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Abstract A series of 3,4-disubstituted dihydroquinolin-2(1H)-ones have been

synthesized via three-component reaction of 1,3-indandione with isatin derivatives

and N-phenacyl pyridinium bromide salts in presence of triethylamine as basic

reagent. This procedure affords a highly efficient route for accessing quinolones by

ring expansion of isatin via a one-pot pathway. Products were obtained in good to

moderate yield without requiring a chromatographic purification step.
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Introduction

3,4-Dihydroquinolin-2(1H)-ones have attracted attention from chemists and biol-

ogists because of their pharmaceutical activities such as phosphodiesterase

inhibitory [1], antiplatelet [2], and cardiovascular actions [3]. Several routes have

been reported in literature for synthesis of these compounds [4–7]. One of the most

important approaches is ring expansion of isatin using different reagents, such as

diazomethane [8] or ethyl diazoacetate [9].

On the other hand, the 1,3-indandione motif is widely found in many natural

products with useful biological activities [10–12]. Also, its derivatives have been

employed in synthesis of potentially important compounds, such as drugs [13] and

dyes and pigments [14].
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In continuation of our previous work on synthesis of novel heterocyclic

compounds [15–19], we report herein an efficient procedure for synthesis of new

3,4-dihydroquinolin-2(1H)-one derivatives bearing a 1,3-indandione moiety via

three-component reaction of 1,3-indandione with isatin derivatives and N-phenacyl

pyridinium bromide salts (Scheme 1).

Results and discussion

To investigate the reaction conditions, we chose the reaction of isatin, N-(4-

chlorophenacyl)pyridinium bromide, and 1,3-indandione as model reaction

(Table 1). The results showed that, without basic reagent, the reaction led to no

desired product (Table 1, entry 1). So, the reaction was examined in presence of

different bases, revealing that triethylamine (NEt3) gave better yields than others

(Table 1, entry 5). Then, different amounts of triethylamine were tested; 1 eq. NEt3
was found to be sufficient to promote this reaction. Subsequently, various solvents

such as tetrahydrofuran (THF), dichloromethane (DCM), H2O, ethanol, dioxane,

and acetonitrile as well as solvent-free condition were examined for the reaction at

different temperatures. Using EtOH at 50 �C, the reaction afforded the correspond-

ing product in good yield (88%) after 8 h (Table 1, entry 5).

After optimization of the model reaction, a variety of 3,4-dihydroquinolin-2(1H)-

one derivatives were synthesized via three-component reaction of isatin derivatives

with 1,3-indandione and phenacyl pyridinium salts according to Scheme 1. The

target compounds were obtained in good yield with high purity (Table 2). Their

structure was confirmed by infrared (IR), 1H and 13C nuclear magnetic resonance

(NMR), heteronuclear single quantum coherence (HSQC), and heteronuclear

multiple-bond correlation (HMBC) spectroscopy, and mass spectrometry (MS).

The mass spectrum of 4a displayed the molecular ion (M?� ? 2) and (M?�) peaks

at m/z 429 and 427, respectively, consistent with the product’s structure. The 1H

NMR spectrum of 4a in CDCl3 exhibited one singlet at 6.29 ppm for CH group of

quinolone. The 12 aromatic protons appeared as three doublets at 7.03, 7.26, and

7.36 ppm (3JHH = 8.0, 8.4, and 8.4 Hz, respectively), four multiplets at around

7.25–8.30 ppm, and one triplet at 7.47 ppm (3JHH = 8.0 Hz). The proton of NH

was observed as a broad singlet at 8.38 ppm. The proton-decoupled 13C NMR

spectrum of 4a showed 23 distinct resonances, in agreement with the proposed
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Scheme 1 Preparation of novel 3,4-dihydroquinolin-2(1H)-one derivatives

3008 R. Baharfar et al.

123



structure. Also, the structure of 4a was confirmed by HSQC and HMBC (Fig. 1). In

the HMBC spectrum, the correlations of methine proton (H-32) with nearby carbons

helped to identify the final structure of products. This proton at d 6.29 (s) showed

correlation with C-8 (2JCH), C-10 (
2JCH), C-11 (

3JCH), C-13 (
2JCH), and C-16 (

4JCH).

