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In a twelfth embodiment, the present invention provides a method of preparing a

compound of formula (10a),

Q. Q SS
PR NP S A N />< R101
O N

Xz J@\/O N=

(10a)
or a salt thereof, said method comprising reacting the compound of formula (9a) with a
halogenating reagent, a sulfonating reagent or an esterification reagent,

AU />< 101
O N

N=.
HOQ\/O B g
P

(9a)
wherein X, is -Br, -1, -Cl, a sulfonate ester, and an activated ester (preferably, X, is -Br,
-1, or a sulfonate ester); and Rjq) is (C;-Cs)alkyl, pyridyl, or nitropyridyl.
In a thirteenth embodiment, the present invention provides a method of preparing

a compound of formula (18a),

O\/\ /\/O\/\ SSR101
0 ~><

(18a)
or a salt thereof, said method comprising reacting a compound of formula (10a)

/O\/\O/\/O\/\N/><SSR1 o1

]
Xo ™ (0] x N="-
|
GOI%( N
o}
(10a)

with a monomer compound of the formula (d;),

(d4)
wherein X; is a leaving group selected from the group consisting of: -Br, -1, -Cl, a

sulfonate ester, and an activated ester (preferably, X is -Br, -1, or a sulfonate ester); P3 is

10



O 0 SSR
AN \/\N/>< 101

“
=N 0 A X

(16a)

with an imine reducing agent, wherein X3 is —Cl; and R, is (C;-Cs)alkyl, pyridyl, or
nitropyridyl.
In a thirty-fourth embodiment, the present invention provides a method of
5 preparing a compound of formula (18a),

A~ O~ SSRqpy
s e

Sha™osin

(18a)
or a pharmaceutically acceptable salt thereof, said method comprising reacting a
compound of formula of (17a):
/O\/\O/\/O\/\N/XSSR“‘”

= Ps

X Ao N=

=
[
o]
\ 4
§

(17a)

=N
/'OH
N > oMe

o}

(a)

10  with a monomer of formula (a,):

wherein X3 is —Cl; P3 is H or an amine protecting group; and R, is (C;-Cs)alkyl,

pyridyl, or nitropyridyl.
In a thirty-fifth embodiment, the present invention provides a method of

15  preparing a compound of formula (18a),
O\/\O/\/O\/\N/XSSRW

(Lo,

(18a)

25



or a pharmaceutically acceptable salt thereof, said method comprising the steps of:
(1) reacting a sulfonating reagent or an esterification reagent with the compound

of formula (14a):

/0\/\0/\/0\/\N/><33R101
g
HO._A Xs

(14a)

2

or a salt thereof, to form a compound of formula (15a):

/0\/\0/\/0\/\N/><53R101

f/l\l
X4\/i\./k/ X3

(15a)

or a salt thereof;

(2) reacting the compound of formula (15a) with a monomer compound of

HO N=
Meo:@;},%
0O

(a1)

formula (a,),

2

to form a compound of formula (16a):

o) o) SSR
/\/\/\/\/\/>< -
O N

@
N PN Xa
e
0

(16a)

or a salt thereof; and

(3) reacting the compound of formula of (16a) with a reduced monomer of

formula (d;):

26



to form a compound of formula (18a), or a pharmaceutically acceptable salt thereof,
wherein X3 is —Cl; X4 is a sulfonate ester or an activated ester (preferably, a sulfonate

ester); P; is an alcohol protecting group; P3 is H or an amine protecting group; and R,

10

15

is (C1-Cs)alkyl, pyridyl, or nitropyridyl.
In a thirty-sixth embodiment, the present invention provides a method of

preparing a compound of formula (18a),

A0SO~ SSRy01
0 ~®<

@“ Uom ILQD

(18a)

or a pharmaceutically acceptable salt thereof, said method comprising the steps of:

(1) reacting the compound of formula (14a):

/0\/\0/\/0\/\N/><55R101

=

HO ™ X3

(14a)

5

or a salt thereof, with a monomer compound of formula (a;),

to form a compound of formula (16a):
/O\/\o/\/o\/\N/><SSR101

g
=N 7Y TOMe
o
(16a)

or a salt thereof; and
(2) reacting the compound of formula of (16a) with a reduced monomer of
formula (d;):

27



(d4)
to form a compound of formula (18a), or a pharmaceutically acceptable salt thereof,
wherein X3 is —Cl; Py is an alcohol protecting group; Ps is H or an amine protecting
group; and Ryq; is (C;-Cj)alkyl, pyridyl, or nitropyridyl.
5 In a thirty-seventh embodiment, the present invention provides a method of

preparing a compound of formula (18a),

O\/\O/\/O\/\N SSR101

e,

(18a)
or a pharmaceutically acceptable salt thereof, said method comprising the steps of:
10 (1) reacting a halogenating reagent with the compound of formula (14a):

o) o} SSR
- \/\o/\/ \/\N/x 101
HO\-/@\/ X3
(14a)

or a salt thereof, to form a compound of formula (20a):

O O SSR
AN ~"N 101
K

Xs i ! X3
(20a) R
or a salt thereof;,
15 (2) reacting a compound of formula (20a) or a salt thereof with a monomer
compound of formula (a;),
N OH

to form a compound of formula (16a):

28



/O\/\O/\/O\/\N/XSSR"”
|

or a salt thereof, and
(3) reacting the compound of formula of (16a) with a reduced monomer of

formula (d;):
Ps3

N OH
WOMe
= 0

5 (d1)
to form a compound of formula (18a), or a pharmaceutically acceptable salt thereof,
wherein X3 is —Cl; X5 is —Br or -I; P; is H or an amine protecting group; and R, is (C;-
Cs)alkyl, pyridyl, or nitropyridyl.
In a thirty-eighth embodiment, the present invention provides a method of

10  preparing a compound of formula (18a),

/O\/\o/\/o\/\N/XSSRm
|

Ps =
Ny o\/\@\,o s
el ¢
0 0
(18a)
or a pharmaceutically acceptable salt thereof, said method comprising the steps of:
(1) reacting a sulfonating reagent or an esterification reagent with the compound

15 of formula (14a):
R
HO\)\)\/ X3
(143)
or a salt thereof, to form a compound of formula (15a):

/O\/\O/\/O\/\N/XSSR"”

=

X4\/‘\/I\/ X3
(15a)

or a salt thereof;
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(2) reacting the compound of formula (15a) with a reduced monomer compound

of formula (d,),

P3
N
OH
7
OMe
o o]
(dq)

to form a compound of formula (17a):

0. O. SSR
NN \/\N/x 101

Lo -
X3 AN oA =
(17a) °
or a salt thereof; and
(3) reacting the compound of formula of (17a) with a monomer of formula (a;):
=N OH
é‘h{;‘/\@OMe
0
(a1)

to form a compound of formula (18a), or a pharmaceutically acceptable salt thereof,
wherein X3 is —Cl; X, is a sulfonate ester or an activated ester (preferably, a sulfonate
ester); P; is an alcohol protecting group; P3 is H or an amine protecting group; and R;o;
is (C;-Cs)alkyl, pyridyl, or nitropyridyl.

In a thirty-ninth embodiment, the present invention provides method of preparing

a compound of formula (18a),

O\/\O/\/O\/\N/><SSR101
Pa
N / O\/\/\/O
o)
(18a)
or a pharmaceutically acceptable salt thereof, said method comprising the steps of:

(1) reacting the compound of formula (14a):

/O\/\o/\/o\/\N/><SSR1o1
|

HO X3

(14a)
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or a salt thereof, with a reduced monomer compound of formula (d;),

to form a compound of formula (17a):

0. 0] SSR
AN \/\N/x 101
KHI P3
XS\/\\/\\_/OJI/\/N_”-
N
MeO \}Y %

(0]
(17a)

or a salt thereof; and
(2) reacting the compound of formula of (17a) with a monomer of formula (a;):
WOH
. 7 “OMe
o)
(a1)
to form a compound of formula (18a), or a pharmaceutically acceptable salt thereof,
wherein X3 is —Cl; P, is an alcohol protecting group; P3 is H or an amine protecting
group; and Ry is (C;-Cs)alkyl, pyridyl, or nitropyridyl.
In a fortieth embodiment, the present invention provides a method of preparing a

compound of formula (18a),

/0\/\0/\/0\/\N/><SSR101

,PS /I
N oo 70y R
| o
NH']/\QOME MeO P i N
(0] (o]

(18a)
or a pharmaceutically acceptable salt thereof, said method comprising the steps of:

