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Abstract
The invention provides a peptide amide compound represented by the general general
formula (I), a preparation method thereof, and a medical application thereof. The compound
has a novel structure, better biological activity, and better anal gesic effect.
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Peptide amide compounds, preparation method thereof and use in

medicine

Technical Field
The present invention relates to a peptide amide compound having an analgesic effect,

a preparation method thereof and use in medicine.

Background

Opioid drugs have been used for the treatment of pain for thousands of years and play
a physiological role primarily by binding to the known three classical opioid receptors p, &
and x. These three receptors are members of the G-protein coupled receptor family, mainly
distributed in the central nervous system, and also in many peripheral tissues. One of the
most classic drugs is morphine, which exerts an analgesic effect mainly through the action
of p opioid receptors.

In addition, commonly used clinical analgesics include other p opioid receptor drugs,
such as traditional opioids represented by dihydromorphinone and fentanyl.

However, p opioid receptor drugs produce a variety of side effects after long-term use,
such as tolerance, dependence and respiratory depression, and effects on gastrointestinal
motility, which not only increases the cost of treatment, but also affects the cycle for
patient to recover. Some non-opioid injections, such as acetaminophen and NSAIDs
(Non-steroidal anti-inflammatory drugs), have limited use and dosage due to their poor
analgesic effect. In addition, they have certain side effects, such as acetaminophen
increases liver toxicity, and NSAIDs (non-steroidal anti-inflammatory drugs) cause various
gastrointestinal diseases.

With the increasing pressure of life and work in modern society and the arrival of the
elderly society, and in view of the critical role of the opioid receptors for the treatment of
different types of pain, the search for new opioids with high analgesic activity and low

toxic side effects has important scientific and social significance.
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Studies have found that by using k opioid receptor agonists, x opioid receptors can be
used as targets for intervention to treat pain and prevent a wide variety of diseases and
conditions. For example, in 1993, Woold et al. described the use of k opioid receptor
agonists for the treatment of pain sensitization (Anasthesia and Analgesia, 1993, 77,
362-379); in 1999, Wu et al. proposed k opioid receptor agonists as targets for the
prevention and treatment of cardiovascular diseases (Circulation Res 1999, 84, 1388-1395);
in 2003, Kaushik et al. described the neuroprotective effects of k opioid receptor agonists
(J. Postgraduate Medicine 2003, 49 (1), 90-95); in 2004, Potter et al. described the use of
opioid receptor agonists in ocular disorders and ocular pain (Pharmacol. Exp. Ther 2004,
209, 548-553) ; in 2005, Wikstrom et al. described the use of k agonists in the treatment of
uremia and opium-induced pruritus (J. Am. Soc.Nephrol 2005,16, 3742-3747. ); in 2006,
Bileviciute-Ljungar et al. evaluated the properties of kx opioid receptor agonists for
inflammatory diseases such as osteoarthritis and rheumatoid arthritis (Rheumatology
2006,45, 295-302); in 2006, Lembo evaluated the use of k opioid receptor agonists in
gastrointestinal diseases (Diges.Dis. 2006,24,91-98); in 2006, Jolivalt et al. described the
role of the x opioid receptor agonist acimadrine in rodent diabetic neuropathy
(Diabetologia 2006,49 (11), 2775-2785); in 2008, Schteingart, Claudio, D et al. from Cara
Therapeutics Co., Ltd. evaluated the effects of k opioid receptor agonists on visceral pain,
pH-sensitive nociceptor activation-related pain, and capsaicin-induced eye pain in

WO2008057608A2.

Summary

The object of the present invention is to provide a k opioid receptor agonist which has
novel structure, better biological activity and better analgesic effect, and a preparation
method thereof and use in medicine.

The present invention provides a compound of the general formula (I) or a
stereoisomer, hydrate, metabolite, solvate, pharmaceutically acceptable salt or cocrystal

thereof:



10

15

20

CA 03069820 2020-01-14

3
=
L RG
O R4 O N ] ( )C
H H
R N\ﬂj\N N NR’R®
(Ua O H (0]
NR2R3 [~
\_T (RO,
(M
wherein
(R1a)n1
((\b(
r AR
15
R! is selected from R, :

each of my, and m; is independently selected from 1, 2, 3 or 4;

each of ms, and m4 is independently selected from 0, 1, 2, 3 or 4; with the condition that
m3 and m 4 cannot be 0 at the same time;

each of ni, and n» is independently selected from 0, 1, 2, 3 or 4;

Z is selected from CR*R? or NR?;

each of R”, and R? is independently selected from H, F, Cl, Br, I, OH, CF3, nitro, Cis
alkyl, Ci.6 alkoxy, Ca. alkenyl, Ca alkynyl, -C(=0)-Ci.6 alkyl, -(CH2)¢-C(=0)O-Ci alkyl,
-(CH2)¢-NR'*R", -(CH,)q-COOH, ~(CH2)-CONH,, Cs.s carbocyclic group or 3 to 8 membered
heterocyclic group. The alkyl, alkoxy, alkenyl, alkynyl, carbocyclic or heterocyclic group is
optionally further substituted with 0 to 5 substituent(s) selected from the group consisting
of F, Cl, Br, I, OH, CF3, =0, carboxyl, nitro, cyano, amino, Ci.¢ alkyl, Ci.6 alkoxy, Ca.¢ alkenyl,
Ca.6 alkynyl, Cs.s carbocyclic group or 3 to 8 membered heterocyclic group. The heterocyclic
group contains 1 to 3 heteroatom(s) optionally selected from N, O or S, and when the
heteroatom is selected from S, it is optionally in form of S, S=O or S(=0);

each of R, R'f is independently selected from H, Cis alkyl, -C(=0)O-C.s alkyl,
-C(=0)O-(CH2)4-Cs.8 carbocyclic group or -C(=0)O-(CHz)e- 3 to 8 membered heterocyclic
group. The alkyl, carbocyclic or heterocyclic group is optionally further substituted with 0 to

5 substituent(s) selected from the group consisting of F, Cl, Br, I, OH, CF3, cyano, nitro, Ci-
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alkyl, Ci¢ alkoxy, Cas alkenyl, Cs¢ alkynyl, Cs.g carbocyclic group or 3 to 8§ membered
heterocyclic group. The heterocyclic group contains 1 to 3 heteroatom(s) selected from N, O or
S;

alternatively, R*! and R? form a 3 to 10 membered nitrogen-containing heterocyclic ring
with the carbon atom to which they are attached. The ring is optionally further substituted with
substituent(s)‘ selected from the group consisting of F, Cl, Br, I, OH, CF3, cyano, nitro, =0, Cis
alkyl, Ci alkoxy, Cas alkenyl, Cy¢ alkynyl, Cs.s carbocyclic group or 3 to 8§ membered
heterocyclic group;

each of R'2, R'® is independently selected from F, CF3;, Cis alkyl, Cs.s alkenyl, Cy¢
alkynyl or 3 to 8 membered heterocyclic group. The alkyl, alkenyl, alkynyl or heterocyclic
group is optionally further substituted with 0 to 5 substituent(s) selected from the group
consisting of F, Cl, Br, I, OH, CF3, nitro, cyano, Cis alkyl, Ci.s alkoxy, Cas alkenyl, Cae
alkynyl, Cs.g carbocyclic group or 3 to 8 membered heterocyclic group. The heterocyclic group
contains 1 to 3 heteroatom(s) optionally selected from N, O or S;

R is independently selected from H, -C(=0)-C1.s alkyl, -C(=0)O-Ci.6 alkyl, -C(=0)-C.s
carbocyclic group, -C(=0)O-C.g carbocyclic group, -C(=0)O- (3 to 8 membered heterocyclic
group), -S(=0)p-C1.6 alkyl, -S(=0),-Cs.s carbocyclic group, -S(=0),- (3 to 8 membered
heterocyclic group), -C(=0)NR'€R'™, -S(=0),-NR'R" or 3 to 8 membered heterocyclic group.
The alkyl, carbocyclic or heterocyclic group is optionally further substituted with 0 to 5
substituent(s) selected from the group consisting of F, Cl, Br, I, OH, CF3, nitro, cyano, amino,
C1. alkyl, C16 alkoxy, Czs alkenyl, Cz¢ alkynyl, Csg carbocyclic group or 3 to 8 membered
heterocyclic group. The heterocyclic group contains 1 to 3 heteroatom(s) optionally selected
from N, Oor S;

each of R'8, R™ R!, RY is independently selected from H or Ci.6 alkyl;

alternatively, R'8, R form a 3 to 10 membered heterocyclic ring with the nitrogen atom
to which they are attached. The ring is optionally further substituted with substituent(s)
selected from the group consisting of F, Cl, Br, I, OH, CF3, cyano, nitro, Ci alkyl, Ci.¢ alkoxy,
Cz6 alkenyl, Cys alkynyl or -S(=0)-C1.s alkyl. The heterocyclic group contains 1 to 3

heteroatom(s) selected from N, O or S;
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q is selected from O, 1, 2, 3 or 4;

p is selected from 0, 1 or 2;

a is selected from 0, 1, 2 or 3;

R* is independently selected from H, Ci. alkyl, C2.6 alkenyl, Ca.6 alkynyl or -(CH2)q-C3-8
carbocyclic group. The alkyl, alkenyl, alkynyl or carbocyclic group is optionally further
substituted with 0 to 5 substituent(s) selected from the group consisting of F, Cl, Br, [, OH, CN,
CF3, NO2, Ci6 alkyl, Ci alkoxy, C2 alkenyl, Ca.6 alkynyl, Cs.s carbocyclic group or 3 to 8
membered heterocyclic group. The heterocyclic group contains 1 to 3 heteroatom(s) selected

fromN, Oor S;
each of R%, R3, R, R® is independently selected from H, Ci.s alkyl, -C(=0)O-C14 alkyl,

-C(=0)O-(CH2)q-Cs.g carbocyclic group, -C(=0)O-(CHz2)¢-3 to 8 membered heterocyclic group
NH

or &t NH2 The alkyl, carbocyclic or heterocyclic group is optionally further substituted with

0 to 5 substituent(s) selected from the group consisting of F, Cl, Br, I, OH, CF3, nitro, cyano,

C1s alkyl, Ci.6 alkoxy, Cas alkenyl, Cas alkynyl, Css carbocyclic group or 3 to 8 membered

heterocyclic group. The heterocyclic group contains 1 to 3 heteroatom(s) optionally selected

fromN, OorS;

b is selected from 0, 1, 2, 3,4 or 5;

c is selected from 0, 1, 2, 3,4 or 5;

Each of R%, R®is each independently selected from F, Cl, Br, I, CF3, cyano, nitro, Ci4
alkyl, -OR’2, -C(O)OR®®, -SR*, -S(O)R*Y, -S(O).R* or -NR*R;

each of R% R, R*, R3¢ R, R’ and R’® is independently selected from H or C14 alkyl;

alternatively, R>, R*form a 5 to 6 membered heterocyclic ring with the nitrogen atom to
which they are attached. The heterocyclic group contains 1 to 3 heteroatom(s) optionally
selected from N, O or S.

In a preferred embodiment of the invention, a compound of the general formula (I) or a
stereoisomer, hydrate, metabolite, solvate, pharmaceutically acceptable salt or cocrystal thereof,

wherein:
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(R1a)n1

\\\‘B‘SN:‘LL
((\h
Z/deo
1
R! is selected from R}, ;

each of mi1, m2, m3, m4 is independently selected from 1 or 2;

each of ni, n 2 is independently selected from 0, 1 or 2;

Z is selected from CR*R? or NRZ;

each of R*!, R is independently selected from H, F, Cl, Br, I, OH, CF3, nitro, C1 alkyl,
Ci4 alkoxy, Cas alkenyl, Cy4 alkynyl, -C(=0)-Ci4 alkyl, -(CH2)¢-C(=0)O-Ci4 alkyl,
«(CH2)¢-NR'*R", -(CH2);-COOH , -(CH2)¢-CONH,, Css carbocyclic group or a 3 to 6
membered heterocyclic group, preferably H, Cis alkyl, -(CH2)q-C(=0)O-Ci4 alkyl,
-(CH2)¢-NR!*RY, -(CH3)¢-COOH , -(CH2)-CONH,, Css carbocyclic group or a 3 to 6
membered heterocyclic group. The alkyl, alkoxy, alkenyl, alkynyl, carbocyclic or heterocyclic
group is optionally further substituted with 0 to 3 substituent(s) selected from the group
consisting of F, Cl, Br, I, OH, CF3, nitro, =0, carboxyl, cyano, amino, Ci4 alkyl, C;.4 alkoxy,
C2.4 alkenyl, C24 alkynyl, Cs.6 carbocyclic group or a 3 to 6 membered heterocyclic group. The
heterocyclic group contains 1 to 3 heteroatom(s) optionally selected from N, O or S. The
heterocyclic group contains 1 to 3 heteroatom(s) optionally selected from N, O or S, and when
the heteroatom is selected from S, it is optionally in form of S, S=O or S(=0);

each of R'®, R'f is independently selected from H, Ci4 alkyl, -C(=0)O-Ci4 alkyl,
-C(=0)O-(CH2)q-C3.6 carbocyclic group or -C(=0)O-(CHz)¢-3 to 6 membered heterocyclic
group, preferably H, Ci.4 alkyl, -C(=0)O-Ci4 alkyl or -C(=0)O-(CHz2)¢-Cs.s carbocyclic group.
The alkyl, carbocyclic or heterocyclic group is optionally further substituted with 0 to 3
substituent(s) selected from the group consisting of F, Cl, Br, I, OH, CF3, cyano, nitro, Ci4
alkyl, Ci4 alkoxy, C24 alkenyl, C4 alkynyl, Cs., carbocyclic group or a 3 to 6 membered
heterocyclic group. The heterocyclic group contains 1 to 3 heteroatom(s) selected from N, O or
S;

alternatively, R*' and R* form a 3 to 10 membered nitrogen-containing heterocyclic ring,

preferably form a 4 to 6 membered nitrogen-containing heterocyclic ring, with the carbon atom
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to which they are attached. The ring is optionally further substituted with substituent(s)
selected from the group consisting of F, Cl, Br, I, OH, CF3, cyano, nitro, =0, Ci4 alkyl, Ci4
alkoxy, Cz4 alkenyl, Cz4 alkynyl, Cs. carbocyclic group or a 3 to 6 membered heterocyclic
group;

each of R'%, R!® is independently selected from F, CFs, Ci. alkyl, C2s alkenyl, Ca.
alkynyl or a 3 to 6 membered heterocyclic group, preferably F, CFs, Cs.4 alkenyl or Cj4
alkynyl. The alkyl, alkenyl, alkynyl or heterocyclic group is optionally further substituted with
0 to 3 substituent(s) selected from the group consisting of F, Cl, Br, I, OH, CF3, nitro, cyano,
C14 alkyl, Ci4 alkoxy, Cz4 alkenyl, Cy4 alkynyl, Cs.¢ carbocyclic group or a 3 to 6 membered
heterocyclic group. The heterocyclic group contains 1 to 3 heteroatom(s) optionally selected
from N, OorS;

R? is independently selected from H, -C(=0)-Ci4 alkyl, -C(=0)-Cs.s carbocyclic group,
-C(=0)0-Ci14 alkyl, -C(=0)-Cs4 carbocyclic group, -C(=0)O-Cs¢ carbocyclic group or
-C(=0)O-(3 to 6 membered heterocyclic group), -S(=0),-C14 alkyl, ~S(=0),-Cs.6 carbocyclic
group, -S(=0),- (3 to 6 membered heterocyclic group), -C(=O)NR'8R!™", -S(=0),-NR'RY or a 3
to 6 membered heterocyclic group, preferably H, -C(=0)-Ci4 alkyl, -C(=0)O-Ci4 alkyl,
-S(=0)p-Ci4 alkyl, -S(=0),-Cs.6 carbocyclic group, -C(=O)NR'®8R'™ or a 3 to 6 membered
heterocyclic group. The alkyl, alkenyl, alkynyl, carbocyclic or heterocyclic group is optionally
further substituted with 0 to 3 substituent(s) selected from the group consisting of F, Cl, Br, [,
OH, CFs, nitro, cyano, amino, Ci4 alkyl, Ci4 alkoxy, Cx4 alkenyl, Cs.4 alkynyl, Css
carbocyclic group or a 3 to 6 membered heterocyclic group. The heterocyclic group contains 1
to 3 heteroatom(s) optionally selected from N, O or S;

each of R'8, R™" R! RY is independently selected from H or Ci.6 alkyl, preferably H or
Ci4 alkyl;

alternatively, R'8, R™ form a 3 to 10 membered heterocyclic ring , preferably form a 4 to 6
membered heterocyclic ring, with the nitrogen atom to which they are attached. The ring is
optionally further substituted with substituent(s) selected from the group consisting of F, Cl, Br,
I, OH, CF;, cyano, nitro, Ci.4 alkyl, Ci.4 alkoxy, Cz.4 alkenyl, Cz.4 alkynyl or -S(=0),-C1.4 alkyl.

The heterocyclic group contains 1 to 3 heteroatom(s) selected from N, O or S;
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q is selected from 0, 1, 2, 3 or 4; preferably O or 1;

p is selected from 0, 1 or 2; preferably 2;

a is selected from 0, 1, 2 or 3; preferably 3;

R* is independently selected from H, Ci4 alkyl, C2.4 alkenyl, C2.4 alkynyl or -(CH2)q-C3-6
carbocyclic group, preferably Ci.4 alkyl. The alkyl, alkenyl, alkynyl or carbocyclic group is
optionally further substituted with 0 to 3 substituent(s) selected from the group consisting of F,
Cl, Br, I, OH, CN, CF;, NO3, Ci.4 alkyl, Ci.4 alkoxy, Cz4 alkenyl, C2.4 alkynyl, Cs.¢ carbocyclic
group or a 3 to 6 membered heterocyclic group. The heterocyclic group contains 1 to 3

heteroatom(s) selected from N, O or S;
each of R%, R3, R7, R® is independently selected from H, Ci4 alkyl, -C(=0)O-Ci4 alkyl,

-C(=0)O-(CH2)¢-Cs.6 carbocyclic group, -C(=O)O-(CHz)q- a 3 to 6 membered heterocyclic
NH

group or CNH, , preferably H, Ci4 alkyl, -C(=0)O-Ci4 alkyl, -C(=0)O-(CH2)q-Cs.6

carbocyclic group. The alkyl, carbocyclic or heterocyclic group is optionally further substituted

with 0 to 3 substituent(s) selected from the group consisting of F, Cl, Br, I, OH, CF3, nitro,

cyano, Ci4 alkyl, Ci4 alkoxy, C2.4 alkenyl, C24 alkynyl, Cs.6 carbocyclic group or a 3 to 6

membered heterocyclic group. The heterocyclic group contains 1 to 3 heteroatom(s) optionally

selected from N, O or S;

b is selected from 0, 1, 2, 3, 4 or 5, preferably O or 1;

c is selected from 0, 1, 2, 3, 4 or 5, preferably O or 1;

Each of R?, R%is each independently selected from F, Cl, Br, I, CFs, cyano, nitro, Ci4
alkyl, or -NR*R%¢, preferably F, CF3 or Ci. alkyl;

each of R*f and R’ is independently selected from H or Ci.4 alkyl.

In a preferred embodiment of the invention, a compound of the general formula (I) or a
stereoisomer, hydrate, metabolite, solvate, pharmaceutically acceptable salt or cocrystal thereof,
wherein:

each of my, m», m3, m4 is independently selected from 1 or 2;

each of ni, n2 is independently selected from 0, 1 or 2;
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Z is selected from CR*R? or NR?;

each of R”', R? is independently selected from H, Ci.4 alkyl, (CH»)q-C(=0)O-Ci alkyl,
-(CH)¢-NR'™*R", -(CH;)-COOH, -(CH2);-CONH,, Css carbocyclic group or a 3 to 6
membered heterocyclic group. The alkyl, carbocyclic or heterocyclic group is optionally
further substituted with 0 to 5 substituent(s) selected from the group consisting of F, Cl, Br, I,
OH, CF3, =0, carboxyl, nitro, cyano, amino, Ci4 alkyl, Ci.4 alkoxy, C>.4 alkenyl, C2.4 alkynyl,
Cs.6 carbocyclic group or a 3 to 6 membered heterocyclic group. The heterocyclic group
contains 1 to 3 heteroatom(s) optionally selected from N, O or S, and when the heteroatom is
selected from S, it is optionally in form of S, S=0 or S(=0),;

each of R', R is independently selected from H, Ci4 alkyl, -C(=0)O-C14 alkyl or
-C(=0)0O-(CH2)4-Cs.6 carbocyclic group. The alkyl or carbocyclic group is optionally further
substituted with 0 to 3 substituent(s) selected from the group consisting of F, Cl, Br, I, OH, CF3,
nitro, cyano, methyl, ethyl, methoxy, ethoxy, phenyl;

alternatively, R*! and R? are capable of forming a 4 to 6 membered nitrogen-containing
heterocyclic ring with a carbon atom to which they are attached. The ring is optionally further
substituted with substituent of =O;

R' R are independently selected from F, CF3, methyl, ethyl, propanoyl or isopropyl;

R” is each independently selected from H, -C(=0)-Ci.4 alkyl, -C(=0)-Cs.s carbocyclic
group, -C(=0)0-Ci.4+ alkyl, -S(=0),-C1.4 alkyl, -S(=0),-C3. carbocyclic group, -C(=O)NR'eR ™,
-S(=0)-NR'RY or a 3 to -6 membered heterocyclic group. The alkyl, carbocyclic or
heterocyclic group is optionally further substituted with 0 to 3 substituent(s) selected from the
group consisting of F, Cl, Br, I, OH, CFs3, nitro, cyano, amino, methyl, ethyl, methoxy, ethoxy,
cyclopropyl or phenyl. The heterocyclic group contains 1 to 3 heteroatom(s) selected from N,
OorSs;

each of R'8, R'™ R' RY is independently selected from H or Ci4 alkyl;

Alternatively, R'8, R"™ form a 4 to 6 membered heterocyclic ring with the nitrogen atom to
which they are attached. The ring is optionally further substituted with substituent(s) selected
from the group consisting of F, Cl, Br, I, OH, CF3, cyano, nitro, methyl, ethyl, methoxy, ethoxy
or -S(=0),-Ci4 alkyl(preferably -S(=0),-methyl, preferably -S(=0)y-ethyl). The heterocyclic
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group contains 1 to 3 heteroatom(s) selected from N, O or S;

p is selected from 2;

q is selected from O or 1;

a is selected from 3;

R* is selected from propanoyl or isopropyl;

each of R R3, R7, R® is independently selected from H, C1.4 alkyl, -C(=0)0-Ci alkyl or
-C(=0)0O-benzyl;

b is selected from 0;

c is selected from 0.

In a preferred embodiment of the invention, the invention provides a compound of the
general formula (I), wherein the compound is selected from the compound of general formula
(II) or a stereoisomer, hydrate, metabolite, solvate, pharmaceutically acceptable salt or

cocrystal thereof, wherein:

1
R! is selected from R™k, ;

each of m;, m2, ms, m4 is independently selected from 1 or 2;
each of ny, n is independently selected from 0 or 2;
R'% R™ are independently selected from F;

Z is selected from CR*'R? or NRZ;
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EHWO(OV@

each of R?, R? is independently selected from H, carboxyl, ,

o (\N‘S{ e i COOH
o7 o O WD O O

O 2 b O b 3 b b > amlno’

-CH2NH; or 0 ;

O:(j-t;;
HN-

alternatively, R?! and R? are capable of forming a lactam with the carbon

5  atom to which they are attached;

R? is each independently selected from H, -C(=0)-Ci4 alkyl, -C(=0)-Cs. carbocyclic
group, -C(=0)O-C1.4 alkyl, -S(=0),-Ci14 alkyl, -S(=0),-Cs.6 carbocyclic group, -C(=0)NR'€R '™,
-S(=0),-NR'RY or a 3 to 6 membered heterocyclic group. The alkyl, carbocyclic or
heterocyclic group is optionally further substituted with O to 3 substituent(s) selected from the

10  group consisting of F, Cl, Br, I, OH, CF3, nitro, cyano, amino, methyl, ethyl, methoxy, ethoxy,
cyclopropyl or phenyl. The heterocyclic group contains 1 to 3 heteroatom(s) selected from N,
OorS;

each of R'¢ R'™ RY RV is independently selected from H or C14 alkyl;

Alternatively, R'8, R!"form a 4 to 6 membered heterocyclic ring with the nitrogen atom to

15  which they are attached. The ring is optionally further substituted with substituent(s) selected
from the group consisting of F, CF3, methyl, methoxy or -S(=0),-C1.4 alkyl. The heterocyclic
group contains 1 to 3 heteroatom(s) selected from N, O or S;

p is selected from 2;

each of R?, R3, R7, R® is independently selected from H, methyl or ~-C(=0)O-tert-butyl.
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In a preferred embodiment of the invention, the invention provides a compound of the
general formula (II), or a stereoisomer, hydrate, metabolite, solvate, pharmaceutically

acceptable salt or cocrystal thereof, wherein
(R1 a)n1
\\(@N 371
‘(\b'

Z-/deo

16
R! is selected from R}, ;

5 each of mi, m2, ms, m4 is independently selected from 1 or 2;
each of nj, n» is independently selected from 0 or 2;
R!2 R'® are selected from F;

Z is selected from CR*'R? or NRZ;

each of R*', R is independently selected from H, carboxyl, ,

H

N ,
5 N . . COOH
Jo O ot OF WO O O

10 , amino,
o~
-CH;NH; or 0 N
=T
Alternatively, R*' and RZare capable of forming a lactam  HN with the carbon
atom to which they are attached;
O
0 0 HLJW 0
‘ OH
R? is each independently selected from H, ;1)]\, LQ“LJ\/, , E-J\/ ,
o) 0 o / H
(0] (0] (= \\ /A W _N N ?ﬁ})\ D
AR G Y G . SN Gl G R
15 & , 0" *o, "o ,*o , 0 , 0 . O
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2.0

§2 :i j NH, 0
o
?‘Tl/N/D/ /Oo J:l NH, W ‘-@_S—)J\KF
& F
0 , , %, 0 , © or Fy
each of R%, R?, R, R? is independently selected from H, methyl or -C(=0)O-tert-butyl.
In a preferred embodiment of the invention, the invention provides a compound of the
general formula (II), or a stereoisomer, hydrate, metabolite, solvate, pharmaceutically

acceptable salt or cocrystal thereof, wherein:

FF FF
R! is selected from § , : , § , EN ,

FF R F -
,?{DCZ

Z is selected from CR?'R? or NRZ;

H
3{N
N COOH
0 9 % .
S O (N O Eﬁ
J]\ o X8 N-3- N-3-
¥ o7 , , 0 , ) HN\) , g , % , amino,
o~
-CH,NH> or o ;
0]
alternatively, R?' and RZ are capable of forming a lactam HN with the carbon

atom to which they are attached;
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O
0 o ‘Q)J\v o

: OH
R? is each independently selected from H, KJ\, 5”-)]\/, 5 L)ILJ\/ 5
A ) N ﬁ* 9

N N

5N ~ NH, 3y
aJ\/A J\ zq A o R GR G

1.0
~

é 2
SN 3= % W -

0)

each of R?, R*, R”, R® is independently selected from H, methyl or -C(=0)O-tert-butyl.

In a preferred embodiment of the invention, the invention provides a compound of the
general formula (I) or (II), or a stereoisomer, hydrate, metabolite, solvate, pharmaceutically
acceptable salt or cocrystal thereof, wherein the compound includes, but is not limited to, one

of the compounds represented by the following structural formula:
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/U\/N NH, /U\/N:‘S\ ,U\,Nw/(gj
° Oy
HN
oompound4 NH, d
2 compounds
L i;t JVN
\ NHe J\/ )K/N Nty
/‘s\:
YN
NH2 0]
compound? NHz
compound 8
? n Q
AN A AN NH;
0, H o H H 0
o} 2
NH, HN
compound 9

2 compound 10

H/ by !

NH2 NHz
compound 11 compound 12

@ok?%#@ U% wf?
Iae>

NH,

O

o}

NHz

compound 13 compound 14

> © & N
—NH -3
0

NH, compound 15 NH"’
compound 16
JK/ )7‘:[ /U\/N\n/(? OC/ JV ? J\/NW/(E)
HzN/\n/N H N/\ﬂ/
NH2 NHz
compound 18

compound 17
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o] 0
o] 0 H H
J N A IR N’U\./'i;LNJ\/NWKd«?
- N z u 7 NHZ B 0o H H o
; = o = O N
N
T Frr & ¥ \ =
0
NH
NH, 2
compound 20

compound 19

QM(@ k? L
AT o

NH; compound 22
compound 21
0 a (0] H
Q o NS AV AN Ay
N7 N7 NH, N 0 0
: 0 E o0
O
N &
NH,
compound 23 compound 24

NH; 2 compound 26
compound 25 ))P\ wr@
JJ\/ J\/N
Jv:b\ JVNY(Q §C i,
NH
\}/ /NH
—NH NHz
NH2 compound 28

compound 27

LA NS RV
It

H Y NH; N
| > 0 >0
YO i
o] NH;

compound 29 compound 30
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NH,
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EF 9 4 0O H
S oA
/(: o Cz O
NH,
compound 32
fo) [0}
H H
NJJ\/NYBN/JK/Ni “NH
H H H
0 0 °
WoN
\N’S\\ O/
0
HoN
compound 34
lo} 8] : l
H H
N/U\:/Nmr”//u\:/N NH2
E 0 > O
[N
HN S ©/
HoN
compound 36

S

) HoN
NH,
NH,
compound 38
compound 37
0]
,lk/ )J\/N N ,?l\/ﬁ )Ok,n
Hz N Y N P NH2
t 9 H R
0. N
I ZCFacOOH
NH2 NH, 2CF3;CO0H
compound 39 compound 40
0] q O H

Ph

[ o N HJ\’N NH J\/

',/—’«N Z 0 E o ,ﬁ z NHZ

HN i
S ot
NH, 3CF,CO0H 2CF3CO0H
compound 41 NH compound 42
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g,
F?&NDO(K ° g ©

)O\,NUO H/ @

compound 44
NH, compound 43 P

In one preferred embodiment of the invention, the invention provides a compound of the
general formula (I) or (II), or a stereoisomer, hydrate, metabolite, solvate, pharmaceutically
acceptable salt or cocrystal thereof. The pharmaceutically acceptable salt is selected from a
trifluoroacetate.

The invention provides a pharmaceutical composition comprising a compound of the
general formula (I) or (II), or a stereoisomer, hydrate, metabolite, solvate, pharmaceutically
acceptable salt or cocrystal thereof, and one or more pharmaceutically acceptable carriers
and/or excipients.

The use of a compound of the general formula (I) or (II) of the present invention, or a
stereoisomer, hydrate, metabolite, solvate, pharmaceutically acceptable salt or cocrystal thereof
or a pharmaceutical composition comprising the compound of the general formula (I) or (II),
or a stereoisomer, hydrate, metabolite, solvate, pharmaceutically acceptable salt or cocrystal
thereof in the manufacture of a medicament for the treatment or prevention of a disease or
condition associated with a k opioid receptor in a mammal.

In a preferred embodiment of the invention, wherein the x opioid receptor-associated
disease or condition is selected from the group consisting of pain, inflammation, itching,
edema, hyponatremia, hypokalemia, ileus, cough and glaucoma.

In a preferred embodiment of the invention, wherein the pain is selected from the group
consisting of neuropathic pain, physical pain, visceral pain and dermatalgia.

In a preferred embodiment of the invention, wherein the pain is selected from the group
consisting of arthritis pain, kidney stone pain, hysterospasm, dysmenorrhea, endometriosis,
dyspepsia, post-surgical pain, post-medical treatment pain, eye pain, otitis pain, fulminant
cancer pain and pain associated with GI disorders.

The invention provides a method for treating or preventing a disease or condition
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associated with a k opioid receptor in a mammal, the method comprising administering the
compound of the general formula (I} or (Il) or a stereoisomer, hydrate, metabolite, solvate,
pharmaceutically acceptable salt or cocrystal thereof, or the pharmaceutical composition
comprising the compound of the general formula (I) or (II), or a stereoisomer, hydrate,
metabolite, solvate, pharmaceutically acceptable salt or cocrystal thereof. The « opioid
receptor-associated disease or condition is preferably selected from the group consisting of
pain, inflammation, itching, edema, hyponatremia, hypokalemia, ileus, cough and glaucoma.
The pain is preferably selected from the group consisting of neuropathic pain, somatic pain,
visceral pain and dermatalgia; or the pain is preferably selected from the group consisting of
arthritis pain, kidney stone pain, hysterospasm, dysmenorrhea, endometriosis, dyspepsia,
post-surgical pain, post-medical treatment pain, eye pain, otitis pain, fulminant cancer pain and
pain associated with GI disorders (gastrointestinal disorders).

Unless otherwise stated, the terms used in the specification and claims have the following
meanings.

The carbon, hydrogen, oxygen, sulfur, nitrogen or halogen involved in the groups and
compounds of the present invention include their isotopes, and the carbon, hydrogen, oxygen,
sulfur, nitrogen or halogen involved in the groups and compounds of the present invention is
optionally further replaced by one or more of their corresponding isotopes, wherein the
isotopes of carbon include '?C, *C and !*C, the isotopes of hydrogen include protium (H),
deuterium (D, also known as heavy hydrogen), tritium (T, also known as super-heavy
hydrogen), the isotopes of oxygen include '°O, 170 and '80, the isotopes of sulfur include
328, 38, S and *S, the isotopes of nitrogen include N and "N, the isotopes of fluorine
include 'F, the isotopes of chlorine include **Cl and 3’Cl, the isotopes of bromine include Br
and 'Br.

An “alkyl” means a straight chain and branched chain monovalent saturated hydrocarbon
group, and the straight and branched chain group has a main chain comprising 1 to 10 carbon
atoms, preferably 1 to 8 carbon atoms, further preferably 1 to 6 carbon atoms, more preferably
1 to 4 carbon atoms, most preferably 1 to 2 carbon atoms. Examples of alkyl include, but are

not limited to methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
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n-pentyl, 2-pentyl, 3-pentyl, 2-methyl-2-butyl, 3-methyl-2-butyl, n-hexyl, n-heptyl, n-octyl,
n-nonyl and n-decyl, etc. The alkyl may be further optionally substituted with 0, 1, 2, 3, 4 or 5
substituent(s) selected from the group consisting of F, Cl, Br, I, =O, hydroxyl, -SR'°, nitro,
cyano, Cis alkyl, Cishydroxyl alkyl, Cis alkoxy, Ca.6 alkenyl, C26 alkynyl, Cs.s carbocyclic
group, 3 to 8 membered heterocyclic group, -(CH»):-C(=0)-R'°, -(CH)-C(=0)-O-R",
-(CH2-C(=0)-NRPR!®?, (CH,)(-S(=0);-R", -0-C(=0)-0-R"® or -NR'?R!*2, wherein each of
R and R is independently selected from H, hydroxyl, amino, carboxyl, Ci.g alkyl, Ci.s
alkoxy, Cx.s alkenyl, C»s alkynyl, 3 to 10 membered carbocyclic group, 4 to 10 membered
heterocyclic group, 3 to 10 membered carbocyclyloxy group or 4 to 10 membered heterocyclic
oxy group, k is selected from 0, 1, 2, 3, 4 or S, j is selected from 0, 1 or 2. The alkyl, k, j, R"
and R!°% herein are as defined above.

An “alkylene” means a straight chain or branched chain divalent saturated hydrocarbon
group, including -(CHz)- (v is an integer from 1 to 10), and examples of alkylene include, but
are not limited to, methylene, ethylene, propylene, butylene or the like. The alkylene may be
further optionally substituted with 0, 1, 2, 3, 4 or 5 substituent(s) selected from the group
consisting of F, Cl, Br, I, =0, hydroxyl, -SR'®, nitro, cyano, Cy.¢ alkyl, Cishydroxyl alkyl, Ci
alkoxy, Cz.6 alkenyl, Ca alkynyl, Cs.s carbocyclic group, 3 to 8 membered heterocyclic group,
~(CH2)a-C(=0)-R", -(CH2i-C(=0)-O-R", ~(CH2)-C(=0)-NR¥R'*2 _(CH2)k-S(=O)-R",
-0-C(=0)-O-R" or -NR'°R'**, When the number of substituent(s) in the alkylene group is 2 or
more, the substituent(s) may be fused together to form a cyclic structure. The alkylene herein
are as defined above.

An “alkoxy” means a monovalent group of an O-alkyl group, wherein alkyl is as defined
herein, and examples of alkoxy include, but are not limited to methoxy, ethoxy, 1-propoxy,
2-propoxy, 1-butoxy, 2-methyl-1-propoxy, 2-butoxy, 2-methyl-2-propoxy,1-pentyloxy,
2-pentyloxy, 3-pentyloxy, 2-methyl-2-butoxy, 3-methyl-2-butoxy, 3-methyl-1-butoxy and
2-methyl-1-butoxy and the like.

An “alkenyl” means a straight chain or branched chain monovalent unsaturated
hydrocarbon group having at least 1, usually 1, 2 or 3 carbon-carbon double bonds, with a

main chain thereof comprising 2 to 10 carbon atoms, further preferably 2 to 6 carbon atoms,
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more preferably 2 to 4 carbon atoms in the main chain. Examples of alkenyl include, but are
not limited to vinyl, allyl, 1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl, 3-butenyl, 1-pentenyl,
2-pentenyl, 3-pentenyl, 4-pentenyl, 1-methyl-1-butenyl, 2-methyl-1-butenyl,
2-methyl-3-butenyi, 1-hexenyl,  2-hexenyl, 3-hexenyl,  4-hexenyl, 5-hexenyl,
1-methyl-1-pentenyl, 2-methyl-1-pentenyl, 1-heptenyl, 2-heptenyl, 3-heptenyl, 4-heptenyl,
l-octenyl, 3-octenyl, I-nonenyl, 3-nonenyl, I1-decenyl, 4-decenyl, 1,3-butadiene,
1,3-pentadiene, 1,4-pentadiene and 1,4-hexadiene and the like; The alkenyl may be further
optionally substituted with 0, 1, 2, 3, 4 or 5 substituent(s) selected from the group consisting of
F, Cl, Br, I, =0, hydroxyl, -SR', nitro, cyano, C1.s alkyl, Cishydroxyl alkyl, Ci.¢ alkoxy, Ca.s
alkenyl, Cas alkynyl, Cis carbocyclic group, 3 to 8 membered heterocyclic group,
-(CH2)s-C(=0)-R"®, ~(CH2)-C(=0)-0-R'®, -(CH }-C(=0)-NRPR!*2 (CH)-S(=O)-R"°,
-0-C(=0)-0-R" or -NR!°R'2, The alkenyl herein is as defined above.

An “alkynyl” means a straight chain or branched chain monovalent unsaturated
hydrocarbon group having at least 1, usually 1, 2 or 3 carbon-carbon triple bonds, with a main
chain comprising 2 to 10 carbon atoms, further preferably 2 to 6 carbon atoms, more preferably
2 to 4 carbon atoms in the main chain. Examples of alkynyl include, but are not limited to
ethynyl, 1-propynyl, 2-propynyl, butynyl, 2-butynyl, 3-butynyl, 1-methyl-2-propynyl,
4-pentynyl, 3-pentynyl, 1-methyl-2-butynyl, 2-hexynyl, 3-hexynyl, 2-heptynyl, 3-heptynyl,
4-heptynyl, 3-octynyl, 3-nonynyl and 4-decynyl and the like; The alkynyl may be further
optionally substituted with 0, 1, 2, 3, 4 or 5 substituent(s) selected from the group consisting of
F, Cl, Br, I, =0, hydroxyl, -SR'?, nitro, cyano, C.s alkyl, Ci.shydroxyl alkyl, Ci.¢ alkoxy, Ca.6
alkenyl, Ci.s alkynyl, Css carbocyclic group, 3 to 8 membered heterocyclic group,
~(CH2)-C(=0)-R", -(CHy)i-C(=0)-O-R", -(CH)-C(=0)-NR'R'%?, -(CH,)-S(=0);-R"’,
-0-C(=0)-0-R" or -NR'®R"2. The alkyny] herein is as defined above.

A “cycloalky]” means a monovalent saturated carbocyclic hydrocarbon group, usually
having from 3 to 10 carbon atoms, and non-limiting examples include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl or cycloheptyl and the like. The cycloalkyl may be further optionally
substituted with 0, 1, 2, 3, 4 or 5 substituent(s) selected from the group consisting of F, Cl, Br, I,

=0, hydroxyl, -SR', nitro, cyano, C1. alkyl, Ci.shydroxyl alkyl, Ci.s alkoxy, Cas alkenyl, Ca.
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alkynyl, Cs.s carbocyclic group, 3 to 8 membered heterocyclic group, -(CHa)a-C(=0)-R",
~(CH2)-C(=0)-0O-R", -(CH2)-C(=0)-NR" R, -(CH)k-S(=0)-R", -O-C(=0)-O-R" or
-NR'R'2, The cycloalkyl herein is as defined above.

A "carbocycly” means a saturated or unsaturated, aromatic or non-aromatic ring. The
aromatic or non-aromatic ring may be a 3 to 10 membered monocyclic ring, a 4 to 12
membered bicyclic ring or a 10 to 15 membered tricyclic ring system. The carbocyclic group
may be attached to a bridged ring or a spiro ring. Non-limiting examples include cyclopropyl,
cyclobutyl, cyclopentyl, 1-cyclopentyl-1-alkenyl, 1-cyclopentyl-2-alkenyl, I-cyclopentyl-3-
alkenyl, cyclohexyl, 1-cyclohexyl-2-alkenyl, 1-cyclohexyl-3-alkenyl, cyclohexenyl,
cyclohexadienyl, cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl, cycloundecyl, cyclododecyl,
phenyl or naphthyl. The carbocyclic group may be further optionally substituted with 0, 1, 2, 3,
4 or 5 substituent(s) selected from the group consisting of F, Cl, Br, I, =O, hydroxyl, -SR',
nitro, cyano, Cis alkyl, Cishydroxyl alkyl, Cis alkoxy, Ca.s alkenyl, Cs alkynyl, Cs.s
carbocyclic group, 3 to 8 membered heterocyclic group, -(CH2)»-C(=0)-R",
~(CH)-C(=0)-O-R”, ~(CH2)-C(=0)-NR¥R'®2 (CH,)-S(=0)-R'°, -O-C(=0)-O-R" or
-NR!R2, The carbocycle herein is as defined above.

A “heterocycle” means a saturated or unsaturated, aromatic or non-aromatic ring, and the
aromatic or non-aromatic ring may be a 3 to 10 membered monocyclic, a 4 to 12 membered
bicyclic or a 10 to 15 membered tricyclic system, and includes 1 to 4 hetero atoms selected
from N, O or S, preferably a 3 to 8 membered heterocyclic group, and optionally substituted N,
S in the ring of the heterocyclic group may be oxidized to various oxidation states. The
heterocyclic group may be bonded to a hetero atom or a carbon atom, and the heterocyclic
group may be bonded to a bridged or spiro ring. Non-limiting examples include epoxyethyl,
epoxypropyl, azacyclopropyl, oxecyclobutyl, azacyclobutyl, thioheterobutyl, 1,3-dioxolanyl,
1,4-dioxolanyl, 1,3-dioxohexyl, azacycloheptyl, oxepanyl, thiocycloheptyl, oxazepinyl,
diazepinyl, thiazepinyl, pyridyl, piperidinyl, homopiperidinyl, furyl, thienyl, pyranyl,
N-alkylpyrrolyl, pyrimidinyl, pyrazinyl, pyridazinyl, piperazinyl, homopiperazinyl, imidazolyl,
piperidinyl, morpholinyl, thiomorpholinyl, Oxathianyl, dihydrofuranyl, dihydropyranyl,

dithiapentanyl, tetrahydrofuranyl, tetrahydrothienyl, tetrahydropyranyl, tetrahydrothyranyl,
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tetrahydropyrrolyl, tetrahydroimidazolyl, tetrahydrothiazolyl, tetrahydropyranyl,
benzimidazolyl, benzopyridyl, pyrrolopyridyl, benzodihydrofuryl, 2-pyrrolinyl, 3-pyrrolinyl,
dihydroindolyl, 2H-pyranyl, 4H-pyranyl, dioxane, 1,3-dioxolyl, pyrazolinyl, dithiaalkyl,
dithiacenyl, dihydrothienyl, pyrazolidinyl, imidazolinyl, imidazolidinyl,
1,2,3,4-tetrahydroisoquinolinyl, ~ 3-azabicyclo  [3.1.0]hexyl,  3-azabicyclo[4.1.0]heptyl,
azabicyclo[2.2.2]hexyl, 3H-indolylquinazinyl, N-pyridyl urea, 1,1-dioxothiomorpholinyl,
azabicyclo[3.2.1]octyl, azabicyclo[5.2.0]nonanyl, oxatricyclo[5.3.1.1]dodecyl, azaadamantyl
and oxaspiro[3.3Jheptyl. The heterocyclic group may be further optionally substituted with 0, 1,
2, 3, 4 or 5 substituent(s) selected from the group consisting of F, Cl, Br, 1, =0, hydroxyl, -SR'?,
nitro, cyano, Cis alkyl, Cishydroxyl alkyl, Ci¢ alkoxy, Cis alkenyl, Cas alkynyl, Css
carbocyclic group, 3 to 8 membered heterocyclic group, -(CH2)»-C(=0)-R',
-(CH2),-C(=0)-0-R!°, -(CH2)x-C(=0)-NR"R¥8  _(CH,)-S(=0)-R'®, -O-C(=0)-O-R"” or
-NR!°R'%2, The heterocycles herein are defined as described above.

The “optional” or “optionally” means that the subsequently described event or
environment may but not necessary to occur, indicating a case where the event or environment
occurs or does not occur. For example, "alkyl group optionally substituted with F" means that
the alkyl group may, but need not to be substituted with F, indicating a case where the alkyl
group is substituted with F and a case where the alkyl group is not substituted with F.

"Pharmaceutical composition” means a mixture of one or more of the compounds
described herein or a physiologically/pharmaceutically acceptable salt thereof, or a
stereoisomer, solvate, pharmaceutically acceptable salt or cocrystal thereof, and other
constituents. Where other components comprise physiologically/pharmaceutically acceptable
carriers and excipients.

"Stereoisomer” means isomers resulting from the spatial arrangement of atoms in a
molecule, including cis and trans isomers, enantiomers and conformational isomers.

"Effective dose" means the amount of a compound that causes a physiological or medical
response to a tissue, system or subject, which amount is sought. When administered to a
subject, it is sufficient to prevent the occurrence or reduction of one or more symptoms of the

diseases or conditions being treated to some extent.
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"Solvate" means a compound of the invention or a salt thereof, which also includes a
stoichiometric or non-stoichiometric amount of solvent bound by intermolecular non-covalent

forces. When the solvent is water, it is a hydrate.

