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A series of carbazole–benzimidazole conjugates and corresponding BF2-complexes (BODIPYs) are
synthesized and characterized. Carbazole–benzimidazole conjugates are synthesized by the condensation
of 1-formyl carbazole and phenylene diamines in good yields. Various substituents are introduced into the
benzimidazole moiety and subsequent reaction with BF3•Et2O afforded the BF2-complexes in moderate to
good yield. The structural and photophysical properties of the synthesized fluorophores are investigated
with various spectroscopic techniques such as UV/Vis and fluorescence spectroscopy, cyclic voltammetry
and X-ray crystallography.
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Introduction

Borron dipyrromethenes (BODIPYs) have emerged as a prev-
alent functional dyes due to their application in biomolecule
markers, fluorescent switches, photodynamic therapy, organic
solar cells, chemosensors, laser dyes, and fluorescence label-
ing of surface.1–13 Moreover, development of new synthetic
strategies for their functionalization enables their attachment
to biological substrate and also to tune their optical properties.
Such new strategies include halogenation and subsequent aro-
matic nucleophilic substitution of the dipyrrin core, cross-
coupling reaction or nucleophilic substitution reaction at the
boron center by alkynes or alchohols.14–18 The most important
challenges in recent BODIPY chemistry are directed towards
the development of dyes with longer-wavelength absorption
and emission profiles, and the preparation of dyes with addi-
tional functional groups.19–21

Carbazole–benzimidazole conjugates are known for bio-
logical activities such as sequence specific DNA binding.22

Such bipolar hybrid molecules also found application in
phosphorescent material development.23,24 Maeda et al. have
shown the incorporation of carbazole units to porphyrinoids
and BODIPY frameworks generated interesting photophysi-
cal properties.25–27 A recent report on four-coordinate orga-
noboron complexes derived from indole-azaheteroaryl
ligands showed wide range of emission from blue to
orange.28 However, small Stokes shifts (<15 nm) are one of
the main drawbacks for the application of BODIPY dyes in
molecular imaging due to the self-absorption effect resulting
in less intensive emission.29 Carbazole-based BODIPYs
exhibit large Stokes shifts and moderate to high fluorescence
quantum yield as reported by Maeda et al. in a recent

study.27 With these regards, we designed novel BODIPY
analogs containing additional nitrogen on the core part of the
molecule. The design was based on the conjugation of the
two fluorophores such as carbazole and benzimidazole,
whereas the corresponding boron complexes can be con-
structed easily. Thus, benzimidazole, N-alkyl/aryl benzimi-
dazole and substituted benzimidazole are introduced to the
1-position of carbazole and the respective BF2-complexes
are synthesized. The newly synthesized BODIPY-complexes
exhibited relatively higher quantum yield while maintaining
large Stokes shifts compared to the normal BODIPY.

Experimental

Materials and Methods. All commercially available com-
pounds were used as received. Transformation- and oxygen-
sensitive compounds were performed under a nitrogen
atmosphere. The reaction progress was monitored by thin
layer chromatography (TLC) on glass sheets that were coated
with silica gel 60 F254 (MN), with detection by a UV lamp.
Product purification was performed by column chromatogra-
phy on silica (230–400 mesh, MN). The identity and purity
of the prepared compounds were confirmed by 1H NMR and
13C NMR spectroscopy (Bruker 400/300 MHz, Billerica,
MA, USA). Mass spectra were recorded on Voyager
DE-STR MALDI-TOF and JEOL JMS-700 GC (Tokyo,
Japan) mass spectrometer. 1-Formylcarbazole (4) is synthe-
sized following a modified literature procedure.30

General Synthesis for 6a, 6b, 6c, and 9. 1-
Formylcarbazole (1 equiv) 4, 1,2-phenylene diamine (1.2
equiv), p-toluenesulfonic acid (10%) in 10 mL of EtOH
were refluxed for 24 h under argon atmosphere. The sol-
vent was removed, 10 mL of water was added, and the
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mixture was extracted with DCM (3 × 10 mL). The com-
bined organic layers were dried on MgSO4, filtered, and
concentrated in vacuo. The residue was purified by chroma-
tography on silica gel using Hexane/DCM as eluents to
give the desired product.
Compound 6a: Yellow solid (yield 64%), 1H NMR

