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1 General information

All reactions were performed under an atmosphere of nitrogen using standard
undivided three-necked glassware, unless otherwise indicated. All commercial
reagents were used without further purification, unless otherwise noted. Reactions
were monitored by thin layer chromatography (TLC) analysis. TLC plates were
viewed under UV light and stained with potassium permanganate. Yields refer to
products isolated after purification by column chromatography, unless otherwise

stated. Proton nuclear magnetic resonance (*H NMR) spectra, carbon nuclear

magnetic resonance (3C NMR) spectra and fluorine nuclear magnetic resonance (*°F
NMR) were recorded on Bruker AV-400 (400 MHz), JEOL-500 (500 MHz), and
JEOL ECZ600S (600 MHz) spectrometers. Chemical shifts for protons are reported in
parts per million downfield from tetramethylsilane and are referenced to residual
protium in the NMR solvent (CHCIlz = 6 7.26). Chemical shifts for carbon are
reported in parts per million downfield from tetramethylsilane and are referenced to
the carbon resonances. IR spectra were obtained from Thermo Scientific NICOLET
380 FT-IR. HRMS were obtained on an Exactive Plus LC-MS (ESI) mass
spectrometer and Aglient 1290-6545xt with the use of quadrupole analyzer. All
chemcials were purchased from TCI Shanghai or Energy Chemical and used as
received.

Electrolysis experiments were performed using MESTEK DC power supply.
graphite rod (¢ 6 mm, >99.99%), electrode clips (PT-1 or PT-3) and platinum plate
(99.99%, 15*15*1 mm) was purchased from Gaoss Union. The graphite plate
(>99.99%) was cut into 15 x 15 x 0.3 mm pieces before use, and was clamped
between electrode clips.

CAUTION: Organic azides are known to be potentially explosive compounds. While
we did not encounter any issues during their synthesis, proper precautions were taken.
All azidation reactions and subsequent workups should be performed behind a blast
shield. Once isolated, organic azides should be stored below room temperature and
away from sources of heat, light, pressure and shock.
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Figure S1. Electrolysis setup
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2. General procedures

General procedure for the electrochemical C—H tetrazolation

N
R, graphite (+) | (-) Pt N7 Me
@ TMSN; MeCN/HFIP (10:1) R
2 r.t., N2 @
(1.7 equiv.)

Method A: In an oven-dried undivided three-necked glassware (25 mL) equipped
with a stirring bar, "BusNCIO4 (0.3 mmol) was added. The glassware was equipped
with a graphite rod (¢ 6 mm, about 2021 mm immersion depth in solution) as the
anode and a platinum plate (15 mm > 15 mm > 0.3 mm) as the cathode. Under the
protection of Ny, alkyl arenes (0.3 mmol), TMSN3 (1.7 equiv.), CH3CN (10 mL), and
HFIP (1 mL) were injected respectively into the glassware via syringes. The reaction
mixture was stirred and electrolyzed at a constant current of 75 mA at room
temperature for 20 minutes. Following concentration in vacuo, the crude residue was
subjected to flash column chromatography on silica gel to yield the desired products.

Method B: In an oven-dried undivided three-necked glassware (25 mL) equipped
with a stirring bar, LiClIO4 (0.3 mmol) was added. The glassware was equipped with a
graphite rod (¢ 6 mm, about 20L mm immersion depth in solution) as the anode and
a platinum plate (15 mm <15 mm x<0.3 mm) as the cathode. Under the protection of
Nz, alkyl arenes (0.3 mmol), TMSN3 (1.7 equiv.), CH3CN (10 mL), and HFIP (1 mL)
were injected respectively into the glassware via syringes. The reaction mixture was
stirred and electrolyzed at a constant current of 75 mA at room temperature for 23
minutes. Following concentration in vacuo, the crude residue was subjected to flash

column chromatography on silica gel to yield the desired products.

Method C: General procedure for the electrochemical synthesis of vicinal

azidotetrazoles (constant cell-potential electrolysis)
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graphite (+) | (-) Pt

Ece//= 28V Dl_g\
"BuyNCIO, (1.0 equiv.) N R
)ﬁ/ +  TMSN, > N
MeCN/HFIP

2 (2.5 equiv.)
rt., No, 4 h

In an oven-dried undivided three-necked glassware (25 mL) equipped with a
stirring bar, "BusNCIO4 (0.3 mmol) was added. The glassware was equipped with a
graphite plate (15 mm x15 mm x1 mm) as the anode and a platinum plate (15 mm x
15 mm % 0.3 mm) as the cathode. Under the protection of N, olefin substrates (0.3
mmol), TMSN3z (2.5 equiv.), CH:CN (10 mL), and HFIP (0.8 mL) were injected
respectively into the glassware via syringes. The reaction mixture was stirred and
electrolyzed at a constant cell potential of 2.8 V at room temperature for 4 h.
Following concentration in vacuo, the crude residue was subjected to flash column

chromatography on silica gel to yield the desired products.
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3. Optimization of reaction conditions

Table S1. Screening of electrode materials

N—N
(+)1(-), 20 mA, 1 h NIQN»\
©/\ "BuyNCIO,4 (0.3 mmol)
+ TMSN, >
RT, N,
1 2 CH3CN/HFIP (10:1) 3
Entry (+) 1) Yield?/ %
1 Coq | Pt 57/61°
2 Crert | Pt 11
3 Cpiock | Pt 47/540
4 Crog | Ni 52
5 Croq | Fe 34
6 Crod | Cplock 43

@ Yield was determined by "H NMR with 1,3,5-trimethoxybenzene as the internal

standard; ? isolated yield.

Table S2. Screening of current

graphite (+) | (-) Pt N—N

I mA, t/ min N
Me
+ TMSNj
Me

"BuyNCIO, (0.3 mmol)

1 2 RT, N, 3
MeCN/HFIP (10:1)
Entry I mA, t/ min Yield?/ %

1 20, 70 62
2 25, 60 62
3 50, 30 62/68°
4 75, 20 62/68°
5 150, 10 48

2 Yield was determined by 'H NMR with 1,3,5-trimethoxybenzene as the internal

standard; ? isolated yield.
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Table S3. Screening of the amount of TMSN3

P Me graphite (+)| (-) Pt ,\?1 T)\Me NDI I;I)\M
"BusNCIO, (0.3 mmol) N N =
or > Ph)\Me or Ph)\/N3
o MeCN/HFIP_ 4 -
TMSN; (X equiv.)
RT, N,
Entry TMSNj; (X equiv.) 4, Yield? 25, Yield?
1 1.3 49 --
2 1.5 57 -
3 1.7 63 --
4 2 57 60
5 2.2 55 64
6 25 -- 68
7 2.7 -- 56
8 3.5 - 46

@ Yield was determined by "H NMR with 1,3,5-trimethoxybenzene as the
internal standard.

Table S4. Screening of the amount of H.O

i . N—N
graphite (+)]| (-) Pt NI' »\
75 mA, 20 min N Me

"BuyNCIO,4 (0.3 mmol
Me  Tmsn, 4NCIO, ( )y Me
MeCN/HFIP (10:1)

H,0 (X equiv.)

RT, No
Entry H,0 (X equiv.) Yield (%)?
1 0 63°
2 0 33
3 3 18
4 10 2

2 Yield was determined by "H NMR with 1,3,5-trimethoxybenzene as the internal

standard, undehydrated acetonitrile; ? dry acetonitrile.
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4. Procedure for control experiments using chemical oxidants

In an oven-dried schlenk (10 mL) equipped with a stirring bar, "BusNCIO4 (0.1
mmol) was added. Under the protection of Nj, 4-ethylfluorobenzene or
4-tert-butylstyrene (0.1 mmol), TMSN3z (1.7 or 2.5 equiv.), oxidant (1 equiv.),
CHsCN/HFIP (1:0.1) were injected respectively into the glassware via syringes. The
reaction mixture was stirred at room temperature for 4 h. Following concentration in
vacuo, the yield and conversion were determined by NMR of the crude reaction

mixture with PhOCF3 or CH2Br» as the internal standard.

A Me I\P_T)\ NDI_';])\
chemical oxidant "N~ Me N~ Me
MeCN, TMSN
AR e, 3 4 26

(Ar1 = 4—FC6H4) (Ar2 = 4'tBUC6H4)

Entry Oxidant 4, Yield (Conv, %)? 26, Yield (Conv, %)?
1 anode 68 (>95) 70 (>95)
2 NFSI n.d. (11) n.d. (51)
3 TBHP n.d. (20) n.d. (73)
4 CAN n.d. (36) n.d. (35)
5 m-CPBA n.d. (14) n.d. (22)
6 DDQ n.d. (15) n.d. (91)
7 PhI(OAG), n.d. (30) n.d. (>95)
8 Mn(OAc), n.d. (69) n.d. (>95)
9 AgNO, d. (>95) n.d. (>95)

@ Yield and conversion were determined by NMR of the crude reaction mixture
with PhOCF3; or CH,Br, as the internal standard; n.d. = not detected.
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5 Characterization of products

5-Methyl-1-(1-phenylethyl)-1H-tetrazole (3)

Followed Method A, F = 3.11 F/mol, the desired pure product was purified using
silica gel chromatography (PE:EA = 1:1) to give 38.4 mg (68% yield) of 3 as a yellow
oil.

IR (neat, cm™): 3055(w), 1733(w), 1402(w), 1264(m), 731(s), 704(s). *H NMR (500
MHz, Chloroform-d) & 7.43 — 7.29 (m, 3H), 7.25 — 7.13 (m, 2H), 5.56 (g, J = 7.1 Hz,
1H), 2.38 (s, 3H), 2.05 (d, J = 7.1 Hz, 3H). C NMR (126 MHz, Chloroform-d) &
151.2, 138.9, 129.2, 128.7, 126.0, 58.2, 21.8, 9.2. HRMS (ESI) calculated for
CioH12NsNa* [M+Na]*: 211.0954; found: 211.0952.

1-(1-(4-Fluorophenyl)ethyl)-5-methyl-1H-tetrazole (4)

Followed Method A, F = 3.11 F/mol, the desired pure product was purified using
silica gel chromatography (PE:EA = 1:1) to give 33.3 mg (54% yield) of 4 as a white
solid.

IR (neat, cm™): 3055(w), 1513(w), 1422(w), 1264(m), 896(s), 731(s). H NMR (500
MHz, Chloroform-d) & 7.26 — 7.19 (m, 2H), 7.12 — 6.90 (m, 2H), 5.56 (g, J = 7.1 Hz,
1H), 2.41 (s, 3H), 2.04 (d, J = 7.1 Hz, 3H). ¥C NMR (126 MHz, Chloroform-d)
8162.6 (d, J = 248.3 Hz), 151.1, 134.7 (d, J = 3.4 Hz), 127.9 (d, J = 8.4 Hz), 116.2 (d,
J=21.8 Hz), 57.5, 21.9, 9.2. °F NMR (471 MHz, Chloroform-d) § -112.5 (td, J = 8.5,
8.1, 4.5 Hz). HRMS (ESI) calculated for CioH11FN4sNa*™ [M+Na]*: 229.0860; found:
229.0862.
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N—N
N
*N Me

o
Cl

1-(1-(4-Chlorophenyl)ethyl)-5-methyl-1H-tetrazole (5)

Followed Method A, F = 3.11 F/mol, the desired pure product was purified using
silica gel chromatography (PE:EA = 1:1) to give 41.6 mg (62% yield) of 5 as a white
solid.

IR (neat, cm™): 3055(w), 1493(w), 1264(m), 1091(w), 733(s), 543(w). *H NMR (500
MHz, Chloroform-d) & 7.37 — 7.32 (m, 2H), 7.19 — 7.13 (m, 2H), 5.55 (g, J = 7.0 Hz,
1H), 2.41 (s, 3H), 2.03 (d, J = 7.1 Hz, 3H). 3C NMR (126 MHz, Chloroform-d) &
151.2, 137.3, 134.7, 129.4, 1275, 57.5, 21.8, 9.2. HRMS (ESI) calculated for
C10H11CINsNa* [M+Na]*: 245.0564; found: 245.0566.

1-(1-(4-Bromophenyl)ethyl)-5-methyl-1H-tetrazole (6)

Followed Method A, F = 3.11 F/mol, the desired pure product was purified using
silica gel chromatography (PE:EA = 1:1) to give 45.1 mg (57% yield) of 6 as a white
solid.

IR (neat, cm™): 3054(w), 1405(w), 1264(m), 1074(w), 731(s), 706(m). *H NMR (500
MHz, Chloroform-d) & 7.53 — 7.44 (m, 2H), 7.14 — 7.05 (m, 2H), 5.54 (g, J = 7.0 Hz,
1H), 2.41 (s, 3H), 2.03 (d, J = 7.1 Hz, 3H). 3C NMR (126 MHz, Chloroform-d) &
151.2, 137.9, 132.3, 127.7, 122.7, 57.5, 21.7, 9.1. HRMS (ESI) calculated for
CioH11BrNsNa* [M+Na]*: 289.0059; found: 289.0057.

1-Benzyl-5-methyl-1H-tetrazole (7)
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Followed Method A, F = 3.11 F/mol, the desired pure product was purified using
silica gel chromatography (PE:EA = 1:1) to give 23.7mg (45% vyield) of 7 as a yellow
oil.

IR (neat, cm™): 2930(w), 1528 (m), 1408(m), 1246(w), 726(s), 698(s), 580(w). *H
NMR (500 MHz, Chloroform-d) & 7.41 — 7.32 (m, 3H), 7.23 — 7.16 (m, 2H), 5.51 (s,
2H), 2.45 (s, 3H). 13C NMR (126 MHz, Chloroform-d) 5 151.6, 133.0, 129.2, 128.9,
127.4, 50.8, 9.0. HRMS (ESI) calculated for CgH11N4" [M+H]": 175.0978; found:
175.0988.

!\]—
\
N N Me

Me
Me

5-Methyl-1-(2-methyl-1-phenylpropyl)-1H-tetrazole (8)

N

1
~

Followed Method A, F = 3.11 F/mol, the desired pure product was purified using
silica gel chromatography (PE:EA = 1:1) to give 46.7 mg (72% yield) of 8 as a yellow
oil.

IR (neat, cm™): 3055(w), 1422(w), 1264(m), 896(w), 731(s), 524(w). *H NMR (500
MHz, Chloroform-d) § 7.45 — 7.36 (m, 2H), 7.38 — 7.31 (m, 3H), 4.75 (d, J = 10.5 Hz,
1H), 2.99 (ddt, J = 13.2, 10.7, 6.6 Hz, 1H), 2.51 (s, 3H), 0.90 (dd, J = 9.1, 6.6 Hz, 6H).
13C NMR (126 MHz, Chloroform-d) § 151.5, 136.8, 129.0, 128.7, 127.6, 70.0, 33.2,
20.1, 20.0, 9.1. HRMS (ESI) calculated for C12H1sNsNa™ [M+Na]*: 239.1267; found:
239.1272.

5-Methyl-1-(1-phenylpentyl)-1H-tetrazole (9)
Followed Method A, F = 3.11 F/mol, the desired pure product was purified using
silica gel chromatography (PE:EA = 1:1) to give 47.1 mg (68% yield) of 9 as a yellow

oil.
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IR (neat, cm™): 3055(w), 1423(w), 1264(m), 896(w), 731(s), 706(m). *H NMR (500
MHz, Chloroform-d) 6 7.38 — 7.29 (m, 3H), 7.32 — 7.23 (m, 2H), 5.26 (dd, J = 8.7, 6.7
Hz, 1H), 2.58 (dg, J = 15.5, 8.3 Hz, 1H), 2.44 (s, 3H), 2.32 (dq, J = 14.3, 7.4 Hz, 1H),
1.37 (dqg, J = 14.6, 7.0 Hz, 2H), 1.25 (h, J = 6.7 Hz, 2H), 0.88 (t, J = 7.3 Hz, 3H). 13C
NMR (126 MHz, Chloroform-d) 6 151.4, 137.9, 129.0, 128.6, 126.6, 63.0, 35.2, 28.5,
22.1, 13.7, 9.1. HRMS (ESI) calculated for C13HigNsNa* [M+Na]": 253.1424; found:
253.1423.

1-(4-(1-(5-Methyl-1H-tetrazol-1-yl)ethyl)phenyl)ethan-1-one (10)

Followed Method B, F = 3.58 F/mol the desired pure product was purified using
silica gel chromatography (EA) to give 43.7 mg (63% yield) of 10 as a yellow oil.

IR (neat, cm™): 2991(w), 1683(s), 1406(m), 1267(s), 1077(m), 840(m). *H NMR (500
MHz, Methanol-d1) & 6.46 — 6.40 (m, 2H), 5.87 — 5.81 (m, 2H), 4.39 (g, J = 7.0 Hz,
1H), 1.03 (s, 3H), 0.91 (s, 3H), 0.46 (d, J = 7.0 Hz, 3H). 3C NMR (126 MHz,
Methanol-d1) 6 197.0, 150.7, 143.0, 135.3, 127.4, 124.8, 55.9, 23.9, 19.0, 6.0. HRMS
(ESI) calculated for C12H14aNsNaO * [M+Na]*: 253.1060; found: 253.1064.

