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Three multicomponent reactions of 3,5-dimethyl-4-nitroisoxazole
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Abstract—The title compound is used to prepare 3-arylglutaric acids, bis-isoxazoles and bis-pyrazoles from commercially available materials.
The methodologies described have afforded important synthetic intermediates in high yields and without the use of chromatography.
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1. Introduction

Glutaric acid and its derivatives are important constituents in
several pharmaceutically significant natural products and
have a wide variety of uses in medicinal chemistry.1–5 The
most prominent examples are (R)-Baclofen, a selective
GABAB receptor agonist,1–3 and some NK-receptor antago-
nists.4,5 As a part of our ongoing studies regarding the use of
3,5-dimethyl-4-nitroisoxazole 1 (Fig. 1) for the development
of multicomponent syntheses, we envisaged a novel fast
synthesis of 3-arylglutaric acids. Our approach to the de-
velopment of diversity orientated synthesis is based on
the optimisation of multicomponent procedures that allow
the preparation of compounds in a modular fashion and
under homogeneous reaction conditions.6–12 For example,
we have shown that 1 could be employed efficiently for
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Figure 1. Retrosynthetic analysis of target 5.
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the preparation of spiroisoxazolines,6,7 heteroarylpropionic
acids8–10 or 3-indolepropionic acids.11

A retrosynthetic analysis of target 5 showed that 3,5-
dimethyl-4-nitroisoxazole 1 could be employed as a starting
material (Fig. 1).

We have extensively studied the condensation of isoxazole 1
with aromatic aldehydes, as a means of generating com-
pounds 3.12 During these studies we found that when isox-
azole 1 and an aldehyde 2 were reacted in the presence of
stoichiometric amounts of piperidine base, compound 4
was obtained as a side product.13 Therefore, it was thought
that compound 4 could be obtained as the major product
of the reaction by adjusting the ratio of reactants 1 and 2.
Once prepared, compound 4 would then serve as a precursor
to generate the desired 3-arylglutaric acid 5.

2. Results and discussion

We started our investigation from the preparation of com-
pound 4d (Scheme 1). In a test experiment we reacted
1.0 equiv of benzaldehyde with 2.2 equiv of isoxazole 1
in the presence of 1.0 equiv of piperidine base. We were
delighted to observe that under these conditions compound
4d was obtained as the sole product of the reaction. The gen-
erality of this process was demonstrated by the preparation
of a small family of compounds 4a–f obtained by variation
of the aldehyde component (Scheme 1 and Table 1). We
have tried to implement this procedure by decreasing the
amount of base employed, but when less than 1 equiv of
piperidine was used the reaction failed to reach completion
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and variable amounts of compound 3d (Ar¼Ph) appeared as
the side product.

With compound 4d in hand, we studied its conversion to 3-
phenylglutaric acid 5d (Scheme 2). We firstly tried to hydro-
lyse the isoxazole cores using NaOH. It was hoped that
under the reaction conditions the isoxazole core would have
revealed a carboxylate, a reaction we have employed be-
fore.8–11 Therefore, compound 4d was reacted with NaOH
under a wide number of reaction conditions. We have inves-
tigated the effect of temperature, reaction time, solvent
(mixtures of tetrahydrofuran, 1,4-dioxane or acetonitrile
and water) and amount of NaOH. However, compound 5d
could never be isolated. Although in these reactions com-
pound 4d was rapidly consumed, desired acid 5d was not
formed. Considering that 4-nitroisoxazoles could be con-
verted to carboxylates also by treatment with KMnO4, we re-
acted compound 4d with a diluted solution of this oxidant in
an acetone/water mixture (Scheme 2). We were delighted to
observe that by using this procedure compound 5d could be

Table 1. One-pot synthesis of bis-isoxazoles 4a–f

Entry Compound Ar Yielda %

1 4a p-Tolyl 63
2 4b p-OMe–C6H4 68
3 4c p-Cl–C6H4 61
4 4d Ph 65
5 4e p-NO2–C6H4 51
6 4f p-CN–C6H4 54

a Isolated yields after chromatography.
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Scheme 2. Synthesis of 3-phenylglutaric acid 5d.
isolated in 71% yield. We have attempted the transformation
of 4d to 5d using milder oxidising agents including Oxone�,
tBuOOH or m-CPBA, but no acid 5d could be detected in
these experiments.