(DMSO-d6, 300 MHz) 13.12 (br, s, 1H), 11.64 (br, s, 1H),
8.28 (d, J = 8 Hz, 1H), 8.20 (d, J = 8 Hz, 2H), 8.18 (d,
J = 8 Hz, 1H), 7.72 (s, 2H), 7.47 (t, J = 8 Hz, 1H), 7.44
(d, J = 8 Hz, 1H), 7.39 (t, J = 8 Hz, 2H), 7.28 (t,
J = 8 Hz, 1H).

13C NMR (DMSO-d6, 100 MHz) 151.05, 139.9, 137.14,
126.06, 123.73, 122.85, 122.0, 121.93, 120.24, 119.19,
118.59, 112.28, 112.2 ppm. HRMS calculated for
C19H13N3 exact mass: 283.1109; found: 283.1107.
Compound 6b: Colorless solid (yield 72%) 1H NMR

(300 MHz, DMSO-d6): δ (ppm) 11.32 (s, 1H), 8.34 (d,
J = 7.2 Hz, 1 H), 8.22 (d, J = 7.8 Hz, 1 H), 7.81 (t,
J = 7.1 Hz, 2 H), 7.71(d, J = 7.4 Hz, 1H), 7.65 (d,
J = 8.1 Hz, 1 H), 7.43 (t, J = 7.7 Hz, 1 H), 7.37 (t,
J = 7.6 Hz, 2 H), 7.33 (td, J = 7.1, 1.1 Hz, 1 H), 7.2 (t,
J = 7.6 Hz, 2 H), 3.92 (s, 1H).

13C NMR (acetone-d6, 100 MHz) 152.29, 143.9, 141.09,
139.93, 137.62, 127.0, 126.14, 125.10, 123.75, 123.48,
122.94, 122.50, 121.10, 120.21, 120.03, 119.33, 113.82,
112.44, 110.97, 32.84 ppm. HRMS calculated for
C20H15N3 exact mass: 297.1266; found: 297.1264.
Compound 6c: Colorless solid (yield 56%) 1H NMR

(DMSO-d6, 400 MHz) 11.47 (s, 1H), 8.18 (t, J = 7.2 Hz,
2H), 7.95 (d, J = 7.8 Hz, 1H), 7.73 (d, J = 8.1 Hz, 1H),
7.52–7.59 (m, 3H), 7.48–7.50 (m, 2H), 7.31–7.45 (m, 3H),
7.19–7.24 (m, 2H), 7.11 (dd, 1H), 7.03 (t, J = 7.6 Hz, 1H).

13C NMR (DMSO-d6, 100 MHz) 150.54, 142.92,
140.33, 138.61, 137.16, 137.0, 130.44, 129.32, 127.86,
126.43, 125.94, 123.91, 123.82, 123.11, 122.42, 122.09,
120.60, 119.74, 119.48, 118.20, 112.68, 112.25,
100.74 ppm. HRMS calculated for C25H17N3 exact mass:
359.1422; found: 359.1423.
Compound 9: Light yellow solid (yield 68%) 1H NMR

(DMSO-d6, 300 MHz) δ (ppm) 8.31 (d, J = 8 Hz, 1H),
8.21 (d, J = 8 Hz, 1H), 8.15 (d, J = 8 Hz, 1H), 7.79 (d,
J = 8 Hz, 1H, broad signals corresponding to two more
protons possibly due to tautomerization), 7.50 (t, J = 8 Hz,
1H), 7.42 (d, J = 8 Hz, 1H), 7.39 (t, J = 8 Hz, 1H), 7.28
(t, J = 8 Hz, 1H).

