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General procedure for synthesis of the 1,4-Bis(2-(chalcogen)ethoxy)benzene

derivatives (M-Chalcogen):

SPh Br YPh
o~ o~ o~/
PhSH, K,CO3 (PhY),, NaBH,
acetone N,, THF, EtOH
12 h, r.t., 60% 36 h, r.t.
o O _ o 0}
a A Y = Se, 70% /S
PhS Br _ o, PhY
M-Br Y =Te, 67% M-SePh
M-SPh M-TePh

Procedure for the sulfur derivative: A 10.00 mL round-bottomed glass vial were added
thiophenol (0.623 mmol, 70 mg), acetone (2.0 mL), K,CO; (0.684 mmol, 94 mg) and M-
Br! (0.261 mmol, 85 mg). The resulting mixture was stirred at room temperature for 15
h. The reaction was monitored by TLC until the total disappearance of the starting
materials. After that, the reaction mixture was poured into a solution of 5% of the NaOH
(50.0 mL), and extracted with DCM (3x 15.0 mL). The combined organic phases were
dried over MgSO,, and concentrated under vacuum. The residue was purified by column
chromatography on silica gel 60A (0.060-0.200 mm-Across) using a 6:4 (v/v) solution of
CHClj/hexane to afford M-SPh in 60% yield.

Spectral data of the compound

1,4-Bis(2-(phenylthio)ethoxy)benzene M-SPh: Purified by

e
0 :
chromatography column (hexane/CHCl; = 60:40); Yield:
C} 0.0598 g (60%); white solid, m.p.: 125-127 °C. 'H NMR
_/° (CDCls, 500 MHz) 6 (ppm) = & 7.41-7.39 (m, 4H); 7.31-7.27
PhS M-SPh

(m, 4H); 7.22-7.19 (m, 2H); 6.76 (s, 4H); 4.08 (t, J = 7.0 Hz,
4H); 3.25 (t,J = 7.0 Hz, 4H). BC{'H} NMR (CDCL;, 125 MHz) d = 152.8, 135.5, 129.8,
129.0, 126.5, 115.7, 67.4, 32.9. HRMS (ESI-QTOF) calculated mass for C»H,0,S,
[M]*: 382.1061, found: 382.1007.

Procedure for the selenium and tellurium derivatives: A 25.0 mL round-bottomed double-
necked flask was charged with a solution of diphenyl diselenide or diphenyl ditelluride
(0.210 mmol; 65.9 mg and 86.9 mg respectively) and a mixture of dry THF (1.0 mL) and
EtOH (0.5 mL). Subsequently, the system was saturated with nitrogen and NaBH, (0.525
mmol; 20.0 mg) was added to the solution. Afterward, the reaction mixture was
vigorously stirred at room temperature, and after about 30 minutes, the solution became
colorless, indicating the total cleavage of the chalcogen—chalcogen bond. Then, a solution

of M-Br! (0.210 mmol; 67.6 mg). in dry THF (1.0 mL) was added dropwise. After the
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end of the addition, the mixture was stirred at room temperature for an additional 36
hours. Then, the mixture was poured into a solution of HCI 0.1 mol L-! (10.0 mL) and
extracted with DCM (3 x 10.0 mL). The combined organic layers were dried over
Mg,S0,, and the solvent evaporated under reduced pressure. The crude product was
purified by column chromatography using a 6:4 (v/v) solution of DCM/hexane to afford
M-SePh in 70% yield and M-TePh in 67% yield.

Spectral data of the compounds

_/—Seph 1,4-Bis(2-(phenylselanyl)ethoxy)benzene M-SePh:3

Purified by chromatography column (hexane/DCM =

Q 60:40); Yield: 0.0703 g (70%); white solid, m.p.: 98-99 °C,
Phse_/_oM-SePh lit.} = 90.5-93.3 °C. 'H NMR (CDCl;, 500 MHz) ¢ (ppm) =

7.54-7.52 (m, 4H); 7.28-7.23 (m, 6H); 6.73 (s, 4H); 4.12 (t,
J =173 Hz, 4H); 3.18 (t, J = 7.3 Hz, 4H). BC{'H} NMR (CDCls, 125 MHz) 6 = 152.7,
132.9, 129.3, 129.1, 127.2, 115.6, 68.1, 26.1.

_/—Teph 1,4-Bis(2-(phenyltellanyl)ethoxy)benzene M-TePh:

° Purified by chromatography column (hexane/DCM =

Q 60:40); Yield: 0.0813 g (67%); white solid, m.p.: 93-95 °C.