We also established a one-pot procedure for the synthesis of
compounds 5a–f (Scheme 3 and Table 2). Generally 1
(2.2 equiv) and 2a–f (1.0 equiv) were reacted with piper-
idine (1.0 equiv) in tetrahydrofuran (10 mL) at 70 �C for
12 h. Then a solution of potassium permanganate (12 equiv)
in a mixture of water (30 mL) and acetone (10 mL) was
added. After 5 h the mixture was worked up, the solvent
evaporated and the solid compounds 5a–f so obtained
were filtered and recrystallised from an ethyl acetate/toluene
mixture (1:1). Importantly, compounds 5a–f were obtained
pure and in good yields without the use of chromatography
(Table 2).

One important feature of 4-nitroisoxazoles is their ability to
undergo conversion to a 4-nitropyrazolyl group when re-
acted with hydrazines.9,10,14 This is a very efficient process
that furnished 4-nitropyrazoles in excellent yields using
just 1 equiv of hydrazine.9,10 In order to expand the range
of compounds obtainable from isoxazole 1, we reacted 4d
with hydrazine hydrate. We were delighted to observe that
a di-pyrazole 6d was formed in high yields. We also demon-
strated that compounds 6a–f could be prepared in a one-pot
fashion directly from component 1, 2a–f and hydrazine
(Scheme 3 and Table 3).

In conclusion we have expanded the range of compounds ob-
tainable from isoxazole 1. The reported methodologies are
simple to execute, rely on inexpensive starting materials
and the products are obtained in good to excellent yields
without the use of chromatography. Therefore, they consti-
tute useful tools for those studies in which the rapid genera-
tion of families of compounds is required.

Table 2. One-pot synthesis of compounds 5a–f

Entry Compound Ar Yielda %

1 5a p-Tolyl 61
2 5b p-OMe–C6H4 59
3 5c p-Cl–C6H4 63
4 5d Ph 60
5 5e p-NO2–C6H4 54
6 5f p-CN–C6H4 58

a Isolated yields after crystallisation from ethyl acetate/toluene.
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3. Experimental section

3.1. General experimental

1H and 13C NMR spectra were recorded on a 200 or a
400 MHz spectrometer at ambient temperatures. 1H NMR
spectral assignments are supported by 1H–1H COSY and
13C–1H COSY where necessary. For 1H NMR recorded in
CDCl3 chemical shifts (dH) are quoted in parts per million
(ppm) and are referenced to the residual solvent peak. The
following abbreviations are used: s, singlet; d, doublet; t,
triplet; dd, doublet of doublets; dt, doublet of triplets; tt, trip-
let of triplets; m, multiplet and br, broad. Coupling constants
(J) were recorded in hertz (Hz) to the nearest 0.5 Hz. Carbon
spectra are supported by DEPT analysis where necessary.
Infrared (IR) spectra were recorded as thin films between
NaCl plates. Absorption maximum (nmax) is reported in
wave numbers (cm�1) and only selected peaks are reported.
The following abbreviations are used: w, weak; m, medium;
s, strong and br, broad. High resolution mass spectra were
obtained on a Waters Micro mass LCT and low resolution
mass spectra were recorded on Waters Micro mass Quattro
LCMS spectrometers at 70 eV. Flash chromatography was
carried out using silica gel 60 (0.040–0.063 mm, 230–400
mesh) as the stationary phase. Thin layer chromatography
was carried out on aluminium backed plates pre-coated
with silica gel 60, which were visualised by quenching of
UV fluorescence (lmax¼254 nm) or by staining with either
10% w/v ammonium molybdate in 2 M sulfuric acid or basic
potassium permanganate solution (followed by heat) as
appropriate. Retention factors (Rf) are reported to �0.05.

3.2. General procedure for the preparation of
compounds 4a–f (Table 1)

To a stirred solution of 3,5-dimethyl-4-nitroisoxazole 1
(1.3 g, 9.16 mmol, 2.2 equiv) in ethanol (20 mL), were
added piperidine (354 mg, 4.16 mmol, 1.0 equiv) and an
aromatic aldehyde 2a–f (4.16 mmol). The resulting solution
was reacted at 70–80 �C for 12 h. At the end of this time the
reaction mixture was cooled to room temperature and the
solvent evaporated to reveal a solid that was purified by
column chromatography.

