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N-Difluoromethylindazoles

Abstract

Aim. To study the possibility of the N-difluoromethylation and separation of 1-difluoromethyl and 2-difluoromethyl isomers
of C-substituted indazoles, as well as some possibilities of functionalization of such molecules.

Results and discussion. The N-difluoromethylation of indazole derivatives containing bromine, iodine, and nitro groups
in various positions of the heterocyclic ring was studied. In all cases, the conditions for the separation of isomers —
N-difluoromethylation products — in positions 1 and 2 were found. The corresponding amines, esters of carboxylic and boric
acids were obtained as a result of further functionalization of 1- and 2-difluoromethylindazole derivatives.

Experimental part. The structure of the compounds synthesized was proven by *H and **F NMR spectroscopy methods, as
well as by the elemental analysis. The structure of isomeric difluoromethylindazoles was finally confirmed by the SELNOESY
and H-13C HMBC experiments.

Conclusions. A convenient method for the difluoromethylation of substituted indazoles has been found; difluoromethyl de-
rivatives in positions 1 and 2 of the indazole ring have been obtained in high yields. The method for the efficient separation of
isomeric difluoromethylindazoles has been found; some possibilities of their further functionalization have been described.
Keywords: indazoles; N-difluoromethylation; isomer separation
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Merta. BuBUnTM MoXKAuBicTb N-AndayopomeTUAOBaHHA Ta PO34iNeHHs i3omepHux 1-anpayopometnn- i 2-gudayopomeTun
C-3amilLeHnx iHAA30/iB, @ TAKOXK AeAKi MOXKAMBOCTI QYHKLIIOHANI3aLiT TaKMX MONEKY.
Pe3ynbTtatu Ta ix o6rosopeHHA. [ocnigkeHo N-gudayopomMeTUatoBaHHA NOXiAHMX iHAA30/Y, WO MIiCTATb aToMKn 6pomy,
noay Ta HITporpyny B Pi3HMX MNONOKEHHAX FETEPOLUMKAIYHOTO LMKAY. Y BCiX BUNAAKaxX BUSHAYEHO YMOBM PO3AiNEeHHA i3ome-
piB — npoaykKtiB N-gudnyopomeTmntoBaHHA 3a NoaoKeHHAMM 1 i 2. Y pe3ynbTaTi noganbluoi pyHKUioHaNi3auii noxigHux 1- 1a
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KOX €/1IEMEHTHMM aHasizom. OCTaToYHe NiATBEPAKEHHA CTPYKTYPU i30MepHUX ANbAYyopOMETUNIHAA30/1iB 34iIMCHEHO B EKC-
nepmumeHTax SELNOESY Ta 'H-*C HMBC.
BUCHOBKMU. 3HalAEHO 3pyYHUI MeTo AMbAYOPOMETUNIOBAHHA 3aMilLleHUX iHAA30AiB Ta 04epKaHOo AMbAYOPOMETUbHI No-
XiZHi 32 NnonoxeHHaAMM 1 Ta 2 iHAA30/1bHOTO A4PA 338 BUCOKMMU BUXOAAaMU. 3HAWAEHO MeToZ epeKTUBHOTO PO3AiNeHHs i30-
MepPHUX ANbAYOPOMETUNIHAA30IB Ta AOCAIANKEHO AeAKI MOXKAMBOCTI IX NOAANbLOI PYHKLiOHANI3aL,i.
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B Introduction

Indazoles are widely known heterocyclic sys-
tems that have found application in the synthesis
of many practically useful drugs [1]. Alkylation
or other reactions of substitution of the hydrogen
atom near the nitrogen atoms of indazoles occur
at positions 1 or 2 and always lead to a mixture
of isomers. The separation of these mixtures is
often a difficult task, which can be solved on an
industrial scale by fractional distillation; however,
it often requires a high efficiency of the fractional
separation. For example, the difference in boil-
ing points of 1-methyl and 2-methyl indazoles is
30 °C [2], but in some cases, isomeric N-alkylinda-
zoles can be separated by chromatography only.

The difluoromethylation of nitrogen-containing
heterocycles has already become a well-studied
chemical process. The known herbicides Sulfen-
trazon and Carfentrazone were synthesized based
on of N-difluoromethylated triazoles. The features
of the N-difluoromethylation of nitrogen-contain-
ing heterocycles have been studied in our labora-
tory. Hence, for the first time, we obtained pro-
ducts of the N-difluoromethylation of all simplest
(parent) azoles — pyrazole [3], pyrrole, 1,2,3- and
1,2,4-triazoles, and tetrazole [4]. In addition, there
were significant studies on the difluoromethyla-
tion of ambident azoles: mercaptobenzimidazoles
[5], mercaptotetrazoles [6] and cyanoazoles [7].

