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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to novel methods for preparing cytotoxic
indolinobenzodiazepine derivatives.

BACKGROUND OF THE INVENTION

[0002] In WO 2017/004026 (Immunogen Inc.), antibodies, antigen-binding fragments thereof,
polypeptides, and immunoconjugates that bind to CD 123 antigen (the a chain of the
interleukin-3 receptor, or IL-3Ra) are described as well as methods of using such CD123-
binding molecules for diagnosing and treating diseases, such as B-cell malignancies.

[0003] In WO 2017/015496 (Immunogen, Inc.), methods for preparing indolinobenzodiazepine
dimer compounds and their synthetic precursors are described.

[0004] It has been shown that cell-binding agent conjugates of indolinobenzodiazepine dimers
that have one imine functionality and one amine functionality display a much higher therapeutic
index (ratio of maximum tolerated dose to minimum effective dose) in vivo compared to
previously disclosed benzodiazepine derivatives having two imine functionalities. See, for
example, WO 2012/128868. The previously disclosed method for making the
indolinobenzodiazepine dimers with one imine functionality and one amine functionality
involves partial reduction of indolinobenzodiazepine dimers having two imine functionalities.
The partial reduction step generally leads to the formation of fully reduced by-product and
unreacted starting material, which requires cumbersome purification step and results in low
yield.

[0005] Thus, there exists a need for improved methods for preparing the
indolinobenzodiazepine dimers that are more efficient and suitable for large scale
manufacturing process.

SUMMARY OF THE INVENTION

[0006] The present invention provides modular synthetic methods for preparing
indolinobenzodiazepine dimer compounds and their synthetic precursors. Compared to the
previously disclosed methods, the methods of the present invention are modular and more
versatile as well as suitable for large scale manufacturing process.

[0007] In one embodiment, the present invention provides a method of preparing a compound
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of formula (A):

%%vaw b
stretohy

or a salt thereof, comprising reacting a compound of formula (V):
NHg

cﬁiﬁ SOy

or a salt thereof, with a compound of formula (X):

o, o H 0
EJ\rNTH\N)K/\A"/N\/\N

o H 0 /
o X)

wherein:
each double line
between N and C independently represents a single bond or a double bond, provided that

when it is a double bond Xis absent and Y is H, and when it is a single bond, X and Y are both
H; and

E is OH, halide or -C(=O)E is an activated ester.

[0008] In another embodiment, the present invention provides a method of preparing a
compound of formula (A):

HN*(%*W Q
o™, Beey

or a salt thereof, comprising the steps of:

(A),

1. 1) reacting a compound of formula (1V):
O

cﬁn S0y

(IV),

or a salt thereof, with a reducing agent to form a compound of formula (V):
NH2

&9@ m@



DK/EP 3573948 T3

or a salt thereof; and
2. 2) reacting the compound of formula (V) or a salt thereof, with a compound of formula

X):
0 HTH\ (0] H [¢]
N N\/\
o (X),
wherein:

each double line

between N and C independently represents a single bond or a double bond, provided
that when it is a double bond X is absent and Y is H, and when it is a single bond, X and
Y are both H; and

E is OH, halide or -C(=O)E is an activated ester.

[0009] Also provided in the present invention is a method of preparing a compound of formula
(Xa):

o o] H [0
HOJH/NTH\NMN\/\N
o ! 7
0 (Xa),
or a salt thereof, comprising reacting the compound of formula (1X):

2 H @ H 0
P1)%NWANMNVNN
o H 0 /
o (IX),
or a salt thereof, with a carboxylic acid deprotecting agent, wherein P4 is a carboxylic acid

protecting group.

[0010] In another embodiment, the present invention is directed to a method of preparing a
compound of formula (1X):

0y o) H 0
P1)K(NWH\HMN\/\S§
(0] @]
© (TX);

comprising reacting a compound of formula (VIII):

(8] H le)
Jmpiny
0 /

o (VIL);

or a salt thereof, with a compound of formula (c):

QK
P1)H/ N NH;
¢ (©),

or a salt thereof, wherein Eq is OH, halide or -C(=O)E is an activated ester; and Pq is a

carboxylic acid protecting group.
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[0011] In yet another embodiment, the present invention provides a method of preparing a
compound of formula (Xa):

@] H o] H O
o M 0 /
0 (Xa)
or a salt thereof, comprising the steps of:

1. 1) reacting a compound of formula (VIII):
o]

H 0
E1)k/\/\WN\/\N

0 /

0 (VII);

or a salt thereof, with a compound of formula (c):
? H
P1)H/NjH\NH2
0 (c),
or a salt thereof, to form a compound of formula (IX):

0O H O H 0
“&”m*u*/vﬁr”““
o o 4

and
2. 2) reacting the compound of formula (IX) with a carboxylic acid deprotecting agent,
wherein Eq is OH, halide or -C(=O)E, is an activated ester; and P4 is a carboxylic acid

(X3

protecting group.

[0012] Also provided in the present invention is a method of preparing a compound of formula

(I,

NO,

Cl OH (D),
comprising reacting a compound of formula (1):
NO,

OH OH ()
with hydrochloric acid in toluene.

[0013] In another embodiment, the present invention is directed to a method of preparing a

compound of formula (IV-1):
NO,

N, —
°v©\/° HN=
N N
OMe MeO
0 0

av-1),
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or a salt thereof, comprising the steps of:

1. 1) reacting a compound of formula (I):

NO;
OH OH @,
with hydrochloric acid in toluene to form a compound of formula (I1):
NO;
Cl QOH ([[);
2. 2) reacting the compound of formula (llI) with a monomer compound of formula (a),
NH OH
N OMe
o}

@

to form a compound of formula (ll):

H
Cl [e) N\'—,
]qf -
MeO N

or a salt thereof;
3. 3) reacting the compound of formula (lll) or a salt thereof with a monomer compound of

formula (b):

N OH
é{\;‘)i;VLOMe
e}
(b),

to form the compound of formula (IV-1) or a salt thereof.

(110,

[0014] In another embodiment, the present invention provides a method of preparing a
compound of formula (A-1):

~
QRS ARE e

(o]
N —
O\/©\/O o -
N N
OMe MeQ’
o o]

or a salt thereof, comprising the steps of:

(A-1),

1. 1) reacting a compound of formula (I):
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OH OH @,

with hydrochloric acid in toluene to form a compound of formula (I1):
NO;

Cl OH (ID);

. 2) reacting the compound of formula (lI) with a monomer compound of formula (a),

NH OH
0

(a)

to form a compound of formula (ll):
NO,

H
Cl o] N-—
MeO : '7rN
0]

or a salt thereof;
. 3) reacting the compound of formula (lll) or a salt thereof with a monomer compound of
formula (b):

N~ OH
écpwe
0
(b).

to form a compound of formula (1V-1):
NO,

OMe MeO
0 o
or a salt thereof;

. 4) reacting the compound of formula (IV-1) or a salt thereof with a reducing agent to

form a compound of formula (\V-1):
NH;

OMe MeO
o o}
or a salt thereof; and
. 5) reacting the compound of formula (V-1) or a salt thereof, with a compound of formula

(X-1):
9w B 0 - 0O

(11D,

(dv-1),

(V-1),
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N A AN
o 0 P
© (X-1),
to form the compound of formula (A-1) or a salt thereof, wherein E is -OH, halide or -
C(=O)E is an activated ester.

[0015] The present invention also provide compounds described herein, such as compounds
of formula (VII), (VIII), (VllIa), (IX), (IX-1), (X), (Xa), (X-1) or (X-1a) or a salt thereof.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIGs. 1-3 show proton NMR spectra of the compounds of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Reference will now be made in detail to certain embodiments of the invention, examples
of which are illustrated in the accompanying structures and formulas. While the invention will
be described in conjunction with the enumerated embodiments, it will be understood that the
invention is intended to cover all alternatives, modifications, and equivalents which may be
included within the scope of the present invention as defined by the claims. One skilled in the
art will recognize many methods and materials similar or equivalent to those described herein,
which could be used in the practice of the present invention.

[0018] It should be understood that any of the embodiments described herein can be
combined with one or more other embodiments of the invention, unless explicitly disclaimed or
improper.

DEFINITIONS

[0019] "Alkyl' as used herein refers to a saturated linear or branched monovalent
hydrocarbon radical. In preferred embodiments, a straight chain or branched chain alkyl has
thirty or fewer carbon atoms (e.g.,, C¢-Csg for straight chain alkyl group and C3-Csg for

branched alkyl), and more preferably twenty or fewer carbon atoms. Even more preferably, the
straight chain or branched chain alkyl has ten or fewer carbon atoms (i.e., C4-C4q for straight

chain alkyl group and C4-C4q for branched alkyl). In other embodiments, the straight chain or
branched chain alkyl has six or fewer carbon atoms (i.e., C1-Cg for straight chain alky group or

C3-C6 for branched chain alkyl). Examples of alkyl include methyl, ethyl, 1-propyl, 2-propyl, 1-
butyl, 2-methyl-1-propyl, -CH,CH(CH3)5), 2-butyl, 2-methyl-2-propyl, 1-pentyl, 2-pentyl 3-
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pentyl, 2-methyl-2-butyl, 3-methyl-2-butyl, 3-methyl-1-butyl, 2-methyl-1-butyl, 1-hexyl), 2-hexyl,
3-hexyl, 2-methyl-2-pentyl, 3-methyl-2-pentyl, 4-methyl-2-pentyl, 3-methyl-3-pentyl, 2-methyl-
3-pentyl, 2,3-dimethyl-2-butyl, 3,3-dimethyl-2-butyl, 1-heptyl and 1-octyl. Moreover, the term
"alkyl" as used throughout the specification, examples, and claims is intended to include both
"unsubstituted alkyls" and "substituted alkyls", the latter of which refers to alkyl moieties having
substituents replacing a hydrogen on one or more carbons of the hydrocarbon backbone. As
used herein, (C-Cyx)alkyl or Cy_yxalky means a linear or branched alkyl having x-xx carbon

atoms.

[0020] The term "aryl” as used herein, include substituted or unsubstituted single-ring
aromatic groups in which each atom of the ring is carbon. Preferably the ring is a 5- to 7-
membered ring, more preferably a 6-membered ring. Aryl groups include phenyl, phenol and
aniline. The terms "aryl" also includes "polycyclyl”, "polycycle”, and "polycyclic" ring systems
having two or more rings in which two or more atoms are common to two adjoining rings, e.g.,
the rings are "fused rings," wherein at least one of the rings is aromatic, e.g., the other cyclic
rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, or aromatic rings. In some preferred
embodiments, polycycles have 2-3 rings. In certain preferred embodiments, polycyclic ring
systems have two cyclic rings in which both of the rings are aromatic. Each of the rings of the
polycycle can be substituted or unsubstituted. In certain embodiments, each ring of the
polycycle contains from 3 to 10 carbon atoms in the ring, preferably from 5 to 7. For example,
aryl groups include phenyl (benzene), tolyl, anthracenyl, fluorenyl, indenyl, azulenyl, and
naphthyl, as well as benzo-fused carbocyclic moieties such as 5,6,7,8-tetrahydronaphthyl. In
some embodiments, the aryl is a single-ring aromatic group. In some embodiments, the aryl is
a two-ring aromatic group. In some embodiments, the aryl is a three-ring aromatic group.

[0021] The term "heteroaryl” as used herein, refers to substituted or unsubstituted aromatic
single ring structures, preferably 5- to 7-membered rings, more preferably 5- to 6-membered
rings, whose ring structures include at least one heteroatom (e.g., 0, N, or S), preferably one to
four or one to three heteroatoms, more preferably one or two heteroatoms. When two or more
heteroatoms are present in a heteroaryl ring, they may be the same or different. The term
"heteroaryl" also includes "polycyclyl", "polycycle”, and "polycyclic” ring systems having two or
more cyclic rings in which two or more ring atoms are common to two adjoining rings, e.g., the
rings are "fused rings,” wherein at least one of the rings is heteroaromatic, e.g., the other cyclic
rings can be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaromatics, and/or
heterocyclyls. In some preferred embodiments, polycyclic heteroaryls have 2-3 rings. In certain
embodiments, preferred polycyclic heteroaryls have two cyclic rings in which both of the rings
are aromatic. In certain embodiments, each ring of the polycycle contains from 3 to 10 atoms
in the ring, preferably from 5 to 7 atoms in the ring. For examples, heteroaryl groups include,
pyrrole, furan, thiophene, imidazole, oxazole, thiazole, pyrazole, pyridine, pyrazine, pyridazine,
quinoline, pyrimidine, indolizine, indole, indazole, benzimidazole, benzothiazole, benzofuran,
benzothiophene, cinnoline, phthalazine, quinazoline, carbazole, phenoxazine, quinoline and
purine. In some embodiments, the heteroaryl is a single-ring aromatic group. In some
embodiments, the heteroaryl is a two-ring aromatic group. In some embodiments, the
heteroaryl is a three-ring aromatic group.
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[0022] The heteroaryl groups can be carbon (carbon-linked) or nitrogen (nitrogen-linked)
attached where such is possible. By way of example, carbon bonded heteroaryls are bonded at
position 2, 3, 4, 5, or 6 of a pyridine, position 3, 4, 5, or 6 of a pyridazine, position 2, 4, 5, or 6
of a pyrimidine, position 2, 3, 5, or 6 of a pyrazine, position 2, 3, 4, or 5 of a furan, thiofuran,
thiophene, or pyrrole, position 2, 4, or 5 of an oxazole, imidazole or thiazole, position 3, 4, or 5
of an isoxazole, pyrazole, or isothiazole, position 2, 3, 4, 5, 6, 7, or 8 of a quinoline or position
1,3,4,5,6,7, or 8 of an isoquinoline.

[0023] By way of example, nitrogen bonded heteroaryls are bonded at position 1 of a pyrrole,
imidazole, pyrazole, indole, 1H-indazole, position 2 of a isoindole, and position 9 of a
carbazole, or B-carboline.

[0024] The heteroatoms present in heteroaryl include the oxidized forms such as NO, SO, and
SOo.

[0025] As used herein, an "activated ester"” refers to an ester group that is readily displaced
by a hydroxyl or an amine group. Exemplary activated esters include N-hydroxysuccinimide
ester, nitrophenyl (e.g., 2 or 4-nitrophenyl) ester, dinitrophenyl (e.g., 2,4-dinitrophenyl) ester,
sulfo-tetraflurophenyl (e.g., 4-sulfo-2,3,5,6-tetrafluorophenyl) ester, pentafluorophenyl ester,
nitropyridyl (e.g., 4-nitropyridyl) ester, trifluoroacetate, and acetate.

