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been very recently explored as a synthetic tool for endowing DPP with chiroptical properties 
either as supramolecular aggregates, whose formation was triggered by hydrogen bonding,7 or 
as thin films which were mapped by Mueller Matrix Polarimetry.16 Moreover, N-
dihydrocitronellyl chains have been used in a series of DPP-thiophenes, to trigger ECD activity 
in the solution aggregates. The thiophene rings were functionalized with phenyl, 4-
(diphenylamino)phenyl or tetraphenylethylene (TPE) substituents; the former two gave 
intense ECD spectra of the aggregates in solution, whereas TPE yielded no measurable optical 
activity.17 Due to the distance between the stereogenic carbon and the DPP core, isolated 
molecules remained CD silent in solution in all the derivatives.17  
In general, all the studies on chiral DPP dyes refer to emissive properties in solution, as for 
those derivatives ACQ appeared to be dominant in the solid phases. In some cases the ACQ 
phenomenon can be prevented by using molecular motifs displaying the property of 
Aggregation Induced Emission (AIE) that is the opposite phenomenon to ACQ. AIE is generally 
explained as an increased rate of radiative relaxation upon molecular aggregation, due to the 
blocking of intramolecular motion that would otherwise result in fluorescence quenching. 
Tetraarylethylenes, siloles, and cyanostilbenes are some of the most well-known motifs 
displaying AIE properties and they are also, especially TPE, some of the most accessible from a 
synthetic point of view.33 Thanks to the practical access to 1,2,2-(triphenyl)ethylenboronic 
derivatives it is possible to generate various tetraarylethylene functions on other 
chromophoric scaffolds by Suzuki coupling, provided the presence of reactive aryl halide sites 
on the substrate. Following this strategy, TPE-DPP derivatives have been synthesized and 
studied by Tang and coworkers (Fig. 1).34 However, although containing TPE moieties, most of 
the N-octyl alkylated DPPs reported in this work displayed ACQ behaviour. A partial AIE 
phenomenon was only observed upon further modification of the molecules by adding phenyl 
spacers between DPP cores and TPE functions, and by introduction of electron-donating amino 
groups on the TPE portion of the molecule, which seemed to promote ordered aggregation.34 

 

Fig. 1 Structures of the TPE-DPP derivatives studied in this work, and analogous derivatives previously reported. 

Besides from the enhanced emissive properties of TPE derivatives in aggregates, the use of this 
structural motif in molecular materials with chiroptical properties is also motivated by the fact 
that TPE does not lay flat but rather adopts a propeller-shaped conformation, and therefore, 
upon restriction of molecular motion, the structure can be blocked in one of two possible 
enantiomeric conformations characterized by enhanced chiroptical responses.35-37 
In this work, we aimed at obtaining chiral DPP-based materials with enhanced emissive and 
chiroptical properties from the solid state. To reach such goal, we took advantage of TPE 
functions applied to a new class of chiral DPP derivatives possessing stereogenic carbons 
directly connected to the N-position (Fig. 1). 



2. Results and discussion 

2.1 Synthesis and crystal structures of DPP-TPE derivatives 
Starting from bis(p-bromophenyl)DPP (1) that was synthesized according to a previously 
reported procedure,34 the two enantiomers of the corresponding bis-(N-sec-phenethyl)-DPP 
(2RR and 2SS) were obtained through the newly reported enantioselective protocol based on 
Mitsunobu reaction with enantiopure 1-phenylethanol reagents.38 The chiral TPE-DPP 
derivatives (3) were finally obtained by Suzuki-Miyaura coupling between 2 and the pinacol 
1,2,2-triphenylethenylboronate (TPE-Bpin)34. A thienyl analogue of TPE-DPP was also 
synthesized starting from the commercially available bis(2-bromothien-5-yl)DPP (4) pigment, 
that was enantioselectively N-functionalized with sec-phenethyl groups yielding the soluble 
5SS and 5RR dyes. As for the synthesis of compounds 3, the two enantiomers of chiral bis(5-
(1,2,2-triphenylvinyl)thiophene-2-yl)DPP 6SS and 6RR were obtained by Suzuki-Miyaura 
coupling with TPE-Bpin (Scheme 1 and Fig. S1-S6). 

