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1. General

Experimental: All reactions and manipulations with air sensitive compounds being
present were performed under dry argon (Ar 5.0) or nitrogen (N2 5.0), using Schlenk
and glove box techniques. Deuterated solvents were bought from Cambridge Isotope
Laboratories, distilled accordingly, and stored over molecular sieves (3 A). Other
chemicals were purchased from commercial vendors and used without further
purification. NMR spectra were collected on a Varian INOVA 300 and 400 MHz
spectrometer. Chemical shifts () are reported in ppm relative to residual solvent signal.
Coupling constants (J) are given in Hz (coupling patterns: s: singlet, s_br: broad singlet,
d: doublet, t: triplet, q: quartet, m: multiplet). GC analyses were carried out using an
Agilent Technologies 6890N system equipped with a Machinery-Nagel (MN) Optima
5 HT column (30 m, 320 um, 0.25 pum) or an Agilent Technologies 6850 system
equipped with a MN Optima 17 column (30 m, 320 pm, 0.25 pm). GC/MS analyses
were carried out on an Agilent 7890A/MSD 5975C system equipped with a HP-5MS
column (30 m, 320 um, 0.25 um). High resolution mass spectra (HRMS) were recorded
on Bruker MicroTOF-QII mass (ESI). MN silica gel 60 (0.040 — 0.063 mm particle size)

was used for flash column chromatography.
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2. Screening of reaction parameters

Closed system:
Reaction conditions O
/©/ * co g J\ /©/
H,N Hoo N
A2 B2

Using a nitrogen-filled glove box, an oven-dried pressure tube was charged with a
magnetic stirring bar, base, amines (A2), additive and solvent. Then the glass tube was
placed in an autoclave which was closed tightly and removed from the glove box. Then
the autoclave was purged and charged with CO and immersed into a pre-heated metal
bath (design temperature) for design time. After the reaction was finished, the autoclave
was cooled to room temperature and the pressure was carefully released under well
ventilated fume hood. Sat. ag. NH4CI (10 mL) was then added and the mixture was
extracted with ethyl acetate or DCM (3 =< 10 mL) and the combined organics were
washed with brine (10 mL), dried over Na2SOs. A small aliquot of the organic phase
was analyzed by GC and GC-MS to monitor product formation. Then the solvent was
evaporated under reduced pressure and the residue was purified by flash column
chromatography (petroleum ether/ethyl acetate = 10:1 — 1:1) on silica gel to give the
product B2.

Entry Parameter
Table S1 The difference of base screening
Table S2 The loading of base screening
Table S3 The difference of solvent screening
Table S4 The loading of solvent screening
Table S5 The pressure screening
Table S6 Reaction temperature screening

Table S7 Reaction time screening
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Table S1: The difference of base screening [

Reaction conditions O
LT+ e R
H,N H

H
A2 B2
Entry Base (1.0 equiv) B2 (%)
1 LiOH 0
2 NaOH 0
3 KOH 0
4 CsOH 0
5 LixCOs 0
6 NaxCO:s 0
7 K2COs 0
8 Cs2C03 0
9 ‘BuOLi <5
10 ‘BuONa 68
11 ‘BuOK 67
12 ‘BuOCs <5
13 pyridine <5
14 TEA 0
15 TBD 0
16 DBU 0
17 ‘BuLi 0
18 NaH <5
19 NaNH: <5
20 KH <5

[al Reaction conditions: base (1.0 mmol), A2 (1.0 mmol, 110 pL), DMAc (2.0 mL), CO
(1 bar), 60 °C, 6 h. Yield of B2 determined by GC-analysis using n-dodecane (100 puL)

as internal standard.
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Table S2: The loading of base screening [

Reaction conditions O
LT+ e R
H,N H

H
A2 B2
Entry ‘BuONa (mmol) B2 (%)

1 0 0
2 0.1 6
3 0.2 13
4 0.3 20
5 0.4 26
6 0.5 29
7 0.6 35
8 0.7 48
9 0.8 56
10 0.9 63
11 1.0 69
12 1.1 69
13 1.2 68
14 1.3 68
15 1.4 67
16 1.5 68
17 2.0 65
18 2.5 60
19 3.0 53

[a] Reaction conditions: ‘BuONa (x mmol), A2 (1.0 mmol, 110 pL), DMAc (2.0 mL),
CO (1 bar), 60 °C, 6 h. Yield of B2 determined by GC-analysis using n-dodecane (100

uL) as internal standard.

S6



Table S3: The difference of solvent screening 1!

Reaction conditions O
LT+ e e
H,N H

H
A2 B2
Entry Solvent (2 mL) B2 (%)
1 nitrobenzene 0
2 chlorobenzene 0
3 toluene 0
4 mesitylene 0
5 benzotrifluoride 0
6 THF <5
7 1,4-dioxane <5
8 DME <5
9 anisole <5
10 pyridine 0
11 EtsN 0
12 methanol 0
13 ethanol 0
14 'PrOH 0
15 ‘BuOH 0
16 ‘AmOH 0
17 DCM 0
18 DMSO 21
19 DMF 68
20 DMAc¢ 69
21 NMP 50
22 HMPA <5

[al Reaction conditions: ‘BuONa (1.0 mmol), A2 (1.0 mmol, 110 pL), solvent (2.0 mL),
CO (1 bar), 60 °C, 6 h. Yield of B2 determined by GC-analysis using n-dodecane (100

uL) as internal standard.
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Table S4: The loading of solvent screening [

Reaction conditions O
/©/ v J\ /©/
H,N H

N
A2 B2
Entry DMAc (ml) B2 (%)
1 - 67
2 0.5 72
3 1.0 73
4 1.5 72
5 2.0 73
6 2.5 73
7 3.0 74

[a] Reaction conditions: ‘BuONa (1.0 mmol), A2 (1.0 mmol, 110 pL), DMAc (x mL),
CO (1 bar), 60 °C, 6 h. Yield of B2 determined by GC-analysis using n-dodecane (100

uL) as internal standard.

Table S5: The pressure screening [

Reaction conditions O
LT e R
H,N H

H
A2 B2
Entry P [bar] B2 (%)
1 1 53
2 2 76
3 3 76
4 4 75
5 6 76
6 8 75
7 10 76
8 20 75

[al Reaction conditions: ‘BuONa (1.0 mmol), A2 (1.0 mmol, 110 uL), DMAc (1.0 mL),
CO (x bar), 60 °C, 6 h. Yield of B2 determined by GC-analysis using n-dodecane (100

uL) as internal standard.
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Table S6: Reaction temperature screening [

Reaction conditions O
LT+ e R
H,N H

N
A2 B2
Entry T[°C] B2 (%)
1 RT 0
2 40 36
3 60 76
4 80 81
5 100 89
6 120 81
7 140 80

[al Reaction conditions: ‘BuONa (1.0 mmol), A2 (1.0 mmol, 110 uL), DMAc (1.0 mL),
CO (2 bar), T, 6 h. Yield of B2 determined by GC-analysis using n-dodecane (100 pL)

as internal standard.

Table S7: Reaction time screening [?!

Reaction conditions O
LT e R
H,N H

¢
A2 B2
Entry t [h] B2 (%)
1 3 31
2 6 89
3 9 95
4 12 99 (92)'*!
5 15 98

[a] Reaction conditions: ‘BuONa (1.0 mmol), A2 (1.0 mmol, 110 pL), DMAc (1.0 mL),
CO (2 bar), 60 °C, x h. Yield of B2 determined by GC-analysis using n-dodecane (100
uL) as internal standard. [ Isolated yield.
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3. Experimental characterization data for products

Closed system:

'BUONa (1.0 equiv) 0
R-NH, + CO R M
DMAc N" 'H
A1-A36 2 bar H
B1 - B36

Using a nitrogen-filled glove box, an oven-dried pressure tube (50 mL) was
charged with a magnetic stirring bar, '‘BuONa (961 mg, 10.0 mmol), amines A (10.0
mmol), and DMAc (10.0 mL). Then the glass tube was placed in an autoclave which
was closed tightly and removed from the glove box. Then the autoclave was purged and
charged with CO (2 bar) and immersed into a pre-heated metal bath (100 °C) for 12
hours. After the reaction was finished, the autoclave was cooled to room temperature
and the pressure was carefully released under well ventilated fume hood. Sat. ag. NH4Cl
(50 mL) was then added and the mixture was extracted with ethyl acetate or DCM (3 x
50 mL) and the combined organics were washed with brine (50 mL), dried over Na2SOa.
A small aliquot of the organic phase was analyzed by GC and GC-MS to monitor
product formation. Then the solvent was evaporated under reduced pressure and the
residue was purified by flash column chromatography (petroleum ether/ethyl acetate =
10:1-1:1, DCM 2%, EtsN 2%) on silica gel to give the corresponding products B.
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4. Characterization data

N-phenylformamide?

2,

B1:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.1379 gram, 94% vyield.

'H NMR (400 MHz, CDCls) 6 9.04 (br, 0.5H), 8.70 (d, J = 11.2 Hz, 0.5H), 8.33
(s, 0.5H), 8.22 (br, 0.5H), 7.56 (d, J = 7.6 Hz, 1H), 7.36 — 7.29 (m, 2H), 7.23 — 6.98 (m,
2H).

13C NMR (101 MHz, CDCl3) 6 162.10, 158.60, 135.99, 135.79, 128.67, 128.00,
124.20, 123.71, 119.12, 119.10, 117.72.

HRMS (ESI) calcd. for C;HgNO [M+H]: 122.0606, found: 122.0607.

N-p-tolylformamide!

LA,

B2:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.2967 gram, 96% vyield.