3.2.1. 2-(p-Tolyl)-1,3-di(3-methyl-4-nitroisoxazole-5-yl)
propane 4a. Colourless solid (244 mg, 0.63 mmol, 63%
yield), mp: 74–76 �C (ethanol); Rf¼0.3 (10% ethyl acetate
in petroleum spirits); nmax (KBr)/cm�1: 3264, 1390, 1217;
dH (400 MHz, CDCl3) 7.11–7.07 (4H, m, Ar), 3.90–3.86
(1H, m, CH2CHCH2), 3.71 (2H, dd, J¼15.0, J¼8.0,
CHCH2), 3.54 (2H, dd, J¼15.0, J¼8.0, CHCH2), 2.51
(6H, s, CH3C]N), 2.30 (3H, s, CH3–Ar); dC (100.6 MHz,

Table 3. One-pot synthesis of compounds 6a–f

Entry Compound Ar Yielda %

1 6a p-Tolyl 92
2 6b p-OMe–C6H4 90
3 6c p-Cl–C6H4 94
4 6d Ph 91
5 6e p-NO2–C6H4 96
6 6f p-CN–C6H4 95

a Isolated yields after crystallisation.
CDCl3) 171.6, 155.1, 137.3, 135.9, 130.5, 129.2, 126.2,
40.6, 33.4, 20.6, 11.2; HRMS found: [M�H+] 385.1159,
C18H17N4O6 requires 385.1148; m/z: 385 (100%, M�H+).

3.2.2. 2-(4-Methoxyphenyl)-1,3-di(3-methyl-4-nitroisox-
azole-5-yl) propane 4b. Colourless solid (200 mg,
0.68 mmol, 68% yield), mp: 81–88 �C (ethanol); Rf¼0.2
(10% ethyl acetate in petroleum spirits); nmax (KBr)/cm�1:
3346, 1433, 1247; dH (400 MHz, CDCl3) 7.12 (2H, d,
J¼8.0, Ar), 6.80 (2H, d, J¼8.0, Ar), 3.87–3.85 (1H, m,
CH2CHCH2), 3.76 (3H, s, CH3O–Ar), 3.70 (2H, dd,
J¼15.0, J¼6.0, CHCH2), 3.53 (2H, dd, J¼15.0, J¼6.0,
CHCH2), 2.50 (6H, s, CH3C]N); dC (100.6 MHz, CDCl3)
171.6, 155.1, 130.8, 130.1, 127.5, 127.1, 113.9, 54.7, 40.3,
33.5, 11.3 (CH3C]N); HRMS found: [M�H+] 401.3615,
C18H17N4O7 requires 401.3623; m/z: 293 (100%, M�H+).

3.2.3. 2-(4-Chlorophenyl)-1,3-di(3-methyl-4-nitroisox-
azole-5-yl) propane 4c. Colourless solid (248 mg,
0.61 mmol, 61% yield), mp: 91–93 �C (ethanol); nmax

(KBr)/cm�1: 3369, 1429, 1371; Rf¼0.3 (10% ethyl acetate
in petroleum spirits); dH (400 MHz, CDCl3) 7.28 (2H, d,
J¼8.0, Ar), 7.17 (2H, d, J¼8.0, Ar), 3.94–3.90 (1H, m,
CH2CHCH2), 3.72 (2H, dd, J¼14.0, J¼6.0, CHCH2), 3.54
(2H, dd, J¼14.0, J¼6.0, CHCH2), 2.52 (6H, s, CH3C]N);
dC (100.6 MHz, CDCl3) 171.2, 155.2, 137.4, 133.5, 130.8,
128.8, 127.8, 40.3, 33.2, 11.2; HRMS found: [M�H+]
405.0591, C17H14N4O6Cl requires 405.0602; m/z: 405
(100%, M�H+).

