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Abstract: We reported an efficient one-pot two-step synthesis of 3-(tert-butyl)-N-(4-methoxybenzyl)-
1-methyl-1H-pyrazol-5-amine 3 in good yield by a solvent-free condensation/reduction reaction
sequence starting from 3-(tert-butyl)-1-methyl-1H-pyrazol-5-amine 1 and p-methoxybenzaldehyde 2.
The one-pot reductive amination proceeded by the formation in situ of the N-(5-pyrazolyl)imine 4 as
key synthetic intermediate of other valuable pyrazole derivatives. This methodology is distinguished
by its operational easiness, short reaction time, isolation and purification of the aldimine intermediate
is not required. The structure of the synthesized N-heterocyclic amine 3 was fully characterized by
FTIR-ATR, 1D and 2D NMR experiments, EIMS, and elemental analysis.

Keywords: 5-aminopyrazole; solvent-free condensation; reductive amination; N-(5-pyrazolyl)imine;
N-heterocyclic amine; secondary amine

1. Introduction

Amines are one of the most important functional groups in organic chemistry [1].
In particular, N-heterocyclic amines are valuable building blocks in drug discovery and
modern organic synthesis because they are key precursors in the preparation of active
pharmaceutical ingredients, bioactive molecules, natural occurring products, and agro-
chemicals [1–4]. Therefore, the ongoing need for new and functionalized N-heterocyclic
amines to probe novel reactivity has driven the development of innovative synthetic
methods for their preparation in high yields, easy workup procedure, and mild reaction
conditions [4–7]. Until now, the reductive amination is the most commonly used approach
in the pharmaceutical industry for C–N bond construction due to its operational simplicity
and a wide toolbox of protocols [2].

Pyrazole is a five-membered heterocycle containing two nitrogen atoms in adjacent
positions. Nowadays, pyrazole derivatives have attracted more attention due to their wide
range of physiological and pharmacological activities [8–13], proving to be a promising
scaffold for the discovery of novel active pharmaceutical ingredients. For instance, the
antipsychotic agent CDPPB [11], the nonsteroidal anti-inflammatory drugs Lonazolac and
Epirizole [12], the histamine H2-receptor agonist Betazole [13], among others marketed
drugs have this structural motif of pyrazole, as depicted in Figure 1. The interesting
structural features of pyrazoles as well as their diverse applications in medicinal chemistry,
drug discovery, and materials science have stimulated chemists to develop novel and
efficient synthetic protocols for obtaining structurally diverse pyrazoles [14–19].

Due to the powerful physiological activities of pyrazole derivatives and secondary
amines as building blocks for the synthesis of potential druglike compound libraries and
important pharmaceutical intermediates, we described the synthesis of a novel N-pyrazolyl
amine 3 as a potential bioactive N-heterocycle through a simple and efficient one-pot
reductive amination.
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Figure 1. Marketed drugs containing pyrazole moiety.

2. Results and Discussion

In connection with the ongoing development of novel protocols for the construction of
C–N bonds [20–22], and our current studies on the synthetic utility of N-(5-pyrazolyl)imine
derivatives for the preparation of N-heterocycles of biological interest [23–25], we reported
a one-pot two-step synthesis of 3-(tert-butyl)-N-(4-methoxybenzyl)-1-methyl-1H-pyrazol-
5-amine 3 through a solvent-free condensation reaction between equimolar amounts of
3-(tert-butyl)-1-methyl-1H-pyrazol-5-amine 1 and p-methoxybenzaldehyde 2 to form the
N-(5-pyrazolyl)imine 4, followed by reduction with sodium borohydride in methanol at
ambient temperature, as depicted in Scheme 1. After performing a liquid–liquid extraction
and removing the excess of solvent under reduced pressure, the resulting crude product
was purified by flash chromatography on silica gel using a mixture of DCM/MeOH (30:1,
v/v) as eluent to give the N-heterocyclic amine 3 in 88% yield. Although the intermediate
4 has been described in our previous work [24], the synthesis and characterization of the
target N-pyrazolyl amine 3 has not been reported on Reaxys database. For that reason, a
complete spectroscopic and analytical characterization was carried out in this work, see
Material and Methods. The IR, 1D NMR and MS spectra, and elemental analysis suggested
that effectively the structure of the isolated yellow solid corresponded to the N-pyrazolyl
amine 3. Moreover, 2D HSQC, HMBC, COSY, and NOESY experiments permitted us the
assignment of all proton and carbon atoms, confirming the proposed structure for 3 without
ambiguity, see Supplementary Materials.