The difluoromethylation of indazole deriva-
tives has not previously been systematically stu-
died. There are limited reports in the literature
that describe the N-difluoromethylation of func-
tionalized indazoles, and two methods have emer-
ged as the most common. The first method gene-
rally involves the treatment of indazole deriva-
tives with NaH and an excess of CHCIF, (Freon
22, a cheap difluorocarbene source) at high tem-
perature in DMF [8, 9], which presents a safety
concern associated with the thermal instability
hazards due to the use of NaH/DMF. Alternative-
ly, the reactions can be performed in THF as a
solvent with two moles of NaH and an excess of
Freon-22 at elevated temperatures in a closed pres-
sure vessel for an extended period of time to give
N-difluoromethylated indazole products in mode-
rate yields [10], or even at atmospheric pressure
for indazoles with a methoxycarbonyl group [11].
The isomers (1 and 2-difluoromethylindazole de-
rivatives) were separated chromatographically in
most of the above cases. While this approach may
be adequate for a small-scale synthesis, it is im-
practical for large-scale preparative procedures

due to the need for a large dilution of the reac-
tion mixture. The second method widely used
consists in heating of indazole derivatives with
CICF,COONa as a difluorocarbene precursor in
the presence of a base [12, 13]. However, the yields
are generally below average, and the isomers
were often not separated. In addition, CHF, has
been reported as difluorocarbene sources for the
N-difluoromethylation of 3-chloroindazole [14].
The difluoromethylation of the unsubstituted (pa-
rent) indazole was carried out quite recently using
a very expensive reagent — BrCF,P(O)(OEt), [15].
N-difluoromethylindazoles with amino groups are
unknown so far.

In this work, we carried out the N-difluoro-
methylation of indazole derivatives by the action
of Freon-22 and alkali using a water-dioxane me-
dium. This method does not require anhydrous
solvents and high dilutions of the reaction me-
dium, thus it is convenient for a large-scale syn-
thesis. We chose indazoles containing halogen
atoms or nitro groups in different positions as
model compounds. We also carried out the reac-
tions of the reduction of the nitro group to the amino
group and the substitution of the bromine atom.

B Results and discussion

Indazole derivatives containing a bromine
atom in different positions of the indazole ring
(1.1-1.5), 3-10doindazole (1.6) and indazole deri-
vatives containing nitro group in positions 5 and 6
(1.7, 1.8) were used as starting compounds.
The difluoromethylation was carried out by the
action of Freon-22 excess in an aqueous dioxane
medium using 5 mol of potassium hydroxide in
40% water solution. In all cases, the reaction pro-
ceeded with an exothermic effect was not practi-
cally accompanied by side processes, and led to
high yields of a mixture of the isomers (Scheme 1).

Compound 2.3 was mentioned earlier, how-
ever, the work [16] indicated that the only one iso-
mer was obtained during the N-difluoromethy-
lation of indazole 1.3, and it was described as
a liquid. But, in fact, both isomeric products of
the N-difluoromethylation of indazole 1.3 are so-
lid crystalline substances with melting points of
64—65 °C for 2.3 and 68—69 °C for 3.3. Neverthe-
less, the mixture of isomers may be liquid.

In all N-difluorometylation experiments per-
formed in this work, we obtained a mixture of
isomers. A ratio of the latter depended on the posi-
tion of the substituent, and was determined by
the steric hindrances created by it. The presence

ISSN 2308-8303 (Print) / 2518-1548 (Online)



CF,CH _
aq KOH / dioxane o

AN
R{j\/\\N
= NI
H

1.1-1.8

Journal of Organic and Pharmaceutical Chemistry 2022, 20 (3)

f N A\ - F
T N + R*E N
(;Er\: =N 4<F
s

21-2.8 3.1-3.8

1.1:R=3-Br;1.2:. R=4-Br; 1.3: R=5-Br; 1.4: R = 6-Br; 1.5: R = 7-Br;
1.6: R = 3-1;1.7: R = 5-NOy; 1.8: R = 6-NO,

Scheme 1. The N-difluoromethylation of substituted indazoles

of a substituent in positions 4, 5, or 6 did not
create steric hindrances to the N-CHF, group,
therefore the isomer ratios were close to 1:1 and
ranged from 10:9 to 5:4 (Table 1). On the con-
trary, in the case of 3-bromoindazole, the ratio
of isomers was 3:1, and in the case of a larger
iodine atom as a substituent in position 3, the ratio
was 4:1. The difluoromethylation of 7-bromomin-
dazole (1.5) led to 2-difluoromethyl derivative 3.5
as a main product due to steric effects of a bromine
atom. The isomer ratio was 1:3 (Table 1). Inter-
estingly, the signal of the difluoromethyl group
in the 'H NMR spectra of the minor product 2.5
was strongly shifted downfield to 8.2 ppm com-
pared to 7.45—7.50 ppm in other cases.

The separation of isomers in most cases was
carried out chromatographically, on a MN-Kie-
selgel-60 silica gel using methylene chloride as
an eluent. The products of the difluoromethyla-
tion in position 1 (compounds 2, R,~ 0.6—0.8) were
quite well separated from the products of the
difluoromethylation in position 2 (compounds 3,
R;~0.4-0.6), except for the cases of 4-bromo- and
6-bromoindazoles (2.2, 3.2 and 2.4, 3.4 when iso-
mers had nearly equal R,. In the latter cases the
isomers were separated by two steps: the initial
fractional distillation with an efficient reflux co-
lumn under oil pump vacuum, giving two enriched
fractions (b. p. 70-72 °C / 0.5 Torr for 1-difluo-
romethyl products, and 83—85 °C / 0.5 Torr for
2-difluoromethyl products) and the subsequent
crystallization of each fraction from hexane.
The combined mother liquors after evaporation
were subjected to the repeated fractional distil-
lation followed by crystallization.