PhTe © "HNMR (CDCl;, 500 MHz) 6 (ppm) =06 7.77-7.75 (m, 4H);
M-TePh

7.30-7.27 (m, 2H); 7.21-7.18 (m, 4H); 6.72 (s, 4H); 4.23 (t,
J=17.5 Hz, 4H); 3.16 (t, J = 7.5 Hz, 4H). *C{'H} NMR (CDCl;, 125 MHz) § = 152.6,
138.6, 129.2, 127.9, 115.7, 111.0, 70.1, 7.0. '»Te{'H} NMR (158 MHz, CDCI3) ¢ =
443.8. HRMS (APCI-QTOF) calculated mass for Cy,H,,0,Te, [M]*: 577,9744, found:
577,9757.

General procedure for synthesis of the Chalcogen-Pillar[S]arenes derivatives

(P[S]-Chalcogen):

Br PhY.
¢ <\
PhSH, K,CO3 0 (PhY),, NaBH, o
acetone CH, N,, THF, EtOH CH,
12 h, rt., 80% s 36 h,r.t. 5
_/—O Y =Se, 70% _/—O
PhS p[5] -SPh Br P[5]-Br Y =Te, 67% PhY P[5]-SePh

P[5]-TePh
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Procedure for the sulfur derivative: A 10.0 mL round-bottomed glass vial, were added the
thiophenol (0.623 mmol; 68.5 mg), acetone (1.5 mL), K,CO5 (0.684 mmol, 94.4 mg) and
P[5]-Br! (0.051 mmol; 85.2 mg). The resulting mixture was stirred at room temperature
for 15 hours. The reaction we monitored by TLC until the total disappearance of the
starting materials. After that, the reaction mixture was poured into a solution of 5% of the
NaOH (50.0 mL) and extracted with ethyl acetate (3 x 15.0 mL). The combined organic
layers were dried over MgSO, and concentrated under vacuum. The residue was purified
by column chromatography on silica gel 60A (0.060-0.200 mm-Across) using a 6:4 (v/v)
solution of CHCls/hexane to afford P[5]-SPh in 80% yield.

Spectral data of the compound

phs\ Compound P[5]-SPh: Purified by chromatography column
< (hexane/CHCl; = 60:40); Yield: 0.0803 g (80%); yellowish
O oil. '"H NMR (CDCls, 500 MHz) & (ppm) = & 7.34-7.32 (m,
‘P—QCHZ ] 20H); 7.24-7.21 (m, 20H); 7.17-7.13 (m, 10H); 6.87 (s, 10H);
o 4.16-4.12 (m, 10H); 3.97-3.92 (m, 10H); 3.72 (s, 10H); 3.20-
PhS P[5]-SPh

3.16 (m, 20H). '3C{'H} NMR (CDCls, 125 MHz) 6 = 149.7,
136.2, 129.3,129.0, 128.7, 126.2, 115.6, 67.3, 33.7, 29.3. HRMS (ESI-QTOF) calculated
mass for C115H110010810 [M+H]+Z 1971,5379, found: 1971.5302.

Procedure for the Selenium and Tellurium derivatives: A 25 mL round-bottomed double-
necked flask was charged with a solution of diphenyl diselenide or diphenyl ditelluride
(0.214 mmol; 67.2 mg and 88.6 mg respectively) in a mixture of dry THF (1.0 mL) and
EtOH (0.5 mL). Subsequently, the system was saturated with nitrogen and NaBH, (0.536
mmol; 20.4 mg) was added to the solution. After the addition, the reaction mixture was
vigorously stirred at room temperature, and after about 30 minutes, the solution became
colorless, indicating the total cleavage of the chalcogen—chalcogen bond. Then, a solution
of P[5]-Br! (0.043 mmol; 71,8 mg) in dry THF (1.0 mL) was added dropwise. After the
end of the addition, the mixture was stirred at room temperature for an additional 36
hours. Then, the mixture was poured into a solution of HCI 0.1 mol L-! (10.0 mL) and
extracted with DCM (3 x 10.0 mL). The combined organic layers were dried over
Mg,SO,, and the solvent evaporated under reduced pressure. The crude product was
purified by preparative TLC using a solution of DCM/hexane [1:1; (v/v)] to afford P[5]-
SePh in 91% yield and P[5]-TePh in 70% yield.

