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General Remarks

All commercially available compounds were purchased from Sigma-Aldrich, TCI, Acros, J&K
Chemicals and Adamas-beta. CuCl (99.99%, trace metal basis, extra pure, CAS No. 7758-89-6) were
purchased from Acros. TEMPO was purchased from TCI (98.0% purity, CAS No. 2564-83-2).
N-Fluorobenzenesulfonimide (NFSI) (97.0% purity, CAS No. 133745-75-2), ethyl acetate (EtOACc) (99.8%,
SafeDry, water < 50 ppm), 1,4-dioxane (99.7%, SafeDry, water < 50 ppm), acetonitrile (MeCN) (99.9%,
SafeDry, water < 50 ppm), 1,2-dichloroethane (DCE) (99.5%, SafeDry, water < 50 ppm) and THF (99.8%,
SafeDry, water < 50 ppm) was purchased from Adamas-beta. Unless otherwise noted, materials obtained
from commercial suppliers were used without further purification. Carbamate substrates 2 were prepared
through base-mediated condensation reactions between corresponding alcohols and isocyanates,™ or
between corresponding anilines and chloroformates,’?! according to literature reported methods.!*-2
Products were purified by flash chromatography on silica gel using petroleum ether, ethyl acetate and
dichloromethane as the eluents. *H-NMR spectra were recorded on Bruker AVANCE I11-400 spectrometers.
Chemical shifts (in ppm) were referenced with TMS in CDCl; (0 ppm); s = singlet, d = doublet, t = triplet,
q = quartet, p = pentad, se = sextet, h = heptet, 0 = octet. 13C-NMR spectra were obtained by using the same
NMR spectrometers and were calibrated with CDCI3 (6 = 77.00 ppm). High resolution mass spectra were
obtained from an Agilent 6520B Q-TOF mass spectrometer with electron spray ionization (ESI) as the ion

source.
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Preparation and *H-NMR data of Substrate 1a-1k

1) Preparation and 'H-NMR data of 1a-1f and 1j-1k

x o NaHCO; (1.5 e Ty o
REL o o R L
ZSNH,  CF 07N THR 0°Ctort. N~ DOEt
(1eq) overnight H

1211, 1j-1k
Typical Procedure: To a solution of corresponding aniline (10 mmol) in THF (20 mL) was added sodium
bicarbonate (15 mmol, 1.5 eq) at 0 °C. After stirring for 15 minutes, ethyl chloroformate (10 mmol, 1 eq)
was added slowly at 0 °C, and the mixture was stirred at room temperature overnight. Then the reaction
was quenched with saturated NH4ClI (ag.), extracted with ethyl acetate, washed with water, and dried over
NaSO4. After removal of NaSO, by filtration, the organic phase was concentrated in vacuo, and purified
by flash chromatography on silica gel using petroleum ether and ethyl acetate as the eluent to afford

corresponding substrate 1a-1f and 1j-1k.

Ethyl p-tolylcarbamate (1a)

IH NMR (CDCls, 400 MHz): & = 7.25 (d, J = 8.5 Hz, 2H), 7.09 (d, J = 8.5 Hz, 2H), 6.64 (s, 1H), 4.21 (g, J =

7.1 Hz, 2H), 2.29 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H) ppm.

Ethyl (3,4-dimethylphenyl)carbamate (1b)

PO
N)kOEt 1o

H

IH NMR (CDCls, 400 MHz): § = 7.15 (s, 1H), 7.11 (d, J = 8.3 Hz, 1H), 6.99 (d, J = 8.3 Hz, 1H), 6.94 (s, 1H),

4.19 (q, J = 7.1 Hz, 2H), 2.17 (s, 3H), 2.16 (s, 3H), 1.26 (t, J = 7.1 Hz, 3H) ppm.

Ethyl (2-methoxy-4-methylphenyl)carbamate (1c)

o]
N)kOEt 1c
OMe H

IH NMR (CDCl3, 400 MHz): & = 7.92 (d, J = 8.1 Hz, 1H), 7.10 (s, 1H), 6.74 (dd, J = 8.1 Hz, 1.9 Hz, 1H), 6.65

(d, J = 1.9 Hz, 1H), 4.20 (g, J = 7.1 Hz, 2H), 3.81 (s, 3H), 2.30 (s, 3H), 1.26 (t, J = 7.1 Hz, 3H) ppm.
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Ethyl (2,4-dimethylphenyl)carbamate (1d)

o)
Hkoa 1d

IH NMR (CDCls, 400 MHz): § = 7.56 (s, 1H), 6.98 (d, J = 7.9 Hz, 1H), 6.96 (s, 1H), 6.33 (s, 1H), 4.20 (g, J =

7.1 Hz, 2H), 2.27 (s, 3H), 2.20 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H) ppm.

Ethyl (3-fluoro-4-methylphenyl)carbamate (1e)
Ij\ i le
F N OEt

H

IH NMR (CDCls, 400 MHz2): § = 7.26-7.23 (m, 1H), 7.05 (t, J = 8.3 Hz, 1H), 6.93 (dd, J = 8.3 Hz, 2.2 Hz, 1H),

6.77 (s, 1H), 4.21 (q, J = 7.1 Hz, 2H), 2.20 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H) ppm.

Ethyl (3-iodo-4-methylphenyl)carbamate (1f)
L
| N OEt

H

IH NMR (CDCls, 400 MHz): & = 7.85 (d, J = 2.4 Hz, 1H), 7.27 (dd, J = 8.2 Hz, 2.4 Hz, 1H), 7.12 (d, J = 8.2

Hz, 1H), 6.63 (s, 1H), 4.21 (g, J = 7.1 Hz, 2H), 2.36 (s, 3H), 1.30 (t, J = 7.1 Hz, 3H) ppm.

Butyl p-tolylcarbamate (1j)
O SOW
N 0" ]
'H NMR (CDCls, 400 MHz): § = 7.26 (d, J = 8.0 Hz, 2H), 7.07 (d, J = 8.0 Hz, 2H), 6.82 (s, 1H), 4.14 (t, J =

6.7 Hz, 2H), 2.28 (s, 3H), 1.63 (p, J = 7.1 Hz, 2H), 1.39 (se, J = 7.4 Hz, 2H), 0.93 (t, J = 7.4 Hz, 3H) ppm.

Phenyl p-tolylcarbamate (1k)
e Sep

IH NMR (CDCls, 400 MHz): & = 7.37 (t, J = 7.9 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 7.8 Hz, 1H),

7.18 (d, J =7.8 Hz, 2H), 7.11 (d, J = 8.3 Hz, 2H), 6.92 (s, 1H), 2.31 (s, 3H) ppm.

2) Preparation and *H-NMR data of 1g-1i

TEA (1.1 eq) o
\©\N + HO-R —>\©\ Py
N

N CH,Cly, 0°C to r.t.
C\\O (1eq) 2¥i2 2h H
1g-1i

OR
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Typical Procedure: To a solution of 1-isocyanato-4-methylbenzene (5 mmol) and EtN (5.5 mmol, 1.1 eq)
in CH.Cl; (25 mL) was added corresponding alcohol (5 mmol, 1 eq) slowly at 0 °C, and the mixture was
stirred at room temperature for 2 hours. Then the reaction was quenched with saturated NH4Cl (aqg.),
extracted with ethyl acetate, washed with water, and dried over Na,SO4. After removal of Na;SO4 by
filtration, the organic phase was concentrated in vacuo, and purified by flash chromatography on silica gel

using petroleum ether and ethyl acetate as the eluent to afford corresponding substrate 1g-1i.

Propyl p-tolylcarbamate (1g)
T

IH NMR (CDCls, 400 MHz): § = 7.46-7.45 (m, 2H), 7.15-7.07 (m, 2H), 6.77 (s, 1H), 4.11 (t, J = 6.7 Hz, 2H),

2.30 (s, 3H), 1.68 (se, J = 7.1 Hz, 2H), 0.96 (t, J = 7.4 Hz, 3H) ppm.

Isopropyl p-tolylcarbamate (1h)
o
\Q\Hkoj\ "

IH NMR (CDCls, 400 MHz): & = 7.25 (d, J = 8.1 Hz, 2H), 7.07 (d, J = 8.1 Hz, 2H), 6.66 (s, 1H), 5.01 (h, J =

6.3 Hz, 1H), 2.28 (s, 3H), 1.27 (d, J = 6.3 Hz, 6H) ppm.

Tert-Pentyl p-tolylcarbamate (1i)
(0]
\Q\HXOX/ i

IH NMR (CDCls, 400 MHz): § = 7.23 (d, J = 8.2 Hz, 2H), 7.08 (d, J = 8.2 Hz, 2H), 6.43 (s, 1H), 2.28 (s, 3H),

1.83(q, J = 7.5 Hz, 2H), 1.48 (s, 6H), 0.92 (t, J = 7.5 Hz, 3H) ppm.
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Experimental Procedure and Characterization Data

1) Svynergic copper/TEMPO-catalysed benzylic C-H imidation of p-tolylcarbamates
(Table 3)

H H
2 2
B NTOR SOPh cucl, TEMPO  PhO,S N OR
H ‘ =z o) + F-N\ f“l ‘ o)
*\R1 SOPh  MeCN,25°C  ppo s /\RW
1a-1k 2a-2k

Typical Procedure: To a reaction tube charged with CuCl (1.5 mg, 0.015 mmol) and NFSI (189 mg, 0.6
mmol) was added a solution of p-tolylcarbamate (1a-1k, 0.3 mmol) and TEMPO (4.7 mg, 0.03 mmol) in
anhydrous acetonitrile (2 mL) under argon (1 atm). After stirring at 25°C for 12 hours, the mixture was
concentrated in vacuo to give dark residue, which was purified by flash chromatography on silica gel using

petroleum ether and ethyl acetate as the eluent to afford corresponding benzylic imidated products 2a-2k.

Ethyl (4-((N-(phenylsulfonyl)phenylsulfonamido)methyl)phenyl)carbamate (2a)

"
ST

The reaction of 0.3 mmol of ethyl p-tolylcarbamate (53.7 mg, 1a) and NFSI (189 mg) with CuCl (1.5mg)
and TEMPO (4.7 mg) at 25 °C in argon afforded 129.6 mg of 2a (91%) after flash chromatography on silica
gel using petroleum ether and ethyl acetate (6:1 to 3:1, v/v) as the eluent.

White solid, m.p. 148.0-148.6 °C. 'H NMR (CDCls, 400 MHz): & = 7.80-7.78 (m, 4H), 7.57-7.53 (m, 2H),
7.43-7.39 (m, 4H), 7.30-7.24 (m, 4H), 6.87 (s, 1H), 4.88 (s, 2H), 4.21 (q, J = 7.1 Hz, 2H), 1.29 (t, J = 7.1 Hz, 3H)
ppm. 3C NMR (CDCls, 100 MHz): § = 153.30, 139.71, 137.77, 133.44, 129.85, 128.98, 128.63, 127.83,
118.19, 61.07, 51.80, 14.34 ppm. HRMS m/z (ESI) calcd for [C2H22N206S2+Na]* 497.0812, found

497.0816.

Ethyl (3-methyl-4-((N-(phenylsulfonyl)phenylsulfonamido)methyl)phenyl)carbamate (2b)

!
N OEt
PhO,S
g T =
PhO,S” (95%)

Me

The reaction of 0.3 mmol of ethyl (3,4-dimethylphenyl)carbamate (57.9 mg, 1b) and NFSI (189 mg) with

CuCl (1.5mg) and TEMPO (4.7 mg) at 25 °C in argon afforded 139.6 mg of 2b (95%) after flash
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chromatography on silica gel using petroleum ether and ethyl acetate (6:1 to 3:1, v/v) as the eluent.

Light yellow solid, m.p. 148.2-148.5 °C. *H NMR (CDCls, 400 MHz): § = 7.81-7.79 (m, 4H), 7.58-7.55 (m,
2H), 7.45-7.41 (m, 4H), 7.13 (d, J = 8.4 Hz, 2H), 6.89 (dd, J = 8.4 Hz, 1.9 Hz, 1H), 6.62 (s, 1H), 4.97 (s, 2H),
4.22 (g, J = 7.1 Hz, 2H), 2.26 (s, 3H), 1.30 (t, J = 7.1 Hz, 3H) ppm. $3C NMR (CDCls, 100 MHz): & = 153.46,
139.96, 137.56, 137.52, 133.54, 130.24, 128.73, 127.95, 126.92, 120.05, 116.07, 61.19, 49.80, 19.27, 14.48 ppm.

HRMS m/z (ESI) calcd for [Ca3H24N206S2+Na]* 511.0968, found 511.0964.

Ethyl (2-methoxyl-4-((N-(phenylsulfonyl)phenylsulfonamido)methyl)phenyl)carbamate (2c)

OMe H
N__OEt 2
PhO,S c
2 \ \/©/ T (86%)
_N o]
PhO,S

The reaction of 0.3 mmol of ethyl (2-methoxy-4-methylphenyl)carbamate (62.7 mg, 1c) and NFSI (189 mg)
with CuCl (1.5mg) and TEMPO (4.7 mg) at 25 °C in argon afforded 129.8 mg of 2c (86%) after flash

chromatography on silica gel using petroleum ether and ethyl acetate (6:1 to 3:1, v/v) as the eluent.

Light yellow solid, m.p. 96.9-97.7 °C. *H NMR (CDCls, 400 MHz): 6 = 7.99 (d, J = 8.2 Hz, 1H), 7.82-7.80

(m, 4H), 7.58-7.55 (m, 2H), 7.45-7.41 (m, 4H), 7.18 (s, 1H), 6.94 (dd, J = 8.2 Hz, 1.5 Hz, 1H), 6.80 (d, J = 1.5

Hz, 1H), 4.90 (s, 2H), 4.24 (q, J = 7.1 Hz, 2H), 3.61 (s, 3H), 1.33 (t, J = 7.1 Hz, 3H) ppm. 1*C NMR (CDCls,

100 MHz): & = 153.24, 147.27, 139.83, 133.41, 128.60, 128.43, 127.88, 127.42, 121.91, 117.22, 110.14, 61.03,

55.32, 52.35, 15.39 ppm. HRMS m/z (ESI) calcd for [C2a3H24N207S+Na]* 527.0917, found 527.0912.

Ethyl (2-methyl-4-((N-(phenylsulfonyl)phenylsulfonamido)methyl)phenyl)carbamate (2d)

Me H
N _OEt 24
PhO,S
2.\/©/ g (51%)
_N (o]
PhO,S

The reaction of 0.3 mmol of ethyl (2,4-dimethylphenyl)carbamate (57.9 mg, 1d) and NFSI (189 mg) with
CuCl (1.5mg) and TEMPO (4.7 mg) at 25 °C in argon afforded 74.9 mg of 2d (51%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (6:1 to 3:1, v/v) as the eluent.

White solid, m.p. 112.4-113.0 °C. *H NMR (CDCls, 400 MHz): § = 7.81-7.79 (m, 4H), 7.71-7.70 (m, 1H),
7.59-7.56 (m, 2H), 7.46-7.42 (m, 4H), 7.19 (dd, J = 8.3 Hz, 1.6 Hz, 1H), 7.07 (s, 1H), 6.37 (s, 1H), 4.88 (s, 2H),
4.25 (g, J = 7.1 Hz, 2H), 2.10 (s, 3H), 1.34 (t, J = 7.1 Hz, 3H) ppm. 3C NMR (CDCl3, 100 MHz): & = 153.68,
139.94, 135.80, 133.54, 130.93, 129.65, 128.74, 128.03, 127.77, 61.34, 52.09, 17.43, 14.52 ppm. HRMS m/z

(ESI) calcd for [C23H24N207S,+Na]* 511.0968, found 511.0969.
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Ethyl (3-fluoro-4-((N-(phenylsulfonyl)phenylsulfonamido)methyl)phenyl)carbamate (2¢)

H
N

PhO,S TOEt
N 0 2e
PhO,S”~ (76%)

F

The reaction of 0.3 mmol of ethyl (3-fluoro-4-methylphenyl)carbamate (59.1 mg, 1e) and NFSI (189 mg)
with CuCl (1.5mg) and TEMPO (4.7 mg) at 25 °C in argon afforded 111.6 mg of 2e (76%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (6:1 to 3:1, v/v) as the eluent.

White solid, m.p. 83.6-84.5 °C. 'H NMR (CDCls, 400 MHz): 5 = 7.87-7.85 (m, 4H), 7.61-7.57 (m, 2H),
7.48-7.44 (m, 4H), 7.33-7.30 (m, 1H), 7.17 (t, J = 8.0 Hz, 1H), 6.74-6.72 (m, 2H), 5.00 (s, 2H), 4.22 (q, J = 7.1
Hz, 2H), 1.31 (t, J = 7.1 Hz, 3H) ppm. 3C NMR (CDCls, 100 MHz): § = 160.63 (d, J = 245.5 Hz), 153.21,
139.64, 139.43 (d, J = 11.2 Hz), 133.76, 130.62 (d, J = 4.5 Hz), 128.44 (d, J = 84.6 Hz), 127.58, 116.10 (d, J =
13.9 Hz), 113.69, 105.49 (d, J = 28.9 Hz), 61.49, 45.38 (d, J = 4.1 Hz), 14.42 ppm. HRMS m/z (ESI) calcd for

[C22H21FN206S2+Na]* 515.0717, found 515.0716.

Ethyl (3-iodo-4-((N-(phenylsulfonyl)phenylsulfonamido)methyl)phenyl)carbamate (2f)

H
PhO,S NW/OEt
N o) 2
PhO,S”~ (72%)

The reaction of 0.3 mmol of ethyl (3-iodo-4-methylphenyl)carbamate (91.5 mg, 1f) and NFSI (189 mg)
with CuCl (1.5mg) and TEMPO (4.7 mg) at 25 °C in argon afforded 129.1 mg of 2f (72%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (6:1 to 3:1, v/v) as the eluent.

White solid, m.p. 144.8-145.0 °C. *H NMR (CDCls, 400 MHz): 5 = 7.98 (s, 1H), 7.90-7.88 (m, 4H),
7.63-7.59 (m, 2H), 7.49-7.45 (m, 4H), 7.01 (d, J = 7.7 Hz, 1H), 6.93 (d, J = 8.1 Hz, 1H), 6.68 (s, 1H), 5.00 (s,
2H), 4.21 (q, J = 7.1 Hz, 2H), 1.29 (t, J = 7.1 Hz, 3H) ppm. 3C NMR (CDCl3, 100 MHz): 5 = 153.27, 139.35,
138.09, 133.79, 131.00, 128.81, 128.63, 128.51, 128.12, 118.08, 97.44, 61.33, 56.68, 14.34 ppm. HRMS m/z

(ESI) calcd for [C22H21IN206S2+Na]* 622.9778, found 622.9777.

Propyl (4-((N-(phenylsulfonyl)phenylsulfonamido)methyl)phenyl)carbamate (29)

H
PhO,S N O
PhOZS/ﬁ\/©/ TO( (83‘%4’)
The reaction of 0.3 mmol of propyl p-tolylcarbamate (57.9 mg, 1g) and NFSI (189 mg) with CuClI (1.5mg)
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and TEMPO (4.7 mg) at 25 °C in argon afforded 123.13 mg of 2g (84%) after flash chromatography on
silica gel using petroleum ether and ethyl acetate (6:1 to 3:1, v/v) as the eluent.

White solid, m.p. 109.9-110.6 °C. *H NMR (CDClIs, 400 MHz): § = 7.80-7.78 (m, 4H), 7.57-7.54 (m, 2H),
7.43-7.40 (m, 4H), 7.29-7.25 (m, 4H), 4.88 (s, 2H), 4.12 (t, J = 6.6 Hz, 2H), 1.69 (se, J = 7.1 Hz, 2H), 0.97 (t, J
= 7.4 Hz, 3H) ppm. 3C NMR (CDCls, 100 MHz): & = 153.30, 139.53, 137.67, 133.30, 129.66, 128.77, 128.47,
127.65, 118.08, 66.52, 51.65, 21.87, 10.01 ppm. HRMS m/z (ESI) calcd for [C2sH24N206S,+Na]* 511.0968,

found 511.0970.