13C NMR (DMSO-d6, 100 MHz): 152.27, 139.93,
137.18, 126.14, 125.05, 123.84, 123.10, 122.35, 121.96,
120.26, 119.27, 118.60, 112.27, 111.70 ppm. HRMS calcu-
lated for C19H12N3Br exact mass: 361.0215; found:
361.0218.
General synthesis for BODIPYs. Respective
benzimidazole-carbazole derivative (1 equiv) was dissolved in
dry DCM and NEt3 (10 equiv) was added. After stirring for
5 min, BF3�OEt2 (20 equiv) was added to the solution. Then
the mixture was stirred for 16 h at room temperature. The sol-
vent was removed, 30 mL of water was added, and the

mixture was extracted with EtOAc (3 × 10 mL). The com-
bined organic layers were dried on Na2SO4, filtered, and con-
centrated in vacuo. The residue was purified by column
chromatography on silica gel using hexane/ethyl acetate as
eluent.
Compound 7a: Yellow solid (yield 38%), 1H NMR

(DMSO-d6, 400 MHz) δ (ppm) 14.95 (br, s, 1H), 8.47 (d,
J = 6.8 Hz, 1H), 8.32 (d, J = 8 Hz, 1H), 8.27 (d,
J = 7.6 Hz, 1H), 8.05–8.0 (m, 1H), 7.90–7.85 (m, 1H),
7.81 (d, J = 8 Hz, 1H), 7.61–7.55 (m, 2H), 7.53 (t, 8 Hz,
1H), 7.45 (t, J = 7.6 Hz, 1H), 7.29 (t, J = 6.8 Hz, 1H).

13C NMR (DMSO-d6, 100 MHz) 147.76, 142.74,
140.53, 133.54, 132.74, 126.94, 125.91, 125.73, 125.32,
124.13, 124.0, 121.99, 121.52, 120.29, 119.17, 115.87,
113.66, 104.92 ppm. HRMS exact mass calculated for
C19H12N3BF2: 331.1092; found: 331.1938 [M]+, 312.1929
[M-F]+.
Compound 7b: Yellow solid (yield 49%), 1H NMR

(DMSO-d6, 400 MHz) δ (ppm) 8.52 (d, J = 7.6 Hz, 1H),
8.49 (d, J = 8 Hz, 1H), 8.28 (d, J = 8 Hz, 1H), 8.13–8.02
(m, 2H), 7.81 (d, J = 8 Hz, 1H), 7.65–7.59 (m, 2H), 7.54
(t, J = 8 Hz, 1H), 7.47 (t, 8 Hz, 1H), 7.32 (t, 8 Hz, 1H),
4.47 (s, 3H).

13C NMR (DMSO-d6, 100 MHz) δ 147.45, 143.13,
141.48, 135.68, 133.17, 127.67, 126.47, 124.90, 124.84,
122.10, 121.15, 119.89, 116.71, 114.36, 113.20, 106.30,
34.39 ppm, HRMS calculated for C20H14BF2N3 exact
mass: 345.1249; found: 345.1246.
Compound 7c: Yellow solid (yield 82%) 1H NMR

(DMSO-d6, 400 MHz) δ (ppm) 8.39 (d, J = 7.5 Hz, 1H),
8.26 (d, J = 8 Hz, 1H), 8.16 (d, J = 8 Hz, 1H), 8.00–7.98
(m, 2H), 7.90–7.83 (m, 4H), 7.67 (td, J1 = 0.7 Hz,
J2 = 8 Hz, 1H), 7.56 (td, J1 = 8 Hz, J2 = 0.7 Hz, 1H),
7.32 (t, J = 7.5 Hz, 1H), 7.23 (d, J = 7.5 Hz, 1H), 7.07 (t,
J = 8 Hz, 1H), 6.80 (d, J = 8 Hz, 1H).