In the 'H NMR spectra of compounds 3.2-3.5
and 3.7, 3.8, the singlet signal of the proton in po-
sition C-3 was downfield compared to compounds
2.2-2.5 and 2.7, 2.8 due to the effect of the electron-
withdrawing difluoromethyl group. The struc-
ture of compounds 3.2-3.5 and 3.7, 3.8 was fi-
nally confirmed by the SELNOESY experiment.
When the proton signal at the C? atom (the lowest-

Table 1. The overall yields and ratio of isomers
of N-difluorometylindazoles (2 and 3)

iitjgtzlc?li Substituent Ovze :agly; \d Ratio 2/3
1.1 3-Br 83 3:1
1.2 4-Br 67 7:6
1.3 5-Br 79 5:4
1.4 6-Br 76 10:9
1.5 7-Br 64 1:3
1.6 3-1 81 4:1
1.7 5-NO, 75 8:7
1.8 6-NO, 76 10:9

field singlet) was saturated, the Overhauser ef-
fect appeared on the signals of the CHF, group,
while in the case of compounds 2.2—-2.5, 2.7, and
2.8, the effect did not appear. The SELNOESY ex-
periment was also carried out with compound 2.4
containing a bromine atom in position 6. When
the proton signal was saturated at C-7 (singlet
signal of the aromatic ring), the Overhauser effect
was also observed on the signals of the CHF, group,
which unambiguously confirmed the structure
of the molecule. The structure of compounds 3.1
and 3.6 was confirmed by 'H-3C HMBC experi-
ments. The correlation between the CHF,-group
proton signal and the highest field carbon signal
bonded to iodine or bromine atom was found.
The nitro compounds (2.7, 2.8, 3.7, and 3.8)
were reduced to the corresponding amino com-
pounds by the hydrogenation on palladium with
hydrogen at atmospheric pressure in methanol.
However, the final amines were not stable as free
bases and darkened quickly after the solvent was
evaporated. The crystallization or distillation of
these free amines led to their decomposition.
Therefore, the amines were converted to the cor-
responding hydrochlorides (4.1-4.4), which were
stable while storing and could be recrystallized
from alcohol (Scheme 2).
N-Difluoromethylindazoles containing a bro-
mine atom in position 4 and 5 (2.3, 2.4, 3.3 and 3.4)
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Scheme 2. The synthesis of N-difluoromethylindazoles with amino groups in the ring
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Scheme 3. The synthesis of N-difluoromethylindazole-(5 or 6)-boropinacolates

were converted into the corresponding pinacolyl
esters of boric acid (5.1-5.4) under the palladium
catalysis (Scheme 3). Our attempts to carry out
such a modification of compound 3.1, as well as 3.6,
containing a bromine or iodine atom in position
3 failed. After water-alkali workup of the reac-
tion mixture the only product separated from the
dark resins was 2,3-dimethylbutanediol-2.3.

The bromine atom in compounds 2.3 and 3.3
can be replaced by an ester group by the carbony-
lation in an alcoholic medium in an autoclave in
the presence of a palladium catalyst to give me-
thyl N-difluoromethylindazole-(5 or 6)-carboxy-
lates (6.1, 6.2). This method for obtaining of such
substances undoubtedly has advantages over the
described one for methyl N-difluoromethylinda-
zole-3-carboxylates [11] since it is more suitable
for the large-scale syntheses. The resulting es-
ters can easily be hydrolyzed to the correspond-
ing carboxylic acids 7.1, 7.2 (Scheme 4).

B Conclusions

A convenient method for the difluoromethy-
lation of substituted indazoles has been found,;
difluoromethyl derivatives in positions 1 and 2
of the indazole ring have been obtained in high
yields. The method for efficient separation of iso-
meric difluoromethylindazoles has been found and
some possibilities of their further functionaliza-
tion have been described.

m Experimental part

Melting points were measured in open capil-
lary tubes and were given uncorrected. ‘H NMR
(400 MHz, CDCl, or DMSO-d;) and F NMR
(376 MHz, CDCl, or DMSO-d,) spectra were re-
corded on a Varian-Mercury-400 spectrometer
using TMS and CCLF as internal standards.
Two-dimensional '"H NMR (400 MHz, CDCl,) and
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Scheme 4. The synthesis of N-difluoromethylindazole-(5 or 6)-carboxylic acids

3C NMR (125 MHz, CDCl,) were recorded on a Bru-
ker Avance DXR-500 spectrometer. The elemen-
tal analysis was performed in the Analytical Che-
mistry Laboratory of the Institute of Organic Che-
mistry, National Academy of Sciences of Ukraine.
The reaction progress was controlled by TLC on
Silufol 254 plates.

