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Abstract: Ring opening reactions of strained heterocycles (epoxides, aziridines, thiiranes) by silyl
chalcogenides, as thiosilanes and selenosilanes, can be efficiently performed in a variety of ionic
liquids, which can behave as reaction media and in some cases also as catalysts. This protocol ena-
bles an alternative access to B-functionalized sulfides and selenides under mild conditions.

Keywords: Ring opening reactions; ionic liquids; silyl sulfides; silyl selenides; thiolysis; selenolysis

1. Introduction

It is well known the important role played by organic derivatives of sulfur in nu-
merous fields. Sulfur-containing groups find application in organic chemistry and in a
wide range of pharmaceuticals [1,2], foods [3,4], natural compounds [5] and materials [6].
Among the wide variety of sulfurated compounds, (3-hydroxy sulfides represent an im-
portant class of molecules present in natural products as for example leukotrienes and
pteriatoxin A. 3-Hydroxy sulfides [7,8] are also used for clinical applications in treating
various diseases, i.e. heart diseases and hypertension (diltiazem). Catalyzed addition re-
actions to alkenes or thiolysis of epoxides with thiols or disulfides are the more common
methodologies to obtain B-hydroxy sulfides [9-12]. On the other hand, the versatility of
silyl nucleophiles as alternative reagents to corresponding proton nucleophiles has been
well established [13]. In this context, organothiosilanes are used as synthetic equivalents
of thiols for delivery of sulfurated moieties under milder conditions [14-18]. On this
matter, we reported the tetrabutylammonium fluoride (TBAF) and tetrabu-
tyl-ammonium phenoxide (PhON"Bus) catalyzed ring opening reactions of strained het-
erocycles upon treatment with thiosilanes [15] and more recently with selenosilanes
[19,20] to prepare sulfides, thiols, selenides, diselenides and selenols with hydroxyl,
amino and mercapto moieties on the (-position. These bifunctionalized compounds
represent a class of useful synthons, serving as building blocks to prepare more complex
molecules. Thus, the search for new methodologies to access these compounds is still
actual, and in particular the development of environmentally friendly protocols is of
significant interest. The ionic liquids (ILs) have attracted great attention as alternative
reaction media to reduce the application of volatile organic solvents [21-25]. Room tem-
perature ionic liquids (RTILs) are liquids over a wide range of temperatures. RTILs pos-
sess valuable properties, such as negligible vapour pressure, thermal and chemical sta-
bility, non-inflammability, efficient solvating ability towards organic and inorganic
compounds, and recyclability. Additionally, some ionic liquids have demonstrated a
catalytic activity towards a variety of organic reaction. [26-31] ILs are composed by posi-
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tive and negative ions, whose nature allows tuning ionic liquids properties: by this rea-
son they are defined as “designer solvents”.

Ionic liquids comprising stable anion like fap (fap =
tris(pentafluoroethyl)trifluoro-phosphate, [(C2Fs)sPFs]) or triflate and cation (like bmpl =
1-butyl-1-methylpyrrolidinium) proved to be a useful medium for the reactions with
aggressive and dangerous reagents, for instance with elemental fluorine F2 [32], SF4 [33]
and NaNs and HNs [34]. Ionic liquids can serve not only as reaction medium but also as
catalyst to promote various reactions [35]. In particularly, ILs with [HSOa4]-anion, which
are possessing a certain Brensted acidity, were found to be an advanced medium for
dehydration of the alcohols [36]. For example, 1-phenylcyclox-1-ene can be obtained in
high vyield by heating (80-90 °C, 1 h) of the I1-phenyl-cyclohexan-1-ol in
1-ethyl-3-methyl-imidazolium hydrogensulfate, [emim][HSOs]. Ionic liquids can be re-
generated and reused for several times without losing its activity in this reaction. IL
[emim][HSO4] was successfully used for conversion of mono-, di-, and polysaccharides
into furan derivatives, for instance xylose into furfural, fructose and polysaccharide Inu-
lin into 5-(hydroxymethyl)-2-furaldehyde [37] The dehydration of primary alcohols re-
quired stronger acidic conditions, which can be achieved by addition of the correspond-
ing acid to ionic liquid. For instance, ionic liquid + Brensted acid, i.e. [emim][HSO4] +
concentrated sulfuric acid, [emim][CFsSOs] + Triflic acid, and [emim][CFsC(O)O] + tri-
fluoroacetic acid were successfully used for conversion of the hexan-1-ol into dihexyl
ether, cyclohexanol into cyclohexene, and tert-butanol into iso-butylene [36]. It is inter-
esting to note, that Brensted acid added to ionic liquid having the same counter anion do
not evaporate from this mixture even at the temperature well above the boiling point of
pure Brensted acid [35]. Acidic system ionic liquid + Brensted acid can be used to carry
out cascade reactions. For example, reaction of the 4-brom-3,5-dimethyl-phenol and bu-
ten-2-ol in a two-phase system [emim][HSO4] + H250: / Hexane proceeded at low tem-
perature (55-60 °C) and resulted in the formation of  the
6-bromo-2,2,5,7-tetramethylchromane in a very short time (15 min) in a good yield (89%).
Similar conditions were applied for the synthesis of the vitamin E (D,L-a-tocopherole)
[38].

Application of acidic system ionic liquid + Brensted acid allowed to carry out
Schmidt reaction at very mild conditions (40 °C) [34]. Synthesis of tetrazoles can be suc-
cessfully carried out in acidic IL [emim][HSO4] without addition of sulfuric acid [39].
5-Alkyl-2-amino-1,3.4-thiodiazole and a,w-bis(2-amino-1,3.4-thiodiazol-5-yl)alkane were
prepared by interaction of carboxylic acids and thiosemicarbazide in [emim][HSO4]
acidified by addition of sulfuric acid in good to excellent yield. However, application of
the [emim][HSOs] did not allow regeneration and reuse of this catalytic system. Use of
hydrophobic ionic liquid [hmim][fap] or [bmpl][fap]) instead of [emim][HSO4] provided
the possibility to regenerate and reuse the catalytic system [hmim][fap] or [bmpl][fap] +
H2504 at least three times [40].

A practical approached to the synthesis of 1-(a-hydroxyalkyl)- or
1-(B-hydroxyalkyl)-2-(aminomethyl)acetylenes was developed in 2012 [41]. Authors used
a catalytic system comprising a metallo-catalyst Cu(OAc): in combination with acidic IL
[emim][HSOs] diluted with water to promote three components Mannich type reaction of
terminals alcohols with formaldehyde and secondary amines. Final products were
gained in better yield in comparison to that obtained in conventional organic solvents. It
was demonstrated, that catalytic system Cu(OAc)z/ [emim][HSOs] /H20 can be recov-
ered and reused for several time without loose in the yield of final product [41].

Acidic properties of N,N-dialkylimidazolium hexafluorophosphate or tetra-
fluoroborate ILs presumably relates to acidic proton in the position 2 of imidazolium
ring. That can result in situ generation of HF due to parallel formation of a complex be-
tween nucleophilic imidazolium carbene and Lewis acids PFs or BFs according to equi-
librium presented in Scheme 1 [42].
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100
N,CH3 FOF CH,4
N
@ PH-ZPRF ~—— [ »:PF; + HF
N F F N
bmim* C;H,  PF; )
101 4t%9 6 CH,
102 Scheme 1. An equilibrium proposed for in situ generation of the HF in [bmim][PFs]
103 [42]
104
105 Acidic properties of [bmim][PFs] were used to catalyze Johnson-Claisen rearrange-
106 ment of allylic terpenols. Natural isoprenoid-derived carboxylic esters were prepared in
107 moderate to high yield via interaction of allylic terpenols with triethyl orthoacetate (pro-
108 pionate) in the presence of 1-butyl-3-methylimidazolium hexafluorophosphate,
109 [bmim][PF¢] (10 mol%). This convenient protocol allows simple product separation and
110 reuse of the ionic liquid up to ten times without reduction in the product's yield [42].
111 Application of of 1-butyl-3-methylimidazolium hexafluorophosphate or tetra-
112 fluoroborate ILs to promote von Richter reaction gave the possibility to prepare some
113 compounds, which were inaccessible under literature known conditions [43]. Similarly,
114 Chapman rearrangement of aryl benzimidates to tertiary acyclic amides in [bmim][PFe]
115 or [bmim][BF4] proceeded at much milder conditions (at 120-190 °C) in comparison to
116 220-300 °C typically required for Chapman reaction [44].
117 Ionic nature of ILs can promote polarization of conjugated system. For example,
118 cations can be attached to the lone pair of the heteroatom and anion coordinate on acidic
119 proton promoting charge separation in the starting compound [45]. This reaction’s
120 mechanism was proposed to explain unprecedent acceleration of the domino reaction
121 between 4-hydroxyalk-3-yonates and amines in ionic liquids yielding
122 4-aminofuran-2(5H)-ones. lonic liquid [bmim][BFs] applied for this synthesis can be re-
123 cycled and reused at list five times without decrease in reaction rate and in product yield.
124 [45] Similar acceleration effect of ionic liquid as reaction medium was observed by fluo-
125 rocyclization (lactonization) of unsaturated carboxylic acids under action of F-TEDA-BF.
126 [46].
127 Due to its ionic character ionic liquids are good solvent for many organic and inor-
128 ganic compounds. For instance, dehydration of N-acyl-2-arylethylamines with POCls to
129 3,4-dihydroisoquinolines (Bishler-Napieralski reaction) proceeded in ILs such as
130 [bmim][PF¢], [emim][CFsSOs], and [bmpl][CFsSOs] under milder condition and better
131 yield in comparison to reaction in conventional solvents [47]. Similarly, high yield of
132 benzofuroxanes was achieved by interaction of the o-nitrobenzenes with sodium azide
133 NaNs in [empl][BF4] in the presence of phase transfer catalyst and small quantity of water
134 [48].
135 However, only few examples are reported on the reaction of epoxides with thiols in
136 ionic liquids. In some cases addition of a catalyst was not necessary, while for some ring
137 opening reactions of epoxides or thiols heating was required [49-52]. The most common
138 ILs consist of dialkylimidazolium cations and [BF«], [Br] or [Cl] as the counter-anion.
139 The reactions in ILs usually provides good yields and high regioselectivity.
140 As a continuation of our research dealing with the study of chemical reactivity of
141 thiosilanes and of organoselenosilanes towards electrophiles, targeting the development
142 of mild conditions to functionalize the chalcogen-Si bond, herein we report our results on
143 the interaction of silyl sulfides and silyl selenides with epoxides, aziridines and thiiranes
144 in RTILs. To the best of our knowledge, there is no example on the reactivity of silylated
145 sulfur nucleophiles with these heterocycles in ionic liquids.
146 Previously, we have found that bis(trimethylsilyl)sulfide reacted efficiently with
147 aldehydes in ionic liquids to afford thioaldehydes [53]. The conversion of the C=O into
148 the C=5 group required the use of a suitable catalyst as CoCl26H20 or TfOTMS.

