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icomponent domino reaction
strategy for the tailoring of versatile
environmentally sensitive fluorophore-based
nicotinonitriles incorporating pyrene and fluorene
moieties†

Essam M. Hussein, ab Nizar El Guesmiac and Saleh A. Ahmed *ab

A simplistic and highly effective protocol for the synthesis of a new class of poly-functionalized innovative

nicotinonitriles incorporating pyrene and/or fluorene moieties has been developed through the domino

four-component condensation reaction of 1-(pyren-1-yl)ethanone/1-(9H-fluoren-2-yl)ethanone,

numerous aromatic aldehydes, and 3-oxo-3-(pyren-1-yl)propanenitrile/3-(9H-fluoren-2-yl)-3-

oxopropanenitrile and ammonium acetate in acetic acid as a reaction medium. The advantages of this

approach are the short reaction time, excellent yield, and the easy experimental workup that affords

substrate diversity and operative competence under metal-free reaction conditions for the formation of

C–C and C–N bonds. The substituent effects on the photophysical property-based absorption and the

emission of the synthesized compounds in dichloromethane have been well-investigated. Strong

absorption quenching of around 100 nm was observed when substitution of the benzene ring at the C4-

position of the pyridine moiety occurred with an electron-donating (–N(CH3)2) group. All of the newly

synthesized nicotinonitrile derivatives showed strong blue-green fluorescence emission with maxima in

the range between 420–630 nm. These highly pronounced emission spectra will help this family of

compounds to find application in many areas and the field of materials science.
Introduction

Carbon–carbon and carbon–nitrogen bond-forming reactions
are amongst the most important transformations in organic
synthesis.1 Dissimilar conventional multistep reactions,
enhanced efficacy, higher reaction yields, atom economy,
shorter reaction times, ecologically benign reactions, amended
selectivity, and lower costs can be accomplished using multi-
component reactions (MCRs), which are inuential and helpful
tools in modern medicinal chemistry, providing easy access to
an enormous number of structurally connected drug-like
heterocyclic compounds.2–5 Poly-functionalized nitrogen-
containing heterocycles are essential structural components
in numerous natural products and synthetic drugs. They have
great applications in drug discovery and are benecial and
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useful materials.6–8 Pyridine derivatives substituted at the 2, 4,
and 6 positions have an extensive range of applications, most of
which are based upon their unique photophysical properties.
The applications of these compounds comprise photographic
acid-mediated imaging media,9 thermal recording materials,10

photo-curable assembly for stereolithography, laser dyes11 and
ion probes.12,13 In the last few decades, design and synthesis of
materials with light-emitting properties has emerged as an
exciting topic of research in both academic and industrial
applications.14 Furthermore, pyrene is a p-extensive conjugated
polynuclear aromatic hydrocarbon, which was recently consid-
ered as being one of the most extensively studied organic frag-
ments in the eld of photochemistry and photophysics. The
extremely uorescence properties of pyrene mean it is the rst
choice uorophore in both fundamental and applied photo-
chemical and photophysical research.15–21 As its monomer
emission typically appears at 370–420 nm and it is a dis-
tinguishing violet color, the pyrene moiety is considered to be
one of the most benecial assembly moieties for the construc-
tion of uorogenic chemosensors that are frequently used for
necessary chemical applications.22 Pyrene derivatives have been
extensively used in many applications as uorescent probes23

and uorescent sensors.24,25 On the other hand, uorene
derivatives, which are less important than pyrene, are adaptable
This journal is © The Royal Society of Chemistry 2019
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Table 1 The effects of catalysts and solvents on the yield of the model
reactiona

Entry Catalyst (mol%) Solvent Time (h) Yield (%)

1 — MeOH 24 —
2 — EtOH 24 —
3 — 2-Propanol 24 —
4 — DMF 24 —
5 — Dioxane 24 —
6 K2CO3 (30) EtOH 15 12
7 Piperidine (30) EtOH 15 16
8 ZnCl2 (30) EtOH 15 21
9 p-TsOH (30) EtOH 10 35
10 HCO2H (30) EtOH 12 34
11 AcOH (30) EtOH 7 43
12 AcOH (30) MeOH 7 38
13 AcOH (30) 2-Propanol 8 37
14 AcOH (30) DMF 7 39
15 AcOH (30) Dioxane 10 19
16 AcOH (50) EtOH 7 50
17 AcOH (100) EtOH 7 66
18 — EtOH/AcOH (1/1) 6 70
19 — EtOH/AcOH (2/3) 6 79
20 — EtOH/AcOH (1/4) 5 86
21 — AcOH 4 94

a Reaction conditions: 1-acetylpyrene (1a, 1.0 mmol), benzaldehyde (2a,
1.0 mmol), 3-(9H-uoren-2-yl)-3-oxopropanenitrile (3a, 1.0 mmol),
ammonium acetate (4, 3.0 mmol), solvent (10 mL)/reux.
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moieties which are used in a wide range of synthetic purposes.26

Amongst the uorophores, uorene derivatives have reasonable
quantum yields and are less bulky than other frequently used
uorophores, such as uorescein and cyanine dyes.27 Never-
theless, uorene-based polymers and copolymers are brilliant
candidates for optical and electrical applications because they
display extraordinary chemical/thermal stability, outstanding
uorescence quantum yields and consequently are commonly
used in organic light-emitting diodes, at panel displays and in
solar cells.28–30 In the last decay, numerous approaches have
been developed by many researchers for the synthesis of 2,4,6-
trisubstituted nicotinonitriles.31–37 However, no reports were
found of the synthesis of a single molecular structure with these
three units (pyrene, nicotinonitrile and uorene). Based on the
above described ndings, and in continuation of our ongoing
research interest which deals with the synthesis of novel
environment-sensitive uorophores38,39 and the development of
efficient, low-cost and simple new methodologies for the
synthesis of nitrogen-containing heterocyclic compounds
through MCRs,40–44 a simple, straight-forward and efficient
procedure for the synthesis of novel highly functionalized nic-
otinonitriles incorporating pyrene and/or uorene moieties in
good to excellent yields has been achieved. Yields of up to 98%
via a one-pot four-component condensation reaction of 1-
(pyren-1-yl)ethanone/1-(9H-uoren-2-yl)ethanone, various
aromatic aldehydes, 3-(9H-uoren-2-yl)-3-oxopropanenitrile/3-
oxo-3-(pyren-1-yl)propanenitrile and ammonium acetate in
reuxing acetic acid were successfully attained. The aim behind
this work is to develop convenient approaches to numerous
novel uorophores based on nicotinonitrile as uorescent type
molecules containing pyrene and/or uorene moieties and
study their emission spectral characteristics owing to the
promising physiological and uorescent properties of these
kind of molecules.
Results and discussion
Synthetic strategy

The choice of appropriate reaction conditions was of key
importance for effectual synthesis. Initially, we began our
present investigation of the four-component one-pot reaction
with 1-acetylpyrene (1a), benzaldehyde (2a), 3-(9H-uoren-2-yl)-
3-oxopropanenitrile (3a), and ammonium acetate (4) which
were selected as a model reaction (Scheme 1).

To optimize the reaction conditions, a series of experiments
were implemented and the effects of different catalysts and
Scheme 1 Model reaction.

This journal is © The Royal Society of Chemistry 2019
solvents at the same reux temperature on the yield of the
model reaction was investigated (Table 1). First of all, it should
be mentioned that the model reaction in the absence of a cata-
lyst was accomplished in different solvents such as methanol
(MeOH), ethanol (EtOH), 2-propanol, dimethylformamide
(DMF) and dioxane, but it failed to afford the desired product 5a
even aer increasing the reaction time to 24 h (Table 1, entries
1–5). Then, the model reaction was carried out in the presence
of basic catalysts such as potassium carbonate (K2CO3) and
piperidine in ethanol as a solvent, which led to the formation of
product 5a in a low yield (12 and 16%), respectively (Table 1,
entries 6, 7).

However, the yield was enhanced to 21–43% when acidic
catalysts such as zinc chloride (ZnCl2), p-toluenesulfonic acid
(p-TsOH), formic acid (HCO2H) and acetic acid (AcOH) were
used, as presented in Table 1 (entries 8–11). Amongst all of the
acids used, acetic acid was found to be the best catalyst with
Scheme 2 The synthesis of novel poly-functionalized nicotinonitriles
containing pyrene and/or fluorene moieties 5a–f–8a–f.