The general procedure for the synthesis
of N-difluoromethylindazoles (2.1-2.8 and
3.1-3.8)

A solution of a starting indazole 1.1-1.8
(0.3 mol) in dioxane (200 mL) was stirred and
treated by adding a solution of KOH (90 g, 1.5 mol)
in H,O (120 mL). In the case of nitroindazoles, a
voluminous precipitate of potassium nitroinda-
zolide was formed and then gradually dissolved
during the reaction. Freon 22 was bubbled through
the vigorously stirred reaction mixture at 40—45 °C
until the absorption of gas ceased (the exother-
mic effect was observed). If, according to the TLC
control, the starting indazole remained, the ad-
ditional KOH (30 g) was added, and Freon 22
was bubbled until the absorption of gas ceased.
The overall time of the reaction was about 4-5 h.
Water (300 mL) was added, the product was extrac-
ted by shaking with MTBE (2x300 mL), the orga-
nic layer was separated and washed with water
(3%300 mL), dried over anhydrous K,CO,, the
solvent was evaporated at reduced pressure.
The mixture of isomers was separated by chroma-
tography except for the cases 1.2 and 1.4 when
the separation was performed by the initial frac-
tional distillation followed by crystallization.

1-Difluoromethyl-3-bromoindazole (2.1)

A white solid. Yield — 62%. M. p. 63—64 °C.
Anal. Caled for C,H,BrF,N,, %: C 38.90; H 2.04;
N 11.34. Found, %: C 38.75; H 1.98; N 11.27.
'H NMR (400 MHz, CDCl,), 6, ppm: 7.38-7.41
(1H, m, ArH); 7.45 (1H, t, J = 60.0 Hz, N-CHF,);

7.52-7.60 (2H, m, ArH); 7.88-7.91 (1H, m, ArH).
YF NMR (376 MHz, CDCLl,), 6, ppm: -94.2 (d, J =
60.0 Hz, N-CHF,).

2-Difluoromethyl-3-bromoindazole (3.1)

A white solid. Yield — 21%. M. p. 69-70 °C.
Anal. Caled for C,H,BrF,N,, %: C 38.90; H 2.04;
N 11.34. Found, %: C 38.71; H 1.89; N 11.33. 'H
NMR (400 MHz, CDCL,), 6, ppm: 7.19-7.21 (1H,
m, ArH); 7.40-7.48 (2H, m, ArH); 7.70-7.72
(1H, m, ArH); 7.81 (1H, t, J = 60.0 Hz, N-CHF,).
YEF NMR (376 MHz, CDCl,), 6, ppm: -95.6 (d, J =
60.0 Hz, N-CHF,).

1-Difluoromethyl-4-bromoindazole (2.2)

A white solid. Yield — 36%. M. p. 55-57 °C.
Anal. Caled for C,H,BrF,N,, %: C 38.90; H 2.04;
N 11.34. Found, %: C 38.65; H 2.08; N 11.42.
'H NMR (400 MHz, CDCl,), 6, ppm: 7.25-7.29
(1H, m, ArH); 7.32-7.38 (1H, m, ArH); 7.41 (1H,
t, J = 60.0 Hz, N-CHF,); 7.82-7.85 (1H, m, ArH);
8.04 (1H, s, C3-H). ¥F NMR (376 MHz, CDCL,),
0, ppm: -94.5 (d, J = 60.0 Hz, N-CHF,).

2-Difluoromethyl-4-bromoindazole (3.2)

A white solid. Yield — 31%. M. p. 62—-63 °C.
Anal. Caled for C,H,BrF,N,, %: C 38.90; H 2.04;
N 11.34. Found, %: C 38.83; H 2.04; N 11.44. 'H
NMR (400 MHz, CDCL,), 6, ppm: 7.21-7.23 (1H,
m, ArH); 7.32-7.36 (1H, m, ArH); 7.46 (1H, t,
J =60.0 Hz, N-CHF,); 7.68-7.70 (1H, m, ArH);
8.39 (1H, s, C3-H). ¥F NMR (376 MHz, CDCL,),
0, ppm: -95.9 (d, J = 60.0 Hz, N-CHF,).

1-Difluoromethyl-5-bromoindazole (2.3)

A white solid. Yield — 44%. M. p. 64—65 °C.
Anal. Caled for C,H,BrF,N,, %: C 38.90; H 2.04;
N 11.34. Found, %: C 38.85; H 2.03; N 11.32.
'H NMR (400 MHz, CDCl,), §, ppm: 7.45 (1H, t,
J = 60.0 Hz, N-CHF,); 7.59-7.61 (1H, m, ArH);
7.66-7.68 (1H, m, ArH); 7.92-7.94 (1H, m, ArH);
8.05 (1H, s, C3-H). ¥F NMR (376 MHz, CDCL,),
0, ppm: -94.7 (d, J = 60.0 Hz, N-CHF,).
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2-Difluoromethyl-5-bromoindazole (3.3)

A white solid. Yield — 35%. M. p. 68-70 °C.
Anal. Caled for C,H,BrF,N,, %: C 38.90; H 2.04;
N 11.34. Found, %: C 38.78; H 2.06; N 11.51.
'H NMR (400 MHz, CDCl,), 6, ppm: 7.34-7.41
(1H, m, ArH); 7.46 (1H, t, J = 60.0 Hz, N-CHF,);
7.60-7.63 (1H, m, ArH); 7.81-7.83 (1H, m, ArH);
8.29 (1H, s, C3-H). ¥F NMR (376 MHz, CDCl,),
0, ppm: -95.6 (d, J = 60.0 Hz, N-CHF,).