H Me
O\\S,N
Ph” ™\

O o
4-(1-(5-Methyl-1H-tetrazol-1-yl)ethyl)-N-(phenylsulfonyl)benzamide (11)
Followed Method B, F = 3.58 F/mol, the desired pure product was purified using
silica gel chromatography (DCM : CH3OH = 20:1) to give 58.1 mg (53% vyield) of 11
as a yellow oil.
IR (neat, cm™): 3318(m), 2942(w), 2831(w), 1495(w), 1021(s), 625(w). 'H NMR (600
MHz, Methanol-ds) & 8.05 (d, J = 7.6 Hz, 2H), 7.84 (d, J = 8.1 Hz, 2H), 7.63 (t, J =
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7.4 Hz, 1H), 7.55 (t, J = 7.8 Hz, 2H), 7.33 (d, J = 8.3 Hz, 2H), 5.87 (q, J = 7.0 Hz,
1H), 2.41 (s, 3H), 1.98 (d, J = 7.0 Hz, 3H). 3C NMR (126 MHz, Methanol-ds) &
172.3, 151.5, 1435, 141.3, 137.6, 130.1, 128.6, 127.2, 126.2, 124.7, 57.1, 20.0, 6.8.
HRMS (ESI) calculated for C17H17NsNaO3S* [M+Na]*: 394.0944; found: 394.0947.

n

B
N\N)\Me H
Ph)\/\/N\n/CF3

(0]

2,2,2-Trifluoro-N-(4-(5-methyl-1H-tetrazol-1-yl)-4-phenylbutyl)acetamide (12)
Followed Method A, 20 mA, 90 min, F = 3.73 F/mol, the desired pure product was
purified using silica gel chromatography (PE:EA = 1:1.5) to give 50.5 mg (52% yield)
of 12 as a yellow oil.
IR (neat, cm™): 3056(w), 1716(w), 1556(w), 1264(m), 1210(w), 731(s), 706(s). *H
NMR (500 MHz, Chloroform-d) & 7.43 (t, J = 4.7 Hz, 1H), 7.40 — 7.32 (m, 3H), 7.26
—7.21 (m, 2H), 5.38 (dd, J = 8.7, 6.6 Hz, 1H), 3.50 -3.39 (m, 2H), 2.68 — 2.58 (m,
1H), 2.43 (s, 3H), 2.36 (ddt, J = 14.1, 9.9, 6.1 Hz, 1H), 1.71 — 1.51 (m, 2H). 23C NMR
(126 MHz, Chloroform-d) & 157.7 (q, J = 37.0 Hz), 151.9, 137.2, 129.3, 129.0, 126.5,
115.8 (g, J = 287.7 Hz), 62.3, 38.9, 32.4, 25.7, 9.0. HRMS (ESI) calculated for
Cu4H16F3NsNaO* [M+Na]*: 350.1199; found: 350.1202.

1-(4-(5-Methyl-1H-tetrazol-1-yl)-4-phenylbutyl)pyrrolidine-2,5-dione (13)
Followed Method A, F = 3.11 F/mol, the desired pure product was purified using
silica gel chromatography (EA) to give 52.7 mg (56% yield) of 13 as a yellow oil.

IR (neat, cm™): 3055(w), 1704(w), 1420(w), 1264(m), 897(w), 731(s), 706(s). ‘H
NMR (500 MHz, Chloroform-d) 6 7.41 — 7.27 (m, 3H), 7.29 — 7.25 (m, 2H), 5.41 (dd,
J =85, 6.9 Hz, 1H), 3.56 (t, J = 6.9 Hz, 2H), 2.72 (s, 4H), 2.60 — 2.49 (m, 1H), 2.46
(s, 3H), 2.38 — 221 (m, 1H), 1.65 — 1.49 (m, 2H). 3C NMR (126 MHz,
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Chloroform-d) & 177.3, 151.6, 137.3, 129.2, 128.8, 126.6, 61.7, 37.2, 32.2, 28.1, 24.2,
9.0. HRMS (ESI) calculated for C16H19NsO2" [M]": 313.1539; found: 313.1547.

N‘N Me

Ph)\/\/CI

1-(4-Chloro-1-phenylbutyl)-5-methyl-1H-tetrazole (14)

Followed Method A, F = 3.11 F/mol, the desired pure product was purified using
silica gel chromatography (PE:EA = 1:1) to give 41.0 mg (55% vyield) of 14 as a
yellow oil.

IR (neat, cm™): 3055(w), 1443(w), 1264(m), 895(w), 731(s), 704(m). *H NMR (500
MHz, Chloroform-d) & 7.40 — 7.31 (m, 3H), 7.29 — 7.24 (m, 2H), 5.36 (dd, J = 8.7, 6.7
Hz, 1H), 3.57 (dtd, J = 7.0, 3.8, 1.5 Hz, 2H), 2.79 — 2.65 (m, 1H), 2.60 — 2.49 (m, 1H),
2.44 (s, 3H), 1.87 — 1.69 (m, 2H). 3C NMR (126 MHz, Chloroform-d) & 151.6, 137.3,
129.2, 128.9, 126.5, 62.3, 44.0, 32.9, 29.1, 9.1. HRMS (ESI) calculated for
C12H15CINg* [M]*: 250.0983; found: 250.0985.

—Z

1
N\N Me

;

Ph OAc

3-(5-Methyl-1H-tetrazol-1-yl)-3-phenylpropyl acetate (15)

Followed Method A, F = 3.11 F/mol, the desired pure product was purified using
silica gel chromatography (PE:EA = 1:1) to give 35.9 mg (46% yield) of 15 as a
yellow oil.

IR (neat, cm™): 3056(w), 1738(m), 1524(w), 1399(w), 1261(m), 1040(w), 731(s),
704(s). 'H NMR (500 MHz, Chloroform-d) & 7.40 — 7.32 (m, 3H), 7.27 (dt, J = 7.5,
1.7 Hz, 2H), 5.45 (dd, J = 8.7, 6.5 Hz, 1H), 4.10 (ddd, J = 11.6, 6.7, 4.9 Hz, 1 H), 4.03
(ddd, J = 11.8, 7.4, 4.6 Hz, 1 H), 2.97 (dddd, J = 15.4, 8.7, 6.8, 4.6 Hz, 1H), 2.69 —
2.61 (m, 1H), 2.45 (s, 3H), 2.05 (s, 3H). 3C NMR (126 MHz, Chloroform-d) & 170.6,
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151.7, 136.9, 129.3, 129.1, 126.6, 60.5, 59.6, 34.6, 20.7, 9.0. HRMS (ESI) calculated
for C13H17N4O2" [M+H]": 261.1346; found: 261.1353.

N—N
oy
N‘N Me

Ph)\/\/OTs

4-(5-Methyl-1H-tetrazol-1-yl)-4-phenylbutyl 4-methylbenzenesulfonate (16)
Followed Method A, F = 3.11 F/mol, the desired pure product was purified using
silica gel chromatography (EA) to give 60.6 mg (52% yield) of 16 as a colourless oil.
IR (neat, cm™): 2958(w), 1355(m), 1174(s), 1096(w), 927(m), 734(s), 702(m),
555(s). *H NMR (500 MHz, Chloroform-d) & 7.79 — 7.72 (m, 2H), 7.38 — 7.31 (m,
5H), 7.25 — 7.19 (m, 2H), 5.34 (dd, J = 8.9, 6.5 Hz, 1H), 4.05 (t, J = 6.0 Hz, 2H), 2.67
— 256 (m, 1H), 2.45 (s, 3H), 2.44 — 2.35 (m, 4H), 1.67 (dt, J = 8.1, 6.2 Hz, 2H). 1*C
NMR (126 MHz, Chloroform-d) & 151.7, 145.1, 137.2, 132.5, 129.9, 129.2, 128.9,
127.8, 126.5, 69.6, 62.0, 31.9, 25.6, 21.6, 9.0. HRMS (ESI) calculated for
C19H22N4O3SNa* [M+Na]*: 409.1305; found: 409.1307.

4-(5-Methyl-1H-tetrazol-1-yl)-3,4-dihydronaphthalen-1(2H)-one (17)

Followed Method B, F = 3.58 F/mol, the desired pure product was purified using
silica gel chromatography (EA) to give 37.9 mg (56% yield) of 17 as a white solid.

IR (neat, cm™®): 3055(w), 1693(w), 1422(w), 1264(m), 895(w), 731(s). *H NMR (500
MHz, Chloroform-d) § 8.19 — 8.15 (m, 1H), 7.58 — 7.48 (m, 2H), 6.63 (dt, J = 6.1, 1.2
Hz, 1H), 5.99 (dd, J = 9.5, 4.5 Hz, 1H), 3.03 (ddd, J = 16.1, 5.8, 3.5 Hz, 1H), 2.87 —
2.71 (m, 2H), 2.68 — 2.61 (m, 1H), 2.55 (s, 3H). 3C NMR (126 MHz, Chloroform-d)
0 194.8, 151.5, 138.5, 134.4, 132.0, 129.5, 128.1, 126.1, 56.5, 36.0, 29.5, 9.6. HRMS
(ESI) calculated for C12H12N4sNaO* [M+Na]*: 251.0903; found: 251.0903.
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9-(5-Methyl-1H-tetrazol-1-yl)-6,7,8,9-tetrahydro-5H-benzo[ 7]annulen-5-one (18)
Followed Method B, F = 3.58 F/mol, the desired pure product was purified using
silica gel chromatography (PE :EA = 1:2) to give 28.7 mg (40% vyield) of 18 as a
white solid.

IR (neat, cm™): 3055(w), 2158(w), 1683(w), 1422(w), 1264(m), 860(w), 731(s). H
NMR (500 MHz, Chloroform-d) & 7.75 — 7.69 (m, 1H), 7.49 — 7.38 (m, 2H), 6.29 —
6.21 (m, 1H), 5.75 (dd, J = 11.7, 5.3 Hz, 1H), 3.03 — 2.89 (m, 2H), 2.77 (ddd, J = 18.3,
12.7, 2.9 Hz, 1H), 2.55 — 2.43 (m, 1H), 2.35 (s, 3H), 2.19 (dtd, J = 18.5, 6.4, 3.9 Hz,
1H), 1.94 — 1.81 (m, 1H). 13C NMR (126 MHz, Chloroform-d) & 204.8, 152.0, 137.0,
135.6, 133.0, 129.1, 129.0, 123.9, 58.8, 40.3, 30.6, 19.0, 9.1. HRMS (ESI) calculated
for C13H14N4sNaO* [M+Na]*: 265.1060; found: 265.1065.

Ph—S—NH \
¢

5-((5-Methyl-1H-tetrazol-1-yl)methyl)-N-(phenylsulfonyl)thiophene-2-carboxami
de (19)

Followed Method B, F = 3.58 F/mol, the desired pure product was purified using
silica gel chromatography (DCM : CH3OH = 10:1) to give 57.7 mg (53% vyield) of 19
as a white solid.

IR (neat, cm™): 3336(m), 2944(w), 2832(w), 1450(w), 1267(m), 1024(s), 734(s). *H
NMR (500 MHz, Methanol-ds) & 7.98 — 7.90 (m, 2H), 7.51 — 7.39 (m, 4H), 7.02 (d, J
= 3.8 Hz, 1H), 5.77 (s, 2H), 2.54 (s, 3H). *C NMR (126 MHz, Methanol-ds) & 167.2,
151.6, 144.5, 143.3, 139.0, 130.2, 129.0, 127.2, 127.2, 126.2, 44.7, 6.7. HRMS (ESI)
calculated for C14H14NsNaOsS>" [M+Na]™: 386.0352; found:386.0357.
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1,1,1,2,2-Pentafluoro-7-(5-methyl-1H-tetrazol-1-yl)-7-phenylheptan-3-one (20)

1
~

Followed Method A, F = 3.11 F/mol, the desired pure product was purified using
silica gel chromatography (EA) to give 37.5 mg (35% yield) of 20 as a white solid.

IR (neat, cm™): 3056(w), 1754(w), 1401(w), 1264(w), 1201(w), 733(s) 703(s). *H
NMR (500 MHz, Chloroform-d) 6 7.40 — 7.31 (m, 3H), 7.26 — 7.21 (m, 2H), 5.34 —
5.21 (m, 1H), 2.84 (g, J = 6.8 Hz, 2H), 2.71 — 2.52 (m, 1H), 2.43 (s, 3H), 2.41 — 2.33
(m, 1H), 1.67 (dt, J = 15.3, 7.0 Hz, 2H). 1*C NMR (126 MHz, Chloroform-d) & 193.7
(t, J = 26.7 Hz), 151.6, 137.2, 129.3, 129.1, 126.5, 117.7 (dt, J = 286.6, 34.0 Hz),
106.7 (tq, J = 266.8, 37.9 Hz), 62.9, 36.7, 34.4, 19.3, 9.1. 1°F NMR (471 MHz,
Chloroform-d) & -81.8, -123.2 . HRMS (ESI) calculated for CisHisFsNsONa*
[M+Na]*: 385.1058; found: 385.1057.

Methyl  2-(4-(2-methyl-1-(5-methyl-1H-tetrazol-1-yl)propyl)phenyl)propanoate
(21)

Followed Method A, F = 3.11 F/mol, the desired pure product was purified using
silica gel chromatography (PE:EA = 1:1) to give 50.0 mg (55% vyield) of 21 as a
yellow oil.

IR (neat, cm™): 2972(w), 1734(s), 1519(w), 1209(w), 1167(m), 1073(m), 794(w). *H
NMR (500 MHz, Chloroform-d) 6 7.39 — 7.35 (m, 2H), 7.30 — 7.26 (m, 2H), 4.74 (d,
J=10.5 Hz, 1H), 3.71 (q, J = 7.1 Hz, 1H), 3.65 (d, J = 0.9 Hz, 3H), 3.03 — 2.90 (m,
1H), 2.52 (d, J = 0.6 Hz, 3H), 1.47 (dd, J = 7.2, 1.4 Hz, 3H), 0.89 (dd, J = 6.6, 1.7 Hz,
6H). 13C NMR (126 MHz, Chloroform-d) § 174.5, 151.5, 141.1, 135.7, 128.1, 127.9,
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69.6, 52.0, 44.9, 33.2, 20.0, 18.4, 9.1. HRMS (ESI) calculated for CisHzsN4O;*
[M+H]*: 303.1816; found: 303.1815.

N~
Me _ON_ |

¢
Bu
Me Me

1-(6-(Tert-butyl)-1,1-dimethyl-3-(5-methyl-1H-tetrazol-1-yl)-2,3-dihydro-1H-ind

en-4-yl)ethan-1-one (22)

Followed Method B, F = 3.58 F/mol, the desired pure product was purified using
silica gel chromatography (PE : EA = 1:1) to give 34.7 mg (36% vyield) of 22 as a
yellow oil.

IR (neat, cm™): 2959(s), 2869(w), 1680(s), 1361(m), 1237(s), 734(s), 657(m). H
NMR (500 MHz, Chloroform-d) & 7.75 (d, J = 1.7 Hz, 1H), 7.50 (d, J = 1.7 Hz, 1H),
6.32 (dd, J = 8.9, 4.6 Hz, 1H), 2.79 (s, 3H), 2.59 (dd, J = 13.7, 8.9 Hz, 1H), 2.39 (s,
3H), 2.12 (dd, J = 13.7, 4.6 Hz, 1H), 1.46 (s, 3H), 1.40 (s, 9H), 1.36 (s, 3H). 3C NMR
(126 MHz, Chloroform-d) 6 199.4, 154.7, 153.8, 152.0, 133.9, 133.3, 126.5, 123.9,
59.8, 48.5, 42,9, 35.0, 31.3, 30.4, 29.7, 27.4, 9.1. HRMS (ESI) calculated for
C19H26N4sONa* [M+Na]*: 349.1999; found: 349.2008.

O Me

OMe
Methyl -4'-(1-(5-methyl-1H-tetrazol-1-yl)hexyl)-[1,1'-biphenyl]-4-carboxylate

(23)
Followed Method A, F = 3.11 F/mol, the desired pure product was purified using
silica gel chromatography (PE:EA = 1:1) to give 46.5 mg (41% vyield) of 23 as a

yellow oil.
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IR (neat, cm™): 3055(w), 1720(w), 1264(m), 1112(w), 732(s), 706(m). *H NMR (500
MHz, Chloroform-d) 6 8.14 — 8.04 (m, 2H), 7.67 — 7.55 (m, 4H), 7.42 — 7.33 (m, 2H),
5.31 (dd, J = 8.6, 6.6 Hz, 1H), 3.94 (s, 3H), 2.61 (dt, J = 14.9, 7.3 Hz, 1H), 2.48 (s,
3H), 2.36 (dt, J = 14.8, 7.0 Hz, 1H), 1.41 — 1.21 (m, 6H), 0.87 (t, J = 7.1 Hz, 3H). 13C
NMR (126 MHz, Chloroform-d) & 166.8, 151.5, 144.4, 140.4, 137.8, 130.1, 129.3,
127.9, 127.3, 126.9, 62.7, 52.1, 35.5, 31.1, 26.1, 22.3, 13.9, 9.2. HRMS (ESI)
calculated for C22H27N4O2" [M+H]":379.2129; found:379.2119.

