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BF, complexes of 1,3-dipyrrolyl-1,3-diketones are highly emissive compounds and well known to be =-
electronic anion-responsive systems because of their role in the formation of ion-pair assemblies. Despite
their impressive electronic properties, their broader potential remains unexplored. Here, we synthesized a
mono-functionalized =-electronic BF, complexes of 1,3-dipyrrolyl-1,3-diketones.

Controlled functionalization was achieved by selectively introducing formyl, iodo, nitro and amine groups

series of novel

at the a-position of the unsubstituted pyrrole of 1,3-dipyrrolyl-1,3-diketone BF, complexes. Single crystal
X-ray diffraction studies of compounds 2 and 4 provided definitive evidence of their molecular structures
and confirmed selective functionalization. Detailed photophysical and electrochemical studies revealed the
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alteration of electronic properties through the choice of functional groups as evidenced by distinct
absorption and emission profiles. Furthermore, DFT calculations complemented the experimental findings
DOI: 10.1039/d4nj04611k by providing insights into the bandgap energies and molecular stability of the compounds. These

functionalized BF, complexes represent valuable building blocks for developing new derivatives with
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Introduction

Stable organoboron complexes with remarkable adaptability
have emerged as potential functional luminophores among
fluorescent dyes.'™ The most commonly used boron dyes
(Chart 1) include boron-dipyrromethene (BODIPY) complexes,®®
aza-based BODIPYs’ " and difluoroboron f-diketonate complexes
(BF,-bdks)."*>'* These dyes exhibit high absorption coefficients,
significant Stokes shifts, high quantum yields (¢y), and tunable
absorption/emission profiles from visible to near-infrared
(NIR region) in both solution and solid states."'*® They have
been explored for potential applications in various areas, such as
solar cells,"*>* sensing,"** bioimaging,”®**® and photodynamic
therapy.”®>*> Among the BF,-bdks, 1,3-dipyrrolyl-1,3-propanedione
boron (DPDB) complexes have emerged as promising anion-
responsive m-electronic systems with unique optical and electronic
properties.>****> DPDBs having long-alkyl chain compounds are
recognized for their ability to form ion-pair assemblies in the
presence of anions with suitable cations.>***® The DPDB complexes
exhibit high absorption coefficients and high fluorescence
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applications spanning organic electronics, bioimaging, and chemosensors.

quantum yields (¢¢).***" Additionally, the nature of the substituent
on the pyrrole rings plays a crucial role in determining the optical
properties of DPDBs.*>*'™** However, further research is needed to
utilize these highly emissive systems for applications like optoelec-
tronics, photovoltaics, and bio-applications, leaving ample room for
developing new systems and tuning their properties. The DPDB
scaffold has been a relatively unexplored area of research due to the
lack of suitable monomer units. The introduction of functional
groups on DPDBs allows the modulation of their electronic and
optical properties for various applications. Maeda et al. introduced
the nitro and iodo functional groups on diethyl-substituted pyrrole
containing DPDBs and studied their anion-responsive properties.**
Their group had developed aryl substituted DPDBs using iodo
functionalized DPDB complexes to study their packing structures in
the presence of anions.**® Given the potential of these highly
emissive compounds, there is a need to develop functionalized
systems. The strategic functionalization of DPDBs offers a powerful
tool to tailor their optical properties for specific applications
ranging from optoelectronics to biological probes. In this report,
selective mono-functionalization of DPDB (compound 1) at the
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a-position was investigated to study its optical and electrochemical
properties for understanding its electronic states.

Results and discussion
Synthesis and characterization

The investigation of the reactivity of molecular structure 1 indicates
that the o-position of the 1,3-dipyrrolyl-1,3-propanedione BF,-
complex*” (DPDB) is more reactive and susceptible for functiona-
lization of the pyrrole ring. In our study, we focused on incorporat-
ing a range of common functional groups at this reactive centre to
generate a variety of functionalized derivatives. Specifically, we
explored the introduction of formyl, iodo, nitro, and amine groups
at the o-position, each preferred for their diverse chemical proper-
ties and potential applications. Strategic functionalization allows
fine-tuning of the DPDB’s electronic and structural properties and
provides possibilities for further synthetic modifications. With the
systematic introduction of functional groups at the o-position, we
aim to create a library of DPDB derivatives with tailored character-
istics, potentially expanding their utility in fields such as materials
science, catalysis, and molecular recognition.

