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Abstract: A series of sulfonium halides bearing allyl greupave been prepared and
characterized. Anion metathesis with Li{f] and Ag[N(CN}] resulted in sulfonium-based
ionic liquids which exhibit low viscosities at roor@amperature. The solid state structure of
one of the halide salts was determined by singlstal X-ray diffraction.
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1. Introduction

lonic liquids containing imidazolium cations haveelb extensively studied, and have found
applications in catalysis [1], analytical chemis{r®], and elsewhere [3]. The development of
functionalized (or task-specific) ionic liquids e#eed much attention due to the potential to imgast
liquid with specific chemical and/or physical projpes [3, 4]. Various functional groups have been
incorporated onto imidazolium [S§mmonium [6], pyridinium [7], triazolium [8], oxakdinium and
morpholinium [9], pyrazinium, and pyrimidinium @as [10]. In addition, ionic liquids with
functionalized anions have also been reported [[llkontrast, sulfonium-based ionic liquids have
received less attention possibly because the megudtiifonium salts are generally less stable thair
imidazolium counterparts. However, sulfonium sdisve certain useful properties that could be
applied in specialised areas. For example, a sefidsalkylsulfonium iodides were evaluated as
electrolytes in dye-sensitized solar cells [12]thaligh the energy conversion efficiencies were low
relative to systems based on imidazolium electeshtL3], doping the sulfonium-based electrolytes
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with metal iodides such as Cul, Agl or Lil resultégd improved conversion efficiencies [14].
Sulfonium salts also represent a source of sulfanilides that can be generaiedsitu as synthons for
chiral compounds [15].

A more recent report indicated that trialkylsulf@mi salts based on the dicyanamide anion have low
viscosities compared to other ionic liquids, tyflican the range 20 - 60 cP at 20° C, which compare
very favourably to imidazolium dicyanamides [16]istbsity is an extremely important parameter in
many potential applications of ionic liquids incing their use as electrolytes in solar cells [1g, 1
19]. It has been shown that the viscosity of thelanolium based ionic liquids can be reduced using
asymmetric anions [11], and in addition, it hasrbi®ind that in certain cases allyl groups attadbed
imidazolium cations resulted in low viscosity iodiquids in combination with iodide [20, 21], the
preferred anion in dye sensitized solar cells. Thusthought it would be interesting to incorportie
allyl group onto the sulfonium cation in order teesif the viscosities of the resulting ionic ligsid
could be further reduced.

2. Results and Discussion

The synthetic route used to prepare the allyl-fimnetized sulfonium salts described herein is
illustrated in Scheme 1. In the first step the appate allyl halide and disulphide are reacted in
acetone and stirred at room temperature to aff@lityd-allyl-sulfonium halides, [@allylsul]Br 1 and
[Caallylsul]l 2. Diethyl sulphide reacts rapidly with allyl broneido afford producL as a colourless
powder directly from the reaction mixture. In cast, the synthesis & required the more active
alkylation agent, allyl iodide, in order to procagttler mild conditions and in high yield.

X
R 7 N= R x  LNorAgNCN) R A
S — S
R orwzanforl R N= =
48 h for 2 R _
1: R=Et, X =Br 3:R=Et, A=[TfNJ
2:R=Bu, X=1

4: R = Et, A =[N(CN),]
5: R =Bu, A =[Tf,N]
6: R = Bu, A = [N(CN),J

CS N . - Li[TN] or AGIN(CN),] CS+ A
rt. 24 hfor1 = —

. 8: A = [Tf,N]
9: A = [N(CN),J

Scheme 1. Synthesis of sulfonium-based ionic liquids.

