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Abstract: The synthesis and structural diversification of N-heterocycles systems have attracted much
attention because of their potential applications. Three 6-aryl-3-methyl-1-phenyl-1H-pyrazolo[3,4-
b]pyridine-5-carbaldehyde 4 derivatives, in reaction with acetophenones 5, via conventional Claisen—
Schmidt condensation reactions, generated the respective enones. The enones were used as electron-
deficient olefins in a “formal” [2+3] cycloaddition reaction using p-tosylmethyl isocyanide—TosMIC
7. This protocol allows access to 3-(substituted aroyl)-4-heteroaryl pyrrole derivatives by the Van
Leusen method.
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3-Aroyl-4-heteroarylpyrrole of pyrrole and its substituted derivatives as basic substructures in natural and synthetic
Derivatives by the Van Leusen products, the synthesis of these five-membered heterocycles is of interest to researchers. A
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coupling cyclization reaction between nitro-acetates and isocyanides; and the reaction
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In this sense, the Van Leusen reaction is a particularly attractive method for providing
substituted pyrroles. In this work, we extend the scope for the synthesis of 3,4-disubstituted
pyrrole derivatives from pyrazolo[3,4-b]pyridine-based chalcones.
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In previous work, the structural diversification of condensed N-heterocycles systems
was reported, specifically in the preparation of dihydropyrazolo[3,4-b]pyridine derivatives
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3 and subsequent changes via specific formylation on the pyridine (Scheme 1) [14]. Formy-
lation on the pyridine ring offers the possibility to access a variety of heteroaryl chalcones
through the Claisen-Schmidt condensation reaction between 6-(4-chlorophenyl)-3-methyl-
1-phenyl-1H-pyrazolo[3,4-b]pyridine-5-carbaldehyde 4 and substituted acetophenones
5a—c, in the presence of a base. The heteroaryl chalcone was prepared by mixing equimolar
amounts of reactants (4 and 5a—c) in a small amount of absolute ethanol (8.0 mL). Then,
drops of a 20% NaOH solution were added. The reaction was carried out at room tempera-
ture, and, after NaOH addition and continuous stirring for 2 h, the reaction was completed,
yielding the respective heteroaryl chalcones 6a—c (Scheme 1) [15].

Regioselective formylation of pyrazolo[3,4-b]pyridines
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Scheme 1. Synthesis of 3-aroyl-4-heteroarylpyrrole derivatives 8a—c.

The (E)-3-(6-(aryl-3-methyl-1-phenyl-1H-pyrazolo[3,4yridinedin-5-yl)-1-arylprop-2-
en-1-one 6a—c, &, -unsaturated carbonyl compounds are also electron-deficient olefins
with incorporated carbonyl groups (C=0). Therefore, the scope of this substrate as a
Michael acceptor can be explored. The heteroaryl chalcones in reaction with TosMIC is a
method that enriches the structural diversity of the 3,4-disubstituted pyrrole derivatives
8a-c. The preparation of 3-aroyl-4-(6-aryl-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]yridine-5-
yl)-1H-pyrrole derivatives 8a—c includes physical and chemical characteristics of the Van
Leusen pyrrole synthesis [6-8,16-18].