Formylated DPDBs show significant reactivity for nucleophilic
substitution reactions, making the ~CHO group a key functional
group for tuning and modifying the properties of synthesized
compounds. Given this importance, we initiated our study with
the formylation of compound 1. The -CHO group was introduced
onto the pyrrole carbon of DPDB using the Vilsmeier-Haack
reaction by treating compound 1 with the Vilsmeier reagent,
composed of excess equivalents of DMF and POCl; in 1,2-
dichloroethane solvent. Initial attempts at formyl functionaliza-
tion, involving direct addition of compound 1 to the Vilsmeier
reagent (65 equiv. of DMF and 25 equiv. of POCl;) and heating at
55 °C, led to the incomplete conversion of the starting materials.
However, we optimized the condition by reversing the addition
order. Adding Vilsmeier reagent to compound 1 at room tempera-
ture and further heating to 55 °C for 2 h resulted in the complete
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consumption of the starting materials (Scheme 1). The crude
reaction mixture was purified by silica gel column chromatogra-
phy, affording the formylated DPDB compound 2 as a yellow solid
in 30% yield. Notably, despite our efforts, electrophilic substitu-
tion resulted only in mono-formyl DPDB. The insertion of one
formyl group in the DPDB compound decreased its affinity
towards additional electrophiles, making further functionaliza-
tion of pyrrole challenging. This observation suggests that more
vigorous conditions and a more detailed study may be necessary
to introduce multiple formyl groups.

Halogenated DPDBs offer significant potential for developing
novel DPDB-based systems, chiefly due to their reactivity in Pd-
catalysed coupling reactions and nucleophilic substitution reac-
tions. Using halogenated derivatives as synthetic intermediates, a
wide range of functional groups can be introduced, allowing for
the creation of complex and diverse molecular structures. To
explore this potential, we attempted to synthesize both iodinated
and brominated derivatives of compound 1. The iodination
reaction was successfully carried out by reacting compound 1 in
tetrahydrofuran (THF) with 1.05 equivalents of N-iodosuccinimide
(NIS) at —5 °C to —10 °C and then allowing to stir additionally
for 1 h under the same conditions (Scheme 1). The selective
iodination at the a-position of DPDB yielded a mono-iodinated
DPDB derivative compound 3 as a yellow solid in 40% yield.
Our iodination results are consistent with those reported by
Maeda et al.,, who also carried out an iodination reaction using
NIS on a diethyl-substituted pyrrole-based BF, complex.*’
However, our attempts to obtain brominated derivatives using
N-bromosuccinimide (NBS) and liquid bromine were unsuccess-
ful, resulting in a complicated mixture of products. The successful
synthesis and characterization of the mono-iodo DPDB derivative
(compound 3) demonstrate the potential for further functionali-
zation of this complex. However, the challenges encountered in
bromination highlight the need for alternative strategies or reac-
tion conditions when introducing different halogen substituents.

The nitration of compound 1 was carried out using a
mixture of concentrated acetic acid and nitric acid at 0 °C for
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Scheme 1 Synthesis of mono-functionalized 1,3-dipyrroyl-1,3-diketone BF, complexes 2-5.
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2 h and for 1 h at room temperature (Scheme 1). Under these
conditions, electrophilic substitution produced exclusively the
mono-nitro derivative of compound 1. Further purification of
the crude product was achieved by silica gel column chromato-
graphy, yielding compound 4 as an orange solid in 41% yield. It
is worth noting that Maeda et al. previously reported a similar
nitration under similar conditions on a diethylsubstituted
pyrrole-based BF, complex, which supports the viability of our
approach.* Following the successful nitration of DPDB, the
nitro compound was reduced to amine under Pd/C catalytic
conditions using hydrazine hydrate as a reducing agent. The
reaction mixture was refluxed for 1 h in a 1: 1 ratio of methanol/
tetrahydrofuran solvent (Scheme 1). Subsequent purification of
a crude compound through silica gel chromatography yielded
compound 5 as a red solid in 45% yield. It is worth noting that
electron-withdrawing groups like -CHO and -NO, usually
deactivate molecules and change their molecular orientation.
This effect controls the introduction of multiple functional
groups.