IH NMR (400 MHz, CDCl3) & 8.85 (d, J = 9.4 Hz, 1H), 8.62 (d, J = 11.4 Hz, 1H),
8.31 (d, J = 1.9 Hz, 1H), 7.92 (s, 1H), 7.50 — 7.35 (m, 1H), 7.13 (dd, J = 13.0, 8.2 Hz,
2H), 7.01 - 6.97 (m, 1H), 2.31 (d, J = 8.8 Hz, 3H).

13C NMR (101 MHz, CDCls3) 6 163.27, 159.39, 135.14, 134.45, 134.18, 130.23,
129.56, 120.15, 119.10, 20.90, 20.82.

HRMS (ESI) calcd. for CgH10NO [M+H]: 136.0762, found: 136.0764.
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N-m-tolylformamide?

Jout

B3:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.2156 gram, 93% yield.

IH NMR (400 MHz, CDCls3) & 8.96 — 8.76 (m, 1H), 8.69 (d, J = 11.3 Hz, 1H),
8.33 (d, J = 2.0 Hz, 1H), 7.88 (s, 1H), 7.40 (t, J = 1.8 Hz, 1H), 7.36 — 7.28 (m, 1H),
7.29 - 7.14 (m, 2H), 6.99 — 6.89 (m, 4H), 2.33 (d, J = 9.8 Hz, 6H).

13C NMR (101 MHz, CDCls3) & 163.09, 159.42, 139.84, 139.04, 136.93, 136.76,
129.53, 128.89, 126.04, 125.58, 120.72, 119.48, 117.16, 115.72, 21.46, 21.40.

HRMS (ESI) calcd. for CsH10NO [M+H]: 136.0762, found: 136.07625.

N-o-tolylformamide!

Q\ /l
N o
H

B4:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.2156 gram, 90% vyield.

IH NMR (400 MHz, CDCl3) § 8.46 (d, J = 11.2 Hz, 1H), 8.36 (d, J = 1.8 Hz, 1H),
8.09 — 7.87 (m, 1H), 7.85 — 7.78 (m, 1H), 7.21 — 6.95 (m, 4H), 2.22 (d, J = 11.8 Hz,
2H).

13C NMR (101 MHz, CDCls) § 162.40, 158.15, 134.00, 133.59, 130.21, 129.54,
128.71, 127.57, 126.09, 125.81, 125.01, 124.49, 122.01, 119.65, 16.69.

HRMS (ESI) calcd. for CsH1o0NO [M+H]: 136.0762, found: 136.0761.
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N-(4-(tert-butyl)phenyl)formamide?

B5:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.7358 gram, 98% yield.

IH NMR (400 MHz, DMSO-ds) 8 10.24 — 9.84 (m, 1H), 8.72 (d, J = 11.0 Hz, 1H),
8.24 (d, J = 1.9 Hz, 1H), 7.54 — 7.45 (m, 1H), 7.37 — 7.28 (m, 1H), 7.15 — 7.07 (m, 1H),
1.25 (s, 7H).

13C NMR (101 MHz, DMSO-ds) 6 162.94, 159.80, 146.54, 146.37, 136.16, 136.13,
126.49, 125.90, 119.36, 117.91, 40.60, 40.39, 40.18, 34.48, 34.44, 31.63.

HRMS (ESI) calcd. for C11H16NO [M+H]: 178.1232, found: 178.1231.

N-([1,1'-biphenyl]-2-yl)formamide?

H

X

N o
Bn H

B6:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.9210 gram, 91% vyield.

IH NMR (400 MHz, CDCls) & 8.40 (d, J = 11.3 Hz, 1H), 8.22 (d, J = 1.7 Hz, 1H),
7.88(d, J=8.0 Hz, 1H), 7.71 (d, J = 10.6 Hz, 1H), 7.33 — 7.25 (m, 1H), 7.25 - 7.15 (m,
3H), 7.15-7.08 (m, 3H), 3.99 (d, J = 3.8 Hz, 2H).

13C NMR (101 MHz, CDCl3) 6 163.21, 159.31, 138.83, 138.61, 135.09, 134.68,
132.94, 131.44, 131.31, 131.00, 128.96, 128.52, 128.43, 127.90, 127.61, 126.77,
126.47, 125.81, 124.12, 122.00, 38.01, 37.82.

HRMS (ESI) calcd. for C12H14NO [M+H]: 212.1075, found: 212.1078.
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N-(2-benzylphenyl)formamide*

H

s

N (o)
Ph H

B7:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.7540 gram, 89% yield.

'H NMR (400 MHz, CDCl3) 6 8.64 (d, J = 11.3 Hz, 1H), 8.36 (d, J = 8.2 Hz, 1H),
8.25 (d, J =1.5Hz, 1H), 7.71 - 6.93 (m, 8H).

13C NMR (101 MHz, CDCl3) & 162.02, 158.99, 137.82, 137.36, 133.84, 133.78,
133.01, 132.01, 131.20, 130.18, 129.34, 129.20, 129.18, 128.75, 128.52, 128.16,
128.12, 125.37, 124.65, 121.57, 118.34.

HRMS (ESI) calcd. for C13H12NO [M+H]: 198.0919, found: 198.0918.

N-(4-methoxyphenyl)formamide!

B8:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.4804 gram, 98% yield.

IH NMR (400 MHz, CDCls) & 8.50 (d, J = 11.0 Hz, 1H), 8.28 (s, 1H), 7.84 (s,
1H), 7.45 (s, 1H), 7.03 (d, J = 8.6 Hz, 1H), 6.85 (dd, J = 14.0, 8.7 Hz, 2H), 3.78 (d, J =
7.4 Hz, 3H).

13C NMR (101 MHz, CDCl3) 6 162.32, 158.19, 156.54, 155.64, 129.02, 128.63,
120.84, 120.49, 113.85, 113.16, 54.52, 54.45.

HRMS (ESI) calcd. for CsH1oNO2 [M+H]: 152.0712, found: 152.0715.
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N-(3-methoxyphenyl)formamide®

H
MGOQH*\O

B9:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.4502 gram, 96% yield.

!H NMR (400 MHz, DMSO-ds) 6 10.17 (s, 1H), 8.82 (d, J = 10.8 Hz, 1H), 8.28
(d,J=1.7 Hz, 1H), 7.31 (t, J = 2.2 Hz, 1H), 7.26 — 7.17 (m, 1H), 7.14 — 7.12 (m, 1H),
6.81 —6.75 (m, 1H), 6.66 — 6.64 (m, 1H), 3.73 (s, 2H).

13C NMR (101 MHz, DMSO-ds) 6 163.02, 160.57, 160.09, 160.01, 140.05, 139.82,
130.69, 130.12, 111.90, 110.10, 109.43, 105.55, 103.79, 55.51, 55.39.

HRMS (ESI) calcd. for CsH1oNO2 [M+H]: 152.0712, found: 152.0714.

N-(2-methoxyphenyl)formamide?

H

A
N o)
OMe H

B10:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.3746 gram, 91% yield.

IH NMR (400 MHz, CDCls) & 8.73 (d, J = 11.6 Hz, 1H), 8.45 (d, J = 1.9 Hz, 1H),
8.36 (dd, J = 8.0, 1.7 Hz, 1H), 8.03 — 7.53 (m, 1H), 7.19 (dd, J = 7.7, 1.6 Hz, 1H), 7.16
—7.00 (m, 1H), 7.00 — 6.86 (M, 2H), 3.94 — 3.75 (m, 3H).

13C NMR (101 MHz, CDCl3) 6 168.24, 161.53, 158.85, 148.75, 147.82, 127.69,
126.75, 126.17, 125.25, 124.29, 123.62, 121.06, 120.45, 119.79, 116.69, 111.29,
110.07, 109.89, 55.72, 55.64.

HRMS (ESI) calcd. for CsHioNO2 [M+H]: 152.0712, found: 152.0710.
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N-(4-fluorophenyl)formamide!

L
N)\\O
H

B11:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.3487 gram, 97% yield.

IH NMR (400 MHz, DMSO-ds) & 10.42 — 10.20 (m, 1H), 10.15 (d, J = 10.8 Hz,
1H), 8.83 — 8.62 (m, 1H), 8.29 — 8.26 (m, 1H), 7.66 — 7.59 (m, 1H), 7.25 — 7.19 (m,
1H), 7.19 — 7.10 (m, 2H).

13C NMR (101 MHz, DMSO-ds) 5 163.11, 160.42, 159.90, 159.78, 158.03, 157.40,
135.18, 135.15, 135.10, 135.08, 121.39, 121.31, 120.00, 119.92, 116.52, 116.29,
115.94, 115.72.

F NMR (376 MHz, DMSO) 6 -118.84, -119.76.
HRMS (ESI) calcd. for C7H7FNO [M+H]: 140.0512, found: 140.0511.

N-(4-chlorophenyl)formamide!

RO
N)\\O
H

B12:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.5346 gram, 99% yield.

IH NMR (400 MHz, DMSO-ds) & 10.33 (s, 1H), 8.79 (d, J = 8.1 Hz, 1H), 8.29 (s,
1H), 7.66 — 7.59 (m, 1H), 7.41 — 7.33 (m, 2H), 7.26 — 7.19 (m, 1H).

13C NMR (101 MHz, DMSO-ds) 6 162.99, 160.18, 137.86, 137.61, 129.69, 129.22,
127.93, 127.62, 121.17, 119.44.

HRMS (ESI) calcd. for C7H7CINO [M+H]: 156.0216, found: 156.0217.
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N-(3-chlorophenyl)formamide!

H

B13:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.4571 gram 94% yield.

IH NMR (400 MHz, CDCls) & 8.71 (d, J = 11.1 Hz, 1H), 8.64 (s, 1H), 8.38 (d, J
= 1.4 Hz, 1H), 7.66 (t, J = 1.9 Hz, 1H), 7.39 (dd, J = 8.1, 1.0 Hz, 1H), 7.30 — 7.22 (m,
1H), 7.20 — 7.14 (m, 1H), 7.14 — 7.08 (m, 1H), 7.00 (dd, J = 8.0, 1.3 Hz, 1H).

