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1. General methods
Materials

D-Fructose was obtained commercially from Aladdin without further purification. Some of
the ILs were obtained commercially and dried prior to use. Others were prepared according to
the published reports.

I nstruments

'"H NMR spectra was recorded at Bruck 300 and 400 or Varian Mercury-Plus 400
spectrometer in CDCIl3 or D,O and TMS (0 ppm) was used as internal reference. C NMR was
recorded at 75 MHz or 100.6 MHz in CDCl; or D,O and CDCl; (77.0 ppm) was used as
internal reference. GC-MS were recorded on a Thermo Finnigan Polaris Q GC/MS. ESI-MS
were recorded on a Thermo Finnigan LCQ Advantage spectrometer in ESI mode with a spray
voltage of 4.8 kV. The products were analyzed on a High Performance Liquid Chromatograph
(ComHPLC) equipped with a Comatex™™ ODSI1 Column (250x4.6 mm) using 6000 PVW
UV/VIS detector, 6000 LDI pump and Column Oven Co-IV. The fructose was analyzed on
Bio-Rad Aminex HPX-87H column equipped with refractive index detector.

The calculations were carried out by performing DFT by use of the B3PWO91 functional with
the 6-31++G (d, p) basis set as implemented in Gaussian 03 program package. Vibrational
frequency calculations, from which the zero-point energies were derived, have been performed
for each optimized structure at the same level to identify the natures of all the stationary points.
Quantification analysis

The product with an injection volume of 20 uL. was measured with detector at 282.0 nm, and
methanol/water (50/50 v/v) as flowing phase at 0.8 mL/min under the temperature 25 °C with
external standard method. The analysis parameters of fructose performed in the HPLC were as
follows: 0.005 mol/L (v/v) H,SO4 as mobile phase, injection volume of 20 pL, column
temperature of 65 °C, and flow rate of 0.6 mL/min.

2. Synthetic procedure of variousionic liquids

Procedurefor the synthesis of BMImBr
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Scheme S1. Synthesis of BMImBr

BMImBr was synthesized according to the reported literatures.!") In a 100 mL round-bottom
flask, 1-methylimidazole (8.21 g, 0.1 mol) was mixed with n-butyl bromide (16.44 g, 0.12 mol)
and allowed to reflux for 24 h at 70 °C. The excess n-butyl bromide was distilled off under
reduced pressure and the residue was finally extracted thoroughly 2-3 times (50 mL each) with
diethyl ether to remove the traces of unreacted starting materials. A white solid of
I-n-butyl-3-methylimidazolium bromide was obtained in 87% yield. The IL was dried under
vacuum at 70 °C for 24 h.

Procedurefor the synthesis of BMImCI
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Scheme S2. Synthesis of BMImCIl
BMImCI was synthesized using the same method for the synthesis of BMImBr. BMImCI
was obtained with a 72% yield.

Procedurefor the synthesisof HMImCI
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Scheme S3. Synthesis of HMImCI
To a 50 mL round bottom flask was added 1-methylimidazole (0.2663 g, 3 mmol) and
concentrated hydrochloric acid (0.3 mL, 3 mmol). The reaction mixture was stirred at r.t. for
24 h. The oil residue was dried in vacuo at 65 °C for 24 h to afford
1-hydro-3-methylimidazolium chloride as a colourless, viscous liquid.

Procedurefor the synthesis of HPyCl
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Scheme $4. Synthesis of HPyCl
According to the synthetic procedure of [HMIm]CI, pyridinium chloride was yielded as a

colourless solid.
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Procedurefor the synthesis of CsMImBr

CsMImBr was synthesized using the same method for the synthesis of BMImBr with,
viscous liquid.

Procedurefor the synthesis of C;o,M ImBr

C2MImBr was synthesized using the same method for the synthesis of BMImBr.
Procedurefor the synthesisof BMIml

BMImI was synthesized using the same method for the synthesis of BMImBr.