Spectral data of the compounds
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PhSe Compound P[5]-SePh:? Purified by preparative TLC

< (hexane/DCM = 50:50); Yield: 0.0737 g (70%); yellowish

O oil. 'H NMR (CDCls, 500 MHz) ¢ (ppm) = ¢ 7.50-7.48 (m,
“P—QC% 20H); 7.21-7.20 (m, 30H); 6.87 (s, 10H); 4.23-4.19 (m, 10H);

PhSe o (51 SePh 5 4.05-4.00 (m, 10H); 3.71 (s, 10H); 3.21-3.14 (m, 20H).

13C{IH} NMR (CDCls, 125 MHz) J = 149.6, 132.5, 130.1,
129.2, 128.6, 127.0, 115.5, 68.1, 29.3, 27.1.

PhTe Compound P[5]-TePh: Purified by preparative TLC

< (hexane/DCM = 50:50); Yield: 0.0850 g (67%); yellowish

oil. 'H NMR (CDCl3, 500 MHz) ¢ (ppm) = ¢ 7.73-7.72 (m,

CH, 20H); 7.25-7.21 (m, 10H); 7.17-7.14 (m, 20H); 6.85 (s, 10H);

© 5 4.37-4.11 (m, 10H); 4.15-4.11 (m, 10H); 3.72 (s, 10H); 3.30-
PhTe P[5]-TePh

3.25 (m, 10H), 3.16-3.11 (m, 10H). 3C{'H} NMR (CDCl;,

125 MHz) ¢ = 150.1, 138.2, 129.2, 127.9, 127.6, 115.6, 111.8, 70.0, 29.7, 8.0. '>>Te{'H}

NMR (CDCl;, 158 MHz) J (ppm) = 440.3. IR (neat) = v (cm') 3049; 2923; 2851; 1495;

1402; 1016; 726.

General procedure for synthesis of Tellurium-Pillar[6]arene derivative (P[6]-

TePh):

Br PhTe,
( <\
0 (PhTe),, NaBH, 0
| CH, N,, THF, EtOH CH,
36 h, rt.
g 5 Yield = 60% _/—o 6
Br P[6]-Br PhTe P[6]-TePh

A 25.0 mL round-bottomed double-necked flask was charged with a solution of diphenyl
ditelluride (0.214 mmol; 88.6 mg) in a mixture of dry THF (1.0 mL) and EtOH (0.5 mL).
Subsequently, the system was saturated with nitrogen and NaBH,4 (0.536 mmol; 20.4 mg)
was added to the solution. After the addition, the reaction mixture was vigorously stirred
at room temperature, and after about 30 min, the solution became colorless, indicating the
total cleavage of the chalcogen—chalcogen bond. Then, a solution of P[6]-Br? (0.043
mmol, 85.6 mg) in dry THF (1.0 mL) was added dropwise. After the end of the addition,

the mixture was stirred at room temperature for an additional 36 hours. Then, the mixture
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was poured into a solution of HCI 0.1 mol L' (10.0 mL) and extracted with DCM (3 x
10.0 mL). The combined organic layers were dried over Mg,SO,4, and the solvent
evaporated under reduced pressure. The crude product was purified by preparative TLC
using a 1:1 (v/v) solution of DCM/hexane to afford P[6]-TePh in 60% yield.
Spectral data of the compound
phTe\ Compound P[6]-TePh: Purified by preparative TLC
< (hexane/DCM = 50:50); Yield: 0.0850 g (60%); yellowish
O oil. '"H NMR (CDCls, 500 MHz) 6 (ppm) =0 7.62 (d, J=17.3
‘PQCH{J Hz, 24H); 7.18 (t,J = 7.3 Hz, 12H); 7.09 (t, J = 7.3 Hz, 24H);
_/_O 6.69 (s, 12H); 4.13-4.10 (m, 24H); 3.73 (s, 12H); 3.07-3.04
(m, 24H). BC{'H} NMR (CDCl;, 125 MHz) ¢ = 150.1,
138.2, 129.2, 127.9, 127.6, 115.6, 111.8, 70.0, 29.7, 8.0. '>Te{'H} NMR (CDCls, 158
MHz) ¢ (ppm) = 443.4. IR (neat) =v (cm") 3050; 2921; 2852; 1498; 1405; 1202; 1016;
726; 689.

