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Abstract – An effective protocol for the synthesis of guaiazulene substituted 

furan derivatives via three-component reactions of guaiazulene, α-ketoaldehyde, 

and 1,3-dicarbonyl compound under mild conditions in good yield is reported. All 

of these compounds were evaluated for their antioxidant properties in vitro against 

lipid peroxidation and several compounds were found to have good activities. 

 

Polysubstituted furans are among the most important heterocyclic compounds with widespread 

occurrence in nature.1 Compounds featuring a furan skeleton exhibit diverse biological properties, such as 

anticancer,2 anti-inflammatory,3 anti-allergic,4 hair-growth-stimulating5 and immunosuppressive 

activities.6 Furthermore, many polysubstituted furans have been widely used as important reaction 

intermediates in the total synthesis and synthetic industry.7 

Guaiazulene is a known active component of the essential oil of Guaiacum officinalis L., and there are a 

number of reports describing the anti-allergenic and anti-inflammatory activities.8 Azulene derivatives 

have attracted interest in medicine as antiulcer drugs,9 anticancer agents,10 and as antioxidant therapeutics 

for neurodegenerative conditions.11 A variety of heterocycle-fused and substituted azulenes have so far 

been obtained on the viewpoints of chemical properties and physiological activities by several methods.12  

In recent years, our reserach group has reported the synthesis of new heteroarylazulene derivatives.13 As 

part of a continuing effort in our laboratory toward the development of azulene chemistry,14 we became 

interested in exploring the reactivity and synthetic application of guaiazulene15 to guaiazulene substituted 
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furan derivatives16 via multicomponent reaction of guaiazulene, α-ketoaldehyde, and 1,3-dicarbonyl 

compound under mild conditions (Scheme 1). To our interesting, this may be a novel series of compounds, 

possessing antioxidant activity against lipid peroxidation. In this paper, we report the synthesis and 

antioxidant activities of (guaiazulen-1-yl)furans. 
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Scheme 1 One-pot synthesis of guaiazulene substituted furan derivatives 

 

First, to optimize the conditions, we initially evaluated the three-component reaction of guaiazulene 1 

methylglyoxal 2a, and acetylacetone 3a (Scheme 2). The reaction mixture, which was composed of a 

1:1:1 mixture of 1, 2a, 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.  

The initial reaction of guaiazulene 1 methylglyoxal 2a, and acetylacetone 3a was attempted with stirring 

for 24 h at 25 °C in HOAc (Table 1, Entry 1). After the reaction was completed, the mixture was purified 

by flash column chromatography to give pure product, 3-acetyl-2,5-dimethyl-4-(guaiazulen-1-yl)furan 

(4a), whose structure was characterized by 1H NMR, 13C NMR, IR spectra and elemental analysis. 
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Scheme 2 Synthesis of 3-acetyl-2,5-dimethyl-4-(guaiazulen-1-yl)furan (4a) 

 

After the above observation, the reaction was carried out under neat conditions at 100 °C without and 

with different acid catalysts such as p-toluenesulfonic acid (p-TsOH), trifluoroacetic acid (TFA), and 

sulfamic acid (SA) each 10 mol% in HOAc (entries 2–5). The maximum yield was obtained using 

p-TsOH (entry 3). It was found that when the reaction was carried out without any catalyst the yield of 

product was very low (Table 1, entries 1 and 2). Although a lower catalyst loading of 5 mol% 

accomplished this condensation (entry 6), 10 mol% of p-TsOH was optimal in terms of reaction time and 

isolated yield (entry 3). Increasing the amount from 10 to 15 mol% has no effect on the product yield and 

reaction time (entry 7). A higher reaction temperature (110 °C) did not make a significant effect in the 

yield of product (entry 8). 



In addition, various solvents such as EtOH, and MeCN were screened for the optimal reaction conditions. 

The best catalytic activity was observed in HOAc compared to other organic solvents (entries 9 and 10). 