Detailed Description

The technical solutions of the present invention are described in detail below with
reference to the accompanying Drawings and Example, but the scope of the present invention
includes them but not limited them.

The structure of the compound is determined by nuclear magnetic resonance (NMR) or
(and) mass spectrometry (MS). The NMR shift (8) is given in units of 10 (ppm). The NMR
was measured using a nuclear magnetic apparatus (Bruker Avance III 400 and Bruker Avance
300), and the solvent for measurement was deuterated dimethyl sulfoxide (DMSO-dg),
deuterated chloroform (CDCl3), deuterated methanol (CD:OD), and the internal standard is
tetramethylsilane (TMS).

MS is measured using (Agilent 6120B(ESI) and Agilent 6120B(APCI)).

HPLC is measured using an Agilent 1260DAD high pressure liquid chromatograph
(Zorbax SB-C18 100%4.6 mm).

The thin layer chromatography silica gel plate is Yantai Yellow Sea HSGF254 or
Qingdao GF254 silica gel plate. The silica gel plate used for thin layer chromatography (TLC)
has a specification of 0.15 mm~0.20 mm, and the thin layer chromatography separation and
purification product has a specification of 0.4 mm~0.5 mm.

Column chromatography generally uses Yantai Huanghai silica gel 200~300 mesh silica
gel as the carrier.

The known starting materials of the present invention may be synthesized by or according
to methods known in the art, or may be purchased from Titan Technology, Energy Chemical,
Shanghai DEMO, Chengdu Kelong Chemical, Accela ChemBio Co. Ltd, and J&K Scientific
Ltd, and the like.

The nitrogen atmosphere refers to the reaction bottle connected to a nitrogen balloon of

about 1L volume.
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The hydrogen atmosphere refers to the reaction bottle connected to a hydrogen balloon of
about 1L volume.

The hydrogenation reaction is usually evacuated and charged with hydrogen, and the
operation is repeated 3 times.

Unless specially indicated in the examples, all the reaction was allowed to proceed under
a nitrogen atmosphere,

Unless specially indicated in the examples, all the solution means an aqueous solution.

Unless specially indicated in the examples, all the reaction temperature is room
temperature.

The room temperature is optimal reaction temperature, ranging from 20°C to 30°C.

Unless specially indicated in the examples, all the M is mol/L.

Boc refers to tert-butyloxycarbonyl group.

Cbz refers to benzyloxycarbonyl group.

THP refers to tetrahydropyranyl group.

Intermediate 1:
(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxycarbonylami
no)-3-phenyl-propanoyl]amino]-3-phenyl-propanoyljamino]-4-methyl-pentanoylJamino]hexan

oic acid (Intermediate 1)
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Intermedi ate 1

Step 1:
methyl(2R)-2-[[(2R)-2-(benzyloxycarbonylamino)-4-methyl-pentanoyl]amino]-6-(tert-but

oxycarbonylamino)hexanoate (1b)

Methyl (2R)-2-amino-6-(tert-butoxycarbonylamino) hexanoate (1a) (2.6 g, 10 mmol) was
dissolved in ethyl acetate (50 mL) at room temperature, and the temperature was cooled to 0°C.

(2R) -2-(benzyloxycarbonylamino)-4-methyl-pentanoic acid (2.8 g, 11 mmol),
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1-hydroxybenzotriazole (1.62 g, 12 mmol), 1- (3-dimethylaminopropyl) -3-ethylcarbodiimide
hydrochloride (2.3 g, 12 mmol) were sequentially added to the reaction solution, and the
temperature was raised to 25 °C, and the reaction was allowed to proceed at this temperature
for 15 h. 1M aqueous hydrochloric acid solution (25 mL) was added to the reaction solution to
wash the reaction and the mixture was subjected to a liquid separation process. A saturated
aqueous sodium bicarbonate solution (25 mL) was added to the organic phase, and the mixture
was stirred for 30 minutes and the mixture was subjected to a liquid separation process. The
organic phase was washed with 1M aqueous hydrochloric acid solution (25 mL), saturated
aqueous sodium bicarbonate solution (25 mL), saturated aqueous sodium chloride solution (25
mL) in this order, and dried over anhydrous sodium sulfate (2 g). It was filtrated and the filtrate
was concentrated under reduced pressure to obtain methyl
(2R)-2-[[(2R)-2-(benzyloxycarbonylamino) -4-methyl-pentanoyl]
amino]-6-(tert-butoxycarbonylamino) hexanoate (1b) as a white foamy solid (5.0 g, yield
99%).

Step 2:

Methyl (2R)-2-[[(2R)-2-amino-4-methyl-pentanoylJamino]-6-(tert-butoxycarbonylamino)

hexanoate (1c¢)

Methyl(2R)-2-[[(2R)-2-(benzyloxycarbonylamino)-4-methyl-pentanoyl Jamino]-6-(tert-bu
toxycarbonylamino)hexanoate (1b) (5.0 g, 10 mmol) was dissolved in ethyl acetate (50 mL) at
room temperature, and 10% palladium on carbon (1 g, 20% w/w) was added to the reaction
solution, and the atmosphere was replaced with hydrogen 3 times. The reaction was allowed to
proceed in a hydrogen atmosphere at room temperature for 5 h. The reaction solution was
filtered through diatomite (3 g), and the filtrate was concentrated under reduced pressure to

obtain crude methyl
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(2R)-2-[[(2R)-2-amino-4-methyl-pentanoylJamino]-6-(tert-butoxycarbonylamino)hexanoate
(1¢) as a white foamy solid (3.7 g, yield 99%) and used directly in the next reaction.
Step 3:
Methyl(2R)-2-[[(2R)-2-[[(2R)-2-(benzyloxycarbonylamino)-3-phenyl-propanoyl]amino]-

4-methyl-pentanoyl]amino]-6-(tert-butoxycarbonylamino)hexanoate (1d)

N

HN_ O
K

Crude methyl
(2R)-2-[[(2R)-2-amino-4-methyl-pentanoyl Jamino]-6-(tert-butoxycarbonylamino) hexanoate
(1¢) (3.7 g, 9.9 mmol) was dissolved in ethyl acetate (50 mL) at room temperature, and the
temperature was cooled to 0°C. (2R)-2-(benzyloxycarbonylamino)-3-phenyl-propanoic acid
(3.3 g, 11 mmol), 1-hydroxybenzotriazole (1.62 g, 12 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (2.3 g, 12 mmol) were
sequentially added to the reaction solution, and the temperature was raised to 25°C, and the
reaction was allowed to proceed at this temperature for 5 h. 1M aqueous hydrochloric acid (25
mL) was added to wash the reaction and the mixture was subjected to a liquid separation
process. A saturated aqueous sodium bicarbonate solution (25 mL) was added to the organic
phase, and the mixture was stitred for 30 minutes and the mixture was subjected to a liquid
separation process. The organic phase was washed with 1M aqueous hydrochloric acid solution
(25 mL), saturated aqueous sodium bicarbonate solution (25 mL), saturated aqueous sodium
chloride solution (25 mL) in this order, and dried over anhydrous sodium sulfate (2 g). It was
filtrated and the filtrate was concentrated under reduced pressure to obtain crude
methyl(2R)-2-[[(2R)-2-[[(2R)-2-(benzyloxycarbonylamino)-3-phenyl-propanoyl jamino]-4-met
hyl-pentanoylJamino]-6-(tert-butoxycarbonylamino)hexanoate (1d) as a white foamy solid
(3.0g, yield 46%), and used directly in the next reaction.

Step 4: Methyl
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(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-4-methyl-pentanoylJamino]-6-(te

rt-butoxycarbonylamino)hexanoate (1e)

\Oj\;ﬂj‘fﬁﬁ\;wz
Lo

HN_ O
T

Crude methyl
(2R)-2-[[(2R)-2-[[(2R)-2-(benzyloxycarbonylamino)-3-phenyl-propanoylJamino]-4-methyl-pe
ntanoyl]amino]-6-(tert-butoxycarbonylamino)hexanoate (1d) (3.0 g, 4.58 mmol) was dissolved
in ethyl acetate (50 mL) at room temperature, 10% palladium on carbon (1g, 33% w/w) was
added to the reaction solution, and the atmosphere was replaced with hydrogen 3 times. The
reaction was allowed to proceed at room temperature for 5 h under a hydrogen atmosphere
(balloon). The reaction solution was filtered through diatomite (3 g), and the filtrate was

concentrated to dryness under reduced pressure. The ethyl acetate (6 mL) was added therein

“and the mixture was heated until dissolve. After adding petroleum ether (6 mL), the

temperature was slowly dropped to room temperature to precipitate a solid, and filtered. The
filter cake was dried at 50°C under reduced pressure to obtain methyl
(2R)-2-[{(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl Jamino]-6-(te
rt-butoxycarbonylamino)hexanoate (1e) as a white foamy solid (2.1 g, yield 88%).

Step 5:

Methyl
(2R)-6-(tert-butoxycarbonylamino)-2-[[(ZR)-2-[[(2R)-2-[[(2R)-2(tert-butoxycarbonylamino)-
3-phenyl-propanoyl]Jamino]-3-phenyl-propanoyl]amino]-4-methyl-pentanoylJamino]

hexanoate (1f)
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0]

J\/N k
\HO @ © o)\o

O\’< /’\

Methyl
(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-4-methyl-pentanoyljamino]-6-(te
rt-butoxycarbonylamino)hexanoate (1e) (2.1 g, 4.0 mmol) was dissolved in ethyl acetate (30
mL) ~at room temperature, and the temperature was dropped to 0°C.
(2R)-2-(tert-butoxygencarbonyl)-3-phenyl-propanoic  acid (1.3 g 49  mmol),
1-hydroxybenzotriazole (0.65 g, 4.8 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (1.1 g, 5.7 mmol) were sequentially added to the reaction solution, and the
temperature was raised to 25°C, and the reaction was allowed to proceed at this temperature for
5 h. 1M aqueous hydrochloric acid (15 mL) was added to wash the reaction and the mixture
was subjected to a liquid separation process. A saturated aqueous sodium bicarbonate solution
(15 mL) was added to the organic phase, and the mixture was stirred for 30 minutes and the
mixture was subjected to a liquid separation process. The organic phase was washed with 1M
aqueous hydrochloric acid solution (15 mL), saturated aqueous sodium bicarbonate solution
(15 mL), saturated aqueous sodium chloride solution (15 mL) in this order, and dried over
anhydrous sodium sulfate. It was filtrated and the filtrate was concentrated under reduced
pressure, and separated and purified by silica gel column chromatography (petroleum
ether/ethyl acetate v/v) =100:1~5:1) to obtain methyl
(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxycarbonylamino)-
3-phenyl-propanoyl]amino]-3-phenyl-propanoyl}amino}-4-methyl-pentanoylJamino]
hexanoate (1f) as a white foamy solid (2.3 g, yield 74%).
Step 6:

(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2~(tert-butoxycarbonylamino)-
3-phenyl-propanoyl]amino]-3-phenyl-propanoyljamino}-4-methyl-pentanoylJamino]hexanoic

acid (Intermediate 1)
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Methyl
(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2~-(tert-butoxycarbonylamino)-
3-phenyl-propanoyl Jamino]-3-phenyl-propanoyl]amino]-4-methyl-pentanoylJamino]
hexanoate (1f) (2.3 g, 3.0 mmol) was dissolved in methanol (20 mL) at room temperature. An
aqueous sodium hydroxide (200 mg, 5.0 mmol) solution (20 mL) was added to the reaction
solution, and the reaction was allowed to proceed at this temperature for 5 h. The reaction
solution was adjusted to pH <4 with 1M aqueous hydrochloric acid solution, and then was
extracted with ethyl acetate (40 mL), and the mixture was subjected to a liquid separation
process The organic phase was dried over anhydrous sodium sulfate, filtered, and the filtrate
was concentrated under reduced pressure to obtain
(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxycarbonylamino)-
3-phenyl-propanoylJamino]-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl Jamino}hexanoic
acid (Intermediate 1) as a white foamy solid(2.1g, yield 93%).

Ms m/z (ESI):752.5 [M-HT;

TH NMR (400 MHz, CDCl3) § 7.38-7.27 (m, 3H), 7.25-7.07 (m, 7H), 4.82-4.62 (m, 1H),
4.61-4.41 (m, 2H), 4.37-4.18 (m, 1H), 3.37-2.67 (m, 6H), 2.00-1.65 (m, 3H), 1.59-1.37 (m,
15H), 1.35-1.26 (m, 9H), 0.90-0.80 (m, 6H).

Example 1:
2-amino-7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino
]-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl]Jamino]hexanoyl]-7-azaspiro[3.5]nonane-2-c

arboxylic acid; tri-trifluoroacetate
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Jj\A)NBoc Step 1 J:{i\/‘ Step 2 /J;{Q
2A
NBoc

Step 3 /;E\/l Step 4 Step 5
N H
@J COOH cool

NBoc NH
Step 6 Step7
“N oy,
@J p COOMe @J N coome

J\/ )71:‘\ k/%\weoc et )\jdi) J\/ )71:'\ J\/%\N”B“

k?t JV% )\DQJK/? k%

2
2

3CF,CO0H N H2 3CF3COOH
2J compound 2

Step 1: Tert-butyl 2-[(1S)-1-phenylethyl]imino-7-azaspiro[3.5]nonane-7-carboxylate (2B)

J:QBOC
vy &
d i

Tert-butyl 2-ox0-7-azaspiro[3.5]nonane-7-carboxylate (2A) (7.2 g, 30 mmol),

5  (1S)-1-phenethylamine (3.7 g, 31 mmol) were dissolved in toluene (100 mL), and
p-toluenesulfonic acid (300 mg, 1.74 mmol) was added. A Dean-Stark apparatus was use for
refluxing the system to separate water. After 6 h, the reaction solution was concentrated to
dryness under reduced pressure to obtain crude tert-butyl
2-[(1S)-1-phenylethyl]imino-7-azaspiro[3.5]nonane-7-carboxylate (2B) as yellow foamy solid

10 (10 g, yield 97%).
Step 2:

Tert-butyl 2-cyano-2-[[(1S)-1-phenylethylJamino]-7-azaspiro[3.5nonane-7-carboxylate
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J;Q\IBOC

20)

CN

Iz

Crude tert-butyl 2-[(1S)-1-phenylethyl]imino-7-azaspiro[3.5]nonane-7-carboxylate (2B)
(10 g, 29.2 mmol) was dissolved in methanol (90 mL) at room temperature and cooled to 0°C
in an ice bath. Zinc chloride (210 mg, 1.54 mmol) was added under stirring, and trimethylsilyi
cyanide (3 g, 30.2 mmol) was slowly added dropwise. The reaction was maintained at 0°C for
3 h. The reaction solution was filtered, and the filtrate was concentrated under reduced
pressure. The residue was separated and purified by silica gel column chromatography
(petroleum ether:ethyl acetate (v/v)=4:1) to obtain tert-butyl
2-cyano-2-[[(18)-1-phenylethyl]amino]-7-azaspiro[3.5]nonane-7-carboxylate (2C) as yellow
foamy solid (4.7 g, yield 44%)).

Step 3: 2-[[(1S)-1-phenylethyl]amino]-7-azaspirof3.5]nonane-2-carboxylic acid (2D)
NH

@J N cooH

Tert-butyl 2-cyano-2-[[(1S)-1-phenylethyl]amino]-7-azaspiro[3.5]nonane-7-carboxylate
(2C) (2 g, 5.4 mmol) was dissolved in concentrated hydrochloric acid (20 mL) at room
temperature, and then the mixture was refluxed for 40 h. The temperature was reduced to room
temperature, and the reaction solution was concentrated under reduced pressure to obtain crude
2-[[(1S)-1-phenylethyl]amino]-7-azaspiro[3.5]nonane-2-carboxylic acid (2D) as yellow oily
liquid (1.5 g, yield 96%), and used directly in the next reaction.

Step 4:
7-tert-butoxycarbonyl-2-[[(1S)-1-phenylethylJamino]-7-azaspiro[3.5]nonane-2-carboxylic acid
(2E)

NBoc

@J N" coo
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Crude 2-[[(1S)-1-phenylethylJamino]-7-azaspiro[3.5]nonane-2-carboxylic acid (2D) (1 g,
3.47 mmol) was dissolved in tetrahydrofuran (10 mL) at room temperature. An aqueous
sodium hydroxide (0.5 g, 12.5 mmol) solution (10 mL) was added, then di-tert-butyl
dicarbonate (908 mg, 4.16 mmol) was added, and the reaction was allowed to proceed at room
temperature for 6 h. The reaction solution was filtered to obtain crude
7-tert-butoxycarbonyl-2-[[(1S)-1-phenylethyl |Jamino]-7-azaspiro[3.5]nonane-2-carboxylic acid
(2E) as white solid (0.8 g, yield 60%).

Step 5: O7-tert-butyl O2-methyl

2-[[(1S)-1-phenylethyl]amino]-7-azaspiro[3.5]nonane-2,7-dicarboxylate (2F)
NBoc

%NI;F:;
[::TJ N coome

7-tert-butoxycarbonyl-2-[[(1S)-1-phenylethyl]amino]-7-azaspiro[3.5]nonane-2-carboxylic
acid 2E) (775 mg, 2.0 mmol) was dissolved in dichloromethane (10 mL) at room temperature,
and methanol (10 mL) was added. 1-hydroxybenzotriazole (270 mg, 2.0 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.6 g, 3.13 mmol) were
sequentially added the solution under stirring at room temperature, and the system was allowed
to react for 15 h. The reaction solution was concentrated under reduced pressure, and the
residue was separated and purified by silica gel column chromatography (petroleum ether:ethyl
acetate (v:v)=1:1) to obtain
O7-tert-butylO2-methyl2-[[(1S)-1-phenylethylJamino]-7-azaspiro[ 3.5 [nonane-2,7-dicarboxylat
e (2F) as light yellow foamy solid (560 mg, yield 70%).

Step 6: methyl 2-[[(1S)-1-phenylethyl Jamino}-7-azaspiro[3.5 Jnonane-2-carboxylate (2G)
NH

[:;TJ N" coome

O7-tert-butylO2-methyl2-[[(1S)-1-phenylethylJamino]-7-azaspiro[3.5 Jnonane-2,7-dicarbo
xylate (2F) (500 mg, 1.24 mmol) was dissolved in dichloromethane (4.5 mL) at room

temperature, and the temperature was lowered to 0°C. Trifluoroacetic acid (1.5 mL) was added,
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and the reaction was allowed to proceed at room temperature for 3 h. The reaction solution was
concentrated under reduced pressure to obtain methyl
2-[[(1S)-1-phenylethyl]amino]-7-azaspiro[3.5]nonane-2-carboxylate (2G) as yellow oily liquid
(320 mg, yield 85%).

Step 7:

methyl
7-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2~(tert-butoxycarbonylamin
0)-3-phenyl-propanoyl]amino}]-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl Jamino]hexano

yl]-2-[[(1S)-1-phenylethylJamino]-7-azaspiro[3.5]nonane-2-carboxylate
MeO NH

J\/%'P\ J\/ i NHBoc

Methyl 2-[{(1S)-1-phenylethyl Jamino]-7-azaspiro[ 3.5 ]nonane-2-carboxylate (2G) (300
mg, 1.0 mmol) was dissolved in dichloromethane (10 mL) at room temperature, and
intermediate 1 (753 mg, 1.0 mmol) was added. 1-hydroxybenzotriazole (135 mg, 1.0 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.23 g, 1.2 mmol) were
sequentially added under stirring at room temperature, and the system was allowed to react for
15 h. The reaction solution was concentrated under reduced pressure, and the residue was
separated and purified by silica gel column chromatography (dichloromethane:
methanol(v:v)=50:1). The eluent was collected and concentrated under reduced pressure to
obtain methyl
7-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R))-2-[[(2R)phenyl-propanoyl Jamino]-3-
phenyl-propanoyl]amino]-4-methyl-pentanoylJamino]hexanoyl]-2-[[(1S)-1-phenylethyl Jamino
]-7-azaspiro[3.5]nonane-2-carboxylate (2H) as a white foamy solid (710 mg, yield 69%).

Step 8: methyl
2-amino-7-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxycarbo

nylamino)-3-phenyl-propanoyljamino]-3-phenyl-propanoyl]Jamino]-4-methyl-pentanoyl]amino
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Jhexanoyl]-7-azaspiro[3.5]nonane-2-carboxylate (21)

Methyl7-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-{[(2R))-2-[[(2R)pheny]-propano
yl]amino]-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl]Jamino]hexanoyl]-2-[[(1S)-1-pheny
5  lethyllamino]-7-azaspiro[3.5]nonane-2-carboxylate (2H) (700 mg, 0.7 mmol) was dissolved in
ethyl acetate (10 mL) at room temperature, and palladium on carbon (0.1 g, 20 wt%) was
added to the reaction solution. The atmosphere was replaced with hydrogen 3 times, and the
reaction was allowed to proceed at room temperature for 5 h under a hydrogen atmosphere
(balloon). The reaction solution was filtered through diatomite, and the filtrate was
10  concentrated to dryness. The residue was separated and purified by silica gel column
chromatography (dichloromethane: methanol(v:v)=50:1), to obtain methyl
2-amino-7-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxycarbo
nylamino)-3-phenyl-propanoylJamino]-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl Jamino
Jhexanoyl]-7-azaspiro[3.5|nonane-2-carboxylate (2I) as a white foamy solid(370 mg, yield
15 60%).
Step 9: methyl
2-amino-7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-p
henyl-propanoyl Jamino]-4-methyl-pentanoyl]amino]hexanoyl]-7-azaspiro[3.5]nonane-2-carbo

xylate; 2,2,2-trifluoroacetic acid (2J)

O
Y i@w

3CF3COOH

20

Methyl2-amino-7-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-

butoxycarbonylamino)-3-phenyl-propanoyl]Jamino]-3-phenyl-propanoyl]Jamino]-4-methyl-pent
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anoylJamino]hexanoyl]-7-azaspiro[3.5]nonane-2-carboxylate (2I) (370 mg, 0.4 mmol) was
dissolved in dichloromethane (3 mL) at room temperature, and the temperature was lowered to
0°C. Trifluoroacetic acid (1 mL) was added and the temperature was raised to room
temperature and the system was allowed to react for 3 h. The reaction solution was
concentrated to dryness under reduced pressure to obtain crude
2-amino-7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]
amino]-3-phenyl-propanoylJamino}-4-methyl-pentanoyl]amino]hexanoyl]-7-azaspiro[3.5]nona
ne-2-carboxylate; tri-trifluoroacetic acid (2J) as yellow oily liquid(305 mg, yield 72%).

Step 10:

2-amino-7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino
]-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl]Jamino Jhexanoyl]-7-azaspiro[3.5]nonane-2-¢

arboxylic acid; tri-trifluoroacetic acid (compound 2)

Y )\H ?
‘N AN
ETHT U0 ¢
i, O
NH,

3CF;COOH

Sodium hydroxide (50 mg, 1.25 mmol) was dissolved in water (2mL) at room temperature,
and crude 2-amino-7-{(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]
amino]-3-phenyl-propanoyl]amino]-4-methyl-pentanoyljamino]hexanoyl]-7-azaspiro[3.5]nona
ne-2-carboxylate; tri-trifluoroacetic acid (2J) (305 mg, 0.288 mmol) was added. The system
was allowed to react for 5h at room temperature. The reaction solution was concentrated to
dryness under reduced pressure, and separated and purified by preparative liquid
chromatography (preparation conditions: instrument: Gilson GX-281; column: Xbridge C18,
150mmol)[[(2R)-2-met; mobile phase: A for ACN and B for H20; isocratic: A 65%; flow rate:
30 mL /min; back pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period:
18min; sample preparation: the compound dissolved in 12 mL methanol; injection: 0.9
mL/needle). The preparation solution was concentrated under reduced pressure to remove

most of the solvent, and lyophilized to obtain
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2-amino-7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[{(2R)-2-amino-3-phenyl-propanoyl]amino]-3-p
henyl-propanoyl]Jamino]-4-methyl-pentanoylJamino}hexanoyl]-7-azaspiro[3.5]nonane-2-carbo
xylic acid; tri-trifluoroacetic acid (compound 2) (92 mg, yield 31%).

MS nv/z (ESI):360.8[M+2H]"2;

'"H NMR (400 MHz, D,0) §7.44 — 7.18 (m, 10H), 4.65 (t, 1H), 4.33 — 4.18 (m, 2H), 3.58
(br, 2H), 3.52-3.41 (m, 1H), 3.41 — 3.29 (m, 1H), 3.17 (d, 2H), 3.10-2.90 (m, 4H), 2.70-2.46
(m, 2H), 2.32-2.18 (m, 2H), 2.05 — 1.28 (m, 14H), 0.98-0.84 (m, 6H).

compound 2-1 (compound 2 in free form):

The compound 2 (7.3 g, 6.88mmo) was pass through an ion exchange resin (300 mL.)
(eluted by water ~ 3.3% ammonia), and the received elution solution was concentrated under
reduced pressure (concentrated under reduced pressure to 100 mL at 60°C) and further
lyophilized to obtain the compound 2-1 as white solid (4,5g, yield 90.8 %).

MS m/z =720.5 [M+2H]";

"HNMR (400 MHz, D;0) & 7.34 — 7.22 (m, 6H), 7.18-7.06 (m, 4H), 4.78-4.72 (m, 1H),
4.55 (t, 1H), 4.25 (t, 1H), 3.65-3.46 (m, 3H), 3.45 — 3.25 (m, 2H), 3.09-2.97 (m, 1H), 2.95 —
2.84 (m, 3H), 2.85-2.73 (m, 2H), 2.51 — 2.33 (m, 2H), 2.00 — 1.83 (m, 2H), 1.82 — 1.25 (m,
13H), 0.96-0.78 (m, 6H).

Example 2:
(2R)-N-[(1R)-5-amino-1-(2-0x0-3,10-diazadispiro[4.1.5"{7}.1"°{5} Jtridecane-10-carbony
Dpentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino]-4

-methyl-pentanamide;di-trifluoroacetic acid (compound 3)

O (8] o
o I COOEt 0 NO, 0 NH, HN
Step 4
Step 3
Step 1 Step 2
N N N N
Boc Boc Boc Eoc Boc
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Step 7

0
HN
0 0
H H
Step 5 Step 6 NJ\E/N NJ\_{N NHBoc — .
. - L
o
N HN 1 @

NHBoc
3G

0

3F
Q N Q H

NJ\:_/N“/ﬁN/)KE/N NH,
w2 1

HN
2CF,COOH NH,

Compound 3

Step 1:

tert-butyl 2-(2-ethoxy-2-oxo-ethylidene)-7-azaspiro[3.5nonane-7-carboxylate (3B)
COOEt

N
Boc

5 Tetrahydrofuran (50 mL) was added to a reaction flask, and sodium hydride (1.3 g, 54.2
mmol) was added under nitrogen protection. It was cooled to 0°C in an ice-water bath, and
triethyl phosphonoacetate (6.9 g, 31 mmol) was slowly added dropwise. After the addition, the
reaction was carried out at 0°C for 20 minutes. It was cooled to -5 to 0°C and tert-butyl
2-ox0-7-azaspiro[3.5]nonane-7-carboxylate (3A) (5 g, 20.9 mmol) in tetrahydrofuran (20 mL)

10 was slowly added dropwise. After the addition, the temperature was raised to room
temperature and reacted for 1 h. A saturated aqueous sodium chloride solution (50 mL) was
added, and the mixture was extracted with ethyl acetate (50 mL X 2). The organic layers were
combined, and the organic layers were dried over anhydrous sodium sulfate, filtered, and the
filtrate was concentrated under reduced pressure to obtain crude tert-butyl

15  2-(2-ethoxy-2-oxo-ethylidene)-7-azaspiro[3.5]nonane-7-carboxylate (3B) as light yellow oily
liquid (6.0 g, yield 92.8%), and used directly in the next step.

Step 2:

tert-butyl 2-(2-ethoxy-2-oxo-ethyl)-2-(nitromethyl)-7-azaspiro[3.5]nonane-7-carboxylate
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/\o NOZ

N
Boc

Tert-butyl 2-(2-ethoxy-2-oxo-ethylidene)-7-azaspiro[3.5Jnonane-7-carboxylate (3B) was
added to a reaction flask, and tetrahydrofuran (60 mL) was added. It was dissolved completely
at room temperature under stirring, then nitromethane (6.0 g, 98.3 mmol) and
tetrabutylammonium fluoride (7.85 g, 30 mmol) were added. After the addition, the reaction
was heated reflux for 5 h. The reaction solution was cooled to room temperature, and ethyl
acetate (150 mL) was added, and a saturated aqueous sodium chloride solution (100 mL x 1)
was used for washing and separation. The organic phase was dried over anhydrous sodium
sulfate, filtered, and concentrated to dryness under reduced pressure. The residue was
separated and purified by silica gel column chromatography (petroleum ether:ethyl acetate
(v:v)=10:1) to obtain tert-butyl
2-(2-ethoxy-2-oxo-ethyl)-2-(nitromethyl)-7-azaspiro[3.5]nonane-7-carboxylate (3C) as
colorless transparent oily liquid (6.5 g, yield 90%).

Step 3:

Tert-butyl2-(aminomethyl)-2-(2-ethoxy-2-oxo-ethyl)-7-azaspiro[ 3.5 ]nonane-7-carboxylat
e (3D)

N
Boc
Tert-butyl 2-(2-ethoxy-2-oxo-ethyl)-2-(nitromethyl)-7-azaspiro[ 3.5 ]nonane-7-carboxylate
(3C) (6.5 g, 18 mmol) was added to a reaction flask, and ethanol (75 mL) and water (25 mL),

iron powder (4.9 g, 88 mmol) and ammonium chloride (4.7 g, 88.00 mmol) were added, and

the reaction was refluxed for 5 h. The temperature was cooled to room temperature, and the
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reaction system was concentrated to 20 mL. Water (30 mL) was added, the pH was adjusted to
greater than 10 with ammonia water, and extracted with dichloromethane (50 mL x 2). The
organic phases were combined, and the organic phases were concentrated to dryness under
reduced pressure to obtain tert-butyl
2-(aminomethyl)-2-(2-ethoxy-2-oxo-ethyl)-7-azaspiro[3.5]nonane-7-carboxylate (3D) as light
yellow oily liquid (5.1 g, yield 85%).

Step 4:
tert-butyl 2-oxo-3,10-diazadispiro[4.1.5"{7}.1"{5} Jtridecane-10-carboxylate (3E)
O
HN
N
0" ~o

L

Tert-butyl2-(aminomethyl)-2-(2-ethoxy-2-oxo-ethyl)-7-azaspiro[ 3.5 ]nonane-7-carboxylat
e (3D) (3 g, 8.8 mmol) was added to a reaction flask, aqueous sodium hydroxide (400 mg, 10
mmol) solution (30 mL) was added, and the system was allowed to react at room temperature

for 5 h. The reaction solution was filtered to obtain tert-butyl

2-0x0-3,10-diazaspiro[4.1.57{7}.1"{5} Jtridecane-10-carboxylate (3E) as white solid (2.10 g,

yield 81%).
Step 5:
3,10-diazadispiro[4.1.5{7}.1~{5}]tridecan-2-one (3F)
HN 0
N

Tert-butyl2-oxo-3,10-diazaspiro[4.1.57{7}.1~{5} Jtridecane-10-carboxylate (3E) (1 g, 3.4
mmol) was dissolved in dichloromethane (9mL), and trifluoroacetic acid (3mL) was added.

The reaction was allowed to proceed at room temperature for 5 h to fully reacted. The reaction
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solution was concentrated to dryness under reduced pressure, water (20 mL) was added, and
the system was adjusted to pH> 10 with a 2 M aqueous sodium hydroxide solution. It was
extracted with dichloromethane (20 mL x 2) and the mixture was subjected to a liquid
separation process. The organic phases were combined and concentrated under reduced
pressure to obtain crude 3,10-diazaspiro[4.1.5°{7}.1~{5}]tridecane-2-one (3F) as yellow oily
liquid (0.6 g, yield 85%).

Step 6: tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(2-oxo
-3,10-diazadispiro[4.1.5*{7}.1"{5}]tridecane-10-carbonyl)pentyl|carbamoyl]-3-methyi-butyl]

amino]-2-oxo-ethylJamino]-2-oxo-ethyl]carbamate (3G)

¥EDQ J\/N\(g/J\/N NHBoc

NHBoc

Dichloromethane (30 mL) was added to a reaction flask under nitrogen protection, and
intermediate 1 (2.25g, 2.98mmol), crude 3,10-diazaspiro[4.1.5"{7}.1"{5} Jtridecane-2-one
(3F) (0.6g, 2.88mmol), 1-hydroxybenzotriazole (0.39g, 2.89mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.83g, 4.33mmol) were added.
The system was allowed to react at room temperature for 15 h. Then water (20 mL) was added,
and it was extracted with ethyl acetate (30 mL x 3), and the layers were separated and the
organic phases were combined. The organic phases were dried over anhydrous sodium sulfate,
filtered, and the filtrate was concentrated under reduced pressure. The residue was separated
and purified by silica gel column chromatography (dichloromethane: methanol(v:v)=20:1) to
obtain tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)1-(2-oxo-
3,10-diazaspiro[4.1.5"{7}.1*{5} Jtridecane-10-carbonyl)pentyl]carbamoyl]-3-methyl-butyl Jami
noJ-2-oxo-ethyllamino]-2-oxo-ethyl]carbamate (3G) as a white foamy solid (1.77g, yield
73.2%).

Step 7:
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(2R)-N-[(1R)-5-amino-1-(2-0x0-3,10-diazadispiro[4.1.5"{7}.1"{5} Jtridecane-10-carbony
Dpentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]Jamino]-3-phenyl-propanoyl]amino}-4

-methyl-pentanamide; di-trifluoroacetic acid (compound 3)

J\/N\N/f/ J\/N NH,
o
HN 2CF;COOH

NH,

Tert-butyIN-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonyla
mino)1-(2-oxo-3,10-diazaspiro[4.1.57{7} .1 {5} ]tridecane-10-carbonyl)pentyl]carbamoyl]-3-m
ethyl-butylJamino]-2-oxo-ethylJamino]-2-oxo-ethyl]carbamate (3G) (0.90g,1mmol) and
dichloromethane (21mL) were added to a reaction flask under nitrogen protection, and
trifluoroacetic acid (7 mL) was added under stirring. The reaction was allowed to proceed at
room temperature for 3 h. The reaction solution was concentrated to dryness under reduced
pressure, and the residue was separated and purified (preparation conditions: instrument:
Gilson GX-281; column: Xbridge C18, 15030 mm L.D., Sum; mobile phase: A for ACN and
B for H>O; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000 PSI; column
temperature: 30°C; wavelength: 210 nin; period: 18min; sample preparation: the compound
dissolved in 12 mL methanol; injection: 0.9 mL/needle). The preparation was concentrated
under reduced pressure to remove most of the solvent, and lyophilized to obtain
(2R)-N-[(1R)-5-amino-1-(2-0x0-3,10-diazaspiro[4.1.5"{7}.1"{5} ]tridecane-10-carbonyl)penty
1]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoyl]Jamino]-4-methy
l-pentanamide; di-trifluoroacetic acid (compound 3) as white solid (0.98g, yield 54%).

MS m/z (ESI):365.9[M+2H]"/2;

"H NMR (400 MHz, DMSO-ds) & 8.86-8.67 (m, 1H), 8.40-8.23 (m, 1H), 8.14-8.01 (m,
3H), 7.84-7.72 (m, 2H), 7.52-7.42 (m, 1H), 7.37-7.15 (m, 10H), 4.76-3.94 (m, 4H), 3.59-2.65
(m, 12H), 2.29-2.15 (m, 2H), 1.93-1.19 (m, 17H), 0.88 (dd, 6H).

Example 3:

(2R)-N-[(1R)-5-amino-1-(9-ox0-2,8-diazadispiro[3.1.4"{6}.1"{4} Jundecane-2-carbonyl)
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pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl Jamino]-4-

methyl-pentanamide; di-trifluoroacetic acid (compound 4)

0 0
. COOEt oA o, A
ﬁé Step 1 Step 2 Step3 Step4
Boc EOC EOC
4A 48 4c 4D

0 0
iy HN J\/ NHBoc
Step 5 HCI Step 6 #jDC/
—_————
HN

E’oc NHBoc

Iz

4E 4G

Q H 0 H
Step 7
NJ\:/N NJ\:/N N,
B o H 2 o

HN
2CF3;COOH NH,
Compound 4

Step 1: tert-butyl 6-(2-ethoxy-2-oxo-ethylidene)-2-azaspiro[3.3]heptane-2-carboxylate

5 (4B)
COOEt

Boc

Tetrahydrofuran (50 mL) was added to a reaction flask, and sodium hydride (2.5 g, 59.2
mmol) was added. It was cooled to 0°C in an ice-water bath, and triethyl phosphonoacetate
(7.96 g, 35.5 mmol) was slowly added dropwise. The reaction was allowed to proceed at 0°C

10 for 20 min after the addition. Then it was cooled to -5 to 0°C, and tert-butyl
6-ox0-2-azaspiro[3.3]heptane-2-carboxylate (4A) (5 g, 23.7 mmol) in tetrahydrofuran (20 mL)
was slowly added dropwise. After the addition, the reaction was allowed to proceed at room

temperature for 1 h. Then, a saturated sodium chloride aqueous solution (50 mL) was added to
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the reaction solution, and the mixture was extracted with ethyl acetate (50 mL X 2), and the
mixture was subjected to a liquid separation process. The organic phases were combined. The
organic phase was dried over anhydrous sodium sulfate, filtered, and the filtrate was
concentrated under reduced pressure to obtain crude tert-butyl
6-(2-ethoxy-2-oxo-ethylidene)-2-azaspiro[ 3.3 Jheptane-2-carboxylate (4B) as yellow oily liquid
(5.5 g, yield 83%), and used directly in the next step.

Step 2:

tert-butyl 6-(2-ethoxy-2-oxo-ethyl)-6-(nitromethyl)-2-azaspiro[3.3]heptane-2-carboxylate
(4C)

N
Boc

Crude tert-butyl 6-(2-ethoxy-2-oxo-ethylidene)-2-azaspiro[3.3 Jheptane-2-carboxylate (4B)
was added to a reaction flask, and tetrahydrofuran (60 mL) was added. The system was stirred
to dissolve completely at room temperature, then nitromethane (6.0 g, 98.3 mmol) and
tetrabutylammonium fluoride (7.85 g, 30 mmol) were added. After the addition was completed,
the reaction was heated reflux for 5 h. The reaction solution was cooled to room temperature,
ethyl acetate (150 mL) was added thereto, and the mixture was washed with a saturated
aqueous sodium chloride solution (100 mL)and the mixture was subjected to a liquid
separation process. The organic phase was dried over anhydrous sodium sulfate, filtered, and
the filtrate was concentrated under reduced pressure. The residue was separated and purified
by silica gel column chromatography (petroleum ether:ethyl acetate (v:v)=4:1), to obtain
tert-butyl 6-(2-ethoxy-2-oxo-ethyl)-6-(nitromethyl)-2-azaspiro[3.3 Jheptane-2-carboxylate (4C)
as colorless transparent oily liquid (5.1 g, yield 76%).

Step 3:
tert-butyl6-(aminomethyl)-6-(2-ethoxy-2-oxo-ethyl)-2-azaspiro[3.3]heptane-2-carboxylat
e (4D)
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/\O NH2

N
Boc

Tert-butyl6-(2-ethoxy-2-oxo-ethyl)-6-(nitromethyl)-2-azaspiro[3.3]heptane-2-carboxylate
(4C) (5.1g, 15 mmol) was added to a reaction flask, ethanol (75 mL), water (25 mL), iron
powder (4.2 g, 74 mmol) and ammonium chloride (4.0 g, 74 mmol) were added, and the
reaction was heated reflux for 5 h. The temperature was lowered to room temperature, and the
reaction system was concentrated to about 20 mI.. Water (30 mL) was added, then the pH was
adjusted to greater than 10 with ammonia, extract with dichloromethane (50 mL x 2), and the
mixture was subjected to a liquid separation process. The organic phases were combined and
the organic phases were concentrated under reduced pressure to obtain crude tert-butyl
6-(aminomethyl)-6-(2-ethoxy-2-oxo-ethyl)-2-azaspiro[3.3]heptane-2-carboxylate (4D) (4.6 g,

yield 99% ), and used directly in the next step.

Step 4:
tert-butyl 9-ox0-2,8-diazadispiro[3.1.4"{6}.1"{4} Jundecane-2-carboxylate (4E)
0
HN
N
Boc

Crude tert-butyl
6-(aminomethyl)-6-(2-ethoxy-2-oxo-ethyl)-2-azaspiro[ 3.3 ]heptane-2-carboxylate (4D) (4.6 g,
15 mmol) was added to a reaction flask. An aqueous sodium hydroxide (600 mg, 15 mmol)
solution (45 mL) was added, and the mixture was reacted at room temperature for 5 h. The
reaction solution was filtered to obtain
tert-butyl9-0xo0-2,8-diazaspiro[3.1.4"{6}.1°{4} Jundecane-2-carboxylate (4E) as white solid
(2.90 g, yield 74%).

Step 5:
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2,8-diazadispiro|3.1.47{6}.1"{4} Jundecan-9-one;hydrochloride (4F)

o)
HN

HCI

IZ

Tert-butyl 9-0x0-2,8-diazaspiro[3.1.4"{6}.1°{4} Jundecane-2-carboxylate (4E) (2 g, 7.5
mmol) was dissolved in 4N HCl-isopropanol solution (9mL), and the system was allowed to
react at room temperature for 5 h. The reaction solution was concentrated to dryness under
reduced pressure, to obtain crude 2,8-diazaspiro[3.1.4"{6}.1"°{4} Jundecane-9-one;
hydrochloride (4F) as white solid (0.95 g, yield 62%), and used directly in the next step.

Step 6:

tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(9-oxo
-2,8-diazadispiro[3.1.4"{6}.1"{4} Jundecane-2-carbonyl)pentyl|carbamoyl]-3-methyl-butyl]am

ino]-2-oxo-ethyl Jamino]-2-oxo-ethyl|carbamate (4G);
H H
J\E/N HJ\/N NHBoc

NHBoc

Dichloromethane(30 mL) was added to a reaction flask under nitrogen protection, and
intermediate 1 (2.25g, 2.98mmol), 2,8-diazaspiro[3.1.47{6}.1"{4} Jundecane-9-one;
hydrochloride (4F) (0.6g, 3.0mmol), 1-hydroxybenzotriazole(0.39g, 2.89mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride(0.83g, 4.33mmol) were added.
The reaction was allowed to proceed at room temperature for 15h. Then water (20 mL) was
added, and the mixture was extracted with ethyl acetate (30 mL x 3) and the mixture was
subjected to a liquid separation process. The organic phases were combined, and the organic
phases were dried over anhydrous sodium sulfate, filtered, and the filtrate was concentrated

under reduced pressure. The residue was separated and purified by silica gel column
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chromatography (dichloromethane: methanol (v:v)=10:1) to obtain tert-butyl

N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)1-(9-oxo-

2,8-diazaspiro[3.1.47{6}.1°{4} Jundecane-2-carbonyl)pentylJcarbamoyl]-3-methyl-butylJamin

0]-2-oxo-ethyl]amino]-2-oxo-ethyl]carbamate (4G) as a white foamy solid (1.9g, yield 70%).
Step 7:

(2R)-N-[(1R)-5-amino-1-(9-0x0-2,8-diazadispiro[3.1.4"{6}.1"{4} Jundecane-2-carbonyl)penty

1]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino]-4-methy

l-pentanamide; di-trifluoroacetic acid (compound 4)

Q@ y ? K
N/U\E/N NJ\E/N N,
B o H H 0
0
HN 2CF4COOH

NH,

Tert-butyIN-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonyla
mino)1-(9-oxo0-2,8-diazaspiro[3.1.47{6}.1"{4}Jundecane-2-carbonyl)pentyl]carbamoyl]-3-met
hyl-butyl]amino]-2-oxo-ethylJamino]-2-oxo-ethyl]carbamate (4G) (1.7g,1.9mmol) and
dichloromethane (21mL) were added to a reaction flask under nitrogen protection.
Trifluoroacetic acid (7mL) was added under stirring, and the reaction was allowed to proceed
at room temperature for 3 h. The reaction solution was concentrated to dryness under reduced
pressure, and the residue was separated and purified by preparative chromatography
(preparation conditions: instrument: Gilson GX-281; column: Xbridge C18, 15030 mm 1.D.,
5um; mobile phase: A for ACN and B for H,O; isocratic: A 65%; flow rate: 30 mL /min; back
pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample
preparation: the compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The
preparation was concentrated unc}er reduced pressure to remove most of the solvent, and
lyophilized to obtain
(2R)-N-[(1R)-5-amino-1-(9-0x0-2,8-diazaspiro[3.1.4"{6}.1"{4} Jundecane-2-carbonyl)pentyl}-
2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoyl]amino]-4-methyl-
pentanamide; di-trifluoroacetic acid (compound 4) as white solid (0.7g, yield 40%).

MS m/z (ESI):351.8[M+2H]"/2;
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'H NMR (400 MHz, DMSO-ds) § 8.76 (d, 1H), 8.32 (d, 1H), 8.11-7.97 (m, 4H), 7.85-7.69

(m, 3H), 7.50 (s, 1H), 7.33-7.18 (m,10H), 4.74-3.74 (m, 8H), 3.24-2.63 (m, 8H), 2.27-2.05 (m,
6H), 1.71-1.17 (m, 9H), 0.89 (dd, 6H).

