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Abstract

Starting with DPPH-diradical, the corresponding dinitro-derivative was obtained in a
biphasic system using solid sodium nitrite and 15-crown-5 ether as the nitrating reagents.
The new compound was characterized using 1H- and 13C-NMR, IR, and UV-Vis. After
undergoing oxidation, a new stable diradical was obtained, and this was characterized
using ESR, IR, and UV-Vis. This process demonstrates that the well-known chemistry based
on DPPH can be extended to DPPH-diradical.
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1. Introduction
Free radicals are a class of intriguing compounds that possess unusual properties,

with paramagnetism being the most representative [1]. Their reactivity strongly depends
on their structure, meaning that they can easily be tailored for specific requirements [2].

Currently, there is increased interest in their usage in state-of-the-art applications,
like organic batteries, sensors, catalysis and redox reactions, and semiconductors, among
others [3–6].

The DPPH (2,2-diphenyl-1-(2,4,6-trinitrophenyl)hydrazyl) stable radical is a well-
known compound, first obtained in 1922, that presents common properties to any other
closed-shell molecule, like the ability to be handled under usual conditions of air, light,
humidity, and temperature without losing its 100% radical character, both as a solid and in
solution [7]. Because DPPH does not dimerize and is an intensely colored compound, its
main applications are as an ESR (electron spin resonance) standard and in the evaluation
of total antioxidant activity [8]. However, DPPH dimer can be obtained via an alternative
synthesis method, and the oxidation of this leads to the creation of DPPH-diradical [9].

Diradicals are even more unusual compounds, as they show unique electronic and
magnetic properties and have high potential in a plethora of applications [10–12], like
organic materials for solar cells, energy storage, and singlet fission.

In this communication, we outline the synthesis of a new derivative of the DPPH-
dimer and DPPH-diradical, namely their nitro-congeners, denoted as compounds 1 and 2
(Figure 1).
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Figure 1. Synthesis of compounds (1) and (2): (i) NaNO2/15-C-5; (ii) PbO2.

2. Results and Discussion
2.1. Synthesis

By reacting DPPH-diradical with solid sodium nitrite in the presence of 15-crown-ether
(15-C-5), a transfer agent, compound 1 (4,4′-bis(1-(4-nitrophenyl)-2-(2,4,6-trinitrophenyl)hy-
drazineyl)-1,1′-biphenyl) is obtained. This reaction occurs via a radical mechanism [13].
Firstly, sodium nitrite is transferred from the solid state into the DCM solution as a
supramolecular complex, allowing it to react with the organic radical moiety. The radical
extracts one electron from the nitrite anion, yielding nitrogen dioxide, which is subse-
quently captured by another radical moiety to form the nitro-derivative, as is known to
happen in the case of DPPH [14]. After work-up has taken place, compound 1 is obtained
as a pure yellow-orange solid via column chromatography. Diradical 2 is obtained via the
oxidation of compound 1, as the hydrazine moiety is converted into the hydrazyl radical. It
is important to notice that a color change occurs, as diradical 2 is violet-colored (Figure 1).

2.2. Characterization of Compounds 1 and 2

In the 1H-NMR spectrum of compound 1, all the corresponding peaks related to its
structure can be seen (Figure S1 from Supplementary Information (SI)). Thus, the H-nucleus
from the -NH- moiety is observed at 10.23 ppm as a broad singlet, while the H-nuclei from
the picryl moiety appears at 9.25 and 8.59 ppm with very broad singlets. The biphenyl part is
represented by doublet signals at 7.60 and 7.29 ppm, and the nitrophenyl part is represented
by doublet signals at 8.21 and 7.19 ppm. In the 13C-NMR spectrum, signals are present
between 116.7 and 150.8 ppm (SI, Figure S2), consistent with the molecular structure.

Both compounds 1 and 2 are intensely colored either as solids or in solution. Thus,
dihydrazine 1 is orange as a solid and yellow in solution, while diradical 2 is dark red-violet,
whether as a solid or in solution (Figure 2). Compound 1 has a single absorption band at
λmax 335 nm while diradical 2 shows two absorption bands at 364 nm and 502 nm (Figure 2).
Usually, the band around 340 nm is due to the presence of nitro-groups that allow n-π*
electron transitions; hydrazyl radicals always show a supplementary band around 520 nm,
as the presence of the unpaired electron leads to an extended conjugation.

Regarding the IR spectra, both compounds 1 and 2 look similar, with some small
differences due to small shifts in the bands corresponding to different parts of the molecules.
The structural evidence of the nitro groups is well represented by the two intense peaks that
are present at around 1350 and 1550 cm−1; aromatics are shown at about 3000–3100 cm−1,
while the amine group appears at 3400 cm−1 (SI, Figure S3).
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Figure 2. UV-Vis spectra of compounds 1 (red) and 2 (purple) in DCM (inset–an actual picture).

