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pyrazolyl-1-nitroalkanes
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Abstract: A new and convenient method for the synthesis of bis(pyrazolyl)methanes by one-pot tandem Knoevenagel–
Michael reaction of 3-methyl-1-phenyl-5-pyrazolone with aryl, heteroaryl, or alkyl aldehydes in the presence of 2-hydroxyethyl-
ammonium acetate (2-HEAA) as a task-specific ionic liquid is described. This method was also successfully applied for
the synthesis of 2-pyrazolyl-1-nitroalkanes by Michael addition of 3-methyl-1-phenyl-5-pyrazolone with b-nitrostyrenes
in short reaction times. The present protocol offers several advantages such as using a reusable and cost-effective ionic
liquid, an environmentally benign reaction media, being amenable to scale-up and good to high yields of the products.

Key words: bis(pyrazolyl)methane, ionic liquid, aldehydes, b-nitrostyrene.

Résumé : On a développé une méthode nouvelle et simple de synthèse des bis(pyrazolyl)méthanes par une réaction mono-
tope en tandem de Knoevenagel–Michael de la 3-méthyl-1-phényl-5-pyrazolone avec des aldéhydes d’aryles, d’hétéroaryles
ou d’alkyles, en présence d’acétate de 2-hydroxyéthylammonium (acétate de 2-HEA) dans un liquide ionique spécifique
pour cette réaction. On a appliqué cette méthode avec succès pour la synthèse de 2-pyrazolyl-1-nitroalcanes par le biais
d’une addition de Michael de la 3-méthyl-1-phényl-5-pyrazolone sur le b-nitrostyrène avec un très court temps de réaction.
Le présent protocole offre plusieurs avantages, tel l’usage d’un liquide ionique réutilisable et efficace, un milieu réactionnel
écologique et la possibilité de pouvoir être amené à produit des grandes quantités de produits avec des rendements allant de
bons à élevés.

Mots‐clés : bis(pyrazolyl)méthane, liquide ionique, aldéhydes, b-nitrostyrène.

[Traduit par la Rédaction]

Introduction

Pyrazoles are an important class of bioactive drug targets
in the pharmaceutical industry, as they are the core structure
of numerous biologically active compounds.1–3 Among the
pyrazole derivatives, the synthesis of pyrazolone derivatives
has attracted much attention from organic chemists because
of their various biological activities, such as antitumor4,5 and
selective COX-2 inhibitory.6 Pyrazolone derivatives are also
used as cytokine inhibitors,7 human telomerase inhibitors,8
therapeutics for kinase-mediated inflamatory disorders,9 and
dyes.10,11 For example, 2,4-dihydro-3H-pyrazol-3-one deriva-
tives, including 4,4’-(arylmethylene)bis(3-methyl-1-phenyl-
1H-pyrazol-5-ol)s, are being used as anti-inflammatory, anti-
pyretic, gastric secretion stimulatory antidepressant, antibac-
terial, and antifilarial agents.12–16 Moreover, the
corresponding 4,4’-(arylmethylene)bis(1H-pyrazol-5-ol)s are
applied as fungicides, pesticides, insecticides, dyestuffs, and
chelating and extracting reagents for different metal ions.17–20
The conventional chemical approach to 4,4’-(arylmethylene)
bis(3-methyl-1-phenyl-1H-pyrazol-5-ol)s involves the succes-
sive Knoevenagel synthesis of the corresponding arylidene-

pyrazolones and its base-promoted Michael reaction.17,18,21
One-pot tandem Knoevenagel–Michael reaction of aldehydes
with 2 equiv of 5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-
one, which was performed under a variety of reaction condi-
tions, is another approach for achieving these important scaf-
folds.22–33 Even though, 4,4’-(arylmethylene)bis(3-methyl-1-
phenyl-1H-pyrazol-5-ol)s could be synthesized by these
methods, most of the methods suffer from limitations such
as low yields, long reaction time, application of hazardous
solvents, tedious work-up procedures and noncompliance
with green chemistry protocols. On the other hand, a litera-
ture survey indicates that the methods for the synthesis of 4-
substituted pyrazolones are mainly focused on the condensa-
tion reaction of 3-methyl-1-phenyl-5-pyrazolone with alde-
hydes.22–33 It also shows that Michael addition of pyrazolone
with Michael acceptors such as b-nitrostyrene as possibly the
strongest and particularly versatile Michael acceptors has
been less explored.34,35 Therefore, it is necessary to develop
an efficient and convenient method for the synthesis of 4-
substituted pyrazolones such as bis(pyrazolyl)methanes and
2-pyrazolyl-1-nitroalkanes.
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In recent years, room-temperature ionic liquids have re-
ceived considerable attention as an alternative green reaction
medium for numerous organic reactions because of their fa-
vorable properties, such as good solvating capability, wide
liquid range, negligible vapor pressure, tunable polarity, high
thermal stability, and ease of recyclability.36,37 Ionic liquids,
as catalysts, have also played a significant role in controlling
these reactions.38–40 The major concern in using ionic liquids
as reaction media in industrial processes is the cost of the
ionic liquid, which would be directly dependent on the price
of the cations and anions that are used for their production.41
The currently popular ionic liquids incorporate expensive cat-
ions, such as alkyl methyl imidazolium or dialkyl imidazo-
lium, and expensive anions, such as tetrafluoroborate or
hexafluorophosphate. Thus, introduction of cost-effective
ionic liquids as reaction media should be a priority.
Having this point in mind, and as part of our continued in-

