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A practical and efficient base mediated synthesis of free 3-
aminoindazoles has been developed from reaction of nitriles with 

10 hydrazines, which successfully overcomes the difficulty of using 
aromatic hydrazines as substrates and allows for the synthesis of 
a wide range of N-aryl substituted free 3-aminoindazoles in 
moderate to excellent yields under mild conditions in one-pot. 
This finding provides a rapid and useful strategy for synthesis of 

15 various functionalization 3-aminoindazole derivatives.

3-Aminoindazoles and related molecules that contain a free 
amine group and indazole moiety are a unique class of 
heterocyclic with valuable physicochemical properties and 
significant biological activities.1 These molecules exhibit wide 

30 applications in agrochemicals, pharmaceuticals and functional 
materials serve as attractive precursors in a plenty of chemical 
transformations (Figure 1).2 Due to their properties and 
applications, various methods for the constructor of 3-
aminoindazole derivatives have been developed.3
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Figure 1 Selected examples bioactive compounds with 3-
aminoindazoles moieties.

Existing methods commonly rely on an aromatic nucleophilic 
40 substitution of ortho-halobenzonitriles with hydrazine hydrate,1-3, 

which not only suffered from requiring harsh reaction conditions, 
but resulted in intricately poor chemoselectivity and low yields. 4 
Recently, as a means of addressing this problem, various 
effectively transition metal catalyzed strategies were later 

45 discovered.5 As a result, transition metal complexes catalyst are 

required to sustain the catalytic cycle, which is generally 
expensive, not readily accessible. And their widespread use has 
been precluded by a restricted substrate scopes (only for methyl 
or benzyl hydrazines) and inconvenient reaction procedures 

50 (Scheme 1, Top).6 Therefore, the development of efficient, 
practical, economic, lowly toxic, even transition metal free 
processes for the synthesis of 3-aminoindazole derivatives is still 
a challenging task in the synthetic chemistry field. Very recently, 
we have identified that t-BuOK can react with alcohols to form 

55 the alkoxide metal species via exchange of alkoxide groups.7 This 
result together with our strategy on the use of base as the 
replacement of green mediator for cyclization reactions prompted 
us to envision that aromatic hydrazine might be severed as 
substrates to circumvent the inherent necessary in the transition 

60 metal catalyzed annulation of hydrazines with multiple 
substituted protecting groups. Specifically, we postulated that the 
intermediate II species might be generated by nitrile with 
hydrazine in the presence of base. II could further fast 
nucleophilic attacked facilitated by intramolecular to afford the 

65 annulation product (Scheme 1, bottom). To date, however, there 
are no base mediated reaction system dealing with annulation 
condensation of nitriles with aromatic hydrazines to synthesis of 
N-aryl-3-aminoindazoles has been discovered.
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70 Scheme 1 State of the art and the annulation reaction for synthesis of 
3-aminoindazoles described here. 

Herein, we describe a rapid and efficient protocol for 
successful implementation of the base promoted cyclization of 

75 ortho-halobenzonitriles with a variety of aromatic hydrazines, 
which allows for synthesis of a series of free 3-amioindazoles 
under mild conditions in one-pot.
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Scheme 2 Investigated annulation of nitriles and hydrazines. 

The reaction between 2-halobenzonitriles (1) and hydrazines (2) 
5 to synthesis 3-amioindazoles (3a or 4a) was investigated to 

develop broadly applicable annulation conditions (Scheme 2). 
The different ortho-substituted halide benzonitriles with various 
functionalized hydrazines were tested to find the most active 
nitriles and hydrazines, respectively. No reaction or only a trace 

10 amount of the annulation product 3a were detected in the 
presence of hydrazine hydrate. Hydrazine hydrochloride as the 
substrate, low amount of desired product 3a was formed with 2-
chlorobenzonitrile as reaction partner. Under this reaction 
conditions, other functional groups of nitriles did not improve the 

15 reactivity. The hydrazine 2a functionalized with the phenyl group 
gave the highest yield of 4a in the presence of 2-
chlorobenzonitrile. Further investigation of the functionalized 
nitriles revealed that the reactivity was affected by the nature of 
the substituted halo groups, and the sequence of ortho-

20 halobenzonitriles activity was Cl > F > Br >I. Variation of bases,8 
type of t-BuOM or MHMDS (M= Li, Na, K), revealed that 
potassium base demonstrated the best promote efficiency for 
delivering the annulation adduct 4a in excellent yields. Only a 
trace or low amount of the annulation products were formed in 

25 the presence of organic amine bases or inorganic bases. Finally, 
the cyclization were almost inhibited in the absence of base or in 
the presence of water. In addition, the best yield of 4a was 
obtained after thoroughly optimization of the reaction parameters 
(amount of base, type of solvent, solvent amount, substrate ratio, 

30 reaction temperature and time; see the Supporting Information) 
with 1b determined to be the most active nitrile.8 Importantly, 
this transformation is very practical and highly speedy, as the 
transition metal catalyst, ligands or a large excess of hydrazines 
unneeded.