In another proposed product (structure 8 in Scheme 2), the methine proton could not

be correlated with the carbonyl of indandione moiety (C-16), within five bonds. On

the other hand, the 13C NMR spectrum of this product showed three signals in

Table 1 Optimization of reaction conditions

Entry Base (eq.) Solvent Temp. (�C) Time (h) Yield (%)

1 – EtOH 50 48 0

2 DBU (1) EtOH 50 24 45

3 Piperidine (1) EtOH 50 15 35

4 K2CO3 (1) EtOH 50 24 30

5 NEt3 (1) EtOH 50 8 88

6 NEt3 (0.25) EtOH 50 24 40

7 NEt3 (0.5) EtOH 50 15 50

8 NEt3 (2) EtOH 50 8 88

9 NEt3 (1) THF 50 14 55

10 NEt3 (1) H2O 50 12 15

11 NEt3 (1) DCM 50 15 50

12 NEt3 (1) Dioxane 50 14 35

13 NEt3 (1) CH3CN 50 15 40

14 NEt3 (1) – 50 24 30

15 NEt3 (1) EtOH 25 24 25

16 NEt3 (1) EtOH 78 10 80

DBU, 1,8-diazabicyclo[5.4.0]undec-7-ene. Reaction conditions: N-(4-chlorophenacyl)pyridinium bro-

mide (1 mmol), 1,3-indandione (1 mmol), isatin (1 mmol), different conditions, stirring

Table 2 Preparation of dihydroquinolin-2(1H)-one derivatives

Entry R1 R2 R3 Product Time (h) M.p. (�C) Yield (%)

1 H H Cl 4a 8 275–277 88

2 H H H 4b 10 266–268 65

3 Cl H Cl 4c 8 261–263 83

4 Cl H H 4d 9 266–268 76

5 Br H H 4e 11 259–261 70

6 Br H Cl 4f 9 228–230 80

7 NO2 H H 4g 10 233–235 83

Reaction conditions: N-phenacyl pyridinium bromide derivatives (1 mmol), 1,3-indandione (1 mmol),

isatin derivatives (1 mmol), triethylamine (1 mmol), EtOH, 50 �C, stirring
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ketone region (d = 181.8, 183.0, and 190.7 ppm) and one signal in amide region

(d = 170.1 ppm), in agreement with the structure of 4a.
The following mechanism can be suggested for the formation of products 4a–

g (Scheme 2): In the first step, Knoevenagel condensation between 1,3-indandione

and isatin derivatives affords adduct 5 in presence of Et3N. Also, N-phenacyl

pyridinium bromide salt is deprotonated under basic condition to give pyridinium

ylide 6, which attacks adduct 5 to generate intermediate 7 after ring opening of

isatin moiety. Intermediate 7 undergoes intramolecular cyclization along with alkyl

shift, and pyridine elimination leads to the corresponding product 4a–g.

Experimental

Materials and techniques

All chemicals and reagents were purchased from Fluka and Merck and used without

further purification. Melting points were measured on an Electrothermal 9100

apparatus. NMR spectra were recorded using a Bruker DRX-400 AVANCE

instrument (400.1 MHz for 1H, 100.6 MHz for 13C) with CDCl3 as solvent.

Chemical shifts (d) are given in parts per million (ppm) relative to tetramethylsilane

(TMS), and coupling constants (J) are reported in hertz (Hz). IR spectra were

recorded on a Bruker Vector 22 Fourier-transform (FT)-IR spectrometer. Mass

spectra were recorded on a Finnigan MAT-8430 mass spectrometer operating at

ionization potential of 70 eV.
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General procedure for synthesis of compounds 4a–g

