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Abstract: 

The highly efficient and simple approach for the preparation of poly-substituted quinolines 

derivatives through Friedlander hetero-annulation reaction and Pfitzinger condensation 

reaction between 2-aminoaryl ketones or isatin and active methylene carbonyl compound of 

cyanoacetyl indole in the presence of p-toluenesulphonic acid (p-TSA) catalyst was reported. 

The  molecular structure of 3-cyano-2-indolyl quinoline derivatives synthesized in the present 

work, namely 6-chloro-2-(1H-indol-3-yl)-4-phenyl-quinoline-3-carbonitrile (Q-1), 2-(1H-

Indol-3-yl)-6-nitro-4-phenyl-quinoline-3-carbonitrile(Q-2) and 3-cyano-2-(1H-indol-3-yl)-

quinoline-4-carboxylic acid (Q-3) were confirmed by 1H-NMR, Mass and FTIR 

spectroscopic analyses. Further, the title compounds electrochemical band gap value was 

found to be 2.4, 2.22 and 2.7 eV for the compounds Q-1, Q-2 and Q-3 respectively and their 

corresponding emissive quantum yield were 0.66, 0.65 and 0.34 respectively. 

Keywords: Friedlander annulation, Pfitzinger condensation, cyanoacetyl indole, 

electrochemical band gap. 
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INTRODUCTION 

The development of compounds with new functionality is one of the most important and 

scope full approaches in modern organic, synthetic chemistry to meet the demands of 

pharmaceutical and electronics industries. Due to inherent strong requirement in the 

pharmaceutical industries, major research on heterocyclic compound is a sustaining region 

for organic chemists. Hydrocarbon skeleton having nitrogen substituted ring structures play 

their crucial role in the fields of modern technologies. In the mid of heterocycle compounds, 

quinoline, indole and their derivatives were considered as an important class of compounds. 

Since, they have potential activities against malarial [1-2], tuberculosis [3],                    

inflammatory [4-5], iasthmatic [6], cancer [7], oxidative [8-9], mutagenic [10] and anti HIV 

agent [11-12]. In addition, quinoline derivatives and quinoline based polymers are also 

employed as potential candidate towards the fabrication of optoelectronic devices [13-15]. 

In case of conjugated polymers and oligomers, quinoline core acts as an acceptor in 

the intramolecular charge transfer (ICT) system [16]. This electron acceptor-donor (A-D) 

system can influence molecular HOMO–LUMO energy levels in their intra systems. In this 

view considerable interest has been developed to obtain diverged range of quinoline 

derivatives with enhanced optoelectronic properties. The poly substituted quinoline scaffold 

serves as electron-acceptor unit in systems such as fluorene-quinoline, carbazole-quinoline, 

aryl vinylene - quinoline copolymers and oligomers with intramolecular charge transfer (ICT) 

behavior [15-17]. In particular, poly substituted quinoline based compounds constitute an 

important component in optoelectronic materials as pi-conjugated bridging unit in nonlinear 

optical polymers. In this regard, much interest and scope have also been found towards the 

development of organic light emiting diodes (OLEDs) [18] using quinolines derivatives [19].  

Synthetic reports of the quinoline and their derivatives reveal that there is a need for 

simple approach. The existing methodologies such as Doebner reaction, Gould-Jacobs 

reaction, Skraup synthesis, and Camps quinoline synthesis possess harsh reaction condition, 

low quanta and consume expensive reagents. However, Friedlander and pfitzinger route 

afford quinoline from precursor like ketone with the active methylene center through 

different approach.  This approach also affords poly substituted quinolines in high yield 

through one pot mechanism [20-26]. 

Recently, the development of heterocompounds with significant properties requires 

moiety with fused multi-functional ring skeleton. Previous reports on the synthesis of 

heterocyclic substituted quinoline units offers better products with optoelectronic applications 

[27-28]. In this view, the present work focuses on the synthesis of new 3-cyano-2-indolyl 
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quinoline derivatives through the prominent Friedlander and Pfitzingerquinoline annulation 

reactions. The synthesized 3-cyano-2-indolyl quinoline compounds may expect to possess 

better optoelectronics behaviour. Therefore, we report herein the synthesis of novel 6-chloro-

2-(1H-indol-3-yl)-4-phenyl-quinoline-3-carbonitrile(Q-1),2-(1H-indol-3-yl)-6-nitro-4-phenyl 

quinoline-3-carbonitrile (Q-2) and 3-cyano-2-(1H-indol-3-yl)-quinoline-4-carboxylic acid 

(Q-3). In addition to synthetic approach, their optical properties were studied by using UV-

Vis absorption and PL emission spectra, whose results deliver the band gaps and quantum 

yields respectively. Further their electrochemical studies were also performed to determine 

electrochemical band gap of indolylquinoline derivatives. 

