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1. General Information

Unless otherwise stated, all glassware was dried before use and all reactions
were performed under an atmosphere of argon. When necessary, solvents were
distilled from appropriate drying agents prior to use. All reagents were used as
received from commercial suppliers unless otherwise stated. Reaction progress
was monitored by thin layer chromatography (TLC) performed on aluminum
plates coated with silica gel F254 with 0.2 mm thickness. Chromatograms were
visualized by fluorescence quenching with UV light at 254 nm or by staining
using vanillin solution. Flash column chromatography was performed using
silica gel 60 (230-400 mesh, Merck and co.). ESI-QTOF-MS measurements were
performed in the positive ion mode (m/z 50-2000 range). IR spectra were obtained on a
FTIR-ATR instrument. All *H NMR and *C NMR spectra were recorded using a
400 or 500 MHz, spectrometer at 298K (frequencies for *H). Chemical shifts
were given in parts per million (ppm, d), referenced to the solvent peak of TMS,
defined at & = 0.00 ppm (*H NMR) and & = 77.0 (**C NMR), and to the peak of
PhSeSePh, defined at 459.0 ppm ('’Se NMR). Coupling constants are quoted
in Hz (J). *H NMR splitting patterns were designated as singlet (s), doublet (d),
triplet (t), quartet (g), quintet (quint), sextet (sext) and septet (sept). Splitting
patterns that could not be interpreted or easily visualized were designated as

multiplet (m).
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2. General Procedure for the Synthesis of the Starting Materials

Method A is based on the use of diselenides and terminal alkynes, through

copper catalysis.!

_ Cul (cat), DMSO
R———H + (ArSe), » R———SeAr

2 equiv 1 equiv rt, 48 h

Procedure: To a 25 mL open flask were added diselenide (1 mmol), alkyne (2
mmol), dimethylsulfoxide (8 mL) and Cul (0.1 mmol). The solution was stirred at
room temperature for 48 hours. After this period, the work up was performed
using NH4CI (saturated solution) and ethyl acetate. The crude products were
purified by flash chromatography on silica with hexane.

Method B is based on the use of terminal alkynes, BuLi and selenium powder,

and alkyl halides.

1) BuLi (1.1 equiv), THF
0 °C, 40 min
2) Se, 0 °C, 30 min
R——H > R——=——Se—alkyl
3) alkyl halide, 16 h
O°Ctort

Procedure: To a flame-dried Schlenk flask under argon atmosphere were
added dried THF (8 mL) and terminal alkyne (2 mmol). The solution was cooled
to 0° C and BulLi (1.1 equiv, 2.2 mmol) was added. The reaction kept stirring for
40 minutes at 0 °C. After it, Se powder (2 mmol, 158 mg) was added slowly (2-3
portions) and the solution kept stirring for 30 minutes at 0° C. Then, the alkyl
halide (1.2 equiv., 2.4 mmol) was added and the reaction kept stirring for 16
hours. After this period, the work up was performed using NH,Cl (saturated
solution) and ethyl acetate. The crude products were purified by flash

chromatography on silica with hexane.

! Bieber, L. W.; Silva, M. F.; Menezes, P. H. Tetrahedron Lett. 2004, 45, 2735.
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butyl(hex-1-yn-1-yl)selane (la). Following the method B,

Bu——=—SeBu | the reaction was performed with 1-hexyne (0.23 mL, 2

mmol), selenium (0.158 g, 2 mmol) and 1-bromobutane
(0.238 mL, 2.2 mmol). Purification by flash column chromatography (using
hexane) afforded the title compound in (72%, 0.314 g) as a yellow oil. *H NMR
(500 MHz, CDCl3): & 2.75 (t, J = 7.4 Hz, 2H), 2.34 (t, J = 7.0 Hz, 2H), 1.77
(quint, J = 7.4 Hz, 2H), 1.54 - 1.47 (m, 2H), 1.47 - 1.38 (m, 4H), 0.96 — 0.89 (m,
6H). 3C NMR (125 MHz, CDCl3): & 100.3, 58.2, 32.1, 30.9, 28.6, 22.5, 21.9,
20.1, 13.54, 13.48.

hex-1-yn-1-yl(methyl)selane (1b). Following the method B,

Bu———SeM . .
{ " Y| the reaction was performed with 1-hexyne (0.23 mL, 2

mmol), selenium (0.158 g, 2 mmol) and iodomethane (0.137 mL, 2.2 mmol).
Purification by flash column chromatography (using hexane) afforded the title
compound in (56%, 0.197 g) as a yellow oil. *H NMR (400 MHz, CDCls): & 2.32
(t, J = 7.0 Hz, 2H), 2.26 (s, 3H), 1.50 (quint, J = 7.0 Hz, 2H), 1.41 (sext, J = 7.0
Hz, 2H), 0.91 (t, J = 7.0 Hz, 3H). *C NMR (100 MHz, CDCl3): & 99.3, 59.1,
30.8, 21.9, 20.0, 13.5, 9.2.

Bu—— Se4<

mmol), selenium (0.158 g, 2 mmol) and 2-chloropropane (0.21 mL, 2.2 mmol).

hex-1-yn-1-yl(isopropyl)selane (1c). Following the method

B, the reaction was performed with 1-hexyne (0.23 mL, 2

Purification by flash column chromatography (using hexane) afforded the title
compound in (30%, 0.122 g) as a yellow oil. *H NMR (400 MHz, CDCls): & 3.32
(hept, J = 6.8 Hz, 1H), 2.37 (t, J = 7.0 Hz, 2H), 1.60 - 1.37 (m, 10H), 0.92 (t, J =
7.3 Hz, 3H). *C NMR (100 MHz, CDCls): d 102.4, 58.0, 34.5, 30.9, 24.0, 21.9,
20.1, 13.6.

butyl(pent-1-yn-1-yl)selane (1e). Following the method

\ B, the reaction was performed with 1-pentyne (0.2 mL, 2
{ ——SeBu P pentyne (
mmol), selenium (0.158 g, 2 mmol) and 1-bromobutane

(0.238 mL, 2.2 mmol). Purification by flash column chromatography (using

hexane) afforded the title compound in (65%, 0.26 g) as a yellow oil. *H NMR
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(400 MHz, CDCl3): & 2.75 (t, J = 7.4 Hz, 2H), 2.31 (t, J = 7.2 Hz, 2H), 1.78
(quint, J = 7.4 Hz, 2H), 1.55 (sext, J = 7.2 Hz, 2H), 1.44 (sext, J = 7.4 Hz, 2H),
0.98 (t, J = 7.4 Hz, 3H), 0.94 (t, J = 7.4 Hz, 3H). **C NMR (100 MHz, CDCls): &
100.2, 58.3, 32.1, 28.5, 22.4, 22.36, 22.2, 13.5, 13.4.

benzyl(non-1-yn-1-yl)selane (1f). Following the method

C,H;s—==—SeBn | A, the reaction was performed with 1-nonyne (0.33 mL, 2

mmol), dibenzyl diselenide (0.341 g, 1 mmol) and copper
iodine (19 mg, 0.1 mmol). Purification by flash column chromatography (using
hexane) afforded the title compound in (85%, 0.5 g) as a yellow oil. *H NMR
(500 MHz, CDCl3): & 7.33 - 7.21 (m, 5H), 3.99 (s, 2H), 2.31 (t, J = 7.1 Hz, 2H),
1.48 (quint, J = 7.7 Hz, 2H), 1.35 - 1.27 (m, 8H), 0.89 (t, J = 6.9 Hz, 3H). *C
NMR (125 MHz, CDCl3): & 138.0, 129.0, 128.6, 127.4, 102.6, 59.0, 32.5, 31.9,
28.94, 28.92, 28.88, 22.8, 20.6, 14.2. IR (neat) vmax: 2925, 2854, 1494, 1454,
1179, 756, 693, 595, 441, 422. HRMS (ESI+): exact mass calculated for [M+H]"
(C16H22Se) requires m/z 295.0966, found: m/z 295.0942.

butyl(cyclopropylethynyl)selane (1g). Following the

‘ [ESeBu

(0.17 mL, 2 mmol), selenium (0.158 g, 2 mmol) and 1-bromobutane (0.238 mL,

method B, the reaction was performed with phenylacetylene

2.2 mmol). Purification by flash column chromatography (using hexane)
afforded the title compound in (50%, 0.22 g) as a yellow oil. *H NMR (400 MHz,
CDCl3): 8 2.74 (t, J = 7.4 Hz, 2H), 1.76 (quint, J = 7.4 Hz, 2H), 1.49 — 1.32 (m,
3H), 0.93 (t, J = 7.4 Hz, 3H), 0.81 - 0.68 (m, 4H). **C NMR (100 MHz, CDCls): &
103.8,54.3, 32.1, 28.7, 22.4, 13.5, 8.7, 1.0.

(cyclohex-1-en-1-ylethynyl)(butyl)selane (1h).

Q%SeBu Following the method B, the reaction was performed

with 1-ethynylcyclohexene (0.23 mL, 2 mmol), selenium
(0.158 g, 2 mmol) and 1-bromobutane (0.238 mL, 2.2 mmol). Purification by

flash column chromatography (using hexane) afforded the title compound in
(65%, 0.314 g) as a yellow oil. *H NMR (400 MHz, CDCl3): 8 6.09 — 6.04 (m,
1H), 2.78 (t, J = 7.4 Hz, 2H), 2.15 — 2.06 (m, 4H), 1.78 (quint, J = 7.4 Hz, 2H),
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1.66 — 1.50 (m, 4H), 1.49 — 1.38 (m, 2H), 0.93 (t, J = 7.4 Hz, 3H). **C NMR (100
MHz, CDCls): & 134.6, 121.1, 101.3, 66.8, 32.1, 29.2, 29.1, 25.6, 22.4, 22.3,
21.4,13.5.

Vo butyl((4-methoxy-2-methylphenyl)ethynyl)selane (1i).

MeO < § ——— Following the method B, the reaction was performed

with 1-ethynyl-4-methoxy-2-methylbenzene (0.29 g, 2

mmol), selenium (0.158 g, 2 mmol) and 1-bromobutane (0.238 mL, 2.2 mmol).
Purification by flash column chromatography (using hexane) afforded the title
compound in (73%, 0.41 g) as a yellow oil. *H NMR (400 MHz, CDCls): & 7.32
(d, J=8.5Hz, 1H), 6.72 (d, J = 2.7 Hz, 1H), 6.66 (dd, J = 8.5, 2.7 Hz, 1H), 3.78
(s, 3H), 2.86 (t, J = 7.4 Hz, 2H), 2.41 (s, 3H), 1.85 (quint, J = 7.4 Hz, 2H), 1.48
(sext, J = 7.4 Hz, 2H), 0.95 (t, J = 7.4 Hz, 3H). *C NMR (100 MHz, CDCls): &
159.3, 142.1, 133.3, 115.9, 114.9, 111.1, 98.1, 71.8, 55.2, 32.2, 29.4, 22.5,
21.0, 13.5.

butyl((4-methoxyphenyl)ethynyl)selane (1j).
MeOAQ%SeBu

with 1-ethynyl-4-methoxybenzene (0.26 mL, 2 mmol), selenium (0.158 g, 2

Following the method B, the reaction was performed

mmol) and 1-bromobutane (0.238 mL, 2.2 mmol). Purification by flash column
chromatography (using hexane) afforded the title compound in (42%, 0.22 g) as
a yellow oil. *H NMR (400 MHz, CDCls3): 8 7.37 (d, J = 8.5 Hz, 2H), 6.82 (d, J =
8.6 Hz, 2H), 3.81 (s, 3H), 2.86 (t, J = 7.4 Hz, 2H), 1.84 (quint, J = 7.4 Hz, 2H),
1.48 (sext, J = 7.4 Hz, 2H), 0.95 (t, J = 7.4 Hz, 3H). *C NMR (100 MHz,
CDCl3): 8 159.5, 133.2, 115.8, 113.9, 113.8, 99.1, 68.4, 55.2, 32.2, 29.3, 22.5,
13.5.

