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Gallium Triiodide–Catalyzed Organic
Reaction: A Convenient Procedure for

the Synthesis of Coumarins

Peipei Sun and Zhixin Hu

College of Chemistry and Environmental Science, Nanjing Normal

University, Nanjing, China

Abstract: Gallium triiodide, which was generated in situ by the reaction of gallium

metal and iodine, was used as an efficient catalyst in the Pechmann condensation of

phenols with ethyl acetoacetate, leading to the formation of coumarins. The reaction

proceeded in dichloromethane at room temperature with good to excellent yields.

Keywords: Coumarins, ethyl acetoacetate, gallium triiodide, Pechmann reaction,

phenols

INTRODUCTION

Coumarins are a very important group of organic compounds not only in

organic synthesis but also in biology and food, as well as in materials

science. For example, they can be used as additives to food and cosmetics[1]

or fluorescent materials in optical devices, that is, in organic light-emitting

diodes[2] and molecular photonic devices.[3] Therefore, the synthesis of

coumarins and their derivatives has attracted considerable attention from

chemists. Among numerous methods, the Pechmann reaction is an

important approach. 4-Substituted coumarins can be synthesized simply by

the condensation of substituted phenols with b-ketoesters in an acidic

medium.[4] Traditional Pechmann reaction was catalyzed by acidic reagents
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such as H2SO4, HCl, CF3COOH, and so forth.[5] It might also be catalyzed by

some solid acids.[6] In these methods, long reaction times or high reaction

temperatures, (above 1508C), were needed, which depended on their reactiv-

ity. In some cases, undesired side products such as chromones were also

generated in addition to coumarins. Moreover, the disposal of excess acid

waste might lead to environmental pollution. In recent years, Lewis acids

such as InCl3, AlCl3-nBPC, Yb(OTf)3, ZrCl4, and Sm(NO3)3 as well as

acidic ionic liquid were employed to catalyze Pechmann reactions.[7]

However, some of these Lewis acids are moisture sensitive and require

special care in handling and storage, and some of these methods still need a

high reaction temperature or a long reaction time. Furthermore, metal

triflates are highly expensive.

In the course of our recent work on Lewis acid–catalyzed organic

reactions, we have found that gallium triiodide has emerged as a powerful

Lewis acid catalyst in some reactions such as the Sakurai reaction, the tetra-

hydropyranylation of alcohols and phenols, and the coupling reaction of

carbonyl compounds, amines, and diethyl phosphite.[8] Another evident

advantage of this reagent is that it can be prepared in situ by a simple

inorganic reaction of gallium with iodine, which can bring some advantages

for its application. We suppose that it will have a great potential to be used

in organic synthesis. Here, we report the use of gallium triiodide in a con-

venient synthesis of coumarins by the Pechmann reaction.

4-Methylcoumarins were synthesized by the reaction of phenols and ethyl

acetoacetate under the catalysis of gallium triiodide (Scheme 1) in dichloro-

methane. The results are summarized in Table 1. The Lewis acid catalyst,

gallium triiodide, was generated easily in situ by the reaction of gallium

metal and iodine, and a small excess of either Ga or I2 did not make any differ-

ence to the normal course of reaction. It showed that GaI3 exhibited a powerful

catalytic activity in an amount as low as 10 mol%, which was enough to

complete the reaction at room temperature within a few hours for most of

the substrates we used, and a larger amount of catalyst or higher reaction

temperature (under reflux) could not enhance the rates or increase the yields

evidently. Dichloromethane was found to be the effective solvent for this con-

version. The catalyst could dissolve in it to form a homogeneous solution, and

thus the strong electrostatic activation to the substrates made the reaction take

Scheme 1.
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Table 1. GaI3-catalyzed Pechmann reaction

Entry Substrate Product

Time

(h)

Yielda

(%)

1 0.7 96

2 1 90

3 1 94

4 1.5 86

5 1.2 85

6 2 83

7 2.5 80

8 10 65b

aIsolated yields. The products were characterized by 1HNMR and IR spectra analysis

and comparison of their mp with the reports.
bUnder reflux.
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place smoothly. Commercial dichloromethane could be used directly and

further purification was not needed. The method was adaptive to the substrates

with electron-donating groups, and the reaction gave good to excellent yields

in a short time. With unsubstituted phenol, it proceeded slower and mode-

rate yields were given even under reflux for as long as 10 h (Entry 8). To

the substrates with electron-withdrawing groups such as p-chlorophenol, the

reaction was very sluggish and only a trace product was generated after it

reacted for 24 h.