1-Difluoromethyl-6-bromoindazole (2.4)

A white solid. Yield — 42%. M. p. 75-76 °C.
Anal. Caled for C,H,BrF,N,, %: C 38.90; H 2.04;
N 11.34. Found, %: C 38.76; H 2.02; N 11.50.
'H NMR (400 MHz, CDCl,), 6, ppm: 7.40—7.42
(1H, m, ArH); 7.45 (1H, t, J = 60.0 Hz, N-CHF,);
7.60-7.65 (1H, m, ArH); 7.98 (1H, s, C7-H); 8.07
(1H, s, C3-H). ¥F NMR (376 MHz, CDCl,), 6, ppm:
-94.7 (d, J = 60.0 Hz, N-CHF,).

2-Difluoromethyl-6-bromoindazole (3.4)

A white solid. Yield — 36%. M. p. 50-51 °C.
Anal. Caled for C,H,BrF,N,, %: C 38.90; H 2.04;
N 11.34. Found, %: C 38.71; H 2.06; N 11.31.
'H NMR (400 MHz, CDCl,), 6, ppm: 7.20—7.22
(1H, m, ArH); 7.45 (1H, t, J = 60.0 Hz, N-CHF,);
7.57-7.62 (1H, m, ArH); 7.93 (1H, s, C"-H); 8.34
(1H, s, C*-H). F NMR (376 MHz, CDCL,), 6, ppm:
-95.1 (d, J = 60.0 Hz, N-CHF,).

1-Difluoromethyl-7-bromoindazole (2.5)

A white solid. Yield — 16%. M. p. 76-77 °C.
Anal. Calcd for C;H,BrF,N,, %: C 38.90; H 2.04;
N 11.34. Found, %: C 38.96; H2.11; N 11.12. 'TH NMR
(400 MHz, CDCL), 6, ppm: 7.16-7.19 (1H, m, ArH);
7.70-7.76 (2H, m, ArH); 8.23 (1H, t, J = 60.0 Hz,
N-CHF,); 8.07 (1H, s, C3-H). *F NMR (376 MHz,
CDCl,), 6, ppm: -90.8 (d, J = 60.0 Hz, N-CHF,).

2-Difluoromethyl-7-bromoindazole (3.5)

A white solid. Yield — 48%. M. p. 103—105 °C.
Anal. Caled for C,H,BrF,N,, %: C 38.90; H 2.04;
N 11.34. Found, %: C 38.97; H 2.07; N 11.23.
'H NMR (400 MHz, CDCl,), 6, ppm: 7.00-7.04
(1H, m, ArH); 7.55 (1H, t, J = 60.0 Hz, N-CHF,);
7.56-7.58 (1H, m, ArH); 7.67-7.71 (1H, m, ArH);
8.47 (1H, s, C3-H). F NMR (376 MHz, CDCl,),
0, ppm: -94.7 (d, J = 60.0 Hz, N-CHF,).

1-Difluoromethyl-3-iodoindazole (2.6)

A white solid. Yield — 65%. M. p. 72—-74 °C.
Anal. Caled for C,H.IF,N,, %: C 32.68; H 1.71;
N 9.53. Found, %: C 32.75; H 1.98; N 9.77. 'H NMR
(400 MHz, CDCl,), 6, ppm: 7.33—7.37 (1H, m, ArH);
7.47 (1H, t,J=60.0 Hz, N-CHF,); 7.53-7.61 (2H, m,
ArH); 7.72-7.74 (1H, m, ArH). YF NMR (376 MHz,
CDCl,), 6, ppm: -94.6 (d, J = 60.0 Hz, N-CHF,).

2-Difluoromethyl-3-iodoindazole (3.6)

A white solid. Yield — 16%. M. p. 92—-94 °C.
Anal. Caled for C;HLIF,N,, %: C 32.68; H 1.71,

N 9.53. Found, %: C 32.71; H 1.89; N 9.37. '"H NMR
(400 MHz, CDCL,), 6, ppm: 7.18-7.22 (1H, m, ArH);
7.38-7.40 (1H, m, ArH); 7.45-7.47 (1H, m, ArH);
7.59 (1H, t, J=60.0 Hz, N-CHF,); 7.71-7.73 (1H,
m, ArH). ¥F NMR (376 MHz, CDCl,), §, ppm: -95.6
(d, J =60.0 Hz, N-CHF,).

1-Difluoromethyl-5-nitroindazole (2.7)

A yellow solid. Yield — 40%. M. p. 157—158 °C.
Anal. Caled for C;H,F,N,0,, %: C 45.08; H 2.36;
N 19.71. Found, %: C 44.97; H 2.47; N 19.63.
'H NMR (400 MHz, CDCl,), 6, ppm: 7.55 (1H, t,
J = 60.0 Hz, N-CHF,); 7.85-7.88 (1H, m, ArH);
8.31 (1H, s, C3-H); 8.38-8.41 (1H, m, ArH);
8.74-8.75 (1H, m, ArH). YF NMR (376 MHz,
CDCl,), 6, ppm: -94.1 (d, J = 60.0 Hz, N-CHF,).