3.2.4. 2-Phenyl-1,3-di(3-methyl-4-nitroisoxazole-5-yl)
propane 4d. Colourless solid (242 mg, 0.65 mmol, 65%
yield), mp: 89–91 �C (ethanol); Rf¼0.4 (10% ethyl acetate
in petroleum spirits); nmax (KBr)/cm�1: 3006, 1412, 1396;
dH (400 MHz, CDCl3) 7.32–7.25 (3H, m, Ar), 7.23–7.21
(2H, m, Ar), 3.94–3.90 (1H, m, CH2CHCH2), 3.74 (2H,
dd, J¼14.0, J¼6.0, CHCH2), 3.56 (2H, dd, J¼14.0, J¼6.0,
CHCH2), 2.51 (6H, s, CH3C]N); dC (100.6 MHz, CDCl3)
171.4, 155.1, 138.9, 131.0, 128.6, 127.6, 126.4, 41.0, 33.3,
11.1; HRMS found: [M�H+] 371.1064, C17H15N4O6 re-
quires 371.1070; m/z: 371.0 (100%, M�H+).

3.2.5. 2-(4-Nitrophenyl)-1,3-di(3-methyl-4-nitroisox-
azole-5-yl) propane 4e. Colourless solid (213 mg,
0.51 mmol, 51% yield), mp: 79–83 �C (ethanol); Rf¼0.2
(10% ethyl acetate in petroleum spirits); nmax (KBr)/cm�1:
3691, 1421, 1217; dH (400 MHz, CDCl3) 8.10 (2H, d,
J¼9.0, Ar), 7.37 (2H, d, J¼9.0, Ar), 4.01–3.97 (1H, m,
CH2CHCH2), 3.69 (2H, dd, J¼15.0, J¼8.0, CHCH2), 3.54
(2H, dd, J¼15.0, J¼8.0, CHCH2), 2.43 (6H, s, CH3C]N);
dC (100.6 MHz, CDCl3) 170.8, 155.8, 147.6, 146.7, 130.5,
128.1, 124.4, 41.0, 33.4, 11.5; HRMS found: [M�H+]
416.0828, C17H14N5O8 requires 416.0842; m/z: 416
(100%, M�H+).

3.2.6. 2-(4-Cyanophenyl)-1,3-di(3-methyl-4-nitroisox-
azole-5-yl) propane 4f. Colourless solid (214 mg,
0.54 mmol, 54% yield), mp: 79–83 �C (ethanol); Rf¼0.2
(10% ethyl acetate in petroleum spirits); nmax (KBr)/cm�1:
3269, 2226, 1417; dH (400 MHz, CDCl3) 7.63 (2H, d,
J¼8.0, Ar), 7.38 (2H, d, J¼8.0, Ar), 4.02–3.90 (1H, m,
CH2CHCH2), 3.74 (2H, dd, J¼15.0, J¼8.0, CHCH2), 3.60
(2H, dd, J¼15.0, J¼8.0, CHCH2), 2.53 (6H, s, CH3C]N);



9744 M. F. A. Adamo et al. / Tetrahedron 63 (2007) 9741–9745
dC (100.6 MHz, CDCl3) 170.4, 155.3, 134.2, 132.5, 130.9,
127.4, 116.8, 112.3, 40.8, 32.9, 11.2; HRMS found:
[M�H+] 396.0932, C18H14N5O6 requires 396.0944; m/z:
396 (100%, M�H+).

3.3. General procedure for the preparation of
compounds 5a–f (Table 2)

To a stirred solution of 3,5-dimethyl-4-nitroisoxazole 1
(0.23 g, 1.6 mmol) in tetrahydrofuran (10 mL), were added
piperidine (138 mg, 1.6 mmol, 1.0 equiv) and an aromatic
aldehyde 2a–f (3.2 mmol, 2.0 equiv). The resulting solution
was reacted at 70–80 �C for 12 h. The reaction mixture was
then cooled to room temperature and treated with a solution
made of potassium permanganate (0.850 g, 5.4 mmol,
12 equiv), water (30 mL) and acetone (10 mL), which was
added dropwise. The addition required 5 h. After this time,
the reaction mixture was treated with saturated solution
of aqueous sodium sulfite (40 mL) and acidified with con-
centrated hydrochloric acid (8.0 mL) to reach pH 1–2. The
reaction mixture was then concentrated and the solid
obtained was filtered and crystallised from mixtures of ethyl
acetate/toluene.