149 1-R-3-Methyl imidazolium derivatives (R = Et, n-Bu, n-Hex) with [BF«], [PF¢], and [TfO']
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150 anions were the most efficient in promoting the thionation [53]. On the other hand, when
151 pyrrolidinium based ionic liquids were used, only [bmpl][ntf] allowed to obtain the ex-
152 pected thioaldehydes, while no reaction was observed in [bmpl][N(CN)z]. These results
153 confirm the influence of the cation’s and anion’s nature on the progress of this reaction.
154 These considerations prompted us to conduct initially a systematic survey on the reaction
155 of thiosilanes with epoxides in ionic liquids.

156

157 2. Results

158 2.1. Reaction of thio- and selenosilanes with epoxides

159 To find out the best conditions for this reaction, glycidyl isopropyl ether 1la and
160 (phenylthio)trimethylsilane 2a were selected as model substrates for the reaction in dif-
161 ferent ionic liquids. The reaction was performed in the most common ionic liquid
162 [bmim][BFs] using TBAF- xH2O or PhON"Bus as catalyst, leading to the [-hydroxy
163 phenylsulfide 3a in fairly good yields (Table 1, entries 1, 2). In the absence of any catalyst,
164 a mixture of sulfides bearing in (3-position the hydroxyl (3a) or the silylether (4a) moiety
165 were isolated in low yield (Table 1, entries 3,4). Formation of hydroxy-derivate (3a) is
166 presumably related to presence of acidic impurities in the [bmim][BF4] applied for this
167 synthesis. This result indicates that ionic liquid [bmim][BF4] is able to promote the ring
168 opening, though longer reaction time (12 - 48 hours) is required in this case. A similar
169 result was achieved when the epoxide 1a was reacted in [bmim][PFe] (Table 1, entries
170 5,6), giving 3a in 47% yield when TBAF-xH:0 was employed as catalyst. However, in
171 absence of the catalyst 3a and 4a were isolated in low yield (entry 6), though in shorter
172 reaction time of 3 hours in comparison to reaction in [bmim][BF4]. Presumably, in situ
173 hydrolysis of the [bmim][PFs] by traces of water or equilibrium depicted in Scheme 1 (see
174 above) leaded to generation of the HF, which act as catalyst and proton source in this
175 reaction. Complete desilylation of a mixture of sulfides (3a) and (4a) was achieved by
176 treating this mixture with TBAF-xH20 (10%). In all cases, the ring opening occurred with
177 high regioselectivity, allowing isolation of the product deriving from the nucleophilic
178 attack on the less substituted position of the epoxide.

179
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Table 1. Ring opening of glycidyl isopropyl ether by PhSTMS in [bmim][X]

OR!
O IL / cat
/\ + PhS-SiMe, > / <
2a time / rt PhS R
1a R
3a:R'=H
R = CH,OPr 4a: R! = SiMe,
Entry  Ionic liquid Catalyst Time Yield (%)?
3a 4a
1 [bmim][BF,] TBAF-xH,O (20%) 2h 58b -
2 [bmim][BF,] PhON"Bu, (40%) 4h 51P -
3 [bmim][BF,] - 12h 10¢ 13
4 [bmim][BF,] - 48 h o4def o7
5 [bmim][PF] TBAF-xH,O (20%) 3h 47be
6 [bmim][PF] -- 3h ageef 2o

Asolated yield. PTraces of diphenyl disulfide were isolated. ©24% of (PhS),. 433% of
(PhS),. *Unreacted epoxide (ca. 25-30%) was recoverd. fca. 40% after desilylation with
TBAF (10%).

The ring opening reaction was extended to various substituted epoxides, such as

benzyl glycidyl ether 1b (S-isomer), (+)-propylene oxide 1c and ()-styrene oxide 1d, af-
fording the desired products 3b-d in good yields in the presence of TBAF-xH20 (Table 2,
entries 2,4,6), while without catalysis the yields were much less and longer reaction time
was required to complete the reaction (Table 2, entries 3,5). When epoxide 1d was used as
substrate, a mixture of regioisomers 3d and 5 was obtained (3d : 5=6: 1, Table 2, entry 6),
similar as it was observed in the organic solvents [17,54].
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Table 2. Ring opening of epoxides by PhSTMS in [bmim][BF,]

1
0 [bmim][BF,] OR
/\| + PhS-SiMe; ; > /_<
cat / time PhS R
R 2a
la-d rt 3a-d: R'=H

4a-d: R! = SiMe,

Entry R Catalyst Time Product Yield (%)
OH
1 CH,OPr TBAFxH,0 3h ~ 58
(+)-1a (20%) PhS  CH,OPr
3a
OH 63
2  CH,OBn TBAFxH,0 3h s
(S)-(+)-1b (20%) PhS CH,OBn
3b
OR! 44
3 CH,OBn - 26 h "
(S)-(+)-1b PhS CH,OBn
3b,4b (1.5:1)°d
OH
4 CH, TBAFxH,0 2h /—< 39
(#)-1c (20%) PhS 2 CH,
OR!
5 CH, - 26h /—< 14
(£)-1c PhS CH,

3¢, 4c (2: 1)

OH Ph  OH
6 CgHs TBAFxH,0 35h /—< >—/ 61 (3d)

(+)-1d (20%) PhS Ph  PhS 11 (5)
3d 5

solated yield. 20-25% of disulfide (PhS), was formed. Desilylation with TBAF (10%)
190 was accomplished. 9Ratio determined by H-NMR.
191
192 However, these preliminary results indicate that the reaction of organothiosilanes
193 with epoxides can proceed efficiently also in [bmim][BF4] as reaction media. Taking into
194 account that the nature of anions and cations has an impact on the properties of ionic
195 liquids, we were interested to test diverse ionic liquids, such as 1-alkyl-3-methyl imidaz-
196 olium derivatives, bearing alkyl chains of different length, and methyl pyrrolidinium
197 salts in ring opening reactions.
198 Thus, rection of the epoxide 1a with PhSTMS in various ionic liquids in absence of
199 catalysts is summarized in Table 3. The desired hydroxyl sulfide 3a was regioselectively
200 obtained in good yield, alongside the corresponding silyl ether 4a, in hygroscopic ILs
201 [emim][msu], [emim][atf], and in [bmpl][dca] (Table 3, entries 1-3). The ring opening
202 proceeded less efficiently in [emim][otf] as reaction media (Table 3, entries 4, 5). It is in-
203 teresting to note that in the absence of catalyst the ratio 3a:4a is of about 1:9 (total yield is
204 16%, entry 4), and is reversed to about 9:1 (total yield is 28%, entry 5) when TBAF-xH-O
205 was used as catalyst. Addition of TBAF-xH20 or heating (70°C) were necessary to obtain

206 the ring opening products in hydrophobic ILs [hmim][ntf] and [bmpl][ntf] as reaction
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207 media (Table 3, entries 6-8,10,11). A similar result was obtained in the reaction of 1a with
208 2a in [hmim][fap] and [bmpl][fap] (Table 3, entries 9, 12, 13). This could be ascribed to
209 hydrolytic stability and low coordination ability of the [ntf] and [fap] anions in these
210 ionic liquids.

