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Abstract This manuscript explores microwave-assisted reactions for
the synthesis of new ionic materials involving the S-alkylation of thio-
phene. All isolatable products have been fully characterized by NMR and
all product have been quantified through UV-vis spectroscopy. By
means of a design technique, the experimental protocol (25min, 200W,
50°C) has been optimized, which led us to better yields (96%). In the
absence of MW activation, the conventional thermal reaction at room
temperature took longer (24-48h) to obtain similar results.

Keywords thiophenium salt, ionic liquid, syntheses, microwave, ex-
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The principle of ‘sustainable development’! has promot-
ed major changes in the advancement of chemistry; the
search for alternatives to conventional organic solvents and
the development of methodologies to optimize the use of
resources are some of them.? A series of novel ionic liquids
(ILs) that expand the range of traditional structures have
been reported by some research groups,>-> thus enlarging
their chemical applications.5-° By definition, ILs are organic
compounds formed by ions with melting points below
100°C. Generally, they are composed of a bulky cation that
comes from the quaternization of a nitrogen heterocycle,
different alkylamines, or phosphines and various organic or
inorganic anions. Depending on the size and characteristics
of each one, ILs may be more or less hydrophobic. Most ILs
are monovalent and their liquid state is derived from the di-
vergent size between cations and anions, which make them
unable to generate a stable crystal lattice, as well as the
poor coordinating ability and low intermolecular interac-
tions of anions. They are often characterized by their ther-
mal stability,'° high ionic conductivity, low vapor pressure,
and tunable miscibility with both water and organic sol-
vents.!! Nevertheless, Burrell and co-workers'? have shown
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that the thermal stability of some ILs is much lower than
expected with respect to other derivatives studied before.
Besides, Endres and El Abedin reported that a decrease in
the melting point is due to an increase in anion size.'> These
systems are widely used either as extractants in analytical
chemistry® or in organic synthesis as a new set of environ-
mentally friendly solvents.” It is important to mention that,
as far as we know, there are few reports about salts derived
from thiophene.#-16 The first reactions of thiophene and
bromobutane assisted by ultrasound were carried out in
our group; the synthesized S-butylthiophenium bromide
proved to be relatively stable in aqueous solution and could
be stored for weeks without decomposing.!”

On the other hand, microwave-assisted chemistry is no
longer an unconventional method and it has become a rou-
tine technique in organic synthesis laboratories.!®'® MW
heating reduces the reaction times and, in some cases, can
generate transformations that would not be possible under
other conditions.??-22 The most important benefit of apply-
ing microwave irradiation is that the mixtures can be heat-
ed rapidly to the desired temperature. Among substances
with significant ionic bonding, the synthesis of, and with
ionic liquids (ILs) represent paradigmatic examples.?3-2
MW irradiation has also been successfully applied to solvo-
thermal synthesis of inorganic compounds, both molecular
and non-molecular (i.e., having iono-covalent bonding).?6%7
Moreover, MW frequency effects have been reported in the
synthesis of ionic liquids.?8

In all chemical processes a considerable number of vari-
ables (instrumental parameters, reagents, times, tempera-
tures, etc.) are present so a large number of experiments
must be carried out in order to define the optimal condi-
tions. Using a univariate strategy (one-factor-at-a-time op-
timization) is an intricate approach to evaluate the effects
of different variables on an experimental outcome. In addi-
tion, this method is time consuming, expensive, and often
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leads to misinterpretation of results when interactions be-
tween different components are present. The experimental
design (ED) could be defined as a mathematical method
helping experimentalists to: (i) select the optimal experi-
mental synthetic strategy through a fewer number of ex-
periments, and (ii) evaluate the experimental results in or-
der to assure maximum reliability on the obtained conclu-
sions. Nowadays, the multivariate technique is used to
improve the optimization process in chemistry.?® To meet
this goal, response surface methodology can be used as a
remarkable strategy to apply in this process.>

Here, and in line with previous research, we explore the
synthesis assisted by MW of new ionic liquids by S-alkyla-
tion of thiophenes (Scheme 1). The products have been
characterized by spectroscopic methods, and as mentioned
the experimental design (ED) technique3' allows the opti-
mization of conditions leading to better yields in shorter
times.
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Scheme 1 Synthesis of S-alkylthiophenium salts

