudt giam. Tinh ché bang sic ky cot silica gel (24 g), rua giai bang 100:0 dén
0:100 Hexan:EtOAc+20% MeOH la gradien dé thu duoc hop chéit néu & dé& muc (180
mg).

Buée 2: Didu ché (28,48)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N-
(4-amin0-3-hydroxy-1-(4-nitrophenyl)-4-0xobutan—2-yl)-4-(5-(2-hydroxypr0pan-2-yl)-
1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamit

B6 sung (28,45)-1-((R)-2—(2-naphtamid0)—3-Xyclohexylpropanoyl)-N-(4-amino-
3-hydroxy-1 —(4—nitr0phenyl)-4-oxobutan—2-yl)-4-azidopyrolidin—2-carboxamit (180
mg, 0,26 mmol, 1,0 duong lwong), Cp*RuCl(PPhs)2 (20 mg, 0,026 mmol, 0,1 duong
luong), 2-metylbut-3-yn-2-ol (84 mg, 1,0 mmol, 4 duong luong) va 1,4-dioxan (4 mL)
vao lo nho 20 mL ¢o lip thanh khudy tir. Dung dich sui bot dudi ludng khi nito on
dinh trong 10 phut sau d6 dugc gia nhiét trong bdn dau & 70°C trong 2 gio. Hon hop
duoc ¢d dudi ap suét giam dé loai bd ph?m 16n dioxan va chit dau tao thanh dugc tai
truc tiép 1én silica gel va dugc tinh ché bang séc ky cot silica gel (25 g), rira giai bang
08:2 dén 80:20 CHLCl:MeOH 14 gradien. Thu duge hop chat néu & dé muc dudi dang

dau mau nau (110 mg).

Buée 3: Didu ché (25,45)—1-((R)-Z-(Z-naphtamido)-S-Xyclohexylpropanoyl)-N-
(4-amino-1-(4-nitropheny1)-3 ,A-dioxobutan-2-yl)-4-(5 -(2-hydroxypropan-2-yl)-1H-
1,2,3-triazol-1-yl)pyrolidin-2-carboxamit

B6 sung (25,45)- 1-((R)-2-(2—naphtamido)-3-xyclohexylpropanoyl)—N—(4-amino-
3-hydroxy-1 -(4-nitropheny1)-4-oxobutan-2-y1)-4-(5-(2—hydroxypr0pan—2-yl)- 1H-1,2,3-
triazol-1-yl)pyrolidin-2-carboxamit (110 mg, 0,14 mmol, 1,0 dwong luong), THF (10
mL) va DMSO (1 mL) vao l¢ nho 20 mL c6 lap thanh khudy tir. Dung dich dugc lam
lanh xudng 0°C trong bdn nude da va duge xir Iy bing Dess-Martin Periodinan (182
mg, 0,42 mmol, 3,0 duong luong) va duoc khudy & 0°C trong 3 gio. Phan ing dugc co

bang dung dich nudc NaxS$203 10% (2 mL) va dugc khudy & nhiét do trong phong

-189-



36473

trong 30 phut. Hon hop phan Gng duoc pha lodng bang nude (5 mL) va duoc chiét
bang EtOAc (25 mL). Lép hitu co dugce rira bang nude (5 mL), lam kho bang MgSOs,
duoc loc va dugce co dudi ap sudt giam. Tinh ché bang séc ky cdt silica gel (10 g), rra
giai bing 100:0 dén 75:25 EtOAc:MeOH la gradien & thu dugc hop chit ndu & dé
muc & dang chit bot mau trang nho (91 mg). MS (ESI+) 767 (M+1)®

Vi du 121: (25,45)-1-((R)-2—(2-Naphtamido)-3-xyclohexylpropanoyl)-N-(1-(4-
axetamidophenyl)-4-amino-3 ,4-dioxobutan-2-yl)-4-(5 -(2-hydroxypropan-2-yl)-1H-
1,2,3-triazol-1-yl)pyrolidin-2-carboxamit

N
N’
B’\ N Y CHs CH3
1 N e o _Pougncacbon cacbon HeC "
Y N”\rr
_ 0 2~NH Ha. TmeoH
&N
OH 23°C, 1h
l RSN
NH L a NH
oN 0 T2 HZN’ 0" e
Vidu 120, budc 2

t& j\<CH3
% 0 H,C OH

CI)LCHg @/LN/}( [\)\ DMP

EtsN, CHCly THF, DMSO

23°C, 1h o /@.Jj; 0°C,3h
NH
H30‘J\N o 2

H

CH3

H,e O
CO ”/\“
( j‘”')\iw
ch/u\N 0 2
H
1

Vidu121
Buée 1: Didu ché (25,49)-1 -((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-
(4-amino-1-(4-aminophenyl)-3 ~hydroxy-4-oxobutan-2-yl)-4-(5 -(2-hydroxypropan-2-
yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamit

B sung (2S,49)-1 -((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N—(4-amino-
3-hydroxy-1 -(4-nitr0pheny1)-4-0X0butan-2-y1)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-
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triazol-1-yl)pyrolidin-2-carboxamit (Vi du 120, Buéc 2, 120 mg, 0,16 mmol, 1,0
dwong luong) va MeOH (10 mL) vao binh 100mL ¢ lip thanh khudy tir. Binh nay
dwoc 1am sach bang khi nito trong 10 phut, sau d6 10% trong lugng paladi trén cacbon
(30 mg) dugc bd sung vao binh va qué trinh lam sach bang khi N, dugc tiép tuc trong
10 phut. Péu vao khi Na dugc thay bing khi cau H, ma duoc ndi bong bong vao dung
dich duogc khuéy manh trong 1 gio. Huyén phu duoc loc béng tAm celite trén phéu
nhuya thiéu két va chét loc duoc co dudi ap sudt giam dé thu dugc chit rén mau tring

(60 mg).

Buée 2: Didu ché (25,45)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-
(1-(4-axetamidophenyl)-4-amino-3 -hydroxy-4-oxobutan-2-yl)-4-(5-(2-hydroxypropan-
2-y1)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamit

B6 sung (2S,4S)-1-((R)-2-(2-naphtamido)-3-Xyclohexylpropanoyl)-N-(4—amino-
1—(4—aminophenyl)—3-hydroxy—4-0x0butan-2-y1)-4-(5-(2-hydroxypropan-2-yl)-IH-
1,2,3-triazol-1-yl)pyrolidin-2-carboxamit (15 mg, 0,019 mmol, 1,0 duong lugng), va
CH,Cl> (2 mL) vao lo nhé 20 mL c6 Lip thanh khudy tir. BO sung EtN (19 pL, 0,14
mmol, 7 duong lugng) sau do Ia axetyl clorua (1,5 mg, 0,019 mmol, 1,0 duong lugng)
vao hdn hop phan tmg. Dung dich dugc khudy trong 1 gio & nhiét d trong phong va
duogc ¢6 dudi ap suét giam dé thu duoc chit ddu mau vang ma duoc sir dung truc tiép

trong budc tiép theo ma khong can tinh ché.

Buée 3: Diéu ché (2S,4S)-1-((R)—2-(2-naphtamid0)-3—xyclohexylpropanoyl)-N—
(1-(4-axetamidopheny1)-4-amino-3,4-di0xobutan—2-y1)—4-(5-(2-hydr0xypropan-2—yl)-
1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamit

B6 sung (2S,4S)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N—(1-(4—
axetamidophenyI)-4-amin0-3-hydroxy-4-oxobutan-2-yl)-4-(5—(2-hydroxypropan-2-yl)-
1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamit (10 mg, 0,013 mmol, 1,0 duvong luong),
THF (2 mL) va DMSO (0,4 mL) vao lo mau 4 mL ¢ lép thanh khqu tir va trong moi
truong N2. Dung dich dugc lam lanh xudng 0°C trong bon nudc d4 va Dess-Martin
Periodinan (30 mg, 0,07 mmol, 6 duong lugng) dugc bd sung vao va hdn hop duge
khudy & 0°C trong 3 gio, kidm soat bang LCMS. Sau 3 git & 0°C, phan tng dugc ¢d
bang dung dich nudc NazS:0s 10% (5 mL) va duge chiét bang EtOAc (2 x 5 mL). Lép
hitu co két hop dugce co dudi &p sudt giam. Tinh ché bang séc ky cot pha dao (12 g, cot
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© C18), rira giai bing 90:10 dén 20:80 H20:MeCN + 0,1% HCO:H la gradien dé thu
duoc hop chit mong muén (3 mg). MS (ESI+) 780 M+1)®

Vi du 122: (2S,4S)-1—((R)-2-(2—Naphtamido)—3-xyclohexy1propan0yl)-N—(4-amino-1-
(4-(3-xyclohexylureido)phenyl)-3,4-diox0butan-2-y1)-4-(5-(2-hydroxypropan—2-yl)-
1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamit

N
N L0
YZ& p CH, NC CH3
0 ™ | H,G OH HoG OH
N N
SoRaeW - .A g8
EtsN, THF
© )\J:\OH 23°C, 5h i}j—\
7 LS @ "
HoN o 2 N N o 2
Vidu 121, buéc 1
CHs
H,C OH

DMP
——— s 0
THF, DMSO OO

0°C,3h

Buée 1: Didu ché (2S,4S)-1-((R)-2-(2-naphtamido)-3-Xyclohexylpropanoyl)-N-
(4-amin0-1-(4-(3-xyclohexylureido)phenyl)—3-hydroxy—4-0x0butan—2-y1)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamit

B6 sung (2S,4S)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-N—(4-amino-
1-(4-aminophenyl)-3 -hydroxy-4-oxobutan-2-y1)-4-(5-(2-hydroxypropan-2-yl)- 1H-
1,2,3-triazol—1-yl)pyrolidin-2-carboxamit (Vi du 121, Buéc 1, 10 mg, 0,014 mmol, 1,0
dwong luong), BN (29 pL, 0,21 mmol, 15 dwong luong) va THF (2 mL) vao lo nho
20 mL ¢6 lip thanh khudy tir. Dung dich dugc 1am lanh xubng 0°C trong bdn nuée da
va isocyanatoxyclohexan (30 mg, 0,24 mmol, 17 duong lugng) dugc bd sung vao. Hon
hop phan tmg dugc khudy & nhiét do trong phong trong 5 gid. Phan ung dugc lam
ding bang nuée (5 mL) va dugc rot vao phéu tach 50 mL va dugc chiét bang EtOAc
(20 mL). L6p hitu co dugce rira bang nude (5 mL), lam kho bang MgSOs, dugc loc va
duogc ¢o dudi ap sudt giam. San pham tao thanh duoc st dung truc tiép trong budce tiép

theo ma khong cAn tinh ché thém.
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Buée 2: Didu ché (2S,4S)—1-((R)-2—(2-naphtamido)-3-Xyclohexylpropanoyl)-N-
(4-amino-1-(4-(3-xyclohexylureido)phenyl)-3,4-dioxobutan-2-y1)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamit

B6 sung (2S,4S)-1-((R)-Z-(2-naphtamido)-3-Xyclohexylpropanoyl)-N—(4-amino-
1-(4-(3-xyclohexylureido)phenyl)-3-hydroxy-4-oxobutan-Z—yl)-4-(5—(2—
hydroxypropan-2-yl)—1H—1,2,3-triazol-1-yl)pyrolidin—2-carboxamit (10 mg, 0,012
mmol, 1,0 dwong lugng), THF (2 mL) va DMSO (0,4 mL) vao lo mau 4 mL c6 lap
thanh khudy tir va trong mdi treong N2. Dung dich duoc lam lanh xubng 0°C trong
bdn nudc da va Dess-Martin Periodinan (30 mg, 0,07 mmol, 6 duong luong) dugc bd
sung vao va hdn hop dugc khudy & 0°C trong 3 gio, kiém soat bang LCMS. Sau 3 gio
& 0 °C, phan Gng duogc ¢ bang dung dich nudc NaxS20s 10% (5 mL) va duoc chiét
bing EtOAc (2 x 5 mL). Lép hiru co két hop dugc cd dudi ap suét giam. Tinh ché
bing séc ky cot pha dao (12 g, cot C18), rira giai bing 90:10 dén 20:80 H2O:MeCN +
0,1% HCO,H 1a gradien dé thu dugc hop chit mong muén (3 mg). MS (ESI+) 862
(M+1)®

Vi du 123: Benzyl (2-((2S,4S)-1-((R)-2—(2—naphtamido)—3—xyclohexylpropanoyl)-4—(5-
(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol- 1-yl)pyrolidin—Z-carboxamido)-4—amino-3 4-

dioxobutyl)carbamat

wk N:%<CH3 *HCI
h.G OH HaN

8] Y
AN ’ * o HATU
CLTNY - T,
O g7 oH Cbz o7 Ntz EtN(iPr),, CH,Cly

23°C,18h
Chét trung gian P hét trung gian

< 3 *
~ N pDMP :
Y o Y
O 4/ NH THF, DMSO Ho g
’r)\fH 0°C, 1h o 0
HN—
CbZ NH, QNWFJ}\;

Vidu 123
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Buée 1: Didu ché benzyl (2-((28,4S5)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-4-amino-3-hydroxy-4-oxobutyl)carbamat

B6 sung axit (2S,4S)-1-((R)-Z-(Z-naphtamido)-3-Xyclohexy1pr0panoy1)—4-(5-(2-
hydroxypropan-2-yl)-lH—1,2,3-triazol-1-yl)pyrolidin-Z-carboxylic (Chét trung gian P,
85 mg, 0,15 mmol, 1,0 duong luong), HATU (75 mg, 0,20 mmol, 1,3 duong luong),
EtN(iPr); (157 pL, 0,90 mmol, 6 duong lugng) va CH,Cl, (2 mL) vao lo nhé 20 mL
¢6 1ap thanh khudy tir va trong méi trudng Na. Dung dich dugce xtr ly bang benzyl (2,4-
diamino-3-hydroxy-4-oxobutyl)carbamat hydroclorua (Chét trung gian O, 100 mg,
0,33 mmol, 2 duong lugng) va hdn hop duoc khudy & nhiét d trong phong trong 18
gid qua dém. Hon hop phan tng duge ¢d dudi ap sudt giam va tai truc tiép 1én silica
gel (5 g). Tinh ché bing sic ky cot silica gel (12 g), rira giai bang 100:0 dén 70:30
CH,Cl,:/PrOH la gradien @8 thu dugc hop chit mong mudn (10 mg).

Buwée 2: Didu ché benzyl (2-((2S,4S5)-1-((R)-2-(2-naphtamido)-3-
xyclohexylpropanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-4-amino-3,4-dioxobutyl)carbamat

B6 sung benzyl (2-((2S,4S)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)—
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-4-
amino-3-hydroxy-4-oxobutyl)carbamat (5 mg, 0,006 mmol, 1,0 duong lugng) trong
THF (2 mL) va DMSO (0,4 mL) dugc lam lanh xubng 0°C trong bon nude da vao lo
nhé 4 mL ¢6 lap thanh khudy tir va trong mdi truong N2. Dung dich duge xir Iy bang
Dess-Martin Periodinan (16 mg, 0,036 mmol, 6 duong luong) va dugc khudy & 0°C
trong 1 gid, & giai doan nay phén tich LCMS thé hién su chuyén hda hoan toan cua
chét ban dau. Phan tng dugc cd bang dung dich nudc NazS203 10% (2 mL) va dugc
chiét bang EtOAc (6 mL). Lop hitu co duge ¢d dudi ap sudt giam. Tinh ché bang sic
ky cot pha dao (12 g, cot C18), ria giai bé‘tng 90:10 dén 10:90 H,O:MeCN + 0,1%
HCO,H 14 gradien dé thu dugc hop chét néu ¢ dé muc (2 mg). MS (ESI+) 795 (M+1)®

Vi du 124: Benzyl (7-amino-5-((3S)-2-((R)-3-xyclohexyl-2-(4-
(metylsulfonyl)benzamido)propanoyl)-2-azabixyclo[2,2,1 Jheptan-3-carboxamido)-6,7-
dioxoheptyl)carbamat
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Buée 1: Didu ché rert-butyl (3 S)-3-((1-amino-7—(((benzyloxy)carbonyl)amino)-

2-hydr0xy-1-oxoheptan-3-yl)carbamoyl)-Z-azabixyclo[2,2,1]heptan—2-carboxylat

Bb sung axit (35)-2-(tert—butoxycarbonyl)-2-azabixyclo[2,2,l]heptan-S-

carboxylic (420 mg, 1,7 mmol, 1,0 duong lugng), HATU (722 mg, 1,92 mmol, 1,1
dwong lwong), EIN(iPr)2 (591 pL, 6,8 mmol, 4 duong lugng) va DMF (3 mL) vao lo
mAu 20mL c6 lap thanh khudy tir va trong moi truong No. Hon hop dugc khudy & 0°C
trong bon nudc da trong 10 phit & giai doan nay benzyl (5,7-diamino-6-hydroxy-7-
oxoheptyl)carbamat hydroclorua (Chét trung gian E, 661 mg, 1,92 mmol, 1,1 duong
lugng) trong DMF (2 mL) duoc bd sung vao. Hon hop phan tng duoc khudy & nhiét
d6 trong phong trong 40 gio. Hdn hop phéan ung dugc lam ding bing nuée (10 mL) va
duoc chiét bang EtOAc (2 x 20 mL). Ldp hitu co két hop dugce rira bang nudc mudi (5
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mL), lam kho bang MgSOs, dugce loc va dugc ¢6 duéi ap sudt giam. Tinh ché bang sac
ky cot silica gel (40 g), rira giai bang 100:0: dén 70:30 CH2Cl,:iPrOH 14 gradien dé thu
duoc hop chit néu & dé muc (470 mg).

Buée 2: Didu ché benzyl (7-amino-5-((35)-2-azabixyclo[2,2,1]heptan-3-
carboxamido)-6-hydroxy-7-oxoheptyl)carbamat hydroclorua

Hdn hop bao gém terz-butyl (3 S)-3-((1-amino-7-(((benzyloxy)carbonyl)amino)-
2-hydroxy- 1-oxoheptan-3-yl)carbamoyl)-2-azabixyclo[2,2,1 Jheptan-2-carboxylat (470
mg, 0,88 mmol, 1,0 duong lugng) trong CH2Cl; (3 mL) dugc xu ly bing HCl 4M
trong dioxan (3 mL). Hon hop phéan tng dugc khudy & nhiét do trong phong trong 1
gi®y va sau do duoc cd dudi ap sudt giam va dugc st dung truc tiép trong phéan (mg tiép

theo ma khong can tinh ché.

Buée 3:  Didu  ché  benzyl  (7-amino-5-((3S)-2-((R)-2-((tert-
butoxycarbonyl)amino)-3 -xyclohexylpropanoyl)-2-azabixyclo[2,2,1 Jheptan-3-
carboxamido)-6-hydroxy-7-oxoheptyl)carbamat

B sung axit (R)-2-((z‘ert—butoxycarbonyl)amino)-3-xyclohexylpropanoic (239
mg, 0,88 mmol, 1,0 duong luong), HATU (334 mg, 0,88 mmol, 1,0 duong lugng),
DMF (2 mL) va EtN(iPr), (307 pL, 3,5 mmol, 4 duong lugng) vao lo mau 20mL ¢6
lip thanh khudy tir va trong moi truong Na. Hon hop duge khudy & 0°C trong bdn
nuéc da trong 10 phat & giai doan nay benzyl (7-amino-5-((35)-2-
azabixyclo[2,2,1]heptan—3-carboxamido)-6-hydroxy-7—oxoheptyl)carbamat
hydroclorua (380 mg, 0,88 mmol, 1,0 duong luong) trong DMF (2 mL) duogc bd sung
vao. Hon hop phén tng duoc khudy & nhiét do trong phong trong 18 gio qua dém. Hon
hop phan Gng dugce lam dung bang nude (10 mL) va dugce chiét bang EtOAc (2 x 20
mL). Lép hitu co két hop dugc ria bang nudc mubi (5 mL), lam kho bang MgSOs,
duoc loc va duge cd dudi ap sut giam. Tinh ché bé‘mg séc ky cot silica gel (24 g), rua
giai bang 100:0:0 dén 70:15:15 Hexan:CH>Clo:iPrOH la gradien dé thu duoc hop chit

néu & d& muc (380 mg).

Buwoc  4: Pidu  ché  benzyl  (7-amino-5-((3S)-2-((R)-2-amino-3-
xyclohexylpropanoyl)-2-azabixyclo[2,2,1]heptan-3 -carboxamido)-6-hydroxy-7-

oxoheptyl)carbamat hydroclorua
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Hon hop bao gdm benzyl (7-amino-5-((35)-2-((R)-2-((tert-
butoxycarbonyl)amino)-3 -xyclohexylpropanoyl)-2-azabixyclo[2,2,1 Jheptan-3-
carboxamido)-6-hydroxy-7-oxoheptyl)carbamat (100 mg, 0,23 mmol, 1,0 duong
lugng) trong CHClx (3 mL) duge bd sung HCI 4M trong dioxan (3 mL). Hon hop
phan tng dugc khudy & nhiét do trong phong trong 1 gio va sau do dugce cd dudi ap

sut giam va dugc str dung truc tiép trong phan tng tiép theo ma khong cn tinh ché.

