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I) Syntheses and Experimental Data

A) General Information

A.1) Chemicals
Chemicals were obtained from ABCR, Acros Organics, Alfa Aesar, Merck, Sigma-Aldrich or VWR.

Commercially available reagents and starting materials were, unless mentioned otherwise, used without
further purification. Solvents which were to be used in moisture-sensitive experiments were taken from
a solvent drying system by M. Braun (type: MB SPS-800) and stored under an argon atmosphere. Other

solvents were used after single distillation.
For reactions including oxygen- or moisture-sensitive reagents, glassware was baked out under high-
vacuum conditions and procedures carried out under an argon atmosphere. Reagents were injected via a

septum or added under argon counterflow.

A.2) Appliances and Materials

Thin layer chromatography (TLC) was performed on plates from Merck (silica gel 60, F,s4). Detection
of the substances was obtained by fluorescence detection under UV light (wavelength A = 254 nm). The
corresponding Ry values and solvents used as eluents are listed in the experimental part. Column
chromatographies were performed with silica gel (grain size 0.04-0.063 cm, Merck, Si60) at
approximately 1.5 atm (hand pump). The used eluent relations are listed with the respective

experiments.

Nuclear magnetic resonance spectra (NMR-spectra) were obtained on instruments of the type 4V-250
(for 'H-spectra), AV-360 (for 'H- and "*C-spectra), AV-500 (for "H-spectra) or AV-500¢ (for 'H- and
BC-spectra) from Bruker. Chemical shifts (8) are given as parts per million (ppm) and refer to the shift
of the hydrogen or carbon atoms in the solvents used (CDCls;, CD3;CN). The following abbreviations
were used for the assignment of the signals and their multiplicities: s (singlet), d (doublet), t (triplet),
g (quartet), m (multiplet). The given coupling constants J are listed as the average of the experimental

findings.

Mass spectrometry spectra (MS-spectra) were obtained by using electron ionization (El) or electrospray
ionization (ESI). Assigned m/z-relations are listed in ascending order. ESI-spectra were measured on a
Finnigan LCQ classic or a 500-MS LC Ion Trap Mass Spectrometer by Varian. El-spectra were
measured on a MAT 8200 by Finnigan.
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Infrared-spectra (IR-spectra) were measured on a JASCO [R-4100 spectrometer directly from the
substance via attenuated total reflectance (ATR-IR). The signals are labelled with the following

abbreviations: vs (very strong), s (strong), m (medium), w (weak), vw (very weak).

B) Syntheses

B.1) Starting Materials

N-iodomorpholine-hydrogen iodide™, N-ocytlazide!™?, (R)-1-phenyl-azidoethane!™>!, tris[(1-benzyl-
1H-1,2,3-triazol-4-yl)methyl]amine (TBTA)™, 1,3-bis(ethyny1)benzene[”] and 1,3,5-

[1-6-1][I-5b]

tris(ethyny1)benzene were prepared according to previously reported procedures.

B.2) General Methods

General procedure A for the synthesis of the applied iodoalkynes:

1,3-bis(iodoethynyl)benzene:

1,3-diethynylbenzene (0.63 g, 5 mmol) was dissolved in THF (20 mL) and treated with Cul (0.96 g, 0.5
mmol, 10 mol%) and N-iodomorpholine (3.74 g, 11 mmol, 2.2 eq.). The reaction mixture was stirred at
room temperature for 2 hours, after which a fine white precipitate had formed. The suspension was
poured onto a pad of neutral alumina and the filtrate was collected under vacuum. The solid phase was
washed with DCM (4x100mL) the organic fractions were combined, washed with 20 mL of saturated
Na,;S,03; and dried over sodium sulfate. The organic fraction were concentrated in vacuo and

recrystalized from hexane to afford 1.58 g (83%) of 1,3-bis(iodoethynyl)benzene as a yellow solid.

General procedure B for the synthesis of bis- or tris(iodotriazolyl)benzenes:
1,3-bis(1-benzyl-5-iodo-1H-1,2,3-triazol-4-yl)benzene (1,3-1°"):

Following a modified procedure of Sharpless and Fokin et al."™”!, Cul (0.03 g, 0.16 mmol, 10 mol%)
and TBTA (0.83 g, 0.16 mmol, 10 mol%) were dissolved in 8 mL of dry and degassed THF. The
reaction mixture was stirred for 2 hours at room temperature until a homogeneous clear solution was
obtained. The above solution was added to a solution of 1,3-bis(2-iodoethynyl)benzene (0.60 g, 1.58
mmol) in 2 ml THF. Benzyl azide (0.396 mL, 3.17 mmol, 2 eq.), dissloved in 2 mL THF were added
to this reaction mixture over a period of 10 to 20 minutes. The sample was allowed to stir for 18 hours
at room temperature in the dark. After removal of the solvent, the residue was taken up in 20 mL ethyl

acetate, washed subsequently with 2 mL of 5 % NH4OH solution, 20 mL water and 20 mL brine and
3
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dried over sodium sulfate. The solvent was removed in vacuo and the residue was purified by flash
column chromatography. Recrystalization of the crude product from ethyl acetate and diethyl ether

yields 0.66 g (65%) 1,3-bis(1-benzyl-5-iodo-1H-1,2,3-triazol-4-yl)benzene as a white solid.

General procedure C for the methylation of bis- or tris(iodotriazolyl)benzenes:
4,4'-(1,3-phenylene)bis(1-benzyl-5-iodo-3-methyl-1H-1,2,3-triazol-3-ium) triflate (1,3-1°"/OTf):

To a solution of 1,3-bis(1-benzyl-5-iodo-1H-1,2,3-triazol-4-yl)benzene (0.13 g, 0.2 mmol) in 5 mL of
dry dichloromethane was added methyl triflate (88.00 pL, 0.80 mmol, 4 eq.) over a period of 10 to 20
minutes. The sample was allowed to stir for 2 days at room temperature in the dark. The solvent was
removed in vacuo and the residue was recrystallized twice from acetonitrile and diethyl ether to afford
0.12 g (61%) 4,4'-(1,3-phenylene)bis(1-benzyl-5-iodo-3-methyl-1H-1,2,3-triazol-3-ium) triflate as a

white solid.