MATERIALS 

Potassium hydroxide was procured from SRL (Mumbai, Maharashtra, India), iodine, indole 

and cyanoacetic acid were purchased from Spectrochem Private Limited (Mumbai, India).              

p-toluenesulphonic acid (99%) from Merck, India. 2-amino-5-chlorobenzophenone from Alfa 

Aesar, (UK). Isatin from Sigma Aldrich were received and used.  2-amino-5-

nitrobenzophenone from TCI Limited (Mumbai, India). Ethanol (99.8%) and acetic 

anhydride (98%) were received from Fisher Scientific (Mumbai, India). 

EXPERIMENTAL 

Synthesis of 3-(1H-Indol-3-yl)-3-oxo-propionitrile (or) 3-cyanoacetyl indole 

Indole dissolved in acetic anhydride was refluxed at 60C for 15 minutes and the solution of 

cyanoacetic acid present in 10 ml of acetic anhydride was slowly added. The solution was 

allowed to heat at 80oC for another 3 h. During that course of reaction period, material 

crystallization was seen. Then reaction mixture was allowed to cool for 2 h at room 

temperature. The resulted solid product was filtered and washed with ethanol. White solid                  

3-(1H-Indol-3-yl)-3-oxo-propionitrile was dried and used as a starting material for further 

reaction. 

Synthesis of 6-Chloro-2-(1H-indol-3-yl)-4-phenyl-quinoline-3-carbonitrile (Q-1) 

A mixture of 2-amino-5-chlorobenzophenone (5 mmol), 3-cyanoacetyl indole (-ethylene 

ketone) and p-TSA (1 equ) in ethanol (5.0 mL) was allowed to stir at 100˚C for 8 h. After 

completion of the reaction as monitored by TLC, the reaction mixture was quenched with 

cold water (25 mL). The yellow solid was filtered and washed with ethanol and dried to get 

pure quinolone of yield 82%. FTIR (KBr): 3394, 3130, 2924, 2242, 1623, 1594, 1499, 1211, 

768cm−1. 1H-NMR in CDCl3 (ppm):7.01 (t,1H), 7.15 (t,1H), 7.22 (t,1H), 7.29 (d,1H) 7.5-7.7 

(m,5H), 7.91 (d,1H), 8.19 (d,1H), 8.42(s,1H), 8.61 (d,1H), 11.96 (d,1H). LC Mass m/z =379. 
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Scheme 1. Synthesis of poly substitute quinoline through Friedlander quinoline 

annulations reaction 

Synthesis of 2-(1H-indol-3-yl)-6-nitro-4-phenylquinoline-3-carbonitrile (Q-2) 

A mixture of the 2-amino-5-nitrobenzophenone (5 mmol), 3-cyanoacetyl indole (-ethylene 

ketone) and p-TSA (1 equ) in ethanol (5.0 mL) was allowed to stir at 100oC for 8 h. After 

completion of the reaction as monitored by TLC, the reaction mixture was quenched with 

cold water (25 mL). The obtained solid yellow color precipitate was filtered and washed with 

ethanol to get pure quinoline. The product was dried and 68% yield was noticed. FTIR (KBr): 

3440, 3182, 2257, 1645, 1600, 1429, 1250, 747cm−1. 1H-NMR in CDCl3 (ppm): 6.9 (t,1H), 

7.3 (t,1H), 7.4 – 7.8 (m,7H), 8.0 (d,1H), 8.4 (d,1H), 8.8 (s,1H), 11.6 (d 1H). LC Mass m/z 

=391.1. 

Synthesis of 3-cyano-2-(1H-indol-3-yl)-quinoline-4-carboxylic acid (Q-3) 

Isatin and potassium hydroxide in ethanol was refluxed for 1 h. 3-cyanoaceyl indole was 

added and reaction was monitored by TLC. After the completion of the reaction, the reaction 

mixture was poured into water and the aqueous layer was acidified with acetic acid until 

neutralization. The brown colored precipitate of compound Q-3 was collected and washed 

with ethanol, which results 65% of pure Q-3. FTIR (KBr): 3492, 3362, 3093,2985, 2217, 

1702, 1617, 1517, 1424, 1242, 751cm−1. 1H-NMR in CDCl3 (ppm): 6.7-7.6 (m,6H), 8.2 

(t,1H) 9.6 (d,1H), 11.0 (s,1H), 11.9 (d,1H). LC Mass m/z = 312. 
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Scheme 2. Synthesis of poly substitute quinolinethrough Pfitzinger reaction (Q-3) 
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Measurements 
1H-NMR (400 MHz) spectra were recorded on a Bruker instrument (Billerica, Massachusetts, 

USA). Liquid chromatography–mass spectroscopy (LCMS) analysis was carried out on an 

Agilent (Santa Clara, California, USA) instrument. Fourier transform infrared (FTIR) spectra 

were measured using Perkin Elmer (Waltham, Massachusetts, USA) FTIR Spectrum RX1. 

