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ABSTRACT: The development of a novel selective synthesis of 3-amino-2H-
indazoles from readily available 2-halobenzonitriles is presented. The reaction
proceeds through a domino reaction sequence, consisting of a regioselective
palladium-catalyzed coupling of monosubstituted hydrazines with 2-haloben- r& LA
zonitriles, followed by an intramolecular hydroamination through a 5-exo-dig
cyclization and subsequent isomerization to directly afford a wide variety of

substituted 2H-indazole analogues in good to excellent yields.

M ajor advances in the identification of novel drug targets
and structural biology have provided better insight into
3D structures and chemical environments of particular target
families. In order to translate this knowledge into small
molecule ligands, with suitable steric and electronic properties
to bind the receptor, efficient drug syntheses strategies are
needed. Heterocyclic compounds have proven to be highly
effective ligands for a number of targets;l_3 however, many
potentially interesting substituents or substitution patterns are
incompatible with traditional synthetic routes and the synthesis
of well-defined highly functionalized heterocycles still
frequently represents an ongoing challenge for synthetic
chemists.~” The indazole scaffold has been gaining increased
attention in drug discovery as a privileged scaffold”® and is
known to interact with a variety of targets, in particular kinases.
This culminated not only in the launch of Pazopanib 1° but
also more recently in the approval of the PARP 1/2 inhibitor
Niraparib 3'>"" (Figure 1). Furthermore, the indazole scaffold
can serve as an effective isostere for other structures such as
indoles, benzimidazoles, and benzothiazoles.'*™'* The direct
regioselective access to N-substituted 2H-indazoles is challeng-
ing with only a few efficient syntheses, as most synthetic
approaches lead to either mixtures of 1H- and 2H-indazoles or
the thermodynamically favored 1H-indazole.">~>°

The functionalization of the 3-position of indazoles and in
particular 2H-indazoles is intrinsically difficult and the focus of
very recent research efforts. Apart from steric hindrance, the
electronic environment disfavors smooth substitutions and a
limited set of reliable transformations are described. In this
context, our lab has previously developed a novel methodology
for constructing 3-amino-2H-indazoles via a Cadogan-type
reaction, allowing further functionalization, e.g. acylation,
reductive amination, and diazotation.'® To surmount limi-
tations in building block availability, especially of 2-nitro-
benzonitrile derivatives, and broaden the scope of accessible
substitution patterns, we aimed to develop a direct palladium-
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Figure 1. Marketed 2H-indazole drug Pazopanib 1’ glucokinase
activator 2,"* and Niraparib 3,/ gelective 2H-indazole-based
estrogen receptor ligand 4,” liver X receptor agonist 5,>> farnesoid
X receptor agonist 6,>* and angiogenesis inhibitor 7.>°

catalyzed regioselective reaction sequence starting from
commercially available materials for the preparation of 3-
amino-2H-indazoles 12.'%*'
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Here we describe the development of a novel and direct
synthesis for the selective construction of 3-amino-2H-
indazoles 12 based on a Pd-catalyzed domino reaction using
readily available 2-halobenzonitriles 8 and monosubstituted
hydrazines 9 (Scheme 1).

Scheme 1. Strategy for the Palladium-Mediated Access to 3-
Amino-2H-indazoles

NH
_N 2
o o T e
X NH, <\
(8a;b;c) 9) (12)
X=Br; Cl; 1

(10) (11)

Although a number of transition-metal-catalyzed couplings
between aryl halides and amides, amines, hydrazides, and
hydrazones are known, only a few couplings employing
hydrazines have been published.'”™'7*"*® We therefore set
out to develop a regioselective transition-metal-catalyzed
coupling of monosubstituted hydrazines 9 with 2-halobenzoni-
triles 8, to provide the N,N’-disubstituted hydrazines 10
needed for the cyclization to 12.

