
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

9 
A

pr
il 

20
25

. D
ow

nl
oa

de
d 

on
 9

/0
6/

20
26

 4
:4

8:
31

 P
T

G
. 

 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
View Journal  | View Issue
Eco-friendly met
aUniversity of Lodz, Doctoral School of Exa

90-237 Lodz, Poland
bUniversity of Lodz, Faculty of Chemistry

Chemistry, Tamka 12, PL-91-403, Lodz, Po

uni.lodz.pl

† Electronic supplementary informa
https://doi.org/10.1039/d4ra08527b

Cite this: RSC Adv., 2025, 15, 12698

Received 3rd December 2024
Accepted 11th April 2025

DOI: 10.1039/d4ra08527b

rsc.li/rsc-advances

12698 | RSC Adv., 2025, 15, 12698–12
hods for the synthesis of N-acyl
pyrazole derivatives with luminescent properties†

Eliza Świętczak, ab Michał Rachwalskib and Adam Marek Pieczonka *b

A comparison of green methods for the synthesis of N-acyl pyrazoles starting from aromatic

carbohydrazide derivatives and 1,3-diketones is presented. Special attention was focused on reactions

utilizing a ball mill enabling the synthesis of novel pyrazole derivatives with optimal yield and

reproducibility. The use of this approach facilitated the synthesis of target compounds exhibiting solid-

state luminescent properties attributable to the phenomenon of aggregation-induced emission (AIE).

Additionally, efforts were made to prepare thin, luminescent solid-state films, allowing for the

assessment of which synthesized compounds may have potential applications in organic electronics.
Introduction

Pyrazole derivatives represent a crucial class of heterocyclic
organic molecules possessing substantial utilization potential,
especially owing to their biological characteristics.1–3 However,
the literature also reports pyrazole derivatives exhibiting lumi-
nescent properties in the solid state associated with the
phenomenon of Aggregation-Induced Emission (AIE).4 N-Acyl
pyrazole derivatives are less explored; however, their signi-
cance as biologically active compounds is equally important
due to the presence of an additional carbonyl group.4–6

Compounds of this type can be obtained through direct acyla-
tion of the pyrazole ring utilizing, for example, acid chlorides,7,8

or through oxidative amidation reactions.9,10 Another approach
involves cyclocondensation reactions utilizing carbohydrazide
derivatives and carbonyl compounds.11 The most commonly
described example in the literature is the reaction between
hydrazides and 1,3-diketones, which requires additional acti-
vation to obtain the pyrazole ring. These reactions are most
commonly catalysed by Lewis acids12 or Brønsted acids and can
be conducted under solvent-free conditions.13 Reactions cata-
lysed by microwaves14 or performed using grinding15 are also
conducted without the use of a solvent, while the utilization of
ultrasonication typically requires the use of a solvent such as
ethanol.16 The synthesis of N-acyl pyrazole derivatives can even
be carried out using solvents such as a mixture of glycerol–
water17 or employing lemon juice as the reaction medium.18

Most of the presented synthetic methods can be considered as
ct and Natural Sciences, Matejki 21/23,

, Department of Organic and Applied

land. E-mail: adam.pieczonka@chemia.

tion (ESI) available. See DOI:

703
eco-friendly, however, they are typically described for a narrow
scope of substrates.

Taking this into account, as well as our interest in synthe-
sizing compounds with luminescent properties,19 we have
decided to conduct the synthesis of a series of N-acyl pyrazole
derivatives using environmentally friendly methods, starting
from aromatic hydrazide derivatives (Scheme 1).
Results and discussion

The initial reaction attempts were conducted utilizing furan-2-
carboxylic acid hydrazide and 2,5-pentanedione, employing
ultrasonic catalysis, microwave irradiation, grinding using
a ball mill, as well as a reaction conducted in lemon juice. Aer
optimizing the reaction conditions for each method, we
expanded our investigations to include the hydrazides of
biphenyl carboxylic acid and 2-naphthoic acid (Table 1). In all
cases, the inuence of the catalyst (piperidine, acetic acid, or
sulfuric acid(VI)) and reaction time was examined. For reactions
catalyzed by ultrasound and those conducted in a microwave
reactor, the effect of temperature was also studied. In the case of
ball mill utilization, the impact of milling frequency and the
number of grinding balls on the efficiency of the process was
investigated. In summary, the reactions conducted in the
ultrasonic bath lasted for 75 minutes and required ethanol as
a solvent, along with a catalytic amount of acetic acid as
a catalyst. Synthesis in the vibratory ball mill required a catalytic
amount of sulfuric acid but was conducted without a solvent for
Scheme 1 Synthesis of the N-acyl pyrazole derivatives.
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Table 1 Comparison of eco-friendly synthesis methods

Product

Selected method

Ball mill Ultrasonic catalysis Microwave irradiation Lemon juice

95% 64% 83% 85%

67% 60% 29% 39%

52% 72% 42% 71%
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60 minutes with the frequency 22 Hz. The reaction in the
microwave reactor lasted for 20 minutes at 120 °C and was
conducted without a solvent or catalyst. The synthesis con-
ducted using lemon juice was carried out at room temperature
for 24 hours using freshly squeezed lemon juice. In all cases, the
products were obtained as solids, which were puried through
the crystallization process.