PhTe P[6]-TePh

UV-Vis spectra of P[n]-Br and P[n]-TePh
a) b)

[——P[5]-Br ——P[6]-Br
——P[5]-Te 18- ——P[6]-Te

08
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a) P[5]Br and P[5]TePh, 1,0 uM in CH,CL. b) P[6]Br and P[6]TePh, 0,2 pM and 1,0

UM in CH,Cl,, respectively.
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General procedure for alkylation of NaCN catalyzed by P[5]-TePh:
NaCN (2.0 equiv)

Br P[5]-TePh (1.0 mol%) CN
water (1.0 mL)

3a-n 12h, r.t. 4a-n

A 10.0 mL round-bottomed glass vial was added the appropriate alkyl bromide 3a-n
(0.174 mmol), P[5]-TePh (0.00174 mmol, 8.0 mg; 1.0 mol%) and water (1.0 mL). The
resulting mixture was stirred at room temperature for 5 minutes. After this, NaCN (0.348
mmol, 17.1 mg) was added, and the mixture was stirred for an additional 12 hours. The
reactions were monitored by TLC until the total disappearance of the starting materials
(the progress of the reaction could also be visually observed. See Figure S1). After that,
the reaction mixture was extracted with ethyl acetate (3x 15.0 mL). The combined organic
layers were dried over Na,SO,4 and concentrated under vacuum. The residue was purified
by preparative TLC using hexane/ethyl acetate [90:10; (v/v)] as the eluent.

Spectral data of the compounds

oN 2-Phenylacetonitrile 4a:* Purified by preparative TLC (hexane/ethyl
©: acetate = 90:10); Yield: 0.0187 g (92%); colorless oil. 'H NMR (CDCls,
500 MHz) d (ppm) =6 7.33-7.30 (m, 2H); 7.27-7.25 (m, 3H); 3.68 (s, 2H). BC{'H} NMR
(CDCl;, 125 MHz) 6 = 129.9, 129.1, 128.8, 127.9, 117.8, 23.6.

/@/\CN 2-(4-Bromophenyl)acetonitrile 4b:* Purified by preparative TLC
Br 4b (hexane/ethyl acetate = 90:10); Yield: 0.0220 g (65%); white solid;

mp.: 51-52 °C, lit.*: 46.3-47.6. '"H NMR (CDCls, 500 MHz) ¢ (ppm) =0 7.44 (d, J= 8.5
Hz, 2H); 7.14 (d, J = 8.5 Hz, 2H): 3.63 (s, 2H). 3C{'H} NMR (CDCls, 125 MHz) 6 =
132.2,129.5, 128.8, 122.1, 117.3, 23.1.

/@/\CN 2-(4-Chlorophenyl)acetonitrile 4¢:> Purified by preparative TLC
cl 4o (hexane/ethyl acetate = 90:10); Yield: 0.0158 g (60%); yellowish oil 'H

NMR (CDCls, 500 MHz) 6 (ppm) = & 7.29 (d, J = 8.5 Hz, 2H); 7.20 (d, J = 8.5 Hz, 2H);
3.66 (s, 2H). BC{'H} NMR (CDCls, 125 MHz) 6 = 134.2, 129.3, 129.3, 128.3, 117.4,
23.1.
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oN 2-(2-Chlorophenyl)acetonitrile 4d:> Purified by preparative TLC
©fc\| (hexane/ethyl acetate = 90:10); Yield: 0.0229 g (87%); white oil; 'H NMR

(CDCls, 500 MHz) § (ppm) = 6 7.46-7,44 (m, 1H); 7.36-7.34 (m, 1H); 7.25-
7.23 (m, 2H); 3.77 (s, 2H). 3C{'H} NMR (CDCl,;, 125 MHz) 6 = 133.5, 129.8, 129.7,
129.6, 128.2, 127.5, 116.8, 22.1.

/@/\CN 2-(4-Nitrophenyl)acetonitrile 4e:® Purified by preparative TLC
O,N 4o (hexane/ethyl acetate = 90:10); Yield: 0.0155 g (55%); yellowish

solid; mp.: 114-115 °C, lit.”: 116-117 °C . '"H NMR (CDCls, 500 MHz) 6 (ppm) = ¢ 8.14
(d, J = 8.8 Hz, 2H); 7.49 (d, J = 8.8 Hz, 2H); 4.45 (s, 2H). 13C{'H} NMR (CDCl,, 125
MHz) 0 = 147.8, 137.0, 132.8, 128.9, 124.3, 116 .4, 23.5.

~

CN 2-(4-Methoxyphenyl)acetonitrile 4f:* Purified by preparative TLC
/©/\ (hexane/ethyl acetate = 90:10); Yield: 0.0194 g (76%); colorless oil.

