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Synthesis of novel ferrocenyl-substituted pyrazolo[4,3-c]quinolines via the Pictet—Spengler reaction is
reported. Iminium intermediate formed by the condensation of pyrazole-based arylamine substrates
with ferrocenecarboxaldehyde in acidic medium, undergoes 6-endo cyclization with sufficiently reactive
aromatic moiety to form a pyrazolo[4,3-c]quinoline ring.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Pyrazolo[4,3-c]quinolines and their derivatives are known as
high-affinity benzodiazepine receptor ligands [1], A3 adenosine
receptor antagonists [1], interleukin 1 [2], acetylcholinesterase [2],
NMDA receptor [3] and phosphodiesterase 4 (PDE4) inhibitors [3],
anti-cancer [4], anti-inflammatory [2,5] and anti-ulcer [6] agents.
Therefore, novel substituted pyrazolo[4,3-c]quinolines represent
attractive synthetic targets.

On the other hand, metallocenes are also known to exhibita wide
range of biological activity. Among them, ferrocene has become
a useful organometallic compound in the field of pharmaceutical
sciences due to its unique structure, different membrane-perme-
ation properties and anomalous metabolism [7,8]. Many ferrocenyl
compounds display interesting cytotoxic, anti-tumor, anti-malarial,
antifungal and DNA-cleaving activities [9].

Recent studies have suggested that combination of a ferrocenyl
moiety with heterocyclic structures may increase their biological
activities or create new medicinal properties [7,8,10]. For example,
structural variations of established drugs with the ferrocenyl
moiety were reported, such as anti-malarial drugs chloroquine
(termed ferroquine) [7c,11], quinine, mefloquine, and artemisinin
and the anti-cancer drug tamixofen to give ferrocifen [8c,12]. The
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synthesis of such ferrocene-derived compounds allows the opening
up of a potential area of research in designing and synthesizing
multifunctional drugs.

Although pyrazolo[4,3-c]quinolines are among intensely
studied compounds [1—6,13], surprisingly, ferrocenyl-containing
pyrazolo[4,3-c]quinolines have not been encountered in the liter-
ature. Therefore, we envisioned the synthesis of novel ferrocenyl-
containing pyrazolo[4,3-c]quinoline derivatives that may have
significant biological activities. Numerous methods have been
developed for the synthesis of substituted pyrazolo[4,3-c]quino-
lines. In these methods, the pyrazole moiety is typically built up at
a later stage of the sequence making the synthetic route lengthy
and non-flexible. For instance, condensation of ethyl 4-chloro-
quinoline-3-carboxylates [1a,13b], 2,3-dihydro-1H-quinolin-4-
ones [4a] or o-chloro-derivatives of cyano quinolines [5c,d] with
various arylhydrazines affords pyrazolo[4,3-c]quinoline ring
systems. In contrast to these methods, Kundu et al. [14] described
a modified Pictet—Spengler reaction which involves the generation
of quinoline ring onto the pyrazole to form pyrazolo[4,3-c]quino-
lines. In general, a typical Pictet—Spengler reaction is based on the
condensation of an aldehyde with an aliphatic amine to form an
iminium intermediate which undergoes 6-endo cyclization with
sufficiently reactive aromatic moiety to form an N-heterocyclic ring
in acidic medium [15]. Kundu and his coworkers [14] modified the
general procedure of Pictet—Spengler reaction by using designed
aromatic amines having an activated heterocyclic ring instead of
traditional aliphatic amines. They reported that the iminium ion
derived from the arylamine is more electrophilic than the aliphatic
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amine [14,16] and it facilitates C—C bond formation. In this respect,
the modified Pictet—Spengler reaction has attained considerable
importance for the synthesis of various products and novel
heterocycles of biological interest [17]. However, to the best of
our knowledge, modified Pictet—Spengler reaction has not been
used for the synthesis of ferrocenyl-containing pyrazolo[4,3-c]
quinolines so far. As part of a project to prepare new ferrocenyl-
substituted heterocyclic compounds as potential pharmaceuticals
[18], we synthesized novel ferrocenyl-containing pyrazolo[4,3-c]
quinolines via modified Pictet—Spengler reaction (Scheme 1).
Herein, we report the results of this study.

2. Results and discussion

In this study, we report the synthesis of novel mono and
diferrocenyl substituted pyrazolo[4,3-c]quinolines. The synthetic
strategy for desired compounds (11—12) in five steps is depicted in
Scheme 1. Initially, the chalcones 3 and 4 were synthesized by
base-catalyzed Claisen—Schmidt condensation of o-nitro-
benzaldehyde with ketones (1—2) in 52 and 88% yields, respec-
tively [19]. The characteristic vibration of carbonyl group in
chalcone scaffold was observed at 1648 and 1667 cm™' for
compounds 3 and 4, respectively. In the '"H-NMR spectra of these
compounds, the olefinic H, and Hg protons have two doublets at
0 6.88 and 8.07 ppm for 3 and ¢ 7.40 and 8.15 ppm for 4, respec-
tively. The E-configuration of the olefinic group in ferrocenyl
chalcone (3) follows from the large 3J(H,H) coupling constant
(15.5 Hz) whereas in phenyl chalcone (4), olefinic group has
Z-configuration with 9.5 Hz coupling constant. In the '*C-NMR
spectra of 3 and 4, the signals at ¢ 192.4 and 182.3 ppm, respec-
tively, indicate that carbonyl group is present in the chalcone
scaffold. The rest of the signals for carbons appeared in the
expected regions.

G.T. Cin et al. / Journal of Organometallic Chemistry 696 (2011) 613—621

The synthesized chalcones were then treated with arylhy-
drazinium salts to obtain dihydropyrazoles (5—6) [20]. Among
these compounds, 3-ferrocenyldihydropyrazoles (5) (34—53%)
were obtained in lower yields than 3-phenyldihydropyrazoles (6)
(62—76%). The significantly lower reactivity of 3 than 4 could be
attributed to the enhanced electron releasing effect of ferrocenyl
substituent which is directly attached to the carbonyl group
[20d,21]. The general proposed mechanism for the formation of
dihydropyrazole involves first the formation hydrazone followed by
the addition of N—H to the olephinic bond of the propenone moiety
[22]. Such ring closure was confirmed by the presence of C=N
stretching (1583—1607 cm™!) peak in FI-IR spectra of compounds
and by the existence of ABX spin system due to three protons
attached to the C-4 and C-5 carbon atoms of the dihydropyrazole
ring in 'H-NMR spectra of the compounds [14,20]. In ABX spin
system, Ha, Hg and Hy protons of dihydropyrazoles (5—6) were
depicted by the signals at 2.92—3.30 ppm, 3.90—4.13 ppm and
5.65—6.60 ppm, respectively.

The synthesis of pyrazoles (7—8) was performed by the reaction
of dihydropyrazoles (5—6) with DDQ in DCM/THF (1/1) at room
temperature for 5 h and afforded 3-ferrocenylpyrazoles (7) in
48—60% yield [14]. However, synthesis of 3-phenyl substituted
pyrazoles (8) could only be achieved by the treatment of 6 with
DDQ in dry dioxane at reflux for 7 h with a yield of 45—68% [23]. In
the mechanism of oxidation reaction, for both compounds (5—6),
the hydride transfer takes place from the 5-position of the dihy-
dropyrazole leading to a stable carbocation. Subsequently, elimi-
nation of a proton from the 4-position leads to the formation of
pyrazoles, while DDQ is reduced to quinhydrol DDHQ [24]. It is to be
noted that the transfer of hydride from 5-position is more difficult
for 3-phenyldihydropyrazoles (6) than for 3-ferrocenyldihy-
dropyrazoles (5) due to lower electron releasing effect of phenyl
ring compared to the ferrocenyl ring [21]. The most important
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Scheme 1. Synthesis of ferrocenyl-substituted pyrazolo[4,3-c]quinolines (11—12) via modified Pictet—Spengler reaction: (a) KOH, EtOH, rt, 12 h (3) and 1 h (4); (b) arylhydrazinium
hydrochloride, NaOAc, glacial AcOH/H»0 (2/1), reflux 6 h; (c) DDQ, DCM/THF (1/1), rt, 5 h (7) and DDQ, dry dioxane, reflux, 7 h (8); (d) SnCl,.2H,0, glacial AcOH, reflux 10 h; (e) p-

TsOH, toluene, reflux 9—11 h.
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Table 1
Optimization of reaction involving conversion of 9a to 11a and 10a to 12a using
ferrocenecarboxaldehyde under different Pictet—Spengler protocols.

Entry Reaction conditions Time 11a (%) 12a (%)
1 5% TFA in DCM at r.t. 16 h. 13 24
2 5% TFA in toluene 80 °C 12 h. 31 38
3 p-TsOH in toluene at reflux 9 h. 46 54
4 p-TsOH in MeOH, r.t. 14 h. 26 38

features of the 'H-NMR and '>C-NMR spectra of the pyrazoles
(7-8), that allowed the establishement of their structures, are the
resonance of H-4 protons as a singlet between 6.42 and 6.85 ppm
and the resonance of C-4 between 105.0 and 106.6 ppm, respec-
tively. The resulting aryl nitropyrazoles (7—8) were then chemo-
selectively reduced to arylamine substrates (9—10) through
catalytic hydrogenation via treatment with SnCl,.2H,0 in glacial
acetic acid with a yield of 67—86% [14]. In the IR spectra of 9—10,
N—H asymmetric and symmetric stretching vibrations of amino
groups appeared as two weak absorption bands at
3437—3472 cm~! and 3352—3381 cm™ ), respectively. In addition,
protons of amino group appeared as a broad singlet at
3.57—3.87 ppm in the 'H-NMR spectra.

Finally, arylamine substurates (9—10) were treated with ferro-
cenecarboxaldehyde under a variety of traditional Pictet—Spengler
protocols involving 5% TFA in DCM at room temperature, 5% TFA in
neat toluene at 80 °C, p-TsOH in toluene at reflux and p-TsOH in
methanol at room temperature (Table 1) [14]. Interestingly, endo
cyclization resulting in ferrocenyl-substituted pyrazolo[4,3-c]
quinolines (11a-12a) were successfully synthesized under all of the
above conditions, but the highest yields were achieved when Pic-
tet—Spengler reactions were carried out in the presence of p-TsOH
in toluene at reflux (Tables 1 and 2). The reactions were followed by
TLC and found to be complete after 9—11 h in 43—68% yields. In the
initial stages of the reaction, the TLC exhibited a bright yellow spot
due to the formation of Schiff base, which gradually disappeared
with the appearance of a new dark yellow spot arising from endo
cyclization. Successful synthesis of ferrocenyl pyrazolo[4,3-c]quin-
olines (11—12) was confirmed by the disappearance of the signals at
6.50—6.86 ppm and 3.57—3.87 ppm in 'H-NMR spectra of the
compounds 9—10 which are related to the pyrazole H-4 protons
and amine protons, respectively. Moreover, appearance of the new
signals at 4.01—4.55 ppm was attributed to the protons of

ferrocenyl substituent at position 4 of the pyrazolo[4,3-c]quinolines
(11—-12). For the case of diferrocenyl substituted pyrazolo[4,3-c]
quinolines (11) the signals of protons of ferrocenyl group linked to
quinoline ring were shifted to upper field with respect to those of
the ferrocenyl group linked to pyrazole ring. These results are in
accordance with the >C-NMR spectra of the compounds (11). As
seen in Table 2, 3,4-diferrocenylpyrazolo[4,3-c]quinolines (11) were
obtained in lower yields than 4-ferrocenylpyrazolo[4,3-c]quino-
lines (12). This indicates the lower reactivity of arylamine
substrates having ferrocenyl moiety on the pyrazole ring (9) than
substrates with phenyl moiety (10) to undergo Pictet—Spengler
cyclization. As ferrocenyl group is stronger electron donor than
phenyl group [25], presence of such group could enhance the
basicity of arylamine substrate leading to a decline in the electro-
philicity of imine intermediates [26] (Fig. 1) and thus in its reac-
tivity. On the other hand, there seems to be no effect of N-linked
phenyl substrates (9—10) on 6-endo cyclization as they give about
same yields (Table 2). However, biological activities of these novel
N-substituted phenyl substrates are expected to be interesting and
investigation of this feature is in progress.

