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1 General experimental details

Chemicals were used as received without special purification unless stated otherwise.
Aryl tetrazoles and triazoleswere prepared according to the lietrature.l'-?] 'H and '3C
NMR were recorded at ambient temperature on a 400 MHz NMR spectrometer. NMR
experiments are reported in J units, parts per million (ppm), and were referenced to
CDCIl; (6 7.26 or 77.0 ppm) as the internal standard. The coupling constants J are
given in Hz. Melting points (m.p.) are determined with a MPA 100 apparatus and are
not corrected. High-resolution mass spectrometry (HRMS) was performed on a TOF

MS instrument with an ESI source.

General procedure for the amination of alkylethers

In a sealed tube, n-BuyNI (22.1 mg, 0.06 mmol) was added to the mixture of
alkyl ethers 1 (1 mL), aryl tetrazole 2 or triazoles 4 (0.3 mmol) and ~BuOOH (70%
aqueous, 1.5 mmol, 5 equiv) at room temperature. The reaction mixture was stirred at
80 °C for 12 h. After reaction, the mixture was allowed to cool to room temperature.
The solvent was then removed under vacuum, and the residue was purified by silica

gel chromatography using a mixture of PE/EA to afford the desired product 3 and 5.

2 KIE experiment

In a sealed tube, the mixture of 1a (0.5 mL) and 1a' (0.5 mL) with 2a was treated
by standard procedures and heated for 12 h. The mixture was concentrated in vacuum
and the residue was purified by flash column chromatography on silica gel with
petroleum ether-ethyl acetate as eluent to give product 3aa and [D;]-3aa. The mixture
was analyzed using '"H NMR spectrometer. As shown in Scheme S1, the ratio of 3aa

and [D,]-3aa is 12.8.
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Scheme S1 KIE experiment.
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Figure S1 The 'H NMR spectrum of the KIE results

3 Characterization data

NN
Nz

N : 2-(1,4-dioxan-2-yl)-5-phenyl-2 H-tetrazole (3aa). white solid (54.3 mg,

78%), mp: 51-53 °C; '"H NMR (CDCly, 400 MHz) & 8.24-8.11 (m, 2H), 7.48-7.47 (m, 3H), 6.09
(dd, J=6.1,2.9 Hz, 1H), 4.43 (dd, J = 12.0, 6.1 Hz, 1H), 4.16 (dd, J = 12.0, 2.9 Hz, 1H), 4.09 (dd,
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J =938, 5.8 Hz, 1H), 3.98-3.92 (m, 1H), 3.90-3.85 (m, 2H) ppm; *C NMR (CDCl;,100 MHz) ¢
165.2, 130.5, 128.8, 127.0, 126.9, 84.0, 67.1, 65.8, 64.9 ppm; HRMS (ESI): Calcd. for
C11H12N4NaO, (M+Na)* 255.0852, found 255.0860.

@
O\)\ ’N
-
°N 2-(1,4-dioxan-2-yl)-5-(p-tolyl)-2 H-tetrazole (3ab). Light yellow oil

(53.2 mg, 72%); '"H NMR (CDCls, 400 MHz) 6 8.05 (d, J = 8.1 Hz, 2H), 7.28 (d, J = 8.0 Hz, 2H),
6.07 (dd, J = 6.1, 2.9 Hz, 1H), 4.41 (dd, J = 12.0, 6.2 Hz, 1H), 4.19-4.04 (m, 2H), 3.98-3.83 (m,
3H), 2.39 (s, 3H) ppm; 3C NMR (CDCl;,100 MHz) & 165.3, 140.7, 129.5, 126.9, 124.0, 84.0,
67.0, 65.8, 64.9, 21.4 ppm. HRMS (ESI): Caled. for C,H sN,NaO, (M+Na)* 269.1009, found
269.1004.

(@)
oy

Z~zZ

2-(1,4-dioxan-2-yl)-5-(m-tolyl)-2 H-tetrazole (3ac). White solid (48.0
mg, 65%), mp: 54-55 °C; 'H NMR (CDCl;, 400 MHz) ¢ 8.01-7.97 (m, 2H), 7.39-7.27 (m, 2H),
6.09 (dd, J = 6.1, 2.8 Hz, 1H), 4.43 (dd, J = 12.0, 6.2 Hz, 1H), 4.19-4.10 (m, 2H), 3.98-3.86 (m,
3H), 2.42 (s, 3H) ppm; *C NMR (CDCl;,100 MHz) J 165.4, 138.6, 131.3, 128.8, 127.6, 126.8,
124.2, 84.0, 67.1, 65.8, 65.0, 21.3 ppm. HRMS (ESI): Calcd. for Ci,H;4N4sNaO, (M+Na)*
269.1009, found 269.1015.
ﬁo
O~

