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acceptor complex-driven
photocatalyst-free synthesis of
nitrocyclopropanes†

Paula Pérez-Ramos, Patŕıcia I. C. Godinho, Raquel G. Soengas *
and Humberto Rodŕıguez-Solla *

Herein, a visible light-promoted metal-free protocol for the synthesis of nitrocyclopropanes under mild

conditions is reported. Specifically, the process is driven by the photochemical activity of ternary EDA

complexes formed upon complexation of a-bromonitrostyrenes and DIPEA in the presence of

benzaldehyde. This reaction provides a variety of densely functionalized cyclopropanes with good

selectivity under mild reaction conditions. Mechanistic investigations on the aspects of the process also

demonstrate formation of the hypothesized EDA complex.
Introduction

Cyclopropanes, with their high strain energy and unique
structure, have been fascinating organic chemists for decades.
The cyclopropane motif is present in a broad range of natural
products and bioactive compounds1 and has widespread
application in modern drug discovery owing to its ability to
inuence the physico-chemical and pharmacological properties
of small molecules.2 Moreover, owing to their strained ring,
cyclopropanes possess higher reactivity than other alkanes,
making them important precursors or key intermediates in
synthetic chemistry.3 Therefore, the preparation of cyclopro-
panes has attracted much attention over the past decades.4

Traditional strategies for the construction of the cyclopro-
pane ring involve the reaction of alkenes with carbenoids. These
carbenoids are usually generated from organozinc, samarium
or chromium reagents and halomethanes5 or by the transition-
metal-catalyzed decomposition of diazo compounds.6 Another
common cyclopropanation strategy relies on the Michael-
initiated ring closure (MIRC) reaction of electron-decient
alkenes.7 A relevant example is the Corey–Chaykovsky reac-
tion, initiated by the reaction of sulfur ylides with enones.8

As with every other eld in organic synthesis, the chemistry
of cyclopropanes is evolving, with a greater concern on the
environmental impact caused by the hazardous chemical
wastes generated by industries and laboratories.9 In this regard,
visible light-mediated cyclopropanation recently emerged as
a promising alternative strategy to build cyclopropane
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backbones in a more sustainable fashion.10 The vast majority of
these cyclopropanation strategies typically involve the genera-
tion of carbenes from diazo precursors and their reaction with
olens.11 As an alternative strategy, Suero's group developed an
alkene cyclopropanation reaction of olens based on the pho-
tocatalytic generation of radical carbenoid species.12 Using this
concept, several cyclopropane derivatives were prepared from
diverse Michael acceptors via photocatalytic cascade radical
carbenoid addition/cyclopropanation reactions (Scheme 1a).13

Although the direct intermolecular construction of cyclo-
propanes via photocatalysis was a remarkable development, the
synthesis of nitrocyclopropanes remained unattainable, as
nitroolens were not suitable Michael acceptors for carbenoid
radicals.13a In fact, to the best of our knowledge, the photo-
catalytic synthesis of nitrocyclopropanes is still unknown and
has never been the focus of systematic investigation. Nitro-
cyclopropanes are a unique class of cycloalkanes that combine
the conformational rigidity of the cyclopropane ring and the
reactivity associated with the presence of a nitro group.14

Therefore, there have been signicant efforts toward the
synthesis of nitro-functionalized cyclopropanes.15

Inspired by the work of Suero's group on the photocatalytic
cyclopropanation of Michael acceptors, we herein report a pho-
tocatalyst-free strategy for the synthesis of nitrocyclopropanes
from highly versatile a-bromonitrostyrenes,16 in which the
initiating radical is generated within the Michael acceptor via
the formation of a ternary electron donor–acceptor (EDA)
complex between a-bromonitrostyrenes and DIPEA in the
presence of benzaldehyde (Scheme 1b).

In the past few years, EDA complex photochemistry has
emerged as a powerful strategy for expanding the potential of
visible-light-promoted radical chemistry.17 The strategy differs
from catalysis in that no external photocatalyst is added, but
rather an advantage is taken of the formation of an electron
RSC Adv., 2025, 15, 15155–15163 | 15155
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Scheme 1 Methods for the photocatalytic construction of cyclopropanes from Michael acceptors.
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donor–acceptor (EDA) complex that absorbs visible light from
two or more compounds that do not.18 Visible light irradiation
then triggers an intramolecular single-electron-transfer (SET)
event, able to generate radical intermediates under mild
conditions.19 The most common synthetic application of the
EDA complex activation strategy involves the light-driven
coupling of two substrates, which are also involved in the EDA
complex formation, the donor and the acceptor.20 In this regard,
the chemical diversity of the reaction products is limited by the
required donor and acceptor properties on the two molecular
scaffolds that nally end up in the products. A recent strategy
developed to overcome this limitation is to introduce sacricial
donor compounds that aggregates with the electron donor and
electron acceptor partners and increase productive light
absorption without directly participating in the process.21 This
approach improved the synthetic versatility of the photochem-
istry of EDA complexes, since the electronic properties of the
reactants can be tuned by the addition of a suitable additive.
Results and discussion