Subsequent metathesislofnd?2 in water with lithium bis(trifluoromethanesulfoiyhide (LiTf,N)
or silver dicyanamide (A®(CN).]), freshly prepared by reacting AgNCGand Na[N(CNj] in
equimolar quantities, afford the corresponding thfs{oromethanesulfonyl)imide 3( and 5) and
dicyanamide 4 and 6) salts, which are all liquids at room temperatuteshould be noted that
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dimethylallyl and diallylmethyl sulfonium cationsave been reported previously although their
physical properties were not described in detd].[Following a similar route sulfonium salts based
on tetrahydrothiophene, [allylthiof, [allylthio]Tf,N 8 and [allylthio]N(CN) 9 were prepared.
Complexesl — 9 were characterised using electrospray ionisatiaasispectrometry (ESI-MS), IR,
'H and'*C NMR spectroscopy. They were found to be speatpaisally pure by NMR and their purity
was further confirmed using elemental analyses. gd®tive ion ESI mass spectra bt 9 exhibit
parent peaks atvz 131, 201 and 97 corresponding to the cationsl[@sul]®, [Csallylsul]” and
[allylthio] ¥, respectively. In negative ion mode intense peaksesponding to the anticipated anions
were observed. In keeping with previous observati@8], aggregates based on small cation-anion
clusters are observed, which are reduced in relatitensity as the concentration of the ionic kiui
solution is reduced in the co-solvent. The mairiuieain the IR spectra df - 9 is the characteristic
C=C vibrations observed in the range 1635-1638'cithe’H and**C NMR spectra of - 9 in D,Oor
CDsCNare as expected with little change in the spedith@anion is varied and are routine in nature.

Figure 1. Ball and stick representation Dfleft); disordered atoms omitted for clarity. Paki
diagram ofl (right) view along the-axis. Key bond lengths (A): Sat 1.814; §0°)C- (p°)Cave
1.545; §p°)C- (5p?)Cave,1.529; 6p°)C- (5p*)Cave, 1.292.

Single crystals ol suitable for X-ray diffraction analysis were grofvom acetonitrile solution by
slow diffusion with diethyl ether. The structurelofs shown in Figure 1 and key bond parameters are
given in the caption. The compound crystallisethm trigonal lattice system as disordered molegules
presumably due to the highly flexible ethyl and/lafjroups. In addition, one of the molecules in the
asymmetric cells lies on a special positionsymmetgment and it is not possible to determine the
exact orientation of that molecule. Thus, it isideggl as the disordered rosette structure showhen
packing diagram in Figure 1. Numerous weak H-bogdmeractions were also observed between the
aliphatic H-atoms and the bromide atoms at dissmde2.78-2.93 A. Similar interactions were also
found in polyalkylammonium bromide compounds sushigthyl-difn-propylammonium bromide and
tetraethylammonium bromide [24].
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With the exception of all the allyl-functionalized sulfonium salts aiquid at room temperature,
most with a glass transition temperaturg) (@f approximately -60° C (see Table 1). In genetiad
viscosities of the sulfonium ionic liquids (excefor the halide salts) are low, and as expected,
dependent on the nature of the anion. It is notdwdhat while allyl functionalized imidazolium ian
liquids have lower viscosity than the saturateglatbngeners [21, 25]; in the case the sulfoniuitssa
introduction of the allyl functionality does nofstdt in lower viscosities [12, 16h our previous paper
[21], we hypothesized that the reduced viscositthefallyl-substituted imidazolium salts may be due
to a decrease in hydrogen bonding between the hoiden cation and the anion at the expense of
increasedt-n interactions. Since there are no acidic protorthénsulfonium salts described herein the
incorporation of alkyl groups does not reduce thescosity, further validating the earlier hypotises
In fact, it was observed that the allyl-sulfoniuomic liquids described herein have slightly higher
viscosities compared to related allyl-based systétmssumably the slight increase in viscosity is du
to the presence of additional weakt interactions in the liquid phase. While such gaéire ideas
require substantiation they could prove usefuleaedoping theoretical methods to predict the plaJsic
properties of ionic liquids [26]. The higher visdgsof the ionic liquids with the cyclic sulfonium
cation 8 and9) compared td33 and 4 could be due to reduced conformational flexibikigd such
phenomena have previously been observed in cyghtegnary ammonium ionic liquids [27].

Table 1. Physical properties of allyl-sulfonium ionic ligls.

lonic liquids Ty (°C) Tm(°C) 7 (cP, 20°C)
[CLAllylsul]l 2 -60.12 - 1080.0
[CLAllylsul][Tf 2N] 3 - -60.19 42.6
[CLAllylsul][N(CN) 7] 4 -42.34 - 31.0
[CLAllylsUl][Tf 2N] 5 -58.15 - 108.0
[CLAllylsul][N(CN) ;] 6 -42.34 - 89.5
[Allylthio]l 7 -41.11 - 1283.0
[Allylthio][Tf 2N] 8 -52.62 - 80.0
[Allylthio][N(CN) ;] 9 -83.36 - 66.5

