
HETEROCYCLES, Vol. 98, No. 11, 2019, pp. 1547 - 1554. © 2019 The Japan Institute of Heterocyclic Chemistry   
Received, 13th June, 2019, Accepted, 21st November, 2019, Published online,  .  
DOI:10.3987/COM-19-14165 
 

ONE-POT SYNTHESIS OF 3-(GUAIAZULEN-3-YL)DIHYDRO-1H- 

INDOL-4(5H)-ONES VIA DOMINO REACTION 

 

Lu Zhang, Dao-Lin Wang,* Jin-Juan Xing, and Lin Liu 

 

College of Chemistry and Chemical Engineering, Bohai University, Jinzhou, 

China; *Corresponding authors E-mail: wangdaolin@sina.com 

 

Abstract – A facile and efficient one-pot procedure for the preparation of 

3-(guaiazulen-1-yl)dihydro-1H-indol-4(5H)-ones by a catalyst-free, three- 

component reaction of guaiazulene, methylglyoxal and enaminones under mild 

conditions in good yield is reported. 

 

The indole nucleus is probably the most well-known heterocyclic compound, a common and important 

feature of a variety of natural products and medicinal agents.1 Compounds carrying the indole moiety 

exhibit antibacterial and antifungal activities.2 It is used as an important skeleton in organic synthesis3 and 

is also utilized in other important fields, such as medicinal chemistry.4 As a consequence, a number of 

methods have been reported for the construction of indoles.5 Recently, some functionalized indoles have 

been synthesized by using different starting materials.6 

Azulene has a dipole moment whose negative end is directed toward the five-membered ring.7 The effect 

of this polarized π-electron system on the structure and properties of azulenyl peptides is interesting in 

medicine as antiulcer drugs,8 anticancer agents,9 and as antioxidant therapeutics for neurodegenerative 

conditions.10 Various efficient synthetic methods have been developed for azulene derivatives.11 Thus, 

preparation and reactivities of a number of heterocyle-fused azulenes have already been revealed by many 

research groups.12 
 

On the other hand, domino reactions have emerged as an effective tool for the assembly of complex 

cyclic structures by the combination of two or more distinct reactions into a one-pot transformation.13 

Recently, our research group has reported the synthesis of new heteroarylazulene derivatives.14 In a 

continuation of our previous work,15 we became interrested in exploring the reactivity and synthetic 

application of guaiazulene to 3-(guaiazulen-1-yl)dihydro-1H-indol-4(5H)-one derivatives (4) by a 

catalyst-free, three-component reaction of guaiazulene (1), methylglyoxal (2) and enaminones (3) via 
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domino alkylation–Michael addition–intramolecular cyclization (Scheme 1). 
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Scheme 1. Three-component synthesis of 3-(guaiazulen-1-yl)dihydro-1H-indol-4(5H)-ones 4 

 

We initially evaluated the three-component reaction of the guaiazulene (1), methylglyoxal (2) and 

3-(phenylamino)cyclohex-2-enone (3a) (Scheme 2). The reaction mixture, which was composed of a 

1:1:1 mixture of 1, 2, and 3a, was tested under a variety of different conditions. The effects of solvent and 

temperature were evaluated for this reaction, and the results are summarized in Table 1. It was found that 

when the reaction was carried out in water without any catalyst the yield of product was very low (Table 

1, entry 1). After the above observation, we also examined the influence of solvents such as toluene, 

MeCN, EtOH, and DMF without catalysts, and the desired product 4a was obtained in 43–64% yield 

(Table 1, entries 2–5). In order to make the reaction more efficient, next we employed the model reaction 

in AcOH at 100 °C, and to our delight the desired product was attained in 78% yield within 6 h (Table 1, 

entry 6). Inspired by these results, the model reaction was performed in the mixture of H2O and AcOH 

(1:9) at 100 °C to furnish the desired product 4a in 86% yield within 5 h (Table 1, entry 7). Increasing (20 

and 50 vol%) or decreasing (5 vol%) the volume ratio of H2O/AcOH did not improve the product yield 

(Table 1, entries 8–10). When the reaction mixture was tested in EtOH/AcOH and MeCN/AcOH (10 

vol%) at reflux for 7–8 h, the desired product 4a was obtained in 70–72% yield (Table 1, entries 11, 12). 

