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Abstract -~ An  efficient  synthesis of  o-nitrophenyl tethered
pyrazole-4-carbaldehydes was achieved via Vilsmeier-Haack formylation of
hydrazone derivatives which were subjected to Claisen-Schmidt condensation and
Morita-Baylis-Hillman (MBH) reaction with various methyl ketones and activated
alkenes respectively to generate the corresponding chalcones and MBH adducts.
However, successive Fe-mediated reductive cyclization was followed by an
unusual C-C bond cleavage which afforded the pyrazolo[4,3-c]quinolines devoid

of diverse substituents at C-4 position.

Synthesis of pyrazole fused heterocyclic frameworks occupies an important place in the field of
pharmaceutical and medicinal chemistry as several biologically active compounds and blockbuster drugs
hold pyrazole core in their structures (Figure 1).1" Because of the widespread bioactivity and broad range
of applications of pyrazole derivatives, their synthesis has gained considerable attention from synthetic
chemists.®1° Compounds containing pyrazole motif exhibit excellent pharmacological properties such as
antitumor, antimicrobial, anti-inflammatory, antiviral, antifungal, anticonvulsant, antidepressant, etc.*??
Several notable marketed drugs contain the pyrazole moieties such as Rimonabant, Celebrex and
Sildenafil which are in the category of most selling drugs over the years and also Zometapine which is
effectively used as an antidepressant drug (Figure 1).11& 2327
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Figure 1. Selected examples of pyrazole and quinoline based drugs and bioactive compounds

Similarly, quinoline is another valuable class of nitrogen-containing heterocyclic framework which has
attracted much attention of researchers due to their excellent medicinal profile.?®3? Quinoline framework
is also represented by several commercial drugs such as Chloroquine, Hydroxychloroquine, Ferroquine
and Sitamaquine and bioactive natural products like Quinine and Camptothecin.®**! Inspired by the
pharmacological profile of these two pharmacophores (i.e. pyrazole and quinoline), it was envisaged to
incorporate them in a single framework; pyrazolo[4,3-c]quinoline. The medicinal potential of
pyrazolo[4,3-c]quinoline containing a pyrazole moiety condensed with quinoline nucleus is well
documented in literature.*>** The compounds containing this tricyclic ring system display potent
anticancer®® and anti-inflammatory acitivities,*® high-affinity toward benzodiazepine receptor ligands.*’
They also act as interleukin inhibitors,*® anxiolytic drugs (CGS-9896 which is used for producing
long-lasting anxiolytic and anticonvulsant effects),>® selective cyclooxygenase-2 (COX-2),°% and
phosphodiesterase 4 (PDE4) inhibitors.®® To achieve the synthesis of diversely substituted
pyrazolo[4,3-c]quinoline derivatives, a retrosynthetic analysis was performed which showed that
pyrazolo[4,3-c]quinoline framework 111 can be generated via reductive cyclization of pyrazole tethered
a,B-unsaturated ketones Il which in turn can be afforded via Claisen-Schmidt condensation of | with

methyl ketones as outlined in Figure 2.
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Figure 2. Retrosynthetic analysis for the synthesis of substituted pyrazolo[4,3-c]quinoline derivatives

Alternatively, the synthesis of V may be achieved via reductive cyclization of Morita-Baylis-Hillman
(MBH) adduct 1V afforded from I via MBH reaction with activated alkenes. Accordingly, 2-nitrophenyl
substituted pyrazole-4-carbaldehydes were synthesized and subjected to Claisen-Schmidt condensation as
well as MBH reaction and subsequently served in Fe-AcOH mediated reductive cyclization®?>* to afford
the diversely substituted pyrazolo[4,3-c]quinolines.

It has been revealed that the cleavage of C—C bond is a challenging task and only limited methods are
available by employing transition metals such as Rh,>>®°¢ Ru,>’ Pd,%8%° Pt,®° Cu,5152 and Fe.®35* However,
most of these strategies involve the C-C bond cleavage under oxidative conditions but the detailed studies
involving C-C cleavage under reductive conditions remain scarce in literature.>*®% Although
Fe-mediated C-C bond cleavage under reductive conditions was previously envisioned,>* but it was not
quantified over variety of substrates. Interestingly, during present study, C-C bond cleavage was observed
under similar reaction conditions rather on different group of molecules. In this context, studies were
performed which are presented and discussed herein.

The present study commenced with the synthesis of 1-aryl-3-
(2-nitrophenyl)-1H-pyrazole-4-carbaldehydes 4 which was achieved via modification in the previously
documented procedure as depicted in Scheme 1.5° The condensation of 2-nitroacetophenone (1) with
phenylhydrazines 2a, b in EtOH afforded the corresponding hydrazone derivatives 3a, b under the
catalysis of TFA which were further subjected to Vilsmeier-Haack formylation with DMF-POCI3 to yield
the desired 1-aryl-3-(2-nitrophenyl)-1H-pyrazole-4-carbaldehydes 4a, b.
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Scheme 1. Synthesis of 1-aryl-3-(2-nitrophenyl)-1H-pyrazole-4-carbaldehydes

