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Abstract We report the synthesis of a new series of
imidazolium-based halogen-free ionic liquids 1-alkyl-3-
methylimidazolium lauryl sulfates. By reacting 1-methyl-
imidazole (MIM) with butyl, hexyl, octyl, and decyl
bromides and exchanging bromide ion with lauryl sulfate
anion, a series of ionic liquids [RMIM][C;,H,50S05] were
produced. The high purity of these ionic liquids was
verified with "H-NMR, "*C-NMR, FT-IR and mass spec-
trometry (MS), demonstrating the effectiveness of this
synthetic approach. Solubility test of these ionic liquids
showed that they are soluble in most organic solvents except
nonpolar solvents such as hexane and cyclohexane. The
optical properties of [ BMIM]Br and [BMIM][C,H,50S03],
where B refers to butyl, were examined. Both ionic liquids
absorbed light in the UV region, yet essentially no
absorption was recorded beyond 450 nm. Furthermore,
both ionic liquids showed excitation wavelength-dependent
fluorescence behavior. As an example, with an excitation
wavelength of 360 nm, [BMIM][C;,H,50S05] showed an
emission band maximum at 447 nm. Increasing the
excitation wavelength to 440 nm, the emission band
maximum was shifted to ~500 nm.

Keywords Ionic liquids - Excitation wavelength-dependent
fluorescence

J. M. Obliosca - M. H. Huang (><))

Department of Chemistry, National Tsing Hua University,
Hsinchu 30013, Taiwan

e-mail: hyhuang@mx.nthu.edu.tw

J. M. Obliosca - S. D. Arco
Institute of Chemistry, University of the Philippines, Diliman,
Quezon City, Philippines

Introduction

Ionic liquids (ILs) are a class of solvents that are receiving a
great deal of attention for their wide range of applications
[1]. As ‘designer solvents’, ILs are capable of dissolving
almost anything including coal, plastics, metals and even
rock. They are used as solvents for organic synthesis [1, 2],
catalysis [2—4], extraction of gold nanorods [5], sulfur
removal from fuels [6], and the synthesis of gold nano-
particles and sheets [7-9]. They have the potential to make
ideal green solvents as they have negligible vapor pressure
and do not evaporate into the atmosphere, making them
more environmentally responsible materials than traditional
organic solvents.

Typical ILs consist of N,N’-dialkylimidazolium cations,
and a wide range of halide-based anions such as [AICl,],
[PFs], [BF4] and [CF3SOs] [10, 11]. However, the
presence of halides may cause serious concerns if the
hydrolysis stability of the anion is poor (e.g., for [AICl,]”
and [PFg]") or if thermal treatment of the utilized ILs is
desired [11]. In view of the emerging importance of benign and
environmental friendly ILs, this study explores the synthesis of a
series of ILs based on 1-alkyl-3-methylimidazolium cations with
lauryl sulfate as the halogen-free anion. Sodium lauryl sulfate
(SLS) is of great advantage because unlike other alkyl sulfates
which are made from synthetic alcohol, SLS is a naturally
derived surfactant made from the whole natural coconut. In this
study, ILs containing I-alkyl-3-methylimidazolium cations
were synthesized by reacting 1-methylimidazole with alkyl
bromides ranging from C4 to C;( hydrocarbon chain groups
and exchanging bromide ions with sodium lauryl sulfate to
afford the viscous to solid products, [RMIM][C;,H,50S05].
The formation of the products was verified with 'H-NMR,
BC-NMR, FT-IR and MS. All the products were found to
show very high purity, demonstrating the success of the
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synthetic procedure adopted. With the consideration of the
applications of these SLS-based ILs in the synthesis and
phase transfer of nanoscale materials, the solubility of
the synthesized ILs in various organic solvents was
examined. In addition, absorption and photoluminescence
spectra of the [BMIM]Br and [BMIM][C,,H,50S0;] ILs
were taken to study their optical properties. Both ILs were
found to exhibit an excitation wavelength-dependent
fluorescence behavior.

Experimental
Synthesis of ionic liquids

A range of ILs containing 1-alkyl-3-methylimidazolium
cations was synthesized. In the first step, 1-methylimidazole
was used as the starting material and reacted with alkyl
bromides containing C4 to C;o hydrocarbon chain groups.
Sodium lauryl sulfate was then added to replace the bromide
ions with lauryl sulfate anions forming the desired ILs.