13C NMR (DMSO-d6, 100 MHz) δ 147.32, 143.29,
141.86, 136.80, 135.39, 133.32, 132.71, 132.30, 129.44,
127.85, 127.20, 126.87, 126.66, 125.17, 124.82, 122.94,
122.21, 121.26, 119.43, 116.92, 114.39, 112.
85, 105.51 ppm. HRMS calculated for C25H16BF2N3 exact
mass: 407.1405; found: 407.1403.
Compound 10a: Yellow solid (yield 25%) 1H NMR

(DMSO-d6, 400 MHz) δ (ppm) 15.13 (br, s, 1H), 8.48 (dd,
J1 = 0.8 Hz, J2 = 7.6 Hz, 1H), 8.32 (dd, J1 = 0.8 Hz,
J2 = 8 Hz, 1H), 8.26 (d, J = 7.6 Hz, 1H), 8.08 (d,
J = 1.6 Hz, 1H), 7.94 (d, J = 8.8 Hz, 1H), 7.78 (d,
J = 8 Hz, 1H) 7.73 (dd, J1 = 1,6 Hz, J2 = 8.8 Hz, 1H),
7.54 (td, J1 = 0.8 Hz, J2 = 8.4 1H) 7.45 (t, J = 7.6 Hz,
1H), 7.31 (td, J1 = 0.8 Hz, J2 = 8 Hz, 1H).

13C NMR (DMSO-d6, 100 MHz) δ 148.81, 142.69,
140.64, 134.34, 132.86, 128.29, 126.99, 126.0, 124.12,
124.06, 122.26, 121.54, 120.37, 119.22, 117.96, 117.42,
116.39, 113.62, 104.80 ppm. Molecular weight calculated
for C19H11N3BF2Br: 410.02; found: 391.0 (M-F)+.
Compound 10b: Yellow solid (yield 24%) 1H NMR

(DMSO-d6, 400 MHz) δ (ppm) 15.14 (br, s, 1H), 8.47 (d,
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J = 7.6 Hz, 1H), 8.29 (d, J = 7.6 Hz, 1H), 8.26 (d,
J = 8 Hz, 1H), 8.09 (s, 1H), 7.84 (d, J = 8.8 Hz, 1H), 7.78
(d, J = 8.4 Hz, 1H), 7.72 (dd, J1 = 1.2 Hz, J2 = 8.2 Hz,
1H), 7.54 (td, J1 = 1.2 Hz, J2 = 7.4 Hz, 1H) 7.45 (t, J = 8,
1H), 7.31 (td, J1 = 0.8 Hz, J2 = 7.4 Hz, 1H).

13C NMR (DMSO-d6, 100 MHz) δ 148.87, 142.67,
140.64, 134.78, 132.33, 128.64, 127.03, 126.06, 124.11,
122.25, 121.55, 120.40, 119.28, 117.99, 117.20, 115.73,
113.61, 104.74 ppm. Molecular weight calculated for
C19H11N3BF2Br: 410.02; found: 391.0 (M-F)+.
Photophysics. CH2Cl2 was HPLC grade (Aldrich, Seoul,
Korea). Absorption spectra were recorded with a Varian
CARY 100 Conc spectrophotometer (Sydney, Australia)
and the emission spectra were recorded using Scinco FS-2
fluorescence spectrophotometer (Seoul, Korea). Lumines-
cence quantum yields of the samples, Φs, were evaluated
against a standard with known emission quantum yield, Φr,
by comparing areas under the corrected luminescence spec-
tra using the equation: Φs/Φr = Arn

2
s (area)s/ Asn

2
r (area)r,

where A is the absorbance, n is the refractive index of the
solvent employed and s and r stand for sample and refer-
ence, respectively. The standard used was air-equilibrated
quinine sulfate in 1 N H2SO4 with an emission quantum
yield Φfl = 0.546.
Single Crystal X-ray Diffraction. Single crystal X-ray
diffraction data of 6c, 7a, and 10a were collected at
200, 193, and 150 K, respectively with a Bruker SMART
BREEZE diffractometer. The data were solved and refined
using SHELXS-2013 and SHELXL-2013, respectively.31,32

All atoms except for hydrogen were refined with aniso-
tropic displacement parameters and converged for I > 2(I).
All calculations were performed with the WinGX-2014
crystallographic software package.33 Crystallographic data
and selective bond lengths of 6c, 7a, and 10a are listed in
Tables S1–S7 (Supporting Information). CCDC 1539015
(6c), CCDC 1539016 (7a), and CCDC 1524719 (10a).

