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Abstract: Hygroscopic effects in ionic liquids and salts in general, and how to suppress said
hygroscopy, often needs to be considered during the everyday work routine. Chemicals that
decompose, undergo hydrolysis or in any way change their composition when exposed to air
are generally not considered to be bench-stable. In this study, we synthesized a low-hygroscopic,
bench-stable carbohydrate-based hydroxide salt. This new product was synthesized in an optimized
three-step procedure with 91% overall yield. Its worth as a building block was proven through the
reaction with different natural acids, leading to new carbohydrate-based ionic liquids (CHILs) in
the process.
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1. Introduction

Ionic liquids, organic ionic molecules with a melting point below 100 ◦C [1], have
become a well-known class of compounds since their rise in popularity in the early 1990s.
While ionic liquids have since evolved into several, often task-specific, sub-classes, such as
room-temperature ionic liquids (RTILs) [2], polymerized ionic liquids (PILs) [3] or magnetic
ionic liquids (MILs) [4], our working group is specifically focused on carbohydrate-based
ionic liquids (CHILs) [5].

Ionic liquids are often considered an aspect of green chemistry. Their “greenness”,
however, is exclusively based on their remarkably low vapor pressure and flammability,
which sets them apart from the common organic solvents. It has since become apparent
that their favorable properties come with a price: many ionic liquids are produced from
fossil fuels and have been found to be (eco)toxic [6–8]. However, our group found that
ionic liquids based on glucosides and pentoses, thus originating from re-growing resources,
exhibit a very low cytotoxicity [9]. Besides this striking potential as “greener” ionic liquids,
several working groups have already proven many potential applications for CHILs, such
as a positive influence on the rate and selectivity of Diels—Alder cycloadditions [10] or the
ability to adsorb Pb2+ and Cd2+ ion from an aqueous solution [11,12].

As part of this ongoing topic, our working group began to examine the potential of
CHILs as alternatives for the dissolution of cellulose. Cellulose is important in a broad
variety of applications, including paper products, fibers and pharmaceuticals [13,14].
Among the currently known techniques for the dissolution of cellulose are aqueous sodium
hydroxide with urea as additive [15], aqueous tetrabutylphosphonium hydroxide [16] and
the ionic liquid [BMIM] acetate [17]. There is also a single example using a gluconic-acid-
based ionic liquid [18].

Our group aimed to combine the aforementioned techniques and synthesized both
tetrabutylphosphonium- and tetrabutylammonium glucuronate in full conversion using
an aqueous solution of tetrabutylphosphonium- or tetrabutylammonium hydroxide and
glucuronic acid, according to the literature [19]. We then produced a series of aqueous
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solutions ranging from 10 to 80 mass percent of the glucoronate salts. However, not
even 0.5 mass percent of microcrystalline cellulose (particle size 20 µm) is soluble in these
solutions. Using these salts as molten mass leads to decomposition, as the melting points
of 125 ◦C (PBu4 glucuronate) and 145 ◦C (NBu4 glucuronate) are too high for cellulose.

These results led to the main part of this communication, in which we synthesized a
glucose-based imidazolium hydroxide, since all of these structural elements are known
in the aforementioned current techniques for the dissolution of cellulose. Other known
carbohydrate-based ionic liquids with a cationic imidazolium moiety are based on galactose,
ribose and isosorbide, and usually contain protecting groups (Figure 1) [20,21]. Since
a common disadvantage of CHILs are their multistep syntheses, combined with often
moderate yields, we focused on a short and optimized reaction procedure, thus dropping
the usage of protecting groups.
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2.1. General Information 
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orded on a Bruker AVANCE 300 III spectrometer (Bruker, Billerica, MA, USA). CDCl3 was 
calibrated as 7.27 ppm (1H) and 77.00 ppm (13C). DMSO-d6 was calibrated as 2.49 ppm (1H) 
and 39.50 ppm (13C). CD3OD was calibrated as 3.31 ppm (1H) and 49.00 ppm (13C). D2O 
was calibrated as 4.80 ppm (1H). All δ values are in ppm and all J values are in Hz. ESI-
MS were measured with an Agilent 1200/6210 Time-of-Flight LC-MS (Agilent, Santa 
Clara, CA, USA). The measurements of thermogravimetric analysis (TGA) and differential 
scanning calorimetry (DSC) were performed on a Mettler Toledo DSC 823e instrument 
(Mettler Toledo, Columbus, OH, USA) with a heating rate of 10 °C/min under an argon 
flow of 100 mL/min. The X-Ray crystal structure was measured with a Bruker-AXS Apex 
Kappa-II Single Crystal Diffractometer (Bruker, Billerica, MA, USA). All further crystal 
data can be accessed through the Cambridge Crystallographic Data Centre with number 
2121301. The starting material 1 (CAS: 97-30-3) was commercially supplied by TCI. 