13C NMR (101 MHz, CDCls) § 162.54, 159.23, 138.00, 137.97, 135.46, 134.74,
130.85, 130.14, 125.35, 124.93, 120.14, 118.77, 117.96, 116.70.

HRMS (ESI) calcd. for C;H7;CINO [M+H]: 156.0216, found: 156.0212.

N-(2-chlorophenyl)formamide’

H

s

N (0)
Cl H

B14:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.3951 gram, 90% yield.

IH NMR (400 MHz, CDCl3) § 8.72 (d, J = 11.2 Hz, 1H), 8.51 (d, J = 1.0 Hz, 1H),
8.41 (dd, J =8.3, 1.2 Hz, 1H), 7.76 (s, 1H), 7.44 (d, J = 8.0 Hz, 1H), 7.39 (dd, J = 8.0,
1.3 Hz, 1H), 7.33 - 7.22 (m, 1H), 7.16 — 7.12 (m, 1H), 7.10 — 7.06 (m, 1H).

13C NMR (101 MHz, CDCls) 8 161.55, 159.01, 158.93, 133.70, 130.32, 129.21,
129.13, 128.03, 127.89, 127.81, 125.96, 125.23, 125.15, 122.58, 122.09, 122.01,
118.78, 118.70.

HRMS (ESI) calcd. for C7H7;CINO [M+H]: 156.0216, found: 156.0218.
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N-(4-bromophenyl)formamide?!

Br\©\ H
N )\\O
H

B15:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.9100 gram, 96% yield.

IH NMR (400 MHz, CDCl3) & 8.66 (d, J = 11.3 Hz, 1H), 8.39 (d, J = 1.4 Hz, 1H),
7.99 (s, 1H), 7.54 — 7.39 (m, 2H), 7.29 (s, 1H), 6.98 (d, J = 8.7 Hz, 1H).

13C NMR (101 MHz, CDCl3) 6 162.07, 158.79, 135.83, 135.69, 132.81, 132.10,
121.44, 120.36, 118.29, 117.48.

HRMS (ESI) calcd. for C7H7BrNO [M+H]: 199.9711, found: 199.9715.

N-(2-bromophenyl)formamide?!

H

A,
N o)
Br H

B16:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.7707 gram, 89% yield.

IH NMR (400 MHz, CDCl3) § 8.71 (d, J = 11.1 Hz, 1H), 8.50 (d, J = 1.8 Hz, 1H),
8.39 (dd, J = 8.3, 1.6 Hz, 1H), 7.87 — 7.50 (m, 1H), 7.36 — 7.24 (m, 1H), 7.12 — 6.96
(m, 1H).

13C NMR (101 MHz, CDCl3) 6 161.54, 158.85, 135.03, 134.79, 133.52, 132.37,
128.72, 128.49, 126.39, 125.67, 122.24, 118.93, 114.45, 113.00.

HRMS (ESI) calcd. for C7H7BrNO [M+H]: 199.9711, found: 199.9714.

518



N-(4-iodophenyl)formamide®

ol
N)\\O
H

B17:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 2.2966 gram, 93% yield.

IH NMR (400 MHz, CDCls) & 8.67 (d, J = 11.3 Hz, 1H), 8.39 (d, J = 1.7 Hz, 1H),
8.19 (d, J = 11.2 Hz, 1H), 7.70 — 7.55 (m, 1H), 7.43 — 7.29 (m, 1H), 6.92 — 6.70 (m,
1H).

13C NMR (101 MHz, CDCls) § 162.13, 158.90, 138.74, 138.07, 136.56, 136.46,
121.75, 120.51, 88.71, 88.16.

HRMS (ESI) calcd. for C7H7INO [M+H]: 247.9572, found: 247.9574.

N-(2-iodophenyl)formamide®

H

)\\
N (o)
H
I
B18:
The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 2.0991 gram, 85% vyield.
'H NMR (400 MHz, DMSO-ds) 6 9.57 (s, 1H), 8.35 (s, 1H), 7.88 (dd, J=7.9, 1.1
Hz, 1H), 7.79 (dd, J = 8.1, 1.2 Hz, 1H), 7.45 - 7.31 (m, 1H), 7.16 — 6.80 (m, 1H).
13C NMR (101 MHz, DMSO-ds) 5 164.16, 160.78, 139.96, 139.62, 138.94, 129.86,
129.16, 128.27, 127.41, 125.08, 95.54, 93.16.

HRMS (ESI) calcd. for C7H7INO [M+H]: 247.9572, found: 247.9575.
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N-(4-(trifluoromethyl)phenyl)formamide*

F,C N
A
H

B19:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.8148 gram, 96% yield.

'H NMR (400 MHz, DMSO-ds) 6 10.49 — 10.06 (m, 1H), 8.81 (s, 1H), 8.31 (s,
1H), 7.74 - 7.67 (m, 2H), 7.31 (t, J = 4.2 Hz, 2H).

13C NMR (101 MHz, DMSO-ds) 6 168.96, 163.10, 160.21, 144.64, 144.22, 144.20,
138.95, 138.16, 137.85, 124.37, 122.73, 122.14, 121.92, 121.83, 120.96, 120.67,
119.29, 119.19, 116.75.

F NMR (376 MHz, DMSO) § -57.29, -57.37.

HRMS (ESI) calcd. for CgH7F3NO [M+H]: 190.0480, found: 190.0478.

N-(4-cyanophenyl)formamide®

ROW
N)\\O
H

B20:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.3729 gram, 94% yield.

IH NMR (400 MHz, DMSO-dg) & 10.64 (s, 1H), 8.99 (s, 1H), 8.37 (s, 1H), 7.84 —
7.70 (m, 2H), 7.38 (d, J = 8.4 Hz, 1H).

13C NMR (101 MHz, DMSO-ds) 6 163.14, 160.88, 143.36, 142.75, 134.25, 133.88,
119.76, 119.40, 117.52, 105.90, 105.68.

HRMS (ESI) calcd. for CgH7N20 [M+H]: 147.0558, found: 147.0556.
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N-(2-cyanophenyl)formamide®

H
A,
N (0)
CN H

B21:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.2560 gram, 86% yield.

IH NMR (400 MHz, CDCl3) & 10.40 (s, 1H), 8.49 (d, J = 90.8 Hz, 1H), 7.94 (d, J
=8.4 Hz, 1H), 7.83 (dd, J = 7.9, 1.5 Hz, 1H), 7.72 — 7.68 (m, 1H), 7.44 (d, J = 15.8 Hz,
1H), 7.34 (t, J = 7.7 Hz, 1H).

13C NMR (101 MHz, CDCls) § 161.56, 158.87, 135.05, 134.80, 133.54, 132.39,
128.73, 128.51, 126.40, 125.68, 122.25, 118.94, 114.46, 113.01.

HRMS (ESI) calcd. for CsH7N20 [M+H]: 147.0558, found: 147.0559.

N-(4-(dimethylamino)phenyl)formamide®

B22:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.2301 gram, 75% yield.

IH NMR (400 MHz, DMSO-ds) & 10.04 — 9.58 (m, 1H), 8.50 (d, J = 11.3 Hz, 1H),
8.15 (d, J = 2.0 Hz, 1H), 7.53 — 7.30 (m, 2H), 7.11 — 6.91 (m, 1H), 6.83 — 6.57 (m, 2H),
2.84 (s, 6H).

13C NMR (101 MHz, DMSO-ds) 6 162.96, 159.16, 148.31, 147.70, 128.55, 128.06,
120.92, 120.48, 113.80, 113.13, 40.95, 40.90.

HRMS (ESI) calcd. for CoH13N20 [M+H]: 165.1028, found: 165.1026.
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N-(benzo[d][1,3]dioxol-5-yl)formamide®

CT0 S
O N)\\o
H

B23:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.5514 gram, 94% yield.

'H NMR (400 MHz, DMSO-dg) 6 10.16 —9.93 (m, 1H), 8.61 (d, J = 10.9 Hz, 1H),
8.20 (d, J = 1.8 Hz, 1H), 7.30 (d, J = 2.1 Hz, 1H), 6.97 (dd, J = 8.4, 2.1 Hz, 1H), 6.87
(dd, J=9.9, 5.3 Hz, 1H), 6.61 (dd, J = 8.3, 2.2 Hz, 1H), 5.99 (d, J = 2.1 Hz, 1H).

13C NMR (101 MHz, DMSO-ds) 6 163.08, 159.64, 148.31, 147.54, 144.16, 143.57,
133.11, 133.08, 112.36, 111.34, 108.97, 108.58, 101.73, 101.62, 101.47, 100.60.

HRMS (ESI) calcd. for CgHsNOs [M+H]: 166.0505, found: 166.05009.

methyl 4-formamidobenzoate®

MeOOC\©\ H
5,

N
H

B24:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.7190 gram, 96% yield.

IH NMR (400 MHz, DMSO-dg) & 10.71 — 10.42 (m, 1H), 8.97 (d, J = 10.5 Hz,
1H), 8.35 (s, 1H), 8.06 — 7.86 (m, 2H), 7.72 (d, J = 8.7 Hz, 2H), 7.32 (d, J = 8.6 Hz,
1H), 3.82 (s, 3H).

13C NMR (101 MHz, DMSO-ds) 6 166.20, 163.04, 160.63, 143.44, 142.95, 131.26,
130.87, 124.81, 119.11, 116.90, 52.38.

HRMS (ESI) calcd. for CoH1oNO3 [M+H]: 180.0661, found: 180.0663.
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N-(naphthalen-1-yl)formamide!

L
oy
H

B25:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.5567 gram, 91% yield.

'H NMR (400 MHz, DMSO-ds) 6 8.67 (d, J = 10.9 Hz, 1H), 8.37 (d, J = 1.1 Hz,
1H), 7.90 (s, 1H), 7.52 — 7.38 (m, 5H), 7.00 (t, J = 5.7 Hz, 1H).