Concluding comments: We have, as far as we are aware, described the dkamples of
functionalized sulfonium-based ionic liquids. Uddikmidazolium salts, the presence of the allyl grou
does not reduce the viscosity of the resultingddiguids, presumably because the allyl group h&dps
reduce hydrogen bonding interactions in the imidamebased ionic liquids, albeit at the expense of
increasertTt interactions. The flexibility of the cation alsppears to play an important role in the
physical properties of the ionic liquids. The iorliquids could prove to be useful in various
applications such as electrolytes for dye sensitsdar cells.
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3. Materialsand M ethods

All reagents were obtained commercially and userkesived. The synthesis of the2 and7 was
performed under an inert atmosphere of dry nitrogsing standard Schlenk techniques in solvents
dried and distilled prior to use. All other compdsrnwere made without precautions to exclude air or
moisture. IR spectra were recorded on a Perkin-EIFEIR 2000 system. NMR spectra were
measured at 20° C on a Bruker DMX 400, using Silste external standard. Electrospray ionization
mass spectra (ESI-MS) were recorded on a Therm@@ni.CQ™ Deca XP Plus quadrupole ion trap
instrument on samples diluted (methanol, ethanatemor DMSO). Samples were infused directly into
the source at L min™ using a syringe pump and the spray voltage waatsetkV and the capillary
temperature at 50° C [28]. Thioethers should bedlehwith special caution due to their highly
unpleasant odours. The reaction waste was treated40, (10% V/v).

Synthesis of [ C,Allylsul] Br 1

A solution of diethyl sulphide (9.02 g, 0.10 moihdaallyl bromide (12.1 g, 0.10 mol) in acetone (20
ml) was stirred at r.t. for 24 h during which tinraewhite precipitate formed. The precipitate was
removed, washed with diethyl etherX30 ml) and dried under vacuum for 24 h, yield:62§, 98%;
M.p. 145° C. Crystals suitable for X-ray diffraagtiavere obtained by slow diffusion of diethyl ether
into an acetonitrile solution of the compound &t ESI-MS (HO): positive ion: 131 [@Allylsul],
negative ion: 80 [Br]*H NMR (D,0): = 5.88 (m, 1H), 5.68 (s, 1H), 5.65 (s, 1H), 4.03 AH), 3.29
(tetra, 4H), 1.43 (triple 6H)-*C NMR (D;0): 6= 127.6, 123.3, 39.9, 32.5, 8.6; IR ({m2971, 2935,
2903, 2832c- alkane), 1638uc-calkene); Anal. Calcd for £15BrS (%): C, 39.82; H, 7.16; Found:
C, 39.87; H, 7.18.

Synthesis of [ C,Allylsul] 1 2

A solution of dibutyl sulphide (14.6 g, 0.10 mohdaallyl iodide (16.8 g, 0.10 mol) in acetone (20
ml) was stirred at r.t. for 48 h, during which tiragoale yellow liquid phase formed. The acetone was
removed and the remaining liquid was washed wigthgi ether (3x 30 ml) and dried under vacuum
for 24 h, yield: 17.9 g, 57%; ESI-MS £8): positive ion: 201 [GAllylsul], negative ion: 127 [I].*H
NMR (D;0): 6= 5.89 (m, 1H), 5.69 (s, 1H), 5.66 (s, 1H), 3.95 @H), 3.16 (triple, 4H), 1.78 (penta
4H); 1.50 (penta 4H), 0.98 (triple, 6EC NMR (D;0): 6= 127.6, 123.5, 40.8, 38.1, 25.6, 21.2, 12.6;
IR (cm®): 2968, 2939, 2879p€.+ alkane), 1638uc-calkene); Anal. Calcd for GH,3lS (%): C, 42.04;

H, 7.38; Found: C, 41.95, H, 7.41.

Synthesis of [ CAllylsul] [ TfoN] 3
A solution of1 (10.5 g, 0.05 mol) and Li[EFN] (13.4 g, 0.05 mol) in water (20 ml) was stirrac.t.

for 1 h, during which time a second liquid phaserfed. The lower phase was removed, washed with
water (3x 20 ml) and dried under vacuum for 24 h, yield:gl&8%; ESI-MS (Ethanol): positive ion:
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131 [GAllylsul], negative ion: 280 [TN]. *H NMR (D,O): = 5.87 (m, 1H), 5.66 (s, 1H), 5.64 (s,
1H), 4.03 (m, 2H), 3.24 (tetra, 4H), 1.47 (triple)6 *C NMR (D,0): = 127.2, 123.4, 121.0, 40.1,
32.6, 8.2; IR (crl): 2961, 2935, 2905, 283%dy alkane), 1637 vc-c alkene); Anal. Calcd for

CoH1sFsNO4Ss (%0): C, 26.27; H, 3.67; N, 3.40; Found: C, 26 &73.61; N, 3.38.