2.2. Experimental 
2.2.1. Methyl 6-Iodo-α-D-Glucopyranoside 2 

Methyl α-D-glucopyranoside 1 (1.01 g; 5.2 mmol), triphenylphosphine (2.05 g; 7.8 
mmol; 1.5 eq.) and imidazole (0.71 g; 10.4 mmol; 2.0 eq.) and iodine (1.98 g; 7.8 mmol; 1.5 
eq.) were refluxed in THF (30 mL) for 4 h. The resulting solid was filtered off, the solvent 
was removed via rotary evaporator and the product was obtained as a white solid (1.45 g; 
92%) after silica-gel column chromatography (chloroform/methanol 12:1). This procedure 
was altered from the literature [22]. The work-up procedure was changed from reverse-
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2. Materials and Methods
2.1. General Information

All reagents and solvents were purchased from commercial sources and used as
received without further purification, if not stated otherwise. The NMR spectra were
recorded on a Bruker AVANCE 300 III spectrometer (Bruker, Billerica, MA, USA). CDCl3
was calibrated as 7.27 ppm (1H) and 77.00 ppm (13C). DMSO-d6 was calibrated as 2.49 ppm
(1H) and 39.50 ppm (13C). CD3OD was calibrated as 3.31 ppm (1H) and 49.00 ppm (13C).
D2O was calibrated as 4.80 ppm (1H). All δ values are in ppm and all J values are in Hz.
ESI-MS were measured with an Agilent 1200/6210 Time-of-Flight LC-MS (Agilent, Santa
Clara, CA, USA). The measurements of thermogravimetric analysis (TGA) and differential
scanning calorimetry (DSC) were performed on a Mettler Toledo DSC 823e instrument
(Mettler Toledo, Columbus, OH, USA) with a heating rate of 10 ◦C/min under an argon
flow of 100 mL/min. The X-Ray crystal structure was measured with a Bruker-AXS Apex
Kappa-II Single Crystal Diffractometer (Bruker, Billerica, MA, USA). All further crystal
data can be accessed through the Cambridge Crystallographic Data Centre with number
2121301. The starting material 1 (CAS: 97-30-3) was commercially supplied by TCI.

2.2. Experimental
2.2.1. Methyl 6-Iodo-α-D-Glucopyranoside 2

Methyl α-D-glucopyranoside 1 (1.01 g; 5.2 mmol), triphenylphosphine (2.05 g; 7.8 mmol;
1.5 eq.) and imidazole (0.71 g; 10.4 mmol; 2.0 eq.) and iodine (1.98 g; 7.8 mmol; 1.5 eq.)
were refluxed in THF (30 mL) for 4 h. The resulting solid was filtered off, the solvent was
removed via rotary evaporator and the product was obtained as a white solid (1.45 g; 92%)
after silica-gel column chromatography (chloroform/methanol 12:1). This procedure was
altered from the literature [22]. The work-up procedure was changed from reverse-phase oc-
tadecyl capped silica-gel column chromatography with water/methanol followed by a further
recrystallization in ethanol to silica-gel column chromatography with chloroform/methanol.
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m.p.: 148–149 ◦C (lit.: 147–148 ◦C).
[
α]25

D = +94.2 (c = 1.0, H2O) (lit.: +99.7, c = 2.0,
CHCl3). 1H NMR (300 MHz, DMSO-d6): δ = 2.87−2.95 (m, 1H); 3.16−3.27 (m, 3H); 3.31 (s,
3H, OCH3); 3.34−3.42 (m, 1H); 3.50−3.57 (m, 1H); 4.54 (d, 1H, 3J = 3.65, H-1); 4.78 (d, 1H,
3J = 6.43, OH); 4.86 (d, 1H, 3J = 4.99, OH); 5.17 (d, 1H, 3J = 5.83, OH). 13C NMR (75 MHz,
DMSO-d6): δ = 9.5 (C-6); 54.6 (OCH3); 70.9, 71.9, 72.7, 74.1 (C-2, C-3, C-4, C-5); 99.8 (C-1).
(Figure S1).