Isopropyl (4-((N-(phenylsulfonyl)phenylsulfonamido)methyl)phenyl)carbamate (2h)

H
lsUonag
The reaction of 0.3 mmol of isopropyl p-tolylcarbamate (57.9 mg, 1h) and NFSI (189 mg) with CuCl
(1.5mg) and TEMPO (4.7 mg) at 25 °C in argon afforded 121.3 mg of 2h (83%) after flash chromatography
on silica gel using petroleum ether and ethyl acetate (6:1 to 3:1, v/v) as the eluent.
White solid, m.p. 107.8-109.1 °C. 'H NMR (CDCls, 400 MHz): § = 7.80-7.78 (m, 4H), 7.58-7.54 (m, 2H),
7.44-7.40 (m, 4H), 7.31-7.24 (m, 4H), 6.77 (s, 1H), 5.02 (h, J = 6.2 Hz, 1H), 4.88 (s, 2H), 1.30 (d, J = 6.2 Hz, 6H)
ppm. ¥C NMR (CDCls, 100 MHz): § = 153.00, 139.80, 138.02, 133.52, 129.92, 128.93, 128.71, 127.92,
118.18, 68.69, 51.89, 21.98 ppm. HRMS m/z (ESI) calcd for [CasH24N206S2+Na]* 511.0968, found

511.0961.

Tert-Pentyl (4-((N-(phenylsulfonyl)phenylsulfonamido)methyl)phenyl)carbamate (2i)

H
T T &
The reaction of 0.3 mmol of tert-pentyl p-tolylcarbamate (66.3 mg, 1i) and NFSI (189 mg) with CuCl
(1.5mg) and TEMPO (4.7 mg) at 25 °C in argon afforded 133.5 mg of 2i (86%) after flash chromatography
on silica gel using petroleum ether and ethyl acetate (6:1 to 3:1, v/v) as the eluent.
White solid, m.p. 70.1-70.9 °C. *H NMR (CDCls, 400 MHz): & = 7.82-7.80 (m, 4H), 7.58-7.55 (m, 2H),
7.45-7.41 (m, 4H), 7.30-7.22 (m, 4H), 6.63 (s, 1H), 4.88 (s, 2H), 1.85 (q, J = 7.5 Hz, 2H), 1.50 (s, 6H), 0.94 (t, J
= 7.5 Hz, 3H) ppm. 3C NMR (CDCls, 100 MHz): & = 152.48, 139.92, 138.36, 133.51, 129.92, 128.73, 127.96,
118.12, 83.03, 51.95, 33.54, 25.69, 8.22 ppm. HRMS m/z (ESI) calcd for [CasHasN206S2+Na]* 539.1281,

found 539.1281.
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Butyl (4-((N-(phenylsulfonyl)phenylsulfonamido)methyl)phenyl)carbamate (2j)

O~

AT

The reaction of 0.3 mmol of butyl p-tolylcarbamate (62.1 mg, 1j) and NFSI (189 mg) with CuCl (1.5mg)
and TEMPO (4.7 mg) at 25 °C in argon afforded 104.8 mg of 2j (70%) after flash chromatography on silica
gel using petroleum ether and ethyl acetate (6:1 to 3:1, v/v) as the eluent.

White solid, m.p. 68.8-69.3 °C. 'H NMR (CDCls, 400 MHz): & = 7.80-7.78 (m, 4H), 7.57-7.54 (m, 2H),
7.44-7.40 (m, 4H), 7.31-7.23 (m, 4H), 6.76 (s, 1H), 4.88 (s, 2H), 4.17 (t, J = 6.7 Hz, 2H), 1.65 (p, J = 7.1 Hz,
2H), 1.41 (se, J = 7.4 Hz, 2H), 0.95 (t, J = 7.4 Hz, 3H) ppm. 3C NMR (CDCls, 100 MHz): § = 153.55, 139.91,
137.96, 133.55, 129.97, 129.14, 128.75, 127.97, 118.29, 65.11, 51.94, 30.86, 18.99, 13.65 ppm. HRMS m/z

(ESI) calcd for [C24H26N206S2+Na]* 525.1125, found 525.1124.

Phenyl (4-((N-(phenylsulfonyl)phenylsulfonamido)methyl)phenyl)carbamate (2k)

2T A
The reaction of 0.3 mmol of phenyl p-tolylcarbamate (68.1 mg, 1k) and NFSI (189 mg) with CuCl (1.5mg)
and TEMPO (4.7 mg) at 25 °C in argon afforded 77.8 mg of 2k (50%) after flash chromatography on silica
gel using petroleum ether and ethyl acetate (6:1 to 3:1, v/v) as the eluent.

White solid, m.p. 132.5-133.1 °C. 'H NMR (CDCls, 400 MHz): & = 7.81-7.79 (m, 4H), 7.58-7.54 (m, 2H),
7.44-7.38 (m, 6H), 7.34-7.31 (m, 4H), 7.29-7.18 (m, 4H), 4.89 (s, 2H) ppm. 3C NMR (CDCls, 100 MHz): § =
150.39, 139.81, 137.33, 133.66, 130.04, 129.86, 129.41, 129.15, 128.81, 128.00, 127.42, 125.76, 121.58, 118.52,

51.89 ppm. HRMS m/z (ESI) calcd for [C2sH22N206S2+Na]* 545.0812, found 545.0811.
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2) Subsequent alkoxylation of benzylic imidated p-tolylcarbamate 2a with alcohols

(Table 4, 6a-60)

H

H
N._OEt N._OEt
PhO,S KOH
Zﬁ\/©/ Tor * HTOR RO\/©/ T
o]
PhO,S”~ 5% ©
2a

5a-50 6a-60

Typical Procedure: To a reaction tube charged with imidated p-tolylcarbamate 2a (142.2 mg, 0.3 mmol)
was added a suspension of KOH (67.2 mg, 1.2 mmol) in alcohols (5a-50, 1 mL) under argon (1 atm). After
stirring at 25°C for 4 hours, the mixture was concentrated in vacuo, followed by purification via flash
chromatography on silica gel using petroleum ether and ethyl acetate as the eluent to afford corresponding

benzylic ethers 6a-60.

Ethyl (4-(methoxymethyl)phenyl)carbamate (6a)

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) with KOH (67.2 mg) in methanol
(5a, 1 mL) at 25 °C in argon afforded 60.4 mg of 6a (96%) after flash chromatography on silica gel using
petroleum ether and ethyl acetate (8:1, v/v) as the eluent.

Colourless oil. 'H NMR (CDCls, 400 MHz): § = 7.36 (d, J = 8.1 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 6.78 (s,
1H), 4.40 (s, 2H), 4.22 (g, J = 7.1 Hz, 2H), 3.36 (s, 3H), 1.30 (t, J = 7.1 Hz, 3H) ppm. 1*C NMR (CDCls, 100
MHZz): 6 = 153.61, 137.47, 132.96, 128.66, 118.50, 74.20, 61.17, 57.84, 14.50 ppm. HRMS m/z (ESI) calcd

for [C11H1sNOs+Na]* 232.0944, found 232.0944.

Ethyl (4-(ethoxymethyl)phenyl)carbamate (6b)

H
T

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) with KOH (67.2 mg) in ethanol (5b,
1 mL) at 25 °C in argon afforded 56.7 mg of 6b (85%) after flash chromatography on silica gel using
petroleum ether and ethyl acetate (8:1, v/v) as the eluent.

Colourless oil. 'H NMR (CDCls, 400 MHz): § = 7.35 (d, J = 8.2 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 6.79 (s,
1H), 4.45 (s, 2H), 4.22 (9, J = 7.1 Hz, 2H), 3.52 (q, J = 7.0 Hz, 2H), 1.30 (t, J = 7.1 Hz, 3H), 1.23 (t, J = 7.0 Hz,
3H) ppm. 3C NMR (CDCls, 100 MHz): § = 153.61, 137.34, 133.38, 128.56, 118.52, 72.21, 65.47, 61.13,

15.15, 14.49 ppm. HRMS m/z (ESI) calcd for [C12H17NOs+Na]* 246.1101, found 246.1107.
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Ethyl (4-(butoxymethyl)phenyl)carbamate (6c)

H
The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) with KOH (67.2 mg) in butanol (5c,
1 mL) at 25 °C in argon afforded 61.4 mg of 6¢ (82%) after flash chromatography on silica gel using
petroleum ether and ethyl acetate (8:1, v/v) as the eluent.

Colourless oil. *H NMR (CDCls, 400 MHz): § = 7.35 (d, J = 8.1 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2H), 6.84 (s,
1H), 4.44 (s, 2H), 4.21 (q, J = 7.1 Hz, 2H), 3.45 (t, J = 6.6 Hz, 2H), 1.62-1.55 (m. 2H), 1.43-1.33 (m, 2H), 1.30 (t,
J = 7.1 Hz, 3H), 0.91 (t, J = 7.4 Hz, 3H) ppm. 3C NMR (CDCls, 100 MHz): & = 153.63, 137.31, 133.48,
128.47, 118.51, 72.33, 69.95, 61.10, 31.73, 19.29, 14.48, 13.85 ppm. HRMS m/z (ESI) calcd for

[C14H21NO3s+Na]* 274.1414, found 274.1717.

Ethyl (4-((hexyloxy)methyl)phenyl)carbamate (6d)

H
\/\/\/0\/©/ NTO(OEt (9%(;’)

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) with KOH (67.2 mg) in hexanol (5d,
1 mL) at 25 °C in argon afforded 75.1 mg of 6d (90%) after flash chromatography on silica gel using
petroleum ether and ethyl acetate (8:1, v/v) as the eluent.

Colourless oil. *H NMR (CDCls, 400 MHz): § = 7.35 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2H), 6.79 (s,
1H), 4.44 (s, 2H), 4.22 (q, J = 7.1 Hz, 2H), 3.44 (t, J = 6.7 Hz, 2H), 1.60 (p, J = 7.0 Hz, 2H), 1.36-1.26 (M. 9H),
0.88 (t, J = 6.8 Hz, 3H) ppm. 3C NMR (CDCls, 100 MHz): § = 153.62, 137.30, 133.50, 128.49, 118.49, 72.34,
70.29, 61.12, 31.63, 29.64, 25.80, 22.56, 14.49, 13.99 ppm. HRMS m/z (ESI) calcd for [Ci6H2sNOs+Na]*

302.1727, found 302.1724.

Ethyl (E)-(4-((but-2-en-1-yloxy)methyl)phenyl)carbamate (6e)

H

N__OEt g
P shar-
The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) with KOH (67.2 mg) in
(E)-but-2-en-1-ol (crotonyl alcohol, 5e, 1 mL) at 25 °C in argon afforded 62.5 mg of 6e (84%) after flash

chromatography on silica gel using petroleum ether and ethyl acetate (8:1, v/v) as the eluent.

Colourless oil. 'H NMR (CDCls, 400 MHz): § = 7.35 (d, J = 8.1 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 6.81 (s,
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1H), 5.75-5.68 (m, 1H), 5.64-5.57 (m, 1H), 4.44 (s, 2H), 4.21 (q, J = 7.1 Hz, 2H), 3.93 (d, J = 6.2 Hz, 2H), 1.71
(dd, J = 6.2 Hz, 0.8 Hz, 3H), 1.30 (t, J = 7.1 Hz, 3H) ppm. *C NMR (CDCls, 100 MHz): § = 153.61, 137.35,
133.23, 129.68, 128.65, 127.43, 118.49, 71.38, 70.63, 61.11, 17.73, 14.48 ppm. HRMS m/z (ESI) calcd for

[C1aH19NOs+Na]* 272.1257, found 272.1255.

Ethyl (E)-(4-((hex-2-en-1-yloxy)methyl)phenyl)carbamate (6f)

H
Jenar:
(78%)
\/\/\/0 (o}

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) with KOH (67.2 mg) in
(E)-hex-2-en-1-ol (5f, 1 mL) at 25 °C in argon afforded 64.6 mg of 6f (78%) after flash chromatography on
silica gel using petroleum ether and ethyl acetate (8:1, v/v) as the eluent.

Light-yellow oil. tH NMR (CDCls, 400 MHz): 5 = 7.35 (d, J = 8.1 Hz, 2H), 7.27 (d, J = 7.9 Hz, 2H), 6.75 (s,
1H), 5.74-5.67 (m, 1H), 5.61-5.54 (m, 1H), 4.44 (s, 2H), 4.22 (q, J = 7.1 Hz, 2H), 3.95 (d, J = 6.1 Hz, 2H), 2.03
(9, J = 7.0 Hz, 2H), 1.41 (se, J = 7.4 Hz, 2H), 1.30 (t, J = 7.1 Hz, 3H), 0.90 (t, J = 7.4 Hz, 3H) ppm. 3C NMR
(CDCls, 100 MHz): & = 153.57, 137.33, 134.86, 133.29, 128.70, 126.24, 118.49, 71.32, 70.72, 61.15, 34.34,

22.18, 14.51, 13.67 ppm. HRMS m/z (ESI) calcd for [CisH2sNOs+Na]* 300.1570, found 300.1577.

Ethyl (4-(((3-methylbut-2-en-1-yl)oxy)methyl)phenyl)carbamate (6g)

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) with KOH (67.2 mg) in
3-methylbut-2-en-1-0l (5g, 1 mL) at 25 °C in argon afforded 69.6 mg of 6g (78%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (8:1, v/v) as the eluent.

Colourless oil. *H NMR (CDCls, 400 MHz): § = 7.35 (d, J = 8.2 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 6.79 (s,
1H), 5.38 (tt, J = 6.9 Hz, 1.2 Hz, 1H), 4.44 (s, 2H), 4.22 (q, J = 7.1 Hz, 2H), 3.97 (d, J = 6.9 Hz, 2H), 1.74 (s,
3H), 1.64 (s, 3H), 1.30 (t, J = 7.1 Hz, 3H) ppm. 3C NMR (CDCl3, 100 MHz): 5 = 153.59, 137.34, 137.17,
133.36, 128.67, 120.96, 118.45, 71.50, 66.29, 61.11, 25.73, 17.98, 14.49 ppm. HRMS m/z (ESI) calcd for

[C1sH21NOs+Na]* 286.1414, found 286.1414.

Ethyl (4-(((2-methylallyl)oxy)methyl)phenyl)carbamate (6h)
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H
IS aar

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) with KOH (67.2 mg) in
2-methylprop-2-en-1-ol (5h, 1 mL) at 25 °C in argon afforded 67.7 mg of 6h (91%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (8:1, v/v) as the eluent.

Colourless oil. tH NMR (CDCls, 400 MHz): § = 7.36 (d, J = 8.1 Hz, 2H), 7.27 (d, J = 8.6 Hz, 2H), 6.80 (s,
1H), 4.99 (d, J = 0.6 Hz, 1H), 4.92 (s, 1H), 4.44 (s, 2H), 4.22 (q, J = 7.1 Hz, 2H), 3.91 (s, 2H), 1.76 (s, 3H), 1.30
(t, J = 7.1 Hz, 3H) ppm. 3C NMR (CDCl3, 100 MHz): § = 153.61, 142.09, 137.37, 133.20, 128.57, 118.50,
112.29, 73.83, 71.29, 61.13, 19.48, 14.49 ppm. HRMS m/z (ESI) calcd for [C1aH1sNOs+Na]* 272.1257,

found 272.1258.

Ethyl (4-((but-2-yn-1-yloxy)methyl)phenyl)carbamate (6i)

"
o T

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) with KOH (67.2 mg) in
but-2-yn-1-ol (5i, 1 mL) at 25 °C in argon afforded 64.3 mg of 6i (87%) after flash chromatography on
silica gel using petroleum ether and ethyl acetate (8:1, v/v) as the eluent.

Colourless oil. *H NMR (CDCls, 400 MHz): § = 7.36 (d, J = 8.2 Hz, 2H), 7.28 (d, J = 8.3 Hz, 2H), 6.88 (s,
1H), 4.52 (s, 2H), 4.32 (g, J = 7.1 Hz, 2H), 4.10 (q, J = 2.3 Hz, 2H), 1.87 (t, J = 2.3 Hz, 3H), 1.30 (t, J = 7.1 Hz,
3H) ppm. $3C NMR (CDCls, 100 MHz): § = 153.59, 137.58, 132.31, 128.92, 118.45, 82.59, 74.96, 70.87,

61.10, 57.38, 14.44, 3.53 ppm. HRMS m/z (ESI) calcd for [C14H17NO3s+Na]* 270.1101, found 270.1100.

Ethyl (4-((2-cyanoethoxy)methyl)phenyl)carbamate (6j)

b
e ST E

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) with KOH (67.2 mg) in
3-hydroxypropanenitrile (5j, 1 mL) at 25 °C in argon afforded 56.7 mg of 6j (76%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (8:1, v/v) as the eluent.

Colourless oil. tH NMR (CDCls, 400 MHz): & = 7.38 (d, J = 8.2 Hz, 2H), 7.28 (d, J = 7.4 Hz, 2H), 6.77 (5,
1H), 4.52 (s, 2H), 4.22 (q, J = 7.1 Hz, 2H), 3.65 (t, J = 6.4 Hz, 2H), 2.61 (t, J = 6.4 Hz, 2H), 1.31 (t, J = 7.1 Hz,
3H) ppm. ¥3C NMR (CDCls, 100 MHz): § = 153.56, 137.81, 131.94, 128.68, 118.60, 117.79, 72.81, 64.29,

61.21, 18.85, 14.48 ppm. HRMS m/z (ESI) calcd for [C1sH1sN20s+Na]* 271.1053, found 271.1054.
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Ethyl (4-((3-methoxypropoxy)methyl)phenyl)carbamate (6k)

H
NTOEt 6k
Meo\/\/o\/©/ o (79%)

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) with KOH (67.2 mg) in
3-methoxypropan-1-ol (5k, 1 mL) at 25 °C in argon afforded 63.6 mg of 6k (79%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (8:1, v/v) as the eluent.

Colourless oil. tH NMR (CDCls, 400 MHz): & = 7.36 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 8.4 Hz, 2H), 7.01 (s,
1H), 4.44 (s, 2H), 4.21 (q, J = 7.1 Hz, 2H), 3.53 (t, J = 6.4 Hz, 2H), 3.48 (t, J = 6.4 Hz, 2H), 3.32 (s, 3H), 1.87 (p,
J = 6.4 Hz, 2H), 1.29 (t, J = 7.1 Hz, 3H) ppm. 3C NMR (CDCls, 100 MHz): 5 = 153.65, 137.43, 133.16,
128.44, 118.47, 72.43, 69.63, 66.99, 61.02, 58.47, 29.85, 14.44 ppm. HRMS m/z (ESI) calcd for

[C14H2:NO4+Na]* 290.1363, found 290.1362.

Ethyl (4-(((3,7-dimethyloct-6-en-1-yl)oxy)methyl)phenyl)carbamate (61)

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) with KOH (67.2 mg) in
3,7-dimethyloct-6-en-1-ol (citronellol, 51, 1 mL) at 25 °C in argon afforded 71.3 mg of 61 (71%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (8:1, v/v) as the eluent.

Colourless oil. 'H NMR (CDCls, 400 MHz): § = 7.35 (d, J = 8.2 Hz, 2H), 7.27 (d, J = 8.5 Hz, 2H), 6.72 (s,
1H), 5.11-5.07 (m, 1H), 4.44 (s, 2H), 4.22 (q, J = 7.1 Hz, 2H), 3.51-3.43 (m, 2H), 2.03-1.91 (m, 2H), 1.70-1.55
(m, 8H), 1.45-1.34 (m, 2H), 1.30 (t, J = 7.1 Hz, 3H), 1.19-1.12 (m, 1H), 0.88 (d, J = 6.6 Hz, 3H) ppm. 1*C NMR
(CDCls, 100 MHz): 8 = 153.58, 137.28, 133.52, 131.10, 128.51, 124.77, 118.46, 72.41, 68.50, 61.15, 37.15,
36.63, 29.50, 25.68, 25.41, 19.49, 17.59, 14.51 ppm. HRMS m/z (ESI) calcd for [C2oH31NOz+Na]* 356.2196,

found 356.2194.

Ethyl (E)-(4-(((3,7-dimethylocta-2,6-dien-1-yl)oxy)methyl)phenyl)carbamate (6m)

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) with KOH (67.2 mg) in
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(E)-3,7-dimethylocta-2,6-dien-1-ol (geraniol, 5m, 1 mL) at 25 °C in argon afforded 72.3 mg of 6m (73%)
after flash chromatography on silica gel using petroleum ether and ethyl acetate (8:1, v/v) as the eluent.

Light-yellow oil. 1H NMR (CDCls, 400 MHz): 6 = 7.35 (d, J = 8.1 Hz, 2H), 7.28 (d, J = 8.5 Hz, 2H), 6.73 (s,
1H), 5.38 (t, J = 6.6 Hz, 1H), 5.10 (t, J = 6.5 Hz, 1H), 4.45 (s, 2H), 4.22 (q, J = 7.1 Hz, 2H), 4.00 (d, J = 6.8 Hz,
2H), 2.12-2.02 (m, 4H), 1.68 (s, 3H), 1.63 (s, 3H), 1.60 (s, 3H), 1.30 (t, J = 7.1 Hz, 3H) ppm. 3C NMR (CDCl3,
100 MHz): & = 153.57, 140.40, 137.33, 133.45, 131.61, 128.73, 123.96, 120.73, 118.49, 71.42, 66.33, 61.16,
39.55, 26.31, 25.66, 17.64, 16.45, 14.51 ppm. HRMS m/z (ESI) calcd for [C20H20NO3z+Na]* 354.2040, found

354.2042.