Example 4:

5 (2R)-N-[(1R)-5-amino-1-(2-cyclopropylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)p

entyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl|Jamino]-3-phenyl-propanoylJamino]-4-m
ethyl-pentanamide (compound 6)

e o
N NH
Oy ° Oy©

NH N N

Step 1 Step2 Step 3 _'N__ Step 4 N Step 5

— —_— Y o=s=0 . 0=5=0

N

gOC Boc ﬁ
6A 6B 6C 6D 6E

0 0
0 0
J\/N JK,N Step 6 NJJ\;/’\?NJKKN NH>
N T N Y NHBoc ___ = 0 = 0
O 2 O > O O\\S,N 6
‘\s(N o)
g °

NH2
NHBoc Compound 6

Step 1:

10 7-benzyl 2-tert-butyl 2,7-diazaspiro[3.5]nonane-2,7-dicarboxylate (6B)

Triethylamine (0.15mL, 1.1mmol) was added dropwise into a tert-butyl

2,7-diazaspiro[3.5]nonane-2-carboxylate (6A) (0.23g,1mmol) in a solution of tetrahydrofuran

(5 mL) in a 50 mL single-necked bottle at 0°C. After the dropwise addition, benzyl

15 chloroformate (340 mg, 2 mmol) was added and stirred for 10 min. The temperature was raised
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to room temperature and stirring was continued for 1 h. The reaction solution was filtered
through diatomite and the filtrate was concentrated under reduced pressure to obtain 7-benzyl
2-tert-butyl-2,7-diazaspiro[3.5]nonane-2,7-dicarboxylate (6B) as colorless oily product (362mg,
yield 99%).
5 MS m/z =383.2 [M+Na]";

'H NMR (400 MHz, CDCls) 8 7.34-7.32 (m, 5H), 5.12 (s, 2H), 3.64 (s, 4H), 3.43 (dd, 4H),
1.77-1.61 (m, 4H), 1.44 (s, 9H).

Step 2:

benzyl 2,7-diazaspiro[3.5]nonane-7-carboxylate (6C)

s

O

N
N
%

7-benzyl 2-tert-butyl-2,7-diazaspiro[3.5]nonane-2,7-dicarboxylate (6B) (0.36 g, 1mmol)

10

and dichloromethane (7mL) were added in a 50 mL reaction flask, and trifluoroacetic acid
(1mL) was added dropwise at room temperature. After the addition, the reaction was allowed
to proceed at room temperature for 3 h. The reaction solution was directly concentrated under
15 reduced pressure to obtain crude benzyl 2,7-diazaspiro[3.5]nonane-7-carboxylate (6C) as
yellow oily liquid (260mg, yield 100%), and used directly in the next reaction.
MS m/z =261.2 [M+H]";
Step 3:

benzyl 2-cyclopropylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carboxylate (6D)

20

Crude benzyl 2,7-diazaspiro[3.5]nonane-7-carboxylate (6C) (260mg, 1mmol),
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triethylamine (200mg, 2 mmol) and dichloromethane (7mL) were added in a 50 mL reaction
flask. The solution was cooled to 0°C in an ice bath, and cyclopropylsulfonyl chloride (170 mg,
1.2 mmol) was added dropwise. After the addition, the temperature was raised to room
temperature for 4 h. The reaction system was then quenched with saturated sodium bicarbonate
(10 mL), extracted with ethyl acetate (5 mL x 3), and the organic phases were combined. The
organic phases were dried over anhydrous sodium sulfate, filtered, and the filtrate was
concentrated under reduced pressure. The residue was separated and purified by silica gel
column chromatography (petroleum ether:ethyl acetate (v:iv)=4:1) to obtain benzyl
2-cyclopropylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carboxylate compound (6D) as white solid
(360mg, yield 99%).

MS m/z =365.2 [M+H]";

"H NMR (400 MHz, CDCl3) § 7.43-7.28 (m, 5H), 5.12 (s, 2H), 3.70 (s, 4H), 3.53-3.36 (m,
4H), 2.41-2.22 (m, 1H), 1.85-1.69 (m, 4H), 1.19-1.09 (m, 2H), 1.04-0.93 (m, 2H).

Step 4:
2-cyclopropylsulfonyl-2,7-diazaspiro[3.5]nonane (6E)
H
N
N
0=8=0

Benzyl 2-cyclopropylsulfonyl-2,7-diazaspiro[ 3.5]nonane-7-carboxylate (6D) (360 mg,
0.99mmol), palladium on carbon(72mg, 20wt%) and ethyl acetate (10 mL) were added in a 50
mL reaction flask. The atmosphere was replaced with hydrogen 3 times, and the reaction was
allowed to proceed at room temperature for 2 h under a hydrogen (balloon) atmosphere. The
reaction solution was filtered through diatomite, and the filtrate was concentrated under
reduced pressure to obtain 2-cyclopropylsulfonyl-2,7-diazaspiro[3.5]nonane (6E) as light
yellow solid (210mg, yield 92%), and used directly in the next reaction.

Step 5:

tert-butyl
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N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(2-cycl
opropylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyl]carbamoyl]-3-methyl-butyl]Jami

no)-2-oxo-ethylJamino]-2-oxo-ethyljcarbamate (6F)

PRI

o
NHBoc

5 2-cyclopropylsulfonyl-2,7-diazaspiro[3.5]nonane (6E) (161mg, 0.7 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (124mg, 0.8mmol),
1-hydroxybenzotriazole (108mg, 0.8mmol), intermediate 1 (500 mg, 0.7 mmol) and
dichloromethane (30mL) were added in a 50 mL reaction flask, and the system was allowed to
react at room temperature for 5 h. The reaction solution was concentrated under reduced

10 pressure and the residue was separated and purified by silica gel column chromatography
(petroleum ether:ethyl acetate (v:v)=1:2) to obtain tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(2-cycl
opropylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyl Jcarbamoyl]-3-methyl-butylJami
no}-2-oxo-ethyl]Jamino]-2-oxo-ethyl]carbamate (6F) as white solid (610 mg, yield 95%).

15 Step 6:

(2R)-N-[(1R)-5-amino-1-(2-cyclopropylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)p
entyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoyl Jamino]-4-m

ethyl-pentanamide (compound 6)

? H 9y
/jc'\l)J\z/N NJ\:/N NH,
E H H
0 (( (0] 0
N\~ : f

so
<7 °
NH,
Compound 6

20 Tert-butyIN-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonyla

mino)1-(2-cyclopropylsulfonyl-2,7-diazaspiro| 3. 5]nonane-7-carbonyl)pentyl]carbamoyl]-3 -me
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thyl-butyl]amino]-2-oxo-ethylJamino]-2-oxo-ethyl]carbamate (6F) (300 mg, 0.31 mmol) and
trifluoroacetic acid (2mL) was added in a 50 mL reaction flask, and the system was allowed to
react at room temperature for 2 h. The reaction solution was concentrated under reduced
pressure and the residue was separated and purified by preparative liquid chromatography
(preparation conditions: instrument: Gilson GX-281; column: Xbridge C18, 150x30 mm L.D.,
5um; mobile phase: A for ACN and B for HO; isocratic: A 65%; flow rate: 30 mL /min; back
pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample
preparation: the compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The
preparation was concentrated under reduced pressure to remove most of the solvent and
lyophilized to obtain a white powdery compound. Then, the ion-exchange resin (eluted with
water to 3.3% ammonia) was used to concentrate the received elution solution under reduced
pressure (concentrated under reduced pressure to 25 mL at 60°C), and further lyophilized to
obtain
(2R)-N-[(1R)-5-amino-1-(2-cyclopropylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyl ]
-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phenyl-propanoyllamino]-4-methyl-
pentanamide (compound 6) as white solid(153mg, yield 63%).

MS m/z =383.8 [M+2H]"/2;

"H NMR (400 MHz, D,0) § 7.40-7.24 (m, 6H), 7.16 (dd, 4H), 4.72-4.73 (m,
1H),4.58-4.52 (m, 1H), 4.25 (t, 1H), 3.84 (dd, , 4H), 3.67-3.55 (m, 3H), 3.46-3.45 (m, 1H),
3.35-3.34 (m, 1H), 3.03 (dd, 1H), 2.91 (dd, 3H), 2.82 (d, 2H), 2.69 (ddd, 1H), 1.85-1.86 (m,
3H), 1.670-1.66 (m, SH), 1.51-1.49 (m, 3H), 1.38-1.36 (m, 2H), 1.23-1.06 (m, 4H), 0.88 (dd,
6H).

Example S:
(2R)-N-[(1R)-5-amino-1-(2-methylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyl]
-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phenyl-propanoyl]amino]-4-methy]-

pentanamide; di-trifluoroacetate (compound 7)
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)L step )L o step2  HN o Step 3
d il o
lI 7Y
é

[¢]
7A
N
J\/ ¢L oo L ));L AN Y(?
\\ N —_— - \‘S,N
O 2CF,CO0OH
NHBoc NHz
7C Compound 7

Step 1:

benzyl 2-methylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carboxylate (7A)

5 Benzyl 2,7-diazaspiro[3.5]nonane-7-carboxylate (6C) (330mg, 1.3 mmol), triethylamine

(263mg, 2.6 mmol) and dichloromethane (20mL) were added in a 50 mL reaction flask and

stirred to dissolve. After cooling to -10°C, methanesulfonyl chloride (164 mg, 1.43 mmol) was

added dropwise, and the reaction was allowed to proceed for 4 h. Then the temperature was

raised to room temperature. The reaction solution was washed with saturated aqueous sodium

10  bicarbonate solution (60 mL), 3N aqueous hydrochloric acid solution (60 mL), and the mixture

was subjected to a liquid separation process. The organic phases were dried over anhydrous

sodium sulfate, filtered, and the filtrate was concentrated under reduced pressure. The residue

was separated and purified by silica gel column chromatography (petroleum ether:ethyl acetate

(v:v)=1:1) to obtain benzyl 2-methylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carboxylate (7A) as

15 light yellow oily substance (236mg, yield 54.6%).
MS m/z=339.0 [M+H]";

'"H NMR (400 MHz, CDCl3)  7.41-7.28 (m, 5H), 5.12 (s, 2H), 3.68 (s, 4H), 3.50-3.38 (m,

4H), 2.86 (s, 3H), 1.83-1.70 (m, 4H).
Step 2:
20 2-methylsulfonyl-2,7-diazaspiro[3.5]nonane (7B)



10

15

20

CA 03069820 2020-01-14

55

Benzyl 2-methylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carboxylate (7A) (236 mg, 0.7
mmol), palladium on carbon (40 mg, 20wt%) and methanol (20 mL) were added in a 50 mL
reaction flask. The atmosphere was replaced with hydrogen 3 times, and the reaction was
allowed to proceed at room temperature for 8 h under a hydrogen (balloon) atmosphere. The
reaction solution was then filtered through diatomite, and the filtrate was concentrated under
reduced pressure to obtain crude 2-methylsulfonyl-2,7-diazaspiro[3.5]nonane (7B) as light
yellow solid (133mg, yield 100%), and used directly in the next reaction.

MS m/z =205.1 [M+1]%;

Step 3:

tert-butyIN-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxy
carbonylamino)-1-(2-methylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyl Jcarbamoyl]

-3-methyl-butylJamino]-2-oxo-ethyl]lamino]-2-oxo-ethyl]carbamate (7C)

@Q { © C; ©

NHBoc

0}
\\S .
R

o

Crude 2-methylsulfonyl-2,7-diazaspiro[3.5]nonane (7B) (133mg, 0.65 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide  hydrochloride (374 mg, 1.95mmol),
1-hydroxybenzotriazole (96.6mg, 0.72 mmol), intermediate 1 (490 mg, 0.65 mmol) and
dichloromethane (30mL) were added in a 50 mL reaction flask, and the system was allowed to
react at room temperature for 5 h. Then the reaction solution was concentrated under reduced
pressure and the residue was separated and purified by silica gel column chromatography
(petroleum ether:ethyl acetate (viv)=1:2) to obtain tert-butyl
N-[{(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(2-met
hylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyl Jcarbamoyl]-3-methyl-butylJamino]-2
-oxo-ethyl]amino]-2-oxo-ethyl]carbamate (7C) as light yellow solid (317 mg, yield 52%).
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Step 4:
(2R)-N-[(1R)-5-amino-1-(2-methylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyl]
-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoyl]amino]-4-methyl-

pentanamide (compound 7)

0 g Oy
e o e
0 0 S0
Y _N
%
(o] 2CF;COOH

NH,
Compound 7

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)1-(2-meth
ylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentylJcarbamoyl]-3-methyl-butyl]Jamino]-2-
oxo-ethyl]Jamino]-2-oxo-ethyl]carbamate (7C) (317 mg, 0.34 mmol) and trifluoroacetic acid
(2mL) were added in a 50 mL reaction flask, and the system was allowed to react at room
temperature for 2 h. Then the reaction solution was concentrated under reduced pressure and
the residue was separated and purified by preparative liquid chromatography (preparation
conditions: instrument: Gilson GX-281; column: Xbridge C18, 150x30 mm L.D., S5um; mobile
phase: A for ACN and B for H20; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000
PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample preparation: the
compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The preparation was
collected, and concentrated under reduced pressure to remove most of the organic solvent, and
lyophilized to obtain
(2ZR)-N-[(1R)-5-amino-1-(2-methylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyl]-2-[[
(2R)-2-[[(2R)—2—amino—3-phenyl-propandyl]amino]-3-phenyl-propanoyl]amino]-4-methyl-pent
anamide (compound 7) as white powder (217 mg, yield 66.5%).

MS m/z =370.8 [M+2H]"/2;

"H NMR (400 MHz, D,0) § 7.43-7.27 (m, 6H), 7.25-7.20 (m, 4H), 4.67-4.62 (m, 2H),
4.33-4.20 (m, 2H), 3.87-3.71 (m, 4H), 3.69-3.56 (m, 2H), 3.53-3.41 (m, 1H), 3.40-3.29 (m,
1H), 3.23-3.12 (m, 2H), 3.11-3.07 (m, 3H), 3.07-2.91 (m, 4H), 1.94-1.78 (m, 3H), 1.78-1.60
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(m, 5H), 1.58-1.48 (m, 3H), 1.46-1.28 (m, 2H), 0.98-0.82 (m, 6H).
Example 6:
(2R)-N-[(1R)-1-(2-acetyl-2,7-diazaspiro[3.5}nonane-7-carbonyl)-5-amino-pentyl]-2-[[(2R
)-2-[[(2R)-2-amino-3-phenyl-propanoyl]lamino]-3-phenyl-propanoyl]amino]-4-methyl-pentana
5  mide; di-trifluoroacetic acid (compound 8)

o]
H e
N N o
" Step 3
N Step 1 N Step 2 é%
Ao .
H

Lo AT O

\gNDQ j:©/ ° —+T@© j:©/ °

NHBoc NH; 2CF,CO0H
8C

0”0

Compound 8

Step 1:
benzyl 2-acetyl-2,7-diazaspiro[3.5]nonane-7-carboxylate (8A)

°y

N

.

N

oo
o

10 Benzyl 2,7-diazaspiro[3.5]nonane-7-carboxylate (6C) (520 mg, 2.0 mmol) was dissolved
in dichloromethane (5 mL) under nitrogen protection in a 50 mlL reaction flask and
triethylamine (607 mg, 6.0 mmol) was added under stirring. Then the temperature was dropped
to -20°C, and acetyl chloride (314 mg, 4.0 mmol) was added dropwise. After the addition, the
temperature was naturally raised to room temperature and stirred for 2 h. Then a 0.5 M dilute

15 aqueous hydrochloric acid solution (20 mL) was added to the reaction, and the layers were

separated under stirring and the mixture was subjected to a liquid separation process. The
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aqueous layer was extracted with dichloromethane (20 mL x 2), and the organic phases were
combined. The organic phases were dried over anhydrous sodium sulfate, filtered, and the
filtrate was concentrated under reduced pressure. The residue was separated and purified by
silica gel column chromatography (pure ethyl acetate) to obtain benzyl
2-acetyl-2,7-diazaspiro[3.5]nonane-7-carboxylate compound (8A) as light yellow oily liquid
(440 mg, yield 72.8%).

Step 2:

1-(2,7-diazaspiro[3.5]nonan-2-yl)ethanone (8B)

g

N

Iz

Benzyl 2-acetyl-2,7-diazaspiro[3.5]nonane-7-carboxylate (8A) (440 mg, 1.46 mmol) was
added to a mixed solution of ethyl acetate (5 mL) and methanol (2 mL) in a 50 mL reaction
flask. Then palladium on carbon (80 mg, 20 wt%) was added, and the system was stirred under
a hydrogen (balloon) atmosphere at room temperature for 2 h. The reaction solution was then
filtered, and the filtrate was concentrated under reduced pressure to obtain crude
1-(2,7-diazaspiro[3.5]nonan-2-yl)ethanone (8B) as light yellow oily liquid (250 mg, yield
99%), and used directly in the next reaction.

Step 3:

tert-butyIN-[(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-(2-acetyl-2,7-diazaspiro[3.5]nonane-7-car
bonyl)-5-(tert-butoxycarbonylamino)pentyl|carbamoyl]-3-methyl-butyl Jamino]-1-benzyl-2-ox

o-ethyl]amino]-1-benzyl-2-oxo0-ethyl]carbamate (8C)

F e el
Reaxrox

NHBoc

g

o)

Crude 1-(2,7-diazaspiro[3.5]nonan-2-yl)ethanone (8B) (200 mg, 1.19 mmol) was added in
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ethyl acetate (10 mL) in a 50 mL reaction flask under nitrogen protection. It was cooled to 0°C
in an ice bath, then intermediate 1 (867 mg, 1.15 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (331 mg, 1.73 mmol),
1-hydroxybenzotriazole (186 mg, 1.38 mmol) were added. After the addition, the reaction was
allowed to proceed at room temperature for 1.5 h. Subsequently, a 1N aqueous hydrochloric
acid solution (15 mL) was added to the reaction solution, and the mixture was stirred and then
subjected to a liquid separation process. A saturated aqueous sodium carbonate solution (15
mlL) was added to the organic phase, and the mixture was stirred for 30 minutes and then
subjected to a liquid separation process. The organic phase was washed with a saturated
sodium chloride aqueous solution (15 mL), dried over anhydrous sodium sulfate, filtered, and
the filtrate was concentrated under reduced pressure to obtain crude tert-butyl
N-[(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-(2-acetyl-2,7-diazaspiro[3.5]nonane--7-carbonyl)-5-(tert
-butoxycarbonylamino)pentyl]carbamoyl]-3-methyl-butyl]amino]-1-benzyl-2-oxo0-ethyl Jamino
]-1-benzyl-2-oxo-ethyl]carbamate (8C) as light yellow foamy solid (1.04 g, yield 99%), and
used directly in the next reaction.

Step 4:

(2R)-N-[(1R)-1-(2-acetyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)-5-amino-pentyl]-2-[[(2R
)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoylJamino}-4-methyl-pentana

mide; di-trifluoroacetic acid (compound 8)

NG

NH, 2CF3;COOH
Compound 8

Crude tert-butyl
N-[(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-(2-acetyl-2,7-diazaspiro[3.5]nonane--7-carbonyl)-5-(tert
-butoxycarbonylamino)pentyl]carbamoyl]-3-methyl-butylJamino]-1-benzyl-2-oxo-ethylJamino
]-1-benzyl-2-oxo-ethyl]carbamate (8C) (1.04 g, 1.15 mmol) was dissolved in dichloromethane

(7.5 mL), and trifluoroacetic acid (3.5 mL) was added. The system was stirred at room
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temperature for 1 h. Subsequently, the reaction solution was concentrated under reduced
pressure. After the residue was separated and purified by preparative liquid chromatography
(preparation conditions: instrument: Gilson GX-281; column: Xbridge C18, 150x30 mm 1.D.,
5um; mobile phase: A for ACN and B for H>O; isocratic: A 65%; flow rate: 30 mL /min; back
pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample
preparation: the compound dissolved in 12 mL methanol; injection: 0.9 mL/needle), the
preparation was collected, and concentrated under reduced pressure to remove most of the
organic solvent, and lyophilized to obtain
(2R)-N-[(1R)-1-(2-acetyl-2,7-diazaspiro[3.5 Jnonane-7-carbonyl)-5-amino-pentyl]-2-[[(2R)-2-[
[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino}-4-methyl-pentanamide
;di-trifluoroacetic acid (compound 8) as white solid (460 mg, two-step yield 42.9%).

MS m/z (ESI):352.8[M+2H]"/2;

'H NMR (400 MHz, D;0) § 7.49-7.00 (m, 10H), 4.66-4.49 (m, 2H), 4.30-3.93 (m, 4H),
3.79-3.54 (m, 4H), 3.52-3.25 (m, 2H), 3.22-2.90 (m, 6H), 1.92-1.27 (m, 16H), 1.02-0.75 (m,
6H).

compound 8-1:

The compound 8 (1.0 g, 1.07mmo) was passed through an ion exchange resin (60 mL)
(eluted by water ~ 3.3% ammonia), and the received elution solution was concentrated under
reduced pressure (concentrated under reduced pressure to 100 mL at 60°C) and further
lyophilized to obtain the compound 8-1 as the free form of compound 8 as white solid (451 mg,
yield 60.0 %).

MS m/z (ESI):352.8[M+2H]"/2; ‘

"H NMR (400 MHz, D;0) § 7.45-7.32 (m, 6H), 7.23 (dd, 4H), 4.85-4.75(m,1H), 4.64
(t, 1H), 4.35 (t, 1H), 4.07 (d, 2H), 3.83 (d, 2H), 3.74-3.63 (m, 3H), 3.62-3.50 (m, 1H),
3.50-3.39 (m, 1H), 3.17-2.65 (m, 6H), 2.01-1.66 (m, 9H), 1.65-1.30 (m, 7H), 0.96 (dd, 6H).

Example 7:
isopropyl
7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-pr

opanoyl]amino]-4-methyl-pentanoyl]amino]hexanoyl]-2,7-diazaspiro[3.5]nonane-2-carboxylat
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e;di-trifluoroacetic acid (compound 9)

Step 3

o
©/\0)LNQCNH swmd C><:N—/<< Step2 N_<o—< Steps

9B

2CF;CO0H

}

NHBoc
Compound 9
9C

Step 1:

O7-benzyl O2-isopropyl 2,7-diazaspiro[3.5]nonane-2,7-dicarboxylate (9A)

Z*@C”JQ
o)

Benzyl 2,7-diazaspiro[3.5]nonane-7-carboxylate (6C) (310 mg, 1.2 mmol), triethylamine
(364 mg, 3.6 mmol) and dichloromethane (20mL) were added in a 50 mL single-necked flask,
and it was dissolved under stirring at room temperature. Then it was cooled to -10°C, and
isopropyl chloroformate (146 mg, 1.2 mmol) was added dropwise. After the addition, the
temperature was raised to room temperature, and the reaction was allowed to proceed for 4 h.
The reaction system was sequentially washed with saturated aqueous sodium bicarbonate
solution (60 mL), 3M aqueous hydrochloric acid solution (60 mL) and the mixture was
subjected to a liquid separation process. The organic phases were dried over anhydrous sodium
sulfate, filtered, and the filtrate was concentrated under reduced pressure. The residue was
separated and purified by silica gel column chromatography (petroleum ether:ethyl acetate
(viv)=1:1) to obtain O7-benzyl O-isopropyl
2,7-diazaspiro[3.5]nonane-2,7-dicarboxylatecompound (9A) as light yellow oily liquid (279
mg, yield 68%).

MS m/z =347.2 [M+H]";

"H NMR (400 MHz, CDCl3) § 7.38-7.30 (m, SH), 5.12 (s, 2H), 4.95-4.80 (m, 1H), 3.68 (s,
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4H), 3.47-3.39 (m, 4H), 1.75-1.68 (m, 4H), 1.23 (d, 6H).
Step 2:
isopropyl 2,7-diazaspiro[3.5]nonane-2-carboxylate (9B)

HN N—/<O
DC o

O7-benzyl O-isopropyl 2,7-diazaspiro[3.5]nonane-2,7-dicarboxylate (9A) (260 mg, 0.75
mmol), palladium on carbon (52 mg, 20wt%l) and methanol (20mL) were added in a 50 mL
single-necked flask. The atmosphere was replaced with hydrogen 3 times, and the mixture
reacted at room temperature for 8 h under a hydrogen (balloon) atmosphere. Then the reaction
solution was filtered through diatomite, and the filtrate was concentrated under reduced
pressure to obtain crude isopropyl 2,7-diazaspiro[3.5]nonane-2-carboxylate (9B) as light
yellow solid (159mg, yield 100%), and used directly in the next reaction.

MS m/z =213.2 [M+1].

Step 3:

Isopropyl7-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxy
carbonylamino)-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]Jamino]-4-methyl-pentanoyl]

aminoJhexanoyl]-2,7-diazaspiro[3.5]nonane-2-carboxylate (9C)

XeN SV
o /DO\IJ\/N ”J\/N NHBoc
pY o) o)
TS O
NHBoc
Crude isopropyl 2,7-diazaspiro[3.5]nonane-2-carboxylate (9B) (159 mg, 0.75 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (374 mg, 1.95 mmol),
1-hydroxybenzotriazole (110 mg, 0.81 mmol), intermediate 1 (565 mg, 0.75 mmol) and
dichloromethane (30mL) were added in a 50 mL single-necked flask, and the system was

allowed to react at room temperature for 5 h. Then the reaction solution was concentrated

under reduced pressure. The residue was separated and purified by silica gel column
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chromatography  (petroleum ether:ethyl acetate (v:v)=1:2) to obtain isopropyl
7-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2(tert-butoxycarbonylamin
0)-3-phenyl-propanoyll]amino]-3-phenyl-propanoyl]amino]-4-methylpentanoyljamino]
hexanoyl]-2,7-diazaspiro[3.5]nonane-2-carboxylate (9C) as light yellow solid (556 mg, yield
78%).

Step 4:

isopropyl
7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]Jamino]-3-phenyl-pr
opanoyl]amino]-4-methyl-pentanoyl}jamino]hexanoyl]-2,7-diazaspiro[3.5]nonane-2-carboxylat

e;di-trifluoroacetic acid (compound 9)

J@?L )@YLJQ

J S o

Isopropyl
7-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxycarbonylamin
0)-3-phenyl-propanoyll]Jamino]-3-phenyl-propanoyl]amino]-4-methylpentanoyl]lamino]
hexanoyl]-2,7-diazaspiro[3.5]nonane-2-carboxylate (9C) (317 mg, 0.334 mmol) and
trifluoroacetic acid (2mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 2 h. Then the reaction solution was concentrated
under reduced pressure, and the residue was purified by preparative liquid chromatography
(preparation conditions: instrument: Gilson GX-281; column: Xbridge C18, 150x30 mm L.D.,
5um; mobile phase: A for ACN and B for H>O; isocratic: A 65%; flow rate: 30 mL /min; back
pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample
preparation: the compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The
preparation was concentrated under reduced pressure to remove most of the solvent, and
lyophilized to obtain isopropyl
7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-pr
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opanoyl]amino]-4-methyl-pentanoyl]amino]hexanoyl]-2,7-diazaspiro[3.5 Jnonane-2-carboxylat
e; di-trifluoroacetic acid (compound 9) as white powdery product (326 mg, yield 98%).
MS m/z =374.9[M+2H]"/2;
'HNMR (400 MHz, D>0) & 7.50 — 7.14 (m, 10H), 4.89 — 4.78 (m, 1H), 4.66 (t,1H), 4.30 (t,
5 1H), 4.22 (t, 1H), 3.89-3.74 (m, 4H), 3.69 — 3.54 (m, 2H), 3.54 — 3.41 (m, 1H), 3.41 — 3.28 (m,
1H), 3.21 — 3.11 (m, 2H), 3.11 — 2.90 (m, 4H), 1.93 - 1.30 (m, 14H), 1.27 (d, 6H), 0.93 (q,
6H).

Example 8:
(2R)-N-[(1R)-5-amino-1-(2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyl]-2-[[(2R)-2-[[(2R
10 )-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoyl]Jamino]-4-methyl-pentanamide;

tri-trifluoroacetic acid (compound 10)

o} o}

NJ\,N;S\N/U\:,N\H/HNE Step 2
5 0 —_—

T

Step 1
BocN:><:>NH —— B

NHBoc

BA 10A
o o
NJ\E/N NJ\;N NHs
| : 1
Y1
Kr 3CF3COOH

NH»
Compound 10

Step 1:
tert-butyl7-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxy
15 carbonylamino)-3-phenyl-propanoyl]amino]-3-phenyl-propanoylJamino]-4-methyl-pentanoyl]

aminoJhexanoyl]-2,7-diazaspiro[3.5]nonane-2-carboxylate (10A)

(0] (o}
DO\JLN?\NKN%((%
BocN H/ 6

NHBoc

Tert-butyl  2,7-diazaspiro[3.5]nonane-2-carboxylate (6A) (0.1 g, 0.5 mmol),
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1-(3-dimethylaminopropyl)-3-ethylcarbodiimide  hydrochloride (115 mg,  0.6mmol),
1-hydroxybenzotriazole (81 mg, 0.6 mmol), intermediate 1 (378 mg, 0.5 mmol) and
dichloromethane (30 mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 5 h. Then the reaction solution was concentrated
under reduced pressure. The residue was separated and purified by silica gel column
chromatography  (petroleum ether:ethyl —acetate (viv)=1:2) to obtain tert-butyl
7-[(2R)-6-(tert-butoxycarbonylamino)-2-{[(2R)-2-[[(2R)-2-{[(2R)-2-(tert-butoxycarbonylamin
0)-3-phenyl-propanoyl]Jamino]-3-phenyl-propanoyl]amino}-4-methyl-pentanoylJamino]hexano
yl]-2,7-diazaspiro[3.5]nonane-2-carboxylate (10A) as white solid (450 mg, yield 93%).

Step 2:

(2R)-N-[(1R)-5-amino-1-(2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyl]-2-[[(2R)-2-[[(2R
)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoylJamino]-4-methyl-pentanamide;tri-t

rifluoroacetic acid (compound 10)

RS R
HN/j\A//H/ © 6

3CF;COOH
NH,
Compound 10

Tert-butyl
7-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxycarbonylamin
0)-3-phenyl-propanoyl]amino]-3-phenyl-propanoylJamino]-4-methyl-pentanoyl]aminojhexano
yl]-2,7-diazaspiro[3.5]nonane-2-carboxylate (10A) (450 mg, 0.468 mmol) and trifluoroacetic
acid (2 mL) were added in a 50 mL single-necked flask, and the system was allowed to react at
room temperature for 2 h. Then the reaction solution was concentrated under reduced pressure,
the residue was purified by preparative liquid chromatography (preparation conditions:
instrument: Gilson GX-281; column: Xbridge C18, 15030 mm L.D., Sum; mobile phase: A for
ACN and B for HO; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000 PSI;
column temperature: 30°C; wavelength: 210 nm; period: 18min; sample preparation: the

compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The preparation was
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concentrated under reduced pressure to remove most of the solvent, and lyophilized to
obtain
(2R)-N-[(1R)-5-amino-1-(2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyl]-2-[[(2R)-2-[[(2R)-2-a
mino-3-phenyl-propanoylJamino]-3-phenyl-propanoyl]amino]-4-methyl-pentanamide;
5  tri-trifluoroacetic acid (compound 10) as white powdery product (358 mg, yield 76%).

MS m/z =331.8[M-2CF;COOH+2H]"/2;

'H NMR (400 MHz, D;0) § 7.48-7.10 (m, 10H), 4.65-4.61 (m, 2H), 4.28-4.20 (m, 2H),
3.93 (d, 4H), 3.70-3.57 (m, 2H), 3.52-3.39 (m, 1H), 3.39-3.27 (m, 1H), 3.15 (d, 2H), 3.02-2.94
(m, 4H), 1.98-1.87 (m, 3H), 1.82-1.60 (m, 5H), 1.51-1.50 (m, 3H), 1.44-1.36 (m, 2H), 0.89 (dd,

10  6H).

Example 9:
(2R)-N-[(1R)-5-amino-1-(2,7-diazaspiro[3.5]nonane-2-carbonyl)pentyl]-2-[[(2R)-2-[[(2R
)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]lamino]-4-methyl-pentanamide;tri-t

rifluoroacetic acid (compound 11)

Jk/ k/ Nm/(©
;‘5\ NHBoc St ep 2
N:>CNCbz Step 1

NHBOC

L Y(© sue r'\J@

o g C? " o

NHBoc
15 118 Compound 11

Step 1:
Benzyl2-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxyca
rbonylamino)-3-phenyl-propanoylJamino]-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl]am

inoJhexanoyl]-2,7-diazaspiro[3.5]nonane-7-carboxylate (11A)
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o)

(0]
NJ\.:/N N iN NHBoc
sadP i1

NHBoc

Benzyl  2,7-diazaspiro[3.5]nonane-7-carboxylate  (6C) (026 g, 1 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide ~ hydrochloride  (230mg, 1.2 mmol),
1-hydroxybenzotriazole (162mg, 1.2 mmol), intermediate 1 (0.75g, 1 mmol) and
dichloromethane (30 mL) were added in a 50 mL single-necked flask and the system was
allowed to react at room temperature for 5 h. Then the reaction solution was concentrated
under reduced pressure and the residue was separated and purified by silica gel column
chromatography  (petroleum  ether:ethyl acetate  (v:v)=1:2) to obtain  benzyl
2-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R))-2-[[(2R)-2-(tert-butoxycarbonylamin
0]-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl]aminolhexano
yl]-2,7-diazaspiro[3.5]nonane-7-carboxylate (11A) as white solid (850 mg, yield 85%).

Step 2:

tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(2,7-di
azaspiro[3.5]nonane-2-carbonyl)pentyl]carbamoyl]-3-methyl-butylJamino]-2-oxo-ethylJamino]

-2-oxo0-ethyl]carbamate (11B)

F R
PP

NHBoc

Benzyl
2-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R))-2-[[(2R)-2~(tert-butoxycarbonyla
mino]-3-phenyl-propanoyl]amino]-3-phenyl-propanoylJamino]-4-methyl-pentanoyl]Jamino]h

exanoyl]-2,7-diazaspiro[3.5]nonane-7-carboxylate (11A) (850 mg, 0.85 mmol), palladium
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on carbon (170 mg, 20wt%) and methanol (20 mL) were added in a 50 mL single-necked
flask. The atmosphere was replaced with hydrogen 3 times, and the reaction was allowed to
proceed at room temperature for § h under a hydrogen (balloon) atmosphere. Then the
reaction solution was filtered through diatomite, and the filtrate was concentrated under
reduced pressure to obtain crude tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(IR)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(2,7
-diazaspiro[3.5]nonane-2-carbonyl)pentyl]carbamoyl]-3-methyl-butyl Jamino]-2-oxo-ethyl]a
mino]-2-oxo-ethyl]carbamate (11B) as white solid (580 mg, yield 79%), and used directly in
the next reaction.

Step 3:

(2R)-N-[(1R)-5-amino-1-(2,7-diazaspiro[3.5]nonane-2-carbonyl)pentyl]-2-[[(2R)-2-[[(2R

)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino]-4-methyl-pentanamide;

tri-trifluoroacetic acid (compound 11)

S L

3CF3COOH

NH2
Compound 11

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(2,7-di
azaspiro[3.5]nonane-2-carbonyl)pentyl]carbamoyl]-3-methyl-butylJamino]-2-oxo-ethyljamino]
-2-oxo-cthyl]carbamate (11B) (0.5 g, 0.58 mmol) and trifluoroacetic acid (2 mL) were added in
a 50 mL single-necked flask, and the system was allowed to react at room temperature for 2 h.
Then the reaction solution was concentrated under reduced pressure, and the residue was
purified by preparative liquid chromatography (preparation conditions: instrument: Gilson
GX-281; column: Xbridge C18, 150%30 mm L.D., 5um; mobile phase: A for ACN and B for
H»0; isocratic: A 65%,; flow rate: 30 mL /min; back pressure: 1000 PSI; column temperature:
30°C; wavelength: 210 nm; period: 18min; sample preparation: the compound dissolved in 12

mL methanol; injection: 0.9 mL/needle). The preparation was concentrated under reduced
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pressure to remove most of the solvent, and lyophilized to obtain
(2R)-N-[(1R)-5-amino-1-(2,7-diazaspiro[3.5]nonane-2-carbonyl)pentyl]-2-[[(2R)-2-[[(2R)-2-a
mino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]Jamino]-4-methyl-pentanamide;
tri-trifluoroacetic acid (compound 11) as white powdery product (380 mg, yield 66%).
5 MS m/z =331.8[M-2CF;COOH+2H]"/2;

1H NMR (400 MHz, D20) & 7.43-7.13 (m, 10H), 4.61 (t, 1H), 4.28-4.06 (m, 5H),
3.84-3.74 (m, 2H), 3.19-3.14 (m, 6H), 2.99-2.95 (m, 4H), 2.09-1.94 (m, 4H), 1.79-1.61 (m,
4H), 1.55-1.31 (m, SH), 0.89 (dd, 6H).

Example 10:
10 2R)-N-[(1R)-5-amino-1-(7-methylsulfonyl-2,7-diazaspiro[3.5]nonane-2-carbonyl)pentyl]-
2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino]-4-methyl-

pentanamide;di-trifluoroacetic acid (compound 12)

0 o
BocN<><:\/NH Stepd BocNQCN—SK— Step2 HN<>CN—<:— _Step3
0 > o

1

6A 12A 2B
o) o o o)
H H H H
J\/;'iNJL,YL/? NMleLN
: H ¢ Step 4 H H i
: ) i) : :
SN :

0 - -~ 0 0 0
o3
o 5 2CF3;COOH
NHBoc NH2
12C Compound 12
Step 1:
15 tert-butyl 7-methylsulfonyl-2,7-diazaspiro[3.5]nonane-2-carboxylate (12A)

0
Bocl N é\o

Tert-butyl 2,7-diazaspiro[3.5]nonane-2-carboxylate (6A) (0.23 g, 1 mmol), triethylamine

(210 mg, 2.0 mmol) and dichloromethane (7 mlL) were added in a 50 mL reaction flask, and
dissolved under stirring. After cooling to -10°C, methanesulfonyl chloride (140 mg, 1.2 mmol)

20  was added dropwise, and the system was allowed to react for 4 h. Then the temperature was
raised to room temperature, and the reaction system was quenched with a saturated aqueous

sodium bicarbonate solution (10 mL), and extracted with ethyl acetate (5 mL X 3), and the
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organic phases were combined. The organic phases were dried over anhydrous sodium sulfate,
filtered, and the filtrate was concentrated under reduced pressure. The residue was separated
and purified by silica gel column chromatography (petroleum ether:ethyl acetate (v:v)=4:1) to
obtain tert-butyl 7-methylsulfonyl-2,7-diazaspiro[3.5]nonane-2-carboxylate (12A) as light
5  yellow oily substance (250 mg, yield 81%).
MS m/z =327.2[M+Na]".
Step 2:

7-methylsulfonyl-2,7-diazaspiro[3.5 Jnonane(12B)
(0]
OO
o

10 Tert-butyl 7-methylsulfonyl-2,7-diazaspiro[3.5]nonane-2-carboxylate (12A) (0.25 g, 0.81
mmol) and dichloromethane (7 mL) were added in a 50 mL reaction flask, and trifluoroacetic
acid (ImL) was added dropwise at room temperature. After the addition, the system was
allowed to react at room temperature for 3 h. The reaction solution was directly concentrated
under reduced pressure to obtain crude 7-methylsulfonyl-2,7-diazaspiro[3.5]nonane (12B) as

15 light yellow oily liquid (165 mg, yield 100%), and used directly in the next reaction.

Step 3:
tert-butyIN-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonyla
mino)-1-(7-methylsulfonyl-2,7-diazaspiro[3.5]nonane-2-carbonyl)pentyl]carbamoyl]-3-methyl

-butyl]amino]-2-o0xo0-ethyl]amino]-2-oxo-ethyljcarbamate (12C)

o} 0
H H
N N
NJ\;/ N/u\_./ NHBoc
B H H
0 o) o)
~NOON

I}

e}

S
20 NHBoc
Crude 7-methylsulfonyl-2,7-diazaspiro[3.5]nonane (12B) (165 mg, 0.75 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide  hydrochloride (192 mg, 1 mmol),

1-hydroxybenzotriazole (135mg, 1 mmol), intermediate 1 (610mg, 0.81 mmol) and

dichloromethane (30 mL) were added in a 50 mL single-necked flask, and the system was
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allowed to react at room temperature for 5 h. Then the reaction solution was concentrated
under reduced pressure, and the residue was separated and purified by silica gel column
chromatography (petroleum ether:ethyl acetate (viv)=1:2) to obtain tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(7-met
hylsulfonyl-2,7-diazaspiro[3.5]nonane-2-carbonyl)pentyljcarbamoyl]-3-methyl-butyl Jamino]-2
-ox0-ethyl]Jamino]-2-oxo-ethylJcarbamate (12C) as white solid (630 mg, yield 82.7%).

Step 4:

(2R)-N-[(1R)-5-amino-1-(7-methylsulfonyl-2,7-diazaspiro[3.5]nonane-2-carbonyl)pentyl]
-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoylJamino]-4-methyl-

pentanamide;di-trifluoroacetic acid (compound 12)

S

o]

~,

2CF,CO0H

NH;
2 Compound 12

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(7-met
hylsulfonyl-2,7-diazaspiro[3.5]nonane-2-carbonyl)pentyl]Jcarbamoyl]-3-methyl-butyl]amino]-2
-oxo-ethyl]amino]-2-oxo-ethyl]carbamate (12C) (630 mg, 0.34 mmol) and trifluoroacetic acid
(2 mL) were added in a 50 mL reaction flask, and the system was allowed to react at room
temperature for 2 h. Then the reaction solution was concentrated under reduced pressure, and
the residue was separated and purified by preparative liquid chromatography (preparation
conditions: instrument: Gilson GX-281; column: Xbridge C18, 15030 mm 1.D., Sum; mobile
phase: A for ACN and B for H,O; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000
PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample preparation: the
compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The preparation was
concentrated under reduced pressure to remove most of the solvent, and lyophilized to
obtain
(2R)-N-[(1R)-5-amino-1-(7-methylsulfonyl-2,7-diazaspiro[3.5]nonane-2-carbonyl)pentyl]-2-[[

(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino]-4-methyl-pent
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anamide; di-trifluoroacetic acid (compound 12) as white powder (410 mg, yield 63.2%).
MS m/z =370.8[M+2H]"/2;
'H NMR (400 MHz, D;O) § 7.43-7.15 (m, 10H), 4.61 (t, 1H), 4.33-3.96 (m, 5H),
3.79-3.69 (m, 2H), 3.25-3.13 (m, 7H), 3.02-2.93 (m, 6H), 1.91-1.86 (m, 3H), 1.70-1.64 (m,
5 3H), 1.56-1.31 (m, 5H), 1.25 (t,2H), 0.89 (dd, 6H).

Example 11:
(2R)-2-[[(ZR)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoylJamino]-
N-[(1R)-5-amino-1-[2-(pyrrolidin-1-carbonyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyl]-4

-methyl-pentanamide;di-trifluoroacetic acid (compound 13)
Q

O 0
i O>_NC><;N_<N Ste, 3HN/\:><>N_< Step 4
Step 1 Cl)J\N Step 2 _.p N >
E:NH E—— e

13A

. JV)W} Y(() JV)T} J@YEQ

Step5
o J S e

NHBoc

10 13E Compound 13

Step 1:

pyrrolidin-1-carbonyl chloride (13B)
0o

PN

cl r\D
NaHCOs (5.04g, 60 mmol), triphosgene (5.94g, 20 mmol) and dichloromethane (10 mL)
15 were added in a 50 mL single-necked flask. The reaction solution was cooled to 10°C and then
pyrrolidin (2.16 g, 30.4 mmol) was slowly added dropwise. After the addition, the temperature
was returned to room temperature and reacted overnight. The reaction solution was filtered,
and the filtrate was concentrated under reduced pressure, and the residue was separated and
purified by silica gel column chromatography (petroleum ether: ethyl acetate (v:v)=3:1), to
20  obtain pyrrolidin-1-carbonyl chloride (13B) as colorless oily substance (2.07 g,yield 51.65%).
'HNMR (400 MHz, CDCl3) § 3.62-3.56 (m, 2H), 3.54-3.44 (m, 2H),2.02-1.90 (m, 4H).
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Step 2:
benzyl 2-(pyrrolidin-1-carbonyl)-2,7-diazaspiro[3.5]nonane-7-carboxylate (13C)
S YOn 4
g ¢

Benzyl 2,7-diazaspiro[3.5]nonane-7-carboxylate (6C) (350 mg, 1.3 mmol), triethylamine
(408 mg, 4.03 mmol) and dichloromethane (20 mL) were added in a 50 mL single-necked flask,
and it was dissolved under stirring at room temperature. Then the reaction solution was cooled
to 0°C, and pyrrolidin-1-carbonyl chloride (13B) (123 mg, 0.92 mmol) was added dropwise.
After the addition, the temperature was raised to room temperature, and the reaction was
allowed to proceed for 4 h. The reaction solution was sequentially washed with a saturated
aqueous sodium bicarbonate solution (60 mL), 3 mol/L aqueous hydrochloric acid solution (60
mL) and the mixture was subjected to a liquid separation process. The organic phases were
dried over anhydrous sodium sulfate, filtered, and the filtrate was concentrated under reduced
pressure to obtain crude benzyl
2-(pyrrolidin-1-carbonyl)-2,7-diazaspiro[3.5]nonane-7-carboxylate (13C) as light yellow oily
liquid (460 mg, yield 100%).

MS m/z =358.2 [M+H]".

Step 3:

2,7-diazaspiro[3.5]nonan-2-yl(pyrrolidin-1-yl)methanone (13D)
HNDCN—/{O
O

Crude benzyl 2-(pyrrolidin-1-carbonyl)-2,7-diazaspiro[3.5]nonane-7-carboxylate (13C)
(460 mg, 1.3 mmol), palladium hydroxide/carbon (100 mg, 20wt%) and isopropanol (20 mL)
were added in a 50 mL single-necked flask. The atmosphere was replaced with hydrogen 3
times, and it was heated to 100°C in the oil bath for 8 h under a hydrogen (balloon) atmosphere.

Then the reaction solution was filtered through diatomite, and the filtrate was concentrated

under reduced pressure to obtain crude
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2,7-diazaspiro[3.5]nonan-2-yl(pyrrolidin-1-yl)methanone (13D) as light yellow solid (290 mg,
yield 100%), and used directly in the next reaction.
MS m/z =224.3 [M+H]".
Step 4:
5 tert-butyIN-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonyla
mino)-1-[2-(pyrrolidin-1-carbonyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyl]carbamoyl]-3

-methyl-butyl]Jamino]-2-oxo-ethyl]Jamino]-2-oxo-ethyl]carbamate (13E)

. k? JVY‘\D
CJ

Crude 2,7-diazaspiro[3.5]nonan-2-yl(pyrrolidin-1-yl)methanone (13D) (167 mg, 0.75

NHBoc

10 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (374 mg, 1.95
mmol), 1-hydroxybenzotriazole (108 mg, 0.81 mmol), intermediate 1 (556 mg, 0.75 mmol)
and dichloromethane (30 mL) were added sequentially in a 50 mL reaction flask. After the
addition, the system was allowed to react at room temperature for 5 h. The reaction solution
was concentrated under reduced pressure and the residue was separated and purified by

15 silica gel column chromatography(petroleum ether:ethyl acetate (v:v)=1:2) to obtain
tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-(
pyrrolidin-1-carbonyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyl Jcarbamoyl]-3-methyl-b
utyl]Jamino]-2-oxo-ethyl]amino]-2-oxo-ethyl]carbamate (13E) as white solid (360 mg, yield

20 29%).