2.2.2. 1-(Methyl 6-Deoxy-α-D-Glucopyranosid-6-yl)-3-Methylimidazolium Iodide 3

Compound 2 (3.95 g; 13.0 mmol) was dissolved in N-methylimidazol (26 mL, 2 mL/mmol)
and stirred at 125 ◦C for 6 h. Water (50 mL) was added and the aqueous solution was washed
thoroughly with dichloromethane (20 × 20 mL). The water was then removed via rotary
evaporator and the resulting oil was washed with ethyl acetate (10 × 15 mL) until crystallization.
The product was obtained as a yellow solid (5.01 g; >99%).

m.p.: 172–173 ◦C.
[
α]25

D = +68.3 (c = 1.0, H2O). 1H NMR (300 MHz, D2O): δ = 3.26−3.32
(m, 1H); 3.31 (s, 3H, OCH3); 3.63 (dd, 1H, 3J = 9.77, 3J = 3.76, H-2); 3.72−3.78 (m, 1H);
3.94−3.98 (m, 1H); 4.00 (s, 3H, NCH3); 4.50 (dd, 1H, 2J = 14.60, 3J = 7.30, H-6a); 4.69 (dd, 1H,
2J = 14.60, 3J = 2.54, H-6b); 4.89 (d, 1H, 3J = 3.74, H-1); 7.55 (d, 1H, 3J = 1.95, HAr); 7.64 (d,
1H, 3J = 1.95, HAr); 8.89 (s, 1H, HAr). 13C NMR (75 MHz, D2O): δ = 36.1 (NCH3); 49.9 (C-6);
55.2 (OCH3); 69.4, 70.5, 71.0, 72.9 (C-2, C-3, C-4, C-5); 99.3 (C-1); 123.2, 123.6, 137.0 (CHAr).
HRMS (ESI, m/z): Calculated for C11H19N2O+

5 , 259.1294; measured 259.1299. Calculated
for I−, 126.9050; measured 126.9047. (Figure S2).

2.2.3. 1-(Methyl 6-Deoxy-α-D-Glucopyranosid-6-yl)-3-Methylimidazolium Hydroxide 4

Amberlite® IRN-78 ion exchange gel was set up like a column chromatography and
3 (2.05 g; 5.3 mmol) was eluted with water. All test tubes were tested with pH 0–14 test
strips and all alkaline test tubes were collected. The product was obtained as a yellow solid
(1.46 g; >99%) after the removal of water via rotary evaporator.

m.p.: no melting until decomposition at 139–142 ◦C.
[
α]25

D = +89.4 (c = 1.0, H2O). 1H
NMR (300 MHz, D2O): δ = 3.18 (dd, 1H, 3J = 9.94, 3J = 8.79, H-4); 3.23 (s, 3H, OCH3); 3.52
(dd, 1H, 3J = 9.73, 3J = 3.77, H-2); 3.64 (dd, 1H, 3J = 9.70, 3J = 8.79, H-3); 3.85 (ddd, 1H,
3J = 9.94, 3J = 7.45, 3J = 2.50, H-5); 3.92 (s, 3H, NCH3); 4.40 (dd, 1H, 2J = 14.59, 3J = 7.48,
H-6a); 4.62 (dd, 1H, 2J = 14.58, 3J = 2.52, H-6b); 4.78−4.80 (m, 1H, H-1); 7.47 (d, 1H, 3J = 1.99,
HAr); 7.57 (d, 1H, 3J = 2.00, HAr). 13C NMR (75 MHz, D2O): δ = 35.7 (NCH3); 50.0 (C-6);
54.9 (OCH3); 70.0, 70.9, 71.2, 73.5 (C-2, C-3, C-4, C-5); 99.5 (C-1); 123.1, 123.4 (CHAr). HRMS
(ESI, m/z): Calculated for C11H19N2O+

5 , 259.1294; measured 259.1296. (Figure S3).