Initially, we evaluated the cyclopropanation of a-bromoni-
trostyrene 1a as model substrate in the presence of DIPEA and
stoichiometric benzaldehyde as a sacricial electron donor, in
1,4-dioxane as solvent at 20 °C, under irradiation with 465 nm
blue LED, and an air atmosphere. We were delighted to nd that
the reaction led to the expected 2-nitrocyclopropane-1-
carbaldehydes 2a/2a0 in good yield and moderate diaster-
eoselection (74%, d. r. 68 : 32). The relative stereochemistry of
the obtained products was conrmed by NOE experiments on
2a/2a0 and from the coupling constants of the ring protons.
15156 | RSC Adv., 2025, 15, 15155–15163
We evaluated other solvents, donors and visible-light sources
and the results are depicted in Table 1. 1,4-Dioxane was the
most effective solvent for promoting the reaction, while other
commonly used solvents gave less favorable results (entries 2–
6). Poorer efficiency was also observed when reactions were
irradiated at other blue LED wavelengths (entries 8, 9). Under
irradiation with either purple or green LED (entries 7, 10) the
reaction failed, as both light sources are unable to activate the
EDA complex. We further identied benzaldehyde as the most
effective sacricial donor.

Electron-donating and electron-withdrawing substituents in
the benzylic ring alter the electron donor properties, affecting
the formation of the EDA complex and deactivating the desired
radical process (entries 11, 12). In addition, aromatic ketones
were not suitable for efficiently forming the required EDA
complex (entry 13).

One particularly relevant parameter in photoredox chemistry
is the reaction temperature. Although this parameter has oen
been neglected, recent studies highlight that efficient control of
the temperature is crucial to achieve reproducible results.22 In
fact, an increased number of photoredox reactions have been
described as requiring a dened temperature range to obtain
optimal results.23 To avoid reproducibility issues and ensure
optimal temperature control, we developed a simple and cost-
effective set-up that can overcome the limitations of the
congurations in current use for controlling the temperature in
photoredox reactions. Moreover, as a thermostatic uid from
a recirculating chiller/heater unit is used, the arrangement
permits temperature control over a wide range of temperatures.
This possibility encouraged us to explore the effect that
temperature has on the yield and selectivity of the cyclo-
propanation process. Surprisingly, when the cyclopropanation
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Optimization studies

Entry Deviation from the standard conditionsa Yieldb (%) d.rc

1 None 74 68/32
2 DMF as solvent 25 n.dd

3 CH3CN as solvent 34 59/41
4 CH2Cl2 as solvent 37 52/48
5 Toluene as solvent 42 57/43
6 DME as solvent 58 61/39
7 390 nm purple LED 0 n.d
8 440 nm blue LED 16 n.d
9 456 nm blue LED 29 n.d
10 525 nm green LED 0 n.d
11 p-MeOC6H4CHO as donor 10 n.d
12 p-ClC6H4CHO as donor 34 n.d
13 PhCOPh as donor 26 n.d
14 0 °C 44 42/58
15 40 °C 68 70/30
16 60 °C 0 n.d
17 6 h reaction time 49 59/41
18 24 h reaction time 71 66/34
19 Without PhCHO 0 n.d
20 2 equiv. PhCHO 73 68/32
21 In the dark 0 n.d
22 Under N2 Traces n.d

a Standard reaction conditions: a-bromonitrostyrene 1a (0.3 mmol), benzaldehyde (0.3 mmol) and DIPEA (1.5 mmol) in 2 mL of 1,4-dioxane under
air, irradiation with a 465 nm lamp (52 W) at 20 °C for 12 hours. b Isolated yield aer column chromatography. c Diastereomeric ratio 2a/2a0
determined using 1H NMR (300 MHz) analysis. d Not determined.
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of a-bromonitrostyrene 1a was performed at 0 °C, the selectivity
was reversed and 2-nitro-cyclopropane-1-carbaldehyde 2a0 was
the major isomer isolated from the reaction mixture. However,
the process was less efficient both in terms of yield and selec-
tivity (entry 14). On the contrary, when the temperature of the
process was raised to 40 °C, the diastereoisomeric ratio of the
cyclopropanation products 2a/2a0 was similar to that of the
reaction performed at 20 °C, whereas the yield slightly
decreased (entry 15). Attempts to further increase the temper-
ature of the process resulted in a complex reaction mixture in
which the desired cyclopropanes could not be detected (entry
16). Shorter times led to lower product yields (entry 17) and no
signicant differences were observed, in terms of yield, when
the reaction was carried out at longer reaction times (entry 18).