Step 5:
(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoylJamino]-N-[(
1R)-5-amino-1-[2-(pyrrolidin-1-carbonyl)-2,7-diazaspiro[3. 5]nonane-7-carbonyl |pentyl]-4-met

hyl-pentanamide;di-trifluoroacetic acid (compound 13)
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H@Q J g

U 2CF3COOH

NH,
Compound 13

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-(pyr
rolidin-1-carbonyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyljcarbamoyl]-3-methyl-butyl]a
mino]-2-oxo-ethylJamino]-2-oxo-ethyljcarbamate (13E) (360 mg, 0.38 mmol) and
dichloromethane (10 mL) were added in a 50 mL reaction flask, and trifluoroacetic acid (3 mL)
was added dropwise at room temperature. After the addition, the system was allowed to react
for 2 h. The reaction solution was concentrated under reduced pressure and the residue was
separated and purified by preparative liquid chromatography (preparation conditions:
instrument: Gilson GX-281; column: Xbridge C18, 150x30 mm L.D., 5um; mobile phase: A for
ACN and B for H>O:; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000 PSI;
column temperature: 30°C; wavelength: 210 nm; period: 18min; sample preparation: the
compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The preparation was
concentrated under reduced pressure to remove most of the solvent, and lyophilized to
obtain
(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]Jamino]-N-[(
1R)-5-amino-1-[2-(pyrrolidin-1-carbonyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyl]-4-met
hyl-pentanamide; di-trifluoroacetic acid (compound 13) as white solid (169mg, yield 45.6%).

MS m/z =380.4 [M+2H]"/2. '

"HNMR (400 MHz, DMSO-ds) & 8.75 (d, 1H), 8.35 (d, 1H), 8.09 (d, 1H), 8.01 (br, 3H),
7.73 (br, 3H), 7.34-7.17 (m, 10H), 4.71-4.60 (m, 2H), 4.40-4.32 (m, 1H), 4.08-3.96 (m, 2H),
3.73-3.23 (m, 8H), 3.16-3.01 (m, 3H), 2.98-2.86 (m, 1H), 2.85-2.69 (m, 3H), 1.82-1.69 (m,
4H), 1.69-1.42 (m, 11H), 1.36-1.22 (m, 2H), 0.89 (dd, 6H).

Example 12:

(2R)-N-[(1R)-5-amino-1-[2-(3-methylsulfonylazetidine-1-carbonyl)-2,7-diazaspiro[3.5]no
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nane-7-carbonyl]pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phenyl-pro

panoyl]amino]-4-methyl- pentanamide'di-triﬂuoroacetic acid (compound 14)
| .

=8= Q 0] o] Step 4
O;Bo Step 1 0, //:/N Cl Step2 >—N<:><:N—< Step 3 HNC><> _(N\j\ tep
o]

[¢] N
N \l u /,
H e &

14A 148 14D

kﬁ Yf© )% waQ

0, LN H/ :

NHBoc
14E Compound 14

Step 1:

5 3-methylsulfonylazetidine-1-carbony] chloride (14B)

NaHCO3 (756 mg, 9.0 mmol), triphosgene (0.89 g, 4.5 mmol) and dichloromethane (8 mL)
were added in a 50 mL single-necked flask. The reaction solution was cooled to -10°C, and
then 3-methylsulfonylazetidine hydrochloride (772 mg, 4.5 mmol) was slowly added dropwise.

10  After the addition, the temperature was returned to the temperature was returned to room
temperature and reacted overnight. The reaction solution was filtered, concentrated under
reduced pressure, and the residue was separated and purified by silica gel column
chromatography (petroleum ether: ethyl acetate (v:v)=1:1) to obtain as colorless oily substance,
3-methylsulfonylazetidine-1-carbonyl chloride (14B) (494 mg,yield 50%).

15 TH NMR (400 MHz, CDCI3) § 4.62-4.32 (m, 4H), 4.07-3.92 (m, 1H), 2.93 (s, 3H).

Step 2:

benzyl 2-(3-methylsulfonylazetidine-1-carbonyl)-2,7-diazaspiro[3.5|nonane-7-carboxylate
(14C)
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Benzyl 2,7-diazaspiro[3.5]nonane-7-carboxylate (6C) (350 mg, 1.3 mmol), triethylamine
(406 mg, 4.01 mmol) and dichloromethane (20 mL) were added in a 50 mL single-necked flask,
and it was dissolved under stirring at room temperature. Then the reaction solution was cooled
to 0°C, and 3-methylsulfonylazetidine-1-carbonyl chloride (14B) (293 mg, 1.48 mmol) was
added dropwise. After the addition, the temperature was raised to room temperature, and the
system was allowed to react for 4 h. The reaction solution was sequentially washed with a
saturated aqueous sodium bicarbonate solution (60 mL), 3 mol/L aqueous hydrochloric acid
solution (60 mL) and seperated. The organic phases were dried over anhydrous sodium sulfate,
filtered, and the filtrate was concentrated under reduced pressure. The residue was separated
and purified by preparative liquid chromatography (preparation conditions: instrument: Gilson
GX-281; column: Xbridge C18, 150x30 mm L.D., Sum; mobile phase: A for ACN and B for
H»0; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000 PSI; column temperature:
30°C; wavelength: 210 nm; period: 18min; sample preparation: the compound dissolved in 12
mL methanol; injection: 0.9 mL/needle) to obtain benzyl
2-(3-methylsulfonylazetidine-1-carbonyl)-2,7-diazaspiro[3.5 Jnonane-7-carboxylate (14C) as
white solid (300 mg, yield 55%).

MS m/z =422.2 [M+H]*;

"HNMR (400 MHz, CDCI3) & 7.41-7.28 (m, 5H), 5.12 (s, 2H), 4.30-4.19 (m, 4H), 4.00-3.89
(m, 1H), 3.69 (s, 4H), 3.49-3.36 (m, 4H), 2.90 (s, 3H), 1.79-1.67 (m, 4H).

Step 3:

2,7-diazaspiro[3.5]nonan-2-yl-(3-methylsulfonylazetidin-1-yl)methanone (14D)

Benzyl 2-(3-methylsulfonylazetidine-1-carbonyl)-2,7-diazaspiro[3.5]nonane-7-carboxylate
(14C) (300 mg, 0.7 mmol), palladium hydroxide/carbon (60 mg, 20wt%) and isopropanol (20
mL) were added sequentially in a 50 mL single-necked flask. The atmosphere was replaced
with hydrogen 3 times, and it was heated to 100°C in the oil bath and reacted for 8 h under a

hydrogen (balloon) atmosphere. Then the reaction solution was filtered through diatomite, and
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the filtrate was concentrated under reduced pressure to obtain crude
2,7-diazaspiro[3.5]nonan-2-yl-(3-methylsulfonylazetidine-1-yl)methanone  (14D) as light
yellow solid (202 mg, yield 100%), and used directly in the next reaction.

MS m/z =288.1 [M+H]".

Step 4:

tert-butyl N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxy
carbonylamino)-1-[2-(3-methylsulfonylazetidine-1-carbonyl)-2,7-diazaspiro[ 3.5 nonane-7-car

bonyl]pentyl]carbamoyl]-3-methyl-butyl Jamino]-2-oxo-ethyl Jamino]-2-oxo-ethyl]carbamate

@O{r 0 C; (o]

N
o L}
X

(14E)

NHBoc

Crude 2,7-diazaspiro[3.5]nonan-2-yl-(3-methylsulfonylazetidine- 1-yl)methanone (14D)
(202 mg, 0.7 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (402 mg,
2.10 mmol), 1-hydroxybenzotriazole (115 mg, 0.85 mmol), intermediate 1 (536 mg, 0.71
mmol) and dichloromethane (30 mL) were added sequentially in a 50 mL reaction flask. After
the addition, the system was allowed to react at room temperature for 5 h. The reaction solution
was concentrated under reduced pressure and the residue was separated and purified by silica
gel column chromatography (dichloromethane: methanol(v:v)=40:1) to obtain tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-(3-
methylsulfonylazetidine- 1-carbonyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyl Jcarbamoyl]
-3-methyl-butyl]Jamino]-2-oxo-ethyl]amino]-2-oxo-ethyl]carbamate (14E) as light yellow solid
(686 mg, yield 96%).

Step 5:

(2R)-N-[(1R)-5-amino-1-[2-(3-methylsulfonylazetidine-1 -carbonyl)-2,7-diazasp‘iro[3 .S]no
nane-7-carbonyl Jpentyl -2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phenyl-pro

panoyl]amino]-4-methyl-pentanamide;2,2,2-trifluoroacetic acid (compound 14)
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Jx? LY(Q

Compound 14

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5~(tert-butoxycarbonylamino)-1-[2-(3-
methylsulfonylazetidine-1-carbonyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyl]carbamoyl]
-3-methyl-butyl]amino]-2-oxo-ethyl]lamino]-2-oxo-ethylcarbamate (14E) (680 mg, 0.66 mmol)
and dichloromethane (10 mL) were added in a 50 mL reaction flask, and trifluoroacetic acid (3
mL) was added dropwise at room temperature. After the addition, the system was allowed to
react at room temperature for 2 h. The reaction solution was concentrated under reduced
pressure and the residue was separated and purified by preparative liquid chromatography
(preparation conditions: instrument: Gilson GX-281; column: Xbridge C18, 150x30 mm L.D.,
Sum; mobile phase: A for ACN and B for H2O; isocratic: A 65%; flow rate: 30 mL /min; back
pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample
preparation:_ the compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The
preparation was concentrated under reduced pressure to remove most of the solvent, and
lyophilized to obtain
(2R)-N-[(1R)-5-amino-1-[2-(3-methylsulfonylazetidine-1-carbonyl)-2,7-diazaspiro[3.5]nonane
-7-carbonyl]pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]Jamino]-3-phenyl-propano
yl]amino]-4-methyl-pentanamide; di-trifluoroacetic acid (compound 14) as white solid (330
mg, yield 41.3%).

MS m/z=412.3 [M+2H]"/2;

'HNMR (400 MHz, D>0) & 7.44 — 7.18 (m, 10H), 4.66 (t, 1H), 4.47 — 4.16 (m, 7H),
3.90-3.72 (m, 4H), 3.69-3.55 (m, 2H), 3.53-3.41 (m, 1H), 3.39 — 3.27 (m, 1H), 3.24-3.14 (m,
2H), 3.10 (s, 3H), 3.09 — 2.90 (m, 4H), 1.94 — 1.26 (m, 14H), 0.92 (d, 6H).

Example 13:
7-[(2R)-6-amino-2-[[(2R)-2-[{(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phen
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yl-propanoyl]amino]-4-methyl-pentanoyl]amino]hexanoyl]-N-methyl-2,7-diazaspiro[3.5 ]Jnona
ne-2-carboxamide;2,2,2-trifluoroacetic acid (compound 15)

0 0 '
Step 1 >\‘—NC><:N—< P s
P d HN— Step 2 HNDCN_( Step 3

P,
c” N
N HN

J\//jb\ j‘/'\/I\JHOEOCStep4 /U\/)\’;\ J\/N\N/(Q

- S
H/ 2CF3;COO0H

NHBoc
15D Compound 15

Step 1:
5 benzyl 2-(methylcarbamoyl)-2,7-diazaspiro[3.5 Jnonane-7-carboxylate (15B)

O>\—N\/:><;N—{O
d-o HN—
Benzyl 2,7-diazaspiro[3.5]nonane-7-carboxylate (6C) (310 mg, 1.2 mmol), triethylamine
(364 mg, 3.6 mmol) and dichloromethane (20 mL) were added in a 50 mL single-necked flask,
and it was dissolved under stirring at room temperature. Then the reaction solution was cooled
10 to 0°C, and methylaminoformyl chloride (15A) (123 mg, 1.32 mmol) was added dropwise.
After the addition, the temperature was raised to room temperature, and the reaction was
allowed to proceed for 4 h. The reaction solution was sequentially washed with saturated
aqueous sodium bicarbonate solution (60 mL), 3 mol/L aqueous hydrochloric acid solution (60
mL) and seperated. The organic phases were dried over anhydrous sodium sulfate, filtered, and
15 the filtrate was concentrated under reduced pressure to obtain crude benzyl
2-(methylcarbamoyl)-2,7-diazaspiro[3.5]nonane-7-carboxylate (15B) as yellow oily substance
(440 mg, yield 100%).
MS m/z =318.2 [M+H]";
'HNMR (400 MHz, CDCI3) § 7.39-7.28 (m, 5H), 5.12 (s, 2H), 3.66 (s, 4H), 3.50-3.36 (m,
20  4H), 2.79 (s, 3H), 1.82-1.63 (m, 4H).
Step 2:
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N-methyl-2,7-diazaspiro[3.5nonane-2-carboxamide (15C)
0
WX
HN—

Crude benzyl 2-(methylcarbamoyl)-2,7-diazaspiro[3.5]nonane-7-carboxylate (15B) (260
mg, 0.82 mmol), palladium hydroxide/carbon (50 mg, 20wt%) and isopropanol (20 mL) were
added sequentially in a 50 mL single-necked flask. The atmosphere was replaced with
hydrogen 3 times, and the reaction was heated to 100°C in the oil bath and reacted for 8 h
under hydrogen (balloon) atmosphere. Then the reaction solution was filtered through
diatomite, and the filtrate was concentrated under reduced pressure to obtain crude
N-methyl-2,7-diazaspiro[3.5]nonane-2-carboxamide (15C) as light yellow solid (150 mg, yield
100%), and used directly in the next reaction.

MS m/z =184.3 [M+H]".

Step 3:

tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-(me
thylcarbamoyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyl]carbamoyl]-3-methyl-butyl]Jamin

0]-2-ox0-ethyl]Jamino]-2-oxo-ethyl}carbamate (15D)

Y

NHBoc

-

—NH

Crude N-methyl-2,7-diazaspiro[3.5]nonane-2-carboxamide (15C) (150 mg, 0.82 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (374 mg, 1.95 mmol),
1-hydroxybenzotriazole (110 mg, 0.81 mmol), intermediate 1 (565 mg, 0.75 mmol) and
dichloromethane (30 mL) were added sequentially in a 50 mL reaction flask. After the addition,
the system was allowed to react at room temperature for 5 h. The reaction solution was
concentrated under reduced pressure and the residue was separated and purified by silica gel
column chromatography (dichloromethane: methanol (v:v)=40:1) to obtain

tert-butyIN-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)
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-1-[2-(methylcarbamoyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyljcarbamoyl]-3-methyl-b
utyl]Jamino]-2-oxo0-ethyl]amino]-2-oxo-ethyl]carbamate (15D) as light yellow solid (480 mg,
yield 63%).
Step 4:
7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-
propanoylJamino]-4-methyl-pentanoylJamino]hexanoyl]-N-methyl-2,7-diazaspiro[3.5]nonane-

2-carboxamide;di-trifluoroacetic acid (compound 15)

H@C ’)/ @

—NH 2CF,COOH

NH,
Compound 15

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-(me
thylcarbamoyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyl]carbamoyl]-3-methyl-butyl]amin
0]-2-0x0-ethylJamino]-2-oxo-ethyl]carbamate (15D) (480 mg, 0.52 mmol) and
dichloromethane (10 mL) were added in a 50 mL reaction flask, and trifluoroacetic acid (3 mL)
was added dropwise at room temperature. After the addition, the system was allowed to react
for 2 h. The reaction solution was concentrated under reduced pressure, and the residue was
separated and purified by preparative liquid chromatography (preparation conditions:
instrument; Gilson GX-281; cotumn: Xbridge C18, 150x30 mm L.D., 5um; mobile phase: A for
ACN and B for H»O; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000 PSI;
column temperature: 30°C; wavelength: 210 nm; period: '18min; sample preparation: the
compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The preparation was
concentrated under reduced pressure to remove most of the solvent, and lyophilized to
obtain
7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]Jamino]-3-phenyl-pr
opanoyl]amino]-4-methyl-pentanoyl]amino]hexanoyl]-N-methyl-2,7-diazaspiro[3.5]nonane-2-
carboxamide; di-trifluoroacetic acid (compound 15) as white solid (260 mg, yield 53%).

MS m/z =360.3 [M+2H]"/2;
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'HNMR (400 MHz, D;0) § 7.43-7.28 (m, 6H), 7.27-7.21 (m, 4H), 4.66 (t, 1H), 4.30 (,
1H), 4.21 (, 1H), 3.74 (s, 2H), 3.70 (s, 2H), 3.69-3.59 (m, 2H), 3.55-3.43 (m, 1H), 3.41-3.31
(m, 1H), 3.24-3.12(m, 2H), 3.11-2.92 (m, 4H), 2.69 (s, 3H), 1.94-1.27 (m, 14H), 0.93 (dd, 6H).

Example 14:
5 (2R)-N-[(1R)-5-amino-1-(5,5-difluoro-2-methylsulfonyl-2,7-diazaspiro[3.5]
nonane-7-carbonyl)pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-p

ropanoyl]amino]-4-methy1-pentanamide;2,2,2-triﬂuoroacetic acid (compound 16)
F

Step1 O - N _Step2 o)\\N FNH

184 16B 16C
St :
Step4 HN 0 Step5
_— ‘I§\ iT
o 0]
L JUYL/Q
H
/ﬁ )]\/ )W;\ JJ\/N)((E;;OC Step 6 /ﬁ/ )7;\ 2
\\
ZCF3COOH
NH2
NHBOC
16F Compound 16
10 Step 1:

O7-benzyl O2-tert-butyl 5,5-difluoro-2,7-diazaspiro[3.5nonane-2,7-dicarboxylate (16B)

b
o
o~
Triethylamine (0.85 mL, 8.4 mmol), 5,5-difluoro-2,7-diazaspiro[3.5]nonane-2-tert-butyl
carboxylate (16A) (2.1 g, 8.0 mmol) and tetrahydrofuran (15 mL) were added sequentially in a
15 50 mL single-necked flask. The reaction solution was cooled to 0°C, and then benzyl

chloroformate (1.5 g, 8.8 mmol) was slowly added dropwise. After the addition, the reaction

was maintained at 0°C for 10 minutes, and then the temperature was raised to room
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temperature again and continued to stir for 5 h. The reaction solution was filtered, and the
filtrate was concentrated under reduced pressure to obtain O7-benzyl O2-tert-butyl
5,5-difluoro-2,7-diazaspiro[3.5]nonane-2,7-dicarboxylate (16B) as light yellow oily product
(3.5 g, yield 100%).
5 MS m/z =419.3 [M+Na]*;
Step 2:

benzyl 5,5-difluoro-2,7-diazaspiro[3.5]nonane-7-carboxylate (16C)
0 F
Jon )
d © NH

O7-benzyl O2-tert-butyl 5,5-difluoro-2,7-diazaspiro[3.5]nonane-2,7-dicarboxylate (16B)

10 (3.17 g, 8.0 mmol) and dichloromethane (30 mL) were added in a 50 mL reaction flask, and

trifluoroacetic acid (6.0 mL) were added dropwise at room temperature. After the addition, the

system was allowed to react at room temperature for 3 h. The reaction solution was adjusted to

a pH of about 13 with ammonia water, and then the mixture was subjected to a liquid

separation process. The organic phases were dried over anhydrous sodium sulfate, filtered, and

15 the filtrate was concentrated wunder reduced pressure to obtain  benzyl

5,5-difluoro-2,7-diazaspiro[3.5|nonane-7-carboxylate (16C) as yellow oily liquid (2.43 g, yield
100%), and used directly in the next reaction.

MS m/z=297.1 [M+H]*;

Step 3:
20 benzyl 5,5-difluoro-2-methylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carboxylate (16D)
F
K\N "
d o N-g
1
(0]

Benzyl 5,5-difluoro-2,7-diazaspiro[3.5]nonane-7-carboxylate (16C) (310 mg, 1.05 mmol),
triethylamine (318 mg, 3.14 mmol) and dichloromethane (20 mL) were added in a 50 mL
reaction flask, and dissolved under stirring. After cooling to -10°C, methanesulfonyl chloride

25 (156 mg, 1.36 mmol) was added dropwise and the system was allowed to react for 4 h. Then
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the temperature was raised to room temperature, and the reaction solution was sequentially
washed with saturated aqueous sodium bicarbonate solution (60 ml), 3M aqueous
hydrochloric acid solution (60 mL), and seperated. The organic phases were dried over
anhydrous sodium sulfate, filtered, and the filtrate was concentrated under reduced pressure.
The residue was separated and purified by silica gel column chromatography (dichloromethane:
methanol (v:v)=60:1) to obtain benzyl
5,5-difluoro-2-methylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carboxylate (16D) as white solid
(233 mg, yield 59%).

MS m/z =397.2[M+Na]*;

'THNMR (400 MHz, CDCI3) § 7.42-7.29 (m, 5H), 5.15 (s, 2H), 4.09 (d,2H), 3.78-3.59 (m,
4H), 3.51 (t, 2H), 2.89 (s, 3H), 2.08 (s, 2H).

Step 4:

5,5-difluoro-2-methylsulfonyl-2,7-diazaspiro[3.5]nonane (16E)

Benzyl 5,5-difluoro-2-methylsulfonyl-2,7-diazaspirof3.5]nonane-7-carboxylate  (16D)
(230 mg, 0.5 mmol), palladium/carbon (40 mg, 20wt%) and isopropanol (20 mL) were added
in a 50 mL reaction flask. The atmosphere was replaced with hydrogen 3 times, and the
reaction was heated to 100°C in the oil bath and reacted for 8 h under a hydrogen (balloon)
atmosphere. The reaction solution was then filtered through diatomite, and the filtrate was
concentrated under reduced pressure to obtain
5,5-difluoro-2-methylsulfonyl-2,7-diazaspiro[3.5]nonane (16E) as light yellow solid (155 mg,
yield 100%), and used directly in the next reaction.

MS m/z =241.1 [M+H]";

Step 5:

tert-butyIN-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonyla
mino)-1-(5,5-difluoro-2-methylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentylJcarbamo

yl1]-3-methyl-butyl J]amino]-2-oxo-ethylJamino]-2-oxo-ethyl]carbamate (16F)
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R H H
F NJ\;N NJ\(N NHBoc
O\\ N = O H = O
S P
NHBoc

5,5-difluoro-2-methylsulfonyl-2,7-diazaspiro[3.5]nonane (16E) (155 mg, 0.5 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide  hydrochloride (300 mg, 2.0 mmol),
1-hydroxybenzotriazole (115 mg, 0.85 mmol), intermediate 1 (377 mg, 0.5 mmol) and
5  dichloromethane (30mL) were added in a 50 mL reaction flask, and the system was allowed to
react at room temperature for 5 h. Then the reaction solution was concentrated under reduced
pressure, and the residue was separated and purified by silica gel column
chromatography( dichloromethane: methanol(v:v)=40:1) to obtain tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(5,5-di
10  fluoro-2-methylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyl]carbamoyl}-3-methyl-bu
tylJamino]-2-oxo-ethylJamino]-2-oxo-ethyljcarbamate (16F) as white solid (380 mg, yield
78%).
Step 6:
(2R)-N-[(1R)-5-amino-1-(5,5-difluoro-2-methylsulfonyl-2,7-diazaspiro[3.5]
15  nonane-7-carbonyl)pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-p

ropanoyl]amino]-4-methyl-pentanamide;2,2,2-trifluoroacetic acid (compound 16)

F 2 q Oy
F N JN
N N NH,
Q N 0 >0
S
W
° K( @

2CF,COOH
NH;,
Compound 16
Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(5,5-di
20  fluoro-2-methylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyl]carbamoyl]-3-methyl-bu

tylJamino]-2-oxo-ethyl]amino]-2-oxo-ethyl]carbamate (16F) (380 mg, 0.34 mmol) and
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dichloromethane (10 mL) were added in a 50 mL reaction flask, and trifluoroacetic acid (3 mL)
was added dropwise at room temperature. After the addition, the system was allowed to react
for 2 h. Then the reaction solution was concentrated under reduced pressure, and the residue
was separated and purified by preparative liquid chromatography (preparation conditions:
instrument: Gilson GX-281; column: Xbridge C18, 15030 mm [.D., 5um; mobile phase: A for
ACN and B for H>O; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000 PSI;
column temperature: 30°C; wavelength: 210 nm; period: 18min; sample preparation: the
compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The preparation was
concentrated under reduced pressure to remove most of the solvent, and lyophilized to
obtain
(2R)-N-[(1R)-5-amino-1-(5,5-difluoro-2-methylsulfonyl-2,7-diazaspiro[3.5]nonane-7-carbonyl
Ypentyl]-2-[[( 2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoyl Jamino]-4
-methyl-pentanamide; di-trifluoroacetic acid (compound 16) as white powder (270 mg, yield
71%).

MS m/z =388.8 [M+2H]"/2;

THNMR (400 MHz, D;0) 5 7.44-7.17 (m, 10H), 4.66 (t, 1H), 4.42 — 4.13 (m, 4H), 4.13 —
3.49 (m, 7H), 3.25 — 2.92 (m, 9H), 2.30-2.00 (m, 2H), 1.91 — 1.26 (m, 9H), 0.93 (q, 6H)..

Example 15:
(2R)-N-[(1R)-5-amino-1-[2-[(2R)-2-aminopropanoyl]-2,7-diazaspiro[3.5]
nonane-7-carbonyl]pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-p

ropanoyl]amino]-4-methyl-pentanamide;tri-trifluoroacetic acid (compound 17)

H H o} ol 0
o~ OH Step1  BocHN" O step2 N:>CN NQCNH Step 4
HZN/\g/ p c /\[(])/ lllll _<O Step3 | P

17A 178 17C 170

o 4 o
NJ\:/N N7 NN N,

H H Step 5 0 T
NJYN NJ\_,/N NHBoc ———> -, i o H 205
o) H H : N
N 0 0 NH
g 2 3CF,COOH

NHBoc NH,
Compound 17

Step 1:
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(2R-2-(tert-butoxycarbonylamino)propanoic acid (17B)

BocHN /:\H/OH
(o)

D-alanine (17A) (10 g, 112.24 mmol) and water (56 mL) were added in a 250 mL reaction
flask, and the reaction solution was cooled to 0°C and then sodium hydroxide (6.73 g, 168.36
mmol) was added. After the addition, the reaction was held at 0°C for 10 minutes, and then a
solution of di-tert-butyl dicarbonate (31.85 g, 145.91 mmol) in tetrahydrofuran (50 mL) was
added dropwise. After the addition, the temperature was raised to room temperature and stirred
overnight. The reaction solution was extracted with petroleum ether (100 mL x 2) and the
organic phase was discarded. The aqueous phase was acidified with 4 M hydrochloric acid
solution to a pH of about 1, and then extracted with ethyl acetate (100 mL x 4). The organic
phases were combined and dried over anhydrous sodium sulfate, filtered, and the filtrate was
concentrated under reduced pressure to obtain (2R)-2-(tert-butoxycarbonylamino)propanoic
acid (17B) as colorless oily substance (21.2 g, yield: 100%).

MS m/z =212.1 [M+Na]";

THNMR (400 MHz, DMSO-ds) § 12.34 (br, 1H), 7.05 (d, 1H), 3.98-3.87 (m, 1H), 1.38 (s,
9H), 1.22 (d, 3H).

Step 2:

benzyl2-[(2R)-2-(tert-butoxycarbonylamino)propanoyl]-2,7-diazaspiro[ 3.5]nonane-7-carb
oxylate (17C)

Benzyl 2,7-diazaspiro[3.5]nonane-7-carboxylate (6C) (335 mg, 1.3 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide  hydrochloride (748 mg, 3.9 mmol),
1-hydroxybenzotriazole (211 mg, 1.56 mmol), (2R)-2-(tert-butoxycarbonylamino)propanoic
acid (17B) (246 mg, 1.3 mmol) and dichloromethane (30 mL) was added in a 50 mL reaction

flask, and the system was allowed to react at room temperature for 5 h. Then the reaction
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solution was concentrated under reduced pressure and the residue was separated and purified
by silica gel column chromatography (petroleum ether:ethyl acetate (v:v)=3:1) to obtain benzyl
2-[(2R)-2-(tert-butoxycarbonylamino)propanoyl]-2,7-diazaspiro[3.5]nonane-7-carboxylate
(17C) as white solid (510 mg, yield 91%).

MS m/Z= 454.3[M+Na]";

Step 3:

tert-butylN-[(1R)-2-(2,7-diazaspiro[3.5]nonan-2-yl)-1-methyl-2-oxo-ethyl]Jcarbamate

(17D)
0

HNC><;NJ\K
NHBoc

Benzyl
2-[(2R)-2-(tert-butoxycarbonylamino)propanoyl]-2,7-diazaspiro]3.5]nonane-7-carboxylate
(17C) (460 mg, 1.1 mmol), palladium hydroxide/carbon (92 mg, 20wt%) and isopropanol (20
mL) were added in a 50 mL reaction flask. The atmosphere was replaced with hydrogen 3
times, and the reaction was heated to 100°C in the oil bath for 8 h under a hydrogen (balloon)
atmosphere. Then it was cooled to room temperature, the reaction solution was filtered through
diatomite, and the filtrate was concentrated under reduced pressure to obtain crude tert-butyl
N-[(1R)-2-(2,7-diazaspiro[3.5]nonan-2-yl)-1-methyl-2-oxo-ethyljcarbamate (17D) as light
yellow solid (252 mg, yield 77%), and used directly in the next reaction.

MS m/z =298.3 [M+H]";

Step 4: ‘

tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-[(2
R)-2-(tert-butoxycarbonylamino)propanoyl]-2,7—diazaspiro[3.5]nonane-7—carbonyl]pentyl]carb

amoyl]-3-methyl-butylJamino]-2-oxo-ethyl]amino]-2-oxo-ethyl]carbamate (17E)

o k?w&%

NHBoc
NHBoc
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Crude tert-butyl
N-[(1R)-2-(2,7-diazaspiro[3.5]nonan-2-yl)-1-methyl-2-oxo-ethyl]carbamate (17D) (223 mg,
0.75 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (374 mg, 1.95
mmol), 1-hydroxybenzotriazole (110 mg, 0.81 mmol), intermediate 1 (565 mg, 0.75 mmol)
and dichloromethane (30 mL) were added sequentially in a 50 mL reaction flask, and the
system was allowed to react at room temperature for 5 h. Then the reaction solution was
concentrated under reduced pressure, and the residue was separated and purified by silica gel
column chromatography( dichloromethane: methanol(v:v)=40:1) to obtain tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-[(2
R)-2-(tert-butoxycarbonylamino)propanoyl]-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyl]carb
amoyl]-3-methyl-butyl]amino]-2-oxo-ethylJamino]-2-oxo-ethyl]carbamate (17E) as light
yellow solid (560 mg, yield 69%).

Step 5:

(2R)-N-[(1R)-5-amino-1-[2-[(2R)-2-aminopropanoyl]-2,7-diazaspiro[3.5]
nonane-7-carbonyl]pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyljamino]-3-phenyl-p

ropanoyl]amino]-4-methyl-pentanamide; tri-trifluoroacetic acid (compound 17)

NH,
o)

)

NH, 3CF;COOH
2

Compound 17

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-[(2
R)-2-(tert-butoxycarbonylamino)propanoyl]-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyl]carb
amoyl]-3-methyl-butyl]amino]-2-oxo-ethyl]Jamino]-2-oxo-ethyl]carbamate (17E) (560 mg,
0.52 mmol) and dichloromethane (10 mL) were added in a 50 mL reaction flask, and
trifluoroacetic acid (3 mL) were added dropwise at room temperature. After the addition, the
system was allowed to react at room temperature for 2 h. Then the reaction solution was
concentrated under reduced pressure, and the residue was separated and purified by preparative

liquid chromatography (preparation conditions: instrument: Gilson GX-281; column: Xbridge
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C18, 150%30 mm L.D., Sum; mobile phase: A for ACN and B for H,O; isocratic: A 65%; flow
rate: 30 mL /min; back pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm;
period: 18min; sample preparation: the compound dissolved in 12 mL methanol; injection: 0.9
mL/needle). The preparation was concentrated under reduced pressure to remove most of
the solvent, and lyophilized to obtain
(2R)-N-[(1R)-5-amino-1-[2-[(2R)-2-aminopropanoyl]-2,7-diazaspiro[ 3.5 ]nonane-7-carbonyl]p
entyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoylJamino]-4-m
ethyl-pentanamide; tri-trifluoroacetic acid (compound 17) as white powder (310 mg, yield
45%).

MS m/z =367.3 [M+2H]"/2;

'HNMR (400 MHz, D,0) § 7.44-7.28 (m, 6H), 7.26-7.20 (m, 4H), 4.65 (t, 2H), 4.33-4.21
(m, 2H), 4.19-4.01 (m, 3H), 3.96-3.78 (m, 2H), 3.75-3.59 (m, 2H), 3.56-3.42 (m, 1H),
3.42-3.30 (m, 1H), 3.24-3.12(m, 2H), 3.10-2.92 (m, 4H), 1.99-1.79 (m, 3H), 1.80-1.63(m, SH),
1.53 (d, 3H), 1.50-1.30 (m, 5H), 0.92 (dd, 6H).

Example 16:
(2R)-N-[(1R)-5-amino-1-[7-[(2R)-2-aminopropanoyl]-2,7-diazaspiro[3.5]nonane-2-carb
onyl]pentyl}-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]Jami
no]-4-methyl-pentanamide tri-trifluoroacetic acid (compound 18)

o]
: N’/<O % NH
N g NN OQ
p1 HN/\[f Step 2 N Step 3
PN e el @g\g

Q
[ o]

: 18A ©) : 188 ©) 18C
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Step 4
HN/\H/ **—>H2N/ﬁr"‘

o) OO HN

©) \O:O< HNfO

18D 18E

Step §

QL Tt
HzN/Y OC/ 3CF;COCH

Hz
Compound 18

Step 1:
benzyl N-[(1R)-2-(2,7-diazaspiro[3.5]nonan-7-yl)-1 -methy1-2-on-ethy1]carbamate (18B)
‘\ o)

0 HN_}»N N—
aTaY o4

188

Tert-butyl 2,7-diazaspiro[3.5]nonane-2-carboxylate (6A) (0.45¢, 2mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide ~ hydrochloride (780 mg, 4.1mmol),
1-hydroxybenzotriazole (340 mg, 2.5 mmol), (2R)-2-(benzyloxycarbonylamino)propanoic acid
(446 mg, 2.0 mmol) and dichloromethane (30 mL) were added in a 50 mL reaction flask, and

10 the system was allowed to react at room temperature for 5 h. Then the reaction solution was
concentrated under reduced pressure, and the residue was separated and purified by silica gel
column chromatography (dichloromethane: methanol (v:v)=50:1) to obtain benzyl
N-[(1R)-2-(2,7-diazaspiro{3.5]nonan-7-yl)-1-methyl-2-oxo-ethylJcarbamate (18B) as white
solid (860 mg, yield 99%).

15 MS m/Z= 454.2 [M+Na]".

Step 2:

benzyl N-[(1R)-2-(2,7-diazaspiro[3.5]nonan-7-yl)-1-methyl-2-oxo-ethyl]carbamate (18C)
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o : OC/NH
oy

Benzyl N-[(1R)-2-(2,7-diazaspiro[3.5]nonan-7-yl)-1-methyl-2-oxo-ethyl]carbamate (18B)
(0.86 g, 2mmol) and dichloromethane (20 mL) were added in a 50 mL reaction flask, and
trifluoroacetic acid (2mL) was added dropwise at room temperature. After the addition, the
system was allowed to react at room temperature for 3 h. The reaction solution was directly
concentrated under reduced pressure to obtain crude benzyl
N-[(1R)-2-(2,7-diazaspiro[3.5]nonan-7-yl)-1-methyl-2-oxo-ethyl]Jcarbamate (18C) as yellow
oily liquid (660mg, yield 100%), and used directly in the next reaction.

MS m/z =332.2 [M+H]";

Step 3:

tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-1-[7-[(2R)-2-(benzyloxycarbonylamino
)propanoyl]-2,7-diazaspiro[ 3.5]nonane-2-carbonyl]-5-(tert-butoxycarbonylamino)pentyl]carba

moyl]-3-methyl-butyl]amino]-2-oxo-ethyl]amino]-2-oxo-ethyl Jcarbamate (18D)

Ve P

T ‘of
18D
Benzyl N-[(1R)-2-(2,7-diazaspiro[3.5]nonan-7-yl)-1-methyl-2-oxo-ethyl]carbamate (18C)
(243 mg, 0.7 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (300 mg,
2.0 mmol), 1-hydroxybenzotriazole (200 mg, 1.0 mmol), intermediate 1 (500 mg, 0.7 mmol)
and dichloromethane (50mL) were added in a 100 mL reaction flask, and the system was
allowed to react at room temperature for 5 h. The reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by silica gel column

chromatography  (dichloromethane:  methanol  (v:v)=30:1) to obtain tert-butyl
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N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-1-[7-[(2R)-2-(benzyloxycarbonylamino
)propanoyl]-2,7-diazaspiro[3.5]nonane-2-carbonyl]-5-(tert-butoxycarbonylamino)pentyl]carba
moyl]-3-methyl-butyl]amino]-2-oxo-ethylJamino]-2-oxo-ethyl]Jcarbamate  (18D) as light
yellow solid (740 mg, yield 99%).

Step 4:

tert-butyl
N-[(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-[7-[(2R)-2-aminopropanoyl]-2,7-diazaspiro[3.5]nonane-
2-carbonyl]-5-(tert-butoxycarbonylamino)pentyl]carbamoyl]-3-methyl-butyl Jamino]-1-benzyl-

2-ox0-ethylJamino]-1-benzyl-2-oxo-ethyl]Jcarbamate (18E)

o iij\ o 7‘/‘\/© _
A S

; S
XO\[gNH

18E

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-1-[7-[(2R)-2-(benzyloxycarbonylamino
Ypropanoyl]-2,7-diazaspiro[3.5]nonane-2-carbonyl]-3-(tert-butoxycarbonylamino)pentyl]carba
moyl]-3-methyl-butylJamino]-2-oxo-ethylJamino]-2-oxo-ethyl]carbamate (18D) (700 mg, 0.7
mmol), palladium on carbon (140 mg, 20wt%) and methanol (15 mL) were added in a 50 mL
reaction flask. The atmosphere was replaced with hydrogen 3 times, and the mixture reacted at
room temperature for 8 h under a hydrogen atmosphere. The reaction solution was then filtered
through diatomite, and the filtrate was concentrated under reduced pressure to obtain crude
tert-butyl
(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-[7-[(2R)-2-aminopropanoyl]-1,7-diazaspiro[3.5]nonane-2-c
arbonyl]-5-(tert-butoxycarbonyl)pentyl]carbamoyl]-3-methyl-butylJamino]-1-benzyl-2-oxo-eth
yl]lamino]-1-benzyl-2-oxo-ethyl]carbamate (18E) as light yellow oily substance (650mg, yield
99%), and used directly in the next reaction.

Step 5:
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(2R)-N-[(1R)-5-amino-1-[7-[(2R)-2-aminopropanoyl]-2,7-diazaspiro[3.5]nonane-2-carbo
nyl]pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoyl]Jamin

0]-4-methyl-pentanamide;tri-trifluoroacetic acid (compound 18)

ki} J@Y(Q
HZN/\If OC/

3CF;COO0OH

Hz

Crude tert-butyl
(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-[7-[(2R)-2-aminopropanoyl]-1,7-diazaspiro{3.5 nonane-2-¢
arbonyl]-5-(tert-butoxycarbonyl)pentyl]carbamoyl]-3-methyl-butyl]amino]-1-benzyl-2-oxo-eth
yl]amino]-1-benzyl-2-oxo-ethyl]carbamate (18E) (650 mg, 0.7 mmol) and trifluoroacetic acid
(2mL) were added in a 50 mL reaction flask, and the system was allowed to react at room
temperature for 2 h. Then the reaction solution was concentrated under reduced pressure, and
the residue was separated and purified by preparative liquid chromatography (preparation
conditions: instrument: Gilson GX-281; column: Xbridge C18, 150x30 mm L.D., 5um; mobile
phase: A for ACN and B for H>O; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000
PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample preparation: the
compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The preparation was
concentrated under reduced pressure to remove most of the solvent, and lyophilized to
obtain
(2R)-N-[(1R)-5-amino-1-[7-[(2R)-2-aminopropanoyl]-2,7-diazaspiro[3.5]nonane-2-carbonyl]p
entyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phenyl-propanoyl Jamino]-4-m
ethyl-pentanamide; tri-trifluoroacetic acid (compound 18) as white powder (170 mg, yield
19%).

MS m/z =733.5 [M+H];

'HNMR (400 MHz, D,0) § 7.44 — 7.28 (m, 6H), 7.27 — 7.20 (m, 4H), 4.64 (t, 1H), 4.55 —
4.46 (m, 1H), 4.32-4.23 (m, 2H), 4.21-4.05 (m, 3H), 3.86-3.71 (m, 2H), 3.63 — 3.40 (m, 4H),
3.25-3.10 (m, 2H), 3.10 — 2.90 (m, 4H), 2.00 — 1.60 (m, 8H), 1.60 — 1.29 (m, 8H), 0.92
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(dd,6H).

Example 17:
(2R)-N-[(1R)-5-amino-1-[7-[(2R)-2-aminopropanoyl]-5,5-difluoro-2,7-diazaspiro
[3.5]nonane-2-carbonyl]pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyljamino]-3-phen

5 yl-propanoyl]amino] 4-methyl-pentanamide;tri-trifluoroacetic acid (compound 19)

JK/J“:L YL/© o N o
NHBocSlepZ NJ\{N N)Ki/N NHBoc
: o H z o
FF 9]

NHBoc

Q ) w@
StepSBMHN/YQ\C/ © steps 2NWQ\Q

CbzN —_— Cbz
F

16C

3CF;CO0H

NHBoc CF3COOH

BocHN OH
/Er Compound 19

18C

Step 1:
benzyl2-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxycar
bonylamino)-3-phenyl-propanoyl Jamino]-3-phenyl-propanoyl Jamino]-4-methyl-pentanoylJami

10  nolhexanoyl]-5,5-difluoro-2,7-diazaspiro[3.5 Jnonane-7-carboxylate (19A)

19A

Benzyl 5,5-difluoro-2,7-diazaspiro[3.5]nonane-7-carboxylate (16C) (797 mg, 2.69 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.04 g, 5.4 mmol),
1-hydroxybenzotriazole (400 mg, 3 mmol), intermediate 1 (2.03 g, 2.69 mmol) and

15 dichloromethane (50 mL) were added in a 100 mL reaction flask, and the system was allowed
to react at room temperature for 5 h. The reaction solution was concentrated under reduced

pressure, and the residue was separated and purified by silica gel column chromatography
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(dichloromethane: methanol(v:v)=30:1) to obtain benzyl
2-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxycarbonylamin
0)-3-phenyl-propanoyl]amino]-3-phenyl-propanoylJamino]-4-methyl-pentanoyl]amino]hexano
yl]-5,5-difluoro-2,7-diazaspiro[3.5]nonane-7-carboxylate (19A) as light yellow solid (2.49 g,
yield 89.6%).

Step 2: tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(IR)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(5,5-di
fluoro-2,7-diazaspiro[3.5]nonane-2-carbonyl)pentyl]carbamoyl]-3-methyl-butylJamino]-2-oxo-

ethyl]amino]-2-oxo-ethyl]carbamate (19B)

NJ\{N NJ\{N NH
H/: o H ~ oo//'\
A

HN (o)
F

(0] NH
oY

Benzyl
2-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxycarbonylamin
0)-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl]amino]hexano
yl]-5,5-difluoro-2,7-diazaspiro[3.5nonane-7-carboxylate (19A) (2.49 g, 2.41 mmol),
palladium on carbon (500 mg, 20wt%) and methanol (25 mL) were added in a 50 mL reaction
flask. The atmosphere was replaced with hydrogen 3 times, and the mixture reacted at room
temperature for 4 h under a hydrogen (balloon) atmosphere. The reaction solution was then
filtered through diatomite, and the filtrate was concentrated under reduced pressure to obtain
crude tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(5,5-di
fluoro-2,7-diazaspiro[3.5]nonane-2-carbonyl)pentyljcarbamoyl}-3-methyl-butyl]amino]-2-oxo-
ethyl]amino]-2-oxo-ethyl]carbamate (19B) as light yellow oily solid (2.16 g, yield 99%), and
used directly in the next reaction.

MS m/z =899.5 [M+H]+;
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Step 3: tert-butyl
N-(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[7-[(2R
)-2-(tert-butoxycarbonylamino)propanoyl]-5,5-difluoro-2,7-diazaspiro[3.5]nonane-2-carbonyi]

pentyl]carbamoyl]-3-methyl-butyl Jamino]-2-oxo0-ethyl Jamino]-2-oxo-ethyl]carbamate (19C)

J\,? JJVY(@
BocHN/}r Q\C/

NHBOC

Crude tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(5,5-di
fluoro-2,7-diazaspiro[3.5]nonane-2-carbonyl)pentyl]carbamoyl]-3-methyl-butyl Jamino]-2-oxo-
ethyl]amino]-2-oxo-ethyl]carbamate (19B) (400 mg, 04 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide  hydrochloride (0.23 g, 1.2 mmol),
1-hydroxybenzotriazole (70 mg, 0.5 mmol), Boc-D-alanine(78 mg, 0.41 mmol) and
dichloromethane (50 mL) were added in a 50 mL reaction flask, and the system was allowed to
react at room temperature for 5 h. The reaction solution was concentrated under reduced
pressure, and the residue was separated and purified by silica gel column chromatography
(dichloromethane: methanol (viv)=30:1) to obtain tert-butyl
N-(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[7-[ (2R
)-2-(tert-butoxycarbonylamino)propanoyl]-5,5-difluoro-2,7-diazaspiro[3.5]nonane-2-carbonyl]
pentyl]carbamoyl]-3-methyl-butyl]Jamino]-2-oxo0-ethylJamino]-2-oxo-ethylJcarbamate ~ (19C)
as light yellow solid (340 mg, yield 79%).