2.2.4. 1-(Methyl 6-Deoxy-α-D-Glucopyranosid-6-yl)-3-Methylimidazolium Glucuronate 6a

Compound 4 (340 mg; 1.1 mmol) was dissolved in water (15 mL). D-Glucuronic acid
(256 mg; 1.32 mmol, 1.2 eq.) was added slowly. The solution was stirred vigorously for
24 h. The water was removed via rotary evaporator and the resulting oil was dissolved in
methanol. The remaining insoluble D-Glucuronic acid was filtered off and the solvent was
removed via rotary evaporator again to obtain the product as an off-white solid (584 mg;
98%).

m.p.: 106−111 ◦C.
[
α]25

D = +60.4 (c = 1.0, H2O). Due to the α/β-anomeric mixture of
the glucuronate anion, we will list only major proton NMR signals. 1H NMR (300 MHz,
D2O): δ = 3.37 (s, 3H, OCH3); 3.93 (s, 3H, NCH3); 4.83 (d, 1H, 3J = 3.83, α-H-1-cation); 5.26
(d, 0.76H, 3J = 3.71, α-H-1-anion); 7.49 (d, 1H, 3J = 1.81, HAr); 7.58 (d, 1H, 3J = 1.82, HAr); 8.82
(s, 1H, HAr). 13C NMR (75 MHz, D2O): δ = 35.8 (NCH3); 48.9 (C-6-cation); 55.0 (OCH3); 69.4,
70.4, 71.0, 71.3, 71.6, 71.7, 72.0, 72.5, 72.9, 74.0, 75.5, 76.0 (all C-2 to C-5 signals); 92.1, 95.9
(C-1-anion); 99.3 (C-1-cation); 123.2, 123.5, 137.0 (CHAr); 175.4. 176.3 (C=O). HRMS (ESI,
m/z): Calculated for C11H19N2O+

5 , 259.1294; measured 259.1294. Calculated for C6H9O−
7 ,

193.0354; measured 193.0357. (Figure S4).
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2.2.5. 1-(Methyl 6-Deoxy-α-D-Glucopyranosid-6-yl)-3-Methylimidazolium L-Alaninate 6b

Compound 4 (340 mg; 1.1 mmol) was dissolved in water (15 mL). L-Alanine (118 mg;
1.32 mmol, 1.2 eq.) was added slowly. The solution was stirred vigorously for 24 h. The
water was removed via rotary evaporator and the resulting oil was dissolved in methanol.
The remaining insoluble L-alanine was filtered off and the solvent was removed via rotary
evaporator again to obtain the product as a yellow oil (378 mg; 99%).[

α]25
D = +75.9 (c = 1.5, H2O). 1H NMR (300 MHz, D2O): δ = 1.26 (t, 3H, 3J = 7.07, CH3);

3.21 (dd, 1H, 3J = 10.02, 3J = 8.95); 3.25 (s, 3H, OCH3); 3.37 (q, 1H, 3J = 7.18, CH); 3.55 (dd,
1H, 3J = 9.78, 3J = 3.80, H-2); 3.66−3.72 (m, 1H); 3.87−3.92 (m, 1H); 3.93 (s, 3H, NCH3);
4.43 (dd, 1H, 2J = 14.62, 3J = 7.36, H-6a); 4.63 (dd, 1H, 2J = 14.60, 3J = 2.57, H-6b); 4.82
(d, 1H, 3J = 3.76, H-1); 7.49 (d, 1H, 3J = 2.01, HAr); 7.58 (d, 1H, 3J = 2.02, HAr). 13C NMR
(75 MHz, D2O): δ = 17.1 (CH3); 33.0 (NCH3); 46.1 (CH); 47.1 (C-6), 52.2 (OCH3); 66.7, 67.7,
68.3, 70.1 (C-2, C-3, C-4, C-5); 96.6 (C-1); 120.4, 120.7 (CHAr); 180.8 (C=O). HRMS (ESI,
m/z): Calculated for C11H19N2O+

5 , 259.1294; measured 259.1291. Calculated for C3H6NO−
2 ,

88.0404; measured 88.0407. (Figure S5).