From these optimization results, we found that HOAc (at 100 °C) is the most effective solvent media, and 

p-TsOH was the best catalyst for this one-pot three-component synthesis. 

 

Table 1. Optimizing the reaction condititions for the synthesis of 4a* 

Entry Catalyst / (mol%) Solvent Temp (OC) Time (h) Yield (%) 

1 none HOAc 25 24 31 

2 

3 

none  

p-TsOH (10) 

HOAc 

HOAc 

100 

100 

11 

5 

42 

88 

4 TFA (10) HOAc 100 6 70 

5 SA (10) HOAc 100 10 74 

6 p-TsOH (5) HOAc 100 8 75 

7 p-TsOH (15) HOAc 100 5 85 

8 p-TsOH (10) HOAc 110 4 82 

9 p-TsOH (10) EtOH 80 13 78 

10 p-TsOH (10) MeCN 80 12 65 

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

 (3a, 1.0 mmol), solvent (20 mL). 

 

With the optimized reaction conditions in hand, we next surveyed the substrate scope of α-ketoaldehyde, 

and 1,3-dicarbonyl compound for the synthesis of guaiazulene substituted furans (see Scheme 1), and the 

results are summarized in Table 2. 

 

Table 2. Synthesis of guaiazulene substituted furan derivatives 4 

Entry R1
 R2

 R3
 Time (h) Product Yield (%) 

1 Me Me Me 5 4a 88 

2 Me Me OMe 5 4b 90 

3 Me Me OEt 6 4c 85 

4 Ph Me Me 7 4d 90 

5 Ph Me OMe 6 4e 86 

6 Ph Me OEt 5 4f 87 

7 Me CH2- -CH2CH2 8 4g 90 

8 Me CH2- -C(Me)2CH2 7 4h 92 



As shown in Table 2, 1,3-dicarbonyl compounds such as acetylacetone (3a), methyl acetoacetate (3b),  

ethyl acetoacetate (3c), cyclohexane-1,3-dione (3d), and 5,5-dimethylcyclohexane-1,3-dione (3e) were 

suitable partners for α-ketoaldehyde (such as methylglyoxal (2a), and phenylglyoxal (2a)) to afford the 

desired disubstituted furan products (4a-h) in high yields. The structures of all the synthesized 

compounds were established by IR, NMR MS spectroscopy and elemental analysis. 

Oxidative stress may initiate molecular events in the cancer formation, and reduction of oxidative stress 

may protect against carcinogenesis.17 The azulene scaffold is widely found among natural products and 

synthetic compounds, which exhibit a range of important biological activities.18 Different functional 

groups and heterocyclic moieties attached to the azulene nucleus have been shown to modulate the 

antioxidant ability of the resulting compounds.19  

All of the synthetic new compounds 4a-h were subjected to antioxidative activity screening against lipid 

peroxidation in vitro, using magnesium lithospermate B (MLB) as reference drug. The IC50 values for 

these active compounds were listed in Table 3. Lipid peroxidation was evaluated by measuring the 

malondialdehyde (MDA) concentration using the TBA test.20 

 

Table 3. Antioxidant activity against lipid peroxidation of compounds (IC50 at µg/mL)* 

Compound IC50 Compound IC50  Compound I  IC50 

4a 18 4d 16 4g 11 

4b 3.9 4e 6.1 4h 15 

4c 4.3 4f 5.0 MLB 2.5 

* Compound was dissolved in DMSO (solvent expressed no antioxidant activity). 

 

Among the compounds, 4b exhibited the most potent antioxidant activity with IC50 value of 3.9 µg/mL. 

Yet compounds 4c, 4e and 4f also showed significant antioxidant activities, and they all possessed 

methoxy or ethoxy group at R3. The antioxidant activities of compounds 4a, 4d, 4g and 4h, whose 

alkoxyl groups at R3 were replaced by methyl or mthylene group, were reduced. So, R3 with alkoxy group 

was crucial for the antioxidant activity.  