211

Table 3. Thiolysis of glycidyl isopropyl ether by PhSTMS in different ILs

OR!
O IL / cat <
f > + PhS-SiMe, .
OCH2iPr 2a T (OC) / time PhS OCHZ Pr
1a 3a:R!=H
4a: R! = SiMe,

Entry Ionic liquid Catalyst/T(°C) Time 3a:4a Yield (%)*P

1 [emim][msu] -/t 2h 1:1.2¢ 73

2 [emim][atf] - /rt 2h 1:1.6¢ 78

3 [bmpl][dca] -/t 2h 1:1.6° 78

4 [emim][OTI] -/t 4h >1:9¢ 16

5 [emim][OTf] TBAFxH,04/rt  2h >9:1 28

6 [hmim][NTf,] -/t 3h >1:9¢ 27

7 [hmim][NTf,] TBAFxH,0d/rt  2h >9:1 66

8 [hmim][NTf,] - /70°C 6h 1:1.4¢ 65

9 [hmim][fap] TBAFxH,0d/rt  2h >9:1 52

10 [bmpl][NTf,] TBAFxH,04/rt 1.5h >9:1 58

11 [bmpl][NTf,] --/70°C 3h 1:1.7¢ 63

12 [bmpl][fap] TBAFxH,0d/rt  2h >9:1 26

13 [bmpl][fap] --/70°C 6h 1:1.1 37

aTotal yield. P15-20% of diphenyl disulfide was formed. “Desilylation was carried out

512 with 10% TBAF. 920% of TBAF was added.
213
214 A plausible explanation of the uncatalyzed reactions in the dialkyl imidazolium se-
215 ries could stem from the possible activation of the epoxide by the imidazolium ring, due
216 to a certain acidity of the H2 hydrogen (pK.=21-23) [25], or by presence of traces HF in
217 case of [BF4] and [PFe] ionic liquids.
218 However, the anion can play an important role: [emim] methylsulfate and tri-
219 fluoroacetate were able to catalyze the NROR (nucleophilic ring opening reaction) better
220 than [emim)] trifluoromethylsulfonate (otf), which is a weak nucleophile. [25] Consider-
221 ing the pyrrolidinium series, only [bmpl][dca] behaved as an efficient catalyst (Table 3,
222 entry 3). It seems that nucleophilic dicyanamide (NC)2N" [dca]-anion of this ionic liquid is
223 able efficiently functionalize the S-Si bond, enabling the nucleophilic attack on the
224 epoxide. Nonetheless, in case of ionic liquids with weakly coordinating anions
225 [bmpl][ntf] or [bmpl][fap], catalysis with TBAF-xH2O or heating were required, to obtain
226 the products 3a and 4a. However, the yield was rather low that confirms the influence of
227 the anion’s nucleophily on the progress of ring opening reaction (Table 3, entries 10-13).
228 The work up after completion of the reaction was simple. The products were ex-

229 tracted with diethyl ether, except for reactions carried out in [hmim][ntf] and
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230 [hmim][fap], where hexane was employed, and [bmpl][fap] which required extraction
231 with chloroform, since these ionic liquids are miscible or partially miscible with Et-O.

232 In order to enlarge the scope of this protocol, the uncatalyzed reaction was extended
233 to other monosubstituted epoxides (Table 4, entries 1-4), showing that the selected ionic
234 liquids with nucleophilic counter anions [msu], [atf], and [dca] were able to perform as
235 reaction medium and as catalysts, enabling formation of the p-substituted phenyl sul-
236 fides in good yields.

237

Table 4. Ring opening reactions of mono- and disubstituted epoxides 1b,d-f

0 Ionic liquid R OH R OSiMe,
+  PhS-SiMe, — Y+
Conditions 1 1
R Rl 2a PhS R PhS R
1b,d-f 3b,d-f 4b,d,e
Entry R R! Ionicliquid Conditions Products Yield (%)*P
1 CH,OBn H [emim][msu] r.t./2h 3b:4b>10:90 62 (59)%4
(R)-(-)-1b
2 CH; H  [emim][atf] r.t./3.5h  (3d,4d):(5,6)>30:70° 59 (58)f
(x)-1d
3 CiHs H [bmpl][dca] r.t/3.5h  (3d,4d):(5,6)>20:80¢ 67 (65)f
(x)-1d
4 CH,OH H [emim][atf] r.t/2.5h 3e:4e>10:90 60 (57)°
(5)-(-)-1e

5 [ = <\ [emim][msu] TBAFxH,O 3f 3898
o_0 0.0 70°C/18 h
e X

6 [ = <\ [emim][atf]  TBAFxH,O 3f 27¢h

o. 0 0.0 18 h

7 /_/ : [bmpl : o
2 plldcal] ~ TBAFxH,0  3f <10¢
OXO OXO 70°C/18 h
1

aTotal isolated yield. PIn parenthesis yield of 3 after desilylation (TBAF 10%). °Ca. 15-20%
of (PhS),. dUnreacted epoxide (ca. 15%) was recovered.*Ratio of regioisomers (3d,4d):(5,6)
=3:1 and total yields determined by 'H NMR. 8Ca.30% of unreacted epoxide. "Ca. 50% of

238 unreacted epoxide.iCa. 70% of epoxide.

239

240 A high regioselectivity was achieved, except for the styrene oxide which, as already
241 observed [17,54], gave a mixture of regioisomeric 3-hydroxy- (5) and p-trimethylsilyloxy-
242 (6) substituted sulfides (Table 4, entries 2,3). Reaction of chiral non-racemic (R)-(-)-benzyl
243 glycidol 1b and (S)-(-)-glycidol 1e with the thiosilane allowing access to chiral 3-hydroxy-
244 or 3-OTMS-phenylsulfides (3b,e or 4b,e, respectively) with retention of stereoselectivity.
245 When the disubstituted epoxide 1f of D-mannitol was used as substrate, addition of the

246 TBAF or heating and longer reaction time were required in all the ILs used. In spite of a
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247 harder conditions, a low conversion rate for 1f was observed (Table 4, entries 5-7). These
248 results indicate low reactivity of this disubstituted substrate.

249 To expand the application of ionic liquids as reaction media in epoxide ring-opening
250 reaction, we tested a more intriguing thiosilane, the bis(trimethylsilyl)sulfide 2b (hexa-
251 methyldisilathiane, HMDST). The interaction of 1a with HMDST was carried out in se-
252 lected ionic liquids, as summarized in Table 5. In the absence of catalysis, the ring open-
253 ing reaction in [bmim][BF4] resulted in poor conversion and formation of a small quantity
254 of the p-trimethylsilyloxy disulfide 12 (Table 5, entry 1). Conversely, when TBAF was
255 added as catalyst, an almost equimolar mixture of 3-mercapto alcohol 7, -hydroxy di-
256 sulfide 11 and (3-hydroxy sulfide 9 was obtained within 2 hours of reaction time (Table 5,
257 entry 2).

258

Table 5. Thiolysis of glycidyl isopropyl ether by HMDST in selected ILs

o - OR RO OR
o+ (MesSi),S ——= /—& o+ 4)_\/_& ‘
O'Pr cat/r.t. HS OPr 'PrO ( S ) n OPr

1a 2b

7 R=H n=1 9R=H; 10R=TMS
8 R=TMS n=2 11 R=H; 12 R=TMS
Entry Ionic liquid Catalyst Time Products Yield (%)?

1 [bmim][BF,] - 24h 12 8P

2 [bmim][BF ] TBAFxH,0 (20%) 2h 7:9:11 =1:1:1¢ 40°¢

3 [emim][msu] -- 5h 12:11>95:5 28

4 [emim][msu] TBAF-xH,0 (20%) 2h 9:11 = 1:3¢ 36¢

5 [emim][atf] -- 4h 12:9 > 95:5 35

6 [emim][atf] TBAF-xH,0 (20%) 90 min 9:11 > 95:5 33d

7 [emim][atf] TBAFxH,0 (20%) 30 min 7:(9+11) > 95:5 56

8  [bmpl][dca] - 5h 12:11 > 95:5 27

9  [bmpll[dca]  TBAFxH,O (20%) 3h 9:11 = 1:2¢ 35¢

aTotal yield. PUnreacted epoxide (ca. 63%) was recoverd.Yields and products ratio determined

259 by 'H NMR. YEpoxide:HMDST 2:1.
260
261 On the other hand, the thiolysis of 1a was achieved without TBAF in [emim][msu],
262 [emim][atf] and [bmpl][dca], leading to the disulfide 12 as the major product, however
263 the yields were low (Table 5, entries 3, 5, 8). The formation of the disulfide or sulfide
264 could be ascribed to the rather long reaction time (4h-5h) required to reach a good con-
265 version. That could favor the oxidation of the thiol intermediate to disulfide 12, or oth-
266 erwise its further attack on the epoxide to form the sulfide 9, as it was observed when an
267 excess of epoxide was reacted under TBAF catalysis (Table 5, entry 6). Application of the
268 TBAF as catalyst allowed to achieve better selectivity by shorter reaction time and, to in-
269 crease the yield. When the catalyst was used in [emim][msu] and [bmpl][dca], a mixture
270 of products 9 and 11 was obtained (Table 5, entries 4, 9), while the thiol 7 was found to be
271 a major compound by interaction of 1a with HMDST 2b after 30 min in [emim][atf] (Table
272 5, entry 7). Based on these results, we can conclude that thiolysis of epoxides by thio-
273 silanes in ionic liquids occurs under milder conditions in comparison to the reaction with

274 thiols, which need higher temperature (50°-100°C) [49,50].
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275 The functionalization of oxiranes with silyl chalcogenides was extended to seleno-
276 silanes, providing access to seleno-derivatives, which are applicable in different fields,
277 such as: organic synthesis [55-57], materials [58], medicinal and food chemistry [59-63].
278 Reaction of the epoxide 1a with (phenylseleno)trimethylsilane 13 in selected ionic liquids
279 resulted in the formation of the 3-hydroxy- (14a), or p-silyloxy-phenylselenide (15a) in
280 good yields (Table 6, entries 1-5). Addition of the catalyst to reaction mixture was not
281 required to complete the reaction in a short time. It seems that all ionic liquids used in
282 this reaction act as efficient catalysts, enabling nucleophilic addition of the selenosilane to
283 epoxide. The Se-Si compounds, as expected, is more reactive than the substances con-
284 taining S-Si bond: in fact the nucleophilic ring opening with seleno-derivatives was
285 achieved without catalysis in ILs with weakly nucleophilic anion, i.e. in [hmim][ntf] and
286 [bmpl][ntf], while for completing the reaction with corresponding thiosilane 2a heating
287 or addition of TBAF was necessary (Table 3).