RSC Adv., 2019, 9, 40118–40130 | 40119
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Table 2 The scope of the reaction: synthesis of 2-(9H-fluoren-2-yl)-4-aryl-6-(pyren-1-yl)nicotinonitriles 5a–fa

a Reaction conditions: 1-acetylpyrene (1a, 1.0 mmol), aldehyde (2a–f, 1.0 mmol), 3-(9H-uoren-2-yl)-3-oxopropanenitrile (3a, 1.0 mmol), ammonium
acetate (4, 3.0 mmol), AcOH (10 mL)/reux.
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regard to the isolated yield (Table 1, entry 11). These observa-
tions encouraged us to explore the catalytic prociency of AcOH
in other solvents such as MeOH, 2-propanol, DMF, and dioxane,
but no improvement in the yield of the target product 5a was
observed (Table 1, entries 12–15). Furthermore, we observe that
the yields of 5a were distinctly affected by the amount of AcOH
(Table 1, entries 16–21). It was found that when the amount of
acetic acid was increased, the desired product 5a was isolated in
a signicantly higher yield. Excitingly, we observed that acetic
acid also operated as the best reaction medium compared with
the other solvents (Table 1, entry 21) and the reaction proceeded
smoothly affording the target product 5a in an excellent yield
(94%) in a short reaction time (4 h). According to the results
obtained, it is clear that the reaction proceeds very smoothly
with a high product yield in reuxing acetic acid as the reaction
media.

To evaluate the scope and generality of the optimized reac-
tion conditions, a wide range of aromatic aldehydes ketones 2a–
2f were selected to undergo this four-component cyclo-
condensation reaction with acyl derivatives such as 1-ace-
tylpyrene (1a) and 2-acetyluorene (1b). Additionally, 3-(9H-
uoren-2-yl)-3-oxopropanenitrile (3a) and 3-oxo-3-(pyren-1-yl)
propanenitrile (3b) were found to be compatible under the
optimized reaction conditions, leading to the formation of
novel highly functionalized nicotinonitriles incorporating pyr-
ene and/or uorene moieties (Scheme 2).
40120 | RSC Adv., 2019, 9, 40118–40130
All reactions proceeded smoothly to afford the target prod-
ucts 5a–f–8a–f in good to excellent yields (75–98%) and the
obtained results are summarized in Tables 2–5. The aromatic
aldehydes used in this study were deliberately selected to
tolerate either electron-donating substituents (such as N(CH3)2
and OCH3) or electron-withdrawing substituents (such as Cl, CN
and NO2) to give noteworthy changes in their photophysical
properties. Generally, the reactions were sufficiently clean and
no side products were detected (TLC-controlled). In all cases,
the reactions proceeded competently in acetic acid as a reaction
media in reuxing conditions.

The chemical structures of all of the novel synthesized
compounds 5a–f–8a–f were well-conrmed by means of spec-
troscopic techniques such as Fourier transform infrared
spectroscopy (FT-IR), 1H NMR, 13C NMR, and 13C-
distortionless enhancement by polarization transfer (DEPT)-
135 data (c.f. Experimental section and ESI†). The FT-IR
spectra of compounds 5a–f–8a–f showed the presence of
characteristic absorption bands at 2218–2199 and 1615–
1610 cm�1 corresponding to the cyano and C]N groups,
respectively. Furthermore, to fully conrm the chemical
structures of the products, intensive 1D (1H, 13C, and DEPT-
135) NMR were conducted in CDCl3. Surprisingly, the 1H
NMR spectra of the uorene-containing nicotinonitrile deriv-
atives 5a–f and 7a–f revealed that the sp3 CH2 protons of the
uorene moiety showed an “AB” spin pattern at dH 4.06–3.88
and 4.09–3.95 ppm, respectively. It should be emphasized that
This journal is © The Royal Society of Chemistry 2019
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Table 3 The scope of the reaction: synthesis of 4-aryl-2,6-di(pyren-
1-yl)nicotinonitriles 6a–fa

a Reaction conditions: 1-acetylpyrene (1a, 1.0 mmol), aldehyde (2a–f, 1.0
mmol), 3-oxo-3-(pyren-1-yl)propanenitrile (3b, 1.0 mmol), ammonium
acetate (4, 3.0 mmol), AcOH (10 mL)/reux.

Table 4 The scope of the reaction: synthesis of 2,6-di(9H-fluoren-2-
yl)-4-(aryl)nicotinonitriles 7a–fa

a Reaction conditions: 2-acetyluorene (1b, 1.0 mmol), aldehyde (2a–f,
1.0 mmol), 3-(9H-uoren-2-yl)-3-oxopropanenitrile (3a, 1.0 mmol),
ammonium acetate (4, 3.0 mmol), AcOH (10 mL)/reux.
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the coupling constants (2JHH) in the CH2 group (ranging from
�21.5 to �35.5 and �19.0 to �24.0 Hz, respectively) show
some variations and unusually higher absolute values. This
observation may be concisely elucidated based on the
following two facts: (a) the 2JHH coupling constant becomes
more negative when a CH2 group is attached to a p-acceptor
such as carbonyl, imino, or cyano group or conjugated with
aryl, alkene and alkyne substituents, as the H–C–H angle is
decreased and 2JHH coupling constant becomes more negative
(larger);45 and (b) the negative mesomeric effect of the cyano
group attached to the pyridine ring decreases the electron
density especially at the 2-position, and sequentially, it may
act as a p-acceptor group.

For example, analysis of the 13C and 13C-DEPT-135 NMR
spectra of 5a in CDCl3 indicated the presence of 38 signals (22
aromatic CH signals, 14 aromatic quaternary carbons, one
cyano carbon, and one methylene carbon). The characteristic
signals at d 162.9, 104.2, and 36.9 ppm correspond to the C]
N, cyano, and methylene carbons, respectively. In the 1H NMR
spectrum, the proton signals were revealed, a doublet signal
at d 8.58 ppm (3J ¼ 6.5 Hz) for the C2–H of the pyrene moiety,
this shows the presence of methylene protons as a doublet
(2JHH ¼ 35.5 Hz) at 4.00 ppm, and the remaining 21 aromatic
protons appear in the expected region at 8.33–7.38 ppm. On
This journal is © The Royal Society of Chemistry 2019
the other hand, the 13C and 13C-DEPT-135 NMR spectra of 6a
in CDCl3 revealed the presence of 29 signals in the region at
164.0–117.7 ppm (22 aromatic CH signals and 7 aromatic
quaternary carbons) and the cyano carbon resonated at
d 107.5 ppm. The 1H NMR spectrum showed the signals cor-
responded to 24 aromatic protons in the region at 8.59–
7.15 ppm.

The postulated mechanism for the formation of the desired
products 5a–f–8a–f is proposed in Scheme 3. Acetyl compound
1 condensed with ammonium acetate to form the corre-
sponding imine intermediate A, a Knoevenagel condensation
reaction between nitrile derivative 3 and aromatic aldehyde 2
afforded the intermediate B which can act as a Michael
receptor. Then, a 1,4-Michael addition reaction between
intermediates A and B followed by intramolecular cyclization
via nucleophilic attack of the amino group to the carbonyl
group gave the dihydro intermediate C. Dehydration of the
intermediate C afforded the corresponding intermediate D,
which could nally undergo dehydrogenation to give the
desired products 5–8.

The proposed mechanistic pathway shown in Scheme 3
was experimentally supported by the stepwise synthesis of 2-
(9H-uoren-2-yl)-4-phenyl-6-(pyren-1-yl)nicotinonitrile (5a)
under the optimized conditions via the reaction of benzal-
dehyde (2a) and 3-(9H-uoren-2-yl)-3-oxopropanenitrile (3a)
to afford the corresponding 2-(9H-uorene-2-carbonyl)-3-
phenylacrylonitrile (Michael acceptor), which was isolated
RSC Adv., 2019, 9, 40118–40130 | 40121
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Table 5 The scope of the reaction: synthesis of 6-(9H-fluoren-2-yl)-4-phenyl-2-(pyren-1-yl)nicotinonitrile 8a–fa

a Reaction conditions: 2-acetyluorene (1b, 1.0 mmol), aldehyde (2a–f, 1.0 mmol), 3-oxo-3-(pyren-1-yl)propanenitrile (3b, 1.0 mmol), ammonium
acetate (4, 3.0 mmol), AcOH (10 mL)/reux.
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in a quantitative yield, and this was then allowed to react with
1-acetylpyrene (1a) and ammonium acetate (4) to afford the
target product 5a.
Scheme 3 A plausible mechanism pathway for the synthesized
compounds 5a–f–8a–f.

