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ABSTRACT
Introduction

Heterocyclic moieties are a prominent feature present in natural products, drug
molecules and known for their various properties. Especially nitrogen heterocycles are of
particular interest in medicinal chemistry, due to their diverse and significant biological
properties. Nature has displayed infinite diversity to incorporate these heterocycle scaffolds
into a complex structure through evolution. Natural products confine to be the greatest
inspiration in drug discovery. The structural complexity and variety of natural products demand
developing efficient synthetic methods in green, and sustainable manner was achieved via C-

H functionalization/activation.

Construction of C-C and C-X bonds via C-H bond activation/functionalization has
attracted considerable attention in the past decades. However, selective C-H activation has been
a challenging task, owing to the ubiquitous nature of the C-H bond in organic molecules. In
this aspect, along with transition-metal catalyzed C-H functionalization, recently alternative,
metal-free versions have become very important due to economic and environmental concerns.
A highly atom economical, efficient and yet environmentally friendly method has been the
prime synthetic target to be achieved by the chemists for synthesizing complex heterocycles,
since last few decades. Inspired by this, more recent research has been focused on the C-H
functionalization of Heteroarenes/arenes, especially radical C-H functionalization become
fascinating sustainable method. In this context, we were inspired to take up the challenge of
developing novel regioselective C-H functionalization of Heteroarenes to the synthesis of

functionalized privileged heterocyclic scaffolds.

Accordingly, we have developed a sustainable approach for the site-selective C-H

functionalization of 2H-indazoles.



The proposed content of the Thesis

Chapter 1: Introduction

Chapter 2: Iron-promoted C3-H nitration of 2H-indazole: Direct access to 3-nitro-2H-
indazoles

Chapter 3: Regioselective C3-H trifluoromethylation of 2H-indazole under transition metal-
free photoredox catalysis

Description of the research work

Chapter 1: Introduction
In this chapter, we have described introduction about the hetrocycles, photoredox

catalysis, sustainable chemistry, and hypervalent compounds.

Chapter 2: Iron-promoted C3-H nitration of 2H-indazole: Direct access to 3-Nitro-2H-
indazoles

In this chapter, we have described the C3-H nitration of 2H-indazole via radical
mechanistic pathway in a regioselective manner. We have also described the dual role of iron
nitrate as nitro source and promoter.

Direct C-H functionalization has become a reliable and robust method for various
transformations, i.e. carbon-hydrogen bond to carbon-carbon and carbon-heteroatom bond to
construct complex molecules due to its high step- and atom-economy. Recently, direct C-H
functionalization via radical pathway has been a rapidly expanding area of research and has
emerged as a promising and sustainable approach towards molecular construction often
complementary to traditional methods. Despite these developments selective C-H
functionalization via radical pathway is still in its infancy and controlling the reactivity,
chemo/regioselectivity of radical species for the selective C-H functionalization require efforts
to find more mild and proper methods which pose many opportunities and challenges to

address.

Owing to the ubiquitous nature of heteroarenes in agrochemicals and pharmaceuticals,
the direct C-H functionalization of heteroarenes is a highly attractive strategy providing a short
route for complex molecules as well as for late-stage functionalization (LSF) of bioactive
molecular scaffolds and hence offers tremendous opportunities for chemists. Among them, C-
H functionalization of heteroarenes via radical pathway is one of the most appealing and

straightforward strategies.
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Figure 1. A representative example of biologically active C3-H functionalized 2H-indazole

based molecules

Heteroaromatic nitro compounds are of great significance due to their importance as
crucial precursors in organic synthesis and their potential for further transformations. In recent
years, several chemists achieved a transition-metal-catalyzed radical C-H nitration on
arenes/heteroarenes by using various nitro source, such as AgNO2, 'BUONO, Cu(NOs), and
Fe(NO3)3.9H.0. among all metal nitrates, Fe(NOz)3.9H20 as non-toxic, inexpensive and green
reagent is well known for the various radical nitration strategies such as, nitration on olefins,
allenes and imines. However, it is an application on aromatic nitration is rare, except recent
nitration on 8-aminoquinoline. Hence, there is a broad scope for the development of strategies

for radical nitration of arenes and heteroarene.
a) Previous work (Chelation-assisted)

O (0]
Fe, Cu, C
R)L” | eouco M

b) This work (Chelation-free)

— Fe(NO3)39H20 —
o O
N =N’

Scheme 1 Radical C-H nitration of Heteroarene
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As an essential class of heteroarenes, indazole motifs are embedded in pharmaceuticals
with a broad range of biological activities, including antitumor, antimicrobial, anti-
inflammatory, and HIV-protease inhibition. Hence, there have been extensive efforts directed
towards the synthesis of indazole derivatives. The recent emergence of radical C-H
functionalization as a new paradigm in contemporary chemistry and as a part of our research
program on C-H functionalization and indazole chemistry, we were interested in developing
radical C-H functionalization as a new approach for the functionalized indazoles. Recently,
Wu et al. have demonstrated the regioselective C-H functionalization of 8-aminoquinoline
through theoretical data calculations. Accordingly, we plan to support our findings in radical
C-H functionalization through quantum chemical calculations. Herein, we are delighted to
disclose for the first time, a radical C-H functionalization of 2H-indazole through
Fe(NO3)3.9H.0 promoted C3-H nitration.

Fe(NO;);3.9H,0 (2 equiv.) _—
- 2 e N
’ R, TEMPO (1 equiv.), DCE N R

-
_ N
O,-balloon, 80 °C, 5 h

R,
2

24 examples
up to 96% yield

Scheme 2

To manifest this, initially we have started to optimise the nitration, we started with 2H-
indazole performed the reaction. We found the Fe(NO3)3.9H-0 as nitro source and TEMPO as

an oxidant in DCE solvent under heating best yield of the product.

After the optimised condition in hand, we next examined the scope of this methodology
with different substituted 2H-indazole systems (Table 1). The methylenedioxy substitution
gave good yield when compared to halo substitution at 5th, 6th and 7th position of 2H-indazole
2c-g. Next, we examined the scope of substrates with various substitutions (halogen, alkyl,
alkoxy) on amine partner of 2H-indazoles resulting in desired products with moderate to
excellent yield. Having benzyl group in place of aryl on 2nd position of 2H-indazole 2w & x
did not show any improvement in the yield. Unfortunately, amine partner bearing electron
withdrawing groups, such as nitro, nitrile and ester groups did not afford the desired products
2aa-ac. Also, 2H-indazoles with alkyl substitution at 2nd position 2ad & 2ae could not provide
the nitration product. Furthermore, our attempts to carry out nitration on other heteroarenes

(indole 3a, imidazole 3b, 1H-indazole 3c) went in vain.

X1



Table 1: Substrates Scope for the C3-Nitration of 2H-Indazole 2°

NO,
Fe(NOs)y9H,0 =
O O
TEMPO DCE, 5-8 h N R,
2

O, balloon, 80 °C

@@ @ﬁ@ @@ @d@

2a (85%) 2b (74%) ¢ (38%) (45%)
2e (35%) Br  2f (38%) Cl 29 (30%) 2h (45%)
i (75%) (70%) K (50%) 21 (95%)
m (96%) 2n (74%) 20 (79%) 2p (88%)
q (77%) 2r (65%) 2s (72%) (35%)
- o p
N@ O
20 (50%) 2v (30%) MsC 2w (60%) 2% (43%)

&Conditions: 1a (1 mmol), Fe(NO3)3-9H20 (2 mmol), TEMPO (1 mmol), DCE (2 mL),
oxygen balloon, 80 °C, 5-8 h. "Isolated yield of chromatographically pure products.

Based on the experiments performed for the optimization of reaction conditions shown
in Table 1, we observed that other nitro-sources failed to give any nitro product, hence in order

to prove the role of Fe(NOz)3.9H-0, we planned to examine the reaction with metal-free nitro

Xl



source, however, in the presence of Fe/Cu as a promotor which resulted in good yield thus
indicating the dual role of Fe(NOs)3.9H20. Furthermore, the reaction in the absence of any
promotor with metal-free nitrate(TBN), did not afford the desired product. Hence, the promoter

is necessary for the nitration of indazole at the C3 position.

Table 2: Substrates Scope for the C3-Nitration of 2H-Indazole “°

NO,
Fe(NO3 9H20 —
o) OO
=N / TEMPO DCE, 5- 8h N R,
2

O, balloon, 80 °C

©i@ L (T o

2aa 0% 2ab (0%) 2ac (0%)
2ad (0%) 2ae (0%)
NO,
NO,
N \
o 7 \
N N
H H Ph
9 3¢ (0%
3a (0%) 3b (0%) (0%)

“Conditions: 1a (1 mmol), Fe(NO3)3-9H20 (2 mmol), TEMPO (1 mmol), DCE (2 mL), oxygen
balloon, 80 °C, 5-8 h. ’Isolated yield of chromatographically pure products.

To prove the radical pathway, we performed HR-MS analysis of crude reaction mixture,
which shows 2.2,6,6-tetramethylpiperidin-1-ol. To know the role of oxygen, we have
conducted a couple of control experiments. We obtained the desired product in 10% and 15%
yield when the reaction is carried out in the absence of O> and TEMPO respectively. However,
these experiments are not conclusive. When we performed the reaction in the presence of an
excess amount of TEMPO (2 equiv) under an argon atmosphere, which resulted in 80% yield
of the desired product, this indicates that the presence of oxygen reduces the amount of TEMPO

significantly (optimized condition, i.e. one equiv of TEMPO under oxygen atmosphere). From

XV



these experiments, we can conclude that ‘O’ might be involved, either in the recycle of
TEMPO (TEMPOH to TEMPO) or in direct oxidation of intermediate B to intermediate C.
Finally, to confirm the C3-functionalization of 2H-indazole, we performed the reaction with
C3 substituted 2H-indazole under standard conditions, which did not afford any nitro-
substituted 2H-indazole. The X-ray crystallography analysis of compound 3v further supports

the nitration at the C3 position.

After we synthesised various C3-nitro 2H-indazoles, we have successfully
demonstrated the synthetic utility of nitro indazoles by the synthesis of bio-relevant

benzimidazoindazole through reductive cyclization.

Table 3: Application of Nitroindazole: Synthesis of Benzimidazoindazole “°

H
N

P(OE0) <)
N 4

100 °C

@@@ @ﬁﬂ@ @ﬁﬁ fente

(88%) (68%) (70%) 4d (85%)

%Reaction conditions: 2a (0.1 mmol), P(OEt); (1 mL), 100 °C, 1 h. ’Isolated yield of

chromatographically pure products.

We have successfully developed a novel protocol for the regioselective radical C-H
nitration of 2H-indazoles. The method offers chelation-free C-H nitration on 2H-indazole by
using the inexpensive and nontoxic Fe(NO3)3.9H>2O under mild conditions. Moreover, the
mechanistic pathway was inferred based on control experiments and quantum chemical
calculations. The synthetic utility of nitroindazoles was demonstrated by the synthesis of bio-

relevant benzimidazoindazoles.
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Chapter 3: Regioselective C3-H trifluoromethylation of 2H-indazole under transition metal-

free photoredox catalysis

In this chapter, we have discussed the synthesis of trifluoromethylated 2H-
indazole via transition-metal-free photoredox catalysis. This protocol has key features like
regioselective C-H trifluoromethylation, chelation-free and metal-free C-H functionalization
and inexpensive, benchtop-stable CF3 radical source and also scale-up synthesis for this

methodology.

The halo-organic compounds are typically considered as sites of high electron density
because of their high electronegativity. In general, the halogen atoms can form attractive
interaction due to electron donor sites (i.e. nucleophiles). Among them, the C-F bond finds
important applications in the field of synthetic, medicinal chemistry. This comes out due to
fluorine’s similar size to hydrogen but significantly with increased electronegativity. In this
context, the trifluoromethyl group has significant structural motifs in agrochemical,
pharmaceutical, drug candidates and it can enhance their chemical and metabolic stability,
increase lipophilicity and bioavailability, and also trifluoromethyl containing organic

compounds are commonly applied in a material like liquid crystals.

Over the past decade, due to the importance of trifluoromethylation process several
methods have been developed by using various radical, nucleophilic, and electrophilic
trifluoromethylating agents such as CFsl, CFsSO2Cl, CFzCOOH, Ruppert-Prakash reagent
(TMSCF3), Tognis’ reagent, Umemotos’ reagent and Baran reagent/Langlois’ ((CF3S02)2Zn
/CF3SO2Na,). Among these reagents, Langlois’ reagent is a benchtop-stable, cheapest, easy to
handle and convenient reagent for trifluoromethylation reaction. Hence, there is a broad scope

for the development of strategies for the radical trifluoromethylation of heteroarenes.
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a) Radical C-H functioalization on 2H-Indazole

H X
_— Ag, PC, Fe, TBHP —
N > — /N
\N/ N

X= COPh, PO(Ph),, SCN, CF;

b) Previous report (radical C-H nitration)

H NO,
— FC(NO3)39H20 -
N o ~ /N
\N/ N

¢) Present Method (Photoredox Catalysed trifluoromethylation)

H CF;
_ PC, PIDA —

N — <N
=N Visible Light N

Scheme 3 Regioselective radical C-H nitration of Heteroarene

In recent years, the visible light induced photoredox catalytic activation of organic
molecules has been established as a powerful strategy in modern organic synthesis with
providing an attractive feature, like mild environmentally begin, excellent functional group
tolerance, and high reactivity. In photoredox catalysis, metal complexes and organic dyes as
photocatalysts can involve on single-electron-transition (SET) process upon irradiation with
visible light. Moreover, the usage of organic dyes is inexpensive and easy to handle as
photoredox catalysts, and hence this would be an excellent substitute to inorganic transition

metal photocatalyst.

Nitrogen-containing heterocycle compounds have gained significant importance in
natural products and exhibit a wide range of biological activities. Among them, indazoles are
broadly known for their bioactivities such as antitumor, antimicrobial, anti-inflammatory, anti-
HIV, anti-platelet and anti-contraceptive. Considering the immense importance of derivatives
of 2H-indazoles, an extensive effort has been devoted to the synthesis and functionalization of
2H-indazole. Recently, Oh’s group have reported the silver catalysed direct acyl radical
addition to 2H-indazole and Hajra et al. have also realised the construction of carbon-
phosphorus (C-P) and carbon-sulfur (C-S) bond formations on indazole under mild reaction
condition (Scheme 3a). Very recently, Hajra and co-workers described a new approach for
direct C3-trifluoromethylation of 2H-indazole mediated by peroxides (Scheme 3a). The

transition metal catalyst, peroxides and high temperatures have been hindered for the C3-H

XV



functionalization of 2H-indazole and finding to the synthesis of C3-H functionalized 2H-
indazole is scarce.

i

Methylene blue, CF,

/ PIDA, 60W CFL bulb —
=\ R, NaSO,CF;, DCM, tt, 24 h N R,

2

19 examples
up to 83% yield

Scheme 4
Moreover, in recent years’ metal-free radical C-H functionalization has been paid much
attention by several synthetic chemists. Due to the latest appearance of radical C—H
functionalization as a new paradigm in contemporary chemistry and as part of our investigation
on C-H functionalization and indazoles chemistry. Herein, report a novel metal-free visible

light promoted organic dye catalysed regioselective C3-trifluoromethylation on 2H-indazole.

Table 4. Substrate scope for the C3-trifluoromethylation of 2H-indazole ®°

F
H methylene blue CFs
-
N R, CFL 60W, DCM, N R,
5 6

rt,24 h
CF; CF5 CF3
- — -
R ~ /N ~ /N R ~ /N
N N N R
R=H 6a 75% R=F 6e 45% R = 0-CHj 6i  45%
R=6-Cl 6b 35% R=Cl 6f 53% R = 0-OMe 6j 42%
R=6-Br 6c 37% R=Br 6g 62% R = m-CHj 6k 64%
R=5-Br 6d 43% R= 6h 68% R =m-OMe 6l 70%
R = p-CHs 6m 83%
CF, CF3 R = p-OMe 6n 83%
Br = R=m-(CO)CH; 60 40%
N < N
<\ N R =0, m, p-OCH; 6p 80%
HsC
6q (42%) R

R=H 6r 55%
R=CH; 6s 45%
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#Reaction Conditions: 1a (1 mmol), methylene blue (1 mol%), PIDA (2 mmol), NaSO,CF3 (2
mmol), DCM (1 mL), 60 W CFL blub, rt, 24h. Plsolated yield of chromatographically pure

products.

After the established optimized reaction condition in our hand, we have examined the
substrate scope of this protocol with various 2H-indazoles. Initially, we checked the halogen
substitution on 2H-indazole (6b-h). The presence of halogen at C-5 and C-6 positions of 2H-
indazoles (6b-d) gave poor yields. On the other hand, the halogen substitution in the para
position of the amine partner of 2H-indazoles (6e-h) gave 45% to 68% yields. Likewise, the
amine partner of 2H-indazoles bearing electron-donating groups (-Me, -OMe) resulted in the
products with excellent yields (6k-n & 6p) this may be due to the increased electron density at
C3-position of 2H-indazole. This observation resembled with our earlier report. However, the
electron donating groups (-Me, -OMe) at ortho position (6i-J) gave moderate yield; this is due
to the steric hindrance of the ortho substitution. We observed poor yields when the electron-
withdrawing group was present on 2H-indazole (60) since the electron density at C3-position
decreased. In the case of benzylamine partner, the C3-H trifluoromethylated indazoles (6r-s)

were obtained in low yields.

We have successfully demonstrated a novel photoredox catalysed regioselective C-H
trifluoromethylation of 2H-indazoles. This protocol offers the transition metal-free photoredox
catalysed C3-H trifluoromethylation with an inexpensive and benchtop-stable Langlois’
reagent under mild reaction conditions. The present methodology will gain much significance

in organic chemistry, pharmaceutical chemistry, and material science.
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CHAPTER 1

Introduction

1. 1. Application of Heterocycle compounds

Heterocycle compounds are an essential class of compounds, not only due to their
natural abundance but also because of their chemical and biological significance. Natural
product scaffolds have been well recognized as “privileged heterocycle structures” in terms of
their ability to be the basis for successful drugs. An assessment of all FDA approved new
molecular entities (NMESs) reveals that natural products and their derivatives represent over
one-third of all NMEs. Such scaffolds can be used as cores moieties of compounds libraries.
In this context, several organic chemists have paid much attention to the synthesis of
heterocyclic compounds via new synthetic methodology which is also an attractive and

challenging area.!

C-H Functionalization of Heterocycles
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Figure 1: Recent publications in C-H functionalization

In recent years, the direct C-H functionalization of inert C-H bonds has become an
important and powerful ideal method for the carbon-carbon and carbon-heteroatom bond
formations. In the continuation, the modern radical reactions emerge in the 1980s have
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flourished recently. In general, the radical reactions are relatively performed under mild
reaction conditions with high atom economy which is very popular in recent days. Moreover,
the radical C-H functionalization provides a new pathway to construct heterocycles and

functionalization of heteroarenes.?

1. 2. Photoredox Catalysis

Photoredox catalysis
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Figure 2: Recent publications in Photoredox catalysis

In the field of photochemistry, exponential growth has been observed in organic
synthesis over the past decade (Figure 2). Organic photochemical reactions play a crucial role
in the perspectives of green and sustainable chemistry. The light has always been regarded as an
inexpensive, abundant, nonpolluting, and endlessly renewable reagent for chemists to utilize in
organic reactions. In particular, in comparison with conventional thermal reactions, which usually
only shows a singlet state whereas, photochemical reactions can include singlet and triplet states.
Photoredox catalysis is not only helpful in attaining good yield of the products but also increases the
specificity of organic reactions and exhibits excellent functional group tolerance. Visible light-
mediated photoredox catalysis uses its ability to introduce single electron transfer (SET) processes
in organic molecules similar to that of conventional radical chemistry. Controlling chemical
reactions to produce a set of distinct valuable compounds selectively is a significant synthetic
challenge, and photoredox catalysis is a great alternative to the conventional methods of generating
radicals. In this way, organic photochemical reactions have become popular and useful tools in

organic synthesis and attracted considerable attention in organic chemistry since in the early 20™
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century. Furthermore, the photocatalysis are generally classified into three types: transition-metal

complexes, organic dyes and semiconductor.

1. 3. Sustainable Chemistry

Sustainable approach
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Figure 3: Recent publications in Sustainable Chemistry

Efficiency and selectivity are the paramount foundations in sustainable approaches,
which play a major role in modern organic synthesis. The activation of inactive and ubiquitous
C-H bonds has raised as the more dominant strategy for the design and development of
sustainable synthetic processes. As frequently happens in chemical research, advancement or
innovations in methodological development for making the novel methods more sustainable in
the vision of their potential applications. The achievement of sustainable approaches for C-H
functionalization reactions is intended to achieve via many different strategies: a) invention of
processes that have no necessary of the directing group; b) decreased use of additives or
replacement of waste producing additives with “greener” alternatives; c) recovery and reuse of
the catalyst, often by moving from homogeneous to heterogeneous conditions; d) replacing
expensive and polluting transition-metal-catalyst with more environmentally-friendly metal-
catalyst; e) reduce the use of solvent and/or change to use of common reaction solvent with a
more sustainable approach. Due to the awareness of environmental concerns, several chemists
have been paying much attention to the development of sustainable strategies around the

globe.*
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1. 4. Hypervalent lodine compounds

The lodine(l) is commonly considered to belong to the nonmetal category. lodine atoms
are large in size due to which the bonding in lodine compounds varies from light main-group
elements, and it can form more one bond, which is named as a hypervalent bond. Compounds
of lodine in higher oxidation states are termed as hypervalent iodine compounds.> Among
them, organoiodine reagents particularly organoiodine(l11) reagents have emerged as versatile
and environmentally benign reagents in organic synthesis. Structure and reactivity of
organoiodine reagents are generally similar to that of the transition-metal catalysts. Notably,
the reactions of organoiodine reagents are usually accounted by ligand exchange, oxidative
addition, reductive elimination and ligand coupling. One of the best example is umpolung
reactions which allow transformations by reversing the inherent polarity of one reactant and
group transfer reactions have evolved as an efficient tool for organic chemists to realize
difficult changes uncommonly. In general, hypervalent lodine reagents are used in several
chemical transformations such as catalysis, promoter, oxidant, atom insertion, and group
transfer reagent. Owing to the significance of hypervalent lodine reagents, many researchers

explore the application of hypervalent iodine reagents (figure 4).6

Hypervalent iodine

300

250

277 272
247
217 217
200
157
146 136 148

10 || || || || 82

0 I

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Year of Publication

No. of Publications
=
Ul
o o

(O]
o

Figure 4: Recent publications in hypervalent iodine
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CHAPTER 2

Iron-Promoted C3-H Nitration of 2H-Indazole:

Direct access to 3-Nitro-2H-Indazoles

2. 1. INTRODUCTION

N-Containing heterocycles constitute a significant part of natural products and their
wide use in the field of medicinal chemistry is obvious by the fact that most of these are
bioactive and have significant applications as drug molecules. Among nitrogen-containing
heterocycles, indazoles have drawn special attention in various fields like academia and the
pharmaceutical industry.? Indazole heterocycle is normally referred to by its trivial name as
1H-indazole (CAS registry number 271-244-3), its systematic IUPAC name benzo[c]pyrazole
is not used in the Ring Index or Chemical Abstract and alternative names for indazole such as

1,2-benzodiazole are not in use. Indazoles are known to exist in 3 isomeric forms (Figure 1).

Tautomeric forms of indazole

\)
N N N

1H-Indazole 2H-Indazole 3H-Indazole

Figure 1

Natural products bearing an indazole structure are rare in nature® and at present only
two examples are known: nigellicine** and nigellidine.** However, many synthetic indazoles
are known and gaining a lot of importance in the field of medicinal and organic chemistry as
they exhibit a broad spectrum of pharmacological and biological activities.? 2H-Indazoles are
widely used in pharma sector than 1H-indazoles due to their potent bioactivities like anti-
tumour,® anti-microbial ® anti-inflammatory,” HIV protease inhibition,? anti-depressant,® anti-
platelet'® etc. Besides, indazoles are known to be efficient bioisosteres of indoles and

benzimidazoles in pharmaceutical chemistry.'! Bioactive compounds containing 2H-indazoles
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have been found to have potential activity towards the imidazoline lI,-receptor!? and 5-HT1A
receptors.’®> Some examples of biologically active molecules containing an indazole nucleus
include a  neuroprotective  voltage-dependent  sodium  channel ~ modulator,
oxadiazolylindazole''® a selective ligand for the estrogen receptor,’* MK-4827 used as an
anticancer agent,'® and pazopanib, a tyrosine kinase inhibitor'® (Figure 2). Although many
derivatives of indazole show biological activity, no special toxicity has been reported and no
special handling precautions have been recommended. The biodegradability of indazole is

included in an ecological survey of heterocyclic compounds.*’

C

. . 1 .-
neuroprotective sodium R, ’
channel modulator '

Our designed molecule

selective ligand for -
Estrogen Receptor MK-4827(Niraparib)

Figure 2. Biologically active molecules have 2H-indazole scaffold.

Hence, considering the potent bioactivities of compounds possessing a 2H-indazole
core, several groups have paid much attention to the development of newer and economic
methods for the selective synthesis of 2H-indazoles.'® Despite the importance of indazoles in
the pharmaceutical sector, only a limited number of approaches for the regioselective synthesis
of N-substituted indazoles are available. However, the first report for the synthesis of 2H-
indazole was in 1880.'° Indeed, publications in the early years of the 20" century, and many
recent publications have described improvements in the methods for synthesis of indazoles.
Even though few promising strategies have been established for the selective synthesis of 2H-
indazoles, most of the synthetic reports favoured the formation of a thermodynamically stable

compound, i.e. 1H-indazole or a mixture of 1H- and 2H-indazoles with low regioselectivities.?
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2.2. BACKGROUND

2.2.1. C-H functionalization methods for 2H-indazoles

Functionalization of heteroarenes, especially indazoles via C-H Functionalization is a
powerful alternative approach to the cross-coupling reactions resulting in privileged structural
motifs which are of great relevance in further modifications into diverse bioactive molecular
scaffolds of importance in agrochemicals and pharmaceuticals. There is a great contest for the
development of C3-functionalization of pyrazoles and indazoles due to their reactivity (Figure
3).4

H H H
H 3 3 3
- A\
4| \/N _ NH N
N N N
Pyrazole 2H-Indazole 1H-Indazole
C5>C4>>C3
C3(2H)>>C3(1H)
Figure 3

In recent years, transition metal-catalyzed C-H functionalization of heteroarene has
gained considerable attention. These reactions can potentially provide concise routes for
constructing bi(hetero)aryls as well as late-stage diversification to bioactive heterocyclic
scaffolds. As a result, extensive efforts have been directed towards the development of
practical and efficient catalytic systems for the direct arylation of indazole and pyrazole (Figure
3).2

Though lithiation or magnesiation at the C-3 position of indazole has been reported, it
involves haloindazoles and drastic conditions. Moreover, these reactions are demanding to owe

to the facile fragmentation of these heterocycles leading to aminonitriles (Scheme 1).23

Br 3
- ®
N RLi A H;0 CN
N N
N
H N>
1

NH,
2

Scheme 1
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Furthermore, by traditional cross-coupling, zincated indazoles have been employed in
transition metal-catalyzed reaction to provide C3-functionalized indazoles.?* Very recently,

there have been reports on C3-functionalization of 2H-indazoles.

: Greaney et al. have developed an efficient and eco-friendly method for direct
arylation of 2H-indazole 3 at C3-position (Scheme 2).%
_ Pd(dppf)Cl, (5 mol%) Ph
O e Oy
3 4 )

N
50 °C
(

5 (85%
Scheme 2

Later, in 2013 Jin-Quan Yu and co-workers? reported a practical Pd-catalyzed direct
C-3 arylation of indazole 3 and pyrazole 6 with Phl 7 or PhBr 7 without using Ag additives as
halide scavengers. The use of toluene, chlorobenzene, trifluoromethylbenzene and mesitylene
as the solvent was found to be crucial for selectivity and reactivity. The importance of this
method compared to other methods is the achievement of arylation for 1H-indazoles 6 along
with 2H-indazole and further application for the first total synthesis of natural product

nigellidine hydrobromide (Scheme 3).2°

Pd(OAG), (10 mol%) Ph
N\
@;N .y 1:10-phen (30 moi%) C[\(N
H Cs,CO;3 (3 equiv.) N’
6 7 DMF, 140 °C, 48 h, Phl H
8 (93%)
Scheme 3

Very recently, Said EI Kazzouli and co-workers have disclosed a new oxidative
palladium-catalyzed alkenylation of 2H-indazole 9 derivatives with various olefins 10. The use
of Pd(OAc), as the catalyst and Ag.COsz as the oxidant promoted the selective C3-
monoalkenylation of 2H-indazoles affording the desired products 11 in good yields. (Scheme
4)_27

COOMe
Pd(OAG), (5 mol%),

= Ag,CO3, Argon
(I\'N*Me + 2 cooMe — T ~ N-Me
N AcOH/Ac,0, 18 h =N
9 10 dioxane, 120 °C 11 (88%)
Scheme 4

10
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Knochel et al. have synthesized polycyclic heteroaromatics 15
bearing an indazole unit using domino cross-coupling reaction and C-H functionalization of
2H-indazole (Scheme 5). 28

Br

(0]
I )Zn.Licl
= PA(OAC), (20 mol%),
N (I\ O dppf (20 mol%)
Pd(PPhs), (4 mol%) DMF:H,O:Et3N (8:1:1)

THF, 50 °C,6h 14 (97%)

15 (81%)

Scheme 5

Mark Lautens et al. have developed annulation process involving a one-
pot norbornene-mediated palladium-catalyzed sequence whereby an alkyl-aryl bond and aryl-
heteroaryl bond are successively formed through two C-H bond activations (Scheme 6).2° They
also presented subsequent functionalizations of the resulting polycyclic compounds 18 through

cross-coupling reactions.