288 The disubstituted epoxide 1f was also tested in the reaction with PhSeTMS in ionic
289 liquids used for the interaction with PhSTMS. However, no reaction was evidenced
290 without addition of a catalysis. After addition of TBAF, the disubstituted p-hydroxy
291 phenylselenide 14f was isolated from the reaction mixture, albeit in very low yields (Ta-
292 ble 6, entries 6,7). Presence of significant amount of unreacted epoxide was detected in
293 this case. No increase in yield was observed after heating in [emim][msu] and [em-
294 im][atf], while in [bmpl][dca] formation of small quantity of product 14f was observed
295 after prolonged heating (Table 6, entry 8). These results indicate that, despite the higher
296 reactivity expected for silyl selenides, the disubstituted epoxide show very poor reactiv-

297 ity towards these reagents.
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Table 6. Ring opening of epoxides by PhSeTMS in selected ILs

Q Ionic liquid R OR?
/\_ + PhSeSiMe, - hamt
R R! 13 conditions PhSe R
1a,f
14a,f:R2=H

15a : R?= SiMe,

Entry R R! Ionic liquid Conditions 14:15  Yield (%)?
1 CH,OPr ” H [emim][msu] r.t/90min  1:1 7ob.c
2 CH,OPr ) H [hmim][NTf,] r.t/90min  2:1 70b.c
3 CH,OPr ’ H [hmim][fap] r.t./90min 2:1 58bc
1a
4  CH,OPr L H [bmpl][NTf,]  r.t/90min  2:1 abe
5 CHZOiPr H [bmim][PF] r.t/90min  15:1 7ob,c

N

}

ﬁo
Py

§70
1 X

aTotal yield. ¥25-30% of diphenyl diselenide was obtained. “Desilylation with TBAF (10%)
led to 14a in quantitative yields.960% of TBAF was added portionwise. °Ca. 55% of
unreacted epoxide and 20% of (PhSe), were detected.

[emim][msu] TBAFxH,0 >99:1 169
r.t./18h

o
O
O
O

X

~
O
O
O

[emim][atf] ~ TBAFxH,0 >99:1  12de
r.t./18h

X

0.¢]
O
@)
O

[bmpl][dca] 70°C/18h  >99:1  <10¢

X

2.2. Reaction of thio- and selenosilanes with aziridines

Aiming to evaluate the scope and limitations of the proposed protocol, the reaction
of thiosilanes was extended to aziridines. Aziridines represent a versatile class of com-
pounds, being employed as useful building blocks in organic synthesis, to prepare more
complex molecules, with various biological properties, as well as with a variety of ap-
plications in organic chemistry [64]. In this context, the nucleophilic ring opening in
aziridines is a well-established method to prepare nitrogen containing bifunctional in-
termediates. The reactivity of aziridines is influenced by substituent on the nitrogen:
electron withdrawing groups, such as sulfonyl or carbonyl, tend to favour the ring
opening comparing to aziridines, bearing N-H, N-Alk or N-Aryl groups. Only a few
examples of reaction of aziridines with chalcogen nucleophiles in ionic liquids are re-
ported in the literature. For example, interaction of N-H aziridines with thiols proceeded
efficiently in [bmim][X] (X = C], Br) in the absence of any catalyst [65]. 3-Seleno amines
can be prepared by heating aziridines with diselenides in presence of CuO nanoparticles
[66] or by use of stable zinc selenolate (PhSeZnBr) [67]. However, to the best of our
knowledge, no examples dealing with the application of silyl-chalcogenides in reaction
with aziridines are reported in the literature.
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317 First, we have tested the reactivity of the N-tosyl aziridine 16, prepared from
318 L-valine, towards PhSTMS 2a in [bmim][BF4] and [bmim][PFs]. Despite the activation by
319 the Ts-group, no ring opening was observed without catalysis, while in the presence of
320 TBAF-xH20 (20%) a regioselective formation of the chiral 3-thio N-Ts-amine 17 was
321 achieved (Scheme 2). Reaction of the silyl-selenide 13 with aziridine 16 under TBAF ca-
322 talysis led to the formation of the 3-seleno amine 18, together with diphenyl diselenide
323 (ca. 30%) (Scheme 2).
324

5 [bmim][X] NTs

+ PhCh-SiMe,
TBAFxH,O (20%)  PhCh
‘ 23,13 4h/r.t. /_3;
16 17 Ch=S
Ch=5,Se 18 Ch=Se

X =[BF,] : 17 (45%); 18 (57%)
X =[PF,] : 17 (40%); 18 (48%)

Scheme 2. Ring opening of N-Ts aziridine by PhChSiMe; in [bmim][X]

325

326

327 In the next step we focused on testing of the reactivity of N-Boc aziridines, consid-
328 ering that Boc deprotection is generally more practical than removal of the tosyl group.
329 Preliminary investigations showed that the reaction of N-Boc aziridines with silyl chal-
330 cogenides (PhChSiMes) in THF, wunder TBAF catalysis, yielded expected
331 B-phenylchalcogenated derivatives [68]. Use of HMDST 2b and HMDSS in this reaction
332 led to the formation of the N-Boc amino thiols and the mixture of amino selenides and
333 diselenides, respectively [19,69].

334 Like the interaction of the N-tosyl aziridine 16 (Scheme 2), the reaction of the N-Boc
335 aziridine 19a, obtained from methionine, with PhSTMS in the absence of catalyst in
336 [bmim][PF¢] resulted in the formation only a small quantity (13%) of ring opening prod-
337 uct. Mainly unreacted aziridine was recovered (65%). Addition of TBAF-xH20 (20%) to
338 the reaction mixture enabled the formation of 20a in 48% yield, together with diphenyl
339 disulfide (30%) (Table 7, entry 1). Application of [emim][atf] and [bmpl][dca] as reaction
340 media allowed obtaining 20a in satisfactory yield without use of any catalyst (Table 7,
341 entries 2, 3). Formation of the 3-amino phenylsulfide 20a in other ionic liquids with less
342 nucleophilic anions was achieved only after addition of TBAF-xH:0 (20%) to the reaction

343 mixture (Table 7, entries 4-9).
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Table 7. Reaction of PhChSiMe; with N-Boc aziridines 19a,b

%OC . Ionic liquid R Nboc
AR " Ph(ZZZI—IS;Me3 conditions PhCh R

19a R=(CH,),SMe 20a,b Ch=S

19b R="Pr 21a,b Ch=Se

Entry R Ch  Ionicliquid Conditions Products Yield (%)?
1 (CH),SMe S  [bmim][PF,] TBAFxH,O/r.t/6h  20a 48P
2 (CH,),SMe S [emim][atf] r.t./3h 20a“ 57
3 (CH,),SMe S [bmpl][dca] rt/3h 20a 54
4 (CHy,SMe S  [emim][OTf] TBAFxH,O/rt/2h  20a 63
5 (CH,),SMe S [hmim][fap] TBAFxH,O/r.t./2h 20a 56
6 (CHy,SMe S  [emim][msu] TBAFxH,O/r.t/3h  20a 61
7 (CHy),SMe S  [hmim][NTf,] TBAFxH,O/r.t/3h  20a 49
8 (CH,),SMe S [bmpl][NTf,] TBAFxH,O/r.t./3h 20a 65
9  (CH,),SMe S  [bmpl][fap] TBAFxH,O/r.t./3h 20a 43
10 (CH,),SMe Se [bmim][PF]] TBAFxH,O/rt/4h  21a%d 45
11 (CH,),SMe Se  [emim][msu] rt/3h 21a 54
12 (CH,),SMe Se  [hmim][fap] rt/3h 21a 42
13 (CH,),SMe Se [bmpl][NTf,] rt/3h 21a 68
14 i-Pr S [bmim][PF,] TBAFxH,O/rt/4h  20b 48
15 i-Pr S [emim][atf] r.t/3h 20b%d 55
16 i-Pr S [bmpl][dca] r.t./6h 20b 59¢
17 i-Pr S  [hmim][NTf,]  70°C/10h 20b 47
18 iPr g [bmpl][NTf,] TBAFxH,O/r.t/3h 20b 38f
19 i-Pr S  [hmim][fap] TBAFxH,O/rt/2h  20b 46
20 i-Pr Se  [bmim][PF,] TBAFxH,O/r.t/3h  21b 47
Asolated product. PWithout catalysis 65% of unreacted aziridine was recovered.

“Minor regioisomer PhChCH(R)CH,NHBoc (10%) was observed. d20% of the minor regioisomer.
€10% of unreacted aziridine. f45% of unreacted aziridine.

Similarly, PhSeTMS 13 reacted with aziridine 19a in [bmim][PFs] under TBAF ca-

talysis yielding 21a (Table 7, entry 10). Interestingly, when other ionic liquids were used
(Table 7, entries 11-13), no addition of catalyst was necessary to isolate the ring-opening
product 21a.

The reaction’s conditions described above was also applied to the TBAF catalyzed

interaction of aziridine 19b, derived from valine, with PhSTMS 2a and PhSeTMS 13 (Ta-
ble 7, entries 14, 20) in [bmim][PFe], as well as in other ionic liquids (Table 7, entries 18,
19). In all cases the yield of N-Boc amino thiol 20b and amino selenide 21b was moderate
(38-47%). Heating of reactants in [hmim][ntf] leaded to the formation of the amino thiol
20b in 47% yield (Table 7, entry 17). Application of the catalyst TBAF is not required in
this case. Similarly, reaction of the of aziridine 19b with PhSTMS 2a in [emim][atf] and
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357 [bmpl][dca] can be carried out without application of the catalyst (Table 7, entries 15, 16).
358 This observation confirms that ionic liquid with nucleophilic anions can induce the nu-
359 cleophilic substitution by 2a in the absence of any catalyst. The results presented in Table
360 7 highlight that ionic liquids are suitable reaction media to promote the ring opening re-
361 action of less activated aziridines by silyl-chalcogenides under mild conditions. Fur-
362 thermore, the reactions proceeded under high regiocontrol, enabling the isolation of the
363 products arising from the attack on less hindered side of aziridine. Only when reactions
364 of the aziridines 19a and 19b with PhSTMS 2a were carried out in [emim][atf] (Table 7,
365 entries 2, 15), the regio-isomers (PhSCH(R)CH2NHBoc, R = (CH2)2SMe, i-Pr) derived from
366 the attack on more substituted side of the aziridine was detected in the reaction mixture
367 as minor products. Moreover, the formation of minor regio-isomer was observed in the
368 reaction between aziridine 19a whith the selenated nucleophile PhSeTMS 13 in
369 [bmim][PF¢] (Table 7, entry 10).