To achieve the synthesis of diversely substituted pyrazolo[4,3-c]quinolines derivatives, 4a, b were treated
with diversely substituted aryl methyl ketones 5a-i in presence of KOH in MeOH to afford the
Claisen-Schmidt (E)-3-[3-(2-nitrophenyl)-1-aryl-1H-
pyrazol-4-yl]-1-arylprop-2-en-1-ones 6ab-ai, 6ba, 6bc, and bd (b is a component from 4 and d is a
component from 5) (Scheme 1). The respective chalcones 6 were obtained within 1-3.5 h in good to

excellent yields (70-93%) via filtration of solid product precipitated during the course of reaction and no

condensation products,

column chromatographic purification was required.
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Table 1. Results of optimization studies

P . Ph i Ph Ph
1% N7 reacton
condition m 7 5 ©\/f
-~ - ~ " -
H p-tolyl N p-tolyl N H
9 o7 et L 70 - ot ormed "
Entry Reagent/Additive Solvent T (°C) Time 9a,
Yield %3P
1 | Fe powder/- AcOH 110 1h45min |71
2 | Fe powder/- AcOH 110 1h15min | 84
3 Zn dust/- AcOH 110 2h30min |59
4 | Zn dust/- AcOH:H0 (1:1,v/v) | 110 3h 67°¢
5 SnCl2.2H0/- MeOH 80 12 h 43¢
6 | Fe powder/- AcOH 80 3h45min | 60°
7 | Fe powder/HCI (15 equiv.) | EtOH:H20 (1:1, v/v) 110 2h 63°

4Unless otherwise mentioned, All the reactions were performed with 1.2 mmol of 6ag and 5.0 equiv. of
reagent in 3 mL of solvent. PIsolated yields. “The reaction was carried out under N2 atmosphere.

To achieve the synthesis of desired pyrazolo[4,3-c]quinoline, the optimization studies were performed
with 6ag as the model substrate. The chalcone derivative 6ag was chosen as model substrate because of
its electronic effects to emphasize the product formation. The compound 6ag was then served in
Fe-AcOH mediated reductive cyclization to afford the anticipated substituted pyrazolo[4,3-c]quinoline.
The reaction was completed within 1 h 15 min and a short silica gel column chromatographic purification
of product followed by spectroscopic analysis revealed that the expected product 8ag underwent unusual
C-C bond cleavage at C-4 position leading to the formation of pyrazolo[4,3-c]quinoline derivative 9a
instead of desired product 8ag. Surprisingly, similar results were obtained when the reaction was
executed under different conditions as summarized in Table 1.

When the reductive cyclization was performed with other substrates 6ab-ai, 6ba, 6bc, and bd; similar
products 9a, b were obtained in all the cases due to the unexpected C-C bond cleavage in the products 7/8
under reductive conditions as summarized in Scheme 2.

This unorthodox cleavage of C-C bond during reductive conditions®® may be attributed to the
protonation of carbonyl group, which induces the electronic deficiency in the carbon chain. The resulting
enolate (enol) generated after C-C bond cleavage which is resonance stabilized together with entropy

issues and aromaticity of the product (thermodynamic stability).



710 HETEROCYCLES, Vol. 102, No. 4, 2021

Rl
N—N
/
> 7 (0]
“
N R?
—_— ~ 8ab-ai, 8ba, 8bc, bd ™~
t f d
7ab-ai, 7ba, 7bc, bd nottorme
Fe-AcOH, TReductive
110°C, | cyclization o . OH
0515h | PN
) Me” "R? H,C” "R?
NO, N-N 5a-i +
/ / Rl
C-C bond N/NI
cleavage /
Z L Y
“
RZ O N7 H
6ab-ai, 6ba, 6bc, bd 9a, b
6ab: R1 = Ph: R? = 3-Br-CgH, 9a (80%)
6ac: Rl = Ph; R2 = 4-Br-CgH, 9a (83%)
6ad: R! = Ph; R? = 4-CI-CgH, 9a (79%)
6ae: R! = Ph; R2 = 4-F-CgH, 9a (74%)
6af: Rl = Ph; R2 = 4-MeO-CgH, 9a (86%)
6ag: R! = Ph; R? = 4-Me-CgH, 9a (84%)
6ah: R! = Ph; R? = 4-NO,-CgH, 9a (93%)
6ai: R! = Ph; R? = 2,4-Cl,-CgH3 9a (82%)
6ba: R! = 4-Br-CgHy; R? = Ph 9b (71%)
6bc: R! = 4-Br-CgHyu; R? = 4-Br-CgH, 9b (78%)
6bd: R! = 4-Br-CgH,; R? = 4-CI-CgH, 9b (74%)

Scheme 2. Reductive cyclization mediated synthesis of pyrazolo[4,3-c]quinolines 9

The applicability of the developed protocol was further extended to substrates 11, which were obtained by
Wittig reaction of 4a and triethyl phosphonoacetate (10). It was observed that, the reaction of 11 under
Fe-AcOH mediated reductive cyclization conditions gave indistinguishable results to yield 9a in 81%
(Scheme 3).
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Scheme 3. Synthesis of pyrazolo[4,3-c]quinoline 9a using Wittig product 11



