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Introduction

Aqueous-based organic transformations have received signifi-
cant attention in recent years from the Green Chemistry
standpoint. Its wide availability, low toxicity and lack of flam-
mability make water one of the most suitable green alternatives
to organic solvents. However, the solubility of organic
compounds in water, particularly for synthetic organic
processes often limits the applicability of aqueous chemistries
to biphasic reactions." In this regard, the addition of surfactants
in concentrations above critical micellar concentration (CMC) is
often an interesting approach to facilitate the solubility of
organic compounds as phase transfer catalysts.> Micellar
aqueous media are of widespread importance in a variety of
fields, with particularly promising applications in bionano-
technology, biomedicine, and catalysis.>* For benign by design
processes in water and on water, readers are kindly referred to
the recent overview of Gawande et al.*

Particularly related to catalytic applications, micelles formed
by self-assembly of surfactants have been used to catalyse
important organic reactions including aldol,® Mannich-type,’
and Michael reactions.®

Esterification of carboxylic acids and alcohols is a very
important organic transformation both in academia and
industry due to the usefulness of these products as important
intermediates for drug formulations, fine chemicals, flavors,
plasticizers, emulsifiers and biodiesel production.’** Tradi-
tionally, the esterification of organic acids has been performed
in organic solvents and using concentrated sulfuric acid media
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An efficient and simple approach for the aqueous esterification of a range of carboxylic acids with alcohols
has been developed using catalytic amounts of a glucose-derived N-alkanoyl-N-methyl-1-glycamine non-
ionic biosurfactant (C12MG). Excellent yields to final products were obtained under mild conditions and the
protocol was amenable to both aromatic and long alkyl chain acids (e.g. fatty acids).

equipped with azeotropic distillation system for continuous
water removal to drive the equilibrium towards esters produc-
tion. These reactions are in fact highly water-sensitive due to
different equilibrium steps in which water is involved.****

Alternative heterogeneous catalytic systems to mineral acids
have been reported in recent years. Some of them are included a
range of solid acids, molecular sieves, and biocatalysts.'***
Nevertheless, while there are several reports of the partial or
even complete replacement of organic solvents with water in
selected catalytic processes, we firstly introduced the concept of
heterogeneously catalyzed aqueous esterifications back in 2007
by using a water tolerant biomass-derived solid acid carbona-
ceous material.">**

Commercial interest in polyol surfactants derived from
glucose exist for several reasons which include the inexpensive
nature of agriculture-based raw material as well as their green
credentials. Moreover, short-chain polyol surfactants readily
solubilize membrane polar lipids, and facilitate the isolation
and study of membrane-bound proteins. A key member of the
class, is N-dodecanoyl-N-methyl-1-glucamine (Scheme 1). The
acronym “C12MG” will thereafter be used to refer to the above-
mentioned compound.

In this work, we report a high efficient and green method for
the aqueous esterification of a series of carboxylic acids by using
a novel glucose-derived non-ionic biosurfactant (N-alkanoyl-N-
methyl-1-glucamine polyol, C12MG) under mild reaction
conditions.

Experimental procedure
Biosurfactant preparation

C12MG is in principle commercially available and for the
particular case of these experiments a commercial C12MG was
initially employed for the selected esterification reactions.
However, the biosurfactant could be prepared according to the
methodology illustrated in Scheme 2. A simple reductive ami-
nation of glucose followed by an amidation generates the final
biosurfactant product in high yields (>90%) (Scheme 2).
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Scheme 1 Structure of the catalytically active biosurfactant.
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Scheme 2 Preparation of C12MG.

Esterification reaction

The esterification reaction was conducted in a 50 mL round
bottom flask, equipped with a magnetic stirrer and a condenser.
In a typical reaction run, 5 mmol of carboxylic acid were
introduced in the round bottom flask with 5.2 mmol of meth-
anol or ethanol in water (5 mL). 0.002 mmol of C12MG were
subsequently added as catalyst and the reaction mixture was
stirred at 45 °C. Upon reaction completion, the final mixture
was quenched with saturated aq. NaHCO;, diethylether was
then added and the organic layer was consecutively washed with
water and brine. Final products were dried over Na,SOy,
concentrated, and purified by silica gel chromatography with
hexane-EtOAc (5 : 1). "H and **C NMR characterization of most
esters synthesized in this work has been included in the ESL}