The proposed mechanism of the process is summarized in Scheme 3. First, an aldol-type addition of 

α-ketoaldehyde 2 to 1,3-dicarbonyl compounds 3 occurred, enabling the formation of an intermediate A. 

The following Michael addition of guaiazulene 1 to intermediate A then occurs to provide trione B, which 

undergoes Paal-Knorr reaction to form the desired product 4. 

 

 



 

Scheme 3 Proposed mechanism for the synthesis of 4-(guaiazulen-1-yl)furans 4 

 

In summary, we have demonstrated for the efficient method for the synthesis of guaiazulene substituted 

furan derivatives via three-component reactions of guaiazulene, α-ketoaldehyde, and 1,3-dicarbonyl 

compound in good yield. This approach offers an effective route for the construction of heteroarylazulene 

frameworks in a one-step process from commercially available starting materials. In addition, the lead 

compounds emerging with the potent antioxidant activity in this study (such as 4b) will be further 

structurally modified towards the discovery of a compound with optimal combined antioxidant and 

anticancer activities. 

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 

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. All other chemicals used in this study were commercially available. 

General experimental procedure 

A mixture of guaiazulene 1 (1.0 mmol), α-ketoaldehyde 2 (1.0 mmol), 1,3-dicarbonyl compound 3 (1.0 

mmol) and p-TsOH (0.1 mmol) was dissolved in HOAc (20 mL). and the reaction was heated at 100 °C. 

After completion monitored by TLC, the reaction mixture was allowed to cool to room temperature, and 
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then water (40 mL) was added to the mixture. EtOAc (50 mL) was added to the mixture. The organic 

layer 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-h. 

3-Acetyl-2,5-dimethyl-4-(guaiazulen-1-yl)furan (4a): Blue scaly crystals. mp 58-60 °C; IR (KBr): ν 

1646 cm-1 (C=O). 1H NMR (400 MHz, CDCl3): δ 8.11 (s, 1H), 7.31-7.35 (m, 1H), 7.29 (s, 1H), 6.93 (d, J 

= 10.8 Hz, 1H), 3.70-3.78 (m, 1H), 3.06 (s, 3H), 2.56 (s, 3H), 2.45 (s, 2H), 1.80(s, 3H), 1.36 (d, J = 7.2 

Hz, 6H), 1.01 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 196.26, 165.89, 144.50, 139.82, 138.80, 138.34, 

134.71, 133.73, 132.89, 127.22, 125.03, 124.88, 117.20, 113.78, 37.65, 29.74, 28.05, 24.57, 22.07, 15.78, 

14.84, 13.12. MS (ESI) m/z: 335 [M+H]+. Anal. Calcd for C23H26O2: C 82.60, H, 7.84. Found: C 82.63, H 

7.87. 

Methyl 2,5-dimethyl-4-(guaiazulen-1-yl)furan-3-carboxylate (4b): Blue scaly crystals. mp 65-67 °C; 

IR (KBr,): ν 1647 cm-1 (C=O); 1H NMR (400 MHz, CDCl3): δ 8.16 (s, 1H), 7.45 (s, 1H), 7.33 (d, J = 10.8 

Hz, 1H), 6.88 (d, J = 10.8 Hz, 1H), 3.53 (s, 3H), 3.05-3.11 (m, 1H), 2.68 (s, 3H), 2.64 (s, 3H), 2.61 (s, 

3H), 2.05 (s, 3H), 1.38 (d, J = 7.2 Hz, 6H). 13C NMR (100 MHz, CDCl3): δ 165.02, 156.97, 147.60, 

145.42, 140.20, 139.32, 137.89, 134.47, 133.29, 130.98, 128.91, 126.44, 123.90, 120.16, 118.30, 50.91, 

37.86, 30.56, 25.59, 24.69, 14.32, 12.98, 11.84. MS (ESI) m/z: 351 [M+H]+. Anal. calcd for C23H26O3: C 

78.83, H 7.48. Found: C 78.85, H 7.51. 

