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General Information

All solvents were dried or distilled prior to use according to the standard methods
unless otherwise noted. THF was distilled over Na/benzophenone and toluene was
distilled over Na. Reagents were purchased from commercial sources at the highest
commercial quality. TSNz was 75% w/w in ethyl acetate solution. All products could
be purified by column chromatography using petroleum ether (PE) and ethyl acetate
(EA) as eluent. Glassware was dried in an oven before use. All new compounds were
characterized by NMR spectroscopy, IR spectroscopy, high-resolution mass
spectroscopy (HRMS).

'H and ®C NMR spectra were recorded on Bruker 500 spectrometer (*H at 500
MHz and 3C at 125 MHz). Chemical shifts for *H NMR spectra are reported as & in
units of parts per million (ppm) downfield from SiMes (& 0.00) and relative to the
signal of SiMes (8 0.00 singlet). *H NMR splitting patterns are designated as singlet
(s), doublet (d), triplet (t), quartet (q), multiplets (m), doublet of doublet (dd), triplet
of doublet (td). Coupling constants are reported as a J value in Hz. 3C NMR spectra
are reported as 0 in units of parts per million (ppm) downfield from SiMes (6 0.00)
and relative to the signal of chloroform-d (& 77.00 triplet).3C NMR spectra were
recorded on the same spectrometer with complete proton decoupling.

Infrared (IR) spectra were measured on Thermofisher Nicolet iN10 FM-IR
spectrometer using KBr plates. High resolution mass spectral analysis (HRMS) was
performed a Bruker Daltonics APEX Il 47e FT-ICR mass spectrometer by using
electrospray ionization (ESI) techniques or performed on Bruker solariX 7.0T. Single
crystal X-ray diffraction measurements were performed on an Agilent
SuperNova-CCD X-ray diffractometer.

Column chromatographic was performed on 200-300 mesh silica gel and reactions
were monitored by thin layer chromatography (TLC) using silica gel GF254 plates.
Visualisation was by ultraviolet fluorescene (A = 254 nm) and staining with

phosphomolybdic acid.
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Preparation of substrates

N*-sulfonyl-1,2,3-triazoles 1a,* 1b,% 1c,® 1d,* 1e,° 1f.° 19,2 1h,” 1i2 1j,° 1k,© 1,

1m?*? were synthesized according to literatures.
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Saturated heterocycles 2a—2i are commercially available.
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Conditions optimization

The reaction condition optimization for N-heteroalkylations 1,2,3-triazoles?®

NBS 3a Br
O v j Visibl light "\ N,ijh
Solvent T 0 N=

2a T 1a 4a
entry R’ NBS 3a solvent conditions yield 4a (%)
1 Ts  1.5equiv. THF 90 €, 3.0 h, Ar 9
2 Ts  1.5equiv. THF 90 <C, 12.0 h, Ar 20
3 Ts  1.5equiv. PhCI 90 C, 12.0 h, Ar 42
4 Ts  1.5equiv. PhCI 90 C, 12.0 h, air 56
5 Ts  1.5equiv. PhCI 80 <C, 12.0 h, air 34
6 Ts  1.5equiv. PhCI 100 <C, 3.0 h, air 55
7 Ts  1.5equiv. PhCF3 90 <C, 12.0 h, air 58
8 Ts 1.5 equiv. PhBr 90 <C, 12.0 h, air 61
9 Ts  1.5equiv. PhF 90 <C, 12.0 h, air 68
10 Ts  2.0equiv. PhF 90 <C, 12.0 h, air 76
11 Ts 3.0 equiv. PhF 90 <C, 12.0 h, air 85
12 Ms 3.0 equiv. PhF 90 <C, 12.0 h, air 79

@Unless noted, all reactions were carried out on a 0.20 mmol scale (1a/2a = 1.0/1.2) in

2.0 mL solvent. PIsolated yields.
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The reaction condition optimization for N'-heteroalkylations 1,2,3-triazoles®?

e Visible light &
isible light S
L j O
2a 5a

entry R NBS 3a solvent conditions yield 5a (%)
1 Ts 0.2 equiv. DCM rt., 3.0 h, Ar 13

2 Ts 0.2 equiv. DCM r.t., 3.0 h, air 8

3 Ts 0.4 equiv. DCM rt., 3.0 h, Ar 20

4 Ts 0.6 equiv. DCM rt., 3.0 h, Ar 31

5 Ts 1.2 equiv. DCM rt., 3.0 h, Ar 40

6 Ts  1.5equiv. DCM rt., 3.0 h, Ar 52

7 Ts  1.5equiv. Chloroform rt., 3.0 h, Ar trace
8 Ts 1.5 equiv. 1,2-DCE r.t., 3.0 h, Ar trace
9 Ts  1.5equiv. Mesitylene rt., 3.0 h, Ar trace
10 Ts  1.5equiv. THF rt., 3.0 h, Ar 70
11 Ts  1.5equiv. Acetone rt., 3.0 h, Ar 20
12 Ts  1.5equiv. MeCN rt., 3.0 h, Ar trace
13 Ts  1.5equiv. MeOH rt., 3.0 h, Ar trace
14 Ts  1.5equiv. DMSO rt., 3.0 h, Ar trace
15 Ts  1.5equiv. Cyclohexane rt., 3.0h, Ar 89
16 Ts  1.5equiv. Hexane r.t.,3.0h, Ar 94
17 Ms 1.5 equiv. Hexane rt.,3.0h, Ar 90

aUnless noted, all reactions were carried out on a 0.20 mmol scale (1a/2a = 1.0/1.2) in

2.0 mL solvent. Isolated yields.
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Crude 'H NMR Spectra of Compounds 4a and 5a in CDCl3

Crude Spectrum
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The corresponding reactions were performed under optimal conditions, products of
direct N2-alkylation (4a"), N3-alkylation, and a-N*-1,2,3-triazole-g-bromination (5a")

were not observed.

X-ray structure
The single crystal was obtained by slow evaporation of a saturated solution in ethyl
acetate in a lossely capped vial. Structure information was deposited at the Cambridge

Crystallographic Data Center (CCDC).

0600 ¢

Fig. X-ray crystallographic sturcture of 4c (CCDC 1974384).
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General Procedure A: Syntheses of products 4

A common ring-shaped white light LED lamp (5W) was used as the light source
emitter of visible light in our reaction. For further confirmation of wavelength, we
measured the wavelength of this LED lamp by a spectrometer (HORIBA Jobin Yvon
S.A.S) coupled with a CCD (Charge-Coupled Device). As below figure shown, the
result indicate that the wavelength of the current white light LED lamp is between 400

nm and 780 nm.
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Details of experiment procedure:

R NX'S 3 (3.0 equiv.) X "
N Visible light N
>+ N T el
O x N PhF,90°C, 12.0h,air (X N
2 n=1,2 Ts 4 4

N*-tosyl-1,2,3-triazoles 1 (0.20 mmol), saturated heterocycles 2 (0.24 mmol),
N-halogenated succinimide NX'S 3 (0.60 mmol) and PhF (2.0 mL) were added to an
oven-dried 10.0 mL reaction tube. The reaction
tube is placed in the center directly below the
white light LED lamp which is placed 10 cm
above reactor (as right photo shown). The
reaction mixture was stirred at 90 € for 12.0 '8 ',
hours. After triazole was completely consumed
by TLC analysis, the reaction mixture was
cooled to room temperature, and directly 4

purified by flash chromatography (PE/EA =

50:1) to afford the products 4.
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General Procedure B: Syntheses of products 5

The condition of photocatalytic was the same as General Procedure A. The

wavelength of the current white light LED lamp is between 400 nm and 780 nm.

- -

N
IR 7N

oy NBS 3a (1.5 equiv.) ey

v R Y ' v Ph
Nes N Visible light N S
0T - L
Osx N Hexane, r.t., 3.0 h, Ar (=X N=N
2 n=1,2 Ts 4 5

N*-tosyl-1,2,3-triazoles 1 (0.20 mmol), saturated heterocycles 2 (0.24 mmol), NBS
3a (53.4 mg, 0.30 mmol) and hexane (2.0 mL) were added to an oven-dried 10.0 mL
flask under argon atmosphere. The flask is placed in the center directly below the
white light LED lamp which is placed 10 cm above reactor. The reaction mixture was
stirred at room temperature for 3.0 hours. After triazole was completely consumed by
TLC analysis, the reaction mixture was directly purified by flash chromatography

(PE/EA = 30:1) to afford the products 5.

Synthetic transformations and applications

Transformation of product 4a via Keck reaction®?