Initially we studied the microwave-assisted synthesis
without any additives. In this way, various combinations of
thiophenes [thiophene, 2-ethylthiophene, 3-methylthio-
phene, 2,5-dimethylthiophene, thianaphthene (ben-
zo[b]thiophene)], alkylating agents (BuBr, Bul, Mel, Me,SO,,
BnCl, t-Bu(l, allyl bromide) and solvents (H,0, EtOH, MeCN,
DCE, hexane, heptane, DMSO, o-dichlorobenzene) were ir-
radiated under different reaction conditions (time, micro-
wave power, temperature). Unfortunately, in all the reac-
tions only starting materials were recovered along with
some polymeric degradation byproducts. Taking into ac-
count these negative results we decided to carry out the re-
actions in the presence of different silver salts.!4

First, in order to isolate and characterize some of the
products, a modification of the method used by Achenson
and Harrison was employed.! In this way, 1-methylben-
zo[b]thiophenium hexafluoroantimonate was isolated in
63% yield by stirring overnight at room temperature ben-
zo[b]thiophene, methyl iodide, and silver hexafluoroanti-
monate in 1,2-dichloroethane (DCE). The corresponding re-
action workup has been described elsewhere.!*> A similar
quaternization method was employed for thiophene, 2,5-
dimethylthiophene, 2-ethylthiophene and 3-methylthio-
phene, although the workup had to be modified (see Exper-
imental Section). For each thiophene, the reaction was car-
ried out with different silver salts, such as silver hexafluo-
roantimonate (AgSbFg), silver 4-toluenesulfonate (AgOTs),
silver thiocyanate (AgSCN), and silver bis(trifluoromethyl-
sulfonyl)imide (AgNTf,). Unfortunately, the only thiopheni-

um salt that could be isolated (10% yield) and unequivocally
characterized was 1,2,5-trimethylthiophenium hexafluoro-
antimonate. This salt was chosen to carry out the experi-
mental design. The rest of the salts could not be isolated
due to their rapid decomposition. It is worth mentioning
the appearance of coloration in the supernatant ranging
from light yellow to dark purple, passing through red and
green. In general terms, coloration, from the lightest to the
darkest for all quaternizations depends on the salts used:
AgSCN<AgOTs<AgNTf,<AgSbFs. On the basis of previous
literature data®*-3* and a few transmission electron micro-
photographs (TEM) (Supporting Information, S14), the
presence of colloidal silver was confirmed, probably pro-
moted by oxidation of solvent or thiophenes.

The result of an ED is a polynomial regression describing
how different variables (through their coefficients) affect
the result of a system either independently or interacting
one with another. The most common empirical models fit
to experimental data are either linear or quadratic equa-
tions.?> The following is a general second order equation
describing a three variable system (X, X, X3), with a re-
sponse y:

V= BotBiXe+BoXotBaXs B X+ BoXo HBasX+BroX Xo 13X X +BosXoXs

Where B, is the origin coordinate; 3;, B,, B; are first or-
der coefficients; By;, B.2, B33 are quadratic ones and B5, B3,
f3,3 are interaction coefficients.

Different designs can provide this type of model fitting.
One of the most employed is the central composite design
(CCD), which allows the prediction of the first and second
order coefficients, making possible the estimation of a sur-
face response and interactions between variables.3!36:37

Three variables were optimized in our synthesis: irradi-
ation time (factor A), irradiation power (factor B), and tem-
perature (factor C). Each parameter was studied at two lev-
els, high (+1) and low (-1) arranged in a full factorial ma-
trix. As can be seen in Figure 1, all combinations of
experimental conditions can be represented in a three-di-
mension Cartesian coordinate system. The design is formed
by a cube whose corner points (circles) represent a full-fac-
torial design. In addition, this design has a central point (tri-
angles) and six star points outside the cube (squares) with
coded values at a distance of +1.68 (+a) the center for one of
the variables, while the others are kept at 0 of the central
point (level 0).

Table1 shows the levels evaluated for each factor with
its coded and real experimental conditions. All reactions
were carried out with equimolar amounts of 2,5-dimethyl-
thiophene and silver hexafluoroantimonate and 1.5 times
excess of methyl iodide in DCE as solvent. The experiments
listed in Table1 match the numbers given in the cube in
Figure 1.

From this equation (see table 1, footnote b), the optimal
conditions for maximum yield could be established as fol-
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Figure 1 Experimental domain for a three variable optimization CCD

lows: 25min at 200W of power and 50°C. These conditions
concur with experiment 3 in Table1. Reactions carried out
by triplicate gave 96% yield. Below, a Pareto chart (Figure 2)
of normalized effects of these factors is drawn. The Factor A
(time) is the only significant variable.
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Figure 2 Standardized Pareto chart for optimized variables. Factor A:
irradiation time; Factor B: irradiation power; Factor C: temperature. The
vertical line (blue) crossing the Pareto chart indicates the significant
variables with respect to the response.

