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ABSTRACT 
Furfuraldehyde is a renewable and 
promising platform chemical, which is 
originated form lignocellulosic biomass that 
can be converted into value added chemicals 
such as biochemicals and biofuel additives. 
As the structural formula of furfural belongs 
a very important and reactive functionality 
(C=O) carbonyl group. Which can oxidize, 
reduced, condensed and many more 
functional group interconversions for 
generation of value-added chemicals. So, in 
present work we have synthesized derivatives 
of acetals from furfural and higher alcohols 
in presence of 2-3 drop of mineral 
acid.(Alcohols: 1-methanol,1-ethanol,1-
propanol,1-butanol,1-pentanol,1-hexanol,1-
heptanol and 1-octanol). And the synthesized 
products were confirmed by 1HNMR and 
GCMS analysis. 
Keywords: Acetalization, Mineral acid, 
Higher Alcohols, Biofuel additives, Acetals  
 
INTRODUCTION 
The regular consumption of petroleum 
resources and the world energy sources, so 
according to web chain of demand and supply 
the biomass valorization is one of the important 
tools to renew the resources via organic 
transformation of different process like 
oxidation, reduction esterification, acetalization 
of biomass derived compounds. So, these are 
the alternative protocols for the generation 
biofuel additives from biomass [1-4] the various 
application of renewable resources and biomass 
derived stuffs which is non-edible, non-

consumable or partially consumables so it can 
be utilized for regeneration of resources that 
does not compete with commercial food 
production [5-8]. There is another resource like 
crude oil consist of fatty acids is utilized for the 
esterification [9]. So as per the literature studies 
the main key process like biomass valorization 
chemistry involves the selective removal of 
water (dehydration) from the simple 
carbohydrates and converted into the platform 
chemicals such as levulinic acid, furfuryl 
alcohol, furfural and hydroxymethyl furfurals 
[10-14]. which can be utilized for the 
conversion into the value-added chemicals 
(VAC). which act as a biofuel additive and it 
can be blend into the petrol as well as diesel as 
per their physio-chemical properties [15-18]. 
Furfuraldehyde is an important biomass-derived 
chemical, which is predictable as one of the top 
30 platform compounds [19]. Furfuraldehyde 
has a high-valued feasible product, which 
explored for the generation of fuel additive’s 
levulinic acid and levulinate esters, hydrocarbon 
fuels [20]. The motive of this study is to expand 
the alternative ways for the conversion of 
furfuraldehyde to value-added compounds 
(VAC).  
In organic synthesis, acetalization of carbonyl 
compounds an important tool for generation of 
acetals via protecting the carbonyl 
group.Predictably, the reaction was taking place 
in presence of acid catalyst such as mineral acid 
hydrochloric acid, sulfuric acid and there is also 
some acid acetalization reactions produce vital 
cosmetics,drugs, solvents and food additivesin 
other synthetic reactions. Furthermore, the 
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furfural acetals are significant biofuel 
component that increase the cetane number of 
diesel fuel and diminish poisonous exhaust 
emissions with substantial antiknock qualities 
[21]. There are some other properties of furfural 
generated compounds act as adhesives, furan 
resins, and dyes are also achieved from furfural 
derivatives; subsequently, the furfuraldehyde is 
the promising and consisting biomass derived 
compound which can be utilized for the 
production of fine chemicals and fuels. 
To achieve the successful organic 
transformation. There are so many acid 
catalysts have been used for the acetalization of 
furfural with lower to higher alcohols. The main 
objective of this work is to formed the different 
acetals of furfural with the series of lower 
alcohols to higher alcohols by very simple and 
easy work up method as a green approach to 
separate out the furfural acetals. 
In present work, we have used biomass derived 
furfuraldehyde and alcohols (from lower to 
higher) by adding few drops of mineral acid 
(H2SO4) under reaction conditions. After 
completion of reaction the product separation 
was done by simple extraction method. Here we 
have used the extracting solvent as ethyl acetate 
with the similar ratio with water. If excess 
mineral acid is present in reaction mixture will 
removed easily while extracting with water and 
brine solution. So, in this work, we have 
explored the simple reaction pathway for the 
synthesis of furfural acetals as a biofuel 
additive.   
EXPERIMENTAL SECTION  
MATERIALS  
Methanol (99.5 %), Ethanol (99.9%) ,1-
propanol (98%), 1-butanol (97%), 1-pentanol 
(98%), 1- hexanol (97%), 1-heptanol (99.9%), 
1-octanol (97%) and furfural (98%) were 
purchased from SD Fine-Chem Ltd. ethyl 
acetate (98%) were procured from Avra 
chemical Pvt. Ltd. Sodium chloride Were 

acquired from Sisco Research Laboratories Pvt. 
Ltd.  
CHARACTERIZATION TECHNIQUE  
The Chemical structure of synthesized 
compounds was confirmed by spectral data. 1H-
NMR spectra were recorded onBRUKER 
AVANCE NEO 500 MHz spectrometer using 
DMSO and CDCl3 solvent and TMS as internal 
standards at SAIF, Punjab University, 
Chandigarh (India). Chemical shifts are 
expressed in ppm. Mass spectrums were 
recorded onThermo Scientific TSQ 8000 Gas 
Chromatograph 
 