HETEROCYCLES, Vol. 102, No. 4, 2021 71

To generate diversely substituted pyrazolo[4,3-c]quinoline derivatives, we also attempted an alternate
route through exploration of MBH chemistry as envisaged in retrosynthetic analysis (Figure 2).
Accordingly, 1-phenyl-3-(2-nitrophenyl)-1H-pyrazole-4-carbaldehyde (4a) was reacted with different
activated alkenes 13a-c under neat conditions in presence of DABCO to prepare the corresponding MBH
adducts for the first time.” It was observed that MBH reaction was very sluggish, however, afforded the
desired adducts in good yields. Surprisingly, the treatment of MBH adducts 14aa-ac with Fe-AcOH also
led to the formation of pyrazolo[4,3-c]quinoline derivatives 9 devoid of substituents at C-4 position. Here
also, the desired products 15aa-ac underwent C-C bond cleavage during the course of reaction to furnish

the product 9a as revealed from TLC analysis, melting point and spectroscopic studies (Scheme 4).
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Scheme 4. Synthesis of pyrazolo[4,3-c]quinoline 9a from MBH adducts 14aa-ac

Based on the above observations, a plausible mechanism for the formation of pyrazolo[4,3-c]quinoline 9a
is delineated in Scheme 5.547274 |t is anticipated that during Fe-AcOH mediated reductive cyclization in
chalcones 6 and 11, initially nitro group is reduced to amine A. Thereafter, amine derivative undergoes
successive intramolecular Michael addition to give 7 or 12. The protonation of carbonyl group of 7 or 12
induces the electronic deficiency in the carbon chain and triggers C-C bond cleavage instead of
dehydrogenation to finally yield the pyrazolo[4,3-c]quinoline 9a. Similarly, during the treatment of MBH
adduct 14ab with Fe-AcOH, nitro group is reduced to an amine and also the hydroxyl functionality gets
protonated, thereafter nucleophilic substitution may take place to yield 15ab as the intermediate.

Subsequently, acetic acid can undergo Michael addition with 15ab to give the addition product C.
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Likewise, protonation of carbonyl group of C instigate the electronic deficiency in the carbon chain to
undergo C-C bond cleavage to yield the pyrazolo[4,3-c]quinoline 9a with the elimination of methyl
[3-acetoxypropionate (16b).

In conclusion, we herein attempted the synthesis of diversely substituted pyrazolo[4,3-c]quinolines via
application of Fe-AcOH mediated reductive cyclization of Claisen-Schmidt condensation products and
MBH adducts afforded from 1-aryl-3-(2-nitrophenyl)-1H-pyrazole-4-carbaldehydes. It was revealed that
reaction conditions favored unusual C-C bond cleavage over dehydrogenation to afford the
pyrazolo[4,3-c]quinolines instead of desired diversely C-4 substituted products. Similar kind of C-C bond
cleavage was observed in case of Witting product and MBH adducts. This strange cleavage of C-C bond
during reductive conditions was attributed to the protonation of carbonyl group and subsequent C-C bond
cleavage prompted due to the electronic deficiency in the carbon chain. In case of MBH adducts, Michael
addition of acetic acid and subsequent carbonyl group protonation results in C-C bond cleavage. It is also
anticipated that acidic conditions and high temperature may also be responsible for preferred C-C bond
cleavage over dehydrogenation. It is envisaged that the present study opens up avenues for exploration of

possibility of C-C bond cleavage under reductive conditions.
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Scheme 5. Plausible mechanism for the formation of pyrazolo[4,3-c]quinoline 9a

EXPERIMENTAL

The chemicals and reagents were purchased from Sigma Aldrich, Acros, Avera Synthesis, Spectrochem
Pvt. Ltd. and used without further purification. Commercially available anhydrous MeOH and THF
(Spectrochem make) were used as such without further distillation. Thin layer chromatography (TLC)

was performed using pre-coated aluminium plates purchased from E. Merck (silica gel 60 PF254, 0.25
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mm). Column chromatography was performed using Spectrochem silica gel (60-120 mesh). Melting
points were determined in an open capillary tubes on a Precision Digital melting point apparatus
(LABCO make) containing silicon oil and are uncorrected. IR spectra were recorded using Agilent FTIR
spectrophotometer. *H NMR and 3C NMR spectra were recorded either on Avance Il Bruker
spectrometer at operating frequencies of 400 MHz, 300 MHz (*H) or 100 MHz (*3C) as indicated in the
individual spectrum using CDCls and DMSO-ds as a solvent. The *H and *3C chemical shifts were
referenced to residual solvent signals at dnic 7.26/77.28 (CDCI3) and 6ric 2.51/39.50 (DMSO-ds) relative
to TMS as internal standards. Coupling constants J [Hz] were directly taken from the spectra and are not
averaged. Splitting patterns are designated as s (singlet), d (doublet), t (triplet), g (quartet), m (multiplet),
overlapped and br (broad). The MS spectra were recorded on Xevo G2-SQ TOF (Water, USA) or Thermo
Finnigan LCQ Advantage, lon Trap Mass Spectrometer. Elemental analyses were performed on a
Carlo—Erba’s 108 or an Elementar’s Vario EL III microanalyzer. The room temperature varied between
25 °Cand 35 °C.