The optimal conditions found were employed for the
preparation of different thiophenium salts by varying sub-
stitution positions in the starting thiophene ring (2,5-di-
methylthiophene, 2-ethylthiophene, 3-methylthiophene,
benzo[b]thiophene, 2-methylbenzo[b]thiophene), anions
(SbFg, BE4~, PFs~), and alkylating agents (Mel, Etl, Bul, BnCl,
allyl bromide, t-BuCl). It is important to mention that when
methyl iodide was used as the alkylating agent, all the ex-

Table 1 Levels of Experimental Variables and Their Corresponding Response Values of the Design®®

Experiment Independent variables Yield (%)
Factor A Factor B Factor C
Time (min) Power (Watt) Temp (°C)
Coded level Actual level Coded level Actual level Coded level Actual level
1 -1 15 -1 200 -1 50 79.9
2 -1 15 1 270 1 70 90.0
3 1 25 -1 200 -1 50 97.6
4 0 20 0 235 0 60 76.6
5 0 20 0 235 0 60 81.2
6 1 25 -1 200 1 70 66.7
7 -1 15 -1 200 1 70 63.9
8 0 20 0 235 0 60 66.0
9 -1 15 1 270 -1 50 57.0
10 1 25 1 270 1 70 69.7
11 1 25 1 270 -1 50 81.2
12 0 20 0 235 1.69 77 68.1
13 0 20 1.69 293 0 60 95.4
14 0 20 -1.69 170 0 60 80.5
15 -1.69 12 0 235 0 60 30.1
16 0 20 0 235 -1.69 43 91.6
17 1.69 28 0 235 0 60 97.1

2 Reaction conditions: 2,5-dimethylthiophene (0.1mmol), Mel (0.15mmol), AgSFs (0.1Tmmol), DCE (1 mL).
b Data obtained fitted to a second order regression polynomic equation with a quadratic regression coefficient of 0.73, i.e.:
Yield of 1,2,5-trimethylthiophenium hexafluoroantimonate (%) = 79.73+9.95xFactor A+1.07 xFactor B-4.77xFactor C-5.98 xFactor A>+2.63 xFactor B2~

0.234xFactor C2-2.10xFactor AB-7.45xFactor AC+8.40xFactor BC.
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pected salts were obtained. However, when either ethyl or
butyl iodide were employed, the number of salts decreased
to just a few products. Moreover, no reaction could be de-
tected with the remaining halides.

As Table2 shows, not all the compounds could be isolat-
ed and completely characterized due to different peculiari-
ties of each salt (ring substitution, counterion, chain length;
etc.). However, the S-alkylation could be observed by UV-vis
spectrometry (Supporting Information, S15). The UV-vis
spectra of S-methylthiophenium salts were different from
those of the starting thiophenes (Table3), changing the ab-
sorption wavelength from 230 to around 270nm. In the
case of benzo[b]thiophenes, the aromatic long wavelength
absorptions are destroyed leaving three broad bands at
around 220, 270, and 300nm. It is interesting to remark
that neither S-alkyl groups nor counterion modify these ab-
sorptions, but a small shift is observed due to substituents
on the ring.

Table2 S-Alkylation of Different Thiophenes at Optimal Conditions?
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2 Reaction conditions: thiophene (0.17mmol), R?l (0.15mmol), AgX
(0.7mmol), DCE (1mL), microwaves, 200W, 50°C, 25min.

b UV-Vis quantified in aqueous solution.

¢Isolated yields after centrifugal evaporation or lyophilization.
dIsolated yields, precipitation with Et,0.

The substitution in carbons o to sulfur seems to be of
utmost importance, since both 2,5-disubstituted substrates
give the highest yields. It is noteworthy that 2-alkyl-5-aro-
matic-fused rings gave lower yields (Table2, entry 13, 13%)
than the 2,5-dialkyl-substituted thiophene (entry 1, 96%).
As shown in Table2 (entries 2, 5, 8, 11, and 14) the perfor-
mance of different S-methyl tetrafluoroborate salts varies
according to the substitution in the heterocycle. This might
be caused by some steric hindrance or inadequate reaction
conditions, since they were optimized for 1,2,5-trimeth-
ylthiophenium. On the other hand, the fused aromatic rings
apparently afford some extra stability to these compounds.
Thus, 1-methylbenzo[b]thiophenium salts (entries 10-12)
can be stored in the solid state or in aqueous solution at-
18°C for 4 months. The same was observed with 1,2-di-
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Table3 UV-vis Spectra of Thiophenes in Ethanol and of Their S-Methyl Tetrafluoroborate Salts in Water