First, 1 mol of 1-methylimidazole (79.7 mL) and 1 mol
of 1-bromoalkane (107.4 mL for 1-bromobutane, all
purchased from Fluka) were placed in a two-necked
round-bottom flask, stirred thoroughly and heated to 70°C
for 48 h under N,. The resulting viscous liquid was cooled
to room temperature, washed several times with small
portions of ethyl acetate (purchased from Aldrich) by
shaking the mixture using a separatory funnel and then
draining away the solvent to remove unreacted starting
material (that is, excess of 1-bromoalkane), and then dried
under vacuum for 5-7 h.

For the synthesis of 1-alkyl-3-methylimidazolium lauryl
sulfates, 48.4 mmol of the freshly synthesized and dried
[RMIM]Br (10.6 g for [BMIM]Br) and 43.6 mmol (12.6 g)
of sodium lauryl sulfate CH3(CH,);;0SO3Na (purchased

from Aldrich) were dissolved in 20 mL of hot water (60°C).
The water was slowly removed under vacuum at 70—80°C
and a white solid precipitated. By using a separatory funnel,
45 mL of CH,Cl, (purchased from Fluka) was added to
extract the product from the mixture. The ionic liquid was
in the lower layer, while NaBr was in the upper layer. The
clear but slightly yellow viscous extract was then washed
several times with water and the white solid (accounted for
NaBr as by-product) was separated out. The washing was
repeated until it was bromide-free; two to three drops of
0.1 M AgNO; were added to the washings to confirm the
presence/absence of bromide ions. The extract was distilled
to get rid of the CH,Cl, solvent and finally dried under N,
and vacuum for 5-7 h to afford the viscous gel product,
[RMIM][C,,H>50805].

The solubility of the synthesized ionic liquids in various
organic solvents having different dielectric constants has
been determined. Approximately 0.1 g or 0.2 mL (two to
three drops) of ionic liquid in a vial was added to 1 mL of
organic solvents listed in Table 1. The mixture was then
shaken vigorously after addition.

Five to ten mg of ionic liquid was placed in an
aluminum hermetic pan, covered and measured by a
differential scanning calorimeter (DSC) from 30 to 150°C
at a heating rate of 10°C/min. The DSC was purged with N,
at a flow rate of 50 mL/min.

Instrumentation

"H-NMR and "*C-NMR spectra taken in dg-DMSO solvent
were recorded on a Varian Mercury 400 and 500 MHz
spectrometer, respectively. FT-IR spectra were measured on
a Perkin Elmer Spectrum RX I spectrometer. Mass spectra
were recorded on a liquid chromatograph mass spectrom-
eter (JEOL JMS-SX102A). Photoluminescence spectra

Table 1 Solubility of the synthesized ionic liquids in various organic solvents

Solvent € [BMIM] Br [HMIM]Br [OMIM] Br [DMIM] Br BLS HLS OLS DLS
(12) (1b) (lc) (1d) (22) (2b) (2¢) (2d)
Water 80.0 V v v v v v 0 X
Methanol 326 V v v v v v v v
Ethanol 243 v v v v v v v
Acetone 207 v v v o v v v
CH,Cl, 9.1 v v v v v v v
THF 76 % x X v v v v v
Ethyl acetate 6.0 x X X x o v v x
CS, 26 x x x x X v v v
Toluene 24 x X X X [ v v v
Cyclohexane 20 x X X X x o o X
Hexane 20 x X X X X 0 X X

v/ Soluble, x insoluble, o partially soluble
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were taken with excitation wavelengths ranging from 300
to 440 nm using a fluorescence spectrophotometer (Hitachi
F-4500). UV-vis absorption spectra were recorded on a
spectrophotometer (JASCO V-570). DSC curves were
collected using a differential scanning calorimeter (SDC
Q10 V9.0 Build 275).

Results and discussion

The preparation of 1-alkyl-3-methylimidazolium ILs with
bromide ions and the desired ILs with lauryl sulfate anions
follows the general reaction presented in Fig. 1. This simple
synthesis was carried out under nitrogen atmosphere and
dried under vacuum since 1-methylimidazole is a hygro-
scopic compound. The products are white solid compounds
for ILs 2a, 2¢, and 2d, and colorless gel for IL 2b (see
Fig. 1). Despite their solid form at room temperature, these
ILs can turn into the liquid state at slightly higher
temperatures. DSC measurements showed that ILs 2a, 2c,
and 2d exhibit an endothermic peak due to the melting of
the ILs at about 48, 39, and 44-48°C, respectively. Above
these temperatures, these ILs bearing the lauryl sulfate
anion can serve as solvents or media for various reactions.
IL 2b, however, displayed a more gradual endothermic
behavior at higher temperatures and then a sharp endother-
mic peak at 92°C, possibly as a result of its gel-like state at
room temperature.