3. Conclusion

Nine novel mono and diferrocenyl substituted pyrazolo[4,3-c]
quinoline derivatives were synthesized by modified Pictet—Spengler
reaction in moderate yields and confirmed by FI-IR, 'H- and *C-NMR
and/or elemental analysis. Studies have shown that mono ferrocenyl-
substituted pyrazolo[4,3-c]quinoline derivatives are obtained in
higher yields than di-ferrocenyl substituted pyrazolo[4,3-c]quinoline
derivatives regardless of the groups on N-linked phenyl substrates
(9—10). Our strategy opens up possibilities for the design and
synthesis of new pyrazolo[4,3-c]quinolines including different
organometallic moieties through modified Pictet—Spengler reaction.

4. Experimental
4.1. General consideration

Nuclear magnetic resonance ('H and '3C) spectra were recorded
on a Bruker Spectrospin Avance DPX400 Ultrashield (400 MHz)

spectrometer. Chemical shifts are reported in parts per million (0)
downfield from an internal tetramethylsilane reference. Coupling

Table 2
Properties of synthesized ferrocenyl-containing pyrazolo [4,3-c] quinolines (11-12).
Product Ry Ry Yield (%) Mp (°C) Molecule Formula %C %H %N
Calculated Calculated Calculated
(Found) (Found) (Found)
11a Fc H 46 211-212 C36H27N3Fe; 70.50 4.44 6.85
(70.72) (4.71) (6.78)
11b Fc 2-Cl 48 192—-193 C36H26CIN3Fe, 66.75 4.05 6.49
(66.64) (3.96) (6.39)
11c Fc 4-Cl 43 194-196 C36H26CIN3Fey 66.75 4.05 6.49
(66.83) (4.12) (6.30)
11d Fc 4-0CH3 47 198—199 C37H,9N30Fe; 69.08 4.54 6.53
(68.85) (4.15) (6.28)
12a Ph H 54 188—190 C3pHp3N3Fe 76.05 4,59 8.31
(76.18) (4.66) (8.40)
12b Ph 2-Cl 65 190—-192 C32H,,CINsFe 71.20 4.11 7.78
(71.08) (4.27) (7.67)
12¢ Ph 4-Cl 57 188—190 C32H,,CINsFe 71.20 411 7.78
(71.29) (4.02) (7.69)
12d Ph 4-0CH3 53 182—-184 C33H,5N30Fe 74.03 4.71 7.85
(73.88) (4.53) (7.92)
12e Ph 4-CHj3 68 178—180 C33H,5N3Fe 76.31 4.85 8.09

(75.98) (4.77) (8.21)
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Fig. 1. Mechanism of the formation of ferrocenyl-substituted pyrazolo[4,3-c]quinolines.

constants (J values) are reported in hertz (Hz), and spin multi-
plicities are indicated by the following symbols: s (singlet),
d (doublet), t (triplet), q (quartet), m (multiplet), dd (doublet of
doublet), td (triplet of doublet). All 3 C-NMR spectra were deter-
mined with complete proton decoupling and reported in ppm.
Infrared spectra were recorded on a Bruker Tensor 27 FI-IR spec-
trometer. Band positions were reported in reciprocal centimeters
(cm~1). Elemental analyses were performed on a LECO CHNS-932
instrument. Flash chromatography was performed using thick-
walled glass columns and ‘flash grade’ silica (Merck 230—400
mesh). The relative proportion of solvents in mixed chromatog-
raphy solvents refers to the volume: volume ratio. All other
commercially available reagents and reactants were obtained in
reagent grade and used without purification. The experiments
were performed in nitrogen atmosphere. Melting points were
taken with an electrothermal melting point apparatus.

4.2. General procedure for the synthesis of 3—4

A solution of o-nitrobenzaldehyde (1 mmol, 151.1 mg) in ethanol
(10 ml) was added dropwise to a solution of ketone (1—2) (1 mmol)
and KOH (1 mmol, 56 mg) in ethanol (20 ml). In case of compound
3, the mixture was stirred at room temperature for 12 h and then
neutralized with 2M HCI. The reaction mixture was extracted with
EtOAc (20 ml) for 3 times, then organic phase was dried over
magnesium sulfate and evaporated to dryness under reduced
pressure to obtain crude solid, which was purified by flash column
chromatography on silica gel using hexane/THF (4/1) as eluent to
afford 3. For the compound 4, the reaction was completed in 1 h and
neutralized with 2M HCIl. The precipitates were filtered, washed
with cold ethanol and dried to afford 4.

4.2.1. 1-Ferrocenyl-3-(2-nitrophenyl)-2-propen-1-on (3)

Yield 52%, red solid, mp 111—112 °C; IR (KBr) rymax: 1648 (C=0),
1606 (C=C), 1525 (NO, asym.), 1346 (NO, sym.); 'H-NMR (CDCl3) é:
8.07 (d, 1H, J = 15.5 Hz), 7.99 (d, 1H, J = 8.1 Hz), 7.66—7.59 (m, 2H),
749 (t,1H,] = 7.4 Hz), 6.88 (d, 1H, ] = 15.5 Hz), 4.85 (s, 2H), 4.56 (s,
2H), 419 (s, 5H); 3C-NMR (CDCl3) 6: 192.4 (C), 148.8 (C), 136.1 (CH),
133.3 (CH), 131.7 (C), 129.9 (CH), 129.3 (CH), 128.4(CH), 124.9 (CH),
79.9 (C), 73.1 (CH), 70.3 (CH), 69.9 (CH).

4.2.2. 3-(2-Nitrophenyl)-1-phenyl-2-propen-1-on (4)

Yield 88%, white solid, mp 121—-122 °C; IR (KBr) vimax: 1667 (C=
0), 1610 (C=C), 1513 (NO, asym.), 1341 (NO, sym.); 'H-NMR
(CDCl3) 6: 8.15 (d, 1H, J = 9.5 Hz), 8.01 (d, 1H, ] = 7.6 Hz), 7.95 (d, 2H,
J =72 Hz), 769 (t, 1H, J = 7.2 Hz), 7.64—7.42 (m, 4H), 7.40 (d, 1H,
J =9.5Hz), 7.26 (d, 1H, J = 6.8 Hz); '*C-NMR (CDCl3), 8: 182.3 (C),

145.6 (C), 144.2 (CH), 136.8 (C), 134.6 (CH), 130.1 (C), 129.7 (CH),
129.2 (CH), 128.5 (CH), 127.0 (CH), 123.2 (CH), 121.3 (CH), 120.0 (CH).

4.3. General procedure for the synthesis of 5—6

Chalcone (3—4, 1 mmol), arylhydrazinium hydrochloride deriv-
ative (3 mmol) and sodium acetate (12.3 mg, 0.15 mmol,) were dis-
solved in glacial acetic acid aqueous solution (6 ml, AcOH/H,0 = 2/1).
The reaction mixture was refluxed under nitrogen atmosphere for
6 h. Then, it was poured into crushed ice and neutralized with
Na,COs. The precipitates were filtered and dried, then purified by
flash column chromatography on silica gel using hexane/EtOAc (8/1)
as eluent to afford 5—6.

4.3.1. 3-Ferrocenyl-5-(2-nitrophenyl)-1-phenyl-4,5-dihydro-1H-
pyrazole (5a)

Yield 53%; yellow oil; IR (KBr) ¥max: 1596 (C=N), 1525 (NO, asym.),
1342 (NO; sym.), 1107 cm™! (C—N); 'H-NMR (CDCl3), 6: 8.07 (d, 1H,
J=79Hz),7.48—7.36 (m, 3H), 7.11—7.08 (m, 2H), 6.81 (d, 2H,] = 7.8 Hz),
6.70 (t,1H, ] = 7.0 Hz), 5.70 (dd, Hy, Jax = 5.6 Hz, Jpx = 11.7 Hz), 4.55 (s,
2H),4.28 (s, 2H), 4.00 (s, 5H), 3.92 (dd, Hg, Jgx = 11.7 Hz, Jag = 17.2 Hz),
2.93 (dd, Hp, Jax = 5.6 Hz, Jag = 17.2 Hz); *C-NMR (CDCl3), §: 148.8 (C),
147.4 (C), 144.5 (C), 137.9 (C), 134.5 (CH), 129.1 (CH), 128.5 (CH), 128.3
(CH), 125.5 (CH), 118.9 (CH), 112.7 (CH), 69.8 (C), 69.3 (CH), 66.9 (CH),
66.7 (CH), 60.2 (CH), 44.6 (CHy); Anal. Calcd for CysHp1N3OzFe: C,
66.53; H, 4.69; N, 9.31; Found: C, 66.41; H, 4.63; N, 9.38.

4.3.2. 1-(2-Chlorophenyl)-3-ferrocenyl-5-(2-nitrophenyl)-4,5-
dihydro-1H-pyrazole (5b)

Yield 48%; yellow oil; IR (KBr) vmax: 1583 (C=N), 1524 (NO; asym.),
1346 (NO, sym.), 1104 (C—N), 753 (C—Cl); "H-NMR (CDCl3), 6: 7.92 (d,
1H,J = 7.5 Hz), 7.58 (d, 1H, ] = 7.5 Hz), 7.46—7.38 (m, 2H), 7.31-7.27 (m,
1H), 7.13—7.07 (m, 2H), 6.82—6.78 (m, 1H), 6.60 (dd, Hy, Jax = 4.4 Hz,
Jx = 11.3 Hz), 4.59 (pseudo d, 2H, J = 5.6 Hz), 4.31 (pseudo t, 2H,
J=1.7Hz),4.04 (s, 5H), 3.90 (dd, Hp, Jgx = 11.3 Hz, Jag = 17.1 Hz), 2.99
(dd, Ha, Jax= 4.4 Hz, Jag = 17.1 Hz); 3C-NMR (CDCl3), : 150.0(C), 146.0
(€),138.0(C), 137.0(C), 133.5 (CH), 130.9 (CH), 128.8 (CH), 128.1 (CH),
127.3 (C), 123.4 (CH), 121.4 (CH), 101.0 (CH), 70.1(C), 69.3 (CH), 67.2
(CH), 62.1 (CH), 44.9 (CH), 29.9 (CH>). Anal. Calcd for C5HoCIN3O;Fe:
C,61.82; H, 4.15; N, 8.65; Found: C, 61.72; H, 4.10; N, 8.74.