40122 | RSC Adv., 2019, 9, 40118–40130
Substituent effect on absorption and emission spectra of the
synthesized nicotinonitrile derivatives 5a–f–8a–f

The UV-visible absorption spectra of the synthesized nic-
otinonitrile derivatives 5a–f–8a–f were recorded in dichloro-
methane (CH2Cl2) solution at a concentration of 1 � 10�5 M.
The UV-visible absorption spectra of the 5a–f–8a–f series in
CH2Cl2 are shown in Fig. 1 and the results are summarized in
Table 6. All of the 5a–f–8a–f compounds exhibited a strong
absorption (log 3 > 4.00) (Table 6). The photophysical proper-
ties of 7a–f with two uorene fragments in the solution state
displayed only one absorption maximum in the range of 313–
316 nm and a substantial shi (�20 nm) in the absorption
band of 7b corresponding to the N(CH3)2 substituent was
observed, in which the absorption band appeared at 333 nm
(Fig. 1, system (III)). Moreover, products 5a–f with one uorene
(on C2-position) and the pyrene (on C6-position) fragment of
the pyridine moiety showed the absorption maximum with
a different energy absorption in the range of 311–370 nm
(Fig. 1, system (I)). However, 6a–f with two pyrene fragments
and 8a–f with one pyrene (on C2-position) and uorene (on C6-
position) fragment of pyridine are fairly exceptional in this
series, as they showed a conspicuously red shied absorption
band at 448 nm relative to the electron donating group
(–N(CH3)2) substituent presents on the benzene ring at the C4-
position of pyridine (Fig. 1, systems (II) and (IV)). Based on
these ndings, it can be concluded that owing to the presence
of the pyrene fragment on the C2-position of the nicotinoni-
trile moiety, substantial changes in absorption properties are
observed. The broadened band and the pronounced
This journal is © The Royal Society of Chemistry 2019

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/C9RA09379F


Fig. 1 Absorption spectra of the four synthesized systems (I)–(IV)
corresponding to 5a–f, 6a–f, 7a–f and 8a–f, respectively, in CH2Cl2 (1
� 10�5 M).

Table 6 The fluorescence and absorption properties of the synthe-
sized compounds 5a–f–8a–f

R labs (nm) log 3 lem (nm) labs (nm) log 3 lem (nm)

a; H 288 279
311 4.63 459 357 4.60 455
357 4.34 585 593

b; N(CH3)2 288 277
354 4.66 449 356 4.59 542

633 448 4.43 590
c; OCH3 288 279

313 4.65 449 346 4.62 435
359 4.44 580 554

d; Cl 311 4.72 469 279 474
360 4.08 574 348 4.66 583

e; CN 268 277
313 4.65 482 345 4.53 493
370 4.21 618 616

f; NO2 283 278
313 4.68 495 345 4.56 500
370 4.22

R labs (nm) log 3 lem (nm) labs (nm) log 3 lem (nm)

a; H 316 4.67 427 278 483
490 349 4.81 544

b; N(CH3)2 333 4.79 455 277
340 4.50 526

615 447 4.42 584
c; OCH3 314 4.92 412 278 475

505 347 4.76 543
d; Cl 313 4.77 435 278

499 348 4.77 513
e; CN 316 4.68 453 277

534 354 4.82 548
f; NO2 316 4.70 477 279 454

506 350 4.76 457

This journal is © The Royal Society of Chemistry 2019
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bathochromic shi absorption of around 100 nm can be
explained by the transitions having a mixed character of n–p*
and p–p*.
RSC Adv., 2019, 9, 40118–40130 | 40123
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The uorescence emissions of the 5a–f–8a–f series with
various substituents were recorded in CH2Cl2 solution at the
concentration of 1 � 10�5 M (Fig. 2). The emission spectra are
shown in Fig. 3 and the obtained results are summarized in
Table 6. In all systems, the uorescent spectra of the 5a–f–8a–f
compounds showed emissions bands at around 450 � 30 and
550� 30 nm unlike the emissions of 5e and 6e (Fig. 2). Amongst
them, the nicotinonitrile derivative 5b, which contains a (–
N(CH3)2) group, exhibited the clearest red-shied emissions
bands at 529 and 633 nm. This kind of strong emission is
characteristic of compounds containing electron donor and
acceptor groups constituting of a conjugated p-electron system.

In all systems of the 5a–f–8a–f compounds, a large red shied
emission band was detected within the wavelength range 495–
633 nm for compounds 5a–f, 500–616 nm for compounds 6a–f,
490–615 nm for compounds 7a–f and 475–584 nm for 8a–f in
addition to the short wavelength band (Table 6). A red shied
broad absorption band indicated that the allowed transition isp–
p* with a charge transfer character. A noteworthy red shi of
100 nm was observed for nicotinonitriles containing uorene
and pyrene moieties on moving from 7a to 6a, whereas the shi
was 50 nm upon moving from 7a to 8a; suggesting the involve-
ment of a photo induced intramolecular charge transfer (ICT).

It is noticeable that the solutions of most compounds 5a–f–
8a–f showed a strong uorescence except for 5f, 6f, 7f and 8f,
these compounds present a weak uorescence in the blue
region with maxima in the range of 475–500 nm. This low
intensity was initially explained by the existence of –NO2 group.
The observed data also corroborates an assumption about the
essential role of the cyano group in the pyridine ring causing the
high uorescence of the pyridine derivatives and allows it to act
as an excellent uorescent core with good electron-transporting
properties.46–52 It can be easily observed from the study that our
nicotinonitrile-based uorescent type molecules containing
pyrene and/or uorene moieties have been proven to be prom-
ising uorophores for application as chemo- and biosensors.
Moreover, this type of structure with a highly electron decient
system could be of interest to many researchers working on the
development of n-type organic semiconductors and for the
design of new liquid crystal materials.
Conclusions

In conclusion, we have developed a simple and efficient
protocol for the synthesis of a novel series of pyrene and/or
Fig. 2 Effects of the substituents on the fluorescence emission of (I)–
(IV) in CH2Cl2 solution (substituents from left to right are: N(CH3)2,
OCH3, H, Cl, and CN, NO2).

Fig. 3 Fluorescence spectra of the four synthesized systems (I)–(IV)
corresponding to 5a–f, 6a–f, 7a–f and 8a–f, respectively, in
dichloromethane (1 � 10�5 M).

40124 | RSC Adv., 2019, 9, 40118–40130 This journal is © The Royal Society of Chemistry 2019
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uorene-containing nicotinonitrile derivatives bearing electron-
donating and electro-withdrawing groups via one-pot four-
component condensation reactions of 1-(pyren-1-yl)ethanone/
1-(9H-uoren-2-yl)ethanone, different aromatic aldehydes, 3-
oxo-3-(pyren-1-yl)propanenitrile/3-(9H-uoren-2-yl)-3-
oxopropanenitrile, and ammonium acetate in acetic acid as
a reaction media under reux conditions. This procedure offers
several distinguished advantages, such as, a relatively short
reaction time, excellent yields, and easy reaction work up (with
no need for chromatographic separation). The photophysical
properties of the synthesized nicotinonitriles were investigated
using UV-visible absorption and uorescence emission spec-
trophotometers, using CH2Cl2 as the solvent, and signicant
results were obtained. Moreover, the optical results revealed
that the labs values are in the range of 311–447 nm (solution
state) while the lem values are in the range of 421–493 and 543–
633 nm. The absorption and emission at long wavelengths are
a result of an increase in the push–pull system generated by the
two pyrene/uorene rings and the cyano (C^N) group attached
to the pyridine ring. More details relating to uorescence
emission, time-resolved spectroscopy, solvatochromism and
theoretical studies of these newly synthesized materials will be
discussed in depth in a forthcoming paper.
Experimental
Materials and methods

All solvents used purchased from Sigma-Aldrich were of spec-
troscopic grade and were used without further purication. The
FT-IR spectra were recorded on a Shimadzu IR-3600 FT-IR
spectrometer in KBr pellets. The NMR spectra were acquired
on a Bruker Avance 500 instrument (at 500 MHz for 1H, 125
MHz for 13C) in CDCl3 solutions, using residual solvent signals
as the internal standards. Melting points were determined on
a Stuart SMP3 melting point apparatus and are uncorrected.
The electronic absorption spectra were recorded using a UV/VIS/
NIR spectrophotometer in a concentration of 1 � 10�5 mol
dm�3. Fluorescence spectra were performed using a Horiba
Spectrouorometer (model FluoroMax-4).

1-Acetylpyrene (1a) and 2-acetyl-9H-uorene (1b) were
synthesized from pyrene and uorene, respectively, using the
classical Friedel–Cras reaction in accordance with the previ-
ously reported procedure.53,54 3-(9H-Fluoren-2-yl)-3-
oxopropanenitrile (3a) and 3-oxo-3-(pyren-1-yl)propanenitrile
(3b) were synthesized from 1-acetylpyrene and 2-acetyl-9H-u-
orene, respectively, according to the previously reported
procedures.55,56
Synthetic procedures

General procedure for the synthesis of pyrene and/or
uorene-containing nicotinonitrile derivatives 5a–f–8a–f. In
a 50 mL round-bottomed ask, a mixture of acetyl compound 1
(1.0 mmol), aldehyde 2 (1.0 mmol), nitrile compound 3 (1.0
mmol), and ammonium acetate (4, 3.0 mmol) in acetic acid (10
mL) was heated under reux for the appropriate time, as
mentioned in Tables 2–5. Aer the completion of the reaction
This journal is © The Royal Society of Chemistry 2019
(as monitored by TLC), the resulting product was ltered off,
washed with water (3 � 10 mL), and dried under vacuum. The
product obtained was essentially pure in all cases.