Me butyl(mesitylethynyl)selane (1k).
Me@%swu Following the method B, the reaction was performed
Me with  2-ethynyl-1,3,5-trimethylbenzene (0.31 mL, 2

mmol), selenium (0.158 g, 2 mmol) and 1-bromobutane (0.238 mL, 2.2 mmol).
Purification by flash column chromatography (using hexane) afforded the title
compound in (70%, 0.39 g) as a yellow oil. *H NMR (400 MHz, CDCls): & 6.84
(s, 2H), 2.87 (t, J = 7.4 Hz, 2H), 2.38 (s, 6H), 2.26 (s, 3H), 1.88 (quint, J = 7.5
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Hz, 2H), 1.48 (sext, J = 7.5 Hz, 2H), 0.95 (t, J = 7.5 Hz, 3H). *C NMR (100
MHz, CDCl3): & 140.0, 137.3, 127.5, 120.6, 97.2, 76.9, 32.3, 29.6, 22.5, 21.3,
21.0, 13.5.

butyl(p-tolylethynyl)selane (11).
MeAQ%SeBu

with 1-ethynyl-4-methylbenzene (0.22 mL, 2 mmol), selenium (0.158 g, 2 mmol)

Following the method B, the reaction was performed

and 1-bromobutane (0.238 mL, 2.2 mmol). Purification by flash column
chromatography (using hexane) afforded the title compound in (72%, 0.36 g) as
a yellow oil. *H NMR (400 MHz, CDCls): 8 7.31 (d, J = 8.2 Hz, 2H), 7.09 (d, J =
8.2 Hz, 2H), 2.86 (t, J = 7.4 Hz, 2H), 2.33 (s, 3H), 1.84 (quint, J = 7.4 Hz, 2H),
1.47 (sext, J = 7.4 Hz, 2H), 0.95 (t, J = 7.4 Hz, 3H). *C NMR (100 MHz,
CDCl3): ©138.1, 131.4, 128.9, 120.6, 99.4, 69.4, 32.2, 29.3, 22.4, 21.4, 13.5.

butyl(phenylethynyl)selane (1m). Following the method B,

the reaction was performed with phenylacetylene (0.22 mL,

{Ph ——SeBu

2 mmol), selenium (0.158 g, 2 mmol) and 1-bromobutane
(0.238 mL, 2.2 mmol). Purification by flash column chromatography (using
hexane) afforded the title compound in (80%, 0.38 g) as a yellow oil. *H NMR
(400 MHz, CDCls): & 7.43 — 7.39 (m, 2H), 7.31 — 7.26 (m, 3H), 2.88 (t, J = 7.4
Hz, 2H), 1.85 (quint, J = 7.4 Hz, 2H), 1.48 (sext, J = 7.4 Hz, 2H), 0.96 (t, J = 7.4
Hz, 3H). *C NMR (100 MHz, CDCls): 5 131.4, 128.2, 127.9, 123.7, 99.3, 70.5,
32.2,29.3, 22.5, 13.5.

butyl((4-fluorophenyl)ethynyl)selane (1n).
F@%SeBu

1-ethynyl-4-fluorobenzene (0.24 g, 2 mmol), selenium (0.158 g, 2 mmol) and 1-

Following the method B, the reaction was performed with

bromobutane (0.238 mL, 2.2 mmol). Purification by flash column
chromatography (using hexane) afforded the title compound in (83%, 0.42 g) as
a yellow oil. *"H NMR (400 MHz, CDCls): & 7.42 — 7.36 (m, 2H), 7.02 — 6.95 (m,
2H), 2.88 (t, J = 7.4 Hz, 2H), 1.84 (quint, J = 7.4 Hz, 2H), 1.48 (sext, J = 7.4 Hz,
2H), 0.96 (t, J = 7.4 Hz, 3H). **C NMR (100 MHz, CDCl3): 8 162.3 (d, J = 249.3
Hz), 133.4 (d, J = 8.3 Hz), 119.8 (d, J = 3.5 Hz), 115.5 (d, J = 22.1 Hz), 98.2,
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70.2 (d, J = 1.6 Hz), 32.2, 29.3, 22.5, 13.5. *F NMR (376 MHz, CDCls): & -
111.1.

tert-butyldimethyl  ((3-(phenylselanyl)prop-2-yn-1-
TBSO
\__— gepn | YDoOXxy)silane (10). Following the method A, the

reaction was performed with propargyl alcohol (0.12
mL, 2 mmol), diphenyl diselenide (0.314 g, 1 mmol) and copper iodine (19 mg,
0.1 mmol). Purification by flash column chromatography (using 100% hexane to
90:10 hexanel/ethyl acetate) afforded the compound 3-(phenylselanyl)prop-2-yn-
1-ol 1s in (87%, 0.37 g) as a yellow oil. Next, the protection reaction was
performed with  selenoacetylene 1s (0.21 g, 1 mmol), tert-
butyl(chloro)dimethylsilane (0.181 g, 1.2 mmol) and triethylamine (0.17 mL, 1.2
mmol) in DCM (3 mL). Purification by flash column chromatography (using
100% hexane to 90:10 hexane/ethyl acetate) afforded the tittle compound in
(76%, 0.25 g) as a yellow oil."H NMR (400 MHz, CDCls): 8 7.57 — 7.53 (m, 2H),
7.35-7.30 (m, 2H), 7.30 — 7.25 (m, 1H), 4.55 (s, 2H), 0.94 (s, 9H), 0.16 (s, 6H).
13C NMR (100 MHz, CDCls): & 129.4, 129.2, 128.4, 127.1, 102.6, 65.0, 52.8,
25.8, 18.3, -5.1.

phenyl(phenylethynyl)selane (1p). Following the

[ Ph—=——SePh method B, the reaction was performed with

phenylacetylene (0.22 mL, 2 mmol), and PhSeBr (0.52 g,
2.2 mmol). Purification by flash column chromatography (using hexane)
afforded the title compound in (73%, 0.38 g) as a yellow oil. *H NMR (400 MHz,
CDCl3): & 7.62 — 7.56 (m, 2H), 7.53 — 7.46 (m, 2H), 7.36 — 7.21 (m, 6H). *C
NMR (100 MHz, CDCl3): 6 131.7, 129.5, 129.0, 128.9, 128.5, 128.3, 127.1,
123.1, 102.9, 69.2.

hex-1-yn-1-yl(phenyl)selane (1r). Following the method A,

Bu%SePh] the reaction was performed with 1-hexyne (0.23 mL, 2

mmol), diphenyl diselenide (0.314 g, 1 mmol) and copper iodine (19 mg, 0.1
mmol). Purification by flash column chromatography (using hexane) afforded
the title compound in (85%, 0.405 g) as a yellow oil. *H NMR (400 MHz, CDCl5):
5 7.54 — 7.49 (m, 2H), 7.33 — 7.27 (m, 2H), 7.25 — 7.20 (m, 1H), 2.46 (t, J = 7.0
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Hz, 2H), 1.62 — 1.54 (m, 2H), 1.46 (sext, J = 7.0 Hz, 2H), 0.93 (t, J = 7.0 Hz,
3H). **C NMR (100 MHz, CDCls): d 129.35, 129.33, 128.6, 126.7, 104.7, 57.3,
30.8, 22.0, 20.2, 13.6.

N (4-chlorophenyl)(hex-1-yn-1-yl)selane (1s) Following
cl the method A, the reaction was performed with 1-
hexyne (0.23 mL, 2 mmol), 1,2-bis(4-

Bu——S¢ chlorophenyl)diselane (0.382 g, 1 mmol) and copper

’jodine (19 mg, 0.1 mmol). Purification by flash column
chromatography (using hexane) afforded the title compound in (84%, 0.457 Q)
as a yellow oil. *H NMR (400 MHz, CDCls): & 7.44-7.40 (m, 2H), 7.26-7.23 (m,
2H), 2.44 (t, J = 7.0 Hz, 2H), 1.60-1.53 (m, 2H), 1.47-1.39 (m, 2H), 0.92 (t, J =
7.3 Hz, 3H). *C NMR (125 MHz, CDCls): & 132.7, 129.8, 129.3, 127.5, 105.1,
56.9, 30.6, 21.9, 20.2, 13.5. IR (neat) vmax: 2956, 2929, 2870, 1473, 1388,
1089, 1064, 1009, 808, 489, 465, 429. HRMS (ESI+): exact mass calculated
for [M+Na]" (C12H13CISe) requires m/z 294.9769, found: m/z 294.9797.

v hex-1-yn-1-yl(3-(trifluoromethyl)phenyl)selane (1t).

FaC Following the method A, the reaction was performed
with  1-hexyne (0.23 mL, 2 mmol), 1,2-bis(3-

BU—=— ¢ (trifluoromethyl)phenyl)diselane (0.450 g, 1 mmol) and

) copper iodine (19 mg, 0.1 mmol). Purification by flash
column chromatography (using hexane) afforded the title compound in (92%,
0.587 g) as a yellow oil. *H NMR (300 MHz, CDCl3) & 7.80 (s, 1H), 7.66 (d, J =
7.7Hz, 1H), 7.48 (d, J=7.7 Hz, 1H), 7.40 (t, J = 7.7 Hz, 1H), 2.49 (t, J = 6.9 Hz,
2H), 1.68 — 1.40 (m, 4H), 0.94 (t, J = 7.2 Hz, 3H). *C NMR (125 MHz, CDCls) &
131.7 (9, J = 32.5 Hz), 131.4, 130.1, 129.5, 125.0 (9, J = 3.9 Hz), 123.8 (q, J =
272.7 Hz) 123.4 (q, J = 3.8 Hz), 106.3, 56.3, 30.6, 21.9, 20.2, 13.5. IR (neat)
vmax: 2960, 2922, 2870, 2190, 1599, 1430, 1319, 1125, 790, 470, 450, 441.
HRMS (ESI+): exact mass calculated for [M+Na]* (C13H13FsSe) requires m/z
329.0032, found: m/z 329.0048.
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hex-1-yn-1-yl(o-tolyl)selane (1u). Following the
Me@ method A, the reaction was performed with 1-hexyne
(0.23 mL, 2 mmol), 1,2-di-o-tolyldiselane (0.340 g, 1

mmol) and copper iodine (19 mg, 0.1 mmol).

Bu———Se

Purification by flash column chromatography (using hexane) afforded the title
compound in (89%, 0.448 g) as a yellow oil. *H NMR (400 MHz, CDCl3) & 7.78
—7.72 (m, 1H), 7.21 - 7.10 (m, 3H), 2.48 (t, J = 7.0 Hz, 2H), 2.28 (s, 3H), 1.68 —
1.43 (m, 4H), 0.95 (t, J = 7.3 Hz, 3H). *C NMR (100 MHz, CDCls) & 136.3,
130.2, 130.1, 128.9, 127.1, 126.9, 104.9, 57.4, 30.9, 22.1, 20.9, 20.4, 13.7. IR
(neat) vmax: 2956, 2929, 2870, 1591, 1570, 1464, 1032, 741, 656, 448, 416.
HRMS (ESI+): exact mass calculated for [M+Na]® (Ci13HisSe) requires m/z
275.0315, found: m/z 275.0345.

hex-1-yn-1-yl(naphthalen-1-yl)selane (1v). Following
the method A, the reaction was performed with 1-
Bu—=——Se Q hexyne (0.23 mL, 2 mmol), 1,2-di(naphthalen-1-

yhdiselane (0.412 g, 1 mmol) and copper iodine (19

mg, 0.1 mmol). Purification by flash column chromatography (using hexane)
afforded the title compound in (47%, 0.27 g) as a yellow oil. *H NMR (400 MHz,
CDCl3): & 8.01 — 7.94 (m, 2H), 7.88 — 7.84 (m, 1H), 7.78 (d, J = 8.2 Hz, 1H),
7.59 — 7.50 (m, 2H), 7.47 — 7.42 (m, 1H), 2.48 (t, J = 7.0 Hz, 2H), 1.64 — 1.56
(m, 2H), 1.53 — 1.42 (m, 2H), 0.95 (t, J = 7.3 Hz, 3H). *C NMR (100 MHz,
CDCl3): 6 133.8, 131.9, 128.6, 128.1, 127.8, 127.7, 126.5, 126.3, 126.2, 125.2,
104.8, 57.2, 30.7, 21.9, 20.3, 13.6.

[1,1'-biphenyl]-4-yl(hex-1-yn-1-yl)selane (Aw).
Ph
Following the method A, the reaction was performed
with 1-hexyne (0.23 mL, 2 mmol), 1,2-di([1,1'-

Bu———S¢ biphenyl]-4-yl)diselane (0.466 g, 1 mmol) and copper

iodine (19 mg, 0.1 mmol). Purification by flash column
chromatography (using hexane) afforded the title compound in (80%, 0.502 g)
as a yellow oil. *H NMR (500 MHz, CDCl3) & 7.64 - 7.58 (m, 4H), 7.57 — 7.53
(m, 2H), 7.46 (t, J = 7.6 Hz, 2H), 7.39 — 7.35 (m, 1H), 2.50 (t, J = 7.1 Hz, 2H),
1.66 — 1.58 (m, 2H), 1.50 (quint, J = 7.2 Hz, 2H), 0.97 (t, J = 7.3 Hz, 3H). *C
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NMR (125 MHz, CDCl3) & 140.5, 140.0, 129.2, 129.0, 128.5, 128.2, 127.6,
127.1, 104.9, 57.5, 30.9, 22.1, 20.4, 13.7. IR (neat) vmax: 2955, 2928, 2869,
1477, 1393, 1072, 1004, 824, 755, 694, 465. HRMS (ESI+): exact mass
calculated for [M+H]" (C1gH1sSe) requires m/z 315.0653, found: m/z 315.0627.

HO 3-(phenylselanyl)prop-2-yn-1-ol (1x). Following the
= geph | method A, the reaction was performed with propargyl
alcohol (0.12 mL, 2 mmol), diphenyl diselenide (0.314 g, 1

mmol) and copper iodine (19 mg, 0.1 mmol). Purification by flash column

chromatography (using 100% hexane to 90:10 hexane/ethyl acetate) afforded
the tittle compound in (87%, 0.37 g) as a yellow oil. *H NMR (400 MHz, CDCls):
5 7.57 — 7.49 (m, 2H), 7.36 — 7.26 (m, 2H), 7.29 — 7.20 (m, 1H), 4.46 (s, 2H),
2.27 (s, 1H). *C NMR (100 MHz, CDCls): & 129.4, 129.1, 128.0, 127.1, 102.0,
66.1, 51.8.