PSS AIBN (0.1 equiv.), N
b~ Sn(Bu); O_ j
O< j Benzene, 90 °C, 12.0 h
1.2 equiv. 6. 829
s (]

Product 4a (58.6 mg, 0.20 mmol), allyltributyltin (79.5 mg, 0.24 mmol), AIBN (3.3

mg, 0.02 mmol) and benzene (2.0 mL) were added to an oven-dried 10.0 mL sealed
tube under argon atmosphere. The reaction was stirred at 90 €€ for 12.0 hours. After
triazole was completely consumed by TLC analysis, the reaction was cooled to room
temperature, then the reaction mixture was directly purified by flash chromatography

(PE/EA =80:1) to afford 6 (41.8 mg) in 82% vyield.
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Synthesis of bioactive compound RADS51 inhibitor

ZnCl, (1.2 equiv.), Ar O O
12DCE 50°C,4.0h
Ph NN NH

SOZBn '50,8n
1.5 equiv.
50 taa RADS51 inhibitors 7, 90%

Product 50 (86.0 mg, 0.20 mmol), indole (35.1 mg, 0.30 mmol), Zinc chloride (32.7

mg, 0.24 mmol) and 1,2-DCE (2.0 mL) were added to an oven-dried 10.0 mL sealed
tube under argon atmosphere. The reaction was stirred at 50 € for 4.0 hours. After
triazole was completely consumed by TLC analysis, the reaction was cooled to room
temperature, then the reaction mixture was directly purified by flash chromatography

(PE/EA =5:1) to afford the RADS51 inhibitor 7 (72.4 mg) in 90% vyield.

Up-scale reaction for product 4a
NBS 3a (3.0 equiv.) S Ph

O v j Visible I|ght \ N
+ > N\ —
0] 0 N

PhF, reflux, 12.0 h, air

2a 1a (1 .00 mmol) 4a, 73%

N-tosyl-4-phenyl-1,2,3-triazole 1a (1.00 mmol), THF 2a (1.20 mmol), NBS 3a
(0.60 mmol) and PhF (10.0 mL) were added to an oven-dried 50.0 mL sealed flask.
The reaction was placed under white LED light source, stirred and refluxed for 12.0
hours. After triazole was completely consumed by TLC analysis, the reaction was
cooled to room temperature, the reaction mixture was directly purified by flash

chromatography (PE/EA = 50:1) to afford the products 4a (213.9 mg) in 73% yield.
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Characterization data for compounds

trans-2-(3-bromotetrahydrofuran-2-yl)-4-phenyl-1,2,3-triazole (4a)

0 N 4a

Compound 4a was obtained from triazole 1a, THF 2a and NBS 3a via the General
Procedure A as a colorless oil (49.8 mg) in 85% yield. 'H NMR (500 MHz, CDCIs) &
7.80 (s, 1H), 7.69 (d, J = 7.0 Hz, 2H), 7.34 (t, J = 7.5 Hz, 2H), 7.28 (t, J = 7.5 Hz, 1H),
6.41 (s, 1H), 4.74 — 4.73 (m, 1H), 4.35 — 4.27 (m, 2H), 3.09 — 3.02 (m, 1H), 2.38 —
2.35 (m, 1H); 3C NMR (125 MHz, CDCls) § 148.6, 131.9, 129.8, 128.9, 128.7,
126.0, 98.2, 69.3, 48.6, 35.3; IR (cm™): v 3441, 2978, 1609, 1477, 1296, 1086, 1055,
979, 769, 693; HRMS: m/z (ESI) calcd for C12H13BrNsO (M+H)* 294.0237, found
294.0239.

trans-2-(3-bromotetrahydrofuran-2-yl)-4-(4-chlorophenyl)-1,2,3-triazole (4b)

Cl
Br

~

/N\
Bl
0

N 4b

Compound 4b was obtained from triazole 1b, THF 2a and NBS 3a via the General
Procedure A as a colorless oil (45.8 mg) in 70% yield. 'H NMR (500 MHz, CDCls) &
7.79 (s, 1H), 7.63 (d, J = 7.0 Hz, 2H), 7.32 (d, J = 7.0 Hz, 2H), 6.40 (s, 1H), 4.74 —
4.73 (m, 1H), 4.35 — 4.28 (m, 2H), 3.08 — 3.01 (m, 1H), 2.41 — 2.36 (m, 1H); 13C
NMR (125 MHz, CDCls) 6 147.6, 134.6, 131.9, 129.1, 128.3, 127.3, 98.3, 69.3, 48 .4,
35.3; IR (cm™?): v 3448, 2926, 1479, 1378, 1306, 1085, 1051, 980, 833, 818; HRMS:
m/z (ESI) calcd for C12H19BrCIN3O (M+H)* 326.9847, found 326.9843.
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trans-2-(3-bromotetrahydrofuran-2-yl)-4-(4-nitrophenyl)-1,2,3-triazole (4c)

NO,

0 N 4c

Compound 4c was obtained from triazole 1c, THF 2a and NBS 3a via the General
Procedure A as a colorless soild (54.1 mg) in 80% yield. m.p.: 82 <C. 'H NMR (500
MHz, CDCls) & 8.20 (d, J = 8.0 Hz, 2H), 7.93 (s, 1H), 7.88 (d, J = 7.5 Hz, 2H), 6.43
(s, 1H), 4.75 — 4.74 (m, 1H), 4.36 — 4.30 (m, 2H), 3.08 — 3.01 (m, 1H), 2.43 — 2.37 (m,
1H); 13C NMR (125 MHz, CDCls) & 147.7, 146.3, 136.0, 132.7, 126.6, 124.2, 98.5,
69.5, 48.2, 35.2; IR (cm™?): v 3448, 2902, 1603, 1518, 1342, 1297, 1085, 1055, 981,
855; HRMS: m/z (ESI) calcd for C12H12BrNsO3z (M+H)™ 339.0087, found 339.0089.

trans-2-(3-bromotetrahydrofuran-2-yl)-4-(p-tolyl)-1,2,3-triazole (4d)

Compound 4d was obtained from triazole 1d, THF 2a and NBS 3a via the General
Procedure A as a colorless oil (36.8 mg) in 60% yield. 'H NMR (500 MHz, CDCIs) &
7.78 (s, 1H), 7.59 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 7.5 Hz, 2H), 6.40 (s, 1H), 4.75 —
4.74 (m, 1H), 4.35 — 4.27 (m, 2H), 3.10 — 3.02 (m, 1H), 2.40 — 2.34 (m, 1H), 2.30 (s,
3H); 1*C NMR (125 MHz, CDCls) & 148.7, 138.7, 131.8, 129.5, 127.0, 125.9, 98.2,
69.3, 48.6, 35.3, 21.3; IR (cm™): v 3438, 2924, 2360, 1735, 1620, 1296, 1083, 1055,
981, 821; HRMS: m/z (ESI) calcd for Ci3HisBrN3sO (M+H)* 308.0393, found
308.0399.

trans-2-(3-bromotetrahydrofuran-2-yl)-4-(4-methoxyphenyl)-1,2,3-triazole (4e)

N
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Compound 4e was obtained from triazole 1e, THF 2a and NBS 3a via the General
Procedure A as a colorless oil (40.1 mg) in 62% yield. 'H NMR (500 MHz, CDCls) §
7.74 (s, 1H), 7.63 (d, J = 8.5 Hz, 2H), 6.88 (d, J = 8.5 Hz, 2H), 6.40 (s, 1H), 4.75 —
4.74 (m, 1H), 4.35 — 4.27 (m, 2H), 3.77 (s, 3H), 3.10 — 3.03 (m, 1H), 2.40 — 2.36 (m,
1H); 13C NMR (125 MHz, CDCls) & 160.1, 148.5, 131.5, 127.4, 122.5, 114.3, 98.1,
69.2, 55.3, 48.6, 35.4; IR (cm™): v 3448, 2959, 1614, 1469, 1252, 1176, 1092, 1035,
992, 836; HRMS: m/z (ESI) calcd for Ci3HisBrN3O (M+H)" 324.0342, found
324.0349.

trans-2-(3-bromotetrahydrofuran-2-yl)-4-(naphthalen-2-yl)-1,2,3-triazole (4f)

N /N\ i
= =
o N

Compound 4f was obtained from triazole 1f, THF 2a and NBS 3a via the General

4f

Procedure A as a colorless oil (48.7 mg) in 71% yield. 'H NMR (500 MHz, CDCls) &
8.12 (s, 1H), 7.89 (s, 1H), 7.80 — 7.76 (m, 3H), 7.73 (d, J = 6.5 Hz, 1H), 7.41 — 7.36
(m, 2H), 6.43 (s, 1H), 4.75 — 4.74 (m, 1H), 4.35 — 4.26 (m, 2H), 3.08 — 3.01 (m, 1H),
2.37 — 2.33 (m, 1H); 13C NMR (125 MHz, CDCls) § 148.6, 133.4, 133.3, 132.1,
128.6, 128.1, 127.7, 127.1, 126.5, 126.4, 125.0, 123.8, 98.2, 69.3, 48.6, 35.3; IR
(cm™): v 3454, 3051, 2970, 2905, 1434, 1298, 1086, 1052, 828, 752; HRMS: m/z
(ESI) calcd for C16H15BrNsO (M+H)* 344.0393, found 344.0398.

trans-2-(3-bromotetrahydrofuran-2-yl)-4-(2-bromothiophen-3-yl)-1,2,3-triazole (49)

Compound 4g was obtained from triazole 1g, THF 2a and NBS 3a via the General
Procedure A as a colorless oil (56.5 mg) in 75% yield. 'H NMR (500 MHz, CDCIs) §
8.15 (s, 1H), 7.28 (d, J = 5.0 Hz, 1H), 7.24 (d, J = 5.0 Hz, 1H), 6.42 (s, 1H), 4.73 (s,