[0026] The term "halide™ refers to F, Cl, Br or I. In one embodiment, the halide is Cl. In one
embodiment, the halide is Br. In one embodiment, the halide is |. In one embodiment, the
halide is F.

[0027] The term "compound” is intended to include compounds for which a structure or
formula or any derivative thereof has been disclosed in the present invention. The term also
includes, stereocisomers, geometric isomers, or tautomers. The specific recitation of
"sterecisomers,” "geometric isomers," "tautomers,” "salt" in certain aspects of the invention
described in this application shall not be interpreted as an intended omission of these forms in
other aspects of the invention where the term "compound” is used without recitation of these
other forms.

[0028] The term "precursor” of a given group refers to any group which may lead to that
group by any deprotection, a chemical modification, or a coupling reaction.

[0029] The term "chiral” refers to molecules which have the property of non-superimposability
of the mirror image partner, while the term "achiral" refers to molecules which are
superimposable on their mirror image partner.

[0030] The term "stereoisomer" refers to compounds which have identical chemical
constitution and connectivity, but different orientations of their atoms in space that cannot be
interconverted by rotation about single bonds.
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[0031] "Diastereomer” refers to a sterecisomer with two or more centers of chirality and
whose molecules are not mirror images of one another. Diastereomers have different physical
properties, e.g. melting points, boiling points, spectral properties, and reactivities. Mixtures of
diastereomers may separate under high resolution analytical procedures such as
crystallization, electrophoresis and chromatography.

[0032] "Enantiomers" refer to two stereocisomers of a compound which are non-
superimposable mirror images of one another.

[0033] Stereochemical definitions and conventions used herein generally follow S. P. Parker,
Ed., McGraw-Hill Dictionary of Chemical Terms (1984) McGraw-Hill Book Company, New York;
and Eliel, E. and Wilen, S., "Stereochemistry of Organic Compounds," John Wiley & Sons, Inc.,
New York, 1994. The compounds of the invention may contain asymmetric or chiral centers,
and therefore exist in different stereoisomeric forms. It is intended that all sterecisomeric forms
of the compounds of the invention, including diastereomers, enantiomers and atropisomers, as
well as mixtures thereof such as racemic mixtures, form part of the present invention. Many
organic compounds exist in optically active forms, i.e., they have the ability to rotate the plane
of plane-polarized light. In describing an optically active compound, the prefixes D and L, or R
and S, are used to denote the absolute configuration of the molecule about its chiral center(s).
The prefixes d and 1 or (+) and (-) are employed to designate the sign of rotation of plane-
polarized light by the compound, with (-) or 1 meaning that the compound is levorotatory. A
compound prefixed with (+) or d is dextrorotatory. For a given chemical structure, these
sterecisomers are identical except that they are mirror images of one another. A specific
sterecisomer may also be referred to as an enantiomer, and a mixture of such isomers is often
called an enantiomeric mixture. A 50:50 mixture of enantiomers is referred to as a racemic
mixture or a racemate, which may occur where there has been no stereoselection or
stereospecificity in a chemical reaction or process. The terms "racemic mixture" and
"racemate” refer to an equimolar mixture of two enantiomeric species, devoid of optical activity.

[0034] The term "tautomer” or "tautomeric form"” refers to structural isomers of different
energies which are interconvertible via a low energy barrier. For example, proton tautomers
(also known as prototropic tautomers) include interconversions via migration of a proton, such
as keto-enol and imine-enamine isomerizations. Valence tautomers include interconversions by
reorganization of some of the bonding electrons.

[0035] The term "protecting group™ or "protecting moiety” refers to a substituent that is
commonly employed to block or protect a particular functionality while reacting other functional
groups on the compound, a derivative thereof, or a conjugate thereof.

[0036] An "carboxylic acid protecting group™ is a substituent attached to an carbonyl group
that blocks or protects the carboxylic acid functionality in the compound. Such groups are well
known in the art (see for example, P. Wuts and T. Greene, 2007, Protective Groups in Organic
Synthesis, Chapter 5, J. Wiley & Sons, NJ). Suitable carboxylic acid protecting group include
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alkyl ester (e.g., methyl ester or tert-butyl ester), benzyl ester, thioester (e.g., tert-butyl
thioester), silyl ester (e.g., trimethylsilyl ester), 9-fluorenylmehtyl ester, (2-
trimethylsilyl)ethoxymethyl ester, 2-(trimethylsilyl)ethyl ester, diphenylmethyl ester or oxazoline.
In certain embodiments, the carboxylic acid protecting group is methyl ester, tert-butyl ester,
benzyl ester or trimethylsilyl ester. In certain embodiments, the carboxylic acid protecting group
is tert-butyl ester.

[0037] As used herein, "carboxylic acid deprotecting agent” refers a reagent that is
capable of cleaving a carboxylic acid protecting group to form free carboxylic acid. Such
reagents are well known in the art (see for example P. Wuts and T. Greene, 2007, Protective
Groups in Organic Synthesis, Chapter 5, J. Wiley & Sons, NJ) and depend on the carboxylic
acid protecting group used. For example, when the carboxylic acid protecting group is tert-
butyl ester, it can be cleaved with an acid. In certain embodiment, the carboxylic acid
deprotecting agent is trifluoroacetic acid.

[0038] As used herein, "alcohol activating agent™ refers a reagent that increases the
reactivity of a hydroxyl group thereby making the hydroxyl group a better leaving group.
Examples of such alcohol activating agents include p-toluenesulfonyl chloride, thionyl chloride,
trific anhydride, mesyl chloride, mesyl anhydride, triphenylphosphine, acyl chloride, 4-
dimethylaminopyridine, and others. In certain embodiments, the alcohol activating agent is
thionyl chloride. In certain embodiment, the alcohol activating agent is triphenylphosphine.

[0039] The phrase "salt" as used herein, refers to an organic or inorganic salts of a
compound of the invention. Exemplary salts include sulfate, citrate, acetate, oxalate, chloride,
bromide, iodide, nitrate, bisulfate, phosphate, acid phosphate, isonicotinate, lactate, salicylate,
acid citrate, tartrate, oleate, tannate, pantothenate, bitartrate, ascorbate, succinate, maleate,
gentisinate, fumarate, gluconate, glucuronate, saccharate, formate, benzoate, glutamate,
methanesulfonate "mesylate," ethanesulfonate, benzenesulfonate, p-toluenesulfonate,
pamoate (i.e., 1,1'-methylene-bis-(2-hydroxy-3-naphthoate)) salts, alkali metal (e.g., sodium
and potassium) salts, alkaline earth metal (e.g., magnesium) salts, and ammonium salts. A salt
may involve the inclusion of another molecule such as an acetate ion, a succinate ion or other
counter ion. The counter ion may be any organic or inorganic moiety that stabilizes the charge
on the parent compound. Furthermore, a salt may have more than one charged atom in its
structure. Instances where multiple charged atoms are part of the salt can have multiple
counter ions. Hence, a salt can have one or more charged atoms and/or one or more counter
ion.

[0040] If the compound of the invention is a base, the desired salt may be prepared by any
suitable method available in the art, for example, treatment of the free base with an inorganic
acid, such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, methanesulfonic
acid, or phosphoric acid, or with an organic acid, such as acetic acid, maleic acid, succinic acid,
mandelic acid, fumaric acid, malonic acid, pyruvic acid, oxalic acid, glycolic acid, salicylic acid,
a pyranosidyl acid, such as glucuronic acid or galacturonic acid, an alpha hydroxy acid, such
as citric acid or tartaric acid, an amino acid, such as aspartic acid or glutamic acid, an aromatic
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acid, such as benzoic acid or cinnamic acid, or a sulfonic acid, such as p-toluenesulfonic acid
or ethanesulfonic acid.

[0041] If the compound of the invention is an acid, the desired salt may be prepared by any
suitable method, for example, treatment of the free acid with an inorganic or organic base,
such as an amine (primary, secondary or tertiary), or an alkali metal hydroxide or alkaline earth
metal hydroxide. lllustrative examples of suitable salts include organic salts derived from amino
acids, such as glycine and arginine, ammonia, primary, secondary, and tertiary amines, and
cyclic amines, such as piperidine, morpholine and piperazine, and inorganic salts derived from
sodium, calcium, potassium, magnesium, manganese, iron, copper, zinc, aluminum and
lithium.

[0042] In certain embodiments, the salt is a pharmaceutically acceptable salt. The phrase
"pharmaceutically acceptable™ indicates that the substance or composition must be
compatible chemically and/or toxicologically, with the other ingredients comprising a
formulation, and/or the mammal being treated therewith.

METHODS OF THE PRESENT INVENTION

[0043] The present invention provides modular synthetic methods for preparing
indolinobenzodiazepine dimer compounds and precursors. The precursor compounds
prepared by the present invention, such as the compound of formula (V) or (\-1) or a salt
thereof described below, can be used for synthesizing indolinobenzodiazepine dimer
compounds having diverse linkers for covalent linkage with cell-binding agents to form cell-
binding agent-indolinobenzodiazepine conjugates.

[0044] In a first embodiment, the present invention provides a method of preparing a
compound of formula (A):

0 o
ToH i H o
IR0 DS A NP <
¥, ;\( ///L“" ' o Xy 0 )&‘/
- N e o - //L-:‘&A } P Q S N:—:{
7NN ,/\x/\( | \ !\{A;}%"ﬁ
i Ot Meo” Ty \.:;:)
© © A),
or a salt thereof, comprising reacting a compound of formula (V):
NH2
X o
/__(\f O ,«L\/L\/O S
4 \\/’ Ay, ﬂ T f N 73 ‘Q}
\T “OMe MeO™ ™
0 7w,
or a salt thereof, with a compound of formula (X):

O

O O
/JL m )m /u\. N %“j\/\/é
E N7 N
TN Ty

© ),
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wherein:

each double line

between N and C independently represents a single bond or a double bond, provided that
when it is a double bond Xis absent and Y is -H, and when it is a single bond, X and Y are both
-H; and

E is -OH, halide or -C(=O)E is an activated ester.

[0045] Also included in the first embodiment is a method a method of preparing a compound of
formula (dA):

o o]
1 H 2 . H &
o Tf)\ﬁ/l“ ARy A
X PN -
Y}:_N 7 } Oy _/Y O 0/;*»\/
\;f P BN O e T
S I 6o g% UL
N/ Y Me MeD” 7 n/ o
0 (dA),
or a salt thereof, comprising reacting a compound of formula (dV):
NHy
\ X {y\ X\ ;&’
,--/{\\}fm \/\ /0\/ My \(O ﬂ//‘\\y/ N N
&N iL DD D e
\/\\ /\ o ,«N & \
R “Ole W me
o {dv),

or a salt thereof, with a compound of formula (X):

N PN P |

s "y g P S

RS S v
0 (X,

wherein the variables are the same as described for formula (A).

[0046] In certain embodiments, for compounds of formula (A) or (dA), both double line

between N and C independently represent a double bond. In certain embodiments, both
double line

between N and C independently represent a single bond.

[0047] In certain embodiments, for compounds of formula (A) or (dA), one of the double line

between N and C represents a double bond; and the other double line between N and C
represents a single bond, the compound of formula (A) is represented by the following formula:
O )

P N

o
N L N "N e o V//\N— ‘x
o] g A 7 3

I

D

. /\if ‘\?‘//;\\/,O\ NN / s K>
s NNy

/ s d \\
p— \g O MeO™

(A,

or a salt thereof, and the compound of formula (dA) is represented by the following formula:
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/ 7 \} fa) O)\{/
| N—
Q\ N ¢ N .
s M ,Jf 7o L {0
e/ e MeO ~ r :_;)

(dA”).
, or a salt thereof.

[0048] In a second embodiment, for method described in the first embodiment, the compound
of formula (A) or a salt thereof is represented by formula (A-1):

i 0]
HNJﬁ( \(\N o~ ,‘,N\/«Eﬁ
P

N l HN—
fli N O O e s, .,
va \\/N\ j/ | b
\‘ x /2\ Me O/J ﬁL\W, Q:N\
© (A-D),
or a salt thereof, and the method comprises reacting a compound of formula (V-1):
NH,
e "\a/: N'\!/«\ 0 /{i E! o, . HN—
d AN S T VA /‘\i
I Nvn K / [/
= \g OMe

(V 1),
or a salt thereof with a compound of formula (X-1):

Aty

(X-1},
wherein E is -OH, halide or -C(=O)E is an activated ester.

[0049] Also in the second embodiment, for method described in the first embodiment, the
compound of formula (dA) or a salt thereof is represented by formula (dA-1):

: O
H z
) NN J‘}\ PN \ T
HN/LKI TN N
///\Ij (IJ " O ﬁ
o r P O'\ S P i 91\3—2
,/ §VN 7 /'<D\ DD T\ /%
OMe MeG™ ™ ﬁr .
O 0 i} (dA-1),
or a salt thereof, and the method comprises reacting a compound of formula (dV-1):
7(52\/
Mo I:Q(C@

(dV-D).
or a salt thereof with a compound of formula (X-1):

A ”“ﬁ

(X-1),
wherein E is OH, halide or -C(=O)E is an activated ester.

[0050] In a third embodiment, the present invention provides a method of preparing a
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compound of formula (A):

s D
oSl

or a salt thereof, comprising the steps of:

(A),

1. 1) reacting a compound of formula (1V):

@@Y@ uﬁ\@m

or a salt thereof, with a reducing agent to form a compound of formula (V):
NH2

&n I:%

or a salt thereof; and
2. 2) reacting the compound of formula (V) or a salt thereof, with a compound of formula

X):
9 0 H o]
N N
0 (X),
wherein:

each double line

between N and C independently represents a single bond or a double bond, provided
that when it is a double bond X is absent and Y is H, and when it is a single bond, X and
Y are both H; and

E is OH, halide or -C(=O)E is an activated ester.

[0051] Also included in the third embodiment is a method of preparing a compound of formula
(dA):

(dA),
or a salt thereof, comprising the steps of:

1. 1) reacting a compound of formula (dIV):
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Q@Y@Q Mg@wg

or a salt thereof, with a reducing agent to form a compound of formula (dV):
NH2

cﬁéﬁo 0

or a salt thereof; and
2. 2) reacting the compound of formula (dV) or a salt thereof, with a compound of formula

0 o] 0
H H
E)J\r 0 Hw b
0 X,

wherein the variables are the same as described for formula (A).