Ethyl (2)-(4-(((3,7-dimethylocta-2,6-dien-1-yl)oxy)methyl)phenyl)carbamate (6n)
HTOB

\mo\/@/ o (52%

Z
The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) with KOH (67.2 mg) in
(2)-3,7-dimethylocta-2,6-dien-1-ol (nerol, 5n, 1 mL) at 25 °C in argon afforded 57.4 mg of 6n (58%) after
flash chromatography on silica gel using petroleum ether and ethyl acetate (8:1, v/v) as the eluent.
Light-yellow oil. 'H NMR (CDCls, 400 MHz): § = 7.35(d, J = 8.2 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 6.65 (s,
1H), 5.39 (t, J = 6.5 Hz, 1H), 5.07 (s, 1H), 4.44 (s, 2H), 4.22 (q, J = 7.1 Hz, 2H), 3.98 (d, J = 6.8 Hz, 2H),
2.05-2.04 (m, 4H), 1.75 (s, 3H), 1.67 (s, 3H), 1.58 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H) ppm. 13C NMR (CDCls, 100
MHZz): & = 153.55, 140.60, 137.30, 133.45, 131.88, 128.69, 123.81, 121.74, 118.43, 71.61, 66.19, 61.16, 32.21,
26.65, 25.66, 23.46, 17.60 14.52 ppm. HRMS m/z (ESI) calcd for [CaoH29NOsz+Na]* 354.2040, found

354.2037.

Ethyl (2)-(4-(((3,7-dimethylocta-2,6-dien-1-yl)oxy)methyl)phenyl)carbamate (60)

Hwoa
CF3YO\/©/ o 6n

(58%)

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) with KOH (67.2 mg) in
1,1,1,3,3,3-hexafluoropropan-2-ol (HFIP, 50, 1 mL) at 40 °C in argon afforded 94.5 mg of 60 (91%) after
flash chromatography on silica gel using petroleum ether and ethyl acetate (8:1, v/v) as the eluent.

White solid, m.p. 74.1-74.7 °C. 'H NMR (CDCls, 400 MHz): § = 7.42 (d, J = 8.3 Hz, 2H), 7.29 (d, J = 8.5
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Hz, 2H), 6.78 (s, 1H), 4.77 (s, 2H), 4.23 (q, J = 7.1 Hz, 2H), 4.10 (h, J = 6.0 Hz, 1H), 1.31 (t, J = 7.1 Hz, 3H)
ppm. 3C NMR (CDCls, 100 MHz): & = 153.56, 138.81, 129.79, 129.24, 121.55 (g, J = 282.1 Hz), 118.64,

75.45, 73.90 (p, J = 32.2 Hz), 61.36, 14.43 ppm. HRMS m/z (ESI) calcd for [C1sH13FsNO3z+Na]* 368.0692,

found 368.0697.
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3) Subsequent acyloxylation of benzylic imidated p-tolylcarbamate 2a with carboxylate

(Table 4, 6p)

H
N

H
N.__OEt OEt
PhO,S KOH
Zr‘u\/©/ Tor *Na=OAe e A o\/©/ Tor
Ph0O,S~ ¢

Lo
2a 5p 25°C o

Typical Procedure: To a reaction tube charged with imidated p-tolylcarbamate 2a (142.2 mg, 0.3 mmol)
and KOH (33.6 mg, 0.6 mmol) was added a suspension of sodium acetate (NaOAc, 5p, 49.2 mg, 0.6 mmol)
in HFIP (2 mL) under argon (1 atm). After stirring at 40°C for 4 hours, the mixture was concentrated in
vacuo, followed by purification via flash chromatography on silica gel using petroleum ether and ethyl

acetate as the eluent to afford 46.6 mg of benzyl acetate 6p (66%).

4-((Ethoxycarbonyl)amino)benzyl acetate (6p)

"
White solid, m.p. 104.8-105.2 °C. *H NMR (CDCls, 400 MHz): § = 7.39 (d, J = 8.2 Hz, 2H), 7.30 (d, J = 8.3
Hz, 2H), 6.77 (s, 1H), 5.05 (s, 2H), 4.22 (q, J = 7.1 Hz, 2H), 2.08 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H) ppm. 13C
NMR (CDCls, 100 MHz): § = 170.95, 153.50, 138.07, 130.67, 129.35, 118.53, 65.95, 61.25, 21.01, 14.49 ppm.

HRMS m/z (ESI) calcd for [C12H1sNO4+Na]* 260.0893, found 260.0890.
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4) Subsequent arylation of benzylic imidated p-tolylcarbamate 2a with arenes (Table 5)

H H
N__OEt N__OEt
PhO,S KOH
GRS N O
0 r
PhO,S” HFIP, 40 °C

2a Ta-7p 8a-8p

Typical Procedure: To a reaction tube charged with imidated p-tolylcarbamate 2a (142.2 mg, 0.3 mmol)
and KOH (33.6 mg, 0.6 mmol) was added a solution of arenes (7a-7p, 0.6 mmol) in HFIP (2 mL) under
argon (1 atm). After stirring at 40°C for 4 hours, the mixture was concentrated in vacuo, followed by
purification via flash chromatography on silica gel using petroleum ether and ethyl acetate as the eluent to

afford corresponding benzylated arenes 8a-8p.

Ethyl (4-((1H-indol-3-yl)methyl)phenyl)carbamate (8a)

H
The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) and 1H-indole (7a, 70.2 mg) with
KOH (33.6 mg) in HFIP (2 mL) at 40 °C in argon afforded 75.5 mg of 8a (86%) after flash chromatography
on silica gel using petroleum ether and ethyl acetate (10:1 to 8:1, v/v) as the eluent.

White solid, m.p. 89.6-89.8 °C. 'H NMR (CDCls, 400 MHz): § = 7.98 (s, 1H), 7.48 (d, J = 7.9 Hz, 1H), 7.31
(d, J = 8.1 Hz, 1H), 7.27-7.14 (m, 5H), 7.06 (t, J = 7.4 Hz, 1H), 6.84 (s, 1H), 6.57 (s, 1H), 4.20 (g, J = 7.1 Hz,
2H), 4.04 (s, 2H), 1.28 (t, J = 7.1 Hz, 3H) ppm. 3C NMR (CDCls, 100 MHz): § = 153.78, 136.39, 136.31,
135.70, 129.16, 127.30, 122.31, 121.92, 119.22, 119.03, 118.87, 115.66, 111.06, 102.21, 61.13, 30.87, 14.51 ppm.

HRMS m/z (ESI) calcd for [C1gH18N202+Na]* 217.1261, found 217.2157.

Ethyl (4-((5-chloro-1H-indol-3-yl)methyl)phenyl)carbamate (8b)

H H
CINTJOB (88%)

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) and 5-chloro-1H-indole (7b, 90.6 mg)
with KOH (33.6 mg) in HFIP (2 mL) at 40 °C in argon afforded 86.8 mg of 8b (88%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (8:1 to 6:1, v/v) as the eluent.

White solid, m.p. 122.7-123.0 °C. 'H NMR (CDCls, 400 MHz): § = 8.10 (s, 1H), 7.43 (d, J = 1.7 Hz, 1H),
7.25-7.07 (m, 6H), 6.84 (s, 1H), 6.60 (s, 1H), 4.20 (q, J = 7.1 Hz, 2H), 3.97 (s, 2H), 1.28 (t, J = 7.1 Hz, 3H) ppm.
13C NMR (CDCls, 100 MHz): § = 153.76, 135.84, 134.73, 129.66, 129.10, 128.40, 124.96, 123.72, 122.24,

118.91, 118.49, 115.50, 112.08, 101.83, 61.17, 30.68, 14.52 ppm. HRMS m/z (ESI) calcd for
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[C18H17CIN202+Na]* 351.0871, found 351.0869.

Ethyl (4-((5-cyano-1H-indol-3-yl)methyl)phenyl)carbamate (8c)

H H
The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) and 1H-indole-5-carbonitrile (7c,
85.2 mg) with KOH (33.6 mg) in HFIP (2 mL) at 40 °C in argon afforded 69.7 mg of 8c (73%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (6:1 to 3:1, v/v) as the eluent.

White solid, m.p. 148.5-148.9 °C. 'H NMR (DMSO-ds, 400 MHz): § = 11.45 (s, 1H), 9.50 (s, 1H), 7.96 (s,
1H), 7.52 (d, J = 8.4 Hz, 1H), 7.42-7.36 (m, 4H), 7.22 (d, J = 8.4 Hz, 2H), 4.12 (q, J = 7.1 Hz, 2H), 4.02 (s, 2H),
1.25 (t, J = 7.1 Hz, 3H) ppm. 1*C NMR (DMSO-ds, 100 MHz): § = 153.56, 138.08, 137.06, 135.05, 128.69,
126.76, 125.68, 124.27, 123.68, 120.87, 118.27, 115.60, 112.69, 100.29, 60.01, 29.90, 14.53 ppm. HRMS m/z

(ESI) calcd for [C19H17N3O2+Na]* 342.1213, found 342.1216.

Ethyl 3-(4-((ethoxycarbonyl)amino)benzyl)-1H-indole-5-carboxylate (8d)

H H
The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) and ethyl 1H-indole-5-carboxylate
(7d, 113.4 mg) with KOH (33.6 mg) in HFIP (2 mL) at 40 °C in argon afforded 99.0 mg of 8d (90%) after
flash chromatography on silica gel using petroleum ether and ethyl acetate (6:1 to 3:1, v/v) as the eluent.

White solid, m.p. 144.7-145.1 °C. 'H NMR (DMSO-ds, 400 MHz): § = 11.25 (s, 1H), 9.49 (s, 1H), 8.12 (s,
1H), 7.72 (dd, J = 8.6 Hz, 1.4 Hz, 1H), 7.43 (d, J = 8.6 Hz, 1H), 7.38 (d, J = 8.3 Hz, 2H), 7.25 (d, J = 1.8 Hz,
1H), 7.18 (d, J = 8.4 Hz, 2H), 4.28 (q, J = 7.1 Hz, 2H), 4.11 (q, J = 7.1 Hz, 2H), 4.03 (s, 2H), 1.31 (t, J = 7.1 Hz,
3H), 1.23 (t, J = 7.1 Hz, 3H) ppm. 3C NMR (DMSO-ds, 100 MHz): & = 166.85, 153.63, 139.11, 137.11,
135.21, 128.67, 126.61, 125.03, 122.05, 121.25, 120.12, 118.25, 115.69, 111.38, 60.10, 60.07, 30.17, 14.59,

14.37 ppm. HRMS m/z (ESI) calcd for [C21H22N204+Na]* 389.1472, found 389.1475.

Ethyl (4-((6-fluoro-1H-indol-3-yl)methyl)phenyl)carbamate (8e)
F H H OEt
T
The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) and 6-fluoro-1H-indole (7e, 81.0 mg)

with KOH (33.6 mg) in HFIP (2 mL) at 40 °C in argon afforded 83.4 mg of 8e (89%) after flash
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chromatography on silica gel using petroleum ether and ethyl acetate (10:1 to 8:1, v/v) as the eluent.

White solid, m.p. 210.5-211.0 °C. *H NMR (CDCls, 400 MHz): 5 = 8.01 (s, 1H), 7.35 (dd, J = 8.6 Hz, 5.4
Hz, 1H), 7.27 (d, J = 8.2 Hz, 2H), 7.17 (d, J = 8.4 Hz, 2H), 6.99 (dd, J = 9.7 Hz, 2.1 Hz, 1H), 6.83-6.79 (m, 2H),
6.56 (5, 1H), 4.20 (q, J = 7.1 Hz, 2H), 4.01 (s, 2H), 1.29 (t, J = 7.1 Hz, 3H) ppm. 3C NMR (CDCls, 100 MHz):
8 =159.97 (d, J = 236.1 Hz), 153.77, 136.35 (d, J = 12.4 Hz), 135.93 (d, J = 19.7 Hz), 129.15, 123.93, 122.52 (d,
J = 3.5 Hz), 119.78 (d, J = 10.2 Hz), 118.90, 115.83, 108.01 (d, J = 24.4 Hz), 102.33, 97.34 (d, J = 26.0 Hz),

61.18, 30.87, 14.53 ppm. HRMS m/z (ESI) calcd for [C1gH17FN202+Na]* 335.1166, found 335.1170.

Ethyl (4-((6-chloro-1H-indol-3-yl)methyl)phenyl)carbamate (8f)

H
The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) and 6-chloro-1H-indole (7f, 90.6 mg)
with KOH (33.6 mg) in HFIP (2 mL) at 40 °C in argon afforded 72.1 mg of 8f (73%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (10:1 to 8:1, v/v) as the eluent.

White solid, m.p. 127.1-127.7 °C. 'H NMR (CDCls, 400 MHz): & = 8.03 (s, 1H), 7.36-7.25 (m, 4H),
7.18-7.13 (m, 2H), 7.02-7.00 (m, 1H), 6.85 (s, 1H), 6.55 (s, 1H), 4.21 (q, J = 7.0 Hz, 2H), 4.01 (s, 2H), 1.29 (t, J
= 7.0 Hz, 3H) ppm. 3C NMR (CDCls, 100 MHz): § = 153.75, 136.77, 135.85, 129.50, 129.13, 127.91, 125.94,
122.93, 120.01, 119.96, 118.88, 115.91, 110.99, 61.19, 30.78, 14.53 ppm. HRMS m/z (ESI) calcd for

[C18H17CIN202+Na]* 351.0871, found 351.0877.

Ethyl 3-(4-((ethoxycarbonyl)amino)benzyl)-1H-indole-6-carboxylate (8g)

H
Et0,C l - l HIOB o

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) and ethyl 1H-indole-6-carboxylate
(79, 113.4 mg) with KOH (33.6 mg) in HFIP (2 mL) at 40 °C in argon afforded 85.2 mg of 8g (78%) after
flash chromatography on silica gel using petroleum ether and ethyl acetate (6:1 to 3:1, v/v) as the eluent.
White solid, m.p. 141.4-141.7 °C. 'H NMR (DMSO-ds, 400 MHz): & = 11.24 (s, 1H), 9.47 (s, 1H), 8.03 (s,
1H), 7.57 (dd, J = 8.4 Hz, 1.3 Hz, 1H), 7.50 (d, J = 8.4 Hz, 1H), 7.38-7.34 (m, 3H), 7.18 (d, J = 8.4 Hz, 2H),
4.30 (q, J = 7.1 Hz, 2H), 4.10 (q, J = 7.1 Hz, 2H), 3.99 (s, 2H), 1.33 (t, J = 7.1 Hz, 3H), 1.22 (t, J = 7.1 Hz, 3H)
ppm. *C NMR (DMSO-ds, 100 MHz): 5 = 166.84, 153.61, 137.05, 135.67, 135.31, 130.42, 128.69, 127.19,

122.26, 119.03, 118.40, 118.24, 114.88, 113.43, 60.24, 60.06, 30.21, 14.58, 14.36 ppm. HRMS m/z (ESI) calcd
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for [C21H22N204+Na]* 389.1472, found 389.1476.

Ethyl (4-((1-methyl-1H-indol-3-yl)methyl)phenyl)carbamate (8h)

Me
T

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) and 1-methyl-1H-indole (7h, 78.6
mg) with KOH (33.6 mg) in HFIP (2 mL) at 40 °C in argon afforded 82.5 mg of 8h (89%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (10:1 to 8:1, v/v) as the eluent.

White solid, m.p. 105.9-106.3 °C. *H NMR (CDCls, 400 MHz): § = 7.48 (d, J = 7.9 Hz, 1H), 7.27-7.18 (m,
6H), 7.07-7.03 (m, 1H), 6.70 (s, 1H), 6.56 (s, 1H), 4.19 (q, J = 7.1 Hz, 2H), 4.03 (s, 2H), 3.68 (s, 3H), 1.28 (t, J =
7.1 Hz, 3H) ppm. 1*C NMR (CDCls, 100 MHz): § = 153.68, 137.12, 136.45, 135.74, 129.16, 127.71, 127.05,
121.52, 119.13, 118.71, 114.29, 109.09, 100.56, 61.09, 32.52, 30.81, 14.53 ppm. HRMS m/z (ESI) calcd for

[C19H20N202+Na]* 331.1417, found 331.1418.

Methyl 3-(4-((ethoxycarbonyl)amino)benzyl)-1-methyl-1H-indole-5-carboxylate (8i)

Me
| H
N N OEt  gj
l( (91%)
Me0,C

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) and methyl
1-methyl-1H-indole-5-carboxylate (7i, 113.4 mg) with KOH (33.6 mg) in HFIP (2 mL) at 40 °C in argon
afforded 99.8 mg of 8i (91%) after flash chromatography on silica gel using petroleum ether and ethyl
acetate (8:1 to 6:1, v/v) as the eluent.

White solid, m.p. 130.6-130.8 °C. *H NMR (DMSO-ds, 400 MHz): § = 9.50 (s, 1H), 8.10 (t, J = 1.1 Hz, 1H),
7.73 (dd, J = 8.7 Hz, 1.6 Hz, 1H), 7.42 (d, J = 8.7 Hz, 1H), 7.35 (d, J = 8.2 Hz, 2H), 7.14-7.12 (m, 3H), 4.06 (q,
J =7.1Hz, 2H), 3.96 (s, 2H), 3.78 (s, 3H), 3.71 (s, 3H), 1.19 (t, J = 7.1 Hz, 3H) ppm. 1¥*C NMR (DMSO-ds,
100 MHz): 8 = 167.24, 153.61, 139.24, 137.13, 134.99, 129.38, 128.62, 126.82, 122.09, 121.35, 119.88, 118.31,
115.26, 109.65, 60.04, 51.67, 32.44, 29.90, 14.54 ppm. HRMS m/z (ESI) calcd for [CaiH22N,Os+Na]*

389.1472, found 389.1472.

Ethyl (4-((2,3-dimethyl-3H-indol-3-yl)methyl)phenyl)carbamate (8j)
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Me N__ okt
Me jor -
The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) and 2,3-dimethyl-1H-indole (7j, 87.1
mg) with KOH (33.6 mg) in HFIP (2 mL) at 40 °C in argon afforded 70.3 mg of 8j (73%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (3:1 to 1:1, v/v) as the eluent.

White solid, m.p. 96.7-97.0 °C. *H NMR (DMSO-ds, 400 MHz): § = 9.40 (s, 1H), 7.35 (d, J = 7.2 Hz, 1H),
7.24-7.16 (m, 3H), 7.11 (d, J = 8.4 Hz, 2H), 6.63 (d, J = 8.4 Hz, 2H), 4.07 (q, J = 7.1 Hz, 2H), 3.16 (d, J = 13.6
Hz, 1H), 2.95 (d, J = 13.6 Hz, 1H), 2.27 (s, 3H), 1.31 (s, 3H), 1.20 (t, J = 7.1 Hz, 3H) ppm. C NMR
(DMSO-dg, 100 MH2z): & = 185.94, 154.30, 153.44, 143.49, 137.41, 130.42, 129.24, 127.39, 124.42, 122.65,
119.08, 117.18, 60.04, 58.58, 41.04, 22.08, 16.00, 14.54 ppm. HRMS m/z (ESI) calcd for [CaoH2N202+Na]*

345.1574, found 345.1572.

Ethyl (4-((1,2,3,4-tetrahydro-4aH-carbazol-4a-yl)methyl)phenyl)carbamate (8k)

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) and 2,3,4,9-tetrahydro-1H-carbazole
(7k, 102.6 mg) with KOH (33.6 mg) in HFIP (2 mL) at 40 °C in argon afforded 77.4 mg of 8k (74%) after
flash chromatography on silica gel using petroleum ether and ethyl acetate (3:1 to 1:1, v/v) as the eluent.

