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Bay- and ortho- ring annulated perylenediimides: Synthesis and their 
panchromatic absorption 
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Herein, we report the synthesis of semi-coronenediimide (sCDI) and N-caprolactam pyrrolo-perylenediimide (pPDI) 
using 1,8-diazabicyclo[5,4,0]undec-7-ene (DBU). The reaction involves in situ removal of trimethylsilyl (TMS) group 
followed by a ring formation at the ortho and bay positions of perylenediimide (PDI). Both the molecules exhibit diverse 
photophysical properties. pPDI demonstrates panchromatic absorption with quenched fluorescence while sCDI displays 
blue-shifted absorption with high fluorescence quantum yield. The obtained sCDI has been structurally characterized. 
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Perylene derivatives have emerged as an important 
class of functional dyes owing to their excellent 
photophysical characteristics, high thermochemical 
stability, flexible architecture and improved solubility1. 
They have been successfully utilized in potential 
applications such as fluorescent solar collectors, 
photovoltaic cells, optical switches and lasers2-4. The 
aromatic core of perylene can be functionalized by 
diverse methodologies due to its robust and 
electronically tunable π-backbone. Recently, 
perylenediimides (PDIs) have evolved as materials of 
choice due to their electron-deficient nature and their 
application as n-type organic semiconductors. Core 
expansion of PDI on the shorter molecular axis leads 
to the formation of a new class of yellow 
chromophores, named coronenediimides (CDIs)5. 
CDIs have photophysical characteristics resembling 
both perylenediimide and coronene and have 
improved charge carrier abilities due to expanded 
aromatic core. Many synthetic methodologies like 
Diels-Alder reactions, photodriven cyclization, DBU- 
assisted cyclization of alkynes or Pd/DBU catalyzed 
cyclization have been employed for core expansion of 
PDI to get CDI with various substituents annulated to 
the bay positions6-9. We have recently reported the 
formation of 7-membered azepino-perylenediimide 
derivatives via nucleophilic participation reaction of 
DBU with the phenyl-alkynyl derivatives of PDI10. 
These derivatives displayed panchromatic absorption 
with excellent charge transfer transitions. 

In the current work, we have utilized a similar 
methodology, employing ethynyl-trimethylsilane 
derivative as a reactant. Surprisingly, the reaction 
did not follow the expected path and led to the 
formation of two new PDI derivatives in a  
single-step synthetic procedure with diverse 
photophysical properties; N-heteroatom introduced 
5-membered (pyrrolo) annulated derivative (pPDI) 
and a 6-membered (benzene) ring-annulated 
derivative (sCDI) (Scheme I). sCDI was highly 
fluorescent as compared to pPDI and one of the 
molecules shows intense absorption from visible to 
near-infrared region. 

 
Results and Discussion 

Synthesis 

PDI11, 1-bromo-perylenediimide (PDI-Br)12 and 
1-ethynyltrimethylysilyl-perylenediimide (PDI-

TMS) were synthesized as per literature 
procedures, with minor modifications. In a typical 
procedure, PDI-TMS was dissolved in toluene and 
excess DBU was added. Reaction mixture was 
refluxed for 12 h. Thin layer chromatography 
revealed the formation of a less polar orange and a 
highly polar green fraction. Reaction mixture was 
purified by column chromatography using 
CHCl3/hexane. The orange and green colour 
fractions were isolated in 22% and 14% yield, 
respectively. Complete synthetic and analytical 
details of all the molecules are provided in ESI. 
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Characterization 
1H NMR spectrum of the orange fraction in CDCl3 

at room temperature indicated two clearly resolved 
doublets (Hc) and two singlets (Ha and Hb) in aromatic 
region for PDI core and four resolved signals (Hd, He, 
He and Hf) in the aliphatic region due to imide-
substituted isopentyl group, with no trace of 
trimethylsilyl protons, as compared to the starting 
material. The absence of Hb proton signal in the 
1H NMR spectrum hints towards the cyclization of 
molecule and resembles to that of the reported CDI5 
core. The reduced number of signals in 1H NMR 
spectrum shows the symmetric nature of the molecule 
at the aromatic region (Figure 1). Two-dimensional 
NMR studies i.e., COSY and HSQC along with 
13C NMR also validated the claim of ring formation at 
the bay positions. Further input was taken from APCI-
HRMS analysis which confirmed the orange fraction 
as sCDI (ESI Figure). 