terest in the development of new methods for the synthesis of
pyrazolone derivatives,30,31 herein, we wish to report a new
method for environmentally benign synthesis of bis(pyra-
zolyl)methanes and 2-pyrazolyl-1-nitroalkanes in the presence
of 2-hydroxyethylammonium acetate (2-HEAA)42–44 as a
cost-effective and reusable ionic liquid at room temperature.

Results and discussion
At first, to find the best solvent, the reaction of benzalde-

hyde (1 equiv) with 3-methyl-1-phenyl-5-pyrazolone (1,
2 equiv) was studied in EtOH, H2O, CH3CN, CH2Cl2, petro-
leum ether, and toluene in the presence of 2-HEAA
(5 mol %) at room temperature (Table 1, entries 1–6). The
results revealed that EtOH was the best solvent for this reac-
tion (Table 1, entry 1). Low yield of the product was ob-
tained in the absence of any solvent (Table 1, entry 7).
In the next step, to show the generality of this method, the

reaction of different types of aldehydes with 1 in the pres-
ence of 2-HEAA (5 mol %) in EtOH at room temperature
was investigated (Scheme 1). The results of these studies are
summarized in Table 2.
As shown in Table 2, substituted benzaldehyde with elec-

tron-donating and electron-withdrawing groups underwent
one-pot tandem Knoevenagel–Michael reaction with 2 equiv
of 1 and gave the corresponding products in 74%–95% yields
(entries 1–6). Both formyl groups in terphthaldehyde reacted
with 1 to produce the desired product in 85% yield (Table 2,
entry 7). The reaction of naphthalene-2-carbaldehyde as a
polynuclear aromatic aldehyde gave the corresponding prod-
uct in 40 min (Table 2, entry 8). Acid-sensitive aldehydes,
such as thiophene-2-carbaldehyde, underwent smooth reac-
tions without any decomposition or polymerization (Table 2,
entry 9). This method is also applicable for the synthesis of
bis(pyrazolyl)methanes (2j and 2k) from the reaction of 1
with aliphatic aldehydes (Table 2, entries 10 and 11).
It was observed that the ionic liquid was reusable at least

15 times in multiple sequential condensations by the addition
of new samples of benzaldehyde and 1 to the reaction mix-
ture. This protocol was also easily amenable to scale-up. For
example, the condensation of benzaldehyde with 1 in a semi
scale-up procedure (20 times) was carried out successfully
and produced the desired product in 85% yield.
It is important to note that the reports for the condensation

reaction of aldehydes with 1 in ionic liquid are rare in the lit-
erature.45,46 In these reports, 4-[(5-hydroxy-3-methyl-1-
phenyl-1H-pyrazol-4-yl)-phenyl-methyl]-5-methyl-2-phenyl-1,2-
dihydropyrazol-3-ones (Fig. 1) were obtained instead of
bis(pyrazolyl)methanes (2). Therefore, the present method is
the first protocol for the synthesis of bis(pyrazolyl)methanes
in the presence of an ionic liquid.
To show the catalytic effect of 2-HEAA on the synthesis

of bis(pyrazolyl)methanes 2, the coupling reaction between
benzaldehyde and 1 in the absence of ionic liquid at room
temperature was considered. This reaction led to the forma-
tion of the desired product (2a) in low yield (40%) after
20 h (Table 3, entry 1). A similar reaction in the presence of
[CH3CH2NH3

+][AcO–] proceeded with a longer reaction time
compared with 2-HEAA and produced the desired product in
81% yield (Table 3, entries 2 and 3). These results showed
the role of the hydroxyl group of 2-HEAA in imparting the
catalytic property and indicates that 2-HEAA can act as a
functionalized or task-specific ionic liquid in this method.
We have also found that lengthening of the alkyl chain in
[HO(CH2)nNH3

+][AcO–] has no influence on the efficiency
of the ionic liquid (Table 3, entries 4 and 5).
We also suggest a plausible mechanism for the reaction of

1 and aldehydes in the presence of 2-HEAA (Scheme 2). The
process represents a typical tandem reaction in which alde-
hydes first condensed with 1 to form the Knoevegel product
followed by Michael addition with 1 to produce bis(pyra-
zolyl)methanes 2. In this reaction, two spontaneous interac-
tions between NH3

+ and the OH of 2-HEAA with the
carbonyl groups of aldehydes and the methylene group of 1
took place. These interactions activated the reactants and fa-
cilitated formation of the product.
Successful application of 2-HEAA as a reusable ionic

liquid for the one-pot synthesis of bis(pyrazolyl)methanes en-
couraged us to study the applicability of this method for the
synthesis of 2-pyrazolyl-1-nitroalkanes by the reaction of 3-

Table 1. Reaction of 3-methyl-1-phenyl-5-pyrazolone (1) with
benzaldehyde under different reaction conditions.