35 With the optimized annulation conditions in hand, we first 
examined the substrate scope of hydrazines for the synthesis of 3-
aminoindazoles, and the results were summarized in Table 1. 
Aromatic hydrazines containing various electron-rich and 
electron-inefficient functional groups reacted smoothly to give 

40 the corresponding annulation products in high yields. The aryl 
halide substituent remained intact during this cyclization (4c-4i), 
providing a useful handle for further elaboration reactions. 
Although electronic factors of aryl hydrazines seemingly exerted 
a negligible influence on the conversion, the orientation of 

45 substituents on the aromatic ring system had an obvious impact 
on the efficacy of the transformation, affording the corresponding 

adducts (4d, 4f, 4h) in moderate yields. Naphthalen-1-
ylhydrazine was surveyed and the reaction proceeded to give the 
desired 4j in acceptable yield, showing the large sterically 

50 hindered groups are unfavorable for this conversion. Some 
heterocyclic moieties, including pyridinyl and benzo[d]thiazoly, 
could be smoothly incorporated in the indazoles by employing 
corresponding heterocyclic aromatic hydrazines (4k-4l). Notably, 
some selected substrates could be transformed into the 

55 corresponding indazoles at 40 oC in moderate to good yields (4a, 
4e, 4g, 4k), which could increase the practicality of our reaction 
process dramatically. 

Table 1 Annulation of 2-chlorobenzonitrile with various hydrazines for 
60 synthesis of free 3-aminoindazoles a

Cl

CN
H2N

H
N

R
+

N
N RH2N

N
NH2N N

NH2N N
NH2N

N
NH2N N

NH2N N
NH2N

F

N
NH2N

Cl

N
NH2N

Cl

N
NH2N

Cl Cl

N
NH2N N

NH2N
N

N
NH2N

N

S

4a, 95% (71%)b 4b, 92% 4c, 93%

4d, 62%c 4e, 91% (69%)b 4f, 55%c

4g, 90% (63%)b 4h, 51%c 4i, 88%

4j, 58%c 4k, 87% (61%)b 4l, 70%c

Cl
ClF

Br

1b 2 4a

t-BuOK

diglyme

a Reaction conditions: 1b (1.0 mmol, 2 (3.0 mmol), t-BuOK (1.3 mmol), 
diglyme (2.0 mL), 130 oC, N2, 1 h. Isolated product. b40 oC, 24 h. c2 h.

Having demonstrated that the annulated process is 
65 compatible with a broad range of hydrazines, investigation 

of the scope regarding the nitriles was undertaken (Table 
2). For most of the substituted ortho-chloro benzonitriles, 
the reaction proceeded to offer the corresponding products 
in moderate to excellent yields. The cyclization could be 

70 compatible with a wide range of functional groups, such as 
alkyl, alkyloxy, fluoro, chloro, bromo, iodo, free amino 
and trifluoromethyl groups, showing that the present 
cyclization reaction had a good functional groups 
tolerance. Lower yields were obtained substituted with 

75 electron-withdrawing groups than electron-donating ones 
on aromatic ring system. Interestingly, the 2-chloro-6-
methylbenzonitrile reacted rendering the target 
aminoindazole 5b in excellent yield. When the 2-chloro-6-
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fluorobenzonitrile was used as the starting reactant under 
the standard reaction conditions, the desired product 5e 
was isolated in reasonable yield. Halide groups particularly, 
even iodo, survived well in the standard procedure, leading 

5 to corresponding indazoles 5e-5h in good yields, which 
can be used for further transformations to constructed 
JAK-2 inhibitor.9 The structure of 5g was confirmed by 
single-crystal X-ray analysis.10 Interestingly, annulation 
occurs when 4-amino-2-chlorobenzonitrile was subjected 