GENERAL REACTION OF 
ACETALIZATION   
The synthesis of various furfural acetals from 
furfural was developed by referring the 
literature [11]. To a 50 mL round bottom flask 
furfuraldehyde was added with few drops of 
(mineral acid) H2SO4 and stirred for 10 minutes 
and addition of primary alcohol (1:2) ratio of 
(mmol) and refluxed for 8 hr. Then after 
completion of reaction, the reaction mixture 
was taken in separating funnel and added the 
equimolar quantity of extracting solvent (ethyl 
acetate) and water with brine solution. And 
shake the separating funnel with 2-3 times 
properly for which the products can be easily 
separable. And then allow to stand the 
separating funnel for few minutes. We can saw 
the two layers one is organic layer (the product 
with ethyl acetate) and other later with water (if 
excess sulphuric acid is present). Drained out 
the water layer and collect the organic layer and 
kept it with 14 hr. with sodium sulphate for the 
absorption of excess moisture or water in 
organic layer. lastly evaporate the organic layer 
by rotatory evaporator to get desired product 
furfural acetals. And its structural analysis was 
confirmed by 1H NMR and molecular weight 
was confirmed by GCMS analysis. 
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Scheme 1. Synthesis of Acetals 
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Here, we have used furfural and different aliphatic alcohols (1:2) ratio adding few drops of H2SO4 
as a catalyst for 6-8 hrs. at reflux condition. 

Table 1. Scope of furfural with different alcohols  
Sr. 
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Substrate Reagent Product Time 
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Table 2. Structural analysis of acetals 

Sr. 
No 

Structure of Products Structural analysis by 1HNMR 
and GCMS 

 
 
1 

O O

O  

1HNMR(500MHz,CDCl3):δ7.58(d,
1H),6.61(s,1H),6.42(d,1H),6.40(d,1
H),3.30(s,6H) 
GCMS: Cal m/z: 142.06, Found 
m/z: 142.16 

 
 
2 

O O

O
 

1HNMR(500MHz,CDCl3):δ7.59(d,
1H),6.61(s,1H),6.42(d,1H),6.40(d,1
H),3.35(q,4H)1.18(t,6H) 
GCMS: Cal m/z: 170.09, Found 
m/z: 170.20 

 
3 O O

O
 

1HNMR(500MHz,CDCl3):δ7.57(d,
1H),6.61(s,1H),6.42(d,1H),6.40(d,1
H),3.35(q,4H)1.49(m,4H),0.99(t,6) 
GCMS: Cal m/z: 198.13, Found 
m/z: 199.02 

 
 
4 O O

O

 

1HNMR(500MHz,CDCl3):δ7.56(d,
1H),6.61(s,1H),6.42(d,1H),6.40(d,1
H),3.35(q,4H)1.461.50(m,8H),0.96(
t,6H) 
GCMS: Cal m/z: 226.13, Found 
m/z: 226.20 

 
 
5 O O

O

 

1HNMR(500MHz,CDCl3):δ7.59(d,
1H),6.61(s,1H),6.42(d,1H),6.40(d,1
H),3.35(q,4H)1.391.50(m,12H),0.90
(t,6H) 
GCMS: Cal m/z: 254.19, Found 
m/z: 254.30 
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6 O O

O

 

1HNMR(500MHz,CDCl3):δ7.59(d,
1H),6.61(s,1H),6.42(d,1H),6.40(d,1
H),3.35(q,4H),1.371.50(m,16H),0.8
8(t,6H) 
GCMS: Cal m/z: 282.42 Found 
m/z: 282.38 

 
 
 
 
7 

O O

O

 

1HNMR(500MHz,CDCl3):δ7.56(d,
1H),6.61(s,1H),6.42(d,1H),6.40(d,1
H),3.35(q,4H),1.431.50(m,8H),1.26
(m,12H),0.87(t,6H) 
GCMS: Cal m/z: 310.12 Found 
m/z: 310.24 

 

 
 
 
 
8 O O

O

 

1HNMR(500MHz,CDCl3):δ7.58(d,
1H),6.61(s,1H),6.42(d,1H),6.40(d,1
H),3.35(q,4H),1.431.50(m,8H),1.26
-1.30(m,16H),0.86(t,6H) 
GCMS: Cal m/z: 338.28 Found 
m/z: 338.16 

 

 
CONCLUSION 
In summary, we have confirmed the 
acetalization of furfural-to-furfural acetals by 
reaction with methyl alcohol, ethyl alcohol, 1-
propanol,1-butanol,1-pentanol,1-hexanol and 1-
octanol the acetals can used as biofuel 
component and its miscible in neat diesel with 
(6-8%). In synthetic path the separation of 
product was done by simple extraction process 
with two solvent and brine solutions. Here we 
have used ethyl acetate (Ester extracting 
solvent) and water to remove the excess mineral 
acid. This acetalization reaction of biomass 
derived furfural is promising and efficient 
protocol to synthesize the different acetals from 
higher to lower alcohols. Which is having wide 
application in many other fields. 
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