N\\N 2-(1,4-dioxan-2-yl)-5-(o-tolyl)-2 H-tetrazole (3ad). Light yellow oil
(42.8 mg, 58%); 'H NMR (CDCl;, 400 MHz) ¢ 8.08-7.92 (m, 2H), 7.39-7.27 (m, 2H), 6.08 (dd, J
=6.1,2.9 Hz, 1H), 4.43 (dd, /= 12.0, 6.1 Hz, 1H), 4.21-4.05 (m, 2H), 3.99-3.85 (m, 3H), 2.42 (s,
3H) ppm; 13C NMR (CDCl;,100 MHz) 6 165.4, 138.6, 131.3, 128.8, 127.6, 126.7, 124.1, 84.0,
67.1, 65.8, 65.0, 21.3 ppm. HRMS (ESI): Calcd. for C;,H4N4NaO, (M+Na)* 269.1009, found
269.1012.

@)

/N
N= @CI
N 5-(4-chlorophenyl)-2-(1,4-dioxan-2-yl)-2 H-tetrazole (3ae). White

solid (49.5 mg, 62%), mp: 101-103 °C; 'H NMR (CDCls, 400 MHz) 6 8.12 (d, J = 8.6 Hz, 2H),
7.47 (d, J = 8.6 Hz, 2H), 6.09 (dd, J = 6.0, 2.9 Hz, 1H), 4.43 (dd, J = 12.0, 6.0 Hz, 1H), 4.20-4.07
(m, 2H), 3.99-3.86 (m, 3H) ppm; 3C NMR (CDCl;,100 MHz) & 164.4, 136.6, 129.2, 128.3, 125.4,
84.1, 67.1, 65.9, 64.9 ppm. HRMS (ESI): Calcd. for C;;H;,CIN;NaO, (M+Na)* 289.0463, found
289.0470.

(A

Z-Z

-N
aUs
°N 2-(1,4-dioxan-2-yl)-5-(4-fluorophenyl)-2H-tetrazole (3af). Light

yellow solid (42.0 mg, 56%), mp: 81-83 °C. '"H NMR (CDCls, 400 MHz) & 8.20-8.16 (m, 2H),
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7.19-7.12 (m, 2H), 6.08 (dd, J = 6.0, 2.8 Hz, 1H), 4.42 (dd, J = 12.0, 6.1 Hz, 1H), 4.18-4.10 (m,
2H), 3.99-3.87 (m, 3H) ppm; '*C NMR (CDCl;,100 MHz) 6 165.4, 163.7 (d, J = 157.1 Hz), 129.1
(d, J=8.5Hz), 128.6, 116.0 (d, J = 21.9 Hz), 84.1, 67.1, 65.9, 65.0 ppm. HRMS (ESI): Calcd. for
C1iH1FN4NaO, (M+Na)* 273.0758, found 273.0764.

(\o
\
l<l S >\©\ CF5
N 2-(1,4-dioxan-2-yl)-5-(4-(trifluoromethyl)phenyl)-2 H-tetrazole

(3ag). Yellow solid (45.0 mg, 50%), mp: 104-106 °C. 'H NMR (CDCls, 400 MHz) & 8.32 (d, J =
8.2 Hz, 2H), 7.76 (d, J = 8.2 Hz, 2H), 6.12 (dd, J = 5.8, 2.8 Hz, 1H), 4.45 (dd, J = 12.1, 5.8 Hz,
1H), 4.21-4.10 (m, 2H), 4.01-3.89 (m, 3H) ppm; 3C NMR (CDCl;,100 MHz) & 164.1, 148.6,
132.3 (q, J = 32.6 Hz), 130.3, 127.3, 125.9 (q, J = 3.7 Hz), 123.8 (q, J = 270.6 Hz), 84.3, 67.0,
65.9, 64.9 ppm. HRMS (ESI): Caled. for C1,H;F3N;NaO, (M+Na)* 323.0726, found 323.0730.

(\O
\
N >\©\OCH3
N 2-(1,4-dioxan-2-yl)-5-(4-methoxyphenyl)-2 H-tetrazole (3ah).