General procedure D for anion-cross-metathesis:
4,4'-(1,3-phenylene)bis(1-benzyl-5-iodo-3-methyl-1H-1,2,3-triazol-3-ium) hexafluorophosphate
(1,3-I°"/PFg):

To a solution of 4,4'-(1,3-phenylene)bis(1-benzyl-5-iodo-3-methyl-1H-1,2,3-triazol-3-ium) triflate
(0.12 g, 0.12 mmol) in 1.5 mL freshly distilled methanol was added sodium hexafluorophosphate
(0.06 g, 3eq). The sample was allowed to stir for 2 days at room temperature in the dark. The white
precipitate was filtered, washed with small amounts of cold diethyl ether and methanol, and
recrystallized from acetonitrile and diethyl ether to afford 0.09 g (82%) 4,4'-(1,3-phenylene)bis(1-
benzyl-5-iodo-3-methyl-1H-1,2,3-triazol-3-ium) hexafluorophosphate as a white solid.
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C) Experimental Data

C.1) 1.3-bis(iodoethynyl)benzene

The compound was synthesized by general procedure A.

Yield: 83% (yellow solid)

'"H-NMR (500 MHz, CDCl5): 6 = 7.50 (s, 1 H), 7.40-7.35 (m. 2H), 7.29-7.23 (m, 1H) ppm.

3C-NMR (125 MHz, CDCl3): 5 = 136.1, 132.1, 128.3, 123.6, 110.6, 93.1 ppm.

Elemental analysis: calc.: C:31.78 H: 1.07
found: C:31.83 H: 1.04

IR (ATR): v = 3292, 2928, 2856, 1679, 1649, 1588, 1569, 1478, 1411, 1249, 1091, 937, 898, 847, 789,
688 cm™.

EI-MS: m/z=377.82 [M]"

C.2) 1.3.5-tris(iodoethynyl)benzene
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The compound was synthesized by general procedure A. 20 mol% of copper iodide and 3.3 equivalents

of N-iodomorpholine were used. The sample was stirred for 3h.

Yield: 90% (yellow solid)

'H-NMR (500 MHz, CDCl3): § = 7.42 (s, 3 H) ppm.

BC-NMR (125 MHz, CDCl5): 6 = 135.8, 123.9, 92.4 ppm.

Elemental analysis: calc.: C:27.30 H: 0.57
found: C: 27.33 H: 0.51

IR (ATR): v = 2837, 2344, 2103, 1697, 1572, 1413, 1356, 1220, 1167, 979, 872, 669 cm™",

EI-MS: m/z =276.1 [M - 2I'*"

C.3) 1.3-bis(1-benzyl-1H-1,2,3-triazol-4-yl)benzene (1,3-HE)

IN N\
N’ [ \ “IN
N N
Bn/ H H ‘Bn

The compound was synthesized by general procedure B.

Yield: 64% (white solid)

R¢ (pentane/EtOAc = 1:1): 0.52

'"H-NMR (500 MHz, CDCl;): § = 8.10 (m, 1H); 7.82-7.82 (m, 2H), 7.76 (s, 2H); 7.43-7.40 (m, 1H),
7.41-7.35 (m, 10H), 5.62 (s, 4H) ppm.

BC-NMR (125 MHz, CDCls): 6 = 147.8, 134.6, 131.2, 129.2, 128.9, 128.2, 125.4, 122.8, 119.7, 54.3
ppm.
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Elemental analysis: calc.: C:73.45 H:5.14 N:21.41
found: C: 73.40 H: 5.20 N:21.40

IR (ATR): v = 2363, 2252, 1620, 1504, 1466, 1345, 1225, 1046, 910, 847, 794, 722, 678 cm’".

ESI-MS: m/z=393.2 [M + H]"

C.4) 1.3-bis(1-benzyl-5-iodo-1H-1.2.3-triazol-4-yl)benzene (1,3-1%%)

The compound was synthesized by general procedure B.
Yield: 65% (white solid)
R¢ (pentane/EtOAc = 1:1): 0.30

'H-NMR (500 MHz, CDCls): 6 = 8.57 (m, 1H), 8.03-8.00 (m, 2H), 7.60-7.56 (m, 1H), 7.41-7.34
(m, 10H), 5.71 (s, 4H) ppm.

PC-NMR (125 MHz, CDCl3): 0 = 134.3, 130.6, 128.9, 128.5, 127.8, 127.6, 126.2, 54.5 ppm.

Elemental analysis: calc.: C:44.74 H:2.82 N: 13.04
Sfound: C: 44.72 H:2.83 N: 13.10

IR (ATR): v = 3058, 3030, 2923, 2851, 2088, 1702, 1601, 1494, 1455, 1331, 1229, 1065, 1026, 974,
886, 846, 794, 727, 688 cm™.

ESI-MS: m/z = 644.9 [M - H]"
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C.5) 1,3-bis(1-octyl-1H-1.2.3-triazol-4-yl)benzene (1,3-H2)

The compound was synthesized by general procedure B.

Yield: 65% (white solid)

R¢ (pentane/EtOAc = 1:1): 0.70

'"H-NMR (500 MHz, CDCl5): 6 = 8.29 (m, 1H), 7.85 (s, 2H), 7.84-7.82 (m, 2H), 7.49 (m, 1H), 4.41 (t,
4H, °J=17.0 Hz), 2.01-1.90 (m, 4H), 1.41-1.17 (m, 20H), 0.87 (t, 6H, °J = 7.0 Hz) ppm.