Procedurefor the synthesisof MMImlI

MMImI was synthesized using the same method for the synthesis of BMIml.
Procedure for the synthesis of HMImHSO,*

HMImHSO4 was prepared by a dropwise addition of one equivalent of concentrated
sulphuric acid to a cooled solution of HMImCI in anhydrous dichloromethane. The mixture
was refluxed for 48 h, the by-product HCI formed in the reaction was carried out of the
condenser under a stream of dry nitrogen and was dissolved in deionized water at 0 °C. When
HCl had been completely removed, CH,Cl, was evaporated, evaporated with a rotary
evaporator. The IL was dried under vacuum at 60 °C for 6 h and stored in a desiccator.
Procedure for the synthesis of BM ImH P04

BMImH,PO, was prepared by a dropwise addition of one equivalent of concentrated
phosphoric acid to a cooled solution of BMImCI in anhydrous dichloromethane. The mixture
was refluxed for 48 h, the by-product HCI formed in the reaction was carried out of the
condenser under a stream of dry nitrogen and was dissolved in deionized water at 0 °C. When
HCI had been completely removed, CH,Cl, was evaporated, evaporated with a rotary
evaporator. The IL was dried under vacuum at 60 °C for 24 h and stored in a desiccator.
Procedure for the synthesis of (HOOC)CH,M ImCI."!

Under an inert atmosphere of argon, a mixture of 1-methylimidazole (0.020 mol) and
CICH,COOCH3; (0.020 mol) was stirred at room temperature for 6 h. The resultant mixture
turned to a solid during the reaction. The solid was washed with diethyl ether (3%x30 mL) and
dried under vacuum for 24 h to give 1-ethoxycarbonylmethyl-3-methylimidazolium chloride.
In a typical procedure, a mixture of 1-ethoxycarbonylmethyl-3-methylimidazolium chloride

(0.020 mol) and 37% HCI aqueous solution (0.022 mol) was refluxed for 4 h. The solvent was
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removed and the residue was washed with acetone and diethyl ether to give the product as a
white powder. The IL was dried under vacuum at 60 °C for 24 h and stored in a desiccator.
Procedurefor the synthesis of (CH2)4,SO3sHMImHSO,

(CH,)4SO;HMImHSO, was synthesized according to the reported literatures.” A mixture of
1-Methylimidazole (0.1 mol, 8.21 g) and 1, 4-butane sultone (0.1 mol, 13.62 g) was charged
into a 100 mL conical flask. The mixture was stirred at room temperature for 4 days until it
turned into solid. Thus, the white solid zwitterion formed was washed repeatedly with ether,
filtrated to remove non-ionic residues and dried in vacuum. Then, to a stoichiometric amount
of concentrated sulfuric acid (98%, 5.5 mL) in a 100 mL conical flask was added dropwise the
white solid zwitterion slowly at 0 °C. The mixture was stirred at 80 °C for 6 h. Product was
washed with diethyl ether and dried in vacuo at 60 °C for 24 h to get the viscous clear

[(CH,)4SO;HMIm][HSO4].

3. Characterization of variousionic liquids
1-n-butyl-3-methylimidazolium bromide (BMImBr)

'H NMR (300 MHz, D,0): & = 0.82(t, *Jyu= 7.4 Hz, 3H, CHs); 1.23(m, 2H, CH,); 1.75(m,
2H, CH,); 3.79(s, 3H, N CH3); 4.10(t, *Jyn= 7.2 Hz, 2H, NCH,); 7.33(s, 1H, CH); 7.38(s, 1H,
CH); 8.61(s, 1H, CH); °C {'H} NMR (100.6 MHz, D,0): & = 12.64; 18.74; 31.25; 35.67;
49.27; 122.20; 123.45; 135.82; ESI-MS (4.8 kV): m/z (%) =139.0 (100) [M-Br]", 78.9 (100)
[M-CgH, 5N, ],
1-n-butyl-3-methylimidazolium chloride (BMImCI)

'H NMR (400MHz, CDCls): & = 0.93 (t,*Jyu= 7.6 Hz, 3H, CHs); 1.30-1.40 (m, 2H, CH,);
1.83-1.90 (m, 2H, CH,); 4.09 (s, 3H, NCH3); 4.30 (t, *Jun= 7.4 Hz, 2H, NCH,); 7.37 (s, 1H,
CH); 7.50 (s, 1H, CH); 10.73 (s, 1H, CH); >C {'"H} NMR (100.6 MHz, CDCl;): § = 13.36;
19.40; 32.09; 36.51; 49.76; 121.64; 123.29; 138.24; ESI-MS (4.8 kV): m/z (%) =139.0 (100)
[M-CI]".
1-hydr ogen-3-methylimidazolium chloride (HMImCI)

'H NMR (400 MHz, D,0): & = 8.70 (s, 1 H), 7.47 (s, 2 H), 3.95 (s, 3 H); °C {'"H} NMR
(100.6 MHz, D,0): & = 135.0, 123.0, 119.5, 35.5; ESI-MS (4.8 kV): m/z (%) = 83.16 (100)

