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General. 'H and *C NMR spectra were recorded in CDCl; with tetramethylsilane as internal
standard or DMSO-d6 unless otherwise noted. High resolution mass spectrometry (ESI mode)
indicated the presence of the cation counterion. All solvents and chemicals were used as
purchased unless otherwise noted.

Representative Experimental Procedure to Prepare lonic Liquids 3a-9a: Diphenyl
diselenide (5 mmol, 1.56 g) was diluted in a 1:1 mixture of EtOH:THF, (20 mL) and dropwise
added to a solution of NaBH, (15 mmol, 0.57 g) in dry CH,Cl, (50 mL)." After addition the
solution was allowed to stir overnight at room temperature, and then successively washed with
15 mL of HCI 1M, water and brine. The organic lawyer was separated, dried over MgSO,4 and
concentrated under vacuum. To the crude compound obtained, N-methylimidazole (12 mmol,
0.96 mL) was added and the mixture was stirred at 100 °C during 4 hours. The reaction was
allowed to reach room temperature, washed 3 times with Et,0O to remove unreacted starting
materials and then dried under vacuum.

Representative Experimental Procedure to lon Exchange of lonic Liquids. NaBF, (1.1
mmol, 121 mg) or KPF¢ (1.1 mmol, 203 mg) was dissolved in water (2 mL) and added to the
respective ionic liquid 3a-9a (1 mmol) followed by overnight stirring at room temperature.
After removal of water under reduced pressure, the mixture was diluted in warm MeCN (10
mL), dried over MgSO, and concentrated under vacuum. Ionic liquids 3b and 3c were subjected
to ion chromatography analysis to determine the amount of residual chloride. These samples
were analyzed by an ion chromatography technique using an 850 Professional IC (Metrohm,
Herisau, Switzerland) assembled with a conductometric detector. The total content of chloride
in IL 3b was 2.58% * 0.06 (w/w) and 0.14% % 0.01 (w/w) in 3c. These results are the average of
triplicate analysis.

Biological Assays: The in vitro antimicrobial activity of ionic liquids 3-9 was assessed against a
panel of microorganisms, including bacteria (Escherichia coli ATCC 25922, Saphylococcus
aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853), yeast like fungi (Candida
albicans ATCC 24433 ), filamentous fungi (Aspergillus fumigatus ATCC 204305), and
Prototheca zopfii (algae), according Table 2. The minimal inhibitory concentration (MIC) was
determined by broth microdilution methods according to Clinical Laboratory and Standards
Institute (CLSI) standards. Tested compounds were dissolved in DMSO, initially as 128 pg/mL
solutions, and then successively diluted with a culture medium to the final concentrations listed
in Table 2 and Figure 1 (expressed in uM). The antimicrobial activities were evaluated based on
minimal inhibitory concentration (MIC), according to the CLSI procedures: M27-A3 for yeast

