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A simple and novel methodology: for the  synthesis of 3-perfluoroalkylated-2H-indazole
derivatives has been elaborated. The perfluoroalkylation of readily available 2-
nitrobenzaldimines bearing electron donating groups was performed using the Ruppert-Prakash
reagent and its analogues to afford o-difluoromethylated, o-trifluoromethylated and o-
pentafluoroethylated benzylamines. A final reductive cyclization mediated by SnCl,*2H0 led to
2H-indazoles containing perfluoroalkyl groups via the generation of a new N-N bond in
moderate to good yields.
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Fluorine substitution in bioactive molecules is considered
essential in several research fields such as agrochemical,
molecular imaging and medicinal chemistry. Around 20 % to 30
% of all newly approved drugs contain at least one fluorine.! The
fluorine atom and its alkyl analogues have displayed unique
properties to develop improved biologically active molecules
with enhanced target affinity and metabolic stability.> The
incorporation of perfluoroalkyl groups such as CF,H, CF; and
CF,CF; into bioactive compounds has been extensively
investigated® in the past decades and has resulted in the approval
of diverse substances i.e. Celecoxib 1, an anti-inflammatory drug
containing a trifluoromethyl group® and Bixafen 2, a cereal
fungicide® bearing a difluoromethyl moiety. The pentafluoroethyl
group has been introduced recently as a superior lipophilic
analogue and its use in the synthesis of the selective estrogen
receptor degrader (SERD) Fulvestrant 3 has prevented metabolic
oxidation® (Figure 1). It is interesting to note the relevance of
perfluoroalkylated pyrazole derivatives in the design of
promising pharmacophores.
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Figure 1. Perfluoroalkylated bioactive molecules.

Nevertheless, limited success has been reported towards.the
synthesis of perfluoroalkylated fused pyrazole analogues and
especially for 2H-indazoles which have been recognized as novel
privileged structures for the bioisosteric replacement of indoles
and benzimidazoles.’
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Scheme 1. Synthesis of perfluoroalkylated 2H-indazole analogues.

To the best of our knowledge, only the Okada group through
the hydrazinolysis of trifluoromethyl ketones® 4 (Scheme 1a) and
the Langer group via the cyclization of hydrazone dianions 6
with ethyl trifluoroacetate’ (Scheme 1b) have addressed the
synthetic  accessibility to this scaffold. Additionally,
Katzenellenbogen et al. have synthesized one single example of
3-trifluoromethyl-2H-indazole 10 wusing a copper-mediated
coupling reaction with methyl 2,2-difluoro-2-

(fluorosulfonyl)acetate as trifluoromethide precursor from 3-
bromo-2H-indazole™ 9 (Scheme 1c).

Considering the limited number of existing methods, the
elaboration of a step-economical strategy starting from readily
available  substrates to access 2H-indazoles bearing
perfluoroalkylated groups by an alternative approach is highly
required. As part of our ongoing efforts in the synthesis of
privileged structures™ and 2H-indazole derivatives,' we report
herein a simple and novel methodology for the preparation of 3-
perfluoroalkylated-2H-indazoles ~ from  2-nitrobenzaldehydes
through a sequential imine
formation/perfluoroalkylation/reductive cyclization.

The work started with the straightforward access to the 2-
nitrobenzaldimines 13 by the reaction of 2-nitrobenzaldehydes 11
with aniline derivatives 12 in refluxing ethanol. 13 was then
subjected to different described perfluoroalkylation conditions™
which did not lead to the desired 2-nitro-o-perfluoroalkylated
benzylamine substrates 14 or in traces amounts. The full
conversion of the aldimine 13 into 14 was finally achieved by
using the procedure developed by Prakash et al.** with 5
equivalents of perfluoroalkylating reagents instead of the initially
described 1.5 equivalents which resulted in no or only partial
conversion. <A catalytic amount of tetrabutylammonium
difluorotriphenylsilicate (TBAT)™ was used to initiate the
reaction performed in THF at room temperature.

Table 1. Synthesis of perfluoroalkylated benzylamine derivatives.?
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®Yields of isolated product over two steps and represent the average
over at least two experiments. "Perfluoroalkylation was performed for
24 h.