1H), 4.35 — 4.31 (m, 2H), 3.10 — 3.03 (m, 1H), 2.41 — 2.36 (M, 1H); 3C NMR (125
S11



MHz, CDCls) ¢ 143.2, 133.0, 130.6, 127.9, 126.7, 110.2, 98.2, 69.4, 48.5, 35.3; IR
(cm™t): v 3445, 2916, 1476, 1298, 1088, 1055, 979, 765; HRMS: m/z (ESI) calcd for
C10H10Br2N3OS (M+H)* 377.8906, found 377.8902.

trans-1-(2-(3-bromotetrahydrofuran-2-yl)-1,2,3-triazol-4-yl)ethan-1-one and
trans-2-bromo-1-(2-(3-bromotetrahydrofuran-2-yl)-1,2,3-triazol-4-yl)ethan-1-one (4h
and 4h")

Br 0 Br 0 B
= N\ = /N\ r
0 NT s 0 N7 an

4h:4h'=1:1

The 1:1 mixture of 4h and 4h' was obtained from triazole 1h, THF 2a and NBS 3a via
the General Procedure A as a colorless oil (35.8 mg) in 60% vyield. *"H NMR (500
MHz, CDCls) & 8.09 (s, 1H), 8.00 (s, 1H), 6.43 (s, 1H), 6.42 (s, 1H), 4.70 (s, 2H), 4.44 (s,
2H), 4.36 — 4.32 (m, 4H), 3.03 — 2.98 (M, 2H), 2.54 (s, 3H), 2.44 — 2.38 (m, 2H); 3C
NMR (125 MHz, CDCls) 6 184.8 (191.9), 144.8 (147.6), 135.5 (136.4), 98.8 (99.0), 69.7
(69.8), 48.0 (48.1), 35.0 (35.1), 27.3 (31.3); IR (cm™2): v 3448, 3133, 2982, 2903, 1697,
1296, 1094, 1056, 991, 805; HRMS: m/z (ESI) calcd for CgH11BrN3O, (M+H)*
260.0029, found 260.0036; CsH10Br2N30. (M+H)* 337.9134, found 337.9140.

trans-2-(3-bromotetrahydrofuran-2-yl)-benzo[d][1,2,3]triazole (4i)

Compound 4i was obtained from triazole 1i, THF 2a and NBS 3a via the General
Procedure A as a colorless oil (22.4 mg) in 42% yield. 'H NMR (500 MHz, CDCls) &
7.80 (dd, J = 7.0, 3.0 Hz, 2H), 7.34 (dd, J = 6.5, 3.0 Hz, 2H), 6.68 (s, 1H), 4.80 (d, J =
5.0Hz, 1H), 4.49 — 4.45 (m, 1H), 4.43 — 4.38 (m, 1H), 3.14 — 3.07 (m, 1H), 2.45 —
2.40 (m, 1H); 3C NMR (125 MHz, CDCls) § 144.4, 127.1, 118.5, 99.8, 70.0, 48.9,
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35.1; IR (cmt): v 3426, 2928, 1624, 1385, 1265, 1119, 856, 747; HRMS: m/z (ESI)
calcd for C10H11BrN3O (M+H)* 268.0080, found 268.0089.

trans-2-(3-bromotetrahydro-pyran-2-yl)-4-phenyl-1,2,3-triazole (4j)

Compound 4j was obtained from triazole 1a, tetrahydropyran 2b and NBS 3a via the
General Procedure A as a colorless oil (35.6 mg) in 58% yield. 'H NMR (500 MHz,
CDCls) 6 7.88 (s, 1H), 7.75 (d, J = 7.5 Hz, 2H), 7.35 (t, J = 7.0 Hz, 2H), 7.28 (t, J =
7.0 Hz, 1H), 5.66 — 5.63 (m, 1H), 4.72 — 4.67 (m, 1H), 4.13 — 4.09 (m, 1H), 3.75 —
3.69 (m, 1H), 2.63 — 2.59 (m, 1H), 2.14 — 2.06 (m, 1H), 1.94 — 1.86 (m, 1H), 1.72 —
1.68 (m, 1H); 3C NMR (125 MHz, CDCl3) & 148.7, 132.1, 129.8, 128.8, 128.8,
126.2, 92.7, 68.1, 46.9, 34.5, 26.7; IR (cm™): v 3456, 2953, 1455, 1396, 1300, 1069,
1039, 944, 779, 731; HRMS: m/z (ESI) calcd for C13H1sBrN3sO (M+H)*™ 308.0393,
found 308.0401.

trans-2-(3-bromo-1,4-dioxan-2-yl)-4-phenyl-1,2,3-triazole (4k)

Br

N

0—  N=

0 N 4k

Compound 4k was obtained from triazole 1a, 1,4-dioxane 2c and NBS 3a via the
General Procedure A as a colorless oil (30.9 mg) in 50% yield. 'H NMR (500 MHz,
CDCls) § 7.92 (s, 1H), 7.75 (d, J = 7.0 Hz, 2H), 7.38 (dd, J = 7.5, 7.0 Hz, 2H), 7.31 (t,
J =7.5Hz, 1H), 6.85 (s, 1H), 6.05 (s, 1H), 4.38 (td, J = 12.0, 3.0 Hz, 1H), 4.18 (dd, J
=12.0, 2.5 Hz, 1H), 3.80 (d, J = 11.0 Hz, 2H); 2*C NMR (125 MHz, CDCls) § 148.8,
132.3, 129.6, 129.0, 128.9, 126.2, 87.4, 82.8, 61.5, 61.0; IR (cm™™): v 3435, 2925,
1627, 1457, 1385, 1124, 1102, 977, 942, 769; HRMS: m/z (ESI) calcd for
C12H13BrN3zO2 (M+H)* 310.0186, found 310.0194.
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trans-2-(3-bromotetrahydrothiophen-2-yl)-4-phenyl-1,2,3-triazole (41)

Br

D
=N >
s N

Compound 4l was obtained from triazole 1a, tetrahydrothiophene 2d and NBS 3a via

4

the General Procedure A as a colorless oil (32.8 mg) in 53% vyield. *H NMR (500
MHz, CDCls) 5 7.81 (s, 1H), 7.70 (d, J = 7.0 Hz, 2H), 7.36 (t, J = 7.5 Hz, 2H), 7.29 (¢,
J=7.5Hz 1H), 6.33 (d, J = 2.5 Hz, 1H), 4.92 (dd, J = 7.5, 4.5 Hz, 1H), 3.31 — 3.23
(m, 2H), 3.03 — 2.96 (m, 1H), 2.53 — 2.48 (m, 1H); 13C NMR (125 MHz, CDCls) &
148.6, 132.0, 129.8, 128.9, 128.8, 126.0, 78.0, 53.4, 38.9, 31.2; IR (cm™): v 3449,
1536, 1475, 1293, 1205, 1092, 992, 978, 808, 769; HRMS: m/z (ESI) calcd for
C12H13BrNsS (M+H)* 310.0008, found 310.0013.

2-(3,3-dibromo-1-tosylpyrrolidin-2-yl)-4-phenyl-1,2,3-triazole (4m)
bi r©

Compound 4m was obtained from triazole 1a, N-tosylpyrrolidine 2e and NBS 3a via

the General Procedure A as a colorless oil (62.9 mg) in 60% vyield. *H NMR (500
MHz, CDCls) § 7.73 (d, J = 7.0 Hz, 2H), 7.45 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 7.0 Hz,
4H), 7.08 (d, J = 8.0 Hz, 2H), 6.50 (s, 1H), 3.77 — 3.74 (m, 2H), 3.45 — 3.38 (M, 1H),
2.90 — 2.86 (m, 1H), 2.20(s, 3H); 13C NMR (125 MHz, CDCls) & 146.2, 144.4, 134.3,
130.0, 129.6, 129.2, 128.5, 128.3, 127.4, 127.1, 86.0, 58.6, 46.8, 44.9, 21,4; IR (cm2):
v 3448, 2924, 1597, 1454, 1360, 1167, 1127, 1040, 1007, 770; HRMS: m/z (ESI)
calcd for C19H19BroN4O2S (M+H)* 524.9590, found 524.9585.
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trans-2-(3-chlorotetrahydrofuran-2-yl)-4-phenyl-1,2,3-triazole (4n)

cl
= /N\
=
0 N 4n

Compound 4n was obtained from triazole 1a, THF 2a and NCS 3b via the General
Procedure A as a colorless oil (30.4 mg) in 61% yield. 'H NMR (500 MHz, CDCls) §
7.82 (s, 1H), 7.71 (d, J = 8.0 Hz, 2H), 7.36 (t, J = 7.5 Hz, 2H), 7.30 (t, J = 7.5 Hz, 1H),
6.30 (s, 1H), 4.80 — 4.79 (m, 1H), 4.37 — 4.28 (m, 2H), 3.03 — 2.96 (m, 1H), 2.33 —
2.29 (m, 1H); 3C NMR (125 MHz, CDCls) & 148.7, 132.0, 129.8, 128.9, 128.8,
126,1, 97.8, 69.2, 60.1, 34.8; IR (cm™): v 3448, 2924, 1630, 1477, 1384, 1297, 1088,
1062, 980, 770; HRMS: m/z (ESI) calcd for C12H13CIN3O (M+H)* 250.0742, found
250.0747.