UV–Visible absorption spectra and photoluminescence (PL) spectroscopy were obtained 

from Shimadzu (Kyoto, Japan). The cyclic voltammograms of the polymers were carried out 

using CHI-660D instrument (CH Instruments, Inc. Electrochemical Instrumentation; Austin, 

USA). 

RESULTS AND DISCUSSION 

The synthesis of 3-cyano-2-indolyl quinoline derivatives were carried out through 

Friedlander quinoline annulation and pfitzingerquinoline synthesis. The formation of 6-

chloro-2-(1H-indol-3-yl)-4-phenyl-quinoline-3-carbonitrile (Q-1) and 2-(1H-indol-3-yl)-6-

nitro-4-phenyl quinoline-3-carbonitrile (Q-2) were performed by Friedlander synthesis 

(Scheme 1). To optimize the reaction with different catalyst such as iodine, KOH and p-TSA, 

2-amino-5-chloro benzophenone was treated with 3-cyanoacetyl indole using ethanol as 

solvent. It is noteworthy that when using p-TSA, Q-1 was isolated with 82% yield, whereas, 

iodine and KOH affords only less than 25% of Q-1 (Table 1). 

 

Table 1.Optimization of the Synthesis of indolylquinoline Q-1 

Catalyst Solvent Temperature Time/h 
Yield of 

indolylquinolone(%) 

KOH Ethanol 100oC 24 <25 

I2 Ethanol 40oC 24 <25 

I2 Ethanol 100oC 18 45% 

p-TSA Ethanol 100oC 8 82% 

 

4-quinolinecarboxylic (cinchoninic) acid derivative namely 3-cyano-2-(1H-indol-3-yl)-

quinoline-4-carboxylic acid (Q-3) was synthesized through pfitzingerquinoline approach 

(Scheme 2). The Q-3 product was obtained as a result of reaction of isatin with same 

equivalent of 3-cyanoacetyl indole in the presence of KOH. The product Q-3 was obtained 

about 65% in yield. The molecular structures of the synthesized Q-1, Q-2 and Q-3 
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compounds were confirmed through FTIR, Mass and 1H-NMR spectroscopy analysis 

(Figure1).  

From the FTIR spectra structural, functional groups of Q-1, Q-2 and Q-3 compounds were 

confirmed. The appeared peaks in the range of 1600–1650 cm-1 attributed to an aromatic 

C=N group of quinoline ring, peaks at 2230 and 3400 cm-1 corresponds to the CN and  NH 

stretching vibrations of  Q-1, Q-2 and Q-3 moieties respectively. 1H-NMR spectral signals 

around 7.0 -9.0 ppm corresponding to quinoline aryl groups, whereas a signal around 11.5 to 

12.0 ppm corresponds to the indolyl NH proton. Moreover, all mass spectra were also 

consistent with their assigned structures. 

Optical properties 

Quinoline electron-acceptor linked with indole electron-donor systems were expected to 

possess potential photoelectronic properties. The optical properties of quinolinederivatives  

Q-1, Q-2 and Q-3 were examined using UV-Visible and photoluminescence spectroscopic 

techniques. The absorption spectra of quinoline derivatives are shown in Figure 1a. From the 

absorption onset value, the corresponding band gaps (Egopt) of the quinoline derivatives were 

calculated [29-30] and are presented in Table 2.  

 

Figure 1.(a) FTIR spectra of Q-1, Q-2 and Q-3 (b) 1H-NMR spectrum of Q-1 (c) 1H-

NMR spectrum of Q-2 (d) 1H-NMR spectrum of Q-3. 

a) b) 

c) d) 
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Figure 2. (a) UV-Vis spectra of poly substituted quinoline in THF                                                                 

(b) Photoluminescence of poly substituted quinoline in THF. 

The absorption maxima of the Q-1, Q-2 and Q-3 quinolines in THF solution exhibit peaks at 

337 (394), 357 (427) and 298 nm respectively (Figure 2a). The longer absorption bands of the 

quinoline systems may be explained due to the reflection of intramolecular charge transfer 

(ICT) between donors and acceptor moieties. Comparing Q-2 with Q-1 and Q-3, the 

absorption wavelengths λ-max are red-shifted by 20 and 59 nm respectively, which may be 

attributed to the presence of the more extended conjugated skeleton of Q-2. 