2-Difluoromethyl-5-nitroindazole (3.7)

A yellow solid. Yield — 35%. M. p. 117-118 °C.
Anal. Caled for CH, F,N,O,, %: C 45.08; H 2.36;
N 19.71. Found, %: C 45.12; H 2.41; N 19.89.
'H NMR (400 MHz, CDCl,), 6, ppm: 7.52 (1H, t,
J = 60.0 Hz, N-CHF,); 7.82-7.85 (1H, m, ArH);
8.14-8.17 (1H, m, ArH); 8.69 (1H, s, C3-H);
8.70-8.72 (1H, m, ArH). F NMR (376 MHz,
CDCl,), 6, ppm: -95.3 (d, J = 60.0 Hz, N-CHF,).

1-Difluoromethyl-6-nitroindazole (2.8)

A yellow solid. Yield — 40%. M. p. 135—-136 °C.
Anal. Caled for C;H,F,N,0,, %: C 45.08; H 2.36;
N 19.71. Found, %: C 45.22; H 2.42; N 19.91.
'H NMR (400 MHz, CDCl,), 6, ppm: 7.55 (1H, t,
J = 60.0 Hz, N-CHF,); 7.95-7.98 (1H, m, ArH);
8.18-8.20 (1H, m, ArH); 825 (1H, s, C3-H);
8.70-8.72 (1H, m, ArH). YF NMR (376 MHz,
CDCl,), 6, ppm: -94.8 (d, J = 60.0 Hz, N-CHF,).

2-Difluoromethyl-6-nitroindazole (3.8)

A yellow solid. Yield — 36%. M. p. 117—-118 °C.
Anal. Caled for CH, F,N,O,, %: C 45.08; H 2.36;
N 19.71. Found, %: C 45.10; H 2.33; N 19.55.
'H NMR (400 MHz, CDCl,), 6, ppm: 7.54 (1H, t,
J = 60.0 Hz, N-CHF,); 7.82-7.85 (1H, m, ArH);
7.98-8.00 (1H, m, ArH); 8.52 (1H, s, C3-H);
8.74-8.75 (1H, m, ArH). F NMR (376 MHz,
CDCl,), 6, ppm: -95.7 (d, J = 60.0 Hz, N-CHF,).

The general procedure for the synthesis
of N-difluoromethyl-(5 or 6)-aminoindazole
hydrochlorides (4.1-4.4)

To a stirred solution of compound 2.7, 2.8,
3.7, or 3.8 (0.1 mol) in a peroxide-free dioxane
(100 mL), 10% Pd/C (1 g) was added. The flask
was connected to a vacuum and then filled with
hydrogen. The reaction mixture was stirred un-
der H, atmosphere until the absorption of gas
ceased (about 4 h), and then the catalyst was re-
moved by filtration. The procedure was complet-
ed by passing gaseous HCI through the solution
of the corresponding amine until the absorption
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of gas was complete; the hydrochloride precipi-
tate obtained was filtered off, washed with MTBE,
and dried at 80 °C under the air atmosphere.

1-Difluorometyl-5-aminoindazole hydroclori-
de (4.1)

A white solid. Yield — 92%. M. p. 207—-208 °C
(dec.). Anal. Caled for C;H,CIF,N,, %: C 43.75;
H 3.67; N 19.13. Found, %: C 43.60; H 3.53;
N 19.25. 'H NMR (400 MHz, DMSO-d,), 6, ppm:
7.82-7.85 (1H, m, ArH); 7.92-7.94 (1H, m,
ArH); 7.99 (1H, s, C*-H); 8.24 (1H, t, J =60.0 Hz,
N-CHF),); 8.51 (1H, s, C3-H); 10.72 (3H, br. s, NH,").
¥F NMR (376 MHz, DMSO-d,), 6, ppm: -95.5 (d,
J =60.0 Hz, N-CHF,).

1-Difluorometyl-6-aminoindazole hydroclori-
de (4.2)

A white solid. Yield — 94%. M. p. 213-214 °C
(dec.). Anal. Caled for C,H,CIF,N,, %: C 43.75;
H 3.67; N 19.13. Found, %: C 43.78 H 3.90; N 19.28.
'H NMR (400 MHz, DMSO-d,), 6, ppm: 7.37-7.39
(1H, m, ArH); 7.77 (1H, s, C"-H); 7.84-7.86 (1H,
m, ArH); 8.19 (1H, t, J = 60.0 Hz, N-CHF,); 8.45
(1H, s, C3-H); 9.50 (3H, br. s, NH;*). YF NMR
(376 MHz, DMSO-d,), 6, ppm: -96.1 (d, J = 60.0 Hz,
N-CHF,).

2-Difluorometyl-5-aminoindazole hydroclori-
de (4.3)

A white solid. Yield — 91%. M. p. 203—-205 °C
(dec.). Anal. Caled for C;H,CIF,N,, %: C 43.75;
H 3.67; N 19.13. Found, %: C 43.56 H 3.62;
N 19.11. *H NMR (400 MHz, DMSO-d,), 6, ppm:
7.42-7.45 (1H, m, ArH); 7.82-7.84 (1H, m, ArH);
7.86 (1H, s, C*-H); 8.21 (1H, t, J = 60.0 Hz, N-CHF,);
8.99 (1H, s, C3-H); 10.50 (3H, br. s, NH,"). YF NMR
(376 MHz, DMSO-dy), 6, ppm: -95.9 (d, J = 60.0 Hz,
N-CHF,).