Control experiments further conrmed that benzaldehyde
(entry 19) and light (entry 21) are essential components for this
process. The reaction is not signicantly affected by a higher
concentration of benzaldehyde (entry 20). Furthermore, when
the reaction mixture was degassed and irradiated under
nitrogen atmosphere, only traces of the cyclopropanation were
detected by 1H NMR (entry 22). This result underscores the
essential role of oxygen in this transformation.
© 2025 The Author(s). Published by the Royal Society of Chemistry
To investigate the substrate scope of this cyclopropanation
strategy, a-bromonitroalkenes 1 containing various substitutions
were reacted under the optimal conditions (Table 2). The
substituent group on the aryl moiety of the bromonitrostyrene
had a signicant effect on the reactivity and efficiency of the
cyclopropanation reaction. Specically, bromonitroalkenes
bearing halogenated electron-withdrawing groups on the
aromatic ring (uoro, triuoromethyl, chloro, and bromo) were
well tolerated, leading to cyclopropanation products with
moderate to good yields. In contrast, the cyclopropanation of
bromonitrostyrenes bearing electron-donating groups (methyl
and methoxy) required longer reaction times and gave rise to the
cyclization product in comparatively lower yields. The cyclo-
propanation process was also sensitive to steric bulk, and the
position of the substituents on the phenyl moiety markedly
affected the reaction efficiency. Furanyl bromonitroalkene was
also amenable for this photo-transformation, affording the target
cyclopropanes 2k/2k0 in moderate yields. However, these latter
products are unstable and signicantly degrade upon purica-
tion, even in neutral alumina. In all cases, except for 2k/k0, the
remaining mass balance comprised mainly unreacted starting
material, along with other minor non-identied byproducts. 4-
(Methoxycarbonyl)-substituted bromonitrostyrene was
RSC Adv., 2025, 15, 15155–15163 | 15157
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Table 2 Scope of a-bromonitroalkene cyclopropanation

a Isolated yield aer column chromatography. b Diastereomeric ratio 2/20 determined using 1H NMR (300 MHz) analysis. c Reaction time 24 h.
d Reaction time 48 h. e Purication over neutral alumina.
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inapplicable to the cyclopropanation protocol, probably due to
destabilizing interactions of the carbonyl group. Aliphatic 2-
bromo-2-nitrovinyl cyclohexane also failed to produce the desired
cyclopropanes, pointing to the need of a conjugated p-system to
obtain satisfactory results.

We considered that alternative Michael acceptors could be
cyclopropanated by using the process developed for a-bromo-
nitrostyrenes. However, a-bromo-a,b-unsaturated esters and
amides and a-bromocyanostryrene were not suitable for this
radical cyclopropanation reaction. Furthermore, the use of a-
iodonitrostyrene as a startingmaterial also failed to produce the
desired nitrocyclopropanes 2a/2a0.

To gain further insight into the mechanism underlying this
visible light-promoted cyclopropanation, a series of control
experiments and spectroscopy assays were carried out. First, the
addition of the radical scavenger TEMPO under the standard
reaction conditions completely inhibited the formation of the
desired product, conrming the intermediacy of the radical
species. To investigate the possibility of a propagative
15158 | RSC Adv., 2025, 15, 15155–15163
mechanism occurring within this system, we conducted a ‘‘light
on/light off’’ experiment, which showed that no radical chain
propagation events took place (see the ESI† for details). In order
to conrm the formation of a ground EDA complex between a-
bromonitroalkene, DIPEA and benzaldehyde, the system was
examined by UV-Vis spectroscopy. Specically, upon mixing
bromonitrostyrene and DIPEA in 1,4-dioxane, a weak but
detectable bathochromic shi was observed in the UV-Vis
spectrum. Subsequent addition of benzaldehyde to the
mixture and further measurement of the UV-Vis spectrum
indicated a signicant red shi and increased absorption of
visible light, corresponding to the charge-transfer absorption of
a ternary EDA complex.

This observation is consistent with the expected charge
redistribution among these three components to form a ternary
EDA complex, which enables more productive light absorption
(see the ESI† for details).

Based on the above experiments, a plausible mechanism for
this new cyclopropanation reaction is proposed in Scheme 2.
© 2025 The Author(s). Published by the Royal Society of Chemistry
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Scheme 2 Proposed mechanism for the EDA complex-driven cyclopropanation strategy.
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Initially, the molecular interactions of a-bromonitrostyrene,
DIPEA and benzaldehyde lead to the formation of a ternary EDA
complex. Under excitation by visible light, a single electron
transfer (SET) process takes place. The electron-accepting
intermediate, the a-bromonitrostyrene radical anion, loses the
bromine leaving group, leading to the intermediate nitrovinyl
radical A. On the other hand, the electron-donor DIPEA forms
the corresponding amine cation radical I, while benzaldehyde is
recovered without any changes.

The amine radical cation I in the presence of DIPEA as H
atom acceptor affords a-amino radical II.24 Subsequently,
a dioxygen molecule captures the electron, generating a super-
oxide radical, which undergoes hydrogen atom transfer (HAT)
Scheme 3 Organocatalytic ring-opening reaction of nitro-
cyclopropanes 2a/2a0.