13C NMR (101 MHz, DMSO-ds) 6 162.83, 160.56, 144.22,142.52, 125.43, 125.10,
119.02, 116.58.

HRMS (ESI) calcd. for C11H1o0NO [M+H]: 172.0762, found: 172.0765.

N-(naphthalen-2-yl)formamide?

B26:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.6594 gram, 97% vyield.

IH NMR (400 MHz, CDCls) & 8.77 (d, J = 11.3 Hz, 1H), 8.46 (s, 1H), 8.38 (d, J
= 1.8 Hz, 1H), 8.15 (d, J = 2.0 Hz, 1H), 7.80 — 7.66 (m, 3H), 7.52 (s, 1H), 7.47 — 7.30
(m, 3H), 7.18 (d, J = 1.5 Hz, 1H).

13C NMR (101 MHz, CDCls3) 6 161.80, 158.18, 133.23, 133.16, 132.74, 132.68,
130.06, 129.79, 128.92, 127.90, 126.77, 126.65, 126.55, 126.20, 126.10, 125.64,
124.48, 124.26, 118.57, 117.72, 116.06, 114.15.

HRMS (ESI) calcd. for C11H10NO [M+H]: 172.0762, found: 172.0766.
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N-(pyridin-4-yl)formamide®

X N’k\o
H

B27:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.0862 gram, 89% yield.

IH NMR (400 MHz, DMSO-dg) & 10.59 (s, 1H), 10.46 (d, J = 9.5 Hz, 1H), 9.06
(d, J = 10.5 Hz, 1H), 8.50 — 8.32 (m, 3H), 7.54 (d, J = 6.2 Hz, 2H), 7.20 (d, J = 5.8 Hz,
1H).

13C NMR (101 MHz, DMSO-ds) 6 163.00, 161.33,151.05, 151.00, 146.03, 145.07,

113.82, 111.62.
HRMS (ESI) calcd. for CsH7N20 [M+H]: 123.0558, found: 123.0555.

N-benzylformamide?!

B28:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.1076 gram, 82% vyield.

'H NMR (400 MHz, CDCls) 6 8.33 —8.02 (m, 1H), 7.45 — 7.13 (m, 4H), 6.22 (s,
1H), 4.41 (dd, J = 28.1, 6.2 Hz, 2H).

13C NMR (101 MHz, CDCl3) & 164.82, 161.26, 137.67, 128.74, 127.74, 126.99,
45.67, 42.10.

HRMS (ESI) calcd. for CsH1o0NO [M+H]: 136.0762, found: 136.0760.
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N-(4-fluorobenzyl)formamide®

S

B29:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.2398 gram, 82% vyield.

IH NMR (400 MHz, DMSO-dg)  8.54 (s, 1H), 8.14 (d, J = 1.8 Hz, 1H), 7.31 (dd,
J=8.6,5.6 Hz, 1H), 7.23 — 7.04 (m, 2H), 4.29 (d, J = 6.1 Hz, 1H).

13C NMR (101 MHz, DMSO-ds) 6 169.62, 165.34, 162.86, 161.52, 160.45, 136.29,
135.70, 135.67, 129.78, 129.70, 115.73, 115.60, 115.52, 115.39, 44.29, 41.84.

19F NMR (376 MHz, DMSO-de) & -115.83, -116.06.

HRMS (ESI) calcd. for CsHeFNO [M+H]: 154.0668, found: 154.0664.

N-(4-chlorobenzyl)formamide®

Cli
@Vn?o

H

B30:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.4537 gram, 86% vyield.

IH NMR (400 MHz, DMSO-ds) & 8.56 (s, 1H), 8.15 (d, J = 1.7 Hz, 1H), 7.45 —
7.35 (m, 1H), 7.29 (dd, J = 11.3, 5.2 Hz, 2H), 4.30 (d, J = 6.2 Hz, 1H).

13C NMR (101 MHz, DMSO-ds) 5 169.71, 165.40, 161.61, 139.16, 138.54, 131.90,
129.60, 128.72, 44.32, 41.90.

HRMS (ESI) calcd. for CsHeCINO [M+H]: 170.0373, found: 170.0370.
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N-(4-bromobenzyl)formamide®

Br
\(E\/n o
e
Y

H

B31:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.7038 gram, 80% yield.

IH NMR (400 MHz, DMSO-ds) & 8.50 (t, J = 33.1 Hz, 1H), 8.26 — 8.07 (m, 1H),
7.57 —7.48 (m, 1H), 7.22 (t, J = 8.2 Hz, 2H), 4.28 (d, J = 6.2 Hz, 1H).

13C NMR (101 MHz, DMSO-ds) 6 169.71, 165.41, 161.62, 139.58, 138.97, 131.64,
129.97, 120.36, 44.38, 41.96.

HRMS (ESI) calcd. for CsHeBrNO [M+H]: 213.9868, found: 213.9864.

N-cyclohexylformamide!!

L
N)\\O
H

B32:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.0295 gram, 82% vyield.

IH NMR (400 MHz, CDCl3) & 8.11 (t, J = 7.4 Hz, 1H), 6.06 (d, J = 78.7 Hz, 1H),
4.01 - 3.75 (m, 1H), 3.42 — 3.18 (m, 1H), 2.08 — 1.83 (m, 2H), 1.75 — 1.69 (m, 1H),
1.67 —1.56 (m, 1H), 1.39 — 1.31 (m, 2H), 1.22 — 1.16 (m, 2H).

13C NMR (101 MHz, CDCls) 6 163.68, 160.42, 77.42,77.10, 76.78, 51.04, 47.06,
34.64, 32.98, 25.40, 25.00, 24.74, 24.71.

HRMS (ESI) calcd. for C7H1sNO [M+H]: 128.1075, found: 128.1077.
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Morpholine-4-carbaldehyde!*

B33:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.0125 gram, 82% yield.

IH NMR (400 MHz, CDCls) 5 8.07 (s, 1H), 3.81 — 3.63 (m, 4H), 3.63 — 3.51 (m,
2H), 3.47 — 3.33 (m, 2H).

13C NMR (101 MHz, CDCls) 6 160.84, 67.23, 66.43, 45.79, 40.59.

HRMS (ESI) calcd. for CsHioNO2 [M+H]: 116.0712, found: 116.0717.

N,N'-(1,4-phenylene)diformamide®

(o)
\>*H
HNONH
H—(
o)

B34:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.3461 gram, 82% yield.

IH NMR (400 MHz, DMSO-ds) 5 10.14 (s, 1H), 10.08 (d, J = 11.3 Hz, 1H), 8.69
(dd, J =11.1, 2.0 Hz, 1H), 8.23 (d, J = 2.0 Hz, 1H), 7.59 — 7.46 (m, 2H), 7.15 (t, J =
4.4 Hz, 1H).

13C NMR (101 MHz, DMSO-ds) 6 162.90, 159.74, 134.82, 134.45, 120.64, 120.06,
119.32, 118.72, 40.60, 40.40, 40.19, 39.98, 39.77, 39.56, 39.35.

HRMS (ESI) calcd. for CsHgN202 [M+H]: 165.0664, found: 165.0666.
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N,N*-(naphthalene-1,8-diyl)diformamide

OYNH HN?O

H H
B35:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.5627 gram, 73% yield.

IH NMR (400 MHz, CDCl3) § 8.73 — 8.53 (m, 2H), 8.02 (d, J = 7.8 Hz, 1H), 7.91
—7.85(m, 1H), 7.79 (d, J = 8.3 Hz, 1H), 7.72 (d, J = 8.2 Hz, 1H), 7.62 — 7.44 (m, 3H),
7.32 (d, J=7.3 Hz, 1H), 7.26 (s, 1H).

13C NMR (101 MHz, CDCls) § 164.11, 159.65, 134.29, 134.08, 132.13, 131.00,
128.85, 128.55, 127.77, 127.04, 126.81, 126.52, 126.23, 126.14, 125.71, 125.52,
121.32, 120.90, 120.38, 119.07.

HRMS (ESI) calcd. for C12H1:N202 [M+H]: 215.0821, found: 215.0823.

N-(4-formamidobenzyl)formamide®
H

O. .N
P
T

B36:

The title compound was prepared according to the general procedure and purified
by column chromatography to give a white solid, 1.3533 gram, 76% vyield.

IH NMR (400 MHz, DMSO-ds) & 10.30 — 10.01 (m, 1H), 8.75 (d, J = 11.0 Hz,
1H), 8.47 (s, 1H), 8.26 (t, J = 2.0 Hz, 1H), 8.11 (t, J = 7.5 Hz, 1H), 7.62 — 7.48 (m, 2H),
7.26 —7.10 (m, 3H), 4.22 (dd, J = 23.0, 6.0 Hz, 2H).

13C NMR (101 MHz, DMSO-ds) 5 165.30, 162.97, 161.44, 159.96, 137.49, 134.62,
128.90, 128.33, 119.55, 117.99, 40.78, 40.69.

HRMS (ESI) calcd. for CoH11N202 [M+H]: 179.0821, found: 179.0824.
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5. Control experiments.

5.1 Ultra-pure substrates experiment:

(o]
99.99% 'BuONa pL
Ph—NH, + CO Ph *C+y
DMAc H
A1 2 atm with ultra-pure substrates: B1, 99%

ICP-MS: transition metal <5ppm

Using a nitrogen-filled glove box, an oven-dried pressure tube (10 mL) was
charged with a magnetic stirring bar, 99.99% ‘BuONa (96.1 mg, 1.0 mmol), amines A1l
(91 L, 1.0 mmol), and DMACc (1.0 mL). Then the glass tube was placed in an autoclave
which was closed tightly and removed from the glove box. Then the autoclave was
purged and charged with CO (2 bar) and immersed into a pre-heated metal bath (100 °C)
for 12 hours. After the reaction was finished, the autoclave was cooled to room
temperature and the pressure was carefully released. Sat. ag. NH4Cl (10 mL) was then
added and the mixture was extracted with DCM (3 =10 mL) and the combined organics
were washed with brine (10 mL), dried over Na2SOs. A small aliquot of the organic
phase was analyzed by GC, GC-MS and ICP-MS to monitor product formation. Then
the solvent was evaporated under reduced pressure and the residue was purified by flash
column chromatography (petroleum ether/ethyl acetate = 10:1 — 1:1, DCM 2%, EtsN

2%) on silica gel to give the corresponding products B1.