370 The reaction of aziridine 19a with bis(trimethylsilyl)sulfide HMDST 2b did not
371 proceed without catalyst in selected ionic liquids. Addition of TBAF to the reaction
372 mixture initiated the ring opening reaction leading to the formation of the (3-amino di-
373 sulfide 22 as major product, together with the amino thiol 23 in somewhat lower yields
374 (Table 8).

375

Table 8. Ring opening of N-Boc aziridine 19a by HMDST in selected ILs

B
N . Tonic liquid BocHN NHBoc NHBoc
+ (Me;Si),S R /_< +
AR TBAFxH,0 (20%) R (), R HS
19a r.t./ Time - »

R = (CH,),SCH,

Ionic liquid Time Products Yield %2
[bmim][PF] 5h 22 28
[emim][atf] 3h 22:23=4:1 48bc
[bmpl][dca] 1.5h 22:23=4:1 52bc
[emim][msu] 3h 22:23=3:1 61b<
376 asolated yield. PTotal yield of 22 and 23 (not separated). “Ratio determined by NMR
377
378 2.3. Reaction of thio- and selenosilanes with thiiranes
379 Among strained heterocycles, thiiranes also represent interesting building blocks
380 and intermediates in different organic transformations to prepare a variety of molecules,
381 including sulfurated heterocycles, through ring expansion routes [70]. Nevertheless,
382 thiiranes have received less attention, probably due their lower stability in comparison to
383 other three membered derivatives discussed above. In fact, in the presence of strong nu-
384 cleophiles they are subjected to desulfurization to the corresponding alkenes, while the
385 reaction with weak nucleophiles leads to polymerization resulting in polysulfides [71].
386 Moreover, the nucleophilic ring opening gives thiols, whose high tendency to oxidation
387 to disulfides is well known. Thiols are identified to play an important role in some bio-
388 chemical transformations due to their capability to be oxidized and then regenerated,
389 such as in sugar derivatives [72], and to be a noteworthy intermediates for development
390 novel spice compounds and aromas [73]. Therefore, a mild and straightforward method

391 for ring opening of thiiranes to prepare the corresponding thiol-containing derivatives is
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392 highly desirable. Several methods dealing with the reaction of thiiranes with thiols, or
393 thiolates to obtain mercapto sulfides through a Sx2 ring opening reaction in the presence
394 of suitable catalysts have been reported. It was observed that the product’s distribution
395 pattern depends on the reaction conditions, such as: the type of the nucleophile, the sol-
396 vent polarity, the concentration, and the reaction temperature [74,75].

397 It was obeyed to investigate the reaction of thiiranes with thiosilanes in ionic liquids.
398 To the best of our knowledge, no ring opening of thiiranes with any nucleophile in these
399 reaction media have been reported. At first, the interaction of the
400 2-(isopropoxymethyl)thiirane 24 with thiosilane 2a was carried out in [bmim][PFs], but
401 no reaction was observed. After addition of TBAF-xH20 (20%) to the reaction mixture
402 and stirring for 6 h, the major isolated compound was the disulfide 26 (Table 9, entry 1).
403 The disulfide 26 was generally the major compound obtained in all reactions listed in the
404 Table 9 together with small quantity of the B-phenylthio thiol 25, except the reaction in
405 [bmpl][dcn], in which the mixed sulfide 27 was isolated in low yield as the only product.
406 The reaction carried out in [emim][atf], [bmpl][fap] and [emim][OTf] required the addi-
407 tion of TBAF to achieve the thiirane ring opening (Table 9, entries 3,7,9). In [bmpl][fap] a
408 similar result was obtained when the reaction mixture was heated at 50°C for 4 hours
409 (Table 9, entry 7, footnote ‘g’). Mixed sulfide 27 was identified by GC-MS, even if in
410 rather low amount, in the reaction mixture obtained in [emim][otf] (Table 9, entry 9).
411 Presumably, compound 27 resulted from nucleophilic attack of the thiol moiety of 25 on a
412 second molecule of the thiirane. As can be observed, the uncatalyzed ring opening was
413 obtained in several ionic liquids (Table 9, entries 2, 4-6, 8), leading to a similar distribu-
414 tion of products.

415 Fluoride induced ring opening of episulfide was also observed with the
416 Se-nucleophile 13. The p-phenylseleno disulfide 29 was formed as major product in this

417 reaction together with small quantity of the 3-mercaptoselenide 28 (Table 9, entry 10).
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Table 9. Reaction of thioglycidyl isopropyl ether 24 with PhSSiMe, and PhSeSiMe,

PhCHTMS - s R -
S j
2a,13
[N T e o+ — * s
g lonicliquid  ppcy” R PhCh R —~
24 Conditions 2
. Ch=S: 25 26 PhS R 27
R=CH,OPr = = ceeeme e eeeee
Ch=Se: 28 29

Entry  Ionic liquid Conditions Products Yield (%)*P

1 [bmim][PF] TBAFxH,O/r.t./6 h 26 52

2 [emim][msu] r.t./2h30min 25, 26 5654

3 [emim][atf] TBAFxH,O/r.t./4 h 25, 26 54¢d

4 [hmim][NTf,] rt/3h 25,26 59¢d

5 [bmpl][NTf,] r.t./2h30min 25,26 48cd

6 [hmim][fap] r.t./2h30min 25, 26 45de

7 [bmpl][fap] TBAFxH,O/r.t./4 h 25,26 49448

8 [bmpl][dcn] r.t/2h 27 30f

9 [emim][OTf] TBAFxH,O/r.t./2h 25,26,27 576hi

10 [hmim][fap] TBAFxH,O/r.t./3h 28,29 42lm

Asolated product. *10-15% of (PhS), was formed (except entry 10). “Total yield of 25 and
26 (not separated; ca. 1:4 by NMR). d10-15% of 27 was detected (GC/MS and NMR). eTotal
yield of 25 and 26 (ca. 1 : 6 by NMR). ‘Polysulfides were detected by mass spectra.
8Comparable result was achieved at 50°C/5h. "Total yield (by NMR). 125:(26+27)= 1:2 (by
NMR). 'Total yield of 28:29 (not separated; ca. 1:8 by NMR). 5% of (PhSe), was formed.

418

419

420 3. Materials and Methods

421 3.1. Instruments and Reagents

422 All reactions were carried out in an oven-dried glassware under inert atmosphere
423 (N2). All commercial products were purchased from Merck-Sigma-Aldrich and used as
424 received, without further purification. The ionic liquids used were prepared
425 ([bmim][BF4], [bmim][PFs]) according to reported methods, or gently provided by Merck
426 ([emim][otf], [emim][msu], [emim][atf] [hmim][fap], [hmim][ntf][, [bmpl][ntf],
427 [bmpl][dcn], [bmpl][fap]). Ionic liquids were maintained under high-vacuum for 30
428 minutes prior to use. Thin layer chromatography was performed with TLC plates Silica
429 gel 60 Fass, which was visualised under UV light, or by staining with an ethanolic acid
430 solution of p-anisaldehyde followed by heating. Mass spectra were determined by ioni-
431 zation potential (EI, 70 eV) and by ESI. NMR spectra (*H and *C) were recorded in CDCls
432 using Varian Gemini 200 or a Mercury 400 operating at 200 or 400 MHz for 'H and 50 or
433 100 MHz for 13C. 77Se NMR spectra were recorded using a Bruker 400 Ultrashield spec-
434 trometer, operating at 76 MHz. NMR signals were referenced to nondeuterated residual
435 solvent signals (7.26 ppm for 'H, 77.0 ppm for *C). Diphenyl diselenide (PhSe): was used
436 as an external reference for 7Se NMR (8=461 ppm). Chemical shifts (d) are given in parts
437 per million (ppm), and coupling constants (J) are given in Hertz (Hz), rounded to the
438 nearest 0.1 Hz. Multiplicity is reported as s = singlet, d = doublet, t = triplet, ap d = ap-
439 parent doublet, m = multiplet, dd = doublet of doublet, bs = broad singlet, bd = broad

440 doublet. Line separation = Is.
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Abbreviations

of ionic Full name Anions Cations
liquids
i 1-Butyl-3-methylimidazolium .
[bmim][BF,] [BF, ]
tetrafluoroborate
. 1-Butyl-3-methylimidazolium B}
[bmim][PF] [PFs ]
hexafluorophosphate

. 1-Ethyl-3-methylimidazolium .
[emim][otf] . [CF;S05]
trifluoromethanesulfonate

1-Ethyl-3-methylimidazolium ) CHan ' XNC_ Al
emim][msu CH;0S0 3°N” °N”
[ J[msu] methylsulfate [CHs 2] \—/
) 1-Ethyl-3-methylimidazolium ) (Alk = n-Butyl,
[emim][atf] ) [CF;CO0]
trifluoroacetate Ethyl, n-Hexyl)

) 1-Hexyl-3-methylimidazolium .
[hmim][fap] . : [(CoF5)sPF; ]
tris(pentafluoroethyl)trifluorophosphate

) 1-Hexyl-3-methylimidazolium .
[hmim][ntf] o - [N(CF380,), ]
bis(trifluoromethylsulfonyl)imide

1-Butyl-1-methylpyrrolidinium )
[bmpl][ntf] o - [N(CF380,), ]
bis(trifluoromethylsulfonyl)imide