The photoluminescence spectra of various indolyl substituted quinoline derivatives (Q-1, Q-2 

and Q-3) in THF solution are shown in Figure 2b. The emission maxima of Q-1, Q-2 and Q-3 

were obtained at 507nm (PL=0.66), 549nm (PL=0.65) and 569nm (PL=0.38) respectively, 

with a blue-yellow emitting. Emission maxima observed in the spectra of compounds Q-1, Q-

2 and Q-3 are due to the presence of increased pi-electron delocalization that occurred in the 

quinoline ring through the moderate and strong indolyl donor groups. These results suggest 

that electron acceptor moieties such as quinoline core could increase the effective 

conjugation.  The quantum yields (PL) of both 3-cyano-2-indolyl quinoline were examined 

using Rhodamine 6G as a reference standard [31-32] and the results are presented in Table 2. 

It is known that energy level is an important parameters for optoelectronic devices. 

Hence in order to tune the energy level of molecular network in agreement with molecule 

design concept, the introduction of cyano and indole groups on the quinoline moiety has 

remarkable impact on its HOMO-LUMO energy level. Thus energy levels of 3-cyano-2-

indolyl quinoline derivatives can be altered, by incorporating different substituents on their 

skeleton. In present research, indolylquinoline molecules Q-1, Q-2 and Q-3 have the band 

gap values of 2.7 eV, 2.5 eV and 3.4 eV respectively, which demonstrate that low band gap 
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Q-1 and Q-2 can be utilized as fabric materials in optoelectronic devices. Thus the donor-

acceptor moiety of 3-cyano-2-indolyl quinoline has a stronger influence in tuning the energy 

levels. 

Electrochemical properties 

 

Figure3.Cyclic voltammograms of compounds of Q-1, Q-2 and Q-3 

The CV cell consisted of a glassy carbon electrode, a Pt wire counter electrode, and a 

Ag/AgCl reference electrode. All measurements were performed using acetonitrile solutions 

of 0.1M Bu4NBF4 as a supporting electrolyte with a scan rate of 50mVs-1. All the potentials 

were calibrated with ferrocene as an external standard. HOMO (Highest occupied molecular 

orbital) and LUMO (Lowest unoccupied molecular orbital) levels were calculated with the 

following equation [33-34] 

EHOMO = - Eox/onset - 4.8 eV 

ELUMO= - Ered/onset - 4.8 eV 

The results of the CV measurements of 3-cyano-2-indolyl quinoline derivatives are in shown 

in Figures 3 and 4 and summarized in Table 2. The HOMO and LUMO energy levels 

estimated from the CV data are presented in Table 2. In addition, the band gaps of Q-1, Q-2 

and Q-3 estimated from CV results are 2.4, 2.2 and 2.7 eV, respectively.  
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Table 2.Optical and electrochemical band gap of poly substituted quinoline derivatives 

S.No. 
Sample 

name 

Optical property Electrochemical studies 

UV-Vis 

absorbtionλmax/λonset[nm] 

PL 

λmax 

[nm] 

EgOpt 

[eV]a 

PL
b 

[%] 

HOMO 

[eV] 

LUMO 

[eV] 

Egelect 

[eV]c 

1 Q-1 337,394/456 507 2.72 0.66 -6.30 -3.90 2.40 

2 Q-2 357,394/481 549 2.51 0.65 -6.29 -4.07 2.22 

3 Q-3 298/363 569 3.41 0.38 -6.62 -3.92 2.70 

aCalculated from the onset wavelength of corresponding UV−Vis absorption spectra. 

Eg
Opt=1240/(nm) eV. bQuantum yield estimated from photoluminescence emission spectra 

in THF and Rhodamine 6G in ethanol was taken as the standard (ΦPL = 0.94). cElectro 

chemical band gap from cyclic voltammetry 

 

Figure 4.The HOMO-LUMO energy level of Q-1,Q-2 and Q-3 

 

CONCLUSION 

In summary, we report the synthesis and characterization of three new poly substituted 

quinolines (Q-1, Q-2 and Q-3) through Friedlander and pfitzingerquinoline synthesis. The 

synthesized indolylquinoline Q-1, Q-2 and Q-3 have a band gap value of 2.7 eV, 2.5 eV and 

3.4 eV respectively, which demonstrates a low band gap value compared to the other 

quinoline derivatives reported in the literature. Thus the donor-acceptor moiety of 3-cyano-2-

indolyl quinoline has a stronger influence in tuning the energy levels. 
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