BC-NMR (125 MHz, CDCl5): 6 = 147.5, 131.4, 129.5, 125.4, 123.0, 119.8, 50.6, 30.5, 29.2, 29.1, 26.6,
22.7, 14.2 ppm.

Elemental analysis: calc.: C:71.52 H:9.23 N:19.25
Sfound: C: 71.48 H:9.18 N: 19.16

IR (ATR): v = 2947, 2918, 2846, 1465, 1431, 1369, 1345, 1219, 1195, 1166, 1084, 1046, 964, 876,
808, 784, 755, 722, 678 cm™.

ESI-MS:  m/z=4373[M+H]", 873.3 2M + H]"

C.6) 1.3-bis(1-octyl-5-iodo-1H-1.2.3-triazol-4-yl)benzene (1,3-12%
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The compound was synthesized by general procedure B.
Yield: 66% (white solid)
R¢ (pentane/EtOAc = 4:1): 0.34

'H-NMR (500 MHz, CDCl3): 6 = 8.54 (m, 1H), 8.00-7.98 (m, 2H), 7.57 (m, 1H), 4.45 (t, 4H,
3J7=17.0 Hz), 2.01-1.90 (m, 4H), 1.46-1.17 (m, 20H), 0.88 (t, 6H, °J= 7.0 Hz) ppm.

PC-NMR (125 MHz, CDCls): § = 149.5, 130.8, 129.0, 127.7, 126.4, 51.2, 31.9, 30.1, 29.2, 29.1, 26.6,
22.8, 14.2 ppm.

Elemental analysis: calc.: C:45.36 H: 5.56 N:12.21
found: C: 45.26 H: 5.45 N:12.25

IR (ATR): v = 2952, 2923, 2851, 1451, 1378, 1330, 1224, 1161, 1070, 1036, 983, 886, 818, 789, 722,
698 cm’.

ESI-MS: m/z = 689.0 [M + H]", 1376.6 [2M + H]"

C.7) 1.3-bis(1-((R)-1-phenylethyl)-1H-1,2,3-triazol-4-yl)benzene (1,3-HZMeBr)

The compound was synthesized by general procedure B.

Yield: 87% (white solid)

[0]p> = - 70° (EtOAc, ¢ 0.024)
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R¢ (pentane/EtOAc =4:1): 0.31

'H-NMR (500 MHz, CDCl5): § = 8.18 (m, 1H), 7.80-7.76 (m, 2H), 7.72 (s, 2H), 7.43 (m, 1H), 7.43-
7.29 (m, 10H), 5.88 (q, 2H, *J=7.1 Hz), 2.03 (d, 6H, *J = 7.1 Hz) ppm.

PC-NMR (125 MHz, CDCls): § = 147.5, 139.9, 131.3, 129.5, 129.2, 128.8, 126.7, 125.4, 122.3, 118.8,
60.4,21.4 ppm.

Elemental analysis: calc.: C:74.26 H: 5.75 N: 19.99
found: C: 73.99 H: 5.69 N: 19.46

IR (ATR): v = 1610, 1494, 1441, 1214, 1157, 1079, 1026, 973, 905, 799, 760, 698 cm™".

ESI-MS: m/z=421.1 [M + H]", 841.0 [2M + H]"

C.8) 1.3-bis(5-iodo-1-((R)-1-phenylethyl)-1H-1,2,3-triazol-4-yl)benzene (1,3-12MB2)

The compound was synthesized by general procedure B. 3.0 equivalents of (R)-1-Phenyl-azidoethane

were used.

Yield: 42% (pale yellow solid)
[a]p*= + 38° (EtOAc, c 0.015)
R¢ (pentane/EtOAc = 1:1): 0.56

'H-NMR (500 MHz, CDCl;): 6 = 8.53 (m, 1H), 7.99-7.96 (m, 2H), 7.54 (m, 1H), 7.38-7.29 (m, 10H),
5.81 (q, 2H, *J=7.1 Hz), 2.12 (d, 6H, *J = 7.1 Hz) ppm.
10
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PC-NMR (125 MHz, CDCl3): 6 = 149.5, 140.2, 130.7, 129.0, 128.9, 128.4, 127.8, 126.7, 126.6, 61.6,
22.4 ppm.

Elemental analysis: calc.: C:46.45 H: 3.30 N: 12.50
found: C:46.40 H:3.32 N: 11.98

IR (ATR): v = 1537, 1509, 1460, 1388, 1330, 1263, 1234, 1161, 1026, 978, 804, 760, 693 cm™".

ESI-MS: m/z = 672.8 [M + H]', 1344.5 [2M + H]"

C.9) 1.3.5-tris(1-benzyl-1H-1,2,3-triazol-4-yl)benzene (1,3,5-HE)

The compound was synthesized by general procedure B. 20 mol% of copper iodide and 20 mol% of

TBTA were used. 3.0 equivalents of benzyl azide were added.

Yield: 55% (white solid)

R¢ (pentane/EtOAc = 1:1): 0.20

'"H-NMR (500 MHz, CDCl;): 6 = 8.22 (s, 3H), 7.85 (s, 3H), 7.43-7.34 (m, 15H), 5.60 (s, 6H) ppm.

BC-NMR (125 MHz, CDCls): 6 = 147.4, 134.4, 131.6, 129.3, 129.0, 128.7, 128.3, 128.2, 122.2, 120.2,
54.4 ppm.

Elemental analysis: calc.: C:72.11 H: 4.95 N:22.94
found: C:72.13 H:4.93 N:22.93

11
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IR (ATR): v = 2928, 2851, 2358, 2209, 2161, 2035, 1973, 1610, 1499, 1456, 1408, 1350, 1229, 1051,
1012, 881, 799, 760, 712, 683 cm’.