2-(9H-Fluoren-2-yl)-4-phenyl-6-(pyren-1-yl)nicotinonitrile
(5a). Yellow crystals; yield (94%), mp 250–252 �C. FT-IR (KBr):
nmax ¼ 3050 (CH arom.), 2210 (CN), 1613 (C]N) cm�1. 1H NMR
(CDCl3): d ¼ 8.58 (d, J ¼ 6.5 Hz, 1H), 8.34–8.32 (m, 2H), 8.28–
8.26 (m, 2H), 8.20–8.16 (m, 3H), 8.10–8.08 (m, 1H), 8.00 (s, 1H),
7.89–7.83 (m, 4H), 7.67–7.61 (m, 4H), 7.52 (d, J ¼ 11.5 Hz, 1H),
7.44–7.38 (m, 3H), 4.00 (d, 2J¼ 35.5 Hz, 2H, CH2) ppm. 13C NMR
(CDCl3): d ¼ 162.9 (C]N), 161.8 (C), 155.1 (C), 145.0 (C), 144.1
(C), 144.0 (C), 143.7 (C), 143.5 (C), 140.9 (C), 136.5 (C), 136.0 (C),
133.8 (C), 132.3 (C), 130.1 (CH), 129.1 (CH), 128.8 (CH), 128.7
(CH), 128.6 (CH), 128.5 (CH), 128.0 (CH), 127.8 (CH), 127.7 (CH),
127.4 (CH), 127.3 (CH), 126.9 (CH), 126.3 (CH), 126.2 (CH), 125.9
(CH), 125.5 (CH), 125.1 (CH), 124.9 (CH), 124.2 (CH), 124.0 (CH),
120.5 (CH), 119.9 (CH), 117.9 (C), 104.2 (CN), 36.9 (CH2) ppm.
Elemental analysis: calcd for C41H24N2: C, 90.42; H, 4.44; N,
5.14; found: C, 90.19; H, 4.25; N, 4.90.

4-(4-(Dimethylamino)phenyl)-2-(9H-uoren-2-yl)-6-(pyren-1-
yl)nicotinonitrile (5b). Yellow crystals; yield (86%), mp 170–
172 �C. FT-IR (KBr): nmax ¼ 3049 (CH arom.), 2946 (CH aliph.),
2200 (CN), 1615 (C]N) cm�1. 1H NMR (CDCl3): d ¼ 8.59 (d, J ¼
8.0 Hz, 1H), 8.40 (d, J¼ 5.5 Hz, 1H), 8.35–8.30 (m, 5H), 8.18–8.16
(m, 4H), 8.08 (d, J ¼ 6.0 Hz, 2H), 7.97 (s, 1H), 7.88–7.85 (m, 2H),
7.78 (d, J ¼ 6.5 Hz, 1H), 7.61–7.59 (m, 1H), 7.42–7.38 (m, 3H),
3.98 (d, 2J ¼ 35.5 Hz, 2H, CH2), 3.08 (s, 3H, CH3), 2.92 (s, 3H,
CH3) ppm. 13C NMR (CDCl3): d ¼ 163.2 (C]N), 162.4 (C), 147.8
(C), 145.2 (C), 144.2 (C), 144.0 (C), 143.8 (C), 143.4 (C), 141.1 (C),
140.5 (C), 134.2 (C), 134.0 (C), 131.9 (C), 131.3 (C), 131.0 (C),
130.8 (C), 130.5 (C), 130.1 (CH), 129.7 (CH), 129.6 (CH), 129.5
(CH), 128.4 (CH), 128.0 (CH), 127.2 (CH), 127.1 (CH), 126.4 (CH),
126.3 (CH), 126.2 (CH), 126.1 (CH), 125.9 (CH), 125.2 (CH), 124.9
(CH), 124.0 (CH), 123.2 (CH), 120.8 (CH), 120.5 (CH), 120.2 (CH),
119.8 (CH), 116.6 (C), 104.4 (CN), 37.0 (CH2), 30.5 (CH3) ppm.
Elemental analysis: calcd for C43H29N3: C, 87.88; H, 4.97; N,
7.15; found: C, 87.65; H, 4.81; N, 6.88.

2-(9H-Fluoren-2-yl)-4-(4-methoxyphenyl)-6-(pyren-1-yl)
nicotinonitrile (5c). Yellow crystals; yield (89%), mp 221–223 �C.
FT-IR (KBr): nmax ¼ 3050 (CH arom.), 2206 (CN), 1615 (C]
N) cm�1. 1H NMR (CDCl3): d ¼ 8.44 (s, 1H), 8.40 (d, J ¼ 14.0 Hz,
2H), 8.24–8.18 (m, 5H), 8.10–8.04 (m, 3H), 7.90–7.82 (m, 4H),
7.64–7.58 (m, 1H), 7.43–7.38 (m, 3H), 7.15–7.13 (m, 2H), 3.97 (d,
2J¼ 21.5 Hz, 2H, CH2), 3.93 (s, 3H, CH3) ppm. 13C NMR (CDCl3):
d ¼ 163.6 (C]N), 161.2 (C), 159.1 (C), 154.5 (C), 144.2 (C), 144.1
(C), 144.0 (C), 140.8 (C), 132.4 (C), 131.3 (C), 130.3 (CH), 129.4
(CH), 128.5 (CH), 128.4 (CH), 127.5 (CH), 127.4 (CH), 127.0 (CH),
126.7 (CH), 126.2 (CH), 125.7 (CH), 125.5 (CH), 125.2 (CH), 124.6
(CH), 124.4 (CH), 120.5 (CH), 120.2 (CH), 114.6 (CH), 107.0 (CN),
55.5 (CH3), 37.0 (CH2) ppm. Elemental analysis: calcd for
C42H26N2O: C, 87.78; H, 4.56; N, 4.87; found: C, 87.60; H,
4.45; N, 4.69.

4-(4-Chlorophenyl)-2-(9H-uoren-2-yl)-6-(pyren-1-yl)
nicotinonitrile (5d). Yellow crystals; yield (90%), mp 291–
292 �C. FT-IR (KBr): nmax ¼ 3050 (CH arom.), 2199 (CN), 1611
(C]N) cm�1. 1H NMR (CDCl3): d ¼ 8.56 (s, 1H), 8.32 (s, 1H),
8.28–8.26 (m, 3H), 8.20–8.16 (m, 3H), 8.10–8.08 (m, 1H), 8.00 (s,
RSC Adv., 2019, 9, 40118–40130 | 40125
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1H), 7.90–7.82 (m, 3H), 7.76–7.74 (m, 2H), 7.64–7.60 (m, 3H),
7.48–7.39 (m, 3H), 4.01 (d, 2J¼ 32.0 Hz, 2H, CH2) ppm. 13C NMR
(CDCl3): d ¼ 162.9 (C]N), 162.1 (C), 153.9 (C), 144.2 (C), 144.0
(C), 143.9 (C), 143.7 (C), 143.6 (C), 140.9 (C), 140.2 (C), 136.5 (C),
135.8 (C), 134.9 (C), 133.6 (C), 132.3 (C), 131.3 (C), 130.7 (C),
130.2 (CH), 129.6 (CH), 129.4 (CH), 129.1 (CH), 128.8 (CH), 128.7
(CH), 127.5 (CH), 127.3 (CH), 127.1 (CH), 126.9 (CH), 126.3 (CH),
126.2 (CH), 125.9 (CH), 125.6 (CH), 125.1 (CH), 124.9 (CH), 124.2
(CH), 120.5 (CH), 119.9 (CH), 117.7 (C), 104.0 (CN), 37.1
(CH2) ppm. Elemental analysis: calcd for C41H23ClN2: C, 85.04;
H, 4.00; N, 4.84; Cl, 6.12; found: C, 84.76; H, 3.79; N, 4.68; Cl,
5.90.