Synthesis of [ C,Allylsul] [N(CN),] 4

Silver dicyanamide was prepared by mixing silvetrate and sodium dicyanamide in aqueous
solution followed by filtration. A solution df (10.5 g, 0.05 mol) and Ag[N(Ck)(8.5 g, 0.05 mol) in
water (20 ml) was stirred at 80°C for 1 h, the migtwas filtered and the filtrate was dried under
vacuum. The colourless liquid was then washed digkhyl ether (3x 20 ml) and dried under vacuum
for 24 h, yield: 8.7 g, 89%,; ESI-MS (Ethanol): gog ion: 131 [GAllylsul], negative ion: 66
[N(CN),]. *H NMR (D;0): 6= 6.12 (m, 1H), 5.83 (s, 1H), 5.88 (s, 1H), 4.7Q BH), 3.43 (tetra, 4H),
1.67 (triple 6H);*C NMR (D;0): = 127.8, 123.4, 120. 0, 40.2, 32.7, 8.6; IR " {yn2978, 2938 ,c.H
alkane), 1638vc-calkene); Anal. Calcd for GH17N3S (%): C, 59.16; H, 7.68; N, 18.83; Found: C,
59.17; H, 7.71; N, 18.79.

Synthesis of [CoAllylsul] [TFN] 5

A solution of2 (16.4 g, 0.05 mol) and Li[EFN] (13.4 g, 0.05 mol) in water (20 ml) was stirrac.t.
for 1 h, during which time a second liquid phaserfed. The ionic liquid phase was removed, washed
with water (3x 20 ml) and dried under vacuum for 24 h, yield:518, 77%; ESI-MS (bD): positive
ion: 201 [CAllylsul], negative ion: 280 [TN]. *H NMR (D,0): 5= 5.91 (m, 1H), 5.64 (s, 1H), 5.60
(s, 1H), 3.94 (m, 2H), 3.12 (triple, 4H), 1.79 (perH); 1.49 (penta 4H), 0.99 (triple, 6EHfC NMR
(D;0): 0= 127.6, 123.5, 117.3, 40.8, 38.1, 25.6, 21.27;1IR (cm): 2969, 2942, 2870pé.4 alkane),
1638 {c=calkene); Anal. Calcd for ZH2sFsNO4S3 (%): C, 34.92; H, 5.23; N, 2.91; Found: C, 34.95,
H, 5.28, N, 2.87.

Synthesis of [CsAllylsul] [N(CN),] 6

A solution of2 (16.4 g, 0.05 mol) and Ag[N(CH)(8.5 g, 0.05 mol) in water (20 ml) was stirred at
80°C for 1 h, the mixture was filtered and the waggnoved under vacuum. The colourless liquid was
then washed with diethyl ether €320 ml) and dried under vacuum for 24 h, yield:91§, 82%; ESI-
MS (H,0): positive ion: 201 [GAllylsul], negative ion: 66 [N(CN). *H NMR (D,0): d= 5.98 (m,
1H), 5.61 (s, 1H), 5.55 (s, 1H), 3.84 (m, 2H), 3(0®le, 4H), 1.79 (penta 4H); 1.51 (penta 4HPD.
(triple, 6H) *C NMR (D,0): 6= 127.8, 123.4, 118.3, 40.7, 37.9, 25.6, 21.2742IR (cm'): 2969,
2950 (c.q alkane), 1638uc-calkene); Anal. Calcd for GH2sN3S (%): C, 62.88; H, 9.42; N, 15.71;
Found: C, 62.88, H, 9.41, N, 15.80.
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Synthesis of [Allylthio] | 7