From these optimization results, we found that H2O/AcOH (1:9 at 100 °C) is the most effective solvent 

media for this one-pot three-component synthesis.  
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Scheme 2. Synthesis of 2-methyl-3-(guaiazulen-1-yl)-6,7-dihydro-1-phenyl-1H-indol-4(5H)-one 4a 
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Table 1. Optimizing the reaction conditions for the synthesis of 4a* 

Entry Solvent  Temperature Time (h) Yield (%) 

1 H2O 100 24 18 

2 toluene 100 13 43 

3 MeCN 80 9 52 

4 EtOH 80 10 54 

5 DMF 100 8 64 

6 AcOH 100 6 78 

7 H2O:AcOH(1:9) 100 5 86 

8 H2O:AcOH(1:4) 100 5 86 

9 H2O:AcOH(1:1) 100 5 83 

10 H2O:AcOH(1:19) 100 6 80 

11 EtOH:AcOH(1:9) reflux 8 70 

12 MeCN:AcOH(1:9) reflux 7 72 

* Reaction conditions: guaiazulene (1, 1.0 mmol), methylglyoxal (2, 1.0 mmol)) and enaminone (3a, 1.0 

mmol), solvent (20 mL). 

 

With this optimized procedure in hand, a range of 3-(guaiazulen-1-yl)dihydro-1H-indol-4(5H)-ones were 

synthesized by the one-pot condensation of guaiazulene with methylglyoxal and enaminones (see Table 

2). 

 

Table 2. Synthesis of 3-(guaiazulen-1-yl)dihydro-1H-indol-4(5H)-ones 4 

Entry R1  R2 Time (h) Product (4) Yield (%) 

1 C6H5 H 5 4a 86 

2 3-MeC6H4 H 5 4b 82 

3 4-ClC6H4 H 4 4c 80 

4 C6H5 Me 5 4d 83 

5 3-MeC6H4 Me 4 4e 85 

6 4-ClC6H4 Me 5 4f 83 

7 benzyl H 2 4g 90 

8 n-propyl H 3 4h 88 

9 n-butyl H 3 4i 82 

HETEROCYCLES, Vol. 98, No. 11, 2019 1549



 

It was found that aliphatic and phenyl groups, bearing either electron-withdrawing or electron-donating 

groups on the enaminone ring, were tolerated under the reaction conditions, leading to the final products 

in satisfactory yields (up to 90%). To the best of our knowledge, this new procedure provides the first 

example of an efficient synthesis for th 3-(guaiazulen-1-yl)dihydro-1H-indol-4(5H)-one derivatives. The 

structures of all the synthesized compounds were established by IR, NMR, MS spectroscopy and 

elemental analysis. 

The proposed mechanism of the process is summarized in Scheme 3. First, alkylation of guaiazulene 1 

with methylglyoxal 2 is proposed to give intermediate A. Michael addition of enaminone 3 to 

intermediate A then occurs to provide intermediate B, which undergoes intramolecular cyclization and 

dehydration to form the desired product 4. 

 

Scheme 3. Reasonable mechanism for the product 4 

 

In summary, we have demonstrated for the efficient method for the synthesis of 3-(guaiazulen-1-yl)- 

dihydro-1H-indol-4(5H)-ones from guaiazulene, methylglyoxal and enaminones through domino 

alkylation–Michael addition–intramolecular cyclization. This approach offers an effective route for the 

construction of heteroarylazulene frameworks in a one-step process from commercially available starting 

materials.  

EXPERIMENTAL 

Melting points were determined in open capillaries and are uncorrected. The NMR spectra were recorded 

with a Bruker Avance 400 spectrometer (400 MHz for 1H and 100 MHz for 13C) using TMS an internal 
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reference. IR spectra were measured on Shimadzu FTIR-8300 spectrophotometer. C, H and N analyses 

were performed by a HP-MOD 1106 microanalyzer. LC-MS analyses were performed on waters Q-TOF micro 

mass spectrometer. The preparation of enaminones (3)16 were according to the literature procedure. All 

other chemicals used in this study were commercially available. 

Typical Procedure for the Preparation of 3-(Guaiazulen-1-yl)dihydro-1H-indol-4(5H)-ones. A 

solution of guaiazulene 1 (1 mmol), methylglyoxal 2 (1 mmol), and enaminones 3 (1 mmol) in 

H2O/AcOH (20 mL, 1:9) was heated at 100 °C. After completion monitored by TLC, the reaction mixture 

was allowed to cool to room temperature, and then water (40 mL) was added to the mixture. EtOAc (50 

mL) was added to the mixture. The organiclayer was washed with brine (50 mL), dried over anhydrous 

Na2SO4 and evaporated to dryness. The residue was recrystallized from isopropanol to afford the 

corresponding products 4a-i. 