4-(4-Cyanophenyl)-2-(9H-uoren-2-yl)-6-(pyren-1-yl)
nicotinonitrile (5e). Yellow crystals; yield (95%), mp > 310 �C.
FT-IR (KBr): nmax ¼ 3046 (CH arom.), 2218, 2217 (CN), 1611 (C]
N) cm�1. 1H NMR (CDCl3): d ¼ 8.45 (d, J ¼ 7.5 Hz, 1H), 8.21 (s,
1H), 8.18–8.16 (m, 3H), 8.10–8.05 (m, 3H), 8.00–7.98 (m, 1H),
7.90–7.88 (m, 1H), 7.79–7.73 (m, 6H), 7.54–7.50 (m, 2H), 7.34–
7.31 (m, 2H), 7.18 (s, 1H), 3.91 (d, 2J ¼ 30.5 Hz, 2H, CH2) ppm.
13C NMR (CDCl3): d ¼ 163.0 (C]N), 162.5 (C), 152.9 (C), 144.0
(C), 143.6 (C), 140.9 (C), 140.8 (C), 135.7 (C), 133.4 (C), 133.2 (C),
132.8 (CH), 132.4 (C), 131.3 (C), 130.7 (C), 129.6 (CH), 128.9
(CH), 128.8 (CH), 128.5 (CH), 127.7 (CH), 127.6 (CH), 127.3 (CH),
127.0 (CH), 126.4 (CH), 126.2 (CH), 126.1 (CH), 125.6 (CH), 125.2
(CH), 124.9 (CH), 124.6 (C), 124.0 (CH), 123.4 (CH), 120.6 (CH),
120.0 (CH), 118.1 (C), 117.4 (C), 113.9 (C), 103.6 (CN), 37.0
(CH2) ppm. Elemental analysis: calcd for C42H23N3: C, 88.55; H,
4.07; N, 7.38; found: C, 88.30; H, 3.92; N, 7.10.

2-(9H-Fluoren-2-yl)-4-(4-nitrophenyl)-6-(pyren-1-yl)
nicotinonitrile (5f). Pale brown crystals; yield (97%), mp 285–
287 �C. FT-IR (KBr): nmax ¼ 3044 (CH arom.), 2209 (CN), 1615
(C]N) cm�1. 1H NMR (CDCl3): d ¼ 8.56 (d, J ¼ 6.5 Hz, 1H), 8.45
(s, 1H), 8.37–8.33 (m, 3H), 8.27–8.16 (m, 4H), 8.10–8.08 (m, 1H),
8.00–7.95 (m, 2H), 7.89–7.86 (m, 2H), 7.81 (s, 1H), 7.72–7.70 (m,
1H), 7.64–7.60 (m, 2H), 7.44–7.40 (m, 3H), 4.01 (d, 2J ¼ 33.0 Hz,
2H, CH2) ppm. 13C NMR (CDCl3): d ¼ 163.0 (C]N), 162.4 (C),
152.5 (C), 148.7 (C), 148.6 (C), 147.8 (C), 145.4 (C), 144.2 (C),
142.7 (C), 140.8 (C), 139.7 (C), 135.6 (C), 132.3 (C), 131.2 (C),
130.7 (C), 130.0 (CH), 129.0 (CH), 128.8 (CH), 128.7 (CH), 127.3
(CH), 127.2 (CH), 127.0 (CH), 126.4 (CH), 126.3 (CH), 125.6 (CH),
125.3 (CH), 125.2 (CH), 124.9 (CH), 124.7 (CH), 124.2 (CH), 123.4
(CH), 120.7 (CH), 120.0 (CH), 118.6 (C), 107.2 (CN), 37.1
(CH2) ppm. Elemental analysis: calcd for C41H23N3O2: C, 83.52;
H, 3.93; N, 7.13; found: C, 83.33; H, 3.69; N, 7.00.

4-Phenyl-2,6-di(pyren-1-yl)nicotinonitrile (6a). Yellow crys-
tals; yield (88%), mp 269–270 �C. FT-IR (KBr): nmax ¼ 3041 (CH
arom.), 2198 (CN), 1612 (C]N) cm�1. 1H NMR (CDCl3): d¼ 8.59
(d, J ¼ 7.5 Hz, 1H), 8.28–8.25 (m, 3H), 8.18 (d, J ¼ 6.5 Hz, 2H),
8.14–8.11 (m, 4H), 8.07–8.01 (m, 5H), 7.96–7.94 (m, 3H), 7.78 (d,
J ¼ 6.5 Hz, 2H), 7.52–7.49 (m, 3H), 7.16–7.14 (m, 1H) ppm. 13C
NMR (CDCl3): d ¼ 164.0 (C]N), 161.9 (C), 154.1 (C), 136.3 (C),
131.3 (C), 130.2 (CH), 129.2 (CH), 129.0 (CH), 128.9 (CH), 128.8
(C), 128.7 (CH), 128.6 (CH), 128.5 (CH), 128.0 (CH), 127.6 (CH),
127.4 (CH), 127.3 (CH), 126.3 (CH), 126.2 (CH), 125.9 (CH), 125.8
(CH), 125.6 (CH), 125.5 (CH), 124.9 (CH), 124.7 (CH), 124.4 (CH),
124.3 (CH), 124.2 (CH), 117.1 (C), 107.5 (CN) ppm. Elemental
40126 | RSC Adv., 2019, 9, 40118–40130
analysis: calcd for C44H24N2: C, 91.01; H, 4.17; N, 4.82; found: C,
90.80; H, 4.00; N, 4.69.

4-(4-(Dimethylamino)phenyl)-2,6-di(pyren-1-yl)
nicotinonitrile (6b). Red crystals; yield (83%), mp 132–135 �C.
FT-IR (KBr): nmax ¼ 3049 (CH arom.), 2210 (CN), 1615 (C]
N) cm�1. 1H NMR (CDCl3): d¼ 9.07 (d, J¼ 8.5 Hz, 1H), 8.38–8.34
(m, 2H), 8.28–8.22 (m, 6H), 8.16–8.12 (m, 5H), 8.10–8.05 (m,
5H), 7.89 (d, J¼ 6.5 Hz, 2H, Ph-H), 6.61 (d, J¼ 6.5 Hz, 2H, Ph-H),
3.05 (s, 3H, CH3), 2.91 (s, 3H, CH3) ppm. 13C NMR (CDCl3): d ¼
164.6 (C]N), 156.1 (C), 153.9 (C), 134.7 (C), 134.0 (C), 130.0 (C),
132.3 (C) 131.8 (C), 131.1 (C), 131.0 (C), 130.6 (C), 130.4 (CH),
129.7 (CH), 129.6 (CH), 129.4 (CH), 129.2 (CH), 129.1 (CH), 129.0
(CH), 127.2 (CH), 127.1 (CH), 127.0 (CH), 126.4 (CH), 126.3 (CH),
126.1 (CH), 125.9 (CH), 125.7 (CH), 124.9 (CH), 124.7 (CH), 124.3
(CH), 124.0 (CH), 119.4 (CH), 118.6 (C), 111.6 (CH), 104.3 (CN),
40.0 (CH3) ppm. Elemental analysis: calcd for C46H29N3: C,
88.58; H, 4.69; N, 6.74; found: C, 88.34; H, 4.40; N, 6.60.

4-(4-Methoxyphenyl)-2,6-di(pyren-1-yl)nicotinonitrile (6c).
Red crystals; yield (75%), mp 219–220 �C. FT-IR (KBr): nmax ¼
3036 (CH arom.), 2215 (CN), 1612 (C]N) cm�1. 1H NMR
(CDCl3): d¼ 8.69 (d, J¼ 9.5 Hz, 1H), 8.65 (d, J¼ 8.0 Hz, 1H), 8.39
(s, 1H), 8.37–8.31 (m, 2H), 8.28–8.05 (m, 14H), 7.87 (d, J ¼
8.0 Hz, 2H, Ph–H), 7.13 (d, J ¼ 8.0 Hz, 2H, Ph-H), 3.89 (s, 3H,
CH3) ppm. 13C NMR (CDCl3): d ¼ 164.1 (C]N), 161.8 (C), 153.7
(C), 133.8 (C), 132.9 (C), 132.3 (C), 132.2 (C), 131.8 (C) 131.4 (C),
131.3 (C), 130.9 (C), 130.8 (C), 130.7 (C), 130.6 (C), 130.5 (C),
130.4 (CH), 128.7 (CH), 128.6 (CH), 128.3 (CH), 128.1 (CH), 127.5
(CH), 127.4 (CH), 127.3 (CH), 126.3 (CH), 126.2 (CH), 126.1 (CH),
125.6 (CH), 125.5 (CH), 125.2 (CH), 124.9 (CH), 124.8 (CH), 124.7
(CH), 117.4 (C), 114.8 (CH), 114.6 (CH), 114.4 (CH), 114.3 (CH),
107.2 (CN), 55.5 (CH3) ppm. Elemental analysis: calcd for
C45H26N2O: C, 88.50; H, 4.29; N, 4.59; found: C, 88.22; H,
4.31; N, 4.37.

