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General Information

NMR were recorded at 400 MHz on a Bruker Avance III HD spectrometer. Chemical
shifts () are reported in ppm. NMR data are reported as follows: chemical shift (J), multiplicity,
coupling constant (J) in Hertz and integrated intensity. 7’Se NMR spectra were recorded at 76.0
MHz and referenced to the diphenyl diselenide (CéHsSeSeCsHs; 463.0 ppm) using the
substitution method (IUPAC). 1*C NMR spectra were recorded at 100 MHz and referenced to
deuterated solvent (CDCls; 77.2 ppm or DMSO-ds; 39.51 ppm or D3CCN 1.39 ppm). Spectra
were recorded in deuterated solvents at 25°C. Mass spectra (MS) were obtained on a gas
chromatograph coupled to a Shimadzu GCMS-QP2010 mass spectrometer. Fragments are
described by its mass/charge ratio (m/z) with the relative abundance (%) in parentheses. Melting
point were determined using a PDF III Marte with 0.1 °C precision. Infrared (FT-IR) analyses
were recorded on a Shimadzu IR Affinity Spectrometer operating in a ragne of 4000-400 cm™,
with a resolution of 4 cm™ and 64 scans. The samples were ground with spectroscopic grade
KBr, then pressed into disks before FT-IR analysis. The NMR and FT-IR experiments were
carried out at the Central Analitica — Centro de Ciéncias Quimica, Farmacéuticas e de
Alimentos — Universidade Federal de Pelotas — UFPel — Pelotas — Brazil.

All solvents and reagents are commercially available (Sigma Aldrich®) and were used
without any previous treatment. Temperatures above room temperature were maintained by use

of a mineral oil bath with an electrically heated coil connected to an adjustable controller.
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Experimental Procedure Se(CN):

Se(CN)2 was prepared according to the Woollins and co-workers.! Sulfuryl chloride (0.417 g,
3.090 mmol) was added to selenium powder (0.244 g, 3.090 mmol), and the mixture was stirred
for 10 min. Then tetrahydrofuran (5 mL) was added, and the solution was stirred for 1 h to give
a clear brown solution of selenium dichloride. Silver cyanide (0.827 g, 6.180 mmol) was added
with tetrahydrofuran (20 mL), and the solution was stirred for 1 h. The solvent was then
removed in vacuo, and dichloromethane (30 mL) was added. The solution was filtered through
a Celite pad and washed with dichloromethane (20 mL), and the solvent was removed in vacuo
to yield the product as a white solid. *C{'H} NMR (DMSO-ds, 25 °C): § 103.7 ppm; "’Se {'H}
NMR (DMSO-ds, 25 °C): 6 440.5 ppm.

Experimental Procedure Sez(CN):

Se2(CN)2 was prepared according to the Woollins and co-workers.! A mixture of silver
selenocyanate (2.028 g, 9.526 mmol) and iodine (1.209 g, 4.763 mmol) was stirred for 2 h
below -20 °C. The mixture was filtered to remove precipitated silver iodide, leaving the yellow
solution of Se2(CN)2 in THF solvent (10 mL). This solution was analyzed in NMR study due
the higher instability of Se2(CN)2. *C{!H} NMR (DMSO-ds, 25 °C): § 101.7 ppm; ""Se{'H}
NMR (DMSO-ds , 25 °C): 6 259.84 ppm.

Experimental Procedures for the synthesis of Se3(CN): (TSD) ?

Experimental Procedure 1 — Without Purification

To a round-bottled flask selenium dioxide (0.67 g, 6 mmol) was added with stirring to solution
of malononitrile (0.2 g, 3 mmol) in DMSO (2 mL). The mixture became reddish after 10-12
minutes (exothermic reaction). The mixture was diluted with water (6 mL) and after cooling, a
yellow precipitate was formed within 10 minutes. The precipitate was filtered, dried under

vacuum and the TSD was obtained in 45% yield (Yellow solid).

'C. J. Burchell, P. Kilian, A. M. Z. Slawin, J. D. Woollins, Inorg. Chem. 2006, 45, 710-716.
2 The procedures were performed according to the following reference: A. V. Kachanov, O. Y. Slabko, O. V.
Baranova, E. V. Shilova, V. A. Kaminskii, Tetrahedron Lett. 2004, 45, 4461-4463.
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Experimental Procedure 2 — Washed with Water

To a round-bottled flask selenium dioxide (0.67 g, 6 mmol) was added with stirring to solution
of malononitrile (0.2 g, 3 mmol) in DMSO (2 mL). The mixture became reddish after 10-12
minutes (exothermic reaction). The mixture was diluted with water (6 mL) and after cooling, a
yellow precipitate was formed within 10 minutes. The precipitate formed was filtered and
washed with 20 mL of H20 and then dried under vacuum where the TSD was obtained in 41 %
yield (Yellow solid).

Experimental Procedure 3 — Recrystallized in Benzene

To a round-bottled flask selenium dioxide (0.67 g, 6 mmol) was added with stirring to solution
of malononitrile (0.2 g, 3 mmol) in DMSO (2 mL). The mixture became reddish after 10-12
minutes (exothermic reaction). The mixture was diluted with water (6 mL) and after cooling, a
yellow precipitate was formed within 10 minutes. The precipitate formed was filtered, dried
under vacuum, and crystallized using benzene as solvent. TSD was obtained in 37 % yield
(Yellow solid).