(dv),

(dVv),

[0052] In certain embodiments, both double line

between N and C independently represent a double bond. In certain embodiments, both
double line

between N and C independently represent a single bond.

[0053] In certain embodiments, one of the double line

between N and C represents a double bond; and the other double line

between N and C represents a single bond, the compound of formula (A) is represented by the
following formula:

Ho ‘ H o
HN/} xr,N\n,)mN)‘\v/\ /\w‘;/N\ \N,J(
PN o H 0 ,}Mj
— e \i b R \T/{;\‘t’ o ',
{{Q" \\\,/-N /Lj /[Lr /j /L ,Dw\
=" T ome Meo” ™ Ty )
© o - (A7),
or a salt thereof, and the compound of formula (dA) is represented by the following formula:
i 8]
] H i I H o
HN/‘;”‘%\(/N%{() \&%’J‘L\/ S \Fr S \N j{\/
. s /}~J
I GNP m/ \HNW-
/ N ~ ‘j\ D 1 F‘ W,
\ // T /\[ OM& DM&D I\ ”\?I/ \2;)
o (dA7),

or a salt thereof.



DK/EP 3573948 T3

[0054] In a fourth embodiment, for the method of the third embodiment, the compound of

formula (A) or a salt thereof is represented by formula (A-1):

TH 7 H
) Pty }L P e "~
HN/I\T{N\!T N \ﬂ e N"}K
L 5 H 4
(;, . O o] a ’/}w_
e L HN—,
ﬁ/\; 5, ",_/Q\//k\*;u./ \V/O\ e ’{/ﬂ\
\/ Dath g fi\ /HN N Y
= \g Mem” T Y _/

= {A-1),
or a salt thereof, and the method comprises the steps of:

1. 1) reacting a compound of formula (IV-1):

N
A
. a .
\/\‘/ /\?/;J\J/O g /l”%v/ RN ] /}\‘%—'!N "1
¢ NN s M, oA N
=/ T Y oM Meo” Ty N ";}
o 5 (IV-1),

or a salt thereof, with a reducing agent to form a compound of formula (\V-1):

NH’;

AN \\ l O N

~ s
\;WN\Y,U .S IY%

(V-1).

or a salt thereof; and

2. 2) reacting the compound of formula (V-1) or a salt thereof, with a compound of formula

(X-1):
0]

0y 0 H
N~ N~
S RRS e
0

X-1),

wherein E is OH, halide or -C(=O)E is an activated ester.

[0055] Also in the fourth embodiment, for the method of the third embodiment, the compound

of formula (dA) or a salt thereof is represented by formula (dA-1):

YY)
- 7(@\( HN— °
0) 0. 4
I Ec iy
OMe MeQ'
o 0 (dA-T),

or a salt thereof, and the method comprises the steps of:

1. 1) reacting a compound of formula (dIV-1):
NO;

SO,

(dIv-1),
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or a salt thereof, with a reducing agent to form a compound of formula (dV-1):
NH,

S,

(@v-1),
or a salt thereof; and
2. 2) reacting the compound of formula (dV-1) or a salt thereof, with a compound of
formula (X-1):
(o]

2 nw 9 H
E)H/N\[]/\ﬁJ\WN\/\ﬁ
(o] e} S

wherein E is OH, halide or -C(=O)E is an activated ester

(X-1),

[0056] In a fifth embodiment, for the methods of the third or fourth embodiment, Any suitable
reducing reagent that can convert a nitro (-NO») group to an amine (-NH5) group can be used

in the reaction of step 1). In certain embodiments, the reducing reagent is selected from the
group consisting of. hydrogen gas, sodium hydrosulfite, sodium sulfide, stannous chloride,
titanium (l) chloride, zinc, iron and samarium iodide. In certain embodiments, the reducing
reagent is Fe/NH4CIl, Fe/NH4Cl, Zn/NH4Cl, FeSO4/NH40OH, or Sponge Nickel. In specific

embodiments, the reducing agent is Fe/NH4CI.

[0057] In certain embodiments, the reaction between the compound of formula (IV), (dIV), (IV-
1) or (dIV-1) with the reducing agent is carried out in a mixture of water and one or more
organic solvents. Any suitable organic solvent can be used. Exemplary organic solvents include
DMF, CH-CI,, dichloroethane, THF, dimethylacetamide, methanol and ethanol. In certain

embodiments, the organic solvent is THF or methanol or a combination thereof. In a specific
embodiment, the reaction between the compound of formula (1V), (dIV), (IV-1) or (dIV-1) with
the reducing agent is carried out in a mixture of water, THF and methanol.

[0058] In a sixth embodiment, for the methods of any one of the first, second, third, fourth or
fith embodiment, E is OH and the reaction between the compound of formula (V) and the
compound of formula (X), between the compound of formula (dV) and the compound of
formula (X), between the compound of formula (V-1) and (X-1), or between the compound of
formula (dV-1) and (dX-1) is carried out in the presence of an activating agent.

[0059] In certain embodiments, the activating agent is a carbodiimide, a uronium, an active
ester, a phosphonium, 2-alkyl-1-alkylcarbonyl-1,2-dihydroquinoline, 2-alkoxy-1-alkoxycarbonyl-
1,2-dihydroquinoline, 2,4 ,6-trialkyl-1,3,5,2,4,6-trioxatriphosphorinane  2,4,6-trioxide, or
alkylchloroformate. In a specific embodiment, the activating agent is a carbodiimide. In a more
specific embodiment, the activating agent is dicyclohexylcarbodiimide (DCC), 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC), or diisopropylcarbodiimide (DIC). In another specific
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embodiment, the activating agent is N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ).

[0060] In certain embodiments, the reaction between the compound of formula (V) and the
compound of formula (X), between the compound of formula (dV) and the compound of
formula (X), between the compound of formula (V-1) and (X-1) or between the compound of
formula (dV-1) and (X-1) is carried out in an organic solvent or a solvent mixture. Any suitable
organic solvent described herein can be used. In certain embodiments, the organic solvent is
dichloromethane or methanol or a mixture thereof.

[0061] In a seventh embodiment, the present invention provides a method preparing a
compound of formula (Xa):

o 0 H 0
HOJH’N\[(LNJ\/WN\/\N
o 0 7
o (Xa),
or a salt thereof, comprising reacting the compound of formula (1X):

Q 0 H o
pHH/NWJ\Nk/\/\WN\/\;ﬁ
o " 0 /

o (1X),

or a salt thereof, with a carboxylic acid deprotecting agent, wherein P4 is a carboxylic acid

protecting group.

[0062] In a eighth embodiment, for the method of the seventh embodiment, the compound of
formula (Xa) is represented by formula (X-1a):

Qw9 H 9
N._A N~
o (X-1a),
or a salt thereof, and the method comprises reacting the compound of formula (IX-1):

[o] H g (o] H (0]
P1)H/N\[O]/\HJKA/\[O]/N\/\;§
0 (IX-1),

or a salt thereof, with a carboxylic acid deprotecting agent, wherein P4 is a carboxylic acid

protecting group.

[0063] In a ninth embodiment, the present invention provides a method of preparing a
compound of formula (1X):

S 4 ] H 0
F’*(N#HJ\W”\”N
(8] (0] Y

o (IX);
comprising reacting a compound of formula (VIII):
o] o)
N
Sy
o /
o (VIL);

or a salt thereof, with a compound of formula (c):

P1)J\y/ NH;
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10 (©),
or a salt thereof, wherein E4 is OH, halide or -C(=O)E; is an activated ester; and P4 is an

carboxylic acid protecting group.

[0064] In a tenth embodiment, the compound of formula (IX) or a salt thereof is represented by
formula (1X-1):
o)

@ w I 9 H
P1)H/NTI/\”J\/\/\WN\/\N
0 0 Y

0 (IX-1);
or a salt thereof, and the method comprises reacting a compound of formula (VIII):

Aopo

° o (vi;
or a salt thereof, with a compound of formula (c-1):
0 H ;
P1)H/N\[|/\NH2
0 (c-1).

or a salt thereof, wherein Eq is OH, halide or -C(=O)E is an activated ester; and Pq is a

carboxylic acid protecting group.

[0065] In a eleventh embodiment, the present invention provides a method of preparing a
compound of formula (Xa):

o 0 H o}
o H 0 Y
o (Xa)
or a salt thereof, comprising the steps of:

1. 1) reacting a compound of formula (VIII):
o]

H O
E1)J\/\/\WN\/\N
i /
o (VII);

or a salt thereof, with a compound of formula (c):
Q H
pHH/NjH\NHZ
0 (c),
or a salt thereof, to form a compound of formula (IX):

(o] H (o] H )
P1)I\FNWH\”MN\/\N
o 0 5 /

;and
2. 2) reacting the compound of formula (IX) with a carboxylic acid deprotecting agent,
wherein Eq is OH, halide or -C(=O)E, is an activated ester; and P4 is a carboxylic acid

protecting group.
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[0066] In a twelfth embodiment, the compound of formula (Xa) or a salt thereof is represented
by formula (X-1a):

o 4 O H 0
N~ N~
A RS OS ™
o (X-1a)
or a salt thereof, comprising the steps of:

1. 1) reacting a compound of formula (VIII):
o]

H O
E1)k/\/\”/N\/\N
o /
Y (VILD;
or a salt thereof, with a compound of formula (c-1):

or a salt thereof, to form a compound of formula (IX-1):

o , : 0 H 0
p1)J\erﬁwN\/\ji>
o (IX-1);
and

2. 2) reacting the compound of formula (IX-1) with a carboxylic acid deprotecting agent,
wherein Eq is OH, halide or -C(=O)E, is an activated ester; and P4 is a carboxylic acid

protecting group.

[0067] In certain embodiments, for the method of the seventh, eighth, ninth, tenth, eleventh or
twelfth embodiment, the carboxylic acid protecting group represented by P4 can be any

suitable carboxylic acid protecting group known in the art. In certain embodiments, the
carboxylic acid protecting group include alkyl ester (e.g., methyl ester or tert-butyl ester),
benzyl ester, thioester (e.g., tert-butyl thioester), silyl ester (e.g., trimethylsilyl ester), 9-
fluorenylmehtyl ester, (2-trimethylsilyl)ethoxymethyl ester, 2-(trimethylsilyl)ethyl ester,
diphenylmethyl ester or oxazoline. In certain embodiments, the carboxylic acid protecting
group is methyl ester, tert-butyl ester, benzyl ester or trimethylsilyl ester, i.e., P4 is OMe, - O'Bu,

-OBn, -O-silyl (e.g., -OSi(Me)1). In certain embodiments, the carboxylic acid protecting group is

tert-butyl ester, i.e., P4 is -O'Bu.

[0068] To deprotect the carboxylic acid protecting group, any suitable deprotecting agent
known in the art can be used. The suitable deprotecting agent depends on the identity of the
carboxylic acid protecting group. For example, when P4 is -O'Bu, the protecting group can be

removed by the treatment with an acid, a base or a suitable reductant. In certain embodiments,
an acid can be used to remove the tert-butyl ester protecting group. Exemplary acids include
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formic acid, acetic acid, trifluoroacetic acid, hydrochloric acid, and phosphoric acid. In a specific
embodiment, trifluoroacetic acid is used as the deprotecting agent.

[0069] In certain embodiments, the deprotection reaction can be carried in any suitable
organic solvent(s). Exemplary organic solvents include DMF, CH,Cl,, dichloroethane, THF,

dimethylacetamide, methanol and ethanol. In certain embodiments, the deprotection reaction
is carried out in dichloromethane.

[0070] In certain embodiments, for method of the ninth, tenth, eleventh or twelfth embodiment,
E4 is OH and the reaction between the compound of formula (VIll) and the compound of

formula (c) or the compound of formula (c-1) is carried out in the presence of an activating
agent.

[0071] In certain embodiments, the activating agent is a carbodiimide, a uronium, an active
ester, a phosphonium, 2-alkyl-1-alkylcarbonyl-1,2-dihydroquinoline, 2-alkoxy-1-alkoxycarbonyl-
1,2-dihydroquinoline, 2,4 ,6-trialkyl-1,3,5,2,4,6-trioxatriphosphorinane  2,4,6-trioxide, or
alkylchloroformate. In a specific embodiment, the activating agent is 2,4,6-trialkyl-1,3,5,2,4,6-
trioxatriphosphorinane 2,4,6-trioxide. In a more specific embodiment, the activating agent is
2,4,6-tripropyl-1,3,5,2,4 6-trioxatriphosphorinane 2,4,6-trioxide. In certain embodiments, the
reaction between the compound of formula (VIII) and the compound of formula (c) or the
compound of formula (c-1) is carried out in the presence of a base. In certain embodiments,
the base is a non-nucleophilic base. Exemplary non-nucleophilic bases include triethylamine,
imidazole,  diisopropylethylamine,  pyridine, 2,6-lutidine,  dimethylformamide, 1,8-
diazabicyclo[5.4.0]Jundec-7-ene (DBU), or tetramethylpiperidine. In a specific embodiment, the
base is triethylamine or diisopropylethylamine. In another specific embodiment, the base is
diisopropylethylamine.

[0072] In certain embodiments, the reaction between the compound of formula (VIIl) and the
compound of formula (c) or the compound of formula (c-1) is carried out in the presence of an
activating agent described above and a base described above. In certain embodiments, the
reaction is carried out in the presence of 2,4 6-tripropyl-1,3,5,2,4,6-trioxatriphosphorinane
2,4,6-trioxide and triethylamine or diisopropylethylamine. In a specific embodiment, the
reaction is carried out in the presence of 2,4 6-tripropyl-1,3,5,2,4,6-trioxatriphosphorinane
2,4,6-trioxide and diisopropylethylamine.

[0073] Any suitable organic solvents can be used for the reaction the reaction between the
compound of formula (VIII) and the compound of formula (c) or the compound of formula (c-1).
In certain embodiments, the reaction is carried out in dichloromethane.

[0074] In a thirteenth embodiment, for the method of the ninth, tenth, eleventh, or twelfth

embodiment, the compound of formula (VIII) is represented by formula (Vllla):
o] 0
H

gk
/

(@]
o (Villa):
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and the compound of formula (Vllla) or a salt thereof is prepared by a method comprising the
steps of:

1. a) reacting a compound of formula (VI):

Pz)WYOH

0

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

(0]
HaN ~N
Y/
0 (d),

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

O H 0
PQMN\AN
o Vi
o (VID;
and

2. b) reacting the compound of formula (VII) with a carboxylic acid deprotecting agent to
form the compound of formula (Vllla) or a salt thereof, wherein P, is a carboxylic acid

protecting group.