'H NMR (CDCls, 500 MHz) 6 (ppm) = 6 7.23 (d, J= 8.8 Hz, 2H); 6.90
(d, J = 8.8 Hz, 2H); 3.81 (s, 3H); 3.68 (s, 2H). 3C{'H} NMR (CDCls, 125 MHz) 6 =
159.3,129.1, 121.7, 118.2, 114.5, 55.3, 22.8.

O 4f

TLC (hexane/ethyl acetate = 90:10); Yield: 0.0182 g (65%); brown

solid; m.p.: 51-52 °C, Lit.: 49-50 °C. 'H NMR (CDCl;, 500 MHz)
(ppm) =6 6.79-6.78 (m, 3H); 5,98 (s, 2H); 3.65 (s, 2H). *C{'H} NMR (CDCl;, 125 MHz)
0=1483,147.4,123.3,121.2,117.9, 108.6, 108.3, 101.4, 23.2.

o oN 2-(Benzo[d][1,3]dioxol-5-yl)acetonitrile 4g:* Purified by preparative
49

e on 2-(4-Hydroxy-3-methoxyphenyl)acetonitrile  4h:®  Purified by
:@A preparative TLC (hexane/ethyl acetate = 90:10); Yield: 0.0196 g

(69%); yellowish oil. '"H NMR (CDCls, 500 MHz) J (ppm) = ¢ 6.89
(d, J=8.0 Hz, 1H); 6.82-6.78 (m, 2H); 3.90 (s, 3H); 3.68 (s, 2H). 3C{'H} NMR (CDCl;,
125 MHz) 0 = 146.9, 145.4, 121.4, 121.0, 118.2, 114.8, 110.3, 56.0, 23.2.

HO
4h
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o 3-(4-Bromophenyl)-3-oxopropanenitrile 4i:* Purified by preparative
/©)J\/CN TLC (hexane/ethyl acetate = 90:10); Yield: 0.0155 g (40%);
Br 4j yellowish solid; m.p.: 158-160 °C, lit.*: 156.9 -158.2 °C. 'H NMR
(Acetone-dg, 500 MHz) 6 (ppm) =6 7.95 (d, J = 8.5 Hz, 2H); 7.77 (d, J = 8.5 Hz, 2H);
4.60 (s, 2H). BC{'H} NMR (CDCls, 125 MHz) ¢ = 188.9, 134.8, 132.9, 131.0, 129.4,
115.3.

NNen (E)-4-Phenylbut-3-enenitrile 4j:* Purified by preparative TLC
©/\/\ (hexane/ethyl acetate = 90:10); Yield: 0.0169 g (68%); yellowish oil.

'H NMR (CDCl;, 500 MHz) & (ppm) = 6 7.38-7.32 (m, SH); 6.73 (dt,
J=15.8 and 1.7 Hz, 1H); 6.07-6.02 (m, 1H); 3.28 (dd, J= 5.7 and 1.7 Hz, 2H). 13C{'H}
NMR (CDCls, 125 MHz) d = 135.6, 134.6, 128.7, 128.3, 126.4, 117.3, 116.7, 20.7.

41

General procedure for alkylation of NaN; catalyzed by P[5]-TePh:
NaN; (2.0 equiv)

Br P[5]-TePh (1.0 mol%) N,
water (1.0 mL)

3a 12h, r.t. 5a

A 10.0 mL round-bottomed glass vial was added the alkyl bromide 3a-f (0.174 mmol),
P[5]-TePh (0.00174 mmol, 8.0 mg; 1 mol%) and water (1.0 mL). The resulting mixture
was stirred at room temperature for 5 min. After this, NaN; (0.348 mmol, 22.6 mg) was
added and the mixture was stirred for an additional 12 hours. The reaction was monitored
by TLC until the total disappearance of the starting materials. After that, the reaction
mixture was extracted with ethyl acetate (3x 15.0 mL). The combined organic layers were
dried over Na,SO, and concentrated under vacuum. The residue was purified by
preparative TLC using hexane/ethyl acetate [90:10; (v/v)] as the eluent.

Spectral data of the compound

©/\N3 (Azidomethyl)benzene 5a:” Purified by preparative TLC (hexane/ethyl
acetate = 90:10); Yield: 0.0208 g (90%); yellowish oil. 'H NMR (CDCls,
500 MHz) ¢ (ppm) = 6 7.37-7.28 (m, 5H); 4.29 (s, 2H). BC{!H} NMR

(CDCls, 125 MHz) 6 = 135.3, 128.7, 128.2, 128.1, 54.7.