! X. Huang and D. H. Duan, Synlett 1998, 1191-1192.
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like fungi and algae, M38-A2 for filamentous fungi and M07-08 for bacteria. All the assays
were performed in triplicate.
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</ (3a) Yield: 76%; '"H NMR (CDCls, 400 MHz): & = 9.97 (s, 1H), 7.74 (s,
1H), 7.55-7.53 (m, 2H), 7.37-7.29 (m, 4H), 5.92 (s, 2H), 3.99 (s, 3H); °C NMR (CDCls, 100
MHz): & = 136.76, 134.37, 129.56, 128.87, 126.08, 123.56, 121.73, 44.30, 36.37, HRMS m/z
caled. for [C;1H;5N,Se]": 253.0238, found: 253.0238.
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\i/ (3b) Yield: 61%; '"H NMR (DMSO, 400 MHz): & = 9.12 (s, 1H), 7.68-
7.66 (m, 2H), 7.52-7,50 (m, 2H), 7.41-7.34 (m, 3H), 5.81 (s, 2H), 3.81 (s, 3H); >C NMR
(DMSO, 100 MHz): 6 = 136.32, 133.51, 129.53, 128.48, 126.62, 123.86, 122.24, 43.33, 35.75;
HRMS mvz calcd. for [C11H13NZSe]+: 253.0238, found: 253.0238.
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\Q/ (3c) Yield: 71%; '"H NMR (DMSO, 400 MHz): & = 8.99 (s, 1H), 7.64-
7.62 (m, 2H), 7.51-7.49 (m, 2H), 7.42-7.35 (m, 3H), 5.76 (s, 2H), 3.80 (s, 3H); C NMR
(DMSO, 100 MHz): 6 = 136.34, 133.69, 129.63, 128.65, 126.66, 123.97, 122.34, 43.48, 35.83;
HRMS vz caled. for [C;,H;3N,Se]™: 253.0238, found: 253.0238.
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=/ (4a) Yield: 71%; "H NMR (CDCls, 400 MHz): § = 10.04 (s, 1H), 7.71
(s, 1H), 7.41 (d, J = 8.0 Hz, 2H), 7.26 (s, 1H), 7.13 (d, J = 8.0 Hz, 2H), 5.83 (s, 2H), 4.01 (s,
3H), 2.34 (s, 3H); °C NMR (CDCls, 100 MHz): & = 139.45, 137.01, 134.85, 130.50, 123.60,
122.47, 121.72, 44.67, 36.52, 21.02; HRMS m/z calcd. for [C,H;sN>Se]": 267.0395, found:
267.0394.
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68
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<N (4b) Yield: 68%; 'H NMR (DMSO, 500 MHz): & = 9.06 (s, 1H), 7.68
(s,1H), 7.63 (s, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.17 (d, J = 8.0 Hz, 2H), 5.74 (s, 2H), 3.80 (s,
3H), 2.30 (s, 3H); *C NMR (DMSO, 100 MHz): 5 = 138.33, 136.34, 133.97, 130.23, 123.87,
122.92, 122.27, 43.61, 35.80, 20.61; HRMS mVz caled. for [C1,H,sN>Se]”: 267.0395, found:
267.0394.
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\i/ (4c) Yield: 69%; 'H NMR (DMSO, 500 MHz): & = 9.02 (s, 1H), 7.70
(s, 1H), 7.65 (s, 1H), 7.41 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.0 Hz, 2H), 5.74 (s, 2H), 3.84 (s,
3H), 2.35 (s, 3H); °C NMR (DMSO, 100 MHz): & = 138.46, 136.26, 134.07, 130.25, 123.93,
122.90, 122.30, 43.71, 35.83, 20.62; HRMS mVz calcd. for [C;,H sN,Se]™: 267.0395, found:
267.0394.
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/" (5a) Yield: 51%: 'H NMR (CDCls, 500 MHz): 5 = 10.08 (s, 1H),
7.85 (s, 1H), 7.45 (d, J = 8.0 Hz, 2H), 7.32 (s, 1H), 6.84 (d, J = 8.0 Hz, 2H), 5.80 (s, 2H), 4.04
(s, 3H), 3.81 (s, 3H); *C NMR (CDCls, 100 MHz): & = 160.37, 136.87, 136.76, 123.55, 121.70,
116.007, 115.24, 55.07, 44.75, 36.35; HRMS mVz caled. for [C,H;sN,OSe]": 283.0344, found:
283.0344.
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/" (5b) Yicld: 48%; 'H NMR (DMSO, 500 MHz): 5 = 8.89 (s, 1H),
7.65 (s, 1H), 7.58 (s, 1H), 7.37 (d, J = 8.0 Hz, 2H), 6.92 (d, J = 8.0 Hz, 2H), 5.62 (s, 2H), 3.80
(s, 3H), 3.76 (s, 3H); °C NMR (DMSO, 100 MHz): § = 160.01, 136.57, 136.25, 123.95, 122.25,
116.34, 115.27, 55.17, 44.17, 35.84; HRMS mVz caled. for [C1,H;sN,OSe]": 283.0344, found:
283.0344.
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=/ (5¢) Yield: 45%; '"H NMR (DMSO, 500 MHz): & = 8.90 (s, 1H),
7.65 (s, 1H), 7.58 (s, 1H), 7.36 (d, J = 8.0 Hz, 2H), 6.92 (d, J = 8.0 Hz, 2H), 5.62 (s, 2H), 3.80
(s, 3H), 3.76 (s, 3H); °*C NMR (DMSO, 100 MHz): & = 160.14, 136.76, 136.25, 124.01, 122.34,
116.36, 115.38, 55.25, 44.33, 35.89; HRMS mVz calcd. for [C;,H,sN,OSe]": 283.0344, found:
283.0344.