General procedure for the synthesis of (E)-2-aryl-1-[1-(2-nitrophenyl)ethylidene]hydrazines 3a, b as
exemplified for 3a.

To a stirred solution of o-nitroacetophenone 1 (2.00 g, 12.12 mmol) in 10 mL of EtOH, phenylhydrazine
(2a) (1.63 g, 15.09 mmol) and TFA in catalytic amount were added at rt. Thereafter, reaction mixture was
refluxed at 80 °C till the completion of reaction which was monitored by TLC. After completion of the
reaction, excess of EtOH was evaporated and content was poured into water, extracted with CHCIs (3 x
20 mL) and washed with 10% ag. NaHCO3 solution (10 mL) followed by brine (10 mL). The organic
layers were combined, dried over anhydrous Na,SO4and concentrated under vacum to afford 3a as orange
oil (2.62 g; 94%) which was significantly pure and used as such for the next step. The analytical data of
3a is consistent with known compound in the literature.®

General procedure for the synthesis of 1-aryl-3-(2-nitrophenyl)-1H-pyrazole-4-carbaldehydes 4a, b
as exemplified for 4a.

To a cooled anhydrous DMF (15 mL), POCI3(6.36 mL, 68.02 mmol) was added dropwise at 0 °C and
continued the stirring at 0 °C for 15 min. Then (E)-2-aryl-1-[1-(2-nitrophenyl)ethylidene]hydrazine
derivative 3a (2.62 g, 11.34 mmol) was added to the reaction mixture and stirred the reaction mixture at rt
for additional 10 h. After completion of reaction as monitored by TLC, the content was poured over
crushed ice under stirring. Thereafter, the content was neutralised with 10% aq. NaHCO3 solution which
resulted in precipitation of white solid product. The solid product was filtered under vacuum and dried in
air to yield a yellow solid 4a (3.02 g; 91%). The resulting product was analytically pure and we
proceeded for next step without further purification. The analytical data of 4a is consistent with known

compound in the literature.5®
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General procedure for the synthesis of (E)-3-[3-(2-nitrophenyl)-1-
aryl-1H-pyrazol-4-yl]-1-arylprop-2-en-1-ones 6ab-ai, 6ba, 6bc, and 6bd as exemplified for 6ab.

To a stirred solution of 3-bromoacetophenone (5b) (75 uL, 0.38 mmol) in MeOH (8 mL), KOH (0.14 g,
2.55 mmol) was added followed by addition of 4a (0.15 g, 0.51 mmol) at rt and stirring was continued at
rt till completion of reaction. After completion of reaction as monitored by TLC, the content was cooled
and filtered under vaccum. The crude solid product was further washed with EtOAc:hexane (5:95, v/v) to
obtain the pure product. The product was air dried under vacuum to yield a light yellow solid product,
6ab (0.21 g; 85%) which was analytically pure.
(E)-1-(3-Bromophenyl)-3-[3-(2-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl]prop-2-en-1-one (6ab).

Yield 0.21 g (85%), yellow solid, mp 161-162 °C, Rf 0.42 (hexane/EtOAc, 80/20, v/v). IR spectrum, v,
cmt: 1209 (CH=CH), 1404 and 1533 (NO2), 1665 (C=0). *H NMR spectrum (300 MHz, CDCls), 6, ppm
(J, Hz): 7.09 (1H, d, J = 15.6 Hz, =CH); 7.34-7.41 (2H, m, ArH); 7.52 (2H, t, J = 7.7 Hz, ArH); 7.62-7.82
(8H, m, HC= and ArH); 7.97 (1H, s, ArH); 8.14 (1H, d, J = 7.8 Hz, ArH); 8.54 (1H, s, ArH). 3C NMR
spectrum (100 MHz, DMSO-ds), ¢, ppm: 119.0; 119.1; 119.5; 121.5; 122.8; 125.0; 126.0; 127.6; 127.9;
128.3; 129.6; 130.2; 131.1; 131.5; 132.8; 133.1; 133.8; 134.2; 136.2; 139.2; 140.0; 149.7; 149.8; 187.7.
Mass spectrum, m/z (ES, %): 474.0 [M+1]*, 476.0 [M+1+2]". Anal. Calcd for C24H16BrN3O3, %: C 60.77;
H 3.40; N 8.86. Found, %: C 60.92; H 3.44; N 8.93.
(E)-1-(4-Bromophenyl)-3-[3-(2-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl]prop-2-en-1-one (6ac).

Yield 0.20 g (82%), yellow solid, mp 138-139 °C, Rf 0.54 (hexane/EtOAc, 80/20, v/v). IR spectrum, v,
cmt: 1210 (CH=CH), 1404 and 1533 (NO2), 1665 (C=0). 'H NMR spectrum (400 MHz, CDCl3), 6, ppm
(J, Hz): 7.10 (1H, d, J = 15.7 Hz, =CH); 7.35 (1H, t, J = 7.4 Hz, ArH); 7.47 (2H, t, J = 7.9 Hz, ArH);
7.45-7.76 (10H, m, HC= and ArH); 8.09 (1H, d, J = 7.6 Hz, ArH); 8.36 (1H, s, ArH). 3C NMR spectrum
(100 MHz, CDCls), 6, ppm: 118.9; 119.4; 120.9; 124.8; 127.2; 127.3; 127.6; 127.8; 129.6; 129.9; 130.1;
131.2; 132.3; 133.0; 134.4; 136.8; 139.1; 149.5; 149.8; 188.7. Mass spectrum, m/z (ES, %): 474.0 [M+1]",
476.0 [M+1+2]". Anal. Calcd for C24H16BrN3Os, %: C 60.77; H 3.40; N 8.86. Found, %: C 60.99; H 3.46;
N 8.94.