3. Discussion

The use of the heteroaryl chalcones 6a—c as precursors did not present problems during
the synthesis of the 3,4-disubstituted pyrrole derivatives 8a—c. No influence of heterocyclic
rings on the steric or solubility effects was observed in obtaining 3,4-disubstituted pyrrole
derivatives 8a-c with moderate yields. The olefin moiety included in 6 was exploited to de-
velop five-membered heterocycles by regiospecific heterocyclization reactions with TosMIC,
a known representative of the methylsulphurized isocyanide family that is commercially
available. At the same time, the preparation of 3-aroyl-4-(6-aryl-3-methyl-1-phenyl-1H-
pyrazolo[3,4yridinedin-5-yl)-1H-pyrrole derivatives 8a—c with this efficient method appears
to be an alternative for obtaining new polycyclic heteroaromatics and for the future assess-
ment of their applications. To construct 3,4-disubstituted pyrrole derivatives 8a—c, the vinyl
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carbons of the Michael acceptor 6a—c provided the C3, C4, and respective substituents. The
Coa-N-Co moiety of TosMIC 7 complements the formation of the five-membered pyrrolic
ring by incorporating the heteroatoms, C2 and C5. The plausible mechanism involves
a base-assisted formal [2+3] cycloaddition between the Michael acceptor and TosMIC.
According to the Van Leusen method, under the reaction conditions for synthesizing 3-
aroyl-4-heteroarylpyrrole derivatives 8a—c, the reaction sequence begins with the loss of the
a-proton from the -CH, moiety in the TosMIC 7, resulting in the formation of the carbanion.
The acidity of these a-protons increases because of the electron-withdrawing effect of
the sulfonyl and isocyanide groups. The Michael addition begins with the attack of the
carbanion on the heteroaryl chalcone 6a—c, generating intermediate I, which undergoes an
intramolecular [2+3] cycloaddition reaction to form the intermediate II. The basic conditions
of the reaction facilitate the removal of the tosyl group (intermediate III) and aromatization
to obtain the final 3,4-disubstituted pyrrole derivatives 8a—c (Scheme 2).

Carbanion
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Scheme 2. Possible reaction mechanism for the formation of the 3-aroyl-4-heteroarylpyrrole deriva-
tives 8a—c.

The protonic spectra for each of the 3,4-disubstituted pyrrole derivatives 8a, 8b, and
8¢ clearly present signals that correspond to the C2-H, C5-H, and N-H of the pyrrole
rings, evidencing their formation. In the 'H NMR spectrum for compound 8a, the signals
appeared at 7.02,70.9, and 11.61 ppm; in 8b at 7.04, 7.24, and 11.57 ppm; in 8c at 7.04, 7.19,
and 11.62 ppm. IR, 3C-NMR, and HR-MS analyses further established the structures of all
of the 8 compounds (Original spectra are available in the Supplementary Materials section).

4. Materials and Methods
4.1. General Information

Melting points (uncorrected) were determined with a Thermo Scientific melting point
apparatus, model IA 9100/ Capillary. Infrared spectra (FI-IR) were collected at a resolution
of 2 em~! and 16 scans (transmission mode 4000-500 cm ™) using a Shimadzu FTIR 8400
spectrophotometer (Scientific Instruments Inc., Seattle, WA, USA) and KBr disks. NMR
spectra 'H and '3C (DEPT-135) were recorded on a Bruker Advance spectrophotometer
operating at 400 and 100 MHz, respectively, using TMS as an internal standard (d, 0.0 ppm)
and CDCl3 and DMSO-d, as solvents. The NMR signals are reported in ppm and coupling
constants (J) are reported in Hertz. Mass spectra were recorded in a Thermo Fisher Scientific
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GC-MS spectrometer model DSQII (Thermo Fisher Scientific Inc., Waltham, MA, USA)
using a direct insertion probe and the electron impact ionization technique (70 eV). HRMS
was recorded in an Agilent Technologies QTOF 6520B spectrometer (Agilent Technologies,
Inc., Santa Clara, CA, USA) coupled to an HPLC Agilent-1200 equipped with an Agilent
Zorbax extend C18 (2.1 mm x 50 mm x 1.8 mm) PN 727700-902 column, via electrospray
ionization (ESI), and analyzed in positive mode. HPLC method: 0.4 mL/min, gradient from
acetonitrile/water (10%, with 0.1% of formic acid) to acetonitrile (with 0.1% of formic acid).

4.2. Synthesis and Characterization

Synthesis of (E)-3-(6-(aryl-3-methyl-1-phenyl-1k-pyrazolo[3,4-b]pyridin-5-yl)-1-arylprop-
2-en-1-one compounds 6a—c.