This one-pot synthetic route allowed us to obtain the
imidazolium-based halogen-free ILs in good yields and
high purity. The purity of the products was identified
based on several spectroscopic data. Results of 'H-NMR
and "*C-NMR spectra indicated high purity of these ionic
liquids without unexpected signals from unreacted starting

/N@N\R Br  NaC,,H,50S0;
(1) [RMIM|Br

RBr

IO\ 0 NaB
/N@N\ O=($)=O + apr

(2) [RMIM][C;,H250803]

1a (85%); 2a (85%): R=Butyl  1c (90%); 2¢ (86%): R = Octyl
1b (95%); 2b (84%): R=Hexyl  1d (91%); 2d (88%): R = Decyl

2a 2b 2¢ 2d

Fig. 1 General schematic diagram for the synthesis of ILs and their
percent yields. Images show the physical appearances of the products
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Fig. 2 Absorption spectra of 0.35 M [BMIM]Br (1a), sodium lauryl
sulfate, and [BMIM][C;,H,50S05] (2a) in water

materials. Careful examinations of the FT-IR results
showed all functional groups expected for the desired ILs.
MS analysis revealed all the mass units of the ionic liquids
intact. These pure ILs showed 100% cation and anion
signals under MS-ES" (electron spray) and MS-ES",
respectively.

With the interest on the possible use of these ILs for the
synthesis and phase transfer of nanoscale materials, the
solubility (or miscibility) of the ILs in various organic
solvents having different dielectric constants (£) was
determined (Table 1). The solubility of the ILs in bromide
form increases in polar protic and aprotic solvents having
high dielectric constants (that is, £=20.7 for acetone up to
£=80 for water). Organic solvents with dielectric constants
lower than 10 are generally not soluble except CH,Cl,
because of the polar nature of these ILs. Exchanging
bromide with lauryl sulfate ion resulted in possibly less
polar products. For this reason, these ILs are generally
soluble in solvents having dielectric constant as low as that
of toluene (€=2.4). These ILs also exhibit good solubility
in polar solvents such as alcohol (that is, CH;CH,OH and
CH;0H) due to the presence of the alkyl groups on the
alcohols which can readily interact with the long alkyl
chain of sulfate via van der Waals attraction. An opposite
effect was observed with water which does not have any
alkyl group and solubility is poor for ILs 2¢ and 2d.

In the quest of understanding the optical properties of the
products, the absorbance and fluorescence behavior of the
ILs in bromide and sulfate forms were examined. The UV-
vis absorption spectra of 0.35 M [BMIM]Br, [BMIM]
[C12H,50S803], and lauryl sulfate in water were measured
and shown in Fig. 2. A strong absorption in the deep UV
region (230-380 nm) with decreasing trend towards the
visible part was observed for both ILs. The absorption tail
is considerably long and extends beyond 380 nm. Since
both compounds have almost identical absorption pro-
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file, the absorption center should be the I-alkyl-
3-methylimidazolium cation. This significant absorption
prompted us to further examine the photoluminescence
spectra of [BMIM]|Br and [BMIM][C;,H,50S03]. With
an excitation wavelength of 300 nm, [BMIM]Br and
[BMIM][C,H,50S03] showed emission maxima at 463
and 440 nm, respectively. When subjected to an increasing
excitation wavelength, both ILs exhibited fluorescence
maxima which started to shift progressively toward the red
region with increasing intensity for [BMIM]Br and
increasing trend for [BMIM][C;,H,50SO3] up to an
excitation wavelength of 380 nm (see Fig. 3a). Thus, there
is an excitation wavelength-dependent fluorescence behavior
for both ILs. The progressive increase and then decrease in
the fluorescence intensity of [BMIM][C,,H,50S03] is
similar to those reported for [BMIM][BF,] and other ionic
liquids examined [12]. At longer excitation wavelengths
beyond 440 nm, a decreased fluorescence intensity for
[BMIM]Br should be expected, as light absorption by the
ionic liquid becomes less efficient at such wavelengths. A
plot of the shifts in the emission maxima with different
excitation wavelengths (see Fig. 3b) shows that the emission
maxima do not differ much with excitation light in the deep
UV region (that is, relatively flat profile in the 300-360 nm

Fig. 3 a Excitation wavelength-

region) but has great change towards the blue light region
(ascending trend, 380—440 nm).