[0075] Any suitable carboxylic acid protecting group can be used. In certain embodiments, the
carboxylic acid protecting group include alkyl ester (e.g., methyl ester or tert-butyl ester),
benzyl ester, thioester (e.g., tert-butyl thioester), silyl ester (e.g., trimethylsilyl ester), 9-
fluorenylmehtyl ester, (2-trimethylsilyl)ethoxymethyl ester, 2-(trimethylsilyl)ethyl ester,
diphenylmethyl ester or oxazoline. In certain embodiments, the carboxylic acid protecting
group is methyl ester, tert-butyl ester, benzyl ester or trimethylsilyl ester, i.e., P5 is OMe, - O'Bu,

-OBn, -O-silyl (e.g., -OSi(Me)1). In certain embodiments, the carboxylic acid protecting group is

tert-butyl ester, i.e., Py is -O'Bu.

[0076] To deprotect the carboxylic acid protecting group, any suitable carboxylic deprotecting
agent known in the art can be used. Suitable deprotecting agents depend on the identity of the
carboxylic acid protecting group. For example, when P, is -O'Bu, the protecting group can be

removed by the treatment with an acid, a base or a suitable reductant. In certain embodiments,
an acid can be used to remove the tert-butyl ester protecting group. Exemplary acids include
formic acid, acetic acid, trifluoroacetic acid, hydrochloric acid, and phosphoric acid. In a specific
embodiment, trifluoroacetic acid is used as the carboxylic acid deprotecting agent.

[0077] In certain embodiments, the deprotection reaction can be carried in any suitable
organic solvent(s). Exemplary organic solvents include DMF, CH>Cl,, dichloroethane, THF,

dimethylacetamide, methanol and ethanol. In certain embodiments, the deprotection reaction
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is carried out in dichloromethane.

[0078] In certain embodiments, the reaction between the compound of formula (VI) and the
compound of formula (d) is carried out in the presence of an activating agent. Any suitable
activating agent described herein can be used. In certain embodiments, the activating agent is
2,4 ,6-trialkyl-1,3,5,2,4,6-trioxatriphosphorinane 2,4,6-trioxide. In a more specific embodiment,
the activating agent is 2,4 ,6-tripropyl-1,3,5,2,4,6-trioxatriphosphorinane 2,4 ,6-trioxide.

[0079] Any suitable organic solvents can be used for the reaction the reaction between the
compound of formula (VI) and the compound of formula (d). In certain embodiments, the
reaction is carried out in dichloromethane.

[0080] In a fourteenth embodiment, the present invention provides a method of preparing a

compound of formula (ll),
NO;
|

&

Cl OH (ID),

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

—

OH OH ()
with hydrochloric acid in toluene.

[0081] Also included in the fourteenth embodiment is a method of preparing a compound of

formula (dll),
NO,
D D
D D
Cl OH (dI),
comprising reacting a compound of formula (dl):
NO,
D D
D D
OH OH (dn

with hydrochloric acid in toluene.

[0082] In a fifteenth embodiment, the present invention provides a method of preparing a
compound of formula (IV-1):

or a salt thereof, comprising the steps of:
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. 1) reacting a compound of formula (I):
NO,

OH OH (@,

with hydrochloric acid in toluene to form a compound of formula (I1):
NO,

Cl OH (ID);

. 2) reacting the compound of formula (lI) with a monomer compound of formula (a),

NH OH
o]

@

to form a compound of formula (ll):
NOZ

H
Cl 0 N\¢
MeO : 7]/N
0

or a salt thereof;
. 3) reacting the compound of formula (lll) or a salt thereof with a monomer compound of
formula (b):

N OH
ES{:WQ@OMG
Q )
(b),

to form the compound of formula (IV-1) or a salt thereof.

(110,

[0083] Also included in the fifteenth embodiment is a method of preparing a compound of
formula (dIV-1):

NO,

N _
oﬁ(o HN—.
Njﬁ DD DD N
OMe MeO
0 o]

dIv-1),

or a salt thereof, comprising the steps of:

1. 1) reacting a compound of formula (dI):
NO,

OH OH n,
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with hydrochloric acid in toluene to form a compound of formula (dlI):
NO,

D D
D D
Cl OH  (dID);

2. 2) reacting the compound of formula (dll) with a monomer compound of formula (a),
NH OH
WOMe
[e]
@

to form a compound of formula (dllI):

D D
D D H
Cl 0 N\"
Meo:@’/N
0

or a salt thereof;
3. 3) reacting the compound of formula (dlll) or a salt thereof with a monomer compound
of formula (b):

N OH
§p0Me
0 Q
(b),

to form the compound of formula (dIV-1) or a salt thereof.

(dIID),

[0084] In a sixteenth embodiment, the present invention provides a method of preparing a
compound of formula (A-1):

o) H ; @] H o
QRS RS S'®
N _ o
0\/©\/0 N
Njﬁ N
OMe MeQ
o o}

or a salt thereof, comprising the steps of:

(A-1),

1. 1) reacting a compound of formula (I):
NO,

OH OH @,

with hydrochloric acid in toluene to form a compound of formula (I1):
NO,

po
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¢ OH (1)

. 2) reacting the compound of formula (lI) with a monomer compound of formula (a),
NH

OH
0

(a

to form a compound of formula (ll):
NOZ

H
Cl o N—,
MeO: : ’W/N
(o}

or a salt thereof;
. 3) reacting the compound of formula (lll) or a salt thereof with a monomer compound of
formula (b):

N CH
égp0Me
o .
(b),

to form a compound of formula (1V-1):
NO,

" 0\/©y0 PN
OMe MeO
0 0
or a salt thereof;

. 4) reacting the compound of formula (IV-1) or a salt thereof with a reducing agent to

form a compound of formula (\V-1):
NH,

Seages el
OMe MeO

o 0
or a salt thereof; and

. 5) reacting the compound of formula (V-1) or a salt thereof, with a compound of formula
(X-1):

Q H ; (o] H 0
E)H/NT(\”J\/\/\WN\/\;ﬁ
[0] 9]

X,

(1),

(Iv-1),

(V-1).

to form the compound of formula (A-1) or a salt thereof, wherein E is OH, halide or -
C(=O)E is an activated ester.
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[0085] Also included in the sixteenth embodiment is a method of preparing a compound of

formula (dA-1):
0

HN N ~TN
JKr Ty )f/>
0 0 g
=N _
o o HN—,
N DD DD N
OMe MeO
o 0

or a salt thereof, comprising the steps of:

(dA-1),

1. 1) reacting a compound of formula (dI):
NO,

D D
b D
OH OH (D),
with hydrochloric acid in toluene to form a compound of formula (dlI):
NO,

D D
D D
cl OH (dll);
2. 2) reacting the compound of formula (dll) with a monomer compound of formula (a),
NH OH
0
(a)

to form a compound of formula (dllI):
NO,

D D H
cl o) N—
MeO:Q%/N
3\/ (dlID),

o]

or a salt thereof;
3. 3) reacting the compound of formula (dlll) or a salt thereof with a monomer compound

of formula (b):

N CH
éfj)@OMe
O
(b),

to form a compound of formula (dIV-1):

WNQ:IO%@B(O o

atSerarse@

OMe MeO T
o 0

or a salt thereof;

(dIv-1),



DK/EP 3573948 T3

4. 4) reacting the compound of formula (dIV-1) or a salt thereof with a reducing agent to
form a compound of formula (dV-1):

WNH,
j{: / \‘/{ "R HNﬁ
LT ArocE
\\r \\/‘ / \/9 \
0 o (dV 1,

or a salt thereof; and
5. 5) reacting the compound of formula (dV-1) or a salt thereof, with a compound of
formula (X-1):
0

o " H
F,JLI/ N mﬁ,ﬁ\g))\/'x\/’\n/ N\/,/m N//;>
0 o P

O (X'—l)?
to form the compound of formula (dA-1) or a salt thereof, wherein E is -OH, halide or -
C(=O)E is an activated ester.

[0086] In a seventeenth embodiment, for the method of the fourteenth, fifteenth or sixteenth
embodiment, the compound of formula (I) or (dl) is reacted with concentrated hydrochloric acid
to form the compound of formula (II) or (dll) respectively. For example, 30-38 w/w% of
hydrochloric acid can be used.

[0087] In certain embodiments, the reaction between the compound of formula () or (dl) and
hydrochloric acid is carried out at a temperature between 30 °C and 110 °C, between 40 °C
and 105 °C, between 50 °C and 100 °C, between 60 °C and 100 °C, between 70 °C and 100
°C, between 80 °C and 100 °C or between 90 °C and 100 °C. In certain embodiments, the
reaction is carried out at 95 °C.

[0088] The reaction between the compound of formula (I) or (dl) and hydrochloric acid can be
carried out until the reaction is in substantial completion. For example, the reaction can be
carried out between 5 minutes to 1 week, between 5 minutes to 72 hours, between 1 hour to
48 hours, between 1 hour to 12 hours, between 6 hours to 18 hours, or between 1 hour to 6
hours.

[0089] In certain embodiments, the compound of formula (II) or (dIl) obtained from the
reaction of the compound of formula (l) or (dl) and hydrochloric acid is purified. The compound
of formula (1) or (dll) can be purified by column chromatography or crystallization. In certain
embodiments, the compound of formula (Il) or (dll) is purified by crystallization. In a specific
embodiment, the compounds of formula (Il) or (dll) is crystalized in toluene. For example, the
compound of formula (Il) or (dll) is crystalized by dissolving the compound in hot toluene
followed by cooling until the compound crystallized out the solution.

[0090] In a eighteenth embodiment, for methods of the fifteenth, sixteenth or seventeenth
embodiment, the compound of formula (Il) or (dll) is reacted with the monomer compound of
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formula (a) in the presence of an alcohol activating agent. Any suitable alcohol activating agent
can be used. In certain embodiments, the alcohol activating agent is a trialkylphosphine,
triarylphosphine, or triheteroarylphosphine. In a specific embodiment, the alcohol activating
agent is trimethylphosphine, tributylphosphine, tri(o-tolyl)phosphine, triim-tolyl)phosphine, tri(p-
tolyl)phosphine, tri(2-pyridyl)phosphine, tri(3-pyridyl)phosphine, tri(4-pyridyl)phosphine, or [4-
(3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-heptadecafluorodecyl)phenyl]  diphenylphosphine. In
another embodiment, the alcohol activating agent can be a phosphine-like reagent, such as
(tributylphosphoranylidene)acetonitrile, (cyanomethylene)tributylphosphorane (CMBP), or
(cyanomethylene)trimethylphosphorane (CMMP). In a more specific embodiment, the alcohol
activating agent is triphenylphosphine. In yet another more specific embodiment, the alcohol is
tributylphosphine. In one embodiment, the alcohol activating agent can be polymer-bound or
polymer-supported, such as polymer-bound or polymer-supported trialkyl phosphine,
triarylphosphine (e.g., triphenylphosphine), or triheteroarylphosphine.

[0091] In certain embodiments, for the method described in the eighteenth embodiment, the
compound of formula (II) or (dll) is reacted with the monomer compound of formula (a) the
presence of an azodicarboxylate. In one embodiment, the azodicarboxylate is selected from
the group consisting of: diethyl azodicarboxylate (DEAD), diisopropyl azodicarboxylate (DIAD),
1,1'-(azodicarbonyl)dipiperidine (ADDP), ditertbutyl azodicarboxylate (DTAD), 1,6-dimethyl-
1,5,7-hexahydro-1,4,6,7-tetrazocin-2,5-dione  (DHTD), di-(4-chlorobenzyl)azodicarboxylate
(DCAD), azodicarboxylic dimorpholide, N,N,N',N'-tetramethylazodicarboxamide (TMAD),
N,N,N',N'- tetraisopropylazodicarboxamide (TIPA), 4,4'-azopyridine, bis (2,2,2-trichloroethyl)
azodicarboxylate, o-(tert-Butyldimethylsilyl)-N-tosylhydroxylamine, di-(4-
chlorobenzyl)azodicarboxylate, cyclic 1,6-dimethyl-1,5,7-hexahydro-1,4,6,7-tetrazocin-2,5-
dione (DHTD), dimethyl acetylenedicarboxylate (DMAD), di-2-methoxyethyl azodicarboxylate,
di-(4-chlorobenzyl)azodicarboxylate and bis(4,4,5,5,6,6,7,7,8,8,9,9,9-tridecafluorononyl)
azodicarboxylate. More specifically, the azodicarboxylate is DIAD. In one embodiment, the
azodicarboxylate is polymer-bound or polymer supported, such as polymer-supported
alkylazodicarboxylate (e.g. polymer-bound DEAD, DIAD, DTAD or ADDP).

[0092] In a specific embodiment, for methods of the eighteenth embodiment, the compound of
formula (Il) or (dll) is reacted with the monomer compound of formula (a) in the presence of
tributylphosphine or triphenylphosphine and an azodicarboxylate. In one embodiment, the
azodicarboxylate is selected from the group consisting of: diethyl azodicarboxylate (DEAD),
diisopropyl azodicarboxylate (DIAD), 1,1'-(azodicarbonyl)dipiperidine (ADDP), and ditertbutyl
azodicarboxylate (DTAD). More specifically, the azodicarboxylate is DIAD. In a more specific
embodiment, the compound of formula (Il) or (dll) is reacted with the monomer compound of
formula (a) in the presence of tributylphosphine and DIAD.

[0093] In certain embodiments, the alcohol activating agent and the azodicarboxylate is mixed
together to form an alcohol activating agent-azodicarboxylate complex. The compound of
formula (II) or (dIl) is mixed with the complex first before contacting with the monomer
compound of formula (a).
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[0094] In certain embodiments, the reaction of the eighteenth embodiment described above
can be carried out in an organic solvent(s). Any suitable organic solvent(s) described herein
can be used. In certain embodiments, the organic solvent is THF.

[0095] In a nineteenth embodiment, for the method of the fifteenth, sixteenth, seventeenth, or
eighteenth embodiment, in step 3) of the method, the compound of formula (lll) or (dlll) or a
salt thereof is reacted with the monomer compound of formula (b) in the presence of a base. In
certain embodiments, the base is sodium carbonate, potassium carbonate, cesium carbonate,
sodium hydride, or potassium hydride. Preferably, the base is potassium carbonate.