[M-CI]".
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Pyridine hydrochloride (HPyCl)

'H NMR (400 MHz, D,0): & = 8.78 (d, *Jun = 5.6 Hz, 2 H), 8.62 (t, *Jun = 8 Hz, 1 H), 8.07
(t, *Jun = 6.4 Hz, 2 H); °C {'"H} NMR (100.6 MHz, D,0): § = 147.2, 141.0, 127.4; ESI-MS
(4.8 kV): m/z (%) = 80.11 (100) [M-CI]".
1-n-octyl-3-methylimidazolium bromide (CsM ImBr)

'H NMR (400 MHz, CDCl3): 8 = 0.686 (t, *Jur = 10.4 Hz, 3H, CH3 ), 1.093-1.166 (m, 10H,
(CHa)s), 1.762 (d, *Jyn= 2.8 Hz, 2H, CH,), 3.980 (d, *Jun= 3.2 Hz, 3H, CHs), 4.170 (t, *Jyu=
7.0 Hz, 2H, CH,), 7.403 (s, 1H, NCH), 7.587 (s, 1H, NCH), 10.059 (s, 1H, NCHN). °C {'H}
NMR (100.6 MHz, CDCl;): & = 13.180; 21.643; 25.300; 28.030; 28.095; 29.440; 30.740;
35.855; 49.159; 121.446; 123.129; 136.005; ESI-MS (4.8 kV): Mz (%) =195.3 (100) [M-Br]",
78.9 (100) [M-C},Ha3N,]
1-n-dodecyl -3-methylimidazolium bromide (C12M ImBr)

'H NMR (400 MHz, CDCl3): & = 0.848 (s, 3H, CH; ), 1.217 (m, 18H, (CH,)o), 1.889 (t, *J
un= 6.8 Hz, 2H, CH,), 4.114 (s, 3H, CHs), 4.292 (t, *Jun= 7.2 Hz, 2H, CH,), 7.355 (s, 1H,
NCH), 7.511 (s, 1H, NCH), 10.492 (s, 1H, NCHN). *C {'"H} NMR (100.6 MHz, CDCls): § =
13.772; 22.307; 25.900; 28.653; 28.954; 29.024; 29.221; 29.142; 29.997; 31.523; 36.381;
49.753; 121.781; 123.565; 136.771; ESI-MS (4.8 kV): mz (%) =251.4 (100) [M-Br]", 78.9
(100) [M-CsH3 N, |
1-n-butyl-3-methylimidazolium iodide (BMIml)

'H NMR (400 MHz, CDCls): & = 0.803-0.852(m, 3H, CH3); 1.220-1.276(m, 2H, CH,);
1.760-1.797(m, 2H, CH,); 4.000-4.015(m, 3H, NCH3); 4.217(t, *Jyn = 7.2 Hz, 2H, NCH,);
7.473(d, *Juu= 0.6 Hz, 1H, NCH); 7.601(d, *Ju = 0.6 Hz, 1H, NCH); 8.61(s, |H, NCHN); "*C
{'H} NMR (100.6 MHz, CDCLy): & = 18.477; 28.420; 36.145; 55.632; 121.932; 122.798;
135.361; ESI-MS (4.8 kV): Mz (%) =139.0 (100) [M-I]", 126.9 (100) [M-CgH;sN,]
1-methyl-3-methylimidazolium iodide (MMIml)

'H NMR (400 MHz, D,0): § = 3.877-3.964 (m, 6H, 2CH3), 7.402-7.493 (m, 2H, 2NCH),
8.636-8.740 (m, 1H, NCHN). “C {'H} NMR (100.6 MHz, D,0): & = 35.973; 123.470;
136.609; ESI-MS (4.8 kV): Mz (%) =97.1 (100) [M-I]", 126.9 (100) [M-CsHoN,]
1-hydrogen-3-methyl imidazolium hydrosulfate (HMImHSO,)

'H NMR (400 MHz, D,0): & = 3.788 (s, 3H, CH; ), 7.303 (s, 2H, 2NCH ), 8.527 (s, 1H,
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NCHN). *C {'H} NMR (100.6 MHz, D,0): 5 = 35.411; 119.410; 122.908; 134.917; ESI-MS
(4.8 kV): Mz (%) =83.1 (100) [M-HSO4]", 97.1 (100) [M-C4H;N,]
1-butyl-3-methyl imidazolium phosphate (BM I mH2PO.)