A solution of tetrahydrothiophene (8.8 g, 0.10 mexid allyl iodide (16.8 g, 0.10 mol) in acetone
(20 ml) was stirred at r.t. for 24 h, during whithme a yellow-brown viscous phase formed. The
solvent was removed and the liquid was washed avéthyl ether (3« 30 ml) and dried under vacuum
for 24 h, yield: 24.3 g, 95%; ESI-MS £8): positive ion: 129 [Allylthiol], negative ion:2F [I]. *H
NMR (D20): 6= 5.89 (m, 1H), 5.85 (s, 1H), 5.57 (s, 1H), 4.42 gH), 3.80 (triple, 2H), 3.64 (triple,
2H), 2.46 (triple 4H)*C NMR (D,0): d= 127.7, 125.1, 44.7, 43.3, 29.4; IR (m3182, 2939c.H
alkane), 1655uc-calkene); Anal. Calcd for £13lS (%): C, 32.82; H, 5.12; Found: C, 32.82; H, 5.14

Synthesis of [Allyithiol] [TF,N] 8

A solution of7 (12.8 g, 0.05 mol) and Li[EFN] (13.4 g, 0.05 mol) in water (20 ml) was stirrac.t.
for 1 h, during which time a second liquid phasemfed. The water was removed under vacuum and
the ionic liquid phase was washed with watex @0 ml) and dried under vacuum for 24 h, yield.gl5
74%; ESI-MS (Methanol): positive ion: 129 [Allylj, negative ion: 280 [EN]. *H NMR (D-0): J=
5.90 (m, 1H), 5.67 (s, 1H), 5.59 (s, 1H), 3.88 @H), 3.50 (triple, 2H), 3.33 (triple, 2H), 2.27ifte
4H); *C NMR (D:0): 0= 126.7, 124.9, 117.4, 44.0, 42.1, 28.4; IR §n2954 ¢ alkane), 1638
(vc=c alkene); Anal. Calcd for §113FsNO,S; (%): C, 26.40; H, 3.20; N, 3.42; Found: C, 26.42;
3.14; N, 3.44.

Synthesis of [Allyithio] [N(CN),] 9

A solution of7 (12.8 g, 0.05 mol) and Ag[N(CBH)(8.5 g, 0.05 mol) in water (20 ml) was stirred at
80° C for 1 h, then the mixture was filtered and thiater removed under vacuum at 80° C. The
colourless liquid was then washed with diethyl etf8x 20 ml) and dried under vacuum for 24 h,
yield: 8.7 g, 89%; ESI-MS (Ethanol): positive ioh29 [Allylthio], negative ion: 64 [N(CN]. 'H
NMR (D20): 6= 6.21 (m, 1H), 5.98 (s, 1H), 5.94 (s, 1H), 4.21 @H), 3.82 (triple, 2H), 3.71 (triple,
2H), 2.62 (triple, 4H);*C NMR (D;0): = 127.6, 125.2, 119.8, 44.7, 42.6, 29.0; IR {yn8488,
2978, 2950 c.y alkane), 1636uc-c alkene); Anal. Calcd for §1:3N3S (%): C, 55.35; H, 6.71; N,
21.52; Found: C, 55.38; H, 6.74; N, 21.58.

Structural characterisation in the solid state

Data was collected on a four-circle Kappa goniometpiipped with an Oxford Diffraction KM4
Sapphire CCD at 140(2) K and data reduction wasopeed using CrysAlis RED [29]. Structure
solution was carried outsing SiR92 and refined by full-matrix least-sqsarefinement (again$t?)
using the SHELXTL software [30]. All non-hydrogeroms were refined anisotropically while
hydrogen atoms were placed in their geometricallgegated positions and refined using the riding
model. Disorder for the aliphatic groups was moadeelsing the PART function implemented in
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SHELXTL. Empirical absorption corrections (DELABS)ere applied [ 31 ], and graphical
representations of the structures were made withmbnd [32]. CCDC 641220 contains the
supplementary crystallographic data for this papbese data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.cocam.ac.uk/data_request/cif.

Crystal Data for 1

[C/H1sS]Br, My, = 211.16, crystal system = trigonal, a = 17.81y3k8 b = 17.8173(8) A,
c = 21.4885(14) Aa = 90°,8 = 90°,y = 120°, V = 5907.7(5) A T = 140(2) K, space group = R3c, Z
= 24, (Mo-K) = 0.71073 A, 11152 reflections colledt 2305 independent reflections,:R 0.0466,
R1 [l >2(I)] =0.0311, wR2 (all data) = 0.0734.
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