4-(4-Chlorophenyl)-2,6-di(pyren-1-yl)nicotinonitrile (6d).
Pale brown crystals; yield (86%), mp 289–290 �C. FT-IR (KBr):
nmax ¼ 3040 (CH arom.), 2210 (CN), 1615 (C]N) cm�1. 1H NMR
(CDCl3): d ¼ 8.67 (s, 1H), 8.41–8.37 (m, 3H), 8.32 (m, 1H), 8.27–
8.24 (m, 6H), 8.18–8.14 (m, 4H), 8.08–8.05 (m, 4H), 7.84 (d, J ¼
7.5 Hz, 2H), 7.62 (d, J ¼ 7.5 Hz, 2H) ppm. 13C NMR (CDCl3): d ¼
164.0 (C]N), 162.0 (C), 153.1 (C), 136.8 (C), 134.5 (C), 132.5 (C),
131.3 (C), 130.8 (C), 130.7 (C), 130.2 (CH), 129.7 (CH), 129.6
(CH), 129.5 (CH), 129.3 (CH), 129.0 (CH), 128.8 (CH), 128.7 (CH),
128.6 (CH), 128.1 (CH), 127.6 (CH), 127.4 (CH), 127.3 (CH), 126.3
(CH), 126.2 (CH), 126.0 (CH), 125.9 (CH), 125.7 (CH), 125.6 (CH),
124.9 (CH), 124.7 (CH), 124.3 (C), 124.0 (C), 116.7 (C), 106.0
(CN) ppm. Elemental analysis: calcd for C44H23ClN2: C, 85.91;
H, 3.77; N, 4.55; Cl, 5.76; found: C, 85.66; H, 3.70; N, 4.42; Cl,
5.59.

4-(4-Cyanophenyl)-2,6-di(pyren-1-yl)nicotinonitrile (6e).
Orange crystals; yield (95%), mp > 310 �C. FT-IR (KBr): nmax ¼
3040 (CH arom.), 2208, 2200 (CN), 1610 (C]N) cm�1. 1H NMR
(CDCl3): d¼ 8.69 (d, J¼ 9.0 Hz, 1H), 8.41–8.38 (m, 3H), 8.32 (d, J
¼ 9.0 Hz, 1H), 8.30–8.27 (m, 4H), 8.25 (d, J ¼ 7.5 Hz, 2H), 8.22–
8.19 (m, 4H), 8.15 (d, J ¼ 9.0 Hz, 1H), 8.11 (d, J ¼ 7.5 Hz, 1H),
8.07 (d, J ¼ 7.5 Hz, 2H), 8.01 (d, J ¼ 8.0 Hz, 2H), 7.94 (d, J ¼
8.0 Hz, 2H) ppm. 13C NMR (CDCl3): d ¼ 164.3 (C]N), 162.9 (C),
152.3 (C), 141.0 (C), 136.8 (C), 133.2 (C), 132.9 (C), 132.5 (C),
This journal is © The Royal Society of Chemistry 2019
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131.6 (C), 131.1 (C), 130.0 (CH), 129.8 (CH), 129.2 (CH), 129.0
(CH), 128.9 (CH), 128.8 (CH), 128.1 (CH), 127.9 (CH), 127.5 (CH),
127.4 (CH), 126.5 (CH), 126.4 (CH), 126.2 (CH), 126.1 (CH), 125.9
(CH), 125.8 (CH), 125.1 (CH), 124.9 (CH), 124.2 (CH), 124.1 (CH),
124.0 (CH), 118.4 (C), 118.3 (C), 116.8 (C), 114.4 (C), 107.5
(CN) ppm. Elemental analysis: calcd for C45H23N3: C, 89.23; H,
3.83; N, 6.94; found: C, 89.00; H, 3.69; N, 6.80.

4-(4-Nitrophenyl)-2,6-di(pyren-1-yl)nicotinonitrile (6f). Red
crystals; yield (90%), mp 292–293 �C. FT-IR (KBr): nmax ¼ 3040
(CH arom.), 2210 (CN), 1615 (C]N) cm�1. 1H NMR (CDCl3): d ¼
8.69 (d, 1H, J ¼ 9.0 Hz, 1H), 8.50 (d, J ¼ 8.5 Hz, 2H), 8.42–8.39
(m, 3H), 8.33 (d, J ¼ 8.5 Hz, 1H), 8.30–8.25 (m, 7H), 8.21–8.17
(m, 4H), 8.15 (d, J ¼ 9.0 Hz, 1H), 8.11–8.06 (m, 4H) ppm. 13C
NMR (CDCl3): d ¼ 164.6 (C]N), 162.9 (C), 152.0 (C), 149.1 (C),
142.7 (C), 132.9 (C), 131.6 (C), 131.1 (C), 130.4 (C), 130.2 (CH),
129.3 (CH), 129.1 (CH), 129.0 (CH), 128.9 (CH), 128.2 (CH), 127.7
(CH), 127.5 (CH), 127.4 (CH), 126.5 (CH), 126.4 (CH), 126.2 (CH),
126.1 (CH), 125.8 (CH), 125.7 (CH), 125.1 (CH), 124.9 (CH), 124.5
(CH), 124.2 (CH), 124.1 (CH), 124.0 (CH), 116.7 (C), 107.5
(CN) ppm. Elemental analysis: calcd for C44H23N3O2: C, 84.46;
H, 3.71; N, 6.72; found: C, 84.29; H, 3.58; N, 6.63.

2,6-Di(9H-uoren-2-yl)-4-phenylnicotinonitrile (7a). Yellow
crystals; yield (97%), mp 240–241 �C. FT-IR (KBr): nmax ¼ 3053
(CH arom.), 2218 (CN), 1612 (C]N) cm�1. 1H NMR (CDCl3): d ¼
8.45 (s, 1H), 8.27–8.23 (m, 1H), 8.14–8.09 (m, 2H), 8.01–7.99 (m,
2H), 7.93–7.82 (m, 4H), 7.75 (s, 1H), 7.68 (d, J ¼ 15.0 Hz, 2H),
7.62–7.57 (m, 2H), 7.45–7.41 (m, 5H), 4.06 (d, 2J ¼ 21.0 Hz, 2H,
CH2), 3.96 (d,

2J¼ 19.5 Hz, 2H, CH2) ppm. 13C NMR (CDCl3): d¼
162.6 (C]N), 159.3 (C), 155.4 (C), 146.7 (C), 144.5 (C), 144.4 (C),
144.0 (C), 143.7 (C), 143.4 (C), 140.9 (C), 136.7 (C), 135.0 (C),
132.4 (C), 130.5 (CH), 129.3 (CH), 129.1 (CH), 129.0 (CH), 128.9
(CH), 128.8 (CH), 128.7 (CH), 128.4 (CH), 128.0 (CH), 127.9 (CH),
127.1 (CH), 125.3 (CH), 125.2 (CH), 125.1 (CH), 122.2 (CH), 120.9
(CH), 120.6 (CH), 119.7 (CH), 104.0 (CN), 37.0 (CH2), 36.9
(CH2) ppm. Elemental analysis: calcd for C38H24N2: C, 89.74; H,
4.76; N, 5.51; found: C, 89.50; H, 4.58; N, 5.39.

4-(4-(Dimethylamino)phenyl)-2,6-di(9H-uoren-2-yl)
nicotinonitrile (7b). Yellow crystals; yield (83%), mp 200–
201 �C. FT-IR (KBr): nmax ¼ 3052 (CH arom.), 2217 (CN), 1612
(C]N) cm�1. 1H NMR (CDCl3): d ¼ 8.43 (d, 1H, J ¼ 10 Hz, 1H),
8.32 (s, 1H), 8.25 (s, 1H), 8.19 (d, J ¼ 10.5 Hz, 2H), 8.11 (s, 1H),
7.99–7.97 (m, 2H), 7.93–7.84 (m, 2H), 7.76–7.74 (m, 2H), 7.63–
7.61 (m, 3H), 7.44–7.39 (m, 4H), 4.06 (s, 2H, CH2), 4.00 (d, 2J ¼
19.0 Hz, 2H, CH2), 3.14 (s, 6H, 2CH3) ppm. 13C NMR (CDCl3):
d ¼ 162.9 (C]N), 162.5 (C), 159.2 (C), 147.8 (C), 144.2 (C), 144.1
(C), 144.0 (C), 143.8 (C), 141.0 (C), 140.9 (C), 140.5 (C), 134.2 (C),
130.2 (CH), 128.5 (CH), 128.4 (CH), 128.0 (CH), 126.9 (CH), 126.1
(CH), 125.9 (CH), 125.3 (CH), 125.2 (CH), 125.1 (CH), 120.9 (CH),
120.8 (CH), 120.5 (CH), 120.4 (CH), 120.2 (CH), 119.7 (CH), 117.8
(CH), 116.6 (C), 104.4 (CN), 43.6 (CH3), 37.1 (CH2), 37.0
(CH2) ppm. Elemental analysis: calcd for C40H29N3: C, 87.08; H,
5.30; N, 7.62; found: C, 86.80; H, 5.11; N, 7.50.