Entry Catalyst Solvent
Time
(min)

Yield
(%)a

1 Ionic liquid EtOH 15 90
2 Ionic liquid H2O 15 30
3 Ionic liquid CH3CN 60 70
4 Ionic liquid CH2Cl2 60 65
5 Ionic liquid Petroleum ether 60 60
6 Ionic liquid Toluene 60 65
7 Ionic liquid — 30 30

aIsolated yield; reaction conditions: benzaldehyde (1 mmol), 3-methyl-
1-phenyl-5-pyrazolone (1, 2 mmol), catalyst (5 mol%), room temperature.

Scheme 1.
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methyl-1-phenyl-5-pyrazolone with b-nitrostyrene (Scheme 3
and Table 4). As indicated in Table 4, Michael addition of 3-
methyl-1-phenyl-5-pyrazolone with b-nitrostyrenes bearing
electron-withdrawing or electron-releasing groups proceeded
well to afford the corresponding 2-pyrazolyl-1-nitroalkanes
in 83%–95% yields.

Conclusions
In conclusion, we have successfully developed a new and

simple protocol for the synthesis of bis(pyrazolyl)methanes
via a one-pot tandem Knoevenagel–Michael reaction in the
presence of 2-HEAA as a task-specific ionic liquid. This sim-
ple procedure allows a series of bis(pyrazolyl)methanes to be
synthesized in good to high yields from the reaction of aryl,
heteroaryl, or alkyl aldehydes and 3-methyl-1-phenyl-5-pyra-
zolone at room temperature. The method was also applicable
for the synthesis of 2-pyrazolyl-1-nitroalkanes via Michael
addition reaction of 3-methyl-1-phenyl-5-pyrazolone with b-
nitrostyrene in short reaction times. The present protocol of-

fers several advantages such as using a reusable and cost-
effective ionic liquid, an environmentally benign reaction
media, being amenable to scale-up, and good to high yields
of the products.

Experimental section

General procedures and materials
Chemicals were purchased from the Merck and Fluka

Chemical Companies. Melting points were determined by a
Buchi 510 apparatus and are uncorrected. IR spectra were
run on a PerkinElmer 780 instrument. NMR spectra were re-
corded on a Bruker Avance DPX-250, 400, or 500. Mass
spectra were recorded on a Shimadzu GC–MS QP5050A
spectrometer operating at an ionization potential of 70 eV.
Conductivities were measured by an Istek 915PDC apparatus
at 25 °C. The electrochemical measurements were performed
by a Solartron Electrochemical Interface model 1287 at 25 °C.
The purity of the products and the progress of the reactions
were accomplished by TLC on silica gel polygram SILG/
UV254 plates. Elemental analysis for C, H, and N were ob-
tained by using an Elementar Vario EL III.

A typical procedure for the synthesis of 2-HEAA
2-HEAA was prepared according to a previously reported

procedure.43 A solution of acetic acid (50 mmol, 3.00 g) in
EtOH (1.5 mL) was added dropwise to a stirring solution of
2-aminoethanol (50 mmol, 3.05 g) in EtOH (1.5 mL) at room
temperature within 1 h. The resultant solution was stirred at
room temperature for another 20 h. EtOH was removed in va-
cuo, and the oil residue was dried in vacuo at 50 °C for 48 h
to give 2-HEAA as a yellow viscous liquid (pH 7.96 at 25 °C,
bp 191 °C, density = 1.11 g cm–3 at 25 °C, electrochemical
stability between –0.6 and 0.7 V, relative viscosity = 9390.6
at 25 °C, conductivity = 263.3 µs cm–1).

General procedure for the synthesis of bis(pyrazolyl)
methanes (2)
2-HEAA (5 mol%) was added to a mixture of aldehyde

(1 mmol) and 1 (2 mmol) in EtOH (4 mL) at room tempera-
ture. The mixture was stirred at room temperature for the

Table 2. Synthesis of bis(pyrazolyl)methanes 2a–2k catalyzed by 2-hydroxyethyl-
ammonium acetate (2-HEAA).