trans-2-(3-iodotetrahydrofuran-2-yl)-4-phenyl-1,2,3-triazole (40)

d

= /N\
= >

0 N 4o

Compound 40 was obtained from triazole 1a, THF 2a and NIS 3c via the General

Procedure A as a colorless oil (35.5 mg) in 52% yield. 'H NMR (500 MHz, CDCls) &
7.82 (s, 1H), 7.71 (d, J = 7.0 Hz, 2H), 7.36 (t, J = 7.5 Hz, 2H), 7.30 (t, J = 7.5 Hz, 1H),
6.50 (s, 1H), 4.74 — 4.72 (m, 1H), 4.34 — 4.23 (m, 2H), 3.03 — 2.95 (m, 1H), 2.41 —
2.34 (m, 1H); C NMR (125 MHz, CDCIls) & 148.6, 131.9, 129.9, 128.9, 128.8,
126.1, 100.1, 69.5, 37.2, 21.1; IR (cm™): v 3448, 2970, 1637, 1477, 1294, 1084, 1047,
979, 802, 769; HRMS: m/z (ESI) calcd for C12H13IN3O (M+H)* 342.0098, found
342.0108.

trans-2-(3-bromotetrahydrofuran-2-yl-2,3,4,4,5,5-ds)-4-phenyl-1,2,3-triazole (4p)
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Compound 4p was obtained from triazole 1a, THF-dg 2f and NBS 3a via the General
Procedure A as a colorless oil (44.7 mg) in 78% yield. '"H NMR (500 MHz, CDCls) §
7.81 (s, 1H), 7.70 (d, J = 8.5 Hz, 2H), 7.35 (t, J = 7.5 Hz, 2H), 7.28 (t, J = 7.5 Hz, 1H);
13C NMR (125 MHz, CDCls) & 148.7, 132.0, 129.9, 128.9, 128.9, 126.1, 98.3, 69.4,
48.6, 35.4; IR (cm): v 3128, 3076, 3036, 2239, 1459, 1298, 1078, 1043, 978, 771;
HRMS: m/z (ESI) calcd for C12H7DsBrNsO (M+H)* 300.0613, found 300.0620.

4-phenyl-1-(tetrahydrofuran-2-yl)-1,2,3-triazole (5a)'*

Compound 5a was obtained from triazole 1a, THF 2a and NBS 3a via the General
Procedure B as a colorless oil (40.4 mg) in 94% yield. *H NMR (500 MHz, CDClz) 6
7.79 (s, 1H), 7.72 (d, J = 7.5 Hz, 2H), 7.34 (t, = 7.5 Hz, 2H), 7.27 (t, J = 7.5 Hz, 1H),
6.26 — 6.25 (m, 1H), 4.14 — 4.10 (m, 1H), 4.00 — 3.96 (m, 1H), 2.65 — 2.59 (m, 1H),
2.42 —2.29 (m, 2H), 2.05 — 1.97 (m, 1H).

4-(4-chlorophenyl)-1-(tetrahydrofuran-2-yl)-1,2,3-triazole (5b)*°

Cl

~
[
o NN g

Compound 5b was obtained from triazole 1b, THF 2a and NBS 3a via the General

Procedure B as a colorless oil (34.4 mg) in 69% yield. 'H NMR (500 MHz, CDCIs) &
7.77 (s, 1H), 7.65 (d, J = 8.5 Hz, 2H), 7.31 (d, J = 8.5 Hz, 2H), 6.25 (dd, J = 6.5, 2.0
Hz, 1H), 4.14 — 4.09 (m, 1H), 4.05 — 3.96 (m, 1H), 2.64 — 2.58 (m, 1H), 2.38 — 2.33
(m, 2H), 2.06 — 1.99 (m, 1H).
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1-(tetrahydrofuran-2-yl)-4-(p-tolyl)-1,2,3-triazole (5¢)*

S
Bl
0 N/N 5¢c

Compound 5c was obtained from triazole 1d, THF 2a and NBS 3a via the General

Procedure B as a colorless oil (39.4 mg) in 86% yield. 'H NMR (500 MHz, CDCIs) §
7.75 (s, 1H), 7.60 (d, J = 8.0 Hz, 2H), 7.14 (d, J = 7.5 Hz, 2H), 6.24 (dd, J = 7.0, 2.5
Hz, 1H), 4.11 — 4.08 (m, 1H), 3.99 — 3.94 (m, 1H), 2.63 — 2.58 (m, 1H), 2.41 — 2.29
(m, 5H), 2.04 — 1.95 (m, 1H).

4-(4-methoxyphenyl)-1-(tetrahydrofuran-2-yl)-1,2,3-triazole (5d)*®

N
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Compound 5d was obtained from triazole 1e, THF 2a and NBS 3a via the General

Procedure B as a colorless oil (44.6 mg) in 91% yield. 'H NMR (500 MHz, CDCls) &
7.72 (s, 1H), 7.64 (d, J = 9.0 Hz, 2H), 6.87 (d, J = 9.0 Hz, 2H), 6.24 (dd, J = 7.0, 2.5
Hz, 1H), 4.13 — 4.08 (m, 1H), 3.99 — 3.95 (m, 1H), 3.75 (s, 3H), 2.65 — 2.58 (M, 1H),
2.41 —2.29 (m, 2H), 2.05 — 1.96 (m, 1H).

4-butyl-1-(tetrahydrofuran-2-yl)-1,2,3-triazole (5¢)*’

Compound 5e was obtained from triazole 1j, THF 2a and NBS 3a via the General
Procedure B as a colorless oil (35.1 mg) in 90% yield. 'H NMR (500 MHz, CDCls) &
7.32 (s, 1H), 6.17 (dd, J = 6.5, 2.5 Hz, 1H), 4.07 — 4.03 (m, 1H), 3.97 — 3.92 (m, 1H),
2.60 (t, J = 7.5 Hz, 2H), 2.57 — 2.54 (m, 1H), 2.33 — 2.28 (m, 2H), 2.03 — 1.96 (m, 1H),
1.60 — 1.54 (m, 2H), 1.35 — 1.27 (m, 2H), 0.86 (t, J = 7.5 Hz, 3H).
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4-(tert-butyl)-1-(tetrahydrofuran-2-yl)-1,2,3-triazole (5f)

~

N/N

Compound 5f was obtained from triazole 1k, THF 2a and NBS 3a via the General
Procedure B as a colorless oil (31.2 mg) in 80% yield. 'H NMR (500 MHz, CDCIs) §
7.35 (s, 1H), 6.17 — 6.16 (m, 1H), 4.05 (g, J = 7.0 Hz, 1H), 3.93 (q, J = 7.0 Hz, 1H),
2.59 — 2.54 (m, 1H), 2.35 — 2.25 (m, 2H), 2.03 — 1.95 (m, 1H), 1.25 (s, 9H); 13C NMR
(125 MHz, CDCls) & 157.8, 131.0, 91.8, 69.3, 31.1, 30.8, 30.3, 24.5; IR (cm™): v
2965, 2932, 2906, 2872, 1513, 1462, 1297, 1229, 1072, 1015, 813, 729; HRMS: m/z
(ESI) calcd for C1oH18N30 (M+H)* 196.1444, found 196.1450.

4-cyclohexyl-1-(tetrahydrofuran-2-yl)-1,2,3-triazole (5g)*’

Compound 5g was obtained from triazole 1l, THF 2a and NBS 3a via the General
Procedure B as a colorless oil (40.3 mg) in 91% yield. 'H NMR (500 MHz, CDCls) &
7.32 (s, 1H), 6.17 — 6.16 (m, 1H), 4.07 — 4.02 (m, 1H), 3.96 — 3.91 (m, 1H), 2.66 —
2.62 (m, 1H), 2.57 — 2.53 (m, 1H), 2.36 — 2.25 (m, 2H), 2.02 — 1.92 (m, 3H), 1.73 (d,
J=12 Hz, 2H), 1.64 (d, J = 12.5 Hz, 1H), 1.39 — 1.27 (m, 4H), 1.22 — 1.17 (m, 1H).

methyl 1-(tetrahydrofuran-2-yl)-1,2,3-triazole-4-carboxylate (5h)

ﬁ)k

N/N

Compound 5h was obtained from triazole 1m, THF 2a and NBS 3a via the General
Procedure B as a colorless oil (32.4 mg) in 83% yield. 'H NMR (500 MHz, CDCls) §
8.00 (s, 1H), 6.29 (dd, J = 6.5, 2.5 Hz, 1H), 4.16 — 4.12 (m, 1H), 4.02 — 3.98 (m, 1H),
3.88 (s, 3H), 2.58 — 2.52 (m, 1H), 2.39 — 2.33 (m, 2H), 2.06 — 1.98 (m, 1H); 3C NMR
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(125 MHz, CDCl3) 6 161.0, 139.7, 137.1, 93.3, 69.9, 52.2, 31.7, 24.2; IR (cm™): v
3141, 2958, 2897, 1733, 1513, 1439, 1299, 1227, 955, 890; HRMS m/z (ESI) calcd
for CgH11N3NaO3 (M+Na)* 220.0693, found 220.0691.