(1) reacting a brominating or iodinating reagent with the compound of formula

(14a):
/O\/\O/\/o\/\N/xSSRm
]
HO. -~ X3

(14a)

or a salt thereof, to form a compound of formula (20a):
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/0\/\0/\/0\/\N/><SSR101

X5 ™ X3

or a salt thereof;

(2) reacting the compound of formula (20a) with a reduced monomer compound

of formula (d,),

to form a compound of formula (17a):

AN S N S />< 101
O N

ﬂ PS
N—,
X3 \\/\/O\/\‘/ -,

(17a)

or a salt thereof, and
(3) reacting the compound of formula of (17a) with a monomer of formula (a;):

—N OH

o)
(a1)
to form a compound of formula (18a), or a pharmaceutically acceptable salt thereof,
wherein X3 is —Cl; X5 is —Br or —I; P, is an alcohol protecting group; Ps is H or an amine
protecting group; and R, is (Ci-Cs)alkyl, pyridyl, or nitropyridyl.
In a forty-first embodiment, the present invention provides a method of preparing
a compound of formula (Ia’),

o} o} SSR
O~~~ />< 101
O N

oo,

(ia)
or a pharmaceutically acceptable salt thereof, said method comprising the steps of:
(1) reacting a sulfonating reagent or an esterification reagent with the compound

of formula (14a):
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NO,

(10A)
or a salt thereof, said method comprising reacting the compound of formula (9A) with a

halogenating reagent, a sulfonating reagent or an esterification reagent,

NO,
N=—-,
HO\/@\/o i
ﬂrN
MeO
(9A) 0

wherein X5 is -Br, -1, -Cl, a sulfonate ester or an activated ester.

In a specific embodiment, for the methods of the twelfth embodiment, X, is —Br,
-1 or a sulfonate ester.

In a specific embodiment, for the methods of the twelfth embodiment, X, is
mesylate, tosylate, brosylate, or triflate. Preferably, X, is mesylate.

In another specific embodiment, the method described in the twelfth embodiment
comprises reacting the compound of formula (9a) or (9A) with a halogenating reagent.
Exemplary halogenating reagent include, but are not limited to, bromine, hydrobromic
acid, carbon tetrabromide, phosphorus tribromide, potassium bromide, hydroiodic acid,
iodine, carbon tetraiodide, phosphorus triiodide, sodium iodide, or potassium iodide.

In yet another specific embodiment, the method of the twelfth embodiment
comprises reacting the compound of formula (9a) or (9A) with a sulfonating reagent.
Preferably, the sulfonating reagent is a sulfonic anhydride , such as methanesulfonic
anhydride, or a sulfonic chloride, such as methanesulfonyl chloride (MsCl).

In one embodiment, the reaction between the compound of formula (9a) or (9A)
and the sulfonating reagent is carried out in the presence of a base. Preferably, the base
is a non-nucleophiclic base. Exemplary non-nucleophic base include, but are not limited
to, triethylamine, imidazole, triethylamine, diisopropylethylamine, pyridine, 2,6-lutidine,
dimethylformamide, 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU), or
tetramethylpiperidine. Preferably, the base is triethylamine or diisopropylethylamine.

In a thirteenth embodiment, the present invention provides a method of preparing

a compound of formula (18a),
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carbonate, potassium carbonate, cesium carbonate, sodium hydride, or
potassiumhydride. Preferably, the base is potassium carbonate.

Any suitable organic solvents can be used for the methods of the thirty-fourth
embodiment. In one embodiment, the solvent is a polar aprotic solvent. Exemplary
solvents include, but are not limited to, dimethylformamide (DMF), CH,Cl,,
dichloroethane, THF, dimethylacetamide, etc. In certain embodiments,
dimethylformamide or dimethylacetamide is used as the solvent.

In a specific embodiment of the thirty-fourth embodiment, the compound of
formula (17a) or (17A) is reacted with the monomer of formula (a;), wherein P3 is H, to
form a compound of formula (Ia’) or (IA), respectively.

In another specific embodiment of the thirty-fourth embodiment, P; is an amine
protecting group. Any suitable amine protecting group can be used in the method
described above. In one embodiment, the amine protecting group is 2-
trimethylsilylethyl,(2-phenyl-2-trimethylsilyl)ethyl, triisopropylsiloxy, 2-
(trimethylsilyl)ethoxymethyl, allyloxycarbonyl, 9-fluorenylmethoxycarbonyl, 2-
(trimethylsilyl)ethoxycarbonyl, or 2, 2,2, 2-trichloroethoxycarbonyl.

When P53 is an amine protecting group, the compound of formula (18a) or (18A)
is further reacted with an amine deprotecting reagent to form a compound of formula
(Ia’) or (IA), respectively.

Examples of suitable amine deprotecting reagent include, but are not limited to,
the amine deprotecting reagent is selected from the group consisting of tetra-n-
butylammonium fluoride, acetic acid, hydrogen fluoride pyridine, cesium fluoride,
piperidine, morpholine, or trifluroacetic acid.

In a thirty-fifth embodiment, the present invention provides a method of

preparing a compound of formula (18a),

Ps = |
/ _f\ N i OMe Meoj@/\( %
o) o)
(18a)
or a pharmaceutically acceptable salt thereof, said method comprising the steps of:

(1) reacting a sulfonating reagent or an esterification reagent with the compound

of formula (14a):
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/O\/\O/\/O\/\N/XSSR“”
P |
HO e X3

(14a) .

or a salt thereof, to form a compound of formula (15a):

/O\/\O/\/o\/\N/XSSRw‘I

X4\/©\/ X3

or a salt thereof;

5 (2) reacting the compound of formula (15a) with a monomer compound of

N=,
HO ” N .
0" NF J N
o

(a1)

formula (a;),

to form a compound of formula (16a):

O~ SO~ SSRyp1
R

(16a)

10 or a salt thereof;, and

(3) reacting the compound of formula of (16a) with a reduced monomer of

formula (d):

(d4)
to form a compound of formula (18a), or a pharmaceutically acceptable salt thereof,

15  wherein X; is —Cl; X4 is a sulfonate ester or an activated ester; P is an alcohol
protecting group; P; is H or an amine protecting group; and Ry is (C;-Cs)alkyl, pyridyl,
or nitropyridyl. In one embodiment, X4 is a sulfonate ester.

Also included in the thirty-fifth embodiment is a method of preparing a
113
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compound of formula (18A),
NO,

P
—N 3N
O\/©\/O N -
N\”H N
OMe MeO
o o]
(18A)

or a pharmaceutically acceptable salt thereof, said method comprising the steps of:

(1) reacting a sulfonating reagent or an esterification reagent with the compound

of formula (14A):
NO,

HO X3
(14A)

or a salt thereof, to form a compound of formula (15A):
NO,

X4 X3
(15A)

or a salt thereof;

(2) reacting the compound of formula (15A) with a monomer compound of

formula (a;),
HO A
|
MeO™ 7 \U/N
0
(1)
to form a compound of formula (16A):
NO,
=N \/©\/
o} X3
m
OMe
o} (16A)

or a salt thereof; and
(3) reacting the compound of formula of (16A) with a reduced monomer of

formula (d;):
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(dq)
to form a compound of formula (18A), or a pharmaceutically acceptable salt thereof,
wherein X3 is —Cl; X4 is a sulfonate ester or an activated ester; Py is an alcohol
protecting group; and P3 is H or an amine protecting group. In one embodiment, X4 is a
5  sulfonate ester.

The conditions and reagents for the method of thirty-fifth embodiment are as
described above in the twenty-fourth, twenty-sixth and/or twenty-ninth embodiment(s)
and any specific embodiments described therein.