N-Phenacyl pyridinium bromide derivatives were obtained by reaction of phenacyl

bromide derivatives and pyridine in acetonitrile medium. Triethylamine (1 mmol)

was added to a mixture of isatin derivatives (1 mmol), N-phenacyl pyridinium

bromide derivatives (1 mmol), 1,3-indandione (1 mmol), and triethylamine

(1 mmol) in 5 ml ethanol charged in a 25-ml round-bottomed flask. The reaction

mixture was stirred at 50 �C for appropriate time. After reaction completion as

monitored by thin-layer chromatography (TLC) using EtOAc/hexane (1:1) as

eluent, solvent was removed under reduced pressure and the product obtained by

recrystallization from methanol.
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Physical and spectral data for compounds 4a–g

2-(3-(4-Chlorobenzoyl)-2-oxo-2,3-dihydroquinolin-4(1H)-ylidene)-1H-indene-1,3(2H)-

dione (4a)

Brown powder; m.p. 275–277 �C; yield 0.38 g, 88%; IR (KBr) (mmax, cm
-1): 3443

(NH), 3077 (Csp2–H), 2923 (Csp3–H), 1683 (C=O), 1481 (C=C); 1H NMR

(400 MHz, CDCl3), dH (ppm): 6.29 (s, 1H, CHquinolone), 7.03 (d, 1H, 3JHH = 8.0,

CHAr), 7.26 (d, 2H, 3JHH = 8.4 Hz, 2CHAr), 7.25–7.28 (m, 1H, CHAr), 7.36 (d, 2H,
3JHH = 8.4 Hz, 2CHAr), 7.47 (t, 2H, 3JHH = 8.0 Hz, 2CHAr), 7.82–7.85 (m, 2H,

2CHAr), 8.18–8.20 (m, 1H, CHAr), 8.28–8.30 (m, 1H, CHAr), 8.38 (brs, 1H, NH);
13C NMR (100 MHz, CDCl3), dC (ppm): 55.1, 121.9, 123.9, 124.2, 127.1, 127.2,

128.9, 129.0, 131.5, 131.6, 132.3, 132.7, 134.1, 134.2, 134.5, 136.9, 138.5, 139.8,

141.1, 170.1, 181.8, 183.0, 190.7; MS, m/z: 429 (M?� ? 2), 427 (M?�).

2-(3-Benzoyl-2-oxo-2,3-dihydroquinolin-4(1H)-ylidene)-1H-indene-1,3(2H)-dione (4b)

Yellow powder; m.p. 266–268 �C; yield 0.26 g, 65%; IR (KBr) (mmax, cm
-1): 3449

(NH), 3020 (Csp2–H), 2930 (Csp3–H), 1698 (C=O), 1475 (C=C); 1H NMR

(400 MHz, CDCl3), dH (ppm): 6.32 (s, 1H, CHquinolone), 7.02 (dd, 1H,

J1 = 8.4 Hz, J2 = 1.2 Hz, CHAr), 7.24–7.30 (m, 3H, 3CHAr), 7.39 (dd, 2H,

J1 = 8.0 Hz, J2 = 1.2 Hz, 2CHAr), 7.43–7.49 (m, 3H, 3CHAr), 7.81–7.84 (m, 2H,

2CHAr), 8.16–8.19 (m, 1H, CHAr), 8.28–8.30 (m, 1H, CHAr), 8.35 (brs, 1H, NH);
13C NMR (100 MHz, CDCl3), dC (ppm): 55.2, 121.8, 123.9, 124.1, 127.1, 127.2,

127.6, 128.5, 131.5, 131.6, 132.4, 132.7, 133.3, 134.2, 134.4, 135.9, 137.0, 138.8,

141.0, 170.4, 181.9, 183.1, 192; MS, m/z: 393 (M?�).