Results and Discussion

Scheme 1 outlines the synthesis of carbazole–
benzimidazole conjugates and corresponding boron dipyr-
romethene complexes. 1-Formylcarbazole (4) was synthe-
sized following the reported procedure.30 Acid-catalyzed
condensation of 4 with 1,2-phenylene diamines afforded
the corresponding carbazole–benzimidazole conjugates 6a,
6b, and 6c in good yields. In case of 6a, the imidazole-NH
proton appeared at 13.12 ppm, whereas the carbazole-NH
proton appeared at 11.64 ppm. Similar chemical shift
values were observed in 6b (11.26 ppm) and 6c
(11.47 ppm) indicating the existence of the intramolecular
N–H•N hydrogen bonding. The unambiguous structural
identity of 6c was confirmed by single crystal X-ray analy-
sis where the intramolecular hydrogen bonding is obvious
(Supporting Information). Interestingly, in case of bromo-
substituted derivative 9, the 1H-NMR spectra indicated the
existence of the tautomeric form 9a as shown in Scheme 2.

Reaction of carbazole–benzimidazole conjugates 6a–6c
with BF3•OEt2 in presence of NEt3 afforded the corre-
sponding BODIPYs 7a–7c in moderate to good yield. The
highest yield of 84% is obtained in case of 6c. Initially, the
formation of the planar boron complexes is expected due to
the fact that benzimidazole moiety contains acidic N–H
proton. However, the benzimidazole N–H was intact even
after the reaction and large downfield shift of benzimida-
zole N–H signal was observed (14.95 ppm). This observa-
tion indicates the coordination of dipyrrin type core with
BF2 unit.
The reaction of the two tautomeric mixture with

BF3•Et2O resulted in the formation of the two positional
isomers 10a and 10b as shown in Scheme 2. 1H NMR spec-
tral data analysis of these two isomers revealed slight yet
distinct difference in the –NH and –CH signals of the benzi-
midazole moiety (Supporting Information). The single crys-
tal X-ray analysis of the isomer 10a unambiguously
confirmed the structural identity of the two isomers. The
solid state crystal structures of 7a and 10a were shown in
Figure 1.34 Briefly, in both cases, the boron atom has a
slightly distorted tetrahedral coordination with the two
fluorine atoms being perpendicularly oriented with respect
to the dipyrrin plane. The B–N bond lengths range from
1.52 to 1.57 Å in 7a and 1.51 to 1.57 Å for 10a, indicating
that both the complexes possess single B–N bonds. The two
B–N distances are virtually identical, implying the expected
delocalization of the positive charge. The average B–F bond
lengths are 1.39 and 1.38 Å respectively for 7a and 10a.
Whereas, the N–B–N and F–B–F angles are measured as

Scheme 1. Synthesis of carbazole–benzimidazole conjugates 6a–
6c and corresponding BODIPYs 7a–7c. p-TSA = para-
toluenesulfonic acid, DCM = dichloromethane.

Scheme 2. Synthesis of 9, 10a, and 10b.