Based on the presented results, we have decided that the
most versatile method for synthesizing N-acyl pyrazoles is
mixing in a ball mill with the addition of a catalytic amount of
H2SO4. In the next approach, we use a broader range of carbo-
hydrazides and different diketones to determine the limitations
of this method (Table 2). Because our research aimed to
synthesize compounds with luminescent properties, we decided
to use carbohydrazide derivatives with large aromatic substit-
uents such as biphenyl, naphthyl, or a coumarin derivative. The
presented method is suitable for the synthesis of derivatives
containing bulky aromatic substituents (naphthyl, biphenyl,
coumarin) and also tolerates the presence of an additional
hydroxyl group but the best reactivity was observed for carbo-
hydrazides with electron-donating substituents. Unfortunately,
it is limited to derivatives with alkyl groups on the pyrazole ring
(all attempts to synthesize 3,5-diphenyl-substituted pyrazole
failed due to the lower electrophilicity of the carbonyl atoms in
© 2025 The Author(s). Published by the Royal Society of Chemistry
1,3-diphenyl-1,3-propanedione compared to aliphatic dike-
tones). Similarly, the attempt to use nitro-substituted hydrazide
did not result in obtaining the expected product (see ESI info†).
The reaction with an unsymmetrical diketone (6-methyl-2,4-
heptadienone) resulted in a mixture of regioisomers 1k and
1l, from which only the major product 1k, could be isolated in
pure form (Table 3).

The structure of the compounds 1k and 1m was conrmed
based on 2D NMR spectra. This compound is formed through
the initial attack of the hydrazide on the less sterically hindered
carbonyl atom, followed by cyclization involving the second
carbonyl group. The same result was obtained for both tested
carbohydrazides, and regardless of the method used,
compound 1k and 1m predominantly formed (the regioisomer
ratio was determined based on 1H NMR spectra).

Among the obtained compounds, the most promising in
terms of luminescent properties were the pyrazole derivatives of
4-ethoxy salicylic acid 1d and 1j, as well as the coumarin
derivative 1e, for which we decided to conduct further investi-
gations. To determine the application potential of the obtained
compounds, absorption and emission spectra were recorded
and their photoluminescence quantum yield (PLQY) was
measured. Pyrazole derivatives with 4-ethoxy-2-hydroxyphenyl
substituent (1d, 1j) exhibited similar absorption maxima (355–
RSC Adv., 2025, 15, 12698–12703 | 12699
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Table 2 Range of obtained products using ball mill methoda

Product

Selected method

Ball mill Ultrasonic catalysis Microwave irradiation

50% 40% Trace amount

37% —* —*

42% 18% 37%

84% —* Trace amount

55% 0% 16%

34% 0% 23%

12700 | RSC Adv., 2025, 15, 12698–12703 © 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 2 (Contd. )

Product

Selected method

Ball mill Ultrasonic catalysis Microwave irradiation

61% 28% Trace amount

a —* Reaction not carried out.

Table 3

Selected
method Yield

Regioisomer
ratio

Ball mill 50% 90 10
Ultrasonic catalysis 42% 89 11
Microwave irradiation I 17% 65 35

Ball mill 19% 90 10

Fig. 1 Emission spectra of selected pyrazoles derivatives.
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364 nm, see ESI info†) and emission maxima (420–440 nm,
Fig. 1), characterized by low luminescence quantum yield in
DCM solution (<1%), which increased to 5.2% for a thin solid-
state layer. The benzocoumarin derivative 1e distinctly stood
out, with a PLQY of 7.2% in DCM solution, increasing to 20% in
a thin solid-state layer. The higher PLQY in the solid state is
likely attributed to the aggregation-induced emission (AIE)
effect, which has been described for both benzocoumarin
derivatives20 and pyrazole derivatives.4
© 2025 The Author(s). Published by the Royal Society of Chemistry
Thin solid-state layers were prepared to determine the lm-
forming properties of the obtained compounds and to
measure their PLQY in the solid state. The thin layers were
fabricated using the drop-casting method from toluene solu-
tions onto quartz substrates. The layer prepared for the
coumarin derivative was continuous without crystalline
elements and emitted light uniformly (Fig. 2), indicating its
potential utility as an emissive layer in OLEDs, for example. The
luminescent properties and ability to form thin solid lms are
crucial for the potential application of the studied compounds
in organic electronics. The presented preliminary studies
conrm that compound 1e may be considered for further
research, particularly regarding its use as an emissive layer in
OLED devices. In the next stages of the study, alternative
methods for fabricating thin solid lms (such as spin-coating,
dip-coating, and inkjet printing) will be employed. These tech-
niques will facilitate the production of an OLED prototype
incorporating AIE compounds as the emissive layer positioned
between other functional layers, as presented in our previous
studies.19
RSC Adv., 2025, 15, 12698–12703 | 12701
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Fig. 2 Picture of the thin layer of compound 1j (top) and 1e (bottom)
captured using a digital microscope, illuminated with UV light at
a 360–380 nm. The top photograph illustrate crystallization ability of
the compound 1j in the thin layer of the solid. The bottom picture was
taken at the edge of the layer to better illustrate the continuity of the
layer and the limited crystallization ability of the compound 1e in the
area where the material accumulates.
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Conclusions

Our objective was to compare modern methods for the
synthesis of N-acyl pyrazole derivatives, and we demonstrated
that the use of a ball mill is the most versatile among the eco-
friendly methods for synthesizing this group of derivatives.
However, for the reaction of simple aromatic hydrazides with
2,4-pentadienone, the sonochemical method also enabled the
synthesis of the expected products with high yields. Addition-
ally, some of the obtained compounds exhibited luminescent
properties. The most promising of these was the coumarin
derivative 1e, for which a high-quality thin solid layer was also
obtained. This, combined with its luminescent properties,
suggests potential future applications of this compound, such
as in the emissive layer of OLEDs. Typically, the synthesis of
emitters used in OLEDs is complex and expensive, whereas N-
acyl pyrazole derivatives can be synthesized using green, eco-
friendly methods.
12702 | RSC Adv., 2025, 15, 12698–12703
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