2-Difluorometyl-6-aminoindazole hydroclori-
de (4.4)

A white solid. Yield — 94%. M. p. 209-211 °C
(dec.). Anal. Caled for C;H,CIF,N,, %: C 43.75;
H 3.67; N 19.13. Found, %: C 43.87 H 3.72; N 19.22.
'H NMR (400 MHz, DMSO-d,), 6, ppm: 7.13-7.16
(1H, m, ArH); 7.74 (1H, s, C"-H); 7.91-7.93 (1H,
m, ArH); 8.22 (1H, t, J = 60.0 Hz, N-CHF,); 9.00
(1H, s, C3-H); 9.75 (3H, br. s, NH;*). YF NMR
(376 MHz, DMSO-d,), 6, ppm: -95.7 (d, J = 60.0 Hz,
N-CHF,).

The general procedure for the synthesis
of N-difluoromethylindazole-(5 or 6)-boro-
pinacolates (5.1-5.4)

To a mixture of compound 2.3, 2.4, 3.3 or 3.4
(0.1 mol), boron-dipinacolate (30 g, 0.12 mol), po-
tassium acetate (20 g) and DMSO (10 mL) in a pe-
roxide-free dioxane (200 mL), Pd(dppf),CL, (2 g)

Journal of Organic and Pharmaceutical Chemistry 2022, 20 (3)

was added under the Ar atmosphere. The mix-
ture was stirred under the inert atmosphere for
24 h at 90 °C. The solid was filtered off, the sol-
vent was evaporated in a vacuum. The residue
was treated with 2 M aq KOH (400 mL), and af-
ter stirring for 1 h, filtered through a thick filter
paper or a filter cloth. The filtration process is
often difficult due to the plasticine-like nature
of the separated material. However, most of the
impurities and gum products are separated in
this way. The filtrate was acidified with hydro-
chloric acid to pH 2-3, the precipitated product
was extracted by hot hexane (= 60 °C, 200 mL);
the hexane solution was washed with hot water
(= 60 °C, 5x300 mL), filtered through a layer of
silica gel (Kieselgel-MN-60, 4—5 cm), after that
washed with hexane. After evaporation of the sol-
vent, a pure colorless target product was obtained.
If the product was oil, it was distilled in vacuo.

1-Difluoromethylindazole-5-boropinacolate
(5.1)

A white solid. Yield — 77%. M. p. 118—-119 °C.
Anal. Calced for C,,H,,BF,N,O,, %: C 57.17; H 5.83;
N 9.52. Found, %: C 57.36 H 5.62; N 9.71. 'H NMR
(400 MHz, CDCl,), 6, ppm: 1.38 (12H, s, CH,); 7.48
(1H, t, J = 60.0 Hz, N-CHF,); 7.63—7.65 (1H, m,
ArH); 7.75-7.77 (1H, m, ArH); 8.11 (1H, s, C*-H);
8.30 (1H, s, C3-H). YF NMR (376 MHz, CDCL,),
0, ppm: -94.8 (d, J = 60.0 Hz, N-CHF,).

1-Difluoromethylindazole-6-boropinacolate
(5.2)

A white solid. Yield — 72%. M. p. 78-79 °C.
Anal. Calcd for C,,H,,BF,N,0,, %: C 57.17; H 5.83;
N 9.52. Found, %: C 57.21 H5.77; N 9.81. '"H NMR
(400 MHz, CDCl,), 6, ppm: 1.39 (12H, s, CH.); 7.52
(1H, t, J = 60.0 Hz, N-CHF,); 7.71-7.78 (2H,
m, ArH); 8.10 (1H, s, C*H); 8.27 (1H, s, C3-H).
YEF NMR (376 MHz, CDCl,), 6, ppm: -94.4 (d, J =
60.0 Hz, N-CHF,).

2-Difluoromethylindazole-5-boropinacolate
(5.3)

A white oil. Yield — 73%. B. p. 128-130 °C /
0.5 Torr. Anal. Caled for C,,H,,BF,N,O,, %: C 57.17;
H 5.83; N 9.52. Found, %: C 57.27 H 5.90; N 9.55.
'H NMR (400 MHz, CDCl,), 6, ppm: 1.37 (12H,
s, CH,); 7.50 (1H, t, J = 60.0 Hz, N-CHF,);
7.63-7.78 (2H, m, ArH); 8.21 (1H, s, C*-H); 8.32
(1H, s, C3-H). ¥F NMR (376 MHz, CDCl,), 6, ppm:
-94.0 (d, J = 60.0 Hz, N-CHF,).