Yellow solid (52.7 mg, 67%), mp: 91-92 °C. 'TH NMR (CDCl;, 400 MHz) § 8.11 (d, J = 8.8 Hz,
2H), 6.99 (d, J = 8.8 Hz, 2H), 6.06 (dd, J = 6.2, 2.8 Hz, 1H), 4.42 (dd, J=12.0, 6.3 Hz, 1H), 4.18-
4.06 (m, 2H), 3.97-3.87 (m, 3H), 3.85 (s, 3H) ppm; '3C NMR (CDCl;,100 MHz) J 165.1, 161.4,
128.5, 119.5, 114.2, 83.9, 67.1, 65.8, 65.0, 55.3 ppm. HRMS (ESI): Calcd. for C;,H;4N4NaO3
(M+Na)* 285.0958, found 285.0961.

O -N
-G
°N 2-(1,4-dioxan-2-yl)-5-(3-nitrophenyl)-2 H-tetrazole (3ai). Light

yellow solid (53.2 mg, 64%), mp: 106-107 °C. 'H NMR (CDCls, 400 MHz) 6 9.01 (s, 1H), 8.52 (d,
J=17.7Hz, 1H), 8.32 (d, J= 8.1 Hz, 1H), 7.69 (t, J = 8.0 Hz, 1H), 6.13 (dd, J = 5.3, 2.7 Hz, 1H),
4.45 (dd, J = 12.1, 5.6 Hz, 1H), 4.21-4.10 (m, 2H), 4.00-3.89 (m, 3H) ppm; '*C NMR (CDCl;,100
MHz) 6 163.4, 148.6, 132.6, 130.1, 128.7, 125.1, 122.0, 84.4, 67.0, 65.9, 64.8 ppm. HRMS (ESI):
Calcd. for C;;H;NsNaO, (M+Na)* 300.0703, found 300.0709.

ﬁo
0N Og

N °N 5-(benzo[d][1,3]dioxol-5-yl)-2-(1,4-dioxan-2-yl)-2H-tetrazole
(3aj). Light yellow solid (58.0 mg, 70%), mp: 104-106 °C. '"H NMR (CDCls, 400 MHz) 6 7.74 (d,
J=28.1Hz, 1H), 7.63 (s, 1H), 6.91 (d, J= 8.1 Hz, 1H), 6.07 (d, /= 3.4 Hz, 1H), 6.04 (s, 2H), 4.42
(dd, J=11.9, 6.2 Hz, 1H), 4.13 (m, 2H), 4.00-3.85 (m, 3H) ppm; 13C NMR (CDCl;,100 MHz) ¢
165.1, 149.6, 148.1, 121.6, 120.9, 108.7, 107.3, 101.5, 84.0, 67.1, 65.9, 65.0 ppm. HRMS (ESI):

Calcd. for C,H,N4NaO4 (M+Na)* 299.0751, found 299.0760.
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N\\N 5-phenyl-2-(tetrahydro-2H-pyran-2-yl)-2H-tetrazole (3ba). Colorless
oil (56.6 mg, 82%). 'H NMR (CDCl;, 400 MHz) ¢ 8.19-8.17 (m, 2H), 7.47 (dd, J = 5.0, 2.4 Hz,
3H), 6.05 (dd, J=7.7, 2.8 Hz, 1H), 4.01 (dd, J =9.6, 5.3 Hz, 1H), 3.83-3.79 (m, 1H), 2.49 (dd, J =
16.7, 8.9 Hz, 1H), 2.18-2.15 (m, 2H), 1.77-1.71 (m, 3H) ppm; *C NMR (CDCl;, 100 MHz) §
164.9, 130.3, 128.8, 127.2, 126.9, 87.7, 66.8, 29.0, 24.5, 20.7 ppm. HRMS (ESI): Calcd. for
Ci2H14N4NaO (M+Na)* 253.1060, found 253.1054.

°N : 5-phenyl-2-(tetrahydrofuran-2-yl)-2H-tetrazole (3ca). Colorless oil

(31.8 mg, 49%). 'H NMR (CDCl;, 400 MHz) 6 8.16 (dd, J = 7.3, 2.1 Hz, 2H), 7.54-7.44 (m, 3H),
6.58 (dd, J= 6.4, 1.9 Hz, 1H), 4.32-4.09 (m, 2H), 2.77-2.64 (m, 1H), 2.58-2.45 (m, 2H), 2.24-2.10
(m, 1H) ppm; 3C NMR (CDCl3,100 MHz) ¢ 165.1, 130.3, 128.8, 127.3, 126.9, 91.6, 70.2, 31.8,
24.0 ppm. HRMS (ESI): Calcd. for C;;H;,N4NaO (M+Na)* 239.0903, found 239.0910.