Pulse Intensity

Mass

Figure R3. The spectrum of ICP-MS
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Na Ca Fe K Mg Al 27/27

(ppm) (ppm) (ppm) (ppm) (ppm) (ppb)
10.39 0.26 0 0.56 4.47 0

Pd 106/106 | Rh 103/103 | Cr52/52 | Pb208/208 |V 51/51 Zn 66/66

(ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
0.06 0.00 0.00 0.00 0.03 4.04

Cu 63/63 Mn 55/55 Ti 48/48 | Ba 138/138 | Cd 111/111 | Co 59/59

(ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
1.69 0.09 0.21 0.32 0.01 0.01

Ni 60/60

(ppb)

0.26

Table R1 The data of ICP-MS

5.2 Control experiment with 15-crown-5:

o
99.99% ‘BuONa 1
Ph—NH, + CO - PhoCoy
DMAc H
A1 2 bar  with 15-crown-5 (2.0 equiv): B1, <5%

Using a nitrogen-filled glove box, an oven-dried pressure tube (10 mL) was
charged with a magnetic stirring bar, ‘BuONa (96.1 mg, 1.0 mmol), amines Al (91 LL,
1.0 mmol), 15-crown-5 (2 mmol), and DMACc (1.0 mL). Then the glass tube was placed
in an autoclave which was closed tightly and removed from the glove box. Then the
autoclave was purged and charged with CO (2 bar) and immersed into a pre-heated
metal bath (100 °C) for 12 hours. After the reaction was finished, the autoclave was
cooled to room temperature and the pressure was carefully released. Sat. ag. NH4Cl (10
mL) was then added and the mixture was extracted with DCM (3 =10 mL) and the
combined organics were washed with brine (10 mL), dried over Na;SO4. A small
aliquot of the organic phase was analyzed by GC and GC-MS to monitor product
formation. Then the solvent was evaporated under reduced pressure and the residue was
purified by flash column chromatography (petroleum ether/ethyl acetate = 10:1 — 1:1,
DCM 2%, EtsN 2%) on silica gel to give the corresponding products B1.
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5.3 Control experiment with 18-crown-6:

0
99.99% ‘BuONa 1
Ph—NH, + CO - - Phi Gy
DMAc H
A1 2bar  ith 18-crown-6 (2.0 equiv): B1, 13%

Using a nitrogen-filled glove box, an oven-dried pressure tube (10 mL) was
charged with a magnetic stirring bar, ‘BuONa (96.1 mg, 1.0 mmol), amines A1 (91 LL,
1.0 mmol), 18-crown-6 (2 mmol), and DMACc (1.0 mL). Then the glass tube was placed
in an autoclave which was closed tightly and removed from the glove box. Then the
autoclave was purged and charged with CO (2 bar) and immersed into a pre-heated
metal bath (100 °C) for 12 hours. After the reaction was finished, the autoclave was
cooled to room temperature and the pressure was carefully released. Sat. ag. NH4ClI (10
mL) was then added and the mixture was extracted with DCM (3 <10 mL) and the
combined organics were washed with brine (10 mL), dried over Na;SO4. A small
aliquot of the organic phase was analyzed by GC and GC-MS to monitor product
formation. Then the solvent was evaporated under reduced pressure and the residue was
purified by flash column chromatography (petroleum ether/ethyl acetate = 10:1 — 1:1,
DCM 2%, Et3sN 2%) on silica gel to give the corresponding products B1.

5.4 Radical capture experiment with TMEPO:

o)
‘BuONa (1 equiv) 1
Ph—NH, + CO - Pho Gy
DMAc H
A1 2 atm with TEMPO (0.5 equiv): B1, 93%

with TEMPO (2.0 equiv): B1, 71%

Using a nitrogen-filled glove box, an oven-dried pressure tube (10 mL) was
charged with a magnetic stirring bar, ‘BuONa (96.1 mg, 1.0 mmol), amines Al (91 LL,
1.0 mmol), TMEPO (0.5 mmol or 2 mmol), and DMAc (1.0 mL). Then the glass tube
was placed in an autoclave which was closed tightly and removed from the glove box.
Then the autoclave was purged and charged with CO (2 bar) and immersed into a pre-
heated metal bath (100 °C) for 12 hours. After the reaction was finished, the autoclave
was cooled to room temperature and the pressure was carefully released. Sat. aq. NH4Cl
(10 mL) was then added and the mixture was extracted with DCM (3 %10 mL) and the
combined organics were washed with brine (10 mL), dried over Na:SO4. A small

aliquot of the organic phase was analyzed by GC and GC-MS to monitor product
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formation. Then the solvent was evaporated under reduced pressure and the residue was
purified by flash column chromatography (petroleum ether/ethyl acetate = 10:1 — 1:1,
DCM 2%, EtsN 2%) on silica gel to give the corresponding products B1.

5.5 Radical capture experiment with Ph2C=CHa:

(o)
'BuONa (1 equiv) H
Ph—NH, + CO Ph*C+y
DMAG N

Al 2@M \ith Ph,C=CH, (0.5 equiv): B1, 94%
with Ph,C=CH, (2.0 equiv): B1, 82%

Using a nitrogen-filled glove box, an oven-dried pressure tube (10 mL) was
charged with a magnetic stirring bar, '‘BuONa (96.1 mg, 1.0 mmol), amines A1 (91 pi_,
1.0 mmol), PhoC=CH> (0.5 mmol or 2 mmol), and DMACc (1.0 mL). Then the glass tube
was placed in an autoclave which was closed tightly and removed from the glove box.
Then the autoclave was purged and charged with CO (2 bar) and immersed into a pre-
heated metal bath (100 °C) for 12 hours. After the reaction was finished, the autoclave
was cooled to room temperature and the pressure was carefully released. Sat. aq. NH4Cl
(10 mL) was then added and the mixture was extracted with DCM (3 <10 mL) and the
combined organics were washed with brine (10 mL), dried over Na;SO4. A small
aliquot of the organic phase was analyzed by GC and GC-MS to monitor product
formation. Then the solvent was evaporated under reduced pressure and the residue was
purified by flash column chromatography (petroleum ether/ethyl acetate = 10:1 — 1:1,
DCM 2%, EtsN 2%) on silica gel to give the corresponding products B1.
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6 Mechanism investigations

6.1 Mechanism investigations for 60 minutes:

'BuONa ?; . .OI
Ph—NH, + CO W Ph\N, Y >LO'C“H
A1 2 atm H
for 60 min:  B1, 23% C1, 7%

Using a nitrogen-filled glove box, an oven-dried pressure tube (10 mL) was
charged with a magnetic stirring bar, '‘BuONa (96.1 mg, 1.0 mmol), amines A1 (91 pi_,
1.0 mmol), and DMACc (1.0 mL). Then the glass tube was placed in an autoclave which
was closed tightly and removed from the glove box. Then the autoclave was purged and
charged with CO (2 bar) and immersed into a pre-heated metal bath (100 °C) for 30
minutes. After the reaction was finished, the autoclave was cooled to room temperature
and the pressure was carefully released. Sat. ag. NH4Cl (10 mL) was then added and
the mixture was extracted with ethyl acetate (3 > 10 mL) and the combined organics
were washed with brine (10 mL), dried over Na;SO4. A small aliquot of the organic
phase was analyzed by GC and GC-MS to monitor products formation.

6.2 Synthesis of C1:

0
DMAc )
>I\0’Na + CO - >I\ C

N
2 atm o H
C1, 26%

Using a nitrogen-filled glove box, an oven-dried pressure tube (50 mL) was
charged with a magnetic stirring bar, '‘BuONa (96.1 mg, 10 mmol), and DMAc (10 mL).
Then the glass tube was placed in an autoclave which was closed tightly and removed
from the glove box. Then the autoclave was purged and charged with CO (2 bar) and
immersed into a pre-heated metal bath (100 °C) for 12 hours. After the reaction was
finished, the autoclave was cooled to room temperature and the pressure was carefully
released. Sat. ag. NH4CI (10 mL) was then added and the mixture was extracted with
Et2O (3 <10 mL) and the combined organics were washed with brine (10 mL), dried
over Na>SO4. A small aliquot of the organic phase was analyzed by GC and GC-MS to
monitor product C1 formation. The solvent was evaporated under reduced pressure for
giving the C1 (163 mg, 16% yield) as colorless oil.

TH NMR (400 MHz, CDCls): 7.99 (s, 1H), 1.48 (s, 9H). 3C NMR (100 MHz,
CDCl): 160.7, 81.4, 28.3. HRMS (ESI) calcd. for CsH1102 [M+H]: 103.0759, found:
103.0758.
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6.3 Mechanism investigations with C1 in absence of base:

o

0 DMACc 1
Ph—NH, + >I\ ¢ - Phy-Cs
A1 c1 B1, 0%

Using a nitrogen-filled glove box, an oven-dried pressure tube (10 mL) was
charged with a magnetic stirring bar, C1 (2.0 mmol), amines Al (91 L, 1.0 mmol),
and DMACc (1.0 mL). Then the glass tube was placed in an autoclave which was closed
tightly and removed from the glove box. Then the tube immersed into a pre-heated
metal bath (100 °C) for 12 hours. After the reaction was finished, the mixture was
cooled to room temperature and the pressure was carefully released. Sat. ag. NH4ClI (10
mL) was then added and the mixture was extracted with ethyl acetate (3 <10 mL) and
the combined organics were washed with brine (10 mL), dried over Na;SO4. A small
aliquot of the organic phase was analyzed by GC and GC-MS to monitor product B1

formation.