Buéc 5: Didu ché benzyl (7-amin0-5-((3S)-2-((R)—3-xyclohexy1-2-(4-
(metylsulfonyl)benzamido)propanoyl)-2-azabixyclo[2,2, 1]heptan-3-carboxamido)-6-
hydroxy-7-oxoheptyl)carbamat

B4 sung axit 4-(metansulfonyl)benzoic (46 mg, 0,23 mmol, 1,0 duong luong),
HATU (89 mg, 0,23 mmol, 1,0 duong lwong), BIN(iPr)2 (161 pL, 0,92 mmol, 4 duong
lugng) va DMF (2 mL) vao lo mAu 20mL c6 lép thanh khudy tlr va trong moi trudng
Nj. Phan tng dugc khudy & nhiét do trong phong trong 10 phut & giai doan nay dung
dich chta benzyl (7-amin0-5-((35)-2-((R)-2-amin0-3-xyclohexylpropanoyl)-2-
azabixyclo[2,2,1]heptan-3 -carboxamido)-6-hydroxy-7-oxoheptyl)carbamat
hydroclorua (140 mg, 0,23 mmol, 1,0 dwong lugng) trong DMF (2 mL) dugc bd sung
vao. Hdn hop phéan tng dugc khudy & nhiét d§ trong phong trong 18 gio qua dém. Hon
hop phan tng dugc lam dung bang nudc (10 mL) va duge chiét bing FtOAc (2 x 20
mL). Lop hitu co két hop duge ria bang nudc mubi (5 mL), lam kho bang MgSOs,
duoc loc va dugce ¢d dudi ap sudt giam. Tinh ché bang sic ky cot silica gel (24 g), rua
giai bing 100:0:0 dén 70:15:15 Hexan:CHaClo:iPrOH 1a gradien d& thu duge hop chat

néu & d& muc (90 mg).

Buére 6: Didu ché benzyl (7-amino-5-((35)-2-((R)-3-xyclohexyl-2-(4-
(metylsulfonyl)benzamido)propanoyl)-2-azabixyclo[2,2,1]heptan—3-carboxamido)-6,7-
dioxoheptyl)carbamat

B6 sung benzyl (7-amino-5-((35’)-2-((R)-3-xyclohexyl-2-(4-(metylsulfonyl)
benzamido)propanoyl)-2-azabixyclo[2,2, 1]heptan-3 -carboxamido)-6-hydroxy-7-
oxoheptyl)carbamat (45 mg, 0,059 mmol, 1,0 dwong lugng) va DMSO (2 mL) vao lo
mAu 20mL c6 lip thanh khudy tir va trong moi truong N2. Dung dich duge xtr ly bang
45% trong lugng IBX (73 mg, 0,117 mmol, 2 duong lugng) va hdn hop duge khudy &

nhiét do trong phong trong 18 gid qua dém. Phan tmg duogc co bang dung dich nudc
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Na2S205 10% (10 mL) va duge chiét bing EtOAc (2 x 20 mL) st dung phéu tach. Lép
hitu co két hop duoc rira bang nudc mubi (5 mL), lam kho bang MgSOs, dugc loc va
duge ¢ dudi ap suat giam., Hon hop phén tng dugc tinh ché bang séc ky cot silica gel
(12 g), rira giai bang 100:0 dén 40:40:20 CH,Clo:/PrOH:Hexan la gradien. Hop chat
con dugc tinh ché bang séc ky cot pha dao (16 g, cot C18), rira giai bang 100:0:0 dén
20:40:40 HyO:MeCN:MeOH + 0,1% HCO,H 1a gradien dé thu duge hop chat néu & dé
muc (9 mg). MS (ESI+) 766 (M+1)®

Vi du 125: Benzyl (5-((2S,4S)-1-(2-(2-naphtamid0)-4-((1S,4R)—bixyclo[2,2,l]heptan-
2-yl)butanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-7-amino-6,7-dioxoheptyl)carbamat

N
N ]
N CHs
+HG H.C OH
HN 3 HATU
o EIN(PT),
NH e
Ny O * o OH DMF
Hog P 23°C, 18 h
. CbzHN NH,
Chét trung gian V 0
Qhét trung gian Q

N.

N
v::H3 N%(CH;,
?H:;C OH 9 ?ch OH
B F N N
THF!DMSO g "o NH

o
0-23°C ,/O
20h s
CszN NHz CbzHN NHa

O
Vidu 128

Buée 1: Didu ché benzyl (5-((2S,4S)-1-(2-(2-naphtamido)-4-((1S,4R)-
bixyclo[2,2,1 ]heptan-2-y1)butanoyl)—4-(5—(2-hydroxypropan-2-yl)- 1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-7—amino—6-hydroxy-7-oxohepty1)carbamat

B sung axit 2-(2-naphtamido)-4—((1S,4R)-bixyc10[2,2,l]heptan-Z-yl)butanoic
(Chit trung gian V, 150 mg, 0,43 mmol, 1,0 duong luong), benzyl (7-amino-6-
hydroxy-5-((25,45)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-
carboxamido)-7-oxoheptyl)carbamat hydroclorua (Chét trung gian Q, 243 mg, 0,43
mmol, 1,0 duong lugng), HATU (195 mg, 0,51 mmol, 1,2 duong lugng) va DMF (2
mL) vao binh thét cb day tron loai 25 mL c6 lap thanh khudy tir va trong moi truong

-198-



36473

N,. Hdn hop phan tng dugc xu ly bing EtN(iPr); (300 pL, 1,71 mmol, 4 dwong
lugng) va dugc khudy & nhiét do trong phong trong 18 gio. Hon hop phan tng dugc tai
truc tiép 1én silica gel (5 g) va dugce tinh ché bang sic ky cot silica gel (40 g), rira giai
bang 100:0 dén 85:15 CHyClx:MeOH 1a gradien dé thu duoc hop chét néu & dé muc
(38 mg).

Buéc 2: Didu ché benzyl (5-((25,48)-1-(2-(2-naphtamido)-4-((1S,4R)-
bixyclo[2,2,1]heptan-2-yl)butanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-Z—carb0xamido)-7-amino-6,7-dioxoheptyl)carbamat

B6 sung benzyl (5-((2S,4S)-1-(2-(2-naphtamid0)-4-((1S,4R)-
bixyclo[2,2,1]heptan-2-yl)butanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carb0xamido)—7-arnino—6-hydr0xy-7-oxoheptyl)carbamat (22 mg, 0,025
mmol, 1,0 dwong lugng), THF (200 pL) va DMSO (200 uL) vao binh thét cb day tron
10 mL ¢6 lap thanh khudy tir va trong moi truong N Hon hop phan tng duge xu ly
béng 45% trong lugng IBX (31 mg, 0,05 mmol, 2 duong lugng) va dugc khuéy G 0°C
trong 1 gio sau do phan nita cia IBX (47 mg, 0,075 mmol, 3 duong lugng) duoc bd
sung vao. Phan ung dugc khudy & 0°C trong 1 gid va sau do phan nita ctia IBX (78
mg, 0,125 mmol, 5 duong lugng) dugc bd sung vao va hdn hop dugc khudy & 0°C
trong 2 gio. Phin cudi cung ctia IBX (78 mg, 0,125 mmol, 5 duong luong) dugce bd
sung vao va hdn hop phan tng dugce khudy & nhiét do trong phong trong 16 gio' qua
dém. Hdn hop phan tmg duge tai 1én cot C18 va dugc tinh ché bang sac ky cot pha dao
(15 g, cot C18), rira giai bang 60:40 dén 10:90 H,0:MeCN + 0,1% HCO-H la gradien
dé thu duge hop chit mong muén & dang hdn hop bao gdm chét ddng phan khong aéi

quang (17 mg). MS (ESI+) 863 (M+1)®
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Vi du 126: Benzyl (5-((2S,4S5)-1-((R)-2-(2-naphtamido)-3-
(((benzyloxy)carbonyl)amino)propanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-
triazol-1-yl)pyrolidin-Z-carboxamido)-7-amino-6,7-diox0hepty1)carbamat

N N«”
N .
N~ N~ .
*HCl wh HATU CozhN §HH3
_NHCbz L yme OH EtN(PP)2 Nr/ HsC
o+ . BocHN/\ﬂ’”
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o] o OH ’ OH
ChzHN g NH, CbzHN O/ NH>
TU 1an

o
CbZHN e O H @/\YU\OH
3
L
HQN
o he JHCI HATU, EINGPT);

diﬁo‘xan ;Kg\ CH;Clp, 23 °C, 18 h
NH,

CszN

N
N
CbzHN_ N CHj CszN CH;,
g Iy e OH DMP Hac OH
_ NaHCO;
RS C?ﬁ ’Y
O &7 NH CH,Cl,
A/\f)j'\oH e )j
ChzHN NH, CszN NH,

O
Vidu 126

Buoe 1: Didu ché benzyl tert-butyl ((2R)-3-((2S.4S)-2-((1-amino-7-
(((benzyloxy)carbonyl)amino)-2-hydroxy-1 -oxoheptan-3-yl)carbamoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-1 -yl)-3-oxopropan-1,2-
diyl)dicarbamat

B sung axit (R)-3-(((benzyloxy)carbonyl)amino)-2-((tert—but0xycarbonyl)
amino)propanoic (135 mg, 0,4 mmol, 1,0 duong lugng), HATU (182 mg, 0,48 mmol,
1,2 duong lwong) va CH2Clz (3 mL) vao binh thét c¢b déy tron loai 100mL ¢ lap thanh
khudy tir va trong mdi trudong No. Hon hop phan tng dugc khudy & nhiét do trong
phong trong 10 phit trude khi duge xu ly bing benzyl (7-amino-6-hydroxy-5-
((28,4S)-4-(5-(2-hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-yl)pyrolidin-2-
carboxamido)-7-oxoheptyl)carbamat hydroclorua (Chét trung gian Q, 227 mg, 0.4
mmol, 1,0 duong luong), DMSO (500 pL) va EtN(iPr). (280 pL, 1,6 mmol, 4 duong
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lwong). Hon hop phan Gmg duge khudy & nhiét do trong phong trong 18 gio qua dém.
Hon hop phan tmg dugc pha loang bang nudc (10 mL) va duge chiét bang CH2Cl (3
x 10 mL) st dung hop tach pha. Lop hitu co két hop duoc co dudi ap suit giam. Tinh
ché bing sfc ky cot silica gel (24 g), rira gidi bang 100:0 dén 80:20 CH2Cl:MeOH la
gradien dé thu duoc hop chit néu & d& muc (340 mg).