ACO 3-(phenylselanyl)prop-2-yn-1-yl acetate (1y). Following

——SePh | the method A, the reaction was performed with propargyl

acetate (0.2 mL, 2 mmol), diphenyl diselenide (0.314 g, 1 mmol) and copper
iodine (19 mg, 0.1 mmol). Purification by flash column chromatography (using
100% hexane to 90:10 hexane/ethyl acetate) afforded the tittle compound in
(67%, 0.33 g) as a yellow oil. *H NMR (400 MHz, CDCls): 5 7.56 — 7.48 (m, 2H),
7.37 — 7.28 (m, 2H), 7.29 — 7.21 (m, 1H), 4.88 (s, 2H), 2.09 (s, 3H). **C NMR
(100 MHz, CDCl3g): 6 170.1, 129.5, 129.2, 127.8, 127.2, 97.8, 67.9, 53.0, 20.6.

ethyl 3-(phenylselanyl)propiolate (1z). Following the

EtO,C—==—SePh . .
2 © method A, the reaction was performed with ethyl

propiolate (0.2 mL, 2 mmol), diphenyl diselenide (0.314 g, 1 mmol) and copper
iodine (19 mg, 0.1 mmol). Purification by flash column chromatography (using
100% hexane to 90:10 hexanel/ethyl acetate) afforded the tittle compound in
(94%, 0.475 g) as a yellow oil. *H NMR (400 MHz, CDCls): & 7.58 — 7.54 (m,
2H), 7.40 — 7.30 (m, 3H), 4.26 (q, J = 7.1 Hz, 2H), 1.32 (t, J = 7.1 Hz, 3H). *C
NMR (100 MHz, CDCl3): & 152.6, 130.2, 129.9, 128.2, 126.0, 96.3, 74.8, 62.0,
14.1.

S12



BochN tert-butyl (3-(phenylselanyl)prop-2-yn-1-yl)carbamate
oC
\_— gepn| (laa). Following the method A, the reaction was

performed with tert-butyl prop-2-yn-1-ylcarbamate (0.31
g, 2 mmol), diphenyl diselenide (0.314 g, 1 mmol) and copper iodine (19 mg,
0.1 mmol). Purification by flash column chromatography (using 100% hexane to
80:20 hexane/ethyl acetate) afforded the tittle compound in (64%, 0.397 g) as a
yellow oil. *H NMR (400 MHz, CDCl3): & 7.54 — 7.48 (m, 2H), 7.34 — 7.22 (m,
3H), 4.84 (s, 1H), 4.16 (d, J = 4.6 Hz, 2H), 1.46 (s, 9H). *C NMR (100 MHz,
CDCl3): 6 155.2,129.5, 129.0, 128.2, 127.1, 99.8, 80.0, 62.9, 31.9, 28.3.

3. General procedure for the hydroboration of selenoalkynes

R! SeR?
B,pin, CuCl, NaOH —
R'——=—seR? -

MeOH, 30° C, 20h 7%0

To a Schlenk flask under argon atmosphere were added B,pin, (0.45
mmol, 115 mg, 1.5 equiv), CuCl (0.06 mmol, 6 mg, 20 mol%) and NaOH (0.6
mmol, 24 mg, 2 equiv). Next, selenoalkyne (0.3 mmol, 1 equiv) was solubilized
in MeOH (1.5 mL) and added to the Schlenk. The reaction kept stirring for 20 h

at 30° C. After this period, the crude was filtered and purified on column
chromatography using hexane and ethyl acetate as eluent.

(2)-2-(1-(butylselanyl)hex-1-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2a)

Bu seBu Following the general procedure, the reaction was performed
using 65 mg of the selenoalkyne la. Purification by flash
7§<o column chromatography (using 100% hexane to 95:5

hexane/ethyl acetate) afforded the title compound in 98%
yield, 101 mg, as a yellow solid. *H NMR (400 MHz, CDCls) 8 7.27 (s, 1H), 2.76
(t, J =7.4 Hz, 2H), 2.15 (t, J = 7.3 Hz, 2H), 1.69 (quint, J = 7.4 Hz, 2H), 1.45 —
1.30 (m, 6H), 1.24 (s, 12H), 0.95 — 0.87 (m, 6H). *3C NMR (100 MHz, CDCls) &
139.5, 83.1, 33.1 (2C), 30.8, 26.5, 24.7, 22.8, 22.7, 14.1, 13.5 (C-B signal does
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not appear). *'B NMR (128 MHz, CDCls) 5 29.0. ""Se NMR (76 MHz, CDCls) &
255.5. IR (Vmax, Cm'l): 2957, 2928, 1568, 1365, 1144, 962, 833, 674. HRMS
(ESI+): exact mass calculated for [M+Na]® (CisH3:BNaO,Se) requires m/z
369.1480, found: m/z 369.1477.

(2)-4,4,5,5-tetramethyl-2-(1-(methylselanyl)hex-1-en-2-yl)-1,3,2-dioxaborolane (2b)

Bu seMe Following the general procedure, the reaction was performed
using 52.5 mg of the selenoalkyne 1b. Purification by flash
7§<0 column chromatography (using 100% hexane to 95:5
hexane/ethyl acetate) afforded the title compound in 53%
yield, 48.2 mg, as a yellow oil. *H NMR (400 MHz, CDCls) & 7.24 (s, 1H), 2.20
(s, 3H), 2.15 (t, J = 7.2 Hz, 2H), 1.43 — 1.29 (m, 4H), 1.25 (s, 12H), 0.90 (t, J =
7.2 Hz, 3H). **C NMR (100 MHz, CDCls) d 140.4, 83.2, 33.0, 30.8, 24.7, 22.6,
14.1, 6.4 (C-B signal does not appear). *'B NMR (128 MHz, CDCls) & 29.14.
"Se NMR (76 MHz, CDCl3) 8 169.58. IR (Vmax, cmM™): 2926, 2870, 1569, 1365,
1306, 1144, 962, 858, 674. HRMS (ESI+): exact mass calculated for [M+Na]"
(C13H25BNaO,Se) requires m/z 327.1013, found: m/z 327.1016.

(2)-2-(1-(isopropylselanyl)hex-1-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2c)

5 Se{ Following the general procedure, the reaction was performed
>ﬂ using 61 mg of the selenoalkyne 1c. Purification by flash
O/B\O column chromatography (using 100% hexane to 95:5
w hexane/ethyl acetate) afforded the title compound in 51%
yield, 50.7 mg, as a yellow oil. *"H NMR (400 MHz, CDCls) & 7.35 (s, 1H), 3.31
(sept, J = 6.9 Hz, 1H), 2.14 (t, J = 7.6 Hz, 2H), 1.48 (d, J = 6.9 Hz, 6H), 1.42 —
1.27 (m, 4H), 1.25 (s, 12H), 0.90 (t, J = 7.1 Hz, 3H). *C NMR (100 MHz, CDCl5)
0 138.1, 83.1, 33.2, 32.2, 30.9, 24.9, 24.7, 22.7, 14.1 (C-B signal does not
appear). 'B NMR (128 MHz, CDCls) d 29.14. "Se NMR (76 MHz, CDCls) &
378.5. IR (Vmax, cM™): 2955, 2925, 1566, 1364, 1304, 1144, 1120, 858, 670.
HRMS (ESI+): exact mass calculated for [M+Na]* (C1sH20BNaO,Se) requires
m/z 355.1327, found: m/z 355.1330.
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(2)-2-(1-(butylselanyl)hept-1-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2d)

CsHii  SeBu Following the general procedure, the reaction was performed

o-B
7§<o column chromatography (using 100% hexane to 95:5

hexane/ethyl acetate) afforded the title compound in 90%
yield, 97 mg, as a yellow oil. 'H NMR (400 MHz, CDCl3) & 7.28 (s, 1H), 2.77 (t, J
= 7.5 Hz, 2H), 2.15 (t, J = 7.7 Hz, 2H), 1.70 (quint, J = 7.5 Hz, 2H), 1.47 — 1.37
(m, 4H), 1.32 — 1.28 (m, 4H), 1.25 (s, 12H), 0.92 (t, J = 7.4 Hz, 3H), 0.88 (t, J =
7.0 Hz, 3H). *C NMR (100 MHz, CDCls) & 139.5, 83.1, 33.3, 33.1, 31.7, 28.2,
26.4, 24.6, 22.8, 22.6, 14.0, 13.5 (C-B signal does not appear). *'B NMR (128
MHz, CDCls) & 29.33. "’Se NMR (76 MHz, CDCl3) & 255.5. IR (Viayx, cm™): 2957,
2928, 1565, 1362, 1304, 1144, 962, 858, 672. HRMS (ESI+): exact mass
calculated for [M+Na]* (C,;H33BNaO,Se) requires m/z 383.1641, found: m/z 383.1639.

using 69 mg of the selenoalkyne 1d. Purification by flash

(2)-2-(1-(butylselanyl)pent-1-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2e)

CsH; seBu Following the general procedure, the reaction was performed

OB using 61 mg of the selenoalkyne 1le. Purification by flash
7§<O column chromatography (using 100% hexane to 95:5

hexane/ethyl acetate) afforded the title compound in 96%
yield, 95.4 mg, as a yellow oil. *H NMR (400 MHz, CDCls) & 7.30 (s, 1H), 2.77
(t, J = 7.5 Hz, 2H), 2.13 (t, J = 7.6 Hz, 2H), 1.71 (quint, J = 7.5 Hz, 2H), 1.48 —
1.36 (m, 4H), 1.25 (s, 12H), 0.95 — 0.88 (m, 6H). **C NMR (100 MHz, CDCls) &
139.8, 83.1, 35.3, 33.1, 26.4, 24.6, 22.8, 21.8, 14.0, 13.5 (C-B signal does not
appear). *'B NMR (128 MHz, CDCls) & 29.18. "“Se NMR (76 MHz, CDCls) &
256.3. IR (Vmax, cm™): 2958, 2928, 1567, 1364, 1303, 1144, 1117, 962, 861,
672. HRMS (ESI+): exact mass calculated for [M+H]" (C1sH30BO.Se) requires

m/z 333.1508, found: m/z 333.1503.
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(2)-2-(1-(benzylselanyl)non-1-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2f)

CHys seBn Following the general procedure, the reaction was performed

O-B using 88 mg of the selenoalkyne 1f. Purification by flash
77<o column chromatography (using 100% hexane to 95:5

hexane/ethyl acetate) afforded the title compound in 96%
yield, 121.3 mg, as a yellow oil. *H NMR (400 MHz, CDCls) & 7.38 (s, 1H), 7.35
—7.26 (m, 4H), 7.24 - 7.18 (m, 1H), 4.02 (s, 2H), 2.12 (t, J = 7.7 Hz, 2H), 1.42 —
1.33 (m, 2H), 1.30 — 1.22 (m, 20H), 0.86 (t, J = 6.9 Hz, 3H). *3C NMR (100 MHz,
CDCl3) 6 138.8, 138.7, 128.8, 128.6, 126.9, 83.2, 33.4, 31.8, 30.0, 29.5, 29.2,
28.6, 24.7, 22.6, 14.1 (C-B signal does not appear). *'B NMR (128 MHz, CDCl5)
5 29.16. "Se NMR (76 MHz, CDCl3) d 325.4. IR (Vmax, cm™): 2924, 2853, 1567,
1364, 1305, 1143, 1122, 861, 695, 674. HRMS (ESI+): exact mass calculated

for [M+Na]" (C22H3sBNa0O,Se) requires m/z 445.1798, found: m/z 445.1794.

(2)-2-(2-(butylselanyl)-1-cyclopropylvinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (29)

Following the general procedure, the reaction was performed

_ SeBu using 60.3 mg of the selenoalkyne 1g. Purification by flash
0-B column chromatography (using 100% hexane to 95:5
7*0 hexane/ethyl acetate) afforded the title compound in 35%

yield, 34.6 mg, as a yellow oil. *"H NMR (400 MHz, CDCls) &
7.29 (d, J = 1.0 Hz, 1H), 2.80 (t, J = 7.5 Hz, 2H), 1.73 (quint, J = 7.5 Hz, 2H),
1.48 — 1.34 (m, 3H), 1.22 (s, 12H), 0.93 (t, J = 7.5 Hz, 3H), 0.77 — 0.66 (m, 4H).
13C NMR (100 MHz, CDCls) & 140.0, 82.9, 33.1, 26.7, 24.6, 22.8, 15.5, 13.6, 6.2
(C-B signal does not appear). 'B NMR (128 MHz, CDCls) d 28.82. "'Se NMR
(76 MHz, CDCl3) 8 262.3. IR (Vmax, cM™): 2955, 2928, 1561, 1362, 1304, 1144,
962, 858, 680. HRMS (ESI+): exact mass calculated for [M+Na]
(C1sH27BNaO,Se) requires m/z 353.1167, found: m/z 353.1165.
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(2)-2-(2-(butylselanyl)-1-(cyclohex-1-en-1-yl)vinyl)-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane (2h)

Following the general procedure, the reaction was performed
seBu Using 72.4 mg of the selenoalkyne 1h. Purification by flash
column chromatography (using 100% hexane to 95:5
7§<o hexane/ethyl acetate) afforded the title compound in 65%
yield, 72 mg, as a yellow oil. '"H NMR (400 MHz, CDCls) &
7.28 (s, 1H), 5.56 — 5.52 (m, 1H), 2.71 (t, J = 7.6 Hz, 2H), 2.13 — 2.08 (m, 4H),
1.74 — 1.59 (m, 6H), 1.41 (sext, J = 7.6 Hz, 2H), 1.25 (s, 12H), 0.92 (t, J = 7.4
Hz, 3H). *C NMR (100 MHz, CDCls) 5 139.8, 139.5, 124.5, 83.1, 32.9, 27.8,
26.8, 25.0, 24.6, 22.9, 22.1, 14.1, 13.6 (C-B signal does not appear). !B NMR
(128 MHz, CDCls) & 28.91. ""Se NMR (76 MHz, CDCls) 5 279.0. IR (Vmax, cm™):
2926, 2856, 1545, 1363, 1143, 962, 858, 685. HRMS (ESI+): exact mass
calculated for [M+Na]® (CigH3:BNaO,Se) requires m/z 393.1484, found: m/z
393.1487.