1-(2-Azido-1-phenylethyl)-5-methyl-1H-tetrazole (25)
Followed Method C, the desired pure product was purified using silica gel

chromatography (PE:EA = 2:1) to give 46.7 mg (68% yield) of 25 as a yellow solid.
IR (neat, cm™): 2934(w), 2103(s), 1402(m), 1272(m), 732(w), 701(m). 'H NMR (400
MHz, Chloroform-d) 6 7.43 —7.34 (m, 3H), 7.33 — 7.26 (m, 2H), 5.50 (dd, J = 9.6, 5.1
Hz, 1H), 4.47 (dd, J = 12.9, 9.6 Hz, 1H), 4.02 (dd, J = 12.9, 5.1 Hz, 1H), 2.48 (s, 3H).
13C NMR (101 MHz, Chloroform-d) & 152.1, 134.2, 129.4, 129.2, 126.7, 61.8, 54.2,
8.7. HRMS (ESI) calculated for C1oH12N7" [M+H]": 230.1149; found: 230.1147.

N—N

7 \!
N~N Me

/@)\/NS
By

1-(2-Azido-1-(4-(tert-butyl)phenyl)ethyl)-5-methyl-1H-tetrazole (27)
Followed Method C, the desired pure product was purified using silica gel

chromatography (PE:EA = 2:1) to give 60 mg (70% yield) of 27 as a yellow solid.

IR (neat, cm™): 3693(m), 2104(s), 1525(m), 1401(m), 1270(m), 835(m), 568(m).*H
NMR (500 MHz, Chloroform-d) 6 7.42 — 7.36 (m, 2H), 7.24 — 7.19 (m, 2H), 5.38 (dd,
J=9.8,4.9 Hz, 1H), 4.49 (dd, J = 12.9, 9.8 Hz, 1H), 3.98 (dd, J = 12.9, 4.9 Hz, 1H),
2.49 (s, 3H), 1.30 (s, 9H). *C NMR (126 MHz, Chloroform-d) & 152.9, 152.0, 131.3,
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126.5, 126.3, 61.8, 54.5, 34.6, 31.1, 9.0. HRMS (ESI) calculated for CisHioN7Na*
[M+Na]*: 308.1594; found: 308.1596.

Methyl 4-(2-azido-1-(5-methyl-1H-tetrazol-1-yl)ethyl)benzoate (28)
Followed Method C, the desired pure product was purified using silica gel

chromatography (PE:EA = 1:1) to give 38.8 mg (45% yield) of 28 as a yellow oil.

IR (neat, cm™): 2953(w), 2106(s), 1722(s), 1436(m), 1281(s), 1113(m), 707(m). *H
NMR (500 MHz, Chloroform-d) & 8.11 —8.01 (m, 2H), 7.42 — 7.33 (m, 2H), 5.45 (dd,
J=9.4,52Hz, 1H), 450 (dd, J = 12.9, 9.4 Hz, 1H), 4.04 (dd, J = 12.9, 5.2 Hz, 1H),
3.93 (s, 3H), 2.49 (s, 3H). *C NMR (126 MHz, Chloroform-d) & 166.0, 152.1, 138.9,
131.5, 130.7, 127.0, 61.7, 54.3, 52.4, 8.9. HRMS (ESI) calculated for C12H1aN7O2"
[M+H]*: 288.1203; found: 288.1201.

N

I

-N
\
N N)\Me

:)\/’\%
F

1-(2-Azido-1-(3-fluorophenyl)ethyl)-5-methyl-1H-tetrazole (29)
Followed Method C, the desired pure product was purified using silica gel

1
~

chromatography (PE:EA = 2:1) to give 32.6 mg (44% vyield) of 29 as a yellow oil.

IR (neat, cm™): 2939(w), 2105(s), 1594(m), 1491(m), 1267(m), 701(s), 522(m). *H
NMR (400 MHz, Chloroform-d) & 7.40 (q, J = 7.1 Hz, 1H), 7.15-7.06 (m, 3H), 5.39
(dd, J = 9.0, 5.3 Hz, 1H), 4.53 — 4.41 (m, 1H), 4.02 (dd, J = 12.6, 4.7 Hz, 1H), 2.50 (s,
3H). 13C NMR (101 MHz, Chloroform-d) & 163.0 (d, J = 249.1 Hz), 152.1, 136.6 (d, J
= 7.0 Hz), 131.3 (d, J = 8.3 Hz), 122.6 (d, J = 3.2 Hz), 116.8 (d, J = 21.1 Hz), 114.1
(d, J = 23.0 Hz), 61.4, 54.4, 9.0. HRMS (ESI) calculated for CioH1:FN7* [M+H]*:
248.1054; found: 248.1052.
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1-(2-Azido-1-(o-tolyl)ethyl)-5-methyl-1H-tetrazole (30)
Followed Method C, the desired pure product was purified using silica gel

chromatography (PE:EA = 2:1) to give 40.9 mg (56% yield) of 30 as a yellow oil.
IR (neat, cm™): 2935(w), 2103(s), 1525(m), 1402(m), 1270(m), 735(s), 544(m). *H
NMR (500 MHz, Chloroform-d) 6 7.29 — 7.23 (m, 2H), 7.23 — 7.17 (m, 1H), 7.08 (d,
J =7.8 Hz, 1H), 5.64 (dd, J = 9.5, 4.8 Hz, 1H), 4.48 (dd, J = 13.0, 9.5 Hz, 1H), 3.93
(dd, J = 13.0, 4.8 Hz, 1H), 2.47 (s, 3H), 2.41 (s, 3H). 3C NMR (126 MHz,
Chloroform-d) 6 151.9, 134.8, 132.6, 131.1, 129.4, 127.4, 126.4, 58.3, 53.9, 19.2, 8.9.
HRMS (ESI) calculated for C11H13N7Na* [M+Na]": 266.1125; found: 266.1124.

N

//\
N~N Me

[:::[jL\v/N3
Cl

1-(2-Azido-1-(2-chlorophenyl)ethyl)-5-methyl-1H-tetrazole (31)

N

Followed Method C, the desired pure product was purified using silica gel
chromatography (PE:EA = 2:1) to give 45.9 mg (58% yield) of 31 as a yellow oil.

IR (neat, cm™): 2941(w), 2103(s), 1525(m), 1401(m), 1273(m), 1038(m), 747(m). *H
NMR (500 MHz, Chloroform-d) 6 7.47 (dd, J = 7.5, 1.2 Hz, 1H), 7.38 — 7.32 (m, 1H),
7.32 - 7.28 (m, 2H), 5.98 (dd, J = 9.9, 4.5 Hz, 1H), 4.44 (dd, J = 12.9, 9.9 Hz, 1H),
4.00 (dd, J = 12.9, 4.5 Hz, 1H), 2.53 (s, 3H). 3C NMR (126 MHz, Chloroform-d) &
152.3, 132.6, 131.9, 130.9, 130.1, 128.3, 128.1, 57.8, 53.5, 8.8. HRMS (ESI)
calculated for C1oH10CIN7Na*™ [M+Na]*: 286.0578; found: 286.0586.

n

—N
N e

N3
Me

1-(1-Azido-2-phenylpropan-2-yl)-5-methyl-1H-tetrazole (32)
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Followed Method C, the desired pure product was purified using silica gel
chromatography (PE:EA = 4:1) to give 54.7 mg (75% yield) of 32 as a yellow oil.

IR (neat, cm™): 2996(w), 2105(s), 1515(m), 1449(m), 1380(m), 1093(m), 699(s). *H
NMR (500 MHz, Chloroform-d) & 7.45 — 7.37 (m, 3H), 7.12 — 7.07 (m, 2H), 4.38 (d,
J=12.7 Hz, 1H), 4.09 (d, J = 12.7 Hz, 1H), 2.07 (s, 3H), 2.06 (s, 3H). 3C NMR (126
MHz, Chloroform-d) 6 151.8, 138.7, 129.3, 129.2, 125.6, 66.4, 60.2, 23.8, 10.9.
HRMS (ESI) calculated for C11H13N7Na* [M+Na]": 266.1125; found: 266.1132.

N

1

=N
N N»\Me

ngs

1-(2-Azido-1-cyclopentyl-1-phenylethyl)-5-methyl-1H-tetrazole (33)
Followed Method C, the desired pure product was purified using silica gel

1
~

chromatography (PE:EA = 4:1) to give 48.2 mg (54% yield) of 33 as a yellow oil.

IR (neat, cm™): 2958(w), 2102(s), 1512(m), 1448(m), 1288(m), 734(m), 703(s). *H
NMR (400 MHz, Chloroform-d) 6 7.49 — 7.40 (m, 3H), 7.18 — 7.07 (m, 2H), 4.36 (d,
J=12.7 Hz, 1H), 4.17 (d, J = 12.8 Hz, 1H), 3.32 (p, J = 8.1, 7.7 Hz, 1H), 1.99 (d, J =
9.1 Hz, 1H), 1.96 (s, 3H), 1.91 — 1.77 (m, 1H), 1.59 (dq, J = 13.2, 8.0 Hz, 2H), 1.53 —
1.32 (m, 3H), 1.19 — 1.02 (m, 1H). 3C NMR (101 MHz, Chloroform-d) § 152.7,
136.3, 129.0, 128.8, 127.2, 71.8, 57.9, 45.3, 27.8, 27.6, 24.4, 24.2, 12.1. HRMS (ESI)
calculated for C1sH1gN7Na*" [M+Na]*: 320.1594; found: 320.1599.

n

—N
N\N»\Me

: 6 N3
1-(2-Azido-1-cyclohexyl-1-phenylethyl)-5-methyl-1H-tetrazole (34)
Followed Method C, the desired pure product was purified using silica gel
chromatography (PE:EA = 4:1) to give 59.8 mg (64% yield) of 34 as a yellow oil.
IR (neat, cm™): 2934(m), 2856(w), 2102(s), 1447(m), 1372(m), 734(m), 703(s). *H

NMR (400 MHz, Chloroform-d) 6 7.44 (d, J = 4.9 Hz, 3H), 7.11 (d, J = 4.9 Hz, 2H),
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4.40 (d, J = 12.9 Hz, 1H), 4.14 (d, J = 12.9 Hz, 1H), 2.87 (t, J = 11.9 Hz, 1H),
2.00-1.98 (m, 1H), 1.97 (s, 3H), 1.89 — 1.63 (M, 4H), 1.43 — 1.43 (m, 2H), 1.05 — 0.95
(m, 1H), 0.88 — 0.72 (m, 2H), *C NMR (101 MHz, Chloroform-d) & 152.9, 135.6,
128.9, 128.7, 127.2, 72.8, 56.9, 42.8, 28.2, 28.1, 26.5, 26.2, 25.9, 12.4. HRMS (ESI)
calculated for C16H21N7K* [M+K]*: 350.1490; found: 350.1498.

N

1

N
\!
NS e
N3
"Pr

I\N
1-(1-Azido-2-phenylpentan-2-yl)-5-methyl-1H-tetrazole (35)

Followed Method C, the desired pure product was purified using silica gel
chromatography (PE:EA = 4:1) to give 61.1 mg (75% yield) of 35 as a yellow oil.

IR (neat, cm™): 2964(m), 2875(w), 2105(s), 1515(m), 1449(m), 1282(m), 700(s). *H
NMR (400 MHz, Chloroform-d) 6 7.45 — 7.38 (m, 3H), 7.12 (dt, J = 6.6, 1.7 Hz, 2H),
4.39 (d, J = 12.7 Hz, 1H), 4.23 (d, J = 12.6 Hz, 1H), 2.61 (td, J = 13.6, 4.7 Hz, 1H),
2.36 (td, J = 14.0, 13.4, 4.5 Hz, 1H), 1.99 (s, 3H), 1.43 —1.19 (m, 1H), 0.95 (t, J = 7.2
Hz, 3H), 0.85 — 0.60 (m, 1H). **C NMR (101 MHz, Chloroform-d) & 151.9, 138.7,

129.3, 129.2, 126.1, 68.7, 57.2, 36.8, 16.4, 14.0, 10.9. HRMS (ESI) calculated for
CisHi7N7Na" [M+Na]*: 294.1438; found: 294.1437.

N

1

=N
N N»\Me

N3
Bn

1-(1-Azido-2,3-diphenylpropan-2-yl)-5-methyl-1H-tetrazole (36)

1
~

Followed Method C, the desired pure product was purified using silica gel
chromatography (PE:EA = 4:1) to give 59.4 mg (62% yield) of 36 as a yellow oil.

IR (neat, cm™): 3031(w), 2106(s), 1497(m), 1449(m), 1289(m), 735(m), 699(s). *H
NMR (400 MHz, Chloroform-d) & 7.48 — 7.36 (m, 3H), 7.25 — 7.15 (m, 3H), 7.15 —
7.09 (m, 2H), 6.62 (d, J = 7.5 Hz, 2H), 4.21 (d, J = 12.5 Hz, 1H), 4.09 (d, J = 12.5 Hz,
1H), 3.87 (d, J = 13.7 Hz, 1H), 3.76 (d, J = 13.7 Hz, 1H), 2.07 (s, 3H). 1*C NMR (101

MHz, Chloroform-d) 8 152.0, 138.0, 133.0, 129.9, 129.4, 129.3, 128.5, 127.7, 126.4,
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68.7, 56.1, 40.6, 11.2. HRMS (ESI) calculated for Ci7H1sN7* [M+H]": 320.1618;
found: 320.1598.
N

1
\
N N Me

N3
CioHa1

1-(1-Azido-2-phenyldodecan-2-yl)-5-methyl-1H-tetrazole (37)

N

1
~

Followed Method C, the desired pure product was purified using silica gel
chromatography (PE:EA = 4:1) to give 79.8 mg (72% yield) of 37 as a yellow oil.

IR (neat, cm™): 2924(s), 2853(m), 2105(s), 1449(m), 1379(m), 1283(m), 700(s). *H
NMR (400 MHz, Chloroform-d) 6 7.48 — 7.36 (m, 3H), 7.17 — 7.07 (m, 2H), 4.39 (d,
J=12.5Hz, 1H), 4.23 (d, J = 12.6 Hz, 1H), 2.62 (t, J = 13.3 Hz, 1H), 2.38 (t, J = 12.5
Hz, 1H), 1.99 (s, 3H), 1.31 — 1.23 (m, 15H), 0.87 (t, J = 6.1 Hz, 3H), 0.70 (d, J = 7.4
Hz, 1H). 3C NMR (101 MHz, Chloroform-d) § 151.9, 138.7, 129.2, 129.1, 126.1,
68.7, 57.1, 34.6, 31.8, 29.4, 29.3, 29.2, 22.8, 22.6, 14.0, 10.8. HRMS (ESI) calculated
for CooH31N7Na* [M+Na]*: 392.2533; found: 392.2539.

’N_
U\
N\N Me

Me
N3

1-(2-Azido-1-phenylpropyl)-5-methyl-1H-tetrazole (38)
Followed Method C, the desired pure product was purified using silica gel

N

chromatography (PE:EA = 2:1) to give 57.7 mg (79%, dr = 1.5:1) of 38 as a yellow
oil.

diastereoisomer 1:

IR (neat, cm™): 2983(w), 2112(s), 1524(m), 1261(m), 749(m), 701(s), 519(w). ‘H
NMR (500 MHz, Chloroform-d) § 7.45 — 7.42 (m, 2H), 7.42 — 7.36 (m, 3H), 4.94 (d,
J =10.0 Hz, 1H), 4.77 (dg, J = 10.0, 6.6 Hz, 1H), 2.53 (s, 3H), 1.23 (d, J = 6.6 Hz,
3H). 13C NMR (126 MHz, Chloroform-d) & 151.9, 134.0, 129.7, 129.4, 127.8, 67.4,
60.4, 17.6, 9.0. HRMS (ESI) calculated for C1:H13N7Na® [M+Na]*: 266.1125; found:
266.1143.
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diastereoisomer 2:

IR (neat, cm™): 2936(w), 2105(s), 1523(m), 1267(m), 750(m), 702(s), 523(w). *H
NMR (500 MHz, Chloroform-d) & 7.45 — 7.38 (m, 5H), 5.03 (d, J = 9.0 Hz, 1H), 4.66
(dg, J = 8.9, 6.4 Hz, 1H), 2.50 (s, 3H), 1.29 (d, J = 6.4 Hz, 3H). 3C NMR (126 MHz,
Chloroform-d) & 151.9, 134.5, 129.6, 129.3, 127.8, 66.6, 60.4, 17.5, 9.1. HRMS (ESI)
calculated for C11H1sN7Na*™ [M+Na]*: 266.1125; found: 266.1126 .