4.3.3. 1-(4-Chlorophenyl)-3-ferrocenyl-5-(2-nitrophenyl)-4,5-
dihydro-1H-pyrazole (5c)

Yield 47%; yellow oil; IR (KBr) vmax: 1597 (C=N), 1526 (NO,
asym.), 1345 (NO; sym.), 1100 (C—N), 753 (C—Cl); "H-NMR (CDCls),
0: 8.05 (d, 1H, J = 8.0 Hz), 7.47 (t, 1H, J = 7.5 Hz), 7.38—7.32 (m, 2H),
7.00 (d, 2H, J = 8.8), 6.68 (d, 2H, J = 8.8), 5.65 (dd, Hx, Jax = 5.6 Hz,
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Jx = 12.1 Hz), 4.54 (s, 1H), 4.48 (s, 1H), 4.26 (s, 2H), 3.98 (s, 5H),
3.92 (dd, HBJBX =121 HZ,_]AB =174 HZ), 2.92 (dd, HAJAX = 5.6 Hz,
Jag = 174 Hz); 3C-NMR (CDCl3), &: 150.0 (C), 146.2 (C), 143.4
(C), 137.0 (C), 134.5 (CH), 129.0 (CH), 128.8 (CH), 128.1 (CH), 125.6
(CH), 124.1 (C), 113.7 (CH), 69.9 (C), 69.3 (CH), 67.0 (CH), 66.8 (CH),
60.1 (CH), 44.7 (CH), 31.9 (CHy). Anal. Calcd for Co5H2oCIN3O2Fe: C,
61.82; H, 4.15; N, 8.65; Found: C, 61.71; H, 4.24; N, 8.58.

4.3.4. 3-Ferrocenyl-1-(4-methoxyphenyl)-5-(2-nitrophenyl)-4,5-
dihydro-1H-pyrazole (5d)

Yield 34%; yellow oil; IR (KBr) vmax: 1607 (C=N), 1524 (NO,
asym.), 1348 (NO, sym.), 1104 (C—N); "H-NMR (CDCl3), 6: 8.16 (d, 1H,
J=17.9),7.62—7.60 (m, 2H), 7.50—7.46 (m, 1H), 6.85 (d, 2H, ] = 6.8 Hz),
6.79 (d, 2H, ] = 6.8 Hz), 5.68 (dd, Hy, Jax = 6.8 Hz, Jgx = 12.1 Hz), 4.66
(q,1H,J=1.5Hz),4.61(q,1H,J=1.5Hz),4.37 (t,2H,] = 1.8 Hz),4.25 (s,
5H), 4.03 (dd, Hg, Jgx = 12.1 Hz, Jag = 17.4 Hz), 3.75 (s, 3H), 3.04 (dd,
Ha, Jax = 6.8 Hz, Jag = 17.4 Hz); >C-NMR (CDCls), 6: 153.2 (C), 148.1
(C),147.5 (C),139.4 (C), 138.2 (C), 134.4 (CH), 128.5 (CH), 125.4 (CH),
114.6 (CH), 114.1 (CH), 69.7 (C), 69.3 (CH), 66.9 (CH), 66.6 (CH), 61.2
(CH), 55.6 (CH3),44.7 (CH), 31.6 (CH3). Anal. Calcd for CogH,3N305Fe:
C,64.88; H, 4.82; N, 8.73; Found: C, 64.79; H, 4.77; N, 8.82.

4.3.5. 5-(2-Nitrophenyl)-1,3-diphenyl-4,5-dihydro-1H-pyrazole
(6a)

Yield 62%; yellow solid; mp 114—116 °C; IR (KBr) max (cm™1): 1596
(C=N), 1524 (NO, asym.), 1338 (NO, sym.), 1127 (C—N); 'H-NMR
(CDCl3), 6: 8.06 (d, 1H, ] = 8.1 Hz), 7.67 (d, 2H, ] = 7.5 Hz), 7.46—7.25 (m,
6H),7.12 (t,2H,] = 8.0 Hz), 6.88 (d, 2H, ] = 8.0 Hz), 6.74 (t, 1H, ] = 74 Hz),
5.80 (dd, Hy , Jax = 6.4 Hz, Jpgx = 12.3 Hz), 4.05 (dd, Hp, Jpgx = 12.3 Hz,
Jag= 17.6 Hz),3.10(dd, Ha, Jax = 6.4 Hz, Jas = 17.6 Hz); *C-NMR (CDCl3),
6:152.0(C),147.7(C),143.1(C), 137.3(C),133.8 (CH), 131.1 (CH),130.0(C),
129.3 (CH), 129.1 (CH), 128.7 (CH), 128.2 (CH), 127.4 (CH), 125.2 (CH),
118.4(CH),113.2 (CH), 61.4 (CH), 43.2 (CH5). Anal. Calcd for C;1H17N305:
C,73.45; H, 4.99; N, 12.24; Found: C, 73.38; H, 4.92; N, 12.19.

4.3.6. 1-(2-Chlorophenyl)-5-(2-nitrophenyl)-3-phenyl-4,5-dihydro-
1H-pyrazole (6b)

Yield 65%; yellow oil; IR (KBr) vpax: 1583 (C=N),1515 (NO; asym.),
1334 (NO; sym.), 1136 (C—N), 753 (C—Cl); "H-NMR (CDCl3), 6: 7.95 (d,
1H,J=8.2Hz), 7.78 (d, 2H, ] = 7.9 Hz), 7.55—7.38 (m, 6H), 7.35 (t, 1H,
J =79 Hz), 7.23-7.15 (m, 2H), 6.89 (t, 1H, ] = 7.9 Hz), 6.36 (dd, Hy,
Jax = 5.6 Hz, Jpx = 11.8 Hz), 4.10 (dd, Hg, Jex = 11.8 Hz, Jap = 17.3 Hz),
3.30(dd, Ha, Jax = 5.6 Hz, Jag = 17.3 Hz); '3C-NMR (CDCl3), 6: 150.0(C),
142.5 (C), 137.4 (C), 133.6 (C), 132.2 (C), 131.1 (CH), 129.3 (CH), 128.6
(CH), 128.5 (CH), 128.2 (CH), 127.3 (CH), 126.1 (C), 124.6 (CH), 123.6
(CH),121.7 (CH), 62.1 (CH), 43.3 (CH3). Anal. Calcd for C;1H16CIN303:
C, 66.76; H, 4.27; N, 11.12; Found: C, 66.62; H, 4.38; N, 11.20.

4.3.7. 1-(4-Chlorophenyl)-5-(2-nitrophenyl)-3-phenyl-4,5-dihydro-
1H-pyrazole (6¢)

Yield 68%; yellow solid; mp 170—173 °C; IR (KBr) ymax: 1597 (C=N),
1526 (NO, asym.), 1345 (NO, sym.), 1110 (C—N), 753 (C—Cl); "H-NMR
(CDCl3), 6: 8.04 (d, 1H,J = 8.1 Hz), 7.62 (d, 2H, ] = 74 Hz), 7.38—7.24 (m,
6H), 7.03 (d, 2H, J] = 6.8 Hz), 6.76 (d, 2H, ] = 6.8 Hz), 5.75 (dd, Hy,
_IAX =64 HZ,]BX =124 HZ), 4.03 (dd, HB,]BX =124 HZ,]AB =177 HZ), 3.08
(dd, Ha, Jax = 6.4 Hz, Jag = 17.7 Hz); >*C-NMR (CDCl3), 6: 150.8 (C), 143.2
(C), 142.2 (C), 136.8 (C), 134.2 (CH), 133.2 (C), 1294 (CH), 129.2 (CH),
128.8 (CH),127.8 (CH), 127.4 (CH),127.1 (CH),124.4(C),122.8 (CH), 113.2
(CH), 62.4 (CH), 43.3 (CHy). Anal. Calcd for Cy1H16CIN30;: C, 66.76; H,
4.27; N,11.12; Found: C, 66.86; H, 4.38; N, 11.04.

4.3.8. 1-(4-Methoxyphenyl)-5-(2-nitrophenyl)-3-phenyl-4,5-
dihydro-1H-pyrazole (6d)

Yield 71%; yellow oil; IR (KBr) 7max: 1601 (C=N),1526 (NO, asym.),
1347 (NO; sym.), 1118 (C—N), 'H-NMR (CDCls), 6: 816 (d, 1H,

J = 8.0 Hz), 7.76 (dd, 1H, J = 1.6, 8.0 Hz), 7.56 (d, 2H, J = 8.0 Hz),
7.48—7.34(m, 5H), 6.96 (d, 2H, ] = 8.0Hz), 6.81 (d, 2H,] = 8.0 Hz), 5.81
(dd, Hy, Jax = 7.2 Hz, Jgx = 12.4 Hz), 413 (dd, Hp Jgx = 12.4 Hz,
Jag=17.4Hz),3.76 (s,3H), 3.17 (dd, Ha, Jax = 7.2 Hz, Jag = 17.4 Hz); 13C-
NMR (CDCl3), 6: 153.5 (C),147.5(C),146.6 (C), 138.8 (C),137.8 (C), 134.5
(C), 132.5 (CH), 128.7 (CH), 128.6 (CH), 128.5 (CH), 125.9 (CH), 125.7
(CH), 125.3 (CH), 114.6 (CH), 114.0 (CH), 61.5 (CH), 55.6 (CH3), 43.2
(CHy). Anal. Calcd for Cy5H1gN303: C,70.76; H, 5.13; N, 11.25; Found: C,
70.87; H, 5.21; N, 11.38.

4.3.9. 5-(2-Nitrophenyl)-3-phenyl-1-p-tolyl-4,5-dihydro-1H-
pyrazole (6e)

Yield 76%; yellow oil; IR (KBr) ymax: 1601 (C=N), 1522 (NO, asym.),
1335 (NO, sym.), 1133 (C—N); 'H-NMR (CDCl3), 6: 8.16(d, 1H,J = 8.1 Hz),
7.74(d,2H,J = 7.3 Hz), 7.54—7.34(m, 6H), 7.01 (d, 2H,] = 8.2 Hz),6.87 (d,
2H, ] = 8.2 Hz), 5.85 (dd, Hy, Jax = 6.8 Hz, Jgx = 12.4 Hz), 4.13 (dd, Hj,
Jex=12.4Hz,Jag = 17.6 Hz), 3.16 (dd, Ha,Jax = 6.8 Hz, Jag = 17.6 Hz), 2.25
(s,3H); 3C-NMR (CDCl3), 6: 151.2 (C), 144.2 (C), 142.8(C), 137.4(C), 134.6
(CH),133.7 (C),130.1 (CH), 129.5 (CH), 129.3 (CH), 128.4 (C), 128.1 (CH),
127.8 (CH),127.5(CH),124.2 (CH),113.4 (CH), 62.6 (CH), 43.1 (CHy), 22.3
(CHs). Anal. Calcd for CoyH19N305: C, 73.93; H, 5.36; N, 11.76; Found: C,
73.76; H, 5.49; N, 11.68.