Entry (Ref.) Aldehyde Product
Time
(min)

Yield
(%)a

1 (27) 3-Methylbenzaldehyde 2a 15 91
2 (30, 33) 4-Chlorobenzaldehyde 2b 15 92
3 (30) 4-Bromobenzaldehyde 2c 12 93
4 (30) 4-Nitrobenzaldehyde 2d 5 95
5 (27) 4-Cyanobenzaldehyde 2e 5 95
6 (30) 4-Hydroxybenzaldehyde 2f 30 74
7 (27) Terephthaldehydeb 2g 40 85
8 (30) Naphthalene-2-carbaldehyde 2h 40 81
9 (30) Thiephene-2-carbaldehyde 2i 40 85
10 (30) Isobutyraldehyde 2j 30 92
11 (30) n-Butyraldehyde 2k 15 83

aIsolated yield; reaction conditions: 2-HEAA (5 mol %), EtOH, room temperature.
bReaction conditions: terephthaldehyde (1 mmol), and 3-methyl-1-phenyl-5-pyrazolone

(1, 4 mmol), 2-HEAA (5 mol %), EtOH (4 mL), room temperature.

Fig. 1. 4-[(5-Hydroxy-3-methyl-1-phenyl-1H-pyrazol-4-yl)-phenyl-
methyl]-5-methyl-2-phenyl-1,2-dihydropyrazol-3-ones.

Table 3. The coupling reaction of benzaldehyde and 3-methyl-
1-phenyl-5-pyrazolone (1) in the presence of different
[X(CH2)nNH3

+][AcO–].

Entry [X(CH2)nNH3
+][AcO–] Time Yield (%)a

1 — 20 h 40
2 n = 2, X = H 1 h 81
3 n = 2, X = OH 20 min 90
4 n = 3, X = OH 20 min 90
5 n = 5, X = OH 15 min 92

aIsolated yield. Reaction conditions: benzaldehyde (1 mmol), 3-
methyl-1-phenyl-5-pyrazolone (1, 2 mmol), ionic liquid (5 mol %),
EtOH (4 mL), room temperature.
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appropriate time (Table 2). After evaporation of the solvent,
water (10 mL) was added to the reaction mixture and the
resulting solid was filtered and washed three times with
H2O (5 mL). The pure product (2) was obtained from this
solid by recrystallization in EtOH.

4,4’-[(3-Methylphenyl)methylene]bis(3-methyl-1-phenyl-
pyrazol-5-ol) (2a)
White solid; yield: 91%, 0.41 g; mp 193–194 °C. IR (nmax,

cm–1): 3023 (O–H). 1H NMR (400 MHz, DMSO-d6) dH: 2.25
(3H, s, CH3), 2.31 (6H, s, CH3), 4.91 (1H, s, CH), 6.98 (1H,
d, 3JHH = 7.6 Hz, Ar), 7.06 (1H, s, Ar), 7.07 (1H, d, 3JHH =
6.8 Hz, Ar), 7.16 (1H, t, 3JHH = 7.2 Hz, Ar), 7.25 (2H, t,

3JHH = 7.2 Hz, Ar), 7.44 (4H, t, 3JHH = 7.6 Hz, Ar), 7.71
(4H, d, 3JHH = 7.6 Hz, Ar), 13.98 (2H, br s, OH). 13C NMR
(100 MHz, DMSO-d6) dC: 12.1, 21.7, 33.6, 121.0, 124.8,
126.0, 127.1, 128.2, 128.5, 129.4, 137.5, 142.7, 146.7. MS
m/z (%): 276 (28.4), 174 (21).

4,4’-[(4-Chlorophenyl)methylene]bis(3-methyl-1-phenyl-
pyrazol-5-ol) (2b)
White solid; yield: 92%, 0.43 g; mp 212–214 °C. IR (nmax,

cm–1): 3044 (O–H). 1H NMR (500 MHz, DMSO-d6) dH: 2.32
(6H, s, CH3), 4.97 (1H, s, CH), 7.26 (4H, d, 3JHH = 8.2 Hz,
Ar), 7.34 (2H, d, 3JHH = 8.0 Hz, Ar), 7.44 (4H, t, 3JHH =
7.14 Hz, Ar), 7.71 (4H, d, 3JHH = 7.6 Hz, Ar), 12.40 (1H,
br s, OH), 13.87 (1H, br s, OH). 13C NMR (125 MHz,
DMSO-d6) dC: 33.4, 40.1, 121.4, 126.4, 128.9, 129.8, 130.0,
131.4, 142.0, 147.1. MS m/z (%) 296 (6.3), 174 (14.0).

4,4’-[(4-Bromophenyl)methylene]bis(3-methyl-1-phenyl-
pyrazol-5-ol) (2c)
White solid; yield: 93%, 0.48 g; mp 215–216 °C. 1H NMR

(400 MHz, DMSO-d6) dH: 2.32 (6H, s, CH3), 4.95 (1H, s,
CH), 7.19 (2H, d, 3JHH = 8.0 Hz, Ar), 7.23–7.26 (2H, m,
Ar), 7.42–7.48 (6H, m, Ar), 7.69 (4H, d, 3JHH = 7.6 Hz,
Ar), 12.52 (1H, br s), 13.87 (2H, br s, OH). 13C NMR
(100 MHz, DMSO-d6) dC: 12.1, 33.0, 119.5, 121.0, 126.1,
129.34, 130.0, 131.4, 142.1, 146.7.