Light-yellow solid, m.p. 219.4-219.7 °C. 'H NMR (DMSO-ds, 400 MHz): § = 9.39 (s, 1H), 7.38 (dt, J = 7.2
Hz, 0.8 Hz, 1H), 7.28 (dt, J = 7.7 Hz, 1.8 Hz, 1H), 7.23-7.13 (m, 2H), 7.04 (d, J = 8.4 Hz, 2H), 6.59 (d, J = 8.6
Hz, 2H), 4.05 (q, J = 7.1 Hz, 2H), 3.22 (d, J = 13.6 Hz, 1H), 3.11 (d, J = 13.6 Hz, 1H), 2.84-2.79 (m, 1H),
2.71-2.67 (m, 1H), 2.44-2.40 (m, 1H), 2.17-1.99 (m, 2H), 1.66-1.63 (m, 1H), 1.31-1.27 (m, 1H), 1.19 (t, J = 7.1
Hz, 3H), 1.04-0.98 (m, 1H) ppm. 3C NMR (DMSO-ds, 100 MHz): & = 187.91, 154.78, 153.40, 144.65,
137.24, 130.31, 129.19, 127.25, 124.10, 122.54, 119.34, 117.14, 59.98, 58.73, 37.77, 29.98, 28.96, 28.31, 20.72,

14.51 ppm. HRMS m/z (ESI) calcd for [C22H24N202+Na]* 371.1730, found 371.1733.

Ethyl (4-((3,4-dimethoxythiophen-2-yl)methyl)phenyl)carbamate (8I)

MeO OMe H OFt

N
/T g 8l

o (62%)
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The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) and 3,4-dimethoxythiophene (7I,
86.4 mg) with KOH (33.6 mg) in HFIP (2 mL) at 40 °C in argon afforded 60.0 mg of 81 (62%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (8:1, v/v) as the eluent.

White solid, m.p. 101.6-101.9 °C. 'H NMR (DMSO-dg, 400 MHz): § = 9.51 (s, 1H), 7.34 (d, J = 8.3 Hz, 2H),
7.07 (d, J = 8.5 Hz, 2H), 6.30 (s, 1H), 4.07 (q, J = 7.1 Hz, 2H), 3.83 (s, 2H), 3.70 (s, 3H), 3.64 (s, 3H), 1.19 (t, J
= 7.1 Hz, 3H) ppm. 3C NMR (DMSO-ds, 100 MHz): § = 153.54, 150.11, 143.00, 137.52, 133.76, 128.64,
125.66, 118.28, 93.90, 60.19, 60.04, 56.97, 31.13, 14.51 ppm. HRMS m/z (ESI) calcd for [C16H19NO4S+Na]*

344.0927, found 344.0928.

Ethyl (4-((2,3-dihydrothieno[3,4-b][1,4]dioxin-5-yl)methyl)phenyl)carbamate (8m)
0/\\0 H

N OEt 8m
W T (e0%)
S O
The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) and 2,3-dihydrothieno[3,4-b][1,4]
dioxine (7m, 85.2 mg) with KOH (33.6 mg) in HFIP (2 mL) at 40 °C in argon afforded 57.7 mg of 8m
(60%) after flash chromatography on silica gel using petroleum ether and ethyl acetate (8:1 to 6:1, v/v) as
the eluent.
White solid, m.p. 81.3-81.9 °C. 'H NMR (CDCls, 400 MHz): § = 7.29 (d, J = 8.0 Hz, 2H), 7.17 (d, J = 8.3
Hz, 2H), 6.58 (s, 1H), 6.13 (s, 1H), 4.23-4.16 (m, 6H), 3.91 (s, 2H), 1.29 (t, J = 7.1 Hz, 3H) ppm. 3C NMR
(CDCls, 100 MHz): & = 141.47, 137.80, 136.20, 134.97, 129.05, 118.78, 116.72, 96.26, 64.66, 64.60, 61.15,

31.24,14.53 ppm. HRMS m/z (ESI) calcd for [C16H17NOsS+Na]* 342.0771, found 342.0771.

Ethyl (4-((1H-pyrrol-2-yl)methyl)phenyl)carbamate (8n)
H OEt n
w I (84%)
N
The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) and 1H-pyrrole (7n, 40.2 mg) with
KOH (33.6 mg) in HFIP (2 mL) at 40 °C in argon afforded 61.8 mg of 8n (84%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (8:1, v/v) as the eluent.
Light-yellow solid, m.p. 50.8-51.4 °C. *H NMR (CDCls, 400 MHz): 5 = 7.86 (s, 1H), 7.30 (d, J = 8.0 Hz,
2H), 7.13 (d, J = 8.4 Hz, 2H), 6.65 (d, J = 1.5 Hz, 1H), 6.59 (s, 1H), 6.13 (g, J = 2.8 Hz, 1H), 5.97 (s, 1H), 4.21

(@, J = 7.1 Hz, 2H), 3.92 (s, 2H), 1.30 (t, J = 7.1 Hz, 3H) ppm. 3C NMR (CDCls, 100 MHz): § = 153.70,
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136.26, 134.51, 130.69, 129.23, 119.04, 116.93, 108.28, 106.31, 61.20, 33.35, 15.52 ppm. HRMS m/z (ESI)

calcd for [C14H16N202+Na]* 267.1104, found 267.1108.

Ethyl (4-((5-pivalamidoquinolin-8-yl)methyl)phenyl)carbamate (80)

=
H | H
‘Bu N N N.__OEt 8o
T T ee%)
(o] (o}

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) and N-(quinolin-5-yl)pivalamide (7o,
136.8 mg) with KOH (33.6 mg) in HFIP (2 mL) at 40 °C in argon afforded 68.4 mg of 80 (56%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (8:1 to 6:1, v/v) as the eluent.

White solid, m.p. 173.2-174.0 °C. *H NMR (CDCls, 400 MHz): § = 10.29 (s, 1H), 8.77 (d, J = 4.0 Hz, 1H),
8.73 (d, J = 7.9 Hz, 1H), 8.23 (d, J = 8.4 Hz, 1H), 7.38-7.35 (m, 2H), 7.26 (d, J = 7.8 Hz, 2H), 7.06 (d, J = 8.3
Hz, 2H), 6.63 (s, 1H), 4.31 (s, 2H), 4.21 (g, J = 7.1 Hz, 2H), 1.42 (s, 9H), 1.28 (t, J = 7.1 Hz, 3H) ppm. 13C
NMR (CDCls, 100 MHz): 6 = 177.17, 153.67, 147.68, 139.29, 136.18, 135.28, 133.60, 133.15, 130.29, 128.88,
128.39, 126.70, 121.24, 118.86, 115.77, 61.07, 40.26, 37.61, 27.68, 14.48 ppm. HRMS m/z (ESI) calcd for

[C24H27N303+Na]* 406.2125, found 406.2130.

Ethyl (4-(2,4,6-trimethoxybenzyl)phenyl)carbamate (8p)

H
MeO OMe NW/OEI
8p
o (58%)
OMe

The reaction of 0.3 mmol of imidated p-tolylcarbamate 2a (142.2 mg) and 1,3,5-trimethoxybenzene (7p,
100.8 mg) with KOH (33.6 mg) in HFIP (2 mL) at 40 °C in argon afforded 60.3 mg of 8p (58%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (10:1 to 8:1, v/v) as the eluent.

White solid, m.p. 350.6-351.0 °C. *H NMR (CDClIs, 400 MHz): § = 7.20-7.14 (m, 4H), 6.51 (s, 1H), 6.13 (s,
2H), 4.18 (g, J = 7.1 Hz, 2H), 3.87 (s, 2H), 3.79 (s, 3H), 3.77 (s, 6H), 1.27 (t, J = 7.1 Hz, 3H) ppm. 13C NMR
(CDCls, 100 MH2z): & = 159.52, 158.68, 153.71, 137.39, 135.14, 128.83, 118.52, 110.17, 90.50, 60.93, 55.60,

55.23, 27.53, 14.49 ppm. HRMS m/z (ESI) calcd for [C1gH23NOs+Na]* 368.1468, found 368.1467.
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5) Tandem imidation-alkoxylation from p-tolylcarbamates 1 without isolation of 2 (Table

6, 6a-6t)

N NFSI, CuCl, TEMPO o N
g O NS s G
R'0 X then R'0 /\

N 2
H . R ROH (5), KOH, 25 °C 6

Typical Procedure: To a reaction tube charged with CuCl (1.5 mg, 0.015 mmol) and NFSI (189 mg, 0.6
mmol) was added a solution of p-tolylcarbamate (1, 0.3 mmol) and TEMPO (4.7 mg, 0.03 mmol) in
anhydrous acetonitrile (2 mL) under argon (1 atm). After stirring at 25°C for 12 hours, the reaction was
quenched with Na;COz (2M, ag., 2 mL) and extracted with EtOAc (4 mL). The organic layer was
concentrated in vacuo, dissolved in alcohols (5, 1 mL), and added to a reaction tude charged with KOH
(67.2 mg, 1.2 mmol) under argon (1 atm). After stirring at 25°C for another 4 hours, the mixture was
concentrated in vacuo, followed by purification via flash chromatography on silica gel using petroleum

ether and ethyl acetate as the eluent to afford corresponding benzylic ethers 6.

Ethyl (4-(methoxymethyl)phenyl)carbamate (6a)

YOEt 6a
MeO 5 83% (87%)

The tandem reaction of 0.3 mmol of ethyl p-tolylcarbamate (1a, 53.7 mg) as the starting material with
methanol (5a, 1 mL) afforded 51.8 mg of 6a (83%) after flash chromatography on silica gel using
petroleum ether and ethyl acetate (8:1, v/v) as the eluent. For comparison, the 87% yield in parenthesis is

calculated by multiplying the 91% yield of 2a in Table 3 with the 96% yield of 6a in Table 4.

Ethyl (4-((hexyloxy)methyl)phenyl)carbamate (6d)

H
N, oE! 6d
H3C(H,C)s0 ) 76% (82%)

The tandem reaction of 0.3 mmol of ethyl p-tolylcarbamate (1a, 53.7 mg) as the starting material with
hexanol (5d, 1 mL) afforded 63.5 mg of 6d (76%) after flash chromatography on silica gel using petroleum
ether and ethyl acetate (8:1, v/v) as the eluent. For comparison, the 82% yield in parenthesis is calculated by

multiplying the 91% yield of 2a in Table 3 with the 90% yield of 6d in Table 4.

Ethyl (4-(((3-methylbut-2-en-1-yl)oxy)methyl)phenyl)carbamate (6g)
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H

N OEt
\%o\/@ Tor 75%6(%0%)
The tandem reaction of 0.3 mmol of ethyl p-tolylcarbamate (1a, 53.7 mg) as the starting material with
3-methylbut-2-en-1-ol (5g, 1 mL) afforded 59.4 mg of 6g (75%) after flash chromatography on silica gel
using petroleum ether and ethyl acetate (8:1, v/v) as the eluent. For comparison, the 80% vyield in

parenthesis is calculated by multiplying the 91% yield of 2a in Table 3 with the 88% yield of 6g in Table 4.

Ethyl (4-((but-2-yn-1-yloxy)methyl)phenyl)carbamate (6i)

H
Ve NYOEt 6i
\o 5 68% (79%)

The tandem reaction of 0.3 mmol of ethyl p-tolylcarbamate (1a, 53.7 mg) as the starting material with
but-2-yn-1-ol (5i, 1 mL) afforded 50.7 mg of 6i (68%) after flash chromatography on silica gel using
petroleum ether and ethyl acetate (8:1, v/v) as the eluent. For comparison, the 79% yield in parenthesis is

calculated by multiplying the 91% yield of 2a in Table 3 with the 87% yield of 6i in Table 4.

Ethyl (4-((2-cyanoethoxy)methyl)phenyl)carbamate (6j)

N oet
bl o
NC(H,C),0 o  57%(69%)

The tandem reaction of 0.3 mmol of ethyl p-tolylcarbamate (1a, 53.7 mg) as the starting material with
3-hydroxypropanenitrile (5j, 1 mL) afforded 42.7 mg of 6j (57%) after flash chromatography on silica gel
using petroleum ether and ethyl acetate (8:1, v/v) as the eluent. For comparison, the 69% vyield in

parenthesis is calculated by multiplying the 91% vyield of 2a in Table 3 with the 76% yield of 6j in Table 4.

Ethyl (E)-(4-(((3,7-dimethylocta-2,6-dien-1-yl)oxy)methyl)phenyl)carbamate (6m)

N

bl m
WO\/@ o 61%6(66%)
The tandem reaction of 0.3 mmol of ethyl p-tolylcarbamate (1a, 53.7 mg) as the starting material with
(E)-3,7-dimethylocta-2,6-dien-1-ol (geraniol, 5m, 1 mL) afforded 60.9 mg of 6m (61%) after flash
chromatography on silica gel using petroleum ether and ethyl acetate (8:1, v/v) as the eluent. For
comparison, the 66% yield in parenthesis is calculated by multiplying the 91% yield of 2a in Table 3 with

the 73% yield of 6m in Table 4.
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4-((Ethoxycarbonyl)amino)benzyl acetate (6p)

H
NYOEt 6p
AcO 5 70% (60%)

The tandem reaction of 0.3 mmol of ethyl p-tolylcarbamate (1a, 53.7 mg) as the starting material with
sodium acetate (5p, 49.2 mg, 0.6 mmol) and KOH (33.6 mg, 0.6 mmol) afforded 49.6 mg of 6p (70%) after
flash chromatography on silica gel using petroleum ether and ethyl acetate (8:1, v/v) as the eluent. For
comparison, the 60% yield in parenthesis is calculated by multiplying the 91% yield of 2a in Table 3 with

the 66% yield of 6m in Table 4.

Isopropyl (4-(methoxymethyl)phenyl)carbamate (6q)

MEOVQ/HIOY (761?/0)

The tandem reaction of 0.3 mmol of isopropyl p-tolylcarbamate (57.9 mg, 1h) as the starting material with
methanol (5a, 1 mL) afforded 47.7 mg of 6q (71%) after flash chromatography on silica gel using
petroleum ether and ethyl acetate (10:1 to 8:1, v/v) as the eluent.

Light-yellow oil. *H NMR (CDCls, 400 MHz): & = 7.36 (d, J = 8.2 Hz, 2H), 7.26 (d, J = 8.5 Hz, 2H), 6.68 (s,
1H), 5.02 (h, J = 6.3 Hz, 1H), 4.40 (s, 2H), 3.36 (s, 3H), 1.29 (d, J = 6.3 Hz, 6H) ppm. 3C NMR (CDCl3, 100
MHZz): 6 = 153.18, 137.59, 132.85, 128.66, 118.42, 74.22, 68.68, 57.83, 22.05 ppm. HRMS m/z (ESI) calcd

for [C12H17NO3s+Na]* 246.1101, found 246.1099.

Tert-Pentyl (4-(methoxymethyl)phenyl)carbamate (6r)

H
Neeant?

The tandem reaction of 0.3 mmol of tert-pentyl p-tolylcarbamate (66.3 mg, 1i) as the starting material with
methanol (5a, 1 mL) afforded 64.3 mg of 6r (85%) after flash chromatography on silica gel using
petroleum ether and ethyl acetate (10:1 to 8:1, v/v) as the eluent.

Light-yellow oil. *H NMR (CDCls, 400 MHz): § = 7.34 (d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.3 Hz, 2H), 6.58 (s,
1H), 4.40 (s, 2H), 3.35 (s, 3H), 1.84 (g, J = 7.5 Hz, 2H), 1.48 (s, 6H), 0.93 (t, J = 7.5 Hz, 3H) ppm. 3C NMR
(CDCls, 100 MH2z): § = 152.66, 137.87, 132.60, 128.62, 118.34, 82.92, 74.24, 57.80, 33.57, 25.76, 8.27 ppm.

HRMS m/z (ESI) calcd for [C1aH21NOs+Na]* 274.1414, found 274.1416.
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Ethyl (4-(methoxymethyl)-3-methylphenyl)carbamate (6s)

h
T

The tandem reaction of 0.3 mmol of ethyl (3,4-dimethylphenyl)carbamate (57.9 mg, 1b) as the starting
material with methanol (5a, 1 mL) afforded 44.4 mg of 6s (66%) after flash chromatography on silica gel
using petroleum ether and ethyl acetate (10:1 to 8:1, v/v) as the eluent.

Light-yellow oil. *H NMR (CDCls, 400 MHz): & = 7.23-7.21 (m, 2H), 7.26 (dd, J = 8.3 Hz, 2.0 Hz, 1H), 6.66
(s, 1H), 4.40 (s, 2H), 4.21 (q, J = 7.1 Hz, 2H), 3.37 (s, 3H), 2.31 (s, 3H), 1.30 (t, J = 7.1 Hz, 3H) ppm. 3C NMR
(CDCls, 100 MHz): & = 153.57, 137.88, 137.51, 131.05, 129.61, 120.28, 115.68, 72.59, 61.1, 57.91, 18.84,

14.52 ppm. HRMS m/z (ESI) calcd for [C12H17NOs+Na]* 246.1101, found 246.1101.

Ethyl (3-fluoro-4-(methoxymethyl)phenyl)carbamate (6t)

F NYOEt ot
MeO o) (42%)

The tandem reaction of 0.3 mmol of ethyl (3-fluoro-4-methylphenyl)carbamate (59.1 mg, 1e) as the starting
material with methanol (5a, 1 mL) afforded 28.9 mg of 6t (42%) after flash chromatography on silica gel
using petroleum ether and ethyl acetate (10:1 to 8:1, v/v) as the eluent.

Light-yellow oil. *H NMR (CDCls, 400 MHz): 6 = 9.89 (s, 1H), 7.38 (dd, J = 10.6 Hz, 2.1 Hz, 1H), 7.30 (t, J
= 8.4 Hz, 1H), 7.20 (dd, J = 8.4 Hz, 2.1 Hz, 1H), 4.36 (s, 2H), 4.13 (q, J = 7.1 Hz, 2H), 3.25 (s, 3H), 1.25 (t, J =
7.1 Hz, 3H) ppm. 13C NMR (CDCl3, 100 MHz): 5 = 160.44 (d, J = 241.9 Hz), 153.41, 140.72 (d, J = 11.2 Hz),
131.03 (d, J = 6.0 Hz), 118.24 (d, J = 15.3 Hz), 113.55, 104.58 (d, J = 26.4 Hz), 67.08 (d, J = 2.6 Hz), 60.43,

57.35, 14.45 ppm. HRMS m/z (ESI) calcd for [C11H1aFNOs+Na]* 228.1031, found 228.1031.
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6) Tandem imidation-arylation from p-tolylcarbamates 1 without isolation of 2 (Table 6,

8a-8s)

NFSI, CuCl, TEMPO

MeCN, 25 °C \
R'0” °N X then R1OAN X
ArH (7), KOH, HFIP, 40 °C

Typical Procedure: To a reaction tube charged with CuCl (1.5 mg, 0.015 mmol) and NFSI (189 mg, 0.6
mmol) was added a solution of p-tolylcarbamate (1, 0.3 mmol) and TEMPO (4.7 mg, 0.03 mmol) in
anhydrous acetonitrile (2 mL) under argon (1 atm). After stirring at 25°C for 12 hours, the reaction was
quenched with Na;COz (2M, aq., 2 mL) and extracted with EtOAc (4 mL). The organic layer was
concentrated in vacuo, dissolved in HFIP (2 mL), and added to a reaction tude charged with KOH (34.6 mg,
0.6 mmol) and arene (7, 0.9 mmol) at 25 °C under argon (1 atm). After stirring at 40°C for another 4 hours,
the mixture was concentrated in vacuo, followed by purification via flash chromatography on silica gel

using petroleum ether and ethyl acetate as the eluent to afford corresponding benzylated arene 8.

Ethyl (4-((1H-indol-3-yl)methyl)phenyl)carbamate (8a)
N N OEt a
O \ O 1.( 69%8(78%)
The tandem reaction of 0.3 mmol of ethyl p-tolylcarbamate (1a, 53.7 mg) as the starting material with
1H-indole (7a, 105.3 mg) afforded 61.1 mg of 8a (69%) after flash chromatography on silica gel using

petroleum ether and ethyl acetate (10:1 to 8:1, v/v) as the eluent. For comparison, the 78% yield in

parenthesis is calculated by multiplying the 91% vyield of 2a in Table 3 with the 86% yield of 8a in Table 5.

Ethyl (4-((6-fluoro-1H-indol-3-yl)methyl)phenyl)carbamate (8e)

H H
The tandem reaction of 0.3 mmol of ethyl p-tolylcarbamate (1a, 53.7 mg) as the starting material with
6-fluoro-1H-indole (7e, 121.5 mg) afforded 61.2 mg of 8e (65%) after flash chromatography on silica gel
using petroleum ether and ethyl acetate (10:1 to 8:1, v/v) as the eluent. For comparison, the 81% yield in

parenthesis is calculated by multiplying the 91% yield of 2a in Table 3 with the 89% yield of 8e in Table 5.
Ethyl (4-((6-fluoro-1H-indol-3-yl)methyl)phenyl)carbamate (8g)
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H H
Et0,C N NYOEt 89
N

The tandem reaction of 0.3 mmol of ethyl p-tolylcarbamate (1a, 53.7 mg) as the starting material with ethyl
1H-indole-6-carboxylate (7g, 170.1 mg) afforded 80.4 mg of 8g (73%) after flash chromatography on silica
gel using petroleum ether and ethyl acetate (6:1 to 3:1, v/v) as the eluent. For comparison, the 71% yield in

parenthesis is calculated by multiplying the 91% yield of 2a in Table 3 with the 78% yield of 8g in Table 5.

