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1. Introduction and main objectives 
 
 

While it is difficult to predict the exact date of the depletion of fossil fuels, the transition to 

renewable resources should be accelerated because of the frequently and unexpectedly changing 

political/economical environments resulting in limited access to and rising costs of fossil fuels. 

Renewable raw material sources may be carbohydrates, which are the most abundant organic 

compounds on Earth, produced from carbon dioxide and water using solar energy.  

One of the most intensively studied conversion of carbohydrates is the acid catalysed degradation of 

hexoses leading to 5-hydroxymethyl-2-furfural and levulinic acid which is versatile in terms of 

practical applicability.1 
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Figure 1. 1. Reductive dehydration of carbohydrates 

 

The dehydration of carbohydrates combined with hydogenation gives different oxygen-containing 

compounds as gamma-valerolactone (GVL), 2-methyl-tetrahydrofuran. Our previous research 

findings suggest that gamma-valerolactone, a naturally occurring chemical in fruits and a frequently 

used food additive, exhibits the most important characteristics of an ideal sustainable liquid. GVL is 

renewable, could be used for the production of both energy and carbon-based consumer products, 

easy and safe to store and move globally in large quantities, because it has low melting, high boiling 

and flash points, definite but acceptable smell, is stable under air and miscible with water, assisting 

biodegradation.1 We aimed to examine some unknown properties of gamma-valerolactone, which 

demonstrate that it can be a sustainable liquid, gasoline additive or igniting liquid. A sustainable 

liquid, however, not only the physical-chemical properties should be suitable for renewable energy 
                                                 
1  Corma, A.; Iborra, S.; Velty, A., Chem. Rev., 2007, 107, 2411. 



and source of raw materials, but its biomass production should be also is easy, selective and 

economic. Our research group has successfully transformed sucrose to levulinic acid and gamma-

valerolactone in the presence of different catalysts.2 While GVL can be produced by the 

hydrogenation of levulinic acid, alternatively formic acid can be a convenient source of hydrogen 

for catalytic transfer hydrogenation of levulinic acid to gamma-valerolactone, because it is formed 

along with levulinic acid by dehydration of carbohydrates. Transfer hydrogenation is a reaction 

where hydrogen is catalytically transferred from a hydrogen donor (DH2) to a reducible substrate 

(S) yielding the hydrogenated product (SH2) (Figure 1. 2.). 

S + DH2 SH2 + DCatalyst

 Figure 1. 2. The common equation of the transfer hydrogenation   
 

Our other objective is for the production of gamma-valerolactone by catalytic transfer 

hydrogenation of levulinic acid using the renewable formic acid as hydrogen source. 

 



2. Results and Conclusions 
 

2. 1. Properties of gamma-Valerolactone 

 

a) An important feature of a sustainable liquid is to be non-volatile, or its vapor-pressure is low.  

• In comparison to another oxygenates including methanol, ethanol, methyl-tert-butyl ether 

(MTBE), and ethyl-tert-butyl ether (ETBE) we have established that the vapor pressure of GVL is 

remarkably low even at high temperatures.  

b) The formation of organic peroxides is one of the most dangerous transformations of organic 

compounds under air that can cause accidents during production, storage, transportation and use. 

• GVL does not form a measurable amount of peroxides in a glass flask under air in months, making 

it a safe material for large scale use. 

c) The possibility that GVL hydrolyses to gamma-hydroxyvaleric acid could result corrosion 

problems during storage or transportation in steel equipments. Therefore, the stability of GVL in the 

presence of water was investigated by treating GVL with 18O-enriched water. 
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Figure 2. 1. 1. Hydrolysis of gamma-valerolactone 

 

• We have shown by using 18O-labeled water that GVL does not hydrolyse to gamma-

hydroxyvaleric acid under neutral conditions. In contrast, after the addition of acid or base the 

incorporation of 18O-isotope to GVL was observed. 

d) We have proven the successful application of gamma-valerolactone as an igniting liquid by 

igniting charcoal available in trade and also by using it in a wick lamp. 