Step 4:
(2R)-N-[(1R)-5-amino-1-[7-[(2R)-2-aminopropanoyl]-5,5-difluoro-2,7-diazaspiro[3.5]no
nane-2-carbonyl]pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]Jamino]-3-phenyl-pro

panoyl]amino]-4-methyl-pentanamide; tri-trifluoroacetic acid (compound 19)



10

15

20

CA 03069820 2020-01-14

99

NH,

compound 19

Tert-butyl
N-(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[7-[(2R
)-2-(tert-butoxycarbonylamino)propanoyl]-5,5-difluoro-2,7-diazaspiro[3.5]nonane-2-carbonyl]
pentyl]carbamoyl]-3-methyl-butylJamino}-2-oxo-ethyl Jamino]-2-oxo-ethyl]Jcarbamate ~ (19C)
(340 mg, 0.32 mmol) and trifluoroacetic acid (2mL) were added in a 50 mL reaction flask, and
the system was allowed to react at room temperature for 2 h. Then the reaction solution was
concentrated under reduced pressure, and the residue was separated and purified by preparative
liquid chromatography (preparation conditions: instrument: Gilson GX-281; column: Xbridge
C18, 150x30 mm 1.D., Sum; mobile phase: A for ACN and B for H>O; isocratic: A 65%; flow
rate: 30 mL /min; back pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm;
period: 18min; sample preparation: the compound dissolved in 12 mL methanol; injection: 0.9
mL/needle). The preparation was concentrated under reduced pressure to remove most of
the solvent, and lyophilized to obtain
(2R)-N-[(1R)-5-amino-1-[7-[(2R)-2-aminopropanoyl]-5,5-difluoro-2,7-diazaspiro[ 3.5 ]nonane-
2-carbonyl]pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoy
IJamino]-4-methyl-pentanamide; tri-trifluoroacetic acid (compound 19) as white powder (170
mg, yield 48%).

MS m/z (ESI):385.3[M+2H]"2;

"H NMR (400 MHz, D,0) & 7.43 — 7.29 (m, 6H), 7.27-7.21 (m, 4H), 4.67 — 4.47 (m, 3H),
4.31 - 4.09 (m,5H), 4.09 — 3.76 (m, 3H), 3.74-3.46 (m, 2H), 3.18 (d, 2H), 3.10 — 2.91 (m, 4H),
2.33-1.97 (m, 2H), 1.84 — 1.61 (m, 4H), 1.61 — 1.26 (m, 8H), 0.92 (dd, 6H).

Example 18:

(2R)-N-[(1R)-1-(7-acetyl-2,7-diazaspiro[3.5]nonane-2-carbonyl)-5-amino-pentyl]-2-[[(2R
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)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoyl]Jamino]-4-methyl-pentana

mide; di-trifluoroacetic acid (compound 20)

o d e

H
e ’
N Step 1 Step 2 Step3
N N
y o> -~

o
20C
0 0 g Q y
d H
NJ\:/N Ny N NH Step 4 N/U\/N J\/N NH;
o S
\rrN 2CF,COOH

0
HN_ O
M
compound 20
20D
Step 1:
5 tert-butyl 7-acetyl-2,7-diazaspiro[3.5]nonane-2-carboxylate (20B)

SN N\(O
OO,

Tert-butyl 2,7-diazaspiro[3.5]nonane-2-carboxylate (6A) (450 mg, 2.0 mmol) was
dissolved in dichloromethane (5 mL) in a 50 mL reaction flask under nitrogen protection, and
triethylamine (606 mg, 6.0 mmol) was added under stirring. Then the temperature was dropped

10  to -20°C, and acetyl chloride (310 mg, 4.0 mmol) was added dropwise. After the addition, the
temperature was naturally raised to room temperature and the system was stirred for 2 h.
Subsequently, a 0.5 M diluted hydrochloric acid aqueous solution (20 mL) was added to the
reaction, and the layers were separated by stirring and the mixture was subjected to a liquid
separation process. The aqueous layer was extracted with dichloromethane (20 mL x 2), and

15  the organic phases were combined. The organic phases were dried over anhydrous sodium
sulfate, filtered, and the filtrate was concentrated under reduced pressure, The residue was
separated and purified by silica gel column chromatography (pure ethyl acetate), to obtain
tert-butyl 7-acetyl-2,7-diazaspiro[3.5]nonane-2-carboxylate (20B) as light yellow oily liquid
(520 mg, yield 97.0%).
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Step 2: 1-(2,7-diazaspiro[3.5]nonan-7-yl)ethanone (20C)

1-(2,7-diazaspiro[3.5]nonan-7-yl)ethanone
%
N
o)\

Tert-butyl 7-acetyl-2,7-diazaspiro[3.5]nonane-2-carboxylate (20B) (520 mg, 1.9 mmol)
and dichloromethane (6 mL) were added in a 50 mL reaction flask, and trifluoroacetic acid (3
mL) was added dropwise at room temperature. After the addition, the system was allowed to
react at room temperature for 3 h. The reaction solution was directly concentrated under
reduced pressure, and 4 mL of concentrated ammonia water was added to the residue, followed
by drying with anhydrous sodium sulfate, washing with methanol (20 mL), and concentrating
the washing solution to obtain crude 1-(2,7-diazaspiro[3.5]nonan-7-yl)ethanone (20C) as
yellow oily liquid (250 mg, yield 77%), and used directly in the next reaction.

Step 3:
N-(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-(7-acetyl-2,7-diazaspiro[ 3.5 Jnonane-2-carbonyl )-5-(tert-b

utoxycarbonylamino)pentylJcarbamoyl]-3-methyl-butyl]Jamino]-1-benzyl-2-oxo-ethyl Jamino]-
1-benzyl-2-oxo-ethyl]carbamate (20D)

HN\g/O\'<

1-(2,7-diazaspiro[3.5nonan-7-yl)ethanone (20C) (250 mg, 1.49 mmol) was added in the

o

ethyl acetate (10 mL) in a 50 mL reaction flask under nitrogen protection. It was cooled to 0°C
in an ice  bath, and intermediate 1 (800 mg, 1.06  mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide  hydrochloride (305 mg, 1.6 mmol),
1-hydroxybenzotriazole {172 mg, 1.27 mmol) were added. After the addition, the reaction was

allowed to proceed at room temperature for 1.5 h. Subsequently, a 1M aqueous hydrochloric
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acid solution (15 mL) was added to the reaction solution, and the mixture was stirred and then
subjected to a liquid separation process. A saturated aqueous sodium carbonate solution (15
mL) was added to the organic phase, and the mixture was stirred for 30 minutes and then
subjected to a liquid separation process. The organic phase was washed with a saturated
aqueous sodium chloride solution (15 mL), dried over anhydrous sodium sulfate, ﬁltere'd, and
the filtrate was concentrated under reduced pressure to obtain crude
N-(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-(7-acetyl-2,7-diazaspiro[ 3.5 ]nonane-2-carbonyl)-5-(tert-b
utoxycarbonylamino)pentyl]carbamoyl]-3-methyl-butyl]Jamino]-1-benzyl-2-oxo-ethylJamino]-
1-benzyl-2-oxo-ethyl|carbamate (20D) as light yellow foamy solid (0.85 g, yield 88%), and
used directly in the next reaction.

Step 4:

(2R)-N-[(1R)-1~(7-acetyl-2,7-diazaspiro[3.5]nonane-2-carbonyl )-5-amino-pentyl]-2-[[(2R
)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoylJamino]-4-methyl-pentana

mide; di-trifluoroacetic acid (compound 20)

JV i} JVY(Q

Compound 20

Crude
N-(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-(7-acetyl-2,7-diazaspiro[3.5]nonane-2-carbonyl)-5-(tert-b
utoxycarbonylamino)pentyl Jcarbamoyl]-3-methyl-butylJamino}- 1-benzyl-2-oxo0-ethylJamino]-
1-benzyl-2-oxo-ethyl]carbamate (20D) (0.85 g, 0.94 mmol) was dissolved in dichloromethane
(7.5 mL), and trifluoroacetic acid (3.5 mL) was added. The system was stirred at room
temperature for 1 h. Subsequently, the reaction solution was concentrated under reduced
pressure. After the residue was separated and purified by preparative liquid chromatography
(preparation conditions: instrument: Gilson GX-281; column: Xbridge C18, 150x30 mm L.D.,
5um; mobile phase: A for ACN and B for H,O; isocratic: A 65%; flow rate: 30 mL /min; back

pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample
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preparation: the compound dissolved in 12 mL methanol; injection: 0.9 mL/needle), the
preparation was concentrated under reduced pressure to remove most of the solvent, and
lyophilized to obtain
((2R)-N-[(1R)-1-(7-acetyl-2,7-diazaspiro[3.5]nonane-2-carbonyl)-5-amino-pentyl]-2-[[(2R)-2-
[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino]-4-methyl-pentanamid
e; di-trifluoroacetic acid (compound 20) as white solid (310 mg, yield 40.0%).

MS m/z (ESI):352.8[M+2H]"/2;

'HNMR (400 MHz, D;0) & 7.46 — 7.17 (m, 10H), 4.64 (t, 1H), 4.29 — 4.05 (m, 5H), 3.83
—3.74 (m, 2H), 3.57 - 3.35 (m, 4H), 3.24 - 3.11 (m, 2H), 3.09 — 2.93 (m, 4H), 2.17 — 1.29 (m,
16H), 0.92 (dd, 6H).

Example 19:
(2R)-N-[(1R)-5-amino-1-[2-(1,1-dioxo-1,4-thiazinan-4-y1)-7-azaspiro[3.5]nonane-7-carbonyl]

pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phenyl-propanoyl Jamino}-4-

methyl-pentanamide tri-trifluoroacetic acid (compound 21)

O\\S//O O\\S,IO
0 (J )
N
N
Step 1 Step 2 Step 3
JRE—— - . —_——

N
H

21A 21B

DO}?CJ;Y(@ D@ﬁ%rﬁg

Step 4
N - N
O:S(\\) 0:“3\)
] NHBoc ] NH;, 3CF3CO0H
21C Compound 21
Step 1:
tert-butyl 2-(1,1-dioxo-1,4-thiazinan-4-yl)-7-azaspiro[3.5]nonane-7-carboxylate (21A)
BocN N \s,io
/"0

21A
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Tert-butyl 2-oxo-7-azaspiro[3.5]nonane-7-carboxylate (3A) (129mg , 0.54mmol), acetic
acid (65mg, 1.08mmol), 1,4-thiazinan 1,1-dioxide(72mg, 0.54 mmol), sodium
triacetoxyborohydride (229m g, 1.08mmol) and dichloromethane(20 mL) were added
sequentially in a 50 mL reaction flask. After the addition, the reaction was allowed to proceed
at room temperature for 16 h. The reaction solution was suction filtered, and the filtrate was
washed with a saturated sodium bicarbonate solution (50 mL). After separation, the organic
layer was dried over anhydrous sodium sulfate, suction filtered, and the filtrate was
concentrated under reduced pressure, to obtain tert-butyl

(1,1-dioxo-1,4-thiazinan-4-y1)-7-azaspiro[3.5]nonane-7-carboxylate (21A) as white powder

(147mg, yield 76%).

Step 2:
4-(7-azaspiro[3.5]nonan-2-yl)-1,4-thiazinane 1,1-dioxide (21B)

/0O

HN N s
/"0
21B

Tert-butyl (1,1-dioxo-1,4-thiazinan-4-yl)-7-azaspiro[3.5]nonane-7-carboxylate

(21A)(147mg, 0.41mmol) and dichloromethane (10 mL) were added in a 50 mL reaction flask,
and trifluoroacetic acid (2mL) was added dropwise at room temperature. After the addition, the
system was allowed to react at room temperature for 3 h. The reaction solution was directly
concentrated under reduced pressure to obtain crude
4-(7-azaspiro[3.5]nonan-2-yl)-1,4-thiazinan-1,1-dioxide (21B) as yellow oily liquid (106mg,
yield 100%), and used directly in the next reaction.

Step 3:

tert-butyIN-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonyla
mino)-1-[2-(1,1-dioxo-1,4-thiazinan-4-y1)-7-azaspiro[3.5]nonane-7-carbonyl Jpentyl]carbamoyl

]-3-methyl-butyl]Jamino]-2-oxo-ethylJamino]-2-oxo-ethyl]carbamate (21C)
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NHBoc 21C

(\N
o:é?'J

Crude 4-(7-azaspiro[3.5]nonan-2-yl)-1,4-thiazinan-1, [-dioxide (21B) (106mg, 0.41
mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride(94mg, 0.49 mmol),
1-hydroxybenzotriazole (66 mg, 0.49mmol), intermediate 1 (309 mg, 0.41 mmol) and
dichloromethane (50mL) were added in a 50 mL single-necked flask, the system was allowed
to react at room temperature for 5 h. The reaction solution was concentrated under reduced
pressure, and the residue was separated and purified by silica gel column chromatography
(dichloromethane: methanol (v:v)=50:1), to obtain tert-butyl
(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-(1,1-d1
ox0-1,4-thiazinan-4-yl)-7-azaspiro[3.5 Jnonane-7-carbonyl |pentyl [carbamoyl ] -3-methyl-butyl |a
mino|-2-oxo-ethyl Jamino]-2-oxo-¢ethyl|carbamate (21C) as white solid (367 mg, yield 90%).

Step 4:

(2R)-N-[(1R)-5-amino-1-[2-(1,]1-dioxo-1,4-thiazinan-4-yl)-7-azaspiro[3.5]nonane-7-carbo
nyl]pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino

|-4-methyl-pentanamide; tri-trifluoroacetic acid (compound 21)

ND@%“?&%?

02,’,3\) r » 3CF3COO0H
NHa
Compound 21

Tert-butyl(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[ (1R)-1-[[(1R)-5-(tert-butoxycarbonylamin
0)-1-[2-(1,1-dioxo-1,4-thiazinan-4-y1)-7-azaspiro[ 3.5 Jnonane-7-carbonyl |pentyl Jcarbamoyl |-3-
methyl-butyl Jamino]-2-oxo-ethyl]amino]-2-oxo-cthyl|carbamate (21C) (367mg, 0.37 mmol)
and trifluoroacetic acid (2 mL) were added in a 50 mL reaction flask, and the system was

allowed to react at room temperature for 2 h. Then the reaction solution was concentrated

Date Regue/Date Received 2021-08-11
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under reduced pressure, and the residue was separated and purified by preparative liquid
chromatography (preparation conditions: instrument: Gilson GX-281; column: Xbridge C18,
150%30 mm 1.D., 5um; mobile phase: A for ACN and B for H»O; isocratic: A 65%; flow rate:
30 mL /min; back pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period:
5 18min; sample preparation: the compound dissolved in 12 mL methanol; injection: 0.9
mL/needle). The preparation was concentrated under reduced pressure to remove most of
the solvent, and lyophilized to
obtain(2R)-N-[(1R)-5-amino-1-[2-(1,1-dioxo-1,4-thiazinan-4-yl)-7-azaspiro[3.5|nonane-7-carb
onyl]Jpentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoyl]amin
10  o]-4-methyl-pentanamide; tri-trifluoroacetic acid (compound 21) as white powder (295 mg,
yield 70%).
MS m/z =397.9 [M+2H]" /2;
'H NMR (400 MHz, D;0) § 7.36-7.19 (m, 10H), 4.63-4.60 (m , 1H ), 4.32-4.16 (m, 3H),
3.92 - 3.78 (m, 1H), 3.63 (d, 9H), 3.53 — 3.22 (m, 3H), 3.15 (d, 2H), 3.01-2.91 (m, 4H),
15 2.48-2.32 (m, 2H), 1.98-2.06 (m, 2H), 1.75 — 1.23 (m, 13H), 0.89 (dd, 6H).

Example 20:
7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phen
yl-propanoyl]amino]-4-methyl-pentanoyl]amino]hexanoyl]-N-methyl-2,7-diazaspiro[4.4]nona

ne-2-carboxamide;di-trifluoroacetic acid (compound 22)

Rl wmt R g 3
HN tep N
OO = Wtk g

22A 22B 22C

HNK H/ C; — OyN H/ o @ O 2cF,cooH

—NH NH,

H Q@ H
SteP3 %J\/h;b\ J\/ Step4 NJ\/'@”J\/N NH,

20 22D Compound 22

Step 1:
tert-butyl 7-(methylcarbamoyl)-2,7-diazaspiro[4.4]nonane-2-carboxylate (22B)
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2-Boc-2,7-diazaspiro[4.4]nonane (22A) (452 mg, 2.0 mmol), tricthylamine (400 mg, 4.0
mmol) and dichloromethane (15 mL) were added in a 50 mL reaction flask, and dissolved
under stirring. After cooling to -10°C, methyl amino formyl chloride (188 mg, 2.01 mmol) was
added dropwise. After the addition, the reaction was allowed to proceed at room temperature
for 3 h. 3 M diluted hydrochloric acid (50 mL) was added to the reaction solution, and then
extract with dichloromethane (60 mL x 2). The organic phases were dried over anhydrous
sodium sulfate, filtered, and the filtrate was concentrated under reduced pressure 1o obtain
tert-butyl 7-(methylcarbamoyl)-2,7-diazaspiro[4.4]nonane-2-carboxylate (22B) as white solid
(570 mg, yield 65.5%).

TH NMR (400 MHz, CDCI3) 8 3.51 —3.16 (m, 8H), 2.82 (s, 3H), 1.98 — 1.74 (m, 4H),

1.46 (s, 9H).
Step 2:
N-methyl-2,7-diazaspiro[4.4]nonane-2-carboxamide (22C)
NH
Q N
—NH
22C

Tert-butyl 7-(methylcarbamoyl)-2,7-diazaspiro[4.4]nonane-2-carboxylate (22B) (161 mg,
0.568 mmol), dichloromethane (10 ml.) and trifluoroacetic acid (1.2mL) were added in a 50
mL reaction flask, and the system was allowed to react at room temperature for 2 h. Then the
reaction solution was concentrated under reduced pressure to obtain crude
N-methyl-2,7-diazaspiro[4.4]nonane-2-carboxamide (22C) as light yellow oily substance, and
used directly in the next reaction.

Step 3:

tert-butyl
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N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-(me
thylcarbamoyl)-2,7-diazaspiro{4.4]nonane-7-carbonyljpentylicarbamoyl}-3-methyl-butyljamin

0]-2-oxo-~ethyl]amino]-2-oxo-ethyl]carbamate (22D)

J@? JVWfL@

ZT

22D

5 Crude N-methyl-2,7-diazaspiro[4.4]nonane-2-carboxamide (22C) (81 mg, 0.44 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide  hydrochloride (0.288 g, 1.5 mmol),
1-hydroxybenzotriazole (81 mg, 0.6 mmol), intermediate 1 (330 mg, 0.44 mmol) and
dichloromethane (50 mL) were added sequentially in a 50 mL reaction flask, and the system
was allowed to react at room temperature for 5 h. The reaction solution was concentrated under

10 reduced pressure, and the residue was separated and purified by silica gel column
chromatography  (dichloromethane:  methanol (v:v)=30:1) to obtain tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-(me
thylcarbamoyl)-2,7-diazaspiro[4.4nonane-7-carbonyl]pentyljcarbamoyl]-3-methyl-butyljamin
0]-2-oxo-ethyllamino]-2-oxo-ethyl]carbamate (22D) as light yellow solid (420 mg, yield 98%).

15 Step 4:

7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phen
yl-propanoyl]amino}-4-methyl-pentanoylJaminoJhexanoyl]-N-methyl-2,7-diazaspiro[4.4]nona

ne-2-carboxamide;di-trifluoroacetic acid (compound 22)

&Q 1oy

2CF3COO0OH
yN

—NH

20 Tert-butyl
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N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-(me
thylcarbamoyl)-2,7-diazaspiro[4.4]nonane-7-carbonyl|pentyl]carbamoyl]-3-methyl-butylJamin
0]-2-oxo-ethylJamino]-2-oxo-ethylJcarbamate (22D) (400 mg, 0.44 mmol) and trifluoroacetic
acid (2mL) were added in a 50 mL reaction flask, and the system was allowed to react at room
temperature for 2 h. Then the reaction solution was concentrated under reduced pressure, and
the residue was separated and purified by preparative liquid chromatography (preparation
conditions: instrument: Gilson GX-281; column: Xbridge C18, 150x30 mm I.D., Sum; mobile
phase: A for ACN and B for H;O; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000
PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample preparation: the
compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The preparation was
concentrated under reduced pressure to remove most of the solvent, and lyophilized to
obtain7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyljamino]-3-phe
nyl-propanoyl}amino]-4-methyl-pentanoyljamino}hexanoyl}-N-methyl-2,7-diazaspirof4.4 Inon
ane-2-carboxamide; di-trifluoroacetic acid (compound 22) as white powder (130 mg, yield
31.5%).

MS m/z (ESI):360.3[M+2H]"2;

"H NMR (400 MHz, D;0) § 7.43-7.19 (m, 10H), 4.68-4.60 (m, 1H), 4.50 — 4.19 (m, 3H),
3.93 — 3.62 (m, 2H), 3.55-3.27 (m, 5H), 3.24 (s, 1H), 3.18 (d, 2H), 3.09 — 2.94 (m, 4H),
2.74-2.66 (m, 3H), 2.10-1.85 (m, 4H), 1.84-1.62 (m, 4H), 1.59-1.43 (m, 4H), 1.43-1.29 (m,
1H), 0.92 (dd, 6H).

Example 21:
(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl Jamino]-
N-[(1R)-5-amino-1-[2-(1-piperidinyl)}-7-azaspiro|3.5|nonane-7-carbonyl Jpentyl]-4-methyl-pen

tanamide;tri-trifluoroacetic acid (compound 23)
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8o NH
n-Boe Step 1 Step2 Step 3
_steel — .~ >,
JDQ O

CF,COOH
O
23A 23B
o} e} e} o}
H H H H
Step 4
NJJ\/’\S’;\NJ]\/N“/(EC ® NJ\E/'\?\N AN N,
e 0 —_— : 0 H H o
oL O S EE o g
NHBoc NHy
23C Compound 23

Step 1:
tert-butyl 2-(1-piperidinyl)-7-azaspiro[3.5]nonane-7-carboxylate (23A)

/DO\I,BOC
$i
5 2-0x0-7-azaspiro[3.5]nonane-7-tert-butyl carboxylate(0.48 g, 2 mmol), piperidine (0.25 g,
3 mmol) and dichloromethane(10 mL) were added to a reaction flask, stirred for 30 minutes,
cooled to 0-5°C, and sodium cyanoborohydride (0.13 g, 4 mmol) was added. After the addition,
the system was allowed to react at room temperature for 4 h, and TLC was used to monitor the
completion of the reaction for completion. Dichloromethane (10 mL) and water (10 mL) were
10 added and stirred for 5 min. The layers were allowed to stand still, and the organic layer was
dried over anhydrous sodium sulfate, filtered, concentrated under reduced pressure to obtain
crude tert-butyl 2-(1-piperidinyl)-7-azaspiro[3.5]nonane-7-carboxylate (23 A) as light yellow
solid (0.53g, yield 86%), and used directly in the next step.
Step 2:
15 2-(1-piperidinyl)-7-azaspiro[3.5nonane;2,2,2-trifluoroacetic acid (23B)

/DOH
N
CF,COOH

Tert-butyl 2-(1-piperidinyl)-7-azaspiro[3.5]nonane-7-carboxylate (23A, 0.53 g, 1.7 mmol) was

added to dichloromethane (5 mL) in a 50 mL reaction flask under nitrogen protection, and
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trifluoroacetic acid (2 mL) was added under stirring. After the addition, the system was
allowed to react at room temperature for 2 h. TLC was used to monitor the completion of the
reaction and the reaction was concentrated to dryness under reduced pressure to obtain
2-(1-piperidinyl)-7-azaspiro[3.5]nonane; trifluoroacetic acid (23B) as light yellow oily
substance (0.50 g, yield 90%), and used directly in the next step.

Step 3:

tert-butyIN-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonyla
mino)-1-[2-(1-piperidinyl)-7-azaspiro[3.5]nonane-7-carbonyl]pentylJcarbamoyl]-3-methyl-but

yl]amino]-2-oxo-ethylJamino]-2-oxo-ethyl]carbamate (23C)

£~ s

@i
NHBoc

2-(1-piperidinyl)-7-azaspiro[3.5]nonane trifluoroacetic acid (23B, 0.50 g, 1.60 mmol) was
added to dichloromethane(10 mL) in a 50 mL reaction flask under nitrogen protection. It was
cooled to 0°C in an ice bath, and intermediate 1 (0.50 g, 0.66 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (190 mg, 0.99 mmol),
I-hydroxybenzotriazole (110 mg, 0.81 mmol) were added. After the addition, the system was
allowed to react at room temperature for 3 h. Subsequently, a 1M aqueous hydrochloric acid
solution (15 mL) was added to the reaction solution, and the mixture was stirred and then
subjected to a liquid separation process. A saturated aqueous sodium carbonate solution (15
mL) was added to the organic phase, and the mixture was stirred for 30 minutes and then
subjected to a liquid separation process. The organic phase was washed with a saturated
aqueous sodium chloride solution (15 mL), dried over anhydrous sodium sulfate, filtered, and
the filtrate was concentrated under reduced pressure to obtain crude tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-(1-p
iperidinyl)-7-azaspiro[3.5]nonane-7-carbonyl]pentyl]carbamoyl]-3-methyl-butylJamino]-2-oxo

-ethylJamino]-2-oxo-ethyl]carbamate (23C) as light yellow foamy solid (0.45 g, yield 72%),
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and used directly in the next reaction.
Step 4:
(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]Jamino]-
N-[(1R)-5-amino-1-[2-(1-piperidinyl)-7-azaspiro[3.5]nonane-7-carbonyl]pentyl]-4-methyl-pen

tanamide;tri-trifluoroacetic acid (compound 23)

m Loy
o

3CF;COO0H

compound 23

Crude tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-(1-p
iperidinyl)-7-azaspiro[3.5nonane-7-carbonyl|pentylJcarbamoyl]-3-methyl-butyl Jamino]-2-oxo
-ethyl]amino]-2-oxo-ethyljcarbamate (23C) (0.45 g, 0.48 mmol) was dissolved in
dichloromethane (7.5 mL), and trifluoroacetic acid (3.5 mL) was added, and the system was
stirred at room temperature for 1 h. Subsequently, the reaction solution was concentrated under
reduced pressure. After the residue was separated and purified by preparative liquid
chromatography (preparation conditions: instrument: Gilson GX-281; column: Xbridge C18,
15030 mm L.D., S5um; mobile phase: A for ACN and B for H>O; isocratic: A 65%; flow rate:
30 mL /min; back pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period:
18min; sample preparation: the compound dissolved in 12 mL methanol; injection: 0.9
mL/needle), the preparation was concentrated under reduced pressure to remove most of
the solvent, and lyophilized to obtain
(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]Jamino]-3-phenyl-propanoyl]amino]-N-[(
1R)-5-amino-1-[2-(1-piperidinyl)-7-azaspiro[ 3.5]nonane-7-carbonyl]pentyl]-4-methylpentana
mide; tri-trifluoroacetic acid (compound 23) as white solid (260 mg, yield 56%).

MS m/z (ESI):372.9[M+2H]'/2;

'H NMR (400 MHz, D;0) $7.48 — 7.09 (m, 10H), 4.68 — 4.60 (m, 1H), 4.34 — 4.17 (m,
2H), 3.73 - 3.52 (m, 3H), 3.52 — 2.92 (m, 10H), 2.80 — 2.64 (m, 2H), 2.47 — 2.24 (m, 2H), 2.05
—1.88 (m, 4H), 1.88 - 1.20 (m, 18H), 1.00 — 0.81 (m, 6H).
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Example 22:
(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoylJamino]-
N-[(1R)-5-amino-1-(7-tetrahydropyran-4-yl-2,7-diazaspiro[3.5]nonane-2-carbonyl )pentyl]-4-m

ethyl-pentanamide tri-trifluoroacetic acid (compound 24)

Step 1 Step 3
OO =2 w0 (O 252 G OCn

6A 24A

=4 Tt

oSO ocr

NHBoc

3 CF3COOH

2
4C Compound 24

Step 1:

tert-butyl7-tetrahydropyran-4-yl-2,7-diazaspiro[3.5]nonane-2-carboxylate (24A)
noece

Tert-butyl 2,7-diazaspiro[3.4]nonane-2-carboxylate (6A) (0.452 g 2 mmol),
tetrahydropyrone (200 mg, 2 mmol), acetic acid (120 mg, 2.0 mmol) and dichloroethane (7 mL)
were added in a 50 mL reaction flask, and stirred for 0.5h. Sodium triacetoxyborohydride
(0.636g, 3mmol) was added, and the system was allowed to react for Sh. The reaction solution
was then quenched with water (10 mL), extracted with ethyl acetate (5 mL x 3), and the
organic phases were combined, dried over anhydrous sodium sulfate, filtered, and the filtrate
was concentrated under reduced pressur. The residue was separated and purified by silica gel
column chromatography (petroleum ether:ethyl acetate (v:v)=4:1) to obtain tert-butyl
7-tetrahydropyran-4-yl-2,7-diazaspiro[3.5]nonane-2-carboxylate (24A) as light yellow oily
substance (500 mg, yield 80.64%).

MS m/z =311.2[M+H}".

Step 2:

7-tetrahydropyran-4-yl-2,7-diazaspiro[ 3.5 Jnonane (24B)
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Tert-butyl 7-tetrahydropyran-4-yl-2,7-diazaspiro[3.5]nonane-2-carboxylate (24A) (0.5 g,
1.61 mmol) and dichloromethane (7 mL) were added in a 50 mL reaction flask, and
trifluoroacetic acid (ImL) was added dropwise at room temperature. After the addition, the
system was allowed to react at room temperature for 3 h. The reaction solution was directly
concentrated under reduced pressure to obtain crude
7-tetrahydropyran-4-yl-2,7-diazaspiro{3.5]nonane (24B) as light yellow oily liquid (338 mg,
yield 100%), and used directly in the next reaction.

Step 3:

tert-butyIN-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonyla
mino)-1-(7-tetrahydropyran-4-yl-2,7-diazaspiro[3.5]nonane-2-carbonyl)pentylcarbamoyl]-3-

methyl-butylJamino]-2-oxo-ethyl Jamino]-2-oxo-ethyl|carbamate (24C)

ox S

NHBoc

@)

Crude 7-tetrahydropyran-4-yl-2,7-diazaspiro[3.5]nonane (24B)(338mg, 1.61 mmol),
1-(3-dimethylaminopropyl)-3-cthylcarbodiimide  hydrochloride (384 mg, 2 mmol),
1-hydroxybenzotriazole (270mg, 2 mmol), intermediate 1 (400mg, 0.53 mmol) and
dichloromethane (30 mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 5 h. Then the reaction solution was concentrated
under reduced pressure, and the residue was separated and purified by silica gel column
chromatography(petroleum  ether:ethyl  acetate (v:iv)=1:2) to obtain tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-{[(1R)-5-(tert-butoxycarbonylamino)-1-(7-tetr
ahydropyran-4-y1-2,7-diazaspiro[3.5]nonane-2-carbonyl)pentyl]carbamoyl]-3-methyl-butyl]am
ino]-2-oxo-ethylJamino]-2oxo-ethyl|carbamate (24C) as white solid (200 mg, yield 39.93%)

Step 4:

(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl Jamino]-

N-[(1R)-5-amino-1-(2-piperazin-1-yl-7-azaspiro[3.5]nonane-7-carbonyl)pentyl]-4-methyl-pent
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anamide tri-trifluoroacetic acid (compound 24)

il L “p

Compound 24

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(7-tetr
ahydropyran-4-yl-2,7-diazaspiro[3.5]nonane-2-carbonyl)pentyljcarbamoyl]-3-methyl-butyl]Jam
ino]-2-oxo-ethyl Jamino}-2oxo-ethyl]carbamate (24C) (200 mg, 0.21 mmol) and trifluoroacetic
acid (2 mL) were added in a 50 mL reaction flask, and the system was allowed to react at room
temperature for 2 h. Then the reaction solution was concentrated under reduced pressure, and
the residue was separated and purified by preparative liquid chromatography (preparation
conditions: instrument: Gilson GX-281; column: Xbridge C18, 150x30 mm [.D., 5um; mobile
phase: A for ACN and B for H20; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000
PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample preparation: the
compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The preparation was
concentrated under reduced pressure to remove most of the solvent, and lyophilized to
obtain
(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino]-N-[(
1R)-5-amino-1-(7-tetrahydropyran-4-yl-2,7-diazaspiro[3.5]nonane2-carbonyl)pentyl]-4-methyl
-pentanamide; tri-trifluoroacetic acid (compound 24) as white powder (135 mg, yield 86.1%).

MS m/z =373.9[M+2H]"/2;

'"H NMR (400 MHz, D>0O) § 7.46-7.29 (m, 10H), 4.71 (t, 1H), 4.27 — 4.16 (m, 7H),
3.93-3.86 (m, 2H), 3.66-3.53(m, 5H), 3.25-3.05 (m, 8H), 2.34-2.13 (m, 6H), 1.79-1.43(m,
11H), 1.02-0.95 (m, 6H).

Example 23:
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(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino}-3-phenyl-propanoylJamino]-
N-{(1R)-5-amino-1-(2-pyrrolidin-1-yl-7-azaspiro[ 3.5]nonane-7-carbonyl)pentyl]-4-methyl-pen

tanamide tri-trifluoroacetic acid (compound 25)

0 O

Step 1 Step 2 Step 3
e —_— -
goc N
Boc N
3A 25A 25B

Y S ¥ ¥
oSG

DQNi/r\;ﬁ\NLN NHBoc I o N2
- 0 - 0
CJN K( C; 3CF3COOH
NH2
NHBoc
25C Compound 25

5 Step 1:
tert-butyl 2-pyrrolidin-1-yl-7-azaspiro[3.5]nonane-7-carboxylate (25A)

oo 00
25A

Tert-butyl 2-oxo-7-azaspiro[3.5]nonane-7-carboxylate (3A) (131mg, 0.55 mmol), acetic
acid (66 mg, 1.1 mmol), pyrrolidin (39 mg, 0.55mmol), sodium triacetoxyborohydride (233 mg,
10 1.1 mmol) and dichloromethane(20 mL) were added sequentially in a 50 mL reaction flask.
After the addition, the reaction was allowed to proceed at room temperature for 6 h. The
reaction solution was suction-filtered, and the filtrate was washed with a saturated sodium
bicarbonate solution (30 mL). After the liquid separation, the organic layer was dried over
anhydrous sodium sulfate, suction-filtered, and the filtrate was concentrated under reduced
15  pressure to obtain tert-butyl 2-pyrrolidin-1-yl-7-azaspiro{3.5]nonane-7-carboxylate (25A)) as
white powder (120 mg, yield 75%).
Step 2:
2-pyrrolidin-1-yl-7-azaspiro[3.5]nonane (25B)

o O

25B
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Tert-butyl  (2-pyrrolidin-1-yl-7-azaspiro[3.5nonane-7-carboxylate (25A) (120 mg,
0.41mmol) and dichloromethane (10 mL) were added in a 50 mL reaction flask, and
trifluoroacetic acid (2mL) was added dropwise at room temperature. After the addition, the
system was allowed to react at room temperature for 3 h. The reaction solution was directly
concentrated under reduced pressure to obtain crude 2-pyrrolidin-1-yl-7-azaspiro[3.5]nonane
(25B) as yellow oily liquid (80mg, yield 100%), and used directly in the next reaction.

Step 3:

tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(2-pyrr
olidin-1-yl-7-azaspiro[3.5]nonane-7-carbonyl)pentyl]jcarbamoyl]-3-methyl-butyl Jamino]-2-oxo

-ethylJamino]-2-oxo-ethyl]carbamate (25C)

Fa

NHBoc

O

25C

Crude 2-pyrrolidin-1-yl-7-azaspiro[3.5]nonane (25B) (80 mg, 0.41 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide  hydrochloride(96 mg, 0.5 mmol),
1-hydroxybenzotriazole (67.5 mg, 0.5 mmol), intermediate 1 (309 mg, 0.41 mmol) and
dichloromethane (20mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 5 h. The reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by silica gel column
chromatography  (dichloromethane:  methanol  (v:v)=50:1) to obtain tert-butyl
(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(2-pyrroli
din-1-yl-7-azaspiro[3.5]nonane-7-carbonyl)pentyl]carbamoyl]-3-methyl-butylJamino}-2-oxo-et
hyl]amino]-2-oxo-ethyl]carbamate (25C) as light yellow solid (344 mg, yield 90%).

Step 4:
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(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoylJamino]
-N-[(1R)-5-amino-1-(2-pyrrolidin-1-yl-7-azaspiro[ 3.5 ]nonane-7-carbonyl)pentyl]-4-methyl-p

entanamide tri-trifluoroacetic acid (compound 25)

NH, * 3CF3;COOH
Compound 25

<

Tert-butyl
(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5~(tert-butoxycarbonylamino)-1-(2-pyrroli
din-1-yl-7-azaspiro[3.5]nonane-7-carbonyl)pentyl]carbamoyl]-3-methyl-butyl]amino]-2-oxo-et
hylJamino]-2-oxo-ethyl]carbamate (25C) (344mg, 0.37 mmol) and trifluoroacetic acid (2 mL)
was added in a 50 mL reaction flask, and the system was allowed to react at room temperature
for 2 h. Then the reaction solution was concentrated under reduced pressure, and the residue
was separated and purified by preparative liquid chromatography (preparation conditions:
instrument: Gilson GX-281; column: Xbridge C18, 15030 mm L.D., 5Sum; mobile phase: A for
ACN and B for H;O; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000 PSI;
column temperature: 30°C; wavelength: 210 nm; period: 18min; sample preparation: the
compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The preparation was
concentrated under reduced pressure to remove most of the solvent, and lyophilized to
obtain
((2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl)amino)-3-phenyl-propanoylJamino]-N-[(
1R)-5-amino-1-(2-pyrrolidin-1-yl-7-azaspiro[3.5]nonane-7-carbonyl)pentyl]-4-methyl-pentana
mide; tri-trifluoroacetic acid (compound 25) as white powder (249 mg, yield 70%).

MS m/z =365.8 [M+2H]" /2;

"H NMR (400 MHz, D>0) 8 7.43 —7.13 (m, 10H), 4.71-4.70 ( m, 1H), 4.62 (t,1H), 4.30 -
4.17 (m, 2H), 3.82 — 3.74 (m, 1H), 3.68 — 3.39 (m, 5H), 3.38 — 3.21 (m, 1H), 3.15 (d, 2H),
3.06-2.90 (m, 6H), 2.43 — 2.25 (m, 2H), 2.16 — 1.89 (m, 6H), 1.78 — 1.27 (m, 13H), 0.89 (dd,
6H).
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Example 24:
(2R)-1-[7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamin
0]-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl Jamino]hexanoyl]-7-azaspiro[ 3.5 Jnonan-2-

yl]pyrrolidin-2-carboxylic acid tri-trifluoroacetic acid (compound 26)

Q""’COOME Q""’COOMe

Step 1 Step 2 Step 3

Eoc
Eoc ”
26A 268

N
i/ L NHBoc
jj\ NHBoc :VS\

MeOOG Stepd HOOQ /QO

@ J o

NHBoc NHBoc

Mim@

NH2 SCFacOOH

5 Compound 26

Step 1:

tert-butyl2-[(2R)-2-methoxycarbonylpyrrolidin-1-yl]-7-azaspiro[3.5]nonane-7-carboxylat

e (26A)
<:>""'COOMe
26A
Boc
10 Tert-butyl 2-oxo0-7-azaspiro[3.5]nonane-7-carboxylate (3A) (287 mg, 1.2 mmol), acetic

acid (144 mg, 2.4 mmol), D-proline methyl ester (154 mg, 1.2 mmol), sodium
triacetoxyborohydride (233 mg, 2.4 mmol) and dichloromethane (30 mL) were added
sequentially in a 50 mL reaction flask. After the addition, the reaction was allowed to proceed
at room temperature for 6 h. The reaction solution was suction-filtered, and the filtrate was

15  washed with a saturated sodium bicarbonate solution (50 mL). After the liquid separation, the
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organic layer was dried over anhydrous sodium sulfate, suction-filtered, and the filtrate was
concentrated under reduced pressure to obtain tert-butyl
2-pyrrolidin-1-yl-7-azaspiro[3.5]nonane-7-carboxylate (26A)) as white powder (275 mg, yield
65%).

Step 2:

methyl (2R)-1-(7-azaspiro[3.5]nonan-2-yl)pyrrolidin-2-carboxylate (26B)

Q “"COOMe

26B

Iz

Tert-butyl
2-[(2R)-2-methoxycarbonylpyrrolidin-1-yl]-7-azaspiro[3.5]nonane-7-carboxylate (26 A)(275
mg, 0.78mmol) and dichloromethane (10 mL) were added in a 50 mL reaction flask, and
trifluoroacetic acid (2mL) was added dropwise at room temperature. After the addition, the
system was allowed to react at room temperature for 3 h. The reaction solution was directly
concentrated under reduced pressure to obtain methyl
(2R)-1-(7-azaspiro[3.5]nonan-2-yl)pyrrolidin-2-carboxylate (26B) as yellow oily liquid (196
mg, yield 100%), and used directly in the next reaction.

Step 3:

Methyl
(2R)-1-[7-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxycarbo
nylamino)-3-phenyl-propanoyljamino]-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl]amino

Jhexanoyl]-7-azaspiro[3.5]nonan-2-yl]pyrrolidin-2-carboxylate (26C)

I o
@/QC’H/ o) @ o)

NHBoc 26C
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Methyl (2R)-1-(7-azaspiro[3.5]nonan-2-yl)pyrrolidin-2-carboxylate (26B) (196 mg, 0.78
mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (180 mg, 0.94 mmol),
1-hydroxybenzotriazole (127 mg, 0.94 mmol), intermediate 1 (587 mg, 0.78 mmol) and
dichloromethane (20 mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 5 h. The reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by silica gel column
chromatography  (dichloromethane:  methanol  (v:v)=50:1) to  obtain  methyl
(2R)-1-[7-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[tert-butoxycarbonylamin
0)-3-phenyl-propanoyl)amino)-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl]Jamino Jhexano
yl]-7-azaspiro[3.5]nonan-2-yl]pyrrolidin-2-carboxylate (26C) as white solid (385 mg, yield
50%).

Step 4:

(2R)-1-[7-[(2R)-6~(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxyc
arbonylamino)-3-phenyl-propanoyl]Jamino]-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl]a

minoJhexanoyl}-7-azaspiro{3.5Jnonan-2-yl]pyrrolidin-2-carboxylic acid (26D)

EES RN
/QC‘H/ 0 @ 0 |

)
NHBoc
26D

Methyl
(2R)-1-[7-[(2R)-6~(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[tert-butoxycarbonylamin
0)-3-phenyl-propanoyl)amino)-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl]Jamino Jhexano
yl]-7-azaspiro[3.5]nonan-2-yl}pyrrolidin-2-carboxylate (26C) (385 mg, 0.39 mmol) was
dissolved in methanol (5§ mL) at room temperature, and an aqueous sodium hydroxide (16 mg,
0.4 mmol) solution (10 mL) was added to the reaction solution. The system was allowed to
react at room temperature for 5 h. The reaction solution was adjusted to pH <4 with a IM
aqueous hydrochloric acid solution, extracted with ethyl acetate (20 mL), and the mixture was

subjected to a liquid separation process The organic phases were dried over anhydrous sodium
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sulfate, filtered, and the filtrate was concentrated under reduced pressure to obtain methyl
(2R)-1-[7-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxycarbo
nylamino)-3-phenyl-propanoyl)amino)-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl]amino
Jhexanoyl]-7-azaspiro[3.5nonan-2-yl]pyrrolidin-2-carboxylate (26D) as white solid (345 mg,
yield 93%).

Step 5:

(2R)-1-[7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]
-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl Jamino]hexanoyl]-7-azaspiro[3.5]nonan-2-yl]

pyrrolidin-2-carboxylic acid; tri-trifluoroacetic acid (compound 26)

L
WIS

NH, 3CF3COOH
Compound 26

(2R)-1-[7-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxyc
arbonylamino)-3-phenyl-propanoyl)amino)-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl]a
mino]hexanoyl]-7-azaspiro[3.5]nonan-2-yl]pyrrolidin-2-carboxylic acid (26D) (345mg, 0.36
mmol) and trifluoroacetic acid (2 mL) were added in a 50 mL reaction flask, and the system
was allowed to react at room temperature for 2 h. Then the reaction solution was concentrated
under reduced pressure, and the residue was separated and purified by preparative liquid
chromatography (preparation conditions: instrument: Gilson GX-281; column: Xbridge C18,
15030 mm 1.D., Sum; mobile phase: A for ACN and B for H,O; isocratic: A 65%; flow rate:
30 mL /min; back pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period:
18min; sample preparation: the compound dissolved in 12 mL methanol; injection: 0.9
mL/needle), The preparation was concentrated under reduced pressure to remove most of
the solvent, and lyophilized to obtain
(2R)-1-[7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl

propanoyl]amino]-3-phenyl-propanoyljamino]-4-methyl-pentanoyl]amino]hexanoyl]-7-azaspir
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0[3.5]nonan-2-yl]pyrrolidin-2-carboxylic acid; tri-trifluoroacetic acid (compound 26) as white
powder (240 mg, yield 60%).
MS m/z =387.8 [M+2H]" /2;
1H NMR (400 MHz, D20) 6 7.44 — 7.09 (m, 10H), 4.27-4.19 (m, 3H), 3.96-3.84 (m, 2H),
5  3.67-3.50 (m, 3H), 3.48-3.21 (m, 3H), 3.19 — 2.89 (m, 7H), 2.50 — 2.22 (m, 3H), 2.18 — 1.91 (m,
5H), 1.78 — 1.24 (m, 13H), 0.88 (dd, 6H).

Example 25:
2-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phen
yl-propanoyl]amino]-4-methyl-pentanoylJamino]hexanoyl]-N-methyl-2,7-diazaspiro[3.5nona
10  ne-7-carboxamide;di-trifluoroacetic acid (compound 27)

-Boc
N-Boc  Step1 N Step 2 NH Step 3
O —_— O —_—— -
' bR
HN

—~NH —~NH  CF;COOH

27A 27B

e i

—NH H/ C; 2CF3COOH

NHBOC

27C Compound 27

Step 1:

tert-butyl 7-(methylcarbamoyl)-2,7-diazaspiro[3.5]nonane-2-carboxylate (27A)

N,Boc
o OF

—NH

15 2-tert-butoxygencarbonyl-2,7-diazaspiro[3.5]nonane (0.45 g, 2 mmol), dichloromethane
(10 mL) and triethylamine (0.30 g, 3 mmol) were added to a reaction flask under nitrogen
protection; It was cooled to 0-5°C, and methylaminoformyl chloride (0.20 g, 2.2 mmol) was
added. After the addifion, cooling was removed, and the temperature was raised to room

temperature and reacted for 1 h. TLC was used to monitor the completion of the reaction.
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Dichloromethane (10 mL) and water (10 mL) were added, and after stirring for 5 minutes, the
layers were left to separate; the organic layer was dried over anhydrous sodium sulfate, filtered,
and concentrated under reduced pressure. The residue was separated and purified by silica gel
column chromatography (dichloromethane/methanol=(v/v)20/1) to obtain tert-butyl
7-(methylcarbamoyl)-2,7-diazaspiro-[3.5]nonane-2-carboxylate (27A) as light yellow oily
substance (0.48 g, yield 85%).