[0096] In certain embodiments, the reaction between the compound of formula (lIl) or (dlll) or
a salt thereof and the monomer compound of formula (b) further comprises potassium iodide.

[0097] In certain embodiments, the reaction between the compound of formula (lI) or (dlll) or
a salt thereof and the monomer compound of formula (b) is carried out in the presence of
potassium carbonate and potassium iodide.

[0098] Any suitable organic solvents can be used for the methods of the twentieth
embodiment. In one embodiment, the solvent is a polar aprotic solvent. Exemplary solvents
include dimethylformamide (DMF), CH5Cl,, dichloroethane, THF and dimethylacetamide. In

certain embodiments, dimethylformamide or dimethylacetamide is used as the solvent.

[0099] In a twentieth embodiment, for the method of the fifteenth, sixteenth, seventeenth,
eighteenth, or nineteenth embodiment, in the reaction of step 4), the reducing reagent is
selected from the group consisting of: hydrogen gas, sodium hydrosulfite, sodium sulfide,
stanneous chloride, titanium (Il) chloride, zinc, iron and samarium iodide. In certain
embodiments, the reducing reagent is Fe/NH4Cl, Fe/NH4Cl, Zn/NH4Cl, FeSO4/NH4OH, or

Sponge Nickel. In specific embodiments, the reducing agent is Fe/NH4CI.

[0100] In certain embodiments, the reaction between the compound of formula (IV-1) or (dIV-
1) with the reducing agent is carried out in a mixture of water and one or more organic
solvents. Any suitable organic solvent can be used. Exemplary organic solvents include DMF,
CHJCl,, dichloroethane, THF, dimethylacetamide, methanol and ethanol. In certain

embodiments, the organic solvent is THF or methanol or a combination thereof. In a specific
embodiment, the reaction between the compound of formula (IV-1) or (dIV-1) with the reducing
agent is carried out in a mixture of water, THF and methanol.

[0101] In some embodiments, for the methods described above, the compound of formula
(dlll) can be prepared by an alternative process comprising the steps of:

1. a) introducing an alcohol protecting group onto one of the primary alcohols of a
compound of formula (dI):
NO,
-
) I b

N
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Y L
OH

OH (D),
by reacting the compound of formula (dl) with an alcohol protecting agent to form a
compound of formula (dI1):

NO,
D D
b D
OH 0

TPy,
2. b) reacting the compound of formula (dI1) with a chlorinating agent to form a compound
of formula (d12):

NO,
D D
D D
cl 0

TP any;
3. ¢) reacting the compound of formula (dl2) with an alcohol deprotecting agent to form a
compound of formula (dI3):

NO,
D p 5
D
Cl OH (dI3);

and
4. d) reacting the compound of formula (dI3) with a sulfonating agent to form a compound
of formula (dl4):
NO,
D D
b D
cl X1 (d1;
and
5. e) reacting the compound of (dl4) with a monomer compound of formula (a),

NH OH
Q

(@)

to form the compound of formula (dlll), wherein P4 is an alcohol protecting group and X

>

is a sulfonate ester.

[0102] In one embodiment, P4 is a silyl protecting group. Exemplary silyl protecting group
include dimethylisopropylsilyl, diethylisopropyilsilyl, dimethylhexylsilyl, trimethylsilyl,
triisopropylsilyl, tribenzylsilyl, triphenylsilyl, 2-norbornyldimethylsilyl, tert-butyldimethylsilyl, tert-
butyldiphenylsilyl, 2-trimethyethylsilyl (TEOC), or [2-(trimethylsily))ethoxy]methyl. In one
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embodiment, P41 is the silyl protecting group is triethylsilyl, triisopropylsilyl, or tert-

butyldimethylsilyl. In another embodiment, P is terf-butyldimethylsilyl.

[0103] In one embodiment, the silyl protecting group is introduced by reacting the compound
of formula (dl) with R-CI, R-Br, R-l or R-OSO5CF3 in the presence of a base, wherein R is
dimethylisopropylsilyl, diethylisopropylsilyl, dimethylhexylsilyl, trimethylsilyl, triisopropylsilyl,
tribenzylsilyl,  triphenylsilyl,  2-norbornyldimethylsilyl,  tert-butyldimethylsilyl, or  tert-
butyldiphenylsilyl. In one embodiment, the base is a non-nucleophilic base, such as imidazole,
triethylamine, diisopropylethylamine, pyridine, 2,6-lutidine, 1,8-diazabicycloundec-7-ene, or
tetramethylpiperidine.

[0104] In one embodiment, the chlorinating reagent is selected from the group consisting of
carbon tetrachloride, methanesulfonyl chloride, sulfuryl chloride, thionyl chloride, cyanuric
chloride, N-chlorosuccinimide, phosphorus(V) oxychloride, phosphorus pentachloride, and
phosphorus ftrichloride. In one embodiment, the chlorinating reagent is methanesulfonyl
chloride.

[0105] In one embodiment, 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. In one embodiment, the alcohol
deprotecting reagent is hydrogen fluoride pyridine.

[0106] In one embodiment, X, is mesylate, tosylate, brosylate, or ftriflate. In another

embodiment, X4 is mesylate.

[0107] In one embodiment, the sulfonating reagent is methansufonyl anhydride,
methanesufonyl chloride, p-toluenesulfonyl chloride, 4-bromobenzenesulfonyl chloride, or
trifluoromethanesulfonyl anhydride. In one embodiment, the sulfonating reagent is
methansufonyl anhydride.

[0108] In one embodiment, the alternative process for making the compound of formula (dlll)
comprises the steps of:

1. a) reacting the compound of formula (dl) with tert-butylchlorodimethylsilane to form a
compound of formula (dI1'):

NO5
= i
0 ) DD /
D/
OH ONWSE,/JZ\\/
SN Iy

2. b) reacting the compound of formula (dI1') with methanesulfonyl chloride to form a
compound of formula (dI2'):
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NO,
a
D e D
. Ci ?D / -
SNy,

3. ¢) reacting the compound of formula (dI2') with an alcohol deprotecting agent to form a

compound of formula (dI3):
NO,

D
D |
Cl OH  (d13),
wherein the alcohol deprotecting agent is HF-pyridine;

4.d) reacting the compound of formula (dI3) with methanesulfonic anhydride or

methanesufonyl chloride to form a compound of formula (dI4":
NO,

C; O -
O:: i\;’

and
5. e) reacting the compound of (dl4") with a monomer compound of formula (a),

~ -vwr;\a/\! OH
\[ %\\// NNTKK\VLGMe
b o
(a) ,
in the presence of a base (e.g., sodium carbonate or potassium carbonate) to form the
compound of formula (dllI).

[0109] In a twenty-first embodiment, for the method of the sixteenth, seventeenth, eighteenth,
nineteenth, or twentieth embodiment, the compound of formula (X-1) is represented by formula

(X-1a):
& z 0 O
i s M R ! ]
HQ/LL]/ N.HTE fﬂ%g/ N N \F L PN N’JK\
¢ o g
o (X-1a),

and the compound of formula (X-1a) or a salt thereof is prepared by a method comprising the
steps of:

1. a) reacting a compound of formula (VI):
Q

o OH
P2/ \/ \J/\T,r'
o

3
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or a salt thereof, with a compound of formula (d):

O
HZN\/\N
/
0 (d),

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

O H o]
PZ)J\/\/\[(N\/\N
o Y/
o (VID),

or a salt thereof;
2.b) reacting the compound of formula (VIl) or a salt thereof with a carboxylic acid
deprotecting agent to form a compound of formula (Vllla):

O H 0
H o)j\/\/ﬁ( N ~ N
o /
o (VIITa),

or a salt thereof;
3. ¢) reacting the compound of formula (Vllla) or a salt thereof with a compound of formula
(c-1):

o
P1)H/N\[]/\NH2
o (D

or a salt thereof, to form a compound of formula (IX-1):
(o] = o] o]
P N N
1 \g/\"' 0 ﬁ
0 (IX-1),
or a salt thereof; and

4.d) reacting the compound of formula (IX-1) or a salt thereof with a carboxylic acid
deprotecting agent, wherein Py and P> are each independently a carboxylic acid

protecting group.

[0110] In certain embodiments, for the method of the twenty-second embodiment, Py and P>

are each independently a suitable carboxylic acid protecting group described herein. In certain
embodiments, P4 and P, are each independently OMe, -O'Bu, -OBn, -O-silyl (e.g., -OSi(Me)s).

In certain embodiments, P4 and P, are both -O'Bu.

[0111] To deprotect the carboxylic acid protecting group, any suitable carboxylic deprotecting
agent known in the art can be used. Suitable deprotecting agents depend on the identity of the
carboxylic acid protecting group. For example, when P4 and P5 are -O'Bu, the protecting group

can be removed by the treatment with an acid, a base or a suitable reductant. In certain
embodiments, an acid can be used to remove the tert-butyl ester protecting group. Exemplary
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acids include formic acid, acetic acid, trifluoroacetic acid, hydrochloric acid, and phosphoric
acid. In a specific embodiment, trifluoroacetic acid is used as the carboxylic acid deprotecting
agent.

[0112] In certain embodiments, the deprotection reaction can be carried in any suitable
organic solvent(s). Exemplary organic solvents include DMF, CH,Cl,, dichloroethane, THF,

dimethylacetamide, methanol and ethanol. In certain embodiments, the deprotection reaction
is carried out in dichloromethane.

[0113] In certain embodiments, for the method of the twenty-second embodiment, the reaction
between the compound of formula (VI) and the compound of formula (d) and the reaction
between the compound of formula (Vllla) and the compound of formula (c-1) are carried out in
the presence of an activating agent. In certain embodiments, the activating agent is
independently selected from a 2,4,6-trialkyl-1,3,5,2,4,6-trioxatriphosphorinane 2,4 6-trioxide,
carbodiimide, a uronium, an active ester, a phosphonium, 2-alkyl-1-alkylcarbonyl-1,2-
dihydroquinoline, 2-alkoxy-1-alkoxycarbonyl-1,2-dihydroquinoline, and alkylchloroformate. In
certain embodiments, the activating agent is a 2,4,6-trialkyl-1,3,5,2,4,6-trioxatriphosphorinane
2,4.6-trioxide. In a specific embodiment, the activating agent is 2,4,6-tripropyl-1,3,5,2,4,6-
trioxatriphosphorinane 2,4 6-trioxide.

[0114] Any suitable organic solvents can be used for the reaction between the compound of
formula (V1) and the compound of formula (d) or between the compound of formula (Vllla) and
the compound of formula (c-1). In certain embodiments, the reaction is carried out in
dichloromethane.

COMPOUNDS OF THE INVENTION

[0115] Also provided in the present invention is compounds described herein, e.g., compounds
of formula (A), (dA), (A", (dA), (A-1), (dA-1), (1), (dlIl), (D), (dl), (IV), (dIV), (IV-1), (dIV-1),
V), (dV), (V-1), (dV-1), (VI), (VI-1), (VII), (VIID), (VllIa), (IX), (IX-1), (X), (X-1), (Xa), or (X-1a) or
a salt thereof.

[0116] In certain embodiment, the compound of the present invention is represented by
formula (VII), (VIIT), (VllIa), (IX-1), (X-1) or (X-1a) or a salt thereof.

[0117] In certain embodiments, the compounds described herein, such as compounds of
formula (A), (A"), (A-1), (D), (11D, (IV), (IV=1), (V), (V-1), (VI), (VI-1), (VID), (VIID), (VIlla), (IX), (IX-
1), (X), (X-1), (Xa), or (X-1a) or a salt thereof, are isotopically labeled or radio-labeled. Radio-
labeled compounds of the compounds described herein could be useful in radio-imaging, in in
vitro assays or in in vivo assays. "Isotopically labeled" or "radio-labeled” compounds are
identical to compounds disclosed herein, but for the fact that one or more atoms are replaced
or substituted by an atom having an atomic mass or mass number different from the atomic
mass or mass number typically found in nature (i.e., naturally occurring). Any atom in the



DK/EP 3573948 T3

compounds of the disclosure not specifically labelled as an isotope is meant to represent the
given element at about its natural isotopic abundance. For example, H represents protium ('H)
with a natural abundance of 99.985% and deuterium (2H) with a natural abundance of 0.015%.
Suitable radionuclides that may be incorporated in compounds include 2H (also written as D for
deuterium), 3H (also written as T for tritium), 1'C, 13C, 14C, 13N, 19N, 150, 170, 180, 18F, 35g,
36CI, 7°Br, ®Br, /7Br, 82Br, 123 124 125| or 131 |n some embodiments, the radionuclide is 3H,

14c 35g 82Br or 129 In some embodiments, the radionuclide is 3H or 12°1. While the natural
isotopic abundance may vary in a synthesized compound based on the reagents used, the
concentration of naturally abundant stable hydrogen isotopes such as deuterium is negligible
compared to the concentration of stable isotope in the compounds of Formulae (dA), (dA",
(dA-1), (dIl), (dll), (dIV),(dIV-1), (dV), and (dV-1),. Thus, when a particular position of the
compounds of Formulae (dA), (dA"), (dA-1), (dll), (dlll), (dIV),(dIV-1), (dV), and (dV-1),
contains a deuterium atom, the concentration of deuterium at that position is substantially
greater than the natural abundance of deuterium, which is 0.015%. In some embodiments, a
position containing a deuterium atom has a deuterium enrichment or deuterium incorporation
or deuterium concentration of at least 1%, of at least 5%, at least 10%, at least 15%, at least
20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least
55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%. The term
"deuterium enrichment" refers to the percentage of incorporation of deuterium at a given
position of the compounds of the disclosure in replacement of protium. Synthetic methods for
incorporating radio-isotopes into organic compounds are applicable to compounds of the
invention and are well known in the art. Examples of synthetic methods for the incorporation of
tritium into target molecules are catalytic reduction with tritium gas, reduction with sodium
borohydride or reduction with lithium aluminum hydride or tritum gas exposure labeling.

