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Abstract Pyrroles are widely found in natural products and play an im-
portant role in biological processes. Certain pyrrole derivatives are fluo-
rescent and may be used as molecular probes or biomarkers in the diag-
nosis of diseases, such as Alzheimer’s or Parkinson’s. Herein is reported
the synthesis of five new pyrrole derivatives bearing phenyl rings on po-
sitions 1, 2, and 4, with electron-donating groups at the periphery. The
introduction of more or stronger electron-donating groups red-shifts
and increases the efficiency of the fluorescence emission.

Key words triphenylpyrroles, Nef reaction, Paal–Knorr reaction, fluo-
rescence, crystal structure

Heterocyclic compounds, which are often pharmacolog-
ically active molecules obtained from either natural or syn-
thetic sources, are receiving considerable attention due to
their potential applications in biology and in industry.1
Among them, pyrrole is a versatile scaffold, the derivatives
of which are found in various pharmacophores. Pyrroles are
also widely used as intermediates in syntheses of pharma-
ceuticals, agrochemicals, dyes, photographic chemicals, and
perfumes. Pyrroles are backbone components of complex
macrocycles, such as porphyrin rings (e.g., heme and vita-
min B12) or bile pigments (bilirubin, biliverdin).2 Pyrrole de-
rivatives exhibit a wide range of biological properties,3
namely antibacterial,4–7 antifungal, antiviral,8 antiinflam-
matory, anticancer, and antioxidant activities.9 This has
prompted much recent research on the synthesis of pyr-
roles,1 especially from chalcones.10,11

Luminogenic materials are of considerable interest,12,13

especially those displaying aggregation-induced emission
enhancement (AIEE).14 The first report on such a material
dates from 2001, and it describes a series of silole deriva-
tives that do not luminesce in dilute solutions but are highly

luminescent when aggregated in concentrated solutions or
when cast into solid films.15 We later demonstrated this
phenomenon in various families of compounds in which in-
termolecular hydrogen bonds16 or weak supramolecular in-
teractions17–19 rigidify the crystalline structure. This is dif-
ferent from the observation of solid-state phosphores-
cence20 or the formation of J-aggregates,21,22 both of which
induce a red-shift of the emission wavelength. In particular,
AIEE of pyrrole-based fluorophores and their analogues has
been assessed, and their crystal structures have been stud-
ied to rationalize the phenomenon.23–25

Here, we wish to report the synthesis, characterization,
and photophysical properties of a series of new 1,2,4-tri-
phenylpyrroles. Their syntheses were achieved in moderate
yields, and the compounds showed fair quantum yields in
dilute solutions. Determination of the crystal structure of
one of these pyrroles enabled us to rationalize the quench-
ing observed in concentrated solutions and in the solid
state.

The synthetic route encompassed an aldol condensa-
tion, a Michael addition, Nef reaction, and a Paal–Knorr re-
action (Scheme 1). In the first step, acetophenones were
condensed with benzaldehydes to form the corresponding
chalcones 1a–c. The substituents in the 2- and 4-positions
of the final products were introduced at this stage. The
Michael addition of nitromethane catalyzed by diethylamine
(also used as solvent) and 1,8-diazabicyclo[5.4.0]undec-7-
ene (DBU) afforded intermediates 2a–c in nearly quantita-
tive yields.10 A Nef reaction transformed the nitro substitu-
ent into an aldehyde, yielding the key intermediates 3a–c.
The second step of this reaction was carried out in metha-
nol containing concentrated sulfuric acid, and consequently
the major component of the product was obtained as the
dimethyl acetal. Because this did not cause a problem in the
next step, 3a–c were used, without purification, as mix-
© 2020. Thieme. All rights reserved. Synlett 2020, 31, A–C
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tures of the aldehyde and the acetal. In the last step, 3a–c
reacted with aniline or anisidine in a Paal–Knorr reaction,
leading to 4a–e in fair yields.26,27

The new pyrrole derivatives were characterized by NMR
spectroscopy and mass spectrometry (see Supporting Infor-
mation). In the case of 4b, single crystals suitable for X-ray
diffraction were successfully grown from a saturated di-
chloromethane solution (Figure 1).28 All bond lengths and
angles were in the normal ranges.29 The crystal structure
showed that due to steric repulsions, the three phenyl rings
are not coplanar with the pyrrole ring, reducing conjuga-
tion of the backbone.

Figure 1  Molecular structure (a) and unit cell content (b) of 4b. Thermal 
ellipsoids are shown at the 50% probability level. Hydrogen atoms are 
shown with an arbitrary radius (0.30 Å). C, gray; O, red; N, blue; H, white.

The absorption and emission spectra of 1,2,4-triphen-
ylpyrroles 4a–e were recorded in dichloromethane solution
(Figure 2), and the photophysical properties of the com-
pounds are presented in Table 1.

The absorption and emission wavelengths are in the
ranges 265–410 nm and 375–515 nm, respectively, depend-
ing on the substituents. Electron-donating substituents
red-shift the absorption and emission maxima, with a
small shift for methoxy groups and a larger one for a dime-
thylamino group. The influence of the substituents on the

molar absorptivity is difficult to assess, but it seems to de-
crease when more-electron-donating groups are present.
All the pyrroles studied emit in solution with quantum
yields of less than 1% (Table 1 and Figure 2). However, 4e,
which contains a stronger electron-donating dimethylami-
no groups showed an increased emission efficiency. None
of the dyes is luminescent in the solid state, and no AIEE is
observed. This is at odds with the results reported for phe-

Scheme 1  Synthetic routes to compounds 4a–e
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      quantitative

1a, R1 =  R2 = H, quantitative
1b, R1 =  R2 =  OMe, quantitative
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MeOH

Figure 2  Absorption and emission spectra of dyes 4a–e at 10–5 mol L–1 
in dichloromethane (excitation at 300 nm for 4a–d and at 400 nm for 4e)

Table 1  Selected Optical Data Measured in Dichloromethane

Dye abs (nm)  (M–1 cm–1) em (nm) ϕf (%)

4a 265 54 000 375 0.15

4b 265 46 000 375 0.11

4c 275 45 000 390 < 0.1

4d 285 18 000 390 < 0.1

4e 410 15 000 515 0.26
© 2020. Thieme. All rights reserved. Synlett 2020, 31, A–C
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nyl-substituted pyrroles,25 among which 1,2,4-triphen-
ylpyrrole, 1,3,4-triphenylpyrrole, and pentaphenylpyrrole
all display AIEE. Presumably, the introduction of substitu-
ents onto the phenyl ring disrupts the organization of the
dyes in the solid state, promoting emission quenching.

In conclusion, starting from simple building blocks, five
new pyrrole derivatives were successfully prepared through
Nef and Paal–Knorr reactions. The pyrroles were selectively
substituted in the 1-, 2-, and 4-positions with phenyl rings
bearing electron-donating substituents. The influence of
these groups on the optoelectronic properties of the dyes
was studied, and all compounds presented emission prop-
erties in dilute solutions. This strategy is valuable for the
synthesis of novel molecules with a pyrrole backbone, and
for fine-tuning their photophysical properties by function-
alization with electron-donating or electron-withdrawing
groups for an improved push–pull effect.
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