4.4. General procedure for the synthesis of 7

DDQ (1.1 mmol, 249.7 mg) was dissolved in DCM/THF (1/1)
(2 ml) and added to a solution of 4,5-dihydro-1H-pyrazole (5)
compound (1 mmol) in DCM/THF (1/1) in 1 h. The reaction mixture
was stirred at room temperature for 5 h under nitrogen atmo-
sphere. Then mixture was evaporated and the crude product was
purified by flash column chromatography on silica gel using
hexane/EtOAc (8/1) as eluent to afford 7.

4.4.1. 3-Ferrocenyl-5-(2-nitrophenyl)-1-phenyl-1H-pyrazole (7a)

Yield 58%; yellow oil; IR (KBr) vmax: 1593 (C=N), 1524 (NO,
asym.), 1334 (NO; sym.); 'H-NMR (CDCl), 6: 7.83 (d, 1H, ] = 7.8 Hz),
7.53—7.43 (m, 2H) 7.35 (d, 1H,J = 7.8 Hz), 7.19 (s, 5H), 6.42 (s, 1H), 4.72
(s, 2H), 4.25 (s, 2H), 4.07 (s, 5H); >C-NMR (CDCl3), 6: 150.9 (C), 147.9
(C),138.3 (C), 137.5 (C), 131.7 (CH), 131.6 (C), 128.8 (CH), 128.0 (CH),
126.3(CH),125.1 (CH),124.3(CH),123.5(CH),105.0(CH), 76.9(C),68.9
(CH), 67.9 (CH), 65.9 (CH). Anal. Calcd for C;5H19N305Fe: C, 66.83; H,
4.26; N, 9.35; Found: C, 66.92; H, 4.19; N, 9.28.

4.4.2. 1-(2-Chlorophenyl)-3-ferrocenyl-5-(2-nitrophenyl)-1H-
pyrazole (7b)

Yield 48%; yellow oil; IR (KBr) vimax: 1595 (C=N), 1527 (NO, asym.),
1346 (NO, sym.), 768 (C—Cl); '"H-NMR (CDCls), 6: 7.78 (d, 1H, ] = 8.0 Hz),
7.48—737 (m, 2H), 730—-728 (m, 1H), 722—719 (m, 4H), 6.46
(s, 1H), 4.75 (s, 2H), 4.25 (s, 2H), 4.10 (s, 5H); *C-NMR (CDCls), : 150.2
(C), 147.3 (C), 145.6 (C), 143.0 (C), 132.7 (CH), 132.5 (C), 1303 (C), 130.2
(CH),129.9 (CH), 129.7 (CH), 127.7 (CH), 120.1 (CH), 105.2 (CH), 75.0 (C),
69.7 (CH), 68.8 (CH), 66.8 (CH). Anal. Calcd for Cp5H;sCIN3OFe: C,
62.07; H, 3.75; N, 8.69; Found: C, 62.20; H, 3.86; N, 8.81.

4.4.3. 1-(4-Chlorophenyl)-3-ferrocenyl-5-(2-nitrophenyl)-1H-
pyrazole (7c)

Yield 55%; yellow oil; IR (KBr) vmax: 1595 (C=N), 1528 (NO;
asym.), 1347 (NO, sym.), 757 (C—Cl); "H-NMR (CDCl3), 6: 7.98 (d, 1H,
J = 7.8 Hz), 7.65—7.57 (m, 2H), 744 (d, 1H, J = 7.5 Hz), 7.28 (d, 1H,
J = 89 Hz), 723 (d, 1H, J = 89 Hz), 652 (s, 1H), 4.77
(d, 2H, J = 1.8 Hz), 4.33 (d, 2H, | = 1.8 Hz), 4.14 (s, 5H); '3C-NMR
(CDCls), 6: 152.3 (C), 149.2 (C), 140.1 (C), 138.6 (C), 137.2 (CH), 133.0
(C), 132.6 (C), 130.1 (CH), 129.2 (CH), 125.5 (CH), 124.6 (CH), 106.5
(CH), 77.3 (C), 69.7 (CH), 68.9 (CH), 66.8 (CH). Anal. Calcd for
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C25H1gCIN3OzFe: C, 62.07; H, 3.75; N, 8.69; Found: C, 61.88; H, 3.87;
N, 8.84.

4.4.4. 3-Ferrocenyl-1-(4-methoxyphenyl)-5-(2-nitrophenyl)-1H-
pyrazole (7d)

Yield 60%; yellow oil; IR (KBr) vmax: 1588 (C=N), 1526 (NO,
asym.), 1346 (NO, sym.); 'H-NMR (CDCls), 6: 7.94 (d, 1H, ] = 8.1 Hz),
7.65—7.55(m, 2H),7.43 (d,1H,J = 7.7 Hz), 7.20(d, 2H,] = 8.9 Hz), 6.82
(d, 2H, | = 8.9 Hz), 6.52 (s, 1H), 4.79 (t, 2H, ] = 1.8 Hz), 4.32 (t, 2H,
J = 1.8 Hz), 415 (s, 5H), 3.80 (s, 3H); *C-NMR (CDCl3), 6: 158.8 (C),
151.5(C), 148.9 (C), 147.6 (C), 138.6 (CH), 132.7 (C), 129.7 (CH), 126.2
(CH),126.1(CH),124.4(CH),114.2 (CH),105.6 (CH), 77.2(C), 69.6 (CH),
68.7 (CH), 66.8 (CH), 55.5 (CH3). Anal. Calcd for Cy6H21N30sFe: C,
65.15; H, 4.42; N, 8.77; Found: C, 64.93; H, 4.24; N, 8.59.

4.5. General procedure for the synthesis of 8

DDQ (1.1 mmol, 249.7 mg) was dissolved in DCM/THF (1/1)
(2 ml) and added to a solution of 4,5-dihydro-1H-pyrazole (6)
compound (1 mmol) in DCM/THF (1/1) in 1 h. The reaction mixture
was stirred at room temperature for 7 h under nitrogen atmo-
sphere. Then mixture was evaporated and the crude product was
purified by flash column chromatography on silica gel using THF/
DCM (5/1) as eluent to afford 8.

4.5.1. 5-(2-Nitrophenyl)-1,3-diphenyl-1H-pyrazole (8a)

Yield 45%; yellow oil; IR (KBr) rmax: 1586 (C=N), 1526 (NO,
asym.), 1346 (NO, sym.); 'H-NMR (CDCl3), 6: 7.94 (d, 1H, ] = 8.0 Hz),
7.66—7.54 (m, 2H), 7.50—7.44 (m, 3H), 7.39—7.33 (m, 3H), 7.31
(s, 5H), 6.81 (s, 1H); 3C-NMR (CDCl3), 6: 152.2 (C), 149.8 (C), 139.4
(C), 139.3 (C), 135.7 (CH), 132.9 (C), 132.7 (C), 129.9 (C), 129.1 (CH),
128.7 (CH), 128.2 (CH), 127.6 (CH), 125.9 (CH), 125.5 (CH), 124.9
(CH),124.6 (CH), 105.8 (CH). Anal. Calcd for C;1H15N30,: C, 73.89; H,
4.43; N, 12.31; Found: C, 74.03; H, 4.61; N, 12.42.

4.5.2. 1-(2-Chlorophenyl)-5-(2-nitrophenyl)-3-phenyl-1H-pyrazole
(8b)

Yield 60%; yellow oil; IR (KBr) ymax: 1583 (C=N), 1522 (NO; asym.),
1353 (NO; sym.), 762 (C—Cl); 'H-NMR (CDCl3), é: 7.93 (d, 1H,
J=8.1Hz),7.85(dd, 2H,] = 8.0, 0.8 Hz), 7.62—7.49 (m, 3H), 7.46—7.42
(m, 3H), 7.38—7.29 (m, 4H), 6.85 (s, TH); >*C-NMR (CDCl3), 6: 151.8 (C),
148.2(C),141.5(C),137.1 (CH),136.9 (CH),135.8 (C),132.9(C),132.6 (C),
131.9 (CH), 130.4 (CH), 130.2 (CH), 129.0 (CH), 128.7 (CH), 128.3 (CH),
127.7 (CH), 124.3 (CH), 105.0 (CH). Anal. Calcd for C;1H14CIN30;: C,
67.21; H, 3.75; N, 11.18; Found: C, 67.36; H, 3.97; N, 11.34.

4.5.3. 1-(4-Chlorophenyl)-5-(2-nitrophenyl)-3-phenyl-1H-pyrazole
(8¢c)

Yield 62%; yellow oil; IR (KBr) vmax: 1588 (C=N), 1525 (NO;
asym.), 1343 (NO; sym.), 742 (C—Cl); 'H-NMR (CDCls), 6: 7.97 (d, 1H,
J=81Hz), 793 (dd, 2H, ] = 7.9, 1.2 Hz), 7.67—7.55 (m, 3H), 7.46 (d,
2H, ] = 7.3 Hz), 743 (d, 2H, J = 7.3 Hz), 7.39-7.35 (m, 3H), 6.80
(s, 1H); >*C-NMR (CDCl3), 8: 152.4 (C), 148.7 (C), 146.9 (C), 139.3 (C),
138.0 (CH), 133.3 (C), 133.1 (CH), 132.7 (CH), 132.5 (C), 132.3 (C),
130.2 (CH), 129.2 (CH), 128.4 (CH), 125.6 (CH), 124.9 (CH), 106.1
(CH). Anal. Calcd for Cp1H14CIN30O,: C, 67.21; H, 3.75; N, 11.18;
Found: C, 67.36; H, 3.88; N, 11.27.

4.5.4. 1-(4-Methoxyphenyl)-5-(2-nitrophenyl)-3-phenyl-1H-
pyrazole (8d)

Yield 64%; yellow oil; IR (KBr) vmax: 1594 (C=N), 1525 (NO,
asym.), 1343 (NO; sym.); 'H-NMR (CDCl3), 6: 8.14 (d, 1H, = 8.0 Hz),
7.97 (d, 2H, | = 7.6 Hz), 7.73 (dd, 1H, ] = 7.6, 1.8 Hz), 7.47—7.35 (m,
5H), 6.93 (d, 2H, ] = 8.8 Hz), 6.80 (d, 2H, ] = 8.8 Hz), 6.65 (s, 1H), 3.75
(s, 3H); >*C-NMR (CDCl3), 6: 158.7 (C), 153.5 (C), 151.8 (C), 146.6 (C),

135.5 (CH), 134.5 (C), 132.9 (C), 132.4 (C), 129.5 (CH), 128.9 (CH),
128.7 (CH),128.6 (CH), 127.7 (CH),125.7 (CH), 125.4 (CH), 114.6 (CH),
106.6 (CH), 55.6 (CH3). Anal. Calcd for C23H17N303: C, 71.15; H, 4.61;
N, 11.31; Found: C, 71.02; H, 4.74; N, 11.12.