5a
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/©/\N3 1-(Azidomethyl)-4-bromobenzene 5b:° Purified by preparative TLC
Br (hexane/ethyl acetate = 90:10); Yield: 0.0283 g (77%); colorless oil. 'H

NMR (CDCl;, 500 MHz) 6 (ppm) =6 7.51 (d, J= 8.3 Hz; 2H); 7.19 (d,
J=8.3 Hz; 2H); 4.30 (s, 2H). BC{'H} NMR (CDCl;, 125 MHz) 6 = 134.3, 131.9, 129.8,
122.3, 54.0. IR (neat) =v (cm!) 2927; 2093; 1488; 1282; 1246; 1012; 791.

5b

N 1-(Azidomethyl)-4-nitrobenzene 5c¢:° Purified by preparative TLC
3
OZN/©/\ (hexane/ethyl acetate = 85:15); Yield: 0.0217 g (70%); colorless oil.

'"H NMR (CDCl;, 500 MHz) 6 (ppm) =6 8.25 (d, /= 8.8 Hz, 2H); 7.50
(d, J= 8.8 Hz, 2H); 4.51 (s, 2H). BC{'H} NMR (CDCl;, 125 MHz) 6 = 13C NMR (126
MHz, CDCI3) 6 147.7, 142.7, 128.6, 124.0, 53.7. IR (neat) =v (cm™) 3081;2097; 1516;
1340; 1294; 1256.

5¢c

N, 1-(Azidomethyl)-4-methoxybenzene 5d:° Purified by preparative TLC
\o/©/\ (hexane/ethyl acetate = 85:15); Yield: 0.0255 g (90%); colorless oil.

'H NMR (CDCls, 500 MHz) & (ppm) = 6 7.24 (d, ] = 8.6 Hz, 2H); 6.91
(d, J = 8.6 Hz, 2H); 4.26 (s, 2H); 3.81 (s, 3H). 3C{'H} NMR (CDCls, 125 MHz) § =
159.6, 129.7, 127.4,114.2, 55.3, 54.4. IR (neat) =v (cm') 2935; 2091; 1611; 1512; 1243;
1175; 1032; 811.

5d

(hexane/ethyl acetate = 90:10); Yield: 0.0200 g (65%); yellowish oil.

"H NMR (CDCl;, 500 MHz) ¢ (ppm) = ¢ 6.81-6.76 (m, 3H); 5.97 (s,
2H); 4.22 (s, 2H). BC{'H} NMR (CDCl;, 125 MHz) ¢ = 148.0, 147.6, 129.0, 121.9,
108.7,108.3, 101.2, 54.6. IR (neat) =v (cm™") 2898; 2093; 2093; 1503; 1252; 1037; 927,
808.

0 N 5-(Azidomethyl)benzo[d][1,3]dioxole 5e:” Purified by preparative TLC
3
Sy
5e

2-Azido-1-(4-bromophenyl)ethan-1-one 5f:1° Purified by preparative
0]

N, TLC (hexane/ethyl acetate = 85:15); Yield: 0.0015 g (36%); colorless

. oil. 'HNMR (CDCls, 500 MHz) ¢ (ppm) =6 7.78 (d, J= 8.7 Hz, 2H);
5f

7.65 (d, J = 8.7 Hz, 2H); 4.52 (s, 2H). BC{'H} NMR (CDCl;, 125

MHz) § = 192.3, 133.1, 132.4, 129.5, 129.4, 54.8. IR (neat) = v (cm'!) 3086; 2904; 2098;
1692; 1293; 1215; 835.
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©/\/\N3 (E)-(3-Azidoprop-1-en-1-yl)benzene 5g:7 Purified by preparative TLC

(hexane/ethyl acetate = 90:10); Yield: 0.0152 g (55%); yellowish oil.

"H NMR (CDCls, 500 MHz) ¢ (ppm) = ¢ 7.41-7.39 (m, 2H); 7.35-7.32

(m, 2H); 7.29-7.26 (m, 1H); 6.65 (d, J = 15.7 Hz, 1H); 6.24 (dt, /= 15.5 Hz and 6.6 Hz,

1H); 3.94 (d, J= 6.6 Hz, 2H). *C{'H} NMR (CDCls, 125 MHz) ¢ = 136.0, 134.5, 128.6,
128.2, 126.6, 122.4, 53.0. IR (neat) = v (cm™!) 3028; 2926; 2093; 1233; 965.