Pd(OAc),

Br tri-2-furyl phosphine,
CE\/NI + Ph-l Cs,COg3, norbornene
N -
16 17

CH3CN, 90 °C, 96%

18 (44-98%)
Scheme 6

Regardless of these developments, there has been rare precedence of direct C-H
functionalization is leading to annulated indazoles which are highly commendable and
challenging. By aiming for this, we envisioned to develop a new and innovative method for the

synthesis of 2H-indazoles and their further functionalization leading to annulated indazoles.

2.2.2. Radical C-H Nitration Methods
Manmohan Kapur et al. developed an efficient method for the synthesis of ortho nitro-

substituted aniline 19 via a palladium(11)-catalyzed regioselective C-H nitration of anilines 20.

They have used easily removable pyrimidine as a directing group (Scheme 7).%°

11
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H
@[ \WN\ Pd(OAC),, AgNO, NTN\
i N<” Kz5,04, AOH, DCE, 80 °C NJ

NO,

19
20 (54-92%)

Scheme 7

Later in 2018, Chao Jiang et al. have reported a copper-mediated oxidative strategy for
the synthesis of nitro functionalized indole 22 through dual C-H functionalization indole 21.
The domino process proceeds smoothly under aerobic conditions with high regioselectivity and

broad substrate scope (Scheme 8).3!

H
%H t-BuONO, Cul
N CH4CN, O,, 90 °C

Zz /z_
o
zZ
)

ju
21 22 (43-77%)

Scheme 8

Ning Jiao and co-workers have developed a palladium-catalyzed synthesis of
nitroarenes 24 via direct C-H nitration of arenes 23 with readily available tert-butyl nitrite
(TBN). In this method, the author demonstrated with different directing groups such as
pyridine, pyrimidine, pyrazole, pyridol, pyridyl ketone, oxime, and azo groups can be
employed in these novel transformations (Scheme 9).%2

@Q t-BuONO, Pd(OAc)2 —
\N R PhCI, 80 °C, 0,, 24 h Q_(\N}R
NO,
23 24 (51-74%)

Scheme 9

Peipei Sun et al. developed a palladium-catalyzed the synthesis of ortho nitro-
substituted azo benzene 26 direct ortho-nitration of azoarenes 25 using NO2 gas. In this method,

NO; has been used as both nitro source and oxidant for the first time (Scheme 10).33

N /@ NO,, Pd(OAc), Ne /@
@ N “BCE 90°C.6h @E N
NO,
26 (88%)

25

Scheme 10

12
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Yang-JieWu et al. developed a palladium-catalyzed chelation-assisted synthesis of
nitro arenes 28 through ortho C-H nitration of 2-arylbenzoxazoles 27. This method exhibits
high regioselectivity and the reaction could tolerate several functional groups like F, Cl, Br,

CHas, CH30 affords the desired nitration product (Scheme 11).34

@[O >_© Pd(OAC),, KS,08 AgNO, @EO
/ o /
N TCP, 42h, 130 °C, O, N>—©
O,N
27

28 (97%)

Scheme 11

Malapaka Chandrasekharam and co-workers reported an unprecedented copper-
catalyzed synthesis of nitro anilines 30 via in situ formations of azidation—oxidation of anilides

29. This nitration method achieved by employing TMSNz and TBHP without the exclusion of

air or moisture (Scheme 12).%°

R R
HN HN
H Cul, TMSN3, TBHP NO,
DCE, reflux
29 30 (73%)
Scheme 12

Debabrata Maiti et al. developed the regio- and stereoselective nitration olefins 31 for
the synthesis of nitroolefins 32. Here, it was found that the combination of AgNO2 and TEMPO

could promote the nitration reaction (Scheme 13).%

R? R2
AgNO,/TEMPO
R1J\/R3 T heE 70 ¢ R R®
DCE, 70 °C N
NO,
31 32 (97%)

Scheme 13

Later in 2013, the same author Debabrata Maiti et al. demonstrated the stereoselective nitration
of olefins 33 for the synthesis of nitroolefins 34 under metal-free conditions. In this method,
tert-butyl nitrite (TBN) used as a metal-free nitro source, and the TEMPO plays oxidant role

combine with aerobic oxygen (Scheme 14).%’
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R2

R? £BUONO/TEMPO 3
R1J\/R3 T DbeE 70 RA\(R
DCE, 70 °C

NO,

33 34 (46-89%)

Scheme 14

2.2.2. Chelation assisted radical C-H Nitration Methods

Xavi Ribas et al. demonstrated the first example of cobalt-catalysed distant C-H
nitration of 8-Aminoquinolines 35 for the synthesis of nitro functionalized quinolones 36 &
37. This method proceeds through a single electron transfer mechanism and uses inexpensive

tert-butyl nitrite (TBN) as nitro source (Scheme 15).38

o
5 o 7 s
RN ‘ Co(NO3);6H,0, t-BUONO R)KN ‘ N R)LN ‘
Na AcOH, rt, 18 h Ho Ne Ho Ne

35 36 (74%) 37 (25%)

Scheme 15

Later in 2016, Dipankar Koley et al. developed a mild, rapid and efficient method for the
synthesis of nitro-substituted quinolones 36 & 37 via copper-catalysed C-H nitration of 8-
aminoquinolines 35 using sodium nitrite as the nitro source. This reaction could complete at

room temperature (Scheme 16).%°

O,N

1 i R 1
RN | CuCl,, -BUONO RJKN R ‘
HooNe) AcNairrt, 1-2h HooNe HooNe
35 36 (68%) 37 (22%)

Scheme 16

In 2016, Pengfei Zhang and co-workers reported an efficient synthesis of selective 5-nitro
quinolone 36 through copper-catalysed remote C-H nitration of 8- amidoquinolines 35 using
tert-butyl nitrite as a nitrating agent. This method is applicable for arene, heteroarene, aliphatic

carboxamide derivatives (Scheme 17).4°

14
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0 o NO;
R)Lu ‘ Cu(NO,), NaNO, R)LN
Ny~ PhI(TFA),, ACN, rt, 1 min Ho N \
35 36 (86%)
Scheme 17

Xuesen Fan et al. developed a copper catalyzed achievement of Mono- and Bisnitration of
8-amino quinoline amides 35 via controlled by the chelating group. Here, Fe(NO3)3-9H.0
plays a dual role as both chelating promoter and nitration reagent. Moreover, the author
performed the reaction with copper to obtain bisnitration of quinolones (Scheme 18).%

NO, O2N

(0] 0 o NO,
P Fe(NO3)y9H;0 Py Fe(NO:3);9H;0
RN | ——— RN ‘ CuCl, H,0 ANy
N TFE, 100 °C N TFE, 100 °C H Ne |
36 (72%) 35 38 (86%)
Scheme 18

Accordingly, based on the previous literature reports, herein, we are delighted to
disclose for the first time, a regioselective radical C-H functionalization of 2H-indazole through
Fe(NO3)3.9H.0 promoted C3-H nitration.

15
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2.3. RESULTS AND DISCUSSION

36,37, 41 we envisioned the

Encouraged by our previous report in radical C-H nitration chemistry,
iron-promoted C3-H nitration on 2H-indazole. Herein, iron nitrate plays the dual role of promoter
and nitro source. To achieve our goal, we initiated our preliminary experiments with 2H-indazole
(3a) as a model substrate and Fe(NO3)3.9H>O as a nitro source with MeCN as a solvent at 80 °C
under molecular oxygen atmosphere (Table 1, entry 1). As expected, C3-nitro functionalized
product (39a) was obtained albeit in very poor yield. In order to improve the yield, we screened
various nitro-sources (Table 1, entry 2-8). However, we did not observe any satisfactory yields.
Next, we turned to the use of oxidant (2,2,6,6-tetramethylpiperidin-1-yl)oxidant (TEMPO) in the

reaction. Surprisingly, we found the expected product with very good yield in the presence of

TEMPO (Table 1, entry 9).

Table 1 Optimization of reaction conditions for the synthesis of 39a“

©\4\N _@ nitro source @N _@
=\ oxidants, solvent =N
3 (e (). 80.°C .

entry nitro source oxidants solvent time (h) | yield (%)°
1 Fe(NO3z)3.9H20 - MeCN 5 15
2 Ni(NOs3)2. 6H20 - MeCN 5 trace
3 CAN - MeCN 5 trace
4 ‘BUONO - MeCN 5 n.d.c
5 AgNO3 - MeCN 5 n.d.c
6 AgNO> - MeCN 5 n.d.c
7 NaNO: - MeCN 5 n.d.c
8 Cu(NO3)2-3H20 - MeCN 5 10
9 Fe(NOs)3.9H20 TEMPO MeCN 5 65
10 Fe(NO3)3.9H20 TEMPO DCE 5 85
11 Fe(NOs)3.9H20 TEMPO CHCI3 5 55
12 Fe(NOs)3.9H20 TEMPO DMF 12 nrd
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13 Fe(NO3s)3.9H:0 TEMPO DMSO 12 n.d.c
14 Fe(NOs3)3.9H20 TEMPO dioxane 12 n.d.c
15 Fe(NO3z)3.9H20 TEMPO toluene 12 n.d.c
16 Fe(NO3)3.9H.0 TEMPO H.0 12 n.d.c
17 Fe(NO3)3.9H,0 TEMPO EtOH 12 n.d.c
18 Fe(NO3)3.9H,0 TEMPO MeOH 12 n.d.
19 Fe(NO3)3.9H.0 TEMPO DCE 5 60¢

“Reaction conditions: 1a (1 mmol), nitro source (2 mmol), oxidant (1 mmol), solvent (1 mL), oxygen
balloon, 80 °C, 5 — 12 h. “Isolated yield of chromatographically pure products. “Starting materials

recovered. ‘Reaction carried out in open air.

Table 2. Optimization of oxidants?

NO,
_ Fe(NO3)s 9H;0 ©\4<
- M-S
©:,\; Oxidants, DCE N
3 0, balloon, 39a
a 5h, 80 °C
entry oxidants (equiv) yield (%)P
1 TBHP (1) n.d.
2 DTP (1) n.d.
3 DDQ (1) 10
4 TEMPO (0.5) 40
5 TEMPO (1) 85
6 TEMPO (L.5) 85
7 TEMPO (2) 85

Reaction conditions: 1a (1 mmol), nitro source (2 mmol), oxidant (1 mmol), solvent (1 mL), oxygen

balloon, 80 °C, 5 — 12 h. "Isolated yield of chromatographically pure products.
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Further, our attempts of replacing the TEMPO with other oxidants went in vain (Table 2).
Afterwards, we also screened the reaction with different solvents (Table 1, entry 10-18) and
variation of temperature (Table 3). Interestingly, we observed the formation of a product with very
good yield in the case of DCE as a solvent (Table 1, entry 10). Notably, when we performed the
reaction in the open air, we observed the formation of the expected product with moderate yield
(Table 1, entry 19). Subsequently, with encouraging this results, we screened the reaction with
different equivalents of nitro-sources and oxidants (Table 2 & 4). From these experiments, we
concluded that two equiv of nitro source and one equiv of oxidant is necessary for complete

conversion of the starting materials.

Table 3. Optimization of temperature?

NO,
©f\N—© Fe(NO3); 9H,0 (2 equiv)= CE(N_Q
N TEMPO (1 equiv.), DCE N
3a O, balloon, 39a
5 h, temp
entry temp (°C) yield (%)P
1 40 trace
2 60 62
3 80 85
4 100 80

Reaction conditions: 1a (1 mmol), nitro source (2 mmol), oxidant (1 mmol), solvent (1 mL), oxygen

balloon, 80 °C, 5 — 12 h. "Isolated yield of chromatographically pure products.

Table 4. Optimization of nitro source

NO,
©f\N_© Fe(NO3)3 9H,0 (equiv)= ©f<N_©
N TEMPO (1 equiv.), DCE N
3a 0, balloon, 39
5h, 80 °C
Entry Nitro source (equiv) Yield (%)°
1 Fe(NO3)3.9H,0 (0.5) 15
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2 Fe(NO3z)3.9 H20 (1) 33
3 Fe(NO3)3.9H20 (2) 85
4 Fe(NO3)3.9H.0 (3) 85

4Reaction conditions: 1a (1 mmol), nitro source (2 mmol), oxidant (1 mmol), solvent (1 mL), oxygen

balloon, 80 °C, 5 — 12 h. "Isolated yield of chromatographically pure products.

With the optimised conditions in hand, we next examined the scope of this methodology with
different substituted 2H-indazole systems (Table 5). The methylenedioxy substitution gave good
yield when compared to halo substitution at C5, C6 and C7 position of 2H-indazole 39¢-g. Next,
we examined the scope of substrates with various substitutions (halogen, alkyl, alkoxy) on amine
partner of 2H-indazoles resulting in the desired products with moderate to good yield. Having
benzyl group in place of aryl on C2 position of 2H-indazole 39w & x did not show any

improvement in the yield.

Table 5: Substrates Scope for the C3-Nitration of 2H-Indazole “?

NO,
Fe(N03)3 9H20 —
-0, et
TEMPO DCE, 5-8 h N R,

0, balloon, 80 °C

sty <Kf© oo CEo

39a (85%) 39b (74%) 39c¢ (38%) 39d (45%)
IO @@ @ﬁ@ Cﬁ@
39e (35%) Br  39f (38%) Cl 399 (30%) 39h (45%)
0
39i (75%) 39j (70%) 39k (50%) 391 (95%)
O o o Cﬁ{}

0,
39m (96%) 39n (74%) 390 (79%) 39p (88%)
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O Ce OO T

39q (77%) 39r (65%) 39s (72%) 39t (35%)
Cﬁ “ C[/ Q g - p
39u (50%) 39v (30%)5 39w (60%)
39x (43%)

“Conditions: 1a (1 mmol), Fe(NO3)3-9H>0 (2 mmol), TEMPO (1 mmol), DCE (2 mL), oxygen
balloon, 80 °C, 5-8 h. “Isolated yield of chromatographically pure products.

Unfortunately, amine partner bearing electron withdrawing groups (Table 6) such as nitro,
nitrile and ester groups did not afford the desired products 39aa-ac. Also, 2H-indazoles with alkyl
substitution at C2 position 39ad & ae could not provide the nitration product. Furthermore, our

attempts to carry out nitration on other heteroarenes (indole, imidazole, 1 H-indazole) went in vain.

Table 6: Substrates Scope for the C3-Nitration of 2H-Indazole “?

NO,
e(NO3)3:9H,0 _
O L)
TEMF’O DCE, 5-8 h N Ry
39

O, balloon, 80 °C

oFo  ofFom oo

39aa 0% 39ab (0%) 39ac (0%)
NO> NO,
N N
O o o A
N N
N H Ph
39ad (0%) 39ae (0%) 0 40c (0%
40a (0%) 40b (0%) (0%)

aConditions: la (1 mmol), Fe(NO3)3-9H>0 (2 mmol), TEMPO (1 mmol), DCE (2 mL), oxygen
balloon, 80 °C, 5-8 h. "Isolated yield of chromatographically pure products.
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Based on the experiments performed for the Optimization of reaction conditions shown in
Table 1, we observed that other nitro-sources failed to give any nitro product. Hence in order to
prove the role of Fe(NO3);.9H,0, we planned to examine the reaction with the metal-free nitro
source. However, in the presence of Fe/Cu as a promotor which resulted in good yield (Scheme
19b). Thus indicating the dual role of Fe(NO3)3.9H,0. Furthermore, the reaction in the absence of
any promotor with metal-free nitrate(TBN) did not afford the desired product (Scheme 19c).

Hence, the promotor is necessary for the nitration of indazole at the C3 position.

H NO,
= N@ Fe(NO;);9H,0 (2 equiv.) = N@
equiv.),
(@) SN TEMPO (1 equiv.), DCE =N
3a O, balloon, 80 °C, 5 h 39a (85%)
Standard Conditions

TBN (1 equiv.), FeCly/Cul (1 equiv.)

(b) 3a TEMPO (1 equiv.), DCE 39a (60%)
O, balloon, 80 °C, 5 h

TBN (1 equiv.)

(©) 3a TEMPO (1 equiv.), DCE 392 (0%)
0, balloon, 80 °C, 5 h
39a (85%) N
Fe(NO3);9H,0 (2 equiv.) 39a (15 %) || With TEMPO |
(d) 3a OH

DCE, O, balloon, 80 °C, 5 h

Without TEMPO HRMS ana|ysis
Calcd [M+H]* -H,0 = 140.1433
Found [M+H]" -H,0 = 140.1423

© Fe(NO3);9H,0 (2 equiv.) 39a (10 %)
e

3a TEMPO (1 equiv.)

DCE, Ar, 80 °C, 5 h
; Fe(NO3);9H,0 (2 equiv.) 39a (80 %)
@ 3a TEMPO (2 equiv.), DCE
Ar,80°C,5h
R
) @(N‘Q Standard conditions X No reaction
N
R=NO,, Ph

Scheme 19: Control Experiments and Mechanistic studies

To prove the radical pathway, we performed HR-MS analysis of crude reaction mixture

which showed 2,2,6,6-tetramethylpiperidin-1-ol. To know the role of oxygen, we have conducted
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a couple of control experiments. We obtained the desired product in 10% and 15% yield when the
reaction is carried out in the absence of O2 and TEMPO respectively (Scheme 19¢ & d). However,
these experiments were not conclusive. When we performed the reaction in the presence of an
excess amount of TEMPO (2 equiv) under an argon atmosphere, which resulted in 80% yield of
the desired product (Scheme 19f). This indicates that the presence of oxygen reduces the amount
of TEMPO significantly (optimised condition i.e. one equiv of TEMPO under oxygen
atmosphere). From these experiments, we can conclude that ‘O>’ might be involved, either in the
recycle of TEMPO (TEMPOH to TEMPO) or the oxidation of intermediate B to intermediate C.
Finally, to confirm the C3-functionalization of 2H-indazole, we performed the reaction with C3
substituted 2H-indazole under standard conditions (Scheme 19g), which did not afford any nitro-
substituted 2H-indazole. The X-ray crystallography analysis of compound 39v further supports the

nitration at the C3 position.

Table 7: Charge Distribution and pz Orbital Occupancy of the C3, C4 and C6 Atoms in the

Structure A
Ho H
4 3
-
H76 N
FeL3
A
Atom Hirshfeld p- orbital occupancy
C3 -0.025 0.997
C4 -0.037 0.990
C6 -0.027 0.980

To further support our finding, we carried out quantum chemical calculations*! to
investigate the charge distribution on indazole. The theoretical data of atoms (C3, C4, C6) on the
Fe coordinated indazole intermediate A is shown in Table 2. The charges of the C3, C4 and C6 as
calculated were found to be -0.025, -0.027 and -0.037 respectively. The charges include a

contribution from all valance electron and based on the literature precedence** the p. orbital
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occupancy would be the more effective way to assess the reactivity of a specific atom. Among
different atoms, the largest p- orbital occupancy at C3 carbon atom implicates that C3 may be the
most likely electrophilic reactive site. Thus, the theoretical calculations support the only C3-H

nitration on 2H-indazole.

Based on the control experiments, literature reports*'-*?

and quantum chemical calculations,
we proposed a plausible reaction mechanism for the synthesis of 3-nitro-2-phenyl-2H-indazole as
depicted in Scheme 20. Initially, coordination of 2-phenyl-2H-indazole with Fe(NO3)3.9H20 led
to formation of intermediate A. Meanwhile, the nitro radical (NO2) generated from
Fe(NO3)3.9H>0 under thermal conditions'® would react at the electrophilic reactive site of the
intermediate A in order to generate an intermediate B. The combination of TEMPO/O: is involved

in oxidation by the abstract of a hydrogen radical?’ from C3 position of intermediate B leading to

formation of intermediate C, which eventually provides the desired product 39a.

Fe(NO3)
NO,
. H
O e OO B O
<j:\/ > 7/ \N/
FeL3 Fels

TEMPO
H%)j:)<::* ::4
1/2 0, TEMPOH

Fels FeL3
c

Scheme 20 Plausible Mechanism

23



Chapter 2 C3-3 Nitration...

After the synthesis of various C3-nitro 2H-indazoles, we successfully demonstrated the

synthetic utility of nitroindazoles by the synthesis of bio-relevant benzimidazoindazole through

reductive cyclization.*?

Table 8: Application of Nitroindazole: Synthesis of Benzimidazoindazole “*

NO, §
_— P(OEt); _ D
- N N
N > 7/
39 N 40

100 °C

40a (88%) 40b (68%) 40c (70%) 40d (85%)

“Reaction conditions: 2a (0.1 mmol), P(OEt); (1 mL), 100 °C, 1 h. ’Isolated yield of

chromatographically pure products.
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2.4. CONCLUSIONS

We have successfully developed a novel protocol for the radical C-H nitration of 2H-
indazoles. The method offers chelation-free C-H nitration on 2H-indazole by using the inexpensive
and nontoxic Fe(NO3)3.9H>O under mild conditions. Moreover, the mechanistic pathway was
inferred based on control experiments and quantum chemical calculations. The synthetic utility of

nitroindazoles was demonstrated by the synthesis of the bio-relevant benzimidazoindazoles.
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2.5. EXPERIMENTAL SECTION

General Considerations

IR spectra were recorded on an FTIR spectrophotometer. *H NMR spectra were recorded
on 400 MHz spectrometer at 295 K in CDCls; chemical shifts (8 ppm) and coupling constants (Hz)
are reported in standard fashion with reference to either internal standard tetramethylsilane (TMS)
(8w = 0.00 ppm) or CHCIz (6n = 7.25 ppm). ¥C NMR spectra were recorded on 100 MHz
spectrometers at RT in CDClIs; chemical shifts (0 ppm) are reported relative to CHCI3 [6c = 77.00
ppm (central line of the triplet)]. In the 'H NMR, the following abbreviations were used
throughout: s = singlet, d = doublet, t = triplet, q = quartet, qui = quintet, m = multiplet and br s. =
broad singlet. The assignment of signals was confirmed by 'H, *3C, and DEPT spectra. High-
resolution mass spectra (HR-MS) were recorded using Q-TOF multimode source. Melting points
were determined on an electrothermal melting point apparatus and are uncorrected. o-
Azidobenzaldehydes were prepared by using literature known procedures. All dry solvents were
used, toluene was dried over sodium metal and DMSO, CH3CN and DMF were dried over calcium
hydride
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Single crystal X-ray data

C3-%€ Nitwation. ..

Figure 1: X-ray crystal structure data for 1-(3-(3-nitro-2H-indazol-2-
yDphenyl)ethanone (39v) CCDC: 1825398

Identification code

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o

o/

pre

exp_7218
C1sH11N30s
281.27
293(2)
Triclinic
P-1
7.8053(18)
8.2606(17)
11.869(2)
91.064(17)

108.89(2)
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v/°
Volume/A3
4
Peaicg/cm?
wmm?
F(000)
Crystal size/mm?3
Radiation
20 range for data collection/°
Index ranges
Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c ()]

Final R indexes [all data]

C3-%€ Nitwation. ..

113.92(2)

651.9(3)

1.4329

0.103

292.1

0.06 x 0.04 x 0.02

Mo Ko (A = 0.71073)

5.9 to 58.02
-10<h<9,-10<k<11,-16<1<15
5672

2992 [Rint = 0.0387, Rsigma = 0.0936]
2992/0/190

1.054

R; = 0.0643, WR, = 0.1059

R: =0.1431, wR, = 0.1401

28



Chapter 2

Mass data for Intermediate

C3-%€ Nitwation. ..

Figure 2: The HR-MS data for the intermediate 2,2,6,6-tetramethylpiperidin-

1-ol

INDIAN INSTITUTE OF TECHNOLOGY HYDERABAD

Dept Of Chemistry Il
HRMS Report pon i
Data File AVM-472-00.d Sample Name ~ AVM-472
Position P2-A7 Acq Method HRMS_Dual ESI_POS_SD_Agilent.m
Acquired Time  29-Feb-16 2:39:22 PM DA Method SD_IITH.m
Sample Group Info.
Acquisition SW 6200 series TOF/6500 series
Version Q-TOF B.05.00 (B5042.2)
‘Compound Table
DIFf
Compound Label RT Mass Abund Formula TgtMass | (ppm) MFG Formula DB Formula
Cpd 1: CS HISNO|  0.242 157.1458 44827 C9 HIS N O 157.1467]  -5.81 CY HI9N O €9 H1I9 N O

Compound Label m/z RT Algorithm Mass
Cpd 1: C9HIONO 140.1423 0.242  Find By Formula 157.1458

%105
1 0.24

1
0.8
0.6
04
0.2

ol __

Cpd 1: C9 H19 N O: +ESI EIC(139.1356, 140.1434, 157.1461, 158.1539 ...) Scan Frag=100.0V...

3 1

01 0.2

MS Spectrum

0.3 0.8

04 05 6 07
Counts vs. Acquisition Time (min)

x104
4

3
2

1

Cpd 1: C9 H19 N O: + FBF Spectrum (0.209, 0.242, 0.276, 0.310 ... min) AVM-472-00.d Subtr...

([COHTINOJ+H)+

MS Zoomed Spectrum

142 144 146 148 150 152 134 156 158 160 162 164 1é.ef1é.e 170 172 174 176 178 180
Z

ounts vs. Mass-to-Charge (m/z)

x104

4 (1CoH

3

2

1

Cpd 1: C8 H19 N O: + FBF Spectrum (0.209, 0.242, 0.276, 0.310 ... min) AVM-472-00.d Subtr...

140.J423
9NOJ+H)+[-H20]

8.1549
([COH19NO

9H19NOJ+Na)+

115 120 125 130

MS Spectrum Peak List

135 140 145 150 155 160 165 170 175 180 185 190 195 200 205
Counts vs. Mass-to-Charge (m/z)

m/z z_|Abund Formula Ion
140.1423| 1 44826.87|COH19NO (M+H)+[-H20]
141.146] 1 5354.23|CoH1aNO (M-+H)+[-H20]

157.1497| 1 267.72|COH19NO M+
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Sample Name AVM-472 Paosition P2-A7 Instrument Name HRMS_Q-ToF User Name
Inj Vol 0.2 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  AVM-472-00.d ACQ Method HRMS_Dual ESI_POS_SD Comment Acquired Time 29-Feb-16 2;39:22 PM
x10 4 Cpd 1: C9 H19 N O: + FBF Spectrum (0.209, 0.242, 0.276, 0.310 ... min) AVM-472-00.d Subtract
6.75
6.5
6.25

4.754 140.1423 N

4.5] ([COH19NO]+H)+[-H20]

8.1549 180.1352
0.251 ([COHTONO]+H)+ (\(’:QHI‘.-’IN(')hLNa)v

170 175 180 185

5.

135 140 145 150 155 160 165
Counts vs. Mass-to-Charge (m/z)
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Quantum Chemical Calculations

The quantum chemical calculations were carried out using Gaussian 09 program®. The
structure was optimized at the MO6L" meta-GGA level of theory with pseudopotential SDD® and
6-31G(d,p) basis set for Fe and other atoms, respectively. The optimized structure has no
imaginary frequency. The Hirshfeld® charges of atoms were computed at the M06L/6-31G(d,p)
level on the optimized structures. NBO* analysis for the optimized structure was performed at
MO6L/6-31G(d,p) level with NBO 3.1 implemented in Gaussian 09 program.

Structure of the optimized complex obtained from quantum chemical calculations

Z O I T T T O O O O O O

-3.25737059
-2.12105211
-2.24061046
-3.50795582
-4.61050878
-4.48042682
-3.17114055
-3.60290499
-5.60150845
-5.37725499
-0.92985015
-0.80879949

31

-0.26317235
-1.08645954
-2.46082910
-3.03394241
-2.22066052
-0.85025907

0.78560819
-4.08355760
-2.62910452
-0.24239073
-2.93884585
-0.76637995

0.15537335
0.05472907
-0.30425429
-0.53477404
-0.41977990
-0.08353318
0.41130060
-0.79518153
-0.59088678
-0.01160570
-0.32242889
0.24886865
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O ozOoOoOO0OzOoOOOZzpp I TIIIIOOOHOOOCSZ

®)

-0.11683233
3.42711681
4.03195600
3.25941205
1.88007088
1.29489768
2.05270901
4.02944360
5.10870566
3.72632282
1.26633286
1.57268925

-0.51865741

-0.07272603
2.41881777
1.13349963
2.72977842
3.13050515

-0.71459750

-1.33476908
0.28134957

-1.04719097

-0.29522157
0.81425144

-0.38942459

-1.28238024

32

-1.91691481
-2.73723174
-2.20847111
-1.58455206
-1.49001345
-2.00798354
-2.63347214
-3.20412671
-2.27315372
-1.16665373
-1.01803317
-2.98315305
-3.92551742
1.06649261
0.87706622
0.43596668
1.55791098
0.50765078
2.89309849
1.74705232
2.93459279
3.78491264
1.65209272
1.32259318
1.93178182

1.64427547
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-0.00483580
-0.64078236
0.49759050
1.47336666
1.32290760
0.17167927
-0.81508939
-1.41350106
0.61782539
2.35949827
2.08134699
-1.72428217
-0.47662357
0.03455566
-1.17642875
-1.24780993
-0.21092276
-2.08988154
-1.37842420
-1.30970204
-0.56363555
-2.10458958
2.37751609
1.79539708
3.54056436

1.54642546
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Procedure for synthesis of azidoaldehyde and 2H-indazoles

All small scale dry reactions were carried out using the standard syringe-septum technique.
Reactions were monitored by TLC on silica gel using a combination of petroleum ether and ethyl
acetate as eluents. Reactions were generally run under argon, nitrogen and oxygen atmosphere
wherever necessary. Solvents were distilled prior to use; petroleum ether with a boiling range of
40 to 60 °C was used. Acme’s silica gel (60—120 mesh) was used for column chromatography
(approximately 20 g per one gram of crude material). All 2-azidobenzaldehydes (E1-E3 and ES)

except E4 have been synthesized by using literature known procedures.**

Synthesis of 2-azido-4-chlorobenzaldehyde (E4):

CH3 CHO CHO
/@ Ref. 24¢ Ref. 24a,b
cl NO,
E1

cl NO, cl N,

E2 E3

To a stirring solution of 2-nitro-4-chlorobenzaldehyde E2 (1.0 equiv) in HMPA was added
sodium azide (2.0 equiv). The reaction mixture was stirred at ambient temperature and monitored
by TLC. After consumption of the starting material, the mixture was diluted with ice-cold water
and extracted with diethyl ether (3 x 25 mL). The ether layer was washed with water (3 x 25 mL),
brine (1 x 10 mL). The organic layer was dried over Na>SOs, filtered and concentrated to give the
crude compound, which was further purified by column chromatography to give the final

analytically pure product (82% vyield).