3.3.1. 3-p-Tolyl-pentanedioic acid 5a. Colourless solid
(136 mg, 0.61 mmol, 61% yield), mp: 118–121 �C (ethyl
acetate/toluene 1:1); Rf¼0.3 (40% ethyl acetate in petroleum
spirits); nmax (KBr)/cm�1: 3564, 1744, 1271; dH (400 MHz,
CDCl3) 12.05 (2H, br, CO2H), 7.14 (2H, d, J¼8.0, Ar), 7.07
(2H, J¼8.0, Ar), 3.37 (1H, m, CH2CHCH2), 2.64–2.58 (2H,
m, CH2CH), 2.51–2.44 (2H, m, CHCH2), 2.25 (3H, s, CH3–
Ar); dC (100.6 MHz, CDCl3) 172.8, 140.3, 135.3, 128.7,
127.2, 37.5, 20.5; HRMS found: [M�H+] 221.0886,
C12H13O4 requires 221.0892; m/z: 221 (100%, M�H+).

3.3.2. 3-(4-Methoxyphenyl)-pentanedioic acid 5b. Colour-
less solid (140 mg, 0.59 mmol, 59% yield), mp: 103–106 �C
(ethyl acetate/toluene 1:1); Rf¼0.4 (40% ethyl acetate in
petroleum spirits); nmax (KBr)/cm�1: 3563, 1685, 1298; dH

(400 MHz, CDCl3) 12.10 (2H, br, CO2H), 7.76 (2H, d,
J¼8.0, Ar), 7.49 (2H, J¼8.0, Ar), 3.85 (3H, s, –OCH3),
3.50–3.41 (1H, m, CH2CHCH2), 2.69–2.64 (2H, m,
CH2CH), 2.62–2.56 (2H, m, CHCH2); dC (100.6 MHz,
CDCl3) 174.4, 159.0, 141.8, 128.7, 121.6, 61.3, 35.7, 20.8;
HRMS found: [M�H+] 237.0839, C12H13O5 requires
237.0841; m/z: 237 (100%, M�H+).

3.3.3. 3-(4-Chlorophenyl)-pentanedioic acid 5c. Colour-
less solid (153 mg, 0.63 mmol, 63% yield), mp: 136–
141 �C (ethyl acetate/toluene 1:1); Rf¼0.3 (40% ethyl ace-
tate in petroleum spirits); nmax (KBr)/cm�1: 3469, 1684,
1286; dH (400 MHz, CDCl3) 12.15 (2H, br, CO2H), 7.33
(2H, d, J¼8.0, Ar), 7.29 (2H, J¼8.0, Ar), 3.44–3.37 (1H,
m, CH2CHCH2), 2.68–2.62 (2H, m, CH2CH), 2.55–2.48
(2H, m, CHCH2); dC (100.6 MHz, CDCl3) 172.6, 142.4,
130.9, 129.4, 128.0, 37.3, 20.1; HRMS found: [M�H+]
241.0349, C11H10ClO4 requires 241.0346; m/z: 241 (100%,
M�H+).

3.3.4. 3-Phenyl-pentanedioic acid 5d. Colourless solid
(125 mg, 0.60 mmol, 60% yield), mp: 105–108 �C (ethyl
acetate/toluene 1:1); Rf¼0.4 (40% ethyl acetate in petroleum
spirits); nmax (KBr)/cm�1: 3669, 1741, 1289; dH (400 MHz,
CDCl3) 12.07 (2H, br, CO2H), 7.21 (5H, s, Ar), 3.37–3.33
(1H, m, CH2CHCH2), 2.61–2.59 (2H, m, CH2CH), 2.50–
2.47 (2H, m, CHCH2); dC (100.6 MHz, CDCl3) 175.3,
141.2, 135.9, 128.1, 126.2, 36.4, 20.6; HRMS found:
[M�H+] 207.0741, C11H11O4 requires 207.0736; m/z:
207.2 (100%, M�H+).