4,4’-[(4-Nitrophenyl)methylene]bis(3-methyl-1-phenyl-
pyrazol-5-ol) (2d)
Yellow solid; yield: 95%, 0.46 g; mp 229–231 °C. IR

(nmax, cm–1): 3056 (O–H). 1H NMR (500 MHz, DMSO-d6)
dH: 2.35 (6H, s, CH3), 5.13 (1H, s, CH), 7.25–7.27 (2H, m,
Ar), 7.44 (4 H, t, 3JHH = 7.0 Hz, Ar), 7.52 (2H, d, 3JHH =
8.1 Hz, Ar), 7.71 (4H, d, 3JHH = 7.6 Hz, Ar), 8.17 (2H, d,
3JHH = 8.2 Hz, Ar), 13.86 (2H, br s, OH). 13C NMR
(125 MHz, DMSO-d6) dC: 34.1, 56.9, 121.5, 124.2, 126.6,
129.5, 129.8, 146.8, 147.2, 151.2. MS m/z (%): 307 (9.2),
174 (18.3).

Scheme 2.

Scheme 3.

Table 4. Synthesis of 2-pyrazolyl-1-nitroalkanes 3a–3g cata-
lyzed by 2-hydroxyethylammonium acetate (2-HEAA).

Entry (Ref.) R Product
Time
(min)

Yield
(%)a

1 (35) C6H5 3a 10 83
2 (34) 2-CH3OC6H4 3b 8 91
3 4-CH3C6H4 3c 8 84
4 4-ClC6H4 3d 5 95
5 4-NO2C6H4 3e 5 95
6 4-BrC6H4 3f 8 95
7 2-Thienyl 3g 10 88

aIsolated yield. Reaction conditions: 3-methyl-1-phenyl-5-pyrazolone
(1, 1 mmol), b-nitrostyrene (1 mmol), 2-HEAA (5 mol %), EtOH
(4 mL), room temperature.
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4,4’-[(4-Cyanophenyl)methylene]bis(3-methyl-1-phenyl-
pyrazol-5-ol) (2e)
White solid; yield: 95%, 0.44 g; mp 210–212 °C. IR (nmax,

cm–1): 3090 (O–H). 1H NMR (500 MHz, DMSO-d6) dH: 2.33
(6H, s, CH3), 5.07 (1H, s, CH), 7.25 (2H, t, 3JHH = 7.3 Hz,
Ar), 7.42–7.46 (6H, m, Ar), 7.40 (4H, d, 3JHH = 7.8 Hz, Ar),
7.76 (2H, d, 3JHH = 8.3 Hz, Ar), 13.89 (2H, br s, OH). 13C
NMR (125 MHz, DMSO-d6) dC: 18.5, 32.4, 114.8, 120.5,
125.5, 128.1, 128.9, 132.3, 137.4, 146.2, 155.5.

4,4’-[(4-Hydroxyphenyl)methylene]bis(3-methyl-1-phenyl-
pyrazol-5-ol) (2f)
Yellow solid; yield: 74%, 0.33 g; mp 150–151 °C. IR

(nmax, cm–1): 3420 (O–H). 1H NMR (500 MHz, DMSO-d6)
dH: 2.31 (6H, s, CH3), 4.86 (1H, s, CH), 6.67 (2H, d, 3JHH =
8.02 Hz, Ar), 7.06 (2H, d, 3JHH = 8.5 Hz, Ar), 7.24 (2H, t,
3JHH = 7.0 Hz, Ar), 7.44 (4H, t, 3JHH = 8.0 Hz, Ar), 7.72
(4H, d, 3JHH = 8.0 Hz, Ar), 9.16 (1H, br s, OH), 12.40 (1H,
br s, OH), 13.95 (1H, br s, OH). 13C NMR (125 MHz,
DMSO-d6) dC: 12.5, 33.2, 115.7, 121.4, 126.4, 128.9, 129.8,
133.2, 143.6, 147.0, 156.4. MS m/z (%): 279 (30.2), 174
(91.4).

1,4-Diphenylene-4,4’-(methylene)bis(3-methyl-1-phenyl-
pyrazol-5-ol) (2g)
Yellow solid; yield: 85%, 0.67 g; mp 194–196 °C. 1H

NMR (500 MHz, DMSO-d6) dH: 2.29 (12H, s, CH3), 5.05
(2H, s, CH), 7.17 (4H, s, Ar), 7.22 (4H, t, 3JHH = 7.1 Hz,
Ar), 7.41 (8H, t, 3JHH = 7.8 Hz, Ar), 7.69 (8H, d, 3JHH =
8.0 Hz, Ar), 12.41 (2H, br s, OH), 14.11 (2H, s, OH). 13C
NMR (125 MHz, DMSO-d6) dC: 12.5, 33.7, 121.5, 127.8,
129.7, 140.9, 147.0, 155.0.