Physical State : White solid

. CHO
Yield - 80% )@[ :
cl N3

Mp : 84-86 °C E4

IR (MIR-ATR, 4000-600 cm™): vmax = 2408, 2342, 1679, 1591, 841, 816.

IH NMR (CDCls, 400 MHz): 61 = 10.22 (s, 1H), 7.88 (d, 1H, J = 8.3 Hz), 6.89 (dd, 1H, J.= 8.3
and Jo= 1.5 Hz), 6.81 (d, 1H, J = 1.5 Hz).
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13C NMR (CDCls, 100 MHz): 187.1 (s, -CHO), 147.4 (s, Ar-C), 144.8 (s, Ar-C), 130.9 (d, Ar-
CH), 123.9 (s, Ar-C), 115.5 (d, Ar-CH), 109.1 (d, Ar-CH).

HR-MS (ESI+) m/z calculated for [C7H4CIN3O]" = [M]": 181.0037; found: 181.0030.

Preparation of halo substituted azidoaldehyde

The following 2-azido aldehydes are known in the literature.

Table 9: Synthesis of 2-azido aldehydes.

C:CHO <o: CiCHO : :CHO Br CHO
N3 o N3 Br N \©:N3
B c D

A

The following 2-Azido-4-chlorobenzaldehyde (E) was synthesized using the below strategy.

Step 1: A solution of 4-chloro-2-nitrotoluene (1.0 equiv) in DMF.DMA (3.0 equiv) was
refluxed at 140°C for two days. The reaction mixture was then cooled to rt. The imine was then
added dropwise to a solution of NalO4 (3.0 equiv) in DMF (13 mL) and H20 (25 mL). The reaction
mixture was then stirred at rt for 4 h. The solid formed was filtered off and washed with toluene
(2 x 15 mL). The combined organic layer was washed with water (30 mL) and then with brine (10
mL). The solvent was completely removed and the resulting crude product was recrystallized from

hexane to afford pure aldehyde as brown solid (90% yield).

The following 2-Azido-3-halobenzaldehyde (f &g) was synthesized using the below strategy

Step 1: To a mixture of H,SO4 (16 mL) and conc. nitric acid (2 mL) was slowly added
aldehyde such that the temperature of the reaction mixture was maintained below 10 °C. After the
addition was complete (40 min), the reaction mixture was stirred for an additional 30 min at 5-10

°C, and then poured onto crushed ice (100 mL). On slow warming of this mixture with stirring (30
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min) a yellow precipitate formed, which was filtered and washed with water until the filtrate was

no longer acidic to litmus. The precipitate was air dried to give 83 g of a yellow amorphous solid.

Step 2: To a stirring solution of 2-Nitro-3-halobenzaldehyde (1.0 equiv) in HMPA was added
sodium azide (2.0 equiv). The reaction mixture was stirred at ambient temperature and monitored
by TLC. Once the starting material had disappeared, the mixture was diluted with ice-cold water
and extracted with diethyl ether (3 x 25 mL). The ether layer was washed with water (3 x 25 mL),
brine (1 x 10 mL). The organic layer was dried over Na>SOs, filtered and concentrated to give the
crude product, which was further purified by column chromatography to give the final analytically
pure product (85% vyield).

CHO CHO CHO
- . o
NO, Nj
X X X

X=Cl, Br

2-Azido-3-bromobenzaldehyde (f)

CHO
Physical State : Yellow solid ; jN3

Yield £ 82% il

Mp . 80-82 °C

IR (MIR-ATR, 4000-600 cm—1) vmax = 2886, 2118, 1680, 1611, 1483, 1298, 1248, 1192, 1001,
815, 690.

'H NMR (CDCI3, 400 MHz) 6u = 10.32 (s, 1H), 7.56 (d, 1H, J = 2.4 Hz), 7.32 - 7.18 (m, 3H);
13C NMR (CDCI3, 100 MHz) = 187.6, 139.4, 126.1, 120.7, 118.4.

HR-MS (ESI+) m/z calculated for [C7TH5BIN3O]+ = [M]+ 225.96105, found 225.96108.
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2-Azido-3-chlorobenzaldehyde (g)

. . CHO
Physical State : Lemon solid @[
) N3
Yield 1 78% Cl
Mp - 82-84 °C

IR (MIR-ATR, 4000—600 cm—1) vmax = 2922, 2886, 2130, 1680, 1572, 1485, 1304, 1192, 1000,
940, 815, 690, 563.

'H NMR (CDCI3, 400 MHz) 64 = 10.32 (s, 1H), 7.57 (d, 1H, J = 2.0 Hz), 7.33 - 7.17 (m, 2H).
13C NMR (CDCI3, 100 MHz) = 187.6, 139.4, 137.5, 127.7, 126.1, 120.7, 118.4.

HR-MS (ESI+) m/z calculated for [C7H4CIN3O]+ = [M]+ 182.01157, found 182.01155.

General procedure (GP-1) for the synthesis of 2-phenyl-2H-indazole:

Azidobenzaldehyde 1 (1 mmol), aniline 2 (1 mmol) were taken in a 10 mL oven dried
schlenck tube and it was closed with stopcock with argon balloon and placed in an external heating
oil bath at 120 °C for 1-3 hrs (oil bath temperature). After completion of the starting material, the
mixture was cooled to room temperature and was purified on a silica gel column chromatography

(hexane/ethylacetate 90:10) which furnished the respective products la-x.

1. General procedure (GP-I11) for the synthesis of 3-nitro-2-phenyl-2H-indazole:

In an oven dried 10 ml schlenck tube, under an oxygen atmosphere, 2-phenyl-2H-indazole
2a-v (1 mmol), Fe(NO3)3-9H,0 (2 mmol), TEMPO (1mmol), were added and followed by
addition of DCE (5 mL). The resulting reaction mixture was stirred at 80 °C for 5-10h under an
oxygen atmosphere. Progress of the reaction was monitored by TLC until the reaction was
completed. The reaction mixture was quenched by addition of ag. NH4ClI solution and extracted
with ethyl acetate (3 x 10 mL). The organic layer was dried (Na.SO4) and concentrated in a

vacuum. Purification of the residue on a silica gel column chromatography using petroleum
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ether/ethyl acetate as (petroleum ether/ethylacetate 97:3 to 95:5) eluent furnished the product nitro
indazole 39a-v.

2. General procedure (GP-II) for the synthesis of Indazolo[2,3-a]quinazoline:

In an oven dried 10 ml schlenck tube, under an argon atmosphere, C3-nitro indazole 3a, 3m, 31
and 3k (Immol) and P(OEt3) (ImL) were added. The resulting reaction mixture was stirred at 80
°C for 1h. Progress of the reaction was monitored by TLC until the reaction was completed. The
reaction mixture was quenched by addition of aq. NH4Cl solution and extracted with ethyl acetate
(3 x 10 mL). The organic layer was dried (Na,SO4) and concentrated in a vacuum. Purification of
the residue on a silica gel column chromatography using petroleum ether/ethyl acetate as
(petroleum ether/ethylacetate 97:3 to 95:5) eluent furnished the product benzimidazoindazole 40a-
d.
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Characterization Data of the Products

7-bromo-2-phenyl-2H-indazole(3f)

Yield : 86%
Mp : 90-92 °C

Physical state : Brown Solid = N@
\N/
Br 3f

IR (MIR-ATR, 4000-600 cm): vmax=3127, 3073, 2924, 2373, 2113, 1635, 1540, 1501, 1291,
903, 806, 729, 645.

'H NMR (CDCls, 400 MHz): 84 =8.34 (s, 1H), 7.93 - 7.84 (m, 2H), 7.79 (td, 1H, J = 1.0, 9.3
Hz), 7.59 - 7.49 (m, 2H), 7.45 - 7.37 (m, H), 7.32 (dd, 1H, J = 1.0, 2.0 Hz), 7.02 (dd, 1H, J =
2.2,9.0 Hz).

13C NMR (CDCls, 100 MHz): 148.0, 140.3, 134.5, 129.6, 128.1, 122.8, 121.0, 120.9, 119.9,
119.8, 107.9.

HR-MS (ESI+) m/z calculated for [C13H19BrN2] © = [M+H] *: 274.0053; found: 274.0053.

7-chloro-2-phenyl-2H-indazole(3g)
Physical state . Yellowish Brown Solid @f\N—Q
Yield  76% N

Mp : 88-90 °C Cl__3g

IR (MIR-ATR, 4000-600 cm-+): vmax= 3051, 2925, 2372, 2115, 1522, 1279, 903, 806, 726, 649.
'H NMR (CDCls, 400 MHz): 8 = 7.02 (dd, 1H), 7.32 (dd, 1H), 7.39 - 7.45 (m, 1H), 7.47 -
7.59 (m, 2H), 7.73 - 7.83 (m, 1H), 7.83 - 7.95 (m, 2H), 8.34 (s, 1H).

13C NMR (CDCls, 100 MHz): 148.0, 140.3, 134.5, 129.6, 128.1, 122.8, 121.0, 120.9, 120.0,
119.8, 107.9.

HR-MS (ESI+) m/z calculated for [C13H10CIN2] * = [M+H] *: 182.0115; found: 182.0121.
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2-(2,5-dimethylphenyl)-2H-indazole(3j)

Physical state : Brown Solid

Yield . 85% _ ‘§i§
s
N
Mp : 60-62 °C .
IR (MIR-ATR, 4000600 cm"): vmax= 3057, 2921, 2858, 1624, 1518, 1469, 1383, 1345, 1292,
1263, 1132, 814, 783, 755, 611.

IH NMR (CDCls, 400 MHz): 81 = 8.11 (s, 1H), 7.86 (d, 1H, J = 8.8 Hz), 7.77 (d, 1H, J = 8.3
Hz), 7.38 (t, 1H, J = 7.8 Hz), 7.34 - 7.11 (m, 4H), 2.41 (s, 3H), 2.24 (s, 3H).

3C NMR (CDCls, 100 MHz): 149.3, 140.1, 136.5, 131.1, 130.4, 129.9, 127.2, 126.4, 124.3,
122.1, 122.0, 120.4, 117.9, 20.8, 17.5.

HR-MS (ESI+) m/z calculated for [C1sH1sN2] © = [M+H] *: 223.1230; found: 223.1231.

2-(3-methylpyridin-2-yl)-2H-indazole(3s)

Physical state : Brownish Yellow Solid

Yield - 80% =\, N=
=\ N\ //

Mp 2 96-98 °C 3s

IR (MIR-ATR, 4000-600 cm+): vmax= 3062, 2921, 2853, 1700, 1655, 1606, 1562, 1515, 1473,
1312, 1143, 1057, 947, 908, 789, 755, 735.

IH NMR (CDCls, 400 MHz): &1 = 8.95 (s, 1H), 8.31 - 8.10 (m, 1H), 7.97 (m, 1H), 7.73 - 7.49
(m, 2H), 7.28 - 7.15 (m, 1H), 7.05 - 6.77 (M, 2H), 2.28 (s, 3H).

13C NMR (CDCls, 100 MHz): 151.9, 150.5, 150.2, 148.0, 127.5, 123.8, 122.6, 122.3, 121.2,
120.7, 118.0, 114.5, 21.2.

HR-MS (ESI+) m/z calculated for [C13H12N3] © = [M+H] *: 210.1026; found: 210.1027.
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1-(3-(2H-indazol-2-yl) phenyl) ethan-1-one(3t)

Physical State > Yellow Solid

'd O ~\
CH3
Yield : 80%
-
I ﬁ
N
3t

Mp : 62-64 °C

IR (MIR-ATR, 4000-600 cm+): vmax= 3062, 2911, 1682, 1586, 1517, 1441, 1387, 1354, 1255,
1052, 782, 752, 733, 682, 589, 541.

IH NMR (CDCls, 400 MHz): 81 = 8.57 - 8.43 (m, 2H), 8.21 - 8.13 (m, 1H), 7.99 (dd, 1H, J =
1.0, 7.8 Hz), 7.81 (dd, 1H, J = 1.0, 8.8 Hz), 7.75 - 7.70 (m, 1H), 7.64 (t, 1H, J = 7.8 Hz), 7.40
-7.31 (m, 1H), 7.19 - 7.09 (m, 1H), 2.71 (s, 3H).

3C NMR (CDCls, 100 MHz): 197.0, 150.0, 140.9, 138.4, 130.0, 127.5, 127.2, 125.2, 123.0,
122.8, 120.5, 120.2, 118.0, 26.8.

HR-MS (ESI+) m/z calculated for [C15H13N20] * = [M+H] *: 237.1022; found: 237.1016.

3-nitro-2-phenyl-2H-indazole (39a)

( )\

. : NO
Physical State : Lemon yellow Solid 2
~ N
Yield : 52 mg, 85% <\
Mp 1 110-112 °C L 39a )

IR (MIR-ATR, 4000-600 cm+): vmax= 3076, 2922, 2851, 1594, 1557, 1490, 1460, 1440, 1382,
1321, 1301, 1266, 1206, 821, 754, 691.

'H NMR (CDCls, 400 MHz): 84 = 8.23 (dt, 1H, Ja=8.3 and Jp= 1.2 Hz), 7.90-7.88 (m, 1H),
7.59-7.51 (m, 7H).

13C NMR (CDCls, 100 MHz): 147, 139, 130, 129, 129, 128, 125, 120, 119, 118.

HR-MS (ESI+) m/z calculated for [C13H10N302] * = [M+H] *: 240.0768; found: 240.0774.
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3-nitro-2-(m-tolyl)-2H-indazole (39b)

Physical Sate > Yellow Solid
NO,
O -
Yield 44 mg, 74% { :©:<N—©
O N
Mp  86-88 °C 390

IR (MIR-ATR, 4000-600 cm+): vmax= 2990, 2882, 1992, 1504, 1476, 1340, 1202, 839, 724,
678;

IH NMR (CDCls, 400 MHz): 8 = 7.55-7.52 (m, 3H), 7.50-7.47 (m, 2H), 7.45 (s, 1H), 7.07 (s,
1H), 6.12 (s, 2H).

3C NMR (CDCls, 100 MHz): 151.3, 150.6, 145, 139.6, 129.7, 129.1, 125.8, 115.8, 102.1, 95.7,
95.4.

HR-MS (ESI+) m/z calculated for [C1aH10N304] © = [M+H] *: 284.0666; found: 284.0670.

6-bromo-3-nitro-2-phenyl-2H-indazole (39c)

Physical Sate : Yellow Solid
NO,
Yield 1 22 mg, 38% = N_@
| ] Br \NI
Mp : 86-88 °C 30¢

. J

IR (MIR-ATR, 4000-600 cm+): vmax= 3106, 2991, 2881, 2314, 1989, 1548, 1504, 1392, 1325,
1207, 816, 725.

'H NMR (CDCls, 400 MHz): 8n = 8.12-8.02 (m, 2H), 7.62-7.58 (m, 4H), 7.52-7.50 (m, 2H).

13C NMR (CDCls, 100 MHz): 147.7, 139.1, 132.5, 130.3, 129.3, 125.8, 122.4, 121.7, 121.6,
116.6.

HR-MS (ESI+) m/z calculated for [C13H9BrNs02] * = [M+H] *: 317.9873; found: 317.9871.
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5-bromo-3-nitro-2-phenyl-2H-indazole (39d)

s N

Physical Sate : Golden yellow Solid
NO,
Yield : 26 mg, 45% Br\©\4( _@
=~ IN
. o N
Mp : 102-104 °C 39d

IR (MIR-ATR, 4000-600 cm+): vmax= 3108, 2873, 2683, 2308, 1989, 1972, 1633, 1539, 1509,
1372, 1341, 1263, 807, 730,701.

'H NMR (CDCls, 400 MHz): 81 = 8.35 (s, 1H), 7.94-7.80 (m, 2H), 7.70-7.65 (m, 1H), 7.56-
7.50 (M, 2H), 7.45-7.34 (m, 2H).

13C NMR (CDCls, 100 MHz): 148.1, 130.5, 129.7, 129.3, 128.3, 125.8, 123.9, 122.5, 121.0,
119.8, 119.7, 116.0.

HR-MS (ESI+) m/z calculated for [C13H9BrNs02] * = [M+H] *: 317.9873; found: 317.9874.

6-chloro-3-nitro-2-phenyl-2H-indazole (39¢)

Physical Sate : Brownish orange Solid
NO,
Yield : 21 mg, 35% = N_@
\NI
Mp : 98-100 °C cl 39¢

IR (MIR-ATR, 4000-600 cm*): vmax = 3055, 2931, 2119, 1687, 1593, 1540, 1492, 1395, 1326,
1263, 731, 702.

IH NMR (CDCls, 400 MHz): 84 = 8.20 (d, 1H, J = 8.3 Hz), 7.62 - 7.54 (m, 3H), 7.54 - 7.49
(m, 2H), 7.47 (d, 1H, J = 1.5 Hz), 7.20 (dd, 1H, Ja = 2.0 and Ja = 8.8 Hz).

13C NMR (CDCls, 100 MHz): 147.5, 140.9, 139.2, 130.2, 129.2, 125.8, 122.9, 122.1, 115.8,
106.6.

HR-MS (ESI+) m/z calculated for [C13HoBrNs02] * = [M+H] *: 317.9873; found: 317.9871.
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7-bromo-3-nitro-2-phenyl-2H-indazole (39f)

Physical Sate
Yield

Mp

: Golden yellow Solid
: 28 mg, 38%

: 102-104 °C

C3-%€ Nitwation. ..

(.

NO,
-
)
~ ¢
o8
Br 39f

IR (MIR-ATR, 4000-600 cm+): vmax= 2921, 2851, 2113, 1648, 1492, 1386, 1345, 1304, 1249,

1182, 893, 808, 757, 645.

IH NMR (CDCls, 400 MHz): 8n = 7.93 - 7.75 (m, 2H), 7.67 - 7.47 (m, 6H), 7.15 (dd, J = 2.0,

9.3 Hz, 1H).

¥C NMR (CDCls, 100 MHz): 145.3, 141.7, 139.4, 130.2, 129.2, 125.8, 122.8, 121.5, 119.1,

107.8.

HR-MS (ESI+) m/z calculated for [C13H9BrNs02] * = [M+H] *: 317.9873; found: 317.9876.

7-chloro-3-nitro-2-phenyl-2H-indazole (399)

Physical Sate
Yield

Mp

IR (MIR-ATR, 4000-600 cm*): vmax= 2921, 2851, 2110, 1594,
1490, 1387, 1303, 1248, 1302, 1147, 907, 834, 738, 688, 600.

: Orange Solid
: 18 mg, 30%

: 104-106 °C

NO,

Cal

~
>

N

Cl 39g

IH NMR (CDCls, 400 MHz): n = 7.93 - 7.78 (m, 2H), 7.64 - 7.49 (m, 5H), 7.19 - 7.13 (m,

1H).

13C NMR (CDCls, 100 MHz): 145.3, 141.7, 139.4, 130.2, 129.2, 125.8, 122.8, 121.5, 119.1,

107.8.

HR-MS (ESI+) m/z calculated for [C13H9BrNs02] * = [M+H] *: 317.9873; found: 317.9870.
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3-nitro-2-(o-tolyl)-2H-indazole (39h)

Physical Sate : Brown Solid; NO,
Yield : 27 mg, 45% ©f<’N
N
Mp : 60-62 °C
39h

IR (MIR-ATR, 4000-600 cm+): vmax= 2923, 2854, 1498, 1459,
1385, 1318, 1202, 821, 755, 720, 635.

IH NMR (CDCls, 400 MHz): & = 8.27-8.25 (m, 1H), 7.91-7.89 (m, 1H), 7.59-7.47 (m, 3H),
7.42-7.37 (m, 2H), 7.32-7.30 (m, 1H), 2.05 (s, 3H).

13C NMR (CDCls, 100 MHz): 147.5, 139.0, 134.6, 131.0, 128.9, 128.3, 126.8, 126.3, 120.4,
119.4,117.3, 17.1.

HR-MS (ESI+) m/z calculated for [C1aH12N302] © = [M+H] *: 254.0924; found: 254.0927.

2-(2,4-dimethylphenyl)-3-nitro-2H-indazole (39i)

Physical Sate : Brown Solid NO,
Yield 45 mg, 75% SN
\NI
Mp : 120-122 °C
39i

IR (MIR-ATR, 4000-600 cm+): vmax= 3018, 2923, 2203, 1558,
1499, 1386, 1319, 1212, 1118, 1042, 826, 755, 612.

IH NMR (400 MHz, CDCls): 81 = 8.25 - 8.23 (m, 1H) 7.90 - 7.87 (m, 1H) 7.46 - 7.61 (m, 2H)
7.15 - 7.23 (m, 3H) 2.44 (s, 3H) 2.00 (s, 3H).

13C NMR (100 MHz, CDCls): 147.39, 140.48, 136.60, 134.19, 131.65, 128.81, 128.25, 127.45,
126.11, 120.48, 119.44, 117.40, 21.32, 17.02.

HR-MS (ESI+) m/z calculated for [C15H14N302] " = [M+H] *: 268.1081; found: 268.1083.
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2-(2,3-dimethylphenyl)-3-nitro-2H-indazole (39j)

Physical Sate : Brown Solid ( )
NO,
Yield 142 mg, 70% @NQ
N
Mp : 140-142 °C 39j

IR (MIR-ATR, 4000-600 cm+): vmax= 3073, 2981, 2317, 1558,
1501, 1474, 1388, 1321, 1199, 822, 755.

IH NMR (400 MHz, CDCls): 81 = 8.22 - 8.28 (m, 1H), 7.86 - 7.92 (m, 1H), 7.49 - 7.61 (m,
2H), 7.38 (d, 1H, J = 7.82 Hz), 7.27 - 7.30 (m, 1H), 7.16 (d, 1H, J = 7.82 Hz), 2.39 (s, 3H),
1.89 (s, 3H).

13C NMR (100 MHz, CDCls): 147.38, 139.14, 138.46, 133.22, 131.71, 128.85, 128.29, 126.18,
124.01, 120.48, 119.45, 117.33, 20.25, 13.96.

HR-MS (ESI+) m/z calculated for [C1sH14N3O2] © = [M+H] *: 268.1081; found: 268.1083.

2-(2,5-dimethylphenyl)-3-nitro-2H-indazole (39k)

Physical Sate : Orange Solid NO,
Yield : 30 mg, 50% ©\4<N
\NI
Mp 1 68-70 °C
39k

IR (MIR-ATR, 4000-600 cm"): vmax= 3032, 2916, 1938,
1610, 1489, 1385, 1306, 1196, 821, 784, 750.

IH NMR (400 MHz, CDCls): 8 = 8.22 - 8.28 (m, 1H), 7.86 - 7.93 (m, 1H), 7.48 - 7.60 (m,
2H), 7.24 - 7.32 (m, 2H), 7.13 (s, 1H), 2.39 (s, 3H), 2.00 (s, 3H).

3C NMR (100 MHz, CDCls): 147.4, 138.9, 136.8, 131.3, 131.1, 130.8, 128.8, 128.3, 126.7,
120.5, 119.4, 117.3, 20.8, 16.6.

HR-MS (ESI+) m/z calculated for [C15H14N302] * = [M+H] *: 268.1081; found: 268.1074.
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2-(4-methoxyphenyl)-3-nitro-2H-indazole (391)

Physical Sate - Yellow solid
Yield : 57 mg, 95%
Mp : 130-132 °C

IR (MIR-ATR, 4000-600 cm+): vmax= 2993, 2944, 2839,
1800, 1602, 1509, 1387, 1324, 1301, 1255, 832, 749.

C3-%€ Nitwation. ..
NO,
-
-, OMe
N
391

IH NMR (400 MHz, CDCl3): 8 = 8.17 - 8.22 (m, 1H), 7.84 - 7.89 (m, 1H), 7.48 - 7.55 (m,

2H), 7.42 - 7.48 (m, 2H), 7.03 - 7.07 (m, 2H), 3.90 (s, 3H).

13C NMR (100 MHz, CDCls): 160.7, 147.1, 132.3, 128.8, 128.3, 127.1, 120.4, 119.3, 118.2,

114.3,55.7.

HR-MS (ESI+) m/z calculated for [C1aH12N3O3] * = [M+H] *: 270.0873; found: 270.0877.

3-nitro-2-(p-tolyl)-2H-indazole (39m)

Physical Sate : Light yellow solid
Yield : 58 mg, 96%
Mp : 148-150 °C

IR (MIR-ATR, 4000-600 cm+): vmax= 3075, 2992, 2945, 2315, 1537, 1509, 1389, 1324, 1301,

1209, 1145, 820, 750, 663.

'H NMR (CDCls, 400 MHz): 8n = 8.21 (dt, 1H, J= 8.31, 1.22 Hz), 7.80 - 7.95 (1H, m), 7.45 -

7.63 (2H, m), 7.32 - 7.45 (4H, m), 2.48 (3H, s).

13C NMR (100 MHz, CDCls): 147.2, 140.4, 137.0, 129.8, 128.9, 128.3, 125.6, 120.4, 119.4,

118.2, 21.4.

HR-MS (ESI+) m/z calculated for [C1aH12N302] * = [M+H] *: 254.0924; found: 254.0925.
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2-(3-methoxyphenyl)-3-nitro-2H-indazole (39n)

Physical Sate
Yield

Mp

IR (MIR-ATR, 4000-600 cm~): vmax= 3075, 2942, 2836, 2317,
1606, 1495, 1437, 1386, 1319, 1242, 1206, 1132, 1035, 821, 754.

: Yellow solid
: 44 mg, 74%

: 120-122 °C

C3-%€ Nitwation. ..

NO, OMe
-
S ¢
N
39n

J

IH NMR (400 MHz, CDCls): 81 = 8.12 - 8.22 (m, 1H), 7.80 - 7.90 (m, 1H), 7.40 - 7.58 (m,
3H), 7.01 - 7.14 (m, 3H), 3.86 (s, 3H).

3C NMR (100 MHz, CDCls): 160.1, 147.3, 140.4, 130.0, 129.0, 128.4, 120.4, 119.4, 118.1,

118.1, 116.2, 111.5, 55.7.

HR-MS (ESI+) m/z calculated for [C1aH12N3O3] * = [M+H] *: 270.0873; found: 270.0873.

3-nitro-2-(m-tolyl)-2H-indazole (390)

Physical Sate
Yield

Mpl22

: Lemon yellow solid
48 mg, 79%

124 °C

(.

NO,

-

>

N
390

/

IR (MIR-ATR, 4000-600 cm*): vmax= 2952, 2830, 1504, 1449, 1385, 1320, 1196, 1117, 822,

754, 654.

IH NMR (400 MHz, CDCls): 81 = 8.15 - 8.24 (m, 1H), 7.82 - 7.90 (m, 1H), 7.40 - 7.55 (m,
3H), 7.27 - 7.40 (m, 3H), 2.46 (s, 3H).

13C NMR (100 MHz, CDCls): § 147.3, 139.5, 139.5, 130.9, 129.0, 128.9, 128.4, 126.3, 122.9,

120.4, 119.3, 118.2, 21.3.

HR-MS (ESI+) m/z calculated for [C1aH12N302] * = [M+H] *: 254.0924; found: 254.0925.
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3-nitro-2-(3,4,5-trimethoxyphenyl)-2H-indazole (39p)

Physical Sate : Reddish yellow solid NO, OMe
Yield : 50 mg, 88% @NQOMe
N
Mp 1 142-144 °C OMe
39p

J

IR (MIR-ATR, 4000-600 cm+): vmax= 3002, 2943, 2832, 1600, 1503, 1461, 1334, 1309, 1126,
838, 752.

'H NMR (400 MHz, CDCls): 8 = 8.21 (d, 1H, J = 7.34 Hz), 7.88 (d, 1H, J = 7.83 Hz), 7.49 -
7.59 (m, 2H), 6.74 (s, 2H), 3.94 (s, 3H), 3.89 (s, 6H).

3C NMR (100 MHz, CDCls): 153.5, 147.2, 139.4, 134.9, 129.1, 128.5, 120.4, 119.3, 118.1,
103.6, 61.1, 56.4.

HR-MS (ESI+) m/z calculated for [C16H16N30s] * = [M+H] *: 330.1084; found: 330.1089.

2-(4-iodophenyl)-3-nitro-2H-indazole (39q)

Physical Sate : Yellow solid NO,

-
Yield 44 mg, 77% \N'N |
Mp : 136-138 °C 39q

IR (MIR-ATR, 4000-600 cm*): vmax= 3065, 2922, 2852, 2203, 1495, 1386, 1322, 1207, 779,
727.

IH NMR (400 MHz, CDCls): 84 = 8.21 (d, 1H, J = 8.3 Hz), 7.97 - 7.82 (m, 3H), 7.60 - 7.47
(m, 2H), 7.28 (d, 2H, J = 8.3 Hz, 2H.

13C NMR (100 MHz, CDCls): 147.6, 139.2, 138.4, 129.3, 128.7, 127.6, 120.4, 119.4, 118.3,
96.

HR-MS (ESI+) m/z calculated for [C13HgN3O21] " = [M+H] *: 365.9734; found: 365.9739.
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2-(4-chlorophenyl)-3-nitro-2H-indazole (39r)

s N

Physical Sate - Yellow solid NO,

Yield 39 mg, 65% ©f<’N_©_C|
N

Mp : 132-134 °C 30r

J

IR (MIR-ATR, 4000-600 cm+): vmax= 3054, 2922, 2854,
1771, 1684, 1572, 1507, 1457, 1264, 730, 702, 518.