Results show that by replacing the IL in bromide form
with lauryl sulfate anion, significant absorption in the UV
region and excitation wavelength-dependent fluorescence
characteristics can still be observed. Hence, these unique
optical properties are not due to the anion effect but are
attributed to the imidazole moiety of the ILs. These
findings are consistent with a recent study done by Paul
et al. [12]. They examined the imidazolium cation with
halogen-based ILs in PF, and CI forms and found
significant electronic absorption in the UV region and
dramatic excitation-wavelength dependent photolumines-
cence. The excitation-wavelength dependent fluorescence
behavior has been suggested as due to the presence of
different associated structures of the ionic liquids resulting
from the spatial correlations of the cation—anion and
cation—cation pairs [12]. By varying the excitation wave-
lengths, the various associated structures of the ionic liquids
become excited and emit light at slightly different wave-
lengths. The high viscosity also contributes to the observed
effect. Our work further illustrates that the emission
intensities of the ILs in the deep UV region are lower than
that in the visible region (see Fig. 3a). The emission
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intensity of these ILs is in general relatively weak, and
should not interfere with the fluorescence of dissolved
organic molecules having sufficiently strong fluorescence
intensities. Fluorescent probes have recently been used to
study the local solvent environment of ILs [13, 14]. Thus,
the emission of the dissolved fluoroprobes should not
present a problem with UV light absorption by the ILs.

Conclusion

In summary, we have successfully synthesized a series of
1-alkyl-3-methylimidazolium lauryl sulfate ILs. All the ILs
have been carefully characterized with 'H-NMR, '*C-
NMR, FT-IR and MS analysis. The results indicated that
the synthetic procedure yields highly pure products.
Compared to the insoluble nature of the ILs with bromide
ion in nonpolar solvents, the ILs with lauryl sulfate anion
exhibit good solubility in both polar and nonpolar solvents.
The optical properties of [BMIM]Br and [BMIM]
[C1,H,50S03] were examined. An interesting excitation
wavelength-dependent emission behavior was observed for
both ILs, suggesting that such optical property is typical of
ILs bearing the 1,3-dialkylimidazole moiety. Because
1-alkyl-3-methylimidazolium lauryl sulfate ILs contain the
lauryl sulfate (or dodecyl sulfate) anion, which is a
common surfactant, this series of ILs may find application
in the synthesis of nanoscale materials as the capping agent
is already incorporated into the ILs.
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Appendix
Supporting Information

Synthesis and Optical Properties of 1-Alkyl-3-Methylimi-
dazolium Lauryl Sulfate Ionic Liquids

Judy M. Obliosca, Susan D. Arco and Michael H.
Huang*

'"H-NMR, "*C-NMR, FT-IR, and MS data for all the
ionic liquids synthesized in this study.

1a: 1-Butyl-3-Methylimidazolium Bromide

"H-NMR (500 MHz, de-DMSO): § 0.766 (t, J=7.5 Hz,
3 H), 1.148 (sxt, J=7.5 Hz, 2H), 1.700 (qnt, J/=7.0 Hz,
2 H), 3.882 (s, 3 H), 4.211 (t, J=7.5 Hz, 2H), 7.881 (d, J=
1.5 Hz, 1H), 7.984 (d, J=2.0 Hz, 1H), 9.561 (s, 1H); "*C-
NMR (500 MHz, ds-DMSO): & 13.111, 18.549, 31.286,

35.739, 48.211, 122.090, 123.279, 136.398; IR (neat) vyax:
3,460, 3,153, 3,091, 2,960, 2,920, 2,853, 1,637, 1,575,
1,472, 1,382, 1,171 cm™'; ESI-MS: (ESI") m/e 139.17
{[CgHsN,]"}, (ESI') 78.82 (Br ), 80.81 (Br).