4.5.5. 5-(2-Nitrophenyl)-3-phenyl-1-p-tolyl-1H-pyrazole (8e)

Yield 68%; yellow oil; IR (KBr) vmax: 1601 (C=N), 1528 (NO;
asym.), 1349 (NO, sym.); 'H-NMR (CDCl3), 6: 7.93 (d, 1H, ] = 8.1 Hz),
7.74(d, 2H, ] = 7.7 Hz), 7.65—7.53 (m, 3H), 7.48—7.42 (m, 3H), 7.19 (d,
2H,J = 7.9 Hz), 7.10 (d, 2H, ] = 7.9 Hz), 6.79 (s, 1H), 2.37 (s, 3H); 13C-
NMR (CDCl3), 6: 152.8 (C), 148.5 (C), 146.7 (C), 138.4 (C), 136.2 (CH),
134.2 (C), 133.6 (C), 133.3 (CH), 133.0 (CH), 132.5 (C), 132.2 (CH),
130.1 (CH), 129.2 (CH), 128.2 (CH), 125.8 (CH), 123.2 (CH), 106.2
(CH), 23.2 (CH3). Anal. Calcd for C21H17N305: C, 74.35; H, 4.82; N,
11.82; Found: C, 74.50; H, 4.75; N, 11.92.

4.6. General procedure for the synthesis of 9—10

SnCl,.2H,0 (5 mmol, 1125 mg) was added to compound (7—8)
(1 mmol) in glacial acetic acid (5 ml) at room temperature under
nitrogen atmosphere. The reaction mixture was refluxed for 10 h
and purified by flash column chromatography on silica gel using
hexane/EtOAc (8/1) as eluent to afford 9—10.

4.6.1. 2-(3-Ferrocenyl-1-phenyl-1H-pyrazol-5-yl)-phenylamine
(9a)

Yield 72%; yellow oil; IR (KBr) ymax: 3456 (N—H asym.), 3377 (N—H
sym.), 1597 (C=N); "H-NMR (CDCls), 6: 7.28 (d, 2H,J = 7.8 Hz), 7.19 (t,
3H,J = 7.8 Hz), 712—7.07 (m, 2H), 6.91 (d, 1H, J = 7.6 Hz), 6.63—6.59
(m,1H),6.50(s,1H),4.67 (t,2H,J = 1.7 Hz),4.21 (t,2H,] = 1.7 Hz), 4.04
(s, 5H), 3.70 (br s, 2H); '3C-NMR (CDCl3), 6: 152.0 (C), 144.7 (C), 140.3
(C),131.1(C),130.0(CH),128.8 (CH),126.8 (CH),123.7 (CH), 118.2 (CH),
116.0 (C), 115.5 (CH), 115.0 (CH), 106.6 (CH), 78.0 (C), 69.6 (CH), 68.7
(CH),66.9 (CH). Anal. Calcd for Cp5Hy1NsFe: C, 71.61; H, 5.05; N, 10.02;
Found: C, 71.73; H, 5.12; N, 10.14.

4.6.2. 2-[1-(2-Chlorophenyl)-3-ferrocenyl-1H-pyrazol-5-yl|-
phenylamine (9b)

Yield 67%; yellow oil; IR (KBr) vmax: 3437 (N—H asym.), 3352
(N—H sym.), 1577 (C=N), 753 (C—Cl); 'TH-NMR (CDCls), : 7.28—7.21
(m, 2H), 7.18—715 (m, 4H), 6.98—7.03 (m, 1H), 6.82 (d, 1H,
J=7.6Hz),6.52 (s,1H), 4.76 (s, 2H), 4.25 (s, 2H), 4.10 (s, 5H), 3.80 (br
s, 2H); 13C-NMR (CDCl3), 6: 151.2 (C), 144.8 (C), 143.8 (C), 142.0 (C),
134.0 (C), 131.2 (CH), 130.9 (CH), 128.8 (CH), 128.6 (CH), 124.7 (CH),
123.5 (CH), 118. 7 (CH), 115.8 (CH), 114.2 (C), 106.3 (CH), 77.2
(C), 69.6 (CH), 68.6 (CH), 66.8 (CH). Anal. Calcd for Cy5H0CINsFe: C,
66.18; H, 4.44; N, 9.26; Found: C, 66.09; H, 4.58; N, 9.19.

4.6.3. 2-[1-(4-Chlorophenyl)-3-ferrocenyl-1H-pyrazol-5-yl|-
phenylamine (9c)

Yield 76%; yellow oil; IR (KBr) vmax: 3439 (N—H asym.), 3358
(N—H sym.), 1619 (C=N), 753 (C—Cl); "H-NMR (CDCls), 6: 7.33 (d, 2H,
J = 85 Hz), 728 (d, 2H, J = 8.5 Hz), 7.22 (t, 2H, ] = 7.6 Hz), 7.05
(d, 1H, J = 7.6 Hz), 6.76 (d, 1H, J = 7.6 Hz), 6.59 (s, 1H), 4.77 (d, 2H,
J = 1.6 Hz), 4.34 (d, 2H, ] = 1.6 Hz), 4.15 (s, 5H), 3.82 (br s, 2H); 3C-
NMR (CDCl3), 6: 152.1 (C), 145.0 (C), 141.7 (C), 135.2 (C), 131.1 (C),
130.3 (CH), 128.9 (CH), 125.0 (CH), 124.7 (CH), 118.4 (CH), 115.6 (CH),
114.0 (C), 106.9 (CH), 77.9 (C), 69.6 (CH), 68.8 (CH), 66.9 (CH). Anal.
Calcd for C35H59CIN3Fe: C,66.18; H, 4.44; N, 9.26; Found: C, 66.38; H,
4.30; N, 9.44.

4.6.4. 2-[3-ferrocenyl-1-(4-methoxyphenyl)-1H-pyrazol-5-yl]-
phenylamine (9d)

Yield 86%; yellow oil; IR (KBr) vmax: 3451 (N—H asym.), 3377
(N—H sym.), 1617 (C=N); "H-NMR (CDCls), 6: 7.28 (t, 2H, ] = 7.8 Hz),
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7.23(d,2H,]=8.7Hz),7.12(d,1H,] = 7.8 Hz), 6.83 (d, 2H, ] = 8.7 Hz),
6.82 (d, 1H, J = 7.8 Hz), 6.60 (s, 1H), 4.79 (t, 2H, J = 1.6 Hz), 4.32
(t,2H, ] = 1.6 Hz), 4.14 (s, 5H), 3.81 (br s, 2H), 3.78 (s, 3H); 3C-NMR
(CDCl3), 6:152.7 (C), 151.5 (C), 148.1 (C), 146.3 (C), 132.0 (C), 130.1
(CH),125.7 (CH), 122.6 (CH), 118.3 (CH), 116.2 (CH), 113.5 (CH), 112.8
(C), 106.8 (CH), 77.6 (C), 69.6 (CH), 68.6 (CH), 66.9 (CH), 55.3 (CH3).
Anal. Calcd for CgH23N30Fe: C, 66.50; H, 5.16; N, 9.35; Found: C,
66.63; H, 5.26; N, 9.23.

4.6.5. 2-(1,3-Diphenyl-1H-pyrazol-5-yl)-phenylamine (10a)

Yield 68%; yellow oil; IR (KBr) vmax: 3470 (N—H asym.), 3381
(N—H sym.), 1598 (C=N); 'H-NMR (CDCls), é: 7.96 (d, 2H,
J=7.8Hz),7.49—7.43 (m, 3H), 7.39—7.28 (m, 5H), 719 (td, 1H,] = 7.3,
1.6 Hz), 7.01 (dd, 1H,J = 7.6, 1.2 Hz), 6.86 (s, 1H), 6.73 (td, 2H, ] = 7.0,
1.0 Hz), 3.85 (brs, 2H); 3C-NMR (CDCl3), 6: 152.1 (C), 144.7 (C), 141.1
(C),140.1 (C),133.0(C), 131.1 (CH), 130.1 (CH), 128.7 (CH), 128.1 (CH),
127.1 (CH), 125.8 (CH), 123.8 (CH), 118.3 (CH), 116.0 (CH), 115.6 (CH),
114.8 (C), 106.0 (CH). Anal. Calcd for C1Hy7N3: C, 81.00; H, 5.50;
N, 13.49; Found: C, 81.23; H, 5.66; N, 13.32.

4.6.6. 2-[1-(2-Chlorophenyl)-3-phenyl-1H-pyrazol-5-yl]-
phenylamine (10b)

Yield 74%; yellow oil; IR (KBr) vmax: 3465 (N—H asym.), 3378
(N—H sym.), 1615 (C=N), 762 (C—Cl); 'H-NMR (CDCl3), 6: 7.94 (d,
2H, ] = 7.5 Hz), 748 (d, 2H, J = 7.5 Hz), 7.33—7.28 (m, 4H), 7.23
(td, 2H, J = 7.3, 1.5 Hz), 6.95 (dd, 1H, J = 7.3, 1.5 Hz), 6.87 (dd, 2H,
J = 73, 1.5 Hz), 6.84 (s, 1H), 3.84 (br s, 2H); 3C-NMR (CDCls),
6:152.7 (C), 144.8 (C), 144.2 (C), 140.1 (C), 133.2 (C), 132.3 (C), 130.0
(CH), 129.7 (CH), 129.4 (CH), 128.7 (CH), 128.2 (CH), 127.6 (CH),
127.4 (CH), 121.5 (CH), 119.4 (CH), 116.1 (CH), 115.3 (C), 106.1 (CH).
Anal. Calcd for C31H16CINs: C, 72.93; H, 4.66; N, 12.15; Found: C,
73.10; H, 4.52; N, 12.01.

4.6.7. 2-[1-(4-Chlorophenyl)-3-phenyl-1H-pyrazol-5-yl|-
phenylamine (10c)

Yield 79%; yellow oil; IR (KBr) vmax: 3468 (N—H asym.), 3375
(N—H sym.), 1617 (C=N), 765 (C—Cl); 'H-NMR (CDCl3), 6: 7.93 (d,
2H,J = 7.2 Hz), 745 (t, 2H,] = 7.2 Hz), 7.37 (d, 2H, ] = 7.3 Hz), 7.27 (d,
2H, ] = 7.3 Hz), 7.20 (td, 2H, ] = 7.2, 1.5 Hz), 6.98 (dd, 1H, ] = 7.4,
1.3 Hz), 6.84 (s, 1H), 6.73 (td, 2H, ] = 7.4, 1.3 Hz), 3.83 (br s, 2H); 3C-
NMR (CDCl3), 6: 152.4 (C), 144.7 (C), 141.1 (C), 138.6 (C), 132.8
(C), 131.0 (CH), 130.4 (CH), 129.7 (CH), 129.2 (C), 128.6 (CH), 128.1
(CH), 127.7 (CH), 125.8 (CH), 118.4 (CH), 115.6 (CH), 115.2 (C), 106.2
(CH). Anal. Calcd for C31H16CIN3: C, 72.93; H, 4.66; N, 12.15; Found:
C, 73.15; H, 4.52; N, 12.34.

4.6.8. 2-[1-(4-Methoxyphenyl)-3-phenyl-1H-pyrazol-5-yl]-
phenylamine (10d)

Yield 77%; yellow oil; IR (KBr) ymax: 3472 (N—H asym.), 3380
(N-H sym.), 1608 (C=N); 'H-NMR (CDCls), é: 7.96 (d, 2H,
J=7.6Hz),747 (t,2H,] = 7.6 Hz), 7.37 (d, 2H,] = 8.8 Hz), 7.34 (d, 2H,
J=8.8Hz),7.20(td, 1H,J = 7.6, 1.6 Hz), 7.01 (dd, 1H, ] = 7.4, 1.2 Hz),
6.73 (td, 2H,J = 7.4,1.2 Hz), 6.86 (s, 1H), 3.87 (br s, 2H), 3.80 (s, 3H);
13C_NMR (CDCl3), 6: 158.6 (C), 151.8 (C), 144.8 (C), 141.1 (C), 133.3
(C), 133.1 (C), 131.2 (CH), 129.6 (CH), 128.7 (CH), 128.0 (CH), 125.6
(CH), 118.2 (CH), 116.0 (CH), 115.1 (CH), 114.0 (C), 105.5 (CH), 55.4
(CH3). Anal. Calcd for C2oH19N30: C, 77.40; H, 5.61; N, 12.31; Found:
C,7753; H, 5.39; N, 12.48.