Examples of synthetic methods for the incorporation of '2'| into target molecules are

Sandmeyer and like reactions, or aryl or heteroaryl bromide exchange with 29,

EXAMPLES

[0118] The invention will now be illustrated by reference to examples. Unless otherwise stated,
all percentages, ratios and parts are by weight. All reagents were purchased from the Aldrich

Chemical Co., New Jersey, or other commercial sources. Nuclear Magnetic Resonance ('H
NMR) spectra were acquired on a Bruker 400 MHz instrument. Mass spectra were acquired on
a Bruker Daltonics Esquire 3000 instrument and LCMS were acquired on an Agilent 1260
Infinity LC with an Agilent 6120 single quadrupole MS using electrospray ionization (column:
Agilent Poroshell 120 C18, 3.0 x 50 mm, 2.7 ym, 8 min method: flow rate 0.75 mL/min, solvent
A: water with 0.1% formic acid, solvent B: MeCN, 5% to 98% of MeCN over 7 min and 98%
MeCN for 1 min ) and UPLC were acquired on a Waters, Acquity system with a single

quadrupole MS Zspray " (column: Acquity BEH C18, 2.1 x 50 mm, 1.7 um, method: 2.5 min,
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flow rate 0.8 mL/min, solvent A: water, solvent B: MeCN, 5 to 95% of MeCN over 2.0 min and
95% MeCN for 0.5 min).

[0119] The following solvents, reagents, protecting groups, moieties and other designations
may be referred to by their abbreviations in parenthesis:

Me = methyl; Et = ethyl; Pr = propyl; i-Pr = isopropyl; Bu = butyl; £Bu = tert-butyl; Ph = phenyl,
and Ac = acetyl

Ala = alanine

aq = aqueous

Bn = benzyl

DCM or CH5Cl5 = dichloromethane

DIEA or DIPEA = N,N-diisopropylethylamine

DMA = N,N-dimethylacetamide

EEDQ = N-Ethoxyearbonyl-2-ethoxy-1,2-dihydroquinoline
EtOAc = ethylacetate

g = grams

h =hour

LC = liquid chromatography

LCMS = liquid chromatography mass spectrometry
min = minutes

mg = miligrams

mL = mililiters

mmol = milimoles

Me = methyl

MeOH = methanol

MS = mass spectrometry

MT BE = Methyl tert-butyl ether

NMR = nuclear magnetic resonance spectroscopy

RT or rt = room temperature (ambient, about 25 °C)
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sat or sat'd = saturated

T3P = 2,4 ,6-trialkyl-1,3,5,2,4 .6-trioxatriphosphorinane 2,4 ,6-trioxide
TFA = trifluoroacetic acid

THF = tetrahydrofuran

TLC = thin layer chromatography

UPLC = Ultra Performance Liquid Chromatography

Example 1. Synthesis of (S)-tert-butyl 2-((S)-2-(6-((2-(2,5-dioxo0-2,5-dihydro-1H-pyrrol-1-
yl)ethyl)amino)-6-oxohexanamido)propanamido)propanoate (compound 1)

Step 1. Synthesis of tert-butyl 6-((2-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-
yl)ethyl)amino)-6-oxohexanoate:

[0120]
£
N
o] © ’
Lo ) T3P ) o

T JL PN 1 %)) b / D {
o hif o L )\ o A V'A"/\TN\/\NJX
0 H-g O ° o)‘"j

[0121] To a solution of 1-(2-aminoethyl)-1H-pyrrole-2,5-dione hydrochloride (0.288g, 1.632
mmol) in dichloromethane (DCM) (5 ml, 17 vol) was added DIPEA (0.777 ml, 4.45 mmol),
followed by 6-(tert-butoxy)-6-oxohexanoic acid (0.300 g, 1.483 mmol) as a solution in DCM (5
mL, 17vol). Let reaction stir at RT and then charged 2,4,6-tripropyl-1,3,52,4,6-
trioxatriphosphorinane 2,4,6-trioxide (T3P) (1.781 mL, 2.225 mmol) into the reaction. The
reaction was stirred at RT until consumption of starting materials (2 h). The reaction was
quenched with water (10 mL, 34 vol), layers separated and the aqueous layer was extracted
once with DCM (10 mL, 34 vol). The combined organic layers were washed with sat'd NaHCO3
(10 mL, 34 vol), brine (10 mL, 34 vol), dried over MgSO4 and filtered. The filtrate was
concentrated under vacuum and the resulting light brown oil was purified by silica gel
chromatography (hexane to 100% EtOAc in 20 min,). Fractions containing product were
combined and concentrated under vacuum and placed in vacuum to dry for 24 hours to obtain
desired product, compound 1 (0.409 g, 88.5% yield) desired M/Z= 324.38, found M+1= 325.4.
The proton NMR for compound 1 is shown in FIG. 1.

Step 2. Synthesis of 6-((2-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)ethyl)amino)-6-
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oxohexanoic acid

[0122]
O
F
S P i i
07 TS T( N~ ‘“ﬁ F HO /JL\«,/N\//\T, No_~ N
|
0 Dichloromethane 0 /
O ) Ie}
1

[0123] Compound 1 (0.400g, 1.233 mmol), was dissolved in a mixture of DCMTFA (1 /1
solution 8.0 mL, 20 vol) at RT and was stirred for 60 minutes. The reaction mixture was
concentrated under vacuum, co-evaporated with toluene (2 x 5.0 mL, 2 x 12.5 vol) to obtain
compound 2 as a white solid and was used without further purification (0.331g, 100% yield).
Proton NMR for compound 2 is shown in FIG. 2.

Step 3. Synthesis of (S)-tert-butyl 2-((S)-2-(6-((2-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-
yl)ethyl)amino)-6-oxohexanamido)propanamido)propanoate

[0124]
FH=Ci {
o,/
o] = _P
ol H [0 o]
i iR 7 ‘OA‘(N (N SPGB
HO o N A o v o )
6 S Pon: 9 H 0
Orf \ //L_ O,/\r M \[(\ ﬁ P i \\n Pt NP N ,/[!\0
2 S ’ 0 0 P
f/ >..“ 3 o

.

[0125] Compound 2 ( 0.331 g, 1.233mmol) was dissolved in DCM (5.0 mL, 15 vol). The
mixture was charged with DIPEA (0.3 mL) followed by T3P (1.233 ml, 1.603 mmol). A solution
of tert-butyl L-alanyl-L-alaninate hydrochloride (312 mg, 1.233 mmol) in DIPEA (0.3 mL) was
then added. The reaction was stirred at rt for 2 h before quenching with water (5.0 mL, 15 vol).
The layers were separated and the aqueous layer was extracted once with DCM (5.0 mL, 15
vol). The combined organic layers were washed with sat'd NaHCO3; (5.0 mL, 15 vol) and brine

(5.0 mL, 15 vol), dried over MgSQy, filtered and concentrated under vacuum to give desired

product (compound 3) as a white/gel like product.

[0126] The crude product recrystallized by with hot DCM (3.5 mL, 10 vol), followed by
dropwise addition of MTBE (1.0 mL, 3 vol). A white gel like product was formed and filtered to
give desired product, compound 3. desired M/Z= 466.24, found M+1 = 467.6. Proton NMR for
compound 3 is shown in FIG. 3.
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Step 4. Synthesis of (S)-2-((S)-2-(6-((2-(2,5-diox0-2,5-dihydro-1H-pyrrol-1-
yl)ethyl)amino)-6-oxohexanamido)propanamido)propanoic acid

[0127]

F
@y z 9 H o F}F)%H o g = 9 H o
N H N N ~ N~
%o)Kr NM SN HOJH/ T]/\N)K/\/\n/ N
\[o(\"' 0 7 o " /
Q Q
3 4

[0128] Compound 3, was dissolved in DCM (4 mL). TFA (2 mL) was added and the reaction
was stirred at room temperature for 2 hours after which the reaction was concentrated under
vacuum to give a clear yellow oil. The oil was co-evaporated with toluene (3 x 5.0 mL, 3 x 15
vol).

[0129] The oil was then triturated with hot DCM (3.5 mL, 10 vol) and MBTE (1.0 mL, 3 vol) was
added to deliver a white/yellow solid as the desired product. Solid was dried under vacuum to
yield compound 4 (0.350 g, 69.2% yield), desired M/Z = 410.18, found M+1= 411.5.

Example 2. Synthesis of (3-(chloromethyl)-5-nitrophenyl)methanol, compound 5

[0130]
N02 Noz
Toluene/HCI
—_—
95°C 16hrs
OH OH Cl OH

[0131] In a 250 mL round bottom flask equipped with magnetic stirring, J-Kem for temperature
control, blanket nitrogen, and condenser was charged with (5-nitro-1,3-phenylene)dimethanol
(5.0 g, 27.3 mmol). Toluene (90.0 mL, 18vol) was added and the resulting suspension was
stirred at room temperature. To the reaction was charged concentrated hydrochloric acid
(37%, 10.0 mL, 2 vol) and the reaction was stirred at room temperature for 10 minutes. The
reaction was then heated to 95 °C. Upon heating to 45°C the reaction became clear with light
orange tinge. The reaction was heated at 95°C overnight. After stirring at 95°C overnight, the
reaction was cooled to room temperature. The reaction was observed to be biphasic with small
water layer at bottom ( -5.0 mL). The reaction was transferred to a 250 mL separatory funnel
and washed with water (2 x 50 mL, 2 x 10 vol) followed by saturated sodium bicarbonate ( 1 x
50 mL, 1 x 10 vol). The pH of the final wash was 6.0 determined by pH strip. The organic
phase was retained and concentrated under vacuum to half the volume (-50 mL, 10 vol),
resulting in slightly hazy solution. The solution was stirred in ice/water bath resulting in
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precipitation. The solution was allowed to crystallize at 2 °C for 3 hours. The white solid was
filtered off under vacuum and was dried under vacuum at 40 °C to for 24 hours to obtain
compound 5(3.67 g, 66.0% yield). Desired M/Z 201.02 found M-1+ 2Na 246.00. UPLC
retention time: 1.38 min.

Example 3. Synthesis of (S)-9-((3-(chloromethyl)-5-nitrobenzyl)oxy)-8-methoxy-
11,12,12a,13-tetrahydro-6H-benzo[5,6][1,4]diazepino[1,2-alindol-6-one, compound 6

[0132]
NO,

H
NO, N OH
NpOMe H
N

o | o -
monomer (2) =
¢l ; OH THF, DIAD, nBuzP MeO N%

[0133] In a 250 mL round bottom flask equipped with J-Kem, magnetic stirring, nitrogen
overlay, and cooling bath was charged monomer (a) (1.0 g, 3.375 mmol) and THF (20 mL,
20vol) and the resulting solution was stirred at 19.5 °C (room temperature (RT)). The solution
was slightly cloudy with some undissolved particulates. Compound § (0.82g, 4.05mmol) was
added to the solution and the resulting mixture was stirred at RT. To the mixture was charged
tri-n-butylphosphine (0.843 mL, 3.375mmol) and cooled to 5 °C in ice water bath. The reaction
was still cloudy. Diisopropyl azodicarboxylate, DIAD (0.664 mL, 3.375mmol) was slowly
dropped into reaction in a manner so that the exotherm is controlled. The reaction mixture
turned clear orange in color (note if reaction turns dark orange/black the rate of addition is too
fast). Upon full addition, the reaction turned light orange in color. The cooling was removed
and the reaction was warmed to RT and was stirred overnight. Additional tri-n-butylphosphine
(0.169 mL, 0.675mmol) was added to the reaction and cooled to 5 °C in ice water bath at
which point the reaction solution was still cloudy. DIAD (0.133mL, 0.675mmol) was added
dropwise into the reaction in a manner so that the exotherm is controlled. Reaction turned
clear orange in color (note if reaction turns dark orange/black the rate of addition is too fast).
Upon full addition reaction turns light orange in color. Removed cooling and reaction was
warmed to RT for 1 hour. The reaction mixture was concentrated under vacuum and then re-
dissolved in dichloromethane (50 mL, 50 vol). The resulting dichloromethane solution was
washed with water (2 x 25 mL, 2 x 25 vol). The organic phase was retained and slurried with
potassium carbonate supported silica gel (1.0 g) to remove unreacted monomer (a). The silica
gel was removed by filtration using Buchner funnel under vacuum and the resulting filtrate was
concentrated to 5.0 mL (5 vol). The product was purified by silica gel chromatography (0- 55%
EtOAc/hexanes)to obtain compound 6 (1.0 g, 61.7% yield), Desired M/Z 479.12, found M+1
480.4. UPLC retention time: 1.88 min.
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Example 4. Synthesis of (S)-8-methoxy-9-((3-((((S)-8-methoxy-6-0x0-11,12,12a,13-
tetrahydro-6H-benzo[5,6][1,4]diazepino[1,2-a]indol-9-yl)oxy)methyl)-5-
nitrobenzyl)oxy)-12a,13-dihydro-6H-benzo[5,6][1,4]diazepino[1,2-a]Jindol-6-one,
compound 7

[0134]

NO,
NO,

e

H
I o N— N
Kjg’ % monomer (b) N Lo} 0 N-,
J %
MeO KoCO3, KI, DMA anom MeO: : '}—N
0 35°C; 4 hours o) o]
6 7

[0135] In a 250 mL flask equipped with J-Kem, magnetic stirring, nitrogen overlay, and heating
mantle was charged compound 6 (1.0g, 2.08mmol). Dry DMA (20mL, 20 vol) was added and
the resulting mixture was stirred at RT resulting in a light brown solution. Monomer (b) (0.644
g, 2.19 mmol) was added and the resulting mixture was stirred at RT. Kl (0.173 g, 1.04 mmol),
was then added followed by KoCO4 (0.576g, 4.17 mmol) and the resulting reaction mixture was

stirred at RT and then heated at 35 °C for 4 hours. The reaction was cooled to room
temperature and water (20 mL, 20 vol) was added to quench the reaction and precipitate the
product. Upon water addition reaction is exothermic (20 °C to 40 °C). The resulting mixture
was filtered and the solid was washed with water (50 mL, 50 vol). The solid was retained and
dissolved in dichloromethane (40 mL, 40 vol) and transferred to a separatory funnel. The
organic phase was washed with brine (2 x 20 mL, 2 x 20 vol) followed by water (2 x 20 mL, 2 x
20 vol). The organic phase was retained and concentrated to 10 mL (10 vol) and then slowly
added into MTBE (40 mL, 40 vol) resulting in the formation of a light orange solid in solution.
The solution was cooled in ice/water bath and stirred for 1 hour. The solid was filtered under
vacuum dried under vacuum for 24 hours to yield compound 7 (1.6 g,). Desired M/Z 737.25,
found M+1 738.6. UPLC retention time: 5.89 min.