Scheme 1. One-pot synthesis of the N-pyrazolyl amine via a reductive amination.

The presence of absorption bands at 3243 and 1240/1036 cm−1 assigned to the stretch-
ing vibrations of N–H and C–O–C functionalities, respectively, are the most relevant
features of the IR spectrum. The 1H-NMR spectrum recorded in deuterated chloroform
using TMS as internal standard showed a broad singlet at 3.34 ppm assigned to the NH
proton, a doublet at 4.16 (J = 5.2 Hz, 2H) ppm associated with the methylene protons,
and the absence of a singlet at 8.50 ppm of the azomethine proton (CH=N), which indis-
putably confirmed the reduction of the aldimine intermediate 4 generated in situ by a
solvent-free condensation reaction of 3-(tert-butyl)-1-methyl-1H-pyrazol-5-amine 1 with
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p-methoxybenzaldehyde 2, as illustrated in Scheme 1. The presence of three different
types of methyl carbons at 30.6, 34.2, and 55.4 ppm, one methylene carbon at 50.1 ppm,
three aromatic carbons at 85.2, 114.2, and 129.4 ppm, respectively, and five quaternary
carbons, are the most relevant features of the 13C{1H} NMR spectrum. These results ev-
idenced the high electron density (δ = 85.2 ppm) of the carbon atom at position 4 of the
π-excedent pyrazole ring. Once again, the absence of the azomethinic carbon at 158.3
ppm of the aldimine intermediate 4 into the DEPT-135 spectrum, confirmed the formation
of the N-pyrazolyl amine 3 in an excellent yield via a one-pot reductive amination. In
particular, NOESY correlation was observed between methylene protons and the aromatic
proton H-4, indicating the closeness of the NCH2 fragment to the pyrazole ring, which is
in good agreement with the structure drawn, see Supplementary Materials, Figure S11.
Ultimately, a molecular ion with m/z 273 and a base peak with m/z 121 corresponding to
the (4-methoxyphenyl)methylium ion, in the mass spectrum, is also consistent with the
structure 3.

In summary, this one-pot reductive amination is distinguished by its operational
easiness, short reaction time, isolation and purification of the aldimine intermediate is
not required; thus, the experimental procedure is simple and efficient in terms of energy,
waste, and human resource economy. Remarkably, amine and pyrazole moieties could be
susceptible for further functionalization reactions for obtaining novel pyrazole derivatives
with potential applications in medicinal chemistry and drug discovery.

3. Materials and Methods
3.1. General Information

All reagents were purchased from commercial sources and used without further pu-
rification. All starting materials were weighed and handled in air at ambient temperature.
The IR spectrum was recorded on a Shimadzu FTIR 8400 spectrophotometer by ATR tech-
nique (Scientific Instruments Inc., Seattle, WA, USA). Spectrum is reported in wavenumber
(cm−1) and only selected resonances are reported. 1H and 13C{1H} NMR spectra were
recorded on a Bruker Avance 400 spectrophotometer (Bruker BioSpin GmbH, Rheinstetten,
Germany), operating at 400 MHz and 101 MHz, respectively, while using tetramethylsilane
(0 ppm) as the internal reference. NMR spectroscopic data were recorded in CDCl3 using
as internal standards the residual nondeuterated signal (δ = 7.26 ppm) for 1H-NMR and
the deuterated solvent signal (δ = 77.16 ppm) for 13C{1H} NMR spectroscopy [26]. DEPT
spectra were used for the assignment of carbon signals. Chemical shifts (δ) are given in
ppm and coupling constants (J) are given in Hz. The following abbreviations are used for
multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, and
m = multiplet. Mass spectrum was run on a SHIMADZU-GCMS 2010-DI-2010 spectrome-
ter (Scientific Instruments Inc., Columbia, WA, USA) (equipped with a direct inlet probe)
operating at 70 eV. Microanalysis was performed on an Agilent CHNS elemental analyzer
(Thermo Fischer Scientific Inc., Madison, WI, USA) and the values are within ±0.4% of the
theoretical values. Melting point was determined on a Büchi melting point B-450 apparatus
(Instrumart, South Burlington, VT, USA). The 3-(tert-butyl)-1-methyl-1H-pyrazol-5-amine 1
was prepared by a known procedure [27].