These modified perfluoroalkylation conditions permitted the
synthesis of nine a-trifluoromethylated benzylamines (14a-14i)
with the Ruppert-Prakash reagent as well as one a-
pentafluoroethylated derivative 14k with C,FsTMS in moderate
to good vyields. It is noteworthy to mention that the possible
introduction of a difluoromethyl group 14j via the use of
difluoromethyltrimethylsilane in extended reaction time i.e. 24



hours is due to the shorter length of the Si—CF,H bond compared
to Si—CF; bond.*®

The second part of the investigation consisted in identifying
suitable conditions for the formation of 2H-indazole 15a through
the deoxygenation of the nitroarene derivative 14a. The use of
organophosphorus reagents such as P(n-Bu); did not lead to the
desired heterocycle 15a (Table 2, entry 1-2) while P(OEt),
afforded the 2H-indazole 15a in only 16 % yield under neat
conditions (Table 2, entry 3). The optimization was then directed
towards Lewis acid-mediated reductive cyclization but ZnCl,"
did not improve the Erewous results (Table 2, entry 4). To our
delight, SnCl,+2H,0"™ in ethanol at 75 °C resulted in 44 % yield
(Table 2, entry 5) and the increase of equivalents of this reagent
as well as a shorter reaction time allowed the synthesis of 15a in
65 % vyield (Table 2, entry 6). The replacement of ethanol by
2,2,2-trifluoroethanol (TFE) and ethylene glycol
monomethylether (EGMM) did not provide better yields (Table
2, entry 7-8).

Table 2. Optimization of the reductive cyclization.?

CF3
@ﬁ@r e T
14a 15a
Entry Reagent X eq. T(irr:;e Solvent \(((;:)IS
1 P(n-Bu), 3 18  Toluene® 0
2 P(n-Bu); 3 18 DMF® 0
3 P(OEt); 3 18 - 16
4 ZnCl, 5 18  Toluene® 0
5 SnCl,+2H,0 15 18 Ethanol’ 44
6  SnCl#2H,0 3 Ethanol® 65
7 SnCl,+2H,0 3 5 TFE® 63
8 SnCl,+2H,0 3 5 EGMM® 52

3See supporting information for details: "Yield of isolated product.
°Reaction was performed at 120 °C. ‘Reaction was performed at 75 °C.

The synthesis of a small library of perfluoroalkylated 2H-
indazole analogues was then -initiated using the optimized
reductive cyclization  conditions. The investigation of the
substrate scope focused at first on the nature of the 2-
nitrobenzaldehydes and  the incorporation of an additional
fluorine delivered .the trifluoromethylated heterocycle 15b in
excellent yield (97 %). The congener bearing a chlorine
substituent 15¢ was obtained in 58 % yield and could be used for
further derivatization of the 2H-indazole. The attachment of a
second trifluoromethyl group did not affect the deoxygenation
and subsequent cyclization leading to 15d in 82 % vyield.
Sterically hindered benzylamines were also tolerated such as 14e
and the quinoline substrate 14f affording their corresponding 2H-
indazole in good yields. We observed that variation on the aniline
component was limited due to the reductive cyclization step,
hence only anilines bearing electron-donating groups such as
methoxy 15a, thiomethyl 15g and aliphatic group 15h allowed
the generation of the new N—N bond to form the expected
heterocycle. The use of anilines possessing non-electron-donating
groups did not give access to the 2H-indazole ring 15 but led to a
full reduction of the nitro substituent to the corresponding acyclic
amine. However, it was possible to observe traces of the
brominated derivative 15i. Finally, this approach facilitated the
synthesis of hitherto unknown difluoromethylated 15j and
pentafluoroethylated 15k structures.

3

The nucleophilicity of the a-perfluoroalkylated benzylamine
14 was critical to perform the reductive cyclization step. The
presence of electron-donating groups attached to the aniline
derivatives 12 was necessary to promote the formation of 15 and
could be explained by the strong electron-withdrawing nature of
the perfluoroalkyl groups at the o position lowering the
nucleophilic behaviour of the benzylamine 14.

Table 3. Synthesis of 3-perfluoroalkylated-2H-indazoles.?
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®See supporting information for details, yields of isolated product
represent the average over at least two experiments. "Reaction was
performed for 24 h.

In conclusion, we have elaborated a novel strategy to
synthesize  3-perfluoroalkylated-2H-indazoles 15  through
perfluorolkylation of readily available benzaldimines 13 followed
by a reductive cyclization mediated by SnCl,»2H,0. The
application of this methodology led to the synthesis of eight
trifluoromethylated 2H-indazole analogues substituted by halides
or sterically hindered groups on the 2-nitrobenzaldehyde 11
component. However, the reductive cyclization step required the
use of anilines 12 bearing electron-donating groups in order to
assist the generation of the new N—N bond. It is also the first
report describing the preparation of the novel difluoromethylated
2H-indazole 15j and pentafluoroethylated 2H-indazole 15k
derivatives. This approach represents a simple and novel
alternative for the rapid access to 3-perfluoroalkylated-2H-
indazoles and their evaluation as promising pharmacophores.
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