Step 2:

N-methyl-2,7-diazaspirof3.5]nonane-7-carboxamide;2,2,2-trifluoroacetic acid (27B)

NH
oy@g

—NH  CF;COOH

Tert-butyl 7-(methylcarbamoyl)-2,7-diazaspiro-[3.5]nonane-2-carboxylate (27A, 0.48 g,
1.7 mmol) was added to dichloromethane (5 mL) in a 50 mL reaction flask under nitrogen
protection, and trifluoroacetic acid (2 mL) was added under stirring. After the addition, the
system was allowed to react at room temperature for 2 h. TLC was used to monitor the
completion of the reaction, and the reaction was concentrated to dryness under reduced
pressure to obtain N-methyl-2,7-diazaspiro[3.5]nonane-7-carboxamide;trifluoroacetic acid
(27B) as light yellow oily substance (0.49 g, yield 97%), and used directly in the next step.

Step 3:

tert-butyIN-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonyla
mino)-1-[7-(methylcarbamoyl)-2,7-diazaspiro[3.5nonane-2-carbonyl]pentyl [carbamoyl]-3-me

thyl-butylJamino]-2-o0xo0-ethylJamino]-2-oxo-ethyl]carbamate (27C)

J@?/L Jvrf©
VO

NHBoc
Crude N-methyl-2,7-diazaspiro[3.5]nonane-7-carboxamide; trifluoroacetic acid (27B)
(0.48 g, 2.60 mmol) was added in dichloromethane (10 mL) in a 50 mL reaction flask under

nitrogen protection. It was cooled to 0°C in an ice bath, and intermediate 1 (0.50 g, 0.66
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mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (200 mg, 1.73 mmol),
1-hydroxybenzotriazole (125 mg, 0.93 mmol) were added. After the addition, the system was
allowed to react at room temperature for 3 h. Subsequently, a 1M aqueous hydrochloric acid
solution (15 mL) was added to the reaction solution, and the mixture was stirred and then
subjected to a liquid separation process. A saturated aqueous sodium carbonate solution (15
mL) was added to the organic phase, and the mixture was stirred for 30 minutes and then
subjected to a liquid separation process. The organic phase was washed with a saturated
aqueous sodium chloride solution (15 mL), dried over anhydrous sodium sulfate, filtered, and
the filtrate was concentrated under reduced pressure to obtain crude tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[ 7-(me
thylcarbamoyl)-2,7-diazaspiro[3.5]nonane-2-carbonylJpentylJcarbamoyl]-3-methyl-butyl]Jamin
0]-2-oxo0-ethyl]amino]-2-oxo-ethyl]carbamate (27C) as light yellow foamy solid (0.5 g, yield
80%), and used directly in the next reaction.

Step 4:

2-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phen
yl-propanoyl]amino]-4-methyl-pentanoyl]amino]hexanoyl]-N-methyl-2,7-diazaspiro[3.5]nona

ne-7-carboxamide;di-trifluoroacetic acid (compound 27)

oy@Q { ! 5 J

—NH 2CF,COOH
NH,

Crude tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[7-(me
thylcarbamoyl)-2,7-diazaspiro[3.5]nonane-2-carbonyl]pentyl]carbamoyl]-3-methyl-butyl Jamin
0]-2-oxo-ethyl]lamino]-2-oxo-ethyljcarbamate (27C) (0.5 g, 0.5 mmol) was dissolved in

dichloromethane (7.5 mL), and trifluoroacetic acid (3.5 mL) was added. The system was

" stirred at room temperature for 1 h. Subsequently, the reaction solution was concentrated under

reduced pressure, and the residue was separated and purified by preparative liquid

chromatography (preparation conditions: instrument: Gilson GX-281; column: Xbridge C18,
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150x30 mm L.D., Sum; mobile phase: A for ACN and B for H,O; isocratic: A 65%; flow rate:
30 mL /min; back pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period:
18min; sample preparation: the compound dissolved in 12 mL methanol; injection: 0.9
mL/needle). The preparation was concentrated under reduced pressure to remove most of
the solvent, and lyophilized to obtain
2-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-pr
opanoyl]Jamino]-4-methylpentanoylJamino]hexanoyl]-N-methyl-2,7-diazaspiro[3.5]nonane-7-c
arboxamide; di-trifluoroacetic acid (compound 27) as white solid (220mg, yield 40%).

MS m/z (ESI):360.3[M+1H]"/2;

'"H NMR (400 MHz, D20) § 7.45 — 7.16 (m, 10H), 4.66 — 4.57 (m, 1H), 4.32 — 4.19 (m,
2H), 4.19 — 3.99 (m, 3H), 3.83 — 3.66 (m, 2H), 3.40 — 3.22 (m, 4H), 3.22 — 3.12 (m, 2H), 3.06
—2.99(m, 4H), 2.69 (s, 3H), 1.80 — 1.62 (m, 8H), 1.58 — 1.27 (m, 5H), 1.03 — 0.79 (m, 6H).

Example 26:
7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]Jamino]-3-phen
yl-propanoyl]amino]-4-methyl-pentanoylJaminohexanoyl]-5,5-difluoro-N-methyl-2,7-diazasp

iro[3.5]nonane-2-carboxamide; di-trifluoroacetic acid (compound 28)

F F
N Step 1 F o HN— Step2 P hN—
CbzN —— » CbzN N~ —— HN N—
LF o] o)
16C 28A 28B
o) 0
F H H
F
—_— H H H
(0] N - 0 - 0
\>/
i C?
NHBoc
Step4
J\/ JVN "
yN 2CF;COOH
—NH
NH2

Compound 28
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Step 1:
benzyl 5,5-difluoro-2-(methylcarbamoyl)-2,7-diazaspiro[3.5]nonane-7-carboxylate (28A)
o
F
F NJ\O/\©
NN
i
0 28A

Benzyl 5,5-difluoro-2,7-diazaspiro[3.5]nonane-7-carboxylate (16C) (330 mg, 1.11 mmol),
triethylamine (364 mg, 3.6 mmol) and dichloromethane (20 mL) were added in a 50 mL
reaction flask, and it was dissolved under stirring. After cooling to -10°C, methylaminoformyl
chloride (104 mg, 1.11 mmol) was added dropwise. After the addition, the reaction was
allowed to proceed at room temperature for 3 h. A 3 M diluted hydrochloric acid (50 mL) was
added to the reaction solution, and the mixture was extracted with dichloromethane (60 mL x
2). The organic phases were dried over anhydrous sodium sulfate, filtered, and the filtrate was
concentrated under reduced pressure to obtain benzyl
5,5-difluoro-2-(methylcarbamoyl)-2,7-diazaspiro[3.5]nonane-7-carboxylate (28A) as white
solid (268 mg, yield 68.6%).

MS m/z (ESI):354.1[M+H]+;

"H NMR (400 MHz, CDCI3) & 7.41 —7.28 (m, 5H), 5.14 (s, 2H), 4.09 (d,2H), 3.65 (dd,
4H), 3.51 — 3.44 (m, 2H), 2.79 (s, 3H), 2.01 (s, 2H).

Step 2:
5,5-difluoro-N-methyl-2,7-diazaspiro[ 3.5 Jnonane-2-carboxamide (28B)
" F
HN N
o]
28B

Benzyl 5,5-difluoro-2-(methylcarbamoyl)-2,7-diazaspiro[3.5]nonane-7-carboxylate (28A)
(269 mg, 0.76 mmol), palladium on carbon (54 mg, 20wt%) and methanol (5 mL) were added
in a 50 mL reaction flask. The atmosphere was replaced with hydrogen 3 times, and the
mixture reacted under a hydrogen (balloon) atmosphere at room temperature for 3 h. The

reaction solution was then filtered through diatomite, and the filtrate was concentrated under
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reduced pressure to obtain crude
5,5-difluoro-N-methyl-2,7-diazaspiro[3.5]nonane-2-carboxamide (28B) as light yellow oily
substance (164 mg, yield 98.55%), and used directly in the next reaction.

MS nv/z (ESI):220.2[M+H]+;

Step 3:

tert-butyl N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[( I'R)-S-(tert-butoxy
carbonylamino)-1-[5,5-difluoro-2-(methylcarbamoyi)-2,7-diazaspiro{3.5]nonane-7-carbonyl]p

entyl]carbamoyl]-3-methyl-butyl Jamino}-2-oxo-ethyl]Jamino]-2-oxo-ethyl]carbamate (28C)

3L

NHBoc
28C

Crude 5,5-diﬂuoro-N-methyl-2,7-diaza§piro[3.5]nonane-2-carboxamide (28B) (164 mg,
0.75 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.374 g, 1.95
mmol), 1-hydroxybenzotriazole (110 mg, 0.81 mmol), intermediate 1 (565 mg, 0.75 mmol)
and dichloromethane (50 mL) were added sequentially in a 50 mL reaction flask, and the
system was allowed to react at room temperature for 5 h. The reaction solution was
concentrated under reduced pressure, and the residue was separated and purified by silica gel
column chromatography (dichloromethane: methanol (v:v)=50:1) to obtain tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[5,5-di
fluoro-2-(methylcarbamoyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyl]carbamoyl]-3-methy
I-butyl]amino]-2-oxo-ethylJamino]-2-oxo-ethyl]carbamate (28C) as light yellow solid (600 mg,
yield 84%).

Step 4:

7-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phen
yl-propanoyl]amino]-4-methyl-pentanoyl]Jamino]hexanoyl}-5,5-difluoro-N-methyl-2,7-diazasp

iro[3.5]nonane-2-carboxamide;ditrifluoroacetic acid (compound 28)
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F 9 4 oy
gﬁkd}uk”
OyN K( o @ o 2CF,COOH

—NH
NH,

Compound 28

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[5,5-di
fluoro-2-(methylcarbamoyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyl|carbamoyl]-3-methy
1-butyl]Jamino]-2-oxo-ethyllamino]-2-oxo-ethyl|carbamate (28C) (600 mg, 0.6 mmol) and
trifluoroacetic acid (3 mL) were added in a 50 mL reaction flask, and the system was allowed
to react at room temperature for 2 h. Then the reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by preparative liquid
chromatography (preparation conditions: instrument: Gilson GX-281; column: Xbridge C18,
150%30 mm 1.D., Sum; mobile phase: A for ACN and B for H>O; isocratic: A 65%; flow rate:
30 mL /min; back pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period:
18min; sample preparation: the compound dissolved in 12 mL methanol; injection: 0.9
mL/needle). The preparation was concentrated under reduced pressure to remove most of
the solvent, and lyophilized to obtain
7-[(2R)-6-amino-2-[[(2ZR)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-pr
opanoyl]amino]-4-methyl-pentanoylJamino]hexanoyl]-5,5-difluoro-N-methyl-2,7-diazaspiro[3.
S5inonane-2-carboxamide; di-trifluoroacetic acid (compound 28) as white powder (100 mg,
yield 13%).

MS m/z (ESI):755.5[M+H]’;

"HNMR (400 MHz, D>0) & 7.43 —7.18 (m, 10H), 4.86 — 4.75 (m, 1H), 4.65 (t, 1H), 4.39
—4.17 (m, 2H), 4.15-4.05 (m, 2H), 4.04 — 3.45 (m, 6H), 3.24 — 3.10 (m, 2H), 3.10 — 2.90 (m,
4H), 2.77 - 2.60 (m, 3H), 2.06 (d, 2H), 1.85-1.61 (m, 4H), 1.60-1.46 (m, 3H), 1.45-1.27 (m,
2H), 0.92 (dt, 6H).

Example 27:
2-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phen
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yl-propanoyl]amino]-4-methyl-pentanoyl]aminoJhexanoyl]-5,5-difluoro-N-methyl-2,7-diazasp

iro[3.5]nonane-7-carboxamide; ditrifluoroacetic acid (compound 29)
F

FJ Step 1 F Q) 0
ep Step 2 Step 3
BochCNH - B°°“923NJ< — ”'OZLDN‘(N/
H

29A 298 29C

&»ﬁ&¢ﬁw k§k¢?

| o] 0 -
o dP Ny Kol
0 * 2CF,CO0H

NHBoc

29D Compound 29
Step 1:
5 tert-butyl5,5-difluoro-7-(methylcarbamoyl)-2,7-diazaspiro[ 3.5]nonane-2-carboxylate
(29B)
r o
BOCNi>CN_<
N—
208 M

Benzyl 5,5-difluoro-2,7-diazaspiro[3.5]nonane-7-carboxylate (16C) (113 mg, 0.43 mmol),
triethylamine (43 mg, 0.43 mmol) and dichloromethane (10 mL) were added in a 50 mL
10  reaction flask, and it was dissolved under stirring. After cooling to -10°C, methylaminoformyl
chloride (42 mg, 0.45 mmol) was added dropwise. After the addition, the reaction was allowed
to proceed at room temperature for 3 h. A 0.3 M diluted hydrochloric acid (10 mL) was added
to the reaction solution, and the mixture was extracted with dichloromethane (5 mLx2). The
organic phases were dried over anhydrous sodium sulfate, filtered, and the filtrate was
15  concentrated under reduced pressure to obtain tert-butyl
5,5-difluoro-7-(methylcarbamoyl)-2,7-diazaspiro[3.5]nonane-2-carboxylate (29B) as white
solid (96 mg, yield 70%).
Step 2:
5,5-difluoro-N-methyl-2,7-diazaspiro[3.5]nonane-7-carboxamide (29C)
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F (0]
ey
3
H
29C

Tert-butyl 5,5-difluoro-7-(methylcarbamoyl)-2,7-diazaspiro[3.5]nonane-2-carboxylate
(29B) (96 mg, 0.3mmol) and dichloromethane (8 mL) were added in a 50 mL reaction flask,
and trifluoroacetic acid (2mL) was added dropwise at room temperature. After the addition, the
system was allowed to react at room temperature for 3 h. The reaction solution was directly
concentrated under reduced pressure to obtain
5,5-difluoro-N-methyl-2,7-diazaspiro[ 3.5 [nonane-7-carboxamide (29C), as yellow oily liquid
(66mg, yield 100%), and used directly in the next reaction.

Step 3:

tert-butyIN-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonyla
mino)-1-[5,5-difluoro-7-(methylcarbamoyl)-2,7-diazaspiro[ 3.5 |nonane-2-carbonyl |pentyl]carb

amoyl]-3-methyl-butylJamino]-2-oxo-ethylJamino]-2-oxo-ethyl]carbamate (29D)

S
Neirgos

0O
NHBoc

29D

5,5-difluoro-N-methyl-2,7-diazaspiro[3.5]nonane-7-carboxamide  (29C) (66mg, 0.3
mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (239 mg, 0.36 mmol),
1-hydroxybenzotriazole (49 mg, 0.36 mmol), intermediate 1 (226 mg, 0.3 mmol) and
dichloromethane (30 mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 5 h. The reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by silica gel column
chromatography  (dichloromethane: methanol (v:iv)=50:1) to obtain tert-butyl
(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[{(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[5,5-diflu
oro-7-(methylcarbamoyl)-2,7-diazaspiro[3.5]nonane-2-carbonyl]pentyl]carbamoyl]-3-methyl-b

utylJamino]-2-oxo-ethylJamino]-2-oxo-ethylJcarbamate (29D) as white solid (286mg, yield
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90%).
Step 4:
2-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phen
yl-propanoyl]Jamino]-4-methyl-pentanoyl]Jamino}hexanoyl]-5,5-difluoro-N-methyl-2,7-diazasp

iro[3.5]nonane-7-carboxamide ditrifluoroacetic acid (compound 29)

\ NJOJ\-/N?\NJOJ\/N NH,
ey fala

o
NH; ® 2CF3;COOH

Compound 29

Tert-butyl(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamin
0)-1-[5,5-difluoro-7-(methylcarbamoyl)-2,7-diazaspiro[3.5]nonane-2-carbonyl]pentyl]carbamo
yl]-3-methyl-butyl Jamino]-2-oxo-ethylJamino}-2-oxo-ethyljcarbamate (29D) (286mg, 0.3
mmol) and trifluoroacetic acid (2 mL) were added in a 50 mL reaction flask, and the system
was allowed to react at room temperature for 2 h. Then the reaction solution was concentrated
under reduced pressure, and the residue was separated and purified by preparative liquid
chromatography (preparation conditions: instrument: Gilson GX-281; column: Xbridge C18,
150%30 mm L.D., Sum; mobile phase: A for ACN and B for H2O; isocratic: A 65%; flow rate:
30 mL /min; back pressure: 1000 PS]; column temperature: 30°C; wavelength: 210 nm; period:
18min; sample preparation: the compound dissolved in 12 mL methanol; injection: 0.9
mL/needle). The preparation was concentrated under reduced pressure to remove most of
the solvent, and lyophilized to obtain
2-[(2R)-6-amino-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]Jamino]-3-phenyl-pr
opanoyl]amino]-4-methyl-pentanoyl}amino]hexanoyl]-5,5-difluoro-N-methyl-2,7-diazaspiro[ 3.
5]nonane-7-carboxamide; di-trifluoroacetic acid (compound 29) as white powder (192 mg,
yield 65%).

MS m/z =378.3 [M+2H]" /2;

"H NMR (400 MHz, D;0) & 7.46 — 7.12 (m, 10H), 4.64-4.58 (m, 1H), 4.53-4.43 (m, 1H),
4.26-4.19 (m, 2H), 4.17 — 4.02 (m, 3H), 3.80-3.76 (m, 1H), 3.72-3.57 (m, 2H), 3.36 (s, 2H),
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3.19-3.11 (m, 2H), 3.03-2.95(m, 4H), 2.68 (s, 3H), 2.03-1.99 (m 2H), 1.75-1.63 (m, 4H), 1.54
—1.26 (m, 5H), 0.89 (dd, 6H).

Example 28:
(2R)-N-[(1R)-1~(7-acetyl-2,7-diazaspirof3.4]octane-2-carbonyl)-S-amino-pentyl}-2-[[(2R)
5  -2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino]-4-methyl-pentana

mide;di-trifluoroacetic acid (compound 30)
o] 0

Step 1 Step 3
HN

A 30A 30B

H
N

o 0
0 0
IS8Ry Ny
N7 N NHBoc Step 4 o H 2 95
0 g ) —— N (( @ 2CF,COO0H

N —
’< o NH2

o NHBoc
30C Compound 30

Step 1:

tert-butyl 7-acetyl-2,7-diazaspiro[3.4]octane-2-carboxylate (30A)
0]

| /U\DCNBOC
10

Tert-butyl 2,7-diazaspiro[3.4]octane-2-carboxylate (A) (0.414 g, 2 mmol), triethylamine

(420 mg, 4.0 mmol) and dichloromethane (7 mL) were added in a 50 mL reaction flask, and it

was dissolved under stirring. After cooling to -10°C, acetyl chloride (188 mg, 2.4 mmol) was
added and the resultant reacted for 10 min. Then the temperature was raised to room

15  temperature and the system was stirred for 3h. The reaction was then quenched with a saturated
aqueous sodium bicarbonate solution (10 mL) and extracted with ethyl acetate (5 mL x 3), and

the organic phases were combined. The organic phases were dried over anhydrous sodium
sulfate, filtered, and the filtrate was concentrated under reduced pressure. The residue was
separated and purified by silica gel column chromatography (petroleum ether:ethyl acetate

20  (v:v)=4:1) to obtain tert-butyl 7-acetyl-2,7-diazaspiro[3.4]octane-2-carboxylate (30A) as light
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yellow oily substance (411 mg, yield 81%).
MS m/z =255.2[M+H]".
Step 2:
7-acetyl-2,7-diazaspiro[3.4]octane (30B)

Ay
QCNH

Tert-butyl 7-acetyl-2,7-diazaspiro[3.4Joctane-2-carboxylate (30A) (0.41 g, 1.62 mmol)
and dichloromethane (7 mL) were added in a S0 mL reaction flask, and trifluoroacetic acid
(1mL) was added dropwise at room temperature. After the addition, the system was allowed to
react at room temperature for 3 h. The reaction solution was directly concentrated under
reduced pressure to obtain crude 7-acetyl-2,7-diazaspiro[3.4]octane (30B) as light yellow oily
liquid (249 mg, yield 100%), and used directly in the next reaction.

Step 3:

tert-butyl N-[(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-(7-acetyl-2,7-diazaspiro[3.4]
octane-2-carbonyl)-5-(tert-butoxycarbonylamino)pentyl]carbamoyl]-3-methyl-butylJamino]-1-

benzyl-2-oxo-ethylJamino]-1-benzyl-2-oxo-ethyl Jcarbamate (30C)

Sl

—

O NHBoc

Crude 7-acetyl-2,7-diazaspiro[3.4]octane (30B) (249mg, 1.62 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide  hydrochloride (384 mg, 2 mmol),
1-hydroxybenzotriazole (270 mg, 2 mmol), intermediate 1 (400 mg, 0.53 mmol) and
dichloromethane (30 mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 5 h. Then the reaction solution was concentrated
under reduced pressure, and the residue was separated and purified by silica gel column
chromatography (petroleum ether:ethyl acetate (v:iv=1:2) to obtain
tert-butyIN-[(1R)-2-[[(1R)-1-[[(IR)-1-(7-acetyl-2,7-diazaspiro[3.4]octane-2-carbonyl)-5(tert-b
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utoxycarbonylamino)pentylJcarbamoyl]-3-methyl-butyl Jamino]-1-benzyl-2-oxo-ethylJamino]-
1-benzyl-2o0x0-ethyl]carbamate (30C) as white solid (200 mg, yield 42.3%).

Step 4:

(2R)-N-[(1R)-1-(7-acetyl-2,7-diazaspiro[3.4] octane-2-carbony1)—5-amino-pentyl]—2-[[(2R)
-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyljamino]-4-methyl-pentana

mide;di-trifluoroacetic acid (compound 30)

2y
AN

BN

NH2
(o)
2CF5;COOH
0 Compound 30

NH>

Tert-butyl
N-[(1R)-2-[[(1R)-1-[[(1R)-1 -(7-acetyl-2,7-diazasbiro[3 4Joctane-2-carbonyl)-5(tert-butoxycarb
onylamino)pentylJcarbamoyl]-3-methyl-butylJamino]-1-benzyl-2-oxo-ethyl J]amino]-1-benzyl-2
oxo-ethyl]carbamate (30C) (200 mg, 0.22 mmol) and trifluoroacetic acid (2 mL) were added in
a 50 mL reaction flask, and the system was allowed to react at room temperature for 2 h. Then
the reaction solution was concentrated under reduced pressure, and the residue was separated
and purified by preparative liquid chromatography (preparation conditions: instrument: Gilson
GX-281; column: Xbridge C18, 150x30 mm L.D., 5um; mobile phase: A for ACN and B for
H,O; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000 PSI; column temperature:
30°C; wavelength: 210 nm; period: 18min; sample preparation: the compound dissolved in 12
mL methanol; injection: 0.9 mL/needle). The preparation was concentrated under reduced
pressure  to remove most of the solvent, and lyophilized to obtain
(2R)-N-[(1R)-1-(7-acetyl-2,7-diazaspiro[3.4]octane-2-carbonyl)-5-amino-pentyl]-2-[[(2R)-2-[[
(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoylJamino]-4-methyl-pentanamide;
di-trifluoroacetic acid (compound 30) as white powder (120 mg, yield 79.1%).

MS m/z =345.9[M+2H]"/2;

'H NMR (400 MHz, D;0) & 7.45-7.29 (m, 10H), 4.71 (t, 1H), 4.37 — 4.2 (m, 5H),
4.05-4.00 (m, 2H), 3.82-3.52 (m, 4H), 3.26-3.05 (m, 6H), 2.32-2.11 (m, SH), 1.8-1.76 (m, 4H),
1.61-1.45 (m, 5H), 1.02-0.96 (dd, 6H).
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Example 29:
(2R)-N-[(1R)-1-(7-acetyl-2,7-diazaspiro[4.4]nonane-2-carbonyl)-5-amino-pentyl]-2-[[(2R
)-2-[[(2R)-2-amino-3-phenyl-pfopanoyl]amino]-3 -phenyl-propanoyl]Jamino]-4-methyl-pentana

mide; di- triﬂuoroacetic acid (compound 31)

NH
Step 1

J\ o
QC/ J< NQ@(I?\ok Step2 o?’N Step3

_

S O c;

(o}

2CF;COO0H

5 31C Compound 31

Step 1:

tert-butyl 7-acetyl-2,7-diazaspiro[4.4]nonane-2-carboxylate (31A)
A Ik
e
31A

2-Boc-2,7-diazaspiro[4.4]nonane (22A) (452 mg, 2.0 mmol), triethylamine (400 mg, 4.0
10  mmol) and dichloromethane (15 mL) were added in a S0 mL reaction flask, and it was
dissolved under stirring. After cooling to -10°C, acetyl chloride (160 mg, 2.0 mmol) was added
dropwise. After the addition, the reaction was allowed to proceed at room temperature for 4 h.
Then a 1 M dilute hydrochloric acid (50 mL) was added to the reaction solution, and the
mixture was extracted with dichloromethane (60 mL X 2). The organic phases were dried over
15 anhydrous sodium sulfate, filtered, and the filtrate was concentrated under reduced pressure to
obtain tert-butyl 7-acetyl-2,7-diazaspiro[4.4]nonane-2-carboxylate (31A) as light yellow oily
substance (392 mg, yield 73%).
MS m/z =291.2[M+Na]".
Step 2:
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1-(2,7-diazaspiro[4.4]nonan-2-yl)ethanone (31B)

e

31B

Tert-butyl 7-acetyl-2,7-diazaspiro[4.4]nonane-2-carboxylate (31A) (161 mg, 0.6 mmol),
dichloromethane (10 mL) and trifluoroacetic acid (2mL) were added in a 50 mL reaction flask,
and the system was allowed to react at room temperature for 2 h. The reaction solution was
concentrated under reduced pressure to obtain crude
1-(2,7-diazaspiro[4.4]nonane-2-yl)ethanone (31B) as light yellow oily substance (100 mg,
yield 99%).

Step 3:

tert-butyl N-[(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-(7-acetyl-2,7-diazaspiro[4.4]
nonane-2-carbonyl)-5-(tert-butoxycarbonylamino)pentyl]carbamoyl]-3-methyl-butylJamino]-1

-benzyl-2-oxo- ethyl]ammo ]-1-benzyl-2-oxo-ethyl]carbamate (31C)

k? &YfQ

NHBoc 31C

Y

Crude 1-(2,7-diazaspiro[4.4]nonane-2-yl)ethanone (31B) (100 mg, 0.6 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.288 g, 1.5 mmol),
1-hydroxybenzotriazole (81 mg, 0.6 mmol), intermediate 1 (400 mg, 0.5 mmol) and
dichloromethane (50 mL) were added sequentially in a 50 mL reaction flask, and the system
was allowed to react at room temperature for 5 h. The reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by silica gel column
chromatography  (dichloromethane:  methanol  (v:v)=30:1) to obtain tert-butyl
N-[(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-(7-acetyl-2,7-diazaspiro[4.4]nonane-2-carbonyl)-5-(tert-
butoxycarbonylamino)pentyl]carbamoyl]-3-methyl-butyl]amino]-1-benzyl-2-oxo-ethyl]amino]

-1-benzyl-2-oxo-ethyl]Jcarbamate (31C) as light yellow solid (120 mg, yield 22%).
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Step 4:
(2R)-N-[(1R)-1-(7-acetyl-2,7-diazaspiro[4.4]nonane-2-carbonyl)-5-amino-pentyl]-2-[[(2R
)-2-[[(2R)-2-amino-3-phenyl-propanoyl]Jamino]-3-phenyl-propanoylJamino]-4-methyl-pentana

mide;di-trifluoroacetic acid (compound 31)

Q 1l
Il

2CF,COOH

Compound 31

Tert-butyl
N-[(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-(7-acetyl-2,7-diazaspiro[4.4]nonane-2-carbonyl)-5-(tert-
butoxycarbonylamino)pentyl]carbamoyl]-3-methyl-butyl]amino]-1-benzyl-2-oxo-ethylJamino]
-1—benzyl-2-oxo-ethyl]carbamate (31C) (120 mg, 0.22 mmol) and trifluoroacetic acid (2mL)
were added in a 50 mL reaction flask, and the system was allowed to react at room temperature
for 2 h. Then the reaction solution was concentrated under reduced pressure, and the residue
was separated and purified by preparative liquid chromatography (preparation conditions:
instrument: Gilson GX-281; column: Xbridge C18, 150x30 mm L.D., Sum; mobile phase: A for
ACN and B for HxO; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000 PSI;
column temperature: 30°C; wavelength: 210 nm; period: 18min; sample preparation: the
compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The preparation was
concentrated under reduced pressure to remove most of the solvent, and lyophilized to
obtain
(2R)-N-[(1R)-1~(7-acetyl-2,7-diazaspiro[4.4nonane-2-carbonyl)-5-amino-pentyl]-2-[[(2R)-2-[
[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyllamino]-4-methyl-pentanamide;
di-trifluoroacetic acid (compound 31) as white powder (77 mg, yield 85%).

MS m/z (ESI):352.7[M+2H]"2;

'H NMR (400 MHz, D;0) & 7.43-7.18 (m, 10H), 4.68 — 4.60 (m, 1H), 4.47 — 4.19 (m, 3H),
3.91 - 3.27 (m, 8H), 3.18 (d, 2H), 3.08-2.92 (m, 4H), 2.13 — 1.86 (m, 7H), 1.85-1.63 (m, 4H),
1.62-1.27 (m, 5H), 0.92 (dd,6H).
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Example 30:
(2R)-N-[(1R)-1-(7-acetyl-5,5-difluoro-2,7-diazaspiro[3.5]nonane-2-carbonyl)-5-amino-pe
ntyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoyl}amino]-4-me

thyl-pentanamide; di-trifluoroacetic acid (compound 32)

j\/ki;\ /?K/Hm/(:(j Step 1 NL@fﬂLﬂ “
H@Néouéoo)i‘o ,\CEF/ H £
/ oL
- %%*ﬁk“rp

ZCF3COOH
NHz

5 Compound 32

Step 1:
tert-butyl N-[(1R)-2-[[(1R)-2-[[(1IR)-1-[[(1R)-1-(7-acetyl-5,5-difluoro-2,7-diazaspiro
[3.5]nonane-2-carbonyl)-5-(tert-butoxycarbonylamino)pentyl]carbamoyl]-3-methyl-butyl Jamin

0]-1-benzyl-2-oxo-ethylJamino]-1-benzyl-2-oxo-ethyl]carbamate (32A)
o o
N/U\E/N NJ\/N \H
0 "Q\C/ -0 - Oo)'\o
PO TS §

10 o 32A

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(5,5-di
fluoro-2,7-diazaspiro[3.5nonane-2-carbonyl)pentyljcarbamoyl]-3-methyl-butyl Jamino]-2-oxo-
ethyl]lamino]-2-oxo-ethyl]carbamate (19B) (430 mg, 0.48 mmol),

15 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.18 g, 0.94 mmol),
1-hydroxybenzotriazole (71 mg, 0.53 mmol), acetic acid (28.8 mg, 0.48 mmol) and
dichloromethane (20 mL) were added sequentially in a 50 mL reaction flask, and the system

was allowed to react at room temperature for 3 h. The reaction solution was concentrated under
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reduced pressure, and the residue was separated and purified by silica gel column
chromatography  (dichloromethane:  methanol (v:v)=50:1) to obtain tert-butyl
N-[(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-(7-acetyl-5,5-difluoro-2,7-diazaspiro[ 3.5 Jnonane-2-carb
onyl)-5-(tert-butoxycarbonylamino)pentyl carbamoyl]-3-methyl-butyl]Jamino]-1-benzyl-2-oxo-
ethylJamino]-1-benzyl-2-oxo-¢thylJcarbamate (32A) as white solid (430 mg, yield 95%).

Step 2:

(2R)-N-[(1R)-1-(7-acetyl-5,5-difluoro-2,7-diazaspiro[3.5 Jnonane-2-carbonyl)-5-amino-pe
ntyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoylJamino]-4-me

thyl-pentanamide; di-trifluoroacetic acid (compound 32)

Jye

2CF,COCH
NH,
Compound 32

Tert-butyl
N-[(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1~(7~acetyl-5,5-difluoro-2,7-diazaspiro[3.5]nonane-2-carb
onyl)-5-(tert-butoxycarbonylamino)pentyl]carbamoyl]-3-methyl-butylJamino]-1-benzyl-2-oxo-
ethyl]amino]-1-benzyl-2-oxo-ethyljcarbamate (32A) (430 mg, 0.46 mmol) and trifluoroacetic
acid (2mL) were added in a 50 mL reaction flask, and the system was allowed to react at room
temperature for 2 h. Then the reaction solution was concentrated under reduced pressure, and
the residue was separated and purified by preparative liquid chromatography (preparation
conditions: instrument: Gilson GX-281; column: Xbridge C18, 150x30 mm L.D., Sum; mobile
phase: A for ACN and B for H2O; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000
PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample preparation: the
compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The preparation was
concentrated under reduced pressure to remove most of the solvent, and lyophilized to
obtain
(2R)-N-[(1R)-1-(7-acetyl-5,5-difluoro-2,7-diazaspiro[3.5]nonane-2-carbonyl)-5-amino-pentyl]
-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino]-4-methyl-

pentanamide; di-trifluoroacetic acid (compound 32) as white powder (273 mg, yield 61%).
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MS m/z (ESI):370.8[M+2H]"2;

'H NMR (400 MHz, D;0) § 7.43 — 7.19 (m, 10H), 4.67-4.60 (m, 1H), 4.58-4.47 (m, 1H),
4.31 - 4.08 (m, SH), 3.98 — 3.70 (m, 3H), 3.70-3.43 (m, 2H), 3.18 (d, 2H), 3.06 — 2.94 (m, 4H),
2.23 — 1.94 (m, 5H), 1.80-1.63 (m, 4H), 1.56 — 1.29 (m, SH), 0.91 (dd, 6H).

5 Example 31:
(2R)-N-[(1R)-5-amino-1-[7-(oxetan-3-yl)-2,7-diazaspiro[ 3.5]nonane-2-carbonyl]pentyl]-2
-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]Jamino]-3-phenyl-propanoylJamino]-4-methyl-p

entanamide; tri-trifluoroacetic acid (compound 33)
NBoc Step 1 OC/NBOC NH
Step 2 Step3
HN - = /D/N N _ees
0 0/3/

6A 33A 338

EToRTN
A

NHBoc

3 CF,COOH

Y Qo
Step 4 N/U\;/N NJJ\;/N NH,
_— . H/: o H S o

7"
NH,

33C Compound 33

10 Step 1:
tert-butyl 7-(oxetan-3-y1)-2,7-diazaspiro[3.5nonane-2-carboxylate (33A)

OC/NBOC
N
47

33A

Tert-butyl 2,7-diazaspiro[3.5]nonane-2-carboxylate (6A) (0.452 g, 2.0 mmol), acetic acid
(0.24 g, 4.0 mmol), 3-oxetanone (0.288 g, 4.0 mmol), sodium triacetoxyborohydride (1.48 g,
15  6.98 mmol) and dichloromethane (20 mL) were added sequentially in a 50 mL reaction flask.
After the addition, the reaction was allowed to proceed at room temperature for 16 h. The
reaction solution was filtered, and the filtrate was washed with a saturated sodium bicarbonate
solution (50 mL). After the liquid separation, the organic layer was dried over anhydrous

sodium sulfate, filtered, and the filtrate was concentrated under reduced pressure to obtain
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tert-butyl 7-(oxetan-3-yl)-2,7-diazaspiro[3.5]nonane-2-carboxylate (33A) as white powder
(432 mg, yield 76%).
'"H NMR (400 MHz, CDCI3) & 4.67-4.55 (m, 4H), 3.61 (s, 4H), 3.41 (p, 1H), 2.19 (s, 4H),
1.78 (t, 4H), 1.44 (s, 9H).
5 Step 2:

7-(oxetan-3-yl)-2,7-diazaspiro[3.5]nonane (33B)

o

33B

Tert-butyl 7-(oxetan-3-yl)-2,7-diazaspiro[3.5]nonane-2-carboxylate (33A)(0.14 g, 0.5
mmol) and dichloromethane (5 mL) were added in a 50 mL reaction flask, and trifluoroacetic
10 acid (57 mg, 0.5 mmol) was added dropwise at room temperature. After the addition, the
system was allowed to react at room temperature for 3 h. The reaction solution was directly
concentrated under reduced pressure to obtain crude 7-(oxetan-3-yl)-2,7-diazaspiro[3.5]nonane
(33B) as yellow oily liquid (70.5 mg, yield 88%), and used directly in the next reaction.
Step 3:
15 tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[7-(ox
etan-3-yl)-2,7-diazaspiro[3.5]nonane-2-carbonyl]pentyljcarbamoyl]-3-methyl-butylJamino]-2-

oxo-ethyl]amino}-2-oxo-ethyl]carbamate (33C)

(S SRR
A

NHBoc
33C

20 Crude 7-(oxetan-3-yl)-2,7-diazaspiro[3.5]nonane (33B) (70.5 mg, 0.44 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide  hydrochloride (288 mg, 1.5 mmol),
1-hydroxybenzotriazole (81 mg, 0.60 mmol), intermediate 1 (330 mg, 0.44 mmol) and

dichloromethane (50mL) were added in a 100 mL reaction flask, and the system was allowed
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to react at room temperature for 5 h. The reaction solution was concentrated under reduced
pressure, and the residue was separated and purified by silica gel column chromatography
(dichloromethane: methanol (v:v)=50:1) to obtain tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[7-(ox
etan-3-yl)-2,7-diazaspiro| 3.5 |nonane-2-carbonyl]pentyl]carbamoyl]-3-methyl-butyl]amino]-2-
oxo-ethyl]amino]-2-oxo-ethyl|carbamate (33C) as light yellow solid (400 mg, yield 99%).

Step 4:

(2R)-N-[(1R)-5-amino-1-[7-(oxetan-3-yl)-2,7-diazaspiro[ 3.5]nonane-2-carbonyl]pentyl]-2
-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl Jamino]-4-methyl-p

entanamide; tri-trifluoroacetic acid (compound 33)

AV

3 CF3COOH
NH,
Compound 33

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[7-(ox
etan-3-yl)-2,7-diazaspiro[3.5]nonane-2-carbonyl]pentyl]carbamoyl]-3-methyl-yl Jamino]-2-oxo
-ethyljamino]-2-oxo-ethyl]carbamate (33C) (400 mg, 0.40 mmol) and trifluoroacetic acid
(2mL) were added in a 50 mL reaction flask, and the system was allowed to react at room
temperature for 2 h. Then the reaction solution was concentrated under reduced pressure, and
the residue was separated and purified by preparative liquid chromatography (preparation
conditions: instrument: Gilson GX-281; column: Xbridge C18, 15030 mm LD., 5um; mobile
phase: A for ACN and B for H>O; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000
PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample preparation: the
compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The preparation was
concentrated under reduced pressure to remove most of the solvent, and lyophilized to

obtain

(2R)-N-[(1R)-5-amino-1-[7-(oxetan-3-yl)-2,7-diazaspiro[3.5]nonane-2-carbonyl Jpentyl]-2-[[(
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2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl}amino}-3-phenyl-propanoyljamino]-4-methyl-penta
namide tri-trifluoroacetic acid (compound 33) as white powder (160 mg, yield 56%).

MS m/z (EST):359.8[M+2H]"2;

'H NMR (400 MHz, D>O) 8 7.42 — 7.20 (m, 10H), 4.96 (t, 2H), 4.85 (dd, 2H), 4.66 — 4.56
(m, 2H), 4.48 — 4.35 (m, 2H), 4.30-4.10 (m, 5H), 3.84 (s, 2H), 3.43(br, 1H),3.17 (d, 2H),
3.14(s,1H),3.07-2.93 (m, 4H), 2.12 (br, 4H), 1.80 — 1.60 (m, 4H), 1.58 — 1.29 (m, 5H), 0.91 (dd,
6H).

Example 32:

(2R)-N-[(1R)-5-amino-1-[ 7-(dimethylsulfamoyl)-2,7-diazaspiro[3.5]nonane-2-carbonyl|p
entyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phenyl-propanoyl Jamino]-4-m
ethyl-pentanamide; di-trifluoroacetic acid (compound 34)

1k

0]
Ak N
NH
Step 1 9 N Step2 Step 3
HN TS - - QN _

'\ll o \N'S\‘

34A

| 0]
BA
34B
2 T 2 o )OJ\/H
N
NN NSNS Step 4 NJK;N N NH,
H H H B H H
o] o] N o] o]
N ©/ 5 % @

J—
O\\S - &
N -
N N
| © ] © 2CF;COOH
HN HoN
34C Compound 34
Step 1:

tert-butyl 7-(dimethylsulfamoyl)-2,7-diazaspiro[3.5]nonane-2-carboxylate (34A)

Tert-butyl 2,7-diazaspiro[3.5]nonane-2-carboxylate (6A) (0.452 g, 2 mmol), triethylamine
(400 mg, 4.0 mmol) and dichloromethane (15 mL) were added in a 50 mL reaction flask, and it
was dissolved under stirring. After cooling to -10°C, dimethylaminosulfonyl chloride (287 mg,

2.0 mmol) was added dropwise. After the addition, the reaction was allowed to proceed at
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room temperature for 3 h. A 3M dilute hydrochloric acid (50 mL) was added to the reaction
solution, followed by extraction with dichloromethane (60 mL x 2). The organic phases were
dried over anhydrous sodium sulfate, filtered, and the filtrate was concentrated under reduced
pressure to obtain crude tert-butyl
7-(dimethylsulfamoyl)-2,7-diazaspirof3.5]nonane-2-carboxylate (34A) as light yellow solid
(440mg, yield 66%).

Step 2:

N,N-dimethyl-2,7-diazaspiro[3.5]nonane-7-sulfonamide (34B)

NH
%
o

34B

Crude tert-butyl 7-(dimethylsulfamoyl)-2,7-diazaspiro[3.5]nonane-2-carboxylate (34A)
(0.22 g, 0.66 mmol) and dichloromethane (5 mL) were added in a 50 mL reaction flask, and
trifluoroacetic acid (2 mL) was added dropwise at room temperature. After the addition, the
system was allowed to react at room temperature for 3 h. The reaction solution was directly
concentrated under reduced pressure to obtain crude
N,N-dimethyl-2,7-diazaspiro[3.5]nonane-7-sulfonamide (34B) as yellow oily liquid (103 mg,
yield 76%), and used directly in the next reaction.

Step 3:

tert-butyl N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxy
carbonylamino)-1-[7-(dimethylsulfamoyl)-2,7-diazaspiro[3.5]nonane-2-carbonyl]pentyljcarba

moyl]-3-methyl-butyl]Jamino]-2-oxo-ethyl Jamino]-2-oxo-ethylJcarbamate (34C)

J\/Nj‘/g/J\/ i NHBoc

BocHN 34C

Crude N, N-dimethyl-2,7-diazaspiro[3.5]nonane-7-sulfonamide (34B) (103 mg, 0.44

mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (288 mg, 1.5 mmol),
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I-hydroxybenzotriazole (81 mg, 0.60 mmol), intermediate 1 (330 mg, 0.44 mmol) and
dichloromethane (50mL) were added in a 100 mL reaction flask, and the system was allowed
to react at room temperature for 5 h. The reaction solution was concentrated under reduced

pressure, and the residue was separated and purified by silica gel column chromatography

- (dichloromethane: methanol (v:v)=50:1) to obtain tert-butyl

N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[7-(di
methylsulfamoyl)-2,7-diazaspiro[3.5]nonane-2-carbonyl ]pentylJcarbamoyl]-3-methyl-butyl]a
mino]-2-oxo-ethyl]Jamino]-2-o0xo-ethyl]carbamate (34C) as light yellow solid (240 mg, yield
56%).
Step 4:
(2R)-N-[(1R)-5-amino-1-[7-(dimethylsulfamoyl)-2,7-diazaspiro[3.5]nonane-2-carbonyl]p
entyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phenyl-propanoylJamino]-4-m

ethyl-pentanamide;di-trifluoroacetic acid (compound 34)

J&

Q @Q
\N’S\\
o 2CF;COOH

H2N

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[ 7-(di
methylsulfamoyl)-2,7-diazaspiro[3.5nonane-2-carbonyl jpentyl]carbamoyl]-3-methyl-butylja
mino]-2-oxo-ethylJamino]-2-oxo-ethyl]carbamate (34C) (400 mg, 0.4 mmol) and
trifluoroacetic acid (2mL) were added in a 50 mL reaction flask, and the system was allowed to
react at room temperature for 2 h. The reaction solution was concentrated under reduced
pressure, and the residue was separated and purified by preparative liquid chromatography
(preparation conditions: instrument: Gilson GX-281; column: Xbridge C18, 15030 mm L.D.,
5um; mobile phase: A for ACN and B for H,O; isocratic: A 65%; flow rate: 30 mL /min; back
pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample
preparation: the compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The

preparation was concentrated under reduced pressure to remove most of the solvent, and
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lyophilized to obtain
(2R)-N-[(1R)-5-amino-1-[7-(dimethylsulfamoyl)-2,7-diazaspiro[ 3.5 Jnonane-2-carbonyl]pentyl
1-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phenyl-propanoyl]amino]-4-methyl
-pentanamide di-trifluoroacetic acid (compound 34) as white powder (130 mg, yield 29%).
5 MS nmv/z (ESI):385.3[M+2H]"2;

"TH NMR (400 MHz, D;0) § 7.46 — 7.29 (m, 6H), 7.29 — 7.18 (m, 4H), 4.65 (t, 1H), 4.32 -
3.99 (m, 5H), 3.85 - 3.68 (m, 2H), 3.35 - 3.11 (m, 6H), 3.11 — 2.92 (m, 4H), 2.81 (d, 6H), 1.96
—1.79 (m, 4H), 1.71 (dd, 4H), 1.60 — 1.32 (m, 5H), 0.93 (dd, 6H).

