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a b s t r a c t

Thermal decomposition of xylose into furfural under acidic conditions has been studied

using tandem mass spectrometry. Two different Brønsted acids, maleic and sulfuric acids,

were used to demonstrate that varying the Brønsted acid does not affect the mechanism of

the reaction. Two selectively labeled xylose molecules, 1-13C and 5-13C-xyloses, were

examined to determine which carbon atom is converted to the aldehyde carbon in furfural.

This can be done by using tandemmass spectrometry since collision-activated dissociation

(CAD) of protonated unlabeled furfural results in the loss of CO from the aldehyde moiety.

The loss of a neutral molecule with MW of 29 Da (13CO) was observed for protonated

furfural derived from 1-13C-labeled xylose while the loss of a neutral molecule with MW of

28 Da (CO) was observed for protonated furfural derived from 5-13C labeled xylose. These

results support the hypothesis that the mechanism of formation of furfural under mildly

hot acidic conditions involves an intramolecular rearrangement of protonated xylose into

the pyranose form rather than into an open-chain form.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Plant biomass, mostly plant secondary cell walls, represents

an important renewable source of energy as well as valuable

organic chemicals [1e3]. For most plants, lignocellulosic

biomass consists of cellulose (35e50%), non-cellulosic glycans

(25e37%), as well as lignin and other phenolic substances

(15e30%) [3]. Cellulose microfibrils give plant cell walls their

foundational structure. Glucose derived from cellulose is the

major substrate for fermentation of biomass to bioethanol [3].

However, for grasses and certain hardwoods, glucuronoxylan

is the principal glycan that coats cellulose microfibrils and

interacts with lignin and other phenolic substances to
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establish the fundamental architecture of the secondary wall

[4]. Hence, the conversion of xylan tomore usefulmolecules is

critically important if biomass feedstocks, such as corn and

sorghum stover, switchgrass, sugarcane bagasse and poplar,

are to be used as a source of energy or as startingmaterials for

valuable organic compounds [6e9].

Furan derivatives, such as furfural and 5-(hydroxymethyl)

furfural, have great potential as precursors for different

chemicals, including pharmaceuticals, plastics and polymers

[6e9]. Furfural, obtained by dehydration of xylose and xylan, is

perhaps the most common industrial chemical derived from

lignocellulosic biomass [10]. Conversion of xylose under acidic

catalyst conditions is the most common method used to

generate furfural [11e14]. However, the mechanism of for-

mation of furfural under these conditions is still a subject of

debate. Different mechanisms proposed for this reaction

[11e13,15,17] are shown in Scheme 1. A quantum mechanical

study ruled out mechanisms A and B shown in Scheme 1 and

suggested that protonation of C2-OH followed by ring-

contraction (mechanism C) is the most likely pathway [17].

Hence, themechanism for formation of furfuralmost likely

begins with a cyclic form of xylose (cyclic form of xylose,

pyranose, is presented based on the mechanism studies by

Antal et al. [15] and NMR studies by Drew et al. [16]), which is

in agreement with kinetic studies of the conversion of xylose

into furfural [15]. According to mechanism C, C-1 of xylose

becomes the carbon at the aldehyde moiety in furfural

(Scheme 1). However, another mechanism of conversion of

xylose to furfural has been proposed [17] (mechanism D,

Scheme 1), which was not discussed in the quantum me-

chanical study mentioned above [18]. Based on this fourth

mechanism, C-5 of xylose becomes the carbon at the aldehyde

group in furfural.

Further, maleic acid catalyzed dehydration of xylose has

been shown to result in a higher selectivity toward furfural

production than sulfuric acid catalyzed dehydration [19].

Scheme 1 e Proposed mechanisms for the formation of furfural from xylose. Mechanism A,11¡14 B,15 C,15 and D.17.
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