N
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1-(2-Azido-3-chloro-1-phenylpropyl)-5-methyl-1H-tetrazole (39)
Followed Method C, the desired pure product was purified using silica gel

chromatography (PE:EA = 2:1) to give 53.2 mg (64%, dr=1:1) of 39 as a yellow oil.
IR (neat, cm™): 2953(w), 2127(s), 1605(m), 1525(m), 1001(m), 700(s), 547(m). *H
NMR (500 MHz, Chloroform-d) & 4.52 — 4.47 (m, 4H), 4.45 — 4.41 (m, 6H), 5.52 (d,
J=9.1Hz, 1H), 5.33 (d, J = 10.2 Hz, 1H), 4.99 (ddd, J = 10.2, 4.6, 3.0 Hz, 1H), 4.91
(dt, J = 9.1, 3.6 Hz, 1H), 3.81 (dd, J = 12.3, 3.1 Hz, 1H), 3.75 (dd, J = 12.1, 3.0 Hz,
1H), 3.51 (dd, J = 12.3, 3.9 Hz, 1H), 3.39 (dd, J = 12.2, 4.6 Hz, 1H), 2.55 (s, 3H),
2.54 (s, 3H). *C NMR (126 MHz, Chloroform-d) & 152.1, 133.4, 132.7, 130.2, 130.0,
129.7, 129.5, 128.0, 127.7, 64.5, 64.0, 63.6, 61.6, 44.7, 44.4, 8.9. HRMS (ESI)
calculated for C11H1sCIN7" [M+H]*: 278.0915; found: 278.0913.

N—N

NI: »\Me

N
Me

MeN3
1-(2-Azido-2-methyl-1-phenylpropyl)-5-methyl-1H-tetrazole (40)
Followed Method C, the desired pure product was purified using silica gel
chromatography (PE:EA = 3:1) to give 57.1 mg (74% yield) of 40 as a yellow oil.
IR (neat, cm™): 2981(w), 2107(s), 1584(m), 1373(m), 1108(m), 707(s), 538(m). *H
NMR (500 MHz, Chloroform-d) 6 7.60 — 7.54 (m, 2H), 7.42 — 7.36 (m, 3H), 5.17 (s,

1H), 2.56 (s, 3H), 1.50 (s, 3H), 1.46 (s, 3H). *C NMR (126 MHz, Chloroform-d) &
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152.6, 132.9, 129.3, 128.7, 69.6, 64.2, 24.4, 23.0, 9.4. HRMS (ESI) calculated for
C12Hi1sN7Na*™ [M+Na]*: 280.1281; found: 280.1285.

1-(2-Azido-1-phenylcyclohexyl)-5-methyl-1H-tetrazole (41)

Followed Method C, the desired pure product was purified using silica gel
chromatography (PE:EA = 5:1) to give 58.9 mg (69%, dr = 1.1:1) of 41 as a yellow
oil.

diastereoisomer 1:

IH NMR (500 MHz, Chloroform-d) & 7.43 — 7.32 (m, 3H), 7.19 — 7.10 (m, 2H), 4.90
— 4.81 (m, 1H), 2.73 (ddd, J = 15.1, 12.0, 3.2 Hz, 1H), 2.64 — 2.47 (m, 2H), 2.13 —
2.04 (m, 4H), 1.80 — 1.53 (m, 4H), 1.25 — 0.75 (m, 1H). 3C NMR (126 MHz,
Chloroform-d) 6 152.1, 139.5, 129.1, 128.9, 126.4, 68.6, 65.6, 29.3, 27.7, 20.6, 20.2,
11.3.

diastereoisomer 2:

IH NMR (500 MHz, Chloroform-d) & 7.45 — 7.33 (m, 3H), 7.23 — 7.15 (m, 2H), 4.43
(dd, J = 9.0, 3.9 Hz, 1H), 2.76 (ddt, J = 14.4, 3.8, 2.5 Hz, 1H), 2.41 (ddd, J = 14.0, 9.9,
3.7 Hz, 1H), 2.25 — 2.09 (m, 3H), 2.09 (s, 3H), 2.00 — 1.77 (m, 2H), 1.65 — 1.53 (m,
2H). 13C NMR (126 MHz, Chloroform-d) & 152.5, 139.3, 129.1, 128.8, 126.2, 68.9,
64.0, 36.0, 26.9, 22.6, 21.5, 11.7.

IR (neat, cm™): 2931(w), 2108(s), 1513(w), 1448(w), 1376(w), 759(m), 703(m).
HRMS (ESI) calculated for C14H17N7Na* [M+Na]*: 306.1438; found: 306.1443.
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N\N Me

M M
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Me
1-(3-Azido-2,3-dimethylbutan-2-yl)-5-methyl-1H-tetrazole (42)
Followed Method C, the desired pure product was purified using silica gel
chromatography (PE:EA = 1:1) to give 47.1 mg (75% yield) of 42 as a colorless solid.
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IR (neat, cm™): 2998(w), 2110(s), 2085(m), 1509(m), 1376(m), 1267(m), 1137(m). *H
NMR (400 MHz, Chloroform-d) § 2.81 (s, 3H), 1.82 (s, 6H), 1.35 (s, 6H). 1*C NMR
(101 MHz, Chloroform-d) & 152.9, 68.2, 67.6, 24.4, 22.2, 13.0. HRMS (ESI)
calculated for CgHisN7" [M+H]": 210.1462; found: 210.1460.

1-(4-(2-Azido-2-methyl-1-(5-methyl-1H-tetrazol-1-yl)propyl)-1H-indol-1-yl)ethan
-1-one (43)

Followed Method C, 2.5V, 4.5 h. The desired pure product was purified using silica

gel chromatography (PE:EA = 1:1) to give 27.4 mg (27%) of 43 as a black oil.

IR (neat, cm™): 2926(w), 2108(s), 1710(s), 1430(s), 1325(s), 1271(m), 764(m). *H
NMR (600 MHz, Chloroform-d) & 8.51 (d, J = 8.3 Hz, 1H), 7.69 (d, J = 7.7 Hz, 1H),
7.56 (d, J = 3.9 Hz, 1H), 7.39 (t, J = 8.0 Hz, 1H), 6.81 (d, J = 3.9 Hz, 1H), 5.65 (s,
1H), 2.67 (s, 3H), 2.48 (s, 3H), 1.60 (s, 3H), 1.51 (s, 3H). 3C NMR (151 MHz,
Chloroform-d) 6 168.6, 152.6, 135.5, 129.9, 126.6, 125.4, 124.9, 124.7, 117.5, 105.9,
66.0, 64.7, 24.6, 23.9, 23.5, 9.4. HRMS (ESI) calculated for C16H1sNsNaO* [M+Na]":
361.1496; found: 361.1498.

N—N

" Dve

N
N

“N“f

1-(2-Azido-1-(dibenzo[b,d]thiophen-3-yl)-2-methylpropyl)-5-methyl-1H-tetrazole
(44)
Followed Method C, the desired pure product was purified using silica gel

chromatography (PE:EA = 2:1) to give 43.2 mg (40%) of 44 as a yellow oil.
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IR (neat, cm™): 3055(w), 2111(m), 1398(w), 1264(m), 731(s), 705(w). *H NMR (500
MHz, Chloroform-d) ¢ 8.20 — 8.13 (m, 2H), 8.05 (d, J = 8.2 Hz, 1H), 7.93 — 7.84 (m,
1H), 7.58 — 7.47 (m, 3H), 5.57 (s, 1H), 2.63 (s, 3H), 1.66 (s, 3H), 1.56 (s, 3H). 13C
NMR (126 MHz, Chloroform-d) & 152.8, 140.2, 137.9, 136.3, 135.7, 128.1, 128.0,
1275, 125.3, 125.2, 122.7, 122.5, 122.0, 67.5, 65.0, 24.8, 23.1, 9.5. HRMS (ESI)
calculated for C1gH17N7NaS*™ [M+Na]*: 386.1164; found: 386.1161.

1-(2-Azido-1-phenylpropyl)-5-isopropyl-1H-tetrazole (45)

Followed Method C, the desired pure product was purified using silica gel
chromatography (PE:EA = 4:1) to give 56.2 mg (69%, dr = 1.2:1) of 45 as a yellow
oil.

IR (neat, cm™): 2977(w), 2931(w), 2109(s), 1456(m), 1261(m), 1100(m), 748(m),
699(s). 'H NMR (400 MHz, Chloroform-d) § 7.50 — 7.44 (m, 4H), 7.43 — 7.35 (m,
6H), 5.10 (d, J = 9.1 Hz, 1H), 4.98 (d, J = 10.0 Hz, 1H), 4.78 (p, J = 6.6 Hz, 1H), 4.65
(p, J = 6.7 Hz, 1H), 3.19 — 3.10 (m, 2H), 1.49 — 1.44 (m, 6H), 1.25 — 1.18 (m, 12H).
13C NMR (101 MHz, Chloroform-d) § 159.8, 159.7, 135.1, 134.4, 129.6, 129.4, 129.3,
129.2, 127.9, 127.8, 67.2, 66.2, 60.8, 60.7, 24.10, 24.09, 21.1, 21.02, 20.96, 20.93,
17.6, 17.4. HRMS (ESI) calculated for Ci3Hi7N7Na® [M+Na]™: 294.1438; found:
294.1437.

1-(2-Azido-1-phenylpropyl)-5-propyl-1H-tetrazole (46)
Followed Method C, the desired pure product was purified using silica gel

chromatography (PE:EA = 4:1) to give 68.4 mg (84%, dr = 1.5:1) of 46 as a yellow

oil.
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IR (neat, cm™): 2967(w), 2935(w), 2110(s), 1512(m), 1457(m), 1262(m), 749(m),
701(s). *H NMR (400 MHz, Chloroform-d) & 7.47 — 7.37 (m, 10H), 5.03 (d, J = 9.5
Hz, 1H), 4.92 (d, J = 10.0 Hz, 1H), 4.84 — 4.71 (m, 1H), 4.65 (p, J = 7.3 Hz, 1H), 2.68
—2.88 (M, 4H), 1.85 — 1.71 (m, 4H), 1.27 — 1.21 (m, 6H), 1.00 — 0.93 (m, 6H). 3C
NMR (101 MHz, Chloroform-d) & 155.2, 155.1, 134.8, 134.2, 129.5, 129.4, 129.3,
129.1, 127.8, 127.7, 67.2, 66.2, 60.54, 60.49, 25.0, 20.4, 20.3, 17.5, 17.3, 13.49, 13.46.
HRMS (ESI) calculated for C1sHigN7* [M+H]": 272.1618; found: 272.1614.

Me

/\Ij\l\ /9
Me /,S Me
(@) N
\©\I(O Me °

4-(2-Azido-2-methyl-1-(5-methyl-1H-tetrazol-1-yl)propyl)benzyl
4-(N,N-dipropylsulfamoyl)benzoate (47)

Followed Method C, the desired pure product was purified using silica gel
chromatography (PE:EA = 2:1) to give 114.3 mg (69%) of 47 as a yellow oil.

IR (neat, cm™): 2972(w), 2111(w), 1724(w), 1265(m), 1105(w), 731(s). *H NMR (500
MHz, Chloroform-d) & 8.22 — 8.12 (m, 2H), 7.88 (d, J = 8.2 Hz, 2H), 7.63 (d, J = 8.3
Hz, 2H), 7.48 (d, J = 7.5 Hz, 2H), 5.39 (s, 2H), 5.20 (d, J = 1.7 Hz, 1H), 3.14 — 3.05
(m, 4H), 2.57 (s, 3H), 1.55 (g, J = 7.4 Hz, 4H), 1.49 (s, 3H), 1.47 (s, 3H), 0.87 (td, J =
7.3, 1.1 Hz, 6H). °C NMR (126 MHz, Chloroform-d) & 164.9, 152.6, 144.4, 136.7,
133.2, 133.0, 130.3, 129.8, 128.4, 127.0, 69.2, 66.3, 64.2, 49.8, 24.2, 23.1, 21.8, 11.0,
9.3. HRMS (ESI) calculated for CzsH3sNsNaO4S™ [M+Na]*: 577.2321; found:
577.2323.

N—N
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*N Me
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Me
Me Me \/@&Ns
ol O)QI(O Me
0
4-(2-Azido-2-methyl-1-(5-methyl-1H-tetrazol-1-yl)propyl)benzyl
2-(4-(4-chlorobenzoyl)phenoxy)-2-methylpropanoate (48)
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Followed Method C, the desired pure product was purified using silica gel
chromatography (PE:EA = 2:1) to give 79.9 mg (45%) of 48 as a white solid.

IR (neat, cm™): 2987(w), 2110(m), 1739(w), 1596(m), 1263(m), 1135(w), 732(s). *H
NMR (500 MHz, Chloroform-d) & 7.69 (ddt, J = 11.7, 9.6, 2.5 Hz, 4H), 7.54 (d, J =
8.3 Hz, 2H), 7.48 — 7.43 (m, 2H), 7.25 (d, J = 8.3 Hz, 2H), 6.87 — 6.76 (m, 2H), 5.19
(d, J = 2.7 Hz, 2H), 5.14 (s, 1H), 2.55 (s, 3H), 1.68 (d, J = 3.3 Hz, 6H), 1.44 (s, 3H),
1.42 (s, 3H). 3C NMR (126 MHz, Chloroform-d) & 194.1, 173.4, 159.4, 138.4, 136.4,
136.2, 133.1, 131.9, 131.1, 130.4, 129.7, 128.5, 128.2, 117.2, 79.3, 69.2, 66.4, 64.2,
255, 25.2, 24.2, 23.1, 9.4. HRMS (ESI) calculated for CsoHaCIN7NaO4s* [M+Na]*:
610.1945; found: 610.1946.
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4-(2-Azido-2-methyl-1-(5-methyl-1H-tetrazol-1-yl)propyl)benzyl
2-(3-cyano-4-isobutoxyphenyl)-4-methylthiazole-5-carboxylate (49)

Followed Method C, MeCN/DCM (7:3, 10mL) as co-solvent. The desired pure
product was purified using silica gel chromatography (PE:EA = 1:1) to give 63.5 mg
(36%) of 49 as a white solid.

IR (neat, cm™): 2966(w), 2109(m), 1711(w), 1375(w), 1261(s), 1088(w), 732(s). *H
NMR (400 MHz, Chloroform-d) 6 8.17 (d, J = 2.2 Hz, 1H), 8.08 (dd, J = 8.8, 2.3 Hz,
1H), 7.62 (d, J = 8.2 Hz, 2H), 7.46 (d, J = 8.2 Hz, 2H), 7.02 (d, J = 8.9 Hz, 1H), 5.33
(s, 2H), 5.18 (s, 1H), 3.90 (d, J = 6.5 Hz, 2H), 2.76 (s, 3H), 2.57 (s, 3H), 2.20 (dp, J =
13.3, 6.6 Hz, 1H), 1.49 (d, J = 6.5 Hz, 6H), 1.10 (s, 3H), 1.08 (s, 3H). 13C NMR (101
MHz, Chloroform-d) 6 167.5, 162.5, 161.8, 161.6, 152.6, 136.9, 133.0, 132.5, 132.0,
129.8,128.2, 125.7, 121.0, 115.3, 112.6, 102.9, 75.6, 69.2, 65.9, 64.2, 28.1, 24.3, 23.1,
19.0, 17.5, 9.4. HRMS (ESI) calculated for C29H32NgNaO3S* [M+H]*: 586.2343;
found: 586.2334.
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6. Derivatization of products

NN %
/
N. N
N)\Me Z Cul (30 mol%) 'V'e/kN N=N
. -
: LN, RT, 4 h, THF ©)\/N\/)‘Ph
25 50

The mixture solution of 1-(2-azido-1-phenylethyl)-5-methyl-1H-tetrazole (25, 41
mg, 0.18 mmol, 1.0 equiv.) , phenylacetylene (3 equiv.) and Cul (30 mol%) in THF (2
mL) was stirred at temperature for 4 h. The organic solvent was then evaporated
under reduced pressure and the residue was purified by flash column chromatography
on silica gel (PE/EA=1:2) to give product
5-methyl-1-(1-phenyl-2-(4-phenyl-1H-1,2,3-triazol-1-yl)ethyl)-1H-tetrazole (50, 55.5
mg, 93% vyield) as a white solid.
5-Methyl-1-(1-phenyl-2-(4-phenyl-1H-1,2,3-triazol-1-yl)ethyl)-1H-tetrazole (50).
IR (neat, cm™): 2925(w), 1524(w), 1458(w), 1265(w), 1077(w), 765(m), 733(s),
696(s). *H NMR (500 MHz, Chloroform-d) & 7.71 (dd, J = 8.3, 1.2 Hz, 2H), 7.62 (s,
1H), 7.46 — 7.35 (m, 7H), 7.35 — 7.28 (m, 1H), 6.10 (dd, J = 10.0, 4.9 Hz, 1H), 5.51
(dd, J = 14.2, 10.0 Hz, 1H), 5.13 (dd, J = 14.2, 4.9 Hz, 1H), 2.37 (s, 3H). 3C NMR
(126 MHz, Chloroform-d) 6 152.3, 147.7, 133.7, 130.0, 129.8, 129.7, 128.8, 128.4,
126.8, 125.7, 121.2, 62.0, 53.5, 8.7. HRMS (ESI) calculated for C1gH1sN7" [M+H]":
332.1618; found: 332.1611.