3.2. Synthesis of 3-(tert-Butyl)-N-(4-methoxybenzyl)-1-methyl-1H-pyrazol-5-amine (3)

A 10.0 mL open-topped tube was charged with 3-(tert-butyl)-1-methyl-1H-pyrazol-
5-amine 1 (153 mg, 1.0 mmol) and p-methoxybenzaldehyde 2 (136 mg, 1.0 mmol, CAS
123-11-5), and the resulting mixture was heated in a sand bath at 120 ◦C for 2 h under
solvent-free conditions. Then, the water vapor condensed on the walls of the open-topped
tube was removed with a small piece of cotton attached to a spatula. After complete
disappearance of starting materials, as monitored by thin-layer chromatography (TLC), the
mixture was allowed to cool to ambient temperature. The resulting N-(5-pyrazolyl)imine 4
was dissolved in methanol (3.0 mL, CAS 67-56-1) and solid NaBH4 (75 mg, 2.0 mmol, CAS
16940-66-2) was added portionwise with stirring over a period of 5 min. The stirring was
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continued at ambient temperature for 1 h. After the reaction was complete (monitored by
TLC), the volume of the reaction mixture was reduced to 1.0 mL under reduced pressure,
and distilled water (5.0 mL) was added. The aqueous solution was extracted with ethyl
acetate (2 × 5.0 mL, CAS 141-78-6), and the combined organic extracts were dried with
anhydrous sodium sulfate (CAS 7757-82-6). After removal of the solvent, the resulting
crude product was purified by flash chromatography on silica gel using a mixture of
DCM/MeOH (30:1, v/v) as eluent to give the N-heterocyclic amine 3 as a yellow solid
(241 mg, 88% yield). Rf (CH2Cl2/MeOH: 30/1) = 0.37. M.p 76 ◦C. FTIR–ATR: ν = 3243 (v
N–H), 2958, 2863, 1611 (v C=Npyrazole), 1558 (v C=C), 1506 (v C=C), 1449, 1356, (1240 and
1036 for va and vs. C–O–C, respectively), 832, 753, 717 cm−1. 1H-NMR (400 MHz, CDCl3):
δ = 1.28 (s, 9H, tBu), 3.34 (br s, 1H, NH), 3.57 (s, 3H, NCH3), 3.81 (s, 3H, OCH3), 4.16 (d,
J = 5.2 Hz, 2H, NCH2), 5.41 (s, 1H, H-4), 6.90 (d, J = 8.4 Hz, 2H, Hm), 7.30 (d, J = 8.4 Hz,
2H, Ho) ppm. 13C{1H} NMR (101 MHz, CDCl3): δ = 30.6 (CH3, tBu), 32.3 (Cq, tBu), 34.2
(NCH3), 50.1 (NCH2), 55.4 (OCH3), 85.2 (CH, C-4), 114.2 (2CH, Cm), 129.4 (2CH, Co), 130.9
(Cq, Ci), 148.1 (Cq, C-5), 159.3 (Cq, Cp), 160.7 (Cq, C-3) ppm. Anal. calcd. for C16H23N3O
(273.37): C, 70.30; H, 8.48; N, 15.37. Found: C, 70.07; H, 8.36; N, 15.51. MS (EI, 70 eV) m/z
(%): 273 (47) [M+], 121 (100), 91 (19), 77 (25), 67 (15).