© 2025 The Author(s). Published by the Royal Society of Chemistry
with the generated imine III to form enamine IV.25 Formation of
enamines from trialkylamines in visible light photoredox
processes has been widely reported, as the competitive alkyl-
ation of enamines has been one of the major problems facing
successful implementation of intermolecular radical coupling
reactions.26 The addition of the a-nitro vinyl radical to the
enamine forms a C–C bond and generates the strongly reducing
a-amino radical B, which can be rapidly oxidized with the
[HOOc] radical species to the corresponding iminium cation C.27

Subsequent abstraction of a hydrogen atom a to the iminium
ion, followed by intramolecular nucleophilic Michael-addition
affords cyclopropane D, which tautomerizes into enamine E.
Upon hydrolysis, nitrocyclopropane 20 is formed, which can be
epimerized through the enolate intermediate E to provide 2.
Due to the electrostatic repulsion between the nitro group and
the carbonyl group, 20 is less stable, and the balance favors the
formation of 2.28 The observed dependence of the diaster-
eoselectivity on the temperature is in agreement with the
proposed mechanism. Thus, at lower temperatures, the reac-
tion proceeds under kinetic control, where a faster-forming
isomer 20 is favoured. When the temperature is increased, this
reaction shis to thermodynamic control, where the stereoiso-
meric ratio is enriched in the more stable isomer 2.

In order to investigate the synthetic utility of the photoin-
duced nitrocyclopropanation reaction and based on the phar-
macological importance of GABA (g-amino butyric acid)
derivatives, the chemoselective ring-opening of the 1-formyl-2-
nitrocyclopropane ring was carried out under heterocyclic car-
bene catalysis.29 As depicted in Scheme 3, reaction of
RSC Adv., 2025, 15, 15155–15163 | 15159
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nitrocyclopropanes 2a/2a0 andmethanol in the presence of both
DIPEA and catalytic 3-benzyl-4,5-dimethylthiazol-3-ium chlo-
ride, afforded in good yield the corresponding methyl 3-nitro-3-
phenylpropanoate 3, precursor of anxiolytic drug phenibut (3-
amino-3-phenylpropanoic acid).30
Conclusions

In summary, this study describes a simple and effective metal-
free, visible light-mediated method for the direct formation of
nitrocyclopropanes from a-bromonitrostyrenes. This approach
exploits the photochemical activity of electron donor–acceptor
(EDA) complexes formed between a-bromonitrostyrenes, DIPEA
and benzaldehyde, which acts as a sacricial donor.

Selective photolysis to the EDA complex leads to the gener-
ation of the nitrovinyl radicals, which are suitably trapped by an
enamine radical trap in situ generated from DIPEA. The
subsequent intramolecular Michael reaction, followed by
hydrolysis, provides a potent and versatile synthetic method for
the effective formation of 2-nitrocyclopropane-1-carbaldehydes.
Mechanistic studies support the proposed formation and
photolysis of an EDA complex.

The synthetic utility of the 1-formyl-2-nitrocyclopropane
products was demonstrated by conversion of cyclopropane 2a
to the corresponding g-nitromethylester 3, precursor of the
GABA analogue phenibut.
Experimental section
General methods

All the bromonitrostyrenes 1were prepared following previously
reported methodologies.31 The different reagents employed
during the development of this work are commercially avail-
able, and were purchased from Chemosapiens S.L. Dry 1,4-
dioxane stored over molecular sieves commercially available
from Sigma Aldrich Chemical Co. was used for the photo-
chemical reactions. NMR spectra were recorded in CDCl3 at 300
MHz for 1H and 75 MHz for 13C, with tetramethylsilane as an
internal standard for 1H and the residual solvent signals as the
standard for 13C. The data are reported as s = singlet, bs =

broad singlet, d= doublet, dd= double doublet, t= triplet, dt=
double triplet, q = quadruplet, p = quintuplet and m =

multiplet or unresolved, with chemical shis in ppm and
coupling constant(s) in Hz. The values of the chemical shi of
the signals in the NMR reports are in ppm. HRMS were
measured in APCI negative mode, and the mass analyzer of the
HRMS was TOF (Bruker model Impact II).
Photochemical reactions setup

A Kessil® PR160 Rig equipped with different lamps (PR160-
366 nm, PR160-390 nm, PR160-427 nm, PR160-440 nm and
PR160-456 nm) fan was used for the photochemistry setup. A
glassware reactor developed in our group was used to run the
photochemical reactions under controlled temperature (see the
ESI† for details). The reactor was placed at a distance of
approximately 5 cm away from the lamp prior to irradiation at
15160 | RSC Adv., 2025, 15, 15155–15163
maximum intensity (100% power) of the Kessil lamp (see the
ESI† for details).
General procedure for the cyclopropanation reaction

To a solution of a-bromonitrostyrene (0.3 mmol) in 1,4-dioxane
(2 mL), DIPEA (1.5 mmol) and benzaldehyde (0.3 mmol) were
added. The mixture was stirred at 20 °C for 12 hours under
irradiation with a blue LED light (467 nm). Aer completion of
the reaction, the solvent was removed under vacuum and the
crude products were puried by column chromatography.

2-Nitro-3-phenylcyclopropane-1-carbaldehyde 2a/2a0. Orange
oil. 74% yield (43 mg). Rf = 0.29 (Hex/EtOAc 5 : 1); HRMS
(APCI−) [M]− calcd for C10H9NO3, 191.0588; found: 191.0581.