4.6.9. 2-(3-Phenyl-1-p-tolyl-1H-pyrazol-5-yl)-phenylamine (10e)
Yield 81%; yellow oil; IR (KBr) vmax: 3460 (N—H asym.), 3371
(N—H sym.), 1611 (C=N); "H-NMR (CDCl3), 6: 7.94 (d, 2H, ] = 7.4 Hz),
742 (t,2H,J = 7.2 Hz),7.36 (d,1H,] = 7.3 Hz), 7.30 (d, 2H, ] = 8.2 Hz),
719 (t, 1H, J = 7.4 Hz), 7.11 (d, 2H, J = 8.2 Hz), 7.00 (dd, 1H, J = 7.5,
1.1 Hz), 6.72 (t, 2H, ] = 7.5 Hz), 6.86 (s, 1H), 3.57 (br s, 2H), 2.35 (s,

3H); 3C-NMR (CDCl3), 6: 151.9 (C), 144.5 (C), 141.0 (C), 137.6 (C),
136.9 (C), 133.1 (C), 130.3 (CH), 130.2 (CH), 130.0 (CH), 129.9 (CH),
129.5 (CH), 127.7 (CH), 123.7 (CH), 119.1 (CH), 116.4 (CH), 115.1 (C),
105.8 (CH), 22.6 (CH3) Anal. Calcd for CooH1gN3: C, 81.20; H, 5.89; N,
12.91; Found: C, 81.41; H, 5.76; N, 13.05.

4.7. General procedure for the synthesis of ferrocenyl-containing
pyrazolo [4,3-c] quinolines (11—-12)

Compound (9—10) (1 mmol), ferrocenylcarboxaldehyde (1 mmol,
214.1 mg) and p-tolylsulphonic acid (p-TsOH) (0.1 mmol, 19.0 mg)
were dissolved in toluene (8 ml) and refluxed for 9—11 h under
nitrogen atmosphere. The mixture was purified by flash column
chromatography on silica gel using hexane/EtOAc (8/1) as eluent to
afford 11—12. For all the compounds (11—12) data related to percent
yields, melting points (m.p) and elemental analyses are reported in
Table 2.

4.7.1. 3,4-Diferrocenyl-1- phenyl-1H-pyrazolo[4,3-c]quinoline
(11a)

Yellow solid; IR (KBr) vmax: 1595 (C=N), 1562, 1506, 1447 (C=
C); 'H-NMR (CDCl3), 6: 8.14 (d, 1H, J = 7.9 Hz), 7.66—7.63 (m, 2H),
7.62—7.47 (m, 5H), 7.21—7.17 (m, 1H), 4.54 (t, 2H, ] = 1.8 Hz) 4.27
(t, 2H, ] = 1.8 Hz), 4.07 (t, 2H, ] = 1.8 Hz), 4.03 (t, 2H, ] = 1.8 Hz),
4.02 (s, 5H), 4.01 (s, 5H); 3C-NMR (CDCl3), é: 156.0 (C), 146.2
(C), 145.9 (C), 141.3 (C), 140.1 (C), 129.7 (CH), 129.6 (CH), 129.4
(CH), 128.6 (CH), 127.2 (CH), 124.9 (C), 121.4 (CH), 115.0 (C), 85.9
(C), 79.0 (CH), 72.0 (CH), 71.4 (CH), 69.8 (CH), 69.7 (CH), 68.0 (CH),
67.6 (CH).

4.7.2. 1- (2-Chlorophenyl)-3,4-diferrocenyl-1H-pyrazolo[4,3-c]
quinoline (11b)

Yellow solid; IR (KBr) rmax: 1596 (C=N), 1560, 1506, 1446 (C=C);
'H-NMR (CDCl3), é: 8.24 (d, 1H, ] = 7.7 Hz), 7.78=7.72 (m, 2H),
7.66—7.60 (m, 1H), 7.37—7.19 (m, 4H), 4.83 (t, 2H, ] = 1.6 Hz), 4.51 (t,
2H,] = 1.6 Hz), 4.26 (t, 2H, ] = 1.6 Hz), 4.17 (t, 2H, ] = 1.6 Hz), 4.11 (s,
5H), 4.09 (s, 5H); '*C-NMR (CDCl3), 6: 159.3 (C), 146.8 (C), 144.3 (C),
143.4 (C), 138.7 (C), 135.5 (C), 131.1 (CH), 130.9 (CH), 130.3 (CH),
129.9 (CH), 129.8 (CH), 128.0 (CH), 125.0 (CH), 124.3 (C), 121.6 (CH),
115.7 (C), 86.3 (C), 81.9(C), 72.3 (CH), 71.8 (CH), 70.1 (CH), 69.9 (CH),
68.2 (CH), 67.7 (CH).

4.7.3. 1- (4-Chlorophenyl)-3,4-diferrocenyl-1H-pyrazolo[4,3-c]
quinoline (11c)

Yellow solid; IR (KBr) ymax: 1598 (C=N), 1565, 1510, 1448 (C=C);
'H-NMR (CDCl3), 6: 8.23 (d, 1H, J = 7.6 Hz), 7.70 (d, 2H, ] = 8.4 Hz),
7.64 (d, 2H, ] = 8.4 Hz), 7.61 (d, 1H, ] = 8.4 Hz), 7.35—7.31 (m, 2H),
4.63 (d, 2H, J = 1.6 Hz), 435 (d, 2H, J = 1.6 Hz), 4.17 (d, 2H,
J=1.6Hz),4.14(d, 2H,] = 1.6 Hz), 4.11 (s, 5H), 410 (s, 5H); 3C-NMR
(CDCl3), d: 156.2 (C), 146.8 (C), 146.0 (C), 140.1 (C), 139.8 (C), 135.2
(C),130.0 (CH), 129.9 (CH), 129.8 (CH), 128.8 (CH), 128.4 (CH), 125.1
(C),121.2 (CH), 114.8 (C), 85.7 (C), 78.8 (C), 72.0 (CH), 71.5 (CH), 69.9
(CH), 69.7 (CH), 68.1 (CH), 67.7 (CH).

4.7.4. 3,4-Diferrocenyl-1-(4-methoxyphenyl)-1H-pyrazolo[4,3-c]
quinoline (11d)

Yellow solid; IR (KBr) vmax: 1596 (C=N), 1566, 1510, 1444 (C=C);
TH-NMR (CDCl3), 6: 8.22 (d, 1H, J = 8.4 Hz), 7.68—7.62 (m, 2H), 7.57
(d, 1H, J = 8.2 Hz), 7.31 (d, 2H, J = 8.8 Hz), 7.19 (d, 2H, ] = 8.8 Hz),
4.64 (t,2H, ] = 1.6 Hz), 4.37 (t, 2H, ] = 1.6 Hz), 4.16 (t, 2H, ] = 1.6 Hz),
413 (t, 2H, ] = 1.6 Hz), 4.10 (s, 10H), 4.0 (s, 3H); *C-NMR (CDCl3), 6:
160.3 (C), 156.1 (C), 145.9 (C), 140.3 (C), 134.1 (C), 129.6 (C), 128.5
(CH), 128.2 (CH), 124.9 (C), 121.3 (CH), 115.1 (C), 114.9 (CH), 85.9 (C),
79.1(C), 72.0 (CH), 71.4 (CH), 69.8 (CH), 69.7 (CH), 68.0 (CH), 67.6
(CH), 55.7 (CH3).
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4.7.5. 4-Ferrocenyl-1,3-diphenyl-1H-pyrazolo[4,3-c]quinoline
(12a)

Yellow solid; IR (KBr) ymax: 1598 (C=N), 1564, 1512, 1448 (C=C);
TH-NMR (CDCl3), é: 8.25 (d, 1H, J = 8.4 Hz), 7.72—7.63 (m, 5H), 7.55
(d, 1H,J = 8.3 HZ), 7.36 (d, 2H, ] = 8.4 Hz), 7.32—7.22 (m, 5H), 4.54 (t,
2H,J = 1.5 Hz), 4.1 (s, 5H), 4.07 (t, 2H, ] = 1.5 Hz); '*C-NMR (CDCl5),
6: 157.9 (C), 147.2 (C), 145.9 (C), 139.7 (C), 136.9 (C), 133.1 (C), 130.1
(CH), 129.8 (CH), 129.7 (CH), 129.6 (CH), 128.8 (CH), 127.9 (CH), 127.4
(CH), 126.5 (CH), 125.1 (CH), 121.5 (C), 120.1 (CH), 119.3 (C), 85.4 (C),
71.6 (CH), 69.8 (CH), 68.1 (CH).

4.7.6. 1-(2-Chlorophenyl)-4-ferrocenyl-3-phenyl-1H-pyrazolo[4,3-
cJquinoline (12b)

Yellow solid; IR (KBr) vmax: 1614 (C=N), 1562, 1510, 1451 (C=C),
768 (C—Cl); '"H-NMR (CDCl3), 6: 8.27 (d, 1H, J = 8.0 Hz), 7.73—7.63
(m, 4 H), 7.60 (d, 1H, J = 8.0 Hz), 7.35 (d, 2H, J = 8.0 Hz), 7.31-7.22
(m, 5H), 4.54 (t, 2H, ] = 1.8 Hz), 4.10 (s, 5H), 4.08 (t, 2H, ] = 1.8 Hz);
13C_NMR (CDCl3), 6: 157.6 (C), 147.2 (C), 145.8 (C), 142.8 (C), 136.7
(C), 133.2 (C), 133.1 (C), 130.2 (CH), 129.8 (CH), 129.5 (CH), 129.3
(CH), 128.2 (CH), 127.9 (CH), 127.6 (CH), 127.4 (CH), 127.3 (CH), 125.1
(CH), 122.2 (C), 121.4 (CH), 119.3 (C), 85.3 (C), 71.5 (CH), 69.8 (CH),
68.2 (CH).

4.7.7. 1-(4-Chlorophenyl)-4-ferrocenyl-3-phenyl-1H-pyrazolo[4,3-
cJquinoline (12c)

Yellow solid; IR (KBr) vmax: 1616 (C=N), 1564, 1512, 1449 (C=
(), 767 (C—Cl); "H-NMR (CDCls), 6: 8.26 (d, 1H, J = 8.3 Hz), 7.66 (d,
2H,] = 8.8 Hz), 7.62 (d, 2H, ] = 8.8 Hz), 7.59 (d, 1H, ] = 8.3 Hz), 7.35
(d, 2H, J = 8.3 Hz), 7.30-7.22 (m, 5H), 4.53 (t, 2H, ] = 1.8 Hz), 4.10
(s, 5H), 4.07 (t, 2H, ] = 1.8 Hz); >*C-NMR (CDCl3), 8: 156.2 (C), 148.7
(C), 146.2 (C), 139.5 (C), 135.4 (C), 133.0 (C), 131.1 (C), 129.9 (CH),
129.8 (CH), 129.0 (CH), 128.6 (CH), 128.1 (CH), 127.8 (CH), 127.2
(CH), 125.8 (CH), 123.0 (C), 121.3 (CH), 115.0 (C), 85.6 (C), 71.6 (CH),
70.0 (CH), 68.1 (CH).