O

Ritaw

N\\N 2-(1,3-dioxolan-4-yl)-5-phenyl-2 H-tetrazole (3da). Colorless oil (30.7
mg, 47%). '"H NMR (CDCls, 400 MHz) 6 8.17 (d, J = 4.3 Hz, 2H), 7.49 (s, 3H), 6.67 (s, 1H), 5.44
(s, 1H), 5.30 (s, 1H), 4.66 (dd, J = 9.5, 2.4 Hz, 1H), 4.47 (dd, J = 9.4, 6.0 Hz, 1H) ppm; 3C NMR
(CDCl3, 100 MHz) 6 165.7, 130.6, 128.9, 127.0, 126.3, 97.1 86.7, 69.6 ppm. HRMS (ESI): Calcd.
for C1oH(N4NaO (M+Na)* 241.0696, found 241.0691.

~

\ o)

O$,N’N\> 9
Nx

N 2-(1,2-dimethoxyethyl)-5-phenyl-2H-tetrazole (3fa). Colorless oil
(38.6 mg, 55%); '"H NMR (CDCl;, 400 MHz) ¢ 8.20 (dd, J = 7.4, 2.3 Hz, 2H), 7.51-7.47 (m, 3H),
597 (t, J = 6.1 Hz, 1H), 4.05 (d, J = 6.1 Hz, 2H), 3.41 (s, 3H), 3.39 (s, 3H) ppm; 3C NMR
(CDCl3, 100 MHz) ¢ 165.5, 130.5, 128.8, 127.2, 127.0, 91.5, 72.1, 59.5, 57.4 ppm. HRMS (ESI):
Calcd. for Cy;H;4N4NaO, (M+Na)* 257.1009, found 257.1017.

0]
-N
S0
N 2-(1-butoxybutyl)-5-phenyl-2H-tetrazole (3ga). Colorless oil (74.0

mg, 90%). 'H NMR (CDCls, 400 MHz) ¢ 8.20-8.18 (m, 2H), 7.50-7.45 (m, 3H), 5.88 (t, J = 6.7
Hz, 1H), 3.55-3.50 (m, 1H), 3.40-3.34 (m, 1H), 2.33-2.12 (m, 2H), 1.56-1.27 (m, 6H), 0.96 (t, J =
7.4 Hz, 3H), 0.85 (t, J = 7.4 Hz, 3H) ppm; *C NMR (CDCl;, 100 MHz) J 165.2, 130.3, 128.8,
127.4, 126.9, 92.6, 69.6, 36.4, 31.0, 19.0, 17.9, 13.6, 13.4 ppm. HRMS (ESI): Calcd. for
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Ci15sH2uNyNaO (M+Na)* 297.1686, found 297.1679.

N=N\N \(o
~T)
@]

1-(1,4-dioxan-2-yl)-4-(p-tolyl)-1H-1,2,3-triazole (5aa). Yellow solid
(28.7 mg, 39%), mp: 86-87 °C. 'H NMR (CDCl;, 400 MHz) 6 7.91 (s, 1H), 7.70 (d, J = 8.1 Hz,
2H), 7.23 (d, J= 7.9 Hz, 2H), 5.85 (dd, /= 7.7, 2.8 Hz, 1H), 4.38 (dd, J=11.7, 7.7 Hz, 1H), 4.13
(dd, J =117, 2.8 Hz, 1H), 4.08-3.93 (m, 2H), 3.85-3.83 (m, 2H), 2.38 (s, 3H) ppm; 3C NMR
(CDCl;, 100 MHz) ¢ 148.8, 138.8, 132.0, 129.5, 126.9, 126.1, 85.1, 67.6, 65.8, 65.7, 21.3 ppm.

HRMS (ESI): Calcd. for C;3H;sN3NaO, (M+Na)* 268.1056, found 268.1062.

Cl 4-(4-chlorophenyl)-1-(1,4-dioxan-2-yl)-1H-1,2,3-triazole  (5ab).
Yellow solid (37.4 mg, 47%), mp: 104-105 °C. '"H NMR (CDCls, 400 MHz) 6 7.93 (s, 1H), 7.75
(d, J=8.5Hz, 2H), 7.41 (d, J= 8.5 Hz, 2H), 5.85 (dd, J= 7.5, 2.8 Hz, 1H), 4.37 (dd, J=11.8, 7.5
Hz, 1H), 4.13 (dd, J = 11.8, 2.8 Hz, 1H), 4.07-3.93 (m, 2H), 3.87-3.80 (m, 2H) ppm; 3C NMR
(CDCl;, 100 MHz) ¢ 147.7, 134.7, 132.1, 129.1, 128.3, 127.4, 85.2, 67.6, 65.8, 65.7 ppm. HRMS
(ESI): Calcd. for C1,H;,CIN;NaO, (M+Na)* 288.0510, found 288.0521.