1H
NMR (300 MHz, CDCl3): d 9.71 (d, J = 5.0 Hz, 1H, CHO-2a0), 9.30
(d, J = 3.5 Hz, 1H, CHO-2a), 7.45–7.13 (m, 10H, ArH), 5.33 (dd, J
= 4.9, 3.5 Hz, 1H, H2-2a), 4.83 (dd, J = 8.2, 4.7 Hz, 1H, H2-2a0),
4.03 (dd, J = 7.8, 4.7 Hz, 1H, H3-2a0), 3.88 (dd, J = 11.1, 4.8 Hz,
1H, H3-2a), 3.44 (dt, J = 11.1, 3.5 Hz, 1H, H1-2a), 2.73 (dt, J =
8.0, 5.0 Hz, 1H, H1-2a0); 13C NMR (75 MHz, CDCl3): d 193.3,
193.1, 130.2, 129.2, 128.97, 129.03, 128.8, 128.6, 128.7, 66.6,
62.4, 39.3, 38.6, 36.3, 32.6.

2-Nitro-3-(p-chlorophenyl)cyclopropane-1-carbaldehyde 2b/
2b0. Orange oil. 48% yield (33 mg). Rf = 0.14 (Hex/EtOAc 5 : 1);
HRMS (APCI−) [M]− calcd for C10H8

35ClNO3: 225.0198; found:
225.0197; calcd for C10H8

37ClNO3: 227.0172; found: 227.0167.
1H NMR (300 MHz, CDCl3): d 9.69 (d, J = 4.8 Hz, 1H, CHO-2b0),
9.39 (d, J = 3.5 Hz, 1H, CHO-2b), 7.44–7.06 (m, 8H, ArH), 5.30
(dd, J= 4.9, 3.5 Hz, 1H, H2-2b), 4.81 (dd, J= 4.8, 3.7 Hz, 1H, H2-
2b0), 3.99 (dd, J = 8.0, 4.8 Hz, 1H, H3-2b0), 3.83 (dd, J = 11.1,
4.8 Hz, 1H, H3-2b), 3.49 (dt, J = 11.1, 3.5 Hz, 1H, H1-2b), 2.70
(dt, J = 8.0, 4.8 Hz, 1H, H1-2b0); 13C NMR (75 MHz, CDCl3):
d 192.9, 192.7, 134.6, 130.2, 129.0, 129.4, 129.2, 128.6, 128.2,
127.1, 66.3, 62.5, 39.1, 38.4, 35.8, 31.8.

2-Nitro-3-(p-bromophenyl)cyclopropane-1-carbaldehyde 2c/
2c0. Orange oil. 52% yield (33 mg). Rf = 0.30 (Hex/EtOAc 5 : 1);
HRMS (APCI−) [M]− calcd for C10H8

79BrNO3, 268.9693; found:
268.9700; calcd for C10H8

81BrNO3, 270.9673; found: 270.9671.
1H NMR (300 MHz, CDCl3): d 9.69 (d, J = 4.8 Hz, 1H, CHO-2c0),
9.39 (d, J = 3.0 Hz, 1H, CHO-2c), 7.61–7.48 (m, 4H, ArH), 7.17–
7.00 (m, 4H, ArH), 5.29 (dd, J = 4.9, 3.6 Hz, 1H, H2-2c), 4.80 (dd,
J= 4.8, 3.7 Hz, 1H, H2-2c0), 3.98 (dd, J = 8.0, 4.8 Hz, 1H, H3-2c0),
3.80 (dd, J = 11.1, 4.8 Hz, 1H, H3-2c), 3.49 (dt, J = 11.1, 3.0 Hz,
1H, H1-2c), 2.69 (dt, J = 8.0, 4.8 Hz, 1H, H1-2c0); 13C NMR (75
MHz, CDCl3): d 192.9, 192.7, 132.4, 132.2, 131.8, 130.5, 129.2,
128.5, 127.5, 122.7, 66.2, 62.4, 39.0, 38.3, 35.8, 31.9.

2-Nitro-3-(p-uororophenyl)cyclopropane-1-carbaldehyde
2d/2d0. Orange oil. 50% yield (31 mg). Rf = 0.24 (Hex/EtOAc 5 :
1); HRMS (APCI−) [M]− calcd for C10H8FNO3, 209.0494; found:
209.0504. 1H NMR (300 MHz, CDCl3): d 9.70 (d, J = 4.8 Hz, 1H,
CHO-2d0), 9.38 (d, J = 3.0 Hz, 1H, CHO-2d), 7.30–7.01 (m, 8H,
ArH), 5.34–5.25 (m, 1H, H2-2d), 4.79 (dd, J= 8.0, 4.8 Hz, 1H, H2-
2d0), 3.98 (dd, J = 8.0, 4.8 Hz, 1H, H3-2d0), 3.83 (dd, J = 11.1,
4.8 Hz, 1H, H3-2d), 3.48 (dt, J = 11.1, 3.1 Hz, 1H, H1-2d), 2.69
(dt, J = 8.0, 4.8 Hz, 1H, H1-2d0); 13C NMR (75 MHz, CDCl3) (data
for the major isomer-2d): d 189.8, 162.7 (d, J = 248.4 Hz), 130.7
(d, J = 8.3 Hz), 126.1, 116.2 (d, J = 21.9 Hz), 62.0, 38.6, 35.8.
© 2025 The Author(s). Published by the Royal Society of Chemistry
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2-Nitro-3-(m-chlorophenyl)cyclopropane-1-carbaldehyde 2e/
2e0. Yellow oil. 31% yield (26 mg). Rf = 0.21 (Hex/EtOAc 5 : 1);
HRMS (APCI−) [M]− calcd for C10H8

