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 Title of the project: Investigations towards the Synthetic 

Applications of Gallium(III)triflate as a Superior Lewis Acid 

Catalyst in Organic Transformations 

 
Objective 

The project is aimed at synthesizing the water-tolerant, reusable Lewis 

acid catalyst gallium tris(trifluoromethanesulfonate) [Ga(OTf)3] and exploring 

its utility towards the development of novel and efficient synthetic protocols for 

various organic transformations. 
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CHAPTER 1 

AN INTRODUCTION TO GALLIUM  

CATALYSED REACTION 

 

1.1. Introduction 

Lewis acid catalysts play crucial roles in variety of organic reactions. In 

recent years, scientists are on a quest to find a water-tolerant, nontoxic and 

reusable Lewis acid catalyst that provides high selectivity, stability and high 

turnover frequency. Although many catalysts have been studied and reported in 

the literature over the years, none of them fulfilled all the criteria required for a 

user-friendly catalyst. Recently, Olah et. al. prepared Gallium(III) 

trifluoromethanesulfonate (Ga(OTf)3, in a simple and efficient way for the first 

time. Being an aqueous-stable, non-hazardous, and recyclable Lewis acid 

catalyst system, its application in organic reactions has been studied vigorously 

by many research groups. The advantages of this catalyst have already been 

proved mainly in the areas of Friedel-Crafts reaction, multi-component 

reactions, thiolysis of epoxide, Mukaiyama aldol condensation, epoxyolefin 

cyclisation, dehydration of aldoximes and synthesis of heterocycles.1 

1.2. Friedel-Crafts Alkylation & Acylation Reactions 

Olah and co-workers reported several reactions in this area. They 

showed successful Friedel-Crafts alkylation using Gallium triflate catalyst. 
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Since Ga(OTf)3 is stable in the presence of water, alcohols can also be used as 

a good alkylating agents for Friedel-Crafts alkylation of arenes (Scheme 1).2 

 

Recent studies by Kobayashi3 have shown that catalytic acylation of 

aniline derivatives can also be achieved in high yields using Ga(OTf)3 as a 

catalyst and LiClO4 as a promoter (Scheme 2). 

 

 

1.3. Reactions of Aldoxime 

Nitriles are best prepared by the dehydration of aldoximes. Olah and co-

workers have explored the utility of Gallium triflate for the dehydration of 

aldoximes (Scheme 3).4 



9 

 

 

The same group has proved that Ga(OTf)3 is more advantageous and 

superior in its catalytic activity, towards many other areas like Beckmann 

rearrangement (Scheme 4), achieved under mild conditions with very low 

catalyst loading.5 

 

1.4. Ketonic-Strecker Reaction 

Many challenging reactions such as the ketonic-Strecker reactions for the 

synthesis of -amino acids (Scheme 5) have been successfully carried out under 

Ga(OTf)3 catalysis.6 
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Kobayashi et al. have developed an asymmetric version of the 

Mukaiyama aldol condensation in aqueous medium.7 

 

Very recently, Wiles et al. have revisited the three component ketonic 

Strecker and efficiently modified the reaction using solid supported Gallium 

triflate catalyst to obtain the target -aminonitriles in  higher yield and purity 

compared to results reported in the literature.8 

It has been shown that Ga(OTf)3 catalyzes the direct displacement of a 

wide range of alcohols with various sulfur nucleophiles very efficiently.9 
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1.5. Reactions of epoxy olefin 

Lacey et al. shows noticeably high conversions in epoxyolefin cyclisation 

reactions with substantially low catalyst loading (0.1 mol %).10 

 

It has been shown by Deng et al. that in the presence of Ga(OTf)3, 2-

substituted vinyl epoxides undergo rearrangement into unsaturated carbonyl 

compounds with high region-selectivity and with very low catalyst loading.11 
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1.6. Synthesis of quinoxalines 

A convenient synthesis of quinoxalines and 1,5-diazepines was achieved 

in high purity by the condensation of aryl 1, 2-diamines with 1,2- and 1,3-

diketones, respectively, by using Ga(OTf)3 as a Lewis acid catalyst.12 

 

In the context of green chemistry, efficiency of the reaction and reduction 

of hazardous waste from the reaction are equally considered important. The 

project is aimed at developing synthetic methodologies by the beneficial use of 

the catalyst Gallium triflate in a number of synthetic transformations to find 

new protocols for the same. 
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CHAPTER 2 

EXPERIMENTAL SECTION 

2.1. Preparation of Gallium triflate [Ga(CF3SO3)3] 

Gallium triflate can be prepared by a reported procedure.13 Gallium metal 

(0.4 g, 5.7 mmol) is placed in a 100 ml round bottomed flask, and 

trifluoromethanesulfonic acid (5.0 g, 33 mmol) is then added and stirred at    

150 ºC for 24 h. After cooling the mixture to 0 ºC, it is poured into 50 g of ice, 

filtered to remove any unreacted gallium. Water and excess triflic acid is 

removed by evaporation, and the mixture is dried by heating at 200 ºC for 5 h. 

Ga(OTf)3 is obtained as a white powder (1.8 g, 61 %). 

 

The product has been characterized by mass spectrometry. 

1.2. General method for gallium triflate catalyzed Sakurai allylation 

 reactions of diones and ketones: 

To a mixture of the dione (1.0 equv.) and allyltrimethyl silane (1.2 equiv) 

in 10 ml of acetonitrile was added 10 mol% of G allium triflate and stirred for 

12h at room temperature. The progress of the formation of the product was 
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analysed by TLC analysis (50 % solution of ethyl acetate in hexane). The 

products were isolated by silica gel column chromatography. 