(E)-1-(4-Chlorophenyl)-3-[3-(2-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl]prop-2-en-1-one (6ad).

Yield 0.21 g (93%), yellow solid, mp 134-135 °C, R 0.39 (hexane/EtOAc, 80/20, v/v). IR spectrum, v,
cmt: 1214 (CH=CH), 1407 and 1521 (NO2), 1668 (C=0). *H NMR spectrum (400 MHz, CDCls), 6, ppm
(J, Hz): 7.04 (1H, d, J = 15.6 Hz, =CH); 7.27-7.29 (1H, m, ArH); 7.31-7.44 (4H, m, ArH); 7.51 (1H, s,
ArH); 7.54-7.61 (2H, m, HC= and ArH); 7.66 (3H, d, J = 7.8 Hz, ArH); 7.73 (2H, d, J = 8.4 Hz, ArH);
8.03 (1H, d, J = 8.1 Hz, ArH); 8.30 (1H, s, ArH). 3C NMR spectrum (100 MHz, CDCls), J, ppm: 118.9;
119.4; 121.0; 124.7; 127.2; 127.3; 127.6; 128.9; 129.6; 129.7; 130.0; 132.7; 133.0; 134.3; 136.4; 139.1;
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149.6; 149.7; 188.5. Mass spectrum, m/z (ES, %): 430.1 [M+1]*, 432.1 [M+1+2]*. Anal. Calcd for
C24H16CIN303, (%): C 67.06; H 3.75; N 9.78. Found, %: C 67.25; H 3.79; N 9.85.
(E)-1-(4-Fluorophenyl)-3-[3-(2-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl]prop-2-en-1-one (6ae).

Yield 0.31 g (86%), yellow solid, mp 154-155 °C, R¢ 0.57 (hexane/EtOAc, 80/20, v/v). IR spectrum, v,
cmt: 1217 (CH=CH), 1344 and 1524 (NO), 1658 (C=0). 'H NMR spectrum (400 MHz, CDCl3), &, ppm
(J, Hz): 7.12-7.18 (3H, m, =CH and ArH); 7.38 (1H, t, J = 7.4 Hz, ArH); 7.51 (2H, t, J = 7.5 Hz, ArH);
7.60-7.70 (3H, m, HC= and ArH); 7.75 (3H, d, J = 8.1 Hz, ArH); 7.92 (2H, t, J = 6.9 Hz, ArH); 8.12 (1H,
d, J = 7.8 Hz, ArH); 8.38 (1H, s, ArH). 13C NMR spectrum (100 MHz, CDCls), ¢, ppm: 115.67 (d, J =
28.8 Hz); 119.0; 119.3; 121.1; 124.7; 127.2; 127.3; 127.5; 129.6; 130.0; 130.9 (d, J = 12.2 Hz); 132.7;
133.0; 134.0; 134.4; 139.1; 149.6; 149.7; 165.5 (d, J = 337 Hz); 188.2. Mass spectrum, m/z (ES, %):
414.1 [M+1]". Anal. Calcd for C24H16FN303, %: C 69.73; H 3.90; N 10.16. Found, %: C 69.89; H 3.95; N
10.26.

(E)-1-(4-Methoxyphenyl)-3-[3-(2-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl]prop-2-en-1-one (6af).
Yield 0.30 g (83%), yellow solid, mp 142-143 °C, R 0.58 (hexane/EtOAc, 80/20, v/v). IR spectrum, v,
cm®: 1220 (CH=CH), 1503 and 1596 (NO2), 1668 (C=0). *H NMR spectrum (400 MHz, CDCls), 6, ppm
(J, Hz): 3.86 (3H, s, OCH3); 6.91 (2H, d, J = 8.0 Hz, ArH); 7.16 (1H, d, J = 15.6 Hz, =CH); 7.33 (1H, t, J
= 7.4 Hz, ArH); 7.47 (2H, t, J = 7.9 Hz, ArH); 7.57 (1H, d, J = 15.6 Hz, HC=); 7.60-7.65 (2H, m, ArH);
7.72 (3H, t, J = 6.7 Hz, ArH); 7.86 (2H, d, J = 8.8 Hz, ArH); 8.07 (1H, d, J = 8.3 Hz, ArH); 8.34 (1H, s,
ArH). Mass spectrum, m/z (ES, %): 426.1 [M+1]*. Anal. Calcd for C2sH19N304, %: C 70.58; H 4.50; N
9.88. Found, %: C 70.71; H 4.55; N 9.96.
(E)-3-[3-(2-Nitrophenyl)-1-phenyl-1H-pyrazol-4-yl]-1-(p-tolyl)prop-2-en-1-one (6ag).