35ClNO3: 225.0198; found:
225.0198. calcd for C10H8

37ClNO3: 227.0172; found: 227.0170.
1H NMR (300 MHz, CDCl3): d 9.67 (d, J = 4.8 Hz, 1H, CHO-2e0),
9.37 (d, J = 2.8 Hz, 1H, CHO-2e), 7.22–7.01 (m, 8H, ArH), 5.29
(dd, J = 4.9, 3.6 Hz, 1H, H2-2e), 4.80 (dd, J = 8.0, 4.6 Hz, 1H, H2-
2e0), 3.97 (dd, J = 8.0, 4.6 Hz, 1H, H3-2e0), 3.85–3.79 (m, 1H, H3-
2e), 3.50–3.47 (m, 1H, H1-2e), 2.70 (td, J = 8.0, 4.8 Hz, 1H, H1-
2e0); 13C NMR (75 MHz, CDCl3) (data for the major isomer-2e):
d 192.5, 134.3, 132.2, 130.2, 129.1, 128.2, 127.0, 62.5, 38.2, 35.6.

2-Nitro-3-(m-uorophenyl)cyclopropane-1-carbaldehyde 2f/
2f0. Bright yellow oil. 42% yield (27 mg). Rf= 0.30 (Hex/EtOAc 5 :
1); HRMS (APCI−) [M]− calcd for C10H8FNO3, 209.0494; found:
209.0484. 1H NMR (300 MHz, CDCl3): d 9.67 (d, J = 4.8 Hz, 1H,
CHO-2f0), 9.36 (d, J = 2.9 Hz, 1H, CHO-2f), 7.42–7.29 (m, 6H,
ArH), 7.06–6.95 (m, 2H, ArH), 5.28 (dd, J = 4.9, 3.5 Hz, 1H, H2-
2f), 4.79 (dd, J= 8.3, 4.7 Hz, 1H, H2-2f0), 3.98 (dd, J= 7.7, 4.7 Hz,
1H, H3-2f0), 3.82 (dd, J = 11.1, 4.9 Hz, 1H, H3-2f), 3.46 (dt, J =
11.1, 3.5 Hz, 1H, H1-2f), 2.69 (dt, J = 8.0, 4.7 Hz, 1H, H1-2f0); 13C
NMR (75 MHz, CDCl3) (data for the major isomer-2f): d 192.6,
162.8 (d, J= 247.2 Hz), 132.5 (d, J= 8.3 Hz), 130.6 (d, J= 8.5 Hz),
124.5, 116.1 (d, J = 22.5 Hz), 115.8 (d, J = 20.9 Hz), 62.3, 38.3,
29.7.

2-Nitro-3-(m-triuoromethyphenyl)cyclopropane-1-
carbaldehyde 2g/2g0. Bright yellow oil. 45% yield (34 mg). Rf =

0.32 (Hex/EtOAc 5 : 1); HRMS (APCI−) [M]− calcd for
C11H8F3NO3, 259.0458; found: 259.0469.

1H NMR (300 MHz,
CDCl3): d 9.69 (d, J = 4.7 Hz, 1H, CHO-2g0), 9.44 (d, J = 2.5 Hz,
1H, CHO-2g), 7.65–7.36 (m, 8H, ArH), 5.33 (dd, J = 4.8, 3.8 Hz,
1H, H2-2g), 4.84 (dd, J = 8.3, 4.8 Hz, 1H, H2-2g0), 4.05 (dd, J =
7.8, 4.7 Hz, 1H, H3-2g0), 3.88 (dd, J = 11.1, 5.0 Hz, 1H, H3-2g),
3.54 (dt, J= 11.1, 5.0 Hz, 1H, H1-2g), 2.74 (dt, J= 8.0, 4.8 Hz, 1H,
H1-2g0); 13C NMR (75 MHz, CDCl3) (data for the major isomer-
2g): d 192.4, 134.3, 132.1, 131.5 (d, J = 32.6 Hz), 129.5, 129.2 (q, J
= 232.6 Hz), 128.8 (d, J= 3.7 Hz), 125.4 (d, J= 3.7 Hz), 62.3, 38.2,
35.9.