R on \N\\E"\p
o™ e i T
25 51
The mixture solution of 1-(2-Azido-1-phenylethyl)-5-methyl-1H-tetrazole (25, 23
mg, 0.1 mmol, 1.0 equiv.) , alkyne (1.1 equiv.), Cul (2 equiv.) and DIPEA (3 equiv.)
in MeCN (2 mL) was stirred at temperature for 4 h. The organic solvent was then

evaporated under reduced pressure and the residue was purified by flash column
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chromatography on silica gel (DCM/CH3OH=10:1) to give product
5-methyl-1-(1-phenyl-2-(4-phenyl-1H-1,2,3-triazol-1-yl)ethyl)-1H-tetrazole (51,
36.1mg, 73% vyield) as a white solid.
1-((3R,4S,5R)-4-Hydroxy-5-(hydroxymethyl)tetrahydrofuran-3-yl)-5-(1-(2-(5-me
thyl-1H-tetrazol-1-yl)-2-phenylethyl)-1H-1,2,3-triazol-5-yl)pyrimidine-2,4(1H,3H
)-dione (51).

IR (neat, cm™): 3385(s), 2490(s), 2071(m), 1686(m), 1120(m), 972(s). *H NMR (500
MHz, Methanol-ds) & 8.57 (s, 1H), 8.31 (s, 1H), 7.57 — 7.45 (m, 2H), 7.43 (9, J = 5.7
Hz, 3H), 6.43 — 6.35 (m, 1H), 6.32 (t, J = 6.7 Hz, 1H), 5.59 (dd, J = 14.2, 9.6 Hz, 1H),
5.29 (dd, J = 14.2, 5.7 Hz, 1H), 4.42 (dq, J = 6.4, 3.2 Hz, 1H), 3.95 (q, J = 3.2 Hz,
1H), 3.82 (dt, J = 12.0, 2.8 Hz, 1H), 3.75 (dd, J = 12.0, 4.1 Hz, 1H), 2.40 (s, 3H), 2.33
(ddt, J = 12.0, 5.9, 3.0 Hz, 1H), 2.26 (dtd, J = 13.6, 6.8, 4.0 Hz, 1H), 1.90 (s, 1H),
1.36 (d, J = 6.6 Hz, 1H). 3C NMR (126 MHz, Methanol-ds) & 163.0, 154.1, 151.5,
140.8, 138.0, 135.6, 130.8, 130.5, 128.6, 124.8, 106.4, 89.1, 86.9, 72.3, 62.9, 62.5,
54.2, 41.5, 8.6. HRMS (ESI) calculated for C21H26NoOs" [M+H]*: 484.2051; found:
484.2050.

N:')H(‘ P(OCH)s N,')‘_T)\
°N Me Toluene o °N I_I}/Ie
O)\/Ns 80°C, 3 h - ©)\/N\p”\o
Med OMe
25 52

The mixture solution of 25 (0.2 mmol, 1.0 equiv) , P(OMe)s (1.5 equiv) in toluene
(1.2 mL) was stirred at 80 °C for 3 h. The organic solvent was then evaporated under
reduced pressure and the residue was purified by flash column chromatography on
silica gel (DCM/CH30OH=10:1) to give the desired products (52, 52.1 mg, 84% yield).
Dimethyl (2-(5-methyl-1H-tetrazol-1-yl)-2-phenylethyl)phosphoramidate (52).

IR (neat, cm™): 3216(w), 2952(w), 1455(w), 1240(w), 1034(s), 834(m), 525(w). H
NMR (500 MHz, Chloroform-d) & 7.41 — 7.32 (m, 3H), 7.24 (dd, J = 7.3, 1.9 Hz, 2H),
5.57 (dd, J = 9.7, 4.7 Hz, 1H), 4.02 (dddd, J = 16.9, 14.7, 9.7, 6.9 Hz, 1H), 3.76 —
3.69 (m, 1H), 3.67 (d, J = 11.2 Hz, 3H), 3.60 (d, J = 11.2 Hz, 3H), 2.45 (s, 3H). 13C
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NMR (126 MHz, Chloroform-d) & 152.5, 135.1, 129.23, 129.16, 126.7, 53.2 (d, J =
5.8 Hz), 53.3 (d, J = 6.0 Hz), 53.2 (d, J = 5.8 Hz), 45.8, 8.9. 3P NMR (162 MHz,
Chloroform-d) & 10.7 (m). HRMS (ESI) calculated for Ci12H19NsO3P* [M+H]*:
312.1220; found: 312.1216.

N—N N—N
» -
Me/AN’N ‘BUOK (2 equiv.), THF Me/AN'N
N3 o
r.t., 1 min
25 53

The mixture solution of 1-(2-azido-1-phenylethyl)-5-methyl-1H-tetrazole (25, 23

mg, 0.1 mmol, 1.0 equiv.), '‘BuOK (2 equiv.) in THF (1 mL) was stirred at
temperature for 1 min. The mixture was then filtered and washed with DCM, and the
organic solvent evaporates under reduced pressure to give the pure compound 53 as
colorless oil (18.6 mg, 99% vyield).
5-Methyl-1-(1-phenylvinyl)-1H-tetrazole (53)
IR (neat, cm™): 3924(w), 1518(m), 1407(m), 1266(m), 918(w), 775(m), 732(s), 701(s).
IH NMR (500 MHz, Chloroform-d) & 7.51 — 7.34 (m, 3H), 7.21 — 7.12 (m, 2H), 6.00
(d, J = 1.5 Hz, 1H), 5.61 (d, J = 1.5 Hz, 1H), 2.36 (s, 3H). 3C NMR (126 MHz,
Chloroform-d) 6 152.1, 140.2, 133.4, 130.3, 129.2, 125.7, 115.0, 9.4. HRMS (ESI)
calculated for C1oH11N4* [M+H]": 187.0978; found: 187.0977.
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7. Unsuccessful substrates

Unsuccessful substrates of C—H tetrazolation are shown in Table S5. For S1-S5,
S13-S15, these reaction systems were clean but the yields were generally low. For S7,
the desired tetrazole cannot be separated from the C-H acetylation byproduct. For
S8-S12, S20-S22, these reactions only afforded complex reaction mixtures. For S6,
S16-S18, low conversions were obtained as there were a lot of raw materials
recovered. For S19, the desired C-H tetrazolization reaction did not occur at all. For
S23 and S24, no formation of C-H tetrazolization products was detected.

Table S5. Unsuccessful substrates of C—H tetrazolation.

S1,36% $2, 34% S3, 33% S4, 36% S5,41% S6, 39%
o]
Br.
o AcO Ph o |
S7,32% S8, 7% S9, 10% $10,7% $11, 10% 8§12, trace
Cl N | |
D/\/\ ©/\/\/\/\ S ©/\/\/N\
c CF3
8§13, 30% $14, 14% $15, 22% $16, 22% $17, 26%
Me OAc
SONNeS PO
: v CD ©*
| Ac
AcO
S18, 10% S$19, ND $20, ND S21,ND $22,ND $23, ND S24, ND

Unsuccessful substrates of vicinal azidotetrazolation are shown in Table S6.
F6-F8, F10-F16, F31-F36 these reactions only afforded complex reaction mixtures.
For F9, F42-F44, the yields of these reactions were generally low and the desired
products were difficult to purifiy. For F21-F26, F29, F37-F39, F40 and F41, low
conversions were obtained as there were a lot of raw materials recovered. For F1-F5,
F17-F20, F27, F28, F30, F45-F47, these reaction systems were clean but the yields
were generally low.

Table S6. Unsuccessful substrates of vicinal azidotetrazolation.
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F1, R= CH3, 53%b

F2,R=CH,Cl, 56%  F10,R=OH trace N
F3,R=F, 44% F11,R=CF; trace Br

O/\ F4, R=Cl, 50% F12, R= CHO ND
F5, R= Br, 34%
'R= 4.7 F14,R= COOH ND
® F6.R=4Ph 28%  F45 R=B(OH), ND F17, 45%
F7, R= OMe, 11% i R o
F8, R= SMe, 10%
F9, R= OCOMe, 25%

Ph \m Me Ph._Ph
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F24, trace F25,37% F26,ND
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F32, ND F33, trace F34, 9% F35,26%
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N"pn P Vg = O)l\
o
F41,13%, 1.1:1dr  F42,17%, 1.1:1 dr F43, 24%, 1:1 dr

x
R N O/\
&
U
=N
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8. Mechanistic experiments

8.1 Cyclic voltammetry studies

General information: Cyclic voltammetry (CV) experiments were conducted in a 10
mL glass vial fitted with a glassy carbon working electrode (3 mm in diameter), a
platinum wire auxiliary electrode and submerged in saturated aqueous KCI solution
Ag/AQCI reference electrode. Current was reported in mA, while all potentials were

reported in V.

0.5 1 MeCN
' MeCN/HFIP (10:1)
0.4 EtPh in MeCN
—— EtPh in MeCN/HFIP

©
w
1

Current / mA
o
N

0.0 - —

1.5 l 2|.O l 215 l 3.0
Potential / V(vs Ag/AgCl)

Figure S2. Cyclic voltammogram with "BusNCIO4 (10 mM) as electrolyte. Scan rate:
0.1 VJs.

0.154

—— TMSN, in MeCN 0.15 styrene in MeCN
_TMSN; in MeCN/HFIP 2 styrene in MeCN/HFIP

Current/ mA

Current / mA
o
=

o
o
()]

0.00 4

0.0 0?5 1:0 175 2I.0 2:5 0.5 170 175 270 2?5 370
Potential / V(vs Ag/AgCl) Potential / V (vs Ag/AgCl)

Figure S3. Cyclic voltammogram with "BusNCIO4 (10 mM) as electrolyte. Scan rate:
0.1 VIs.

8.2 Hammett plot experiment

To a solution of ethylbenzene (0.3 mmol, 1.0 equiv.), p-substituted ethylbenzene (0.3
mmol, 1.0 equiv.), TMSN3 (0.4 mmol, 3.4 equiv.), in MeCN/HFIP (10/1, ml) reacted

at 75 mA for 8 min. The crude mixture was monitored by *H NMR (figure S5-S8). As
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shown in figure S3, the electronic effect on the aromatic ring of ethylbenzene is

significant, and a much negative p value (-2.97) in Hammett plot was given in below.

©/\Me CH)]| ()Pt N=N e
"BuyNCIO, (1.0 equiv.) N 0oy
e ¥ D

+ > +
MeCN/HFIP (10:1) [ :] Me Me
/©/\Me 75 mA, 8 min, r.t., N, R/©)\
R TMSN; (3.4 equiv.)

R =Ph, F CI,CN

0.5 Ph
0.0 -H Cl
n ~_ "
Y -05- F
HX
Y
D -1.0- _
15 y =-2.97x-0.0069
] rr =0.97
-2.0- ~a CN
0.2 0.0 0.2 ) 0.4 0.6
c
P
H Ph F Cl CN
op" 0 -0.18 -0.07 0.11 0.66
log(Kx/K) | 0 0.687 -0.161 -0.114 -2

Figure S4. Hammett plot of tetrazolation of ethylbenzene
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Figure S5. *H NMR Spectrum of ethylbenzene and p-Ph ethylbenzene reaction

mixture
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Figure S6. *H NMR Spectrum of ethylbenzene and p-F ethylbenzene reaction mixture
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Figure S7. *H NMR Spectrum of ethylbenzene and p-Cl ethylbenzene reaction

mixture
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Figure S8. *H NMR Spectrum of ethylbenzene and p-CN ethylbenzene reaction

mixture
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8.3 Radical clock experiment

Ph
N< Ph
PhJA\V/Ph + TMSN, Method C - NI' /I\d)\t"\(
N ue N3

54 55,21%, 7.5:1 dr

Following the standard procedure for the synthesis of vicinal azidotetrazoles and
azidoacetamides using 1- (2-phenylcyclopropyl)vinyl)benzene (0.3 mmol) as the
starting material. After work-up, the crude mixture was purified using column
chromatography to afford 55.
1-(4-Azido-1,4-diphenylbut-3-en-1-yl)-5-methyl-1H-tetrazole (55)

Followed Method C, the desired pure product was purified using silica gel
chromatography (PE:EA = 2:1) to give 22.1 mg (21%, dr = 7.5:1) of 55 as a yellow
oil.

IR (neat, cm™): 2926(w), 2099(s), 1523(m), 1402(m), 1247(m), 702(s). *H NMR (400
MHz, Chloroform-d) & 7.45 — 7.27 (m, 9H), 7.24 (s, 1H), 5.86 (t, J = 7.6 Hz, 1H),
5.38 (dd, J = 8.6, 6.7 Hz, 1H), 4.28 (d, J = 13.7 Hz, 1H), 4.12 (d, J = 13.7 Hz, 1H),
3.60 (dt, J = 16.4, 8.3 Hz, 1H), 3.28 (dt, J = 14.5, 6.9 Hz, 1H), 2.42 (s, 3H). 13C NMR
(101 MHz, Chloroform-d) 6 151.7, 140.0, 138.0, 137.1, 129.4, 129.2, 128.6, 128.0,
127.4, 126.6, 126.1, 63.0, 49.2, 35.3, 9.1. HRMS (ESI) calculated for Ci9H20N7"
[M+H]": 346.1775; found: 346.1769.

8.4 Trapping the carbocation intermediate

CH)|(-)Pt
"BuysNHSO, (1.0 equiv.) NHAC
Ph” “Me >
1 MeCN/HFIP (10:1) Ph™ Me
75 mA, 20 min, r.t., Ny 57 27%
without TMSN3

N-(1-phenylethyl)acetamide (57).1*H NMR (500 MHz, Chloroform-d) § 7.37 — 7.30
(m, 4H), 7.29 — 7.25 (m, 1H), 5.76 (brs, 1H), 5.13 (p, J = 7.0 Hz, 1H), 1.98 (s, 3H),
1.49 (d, J = 6.9 Hz, 2H). 3C NMR (126 MHz, Chloroform-d) & 169.2, 143.1, 128.7,
127.4,126.2, 48.8, 23.5, 21.7.
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8.5 Probing arene radical cations

The procedure is the same as Method A
graphite (+) | (-) Pt
N—N N—N
"BuyNCIO,4 (0.3 mmol) oy "oy
A~ - N\N)\Me NP e

T™S + N
MeCN/HFIP P

TMSN; (1.7 equiv.) Ph™ "TMS Ph
RT, N, ND 7, 34%

Ph

8.6 H. detection experiment

We have carried out the headspace GC analysis of the reaction mixture and
confirmed the formation of Hz both in the tetrazolation and azidotetrazolation.

Vicinal Azidotetrazolation of Alkenes C—H Tetrazolation of Alkyl Arenes
[ b BiE L=
Dl E [ e e 5 S8 frooa swesiors) [ @ Gl e AN G LKL Tl
TCD1 A [SNAPSHOT.D) V
=¥ 1jection tune: H, retention time L . H; retention tune? T
500 : injection time:
o] 0.9 mmn . ! 57 mi <
- i 5.7 min T
1000 A by
500 7|
=
E 2 i ‘ 5 € 7 s || =l
[Ei T || [l
» e LT wE L34 HHET I~_~l
[T 3zt | @307 | 14113 | o223 [ 1707 |
|2 8303 | 75487 | 30483 | oaann | ams | i
2y
TR m
GCIT#E SNAF;‘HUT.D iw..
ICHRERE | CACHEMIZW'DATAL j
B [25-0ct-22 194425
P
TR 3
w3
BIEE
Fik [6.21M
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9. TG-DSC experiments

The TG-DSC curves of compound 25, 27, 42 were measured at N2 flow rate of 20
mLemin?, heating rate of 10.0 °C+ min and temperature range of RT to 400 °C.
Crucible with aluminum lid was used as the sample tank.

Compound 25 (6.78 mg was used, AH = -1270J g})

110 4

100 4 |
T,..5233°C

g ]
£ 70 4 s

@ [3 6 1
60 =

= [8) 84
%)

50 4 0 -10 4

40 4 -12 4

30 4 147

-16 4

20 T T T T T T T T T 1 T T T T T T T T T 1
i 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
Temperature/ °C Temperature / °C

Compound 27 (5.48 mg was used, AH = 1330 J g?)