Thiophene core

UV-vis (a0 NM)

Thiophene S-Methylthiophenium tetrafluoroborate
2,5-dimethylthiophene 236 2852
2-ethylthiophene 233 230, 2672
3-methylthiophene 230 237,2712

201, 226, 256, 288, 296
201, 227, 258, 287, 297

benzo[b]thiophene
2-methylbenzo[b]thiophene

220, 266, 297°
261, 297°

2 Absorption band was used for UV quantification of benzothiophenium salts.

methylbenzo[b]thiophenium tetrafluoroborate (entry 14,
46%). However, it did not happen with 1,2,5-trimethylthio-
phenium salts (entries 1-3), which decompose in less than
a week and progressively degrade over 3 months in frozen
aqueous solution. Moreover, 1,3-dimethylthiophenium
tetrafluoroborate (entry 5, 8%) and 1-methyl-2-ethylthio-
phenium tetrafluoroborate (entry 8, 6%) could only be iden-
tified in solution through 'H and '*C NMR. When isolation
was attempted, only degradation byproducts were ob-
served. To quantify 3-methyl and 2-ethyl salts (entries 4-6
and 7-9, respectively) an alternative approach had to be
employed. These salts undergo solvolysis quickly in alco-
hols giving the starting thiophene.'* Taking into account
this characteristic, the aqueous salt solution was diluted
with excess ethanol, and thiophene, as solvolysis product,
was quantified (Supporting Information, S16).

According to literature,?® an increase in the volume of
anions produces a decrease in their nucleophilic character
(the anion could cleave the S-alkyl bond). However, the
SbFs~ anion being the less coordinating one, gives greater
quaternization yields (Table2, entries 1, 4, 7, 10, and 13)
and more stable products. Following in size PFs-, and
against all expectations, its salts are the ones detected and
isolated in the lowest yields (Table2, entries 3, 6, 9, 12, and
15). On the other hand, BF,~ salts give medium yields of rel-
atively stable compounds (Table2, entries 2, 5, 8, 11, and
14). The general order of stability/yield could be explained
by a balance between size, polarizability, and superficial
charge. The yields of the SbF;~ salts obtained are in the or-
der of 30% and 40% more than in the case of BF,~ salts. In
addition, these salts give greater yields (between 55% and
85%) than PFg~ salts.

The aqueous solubility of S-methylbenzo[b]thiopheni-
um salts was estimated by slow addition of a small amount
of water to such salts. Thus, the solubilities were SbF;- salt:
5.5mmol/L; BF,~ salt: 9.3mmol/L; and PF4~ salt: 9.5mmol/L.
These variations might also explain the differences in
chemical yields, both isolated and quantified by UV-vis
spectroscopy. Whereas SbF;~ salt is too hydrophobic to be
extracted efficiently from 1,2-dichloroethane solution (Ta-

ble2, entry 10), PFs~ might be too soluble to precipitate
even in diethyl ether (Table2, entry 12), leaving BF,~ as me-
dium term (Table2, entry 11).

Table2 (entries 14, 16, and 17) shows yields obtained for
the S-alkylation of 2-methylbenzo[b]thiophene employing
AgBF, salt as anion source. It is clear that shorter alkyl
chains give better yields; methylation (entry 14) is 36%
more effective than ethylation (entry 16), which, on the
other hand, gives a 70% greater yields than butylation (en-
try 17). Besides these differences, there are great contrasts
regarding stability of compounds. The 1,2-dimethylben-
zo[b]thiophenium tetrafluoroborate salt is easily isolated
by precipitation or evaporation of the solvent and can be
stored in solid form for months; while its aqueous solution
is stable after freezing. On the contrary, 1-ethyl-2-methyl-
benzo[b]thiophenium tetrafluoroborate cannot be isolated
by precipitation and shows signs of degradation when sol-
vent evaporation is attempted. Like the preceding deriva-
tive, its aqueous phase can be stored after freezing, whereas
it is hydrolyzed completely at room temperature in less
than a week. Finally, 1-butyl-2-methylbenzo[b]thiopheni-
um tetrafluoroborate could not be isolated as it decomposes
completely during the removal of the solvent. Its aqueous
solution is stable enough for 24h only, although it could be
stored for two weeks after freezing without appreciable de-
composition.