2.2.6. 1-(Methyl 6-Deoxy-α-D-Glucopyranosid-6-yl)-3-Methylimidazolium
Trans-Cinnamate 6c

Compound 4 (340 mg; 1.1 mmol) was dissolved in water (15 mL). trans-Cinnamic acid
(196 mg; 1.32 mmol, 1.2 eq.) was added slowly. The suspension was stirred vigorously for
24 h. The water was removed via rotary evaporator and the resulting solid was washed
with chloroform (2 × 10 mL). The product was obtained as an off-white solid (407 mg;
91%).

m.p.: 38−40 ◦C.
[
α]25

D = +62.9 (c = 1.3, H2O). 1H NMR (300 MHz, DMSO-d6): δ = 2.87−2.83
(m, 1H); 3.09 (s, 3H, OCH3); 3.18 (dd, 1H, 3J = 9.60, 3J = 3.70, H-2); 3.43−3.49 (m, 1H); 3.65 (ddd,
1H, 3J = 9.66, 3J = 7.26, 3J = 2.71, H-5); 3.86 (s, 3H, NCH3); 4.33 (dd, 1H, 2J = 14.23, 3J = 7.26, H-6a);
4.51 (dd, 1H, 2J = 14.11, 3J = 3.01, H-6b); 4.53 (d, 1H, 3J = 3.47, H-1); 6.42 (d, 1H, 3J = 15.92, CH);
7.21 (d, 1H, 3J = 15.94, CH); 7.28−7.37 (m, 3H, HAr); 7.50−7.53 (m, 2H, HAr); 7.69−7.74 (m, 2H,
HAr); 9.20 (s, 1H, HAr). 13C NMR (75 MHz, DMSO-d6): δ = 35.7 (NCH3); 50.1 (C-6); 54.5 (OCH3);
69.7, 71.1, 71.7, 72.7 (C-2, C-3, C-4, C-5); 100.2 (C-1); 123.2, 127.2, 127.5, 128.4, 128.7, 136.1, 137.4,
137.5 (CHAr); 169.9 (C=O). HRMS (ESI, m/z): Calculated for C11H19N2O+

5 , 259.1294; measured
259.1292. Calculated for C9H7O2

-, 147.0452; measured 147.0457. (Figure S6).

2.2.7. 1-(Methyl 6-Deoxy-α-D-Glucopyranosid-6-yl)-3-Methylimidazolium Caprylate 6d

Compound 4 (340 mg; 1.1 mmol) was dissolved in water (15 mL). Caprylic acid
(209 µL; 1.32 mmol, 1.2 eq.) was added dropwise. The emulsion was stirred vigorously for
24 h. The water was removed via rotary evaporator and the resulting oil was washed with
n-heptane (2 × 10 mL). The product was obtained as a yellow oil (437 mg; 99%).[

α]25
D = +27.3 (c = 2.2, H2O). 1H NMR (300 MHz, DMSO-d6): δ = 0.84 (t, 3H, 3J = 6.75,

CH3); 1.21−1.26 (m, 8H, 4× CH2); 1.36−1.45 (m, 2H, CH2); 1.94 (t, 2H, 3J = 7.37, CH2);
2.83−2.89 (m, 1H); 3.08 (s, 3H, OCH3); 3.15 (dd, 1H, 3J = 9.58, 3J = 3.68, H-2); 3.39−3.45
(m, 1H); 3.62 (ddd, 1H, 3J = 9.58, 3J = 7.42, 3J = 2.41, H-5); 3.86 (s, 3H, NCH3); 4.31 (dd, 1H,
2J = 14.20, 3J = 7.29, H-6a); 4.49 (dd, 1H, 2J = 14.54, 3J = 2.98, H-6b); 4.51 (d, 1H, 3J = 3.49, H-
1); 7.69−7.73 (m, 2H, HAr); 8.89 (s, 1H, HAr). 13C NMR (75 MHz, DMSO-d6): δ = 13.4 (CH3);
26.1, 25.3, 28.2, 28.6, 30.8 (CH2); 35.2 (NCH3); 36.4 (CH2); 49.6 (C-6); 54.0 (OCH3); 69.2,
70.7, 71.2, 72.1 (C-2, C-3, C-4, C-5); 99.7 (C-1); 122.7, 137.0 (CHAr); 175.9 (C=O). HRMS (ESI,
m/z): Calculated for C11H19N2O+

5 , 259.1294; measured 259.1295. Calculated for C8H15O−
2 ,

143.1078; measured 143.1080. (Figure S7).