Buére 2: DPidu ché benzyl (7-amino-5-((25,4S5)-1 -((R)-2-amino-3-
(((benzyloxy)carbonyl)amino)propanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-
triazol-1 -yl)pyrolidin-2-carboxamido)-6-hydroxy-7-oxohepty1)carbamat

Dung dich chira benzyl tert-butyl ((2R)—3-((2S,4S)-2-((1-amino-7-(((benzyloxy)
carbonyl)amino)-2-hydroxy-1-oxoheptan-3 -yl)carbamoyl)-4-(5 -(2-hydroxypropan-2-
yl)-1H-1,2,3-triazol-1-yl)pyrolidin- 1-yl)-3-oxopropan-1,2-diyl)dicarbamat (340 mg,
0,4 mmol, 1,0 duong lugng) trong 1,4-dioxan (4 mL) dugc xtr ly bang HCI 4M trong
dioxan (250 pL, 1,0 mmol, 2,5 dwong lugng). Hon hgp phan Gng dugc khudy & nhiét
do trong phong trong 18 gi¢ qua dém. Hdn hop tao thanh dugc cd dudi ap suét giam
va lam kho trong chan khong trude khi duge st dung truc tiép trong phan ting tiép

theo.

Buée 3: Didu ché benzyl (5-((28,4S)-1-((R)-2-(2-naphtamido)-3-
(((benzyloxy)carbonyl)amino)propanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-
triazol-l-y1)pyrolidin—2-carboxamido)—7-amino-6-hydroxy-7-oxoheptyl)carbamat

Bé sung benzyl (7-amino-5-((25,4S)—1-((R)-2-amino-3-(((benzyloxy)carbonyl)
amino)propanoyl)-4-(5-(2-hydroxypropan-2-yl)- 1H-1,2,3-triazol-1-yl)pyrolidin-2-
carboxamido)-6-hydroxy-7-oxoheptyl)carbamat (280 mg, 0,36 mmol, 1,0 duong
lugng), axit 2-naphthoic (62 mg, 0,36 mmol, 1,0 duong lugng) HATU (163 mg, 0,43
mmol, 1,2 duong luong) va CH2Clz (5 mL) vao binh thot cd day tron loai 100mL co6
lip thanh khudy tir va trong mdi truong No. Hon hop phan tng dugc xu ly bang
EtN(iPr)2 (252 pL, 1,44 mmol, 4 duong luong) va dugc khudy & nhiét d¢ trong phong
trong 18 gid. Hon hop phan Gng dugc lam dimg bang nuéc (10 mL) va dugc chiét
bing CHaCly (3 x 5 mL) va 16p hitu co két hop duge co dudi ap suét giam. Tinh ché
bing séc ky cot silica gel (29 g), rira gidi bing 100:0 dén 90:10 CHCl»:MeOH la
gradien 8 thu duoc hop chit néu & d& muc (480 mg).
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Buéc 4: Didu ché benzyl (5-((2S,4S)-1-((R)-2-(2-naphtamido)-3-(((benzyloxy)
carbonyl)amino)propanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamido)-7-amino-6,7-dioxoheptyl)carbamat

B sung benzyl (5-((2S,4S)-1-((R)-Z-(2-naphtamido)-3-(((benzyloxy)carbonyl)
amino)propanoy1)-4-(5-(2-hydroxypropan-2-yl)- 1H-1,2,3-triazol-1-yl)pyrolidin-2-
carboxamido)-7-amino-6-hydroxy-7-oxoheptyl)carbamat (360 mg, 0,36 mmol, 1,0
duong lugng), NaHCO; (61 mg, 0,72 mmol, 2 duong lugng) va CH2Cl (1,2 mL) vao
lo mau 4 mL c6 lap thanh khudy tir va trong moi truong No. Huyén pht dugc lam lanh
xuéng 0°C, Dess-Martin Periodinan (182 mg, 0,43 mmol, 1,2 duong lugng) duoc bd
sung vao va hdn hop duge khudy ¢ 0°C trong 1 gio. Phan tng dugc ¢d bang dung dich
nuée NaS20s 10% (5 mL) va duge chiét bang CH2Cly (3 x 5 mL) st dung hop tach
pha. Lép hitu co két hop dugc co dudi ap sudt giam. Tinh ché bang sic ky cot pha dao
(30 g, C18 column), rtra giai béng 100:0 dén 30:70 H,O:MeCN + 0,1% HCO.H 1a
gradien dé thu dugc hop chét néu & dé muc (8 mg). MS (ESI+) 904 (M+1)®

Céac hop chét dudi day dugc didu ché theo cach twong tu nhu trong vi du 126,
trong do axit (R)—3-(((benzyloxy)carbonyl)amino)-2—((z‘ert—butoxycarbonyl)
amino)propanoic trong Bude 1 dugce thay bang: axit 2-((tert-butoxycarbonyl)amino)-
3-(tetrahydro-2H-pyran-4-yl)propanoic (Chét trung gian R, Vi du 127); axit 3-
(adamantan-1-yl)-2-((tert-butoxycarbonyl)amino)propanoic (Chét trung gian S, Vi duy
128); axit 2-((tert—butoxycarbonyl)amino)-3-((1S,2R,55)—6,6-dimetylbixyclo
[3,1,1]heptan-2-yl)propanoic (Chét trung gian T, Vi du 129); axit 2-((tert-
butoxycarbonyl)amino)-3—(3-metyloxetan-3—yl)propanoic (Chét trung gian U, Vi du
130).

Vi du CAu tric MW MS

(ESI+)
N
(0] N I
N CHs
(S)
(0] ! H4C OH 239
127 N (S) 838,40
HOo A (M+1)®
(@]

)

/\/\
CbzHN NH,
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benzyl (5-((2S,45)-1 -(2-(2-naphtamido)-3-
(tetrahydro-ZH—pyran-4-yl)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin—Z-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat

128

N

CH3
(

CbZHN g NH2

benzyl (5-((25,45’)-1-(2-(2-naphtamid0)-3-
((3S,58,7S)-adamantan-1 -yl)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-
yl)pyrolidin-2-carboxamido)-7-amino—6,7-
dioxoheptyl)carbamat

888,45

889
(M+1)®

129

CH
(S)° 3 N

H (S) CH3

(S)

CbZHN g NH,

benzyl (5-((2S,4S)-1-(2—(2-naphtamido)-3-
((1S,2R,55)-6,6—dimetylbixyclo[3, 1,1]heptan-2-
yl)propanoyl)—4-(5-(2-hydroxypropan-2-yl)— 1H-
1,2,3-triazol- 1-yl)pyrolidin-2-carboxamido)-7-

amino-6,7-dioxoheptyl)carbamat

876,45

877
(M+1)®
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N

0 N |
%CH:; N CHs
i %( (S)H3C OH
N
N (S)
H O NH
0 o)
o~ 825
130 CbzHN o7 ~NH; 824,39
(M+1)®

benzyl (5-((2S,4S)-1-(2-(2-naphtamido)-3-(3-
metyloxetan-3-yl)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-

yl)pyrolidin-2-carboxamido)-7-amino-6,7-

dioxoheptyl)carbamat

Trong khi c4c phuong an duge uu tién theo sang ché dugc minh hoa va mo ta
trong ban mo ta nay, s€ 1a rd rang dbi v6i nhitng ngudi co hiéu biét trung binh trong
linh vuc réng nhitng phuong 4n nay chi dugc dua ra nham muc dich minh hoa. Cac
bién thé, thay dbi, thay thé duoc thuc hién boi nguoi c6 hiéu biét trung binh trong linh
vuc ma khong ndm ngoai pham vi sang ché. Can phai hiéu rdng cac cai bién khac nhau
dbi voi cac phuong an theo sang ché duoc mo ta trong ban mod ta nay co thé duge st
dung khi thyc hién sang ché. Puoc du dinh rﬁmg bd yéu ciu bao ho sau diy xac dinh
pham vi cta sang ché va cac phuong phap va cAu trac thudc pham vi cua cac diém yéu

cau bao hd va twong duong ciing duge bao gom theo sang ché.
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YEU CAU BAO HQ
1. Hop chét ¢6 cong thirc (I):
R3C R3a
i R 3
R
A
H 0]
o NH
R4
o WM
R5
@

hodc mudi duoc dung, solvat, solvat cia mudi cia né trong do:
R! dugc chon tir nhoém bao gom:

(a) —aryl va

(b) —heteroaryl;

trong d6 mdi aryl va heteroaryl cia lwa chon (a) va (b) 1a tuy y duoc thé bang 1 dén 3

phén ttr thé doc 1ap duge chon tir nhom bao gé)m:

(1) —halogen,
(i) —CN,

(iii) —Crealkyl,
(iv) —Car-calkenyl,
(v)  —Casalkynyl,
(vi) —C(O)R,
(vii) —CO2R?,
(viii) —CONRRS,

(ix) —OH,
(x) -O-Cialkyl,
(xi) -SH,

(xii) —S(O)p-Ci-salkyl,
(xiii) —S(O)NRRS,
(xiv) —NOo,

(xv) -NR°RS,
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(xvi) -NHC(O)R?,
(xvii) ~NHC(O)ORS,
(xviil) -NHC(O)NRR®, va
(xix) —-NHSO2C1.alkyl,
trong d6 mdi nhom alkyl cta lya chon (iii), (), (xii) va (xix) tuy y dugc thé bang 1
dén 5 phin tir thé doc 1ap duge chon tir ~halogen, ~haloCi.salkyl, ~COR®, -COsRS, -
CONR’RS, —NRSR®, —OH, —O-Calkyl, —SH va —S-Cisalkyl;
R2 duge chon tir nhém bao gdm:
(a) —Cssalkyl,
(b)  —Cosalkyl-R7, va
(©)  —~(CH)reNRP)RY),
trong d6 mdi nhém alkyl ctia Iua chon (a) va (b) tuy y dugc thé bang 1 dén 5 phan tir
thé doc lap dugce chon tir:
(1) —halogen,
(ii)) —Ciaalkyl,
(iii) —haloCi.salkyl,
(iv) —OH,
(v)  —O-Ciaalkyl,
(vi) —SH,va
(vii) —S-Cisalkyl;
R3b va R3¢ cung 14 —(CHa)2-3—, va R** 12 H; hodc
mdi R va R3¢ [a H, va R duoc chon tir nhém bao gom:
(a) _Ha
(b) _aryl:

(c) , va
(d)

2
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trong d6 HAr 14 heteroaryl va Heyl la di vong, trong d6 mdi trong s aryl ctia lya chon
(b), HAr va Heyl tuy y dugc thé bang 1 dén 3 nhém doc 14p duge chon tir nhém bao

gom:

) —halogen,

(i) —OH,

(iii) —-CR!RNR',

(iv) —(CHa2)o3-NHSO,-Cisalkyl, va
(v)  —(CH2)o3-SO2-Cisalkyl;

R* dwoc chon tr nhém bao gdm:
(@ —Ciealkyl,
(b)  -haloCi¢alkyl,
(¢) —Caealkenyl,
(d)  —Coalkynyl,
(e) —Cisalkyl-Csgxycloalkyl,