The subsequent hydroamination/S-exo-dig-cyclization step
toward the formation of the 3-imino-1,2-dihydro-3H-indazole
11 was a further critical step, as other cyclization pathways, e.g.
(6-endo-dig) and (S-endo-dig), are also favored by the
Baldwin rules giving rise to other products like 1,2-dihydro-
(aza)cinnolines and N-azaindole. We started by screening for
suitable reaction conditions for the coupling of 2-bromo (8a),
2-chloro (8b), or 2-iodobenzonitrile (8c) and phenyl
hydrazine (9a) to afford 2-phenyl-3-amino-2H-indazole
(12a) in the presence of palladium, phosphine ligand and a
base. By varying the palladium source, solvents, and base, we
found the desired coupling to proceed smoothly within just a
few hours and with complete regioselectivity employing a
PdCL,/tBu,PHBF, (1:2) catalyst at 110 °C and Cs,COj as
base. The optimal solvents were found to be 1,4-dioxane and
toluene.

Decreasing the catalyst loading to 5 mol % still afforded the
desired 3-amino-2H-indazole 12a in good yield (Table 1,
entries 7—10), but 5 equiv of phenyl hydrazine (9a) were
required for high yields (Table 1, entries 11 and 12 and SI
Table S1). Albeit the catalyst loading could be decreased to S
mol % without a significant drop in yield (Table 1, entries 7
and 8), 10 mol % with 3.5 equiv as well as 2 equiv of hydrazine
generally provided the most robust conditions for further
development without strict handling precautions. 2-Bromo, 2-
chloro, and 2-iodobenzonitriles (8a—c) were found to react
similarly with phenyl hydrazine (9a) to afford 2-phenyl-3-
amino-2H-indazole (12a) (Table 1, entries 2—S5). The free
choice of halogen is clearly a major synthetic advantage, as it
significantly increases the pool of available 2-halobenzonitriles
substrates. Control experiments in the absence of either
palladium, ligand, or base led in all cases to no detectable
amounts of indazole 12a confirming that the reaction is indeed
palladium-catalyzed (see Table S2, Supporting Information)

Table 1. Optimization of Reaction Conditions”

PdClI; (x mol%)
tBuzPHBF4 (x mol%)

(:( HN@ CSZCO3 (1.4 equiv.) @ @
+  HN
: solvent

100-110 °C, 2-4 h

(8a;b;c) (9a) (12a)
X=Br; Cl; 1

Cat. Lig. Ph-NH-NH, Yield
N X mol % mol (equiv) Solvent (%)
1 Br 10 20 2 toluene 85
2 Br 10 20 2 1,4-dioxane 86
3 Cl 10 20 2 1,4-dioxane 67
4 I 10 20 2 1,4-dioxane 63
S Br 10 20 3.5 toluene 95
6 Br 10 20 3.5 1,4-dioxane 66
7 Br S 10 3.5 toluene 67
8 Br S 10 3.5 1,4-dioxane 60
9 Br 7 14 4.7 toluene 68
10 Br 7 14 4.7 1,4-dioxane 63
11 Cl S 10 S 1,4-dioxane 91
12 Br 10 20 S 1,4-dioxane 74

“All reactions were performed in anhydrous solvent at 100—110 °C
for 2—4 h. Yield of the isolated product after flash chromatography on
silica gel or reversed phase HPLC.

With these optimized reaction conditions, we then explored
the scope of the reaction using various monosubstituted
hydrazines 9 and reacting them with 2-bromo- or 2-
chlorobenzonitrile (8a and b) (Scheme 2). The 2H-indazoles
12 were formed in good to moderate yields (Scheme 2, 12a—
v), and importantly the domino reaction sequence was also
found to proceed with nonaromatic hydrazines as well
(Scheme 2). Although full conversion was observed by
LCMS, the isolated yield was moderate after the purification.
Besides free hydrazines their corresponding HCI salts could
also be employed in the reaction when additional Cs,COyj is
added (Scheme 2). This result is of great practical significance,
as most commercially available hydrazines are sold as their
more stable hydrochloride salts, eliminating the need to
liberate and handle the free hydrazines.