ESI-MS: m/z = 550.2 [M + H]", 1099.2 [2M + H]"

C.10) 1,3.5-tris(1-benzyl-5-iodo-1H-1,2,3-triazol-4-yl)benzene (1,3,5-12%)

Cul (0.04 g, 0.23 mmol, 20 mol%) and TBTA (0.12 g, 0.23 mmol, 20 mol%) were dissolved in 6 mL of
dry and degassed THF. The reaction mixture was stirred for 2 hours at room temperature until a
homogeneous clear solution was obtained. The above solution was added to a solution of 1,3,5-
tris(iodoethynyl)benzene (0.611 g, 1.16 mmol) in 2 ml THF. Benzyl azide (0.43 mL, 3.44 mmol, 3 eq.),
dissloved in 2 mL THF were added to this reaction mixture over a period of 20 minutes. The sample
was allowed to stir for 18 hours at room temperature in the dark. The reaction was quenched with 2
mL of 5 % NH4OH solution, the solvent as removed in vacuo and the residue was suspended in water
and diethylether. A precipitate formed upon vigorous stirring, which was filtrated, dried, dissolved in
acetone and again filtrated. The solvent was removed in vacuo and the residue was further purified by
flash column chromatography yielding 0.57 g (54%) 1,3,5-tris(1-benzyl-5-iodo-1H-1,2,3-triazol-4-

yl)benzene as an off-white solid.

Yield: 54% (off-white solid)

R¢ (EtOAc/MeOH = 10:1): 0.19

'"H-NMR (500 MHz, CDCl;): 6 = 8.64 (s, 3H); 7.41-7.33 (m, 10H), 5.72 (s, 6H) ppm.

BC-NMR (125 MHz, CDCl3): 6 = 134.4, 131.1, 128.9, 128.5, 127.8, 126.3, 54.5 ppm.
12
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Elemental analysis: calc.: C:42.74 H: 2.61 N:13.59
found: C:42.72 H: 2.65 N:13.58

IR (ATR): v = 2368, 2339, 2324, 1605, 1499, 1456, 1403, 1355, 1321, 1229, 1138, 1080, 1022, 983,
886, 823, 761, 717, 654 cm™,

ESI-MS: m/z=927.7 [M + H]"

C.11) 4.4'-(1,3-phenylene)bis(1-benzyl-3-methyl-1H-1,2,3-triazol-3-ium) triflate (1,3-HEYOTf)

-

N
Bn/ H H Bn

S,
20Tf

\
N N,
N'® ®N
N

The compound was synthesized by general procedure C.
Yield: 80% (white, highly hydroscopic solid)

'"H-NMR (500 MHz, CD3CN): § = 8.85 (s, 2H), 8.15 (m, 1H), 7.89-7.87 (m, 2H), 7.61-7.59 (m, 1H),
7.54-7.37 (m, 10H), 5.73 (s, 4H), 4.33 (s, 6H) ppm.

PC-NMR (125 MHz, CD;CN): § = 140.0, 132.4, 131.1, 130.1, 130.2, 129.6, 129.4, 123.6, 57.9 39.2
ppm.

PF-NMR (471 MHz, CD3CN): 6 = -79.33 (s, 3F) ppm.

Elemental analysis: calc.: C:46.67 H: 3.64 N: 11.66 S: 8.90
found: C: 46.66 H: 3.65 N: 11.65 S: 8.91

IR (ATR): v = 2358, 2166, 1968, 1576, 1499, 1456, 1253, 1229, 1152, 1080, 1027, 814, 756, 703 cm™.

ESI-MS: m/z=571.1 [M*" + OTf7", 1290.9 [2M*" + 30Tf]"
13
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C.12) 4.4'-(1.3-phenylene)bis(1-benzyl-5-iodo-3-methyl-1H-1.2.3-triazol-3-ium) triflate ( 1,3-Ih/0Tf)

-

N
/ | |
Bn Bn

S,
20Tf

\
N N,
N ® @ON
N

The compound was synthesized by general procedure C.
Yield: 63% (white solid)

'"H-NMR (500 MHz, CD3CN): 6 = 8.00-7.95 (m, 1H), 7.91-7.88 (m, 2H), 7.76 (m, 1H); 7.56-7.51 (m,
10H), 5.88 (s, 4H), 4.22 (s, 6H) ppm.

3C-NMR (125 MHz, CD;CN): § = 146.1, 133.8, 132.1, 131.5, 131.1, 129.2, 124.1, 122.28, 119.73,
90.3, 57.9, 39.4 ppm.

PF-NMR (471 MHz, CD3CN): 6 =-79.33 (s, 3F) ppm.

Elemental analysis: calc.: C:34.58 H:2.49 N: 8.64 S:6.59
found: C:34.61 H: 2.50 N: 8.62 S: 6.56

IR (ATR): v = 3047, 2521, 2167, 2037,1971, 1578, 1502, 1478, 1459, 1429, 1330, 1277, 1234, 1176,
1143, 1095, 1028, 865, 803, 736, 703 cm".

ESI-MS: m/z = 822.8 [M*" + OTf7", 1794.4 [2M*" + 30Tf]"

14
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"H-spectrum of 1,3-I*"/OTf
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C.13) 4.4'-(1,3-phenylene)bis(1-benzyl-3-methyl-1H-1.2.3-triazol-3-ium) hexafluorophosphate
1,3-H™/PF,)

S
2PFq
The compound was synthesized by general procedure D. The exchange is 90% complete.
Yield: 88% (white, highly hydroscopic solid)

'H-NMR (500 MHz, CD3CN): § = 8.51 (s, 2H), 7.88-7.80 (m, 3H), 7.72 (m, 1H), 7.56-7.47 (m, 10H),
5.79 (s, 4H), 4.18 (s, 6H) ppm.