Experimental Procedure 4 — Washed with Ethanol

To a round-bottled flask selenium dioxide (0.67 g, 6 mmol) was added with stirring to solution
of malononitrile (0.2 g, 3 mmol) in DMSO (2 mL). The mixture became reddish after 10-12
minutes (exothermic reaction). The mixture was diluted with water (6 mL) and after cooling, a
yellow precipitate was formed within 10 minutes. The precipitate formed was filtered and
washed with 20 mL of ethanol then dried under vacuum the TSD was obtained in 40 % yield
(Red solid). This distinct color is result of a degradation derived from the ethanol solvent.
Experimental Procedure 5 — Washed with DCM

To a round-bottled flask selenium dioxide (0.67 g, 6 mmol) was added with stirring to solution
of malononitrile (0.2 g, 3 mmol) in DMSO (2 mL). The mixture became reddish after 10-12
minutes (exothermic reaction). The mixture was diluted with water (6 mL) and after cooling, a
yellow precipitate was formed within 10 minutes. The precipitate formed was filtered and
washed with 20 mL of dichloromethane and then dried under vacuum and the TSD was obtained

in 40 % yield (Yellow solid).
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Melting Point Results

The samples of Se3(CN)2 were obtained from the experimental procedures previously
described.
Table S1: Melting points results.?

Entry Procedure Melting Point (°C)
1 1 134-136
2 2 134-136
3 3 133-134
4 4 132-135
5 5 130-131

2 The melting point experiments were performed in triplicate.

NMR samples

To prepare the NMR experiments, 5 mg of the TSD was added in 750 puL of the deuterated
solvent. The solubility was evaluated along with the purity of the TSD samples. The TSD was
not soluble in CDClIs, D20, Py-ds and Benzene-ds solvents.

NMR sample of procedure 1 was centrifugated to eliminate the presence of elemental

selenium (Figure S1).

Figure S1: NMR sample of TSD in DMSO-ds after centrifugated.
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When the TSD was solubilized in MeOD-d4, the color solution changed for red color, as can
be seen in the Figure S2. The "’Se-{'H} NMR experiment of this solution did not show signals,
possibly due the degradation.

Figure S2: NMR sample of TSD in MeOD-da.
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Figure S3: 3C{'H} NMR spectrum of Se(CN)2 in DMSO-d.
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Figure S4: 7Se{'H} NMR spectrum of Se(CN)2 in DMSO-ds.
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Figure S5: 3C{'H} NMR spectrum of Se2(CN)2 in DMSO-ds.

261.06

T
850 8

T T T T T T T T T T T T T

00 750 700 650 600 550 500 450 400 350 300 250 200

150

ppm

(>

Current Data Parameters

NAME TriSelenium
EXPNO 40
PROCNO 1

F2 - Acquisition Parameters
Date_ 20220728

Time 18.49 h
INSTRUM spect
PROBHD 2116098_0719 (
PULPROG 2gpg30

D 32768
SOLVENT DMSO

NS 216

DS 4

SWH 62500.000 Hz
FIDRES 3.814697 Hz
AQ 0.2621440 sec
RG 80.91

DW 8.000 usec
DE 6.50 usec
TE 298.2 K
D1 0.50000000 sec
D11 0.03000000 sec
TDO 1

SFO1 76.3461769 MHz
NUC1 77se

PO 3.62 usec
Pl 10.85 usec
PLUW1 85.00000000 W
SFO02 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 17.84099960 W
PLW12 0.18643001 w
PLW13 0.09377200 W
F2 - Processing parameters
SI 65536

SF 76.3108327 MHz
wDwW EM

SsB 0

LB 20.00 Hz
GB 0

PC 1.40

Figure S6: "Se {'H} NMR spectrum of Se2(CN)2 in DMSO-d.
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Figure S7: "C{'H} NMR spectrum of TSD in DMSO-ds prepared in situ.
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Figure S8: 7Se{'H} NMR spectrum of TSD in DMSO-ds prepared in situ.
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Figure S9: 7’Se {'"H} NMR spectrum of TSD in MeCN-d4 from Procedure 1.

(Integrals are only to compare with spectrum of Figure S8 demonstrating that ratio of

signals has maintained unchanged)
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Figure S10: ’Se {'H} NMR spectrum of TSD in DMSO-ds from Procedure 2.
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Figure S11: 7Se{'H} NMR spectrum of TSD in DMSO-ds from Procedure 3.
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Selected IR Spectra

Figure S12: FTIR (KBr) of Se3(CN):2 - v: 3442, 2923, 1646, 1549, 1213, 674.
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Figure S13: FTIR (KBr) of Se2(CN)2 - v: 3430, 2933, 2850, 2139, 1713, 1642, 1457, 1377,
1095, 804, 724, 671.

WJ\ -

| \ (//
\\// \ N
|

I

Transmittance (a.u.)

T T T T T T
3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

Figure S14: FTIR (KBr) of Se(CN)2 - 7: 3478, 2923, 2852, 2137, 1401, 1092, 801, 668.
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