(2)-2-(2-(butylselanyl)-1-(4-methoxy-2-methylphenyl)vinyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (2i)

MeQ Following the general procedure, the reaction was performed
Me using 84 mg of the selenoalkyne 1i. Purification by flash

_SeB” column chromatography (using 100% hexane to 95:5

O‘B\O hexane/ethyl acetate) afforded the title compound in 86%

yield, 106 mg, as a yellow oil. *H NMR (400 MHz, CDCls) &

7.69 (s, 1H), 6.98 (d, J = 8.3 Hz, 1H), 6.75 — 6.67 (m, 2H),
3.76 (s, 3H), 2.74 (t, J = 7.5 Hz, 2H), 2.18 (s, 3H), 1.67 (quint, J = 7.5 Hz, 2H),
1.37 (sext, J = 7.5 Hz, 2H), 1.24 (s, 12H), 0.90 (t, J = 7.4 Hz, 3H). *C NMR
(100 MHz, CDCl3) 8 158.3, 144.2, 136.3, 133.4, 128.9, 115.5, 110.8, 83.4, 54.9,
32.9, 26.4, 24.6, 22.8, 19.9, 13.5 (C-B signal does not appear). *'B NMR (128
MHz, CDCls) & 28.78. "’Se NMR (76 MHz, CDCls) 5 285.7. HRMS (ESI+): exact

mass calculated for [M+H]" (CyHs,BOsSe) requires m/z 411.1610, found: m/z
411.1635.
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(2)-2-(2-(butylselanyl)-1-(4-methoxyphenyl)vinyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (2j)

MeQ Following the general procedure, the reaction was performed

using 80 mg of the selenoalkyne 1j. Purification by flash

_SeB” column chromatography (using 100% hexane to 95:5
o-8 hexane/ethyl acetate) afforded the title compound in 80%

o
>ﬂ< yield, 95 mg, as a yellow oil. *H NMR (400 MHz, CDCl;) &

7.61 (s, 1H), 7.28 (d, J = 8.8 Hz, 2H), 6.87 (d, J = 8.8 Hz, 2H),
3.79 (s, 3H), 2.78 (t, J = 7.5 Hz, 2H), 1.70 (quint, J = 7.5 Hz, 2H), 1.40 (sext, J =
7.5 Hz, 2H), 1.28 (s, 12H), 0.91 (t, J = 7.4 Hz, 3H). *C NMR (100 MHz, CDCls)
0 158.1, 141.8, 133.3, 129.3, 113.4, 83.5, 55.1, 32.8, 27.6, 24.7, 22.8, 13.5 (C-B
signal does not appear). *'B NMR (128 MHz, CDCls) d 29.44. ""Se NMR (76
MHz, CDCIl3) & 283.8. HRMS (ESI+): exact mass calculated for [M+H]
(C19H30BO3Se) requires m/z 397.1453, found: m/z 397.1466.

(2)-2-(2-(butylselanyl)-1-mesitylvinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2k)

Following the general procedure, the reaction was performed
using 69 mg of the selenoalkyne 1k. Purification by flash

SeB
_ ’ column chromatography (using 100% hexane to 95:5
O*B\O hexane/ethyl acetate) afforded the title compound in 85%
yield, 104 mg, as a yellow oil. *"H NMR (400 MHz, CDCls) &

7.72 (s, 1H), 6.85 (g, J = 0.6 Hz, 2H), 2.73 (t, J = 7.5 Hz, 2H), 2.26 (s, 3H), 2.12
(s, 6H), 1.66 (quint, J = 7.6 Hz, 2H), 1.37 (sext, J = 7.5 Hz, 2H), 1.24 (s, 12H),
0.89 (t, J = 7.4 Hz, 3H). *3C NMR (100 MHz, CDCl;) & 144.2, 137.3, 135.7,
134.4, 128.2, 83.3, 33.1, 25.9, 24.6, 22.8, 21.2, 19.7, 13.5 (C-B signal does not
appear). *'B NMR (128 MHz, CDCls) & 28.92. ""Se NMR (76 MHz, CDCls) &
292.4. HRMS (ESI+): exact mass calculated for [M+H]" (C,;H34,BO,Se) requires m/z
409.1817, found: m/z 409.1830.
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(2)-2-(2-(butylselanyl)-1-(p-tolyl)vinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2I)

Me, Following the general procedure, the reaction was performed

using 75 mg of the selenoalkyne 1lI. Purification by flash

_SeB“ column chromatography (using 100% hexane to 95:5
o-8 hexane/ethyl acetate) afforded the title compound in 60%

o}
>S< yield, 68 mg, as a yellow oil. *H NMR (400 MHz, CDCl;) &

7.65 (s, 1H), 7.23 (d, J = 8.1 Hz, 2H), 7.15 (d, J = 8.1 Hz, 2H),
2.79 (t, J = 7.5 Hz, 2H), 2.34 (s, 3H), 1.71 (quint, J = 7.5 Hz, 2H), 1.41 (sext, J =
7.5 Hz, 2H), 1.29 (s, 12H), 0.92 (t, J = 7.5 Hz, 3H). **C NMR (100 MHz, CDCls)
5 142.4,137.9, 136.1, 128.7, 128.0, 83.5, 32.8, 27.6, 24.7, 22.8, 21.2, 13.5 (C-B
signal does not appear). *'B NMR (128 MHz, CDCls) d 29.25. ""Se NMR (76
MHz, CDCIl3) & 284.5. HRMS (ESI+): exact mass calculated for [M+H]
(C19H30BO,Se) requires m/z 381.1504, found: m/z 381.1500.

(2)-2-(2-(butylselanyl)-1-phenylvinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2m)

Ph SeBu Following the general procedure, the reaction was performed
using 65.2 mg of the selenoalkyne 1m. Purification by flash
7§<O column chromatography (using 100% hexane to 95:5

hexane/ethyl acetate) afforded the title compound in 37%
yield, 40.5 mg, as a yellow solid. *H NMR (400 MHz, CDCl5) & 7.68 (s, 1H), 7.35
—7.30 (m, 4H), 7.24 — 7.19 (m, 1H), 2.79 (t, J = 7.5 Hz, 2H), 1.69 (quint, J=7.5
Hz, 2H), 1.40 (sext, J = 7.5 Hz, 2H), 1.28 (s, 12H), 0.91 (t, J = 7.4 Hz, 3H). *C
NMR (100 MHz, CDCI3) & 143.1, 140.9, 128.1, 128.0, 126.6, 83.6, 32.8, 27.6,
24.7, 22.8, 13.5 (C-B signal does not appear). 'B NMR (128 MHz, CDCls) &
29.01. "’Se NMR (76 MHz, CDCls) 8 286.5. IR (Vmax, cM™): 2961, 2928, 1543,
1363, 1307, 1264, 1141, 979, 856, 683. HRMS (ESI+): exact mass calculated
for [M+Na]" (C1gH2,BNa0,Se) requires m/z 389.1171, found: m/z 389.1176.
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(2)-2-(2-(butylselanyl)-1-(4-fluorophenyl)vinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(2n)

R Following the general procedure, the reaction was performed
using 69 mg of the selenoalkyne 1n. Purification by flash

SeBU - column chromatography (using 100% hexane to 95:5

?
o3}

%

hexane/ethyl acetate) afforded the title compound in 50%
yield, 58 mg, as a yellow oil. *H NMR (400 MHz, CDCls) &
7.67 (s, 1H), 7.29 (dd, J = 8.7, 5.7 Hz, 2H), 7.01 (t, J = 8.7 Hz,
2H), 2.80 (t, J = 7.4 Hz, 2H), 1.71 (quint, J = 7.4 Hz, 2H), 1.40 (sext, J = 7.4 Hz,
2H), 1.28 (s, 12H), 0.92 (t, J = 7.4 Hz, 3H). **C NMR (100 MHz, CDCls) 5 161.5
(d, J = 245.2 Hz), 143.3, 136.8 (d, J = 3.1 Hz), 129.8 (d, J = 7.9 Hz), 114.9 (d, J
= 21.2 Hz), 83.7, 32.8, 27.7, 24.7, 22.8, 13.5 (C-B signal does not appear). °F
NMR (376 MHz, CDCls3): d -111.1. *B NMR (128 MHz, CDCl3) & 29.11. ""Se
NMR (76 MHz, CDCl3) & 286.2. HRMS (ESI+): exact mass calculated for [M+H]"
(C1gH,7BFO,Se) requires m/z 385.1253, found: m/z 385.1263.

(2)-tert-butyldimethyl((3-(phenylselanyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yhallyl)oxy)silane (20)

TBSO sepn Following the general procedure, the reaction was
o B_ performed using 97.6 mg of the selenoalkyne 1o.
o Purification by flash column chromatography (using 100%

hexane to 90:10 hexane/ethyl acetate) afforded the title
compound in 85% yield, 116 mg, as a yellow oil. *H NMR (400 MHz, CDCls) &
7.63 — 7.60 (m, 3H), 7.33 — 7.31 (m, 3H), 4.42 (d, J = 1.09 Hz, 2H), 1.25 (s,
12H), 0.98 (s, 9H), 0.16 (s, 3H), 0.09 (s, 3H). **C NMR (100 MHz, CDCls) &
142.5, 133.3, 132.4, 129.1, 127.4, 83.4, 63.6, 26.1, 24.7, 18.5, -5.1 (C-B signal
does not appear). B NMR (128 MHz, CDCl3) & 29.14. "Se NMR (76 MHz,
CDCl3) 8 413.0. IR (Vmax, cm™): 2851, 1545, 1361, 1212, 1143, 962, 856, 671.
HRMS (ESI+): exact mass calculated for [M+Na]* (C,1H3sNaBO3sSeSi) requires
m/z 477.1517, found: m/z 477.1513.
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(2)-4,4,5,5-tetramethyl-2-(1-phenyl-2-(phenylselanyl)vinyl)-1,3,2-dioxaborolane (2p)

Ph seph Following the general procedure, the reaction was performed

OB using 77.1 mg of the selenoalkyne 1p. Purification by flash
7§<O column chromatography (using 100% hexane to 955

hexane/ethyl acetate) afforded the title compound in 37%
yield, 42.8 mg, as a yellow solid. *H NMR (400 MHz, CDCl3) 8 7.78 (s, 1H), 7.61
— 7.57 (m, 2H), 7.39 — 7.35 (m, 4H), 7.33 — 7.29 (m, 4H), 1.26 (s, 12H). *C
NMR (100 MHz, CDCI3) & 143.4, 140.6, 133.4, 130.8, 129.2, 128.2, 128.0,
127.7, 126.9, 83.7, 24.7 (C-B signal does not appear). B NMR (128 MHz,
CDCl3) d 29.01. ""Se NMR (76 MHz, CDCl3) & 407.5. IR (Vmax, cm™): 2978,
2850, 1319, 742, 671, 553, 545. HRMS (ESI+): exact mass calculated for

[M+Na]" (C20H23BNaO,Se) requires m/z 409.0859, found: m/z 409.0854.

(2)-4,4,5,5-tetramethyl-2-(1-(phenylselanyl)pent-1-en-2-yl)-1,3,2-dioxaborolane (2q)

CsH, sepn Following the general procedure, the reaction was performed
o-H — using 67 mg of the selenoalkyne 1q. Purification by flash

o column chromatography (using 100% hexane to 95:5
W hexane/ethyl acetate) afforded the title compound in 79%
yield, 83.2 mg, as a white solid. *H NMR (400 MHz, CDCls) & 7.59 — 7.55 (m,
2H), 7.41 (s, 1H), 7.32 — 7.27 (m, 3H), 2.22 (t, J = 7.8 Hz, 2H), 1.50 (sext, J =
7.6 Hz, 2H), 1.24 (s, 12H), 0.95 (t, J = 7.4 Hz, 3H). **C NMR (100 MHz, CDCls)
0 139.9, 133.3, 130.3, 129.1, 127.4, 83.3, 35.4, 24.7, 22.1, 14.1 (C-B signal
does not appear). *'B NMR (128 MHz, CDCl5) & 29.17. ""Se NMR (76 MHz,
CDCl3) 6 378.1. IR (Vmax, cm'l): 2955, 2927, 1571, 1362, 1310, 1143, 1116, 739,
691, 667. HRMS (ESI+): exact mass calculated for [M+H]" (C17H26BO,Se)

requires m/z 353.1195, found: m/z 353.1187.
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(2)-4,4,5,5-tetramethyl-2-(1-(phenylselanyl)hex-1-en-2-yl)-1,3,2-dioxaborolane (2r)

Bu seph Following the general procedure, the reaction was performed

O-B using 72 mg of the selenoalkyne 1r. Purification by flash
77<o column chromatography (using 100% hexane to 95:5

hexane/ethyl acetate) afforded the title compound in 95%
yield, 104 mg, as a white solid. *H NMR (400 MHz, CDCl3) & 7.60 — 7.53 (m,
2H), 7.39 (s, 1H), 7.31 — 7.26 (m, 3H), 2.24 (t, J = 7.6 Hz, 2H), 1.50 — 1.40 (m,
2H), 1.40 — 1.33 (m, 2H), 1.23 (s, 12H), 0.93 (t, J = 7.2 Hz, 3H). *3C NMR (100
MHz, CDCl3) & 139.5, 133.3, 130.4, 129.1, 127.4, 83.3, 33.1, 31.0, 24.6, 22.6,
14.1 (C-B signal does not appear). B NMR (128 MHz, CDCl3) & 29.15. "'Se
NMR (76 MHz, CDCls) & 377.3. IR (Vmax, cm™): 2921, 2852, 1570, 1364, 1142,
962, 862, 691, 672. HRMS (ESI+): exact mass calculated for [M+H]"

(C18H28BO,Se) requires m/z 367.1352, found: m/z 367.1353.