Results and discussion

In order to optimize reaction conditions, we initially investi-
gated the synthetic potential of the glucose-derived bio-
surfactant in the model reaction of benzoic acid (5 mmol) with
methanol (5.2 mmol) in 5 mL water (Scheme 3). Systematic
studies were conducted under a range of conditions using
different amounts of C12MG as micellar catalyst.

o]
(o]
C12GM (0.01mmol)
)k * Re—oH > R OR, "o

R OH 1 2

H,O0 (5mL), 45°C
5 mmol 5.2 mmol
Rq=aryl, alkyl Ry= methyl, ethyl

Scheme 3 Esterification reaction of carboxylic acids and alcohols.
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Table 1 Esterification reaction of benzoic acid and methanol at

different conditions?
0]
O)}\o/

OH C12GM
+* MeOH ——>

Entry C12MG (mmol) HCI(mL) 7 (°C) Time (h) Yield” (%)
1 — — 25 10 Trace
2 0.1 — 25 5 65

3 0.1 — 45 5 88

4 0.1 — 100 5 89

5 0.1 0.1 45 5 98

6 0.05 0.1 45 5 98

7 0.002 0.05 45 3 98

8 0.002 0.05 45 2 98

9 0.002 0.05 45 1.5 86

10 — 0.05 45 2 Trace

“ Isolated yield. ? Reaction conditions: benzoic acid (5 mmol), methanol
(5.2 mmol), and water (5 mL).

Selected results are summarized in Table 1. Blank runs
provided no conversion to ester products even after long times
of reaction (Table 1, entry 1), similarly to results obtained using
a homogeneous base-catalysed reaction. Room temperature
reaction runs indicated that the aqueous esterification could be
simply catalyzed by the proposed biosurfactant, providing
moderate yields to methylbenzoate after only 5 hours of reac-
tion (65% yield, Table 1, entry 2). Performing the reaction at
higher temperatures (up to 45 °C) had a significant effect on
reaction yields which reached values close to 90% (Table 1,
entry 3). A further temperature increase to 100 °C did not seem
to influence reaction rates as almost identical yields were
obtained (Table 1, entry 4). As a comparison, a reaction run
using concentrated hydrochloric acid as catalyst in the absence
of the biosurfactant gave only traces of ester after a two hours of
reaction (Table 1, entry 9). The use of sulfuric acid (0.01 mmol)
provided similar yields to products in the model reaction.
Interestingly, a quantitative yield to methylbenzoate was
obtained when a single drop of concentrated HCI was added to
the reaction mixture (Table 1, entry 4) which indicated a
synergetic catalytic effect of traces of acid in the biosurfactant
catalyzed esterification. Up to this point, a selected concentra-
tion of 0.1 mmol C12MG was utilized. In order to demonstrate
the efficiency of the micellar media as catalyst, the effect of the
amount of the surfactant C12MG was subsequently examined.
Gratifyingly, the esterification reaction could still afford an
excellent 98% isolated yield of methylbenzoate within 2 h under
mild conditions when the amount of surfactant was decreased
to 0.2 mol% (Table 1, entry 8).

Having explored the potential of C12MG as micellar catalyst
in the proposed model esterification, the scope of the reaction
was subsequently attempted for a variety of carboxylic acids
with two short chain alcohols, namely methanol and ethanol.
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Table 2 summarises the main findings of the different
investigated reactions. To our delight, the reaction was found to
be amenable to a wide range of substrates including aromatic

Table 2 Esterification of various carboxylic acids in micellar C12MG
solution?

Entry  Substrate Product Time (h)  Yield” (%)
COOH COOMe
1 © 2 98
COOH COOMe
OMe OMe
COOH COOMe
I I
COOH COOMe
F F
COOH COOMe
Br Br
COOH COOEt
NO, NO,
COOH COOEt
F F
COOH COOEt
8 |\ |\ 5 90
= =
N N
HO OH EtO OFt
9 Y T 6 85
o O O O
o] o]
10 HOMOH EtO)K/WOEt 6 87
0] [e]
o o
11 \@)k 82
16 OH 6 OMe
o] @)
12 \ﬁ)k 8 84
14 "OH 14 "OMe
o] o
OH OMe
13 )W M 6 88
o] 0

“ Reaction conditions: carboxylic acid (5 mmol), alcohol (5.2 mmol),
C12MG (0.002 mmol), water (5 mL) at 45 °C. ? Isolated yield.
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and aliphatic carboxylic acids, tolerating at the same time a
variety of functional groups including methyl, methoxy, nitro,
fluoro, bromo, iodo groups (Table 2). In all cases, good to
excellent yields to products were obtained. These included the
esterification of important platform chemicals (e.g. succinic
acid, Table 2, entry 10) for which a complete selectivity to
diethylsuccinate (87% yield) was obtained after only 6 hours of
reaction. The process was not selective to the production of
monoethylsuccinate. Methyl levulinate could also be obtained
in similar yields to those of succinic acid (Table 2, entry 13).