The synthesis of compounds 6a-c followed the classical Claisen-Schmidt condensation
reaction. Equimolar amounts of 6-(4-chlorophenyl)-3-methyl-1-phenyl-1H-pyrazolo[3,4-
b]pyridine-5-carbaldehyde 4 (1.0 mmol) [14], the respective substituted acetophenones
5a—c (1.0 mmol) in ethanol (8.0 mL), and five drops of 20% sodium hydroxide (0.33 mL,
1.5 mmol) were added, and the mixture was stirred at room temperature for 2 h. The solid
obtained was isolated and recrystallized from a DMF-ethanol mixture to produce a yellow
solid [9,15].

(E)-3-(6-(4-chlorophenyl)-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridin-5-yl)-1-phenylprop-
2-en-1-one 6a. M.p. 210-212 °C, 65% yield. 'H-NMR (400 MHz, CDCl; RT) 5 (ppm): 2.72 (s,
3H, CH3),7.26 (t, 1H, Hp, | =7.4 Hz), 7.28 (t, 1H, Hp, | = 7.2 Hz), 7.50 (m, 7H, CH, CH 6-aryl,
CH, H«x), 7.61 (d, 2H, Ho, 6-aryl, ] = 8.4 Hz), 7.96 (d, 1H, Hp, ] = 15.5 Hz), 8.03 (d, 2H, Ho,
J =7.0Hz), 8.32(d, 2H, Ho, ] = 7.6 Hz), 8.42 (s, 1H, CH). 13C-NMR & (ppm): 12.5 (CH3), 116.4
(C3a pyrazolopyridine), 120.5 (Co, Ph), 123.0 (C«), 123.4 (C5 pyrazolopyridine), 125.7 (Cp,
Ph), 128.6 (Co, Ph), 128.7 (Cp, Ph), 128.9 (Cm, 6-aryl), 129.1 (Cm, Ph), 131.7 (Co, 6-aryl), 133.0
(C4, pyrazolopyridine), 135.5 (Ci, Ph), 137.7 (Ci, 6-aryl), 137.9 (Cp, 6-aryl), 139.4 (Ci, Ph),
143.4 (C3, pyrazolopyridine), 150.5 (C7a, pyrazolopyridine), 158.2 (C6é pyrazolopyridine),
189.7 (C=0). IR, KBr (cm™1): 1657 (C=0, st). MS (70 eV) m/z (%): 451/449 (M*?/M*, 18/54),
346 (34), 344 (100), 343 (25), 308 (11), 105 (35). HR-MS calculated for CygH»oCIN3O 449.1295,
found 449.1289.

((E)-3-(6-(4-chlorophenyl)-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridin-5-yl1)-1-(3,4,5-trime
thoxyphenyl)prop-2-en-1-one 6b. M.p. 212-214 °C, 60% yield. TH-NMR (400 MHz, CDCl3
RT) & (ppm): 2.74 (s, 3H, CH3), 3.95 (s, 9H, OCH3), 7.23 (t, 1H, Hp, ] = 7.4 Hz), 7.30 (s, 2H,
Ho, 1-aryl), 7.49 (d, 1H, He, ] = 15.3 Hz), 7.50 (d, 2H, Ho, 6-aryl, ] = 8.68 Hz), 7.51 (t, 2H,
Hm, ] =7.5 Hz), 7.63 (d, 2H, Hm, 6-aryl, | = 8.7 Hz), 8.00 (d, 1H, Hj, | = 15.3 Hz), 8.35
(d, 2H, Ho, ] = 7.9 Hz), 8.43 (s, 1H, CH). 3C-NMR & (ppm): 12.7 (CH3), 56.6 (OCH3), 61.0
(OCH3), 106.4 (Co, 1-aryl), 116.4 (C3a pyrazolopyridine), 120.5 (Co), 122.6 (Cx), 123.4 (C5
pyrazolopyridine), 125.7 (Cp), 128.7 (Cm, 6-aryl), 129.1 (Cm), 129.2 (C4, pyrazolopyridine),
131.7 (Co, 6-aryl), 133.2 (Ci, 6-aryl), 135.6 (Ci, 1-aryl), 137.8 (Cp, 6-aryl), 139.4 (Ci), 143.1
(CPB), 142.9 (Cp, 1-aryl), 143.4 (C3, pyrazolopyridine), 150.5 (C7a, pyrazolopyridine), 153.3
(Cm, 1-aryl), 158.2 (C6, pyrazolopyridine), 188.2 (C=0). IR, KBr (em~1): 1656 (C=0, st). MS
(70 eV) m/z (%): 541/539 (M*?/M*, 4/10), 135 (100).