3.3. Synthesis of (E)-3-(tert-butyl)-N-(4-methoxybenzylidene)-1-methyl-1H-pyrazol-5-amine (4)

A 10.0 mL open-topped tube was charged with 3-(tert-butyl)-1-methyl-1H-pyrazol-
5-amine 1 (153 mg, 1.0 mmol) and p-methoxybenzaldehyde 2 (136 mg, 1.0 mmol, CAS
123-11-5), and the resulting mixture was heated in a sand bath at 120 ◦C for 2 h under
solvent-free conditions. Then, the water vapor condensed on the walls of the open-topped
tube was removed with a small piece of cotton attached to a spatula. After complete
disappearance of starting materials, as monitored by thin-layer chromatography (TLC),
the mixture was allowed to cool to ambient temperature. The resulting crude product
was purified by flash chromatography on silica gel using a mixture of DCM/MeOH (30:1,
v/v) as eluent to give the N-(5-pyrazolyl)imine 4 as a yellow solid (247 mg, 91% yield).
Rf (CH2Cl2/MeOH: 30/1) = 0.65. M.p 138 ◦C [24]. FTIR–ATR: ν = 2955, 2862, 1619 (v
C=Npyrazole), 1596 (v C=Nimine), 1573, 1518 (v C=C), 1461, 1362, (1251 and 1025 for va and
vs. C–O–C, respectively), 837, 760, 729 cm−1. 1H-NMR (400 MHz, CDCl3): δ = 1.33 (s, 9H,
tBu), 3.87 (s, 3H, OCH3), 3.91 (s, 3H, NCH3), 6.05 (s, 1H, H-4), 6.97 (d, J = 8.8 Hz, 2H, Hm),
7.84 (d, J = 8.8 Hz, 2H, Ho), 8.50 (s, 1H, CH=N) ppm. 13C{1H} NMR (101 MHz, CDCl3): δ =
30.7 (CH3, tBu), 32.4 (Cq, tBu), 34.7 (NCH3), 55.6 (OCH3), 87.5 (CH, C-4), 114.4 (2CH, Cm),
129.2 (Cq, Ci), 130.6 (2CH, Co), 150.1 (Cq, C-5), 158.3 (CH=N), 161.1 (Cq, C-3), 162.7 (Cq,
Cp) ppm. Anal. calcd. for C16H21N3O (271.36): C, 70.82; H, 7.80; N, 15.49. Found: C, 70.98;
H, 8.01; N, 15.32. MS (EI, 70 eV) m/z (%): 271 (86) [M+], 256 (100), 229 (46), 128 (22), 91 (13),
77 (11).

Supplementary Materials: The following are available online. Figure S1: MS spectrum of the
compound 3 (EI technique); Figure S2: IR spectrum of the compound 3 (ATR technique); Figure S3:
1H-NMR spectrum of the compound 3; Figure S4: Expansion 1H-NMR spectrum of the compound 3;
Figure S5: 13C{1H} NMR and DEPT-135 spectra of the compound 3; Figure S6: Expansion 13C{1H}
NMR and DEPT-135 spectra of the compound 3; Figure S7: HSQC 2D C–H correlation spectrum
of the compound 3; Figure S8: HMBC 2D C–H correlation spectrum of the compound 3; Figure S9:
Expansion HMBC 2D C–H correlation spectrum of the compound 3; Figure S10: COSY 2D H–H
correlation spectrum of the compound 3; Figure S11: NOESY 2D H–H correlation spectrum of the
compound 3; Figure S12: MS spectrum of the compound 4 (EI technique); Figure S13: IR spectrum of
the compound 4 (ATR technique); Figure S14: 1H-NMR spectrum of the compound 4; Figure S15:
13C{1H} NMR and DEPT-135 spectra of the compound 4; Figure S16: HSQC 2D C–H correlation
spectrum of the compound 4; Figure S17: HMBC 2D C–H correlation spectrum of the compound 4;
Figure S18: COSY 2D H–H correlation spectrum of the compound 4; Figure S19: NOESY 2D H–H
correlation spectrum of the compound 4.
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