In a thirty-sixth embodiment, the present invention provides a method of

10  preparing a compound of formula (18a),

o) o) SSR
PO O SR
O N

lPs \/@I\/
N N=—.
= “ 0] . Oﬁ/’,
N N
> oMe Me0”
(0] o}

(18a)

or a pharmaceutically acceptable salt thereof, said method comprising the steps of:

(1) reacting the compound of formula (14a):

o} o} SSR
P s A N 101
K
g
HO S X3

15 (14a)

2

or a salt thereof, with a monomer compound of formula (a;),
=N
& OH
NS ome

to form a compound of formula (16a):
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Q 0] SSR
~ \/\O/\/ ~N 101
K

\/@\,
=N
Y\|,O e Xa
N\r\)\OMe

0

(16a)

or a salt thereof; and
(2) reacting the compound of formula of (16a) with a reduced monomer of

formula (d;):

(dy)
to form a compound of formula (18a), or a pharmaceutically acceptable salt thereof,
wherein X3 is —Cl; P; is an alcohol protecting group; P3 is H or an amine protecting
group; and Ryg is (C-Cy)alkyl, pyridyl, or nitropyridyl.
Also provided in the thirty-sixth embodiment is a method of preparing a

compound of formula (18A),

NO,
P ~
= O\./@\/O ; N_"'
OMe MeO
o o]
(18A)

or a pharmaceutically acceptable salt thereof, said method comprising the steps of:

(1) reacting the compound of formula (14A):
NO,

HO X3
(14A)

or a salt thereof, with a monomer compound of formula (a;),

=N
2 OH
N -"0OMe
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to form a compound of formula (16A):

NO,
a 0\/©\/ X3
N\f(jg:
OMe (16A)

or a salt thereof, and

(2) reacting the compound of formula of (16A) with a reduced monomer of

5 formula (d;):

(d4)
to form a compound of formula (18A), or a pharmaceutically acceptable salt thereof,
wherein Xj is —Cl; P; is an alcohol protecting group; and P; is H or an amine protecting
group.

10 The conditions and reagents for the method of thirty-sixth embodiment are as
described above in the twenty-eighth, and/or twenty-ninth embodiment(s) and any
specific embodiments described therein.

In a thirty-seventh embodiment, the present invention provides a method of

preparing a compound of formula (18a),

15
o} 0 SSR
PV VN N S />< 101
[®) N
N3 O] N
= | 0] ™ OW .
N N 2 N
OMe MeO” ~F
0] (0]

(18a)
or a pharmaceutically acceptable salt thereof, said method comprising the steps of:
(1) reacting a halogenating reagent with the compound of formula (14a):

O o} SSR
AN A SN />< 101
O N

ﬁ\ll

HO "~ X3
(14a)
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or a salt thereof, to form a compound of formula (20a):

o} o} SSR
AN N ~"N 101
K

or a salt thereof;,
(2) reacting a compound of formula (20a) or a salt thereof with a monomer

compound of formula (a;),

to form a compound of formula (16a):
O~ O~ SSR101
oy
=
/__CFN O\./l\\/ﬁ)\\/)%
{ ”wj@[we
=/ X

(16a)
or a salt thereof; and

(3) reacting the compound of formula of (16a) with a reduced monomer of

formula (d,):

(dy)
to form a compound of formula (18a), or a pharmaceutically acceptable salt thereof,
wherein X3 is —Cl; X is —Br or -I; P3 is H or an amine protecting group; and R, is (Ci-
Cs)alkyl, pyridyl, or nitropyridyl.
Also provided in the thirty-seventh embodiment is a method of preparing a

compound of formula (18A),
NO,

P\
[ $-4 I m(%
— OMe MeO
0 o)
(18A)

or a pharmaceutically acceptable salt thereof, said method comprising the steps of:
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(1) reacting a halogenating reagent with the compound of formula (14A):
NO,

HO X3
(14A)

or a salt thereof, to form a compound of formula (20A):
NO,

(20A)

or a salt thereof;,

(2) reacting a compound of formula (20A) or a salt thereof with a monomer

—N OH

(0]
(a1)

compound of formula (a;),

to form a compound of formula (16A):

or a salt thereof;, and

(3) reacting the compound of formula of (16A) with a reduced monomer of

formula (d,):

(d4)
to form a compound of formula (18A), or a pharmaceutically acceptable salt thereof,
wherein X3 is —Cl;, X5 is —Br or -I; and P; is H or an amine protecting group.

The conditions and reagents for the method of thirty-seventh embodiment are as
described above in the twenty-fifth, twenty-seventh, and/or twenty-ninth embodiment(s)
and any specific embodiments described therein.

In a specific embodiment, for the methods of the thirty-fifth, thirty-sixth and
thirty-seventh embodiments, P3 is H, the compound of formula (16a) or (16A) is reacted
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with reduced monomer of formula (d;) to form a compound of formula (Ia’) or (IA)
respectively.
In another specific embodiment, for the methods of thirty-fifth, thirty-sixth and
thirty-seventh embodiments, P is an amine protecting group and the methods further
5  comprise reacting the compound of formula (18a) or (18 A) with an amine deprotecting
reagent to form a compound of formula (Id’) or (IA) respectively.
In a thirty-eighth embodiment, the present invention provides a method of

preparing a compound of formula (18a),

0] o) SSR
e \/\O/\/ \/\N/>< 101

P3
/{ N O\Q\JOWN:"
o e A
o) o)
10 (18a)

or a pharmaceutically acceptable salt thereof, said method comprising the steps of:

(1) reacting a sulfonating reagent or an esterification reagent with the compound

of formula (14a):
0 0 SSR
AN 101
K
_]
HO. AN X3

(14a)

15  or asalt thereof, to form a compound of formula (15a):

Q. (0] SSR
-~ \/\O/\/ \/\N/>< 101

or a salt thereof;

(2) reacting the compound of formula (15a) with a reduced monomer compound

of formula (d,),

20 {dv) ,

to form a compound of formula (17a):
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¢} O SSR
O N

P3
Xa o) N—,
N
nee QD

o)
(17a)

or a salt thereof;, and

(3) reacting the compound of formula of (17a) with a monomer of formula (a;):

—N
S OH
N X"“0OMe

(as)

to form a compound of formula (18a), or a pharmaceutically acceptable salt thereof,
wherein X3 is —Cl; X4 is a sulfonate ester or an activated ester; P; is an alcohol
protecting group; P3 is H or an amine protecting group; and R, is (Ci-Cs)alkyl, pyridyl,
or nitropyridyl. In one embodiment, X, is a sulfonate ester.

Also provided in the thirty-eighth embodiment is a method of preparing a
compound of formula (18A),

(1) reacting a sulfonating reagent or an esterification reagent with the compound

of formula (14A):
NO,

HO Xa
(14A)

or a salt thereof, to form a compound of formula (15A):
NO,

X4 X3
(15A)

or a salt thereof;

(2) reacting the compound of formula (15A) with a reduced monomer compound

of formula (d,),

to form a compound of formula (17A):
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X3

or a salt thereof;, and

(3) reacting the compound of formula of (17A) with a monomer of formula (a,):

(a1)

5  to form a compound of formula (18A), or a pharmaceutically acceptable salt thereof,
wherein X3 is —Cl; X4 is a sulfonate ester or an activated ester; P, is an alcohol
protecting group; and Pz is H or an amine protecting group. In one embodiment, X4 is a
sulfonate ester.

The conditions and reagents for the method of thirty-eighth embodiment are as
10  described above in the twenty-fifth, thirtieth and/or thirty-fourth embodiment(s) and any
specific embodiments described therein.
In a thirty-ninth embodiment, the present invention provides method of preparing

a compound of formula (18a),

O 0] SSR
~ \/\O/\/ \/\N/>< 101
N g =
Wo ™ (0] N_”.

S T e A

o} o]
15 (18a)

or a pharmaceutically acceptable salt thereof, said method comprising the steps of:
(1) reacting the compound of formula (14a):

(0] o} SSR
P \/\O/'\/ \/\N/x 101

= I:
HO. ™ X3

(14a) ,

or a salt thereof, with a reduced monomer compound of formula (d,),
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N OH
o)

(dy)

to form a compound of formula (17a):
/0\/\ /\/o\/\ SSR101
DRSO
AN Ps

X3\AJ\/O SN N=
|
e}

MeO

(17a)

or a salt thereof;, and
(2) reacting the compound of formula of (17a) with a monomer of formula (a;):
=N OH
o}
(aq)
to form a compound of formula (18a), or a pharmaceutically acceptable salt thereof,
wherein X3 is —Cl; Py is an alcohol protecting group; P3 is H or an amine protecting
group; and Ry is (C-Cs)alkyl, pyridyl, or nitropyridyl.
Also provided in the thirty-ninth embodiment is a method of preparing a

compound of formula (18A),
NO,

P
=N 3 N—
O\/@,O N
NWH N
OMe MeO
o o)
(18A)

or a pharmaceutically acceptable salt thereof, said method comprising the steps of:

(1) reacting the compound of formula (14A):
NO,

HO Xa

(14A)

or a salt thereof, with a reduced monomer compound of formula (d;),
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to form a compound of formula (17A):
NO,

Pa<
3N_

X3 \/@\/ o K
N
nee %
(0]

(17A)

b

or a salt thereof, and

(2) reacting the compound of formula of (17A) with a monomer of formula (a;):

(a4)
to form a compound of formula (18A), or a pharmaceutically acceptable salt thereof,
wherein X3 is —Cl; P is an alcohol protecting group; and P3 is H or an amine protecting
group.