4,4’-[(2-Naphthyl)methylene]bis(3-methyl-1-phenyl-pyrazol-
5-ol) (2h)
Pale yellow solid; yield: 81%, 0.39 g; mp (dec.) 194 °C.

IR (nmax, cm–1): 3055 (O–H). 1H NMR (400 MHz, DMSO-
d6) dH: 2.49 (6H, s, CH3), 5.29 (1H, s, CH), 7.35 (2H, t,
3JHH = 7.2 Hz, Ar), 7.42 (1H, d, 3JHH = 8.4 Hz, Ar), 7.45–
7.48 (2H, m, Ar), 7.50 (4H, t, 3JHH = 7.6 Hz, Ar), 7.73 (4H,
d, 3JHH = 7.6 Hz, Ar), 7.76 (1H, s, Ar), 7.84–7.88 (3H, m,
Ar). 13C NMR (100 MHz, DMSO-d6) dC: 11.4, 33.1, 105.5,
122.3, 125.5, 126.1, 126.5, 126.7, 127.5, 127.8, 128.3, 128.4,
129.6, 132.2, 133.3, 135.9, 139.1, 146.5.

4,4’-[(2-Thienyl)methylene]bis(3-methyl-1-phenyl-pyrazol-5-
ol) (2i)
White solid; yield: 85%, 0.37 g; mp 190–192 °C. IR (nmax,

cm–1): 3420 (O–H). 1H NMR (500 MHz, DMSO-d6) dH: 2.38
(6H, s, CH3), 5.11 (1H, s, CH), 6.90 (2H, d, 3JHH = 8.5 Hz,
Ar), 7.09–7.48 (7H, m, Ar), 7.77–7.85 (4H, m, Ar), 13.56
(2H, br s, OH). 13C NMR (125 MHz, DMSO-d6) dC: 12.5,
33.2, 121.3, 125.0, 125.1, 128.2, 128.6, 131.5, 131.9, 134.2,
139.8, 144.3, 154.9. MS m/z (%): 268 (100), 174 (71).

4,4’-[(isoPropyl)methylene]bis(3-methyl-1-phenyl-pyrazol-5-
ol) (2j)
White solid; yield: 92%, 0.37 g; mp 210–212 °C. IR (nmax,

cm–1): 3428 (O–H). 1H NMR (500 MHz, DMSO-d6) dH: 0.84
(6H, d, 3JHH = 7.9 Hz, CH3), 2.21 (6H, s, CH3), 2.55–2.69
(1H, m, CH), 2.97–3.08 (1H, m, CH), 7.25–7.28 (2H, m,

Ar), 7.40–7.48 (4H, m, Ar), 7.71–7.43 (4H, m, Ar), 11.93
(1H, br s, OH), 13.64 (1H, br s, OH). MS m/z (%): 228
(21), 174 (33).

4,4’-[(n-Buthyl)methylene]bis(3-methyl-1-phenyl-pyrazol-5-
ol) (2k)
White solid; yield: 83%, 0.34 g; mp 125–127 °C. IR (nmax,

cm–1): 3420 (O–H). 1H NMR (400 MHz, DMSO-d6) dH: 0.85
(3H, t, 3JHH = 7.2 Hz, CH3), 1.16–1.19 (2H, m, CH2), 1.27–
1.32 (2H, m, CH2), 1.92–1.96 (2H, m, CH2), 2.92 (6H, s, CH3),
3.53 (1H, t, 3JHH = 8.0 Hz, CH), 4.00 (2H, br s, OH), 7.33 (2H,
t, 3JHH = 7.2 Hz, Ar), 7.49 (4H, t, 3JHH = 8.0 Hz, Ar), 7.68 (4H,
d, 3JHH = 8.0 Hz, Ar). 13C NMR (100 MHz, DMSO-d6) dC:
10.9, 14.3, 22.4, 28.28, 30.0, 31.7, 106.4, 122.6, 127.9, 129.7,
135.0, 145.7, 158.6. MSm/z (%): 243 (23.3), 174 (100).

General procedure for the synthesis of 2-pyrazolyl-1-
nitroalkanes (3)
2-HEAA (5 mol %) was added to a mixture of b-nitrosty-

rene (1 mmol) and 1 (1 mmol) in EtOH (4 mL) at room tem-
perature. The mixture was stirred at room temperature for the
appropriate time (Table 4). After evaporation of the solvent,
water (10 mL) was added to the reaction mixture, and the re-
sulting solid was filtered and washed three times with H2O
(5 mL). The pure product (3) was obtained from this solid
by recrystallization in EtOH.