2-Methyl-3-(guaiazulen-1-yl)-6,7-dihydro-1-phenyl-1H-indol-4(5H)-one (4a): Blue crystals.  

mp 40-42 °C; IR (KBr): ν 1656 cm-1; 1H NMR (400 MHz, CDCl3): δ 1.38 (d, J = 6.8 Hz, 6H), 1.77 (s, 

3H), 2.08-2.11 (m, 2H), 2.38-2.40 (m, 2H), 2.53 (s, 3H), 2.63-2.65 (m, 2H), 2.68 (s, 3H), 3.09-3.17 (m, 

1H), 6.91 (d, J = 10.8 Hz, 1H), 7.37-7.43 (m, 3H), 7.55-7.64 (m, 4H), 8.19 (s, 1H). 13C NMR (100 MHz, 

CDCl3): δ 193.6, 145.6, 142.9, 140.6, 138.9, 138.1, 137.5, 134.2, 133.4, 133.0, 129.5, 129.2, 128.5, 127.7, 

126.1, 123.9, 121.0, 120.1, 118.9, 38.9, 37.9, 25.4, 24.8, 24.7, 23.9, 23.1, 13.1, 11.0. MS (ESI) m/z: 422 

[M+H]+. Anal. Calcd for C30H31NO: C 85.47, H 7.41, N 3.32. Found: C 85.51, H 7.46, N 3.35.  

2-Methyl-3-(guaiazulen-1-yl)-6,7-dihydro-1-(3-methylphenyl)-1H-indol-4(5H)-one (4b): Blue crystals.

mp 54-57 °C; IR (KBr): ν 1647 cm-1; 1H NMR (400 MHz, CDCl3): δ 1.36 (d, J = 6.8 Hz, 6H), 1.78 (s, 

3H), 2.09-2.12 (m, 2H), 2.42-2.43 (m, 2H), 2.45 (s, 3H), 2.50 (s, 3H), 2.63-2.64 (m, 2H), 2.67 (s, 3H), 

3.01-3.08 (m, 1H), 6.81 (d, J = 10.8 Hz, 1H), 7.10-7.12 (m, 2H), 7.26-7.28 (m, 2H), 7.41 (dd, J = 7.6, 7.6 

Hz, 1H), 7.52 (s, 1H), 8.12 (s, 1H). 13C NMR (100 MHz, CDCl3): δ 193.6, 145.6, 142.9, 140.5, 139.5, 

138.8, 138.1, 137.4, 134.1, 133.4, 132.9, 129.2, 129.1, 128.2, 126.1, 123.9, 121.1, 119.9, 118.8, 38.8, 37.8, 

25.4, 24.7, 23.8, 23.1, 21.3, 19.4, 13.1, 11.0. MS (ESI) m/z: 436 [M+H]+. Anal. Calcd for C31H33NO: C 

85.48, H 7.64, N 3.22. Found: C 85.54, H 7.69, N 3.23.  

2-Methyl-3-(guaiazulen-1-yl)-6,7-dihydro-1-(4-chlorophenyl)-1H-indol-4(5H)-one (4c): Blue crystals. 

mp  60-62 °C; IR (KBr): ν 1655 cm-1; 1H NMR (400 MHz, CDCl3): δ 1.35 (d, J = 6.8 Hz, 6H), 1.79 (s, 

3H), 2.10-2.15 (m, 2H), 2.44-2.46 (m, 2H), 2.48 (s, 3H), 2.62-2.64 (m, 2H), 2.66 (s, 3H), 3.01-3.06 (m, 

1H), 6.81 (d, J = 10.8 Hz, 1H), 7.26-7.28 (m, 3H), 7.49-7.52 (m, 3H), 8.13 (s, 1H). 13C NMR (100 MHz, 

CDCl3): δ 193.5, 145.5, 142.7, 140.4, 139.0, 138.1, 136.0, 134.4, 134.2, 133.4, 133.1, 129.7, 129.0, 128.9, 

126.1, 123.9, 120.6, 120.3, 119.3, 38.7, 37.8, 25.4, 24.6, 23.8, 23.0, 19.4, 13.1, 10.9. MS (ESI) m/z: 457 

[M+H]+. Anal. Calcd for C30H30ClNO: C 79.02, H 6.63, N 3.07. Found: C 79.07, H 6.65, N 3.11.  

