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One-pot synthesis of aryloxypropanediols from glycerol: towards 

valuable chemicals from renewable sources 

Ada M. Truscello,* Cristian Gambarotti, Mirvana Lauria, Sergio Auricchio, Gabriella Leonardi, 
Suresh U. Shisodia and Attilio Citterio

 

 

Aryloxypropanediol of known pharmacological activity are directly prepared from glycerol in a 

one-pot reaction, through in situ formed glycerol carbonate, under green and solvent-free 

conditions. Catalyst and unreacted reagent can be recycled. 
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Glycerol revealed to be an easy and green access for the 
synthesis of aryloxypropanediol of known pharmacological 
activity. Performing a one-pot reaction, glycerol is 
selectively converted to aryloxypropanediols, through in 10 

situ formed glycerol carbonate, under benign and solvent-
free conditions. Catalyst and unreacted reagent can be 
recycled. 
 
Nowadays, glycerol represents one of the most versatile and 15 

valuable chemical substances commercially available in bulk 
quantities.1 This is mainly due to the increasing worldwide 
production of biodiesel as a new generation fuel, which led to 
an increase in the production of glycerol, because of its 
inevitable formation as a by-product during biodiesel 20 

production.2 This results in large availability of glycerol, 
therefore its valorization has aroused great interest in the last 
decade. 
Recently, glycerol has been proposed as a valuable green 
solvent for catalysis, organic synthesis, separations and 25 

materials chemistry.3 
Certainly, many opportunities have emerged from the 
conversion of glycerol into value-added chemicals.4 In this 
context we focused our attention onto aryloxypropanediols 
with pharmacological activity (Figure 1), such as 30 

guaiphenesin,5a used as expectorant drug, mephenesin 
(Tolseron),5b used as muscle relaxant and chlorphenesin,5c 
used both as muscle relaxant, antifungal and biocide in 
cosmetic5d. Phenoxy ethers of glycerol are also intermediates 
for other drugs such as methocarbamol5e or chlorphenesin 35 

carbamate5f. 

Fig. 1 Investigated aryloxypropanediols 

Generally, these products are prepared by nucleophilic attack 
of the appropriate phenols onto glycidol, 1-chloroglycerol or 
epichlorohydrin.6 However, these are well known toxic 40 

agents, thus our aim is to propose an innovative, selective and, 
at the same time, green synthetic way, starting directly from 
glycerol. 
Glycerol carbonate (GC), which is known to be a non toxic 
reagent widely used in green chemistry,7 represents a useful 45 

access to various substituted derivatives of glycerol and to 
functionalizations which are not possible directly on glycerol.8  
Recently, Jérôme and co-workers reported the use of not 
purified, freshly prepared GC in a two step synthesis of 

dithiocarbamates starting form glycerol and this represents an 50 

improvement compared to the use of commercial GC.8a 
Now we report a one pot functionalization of glycerol via in 
situ formation of GC. As largely reported,7b GC can be 
prepared by several methods, which involve reagents such as 
ethylene carbonate, dialkyl carbonates, carbon monoxide, 55 

phosgene, urea and carbon dioxide. However, generally these 
protocols require further purifications, therefore we chose the 
carbonatation by dialkyl carbonates which avoids the presence 
of undesired by-products in the reaction media.  
In the presence of catalytic amount of base and a small excess 60 

of diethyl carbonate (DEC), glycerol and appropriate phenols 
(ArOH) are converted in good yields and with high selectivity 
by a multicomponent one-pot reaction to the corresponding 
aryloxypropanediols. In Figure 2 the general approach is 
reported. 65 
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Fig. 2 General approach 

Under these reaction conditions, the problem could be the 
undesired reaction of phenols with alkyl carbonates to give the 
corresponding alkyl aryl ethers and/or alkyl aryl carbonates as by 70 

products.9 

As far as we know from literature, reactions with in situ 
formation of GC have not been published.10 In a similar 
protocol, the reaction of ethylene glycol and anilines in the 
presence of dimethyl carbonate (DMC) and various catalysts 75 

gave at least a 2.6% yield of by-products arised from the 
direct attack of aniline to the linear carbonate.11 