5g

General procedure for Gram-scale reaction:

A 10.0 mL round-bottomed glass vial was added the benzyl bromide 3a (4.1 mmol, 70
mg), P[5]-TePh (0.041 mmol, 188.5 mg; 1 mol%) and water (23.6 mL). The resulting
mixture was stirred at room temperature for 5 minutes. After this, NaCN (8.2 mmol, 401.8
mg) was added, and the mixture was stirred for an additional 12 hours. After that, the
reaction mixture was extracted with ethyl acetate (3x 45.0 mL). The combined organic
layers were dried over Na,SO,4 and concentrated under vacuum. The residue was purified
by preparative TLC using hexane/ethyl acetate (90:10) as the eluent, to afford the desired
product 4a in 91% yield (3.7 mmol, 436 mg).

General procedure for recovery and reuse of the catalyst P[S]-TePh:

A 10.0 mL round-bottomed glass vial was added the appropriate benzyl bromide 3a
(0.174 mmol), P[5]-TePh (0.00174 mmol, 8.0 mg; 1 mol%) and water (1.0 mL). The
resulting mixture was stirred at room temperature for 5 minutes. After this, NaCN (0.358
mmol, 17.5 mg) was added, and the mixture was stirred for an additional 12 hours. After
that, the reaction mixture was extracted with ethyl acetate (3x 15.0 mL). The combined
organic layers were dried over Na,SO,4 and concentrated under vacuum. The crude was
washed with hexanes (3 x 5 mL) to separate the catalyst P[5]-TePh from the crude

product 4a. Then, the catalyst is dried under vacuum and used directly in another cycle.

Experiments to detect the interactions between substrates and P[5]-

TePh

'H Nuclear Magnetic Resonance Analyses:

A test tube was charged with substrate 3i (4.6 mg, 0.0169 mmol). P[5]-TePh (10.0 mg,
0.0039 mmol) and CDCl; (1 mL). After stirring for 15 minutes at 25 °C, the solution was
then transferred to an NMR tube and analyzed by 'H NMR.
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Progress of the reaction

&; - _‘,={.

Figure S4. Progress of the reaction. (a) after addition of reagents, (b) during reaction (c) after

the reaction is over.
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Figure S5. '"H NMR (500 MHz, CDCl;) of the compound M-SPh.
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Figure S7. 'H NMR (500 MHz, CDCl;) of the compound M-SePh.
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Figure S10. *C NMR (125 MHz, CDCl;) of the compound M-TePh.
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S23

O
PhTe—/_
M-TePh
i
st bbb L 4 " Lo M N L popb | " .
A R oW g i AN ‘ o T cana i U
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
51( 500 ho( 480 470 460 450 440 42D 410 400 39 380 370 360 350 340 330
f1 (ppm)



0.0

00000 — — |
0
] o
T ,
o
O £ F oo
o &
Ve R [
Y B .
1918 0615'T — ol _ =L s
/\ ) o b
_ ] N
()] L w
N [a\]
P F
. o
i .
. H'W.L N
ov8T'E €e91°e w7 ——|Tc0'12 |
b96T'€ LrLT'E ~ = PN in
TreLs ov8r'e 7 N L
. b96T'E J
Teee’s 2001 |
zs€6°€ / o 001
9256°€ 7 © === For’o1r | 2
7596°€ o ———=—] pT€01
0021t ! b
0ZET' Vv : o N "
S ~ | 0
8EPT Y e — Fs["E N
6T9T't I i _—
"z -
C d
aze’e AT e @ i, o
75E6°€ ~ - W 3 L
9256°€ N - UJ = | o -
7596'€ < 0
0021t -
0££8'9 1 ONMSVW lLal” -3
L2ET'LA 8EHT v = -
8PET L A mﬁwﬁ.v\ M [
TLET'L A in
85HT LA 5 [ ©
S6YT°L Y e 3 I
2ESTL A e/ =16°0T
02912 8 2
Nvﬂ.mw TLETL - 96 [N
€90t 8Sv1'L \\A 0 w =9¢£°'02
. S6bTL— =N : =T
ectesif 2l S S e [ N LT6T |
967 L . = D
svveL ] geors )
gz &L 5 I
evres ] S9TL ~ 2
o8eE’/ 6€TTL— I z
2= O6EE == = =
ShbT L~ \nt.Hﬂ ey "
NE Lo
R | 2
A ~ °
9zTE L\ ~
€vTEL— I | I [
agee s — e 2 i | 1
e ) o o