2-Methyl-3-(guaiazulen-1-yl)-6,7-dihydro-6,6-dimethyl-1-phenyl-1H-indol-4(5H)-one (4d):  
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Blue crystals. mp 43-45 °C; IR (KBr): ν 1652 cm-1; 1H NMR (400 MHz, CDCl3): δ 1.09 (s, 3H), 1.12 (s, 

3H), 1.36 (d, J = 6.8 Hz, 6H), 1.80 (s, 3H), 2.31-2.39 (m, 2H), 2.44-2.48 (m, 2H), 2.55 (s, 3H), 2.68 (s, 

3H), 3.02-3.09 (m, 1H), 6.83 (d, J = 10.4 Hz, 1H), 7.27-7.32 (m, 3H), 7.48-7.54 (m, 4H), 8.14 (s, 1H). 13C 

NMR (100 MHz, CDCl3): δ 193.0, 145.6, 141.9, 140.5, 138.9, 138.1, 137.5, 134.2, 133.5, 133.0, 129.5, 

129.3, 128.5, 127.8, 126.2, 123.9, 120.9, 119.0, 118.7, 52.8, 37.8, 36.9, 35.3, 29.2, 27.8, 25.3, 24.7, 19.4, 

13.1, 11.0. MS (ESI) m/z: 450 [M+H]+.  Anal. Calcd for C32H35NO: C 85.48, H 7.85, N 3.12. Found: C 

85.54, H 7.89, N 3.14. 

2-Methyl-3-(guaiazulen-1-yl)-6,7-dihydro-6,6-dimethyl-1-(3-methylphenyl)-1H-indol-4(5H)-one (4e):  

Blue crystals. mp 88-90 °C; IR (KBr): ν 1648 cm-1; 1H NMR (400 MHz, CDCl3): δ 1.10 (s, 3H), 1.12 (s, 

3H), 1.37 (d, J = 6.8 Hz, 6H), 1.79 (s, 3H), 2.30-2.35 (m, 2H), 2.52 (s, 3H), 2.54 (s, 3H), 2.60-2.66 (m, 

2H), 3.02-3.09 (m, 1H), 6.83 (d, J = 10.4 Hz, 1H), 7.10-7.13 (m, 2H), 7.27-7.30 (m, 2H), 7.41-7.43 (m, 

1H), 7.54 (s, 1H), 8.13 (s, 1H). 13C NMR (100 MHz, CDCl3): δ 192.9, 145.6, 141.9, 140.5, 139.6, 138.8, 

138.1, 137.4, 134.1, 133.5, 133.0, 129.3, 129.2, 129.2, 128.3, 126.1, 124.8, 123.9, 123.0, 118.9, 118.6, 

100.7, 52.9, 37.8, 36.9, 35.3, 29.2, 27.9, 25.3, 24.7, 21.4, 19.4, 13.1, 11.0. MS (ESI) m/z: 464 [M+H]+. 

Anal. Calcd for C33H37NO: C 85.48, H 8.04, N 3.02. Found: C 85.53, H 8.06, N 3.05. 

2-Methyl-3-(guaiazulen-1-yl)-6,7-dihydro-6,6-dimethyl-1-(4-chlorophenyl)-1H-indol-4(5H)-one (4f): 

Blue crystals. mp 83-85 °C; IR (KBr): ν 1650 cm-1; 1H NMR (400 MHz, CDCl3): δ 1.09 (s, 3H), 1.11 (s, 

3H), 1.36 (d, J = 6.8 Hz, 6H), 1.80 (s, 3H), 2.30-2.34 (m, 2H), 2.49 (s, 3H), 2.53-2.57 (m, 2H), 2.67 (s, 

3H), 3.01-3.08 (m, 1H), 6.82 (d, J = 10.4 Hz, 1H), 7.25-7.30 (m, 2H), 7.50-7.53 (m, 3H), 8.13 (s, 1H). 13C 

NMR (100 MHz, CDCl3): δ 192.9, 145.5, 141.7, 140.4, 139.0, 138.1, 136.0, 134.5, 134.2, 133.5, 133.1, 

129.7, 129.1, 129.1, 126.2, 123.9, 120.5, 119.3, 119.1, 52.8, 37.8, 36.9, 35.3, 29.2, 27.9, 25.3, 24.7, 19.4, 

13.1, 11.0. MS (ESI) m/z: 485 [M+H]+. Anal. Calcd for C32H34ClNO: C 79.40, H 7.08, N 2.89. Found: C 

79.45, H 7.14, N 2.93. 