IH NMR (400 MHz, CDCl3): 81 = 8.21 (d, 1H, J = 8.31 Hz), 7.88 (d, 1H, J = 8.31 Hz), 7.45 -
7.58 (M, 6H).

13C NMR (100 MHz, CDCls): 147.5, 137.9, 136.3, 129.5, 129.3, 128.7, 127.2, 120.4, 119.4,
118.3.

HR-MS (ESI+) m/z calculated for [C13HsN3O2CI] " = [M+H] *: 274.0378; found: 274.0387.

2-(4-bromophenyl)-3-nitro-2H-indazole (39s)

Physical Sate : Yellow solid NO,
Yield : 42 mg, 72% - N_Q_Br
> /
M : 160-162 °C :
P S 39s

IR (MIR-ATR, 4000-600 cm*): vmax= 3159, 3098, 2919,
1929, 1770, 1494, 1387, 1310, 1207, 832, 752, 604, 582.

IH NMR (400 MHz, CDCls): 81 = 8.22 (d, 1H, J = 8.80 Hz), 7.88 (d, 1H, J = 8.31 Hz), 7.71
(d, 2H, J = 8.31 Hz), 7.47 - 7.59 (m, 2H), 7.42 (d, 2H, J = 8.31 H2).

13C NMR (100 MHz, CDCls): 147.5, 138.4, 132.4, 129.3, 128.7, 127.5, 124.3, 120.4, 119.4.

HR-MS (ESI+) m/z calculated for [C13HgN3O2Br] * = [M+H] *: 317.9873; found: 317.98609.
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2-(4-fluorophenyl)-3-nitro-2H-indazole (39t)

Vs

Physical Sate > Yellow solid NO,
A O
Yield : 21mg, 35% ©j<N—©—F
> 7
N
Mp : 190-192 °C 39t

(.

IR (MIR-ATR, 4000-600 cm+): vmax= 3076, 2923, 2853, 1599, 1505, 1493, 1391, 1312, 1236,
1312, 1264, 1209, 838, 753, 731.

IH NMR (400 MHz, CDCl3): 84 = 8.22 (dt, 1H, Jo= 8.31 and Jp= 1.22 Hz), 7.85 - 7.90 (m, 1H),
7.48 - 7.58 (m, 4H), 7.23 - 7.30 (m, 2H).

3C NMR (100 MHz, CDCls): 164.5, 162.0, 147.4, 135.5, 129.2, 128.6, 128.0, 127.9, 120.4,
119.4, 118.2, 116.4, 116.2.

HR-MS (ESI+) m/z calculated for [C13HgN3O2F] + = [M+H] *: 258.0673; found: 258.0676.

2-(3-methylpyridin-2-yl)-3-nitro-2H-indazole (39u)

Physical Sate : Brown solid NO,
Yield : 30 mg, 50% N N=
SN N\ //
Mp : 86-88 °C
39u

IR (MIR-ATR, 4000-600 cm+): vmax= 3074, 2925, 1503, 1461,
1392, 1322, 1304, 1210, 1072, 821, 794, 750.

IH NMR (400 MHz, CDCls): 81 = 8.13 - 8.19 (m, 1H), 7.84 - 7.92 (m, 2H), 7.46 - 7.54 (m,
3H), 7.37 (d, 1H, J = 7.34 Hz), 2.61 (s, 3H).

13C NMR (100 MHz, CDCls): 159.0, 151.0, 147.5, 139.0, 128.9, 128.6, 124.8, 120.1, 119.5,
118.0, 117.0, 24.1.

HR-MS (ESI+) m/z calculated for [C13H11N4O2] * = [M+H] *: 255.0877; found: 255.0884.
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1-(3-(3-nitro-2H-indazol-2-yl)phenyl)ethanone (39v)

( N\

Physical Sate - Yellow Solid

NO,
-
Yield 18 mg, 30% ©:<,N
N
Mp : 168-170 °C 39y CHs;
. O ~

IR (MIR-ATR, 4000-600 cm-): vmax=3073, 2930, 1980, 1686, 1536, 1499, 1388, 1305, 1250,
1142, 822, 754, 688, 588.

IH NMR (CDCls, 400 MHz): 84 = 8.25 - 8.09 (m, 3H), 7.91 - 7.84 (m, 1H), 7.76 - 7.66 (m,
2H), 7.60 - 7.48 (m, 2H), 2.66 (s, 3H).

3C NMR (CDCls, 100 MHz): 196.3, 147.6, 140.0, 138.1, 130.3, 129.8, 129.6, 129.4, 128.8,
125.9, 120.4, 119.4, 118.2, 26.7.

HR-MS (ESI+) m/z calculated for [C1sH12N3O2] © = [M+H] *: 282.0873; found: 282.0879.

2-benzyl-3-nitro-2H-indazole (39w)

Physical Sate : Yellowish brown solid
NO,
Yield : 36 mg, 60% —
N
> 7
Mp 1 74-76 °C N
39w

IR (MIR-ATR, 4000-600 cm+): vmax= 3150, 3036, 1559, 1495,
1440, 1408, 1334, 1287, 1245, 1173, 821, 754, 707.

IH NMR (400 MHz, CDCls): 81 = 8.12 - 8.18 (m, 1H), 7.84 - 7.89 (m, 1H), 7.43 - 7.51 (m,
2H), 7.28 - 7.38 (m, 5H), 6.13 (s, 2H).

13C NMR (100 MHz, CDCls): 146.5, 134.5, 128.9, 128.7, 128.6, 128.1, 127.9, 120.5, 119.2,
118.3, 58.2.

HR-MS (ESI+) m/z calculated for [C1aH12N302] * = [M+H] *: 254.0924; found: 254.0917.
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2-(4-methylbenzyl)-3-nitro-2H-indazole (39x)
Physical Sate : Dark yellow solid

Yield : 26 mg, 43%

Mp 1 82-84 °C

C3-%€ Nitwation. ..

-

(.

-
©5N
~
N
39x

IR (MIR-ATR, 4000-600 cm+): vmax= 3029, 2924, 2854, 1950, 1561, 1495, 1441, 1400, 1335,

1291, 1245, 1170, 1099, 823, 752, 732.

IH NMR (400 MHz, CDCls): 8n = 8.19 - 8.11 (m, 1H), 7.89 - 7.82 (m, 1H), 7.51 - 7.41 (m,
2H), 7.27 (d, 2H, J = 7.8 Hz), 7.12 (d, 2H, J = 7.8 Hz), 6.09 (s, 2H), 2.30 (s, 3H).

13C NMR (100 MHz, CDCls): 146.4, 138.5, 131.6, 129.5, 128.6, 128.1, 127.8, 120.4, 119.2,

118.4, 58.0, 21.2.

HR-MS (ESI+) m/z calculated for [C15H14N302] *= [M+H] *: 268.1081; found: 268.1094.

11H-benzo [4,5] imidazole[1,2-b]indazole (40a)

Physical Sate : Red solid
Yield : 38 mg, 88%
Mp : 40-42 °C

(.

e
=
N

N

40a

J/

IR (MIR-ATR, 4000-600 cm+): vmax= 3398, 3065, 2924, 2853, 1990, 1744, 1585, 1502, 1270,

1148, 1071, 774, 686.

IH NMR (400 MHz, CDCls): 81 = 8.02 - 8.07 (m, 2 H), 7.90 (m, 1 H), 7.85 (m, 1 H), 7.70 (m,

1 H), 7.50 - 7.62 (m, 4 H).

13C NMR (100 MHz, CDCls): 153.2, 152.3, 133.6, 133.4, 132.5, 130.9, 129.3, 123.7, 117.1,

116.9, 113.2.

HR-MS (ESI+) m/z calculated for [C1sH10N3] * = [M+H] *: 208.0869; found: 208.0865.
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1-methyl-11H-benzo[4,5]imidazo[1,2-b]indazole(40Db)
Physical Sate : Red solid

Yield : 28 mg, 68%

Mp : 42-44 °C

C3-%€ Nitwation. ..

Me
N
e
N
40b )

IR (MIR-ATR, 4000-600 cm): vmax= 3053, 3922, 2854, 2230, 1593, 1477, 1433, 1264, 1095,

883, 764, 734, 686.

IH NMR (400 MHz, CDCl3): 8 = 7.82 - 7.91 (m, 4H), 7.70 (m, 1H), 7.55 (m, 1H), 7.40 - 7.46

(m, 1H), 7.34 - 7.38 (m, 1H), 2.47 (m, 3H).

13C NMR (100 MHz, CDCls): § 153.3, 152.3, 139.2, 133.6, 133.3, 133.3, 130.7 129.1, 123.8,

121.3,117.2, 116.9, 112.9, 21.3.

HR-MS (ESI+) m/z calculated for [C14aH12N3] * = [M+H] *: 222.1026; found: 222.1030.

2-methoxy-11H-benzo[4,5]imidazo[1,2-b]indazole(40c)

Physical Sate : Red solid
Yield : 30 mg, 70%
Mp : 100-102°C

IR (MIR-ATR, 4000-600 cm™): vmax= 3398, 3091, 2955, 2923, 2230, 2172, 1598, 1504,

1262, 1146, 1023, 838, 768, 743, 604.

'H NMR (400 MHz, CDCls): 81 =8.00 - 8.06 (m, 2H), 7.80 - 7.90 (m, 2H), 7.64 - 7.71 (m, 1H),

7.47 - 7.53 (m, 1H), 7.01 - 7.07 (m, 2H), 3.91 (m, 3H).

13C NMR (100 MHz, CDCls): 163.3, 153.5, 146.8, 133.5, 133.3, 130.2, 125.9, 117.1, 117.0,

114.4,112.6, 55.7.

HR-MS (ESI+) m/z calculated for [C14H12N3O] * = [M+H] *: 238.0975; found: 238.0982.
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1-methoxy-11H-benzo[4,5]imidazo[1,2-b]indazole(40d)

Physical Sate : Red solid y OMe
N
Yield : 37 mg, 85%
O
> IN
Mp : 64-66 °C N
40d

IR (MIR-ATR, 4000-600 cm+): vmax= 3398, 3077, 2934, 2229,
1989, 1955, 1601, 1487, 1478, 1284, 1257, 1132, 1040, 862, 766, 681.

IH NMR (400 MHz, CDCls): 81 = 7.94 - 7.82 (m, 2H), 7.74 - 7.64 (m, 2H), 7.60 - 7.53 (m,
2H), 7.46 (t, J = 8.1 Hz, 1H), 7.11 (td, J = 1.7, 8.4 Hz, 1H), 3.91 (s, 3H).

3C NMR (100 MHz, CDCls): 160.4, 153.5, 153.1, 133.7, 133.4, 130.9, 130.0, 119.5, 118.3,
117.2,116.9, 113.2, 106.1, 55.5.

HR-MS (ESI+) m/z calculated for [C14H12N30] " = [M+H] *: 238.0975; found: 238.0980.
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CHAPTER 3

Regioselective C3-H trifluoromethylation of

2H-1ndazole under transition-metal-free

photoredox catalysis

3. 1. Introduction

3. 1. 1. Importance of Fluorine Compounds

Halo-organic compounds are typically considered as sites of high electron density
because of their high electronegativity. In general, the halogen atoms can form attractive
interaction due to electron donor sites (i.e. nucleophiles).1 Among them, the C-F bond finds
important application in the field of synthetic and medicinal chemistry, Which is owed to the

similar size and increased electronegativity of fluorine over hyderogen.?

Prozac

Figure 1. Biologically active Trifluoromethyl Compounds

In this context, the trifluoromethyl group represents important structural motif in
agrochemicals, pharmaceuticals, and drug candidates. The CFz moieties can enhance in
metabolic stability, increase lipophilicity, bioavailability, and hydrolytic stability. Further, the
trifluoromethyl-containing organic compounds are commonly applied in material such as

liquid crystals.?
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3.2. BACKGROUND

3.2.1. Various Trifluoromethylating Reagents

Over the past decade, due to the importance of trifluoromethylation process, several
methods have been developed, using various radical, nucleophilic, and electrophilic
trifluoromethylating agents such as CFsl,* CF3sSOCl,> CFsCOOH,® Ruppert-Prakash reagent
(TMSCFs3),” Tognis’ reagent,> Umemotos’ reagent® and Baran reagent (CF3SO2)2Zn*° and
Langlois’ (CF3SO2Na).!t

David W. C. MacMillan et al. has developed a mild and operationally simple method
for the synthesis of a-trifluoromethylation 2 of enolsilanes 1 and it has been achieved via
Photoredox catalysis strategy. Here, they have used ruthenium for photocatalysis and

trifluoroiodomethane as a trifluoromethyl source (Scheme 1).4

Q R3SiOH o

R-J\ - R.JH/CFS
R"  CFsl, Ru(bpy)** R
i
1 PrEtn, H,O, THF 2 (92%)
Scheme 1

Oliver Reiser et al. have developed copper Phenanthroline Photoredox Catalyzed
trifluoromethylation of the alkene 3 for the synthesis of trifluoromethyl alkane 4. In this
method, [Cu(dap)2]CI plays a dual role such as electron transfer reagent as well as coordinating
the reactants in the bond forming processes. Here, they have used CFsSO:Cl as a

trifluoromethylation source with concurrent loss of sulfur dioxide. (Scheme 2).°

Visible light

Cl
Cu(dap),Cl
CF3S0,ClI
3 4 (84%)
p
Scheme 2

Yanghui Zhang et al. have demonstrated silver- catalysed direct C-H
trifluoromethylation of arenes 5 for the synthesis of trifluoromethylarenes 6 using

trifluoroacetic acid as a Trifluoromethylating source. (Scheme 3).°6
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CF;
AgoCO3, K3S,0g,
© CF,COOH
H,SO,, MeCN
5 120°C, 10 h 6 (69%)
Scheme 3

Jin-Quan Yu and co-workers developed a copper(ll)-promoted synthesis of
trifluoromethyl substituted arenes 8 through direct ortho C-H trifluoromethylation of arenes
and heteroarenes 7. The Ruppert—Prakash reagent (TMSCF3) as a trifluoromethylation reagent
and the present copper(ll) catalysed C-H activation reaction completes within 30 minutes.
(Scheme 4).”

o]

o
NHAr
Cu(OAc),, AgCO
d . Tmscr, CU(OA%kz AgCOy dNHZAr
H KF, DMSO CF,
7 8 (71%)
Scheme 4

Jing Ma et al. developed the first visible-light induced radical trifluoromethylation of
free anilines 9 using iridium as the photocatalyst. In this method, they have used Togni reagent
10 as a CFs radical source and it is commercially available and easy to handle (Scheme 5).2

NH,

/
\ r(ppy)s, Blue LED CF;
DMF, rt

1 (38-81%)

Scheme 5

Sangit Kumar and co-workers reported a copper-catalyzed trifluoromethylation of
alkenes 12 to the construction of trifluoromethylated benzoxazines 14 with a simple base and
ligand-free condition. In this method, Umemotos’ reagent 13 is used as a CF3 radical source

and it involves tandem C—O and C—CF3 bond constructions (Scheme 6).°
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R O O f 3C 3
. O] CU|, DMSO (:640

NH S o — P
A CF; BF, 80°C,N, N” R
0”7 R
12 13 14 (68%)

Scheme 6

Yuta Fujiwara et al. invented a new reagent for the difluoromethylation of organic
substrates as Baran reagent (Zn(SO2CF2H)., DFMS) 16 and it proceeds through the radical
process. Moreover, this method is mild and operationally simple. This method is compatible

with a wide range of nitrogen-containing heteroarene substrates of varying complexity

(Scheme 7).10
TBHP, TFA CFoH
+ Zn(OSOCF,H), >
CH2CI2:H20

15 16 17 (66%)

Scheme 7

Bernard R. Langlois et al. developed a trifluoromethylation method for the electron-
rich aromatic compounds with trifluoromethanesulfinate used as CFs radical source. In this
method, they have used t-butyl hydroperoxide as an oxidant and catalytic amount copper
controlling the monotrifluoromethylation whereas mono- and the bis-trifluoromethylated

product was observed almost same as in the absence of copper(l1) (Scheme 8).11

R R
CF;SO,Na, TBHP

»~ CF,
Cu(OS0O,CF3),
18 CH3CN/H,0,20°C 19 (90%)

Scheme 8
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3.2.2. Trifluoromethylation using Langlois’ reagent

Among these, Langlois’ reagent is benchtop-stable, inexpensive, easy to handle and
convenient reagent for trifluoromethylation. Despite these developments, the approach for

radical trifluoromethylation of arenes and heteroarenes have achieved over the past years.

Zhong-Quan Liu et al. developed a copper-catalyzed decarboxylative
trifluoromethylation of several o,B-unsaturated carboxylic acids 20 for the synthesis of
trifluoromethyl alkenes 21 with Langlois’ reagent which is a stable and inexpensive solid, easy

to handle reagent for trifluoromethylation (Scheme 9).%2

CF3SO,Na, TBHP
> Ar

Ar\/\COOH CF3

CUSO4'5H20
20 21 (41-85%)

Scheme 9
Bernard R. Langlois and co-workers developed trifluoromethylation of alkene bromide
22 for the synthesis of the corresponding trifluoromethyl substituted alkene 23 using sodium

trifluoromethanesulfinate with t-butyl hydroperoxide as an oxidant (Scheme 10).13

CF3SOzNa/TBHP
\/\Br - F3C/\/
(NH4)2S,03, Cu(OSO,CF3),
22 CH4CN, 20 °c 23 (66%)
Scheme 10

Debabrata Maiti et al. discloses the synthesis of a-CFz-substituted ketones 25 through
oxidative trifluoromethylation of unactivated olefins 24 with inexpensive and stable CF3SO2Na
as the CF3 source. This reaction can be carried out in room temperature and open flask (Scheme
11).14

CF,
H\ﬁ CF3SO,Na o Y\
Z "R - R
R AgNO3/K23208 R
DMF, RT, air
24 25 (85%)
Scheme 11
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Aiwen Lei et al. discovered the oxytrifluoromethylation of alkenes 27 through an
aerobic Cvinyi—heteroatom bond oxygenation of unactivated alkene 26. This method could
eliminate the assistance of additional transition-metal catalysts or stoichiometric amounts of
organic oxidants and here, molecular oxygen and catalytic amounts of K>S>Og could activate
the CF3SO2Na (Scheme 12).1°

CF;
CF3;SO,Na
R AgNO3/K28208 R
26 DMSO, 45 'C, air 27 (92%)

Scheme 12
In 2017, Sangit Kumar et al. developed visible-light-induced dehydrogenative cascade
trifluoromethylation and oxidation of 1,6-enynes 28 with green solvent water. This method
provides an oxidant and metal-free reaction condition for the synthesis of CFs-containing C3-

aryloyl/acylated benzofurans, benzothiophenes, and indoles (Scheme 13).1

o o
9 0
e :
Z 29 CF,
- A\
Visible light S
S CF3SO,Na
28 CH3CN/H,0 30 (36-76%)
Scheme 13

Norio Shibata et al. reported a transition-metal-free direct oxidative trifluoromethylation of
unsymmetrical biaryls 31 for the synthesis of CFs functionalized biaryls 32 using CF3SO2Na
as a CFz radical source, and they have achieved a simple combination of
trifluoromethanesulfinate and phenyliodine bis(trifluoroacetate). This method selectively

observed for the electron-rich arenes (Scheme 14).Y7

EDG EDG

EDG NaSO,CF, EDG
O PIFA -
HFIP, r.t., 5 min
F4C O
EDG EDG
32 (60%)

31
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Scheme 14

Hua Fu et al. developed a metal-free synthesis of indolin-2-one 35 through trifluoromethylation
and arylation of alkenes 33 and it is a novel, simple and highly efficient method for the
synthesis of 3-(trifluoromethyl)-indolin-2-one derivatives. Here, they have used inexpensive
and easily stored Langlois’ reagent 34 (sodium trifluoromethanesulfinate) as the
trifluoromethyl source and iodobenzene diacetate [Phl(OAc),] as the oxidant (Scheme 15).18

3
1 Rf . cr.son, _P'DA.DCE 1 CF;
a S -
R OF2N8 100°C, Ny 240 R 0o
N0 34 N
R2

33 35 (81%)

Scheme 15

3.2.3. Photoredox catalysis

In recent years, the visible light induced photoredox catalytic activation of organic
molecules has been established as a powerful strategy in modern organic synthesis which
provide attractive features, like mild, environmentally benign, excellent functional group
tolerance, and high reactivity.!® The photoredox strategy can involve via single-electron-
transfer (SET) process upon irradiation with visible light using metal complexes and organic
dyes as photocatalyst.?’ Moreover, the usage of organic dyes is inexpensive and easy to handle
as photoredox catalysts, and hence this would be an excellent substitute to inorganic transition-

metal photocatalyst.

+e -
A - A
- +
A © - A
+e o-— . -
A-B >~ AB — » A+B
-e o+ .
A-B » AB —» A+B
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Figure 1. Reactivity Patterns of SET Processes

. Coupling
A+B ~ AB
+ +
e A
SETor ET
+
A ° - A
SETor ET
Atom Transfer :
A+B-C ~ AB+C
Group Transfer
. Addition .
A +B=C = A-B-C
3-scission

Figure 2. Reactivity Pattern of Radicals

3.2.4. C3-H functionalization of 2H-indazole

Nitrogen-containing heterocycle compounds have gained significant importance in
natural products and they exhibit a wide range of biological activities.?* Among them, indazoles
are broadly known for their bioactivities?® such as antitumor,?® antimicrobial,?* anti-
inflammatory,? anti-HIV,% anti-platelet?” and anti-contraceptive.?® Considering the immense
importance of derivatives of 2H-indazoles, extensive efforts have been devoted for the

synthesis and functionalization of 2H-indazole.?°

Kyungsoo Oh et al. reported the silver catalyzed the synthesis of acyl functionalized
2H-indazole 38 via direct acyl radical addition to 2H-indazole 36 using Decarboxylative Cross-
Coupling of o-Keto Acids 37 (Scheme 16).%

R3
HO i NS ’
- 3 a
N 0 23°C N
36 37 38 (25-83%)

Scheme 16
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Later, Alakananda Hajra et al. developed a metal-free visible-light-induced
phosphonylation of 2H-indazoles 36 with diphenylphosphine oxide 39 for the synthesis of
phosponyl substituted 2H-indazole 40 and they have used rose bengal as an organophotoredox
catalyst under ambient air at room temperature (Scheme 17).3!

Ar
O=p
o rose bengal ~Ar

= I blue LED —= )

R’ _ N-R?® +  H-P-Ar ~ R _ N-R
N Ar DBU, CH3CN/H,0 N
36 39 air, 16 h 40 (90%)

Scheme 17

Recently, Alakananda Hajra et al. developed the iron-catalysed synthesis of 2-phenyl-
3-thiocyanato-2H-indazole 43 through thiocyanation of 2H-indazole 41 mediated by Potassium

persulfate at environmentally benign reaction conditions (Scheme 18).%

SCN
_— FeCls/K28208 _—
R1©f\N‘Af +  NH,SCN ~ R  N-Ar
<\ CH4CN, rt N
air
a1 42 43 (87%)
Scheme 18

Very recently, Hajra and coworkers described a new approach for the metal-free direct
C3-trifluoromethylation of 2H-indazole 36 with access to trifluoromethyl functionalized 2H-
indazole 44 mediated by peroxide. This reaction mechanism proceeds through a radical

pathway. (Scheme 19).3

CFs
_ TBHP =
_ N-R + CF;SONa ——— _ N-R
N DMSO, 60 °C N
36 34 12 h 44 (85%)

Scheme 19
The transition metal catalyst, peroxides and high temperatures are somewhat disadvantages for

the C3-H functionalization of 2H-indazoles. Encouraged by the significant advances in the

recent radical C-H functionalization,® our group initiated the research on the C-H
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functionalization of indazoles.®® Herein, we report a novel metal-free visible light promoted

organic dye catalyzed regioselective C3-trifluoromethylation of 2H-indazole.

3.3. Results and Discussion

Table 1. Optimization of Reaction Conditions for the Synthesis of 44a2P
H CF3

_ Photocatalyst, Oxidant —
~ /N ~ /N
N N

CF3 Source, Solvent,

41 24 h, rt a4
entry catalyst oxidants CF3 Source Solvent |yield (%)’
1 rosebengal PIDA NaSO2CF3 DCM 60
2 rosebengal K2S208 NaSO2CF3 DCM nd
3 rosebengal TBHP NaSO2CF3 DCM n.d
4 rosebengal IBA-OAC NaSO2CF3 DCM Trace
5 rosebengal PhIO NaSO2CF3 DCM Trace
6 rosebengal - NaSO2CF3 DCM ND
7 - PIDA NaSO2CF3 DCM Trace
8 Ru(bpy)sCl> PIDA NaSO2CF3 DCM Trace
9 Ir(ppy)s PIDA NaSO2CF3 DCM Trace
10 eosin-Y PIDA NaSO2CF3 DCM 50
11 rhodamine B PIDA NaSO2CF3 DCM Trace
12 Methylene blue PIDA NaSO.CF3 DCM 75
13 azure-B PIDA NaSO2CF3 DCM 55
14 riboflavin PIDA NaSO2CF3 DCM Trace
15 methylene blue PIDA NaSO2CF3 CH3CN 30
16 methylene blue PIDA NaSO2CF3 DCE 50
17 methylene blue PIDA NaSO.CF3 Acetone Trace
18 methylene blue PIDA NaSO2CF3 DMSO nd
19 methylene blue PIDA NaSO2CF3 Toluene nd
20 methylene blue PIDA NaSO2CF3 MeOH nd
21 methylene blue PIDA NaSO2CF3 EtOH nd
22 methylene blue PIDA NaSO2CF3 Dioxane n.d
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23 methylene blue PIDA NaSO2CF3 DMF n.d
24 methylene blue PIDA TMSCF3 DCE n.d
25 methylene blue PIDA ICH2CF3 DCE n.d
26 methylene blue PIDA CF3SOClI DCE n.d

8Reaction conditions:41 (1 mmol), methylene blue (1 mol%), PIDA (2 mmol), NaSO,CFs; (2 mmol), DCM
(1 mL), 60 W CFL blub, rt, 24h. "Isolated yield of chromatographically pure products. n.d= not detected.

In the initial experiments, we have chosen 2-phenyl-2H-indazole as the model substrate,
Langlois’ reagent as radical CF3z source and phenyliodine(lll) diacetate (PIDA) as an oxidant
with 2 mol% rose bengal as a photocatalyst in MeCN and irradiated with 60 W Compact
Fluorescent Bulb (CFL) at room temperature for 24 h. Delightfully, we observed C3-
trifluoromethylated product 44a with 60% yield (Table 1, entry 1). Then, the effect of other
oxidants such as K»>S;0g, TBHP, IBA-OAc, and PhlO was examined (table 1, entry 2-5).
Unfortunately, our attempts went in vain. To improve the reaction efficiency in terms of yield,
we have tested the various photocatalysts. Among all, methylene blue (Table 1, entry 12) was
found to be effective photocatalyst and provided the desired product 44a with 75% vyield.
Among the solvents screened (table 1, entry 15-23), DCM was found to be the most efficient
solvent for this strategy. To improve the yield, a variety of CF3 sources were examined, but

without much success (table 1, entry 24-26).

With the established optimized reaction conditions (table 1, entry 12), we have
examined the scope of this protocol with various substitutions on 2H-indazoles (table 2).
Initially, we checked the halogen substitution on 2H-indazole (44b-h). The presence of halogen
at C5 and C6-positions of 2H-indazoles (44b-d) gave poor yields. The halogen substituent at
para position of the amine partner of 2H-indazoles (44e-h) gave 45% to 68% yields. Likewise,
the amine partner of 2H-indazoles bearing electron-donating groups (-Me, -OMe) resulted in
the products with very good yields (44i-n & 44p). This might be due to the increased electron

density at C3-position of 2H-indazole. This observation was similar to our earlier report.2’
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However, the electron donating groups (-Me, -OMe) at ortho position (44i, 44j) gave moderate
yields; this is due to the steric hindrance of the ortho substitution. We observed poor vyield,
while the electron-withdrawing group substituted on 2H-indazole (440), because the electron
density might be reduced at C3-position on 2H-indazole. In the case of benzylamine partner,

the C3-H trifluoromethylated indazoles (44r, 44s) were obtained in low yield.

Table 2. Substrate scope for the C3-trifluoromethylation of 2H-indazole 20

H methylene blue o
1_</VL/(N @ NaSO,CFs, PIDA R1_©f(N @
=y N\ 7°R, CFL 60W, DCM, NN 7R,
a1 44

tt, 24 h

= —
R—Of ) @ O CE( @
= 44a 75% = 44e 45% R = 0-CHj 44i  45%
R=6-Cl 44b 35% R=ClI 44f 53% = 0-OMe 44j 42%
R=6-Br 44c 37% R=Br 44g 62% R = m-CHj 44K 64%
R=5Br 44d 43% R=1  44h 68% R=m-OMe 44l 70%
R = p-CHs 44m 83%
CF4 CF; R=p-OMe  44n 83%
Br _ R =m-(CO)CH; 440 40%
= N
\N,N@ <N R=o0,m, p-OCH, 44p 80%
H,C
44q (42%) R

R=H  44r 55%
R=CH, 44s 45%

#Reaction Conditions: 1a (1 mmol), methylene blue (1 mol%), PIDA (2 mmol), NaSO.CF3

(2 mmol), DCM (1 mL), 60 W CFL blub, rt, 24h. Plsolated yield of chromatographically pure
products.