In summary, we have developed a new and efficient procedure for a

Pechmann reaction catalyzed by GaI3. The method offers several advantages

such as mild reaction conditions, short reaction times, high yields, and a

simple experimental operation, leading to a useful and attractive process for

the preparation of coumarins. It is also revealed that GaI3 is an effective

and useful Lewis acid catalyst. Its further application in organic synthesis is

currently being explored in our laboratory.

EXPERIMENTAL

General Procedure for the Synthesis of Coumarins

Gallium metal (0.1 mmol) and iodine (0.15 mmol) were added to 2 mL of

dichloromethane. The mixture was stirred and refluxed under nitrogen atmos-

phere until the reaction was complete (the reactants disappeared; it needed

about 0.5 h), then cooled to room temperature. To this solution was added

phenol (1.0 mmol) and ethyl acetoacetate (1.0 mmol). The resulting mixture

was stirred at room temperature for an appropriate time (see Table 1,

monitored by TLC) and quenched with water. The mixture was then

extracted with CH2Cl2 or ethyl acetate and purified by column chromatography

on silica gel with hexane/ethyl acetate (2:1) as eluent to yield the product.

2a[7b]: mp: 185–1878C (lit.[7b] 182–1848C); 1H NMR (300 MHz,

CDCl3): d 7.51 (d, J ¼ 8.7 Hz, 1H), 6.93 (s, 1H), 6.85 (d, J ¼ 8.7 Hz, 1H),

6.17 (s, 1H), 2.43 (s, 3H); IR (KBr): 3445, 3034, 1686, 1587, 1260,

1075 cm21.

2b[9]: mp: 160–1628C (lit.[9] 158–1598C); 1H NMR (300 MHz, CDCl3):

d 7.52 (d, J ¼ 8.7 Hz, 1H), 6.88 (d, J ¼ 8.7 Hz, 1H), 6.85 (s, 1H), 6.16 (s, 1H),

3.85 (s, 3H), 2.42 (s, 3H); IR (KBr): 3052, 1690, 1568, 1215, 1088 cm21.

2c[7b]: mp: 282–2848C (lit.[7b] 284–2858C); 1H NMR (300 MHz, DMSO-

d6): d 6.26 (s, 1H), 6.17 (s, 1H), 5.85 (s, 1H), 2.50 (s, 3H); IR (KBr): 3385,

3024, 1703, 1587, 1232, 1064 cm21.

2d[5d]: mp: 240–2428C (lit.[5d] 241–2428C); 1H NMR (300 MHz,

DMSO-d6): d 7.05 (s, 1H), 6.74 (d, J ¼ 8.4 Hz, 1H), 6.72 (d, J ¼ 8.4 Hz,

1H), 6.33 (s, 1H), 2.42 (s, 3H); IR (KBr): 3412, 3010, 1693, 1565, 1225,

1055 cm21.
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2e[10]: mp: 220–2228C (lit.[10] 220–2248C); 1H NMR (300 MHz, DMSO-

d6): d 7.40 (d, J ¼ 8.7 Hz, 1H), 6.55 (d, J ¼ 8.7 Hz, 1H), 6.40 (s, 1H), 5.90

(s, 1H), 2.30 (s, 3H); IR (KBr): 3468, 3312, 3012, 1688, 1570, 1238,

1052 cm21.

2f[5d]: mp: 153–1548C (lit.[5d] 1558C); 1H NMR (300 MHz, CDCl3):

d 8.60 (d, J ¼ 9.0 Hz, 1H), 7.89 (d, J ¼ 9.0 Hz, 1H), 7.48–7.70 (m, 4H),

6.41 (s, 1H), 2.56 (s, 3H); IR (KBr): 3010, 1708, 1575, 1238, 1046 cm21.

2g[11]: mp: 177–1798C (lit.[11] 180.5–181); 1H NMR (300 MHz, CDCl3):

d 8.63 (d, J ¼ 8.7 Hz, 1H), 8.00 (d, J ¼ 9.0 Hz, 1H), 7.94 (d, J ¼ 8.7 Hz, 1H),

7.55–7.68 (m, 2H), 7.51 (d, J ¼ 9.0 Hz, 1H), 6.42 (s, 1H), 2.97 (s, 3H); IR

(KBr): 3024, 1702, 1568, 1242, 1038 cm21.

2h[9]: mp: 79–808C (lit.[9] 828C); 1H NMR (300 MHz, CDCl3): d 7.48

(d, J ¼ 6.0 Hz, 1H), 7.15–7.42 (m, 3H), 6.32 (s, 1H), 2.42 (s, 3H); IR

(KBr): 3020, 1705, 1543, 1238, 1064 cm21.
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