Example 33:
10 (2R)-N-[(1R)-5-amino-1-[7-(dimethylsulfamoyl)-2,7-diazaspiro[3.4]octane-2-carbonyl]pe
ntyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino]-4-me
thyl-pentanamide;di-trifluoroacetic acid (compound 35)

OC/NBOC Step 1 BOCNOCL 0 Step 2 HNOC'\“ 0 Step 3
— \S ~ —_—

< S
HN p ,I‘j/ 6’ ’I‘l/

A 35A

Nj\;/@”j\gjﬁ Step 4 J\/ )7':'\ /U\/Nm/(?
o}

o\\sf Kr C; 2CF,COOH

N
Qs\
S0
—N NHBoc
35C Compound 35
Step 1:
15 tert-butyl 7-(dimethylsulfamoyl)-2,7-diazaspiro[3.4]octane-2-carboxylate (35A)
BOCNOC[‘\] P
S\
¢ |

Tert-butyl 2,7-diazaspiro[3.4]octane-2-carboxylate (A) (0.414 g, 2 mmol), triethylamine
(420 mg, 4.0 mmol) and dichloromethane (7 mL) were added in a 50 mL reaction flask, and it
was dissolved under stirring. After cooling to -10°C, dimethylsulfamoyl chloride (343 mg, 2.4

20  mmol) was added dropwise, and the reaction was allowed to proceed for 10 minutes. Then the
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temperature was raised to room temperature and stirred for 3h. The reaction solution was
quenched with a saturated aqueous sodium bicarbonate solution (10 mL), extracted with ethyl
acetate (5 mL x 3), and the organic phases were combined. The organic phases were dried over
anhydrous sodium sulfate, filtered, and the filtrate was concentrated under reduced pressure.
The residue was separated and purified by silica gel column chromatography (petroleum
ether:ethyl acetate (vivy=4:1) to obtain tert-butyl
7-(dimethylsulfamoyl)-2,7-diazaspiro3.4]octane-2-carboxylate (35A) as light yellow oily
substance (414 mg, yield 0.65%).

MS m/z =320.2[M+H]*;

Step 2:

7-(dimethylsulfamoyl)-2,7-diazaspiro[3.4]octane (35B)

X g

(,)/ S\ll\l/

Tert-butyl 7-(dimethylsulfamoyl)-2,7-diazaspiro[3.4]octane-2-carboxylate (35A) (0.41 g,
1.3 mmol) and dichloromethane (7 mL) were added in a 50 mL reaction flask, and
trifluoroacetic acid (1 mL) was added dropwise at room temperature. After the addition, the
system was allowed to react at room temperature for 3 h. The reaction solution was directly
concentrated under reduced pressure to obtain crude
7-(dimethylsulfamoyl)-2,7-diazaspiro[3.4}octane (35B) as light yellow oily liquid (284 mg,
yield 100%), and used directly in the next reaction.

Step 3:

tert-butyl
N-[(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-(7-dimethylsulfamoyl-2,7-diazaspiro] 3.4 |Joctane-2-carbo
nyl)-5-(tert-butoxycarbonylamino)pentyl]carbamoyl]-3-methyl-butylJamino]-1-benzyl-2-oxo-¢

thyllamino]-1-benzyl-2-oxo-ethylJcarbamate (35C)
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Crude 7-(dimethylsulfamoyl)-2,7-diazaspiro[3.4]octane (35B) (284mg, 1.3 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide  hydrochloride (384 mg, 2 mmol),
1-hydroxybenzotriazole (270mg, 2 mmol), intermediate 1 (400mg, 0.53 mmol) and
dichloromethane (30 mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 5 h. The reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by silica gel column
chromatography (petroleum ecther:ethyl acetate (v:iv)=1:2) to obtain tert-butyl
N-[(1R)-2-[[(1R)-1-[[(1R)~1~(7-acetyl-2,7-diazaspiro[3.4]octane-2-carbonyl)-5(tert-butoxycarb
onylamino)pentyljcarbamoyl]-3-methyl-butyl]amino]-1-benzyl-2-oxo-ethylJamino]-1-benzyl-2
oxo-ethyljcarbamate (35C) as white solid (201 mg, yield 39.7%).

Step 4:

(2R)-N-[(1R)-5-amino-1-[7-(dimethylsulfamoyl)-2,7-diazaspiro[3.4]octane-2-carbonyl]pe
ntyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl}amino]-3-phenyl-propanoyl]amino]-4-me

thyl-pentanamide;di-trifluoroacetic acid (compound 35)

ETeSTYe

Ox s’ (( C; 2CF,COOH
/
N

H Compound 35

Tert-butyl
N-[(1R)-2-[[(1R)-1-[[(1R)-1-(7-acetyl-2,7-diazaspiro[ 3.4]octane-2-carbonyl)-5(tert-butoxycarb
onylamino)pentyl Jcarbamoyl]-3-methyl-butyl]Jamino]-1-benzyl-2-oxo-ethyl Jamino]-1-benzyl-2
oxo-ethyl]carbamate (35C) (201 mg, 0.17 mmol) and trifluoroacetic acid (2 mL) were added in
a 50 mL reaction flask, and the system was allowed to react at room temperature for 2 h. The
reaction solution was concentrated under reduced pressure, and the residue was separated and
purified by preparative liquid chromatography (preparation conditions: instrument: Gilson
GX-281; column: Xbridge C18, 150x30 mm I.D., Sum; mobile phase: A for ACN and B for
H,0; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000 PSI; column temperature:

30°C; wavelength: 210 nm; period: 18min; sample preparation: the compound dissolved in 12
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ml methanol; injection: 0.9 ml/needle). The preparation was concentrated under reduced
pressure to remove most of the solvent, and lyophilized to obtain
(2R)-N-[(1R)-5-amino-1-(7-(dimethylsulfamoyl)-2,7-diazaspiro[ 3.4 ]octane-2-carbonyl]pentyl]
-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoylJamino]-4-methyl-
pentanamide di-trifluoroacetic acid (compound 35) as white powder (115 mg, yield 89.7%).

MS m/z =378.3[M+2H]"/2;

'H NMR (400 MHz, D;0) § 7.46-7.29 (m, 10H), 4.71 (t, 1H), 4.38 — 4.21 (m, 5H),
4.07-4.05 (m, 2H), 3.60-3.46 (m, 4H), 3.23-3.05 (m, 6H), 2.9-2.89 (d, 6H), 2.32-2.26(m,
2H)1.8-1.59 (m, 9H), 1.02-0.96 (dd, 6H).

Example 34:
(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoyl]amino]-
N-[(1R)-5-amino-1-(2-piperazin-1-yl-7-azaspiro[3.5]nonane-7-carbonyl)pentyl]-4-methyl-pent

anamide; tetra-trifluoroacetic acid(compound 36)

Step 1 I\ Step 2 /\
BocNC><>:o BocNC><}N NCbz — P < HN%N NCbz Step3

C 36, 36l

N

N,

NHBoc NHBoc
36D

Csz

S Y =S Ja

4CF4COOH

Eeray>

NH2
Compound 36

Step 1:

tert-butyl2-(4-benzyloxycarbonylpiperazin-1-yl)-7-azaspiro[3.5nonane-7-carboxylate

O]
BocN N NCbz
n_/

(36A)
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Tert-butyl  2-oxo-7-azaspiro[3.5]nonane-7-carboxylate (C) (0.478 g, 2 mmol),
benzyl-1-piperazine carbonate (440 mg, 2 mmol), acetic acid (120 mg, 2.0 mmol) and
dichloroethane (7 mL) were added in a 50 mL reaction flask, and the system was stirred for
half an hour. Sodium triacetoxyborohydride (0.636g, 3mmol) was added and the resultant
reacted for Sh. The reaction system was quenched with water (10 mL), extracted with ethyl
acetate (5 mL x 3), and the organic phases were combined. The organic phases were dried over
anhydrous sodium sulfate, filtered, and the filtrate was concentrated under reduced pressure.
The residue was separated and purified by silica gel column chromatography (petroleum
ether:ethyl acetate (vivy=4:1) to obtain tert-butyl
2-(4-benzyloxycarbonylpiperazin-1-yi)-7-azaspiro[3.5]nonane-7-carboxylate (36A) as light
yellow oily substance (450mg, yield 50.79%).

MS m/z =444 2[M+H]";

Step 2:

benzyl 4-(7-azaspiro[3.5]nonan-2-yl)piperazine-1-carboxylate (36B)

HN/\:><>N NCb
Z
_/

Tert-butyl  2-(4-benzyloxycarbonylpiperazin-1-yl)-7-azaspiro[3.5]nonane-7-carboxylate
(36A) (0.45 g, 1.20 mmol) and dichloromethane (7 mL) were added in a 50 mL reaction flask,
and trifluoroacetic acid (ImL) was added dropwise at room temperature. After the addition, the
system was allowed to react at room temperature for 3 h. The reaction solution was directly
concentrated under reduced pressuré to obtain crude benzyl
4-(7-azaspiro[3.5|nonane-2-yl)piperazine-1-carboxylate (36B) as light yellow oily liquid (411
mg, yield 100%), and used directly in the next reaction.

Step 3: benzyl
4-[7-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxycarbonylam
ino)-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino]-4-methyl-pentanoyl]amino]hexa

noyl]-7-azaspiro[3.5]nonan-2-ylpiperazine-1-carboxylate (36C)
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s e

NHBoc

CbzN

Crude benzyl 4-(7-azaspiro[3.5]nonane-2-yl)piperazine-1-carboxylate (36B) (411 mg, 1.2
mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (384 mg, 2 mmol),
1-hydroxybenzotriazole (270 mg, 2 mmol), intermediate 1 (400 mg, 0.53 mmol) and

5  dichloromethane (30 mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 5 h. The reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by silica gel column
chromatography (petroleum ether:ethyl acetate (viv)y=1:2) to obtain
benzyl4-[7-[(2R)-6-(tert-butoxycarbonylamino)-2-{[(2R)-2-[[(2R)-2-[[(2R)-2(tert-butoxycarb

10 onylamino)-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino]-4-methylpentanoyl]amin
o]hexanoyl]-7-azaspiro[3.5]nonane-2-yl|piperazine- 1-carboxylate (36C) as white solid (300mg,
yield 52.4%).
Step 4:
tert-butyl
15 N-[(IR)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(2-pip
erazin-1-yl-7-azaspiro[3.5]nonane-7-carbonyl)pentyl]carbamoyl]-3-methyl-butylJamino]-2-ox

o-ethylJamino]-2-oxo-ethyl]carbamate (36D)

oS fal>

NHBoc

HN S

Benzyl
20  4-[7-[(2R)-6-(tert-butoxycarbonylamino)-2-[[(2R)-2-[[(2R)-2-[[(2R)-2-(tert-butoxycarbonylam
ino)-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino]-4-methylpentanoyl]amino]hexan

oyl]-7-azaspiro[3.5]nonane-2-yl|piperazine-1-carboxylate (36C) (300 mg, 0.27 mmol) and



10

15

20

25

CA 03069820 2020-01-14

153

methanol (5 mL), and Pd/C(30 mg) were added in a 50 mL reaction flask, and the system was
allowed to react at room temperature for 4 h under a hydrogen atmosphere. The reaction
solution was filtered through diatomite, and concentrated under reduced pressure to obtain
tert-butyl |
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(2-pip
erazine-1-yl-7-azaspiro[3.5]nonane-7-carbonyl)pentyl]carbamoyl]-3-methyl-butylJamino]-2-ox
o-ethyl]amino]}-2-oxo-ethyl]carbamate (36D) (255 mg, 100%) and used directly in the next
step.

Step 5:

(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoyl]amino]-
N-[(1R)-5-amino-1-(2-piperazin-1-yl-7-azaspiro[3.5]nonane-7-carbonyl)pentyl]-4-methyl-pent

anamide tetra-trifluoroacetic acid (compound 36)

QDO PERNGY

4CF3;COOH

NH2 Compound 36

Crude tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5~(tert-butoxycarbonylamino)-1-(2-pip
erazine-1-yl-7-azaspiro[3.5]nonane-7-carbonyl)pentyl|carbamoy!]-3-methyl-butyl Jamino]-2-ox
o-ethyl]amino]-2-oxo-ethyl]jcarbamate (36D) (255 mg, 0.27 mmol) and trifluoroacetic acid (2
mL) were added in a 50 mL reaction flask, and the system was allowed to react at room
temperature for 2 h. The reaction solution was concentrated under reduced pressure, and the
residue was separated and purified by preparative liquid chromatography (preparation
conditions: instrument: Gilson GX-281; column: Xbridge C18, 15030 mm 1.D., Sum; mobile
phase: A for ACN and B for H>O; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000
PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample preparation: the
compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The preparation was
concentrated under reduced pressure to remove most of the solvent, and lyophilized to

obtain
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(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoyl]Jamino}-N-[(
1R)-5-amino-1-(2-piperazine-1-yl-7-azaspiro[ 3.5 Jnonane-7-carbonyl)pentyl ]-4-methyl-pentana
midetetra-trifluoroacetic acid (compound 36) as white powder (160 mg, yield 77.6%).
MS m/z =373.4[M+2H]"/2;
5 "H NMR (400 MHz, D;0) § 7.47-7.30 (m, 10H), 4.71 (t, 1H), 4.36 — 4.29 (m, 2H),
3.90-3.86 (m, 1H), 3.85-3.24 (m, 12H), 3.23-3.04 (m, 6H), 2.52-2.44 (m, 2H),
2.14-2.12(m,2H),1.77-1.47(m, 14H), 1.03-0.96 (dd, 6H).

Example 35:
(2R)-N-[(1R)-5~amino-1-[7-[(2R)-2-amino-3-phenyl-propanoyl]-2,7-diazaspiro[3.5}nona
10 ne-2-carbonyl]pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propa

noylJamino]-4-methyl-pentanamide; tri-triﬂuoroacetic acid (compound 37)
Boc

Step 1 Step 2 Step3
[— —_——
)INHCbz )W\NHCDZ

Ph Ph

6A 37A 378

CszN/\n/OC/ (f @

NHBoc

Nﬁ\n/
NH\n/
NH2 3CF,CO0H
NHBOC Compound 37
37D
Step 1:
tert-butyl

15 7-[(2R)-2-(benzyloxycarbonylamino)-3-phenyl-propanoyl]-2,7-diazaspiro[3.5]nonane-2-carbo
xylate (37A)
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Boc
N

N

+NHCb.
O;I .

Ph

37A

Tert-butyl 2,7-diazaspiro[3.5]nonane-2-carboxylate (6A) (83 mg, 0.35 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (80 mg, 0.42 mmol),
1-hydroxybenzotriazole (57 mg, 0.42 mmol),
(2R)-2-(benzyloxycarbonylamino)-3-phenyl-propancic acid (105 mg, 0.35 mmol) and
dichloromethane (30 mL) were added in a 50 mL reaction flask, and the system was allowed to
react at room temperature for 5 h. The reaction solution was concentrated under reduced
pressure, and the residue was separated and purified by silica gel column chromatography
(dichloromethane: methanol (v:v)=50:1) to obtain tert-butyl
7-[(2R)-2-(benzyloxycarbonylamino)-3-phenyl-propanoyl]-2,7-diazaspiro[ 3.5 ]nonane-2-carbo
xylate (37A) as white solid (177 mg, yield 80%).

Step 2:
Benzyl N-[(1R)-1-benzyl-2-(2,7-diazaspiro[3.5]nonan-7-yl)-2-oxo0-ethyl|carbamate (37B)

H

N

N

O)TNHCbz
Ph
37B

Tert-butyl
7-[(2R)-2-(benzyloxycarbonylamino)-3-phenyl-propanoyl]-2,7-diazaspiro[ 3.5 ]nonane-2-carbo
xylate (37A)(177mg, 0.35mmol) and dichloromethane (20 mL) were added in a 50 mL reaction

flask, and trifluoroacetic acid (2mL) was added dropwise at room temperature. After the
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addition, the system was allowed to react at room temperature for 3 h. The reaction solution
was directly concentrated under reduced pressure to obtain benzyl
N-[(1R)-1-benzyl-2-(2,7-diazaspiro[3.5]nonan-7-yl)-2-oxo-ethyl Jcarbamate (37B) as yellow
oily liquid (143 mg, yield 100%), and used directly in the next reaction.

Step 3:

tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-1-[7-[(2R)-2-(benzyloxycarbonylamino
)-3-phenyl-propanoyl]-2,7-diazaspiro[3.5 Jnonane-2-carbonyl]-5-(tert-butoxycarbonylamino)pe

ntyl]carbamoyl]-3-methyl-butyl]Jamino]-2-oxo0-ethylJamino]-2-oxo-ethyl]carbamate (37C)

RN s
It

CszNj\n/N
0

NHBoc

Benzyl N-[(1R)-1-benzyl-2-(2,7-diazaspiro[3.5]nonan-7-yl)-2-oxo-ethyl]carbamate (37B)
(143 mg, 0.35 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (80 mg,
0.42 mmol), 1-hydroxybenzotriazole (57 mg, 0.42mmol), intermediate 1 (264 mg, 0.35 mmol)
and dichloromethane (30 mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 5 h. The reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by silica gel column
chromatography  (dichloromethane: methanol  (v:v)=50:1) to obtain tert-butyl
(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-1-[7-[(2R)-2-(benzyloxycarbonylamino)-3-
phenyl-propanoyl]-2,7-diazaspiro[3.5]nonane-2-carbonyl]-5-(tert-butoxycarbonylamino)pentyl
Jcarbamoyl]-3-methyl-butylJamino]-2-oxo-ethylJ]amino]-2-oxo-ethyl]carbamate (37C) as white
solid (400 mg, yield 99%).

Step 4:

tert-butyl

N-[(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-[7-[(2R)-2-amino~-3-phenyl-propanoyl]-2,7-diazaspiro[3.
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5]nonane-2-carbonyl]-5-(tert-butoxycarbonylamino)pentyl]carbamoyl ]-3-methyl-butyl]Jamino]

-1-benzyl-2-oxo-ethyl Jamino]-1-benzyl-2-oxo-ethylJcarbamate (37D)

J@il km/'\/©

NHBoc

/
NH\“/

Tert-butyl(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-1-[7-[(2R)-2-(benzyloxycar
5  bonylamino)-3-phenyl-propanoyl]-2,7-diazaspiro[3.5]nonane-2-carbonyl]-5-(tert-butoxycarbo
nylamino)pentyl]carbamoyl]-3-methyl-butylJamino]-2-oxo-ethyl]Jamino]-2-oxo-ethyl]carbamat
e (37C) (400 mg, 0.35mmol), palladium on carbon (80 mg, 20wt%l) and methanol (20mL)
were added in a 50 mL single-necked flask. The atmosphere was replaced with hydrogen 3
times, and the mixture reacted at room temperature for 3 h under a hydrogen (balloon)
10  atmosphere. The reaction solution was filtered through diatomite, and the filtrate was
concentrated under reduced pressure to obtain crude tert-butyl
(IR)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-[7-[(2R)-2-amino-3-phenyl-propanoyl]-2,7-diazaspiro[3.5]n
onane-2-carbonyl]-5-(tert-butoxycarbonylamino)pentyl]carbamoyl]-3-methyl-butylJamino]-1-
benzyl-2-oxo-ethyl]Jamino]-1-benzyl-2-oxo-ethyl]carbamate (37D) as light yellow solid (353
15 mg, yield 100%), and used directly in the next reaction.
Step 5:
(2R)-N-[(1R)-5-amino-1-[7-[(2R)-2-amino-3-phenyl-propanoyl]-2,7-diazaspiro[3.5]nona
ne-2-carbonyl]pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propa

noylJamino]-4-methyl-pentanamide tri-trifluoroacetic acid (compound 37)

Qw?

NH2 3CF;COOH

N'jz\ﬂ/

o]

20 Compound 37
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Tert-butyl
(1R)-2-[[(1R)-2-{[(1R)-1-[[(1R)-1 -[7-[(2R)-2-amino-3-phenyl-pfopanoyl]-2,7-diazaspiro [3.5]n
onane-2-carbonyl]-5-(tert-butoxycarbonyl)pentyl]carbamoyl]-3-methyl-butylJamino]-1-benzyl
-2-ox0-ethyl]Jamino]-1-benzyl-2-oxo-ethyl]carbamate (37D)(353mg, 0.35 mmol) and
trifluoroacetic acid (2 mL) were added in a 50 mL reaction flask, and the system was allowed
to react at room temperature for 2 h. The reaction solution was concentrated under reduced
pressure, and the residue was separated and purified by preparative liquid chromatography
(preparation conditions: instrument: Gilson GX-281; column: Xbridge C18, 150x30 mm LD.,
5um; mobile phase: A for ACN and B for H,O; isocratic: A 65%; flow rate: 30 mL /min; back
pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample
preparation: the compound dissolved in 12 th methanol; injection: 0.9 mL/needle). The
preparation was concentrated under reduced pressure to remove most of the solvent, and
lyophilized to obtain
(2R)-N-[(1R)-5-amino-1-[7-[(2R)-2-amino-3-phenyl-propanoyl]-2,7-diazaspiro[ 3.5 nonane-2-
carbonyl]pentyl]-2-{[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phenyl-propanoyl]a
mino]-4-methyl-pentanamide; tri-trifluoroacetic acid (compound 37) as white powder (282 mg,
yield 70%).

MS m/z =405.3 [M+2H]" /2;

IH NMR (400 MHz, D20) 8 7.52 — 7.09 (m, 15H), 4.78-4.74 ( m,1H ) ,4.64-4.58 ( m ,
1H), 4.26-4.19 (m, 2H), 4.15 — 3.96 (m, 3H), 3.83 (d, 1H), 3.71-3.63 (m, 1H), 3.59-3.50(m,
1H)3.43 —2.90 (m, 11H), 1.90 — 1.18 (m, 13H), 0.98 — 0.80 (m, 6H).

Example 36:
(2R)-N-[(1R)-5-amino-1-[7-[(2R)-2-amino-4-methyl-pentanoyl]-2,7-diazaspiro[3.5]nonane-2-
carbonyl]pentyl]-2-{[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino}-3-phenyl-propanoyl]a

mino]-4-methyl-pentanamide; tri-trifluoroacetic acid (compound 38)
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3 %o@*"?gﬁe

Step 1 Step 2 Step3

. )\gqjcnz )\gict:z e N/,_;\g J
J\/Nj‘/g@ StepS /U\/ ;‘S\ /U\/Nm/p
Step4 >k OC/ é\ NHBoc

H/ C; * 3CF3COCH

380 Compound 38

ZI

NHz o
NHBOC

Step 1
tert-butyl 7-[(2R)-2-(benzyloxycarbonylamino)-4-methyl-pentanoyl]-2,7-diazaspiro[3.5]

nonane-2-carboxylate (38A)

NHCbz

38A

Tert-butyl ~ 2,7-diazaspiro[3.5]nonane-2-carboxylate ~ (6A) (93mg,  0.41mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide  hydrochloride (94mg, 0.49 mmol),
1-hydroxybenzotriazole (66 mg, 0.49 mmol), (2R)-2-(benzyloxycarbonylamino)propanoic acid
(446 mg, 2.0 mmol) and dichloromethane (10 mL) were added in a 50 mL reaction flask, and
the system was allowed to react at room temperature for 5 h. The reaction solution was
concentrated under reduced pressure, and the residue was separated and purified by silica gel
column chromatography (dichloromethane: methanol (v:v)=50:1) to obtain tert-butyl
7-[(2R)-2-(benzyloxycarbonylamino)-4-methyl-pentanoyl]-2,7-diazaspiro[3.5]nonane-2-carbo
xylate (38A) as white solid (175 mg, yield 90%).

Step 2

benzyl N-[(1R)-1-(2,7-diazaspiro[3.5]nonane-7-carbonyl)-3-methyl-butylJcarbamate

(38B)
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H
%
N

38B

Tert-butyl
7-[(2R)-2-(benzyloxycarbonylamino)-4-methyl-pentanoyl]-2,7-diazaspiro[3.5]nonane-2-carbo
xylate (38A)(175mg, 0.37mmol) and dichloromethane (20 mL) were added in a 50 mL reaction
flask, and trifluoroacetic acid (2mL) was added dropwise at room temperature. After the
addition, the system was allowed to react at room temperature for 3 h. The reaction solution
was directly concentrated under reduced pressure to obtain benzyl
N-[(1R)-1~(2,7-diazaspiro[3.5]nonane-7-carbony!)-3-methyl-butyl]carbamate (38B) as yellow
oily liquid (138mg, yield 100%), and used directly in the next reaction.

Step 3

tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-1-[7-[(2R)-2-(benzyloxycarbonylamino
)-4-methyl-pentanoyl]-2,7-diazaspiro[3.5]nonane-2-carbonyl]-5-(tert-butoxycarbonylamino)pe

ntyl]carbamoyl]-3-methyl-butyl]Jamino]-2-oxo-ethyl]amino]-2-oxo-ethyl]carbamate (38C)

NI,

Benzyl N-[(1R)-1-(2,7-diazaspiro[3.5]nonane-7-carbonyl)-3-methyl-butylJcarbamate
(38B) (138mg, 0.37 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride(84
mg, 0.44 mmol), 1-hydroxybenzotriazole(59 mg, 0.44 mmol), intermediate 1 (279 mg, 0.37
mmol) and dichloromethane (30mL) were added in a 50 mL single-necked flask, and the
system was allowed to react at room temperature for 5 h. The reaction solution was

concentrated under reduced pressure, and the residue was separated and purified by silica gel
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column chromatography (dichloromethane: methanol(v:v)=50:1) to obtain tert-butyl
(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-1-[7-[(2R)-2-(benzyloxycarbonylamino)-4-
methyl-pentanoyl]-2,7-diazaspiro[3.5]nonane-2-carbonyl]-5-(tert-butoxycarbonylamino)pentyl
Jcarbamoyl]-3-methyl-butyl]Jamino]-2-0xo-ethylJamino]-2-oxo-ethyl]carbamate (38C) as white
solid (366 mg, yield 90%).

Step 4:

tert-butyl
N-[(1R)-2-[[(1R)-2-[[(1R)-1-[[(1R)-1-[7-[(2R)-2-amino-4-methyl-pentanoyl]-2,7-diazaspiro[ 3.
S]nonane-2-carbonyl]-5-(tert-butoxycarbonylamino)pentyljcarbamoyl]-3-methyl-butylJamino]

-1-benzyl-2-oxo-ethylJamino]-1-benzyl-2-oxo-ethyl|carbamate (38D)

NH, o
NHBoc

Tert-butyl(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-1-[7-[(2R)-2-(benzyloxycar
bonylamino)-4-methyl-pentanoyl]-2,7-diazaspiro[3.5]nonane-2-carbonyl]-5-(tert-butoxycarbon
ylamino)pentyl]carbamoyl]-3-methyl-butyl]Jamino]-2-oxo-ethylJamino]-2-oxo-¢ethyl]carbamate
(38C)(366 mg, 0.33mmol), palladium on carbon (73 mg, 20wt%l) and methanol (20mL) were
added in a 50 mL single-necked flask. The atmosphere was replaced with hydrogen 3 times,
and the mixture reacted at room temperature for 3 h under a hydrogen atmosphere. The
reaction solution was filtered through diatomite, and the filtrate was concentrated under
reduced pressure to obtain crude
(1R)-2-[(1R)-2-[[(1R)-1-[[(1R)-1-[7-[(2R)-2-amino-4-methyl-pentanoyl]-2,7-diazaspiro[3.5]no
nane-2-carbonyl]-5-(tert-butoxycarbonyl)pentylJcarbamoyl]-3-methyl-butyl]amino}-1-benzyl-
2-oxo-ethylJamino]-1-benzyl-2-oxo-ethyl]tert-butyl carbamate (38D) as light yellow solid (322
mg, yield 100%), and used directly in the next reaction.

Step 5:
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(2R)-N-[(1R)-5-amino-1-[7-[(2R)-2-amino-4-methyl-pentanoyl]-2,7-diazaspiro[3.5]nonan
e-2-carbonyl]pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propan

oyl]amino]-4-methyl-pentanamide; tri-trifluoroacetic acid (compound 38)

R RPN o

NH2 Y H/ @ ¢ 3CF;COOH

H; Compound 38

Tert-butyl(1R)-2-[(1R)-2-[[(1R)-1-[[(1R)-1-[7-[(2R)-2-amino-4-methyl-pentanoyl]-2,7-di
azaspiro[3.5]nonane-2-carbonyl]-5-(tert-butoxycarbonyl)pentyl jcarbamoyl]-3-methyl-butyl]am
ino]-1-benzyl-2-oxo-ethyl]amino]-1-benzyl-2-oxo-ethyl]carbamate (38D) (322mg, 0.33 mmol)
and trifluoroacetic acid (2 mL) were added in a 50 mL reaction flask, and the system was
allowed to react at room temperature for 2 h. The reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by preparative liquid
chromatography (preparation conditions: instrument: Gilson GX-281; column: Xbridge C18,
150x30 mm L.D., 5um; mobile phase: A for ACN and B for HO; isocratic: A 65%; flow rate:
30 mL /min; back pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period:
18min; sample preparation: the compound dissolved in 12 mL methanol; injection: 0.9
mL/needle). The preparation was concentrated under reduced pressure to remove most of
the solvent, and lyophilized to obtain
(2R)-N-[(1R)-5-amino-1-[7-[(2R)-2-amino-4-methyl-pentanoyl]-2,7-diazaspiro[3.5|nonane-2-
carbonyl]pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]a

mino]-4-methyl-pentanamide; tri-trifluoroacetic acid (compound 38) as white powder (240 mg,

yield 65%).

MS m/z =388.3 [M+2H]" /2;

'H NMR (400 MHz, D20) § 7.44 — 7.14 (m, 10H), 4.61 (t, 1H), 4.50 — 4.42 (m, 1H), 4.28
—4.02 (m, SH), 3.83 — 3.70 (m, 2H), 3.66 — 3.36 (m, 4H), 3.14 (t, 2H), 2.97 (t, 4H), 1.94 — 1.64
(m, 10H), 1.54-1.30(m, 6H), 1.01-0.81 (m, 12H).

Example 37:
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(2R)-N-[(1R)-5-amino-1-[2-(cyclopropanecarbonyl)-2,7-diazaspiro[ 3.5]nonane-7-carbony
1Tpentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl}amino]-4

-methyl-pentanamide; di-trifluoroacetic acid (compound 39)

o)
o) M
J N0 NH
N7 O Step 1 Step 2
—_— 0-__N Step 3
—— 0N
HN I _—

39B

@Q (r I @ T

2CF3COOH

6C 39A
2 g 2 H
/p/lj\_/'\;b\nj\./hlﬁc Stop 4
o] S0
O N e
1L © ;
NHBoc I

39C NH2

Compound 39

Step 1:

benzyl 2-(cyclopropanecarbonyl)-2,7-diazaspiro|3.5]nonane-7-carboxylate (39A)
o]

N eaac
L

Benzyl 2,7-diazaspiro[3.5]nonane-7-carboxylate (6C) (390 mg, 1.5 mmol),
10  1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochioride (760 mg, 4.9 mmol),
1-hydroxybenzotriazole (300 mg, 2.0 mmol), cyclopropylcarboxylic acid (172 mg, 2.0 mmol)
and dichloromethane (50 mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 5 h. The reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by silica gel column
15 chromatography (dichloromethane: methanol(v:v)=50:1) to obtain benzyl
2-(cyclopropanecarbonyl)-2,7-diazaspiro[3.5]nonane-7-carboxylate (39A) as light yellow oily
substance (320 mg, yield 65%).
Step 2:
cyclopropyl(2,7-diazaspiro[3.5]nonan-2-yl)methanone (39B)
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WX,
O
398

Benzyl 2-(cyclopropanecarbonyl)-2,7-diazaspiro[3.5]nonane-7-carboxylate (39A) (320
mg, 0.97 mmol), palladium on carbon (64 mg, 20wt%Il) and methanol (10mL) were added in a
50 mL single-necked flask. The atmosphere was replaced with hydrogen 3 times, and reacted
at room temperature for 3 h under a hydrogen (balloon) atmosphere. The reaction solution was
filtered through diatomite, and the filtrate was concentrated under reduced pressure to obtain
crude cyclopropyl(2,7-diazaspiro[3.5]nonan-2-yl)methanone (39B) as light yellow solid
(189mg, yield 100%), and used directly in the next reaction.

Step 3:

tert-butyl N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxy
carbonylamino)-1-[2-(cyclopropanecarbonyl)-2,7-diazaspiro[3.5]nonane-7-carbonylpentyl]car

bamoyl]-3-methyl-butyl]amino]-2-oxo-ethyl]amino]-2-oxo-ethyl]carbamate (39C)

176/ &

Crude cyclopropyl(2,7-diazaspiro[3.5]nonan-2-yl)methanone (39B) (189 mg, 0.75 mmol),

39C

1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (216 mg, 1.13 mmol),
1-hydroxybenzotriazole (122 mg, 0.9 mmol), intermediate 1 (565 mg, 0.75 mmol) and
dichloromethane (30mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 5 h. The reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by silica gel column
chromatography  (petroleum ether:ethyl —acetate (v:v)=1:2) to obtain tert-butyl
N-[(IR)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5~(tert-butoxycarbonylamino)-1-[2-(cy
clopropanecarbonyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyl]carbamoyl]-3-methyl-butyl]

amino]-2-oxo-ethylJamino]-2-oxo-ethyl]carbamate (39C) as light yellow solid (410 mg, yield
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45%).
Step 4:
(2R)-N-[(1R)-5-amino-1-[2-(cyclopropanecarbonyl)-2,7-diazaspiro[3.5]nonane-7-carbony
1Jpentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoylJamino]-4

-methyl-pentanamide;di-trifluoroacetic acid (compound 39)

o o
N/K:_/N NJ\E/N .
s

I 2CFCOOH
NH,

Compound 39

H,

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-(cy
clopropanecarbonyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyl]carbamoyl]-3-methyl-butyl]
amino]-2-oxo-ethylJamino]-2-oxo-ethyl]carbamate (39C) (410 mg, 0.44 mmol) and
trifluoroacetic acid (2mL) were added in a 50 mL reaction flask, and the system was allowed to
react at room temperature for 2 h. The reaction solution was concentrated under reduced
pressure, and the residue was separated and purified by preparative liquid chromatography
(preparation conditions: instrument: Gilson GX-281; column: Xbridge C18, 15030 mm LD.,
5um; mobile phase: A for ACN and B for HO; isocratic: A 65%; flow rate: 30 mL /min; back
pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample
preparation: the compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The
preparation was concentrated under reduced pressure to remove most of the solvent, and
lyophilized to obtain
(2R)-N-[(1R)-5-amino-1-[2-(cyclopropanecarbonyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pe
ntyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyllamino]-4-me
thyl-pentanamide; di-trifluoroacetic acid (compound 39) as white powder (330 mg, yield
78%).

MS m/z =365.8 [M+2H]" /2;

"H NMR (400 MHz, D>0) 8 7.45-7.18 (m, 10H), 4.66 (t, 1H), 4.26 (dt, 2H), 4.13 (d, 2H),
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3.78 (d, 2H), 3.71-3.61 (m, 2H), 3.56-3.45 (m, 1H), 3.42-3.31 (m, 1H), 3.18 (d, 2H), 3.10-2.93
(m, 4H), 1.99 — 1.30 (m, 15H), 1.01-0.77 (m, 10H).

Example 38:
(2R)-N-[(1R)-5-amino-1-[7-(cyclopropanecarbonyl)-2,7-diazaspiro[3.5]nonane-2-carbony
5 llpentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phenyl-propanoylJamino]-4

-methyl-pentanamide; di-trifluoroacetic acid (compound 40)

0 (o]
Step 2
NBoc N Step 3
Step 1 N HN _— -
——— » BocN
HN

6A 40A 40B

Step 4

Jock?k%%xockﬁk%
H/ ©/ hﬁ/ ©/ch3000|4

40C Compound 40

NHBoc

Step 1:
tert-butyl 7-(cyclopropanecarbonyl)-2,7-diazaspiro[3.5]nonane-2-carboxylate (40A)
o
N
BocN

10 40A

Tert-butyl  2,7-diazaspiro[3.5]nonane-2-carboxylate (6A) (0.453 g, 2.0 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (767 mg, 4.0 mmol),
1-hydroxybenzotriazole (324 mg, 2.4 mmol), cyclopropylcarboxylic acid (176 mg, 2.2 mmol)
and dichloromethane (S0mL) were added in a 50 mL single-necked flask, and the system was

15  allowed to react at room temperature for 5 h. The reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by silica gel column
chromatography  (dichloromethane: — methanol  (v:v)=50:1) to obtain tert-butyl
7-(cyclopropanecarbonyl)-2,7-diazaspiro[3.5nonane-2-carboxylate (40A) as light yellow oily
substance (590 mg, yield 96%).

20 'H NMR (400 MHz, CDCls) & 3.68 (s, 4H), 3.62 — 3.52 (m, 4H), 1.81 — 1.69 (m, 5H),
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1.45 (s, 9H), 1.00 — 0.93 (m, 2H), 0.78 — 0.71 (m, 2H).
Step 2:
cyclopropyl(2,7-diazaspiro[3.5]nonan-7-yl)methanone (40B)

o]
N
HN
40B

Tert-butyl 7-(cyclopropanecarbonyl)-2,7-diazaspiro[3.5]nonane-2-carboxylate (40A)(0.25
g, 0.83 mmol) and dichloromethane (7 mL) were added in a 50 mL reaction flask, and
trifluoroacetic acid (1 mL) was added dropwise at room temperature. After the addition, the
system was allowed to react at room temperature for 3 h. The reaction solution was directly
concentrated under reduced pressure to obtain crude
cyclopropyl(2,7-diazaspiro[3.5]nonan-7-yl)methanone (40B) as yellow oily liquid (161 mg,
yield 100%), and used directly in the next reaction.

Step 3:

tert-butyl N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxy
carbonylamino)-1-[7-(cyclopropanecarbonyl)-2,7-diazaspiro[3.5]nonane-2-carbonyl]pentyl]car

bamoyl]-3-methyl-butyl]Jamino]-2-oxo-ethylJamino]-2-oxo-ethyljcarbamate (40C)

o k? o

NHBOC

Crude (2,7-diazaspiro[3.5]nonan-7-yl)methanone (40B) (0.16 g, 0.83 mmol) |,
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (239 mg, 1.25 mmol),
1-hydroxybenzotriazole (135 mg, 1.0 mmol), intermediate 1 (625 mg, 0.83 mmol) and
dichloromethane (50mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 5 h. The reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by silica gel column

chromatography ~ (dichloromethane:  methanol  (v:v)=50:1) to obtain tert-butyl
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N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[ 7-(cy
clopropanecarbonyl)-2,7-diazaspiro[3.5]nonane-2-carbonyl ]pentyl]carbamoyl]-3-methyl-butyl]
amino]-2-oxo-ethylJamino]-2-oxo-ethyl]carbamate (40C) as light yellow solid (700 mg, yield
90%).
Step 4:
(2R)-N-[(1R)-5-amino-1-[7-(cyclopropanecarbonyl)-2,7-diazaspiro[3.5]nonane-2-carbony
1]pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]Jamino]-3-phenyl-propanoyl]amino]-4

-methyl-pentanamide;di-trifluoroacetic acid (compound 40)

o)
N ? H Y
QCN&” e
-0 > 0
H/ ©/20F3COOH

Compound 40

NH,

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[ 7-(cy
clopropanecarbonyl)-2,7-diazaspiro[3.5]nonane-2-carbonyl]pentyl]carbamoyl]-3-methyl-butyl]
amino]-2-oxo-ethyl]lamino]-2-oxo-ethyl]carbamate (40C) (700 mg, 0.75 mmol) and
trifluoroacetic acid (3 mL) were added in a 50 mL reaction flask, and the system was allowed
to react at room temperature for 2 h. The reaction solution was concentrated under reduced
pressure, and the residue was separated and purified by preparative liquid chromatography
(preparation conditions: instrument: Gilson GX-281; column: Xbridge C18, 150x30 mm LD.,
5um; mobile phase: A for ACN and B for H>O; isocratic: A 65%; flow rate: 30 mL /min; back
pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample
preparétion: the compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The
preparation was concentrated under reduced pressure to remove most of the solvent, and
lyophilized to obtain
(2R)-N-[(1R)-5-amino-1-[7-(cyclopropanecarbonyl)-2,7-diazaspiro[3.5Jnonane-2-carbonyl]pe
ntyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino]-4-me

thyl-pentanamide di-trifluoroacetic acid (compound 40) as white powder (200 mg, yield 28%).
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MS m/z =365.8 [M+2H]" /2;

'H NMR (400 MHz, D,0) § 7.40 —7.17 (m, 10H), 4.62 (t, 1H), 4.32-4.00 (m, 5H),
3.82-3.60 (m, 4H), 3.48 (br, 2H), 3.23 — 3.08 (m, 2H), 3.07-2.91 (m, 4H), 2.01 — 1.61 (m, 9H),
1.58 — 1.27 (m, SH), 0.97 — 0.67 (m, 10H).

5 Example 39:
(2R)-N-[(1R)-5-amino-1-[2-[(2R)-2-amino-3-phenyl-propanoyl]-2,7-diazaspiro[3.5]nona
ne-7-carbonyl]pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl Jamino]-3-phenyl-propa

noyl]amino]-4-methyl-pentanamide; tri-trifluoroacetic acid (compound 41)

o]
74 Ste
Step 1 Step2 P
CszQC J\/NHBW \© _—
HN \@

6C 41A 418
J\,)m)\)k/ lNHBOC @ @QJV)Q Jvil
@\ Step4
/\\(
Bocr NHBOC 3CF3CO0H
41C Compound 41
10 Step 1:

benzyl  2-[(2R)-2-(tert-butoxycarbonylamino)-3-phenyl-propanoyl]-2,7-diazaspiro[3.5]

(]
CszC><>NJ\E/NHBOC
41A \©

Benzyl 2,7-diazaspiro{3.5]nonane-7-carboxylate (6C) (390 mg, 1.5 mmol),

nonane-7-carboxylate (41A)

15  1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (760 mg, 4.9 mmol),
1-hydroxybenzotriazole (300 mg, 2.0 mmol), Boc-D-Phenylalanine (530 mg, 2.0 mmol) and
dichloromethane (50mL) were added in a 50 mL single-necked flask, and the system was

allowed to react at room temperature for 5 h. The reaction solution was concentrated under
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reduced pressure, and the residue was separated and purified by silica gel column
chromatography (dichloromethane: methanol(v:v)=50:1) to obtain benzyl
2-[(2R)-2-(tert-butoxycarbonylamino)-3-phenyl-propanoyl]-2,7-diazaspiro[3.5]nonane-7-carbo
xylate (41A), as white solid (514 mg, yield 67%).

Step 2:

tert-butyl N-[(1R)-1-benzyl-2-(2,7-diazaspiro[3.5|nonan-2-yl)-2-oxo-ethylJcarbamate
(41B)

(o}
HNC><:NJ\:_/NHBOC
41B \©

Benzyl
2-[(2R)-2-(tert-butoxycarbonylamino)-3-phenyl-propanoyl]-2,7-diazaspiro[3.5]nonane-7-carbo
xylate (41A) (514 mg, 1.01 mmol), palladium on carbon (100 mg, 20wt%) and methanol (20
mL) were added in a 50 mL single-necked flask. The atmosphere was replaced with hydrogen
3 times, and the mixture reacted at room temperature for 3 h under a hydrogen (balloon)
atmosphere. The reaction solution was filtered through diatomite, and the filtrate was
concentrated under reduced pressure to obtain crude tert-butyl
N-[(1R)-1-benzyl-2-(2,7-diazaspiro[3.5]nonan-2-yl)-2-oxo-ethylJcarbamate (41B) as light
yellow solid (377 mg, yield 100%), and used directly in the next reaction.

Step 3:

tert-butyl N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxy
carbonylamino)-1-[2-[(2R)-2-(tert-butoxycarbonylamino)-3-phenyl-propanoyl]-2,7-diazaspiro[
3.5]nonane-7-carbonyl]pentyl]carbamoyl]-3-methyl-butyl]Jamino]-2-oxo-ethyl Jamino]-2-oxo-e

thyl]carbamate (41C)

o e

BocHN/\\(

NHBoc
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Crude tert-butyl
N-[(1R)-1-benzyl-2-(2,7-diazaspiro[3.5]nonan-2-yl)-2-oxo-ethylJcarbamate (41B) (377 mg,
1.01 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (290 mg, 1.52
mmol), 1-hydroxybenzotriazole (164 mg, 1.21 mmol), intermediate 1 (761 mg, 1.01 mmol)
and dichloromethane (30 mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 5 h. The reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by silica gel column
chromatography  (petroleum ether:ethyl acetate (viv)=1:2) to obtain tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-[(2
R)-2-(tert-butoxycarbonylamino)-3-phenyl-propanoyl]-2,7-diazaspiro[3.5]nonane-7-carbonyl]
pentyl]carbamoyl]-3-methyl-butylJamino]-2-oxo-ethylJamino]-2-oxo-ethyl]Jcarbamate  (41C),
as light yellow solid (410 mg, yield 36.6%).

Step 4:

(2R)-N-[(1R)-5-amino-1-[2-[(2R)-2-amino-3-phenyl-propanoyl]-2,7-diazaspiro[3.5]nona
ne-7-carbonyl]pentyl]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino}-3-phenyl-propa

noylJamino]-4-methyl-pentanamide;tri-trifluoroacetic acid (compound 41)

pTIe)

HZN/\\(

NHz 30F3COOH
Compound 41

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-[(2
R)-2-(tert-butoxycarbonylamino)-3-phenyl-propanoyl]-2,7-diazaspiro[3.5]nonane-7-carbonyl]
pentyl]carbamoyl]-3-methyl-butylJamino]-2-oxo-ethylJamino]-2-oxo-ethyl]carbamate  (41C)
(410 mg, 0.37 mmol) and trifluoroacetic acid (2 mL) were added in a 50 mL reaction flask, and
the system was allowed to react at room temperature for 2 h. The reaction solution was
concentrated under reduced pressure, and the residue was separated and purified by preparative

liquid chromatography (preparation conditions: instrument: Gilson GX-281; column: Xbridge
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C18, 150x30 mm LD., 5um; mobile phase: A for ACN and B for H;O; isocratic: A 65%; flow
rate: 30 mL /min; back pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm;
period: 18min; sample preparation: the compound dissolved in 12 mL methanol; injection: 0.9
mL/needle). The preparation was concentrated under reduced pressure to remove most of
the solvent, and lyophilized to obtain
(2R)-N-[(1R)-5-amino-1-[2-[(2R)-2-amino-3-phenyl-propanoyl]-2,7-diazaspiro[ 3.5 Jnonane-7-
carbonyl]pentyl}-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]a
mino]-4-methyl-pentanamide tri-trifluoroacetic acid (compound 41) as white powder (298 mg,
yield 70%).

MS m/z =405.4 [M+2H]" /2;

THNMR (400 MHz, D>O) & 7.52 — 7.28 (m, 11H), 7.28-7.20 (m, 4H), 4.67 — 4.62 (m, 1H),
4.32 — 4.15 (m, 3H), 3.85 — 3.38 (m, 6H), 3.37 — 3.22 (m, 2H), 3.22-3.13 (m, 2H), 3.12 - 2.90
(m, 6H), 2.65 (dd,1H), 1.83 — 1.48 (m, 9H), 1.47-1.28 (m, 3H), 1.25-1.11 (m, 1H), 0.92 (dd,
6H).