1-(tetrahydrofuran-2-yl)-benzo[d][1,2,3]triazole (5i)*®

o NN g

Compound 5i was obtained from triazole 1i, THF 2a and NBS 3a via the General
Procedure B as a colorless oil (32.5 mg) in 86% yield. 'H NMR (500 MHz, CDCls) &
8.00 (d, J = 8.0 Hz, 1H), 7.64 (d, J = 8.5 Hz, 1H), 7.43 (t, J = 7.5 Hz, 1H), 7.31 (t, J =
7.5 Hz, 1H), 6.44 (dd, J = 6.5, 2.5 Hz, 1H), 4.05 — 4.01 (m, 1H), 3.99 — 3.94 (m, 1H),
3.12 - 3.07 (M, 1H), 2.49 — 2.42 (m, 1H), 2.37 — 2.29 (m, 1H), 2.15 — 2.10 (m, 1H).

4-phenyl-1-(tetrahydro-2H-pyran-2-yl)-1,2,3-triazole (5j)*’

Compound 5j was obtained from triazole 1a, tetrahydropyran 2b and NBS 3a via the
General Procedure B as a colorless oil (28.4 mg) in 62% yield. 'H NMR (500 MHz,
CDCls) & 7.92 (s, 1H), 7.83 — 7.81 (m, 2H), 7.42 (t, J = 7.5 Hz, 2H), 7.35 (t, J = 7.5
Hz, 1H), 5.75 (dd, J = 9.0, 3.0 Hz, 1H), 4.11 — 4.06 (m, 1H), 3.79 — 3.74 (m, 1H), 2.52
—2.44 (m, 1H), 2.19 — 2.09 (m, 2H), 1.81 — 1.73 (m, 2H), 1.70 — 1.64 (m, 1H).

1-(1,3-dihydroisobenzofuran-1-yl)-4-phenyl-1,2,3-triazole (5k)

Compound 5k was obtained from triazole 1a, 1,3-dihydrobenzofuran 2g and NBS 3a

via the General Procedure B as a colorless oil (41.6 mg) in 79% yield. 'H NMR (500
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MHz, CDCls) & 7.80 (s, 1H), 7.69 (d, J = 7.5 Hz, 2H), 7.39 — 7.36 (m, 2H), 7.32 (t, J
= 7.0 Hz, 3H), 7.29 — 7.23 (m, 3H), 5.44 (d, J = 12.5 Hz, 1H), 5.16 (d, J = 12.5 Hz,
1H); 3C NMR (125 MHz, CDCls) & 148.4, 139.9, 135.4, 132.3, 130.1, 129.7, 128.8,
128.6, 128.0, 126.1, 122.8, 121.3, 95.5, 74.0; IR (cm™Y): v 3055, 2990, 2949, 2887,
1629, 1542, 1464, 1436, 1342, 1275, 1073, 900, 750, 697; HRMS m/z (ESI) calcd for
C16H13NaNaO (M+Na)* 286.0951, found 286.0950.

1-(isochroman-1-yl)-4-phenyl-1,2,3-triazole (51)*°

o~

d NNy

Compound 5l was obtained from triazole 1a, isochromane 2h and NBS 3a via the
General Procedure B as a colorless oil (37.7 mg) in 68% yield. 'H NMR (500 MHz,
CDCls) 6 7.82 (s, 1H), 7.72 (d, J = 7.5 Hz, 2H), 7.42 (t, J = 7.5 Hz, 2H), 7.27 — 7.22
(m, 2H), 7.18 (d, J = 7.5 Hz, 1H), 7.12 (t, J = 7.5 Hz, 1H), 6.98 (s, 1H), 6.94 (d, J =
8.0 Hz, 1H), 4.30 — 4.25 (m, 1H), 4.01 — 3.98 (m, 1H), 3.10 — 3.03 (m, 1H), 2.87 (d, J
= 16.0 Hz, 1H).

4-phenyl-1-(tetrahydrothiophen-2-yl)-1,2,3-triazole (5m)

Compound 5m was obtained from triazole 1la, tetrahydrothiophene 2d and NBS 3a
via the General Procedure B as a colorless oil (37.0 mg) in 80% yield. 'H NMR (500
MHz, CDCls) § 7.78 (s, 1H), 7.72 — 7.70 (m, 2H), 7.35 (t, J = 7.5 Hz, 2H), 7.34 (t, J
= 7.5 Hz, 1H), 6.24 (dd, J = 6.5, 2.5 Hz, 1H), 3.24 — 3.20 (m,1H), 2.97 — 2.92 (m, 1H),
2.72 — 2.69 (m, 1H), 2.59 — 2.51 (m, 1H), 2.33 — 2.27 (M, 1H), 2.26 — 2.19 (M, 1H);
13C NMR (125 MHz, CDCls) § 147.9, 131.3, 130.3, 128.8, 128.5, 126.0, 71.6, 37.5,
33.7, 29.6; IR (cm™): v 3052, 2919, 2849, 1620, 1474, 1458, 1365, 1089, 978, 768,
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692, 556; HRMS m/z (ESI) calcd for Ci2HisNsNaS (M+Na)* 254.0722, found
254.0721.

4-phenyl-1-(1-tosylpyrrolidin-2-yl)-1,2,3-triazole (5n)

™

=N
N N 5
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Compound 5n was obtained from triazole 1a, N-tosylpyrrolidine 2e and NBS 3a via
the General Procedure B as a colorless oil (44.2 mg) in 60% vyield. 'H NMR (500
MHz, CDCl3) & 7.59 (s, 1H), 7.52 (d, J = 7.0 Hz, 2H), 7.36 — 7.31 (m, 4H), 7.27 (t, J
= 7.5 Hz, 1H), 6.98 (d, J = 8.0 Hz, 2H), 6.38 (d, J = 7.0 Hz, 1H), 3.70 — 3.62 (m, 2H),
2.52 — 2.43 (m, 1H), 2.37 — 2.29 (m, 1H), 2.22 — 2.14 (m, 1H), 2.07 (s, 3H), 2.12 —
2.02 (m, 1H); 3C NMR (125 MHz, CDCls) § 147.7, 143.3, 135.5, 130.6, 129.9,
129.2, 128.7, 128.4, 126.8, 125.8, 77.0, 48.2, 35.6, 23.2, 21.2; IR (cm™): v 3500,
2925, 1645, 1456, 1261, 1091, 768; HRMS m/z (ESI) calcd for Ci9H20N4NaO2S
(M+Na)* 391.1199, found 391.1197.

2-(benzylsulfonyl)-1-(4-phenyl-1,2,3-triazol-1-yl)-1,2,3,4-tetrahydroisoquinoline (50)

N\ \N§N 50
SOQBn

Compound 50 was obtained from triazole 1a, N-protected tetrahydroisoquinoline 2i
and NBS 3a via the General Procedure B as a colorless oil (71.4 mg) in 83% vyield. 'H
NMR (500 MHz, CDCls) & 7.97 (s, 1H), 7.84 (d, J = 8.0 Hz, 2H), 7.54 (s, 1H), 7.45
(t, 3= 7.5 Hz, 2H), 7.38 (t, J = 7.5 Hz, 1H), 7.34 — 7.27 (m, 2H), 7.21 — 7.17 (m, 4H),
7.08 (d, J = 7.5 Hz, 1H), 6.95 (d, J = 7.5 Hz, 2H), 4.15 (d, J = 14.0 Hz, 1H), 4.06 (d, J
= 14.0 Hz, 1H), 3.56 — 3.46 (m, 2H), 3.07 — 3.00 (m, 1H), 2.78 (d, J = 16.5 Hz, 1H);
13C NMR (125 MHz, CDCls) § 148.5, 134.3, 130.6, 129.9, 129.7, 129.2, 129.0, 128.9,
128.7, 128.7, 128.7, 128.5, 128.1, 127.8, 126.8, 126.3, 126.1, 71.8, 59.5, 40.8, 29.2;
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IR (cm™): v 2965, 2851, 1508, 1347, 1065, 926, 817; HRMS m/z (ESI) calcd for
C24H22N4NaO2S (M+Na)* 453.1356, found 453.1363.

trans-2-(3-allyltetrahydrofuran-2-yl)-4-phenyl-1,2,3-triazole (6)
{
s Ne
O‘ N\ —
0 N 6

Compound 6 was obtained as a colorless oil (41.8 mg) in 82% yield. *H NMR (500

MHz, CDCls) § 7.81 (s, 1H), 7.73 (d, J = 7.0 Hz, 2H), 7.35 (t, J = 7.5 Hz, 2H), 7.27 (t,
J =75 Hz, 1H), 5.93 (d, J = 7.0 Hz, 1H), 5.75 — 5.67 (m, 1H), 5.05 (d, J = 17.0 Hz,
1H), 5.00 (d, J = 10.0 Hz, 1H), 4.15 (d, J = 7.5 Hz, 1H), 4.09 — 4.05 (m, 1H), 3.08 —
3.01 (m, 1H), 2.50 — 2.44 (m, 1H), 2.35 — 2.29 (m, 1H), 2.25 — 2.19 (m, 1H), 1.81 —
1.76 (m, 1H); 3C NMR (125 MHz, CDCIls) & 148.2, 135.3, 131.5, 130.3, 128.8,
128.5, 126.0, 117.3, 96.6, 69.3, 44.0, 37.1, 30.7; IR(cm™): v 3450, 3059, 1688, 1597,
1345, 1161, 1023, 756, 698, 517; HRMS: m/z: (M+H)* calculated for C1sH1sN30O",
256.1444, found 256.1452.