All the synthesized compounds 1-5 are freely soluble in
common organic solvents such as dichloromethane (DCM),
ethyl acetate (EtOAc), acetone, tetrahydrofuran (THF), chloro-
form (CHCl;), dimethyl sulphoxide (DMSO), dimethyl forma-
mide (DMF) and methanol (MeOH). Compounds 1-5 were
characterized by 'H, *C, '°F, ''"B NMR, FT-IR, and MS spectro-
scopic techniques (Fig. S1-S26, ESIT). The '"H NMR spectra of
compound 1 exhibited three sets of signals for six protons of
pyrrole carbons and two sets of signals for bridged -CH and
-NH protons. Upon mono-functionalization, the DPDB com-
plexes displayed distinct signals in the region of 5.5-14.0 ppm,
corresponding to five pyrrole protons, two -NH protons, and
one bridged -CH proton, due to their unsymmetrical nature.
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As shown in Fig. 1, distinct signals in "H NMR spectra at 9.74 ppm
and 6.49 ppm corresponding to aldehyde (-CHO) and amine
(-NH,) groups, respectively, reveal their identity in compound 2
and compound 5. The NH proton of the pyrrole ring in compound
4, bearing a -NO, substituent, exhibited a downfield shift of 1.7
ppm compared to compound 1, attributed to the electron-
withdrawing nature of the nitro group. Conversely, the NH proton
of the pyrrole ring in compound 5 bearing the amine substituent
showed an up-field shift of 0.7 ppm due to the electron-donating
nature of the amine group. The integration values obtained from
these spectra further validated the structural composition of each
compound. °F NMR of compounds 1-5 showed signals in the
region of —138 to —141 ppm. Interestingly, compound 5 showed
an up-field shift of 1.8 ppm in '’F NMR, similar to '"H NMR
compared to 1 due to the electron-donating ability of the amine
group. On the other hand, a singlet was observed in ''B NMR
spectra in the range of —0.18 to —0.36 ppm, respectively, for
compounds 1-5 (Fig. 1). FT-IR spectroscopy (Fig. 2) provided
additional insights, revealing the characteristic identities at 1668,
591, 1356, and 3383 cm ™ ' corresponding to ~CHO in compound 2,
C-I in compound 3, N-O for -NO, in compound 4, and N-H for
NH, in compound 5, respectively. Furthermore, all compounds
exhibit C=C stretching around 1562-1586 cm " and N-H stretch-
ing of pyrroles in the region of 3410-3492 cm™", consistent with
the core DPDB structure. Molecular ion peaks in ESI-MS analysis
provided definitive evidence confirming the molecular identities of
the target compounds. All these spectroscopic findings precisely
support the formation and molecular structures of compounds.

X-ray single crystal structures

Solid-state structures of compounds 2 and 4 were determined
by single-crystal X-ray diffraction analysis, as shown in Fig. 3.
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Fig. 1 'H, B and °F NMR spectral changes of compounds 1-5 in DMSO-d.
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Fig. 2 FT-IR spectra of compounds 1-5.

Single crystals of both compounds 2 and 4 were successfully
obtained by the slow vapour diffusion of cyclohexane into an
ethyl acetate solution at room temperature. The ORTEP plot of
both compounds 2 and 4 at a 50% probability level is given in
Fig. S27 (ESIt), and the parameters are tabulated in Table S1
(ESIt). Compound 2 bearing the -CHO group crystallized as
orange plate-shaped crystals, revealing an orthorhombic system
with a space group, Pca2;, and a planar geometry. Fig. 3A-C
illustrates the top and side views of the structure along with the
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packing diagram in a unit cell, where edge-to-end packing is
observed. The crystal structure of compound 2 contains two
molecules of compound 2 and three water molecules bound by
intermolecular hydrogen bonding. The molecular structure
features a formyl (-CHO) group located at the a-position of
one of the appended pyrrole rings. Intermolecular hydrogen
bonding is observed between the oxygen of the -CHO group
and the NH of unsubstituted pyrrole, with N(-H)- - -O distances
of 2.084 A and 2.124 A, as shown in Fig. 3C. The difference in
bond distances is due to the layered antiparallel stacking
of molecules caused by the intermolecular hydrogen bonding
by the two water molecules. The hydrogen bonding network
can be described as N1_1(-H)- - -O(-H2)- - -H-O-H- - -H(-N2_2)
resulting from the hydrogen bonding interactions between the
pyrrole NH and solvent molecules having hydrogen bond dis-
tances of 1.972 A and 1.989 A. The formyl-substituted pyrrole
NH of one molecule binds with O-(H2), which then binds with
the second water molecule. The second water molecule further
forms a hydrogen bond with the formyl-substituted pyrrole NH.