(2)-2-(1-((4-chlorophenyl)selanyl)hex-1-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (2s)

5 S C o Following the general procedure, the reaction was
u e
performed using 81.5 mg of the selenoalkyne 1s.

o Purification by flash column chromatography (using
W 100% hexane to 95:5 hexane/ethyl acetate) afforded
the title compound in 96% yield, 115.1 mg, as a white solid. *H NMR (400 MHz,
CDCl3) & 7.49 (d, J = 8.6 Hz, 2H), 7.30 (s, 1H), 7.26 (d, J = 8.6 Hz, 2H), 2.23 (t,
J = 7.6 Hz, 2H), 1.47 — 1.40 (m, 2H), 1.39 — 1.32 (m, 2H), 1.24 (s, 12H), 0.93 (t,
J = 7.6 Hz, 3H). *C NMR (100 MHz, CDCls) & 138.7, 134.6, 133.7, 129.3,
128.6, 83.4, 33.1, 31.0, 24.7, 22.6, 14.1 (C-B signal does not appear). *'B NMR
(128 MHz, CDCl3) 5 29.11. "Se NMR (76 MHz, CDCls) & 373.6. IR (Vmax, cm™):
2950, 2923, 2845, 1567, 1474, 1363, 1309, 1145, 1086, 1010, 962, 822, 675.
HRMS (ESI+): exact mass calculated for [M+Na]* (C1sH26BCINaO,Se) requires
m/z 423.0777, found: m/z 423.0773.
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(2)-4,4,5,5-tetramethyl-2-(1-((3-(trifluoromethyl)phenyl)selanyl)hex-1-en-2-yl)-1,3,2-

dioxaborolane (2t)

Following the general procedure, the reaction was

Bu L SGQ performed using 91.6 mg of the selenoalkyne 1t.
0-B CF, Purification by flash column chromatography (using
7§<O 100% hexane to 95:5 hexane/ethyl acetate) afforded

the title compound in 63% vyield, 81.9 mg, as a white
solid. *H NMR (400 MHz, CDCls) d 7.81 (s, 1H), 7.74 (d, J = 7.8 Hz, 1H), 7.54
(d, J = 7.8 Hz, 1H), 7.41 (t, J = 7.8 Hz, 1H), 7.32 (s, 1H), 2.25 (t, J = 7.6 Hz,
2H), 1.49 — 1.40 (m, 2H), 1.40 — 1.31 (m, 2H), 1.25 (s, 12H), 0.94 (t, J = 7.2 Hz,
3H). **C NMR (100 MHz, CDCl3) & 137.6, 136.4 (g, J = 0.9 Hz), 131.5, 131.4 (q,
J =32.5 Hz), 129.8 (q, J = 3.8 Hz), 129.5, 124.2 (q, J = 3.7 Hz), 123.7 (9, J =
272.8 Hz), 83.5, 33.2, 31.0, 24.7, 22.6, 14.1 (C-B signal does not appear). *°F
NMR (376 MHz, CDCls) 8 -62.6. *'B NMR (128 MHz, CDCl3) 5 29.18. "Se NMR
(76 MHz, CDCls3) 8 382.3. IR (Vmax, cm™): 2978, 2928, 1572, 1364, 1318, 1124,
797, 694, 674. HRMS (ESI+): exact mass calculated for [M+H]"

(C19H27BF30,Se) requires m/z 435.1226, found: m/z 435.1228.

(2)-4,4,5,5-tetramethyl-2-(1-(o-tolylselanyl)hex-1-en-2-yl)-1,3,2-dioxaborolane (2u)

By S Following the general procedure, the reaction was
e
— : performed using 75.4 mg of the selenoalkyne 1u.
Me

7;20 Purification by flash column chromatography (using

100% hexane to 95:5 hexane/ethyl acetate) afforded the
title compound in 47% vyield, 53.5 mg, as a yellow solid. *H NMR (400 MHz,
CDCl3) & 7.57 (d, J = 7.4 Hz, 1H), 7.31 (s, 1H), 7.24 — 7.18 (m, 2H), 7.17 — 7.10
(m, 1H), 2.42 (s, 3H), 2.28 (t, J = 7.6 Hz, 2H), 1.50 — 1.42 (m, 2H), 1.40 — 1.33
(m, 2H), 1.24 (s, 12H), 0.94 (t, J = 7.2 Hz, 3H). **C NMR (100 MHz, CDCl3) &
140.2, 139.0, 134.0, 131.2, 130.0, 127.8, 126.6, 83.3, 33.0, 31.1, 24.7, 22.8,
22.7, 14.1 (C-B signal does not appear). *'B NMR (128 MHz, CDCl;) 5 29.14.
"Se NMR (76 MHz, CDCl3) 8 329.2. IR (Vmax, CM™): 2925, 2870, 1689, 1571,
1465, 1365, 1143, 1034, 861, 745, 671. HRMS (ESI+): exact mass calculated
for [M+Na]" (C19H20BNaO,Se) requires m/z 403.1328, found: m/z 403.1321.
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(2)-4,4,5,5-tetramethyl-2-(1-(naphthalen-1-ylselanyl)hex-1-en-2-yl)-1,3,2-

dioxaborolane (2v)

Following the general procedure, the reaction was
) .
— performed using 86.2 mg of the selenoalkyne 1v.

100% hexane to 95:5 hexane/ethyl acetate) afforded the
title compound in 80% vyield, 99.6 mg, as a yellow solid. *H NMR (400 MHz,
CDCl;) & 8.27 — 8.23 (m, 1H), 7.79 (dd, J = 7.1, 1.2 Hz, 1H), 7.77 — 7.72 (m,
2H), 7.50 — 7.39 (m, 2H), 7.31 (dd, J = 8.2, 7.1 Hz, 1H), 7.24 (s, 1H), 2.28 (t, J =
7.7 Hz, 2H), 1.49 — 1.40 (m, 2H), 1.38 — 1.30 (m, 2H), 1.12 (s, 12H), 0.90 (t, J =
7.2 Hz, 3H). *C NMR (100 MHz, CDCls) & 139.7, 134.4, 134.0, 133.7, 129.4,
128.9, 128.5, 128.0, 126.7, 126.2, 125.9, 83.3, 33.1, 31.1, 24.6, 22.7, 14.1 (C-B
signal does not appear). 'B NMR (128 MHz, CDCls) 5 29.04. "’Se NMR (76
MHz, CDCl3) 8 314.6. IR (Vmax, CM™): 2961, 2940, 1573, 1363, 1259, 1141,
1090, 1017, 862, 796, 674. HRMS (ESI+): exact mass calculated for [M+Na]"
(C22H29BNaO,Se) requires m/z 439.1329, found: m/z 439.1333.

7%/20 O Purification by flash column chromatography (using

(2)-2-(1-([1,1'-biphenyl]-4-ylselanyl)hex-1-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-

dioxaborolane (2w)

Bu s Oph Following the general procedure, the reaction was
e
— performed using 94.2 mg of the selenoalkyne 1w.

o Purification by flash column chromatography (using
7§< 100% hexane to 95:5 hexane/ethyl acetate) afforded
the title compound in 47% yield, 62.2 mg, as a yellow solid. *H NMR (400 MHz,
CDCl3) 6 7.64 (d, J = 8.3 Hz, 2H), 7.60 — 7.56 (m, 2H), 7.52 (d, J = 8.4 Hz, 2H),
7.47 — 7.41 (m, 3H), 7.38 — 7.33 (m, 1H), 2.26 (t, J = 7.6 Hz, 2H), 1.51 — 1.42
(m, 2H), 1.41 — 1.34 (m, 2H), 1.24 (s, 12H), 0.94 (t, J = 7.2 Hz, 3H). **C NMR
(100 MHz, CDCI3) & 140.5, 140.4, 139.4, 133.6, 129.4, 128.8, 127.9, 127.5,
127.0, 83.3, 33.1, 31.0, 24.7, 22.7, 14.1 (C-B signal does not appear). 'B NMR
(128 MHz, CDCls) 8 29.66. "’Se NMR (76 MHz, CDCls) 8 371.7. IR (Vmax, cm™):
2925, 1870, 1563, 1365, 1306, 1141, 1119, 861, 760, 674. HRMS (ESI+): exact
mass calculated for [M+Na]" (C,4H3:BNaO,Se) requires m/z 465.1486, found:
m/z 465.1481.
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4. Pd-catalyzed Suzuki coupling of 2a

| Bu SeBu

Bu SeBu PdCI,(PPhz), (10 mol%) -
+

pinB NaOH, MeOH, 80°C, 12h
2a OMe

w

MeO

To a dried Schlenk flask under argon atmosphere were added 1-iodo-4-
methoxybenzene (2.2 mmol, 513 mg, 1.1 equiv), PdCI>(PPhgz), (0.2 mmol, 140
mg, 10 mol%) and NaOH (4 mmol, 320 mg, 2 equiv). Next, selenoalkyne 2a (2
mmol, 692 mg, 1 equiv) was solubilized in MeOH (10 mL) and added to the
Schlenk. The reaction kept stirring for 12 h at 80° C. After this period, the crude
was diluted with ethyl acetate and washed with saturated solution of NaCl, the
organic phase was dried over MgSO,4 and concentred under reduced pressure.
The compound 3 was purified on column chromatography using hexane as

eluent.

(E)-butyl(2-(4-methoxyphenyl)hex-1-en-1-yl)selane (3)
Bu SeBu The compound 3 was obtained as a yellow oil in 82%

— yield (534 mg). *H NMR (400 MHz, CDCl3): & 7.28 — 7.24

(m, 2H), 6.85 (d, J = 8.9 Hz, 2H), 6.39 (s, 1H), 3.81 (s,

3H), 2.75 (t, J = 7.5 Hz, 2H), 2.54 (t, J = 7.7 Hz, 2H), 1.73

MeO (quint, J = 7.5 Hz, 2H), 1.48 — 1.29 (m, 6H), 0.93 (t, J =
7.4 Hz, 3H), 0.88 (t, J = 7.5 Hz, 3H). **C NMR (100 MHz, CDCls): d 158.5,
142.1, 134.5, 126.9, 117.3, 113.7, 55.2, 33.7, 33.0, 30.1, 26.7, 22.9, 22.6, 13.9,
13.6. HRMS (ESI+): exact mass calculated for [M+H]" (C17H,70Se) requires

m/z 327.1227, found: m/z 327.1228.
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5. Pd-catalyzed Kumada coupling of 3

MgBr
Bu SeBu Pd(PPh3)4 (10 mol%)

THF, 60°C, 12h

OMe

MeO MeO

A mixture of organo selenide 3 (0.25 mmol) and Pd(PPh3), (0.1 equiv) were
dissolved in THF (1 mL). After this, the organo magnesium reagent (2 equiv)
were added. The mixture was then heated in oil bath for 12h at 60 °C. After the
reaction was cooled to ambient temperature, the crude reaction mixture was
diluted with ethyl acetate (3 mL) and then washed with saturated solution of
NH4Cl (10 mL). The organic phase was separated, dried over MgSO,4 and
concentrated under vacuum. The residue was purified by flash chromatography
and eluted with hexane.

(E)-4,4'-(hex-1-ene-1,2-diyl)bis(methoxybenzene) (4)

oMe The compound 4 was obtained as a yellow solid in 66%
Q yield (49 mg). *H NMR (400 MHz, CDCls) & 7.39 (d, J =
Bu 8.9 Hz, 2H), 7.25 (d, J = 8.9 Hz, 2H), 6.94 — 6.86 (m, 4H),

6.58 (s, 1H), 3.83 (s, 6H), 2.67 (t, J = 7.5 Hz, 2H), 1.47 —
O 1.29 (m, 4H), 0.86 (t, J = 7.5 Hz, 3H). **C NMR (100 MHz,
MeO CDCl) d 158.7, 158.0, 141.4, 135.7, 131.1, 129.9, 127.5,

126.3, 113.65, 113.61, 55.28, 55.26, 31.0, 29.9, 22.8, 13.9. HRMS (ESI+):
exact mass calculated for [M+H]" (C20H250,) requires m/z 297.1855, found: m/z
297.1854.