A differential scanning calorimetry (DSC) at 5°C/min
(Figure 3) was carried out for those salts obtained in accept-
able yields, namely 1-methylbenzo[b]thiophenium hexaflu-
oroantimonate, 1,2-dimethylbenzo[b]thiophenium hexa-
fluoroantimonate, and 1,2-dimethylbenzo[b]thiophenium
tetrafluoroborate.

1,2-Dimethylbenzo[b]thiophenium tetrafluoroborate
showed a classical ionic liquid behavior (Figure 3). The crys-
tals melted at 79°C with an endothermic transition of
15.8kJ/mol, and then it did not solidify in the studied range.
A second heating did not show any phase transitions either.
1,2-Dimethylbenzo[b]thiophenium hexafluoroantimonate
had a similar behavior (Figure 3); it started melting at
around 93°C with an enthalpy of 24.6k]/mol. Cooling down
did not show solidification in the studied range, although
further heating showed a broad exothermic transition cor-
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responding to recrystallization of the compound at around
32°C, followed by melting at 67°C, indicating that this salt
recrystallized in a different structure.

Finally, 1-methylbenzo[b]thiophenium hexafluoroanti-
monate had a different behavior (Figure 3). In the first heat-
ing cycle, it showed two endothermic transitions. At 64°C
there was a first transition phase with an enthalpy of
12.4kJ/mol and the final melting occurred at 111°C with a
smaller enthalpy of 6kJ/mol. This seemed to indicate that
between these temperatures there was a mesophase re-
gion, probably a liquid crystalline one.? During the cooling
cycle there was only a sharp transition at around 80°C with
an enthalpy of-5k]J/ mol, which was the reverse transition
of the melting at 111°C. The salt did not resolidify in this
range. The second heating cycle showed a broad small en-
dothermic transition at 103°C.

All these data agree with the typical profile expected for
ionic liquids having melting points below 100°C, and an ex-
tended super-cooling region.

In summary, the microwave energy has the ability to
give the appropriate conditions, in a short time, for produc-
ing different thiophenium salts from a thiophene ring and
an alkylating agent. Moreover, the reaction time is the sig-
nificant variable in the experimental design. It is important
to mention that alkyl substitution in carbons « to the sulfur
atom gives rise to the highest yields. Furthermore, the chain
length in the S-alkylation plays an important role in obtain-
ing compounds with high yields and stability. In this sense,
the shorter chains give better yields and stability.

For salts, the role played by the anion is twofold: on the
one hand it contributes to the stability of the ionic liquid
and therefore greater yields are observed. On the other
hand, it tunes the solubility in the reaction medium, which
affects the isolation efficiency. The observed order is
SbFs>PFs>BF,. A differential scanning calorimetry (DSC)
study for the stable salts, showed that such compounds are
effectively ionic liquids with melting points lower than
100°C, thus making them valuable materials for future
studies and opportunities. In addition, a full theoretical
analysis on the mechanistic pathway and structural rela-
tionships is currently under way and will be published in
due course.

Reagents were obtained from commercial sources and employed as
received. AgBF, and AgPF; were prepared according to literature,*® but
instead of recrystallization, product was washed repeatedly with CH,-
Cl,; AgNTf, was prepared by reaction of silver oxide with trifluoro-
methanesulfonimide, which was obtained from its lithium salt.! Or-
ganic solvents were distilled and dried according to standard proce-
dures, prior to use. Deionized water (type II quality) was obtained
with a Millipore Elix 10 UV Water Purification System. 'H and '3C
NMR spectra were recorded on a Bruker ARX 300 (300.1MHz for 'H,
75.5MHz for 13C) using D,0 or CDCl; as solvents. The UV-visible spec-
tra were recorded in a Carey 60 version 2.0 instrument. A quartz 5-mL
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Figure 3 DSC scans: 1,2-dimethylbenzo[b]thiophenium tetrafluorobo-
rate, 1,2-dimethylbenzo[b]thiophenium hexafluoroantimonate, 1-
methylbenzo[b]thiophenium hexafluoroantimonate; heating rate =
5°C/min, exothermic transitions are recorded with negative heat flow

cell was chosen for the measurements. The Analytical Services of the
Universidad Nacional del Sur performed the C, H, and S analyses with
an Exeter Analytical Inc. CE-440 microanalyzer. The DSC measure-
ments were performed in a TA Instrument Q20 V23 with N, as pro-
tection gas. Approximately 3mg of sample were analyzed in standard
aluminum pans. The scans are carried out at 5°C/min rate for heating
and subsequent cooling, and data are displayed so exothermic transi-
tions occur at negative heat flow and endothermic ones are positive.
Displayed temperatures (tagged in the graphs) correspond to the on-
set of the respective transition. Microwave (MW) assisted reactions
were carried out from 0 to 300W, programmable in 1-W increments,
in the CEM Discover Benchmate oven with a 10-mL closed system
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vessel. The temperature system located in the instrument cavity is re-
vised by a calibrated infrared sensor, which monitors and controls the
temperature conditions of the reaction vessel (programmable from
25-250°C).