As compound 2 is a stable diradical (the test showed that after months, the diradical
structure is preserved as a solid and in solution), the specific ESR spectroscopy showed (as
expected) the non-equivalence of the hyperfine coupling constants aN1 and aN2, and the
values obtained by the simulation of the spectrum were 9.9 G and 7.0 G, respectively. A
large linewidth value of 3.3 G was also noticed (Figure 3); it is worth mentioning that in
the case of DPPH-diradical initially, the two hyperfine coupling constants were equivalent
(8.2 G).

 

Figure 3. ESR spectrum of compound 2.

3. Materials and Methods
All the chemicals and materials used in this study were purchased from Merck or

Chimipar (Bucharest, Romania) and used as received. The process used to obtain DPPH-
diradical is outlined in [9]. The NMR spectra were recorded in deuterated chloroform using
Bruker 500 MHz apparatus (Ettlingen, Germany); the UV-Vis spectra were recorded in
DCM using Labomed UVD-3500 double-beam apparatus (Los Angeles, CA, USA); the IR
spectra were recorded using a Jasco spectrometer (Easton, MD, USA); the ESR spectrum
was recorded in DCM using Jeol Jes FA100 apparatus (Tokyo, Japan). The simulation of the
ESR spectrum was performed using WinSim free software [15].

3.1. Compound 1, 4,4′-Bis(1-(4-nitrophenyl)-2-(2,4,6-trinitrophenyl)hydrazineyl)-1,1′-biphenyl

A total of 100 mg (0.125 mmol) of DPPH-diradical was dissolved in 50 mL of DCM,
to which 500 mg (7 mmol) of sodium nitrite and 450 mg (2 mmol) of 15-crown-5 ether
were added. The mixture was stirred for one hour, after which it was left to settle until the
next day. After filtration, the organic solution was extracted twice with 100 mL of diluted
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hydrochloric acid (1 M), and the separated DCM solution was dried over anhydrous sodium
sulfate. After the filtration and removal of the solvent, the residue was chromatographed
on silica gel with DCM as the eluent. Yield: 70%. Red-orange solid. C36H22N12O16 M. W.
878. Rf = 0.50 (silica gel/DCM). Elemental analysis: required (%): C: 49.21; H: 2.52: N: 19.13;
found (%): C: 49.29; H: 2.53: N: 19.08. 1H-NMR (500 MHz, CDCl3, δ ppm, J Hz): 10.23 (s,
2H, NH); 9.25 (s, 2H, picryl); 8.59 (s, 2H, picryl); 8.21 (d, 4H, nitrophenyl, 9.2); 7.60 (d, 4H,
phenyl, 8.8); 7.29 (d, 4H, phenyl, 8.8); 7.18 (d, 4H, nitrophenyl, 9.2). 13C-NMR (125 MHz,
CDCl3, δ ppm): 150.80; 143.76; 141.24; 139.50; 137.67; 129.09; 125.32; 124.47; 116.70. IR
(cm−1): 3432; 3278; 3087; 2927;2855; 1619; 1591; 1539; 1493; 1338; 1296; 1173; 1109; 931; 848;
724; 688; 537.

3.2. Compound 2, 4,4′-Bis(1-(4-nitrophenyl)-2-(2,4,6-trinitrophenyl)hydrazyl)-1,1′-
biphenyl Diradical

A total of 40 mg (0.05 mmol) of compound 1 was dissolved in 50 mL of DCM, to which
500 mg (2 mmol) of lead dioxide was added. The mixture was stirred for 15 min, after
which filtration occurred and the solvent was removed. Yield: 95%. Red-violet-black solid.
C36H20N12O16 M. W. 876. Rf = 0.67 (silica gel/DCM). Elemental analysis: required (%): C:
49.32; H: 2.30: N: 19.17; found (%): C: 49.45; H: 2.43: N: 19.03. IR (cm−1): 3435; 3278; 3082;
2922; 2853; 1595; 1521; 1436; 1333; 1171; 1108; 1076; 1002; 915; 851; 820; 734; 539. ESR (DCM):
aN1 = 9.9 G; aN2 = 7.0 G.

4. Conclusions
In this study, we demonstrated that DPPH-diradical can easily be nitrated via an

unconventional procedure, using sodium nitrite and a crown ether as the transfer agents.
The structure of the new nitrated derivative 1 was elucidated using UV-Vis, IR, and NMR
spectroscopy. Oxidation of 1 affords in almost quantitative yields the stable diradical 2,
which was also characterized by UV-Vis, IR, and ESR.

Supplementary Materials: The following supporting information can be downloaded online:
Figure S1: 1H-NMR spectrum of 1 in CDCl3; Figure S2: 13C-NMR spectrum of 1 in CDCl3;
Figure S3: IR spectra of compound 1 (red) and 2 (purple).
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