Ethyl 2,5-dimethyl-4-(guaiazulen-1-yl)furan-3-carboxylate (4c): Blue scaly crystals. mp 50-52 °C; IR 

(KBr): ν 1632 cm-1 (C=O). 1H NMR (400 MHz, CDCl3): δ 8.18 (s, 1H), 7.43 (s, 1H), 7.33 (d, J = 10.4 Hz, 

1H), 6.88 (d, J = 10.4 Hz, 1H), 3.92-4.00 (m, 2H), 3.06-3.10 (m, 1H), 2.69 (s, 3H), 2.66 (s, 3H), 2.54 (s, 

3H), 2.11 (s, 3H), 1.39 (d, J = 6.8 Hz, 6H), 0.79 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 

164.57, 156.93, 147.26, 145.49, 140.27, 139.24, 137.92, 134.42, 134.00, 133.20, 130.86, 126.38, 123.77, 

119.77, 118.54, 59.35, 37.87, 25.63, 24.71, 24.68, 14.18, 13.56, 12.94, 11.89. MS (ESI) m/z: 365 [M+H]+. 

Anal. calcd for C24H28O3: C 79.09, H 7.74. Found: C 79.11, H 7.75. 

3-Acetyl-4-(guaiazulen-1-yl)-2-methyl-5-phenylfuran (4d): Blue scaly crystals. mp 78-80 °C; IR 

(KBr): ν 1641 cm-1 (C=O). 1HNMR (400 MHz, CDCl3): δ 8.24 (s, 1H), 7.45 (s, 1H), 7.38 (d, J = 10.4 Hz, 

1H), 7.23-7.27 (m, 2H), 7.10-7.14 (m, 3H), 6.92 (d, J = 10.8 Hz, 1H), 3.09-3.15 (m, 1H), 2.75 (s, 3H), 

2.67 (s, 3H), 2.55 (s, 3H), 1.57 (s, 3H), 1.41 (d, J = 6.8 Hz, 6H). 13CNMR (100 MHz, CDCl3): δ 196.59, 

157.60, 147.10, 145.91, 140.19, 139.48, 138.29, 135.30, 134.04, 133.70, 130.80, 128.34, 127.18, 126.82, 

126.03, 125.64, 124.51, 120.30, 117.85, 37.87, 30.26, 25.86, 24.64, 14.95, 13.00. MS (ESI) m/z: 397 

[M+H]+. Anal. calcd for C28H28O2: C 84.81, H 7.12. Found: C 84.89, H 7.14. 

Methyl 4-(guaiazulen-1-yl)-2-methyl-5-phenylfuran-3-carboxylate (4e): Blue scaly crystals. mp 

90-92 °C; IR (KBr): ν 1643 cm-1 (C=O). 1H NMR (400 MHz, CDCl3): δ 8.22 (s, 1H), 7.44 (s, 1H), 7.34 (d, 

J = 10.8 Hz, 1H), 7.25-7.27 (m, 2H), 7.11-7.14 (m, 3H), 6.88 (d, J = 10.4 Hz, 1H), 3.55 (s, 3H), 3.04-3.10 



(m, 1H), 2.75 (s, 3H), 2.69 (s, 2H), 2.56 (s, 2H), 1.41 (d, J = 7.2 Hz, 5H). 13CNMR (100 MHz, CDCl3): δ 

164.53, 157.60, 147.59, 145.63, 139.51, 139.47, 138.23, 134.68, 133.61, 133.50, 130.93, 130.79, 128.84, 

128.31, 126.81, 126.62, 124.83, 124.59, 121.43, 51.05, 37.90, 25.80, 24.75, 24.68, 14.59, 13.08. MS 

(ESI) m/z: 413 [M+H]+. Anal. calcd for C28H28O3: C 81.52, H 6.84. Found: C 81.54, H 6.85. 