'3C-NMR (125 MHz, CD;CN): 6 = 143.1, 133.7, 132.9, 131.7, 131.2, 130.8, 130.4, 130.3, 129.8,
124.7, 58.2, 39.7 ppm.

PF-NMR (471 MHz, CD3CN): 6 =-72.1 (s, 3F), -73.7 (s, 3F) ppm.

IR (ATR): v = 2360, 2155, 1954, 1580, 1500, 1455, 1277, 1219, 1161, 1031, 828, 799, 760, 717, 639

cm™.

ESI-MS: m/z = 567.1 [M*" + PF¢ 1", 1279.0 [2M*" + 3PF¢ ]

16



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

C.14) 4.4'-(1,3-phenylene)bis(1-benzyl-5-iodo-3-methyl-1H-1.2.3-triazol-3-ium) hexafluorophosphate
1,3-1°*/PF¢)

S
2PFq
The compound was synthesized by general procedure D. The exchange is 98% complete.

Yield: 82% (white solid)

'H-NMR (500 MHz, CD3CN): § = 8.00-7.96 (m, 1H), 7.9-7.88 (m, 2H), 7.73 (m, 1H), 7.55-7.49
(m, 10H), 5.87 (s, 4H), 4.20 (s, 6H) ppm.

BC-NMR (125 MHz, CD;CN): § = 146.1, 133.7, 131.8, 131.4, 129.8, 129.2, 124.2, 117.3, 90.2, 65.3,
58.1, 54.0, 39.2, 14.4 ppm.

PF-NMR (471 MHz, CD;CN): 6 = -71.47 (s, 3F), -74.74 (s, 3F) ppm.

Elemental analysis: calc.: C:32.39 H: 2.51 N:8.72
found: C:32.35 H:2.54 N: 8.70

IR (ATR): v = 2336, 2324, 2163, 2029, 1971, 1493, 1454, 1435, 1286, 1224, 1171, 1023, 861, 803,
727, 698 cm™.

ESI-MS: m/z = 818.9 [M*" + PF¢]"
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C.15) 4.4'.4"-(benzene-1.3.5-trivl)tris(1-benzyl-3-methyl-1/4-1.2.3-triazol-3-ium) triflate
(1,3,5-H2%/0TH)

The compound was synthesized by general procedure C. 6.0 equivalents of methyl triflate were used.

Yield: 78% (white, highly hydroscopic solid)

'H-NMR (500 MHz, CD3CN): 6 = 8.90 (s, 3H), 8.47 (s, 3H), 7.52-7.43 (m, 15H), 5.73 (s, 6H), 4.33
(s, 9H) ppm.

PC-NMR (125 MHz, CD;CN): § = 140.7, 130.5, 130.3, 130.0, 129.7, 129.6, 125.2, 58.1, 39.2 ppm.

PF-NMR (471 MHz, CD3CN): 6 = -79.33 (s, 3F) ppm.

Elemental analysis: calc.: C:44.96 H: 3.48 N:12.12 S:9.23
found: C: 44.94 H:3.51 N:12.11 S:9.24

IR (ATR): v = 2363, 2325, 2156, 2040, 1963, 1562, 1504, 1456, 1249, 1225, 1147, 1027, 896, 823,
741, 703 cm™..

ESI-MS: m/z = 892.1 [M>" + 20TfT", 1932.9 [2M* + 50Tf]"
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C.16) 4.4'. 4"-(benzene-1.3.5-trivl)tris(1-benzyl-5-10do-3-methyl-1H-1.2.3-triazol-3-ium) triflate
(1,3,5-12%0Tf)

S,
30Tt

The compound was synthesized by general procedure C. 6.0 equivalents of methyl triflate were used.

Yield: 61% (off-white solid)

'"H-NMR (500 MHz, CD3CN): § = 8.08 (s, 3H), 7.56-7.49 (m, 15H), 5.9 (s, 6H), 4.3 (s, 9H) ppm.

PC-NMR (125 MHz, CD3CN): 0 = 144.9, 135.4, 131.4, 129.6, 129.2, 129.1, 90.7, 58.4, 39.5 ppm.

PF-NMR (471 MHz, CD3CN): 6 = -79.33 (s, 3F) ppm.

Elemental analysis: calc.: C:33.00 H: 2.34 N: 8.88 S:6.78
found: C:33.03 H:2.32 N: 8.86 S:6.77

IR (ATR): v = 2358, 2339, 2165, 2031, 1968, 1456, 1273, 1200, 1162, 1027, 905, 876, 737, 712

cm™.

ESI-MS: m/z=1119.8 [M*" + OTf]*, 1269.7 [M** + 20Tf]"
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C.17) 4.4'.4"-(benzene-1.3.5-trivl)tris(1-benzyl-3-methyl-1H-1.2_3-triazol-3-ium) hexafluorophosphate
(1,3.5-H™/PF)

o
3PFg

The compound was synthesized by general procedure D. 4.5 equivalents of sodium

hexafluorophosphate were used. The exchange is 90% complete.

Yield: 89% (white, highly hydroscopic solid)

'H-NMR (500 MHz, CD3CN): § = 8.61 (s, 3H), 7.96 (s, 3H), 7.57-7.46 (m, 15H), 5.82 (s, 6H), 4.21 (s,
9H) ppm.

3C-NMR (125 MHz, CD3CN): § = 140.9, 133.4, 131.8, 129.9, 129.3, 125.0, 57.4, 38.8 ppm.

PF-NMR (471 MHz, CD3CN): 6 = -71.56 (s, 3F), -74.33 (s, 3F) ppm.

IR (ATR): v = 2354, 2318, 2161, 2042, 1960, 1549, 1541, 1444, 1263, 1229, 1166, 1041, 823, 765,
731,702 cm™.