100 4
14
90 4
04
80 4
o 14
£
£ 70 =
@ E -2
] -
= 604 (o]
8 34
50 4
44
40 4
54 Il
30 T T T T T T T T 1 T T T T T T T T 1
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
Temperature / °C Temperature/ ‘C
— -1
Compound 42 (6.5 mg was used, AH =-1330J g™)
254
100
20
80 4 15
10
£ % ?05
@ S
a
= 40 £ 00
1)
& 05
20 4
10
154
0 \
T T T T T T T T T | —20—*,ﬁ—,—.—,—.—,—.—,ﬁ—t,—.—,ﬁ—,ﬁ—,ﬁ—1
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
Temperature / °C Temperature/ °C

Table S7. Onset Temperatures and Decomposition Enthalpies Calculated from DSC.
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Compound  Tonset Tm® TDa’  AH AH
(O (O (O (Jgh (kImol)
25 233 246 117.1  -1270 -291
27 229 253 1143 -1330 -379
42 215 246 1045 -1330 -278

8 Temperature of maximum in the DSC curve. ® Temperature in which the time of

maximum rate is 24 h.

10 Reference

1. Y. Chen, X.Yi, Y. Cheng, A. Huang, Z. Yang, X. Zhao, F. Ling and W. Zhong,
J. Org. Chem., 2022, 87, 7864-7874.

S44



1 13 19
11. Spectral data ( “H, ~°C, ~°F) of products
WO~ OOMIT TN —~O DO OIS 0 0 © S
nenneneMneneeNneneneonononalaaNN—~ —~ —n w n oo Q
L N S S S S N S S O N L S S o Vo R Vo T Vot SRS <
ARRENENRNENENENRNU NN A NG |
N-N
1
N*N)\Me
Me
3, "H (500 MHz, CDCl3)
u
1
EhS & ¢ d
[=TNeN S (=
@ = = @ @
1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5 -I
f1 (ppm)
< O o~ v o
[o\] L —~ O O v O wn [\l o~
S v NS a ~ o
w) N AN AA o~ >~ O o0 — N
— — — e — Lo e w) o (o)}
[ I~ — [ | |
N—N
£
N\N)\Me
Me
3, 13C (126 MHz, CDCl,)
1
10 200 190 180 170 160 150 140 130 120 110 100 90 80 60 50 20 10 0

f1 (ppm)

S45



00°0—

€0°C
0'C

e

¥S'S
96§
LSS
65°S
€0'L
v0'L
v0'L
SO'L
90°L ]
90°L
L0,
LOL]
30°L 1
0z'L]
1z ]
1L

WL

WL

WL

€TL

€TL

—

iy
N)\Me
Me

1
~

I
N
F
4, "H (500 MHz, CDCl3)

=90°¢
=66'C

*00°1

#26'1
661

1.0 0.5 0.0 -0.5

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

916 —

[6°1C—

1S°LS—

SL9L
oo.hbw

STLL

80911
STOI1 v.
16°LC1
86°'LCI
L9YEL
oL vel

o181 —

85191~
96°¢91 7

F
4, '3C (500 MHz, CDClj)

-

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

200

f1 (ppm)

S46



DA AN N n
T 00 n v
doddddd
,N—N TT T T T T
A\ —— =
N‘N)\Me
Me
F
4, '9F (471 MHz, CDClj)
150 130 110 90 70 50 30 10 -10 -30 -50 -70 -90 -110 -130 -150 -170 -190 -210 -230 -25
f1 (ppm)

Sa7



7.35
7.35
7.35
7.34
7.33
7.33
7.17
7.17
7.16
7.15
7.15
7.15
5.57
5.56
5.54
5.53
2.04

{Zo3

—0.00

IN—N
L\
N\N Me

Me

Cl
5, H (500 MHz, CDClj)

A l

Ny
a2

D014 ——
1.00% bma—-

7 3.09%«
] 3.15«

1.0 10.5 10.0 9.5 9.0 85 8.0 7.5 6.5 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0 -0.5

7.0
f1 (ppm)

el N 00 O

R i AL 2

2 22388 FEE 5 53
!\J—N | SN/ ~— | | |
A\
N‘)\Me
N

Me

Cl
5, 13C (126 MHz, CDClj)

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

S48



— OO NV~ —~O DD O T N~ — < A g
MBI I =333 nnnn + <SS d
I O L S o O o L Vo Vo Tt [S SN <
N-N
A\
N‘N)\Me
Me
Br
6, "H (500 MHz, CDClj)
1
1
1 l A l
‘i
d & & 4 &
a o S =) =]
— — — o (s
1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 3.5 3.0 25 2.0 1.5 1.0 05 0.0 -0.5 -]
f1 (ppm)
el woen
— o0 en >~ > Vel =2"s) Nal el
- = oA N o NS 0 & e
) NN AN A o~ >~ O ©~ — N
— — o p— Lo e vy N o)
I AR ~ I I I
N-N
A\
N\N)\Me
Me
Br
6, '3C (126 MHz, CDClj)
200 190 180 170 160 150 140 130 120 110 100 90 80 60 50 10

f1 (ppm)

S49



7.40
7.39
7.38
7.37
7.37
7.37
7.37
7.36
7.36
7.21
7.21
7.20
7.20
7.19
5.51
5.51
2.45
—0.00

|

7, "H (500 MHz, CDCl3)

£& d )
S a S 3
on — [\l o
10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 30 25 20 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
— NN A
© ISESECN n o n <
— N R bt =
" MESESES ~ N0 =3 <
— —— ~ o~ =~ bt o
| ~~/— ~ | |
IN—N
L\
N‘N)\Me

7, 13C (126 MHz, CDClj)

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

S50



000 —

880
680
060
16°0
1s°¢C
IS4
vo.N/
96°C

=L0"9

L6TA
86'C 4
86'C

66'C ]
00°¢ ]
00°€ 1
10°¢ ]
20°€
mo.i

v0'€ “
ﬁi
LLY

TELY
€eL
€€ L1
vEL Y
SELA
Se'L T
9¢L

LeL
6¢L
0¥L
ot
1

N—N

e

1
N

Me

Me

8, "H (500 MHz, CDCl3)

96'C

F66°0

=00°1

8'C
0'C

1.0 0.5 0.0 -0.5

1.5

10.5 10.0 9.5 9.0 85 80 7.5 70 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

cre—
€661
80°0¢C

8lL'ee—

L6'69 \
SL9L
00°LL

STLL /

8SLTIA
€L°8T1
$6'3T1
£'9c1 7/

€STIST —

Me

8, 13C (126 MHz, CDCl,)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S51



000
LSO
88°0
06°0
171
Tl
!
ST
LTT
€€
ser
91
g€l %
6€T
67T
0z |
1€¢
cet]
bET
9¢7 ]
T
¥S'C
95T
LST
85T
09'C
sT's ]
9Z's
975
8zs
9T LA
LTL
LTL
LT
8TL ]
1€,
zeL
cerr ]
€c'L
vEL
vEL
SEL
SEL
LEL
LEL

—

=60'€
RTT
B 4%d

201

Me
Me

N-N
ND Y
N
Ph

9, "H (500 MHz, CDCl3)

~66'C

mxvoA

=00'1

0'C
0°¢

1.0 0.5 0.0 -0.5

1.5

10.5 10.0 9.5 9.0 85 80 7.5 70 6.5 6.0 55 50 45 40 35 3.0 25 2.0

mﬂ.m“
€L el

orce—
LY'8T~\
mﬁ.mm/

€0°€9 —

mh.@h/

00°LL
mN.hh.\

f1 (ppm)

€991\
¥9°8¢T1
¥0'6T1
w6 LEl”

€ISt —

Me

Ph
9, '3C (126 MHz, CDCl;)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

200

f1 (ppm)

S52



<ttt nen A OO < — O O~ o — > 0
SN YT S Y% %0 99 <+ ¥ . S o
O O O O O Lo wn nwn < < T < - o o O
H—‘—N/\k’ V \/\/

N—N

N

~

N Me

Me

Me
o)
10, 'H (500 MHz, CH;0D)

J \Lll

1
L i
LN & > 4
(o] — (=} '(\! —
o (o] — o on
1.0 10.510.0 9.5 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0 -0.5 -1
f1 (ppm)
— —_ 0 n O n
[=) S~ Nen < 0 o0 [« [ ]
~ Salw~ I | o< N
[*)) <t n AN v ly on N .
— — v N o~ )
I A I (I I
N—N
n \
NS B
N Me
Me
Me
(0]

10, 3C (126 MHz, CH;0D)

| Ll | L1

10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

S53



L6°1
861 W

Iv'c

0ge—

wor—

98°¢
L8'S
88°¢
68°S
ceL
€E°L

€S°L
mm.hw
9¢°L

19°L
€9°L
v9'L
€8°L
v8'L
08
S0'8

(]
=
(]
N“ﬁ =
=z
NIN
@)
=z
\ \\O
2
o N
o

11, 'H (600 MHz, COD,)

o <
ST

=00"1

.\:.N
JIe
MIT
Moz
oo

1.0 0.5 0.0 -0.5

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

§8°9—

L6'61\
6v°9p
99°9%
€89
00°LY
LTLY

k‘. L

15°Lp7
60°LS —

f1 (ppm)

PLYTT
E.oﬁ/
ST LTI~
mm.wﬁw
11°0€1

H
N

\
O O

O
s
\

Ph”

11, '3C (126 MHz, COD,)

ST (i

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S54



000
851 )
6511
6511
09°T 1
191
791
91 4
€9°1 4
¥9'1 )f_
veT

mm‘L
98T}
LET
LETT
Let]
8€°T
6cC
19°Z 1
297
9T
€9°C
e
€€
a’
9p¢
LY€
LES T
8¢S
3¢
ov's
€TL]
€L
vT L]
YT L]
voL]
veL ]
ser ]
se'L

9€L

LEL

8¢°L

6€L

WL

€v'L

—

—

—N

Ph
12, 'H (500 MHz, CDCl5)

ke
J2O'T
66T
Yot

HoC

=00°1

JEoC
10°€
16°0

1.0 0.5 0.0 -0.5

1.5

f1 (ppm)

10.5 10.0 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20

96'8 —

oLsc”
€pTe—
88'8€\

Y€ —

SL'9L
oo.nbw

STLL

LETII
SOOIl M
Y6911
€Coll /
6¥'9C1 —
mo.mmﬁ\
£e6cl
6l'LEl .\.
88'1¢1
STLST
PSLST
P8 LST
€1'8S1

60 50 40 30 20 10

70

80

120 110 100 90
f1 (ppm)
S55

—=N
200 190 180 170 160 150 140 130

Ph
12, 13C (126 MHz, CDCl5)




0070
hm.:
651 ;
09°1 1
om.ﬁ
;.j
TeT
£€C
mm.m;
9T
0S°T Yy
1S°CH
€SN
vSCT

vstd
omi
L

14 R%
9¢°¢
LS'E

ot's
'S
+'s
€r's
9T'LY
9T'L 1
LT LA
LT LA
LTLA
8T'L 1
1€°L
€L
L]
€€L
e ]
veL]
peL ]
beL]
SeL
SEL
SEL
9¢°L
9¢L
LEL
LEL

Um@o.m

o)
13, "H (500 MHz, CDCl3)

Ph

01
mm\mo.m
0’1

6'¢

————— =7 ()

leooA

10°C
0°¢

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

668 —

61'vT~
90°8C —
Lrece”
sTLeE”

€L'19—

SL9L
oo.hbw

STLL

IEXTARN
#8°8CT

:.oﬁﬂ
ocLer”

19161 —

9CTLLT —

I

(0]

13, 13C (126 MHz, CDCl5)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S56



000
SL'1
LLt /
8Ll
6L
08'1 |
08'1 |
181
43
ssz
$ST
LSTY
e

YLTA
sse
95°¢
LS€
LS€
LS€
LS€
85°€
65°€
re's
S
9¢'s
LES
9T'L
9T'L
9T LA
LTLY
LT LA
LTL
8T L]
veL]
veL ]
SEL
L]
ser ]
9¢'L

9¢'L

LEL

LEL

LEL

8€L

6€L

—_\ e e

—_—

Cl

=N
\

Ph
14, 'H (500 MHz, CDCl3)

koc

£6'C
60°1
Yot

F90'C

=00°1

A6°1
o€

1.0 0.5 0.0 -0.5

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

cre—

viec~
68°CE

€0y —

€€°C9 —

SL9L
oo.hbw

STLL

€5°9Z1
26'8TI
zT6tl
ocLEr”

SSIST —

—N
\

Cl

Ph

14, 3C (126 MHz, CDCl5)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S57



0007
0T
mv.m,/
9T

v9°T ]
¥9°C ]
$9°T1
$9°T1
99°C
99T
e |
$6°T1
96

L6°TH

07\
0
€0t
Y0t
So0'¥
90t
80
60
60t
o1
A
SaS
9t's
LY'S
9T'L
omsw
9T'L

LTLA]
LTL
8T L
sz
veL]
se
R
seL
9€°L 1
9€°L 1
LEL
LELA
6€°L]
6¢L?

OAc

[0

Z ==
z3)

Ph

15, "H (500 MHz, CDCl3)

50°¢€

0'¢
¥90'[
#96°0

101

160

=00'1

0T
oe

1.0 0.5 0.0 -0.5

1.5

10.5 10.0 9.5 9.0 85 80 7.5 70 6.5 6.0 55 50 45 40 35 3.0 25 20

P06 —
vL°0T—
9vE—
7965\
15097

SL9L
oo.hbw

STLL

f1 (ppm)

65°9TT .
S0°6T1
0€621
169¢1 7

99°IST —

LSOLT —

[}

Z =
~ 7
NIN

OAc

Ph

15, 13C (126 MHz, CDCl3)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S58



00°0- 1
mo.:
9911
99'1 1
L9T ]
L9T ]
69'T
6€°T
0v'T
ey
€V
7T
SPTA

—

85T
65T
09'C
19°C
19°C
€9°C
¥9'C
Y0t
So0'¥
LOY
€€'s
ve's
Se's
9¢'s
1L
1L
1L
L
€T'L
L]
€cL
e
veL]
ses
e
9¢L ]
pLL]
YLLA
SL LA
9L°L1
9L°L ]
9L°L"

OTs

—N
\

Ph
16, 'H (500 MHz, CDCl5)

*6'1

=00°1

26'1
mzho.m
*$6'1

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

006 —

8S'IC—
LS ST
06°'1¢€~

8619~
95769
SL9L /
00°LL

STLL

15°921
9L°LTI %
16'8T1
07621
€6°621
6Tel
STLE

80°S¥I
69°IS1

——

—N
\

OTs

Ph

16, 3C (126 MHz, CDCl5)

ok

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

200

f1 (ppm)

S59



0070~ 7
SSTY
mo.m,/
9T
S9°C1
99°C1
SL'TH
SL'TY
SL'TY
LL'TY
LLTA
8L'TH
6L°CTH

6LTY
78T
€8¢
87
10°€
10°€
20
o€
poe !
86'S
66'S
009
009
299
€9°9
€99
¥9'9
¥9'9
¥9°9
_:\ﬁ
15°L
s
TS'L]
€5,
b ]
s ]
sc'L]
91°8 ]
91°'8 1
L1'8
L1781
81'8"

o

a

2 O

0

z= T
W Z o=
IN m
w

T

S

~

lllln

=i

J0E

)a@o

=001
=860
¥90'C

*$6°0

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

SS°6—

8¥'6C —
09¢—

oY’ 9¢ —

SL9L
oo.hbw

STLL

909¢1\
AR IR\
3b6T1 —
cozel w
errel
€68€1

vSIST —

SLY6l —

17 '3C (126 MHz, CDClj)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S60



00°0
81'C)
61T
SET
LY'TH
8v'T 1
6v'C 1
0S'CH
0S'CH
15T
€L°CTH
YLTH
9L'C

9L
LLT]
8L
6L
08T
26T
€6°C1
€671
¥6'C
96°C 1
967 1

L6'T
86T
€L's
vL'S
SLs
9L°S
¥T'9
ST9
9Z°9
L
€vL]
S
L]
YL
Sa%
StL
122
1L
e

<LL
E€L°L

0]
18, 'H (600 MHz, CDCl5)

=00°1

=+6°0

¥€0'C
=160

1.0 0.5 0.0 -0.5

1.5

10.5 10.0 9.5 9.0 85 80 7.5 70 6.5 6.0 55 50 45 40 35 3.0 25 20

f1 (ppm)

906 —
Y061 —
9°0e —

6T 0v —

€8'86 —

SL'9L
oo.bhw
STLL

%.mm_
_o.mm_/
S0°62I
00°€€T —
E.mﬂw
YO'LET

co'cst —

18°¥0C —

N-N.