2-Nitro-3-(p-methoxyphenyl)cyclopropane-1-carbaldehyde
2h/2h0. Yellow oil. 28% yield (18 mg). Rf= 0.33 (Hex/EtOAc 5 : 1);
HRMS (APCI−) [M]− calcd for C11H11NO4, 221.0694; found:
221.0697. 1H NMR (300 MHz, CDCl3): d 9.70 (d, J = 5.0 Hz, 1H,
CHO-2h0), 9.31 (d, J = 3.5 Hz, 1H, CHO-2h), 7.24–7.11 (m, 4H,
ArH), 6.93–6.81 (m, 2H, ArH), 5.29 (dd, J = 4.8, 3.5 Hz, 1H, H2-
2h), 4.77 (dd, J = 8.1, 4.8 Hz, 1H, H2-2h0), 3.98 (dd, J = 8.0,
4.6 Hz, 1H, H3-2h0), 3.89 (q, J = 11.1, 4.8 Hz, 1H, H3-2h), 3.83 (s,
3H, CH3), 3.81 (s, 3H, CH3), 3.41 (dt, J= 11.0, 3.5 Hz, 1H, H1-2h),
2.67 (td, J = 8.0, 5.0 Hz, 1H, H1-2h0); 13C NMR (75 MHz, CDCl3)
(data for the major isomer-2h): d 192.9, 157.6, 136.9, 130.4,
114.4, 114.2, 62.7, 55.3, 38.3, 34.9.

2-Nitro-3-(p-methylphenyl)cyclopropane-1-carbaldehyde 2i/
2i0. Orange oil. 32% yield (19 mg). Rf = 0.36 (Hex/EtOAc 5 : 1);
HRMS (APCI−) [M]− calcd for C11H11NO3, 205.0744; found:
205.0740. 1H NMR (300 MHz, CDCl3): d 9.83 (d, J = 5.0 Hz, 1H,
CHO-2i0), 9.42 (d, J = 3.6 Hz, 1H, CHO-2i), 7.26–7.15 (m, 8H,
ArH), 5.28 (dd, J = 4.8, 3.6 Hz, 1H, H2-2i), 4.92 (dd, J = 8.0,
4.5 Hz, 1H, H2-2i0), 3.77–3.70 (m, 1H, H3-2i0), 3.81 (dd, J = 11.1,
© 2025 The Author(s). Published by the Royal Society of Chemistry
4.8 Hz, 1H, H3-2i), 3.39 (dt, J = 11.1, 3.6 Hz, 1H, H1-2i), 2.85–
2.78 (m, 1H, H1-2i0), 2.50 (s, 3H, CH3), 2.48 (s, 3H, CH3);

13C
NMR (75 MHz, CDCl3) (data for the major isomer-2i): d 190.0,
138.3, 129.69, 129.67, 128.7, 62.6, 36.1, 29.7, 21.1.

2-Nitro-3-(o-uorophenyl)cyclopropane-1-carbaldehyde 2j/
2j0. Yellow oil. 39% yield (25 mg). Rf = 0.29 (Hex/EtOAc 5 : 1);
HRMS (APCI−) [M]− calcd for C10H8FNO3, 209.0494; found:
209.0486. 1H NMR (300MHz, CDCl3) (data for the major isomer-
2j): d 9.49 (d, J = 2.5 Hz, 1H, CHO), 7.42–7.02 (m, 4H, ArH), 5.25
(dd, J= 4.9, 3.6 Hz, 1H2), 3.77 (dd, J= 11.0, 4.9 Hz, 1H, H3), 3.56
(dd, J = 11.0, 4.9, 2.5 Hz, 1H, H1); 13C NMR (75 MHz, CDCl3)
(data for the major isomer-2j): d 192.6, 163.7 (d, J = 276.4 Hz),
130.6 (d, J = 8.3 Hz), 130.4 (d, J = 2.5 Hz), 124.5 (d, J = 2.9 Hz),
115.9 (d, J = 21.2 Hz), 62.1, 37.2, 30.5 (d, J = 3.6 Hz).

2-(Furan-2-yl)-3-nitrocyclopropane-1-carbaldehyde 2k/2k0.
Yellow oil. 40% yield (21 mg). Rf = 0.29 (Hex/EtOAc 5 : 1); 1H
NMR (300 MHz, CDCl3): d 9.67 (d, J = 4.8 Hz, 1H, CHO-2k0), 9.43
(d, J = 4.0 Hz, 1H, CHO-2k), 7.36 (bs, 2H), 6.38–6.36 (m, 4H),
5.29 (dd, J= 4.3, 4.0 Hz, 1H, H2-2k), 4.92 (dd, J= 8.3, 4.5 Hz, 1H,
H2-2k0), 3.99 (dd, J = 7.6, 4.5 Hz, 1H, H3-2k0), 3.70 (dd, J = 10.8,
4.7 Hz, 1H, H3-2k), 3.35 (dt, J = 10.8, 4.0 Hz, 1H, H1-2k), 2.82
(td, J = 7.9, 4.8 Hz, 1H, H1-2k0).
Ring opening of nitrocyclopropane 2a