Yield 0.22 g (79%), yellow solid, mp 147-148 °C, Rf 0.53 (hexane/EtOAc, 80/20, v/v). IR spectrum, v,
cmt: 1215 (CH=CH), 1354 and 1531 (NO2), 1658 (C=0). *H NMR spectrum (400 MHz, CDClI3), , ppm
(J, Hz): 2.41 (3H, s, ArCH?3); 7.17 (1H, d, J = 15.6 Hz, =CH); 7.24 (1H, s, ArH); 7.35 (1H, t, J = 7.4 Hz,
ArH); 7.48 (2H, t, J = 7.9 Hz, ArH); 7.60 (1H, d, J = 15.6 Hz, HC=); 7.62-7.65 (2H, m, ArH); 7.73 (3H, d,
J=8.3Hz, ArH); 7.78 (2H, d, J = 8.2 Hz, ArH); 8.09 (1H, d, J = 7.8 Hz, ArH); 8.35 (1H, s, ArH). Mass
spectrum, m/z (ES, %): 410.1 [M+1]*. Anal. Calcd for CzsH19N3Os, %: C 73.34; H 4.68; N 10.26.
Found, %: C 73.55; H 4.72; N 10.33.
(E)-1-(4-Nitrophenyl)-3-[3-(2-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl]prop-2-en-1-one (6ah).

Yield 0.29 g (78%), yellow solid, mp 152-153 °C, R 0.50 (hexane/EtOAc, 80/20, v/v). IR spectrum, v,
cm™: 1214 (CH=CH), 1406 and 1538 (NO.), 1660 (C=0); *H NMR spectrum (400 MHz, CDClIs), J, ppm
(J, Hz): 7.08 (1H, d, J = 15.6 Hz, =CH); 7.37 (1H, t, J = 7.8 Hz, ArH); 7.49 (2H, t, J = 7.9 Hz, ArH);
7.61-7.70 (3H, m, HC= and ArH); 7.74 (2H, t, J = 8.3 Hz, ArH); 7.98 (2H, d, J = 8.2 Hz, ArH); 8.12 (1H,
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d, J=7.8 Hz, ArH); 8.30 (2H, d, J = 8.0 Hz, ArH); 8.38 (1H, s, ArH). Mass spectrum, m/z (ES, %): 441.1
[M+1]". Anal. Calcd for C24H16N4Os, %: C 65.45; H 3.66; N 12.72. Found, %: C 65.66; H 3.70; N 12.79.
(E)-1-(2,4-Dichlorophenyl)-3-[3-(2-nitrophenyl)-1-phenyl -1H-pyrazol-4-yl]prop-2-en-1-one (6ai).
Yield 0.33 g (83%), yellow solid, mp 159-160 °C, R¢ 0.65 (hexane/EtOAc, 80/20, v/v). IR spectrum, v,
cmt: 1207 (CH=CH), 1367 and 1531 (NO2), 1658 (C=0); *H NMR spectrum (400 MHz, CDCls), 6, ppm
(J, Hz): 6.72 (1H, d, J = 15.6 Hz, =CH); 7.31-7.33 (2H, m, ArH); 7.35-7.38 (2H, m, ArH); 7.39 (1H, d, J
= 15.6 Hz, HC=); 7.48 (2H, t, J = 7.9 Hz, ArH); 7.58-7.60 (1H, m, ArH); 7.61-7.66 (1H, m, ArH);
7.69-7.71 (3H, m, ArH); 8.07 (1H, dd, J = 7.9 Hz, ArH); 8.29 (1H, s, ArH). Mass spectrum, m/z (ES, %):
464.0 [M+1]". Anal. Calcd for C24H15CI2N30s, %: C 62.08; H 3.26; N 9.05. Found, %: C 62.29; H 3.30;
N 9.14.

(E)-3-[1-(4-Bromophenyl)-3-(2-nitrophenyl)-1H-pyrazol -4-yl]-1-phenylprop-2-en-1-one (6ba).

Yield 0.18 g (70%), yellow solid, mp 144-145 °C, R¢ 0.55 (hexane/EtOAc, 70/30, v/v). IR spectrum, v,
cm™: 1217 (CH=CH), 1365 and 1530 (NO), 1665 (C=0). *H NMR spectrum (400 MHz, CDCls), J, ppm
(J, Hz): 7.16 (1H, d, J = 15.7 Hz, =CH); 7.43-7.47 (2H, m, =CH and ArH); 7.53-7.68 (8H, m, HC= and
ArH); 7.72-7.76 (1H, m, ArH); 7.85-7.87 (2H, m, ArH); 8.10 (1H, dd, J = 7.8 Hz, ArH); 8.33 (1H, s,
ArH). 3C NMR spectrum (100 MHz, CDCls), J, ppm: 119.5; 120.7; 120.9; 121.9; 124.8; 126.9; 127.1;
128.3; 128.6; 130.1; 132.6; 132.7; 132.8; 133.0; 133.4; 138.0; 138.2; 149.5; 150.0; 189.7. Mass spectrum,
m/z (ES, %): 474.1 [M+1]*, 476.1 [M+1+2]". Anal. Calcd for C24H16BrN3Os, %: C 60.77; H 3.40; N 8.8,
Found, %: C 60.93; H 3.45; N 8.94.
(E)-1-(4-Bromophenyl)-3-[1-(4-bromophenyl)-3-(2-nitrophenyl)-1H-pyrazol-4-yl]prop-2-en-1-one
(6bc).