6.4 Mechanism investigations with C1 in presence of base:

(o]
.OI ‘BuONa Ph E
Ph—NH, + .Co > “N® °H
o 'H DMAc H
A1 C1 B1, 94%

Using a nitrogen-filled glove box, an oven-dried pressure tube (10 mL) was
charged with a magnetic stirring bar, ‘BuONa (96.1 mg, 1.0 mmol), C1 (2.0 mmol),
amines Al (91 L, 1.0 mmol), and DMACc (1.0 mL). Then the glass tube was placed in
an autoclave which was closed tightly and removed from the glove box. Then the tube
immersed into a pre-heated metal bath (100 °C) for 12 hours. After the reaction was
finished, the mixture was cooled to room temperature and the pressure was carefully
released. Sat. ag. NH4Cl (10 mL) was then added and the mixture was extracted with
ethyl acetate (3 <10 mL) and the combined organics were washed with brine (10 mL),
dried over Na,SO4. A small aliquot of the organic phase was analyzed by GC and GC-

MS to monitor product B1 formation.
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6.5 Mechanism investigations with A1-Na and C1

(0]
(0] T
DMAc a

p — » Ph  ,C,

Ph—NH, Nar Ph—NHNa + >L .Co H
0" “H H
A1 A1-Na c1 B1, 68%

Using a nitrogen-filled glove box, an oven-dried pressure tube (10 mL) was
charged with a magnetic stirring bar, NaH (26.4 mg, 1.1 mmol), amines A1 (91 i, 1.0
mmol). Then the glass tube was closed tightly and removed from the glove box. Then
the mixture immersed into a pre-heated metal bath (100 °C) for an hour. After the
reaction was finished, the tube was cooled to room temperature and put into the glove
box again. The C1 (2.0 mmol) and DMACc (1.0 mL) were added. Then the tube closed
tightly and removed from the glove box. The mixture was immersed into a pre-heated
metal bath (100 °C) for 12 hours. After the reaction was finished, the mixture was
cooled to room temperature and the pressure was carefully released. Sat. ag. NH4ClI (10
mL) was then added and the mixture was extracted with ethyl acetate (3 <10 mL) and
the combined organics were washed with brine (10 mL), dried over Na;SO4. A small
aliquot of the organic phase was analyzed by GC and GC-MS to monitor product B1

formation.

6.6 Mechanism investigations for the competition experiment:

t
A2 + A15 BuONa (1 equiv) )\ /@/ )\ /©/

100 °C, 30 min

Bz, 19% B15, 1%
Using a nitrogen-filled glove box, an oven-dried pressure tube (10 mL) was

charged with a magnetic stirring bar, '‘BuONa (0.96 g, 10.0 mmol), amines A2 (5.0
mmol) and A15 (5.0 mmol), and DMAc (10.0 mL). Then the glass tube was placed in
an autoclave which was closed tightly and removed from the glove box. Then the
autoclave was purged and charged with CO (2 bar) and immersed into a pre-heated
metal bath (100 °C) for 30 minutes. After the reaction was finished, the autoclave was
cooled to room temperature and the pressure was carefully released. Sat. ag. NH4Cl (10
mL) was then added and the mixture was extracted with ethyl acetate (3 <10 mL) and
the combined organics were washed with brine (10 mL), dried over Na2SO4. A small
aliquot of the organic phase was analyzed by GC or GC-MS to monitor products
formation. Then the solvent was evaporated under reduced pressure and the residue was
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purified by flash column chromatography (petroleum ether/ethyl acetate = 10:1 — 1:1,
DCM 2%, EtsN 2%) on silica gel to give the corresponding products B2, 128.0 mg, 19%
yield. B15, 110.1 mg, 11% yield.

6.7 Mechanism investigations for the competition experiment:

OMe CF,4
'BuONa (1 equiv) JO\ /©/ IO /©/
A8 +
A19 HON + H)\N
H H

CO (2 bar)
100 °C, 30 min B8, 20% B19, 10%
Using a nitrogen-filled glove box, an oven-dried pressure tube (10 mL) was

charged with a magnetic stirring bar, '‘BuONa (0.96 g, 10.0 mmol), amines A8 (5.0
mmol) and A19 (5.0 mmol), and DMACc (10.0 mL). Then the glass tube was placed in
an autoclave which was closed tightly and removed from the glove box. Then the
autoclave was purged and charged with CO (2 bar) and immersed into a pre-heated
metal bath (100 °C) for 30 minutes. After the reaction was finished, the autoclave was
cooled to room temperature and the pressure was carefully released. Sat. ag. NH4ClI (10
mL) was then added and the mixture was extracted with ethyl acetate (3 <10 mL) and
the combined organics were washed with brine (10 mL), dried over Na2SO4. A small
aliquot of the organic phase was analyzed by GC or GC-MS to monitor products
formation. Then the solvent was evaporated under reduced pressure and the residue was
purified by flash column chromatography (petroleum ether/ethyl acetate = 10:1 — 1:1,
DCM 2%, EtsN 2%) on silica gel to give the corresponding products B8, 151.1 mg, 20%
yield. B19, 94.6 mg, 10% vyield.
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7 Deuterium-labeled investigations

7.1 Deuterium-labeled investigations with A1-D:

(0] fo) .
'BuONa (1 equiv) 1l D 56%
— N C. [
Ph—ND, + C)J\N/CH3 . Ph NS um
® ) CO (2 bar) .
A1-D CH, H/D <D 44%
B1-D, 91%

Using a nitrogen-filled glove box, an oven-dried pressure tube (10 mL) was charged
with a magnetic stirring bar, 99.99% ‘BuONa (96.1 mg, 1.0 mmol), amines A1-D (93
pL, 1.0 mmol), and DMAc (1.0 mL). Then the glass tube was placed in an autoclave
which was closed tightly and removed from the glove box. Then the autoclave was
purged and charged with CO (2 bar) and immersed into a pre-heated metal bath (100 °C)
for 12 hours. After the reaction was finished, the autoclave was cooled to room
temperature and the pressure was carefully released. Sat. ag. NH4Cl1 (10 mL) was then
added and the mixture was extracted with DCM (3 x 10 mL) and the combined organics
were washed with brine (10 mL), dried over Na;SO4. A small aliquot of the organic
phase was analyzed by GC, GC-MS and ICP-MS to monitor product formation. Then
the solvent was evaporated under reduced pressure and the residue was purified by flash
column chromatography (petroleum ether/ethyl acetate = 10:1 — 1:1, DCM 2%, Et;N
2%) on silica gel to give the corresponding products B1-D. HRMS (ESI) calcd. for
C7HgD2NO [M+H]: 124.0731, found: 124.0733.
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7.2 Deuterium-labeled investigations with DMA c-do:

(0] (0]
‘BuONa (1 equiv) ¢. »D6%
Ph_NH2 + D3C)J\[}]/CD3 o - Ph\,\ll' “HID
A1 CD, (2 bar) H/D =D 10%
B1-D, 90%

Using a nitrogen-filled glove box, an oven-dried pressure tube (10 mL) was charged
with a magnetic stirring bar, 99.99% ‘BuONa (96.1 mg, 1.0 mmol), amines A1 (91 pL,
1.0 mmol), and DMAc-dy (1.0 mL). Then the glass tube was placed in an autoclave
which was closed tightly and removed from the glove box. Then the autoclave was
purged and charged with CO (2 bar) and immersed into a pre-heated metal bath (100 °C)
for 12 hours. After the reaction was finished, the autoclave was cooled to room
temperature and the pressure was carefully released. Sat. ag. NH4Cl1 (10 mL) was then
added and the mixture was extracted with DCM (3 x 10 mL) and the combined organics
were washed with brine (10 mL), dried over Na>SOa. A small aliquot of the organic
phase was analyzed by GC, GC-MS and ICP-MS to monitor product formation. Then
the solvent was evaporated under reduced pressure and the residue was purified by flash
column chromatography (petroleum ether/ethyl acetate = 10:1 — 1:1, DCM 2%, Et;N
2%) on silica gel to give the corresponding products B1-D. HRMS (ESI) calcd. for
C7HsNO [M+H]: 122.0606, found: 122.0604.
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7.3 Deuterium-labeled investigations with A1-D and DMA c-do:

O (o)
‘BuONa (1 equiv) 11 D >95%
Ph_ND2 + D C)J\N/CDE! > Ph\N' ~HID
3 | CO (2 bar) |
A1 CD, HID <D 77%
B1-D, 86%

Using a nitrogen-filled glove box, an oven-dried pressure tube (10 mL) was charged
with a magnetic stirring bar, 99.99% ‘BuONa (96.1 mg, 1.0 mmol), amines A1-D (93
pL, 1.0 mmol), and DMAc-do (1.0 mL). Then the glass tube was placed in an autoclave
which was closed tightly and removed from the glove box. Then the autoclave was
purged and charged with CO (2 bar) and immersed into a pre-heated metal bath (100 °C)
for 12 hours. After the reaction was finished, the autoclave was cooled to room
temperature and the pressure was carefully released. Sat. ag. NH4Cl (10 mL) was then
added and the mixture was extracted with DCM (3 x 10 mL) and the combined organics
were washed with brine (10 mL), dried over Na>SOs. A small aliquot of the organic
phase was analyzed by GC, GC-MS and ICP-MS to monitor product formation. Then
the solvent was evaporated under reduced pressure and the residue was purified by flash
column chromatography (petroleum ether/ethyl acetate = 10:1 — 1:1, DCM 2%, Et;N
2%) on silica gel to give the corresponding products B1-D. HRMS (ESI) calcd. for
C7HsD2NO [M+H]: 124.0731, found: 124.0733.
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7.4 Deuterium-labeled investigations with D20:

(o}
NaH C1, DMAc Ph o ,D<5%
Ph—NH, ———> Ph—NHNa “N” *H/D
D,0O (1 mL) !
A1 A1-Na H/D <D 12%
B1-D, 66%

Using a nitrogen-filled glove box, an oven-dried pressure tube (10 mL) was charged
with a magnetic stirring bar, NaH (26.4 mg, 1.1 mmol), amines A1 (91 pL, 1.0 mmol).
Then the glass tube was closed tightly and removed from the glove box. Then the
mixture immersed into a pre-heated metal bath (100 °C) for an hour. After the reaction
was finished, the tube was cooled to room temperature and put into the glove box again.
The C1 (2.0 mmol) and DMAc (1.0 mL) were added. Then the tube closed tightly and
removed from the glove box. The mixture was immersed into a pre-heated metal bath
(100 °C) for 12 hours. After the reaction was finished, the mixture was cooled to room
temperature and D>O (1.0 mL) was then added. Then mixture was extracted with ethyl
acetate (3 x 5 mL) and the combined organics were washed with brine (5 mL), dried
over NaxSOg4. A small aliquot of the organic phase was analyzed by GC and GC-MS to
monitor product B1-D formation. HRMS (ESI) calcd. for C;H7DNO [M+H]: 123.0669,
found: 123.0668.
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7.5 Deuterium-labeled investigations with D20:

(o}
NaH C1, DMAc pn. & 4D <5%
Ph—ND, —— > Ph—NHNa - N *H/D
D,O (1 mL) ! o
A1 A1-Na H/ID<D 71%
B1-D, 67%

Using a nitrogen-filled glove box, an oven-dried pressure tube (10 mL) was charged
with a magnetic stirring bar, NaH (26.4 mg, 1.1 mmol), amines A1-D (93 uL, 1.0 mmol).
Then the glass tube was closed tightly and removed from the glove box. Then the
mixture immersed into a pre-heated metal bath (100 °C) for an hour. After the reaction
was finished, the tube was cooled to room temperature and put into the glove box again.
The C1 (2.0 mmol) and DMAc (1.0 mL) were added. Then the tube closed tightly and
removed from the glove box. The mixture was immersed into a pre-heated metal bath
(100 °C) for 12 hours. After the reaction was finished, the mixture was cooled to room
temperature and D>O (1.0 mL) was then added. Then mixture was extracted with ethyl
acetate (3 x 5 mL) and the combined organics were washed with brine (5 mL), dried
over NaxSOg4. A small aliquot of the organic phase was analyzed by GC and GC-MS to
monitor product B1-D formation. HRMS (ESI) calcd. for C;H7DNO [M+H]: 123.0669,
found: 123.0670.
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7.6 Labeled investigations with CH3'3C(O)N(CH3):2:

9 ‘BuONa (1 equiv) 0 13C<5%
Ph—NH, * oy 13C1§C\N,CH3 Ph\N'C:I;
Al 3 | CO (2 bar) |_||
CH
: B1-C, 82%

Using a nitrogen-filled glove box, an oven-dried pressure tube (10 mL) was charged
with a magnetic stirring bar, 99.99% ‘BuONa (96.1 mg, 1.0 mmol), amines A1 (91 pL,
1.0 mmol), and CH3'*C(O)N(CH3), (0.5 mL). Then the glass tube was placed in an
autoclave which was closed tightly and removed from the glove box. Then the
autoclave was purged and charged with CO (2 bar) and immersed into a pre-heated
metal bath (100 °C) for 12 hours. After the reaction was finished, the autoclave was
cooled to room temperature and the pressure was carefully released. Sat. aq. NH4CI (10
mL) was then added and the mixture was extracted with DCM (3 x 10 mL) and the
combined organics were washed with brine (10 mL), dried over Na;SOs. A small aliquot
of the organic phase was analyzed by GC, GC-MS and ICP-MS to monitor product
formation. Then the solvent was evaporated under reduced pressure and the residue was
purified by flash column chromatography (petroleum ether/ethyl acetate = 10:1 — 1:1,
DCM 2%, Etz:N 2%) on silica gel to give the corresponding products B1-C.

TH NMR (400 MHz, CDCl3) 6 9.04 (br, 0.5H), 8.70 (d, J = 11.2 Hz, 0.5H), 8.33 (s,
0.5H), 8.22 (br, 0.5H), 7.56 (d, J = 7.6 Hz, 1H), 7.36 — 7.29 (m, 2H), 7.23 — 6.98 (m,
2H). BC NMR (101 MHz, CDCl3) 8 162.10, 158.60, 135.99, 135.79, 128.67, 128.00,
124.20, 123.71, 119.12, 119.10, 117.72. HRMS (ESI) calcd. for C;HsNO [M+H]:
122.0606, found: 122.0604.
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8. Application and further transformation

8.1 Gram experiment for Paracetamol

HO

HO '‘BUONa H
* €0 — A,
NH, (2 equiv) H o
A37 (100 mmol) (2 bar) Paracetamol, 75% (10.27 g)

Using a nitrogen, an oven-dried tube (1.0 L) was charged with a mechanical
agitator bar, BuONa (19.2 g, 200 mmol), amine A37 (10.9 g, 100 mmol), and DMAc
(200 mL). Then the tube was placed in an autoclave which was closed tightly. Then the
autoclave was purged and charged with CO (2 bar) and immersed into a pre-heated
metal bath (100 °C) for 48 hours. After the reaction was finished, the autoclave was
cooled to room temperature and the pressure was carefully released under well
ventilated fume hood. Sat. ag. NH4Cl (200 mL) was then added and the mixture was
extracted with DCM (3 x 200 mL) and the combined organics were washed with brine
(200 mL), dried over Na;SO4. A small aliquot of the organic phase was analyzed by GC
and GC-MS to monitor product formation. Then the solvent was evaporated under
reduced pressure and the residue was purified by recrystallization (DCM) to give the

corresponding product Paracetamol.

Paracetamol:®

IH NMR (400 MHz, DMSO-ds) 5 9.99 — 9.84 (m, 1H), 9.30 (s, 1H), 8.56 (d, J =
11.2 Hz, 1H), 8.21 (t, J = 3.0 Hz, 1H), 7.52 — 7.31 (m, 1H), 7.13 — 6.91 (m, 1H), 6.84
—6.66 (M, 2H).

13C NMR (101 MHz, DMSO-ds) 6 163.01, 159.27, 154.64, 153.97, 130.43, 130.10,
121.23,120.63, 116.24, 115.62.

HRMS (ESI) calcd. for C7HsNO, [M+H]: 138.0555, found: 138.0558.

543



8.2 Gram experiment for B2

'BuONa (1 equiv) O
LT+ e - L
H,N H™ N

DMAc H
A2 (1 mol) 2 bar B2, 90% (121.5 g)

Using a nitrogen, an oven-dried tube (2.5 L) was charged with a mechanical
agitator bar, 'BuONa (96.1 g, 1.0 mol), amine A2 (107.1g, 1.0 mol), and DMAc (1.0 L).
Then the tube was placed in an autoclave which was closed tightly. Then the autoclave
was purged and charged with CO (2 bar) and immersed into a pre-heated metal bath
(100 °C) for 48 hours. After the reaction was finished, the autoclave was cooled to room
temperature and the pressure was carefully released under well ventilated fume hood.
Sat. aq. NH4Cl (1 L) was then added and the mixture was extracted with DCM (3 x 1
L) and the combined organics were washed with brine (1 L), dried over Na;SO4. A small
aliquot of the organic phase was analyzed by GC and GC-MS to monitor product
formation. Then the solvent was evaporated under reduced pressure and the residue was

purified by recrystallization (DCM) to give the corresponding product B2.

8.3 Synthesis of D1

O reaction conditions |O
HJ\ +  Me,NHeHCI p-Tol\N)\N/

N
H H I
B2 D1, 89%

To a stirring 0 °C mixture of MeoNH ¢ HCI (3 mmol) and B2 (1 mmol ) in DCM (5
mL), as added Et;N (3 mmol) dropwise under argon. After 5 min at 0°C and 12 hours
at room temperature, 5 mL water was added and mixed vigorously until the organic
layer became clear. The mixture was extracted with DCM (3 x 5 mL) and the combined
organics were washed with brine (5 mL), dried over Na;SO4. A small aliquot of the
organic phase was analyzed by GC and GC-MS to monitor product formation. Then the
solvent was evaporated under reduced pressure and the residue was purified by flash
column chromatography (petroleum ether/ethyl acetate = 10:1 — 1:1, DCM 10%) on
silica gel to give the corresponding products D1.

1,1-dimethyl-3-(p-tolyl)urea (D1): 12

'TH NMR (400 MHz, CDCl3) § 7.22-7.25 (m, 2H), 7.04-7.07 (m, 2H), 6.30 (br, 1H),
2.99 (s, 6H), 2.27 (s, 3H);
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13C NMR (101 MHz, CDCI3) § 156.0, 136.6, 132.6, 129.4, 120.2, 36.5, 20.8;
HRMS (ESI) caled. for C10H15N20 [M+H]: 179.1180, found: 179.1182

8.4 Synthesis of D2

o reaction conditions p-Tol <~
LR /©/ + TMSCN N° CN
H N H

H D2, 90%
B2

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, B2 (1 mmol), Fel, (0.1 mmol), MeCN (3.0 mL),
TMDS (2 mmol) and TMSCN (2 mmol). Then the seal tube was closed tightly with a
rubber stopper, removed from the glove box and stirred at room temperature for 12 h.
After the reaction was finished, sat. aq. NH4Cl (5 mL) was then added. The mixture
was extracted with DCM (3 x 5 mL) and the combined organics were washed with brine
(5 mL), dried over Na;SO4. A small aliquot of the organic phase was analyzed by GC
and GC-MS to monitor product formation. Then the solvent was evaporated under
reduced pressure and the residue was purified by flash column chromatography
(petroleum ether/ethyl acetate = 10:1 — 5:1, DCM 2%) on silica gel to give the
corresponding products D2.