(f)  —Cisalkyl-aryl, trong do aryl tuy y dugc thé bang nitro
hodc -N(RP)(R"),

(g) —Crealkyl-R% va
(h)  -haloCalkyl-R’;

mdi R’ va mbi R6 ddc 14p duge chon tir nhdém bao gém:
(@) —H,

(b) —Cisalkyl,
(c) —Co-salkyl-Cs.12xycloalkyl,
(d) —Co-salkyl-heterocyclyl,
(e) —Co-salkyl-heteroaryl, va
(f) —Co-salkyl-aryl,
trong d6 nhém alkyl cia lya chon (b) — (f) tiry ¥ dugc the bing 1 dén 3 nhom ddc lap

duogc chon tu:
(i) —halogen,
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(i) —C(O)Cialkyl,
(iii) —C(0)OC 4alkyl,

(iv) —OH,

v) —OCialkyl,
(vi) —SH,

(vii) —SCi.salkyl,
(viii) —NH,,

(ix) -NH(Ci.4alkyl), va
(x)  —N(Ci.alkyl)(Ci-salkyl); hodc
RS, R® va nguyén tr nito ma ching lién két cing v6i nhau tao thanh di vong don vong
6 tir 3 dén 7 canh hodc vong doi co tir 6 dén 11 canh tuy y co gbc nguyén tir khac loai
bd sung dugc chon tir —O-, -S(O)p-, va _NR!3-, va trong d6 di vong nay tuy y dugc thé
béng 1 dén 2 nhom ddc 1ap duge chon tir halogen, —haloCi.4alkyl, —OH, —O-Ci.salkyl,
—SH va —S-Ci.salkyl;
R’ dugce chon tir nhém bao gom:
(a) —Cs.oxycloalkyl, va
(b)  —Cs-oheterocyclyl,
trong d6 mdi trong sb cac lua chon (a) va (b) tuy y duge thé bang 1 dén 3 phan tir thé
doc 1ap duge chon tir nhém bao gém:

(1) —Ci-salkyl,
(i)  —halogen,

(iii) —OH,
(iv) —O-Ci.aalkyl,
(v) —SH,va

(vi) —S-Ci4alkyl;
R® dugc chon tir nhém bao gom:
(a) —Cr-salkyl,
(b) —Co-salkyl-Cs.12xycloalkyl,
(c) —Co-salkyl-heterocyclyl,
(d) —Co-ealkyl-heteroaryl, va
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(e) —Co-salkyl-aryl,

trong d6 mdi nhém alkyl cta lya chon (a) — (e) tuy y duoc thé bang 1 dn 3 nhom doc

1ap dugc chon tu:

(i) —halogen,

(i) —OH,
(iii) —OCi4alkyl,
(iv) —SH,va

(v) —SCiaalkyl;
R? dwoc chon tir nhém bao gom:

(a) —NHa,

(b) —-NH-C.4alkyl,

(c) -N(Cisalkyl)a,

(d) -NH-C(=0)-NHo,

(e) -NH-C(=0)-NH-C,.salkyl,

(f) -NH-C(=0)-N(C1.salkyl)s,

(g) -NH-C(=0)-NH-Cs.salkenyl,
(h) -NH-C(=0)-NH-Cs.salkynyl,

(i) -NH-C(=0)-NH-Cs.¢xycloalkyl,
(j) -NH-C(=0O)-NH-aryl,

(k) -NH-C(=0)-NH-heterocycle,

(1) -NH-C(=0)-NH-heteroaryl,
(m) —NH-C(=0)-NH-SO,-Ci.salkyl,
(n) -NH-C(=0)-NH-SO2-C3.6xycloalkyl,
(0) -NH-C(=0)-O-Ci.4alkyl,

(p) -NH-C(=0)-0-Ci.4alkylaryl,

(q) -NH-C(=0)-Ci-salkyl,

(r) -NH-C(=0)-Cs.¢xycloalkyl,

(s) -NH-C(=0)-aryl,

(t) -NH-C(=0)-heterocycle,

(u) -NH-C(=0)-heteroaryl, va

(v) -NH-SO2-C.salkyl,
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trong d6 mdi trong s6 cac lwa chon (b) dén (v) tuy y dugce thé bang 1 dén 3 phan tir thé
doc 1ap dugc chon tir nhém bao gém:

(1) —Cialkyl,
(i)  —halogen,

(iii) —OH,
(i) —O-Cralkyl,
(V) _SH>

(vi) —S-Craalkyl;

(vii) —NO2, va

(viii) —CN;
R0 RM, va R!? doc 1ap duge chon tlir nhom bao gdm: H, halogen, -OH va —Ci.¢ alkyl;
hodc
R!0 R!' va nguyén tr cacbon ma ching lién két cung voi nhau tao thanh Cs.

1xycloalkyl hodc nhom heterocyclyl;
R'3 dwoc chon tir nhém bao gdm:

(@ -H,

(b)  —Cralkyl,

(¢) —C(O)-Ciaalkyl,

(d) —C(O)NH,

() —C(0)-NH(Ci.aalkyl),

()  —C(0)-NH(Cs.exycloalkyl),
(e) —C(O)-N(Ci.salkyl),

(h)  —C(0)O-Cialkyl, va

(i)  —C(0)O-Cialkylaryl;

pla 0, 1 hodc 2,

2. Hop chét theo diém 1 trong do:

R! dwoc chon tir nhém bao gom:
(a) —aryl va

(b) —heteroaryl;

-210-



36473

trong d6 mdi aryl va heteroaryl ctia lya chon (a) va (b) 1a tuy y dugc thé bang 1 dén 3

phén ttr thé doc 1ap dugc chon tir nhém bao gbm:

(i)  —halogen,

(i) —CN,

(iliy —-C(O)R?,

(iv) —CONR’RS,

(v) -OH,

(vi) —O-Cialkyl,
(vii) —S(O)p-Ci-salkyl,
(viii) —S(O)2NR°RE,
(ix) -NHC(O)R?,

(x) -NHC(O)ORS,
(xi) —-NHSO2Ci-salkyl,

trong d6 mdi nhom alkyl cua lwa chon (iii), (x), (xii) va (xix) tuy y duoc thé bang 1
dén 5 phén tir thé doc 1ap duoc chon tlr ~halogen, “haloC1alkyl, —CORS, -CO2R®, —
CONR’RS, _NRS5RS, —~OH, —O-Cj.4alkyl, —SH va —S-Ci4alkyl.
3. Hop chét theo diém 1 hoic 2 trong do:
R? dwoc chon tr nhém bao goém:

(a) —Cusalkyl-R7, va

(b)  ~(CH2)16e-NRP)RP),

trong d6 nhom alkyl cua lya chon (a) tuy y duoc thé bang 1 dén 5 phan tir thé doc 1ap

duoc chon tu:

(i) —halogen,

(i) —Ciaalkyl,

(iii) —haloCi.salkyl,
(iv) —OH,

(v)  —O-Ciaalkyl,
(vi) —SH,va

(vii) —S-Cialkyl.

4. Hop chét theo diém bat ky trong s6 cac diém tir 1 dén 3 trong do:
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R2 duoc chon tir nhom bao gom:
(a) —(CH2i6R’,va
(b) —(CH.e-NRP)RY).
5. Hop chit theo diém bat ky trong sé cac didm tir 1 dén 4, trong do:

mdi R3 va R3¢ 1a H, va R3* duoc chon tir nhém bao gdm:

(a) ,va
(b)

trong d6 HAr 12 heteroaryl va Heyl la di vong, trong do mdi trong s6 HAr va Heyl tly

b

y duoc thé bang 1 dén 3 nhom doc 1ap duge chon tir nhém bao gdm:

(i)  -halogen,

(ii) —OH,

(iii) —CRIR!'"R™,

(iv) —(CHz2)o-3-NHSO2-Cisalkyl, va
(v)  —(CHa2)0:3-SO2-Ciaalkyl.

6. Hop chét theo diém bt ky trong sb cac diém tir 1 dén 5, trong do:
R* duoc chon tir nthém bao gom:

(a) —Crsalkyl,

(b) —Casalkenyl,

(c) —Ciealkyl-Csexycloalkyl,

(d)  —Cialkyl-aryl, trong do aryl tuy y dugc thé bang nitro
hodc -N(RP)(R'), va

(e) —Crealkyl-R°.
7. Hop chét theo didm bét ky trong sé cac diém tir 1 dén 6, trong do:
R* 14 —Ci.6alkyl-R’.

8. Hop chit theo diém 1, c6 cong thirc (Ta):
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(Ia)

/Nﬁ R10
N /:[\éRﬂ
N R12

hodc mudi duge dung, solvat, solvat cia mudi cta no; trong do:

R! duoc chon tir nhém bao gom:

(a) —aryl va

(b) —heteroaryl;

trong d6 mdi aryl va heteroaryl clia lya chon (a) va (b) la tuy y duoc thé bang 1 dén 3

phén tir thé doc 1ap dugc chon tir nhom bao gdm:

@)
(ii)
(ii1)
(iv)
™)
(vi)
(vit)
(viii)
(ix)
x)
(xi)
(xi1)
(xiil)
(xiv)
(xv)

(xvi)

—halogen,
—CN,
—Ci-ealkyl,
—Ca-salkenyl,
—Ca-salkynyl,
—C(O)RS,
~CO2RS,
—CONR’RS,
—OH,
—~0-Cialkyl,
—SH,
—S(0),-Cisalkyl,
~S(0)NR°RS,
-NO2,
~NR°RS,
~NHC(O)RS,
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(xvi) —NHC(O)R®,
(xvii) -NHC(O)ORS,
(xviii) -NHC(O)NRR®, va
(xix) —-NHSO2Ci-ealkyl,

trong d6 mdi nhom alkyl ctia Iya chon (iii), (x), (xii) va (xix) tay y duoc thé bang 1

dén 5 phdn tir thé doc 1ap duge chon tir —halogen, —haloCi.salkyl, —CORS, -CO2R?,
_CONR’R®, -NR’RS, —OH, —O-C4alkyl, =SH va —S-Ci.salkyl;

mdi R va mdi RS doc 14p duge chon tir nhém bao gém:

®

H,

—Ci-salkyl,
—Co-salkyl-Cs.12xycloalkyl,
—Co-alkyl-heterocyclyl,
—Co-salkyl-heteroaryl, va
—Co-ealkyl-aryl,

trong d6 mdi nhém alkyl ciia lya chon (b) - (f) tuy y duoc thé bang 1 dén 3 nhom doc

14p duge chon tur:

(1) —halogen,
(i) —C(O)Ci-salkyl,
(iii) —C(O)OCi.4alkyl,

(iv) —OH,

(v)  —OCi.alkyl,
(vi) -SH,

(vii) —SCr.aalkyl,
(viii) —NHo,

(ix) —NH(Ci.4alkyl), va
(x)  —N(Cr.alkyl)(Cisalkyl); hodc

RS, R va nguyén tt nito ma ching lién két cung véi nhau tao thanh di vong don vong