Due to the presence of 2H-indazole skeleton in various biologically relevant compounds, we
have also evaluated the scalability of our protocol. Consequently, when we performed the

reaction on 1g scale, it produced the C3-trifluoromethylation of 2H-indazole 44a with 69%

yield (Scheme 2).
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H CF3
methylene blue (1 mol%)
N PIDA (2 equiv.) N
41a CFL 60 W, DCM, rt, 24 h 44a
1 g, 5.15mmol 0.932 g, 69 %

Scheme 20. Gram-scale synthesis of 2-phenyl-3-(trifluoromethyl)-2H-indazole (44a).

To investigate the reaction mechanism, we performed few control experiments as
shown in scheme 21. We observed that 2-phenyl-2H-indazole 41a failed to produce the
corresponding trifluoromethylation product 44a in the presence of radical scavengers such as
TEMPO, BHT and BQ. Also, we observed the intermediate C and TEMPO-CF3 adduct in *°F
NMR. These results indicate that the reaction mechanism proceeded through the radical
pathway as depicted in scheme 4. Moreover, we have performed NMR experiments to confirm
intermediates, however we did not observe the peaks corresponding to any hypervalent iodine
complexes other than iodobenzene peaks in NMR spectra. In addition, we measured the redox
potentials for the 2H-indazole 41a (Eres =—0.71 V vs Ag/AgCl), Langlois’ reagent (Ereg =—1.39
V vs Ag/AgCl), photocatalyst (PC) (Erea = —1.74 V vs Ag/AgCl), using cyclic voltammetry
(see SI) and reduction potential for excited state photocatalyst (PC*) (Ereq = 1.60 V vs
Ag/AgCl).2° The reduction potentials of 2H-indazole and excited state photocatalyst (PC*)
clearly signifies that 2H-indazole 41a has the potential to transfer a single electron to excited

state photocatalyst (PC¥*), thus supporting the proposed mechanism.

H CF5

— Standard Conditions —

S N dical = N ’}l
N radical scanvenger N oo

41a (2.0 equiv) 44a CF,4
TEMPO = 0% TEMPO-CF;,
BHT =0% 19 _
BQ = Trace F NMR =-78.21 ppm

Scheme 21. Control Experiments

Based on the control experiment results and the previous literature reports,?” a plausible
reaction mechanism of the present trifluoromethylation of 2-phenyl-2H-indazole is depicted in
scheme 22. Initially, the CFs radical species would be generated by the reaction of NaSO.CF3
(B) with PIDA (A) via intermediate C. Meanwhile, the photocatalyst (PC) converted to its
excited state PC* upon the absorption of photons from visible light. The PC* produce the
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indazole radical cation D from the oxidation of indazole along with the generation of
photocatalytic radical anion PC~ through single-electron-transfer (SET) process. After that,
the photocatalyst radical anion (PC™) is oxidized to PC by reducing acetate radical to acetate
anion. Then the generated CFs radical would attack intermediate D to form intermediate E

which on deprotonation would result in trifluoromethylation product 44a.

CHa CHs - | 19F NMR= -88.88 ppm
N S N PhI(OAc), + CF
e \©: ﬁ ’ \CHS ( . OS0CTs Ereq=-1.39 V vs Ag/AgCl
N7 cr A B
PC = Methylene Blue dye OAc
Eq=-1.74 V vs Ag/AgCl OAc |19F R
—I :
Ph™" 50,08,
C
OAc PhI(OAc)
; F CF,080’
Phl
E so,
CF,
- H
CF,
O &0 2 TR
SN N N
E
E.q=-0.71 V vs Ag/AgCl D _
* e OAc
41a PC PC
% 6Ac
excited state PC* PC HOAc
E,q=1.60 Vvs Ag/AgCl - F
- OAc CFs

44a |19F NMR= -54.45 ppm

Scheme 22. Plausible reaction mechanism
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3.4. Conclusions

We have successfully demonstrated a novel photoredox catalyzed regioselective C3-H
trifluoromethylation of 2H-indazoles. This protocol offers the transition metal-free photoredox
catalyzed C3-H trifluoromethylation of 2H-indazole. This method utilizes an inexpensive and
benchtop-stable Langlois’ reagent under mild reaction conditions. Further the developed
protocol for regioselective trifluoromethylation of 2H-indazole would be great significance in

pharmaceutical chemistry and material sciences.
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3.5. Experimental Section

General Considerations

IR spectra were recorded on an FTIR spectrophotometer. 'H NMR spectra were
recorded on 400 MHz spectrometers at 295 K in CDCls; chemical shifts (6 ppm) and coupling
constants (Hz) are reported in standard fashion concerning either internal standard
tetramethylsilane (TMS) (8x = 0.00 ppm) or CHCl3 (61 = 7.25 ppm). 3C NMR spectra were
recorded on 100 MHz spectrometers at RT in CDClIs; chemical shifts (5 ppm) are reported
relative to CHCIs [5c = 77.00 ppm (central line of the triplet)]. 1°F NMR spectra were recorded
on 376 MHz spectrometers at RT in CDCls. In the tHNMR, the following abbreviations were
used throughout: s = singlet, d = doublet, t = triplet, q = quartet, qui = quintet, m = multiplet
and br s. = broad singlet. The assignment of signals was confirmed by H, **C and DEPT
spectra. High-resolution mass spectra (HR-MS) were recorded using a Q-TOF multimode
source. Melting points were determined on an electrothermal melting point apparatus and are
uncorrected. All dry solvents were used, toluene was dried over sodium metal and DMSO,

CH3CN and DMF were dried over calcium hydride and which are commercially available.

All small scale dry reactions were carried out using a standard syringe-septum
technique. Reactions were monitored by TLC on silica gel using a combination of petroleum
ether and ethyl acetate as eluents. Reactions were generally run under argon, nitrogen and
oxygen atmosphere wherever necessary. Solvents were distilled before use; petroleum ether
with a boiling range of 40 to 60 °C was used. Acme’s silica gel (60-120 mesh) was used for
column chromatography (approximately 20g per one gram of crude material). All 2-
azidobenzaldehydes have been synthesized by using literature known procedures. 2°

General procedure (GP-I) for the synthesis of 2-phenyl-2H-indazole

Azidobenzaldehyde 1 (1 mmol), aniline 2 (1 mmol) were taken in a 10 mL oven dried
schlenck tube and it was closed with stopcock with argon balloon and placed in an external
heating oil bath at 120 °C for 1-3 hrs (oil bath temperature). After completion of the starting
material, the mixture was cooled to room temperature and was purified on a silica gel column

chromatography (hexane/ethylacetate 90:10) which furnished the respective products 41a-s.

114



Chapter 3 C3-F€ tuiflucromethylation. ..
General procedure (GP-I1) for the synthesis of 2-phenyl-3-(trifluoromethyl)-2H-indazole

In an oven-dried reaction vessel equipped with a magnetic stir bar. Then 2-phenyl-2H-
indazole (1 mmol), PIDA (2 mmol), sodium triflate (2 mmol) were added and followed by
addition of DCM (5 mL). The resulting reaction mixture was irradiated using a 60 W CFL bulb.
The progress of the reaction was monitored by TLC until the reaction was completed. The
reaction mixture was quenched by addition of ag. NH4ClI solution and extracted with ethyl
acetate (3 x 10 mL). The organic layer was dried (Na,SO4) and concentrated in a vacuum.
Purification of the residue on a silica gel column chromatography using petroleum ether/ethyl
acetate as (petroleum ether/ethylacetate 97:3 to 95:5) eluent furnished the product

trifluoromethylated indazoles 44a-s.
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Characterization Data of the Products

2-phenyl-3-(trifluoromethyl)-2H-indazole (44a)
CF,
Physical State : Dark yellow Solid ©f<
N—< >
Yield : 50 mg, 75% =N
44a
Mp - 40-42 °C

IR (MIR-ATR, 4000-600 cm™): vmax = 3736, 3673, 3613, 3565, 3032, 2968, 2381, 1734,
1700, 1650, 1556, 1540, 1521, 1508, 1458, 1420, 1218, 1120, 940, 757, 667, 631.

'H NMR (CDCls, 400 MHz): n = 7.79 - 7.87 (m, 2H), 7.52 - 7.63 (m, 5H), 7.39 - 7.45 (m,
1H), 7.28 - 7.34 (m, 1H).

13C{*H} NMR (CDCls, 100 MHz): 148.2, 139.6, 130.0, 29.1, 127.3, 126.1, 125.1, 123.5 (g, Jc.
£ =40.0 Hz), 121.3 (q, Jo.r = 269.0 Hz), 119.4, 118.4.

19F NMR (CDCls, 376 MHz): —54.5.

HR-MS (ESI-TOF) m/z: [M+H] * calcd for [C1sH10FsN2] * = 263.0791; found: 263.0794.

6-chloro-2-phenyl-3-(trifluoromethyl)-2H-indazole (44b)

Physical State : Dark orange Solid B
-0
Yield : 29 mg, 35% cl =N
44b

Mp 1 44-46 °C

IR (MIR-ATR, 4000-600 cm™): vmax = 3673, 3613, 3565, 3525, 3068, 2926, 2854, 2355,
1695, 1634, 1596, 1549, 1502, 1470, 1439, 1314, 1290, 1222, 1178, 1126, 1104, 999, 768, 691,
621, 544.

IH NMR (CDCls, 400 MHz): 8n = 7.73 (d, 1H, J = 8.8 Hz), 7.56 - 7.41 (m, 5H), 7.34 (s, 1H),
6.95 - 6.87 (m, 1H).

13C{H} NMR (CDCls, 100 MHz): & = 148.4, 139.6, 139.3, 135.5, 129.8 (q, Jc.r = 36.0 Hz),
127.7,126.0, 121.4 (q, Je.r = 252.0 Hz), 119.4, 119.3, 105.7.

F NMR (CDCl3, 376 MHz): —54.7.
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HR-MS (ESI-TOF) m/z: [M+H] * calcd for [C14HsCIFsN;] * = 297.0401; found: 297.0408.

6-bromo-2-phenyl-3-(trifluoromethyl)-2H-indazole (44c)
. . CF3;
Physical State - Yellow Solid
L0
Yield : 27 mg, 37% Br N
44c
Mp :42-44 °C

IR (MIR-ATR, 4000-600 cm™): vmax = 2116, 2032, 1596, 1540, 1502, 1462, 1432, 1305,
1220, 1179, 1127, 1106, 998, 934, 798, 768, 692, 571, 515.

'H NMR (CDCls, 400 MHz): 6n = 8.04 - 7.98 (m, 1H), 7.71 (dd, 1H, Ja = 1.5 and Jp= 9.8 Hz),
7.62 - 7.51 (m, 5H), 7.38 (dd, 1H, Ja = 1.7 and J» = 9.0 Hz).

BC{*H} NMR (CDCls, 100 MHz): § = 148.7, 139.2, 129.8 (q, Jc-r = 42.0 Hz), 128.9, 126.0,
121.9 (q, Jc-r = 268.0 Hz), 120.7, 120.0, 119.2.

19F NMR (CDCl3 376 MHz): —54.7.

HR-MS(ESI-TOF) m/z: [M+H] " calcd for [C14HoBrFsN2] * = 340.9896; found: 340.9914.

5-bromo-2-phenyl-3-(trifluoromethyl)-2H-indazole (44d)

Physical State : Dark yellow Solid CF;
Br _
Yield : 31 mg, 43% \N,N
44d
Mp : 52-54 °C

IR (MIR-ATR, 4000-600 cm™): vmax = 3648, 3588, 3547, 3070, 2924, 2321, 1735, 1596,
1502, 1420, 1271, 1216, 1169, 1124, 1107, 1043, 996, 861, 804, 768, 692, 634, 596.

IH NMR (CDCls, 400 MHz) 61 = 8.01 (s, 1H), 7.70 (d, 1H, J = 9.3 Hz), 7.62 - 7.50 (m, 4H),
7.50 - 7.42 (m, 2H).

3C{’H} NMR (CDCls, 100 MHz): & = 146.6, 139.3, 137.9, 132.5, 129.8 (q, Jcr = 36.0 Hz),
124.6, 123.0, 122.6, 121.9 (q, Jcr = 248.0 Hz), 120.1, 118.6, 116.5, 112.7.

F NMR (CDCl3,376 MHz): —54.6.
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HR-MS(ESI-TOF) m/z: [M+H] * calcd for [C14HgBrFsN2] * = 340.9896; found: 340.9900.

2-(4-fluorophenyl)-3-(trifluoromethyl)-2H-indazole (44e)

Physical State : Yellow Solid CF4

Yield : 50 mg, 45% @féN@F
44e

Mp : 52-54 °C

IR (MIR-ATR, 4000-600 cm™): vmax = 3689, 3620, 3568, 3036, 2938, 2321, 1717, 1540,
1502, 1454, 1252, 1216, 1156, 1118, 1107, 1032, 987, 861, 767, 659, 631.

IH NMR (CDCls, 400 MHz): o4 = 7.86 - 7.75 (m, 2H), 7.62 - 7.53 (m, 2H), 7.45 - 7.39 (m,
1H), 7.31 (dd, 1H, Ja = 6.8 and J» = 8.3 Hz,), 7.26 - 7.21 (m, 2H).

3C{*H} NMR (CDCls, 100 MHz): & = 164.5 (d, Jc.r = 249.0 Hz), 149.7, 148.2, 135.6 (d, Jc-
£=2.0 Hz), 128.1 (d, Jc.r = 9.0 Hz), 127.4, 125.5, 123.6 (q, Jc.r = 40.0 Hz), 121.5, 121.0 (g,
Jor = 268.0 Hz), 119.4, 118.4, 116.5 (d, Jc.r = 24.0 Hz).

1F NMR (CDCl3,376 MHz): —54.5, -110.2.

HR-MS (ESI-TOF) m/z: [M+H] " calcd for [C14HoF4N2] © = 281.0696; found: 281.0690.

2-(4-chlorophenyl)-3-(trifluoromethyl)-2H-indazole (44f)

Physical State : Dark yellow solid CF,

Yield : 35 mg, 53% @f&@m
N

Mp  46-48 °C a4t

IR (MIR-ATR, 4000-600 cm™): vmax = 3673, 3613, 3547, 3068, 2317, 2089, 1552, 1522,
1498, 1432, 1298, 1220, 1176, 1118, 1089, 1017, 998, 929, 832, 746, 728, 583, 537.

IH NMR (CDCls, 400 MHz): 8n = 7.76 - 7.68 (m, 2H), 7.49 - 7.39 (m, 4H), 7.34 - 7.29 (m,
1H), 7.24 - 7.17 (m, 1H).

BC{*H} NMR (CDCls, 100 MHz): 6 = 148.4, 138.0, 136.1, 129.8 (q, Jc-r = 47.0 Hz), 127.5,
127.4,125.7,123.9, 122.3, 122.2, 121.7, 119.9 (q, Jc-r = 231.0 Hz), 118.4.
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18F NMR (CDCls, 376 MHz): 54.3.

HR-MS (ESI-TOF) m/z: [M+H] " calcd for [C14HoCIF3N2] © = 297.0401; found: 297.0401.

2-(4-bromophenyl)-3-(trifluoromethyl)-2H-indazole (449)

Physical State : Dark yellow

CF;
Yield : 45 mg, 62% CE(NOBr
N
Mp 1 44-46 °C 44qg

IR (MIR-ATR, 4000-600 cm™): vmax = 3673, 3613, 3547, 3068, 1521, 1495, 1432, 1298,
1222, 1176, 1119, 1099, 1068, 1015, 996, 929, 829, 743, 711, 576, 535.

IH NMR (CDCls, 400 MHz): on = 7.84 - 7.78 (m, 2H), 7.70 - 7.64 (m, 2H), 7.46 (d, 2H, J =
8.3 Hz), 7.43 - 7.37 (m, 1H), 7.31 - 7.25 (m, 1H).

13C{H} NMR (CDCls, 100 MHz): & = 148.4, 138.6, 132.8 (g, Jc.r = 43.0 Hz), 127.8, 127.6,
125.3,124.2,123.9, 122.5 (q, J-r = 223.0 Hz), 119.4, 118.4.

F NMR (CDCl3, 376 MHz): —54.3.

HR-MS (ESI-TOF) m/z: [M+H] " calcd for [C14HoBrFsN2] = 340.9896; found: 340.9900.

2-(4-iodophenyl)-3-(trifluoromethyl)-2H-indazole (44h)

Physical State : Light yellow CF,

Yield - 40 mg, 68% ©5N©~I
N

Mp : 100-102 °C 44h

IR (MIR-ATR, 4000-600 cm™): vmax = 3736, 3547, 3462, 3032, 2917, 2356, 2154, 1716,
1683, 1556, 1540, 1509, 1362, 1257, 999, 821, 800, 740, 521.

IH NMR (CDCls, 400 MHz): on = 7.94 - 7.86 (m, 2H), 7.85 - 7.78 (m, 2H), 7.45 - 7.38 (m,
1H), 7.38 - 7.28 (m, 3H).

B3C{*H} NMR (CDCls, 100 MHz): & = 148.4, 139.3, 138.8 (q, Jc.r = 43.0 Hz), 127.7, 125.3,
123.8,122.7,122.2,121.7, 119.5 (q, Jc-r = 224.0 Hz), 118.4, 95.8.
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18F NMR (CDCls, 376 MHz): 54.3.

HR-MS (ESI-TOF) m/z: [M+H]* calcd for [CraHoF3IN;] * = 388.9757; found: 388.9756.

2-(o-toly)-3-(trifluoromethyl)-2H-indazole (44i)

CF
Physical State : Dark yellow Solid :
-
N
Yield : 30 mg, 45% C[\N’ Q
H;C
Mp : 52-54 °C 44i

IR (MIR-ATR, 4000-600 cm™): vmax =3057, 2927, 1603, 1564, 1501, 1386, 1337, 1306,
1158, 1114, 1039, 969, 957, 863, 810, 751, 716, 663, 605, 573.

IH NMR (CDCls, 400 MHz): d = 7.90 - 7.78 (m, 2H), 7.51 - 7.28 (m, 6H), 2.02 (s, 3H).

13C{'H} NMR (CDCls, 100 MHz) & = 148.1, 139.6, 138.3, 137.1, 135.8, 130.5, 127.3 (q, Jc.
F=36.0 Hz), 125.0, 122.1, 119.4 (q, Jor = 228.0 Hz), 116.0, 114.9, 16.8.

F NMR (CDCl3, 376 MHz): —56.2.

HR-MS (ESI-TOF) m/z: [M+H] * calcd for [CisH12F3sN;] * = 277.0947; found: 277.0952.

2-(2-methoxyphenyl)-3-(trifluoromethyl)-2H-indazole (44j)

Physical State : Yellow Solid CF,
Yield : 27 mg, 42%) CT(N@
\N/
Mp 1 40-42 °C MeO
44j

IR (MIR-ATR, 4000-600 cm™): vmax = 3673, 3614, 3525, 2930, 2846, 2316, 1603, 1510,
1437, 1335, 1283, 1202, 1120, 1093, 1021, 966, 804, 753, 653, 603.

'H NMR (CDCls, 400 MHz): 6+ = 8.03 (d, J = 8.8 Hz, 1H), 7.74 (d, J = 6.8 Hz, 1H), 7.53 (d,
Ja=1.7and Jp = 7.9 Hz, 1H), 7.44 (dd, Ja = 1.5 and Jp = 7.8 Hz, 1H), 7.38 - 7.32 (m, 1H), 7.13
-7.04 (M, 2H), 3.74 (m, 3H).

B3C{*H} NMR (CDCls, 100 MHz): § =154.8, 143.5, 132.0, 128.7, 127.9 (g, Jc.r = 42.0 Hz),
125.3,124.8,123.9, 123.2, 121.8 (q, Jo-r = 267.0 Hz), 119.0, 112.0, 55.7.
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18F NMR (CDCls, 376 MHz): 54.3.

HR-MS (ESI-TOF) m/z: [M+H] * calcd for [CisH12FaN20] * = 293.0896; found: 293.0901.

2-(m-tolyl)-3-(trifluoromethyl)-2H-indazole (44k)

Physical State : Brown oil CE(N <:§
\N/

Yield : 43 mg, 64%

IR (MIR-ATR, 4000-600 cm™): vmax = 3648, 3565, 3525, 3065, 2924, 2322, 1611, 1592,
1495, 1476, 1431, 1302, 1221, 1202, 1169, 1118, 1016, 880, 787, 745, 693, 693, 627, 605, 521.

IH NMR (CDCls, 400 MHz): 61 = 7.74 (d, 2H J = 8.8 Hz), 7.39 - 7.24 (m, 5H), 7.20 (dd, 1H,
Ja=7.8and Jp = 15.2 Hz), 2.37 (s, 3H).

13C{*H} NMR (CDCls, 100 MHz): 6 = 148.2, 139.3, 130.7, 129.5, 128.8, 127.1, 126.7, 125.3,
123.1 (q, Jor = 44.0 Hz), 119.6 (q, Jor = 250.0 Hz), 118.3, 21.2;

19F NMR (CDCls, 376 MHz): —54.2.

HR-MS (ESI-TOF) m/z: [M+H] " calcd for [CisH12F3N2] * = 277.0947; found: 277.0960.

2-(3-methoxyphenyl)-3-(trifluoromethyl)-2H-indazole (44l)

Physical State : Brownish yellow Solid
CF3 OMe
Yield : 53 mg, 80% CE(N@
\N/
Mp 1 74-76 °C 441

IR (MIR-ATR, 4000-600 cm™): vmax = 3614, 3547, 2925, 2846, 2323, 2134, 1734, 1593,
1498, 1468, 1288, 1250, 1201, 1163, 1122, 1044, 976, 885, 755, 688, 521.

IH NMR (CDCls, 400 MHz): 61 = 8.04 (d, J = 8.8 Hz, 1H), 7.75 (d, J = 6.8 Hz, 1H), 7.45 (t, J
= 8.3 Hz, 1H), 7.40 - 7.32 (m, 1H), 7.19 (d, J = 7.3 Hz, 1H), 7.15 - 7.08 (m, 2H), 3.87 (s, 3H).

3C{’H} NMR (CDCls, 100 MHz): § = 160.0, 143.4, 140.0, 129.9, 125.6 (q, Jcr = 40.0 Hz),
123.7,122.4, 122.1 (q, Jcr = 268.0 Hz), 118.5, 116.4, 112.0, 55.6.

F NMR (CDCl3,376 MHz): —54.7.
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HR-MS (ESI-TOF) m/z: [M+H] * calcd for [CisH12F3N20] * = 293.0896; found: 293.0901.

2-(p-tolyl)-3-(trifluoromethyl)-2H-indazole (44m)

Physical State - Yellow Solid CE
3
Yield : 50 mg, 83% @f{N@CHS
N
Mp :42-44 °C 44m

IR (MIR-ATR, 4000-600 cm™): vmax = 3673, 3614, 3043, 2925, 2324,1553, 1515, 1471,
1431, 1383, 1298, 1219, 1174, 1117, 1100, 999, 930, 820, 745, 610, 547.

IH NMR (CDCls, 400 MHz): 6 = 7.86 - 7.78 (m, 2H), 7.50 - 7.42 (m, 2H), 7.42 - 7.36 (m,
1H), 7.36 - 7.25 (M, 3H), 2.48 - 2.44 (m, 3H).

13C{'H} NMR (CDCls, 100 MHz): ¢ = 148.1, 140.2, 137.2, 130.2, 128.2, 127.1, 125.9 (q, Jc.
F = 39.0 Hz), 123.8, 122.3, 121.5 (q, Jr = 267.0 Hz), 119.6, 118.4, 21.3.

19F NMR (CDCls, 376 MHz): —54.5.

HR-MS (ESI-TOF) m/z: [M+H] * calcd for [CisH12FsN3] * = 277.0947; found: 277.0948.

2-(4-methoxyphenyl)-3-(trifluoromethyl)-2H-indazole (44n)

Physical State : Yellow Solid
CF,
Yield : 53 mg, 83% Cf( O
_ N OMe
N
Mp 1 74-76 °C 44n

IR (MIR-ATR, 4000-600 cm™): vmax = 2969, 2887, 2839, 2303, 2043, 1608, 1513, 1433,
1299, 1252, 1175, 11148, 1030, 1015, 998, 928, 834, 736, 703, 611, 557, 536.

IH NMR (CDCls, 400 MHz): 6n = 7.85 - 7.79 (m, 2H), 7.53 - 7.47 (m, 2H), 7.43 - 7.37 (m,
1H), 7.32 - 7.24 (m, 1H), 7.07 - 6.99 (m, 2H), 3.89 (s, 3H).

3C{’H} NMR (CDCls, 100 MHz): & = 160.6, 148.0, 132.5, 127.4 (q, Jc-r = 39.0 Hz), 124.9,
123.5,122.7,122.3, 121.4, 119.6 (q, Jc.r = 244.0 Hz), 114.8, 55.6.

F NMR (CDCl3,376 MHz): —54.6.
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HR-MS (ESI-TOF) m/z: [M+H] * calcd for [CisH12FsN20] * = 293.0896; found: 293.0891.

1-(3-(3-(trifluoromethyl)-2H-indazol-2-yl)phenyl)ethanone (440)

0]
Physical State : Light brown Solid CF, CH,
Yield : 25 mg, 40% CE(,N
N
Mp : 74-76 °C 440

IR (MIR-ATR, 4000-600 cm™): vmax = 3648, 3589, 3504, 3074, 2925, 2323, 1716, 1690,
1589, 1522, 1493, 1430, 1359, 1302, 1256, 1222, 1178, 1149, 1012, 748, 691, 587, 562.

'H NMR (CDCls, 400 MHz): 61 = 8.23 - 8.12 (m, 2H), 7.88 - 7.76 (m, 3H), 7.72 - 7.64 (m,
1H), 7.47 - 7.40 (m, 1H), 7.36 - 7.29 (m, 1H), 2.66 (s, 3H).

13C{*H} NMR (CDCls, 100 MHz): & = 196.4, 148.4, 140.0, 138.0, 130.3, 129.5, 128.2, 127.6,
126.1, 125.4, 123.6 (q, Je.r = 40.0 Hz), 120.5, 119.5 (q, Je.r = 209.0 Hz), 118.4, 26.7.

19F NMR (CDCls, 376 MHz): —54.2.

HR-MS (ESI-TOF) m/z: [M+H] " calcd for [C16H12F3N20] * = 305.0896; found: 305.0914.

3-(trifluoromethyl)-2-(3,4,5-trimethoxyphenyl)-2H-indazole (44p)

Physical State : Yellow Solid CFs O~CHs
_ /CH3
. N 0]
Yield : 48 mg, 78%) ©:: < 2

Mp 1 126-128 °C

IR (MIR-ATR, 4000-600 cm™): vmax = 3673, 3648, 3565, 2971, 2881, 2835, 1596, 1556,
1505, 1462, 1415, 1307, 1265, 1233, 1170, 1125, 1106, 1016, 945, 897, 837, 794, 733, 702,
613.

'H NMR (CDCls, 400 MHz): 6w = 7.87 - 7.78 (m, 2H), 7.46 - 7.38 (m, 1H), 7.31 (dd, 1H, Ja =
6.8 and Jb = 8.3 Hz,), 6.83 (s, 2 H), 3.93 (s, 3H), 3.90 (s, 6H).

13C{H} NMR (CDCls, 100 MHz): 511 = 153.2, 148.0, 139.3, 134.9, 127.3, 125.1 (q, Jo-r = 42.0
Hz), 121.5, 119.6 (q, Jcr = 215.0 Hz), 03.8, 61.0, 56.3.
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18F NMR (CDCls, 376 MHz): —54.5.

HR-MS (ESI-TOF) m/z: [M+H] " calcd for [C17H1sF3N203] * = 353.1108; found: 353.1104.

6-bromo-2-(o-tolyl)-3-(trifluoromethyl)-2H-indazole (44q)

Physical State : Pale yellow Solid B CF3
r -
Yield 48 mg, 78% <\
H5;C

Mp :82-84 °C 44

IR (MIR-ATR, 4000-600 cm™): vmax = 2116, 2032, 1596, 1540, 1502, 1462, 1432, 1305,
1220, 1179, 1127, 1106, 998, 934, 798, 768, 692, 571, 515.

*H NMR (CDCI3, 400 MHz): oy = 8.00 (d, 1H, J = 1.0 Hz), 7.88 - 7.79 (m, 1H), 7.7 - 7.70
(m, 1H), 7.67 (d, 1H, J = 7.8 Hz), 7.40 - 7.27 (m, 3H), 2.63 (s, 3H).

13C{'H} NMR (CDCls, 100 MHz): 6 = 158.3, 150.9, 148.8, 138.9, 129.1, 124.8 (q, Jc.r = 44.0
Hz), 122.1, 121.7 (4, Jc-r = 246.0 Hz), 120.9, 119.4, 115.6, 23.9.

F NMR (CDCl3, 376 MHz): —54.5.

HR-MS (ESI-TOF) m/z: [M+H] " calcd for [C1sH11BrFsN2] * = 355.0052; found: 355.0063.

2-benzyl-3-(trifluoromethyl)-2H-indazole (44r)

CF
Physical State : Yellow Solid :
-
N
Yield 29 mg, 55% (I\N’ _@
Mp : 42-44 °C 44r

IR (MIR-ATR, 4000-600 cm™): vmax =3673, 3614, 3547, 3067, 3035, 2926, 2323, 1521,
1483, 1436, 1327, 1286, 1219, 1165, 1112, 1036, 970, 881, 746, 706, 627.

'H NMR (CDCls, 400 MHz): 511 = 7.82 - 7.72 (m, 2H), 7.39 - 7.19 (m, 7H), 5.73 (s, 2H).

13C{H} NMR (CDCls, 100 MHz): 51 = 147.8, 135.2, 128.9 (q, Jc.r = 42.0 Hz), 127.7 (d, Jc.
F= 8.0 Hz), 126.7, 124.7, 123.7 (q, Jor = 207.0 Hz), 121.2, 120.0, 119.2, 118.3, 56.3.

F NMR (CDCl3, 376 MHz): —55.8.
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HR-MS (ESI-TOF) m/z: [M+H] * calcd for [CisH12F3N,] * = 277.0947; found: 277.0943.