1-Butyl-1-methylpyrrolidinium ) CH ~Bu
[bmpl][den] | [N(CN), ] 5
dicyanamide Q
1-Butyl-1-methylpyrrolidinium .
[bmpl][fap] . . [(CoFs)sPFs ]
tris(pentafluoroethyl)trifluorophosphate
441
442
443 3.2. Experimental Method
444
445 3.2.1. General Procedure for the ring opening of epoxides 1 by (phenylthio)trimethylsilane 2a
446 and (phenylseleno)trimethylsilane 13
447
448 A mixture of epoxide (1 eq.) and silyl nucleophile (PhSTMS 2a or PhSeTMS 13) (1.2
449 eq.) in the ionic liquid (0.5 mL) was stirred at room temperature. The progress of the re-
450 action was followed by TLC (typically: hexanes/ethyl acetate 9:1) upon extraction with
451 diethyl ether of a small amount of the reaction mixture. After completion, the reaction
452 mixture was extracted with diethyl ether (3x2mL) or hexanes (depending on the misci-
453 bility of the ionic liquid with the organic solvent). The combined organic extracts were
454 dried over Na2SOs and then concentrated under vacuum to obtain the crude product. The
455 ionic liquid can be reused after drying under vacuum to eliminate traces of the extraction
456 solvent.
457 When required, following the previously described procedure, TBAFxH20 (20%)
458 was added to the reaction mixture of the epoxide (1 eq.) and the silyl nucleophile (1.2 eq.)
459 in 0.5 mL of the ionic liquid. When the reaction was performed without catalyst, a mix-
460 ture of alcohol (3 or 14) and silyl ether (4 or 15) was obtained. Treatment of the crude
461 product with 10% TBAF (1M in THF) afforded the deprotected 3-hydroxy-phenyl sulfide
462 3 or selenide 14.

463
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464 1-Isopropoxy-3-(phenylthio)propan-2-ol, 3a

465 Yellowish oil, yield: see Tables 1-4. 'H NMR (200 MHz, CDCls), o (ppm): 1.15 (d,
466 6H, ] = 6.2 Hz); 2.43 (br s, 1H, OH), 3.05-3.11 (m, 2H), 3.40-3.63 (m, 2H + 1H), 3.81-3.92 (m,
467 1H), 7.18-7.41 (m, 5H). *C NMR (50 MHz, CDCl), d (ppm): 22.1, 37.6, 69.2, 70.3, 72.3,
468 126.2,128.9, 129.5, 135.1. MS, m/z (%): 226 (M, 58), 135 (63), 123 (69), 109 (68), 99 (100).
469

470 [(1-Isopropoxy-3-(phenylthio)propan-2-yl)oxy]trimethylsilane, 4a

471 Yellow oil, yield: see Tables 1-3. 'H NMR (200 MHz, CDCls), d (ppm): 0.11 (s,
472 9H), 1.15 (d, 6H, ] = 6Hz), 2.98 (dd, 1Ha, | = 6.6 Hz, 13.6 Hz), 3.19 (dd, 1Hs, ] =4.8 Hz, 13.6
473 Hz), 3.45 (app dd, 2H, ] = 4.6 Hz, 5.3 Hz), 3.49-3.64 (m, 1H), 3.94 (app quint, 1H, ] =5.2
474 Hz), 7.38-7.42 (m, 5H). MS, m/z (%): 298 (M, 10), 225 (17), 135 (82), 117 (65), 99 (76), 73
475 (100).

476

477 (R)-1-(benzyloxy)-3-(phenylthio)propan-2-ol, 3b

478 Light yellow oil, yield: see Tables 2,4. 'H NMR (400 MHz, CDCls), & (ppm): 2.61 (br
479 d, 1H, ] =4.5 Hz), 3.02 (dd, 1Ha, ] = 7.3 Hz, 14.1 Hz), 3.14 (dd, 1Hs, ] = 4.9 Hz, 14.1 Hz),
480 3.50 (dd, 1Ha, | =5.7 Hz, 10.0 Hz), 3.59 (1Hs dd, ] = 4.3 Hz, 10.0 Hz), 3.84-3.96 (m, 1H), 4.53
481 (br s, 2H), 7.18-7.38 (m, 10H). *C NMR (50 MHz, CDCls), 6 (ppm): 37.5, 68.9, 72.3, 73.4,
482 127.4,127.7, 128.2, 128.5, 128.9, 129.6, 135.3, 137.7. MS, m/z (%): 274 (M*, 4), 135 (19), 123
483 (22), 109 (16), 91 (100).

484

485 [(1-(Benzyloxy)-3-(phenylthio)propan-2-yl)oxy]trimethylsilane, 4b

486 Yellow oil, yield: see Tables 2,4. '"H NMR (200 MHz, CDCls), d (ppm): 0.09 (s, 9H),
487 2.99 (dd, 1Ha, | = 6.7 Hz, 13.5 Hz), 3.21 (dd, 1Hs, | = 5.6 Hz, 13.5 Hz), 3.49-3.59 (m, 2H),
488 3.90-4.06 (m, 1H), 4.52 (br s, 2H), 7.20-7.40 (m, 10H). MS, m/z (%): 346 (M*, 3), 135 (44), 91
489 (100), 73 (68).

490

491 1-(Phenylthio)propan-2-ol, 3c

492 Light yellow oil, yield: see Table 2. 'H NMR (400 MHz, CDCls), & (ppm): 1.27 (d, 3H,
493 J=6.2Hz),1.88 (brs, 1H), 2.84 (dd, 1Ha, ] =8.8 Hz, 13.6 Hz), 3.13 (dd, 1Hs, ] =3.9 Hz, 13.6
494 Hz), 3.79-3.87 (m, 1H), 7.16-7.41 (m, 5H). *C NMR (50 MHz, CDCls), d (ppm): 22.0, 43.7,
495 65.6,127.4,128.9, 130.1, 135.0. MS, m/z (%): 168 (M*, 29), 124 (63), 109 (20), 91 (39), 45 (100).
496

497 Trimethyl[(1-(phenylthio)propan-2-yl)oxy]silane, 4c

498 Yellow oily liquid, yield: see Table 2. 'TH NMR (400 MHz, CDCls), d (ppm): 0.09 (s,
499 9H), 1.26 (d, 3H, | = 6.0 Hz), 2.89 (dd, 1Ha, | = 6.3 Hz, 13.1 Hz), 3.06 (dd, 1Hs, | =5.9 Hz,
500 13.1 Hz), 3.94 (br sext, 1H, ]=6.2 Hz), 7.12-7.40 (m, 5H). MS, m/z (%): 240 (M*, 12), 117
501 (91), 73 (100).

502

503 1-Phenyl-2-(phenylthio)ethan-1-ol, 3d

504 Yellow oil, yield: see Tables 2,4. 'TH NMR (400 MHz, CDCls), o (ppm): 2.81 (br s, 1H),
505 3.09 (dd, 1Ha, ] =9.2 Hz, 13.8 Hz), 3.34 (dd, 1Hs, ] =3.8 Hz, 13.8 Hz), 4.73 (dd, 1H, ] =3.8
506 Hz, 9.2 Hz), 7.24-7.45 (m, 10H). *C NMR (50 MHz, CDCl), d (ppm): 43.9, 71.8, 126.1,
507 126.8, 128.1, 128.7, 129.3, 133.2, 138.1. MS, m/z (%): 230 (M*, 9), 124 (100), 107 (37), 91 (15),
508 77 (33).

509

510 2-Phenyl-2-(phenylthio)ethan-1-ol, 5

511 Yellow oil, yield: see Tables 2. '"H NMR (400 MHz, CDCls), d (ppm): 2.02 (br s, 1H),
512 3.89-3.98 (m, 2H), 4.31 (t, 1H, ] = 3.8 Hz), 7.23-7.35 (m, 10H). *C NMR (50 MHz, CDCls), d
513 (ppm): 55.6, 67.2, 127.3, 127.6, 128.0, 128.5, 128.8, 134.6, 137.4. MS, m/z (%): 230 (M, 43),
514 199 (78), 121 (97), 110 (99), 103 (76), 91 (100).

515
516 (R)-3-(Phenylthio)propane-1,2-diol, 3e
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517 Light yellow oil, yield: see Table 4. 'H NMR (200 MHz, CDCls), d (ppm): 2.73 (br s,
518 2H), 2.99 (dd, 1H, | =7.8 Hz, 13.7 Hz), 3.13 (dd, 1H, ] = 4.8 Hz, 13.7 Hz), 3.54-3.63 (m, 2H),
519 3.73-3.81 (m, 1H), 7.21-7.42 (m, 5H). C NMR (50 MHz, CDCls), & (ppm): 37.6, 65.1, 69.9,
520 126.6, 129.0, 129.2, 134.9. MS, m/z (%): 135 (M*,-49, 27), 123 (38), 110 (100), 109 (55), 91
521 (29), 77 (34), 65 (48), 45 (61).

522

523 (R)-1-(Phenylthio)-3-[(trimethylsilyl)oxy]propan-2-ol, 4e

524 Yellow oily liquid, yield: see Table 4. 'TH NMR (400 MHz, CDCls), d (ppm): 0.11 (s,
525 9H), 1.87 (br s, 1H), 2.88-3.10 (m, 2H), 3.56-3.68 (m, 2H), 3.82-3.87 (m, 1H), 7.24-7.46 (m,
526 5H).