Of particular interest were chemistries related to the esteri-
fication of long alkyl chain carboxylic acids (e.g. fatty acids) for
which very good yields to products were obtained under mild
reaction conditions and reasonable times of reaction (typically
8 h). These esterifications in fact lead to fatty acid methyl esters
(biodiesel type compounds) which have a significant potential
to be employed in biofuel blends. Both the esterification of
stearic acid and palmitic acids with methanol gave the desired
yield to biodiesel-like products (Table 2, entries 11, 12).

To ascertain the possibility to recycle the C12MG catalyst
from the reaction mixture, the aqueous mixture was evaporated
upon reaction completion, followed by acetone reconstitution
to recover C12MG. Once C12MG was recovered, the acetone
phase was removed under vacuum and fresh substrates were
subsequently added to the reaction vessel for further reactions.
Excellent yields of methylbenzoate were obtained after various
uses (up to three uses) which demonstrate the usefulness of the
protocol in terms of recyclability and catalyst activity. The effi-
ciency of the proposed catalytic micellar system is believed to be
related to a synergistic dual activation through hydrogen bond
mediated formation of supramolecular assemblies involving
water and the reactants, acting in a similar way to that of a
phase transfer catalyst.

In conclusion, the aqueous esterification of carboxylic acids
with short chain alcohols (typically methanol or ethanol) has
been proved to be efficiently performed in the presence of
catalytic amounts of a novel non-ionic renewable-derived
surfactant such as N-alkanoyl-N-methyl-1-glycamine polyol. This
catalyst promoted an efficient aqueous esterification of various
aliphatic and aromatic carboxylic acids under reaction mild
conditions. The use of novel and renewable nonionic surfactant,
simple work-up of the reaction and recyclability of the catalyst in
the proposed methodology make this protocol a practical and
economically attractive approach for further developments.

Acknowledgements

Rafael Luque gratefully acknowledges Ministerio de Ciencia e
Innovacion, Gobierno de Espana for the concession of a Ramon
y Cajal contract (ref. RYC 2009-04199) and funding under
project CTQ2011 28954-C02-02 as well as Consejeria de Ciencia
e Innovacion, Junta de Andalucia for funding under project P10-
FQM-6711. The author is also indebted to Prof. Guohua Chen,
the Department of Chemical and Biomolecular Engineering
(CBME) and HKUST for the provision of a Visiting Professorship
at CBME in 2013. F. R. is grateful to Payame Noor University for
support of this work.

This journal is © The Royal Society of Chemistry 2014


http://dx.doi.org/10.1039/c3ra45757e

Published on 13 December 2013. Downloaded by Brown University on 30/10/2014 02:58:59.

Paper

References

1 M. Gawande, V. Bonifacio, R. Luque, P. Branco and
R. S. Varma, Chem. Soc. Rev., 2013, 42, 5522-5551.

2 J. H. Fendler and E. J. Fendler, Catalysis in Micellar and
Macromolecular Systems, Academic Press, London, 1975.

3 (@) 1. V. Berezin, K. Martinek and A. K. Yatsimirskii, Russ.
Chem. Rev., 1973, 42, 787-802; (b) S. Tascioglu,
Tetrahedron, 1996, 52, 11113-11384.

4 (a) F. M. Menger, ]J. U. Rhee and H. K. Rhee, J. Org. Chem.,
1975, 40, 3803-3805; (b) C. Larpent, E. Bernard, F. B. Menn
and H. Patin, J. Mol. Catal. A: Chem., 1997, 116, 277-288;
(¢) T. Dwars, U. Schmidt, C. Fischer, I. Grassert, R. Kempe,
R. Frchlich, K. Drauz and G. Oehme, Angew. Chem., Int.
Ed., 1998, 37, 2851-2853; (d) I. Grassert, U. Schmidt,
S. Ziegler, C. Fischer and G. Oehme, Tetrahedron:
Asymmetry, 1998, 9, 4193-4202.