To further expand the scope of the domino reaction, a
variety of hydrazines with electron-donating or -withdrawing
groups at different positions were reacted. Electron-with-
drawing groups such as CF; F, OCF; methane sulfonyl,
naphtyl, or nitrile in the 4-position attached to the phenyl
hydrazine accelerate the reaction, and the desired products
were obtained in good to excellent yields of up to 83% while,
e.g., Cl substitution formed the desired products 12h and 12r
in moderate yield (Scheme 2). Some electron-donating
substituents such as benzyloxy formed the corresponding 3-
amino-2H-indazole in moderate to good yield (Scheme 2),
whereas isopropyl, methyl, and dioxolyl afforded good yields
(Scheme 2) except for the 2-ethyl substituted hydrazine which
only provided a 34% yield, presumably due to increased steric
hindrance (Scheme 2).

To explore the scope and versatility of this synthesis with
regard to substituted 2-halobenzonitriles 8, we performed the
reaction with phenyl hydrazine (9a). Several substituted 2-
halobenzonitriles bearing methyl, methoxy, monofluoro,
difluoro, CF;, chloro, and unprotected amine groups were
compatible with the reaction conditions and produced the
desired 3-amino-2H-indazoles 13 in very good to moderate
yields. The use of methyl substituents in the 6- and 4-position
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Scheme 2. Substrate Scope for Hydrazines”
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“All reactions were performed with 8a (1 equiv), hydrazine 9 (2
equiv), and Cs,COj5 (1.4 equiv) in 1,4-dioxane at 100—110 °C for 2-4
h. Yield of the isolated product after flash chromatography on silica
gel or reversed phase HPLC. YReactions were performed in toluene.
“The reaction was carried out on a 10 mmol scale. “The reaction was
performed with hydrazine as HCl salt and Cs,CO; (2.7 equiv). “The
reaction was carried out on a S mmol scale.

led to products 13a and 13b, respectively, in yields of up to
68% while methyl, CF;, and amine substituents in the 5-
position (Scheme 3, 13c, h, and k) formed the desired 2H-
indazole in only low yield. However, for example, the
unprotected amine in 4-amino-2-bromobenzonitrile was well
tolerated and afforded 2H-indazole 13j in good yield (56%) as
well as a benzyloxy substitution in 4-position 131 (52%). 3-
Amino-2H-indazoles mono- or disubstitued by fluorine were
obtained in good yields (Scheme 3, 13e—g), while the reaction
carrying a chloro substituent was less efficient (42%, Scheme 3,
13i). Moreover, pyridines were converted to their highly
interesting aza-3-amino-2H-indazole 13m—n congeners in 63%
and 35% yield, respectively.

In summary, we have established a simple and versatile
synthesis of 3-amino-2H-indazole analogues through a one-pot
sequence. The domino reaction proceeds through a

Scheme 3. Substrate Scope for 2-Halobenzonitriles”

PACl, (10 mol%)
N tBusPHBF, (20 mol%) NH,

7 .
N - _Ph Cs,CO3 (1.4 equiv.) A
R—= N + HN RN | N-Ph
X NH; 1,4-dioxane X N

®) (9a) 100-110 °C, 2-4 h (13)
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L0 oo O
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=
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NH, NH, O™ NH,
_ HoN _ _
O OO OO
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XN \N N
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“All reactions were performed with 9a (2 equiv) and 8, X = Br (1
equiv) in 1,4-dioxane at 100—110 °C for 4 h. Yield of the isolated
product after flash chromatography on silica gel or reversed phase
HPLC. ®The reaction was performed with 8, X = Cl (1 equiv). “The
reaction was carried out on a § mmol scale with 8, X = CL

regioselective coupling of 2-halobenzonitriles with monosub-
stituted hydrazines, followed by a reductive cyclization and
isomerization to the desired 3-amino-2H-indazoles. Moreover,
with this versatile and flexible procedure, it is possible to
incorporate a variety of functionalities such as halides, as well
as amine and protected hydroxyl groups, which are valuable
attachment points for subsequent functionalization. This
practical one-pot procedure is a novel approach to 3-amino-
2H-indazoles directly accessing this compound class in good
yields. The reaction closes a gap in current synthetic
methodology as it is performed under mild conditions and,
therefore, tolerates a variety of substrates and substituents.
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