4.7.8. 4-Ferrocenyl-1-(4-methoxyphenyl)-3-phenyl-1H-pyrazolo
[4,3-c]quinoline (12d)

Yellow solid; IR (KBr) ymax: 1608 (C=N), 1561, 1516, 1446 (C=C);
'H-NMR (CDCl3), 6: 8.27 (d, 1H, J = 8.4 Hz), 7.74—7.59 (m, 5H), 7.35
(dd, 3H, J = 6.8, 1.2 Hz), 731 (d, 2H, J = 8.0 Hz), 7.24 (d, 2H,
J = 8.0 Hz), 4.55 (d, 2H, ] = 1.6 Hz), 4.11 (s, 5H), 4.09 (d, 2H,
J = 1.6 Hz), 3.43 (s, 3H); 3C-NMR (CDCl3), 8: 156.1 (C), 149.1 (C),
147.8 (C), 141.2 (C), 139.5 (C), 135.4 (C), 130.1 (C), 129.9 (CH), 129.0
(CH), 128.6 (CH), 128.1 (CH), 127.8 (CH), 125.3 (CH), 121.5 (CH), 121.3
(C), 120.0 (C), 114.9 (CH), 85.6 (C), 71.6 (CH), 69.7 (CH), 68.1 (CH),
55.5 (CH3).

4.7.9. 4-Ferrocenyl-3-phenyl-1-p-tolyl-1H-pyrazolo[4,3-c]
quinoline (12e)

Yellow solid; IR (KBr) ymax: 1601(C=N), 1561, 1511, 1437 (C=C);
TH-NMR (CDCls), 6: 8.25 (d, 1H, J = 8.4 Hz), 7.58 (d, 2H, ] = 8.2 Hz),
744 (d, 2H, J = 8.2 Hz), 7.68 (t, 1H, ] = 8.4 Hz), 7.38 (d, 2H,
J = 8.4 Hz), 7.34-7.22 (m, 5H), 4.55 (t, 2H, ] = 1.8 Hz), 4.10 (s, 5H),
4.07 (t, 2H, ] = 1.8 Hz), 2.56 (s, 3H); 3C-NMR (CDCl3), 8: 156.1 (C),
148.1 (C), 146.1 (C), 140.1 (C), 139.7 (C), 138.4 (C), 133.3 (C), 130.9
(CH), 130.3 (CH), 129.8 (CH), 128.8 (CH), 128.7 (CH), 127.9 (CH),
127.7 (CH), 127.2 (CH), 125.1 (CH), 121.6 (C), 114.9 (C), 85.8 (C), 71.6
(CH), 69.8 (CH), 68.1 (CH), 29.4 (CH3).

Acknowledgements
The authors acknowledge the Akdeniz University Research Fund

(grand no BAP-2007.01.0105.001 and BAP 2008.02.0121.006) for
their financial support, Institute of Materials Science and

Nanotechnology (UNAM) and the Faculty of Arts and Sciences in
Gaziosmanpasa University, for the NMR analyses.

Appendix. Supplementary material

Supplementary data related to this article can be found online,
at doi:10.1016/j.jorganchem.2010.10.006.

References

[1] (a) C.G. Wang, T. Langer, P.G. Kamath, Z.Q. Gu, P. Skolnick, R.I. Fryer, ]J. Med.

Chem. 38 (1995) 950—957;

(b) G. Palazzino, L. Cecchi, F. Melani, V. Colotta, G. Filacchioni, C. Martini,

A. Lucacchini, J. Med. Chem. 30 (1987) 1737—-1742;

(c) P. Singh, T.N. Ojha, R.C. Sharma, Res. Commun. Chem. Pathol. Pharmacol. 67

(1990) 151-154;

(d) L. Savini, L. Chiasserini, C. Pellerano, G. Biggio, E. Maciocco, V. Serra,

N. Cinone, A. Carrieri, C.A. Altomare, A. Carotti, Bioorg. Med. Chem. 9 (2001)

431—-444;

(e) P.G. Baraldi, M.A. Tabrizi, D. Preti, A. Bovero, F. Fruttarolo, R. Romagnoli,

N.A. Zaid, AR. Moorman, K. Varani, P.A. Borea, ]. Med. Chem. 48 (2005)

5001—-5008.

(a)J. Pawlas, P. Vedso, P. Jakobsen, P.O. Huusfeldt, M. Begtrup, J. Org. Chem. 65

(2000) 9001—-9006;

(b) J. Skotnicki, S. C. Gilman, B. A. Steinbaugh, ]. H. Musser, US Patent (1988)

4748246.

[3] (@) M.L. Crespo, ]. Gracia, C. Puig, A. Vega, ]. Bou, J. Beleta, T. Domenech,
H. Ryder, V. Segarra, ].M. Palacios, Bioorg. Med. Chem. Lett. 10 (2000)

[2

2661-2664;
(b) J. Eskildsen, N. @stergaard, P. Vedsga, M. Begtrupa, Tetrahedron 58 (2002)
7635—-7644.

[4] (@) KM. Kasiotis, N. Fokialakis, S.A. Haroutounian, Synthesis 11 (2006)
1791-1802;

(b) M. P Wentland, US Patent (1994) 5334595 DerAbs. C94-248419.
(a) F. Suzuki, Y. Nakasato, K. Ohmori, T. Tamura, H. Hosoe, K. Kubo, I. Yoshi-
take, US Patent (1993) 5192768, Chem. Abstr. (1993) 116 (25) 255609m;
5(b) H. Kinji, T. Takahiro, I. Makoto, K. Toshiko, S. Yukio, K Takuji, JP Patent
(1993) 5132484; (c) R. Mekheimer, Pharmazie 49 (1994) 486—489;
(d) R. Mekheimer, ]J. Chem. Soc. Perkin Trans. 1 (1999) 2183—-2188.
G.D. Kalayanov, S.K. Kang, H.G. Cheon, S.G. Lee, EXK. Yum, S.S. Kim, J.K. Choi,
Bull. Korean Chem. Soc. 19 (1998) 667—671.
(a) X. Wu, P. Wilairat, M.L. Go, Bioorg. Med. Chem. Lett. 12 (2002) 2299—2302;
(b) L. Delhaes, H. Abessolo, C. Biot, L. Berry, P. Delcourt, L. Maciejewski,
J. Brocard, D. Camus, D. Dive, Parasitol. Res. 87 (2001) 239—244;
(c) C. Biot, G. Glorian, L.A. Maciejewski, J.S. Brocard, J. Med. Chem. 40 (1997)
3715-3718;
(d) O. Domarle, G. Blampain, H. Agnanet, T. Nzadiyabi, J. Lebibi, ]. Brocard,
L. Maciejewski, C. Biot, A]J. Georges, P. Millet, Antimicrob. Agents Chemother.
42 (1998) 540—544.
(a) S. Top, J. Tang, A. Vessieres, D. Carrez, C. Provot, G. Jaouen, Chem. Commun.
(1996) 955—956;
(b) S. Top, B. Dauer, J. Vaissermann, G. Jaouen, . Organomet. Chem. 541 (1997)
355-361;
(c) S. Top, A. Vessieres, C. Cabestaing, 1. Laios, G. Leclerq, C. Provot, G. Jaouen,
J. Organomet. Chem. 500 (2001) 637—639;
(d) S. Top, A. Vessieres, G. Leclercq, J. Quivy, J. Tang, J. Vaissermann, M. Huche,
G. Jaouen, Chem. Eur. J. 9 (2003) 5223—-5236;
(e) G. Jaouen, S. Top, A. Vessieres, G. Leclercq, M. McGlinchey, ]J. Curr. Med.
Chem. 11 (2004) 2505—2517.
(a) T.J. Kealy, P.L. Pauson, Nature 168 (1951) 1039—1040;
(b) P.N. Kelly, A. . Pre“tre, S. Devoy, I. O'Rielly, R. Devery, A. Goel, J.F. Gallagher,
AJ. Lough, P.T.M. Kenny, J. Organomet. Chem. 692 (2007) 1327—-1331;
(c) M.FR. Fouda, M.M. Abd-Elzaher, R.A. Abdelsamaia, A.A. Labib, Appl.
Organomet. Chem. 21 (2007) 613—625.
[10] (a) H. Yu, L. Shao, ]. Fang, J. Organomet. Chem. 692 (2007) 991—996;
(b) M. Zora, M. Gérmen, J. Organomet. Chem. 692 (2007) 5026—5032;
(c) M. Zora, O Velioglu, J. Organomet. Chem. 693 (2008) 2159—2162;
(d) B. Fabian, V. Kudar, A. Csampai, T.Z.s. Nagy, P. Sohar, J. Organomet. Chem.
692 (2007) 5621-5632;
(e) T. Mochida, F. Shimizu, H. Shimizu, K. Okazawa, F. Sato, D. Kuwahara,
J. Organomet. Chem. 692 (2007) 1834—1844;
(f) B. Maity, M. Roy, AR. Chakravarty, J. Organomet. Chem. 693 (2008)
1395—-1399.
[11] C. Biot, L. Delhaes, H. Abessolo, O. Domarle, L.A. Maciejewski, M. Mortuaire,
P. Delcourt, P. Deloron, D. Camus, D. Dive, J.S. Brocard, J. Organomet. Chem.
589 (1999) 59—65.
[12] G.]Jaouen, S. Top, A. Vessie'res, G. Leclercq, J. Quivy, L. Jin, A. Croisy, C. R, Acad.
Sci. Paris, Série Ilc. (2000) 89—93.
[13] (a) M.K. Bratenko, O.I. Panimarchuk, V.A. Chornous, M.V. Vovk, Russ. J. Org.
Chem. 43 (2007) 1209—1212;
(b) O.V. Silin, TI. Savchenko, S.M. Kovalenko, V.M. Nikitchenko,
A.V. Ivachtchenko, Heterocycles 63 (2004) 1883—2004;

[5

[6

(7

(8

[9


http://dx.doi.org/10.1016/j.jorganchem.2010.10.006

(14]

(15]

[16]

[17]

G.T. Cin et al. / Journal of Organometallic Chemistry 696 (2011) 613—621

(c) A. Carotti, C. Altomare, L. Savini, L. Chiasserini, C. Pellerano, M.P. Mascia,
E. Maciocco, F. Busonero, M. Mameli, G. Biggio, E.Sanna, Bioorg. & Med. Chem.
11 (2003) 5259—-5272.