(E)-1-([1,1"-biphenyl]-4-y1)-3-(6-(4-chlorophenyl)-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]

pyridin-5-yl)prop-2-en-1-one 6¢. M.p. 218-220 °C, 80% yield. 'H-NMR (400 MHz, DMSO-
de 383 K) & (ppm): 2.73 (s, 3H, CHs), 7.29 (t, 1H, Hp, ] =7.2 Hz), 7.43 (t, 1H, Hp, | = 6.8 Hz),
7.50 (t,2H, Hm, ] =7.2 Hz), 7.52 (t, 2H, Hm, | = 8.1 Hz), 7.61 (d, 2H, Ho, 6-aryl, ] = 8.3 Hz),
7.67 (d, 2H, Hm, 6-aryl, ] = 8.3 Hz), 7.74 (d, 2H, Hm, 1-aryl, | = 7.0 Hz), 7.77 (d, 1H, He,
J=15.7 Hz), 7.83 (d, 2H, Ho, 1-aryl, ] = 7.0 Hz), 7.87 (d, 1H, HpB, ] = 14.7), 8.14 (d, 2H, Ho,
J = 7.2 Hz), 8.28 (d, 2H, Ho, ] = 8.1 Hz), 9.02 (s, 1H, CH). 3C-NMR & (ppm): 11.5 (CH3),
115.9 (C3a pyrazolopyridine), 119.7 (Co), 122.3 (C5 pyrazolopyridine), 123.5 (C«x), 125.0
(Cp), 126.2 (Co), 126.3 (Co, aryl), 127.6 (Cp), 128.3 (Cm, 6-aryl), 128.4 (Cm), 128.5 (C4), 131.0
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(Co, 6-aryl), 133.6 (Ci, 6-aryl), 136.1 (Cp, 6-aryl), 138.6 (Ci), 140.5 (Cj3), 144.1 (C3), 149.4
(C7a), 157.3 (C6 pyrazolopyridine), 188.0 (C=0). IR, KBr (em™1): 1673 (C=0, st). MS (70 eV)
m/z (%): 525 (M*, 14), 344 (12), 181 (100). HR-MS calculated for C34 Hp4,CIN3O 525.1608,
found 525.1595.

Synthesis of 3-aroyl-4-(6-aryl-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridin-5-y1)-1H-
pyrrole derivatives 8a—c.

The synthesis of compounds 8 evidenced the scope of the chemistry of p-tosylmethyl
isocyanide (TosMIC), known as Van Leusen’s reagent, for the construction of simple/fused
heterocycles [16,17]. The compounds 6 (1 mmol) and TosMIC 7 (1 mmol) were mixed in
DMSO (1.5 mL). The reactant mixture was added dropwise to a suspension of the base
(50 mg NaH in 20 mL Et,O) at room temperature, under stirring and keeping the final
reaction mixture under an Ar atmosphere. TLC was used to monitor the progress of the
reaction. After one hour of stirring, the reaction mixture was poured onto a saturated
NaCl solution (75 mL) and neutralized with 1N HCI. The precipitate formed was filtered
and washed with water, and then dissolved in DCM. The water was separated, and the
organic layer was dried over anhydrous sodium sulfate and concentrated. The residue was
recrystallized from acetone—ethyl ether to generate the respective pyrrole derivative 8 as a
yellow solid.