527

528 2-[(R)-2,2-Dimethyl-1,3-dioxolan-4-yl]-1-[(5)-2,2-dimethyl-1,3-dioxolan-4-yl]-2-(phe
529 nylthio)-ethan-1-ol, 3f

530 Following the general procedure, 1 eq. of D-mannitol epoxide (1f) and 1.2 eq. of the
531 thiosilane 2a were added with 0.6 eq. of TBAFxH20 in 0.5 mL of the ionic liquid. Pale
532 yellow oil, yield: see Table 4. 'H NMR (400 MHz, CDCls), d (ppm): 1.36 (s, 3H), 1.37 (s,
533 3H); 1.43 (s, 3H), 1.47 (s, 3H), 2.76 (b s, 1H), 3.19 (app t, 1H, ] = 3.6 Hz), 3.72-3.78 (m, 1H),
534 3.81-3.87 (m, 1H), 3.92-3.96 (m, 1H), 4.06-4.18 (m, 2H), 4.35-4.46 (m, 2H), 7.23-7.44 (m, 5H).
535 13C NMR (50 MHz, CDCls), d (ppm): 25.4, 25.6, 26.3, 26.8, 54.6, 65.8, 66.5, 67.2, 72.0, 75.4,
536 109.4, 109.6, 127.0, 129.0, 131.2, 135.3. MS, m/z (%): 354 (M, 10), 339 (8), 281 (6), 236 (9), 123
537 (12), 110 (16), 109 (14), 101 (100).

538

539 1-Isopropoxy-3-(phenylselanyl)propan-2-ol, 14a

540 Yellow orange oil, yield: see Table 6. 'TH NMR (400 MHz, CDCls), 6 (ppm): 1.15 (d,
541 6H, ] = 6.2 Hz), 2.60 (bs, 1H), 3.03 (dd, 1H, ] =12 Hz, 6.6 Hz), 3.10 (dd, 1H, | =12 Hz, 5.8
542 Hz), 3.39-3.63 (m, 3H), 3.84-3.96 (m, 1H), 7.21-7.30 (m, 5H). 3C NMR (CDCls, 50 MHz), b
543 (ppm): 22.1, 31.9, 69.6, 70.7, 72.2, 126.9, 128.9, 129.7, 132.5. 77Se NMR (CDCls, 38.1 MHz),
544 O (ppm): 242.9. MS m\z (%): 274 (M+, 26), 272 (11), 201 (8), 183 (30), 158 (31), 99 (59),
545 73(48), 57 (100).

546

547 [1-Isopropoxy-3-(phenylselanyl)propan-2-yl)oxy]trimethylsilane, 15a

548 Yellow orange liquid, yield: see Table 6. 'TH NMR (400 MHz, CDCls), d (ppm): 0.10
549 (s, 9H), 112 (b d, 3H, ] = 6.4 Hz), 1.14 (b d, 3H, ] = 5.8 Hz), 3.01 (dd, 1H, ] = 12.7 Hz, 6.4
550 Hz), 3.17 (dd, 1H, ] =12.7 Hz, 5 Hz), 3.38-3.62 (m, 3H), 3.92-4.15 (m, 1H), 7.21-7.30 (m, 5H).
551

552 2-[(R)-2,2-Dimethyl-1,3-dioxolan-4-yl]-1-[(5)-2,2-dimethyl-1,3-dioxolan-4-yl]-2-(phe
553 nylselanyl)-ethan-1-ol, 14f

554 Yellow orange liquid, yield: see Table 6. 'H NMR (400 MHz, CDCls), d (ppm): 1.35
555 (s, 6H), 1.38 (s, 3H); 1.46 (s, 3H), 2.86 (b s, 1H), 3.15 (app b t, 1H, ] = 4.5 Hz), 3.67-3.78 (m,
556 1H), 3.88-4.00 (m, 2H), 4.15-4.21 (m, 2H), 4.42-4.53 (m, 2H), 7.26-7.39 (m, 5H). *C NMR (50
557 MHz, CDCls), o (ppm): 25.4, 25.6, 26.3, 26.8, 54.6, 65.8, 66.5, 67.2, 72.0, 75.4, 109.4, 109.6,
558 127.0, 129.0, 131.2, 135.3. MS, m/z (%): 314 (M*-88, 29), 312 (20), 310 (13), 234 (17), 232 (8),
559 157 (62), 155 (30), 154 (34), 153 (19), 77 (100), 51 (76).

560

561 3.2.2. General procedure for the reaction of epoxides with bis(trimethylsilyl)sulfide 2b

562

563 A mixture of glycidyl isopropyl ether 1a (1 mmol) and HMDST 2b (1.2 mmol) in the
564 ionic liquid (0.4 mL) was stirred at room temperature (when required 0.2 mmol of
565 TBAFxH20 was added). The progress of the reaction was followed by TLC (typically:
566 hexanes/ethyl acetate 5:1) upon extraction of a small amount with diethyl ether. After
567 completion, the reaction mixture was treated with citric acid (50% agq. solution) and ex-
568 tracted with diethyl ether. The organic phase was then washed with citric acid (20% aq.
569 solution) and dried over Na:SOs. Evaporation of the solvent gave the crude product, as

570 variable mixture of B-hydroxy-thiol, -sulfide and -disulfide.
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571

572 1-Isopropoxy-3-mercaptopropan-2-ol, 7

573 Yellowish oil, yield: see Table 5. 'TH NMR (200 MHz, CDCls), d (ppm): 1.16 (d, 3H, | =
574 6.2Hz),1.18 (d, 3H, ] =6.2 Hz), 1.48 (app t, 1H, | =8.8 Hz), 1.93 (b s, 1H), 2.62-2.75 (m, 2H),
575 3.45-3.67 (m, 3H), 3.74-3.83 (m, 1H). 8C NMR (50 MHz, CDCls), & (ppm): 22.1, 28.2, 70.0,
576 71.3,72.2.

577 MS m\z (%): 151 (M*+1, 0.3), 117 (6), 99 (28), 91 (11), 73 (35), 61 (22), 57 (100).

578

579

580 3-Isopropoxy-2-[(trimethylsilyl)oxy]propane-1-thiol, 8

581 Bright yellow oil, yield: see Table 5. 'H NMR (200 MHz, CDCls), o (ppm): 0.15 (s,
582 9H),1.14 (d, 6H,]=6.0Hz), 1.4 (b t, 1H, | = 8.4 Hz), 2.46-2.78 (m, 2H), 3.40 (b d, 2H, ] = 6.6
583 Hz), 3.58 (sept, 1H, | = 6.0 Hz), 3.79-3.87 (m, 1H). C NMR (50 MHz, CDCl), d (ppm):
584 22.1,28.2,70.0,71.3,72.2.

585

586 3,3'-Thiobis(1-isopropoxypropan-2-ol), 9

587 Pale yellow oil, yield: see Table 5. 'H NMR (400 MHz, CDCls), & (ppm): 1.17 (d, 12H,
588 ] = 6.4 Hz), 2.67 (dd, 2H, ] = 13.4, 7.2 Hz), 2.77 (dd, 2H, ] = 134, 4.6 Hz), 3.10 (b s, 2H),
589 3.39-3.56 (m, 4H), 3.63 (sept, 2H, | = 6.4 Hz), 3.79-383 (m, 2H). 3C NMR (CDCls, 50
590 MHz), 8(ppm): 22.1, 36.5, 36.6, 69.7, 69.8, 70.6, 72.3. MS m\z (%): 248 (M*-18, 2), 99 (30),
591 73 (19), 57 (90), 43 (100).

592

593 3,3’-Disulfanediylbis(1-isopropoxypropan-2-ol), 11

594 Pale yellow oil, yield: see Table 5. '"H NMR (400 MHz, CDCls), d (ppm): 1.16-1.20 (m,
595 12H), 2.20 (bs, 2H), 2.82-2.91 (m, 4H), 3.38-3.65 (m, 6H), 3.99-4.07 (m, 2H). BC-NMR
596 (CDClIs, 50 MHz), 8 (ppm): 22.1, 22.2,42.5, 42.6, 69.4, 69.5, 70.4, 72.3. MS m/z (%): 298
597 (M, 4), 207 (3), 99 (21), 89 (12), 73 (34), 57 (100).

598

599 3.2.3. General Procedure for the reaction of N-Ts-aziridine 16 with silyl nucleophiles 2a and
600 13

601

602 N-Ts-aziridine 16 (1 eq.) in 0.5 mL of [bmim][BFs] (or [bmim][PFs]) is added with 1.1
603 eq. of PhSSiMes 2a (or PhSeTMS 13) and TBAFxH20 (0.2 eq.). The progress of the reaction
604 was followed by TLC (hexanes/ethyl acetate 4:1 or 5:1) upon extraction with diethyl ether
605 of a small amount of the reaction mixture. At the end of the reaction, diethyl ether was
606 added and the organic phase was washed with brine and dried over Na:250s. Evaporation
607 of the solvent afforded the crude product 17(or 18).

608

609 (5)-4-Methyl-N-(3-methyl-1-(phenylthio)butan-2-yl)benzenesulfonamide, 17

610 Pale yellow solid, yield 45%, [bmim][BF4]; 40%, [bmim][PFs]. Recorded spectro-
611 scopic data matched those previously reported in the literature [76].

612

613 (5)-4-Methyl-N-(3-methyl-1-(phenylselanyl)butan-2-yl)benzenesulfonamide, 18

614 Yellowish solid, yield 57%, [bmim][BFi]; 48%, [bmim][PFs]. Spectroscopic data
615 matched those previously reported in the literature [76].

616

617 3.2.4. General Procedure for the reaction of N-Boc aziridines with (phenyl-
618 thio)trimethylsilane 2a and (phenylseleno)trimethylsilane 13

619

620 To a mixture of N-Boc-aziridine (1 mmol) in the ionic liquid (0.5 mL), 1.2 mmoL of
621 PhSSiMes 2a (or PhSeTMS 13) were added. Depending on the used ionic liquid (see Table
622 7) TBAF-xH20 (0.24 mmol) or heating were required.