Article Carbazole–Benzimidazole Conjugates

BULLETIN OF THE

KOREAN CHEMICAL SOCIETY

Bull. Korean Chem. Soc. 2017, Vol. 38, 1163–1168 © 2017 Korean Chemical Society, Seoul & Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.bkcs.wiley-vch.de 1165



105.8/107.8� and 106.2/107.9� for 7a and 10a, respectively.
The carbazole and benzimidazole moieties are found to be
co-planar in the BODIPY frameworks in both cases. The
crystal packing of both 7a and 10a showed aggregation of
the BODIPY units with inter planar distance of 3.519 and
3.522 Å respectively (Supporting Information).
All the synthesized BODIPYs displayed similar absorp-

tion maxima (λabs) at ~ 412 nm and vibrational structure
ranging from 320 to 280 nm (Figure 2). Fluorescence quan-
tum yields (Φfl) were obtained by excitation (λex) at
314 nm in CH2Cl2 with quinine sulfate as the standard
(Φfl = 0.546) (Supporting Information). As summarized in
Table 1, the carbazole-based BODIPYs exhibited moderate
to high Φfl values. N–Me substituted BODIPY (7b) has
slightly higher quantum yield while giving small red-shift
to the absorption and blue-shifted emission. Red-shift emis-
sion was obtained from N-phenyl (7c) derivatives. In both
(10a, 10b) derivatives, absorption maxima and emission
were red-shifted. Despite of the bromo substituent, com-
pounds 10 still maintained a moderate Φfl value. Highest
Stokes shift (ΔνSt) was found in compound 7c, possibly
due to the coplanarity of phenyl group with the BODPY
framework in excited state. Nevertheless, all compounds
showed larger Stokes shifts ranging from 34 to 51 nm com-
pared to the typical BODIPY dyes. A large molar absorp-
tion coefficients (ε = 96200 M−1 cm−1 at 412 nm) was
obtained for the compound 7b. Compound 7c has 2.5 times
higher molar absorptivity than 7a at 409 nm and the two
bromo derivatives (10a, 10b) showed relatively lower
absorption.
The fluorescence spectra of the synthesized BODIPYs

showed close mirror image of the lowest energy absorption
band, the typical S1–S0 transition. A dramatic absorption
coefficient changes were observed in the N-protected benzi-
midazole 7b and 7c. These results indicate that the fine tun-
ing the absorption and emission could be accomplished by
introduction of various substituents on the benzimidazole
moiety.
The electrochemical redox behavior of the synthesized

BODIPYs was studied by cyclic voltammetry. These stud-
ies were carried out in CH2Cl2 containing 0.1 M TBA•PF6
with a scan rate of 0.1 V/s at 298 K. The corresponding
voltammograms are shown in Figure 3 and the obtained
data are summarized in Table 1. 7b, 7c, and 10a showed

reversible one electron oxidation and one electron reduction
in cyclic voltammogram whereas electrochemical data for
7a was determined using differential pulse voltammetry
(Supporting Information).
The benzimidazole N-substituted analogs 7b and 7c

showed a marginal cathodic shift of 20–60 mV in oxidation
potential as compared to N-unsubstituted 7a, which is
attributed to the electron donating effect of N-methyl and
N-phenyl group. The HOMO–LUMO gap (ΔEcv) from the
redox potentials correlates fairly well with the HOMO–
LUMO gap (ΔEopt) calculated from absorption spectros-
copy for these particular BODIPYs as shown in Table 1.

Conclusion

In conclusion we have synthesized novel carbazole–
benzimidazole conjugates and corresponding BODIPY
dyes. The key synthetic step includes the introduction of
substituted benzimidazole at 1-position of carbazole via
simple condensation of aldehyde and diamines. UV–Vis,

Figure 1. X-ray crystal structures of (a) 7a and (b) 10a. Thermal
ellipsoids are drawn at 50% probability level. Lattice solvent
molecules are removed for clarity.

Figure 2. (a) UV–Vis absorption spectra of 7a, 7b, 7c, 10a, and
10b in CH2Cl2 and (b) fluorescence spectra in CH2Cl2
(λex = 314 nm).
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fluorescence, and cyclic voltammometric studies are per-
formed to investigate the photophysical properties. The sin-
gle crystal X-ray crystallographic analysis further provides
the structural insight, particularly in case of the bromo-
substituted derivative. π-Extension of the current frame-
works for developing red emissive fluorophore is currently
under active investigation.
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