Example §

[0136]

NO, NH,

Fe/NH,CI H

H
=N N Q o) N\,"‘ . N S o 0 N\’?
| P THF, MeOH, H,0 |
N OMe  MeO N N #>oMe  Meo N
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[0137] Compound 7 (2.38g, 3.22 mmol) was dissolved in anhydrous THF (30 mL, 12 vol),
anhydrous MeOH (4 mL) and water (2.0 mL). Ammonium chloride (1.82 g, 10 eq, 32.3 mmol)
and iron powder (1.02 g, 16.1 mmol) were added. The mixture was stirred at 60 °C for 3 h
while monitoring reaction for completion via UPLC.

[0138] The reaction mixture was cooled to rt, filtered through Celite and rinsed with DCM (60
mL, 25 vol). The resulting solution was concentrated to dryness on a rotary evaporator and
then dissolved in DCM (50 mL, 20 vol) and transferred to a separatory funnel. Brine was added
(50 mL, 20 vol), layers were separated and the organic layer was washed with water (2 x 25
mL, 2 x 10 vol). The organic layer was concentrated to dryness (deep orange syrup that
foamed a little). The crude product was dissolved in DCM (10 mL, 4 vol) and was slowly
dripped into stirring MTBE (50 mL, 20 vol). The resulting white slurry as cooled in ice water
bath to 2.5 °C and stirred for 1 hour. After 1 hour the solid was filtered under vacuum and
washed with MTBE (2 x 25 mL, 2 x 10 vol). The solid was dried under vacuum to obtain
compound 8 (1.6 g, 70% yield, 80.66% purity by UPLC).

Example 6. Synthesis of N1-(2-(2,5-dioxo-2,5-dihydro-1H-pyrrol-1-yl)ethyl)-N6-((S)-1-
(((S)-1-((3-((((S)-8-methoxy-6-0x0-11,12,12a,13-tetrahydro-6H-benzo[5,6]
[1,4]diazepmo[1,2-a]lindot-9-yt)oxy)methyt)-5-((((S)-8-methoxy-6-ox0-12a,13-dihydro-6H-
benzo[5,6][1,4]diazepino[1,2-a]indol-9-yl)oxy)methyl)phenyl)amino)-1-oxopropan-2-
yl)Jamino)-1-oxopropan-2-yl)adipamide, compound 9

[0139]
a A WM“V\DQ

o . O
m oyt Eggcam mﬁ,% 5 Sce DL j@% °

[0140] To a 50 mL round bottom flask was charged with compound 4 (0.0319 g, 0.078 mmol)
followed by DCM (3.0 mL, 100 vol). EEDQ was then charged to the reaction and the resulting
mixture was stirred for 5 min. Methanol (0.20 mL, 10 vol) was charged to the reaction to
produce a clear solution. To the reaction solution was charged with a solution of compound 8
(50 mg, 0.071 mmol) in DCM (1.0 mL, 30 vol) and the reaction was stirred at rt for 6 h.

[0141] After completion, the reaction was concentrated to 2.0 mL (63 vol). MTBE (4.0 mL,
125vol) was added to the reaction and white precipitate was formed. The resulting suspension
was stirred for 10 min at rt. The solid was filtered off to give a white yellow solid which was
purified by silica gel chromatography (100% DCM to 90/10 DCM/MeOH)to yield compound 9
(0.037g, 47.6% vyield). UPLC retention time: 5.04 min.

Example 7. Synthesis of deuterated compound 8
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Step 1: Reduction with borane-d3;-THF complex solution

[0142]

NO
NO, z

g
lw)

OH HO
OH OH

di

[0143] To a solution of 5-nitroisophthalic acid (0.8 g, 3.79 mmol) in tetrahydrofuran (8ml) was
added borane-d3-THF complex solution (15.16 ml, 15.16 mmol) (1M solution, Aldrich, 97.5%

D) dropwise at 0°C. The reaction slowly warmed to room temperature and was stirred 48 hours
until consumption of the starting material was complete. After dropwise addition of Methanol
(8ml) the mixture was filtered and evaporated. The dry filtrate was dissolved in ethyl acetate
and washed with saturated sodium bicarbonate, water, and brine. The organic was dried over
magnesium sulfate, filtered and stripped to give compound dl (0.65g, y=92%). The material

was used crude without further purification. "H NMR (400 MHz, DMSO-dg) 6 5.46 (s, 1H), 7.70

(s, 1H), 8.04 (s, 2H)
NO,
NO,

HCI

- HO cl
HO OH

dl ds

[0144] Step 2: (5-nitro-1,3-phenylene)bis(methan-d2-ol) (0.176 g, 0.938 mmol) (compound dl)
was suspended in toluene (3.13 ml). Concentrated hydrochloric acid (0.353 ml, 3.94 mmol)
was added dropwise at ambient temperature. The reaction was then stirred at reflux (95°C).
After 18 hours the mixture was cooled to ambient temperature and transferred to separatory
funnel with toluene and washed with water (1x15 mL) and aqueous sodium bicarbonate (1x15
mL). The organic layer was concentrated to dryness to get (3-(chloromethyl-d2)-5-

nitrophenyl)methan-d2-ol (0.16g, y = 77% yield) (compound d5) as an off white solid. '"H NMR
(400 MHz, DMSO-dg) & 5.54 (s, 1H), 7.85 (s, 1H), 8.15 (s, 1H), 8.20 (s, 1H). LCMS: 1.34min

on 2.5min method.

o
G, \roYN‘\N)LOJ\ AN
Y oH 9 S P D
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o

d5
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[0145] Step 3: To a solution of (S)-9-hydroxy-8-methoxy-11,12,12a,13-tetrahydro-6H-
benzo[5,6][1,4]diazepino[1,2-a]indol-6-one (140 mg, 0.472 mmol) and (3-(chloromethyl-d2)-5-
nitrophenyl)methan-d2-ol (121 mg, 0.591 mmol) (compound d5) in anhydrous tetrahydrofuran
(2953 i) (stabilized with BHT) was added tri-n-butylphosphine (174 pl, 0.661 mmol) under
nitrogen at room temperature. The mixture was cooled to 0 °C in an ice bath. After stirring 10
minutes diisopropyl (E)-diazene-1,2-dicarboxylate (139 pl, 0.661 mmol) was added dropwise.
The mixture was stirred from 0°C to room temp over 1 hour upon which deionized water (2mL)
was added and stirred for 30min. The reaction mixture was concentrated to remove
tetrahydrofuran, then diluted with dichloromethane and washed with water (2x 15mL). The
organic layer was dried with anhydrous magnesium sulfate, filtered and concentrated.

[0146] The crude material was purified by silica gel chromatography (ethyl
acetate/dichloromethane). Fractions containing desired product were combined and
concentrated to give a yellow oil, which was recrystallized in ethyl acetate/tert-butylmethylether.
The resulting solid was filtered and washed with tert-butylmethylether to obtain (S)-9-((3-
(chloromethyl-d2)-5-nitrophenyl)methoxy-d2)-8-methoxy-11,12,12a,13-tetrahydro-6 H-

benzo[5,6][1,4]diazepino[1,2-a]indol-6-one (57mg, y= 40% yield) (compound d6). '"H NMR
(400 MHz, DMSO-dg) 8 2.90 (dd, J= 4.2 Hz, 17 Hz, 1H), 3.28 (dd, J= 9.6, 12.8Hz, 1H), 3.48
(dd, J=10.2, 17Hz, 1H), 3.57 (dd, J=6, 12.8 Hz, 1H), 3.72 (s, 3H), 4.37 (m, 1H), 6.37 (d, J =
5.6Hz, 1H), 6.43 (s, 1H), 7.02 (t, J= 7.6Hz, 1H), 7.19 (t, J= 7.6Hz, 1H), 7.25 (d, J= 7.2Hz, 1H),
7.31 (s, 1H), 7.99 (s, 1H), 8.21 (d, J= 8.4Hz, 1H), 8.32 (s, 2H) LCMS: 1.84min on 2.5min

method MS (m/z), found 484.4 (M+1)*

NO,

H

NO3
) N o 0 N=,
HO, =, o %
% 3] DD
Y o cl KCOs  KI NQC:OMB Ma()@;,N
MeQ N, * _ o
D DD [
°© N OMe a7
de

[0147] Step 4: Potassium iodide (15.44 mg, 0.093 mmol) and anhydrous potassium carbonate
(514 mg, 0.372 mmol) were added to a mixture of (S)-9-((3-(chloromethyl-d2)-5-
nitrophenyl)methoxy-d2)-8-methoxy-11,12,12a,13-tetrahydro-6H-benzo[5,6][1,4]diazepino[1,2-
alindol-6-one (90 mg, 0.186 mmol) (compound d6) and (S)-9-hydroxy-8-methoxy-12a,13-
dihydro-6H-benzo[5,6][1,4]diazepino[1,2-a]indol-6-one monomer (57.5 mg, 0.195 mmol) in
anhydrous DMA (1860 pl) under nitrogen at ambient temperature. After continuous stirring for
4.5 hours at 35 C the reaction mixture was diluted with water and the resulting solid was
filtered. The solid was re-dissolved in dichloromethane, washed with water (1x10mL), dried
with anhydrous mag sulfate, filtered and concentrated. The crude material was re-dissolved in
THF/ACN/DI water (3:2:1) and purified by RP-HPLC (Kromasil C18, Acetonitrile/Deionized
water) Fractions containing desired product were extracted with dichloromethane. The organic
extracts were concentrated in vacuo to obtain (S)-8-methoxy-9-((3-((((S)-8-methoxy-6-oxo-
11,12,12a,13-tetrahydro-6H-benzo[5,6][1,4]diazepino[1,2-a]indol-9-yl)oxy)methyl-d2)-5-
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nitrophenyl)methoxy-d2)-12a,13-dihydro-6H-benzo[5,6][1,4]diazepino[1,2-a)indol-6-one
(57mg, y= 41% yield) (compound d7). LCMS: 1.86min on 2.5min method MS (m/z), found

742. 4(|v|+1)+
gy = gp,

[0148] Step 5: (S)-8-methoxy-9-((3-((((S)-8-methoxy-6-0x0-11,12,12a,13-tetrahydro-6H-
benzo[5,6][1,4]diazepino[1,2-a]indol-9-yl)oxy)methyl-d2)-5-nitrophenyl)methoxy-d2)-12a,13-
dihydro-6H-benzo[5,6][1,4]diazepino[1,2-a]indol-6-one (57 mg, 0.077 mmol) (compound d7)
was suspended in anhydrous tetrahydrofuran (1025 pl), anhydrous methanol (342 ul) and
deionized water. Ammonium chloride (41.1 mg, 0.768 mmol) and iron (21.46 mg, 0.384 mmol)
were added and the mixture was stirred for two hours at 65 C under nitrogen. The mixture was
cooled to room temperature, diluted with 20% methanol/dichloromethane and filtered. The
filtrate was concentrated filtrate and purified by silica gel chromatography
(Methanol/Dichloromethane). Fractions containing desired product were combined and
evaporated to obtain compound d8 (44mg, y = 80% vield) as a light yellow solid.

[0149] LCMS: 1.62min on 2.5min method MS (m/z), found 712.4(M+1)*

Alternatively, compound of d7 can be prepared as follows:

[0150]
NOZ NO;
—_—
HO OH HO °‘sJ<
D A\
dl dlil

[0151] To a solution of compound dl (0.8g, 4.27mmol) in anhydrous dichloromethane (30ml) at
0°C was added N-ethyl-N-isopropylpropan-2-amine (1.509 ml, 8.55 mmol) followed by tert-
butylchlorodimethylsilane (0.709 g, 4.70 mmol) as a solution in anhydrous N,N-
dimethylformamide (5ml). The reaction was stirred at 0°C and monitored by TLC
(dichloromethane/methanol: 9/1) to give a mixture of the starting material, mono and bis-
protected products. After one hour the reaction was quenched with saturated ammonium
chloride, and then the aqueous solution was extracted with dichloromethane (2 X 20 ml).The
combined organic layers were washed with water (2 X 50 ml), brine, dried over magnesium
sulfate, filtered and stripped to give a crude yellow oil. The material was then purified by silica
gel chromatography in dichloromethane/methanol to isolate the desired product, compound dll
(0.54q, y=42%)

N NO»
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[0152] Compound dIll (055 g, 1.825 mmol) was dissolved in anhydrous N,N-
dimethylformamide (10 ml) and pyridine (0.515 ml, 6.39 mmol) was added. The reaction was
cooled to 0°C, then methanesulfonyl chloride (0.282 ml, 3.65 mmol) was added dropwise, and
reaction stirred for two hours, until completion of starting material. The mixture was first
quenched with saturated sodium bicarbonate, then ethyl acetate was added and the layer
separated. The aqueous layer was extracted with ethyl acetate (3 X 50 ml). The combined
organic layers were washed with water, brine, dried over magnesium sulfate and filtered. The
solvent was removed and the crude compound dlll (0.6g, y=103%) was used in the next step
without purification. UPLC =2.27 min (2.5 min method).