The conditions and reagents for the method of thirty-ninth embodiment are as
described above in the thirty-first and/or thirty-fourth embodiment(s) and any specific
embodiments described therein.

In a fortieth embodiment, the present invention provides a method of preparing a

compound of formula (18a),

0] o) SSR
NN TN NS 101
0 K

N=,
) 2 0 o ~ .
Y ToMe Meo” 7 N
o] 0
(18a)
or a pharmaceutically acceptable salt thereof, said method comprising the steps of:

(1) reacting a brominating or iodinating reagent with the compound of formula
(14a):
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A method of preparing a compound of formula (2a),

=

b O M om
1

(2a)
or a salt thereof, said method comprising introducing an alcohol protecting group onto

one of the primary alcohols of a compound of formula (1a) by reacting the compound

of formula (1a) with an alcohol protecting reagent,

O ¢} SSR
- \/\o/\/ \/\fo 101

A
HO\/\‘;\_/I\/OH

(1a)

wherein P is the alcohol protecting group; and R;¢; is (C;-Cs)alkyl, pyridyl, or
nitropyridyl.

A method of preparing a compound of formula (3a),
OO~ SSRy01
o K

P1/0 X1

(3a)

or a salt thereof, said method comprising reacting a halogenating reagent, a

sulfonating reagent or an esterification reagent with a compound of formula (2a),

0) (0] SSR
- \/\O/\/ \/\N/X 101

P /O\/Q\/OH

J
(2a)

wherein Py is an alcohol protecting group; X is a leaving group selected from the
group consisting of: -Br, -I, -Cl a sulfonate ester, and an activated ester (preferably,

X, is -Br, -1, or a sulfonate ester); and R;¢; is (C;-Cs)alkyl, pyridyl, or nitropyridyl.

A method of preparing a compound of formula (4a),
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or a salt thereof, said method comprising reacting a compound of formula (3a)

/O\/\O/\/O\/\N/XSSR““
2\|
P1/O\/J%)\/ X4

(3a)

with a monome compound of the formula (a;),

N=,
HO | o .
MeO 7 N
(o]
(a1)

wherein P) is an alcohol protecting group; X is a leaving group selected from the
group consisting of: -Br, -1, -Cl, a sulfonate ester, and an activated ester (preferably,

Xj is -Br, -1, or a sulfonate ester); and Ry is is (C;-Cs)alkyl, pyridyl, or nitropyridyl.
A method of preparing a compound of formula (5a),

O. O SSR
P A T N e 101
© 'Tl/><

(5a)
or a salt thereof, said method comprising reacting a compound of formula (4a),

0. 0} SSR
- \/\O/\/ \/\N 101
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(0]

(4a)
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with an imine reducing agent, wherein P, is an alcohol protecting group; and R is

(C1-Cs)alkyl, pyridyl, or nitropyridyl.
A method of preparing a compound of formula (6a),
HO A o S -
MeO Z I\E@
(62)
or a salt thereof, said method comprising reacting a compound of formula (5a),

O O SSR
AN 101
K

(5a)

with an alcohol deprotecting reagent, wherein P; is an alcohol protecting group; and

Rjo1 is (C1-Cs)alkyl, pyridyl, or nitropyridyl.
A method of preparing a compound of formula (7a),

/0\/\0/\/0\/\N/><SSR101

Qg
Xae AN o HN—,
Meouﬂ,%
(o]

(7a)

or a salt thereof, said method comprising reacting a halogenating reagent, a
sulfonating reagent or an esterification reagent with the primary alcohol compound of

formula (6a),

o) 0 SSR
0] N
| /><

/ﬁ
| HN—,

HO "~~~ _0 -
LA
O

(6a)
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wherein X; is a leaving group selected from the group consisting of: -Br, -1, -Cl, a
sulfonate ester, and an activated ester (preferably, X is -Br, -1, a sulfonate ester); and

Ryo; is (C;-Cs)alkyl, pyridyl, or nitropyridyl.
A method of preparing a compound of formula (7a”),

O (0] SSR
- \/\o/\/ \/\N/X 101

Xz'\/g\/oj/\;' A

[
Meo”

or a salt thereof, said method comprising reacting a compound of formula (5a’)
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AN \/\N/>< 101

%w
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! [
Meo,\/)\ﬂ/%

o
(5a")

with an alcohol deprotecting reagent and a halogenating reagent, wherein P,’ is an
acid labile alcohol protecting group; X’ is —Br or -I; and Ry is (C;-Cs)alkyl, pyridyl,
or nitropyridyl.

A method of preparing a compound of formula (Ia’),

o} o} SSR
AN \/\N/x 101

\(=N ov@o UL
I
(0] QO

(1)
or a pharmaceutically acceptable salt thereof, said method comprising the steps of:

(1) introducing an alcohol protecting group onto one of the primary alcohols of a

compound of formula (1a),
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/O\/\O/\/O\/\N/><SSR101
|

7
HO._Axy ~_-OH

(1a)
to form a compound of formula (2a),

QO O SSR
- \/\O/\/ \/\N/>< 101

“d

|
F,1/0 N OH

(2a)

(2) reacting the compound of formula (2a) with a halogenating reagent, a sulfonating

reagent or an esterification reagent to form a compound of formula (3a),
o o SSR
AN \/\N/X 101

<

P /om x1
1
(3a)

(3) reacting the compound of formula (3a) with a monomer compound of the formula

(ap),

HO N=
o}
(ay)

to form a compound of formula (4a),

o} o} SSR
Ao 101
AN

(4a)

(4) reacting the compound of formula (4a) with an imine reducing agent to form a

compound of formula (5a),
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(5a)

(5) reacting the compound of formula (5a) with an alcohol deprotecting reagent to

form a compound of formula (6a),

HO N 0

(6a)

(6) reacting the compound of formula (6a) with a second halogenating reagent, a
second sulfonating reagent or a second esterification reagent to form a compound of

formula (7a),

0. (0] SSR
- \/\o/\/ \/\N 101
K

X2 \/\/”\/0 SN HN=
|
MeO” 7 N
o]
(7a) ; and

(7) reacting the compound of formula (7a) with a monomer compound of the formula

(al):

Homf"':-.

w0 P
o)
(ar)

to form the compound of formula (Ia’); wherein P; is an alcohol protecting group; X,
and X; are each independently a leaving group selected from the group consisting of:
-Br, -1, -Cl, a sulfonate ester and an activated ester (preferably, X; and X; are each
independently -Br, -1, or a sulfonate ester); and Ro; is (Ci-Cs)alkyl, pyridyl, or
nitropyridyl.
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9. A method of forming a compound of formula (I2),

(0] O SSR
AN AN /X 101
O N

=N J@\/ HN—
N 0 0 8
N N 0Me Meomﬂ’ %
(@] (¢]
(1a")

or a pharmaceutically acceptable salt thereof, said method comprising the steps of:

(1) introducing an alcohol protecting group onto one of the primary alcohols of a
compound of formula (1a),

/O\/\O/\/O\/\N S8Rqo1

)
HOVR\)\,OH

(1a)

to form a compound of formula (2a”),

P NG e N L P /7< 101
O N

)

p 1Oy~ _OH
1

(2a")

(2) reacting the compound of formula (2a’’) with a halogenating reagent, a

sulfonating reagent or an esterification reagent to form a compound of formula (3a),

(0] o} SSR
AN \/\N/x 101

=

|l

P1-/0\/\\\/\/X1

(3a")

(3) reacting the compound of formula (3a”) with a monomer compound of the
formula (a;),
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to form a compound of formula (4a™),

o} (0] SSR
AN \/\N/>< 101

N=—,
p1l/o\/©\/o | S |
MeO” 7 N
(¢]

{4a")

(4) reacting the compound of formula (4a”) with an imine reducing agent to form a

compound of formula (5a’"),

0 O SSR
PRV PN L S 101
O N/X

—
| HN—,
P1I/O\/©\/O | S ’
MeO™ ~F N
o)

(5a") ;
(5) reacting the compound of formula (5a”) with an alcohol deprotecting reagent and

a halogenating reagent to form a compound of formula (7a”),

o} O SSR
AN NN 101
K

/“T
Xz'\)\/k/o S HN—”.
|
N
(0]

(7a")

.
I

(6) reacting a compound of formula (7a”) with a monomer compound of the formula

(al)a

(ay)

to form the compound of formula (Ia’), wherein P;’ is an acid labile alcohol
protecting group; X is a leaving group selected from the group consisting of: -Br, -1,
-Cl, a sulfonate ester and an activated ester (preferably, -Br, -1, a sulfonate ester); X,’

is —Br or —I; and Ry; is (C;-Cs)alkyl, pyridyl, or nitropyridyl.