2-(4-methylbenzyl)-3-(trifluoromethyl)-2H-indazole (44s)

CF
Physical State : Brown oil 3
N
Yield : 29 mg, 45% =N’
Mp : 90-92 °C 44s

CHj
IR (MIR-ATR, 4000-600 cm™): vmax = 3673, 3648, 3613, 2925, 2858, 2359, 1717, 1969,

1622, 1539, 1511, 1475, 1433, 1385, 1337, 1305, 1201, 1160, 1123, 1015, 967, 813, 749, 689,
608.

'H NMR (CDCls, 400 MHz): 8 = 7.73 - 7.63 (m, 2H), 7.26 (ddd, 1H, Ja = 1.2, Jo = 7.0 and Jc
= 8.4 Hz), 7.20 - 7.00 (m, 5H), 5.61 (s, 2H), 2.24 (s, 3H).

13C{'H} NMR (CDCls, 100 MHz): 6 = 147.8, 138.2, 132.2, 129.4 (q, Jc.r = 44.0 Hz), 127.7 (q,
Jor =9.0 Hz), 124.6, 122.6, 121.2 (g, Jcr = 266.0 Hz), 119.2, 118.3, 56.1, 21.1.

19F NMR (CDCls, 376 MHz): —55.8.

HR-MS (ESI-TOF) m/z: [M+H] * calcd for [CisH12F3N3] * = 291.1104; found: 291.1110.
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Copies of 'H, 1°C, 1°F NMR spectra for the all final compounds
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NMR Experiments

We have performed the NMR experiments of i) PIDA and NaSO.CFz in CDClz solvent and amount of reagents were taken as per
standard conditions. In the case of PIDA + NaSO>CFs, NMR spectra suggested that there is a gradual amount of decomposition of PIDA
to lodobenzene as iodobenzene peaks were detected in the aromatic region of *H NMR (highlighted peaks in given NMR spectra, Figure
S1). This experiment is carried out for 10 hours, and we did not observe the peaks corresponding to any other hypervalent iodine complexes

other than iodobenzene peaks in NMR.
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1. Iron-Promoted C3-H Nitration of 2H-Indazole: Direct
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An efficient C3—H functionalization of indazole has been demon-
strated. Notably, this method involves chelation-free radical C-H
nitration on 2H-indazole. The radical mechanism was confirmed
by control experiments and quantum chemical calculations. The
synthetic utility has been proven by the synthesis of bio-relevant
benzimidazoindazoles via reductive cyclization.

Introduction

Direct C-H functionalization has become a reliable and robust
method for various transformations,” i.e. the carbon-hydrogen
bond to the carbon-carbon and carbon-heteroatom bonds to
construct complex molecules due to its high step- and atom-
economy.” Recently, direct C-H functionalization via a radical
pathway has become a rapidly expanding area of research and
has emerged as a promising and sustainable approach towards
molecular construction often complementary to traditional
methods.®> Despite these developments selective C-H
functionalization via a radical pathway is still in its infancy
and controlling the reactivity and chemo/regioselectivity of
radical species for the selective C-H functionalization requires
efforts to find more mild and suitable methods which poses
many opportunities and challenges to address.*

Owing to the ubiquitous nature of heteroarenes in agro-
chemicals and pharmaceuticals,” the direct C-H functionali-
zation of heteroarenes is a highly attractive strategy providing a
concise route for complex molecules as well as for late-stage
functionalization (LSF) of bioactive molecular scaffolds and
hence offers tremendous opportunities for chemists.® Among
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them, C-H functionalization of heteroarenes via a radical
pathway is one of the most appealing and straightforward
strategies.”

Heteroaromatic nitro compounds are of great significance
due to their importance as key precursors in organic synthesis®
and their potential for further transformations. In recent
years, several chemists have achieved a transition-metal-cata-
lyzed radical C-H nitration on arenes/heteroarenes by using
various nitro sources,” such as AgNO,,”*“ ‘BuONO,”*
Cu(NO;),”"" and Fe(NO;);-9H,0."'? Among all metal nitrates,
Fe(NO3);-9H,0 as a non-toxic, inexpensive and green reagent
is well known for various radical nitration strategies such as
nitration on olefins,!°* allenes'* and imines.'%¢ However, its
application in aromatic nitration is rare, except for a recent
nitration on 8-aminoquinoline.'*® Hence, there is a broad
scope for the development of strategies for radical nitration of
arenes and heteroarenes (Scheme 1)."*

As an important class of heteroarenes, indazole motifs are
embedded in pharmaceuticals with a broad range of biological
activities,">"® including antitumor,"* antimicrobial,'® anti-
inflammatory,'® and HIV-protease inhibition.'” Hence, there
have been extensive efforts directed towards the synthesis of
indazole derivatives. Due to the recent emergence of radical
C-H functionalization as a new paradigm in contemporary chem-
istry and as a part of our research program on C-H functionali-
zation and indazole chemistry,'® we were interested in develop-
ing radical C-H functionalization as a new approach for func-

a) Previous work (Chelation-assisted)

o ° NO,
Fe, Cu, Cs

R )J\N e, Cu, Co L

b) This work (Chelation-free)

NO,
= Fe(NO3)3.9H,0 _
) e, (A
N <

Scheme 1 Radical C—H nitration of heteroarenes.
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tionalized indazoles. Recently, Wu et al. have demonstrated
the regioselective C-H functionalization of 8-aminoquinoline
through theoretical data calculations.”® Accordingly, we
planned to support our findings on radical C-H functionali-
zation through quantum chemical calculations. Herein, we are
delighted to disclose for the first time a radical C-H
functionalization of 2H-indazole through Fe(NO;);-9H,0 pro-
moted C3-H nitration.

Results and discussion

To achieve our goal, we initiated our preliminary experiments
with 2H-indazole (1a) as a model substrate and Fe(NO;);-9H,0
as a nitro source in MeCN as a solvent at 80 °C under an
oxygen atmosphere (Table 1, entry 1). As expected, a C3-nitro
functionalized product (2a) was obtained albeit in very poor
yield. Inspired by this result, we screened various nitro sources
(Table 1, entries 2-8). However, we did not observe any satis-
factory yields.

Next, we turned to the use of the oxidant (2,2,6,6-tetra-
methylpiperidin-1-yl)oxidanyl (TEMPO) in the reaction.
Surprisingly, we observed the expected product in very good
yield in the presence of TEMPO (Table 1, entry 9).
Furthermore, our attempts of replacing TEMPO with other oxi-
dants went in vain (Table S1, ESIf}).

Furthermore we also screened the reaction with different
solvents (Table 1, entries 10-18) and varying temperatures

Table 1 Optimization of reaction conditions for the synthesis of 2a®

H NO,
= =
1a 2a

nitro source
_

oxidant, solvent

O, balloon,

time (h), 80 °C
Entry  Nitro source Oxidant Solvent  Time (h) Yield” (%)
1 Fe(NO;);-9H,0 — MeCN 5 15
2 Ni(NO;),-6H,0 — MeCN 5 Trace
3 CAN — MeCN 5 Trace
4 ‘BuONO — MeCN 5 n.d.c
5 AgNO; — MeCN 5 n.d.
6 AgNO, — MeCN 5 n.d.
7 NaNO, — MeCN 5 n.d.
8 Cu(NO3),:3H,0 — MeCN 5 10
9 Fe(NO;);9H,0 TEMPO  MeCN 5 65
10 Fe(NO;);9H,0 TEMPO DCE 5 85
11 Fe(NO;);9H,0 TEMPO CHCI, 5 55
12 Fe(NO,);-9H,0 TEMPO DMF 12 nr?
13 Fe(NO;);9H,0 TEMPO DMSO 12 n.d.f
14 Fe(NO3);-9H,0 TEMPO Dioxane 12 n.d.
15 Fe(NO;);9H,0 TEMPO Toluene 12 n.d.f
16 Fe(NO,);-9H,0 TEMPO H,0 12 n.d.c
17 Fe(NO;);-9H,0 TEMPO  EtOH 12 n.d.f
18 Fe(NO;);9H,0 TEMPO MeOH 12 n.d.c
19 Fe(NO;);9H,0 TEMPO DCE 5 60.9

“Reaction conditions: 1a (1 mmol), nitro source (2 mmol), oxidant
(1 mmol), solvent (1 mL), oxygen balloon, 80 °C, 5-12 h. ”Isolated
yield of chromatographically pure products. ©Starting materials recov-
ered. ? Reaction carried out in open air.
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(Table S2, ESIf). Interestingly, we have observed the formation
of the product with very good yield in the case of DCE as a
solvent (Table 1, entry 10). Notably, when we performed the
reaction in open air, we observed the formation of the expected
product with moderate yield (Table 1, entry 19). Subsequently,
we screened the reaction with different equivalents of nitro
sources and oxidants (Tables S1 & S3, ESI}). From these experi-
ments we concluded that 2 equiv. of nitro source and 1 equiv.
of oxidant are necessary for the complete conversion of the
starting materials.

With the optimized conditions in hand, we next examined
the scope of this methodology with different substituted 2H-
indazole systems (Table 2). The methylenedioxy substitution
gave good yield when compared to halo substitution at the 57,
6™ and 7™ positions of 2H-indazoles 2¢c-g.

Next, we examined the scope of substrates with various sub-
stitutions (halogen, alkyl, alkoxy) on the amine partner of 2H-
indazoles resulting in desired products with moderate to good
yields. Having the benzyl group in place of aryl at the 2™ posi-
tion of 2H-indazoles 2w & x did not show any improvement in
the yield.

Unfortunately, amine partner bearing electron withdrawing
groups, such as nitro, nitrile and ester groups did not afford
the desired products 2aa-ac. In addition, 2H-indazoles with
alkyl substitution at the 2" position of 2ad & ae could not
afford the nitration product. Furthermore, our attempts to
carry out nitration on other heteroarenes (indole, imidazole,
1H-indazole) went in vain.

Based on the experiments performed for the optimization
of reaction conditions shown in Table 1, we observed that
other nitro sources failed to give any nitro product, hence in
order to prove the role of Fe(NO;);-9H,0, we planned to
examine the reaction with metal free nitro sources, however, in
the presence of Fe/Cu as a promotor which resulted in good
yield (Scheme 2b), thus indicating the dual role of
Fe(NO3)3-9H,0. Furthermore, the reaction in the absence of
any promotor with metal-free nitrate (TBN) did not afford the
desired product (Scheme 2c). Hence, the promotor is necessary
for the nitration of indazole at the C3 position. To prove the
radical pathway, we performed HR-MS analysis of the crude
reaction mixture, which showed 2,2,6,6-tetramethylpiperidin-1-
ol. To know the role of oxygen, we have conducted a couple of
control experiments. We obtained the desired product in 10%
and 15% yield when the reaction was carried out in the
absence of O, and TEMPO respectively (Scheme 2e & d).
However, these experiments are not conclusive. When we per-
formed the reaction in the presence of an excess amount of
TEMPO (2 equiv.) under an argon atmosphere, 80% yield of
the desired product was obtained (Scheme 2f). This indicates
that the presence of oxygen reduces the amount of TEMPO sig-
nificantly (optimized conditions i.e. 1 equiv. of TEMPO under
an oxygen atmosphere). From these experiments, we can con-
clude that ‘O,” might involve either in the recycling of TEMPO
(TEMPOH to TEMPO) or in the direct oxidation of intermedi-
ate B to intermediate C. Finally, to confirm the C3-functionali-
zation of 2H-indazole, we performed the reaction with C3 sub-

This journal is © The Royal Society of Chemistry 2018
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Table 2 Substrate scope for the C3-nitration of 2H-indazole®®
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Fe(NOJs9H;0

@5 3
R, TEMPO DCE, 5-8 h

O, balloon, 80 °C

NO,
92y
1_ e R 4
SV N\ 7R,
2

OO SO0 B0 @@ Bos¥e

2a (85%) 2b (74%)

QA@@@@

2c (38%) d (45%)

2e (35%)

- O O

Br  2f (38%) Cl 29 (30%)
et h (45%) 2i (75%) 2j (70%)
Cﬁ @ e O C[(OZ S e @
k (50%) 21 (95%) 2m (96%) 2n (74%) 20 (79%)
s (72%) t (35%)
p (88%) 2q (77%) 2r (65%)
s Noﬁ
N— .
=" —=
oy oy on L
N o <N N
2 0,
2u (50%) 2v (30%) HsC 2w (60%) Xifoh)

CEAD OO OO Crom CEF% OO

2aa (0% 2ab (0%) 2ac (0%) 2ad (0%) 2ae (0%)
NO,
N N
o e O
N N
N H Ph
4b (0%) 4c (0%)

4a (0%)

“ Conditions: 1a (1 mmol), Fe(NO;);-9H,O (2 mmol), TEMPO (1 mmol), DCE (2 mL), oxygen balloon, 80 °C, 5-8 h. ” Isolated yield of chromatographi-

cally pure products.

stituted 2H-indazole under standard conditions (Scheme 2g),
which did not afford any nitro substituted 2H-indazole. The
X-ray crystallography analysis of compound 2t further supports
the nitration at the C3 position.

To further support our finding, we carried out quantum
chemical calculations”™ to investigate the charge distribution
on indazole. The theoretical data of atoms (C3, C4, C6) on the
Fe coordinated indazole intermediate A are shown in Table 2.
The charges of the C3, C4 and C6 as calculated were found to
be —0.025, —0.027 and —0.037 respectively (Table 3).

The charges include the contribution from all valance elec-
trons and based on the literature precedence’® the p, orbital
occupancy would be a more effective way to assess the reactiv-

This journal is © The Royal Society of Chemistry 2018

ity of a specific atom. Among various atoms, the largest p,
orbital occupancy at the C3 carbon atom implicates that
C3 may be the most likely electrophilic reactive site. Thus the
theoretical calculations support the only C3-H nitration on
2H-indazole.

Based on the control experiments, literature reports
and quantum chemical calculations, we have proposed a
plausible mechanism for the synthesis of 3-nitro-2-phenyl-2H-
indazole as depicted in Scheme 3. Initially, coordination of
2-phenyl-2H-indazole with Fe(NO3);-9H,0 led to the formation
of intermediate A. Meanwhile, the nitro radical (NO,") gener-
ated from Fe(NOj;);-9H,O under thermal conditions'® would
react at the electrophilic reactive site of the intermediate A in

7e,9a,11d
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NO,

C[( _@ __Fe(NOy);9H;0 2 equiv) “\ @
@ TEMPO (I equiv.), DCE SN
0, balloon, 80°C, 5 h 2a (85%)
Standard Conditions

TBN (I equiv.), FeCly/Cul (1 equiv.)
T4 oqutv.), FeLl o U eanv)
®) la TEMPO (I equiv.). DCE 2a (60%)
0, balloon, 80 °C, 5 h
TBN (1 equiv.)
I
© la TEMPO (I equiv.). DCE 2a (0%)

0, balloon, 80°C, S h

2a85%) . >(\j<

Fe(NO5); 91,0 (2 equiv.) 2a(15%) || With TEMPO 6H
DCE, O, balloon, 80 °C, 5 h

(d) la
Without TEMPO HRMS analysis

Calod [M+H]* -H,0 = 140.1433]
Found [M+H]* -H,0 = 140.1424

Fe(NOs); 9H,0 (2 equiv.) 2a (10 %)
TEMPO (I equiv.)
DCE, Ar,80°C,5h

C] 1a

Fe(NO5);9H,0 (2 equiv.) 2a (80 %)
TEMPO (2 equiv.), DCE
Ar,80°C, 5 h

0 1
R
) )
N

R=NO,, Ph

Standard conditions .
No reaction

Scheme 2 Control experiments.

Table 3 Charge distribution and p, orbital occupancy of the C3, C4
and C6 atoms in structure A

Atom Hirshfeld p. orbital occupancy
4H H C3 —0.025 0.997
2 N@ C4 -0.037 0.990
He =N C6 —0.027 0.980
\
Fels
A
Fe (NO33
NO2
T 2 OO -0
FeL3 FeL3

Cﬁ@‘?—@@

Fels FeL;;
c

Scheme 3 Plausible mechanism.

order to generate an intermediate B. The combination of
TEMPO/O, is involved in oxidation by the abstraction of a
hydrogen radical®® from the C3 position of intermediate B
leading to the formation of intermediate C, which eventually
provides the desired product 2a.

After we synthesized various C3-nitro 2H-indazoles, we suc-
cessfully demonstrated the synthetic utility of nitro indazoles
by the synthesis of bio-relevant benzimidazoindazoles through
reductive cyclization (Table 4).
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Table 4 Synthesis of benzimidazoindazoles®®
H
N
P(OEt)a _ :@
©ﬁ O Cﬁ
100 °C N,

3a (88%) 3b (68%)

3¢ (70%) 3d (85%)

“Reaction conditions: 2a (0.1 mmol), P(OEt); (1 mL), 100 °C, 1 h.
b Isolated yield of chromatographically pure products.

Conclusions

In conclusion we have developed a novel protocol for the
radical C-H nitration of 2H-indazoles. This method offers che-
lation-free C-H nitration on 2H-indazole by using the in-
expensive and nontoxic Fe(NO;);-9H,0 under mild conditions.
Moreover, the mechanistic pathway was inferred on the basis
of control experiments and quantum chemical calculations.
The synthetic utility of nitroindazoles was demonstrated by the
synthesis of bio-relevant benzimidazoindazoles. This unique
radical C-H nitration of 2H-indazoles should open new
avenues for the C-H functionalization of 2H-indazoles and
studies in this direction are currently underway in our
laboratory.
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ABSTRACT: Trifluoromethyl-substituted heteroarenes are
biologically active compounds and useful building blocks. In
this sequence, we have developed a visible-light-promoted
regioselective C3—H trifluoromethylation of 2H-indazole
under metal-free conditions, which proceeds via a radical
mechanism. The combination of photocatalysis and hyper-
valent iodine reagent provides a practical approach to a library
of trifluoromethylated indazoles in 35—83% yields.

B INTRODUCTION

Halo-organic compounds are typically considered as sites of
high electron density because of their high electronegativity. In
general, the halogen atoms can form attractive interaction due
to electron donor sites (i.e., nucleophiles).1 Among them, the
C—F bond finds important application in the field of synthetic
and medicinal chemistry, which is due to the similar size and
increased electronegativity of fluorine over hydrogen.” In this
context, the trifluoromethyl group represents important
structural motif in agrochemicals, pharmaceuticals, and drug
candidates. The CF; moieties can enhance in metabolic
stability, increase lipophilicity, bioavailability, and hydrolytic
stability. Further, the trifluoromethyl-containing organic
compounds are commonly applied in material such as liquid
crystals.’

In the past decade, due to the importance of trifluor-
omethylation process, several methods have been developed,
using various radical, nucleophilic, and electrophilic trifluor-
omethylating agents such as CF;I,* CF,SO,Cl,’ CF,COOH,’
the Ruppert—Prakash reagent (TMSCF;),” the Togni reagent,”
the Umemoto reagent,9 the Baran reagent (CF;80,),Zn,"" and
the Langlois (CF;SO,Na).'" Among these, the Langlois
reagent is benchtop-stable, inexpensive, easy to handle, and
convenient for trifluoromethylation.'” Despite these develop-
ments, the approach for radical trifluoromethylation of arenes
and heteroarenes has been developed over the past years."

In recent years, the visible-light-induced photoredox
catalytic activation of organic molecules has been established
as a powerful strategy in modern organic synthesis, which
provides attractive features like mild nature, environmentally
benign, excellent functional group tolerance, and high
reactivity.'* The photoredox strategy can involve via single
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Methylene blue, CF3
= PIDA, 60 W CFL bulb =
O =
=\ R, NaSO,CF3, DCM, 1t,24h N Ry
19 examples

* Regioselective radical C-H trifluoromethylation up to 83% yield

* Chelation-free and metal-free C-H functionalization
* Inexpensive and benchtop-stable CF; radical source
* Scale-up synthesis

electron-transfer (SET) process upon irradiation with visible
light using metal complexes and organic dyes as photo-
catalyst.'> Moreover, organic dyes are inexpensive and easy to
handle as photoredox catalysts, and hence this would be an
excellent substitute to inorganic transition-metal photocatalyst.

Nitrogen-containing heterocycle compounds have gained
significant importance in natural products and they exhibit a
wide range of biological activities.'® Among them, indazoles
are broadly known for their bioactivities'” such as antitumor,"®
antimicrobial, "’ anti—inﬂammatory,20 anti-HIV,*! antiplatelet,22
and anticontraceptive.23 Considering the immense importance
of derivatives of 2H-indazoles, extensive efforts have been
devoted for the synthesis and functionalization of 2H-
indazole.”* Recently, Oh et al. have reported the silver-

25a

catalyzed direct acyl radical addition to 2H-indazole™* and

Hajra et al. have also realized the construction of carbon—
phosphorus (C—P)*" and carbon—sulfur (C—S)**° bond
formations on 2H-indazole (Scheme 1a). Very recently, Hajra
et al. have described a new approach for the direct C3-
trifluoromethylation of 2H-indazole mediated by peroxides
(Scheme 1a).** The C3—H functionalization of 2H-indazoles
has few disadvantages such as use of transition-metal catalyst
and peroxides and high temperature. Encouraged by the
significant advances in the recent radical C—H functionaliza-
tion,”® our group initiated the research program on the C—H
functionalization of indazoles.”” Herein, we report a novel
metal-free visible-light-promoted organic dye-catalyzed regio-
selective C3-trifluoromethylation of 2H-indazole. An initial
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Scheme 1. Regioselective C3—H Functionalization of 2H-
Indazole

(a) Radical C-H functioalization on 2H-Indazole

X
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N
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(b) Our previous report (radical C-H nitration)
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(c) Present Method (Photoredox Catalysed triﬂuoromethylation)

O . T

PC, PIDA
Visible Light

9ale

version of this work was deposited in ChemRxiv on 5 March
2019.%°

B RESULTS AND DISCUSSION

In the initial experiments, we have chosen 2-phenyl-2H-
indazole as the model substrate, the Langlois reagent as radical
CF, source, and phenyliodine(III) diacetate (PIDA) as an
oxidant with 1 mol % rose bengal as a photocatalyst in MeCN
and irradiated with a 60 W compact fluorescent bulb (CFL) at
room temperature for 24 h. Delightfully, we observed C3-
trifluoromethylated product 2a with 60% yield (Table 1, entry
1). Then, the effect of other oxidants such as K,S,04 TBHP,
IBA-OAc, and PhIO was examined (Table 1, entries 2—35).
Unfortunately, our attempts failed. To improve the reaction
efficiency in terms of yield, we have tested the various
photocatalysts. Among all, methylene blue (Table 1, entry 12)
was found to be effective photocatalyst and provided the
desired product 2a with 75% vyield. Among the solvents
screened (Table 1, entries 15—23), DCM was found to be the
most eflicient solvent for this strategy. To improve the yield, a
variety of CF; sources were examined, but without much
success (Table 1, entries 24—26).

With the established optimized reaction conditions (Table 1,
entry 12), we have examined the scope of this protocol with
various substitutions on 2H-indazoles (Table 2). Initially, we
checked the halogen substitution on 2H-indazole (2b—h). The
presence of halogen at C5 and C6 positions of 2H-indazoles
(2b—d) gave poor yields. The halogen substituent at para
position of the amine partner of 2H-indazoles (2e—h) gave
45—68% yields. Likewise, the amine partner of 2H-indazoles
bearing electron-donating groups (—Me, —OMe) resulted in
the products with very good yields (2i—n,p). This might be
due to the increased electron density at C3 position of 2H-
indazole. This observation was similar to our earlier report.””*

However, the electron-donating groups (—Me, —OMe) at
ortho position (2i, 2j) gave moderate yields; this is due to the
steric hindrance of the ortho substitution. We observed poor
yield when the electron-withdrawing group was substituted on
2H-indazole (20) because the electron density might be
reduced at C3 position on 2H-indazole. In the case of
benzylamine partner, the C3-H trifluoromethylated indazoles
(2r, 2s) were obtained in low yield.

Due to the presence of 2H-indazole skeleton in various
biologically relevant compounds, we have also evaluated the
scalability of our protocol. Consequently, when we performed
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Table 1. Optimization of Reaction Conditions for the
Synthesis of 2a”

H CFs
_ Photocatalyst, Oxidant Cf(
\N'N© CF3 Source, Solvent, \N’N@
1a 24 h, rt 2a
yield
entry catalyst oxidants  CF; Source  Solvent (%)*
1 rose bengal PIDA NaSO,CF; DCM 60
2 rose bengal K,S,04 NaSO,CF; DCM n.d
3 rose bengal TBHP NaSO,CF;  DCM nd
4 rose bengal IBA-OAc  NaSO,CF; DCM trace
S rose bengal PhIO NaSO,CF; DCM trace
6 rose bengal NaSO,CF; DCM nd
7 PIDA NaSO,CF; DCM trace
8 Ru(bpy),ClL, PIDA NaSO,CF;  DCM trace
9 Ir(ppy)s PIDA NaSO,CF; DCM trace
10 eosin-Y PIDA NaSO,CF; DCM S0
11  rhodamine B PIDA NaSO,CF;  DCM trace
12 methylene blue PIDA NaSO,CF; DCM 75
13 azure-B PIDA NaSO,CF; DCM SS
14 riboflavin PIDA NaSO,CF; DCM trace
1S methylene blue  PIDA NaSO,CF;  CH;CN 30
16  methylene blue  PIDA NaSO,CF;  DCE S0
17 methylene blue ~ PIDA NaSO,CF;  acetone trace
18  methylene blue  PIDA NaSO,CF;  DMSO nd
19  methylene blue  PIDA NaSO,CF;  toluene nd
20  methylene blue  PIDA NaSO,CF;  MeOH nd
21  methylene blue = PIDA NaSO,CF;  EtOH n.d
22 methylene blue  PIDA NaSO,CF;  dioxane nd
23 methylene blue  PIDA NaSO,CF;  DMF nd
24 methylene blue = PIDA TMSCEF, DCM nd
25  methylene blue =~ PIDA ICH,CF; DCM nd
26  methylene blue = PIDA CF;S0,Cl DCM n.d

“Reaction conditions: 1a (1 mmol), methylene blue (1 mol %), PIDA
2 mmol), NaSO,CF; (2 mmol), DCM (1 mL), 60 W CFL blub, rt,
24 h. PIsolated yield of chromatographically pure products. n.d = not
detected.

the reaction on 1 g scale, it produced the C3-trifluoromethy-
lation of 2H-indazole 2a with 69% yield (Scheme 2).

To investigate the reaction mechanism, we performed few
control experiments, as shown in Scheme 3. We observed that
2-phenyl-2H-indazole 1a failed to produce the corresponding
trifluoromethylation product 2a in the presence of radical
scavengers such as TEMPO, BHT, and BQ. Also, we observed
the intermediate C and TEMPO-CF, adduct in '’F NMR.
These results indicate that the reaction mechanism proceeded
through the radical pathway, as depicted in Scheme 4.
Moreover, we have performed NMR experiments to confirm
intermediates; however, we did not observe the peaks
corresponding to any hypervalent iodine complexes other
than iodobenzene peaks in NMR spectra. In addition, we
measured the redox potentials for the 2H-indazole 1a (E,4 =
—0.71 V vs Ag/AgCl), the Langlois reagent (E, 4 = —1.39 V vs
Ag/AgCl), photocatalyst (PC) (E.q = —1.74 V vs Ag/AgCl)
using cyclic voltammetry (see SI), and reduction potential for
excited-state photocatalyst (PC*) (E,q = 1.60 V vs Ag/
AgCl).”” The reduction potentials of 2H-indazole and excited-
state photocatalyst (PC*) clearly signify that 2H-indazole 1a
has the potential to transfer a single electron to excited-state
photocatalyst (PC*), thus supporting the proposed mecha-
nism.
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Table 2. Substrate Scope for the C3-Trifluoromethylation of 2H-Indazole™"”

@ﬁ@

rt,24 h

methylene blue
_ NaSO,CF3, PIDA
TCFL 60W, DCM, 60W, DCM,

CF,
-
R4 _ N
N Ro
2

@ﬁ@ Cﬁ@ O,

= 2a 75% =
R=6-Cl 2b 35% R=Cl
R=6-Br 2¢ 37% R =Br
R=5Br 2d 43% R=

@ﬁ@ @(b

2q (42%)

R=CH3

2e
2f

29
2h

2r
2s

45% R = 0-CH3 2i 45%
53% R = 0-OMe 2j 42%
62% R =m-CHj 2k  64%
68% R=m-OMe 2| 70%
R = p-CH; 2m 83%

R = p-OMe 2n  83%

R=m-(CO)CH; 20 40%

R=0,m, p-OCH; 2p 80%

5%
45%

“Reaction conditions: 1a (1 mmol), methylene blue (1 mol %), PIDA (2 mmol), NaSO,CF; (2 mmol), DCM (1 mL), 60 W CFL blub, rt, 24 h.

bIsolated yield of chromatographically pure products.

Scheme 2. Gram-Scale Synthesis of 2-Phenyl-3-
(trifluoromethyl)-2H-indazole 2a

H CF3
methylene blue (1 mol%)
@NQ NaSO,CF; (2 equiv.) CE(NQ
N PIDA (2 equiv.) N
la CFL 60 W, DCM, 1t, 24 h 2a
1 g, 5.15mmol 0.932 g, 69 %

Scheme 3. Control Experiments

H CF3
= Standard conditions =
N > N N
=N radical scanvenger <N (‘3
1a (2.0 equiv) 2a CFs
TEMPO = 0% TEMPO-CF3;
BHT =0% 19, =
BQ = Trace F NMR =-78.21 ppm

Based on the control experiment results and the literature
reports,”’ a plausible reaction mechanism of the present
trifluoromethylation of 2-phenyl-2H-indazole is depicted in
Scheme 4. Initially, the CF; radical species would be generated
by the reaction of NaSO,CF; (B) with PIDA (A) via
intermediate C. Meanwhile, the photocatalyst (PC) converted
to its excited-state PC* upon the absorption of photons from
visible light. The PC* produces the indazole radical cation D
from the oxidation of indazole along with the generation of
photocatalytic radical anion PC*” through single electron-
transfer (SET) process. After that, the photocatalyst radical
anion (PC*") is oxidized to PC by reducing acetate radical to
acetate anion. Then, the generated CF; radical would attack
intermediate D to form intermediate E, which on deprotona-
tion would result in trifluoromethylation product 2a.