Ethyl (4-((1-methyl-1H-indol-3-yl)methyl)phenyl)carbamate (8h)

The tandem reaction of 0.3 mmol of ethyl p-tolylcarbamate (1a, 53.7 mg) as the starting material with
1-methyl-1H-indole (7h, 117.9 mg) afforded 58.6 mg of 8h (63%) after flash chromatography on silica gel
using petroleum ether and ethyl acetate (10:1 to 8:1, v/v) as the eluent. For comparison, the 81% yield in

parenthesis is calculated by multiplying the 91% vyield of 2a in Table 3 with the 89% yield of 8h in Table 5.

Ethyl (4-((2,3-dimethyl-3H-indol-3-yl)methyl)phenyl)carbamate (8j)

Me N OEt
N~ Me TOT 8j
72% (66%)
The tandem reaction of 0.3 mmol of ethyl p-tolylcarbamate (1a, 53.7 mg) as the starting material with
2,3-dimethyl-1H-indole (7j, 130.6 mg) afforded 69.8 mg of 8] (72%) after flash chromatography on silica
gel using petroleum ether and ethyl acetate (3:1 to 1:1, v/v) as the eluent. For comparison, the 66% yield in

parenthesis is calculated by multiplying the 91% vyield of 2a in Table 3 with the 73% yield of 8] in Table 5.

Ethyl (4-((3,4-dimethoxythiophen-2-yl)methyl)phenyl)carbamate (8I)

H
OMe N__OEt 8l

a TO( 53% (56%)

The tandem reaction of 0.3 mmol of ethyl p-tolylcarbamate (1a, 53.7 mg) as the starting material with
3,4-dimethoxythiophene (71, 129.6 mg) afforded 51.4 mg of 8l (53%) after flash chromatography on silica
gel using petroleum ether and ethyl acetate (8:1, v/v) as the eluent. For comparison, the 56% yield in

parenthesis is calculated by multiplying the 91% yield of 2a in Table 3 with the 62% yield of 8l in Table 5.
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Ethyl (4-((8-pivalamidoquinolin-5-yl)methyl)phenyl)carbamate (80)

N ‘
H | H
Bu N N._ _OEt 80
g g 52% (51%)
o o

The tandem reaction of 0.3 mmol of ethyl p-tolylcarbamate (1a, 53.7 mg) as the starting material with
N-(quinolin-5-yl)pivalamide (70, 205.2 mg) afforded 63.5 mg of 8o (52%) after flash chromatography on
silica gel using petroleum ether and ethyl acetate (8:1 to 6:1, v/v) as the eluent. For comparison, the 51%
yield in parenthesis is calculated by multiplying the 91% yield of 2a in Table 3 with the 56% yield of 80 in

Table 5.

Ethyl (4-(2,4,6-trimethoxybenzyl)phenyl)carbamate (8p)

H
MeO OMe NYOEI
Cﬂ |O 8p
\,/\/‘/ o 51% (53%)
OMe

The tandem reaction of 0.3 mmol of ethyl p-tolylcarbamate (1a, 53.7 mg) as the starting material with
1,3,5-trimethoxybenzene (7p, 151.2 mg) afforded 53.1 mg of 8p (51%) after flash chromatography on
silica gel using petroleum ether and ethyl acetate (10:1 to 8:1, v/v) as the eluent. For comparison, the 53%
yield in parenthesis is calculated by multiplying the 91% yield of 2a in Table 3 with the 58% yield of 8p in

Table 5.

Isopropyl (4-((1H-indol-3-yl)methyl)phenyl)carbamate (8q)

H H
Sulspadt’

The tandem reaction of 0.3 mmol of isopropyl p-tolylcarbamate (1h, 57.9 mg) as the starting material with
1H-indole (7a, 105.3 mg) afforded 68.7 mg of 8q (74%) after flash chromatography on silica gel using
petroleum ether and ethyl acetate (10:1 to 8:1, v/v) as the eluent.

White solid, m.p. 129.1-130.0 °C. *H NMR (DMSO-ds, 400 MHz): § =10.78 (s, 1H), 9.39 (s, 1H), 7.36-7.28
(m, 4H), 7.14-7.07 (m, 3H), 7.00 (td, J = 7.6 Hz, 1.2 Hz, 1H), 6.87 (t, J = 7.5 Hz, 1H), 4.82 (h, J = 6.2 Hz, 1H),
3.92 (s, 2H), 1.19 (d, J = 6.2 Hz, 6H) ppm. 3C NMR (DMSO-ds, 100 MHz): § = 153.18, 136.97, 136.42,
135.56, 128.62, 126.95, 122.97, 120.90, 118.57, 118.21, 114.13, 111.36, 67.23, 30.47, 22.00 ppm. HRMS m/z

(ESI) calcd for [C1oH20N202+Na]* 331.1417, found 331.1425.
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Tert-Pentyl (4-((1H-indol-3-yl)methyl)phenyl)carbamate (8r)

QU SR AR

The tandem reaction of 0.3 mmol of tert-pentyl p-tolylcarbamate (66.3 mg, 1i) as the starting material with
1H-indole (7a, 105.3 mg) afforded 61.5 mg of 8r (61%) after flash chromatography on silica gel using
petroleum ether and ethyl acetate (10:1 to 8:1, v/v) as the eluent.

Colourless oil. tH NMR (DMSO-ds, 400 MHz): § =10.78 (s, 1H), 9.17 (s, 1H), 7.35 (dd, J = 8.0 Hz, 1.0 Hz,
1H), 7.30-7.28 (m, 3H), 7.11 (d, J = 8.6 Hz, 2H), 7.07 (d, J = 2.4 Hz, 1H), 7.00 (td, J = 8.2 Hz, 1.1 Hz, 1H), 6.87
(td, J = 8.0 Hz, 1.0 Hz, 1H), 3.91 (s, 2H), 1.74 (g, J = 7.5 Hz, 2H), 1.37 (s, 6H), 0.84 (t, J = 7.5 Hz, 3H) ppm.
13C NMR (DMSO-ds, 100 MHz): § = 152.77, 137.21, 136.43, 135.29, 128.55, 126.95, 122.96, 120.89, 118.58,
118.19, 114.17, 111.36, 80.99, 32.97, 30.47, 25.71, 8.18 ppm. HRMS m/z (ESI) calcd for [Ca1H24N202+Na]*

357.1730, found 359.1727.

Ethyl (4-((1H-indol-3-yl)methyl)-3-methylphenyl)carbamate (8s)

The tandem reaction of 0.3 mmol of ethyl (3,4-dimethylphenyl)carbamate (57.9 mg, 1b) as the starting
material with 1H-indole (7a, 105.3 mg) afforded 61.6 mg of 8s (66%) after flash chromatography on silica
gel using petroleum ether and ethyl acetate (10:1 to 8:1, v/v) as the eluent.

Colourless oil. *H NMR (DMSO-dg, 400 MHz): § =10.77 (s, 1H), 9.40 (s, 1H), 7.38 (dd, J = 7.9 Hz, 1.0 Hz,
1H), 7.30 (d, J = 8.1 Hz, 1H), 7.22-7.14 (m, 2H), 7.03-6.99 (m, 2H), 6.91-6.87 (m, 2H), 4.06 (g, J = 7.1 Hz, 2H),
3.90 (s, 2H), 2.20 (s, 3H), 1.19 (t, J = 7.1 Hz, 3H) ppm. 3C NMR (DMSO-dg, 100 MHz): § = 153.59, 137.00,
136.41, 136.12, 133.48, 129.33, 127.09, 123.13, 120.91, 119.91, 118.55, 118.22, 115.75, 113.13, 111.40, 59.97,

28.23, 19.45, 14.57 ppm. HRMS m/z (ESI) calcd for [C19H20N20>+Na]* 331.1417, found 331.1419.
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7) Applications to the preparation of key intermediates for the synthesis of bioactive

molecules (Scheme 2)

OEt TBAF (5 equiv) NH,
\/©/ THF reflux RO\/©/

9
OEt TBAF (5 equw) NH,
\/©/ THF reflux Ar\/©/
9

Typical Procedure for deprotection: To a reaction tube charged with benzyl ether 6 or benzylated arene 8
(0.3 mmol) was added a solution of BusNF (1.5 mL of 1.0 M solution in THF, 1.5mmol) under argon (1
atm). After stirring under reflux for 12 hours, the mixture was concentrated in vacuo, followed by
purification via flash chromatography on silica gel using petroleum ether and ethyl acetate as the eluent to

afford corresponding aniline 9.

4-(Methoxymethyl)aniline (9a)

NH,
9a
Meo\/©/ (96%)

The deprotection of 0.3 mmol of ethyl (4-(methoxymethyl)phenyl)carbamate (62.7 mg, 6a) afforded 39.6
mg of 9a (96%) after flash chromatography on silica gel using petroleum ether and ethyl acetate (6:1, v/v)
as the eluent.

White solid, m.p. 166.8-167.4 °C. 1H NMR (DMSO-ds, 400 MHz): 5 = 6.92 (d, J = 8.4 Hz, 2H), 6.48 (d, J =
8.4 Hz, 2H), 5.01 (s, 2H), 4.14 (s, 2H), 3.15 (s, 3H) ppm. ¥C NMR (DMSO-ds, 100 MHz): & = 148.22,
129.26, 124.96, 113.48, 73.94, 56.72 ppm. HRMS m/z (ESI) calcd for [CsH1:NO+H]* 138.0913, found
138.0910.

4-(Ethoxymethyl)aniline (9b)

NH,
9b
EtO\/©/ (92%)

The deprotection of 0.3 mmol of ethyl (4-(ethoxymethyl)phenyl)carbamate (66.9 mg, 6b) afforded 41.9 mg
of 9b (92%) after flash chromatography on silica gel using petroleum ether and ethyl acetate (6:1, v/v) as
the eluent.

Colourless oil. 'H NMR (CDCls, 400 MHz): § = 7.12 (d, J = 8.3 Hz, 2H), 6.63 (d, J = 8.4 Hz, 2H), 4.37 (s,
2H), 3.58 (brs, 2H), 3.49 (q, J = 7.0 Hz, 2H), 1.21 (t, J = 7.0 Hz, 3H) ppm. 3C NMR (CDCl;, 100 MHz): 5 =
145.89, 129.32, 128.27, 114.85, 72.52, 65.08, 15.15 ppm. HRMS m/z (ESI) calcd for [CoHisNO+H]*

152.1070, found 152.1067.
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4-(2,4,6-Trimethoxybenzyl)aniline (9p)

MeO OMe NH,
™ .
(95%)
OMe

The deprotection of 0.3 mmol of ethyl (4-(2,4,6-trimethoxybenzyl)phenyl)carbamate (103.5 mg, 8p)
afforded 78.1 mg of 9p (95%) after flash chromatography on silica gel using petroleum ether and ethyl
acetate (3:1, v/v) as the eluent.

Light-yellow solid, m.p. 110.0-110.7 °C. *H NMR (CDCls, 400 MHz): 5 = 7.04 (d, J = 8.4 Hz, 2H), 6.55 (d,
J = 8.3 Hz, 2H), 6.14 (s, 2H), 3.82 (s, 2H), 3.79 (s, 3H), 3.77 (s, 6H) ppm. 3C NMR (CDCls, 100 MHz): & =
159.35, 158.70, 143.67, 132.42, 129.09, 115.03, 110.86, 90.55, 55.64, 55.63, 55.25, 27.27 ppm. HRMS m/z

(ESI) calcd for [CoH1sNO+H]* 152.1070, found 152.1067.

H

o NFSI, CuCl, TEMPO 0= Q H2N Q
N>\—0E1 MeCN, 25 °C, 12 h Okt COMe _TBAF, THF CO,Me
¥ H then: 7i, KOH, HFIP 4 O reflux, 12 h 4 O
40°C, 4h N 94% N
1

1a 0 / 8i
(2 mmol) 76% Me Me

Typical Procedure: To a reaction tube charged with CuCl (9.9 mg, 0.1 mmol) and NFSI (1.26 g, 4 mmol)
was added a solution of ethyl p-tolylcarbamate (1a, 358.2 mg, 2 mmol) and TEMPO (31.3 mg, 0.2 mmol)
in anhydrous acetonitrile (10 mL) under argon (1 atm). After stirring at 25°C for 12 hours, the reaction was
guenched with Na,CO3z (2M, aq., 2 mL) and extracted with EtOAc (4 mL). The organic layer was
concentrated in vacuo, dissolved in HFIP (12 mL), and added to a reaction tude charged with KOH (224.4
mg, 4 mmol) and methyl 1-methyl-1H-indole-5-carboxylate (7i, 756.3 mg, 4 mmol) at 25°C under argon (1
atm). After stirring at 40°C for another 4 hours, the mixture was concentrated in vacuo, followed by
purification via flash chromatography on silica gel using petroleum ether and ethyl acetate as the eluent to
afford 556.4 mg of methyl 3-(4-((ethoxycarbonyl)amino)benzyl)-1-methyl-1H-indole-5-carboxylate (8i,
76%).

Subsequently, to a reaction tube charged with the above 8i (556.4 mg, 1.52 mmol) was added a solution of
BusNF (10 mL of 1.0 M solution in THF, 10 mmol) under argon (1 atm). After stirring under reflux for 12
hours, the mixture was concentrated in vacuo, followed by purification via flash chromatography on silica
gel using petroleum ether and ethyl acetate as the effluent to afford 420.6 mg of methyl
3-(4-aminobenzyl)-1-methyl-1H-indole-5-carboxylate (11, 94%).

Methyl 3-(4-aminobenzyl)-1-methyl-1H-indole-5-carboxylate (11)
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H,N Q
co,Me M
7 O (71%)
N
/

mé
Synthesis of key intermediate 11 from 0.3 mmol of ethyl p-tolylcarbamate (1a, 358.2 mg, 2 mmol) afforded
420.6 mg of 11 (71% total yield from 1a) after flash chromatography on silica gel using petroleum ether
and ethyl acetate (3:1, v/v) as the eluent. For comparison, the literature reported total yield of the identical
intermediate from the same amount of starting material is 53%.

White solid, m.p. 149.4-150.0 °C. 'H NMR (DMSO-ds, 400 MHz): § = 8.08 (d, J = 1.6 Hz, 1H), 7.71 (dd, J
= 8.6 Hz, 1.6 Hz, 1H), 7.42 (d, J = 8.6 Hz, 1H), 7.13 (s, 1H), 6.87 (d, J = 8.4 Hz, 2H), 6.44 (d, J = 8.4 Hz, 2H),
4.80 (s, 2H), 3.85 (s, 2H), 3.78 (s, 3H), 3.73 (s, 3H) ppm. 3C NMR (DMSO-ds, 100 MHz): & = 167.23,
146.54, 139.20, 129.17, 128.75, 127.95, 126.87, 121.95, 121.40, 119.69, 116.05, 113.94, 109.59, 51.65, 32.43,

29.74 ppm. HRMS m/z (ESI) calcd for [C1gH18N202+H]* 317.1261, found 317.1261.
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Control Experiments

1) To demonstrate the crucial role of the carbamate directing group (Scheme 3)

n OEt H
SO2Ph PhO,S N._OEt
H SO2Ph - cycl, TEMPO 2S<
T e o BT Y
° SO,Ph MeCN, 25 °C PhO,S o

11 21,0%
" Phozi
B ot 4 Fe NSOZPh CuCl, TEMPO  PhO,S” M
+ — >
W 'SO,Ph  MeCN, 25 °C NTOEt
o
o
m 2m, 0%

Experimental Procedure: To a reaction tube charged with CuClI (1.5 mg, 0.015 mmol) and NFSI (189 mg,
0.6 mmol) was added a solution of TEMPO (4.7 mg, 0.03 mmol) and ethyl m-tolylcarbamate (11, 53.7 mg,
0.3 mmol) or ethyl o-tolylcarbamate (1m, 53.7 mg, 0.3 mmol) in anhydrous acetonitrile (2 mL) under argon
(1 atm). After stirring at 25°C for 12 hours, no corresponding benzylic imidated product 2| or 2m could be

observed on GC-MS.

Me I\Ille
i
N__OEt _NFSILCUCLTEMPO o NTOEI
H\/©/ bl MeCN, 25 °C N o
o PhO,S”
n 2n, 18/
7a, KOH MeOH
HFIP, 40 °C KOH, 25 °C
o
8u, 0/ 6u, 0%

Experimental Procedure: To a reaction tube charged with CuCl (1.5 mg, 0.015 mmol) and NFSI (189 mg,
0.6 mmol) was added a solution of ethyl methyl(p-tolyl)carbamate (1n, 57.9 mg, 0.3 mmol) and TEMPO
(4.7 mg, 0.03 mmol) in anhydrous acetonitrile (2 mL) under argon (1 atm). After stirring at 25°C for 12
hours, the mixture was concentrated in vacuo to give dark residue, which was purified by flash
chromatography on silica gel using petroleum ether and ethyl acetate as the eluent to afford 23.6 mg of 2n
(16%).

To a reaction tube charged with imidated p-tolylcarbamate 2n (146.4 mg, 0.3 mmol) was added a
suspension of KOH (67.2 mg, 1.2 mmol) in methanol (5a, 1 mL) under argon (1 atm). After stirring at 25°C

for 4 hours, no corresponding benzyl ether 6u could be observed on GC-MS.
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To a reaction tube charged with imidated p-tolylcarbamate 2n (146.4 mg, 0.3 mmol) and KOH (33.6 mg,
0.6 mmol) was added a solution of 1H-indole (7a, 70.2 mg, 0.6 mmol) in HFIP (2 mL) under argon (1 atm).
After stirring at 40°C for 4 hours, no corresponding benzylated indole 8u could be observed on GC-MS.
Ethyl methyl(4-((N-(phenylsulfonyl)phenylsulfonamido)methyl)phenyl)carbamate (2n)

The reaction of 0.3 mmol of ethyl methyl(p-tolyl)carbamate (1n, 57.9 mg) and NFSI (189 mg) with CuClI
(1.5 mg) and TEMPO (4.7 mg) at 25 °C in argon afforded 23.6 mg of 2n (16%) after flash chromatography
on silica gel using petroleum ether and ethyl acetate (6:1 to 3:1, v/v) as the eluent.

White solid, m.p. 137.0-137.9 °C. 'H NMR (CDCls, 400 MHz): & = 7.77-7.75 (m, 4H), 7.55-7.51 (m, 2H),
7.41-7.37 (m, 4H), 7.31 (d, J = 8.5 Hz, 2H), 7.08 (d, J = 8.4 Hz, 2H), 4.89 (s, 2H), 4.16 (q, J = 7.1 Hz, 2H), 3.25
(s, 1H), 1.23 (t, J = 7.1 Hz, 3H) ppm. 3C NMR (CDCls, 100 MHz): 5 = 155.33, 143.16, 139.77, 133.52,
129.55, 129.35, 128.69, 127.89, 125.26, 61.63, 51.84, 37.41, 14.50 ppm. HRMS m/z (ESI) calcd for

[C23H24N206S2+Na]* 511.0968, found 511.0964.

R
\/@/ _NFSI, CuCl, TEMPO _ Ph02§\/©/
MeCN, 25 °C PhO,S Y|eld 0/ if R=:!
\/@’ 7a, KOH MeHN— !
HFIP, 40 °c Me,N—
‘ MeO=—
PhOzS\/©/ MeOH \/@,

KOH, 25 °C

PhO,S

PhO,S”

PhO,S”
Experimental Procedure: To a reaction tube charged with CuCl (1.5 mg, 0.015 mmol) and NFSI (189 mg,
0.6 mmol) was added a solution of TEMPO (4.7 mg, 0.03 mmol) and toluene, N,4-dimethylaniline,
N,N,4-trimethylaniline, 1-methoxy-4-methylbenzene or p-xylene (0.3 mmol) in anhydrous acetonitrile (2
mL) under argon (1 atm). After stirring at 25°C for 12 hours, no corresponding benzylic imidated product
could be observed on GC-MS.

To a reaction tube charged with N-benzyl-N-(phenylsulfonyl)benzenesulfonamide, N-(4-methylbenzyl)-
N-(phenylsulfonyl)benzenesulfonamide or N-(4-methoxybenzyl)-N-(phenylsulfonyl)benzenesulfonamide
(0.3 mmol) was added a suspension of KOH (67.2 mg, 1.2 mmol) in methanol (5a, 1 mL) under argon (1
atm). After stirring at 25°C for 4 hours, no corresponding benzyl ether could be observed on GC-MS.