The molecular structure of compound 4 is similar to that of
compound 2, exhibiting a planar geometry. Compound 4
existed as orange block-shaped crystals in a triclinic crystal
system with a space group, P1. Fig. 3D and E present the top
and side views of compound 4. The structure comprises one
-NO, group at the a-position of one of the appended pyrrole
rings. Compound 4 forms a dimeric structure with an inter-
planar distance of 3.134 A between the anti-parallel face-to-face

Top View

BB 0B B, ©0-BB0L0ST9

Side View

(F)

Fig. 3
compound 4 structure. (F) Packing diagram of compound 4 in a unit cell.
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(A) Front view and (B) top view of compound 2 structure. (C) Packing diagram of compound 2 in a unit cell. (D) Front view and (E) top view of
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n-n stacking interactions, as shown in Fig. 3F. The intermole-
cular hydrogen bonding interactions observed in the crystal
structure are given in Table S2 (ESIt). Fig. 3F displays the
packing arrangement of molecules with two molecules per unit
cell. From a polyhedral view, the bond angles of F1-B1-F2,
F1-B1-02, F2-B1-03 and 03-B1-02 were found to be 110.12°,
108.91°, 108.93° and 112.68°, respectively.

Theoretical calculations

Density functional theory (DFT) calculations for all compounds
were performed using the Gaussian 09W program to demon-
strate the effect of the functional group on the optical proper-
ties and electronic distribution of compounds 2-5 with respect
to the parent compound 1. These calculations were performed
at the level of B3-LYP/6-31G(d,p)*® for compounds containing
C, H, B, N, O, and F and using the LANL2DZ basis set for I
atoms. The optimized geometries are presented in Fig. S28
(ESIT). Table S3 (ESIf) shows the cartesian coordinates of all
compounds with their stabilization energies. The excited state
energy calculations were performed using the TDA method and
the B3-LYP/6-31G+(d,p) basis set for C, H, B, N, O, and F and the
LANL2DZ basis set for I in CH,Cl, and the molecular contribu-
tions of HOMOs and LUMOs for S, — S; transition are
summed up in Table S4 (ESIt). The electron density surface
plots mapped with electrostatic potentials (ESP) for compounds
1-5 are given in Fig. 4. From the ESP plot, it is observed that
compounds 1, 2 and 4 show a higher electron density on the
BF, complexed region and over the functional groups, while the
electron density on the aromatic conjugated region is less
owing to the electron-withdrawing substituents viz. -CHO and
-NO,. Similarly, in compound 3 it’s evident that the electron
density is spread equally across the structure of the molecule
due to the less electronegative iodine substituent. In compound
5, the electron density is the highest on the BF, complexed
region amongst all other derivatives, with the aromatic pyrrole
rings also having sufficiently good electron density because of
the electron-donating -NH, group. The molecular orbital plot
shows that unlike compound 1, which is symmetric, the high-
est occupied molecular orbitals (HOMOs) and lowest unoccu-
pied molecular orbitals (LUMOSs) of compounds 2 and 3 were
distributed over the m-electronic core along with formyl and
iodo functional groups. However, the delocalization over the
iodo group in the LUMO of 3 is not observed due to the less
electronegative and weaker m-acceptor nature of iodine (Fig. 5).
For compounds 4 and 5, the HOMO was delocalized over the
main 7n-electronic core. Additionally, the -C-O/-C=O group
located in the unsubstituted pyrrole in compound 4 and in the
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Fig. 5 Molecular energy diagram with HOMOs, LUMOs and energy band
gaps of compounds 1-5.

