
�������� ��	
���
��

Selective ¡!–[INS][O]–¿o¡!–[/INS]–¿xidation of ¡!–[INS][G]–¿g¡!–[/INS]–
¿lycerol to ¡!–[INS][F]–¿f¡!–[/INS]–¿ormic ¡!–[INS][A]–¿a¡!–[/INS]–¿cid
¡!–[INS][C]–¿c¡!–[/INS]–¿atalyzed by ¡!–[INS][I]–¿i¡!–[/INS]–¿ron ¡!–
[INS][S]–¿s¡!–[/INS]–¿alts

E. Farnetti, C. Crotti

PII: S1566-7367(16)30172-8
DOI: doi: 10.1016/j.catcom.2016.05.014
Reference: CATCOM 4661

To appear in: Catalysis Communications

Received date: 8 March 2016
Revised date: 19 May 2016
Accepted date: 20 May 2016

Please cite this article as: E. Farnetti, C. Crotti, Selective ¡!–[INS][O]–
¿o¡!–[/INS]–¿xidation of ¡!–[INS][G]–¿g¡!–[/INS]–¿lycerol to ¡!–[INS][F]–¿f¡!–[/INS]–
¿ormic ¡!–[INS][A]–¿a¡!–[/INS]–¿cid ¡!–[INS][C]–¿c¡!–[/INS]–¿atalyzed by ¡!–[INS][I]–
¿i¡!–[/INS]–¿ron ¡!–[INS][S]–¿s¡!–[/INS]–¿alts, Catalysis Communications (2016), doi:
10.1016/j.catcom.2016.05.014

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.catcom.2016.05.014
http://dx.doi.org/10.1016/j.catcom.2016.05.014


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

 1 

Selective Oxidation of Glycerol to Formic Acid Catalyzed by Iron 

Salts 

E. Farnetti
a
 and C. Crotti

*b
 

a Dipartimento di Scienze Chimiche e Farmaceutiche, Università di Trieste, Via L. Giorgieri 1, 34127 Trieste (Italy). 

b CNR – Istituto Struttura della Materia, Unità Operativa di Supporto di Trieste, S.R.14, Km163.5, 34149 Basovizza, Trieste (Italy). 

* Corresponding author. Phone: +39-040-9221091; Fax: +39-040-226870. 

E-mail address: crotti@ism.cnr.it (C.Crotti). 

Abstract 

Glycerol is oxidized by hydrogen peroxide to formic acid with excellent selectivity in the presence of iron salts. The oxidation takes 

place at room temperature in water; at the end of the reaction the catalytic system is still active and available to restart the oxidation. 
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1. Introduction 

In recent years the blooming business of biodiesel fuels has led to an increasing surplus of glycerol as the main by-product of 

transesterification of biomass-derived triglycerides with methanol. As a consequence, studies regarding the development of feasible 

and convenient ways to transform glycerol in higher value products have proportionally increased in number. Such valorization 

would make the biofuels production significantly cheaper and therefore affordable in comparison to traditional fossil fuels. 

From several points of view glycerol is a versatile molecule, however its high number of functional groups - which is a valuable 

characteristic for its use as chemical building block - causes at the same time the hardest difficulties in the set up of selective 

reactions. Among the possible glycerol valorization routes oxidation is one of the most studied, since the potentially obtainable 

products are all commercially relevant (Scheme 1) [1,2]. However, some of the most appealing products obtainable by glycerol 

oxidation, e.g. dihydroxyacetone (DHA), are themselves rather reactive compounds: therefore, selective oxidation of glycerol often 

leads to poor yields due to subsequent decomposition of the oxidation products [3]. 

The difficulties experienced in developing selective routes for a partial oxidation of glycerol would be overcome by pushing the 

oxidation process to its end, for example to formic acid (FA) as final product. Few studies report glycerol oxidation to FA in the  past 

literature [4], but their number has been growing in very recent years [5-8].  Most of the reported systems are based on heterogeneous 

catalysts and the oxidant agent can be hydrogen peroxide as well as molecular oxygen. 

The rising interest in efficient FA production lies in its use as hydrogen carrier.  With its 4.4% hydrogen content and several well 

known systems able to decompose it in mild conditions to hydrogen and carbon dioxide [9-12], FA might provide a supply for the 

hydrogen fuel cells [13], as well as for the hydrogenation process of biomasses [14] and even directly as automotive alternative fuel 

[15] which would perfectly fit with  the biofuel production above cited. On the other hand, FA is also a convenient source of C1 raw 

material for the chemical industry, as it can be easily transformed into carbon monoxide [16]. 

The pushing requirements of the twelve Green Chemistry principles [17] urge to shift towards more sustainable reactions and the use 

of iron catalysts in place of rarer and more expensive transition metals [18] meets such expectations, as demonstrated by the growing 

interest in their applications [19]. Iron compounds have been known to promote alcohols and diols oxidation by hydrogen peroxide 

since nineteenth century and even glycerol oxidation was briefly described in 1899 [20], but also in the last years both iron salts [21-

24] and iron complexes [25-28] were reported to catalyze alcohol oxidation by either molecular oxygen or hydrogen peroxide. 

Our group has recently described glycerol oxidation by hydrogen peroxide catalyzed by iron complexes with the tridentate ligand 

bis(2-pyridinylmethyl)amine (BPA) [29]; these studies have shown that by  careful tuning of the experimental setup a remarkably 

selective formation of DHA can be obtained: on the other hand, in some cases we also detected a significative amount of FA as by-

product. 

Here we present our results in the oxidation of glycerol by hydrogen peroxide catalyzed by iron salts to give FA with high 

selectivities and in very mild conditions. 
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