1b: 1-Hexyl-3-Methylimidazolium Bromide

"H-NMR (500 MHz, d¢-DMSO): & 0.704 (t, J=6.5 Hz,
3H), 1.114 (m, 6H), 1.711 (qnt, J = 6.5 Hz, 2H), 3.888 (s,
3H), 4.212 (t, J=7.5 Hz, 2H), 7911 (d, J=1.5 Hz, 1H),
8.012 (s, J=1.5 Hz, 1H), 9.613 (s, 1H); "*C-NMR
(500 MHz, dg-DMSO): 6 13.555, 21.680, 24.909, 29.308,
30.364, 35.704, 48.432, 122.055, 123.226, 136.389; IR
(neat) vmax: 3,438, 3,148, 3,097, 2,961, 2,926, 2,858, 1,637,
1,575, 1,467, 1,382, 1,166 cm '; ESI-MS: (ESI") m/e
167.23 {[C1oH oN,]"}, (ESI") 78.82 (Br ), 80.82 (Br ).

1c: 1-Octyl-3-Methylimidazolium Bromide

"H-NMR (500 MHz, de-DMSO): & 0.728 (t, J=6.5 Hz,
3H), 1.125 (m, 10H), 1.725 (qnt, J=6.5 Hz, 2H), 3.889 (s,
3H), 4.215 (t, J = 7.0 Hz, 2H), 7.906 (d, J = 1.5 Hz, 1H),
7.998 (d, J=1.5 Hz, 1H), 9.607 (s, 1H); '*C-NMR
(500 MHz, ds-DMSO): 6 13.635, 21.875, 25.317, 28.226,
28.350, 29.388, 31.002, 35.677, 48.441, 122.064, 123.252,
136.407; IR (neat) vpax: 3,466, 3,148, 3,097, 2,955, 2,926,
2,858, 1,643, 1,575, 1,472, 1,382, 1,171 cm'; ESI-MS:
(ESI") m/e 195.29 {[C,,H,3N,]"}, (ESI") 78.81 (Br),
80.81 (Br).

1d: 1-Decyl-3-Methylimidazolium Bromide

"H-NMR (500 MHz, d¢-DMSO): 5 0.732 (t, J = 7.5 Hz,
3H), 1.156 (m, 14H), 1.725 (qnt, J = 7.0 Hz, 2H), 3.893 (s,
3H), 4.216 (t, J = 7.0 Hz, 2H), 7.910 (d, J = 1.5 Hz, 1H),
7.996 (d, J = 2.0 Hz, 1H), 9.608 (s, 1H); "*C-NMR
(500 MHz, ds-DMSO): 6 13.617, 21.928, 25.352, 28.324,
28.563, 28.758, 28.811, 29.423, 31.144, 35.686, 48.441,
122.055, 123.252, 136.416; IR (neat) vpa.x: 3,432, 3,148,
3,103, 2,961, 2,926, 2,858, 1,671, 1,580, 1,467, 1,387,
1,183 cm'; ESI-MS: (ESI") m/e 223.30 {[Ci4H»N>]'},
(ESI') 78.81 (Br ), 80.81 (Br ).

2a: 1-Butyl-3-Methylimidazolium Lauryl Sulfate =
[BMIM][C,H,50S03] = BLS

"H-NMR (400 MHz, d¢-DMSO): & 0.833 (t, J=6.8 Hz,
3H), 0.882 (t, J=7.6 Hz, 3H), 1.221 (m, J=7.6 Hz, 20H),
1.451 (m, J=6.8 uz, 2H), 1.752 (qnt, J/=6.8 Hz, 2H), 3.692
(t, J/=6.0 Hz, 2H), 3.845 (s, 3H), 4.158 (t, J=7.2 uHz, 2H),
7.707 (d, J=1.6 Hz, 1H), 7.776 (d, J=1.2 Hz, 1H), 9.120
(s, 1H); C-NMR (500 MHz, de-DMSO): & 13.226,
13.892, 18.770, 22.106, 25.538, 28.740, 28.811, 29.051
(3C), 29.086 (2C), 31.313, 31.402, 35.677, 48.468, 65.534,
122.268, 123.589, 136.575; IR (neat) Vp.x: 3,460, 3,153,
3,091, 2,960, 2,920, 2,853, 1,637, 1,575, 1,472, 1,382,
1,274, 1,217, 1,171, 1,069, 990, 814, 762, 723 cm™'; ESI-
MS: (ESI") m/e 139.2 {[CsH,sN,]"}, (ESI") 265.13
{[C12H50805] }.