ESI-MS: m/z = 884.2 [M>" + PF¢]", 1921.0 [2M?" + 5PF4T"
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C.18) 4.4'.4"-(benzene-1.3.5-trivD)tris(1-benzyl-5-i0odo-3-methyl-1H-1.2_3-triazol-3-ium)
hexafluorophosphate (1,3,5-1%/PF)

o
3PFg

The compound was synthesized by general procedure D. 4.5 equivalents of sodium

hexafluorophosphate were used. The exchange is 98% complete.
Yield: 95% (off-white solid)
'H-NMR (500 MHz, CD3CN): 6 = 8.03 (s, 3H), 7.54-7.51(m, 15H), 5.90 (s, 6H), 4.28 (s, 9H) ppm.

PC-NMR (125 MHz, CD3CN): 0 = 144.9, 135.3, 131.4, 129.6, 129.2, 129.1, 125.7, 90.6, 58.1, 39.6
ppm.

PF-NMR (471 MHz, CD3CN): 6 = -71.47 (s, 3F), -74.47 (s, 3F) ppm.

Elemental analysis: calc.: C:30.72 H:2.36 N: 8.96
found: C:30.71 H: 2.39 N: 8.95

IR (ATR): v = 3043, 2363, 2163, 2029, 1970, 1267, 1234, 1171, 1042, 832, 736, 708 cm™",

ESI-MS: m/z=1116.9 [M*" + PFs 1>, 1261.7 [M*" + 2PF¢ "
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C.19) 4.4'-(1,3-phenylene)bis(1-octyl-3-methyl-1H-1.2.3-triazol-3-ium) triflate ( 1,3-Hm/0Tf)

-

\

N N,
N ® @®N

N N
Octi H H Oct

©
20Tf

The compound was synthesized by general procedure C.
Yield: 91% (white, highly hydroscopic solid)

'"H-NMR (500 MHz, CDCl5): 6 = 8.85 (s, 2H), 8.11 (m, 1H), 7.90-7.89 (m, 2H), 7.69 (m, 1H), 4.56 (t,
4H, J=7.0 Hz), 4.30 (s, 6H), 2.10-1.99 (m, 4H), 1.45-1.20 (m, 20H), 0.88 (t, 6H, °J= 7.0 Hz) ppm.

PC-NMR (125 MHz, CDCls): § = 141.9, 132.2, 131.1, 131.0, 129.3, 123.6, 120.2, 54.4, 38.9, 31.7,
29.0, 28.9, 28.8, 26.1, 22.6, 14.0 ppm.

PF-NMR (471 MHz, CDCls): 6 = -78.77 (s, 3F) ppm.

Elemental analysis: calc.: C:47.11 H: 6.06 N:10.99 S: 8.38
found: C: 47.03 H:5.99 N: 10.89 S:8.31

IR (ATR): v = 2962, 2928, 2865, 1460, 1263, 1219, 1147, 1079, 1026, 862, 837, 804, 751, 722, 698

-1
cm .

ESI-MS: m/z = 615.3 [M*" + OTf7", 1379 [2M*" + 30Tf]"
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C.20) 4.4'-(1,3-phenylene)bis(1-octyl-5-iodo-3-methyl-1H-1.2.3-triazol-3-ium) triflate ( 1,3-1%/0Tf)

-

\

N N
N ® @®N
N [ [ N
Oct Oct

©
20Tf

The compound was synthesized by general procedure C.
Yield: 92% (white solid)

"H-NMR (500 MHz, CDCl;): 6 = 7.93-7.92 (m, 2H), 7.86 (m, 1H), 7.37 (m, 1H), 4.53 (t, 4H, °J=7.0
Hz), 2.10-2.00 (m, 4H), 1.51-1.23 (m, 20H), 0.89 (t, 6H,°J = 7.0 Hz) ppm.

3C-NMR (125 MHz, CDCl3): § = 145.9, 133.7, 133.4, 131.3, 124.2, 120.3, 90.5, 55.2, 39.7, 31.8, 29.0,
28.9,28.8, 26.3,22.7, 14.2 ppm.

PF-NMR (471 MHz, CDCl5): 6 = -78.77 (s, 3F) ppm.

Elemental analysis: calc.: C:35.44 H: 4.36 N: 8.27 S:6.31
found: C:35.41 H: 4.30 N: 8.18 S: 6.40

IR (ATR): v = 2947, 2918, 2860, 1451, 1321, 1243, 1219, 1152, 915, 842, 808, 755, 702 cm’".

ESI-MS: m/z = 867.1[M*" + OTf]", 1882.4 [2M*" + 30Tf]"
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C.21) (R)-4.4'-(1.3-phenylene)bis(3-methyl-1-((R)-1-phenylethyl)-14-1.2.3-triazol-3-ium) triflate
(1,3-H2MEY O T1)

\ /
N N,
N @ @®N

S]
20Tf

The compound was synthesized by general procedure C.
Yield: 83% (white, highly hydroscopic solid)
[a]p*= - 68° (CH3;CN, ¢ 0.013)

'H-NMR (500 MHz, CD3CN): § = 8.57 (s, 2H), 7.84 (m, 3H), 7.76 (m, 1H), 7.57-7.44 (m, 10H), 6.11
(q, 2H, °J=17.1 Hz), 4.19 (s, 6H), 2.07 (d, 6H, >J = 7.1 Hz) ppm.

3C-NMR (125 MHz, CD5CN): § = 142.9, 138.1, 133.5, 131.7, 131.4, 130.6, 130.2, 129.0, 128.2,
124.8, 122.0, 65.7, 39.7, 20.9 ppm.

PF-NMR (471 MHz, CD3CN): 6 = -79.33 (s, 3F) ppm.

Elemental analysis: calc.: C:48.13 H: 4.04 N:11.22 S: 8.57
found: C: 47.86 H: 4.15 N: 10.96 S: 8.43

IR (ATR): v = 1465, 1253, 1224, 1147, 1075, 1022, 988, 915, 866, 808, 765, 746, 702 cm’".