1,2,5-Trimethylthiophenium Hexafluoroantimonate; Typical Pro-
cedure for Thermal Conditions

2,5-Dimethylthiophene (67.0mg, 0.6mmol) was stirred along with
AgSbFg (171.6 mg, 0.5mmol) in DCE (1mL) at 0°C until the system was
cool. Afterwards, Mel (255.0mg, 1.8mmol) was added in one portion.
The reaction vessel was hermetically closed and the reaction was
magnetically stirred in the dark for 24h at r.t. After completion the
precipitate was filtered off and washed with DCE. The supernatant
was extracted with D,0 to analyze the extract by NMR directly. Ex-
traction was completed with miliQ water (3x1mL). Weighting and ad-
ditions of reagents were carried out under infrared light to minimize
humidity. Aqueous solutions of salt were evaporated and dried with
either freeze-drying or with a centrifugal evaporator at r.t. The salt
was obtained as a white solid; yield: 18.0mg (0.0515mmol, 10%); mp
45-55°C (decomp.).

'H NMR (300MHz, D,0): § = 6.97 (s, 2 H), 3.19 (s, 3 H), 2.39 (s, 6 H).
13C NMR (75MHz, D,0): 8 = 141.3, 136.7, 25.9, 12.8.

UV-vis: Apax = 285nm.

Anal. Calcd for C;H;;F¢SSb: C, 23.16; H, 3.05; S, 8.83.Found: C, 23.21;
H,3.11; S, 8.79.

The solid was dissolved in distilled water to build a calibration curve.
Linear range 0.064mg/mL to 0.32mg/mL, slope 5.735, origin coordi-
nate 0.031, and correlation coefficient 0.9999 were obtained (see the
Supporting Information, S16). This curve was employed to quantify
the reactions of experimental design.

1-Methylbenzo[b]thiophenium Hexafluoroantimonate; Typical
Procedure for Thermal Conditions with Modified Workup

The reaction was carried out as for 1,2,5-trimethylthiophenium hexa-
fluoroantimonate in thermal synthesis, although the workup was
modified: the supernatant was separated and the precipitate washed
with DCE. To the combined organic layers Et,0 was added and the
bottom of the vessel was scratched until opalescence appeared. The
system was cooled overnight at-18°C until no more precipitate ap-
peared. The supernatant was removed and the solid was washed with
dry Et,0 and dried under vacuum. The salt was obtained as white
needles; yield: 121 mg (0.31mmol, 63%); mp 64-65 °C; water solubil-
ity: 5.5mmol L-1 (2.13g L-1).

TH NMR (300MHz, D,0): & = 8.15 (d, 3Jy.y = 7.6Hz, 1 H), 7.95 (t, 3y =
7.2Hz,2 H), 7.83 (t, }Jy.y = 7.6Hz, 1 H), 7.73 (t, 3,1y = 7.8Hz, 1 H), 7.39
(d, 3y = 5.7Hz, 1 H), 3.27 (s, 3 H).

13C NMR (75MHz, D,0): 8 = 142.2, 135.1, 133.3, 130.5, 127.5, 1274,
126.3, 123.3, 30.6.

UV-vis (H,0) Ay = 220, 266, 297 nm.

Anal. Calcd for CqHgFgSSb: C, 28.08; H, 2.36; S, 8.33.Found: C, 28.15;
H, 2.40; S, 8.24.

1,2,5-Trimethylthiophenium Hexafluoroantimonate; Typical Pro-
cedure for Microwave-Assisted Synthesis

In a 10-mL closed system microwave vessel, 2,5-dimethylthiophene
(11.2mg, 0.1mmol), Mel (21.5mg, 0.15mmol), and AgSbF; (34.4mg,
0.1mmol) were added to dry DCE under infrared light. The vessel was
closed and the microwave-assisted reaction was carried out with the
following fixed conditions: mode, sps; A temperature, 1 °C; stirring,

high; max power, off. The reaction temperature was maintained at
50°C and 200W of power for 25min. The workup was the same as in
thermal conditions; yield: 26.0mg (0.074mmol, 74%). The aqueous
phase was brought to volume for UV-visible quantification. Some rep-
licates were also evaporated with centrifugal evaporation to isolate
the product and assess its stability. Alternatively, extraction was car-
ried out with an aliquot of D,0 for direct NMR characterization.