S26



NMR SPECTRA

e

g

p P
e Q@ =o =
o~ — (o' o o
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
1
H NMR spectrum for compound l1a (CDCls, 500 MHz)
2 > Za3%  £85 3%
= 2 #8888 oo
[/ N N
|
| |
|
|
b
TT
[
13.5
f1 (ppm)
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10

f1 (ppm)

3C NMR spectrum for compound 1a (CDCls, 125 MHz)

S27



\_\%SeMe

, NS | N 1'%
g3 a8 8
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
'H NMR spectrum for compound 1b (CDCl;, 400 MHz)
o n I ﬁ? 2 o
[
|
m | ) '
B
110 105 100 95 90 85 80 75 70 65 60 0 45 40 35 30 25 20 15 10 0

55 5
f1 (ppm)

3C NMR spectrum for compound 1b (CDCls, 100 MHz)

S28



T
3.40 335 330 3.25

f1 (ppm)
T T iy T
80 75 70 65 60 S5 S0 45 40 35 30 25 20 15 10 05 00
f1 (ppm)
'H NMR spectrum for compound 1c¢ (CDCls, 400 MHz)
2 £ 28 837 b
S b 38 QRS @
(. (I

T T T T T T T T T T
120 115 110 105 100 95 920 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5
f1 (ppm)

3C NMR spectrum for compound 1c (CDCl;, 100 MHz)

S29



& 4 NHS &N

S - NS NS

N ~ NN ™o
T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.0 2.5 2.0 1.5 1.0

3.5
f1 (ppm)

'H NMR spectrum for compound 1e (CDCls;, 400 MHz)

22.44
22.36
22.24

z

100.16

58.35
—32.10
—28.55

T T
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

3C NMR spectrum for compound 1e (CDCl;, 100 MHz)

S30

13.46
13.39

<




Y i & TR
© <} =} - o o
<+ [aY] o~ N o (el
T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 14 3).5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
ppm
1
H NMR spectrum for compound 1f (CDCl3, 500 MHz)
& 3ZR% 2 S neIAZRE N
NP2 SN
<+ N
QoD
0
NN AN
[/
| |
T T T
29.0 28.9 28.8
f1 (ppm)
|
|
|
140 130 120 110 100 90 14 70) 60 50 40 30 20 10 0
ppm

13C NMR spectrum for compound 1f (CDCl, 125 MHz)

S31



%Se/\/\

2.00H =mmm——

3171

410

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1
H NMR spectrum for compound 1g (CDClIs, 400 MHZz)
g wn O N n (o2}
IS} ] QN < T Q@ =3
=] < o o IN] N e
— wn mMm N o~ ~— @ —
I I [ I I I I
|
I
oy oy Vi h Wiy ! L
115 105 95 9 8 8 75 70 65 60 55 50 45 40 35 30 25 20 15 10 10

3C NMR spectrum for compound 1g (CDCls, 100 MHz)

S32



7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
1
H NMR spectrum for compound 1h (CDClI;, 400 MHZz)
~ < O
n — N [ee] NN NMOLWL ©
< — — ™~ SN =T AN =
& 8 g 8 SEIENNN O
RN P
(] o
~ N
o o
o~ o~
I I
I
JUL
L e
226 224 222
f1 (ppm)
oL h
I |
|
1 A
140 135 130 125 120 115 110 105 100 95 90 85 80 60 55 50 45 40 35 30 25 20 15 10 0

75 70 65
f1 (ppm)
3C NMR spectrum for compound 1h (CDCls, 100 MHz)

S33



1.02-
1074 =
3.03<

3.04= —
2187

1 22
3121

'H NMR spectrum for compound 1i (CDCl;, 400 MHz)

< n o o ®
I - N o oS ~ o © NO o o
o o V] W ] ~ - Ny Yo In
n < ] — o = 7 N NS M
~— ~— i - ()} ~ mn MmN o~ N ~—
I I I \NA I I I (I N4 I

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

3C NMR spectrum for compound 1i (CDCls, 100 MHz)

S34



2,000

o I A
E R 5 & L%
— - ™ ~ ~N ~
T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
1 .
H NMR spectrum for compound 1j (CDCls, 400 MHz)
= 3 g8 2 2 ] 28 & g
2 P 299 a o P NG o ~
— — — - (<)} O n m N o~ —
SNV I
|
‘ | | |
| | | m ‘ . ’ ‘ ‘ '
. .
T
160 150 140 130 120 110 100 9 70 60 50 40 30 20 10 0

0 80
f1 (ppm)

13C NMR spectrum for compound 1j (CDCls, 100 MHz)

S35



— s/ \

%
|

O o O T
S [ X<} <} ~N [}
(o] n m o~ o~ (o]
T T T T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
1
H NMR spectrum for compound 1k (CDCls, 400 MH2z)
8 ﬂ $ ﬁ n [sa] N MmN ™M
=N ~ o N 4 N 1 o o n
T ™ (] o~ ~ O o N - O ™
— — — (2} ~ MmN NN AN -
[ [ SNV I
2
2
M
77.5 77.0 76.5
1 (ppm)
I
| |
||
I
I
I
145 135 125 115 105 95 90 8 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 0

f1 (ppm)

3C NMR spectrum for compound 1k (CDCl;, 100 MHz)

S36



s & & & 4 & &
S o s} - - Y -
N N N ™ N N 3l
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
1
H NMR spectrum for compound 1| (CDCl;, 400 MHz)
8 g g $ O o @ N o o
) — 0 S « s AT 1
e 28 8 g 8¢ d7 9
I Vo I I I (I N/ I
| | | W |
|
| | | | .
T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

3C NMR spectrum for compound 11 (CDCls, 100 MHz)

S37



m L
&

f1 (ppm)

13C NMR spectrum for compound 1m (CDCl;, 100 MHz)

S38

Lk P &
] N i N
~N ™M o~ o~ ™
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
1
H NMR spectrum for compound 1m (CDCl;, 400 MHz)
38483 o in e & -
—wN M el in N ™M N Ln
ao8a A N 88 A °
/NN (.
|
" " v
T T T T T T T
135 125 115 105 95 90 8 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5



2.001
2.031
2179
12171
3.12%

i
:

5.0 4.5 3.0 2.5 2.0 1.

N
(9]
~N
o
o
«n
o
o
[
[
t
=
o
o
n

4.0 3.5
f1 (ppm)

'H NMR spectrum for compound 1n (CDCl;, 400 MHz)

<t O [ce =) 00 N
n o < < oM~ |nm ~ T ™ oo ~ —
o o o of a ol 15 1 = N Neoo in
O O Mm ™M o o oo o o~ ™
29 s jajpnja bt S RR 83 R o
I N ~ o\ N I I
T ™M
NN
oo
~— 0 NN
QN o~ A\
22 n ™
— wn n
N/ = 4
I

e

b B —

— 70.3 70.2
’MM —— f1 (ppm)
f1 (ppm) 115(.6

S f1 (ppm)

—133.48
—133.40

T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

3C NMR spectrum for compound 1n (CDCls, 100 MHz)

S39



M it L Y T
2s% g 3 %
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.
f1 (ppm)
1
H NMR spectrum for compound 10 (CDClIs, 400 MHZz)
MmO <
<+ = ¥ O =} D @ o o o
2IER d $ N Z @ 7
o ~— [t wn o~ ~— 1
~e
140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

3C NMR spectrum for compound 10 (CDCls, 100 MHz)

S40



(Y =ss

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

'H NMR spectrum for compound 1p (CDCl;, 400 MHz)

ocnNwvwomooN o
Rhoaounmo - @ =]
EREELR g g
=N
2 88885 8
~ O 00 W © O ~
° oo o
[N
I I I I
i
I I
I
T T T T T T
132 131 130 129 128 127
1 (ppm)
I I
I
: : : : : T T T T T R
145 135 125 115 105 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
f1 (ppm)

13C NMR spectrum for compound 1p (CDCls, 100 MHz)

S41



| TS —
— o ~ o ~
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4;{)( )3.5 3.0 2.5 2.0 1.5 1.0 0.5
ppm
1
H NMR spectrum for compound 1r (CDCls, 400 MHz)
AR g 5 R 8% &
AREY E 5 3 i °
N~ VI
n m
Mmm
2
[
|
i
I
129.35
1 (ppm)
|
|
|
|
|
|
|
135 125 115 105 95 9 85 8 75 70 65 60 55 50 45 40 35 30 25 20 15 10

f1 (ppm)

13C NMR spectrum for compound 1r (CDCls, 100 MHz)

S42




Cl

2 & 3
~ N N
T T T T T T T T T T T T T
3.0 25 2.0 1.5 1.0 0.5

6.5 6.0 5.5 5.0 4.5 4.0 3.5
f1 (ppm)

'H NMR spectrum for compound 1s (CDCls, 400 MHz)

=N T n wn
NNMmW;n - < n — N m
NggnN v a © a-  in
MmN o © (= —- o ~M™
R = b A ]R]OA
NN I \
|
|
!
‘ |
T T T T T T T
120 110 100 % 70 60 50 40 30 20 10
f1 (ppm)

3C NMR spectrum for compound 1s (CDCl;, 100 MHz)

S43



CF3

Se

6b°ET —

F2 o —

vere— g€zt

. opETT L =

F0E L 3 b€t \ =
908 — ob'EzT

FoTT |
EETT

1.5

3.0

T€9S — v6'veT \
L6751 -
0052t -7 =
¥0'SeT !

3.5
1l

T
4.0
f1 (ppm)

YL'9L
00°2L W
STLL

4.5

5.0

Ob'TET —
TP 1ET —

5.5

82°90T —

LEETT
ob’ectT
£ ECT
R 9'ECT

v6'T
L6421
207y 00°sT
1k .
i o
_ S6°0€T
5
S I, ovIET ¥
e :\aw
T9°TET

'H NMR spectrum for compound 1t (CDCls, 500 MHz)

20 15

123.5
35 30 25

124.0
40

124.5
f1 (ppm)
55 50 45

125.0
60

131.40 131.36
f1 (ppm)
90 85 80 75 70 65
f1 (ppm)
3C NMR spectrum for compound 1t (CDCl;, 125 MHz)
S44

95

131.44
105 100

131.48
110

130 125 120 115

135




Ly £
S <o S
85 80 75 70 65 60 55 50 45 fl(J.o) 55 30 25 20 o o5 oo
ppm.
1
H NMR spectrum for compound 1u (CDClIs, 400 MHZz)
RATRNR & o m Ngg ©
EEEERE S N 3 Nos &
I N/ & S ‘
\‘ \‘ ‘ |
I
I I
|
J | | m J
1‘40 1‘30 1‘20 1‘10 1‘00 5;0 ; ‘ éO ;0 ‘;0 ?lO 2‘0 1‘0 6

70
f1 (ppm)

3C NMR spectrum for compound 1u (CDCls, 100 MHz)

S45



Se

FoT'e
1T

50T
hs0z

0T
%m.o
Fe6'T

4.0
f1 (ppm)

1.5

2.0

2.5

3.0

3.5

4.5

5.0

55

6.0

6.5

'H NMR spectrum for compound 1v (CDCls, 400 MHz)

8G°ET —
62°0C —

S6'TC—

PL0E—

0745 —

S8'¥0T —

LT°STT
9T'9¢T
9¢'9¢T
€5°9¢T &
L LTt
[4:WAay
[4%:741
$9'8¢T

ww.ﬁmﬁ\
S8'EET

LT°STT —

9T'9CT ~
9T'9TT
€5°9¢T —

YLLTT ~
WL
T8 —

¥9'8¢T —

126.5 125.5
f1 (ppm)

127.5

128.5

T T T T T T T T T T
90

80 75
f1 (ppm)

85

95

145 140 135 130 125 120 115 110 105 100

3C NMR spectrum for compound 1v (CDCl;, 100 MHz)

S46



o' 5 B'E T

g S o= )

n— - o~ NN [ae]
T T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4 3.0 25 2.0 15 1.0 0.5 0.0

4.0 3.5
f1 (ppm)

'H NMR spectrum for compound 1w (CDCls, 500 MHz)

s ONMONN ~
n o —omn—=wno o] O - o o© Mmoo <
SA P BDBBININ < Nk < o S N
¥MOH NNNNANAN =) NKN O ~N S INE=] Il
RIRE  Rh h h R R - NRNKN s & INEN —
Y ~- \

m

n

el

I

S

I

—129.16

- —128.97
- —128.18
127.57
127.07

T
1295 1290 1285 1280 1275 1270 126.5
f1 (ppm)

150 140 130 120 110 100 20 0 70 60 50 40 30 20 10
f1 (ppm)

3C NMR spectrum for compound 1w (CDCl;, 125 MHz)

S47



HO
\Tse
.
R g )
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)
'H NMR spectrum for compound 1x (CDCls, 400 MHz)
By T T T
135 125 115 105 95 90 8 80 75 70 65 60 55 50 45 40 35 30 25 20 15
f1 (ppm)

3C NMR spectrum for compound 1x (CDCl;, 100 MHz)

S48



>\~o
\Tse
L JLJM_ A U
sad % g
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
'H NMR spectrum for compound 1y (CDCls, 400 MHz)

8 2489 2 ES 5 8

— '_l‘\'; ;/ﬁ o ) wn ~N

170 160 150 140 130 120 110 100 80 70 60 50 40 30 20 10 0

90
f1 (ppm)

3C NMR spectrum for compound 1y (CDCl;, 100 MHz)

$49



>%Se

| Pl ‘

2 2

1.821
2721

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

'H NMR spectrum for compound 1z (CDCl;, 400 MHz)

— N © oy o

© —® o o ~ © ~
o S o ~N ~ a 2
wn MmN o < - <
— — (<)) ~ o —

T T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

13C NMR spectrum for compound 1z (CDCls, 100 MHz)

S50



-

4188—15

17 Py i
®° S e ]
23 = 3
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)
1
H NMR spectrum for compound laa (CDCls, 400 MHZz)
= Fa24 8 S 2 2 &
i AR&Y 2 8 3 A ]
~ I [
\ |
| | | |
Il A I Lo )| | \
T T T T T T T T T T T T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

f1 (ppm)

13C NMR spectrum for compound 1aa (CDCls;, 100 MHz)

S51



1#6/
7‘(20

b

o

2
B T = B e
730 725 7.0
f1 (ppm)

T ™ g T
T T T T T T T T T T T : T : T : u T ; T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 0 f( 3.? 3.0 2.5 2.0 1.5 1.0 0.5 0.0
ppm.
1
H NMR spectrum for compound 2a (CDCls, 400 MHz)
@ 3 SR2g38 34
& P 88388 Id
NN SN N
| | |
o n
| i
;40 1‘30 1‘20 1‘10 160 9‘0 ; ) éO éO ‘;0 3"0 2‘0 1‘0 6