ESI-MS: m/z = 599.0 [M*" + OTf7", 1347.0 [2M*" + 30Tf]"
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C.22) (R)-4.4'-(1.3-phenylene)bis(5-i0do-3-methyl-1-((R)-1-phenylethyl)-1H-1.2.3-triazol-3-ium)
triflate (1,3-1*MB%/OTf)

\ /
N N,
N® ®N
N N
©
20Tf

The compound was synthesized by general procedure C. 3.0 equivalents of (R)-1-Phenyl-azidoethane

were used.

Yield: 85% (white solid)

[0]p*= + 37° (CH;CN, ¢ 0.010)

'"H-NMR (500 MHz, CD3CN): 6 = 7.98-7.90 (m, 1H), 7.87-7.80 (m, 2H), 7.65 (m, 1H), 7.52-7.41 (m,
10H), 6.14 (q, 2H, °J= 7.1 Hz), 4.19 (s, 6H), 2.06 (d, 6H, *J = 7.1 Hz) ppm.

PC-NMR (125 MHz, CD;CN): § = 146.7, 137.8, 134.7, 132.9, 132.1, 130.4, 130.2, 128.3, 125.1,
122.1, 91.0, 66.9, 40.5, 22.0 ppm.

PF-NMR (471 MHz, CD3CN): 6 = -79.33 (s, 3F) ppm.

Elemental analysis: calc.: C:36.01 H: 2.82 N: 8.40 S:6.41
found: C:36.10 H:2.73 N: 8.18 S:6.33

IR (ATR): v = 1542, 1509, 1460, 1277, 1243, 1224, 1157, 1031, 818, 760, 698 cm’".

ESI-MS: m/z = 850.7 [M*" + OTf7", 1850.4 [2M*" + 30Tf]"
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D) NMR Experiments

General procedure for the NMR experiments of Table X

From stock solutions (in CD3;CN), the respective substrate (10.0 umol, 1.0 equiv.) and, if applicable,
the activating reagent (10.0 pmol, 1.0 equiv.) as well as pyridine (1.0 pmol, 0.1 equiv.) were mixed in
an NMR tube, and the solution was filled up to an overall volume of 0.60 mL. All experiments were
started simultaneously and the yield was determined by NMR spectroscopy after approx. 0, 3, 6, 12, 18,
24, 36, 48, 72, and 96 h of reaction time.

Analysis of the spectra (determination of the yield of X)
The yield was determined from the ratio of the product peak (doublet between 6.15 and 6.30 ppm,
depending on the coordination with activating reagent or H') to the methylene peak of tetraethylsilane

(quartet at 0.52 ppm). In the experiments with pyridine, the additional formation of trace amounts of

benzhydryl pyridinium salt was accounted for.
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E) Selected IH-NMR Spectra of the Ritter-like Reaction

Benzhydryl bromide
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# 3 (see Table 1) after 48 h
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II) Kinetics of the Ritter-like Reactions (Graphic representations)

All important experiments have been replicated several times. The estimated error of measurement

is approx. 5%.
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Figure II-1: Graphic Representation of NMR experiments # 2, 3, 7, 8, 10 and 11 (see Table 1 and Figure 3)
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Figure I1-2: Graphic Representation of NMR experiments # 1, 4, 5, 6,9, 12, 13 and 14 (see Table 1)
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IIT) Kinetics of the Ritter-like Reactions (Table)

# Activating Add.™ Yield of 2 Yield of 2
reagent ([%], 48 h) ([%], 96 h)

1 - py <5 <5

2 1,3-H®"/OTf Py <5 7

3 1,3-1*"/OTf py 67 78

4 1,3-1°"/PF, py 64 82

5 1,3-H°/OTf py 8 11

6 1,3-1°°Y0Tf py 48 62

7 1,3,5-H®"/OTf py 8 15

8 1,3,5-1"/OTf py 96 100

9 1,3,5-1°"/PF, py 73 92

10 3 Py 69 82

11 4 py, 1 eq. 100 100

cycl®!

12 - - <5 <5

13 1,3-H""/PF, py <5 <5

14 1,3,5-H®"/PF, Py <5 10

[a] Additive: 0.1 equivalents of pyridine (relative to 1). [b] 1 eq. cyclohexene to quench the

forming elemental bromine!"™.

81 F Kniep, S. M. Walter, E. Herdtweck, S. M. Huber, Chem. Eur. J. 2012, 18, 1306.
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IV) X-Ray Structural Analysis

General:

The data were collected on an X-ray single crystal diffractometer equipped with a CCD
detector (APEX II, x~CCD), a rotating anode (Bruker AXS, FR591) with MoK, radiation (4
=0.71073 A), and a graphite monochromator by using the SMART software package."*! The
measurements were performed on single crystals coated with perfluorinated ether. The crystal
was fixed on the top of a glass fiber and transferred to the diffractometer. A crystal from 1,3-
I®"/OTf was frozen under a stream of cold nitrogen. A matrix scan using three short runs was
used to determine the initial lattice parameters. Reflections were merged and corrected for
Lorenz and polarization effects, scan speed, and background using SAINT.'! Absorption
corrections, including odd and even ordered spherical harmonics were performed using
SADABS." Space group assignments were based upon systematic absences, E statistics, and
successful refinement of the structures. Structures were solved by direct methods with the aid
of successive difference Fourier maps, and were refined against all data using WinGX™'*
based on SIR-92.["' Methyl hydrogen atoms treated as a part of rigid rotating groups, with
C-H =0.98 A and Uisoty = 1.5:Ueq(c). Other H atoms were placed in calculated positions and
refined using a riding model, with methylene and aromatic C—H distances of 0.99 A and 0.95
A, respectively, and Ujomy = 1.2-Ugq(c). If not mentioned otherwise, non-hydrogen atoms
were refined with anisotropic displacement parameters. Full-matrix least-squares refinements
were carried out by minimizing Sw(F,>-F.%)* with SHELXL-97!"'% weighting scheme.
Neutral atom scattering factors for all atoms and anomalous dispersion corrections for the
non-hydrogen atoms were taken from International Tables for Crystallography.!'" Images of

the crystal structures were generated by PLATON.!"']