3.3.5. 3-(4-Nitrophenyl)-pentanedioic acid 5e. Colourless
solid (137 mg, 0.54 mmol, 54% yield), mp: 141–144 �C
(ethyl acetate/toluene 1:1); Rf¼0.3 (40% ethyl acetate in
petroleum spirits); nmax (KBr)/cm�1: 3561, 1699, 1481; dH

(400 MHz, CDCl3) 12.22 (2H, br, CO2H), 8.14 (2H, d,
J¼8.0, Ar), 7.67 (2H, J¼8.0, Ar), 3.69–3.66 (1H, m,
CH2CHCH2), 2.71–2.68 (2H, m, CH2CH), 2.59–2.54 (2H,
m, CHCH2); dC (100.6 MHz, CDCl3) 178.1, 154.6, 145.9,
131.9, 129.5, 37.9, 20.0; HRMS found: [M�H+] 252.0581,
C11H10NO6 requires 252.0586; m/z: 252.1 (100%, M�H+).

3.3.6. 3-(4-Cyanophenyl)-pentanedioic acid 5f. Pale
yellow solid (135 mg, 0.58 mmol, 58% yield), mp: 128–
134 �C (ethyl acetate/toluene 1:1); Rf¼0.3 (40% ethyl ace-
tate in petroleum spirits); nmax (KBr)/cm�1: 3561, 2262,
1681; dH (400 MHz, CDCl3) 12.12 (2H, br, CO2H), 7.59
(2H, d, J¼8.0, Ar), 7.32 (2H, J¼8.0, Ar), 3.59–3.54 (1H,
m, CH2CHCH2), 2.68–2.64 (2H, m, CH2CH), 2.61–2.58
(2H, m, CHCH2); dC (100.6 MHz, CDCl3) 173.8, 142.1,
130.8, 129.6, 127.4, 118.1, 37.1, 21.2; HRMS found:
[M�H+] 232.0682, C12H10NO4 requires 232.0688; m/z:
232.1 (100%, M�H+).

3.4. General procedure for the preparation of
compounds 6a–f (Table 3)

To a stirred solution of 3,5-dimethyl-4-nitroisoxazole 1
(0.23 g, 1.6 mmol) in ethanol (10 mL), were added piperi-
dine (138 mg, 1.6 mmol, 1.0 equiv) and an aromatic alde-
hyde 2a–f (3.2 mmol, 2.0 equiv). The resulting solution
was reacted at 70–80 �C for 12 h, then hydrazine hydrate
(60% in water, 1.1 mmol, 1.1 equiv) was added and the reac-
tion mixture was reacted at 80 �C for 4 h. At the end of this
time the reaction mixture was allowed to reach room temper-
ature, diluted with water (20 mL) and extracted with ethyl
acetate (25 mL�2). The combined organic layer was
washed with water (10 mL�2), then brine (10 mL), dried
over Na2SO4 and finally concentrated under reduced pres-
sure. The crude product was triturated with 10% ethyl ace-
tate in petroleum ether to afford the pure products 6a–f.

3.4.1. 2-(p-Tolyl)-1,3-di(3-methyl-4-nitro 1H-pyrazol-5-
yl) propane 6a. Colourless solid (353 mg, 0.92 mmol,
92% yield), mp: 191–193 �C (ethanol); nmax (KBr)/cm�1:
3291, 1572, 1439; dH (400 MHz, CDCl3) 13.50 (2H, br,
N–NH), 7.14–7.13 (4H, m, Ar), 3.75–3.72 (1H, m,
CH2CHCH2), 3.35 (4H, dd, J¼8.0, J¼14.5, CHCH2), 2.56
(6H, s, CH3C]N), 2.30 (3H, s, CH3–Ar); dC (100.6 MHz,
CDCl3) 157.3, 145.5, 142.8, 135.3, 129.8, 128.8, 127.0,
41.3, 33.4, 20.5, 11.6; HRMS found: [M�H+] 383.1463,
C18H19N6O4 requires 383.1468; m/z: 383 (100%, M�H+).

3.4.2. 2-(4-Methoxyphenyl)-1,3-di(3-methyl-4-nitro 1H-
pyrazol-5-yl) propane 6b. Colourless solid (360 mg,
0.90 mmol, 90% yield), mp: 179–185 �C (ethanol); nmax

(KBr)/cm�1: 3162, 1451, 1237; dH (400 MHz, CDCl3)
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13.70 (2H, br, N–NH), 7.17 (2H, d, J¼8.0, Ar), 6.84 (2H, d,
J¼8.0, Ar), 3.78 (3H, s, CH3O–), 3.74–3.71 (1H, m,
CH2CHCH2), 3.37–3.34 (4H, m, CHCH2), 2.57 (6H, s,
CH3C]N); dC (100.6 MHz, CDCl3) 158.6, 145.6, 143.9,
139.8, 130.8, 128.0, 114.2, 55.2, 41.3, 33.1, 13.1; HRMS
found: [M�H+] 399.1406, C18H19N6O5 requires 399.1417;
m/z: 399 (100%, M�H+).