amine-substituted pyrrole in compound 5 was not involved in the
delocalization. However, the LUMO was more distributed in the
nitro-substituted pyrrole for 4 and in the unsubstituted pyrrole
for compound 5. These observations supported the ICT for
compounds 4 and 5 in more polar solvents.** The electron-
withdrawing groups like -CHO and -NO, pull the electron density
of the bonding molecular orbitals out of the substituted pyrrole
ring and the six-membered BF, complex, as seen in HOMO
delocalization plots of compounds 2 and 4. The band gap was
calculated as 3.32-3.37 eV, which was significantly lowered upon
functionalization at the o-position of the pyrrole group compared
to that of parent compound 1 (3.63 eV). The LUMO of compound
4, having -NO,, was found to have the least energy of 3.137 eV,
thereby indicating that the nitro group significantly stabilized the
excited state by lowering its HOMO and LUMO levels, whereas the
electron-donating substituent, the amine group in compound 5,
destabilized the frontier molecular orbitals.

Photophysical properties

The absorption properties of compounds 1-5 were studied in
dichloromethane (CH,Cl,) solvent, and the representative data
and graph are presented in Table 1 and Fig. 6A, respectively. The
parent compound 1 exhibited A,ps at 432 nm in its UV-visible
absorption spectrum.”” The mono-functionalized DPDBs 2-5
showed a strong absorption band between 437 and 477 nm,
corresponding to the n-n* electronic transition, with a shoulder
peak on the higher energy side in the range of 425-460 nm. The
introduction of functional groups at the a-position of the parent
compound resulted in bathochromic shifts of 5-45 nm

1 2 3
Fig. 4 Electron density surface plots mapped with electrostatic potential of compounds 1-5.
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compared to compound 1, depending on the functional group.
The maximum bathochromic shift of 45 nm was observed for
compound 5, having the amine substituent due to the electron-
donating nature of the amine group. The lone pair of electrons
in the donating group extends the m-conjugation and stabilizes
the molecular orbital system. Among compounds 1-5, com-
pound 4 (-NO,) and compound 5 (-NH,) displayed broad
absorption spectra, which can be attributed to the contribution
of a wide range of energy levels with extended conjugation, and
structural flexibility, which enhances the intramolecular charge
transfer (ICT) behaviour compared to other compounds.***°

Steady-state fluorescence properties of compounds 1-5 were
studied in CH,Cl, solvent, excited at A,,,x of absorbance to obtain
further insights into their electronic properties. All the compounds
exhibited a peak maximum in the range of 451-504 nm, as shown
in Fig. 6B. A bathochromic shift of 6-53 nm was observed compared
to the parent compound 1. Compounds 4 and 5 displayed the
highest peak maxima at 502 and 504 nm with a broader emission
band likely resulting from ICT transitions. The fluorescence quan-
tum yield (¢¢) of compounds 2-5 varied in the range of 0.2-60%, as
shown in Table 1, depending on the substituent.

The lifetimes of compounds 1-5 were measured using the
time-correlated single photon counting (TCSPC) technique, and
the decays fitted to single exponential are presented in Fig. 7 and
Table 1. The singlet lifetimes of compounds 1-5 are in line with
the quantum yields. Compound 1 with quantitative quantum
yield showed a lifetime of 2.23 ns with a single exponential fit.
Furthermore, compounds 2 and 3 with formyl and iodo groups
with high quantum yields (¢y) of 52% and 60% showed lifetimes
of 1.21 ns and 1.41 ns, respectively. However, compounds 4 and 5
with nitro and amino functional groups with lower quantum
yields (¢¢) of 16% and 0.2% showed lifetimes with bi-exponential
fit in the range of 0.67-4.26 ns, as presented in Fig. S29 (ESIT).
Furthermore, the low quantum yields and poor lifetime results of
compounds 4 and 5 can be attributed to the ICT of nitro and
amine groups in DPDB complexes, which supports the poor
steady-state emission properties of compounds 4 and 5 compared
to compounds 1-3. Additionally, the effect of the solvent on the
lifetime of compound 2 was investigated in various solvents,
revealing that the fluorescence decay was faster with increasing
solvent polarity, as shown in Fig. S30 and Table S5 (ESI).