To a reaction tube charged with N-benzyl-N-(phenylsulfonyl)benzenesulfonamide, N-(4-methylbenzyl)-
N-(phenylsulfonyl)benzenesulfonamide or N-(4-methoxybenzyl)-N-(phenylsulfonyl)benzenesulfonamide
(0.3 mmol) and KOH (33.6 mg, 0.6 mmol) was added a solution of 1H-indole (7a, 70.2 mg, 0.6 mmol) in

HFIP (2 mL) under argon (1 atm). After stirring at 40°C for 4 hours, no corresponding benzylated indole
$38



could be observed on GC-MS.

H

NTOEt NFSI, CuCl, TEMPO PhOLS NYOEI

MeCN, 25 °C N Ie)

H Ml PhO,S” Me
1o 20, 13%

Experimental Procedure: To a reaction tube charged with CuClI (1.5 mg, 0.015 mmol) and NFSI (189 mg,
0.6 mmol) was added a solution of ethyl mesitylcarbamate (10, 62.1 mg, 0.3 mmol) and TEMPO (4.7 mg,
0.03 mmol) in anhydrous acetonitrile (2 mL) under argon (1 atm). After stirring at 25°C for 12 hours, the
mixture was concentrated in vacuo to give dark residue, which was purified by flash chromatography on
silica gel using petroleum ether and ethyl acetate as the eluent to afford 19.3 mg of 20 (13%).

Ethyl (2,6-dimethyl-4-((N-(phenylsulfonyl)phenylsulfonamido)methyl)phenyl)carbamate (20)

The reaction of 0.3 mmol of ethyl methyl(p-tolyl)carbamate (10, 62.1 mg) and NFSI (189 mg) with CuCl
(1.5 mg) and TEMPO (7.0 mg) at 25 °C in argon afforded 19.3 mg of 20 (13%) after flash chromatography
on silica gel using petroleum ether and ethyl acetate (6:1 to 3:1, v/v) as the eluent.

Light-yellow oil. tH NMR (CDCls, 400 MHz): & = 7.80-7.78 (m, 4H), 7.60-7.56 (m, 2H), 7.48-7.44 (m, 4H),
6.98 (s, 2H), 5.96 (s, 1H), 4.87 (s, 2H), 4.22 (q, J = 7.1 Hz, 2H), 2.14 (s, 6H), 1.25 (t, J = 7.1 Hz, 3H) ppm. 13C
NMR (CDClIs, 100 MHz): § = 154.26, 139.84, 135.88, 133.57, 132.83, 128.74, 128.58, 128.03, 60.30, 52.13,

18.11, 14.59 ppm. HRMS m/z (ESI) calcd for [C24H26N206S2+Na]* 525.1125, found 525.1129.

CuCl (0.015 mmol)

12@3mmo)  negy  TEMPO (003 mmoy _ %)
(0.3 mmol)  MeCN (2 mL)
1d (0.3 mmol o
( ) 25°C,12h 1d (14%)

Experimental Procedure: To a reaction tube charged with CuClI (1.5 mg, 0.015 mmol) and NFSI (94.6 mg,
0.3 mmol) was added a solution of ethyl p-tolylcarbamate (1a, 53.7 mg, 0.3 mmol), ethyl
(2,4-dimethylphenyl)carbamate (1d, 57.9 mg, 0.3 mmol) and TEMPO (4.7 mg, 0.03 mmol) in anhydrous
acetonitrile (2 mL) under argon (1 atm). After stirring at 25°C for 12 hours, the mixture was concentrated in
vacuo to give dark residue, which was purified by flash chromatography on silica gel using petroleum ether

and ethyl acetate as the eluent to afford 44.3 mg of 2a (31%) and 20.7 mg of 2d (14%).

CuCl (0.015 mmol)

5
1a (0.3 mmol) NFSI  TEMPO (0.03mmol) 2 (:O %)
(0.3 mmol)  MeCN (2 mL)

10 (0.3 mmol) 10 (0%)

25°C,12h

Experimental Procedure: To a reaction tube charged with CuCl (1.5 mg, 0.015 mmol) and NFSI (94.6 mg,
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0.3 mmol) was added a solution of ethyl p-tolylcarbamate (1a, 53.7 mg, 0.3 mmol), ethyl mesitylcarbamate
(10, 62.1 mg, 0.3 mmol) and TEMPO (4.7 mg, 0.03 mmol) in anhydrous acetonitrile (2 mL) under argon (1
atm). After stirring at 25°C for 12 hours, the mixture was concentrated in vacuo to give dark residue, which
was purified by flash chromatography on silica gel using petroleum ether and ethyl acetate as the eluent to

afford 57.2 mg of 2a (40%), whereas no 20 could be observed on GC-MS.
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2) To indicate some key differences compared to the previous palladium-catalysed

benzylic C-H imidation with NESI (Scheme 4)

H H
N

OEt N__OEt
PhO,S
T 2 g
H o N o
PhO,S

CuCl (0.015 mmol)

1a (0.3 mmol) NFSI _TEMPO (0.03 mmol) 2a (44%)
H (0.3 mmol) MeCN (2 mL) H
\/@/NTMe 259 12 h PhOQS\/Q/NWMe
’ |
N 0
H ° PhO,S”
3a (0.3 mmol) 4a (21%)

Experimental Procedure: To a reaction tube charged with CuClI (1.5 mg, 0.015 mmol) and NFSI (94.6 mg,
0.3 mmol) was added a solution of ethyl p-tolylcarbamate (1a, 53.7 mg, 0.3 mmol), N-(p-tolyl)acetamide
(3a, 44.7 mg, 0.3 mmol) and TEMPO (4.7 mg, 0.03 mmol) in anhydrous acetonitrile (2 mL) under argon (1
atm). After stirring at 25°C for 12 hours, the mixture was concentrated in vacuo to give dark residue, which
was purified by flash chromatography on silica gel using petroleum ether and ethyl acetate as the eluent to
afford 62.9 mg of 2a (44%) and 27.6 mg of 4a (21%).
N-(4-((N-(Phenylsulfonyl)phenylsulfonamido)methyl)phenyl)acetamide (4a)

White solid, m.p. 164.5-165.0 °C. *H NMR (DMSO-ds, 400 MHz): & = 9.99 (s, 1H), 7.80-7.71 (m, 6H),
7.59-7.52 (m, 6H), 7.25 (d, J = 8.5 Hz, 2H), 4.97 (s, 2H), 2.08 (s, 3H) ppm. 3C NMR (CDCl3, 100 MHz): § =
168.73, 139.69, 137.92, 133.71, 130.06, 129.75, 128.83, 127.94, 119.61, 51.95, 24.44 ppm. HRMS m/z (ESI)

calcd for [C21H20N205S+H]* 445.0886, found 445.0884.

H H

N OEt N OEt
mross T T
/r‘\:\/@/ 0 MeO\/©/ o
PhO,S
2a (0.3 mmol) KOH (0.9 mmol) 6a (84%)
H MeOH (1 mL) H
PhOZS\/©/NWMe 25°C, 4 h \/©/NTME
|
N o
PhO,S” Meo °
4a (0.3 mmol) 4b (26%)

Experimental Procedure: To a reaction tube charged with the imidated p-tolylcarbamate 2a (142.2 mg,
0.3 mmol) and the imidated p-tolylacetamide 4a (133.2 mg, 0.3 mmol) was added a suspension of KOH
(50.5 mg, 0.9 mmol) in methanol (5a, 1 mL) under argon (1 atm). After stirring at 25°C for 4 hours, the
mixture was concentrated in vacuo to give dark residue, which was purified by flash chromatography on
silica gel using petroleum ether and ethyl acetate as the eluent to afford 52.9 mg of 6a (84%) and 13.8 mg
of 4b (26%).

N-(4-(Methoxymethyl)phenyl)acetamide (4b)

White solid, m.p. 98.0-98.5 °C. 'H NMR (CDCls, 400 MHz): 5 = 7.48 (d, J = 8.3 Hz, 2H), 7.36 (s, 1H), 7.28

(d, J = 8.3 Hz, 2H), 4.41 (s, 2H), 3.37 (s, 3H), 2.17 (s, 3H) ppm. 3C NMR (CDCls, 100 MHz): § = 168.31,
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137.34, 134.05, 128.53, 119.75, 74.21, 57.96, 24.58 ppm. HRMS m/z (ESI) calcd for [C10H13NO2+Na]*

202.0839, found 202.0837.

H OEt H H OEt
PhO,S
Y Y
PhO,S”~ 7a (0.6 mmol)
2a (0.3 mmol) KOH (0.6 mmol) 8a (63%)
H " HFIP (2 mL) H n "
PhO,S € 40°C,4h e
WY §
_N o) o
PhO,S
4a (0.3 mmol) 4c (0%)

Experimental Procedure: To a reaction tube charged with the imidated p-tolylcarbamate 2a (142.2 mg,
0.3 mmol), the imidated p-tolylacetamide 4a (133.2 mg, 0.3 mmol) and KOH (33.6 mg, 0.6 mmol) was
added a solution of 1H-indole (7a, 70.2 mg, 0.6 mmol) in HFIP (2 mL) under argon (1 atm). After stirring
at 40°C for 4 hours, the mixture was concentrated in vacuo to give dark residue, which was purified by
flash chromatography on silica gel using petroleum ether and ethyl acetate as the eluent to afford 55.7 mg

of 8a (63%), whereas no 4c could be observed on GC-MS.

H H
N.__OEt SO2Ph 1,0, cucl, TEMPO PhO,S N -OHt
H\/Ej T e CN, 25°C N T
(0] K MeCN, 25 -
SO,Ph e PhO,S
1a 2a
Loading of H,O0 0 1 2 4 10 (equiv)
Yield of2a 91 51 39 26 0 (%)

Experimental Procedure: To a reaction tube charged with CuClI (1.5 mg, 0.015 mmol) and NFSI (189 mg,
0.6 mmol) was added a solution of ethyl p-tolylcarbamate (1a, 53.7 mg, 0.3 mmol), H.O (6 uL, 0.3 mmol)
and TEMPO (4.7 mg, 0.03 mmol) in anhydrous acetonitrile (2 mL) under argon (1 atm). After stirring at
25°C for 12 hours, the mixture was concentrated in vacuo to give dark residue, which was purified by flash
chromatography on silica gel using petroleum ether and ethyl acetate as the eluent to afford corresponding
72.8 mg of the benzylic imidated p-tolylcarbamate 2a (51%).

To a reaction tube charged with CuCl (1.5 mg, 0.015 mmol) and NFSI (189 mg, 0.6 mmol) was added a
solution of ethyl p-tolylcarbamate (1a, 53.7 mg, 0.3 mmol), H.O (11 pL, 0.6 mmol) and TEMPO (4.7 mg,
0.03 mmol) in anhydrous acetonitrile (2 mL) under argon (1 atm). After stirring at 25°C for 12 hours, the
mixture was concentrated in vacuo to give dark residue, which was purified by flash chromatography on
silica gel using petroleum ether and ethyl acetate as the eluent to afford corresponding 55.2 mg of the
benzylic imidated p-tolylcarbamate 2a (39%).

To a reaction tube charged with CuCl (1.5 mg, 0.015 mmol) and NFSI (189 mg, 0.6 mmol) was added a

solution of ethyl p-tolylcarbamate (1a, 53.7 mg, 0.3 mmol), H-O (22 pL, 1.2 mmol) and TEMPO (4.7 mg,
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0.03 mmol) in anhydrous acetonitrile (2 mL) under argon (1 atm). After stirring at 25°C for 12 hours, the
mixture was concentrated in vacuo to give dark residue, which was purified by flash chromatography on
silica gel using petroleum ether and ethyl acetate as the eluent to afford corresponding 37.3 mg of the
benzylic imidated p-tolylcarbamate 2a (26%).

To a reaction tube charged with CuCl (1.5 mg, 0.015 mmol) and NFSI (189 mg, 0.6 mmol) was added a
solution of ethyl p-tolylcarbamate (1a, 53.7 mg, 0.3 mmol), H.O (54 uL, 3 mmol) and TEMPO (4.7 mg,
0.03 mmol) in anhydrous acetonitrile (2 mL) under argon (1 atm). After stirring at 25°C for 12 hours, no

benzylic imidated p-tolylcarbamate 2a could be observed on GC-MS.
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3) To support the radical pathway proposed in Scheme 5

CuCl (0.015 mmol)

H OEt SO,Ph PhO.S N OEt
e 2 TEMPO (0.6 mmol) 2 i
+ F-N —_— ! trace

N
H e} S0,Ph MeCN@mL)  pho,s”

©3 1r:mo|) (0.6 mmol) 25°C, 12h 2a

H CuCl (0.015 mmol)
NTOE‘ SO2Ph 1EMPO (1.2 mmol) PhOzS j(
+ F=N _— trace
H ; © soph  MeCN@mL)  pno, s
03 n?mol) (0.6 mmol) 25°C,12h 2a

Experimental Procedure: To a reaction tube charged with CuCl (1.5 mg, 0.015 mmol) and NFSI (189 mg,
0.6 mmol) was added a solution of TEMPO (93.8 mg, 0.6 mmol) and ethyl p-tolylcarbamate (1a, 53.7 mg,
0.3 mmol) in anhydrous acetonitrile (2 mL) under argon (1 atm). After stirring at 25°C for 12 hours, only
trace amount of benzylic imidated product 2a could be observed on TLC.

To a reaction tube charged with CuCl (1.5 mg, 0.015 mmol) and NFSI (189 mg, 0.6 mmol) was added a
solution of TEMPO (187.5 mg, 1.2 mmol) and ethyl p-tolylcarbamate (1a, 53.7 mg, 0.3 mmol) in
anhydrous acetonitrile (2 mL) under argon (1 atm). After stirring at 25°C for 12 hours, only trace amount of

benzylic imidated product 2a could be observed on TLC.

Z+

NHCO,Et e NHCO,Et
W / W calculated 291.1703 @)
N in ESI found 291.1715
.
)

-HRMS I

O=

H CuCl (0.015 mmol)
NYOE‘ SO0Ph 1EMPO (0.03 mmol)
+ F=N e E—— + calculated 269.2224
H o 'S0,Ph  DMPO (0.9 mmol) N found 269.2226
/

in ESI-HRMS

1a MeCN (2 mL)
(0.3 mmol) 0.6 mmol) 25°C,0.5h
NHCOzEt ut NHCO,Et
\/©/ ,o\/©/ calculated 3352329 [l
— n ESI HRMS N wh found 335.2325
Intens.—
x106 ©
1.0 291.1715
0.8
0.6 &
— 269.2226
04+ 2271752
02 : 253.1007 -
- 335.2325 =64.2944
0.0 ad N N P A Al N Johs sk
I I 1 ! I ! I ! I 4 I
220 240 260 280 300 320 340 360 m/z

Experimental Procedure: To a reaction tube charged with CuClI (1.5 mg, 0.015 mmol) and NFSI (189 mg,
0.6 mmol) was added a solution of TEMPO (4.7 mg, 0.03 mmol) and ethyl p-tolylcarbamate (1a, 53.7 mg,
0.3 mmol) in anhydrous acetonitrile (1 mL) under argon (1 atm). Then a solution of DMPO (101.8 mg, 0.9
mmol) in anhydrous acetonitrile (1 mL) was added immediately. After stirring at 25°C for 30 minutes, the

reaction mixture was investigated by ESI-HRMS.
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The DMPO adduct of the benzylic radical: calcd for [C16H23N203]* 291.1703, found 291.1715.
The DMPO adduct of TEMPO: calcd for [C1sH20N202]* 269.2224, found 269.2226.

The TEMPO adduct of the benzylic radical: calcd for [C19H30N203+H]* 335.2329, found 335.2325.
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NUCL 1H
Pl 10.00 usec
SI 65536
SF 400,1300094 Mz
WDH EM
SSB 0
LB 0.30 Hz
GB 0
BC 1.00
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2019-07-15 shaozhong-068
2

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM

1

20190715

16.36

spect
2116098_0673 (
zgpg30

65536

CcDC13

256

4
24038.461
0.733596
1.3631988
203.48
20.800
6.50

295.1
2.00000000
0.03000000
1
100.6228298
13C

10.00

32768
100.6127766
EM
0
1.00
0
1.40

=

Hz
Hz
sec

usec
usec

sec
sec

MHz

usec



7.9757
7.9014
7.8822
7.6259
7.6075
7.5888
7.4902
7.4706
7.4513
7.2560
7.0206
7.0013
6.9446
6.9243

%

PhO,S
1
PhO,S”

2f

-

OEt

o=

—4.9982
4.2351
4.2174
4.1997
4.1821

A
AN

e
—

_

0.0000

VNI

9 8
[=2]

T

6

R

4

200 ©
2.03

3 2

~)
Q
)
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1
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ppm

BRUKER
%)

2019-08-17 shaozhong-5z077
1

1
20190817
13.3%9 h

2116098_0673

298.
1.00000000

sec
400.1324708 MHz
10.00 usec
65536
400,1300110 Mz
EM
0
0.30 Hz
0
1.00
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\\ ‘ NAME 2019-08-17 shaozhong-52077
\ f EXPNO 2
PROCNO 1
Date_ 20190817
Time 14.39 h
INSTRUM spect
PROBHD  2116098_0673 (
PULPROG zgpg30
0 65536
SOLVENT cDC13
H NS 1024
N OEt S 24038.461 &
PhOZS T FIDRES 0.733596 H
I AQ 1.3631988 sec
N 0 RG 203,48
v 20.800
PhO,S” o 6150 naes
1% 298.2 K
| o1 2.00000000 sec
i1 0.03000000 sec
2f TDO
sFO1 100.6228298 MHz
NUCL 13¢
3 10.00 usec
st 32768
S 100.6127892 Mz
woH EM
SSB ]
L8 1.00 Hz
GB 0
PC 1.40

| T T ’ I

o . » : : e :
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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‘\\\ {{// ’ \l/ ‘\\'// \/ ‘ NAME 2019-07-04 lutao-S2051
M EXPNO 1
PROCNO 1
Date_ 20190704
Time 23.46 h
INSTRUM spect
PROBHD 2116098_0673 (
PULPROG 2zg30
D 65536
SOLVENT CDC13
NS 16
DS 2
H SWH 8012.820 Hz
N O FIDRES 0.244532 Hz
A 4.0894966
PhO,S T ~N P a2 e
I{I o bW 62.400 usec
DE 6.50 usec
- E 294.5 K
Phozs D1 1.00000000 sec
29 ;ggl 400.1324708 MHz
NUCL 1H
Pl 10.00 usec
s1 65536
SF 400.1300135 MHz
WDW EM
8SB 0
LB 0.30 Hz
GB 0
BC 1.00

Ul R S JLM_JL JVL

LR ST PR S R L R B e ] e e e e B L | R

9 8 7 6 5 4 3 2 ppm

I g

—
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

2019-07-04 lutao-Sz051
2

1

20190705

0.16

ect
2116098_0673 (
zgpg30

65536

CDC13

512

4
24038.461
0.733596
1.3631988
203.48

294.8
2.00000000
0.03000000

1
100.6228298
13C

10.00

32768
100.6128120
EM

0

1.00

0
1.40

Hz
Hz
sec

usec
usec

=

sec
sec

MHz

usec
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‘\\n\\//ﬁ%/ \“\/// \/ NAME 2019-07-04 lutao-S2052
EXPNO 1
PROCNO 1
Date_ 20190705
Time h
INSTRUM spect
PROBHD 2116098_0673 (
PULPROG zg30
D 65536
SOLVENT CDC13
H NS 16
N O DS 2
SWH 8012.820 Hz
Phozs \rr FIDRES 0.244532 Hz
1 AQ 4.0894966 sec
N o RG 31.12
- DW 62.400 usec
PhO,S DE 6.50 usec
E 294.6 K
2h b1 1.00000000 sec
DO s §
SFOl 400.1324708 MHz
NUCL 1H
Pl 10.00 usec
s1 65536
SF 400.1300079 MHz
WOW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