Phenol was used as model in our screening. Regarding the 
catalyst, it is well known that K2CO3 can promote the 
carbonatation of glycerol by dialkyl carbonates12a as well as 80 

the nucleophilic attack of phenols on cyclic carbonates12b-d. 
Reaction of glycerol (1) with stoichiometric amount of phenol 
(2a) and DEC, in the presence of catalytic quantity of K2CO3, 
gave 3-phenoxypropane-1,2-diol 3a, 2-phenoxypropane-1,3-
diol 4a, 1,3-diphenoxypropan-2-ol 5a (Scheme 1, a) and 85 

traces of 4-(phenoxymethyl)-1,3-dioxolan-2-one 6a. Yields 
are reported in Table 1, entry 1. Only trace amount of 
ethoxybenzene was found (< 0,1% by HPLC analysis of the 
crude). Under these conditions, the reaction was almost total 
chemoselective: DEC reacted basically only with glycerol to 90 

form GC. 
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Scheme 1 General synthetic pathway  

The reaction was also performed with DMC as carbonating 
agent. Also in this case, only trace amount (< 0,1%) of 
alkylated product (anisole) was detected. This showed that 5 

DMC could be used in the reaction. However, we found a 
lower conversion due also to the lower reaction temperature 
reached in this case. 
Although GC was not present at the end of the reaction, it was 
found as main product at low conversion of reagents. 10 

Moreover similar yields and selectivity were found when GC 
(7) and phenol (2a) reacted under the same conditions 
(Scheme 1, b; Table 1, entry 2). Therefore it was reasonable to 
think that the reaction proceeded through nucleophilic attack 
of phenol (2a) on the in situ formed intermediate GC. The 15 

base played a double role, it catalysed both the formation of 
GC through carbonatation of glycerol by DEC and the 
subsequent nucleophilic attack of 2a.  

Table 1 Reactions of 2a with various amounts of DEC and glycerol.* 

Entry Glycerol or GC 
(eq.) 

DEC 
(eq.) 

Time 
(h) 

2a 
(%)

3a 
(%) 

4a 
(%) 

5a 
(%) 

6a 
(%)

GC 
(%) 

1 Glycerol (1) 1 8 19 51 2 19 1 - 

2 GC (1) - 8 20 44 2 21 2 1** 

3 Glycerol (3) 1 12 26 60 2 3 - - 

4 Glycerol (3) 1.4 12 9 71 3 8 3 9 

5 Glycerol (3) 1.4 18 1 82 4 8 - - 

*Yields of 3a, 4a, 5a and 6a were referred to phenol 2a; yields of GC 20 

were referred to DEC and evaluated by NMR analysis after work up. 
**Unconverted GC (glycerol found in variable amounts in the crude).  

 
The yield of the desired product 3a was affected by the 
incomplete conversion of reagents (part of DEC distilled) and 25 

by the formation of 5a. To increase yield of 3a, we focused 
our attention onto these two key points: to maximize the 
selectivity and at the same time the conversion. 
Formation of by product 5a was due to four consecutive 
reactions: in-situ formation of the intermediate GC, 30 

nucleophilic attack by phenol with corresponding  
decarbonatation affording 3a, further carbonatation either 
from DEC or GC and final attack of another molecule of 
phenol 2a on the formed phenoxycarbonate 6a (Scheme 2). 
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Scheme 2 Formation of by-product 5a  

To avoid the carbonatation of 3a we decided to increase the 

amount of glycerol. In this case the carbonatation of the 
excess of glycerol was competitive with carbonatation of 3a 
and this increased the yield of desired product 3a (Table 1, 40 

entry 3). We found also that, in these conditions, a 1.4 molar 
excess of DEC was sufficient to ensure a good conversion of 
phenol (Table 1, entries 4-5). In all cases phenoxycarbonate 
6a was not present or present in very low yield. The best 
selectivity was obtained at incomplete conversion (entry 3). 45 

Moreover, the isomer 4a, arising from the attack on the 2 
position, was found in 2-4% yield (Table 1) confirming the 
high regioselectivity onto GC.8a  
Extending the procedure to propandiol (8),13 reaction gave 
good yields (Scheme 3) but lower selectivity (Table 1, entry 50 

5). 

PhO
OH

OH
OPh

OH
OH

8

(2a)

        9 
73%

      10 
7%

+PhOH
DEC / K2CO3

 
Scheme 3 Reaction of 8 with 2a. 

 
Afterwards, we carried out the reaction of glycerol with other 55 

phenols of interest (2b-g) to obtain pharmaceutically 
important products such as guaiphenesin (3b), mephenesin 
(3c) and chlorphenesin (3d). All the reactions gave good 
conversions and yields (Table 2). Products 3a-g were 
extracted with ethyl acetate and further purified by 60 

recrystallization.  