5 (a) R. Selke, J. Holz, A. Riepe and A. Borner, Chem. — Eur. J.,
1998, 4, 769-771; (b) K. Yonehara, T. Hashizume, K. Mori,
K. Ohe and S. Uemura, J. Org. Chem., 1999, 64, 5593-5598;
(¢) K. Yonehara, K. Ohe and S. Uemura, J. Org. Chem., 1999,
64, 9381-9385; (d) M. S. Goedheijt, B. E. Hanson,
J. N. H. Reek, P. C. J. Kamer and P. W. N. M. van Leeuwen,
J. Am. Chem. Soc., 2000, 122, 1650-1667.

6 (a) Y.-Y. Peng, Q.-P. Ding, Z. Li, P. G. Wang and ].-P. Cheng,
Tetrahedron Lett., 2003, 44, 3871-3875; (b) H. A. Zayas, A. Lu,
D. Valade, F. Amir, Z. Jia, R. K. O'Reilly and M. ]J. Monteiro,
ACS Macro Lett., 2013, 2, 327-331.

7 (@) A. A. Jafari, F. Moradgholi and F. Tamaddon, Eur. J. Org.
Chem., 2009, 1249-1255; (b) A. Saito, J. Numaguchi and

This journal is © The Royal Society of Chemistry 2014

View Article Online

RSC Advances

Y. Hanzawa, Tetrahedron Lett.,, 2007, 48, 835-839; (c)
A. Kumar, M. K. Gupta and M. Kumar, Tetrahedron Lett.,
2010, 51, 1582-1584.

8 H. Firouzabadi, N. Iranpoor and A. A. Jafari, Adv. Synth.
Catal., 2005, 347, 655-661.

9 (@) J. Otera, Esterification, Wiley-VCH, Weinheim, Germany,
2003; (b) J. Mulzer, Comprehensive Organic Synthesis, ed. B.
M. Trost and L. Fleming, Pergamon Press, Oxford, 1991,
vol. 6, p. 323.

10 (@) Y. Liu, E. Ranucci, M. S. Lindblad and
A. C. Albertsson, J. Polym. Sci., Part A: Polym. Chem.,
2001, 39, 2508-2519; (b) D. Shekhawat, K. Nagarajan,
J. E. Jackson and D. J. Miller, Appl. Catal., A, 2002, 223,
261-273.

11 A. Orjuela, A. J. Yanez, A. Santhanakrishnan, C. T. Lira and
D. J. Miller, Chem. Eng. J., 2012, 188, 98-107.

12 Diversified Natural Products Inc.,
www.dnpworld.com.

13 T. Higuchi, L. Eberson and J. D. McRae, J. Am. Chem. Soc.,
1967, 89, 3001-3304.

14 (a) K. Wilson and J. H. Clark, Pure Appl. Chem., 2000, 72,
1313-1319; (b) J. H. Clark, Acc. Chem. Res., 2002, 35, 791-
797; (¢) L. Gubicza, N. Nemestothy, T. Frater and K. Belafi-
Bako, Green Chem., 2003, 5, 236-239.

15 V. Budarin, J. H. Clark, R. Luque and D. J. Macquarrie, Chem.
Commun., 2007, 634-635.

16 (@) V. Budarin, J. H. Clark, R. Luque, D. ]J. Macquarrie,
A. Koutinas and C. Webb, Green Chem., 2007, 9, 992-995;
(b) V. Budarin, J. H. Clark, R. Luque and D. J. Macquarrie,
Chem. - Eur. J., 2007, 13, 6914-6919.

http://

RSC Adv., 2014, 4, 5152-5155 | 5155


http://dx.doi.org/10.1039/c3ra45757e

	An efficient renewable-derived surfactant for aqueous esterification reactionsElectronic supplementary information (ESI) available. See DOI: 10.1039/c3ra45757e
	An efficient renewable-derived surfactant for aqueous esterification reactionsElectronic supplementary information (ESI) available. See DOI: 10.1039/c3ra45757e
	An efficient renewable-derived surfactant for aqueous esterification reactionsElectronic supplementary information (ESI) available. See DOI: 10.1039/c3ra45757e
	An efficient renewable-derived surfactant for aqueous esterification reactionsElectronic supplementary information (ESI) available. See DOI: 10.1039/c3ra45757e
	An efficient renewable-derived surfactant for aqueous esterification reactionsElectronic supplementary information (ESI) available. See DOI: 10.1039/c3ra45757e

	An efficient renewable-derived surfactant for aqueous esterification reactionsElectronic supplementary information (ESI) available. See DOI: 10.1039/c3ra45757e
	An efficient renewable-derived surfactant for aqueous esterification reactionsElectronic supplementary information (ESI) available. See DOI: 10.1039/c3ra45757e