10. A method of preparing a compound of formula (9a),
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(9a)

or a salt thereof, said method comprising reacting a compound of formula (4a),

o) o SSR
P S N e L NN />< 101
O N

(4a)

with an alcohol deprotecting reagent; wherein P; is an alcohol protecting group; and

Ryo1 is (C1-Cj)alkyl, pyridyl, or nitropyridyl.
11. A method of preparing a compound of formula (10a),

o} e} SSR
e \/\o/\/ \/\N/x 101

m
X~ ~_0 e N=".
|
N
MeO™ 7

(10a)

or a salt thereof, said method comprising reacting a halogenating reagent, a

sulfonating reagent or an esterification reagent with the compound of formula (9a),

0 0 SSR
- \/\O/\/ \/\N/X 101

HO__Aa 0 N=

(9a)

wherein X, is a leaving group selected from the group consisting of -Br, -1, -Cl, a
sulfonate ester, and an activated ester (preferably, X, is -Br, -1, or a sulfonate ester);

and Ry is (C;-Cj3)alkyl, pyridyl, or nitropyridyl.
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12.

A method of preparing a compound of formula (Ia’),

PR NS N /7< 101
O N

i
(_ Y\l/o N (0] I \ .
/ —-\ N Y\/\ OMe M0 > N
0 (6]

(la’)

or a pharmaceutically acceptable salt thereof, said method comprising the steps of:
(1) introducing an alcohol protecting group onto one of the primary alcohols of the

compound of formula (1a),

/0\/\0/\/0\/\N/><SSR101

HO\/©\/OH

(1a)

to form a compound of formula (2a),

(2a)

(2) reacting a halogenating reagent, a sulfonating reagent or an esterification reagent
with the compound of formula (2a) to form a compound of formula (3a),

7
P(O SN X4

(3a) :
(3) reacting the compound of formula (3a) with a monomer compound of the formula

(al)7

HO %
\"/:( %

MeO™

o

(a4)

to form a compound of formula (4a),
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/O\/\O/\/o\/\N/XSSR"“

(4a)

(4) reacting the compound of formula (4a) with an alcohol deprotecting reagent to

form a compound of formula (9a),

(%a)
(5) reacting a second halogenating reagent, a second sulfonating reagent or a second
esterification reagent with the compound of formula (9a) to form a compound of

formula (10a),

o} o} SSR
AN TN NS 101

X \/@\/O B N="'
| T
0]

(10a) :

(6) reacting the compound of formula (10a) with a monomer compound of the

formula (d;)

(d1)
to form a compound of formula (18a),

/o\/\o/\/o\/\N/xSSRﬂn
|

N\~ I 0N o N=,
K Meomr%
o !
(182) ; and
(7) reacting the compound of formula (11a) to an amine deprotecting reagent to form
the compound of formula (Ia’);

wherein P; is an alcohol protecting group; X; and X, are each independently a

leaving group selected from the group consisting of: -Br, -1, -Cl, a sulfonate ester,
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and an activated ester (preferably, -Br, -1, a sulfonate ester); P; is H or an amine

protecting group; and R, is (C;-Cs)alkyl, pyridyl, or nitropyridyl.
13. A method of preparing a compound of formula (7a’),

o} 0} SSR
O SOas />< 101
O N

7
HN—.
Ko 0 g
ol
Meo/\/\n/
(o}

(7a)
or a salt thereof, said method comprising reacting a compound of formula (10a’),
NG W LN SSRyoq
° K
X4 e (0] o ~,
l
(10a)

or a salt thereof, with an imine reducing agent, wherein X is -Br, -1, -Cl, a sulfonate
ester, or an activated ester (preferably, X| is -Br, -1, a sulfonate ester); and Ryy; is (C-

Cs)alkyl, pyridyl, or nitropyridyl.
14. A method of preparing a compound of formula (Ia’),
O g O -SSR0
ﬁ?
B i A
(> ome Meo/\f\r%
o) 0
(ia)

or a pharmaceutically acceptable salt thereof, said method comprising the steps of:
(1) reacting a halogenating reagent, a sulfonating reagent or an esterification reagent
with a compound of formula (1a),

(0] (o) SSR
- \/\o/\/ \/\N/x 101

“
HO N OH

(1a)

to form a compound of formula (12a),
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15.

(6] (0] SSR
- \/\O/\/ \/\N/x 101

=

X4 ™ X4
(12a)

b2

(2) reacting the compound of formula (12a) with a monomer compound of the

HO N=",
0

(a4)

formula (a),

to form a compound of a formula (10a’),

(0] Q SSR
A0 />< 101
O N

\O\(
X A o\l/\\\/N:—.
|

0
(10a’)

(3) reacting the compound (10a’) with an imine reducing reagent to form a compound

(72%),
/O\/\o/\/O\/\N/xSSRW
|

1
X Ao N
|
Meomg
(o]

(7a)

b

(4) reacting the compound of formula (7a’) with a monomer compound of the formula

(a1),
N=.
HO i N 3
MeO & N
O

(a1)
to form a compound of formula (Ia’), or a pharmaceutically acceptable salt thereof,
wherein X is X is —Br, -1, -Cl, a sulfonate ester, or an activated ester (preferably, X

is -Br, -1, or a sulfonate ester); and Ro; is (C;-Cs)alkyl, pyridyl, or nitropyridyl.

A method of preparing a compound of formula (13a),
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17.

18.

/O\AO/\/O\/\N/XSSR"“

P1/o X3

(13a)

or a salt thereof, said method comprising reacting a chlorinating reagent with a

compound of formula (2a),
o} o} SSR
~ \/\0/\/ \/\N/>< 101

b0 OH
;

(2a)

wherein P; is an alcohol protecting group; X3 is —Cl; and Rjo; is (C;-Cs)alkyl, pyridyl,
or nitropyridyl.

A method of preparing a compound of formula (14a),

O o} SSR.
AN IS 101
(@] N
|/><

—d

HO_A\ X

(142)
or a salt thereof, said method comprising reacting a compound of formula (13a)

AN
P1/0\/\\f\/ X3

(13a)

with an alcohol deprotecting reagent, wherein P; is an alcohol protecting group; X; is

—ClI; and Ry is (C;-Cs)alkyl, pyridyl, or nitropyridyl.

The method of claim 16, wherein the alcohol protecting group is a silyl protecting
group.

The method of claim 17, wherein the silyl protecting group is the silyl protecting
group is dimethylisopropylsilyl, diethylisopropylsilyl, dimethylhexylsilyl,
trimethylsilyl, triisopropylsilyl, tribenzylsilyl, triphenylsilyl, 2-norbornyldimethylsilyl,
tert-butyldimethylsilyl, zert-butyldiphenylsilyl, 2-trimethyethylsilyl (TEOC), or [2-
(trimethylsilyl)ethoxy]methyl.
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19.

20.

21.

22.

23.

24.

The method of claim 18, wherein the silyl protecting group is triethylsilyl,
triisopropylsilyl, or tert-butyldimethylsilyl.

The method of claim 19, wherein the silyl protecting group is tert-butyldimethylsilyl.

The method of any one of claims 16-20, wherein the alcohol deprotecting reagent is
tetra-n-butylammonium fluoride, tris(dimethylamino)sulfonium
difluorotrimethylsilicate, hydrogen fluoride or a solvate thereof, hydrogen fluoride
pyridine, silicon tetrafluoride, hexafluorosilicic acid, cesium fluoride, hydrochloric
acid, acetic acid, trifluoroacetic acid, pyridinium p-toluensulfonate, p-toluenesulfonic

acid (p-TsOH), formic acid, periodic acid.

The method of claim 21, wherein the alcohol deprotecting agent is hydrogen fluoride
pyridine.

A method of preparing a compound of formula (15a):

0 0. SSR
AN GTTN NS 101
0 K

Z 5
il

X4 ™ X3

(15a)

or a salt thereof, said method comprising reacting a sulfonating reagent or an

esterification reagent with a compound of formula (14a),

0 o} SSR
AN \/\N/>< 101

Ho\/@\/xfi

(14a)

wherein X3 is —Cl; X4 is a sulfonate ester or an activated ester (preferably, a sulfonate

ester); and Ry is (C;-Cs)alkyl, pyridyl, or nitropyridyl.
A method of preparing a compound of formula (20a):

O 0. SSR
- \/\o/\/ \/\N i
K
AN

XS\/U\/XB

(20a)
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25.