1,2,5-Trimethylthiophenium Tetrafluoroborate

White solid; yield: 7.7mg (0.036mmol, 36%); mp 39-42°C.

'H NMR (300MHz, D,0): § =6.99 (s, 2 H), 3.21 (s, 3 H), 2.41 (s, 6 H).
13C NMR (75MHZ, D,0): 8 = 140.5, 135.9, 48.0, 12.0.

UV-vis: Apax = 285nm.

Anal. Calcd for C;H;;BE,S: C, 39.28; H, 5.18; S, 14.98.Found: C, 39.45;
H, 5.25; S, 15.02.

1,2,5-Trimethylthiophenium Hexafluorophosphate

UV-vis quantified: 30%.

'H NMR (300MHz, D,0): § =6.97 (s, 2 H), 3.19 (s, 3 H), 2.39 (s, 6 H).
UV-vis: Ap.x = 285nm.

1,3-Dimethylthiophenium Tetrafluoroborate

UV-vis quantified: 8%.

TH NMR (300MHz, D,0): & = 7.51 (d, 3,4 = 2.6Hz, 1 H), 7.43 (d, 3Jy.y =
5.5Hz, 1 H),7.12 (s, 1 H), 3.18 (s, 3 H), 2.31 (s, 3 H).

13C NMR (75MHz, D,0): & = 144.8, 128.5, 120.4, 48.9, 16.0.

UV-vis: Aoy = 237, 271nm.

1,3-Dimethylthiophenium Hexafluoroantimonate

UV-vis quantified: 21%. This salt could not be isolated because it rap-
idly decomposes.

1,3-Dimethylthiophenium Hexafluorophosphate

UV-vis quantified: 6%. This salt could not be isolated because it rapid-
ly decomposes.

2-Ethyl-1-methylthiophenium Hexafluoroantimonate

UV-vis quantified: 10%. This salt could not be isolated because it rap-
idly decomposes.

2-Ethyl-1-methylthiophenium Hexafluorophosphate

UV-vis quantified: 2%. This salt could not be isolated because it rapid-
ly decomposes.

2-Ethyl-1-methylthiophenium Tetrafluoroborate

UV-vis quantified: 6%.

TH NMR (300MHz, D,0): § = 7.45 (dd, 3J,,,; = 5.7, 3.2Hz, 1 H), 7.39 (d,
3] = 5.6Hz, 1 H), 7.15 (s, 1 H), 3.21 (s, 3 H), 2.97-2.63 (m, 2 H), 1.30
(t, 3, = 7.4Hz, 3 H).

13C NMR (75MHz, CDCl,): 6 = 142.7, 134.0, 126.1, 48.9, 21.0, 12.6.
UV-vis: Ay = 261, 297nm.

1-Methylbenzo[b]thiophenium Tetrafluoroborate

White needles; yield: 18 mg (0.047 mmol, 47%); mp 65-66 °C; water
solubility at 25 °C: 9.3mmol L-! (2.2g L-1).
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H NMR (300MHz, CDCLy): 8 = 8.47 (d, ¥y, = 8.3Hz, 1 H), 7.86 (d, Yy =
7.1Hz, 1 H), 7.83-7.64 (m, 4 H), 3.46 (s, 3 H).

13C NMR (75MHz, CDCl,): 6 = 141.1, 140.7, 133.6, 133.0, 131.2, 128.0,
127.1,125.5,31.9.

UV-vis: Apax = 220, 266, 297 nm.

Anal. Calcd for CiHoBF,S: C, 45.80; H, 3.84; S, 13.58.Found: C, 46.11;
H, 4.02; S, 13.76.

1-Methylbenzo[b]thiophenium Hexafluorophosphate
Slightly yellow solid; yield: 1.76mg (0.006 mmol, 6%); mp 66-68 °C;
water solubility at 25 °C: 9.9mmol L-' (2.85g L-1).

H NMR (300MHz, D,0): 8 = 8.18 (d, Yy = 7.9Hz, 1 H), 7.96 (t, YJup =
7.3Hz, 2 H), 7.87 (t, Jyn = 7.5Hz, 1 H), 7.74 (t, Yy = 7.7Hz, 1 H), 7.41
(d, ¥yn = 5.7Hz, 1 H), 3.28 (s, 3 H).