Cl Cl
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\i/ (6a) Yield: 69%; 'H NMR (CDCls;, 500 MHz): & = 10.69 (s, 1H),
7.55 (d, J= 8.5 Hz, 2H), 7.32 (d, J= 9.0 Hz, 2H), 7.26-7.25 (m, 2H), 5.96 (s, 2H), 3.99 (s,
3H); °C NMR (CDCl;, 100 MHz): & = 137.12, 135.92, 135.33, 129.99, 124.65, 123.80, 122.24,
44.63, 36.76; HRMS mvz calcd. for [C;H,>,CIN,Se]": 286,9849, found: 286.9847.
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/" (6b) Yield: 66%: 'H NMR (DMSO, 400 MHz): 5 = 9.03 (s, 1H),
7.67-7.64 (m, 2H), 7.52 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H), 5.77 (s, 2H), 3.82 (s, 3H);
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5C NMR (CDCl;, 100 MHz): & = 137.03, 136.18, 134.42, 130.08, 125.98, 124.62, 122.91,
44.34,36.46; HRMS mvz calcd. for [C;;H>,CIN,Se]": 286,9849, found: 286.9847.
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\/ (6¢) Yield: 62%; 'H NMR (DMSO, 400 MHz): § = 9.02 (s, 1H),
7.67-7.64 (m, 2H), 7.52 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 8.0 Hz, 2H), 5.77 (s, 2H), 3.82 (s, 3H);
BC NMR (DMSO, 100 MHz): § = 136.91, 136.12, 134.27, 130.09, 126.01, 124.61, 122.88,
44.24,36.42; HRMS mvz calcd. for [C;;H>,CIN,Se]": 286,9849, found: 286.9847.
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/" (7a) Yield: 66%; "H NMR (CDCl,, 500 MHz): 8 = 1043 (s, 1H), 7.50
(d, J = 8.0 Hz, 1H), 7.30-7.27 (m, 3H), 7.16-7.13 (m, 2H), 5.81 (s, 2H), 3.99 (s, 3H), 2.44 (s,
3H); '°C NMR (CDCls, 100 MHz): § = 141.17, 137.02, 135.09, 130.66, 129.46, 127.12, 128.88,
121.89, 43.50, 36.54, 22.66; HRMS mz calcd. for [C1,H;sN>Se]™: 267.0395, found: 267.0394.
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/" (7b) Yield: 56%: 'H NMR (DMSO, 400 MHz): & = 8.96 (s, 1H), 7.64-
7.63 (m, 2H), 7.43 (d, J = 8.0 Hz, 1H), 7.33-7.28 (m, 2H), 7.18-7.12 (m, 1H), 5.72 (s, 2H), 3.80
(s, 3H), 2.33 (s, 3H); °C NMR (DMSO, 100 MHz): § = 141.01, 136.89, 134.85, 130.95, 129.58,
127.94, 127.52, 124.46, 122.92, 43.18, 36.31, 22.59; HRMS m/z calcd. for [Cj,H,sNaSe]":
267.0395, found: 267.0294.
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/" (7¢) Yield: 61%; 'H NMR (DMSO, 400 MHz): 5 = 8.97 (s, 1H), 7.65-
7.63 (m, 2H), 7.43 (d, J = 8.0 Hz, 1H), 7.36-7.29 (m, 2H), 7.20-7.14 (m, 1H), 5.72 (s, 2H), 3.80
(s, 3H), 2.34 (s, 3H); °C NMR (DMSO, 100 MHz): § = 141.00, 136.89, 134.83, 130.95, 129.58,
127.96, 127.51, 124.46, 122.93, 43.20, 36.32, 22.58; HRMS mVz calcd. for [C1,H;sN,Se]’:
267.0395, found: 267.0294.
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'=/" (8a) Yield: 65%; 'H NMR (CDCl,, 400 MHz): & = 9.98 (s, 1H), 7.59 (s,
1H), 7.34 (d, J = 8.0 Hz, 1H), 7.29-7.20 (m, 2H), 6.82-6.75 (m 2H), 5.73 (s, 2H), 3.90 (s, 3H),
3.78 (s, 3H); °C NMR (CDCl,, 100 MHz): 8 = 158.48, 137.19, 135.07, 130.88, 123.70, 122.07,

121.74, 114.86, 111.37, 56.14, 42.27, 36.61; HRMS vz calcd. for [C,H;sN,OSe]": 283.0344,
found: 283.0347.
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/" (8b) Yield: 64%; 'H NMR (DMSO, 400 MHz): = 9.08 (s, 1H), 7.69
(s, 1H), 7.64 (s, 1H), 7.46 (d, J= 8.0 Hz, 1H), 7.39-7.34 (m, 1H), 7.05 (d, J= 8.0 Hz, 1H), 6.96-
6.92 (m, 1H), 5.73 (s, 2H), 3.82 (s, 3H), 3.78 (s, 3H); °C NMR (DMSO, 100 MHz): § = 158.22,
137.04, 133.48, 130.54, 124.29, 123.12, 122.01, 116.01, 111.98, 56.32, 41.93, 36.35; HRMS

m/z calcd. for [C12H15NZOSe]+: 283.0344, found: 283.0347.
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=/ (8¢) Yield: 57%; 'H NMR (DMSO, 500 MHz): 3 = 9.10 (s, 1H), 7.70 (s,
1H), 7.65 (s, 1H), 7.46 (d, J= 8.0 Hz, 1H), 7.36 (t, J= 8.0 Hz, 1H), 7.05 (d, J= 8.0 Hz, 1H),
6.93 (t, J= 8.0 Hz, 1H), 5.73 (s, 2H), 3.82 (s, 3H), 3.78 (s, 3H); °C NMR (DMSO, 75 MHz): §
=157.65, 136.51, 132.92, 129.96, 123.74, 122.58, 121.44, 115.49, 111.40, 55.75, 41.38, 35.80;
HRMS mvz calcd. for [C12H15NZOSe]+: 283.0344, found: 283.0347.