3.4.3. 2-(4-Chlorophenyl)-1,3-di(3-methyl-4-nitro 1H-
pyrazol-5-yl) propane 6c. Colourless solid (379 mg,
0.94 mmol, 94% yield), mp: 198–203 �C (ethanol); nmax

(KBr)/cm�1: 3316, 1509, 1439; dH (400 MHz, CDCl3)
13.10 (2H, br, N–NH), 7.28 (2H, d, J¼8.0, Ar), 7.19 (2H,
d, J¼8.0, Ar), 3.80–3.75 (1H, m, CH2CHCH2), 3.35 (4H,
d, J¼7.0, CHCH2), 2.57 (6H, s, CH3C]N); dC

(100.6 MHz) 152.7, 142.3, 141.9, 136.8, 129.8, 129.2,
128.1, 40.2, 33.3, 11.7; HRMS found: [M�H+] 403.0920,
C17H16N6O4Cl requires 403.0922; m/z: 403 (100%, M�H+).

3.4.4. 2-Phenyl-1,3-di(3-methyl-4-nitro 1H-pyrazol-5-yl)
propane 6d. Colourless solid (336 mg, 0.91 mmol, 91%
yield), mp: 206–207 �C (ethanol); nmax (KBr)/cm�1: 3241,
1409, 1271; dH (400 MHz, CDCl3) 13.29 (2H, br s, N–
NH), 7.23–7.16 (5H, m, Ar), 3.66–3.61 (1H, m,
CH2CHCH2), 3.26 (4H, dd, J¼8.0, J¼14.5, CHCH2), 2.44
(6H, s, CH3C]N); dC (100.6 MHz, CDCl3) 152.9, 142.8,
140.9, 139.8, 128.2, 127.2, 126.4, 41.8, 33.7, 11.8; HRMS
found: [M�H+] 369.1386, C17H17N6O4 requires 369.1390;
m/z: 369.1 (100%, M�H+).

3.4.5. 2-(4-Nitrophenyl)-1,3-di(3-methyl-4-nitro 1H-pyr-
azol-5-yl) propane 6e. Colourless solid (399 mg,
0.96 mmol, 96% yield), mp: 209–213 �C (ethanol); nmax

(KBr)/cm�1: 3330, 1521, 1506; dH (400 MHz, CDCl3)
13.30 (2H, br, N–NH), 8.10 (2H, d, J¼6.0, Ar), 7.48 (2H,
d, J¼6.0, Ar), 3.84–3.78 (1H, m, CH2CHCH2), 3.26 (4H,
m, CHCH2), 2.44 (6H, s, CH3C]N); dC (100.6 MHz,
CDCl3) 156.0, 152.9, 142.8, 140.9, 141.3, 129.8, 127.4,
123.3, 41.8, 33.1, 11.6; HRMS found: [M�H+] 414.1236,
C17H16N7O6 requires 414.1240; m/z: 414 (100%, M�H+).
3.4.6. 2-(4-Cyanophenyl)-1,3-di(3-methyl-4-nitro 1H-
pyrazol-5-yl) propane 6f. Colourless solid (375 mg,
0.95 mmol, 95% yield), mp: 191–194 �C (ethanol); nmax

(KBr)/cm�1: 3016, 2251, 1487; dH (400 MHz, CDCl3)
13.30 (2H, br s, NH), 7.27 (2H, m, Ar), 7.19 (2H, m, Ar),
3.63–3.61 (1H, m, CH2CHCH2), 3.19–3.17 (4H, m,
CHCH2), 2.44–2.20 (6H, s, CH3C]N); dC (100.6 MHz,
CDCl3) 153.8, 146.9, 142.7, 142.3, 130.9, 129.8, 128.1,
118.9, 41.3, 33.3, 11.7; HRMS found: [M�H+] 394.1349,
C18H16N7O4 requires 394.1342; m/z: 394 (100%, M�H+).
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