N02 NO,
cl o\SiJ< cl OH
o ob/\ b b D
dlil d5
{(common
intermediate
with no TBS

protection route)

[0153] To a solution of compound dlll (0.6 g, 1.876 mmol) in anhydrous tetrahydrofuran (11.5
ml) was added N,N-Diisopropylethylamine (1.638 ml, 9.38 mmol) followed HF-pyridine (0.797
ml, 5.63 mmol) and the reaction was stirred at room temperature for two hours until completion
of starting material. The reaction was quenched with saturated sodium bicarbonate then ethyl
acetate was added and layers separated. The aqueous layer was extracted with ethyl acetate
(3 X 10 ml) and the combined organic layers were washed with brine, dried over magnesium
sulfate, filtered, and the solvent was removed in vacuo to give compound d5 that was carried

on without purification (0.4g, y=104%). UPLC =1.36 min (2.5 min method). 'TH NMR (400 MHz,
DMSO-dg) 6 5.54 (s, 1H), 7.85 (s, 1H), 8.15 (s, 1H), 8.20 (s, 1H)

NO, NO,
D D D D
D D D D
OH Cl O Cl
d5 o div

[0154] Compound d5 (400 mg, 1.945 mmol) was dissolved in anhydrous dichloromethane
(12.5ml) and cooled to 0°C. N,N-diisopropylethylamine (1019 ul, 5.84 mmol) was added
followed by a solution of methanesulfonic anhydride (439 mg, 2.52 mmol) in dichloromethane.
The reaction was stirred for approximately one hour until completion of the starting material.
The reaction was quenched with cold water, the layers were separated and the aqueous layer
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was extracted with DCM (3x20 ml). The combined organic layers were washed with water,
saturated sodium bicarbonate, brine, dried over magnesium sulfate and filtered. The excess of
solvent was removed in vacuo and the crude material was used in the next step without further

purification. UPLC =1.55 min (2.5 min method).
NO,

) \We) Cl (o]
/S\
0 dv N oM
reduced monomer 3 € dé

[0155] To a solution of compound dIV (560mg, 1.974 mmol) in anhydrous N,N-
Dimethylacetamide (18.5 ml) was added potassium carbonate (818 mg, 5.92 mmol) followed
by a solution of reduced monomer (614 mg, 2.072 mmol) in anhydrous N,N-
Dimethylacetamide (15ml). The reaction was stirred at room temperature for seven hours.
Upon completion, the reaction was quenched with water and mixture stirred for ten minutes.
The solid was filtered and then dissolved in dichloromethane/methanol (9/1) and washed with
brine. The organic layer was separated and dried over magnesium sulfate, filtered and
stripped. The crude material was purified by silica gel chromatography, using hexanes/ethyl

acetate to give compound d6 (177mg, y=18%). MS (m/z): 484.4 (M + 1)*. UPLC =1.86 min
(2.5 min method).
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-1-
FREMGANGSMADER TIL FREMSTILLING AF CYTOTOKSISKE BENZODIAZEPINDERIVATER
PATENTKRAV

1. Fremgangsmade til fremstilling af en forbindelse med formlen (A):
0 /l\/ o
f\ o M
HNT e
Y X W ) )\ \ﬁ /,L)
5 g Y o
W J /L/k‘“/o\/ > AN
\H/L “Ohe Meo" “& N\(k\
(A),
eller et salt deraf, hvilken fremgangsmade omfatter omsatning af en forbindelse med formlen (V):
NHz
Yoox
\(\/ \;)c = B/O\Vﬁ\ O /” R
/ N N
\ - \g N o %,N 4 “\

eller et salt deraf med en forbindelse med formlen X):

P i
T Y \/\/T N N '>
o (X,

hvor:

hver dobbeltlinje ==mellem N og C uafhangigt af hinanden angiver en enkeltbinding eller en
dobbeltbinding, forudsat at X, nar det er en dobbeltbinding, er fraverende, og Y er -H, og X og Y, nar det er
en enkeltbinding, begge er -H; og

E er -OH, halogenid, eller -C(=O)E er en aktiveret ester.
2. Fremgangsmade ifelge krav 1, hvor forbindelsen med formlen (A) eller et salt deraf er angivet ved

formel (A-1):
O -

/LT \H/\ /LL A N\/\/LJ>
/ﬁr ;,/\,o /E;\l o

. AN
e bi\ f
<\/ ; i e,

g MeQ™ ™ -

L [
/ /\\Q/,/L\ n
o (A-1),

I

N

eller et salt deraf, og fremgangsmaden omfatter omsatning af en forbindelse med formlen (V-1):

hiHy
{ r/
A G SN /“Q\/\/ HNW
</\~;\\/N \ﬂ)\’j[ CL /N / R

(V"l):

eller et salt deraf med en forbindelse med formlen (X-1):
] - o O
I PN PPN PN |
E" ““T \N e e ‘“F/ ~ NT
Ty SV
o (X-1),

hvor E er -OH, halogenid, ¢ller -C(=O)E er en aktiveret ester.
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Fremgangsmade til fremstilling af en forbindelse med formlen (A):

Y X

_.3\1 " 1 A _/Y s
N « M
\ \g/(\\/)\i)hne MeQ™ 1 rN« 2
8}

=/

eller et salt deraf, hvilken fremgangsmade omfatter folgende trin:

1) omsatning af en forbindelse med formlen (IV):
NO;
X Xy

~f fi A

\L__/ VIOM MeO™ ’\v”“’“\ o J
(IV),
eller et salt deraf med et reduktionsmiddel til dannelse af en forbindelse med formlen (V):
NH;
Y, X

X
P ==N ( ﬂ
74 \\Mri

- Oy

N “\/O\E/\j .
S/ W\J\OMe Mec’iiw 7 \“::’/N“\@
i I —

eller et salt deraf; og

2) oms&tning af forbindelsen med formlen (V) eller et salt deraf med en forbindelse med formlen

o H 0 C})\o

(X,
hvor:

hver dobbeltlinje ==mellem N og C uafhangigt af hinanden angiver en enkeltbinding eller en

dobbeltbinding, forudsat at X, nar det er en dobbeltbinding, er fraveerende, og Y er -H, og X og Y, nar det er

en enkeltbinding, begge er -H; og

E er -OH, halogenid, eller -C(=O)E er en aktiveret ester.

4. Fremgangsmade ifolge krav 3, hvor forbindelsen med formlen (A) eller et salt deraf er angivet ved
formel (A-1):
§ n H o
HN ('N\”AN) e ’\{( No~yA
H o P

(A-1),
eller et salt deraf, og fremgangsmaden omfatter folgende trin:

1) omsatning af en forbindelse med formlen (IV-1):
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/h\ =
SE O snapediag)

O dv-1,

eller et salt deraf med et reduktionsmiddel til dannelse af en forbindelse med formlen (V-1):

“{/\f =M, \r,o\/‘\x o PN ARES
&/ /VM ’\{: 5‘\ H /T /'lj" 4 \
=" T oM MeQ” ™

0 o T VD,
eller et salt deraf; og

5 2) omsatning af forbindelsen med formlen (V-1) eller et salt deraf med en forbindelse med formlen

(X-1):

O

O (8]
H >
/U\\//\\, A N T N J/{/\

j’wdﬂ i )

=

X

(X' 1 ) s
hvor
E er -OH, halogenid, eller -C(=O)E er en aktiveret ester.

10 5. Fremgangsmade til fremstilling af en forbindelse med formlen (Xa):

8] 4]
H&k WL,VAJ VA)g

i Y
° 7 (),

eller et salt deraf, hvilken fremgangsméide omfatter omsatning af forbindelsen med formlen (IX):
Q 0
LS
o O .
o (1X),
eller et salt deraf med et carboxylsyreafbeskyttelsesmiddel, hvor Pier en

15 carboxylsyrebeskyttelsesgruppe.

6. Fremgangsmade ifolge krav 5, hvor forbindelsen med formlen (Xa) eller et salt deraf er angivet ved
formel (X-1a):
& O O
: H I H
HO)\T N N'/Q\“/\ N Ny
o H s] }J/
o XKla),

eller et salt deraf, og fremgangsmaden omfatter omsatning af forbindelsen med formlen (IX-1):

o - 0 0
Hooc ] H b
V{/h\[/ Nxﬂ/’“\ N Jk/’ S \\ﬂ/ Mo~ S
H Vg
O O :
20 9] (1X-1),
eller et salt deraf med et carboxylsyreafbeskyttelsesmiddel, hvor Pier en

carboxylsyrebeskyttelsesgruppe.
7. Fremgangsmade til fremstilling af en forbindelse med formlen (IX):
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Py T N. /L l1\/\\//\“ \//\N
0 é P

O

X

o (1X),
eller et salt deraf, hvilken fremgangsmade omfatter omsatning af en forbindelse med formlen (VIII):
) O
P NN
Eq *«/\/\r \/’\N V
L W

o (VID,

eller et salt deraf med en forbindelse med formlen (c):

Pﬁkr h “NH,
& (c)

eller et salt deraf, hvor E; er -OH, halogenid, eller -C(=0)E, er en aktiveret ester; og Pier en
carboxylsyrebeskyttelsesgruppe.

8. Fremgangsmade ifolge krav 7, hvor forbindelsen med formlen (IX) eller et salt deraf er angivet ved

formel (IX-1):
] 2 (3
i H
P )\ N A )K/\\/’ﬁ]/ ~N N
TN /
Q o /L\f
10 (IX-1),
eller et salt deraf, og fremgangsmaden omfatter omsatning af en forbindelse med formlen (VIII):
o H O
M N o !
Ej TN

O n /

{(VIID),

eller et salt deraf med en forbindelse med formlen (c-1):

AR
P “T \W"" “NH,
O (C"l)s
15 eller et salt deraf, hvor E; er -OH, halogenid, eller -C(=0)E, er en aktiveret ester; og Pier en
carboxylsyrebeskyttelsesgruppe.
9. Fremgangsmade til fremstilling af en forbindelse med formlen (Xa):

H(“ J\ U\/\“ N§

eller et salt deraf, hvilken fremgangsmade omfatter folgende trin:

20 1) omsatning af en forbindelse med formlen (VIII):
QO

)«

G (VIID),

eller et salt deraf med en forbindelse med formlen (c):
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Y H\NHZ

eller et salt deraf til dannelse af en forbindelse med formlen (IX):

H O
\]/ \H\ e N\//\N/‘g
P

0/7

0g
5 2) oms&tning af forbindelsen med formlen (IX) med et carboxylsyreafbeskyttelsesmiddel, hvor E; er
-OH, halogenid, eller -C(=O)E; er en aktiveret ester; og Pi er en carboxylsyrebeskyttelsesgruppe.
10. Fremgangsmade ifolge krav 9, hvor forbindelsen med formlen (Xa) eller et salt deraf er angivet ved

formel (X-1a):
Q

S H _x /JJ\ P /\ N T J&
TN )
o O )xf

(X-1a),
10 eller et salt deraf, hvilken fremgangsmade omfatter folgende trin:

1) omsztning af en forbindelse med formlen (VII):
Q H h
E /{L\v/’\\w/ \«D/N\/f \N /Q
1 h /
8] Va4
G (VIIL,

eller et salt deraf med en forbindelse med formlen (c-1):

(C"' 1 ):
15 eller et salt deraf til dannelse af en forbindelse med formlen (IX-1):

ﬁ H = j)l\ H ?
o H 0 g
7~
¢ ax-y;
0g
2) omsatning af forbindelsen med formlen (IX-1) med et carboxylsyreafbeskyttelsesmiddel, hvor
E, er -OH, halogenid, eller -C(=O)E, er en aktiveret ester; og P; er en carboxylsyrebeskyttelsesgruppe.

20 11. Fremgangsmade til fremstilling af en forbindelse med formlen (II),
NO,

r
Ci OH (11),

hvilken fremgangsmade omfatter omszatning af en forbindelse med formlen (I):
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st

7N\

OH OH M,

med saltsyre i toluen.

12. Fremgangsmade til fremstilling af en forbindelse med formlen (IV-1):
NOg

l/L

O GNP

(/d\f/‘r j/( ,N\ﬂ\\
o

N ’L“ MeO
© (IV-1),
5 eller et salt deraf, hvilken fremgangsmade omfatter folgende trin:
1) omsatning af en forbindelse med formlen (I):
NO,
A
‘\’:\\’/'“N\%
OH éH (D).
med saltsyre i toluen til dannelse af en forbindelse med formlen (I1):
NO,
g
A,
Ci OH (D,
10 2) omsatning af forbindelsen med formlen (II) med en monomerforbindelse med formlen (a),
NH
\/_7 /
(a)
til dannelse af en forbindelse med formlen (I1I):
N02
7“\
QN
[ | H
Gl O:f/ ! N~
ol
MeQ 67' N\{/ )\l\}
S (DD,
eller et salt deraf;,
15 3) oms&tning af forbindelsen med formlen (I11) eller et salt deraf med en monomerforbindelse med
formlen (b):

N, OH
o
I\//‘ o}



13.

10
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til dannelse af forbindelsen med formlen (IV-1) eller et salt deraf.

Fremgangsmade til fremstilling af en forbindelse med formlen (A-1):

o j:;’\ H 0
i N‘“/ SN S Ny
H 4 )
& o o} O,,L
~/ N I HN—,
B
« \ | ”JE‘\\:«"/L(N‘#’//W
g MeO \-:_/
o

eller et salt deraf, hvilken fremgangsmade omfatter folgende trin:

(A-1),

1) omsatning af en forbindelse med formlen (I):

N,
4
P
OH OH (1),
med saltsyre i toluen til dannelse af en forbindelse med formlen (I1):
NGO,
g
2
[ ]
Ci OH (M),

2) omsatning af forbindelsen med formlen (II) med en monomerforbindelse med formlen (a),

NH
/«\i[OH
N SN OMe

9]
(a)
til dannelse af en forbindelse med formlen (III):
g

a § L/\] N\,::
., /m
MeO™ \v/’g/xr\f%\
|
- (1I0),

eller et salt deraf;,

3) oms&tning af forbindelsen med formlen (1) eller et salt deraf med en monomerforbindelse med

15 formlen (b):

[’—:@OH
6Nx 7~OMe
PR

til dannelse af en forbindelse med formlen (IV-1):

(b),
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=y i/ }
— i /\ ’O"\f’ ‘Q\\W/E‘\/O N ”‘
N/ “OMe MeO b
0 0 v-1,

eller et salt deraf;,

4) omsaetning af forbindelsen med formlen (IV-1) eller et salt deraf med et reduktionsmiddel til

dannelse af en forbindelse med formlen (V-1):
NH2

//4 l/\” G\ I/‘“\ R
N
\/ M
OMe  MeO \j\f @

5 (v-1),
eller et salt deraf; og

5) oms&tning af forbindelsen med formlen (V-1) eller et salt deraf med en forbindelse med formlen

X-1):
g on 9
A Ao o L
. H V/
o o )w
(X-1,
10 til dannelse af forbindelsen med formlen (A-1) eller et salt deraf, hvor E er -OH, halogenid, eller -
C(=O)E er en aktiveret ester.
14. Fremgangsmade ifolge krav 11, 12 eller 13, hvor 30-38 % (vegt/vaegt) saltsyre i vand omszttes med
forbindelsen med formlen (I).
15. Fremgangsmade ifolge et hvilket som helst af kravene 12-14, hvor, i trin 2),
15 forbindelsen med formlen (IT) omsattes med monomerforbindelsen med formlen (a) i nervearelse af

et alkoholaktiveringsmiddel, eventuelt hvor alkoholaktiveringsmidlet er trialkylphosphin, triarylphosphin
eller triheteroarylphosphin, fortrinsvis tributylphosphin; og
eventuelt hvor forbindelsen med formlen (II) omsattes med monomerforbindelsen med formlen (a)
i nervarelse af et azodicarboxylat, eventuelt hvor azodicarboxylatet er valgt fra gruppen bestiaende af:
20 diethylazodicarboxylat (DEAD), diisopropylazodicarboxylat (DIAD), 1,1'-(azodicarbonyl)dipiperidin
(ADDP) og ditertbutylazodicarboxylat (DTAD).
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