The 1H NMR spectrum of the green fraction in 
CDCl3 at room temperature indicated two clearly 
resolved doublets (Ha and Hb) in aromatic region, 
apart from PDI core protons (Hc). The absence of a 
signal for Ha proton from PDI-TMS points toward the 
substitution at the ortho-position of PDI core. The 
shielded region shows signals for DBU frame-work 
protons which are similar to the caprolactam tail in 
the azepino-compound, with the disappearance of 

proton resonances for trimethylsilyl group. The 
appearance of two additional signals around δ 7.6 (Ha 
and Hb) confirmed the formation of a product entirely 
different from the reported one (Figure 1). To 
elucidate the composition of the compound, high 
resolution mass spectrometry was performed which 
confirmed the presence of DBU moiety connected to 
the molecule. While going through the literature, we 
found that Li and coworkers have reported a hetero-
atom introduced pentacyclic ring formation on the 
naphthalenediimide in the presence of DBU and 
CuI13. Taking a cue from this, we found that protons 
Ha and Hb are actually pyrrolic protons with coupling 
constants J = 3.4 Hz. This substantiated the formation 
of this 5-membered ring onto the ortho- position of 
PDI via Michael addition14 reaction followed by DBU 
ring opening. The green colour fraction was named as 
pPDI. When triisopropylsilyl ethynyl derivative of 
PDI was reacted with DBU, the reaction did not 
proceed which may be due to the bulkier nature of the 
TIPS group. 

 

Single crystal X-ray analysis 
Structural proof is imminent in further confirming 

the formation of products. After repetitive trials, 
suitable crystals of sCDI for the single crystal X-ray 
diffraction analysis were grown in chloroform and 
imidazole/hexane  by solvent diffusion  method. Solid 
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Scheme I — Synthetic scheme for sCDI and pPDI 
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state structure revealed a perfectly planar core for the 
molecule sCDI (Figure 2). Unfortunately, 
not yield quality single crystals for the diffraction 
studies. 
 
Steady state absorption and emission studies

After successful characterization of the molecules, 
we set out to investigate their photophysical
Steady state absorption and emission spectra were 
recorded from dilute solutions in chloroform. 
displayed a hypsochromically shifted absorption 
spectrum in comparison to unsubstituted 
(Figure 3 and Table I). However, this molecule 
retained the characteristic vibronic progression of 
parent PDI. The blue shift of sCDI

core-annulated PDI derivatives such as CDI.
 

 
Figure 1 — 1H NMR

 

 
Figure 2 — Single crystal X-ray structure of 
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not yield quality single crystals for the diffraction 

Steady state absorption and emission studies 
After successful characterization of the molecules, 

we set out to investigate their photophysical properties. 
Steady state absorption and emission spectra were 
recorded from dilute solutions in chloroform. sCDI 

romically shifted absorption 
spectrum in comparison to unsubstituted PDI 

). However, this molecule 
retained the characteristic vibronic progression of 

sCDI is in line with the 
annulated PDI derivatives such as CDI. 

 

Figure 3 — Absorption profile of 
(10−6 M) 

NMR comparison of PDI-TMS, sCDI and pPDI in CDCl3 at 298

ray structure of sCDI. Solvent molecules were removed for clarity. 

 

Absorption profile of sCDI and pPDI in chloroform 

 

at 298 K 

 

. Solvent molecules were removed for clarity. CCDC 1565589 
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The most intriguing absorption features were 
observed for pPDI. This molecule exhibited 
panchromatic absorption covering the entire visible 
region. The absorption maxima showed huge red shift 
with respect to that of parent PDI. In addition, 
considerable band broadening was observed and  
sharp vibronic features of PDI were missing. This 
observed bathochromic shift in the absorption 
maxima can be attributed to the electron donating 
nature of the pyrrolic annulation along with an 
extended π-conjugation. 