3. Results and Discussion

Using methyl α-D-glucopyranoside 1 as the starting material, we first converted the
primary OH-group into an iodine leaving group using an Appel reaction as published by
Madsen et al. [22]. The authors state that reverse-phase column chromatography followed
by an additional recrystallization in ethanol is the best purification technique, yielding
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77% of the product. However, after optimizing the reaction procedure and the work-up
by simply using a silica gel column chromatography with chloroform and methanol as
eluent mixture, we optimized the reaction to 92% yield, while still achieving a highly pure
product (Scheme 1). This reaction has also been scaled up to a 7 g product scale with only a
slight drop in the yield, to 85%.
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Scheme 1. 3-step synthesis of glucosylimidazolium hydroxide 4.

The iodinated compound 2 was then quarternized using N-methylimidazole in excess
at 125 ◦C in full conversion. The iodide salt 3 was purified through extraction and washing.

A slow crystallization from a heated solution of 3 in acetone also leads to the formation
of colorless needles, which we analyzed with X-ray analysis (Figure 2). The crystal structure
confirms a chair conformation of the glucopyranoside, the alpha anomeric methoxy group,
the bonding of the planar imidazolium heterocycle to the C-6 of the carbohydrate and,
lastly, the iodide anion.
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As the last step, the iodide anion was exchanged to a hydroxide anion (Scheme 1). At
first, we converted 3 into 4 using an aqueous silver(I) oxide solution, which leads to the
precipitation of silver(I) iodide and leaves the glucosylimidazolium cation and a hydroxide
anion as the remaining ions in the solution. While this procedure, when used for other
ionic liquids by Yoshizawa-Fujita et al., proceeded smoothly and resulted in 85% yield after
purification [24], the product was still visibly impure (dark brown color), most likely due
to remaining silver. The NMR, however, showed no other organic impurities. Furthermore,
silver(I) oxide is a costly reagent. Thus, we later used the ion exchange resin Amberlite®

IRN-78 with high efficiency. The product is obtained in yields ranging from 87 to 99%
and the exchange resin can be recycled using a sodium hydroxide solution (Scheme 1). To
prove the successful synthesis of 4, the iodide anion needs to be completely exchanged
with the hydroxide anion. Since the NMRs of 3 and 4 are basically identical (see supporting
information), besides minor shifts, the easiest method of proving the absence of iodide
is by adding a few drops a silver(I) nitrate solution: No precipitate means no remaining
iodide. If iodide remains, which was sometimes the case in minuscule amounts, the sample
can simply be run over the recycled exchange resin again.

As mentioned in the introductory part of this short communication, the initial idea
behind the synthesis of 4 was its use for the dissolution of cellulose. Compound 4 com-
bines several structural elements, which previously led to the successful dissolution of
cellulose, namely, a carbohydrate core [18], an imidazolium moiety [17] and a hydroxide
anion [15,16]. Unfortunately, similar to the previously mentioned PBu4 glucuronate and
NBu4 glucuronate, 4 proved to be incapable of fully dissolving even 0.5 mass percent of
microcrystalline cellulose (particle size 20 µm). However, slight differences were found
in the microscopic analysis of the suspensions, which showed fewer remaining cellulose
crystals in the 40% aqueous solution of 4 (Figure 3).
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Due to the nature of the project, we always kept 4 as a 50% aqueous solution for
our cellulose dissolution experiments. We furthermore suspected that the product will be
unstable, as several other neat imidazolium-based hydroxides are [25], and hygroscopic,
since this is generally common for hydroxide salts such as sodium or potassium hydroxide
and was common for other similar CHILs of our recent project [26].

After drying 4 for the first time for its thermal analysis, to our surprise, we observed
no initial hygroscopy. To further test this, we kept 4 in an open vial for 1 week, observing
neither any hygroscopy nor any changes in the NMR (Figure 4). However, a clear deliques-
cence can be observed afterwards. However, this does not affect the overall stability of the
product and the salt may simply be dried again.
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Since the term hygroscopy describes the ad- or absorption of water molecules from
air and, in the case of many salts, can be explained by the energetic profit of forming a
hydration shell around the ions, we suspect that 4 has strong intramolecular interactions,
thus slowing down the hygroscopic effects. For example, the hydroxide anion may be
stabilized by forming hydrogen bonds with the several free OH groups of 4 while also
maintaining an ion pair interaction with the imidazolium cation.