2,6-Di(9H-uoren-2-yl)-4-(4-methoxyphenyl)nicotinonitrile
(7c). Pale yellow crystals; yield (98%), mp 269–270 �C. FT-IR
(KBr): nmax ¼ 3050 (CH arom.), 2210 (CN), 1610 (C]N) cm�1.
1H NMR (CDCl3): d ¼ 8.43 (s, 1H), 8.25 (d, J ¼ 8.5 Hz, 1H), 8.14
(s, 1H), 7.99–7.97 (m, 1H), 7.93–7.83 (m, 3H), 7.72 (s, 1H), 7.63–
This journal is © The Royal Society of Chemistry 2019
7.61 (m, 3H), 7.44–7.39 (m, 6H), 7.12–7.10 (m, 1H), 7.02 (m, 1H),
4.06 (d, 2J ¼ 19.5 Hz, 2H, CH2), 3.96–3.87 (m, 5H, CH2,
CH3) ppm. 13C NMR (CDCl3): d ¼ 162.6 (C]N), 161.1 (C), 159.6
(C), 159.1 (C), 147.4 (C), 144.9 (C), 144.2 (C), 144.1 (C), 144.0 (C),
143.7 (C), 141.0 (C), 140.9 (C), 140.3 (C), 130.5 (C), 130.3 (C),
128.9 (CH), 128.5 (CH), 127.9 (CH), 127.5 (CH), 127.4 (CH), 127.1
(CH), 126.4 (CH), 126.2 (CH), 125.2 (CH), 125.1 (CH), 124.4 (CH),
120.6 (CH), 120.5 (CH), 120.2 (CH), 119.8 (CH), 114.7 (CH), 114.5
(CH), 103.2 (CN), 55.5 (CH3), 37.1 (CH2), 36.9 (CH2) ppm.
Elemental analysis: calcd for C39H26N2O: C, 86.96; H, 4.87; N,
5.20; found: C, 86.70; H, 4.59; N, 4.95.

4-(4-Chlorophenyl)-2,6-di(9H-uoren-2-yl)nicotinonitrile
(7d). Yellow crystals; yield (80%), mp 289–290 �C. FT-IR (KBr):
nmax ¼ 3039 (CH arom.), 2200 (CN), 1615 (C]N) cm�1. 1H NMR
(CDCl3): d ¼ 8.45 (s, 1H), 8.25 (d, J ¼ 14.0 Hz, 2H), 8.12 (s, 1H),
8.00 (s, 1H), 7.94–7.82 (m, 4H), 7.70–7.68 (m, 1H), 7.60 (d, J ¼
14.0 Hz, 4H), 7.47–7.40 (m, 5H), 4.06 (d, 2J ¼ 20.0 Hz, 2H, CH2),
3.98 (s, 2H, CH2) ppm. 13C NMR (CDCl3): d¼ 162.7 (C]N), 159.5
(C), 154.2 (C), 147.9 (C), 145.1 (C), 144.3 (C), 144.0 (C), 143.5 (C),
140.9 (C), 140.8 (C), 140.2 (C), 136.3 (C), 136.1 (C), 135.7 (C),
135.5 (C), 130.1 (CH), 129.5 (CH), 129.3 (CH), 129.1 (CH), 128.4
(CH), 128.1 (CH), 127.6 (CH), 127.4 (CH), 127.2 (CH), 127.0 (CH),
126.9 (CH), 126.3 (CH), 126.1 (CH), 125.2 (CH), 125.1 (CH), 124.3
(CH), 120.6 (CH), 120.5 (CH), 119.9 (CH), 117.8 (C), 103.7 (CN),
37.1 (CH2), 36.9 (CH2) ppm. Elemental analysis: calcd for
C38H23ClN2: C, 84.04; H, 4.27; N, 5.16; Cl, 6.53; found: C, 83.86;
H, 4.05; N, 5.02; Cl, 6.30.

4-(4-Cyanophenyl)-2,6-di(9H-uoren-2-yl)nicotinonitrile (7e).
Yellow crystals; yield (87%), mp > 310 �C. FT-IR (KBr): nmax ¼
3039 (CH arom.), 2218, 2201 (CN), 1612 (C]N) cm�1. 1H NMR
(CDCl3): d ¼ 8.45 (s, 1H), 8.25 (m, 1H), 8.14 (d, J ¼ 8.0 Hz, 1H),
8.01 (d, J ¼ 8.0 Hz, 1H), 7.96 (d, J ¼ 8.0 Hz, 1H), 7.93–7.88 (m,
4H), 7.87–7.85 (m, 2H), 7.82 (d, J ¼ 8.0 Hz, 1H), 7.67–7.61 (m,
3H), 7.47–7.44 (m, 2H), 7.43–7.39 (m, 2H), 4.08 (s, 2H, CH2), 4.00
(d, 2J¼ 24.0 Hz, 2H, CH2) ppm. 13C NMR (CDCl3): d¼ 163.1 (C]
N), 160.1 (C), 153.7 (C), 148.8 (C), 145.7 (C), 145.0 (C), 144.4 (C),
144.3 (C), 143.9 (C), 141.6 (C), 141.2 (C), 140.4 (C), 136.0 (C),
135.6 (C), 133.6 (CH), 133.1 (CH), 129.9 (CH), 128.8 (CH), 128.1
(CH), 127.9 (CH), 127.4 (CH), 127.3 (CH), 126.4 (CH), 125.6 (CH),
125.5 (CH), 124.5 (CH), 121.0 (CH), 120.9 (CH), 120.3 (CH), 120.1
(CH), 118.4 (C), 114.1 (C), 103.8 (CN), 37.4 (CH2), 37.3
(CH2) ppm. Elemental analysis: calcd for C39H23N3: C, 87.78; H,
4.34; N, 7.87; found: C, 87.70; H, 4.21; N, 7.69.

2,6-Di(9H-uoren-2-yl)-4-(4-nitrophenyl)nicotinonitrile (7f).
Yellow crystals; yield (85%), mp 252–254 �C. FT-IR (KBr): nmax ¼
3041 (CH arom.), 2200 (CN), 1612 (C]N) cm�1. 1H NMR
(CDCl3): d ¼ 8.46 (d, J ¼ 7.5 Hz, 2H), 8.38 (s, 1H), 8.29–8.25 (m,
1H), 8.14 (s, 1H), 8.01 (s, 1H), 7.95–7.83 (m, 5H), 7.73–7.63 (m,
4H), 7.49–7.41 (m, 4H), 4.06 (s, 2J ¼ 21.0 Hz, 2H, CH2), 4.01 (s,
2H, CH2).

13C NMR (CDCl3): d ¼ 162.8 (C]N), 159.8 (C), 152.7
(C), 148.6 (C), 145.4 (C), 144.6 (C), 144.3 (C), 144.1 (C), 144.0 (C),
143.7 (C), 143.6 (C), 143.1 (C), 140.8 (C), 140.1 (C), 135.8 (C),
129.9 (CH), 128.7 (CH), 128.4 (CH), 128.2 (CH), 127.7 (CH), 127.6
(CH), 127.2 (CH), 127.1 (CH), 127.0 (CH), 126.3 (CH), 126.0 (CH),
125.3 (CH), 125.2 (CH), 124.7 (CH), 124.3 (CH), 120.7 (C), 120.6
(CH), 120.3 (CH), 119.9 (CH), 117.4 (C), 103.4 (CN), 37.1 (CH2),
RSC Adv., 2019, 9, 40118–40130 | 40127
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36.9 (CH2) ppm. Elemental analysis: calcd for C38H23N3O2: C,
82.44; H, 4.19; N, 7.59; found: C, 82.31; H, 4.22; N, 7.61.

6-(9H-Fluoren-2-yl)-4-phenyl-2-(pyren-1-yl)nicotinonitrile
(8a). Yellow crystals; yield (85%), mp 225–226 �C. FT-IR (KBr):
nmax ¼ 3045 (CH arom.), 2210 (CN), 1615 (C]N) cm�1. 1H NMR
(CDCl3): d ¼ 8.46 (s, 1H), 8.36 (d, J ¼ 14.5 Hz, 2H), 8.28–8.25 (m,
3H), 8.21–8.19 (m, 4H), 8.10–8.08 (m, 2H), 7.92 (s, 1H), 7.88–7.85
(m, 3H), 7.63–7.60 (m, 4H), 7.43–7.38 (m, 2H), 3.98 (s, 2H,
CH2) ppm. 13C NMR (CDCl3): d ¼ 163.7 (C]N), 159.3 (C), 154.7
(C), 144.2 (C), 144.1 (C), 144.0 (C), 140.8 (C), 136.7 (C), 132.0 (C),
130.8 (C), 130.0 (CH), 129.1 (CH), 128.7 (CH), 128.5 (CH), 127.5
(CH), 127.4 (CH), 127.0 (CH), 126.7 (CH), 126.2 (CH), 125.8 (CH),
125.5 (CH), 125.2 (CH), 124.6 (CH), 124.5 (CH), 124.4 (CH), 120.5
(CH), 120.3 (CH), 118.8 (CH), 117.2 (C), 107.2 (CN), 37.0
(CH2) ppm. Elemental analysis: calcd for C41H24N2: C, 90.42; H,
4.44; N, 5.14; found: C, 90.33; H, 4.31; N, 4.97.