10.0

Figure S12. "H NMR (500 MHz, CDCl;) of the compound P[5]-SPh.
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Figure S14. 'H NMR (500 MHz, CDCl;) of the compound P[5]-SePh.
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Figure S15. 'H NMR (500 MHz, CDCl;) of the compound P[5]-SePh.
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Figure S22. '"H NMR (500 MHz, CDCl;) of the compound 4a.
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Figure S27. 3C NMR (125 MHz, CDCl;) of the compound 4c.
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Figure S28. '"H NMR (500 MHz, CDCl;) of the compound 4d.
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Figure S34. '"H NMR (500 MHz, CDCl;) of the compound 4g.
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Figure S35. BC{'H}-APT NMR (125 MHz, CDCl;) of the compound 4g.

S47



00000 —

€949°€ —
€€06°€ —

L1849~
SH8L79—
996.°9 ~
9008'9 ~~
6118'9 —
151897

£588°9 —

81069 —

CN

4h

2.03

0.96

6.94 6.92 6.90 6.88 6.86 6.84 6.82 6.80 6.78 6.76

f1 (ppm)

—00'¢
—LT'€

9.5 9.0 8.5 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)
Figure S36. '"H NMR (500 MHz, CDCl;) of the compound 4h.

10.0

548



n ~ N ogwLwnoa
N © oA Mm®D [=N =" < ©
— < Mmoo S=2n ~ n
o< < oy = 0@ n O ¥ =] Il
O — g oS Nan~ < N
< < NN A NN O ©o [}
- R I R NNKN n ~
\W - ~
O N
CN
HO
4h
L al
il I 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 T
200 190 180 170 160 150 140 130 12 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

Figure S37. BC{'H}-APT NMR (125 MHz, CDCl;) of the compound 4h.

549



Mmoo N L ~N o
- -t — o
© T © Y o n
NN © =]
NNNN < N
N
m O N o
— < - <
O 0 O
(o] NN
N N N N
[ [
| |
ol |
' O
f \/ CN
I I
2.13 2.14 B
r .
T T T T T T T T T T 4|
8.00 7.95 7.90 7.85 7.80 7.75 7.70
f1 (ppm)
[
.
» u . f\ J
o 4 d
— - g
NN of
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 T T
10.0 9.5 9.0 8.5 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)

Figure S38. '"H NMR (500 MHz, Acetone-ds) of the compound 4i.
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S51



o
0000°0- — S
wn
S
==
m 2
Y
wn
N -
/ F
_
] o
\ / — o
— wn
~
o
8z/7°€ «
19/2°€ .
W8T’ —00°¢ -
v/8T°€ o
% —<l
82LTE ﬂ\L “e o
To/ze— = 21X hal
WeTE— = N -
vigze J q®
! n
Bl <
SL10°9 . a m
02209 S£10°9 " o8
8820°9 02c09 e
0v£0°9 ] 88209 8 S
1040°9 0v€0°9 _ S = -
N S— Y = :
T6509 G- = S Tog
9550°9 r6v0'9 ——= | |z
T95079 e B S
vomo.ow 1950°9 J S =] Q0'T ©
2890°0 $090°9 S
61£0°9 28909 "
P19 61209 - 2
(o]
Nmﬁ.m/
06TZ9 = =—86"0
omvm.o& S o
89b2°9 PITL9~. S ~
90S/°9 2GT/'Q — —— m. J
mw.ﬁm.u ~5 06129 s/ M.J. & \M\H@@.v "
6eeeL 0EbL'9 S| = 1 N
18b€°L N - n
89b/'9 — - N
895€°L 0597 E— o
765€°L R °
62LE L Q @
S9LE°L «& o
—— n
sgree” - @
6EEE L~ e
18b€°L T Q
wn
895€°L \- \W 3 28 o
T6SE LN = s =
62LE°L .\\ﬂ//mv e
S9/€°L — n
J o
o
<
N o
o
il

Figure S40. '"H NMR (500 MHz, CDCl;) of the compound 4j.
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Figure S41. 3C NMR (125 MHz, CDCl;) of the compound 4j.
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Figure S42. 'H NMR (500 MHz, CDCl;) of the compound 5.
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Figure S43. *C NMR (125 MHz, CDCl;) of the compound 5.
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