26.

or a salt thereof, said method comprising reacting a brominating or iodinating reagent

with a compound of formula (14a),

0. o} SSR
- \/\O/\/ ~"N 101
K

7

HO ™ X3

(14a)
wherein X3 is —Cl; X5 is —=Br or —I; and Ry is (C;-C3)alkyl, pyridyl, or nitropyridyl.
A method of preparing a compound of formula (16a):

/o\/\o/\'/o\/\N/xssmm
el
N O“v [ | X3
@m OMe
0
(16a)

or a salt thereof, said method comprising reacting a compound of formula (15a)

o} 0. SSR
I \/\N/>< 101

=

X4 ™ X3

(15a)

with a monomer compound of formula (a;),
HO ~ N=,
MeO™ 7 N
o
(ay)

wherein X3 is —Cl; X4 is a sulfonate ester or an activated ester (preferably, a sulfonate

ester); and Ryo; is (C;-Cj)alkyl, pyridyl, or nitropyridyl.

A method of preparing a compound of formula (16a):
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28.

(0] (0] SSR
AN \/\N/>< 101
=
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(16a) ,

or a salt thereof, said method comprising reacting a compound of formula (20a)
OO~ SSR
-~ ) ,\Il/x 101

=

Xs ™ I X3
(20a)

with a monomer compound of formula (a;),

N=.
HO , x -,
MeO & A

(0]

(ay)

2

wherein Xj is —Cl; X5 is —Br or -I; and Rjg; is (C;-Cs)alkyl, pyridyl, or nitropyridyl.
A method of preparing a compound of formula (16a):

(0] o} SSR
e \/\O/\/ \/\N/>< 101

N O\/@\/ X3
(0]
(16a)

2

or a salt thereof, said method comprising reacting a compound of formula (14a)

/O\/\O/\/o\/\N/XSSR"“
|

HO Xs

(14a)

with a monomer compound of formula (a,),
HO N=
Me0:©/\n/ '\(@
0
(a1)

wherein X3 is —Cl; and Ry, is (C;-Cs)alkyl, pyridyl, or nitropyridyl.

A method of preparing a compound of formula (18a):
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29.

A Oy SSRyp1

/\ﬂ Ps
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N ™ I /1\/ N
OMe MeQ Y
(o] (0]
(18a)

>

or a pharmaceutically acceptable salt thereof, said method comprising reacting a
compound of formula of (16a):

0. (0] SSR
- \/\o/\/ \/\N 101
K

l
N/IO x
N1‘)\0Me
o)

(16a)

with a reduced monomer of formula (d,):

Ps
~ N
@'N\p[om
o}

(d4)
wherein X3 is —Cl; P3 is H or an amine protecting group; and R; is (C;-Cs)alkyl,
pyridyl, or nitropyridyl.

A method of preparing a compound of formula (17a):

O e} SSR
e \/\O/\/ ~"N 101
K

4 Ps
| N—,
X3 ™ o} X &
I
N
MeO &
o}

(17a)
or a salt thereof, said method comprising reacting a compound of formula (15a)

/O\/\O/\/O\/\N SSR101
B

Xa ™ Xa

(15a)

with a monomer compound of formula (d;),



30.

31.

32.

33.

34.

wherein X3 is —Cl; X, is a sulfonate ester or an activated ester (preferably, a sulfonate
ester); P; is H or an amine protecting group; and R, is (C;-Cs)alkyl, pyridyl, or
nitropyridyl.

A method of preparing a compound of formula (17a):
O\/\ /\/O\/\ SSR101

A

= 3
X3 \/l\//jl‘\/o e N=

I
o)
(17a)

or a salt thereof, said method comprising reacting a compound of formula (14a)

(0] 0} SSR
AN TSNS 101
(o) N
I/><

HO\/(‘j\/Xa

(14a)

with a monomer compound of formula (d;),

(dy)

wherein X; is —Cl; P3 is H or an amine protecting group; and R,o; is (C;-Cs)alkyl,

pyridyl, or nitropyridyl.

The method of claim 30, wherein the compound of formula (14a) is reacted with a

monomer of formula (d;) in the presence of an alcohol activating agent.
The method of claim 31, wherein the alcohol activating agent is triphenylphosphine.

The method of any one of claims 30-32, wherein the compound of formula (14a) is

reacted with a monomer of formula (d;) in the presence of an azodicarboxylate.

The method of claim 33, wherein the azodicarboxylate is selected from the group

consisting of: diethyl azodicarboxylate (DEAD), diisopropyl azodicarboxylate
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35.

36.

37.

38.

39.

(DIAD), 1,1’-(azodicarbonyl)dipiperidine (ADDP), and ditertbutyl azodicarboxylate
(DTAD).

The method of any one of claims 30-34, wherein the compound of formula (14a) is
reacted with the monomer compound of formula (d;), wherein P; is H, to form a

compound of formula (17a’):

0. O SSR
~ \/\O/\/ ~ /x 101

1
X3 =~ O~y HN—.
I
N

0

—Z

(17a’)

The method of any one of claims 30-34, wherein P; is an amine protecting group.

The method of claim 36, further comprising the step of reacting the compound of
formula (17a) with an amine deprotecting reagent to form a compound of formula

(172%):
/Q\/\o/\/o\/\N/xSSR1D1

X3 N

(17a)

The method of claim 37, wherein the amine deprotecting reagent is selected from the
group consisting of tetra-n-butylammonium fluoride, acetic acid, hydrogen fluoride

pyridine, cesium fluoride, piperidine, morpholine, or trifluroacetic acid.
A method of preparing a compound of formula (17a):

0] 0. SSR
7 \/\O/\/ \/\N/>< 101

= ' Ps
a0 N=
-N
Meoﬁﬁ Q}
(0]

(17a)

or a salt thereof, said method comprising reacting a compound of formula (20a)
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AN \/\N/x 101
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(20a)

with a monomer compound of formula (d;),

Pa
s
as e
()]
(d)

wherein X3 is —Cl; X5 is —Br or —I; P; is H or an amine protecting group; and Rj¢; is

(C-Cs)alkyl, pyridyl, or nitropyridyl.
40. A method of preparing a compound of formula (17a’):

o} o} SSR
AN TN \v/”\N/”j7< 101

)
HN—.
Koo O g
Yol
MeO i
(0]

(17a")

or a salt thereof, said method comprising reacting a compound of formula (16a),

O o} SSR
s \V/A\O/A\V/ \V/A\N/*>x: 101

=
N (0] ™ | X3
o

o}
(16a)

with an imine reducing agent, wherein X3 is —Cl; and Ry is (C;-Cs)alkyl, pyridyl, or
nitropyridyl.

41. A method of preparing a compound of formula (18a),

O~ O~ SSRyp1
TR

oo™

(18a)

184



42.

43.

44,

45.

46.

47.

or a pharmaceutically acceptable salt thereof, said method comprising reacting a

compound of formula of (17a):

0 O SSR
AN \V/A\N/”:%< 101

= Ps

(17a)

(a1)

wherein X3 is —Cl; P3 is H or an amine protecting group; and R is (C;-Cs)alkyl,
pyridyl, or nitropyridyl. ‘

The method of claim 41, wherein the compound of formula (17a) is reacted with a

monomer compound of formula (a;) in the presence of a base.

The method of claim 42, wherein the base is sodium carbonate, potassium carbonate,

cesium carbonate, sodium hydride, or potassium hydride.
The method of claim 43, wherein the base is potassium carbonate.

The method of any one of claims 41-44, wherein the compound of formula (17a) is
reacted with a monomer compound of formula (a;) in the presence of a polar aprotic

solvent.

The method of claim 45, wherein the polar aprotic solvent is dimethylformamide or

dimethylacetamide.

The method of any one of claims 41-46, wherein the compound of formula (17a) is
reacted with monomer of formula (a;), wherein P3 is H, to form a compound of

formula (Ia°):
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48.

49.

50.

51.

52.

O o} SSR
AN \/\N/>< 101
\/@\/
=N HN—,
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|
N ™ OMe Meok//\r N
(0] (0]
(la’)

The method of any one of claims 41-46, wherein P; is an amine protecting group.