4-(4-(Dimethylamino)phenyl)-6-(9H-uoren-2-yl)-2-(pyren-1-
yl)nicotinonitrile (8b). Red crystals; yield (81%), mp 170–171 �C.
FT-IR (KBr): nmax ¼ 3044 (CH arom.), 2207 (CN), 1611 (C]
N) cm�1. 1H NMR (CDCl3): d¼ 8.34 (d, J¼ 6.0 Hz, 1H), 8.30–8.24
(m, 3H), 8.22–8.13 (m, 4H), 8.11–8.06 (m, 3H), 7.99–7.90 (m,
5H), 7.83 (s, 1H), 7.60–7.42 (m, 2H), 6.63 (d, J¼ 7.0 Hz, 2H), 3.94
(s, 2H, CH2), 3.07 (s, 6H, 2CH3) ppm. 13C NMR (CDCl3): d ¼
156.1 (C]N), 153.9 (C), 146.4 (C), 144.5 (C), 143.3 (C), 140.4 (C),
134.7 (CH), 133.0 (C), 132.3 (C), 131.1 (C), 130.6 (C), 129.2 (C),
129.1 (CH), 129.0 (CH), 128.0 (CH), 127.7 (CH), 127.2 (CH), 127.0
(CH), 126.4 (CH), 126.1 (CH), 125.9 (CH), 125.7 (CH), 125.2 (CH),
124.9 (CH), 124.3 (CH), 124.0 (CH), 120.9 (CH), 119.6 (C), 118.6
(C), 111.6 (CH), 104.3 (CN), 40.0 (CH3), 36.9 (CH2) ppm.
Elemental analysis: calcd for C43H29N3: C, 87.88; H, 4.97; N,
7.15; found: C, 87.76; H, 4.78; N, 6.99.

6-(9H-Fluoren-2-yl)-4-(4-methoxyphenyl)-2-(pyren-1-yl)
nicotinonitrile (8c). Yellow crystals; yield (94%), mp 185–187 �C.
FT-IR (KBr): nmax ¼ 3045 (CH arom.), 2207 (CN), 1612 (C]
N) cm�1. 1H NMR (CDCl3): d¼ 8.55 (d, J¼ 5.0 Hz, 1H), 8.33–8.31
(m, 2H), 8.27–8.25 (m, 2H), 8.18–8.15 (m, 4H), 8.08 (s, 1H), 7.99–
7.97 (m, 1H), 7.88–7.86 (m, 2H), 7.79 (d, J ¼ 7.5 Hz, 2H), 7.62–
7.59 (m, 2H), 7.45–7.43 (m, 1H), 7.39–7.37 (m, 1H), 7.12 (d, J ¼
7.5 Hz, 2H), 4.05 (s, 2H, CH2), 3.92 (s, 3H, CH3) ppm. 13C NMR
(CDCl3): d ¼ 162.9 (C]N), 161.2 (C), 154.8 (C), 144.0 (C), 143.5
(C), 140.9 (C), 132.2 (C), 131.3 (C), 130.8 (C), 130.4 (CH), 128.7
(CH), 128.6 (CH), 127.8 (CH), 127.4 (CH), 127.3 (CH), 126.9 (CH),
126.3 (CH), 125.9 (CH), 125.4 (CH), 125.1 (CH), 124.9 (CH), 124.2
(CH), 123.8 (CH), 120.5 (CH), 119.9 (CH), 118.4 (C), 114.5 (CH),
104.1 (CN), 55.5 (CH3), 37.1 (CH2) ppm. Elemental analysis:
calcd for C42H26N2O: C, 87.78; H, 4.56; N, 4.87; found: C, 87.60;
H, 4.44; N, 4.69.

4-(4-Chlorophenyl)-6-(9H-uoren-2-yl)-2-(pyren-1-yl)
nicotinonitrile (8d). Yellow crystals; yield (82%), mp 280–
282 �C. FT-IR (KBr): nmax ¼ 3045 (CH arom.), 2206 (CN), 1612
(C]N) cm�1. 1H NMR (CDCl3): d ¼ 8.45 (s, 1H), 8.37 (s, 1H),
8.33–8.26 (m, 4H), 8.20–8.17 (m, 4H), 8.09–8.05 (m, 3H), 7.92–
7.87 (m, 2H), 7.79–7.77 (m, 1H), 7.62–7.59 (m, 2H), 7.44–7.38
(m, 2H), 7.30–7.28 (m, 1H), 3.98 (s, 2H, CH2) ppm. 13C NMR
(CDCl3): d ¼ 163.5 (C]N), 159.7 (C), 144.2 (C), 144.1 (C), 141.0
(C), 135.7 (C), 135.1 (C), 130.1 (CH), 129.4 (CH), 128.6 (CH),
128.0 (CH), 127.6 (CH), 127.5 (C), 127.4 (CH), 127.0 (CH), 126.7
40128 | RSC Adv., 2019, 9, 40118–40130
(CH), 126.2 (CH), 125.8 (CH), 125.5 (CH), 125.2 (CH), 124.6 (CH),
124.4 (CH), 124.3 (CH), 120.9 (CH), 120.6 (CH), 120.3 (CH), 119.6
(CH), 118.6 (C), 118.5 (CH), 116.9 (C), 107.9 (CN), 37.0
(CH2) ppm. Elemental analysis: calcd for C41H23ClN2: C, 85.04;
H, 4.00; N, 4.84; Cl, 6.12; found: C, 84.96; H, 4.09; N, 4.78; Cl,
6.04.

4-(4-Cyanophenyl)-6-(9H-uoren-2-yl)-2-(pyren-1-yl)
nicotinonitrile (8e). Yellow crystals; yield (91%), mp > 310 �C.
FT-IR (KBr): nmax ¼ 3045 (CH arom.), 2200 (CN), 1612 (C]
N) cm�1. 1H NMR (CDCl3): d ¼ 8.46 (s, 1H), 8.38 (s, 1H), 8.30–
8.27 (m, 4H), 8.21–8.18 (m, 4H), 8.10–8.05 (m, 2H), 7.94–7.87
(m, 6H), 7.60–7.58 (m, 1H), 7.44–7.39 (m, 2H), 3.99 (s, 2H,
CH2) ppm. 13C NMR (CDCl3): d ¼ 160.5 (C]N), 160.1 (C), 153.0
(C), 145.0 (C), 144.4 (C), 141.3 (C), 141.0 (C), 135.6 (C), 133.2 (C),
133.0 (CH), 129.8 (CH), 128.8 (CH), 127.9 (CH), 127.7 (CH), 127.5
(CH), 127.2 (CH), 127.0 (CH), 126.4 (CH), 126.1 (CH), 125.8 (CH),
125.3 (CH), 124.8 (CH), 124.7 (CH), 124.5 (CH), 124.4 (CH), 120.7
(CH), 120.5 (CH), 118.8 (C), 118.4 (C), 116.9 (C), 114.3 (C), 110.8
(CN), 37.5 (CH2) ppm. Elemental analysis: calcd for C41H23N3O2:
C, 83.52; H, 3.93; N, 7.13; found: C, 83.44; H, 3.79; N, 7.01.

6-(9H-Fluoren-2-yl)-4-(4-nitrophenyl)-2-(pyren-1-yl)
nicotinonitrile (8f). Yellow crystals; yield (94%), mp 299–300 �C.
FT-IR (KBr): nmax ¼ 3041 (CH arom.), 2199 (CN), 1610 (C]
N) cm�1. 1H NMR (CDCl3): d ¼ 8.50 (d, J ¼ 7.5 Hz, 1H), 8.46 (s,
1H), 8.38 (s, 1H), 8.31–8.27 (m, 4H), 8.21–8.19 (m, 4H), 8.11–8.08
(m, 3H), 8.03–8.01 (m, 2H), 7.94–7.92 (m, 1H), 7.89–7.87 (m,
1H), 7.61–7.59 (m, 1H), 7.45–7.39 (m, 2H), 3.99 (s, 2H,
CH2) ppm. 13C NMR (CDCl3): d ¼ 161.1 (C]N), 161.0 (C), 159.8
(C), 148.7 (C), 147.9 (C), 144.7 (C), 144.1 (C), 140.6 (C), 135.3 (C),
132.6 (C), 130.8 (C), 130.2 (CH), 129.2 (CH), 129.0 (CH), 128.1
(CH), 127.7 (CH), 127.4 (CH), 127.1 (CH), 126.6 (CH), 126.3 (CH),
125.9 (CH), 125.5 (CH), 124.9 (CH), 124.8 (CH), 124.6 (CH), 124.5
(CH), 120.9 (CH), 120.7 (CH), 118.6 (CH), 118.2 (C), 106.9 (CN),
37.0 (CH2) ppm. Elemental analysis: calcd for C42H23N3: C,
88.55; H, 4.07; N, 7.38; found: C, 88.60; H, 4.15; N, 7.30.
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