B CONCLUSIONS

We have successfully demonstrated a novel photoredox-
catalyzed regioselective C3—H trifluoromethylation of 2H-
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indazoles. This protocol offers the transition-metal-free
photoredox-catalyzed C3-H trifluoromethylation of 2H-
indazole. This method utilizes an inexpensive and benchtop-
stable Langlois reagent under mild reaction conditions.
Further, the developed protocol for regioselective trifluor-
omethylation of 2H-indazole would be of great significance in
pharmaceutical chemistry and material sciences.

B EXPERIMENTAL SECTION

General Considerations. IR spectra were recorded on an FTIR
spectrophotometer. '"H NMR spectra were recorded on a 400 MHz
spectrometer at 295 K in CDCly; the chemical shifts (§ ppm) and
coupling constants (Hz) are reported in standard fashion concerning
either internal standard tetramethylsilane (TMS) (8 = 0.00 ppm) or
CHCl; (8y = 7.25 ppm). "*C NMR spectra were recorded on a 100
MHz spectrometer at RT in CDCly; chemical shifts (§ ppm) are
reported relative to CHCl; [§c = 77.00 ppm (central line of the
triplet)]. In the "H NMR spectra, the following abbreviations were
used throughout: s = singlet, d = doublet, t = triplet, q = quartet, qui =
quintet, m = multiplet, and br s. = broad singlet. The assignment of
signals was confirmed by 'H, '*C, and DEPT spectra. High-resolution
mass spectra (HR-MS) were recorded using a Q-TOF multimode
source. Melting points were determined on an electrothermal melting
point apparatus and are uncorrected. All dry solvents were used,
toluene was dried over sodium metal, and DMSO, CH;CN, and DMF
were dried over commercially available calcium hydride.

All small-scale dry reactions were carried out using a standard
syringe septum technique. Reactions were monitored by TLC on
silica gel using a combination of petroleum ether and ethyl acetate as
eluents. Reactions were generally run under argon, nitrogen, and
oxygen atmosphere wherever necessary. Solvents were distilled before
use, and petroleum ether with a boiling range of 40—60 °C was used.
Acme’s silica gel (60—120 mesh) was used for column chromatog-
raphy (approximately 20 g per one gram of crude material). All 2-
azidobenzaldehydes (A—B and C) except D have been synthesized by
using literature procedures.>”*’

General Procedure (GP-1) for the Synthesis of 2-Phenyl-2H-
indazole.”” Amdobenzaldehyde 1 (1 mmol) and aniline 2 (1 mmol)
were taken in a 10 mL oven-dried Schlenck tube, which was closed
with stopcock with argon balloon and placed in an external heating oil
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Scheme 4. Plausible Reaction Mechanism
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bath at 120 °C for 1-3 h (oil bath temperature). After completion of
the starting material, the mixture was cooled to room temperature and
was purified on a silica gel chromatography column (hexane/ethyl
acetate, 90:10), which furnished the respective products la—s.
General Procedure (GP-Il) for the Synthesis of 2-Phenyl-3-
(trifluoromethyl)-2H-indazole. In an oven-dried reaction vessel
charged with 2-phenyl-2H-indazole (1 mmol), methylene blue (1 mol
%), PIDA (2 mmol) and sodium triflate (2 mmol) were added,
followed by addition of DCM (1 mL). The resulting reaction mixture
was irradiated using a 60 W CFL bulb. The progress of the reaction
was monitored by TLC until the reaction was complete. The reaction
mixture was quenched by addition of aq. NH,Cl solution and
extracted with ethyl acetate (3 X 10 mL). The organic layer was dried
(Na,SO,) and concentrated in vacuum. Purification of the residue on
a silica gel column chromatography using petroleum ether/ethyl
acetate as (petroleum ether/ethyl acetate, 97:3—95:5) eluent
furnished the product trifluoromethylated indazoles 2a—s.
Characterization Data of the Products. 2-Phenyl-3-(trifluoro-
methyl)-2H-indazole (2a). Dark yellow solid (50 mg, 75%), mp 40—
42 °C; IR (MIR-ATR, 4000—600 cm™): v,,., = 3736, 3673, 3613,
3565, 3032, 2968, 2381, 1734, 1700, 1650, 1556, 1540, 1521, 1508,
1458, 1420, 1218, 1120, 940, 757, 667, 631; "H NMR (CDCl,, 400
MHz): §y = 7.79=7.87 (m, 2H), 7.52—7.63 (m, SH), 7.39—7.45 (m,
1H), 7.28—7.34 (m, 1H); *C{'H} NMR (CDCl,, 100 MHz): 148.2,
139.6, 130.0, 29.1, 127.3, 126.1, 125.1, 123.5 (q, Jor = 40.0 Hz),
1213 (q, Jor = 269.0 Hz), 119.4, 118.4; '°F NMR (CDCl; 376
MHz): —54.5; HR-MS (ESI-TOF) m/z: [M + HJ]" caled for
[C,H,oF5N,]* = 263.0791; found: 263.0794.
6-Chloro-2-phenyl-3-(trifluoromethyl)-2H-indazole (2b). Dark
orange solid (29 mg, 35%), mp 44—46 °C; IR (MIR-ATR, 4000—
600 cm™): v, = 3673, 3613, 3565, 3525, 3068, 2926, 2854, 2355,
1695, 1634, 1596, 1549, 1502, 1470, 1439, 1314, 1290, 1222, 1178,
1126, 1104, 999, 768, 691, 621, 544; 'H NMR (CDCl,, 400 MHz):
Sy =773 (d, 1H, J = 8.8 Hz), 7.56—7.41 (m, SH), 7.34 (s, 1H),
6.95—6.87 (m, 1H); *C{'H} NMR (CDCl,;, 100 MHz): § = 1484,
139.6, 139.3, 135.5, 129.8 (q, Jo.r = 36.0 Hz), 127.7, 126.0, 121.4 (q,
Jor = 252.0 Hz), 1194, 119.3, 105.7; "°F NMR (CDCl; 376 MHz):
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—54.7; HR-MS (ESI-TOF) m/z: [M + H]" caled for [C,,H,CIF;N,]*
= 297.0401; found: 297.0408.
6-Bromo-2-phenyl-3-(trifluoromethyl)-2H-indazole (2c). Yellow
solid (27 mg, 37%), mp 42—44 °C; IR (MIR-ATR, 4000—600 cm™"):
Upmax = 2116, 2032, 1596, 1540, 1502, 1462, 1432, 1305, 1220, 1179,
1127, 1106, 998, 934, 798, 768, 692, 571, 515; "H NMR (CDCl,, 400
MHz): &y = 8.04—7.98 (m, 1H), 7.71 (dd, 1H, J, = 1.5 and J, = 9.8
Hz), 7.62—7.51 (m, SH), 7.38 (dd, 1H, J, = 1.7 and J, = 9.0 Hz);
BC{'H} NMR (CDCl;, 100 MHz): § = 148.7, 139.2, 129.8 (q, Jc.p =
42.0 Hz), 1289, 126.0, 121.9 (q, Jor = 268.0 Hz), 120.7, 120.0,
119.2; F NMR (CDCly 376 MHz): —54.7; HR-MS (ESI-TOF) m/
z: [M + H]* caled for [C,HyBrF3N,]* = 340.9896; found: 340.9914.
5-Bromo-2-phenyl-3-(trifluoromethyl)-2H-indazole (2d). Dark
yellow solid (31 mg, 43%), mp 52—54 °C; IR (MIR-ATR, 4000—
600 cm™): v,,, = 3648, 3588, 3547, 3070, 2924, 2321, 1735, 1596,
1502, 1420, 1271, 1216, 1169, 1124, 1107, 1043, 996, 861, 804, 768,
692, 634, 596; '"H NMR (CDCl,;, 400 MHz) & = 8.01 (s, 1H), 7.70
(d, 1H, J = 9.3 Hz), 7.62—7.50 (m, 4H), 7.50-7.42 (m, 2H);
BC{'H} NMR (CDCl,;, 100 MHz): § = 146.6, 139.3, 137.9, 132.5,
129.8 (q, Je.r = 36.0 Hz), 124.6, 123.0, 122.6, 121.9 (q, Jo.r = 248.0
Hz), 120.1, 118.6, 116.5, 112.7; ’F NMR (CDCl; 376 MHz): —54.6;
HR-MS (ESI-TOF) m/z: [M + H]" caled for [C,,HyBrF;N,]* =
340.9896; found: 340.9900.
2-(4-Fluorophenyl)-3-(trifluoromethyl)-2H-indazole (2e). Yellow
solid (50 mg, 45%), mp 52—54 °C; IR (MIR-ATR, 4000—600 cm™"):
Upmax = 3689, 3620, 3568, 3036, 2938, 2321, 1717, 1540, 1502, 1454,
1252, 1216, 1156, 1118, 1107, 1032, 987, 861, 767, 659, 631; *
NMR (CDCl;, 400 MHz): 5y = 7.86—7.75 (m, 2H), 7.62—7.53 (m,
2H), 7.45—7.39 (m, 1H), 7.31 (dd, 1H, J, = 6.8 and J, = 8.3 Hz,),
7.26—7.21 (m, 2H); C{'H} NMR (CDCI;, 100 MHz): § = 164.5
(d, Jo.p = 249.0 Hz), 149.7, 148.2, 135.6 (d, Jcr = 2.0 Hz), 128.1 (d,
Jor = 9.0 Hz), 1274, 125.5, 123.6 (q, Jc.r = 40.0 Hz), 121.5, 121.0
(q Jer = 268.0 Hz), 1194, 1184, 116.5 (d, Jor = 24.0 Hz); “F
NMR (CDCl 376 MHz): —54.5, —110.2; HR-MS (ESI-TOF) m/z:
[M + H]* caled for [C,HoF,N,]* = 281.0696; found: 281.0690.
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2-(4-Chlorophenyl)-3-(trifluoromethyl)-2H-indazole (2f). Dark
yellow solid (35 mg, 53%), mp 46—48 °C; IR (MIR-ATR, 4000—
600 cm™): v,,,, = 3673, 3613, 3547, 3068, 2317, 2089, 1552, 1522,
1498, 1432, 1298, 1220, 1176, 1118, 1089, 1017, 998, 929, 832, 746,
728, 583, 537; '"H NMR (CDCl,;, 400 MHz): 8y = 7.76—7.68 (m,
2H), 7.49-7.39 (m, 4H), 7.34—7.29 (m, 1H), 7.24—7.17 (m, 1H);
BC{'H} NMR (CDCl,;, 100 MHz): § = 148.4, 138.0, 136.1, 129.8 (q,
Jcr = 47.0 Hz), 127.5, 127.4, 125.7, 123.9, 122.3, 122.2, 121.7, 119.9
(g Jer = 231.0 Hz), 118.4; F NMR (CDCl; 376 MHz): —54.3;
HR-MS (ESI-TOF) m/z: [M + HJ]* caled for [C;HyCIF;N,]* =
297.0401; found: 297.0401.
2-(4-Bromophenyl)-3-(trifluoromethyl)-2H-indazole (2g). Dark
yellow (45 mg, 62%), mp 44—46 °C; IR (MIR-ATR, 4000—600
em™): v, = 3673, 3613, 3547, 3068, 1521, 1495, 1432, 1298, 1222,
1176, 1119, 1099, 1068, 1015, 996, 929, 829, 743, 711, 576, 535; 'H
NMR (CDCl,;, 400 MHz): 6y = 7.84—7.78 (m, 2H), 7.70—7.64 (m,
2H), 7.46 (d, 2H, J = 8.3 Hz), 7.43—7.37 (m, 1H), 7.31-7.25 (m,
1H); C{'H} NMR (CDCl;, 100 MHz): § = 148.4, 138.6, 132.8 (q,
Jor = 43.0 Hz), 127.8, 127.6, 125.3, 124.2, 123.9, 122.5 (q, Jcr =
223.0 Hz), 119.4, 118.4; F NMR (CDCl; 376 MHz): —54.3; HR-
MS (ESI-TOF) m/z: [M + HJ]" caled for [CHoBrF;N,]" =
340.9896; found: 340.9900.
2-(4-lodophenyl)-3-(trifluoromethyl)-2H-indazole (2h). Light yel-
low (40 mg, 68%), mp 100—102 °C; IR (MIR-ATR, 4000—600
em™): v, = 3736, 3547, 3462, 3032, 2917, 2356, 2154, 1716, 1683,
1556, 1540, 1509, 1362, 1257, 999, 821, 800, 740, 521; 'H NMR
(CDCly, 400 MHz): 6y = 7.94—7.86 (m, 2H), 7.85—7.78 (m, 2H),
7.45—7.38 (m, 1H), 7.38—7.28 (m, 3H); *C{'H} NMR (CDCl,, 100
MHz): § = 1484, 139.3, 138.8 (q, Jcr = 43.0 Hz), 127.7, 125.3,
123.8, 122.7, 1222, 121.7, 119.5 (q, Jo.r = 224.0 Hz), 118.4, 95.8; *°F
NMR (CDCl; 376 MHz): —54.3; HR-MS (ESI-TOF) m/z: [M +
H]* caled for [Cy,HoF;IN,]* = 388.9757; found: 388.9756.
2-(o-Tolyl)-3-(trifluoromethyl)-2H-indazole (2i). Dark yellow solid
(30 mg, 45%), mp 52—54 °C; IR (MIR-ATR, 4000—600 cm™): 0.,
=3057, 2927, 1603, 1564, 1501, 1386, 1337, 1306, 1158, 1114, 1039,
969, 957, 863, 810, 751, 716, 663, 605, 573; '"H NMR (CDCls, 400
MHz): &y = 7.90—7.78 (m, 2H), 7.51—7.28 (m, 6H), 2.02 (s, 3H);
BC{'H} NMR (CDCl;, 100 MHz): § = 148.1, 139.6, 138.3, 137.1,
135.8, 130.5, 127.3 (q, Jo.r = 36.0 Hz), 125.0, 122.1, 1194 (q, Jor =
228.0 Hz), 116.0, 114.9, 16.8; '’F NMR (CDCl,, 376 MHz): —56.2;
HR-MS (ESI-TOF) m/z: [M + H]" caled for [C;H,F3N,]" =
277.0947; found: 277.0952.
2-(2-Methoxyphenyl)-3-(trifluoromethyl)-2H-indazole (2j). Yel-
low solid (27 mg, 42%), mp 40—42 °C; IR (MIR-ATR, 4000—600
em™): v, = 3673, 3614, 3525, 2930, 2846, 2316, 1603, 1510, 1437,
1335, 1283, 1202, 1120, 1093, 1021, 966, 804, 753, 653, 603; 'H
NMR (CDCl,, 400 MHz): 6, = 8.03 (d, ] = 8.8 Hz, 1H), 7.74 (d, ] =
6.8 Hz, 1H), 7.53 (dt, J, = 1.7 and J, = 7.9 Hz, 1H), 7.44 (dd, ], = 1.5
and J, = 7.8 Hz, 1H), 7.38—7.32 (m, 1H), 7.13—7.04 (m, 2H), 3.74
(m, 3H); *C{"H} NMR (CDCl,, 100 MHz): § =154.8, 143.5, 132.0,
128.7, 127.9 (q, Jo.r = 42.0 Hz), 125.3, 124.8, 123.9, 123.2, 121.8 (q,
Jer = 267.0 Hz), 119.0, 112.0, 55.7; ’F NMR (CDCl,, 376 MHz):
—54.3; HR-MS (ESI-TOF) m/z: [M + H]" calcd for
[CsH,F3N,O]* = 293.0896; found: 293.0901.
2-(m-Tolyl)-3-(trifluoromethyl)-2H-indazole (2k). Brown oil (43
mg, 64%). IR (MIR-ATR, 4000—600 cm™): v,.,, = 3648, 3565, 3525,
3065, 2924, 2322, 1611, 1592, 1495, 1476, 1431, 1302, 1221, 1202,
1169, 1118, 1016, 880, 787, 745, 693, 693, 627, 605, 521; 'H NMR
(CDCly, 400 MHz): 6y = 7.74 (d, 2H ] = 8.8 Hz), 7.39—7.24 (m,
5H), 7.20 (dd, 1H, J, = 7.8 and J, = 15.2 Hz), 2.37 (s, 3H). *C{'H}
NMR (CDCl;, 100 MHz): § = 148.2, 139.3, 130.7, 129.5, 128.8,
127.1, 126.7, 125.3, 123.1 (q, Jo.r = 44.0 Hz), 119.6 (q, Jo.r = 250.0
Hz), 118.3, 21.2; ’F NMR (CDCl; 376 MHz): —54.2; HR-MS (ESI-
TOF) m/z: [M + H]" calcd for [CsH,F;N,]* = 277.0947; found:
277.0960.
2-(3-Methoxyphenyl)-3-(trifluoromethyl)-2H-indazole (2l).
Brownish yellow solid (53 mg, 80%), mp 74—76 °C; IR (MIR-
ATR, 4000—600 cm™): v,,,, = 3614, 3547, 2925, 2846, 2323, 2134,
1734, 1593, 1498, 1468, 1288, 1250, 1201, 1163, 1122, 1044, 976,
885, 755, 688, 521; 'H NMR (CDCl,, 400 MHz): &,; = 8.04 (d, ] =
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8.8 Hz, 1H), 7.75 (d, ] = 6.8 Hz, 1H), 7.45 (t, ] = 8.3 Hz, 1H), 7.40—
7.32 (m, 1H), 7.19 (d, J = 7.3 Hz, 1H), 7.15—7.08 (m, 2H), 3.87 (s,
3H). BC{'H} NMR (CDCl,;, 100 MHz): § = 160.0, 143.4, 140.0,
129.9, 125.6 (q, Jc.r = 40.0 Hz), 123.7, 122.4, 122.1 (q, Jc.r = 268.0
Hz), 118.5, 116.4, 112.0, 55.6; '°F NMR (CDCl; 376 MHz): —54.7;
HR-MS (ESI-TOF) m/z: [M + H]" caled for [CsH,,F;N,0]" =
293.0896; found: 293.0901.
2-(p-Tolyl)-3-(trifluoromethyl)-2H-indazole (2m). Yellow solid
(50 mg, 83%), mp 42—44 °C; IR (MIR-ATR, 4000—600 cm™'):
Umax = 3673, 3614, 3043, 2925, 2324,1553, 1515, 1471, 1431, 1383,
1298, 1219, 1174, 1117, 1100, 999, 930, 820, 745, 610, 547; "H NMR
(CDCl,;, 400 MHz): &y = 7.86—7.78 (m, 2H), 7.50—7.42 (m, 2H),
7.42-7.36 (m, 1H), 7.36—=7.25 (m, 3H), 2.48-2.44 (m, 3H);
BC{'H} NMR (CDCl,;, 100 MHz): § = 148.1, 140.2, 137.2, 130.2,
1282, 127.1, 125.9 (q, Jo.r = 39.0 Hz), 123.8, 122.3, 121.5 (q, Jor =
267.0 Hz), 119.6, 118.4, 21.3; ’F NMR (CDCl; 376 MHz): —54.5;
HR-MS (ESI-TOF) m/z: [M + H]* caled for [C;H,F3N,]*
277.0947; found: 277.0948.
2-(4-Methoxyphenyl)-3-(trifluoromethyl)-2H-indazole (2n). Yel-
low solid (53 mg, 83%), mp 74—76 °C; IR (MIR-ATR, 4000—600
cm™Y): v, = 2969, 2887, 2839, 2303, 2043, 1608, 1513, 1433, 1299,
1252, 1175, 11148, 1030, 1015, 998, 928, 834, 736, 703, 611, 557,
536; 'H NMR (CDCl,;, 400 MHz): & = 7.85—7.79 (m, 2H), 7.53—
7.47 (m, 2H), 7.43—7.37 (m, 1H), 7.32—7.24 (m, 1H), 7.07—6.99
(m, 2H), 3.89 (s, 3H); *C{'H} NMR (CDCl,;, 100 MHz): § = 160.6,
148.0, 132.5, 1274 (q, Jor = 39.0 Hz), 124.9, 123.5, 122.7, 122.3,
121.4, 119.6 (q, Jc.r = 244.0 Hz), 114.8, 55.6; '’F NMR (CDCl, 376
MHz): —54.6; HR-MS (ESI-TOF) m/z: [M + HJ]" caled for
[C1sH,F3N,0]* = 293.0896; found: 293.0891.
1-(3-(3-(Trifluoromethyl)-2H-indazol-2-yl)phenyl)ethanone (2o0).
Light brown solid (25 mg, 40%), mp 74—76 °C; IR (MIR-ATR,
4000—600 cm™): v,,,., = 3648, 3589, 3504, 3074, 2925, 2323, 1716,
1690, 1589, 1522, 1493, 1430, 1359, 1302, 1256, 1222, 1178, 1149,
1012, 748, 691, 587, 562; 'H NMR (CDCl,, 400 MHz): &;; = 8.23—
8.12 (m, 2H), 7.88—7.76 (m, 3H), 7.72—7.64 (m, 1H), 7.47—7.40
(m, 1H), 7.36—7.29 (m, 1H), 2.66 (s, 3H); *C{'H} NMR (CDCl,,
100 MHz): § = 196.4, 148.4, 140.0, 138.0, 130.3, 129.5, 128.2, 127.6,
126.1, 125.4, 123.6 (q, Jo.r = 40.0 Hz), 120.5, 119.5 (q, Jo.r = 209.0
Hz), 1184, 26.7; ’F NMR (CDCl, 376 MHz): —54.2; HR-MS (ESI-
TOF) m/z: [M + H]* caled for [C,4H,,F3sN,0]* = 305.0896; found:
305.0914.
3-(Trifluoromethyl)-2-(3,4,5-trimethoxyphenyl)-2H-indazole
(2p). Yellow solid (48 mg, 78%), mp 126—128 °C; IR (MIR-ATR,
4000—600 cm™): v,,.. = 3673, 3648, 3565, 2971, 2881, 2835, 1596,
1556, 1505, 1462, 1415, 1307, 1265, 1233, 1170, 1125, 1106, 1016,
945, 897, 837, 794, 733, 702, 613; "H NMR (CDCl,, 400 MHz): &y =
7.87—7.78 (m, 2H), 7.46—7.38 (m, 1H), 7.31 (dd, 1H, ], = 6.8 and J,,
= 8.3 Hz,), 6.83 (s, 2 H), 3.93 (s, 3H), 3.90 (s, 6H); *C{'"H} NMR
(CDCl,, 100 MHz): 6 = 153.2, 148.0, 139.3, 134.9, 127.3, 125.1 (q,
Jo.r = 42.0 Hz), 121.5, 119.6 (q, Jo.r = 215.0 Hz), 03.8, 61.0, 56.3; "°F
NMR (CDCly, 376 MHz): —54.5; HR-MS (ESI-TOF) m/z: [M +
H]* caled for [C;H;4F3N,0,]* = 353.1108; found: 353.1104.
6-Bromo-2-(o-tolyl)-3-(trifluoromethyl)-2H-indazole (2q). Pale
yellow solid (48 mg, 78%), mp 82—84 °C; IR (MIR-ATR, 4000—
600 cm™): v, = 2116, 2032, 1596, 1540, 1502, 1462, 1432, 1305,
1220, 1179, 1127, 1106, 998, 934, 798, 768, 692, 571, 515; '"H NMR
(CDCl,;, 400 MHz): & = 8.00 (d, 1H, J = 1.0 Hz), 7.88—7.79 (m,
1H), 7.77-7.70 (m, 1H), 7.67 (d, 1H, J = 7.8 Hz), 7.40—7.27 (m,
3H), 2.63 (s, 3H); *C{’'H} NMR (CDCl;, 100 MHz): § = 158.3,
150.9, 148.8, 138.9, 129.1, 124.8 (q, Jc.r = 44.0 Hz), 122.1, 121.7 (q,
Jor = 246.0 Hz), 120.9, 119.4, 115.6, 23.9; ’F NMR (CDCl, 376
MHz): —54.5; HR-MS (ESI-TOF) m/z: [M + HJ]" caled for
[C\sH BrF;N,]* = [M + H]*: 355.0052; found: 355.0063.
2-Benzyl-3-(trifluoromethyl)-2H-indazole (2r). Yellow solid (29
mg, 55%), mp 42—44 °C; IR (MIR-ATR, 4000—600 cm™"): v,
=3673, 3614, 3547, 3067, 3035, 2926, 2323, 1521, 1483, 1436, 1327,
1286, 1219, 1165, 1112, 1036, 970, 881, 746, 706, 627; 'H NMR
(CDCl,, 400 MHz): &y = 7.82—7.72 (m, 2H), 7.39—7.19 (m, 7H),
5.73 (s, 2H); BC{'H} NMR (CDCl,;, 100 MHz): 5y = 147.8, 135.2,
128.9 (q, Jo.r = 42.0 Hz), 127.7 (d, Jc.r = 8.0 Hz), 126.7, 124.7, 123.7
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(g Jer = 207.0 Hz), 1212, 120.0, 1192, 118.3, 56.3; F NMR
(CDCl,, 376 MHz): —55.8; HR-MS (ESI-TOF) m/z: [M + H]* calcd
for [CsH,F3N,]* = 277.0947; found: 277.0943.

2-(4-Methylbenzyl)-3-(trifluoromethyl)-2H-indazole (2s). Brown
solid (29 mg, 45%), mp 90—92 °C; IR (MIR-ATR, 4000—600 cm™"):
Ve = 3673, 3648, 3613, 2925, 2858, 2359, 1717, 1969, 1622, 1539,
1511, 1475, 1433, 1385, 1337, 1305, 1201, 1160, 1123, 1015, 967,
813, 749, 689, 608; 'H NMR (CDCl,, 400 MHz): 8y = 7.73—7.63
(m, 2H), 7.26 (ddd, 1H, J, = 1.2, J, = 7.0 and J. = 8.4 Hz), 7.20—7.00
(m, SH), 5.61 (s, 2H), 2.24 (s, 3H); “*C{'H} NMR (CDCl;, 100
MHz): § = 147.8, 138.2, 132.2, 1294 (q, Jor = 44.0 Hz), 127.7 (q,
Jor = 9.0 Hz), 124.6, 122.6, 121.2 (q, Jo.p = 266.0 Hz), 119.2, 118.3,
56.1,21.1; ’F NMR (CDCl; 376 MHz): —55.8; HR-MS (ESI-TOF)
m/z: [M + HJ]" caled for [C¢H,F3sN,]* = 291.1104; found:
291.1110.

B ASSOCIATED CONTENT

© Supporting Information
The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acs.joc.9b00676.

Cyclic voltammetry data and copies of NMR spectra
(PDF)

B AUTHOR INFORMATION

Corresponding Authors

*B-mail: bhakthadoss@yahoo.com. Phone: (0413) 2654 830
(M.B.).

*E-mail: sharada@iith.ac.in. Phone: +91 8106644794. Fax:
(040) 2301 6032. Web: http://drsharadagroup.wixsite.com/
sharada (D.S.S.).

ORCID
Arumugavel Murugan: 0000-0003-3153-4200
Duddu S. Sharada: 0000-0001-5861-4126

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

The authors gratefully acknowledge the Department of Science
and Technology-Science and Engineering Research Board
(DST-SERB-EMR/2016/000952), New Delhi, India, and
Indian Institute of Technology Hyderabad (IITH), for
financial support. A V.M. and V.N.B. acknowledge UGC, and
AP. acknowledges DST-SERB, New Delhi, India, for the
award of research fellowship. The authors thank Prof. Ch.
Subrahmanyam and Palyam Subramanyam, IIT Hyderabad,
India, for their help in cyclic voltammetry. They also thank the
reviewer for his/her comments, which helped them improve
their manuscript.

B DEDICATION
This work is dedicated to Prof. David Krupadanam.

B REFERENCES

(1) For selected examples, see: (a) Zhou, Y.; Wang, J.; Gu, Z.; Wang,
S.; Zhu, W,; Acefa, V. J. L.; Soloshonok, A.; Izawa, K; Liu, H. Next
Generation of Fluorine-Containing Pharmaceuticals, Compounds
Currently in Phase II-III Clinical Trials of Major Pharmaceutical
Companies: New Structural Trends and Therapeutic Areas. Chem.
Rev. 2016, 116, 422—518. (b) Cametti, M.; Crousse, B.; Metrangolo,
P.; Milani, R;; Resnati G. The fluorous effect in biomolecular
applications. Chem. Soc. Rev. 2012, 41, 31—42. (c) Meanwell, N. A.
Synopsis of some recent tactical application of bioisosteres in drug
design. J. Med. Chem. 2011, 54,2529—2591. (d) Hagmann, W. K. The
many roles for fluorine in medicinal chemistry. . Med. Chem. 2008,

7801

51, 4359—4569. (e) Clark, T.; Hennemann, M.; Murray, J. S;
Politzer, P. Halogen bonding: the sigma-hole. Proceedings of
"Modeling interactions in biomolecules II. J. Mol. Model. 2007, 13,
291-296. (f) Nakamoto, K.; Margoshes, M.; Rundle, R. E. Stretching
Frequencies as a Function of Distances in Hydrogen Bonds. J. Am.
Chem. Soc. 1955, 77, 6480—6486. (g) Leavitt, F. C.; et al. Novel
Heterocyclo Pentadienes. J. Am. Chem. Soc. 1959, 81, 3163—3164.
(h) Metrangolo, P.; Resnati, G. Metal-bound halogen atoms in crystal
engineering. Chem. Commun. 2013, 49, 1783—1795.