\E;( @ :
(9a) Yield: 62%; "H NMR (CDCls, 400 MHz): & = 9.76 (s, 1H), 7.52

(s, 1H), 6.96 (s, 1H), 6.93 (s, 2H), 5.58 (s, 2H), 3.98 (s, 3H), 2.33 (s, 6H), 2.26 (s, 3H); “C
NMR (CDCls, 100 MHz): 6 = 143.31, 140.15, 137.35, 129.22, 124.79, 123.47, 121.80, 43.67,
36.75, 24.18, 20.99; HRMS mvz calcd. for [C14HsN,Se]": 295.0708, found: 295.0703.

\(;( o
(9b) Yield: 54%; '"H NMR (DMSO, 400 MHz): & = 8.80 (s, 1H), 7.64

(s, 1H), 7.52 (s, 1H), 7.00 (s, 2H), 5.49 (s, 2H), 3.80 (s, 3H), 2.22 (s, 6H); *C NMR (DMSO,
100 MHz): & = 143.54, 139.79, 136.66, 129.19, 124.36, 122.99, 43.49, 36.24, 24.11, 20.98;
HRMS vz caled. for [C14H9N,Se]™: 295.0708, found: 295.0703.

\(;( o
(9c) Yield: 54%; 'H NMR (DMSO, 400 MHz): § = 8.80 (s, 1H), 7.64

(s, 1H), 7.52 (s, 1H), 7.00 (s, 2H), 5.49 (s, 2H), 3.80 (s, 3H), 2.26 (s, 6H); °C NMR (DMSO,
100 MHz): & = 143.54, 139.79, 136.66, 129.19, 124.36, 122.99, 43.49, 36.24, 24.11, 20.98;
HRMS vz calced. for [C14H; 9N,Se]™: 295.0708, found: 295.0703.
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"H NMR of compound 3a (CDCls, 400 MHz).
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*C NMR of compound 3a (CDCl;, 100 MHz).
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'H NMR of compound 3b (DMSO, 400 MHz).
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C NMR of compound 3b (DMSO, 100 MHz).
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'H NMR of compound 3¢ (DMSO, 400 MHz).
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C NMR of compound 3¢ (DMSO, 100 MHz).
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"H NMR of compound 4a (CDCls, 400 MHz).
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*C NMR of compound 4a (CDCl;, 100 MHz).



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

mdd

'H NMR of compound 4b (DMSO, 400 MHz).
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C NMR of compound 4b (DMSO, 100 MHz).
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'H NMR of compound 4c (DMSO, 400 MHz).
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3C NMR of compound 4¢c (DMSO, 100 MHz).
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"H NMR of compound 5a (CDCls, 400 MHz).
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C NMR of compound 5a (CDCls, 100 MHz).
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'H NMR of compound 5b (DMSO, 400 MHz).
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C NMR of compound 5b (DMSO, 100 MHz).
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"H NMR of compound 5¢ (DMSO, 400 MHz).
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C NMR of compound 5¢ (DMSO, 100 MHz).



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2011

] Cl Cl
. \©\ 0>
o — N 4\
10 Se N N—
mi E_:?
] &
1

"H NMR of compound 6a (CDCls, 400 MHz).
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C NMR of compound 6a (CDCl;, 100 MHz).
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'H NMR of compound 6b (DMSO, 400 MHz).
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C NMR of compound 6b (DMSO, 100 MHz).
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'H NMR of compound 6¢ (DMSO, 400 MHz).
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C NMR of compound 6b (DMSO, 100 MHz).
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"H NMR of compound 7a (CDCls, 400 MHz).
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PC NMR of compound 7a (CDCls, 100 MHz).
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'H NMR of compound 7b (DMSO, 400 MHz).
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C NMR of compound 7b (DMSO, 100 MHz).
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'H NMR of compound 7¢ (DMSO, 400 MHz).
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C NMR of compound 7¢ (DMSO, 100 MHz).
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"H NMR of compound 8a (CDCls, 400 MHz).
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C NMR of compound 8a (CDCls, 100 MHz).
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'H NMR of compound 8b (DMSO, 400 MHz).
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C NMR of compound 8b (DMSO, 100 MHz).
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"H NMR of compound 8¢ (DMSO, 400 MHz).
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C NMR of compound 8¢ (DMSO, 100 MHz).
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"H NMR of compound 9a (CDCls, 400 MHz).
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'H NMR of compound 9b (DMSO, 400 MHz).
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C NMR of compound 9¢ (DMSO, 100 MHz).
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