S. Duggineni, D. Sawant, B. Saha, B. Kundu, Tetrahedron 62 (2006)
3228-3241.

(a) A. Pictet, T. Spengler, Ber. Dtsch. Chem. Ges. 44 (1911) 2030—2036;

(b) G. Tatsui, J.Pharm. Soc. Jpn. 48 (1928) 92;

(c) T. Kawasaki, K. Higuchi, Nat. Prod. Rep. 22 (2005) 761—-793;

(d) J.R. Allen, B.R. Holmstedt, Phytochemistry 19 (1979) 1573—1582;

(e) C. Braestrup, M. Nielsen, C.E. Olsen, Proc. Natl. Acad. Sci. U.S.A. 77 (1980)
2288—-2292;

(f) W. Schlecker, A. Huth, E. Ottow, J. Mulzer, Synthesis (1995) 1225—1227;
(g) P. Molina, P.M. Fresneda, J. Chem. Soc. Perkin Trans. 1 (1988) 1819—-1822;
(h) P. Molina, P.M. Fresneda, G.S. Zafra, P. Almendros, Tetrahedron Lett. 35
(1994) 8851—8854.

(a) B. Kundu, D. Sawant, P. Partani, A.P. Kesarwani, J. Org. Chem 70 (2005)
4889—-4892;

(b) B. Kundu, D. Sawant, R. Chhabra, ]J. Comb. Chem. 7 (2005) 317—321;

(c) P.K. Agarwal, D. Sawant, S. Sharma, B. Kundu, Eur. J. Org. Chem. 2 (2009)
292-303;

(d) P.K. Agarwal, S.K. Sharma, D. Sawant, B. Kundu, Tetrahedron 65 (2009)
1153—-1161;

(e) B.Saha, S. Sharma, D. Sawant, B. Kundu, Tetrahedron 64 (2008) 8676—8684;
(f) S. Sharma, B. Kundu, J. Comb. Chem. 11 (2009) 720—731.

(a) M.AJ. Duncton, L.M. Smith, S. Burdzovic-Wizeman, A. Burns, H. Liu, Y. Mao,
W.C. Wong, AS. Kiselyov, ]. Org. Chem. 70 (2005) 9629—-9631;

(b) L. Zheng, ]. Xiang, Q.D. Daang, X. Bai, J. Comb. Chem. 7 (2005) 813—815;
(c) E. David, S. Pellet-Rostaing, M. Lemaire, Tetrahedron 63 (2007)
8999-9006;

(d) X.L. Wang, X.F. Zheng, R.H. Liu, ]. Reiner, ].B. Chang, Tetrahedron 63 (2007)
3389—3394;

(e) S. Gracia, ]. Schulz, S. Pellet-Rostaing, M. Lemaire, Synlett. 12 (2008)
1852—1856;

(f) X. Che, L. Zheng, Q. Dang, X. Bai, J. Org. Chem. 73 (2008) 1147—1149.

[18]

[19]

[20]

[21]
[22]
[23].
[24]

[25]

[26]

621

(a) M. Zora, G. Turgut, M. Gormen, in: Abstracts of Papers, 230th National
Meeting of American Chemical Society, Washington, DC, USA; August
28—September 1, 2005 (ORGN 138). (b) M. Zora, A.N. Pinar, M. Odabasoglu,
O. Biiyiikgiingor, G. Turgut, J. Organomet. Chem. 693 (2008) 145—154;

(c) G. Turgut Cin, S. Demirel, N. Karadayi, O. Biiyiikgiingor, Acta Cryst. E64
(2008) m514—m515;

(d) N. Karadayi, G. Turgut Cin, S. Demirel, A. Cakici, O. Biiylikgiingor, Acta
Cryst. E (2009) m127—m128.

(a) W. Wu, E.RT. Tiekink, I. Kostetski, N. Kocherginsky, A.L.C. Tan, S.B. Khoo,
P. Wilairat, M.L. Go, Eur. J. Pharm. Sci. 27 (2006) 175—187;

(b) E.L. Ansari, S. Nazira, H. Noureenb, B. Mirzab, Chem. Biodiversity 2 (2005)
1656—1664;

(c) E.I. Klimova, M.M. Garcia, T.K. Berestneva, L.R. Ramirez, C.A. Toledano,
R.A. Toscano, Russ. Chem. Bull. 48 (1999) 761—766.

(a) J.T. Li, X.H. Zhang, Z.P. Lin, Beilstein, J. Org. Chem. 3 (2007) 13—16;

(b) A. Lévai, Arkivoc ix (2005) 344—352;

(c) Y. Rajendra Prasad, A. Lakshmana Rao, L. Prasoona, K. Murali, P. Ravi
Kumar, Med. Chem. Lett. 15 (2005) 5030—5034;

(d) V. Kudar, V. Zsoldos-Mady, K. Simon, A. Csampai, P. Sohar, ]. Organomet.
Chem. 690 (2005) 4018—4026.

A. Togni, T. Hayashi, Ferrocenes: homogeneous catalysis, organic synthesis
and Material Science. Wiley-VCH Verlag GmbH, Weinheim, 1995, 173.

N. Gokhan, A. Yesilada, G. Ugar, K. Erol, A.A. Bilgin, Arch. Pharm. Pharm. Med.
Chem. 336 (2003) 362—371.

A. Lévai, AM.S. Silva, D.C.G.A. Pinto, J.A.S. Cavaleiro, I. Alkorta, ]J. Elguero,
J. Jeko, Eur. J. Org. Chem. (2004) 4672—4679.

(a) K.Y. Lee, S. Gowrisankar, ].N. Kim, Tetrahedron Lett. 46 (2005) 5387—5391;
(b) J. Chang, K. Zhao, S. Pan, Tetrahedron Lett. 43 (2002) 951—-954.

(a) M. Toganoh, Y. Matsuo, E. Nakamura, J. Am. Chem. Soc. 125 (2003)
1394—-1397;

(b) M.N. Misir, Y. Gok, H.
1451-1456.

D. Soerens, ]. Sandrin, F. Ungemach, P. Mokry, G.S. Wu, E. Yamanaka,
L. Hutchins, M. DiPierro, J.M. Cook, J. Org. Chem. 44 (1979) 535—545.

Kantekin, ]. Organomet. Chem. 692 (2007)



	Synthesis of novel ferrocenyl-containing pyrazolo[4,3-c]quinolines
	Introduction
	Results and discussion
	Conclusion
	Experimental
	General consideration
	General procedure for the synthesis of 3–4
	1-Ferrocenyl-3-(2-nitrophenyl)-2-propen-1-on (3)
	3-(2-Nitrophenyl)-1-phenyl-2-propen-1-on (4)

	General procedure for the synthesis of 5–6
	3-Ferrocenyl-5-(2-nitrophenyl)-1-phenyl-4,5-dihydro-1H-pyrazole (5a)
	1-(2-Chlorophenyl)-3-ferrocenyl-5-(2-nitrophenyl)-4,5-dihydro-1H-pyrazole (5b)
	1-(4-Chlorophenyl)-3-ferrocenyl-5-(2-nitrophenyl)-4,5-dihydro-1H-pyrazole (5c)
	3-Ferrocenyl-1-(4-methoxyphenyl)-5-(2-nitrophenyl)-4,5-dihydro-1H-pyrazole (5d)
	5-(2-Nitrophenyl)-1,3-diphenyl-4,5-dihydro-1H-pyrazole (6a)
	1-(2-Chlorophenyl)-5-(2-nitrophenyl)-3-phenyl-4,5-dihydro-1H-pyrazole (6b)
	1-(4-Chlorophenyl)-5-(2-nitrophenyl)-3-phenyl-4,5-dihydro-1H-pyrazole (6c)
	1-(4-Methoxyphenyl)-5-(2-nitrophenyl)-3-phenyl-4,5-dihydro-1H-pyrazole (6d)
	5-(2-Nitrophenyl)-3-phenyl-1-p-tolyl-4,5-dihydro-1H-pyrazole (6e)

	General procedure for the synthesis of 7
	3-Ferrocenyl-5-(2-nitrophenyl)-1-phenyl-1H-pyrazole (7a)
	1-(2-Chlorophenyl)-3-ferrocenyl-5-(2-nitrophenyl)-1H-pyrazole (7b)
	1-(4-Chlorophenyl)-3-ferrocenyl-5-(2-nitrophenyl)-1H-pyrazole (7c)
	3-Ferrocenyl-1-(4-methoxyphenyl)-5-(2-nitrophenyl)-1H-pyrazole (7d)

	General procedure for the synthesis of 8
	5-(2-Nitrophenyl)-1,3-diphenyl-1H-pyrazole (8a)
	1-(2-Chlorophenyl)-5-(2-nitrophenyl)-3-phenyl-1H-pyrazole (8b)
	1-(4-Chlorophenyl)-5-(2-nitrophenyl)-3-phenyl-1H-pyrazole (8c)
	1-(4-Methoxyphenyl)-5-(2-nitrophenyl)-3-phenyl-1H-pyrazole (8d)
	5-(2-Nitrophenyl)-3-phenyl-1-p-tolyl-1H-pyrazole (8e)

	General procedure for the synthesis of 9–10
	2-(3-Ferrocenyl-1-phenyl-1H-pyrazol-5-yl)-phenylamine (9a)
	2-[1-(2-Chlorophenyl)-3-ferrocenyl-1H-pyrazol-5-yl]-phenylamine (9b)
	2-[1-(4-Chlorophenyl)-3-ferrocenyl-1H-pyrazol-5-yl]-phenylamine (9c)
	2-[3-ferrocenyl-1-(4-methoxyphenyl)-1H-pyrazol-5-yl]-phenylamine (9d)
	2-(1,3-Diphenyl-1H-pyrazol-5-yl)-phenylamine (10a)
	2-[1-(2-Chlorophenyl)-3-phenyl-1H-pyrazol-5-yl]-phenylamine (10b)
	2-[1-(4-Chlorophenyl)-3-phenyl-1H-pyrazol-5-yl]-phenylamine (10c)
	2-[1-(4-Methoxyphenyl)-3-phenyl-1H-pyrazol-5-yl]-phenylamine (10d)
	2-(3-Phenyl-1-p-tolyl-1H-pyrazol-5-yl)-phenylamine (10e)

	General procedure for the synthesis of ferrocenyl-containing pyrazolo [4,3-c] quinolines (11–12)
	3,4-Diferrocenyl-1- phenyl-1H-pyrazolo[4,3-c]quinoline (11a)
	1- (2-Chlorophenyl)-3,4-diferrocenyl-1H-pyrazolo[4,3-c]quinoline (11b)
	1- (4-Chlorophenyl)-3,4-diferrocenyl-1H-pyrazolo[4,3-c]quinoline (11c)
	3,4-Diferrocenyl-1-(4-methoxyphenyl)-1H-pyrazolo[4,3-c]quinoline (11d)
	4-Ferrocenyl-1,3-diphenyl-1H-pyrazolo[4,3-c]quinoline (12a)
	1-(2-Chlorophenyl)-4-ferrocenyl-3-phenyl-1H-pyrazolo[4,3-c]quinoline (12b)
	1-(4-Chlorophenyl)-4-ferrocenyl-3-phenyl-1H-pyrazolo[4,3-c]quinoline (12c)
	4-Ferrocenyl-1-(4-methoxyphenyl)-3-phenyl-1H-pyrazolo[4,3-c]quinoline (12d)
	4-Ferrocenyl-3-phenyl-1-p-tolyl-1H-pyrazolo[4,3-c]quinoline (12e)


	Acknowledgements
	Supplementary material
	References


