
Vol.: (0123456789)
1 3

Cellulose (2023) 30:7389–7392 
https://doi.org/10.1007/s10570-023-05363-w

LETTER TO THE EDITOR

Reconsidering the feruoylation 
of arabinoxylan by Mitsunobu reaction 
with a di‑arabinofuranosyl‑xylotriose model

Thomas Elschner · Steffen Fischer

Received: 21 April 2023 / Accepted: 28 June 2023 / Published online: 12 July 2023 
© The Author(s) 2023

Keywords  Arabinoxylan ferulate · Biomass · 
Carbohydrates · Mitsunobu reaction · Synthetic 
methods · Xylotriose model · Reducing end-groups

Maintext

In our recent article (Elschner et  al. 2023), we 
reported about the Mitsunobu esterification of ara-
binoxylan with ferulic acid at position 5 of the arab-
inose side chain. However, for low molecular weight 
xylan, the modification of the anomeric hydroxyl 
group at the reducing end has to be considered. The 
end group modification is not visible in the spectra 
of arabinoxylan ferulate recorded within our original 
publication. The intensities of the signals arising from 
end groups of xylan are naturally very low and over-
lapped with other resonances due to low resolution of 
spectra from polymers. Therefore, we show the addi-
tional findings with support of the model compound 
23,33-di-�-L-arabinofuranosyl-xylotriose ( A2,3XX).

In 1967, Oyo Mitsunobu published the synthesis 
of phosphoric acid esters by means of diethyl azodi-
carboxylate and triphenylphosphine, which has been 
developed to a powerful tool in organic chemistry to 

achieve high regio- and stereoselectivity (Mitsunobu 
et al. 1967; Swamy et al. 2009). The standard Mitsu-
nobu reaction for the esterification of carboxylic acids 
with alcohols takes place according to a dehydrative 
SN2 process enabled by reductive triphenylphosphine 
and diisopropyl azodicarboxylate as oxidant. Regard-
ing the modification of polysaccharides, cellulose 
esters of ferulic-, p-coumaric-, and caffeic acid could 
be obtained under these conditions in N,N-dimethy-
lacetamide/LiCl (Elschner et  al. 2021). The reaction 
occurred preferably at primary hydroxyl groups (posi-
tion 6) achieving DS values of up to 0.5. This pro-
cedure was found to be insensitive regarding double 
bonds and phenolic hydroxyl groups present in phe-
nolic acids. Protecting group chemistry was not nec-
essary and moreover, side products could be removed. 
Cellulose ferulates obtained by Mitsunobu chem-
istry were found to be soluble in dimethyl sulfoxide 
(DMSO). Thus, this synthesis path is more attractive 
than the Steglich procedure.

For other polysaccharides than cellulose, Mit-
sunobu chemistry seems to be more complicated. 
Benzoylation of amylose was also found to be regi-
oselective at position 6, but for degree of substitution 
(DS) values above 0.5 an esterification at position 2 
occurred (Cimecioglu et  al. 1993). Recently, arabi-
noxylan was allowed to react under Mitsunobu condi-
tions but chloride ions of the solvent system lead to 
Appel type products, i.e. deoxychloro moieties next 
to ferulate in the polymer backbone (Elschner et  al. 
2023).
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The novel one-step procedure for the synthesis of 
polysaccharide hydroxycinnamates allows the tailor-
ing of antioxidative biomaterials as well as the design 
of lignocellulosic model compounds to achieve pro-
gress in biorefining. However, Mitsunobu conditions 
may lead to unexpected results, which are difficult to 
detect in polymer chemistry. Therefore, in this work 
an arabinoxylooligomer was used to reveal the reac-
tivity of arabinoxylan. It turned out that not only 
the primary hydroxyl group (position 5) of the arab-
inose side chain was modified, but also the anomeric 
hydroxyl group of the reducing end.

In the HSQC-DEPT NMR spectrum of A2,3 XX 
(Fig.  1),  all 1H-  and 13 C NMR resonances could be 
assigned by evaluating HH correlations, CH long-
range experiments, and coupling constants as well as 
literature data (Pu et al. 2016).

A
2,3 XX was received from Megazyme and 

allowed to react under Mitsunobu conditions with 

ferulic acid analogous to arabinoxylan (Elschner 
et  al. 2023). As expected, the HSQC-DEPT NMR 
spectrum (Fig.  2) of ferulated A2,3 XX shows the 
typical cross-peaks of 5-O-feruoylated arabinose 
moieties at 4.3/63.5 ppm of 5(Ara-FA) and 4.1/80.7 
ppm of 3(Ara-FA), known from the literature (Hat-
field et  al. 1991). Surprisingly, all signals arising 
from the reducing end (1 to 5(Xred�/� )) are not vis-
ible at its original shifts. Instead, the doublets at 6.0 
ppm and 5.4 ppm reveal the formation of the � - and 
the �-glycoside of ferulic acid, respectively (Hanes-
sian et al. 2003; Cheel et al. 2005). The result is in 
accordance with literature describing the forma-
tion of anomeric esters under Mitsunobu conditions 
(Hain et al. 2018). Starting the reaction with a mix-
ture of � and �-anomers, the formation of both ano-
mers can be assumed according to SN2 mechanism. 
Moreover, the Mitsunobu conditions applied within 
this work may lead to the  SN1 path, too (Takeuchi 

Fig. 1   HSQC-DEPT NMR spectrum (section) of 23,33-di-�-L-arabinofuranosyl-xylotriose ( A2,3XX) recorded in DMSO-d6
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et al. 2020). In practice, we observed more � - than 
�-glycoside with a ratio of about 5:1 as determined 
from integral intensities of the 1 H NMR spectrum.

To conclude, a modification of the end group 
of low molecular weight xylan can be assumed, 
although it is not visible in the NMR spectra of ara-
binoxylan ferulates.

Acknowledgements  Gefördert durch die Deutsche Forschun-
gsgemeinschaft (DFG) - Projektnummer 451990883 (funded 
by the Deutsche Forschungsgemeinschaft (DFG, German 
Research Foundation) - project number 451990883). The 
authors thank Tilo Lübken for NMR measurements and John 
Ralph for fruitful discussions.

Author contributions  TE: concept, funding, data collection, 
data analysis and interpretation, resources, writing manuscript. 
SF: advice to concept, resources, revision of manuscript. All 
authors approved the manuscript.

Funding  Open Access funding enabled and organized by 
Projekt DEAL. Gefördert durch die Deutsche Forschungsge-
meinschaft (DFG) - Projektnummer 451990883 (funded by the 
Deutsche Forschungsgemeinschaft (DFG, German Research 
Foundation) - Project no. 451990883).

Data availability  Information or data are available on rea-
sonable request from the corresponding author.

Declarations 

Conflict of interest  The authors declare that they have no 
conflict of interest.

Open Access   This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
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