2-Difluoromethylindazole-6-boropinacolate
(5.4)

A white oil. Yield — 75%. B. p. 129-131 °C/
0.5 Torr. Anal. Caled for C,,H,,BF,N,O,, %: C 57.17;
H 5.83; N 9.52. Found, %: C 57.33 H 5.80;
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N 9.64. 'H NMR (400 MHz, CDCl,), 6, ppm: 1.36
(12H, s, CH,); 7.52 (1H, t, J = 60.0 Hz, N-CHF,);
7.65-7.80 (2H, m, ArH); 8.20 (1H, s, C*-H); 8.33
(1H, s, C3-H). ¥F NMR (376 MHz, CDCl,), 6, ppm:
-94.5 (d, J = 60.0 Hz, N-CHF,).

The general method for the synthesis of
methyl N-difluoromethylindazole-5-carboxy-
lates (6.1, 6.2)

Compound 2.3 or 3.3 (12.4 g, 0.05 mol) was dis-
solved in anhydrous MeOH (250 mL), then Et,N
(7 g, 0.07 mol) was added, followed by Pd(dppf)
Cl, (1 g) and the reaction mixture was sealed in
a high-pressure autoclave. The carbon monoxide
gas was introduced at 40 bar pressure, and the
reaction mixture was stirred at 100°C for 16 h.
After cooling to room temperature, the residual
pressure was vented; the reaction mixture was eva-
porated to dryness at reduced pressure, quenched
with water (250 mL), and then extracted with
EtOAc (2x150 mL). The extract was dried over an-
hydrous Na,SO, and evaporated at reduced pres-
sure, dissolved in CH,Cl, (200 mL) filtered through
a layer of silica gel (4-5 c¢m), washing off the re-
maining product with CH,CI, to form pure 6.1, 6.2.

Methyl 1-difluoromethylindazole-5-carboxyla-
te (6.1)

A white solid. Yield — 85%. M. p. 125—-127 °C.
Anal. Calcd for C, H,F,N,0,, %: C 53.10; H 3.57,;
N 12.39. Found, %: C 57.21 H 5.77; N 9.81.
'H NMR (400 MHz, CDCl,), 6, ppm: 3.97 (3H, s,
CH,); 7.49 (1H, t, J = 60.0 Hz, N-CHF,); 7.78-7.81
(1H, m, ArH); 8.17-8.20 (2H, m, ArH); 8.52 (1H,
s, C*-H). ¥F NMR (376 MHz, CDCL,), 6, ppm: -94.8
(d, J =60.0 Hz, N-CHF,).

Methyl 2-difluoromethylindazole-5-carboxyla-
te (6.2)

A white solid. Yield — 84%. M. p. 85-86 °C.
Anal. Calcd for C, H,F,N,0,, %: C 53.10; H 3.57;
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N 12.39. Found, %: C 53.21 H 2.77; N 12.09.
'H NMR (400 MHz, CDCl,), 6, ppm: 3.92 (3H, s,
CH,); 7.49 (1H, t, J = 60.0 Hz, N-CHF,); 7.69-7.71
(1H, m, ArH); 7.91-7.93 (1H, m, ArH); 8.46 (1H,
s, C4-H); 8.49 (1H, s, C3-H). YF NMR (376 MHz,
CDCl,), 6, ppm: -93.7 (d, J = 60.0 Hz, N-CHF,).

The general method for the synthesis of
N-difluoromethylindazole-5-carboxylic acids
(7.1, 7.2)

Compound 6.1 or 6.2 (4.5 g, 0.02 mol) was sus-
pended in a mixture of water (50 mL) and THF
(10 mL), then NaOH (5 g) was added, and the
reaction mixture was heated at 50 °C until com-
plete dissolution. After cooling the solution, it was
acidified with 10% HCI to pH 1-2. The precipi-
tate obtained was filtered off, washed with H,O
(2x20 mL), and dried at 80°C under the air at-
mosphere to obtain pure 7.1 or 7.2.

1-Difluoromethylindazole-5-carboxylic acid (7.1)

A white solid. Yield — 90%. M. p. 215-217 °C.
Anal. Caled for C,H F,N,O,, %: C 50.95; H 2.85;
N 13.20. Found, %: C 50.99 H 2.71; N 13.11.
'H NMR (400 MHz, DMSO-dy), 6, ppm: 7.91-7.93
(1H, m, ArH); 8.11-8.13 (1H, m, ArH); 8.23 (1H,
t, J = 60.0 Hz, N-CHF,); 8.54 (2H, s, C*-H and
C4H); 11.0-12.0 (1H, br. s, COOH). *F NMR
(376 MHz, DMSO-d,), 6, ppm: -95.5 (d, J = 60.0 Hz,
N-CHF,).

2-Difluoromethylindazole-5-carboxylic acid (7.2)

A white solid. Yield — 92%. M. p. 189-191 °C.
Anal. Caled for C,H F,N,O,, %: C 50.95; H 2.85;
N 13.20. Found, %: C 51.21 H 2.77; N 12.91.
'H NMR (400 MHz, DMSO-d,), 6, ppm: 7.88—7.90
(1H, m, ArH); 7.93-7.95 (1H, m, ArH); 8.20
(1H, t, J = 60.0 Hz, N-CHF,); 8.56 (1H, s, C*-H);
9.10 (1H, s, C*-H); 11.0-12.0 (1H, br. s, COOH).
YEF NMR (376 MHz, DMSO-d,), 6, ppm: -95.4 (d,
J =60.0 Hz, N-CHF,).
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