Solvatochromism

We performed solvent-dependent studies to understand the
ground and excited state photophysical properties of compounds

Table 1 Photophysical and electrochemical properties of compounds 1-5
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Fig. 6 (A) Normalized absorption and (B) normalized emission of com-
pounds 1-5 in CH,Cl, (5 x 107% M).
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Fig. 7 Time-resolved fluorescence decay profiles of compounds 1-3 in
CH,Cl, solvent.

1-5 through absorption and emission measurements in solvents
by varying the polarities. Solutions of compounds 1-5 with a
concentration of 5 pM in different solvents, including dichlor-
omethane (DCM), tetrahydrofuran (THF), ethyl acetate (EtOAc),
acetonitrile (ACN), dimethylformamide (DMF) and dimethyl sulf-
oxide (DMSO), were prepared and data are presented in Table S6
(ESIY). The absorption and emission spectra of all the compounds
displayed only minor changes with increasing polarity of aprotic
solvents from DCM to ACN. However, a bathochromic shift of
~40 nm in the absorbance and ~15 nm in emission (Aex = Amax)
was observed in polar aprotic solvents such as DMF and DMSO for
compounds 1-5. The redshift can be attributed to the formation

Compounds  Zps® (nm)/e (x10%) Jem (M) ¢ 7 (ns) 1 Jabs” (M) Jem® (nm) ¢ (%) Ered® (V) Exx’ (V)

1 432 (7.79) 451 Quantitative 2.23 1.098 314, 478 527 5.6 —1.66 0.72

2 427 (6.68), 447 (4.88) 467 52% 1.21 1.231 369, 487 555 7.4 -1.79, —2.14 0.90

3 437 (8.65) 457 60% 1.41 1.171 476, 575 619 1.4 —1.26 0.81

4 436 (3.36), 452 (3.19) 502 16% 0.67,3.28 1.221 — — — -0.73, —1.24 1.05

5 456 (3.97), 477 (4.61) 504 0.2% 1.34,4.26 1129 — — — ~1.90 0.10, 0.36

“ Measured in CH,Cl, (5 x 10 M). b Measured in a solid state. ¢ E, is the onset oxidation potential and E,.q is the reduction potential measured

in acetonitrile (V vs. Fe/Fc").
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of strong hydrogen bond interactions between the solvent and
solute molecules, which stabilize the excited states (Fig. 8)
(Fig. S33, ESIT). The photostability of compounds 2-5 was studied
in acetonitrile solvent under continuous UV irradiation (319 nm)
for 3 h. The optical density at 1, remained relatively constant
for all compounds, demonstrating their excellent photostability
(Fig. $31 and S32, EST}).

Solid-state properties

Broader absorption and emission bands were observed for
compounds 1-3 in the solid state compared to the solution
state likely due to the strong intermolecular interactions, as
shown in Fig. 9 and Table 1. Compound 1 showed absorption
maxima at 478 nm with a shoulder at 314 nm, while com-
pounds 2 and 3 displayed maxima at 487 and 476 nm with
shoulders at 369 and 575 nm, respectively. When exposed to UV
radiation at 365 nm, compounds 1-3 exhibited distinct fluores-
cence of yellow for 1, bright yellow for 2, and red for 3. In
contrast, compounds 4 and 5 did not fluoresce under the UV
light. The fluorescence emission spectra of compounds 1-3
exhibited emission peaks at 527, 555, and 619 nm, respectively,
obtained by exciting at their corresponding absorption maxima

DCM THF EtOAc DMF DMSO ACN DCM THF EtOAc

View Article Online

Paper

(Amax)- The incorporation of the electron-withdrawing group,
—-CHO, into compound 1 results in improved solid-state emis-
sion, with a quantum yield (¢¢) of 7.4% compared to 5.6% of
compound 1. However, compound 3 exhibited a significantly
large bathochromic shift of 92 nm with a reduced quantum
yield (¢¢) of 1.4%. This pronounced redshift in the solid state
can be attributed to the intermolecular interaction between the
polar electron-withdrawing substituents in the adjacent mole-
cules stabilizing the excited state and lowering the band gap
between the excited and ground states.’® Moreover, according
to exciton coupling theory, the formation of J-aggregates, as
seen in Fig. 3 (head-to-tail alignment of molecules), contributes
to the observed redshift.”"