¢6 tir 3 dén 7 canh hodc vong ddi co tir 6 dén 11 canh tuy ¥ co gbc nguyén tir khac loai

bd sung dugc chon tir —O-, -S(O)p-, va -NR"-, va trong d6 di vong nay tiy y duge thé
bing 1 dén 2 nhém doc lap duge chon tir halogen, -haloCialkyl, ~OH, ~O-Cialkyl,
—SH va —S-Ci.salkyl;
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R7 duge chon tir nhém bao gdm:

(a)  —Cs.oxycloalkyl, va

(b)  —heterocyclyl,
trong d6 mdi trong sb cac lua chon (a) va (b) tuy y duogc thé bang 1 dén 3 phan ttr thé
doc 1ap dugc chon tir nhdém bao gém:

(i)  —Ciaalkyl,
(ii)  —halogen,

(iii) —OH,
(iv) —O-Ci.alkyl,
(v) —SH,va

(vi) —S-Ci4alkyl;
R® dugc chon tir nhém bao gdm:
(a) —Ci-ealkyl,
(b) —=Co-6alkyl-Cs.12xycloalkyl,
(¢) —Co-salkyl-heterocyclyl,
(d) —Co-ealkyl-heteroaryl, va
(e) —Co-salkyl-aryl,
trong d6 nhém alkyl cia lua chon (a) — (e) thy y dugc thé bang 1 dén 3 nhom doc 1ap

duoc chon tu:

6] —halogen,

(ii) —OH,
(iii) —OCi.4alkyl,
(iv) —-SH,va

(v)  —SCiaalkyl;
R® duoc chon tir nhém bao gdm:

(a) -NHoa,

(b) -NH-C1.salkyl,
(¢) -N(Ci.4alkyl)a,
(d) -NH-C(=0O)-NHoa,

(¢) -NH-C(=0)-NH-C.4alkyl,
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(f) -NH-C(=0)-N(Ci.4alkyl)s,
(g) -NH-C(=0)-NH-C3.salkenyl,
(h) -NH-C(=0)-NH-Cs-salkynyl,
(i) -NH-C(=0)-NH-Cs.¢xycloalkyl,
(j) -NH-C(=0)-NH-aryl,
(k) -NH-C(=0)-NH-heterocycle,
(1) -NH-C(=0)-NH-heteroaryl,
(m) —NH-C(=0)-NH-SO»-Ci.salkyl,
(n) -NH-C(=0)-NH-SO»-Cj.¢xycloalkyl,
(0) -NH-C(=0)-0-Cj.4alkyl,
(p) -NH-C(=0)-O-Ci.4alkylaryl,
(q) -NH-C(=0)-Ci.4alkyl,
(r) -NH-C(=0)-Cs-sxycloalkyl,
(s) -NH-C(=0)-aryl,
(t) -NH-C(=0O)-heterocycle,
(1) -NH-C(=O)-heteroaryl, va
(v) -NH-SO0»-C1.salkyl,
trong d6 mdi trong sb céac lua chon (b) dén (v) tuy y duoc thé bang 1 dén 3 phan tir thé

doc 1ap duge chon tir nhém bao gbm:

(i)  —Cialkyl,
(i)  —halogen,

(i) —OH,
(iv) —O-Cj.salkyl,
(V) —_SHs

(vi) —S-Ci.aalkyl;

(vii) —NOg, va

(viii) —CN;
R0, R!!, va R'2doc 1ap duge chon tir nhém bao gdm: H, halogen, —-OH va —Ci¢ alkyl;
hodc
RI%, R!' va nguyén tir cacbon ma chung lién két cung véi nhau tao thanh Cs.

12xycloalkyl hodc nhom heterocyclyl;
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R!® dugc chon tir nhém bao gom:

(@ —H,

(b)  —Cralkyl,

(c) —C(O)-Cialkyl,

(d) —C(O)NHo,

(e) —C(0)-NH(Ci-alkyl),

(f)  —C(O)-NH(Cs.exycloalkyl),
(g9 —C(0)-N(Ci.alkyl),

(h) —C(0)O-Cialkyl, va

(1) —C(0)0-Cialkylaryl; va

pla0, 1 hodc 2,
9. Hop chét theo diém 8 trong do:
R! dugc chon tir nhém bao gom:
(a) —aryl, va
(b) —heteroaryl;

trong d6 mdi aryl va heteroaryl cua lua chon (a) va (b) la tuy y dugc thé bang 1 dén 3

phén ttr thé doc 1ap duge chon tir nhém bao gbm:

(1) —halogen,

(i) —CN,

(iii) —C(O)R,

(iv) —CONR'RS,

(v) —OH,

(vi) —O-Ci.ealkyl,

(vii) —S(O)p-Ci-salkyl,
(vii)) —S(O)NR’RS,
(ix) -NHC(O)R®,

(x) -NHC(O)ORS®, va
(xi) —NHSO2C1-ealkyl,
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trong d6 mdi nhoém alkyl cua lya chon (vi), (vii), va (xi) tuy y dugc thé bang 1 dén 5
phin tr th& doc 14p dugc chon tir —halogen, -haloCisalkyl, —COR®,
_CO3R8, -CONRSR®, -NRR®, —OH, ~O-C4alkyl, —-SH va —S-C.qalkyl;

R7 1a —Cs.10xycloalkyl;
R? duge chon tir nhém bao gdm:

(m) -NH-C(=0)-NH-Ci.salkyl,

(n) —-NH-C(=0)-N(Ci.4alkyl),

(0) —NH-C(=0)-NH-Cs.salkenyl,
(p) —NH-C(=0)-NH-Cs.salkynyl,
(@) —NH-C(=0)-NH-Cj.cxycloalkyl,
(ry -NH-C(=0O)-NH-aryl,

(s) -NH-C(=0)-NH-heterocycle,

(3 —NH-C(=0)-NH-heteroaryl,

(u) -NH-C(=0)-NH-S0,-C;.4alkyl,
(v) —NH-C(=0)-NH-SO»-Cs.sxycloalkyl,
(w) -NH-C(=0)-O-Ci.alkyl, va

(x) -NH-C(=0)-O-Ci.salkylaryl,

trong d6 mdi trong sé céc Iua chon (a) dén (1) ty y dugc thé bang 1 dén 3 phan tir thé
doc 1ap duge chon tir nhom bao gbm:
(vii) —Ciaalkyl,

(viii) —halogen,

(ix) -OH,
(x) —0O-Ciaalkyl,
(xi) —SH,va

(xii) —S-Cr.salkyl;
mbi RV R [a-Csalkyl, hodc

R1®, R vi nguyén tt cacbon ma ching lién két cing v6i nhau tao thanh

Ci-sxycloalkyl hodic di vong c6 tir 4 dén 6 canh, va

R'? 1a-OH.

-218-



36473

10. Hop chét theo diém 1 c6 cong thirc (Ib):

N

T N lﬁcw
(0] >

N
g [k
“_ _N
R? (S)
NH
0

N(R)
H
(0]
9
et
NH,

0]
o)

(Ib)
hogc mudi dugc dung, solvat, solvat ctia mudi cia no, trong d6 R! duoc chon tir nhom

bao gdm:
(a) —aryl, va
(b) —heteroaryl;

trong d6 mdi aryl va heteroaryl clia lya chon (a) va (b) la tuy ¥ dugc thé bang 1 dén 3

phén tir thé doc 1ap duge chon tir nhom bao gém:

(xiii) —halogen,

(xiv) —CN,

(xv) -C(O)R?,

(xvi) —CONR’RS,

(xvii) —OH,

(xviii) —~O-Ci.ealkyl,

(xix) —S(O)p-Ci-salkyl,

(xx) —S(0)2NRRE,

(xxi) -NHC(O)R®,

(xxii) -NHC(O)OR?,

(xxiii) -NHSO2Ci-salkyl, va

(xxiv) Cralkyl;
trong d6 mdi nhom alkyl cua lya chon (vi), (vii), va (xi) tuy y dugc thé bang 1 dén 5
phan tr thé doc lap dugc chon tr —halogen, —haloCi.salkyl, —CORS, -
CO,R8, -CONR’R®, -NRR®, —OH, —O-C1.4alkyl, —SH va —S-Ci.4alkyl;

R duoc chon tir nhém bao gom:
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(y) -NH-C(=0)-NH-Cj.salkyl,

(z)  -NH-C(=0)-N(Ci.4alkyl)a,

(aa) —-NH-C(=0)-NH-Cs.salkenyl,
(bb) —NH-C(=0)-NH-Cs.salkynyl,
(cc) —NH-C(=0)-NH-Cs.¢xycloalkyl,
(dd) —-NH-C(=0)-NH-aryl,

(ee) —NH-C(=0)-NH-heterocycle,
(ff) -NH-C(=0)-NH-heteroaryl,
(gg) -NH-C(=0)-NH-SO,-Ci.salkyl,
(hh) -NH-C(=0)-NH-S0,-Cs-¢xycloalkyl,
(il) —NH-C(=0)-O-Ci.4alkyl, va

(i)  —NH-C(=0)-O-Cialkylaryl,

trong d6 mdi trong sb cac lua chon (a) dén (1) tiy y duoc thé bing 1 dén 3 phin tir thé

doc 1ap dugc chon tir nhom bao g@)m:

(xiii) —Cralkyl,
(xiv) —halogen,

(xv) —OH,

(xvi) —O-Ciaalkyl,
(xvii) —SH, va

(xviii) —S-Cialkyl; va

nlaldéns,
11. Hop chét theo diém 10 trong d6 n 1a 4.
12. Hop chét theo diém 10 hoidc diém 11 trong do:

R! 1a phenyl tuy y duoc thé bang 1 dén 3 phan tir thé doc 1ap dugc chon tir nhoém bao

gbm:

(ix) —halogen,
x) —CN,
(xi) —C(O)RS,
(xii) —CONR’RS,
(xiii) —OH,
(xiv) —O-Cialkyl,
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(xv) —S(0),-Ci-calkyl, va

(xvi) —S(0)2NR’RS;
trong d6 mdi nhém alkyl cta lya chon (vi) va (vii) tiy y dugc thé bang 1 dén S phan tir
thé doc 1ap duge chon tir —halogen, —haloCi.salkyl, —CORS, —CO2R®, -CONH>, —OH,
va —O-Ci.salkyl.

13. Hop chét theo diém 10 hodc diém 11 trong d6 R' 1a naphtyl.
14. Hop chét theo diém 10 hoic diém 11 trong d6 R1 dugc chon tir nhom bao gbm:

(c)  vong heteroaryl don vong cO tir 5 dén 6 canh c6 nguyén tir khac loai

duoc chontir N, O va S, vatuy y 1, 2 hodic 3 nguyén ttr N b sung; va

(d)  vong heteroaryl hai vong ngung tu ¢6 8,9, ho#ic 10 canh c6 nguyén tu

khac loai dugc chon tr N, O va S, vatuy y 1, 2 hodc 3 nguyén tir N bd sung;

trong d6 mdi trong sb cac lua chon (a) va (b) tuy y dugc thé bang nhom dugce chon tir:

OH va Ci.qalkyl.