\>~Me

Ul

N<

0
18, '3C (151 MHz, CDCl3)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S61



vST—

0ge—

LLS—
0L
€0'L
Sa)
L
PhL
S
9pL
9L ]
L¥'L ;
Lyl
-
6L ]
€6°L 1
Y6L
v6°L ]
6L
S6°L

_—
[} J—
=

\D/ B

72 Q

() ——
~ 7/ [

Z: - S

=

o

oz g
— ~—"
Ouﬁ_buO T
& -

o 2

$6'C

-00'C

(4Nt
0¥y

n\vo.m

1.0 0.5 0.0 -0.5 -1

1.5

10.5 10.0 9.5 9.0 85 80 7.5 70 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

1L°9—

89t
6v' 9%
99°9%
£8°91

00°Ly
LT'LY
veLy
IS°Ly

OM.ON_/
91°LTI V
€TLTI
@m.wmﬁ\
LT°0€ET
L6'8€E] \

cm.mw_\

Syl
6S°ISIT \

€TLIOT —

—N
\

o)

Q
Ph—s—

NH

o)
19, '3C (126 MHz, CD;0D)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S62



A

CoFs

Ph
20, 'H (500 MHz, CDCl3)

0T

60
0'¢
'l
61

&

=00'1

50T
AN

1.0 0.5 0.0 -0.5 -1

1.5

f1 (ppm)

1.0 10.510.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

Ie—

[XC)

LEVEN
899¢ 7

$8C9 —

00°LL—

6V 401
08°+01
1€°901
19°901
26901
TTLO1
vL801 \
$0°601 ﬁ
97911 4
K ﬁ
08911}
€581 | ﬁ
08'811]
80611
15921
L0621 ;
zE6T1
8I°LEL
€911

LY €61
89°¢61 W.

06°col

60 50 40 30 20 10

70

80

id. g
110 100 90
f1 (ppm)
S63

120

CoFs
180 170 160 150 140 130

190

Ph
20, 3C (126 MHz, CDCls)

10 200



—-81.76
—-123.19

N—g\
oy

AN

N Me o
Ph)\/\/U\CQFg,

20, "9F (471 MHz, CDCls)

-210 -230 -25

50 -70 -90 -110 -130 -150 -170 -190
f1 (ppm)

-30

150 130 110 9 70 50 30 10 -10

S64



000
88°0
88°0
68°0
060
LY
LY
81
L
T
T
€6'C
$6'C
96T
L6T
L6T
86°C
66T
10°€
$9°¢
$9°€
69°€
L€
e
€L€
€Ly
SLy
LTLy
8T'L Y
6T°LA
6TLA
6T°L
0€L]
9L
LeL]
LEL]
gcL]
SEL 1

L

mm.h;

Me
21, 'H (500 MHz, CDClj)

MeO

=119

=+0'¢

—$8'C
860
6'C

0l

=001

90T
Moz

1.0 0.5 0.0 -0.5 -1

1.5

10.5 10.0 9.5 9.0 85 80 7.5 70 6.5 6.0 55 50 45 40 35 3.0 25 20

f1 (ppm)

AN
8¢8I
wm.m_M

0cee—
S6'vy —

S0'CS —

6569 \
SL9L
00°LL

STLL /

06°LT1
L0O'8CI
69'S€1 7
crivi—

LY 1ST —

€ESVLL —

[
=

Me

Me

MeO

Me
21, '3C (126 MHz, CDCl,)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S65



00°0-—

om._/

or'1
op1/
or'e

:.L.
€1
pie]
6]
Lst]
65T
097
79T
6LC"

————

1€9
€9
€9
€9

ov'L
0s’L
SL'L
SL'L

Me

Me
22, 'H (500 MHz, CDCls)

Bu

e
168
6'C
=101
60°¢

01

]

10°¢

=00°[

=101
~86°0

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

16—

:u.bm/
99°6C ~
(a3 i
1€1¢ \,
L6'VE

6Ty

14814 !

¥78°6S —

SL9L
oo.hbw

STLL

L8ETI
Stz —
TEEET
88'cc1/

LOTISTN
oL €ST >
SOPSI /

6£°661 —

Me

Me

Bu

Me
22, '3C (126 MHz, CDClj)

ol

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

200

f1 (ppm)

S66



=e'e

¥T9

4560

Me

)

OMe

23, 'H (500 MHz, CDCIs)

1

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

AN.H/:.M

(A

=<le

=00°1

Moz
1y

470°C

1.0 0.5 0.0 -0.5 -1

1.5

f1 (ppm)

0c6”
L8ET”
0€£'TT\
8097\
PLIE~N
0S°SE~

SI'ecs—
LT —

SL'9L
oo.nbw

STLL

S6'9Cl
8CT'LCI

€6'LT1
mm.om%
€T°0€T

owsﬂ\
Nvoi\
omi:\
SHIST

6L991 —

Me

OMe 23 '3C (126 MHz, CDCls)

.___J_LMLJL_._.LLJMJL

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S67



00°0—

8¥'C

00t
10t
€0y
vy
vy
Lty
8ty
0s°t
8¥°
6’
0s°s
1s°s
8T'LY
6TLY
6TLY
0€'L7
0L /W

N N\ e —

1€L7
ceL]
LeL]
8€L 1
8¢, |
6L
@mi
0v'L]
ov'L

66°C

€01

F€0'T

25, "H (400 MHz, CDCl,)

=00"[

1.0 0.5 0.0 -0.5 -1

1.5

f1 (ppm)

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

YL'8—

cTrs —
[8°19 —

89°9L
oo.hbv

CELL

89°9C1\
rTecl
6Tl
61'vEl /

LOCST —

40 30 20 10

50

60

70

80

100 90
f1 (ppm)
S68

110

120

130

190 180 170 160 150 140

25, '3C (101 MHz, CDCIj)

10 200




00°0-

6v'C

96'¢
L6°E
66°¢
00
LYY
ov'y
ov'y
ISy
9¢°¢
LES
8¢S
6¢°S
0C’L
1T°L
1T°L
L
€CL
€CL
6¢°L
6¢’L
ov'L
Iv'L
1¥'L
1v'L

R e N e G

1

i

(] o) (@]

= Z [m]
o

Z= N
I =z T
Z: ) =
o

o

e

T

5 <

o N

N

10°6

“68°C

=001

=101

=00°1

=16'1

17861

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

L6'8—

LOTE~
€9ve—

ov'vs —
7819 —

SL9L
oo.hbw

STLL

€€'9z1
€5°971
oz 1e1”

10°TST~
sg'zs1”

Bu

27, '3C (126 MHz, CDCl,)

S .

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S69



00°0-—

6v' T\
€6'¢
(404
€0y
SOy
90t
LYy
or'y
oSy
(404
1487
sv'S
'S
LY'S

LEL
LEL
8¢€°L
8¢€°L
90'8
90°8
90°8
LO'8
808
808

O

N
o)
28, 'H (500 MHz, CDCl,)

Me”

TLT€

JN~.~

FOL'T

=00'1[

=91°C

=L1'C

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.510.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

¥6'8 —

6€°CS —
1€vs 4
99°19 —

SL9L
oo.hhw

STLL

S6°9CI ~
S9°0¢€l 7
Syl /
L8'8ET 7

4 4

S6°S91 —

Me/o

o}
28, 13C (126 MHz, CDCl3)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S70



000 —

0s'¢c—

00t
10t
€0'¥
Yo't
Sty
S.vw
L'y
onw\
LES
6€°S
ov's
s
€0'L
SO'L
80°L
or'L
L’
LEL
6€°L
ov'L
WL

F

500 MHz, CDCl5)

1H(

29

=66'C

01

E20'1

=00'1

ke6C
660

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

$6'8 —

LEYS —
w9 —

89°9L
oo.hbv

CELL

mo.v:
cm.v:/
IL°9T1
6911
vl
8¢ccl
cTIel
oe 1€l
hm.omﬂ\
r99¢l
crest —

YL~ m

TH91
N“ﬁ
| pd
N -~

[se]

p

F
29, '3C (101 MHz, CDCl,)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S71



00°0-—

J/S6°C

S
a
(] ™
s z o
m,
z= o
W z = =
<= m
©
T
=
(+2]

“3%o€

UTNOA
S0°1

=—=00"1

.\@m.o
(U

L0'C

-1

1.0 0.5 0.0 -0.5

1.5

1.0 10.510.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

L8'8—

8l'6l —

°6'ES —
PE8S —

SL9L
oo.hbw

STLL

0¥'9¢1
wm&m_%
I7°6CI ~
vIIel

/£
ﬁo.Nmﬁx‘

8LYEL

r6'IST —

Me
30, '3C (126 MHz, CDCIj)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S72



00°0-—

€6°C

66°¢
66°¢
10°¥
[V 7
'y
'y
Sv'y
LYy

L6'S
L6'S
66'S
661
0€'L
0€'L
1€°L
1€L
vEL]
beL]
SeL]
ser]
9€°L 1
e
LELT
9L 1
9L 1
LY LA
Ly'L?

2\ —_—— =

o= () |
~—

=€0'1

e 2() () |

N
cl
31, 'H (500 MHz, CDCl5)

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

88—

Stes —
6L'LS —

SL9L
oo.hbw

STLL

€1°8T1
wmiwm_/
90°0€T Nt
L8'0ET
88'TET \
SSTET

reTs1 —

Cl
31, '3C (126 MHz, CDCls)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S73



00°0—

90°C

.

LO'C

80

o_AvV
LEY T
@m.v.\.

80°L
60°L1
60°L |
01°L Y
E.Sk
01" LA

ov'L
:&w
L]

1]
L
L
L

32, "H (500 MHz, CDCl3)

=00'1
=00"1

=761
*0°¢

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

1601 —

08°€C—

1209 —
[¥°99 —
SL9L

oo.hhw

STLL

6S°SCI ~
LT'6C1
ocecl
69°8¢l —

I8 16T —

Me

32, 13C (126 MHz, CDCl5)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S74



000
0117
Tl ;
P11

LT
PET
9¢'T §
614
11 A
1
SH1
LT
851 ]
641
Omi
ST

wm.}
SS'l
LS
651
09'1
91
$9°1
18°1
81
P8
98'1
L8'1
96'1
861
00T
8T'€
0€'€
e
23
LE€
oIy
61'F
vEY
LEY
€L
aws
YIL
YL
vL

33, "H (400 MHz, CDCl,)

F10'1

200" [
00°1

*0'C
F00°¢

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

SOCI—
YTve
9€¥C
€9°LT
LLLT

og'sy —

88°LS —
08'IL

89°9L /.
oo.hhv

CELL

61°LTIN
88Tl
00621
zeog1

89°CSI —

33, '3C (101 MHz, CDClj)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S75



000
L0
SL0
8L°0
18°0
$8°0
88°0 ¥
560
86°0
101
o1
b1 |
8€1 1
1411
b1 i
991 4
691
VLT
LLTT
18711
981 1
L6'T
00'C
¥8'T T
LT
06'C1
RS
STt
611
W

or'L
clrL
clrL

€v'L
YyL

—

o

S0t

F80°¢

N
34, 'H (400 MHz, CDCls)

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.510.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

6€Cl —
L8'ST
8 _.oNW.
S¥'9C
oﬁ.wm\
L1°8C
6L T —
98°9¢ —
¥8'CL
89°9L
oo.hhw

CELL

61°LTI N
vL 8T
v6'8T1
09se1”

€6°CST —

34, '3C (101 MHz, CDClj)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S76



000
TL0

vL0

SL0

LLO

8L°0

080

18°0

€6°0
$6°0
160
97’1 ]
8T'1 1
6T 1]
01 |
el
vel
661
€T
€€
9¢'C
LET
6€CT
or'e
LST
85T
09'C
19°C
€9°C
v9'C
1Y
YTt
8¢y
It
0L
1]
11
2]
€L

€1'L

'L

AN
LT

F[T'T

€v'L

*50°€
mﬁo;
Ol

— s AN
—

———ri0e

*S6'C

Q

35, "H (400 MHz, CDCl3)

1.0 0.5 0.0 -0.5

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

1601~
LEEL~
wor’

18°9¢—

ST'LS —
vL'89
89°9L

oo.kw

CELL

117921
91°6T1
ST6TI

vL'8ET —

€6 1ST —

npr

35, '3C (101 MHz, CDCIj)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S77



00°0-—

LOCT—

SL'E
8L°¢
8¢
68°¢~
80V 1
Iy
ol'ty
wy

19°9
€99
1L
crL
€L
vI'L
9I'L
8I'L
0C'L
L
YTL
YL
SY'L

=
2
(] ™
s z o
T
Z= [
Iz o) =
Z3z 3
N
T
<
™

=00°¢

(U
o'
o'l

)OOA

00'C
I'c
10°¢
=[0°¢

1.0 0.5 0.0 -0.5

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

PN B

SS oy —

€198 —

6989\
89°9L
oo‘Ew

CELL

LEITI
E€LLTI
rS8CI
1€6cl

mmdm_w
No.mm_\,
ho.mmﬁ\,

r0'8€l
cocsl —

36, '3C (101 MHz, CDClj)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S78



0070~
0L0
:.o/
98°0
ww.ow
68°0
€Tl /
66°1

SeT
mm.m/

T
8S'C
9'C
S9°¢C

Wy
54\
€y T
:Q\

I°L
N_.hw
<L

6ELF
Nv.b\

St'L

Feo1
N org
H6 VI

= 10'¢
=] 0T
—==F 001

|

=

= 10°C
- F $0°¢
s
2
[} %)
- 8]
= Z H2 -
N“A 2 <
I Z ) =
3 =
N
T
-
(4]

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

S80I
{4l
9¢°CC
$8'CC
91°6C
Y€6C
6£°6¢C
9L 1€
9¢ve

————e—

LOLS —
6989\
89°9L

oo‘Ew

CELL

LO9TT N
80°6CI
81°6CI

vL'8ET —

98161 —

-N

\
Me

N

!
~

1
N

N3

C1oH21

37, '3C (101 MHz, CDCl5)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S79



00°0—

€Tl
vl v.

=$6'C

LYY
9L'¥ Y
9L°Y Y
LU
sLv
LY
6Lt
08t
moi
6¢°L 1
ov'L
0t LA
ot LA
0bL]
ov'L
1L
1v'L]
1%L
1L
e
WL

WL

€L

€L

o

e

-N
\

38, 'H (500 MHz, CDCl5)

diastereoisomer 1

!

¥86°0
00'1

e
6’1

1.0 0.5 0.0 -0.5

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

06—

8S°LT —

6€°09
Yy'LY \
SLOL

oo.b\.W

STLL

8Ll
crecl /
89'6¢CI
L6'EE] .\.