((4-(6-(4-chlorophenyl)-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridin-5-yl)-1H-pyrrol-3-yl)
(phenyl)methanone 8a. M.p. 225-227 °C, 60% yield. '"H-NMR (400 MHz, DMSO-dy) &
(ppm): 2.63 (s, 3H, CH3), 7.02 (d, 1H, H5, pyrrole, | = 2.22 Hz), 7.09 (t, 1H, H2, pyrrole,
J=222Hz), 723 (t,2H, Hm, ] = 8.30 Hz), 7.26 (t, 1H, Hp, | = 7.7 Hz), 7.34 (m, 4H, 6-aryl),
7.45-7.55 (m, 5H, 3-Aroyl), 8.23 (s, 1H, H4, pyrazolopyridine), 8.31 (d, 2H, Ho, ] = 8.5 Hz),
11.61 (s, 1H, NH). 3C-NMR & (ppm): 12.5 (CH3), 116.1 (C-3a pyrazolopyridine), 120.3 (Co,
Ph-pyrazolopyridine), 120.9 (C2, pyrrole), 122.8 (C5, pyrazolopyridine), 123.7 (C4, pyrrole),
125.3 (C3, pyrrole), 125.5 (Cp, Ph-pyrazolopyridine), 127.5 (Cp, 3-aroyl), 127.7 (Cm, 3-aroyl),
128.2 (Co, 3-aroyl), 128.7 (Cm, 6-aryl), 129.4 (Cm, Ph-pyrazolopyridine), 131.7 (Co, 6-aryl),
132.3 (C4 pyrazolopyridine), 133.2 (Ci, 3-aroyl), 140.1 (Ci, Ph-pyrazolopyridine), 140.2
(Ci, 6-aryl), 140.3 (Cp, 6-aryl), 143.1 (C3, pyrazolopyridine), 157.2 (C6 pyrazolopyridine),
190.0 (C=0). IR, KBr (cm™1): 3184 (NH, st), 1608 (C=0, st). MS (70 eV) m/z (%): 490/488
(M*2/M*,2/6),344/346 (11/31), 135 (10), 123 (14), 113/111 (6/19), 105 (100), 97 (39), 95
(28), 83 (43), 77 (28), 69 (53), 57 (59), 43 (52). HR-MS calculated for C39Hy1 CIN4O 488.1404,
found 488.1395.

(4-(6-(4-chlorophenyl)-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridin-5-yl)-1H-pyrrol-3-yl)
(3,4,5-trimethoxyphenyl)methanone 8b. M.p. 280-282 °C, 70% yield. 'H-NMR (400 MHz,
DMSO-dg) b (ppm): 2.64 (s, 3H, CH3), 3.65 (s, 3H, OCH3), 3.74 (s, 6H, OCH3), 6.59 (s,
2H, 3-aroyl), 7.04 (m, 1H, H5, pyrrole), 7.24 (m, 4H, Hp, Ph-pyrazolopyridine; Ho, 6-aryl;
H2, pyrrole), 7.34 (d, 2H, Hm, 6-aryl, ] = 8.53 Hz), 7.51 (t, 2H, Hm, Ph-pyrazolopyridine,
J = 7.30 Hz), 8.24 (s, 1H, H4, pyrazolopyridine), 8.30 (d, 2H, Ho, Ph-pyrazolopyridine,
J = 8.5 Hz), 11.57 (s, 1H, NH). 1*C-NMR § (ppm): 12.6 (CH3), 56.1 (OCH3), 60.3 (OCH3),
106.5 (Co, 3-aroyl), 116.0 (C3a pyrazolopyridine), 119.2 (Co, Ph-pyrazolopyridine), 119.8 (C2,
pyrrole), 122.2 (C5, pyrazolopyridine), 123.6 (C4, pyrrole), 125.1 (C3, pyrrole), 125.4 (Cp, Ph-
pyrazolopyridine), 126.9 (C5, pyrrole), 127.7 (Cm, 6-aryl), 129.5 (Cm, Ph-pyrazolopyridine),
131.5 (C4 pyrazolopyridine), 131.8 (Co, 6-aryl), 133.0 (Ci, 6-aryl), 134.8 (Ci, 3-aroyl), 139.7
(Ci, Ph-pyrazolopyridine), 139.8 (Cp, 3-aroyl), 140.6 (Cp, 6-aryl-pyrazolopyridine), 143.1
(C3, pyrazolopyridine), 149.6 (C7a, pyrazolopyridine), 152.4 (Cm, 3-aroyl), 157.0 (C6 pyra-
zolopyridine), 188.8 (C=0). IR, KBr (em™1): 3125 (NH, st), 1607 (C=0, st). MS (70 eV) m/z
(%): 580/578 (M*2/M*, 38/98), 565/563 (8/22), 531 (12), 386/384 (3/12), 289 (16), 195 (100),
77 (10). HR-MS calculated for C33H,yCIN,O4 578.1721, found 578.1711.