Electrochemical properties

Electrochemical studies were performed using cyclic voltam-
metry (CV) for all compounds 1-5 in deoxygenated acetoni-
trile using 0.1 M tetrabutylammonium perchlorate (TBAP) as
a supporting electrolyte at room temperature and ferrocene
as the external standard. All compounds 1-5 exhibited one
or two irreversible oxidation peaks and reversible/irreversible
reduction peaks. Interestingly, compound 2 with the -CHO

DCM THF EtOAc DMF DMSO ACN

DMF DMSO ACN

o)

(A) —DCM (B)

Normalized Intensity
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Fig. 8 Normalized emission spectra of compounds (A) 1, (B) 2, (C) 3, (D) 4,
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Fig. 9 Normalized solid-state absorption (black) and emission (red) spectra of compounds (A) 1, (B) 2, and (C) 3 (lex = Amax). Digital images taken under a

UV lamp at 365 nm (right) and day light (left) are shown above the spectra.

substituent, having the capability to be oxidized and reduced,
exhibited two reversible reduction peaks at —1.79 V and
—2.14 V and one irreversible oxidation wave with the onset
at 0.90 V (Table 1 and Fig. S34, ESIY), indicating the difficulty
in both oxidation and reduction compared to 1. Compounds 3
and 4, having -I and -NO, substituents at the a-position of
the pyrrole ring of DPDB, showed an anodic shift in reduction
potentials compared to the parent compound 1, indicating
that compounds 3 and 4 are easier to reduce. Conversely,
compound 5 with the electron-donating substituent -NH,
showed a cathodic shift in the reduction potential compared
to 1. Among compounds 1-5, compound 5 with the amine
group showed two oxidation waves with the onset at 0.10 V
and 0.36 V, whereas compounds 1-4 showed oxidation poten-
tials ranging from 0.72 to 1.05 V, indicating that compound 5
is easier to oxidize (Fig. 10). The difficulty in reduction and
ease of oxidation with an electron-rich amine functional

group can be attributed to the effective conjugation of amine
with the DPDB structure. These redox properties suggest that
the type of functional group alters the electronic properties of
DPDB compounds.

Conclusions

In conclusion, we have synthesized mono-functionalized 1,3-
dipyrrolyl-1,3-diketone BF, complexes, each containing formyl,
iodo, nitro, and amino as a functional group at the o-position of
unsubstituted pyrrole. Spectroscopic and single crystal struc-
ture analyses confirmed the identity of molecular structures.
These functional groups significantly altered the photophysical
and electrochemical properties, resulting in a bathochromic
shift compared to parent compound 1 due to the increased =-
electronic conjugation. A solvent study of absorption and

Oxidation Reduction
——:::::::::::::;7 —_— ::: —
— |

< O = .

s 5 7

= £ | _—

3 —3|3 | —_3
J — f:4
= _, < .

0.0 0.5 1.5 20 -25 2.0 1.5 1.0 0.5
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V(V vs Fc/Fch)

V (V vs Fc/Fct)

Fig. 10 Electrochemical redox data of compounds 1-5 in acetonitrile containing 0.1 M tetrabutylammonium perchlorate as a supporting electrolyte
recorded at scan rates of 100 mV sec™* (1 and 2) and 50 mV sec™* (3, 4 and 5).

3994 | New J. Chem., 2025, 49, 3987-3996

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2025


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4nj04611k

Open Access Article. Published on 03 February 2025. Downloaded on 12/12/2025 11:01:45 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

NJC

emission was performed using a range of polar aprotic solvents,
to understand the solvent effects. Interestingly, high quantum
yields and good lifetimes in solution state were exhibited
by compounds 1-3 along with high solid-state emission,
whereas compounds 4 and 5 showed poor properties due to
the intramolecular charge transfer behavior from -NO, and
-NH, groups. These findings open new possibilities for tailor-
ing the properties of BF, complexes. Selective functionalization
makes them promising candidates as primary building blocks
for developing DPDB derivatives and provides valuable insights
for future research on various applications in organic electro-
nics, bioimaging, sensing, etc.
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