2-Methyl-3-(guaiazulen-1-yl)-6,7-dihydro-1-benzyl-1H-indol-4(5H)-one (4g): Blue crystals. mp 

48-50 °C; IR (KBr): ν 1659 cm-1; 1H NMR (400 MHz, CDCl3): δ 1.36 (d, J = 6.4 Hz, 6H), 1.87 (s, 3H), 

2.14-2.16 (m, 2H), 2.42-2.44 (m, 2H), 2.45 (s, 3H), 2.66 (s, 3H), 2.75-2.77 (m, 2H), 3.03-3.07 (m, 1H), 

6.77 (d, J = 10.8 Hz, 1H), 7.01 (d, J = 7.2 Hz, 2H), 7.27-7.38 (m, 4H), 7.47 (s, 1H), 8.12 (s, 1H). 13C 

NMR (100 MHz, CDCl3): δ 193.4, 145.5, 142.5, 140.6, 138.8, 138.1, 136.9, 134.1, 133.4, 133.0, 128.9, 

128.6, 127.6, 126.0, 125.6, 123.8, 121.1, 119.9, 119.2, 47.4, 38.6, 37.8, 25.4, 24.7, 24.7, 23.7, 22.2, 13.0, 

10.2. MS (ESI) m/z: 436 [M+H]+. Anal. Calcd for C31H33NO: C 85.48, H 7.64, N 3.67. Found: C 85.53, H 

7.69, N 3.68.  

2-Methyl-3-(guaiazulen-1-yl)-6,7-dihydro-1-(n-propyl)-1H-indol-4(5H)-one (4h): Blue crystals. mp 

44-46 °C; IR (KBr): ν 1656 cm-1; 1H NMR (400 MHz, CDCl3): δ 1.00 (t, J = 7.2 Hz, 3H), 1.36 (d, J = 6.8 

Hz, 6H), 1.73-1.77 (m, 2H), 1.96 (s, 3H), 2.15-2.18 (m, 2H), 2.39 (s, 3H), 2.40-2.42 (m, 2H), 2.66 (s, 3H), 
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2.82-2.85 (m, 2H), 3.03-3.06 (m, 1H), 3.82 (t, J = 7.2 Hz, 2H), 6.78 (d, J = 10.4 Hz, 1H), 7.26 (d, J = 10.4 

Hz, 1H), 7.45 (s, 1H), 8.11 (s, 1H). 13C NMR (100 MHz, CDCl3): δ 193.2, 145.6, 141.9, 140.6, 138.7, 

138.0, 134.1, 133.3, 132.9, 128.1, 125.9, 123.8, 121.5, 119.6, 118.7, 45.7, 38.6, 37.8, 2.20, 24.7, 24.7, 

24.0, 23.8, 22.4, 13.0, 11.2, 10.3. MS (ESI) m/z: 388 [M+H]+. Anal. Calcd for C27H33N: 83.68, H 8.58, N 

3.61. Found: C 83.70, H 8.61, N 3.63.  

2-Methyl-3-(guaiazulen-1-yl)-6,7-dihydro-1-(n-butyl)-1H-indol-4(5H)-one (4i): Blue crystals. mp 

39-41 °C; IR (KBr): ν 1653 cm-1; 1H NMR (400 MHz, CDCl3): δ 1.01 (t, J = 7.2 Hz, 3H), 1.35 (d, J = 6.8 

Hz, 6H), 1.43-1.47 (m, 2H), 1.68-1.72 (m, 2H), 1.95 (s, 3H), 2.15-2.17 (m, 2H), 2.41 (s, 3H), 2.43-2.45 

(m, 2H), 2.66 (s, 3H), 2.82-2.85 (m, 2H), 3.04-3.06 (m, 1H), 3.84 (t, J = 7.6 Hz, 2H), 6.78 (d, J = 10.4 Hz, 

1H), 7.25 (d, J = 10.4 Hz, 1H), 7.45 (s, 1H), 8.12 (s, 1H). 13C NMR (100 MHz, CDCl3): δ 193.2, 145.6, 

141.8, 140.6, 138.7, 138.0, 134.0, 133.3, 132.9, 128.1, 125.9, 123.8, 121.5, 119.6, 118.7, 44.0, 38.6, 37.8, 

32.9, 25.2, 24.7, 24.7, 23.7, 22.4, 20.1, 13.9, 13.1, 10.2. MS (ESI) m/z: 402 [M+H]+. Anal. Calcd for 

C28H35NO: C 83.74, H 8.78, N 3.49. Found: C 83.78, H 8.80, N 3.53.  
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