15. Hop chét theo diém 1 duoc chon tir nhém bao gdm:

(25)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1 -amino-4-metyl-1,2-

dioxopentan-3-yl)pyrolidin-2-carboxamit;

metyl (3-((S)- 1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)pyrolidin-Z-carboxamido)-
4-metyl-2-oxopentanoyl)glyxinat;

(25)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1 -((2-metoxyetyl)amino)-4-
metyl-1,2-dioxopentan-3 -yl)pyrolidin-2-carboxamit;

(25,4R)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1 -amino-4-metyl-1,2-
dioxopentan-3-yl)-4-phenylpyrolidin-2-carboxamit;

(2S,4R)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1 -amino-4-metyl-1,2-
dioxopentan-3-yl)-4-(piperidin-1 -yl)pyrolidin-2-carboxamit;

(2S,4R)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1-amino-7-(3-
xyclohexylureido)-2-hydroxy-1-oxoheptan-3 -yl)-4-(piperidin-1-yl)pyrolidin-2-

carboxamit;
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(2S,4R)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(4-amino-1 -xyclobutyl-3,4-
dioxobutan-2-yl)-4-(piperidin-1 -yl)pyrolidin-2-carboxamit;

(2S,4R)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1 -amino-4-metyl-1,2-
dioxohexan-3-yl)-4-(piperidin-1 -yl)pyrolidin-2-carboxamit;

(2S,4R)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(4-amino-3 ,4-dioxo-1-
phenylbutan-2-yl)-4-(piperidin-1 -yD)pyrolidin-2-carboxamit;

(28,4S5)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(4-amino-1 -xyclobutyl-3,4-
dioxobutan-2-yl)-4-(piperidin-1-yl)pyrolidin-2—carboxamit;

(28,48)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1 -amino-7-(3-
xyclopropylureido)-1,2-dioxoheptan-3 -yl)-4-(5-(2-hydroxypropan-2-yl)- 1H-1,2,3-triazol-
1-yl)pyrolidin-2-carboxamit;

(28,4S)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1 -amino-7-(3-
isobutylureido)-1,2-dioxoheptan-3-y1)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamit;

(28.,4S)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1 -amino-7-(3-
xyclohexylureido)-1,2-dioxoheptan-3 -yl)-4-(5-(2-hydroxypropan-2-yl)-1H- 1,2,3-triazol-
1-yl)pyrolidin-2-carboxamit;

(2S,48)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1-amino-1 ,2-diox0-7-(3-
(pyridin-4-yl)ureido)heptan-3-y1)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamit;

(28,4S)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1 -amino-7-(3-etylureido)-
1,2-dioxoheptan-3-yl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamit;

(28.4S)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1 -amino-7-(3-(1-metyl-1H-

pyrazol-3-yl)ureido)-1,2-dioxoheptan-3 -yl)-4-(5-(2-hydroxypropan-2-yl)-14-1 ,2,3-

triazol-1-yl)pyrolidin-2-carboxamit;

(2S,4S)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1 -amino-7-(3-(isoxazol-3-
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yl)ureido)-1,2-dioxoheptan-3-y1)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamit;

(28,48)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1-amino-1,2-dioxo-7 -(3-
(tetrahydro-2 H-pyran-4-yl)ureido)heptan-3 -y1)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-

triazol-1-yl)pyrolidin-2-carboxamit;

(28,45)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1-amino-1 ,2-dioxo-7-(3-
(pyrimidin-5-yl)ureido)heptan-3-y )-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamit;

(28,48)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1 -amino-7-(3-(1-
oxidotetrahydro-2 H-thiopyran-4-yl)ureido)-1 ,2-dioxoheptan-3-yl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamit;

(28,4S)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1-amino-1 ,2-dioxo-7-(3-
(tetrahydro-2 H-thiopyran-4-yl)ureido)heptan-3 -y1)-4-(5-(2-hydroxypropan-2-yl)-1H-
1,2,3-triazol-1-yl)pyrolidin-2-carboxamit;

(28,45)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1-amino-1 ,2-dioxo-7-(3-
(pyridin-3-yl)ureido)heptan-3-y1)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamit;

(28,45)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1-amino-1 ,2-dioxo-7-(3-
(pyridin-2-yl)ureido)heptan-3-y1)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin-2-carboxamit;

(28,4S5)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1-amino-1 ,2-dioxo-7-(3-
(prop-2-yn-1-yl)ureido)heptan-3 -yl)-4-(5-(2-hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-
yl)pyrolidin-2-carboxamit;

(25,485)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1-amino-7-(3 -(5-(tert-
butyl)isoxazol-3-yl)ureido)-1,2-dioxoheptan-3 -y1)-4-(5 -(2-hydr0xypropan-2—y1)- 1H-1,2,3-

triazol-1-yl)pyrolidin-2-carboxamit;

(28,4S5)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoy!)-N-(7-(3 -allylureido)-1-amino-

1,2-dioxoheptan-3-yl)-4-(5-(2-hydroxypropan-2-yl)-14- 1,2,3-triazol-1-yl)pyrolidin-2-
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carboxamit;

(2S,4S)-1-((R)-2-(2-naphtamid0)-3-xyclohexylpropanoyl)-N—(1-amino-7-(3-
(xyanometyl)ureido)-1 ,2-dioxoheptan-3 -y1)-4-(5-(2-hydroxypropan-2-yl)- 1H-1,2,3-

triazol-1-y1)pyrolidin-2-carboxamit;

(28,4S)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1 -amino-7-(3-
xyclobutylureido)-1,2-dioxoheptan-3 -yl)-4-(5-(2-hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-
yl)pyrolidin-2-carboxamit;

(28.4S)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1-amino- 1,2-dioxo-7-
((triflometyl)sulfonamido)heptan-3-y1)-4-(3 -(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-
yl)pyrolidin-2-carboxamit;

(28.,45)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1 -amino-7-(3-
(xyclopropylsulfonyl)ureido)-1 .2-dioxoheptan-3-yl)-4-(5 -(2-hydroxypropan-2-yl)-1H-
1,2,3-triazol-1-yl)pyrolidin-2-carboxamit;

benzyl (5-((2S,4S5)-1 -((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3 -triazol-1 -yl)pyrolidin-Z-carboxamido)-7—amino—6,7-
dioxoheptyl)carbamat;

benzyl (5-((28,45)-1-((R)-2-(2-naphtamido)-3-xyclohexylpropanoyl)-4-(4-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin—2-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat;

benzyl (5-((2S,4R)-1 -((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-Z-carboxamido)-7-amino—6,7-
dioxoheptyl)carbamat;

benzyl (5-((25,4R)-1-((R)—2-(2-naphtamido)-3-xyclohexylpropanoyl)-4-(4-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-Z-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat;

(2S,4S)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1-amino-1 ,2-dioxohex-5-en-
3-y1)-4-(5-(2-hydroxypropan-2-yl)-1H-1 2.,3-triazol-1-yl)pyrolidin-2-carboxamit;
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N-((2R)-1-((28,4S)-2-((7-(3-propargylureido)-1-amino-1 ,2-dioxoheptan-3-yl)carbamoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-1-yl)-3-xyclohexyl-1-

oxopropan-2-yl)isonicotinamit;

(28,48)-N-(7-(3-propargylureido)-1-amino-1 .2-dioxoheptan-3-yl)-1-((R)-3-xyclohexyl-2-
(4-(metylsulfonyl)benzamido)propanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-
1-yl)pyrolidin-2-carboxamit;

(28.4S)-N-(1-amino-1,2-dioxo-7-(3-(prop-2-yn-1 -yl)ureido)heptan-3-yl)-1-((R)-3-
xyclohexyl-2-(4-(2,2,2-triflo-1,1 -dihydroxyetyl)benzamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl1)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamit;

benzyl (5-((2S,4S)-1-((R)-2-(1H—benzo[a’]imidazol-2-carboxamido)-3-
xyclohexylpropanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-7-amino-6,7-dioxoheptyl)carbamat;

benzy! (7-amino-5-((25,4S5)-1-((R)-3-xyclohexyl-2-(4-
(metylsulfonyl)benzamido)propanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-
yl)pyrolidin—2-carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (5-((25.,4S)-1 -((R)-2-(1H-benzo[d]imidazol-4-carboxamido)-3-
xyclohexylpropanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-

carboxamido)-7-amino-6,7-dioxoheptyl)carbamat;

benzyl (5-((2S,4S)-1-((R)-2-(1H-benzo [d]imidazol-6-carboxamido)-3-
xyclohexylpropanoyl)-4-(5-(2-hydroxypropan-2-yl)-1.14- 1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-7-amino-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1 ,6-naphtyridin-5-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3 -xyclohexyl-2-(1,6-naphtyridin-8-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;
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benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1 ,8-naphtyridin-4-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-14-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,45)-1-((R)-3-xyclohexyl-2-(quinoxalin-5-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-14-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-Z-(quinazolin-2-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-14-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S5)-1 -((R)-3-xyclohexyl-2-(quinoxalin-2-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-14-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,45)- 1-((R)-3-xyclohexyl-2-(1,5-naphtyridin-2-
carboxamido)propanoy1)-4-(5-(2-hydroxypropan-2-yl)-14-1 ,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1 ,6-naphtyridin-2-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1, 8-naphtyridin-2-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-14-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1 ,7-naphtyridin-3-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,45)-1-((R)-3-xyclohexyl-2-(1,5 -naphtyridin-3-
carboxamido)propanoy1)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;
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benzyl (7-amino-5 -((28,4S)-1-((R)-3-xyclohexyl-2-(quinoxalin-6-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amin0-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(4-oxo-3,4-dihydr0quinazolin—7-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1,5-naphtyridin-4-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-(1 -metyl-1H-imidazol-5-
carboxamido)propanoy1)-4-(5-(2-hydroxypropan-2-yl)-14-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,45)-1-((R)-3-xyclohexyl-2-(1-metyl-1H; -imidazol-4-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amin0-5-((2S,4S)-1-((R)-3-Xyclohexyl-2-(1-metyl-lH—imidazol-Z-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(1H-pyrrolo[3 ,2-c]pyridin-2-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-( 1 H-indol-2-carboxamido)propanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-( 1 H-indol-5-carboxamido)propanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;
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benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-(1H- -indol-6-carboxamido)propanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2~( 1 H-indazol-4-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)—1-((R)-3-xyclohexyl-2-(1H—indazol—5-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)—1-((R)-3-xyclohexyl—Z-(1H—indazol-6—
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1 /-1 ,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,45)-1-((R)-3 -xyclohexyl-2-(1H-indazol-7-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-14-1 ,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (5-((2S,4S5)-1 -((R)-2-(1-naphtarnido)-3-Xyclohexylpropanoyl)—4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3 -xyclohexyl-Z-(isoxazol-4-carboxamido)propanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3 -xyclohexyl-2-(oxazol-4-carb oxamido)propanoyl)-4-
(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3 -xyclohexyl-2-(oxazol-2-carb oxamido)propanoyl)-4-
(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;
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benzyl (7-amino-5-((28,45)-1-((R)-2-(3 -carbamoylbenzamido)-3-xyclohexylpropanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yD)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;;