3-Methyl-4-[2-nitro-1-(phenylethyl)ethyl]-1-phenyl-5-
pyrazolone (3a)
White solid; yield: 83%, 0.32 g; mp 89–90 °C. IR (nmax,

cm–1): 2901 (O–H). 1H NMR (400 MHz, DMSO-d6) dH:
2.51 (3H, s, CH3), 4.58 (1H, t, 3JHH = 8.0 Hz, CH), 5.31
(1H, dd, 3JHH = 8.0 Hz, 3JHH = 7.6 Hz, CH2), 5.37 (1H, dd,
3JHH = 8.8 Hz, 3JHH = 6.8 Hz, CH2), 7.20 (1H, d, 3JHH =
7.2 Hz, Ar), 7.25 (1H, d, 3JHH = 7.2 Hz, Ar), 7.33 (2H, t,
3JHH = 7.6 Hz, Ar), 7.44 (2H, t, 3JHH = 8.0 Hz, Ar), 7.50
(2H, t, 3JHH = 7.6 Hz, Ar), 7.71 (2H, d, 3JHH = 8.0 Hz, Ar),
11.23 (1H, br s, OH).

3-Methyl-4-[2-nitro-1-(2-methoxyphenyl)ethyl]-1-phenyl-5-
pyrazolone (3b)
White solid; yield: 91%, 0.32 g; mp 147–149 °C. IR (nmax,

cm–1): 2955 (O–H). 1H NMR (400 MHz, DMSO-d6) dH: 2.16
(3H, s, CH3), 3.85 (3H, s, OCH3), 4.95 (1H, dd, 3JHH =
7.6 Hz, 3JHH = 6.8 Hz, CH), 5.15 (1H, dd, 3JHH = 14.2 Hz,
3JHH = 6.6 Hz, CH2), 5.36 (1H, dd, 3JHH = 8.8 Hz, 3JHH =
6.6 Hz, CH2), 6.91 (1H, t, 3JHH = 7.6 Hz, Ar), 7.01 (1H, d,
3JHH = 8.4 Hz, Ar), 7.19 (1H, t, 3JHH = 7.6 Hz, Ar), 7.24 (1H,
t, 3JHH = 8.0 Hz, Ar), 7.43 (2H, t, 3JHH = 8.0 Hz, Ar), 7.51
(1H, d, 3JHH = 7.2 Hz, Ar), 7.70 (2H, d, 3JHH = 8.6 Hz, Ar).
13C NMR (100 MHz, DMSO-d6) dC: 11.7, 32.1, 56.0, 57.9,
76.1, 102.4, 111.3, 119.1, 120.7, 124.9, 127.5, 128.5, 128.6,
129.3, 137.8, 148.3, 156.5. MS m/z (%): 353 (3.6), 173 (30.8),
77 (100), 91 (64.8). Anal. calcd for C19H19N3O4 (353.14) (%):
C 64.58, H 5.42, N, 11.89; found: C 64.64, H 5.48, N 11.91.

3-Methyl-4-[2-nitro-1-(4-methylphenyl)ethyl]-1-phenyl-5-
pyrazolone (3c)
White solid; yield: 84%, 0.28 g; mp 80–81 °C. IR (nmax,

cm–1): 2994 (O–H). 1H NMR (400 MHz, CDCl3) dH: 1.93
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(3H, s, CH3), 2.31 (3H, s, CH3), 4.42 (1H, t, 3JHH = 8.0 Hz,
CH), 4.81 (1H, dd, 3JHH = 12.8 Hz, 3JHH = 6.8 Hz, CH2),
5.20 (1H, dd, 3JHH = 12.0 Hz, 3JHH = 9.6 Hz, CH2), 7.06
(3H, d, 3JHH = 8.0 Hz, Ar), 7.13 (2H, t, 3JHH = 7.2 Hz, Ar),
7.20 (2H, d, 3JHH = 8.0 Hz, Ar), 7.30 (2H, d, 3JHH = 8 Hz,
Ar), 10.9 (1H, br s, OH). 13C NMR (100 MHz, CDCl3) dC:
10.6, 21.0, 39.3, 76.8, 103.4, 120.7, 125.6, 127.4, 128.8,
129.5, 135.6, 136.2, 136.5, 137.1, 146.9. MS m/z (%): 337
(3.6), 118 (100), 42 (30.0); Anal. calcd for C19H19N3O3
(337.14) (%): C 67.64, H 5.68, N 12.46; found: C 67.54, H
5.71, N 12.39.

3-Methyl-4-[2-nitro-1-(4-chlorophenyl)ethyl]-1-phenyl-5-
pyrazolone (3d)
White solid; yield: 95%, 0.34 g; mp 155–156 °C. IR (nmax,

cm–1): 2900 (O–H). 1H NMR (400 MHz, CDCl3) dH: 1.91
(3H, s, CH3), 4.39 (1H, t, 3JHH = 7.6 Hz, CH), 4.78 (1H,
dd, 3JHH = 13.0 Hz, 3JHH = 6.8 Hz, CH2), 5.12 (1H, dd,
3JHH = 12.6 Hz, 3JHH = 8.8 Hz, CH2), 7.12 (1H, d, 3JHH =
8.0 Hz, Ar), 7.15 (3H, t, 3JHH = 6.8 Hz, Ar), 7.17–7.28 (5H,
m, Ar), 11.10 (1H, br s, OH). 13C NMR (100 MHz, CDCl3)
dC: 10.5, 14.2, 39.0, 76.5, 120.9, 126.3, 128.9, 129.0, 129.1,
129.3, 133.3, 136.9, 137.7, 146.7. MS m/z (%): 358 (3.3),
360 (1.1), 139 (3.3), 141 (1.1), 42 (CNO, 100). Anal. calcd
for C18H16ClN3O3 (357.09) (%): C 60.42, H 4.51, N 11.74;
found: C 60.51, H 4.55, N 11.81.