L8 IST —

N3

38, '3C (126 MHz, CDCIj)

diastereoisomer 1

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

200

f1 (ppm)

S80



diastereoisomer 2
T T NN N AN —~— =000t N0 WV <t S S 0 (=)
TILLETLTLLEETLETITTNOAS SO OO0 0 OY " A S
L N O O O O O L TR R R R N —— =
e e et —— e e — | N |
N-N
roA
N\
N Me
Me
N3
38, 'H (500 MHz, CDCls)
diastereoisomer 2
& 4 & g 4
< e < < -
vy —_— o o

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 20 1.5 1.0 05 0.0 -0.5 -1

f1 (ppm)
X N NS ©
— <+ N~ RSN ¥ 2
o oddd NENE I s S
N—N I ~~/ ~— 1 | I
N
~
N Me
Me
N3

38, '3C (126 MHz, CDCl,)
diastereoisomer 2

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

S81


javascript:;

vs'T
ST
8€°€
8€°€
or'e
1v'€
0s'€
0s'€
zse
€5°¢
L€
vLE ]
9L°€ ]

e

9L°¢ |
08¢ |
08¢
78°¢ Y

€8¢ Y
06't
w6Y
€S
SE'S
IS°S
S
Ly
Nv.f
TrL
SR
SR
€L
v LA
P L
Ly'L]
8L
8L ]
6L 1
6v°L]
6L 1
sz}
0S'L
0s'L
1S°L
1S°L
1S°L

cSL

—N
\

Cl

3

N

39, "H (500 MHz, CDCl3), dr = 1:1

0°¢

u\wo._
=701
801
)No;

ﬂl“_lw

J01
No'T
=01
00T

L

10.5 10.0 9.5 9.0 85 80 7.5 70 6.5 6.0 55 50 45 40 35 3.0 25 2.0

0'v

1.0 0.5 0.0 -0.5

1.5

f1 (ppm)

6'8 —

9 vy
89 vy

Om.ﬁo/
19°¢€9
No.vov
YS9
SL9L
oo.hhw

STLL

YL LTI
S6'LTI
St 6cl
69°6C1
S6°6CI
91°0¢€1
€L'Cel
9¢eel
crest—

—=N
\

Cl

N3

39, 13C (126 MHz, CDCly), dr = 1:1

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

200

S82



000 —

9p T~
os'1”/

9¢'Cc—

LTS —

wm.f
8€°L1
8€°L 1
6€°L1
6€°L7
6€L
6€° LA
otL”
9L
LsL
LsL]
8S°L 1
8sL
867 1
g5 ]

—

J ol LA

e
e

—N

]
~

N
Me °

40, 'H (500 MHz, CDCl,)

-00°1

415
0T

1.0 0.5 0.0 -0.5

1.5

10.5 10.0 9.5 9.0 85 80 7.5 70 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

S€6—

96'TT~\
8Eve”

YTrI
8569\

SL9L
oo.hhv

STLL

L9'8TI A
976217
68zs1”

09°Cs1 —

N
»\Me

N

1
~

!
N

Me

N
Me °
40, '3C (126 MHz, CDCIj)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

200

f1 (ppm)

S83



diastereoisomer 1:

000
011
19°1
9’1
59’1
891
69'1
oLl
L1
90T
90°C
L0°T
L0°T
60°C
vs T
55z
15T
857
191
1921
0L
1Lz
€LT
€LT
vLT
sLT
9.°C
<8t ]
8h]
98"y
98°t
L8}
p1L]
v1L]
PIL
stz
9T'L 1
og° ]
9¢°L
LEL
LEL
LEL
€L

—

6€°L
ov'L

N

NN
N\/(
Me
N3
41, 'H (500 MHz, CDCls)

Ph

——

FLO'T

rmo.v
For'y
17°¢C

H\mﬁq

=00"1

=90°C
AN

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

LTI~
12°02
19°02
1LLTN
£€6T—

£€9°¢9 \
0989\
SL'9L

oo.t\v

STLL

1¥°9C1 \
¥6°8CI
80°6CI1

rS6el —

er'est —

.Z o
i as

Z-z

®
Z

41, '3C (126 MHz, CDCl5)

m—-—Lq-Lsdmm

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S84


javascript:;

diastereoisomer 2:

000
861
861
651
09'1
09'1
191
b1
$8'1
L8°1
60T
017
a4 |
€1c]
E.NQ
ST
91
L1T
81z ]
81°C
61T
61T
1T
vLT
vLT
SLT
SLT
Wy
v
Ay
R
81°L
81°L]
61°L]
0T'L 1
oz L
9¢°L 1
o¢° ]
LEL
8€°L
8€°L
8€°L
ov'L
+L
1L

———

N3
41, H (500 MHz, CDCl3)

0T
P61
X3
8T
i
11

=00°1

*C0'C
*80°¢

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

SLTL—
6y 1C
mo.NN.\.

68°9C
86'S¢ —

1099
06'89 \

SL9L
oo.hhv

STLL

19T\
08°8¢CI
60°6CI

6c6¢cl —

€5°CSI —

Z o
e

Z-z

]
z

41, 3C (126 MHz, CDCl,)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S85


javascript:;

(=]
— a0 S
0 0 o 4
N - - <
[ [
[\I—N
N
N\N Me
Me Me
Me Ng
Me
42, 'H (400 MHz, CDCl3)
" .leu 1
3 2
(=} — —
- ERN
1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -0.5 -I
f1 (ppm)
<
N N O 0 N o o0 N
a M S8 =9 R
" ~ D~ O 0> T A
— [ R AN
[ ~ )
!\I—N
roN
N~N Me
Me#\ﬁMe
Me N
Me
42, '3C (101 MHz, CDClj)
1
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

f1 (ppm)

S86



00°0-—

1S~
0917

8Y' T~
LT~

S9'¢—

089
189

8¢L
mm.hw
ov'L

SS'L
9S°L
69°L
oL'L
0s'8
(4]

ALE

Noe

~ST'¢

43, "H (600 MHz, CDCI,)

~ST¢

—00°L

—=CTI'1
e ST

—=€l'1
N

-==60°1

1.0 0.5 0.0 -0.5 -1

1.5

10.5 10.0 9.5 9.0 85 80 7.5 70 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

Y6 —

6¥'€C
¥6°€C
~©.¢N.\.

0L P9~
66's97
6L9LY

00°LL
1TLL

06'S0T —
SYLIT

LTl /
%.wm_k
wmimm_w
om.om_\
L8°6T1 \

8Y'SEI

6S°CST —

96'891 —

43, '3C (151 MHz, CDCls)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S87



00°0-—

9S I~
9917

€9°C—

LS'S—
ov.j
0S'L1
1S°L1
1S°L1
TSLA
ZSLA
m:w
SS°L

LS'L
88°L
88°L 1
68°L
68°L1
08 ]
90°8 1
srs
91'8
LT'81
81'8 1
81'g”

J10°€

“co'¢

N
Me °

44, 'H (500 MHz, CDCl,)

=€0'¢

=00°1

#80°€
00°1
201
"€0'C

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

056 —

ST €T~
45744

SO'S9~\
CSL9~

L

N

SL9L
oo.hhw

STLL

66'1C1
6v'TTl
99°ZZT
o1°sTT
€esTl
zs'LTl
50821
Z1°8C1
TLSETA
6T9€1 w
L8LET \
1Tovl
8L°TST—

bl N
N\N»\Me

J

44, '3C (126 MHz, CDClj)

Me

S

N
Me °

n

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S88



00°0-

wﬁ.ﬂ/
0Tl
1T1
€Tl
ST'1
.v.v.ﬁw

o1
8Y'1
[An!

or°¢
cre
vi'e
9l'¢
L€
6l°¢

19
mc.L
$9t
L9V
89°t
vL Y]
9Lv
8.1 |
08 1
181
L6F]
00°S
80°S
s
6€L
1¥L
9oL
LYL
8L

Me
Me

3

N
45, 'H (400 MHz, CDCls), dr = 1.2:1

BTyl
= €v'9

Fole

00°1
WMN._
= 1171
Hzoo.ﬁ

s 1S9
2 61

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.510.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

VLT
Yo'LIT
£€6°0C
96°0C
c0'Ic
60°1¢C
60°'tC
0r've

89°09
08°09
vT'99
ozL9”
89°9L
oo.RW

CELL

Me
Me

3

N

45, '3C (101 MHz, CDCl3), dr = 1.2:1

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S89



000
€60
$6°0
L60
00°1
171
€Tl
971
LTT
L1
Ll
bL1
9.1
LL1
6L'1
181
€81 |
o814
897
oL
e
vLT
9.°C
LLT
6LC
18°C
78T
v8°C
98'C
88°C
€9y
S9'f
L9
bLY
SLY
LLY
8L
6L
18°%
16t
€6y
20°s
v0'S
ovL
€L

N—N
nh

N\

N»\/\Me

Me

3

N

46, 'H (400 MHz, CDCls), dr = 1.5:1

IU» 06’9

1

A 9L
H\ 8L'S

F oot

[4n!
Mm@._
1€°1

» 0¢’1
001

KTl

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

vl
6v' ¢l k
YELI
IS°LT
v@om\
hm.om\,

€0°SC

6709
509
§T'99~
81297
89°9L
oo.RW

CELL

0L'LTT
9L°LTT

60°6CT

8T'6TT

8621 )
€561 =
0T HEl
18°p€T
1TSSt
0zss1’ >
| \N
NuN

Me

3

46, '3C (101 MHz, CDCly), dr = {{.5:1

S

N

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S90



00°0
mw.o/
80

980
L80
880
880
LY
6yl
4!
vSlL
Sl
LS'T
LS'T
80°¢
or1°¢
ore
e

0TS
0c's
@m.m\

LY'L
6v'L
€9°L

vo'L
L8'L
68°L

LT'8
818
61°8

() O o
= = Ne
N“A =
| \N
NuN
(@)
/A(e)

0]

47, 'H (500 MHz, CDCl3)

=00"1
~81'C

40T
90T
e
*50°C

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

Y6~
So11”
€812
LOET—
vm.wm\

£8°6% —
6179

mm.ocy
81°69 ~

SL9L
oo.hhw

STLL

$6'9T1 \
0’871\
9L'6T1 T
N4 I
co€sl
or€El
SL9€1 \
6 bp1
65TST
98791 —

13)

0]

47, '3C (126 MHz, CI}{

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S91



00°0-—

Wl
vyl
89°1L
69°1

s¢'c—

1489
m—.m/
85
89
€89
€89

STL
om.h/
wv.h/

StLA
ot°L ]
L]
€5
por ]
LYL]
L9°L
39, 1
69°L
69°L
oL'L
1LL
1L

Iw L€

_Jso¢

——\iz9

O

AT

Me Me
(0]

0]

48, "H (500 MHz, CDCIs)

e /CTC

0'C
TC
"

STy

-1

1.0 0.5 0.0 -0.5

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 70 65 6.0 55 50 45 40 35 3.0 25 20

f1 (ppm)

SE6—

90°€T
S.vmw
TTsT
6t'ST

om.vo/
8€99

oﬁmoM
mh.@h/
00°LL

mm.hhx

veE6L

VLT —

vT8T1
58T %
$9°6T1 i
scoct
or1gl
6 1€T
60°€El |
81°9¢1 |
LEOET ;\
Nv.wm;
T 6ST

et/

60°v61 —

N—N
)

N\

Me

\

0]

ST,

Me
N
Me 3

bl3)

O

48, '3C (126 MHp| CD(

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S92



000 —

80°I
ort
8¥'1
ov.ﬁk
SI'e
L1'C
61°C

0cTT
e
x4
sTe
ov'c
ov'c
LS'T

9L'C
68°¢
16°¢

8I°G~
€es

10°L
€0°L
Sv'L
LY'L
19°L
€9°L
LO'8
80°8
60°8
(]
L1'8
L1'8

N=N

7

N,
N
O\/@&
Me

49, 'H (500 MHz, CDCl3)

S

"86°S

_ 06T

Me
Me
N3

N
4
S

NG
(@)

)

o)

—"9C'¢

——01'C

B —
- V1T

- ~66°0
“ 1T
— =66'1

H\mﬂ.ﬂ

=111

-1

1.0 0.5 0.0 -0.5

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

or'6\
1S°LT

86'81
SO'ET~
6TvT”
108z’

STY9
€6°S9
deoM
c9'sL
89'9L

Ll

oo.»&
TeLL

98°201 —
LsTil

TESIT
L6'0TI
VLSTIN
TTYTIN

9L°6T1 ¢
T0TEl
vSTEl
Y0 €€l

$8'9¢T
6szst”
85191 ~,
18191 \
0291

Nmsf\

N—N

N

N,
N
O\/@&
Me

49, '3C (126 MHz, CDCI,)

Me
Me
N3

N
4
S

NG

)

o)

L

70 60 50 40 30 20 10

80

180 170 160 150 140 130 120 110 100 90
f1 (ppm)

190

10 200

S93



pee

s
crs
1489
SI'S
6v’S
Is's
Is's
€SS

A

i\

609
01°9
19
19
0€L
€L
1€L
eL
L
€€°L
€€°L
pEL
wm.j
LEL]
LE LT
6€°L1
6€°L1
orL Y
oF LA
ovL
1L
L]
L]
L]
€L 1
vl ]
29, ]
oL'L
oL'L
1LL
0L
L

Ph

/N N:N
[}
N/

N—N
(A
N
Ph

Me
50, 'H (500 MHz, CDCls)

66°C

T—c0'1

=001

6°0

L 'L

—————560

0'C

1.0 0.5 0.0 -0.5 -1

1.5

10.5 10.0 9.5 9.0 85 80 7.5 70 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

89'8 —

8YES —

6619 —

SL9L
oo.hbw

STLL

SIIclI
69°SCl
08921
01°8¢C1
08'8¢I

89'6¢CI
SL6CI N
96'6C1 \,
€LEelT
89°LYI —
ceCcsSI —

Ph

N—N
I\
N/
Ph

50, '3C (126 MHz, CDCl,)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S94



000
SE1
LET g/
061 1
mm.ﬁ
97T}
1€
€T
Nm.m;
0v'C Y
mbmi
E.mﬁ
SLEY
9L°€ 1
08°€ 1
18°¢ Y
8¢
mm.m,ﬁ
96'¢\

'y
|84
'y

L!vo.o

B8O

1
Amﬁ.ﬁ
(23

- MM:
01

01

R4N!

S
LTS
6T'S ]
0g’s i
1€°s
Ls's
mm.m%
09°s 4
79°s 1
0£9 1
€9
€69 ]
R.i
8¢9 %
1%L
L]
v ]
PhL
6v'L
0s°L
1L
1€°8
LS8

51, 'H (500 MHz, CH;0D)

=00 [
1071

T

0’1

(i

———00'1

E— (V|

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

LS8 —

8¢ 901 —

LLYTT /
LS8TI Ay
8F0€1
8L0€1
€9'se1 7
00°8€1
€8°0p1
6v 1S1 7
s0vs1/
96791 ~

51, '3C (126 MHz, CH;0D)

N

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

200

f1 (ppm)

S95



0070

19°¢
99°¢
89°¢
69°¢
oLe
e
€L€
vL€
SLE
L6°E ]
66°¢ |
66°¢ 1
00% 1
107 Y
07y
207
€0t/
70t
Y0t 4
SOt

St'c
65°¢ /

90t |
Lop?
ss's
95°s
LS'S
85°S
€T'L
mN.L
YL
sz
SeL
9L 4
9¢°L 1
gcL]
8L

@m.h%
6€°L

=86'C

Jo0°€
o€
60
»Nao
— ”oo.ﬁ
=001
o 6T
2 =
&)
© 0o
e O
o N
! I
Iz =
N\\Nz w
I = )
Zx T
Dl ~—
v -
= 8

1.0 0.5 0.0 -0.5

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

988 —

£€8°S¥
f.mm/
6l°¢cs
0€'€s
Sees
96°€9
86°¢€9

SL'9L
oo.hhw

STLL

1L°9TT~
91621
€621
90°se1/

0s'csI —

N—N

W

N

/

H
N

N

Me

“PO(OMe),

Ph

52, '3C (126 MHz, CDCIs)

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

200

f1 (ppm)

S96



NV AT ANOO — QN 0~
(o)W S S o e BN BN R T N T i
g‘o‘o‘o'o‘o'o'o‘o‘o‘o‘o‘
AN
N—N
/A
Me/kNrN
H
N<
Ph PO(OMe),
52, 3'P (162 MHz, CDCl5)
140 120 100 80 60 40 20 0 20 40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240
f1 (ppm)

S97



TOOAAA 00O EE ©0 00N = © =)
TELELLITEILILT NN~~~ = =SSO0 < S
R N N N N e e e e e N S A S = a =
——— o | |

/N

Me N’

53, 'H (500 MHz, CDCl5)

l [

1.0 10.510.0 9.5 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0 -0.5 -1
f1 (ppm)

1.02-
1.04-
3.00

—152.11

—114.95
77.25
77.00
76.75

—9.42

{

N—N

W\

Me/q /N
N

PN

53, '3C (126 MHz, CDCl5)

L

10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

S98



00°0-—

sTEY
9T°¢
8T
0€°€1
Tee
95°€ 1
85°€
oo.m;
79°€
¥9€-
o_.v/
Yy —
om.vx
ocy

9¢'s
8¢S
8¢S
or's
¥8's
98's
88'S
YTL
9T'L
8T'L
0€'L
€L
1€L
9L
8€°L
oL

B e R G P

F00'€

hern
Reo1
S0l

2670

F90°1

FL6°0

I'1
S'6

Lo

Me
X
Ph

Ph
55, 'H (400 MHz, CDCl3), dr = 7.5:1

1.0 0.5 0.0 -0.5 -1

1.5

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 2.0

f1 (ppm)

60°6 —

8T SE—

€Tor —

66°C9 —

89°9L
00°LL

N3

AN

Ph

Ph

55, 13C (101 MHz, CDCI3), dr = 7.5:1

70 60 50 40 30 20 10

80

190 180 170 160 150 140 130 120 110 100 90

10 200

f1 (ppm)

S99



00°0-—

8Y'1
(U
861 —

or’s
s
€1°s
vI's
9IS
9L —
STLy
STLA
9T'L 7
LT LA
LTLA
8T'L
8T'L
8T'L]
0¢°L 1
1€,
zeL ]
zes ]
€€'L
€c'L
veL
seL
9¢L
9¢'L

0]
I4N/H\Me

Ph)\Me
57, 'H (500 MHz, CDCl3)

=Sle

=90°¢

F00'L

(4!
(U4

-0.5 -1

1.0 10.5 10.0 9.5 9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0

f1 (ppm)

9917~
svec”

LL'8Y —

mh.oh/

grease

00°LL
mm.hh.\

L1°9C1 \
8€LTI
99'8¢1 /

80°¢vl —

L1691 —

0]

HN/H\Me
Ph/l\Me

57, '3C (126 MHz, CDCly)

20 10

70 60 50 40 30

80

140 130 120 110 100 90

160 150

180 170

10 200 190

f1 (ppm)

S100