Table 2 Reactions of glycerol with various phenols 

Entry ArOH Time (h) Conv. % Products (yields %)* 

1 

 

18 99 

 

2 

 

8 99 

 

3 

 

28 97 

 

4 

 

20 95 

 

5 

 

12 99 

 

6 

 

18 99 

 

7 

 

14 98  

Conditions: 1 eq. of phenols 2a-g, 3 eq. of glycerol, 1.4 eq. of DEC, 0.1 
eq. of K2CO3, 105-110 °C. Conversions and yields were referred to 
phenols. * Yields were evaluated by NMR analysis after work up. 65 
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We tested the recyclability of both excess glycerol and catalyst 
for the synthesis of one of our target product i.e. mephenesin (3c). 
The products after each run were extracted from the crude 
mixture with toluene and analyzed by NMR. After the first run 
(conditions as reported in Table 2) and likewise after the second 5 

run, 1 equivalent of cresol (2c), 1.4 equivalents of glycerol and 
1.4 equivalents of DEC were added to the residue recovered after 
the extraction and the resulting mixture was reacted for 28 h at 
105-110 °C. As shown in Fig. 3, the reaction gave very good 
yields (76-80%), which means that the catalyst kept its efficiency. 10 

More details are given in the supplementary information.  
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Fig. 3 Yield of mephenesin (3c) after the recycle of glycerol and K2CO3 
(runs 2 and 3). 

Conclusions 15 

We believe that although linear and cyclic carbonate reactions 
were deeply investigated, little study was done on competitive 
reactions. Our protocol allows the use of more available 
hydroxy derivatives and DEC instead of cyclic carbonates as 
reagents. This method represents a green and easy access to 20 

aryloxyproapanediols 3 which, beside their own importance, 
are also in fact used as intermediates in biological products 
and in polymer chemistry. The great advatage of this synthetic 
protocol comes from the use of largely available and benign 
glycerol instead of epoxides or chlorinated derivatives and the 25 

synthesis does not involve toxic intermediates. The base 
potassium carbonate, is readily available and cheap and can be 
recycled as well as the excess of glycerol. No solvent is 
required for reaction.  

Notes and references 30 

a Department of Chemistry, Materials and Chemical Engineering "Giulio 
Natta", Politecnico di Milano, Piazza Leonardo da Vinci, 32 - 20133 
Milano, Italy. Fax: +39(02)23993180; Tel: +39(02)23993038; E-mail: 
ada.truscello@polimi.it 
b Università Carlo Cattaneo - LIUC, Corso Matteotti, 22 - 21053 35 

Castellanza (VA), Italy. E-mail: sergio.auricchio@polimi.it 
 
† Electronic Supplementary Information (ESI) available: Experimental 
procedures and copies of 1H NMR and 13C NMR spectra. See 
DOI: 10.1039/b000000x/ 40 

 
 

1  M. Pagliaro and M. Rossi, The Future of Glycerol, RSC Publishing, 
Cambridge, UK, 2nd edn., 2008.  

2 (a) I. M. Atadashi, M. K. Aroua and A. Abdul Aziz, Renew. Sust. 
Energ. Rev., 2010, 14, 1999 and (b) Renew. Energy, 2011, 36, 437; 

 

 

(c) N. Rahmat, A. Z. Abdullah and A.R. Mohamed, Renew. Sust. 
Energ. Rev., 2010, 14, 987; (d) D. Y. C. Leung, X. Wu and M. K. H. 
Leung, Applied Energy, 2010, 87, 1083. 

3  (a) A. E. Dìaz-Alvarez, J. Francos, B. Lastra-Barreira, P. Crochet and 
V. Cadierno, Chem. Commun., 2011, 47, 6208; (b) Y. Gu, and F. 
Jérôme, Green Chem., 2010, 12, 1127. 

4  (a) B. Katryniok, H. Kimura, E. Skrzyńska, J-S. Girardon, P. 
Fongarland, M. Capron, R. Ducoulombier, N. Mimura, S. Paul and F. 
Dumeignil, Green Chem., 2011, 13, 1960; (b) C-H. Zhou, J. N. 
Beltramini, Y-X. Fan and G. Q. Lu, Chem. Soc. Rev., 2008, 37, 527; 
(c) A. Behr, J. Eilting, K. Irawadi, J. Leschinski and F. Lindner, 
Green Chem., 2008, 10, 13; (d) F. Jérôme, Y. Pouilloux, J. Barrault, 
ChemSusChem, 2008, 1, 586. 