70
f1 (ppm)

13C NMR spectrum for compound 2a (CDCl;, 100 MHz)

S52



29.00

T T T T T T T T T T T T T T T T T T T T T T T T T T T
56 54 52 50 48 46 44 42 40 38 36 34 32f (30 )28 26 24 22 20 18 16 14 12 10 8 6 4
1 (ppm

B NMR spectrum for compound 2a (CDCls, 128 MHz)

459.00
255.49

—— T T T T
480 460 440 420 400 380 360 34}0 ( 3)20 300 280 260 240 220 200 180
1 (ppm

""Se NMR spectrum for compound 2a (CDCls, 76 MHz, (PhSe), as internal standard)

S53



SeMe

f Ty
wn ~N o oM~ o
@ ~No R~ o
T e T T T T T T T T T T oo T T R T o0 T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
1
H NMR spectrum for compound 2b (CDClIs, 400 MHZz)
uﬁz (=} ~N o O T O
S — NN © © =] o
I ) INE=] + < <
— 0 Mmm NN — ©o
I I \
I I
| | I I I
I m ot
145 135 125 115 105 95 9 8 8 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5

f1 (ppm)

3C NMR spectrum for compound 2b (CDCls, 100 MHz)

S54



29.14

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 8 6
f1 (ppm)

B NMR spectrum for compound 2b (CDCl;, 128 MHz)

459.00
169.62

T T
330 310 290
f1 (ppm)

T T T T T T T T T
430 410 390

T T T T T T T T T T T T T T
490 470 450 370 350 270 250 230 210 190 170 150

""Se NMR spectrum for compound 2b (CDCls, 76 MHz, (PhSe), as internal standard)

S55



sl

O-B

l I . A L JL A
i s T T T
g 3 g gzl 8
T T S T T T T T T T T = T T a T L\n Al T o T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
1
H NMR spectrum for compound 2¢ (CDCls, 400 MHz)
5 —- oo NN @
S = NN® ®©gQ S
(3] [ae] MmMANO T <+
i 3 gds §xd
NP
| |
|
| | It’ .
145 135 125 115 105 95 9 8 8 75 70 65 60 55 50 45 40 35 30 25 20 15 10 0
f1 (ppm)

13C NMR spectrum for compound 2¢ (CDCl;, 100 MHz)

S56



29.14

sed

oO-B

50 45 40 35 30 25 20 15 10
f1 (ppm)

B NMR spectrum for compound 2c (CDCl;, 128MHz)

459.00
378.52

378.52

T T T T T T T
381 380 379 378 377 376 375

f1 (ppm)
|
L ) Ay W W Mgy e A Ao A 4 A““ M
T T T T T T T T T T T T T T T T T
500 490 480 470 460 450 440 430 420 410 400 390 380 370 360 350 340

f1 (ppm)

""Se NMR spectrum for compound 2¢ (CDCls, 76 MHz, (PhSe), as internal standard)

S57



670

7.26  7.24
f1 (ppm)

7.28

7.30

wm v6'C
L0°E
SOV TT

s~y
Kz

Foze

90T

00T

= %60

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.5

5.0

5.5

6.0

f1 (ppm)

'H NMR spectrum for compound 2d (CDCl;, 400 MHz)

SET~

1051~

Yirad

1872\

59bT ~

Sb'97 —

st -

e~

o s~ ]
10T~ — |
(5T F =
s _
sove r
Sb'97 — -—
8T~ ]
(72N ‘l
80°€E~ -
(ree s =

TTe8 —

05°65T —

f1 (ppm)

100

110

120

130

140

150

3C NMR spectrum for compound 2d (CDCls, 100 MHz)

S58



29.33

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 ff% 3§3 34 32 30 28 26 24 22 20 18 16 14 12 10 8 6
ppm

B NMR spectrum for compound 2d (CDCl;, 128 MHz)

459.00
255.51

T T T T T T T T T T
500 450 400 350 300 250 200 150 100 50
f1 (ppm)

""Se NMR spectrum for compound 2d (CDCls;, 76 MHz, (PhSe), as internal standard)

S59



2111
2.40 1
o Ja.64
12.28=

T T T T
6.5 6.0 5.5 5.0 4.5

w
o
~
o
~
o
=

4.0 3.5
f1 (ppm)

'H NMR spectrum for compound 2e (CDCls, 400 MHz)

S [=2) n o Mmoo wn —
a S mS weR& 9ol
(52 [) nm O T N <t ™
— @ m ™M NN NN —
|1 SN Y4
|

|

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

130 120 110 100 %0 80 70 60 50 40 30

f1 (ppm)

13C NMR spectrum for compound 2e (CDCl;, 100 MHz)

S60

© l633 1




29.18

60 58 56 54 52 50 48 46 44 42 40 38 36 34f1(32 )30 28 26 24 22 20 18 16 14 12 10 8 6 4
ppm

B NMR spectrum for compound 2e (CDCl;, 128 MHz)

459.00
256.35

T T T T T T T T T T T T T
470 450 430 410 390 370 350 330 310 290 270 250 230
f1 (ppm)

""Se NMR spectrum for compound 2e (CDCls, 76 MHz, (PhSe), as internal standard)

Se61



F 8¢

HETC
EFe6te

e

= /0C

o 60T
T vEv
007

0.5

1.0

1.5

25

3.5

T
4.0
f1 (ppm)

5.0

6.5

'H NMR spectrum for compound 2f (CDCls, 400 MHz)

0T'vT —

97T
nw.vN”
79'8C
0C'6C
wv.mNW
0°0€
yA

[4:m%3
Tree \

TCe8 —

88'97T
95°82T ~
e/

ww.wg
08'8ET v.

98¢ -
07'6C ~ —

8v'6C — -
20'0e~ _

;|TE—

Thee — -—

|
T

32

f1 (ppm)

30

T
31

33

89°8ET — -
08'8ET —

138.8
f1 (ppm)

8 8 75 70 65 60 55 50 45 40 35 30 25 20 15
f1 (ppm)

90

145 140 135 130 125 120 115 110 105 100 95

13C NMR spectrum for compound 2f (CDCl;, 100 MHz)

S62



29.16

Se
0-B
7§<o
T T T T T T T T T T T T T T T
75 70 65 60 55 50 35 30 25 20 15 10 5

40
f1 (ppm)

1B NMR spectrum for compound 2f (CDCl;, 128MHz)

459.00
325.37

AP g WA iy A AWWMW’WMW

T T T T T T T T T T T T T T T T
540 520 500 480 460 440 420 400 380 360 340 320 300 280 260 240
f1 (ppm)

""Se NMR spectrum for compound 2f (CDCls, 76 MHz, (PhSe), as internal standard)

S63



<¥seﬂ

0-8
0

&
T To T T T T T
7.30 7.26
f1 (ppm)

o

f T T3
8 8 83 §
S I B
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
f1 (ppm)
1
H NMR spectrum for compound 2g (CDClIs, 400 MHZz)
g 2 2 RBL 8] g
g 8 g 8x] 429 3
I N |
|
g
1‘50 1‘40 1‘30 1‘20 1‘10 160 ‘;0 éO ;0 éO 5‘0 “}0 ?lO 2‘0

13C NMR spectrum for compound 2g (CDCls, 100 MHz)

S64



28.82

60 56 52 48 44 40 36 32 28 24 20 16 12 8 6 4 2 0
f1 (ppm)

B NMR spectrum for compound 2g (CDCl;, 128MHz)

459.00
262.27

T T T
490 460 430 400 370 340 310 280 250 220 190 160

f1 (ppm)

""Se NMR spectrum for compound 2g (CDCls;, 76 MHz, (PhSe), as internal standard)

S65



; | Y
i T i T ~ 7S T
o o =) 0 X =] @
bl < < < N YN <
=) — o < Y «
T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 3.5 3.0 2.5 2. 1.5 1.0 0.5 0.0

4.0
f1 (ppm)

'H NMR spectrum for compound 2h (CDCl;, 400 MHz)

S66



28.91

T T T T T T T T T T T T T T
75 70 65 60 55 50 45 40 35 30 25 20 15 10
f1 (ppm)

B NMR spectrum for compound 2h (CDCl;, 128MHz)

459.00
279.03

— T — T
540 520 500 480 460 440 420 400 f318? ) 360 340 320 300 280 260 240 220
ppm

"Se NMR spectrum for compound 2h (CDCl;, 76 MHz, (PhSe), as internal standard)

S67



L F 60°€
PoccT

M 8zt

ISRAY4

—————— ES6C

—= F0IC

F 86'C

4.0

4.5

M F80C
=101

— =007

3.5

f1 (ppm)

'H NMR spectrum for compound 2i (CDCl;, 400 MHz)

6p°ET —

68°6T ~
97T~
19'vC—
€V'9C

S6'CE—

T6'vS —

9€'e8 —

€8°0TT —

€5°GTT —

16'821
EHEET ~_
LTIET ~

6T vbT —

LT'8ST —

150 140 130 120 110 100 90 f1(80 ) 70 60 50 40
ppm
3C NMR spectrum for compound 2i (CDCls, 100 MHz)

160

S68



—28.78

34 32
f1 (ppm)

B NMR spectrum for compound 2i (CDCl;, 128MH?z)

—459.00
—285.75

T T T T T T T T
500 450 400 350 300 250 200 150 100 50
f1 (ppm)

""Se NMR spectrum for compound 2i (CDCl;, 76 MHz, (PhSe), as internal standard

S69



3.4 = —m—m™m™mMm8M8MM

13C NMR spectrum for compound 2j (CDCls, 100 MHz)

S70

41_JL_J] | Mo
f i i T ™ TR T
8 & 3 i3 2 a3 A
= T = T o T T T T T T T T & T T o T oL \m T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
1 .
H NMR spectrum for compound 2j (CDCls, 400 MHz)
a ¢ 38 2 2 g g @8R o
(. [ R
| | |
|
| . | nim
| | ) )
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)



) <

<

(<))

J_/ '

|
Se
o-B
Xé)

65 60 55 50 45 40 30 25 20 15 10 5 0 -5

f1 (ppm)

B NMR spectrum for compound 2j (CDCl;, 128MH?z)

—459.00
—283.85

il - el b e beattoh
Ll ULl u W Ty W VI

Aoty

T
520 510 500 490 480 470 460 450 440 430 420 410 400 390 3‘30( 375) 360 350 340 330 320 310 300 290 280 270 260 250 240 230
ppm

""Se NMR spectrum for compound 2j (CDCl;, 76 MHz, (PhSe), as internal standard

S71



f T i T ™ T i
g 8 g 3h 2 83 g
7.5 7.0 6.5 6.0 5.5 5.0 ‘f}iO( )3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
ppm
'H NMR spectrum for compound 2k (CDCls;, 400 MHz)

:3_ RQQ ﬁ n <+ HOONO ™M

¥ REy & Y % BYnsa o

— — - — (=] o~ NANANN A —

I NI I I SN

145 135 125 115 105 95 90 85 80 f17'(5 7(; 65 60 55 50 45 40 35 30 25 20 15 10
ppm

3C NMR spectrum for compound 2k (CDCl;, 100 MHz)

S72



—28.92

30
f1 (ppm)

"B NMR spectrum for compound 2k (CDCls, 128MHz)

—459.00
292.37

PRp— "~ b " iy VL- A v

e W iy

T T T T T T T T T T T T T T T T
510 490 470 450 430 410 390 370 350 330 310 290 270 250 230 210
f1 (ppm)

"Se NMR spectrum for compound 2k (CDCls, 76 MHz, (PhSe), as internal standard

S73



J I}U | A
f e T T ™ 7n T
[sa) = m o — =} o o [sa)
o o o S ] S o5 9
= T - T T T T T T T T T ~ T o T o \N = ‘M T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
1
H NMR spectrum for compound 2| (CDCl;, 400 MHz)
ah BA& 2 2 BRRY 0§
£8% 88 g § "IN ¢«
/N N/ ANy
|
|
|
|
} ]
N
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

13C NMR spectrum for compound 2| (CDCls, 100 MHz)

S74



w
(DH\
29.25

30 28 26
f1 (ppm)

B NMR spectrum for compound 2| (CDCl;, 128MH?z)

—459.00
—284.53

T T T T T T T T S e e e T L B e e e e e e I R e
360 340 320 300 280 260 240 220 200
f1 (ppm)

T T T T T T T T T
540 520 500 480 460 440 420 400 380

""Se NMR spectrum for compound 2| (CDCl;, 76 MHz, (PhSe), as internal standard

S75



Wt

®
O/

2.00 = =

0.93 =
3.73 =
0.88 +

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1

—143.11
—140.90

“FL (ppm)”

'H NMR spectrum for compound 2m (CDCls, 400 MHz)

128.11
127.98
"\ 126.58
83.59
—32.80
—27.62
2470
—22.79
13.54

L

—128.11
~127.98

.