benzyl (7-amino—5-((2S,4S)—1-((R)-Z-(4-carbamoylbenzamido)-3-xyclohexylpropanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,45)-1 -((R)-2-(2-xyanobenzamido)-3 -xyclohexylpropanoyl)-4-(5-
(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amin0—5-((2S,4S)-1-((R)-2-(3-xyanobenzamido)-3-xyclohexylpropanoyl)-4-(5-
(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-2-(4-Xyanobenzamido)-3-xyclohexy1propan0y1)-4-(5-
(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3 -Xyclohexy1-2-(2-ﬂobenzamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,45)-1-((R)-3 -xyclohexyl-2-(4-ﬂobenzamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amin0-5-((2S,4S)—1-((R)-3-xyclohexy1-2-(2-metoxybenzamido)propanoyl)-4—(5-
(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3 -xyclohexyl-2-(3 -metoxybenzamido)propanoyl)-4-(5-
(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;
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benzyl (7-amino-5-((2S,4S5)-1-((R)-3 -xyclohexyl-2-(4-metoxybenzamido)propanoy!)-4-(5-
(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amin0-5-((2S,4S)-1-((R)-3-Xyclohexy1-2-(2-((metylperoxy)thio)benzamido)-
propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-
6,7-dioxoheptyl)carbamat;

benzyl (7-amin0-5-((2S,4S}-1-((R)-3-Xyclohexyl-2-(3-((mety1peroxy)thio)benzamido)-
propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamido)-
6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S5)- 1—((R)-3-xyclohexy1-2-(4-((diﬂometyl)sulfonyl)benzamido)-
propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-carboxamido)-
6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(4-((2-
metoxyetyl)sulfonyl)benzamido)propanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-1,2,3-
triazol-1-yl)pyrolidin-2-carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-2—(4-((2-amino-2-oxoetyl)sulfonyl)benzamido)-3-
xyclohexylpropanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-(4-
(isopropylsulfonyl)benzamido)propanoyl)-4-( 5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-
1-yl)pyrolidin-2-carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3 -xyclohexyl-2-(nicotinamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3 -xyclohexyl-2-(picolinamido)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;
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benzyl (7—amino-5-((2S,4S)-1-((R)—3-xyclohexyl—Z-(isonicotinamido)propanoyl)-4-(5 -(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(pyrimidine-2-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S5)-1-((R)-3-xyclohexyl-2-(isoquinolin-1-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S5,4S)-1-((R)-3 -xyclohexyl-2-(quinolin-4-carboxamido)propanoy1)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3 -xyclohexyl-2-(quinolin-5-carboxamido)propanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((285,45)-1-((R)-3-xyclohexyl-2-(isoquinolin-5-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamait;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(isoquinolin-8-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-l-((R)-3-xyclohexyl-2-(quinolin-8-carboxamido)propanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S5)-1-((R)-3 -xyclohexyl-2-(quinolin-2-carboxamido)propanoy1)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;
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benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-(1-oxo-1,2-dihydroisoquinolin-3-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S5)-1-((R)-3-xyclohexyl-2-(isoquinolin-3-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(quinolin-3 -carboxamido)propanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4:S)-1-((R)-3-xyclohexyl-2-(2-0x0-1 ,2-dihydroquinolin-6-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-(isoquinolin-6-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,4S)-1-((R)-3-xyclohexyl-2-(isoquinolin-7-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)-3-xyclohexyl-2-(imidazo[1,2-a]pyridin-6-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((25,45)-1-((R)-3 -xyclohexyl-2-(quinolin-7-carboxamido)propanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-6,7-
dioxoheptyl)carbamat;

benzyl (7-amino-5-((28,4S5)-1-((R)-3-xyclohexyl-2-(pyrido[2,3-b]pyrazin-&-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;
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benzyl (7-amino-5-((2S,4S)-1-((R)-3-Xyclohexyl-Z-(pyrido[2,3-b]pyrazin-6-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amino-5-((2S,4S)-1-((R)—3-xyclohexy1-2-(pyrid0[2,3-b]pyrazin—7-
carboxamido)propanoy1)-4-(5-(2-hydroxypropan-2-yl)-14-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7—amino-5—((2S,4S)-1-((R)-3-xyclohexyl-Z-(lH-1,2,3-triazol-4-
carboxamido)propanoy1)-4-(5-(2-hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (7-amin0-5—((2S,4S)-1-((R)—3-xyclohexyl-Z—(l-metyl- 1H-1,2,3-triazol-4-
carboxamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamido)-6,7-dioxoheptyl)carbamat;

(28,4S)-N-(1-amino-7-(3-xyclopropylureido)-1 .2-dioxoheptan-3-y1)-1-((R)-3-xyclohexyl-
2-(4-(metylsu1fony1)benzamido)propanoyl)-4-(5-(2-hydroxypr0pan—2-yl)- 1H-1,2,3-

triazol-1-yl)pyrolidin-2-carboxamit;

(2S,4S)-N-(1-amino-7-(3-xyclopropylureido)-1 ,2-dioxoheptan-3-yl)-1-((R)-2-(4-
xyanobenzamido)-3 -xyclohexylpropanoyl)-4-(5-(2-hydroxypr0pan-2-yl)- 1H-1,2,3-triazol-
1-yl)pyrolidin-2-carboxamit;

N-((2R)-1-((28,4S)-2-((1-amino-7-(3-xyclopropylureido)-1 ,2-dioxoheptan-3-
yl)carbamoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1 ,2.3-triazol-1-yl)pyrolidin-1-yl)-3-

xyclohexyl-1-oxopropan-2-yl)imidazo[ 1 ,2-a]pyridin-6-carboxamit;

N-((2R)-1-((28,4S)-2-((1-amino-7-(3-xyclopropylureido)-1 ,2-dioxoheptan-3-
yl)carbamoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1 ,2,3-triazol-1-yl)pyrolidin-1-yl)-3-

xyclohexyl-1-oxopropan-2-yl)quinolin-3-carboxamit;

(25,45)-1 -((R)-2-(4-((2-amino-2-oxoetyl)sulfonyl)benzamido)-3 -xyclohexylpropanoyl)-/N-
(1-amino-7-(3-xyclopropylureido)-1,2-dioxoheptan-3 -yl)-4-(5-(2-hydroxypropan-2-yl)-
1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamit;
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(28,4S)-N-(1-amino-7-(3-xyclopropylureido)-1 ,2-dioxoheptan-3-yl)-1-((R)-3-xyclohexyl-
| 2-(4-((diﬂometyl)sulfonyl)benzamido)propanoyl)-4-(5-(2-hydroxypropan-2-yl)- 1H-1,2,3-

triazol-1-yl)pyrolidin-2-carboxamit;

N—((ZR)-1—((2S,4S)-2-((1-amino-7-(3-Xyclopropylureido)- 1,2-dioxoheptan-3-
yl)carbamoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1 ,2.3-triazol-1-yl)pyrolidin-1-y1)-3-

xyclohexyl-1-oxopropan-2-yl)-1H-indazol-7-carboxamit;

(28,4S)-N-(1-amino-7-(3-xyclopropylureido)-1 ,2-dioxoheptan-3-y1)-1-((R)-3-xyclohexyl-
2-(4-((2-metoxyetyl)sulfonyl)benzamido)propanoyl)-4-(5 -(2-hydroxypropan-2-yl)-1H-
1,2,3-triazol-1-yl)pyrolidin-2-carboxamit;

(25,4S)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(4-amino-1 -(4-nitrophenyl)-
3 4-dioxobutan-2-yl)-4-(5-(2-hydroxypropan-2-yl)-1H4-1,2,3 -triazol-1-yl)pyrolidin-2-

carboxamit;

(25,49)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(1 -(4-axetamidophenyl)-4-
amino-3,4-dioxobutan-2-yl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3 -triazol-1-yl)pyrolidin-

2-carboxamit;

(25,4S)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-N-(4-amino-1-(4-(3-
Xyclohexy1ureid0)pheny1)-3,4-dioxobutan-2—yl)-4-(5-(2-hydroxypropan—2-y1)-lH- 1,2,3-

triazol-1-yl)pyrolidin-2-carboxamit;

benzyl (2-((25,4S)-1-((R)-2-(2-naphtamido)-3 -xyclohexylpropanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1 -yl)pyrolidin-2-carboxamido)-4-amino-3,4-

dioxobutyl)carbamat;

benzyl (7-amino-5-((3S)-2-((R)-3-xyclohexyl-2-(4-(metylsulfonyl)benzamido)propanoyl)-
2-azabixyclo[2,2,1]heptan-3 -carboxamido)-6,7-dioxoheptyl)carbamat;

benzyl (5-((2S,4S)-1-(2-(2-naphtamido)-4-((1 S,4R)-bixyclo[2,2,1]heptan-2-yl)butanoyl)-
4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol- 1-yl)pyrolidin-2-carboxamido)-7-amino-
6,7-dioxoheptyl)carbamat;

benzyl (5-((25.,4S5)-1 -((R)-2-(2-naphtamido)-3-(((benzyloxy)carbonyl)amino)propanoyl)-
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4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol- 1 -yl)pyrolidin-2-carboxamido)-7-amino-
6,7-dioxoheptyl)carbamat;

benzyl (5-((2S,4S)—1-(2-(2;naphtamido)-3-(tetrahydro-2H—pyran-4-yl)propanoyl)—4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat;

benzyl  (5-((25,4S)-1-(2-(2-naphtamido)-3-((3S,5S,7S)-adamantan-1-yl)propanoyl)-4-(5-
(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat;

benzyl (5-((2S,45)-1-(2-(2-naphtamido)-3-((1S,2R,55)-6,6-dimetylbixyclo[3,1,1 |heptan-2-
yl)propanoyl)-4-(5-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-

carboxamido)-7-amino-6,7-dioxoheptyl)carbamat; va

benzyl (5-((2S,4S)-1-(2-(2-naphtamido)-3-(3-metyloxetan-3-yl)propanoyl)-4-(5-(2-
hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)pyrolidin-2-carboxamido)-7-amino-6,7-
dioxoheptyl)carbamat;

hodc mubi duoc dung, solvat, mudi cua solvat cua no.

16. Dugc phim chitra hop chat theo diém bt ky trong s cac diém tir 1 dén 15 va chét

mang dugc dung.
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