'H NMR (400 MHz, D,0): 5 = 0.681 (s, 3H, CHs ), 1.100 (d, = 7.2 Hz, 2H, CH,), 1.634
(t, *Juu= 7.2 Hz, 2H, CH,), 3.689 (s, 3H, CHs), 3.989 (t, *Juu= 7.2 Hz, 2H, CH,), 7.256 (d, *J
ui = 9.8 Hz, 2H, 2NCH), 8.516 (s, 1H, NCHN).

Bc {1H} NMR (100.6 MHz, D,0): 6 = 12.566; 18.626; 31.131; 35.577; 49.144; 122.096;
123.359; 135.642; ESI-MS (4.8 kV): m/iz (%) =139.0 (100) [M-H,PO4]", 96.9 (100)
[M-CsHisN2 ]
1-(car boxymethyl)-3-methylimidazolium chloride (HOOC)CH,MimClI)

1-ethoxycarbonylmethyl-3-methylimidazolium chloride: '"H NMR (300 MHz, D,0): & =
1.22 (t, >3y =7.2 Hz, 3H), 3.88 (s, 3 H), 4.23 (g, 2H), 5.10 (s, 2 H), 7.45 (s, 2 H), 8.76 (s, 'H);
BC NMR (75 MHz, D,0): 6 =13.3, 36.1, 50.0, 63.7, 123.6, 137.5, 168.3.

HOOCMImCI: 'H NMR (300 MHz, D,0): § = 3.82 (s, 3 H), 5.03 (s, 2 H), 7.40 (d, *J u
=2.7 Hz), 8.70 (s, 1H); *C {'"H} NMR (75 MHz, D,0): & = 36.09, 50.0, 123.6, 137.4, 169.9;
ESI-MS (4.8 kV): m/z (%) = 141 (100) [M-CI]".
1-(butyl-4-sulfonate)-3-methyl imidazolium hydrosulfate ((CH2)4SOsHMImHSO,)

'H NMR(400 MHz, D,0): & = 1.630-1.707(m, 2H, CH,) 1.912-1.987(m, 2H, CH,); 2.871(t,
3Jun= 7.6 Hz, 2H); 3.818(s, 3H, CHj); 4.173(t, 2H, *Juy= 7.2 Hz, CHy); 7.365(s, 1H, NCH);
7.422(s, 1H, NCH); 8.666(s, 1H, NCHN); °C {'H} NMR (100.6 MHz, D,0): & = 20.854;
28.024; 35.603; 48.844; 49.996; 122.099; 123.598; 135.896; ESI-MS (4.8 kV): m/z (%) =205.3
(100) [M-HSO4]", 97.1 (100) [M-C-H5N,05S]"

4. Characterization of 5-hydroxymethylfurfural
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hannel

HPLC Analysis with the retention time 2.692.
NMR and EI-M SAnalysis:

'H NMR (400 MHz, CDCls): 8 =2.707 (s, 1H, OH ), 4.712 (s, 1H, CH,), 6.513 (d, *J= 1.8
Hz, 1H, CH), 7.209 (d, ®Juu= 3.6 Hz, 1H, CH), 9.572 (s, 1H, CHO). >C {'H} NMR(100.6
MHz, CDCls): & 57,580, 109.982, 122.879; 152.291, 160.579, 177.680. EI-MS calcd for
CsHe03 125.99.
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6. The 'H NMR and **C NMR charts of variousionic liquids

1-n-butyl-3-methylimidazolium bromide (BMImBr)
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1-n-butyl-3-methylimidazolium chloride (BMImCI)
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1-hydr ogen-3-methylimidazolium chloride (HM1mCI)
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Pyridine hydrochloride (HPyCl)
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1-n-octyl-3-methylimidazolium bromide (CsM ImBr)
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1-n-dodecyl-3-methylimidazolium bromide (C1,M ImBr)
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1-n-butyl-3-methylimidazolium iodide (BMIml)

€6T°0T

NN NN

1)

N e~

1H NMR(400MHz,CDCI3)

SETY

x ST0'V

\

16L°T

T
“T
ﬁt

g W8S 88
o oo - N
I I I
10.0 5.0 0.0
ppm (t1)
= PR ~N NN 4] w N =
w NN ~ o o ® ®
o N w o e i iN
=\, B
|
/NVN\/\/
13C NMR(400MHz ,CDCI3)
I | |
H |
I "I Il
\ \
100 50
ppm (1)