128.5 128.0 127.5
f1 (ppm)

150

140 130 120 110 100 90 80 70
f1 (ppm)

13C NMR spectrum for compound 2m (CDCl;, 100 MHz)

S76



29.01

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10
f1 (ppm)

B NMR spectrum for compound 2m (CDCls, 128MHz)

459.00
286.49

289.54

290.5 290.0 289.5 289.0 288.5
f1 (ppm)

T
510 500 490 480 470 460 450 440 430 420 410 400 390 ?18((1 3)70 360 350 340 330 320 310 300 290 280 270 260 250
ppm

"Se NMR spectrum for compound 2m (CDCls, 76 MHz, (PhSe), as internal standard)

S77



T 7 T ™ 7L T
& 8 8 LRI 2
= 'T T T T T T T T T o T T a T oL T o0 T T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
1
H NMR spectrum for compound 2n (CDCl;, 400 MHz)
849 8 RR % AN o N o
a8 ¢ €% 8% I e N E N p
— — — — — o] MmN —
I v v AN
8%
o=
® 1 NN
NN —
88 \/
N/
Il
) .
D S
fl m
137.0 136.6 (ppm)
f1 (ppm)
I ! ! |
1 |
I
L . !
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

13C NMR spectrum for compound 2n (CDCls, 100 MHz)

S78



n
29.11

0-B
O
s 4 a3 % 3 m m 2 2 s 23 a1 17 15 13 11 98 7 6
f1 (ppm)
B NMR spectrum for compound 2n (CDCl;, 128MHz)
S 2
[} [¥e}
o &
| |
QUL T ey
5‘30 ‘ 5‘10 ‘ 4;0 ‘ 4‘70 ‘ 4‘50 ‘ 4‘30 ‘ 4‘10 ‘ 3;0 ‘ 3‘70 ‘ 3‘50 ‘ 3‘30 ‘ 3‘10 ‘ 2;0 ‘ 2‘70 ‘ 2‘50 ‘ 2‘30 ‘ 2‘10 ‘ 1‘90 ‘ 1‘70 ‘

f1 (ppm)

"Se NMR spectrum for compound 2n (CDCls;, 76 MHz, (PhSe), as internal standard

S79



-115.96

ot

0O-B

T
-60 -70 -80 -90 -100  -110  -120  -130  -140  -150
f1 (ppm)

F NMR spectrum for compound 2n (CDCls, 376 MHz)

S80

-160

-170



12.29=

A

19.31 =

6.18 =

o 12,00 = —

—142.46
,133.35
~132.41
—129.07
N\127.44
—83.38

4.0 3.5 3.0 2.5 2.0 1.5 1.0

'H NMR spectrum for compound 20 (CDCl;, 400 MHz)

—63.58
~26.12
~24.71
—18.49

-5.13

13C NMR spectrum for compound 20 (CDCls, 100 MHz)

S81



29.14

T T T T T T T T T T T T T T T T T T T T T T T T T T T
56 54 52 50 48 46 44 42 40 38 36 34 32f (30 )28 26 24 22 20 18 16 14 12 10 8 6 4
1 (ppm

B NMR spectrum for compound 20 (CDCl;, 128MHz)

—459.00
—412.97

J k

490 485 480 475 470 465 460 455 450 445 440 435 430 425 420 415 410 405 400 395 390 385 380 37¢

""Se NMR spectrum for compound 20 (CDCls;, 76 MHz, (PhSe), as internal standard)

S82



s )

O/

(vy)
o

1.00 ~

231~
714.09

4.13 }11

8.0 7.5 7.0 6.5 6.0 5.5 5.0

4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5
f1 (ppm)

'H NMR spectrum for compound 2p (CDCl;, 400 MHz)

— 140
133
130.
129
128
128
127
126
83.73

24.69

133.40
130.84
—129.21
-~128.16
128.05
127.73
™ 126.90

e
A\

| ; ..

135

T T T
133 131 129 127
f1 (ppm)

160

T T T T
150 140 130 120 110 100 90 80
f1 (ppm)

13C NMR spectrum for compound 2p (CDCls, 100 MHz)

S83



29.01

35 30 25 20 15 10 5 0
f1 (ppm)

B NMR spectrum for compound 2p (CDCl;, 128MHz)

459.00
407.47

1 a

T T
500 495 490 485 480 475 470 465 460 455 450 445 440 ?13? 4)30 425 420 415 410 405 400 395 390 385 380 375 370 365
ppm

""Se NMR spectrum for compound 2p (CDCls;, 76 MHz, (PhSe), as internal standard)

S84



==

N
v i ™ LT
g&N & ¢ I 8
—Non : : : : : : : : —N S LS E— :
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4, f14i0 ) 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
ppm.
1
H NMR spectrum for compound 2q (CDClIs, 400 MHZz)
g n933 ] B -
s HRAR 3 8 DR
I NNT/ I
| |
I | I
I
| l | -
| b
150 140 130 120 110 100 90 60 50 40 30 20 10 0

80 70
f1 (ppm)

13C NMR spectrum for compound 2q (CDCls, 100 MHz)

S85



29.17

40 35 30 25 20 15 10 5
f1 (ppm)

B NMR spectrum for compound 2q (CDCl;, 128MHz)

459.00
378.13

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
540 530 520 510 500 490 480 470 460 450 440 430 420 4f110( 403] 390 380 370 360 350 340 330 320 310 300 290 280 270
ppm.

"Se NMR spectrum for compound 2q (CDCls;, 76 MHz, (PhSe), as internal standard)

S86



=

Tore T [T
DN - o N =N o
o S YT~
T v—<‘0 ot T T T T T T T T T T & T 7\‘ o= \m T T 1
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.(f]1 ( )3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.t
ppm,
1
H NMR spectrum for compound 2r (CDCls, 400 MHz)
Q ﬂ ?f; % ? ~N © © 1 n ©
Q [uE=N N N S o © © =]
il s Ba 4 M8 IR A
I NNTY Vo Vol
I
I
‘ | ! ! !
L] Mk I
ol |
150 140 130 120 110 100 920 80 70 60 50 40 30 20 10

f1 (ppm)

13C NMR spectrum for compound 2r (CDCls, 100 MHz)

S87



|
w
(B
29.15

50 45
f1 (ppm)

1B NMR spectrum for compound 2r (CDCl;, 128MHz)

459.00
377.31

540 530 520 510 500 490 480 470 460 450 440 430 420 410 4?10( 39(; 380 370 360 350 340 330 320 310 300 290 280 270 260 250
ppm
"Se NMR spectrum for compound 2r (CDCl;, 76 MHz, (PhSe), as internal standard)

S88



7N i T
884 s a2
: mod : : : ‘ : : : : — ST E— :
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 ;110( ) 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
ppm.
1
H NMR spectrum for compound 2s (CDCls, 400 MHz)
QAN O
SRRng 3 28 8% 5
BHRRY g g8 8N %
NS Vo \
| |
|
|
|| H ‘
el
T T T T T T T T T T T T T T T
150 140 130 120 110 100 90 60 50 40 30 20 10 0

80 70
f1 (ppm)

13C NMR spectrum for compound 2s (CDCl;, 100 MHz)

S89



|
7]
(0]
Q
29.11

50 45
f1 (ppm)

B NMR spectrum for compound 2s (CDCl;, 128MHz)

459.00
373.58

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
540 530 520 510 500 490 480 470 460 450 440 430 420 ?11(2 4())0 390 380 370 360 350 340 330 320 310 300 290 280 270
ppm

""Se NMR spectrum for compound 2s (CDCls, 76 MHz, (PhSe), as internal standard)

S90



Se

CF3

ge)

BN

0T'E

T
1£T
9e'T

00T

- S6'0
20T
= 86'0
= 86'0
A 560

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

5.0

5.5

7.0 6.5 6.0

7.5

8.0

8.5

'H NMR spectrum for compound 2t (CDCls, 400 MHz)

90T —

¥9tC—
99vC —

00°TE —
8T'eE—

8p'€8 —

09'6T1 4
zeTTT
8T'bT 1
e
STHT
621
£0°STT
bLLTT
85°621 -
vL6TT L

8£°6CT
8°6CT

98°'6¢CT
¢6°0€T
YCIET
0S'TET

9S'TET
68'TET
TH'9eT
P9ET
LS'LET

09°6TT —

W —

STPCT
6T
mo.mNﬁ \

YLLeT —

8T'vCT
wya WH"HH

——

bLETT
8601 —
Nm.mﬁ\
9g'6e1

¢6°0ET —

YTIET —
0S'TET
9S'TET V

68°TET —

127 126 125 124 123 122 121 120
f1 (ppm)

128

1315 1310 1305  130.0
f1 (ppm)

132.0

60 50 40 30 20 10

70

140 130 120 110 100 90 80
f1 (ppm)

150

13C NMR spectrum for compound 2t (CDCl;, 100 MHz)

S91



29.18

T T T T T T T T T
50 45 40 35 30 25 20 15 10
f1 (ppm)

B NMR spectrum for compound 2t (CDCl,;, 128MHz)

459.00
382.26

53 510 490 470 450 430 410 390f1( 37% 35 330 310 290 270 250 230
ppm

""Se NMR spectrum for compound 2t (CDCls, 76 MHz, (PhSe), as internal standard)

S92



—-62.61

Y

F NMR spectrum for compound 2t (CDCl;, 376 MHz)

S93

o/B\ CF3
7§go
-10 -20 -30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190



=3
o
in
Fo
00l o
PES'TT
ey
heeet
<
M~
00T
=067 1n
M~
<
Il
n
Il
T
o8
L 28
=
wn
F<
o
[ wn
n
[ wn
o
Fe
()
in
= H8
[0}
n
o
o~
_ s 1T
o ~ iy
m” mmo‘s
A/U =960 "
]
[~ o

'H NMR spectrum for compound 2u (CDCl;, 400 MHz)

1154 %

9922
2870
19v¢/

60'TE —
€0'€E—

8C'e8 —

$9°9¢T ~_
08°221
TO0ET -
TC1ET /
SO'bET S
SO'6ET ~
ot~

99°¢C —

8| —

22.6
f1 (ppm)

22.8

23.0

140 130 120 110 100 90 80 70
f1 (ppm)

150

13C NMR spectrum for compound 2u (CDCls, 100 MHz)

S94



w
(0]
29.14

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 f316( 3‘; 32 30 28 26 24 22 20 18 16 14 12 10 8 6 4
ppm

B NMR spectrum for compound 2u (CDCl;, 128MHz)

459.00
329.22

T T T T T T T T T T T T T T T
530 510 490 470 450 430 410 390 370 350 330 310 290 270 250 230
f1 (ppm)

""Se NMR spectrum for compound 2u (CDCls, 76 MHz, (PhSe), as internal standard)

S95



ﬂlJﬂJL‘LL

U

A pog
=HbTT

we
W €C

= 10T

4.0

- 160
A 80T
R ezel

907
X ggo

= 00T

2.0

3.0 2.5

3.5

4.5

5.0

5.5

f1 (ppm)

'H NMR spectrum for compound 2v (CDCls, 400 MHz)

STPT —

€L°TC~
€9'vC—

aTe~
L0°€E—

9C'€8 —

98's21
19Tt
1921
96'21
6b'821
6'821
Sh6TT
L9'EET~
T0ET -7
THbET
€L°6€T —

98'SZT ~
12°921
1£°9¢1
96'£TT ~_
6'82T ~_
$6'82T —
Sy'6CT —

L9°EET ~L
TOPET —
TPHET

132 130 128 126 124

134

f1 (ppm)

T
70
f1 (ppm)

T T T T
120 110 100 90 80

T
130

T
140

T
150

13C NMR spectrum for compound 2v (CDCl;, 100 MHz)

S96



29.04

72 70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 4(#1 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 8 6 4
m

B NMR spectrum for compound 2v (CDCls, 128MHz)

459.00
314.56

500 490 480 470 460 450 440 430 420 410 400 390f1 380 370 360 350 340 330 320 310 300 290 280 270 260
m

""Se NMR spectrum for compound 2v (CDCls, 76 MHz, (PhSe), as internal standard)

S97



Se

= $0E|
=b6'TT
Lee
b -

= 90T

J L0'T
66'C
W v0'TH
20T

00T

3.0

4.0 3.5

f1 (ppm)

4.5

5.0

55

'H NMR spectrum for compound 2w (CDCls;, 400 MHz)

0Tl —

89°CC —
89vC —

07—
E€T'eE—

£€°€8 —

66921
Pcal /
98221~
78'8e1
5621 7
soeer/
6E6ET
erov
1b0pT

WorT ~

LY OVT -

140.5
f1 (ppm)

100

110

120

130

140

150

13C NMR spectrum for compound 2w (CDCl;, 100 MHz)

S98



_~

o
o
o
o~
0o-B
7S<o
90 85 80 75 70 65 60 55 40 35 30 25 20 15 10 5

50 45
f1 (ppm)

B NMR spectrum for compound 2w (CDCls, 128MHz)

459.00
371.66

T T T T T T T T T T T T T T T T T T T T T T T T T T
540 530 520 510 500 490 480 470 460 450 440 430 f42(0 ‘;10 400 390 380 370 360 350 340 330 320 310 300 290
1 (ppm

""Se NMR spectrum for compound 2w (CDCls, 76 MHz, (PhSe), as internal standard)

S99



L L

2.00-T —_—
1.00= —_—

L 5 L FEY
T T T T T T T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5
f1 (ppm)
1
H NMR spectrum for compound 3 (CDCls, 400 MHz)
g 3 £ 8 &% 838 9 eyzwgy 58
& s & 8 54 KRR 8@ 998888 99
[ ~ N N
[
|
! |
- |
T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 70 60 50 40 30

90 80
f1 (ppm)

3C NMR spectrum for compound 3 (CDCl;, 100 MHz)

S100



211 =

2.02=
2.50=
3.881
1.00=
5.901 E

— < wn —
Ne N ®;nd v B 08 2
@ 0 N O ™ o0 NN X «©
wn wn TMmMMNANNAN — nwn - o
— - o v v v - nwn ™M N o
N N OSSN ~ ~ N I

—13.92

0.0

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

3C NMR spectrum for compound 4 (CDCl;, 100 MHz)

S101