Example 40:
(2R)-N-[(1R)-5-amino-1-[2-(2-hydroxyacetyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pent
y11-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoylJamino]-3-phenyl-propanoyl Jamino]-4-meth

yl-pentanamide; di-trifluoroacetic acid (compound 42)

o)
Step 1 _ Step2 Step 3 OTHP
oo 2L hone SO st
CszC><:
424
@QJ@? Rk 1NHW, k)\;t - i
THPO\)L Ho\)L
NHBoc NH 3CF3COOH
42E Compound 42
Step 1:

2-tetrahydropyran-2-yloxyacetic acid (42B)

0
Lo N OTHP

428
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3,4-dihydro-2H-pyran (840 mg, 10 mmol), methyl glycolate (42A) (900 mg, 10 mmol),
p-toluenesulfonic acid monohydrate (100 mg, 0.5 mmol) and dichloromethane (100 mL) were
added sequentially in a 250 mL single-necked flask. After the addition, the system was allowed
to react at room temperature for 2 h. The reaction solution was concentrated under reduced
pressure, and a lithium hydroxide solution (a mixed solution of 75 mL of methanol + 25 mL of
water) was added to the residue. After the addition, the reaction was allowed to proceed at
room temperature overnight. 0.1 M diluted hydrochloric acid (12 mL) was added dropwise to
the reaction solution, and the pH of the reaction solution was tested to be 2-3. The reaction
solution was extracted with dichloromethane (100 mL x 2), the organic layer was dried over
anhydrous sodium sulfate, suction-filtered, and the filtrate was concentrated under reduced
pressureto obtain 2-tetrahydropyran-2-yloxyacetic acid (42B) as light yellow oily substance
(510 mg, yield 30%).

MS m/z =183.1 [M+Na]’;

Step 2: benzyl

2-(2-tetrahydropyran-2-yloxyacetyl)-2,7-diazaspiro[3.5]nonane-7-carboxylate (42C)

0
Csz\/:><:NJ\/0THP
42¢

2-tetrahydropyran-2-yloxyacetic acid (42B) (510 mg, 3.2 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide =~ hydrochloride(1.2 g, 6.3  mmol),
1-hydroxybenzotriazole (516 mg, 3.82 mmol), benzyl 2,7-diazaspiro[3.5]nonane-7-carboxylate
(6C) (830 mg, 3.2 mmol) and dichloromethane (50 mL) were added to in a 50 mL
single-necked flask, and the system was allowed to react at room temperature for 5 h. The
reaction solution was concentrated under reduced pressure, and the residue was separated and
purified by silica gel column chromatography (dichloromethane: methanol (v:v)=50: 1) to
obtain benzyl 2-(2-tetrahydropyran-2-yloxyacetyl)-2,7-diazaspiro[3.5]nonane-7-carboxylate
(42C) as light yellow solid (580 mg, yield 45%).

Step 3:

1-(2,7-diazaspiro[3.5]nonan-2-yl)-2-tetrahydropyran-2-yloxy-ethanone (42D)
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0
HNC><>N /U\/OTHP
42D

Benzyl 2-(2-tetrahydropyran-2-yloxyacetyl)-2,7-diazaspiro[3.5]nonane-7-carboxylate
(42C) (580 mg, 1.4 mmol), palladium on carbon (120 mg, 20wt%l) and methanol (20 mL)
were added in a 50 mL single-necked flask. The atmosphere was replaced with hydrogen 3
times, and the mixture reacted at room temperature for 3 h under a hydrogen (balloon)
atmosphere. The reaction solution was filtered through diatomite, and the filtrate was
concentrated under reduced pressure to obtain crude
1-(2,7-diazaspiro[3.5]nonan-2-yl)-2-tetrahydropyran-2-yloxy-ethanione (42D) as light yellow
solid (387 mg, yield 100%), and used directly in the next reaction.

Step 4:

tert-butyl N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxy
carbonylamino)-1-[2-(2-tetrahydropyran-2-yloxyacetyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl

Ipentyl]carbamoyl]-3-methyl-butylJamino}-2-oxo-ethylJamino]-2-oxo-ethyljcarbamate (42E)

AL
THPO\)\\N/jo (( © ©/ ©

NHBoc

Crude 1-(2,7-diazaspiro[3.5]nonan-2-yl)-2-tetrahydropyran-2-yloxy-ethanone (42D) (387
mg, 1.4 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride(553 mg, 2.88
mmol), 1-hydroxybenzotriazole (233 mg, 1.72 mmol), intermediate 1 (1.09 g, 1.45 mmol) and
dichloromethane (50 mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 5 h. The reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by silica gel column
chromatography  (dichloromethane: methanol (v:v)=50: 1) to obtain tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-(2-t

etrahydropyran-2-yloxyacetyl)-2,7-diazaspiro[3.5nonane-7-carbonyl]pentyl Jcarbamoyl]-3-met
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hyl-butyl]amino]-2-oxo-ethyl]Jamino]-2-oxo-ethyl]carbamate (42E) as light yellow solid (590
mg, yield 41%).
Step 5:
(2R)-N-[(1R)-5-amino-1-[2-(2-Hydroxyethyl)-2,7-diazaspiro[3.5]nonane-7-carbonylpent
y1]-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl Jamino]-4-meth

yl-pentanamide di-trifluoroacetic acid (compound 42)

o) Nj\;@,"jj)\;%\m
HOJHDO H/ 0 g 0

NH, 3CF3COOH

Compound 42

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-(2-t
etrahydropyran-2-yloxyacetyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentylJcarbamoyl]-3-met
hyl-butyl]amino]-2-oxo-ethylJamino]-2-oxo-ethyl]carbamate (42E) (590 mg, 0.59 mmol) and
trifluoroacetic acid (4 mL) were added in a 50 mL reaction flask, and the system was allowed
to react at room temperature for 2 h. The reaction solution was concentrated under reduced
pressure, and the residue was separated and purified by preparative liquid chromatography
(preparation conditions: instrument: Gilson GX-281; column: Xbridge C18, 150x30 mm L.D.,
Sum; mobile phase: A for ACN and B for H,O; isocratic: A 65%; flow rate: 30 mL /min; back
pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample
preparation: the compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The
preparation was concentrated under reduced pressure to remove most of the solvent, and
lyophilized to obtain
(2R)-N-[(1R)-5-amino-1-[2-(2-Hydroxyethyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyl]-2
-[[(2ZR)-2-[[(2R)-2-amino-3-phenyl-propanoyl]Jamino]-3-phenyl-propanoyl Jamino]-4-methyl-p
entanamide di-trifluoroacetic acid (compound 42) as white powder (286 mg, yield 67%).

MS m/z =720.3 [M+H]";
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'H NMR (400 MHz, D;0) 8 7.44 — 7.29 (m, 6H), 7.24 (d, 4H), 4.66 (t, 1H), 4.34-4.20 (m,
2H), 4.14 (d, 2H), 4.02 (d, 2H), 3.83 (d, 2H), 3.72-3.60 (m, 2H), 3.56-3.42 (m, 1H), 3.42 —
3.30 (m, 1H), 3.18 (d, 2H), 3.10-2.94 (m, 4H), 1.96 — 1.29 (m, 14H), 0.92 (dd, 6H).

Example 41: _
5 (2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl Jamino]-
N-[(1R)-5-amino-1-(2-propanoyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyl]-4-methyl-pent

anamide; di-trifluoroacetic acid (compound 43)

Step 1
@Q Y A0 O e
B
43B

43A

)J\/ i;'\ \H/L/E Step4 J\/ )72\ J\/N“/L/Q

j (r @ 2CF3COOH

NHBoc
43¢ Compound 43
Step 1:
10 benzyl 2-propanoyl-2,7-diazaspiro[3.5]nonane-7-carboxylate (43A)
o

CszC><>NJ\/
43A

Benzyl 2,7-diazaspiro[3.5]nonane-7-carboxylate (6C) (390 mg, 1.5 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide  hydrochloride(575 mg, 3.0 mmol),
1-hydroxybenzotriazole (243 mg, 1.80 mmol), propanoic acid (122 mg, 1.65 mmol) and

15  dichloromethane (50 mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 5 h. The reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by silica gel column
chromatography  (dichloromethane:  methanol(v:v)=50: 1) to obtain  benzyl

2-propanoyl-2,7-diazaspiro[3.5]nonane-7-carboxylate (43A) as light yellow solid (245 mg,
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yield 52%).
Step 2:

1-(2,7-diazaspiro[3.5]nonan-2-yl)propan-1-one (43B)

Benzyl 2-propanoyl-2,7-diazaspiro[3.5]nonane-7-carboxylate (43A) (245 mg, 0.775
mmol), palladium on carbon (49 mg, 20wt%]) and methanol (20 mL) were added in a 50 mL
single-necked flask. The atmosphere was replaced with hydrogen 3 times, and the mixture
reacted at room temperature for 3 h under a hydrogen atmosphere. The reaction solution was
filtered through diatomite, and the filtrate was concentrated under reduced pressure to obtain
crude 1-(2,7-diazaspiro[3.5]nonan-2-yl)propan-1-one (43B) as light yellow solid (141 mg,
yield 99.8%), and used directly in the next reaction.

Step 3:

tert-butyl N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxy
carbonylamino)-1-(2-propanoyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyl]carbamoyl]-3-m

ethyl-butyl]amino]-2-oxo0-ethylJamino]-2-oxo-ethyl]carbamate (43C)

O,

NHBoc
43C

0

g

Crude 1-(2,7-diazaspiro[3.5]nonan-2-yl)propan-1-one (43B) (141 mg, 0.774 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (383 mg, 2.0 mmol),
1-hydroxybenzotriazole (135 mg, 1.0 mmol), intermediate 1 (0.565 g, 0.75 mmol) and
dichloromethane (50 mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 5 h. The reaction solution was concentrated under
reduced pressure, and the residue was separated and purified by silica gel column

chromatography  (dichloromethane: methanol (v:v)=50: 1) to obtain tert-butyl
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N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(2-pro
panoyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyljcarbamoyl}-3-methyl-butylJamino]-2-oxo
-ethyl]amino]-2-oxo-ethyl]carbamate (43C) as light yellow solid (500 mg, yield 72.7%).
Step 4:
(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyljamino]-
N-[(1R)-5-amino-1-(2-propanoyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyl]-4-methyl-pent

anamide;di-trifluoroacetic acid (compound 43)

H
N

FI Y

2CF,COOH

NH, Compound 43

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-(2-pro
panoyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyljcarbamoyl}-3-methyl-butylJamino}-2-oxo
-ethyl]amino]-2-oxo-ethyl]carbamate (43C) (260 mg, 0.28 mmol) and trifluoroacetic acid (1.3
mL) were added in a 50 mL reaction flask, and the system was allowed to react at room
temperature for 2 h. The reaction solution was concentrated under reduced pressure, and the
residue was separated and purified by preparative liquid chromatography (preparation
conditions: instrument: Gilson GX-281; column: Xbridge C18, 150x30 mm LD., 5pm; mobile
phase: A for ACN and B for H,O; isocratic: A 65%; flow rate: 30 mL /min; back pressure: 1000
PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample preparation: the
compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The preparation was
concentrated under reduced pressure to remove most of the solvent, and lyophilized to
obtain
(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyllamino]-3-phenyl-propanoyl]amino]-N-[(
1R)-5-amino-1-(2-propanoyl-2,7-diazaspiro[3.5]nonane-7-carbonyl)pentyl]-4-methyl-pentana
mide di-trifluoroacetic acid (compound 43) as white powder (125 mg, yield 51%).

MS m/z =359.8 [M+2H]" /2;
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'H NMR (400 MHz, D;0) § 7.45 — 7.28 (m, 6H), 7.24 (d, 4H),4.80-4.75(m, 1H) 4.66 (t,
1H), 4.29 (t, 1H), 4.27 (t, 1H), 4.01 (d, 2H), 3.77 (d, 2H),3.71-3.60 (m,2H), 3.55-3.42 (m, 1H),
3.41 - 3.27 (m, 1H), 3.18 (dd, 2H), 3.11-2.93 (m, 4H), 2.19 (qd, 2H), 1.95 — 1.63 (m, 8H), 1.61
~ 1.49 (m, 3H), 1.48-1.30 (m, 2H), 1.07 (td, 3H), 0.92 (dd, 6H).

5 Example 42:
(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyljamino]-
N-[(1R)-5-amino-1-[2-(2,2,2-trifluoroacetyl)-2,7-diazaspiro[ 3.5]nonane-7-carbonyl]pentyl]-4-

methyl-pentanamide; di-trifluoroacetic acid (compound 44)

2 Step 3
NCbz Step 1 O%NC><: Step 2 C><: J]\CF;; T
O

—_—
HN
J\/)“:L I lNHBOC )m) i
Step4 F3C
Fac 2CF3000H
NH2
NHBoc
Compound 44
44C
10 Step 1:

benzyl 2-(2,2,2-trifluoroacetyl)-2,7-diazaspiro[3.5]nonane-7-carboxylate (44A)

Q
O}‘NDCN ‘:i;':

Benzyl 2,7-diazaspiro[3.5]nonane-7-carboxylate (6C) (390 mg, 1.5 mmol),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide  hydrochloride (575 mg, 3.0 mmol),

15  1-hydroxybenzotriazole (243 mg, 1.80 mmot), trifluoroacetic acid (171 mg, 1.5 mmol) and
dichloromethane (50 mL) were added in a 50 mL single-necked flask, and the system was
allowed to react at room temperature for 5 h. The reaction solution was concentrated under

reduced pressure, and the residue was separated and purified by silica gel column
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chromatography  (dichloromethane:  methanol(v:v)=50: 1) to obtain benzyl
2-(2,2,2-trifluoroacetyl)-2,7-diazaspiro[3.5]nonane-7-carboxylate (44A) as light yellow solid
(224 mg, yield 63%).

Step 2:

1~(2,7-diazaspiro[3.5]nonan-2-y1)-2,2,2-trifluoro-ethanone (44B)
‘ 0

HNC><>NJ\CF3

Benzyl 2-(2,2,2-trifluoroacetyl)-2,7-diazaspiro[3.5]nonane-7-carboxylate (44A) (223 mg,
0.63 mmol), palladium on carbon (46 mg, 20wt%l) and methanol (20 mL) were added in a 50
mL single-necked flask. The atmosphere was replaced with hydrogen 3 times, and the mixture
reacted at room temperature for 3 h under a hydrogen (balloon) atmosphere. The reaction
solution was filtered through diatomite, and the filtrate was concentrated under reduced
pressure to obtain crude 1-(2,7-diazaspiro[3.5]nonan-2-yl)-2,2,2-trifluoro-ethanone (44B) as
light yellow solid(116 mg, yield 83%), and used directly in the next reaction.

Step 3:

tert-butyl N-{(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxy
carbonylamino)-1-[2-(2,2,2-trifluoroacetyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl Jpentyl]carb

amoyl]-3-methyl-butylJamino]-2-oxo0-ethylJamino}-2-oxo-ethyl]carbamate (44C)

0 Nj\/@ﬁj\/%\wsoc
)LDQ (( © g 0

FoC

NHBoc

Crude 1-(2,7-diazaspiro[3.5]nonan-2-yl)-2,2 2-trifluoro-ethanone (44B) (116 mg, 0.52
mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride(575 mg, 3.7 mmol),
1-hydroxybenzotriazole (240 mg, 1.3 mmol), intermediate 1 (0.47 g, 0.626 mmol) and
dichloromethane (50 mL) were added in a 50 mL single-necked flask, and the system was

allowed to react at room temperature for 5 h. The reaction solution was concentrated under
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reduced pressure, and the residue was separated and purified by silica gel column
chromatography  (dichloromethane:  methanol(v:iv)=50: 1) to obtain tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzy!-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-(2,2
,2-trifluoroacetyl)-2,7-diazaspiro[ 3.5 Jnonane-7-carbonyl JpentylJcarbamoyl]-3-methyl-butylja
mino]-2-oxo-ethylJamino]-2-oxo-ethyljcarbamate (44C) as light yellow solid (216 mg, yield
42%).

Step 4:

(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoylJamino]-
N-[(1R)-5-amino-1-[2-(2,2,2-trifluoroacetyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl|pentyl]-4-

methyl-pentanamide;di-trifluoroacetic acid (compound 44)

2 2CF5;COOH
Compound 44

Tert-butyl
N-[(1R)-1-benzyl-2-[[(1R)-1-benzyl-2-[[(1R)-1-[[(1R)-5-(tert-butoxycarbonylamino)-1-[2-(2,2
,2-trifluoroacetyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl JpentylJcarbamoyl]-3-methyl-butyl]a
mino]-2-oxo-ethyl]amino]-2-oxo-ethyl]carbamate (44C) (210 mg, 0.22 mmol) and
trifluoroacetic acid (2 mL) were added in a 50 mL reaction flask, and the system was allowed
to react at room temperature for 2 h. The reaction solution was concentrated under reduced
pressure, and the residue was separated and purified by preparative liquid chromatography
(preparation conditions: instrument: Gilson GX-281; column: Xbridge C18, 15030 mm LD.,
5pm; mobile phase: A for ACN and B for H,O; isocratic: A 65%; flow rate: 30 mL /min; back
pressure: 1000 PSI; column temperature: 30°C; wavelength: 210 nm; period: 18min; sample
preparation: the compound dissolved in 12 mL methanol; injection: 0.9 mL/needle). The
preparation was concentrated under reduced pressure to remove most of the solvent, and
lyophilized to obtain

(2R)-2-[[(2R)-2-[[(2R)-2-amino-3-phenyl-propanoyl]amino]-3-phenyl-propanoyl]amino]-N-[(
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1R)-5-amino-1-[2-(2,2,2-trifluoroacetyl)-2,7-diazaspiro[3.5]nonane-7-carbonyl]pentyl]-4-meth
yl-pentanamide di-trifluoroacetic acid (compound 44) as white powder (111 mg, yield 51%).
MS m/z =758.3 [M+H];
'H NMR (400 MHz, D;0) § 7.44 — 7.28 (m, 6H), 7.24 (d, 4H), 4.64 (t, 1H), 4.38 — 4.21
(m, 4H), 3.97 (d, 2H), 3.73 — 3.58 (m, 2H), 3.56-3.43 (m, 1H), 3.40 — 3.32 (m, 1H), 3.25-3.11
(m, 2H), 3.11-2.93 (m, 4H), 1.99 - 1.63 (m, 9H), 1.53 (d, 3H), 1.49-1.33 (m, 2H), 0.93 (dd,
6H).

Biological Test Examples

Test 1: Agonist activity on human k-opioid receptors

Forskolin can stimulate the release of cAMP from a human «-opioid
receptor-overexpressing cell line, OPRK1 cells (DiscoveRx), and k-opioid receptor agonists
can inhibit the cAMP release stimulated by forskolin. By detecting the inhibitory effect of the
test compound on the cAMP release stimulated by forskolin, the agonistic activity of the
compound on the human k-opioid receptor can be determined. First, a certain concentration of
forskolin and different concentrations of the test compound were incubated with human
K-opioid receptor overexpressing cell lines. A cAMP immunoassay (LANCE®, PerkinElmer)
based on time-resolved fluorescence resonance energy transfer (TR-FRET) was used to
determine cAMP levels in the stimulated OPRK1 cells. The specific method is as follows:

OPRK1 cells (DiscoveRx) that highly express human x-opioid receptors were cultured in
McCoy's SA (Gibco 16600-082) medium containing 10% FBS (Gibco 10099-141). On the day
of the experiment, the cells in the exponential growth phase were washed and separated with
PBS/5mM EDTA, collected by centrifugation, resuspended with Stimulation Buffer and
counted. The concentration of cells was adjusted to 3*10° cells/ml. DMSO was used to
dissolve Forskolin and the test compound respectively, so that the mother liquor concentration
each was 10 mM, and then diluted Forskolin to 4 uM with Stimulation Buffer, and different
concentrations of the test compound (the concentrations were 80, 16, 3.2, 0.64, 0.128, 0.0256,
0.00512, 0.001024, 0uM) was added, 5 pl per well was added to a 384-well plate. 5 ul of cell
suspension was added to each well and incubated at room temperature for 30 min.

Subsequently, 5 pl of 4 x Eu-cAMP tracer working solution (50-fold dilution of Eu-cAMP



10

CA 03069820 2020-01-14

183

stock solution with cAMP Detection Buffer) and 5 pl of 4 x Ulight-anti-cAMP working
solution (150-fold dilution of ULight-anti-cAMP stock solution with cAMP Detection Buffer)
were added to each well, and incubated at room temperature for 1 hour. 384-well plates were
assayed for cAMP levels using a microplate reader (Perkin Elmer, Envision) TR-FRET method.
The obtained data were processed and fitted to EC50 using the origin 7.5 software. The human
x-opioid receptor agonistic activity of the compound of the present invention was measured
through the above experiments, and the measured EC50 values are shown in Table 1.

Stimulation Buffer preparation method: 14 mL 1*HBSS (invitrogen, cat.# 14025-092), 75
pL 1 M HEPES (Invitrogen, cat. # 15630-080), 30 pL 250 mM IBMX was dissolved in DMSO
(Sigma, cat. # 17018) and mixed with 200 pL 7.5% BSA Stabilizer. pH of the solution was
adjusted to 7.4 with 0.1 N NaOH and make up to 15 mL with 1 * HBSS.

Table 1 Agonist activity of test compounds on human k-opioid receptors

Compound No. ECso(nM)
Compound 2 0.41
Compound 4 0.0159
Compound 8 0.0112
Compound 12 0.067
Compound 13 0.00682
Compound 14 0.0155
Compound 15 0.0117
Compound 17 0.00919
Compound 18 0.04
Compound 19 0.044
Compound 20 0.086
Compound 22 0.0112
Compound 23 0.023
Compound 30 0.071
Compound 31 0.0136
Compound 33 0.05
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Conclusion: The compounds of the invention have significant agonistic effects on human
k-opioid receptors.
Test 2: Mouse hot plate experiment
18-22 g of female C57 mice were purchased from Chengdu Dashuo Experimental Animal
5  Co., Ltd. The temperature of the hot plate instrument was set to 56°C, and after reaching 56°C,
the temperature was stabilized for 30 minutes before experiment. The animals were placed in a
hot plate test in order to observe the reaction of licking the hind feet, which was used as an
indicator of pain response. The time from the entry of the animal to the hot plate to the
heat-induced licking of the hind feet was recorded. Animals that meet the inclusion criteria
10  (response time to lick the hind foot is less than 25s) are included in the group number. The
animals were grouped by baseline threshold, with 10 in each group. Compounds of different
concentrations were administered subcutaneously at 10ml/kg, and a detection was carried out
after 15 minutes of administration, with 30 seconds as the cut-off time, and the reaction time
was recorded. The results were analyzed statistically, and the% MPE value was calculated

15 according to the formula: %MP E=(Tn'TO)/ € 0'TO)’ Ty is the time for the animal to lick the

hind foot after administration’ TO is the time for the animal to lick the foot before

). The experimental results are shown in Table 2.

administration
Table 2
Compound No. MPE(%)
Compound 2 -17.20
Compound 4 -19.62
Compound 8 -18.61
Compound 15 -13.29

Conclusion: The analgesic effect of the compounds of the present invention is achieved

20  via the peripheral k-opioid receptors.

Test 3: Mouse writhing experiment
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Intraperitoneal injection of acetic acid in mice can cause writhing in mice. Writhing
response refers to mice that exhibit typical behavioral responses that are characteristic of
contraction or extension of abdominal muscles. The analgesic activity of the compound can be
reflected by detecting the inhibitory effect of the compound on the writhing behavior of mice
caused by acetic acid. The specific method is as follows:

8-week-old ICR mice (purchased from Chengdu Dashuo Biotechnology Company, license
number: SCXK (Sichuan) 2008-24 (NO: 51203500002150)). Mice were randomly divided into
groups of 10 animals, half male and half female; fasting but freely accessible to water for 12 h
before the experiment. On the day of the experiment, 1.0 mg/kg of the test compound was
administered intravenously, and the control group was given a blank reagent. 15 minutes after
the administration, a 0.6% (v/v) acetic acid solution was intraperitoneally injected at a dose of
0.4 mL/mouse. The number of mouse writhing in 15 min and 6 h after acetic acid injection was
recorded respectively, and the percentage inhibition to acetic acid-caused writhing in mice by
the compound was calculated respectively. The analysis results are shown in Table 3.

Percent inhibition% = (number of writhing in the control group - number of writhing in
the administration group)/number of writhing in the control group.

Table 3 Inhibition percentage of test compounds to acetic acid-induced writhing behavior of

mice
Compound No. 15min_post inhibition 6h_post inhibition percentage
percentage (%) (%)

Compound 2 98.07 80.58
Compound 3 86.44 NQ
Compound 4 95.76 81.27
Compound 8 90.68 90.82
Compound 9 81.92 NQ
Compound 12 91.04 NQ
Compound 13 88.98 NQ
Compound 14 92.87 NQ
Compound 15 94.50 87.14
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Compound 17 95.43 97.89
Compound 18 99.37 95.69
Compound 19 99.71 84.74
Compound 20 97.47 83.41
Compound 22 90.38 88.71
Compound 23 88.46 87.93
Compound 24 94.89 80.51
Compound 25 98.08 85.03
Compound 26 94.25 92.94
Compound 27 94.00 NQ
Compound 28 84.29 NQ
Compound 30 97.36 NQ
Compound 31 99.28 90.03
Compound 33 89.42 NQ
Compound 36 89.14 75.71
Compound 37 95.85 NQ
Compound 42 99.33 75.14
Compound 43 98.00 76.57
Compound 44 93.32 NQ
Control 61.11 28.96

NQ means no test.

PR ART oy

\H ©/ZCF3COOH

The control is , the compound 25 disclosed in

CN101627049A is its free base.

Conclusion: The compounds of the present invention have significant analgesic effects.

Some test compounds were further tested for a long-acting test on acetic acid-induced
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writhing behavior of mice. According to the same test method as described above, the
administration method was intravenous injection, and the dosage was 3 mg/kg or 10 mg/kg.
The number of times of mouse writhing within 18 h after the injection of acetic acid was
recorded, and the percentage inhibition to acetic acid-induced writhing behavior of mice by
test compounds was calculated respectively. The results are shown in Table 4.

Table 4 18h-post inhibition percentage of test compounds to acetic acid-induced writhing

behavior of mice

Compound No. Dosage 18h-post inhibition percentage
()
Cr-845 10mg/kg 49.11
Compound 8 3mg/kg 83.86
Compound 10 3mg/kg 72.30
Compound 17 10mg/kg 78.11
Compound 18 3mg/kg 54.00
Compound 23 [0mg/kg 73.37
Compound 25 10mg/kg 74.26
Compound 26 10mg/kg 69.82
Compound 31 10mg/kg 75.44
Compound 42 10mg/kg 61.69
Compound 43 3mg/kg 70.19

o o]
H H
Q&é}NJ@N -
HOOC i H 2§
w Cor
Structure of CR845 is NH;

Conclusion: Some compounds of the present invention have significant analgesic effects

and have the advantage of long-lasting effects.

4. Rat PK test

Test purposes | A single dose of the test substance was intravenously administrated to
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SD rats, the concentration of the test substance in the plasma of rats
was measured, and the pharmacokinetic characteristics and

bioavailability of the test substance in the rat were evaluated.

Administration Intravenous injection
method
Dosage 1 mg/kg((calculated in free form))

Test animal

Male SD rats, about 180 ~ 220g, 6 ~ 8 weeks old, 12 in total, divided
into 2 groups, purchased from Chengdu Dashuo Experimental Animal

Co., Ltd.

Test content

0.20 ml of rat blood was taken from the orbit before and after
administration and placed in ETDAK2 centrifuge tube. It was
centrifuged at 5000 rpm and 4°C for 10 min to collect plasma. IV blood
collection time points: 0, 5, 15, 30 min, 1, 2, 4, 6, 8, 24h.

Prior to analysis, all plasma samples were stored at -80°C.

Table 5 PK results of rat (1mg/kg)

adminis
compound AUCo.
tration | tiz (h) | Cl(ml/kgmin) [ Vdss (IL/kg)
No. (ng/ml-h)
method
CR-845 iv 3.90 8.29 1.56 1959
compound 2 iv 4.22 5.97 1.47 2664

5. Mouse PK test

A single dose of the test substance was intravenously administrated to

ICR mice, the concentration of the test substance in the plasma of the

Test purposes
mice was measured, and the pharmacokinetic characteristics of the test
substance in the mice were evaluated.
Administration | Intravenous injection
method

Dosage

1 mg/kg (calculated in free form)




CA 03069820 2020-01-14

189

Test animal

Male ICR mice, about 18 ~ 22g, 6 ~ 8 weeks old, 6 mice in total,
di\}ided into 2 groups, purchased from Chengdu Dashuo Experimental

Animal Co., Ltd.

Test content

20 pul of blood was taken from the orbit of mice anesthetized with
isoflurane before and after administration and placed in ETDAK2
anticoagulation tube. It was centrifuged at 5000 rpm and 4°C for 10
min to collect plasma. IV blood collection time points: 0, 5, 15, 30 min,
1,2,4,6,8,24h.

Prior to analysis, all plasma samples were stored at -80°C.

Table 6 PK results of mouse (1mg/kg)

compound administrati

tiz (h) AUCo (ng/ml-h)
No. on method
CR-845 iv 0.388 : 1117
compound 8 iv 5.77 1220

compound 17 iv 3.88 2244
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Claims

1. A compound of formula (I) or a pharmaceutically acceptable salt thereof:
=

L R6
o R4 o S | ( )C
N N
R? N NR’R®
(Ua O H (0]
NRZR® [ )
\_7 (R,
()]
wherein
(R1a)n1
NG
‘(\rx
Z/ ~
5 R!is Rk,

each of mi, m, is independently selected from 1, 2, 3 or 4;
cach of mz, m 4 is independently selected from O, 1, 2, 3 or 4; with the proviso that ms and
m 4 are not 0 at the same time;
each of n1, n» 1s independently selected from 0, 1, 2, 3 or 4;
10 Z is selected from CR?'R* or NRZ;
each of R¥', R* is independently selected from H, F, CL, Br, I, OH, CF3, nitro, Ci-6 alkyl,
Cis alkoxy, Cze alkenyl, Css alkynyl, -C(=0)-Cis alkyl, -(CH2)q-C(=0)O-Ci¢ alkyl,
-(CH2)¢-NR*RY -(CH>)-COOH, -(CH2)q-CONHz, Cs-s carbocyclic group or 3 to 8 membered
heterocyclic group, and the alkyl, alkoxy, alkenyl, alkynyl, carbocyclic or heterocyclic group is
15 optionally further substituted with 0 to 5 substituent(s) selected from the group consisting of F,
Cl, Br, I, OH, CF3, =0, carboxyl, nitro, cyano, amino, Ci.¢ alkyl, Ci.s alkoxy, C26 alkenyl, C2.6
alkynyl, Cs.g carbocyclic group or 3 to 8 membered heterocyclic group, the heterocyclic group
contains 1 to 3 heteroatom(s) optionally selected from N, O or S, and when the heteroatom is S,
it is optionally substituted with =0 or (=0)2;
20 each of R!®, RY is independently selected from H, Cis alkyl, -C(=0)O-Cis alkyl,
-C(=0)0-(CH2)q-C35 carbocyclic group or -C(=0)O-(CHz)4-3 to 8 membered heterocyclic

Date Regue/Date Received 2021-08-11
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group, the alkyl, carbocyclic or heterocyclic group is optionally further substituted with O to 5
substituent(s) selected from the group consisting of F, Cl, Br, I, OH, CF3, cyano, nitro, Cis
alkyl, Ci.¢ alkoxy, Cas alkenyl, Ca¢ alkynyl, Css carbocyclic group or 3 to 8 membered
heterocyclic group, and the heterocyclic group contains 1 to 3 heteroatom(s) selected from N,
OorS;

alternatively, R”' and R* form a 3 to 10 membered nitrogen-containing heterocyclic ring
with the carbon atom to which they are attached, and the ring is optionally further substituted
with substituent(s) selected from the group consisting of F, CL, Br, I, OH, CF3, cyano, nitro, =0,
Ci alkyl, Ci alkoxy, Co¢ alkenyl, Ca. alkynyl, Csg carbocyclic group or 3 to 8 membered
heterocyclic group;

each of R R is independently selected from F, CF3, Cis alkyl, Cas alkenyl, Cas
alkynyl or 3 to 8 membered heterocyclic group, and the alkyl, alkenyl, alkynyl or heterocyclic
group is optionally further substituted with 0 to 5 substituent(s) selected from the group
consisting of F, Cl, Br, I, OH, CFj3, nitro, cvano, Cis alkyl, Ci alkoxy, Czs alkenyl, Czs
alkynyl, Csz carbocyclic group or 3 to 8 membered heterocyclic group, and the heterocyclic
group contains 1 to 3 heteroatom(s) optionally selected from N, O or S;

RZ is independently selected from H, -C(=0)-Ci alkyl, -C(=0)O-C;.6 alkyl, -C(=0)-Cs.s
carbocyclic group, -C(=0)0O-Css carbocyclic group, -C(=0)O-(3 to 8 membered heterocyclic
group), -S(=0),-Ci6 alkyl, -S(=0),-C3s carbocyclic group, -S(=0),-(3 to 8 membered
heterocyclic group), -C(=O)NR!'#R™, -S(=0),-NR'RY or 3 to 8 membered heterocyclic group,
and the alkyl, carbocyclic or heterocyclic group is optionally further substituted with 0 to 5
substituent(s) selected from the group consisting of F, Cl, Br, I, OH, CF3, nitro, cyano, amino,
Ci alkyl, Ci alkoxy, Co¢ alkenyl, Ca. alkynyl, Csg carbocyclic group or 3 to 8 membered
heterocyclic group, and the heterocyclic group contains 1 to 3 heteroatom(s) optionally
selected from N, O or S;

each of R!¢ R™ R RY is independently selected from H or C1.s alkyl;

alternatively, R'¢, R™form a 3 to 10 membered heterocyclic ring with the nitrogen atom
to which they are attached, the ring is optionally further substituted with substituent(s) selected

from the group consisting of F, Cl, Br, I, OH, CF3, cvano, nitro, Ci alkyl, Ci alkoxy, Css
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alkenyl, Ca alkynyl or -S(=0),-C1 alkyl, the heterocyclic group contains 1 to 3 heteroatom(s)
selected from N, O or S;

qis selected from 0, 1, 2, 3 or 4;

p is selected from 0, 1 or 2;

ais selected from 0, 1, 2 or 3;

R* is independently selected from H, Ci alkyl, Ca-6 alkenyl, C2-6 alkynyl or -(CHz2)q-C3-s
carbocyclic group, the alkyl, alkenyl, alkynyl or carbocyclic group is optionally further
substituted with 0 to 5 substituent(s) selected from the group consisting of F, CI, Br, I, OH, CN,
CF3, NOg, Crs alkyl, Ci6 alkoxy, Ca alkenyl, Css alkynyl, Csg carbocyclic group or 3 to 8
membered heterocyclic group, the heterocyclic group contains 1 to 3 heteroatom(s) selected
from N, Oor S;

each of R, R®, R7, R® is independently selected from H, Ci.6 alkyl, -C(=0)O-Ci-+ alkyl,

-C(=0)0-(CH2)q-Cs.g carbocyclic group, -C(=0)0O-(CH»)¢-3 to 8 membered heterocyclic group
NH

or &t NH; , and the alkyl, carbocyclic or heterocyclic group is optionally further substituted
with 0 to 5 substituent(s) selected from the group consisting of F, Cl, Br, I, OH, CF3, nitro,
cyano, Ci alkyl, Ci6 alkoxy, Ca.s alkenyl, C2 alkynyl, Cs carbocyclic group or 3 to 8
membered heterocyclic group, and the heterocyclic group contains 1 to 3 heteroatom(s)
optionally selected from N, O or S;

bis selected from 0, 1, 2, 3, 4 or 3;

cis selected from 0, 1, 2, 3, 4 or 5;

each of R>, R is independently selected from F, Cl, Br, I, CFs, cyano, nitro, Ci- alkyl,
-OR* -C(O)OR®, -SR¥, -S(O)R*, -S(0)2R* or -NR*R%;

each of R R*® R* R R* R and R’ is independently selected from H or C1.4 alkyl;

alternatively, R*, R*form a 5 to 6 membered heterocyclic ring with the nitrogen atom to
which they are attached, and the heterocyclic group contains 1 to 3 heteroatom(s) optionally

selected from N, O or S.

2. The compound or a pharmacecutically acceptable salt thercof according to claim 1,

wherein
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cach of mi, m 2, m3, mq4 is independently selected from 1 or 2;

each of n1, n2 is independently selected from 0, 1 or 2;

Z is selected from CR”R* or NR?;

each of R, R? is independently selected from H, Ci.4 alkyl, -(CHa)q-C(=0)O-C14 alkyl,
-(CH2)¢-NR'*R' _(CH,)-COOH, -(CH;)q-CONH,, Csss carbocyclic group or a 3 to 6
membered heterocyclic group, and the alkyl, carbocyclic or heterocyclic group is optionally
further substituted with 0 to 5 substituent(s) selected from the group consisting of F, Cl, Br, [,
OH, CF3, =0, carboxyl, nitro, cyano, amino, Ci-4 alkyl, C14 alkoxy, Co4 alkenyl, Co-4 alkynyl,
Cs.6 carbocyclic group or a 3 to 6 membered heterocyclic group, and the heterocyclic group
contains 1 to 3 heteroatom(s) optionally selected from N, O or S, and when the heteroatom is
selected from S, it is optionally substituted with =0 or (=0)a;

each of R'®, R is independently selected from H, Ci.4 alkyl, -C(=0)O-Ci4 alkyl or
-C(=0)0O-(CH»)¢-C3 carbocyclic group, the alkyl or carbocyclic group is optionally further
substituted with 0 to 3 substituent(s) selected from the group consisting of F, CL, Br, [, OH, CF3,
nitro, cyano, methyl, ethyl, methoxy, ethoxy, phenyl;

alternatively, R* and R” form a 4 to 6 membered nitrogen-containing heterocyclic ring
with a carbon atom to which they are attached, and the ring is optionally further substituted
with substituent(s) selected from =0;

R'#, R™ are independently selected from F, CF3, methyl, ethyl, propanoyl or isopropyl;

R? is each independently selected from H, -C(=0)-Ci-4 alkyl, -C(=0)-Cs.6 carbocyclic
group, -C(=0)0-C1.4 alkyl, -S(=0),-C1.4 alkyl, -S(=0),-C3-s carbocyclic group, -C(=0)NRER ™,
-S(=0),-NRYRY or a 3 to 6 membered heterocyclic group, the alkyl, carbocyclic or
heterocyclic group is optionally further substituted with 0 to 3 substituent(s) selected from the
group consisting of F, Cl, Br, I, OH, CF3, nitro, cyano, amino, methyl, ethyl, methoxy, ethoxy,
cyclopropyl or phenyl, and the heterocyclic group contains 1 to 3 heteroatom(s) selected from
N,OorS;

each of R'& R™ RY RY is independently selected from H or Ci. alkyl;

alternatively, R'¢, R form a 4 to 6 membered heterocyclic ring with the nitrogen atom to

which thev are attached, and the ring is optionally further substituted with substituent(s)
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selected from the group consisting of F, CI, Br, I, OH, CF3, cyano, nitro, methyl, ethyl,
methoxy, ethoxy or -S(=0),-Ci.4 alkyl, the heterocyclic group contains 1 to 3 heteroatom(s)
selected from N, O or S;

pis2;

qisOor1;

ais3;

R* is selected from propanoyl or isopropyl ;

each of R?, R* | R7, R® is independently selected from H, Ci-s alkyl, -C(=0)O-C1-4 alkyl or

-C(=0)0O-benzyl,

bis 0;

cis 0.

3. The compound or a pharmaceutically acceptable salt therecof according to claim 2

e

NR2R3

having formula (II):

(I

1b
R'is R™h,
cach of mi, mz, m3, m4 is independently selected from 1 or 2;
each of ny, n2 is independently selected from 0 or 2;

R R™ are independently F;

Z is selected from CR*'R* or NRZ;
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, amino,

-CH2NH: or ) :

alternatively, R® and R* form a lactam with the carbon atom to which they are

o~ Tt
HN

attached ;

R? each is independently selected from H, -C(=0)-Ci.4 alkyl, -C(=0)-Cs.6 carbocyclic
group, -C(=0)0-C1.4 alkyl, -S(=0),-C1.4 alkyl, -S(=0),-C3-s carbocyclic group, -C(=0)NRER ™,
-S(=0),-NRYRY or a 3 to 6 membered heterocyclic group, the alkyl, carbocyclic or
heterocyclic group is optionally further substituted with 0 to 3 substituent(s) selected from the
group consisting of F, Cl, Br, I, OH, CF3, nitro, cyano, amino, methyl, ethyl, methoxy, ethoxy,
cyclopropyl or phenyl, the heterocyclic group contains 1 to 3 heteroatom(s) selected from N, O
orS;

each of R!¢ R™ R RY is independently selected from H or C14 alkyl;

alternatively, R'¢, R" form a 4 to 6 membered heterocyclic ring with the nitrogen atom to
which they arc attached, and the ring is optionally further substituted with substitucnt(s)
selected from the group consisting of F, CF3, methyl, methoxy or -S(=0),-C14 alkyl, the
heterocyclic group contains 1 to 3 heteroatom(s) selected from N, O or S;

pis2;

each of R?, R? R7, R® is independently selected from H, methyl or -C(=0)O-tert-butyl.

4. The compound or a pharmaceutically acceptable salt thercof according to claim 3,

wherein
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O
o) O L&LLJW 0]
’ OH
R? is each independently selected from H, HLJK , E«J\/ , LLLLJK/ ;

o 0 % 2 %N % D
S 4.8 S” A NH
SIS SO I S S S

> /%I > d > O or

5. The compound or a pharmaceutically acceptable salt thercof according to claim 4,

5  wherein

FF FF
R! is selected from : , § , E , EN ,

F F F e
;‘{DCZ

6. The compound or pharmaceutically acceptable salt thereof according to claim 35,

10 wherein the compound is selected from:
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NH
NH,
Compound 2 Compound 3
4
L LR
N N
N N NH
H - JV ;u ",
O o}
°© O
HN \ )
Compound4 NH2 #

| 2 Compound 6
Ltt -
%N " J@ Ju
/S/

N
NH2 \”/

o]
Compound 7 NH2

Compound 8
0] g 0] H
NJ\:/N NJ\{N NH,
o] E o H : 9 0 o]
N
v} el
: O : O

NH, HN
Compound 9
H2 Compound 10
(@] o]
NJ\/ N NJV N NH L J\/N NH,
2 O 2 O
" 2 QQ
i
0
NH» NH2
Compound 11 Compound 12
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Compound 13 Compound 14

o o
W o
)
o

Ho NH,

B

H o H F Q H 9 H o

N&N ( NJ\;N\[ NH, F N&@Nkh‘j‘/ﬁl\l}j

0] /DC/ B H B o Ny /’ H 0 H z 0 2
N g O

Compound 16

- 0O H - 0 : :

HQN/EZ/ H/ HQN/EfN H/ g o

Compound 18

O i O H o) )j\ o)
) /DO\‘J\/’\SI;'\NJ\_/N NH, \NJ\/'HW HJ\HW NH,
N o 2

NH>
Compound 19 Compound 20

ETSRIY ET o VY
/QDJ ° @ < o éyg/ g

—NH NH
NH, 2 Compound 22

Compound 21

D@;?é;rp Neritcd

NH;

N

Compound 23 Compound 24
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0 0 ;5\ . “/(Ej
D@;N?g’qz Ny w000 DQJ\/ JK/ ,

&

NH, 2 Compound 26
Compound 25
BB k? A
N™ ™ N NH, o}
N - O - 0 \>/
—NH
—NH NH2
NH, Compound 28
Compound 27
[0} H 0] H
o] 0] N N
FF_ M N J N NJ\/ Nk/ NH,
) N7 N~y NH; N s o M s 0o
| s 0 =0
Ay /’ \\<o H/ @
0 NH,
NH,
Compound 29 Compound 30
F F (e} H (o] H
Jy J\/N NH c}*NéCNJ\‘/N NJYN NH,
2 H H z
Kr (o] ~ (@]
NH,
Compound 32

Compound 31

k? Y(Q kr& e
o

o
3

. N

O/\\// \N/S\\ >

| © <
NH2 >
Compound 33 HaN Compound 34
o HmﬁH X
AN N Q H H
o ANy im o LR R,
S R (o] (e} N : H H 2
Ny & S 5
| . 7N
HN\)
HoN
H,oN

Compound 35 Compound 36
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JV)“;L LNYL/? Nj“"leivN\rd‘?
OQ So bR b

HZN/W N :
)

NH,
Compound 38
Compound 37
»@?L J@YKQ SO k? i
O,
I 2CF3COOH
NH2 2CF;COCH
Compound 39 Compound 40

o 4 o 7
Ph
/0 NJYN NJYN NH; N )K/N
/_J< E o H H o Ho
W ey -
Ho )/ ©/
NH» 3CF,COOH 2CF,COOH

Compound 41
Compound 42

NM2  Compound 43 ? Compound 44
7. The compound or a pharmaceutically acceptable salt thereof according to any one of

claims 1-6, wherein the pharmaceutically acceptable salts are selected from trifluoroacetates.

8. A pharmaccutical composition comprising the compound or a pharmaccutically
acceptable salt thereof according to any one of claims 1 to 7, and one or more pharmaceutically

acceptable carriers and/or excipients.

9. A use of the compound or a pharmaceutically acceptable salt thereof according to any
one of claims 1 to 7, or the pharmacecutical composition according to claim 8 in the
manufacture of a medicament for treating a k-opioid receptor-associated disease or condition in

a mammal, wherein the k-opioid receptor-associated disease or condition is selected from the
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group consisting of pain, inflammation, itching, edema, hyponatremia, hypokalemia, ileus,
cough and glaucoma.

10.  The use according to claim 9, wherein the pain is selected from the group consisting

of neuropathic pain, somatic pain, visceral pain and dermatalgia.

5 11. The use according to claim 9, wherein the pain is selected from the group consisting
of arthritis pain, kidney stone pain, hysterospasm, dysmenorrhea, endometriosis, dyspepsia,
post-surgical pain, post-medical treatment pain, eye pain, otitis pain, fulminant cancer pain and

gastrointestinal disorders-associated pain.

10
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