O I\ | I

e s o i | M B

4 3 2 1 ppm

e B B o e

9 8 7 6
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‘ \\ \ \ \// | \\/ ‘ NAME  2019-07-04 lutao-S2052
I EXPNO 2
PROCNO 1
Date_ 20190705
Time 0.51 h
INSTRUM spect
PROBHD 2116098_0673 (
PULPROG 2gpg30
™ 65536
H SOLVENT CDC13
NS 512
PhO.S N O DS 4
2 \n/ SWH 24038.461 Hz
| FIDRES 0.733596 Hz
_N o) AQ 1.3631988 sec
RG 203.48
PhoZS oW 20.800 usec
DE 6.50 usec
2h TE 295.0 K
Dl 2.00000000 sec
p11 0.03000000 sec
TDO 1
SFO1 100.6228298 MHz
NUC1 13C
P1 10.00 usec
SI 32768
SF 100.6127847 Mz
WowW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

| T T T T T T 2ol R T | SR T T T T

T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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7.8161
7.7973
7.5845
7.5658
7.5472
7.4502
7.4302
7.4109
7.3033
7.2821
7.2686
7.2440
7.2228

a——

PhO,S
|

Phos

2i

6.6295

—

<
g

o

U' 1
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4 3 2 1 ppm
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BRUKER
Caoas)

NAME CLJ-WL-SZ053
EXPNO 1
PROCNC 1
Date_ 20190702
Time 4.45
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
™D 65536
SOLVENT CDC13
NS 8
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 21.11
bW 62.400 usec
DE 6.50 usec
TE 300.6 K
D1 1.00000000 sec
TDO 1
CHANNEL f1l == na
400.1324710 MHz
1H
8.04 usec
65536
400.1300061 MHz
EM
0
0.30 Hz
0
1.00
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NAME CLJ-WL-SZ053
EXPNO 2
PROCNO 1
Date_ 20190702
Time 5.15
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2gpg30

TD 65536
SOLVENT cpc13

NS 512

DS 0

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 194.26

oW 20.800 usec
DE 6.50 usec
TE 300.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

— == CHANNEL fl ==

SFO 100.6228293 MHz
NUC1 13C

P1 8.54 usec
SI 3276

SF 100.6127804 MHz
wDow EM

SSB 0

1B 1.00 Hz
GB 0

PC 1.40



7.8028
7.7840
7.5740
7 <5551
7.5367
7.4370
7.4170
7.3978
7.3051
7.2839
7:2569
7.2544
7.2328
6.7648

§

—4.8794
4.1855
4.1689

1.6866
1.6695
1.6521
1.6324
1 .6155
1.4610
1.4424
1.4234
1.4045
1.3862
1.3680
0.9694
0.9510
0.9325

j
§

T~0.0000

H
N__O
PhO,S N
T
PhO,S”
2j
R ] o ] J -LL
LRSS EE S S S S S S S S S S S S S R B ] MR AL S S S R RS S S S N RS B LEE S RS S S SRS R B S S B | T A S PR
9 8 7 6 5 4 3 2 1 ppm
N I
‘of~<~v - ' —S 4rf§ aﬂ
\o.qq—. 3 3 s 32 3
< NI < o L o N NN (4"}
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BRUKER
2

NAME CLJ-WL-SZ2028
EXPNO 1
PROCNO 1
Date_ 20190614
Time 4.38
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 8
DS 0
SWH 8012.820
FIDRES 0.122266
AQ 4.0894966
RG 32.77
DW 62.400
DE 6.50
TE 300.6
D1 1.00000000
TDO 1
== CHANNEL f1l ====
SFO1 400.1324710
NUC1 1H
Pl 8.04
SI 65536
SF 400.1300102
WDW EM
SSB 0
LB 0.30
GB 0
PC 1.00
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NAME CLJ-WL-SZ028
EXPNO 2
PROCNO 1
Date_ 20190614
Time 5.09
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2gpg30

TD 65536
SOLVENT cpc13

NS 512

DS 0

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 194.26

oW 20.800 usec
DE 6.50 usec
TE 300.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

— == CHANNEL fl ==

SFO 100.6228293 MHz
NUC1 13C

P1 8.54 usec
SI 3276

SF 100.6127790 MHz
wDow EM

SSB 0

1B 1.00 Hz
GB 0

PC 1.40



7.8106
7.7919
7.7892
7.5811
7.5625
7.5438
7.4449
7.4248
7.4054
7.3988
7.3784
7.3358
7 <3139
7.2876
7.2644
7.2517
7.2461
-0.0001

BRUKER
5

7.1980
7.1790
—4.8881

|
|

NAME 2019-07-08 shaozhong-050
EXPNO 1
PROCNO 5 4
Date_ 20190708
Time 16.10 h
INSTRUM spect
PROBHD 2116098_0673 (
PULPROG 2930
™ 65536
SOLVENT cpc13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.244532 Hz
PhO,S N \rro AQ 4.0894366 sec
RG 31.12
I{I o D 62.400 usec
DE 6.50 usec
PhO S’ TE 294.5 K
2 D1 1.00000000 sec
zk TDO
SFO1 400.1324708 MHz
NUC1
Pl 10.00 usec
ST 65536
SF 400.1300130 MHz
WDW EM
SsB 0
1B 0.30 Hz
GB 0
BC 1.00

J J A A A LL

9 8 7 6 5 4 3 2 1 ppm
AR )
0 Wo o o
qqq%q S
MNO M= o~

S66
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM

2019-07-08 shaozhong-050
2

1
20190708
16.26
spect
2116098_0673 (
2gpg30
65536
cpcl3

256

4
24038.461
0.733596
1.3631988

295.3
2.00000000
0.03000000

1
100.6228298
13C

10.00

32768

100.6127784
EM

0

1.00

0

1.40

=

Hz
Hz
sec

usec
usec

sec
sec

MHz

usec



6L70°0-—

SLOT'T
mmNN._W
aqu.—

L8YTE—

8YeEL'Y
eum—.vw
€OLT'Y
;w—.v\.

1688y —

YILO’L
£€60°L
LOYT'L
6£0¢°L
ISTEL
SILEL
106¢°L
ST6E'L
(118895
9905°L
L60SL
LTIS'L
Ives'L
¥8TS'L
OLYS'L
LOYL'L
POSL'L
P89LL
CILLL

L

PhO,S”

2n

¥

ESI'EL

Ev6'tr

=60°7|

=107

S68



Y96yl —

SEIV'LE—

PSESIS—

L8T9' 19—

SI89°9L
—eoo.bbv
881¢°LL

yI9T'st1
8Y68°LT1
vewc.wN—V
T0sE°671
ISYS'6T1
sIseel
SYLL'6ET—

€091 Er 1 —

88TE'SST—

2n

S69



0000°0—

96£T'1L
mvaAW
mthA

1434 X4

8S61'v
wm—N.vW
VIETY
—aVN.v\

0898y —

8096'S—

7186'9—
029TL
9IIvY'L
€9PY°L
19v°'L
89LY'L
608%°L
079¢°L
IS9S°L
89S°L
TOLS'L
LEBS'L
PT09°L
YO8L'L
666L°L

Me

—

N OEt
; )4
3 Me
20

PhO,S
PhO,S

EE0Er

=66

Frozl

907

Freo

5.5 5.0 4.5

6.0

S70



8065 V1 —
8LOT'8I—

8671'TS—

970€09—

0789°9L
eecc.hhw
v:m.\.h

PST0°8T1
ST88TI-F
PSEL'8TI

LYPES'TEL %
£L9S'EE1 S
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cop86s17

129TvS1—

Ak

Me

PhO,S

N__OEt
T
O

Me

|
_N

PhO,S

20
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9.9947
7.7800
7.7616
7.7586
7.7457
7.7431
7.7270
—7.7084

Z
§

7.5888
7.5685
7.5493
7.5408
7.5194
7.2659
7.2446
4.9707

L U D S

2.0773

1
10 9 8 74 6 5

| \y \
o 10| (@ ~
3 S 3 %
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4 3 2
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T

BRUKER
2

NAME CLJ-WL-S2023
EXPNO 1
PROCNO 1
Date_ 20190530
Time 19.47
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT DMSO
NS 8
DS 0
SWH 8012.820
FIDRES 0.122266
AQ 4.0894966
RG 18.6
DW 62.400
DE 6.50
TE 300.7
D1 1.00000000
TDO 1
== CHANNEL f1l ====
SFO1 400.1324710
NUC1 1H
Pl 8.04
SI 65536
SF 400.1299970
WDW EM
SSB 0
LB 0.30
GB 0
PC 1.00
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| |
\\ \\“ / NAME 2019-06-24 shaczhong-047
1 w( EXPNO 1
PROCNO 1
Date_ 20190624
Time 10.10 h
INSTRUM spect
PROBHD 2116098_0673 (
PULPROG 2gpg30
™ 65536
SOLVENT cDC13
NS 256
DS 4
SWH 24038.461 Hz
H FIDRES 0.733596 Hz
N M AQ 1.3631988 sec
RG 203.48
PhOZS e bW 20.800 usec
| DE 6.50 usec
TE 296.1 K
_N o 1 2.00000000 sec
PhOzS D11 0.03000000 sec
D0 1
SFO1 100.6228298 MHz
4a NUC1 13C
Pl 10.00 usec
SI 32768
SF 100.6127791 MHz
WDwW EM
SSB 0
LB 1.00 Hz
GB o
PC 1.40

| T I T . T T T T T I T T |

T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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7.4924
7.4716
7.3564
7.2951
7.2742
7.2649
4.4130
3.3680
2.1689
0.0000

/
\

NAME 2019-09-29 shaozhong-089
EXPNO 1
PROCNO 5 4
Date_ 20190929
Time 10.19 h
INSTRUM spect
PROBHD 2116098_0673 (
PULPROG o
TD 65536
SOLVENT cpc13
NS 16
DS 2
H SWH 8012.820 Hz
FIDRES 0.244532 Hz
N Me aQ 4.0894966 sec
RG 80.75
\ﬂ/ DW 62.400 usec
DE 6.50 usec
MeO. o TE 295.8 X
D1 1.00000000 sec
TDO
4b SFO1 400.1324708 MHz
NUC1
Pl 10.00 usec
SI 65536
SF 400.1300078 MHz
WDW EM
SsB 0
LB 0.30 Hz
GB 0
PC 1.00

- S J S S

LR ST PR S R L R b B e S L ) e e | R ] R

9 8 7 6 5 4 3 2 1 ppm
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[ \ \// NAME 2019-09-29 shaozhong-089
| o EXPNO 2
PROCNO 1
pate_ 20190929
Time 10.34 n
INSTRUM spect
PROBHD  2116098_0673 (
PULPROG 2gpg30
™ 65536
SOLVENT cDC13
NS 256
DS 4
sl 24038.461 Hz
FIDRES Hz
H a0 sec
RG
N_ _Me e
Y -
E 296.5 K
MeO (o] b1 2.00000000 sec
D11 0.03000000 sec
D0 1
4b SFO1 100.6228298 Mz
NUC1 13C
Pl 10.00 usec
s1 32768
sF 100.6127726 Mz
WDwW EM
5B 0
LB 1.00 Hz
GB 0
PC 1.40

I T [ T T | T T T | I I |

| I I
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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MeO.

6a

o=

7.3722
7 <3539

7.2776

OEt

7.2663
7.2565
T—~6.7766

.

4.4042
4.2466
4.2288
4.2110
4.1933
—3 3617

%
vl
Y

J

13222
1.3044
2866

(S

0.0000

L Iy A i
U ALAST P S R B i R B R L S A B B
9 8 7 6 5 4 3 2 1 ppm
)H ‘ | | \
CEE gg 8 2
= <) ol o ™
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BRUKER
2

NAME 2019-09-12 yangdong-52081
EXPNO 1
PROCNO 1
Date_ 20190913

ime 0.18
INSTRUM spect
PROBED  2116098_0673
PULPROG zg3

D 65536
SOLVENT cpc13
NS 16
DS 2.
swn 8012.820 Hz
FIDRES 0.244532 Hz
2Q 4.0894966 sec
RG 31.12
oW 62.400 usec
DE 6.50 usec
TE 294.
D1 1.00000000 sec
DO
SFOL 400.1324708 MHz
NuCl 1
Pl 10.00 usec
sI 65536
SF 400.1300072 Mz
WDW EM
SSB [
LB 0.30 Hz
GB 0
BC 1.00
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‘ ‘ ‘ \/// ‘ [ NAME 2019-09-12 yangdong-Sz081
\ I EXPNO 2
PROCNO 1
Date_ 20190913
Time 0.47 h
INSTRUM spe:
PROBHD  2116098_0673 (
PULPROG 2gpg30
™ 65536
SOLVENT €pCcl3
NS 512
H Ds 4
SWH 26041.666 Hz
N OEt FIDRES 0.794729 Hz
\rr A0 1.2583412 sec
RG 203.48
bW 19.200 usec
MeO 0] DE 6.50 usec
E 295.1 K
6 Dl 2.00000000 sec
a pll 0.03000000 sec
TDO 1
SFOL 100.6228298 Mz
NUC1 13C
1 10.00 usec
sI 32768
SF 100.6127753 Mz
WDW EM
55B 0
L2 1.00 Hz
GB 0
PC 1.40
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| I EXPNO 1
PROCNO 5 4
Date_ 20190929
Time 9.58 h
INSTRUM spect
PROBHD 2116098_0673 (
PULPROG g
™ 65536
SOLVENT cpc13
NS 16
H DS 2
SWH 8012.820 Hz
N OEt FIDRES 0.244532 Hz
AQ 4.0894966 sec
RG 31.12
EtO. @] DW 62.400 usec
oE 6.50 usec
TE 295.9 K
6b b1 1.00000000 sec
TDO
SFO1 400.1324708 MHz
NUC1
Pl 10.00 usec
st 65536
SF 400.1300076 MHz
WDW EM
SsB 0
18 0.30 Hz
GB 0
eC 1.00

N J I | S |

LR ST PR S R L R b B e S L ) e e | R ] R

9 8 7 6 5 4 3 2 1 ppm
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\ / NAME 2019-09-29 shaozhong-088
! EXPNO 2
PROCNO 1
Date_ 20190929
Time 10.14 n
INSTRUM spect
PROBHD  2116098_0673 (
PULPROG 2gpg30
™D 65536
SOLVENT CcDC13
NS 256
DS 4
SWH 24038.461 Hz
H FIDRES 0.733596 Hz
N OEt aQ 1.3631988 sec
RG 203.48
\n/ oW 20.800 usec
DE 6.50 usec
TE 296.1 K
EtO o Dl 2.00000000 sec
6b D11 0.03000000 sec
TDO 1
SFO1 100.6228298 MHz
NUC1 13C
31 10.00 usec
s1 32768
SF 100.6127765 MHz
wWowW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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N 2019-11-11 shaozhong-SZ102
E: 0 1
PROCNO 1
Date_ 20191111
Time 20.58 h
INSTRUM spect
PROBHD 2116098_0673 (
PULPROG 2g30
65536
SOLVENT cpcl3
§S lg
H giﬂ 8012.820
N\H/OEt ;\émus 4?5@%495;
RG 1.1
n DW széagg usec
BuO (¢] = 2958 K
310 I.UOBGCQG? sec
6c SPo1 400.1324708 Mz
NUC1 1H
Pl 10.00 usec
s1 65536
SF 400.1300078 MHz
WDW EM
sse 0
LB 0.30 Hz
GB 0
eC 1.00
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) f EXPNO 2
PROCNO 1
Date_ 20191111
Time 21.14 h
INSTRUM t
PROBHD 2116088 0673 (
PULPROG 2gpg30
i) 65536
SOLVENT cDCl3
NS 256
Ds 4
H W 24038.461 Hz
FIDRES 0.733596 Hz
N OEt AQ 1.3631988 sec
RG 203,48
\rr DW 20.800 usec
DE 6.50
"BuO (@] = 2964 K
o1 2.00000000 sec
6¢c gés 0.03000000 sec
sFO1 100.6228298 MHz
NUCL 13¢
3 10.00 usec
st 32768
S 100.6127776 Mz
WDW EM
SSB ]
LB 1.00 H:
8 Q"
PC 1.40
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2019-11-11 shaozhong-S2103
1

0
ROCNO

PROCI 1
Date_ 20191111
Time 21.19 h
INSTRUM spect
PROBHD  2116098_0673
PULPROG 2g30
™ 65536
SOLVENT coci3
H NS 16
os 2
N OE‘ SwWH 8012
FIDRES 0.24
AQ 4.0894966
RG 31,12
Hex" O (o] oW 62.400 usec
bE §.50 usec
6d = 295.9 x
o1 1.00000000 sec
TDO 1
SFO1 400.1324708 MHz
NuUC1 18
Pl 10.00 usec
s1 65536
sF 400.1300085 MEz
WDW EM
ss2 0
B 0.30 Hz
B 0
eC 1.00

o\ J3 0 N 71D

LR ST PR S R L R b B e S L ) e e | R ] R

9 8 7 6 5 4 3 2 1 ppm

S82



[} QO < 5
— oy 82 ‘A [o0] W N TS o D0 ~0 — <
O N n o< < — O 0 < N MmO ) [e) o))
. ¢ o . . Mo wmMmaAN — O O oW < O
™ ~m © © B R
n Mmm N — PSih= ONey © ) — O 1O N b 6 LN
— 1 .60 5 1t SsyPsil=ibs I O M AN NN i |
L | |
‘ ‘ \\/ // \ | \‘ y" \/ NAME 2019-11-11 shaozhong-52103
) & Ly EXPNO 2
PROCNO 1
[ 20191111
T?;:_ 21.35 h
INSTRUM spect
PROBHD  2116098_0673 (
PULPROG zgpg30
™ 65536
SOLVENT cDCl3
NS 256
DS 4
SHH 24038.461 Hz
FIDRES 0.733596 Hz
H AQ 1.3631988 sec
203,48
N OEt o 20,800 usec
\n/ DE 6.50 usec
n TE'.: oongggég .
D % sec
Hex" O o ot 0.03000000 sec
D!
5701 100.6228298 MHz
Bd NUCL 13¢
1 10.00 usec
sI 32768
S 100.6127767 Mz
woH EM
SSB ]
LB 1.00 Hz
GB 0
PC 1.40
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2019-11-14 shaozhong-Sz111
1

N

EXENO

PROCNO 1

Date_ 20191114

Time 2331 n

INSTRUM spect

PROBHD  2116098_0673 (

PULPROG 2g30
65536

SOLVENT cpcl3

NS 16

os 2

su

FIDRES

AQ

RG .

oW .400 usec

DE 6.50 usec

1= 296.0 %

1 1.00000000 sec

00

SFO1 400.1324708 MHz

NuC1 15

Pl 10.00 usec

st 65536

SE 400.1300080 MHz

WDW EM

ss2 0

LB 0.30 Hz

GB 0

PC 1.00
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\ ) [ )l EXPNO 2
PROCNO 1
Date_ 20191114
Time 23.46 n
INSTRUM spect
PROBHD  2116098_0673 (
PULPROG zgpg30
™ 65536
SOLVENT cDCl3
NS 256
DS 4
H SWH 26041.666 Hz
FIDRES 0.794729 Hz
N OEt AQ 1.2583412 sec
\n/ RG 203.48
DW 19.200 usec
\/\/O (@] E 26509 K0
8 o1 2.00000000 sec
Ge gés 0.0300000? sec
5701 100.6228298 MHz
NUCL 13¢
1 10.00 usec
sI 32768
S 100.6127775 MHz
WDW EM
SSB ]
LB 1.00 Hz
GB 0
PC 1.40
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7.3618
7.3415
7.2816
7.2619
_—6.7461
5.7369
5.7204
5.6988
5.6819
56657
56132
55979
5.5824
5.5594
5.5441
4.4432
4.2451
4.2273
4.2095
4.1918
3.9550
39397
2.0563
2.0387
2.0208
2.0036
1.4535
1.4350
1.4166
1.:3981
T 43797
1.3614
1.3204
1.3026
1.2849
0.9212
0.9028
0.8844
0.0000
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<
Vs
i
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e

v

/%‘“/// 2019-11-18 shaozhong-S2116
1

1
20191118
18.39 h

spect
2116098_0673 (

230
65536
cpell

NS 16

s 2

297.1 K
1.00000000 sec

~3

3

o:
L.

o=(
o)
m

SEHBES

= SFO1 400.1324708 MHz
of NUC1 18
Pl 10.00 usec
s1 65536
SF 400.1300086 MEz
WDW EM
sse 0
B 0.30 Hz
GB 9
eC 1.00

. L 0V

LR EURE] R S B L A S R LR A §E S A G R [ | R

9 8 7 6 5 3 2 1 ppm
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Ut i i PROCNO 1
Date_ 20191125
Time 17.12 h
INSTRUM spect
PROBHD  2116098_0673 (
PULPROG zgpg30
o) 65536
SOLVENT cDC13
NS 256
DS 4
SWH 24038.461 Hz
FIDRES 0.733596 Hz
a0 1.3631988 sec
H RG 203.48
oW 20,800
N\H/OEt DE 5.50 usec
TE 295.5 K
D1 2.00000000 sec
”pr\/\/o (o) D11 0.03000000 sec
DO 1
Z SFOL 100.6228298 MHz
NUC1 13¢
o P1 10.00 usec
s1 32768
SF 100.6127753 MHz
wowW EM
ssB 0
LB 1.00 Hz
G3 0
rPCc 1.40
. l .JL " ’) PRI " L A
M adadh ) y Wt * ’ W
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EXPNO 1
PROCNO 1
Date_ 20191115
Time 0.30 b
INSTRUM spect
PROBHD  2116098_0673 {
PULPROG 2g30
65536
SOLVENT cpcl3
NS 16
s 2