S16/ 91




Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

1-methyl-3-methylimidazolium iodide (MM Iml)

ov.'8

s

~N
N
©
w

N N~

VL

~

\E

T\® o
/N\&N\ |

1H NMR(400MHz, D20)

3 3 2
=S =S s
‘ L T L L L L L
9.0 8.0 7.0 6.0 5.0 4.0 3.0
ppm (t1)
- - w
w N o
o ® © o N =
o > ~
o ~ w
© o %%

Mo o
/N\?N\|

13C NMR(100.6MHz, D20)

‘ L
WWW“ SN b JWWMW”W’JMMWMWWO

ppm (1)

150

100

50 0

S17/S91




Electronic Supplementary Material (ESI) for Green Chemistry
This journal is © The Royal Society of Chemistry 2012

1-hydrogen-3-methyl imidazolium hydrosulfate (HMImHSO,)
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1-butyl-3-methyl imidazolium phosphate (BMImH,PO,)
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1-(car boxymethyl)-3-methylimidazolium chloride (HOOC)CH;MImCI)
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1-(butyl-4-sulfonate)-3-methyl imidazolium hydrosulfate ((CH2)aSOsHMImMHSO,)
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7. Supporting Figures
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Fig. S1 GC-MS spectroscopy of probable byproducts with reaction time prolongation.
Reaction conditions: fructose (0.5 mmol, 0.09 g), BMImBr (0.3 g), 100 °C, 2h. (a) GC
spectroscopy; (b) MS spectroscopy.
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Fig. S2 Stacked FT-IR spectra monitoring at various reaction time (min). Reaction conditions:

fructose (10 mmol, 1.8 g), BMImBr (6 g), 100 °C.
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FC= Carbon of Fructose
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Fig. S3 "C NMR spectrum of the reaction mixture in D,O (100.6 MHz). (a) BC NMR

spectrum of fructose for comparison; (b) Signals of fructose in reaction mixture. Reaction

conditions: 100 °C, 3 min.
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Fig. $4 Overview of the reaction pathway for dehydration of fructose into

5-hydroxymethylfurfural in the presence of EMImBr.
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Fig. S5 Overview of the reaction pathway for dehydration of fructose into

5-hydroxymethylfurfural in the absence of HMImBr.
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8. The optimized geometries and their Cartesian coordinates for the intermediates and

transition states
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C 4.79873700 0.38900500  -0.18213700
H 4.95634800 1.38209500 0.25538200
C 476599400  -0.65784500 0.95133200
H 5.72114200  -1.16883200 1.07420400
C 3.67714900  -1.63209600 0.48091500
C 1.85398300  -1.30282800  -1.32849900
H 2.50106900  -1.42067400 -2.19768100
C 2.68794900  -0.66309900  -0.21004300
(0] 3.47498900 0.36855800  -0.77007200
(0] 1.38278900  -2.59419300  -0.97660000
H 0.59672900  -2.49905800  -0.40440400
(0] 4.44484800  -0.07357800 2.20831000
H 3.50663000 0.16602900 2.18014000
C 5.86069100 0.13250300  -1.24798600
H 6.83595900 0.03273900  -0.75106500
H 5.64654800  -0.80014800  -1.76927800
(0] 5.90629800 1.14930800  -2.24728200
H 6.18106800 1.97370800  -1.83310200
(0] 424994800 -2.56798600  -0.41848700
H 3.53184200  -3.15020300 -0.70387500
H 3.20494400  -2.13279400 1.32958500
(0] 1.88362700  -0.04038200 0.80460600
H 1.11158300 -0.61006100 1.03185200
H 1.03173000  -0.63094700  -1.59874600
C -1.12818000 4.05141000  -0.15448500
C -2.36583400 3.62689800 0.21861800
C -0.98327500 1.90988300 0.37370900
N -0.27843400 2.96516000 -0.05081400
H -0.78191300 5.01909700  -0.47389300
H -3.30011800 4.15690200 0.28492000
H -0.62627200 0.89636800 0.55074000
C 1.15798600 2.95932800  -0.36778000
H 1.29494500 3.09185100  -1.44122400
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-4.68557200 0.21872300
H -5.18109800  -0.44314500
C -3.63132000 1.07746000
H -3.96786000 2.10671600
C -2.42492200 1.02409200
C -1.65843500  -1.19689900
H -1.91139400  -2.19349900

-0.62168800
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-0.83202800
-1.80261300
-2.15283100
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