• These physical and chemical characteristics of gamma-valerolactone make it especially suitable 

for application as an igniting liquid or igniting liquid additive, because when ignited by a match, it 

does not burst into flames suddenly, the flame burns steadily and without soot. Further advantages 

are that the odour of this material is pleasant, an unpleasant smell is not generated during its 

burning and it will reliably burn even in a relatively high wind. 



2. 2. Catalytic Transfer Hydrogenation of Levulinic acid into gamma-Valerolactone 

 

 During our examined catalytic transfer hydrogenation reaction of levulinic acid and formic 

acid as hydrogen donor gives 4-hydroxyvaleric acid and carbondioxide. The initial product 4-

hydroxyvaleric acid undergoes fast, dehydrative ring closure the product is gamma-valerolactone 

(Figure 2. 2. 1.). 
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Figure 2. 2. 1. Hydrogenation of levulinic acid with formic acid in the presence of catalyst 

 

 

The Shvo-catalyst {[2,5-Ph2-3,4-(p-MeOPh)2( 5-C4CO)]2H}Ru2(CO)4( -H) has been used for the 

conversion of levulinic acid into GVL. This Ru-dimer complex is actually the precursor of 

monomeric catalyst. The latter contains an acidic hydrogen at the cyclopentadienyl group and a 

hydride hydrogen on the ruthenium.The Shvo-catalyst {[2,5-Ph2-3,4-(p-MeOPh)2( 5-

C4CO)]2H}Ru2(CO)4( -H) is a symmetric ruthenium complex. The active catalyst in this reaction is 

formed from this complex, which has an acidic hydroxide in the cyclopentadienil-group and a 

hydridic hydrogene connected to the ruthenium directly. It is supposed that the proton from 

hydroxide and the hydridic hidrogen provide the two hydrogens for the reduction, and formic acid 

plays an important rule in regeneration of catalyst with loosing a molecule carbon-dioxide. 
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Figure 2. 2. 2. The Shvo-precursor (left) and the active catalyst (right) 

 

While the active catalyst is stable only in solution under hydrogen atmosphere, the precursor does 



not decompose under air therefore the precursor was added to the reaction mixture, which was 

transformed to the active catalyst under the reaction conditions. One of the main advantages of the 

reaction in the presence of the Shvo-catalyst is the high selectivity to GVL, i. e. there is no 

formation of 1,4-pentandiol and 2-methyltetrahydro furan as the product of hydrogenated of GVL. 

The reactions were performed with yields of up to 99%, the byproduct was only the water, which 

can be eliminate easily by destillation, because GVL does not form azeotropic mixture with water. 

In contrast to the original procedure of Shvo using HCOONa and H2O to prevent the formation of 

formates, we could use neat formic acid because the initial product 4-hydroxyvaleric acid undergoes 

dehydrative ring closure faster than formate formation. 
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2. 2. 2. ábra. The conversion of LA acid into GVL in the presence of the Shvo-catalyst 

 

• Consequently the levulinic acid comes from carbohydrates can be hydrogenated into GVL with 

the renewable formic acid in the presence an air-stable precursor in mild conditions (not too high 

temperature and atmospheric pressure) without using solvent. 

• We have found out that the small excess of formic acid accelerates the reaction but over a limit of 

excess decreases rate of reaction, probably due to the diluting of the reaction mixture. 

• We have established that GVL does not form 1,4-pentanediol under the same conditions. 

• We have showed that LA can be hydrogenated with 2-propanol and sodium-formate as well, but 

when sodium-formate was used the reaction was much slower. In case of 2-propanol aceton was 

observed as byproduct. 

• Furthermore, the catalyst can be recovered giving possibility for reuse in an other reaction. 

• We have also made experiments with hydrogen gas and when both formic acid and hydrogen were 

used as hydrogen donor. Our experience was that the rate of the reaction was the lowest in the first 

case. When formic acid and hydrogen were used together the reaction was faster than in case of 

formic acid was provided as an only hydrogen source. 

• We have also investigated the catalyst and the transfer hydrogenation of levulinic acid by NMR. 

For the exploration of the exact mechanism further examination is needed.  
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