Br 4-(4-bromophenyl)-1-(1,4-dioxan-2-yl)-1H-1,2,3-triazole (Sac).
Yellow solid (38.0 mg, 41%), mp: 115-117 °C. '"H NMR (CDCl;, 400 MHz) 6 7.93 (s, 1H), 7.69
(d, J=8.5 Hz, 2H), 7.56 (d, J = 8.5 Hz, 2H), 5.84 (dd, J=17.5, 2.8 Hz, 1H), 4.37 (dd, J=11.7, 7.5
Hz, 1H), 4.12 (dd, J=11.8, 2.8 Hz, 1H), 4.07-4.02 (m, 1H), 4.00-3.94 (m, 1H), 3.85-3.83 (m, 2H)
ppm; BC NMR (CDCls, 100 MHz) § 147.8, 132.0, 130.4, 128.7, 127.7, 122.9, 85.2, 67.5, 65.8, 65.6
ppm. HRMS (ESI): Calcd. for C,,H,BrN3;NaO, (M+Na)* 332.0005, found 332.0017.

OCHs 1-(1,4-dioxan-2-yl)-4-(2-methoxyphenyl)-1H-1,2,3-triazole (5ad).
Yellow oil (25.1 mg, 32%), mp: 50-51 °C. 'H NMR (CDCl;, 400 MHz) J 8.17 (s, 1H), 8.03 (dd, J
=7.7,1.5 Hz, 1H), 7.37- 7.31 (m, 1H), 7.06-6.98 (m, 2H), 5.86 (dd, J= 7.8, 2.8 Hz, 1H), 4.39 (dd,
J=11.7,7.8 Hz, 1H), 4.12 (dd, J = 11.7, 2.8 Hz, 1H), 4.06-3.95 (m, 2H), 3.93 (s, 3H), 3.85-3.83
(m, 2H) ppm; *C NMR (CDCl;, 100 MHz) J 156.8, 145.4, 135.6, 129.8, 128.7, 120.9, 118.7, 111.2,
85.0, 67.7, 65.8, 65.7, 55.4 ppm. HRMS (ESI): Calcd. for C,3H;5sN3NaO; (M+Na)* 284.1006, found
284.1015.
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Cl 4-(2-chlorophenyl)-1-(1,4-dioxan-2-yl)-1H-1,2,3-triazole (5ae). Oil
(34.2 mg, 43%), mp: 72-74 °C. '"H NMR (CDCls, 400 MHz) 6 8.22 (s, 1H), 7.88 (dd, /= 7.3, 2.1
Hz, 1H), 7.47 (dd, J= 7.3, 1.6 Hz, 1H), 7.37-7.27 (m, 2H), 5.87 (dd, /= 7.5, 2.8 Hz, 1H), 4.39 (dd,
J=11.7,7.5 Hz, 1H), 4.14 (dd, J=11.8, 2.7 Hz, 1H), 4.07-3.94 (m, 2H), 3.89-3.84 (m, 2H) ppm;
13C NMR (CDCls, 100 MHz) J 146.0, 135.2, 132.3, 130.6, 130.3, 129.8, 128.7, 127.0, 85.1, 67.6,
65.8, 65.6 ppm. HRMS (ESI): Calcd. for C,,H,,CIN;NaO, (M+Na)* 288.0510, found 288.0517.

NO, 1-(1,4-dioxan-2-yl)-4-(2-nitrophenyl)-1H-1,2,3-triazole ~ (5af). Oil
(38.9 mg, 47%), mp: 97-99 °C. 'H NMR (CDCls, 400 MHz) § 7.87-7.83 (m, 2H), 7.73 (d, J = 7.7
Hz, 1H), 7.64 (t, J = 7.6 Hz, 1H), 7.53-7.51 (m, 1H), 5.84 (dd, J= 7.1, 2.8 Hz, 1H), 4.34 (dd, J =
11.8, 7.1 Hz, 1H), 4.12 (dd, J = 11.8, 2.9 Hz, 1H), 4.05-4.02 (m, 1H), 3.97-3.90 (m, 1H), 3.85-
3.81 (m, 2H) ppm; 3C NMR (CDCls, 100 MHz) 6 148.7, 144.0, 134.1, 132.4, 131.3, 129.6, 124.2,
85.1, 67.4, 65.8, 65.4 ppm. HRMS (ESI): Calcd. for C;;H;,N4NaO, (M+Na)* 299.0751, found
299.0759.

4 Copies of 'TH NMR and *C NMR spectra
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