2-(benzylsulfonyl)-1-(1H-indol-3-yl)-1,2,3,4-tetrahydroisoquinoline (7)%

N\ NH
'50,8Bn

N

Compound 7 was obtained as a colorless oil (72.4 mg) in 90% vyield. *H NMR (500
MHz, CDCI3) & 8.12 (s, 1H), 7.70 (d, J = 7.5 Hz, 1H), 7.34 (d, J = 8.0 Hz, 1H), 7.17
—7.13 (m, 3H), 7.10 — 6.98 (m, 5H), 6.94 (d, J = 8.0 Hz, 1H), 6.80 — 6.80 (m, 1H),
6.76 (d, J = 8.0 Hz, 2H), 6.39 (s, 1H), 3.93 (d, J = 13.5 Hz, 1H), 3.81 (d, J = 13.5 Hz,
1H), 3.43 - 3.39 (m, 1H), 3.12 — 3.06 (M, 1H), 2.96 — 2.87 (m, 1H), 2.66 — 2.62 (m,
1H).

S22



References

1 J. Raushel, V. V. Fokin, Efficient Synthesis of 1-Sulfonyl-1,2,3-triazoles, Org. Lett. 2010, 12,
4952.

2 W. L. Cheng, Y. H. Tang, Z.-F. Xu, C.-Y. Li, Synthesis of Multifunctionalized
2-Carbonylpyrrole by Rhodium-Catalyzed Transannulation of 1-Sulfonyl-1,2,3-triazole
with 8-Diketone, Org. Lett. 2016, 18, 6168.

3 S. Rajasekar, D. Yadagiri, P. Anbarasan, One-Pot Aminoethylation of Indoles/Pyrroles with
Alkynes and Sulfonyl Azides, Chem. - Eur. J. 2015, 21,17079.

4 E. J. Yoo, M.Ahlquist, S. H.Kim, I.Bae, V. V.Fokin, K. B.Sharpless, S.Chang,
Copper-Catalyzed Synthesis of N-Sulfonyl-1,2,3-triazoles: Controlling Selectivity, Angew.
Chem., Int. Ed. 2007, 46, 1730.

5 R.-Q. Ran, J. He, S.-D. Xiu, K.-B. Wang, C.-Y. Li, Synthesis of 3-Pyrrolin-2-ones by
Rhodium-Catalyzed Transannulation of 1-Sulfonyl-1,2,3-triazole with Ketene Silyl Acetal,
Org. Lett. 2014, 16, 3704.

6 X. Cheng, Y. H. Yu, Z. F. Mao, J. X. Chen, X. L. Huang, Facile synthesis of substituted
3-aminofurans through a tandem reaction of N-sulfonyl-1,2,3-triazoles with propargyl
alcohols, Org. Biomol. Chem. 2016, 14, 3878.

7 T.Miura, Q. Zhao, M. Murakami, elective Functionalization of Aromatic C(sp?)-H Bonds in
the Presence of Benzylic C(sp3®)-H Bonds by Electron-Deficient Carbenoids Generated
from 4-Acyl-1-Sulfonyl-1,2,3-Triazoles, Angew. Chem., Int. Ed. 2017, 56, 16645.

8 D. Singh, O. Silakari, Sodium hydrogen exchanger inhibitory activity of benzotriazole
derivatives, Eur. J. Med. Chem. 2017, 126, 183.

9 H. X. Ding, S. G. Hong, N. Zhang, Rhodium(ll)-catalyzed transannulation of
1-sulfonyl-1,2,3-triazoles with 2H-azirines: a new method to dihydropyrazines,
Tetrahedron Letters 2015, 56, 507.

10 N. Selander, B. T. Worrell, V. V. Fokin, Ring Expansion and Rearrangements of Rhodium(ll)
Azavinyl Carbenes, Angew. Chem., Int. Ed. 2012, 51, 13054.

11 T. Miura, T. Biyajima, T. Fujii, M. Murakami, Synthesis of a-Amino Ketones from Terminal
Alkynes via Rhodium-Catalyzed Denitrogenative Hydration of N-Sulfonyl-1,2,3-triazoles, J.
Am. Chem. Soc. 2012, 134, 194.

12 A. Guarnieri-lbafiez, F. Medina, C. Besnard, S. L. Kidd, D. R. Spring, J. Lacour,
Diversity-oriented synthesis of heterocycles and macrocycles by controlled reactions of
oxetanes with a-iminocarbenes, Chem. Sci. 2017, 8, 5713.

13 G. E. Keck, J. B. Yates, Carbon-carbon bond formation via the reaction of
trialkylallylstannanes with organic halides, J. Am. Chem. Soc. 1982, 104, 5829.

14 H. Aruri, U. Singh, S. Sharma, S. Gudup, M. Bhogal, S. Kumar, D. Singh, V. K. Gupta, R.
Kant, R. A. Vishwakarma, P. P. Singh, Cross-Dehydrogenative Coupling of Azoles with
a-C(sp3)-H of Ethers and Thioethers under Metal-Free Conditions: Functionalization of
H—N Azoles via C—H Activation, J. Org. Chem. 2015, 80, 1929.

15L. L. Zhang, H. Yi, J. Wang, A. W. Lei, Visible-Light Mediated Oxidative C—H/N—H
Cross-Coupling between Tetrahydrofuran and Azoles Using Air, J. Org. Chem. 2017, 82,
10704.

16J. W. Wu, Y. Zhou, Y. C. Zhou, C.-W. Chiang, A. W. Lei, Electro-oxidative C(sp3)—-H
Amination of Azoles via Intermolecular Oxidative C(sp3)—H/N—H Cross-Coupling, ACS
Catal. 2017, 7, 8320.

17 P. L. Bao, H. L. Yue, N. Meng, X. H. Zhao, J. S. Li, W. Wei, Copper-Catalyzed
Three-Component Reaction of Alkynes, TMSNs, and Ethers: Regiocontrollable Synthesis
of N'- and N?-Oxyalkylated 1,2,3-Triazoles, Org. Lett. 2019, 21, 7218.

18 A. R. Katritzky, T.-B. Huang, P. J. Steel, Dibenzo[b,h][1,4,7]thiadiazonines: Examples of a
Novel Ring System, J. Org. Chem. 2001, 66, 5601.

19 J.Y. Dong, Q. Xia, C. C. Yan, H. J. Song, Y. X. Liu, Q. M. Wang, C(sp?)—H Azidation Reaction:
A Protocol for Preparation of Aminals, J. Org. Chem. 2018, 83, 4516.

20 J. Guo, Y. Xie, Q.-L. Wu, W.-T. Zeng, A. S. C. Chan, J. Weng, G. Lu, Copper-catalyzed
aerobic decarboxylative coupling between cyclic a-amino acids and diverse C-H
nucleophiles with low catalyst loading, RSC Adv. 2018, 8, 16202.

S23



Copies of NMR spectra

da

0000 —

Sve'e
0see
99€'C
8Ge'C
€9€°C
99€°C
LL€C
€L€T
8.€C
€88C
§loe
Leoe

v0'e
090'¢
cL0e

880°¢
99C'y
Nwm.v/
96C'y F
80€Y
4324
Geey
[4304
3204
8veE'Y
0eL'y
€eLY
8Ly
ovL'y
09—

891°L
€92°L
8LC'L
€62°L
12¢°L
[42°93
16€°L

wwm.m\
00L°L

€08°L

4a

"H NMR spectrum (500 MHz, CDCls)

=o'l

=10}
)@c.w
~/80C
A

£1 (ppm)

06¢°5€ —

eS8y —

597°69\
97291
00022
vsz 10

G81'86 —

£€20'9¢)
mvn.wNﬁW
rmwAwNﬁ\
mmn.mmﬁ\
yi6'LEl

G958yl —

4a

N
13C NMR spectrum (125 MHz, CDCl5)

£1 (ppm)

S24



4b

0000 —

8GEC
eitlond
¢leT
6.€C
18€C
£6€°C
00¥'2
90¥'c
800'¢
€20
Geo'e
ovo'e
¢s0e
€90
890°¢
080t
8Ly
¥6C'y
90€'Y
4304
[4494
62ey
1e€Y
jiston 4
62Ly
9Ly
VLY

€0¥'9 —

SIELN
62EL~
1291,
R
88LL

Cl

4b

"H NMR spectrum (500 MHz, CDCls)

60}

=0}

"80Z
/60T
<H0'L

£1 (ppm)

60€°6€ —

1ersy —

GEE'69
ovLoL
000°24
vez i/

78086 —

812121
£2¢'821 V
£60'62) M
15818177
VEQVEL

9851y —

Cl

/

N

4b

N

N

0]

13C NMR spectrum (125 MHz, CDCls)

T T T T T
200 190 180 170 160 150 140 130 120 110

210

£1 (ppm)