3-Methyl-4-[2-nitro-1-(4-nitrophenyl)ethyl]-1-phenyl-5-
pyrazolone (3e)
White solid; yield: 94%, 0.34 g; mp 176–180 °C. IR (nmax,

cm–1): 2832 (O–H). 1H NMR (400 MHz, CDCl3) dH: 2.24
(3H, s, CH3), 4.65 (1H, t, 3JHH = 7.2 Hz, CH), 5.08 (1H, dd,
3JHH = 13.4 Hz, 3JHH = 7.2 Hz, CH2), 5.41 (1H, dd, 3JHH =
13.2 Hz, 3JHH = 8.8 Hz, CH2), 7.22 (1H, t, 3JHH = 7.2 Hz,
Ar), 7.38 (2H, t, 3JHH = 7.6 Hz, Ar), 7.55 (2H, d, 3JHH =
7.6 Hz, Ar), 7.7 (2H, d, 3JHH = 8.8 Hz, Ar), 8.2 (2H, d, 3JHH
= 8.4 Hz, Ar). 13C NMR (100 MHz, CDCl3) dC: 11.3, 39.7,
75.9, 120.0, 124.2, 124.4, 126.2, 128.8, 129.0, 129.3, 136.0,
146.2, 147.3, 148.4. MS m/z: 368 (1.2), 149 (2.9), 42 (100).
Anal. calcd for C18H16N4O5 (368.11) (%): C 58.69, H 4.38, N
15.21; found: C 58.71, H 4.44, N 15.11.

3-Methyl-4-[2-nitro-1-(4-bromophenyl)ethyl]-1-phenyl-5-
pyrazolone (3f)
White solid; yield: 95%, 0.38 g; mp 169–170 °C. IR (nmax,

cm–1): 2703 (O–H). 1H NMR (400 MHz, CDCl3) dH: 2.18
(3H, s, CH3), 4.62 (1H, dd, 3JHH = 8.8 Hz, 3JHH = 6.8 Hz,
CH), 5.36 (2H, dd, 3JHH = 8.4 Hz, 3JHH = 6.8 Hz, CH2),
7.22 (2H,d, 3JHH = 8.0 Hz, Ar), 7.45 (3H, t, 3JHH = 6.8 Hz,
Ar), 7.53 (2H, d, 3JHH = 8.0 Hz, Ar), 7.70 (2H, d, 3JHH =
7.6 Hz, Ar), 11.33 (1H, br s, OH). 13C NMR (100 MHz,
CDCl3) dC: 11.4, 38.6, 76.8, 103.2, 119.2, 120.7, 125.3,
129.4, 130.4, 131.9, 137.4, 139.9, 148.1. MS m/z: 401 (2.0),
403 (1.6), 226 (2.1), 228 (2.3), 173 (77.6), 76 (100). Anal.
calcd for C18H16BrN3O3 (401.04) (%): C 53.75, H 4.01, N
10.45; found: C 53.85, H 4.21, N 10.38.

3-Methyl-4-[2-nitro-1-(thiophen-2-yl)ethyl]-1-phenyl-5-
pyrazolone (3g)
White solid; yield: 88%, 0.29 g; mp 124–125 °C. IR (nmax,

cm–1): 2802 (O–H). 1H NMR (400 MHz, CDCl3) dH: 2.13

(3H, s, CH3), 4.91 (1H, t, 3JHH = 8.0 Hz, CH), 5.32 (2H,
dd, 3JHH = 8.8 Hz, 3JHH = 6.8 Hz, CH2), 6.97 (1H, dd,
3JHH = 6.6 Hz, 3JHH = 3.6 Hz, Ar), 7.11 (1H, d, 3JHH =
6.8 Hz, Ar), 7.22 (1H, t, 3JHH = 7.2 Hz, Ar), 7.39 (1H, d,
3JHH = 5.2 Hz, Ar), 7.45 (2H, t, 3JHH = 8.0 Hz, Ar), 7.71
(2H, d, 3JHH = 8.2 Hz, Ar), 11.35 (1H, br s, OH). 13C NMR
(100 MHz, CDCl3) dC: 11.1, 34.3, 77.3, 103.8, 119.0, 121.2,
125.4, 127.4, 129.4, 137.3, 143.0, 148.2, 162.4. Anal. calcd
for C16H15N3O3 S (329.08) (%): C 58.34, H 4.59, N 12.76;
found: C 58.25, H 4.50, N 12.69.
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