To furthermore prove the viability of 4 in the synthesis of new CHILs, we performed
neutralization reactions of 4 with four structurally diverse natural acids: D-Glucuronic
acid 5a, L-alanine 5b, trans-cinnamic acid 5c and caprylic acid 5d (Scheme 2). These
reactions generally performed smoothly with 91 to 99% yield. All products were purified
with an individual washing procedure, e.g., the excess of caprylic acid was removed
by washing with n-heptane, while chloroform is suitable for the removal of remaining
trans-cinnamic acid.

In these reactions, 4 takes on the role of an organic building block, which are organic
functionalized molecules for the synthesis of structures of higher complexity. The reactive
functional group is, in this case, the hydroxide anion of 4 for the easy assembly of more
complex salts such as 6a–d.

It is also noteworthy that 6a is, to the best of our knowledge, the first example of a salt
where both the cation and the anion are a carbohydrate.

Finally, we measured the melting and decomposition points of all 6 ionic products
featured in this work (Table 1).
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Table 1. Thermal data of our carbohydrate-based salts.

Product Physical State Melting Point (◦C) Decomposition Point (◦C)

3 yellow solid 172–173 268
4 yellow solid / 139–142 1

6a off-white solid 106–111 230
6b yellow viscous liquid / 238
6c off-white solid 38–40 275
6d yellow viscous liquid / 272

1 No melting until decomposition.

Out of the given products, 3, 4, 6a and 6c appear as solids at room temperature, while
6b and 6d are viscous liquids. The iodide salt 3 has the highest melting point out of the
6 products with 173 ◦C. This is in line with the common understanding of smaller ions
leading to stronger interactions. The hydroxide salt 4, however, has no measurable melting
point until its decomposition. The D-glucuronate salt 6a is only slightly above the ionic
liquid definition with 106–111 ◦C and the trans-cinnamate salt 6c has a very low melting
point of 38–40 ◦C. Thus, the products 6b–d can be defined as carbohydrate-based ionic
liquids (CHILs).

Looking at their thermal stability, all products but 4 have decomposition points over
230 ◦C. The D-glucuronate salt 6a and the L-alaninate salt 6b are slightly less stable, with
decomposition temperatures of 230 and 238 ◦C, respectively. The iodide (3), trans-cinnamate
(6c) and caprylate (6d) salts exhibit slightly higher decompositions points ranging from
268 to 275 ◦C. All these thermal stability measurements show that even quite distinctively
different anions only slightly vary the thermal stability of the whole salt, further proving
our previous findings that the carbohydrate cation mostly determines the overall thermal
stability [26]. However, it is known from the literature that some anions like OTf, NTf2 or
tetracyanoborate may improve the overall thermal stability [27]. The only exception here
is 4, which, most likely due to the reactive nature of the hydroxide anion, decomposes at
139–142 ◦C.

4. Conclusions

In summary, we synthesized a new and surprisingly bench-stable salt containing a
glucosylimidazolium cation and a hydroxide anion. This building block can be achieved
from commercially available methyl α-D-glucopyranoside through a highly optimized
3-step reaction in 91% overall yield. We furthermore proved the usability of said building
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block by performing neutralization reactions with four different acids, leading to four new
nature-derived salts containing a carbohydrate-based cation in combination with either a
carbohydrate-based anion, an amino-acid-based anion, a phenylpropanoid-based anion or
a fatty-acid-based anion. Out of the six carbohydrate-based salts synthesized in this work,
three are ionic liquids per definition, with two of them doubling as room-temperature ionic
liquids.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10.339
0/compounds1030014/s1: Proton and carbon NMR spectra of all compounds. Figure S1: Methyl-6-iodo-α-
D-glucopyranoside 2, Figure S2: 1-(Methyl-α-D-glucopyranosid-6-yl)-3-methylimidazolium iodide 3, Figure
S3: 1-(Methyl-α-D-glucopyranosid-6-yl)-3-methylimidazolium hydroxide 4, Figure S4: 1-(Methyl-α-D-
glucopyranosid-6-yl)-3-methylimidazolium glucuronate 6a, Figure S5: 1-(Methyl-α-D-glucopyranosid-6-yl)-
3-methylimidazolium alaninate 6b, Figure S6: 1-(Methyl-α-D-glucopyranosid-6-yl)-3-methylimidazolium
trans-cinnamate 6c, Figure S7. 1-(Methyl-α-D-glucopyranosid-6-yl)-3-methylimidazolium caprylate 6d.
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