The method of claim 48, wherein the amine protecting group is selected from the
group consisting of 2-trimethylsilylethyl,(2-phenyl-2-trimethylsilyl)ethyl,
triisopropylsiloxy, 2-(trimethylsilyl)ethoxymethyl, and allyloxycarbonyl, 9-
fluorenylmethoxycarbonyl, 2-(trimethylsilyl)ethoxycarbonyl, and 2, 2,2,2-

trichloroethoxycarbonyl.

The method of claim 48 or 49, wherein the compound of formula (18d) is further

reacted with an amine deprotecting reagent to form a compound of formula (Ia’):

(0] O SSR
e \/\o/\/ \/\N/x 101

=
NWO ™ I (6] x HN_”.
| »
T o Meof\zﬁf%
0 (0]

(la")

The method of claim 50, wherein the amine deprotecting reagent is selected from the
group consisting of tetra-n-butylammonium fluoride, acetic acid, hydrogen fluoride

pyridine, cesium fluoride, piperidine, morpholine, or trifluroacetic acid.

A method of preparing a compound of formula (18a),

P3
—N N—
3 | 0 0 | RS
N
- 0Me MeO # N
0 (o]

(18a)

or a pharmaceutically acceptable salt thereof, said method comprising the steps of:
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(1) reacting a sulfonating reagent or an esterification reagent with the compound of
formula (14a):
/O\/\ /\/0\/\ SSR101
K
=
HO ™ | X3

(14a)

3

or a salt thereof, to form a compound of formula (15a):

o} 0. SSR
- \/\O/\/ \/\N 101
K

X4 X3

(15a)

or a salt thereof;

(2) reacting the compound of formula (15a) with a monomer compound of

HO N=
Meoﬁr%
l A

(an

formula (a)),

to form a compound of formula (16a):

(0] 0O SSR
s \/\N/x 101

7]
Il
/ '\ N - S0Me
o
(16a)

or a salt thereof; and
(3) reacting the compound of formula of (16a) with a reduced monomer of

formula (d;):

{dy)
to form a compound of formula (18a), or a pharmaceutically acceptable salt thereof,
wherein X; is —Cl; X4 is a sulfonate ester or an activated ester (preferably, a sulfonate
ester); P3 is H or an amine protecting group; and R; is (C;-Cs)alkyl, pyridyl, or
nitropyridyl.
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53. A method of preparing a compound of formula (18a),

0] 0. SSR
N \/\N/x 101

= P3
\(':N oM _o ~ N—,
G’ N\KIOMe Meo:@(%
0 0
(18a)
or a pharmaceutically acceptable salt thereof, said method comprising the steps of:

(1) reacting the compound of formula (14a):

/0\/\0/\/0\/\N SSR101
2\
HO\/‘\/IK/)%

(14a)

>

or a salt thereof, with a monomer compound of formula (a,),

—N
= | OH
N = OMe

(a1)

2

in the presence of an alcohol activating agent to form a compound of formula (16a):

/0\/\0/\/0\/\N/><33R101

o\/@\/x3

or a salt thereof, and

(2) reacting the compound of formula of (16a) with a reduced monomer of

formula (d;):
Pa
@:]/\\/J\ OMe
o)

(dq)
to form a compound of formula (18a), or a pharmaceutically acceptable salt
thereof, wherein X; is —~Cl; P3 is H or an amine protecting group; and Rjo; is (Cy-

Cs)alkyl, pyridyl, or nitropyridyl.

54. A method of preparing a compound of formula (18a),
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o} o} SSR
- \/\O/\/ \/\N/>< 101

V@I\/ Ea
N N—,
N
| x OMe MeQ i N
o} (0]

(18a)
or a pharmaceutically acceptable salt thereof, said method comprising the steps of:
(1) reacting a brominating or iodinating reagent with the compound of formula (14a):

o} (0] SSR
AN \/\N/x 101

=

HO ™ X3

(14a)

or a salt thereof, to form a compound of formula (20a):

Q QO SSR
- \/\o/\/ \/\N/x 101

]
X5 ™ X3

or a salt thereof;,
(4) reacting a compound of formula (20a) or a salt thereof with a monomer

compound of formula (a;),

(an)

to form a compound of formula (16a):

0 0 SSR
AN NN \/\N/>< 101

= O\-/©\/ X3
0
(16a)

or a salt thereof;, and

(5) reacting the compound of formula of (16a) with a reduced monomer of formula

(dy):



55.

to form a compound of formula (18a), or a pharmaceutically acceptable salt thereof,
wherein X; is —Cl; X5 is —Br or -I; P3 is H or an amine protecting group; and Rjo; is

(C1-Cy)alkyl, pyridyl, or nitropyridyl.

A method of preparing a compound of formula (18a),

(0] O SSR
AN \/\N/x 101

= Ps
N oI N o N—,
W OMe Meojg\“/%
o o
(18a)
or a pharmaceutically acceptable salt thereof, said method comprising the steps of:
(1) reacting a sulfonating reagent or an esterification reagent with the compound of
formula (14a):
=
HO ™ | Xa

(14a)

or a salt thereof, to form a compound of formula (15a):
/O\/\O/\/O\/\N/XSSR"“
7
x4\/'“\/“\uxs
(15a)
or a salt thereof;

(2) reacting the compound of formula (15a) with a reduced monomer compound of

formula (d;),
N OH
W OMe
o

(dy)

to form a compound of formula (17a):

(o) e} SSR
7 \/\O/\/ \/\N/X 101

\/@\/ P3
Xa OWN_/"
N
MeOW
0O

(17a)
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56.

or a salt thereof; and

(3) reacting the compound of formula of (17a) with a monomer of formula (a;):

—N
V\I/OH
N\(J\AOME

o)
(aq)
to form a compound of formula (18a), or a pharmaceutically acceptable salt thereof,
wherein X is —Cl; X4 is a sulfonate ester or an activated ester (preferably, a sulfonate

ester); P3 is H or an amine protecting group; and R, is (C;-Cs)alkyl, pyridyl, or
nitropyridyl.

A method of preparing a compound of formula (18a),

0 (0] SSR
AN \/\N/>< 101

P3
=N o O‘\/\\/N_”'
[
A T e
0] 0

(18a)
or a pharmaceutically acceptable salt thereof, said method comprising the steps of:
(1) reacting the compound of formula (14a):
/OwoNOwaSSRA]m

g
HO SN X3

(14a)

2

or a salt thereof, with a reduced monomer compound of formula (d,),

Ps

N

= ” OH

N x OMe
(0]

(dy)

in the presence of an alcohol activating agent to form a compound of formula (17a):

/O\/\O/\/O\/\N SSRypy

= P3
’ N—d'
XA O~ s
I
N
MeO &
o}

(17a)

or a salt thereof; and
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57.

(2) reacting the compound of formula of (17a) with a monomer of formula (a;):

N—.
HO ” % .,
MeO & N
(0]

(ay)
to form a compound of formula (18a), or a pharmaceutically acceptable salt thereof,

wherein X; is —Cl; P3 is H or an amine protecting group; and R;o; is (C;-Cs)alkyl,
pyridyl, or nitropyridyl.

A method of preparing a compound of formula (18a),

/O\/\o/\/o\/\N SSRyp4

\/@\/ I?B
—N N—,
V\T/o 0 i = "
N\(J\/\OME Meo” ~Z N
0 [e]

(18a)
or a pharmaceutically acceptable salt thereof, said method comprising the steps  of:
(1) reacting a brominating or iodinating reagent with the compound of formula (14a):

/O\/\O/\/O\/\N SSR101

2
HO\/U\, X3

(14a)

or a salt thereof, to form a compound of formula (20a):

(o) O SSR
AN \/\N/>< 101

X5\/©\«X3

or a salt thereof;,

(2) reacting the compound of formula (20a) with a reduced monomer compound of

formula (d;),

dy)

to form a compound of formula (17a):
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58.

59.

60.

61.

AN A0 />< 101
O N

X ™ OY\/N_".
[ ]

or a salt thereof, and

(3) reacting the compound of formula of (17a) with a monomer of formula (a;):

HO:©N=".
MeO \ﬂ/%
o
(a1)
to form a compound of formula (18a), or a pharmaceutically acceptable salt thereof,

wherein X3 is —Cl; X5 is —Br or —I; P3 is H or an amine protecting group; and R, is

(C-Cs)alkyl, pyridyl, or nitropyridyl.

The method of claim 55, 56, or 57, wherein the compound of formula (17a) is reacted

with monomer of formula (a;), wherien P3 is H, to form a compound of formula (Ia’):
Ll
N HN—,
0N o 3
I X L
o 0
(1a")

The method of claim 55, 56, or 57, wherein P is an amine protecting group.