S25



4c

0000 —

2eT
16T
58ee
1662
162
S0z
ez
612
szre
zev'e
110°€
120e
680°€
vr0'e
950'¢
890°¢
z10'¢
80
00g'Y
:3%
6287 ]
Nmm.iﬁ
9eey
mqm.;.
zsey
Emi
916y
9Ly
orLY |
IR
Ra
0s.'% ]
€sLy
12’9

898'L
€88°L
926'L s/
1618
€lee

NO,

4c

"H NMR spectrum (500 MHz, CDCl5)

¢0'C
0}
=0¢

£1 (ppm)

olz'se —

SeT8Y —

LIPB9
9v2'9L
000°22 W

¥§¢LL

G61'86 —

LZhTL —
05921~
8Y9°ZEL ~
156°GEL —

0rE9L ~
669'L¥L

NO,

A

N

4c

13C NMR spectrum (125 MHz, CDCl,)

30 20

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

210

S26



4d

16€C )ﬁ

4d

H NMR spectrum (500 MHz, CDCl5)

80°€
A90)

=0}

=90'C
=101

£1 (ppm)

Y621 —

Lve'se —

858y —

15769\
97291
00022
vsz 107

651'86 —

TV6'STL
286'92) 7
se6z) 7
29L1El

gergel 7

98yl —

4d

13C NMR spectrum (125 MHz, CDCl,)

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
£1 (ppm)

210

S27



4e

000°0-
owm.j/
S0
0671
08677 1
€887 1
8887 |
€662 |
520°¢ 1
1ho'e |
£50°¢ |
850°¢ |
690°€ 1
280°¢ |
980°¢ |
860°¢ |
89.°¢ |
2Ty
887V 1
LoEY |
S0y |
Nrm«;
0zeY
62eY |
omﬁ:ﬁ
LrEp
eser
8eLY
WLy
oLy
R
vSLY

66€'9 —

2189~
68897

€294
0v9'L;
ovL'L

4e

'H NMR spectrum (500 MHz, CDCl5)

£1 (ppm)

£9€°6¢ —

78587 —
60€°6S —

96769\
9v2°91
00022
vsz 17

¥€1'86 —

8T YL —

e8v'eel —
08¢°LeL —
651 LEL —

8’8yl —

§.0°09) —

4e

13C NMR spectrum (125 MHz, CDCl,)

-10

30 20

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

210

528



4f

0000 —

92¢e'C
€€E°C
ove'e
8¥€'C
§6€°C
19€C
89€'C
jZkx4

Eom'
920t
8€0'¢
£v0'e
mmo.m&

990'¢
120'¢
€80
AT
€LY
682’V
€0E'y
60€'Y
9ley
Seey
£eey
(204
ovL'y
Wiy
14784

er'9 —
€9¢°L
€LE°L
11871
¥8€'L
16€°L
16€°L
WL
\eL'L
YeL'L
19L°L
€8L°L
€08°L
268°L
0zL's

4f

o)

H NMR spectrum (500 MHz, CDCl5)

Foie

=607
0l
0'e
R90°L
=50')

£1 (ppm)

£0€'6¢ —

9968y —

V1769
9pL91
00022
vsz 1L

¥€C'86 —
VL€
26612
L0v'9ch
S61°9¢2)
LelV'Lel
8cL L2l
LV8el -
919'821 *
leleel
coeeel
ove'eel
0.5'87L —

4f

13C NMR spectrum (125 MHz, CDCl,)

|

50 10

60

110

140 130

50

£1 (ppm)

S29



49

0000-—

85€'C
€9€°C
69¢€°C
11€7C
etciowd
18€'C
96€°C
0¥’
olvr'e
820'¢
v0'e
950’
190°¢
€.0'¢
¥80°¢
omo.mw
€0lL'e
S0eY
€Ly
LEEy
yeey
ove'y
YAZ R4
LeLy —

€2r'9 —

mwv.s/
[453
el V
mnm.n\
€8C°L

¥G1'8 —

Br

4g

"H NMR spectrum (500 MHz, CDCls)

=

=l

0T

0'b
0}

£1 (ppm)

182°6¢ —

clsey —

98669\
ovLoL
000°22
vsz i/

Lv2'86 —

yigoLl —

029°92) \
o6’ LTl —
129°0€1 7,
e

6lerl —

Br

49

13C NMR spectrum (125 MHz, CDCl5)

T T T T
200 190 180 170 160 150

210

£1 (ppm)

S30



1:1

4h : 4n'

000°0-
Rm.j/
18eZ |
5887 |
06£Z 1
662 1
86°Z 1
Lov'z |
9072 1
6072 |
e
8T |
ez
9zr'z
oerz |
gerz
oesz’
0867\
166
966°
200°¢
800°¢
610°€
v20'e
0£0°¢
ey ¢
Beey

LGey
€9E'Y
8EV'Y
G69'Y

Sro~
oev9”

166'L ~
G808

0]
j)l\/ Br
4h'

Br

Q<N

'H NMR spectrum (500 MHz, CDCl,)

N

N

/

7/

N

\

N

0
j/k&
4h

~

—

\

N

o)

4h:4h'=1:1

YT
=50°¢

ksee

=60y
oz
=1z

0L
0}

#10')
Mot

£1 (ppm)

IIIAN
LS IE~
6£0°GE

9e1'5E >

696°Ly
690°8Y V

699'69
161'69
9vL'9L
000°2L W
¥SeLL

111'86
¥96°86 V

81G°GEL
seyoel 7

OLLYY) ~
629°L¥L —

628181 —

198°16L —

Br

. O
0]

4h:4h'=1:1

N

N

~

/

/

N

\

0]
j)K/Br
4h'

—

N

])Ok
4h

~

—

\

N

0

13C NMR spectrum (125 MHz, CDCl,)

80

110

130

150

170

210

£1 (ppm)

S31



4i

0000
16€°C /
(4024
80¥'C
Liy'e
2z
sz
621 |
9EV'C |
Yry'e g
0S¥'C §
990°€
8.0°¢ |
€80°¢ 1
§60°€
00LE |
901°€
Le )W

—

AR
8zL'e
orl'e
L8V
€68y
807y
vy
Sery
vy
95y
99y
eLry
€8y
06ty
6Ly
108y

9/9'9 —
12¢°L
€€¢°L
ove’L
9ve’L
88L°L
¥6L'L
208°L
808'L

N
N
4i

0
"H NMR spectrum (500 MHz, CDCl,)

W/wo.v
10°)
=20}

£1 (ppm)

evl'ge —

9168y —

15669\
o€/,
000°LL
vsz11”/

¥9.'66 —

¥8y'8lL —

180°L2) —

€LEVYL —

4i
13C NMR spectrum (125 MHz, CDCl5)

-10

30 20 10

10

180 170 160 150 140 130 2 110 100 90 80 70
£1 (ppm)

190

S32



N

|

4
"H NMR spectrum (500 MHz, CDCl5)

N

=001
ol
601

=01

200k
0z
=607
=00

£1 (ppm)

€0L°9¢ —

CLyve —

6€6'9Y —

G60'89 —
9vL'9L
000°2L W
¥§C'LL

1696 —

om_‘.ouﬁ
csLeel /
08.'82}
Lzg'6ch *
alleel

0,987} —

N~

N

]

4

13C NMR spectrum (125 MHz, CDCl5)

30 20

10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60
£1 (ppm)

210

S33



4k

0000 —

S8LEN
L08€”
181 Y\
002y
mom.v\
0se'y
9ge'y
Vi
08e'y

2509 —

8v8'9 —
¥0€'L
61€L

vee'L f
99¢',
18¢°L \

S6¢°L
6vLL
€9/°L
026'L

4k

N
N

/
\

"H NMR spectrum (500 MHz, CDCl5)

=l
601

A
“60z
=602
=<0l

8.0

8.5

9.0

£1 (ppm)

986°09
515197

9vL'9L

ooo.R\
¥§e'LL 7
€18'28

96€°L8 s

mmﬁomf
6€6'8¢) /
£00'62}
695'6¢) *
LLeeel

Se8'8YL —

Br

N

0

e

13C NMR spectrum (125 MHz, CDCl5)

4k

N

N~

/

70 60

80

110

130

140

150

£1 (ppm)

S34



41

41

"H NMR spectrum (500 MHz, CDCl,)

=011
Fie

=0}

90
)mo.m
»0L'C
=00}

8.5

9.0

£1 (ppm)

LIVIE —

6/8'8¢ —

LIy'es —

9r291
00022
T \
6v6'LL

Nmo,omﬁ
¥.LL8C) /
698'8¢)
¥08'6¢} *
Loeel

L1198y —

N~

N

41

13C NMR spectrum (125 MHz, CDCl5)

-10

30 20 10

60 40

200 190 180 170 160 150 140 130 120 110 100 90 80
£1 (ppm)

210

S35



4dm

0000-—

661°C
8498'C /
G982
[2A:x4
988'C
£68°C
006°2
08E'E~\

66€°¢
Liv'e
9cr'e
Svv'e

14784
8vL'e
19.°¢
19.°¢

98%'9 —

690°L
mwo.n/
19€°L
GlE°L

v LT
[4 3 \

w:.n\
ceLL

\

4m

N

Ts
'H NMR spectrum (500 MHz, CDCl5)

L

=

AN

=80T
7i6'€
=90
60T

£1 (ppm)

e —

GE6'PY ~
0629y

19586 —

9vL'9L

000°2L
¥§e'LL
G66'G8 —

801121
T5€°L2h
8/2'82L
15'82)
187621 ~t
155°621 N
Y008k \
12EvEL
66E PYL ~
AT

4m

N
Ts
13C NMR spectrum (125 MHz, CDCls)

Wb )

200 190 180 170 160 150 140 130 120 110

210

£1 (ppm)

S36



4n

Y8C ¢
2622
1622
00€'Z
90e'C
Lee
34
61£7 1
veeT |
1282
2682
12671
9167 1
8962 |
£66'C 1
6667 |
500°€ |
910°¢ |
120°€ H

-

vE0'E
€827
662 |
SIEY
Leey |
ey |
8veY
156 ;ﬁ
G9g'Y

98L'y
181y
€6V
161y
86L'Y

1609 —

€8C°L
86C°L
€le’L
8¥eL
mmm.sN
8.€°L
vos.s\
0zL'L

€28'L

N

c

/

N

4n

N —

N

0]

"H NMR spectrum (500 MHz, CDCl,)

S0
o0z
<0L°¢C
€0l

9.0

9.