4
R 31.
(o) (@) DE 6.
1= 296.1 %
1 1.00000000 sec
00 1
SFO1 400.1324708 Miz
18

Gg 31 10.00 usec
st 65536
SE 400.1300078 MHz
WD M
ss2 0
L8 0.30 Hz
GB 0
eC 1.00
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I EXPNO 2
PROCNO 1
Date_ 20191115
Time 0.45 h
INSTRUM spect
PROBHD  2116098_0673 (
PULPROG 2gpg30
™ 65536
SOLVENT cDCl3
NS 256
DS 4
SWH 26041.666 Hz
FIDRES 0.794729 Hz
AQ 1.2583412 sec
H RG 203.48
DK 19.200
N _OEt o
\n/ = 295.4 K
o1 2.00000000 sec
[e) D11 0.03000000 sec
™00
sro1 100.6228298 Mz
NUCL 13¢
Pl 10.00 usec
st 32768
6g sF 100.6127775 MHz
WDW EM
SSB 0
LB 1.00 Hz
8 0
PC 1.40
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PROCNO 1
Date_ 20191114
Time 23.12 0
INSTRUM spect
PROBHD  2116098_0673 {
PULPROG 2g30
65536
SOLVENT ©bcl3
NS 16
s 2

ZI
]
m

o

g

2

FIDRES 0.24
AQ 4.0894966
RG 31.12
le) lo) oW 62.400 usec
oE 6.50 usec
2 1E 295.6 X
6h D1 1.00000000 sec
TDO 1
SFO1 400.1324708 MHz
NUC1 18
Pl 10.00 usec
s1 65536
SE 400.1300090 MEz
WDW EM
ssa 0
LB 0.30 Hz
GB 0
PC 1.00
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1:25 293

77318
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A
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e
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-61 132
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T
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T
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Ppm

an
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM

2019-11-14 shaozhong-52110
2

1
20191114

23.27

spect
2116098_0673 (
zgpg30

65536

cocl3

256

4

26041.666
0.794729
1.2583412
203.48

19.200

.50

296.3
2.00000000
0.03000000
100.6228298
13¢

10.00

32768
100.6127773
EM

0
1.00
0
1.40

h

usec
usec
K
sec
sec

MHz



6.8796
4.5231
4.2407
4.2230
4.2052
4.1875
4.1105
4.1049
4.0992
4.0937
1.8736
1.8679
1.8622
1.3148
1.2970
1.2792
0.0000
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2019-11-12 yangdong-52107
1

1
Date_ 20191112
Time 10.56
INSTRUM spect
PROBHD  2116098_0673 (
PULPROG 2930
™ 65536
SOLVENT cocl3
NS 16
s 2
SWH 8012.820 Hz
FIDRES 0.244532 Hz
H AQ 4.0894966 sec
RG 31.12
N OEt DW 62.400 usec
Me \n/ DE 6.50 usec
T 295.6 K
R bl 1.00000000 sec
= lo) o) 00 1
SFO1 400.1324708 Mz
. NUC1 1H
6i Pl 10.00 usec
ST 65536
sF 400.1300045 Mz
wWow EM
SSB 0
LB 0.30 Hz
GB 0
»C 1.00

J UL o J

9 8 7 6 5 4 3 2 1 ppm
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‘ ‘ \\\/// ‘ ‘ NAME 2019-11-12 yangdong-52107
| ) EXPNO 2
PROCNO 1
Date_ 20191112
Time 11.11 h
INSTRUM spe:
PROBHD  2116098_0673 (
PULPROG 2gpg30
™ 65536
SOLVENT CcDC13
NS 256
Ds 4
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.3631988 sec
H RG 203.48
bW 20.800 usec
N__OEt oE §.50 usec
Me \n/ TE 296.0 K
N Dl 2.00000000 sec
D11 0.03000000 sec
=N o o TDO 1
o SFOL 100.6228298 Mz
6i NUC1 13
1 10.00 usec
sI 32768
SF 100.6127802 MHz
WDW EM
55B 0
L2 1.00 Hz
GB 0
PC 1.40

| T I T . T T T T T I T T |

T T T
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0
PROCNO
Date.

Time
INSTRUM

2019-11-11 shaozhong-Sz104
1
1
20191111
21.39 h

spect
2116098_0673 (

65536
cpell3
16

2

8012

0.24
4.0894966
31.12
62.400
6.50
295.6 K
1.00000000
1

400.1324708
18
10.00
65536
400.1300062 Mi
EM
0
0.30 Hz

0
1.00



o o ~ o o m
o] o ™M o [N @O SN B ) =
7o) @ OO O~ — O WO n
b . o % o MO WVWww NN @ =
™ ~ o o ~ B T o & o B R
0 MmO o ~N~ON o @ < L‘x_)
— — — e e S o Ve ) )
| | \ \ |
\‘ “ \\/ \‘/ / \‘ ‘\ NAME 2019-11-11 shaozhong-52104
I EXPNO 2
PROCNO ¥
Date_ 20191111
0 21.55 h
INSTRUM spect
PROBHD 2116098_0673 (
PULPROG zgpg30
65536
L CDC13
N 256
DS 4
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.3631988 sec
RG 203.48
oEt N usec
.50 usec
296.3 K

2.00000000 sec
0.03000000 sec

=
02
o:\<
ZL
o=
J22H8S

5 sFo1 100.6228298 MHz
6] NUCL 13¢
1 10.00 usec
ST 32768
SF 100.6127769 MHz
WD EM
SSB 0
L8 1.00 Hz
GB 0
PC 1.40
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PROCNO 1
Date_ 20191111
Time 22.00 h
INSTRUM spect
PROBHD 2116098_0673 (
PULPROG 2930
65536
SOLVENT cpcl3
NS 16
DS 2
SwWH
FIDRES
AQ
H §G 24.71 .
N. _OEt o P ALS hae
TE 296.0 X
\rr 310 I.UOBC\COG? sec
MeOV\/Ov@/ 0
Pl .00
6k B Y
¥ou o h
sse
i
GB

¥ ) |

LR ST PR S R L R b B e S L ) e e | R ] R
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‘ ‘ ‘ ‘ \\/ ‘\' // | / NAME 2019-11-11 shaozhong-SZ105
[ [ ( | EXPNO 2
PROCNO 1
Date_ 20191111
Time 22.15 0
INSTRUM spect
PROBHD  2116098_0673 (
PULPROG zgpg30
™ 65536
SOLVENT cDCl3
NS 256
DS 4
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.3631988 sec
H RG 203.48
DW 20,800
N__OEt DE 6.50 usec
\n/ 1% 295.4 K
o1 2.00000000 sec
D11 0.03000000
MeO\/\/O\/©/ (@] TDO 77
5701 100.6228298 MHz
NUCL 13¢
6k 1 10.00 usec
sI 32768
S 100.6127811 MHz
WDW EM
SSB ]
LB 1.00 Hz
GB 0
PC 1.40
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9.48 b
2116098 céE‘;?‘(
D 65536
( cpel3
NS 8
giﬂ 8012 0
IDRES 0.244532
H AQ 4.0894966
N.__OEt o 6340 usec
g o 15558 see
o o) 1 1.00000000 sec
Y\/Y\/ g?g] GCUAl32J7Cé MHz
NuC1 18
3) ll_).(EQ usec
6m & 400.1300088 Heiz
WDW ‘
Py %
LB 0.30 Hz
G5 0
eC 1.00

L V

LEELLEE R S B U S U B S S B UL LN R LS S SRS R LN TR ST SR SL R S U R
9 8 7 6 5 4 3 2 1 ppm
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o PROCNO 1
Date_ 20191126
Time 3.44 1
INSTRUM spect
PROBHD 2116098_0673 (
PULPROG zgpg30
D 65536
SOLVENT cDC13
NS 256
Ds 4
SWH 24038.461 Hz
FIDRES 0.733596 Hz
H aQ 1.3631988 sec
N OEt RG 203.48

z 297.4 K
fo) o b1 2.00000000 sec
o1l 0103000000 sec
/// /// DO 1
sFo1 1006228298 MHz
13c

NUC1l

P1 10.00 usec

6m ST 32768
SF 100.6127743 MHz
wowW EM
ssB 0
LB 1.00 Hz
=) 0
rPCc 1.40
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PROCNO 1
Date_ 20191118
Time 18.34 h
INSTRUM spect
PROBHD  2116098_0673 (
PULPROG 2g30
65536
SOLVENT cpcl3
NS 16
os 2
N__OEt a0
\[r ] I
= 297.1 K
= o o o1 1.00000000 sec
D0
SFO1 400.1324708 MHz
= Al e
& s1 65536
SF 400.1300089 MEz
s %
sn LB 0.30 Hz
G5 0
PC 1.00
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: PROCNO 1
Date_ 20191125
Time 11.54
INSTRUM spect
PROBHD  2116098_0673 (
PULPROG 2gpg30
™ 65536
SOLVENT cDel13
NS 256
DS 4
SWH 24038.461 Hz
FIDRES 0.733596 Hz
a0 1.3631988 sec
RG 203.48
oW 20,800 usec
E 6.50 us;
N\H/OEt ?z 295.:2“
D1 2.00000000 sec
o Io) oiL 0.03000000 sec
D
£ SFOL 100.6228298 MHz
NUC1 13¢
P1 10.00 usec
sI 32768
= SF 100.6127744 MHz
wowW EM
ssB 0
LB 1.00 H:
6n = o "
rPCc 1.40
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Time 18.48
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
™ 65536
SOLVENT cpcl3
H NS 8
DS
N_ _OEt SWH 8012.820 Hz
\ﬂ/ FIDRES 0.122266 Hz
aQ 4.0894966 sec
F;C.__O (0] RG 41.07
DW 62.400 usec
DE 6.50 usec
CF3 TE 300.7 K
D1 1.00000000 sec
60 D0 1
CHANNEL £1
400.1324
10
8.04 usec

65536
400.1300108 MHz
EM
0
0.30 Hz
0

1.00
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65536
SOLVENT CDC13
NS 256
DS 4
H SWH 24038.461 Hz
FIDRES 0.733596 Hz
N OEt 20 1.3631988 sec
RG 203.48
\n/ bW 20.800 usec
DE 6.50
F3C 0 O TE 298.2 :SQC
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CF3 5FO1 100.6223238 MHz
NUC1 13C
6o 31 10.00 usec
ST 32768
SF 100.6127723 MHz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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\‘/ NAME CLJ-WL-SZ2161
EXPNO 1

PROCNO 1
Date_ 20200115
Time 23.14
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2g30
TD 65536
SOLVENT CDC13
NS 8
H DS 0
SWH 8012.820 Hz
N OEt FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 70.36
AcO [¢] DW 62.400 usec
DE 6.50 usec
Gp TE 298.0
D1 1.00000000 sec
TDO 1
CHANNEL f1

400.1324

1H
8.04 usec

65536
400.1300070 MHz
EM
0
0.30 Hz
0

1.00
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e B B B
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2019-12-02 shanzhong-S2125
1
1
20191202
15.28 ¥

spect
2116098_0673 (

2930
63536
CcDCl3
NS 16
os 2
swH 8012.820
FIDRES 0.2445!
AQ 4.0894966
RG 51.13
H H DH 62.400 usec
oE 6.50 usec
N N, OEt e 2954 X
1 1.00000000 sec
\ 00 1
SFO1 400.1324708 MHz
(e} NuC1 18
Pl 10.00 usec
s1 65536
8a SF 400.1300215 MHz
WDW EM
ss2 0
LB 0.30 Hz
G8 0
eC 1.00

____________‘j kA s = hi) U

SR T P L T L R IR S A L T ) B B R R R [ LR | R

9 8 6 5 4 3 2 1 ppm
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\ EXPNO 1
' J { ! PROCNO 1
Date_ 20191221
Time 22.49 h
INSTRUM spect
PROBHD  Z116098_0673 (
PULPROG 2gpg30
™ 65536
SOLVENT cncls
NS 256
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
aQ 3631988 sec
RG 203.48
H H oW 20,800 usec
N N OEt DE 6.50 usec
TE 98.
\]1/’ DL 2.00000000 sec
D11 0.03000000 sec
O DO 1
sFo1 100.6228298 MHz
NUC1 13¢
8a P1 10.00 usec
sI 32768
SF 100.6127790 MHz
wowW EM
ssB 0
LB 1.00 Hz
= 0
rPCc 1.40
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\‘/ NAME CLJ-WL-SZ134
EXPNO 1

PROCNO 1
Date_ 20191219
Time 19.33
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
™D 65536
SOLVENT cpcl3
NS 8
H H DS 0
SWH 8012.820 Hz
N N OEt FIDRES 0.122266 Hz
| AQ 4.0894966 sec
o RG 41,07
cl DW 62.400 usec
DE 6.50 usec
8b TE 300.6
D1 1.00000000 sec
TDO 1
CHANNEL f1
400.1324
1H
8.04 usec
65536
400.1300199 MHz
EM
0
0.30 Hz
0
1.00

, g .

B e B HH,]HH. vvlllrll'vvvv[ e B e e

9 8 5 4 3 2 1 ppm
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B \ / / NAME 2019-12-26 shaozt -134
e e \”J // [ ‘/ EXPNO il
PROCNO 1
Date_ 20191226
Time 16.25 h
INSTRUM spect
PROBHD 2116098_0673 (
PULPROG 2gpg30
™ 65536
SOLVENT CDC13
NS 256
DS 1
SWH 24038.461 Hz
H H FIDRES 0.733596 Hz
aQ 1.3631988 sec
N N OEt RG 203.48
bW 20.800 usec
’ \[r DE 6.50 usec
o B s e
Cl D11 0.03000000 sec
sb TDO 1
SFO1 100.6228298 MHz
NuC1 13¢
Pl 10.00 usec
SI 32768
SF 100.6127762 MHz
wow ]
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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NAME CLJ-WL-SZ2131
EXPNO 1
PROCNO 1
Date_ 20191217
Time 18.28
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
™ 65536
SOLVENT DMSO
NS 8
H H DS 0
SWH 8012.820 Hz
N N__OEt FIDRES 0.122266 Hz
[ \n/ AQ 4.0894966 sec
RG 70.36
(@] DW 62.400 usec
NC DE 6.50 usec
8c TE 300.7 K
D1 1.00000000 sec
TDO 1

CHANNEL f1

65536
400.1299927 MHz
EM

0
0.30 Hz
0

1.00

11 10 9 8 T 6 5 3 2 1 ppm
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N Ve oo PROCHNO 1
Date_ 20191221
m 22.09 h
INSTRUM spect
PROBHD 2116098_0673 (
PULPROG zgpg30
™D 65536
SOLVENT DMSO
NS 256
DS 0
SWH 24038.461 Hz
H H T 1363308 oa
A sec
N N.__OEt on 362600 usec
DE 6.50 usec
| \n/ 2 298.1 K
O D1 2.00000000 sec
D11 0.03000000 c
NC DO 5
SFol 100.6228298 MHz
8c Nuc1 13
Pl 10.00 usec
SsI 32768
SF 100.6128155 MHz
WowW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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11.2496
77325
7.7289
R i e
7.7075
7.4409
7.4195
7.3884
7.3676
7.2510
7.2466
7.1890
7.1680
4.3093
4.2916
4.2738
4.2561
4.1333
4.1156
4.0979
4.0802
4.0288
3:3739
2.5121
2.5081
2.5041
1.3318
1 .3141
1.2964
1.2470
1.2293
1 .2711%6
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NAME CLJ-WL-S2141
EXPNO 1
PROCNO 1
Date_ 20191225
Time 20.44
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
™ 65536
SOLVENT DMSO
H H NS 8
N N OEt DS 0
\n/ SWH 8012.820 Hz
| FIDRES 0.122266 Hz
le) AQ 4.0894966 sec
RG 36.4
EtO,C DW 62.400 usec
8d DE 6.50 usec
TE 300.6
D1 1.00000000 sec
DO 1

CHANNEL f1
400.1324

1H
8.04 usec

65536
400.1300000 MHz
EM
0
0.30 Hz
0

1.00
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k\&m‘\x\ l'//% \\/// \‘/ NAME CLJ-WL-S2128
EXPNO 1
PROCNO 1
Date_ 20191213
Time 17.24
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 8
Ds 0
H 8 8012.820 Hz

H WH
F. N N OEt FIDRES 0.122266 Hz
\n/ AQ 4.0894966 sec
| RG 70.36
O DW 62.400 usec

DE 6.50 usec
TE 300.6

ae D1 1.00000000 sec
TDO 1

CHANNEL f1
400.1324

1H
8.04 usec

65536
400.1300175 MHz
EM
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PULPROG 2gpg30
Evy 65536
SOLVENT €DC13
NS 256
DS 4
SWH 24038.461 Hz
FIDRES 0.733596 Hz
H a0 1.3631988 sec
RG 203.48
N N OEt on 20.800 usec
l \n/ DE 6.50 usec
TE 298.1 K
@] D1 2.00000000 sec
D11 0.03000000 sec
00 1
8e SFO1 100.6228298 MHz
NUCl 13¢
31 10.00 usec
ST 32768
SF 100.6127744 MAz
wow EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
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PROBHD
PULPROG
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SOLVENT
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1

1

20191216
17.05

spect
5 mm PABBO BB/

0.122266
4.0894966
7 6
300.6
1.00000000
1

CHANNEL f1
400.1324

1H
8.04

65536
400.1300160
EM

0

0.30

0

1.00

Hz
Hz
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PULPROG zgpg30
D 65536
SOLVENT cDC13
NS 256
DS 0
SWH 24038.461 Hz
FIDRES 0.733596 Hz
H H i o
oW 20,800
N H. O o
TE 298.2 K
I D1 2.00000000 sec
[e) D11 0.03000000 sec
00 1
SFOL 100.6228298 MHz
NUC1 13c
8f P1 10.00 usec
s1 3276
SF 100.6127740 MHz
wowW EM
ssB 0
LB 1.00 Hz
G3 0
rPCc 1.40
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SOLVENT DMSO
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S| 8012.820 Hz
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FIDRES 0.122266 Hz
A

Q 4.0894966 sec
RG 51.19
DW 62.400 usec
DE 6.50 usec
TE 300.6
D1 1.00000000 sec
TDO 1

CHANNEL f1
400.1324

1H
8.04 usec

65536
400.1300009 MHz
EM
0
0.30 Hz
0
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1
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LB 1.00 Hz
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7.1637
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-

——6.1343

4.1852
4.1774

4.2326
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4.1973
4.1632
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k= %4 -
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PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

TD
SOLVENT
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i I SO
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e
|
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0.95
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4 3 2 1
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CHANNEL f1

BRUKER
2

CLJ-WL-SZ2162
1

1

20200115
17.54

spect
5 mm PABBO BB/

0
8012.820 Hz
0.122266 Hz

4.0894966 sec

70.36
62.400 usec
6.50 usec

298.0
1.00000000 sec
1

400.1324

1H
8.04 usec

65536
400.1300116 MHz
EM

0
0.30 Hz
0

1.00
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AQ 4.0894966
OEt RG 65.43
62,400 usec
6.50 usec
TE 296.0 X
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1
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SOLVENT cDel3
NS 512
DS 4
Wi 24038.461 Hz
FIDRES 0.733596 Hz
aQ 1.3631988 sec
H RG 203.48
W 20,800 usec
N OEt DE 6.50 usec
7 \n/ TE 298.2 K
\ D1 2.00000000 sec
o) D11 0.03000000 sec
N TDO 1
sFol 100.6228298 MHz
H nucl 13
P1 10.00 usec
8n s1 32768
SF 100.6127752 MHz
wowW EM
ssB 0
LB 1.00 Hz
=) 0
rPCc 1.40
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8.7774
8.7675
8.7364
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8.2360
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73812
7.3714
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7 2523
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EXPNO 1
PROCNO 1
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Time 23.10
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT cpcl3
NS 8
DS 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 70.36
DW 62.400 usec
DE 6.50 usec
TE 298.0
D1 1.00000000 sec
TDO 1
CHANNEL f1
400.1324
1H
8.04 usec

65536
400.1300100 MHz
EM
0.30 Hz
0
1.00
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Time 9.58
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PROBHD 5 mm PABBO BB/
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SOLVENT CDC13
NS 8
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swH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
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