[1,1'-biphenyl]-4-y1(4-(6-(4-chlorophenyl)-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridin-5-
yl)-1H-pyrrol-3-yl)methanone 8c. M.p. 253-255 °C, 55% yield. ' H-NMR (400 MHz, DMSO-
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de) & (ppm): 2.64 (s, 3H, CH3), 7.04 (s, 1H, H5, pyrrole), 7.19 (s, 1H, H2, pyrrole), 7.24 (t, 2H,
Hm, 3-aroyl), 7.26 (t, 2H, Hp, Ph-pyrazolopyridine, | = 7.5 Hz), 7.36-7.53 (m, 9H, Hm, Ph-
pyrazolopyridine; Ho, Hm, 3-aroyl; Hm, Hp, Ph-3-aroyl), 7.62 (d, 2H, Ho, 6-aryl, | = 8.5 Hz),
7.65 (d, 2H, Hm, 6-aryl, | = 8.5 Hz), 8.25 (s, 1H, H4, pyrazolopyridine), 8.31 (d, 2H, Ho Ph-
pyrazolopyridine, | = 8.5 Hz), 11.62 (s, 1H, NH). >*C-NMR § (ppm): 12.6 (CH3), 116.0 (C3a
pyrazolopyridine), 120.0 (Co, Ph-pyrazolopyridine), 120.8 (C2, pyrrole), 122.4 (C5, pyra-
zolopyridine), 123.5 (C4, pyrrole), 125.1 (C3, pyrrole), 125.5 (Cp, Ph-pyrazolopyridine), 126.5
(Cp, 3-aroyl), 127.3 (Co, 3-aroyl), 127.8 (Co, 3-aroyl), 128.5 (Cm, 6-aryl), 129.5 (Cm, 3-aroyl),
129.6 (Cm, Ph-pyrazolopyridine), 129.7 (Co, 6-aryl), 131.8 (C4 pyrazolopyridine), 132.3 (C5,
pyrrole), 133.1 (Ci, 6-aryl), 138.5 (Ci, Ph-pyrazolopyridine), 139.7 (Ci, Ar-pyrazolopyridine),
139.8(Ci, 3-aroyl), 139.9(Ci, 3-aroyl), 143.1 (Cp, 3-aroyl), 143.2 (C3, pyrazolopyridine), 149.7
(C7a, pyrazolopyridine), 157.0 (C6 pyrazolopyridine), 189.4 (C=0). IR, KBr (cm~1): 3171
(NH, st), 1613 (C=0, st). MS (70 eV) m/z (%): 566/564 (M*?/M*, 39/100), 385/383 (18/52),
348 (14), 282 (15), 181 (87), 153 (34). HR-MS calculated for C3¢Hy5CIN4O 564.1717, found
564.1710.

5. Conclusions

The synthesis of 3,4-disubstituted pyrroles was carried out by the Van Leusen method
under basic conditions. This transformation is regioselective and uses the Van Leusen
reagent (TosMIC), considered a versatile synthetic tool because of its reactivity, selectivity,
and ability to combine with substrates of different nature and structural diversity.

Exploring the scope of chalcones with scaffold pyrazolo[3,4-b]pyridine as substrates,
we prepared three new 3-aroyl-4-(6-aryl-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridin-
5-yl)-1H-pyrrole derivatives with reasonably good yields in a four-stage reaction se-
quence. The final stage consists of a heterocyclization reaction using NaH as a base and
p-tosylmethyl isocyanide in a synthetic strategy known as Van Leusen pyrrole synthesis,
which obtains pyrrole-ring-unsubstituted C2 and C5. Synthetic versatility studies of the
pyrazolo[3,4-b]pyridine-based chalcones for the construction of polycyclic heteroaromatics
are in progress.
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