To gain further insight into the excited states of 
these molecules, emission studies were carried out 
from dilute solutions in chloroform. Interestingly, 
sCDI appeared to be highly fluorescent compared to 
pPDI. For sCDI, emission spectrum was a mirror 
image of absorption bands with emission maxima 
centered at 437 nm, which is inturn blue-shifted  
with respect to parent PDI (Figure 4 and Table I). 
From Figure 4, it can be seen that emission was 
quenched in case of pPDI. The quenching of 
fluorescence hints at possible intramolecular  
charge transfer in the excited state from electron-rich 
pyrrolic tail to electron-deficient PDI core. Quantum 
yields (Table I) were calculated with respect to 
unsubstituted PDI11 having quantum yield = 1 by 
using the following formula: 
 
QY = [QYref × I × Aref × η2] / [A × Iref × η2

ref] 
 

where, QY = quantum yield; ref = reference (PDI); 
A = Absorbance; I = integrated fluorescence intensity; 
η = refractive index of the solvent. 

 
Electrochemical studies 

Cyclic voltammetry (CV) experiments were carried 
out under continuous argon flow and a conventional 
three-electrode electrochemical cell was used. Glassy 
carbon working, platinum wire counter and SCE 
reference electrodes were used. All the measurements 
were carried out in dichloromethane solution with 
0.1 M TBAP as the supporting electrolyte. All the 
spectra were recorded at a scan rate of 0.1 V/s. sCDI 
showed two reversible reductions at −0.83 V and 
−1.04 V vs. SCE (Table I and Figure 5). pPDI 

undergoes two reversible reductions at −0.70 V and 
−0.88 V. In addition to this, an irreversible oxidation 
was also observed at 1.24 V, which further reflects the 
comparative electron-donating nature of the annulated 
pyrrolic ring. 

 

Computational investigations 
Computational investigations were carried out 

using DFT-B3LYP/6-31g(d,p) level using Gaussian 
09 suite15 of programs. In case of sCDI, HOMO as 

Table I — Absorption and emission details in chloroform 

Compd λabs 
max(nm) ε (M−1 cm−1) λem max (nm) Φ Ered (V) Eox (V) 

PDI 526 79487 533 1 −0.67, −0.87 − 
sCDI 468 74432 474 0.75 −0.83, −1.04 − 
pPDI 625 38580 654 0.25 −0.70, −0.88 1.24 

 

 
 

Figure 4 — Emission profile of sCDI and pPDI in chloroform 
(10−6 M) 
 

 

Figure 5 — Cyclic voltammograms of sCDI and pPDI in 
dichloromethane using tetrabutylammonium hexafluorophosphate 
(TBAP) as a supporting electrolyte 
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well as LUMO lie on extended-PBI aromatic 
framework. Similarly, pPDI also had frontier orbital 
contributions arising from entire extended π-backbone 
with the involvement of pyrrolic ring as well. 
However, ring opened-DBU tail does not contribute 
towards frontier orbitals as expected (Figure 6). 
 
Conclusion 

In summary, we have succeeded in obtaining 
ortho- and bay-fused perylenediimides namely  
N-caprolactam-pyrrolo-perylenediimide (pPDI) for 
the first time and semi-coronenediimide (sCDI) in a 
single pot reaction via a DBU-mediated synthesis. 
Solid state structural proof for sCDI confirms the 
planarity of its core and resulting in blue-shifted 
absorption along with bright emission. However, 
pPDI shows panchromatic absorption with 
diminished fluorescence due to a possible charge-
transfer from the annulated pyrrole moiety. The 
current work highlights the versatility of the PDI 
framework for intriguing functionalization via simple 
synthetic manipulations. These new molecules have 

the potential to be used for modern optoelectronic 
applications and further research in this direction is 
currently ongoing in our laboratory. 
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Supplementary information is available in the 
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