5 (a) Guaiphenesin, 3396 (ChemSpider ID); (b) Tolseron, 3919 
(ChemSpider ID); (c) Chlorphenesin, 7411 (ChemSpider ID); (d) 
Tara E. Gottschalck and John E. Bailey (editors) International 
Cosmetic Ingredient Dictionary and Handbook, 12th ed., Cosmetic, 
Toiletry, and Fragrance Association, 2008, p. 521-522; (e) 
Methocarbamol, 3964 (ChemSpider ID); (f) 3-(4-chlorophenoxy)-2-
hydroxypropyl carbamate, 2623 (ChemSpider ID). 

6 (a) A. Kar, Medicinal Chemistry, New Age International Publishers 
Ltd., New Delhi, 2005, p. 179; (b) H. G. Brittain, Analytical Profiles 
of Drug Substances and Excipients, Elsevier Science, San Diego 
(CA), 1998, vol 25, p. 127; (c) R. Vardanyan and V. J. Hruby, 
Synthesis of Essential Drugs, Elsevier, Amsterdam, 2006, p. 217; (d) 
D. Sriram and P. Yogeeswari, Medicinal Chemistry, Dorling 
Kindersley, New Delhi, 2010, p. 261; (e) Z. Yao, S. Gong, T. Guan, 
Y. Li, X. Wu and H. Sun, Chem. Pharm. Bull., 2009, 57, 1218; (f) US 
Pat., 4 390 732, 1983; (g) C. A. Gandolfi, R. Di Domenico, S. 
Spinelli, L. Gallico, L. Fiocchi, A. Lotto, E. Menta, A. Borghi, C. 
Dalla Rosa and S. Tognella, J. Med. Chem., 1995, 38, 508. 

7  (a) J. Bensemhoun and S. Condon, Green Chem., 2012, 14, 2595; (b) 
J. R. Ochoa-Gómez, O. Gómez-Jiménez-Aberasturi, C. Ramírez-
López and M. Belsué, Org. Process Res. Dev., 2012, 16, 389; (c) A. 
Dibenedetto, A. Angelini, M. Aresta, J. Ethiraj, C. Fragale and F. 
Nocito, Tetrahedron, 2011, 67, 1308; (d) A. C. Simão, B. Lynikaite-
Pukleviciene, C. Rousseau, A. Tatibouët, S. Cassel, A. Šačkus, A. P. 
Rauter and P. Rollin, Lett. Org. Chem., 2006, 3, 744. 

8 (a) R. De Sousa, C. Thurier, C. Len, Y. Pouilloux, J. Barrault and F. 
Jérôme, Green Chem., 2011, 13, 1129; (b) M. Selva and M. Fabris, 
Green Chem., 2009, 11, 1161. (c) J. Rousseau, C. Rousseau, B. 
Lynikaitė, A. Šačkus, C. de Leon, P. Rollin and A. Tatibouët, 
Tetrahedron, 2009, 65, 8571. 

9  (a) T. Weidlich, M. Pokorný, C. Padělková and A. Růžička, Green 
Chem. Lett. Rev., 2007, 1, 53; (b) P. Tundo, L. Rossi and A. Loris, J. 
Org. Chem., 2005, 70, 2219; (c) A. Perosa, M. Selva, P. Tundo and 
F. Zordan, Synlett, 2000, 272. 

10  US Pat., 0288230A1, 2011 claims also about the preparation of 
polyurethans from glycerol, diamines and DMC. No experimental 
details are reported. 

11  A. B. Shivarkar, S. P. Gupte and R. V. Chaudhari, Ind. Eng, Chem. 
Res, 2008, 47, 2484. 

12   (a) G. Rokicki, P. Racoczy, P. Parzuchowski and M. Sobiecki, Green. 
Chem., 2005, 7, 529; (b) G. Rokicki, Prog . Polym. Sci., 2000, 25, 
259; (c) W.W. Carlson, and L. H. Cretcher, J. Am. Chem Soc, 1947, 
69, 1952; (d) G. Rokicki, J. Pawlicki, and W. Kuran, J. Prakt. Chem., 
1985, 327, 718. 

13   In this case it was not necessary an excess of starting diol because the 
final products contain only one hydroxyl group and further reactions 
could not occur. 

Page 4 of 4Green Chemistry

G
re

en
 C

h
em

is
tr

y 
A

cc
ep

te
d

 M
an

u
sc

ri
p

t

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

Su
ss

ex
 o

n 
05

 J
an

ua
ry

 2
01

3
Pu

bl
is

he
d 

on
 1

9 
D

ec
em

be
r 

20
12

 o
n 

ht
tp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/C

2G
C

36
79

3A

View Article Online

http://dx.doi.org/10.1039/c2gc36793a