To a solution of nitrocyclopropane 2a (0.13 mmol) in
dichloromethane (0.5 mL) was added 3-benzyl-4,5-
dimethylthiazol-3-ium (6 mg, 20 mol%). To this solution,
DIPEA (20 mL, 40 mol%) and MeOH (20 mL, 0.26 mmol, 3 equiv.)
were added. The mixture was stirred at r. t. for 15 hours, and
then treated with sat. aq. NH4Cl (1 mL) and extracted with
EtOAc (2 × 5 mL). The combined organic extracts were washed
with brine, dried over Na2SO4 and concentrated under reduced
pressure. The residue was puried by column chromatography
(Hex/EtOAc 6 : 1) to afford nitroester 3 (24 mg, 86%).
Methyl 4-nitro-3-phenylbutanoate 3 (ref. 32)
1H NMR (300 MHz, CDCl3): d 7.38–7.18 (m, 5H, C7–C9), 4.74
(dd, J = 12.6, 7.0 Hz, 1H, C5), 4.64 (dd, J = 12.6, 7.9 Hz, 1H, C5),
3.99 (p, J = 7.4 Hz, 1H, C4), 3.63 (s, 3H, C1), 2.78 (d, J = 7.4 Hz,
2H, C3); 13C NMR (75 MHz, CDCl3) d 171.2, 138.4, 129.2, 128.2,
127.4, 79.5, 52.0, 40.3, 37.6.
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2017, 2122; (b) T. Guo, L. Zhang, X. Liu, Y. Fang, X. Jin,
Y. Yang, Y. Li, B. Chen and M. Ouyang, Adv. Synth. Catal.,
2018, 360, 4459.

14 (a) E. B. Averina, N. V. Yashin, T. S. Kuznetsova and
N. S. Zerov, Russ. Chem. Rev., 2009, 78, 887; (b) R. Ballini
and A. Palmieri, Nitro Cyclopropanes: Synthesis and
Applications in Nitroalkanes: Synthesis, Reactivity, and
Applications, Wiley-VHC, 2021, pp. 239–262; (c) Z.-Y. Xu,
J.-S. Wei, L. Liu, Q.-B. Hu, J.-Y. Zhu, Z.-Y. Zhou, A.-B. Xia
and D.-Q. Xu, J. Org. Chem., 2024, 89, 13868; (d) S. R. Jeny,
S. Selvi, M. Deerkadharshini and K. Srinivasan, RSC Adv.,
2024, 14, 33587.

15 (a) Y. Xuan, S. Nie, L. Dong, J. Zhang and M. Yan, Org. Lett.,
2009, 11, 1583; (b) H. J. Lee, S. M. Kim and D. Y. Kim,
Tetrahedron Lett., 2012, 53, 3437; (c) X.-D. Zhang, J. Song,
N. Gao, Z. Guan and Y.-H. He, J. Mol. Cat. B., 2016, 134, 1;
(d) K. Iwai, R. Kamidate, K. Wada, H. Asahara and
N. Nishiwaki, Beilstein J. Org. Chem., 2023, 19, 892; (e)
D. Kim, H.-J. Jeon, Y. Kwak, S. J. Lee, T.-G. Nam, J. H. Yu,
H. Anand and K. B. Hong, RSC Adv., 2024, 14, 831; (f)
P. Y. Ushakov, I. S. Golovanov, S. L. Ioffea and
A. A. Tabolin, Org. Chem. Front., 2024, 11, 315; (g) B. Wang,
J. Liu, H. Jin and L. Zhang, Adv. Synth. Catal., 2024, 366,
2742.
© 2025 The Author(s). Published by the Royal Society of Chemistry

https://doi.org/10.1055/a-2557-7569
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra02540k


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

8 
M

ay
 2

02
5.

 D
ow

nl
oa

de
d 

on
 4

/1
5/

20
26

 2
:1

8:
30

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
16 F. Doraghi, B. Larijani and M. Mahdavi, RSC Adv., 2024, 14,
14835.

17 For reviews see:(a) G. E. M. Crisenza, D. Mazzarella and
P. Melchiorre, J. Am. Chem. Soc., 2020, 142, 5461; (b)
A. K. Wortman and C. R. J. Stephenson, Chem, 2023, 9,
2390; (c) A. A. Volkov, D. I. Bugaenko and A. V. Karchava,
ChemCatChem, 2024, 16, e202301526.

18 R. Foster, J. Phys. Chem., 1980, 84, 2135.
19 (a) T. M. Bockman, S. M. Hubig and J. K. Kochi, J. Org. Chem.,

1997, 62, 2210; (b) S. V. Rosokha and J. K. Kochi, Acc. Chem.
Res., 2008, 41, 641.

20 (a) Z. Yang, Y. Liu, K. Cao, X. Zhang, H. Jiang and J. Li,
Beilstein J. Org. Chem., 2021, 17, 771; (b) M. Balletti,
T. Wachsmuth, A. Di Sabato, W. C. Hartley and
P. Melchiorre, Chem. Sci., 2023, 14, 4923; (c) H. F. Piedra
and M. Plaza, Chem. Sci., 2024, 15, 19077; (d) Y.-Z. Liu,
Y. Chen, A. Wang, Z. Shen, X. Zhou, J. Zhang, Y. Jian and
X. Ma, Green Chem., 2024, 26, 2280.

21 (a) Z. Q. Zhu, W. Y. Zhang, X. L. Huang, Q. Li, Z. Z. Xu and
H. Y. Rao, J. Org. Chem., 2025, 90, 2842; (b) J. Gu, Y. Meng,
Z. Cheng, G. Lu, M. Xin, J. Tang, Z. Du, X. Zhang, M. Deng
and Y. Zou, Cell Rep. Phys. Sci., 2024, 5, 102230.

22 B. Pijper, L. M. Saavedra, M. Lanzi, M. Alonso, A. Fontana,
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