1.3. General method for Gallium triflate catalyzed Nazarov cyclization 

 A solution of corresponding dienyl ketone in DMF in an oven dried round 

bottom flask was added to the catalyst. The reaction was allowed to stir at room 

temperature until the TLC analysis shows that the starting compound was 

completely consumed. The solution was then diluted with water and extracted 

with dichloromethane. The organic layers were then pooled and dried over 

MgSO4, filtered, and the solvent was removed under reduced pressure. The 

product was then purified by silica gel chromatography hexane-ethyl acetate as 

the eluent. 

1.4. General method for Gallium triflate catalyzed aza-Claisen 

 rearrangement 

 

 To a solution of Ga(III)triflate in CH3CN was added a solution of allyl 

amine . The reaction mixture was stirred at room temperature until complete 

consumption of the starting material was observed by TLC. The mixture was 

filtered through a cotton plug and diluted with water. The mixture was then 

extracted using dichloromethane. The product was purified using column 

chromatography. 
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CHAPTER 3 

RESULTS AND DISCUSSIONS 

3.1. Sakurai allylation reactions 

The catalytic activity of Gallium triflate was examined with various 

diones and allyltrimethylsilane to furnish the Sakurai reaction. Table 1 

shows the various reactants and the reaction conditions. 

Table 1 

Sl. 

No. 
Reactant Solvent Temp. Product 

1 Dimedone CH3CN RT 

O
OH

 

2 
3,4-Dimethoxy, 3-

cyclobutene-1,2-dione 
CH3CN RT 

MeO

MeO

OH

O  

3 Benzophenone CH3CN 80 0C 

HO

 

4 Benzil CH3CN RT 

O

OH

 

5 Acetone CH3CN RT 

 

No Reaction 

 

 

The reaction of dimedone with allyltrimethyl silane in the presence of 

Gallium triflate(10 mol %) furnished the allylated product (Scheme 12). 
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 In the case of dimedone, the reaction was found to be slow at room 

temperature. Stirring was continued for 12 h until the dimedone was almost 

completely reacted as indicated by the TLC analysis. 

When 3,4-Dimethoxy-3-cyclobutene 1,2-dione was treated with 

allytrimethylsilane in acetonitrile in the presence of the catalyst, the allylation 

reaction was very fast and completed in 30 min (Scheme13). 

 

 Allylation of simple ketones using gallium trifate under similar 

conditions failed due to the low electrophilicity of the ketones. The reaction 

with benzophenone was success only at elevated temperature.  
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O

Si+
Ga(OTf)3

CH3CN

HO

O
Si+

Ga(OTf)3

CH3CN

No Reaction

Tentative structure

 

Sakurai allylation of enones are also performed. The reaction was not 

successful by the use of galliumtriflate catalyst as expected. Both cyclic and 

acyclic enones are tested for this reaction (Scheme 15). 

R

O

TMS R

R

O

Ga(OTf)3

Hydrolysis
+

R  

Scheme 15  

3.2. Nazarov cyclization 

 The Nazarov cyclization involves the activation of a divinyl ketone using 

a stoichiometric Lewis acid or protic acid promoter.14 The key step of the 

reaction mechanism involves a cationic 4π-electrocyclic ring closure which 

forms the cyclopentenone product.  The success of the Nazarov cyclization as 

a tool in organic synthesis stems from the utility and ubiquity of 

cyclopentenones as both motifs in natural products (including jasmone, the 

aflatoxins, and a subclass of prostaglandins) and as useful synthetic 

intermediates for total synthesis. The reaction has been used in several total 

syntheses and several reviews have been published.14-19 

https://en.wikipedia.org/wiki/Enone
https://en.wikipedia.org/wiki/Stoichiometric
https://en.wikipedia.org/wiki/Lewis_acid
https://en.wikipedia.org/wiki/Protic_acid
https://en.wikipedia.org/wiki/Cationic
https://en.wikipedia.org/wiki/Electrocyclic_reaction
https://en.wikipedia.org/wiki/Cyclopentenone
https://en.wikipedia.org/wiki/Natural_product
https://en.wikipedia.org/wiki/Jasmone
https://en.wikipedia.org/wiki/Aflatoxin
https://en.wikipedia.org/wiki/Prostaglandin
https://en.wikipedia.org/wiki/Total_synthesis
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 In order to develop a mild satisfactory condition for Nazarov cyclization 

with functional group tolerance, Ga(III)triflates was used as a catalyst with 

various substrates (Scheme 16). Even though the TLC analysis showed the 

formation of product, nothing could be isolated. 

 

Scheme 16 

3.3. aza-Claisen rearrangement 

Since Ga(III) has been proved to be an excellent catalyst for many 

reactions of nitrogen containing molecules, the aza-Claisen reaction was also 

tested with the catalyst to obtain new amino compounds. Unfortunately, here 

also the reaction did not furnish the expected products (Scheme 17). 

N

R

H

Ga(OTf)3

N
H

R

H
NH2

R

 

4. Conclusion 

 In conclusion, it has been revealed Ga(OTf)3 as water-tolerant and 

efficient catalyst for many reactions with a significant degree of sustainability. 

It is found to be effective in Sakurai-allylation reactions of various diones. The 

attempts to perform aza-Claisen reaction and Nazorov reaction failed. Due to 

the stability of catalyst in water, it is possible to study various synthetic 

O

Ga(OTf)3
R1

R2

O

R1

R2R3
R3
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reactions with aqueous-amenable substrates with significant reduction of 

hazardous wastes by avoiding the use of toxic organic solvents and catalyst 

systems. 
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