10 to the present reaction, providing the corresponding adduct 
5i with double free amino group in 95% yield. In addition, 
strong electron-withdrawing groups, such as 3- or 4-
substituted trifluoromethyl, can be smoothly transferred to 
the corresponding free 3-aminoindazoles 5j and 5k in 89% 

15 yield and 65% yield, respectively.
Table 2 Annulation of phenyl hydrazine with various nitriles for 
synthesis of free 3-aminoindazoles a

H2N
H
N

Ph
+

N
N PhH2N

5a, 95% 5b, 94% (75%)b 5c, 92%

5e, 56%

5g, 75% 5h, 53%

5i, 95% (71%)b 5k, 65%

1 2a 5a

t-BuOK

diglyme

N
N PhH2N N

N PhH2N
N

N PhH2N

N
N PhH2N

N
N PhH2N N

N PhH2N

N
N PhH2N N

N PhH2N

F

Br I

NH2 CF3

Ar

5j, 89% (63%)b
N

N PhH2N

F3C

ArCN

Cl

5d, 72%

N
N PhH2N

5f, 85% (68%)b
N

N PhH2N

Cl
OMe

a Reaction conditions:1 (1.0 mmol, 2a (3.0 mmol), t-BuOK (1.3 mmol), 
20 diglyme (2.0 mL), 130 oC, N2, 1 h. Isolated product. b40 oC, 24 h.

The synthetic versatility of the present annulation was next 
demonstrated through large-scale reactions and product 
derivatizations in one pot reaction (Scheme 3, Top). The 
cyclization on 10 mmol and 100 mmol scale were found to be 

25 completed in an hour, yielding 1.96 g and 18.81 g of cyclization 
adduct 4a (94% yield and 90% yield), respectively.8 With the 
newly developed transformation system, 6a can be prepared 
iterations from fragment indazoles, which can use as human 
Allosteric CC-Chemokine Receptor 4 (CCR4) antagonists.11 

30 Protein Antagonists 6b can be produced from 5j.12 In addition, N-
acylation product MCH can be obtained via transformation of 5f, 
which can be severed as blocking melanin-concentrating 
hormone receptor-1 (Scheme 3, Bottom).13
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35 Scheme 3 Application of the present annulation system.
To better understand the mechanism, several of control 

experiments were performed.8 Initially, we examined a series of 
reaction conditions employing the new reaction tube (pure base, 
metal additives) in the annulation of 1b with 2a, there were no 

40 impact on yields of 4a, which indicates that this transformation 
should not be a transition metal catalyzed procedure. In addition, 
tetramethylpiperidin-1-oxyl (TEMPO) and 2,6-di-tert-butyl-4-
methylphenol (BHT) were added into the standard reaction as a 
radical scavenger. 4a were obtained in good yields, respectively, 

45 indicating that this cyclization could not be a free radical process. 
These results showed that the role of the base in promoting the 
annulation rather than the transition metal catalysts or its 
impurities.

Although the mechanistic details of this annulation are not 
50 clear at this stage, on the basis of the present results and 

precedent reports,14 one tentative transformation pathways for 
this cyclization was proposed (Scheme 4). Under the reaction 
conditions, hydrazine directly react with t-BuOK to generate the 
active PhNHNHK species, then nucleophilic addition with nitrile 

55 to form A. Reversible 1,4 H-shift of species A to the B, 
subsequent isomerization transform to C. Consequently, 
nucleophilic substitution form to the intermediate D and 
aromatization produce the desired free aminoindazole product.

NH2

H
N

Ph

N
N
Ph

NH2

Cl

NC+ t-BuOK

- t-BuOH

N
N
H

N

Cl
R

K

N
N
H

N

Cl

R

KH

NHK
H
N

Ph

H

1,4-H
shif t

- KCl

A

B

NH

NH

Cl
N R

KC

NH
N
Ph

NH

D

aromatization

60 Scheme 4 Propose Mechanistic.

In summary, we have developed a rapid, practical and efficient 
protocol for the t-BuOK mediated annulation of ortho-
halobenzonitriles by aromatic hydrazines. A broad range of N-
arylsubstituted free 3-aminoindazoles have been synthesized in 

65 moderate to excellent yields. Seventeen of the 22 synthesized 
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examples are novel compounds. Moreover, this transformation 
could be employed to synthesis of several of protein antagonists 
or receptors. Further studies aimed at gaining a detailed 
mechanistic understanding of this cyclization reaction and the 

5 application of base as the efficiently mediator in other reactions 
and free 3-aminoindazoles as an antagonists of pharmaceuticals 
are currently in progress in our laboratory.
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