 

Scheme 1 Synthetic route to chiral TPE-DPP (3SS, 3RR, 6SS and 6RR) derivatives. During the first step, due to the mechanism 
of the Mitsunobu reaction, a Walden inversion occurs so that starting from the (R)-1-phenylethanol or (S)-1-phenylethanol, the 
SS and RR enantiomers are obtained, respectively, for the compounds 2 and 5. The second step consist in a Suzuki-Miyaura 
coupling between the chiral bromo-derivatives of the DPP and the TPE-Bpin. 

For comparison purposes, the achiral analogue of 3, namely the bis(N-benzyl)-bisTPE-DPP 
derivative 8, has been prepared starting from the bis(p-bromophenyl)DPP (1) upon N-
benzylation in classical conditions to afford the bis(N-benzyl)-bis(p-bromophenyl)-DPP 7,39 
followed by the Suzuki-Miyaura coupling of the latter with TPE-Bpin (Scheme 2 and Fig. S7-
S8). 











Fig. 7 Photoluminescence spectra from chloroform solutions (a) and films (b). Solutions have a concentration that correspond 
to an absorbance of 0.1 in a 10 mm cell, at the excitation wavelength noted in the legend. Similarly, films have an absorbance 
comprised between 0.05 and 0.1. Fluorescence spectrum from compound 5 is not showed. Quantum yields are measured using 
an integrating sphere, in CHCl3 solutions and on powders at absorptances comprised between 0.05 and 0.15. 

Compound 2 in 3*10-5 M chloroform solutions, under excitation at 468 nm, shows emission 
peaking at 548 nm, with a shoulder at 562 nm, with a quantum yield of 82% (

Fig. 7a). Compound 3 in 4*10-5 M chloroform solutions emits light at 564 nm, with a shoulder 
at 606 nm, with a quantum yield of 25% (

 

 



Fig. 7a). Compound 5 in 6*10-5 M chloroform solution emits light with a vibronic progression 
peaking at 582 nm, 628 nm and 692 nm, with a quantum yield of 63% (

Fig. 7a). Compound 6 in 3*10-5 M chloroform solution emits light at 622 nm, with a shoulder at 
672 nm, with a quantum yield of 55% (

Fig. 7a). 
In solid samples: the compound 2 emits within an unresolved band peaking at 547 nm with a 
quantum yield of 13%. Compound 3 shows an emission band peaking at 579 nm, with a 

 

 

 







 

Fig. 8 Representation of the Electron Density Difference (EDD) associated to the strongest transitions calculated for the 
compound 3RR: a) S0-S1; b) S0-S3; c) S0-S6; d) S0-S7; e) S0-S8; excited electrons and holes indicated by green and white 
surfaces, respectively. 

2.4 AEE and CPL emission study 
The photoluminescence behaviour of compounds 3 and 8 were further studied in aggregate 
states in a series of THF/water mixtures (Fig. 9). Compound 3 shows a 2-fold enhancement of 
the fluorescence intensity when the water fraction increases from 0% to 70%, accompanied by 
an increase of the quantum yield from 17% up to 28%. At higher water fraction values, up to 
90% of water, intensity and quantum yield decrease slightly. On the other hand, compound 8 
shows a 3.5-fold enhancement of the fluorescence intensity when the water fraction increases 
from 0% to 50%, accompanied by an increase of the quantum yield from 20% up to 58%. Once 
again, a further increase in water content makes fluorescence intensity and quantum yield 
gradually drop (Fig. 9). This behaviour has also been reported in a recent work on chiral 
fluorophores displaying AEE properties, and attributed to the formation of a precipitate.46  
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