Ethyl 4-(guaiazulen-1-yl)-2-methyl-5-phenylfuran-3-carboxylate (4f): Blue scaly crystals. mp 

87-88 °C; IR (KBr): ν 1649 cm-1 (C=O). 1HNMR (400 MHz, CDCl3: δ 8.16 (s, 1H), 7.41 (s, 

1H),7.32-7.35 (m, 2H), 7.10-7.16 (m, 3H), 3.87-3.92 (m, 2H), 3.06-3.13 (m, 1H), 2.75 (s, 3H), 2.66 (s, 

2H), 2.56 (s, 3H), 1.40 (d, J = 6.8 Hz, 6H), 0.69 (t, J = 7.2 Hz, 3H). 13CNMR (100 MHz, CDCl3): δ 

164.25, 157.70, 147.17, 145.64, 139.56, 139.39, 138.28, 134.54, 133.85, 133.29, 130.91, 130.85, 128.82, 

128.30, 126.76, 126.45, 124.70, 124.63, 121.28, 59.48, 37.87, 25.77, 24.70, 24.66, 14.37, 13.35, 12.99. 

MS (ESI) m/z: 427 [M+H]+. Anal. calcd for C29H30O3: C 81.66, H 7.09. Found: C 81.69, H 7.12. 

3-(Guaiazulen-1-yl)-2-methyl-6,7-dihydrobenzofuran-4(5H)-one (4g): Blue scaly crystals. mp 89- 

91 °C; IR (KBr): ν 1651 cm-1 (C=O). 1H NMR (400 MHz, CDCl3): δ 8.03 (s, 1H), 7.30 (d, J = 10.8 Hz, 

1H), 7.20 (s, 1H), 6.91 (d, J = 10.8 Hz, 1H), 3.61-3.67 (m, 1H), 3.07 (s, 3H), 2.56 (s, 3H), 2.42-2.46 (m, 

2H), 2.18-2.21 (m, 2H), 1.35 (d, J = 6.8 Hz, 6H), 1.27 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 194.55, 

174.66, 144.84, 139.40, 138.80, 137.72, 134.54, 133.45, 133.04, 127.15, 124.30, 123.59, 118.09, 117.60, 

37.63, 37.10, 27.76, 24.64, 24.59, 24.07, 22.39, 21.81, 15.65, 13.21. MS (ESI) m/z: 347 [M+H]+. Anal. 

calcd for C24H26O2: C 83.20, H 7.56. Found: C 83.24, H 7.59. 

3-(Guaiazulen-1-yl)-2,6,6-trimethyl-6,7-dihydrobenzofuran-4(5H)-one (4h): Blue scaly crystals. mp 

95-97 °C; IR (KBr): ν 1651 cm-1 (C=O). 1H NMR (400 MHz, CDCl3): δ 8.07 (s, 1H), 7.38 (d, J = 10.2 Hz, 

1H), 7.28 (s, 1H), 6.90 (d, J = 10.2 Hz, 1H), 3.59-3.63 (m, 1H), 3.05 (s, 3H), 2.47 (s, 3H), 2.33-2.46 (m, 

2H), 2.24 (s, 2H), 1.34 (d, J = 6.8 Hz, 6H), 1.29 (s, 3H), 1.19 (s, 3H), 1.06 (s, 3H). 13C NMR (100 MHz, 

CDCl3): δ 193.87, 173.57, 144.83, 139.41, 138.73, 137.84, 134.53, 133.47, 133.04, 127.12, 124.31, 

123.67, 117.89, 116.74, 37.87, 37.61, 34.00, 29.12, 28.90, 27.76, 24.62, 24.56, 22.57, 15.66, 13.22. MS 

(ESI) m/z: 375 [M+H]+. Anal. calcd for C26H30O2: C 83.38, H 8.07. Found: C 83.41, H 8.09. 
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