(2) OHagan, D. Understanding organofluorine chemistry. An
introduction to the C—F bond. Chem. Soc. Rev. 2008, 37, 308—319.

(3) (a) Miiller, K.; Faeh, C.; Diederich, F. Fluorine in
pharmaceuticals: looking beyond intuition. Science 2007, 317,
1881—1886. (b) Purser, S.; Moore, P. R.; Swallow, S.; Gouverneur,
V. Fluorine in medicinal chemistry. Chem. Soc. Rev. 2008, 37, 320—
330. (c) Meanwell, N. A. Synopsis of some recent tactical application
of bioisosteres in drug design. J. Med. Chem. 2011, 54, 2529—2591.
(d) Schlosser, M. CFj-bearing aromatic and heterocyclic building
blocks. Angew. Chem., Int. Ed. 2006, 45, 5432—5446. (e) Furuya, T.;
Kamlet, A. S.; Ritter, T. Catalysis for fluorination and trifluorome-
thylation. Nature 2011, 473, 470—477. (f) Kirsch, P. Modern
Fluoroorganic Chemistry: Synthesis, Reactivity, Applications; Wiley-
VCH: Weinheim, 2004.

(4) (a) Pham, P. V.; Nagib, D. A,; MacMillan, D. W. C. Photoredox
Catalysis: A Mild, Operationally Simple Approach to the Synthesis of
a-Trifluoromethyl Carbonyl Compounds. Angew. Chem., Int. Ed 2011,
50, 6119—6122. (b) Igbal, N.; Jung, J.; Park, S.; Cho, E. J. Controlled
trifluoromethylation reactions of alkynes through visible-light photo-
redox catalysis. Angew. Chem., Int. Ed. 2014, $3, 539—542. (c) Natte,
K,; Jagadeesh, R. V,; He, L.; Rabeah, J; Chen, ]J.; Taeschler, C;
Ellinger, S.; et al. Palladium-Catalyzed Trifluoromethylation of
(Hetero)Arenes with CF;Br. Angew. Chem. Int. Ed. 2016, SS,
2782—2786. (d) Straathof, N. J. W.; Cramer, S. E.; Hessel, V.
Noél, T. Practical photocatalytic trifluoromethylation and hydro-
trifluoromethylation of styrenes in batch and flow. Angew. Chem., Int.
Ed. 2016, 55, 15549—15553.

(5) (a) Cai, S.; Chen, C; Sun, Z; Xi, C. CuCl-catalyzed ortho
trifluoromethylation of arenes and heteroarenes with a pivalamido
directing group. Chem. Commun. 2013, 49, 4552—4554. (b) Zhang,
L.-S;; Chen, K; Chen, B.; Li; Luo, S.; Guo, Q.; Wei, v.; Shi, Z.
Palladium-Catalyzed Trifluoromethylation of Aromatic C—H Bond
Directed by an Acetamino Group. Org. Lett. 2013, 15, 10—13.
(c) Bagal, D. B.; Kachkovskyi, G.; Knorn, M.; Rawner, T.; Bhanage, B.
M.; Reiser, O. Trifluoromethylchlorosulfonylation of alkenes:
evidence for an inner-sphere mechanism by a copper phenanthroline
photoredox catalyst. Angew. Chem., Int. Ed. 20185, 54, 6999—7002.

(6) (a) Langlois, B. R.;; Roques, N. Nucleophilic trifluoromethylation
of aryl halides with methyl trifluoroacetate. J. Fluorine Chem. 2007,
128, 1318—1325. (b) Shi, G.-F.; Shao, C.-D.; Pan, S.-L.; Yu, J.-X;
Zhang, Y.-H. Silver-Catalyzed C—H Trifluoromethylation of Arenes
Using Trifluoroacetic Acid as the Trifluoromethylating Reagent. Org.
Lett. 2015, 17, 38—41. (c) Kawamura, S.; Sodeoka, M. Perfluor-
oalkylation of Unactivated Alkenes with Acid Anhydrides as the
Perfluoroalkyl Source. Angew. Chem., Int. Ed. 2016, SS, 8740—8743.
(d) Guo, J.-Y; Wu, R-X; Jin, J.-K; Tian, S.-K. TENHNHBoc as a
Trifluoromethylating Agent for Vicinal Difunctionalization of
Terminal Alkenes. Org. Lett. 2016, 18, 3850—3853. (e) Yang, B,;
Yu, D.; Xu, X.-H,; Qing, F.-L. Visible-Light Photoredox Decarbox-
ylation of Perfluoroarene Iodine(III) Trifluoroacetates for C—H
Trifluoromethylation of (Hetero)arenes. ACS Catal. 2018, 8, 2839—
2843.

(7) (a) Ruppert, L; Schlich, K; Volbach, W. Die ersten CF;-
substituierten organyl(chlor)silane. Tetrahedron Lett. 1984, 25,2195—
2198. (b) Prakash, G. K. S.; Krishnamurti, R.; Olah, G. A. Synthetic
methods and reactions. 141. Fluoride-induced trifluoromethylation of
carbonyl compounds with trifluoromethyltrimethylsilane (TMS-CF;).
A trifluoromethide equivalent. J. Am. Chem. Soc. 1989, 111, 393—395.
(¢) Liu, J.-B.; Chen, C.; Chu, L.-L.; Chen, Z.-H.; Xu, X.-H,; Qing, F.-
L. Silver-Mediated Oxidative Trifluoromethylation of Phenols: Direct

DOI: 10.1021/acs.joc.9b00676
J. Org. Chem. 2019, 84, 7796—7803


http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.joc.9b00676
http://pubs.acs.org/doi/suppl/10.1021/acs.joc.9b00676/suppl_file/jo9b00676_si_001.pdf
mailto:bhakthadoss@yahoo.com
mailto:sharada@iith.ac.in
http://drsharadagroup.wixsite.com/sharada
http://drsharadagroup.wixsite.com/sharada
http://orcid.org/0000-0003-3153-4200
http://orcid.org/0000-0001-5861-4126
http://dx.doi.org/10.1021/acs.joc.9b00676

The Journal of Organic Chemistry

Synthesis of Aryl Trifluoromethyl Ethers. Angew. Chem., Int. Ed. 20185,
54, 11839—11842. (d) Nagase, M,; Kuninobu, Y.; Kanai, M. 4-
Position-Selective C—H Perfluoroalkylation and Perfluoroarylation of
Six-Membered Heteroaromatic Compounds. J. Am. Chem. Soc. 2016,
138, 6103—6106. (e) Chuy, L. L.; Qing, F. L. Copper-Catalyzed Direct
C—H Oxidative Trifluoromethylation of Heteroarenes. J. Am. Chem.
Soc. 2012, 134, 1298—1304. (f) Shang, M.; Sun, S.-Z.; Wang, H.-L,;
Laforteza, B. N; Dai, H.-X.; Yu, J.-Q. Exceedingly fast copper(Il)-
promoted ortho C-H trifluoromethylation of arenes using TMSCF;.
Angew. Chem., Int. Ed. 2014, 53, 10439—10442.

(8) (a) Eisenberger, P.; Gischig, S.; Togni, A. Novel 10-I-3
Hypervalent Iodine-Based Compounds for Electrophilic Trifluor-
omethylation. Chem. — Eur. ]. 2006, 12, 2579—2586. (b) Kieltsch, L;
Eisenberger, P.; Togni, A. Mild electrophilic trifluoromethylation of
carbon- and sulfur-centered nucleophiles by a hypervalent iodine (III)-
CF; reagent. Angew. Chem. Int. Ed. 2007, 46, 754—757.
(c¢) Charpentier, J.; Frith, N,; Togni, A. Electrophilic Trifluorome-
thylation by Use of Hypervalent Iodine Reagents. Chem. Rev. 2018,
115, 650—682. (d) Xie, J.; Yuan, X,; Abdukader, A.; Zhu, C.; Ma, J.
Visible-Light-Promoted Radical C—H Trifluoromethylation of Free
Anilines. Org. Lett. 2014, 16, 1768—1771.

(9) (a) Umemoto, T.; Ishihara, S. Power-variable electrophilic
trifluoromethylating agents. S-, Se-, and Te-(trifluoromethyl)-
dibenzothio-, -seleno-, and -tellurophenium salt system. J. Am.
Chem. Soc. 1993, 115, 2156—2164. (b) Wilger, D. J.; Gesmundo,
N. J,; Nicewicz, D. A. Catalytic hydrotrifluoromethylation of styrenes
and unactivated aliphatic alkenes via an organic photoredox system.
Chem. Sci. 2013, 4, 3160—3165. (c) Jana, S.; Ashokan, A.; Kumar, S.;
Verma, A.; Kumar, S. Copper-catalyzed trifluoromethylation of
alkenes: synthesis of trifluoromethylated benzoxazines. Org. Biomol.
Chem. 2015, 13, 8411—8415. (d) Tomita, R.; Koike, T.; Akita, M.
Photoredox-catalyzed oxytrifluoromethylation of allenes: stereo-
selective synthesis of 2-trifluoromethylated allyl acetates. Chem.
Commun. 2017, 53, 4681—4684. (e) Xu, Y.; Wu, Z.; Jiang, J; Ke,
Z.; Zhu, C. Merging Distal Alkynyl Migration and Photoredox
Catalysis for Radical Trifluoromethylative Alkynylation of Unac-
tivated Olefins. Angew. Chem., Int. Ed. 2017, 56, 4545—4548.

(10) (a) Fujiwara, Y,; Dixon, J. A;; Hara, F. O’; Funder, E. D;
Dixon, D. D.; Rodriguez, R. A,; Baxter, R. D.; Herle, B.; Sach, N,;
Collins, M. R,; Ishihara, Y.; Baran, P. S. Practical and innate carbon—
hydrogen functionalization of heterocycles. Nature 2012, 492, 95—99.

(11) (a) Langlois, B. R.; Laurent, E.; et al. Trifluoromethylation of
aromatic compounds with sodium trifluoromethanesulfinate under
oxidative conditions. Tetrahedron Lett 1991, 32, 7525-—7528.
(b) Billard, T.; Roques, N.; Langlois, B. R. Synthetic Uses of Thio-
and Selenoesters of Trifluoromethylated Acids. 1. Preparation of
Trifluoromethyl Sulfides and Selenides. J. Org. Chem. 1999, 64, 5332.

(12) (a) Yang, Y.-D,; Iwamoto, K; Tokunaga, E; Shibata, N.
Transition-metal-free oxidative trifluoromethylation of unsymmetrical
biaryls with trifluoromethanesulfinate. Chem. Commun. 2013, 49,
5510—5512. (b) Presset, M.; Oehlrich, D.; Rombouts, F.; Molander,
G. A;; et al. Synthesis and Minisci Reactions of Organotrifluoroborato
Building Blocks. J. Org. Chem. 2013, 78, 4615—4619. (c) Deb, A;
Manna, S.; Modak, A.,; Patra, T.; Maity, S.; Maiti, D. Oxidative
trifluoromethylation of unactivated olefins: an efficient and practical
synthesis of a-trifluoromethyl-substituted ketones. Angew. Chem., Int.
Ed. 2013, 52, 9747—1950. (d) Zhang, C. Application of Langlois’
Reagent in Trifluoromethylation Reactions. Adv. Synth. Catal. 2014,
356, 2895—2906. (e) Lu, Q; Liu, C; Huang, Z.; Ma, Y.; Zhang, J;
Lei, A. Relay cooperation of K,S,04 and O, in oxytrifluoromethy-
lation of alkenes using CF3SO,Na. Chem. Commun. 2014, 50, 14101—
14104. (f) Jana, S,; Verma, A; Kadu, R; Kumar, S. Visible-light-
induced oxidant and metal-free dehydrogenative cascade trifluor-
omethylation and oxidation of 1,6-enynes with water. Chem. Sci. 2017,
8, 6633—6644.

(13) (a) Nagib, D. A.;; MacMillan, D. W. C. Trifluoromethylation of
arenes and heteroarenes by means of photoredox catalysis. Nature
2011, 480, 224—228. (b) Zhao, L.; Li, P.; Xiea, X.; Wang, L. Selective
remote C—H trifluoromethylation of aminoquinolines with

7802

CF;SO,Na under visible light irradiation in the absence of an
external photocatalyst. Org. Chem. Front. 2018, S, 1689—1697.
(c) Zou, G.; Wang, X. Visible-light induced di- and trifluoromethy-
lation of N-benzamides with fluorinated sulfones for the synthesis of
CF,H/CF;-containing isoquinolinediones. Org. Biomol. Chem. 2017,
1S, 8748—8754. (d) Gao, G-L.; Yang, C.; Xia, W. Selective C—H
trifluoromethylation of benzimidazoles through photoredox catalysis.
Chem. Commun. 2017, 53, 1041—1044. (e) Lefebvre, Q.; Hoffmann,
N.; Rueping, M. Photoorganocatalysed and visible light photoredox
catalysed trifluoromethylation of olefins and (hetero)aromatics in
batch and continuous flow. Chem. Commun. 2016, 52, 2493—2496.
(f) Monir, K; Bagdi, A. K; Ghosh, M.; Hajra, A. Regioselective
oxidative trifluoromethylation of imidazoheterocycles via C(sp2)-H
bond functionalization. J. Org. Chem. 201S, 80, 1332—-1337.
(g) Furuya, T.; Kamlet, A. S.; Ritter, T. Catalysis for fluorination
and trifluoromethylation. nature 2011, 473, 470—477.

(14) (a) Majek, M.; von Wangelin, A. J. Mechanistic Perspectives on
Organic Photoredox Catalysis for Aromatic Substitutions. Acc. Chem.
Res. 2016, 49, 2316—2327. (b) Narayanam, J. M. R; Stephenson, C.
R. J. Visible light photoredox catalysis: applications in organic
synthesis. Chem. Soc. Rev. 2011, 40, 102—113. (c) Prier, C. K; Rankic,
D. A,; MacMillan, D. W. C. Visible light photoredox catalysis with
transition metal complexes: applications in organic synthesis. Chem.
Rev. 2013, 113, 5322—5363. (d) Hopkinson, M. A.; Tlahuext-Aca, A..;
et al. Merging Visible Light Photoredox and Gold Catalysis. Acc.
Chem. Res. 2016, 49, 2261—2272. (e) Staveness, D,; Bosque, L;
Stephenson, C. R. J. Free Radical Chemistry Enabled by Visible Light-
Induced Electron Transfer. Acc. Chem. Res. 2016, 49, 2295—2306.
(f) Chatterjee, T.; Igbal, N.,; You, Y; Cho, E. J. Controlled
Fluoroalkylation Reactions by Visible-Light Photoredox Catalysis.
Acc. Chem. Res. 2016, 49, 2284—2294.

(15) (a) Shi, L.; Xia, W. Photoredox functionalization of C—H
bonds adjacent to a nitrogen atom. Chem. Soc. Rev. 2012, 41, 7687—
7697. (b) Yoon, T. P.; Ischay, M. A; Dy, J. Visible light photocatalysis
as a greener approach to photochemical synthesis. Nat. Chem. 2010,
2, 527-532. (c) Nagib, D. A,; Scott, M. E.; MacMillan, D. W. C.
Enantioselective a-trifluoromethylation of aldehydes via photoredox
organocatalysis. J. Am. Chem. Soc. 2009, 131, 10875—10877.
(d) Reckenthler, M.; Griesbeck, A. G. Photoredox catalysis for
organic syntheses. Adv. Synth. Catal. 2013, 35S, 2727-2744.
(e) Tomita, R.; Yasu, Y.; Koike, T.; Akita, M. Combining
photoredox-catalyzed trifluoromethylation and oxidation with
DMSO: facile synthesis of a-trifluoromethylated ketones from
aromatic alkenes. Angew. Chem. Int. Ed. 2014, 53, 7144—7148.
(f) Hari, D. P.; Konig, B. The photocatalyzed Meerwein arylation:
classic reaction of aryl diazonium salts in a new light. Angew. Chem.,
Int. Ed. 2013, 52, 4734—4743.

(16) (a) Joule, J. A; Mills, K. Heterocyclic Chemistry. Blackwell
Science Ltd.: Oxford, 2000. (b) Boger, D. L. Boyce, C. W,;
Garbaccio, R. M,; Goldberg, J. A. CC-1065 and the Duocarmycins:
Synthetic Studies. Chem. Rev. 1997, 97, 787—828. (c) Horton, D. A
Bourne, G. T.; Smythe, M. L. The Combinatorial Synthesis of Bicyclic
Privileged Structures or Privileged Substructures. Chem. Rev 2003,
103, 893—930. (d) Chen, F.-E.; Huang, J. Reserpine: A Challenge for
Total Synthesis of Natural Products. Chem. Rev. 2008, 105, 4671—
4706. (e) Trost, B. M.; Brennan, M. K. Asymmetric Syntheses of
Oxindole and Indole Spirocyclic Alkaloid Natural Products. Synthesis
2009, 3003—3025. (f) Bakthadoss, M.; Kumar, P. V,; Reddy, T. T,;
Sharada, D. S. Solvent and catalyst free ring expansion of indoles: a
simple synthesis of highly functionalized benzazepines. Org. Biomol.
Chem 2018, 16, 8160—8168.

(17) (a) D’Souza, D. M,; Miiller, T. J. J. Multi-component syntheses
of heterocycles by transition-metal catalysis. Chem. Soc. Rev. 2007, 36,
1095—1108. (b) Domling, A.; Wang, W.; Wang, K. Chemistry and
Biology of Multicomponent Reactions. Chem. Rev. 2012, 112, 3083—
3135. (c) Elguero, J. Comprehensive Heterocyclic Chemistry. Katrizky,
A. R; Rees, C. W,, Eds.; Pergamon Press: New York, 1984; 4, 167.
(d) Gil, C; Brase, S. The Synthesis of 3-Substituted 6-Aryl-3 H-
benzo[a] [1,2,3] triazinones Using Polymer-Bound Triazenes. J.

DOI: 10.1021/acs.joc.9b00676
J. Org. Chem. 2019, 84, 7796—7803


http://dx.doi.org/10.1021/acs.joc.9b00676

The Journal of Organic Chemistry

Comb. Chem. 2004, 6, 38—42. (e) Ramachary, D. B.; Jain, S.
Sequential one-pot combination of multi-component and multi-
catalysis cascade reactions: an emerging technology in organic
synthesis. Org. Biomol. Chem 2011, 9, 1277—1300. (f) Andreonati,
S. S.; Sava, V.; Makan, S.; Kolodeev, G. Pharmazie 1999, 54, 99—101.
(g) Zhang, S.-G; Liang, C.-G.; Zhang, W.-H. Recent Advances in
Indazole-Containing Derivatives: Synthesis and Biological Perspec-
tives. Molecules 2018, 23, 2783—2823. (h) Angelis, M. D.; Stossi, F.;
Carlson, K. A; Katzenellenbogen, B. S.; Katzenellenbogen, J. A.
Indazole estrogens: highly selective ligands for the estrogen receptor
B. J. Med. Chem. 2005, 48, 1132—1144. (i) Vidyacharan, S.; Adhikari,
C.; Krishna, V. S.; Reshma, R. S.; Sriram, D.; Sharada, D. S. A robust
synthesis of functionalized 2H-indazoles via solid state melt reaction
(SSMR) and their anti-tubercular activity. Bioorg. Med. Chem. Lett.
2017, 27, 1593—1597.

(18) (a) Baraldi, P. G; Balboni, G.; Pavani, M. G.; Spalluto, G.;
Tabrizi, M. A,; Clercq, E. D.; Balzarini, J.; Bando, T.; Sugiyama, H.;
Romagnoli, R. Design, synthesis, DNA binding, and biological
evaluation of water-soluble hybrid molecules containing two pyrazole
analogues of the alkylating cyclopropylpyrroloindole (CPI) subunit of
the antitumor agent CC-1065 and polypyrrole minor groove binders.
J. Med. Chem. 2001, 44, 2536—2543. (b) Qian, S.; Cao, J.; Yan, Y,;
Sun, M; Zhu, H.; Hu, Y.; He, Q;; Yang, B. SMT-A07, a 3-(Indol-2-yl)
indazole derivative, induces apoptosis of leukemia cells in vitro. Mol.
Cell. Biochem. 2010, 345, 13—21.

(19) Li, X;; Chu, S.; Feher, A. V.; Khalili, M.; Nie, Z.; Margosiak, S.;
Nikulin, V.; Levin, J.; Sprankle, K. G.; Tedder, M. E.; Almassy, R.;
Appelt, K; Yager, K. M. Structure-based design, synthesis, and
antimicrobial activity of indazole-derived SAH/MTA nucleosidase
inhibitors. J. Med. Chem. 2003, 46, 5663—5673.

(20) Picciola, G.; Ravenna, F.; Carenini, G.; Gentili, P.; Riva, M.
Heterocyclic compounds containing the residue of a 4-amino-
phenylalkanoic acid with potential anti-inflammatory activity. IV.
Derivatives of 2-phenyl-2H-indazole. Farmaco, Ed. Sci. 1981, 36,
1037—1056.

(21) Han, W.; Pelletier, J. C.; Hodge, C. N. Tricyclic ureas: a new
class of HIV-1 protease inhibitors. Bioorg. Med. Chem. Lett. 1998, 8,
3615—3620.

(22) Lee, F.-Y; Lien, J.-C.; Huang, L.-].; Huang, T.-M,; Tsai, S.-C,;
Teng, C.-M.; Wu, C.-C; Cheng, F.-C.; Kuo, S.-C. Synthesis of 1-
benzyl-3-(5'-hydroxymethyl-2'-furyl) indazole analogues as novel
antiplatelet agents. J. Med. Chem. 2001, 44, 3746—3749.

(23) (a) Sun, J.-H,; Teleha, C. A.; Yan, J-S.; Rodgers, J. D.; Nugiel,
D. A. Efficient Synthesis of S-(Bromomethyl)- and 5-(Aminomethyl)-
1-THP-Indazole. ]. Org. Chem. 1997, 62, 5627—5629.

(24) (a) Halland, N.; Nazare, M.; kyek, O.R’.; Alonso, J.; Urmann,
M,; Lindenschmidt, A. A General and Mild Palladium-Catalyzed
Domino Reaction for the Synthesis of 2H-Indazoles. Angew. Chem.,
Int. Ed. 2009, 48, 6879—6882. (b) Haag, B.; Peng, Z.; Knochel, P.
Preparation of Polyfunctional Indazoles and Heteroarylazo Com-
pounds Using Highly Functionalized Zinc Reagents. Org. Lett. 2009,
11, 4270—4273. (c) Hu, J.; Cheng, Y.; Yang, Y.; Rao, Y. A general and
efficient approach to 2H-indazoles and 1H-pyrazoles through copper-
catalyzed intramolecular N—N bond formation under mild conditions.
Chem. Commun. 2011, 47, 10133—10135. (d) Kumar, M. R; Park, A,;
Park, N.; Lee, S. Consecutive Condensation, C—N and N—N Bond
Formations: A Copper- Catalyzed One-Pot Three-Component
Synthesis of 2H-Indazole. Org. Lett. 2011, 13, 3542—354S. (e) Stokes,
B. J; Vogel, C. V,; Urnezis, L. K; Pan, M,; Driver, T. G.
Intramolecular Fe(II)-catalyzed N-O or N-N bond formation from
aryl azides. Org. Lett. 2010, 12, 2884—2887. (f) Wu, C,; Fang, Y,;
Larock, R. C.; Shi, F. Synthesis of 2H-Indazoles by the [3+2]
Cycloaddition of Arynes and Sydnones. Org. Lett. 2010, 12, 2234—
2237. (g) Yang, W.; Yang, Z.; Xu, L; Zhang, L,; Xu, X,; Miao, M,;
Ren, H. Surfactant-type Bronsted acid catalyzed stereoselective
synthesis of trans-3-alkenyl indazoles from triazenylaryl allylic alcohols
in water. Angew. Chem., Int. Ed. 2013, 52, 14135—14139. (h) Laleu,
B.; Lautens, M. Synthesis of Annulated 2H-Indazoles and 1,2,3- and

7803

1,2,4-Triazoles via a One-Pot Palladium-Catalyzed Alkylation/Direct
Arylation Reaction. J. Org. Chem. 2008, 73, 9164—9167.

(25) (a) Bogonda, G; Kim, H. Y,; Oh, K. Direct Acyl Radical
Addition to 2H-Indazoles Using Ag-Catalyzed Decarboxylative Cross-
Coupling of a-Keto Acids. Org. Lett. 2018, 20, 2711-271S.
(b) Singsardar, M.; Dey, A,; Sarkar, R; Hajra, A. Visible-Light-
Induced Organophotoredox-Catalyzed Phosphonylation of 2H-
Indazoles with Diphenylphosphine Oxide. J. Org. Chem. 2018, 83,
12694—12701. (c) Dey, A.; Hajra, A. Potassium Persulfate-Mediated
Thiocyanation of 2H-Indazole under Iron-Catalysis. Adv. Synth. Catal.
2019, 361, 842—849. (d) Ghosh, P.; Mondal, S.; Hajra, A. Metal-Free
Trifluoromethylation of Indazoles. J. Org. Chem. 2018, 83, 13618—
13623.

(26) (a) Yi, H,; Zhang, G.; Wang, H.; Huang, Z.; Wang, J.; Singh, A.
K.; Aiwen Lei, A. Recent Advances in Radical C-H Activation/Radical
Cross-Coupling. Chem. Rev. 2017, 117, 9016—908S. (b) Banerjee, A.;
Santra, S. K; Mishra, A,; Khatun, N.; Patel, B. K. Copper(I)-
promoted cycloalkylation—peroxidation of unactivated alkenes via sp3
C—H functionalization. Org. Biomol. Chem. 2015, 13, 1307—1312.
(c) Banerjee, A.; Santra, S. K; Mishra, A.; Khatun, N.; Ali, W.; Patel,
B. K. Oxidant controlled regioselective mono- and di-functionalization
reactions of coumarins. Chem. Commun. 2015, SI1, 15422—15425.
(d) Tang, S.; Deng, Y.-L.; Li, J.; Wang, W.-X.; Wang, Y.-C.; Li, Z.-Z;
Yuan, L,; Chen, S.-L.; Sheng, R.-L. Aerobic oxidative cyclization of
benzamides via meta-selective C-H tert-alkylation: rapid entry to 7-
alkylated isoquinolinediones. Chem. Commun. 2016, 52, 4470—4473.

(27) (a) Murugan, A.; Gorantla, K. R;; Mallik, B. S.; Sharada, D. S.
Iron promoted C3—H nitration of 2H-indazole: direct access to 3-
nitro-2H-indazoles. Org. Biomol. Chem. 2018, 16, 5113—5118.
(b) Murugan, A.; Vidyacharan, S.; Ghosh, R.; Sharada, D. S. Metal-
Free Regioselective Dual C-H Functionalization in a Cascade
Fashion: Access to Isocryptolepine Alkaloid Analogues. ChemistrySe-
lect 2017, 2, 3511—-3515. (c) Vidyacharan, S.; Murugan, A.; Sharada,
D. S. C(sp*)—H Functionalization of 2H-Indazoles at C3-Position via
Palladium(IT)-Catalyzed Isocyanide Insertion Strategy Leading to
Diverse Heterocycles. J. Org. Chem. 2016, 81,2837—2848. (d) Shinde,
A. H,; Vidyacharan, S.; Sharada, D. S. BF3-OEt mediated metal-free
one-pot sequential multiple annulation cascade (SMAC) synthesis of
complex and diverse tetrahydroisoquinoline fused hybrid molecules.
Org. Biomol. Chem. 2016, 14, 3207—3211. (e) Sagar, A.; Babu, V. N;
Sharada, D. S. Silica gel promoted environment-friendly synthesis of
a-amino amidines and regioselective transformation of a@-amino
amidines into amidino substituted indazoles. RSC Adv. 201§, S,
29066—29071. (f) Vidyacharan, S.; Sagar, A.; Chaitra, C.; Sharada, D.
S. A facile synthesis of 2H-indazoles under neat conditions and further
transformation into aza-g-carboline alkaloid analogues in a tandem
one-pot fashion. RSC Adv. 2014, 4, 34232—34236.

(28) Murugan, A.; Babu, V. N,; Sabarinathan, N.; Sharada, D. S.
Regioselective C3-H Trifluoromethylation of 2H-Indazole Under
Transition-Metal-Free Photoredox Catalysis. ChemRxiv. 2019,
DOI: 10.26434/chemrxiv.7796603.v1.

(29) Romero, N. A.; Nicewicz, D. A. Organic Photoredox Catalysis.
Chem. Rev. 2016, 116, 10075—10166. (b) Prier, C. K.; Danica, D. A;;
MacMillan, D. W. C. Visible Light Photoredox Catalysis with
Transition Metal Complexes: Applications in Organic Synthesis.
Chem. Rev. 2013, 113, 5322—5363.

(30) (a) Stokes, B.J.; Vogel, C. V.; Urnezis, L. K,; Pan, M.; Driver,
T. G. Intramolecular Fe(II)-Catalyzed N—O or N—N Bond
Formation from Aryl Azides. Org Lett 2010, 12, 2884—2887.
(b) Hu, J; Cheng, Y.; Yang, Y,; Rao, Y. A general and efficient
approach to 2H-indazoles and 1H-pyrazoles through copper-catalyzed
intramolecular N—N bond formation under mild conditions. Chem.
Commun. 2011, 47, 10133—10135. (c) Caron, S.; Vazquez, E;
Stevens, R. W.; Nakao, K.; Koike, H.; Murata, Y. Efficient Synthesis of
[6-Chloro-2-(4-chlorobenzoyl)-1H-indol-3-yl]-acetic Acid, a Novel
COX-2 Inhibitor. J. Org. Chem. 2003, 68, 4104—4107.

DOI: 10.1021/acs.joc.9b00676
J. Org. Chem. 2019, 84, 7796—7803


http://dx.doi.org/10.26434/chemrxiv.7796603.v1
http://dx.doi.org/10.1021/acs.joc.9b00676