623 The progress of the reaction was followed by TLC (hexanes/ethyl acetate 4:1 or 5:1)

624 upon extraction with diethyl ether (or chloroform) of a small amount of the reaction
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625 mixture. At the end of the reaction, diethyl ether (or CHCls) was added (3x2mL) and the
626 organic phase was washed with brine and dried over Na2SOs. Evaporation of the solvent
627 afforded the crude product.

628

629 tert-Butyl (S)-(4-(methylthio)-1-(phenylthio)butan-2-yl)carbamate, 20a

630 Pale yellow oil, yield: see Table 7. 'TH NMR (400 MHz, CDCls), d (ppm): 1.42 (s, 9H),
631 1.68-1.97 (m, 2H), 2.08 (s, 3H), 2.46-2.55 (m, 2H), 3.12 (b d, 2H, 1s = 5.1 Hz), 3.86-3.99 (m,
632 1H), 4.60-4.63 (b s, 1H), 7.18-7.45 (m, 5H). ¥C-NMR (CDCls, 50 MHz), § (ppm): 15.1, 28.1,
633 30.7,33.4,39.4,49.8,79.8,126.2, 128.9, 129.6, 135.9, 155.2. MS m/z (%): 327 (M, 5), 254 (4),
634 218 (9), 211 (5), 204 (11), 148 (32), 124 (25), 104 (51), 57 (100).

635

636

637 tert-Butyl (5)-(4-(methylthio)-1-(phenylselanyl)butan-2-yl)carbamate, 21a

638 Orange-yellow oil, yield: see Table 7. 'TH NMR (400 MHz, CDCls), d (ppm): 1.41 (s,
639 9H), 1.71-1.92 (m, 2H), 2.06 (s, 3H), 2.44-2.53 (m, 2H), 3.11 (b d, 2H, | = 5.4 Hz), 3.83-4.02
640 (m, 1H), 4.61-4.72 (m, 1H), 7.24-7.88 (m, 3H), 7.48-7.52 (m, 2H). ¥C-NMR (CDCls, 50
641 MHz), é (ppm): 15.6, 28.1, 30.4, 32.3, 33.6, 52.4, 79.3, 126.9, 129.0, 132.3, 155.2. 77Se NMR
642 (CDCls, 38.1 MHz), o (ppm): 239.9. MS m\z (%): 375 (M, 2), 259 (4), 162 (25), 118 (26),
643 91 (11), 70 (22), 61(54), 57 (100).

644

645 tert-Butyl (S)-(3-methyl-1-(phenylthio)butan-2-yl)carbamate, 20b

646 Yellowish oil, yield: see Table 7. 'TH NMR (400 MHz, CDCls), & (ppm): 0.90 (d, 3H, | =
647 6.8 Hz), 0.92 (d, 3H, ] = 6.8 Hz), 1.43 (s, 9H), 1.92 (app sext, 1H, ] =6.8 Hz), 3.07 (b d, 2H, | =
648 5.6 Hz), 3.59-3.71 (m, 1H), 4.52-4.60 (m, 1H), 7.17-7.53 (m, 5H). BC-NMR (CDCls, 50
649 MHz), 5 (ppm): 19.4, 19.6, 28.4, 30.9,37.7,55.3,79.2,126.1, 127.4, 128.9, 136.9, 156.1. MS
650 m/z (%): 295 (M, 4), 179 (4), 172 (17), 152 (3), 135 (5), 123 (17), 116 (36), 110 (6), 72 (70), 57
651 (100).

652

653 tert-Butyl (5)-(3-methyl-1-(phenylselanyl)butan-2-yl)carbamate, 21b

654 Yellow oil, 47% yield.'H and *C NMR data matched those previously reported in
655 the literature. [76]. 7Se NMR (CDCls, 38.1 MHz), d (ppm): 244.1.

656

657 3.2.5. Reaction of aziridine 19a with bis(trimethylsilyl)sulfide 2b

658

659 A mixture of N-Boc-methionine 19a (1 mmol) in the ionic liquid (0.5 mL) and
660 HMDST (1.2 mmoL) was added with TBAFxH20 (0.24 mmol) and stirred at room tem-
661 perature. The progress of the reaction was followed by TLC (hexanes/ethyl acetate 5:1)
662 upon extraction with diethyl ether of a small amount, and, after completion, the reaction
663 mixture was treated with citric acid (50% aq. solution) and extracted with diethyl ether.
664 The organic phase was then washed with citric acid (20% agq. solution) and dried over
665 Na2SOs. Evaporation of the solvent gave the crude product, which was purified on TLC
666 (hexanes/ethyl acetate 5:1) to afford -amino-disulfide 22 (major) and (-amino-thiol 23
667 (minor).

668 d

669 di-tert-Butyl [(2S,2'S)-disulfanediylbis(4-(methylthio)butane-1,2-diyl)]dicarbamate,
670 22

671 Yellow oil, yield: see Table 8. 'TH NMR (CDCls, 400 MHz), d (ppm): 1.44 (s, 18H),
672 1.66-1.75 (m, 4H), 1.85-1.94 (m, 2H), 2.11 (s, 6H), 2.48-2.58 (m, 4H), 2.68 (dd, 2H, | = 13.2
673 Hz, 6 Hz), 2.75 (dd, 2H, | = 13.2 Hz, 5.8 Hz), 3.78-3.90 (m, 2H), 4.64-4.72 (m, 2H). 1C
674 NMR (CDCls, 50 MHz), & (ppm): 15.3, 28.4, 30.7, 33.6, 38.2, 49.6, 79.6, 155.3. MS m/z
675 (%): 351 (M*-149, 3), 250 (5), 194 (11), 162 (10), 148 (16), 104 (34), 101 (40), 57 (100).

676

677 tert-Butyl (S)-(1-mercapto-4-(methylthio)butan-2-yl)carbamate, 23
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678 Yield: see Table 8. 'H NMR (400 MHz, CDCls), d (ppm): 1.31 (t, 1H, | = 8.8 Hz, SH).
679 Most of the other proton signals are overlapped with those of the disulfide 22. 3C NMR
680 (CDClIs, 50 MHz), 8 (ppm): 15.6, 28.4,29.5,30.7, 32.6, 50.9, 79.6, 155.4.

681

682 3.2.6. General Procedure for the ring opening of thiirane 24

683

684 2-(Isopropoxymethyl)thiirane 24 (1 equiv.) in 0.4 mL of the appropriate ionic liquid
685 was treated with (phenylthio)trimethylsilane 2a (1.2 equi.) or (phenylthio)trimethylsilane
686 13 (1.2 equiv.). Depending on the ionic liquid, TBAFxH>O (0.24 mmol) was added (see
687 Table 9). Progress of the reaction was monitored by TLC (hexanes:ethyl acetate 7:1). At
688 the end, the reaction mixture was treated with citric acid (50% aq. solution) and extracted
689 with diethyl ether. The organic phase was washed with citric acid (20% agq. solution) and
690 dried over Na:50s. Evaporation of the solvent gave the crude product, as mixture of
691 products (25, 26, 27 and 28, 29), which can be purified on silica gel.

692

693 1-Isopropoxy-3-(phenylthio)propane-2-thiol, 25

694 Yellow oil, yield: see Table 9. H-NMR signals partially overlapped with disulfide 26.
695 'H NMR (CDCls, 400 MHz), d (ppm): 1.13 (d, 6H, | = 6.0 Hz), 2.11 (d, 1H, | = 7.9 Hz),
696 3.13-3.34 (m, 3H), 3.41-3.46 (m, 1H), 3.53 (dd, 1H, ] = 9.2 Hz, 5.2 Hz), 3.66 (dd, 1H, ] =9.2
697 Hz, 4.8 Hz), 7.20-7.43 (m, 5H). *C NMR (CDCls, 50 MHz), 5 (ppm): 22.1, 39.4, 39.9, 70.8,
698 72.2,126.2,128.8, 129.5, 135.7. MS m/z (%): 242 (M, 31), 149 (5), 123 (12), 109 (26), 73 (23),
699 57 (100).

700

701 1,2-Bis(1-isopropoxy-3-(phenylthio)propan-2-yl)disulfane, 26

702 Yellow oil, yield: see Table 9. "TH NMR (CDCls, 400 MHz), o (ppm) : 1.15 (d, 12H, | =
703 6.2 Hz), 2.82-3.12 (m, 6H), 3.56-3.75 (m, 6H); 7.22-7.54 (m, 10H). MS m/z (%): 405 (M*-77,
704 4),328 (11), 273 (19), 242 (100), 196 (24), 142 (21), 99 (22), 73 (20), 57 (44).

705

706 1-Isopropoxy-3-(phenylselanyl)propane-2-thiol, 28

707 Not isolated (see Table 9), characteristic data. 'TH NMR (CDCls, 200 MHz), o (ppm):
708 2.18 (d, 1H, ] = 8.0 Hz, SH). The other signal are overlapped with the disulfide 29.

709

710 1,2-bis(1-isopropoxy-3-(phenylselanyl)propan-2-yl)disulfane, 29

711 Pale orange oil, yield: see Table 9. 'H NMR (CDCls, 200 MHz), d (ppm): 1.15-1.25 (m,
712 12H), 2.99-3.29 (m, 6H), 3.43-3.77 (m, 6H), 7.23-7.61 (m, 10H). 7Se NMR (CDCls, 38.1
713 MHz), d (ppm): 282.8, 284.9.

714

715

716

717
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5. Conclusions

In conclusion, we have found that the ring opening of strained heterocycles by thio-
silanes and selenosilanes can be efficiently carried out in various RTILs. Thus, ionic lig-
uids are able to act as alternative reaction media, and in some cases also as catalysts. This
synthetic protocol allows to prepare (-disubstituted sulfides and selenides bearing dif-
ferent substituents as hydroxyl-, N-Ts- or N-Boc amino- and sulfurated groups under
mild conditions with high regiocontrol.
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