UV-vis: Apax = 220, 265, 297nm.

Anal. Calcd for CgHgFgPS: C, 36.74; H, 3.08; S, 10.90.Found: C, 37.01;
H, 3.21; S, 11.05.

1,2-Dimethylbenzo[b]thiophenium Hexafluoroantimonate

White solid; yield: 26.7mg (0.067 mmol, 69%); mp 93-94°C.

H NMR (300MHz, D,0): & = 8.08 (d, 3J,;; = 8.0Hz, 1 H), 7.87-7.74 (m,
2 H),7.64 (t, 3y =7.6Hz, 1 H), 7.50 (s, 1 H), 3.27 (s, 3 H), 2.51 (s, 3 H).

13C NMR (75MHz, D,0): & = 141.9, 137.8, 136.3, 133.4, 1294, 126.4,
126.3,29.4, 13.1.

UV-vis: Ay = 261, 298 nm.

Anal. Calcd for C;oH;;FsSSb: C, 30.10; H, 2.78; S, 8.03.Found: C, 30.23;
H, 2.84; S, 8.11.

1,2-Dimethylbenzo[b]thiophenium Tetrafluoroborate

White solid; yield: 6.0mg (0.024mmol, 24%); mp 79-81°C.

H NMR (300MHz, D,0): & = 8.11 (d, 3., = 7.9Hz, 1 H), 7.85-7.80 (m,
2H), 7.64 (t, 3y = 7.6Hz, 1 H), 7.52 (s, 1 H), 3.30 (s, 3 H), 2.54 (s, 3 H).
13C NMR (75MHZ, D,0): 8 = 141.9, 137.9, 136.3, 133.5, 132.4, 1294,
126.4, 126.3,29.4, 13.1.

UV-vis: Apax = 261, 297nm.

Anal. Calcd for C;oHy;BE,S: C, 48.03; H, 4.43; S, 12.82.Found: C, 48.11;
H, 4.48; S, 12.90.

1,2-Dimethylbenzo[b]thiophenium Hexafluorophosphate

Slightly yellow powder; yield: 7.4mg (0.024mmol, 24%); mp 98-
101°C.

H NMR (300MHz, D,0): & = 8.10 (d, 3., = 8.8Hz, 1 H), 7.80 (q, ¥y =
8.8Hz, 2 H), 7.65(t, 3Jy.4 = 7.6Hz, 1 H), 7.51 (s, 1 H), 3.28 (s, 3 H), 2.53
(s,3H).

13C NMR (75MHz, D,0): § = 141.9, 137.9, 136.3, 133.5, 132.4, 1294,
126.4,126.3,29.4, 13.1.

UV-vis: Ay = 261, 297nm.

Anal. Calcd for C;oHy;FgPS: C, 38.97; H, 3.60; S, 10.40.Found: C, 39.05;
H, 3.69; S, 10.56.

1-Ethyl-2-methylbenzo[b]thiophenium Tetrafluoroborate
UV-vis quantified: 30%.

H NMR (300MHz, D,0): 8 = 8.04 (d, ¥y, = 8.0Hz, 1 H), 7.79 (m, ¥ =
7.6Hz, 2 H), 7.64 (t, 3y = 7.4Hz, 1 H), 7.57 (s, 1 H), 4.02 (dq, Yy =
14.3,7.2Hz, 1 H), 3.83 (dq, ¥, = 14.2, 7.1Hz, 1 H), 2.47 (s, 3 H), 0.92
(t, Yun = 7.0Hz, 3 H).

13C NMR (75MHz, D,0): § = 143.3, 138.2, 133.5, 133.4, 129.3, 128.3,
126.9,126.1,39.8,13.4,5.7.

UV-vis: Ay =261, 297nm.

1-Butyl-2-methylbenzo[b]thiophenium Tetrafluoroborate

UV-vis quantified: 9%.

'H NMR (300MHz, D,0): & = 8.06 (d, 3Jy.y = 8.0Hz, 1 H), 7.94-7.74 (m,
2 H),7.65 (t, 3y = 7.4Hz, 1 H), 7.57 (s, 1 H), 3.59 (t, 3J;.s = 6.6Hz, 2 H),
2.50 (s, 3 H), 1.57-1.46 (m, 2 H), 1.40-1.28 (m, 2 H), 0.89 (t, 3, =
7.4Hz, 3 H).

UV-vis: A, = 260, 297nm.
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