2b: 1-Hexyl-3-Methylimidazolium Lauryl Sulfate =
[HMIM][C12H250803]:HLS
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"H-NMR (400 MHz, d¢-DMSO): & 0.839 (tt, J=6.6 Hz,
6H), 1.223 (m, J=12.8 Hz, 20H), 1.250 (m, J=10.8 Hz,
4H), 1.458 (qnt, J=6.8 Hz, 2H), 1.762 (qnt, J=7.2 Hz, 2H),
3.667 (t, J=6.8 Hz, 2H), 3.841 (s, 3H), 4.145 (t, J=7.2 Hz,
2H), 7.699 (d, J=1.2 Hz, 1H), 7.767 (d, J=1.6 Hz, 1H),
9.107 (s, 1H); >*C-NMR (500 MHz, d¢-DMSO): & 13.803,
13.909, 21.902, 22.106, 25.175, 25.547, 28.740, 28.820,
29.060 (3C), 29.086 (2C), 29.397, 30.594, 31.322, 35.695,
48.743, 65.525, 122.268, 123.598, 136.549; IR (neat) Upax:
3,438, 3,148, 3,097, 2,961, 2,926, 2,858, 1,637, 1,575,
1,467, 1,382, 1,222, 1,166, 1,069, 990, 808, 768, 728 cm ';
ESI-MS: (ESI") m/e 167.24 {[C,oHoN,]"}, (ESI") 265.19
{[C12H,50S05] }.

2¢: 1-Octyl-3-Methylimidazolium Lauryl Sulfate=
[OMIM][C,H,50S0;5]=0OLS

"H-NMR (400 MHz, de-DMSO): 5 0.830 (tt, J=7.0 Hz,
6H), 1.217 (m, J=12 Hz, 20H), 1.250 (m, 8H), 1.458 (qnt,
J=6.0 Hz, 2H), 1.780 (qnt, J=7.2 Hz, 2H), 3.677 (t, J=
7.2 Hz, 2H), 3.847 (s, 3H), 4.150 (t, J=7.2 Hz, 2H), 7.709
(d, J=1.6 Hz, 1H), 7.777 (d, J=1.6 Hz, 1H), 9.138 (s, 1H);
3C-NMR (500 MHz, d¢-DMSO): 5 13.865 (2C), 22.088,
22.114, 25.556 (2C), 28.430, 28.563, 28.767, 28.856,
29.095 (3C), 29.113 (2C), 29.486, 31.233, 31.339,
35.677, 48.743, 65.552, 122.268, 123.572, 136.567; IR
(neat) vmax: 3,466, 3,148, 3,097, 2,955, 2,926, 2,858, 1,643,
1,575, 1,472, 1,382, 1,222, 1,171, 1,063, 995, 808,
723 cm'; ESI-MS: (EST) m/e 19527 {[C;,H»NoI'},
(ESI") 265.19 {[C1,H,50S05] }.

2d: 1-Decyl-3-Methylimidazolium Lauryl Sulfate =
[DMIM][C;,H,50S0;] = DLS

"H-NMR (500 MHz, d-DMSO): & 0.828 (t, J=5.5 Hz,
6H), 1.214 (m, 20H), 1.245 (m, 12H), 1.453 (m, J=6.5 Hz,
2H), 1.760 (qnt, J=7.0 Hz, 2H), 3.675 (t, J = 6.5 Hz, 2H),
3.852 (s, 3H), 4.155 (t, J=7.5 Hz, 2H), 7.728 (d, J=2.0 Hz,
1H), 7.794 (s, J=2.0 Hz, 1H), 9.187 (s, 1H); "*C-NMR
(500 MHz, dg-DMSO): & 13.839 (2C), 22.097 (2C),
25.529, 25.547, 28.457, 28.723, 28.749, 28.856, 28.891,
28.962, 29.060, 29.086 (2C), 29.104 (2C), 29.468, 31.313
(2C), 35.668, 48.698, 65.499, 122.241, 123.545, 136.549;
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IR (neat) vma: 3,432, 3,148, 3,103, 2,961, 2,926, 2,858,
1,671, 1,580, 1,467, 1,387, 1,257, 1,217, 1,183, 1,058, 984,
870, 802, 723 cm'; ESI-MS: (ESI*) m/e 223.3
{[C14H27No] '}, (ESIT) 265.13 {[C1,H,50S05] }.
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