2-(6-Chloro-3-(4-chlorobenzoyl)-2-oxo-2,3-dihydroquinolin-4(1H)-ylidene)-1H-indene-

1,3(2H)-dione (4c)

Yellow powder; m.p. 261–263 �C; yield 0.38 g, 83%; IR (KBr) (mmax, cm
-1): 3442

(NH), 3086 (Csp2–H), 2940 (Csp3–H), 1697 (C=O), 1479 (C=C); 1H NMR

(400 MHz, CDCl3), dH (ppm): 6.30 (s, 1H, CHquinolone), 7.01 (d, 1H,
3JHH = 8.4 Hz, CHAr), 7.29 (d, 2H, 3JHH = 8.8 Hz, 2CHAr), 7.41 (d, 2H,
3JHH = 8.8 Hz, 2CHAr), 7.42 (d, 1H, 3JHH = 8.4 Hz, CHAr), 7.50 (d,
4JHH = 2.4 Hz, 1H, CHAr), 7.82–7.86 (m, 2H, 2CHAr), 8.17–8.19 (m, 1H, CHAr),

7.26–8.28 (m, 1H, CHAr), 9.0 (brs, 1H, NH); 13C NMR (100 MHz, CDCl3), dC
(ppm): 55.1, 123.3, 125.0, 127.1, 127.3, 129.0; 129.1, 129.8, 131.4, 131.6; 132.1,

132.2, 133.9, 134.4, 134.7, 135.5, 138.8, 140.0; 140.1, 170.0, 181.7, 182.5; 190;

MS, m/z: 465 (M?� ?4), 463 (M?� ?2), 461.2 (M?�).
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2-(3-Benzoyl-6-chloro-2-oxo-2,3-dihydroquinolin-4(1H)-ylidene)-1H-indene-1,3(2H)-

dione (4d)

Yellow powder; m.p. 266–268 �C; yield 0.33 g, 76%; IR (KBr) (mmax, cm
-1): 3429

(NH), 2923 (Csp3–H), 2853 (Csp3–H), 1666 (C=O), 1456 (C=C); 1H NMR

(400 MHz, CDCl3), dH (ppm): 6.31 (s, 1H, CHquinolone), 7.03 (d, 1H,
3JHH = 8.8 Hz, CHAr), 7.28 (d, 1H, 4JHH = 2.8 Hz, CHAr), 7.30 (d, 1H,
3JHH = 7.2 Hz, CHAr), 7.40–7.48 (m, 5H, 5CHAr), 7.80–7.85 (m, 2H, 2CHAr),

8.15–8.17 (m, 1H, CHAr), 8.26–8.28 (m, 1H, CHAr), 9.35 (brs, 1H, NH); 13C NMR

(100 MHz, CDCl3), dC (ppm): 55.2, 123.3, 125.0, 127.1, 127.2, 127.7, 128.6, 129.6,

131.4, 131.5, 132.0, 132.2, 133.5, 134.3, 134.6, 135.7, 135.8, 139.1, 139.8, 170.5,

181.7, 182.6; 191.5; MS, m/z: 429 (M?� ? 2), 427 (M?�).

2-(3-Benzoyl-6-bromo-2-oxo-2,3-dihydroquinolin-4(1H)-ylidene)-1H-indene-1,3(2H)-

dione (4e)

Yellow powder; m.p. 259–261 �C; yield 0.33 g, 70%; IR (KBr) (mmax, cm
-1): 3424

(NH), 3066 (Csp2–H), 2937 (Csp3–H), 1665 (C=O), 1477 (C=C); 1H NMR

(400 MHz, CDCl3), dH (ppm): 6.26 (s, 1H, CHquinolone), 7.08 (d, 1H,
3JHH = 8.4 Hz, CHAr), 7.29 (t, 2H, 3JHH = 8.4 Hz, CHAr), 7.39 (d, 2H,
3JHH = 7.2 Hz, CHAr), 7.46 (t, 1H, 3JHH = 7.2 Hz, CHAr), 7.53 (dd, 1H,

J1 = 8.8 Hz, J2 = 2 Hz, CHAr), 7.56 (d, 1H, 4JHH = 2 Hz, CHAr), 7.81–7.83 (m,

2H, 2CHAr), 8.14–8.16 (m, 1H, CHAr), 8.25–8.27 (m, 1H, CHAr), 9.02 (brs, 1H,

NH); 13C NMR (100 MHz, CDCl3), dC (ppm): 55.3, 116.9, 123.7, 125.3, 127.1,

127.2, 127.6, 128.6, 131.4, 132.2, 133.5, 134.3, 134.6, 134.8, 135.8, 136.4, 139.1,

139.6, 139.8, 169.7, 181.7, 182.6, 191.8; MS, m/z: 475 (M?� ? 2), 473 (M?�).