Yield 0.46 g (87%), light yellow solid, mp 166-167 °C, Rf 0.62 (hexane/EtOAc, 30/70, v/v). IR spectrum,
v, cml: 1210 (CH=CH), 1411 and 1560 (NOy), 1646 (C=0); 'H NMR spectrum (400 MHz, CDCl3), 4,
ppm (J, Hz): 7.17 (1H, d, J = 15.7 Hz, =CH); 7.26 (1H, s, ArH); 7.56-7.66 (8H, m, HC= and ArH);
7.72-7.78 (3H, m, ArH); 8.10 (1H, dd, J = 7.8 Hz, ArH); 8.34 (1H, s, ArH). *C NMR spectrum (100
MHz, CDClg), ¢, ppm: 120.8; 122.0; 124.8; 126.8; 127.2; 128.5; 129.3; 130.1; 132.7; 133.0; 135.4. Mass
spectrum, m/z (ES, %): 551.9 [M+1]*, 553.9 [M+1+2]*. Anal. Calcd for C24H1sBr2N3Os, %: C 52.11; H
2.73; N 7.60. Found, %: C 52.30; H 2.77; N 7.67.
(E)-3-[1-(4-Bromophenyl)-3-(2-nitrophenyl)-1H-pyrazol-4-yl]-1-(4-chlorophenyl)prop-2-en-1-one
(6bd).

Yield 0.22 g (81%), yellow solid, mp 136-137 °C, R¢ 0.70 (hexane/EtOAc, 70/30, v/v). IR spectrum, v,
cmt: 1216 (CH=CH), 1399 and 1526 (NO2), 1665 (C=0). *H NMR spectrum (400 MHz, CDCls), 6, ppm
(J, Hz): 7.10 (1H, d, J = 15.7 Hz, =CH); 7.41-7.44 (1H, m, =CH); 7.56-7.81 (11H, m, HC= and ArH);
8.11 (1H, d, J = 8.3 Hz, ArH); 8.33 (1H, s, ArH). 13C NMR spectrum (100 MHz, CDCls), J, ppm: 119.3;
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120.8; 121.0; 121.3; 124.8; 127.0; 127.1; 128.9; 129.8; 130.2; 132.6; 132.7; 133.1; 134.0; 136.3; 138.1;
139.2; 149.5; 150.1; 188.4. Mass spectrum, m/z (ES, %): 507.9 [M+1]*, 509.9 [M+1+2]*. Anal. Calcd for
C24H15BrCINzOs3, %: C 56.66; H 2.97; N 8.26. Found, %: C 56.84; H 3.01; N 8.33.

General procedure for synthesis of (2E)-ethyl
3-[3-(2-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl]-2-propenoate (11).

To a cooled solution of triethyl phosphonoacetate (10) (0.34 g, 1.53 mmol) in anhydrous THF (5 mL),
NaH (0.073 g, 3.04 mmol) was added and the reaction mixture was stirred at 0 °C for 15 min. Thereafter,
4a (0.30 g, 1.02 mmol) was added to the reaction mixture and the mixture was stirred at rt till completion
of reaction. After completion of reaction as monitored by TLC, content was poured into water, extracted
with EtOAc (3 x 10 mL) and washed with 10% aq. NaHCOs3 solution (10 mL) followed by brine (10 mL).
The organic layers were combined, dried over anhydrous Na>SO4 and concentrated under vacum to afford
11 as yellow solid (0.31 g; 84%).

(2E)-Ethyl 3-[3-(2-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl]-2-propenoate (11)

The analytical data of 11 is consistent with known compound in the literature.®

General procedure for synthesis of Morita-Baylis-Hillman adducts 14aa-ac as exemplified for 14aa.
A solution of acrylonitrile (13a) (5 mL) and DABCO (0.17 g, 1.53 mmol) was stired at rt for 15 min.
Thereafter, 4a (0.30 g, 1.02 mmol) was added to the reaction mixture and the content was stirred at rt till
completion (16 h). After completion of reaction as monitored by TLC, the content was poured into water,
extracted with EtOAc (3 x 10 mL) and washed with 10% ag. NaHCO3 solution (10 mL) followed by
brine (10 mL). The organic layers were combined, dried over anhydrous Na SO4and concentrated under
vacum to afford 14aa as yellow oil (0.26 g; 72%) which was analytically pure.
2-{Hydroxy[3-(2-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl] methyl}acrylonitrile (14aa).