34



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

03 o0t
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Figure F1 — Ortep drawing drawing of compound 1,3-I*"/OTf with 50% ellipsoids.!""*!

Operator: *** Herdtweck ***
Molecular Formula: Cys Hyy Fg I, Ng O¢ S,
[(C26 Has I, Ng)*'1, 2[(C F; O3 S)]

Crystal Color / Shape Colorless column

Crystal Size Approximate size of crystal fragment used for data collection:
0.05 % 0.05 x 0.15 mm

Molecular Weight: 972.47 am.u.

F()()(): 1896

Systematic Absences: hOl: 1#£2n; 0kO: k#2n

Space Group: Monoclinic P2,/c (I.T.-No.: 14)

Cell Constants: Least-squares refinement of 9689 reflections with the programs "APEX suite"
and "SAINT""*): theta range 1.44° < #< 25.44°; Mo(K ¢ ); A=71.073 pm
a= 1020.00(2) pm
b= 2829.19(6) pm p= 101.2130(8)°
c= 1208.16(2) pm
V'=3419.92(11)- 10° pm’; Z=4; D e = 1.889 g cm™; Mos. = 0.71

Diffractometer: Kappa APEX II (Area Diffraction System; BRUKER AXS); rotating anode;
graphite monochromator; 50 kV; 40 mA; A = 71.073 pm; Mo(K ¢ )

Temperature: (-150£1) °C; (123+1) K

Measurement Range: 1.44° < §<25.44°; h:-12/12, k: -34/34, 1. -14/14

Measurement Time: 2 x 5 s per film

Measurement Mode: measured: 7 runs; 3278 films / scaled: 7 runs; 3278 films
¢@— and w-movement; Increment: Ap/Aw = 0.50°; dx = 55.0 mm

LP - Correction: Yes!"™!

Intensity Correction No/Yes; during scaling™!

Absorption Correction: Multi-scan; during scaling; z=2.045 mm™ (!

Correction Factors: Thn =0.6173 Toa =0.7452

Reflection Data: 65121 reflections were integrated and scaled
935 reflections systematic absent and rejected
64186 reflections to be merged
6311 independent reflections
0.026 Rin: (basis F,?)
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6311 independent reflections (all) were used in refinements

6137 independent reflections with 7, > 20(/,)

99.7 % completeness of the data set

453 parameter full-matrix refinement

13.9 reflections per parameter
Solution: Direct Methods!"'”; Difference Fourier syntheses
Refinement Parameters: In the asymmetric unit:

50 Non-hydrogen atoms with anisotropic displacement parameters
Hydrogen Atoms: In the difference map(s) calculated from the model containing all non-hydrogen

atoms, not all of the hydrogen positions could be determined from the highest
peaks. For this reason, the hydrogen atoms were placed in calculated positions
(den =95, 98, 99 pm). Isotropic displacement parameters were calculated from
the parent carbon atom (Uy = 1.2/1.5 U¢). The hydrogen atoms were included in
the structure factor calculations but not refined.

Atomic Form Factors: For neutral atoms and anomalous dispersion !'!
Extinction Correction: no
Weighting Scheme: w! = A(F,H)+Ha*P)+b*P

with a: 0.0175; b: 6.2834; P: [Maximum(0 or F,*)+2%F.*]/3
Shift/Err: Less than 0.001 in the last cycle of refinement:
Resid. Electron Density: +1.51e, /A% -0.69 ¢, /A’
RI: 2ZIF s -E /2|
[F,>40(F,); N=6137]: =0.0223
[all reflctns; N=6311]: =0.0230
wR2: [ZW(F,-F A Zw(F 2"
[F,>40(F,); N=6137]: =0.0526
[all reflctns; N=6311]: =0.0530
Goodness of fit: [2W(F,-F .2 /(NO-NV)]"? =1.107
Remarks: Refinement expression Sw(F,>-F.*)*
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V) DEFET Calculations on the possible Threefold Coordination of Bromide to the
Tridentate Activator

In order test the viability of a threefold coordination of the substrate to tridentate activators
like 1,3,5-1®"/OTf, we performed orientating DFT calculations on model systems. To this
end, we replaced the benzyl substituents on the triazolium moieties of 1,3,5-IBn/OTf with
methyl groups and we also used bromide as a prototypical XB acceptor(i.e. as a replacement
for benzhydryl bromide; this, at the same time, represents the complex formed after the
abstraction of bromide from the substrate). For these orientating investigations, the M06-2X

functional™!>!

was used with the triple-zeta TZVPP basis set''” on all atoms (employing the
corresponding pseudopotential on the iodine atoms). The Gaussian09"'"! suite of programs
was used for the calculations.

A tridentate minimum structure was obtained that is shown in Figures F2 and F3 below. The
identity of the minimum was confirmed by the absence of imaginary frequencies. The
corresponding I-Br distances are 3.13 A, with C-I-Br angles of 163°. The triazolium moieties
are slightly bent towards the bromide (with an angle of about 13°), but the energetic penalty

for this seems to be less than the interaction energy gained by the third complexation.

Figure F2 — CYLview plot!™® of the tridentate minimum structure (side view).
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Figure F3 — CYLview plot"™"® of the tridentate minimum structure (top view).

Coordinates of the complex:

zOoOzZzOoOzzOoOzzIDITOOOOOOM@X
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2.27979100
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-3.87204000
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