2-(6-Bromo-3-(4-chlorobenzoyl)-2-oxo-2,3-dihydroquinolin-4(1H)-ylidene)-1H-indene-

1,3(2H)-dione (4f)

Yellow powder; m.p. 228–230 �C; yield 0.41 g, 80%; IR (KBr) (mmax, cm
-1): 3431

(NH), 2925 (Csp3–H), 2855 (Csp3–H), 1680 (C=O), 1480 (C=C); 1H NMR

[400 MHz, dimethyl sulfoxide (DMSO)], dH (ppm): 6.13 (s, 1H, CHquinolone),

7.01 (d, 1H, 3JHH = 8.8 Hz, CHAr), 7.29 (d, 2H, 3JHH = 8.4 Hz, 2CHAr), 7.46 (d,

2H, 3JHH = 8.4 Hz, 2CHAr), 7.58–7.65 (m, 2H, 2CHAr), 7.95 (t, 2H,
3JHH = 5.8 Hz, 2CHAr), 8.07 (t, 1H, 3JHH = 6 Hz, CHAr), 8.19 (d, 1H,
3JHH = 5.6 Hz, CHAr), 10.86 (brs, 1H, NH); 13C NMR (100 MHz, CDCl3), dC
(ppm): 57.2, 106.4, 110.8, 122.8, 123.2, 127.2, 127.3, 129.1, 129.2, 130.2, 132.4,

134.4, 134.5, 134.7, 135.1, 135.7, 139.4, 141.6, 143.5, 169.2, 180.8, 181.7, 187.8;

MS, m/z: 507 (M?� ? 2), 505 (M?�).

2-(3-Benzoyl-6-nitro-2-oxo-2,3-dihydroquinolin-4(1H)-ylidene)-1H-indene-1,3(2H)-

dione (4g)

Yellow powder; m.p. 233–235 �C; yield 0.36 g, 83%; IR (KBr) (mmax, cm
-1): 3429

(NH), 3085 (Csp2–H), 2925 (Csp3–H), 1698 (C=O), 1482 (C=C); 1H NMR
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(400 MHz, DMSO), dH (ppm): 6.16 (s, 1H, CHquinolone), 6.92 (d, 1H,
3JHH = 8.4 Hz, CHAr), 7.00 (dd, 1H, J1 = 5.0, J2 = 3.2 Hz, CHAr), 7.22 (dd,

1H, J1 = 5.0, J2 = 3.2 Hz, CHAr), 7.68 (t, 1H, 3JHH = 8.0, CHAr), 7.79–7.82 (m,

1H, CHAr), 8.06–8.12 (m, 3H, 3CHAr), 8.28 (t, 1H, 3JHH = 7.6, CHAr), 8.74 (t, 1H,
3JHH = 8.0, CHAr), 8.93 (s, 1H, CHAr), 9.00 (d, 1H, 3JHH = 5.6, CHAr), 10.67 (s,

1H, NH); 13C NMR (100 MHz, DMSO), dC (ppm): 66.7, 109.6, 117.4, 119.5, 126.0,

128.3, 128.7, 129.1, 129.6, 130.0, 133.9, 135.2, 136.5, 140.1, 142.4, 146.7, 146.8,

149.1, 170.9, 181.1, 182.2, 191.1; MS, m/z: 438 (M?�).

Conclusions

We demonstrate a new and efficient procedure for synthesis of novel 3,4-

dihydroquinolin-2(1H)-one derivatives through a new ring expansion reaction of

isatin derivatives using N-phenacyl pyridinium bromide salts. Some advantages of

this synthetic development are utilization of nonhazardous solvent, good product

yield, simple experimental procedure, and easy workup.
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