Yield 0.26 g (72%), yellow oil, Rt 0.39 (hexane/EtOAc, 70/30, v/v). IR spectrum, v, cm™: 1358 and 1524
(NO,), 1732 (CO;Et), 2256 (CN) 3269(0OH). *H NMR spectrum (400 MHz, CDCls), J, ppm (J, Hz): 2.64
(1H, d, J = 3.5 Hz, CHOH); 5.24 (1H, s, CHOH); 5.96 (1H, s, CHH); 6.05 (1H, s, CHH); 7.32 (1H, t,J =
7.4 Hz, ArH); 7.46 (2H, t,J = 7.9 Hz, ArH); 7.62 (2H, d, J = 7.4 Hz, ArH); 7.68-7.72 (3H, m, ArH); 8.04
(1H, d, J = 8.0 Hz, ArH); 8.10 (1H, s, ArH). Mass spectrum, m/z (ES, %): 347.1 [M+1]". Anal. Calcd for
C19H14N403, %: C 65.89; H 4.07; N 16.18. Found, %: C 66.08; H 4.12; N 16.26.

Methyl B-hydroxy-a-methylene-3-(2-nitrophenyl)-1-phenyl-1H-pyrazole-4-propanoate (14ab)

Yield 0.87 g (68%), yellow oil, Rf 0.48 (hexane/EtOAc, 70/30, v/v). IR spectrum, v, cm™: 1352 and 1517
(NO,), 1735 (CO2Me), 3254(0OH). *H NMR spectrum (400 MHz, CDCls), J, ppm (J, Hz): 3.65 (3H, s,
CO2CHj3); 5.52 (1H, d, J = 16.8 Hz, CHOH); 5.90 (1H, s, CHH); 6.25 (1H, s, CHH); 7.29 (1H,d,J=7.3
Hz, ArH); 7.43 (2H, t,J = 7.8 Hz, ArH); 7.58 (1H, t, J = 4.0 Hz, ArH); 7.66 (4H, d, J = 7.1 Hz, ArH);
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798 (2H, t, J = 9.7 Hz, ArH). Mass spectrum, m/z (ES, %): 380.1 [M+1]". Anal. Calcd for
C20H17N30s, %: C 63.32; H 4.52; N 11.08. Found, %: C 63.51; H 4.56; N 11.16.

Ethyl p-hydroxy-a-methylene-3-(2-nitrophenyl)-1-phenyl-1H-pyrazole-4-propanoate (14ac)

Yield 0.80 g (60%), yellow oil, Rt 0.50 (hexane/EtOAc, 70/30, v/v). IR spectrum, v, cm™ : 1317 and 1516
(NO,), 1732 (CO:Et), 3349(0OH). 'H NMR spectrum (400 MHz, CDCls), 6, ppm (J, Hz): 1.23-1.27 (3H,
m, CO2CH2CH3); 4.09-4.22 (2H, m, CO.CH2CHz3); 5.51 (1H, s, CHOH); 5.60 (1H, s, CHH); 6.24 (1H, s,
CHH); 7.28 (1H, t,J = 8.7 Hz, ArH); 7.43 (2H, t, J = 7.9 Hz, ArH); 7.54-7.61 (1H, m, ArH); 7.67 (4H, t,J
= 3.6 Hz, ArH); 7.96-8.04 (2H, m, ArH). Mass spectrum, m/z (ES, %): 394.1 [M+1]*. Anal. Calcd for
C21H19N30s, %: C 64.12; H 4.87; N 10.68. Found, %: C 64.28; H 4.91; N 10.76.

General procedure for synthesis of pyrazolo[4,3-c]quinolines 9a, b from 6 as exemplified for 9a.

To a solution of 6ag (0.80 g, 1.96 mmol) in glacial AcOH (5 mL), Fe powder (0.55 g, 9.76 mmol) was
added and the reaction mixture was heated at 110 °C for 1 h and 15 min. After completion of reaction as
monitored by TLC, the content was neautralized with 10% ag. NaHCOs and extracted with EtOAc (3 x 20
mL) and washed with brine solution (10 mL). The organic layers were combined, dried over anhydrous
Na>SOs4and concentrated under vacum to yield the crude compound which was passed through a short
silica gel column (60-120 mesh) using EtOAc/hexane (30/70; v/v) as an eluent to afford 9a as a light
yellow solid (0.40 g; 84%).

2-Phenyl-2H-pyrazolo[4,3-c]quinoline (9a).

The analytical data of 9a is consistent with known compound in the literature.®
2-(4-Bromophenyl)-2H-pyrazolo[4,3-c]quinoline (9b).

Yield 0.19 g (71%), light yellow solid, mp 147-148 °C, R¢ 0.53 (hexane/EtOAc, 70/30, v/v). IR spectrum,
v, ecm: 1605(C=N). *H NMR spectrum (400 MHz, CDCls), &, ppm (J, Hz): 7.64-7.74 (4H, m, ArH);
7.83-7.87 (2H, m, ArH); 8.12-8.14 (1H, m, ArH); 8.54 (1H, s, ArHpyrazole). 8.56-8.59 (1H, m, ArH); 9.22
(1H, s, ArHquinoline). >*C NMR spectrum (100 MHz, CDCls), J, ppm: 117.4; 120.2; 122.0; 122.3; 122.8;
127.4; 129.1; 129.9; 132.9; 139.0; 144.8; 146.9; 148.6. Mass spectrum, m/z (ES, %): 324.0 [M+1]*, 326.0
[M+1+2]*. Anal. Calcd for C16H10BrNs, %: C 59.28; H 3.11; N 12.96. Found, %: C 59.41; H 3.16; N
13.04.
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