The method of claim 59, wherein the compound of formula (18a) is further reacted

with an amine deprotecting reagent to form a compound of formula (Ia’):

o} O SSR
- \/\0/\/ \/\N/>< 101

N\ == i O\/Zj‘vo ale_/'-
S T e A
o) 0O

(la')

A method of preparing a compound of formula (Ia’),
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O\/\ /\/0\/\ SSR101
aRses

T Ry

(la’)
or a pharmaceutically acceptable salt thereof, said method comprising the steps of:
(1) reacting a sulfonating reagent or an esterification reagent with the compound of

formula (14a):

/o\/\O/\/o\/\N/XSSRm‘

<
HO\/\/R/)%

(14a)

or a salt thereof, to form a compound of formula (15a):

0] 0] SSR
- \/\O/\/ \/\N/x 101

4
Xq ™ X3

or a salt thereof;

(2) reacting the compound of formula (15a) with a monomer compound of formula

(al)n
HO ~ N=-,
e0 Z N
0

(a1)

to form a compound of formula (16a):

0O O SSR
- \/\O/\/ \/\N 101
K

g
X3 N Oy N=
I
N
MeO” 7 C@
0
(16a)

or a salt thereof;

(3) reacting the compound of formula (16a) with an imine reducing agent to form a

compound of formula (17a’):
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62,

O o} SSR
~ \/\o/\/ ~"N 101
K

1
Xs\/‘\/\./ox/‘\wl-‘l N~

or a salt thereof; and

(4) reacting the compound of formula (17a’) with a monomer of formula (a,):

N=—,
HO [ x X
MeO & N

(a1} ,
to form the compound of formula (Ia’); wherein X3 is —Cl; X4 is a sulfonate ester or
an activated ester (preferably, a sulfonate ester); P, is an amine protecting group; and

Rio: is (C;-Cs)alkyl, pyridyl, or nitropyridyl.
A method of preparing a compound of formula (Ia’),

0. 0 SSR
bVl Ve N 101
0 le/>< ;

//*\ﬂ
N HN—,
= ] O\)\/\/Oﬁ/"
N "ome Meo” ~F N
0 0

(la’)
or a pharmaceutically acceptable salt thereof, said method comprising the steps of:
(1) reacting the compound of formula (14a):
/o\/\o/\/o\/\N/xSSR1o1
=
Ho ! X3

(14a)

2

or a salt thereof, with a monomer compound of formula (a;),

N=,
HO ~ s
MeO” 7 N

0

(a1)

2

in the presence of an alcohol activating agent to form a compound of formula (16a):
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(0] O SSR
AINNGTTN N S 101
O N
J/x

(16a)

or a salt thereof;,
(2) reacting the compound of formula (16a) with an imine reducing agent to form a
compound of formula (17a’):

O 0. SSR
- \/\O/\/ \/\N 101
K

(17a)

or a salt thereof;, and

(3) reacting the compound of formula (17a’) with a monomer of formula (a;):

HO N=e
Meom(%
(¢]

(a)

H

to form the compound of formula (Ia’); wherein X3 is —Cl; and Ry, is (C;-Cs)alkyl,

pyridyl, or nitropyridyl.
63. A method of preparing a compound of formula (Ia’),

o} O SSR
Pad U PN L S 101
o K

=
N : N
WOMG MeO P ,
o o}

(la’)
or a pharmaceutically acceptable salt thereof, said method comprising the steps of:
(1) reacting a brominating or iodinating reagent with the compound of formula (14a):

0] o) SSR
P N e N e /x 101
O N

HO\/©\/ X3

(14a)

b4

or a salt thereof, to form a compound of formula (20a):
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64.

(0] O SSR
- \/\O/\/ \/\N/>< 101

=

X5\/I\\/”‘\/X3

(20a)
or a salt thereof;,
(2) reacting a compound of formula (20a) or a salt thereof with a monomer

compound of formula (a;),

(a)

to form a compound of formula (16a):

/O\/\O/\/O\/\N/XSSR“”

X3 \/@\Jo N="'
/

(16a)

(3) reacting the compound of formula (16a) with an imine reducing agent to form a
compound of formula (17a’):

O (0] SSR
- \/\0/\/ \/\N/x 101

\/@\/
HN—,
Xas A s 20x o N
7'/\/,\/)\(%
MeO
o

(17a)

M

or a salt thereof; and

(4) reacting the compound of formula (17d”) with a monomer of formula (a;):

HO N=-

o)

to form the compound of formula (Id’); wherein X3 is —Cl; and Ry, is (C;-C3)alkyl,
pyridyl, or nitropyridyl.
The method of any one of claims 52-63, wherein the compound of formula (14a) or a

salt thereof is prepared a method comprising the following steps:

(1) reacting a chlorinating reagent with a compound of formula (2a),
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o) o) SSR
P s N 101
K

]
p O N OH
(2a)
to form a compound a compound of formula (13a),

0] o) SSR
PO NG e NP O N />< 101
O N

b O Xq

1

or a salt thereof;
(2) reacting the compound of formula (13a) with an alcohol deprotecting reagent to

form the compound of formula (14a) or a salt thereof, wherein P; is an alcohol

protecting group.

The method of claim 64, wherein the compound of formula (2a) is prepared by

reacting a compound of formula (1a) with an alcohol protecting reagent

o} 0. SSR
NN IS /7< 101
O N
=
HO = J OH

(1a)

A method of preparing a compound of formula (Ia”),

0. 0. SSR
AN \/\N/>< 101

g
=N O AAO AN ™
)
”wgilome Meo’\)\r%
o) o)
(1a’)

or a pharmaceutically acceptable salt thereof, said method comprising the steps of:

(1) reacting a compound of formula (IA):
NO,

=N \/@\/ HN—.
ﬁo ° I ] "
< §N
OMe MeQ” 7 N
0 o)
(1A)

9

with a reducing agent to form a compound of formula (IB):
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67.

68.

NH,

=N 0\/©\/0 N
e A
OMe MeO
0 o]
(1B) ; and

(2) reacting the compound of formula (IB) with a compound of formula (L1a),

0
/O\/\O/\/O\)J\H

and a compound of formula (L1b):
0

H)$<SSR101

2

in the presence of a reducing agent to form the compound of formula (Ia”), wherein

Ryo1 is (Ci-Cs)alkyl, pyridyl, or nitropyridyl.

The method of claim 66, wherein the compound of formula (IB) is reacted with a
compound of formula (L1b) in the presence of a reducing agent to form a compound

of (Ta’-1):

HN
X

\O\/
=N HN—,
'/I NG A~
N : N
> 0Me Meo” >y
0 0

(I2-1)

b

or a salt thereof, followed by reacting the compound of (Ia’-1) with the compound of

formula (L1a) in the presence of a reducing agent to form the compound of formula

(I2").

The method of claim 66, wherein the compound of formula (IB) is reacted with a
compound of formula (L1a) in the presence of a reducing agent to form a compound

of (Ia’-2)

/O\/\O/\/o\/\NH
g
=N P 0 S O\{/\\I’*N_"'
Y AN N\‘)Q[ I /[ N
. ]| OMe MeO/\/Y
o} (0]
(1a-2)

or a salt thereof, followed by reacting the compound of formula (Ia’-2) with the

compound of formula (L1b) in the presence of a reducing agent to form the compound
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69.

70.

71.

72.

73.

74.

of formula (Ia’).

The method of any one of claims 66-68, wherein the reducing agent in step (2) is
selected from the group consisting of: sodium borohydride, sodium triacetoxy
borohydride, sodium cyanoborohydride, hydrogen gas, ammonium formate, titanium
isopropoxide, borane, 9-borabicyclo[3.3.1]nonane (9-BBN), lithium borohydride
(LiBHy), potassium borohydride (KBHy), titanium isopropoxide, and stannous

chloride.

The method of claim 68, wherein the reducing agent is sodium borohydride, sodium

triacetoxy borohydride, sodium cyanoborohydride, or potassium borohydride.
The method of claim 70, wherein the reducing agent is sodium borohydride.

The method of any one of claims 66-71, wherein the reducing agent in step (1) is
selected from the group consisting of: hydrogen gas, sodium hydrosulfite, sodium

sulfide, stanneous chloride, titanium (IT) chloride, zinc, iron and samarium iodide.

The method of claim 72, wherein the reducing agent in step (1) is Fe/NH4Cl or
Zn/NH,4CL.

The method of any one of claims 1-73, wherein R;¢; is methyl.
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