£1 (ppm)

18L%€ —

111709 —

8169\
9pL9L
000722
vsz 1L

v8'.6 —

ono.omﬁ
§lg'ech /
£88'8¢)
¥z86eh *
¥86°L€}

1998y —

N

Plv\\.

/

N

\

4n

N

0

13C NMR spectrum (125 MHz, CDCls)

-10

30 20 10

40

200 190 180 170 160 150 140 130 2 110 100 90 80 70
£1 (ppm)

210

S37



40

(UVVAY)
14484
6¥eT
95€°C
€9€'C
0.€C
L1€7C
867 |
1667 1
86€'Z 1
S0¥'C
8Y6°Z |
2562 1
€96'C
896C
616'C
¥66°C
£00°€
cloe H

-

220°¢
YETY
8ETY |
0S2'% 1
52 |
59Ty
021
cmm.«;r
1821 ]
5627
€0€'y |
Ley
61EY ]
82y
seey
617
9zLY
0eLY ]
BIRS
6L
167°9
082,
S62°L
012
vreL
%SN
vL€'L
EE\
8LLL

918°L

=\

40

N

"H NMR spectrum (500 MHz, CDCl,)

=801

1T

=660

=10}
)wo.w
=¢0C
=80}

2.5

3.0

£1 (ppm)

2601 —

661°L6 —

18569\
oL
000°4
vsz 17

260004 —

vmo.wwv
§..°82) /
698'8¢}
¢18'62) *
£68°1El

095871 —

40

13C NMR spectrum (125 MHz, CDCls)

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

(ppm)

1

S38



4p

0000-—

192°L
e8TL
162°L
Lee'LF
ovm.s\
19€2
mwm.s\
90L°L

908'L

"H NMR spectrum (500 MHz, CDCls)

2.5

3.0

£1 (ppm)

£0v'5€ —

ro8y —

9E'69
9r8'92
00L4L
vee s/

26286 —

omv.wwﬁ
098'82} /
§€6'8¢)
888'621 *
oloeel

9.9'8%) —

13C NMR spectrum (125 MHz, CDCl5)

50 40

60

110

130

140

£1 (ppm)

S39



5f

000°0- —
AR
6Y6'L |
116') 1
86'L |
2002 1
91072 (
1802 |

12Ty
2922
6122
1822
2062
2182
182
82e'e
2867
zmi
1562

G652 1
§55°C 1
0952 |
1252 ]
€657
£16°¢
126¢
1Y6°€ 1
G56°€
8207 |
0y |
950'Y
0207

6519
wwv.mw.
€L1'9

S—

8ve'L —

H NMR spectrum (500 MHz, CDCl,)

601
80
mlo._‘

FO0'L
0L

=20l

6.5

£1 (ppm)

6IS T\
192 0€

6208 %
160°}¢

29269\
97291
00022
vsz 107

9G.°16 —

L00°1€L —

608°2G) —

13C NMR spectrum (125 MHz, CDCl5)

i

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
£1 (ppm)

210

sS40



5h

0000-—

86°L |
1002 |
202
S€0Z
907
9282 |
T
557 |
1T R
5877

815T /W
EEAN

0gs'c
eislend
clse
0852
8.8'¢
Gl6'¢
6.6'¢
166°€
€00V
6L0% \
6LLY
eL'y
VA4 04
€Ly

1129
¢82'9
062'9

§6¢°9

G008 —

"H NMR spectrum (500 MHz, CDCl5)

A0Le
=2Z1)
oLl

0.0 —

5

0

6.

5

6

0

9.0

£1 (ppm)

Shve —

169°1LE —

G€2'Cs —

£66'69
ov1'9L
000'LL
vsz1”

692°¢6 —

950°LE)L ~
oeLeel —

610°19L —

13C NMR spectrum (125 MHz, CDCl5)

T T T T T T
200 190 180 170 160 150 140 130 120 110

210

£1 (ppm)

S41



5k

0000-—

6YL'G N\
YLVG
0¥’ —
mm«.m\

ceTL
YAZAVA
95¢’L
€L,
06¢°L
80€'L &
[44°9%
9ee’L
19€°L
9.€'L
16€L
089'L
§69°L
16L°L

"H NMR spectrum (500 MHz, CDCls)

=0
=0

/80
0e
0z

280

)oo.v

£1 (ppm)

196°€L
9vL'9L
000°2L W

¥§e'LL

¥25'66 —

192121
082221
50'92L
z20'8zL
195821
£9,°821
£rL62)
650°0€} w
ezezel
9zvsel
068651
16E8PL —

13C NMR spectrum (125 MHz, CDCls)

T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

£1 (ppm)

542



5m

0000
0612
612
2022
9022
need
5127
81271
€22z |
1222 1
56221
6622 1
15721
01227
€822
0622~
962'C
€08 ]
ez
1252
26521
8652 ]
1952 |
2552
6557 1
2957
piST]
Q%i
€042

01z
9112
2262
5e6°2
0r6'Z
96
656
26T
L0z°€
602°€
1ze
e
622°¢
seze
eree
92291
162'9 1
6£29 1
vrz9
852'L
NIE
887/ |
veeL
oL |
voE'L
2001
olLL

=

9.1,

S

"H NMR spectrum (500 MHz, CDCl5)

MM:
0L

vl

2501
60z
60
o1

0.

0

3.0

3.

7.0

7.

9.0

9.

0

£1 (ppm)

£09'6C —
£0L°¢€ —
18v'L€ —

¥65°1L
9vL'9L N
000°2L
¥§e'LL /

156°2L \
ySy2L
208°82
€Lz 08l \
bESIEL

Sl6'LYL —

S

13C NMR spectrum (125 MHz, CDCls)

-10

70

80

110

130

140

150

170

210

£1 (ppm)

543



5n

0000

510
0802 |
8807 |
02 |
€50 1
21071
66121
9512 1
912 |
61121
982 |
€622 1
017
S1EZ
ogez L
ez

ez
1562
8567 |
2eT
€Zv'Z
0vr'Z
1572 1
29v'Z |
6157 ]
1672 ]
Smi
15T

029°€ |
169°¢ |
759°€ 1
809°¢ |
109% ]
89
69'¢
200°€
029~
v8e9”
186'9
£56'9
vSzL
692'L
v8zL
[y
9ze'L
ove'L
15671
G162
625'L
1951

—m

N ;
Ts
H NMR spectrum (500 MHz, CDCl,)

#€0'C
0'b

0y
/80T
2011

£1 (ppm)

8GL1e ~
802°€C

695°€€ —

66187 —

9.9
£€86'9L
000°2L
¥Se'LL

$6.°Gel
828'9¢) /
0l'8eh o
299'8¢)
cleclh
826'6¢)
£v9°0el
mFm,mmﬁ\
m—m.mi\
YeL LY

N

Ts

13C NMR spectrum (125 MHz, CDCl5)

20

40

70

110

160 150

T
170

210

£1 (ppm)

S44



50

7691
6569 1
0201
580 1
19021
08121
161 L
50221
602'L 1
967'L
15T'L Y
8972

© © O
N D ©
@ NN
N~
Ll

e
€9€L
8¢,
£6€°L
1evs
9rvL |
vovs ]
985,
828'L |
V8L

——

ﬁm.i

—~

N

N§N 5o

SOan

\

N

\

"H NMR spectrum (500 MHz, CDCl,)

=6l
0L

24

290'L
60°)

-0. 5

0

6.

10.0

(ppm)

f1

291'6C —

SLL0Y —

£67'65 —
BvLLL

9vL'9L /
000'2L W
e

990'921 |
268921 |
28'92) |
2zl
vE1'8Z1 |
£65'621 |
1v9°62) |
689'6Z1 |
L8zl
11682
£96'82)
£12'621 W
€062 ¢
1£6'62) \

129'0gl
ovevel

§es8yL —

N

\

SOan

13C NMR spectrum (125 MHz, CDCls)
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13C NMR spectrum (125 MHz, CDCl5)
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