2-(p-tolylamino)acetonitrile (D2):

'TH NMR (400 MHz, CDCl3) 4 7.05 (d, J = 8.4 Hz, 2H), 6.64 — 6.58 (m, 2H), 4.01
(d,J=17.1 Hz, 2H), 3.82 (s, 1H), 2.26 (s, 3H);

I3C NMR (101 MHz, CDCl3) 6 142.6, 130.0, 129.3, 117.0, 113.7, 33.0, 20.4;

HRMS (ESI) calcd. for CoH11N> [M+H]: 147.0922, found: 147.0924.

8.4 Synthesis of D3

. . Ph
o reaction conditions 0 ,11
HJ\N + Ph-I S \p-ToI

H D3, 83%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, B2 (1.2 mmol), Phl (1 mmol), Cul (0.05 mmol),
N,N-dimethylglycine (0.1 mmol), KoCO3 (2 mmol), and DMF (0.5 mL). Then the seal
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tube was closed tightly with a rubber stopper, removed from the glove box and
immersed into a pre-heated metal bath (110 °C) for 48 hours. After the reaction was
finished, the mixture was cooled to room temperature sat. aq. NH4Cl (5 mL) was then
added. The mixture was extracted with DCM (3 x 5 mL) and the combined organics
were washed with brine (5 mL), dried over NaxSOa. A small aliquot of the organic phase
was analyzed by GC and GC-MS to monitor product formation. Then the solvent was
evaporated under reduced pressure and the residue was purified by flash column
chromatography (petroleum ether/ethyl acetate = 10:1 — 2:1, DCM 2%) on silica gel to
give the corresponding products D3.

N-Phenyl-N-(p-tolyl)formamide (D3): '

'H NMR (400 MHz, CDCl3) & 8.68 (s, 1H), 8.63 (s, 1H), 7.46-7.35 (m, 5H),
7.35-7.27 (m, 5H), 7.23 (s, 2H), 7.20—7.13 (m, 4H), 7.13-7.06 (m, 2H), 2.38 (s, 3H),
2.36 (s, 3H);

IBCNMR (101 MHz, CDCl3) 8 161.7, 141.8,139.7,139.1, 137.1, 136.9, 130.5, 129.7,
129.6, 129.0, 126.8, 126.5, 126.2, 125.7, 125.3, 124.6, 29.7, 21.1, 20.8;

HRMS (ESI) calcd. for C14H14NO [M+H]: 212.1075, found: 212.1078

8.5 Synthesis of D4

o . " COOEt
reaction conaitions

J§ /©/ +  Me,NHeHCI / :N

H™ N

H p-Tol N
B2 D4,87%

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, B2 (1.0 mmol), pyridine (1.5 mL), DPPA (2.0
mmol). Then the seal tube was closed tightly with a rubber stopper, removed from the
glove box and immersed into a pre-heated metal bath (90 °C) for 24 hours. After the
reaction was finished, the mixture was cooled to room temperature sat. aq. NH4Cl (5
mL) was then added. The mixture was extracted with DCM (3 x 5 mL) and the
combined organics were washed with brine (5 mL), dried over Na;SO4. A small aliquot
of the organic phase was analyzed by GC and GC-MS to monitor product formation.
Then the solvent was evaporated under reduced pressure and the residue was purified
by flash column chromatography (petroleum ether/ethyl acetate = 10:1 — 1:1, DCM 2%))
on silica gel to give the corresponding products D4.

ethyl 1-(p-tolyl)-1H-imidazole-4-carboxylate (D4):!5
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H NMR (400 MHz, CDCl3) § 7.88 (d, J= 1.3 Hz, 1H), 7.78 (d, J = 1.2 Hz, 1H),
7.26 (s, 2H), 4.37 (q, 2H), 2.38 (s, 3H), 1.37 (t, J = 7.1 Hz, 3H);

13C NMR (101 MHz, CDCl3) § 162.7, 138.5, 136.2, 134.9, 134.0, 130.6, 124.0, 121.6,
60.7,21.0, 14.3;

HRMS (ESI) caled. for C13H1sN20, [M+H]: 231.1134, found: 231.1133.

8.6 Synthesis of D5

JO\ /©/ reaction conditions _c
> N//
H N p-Tol ~

H
0,
B2 D5, 93%

To a stirring 0 °C mixture of DIPA (2.7 equiv, 0.26 mL) and B2 (1 mmol g) in DCM
(0.9 M), as added POCIl; (1.1 mmol) dropwise under argon. After 5 min at 0°C and 15
min at room temperature, | mL water was added and mixed vigorously until the organic
layer became clear. The mixture was extracted with DCM (3 x 2 mL) and the combined
organics were washed with brine (2 mL), dried over Na;SO4. A small aliquot of the
organic phase was analyzed by GC and GC-MS to monitor product formation. Then the
solvent was evaporated under reduced pressure and the residue was purified by flash
column chromatography (petroleum ether/ethyl acetate = 10:1 — 4:1) on silica gel to
give the corresponding products DS.

4-methylphenyl isocyanide (D5): 16

'"H NMR (400 MHz, CDCl3) 8 7.25 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H),
4.59 (s, 2H), 2.38 (s, 3H);

I3C NMR (101 MHz, CDCl3) 6 157.2 (t, J = 5.2 Hz), 138.2, 129.5, 126.6, 45.3 (t, J
=7.1 Hz), 21.0;

HRMS (ESI) calcd. for CsHoN [M+H-HCN]: 105.0699, found: 105.0694.

8.7 Synthesis of D6

Jo\ /©/ reaction conditions pToI—N&N
+ (CeH50),P(O)N - N7
HooN (CeH50)2P(O)N3 NN

H D6, 86%
B2

Using a nitrogen-filled glove box, an oven-dried pressure tube (38 mL volume) was
charged with a magnetic stirring bar, B2 (1.0 mmol), pyridine (1.5 mL), DPPA (2.0

mmol). Then the seal tube was closed tightly with a rubber stopper, removed from the
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glove box and immersed into a pre-heated metal bath (90 °C) for 24 hours. After the
reaction was finished, the mixture was cooled to room temperature sat. aq. NH4Cl (5
mL) was then added. The mixture was extracted with DCM (3 x 5 mL) and the
combined organics were washed with brine (5 mL), dried over Na>xSO4. A small aliquot
of the organic phase was analyzed by GC and GC-MS to monitor product formation.
Then the solvent was evaporated under reduced pressure and the residue was purified
by flash column chromatography (petroleum ether/ethyl acetate = 10:1 — 1:1, DCM 2%))
on silica gel to give the corresponding products D6.

1-(p-Tolyl)-1H-tetrazole (D6):'5

'"H NMR (400 MHz, CDCls) 6 8.95 (s, 1H), 7.57 (d, J= 8.4 Hz, 2H), 7.36 (d, J= 8.5
Hz, 2H), 2.44 (s, 3H);

13C NMR (101 MHz, CDCl3) 6 140.4, 140.4, 130.7, 121.0, 21.2;

HRMS (ESI) calcd. for CsHoN4 [M+H]: 161.0827, found: 161.0826.

548



9. References

(1) Jia, M.; Zhang, H.; Lin, Y.; Chen, D.; Chen, Y.; Xia, Y. Org. Biomol. Chem. 2018,
16,3615 —3624.

(2) Nguyen, T. V. Q.; Yoo, W.-].; Kobayashi. Angew. Chem., Int. Ed. 2011, 54, 9209 —
9212.

(3) Wang, C.; Wu, L.; Xu, W.; He, F.; Qu, J.; Chen, Y. Org. Lett. 2020, 22, 6954 — 6959.

(4) Yu, Y.; Zhang, Y.; Sun, C.; Shi, L.; Wang, W.; Li, H. J. Org. Chem. 2020, 85, 2725
—2732.

(5) Ghosh, T.; Jana, S.; Dash, J. Org. Lett. 2019, 21, 6690 — 6694.

(6) Yin, J.; Zhang, J.; Cai, C.; Deng, G-J.; Gong, H. Org. Lett. 2019, 21, 387 —392.

(7) Tan, Z; Li, Z; Ma, Y; Qin, J; Yu, C. Eur. J. Org. Chem. 2019, 28, 4538 — 4545.

(8) Shen, N.; Zhai, S.-J.; Cheung, C.; Ma, J.-A. Chem. Commun. 2020, 56, 9620 —9623.

(9) Ortega, N.; Richter, C.; Glorius, F. Org. Lett. 2013, 15, 1776 — 1779.

(10) Kang, B.; Hong, S. H. Adv. Synth. Catal. 2015, 357, 834 — 840.

(11) Pathare, S. P.; Jain, A. K. H.; Akamanchi, K. G. RSC A4dv. 2013, 3, 7697 — 7703.

(12) Houlden, C. E.; Bailey, C. D.; Ford, J. G.; Gagne, M. R.; Lloyd-Jones, G. C.;
Booker-Milburn, K. 1. J. Am. Chem. Soc. 2008, /30, 10066 — 10067.

(13) Wang, H.; Shao, Y.; Zheng, H.; Wang, H.; Cheng, J.; Wan, X. Chem.—Eur. J. 2013,
21.18333-18337.

(14) Natalia, L.; Patricia, G.; Alejandro, B. J. Org. Chem. 2020, 85, 11072-11079.

(15) Song, Q.; Wang, Y.; Zhou, Y. Chem. Commun. 2020, 56, 6106 — 6109.

(16) Polisar, J.G.; Li, L.; Norton, J. R. Tetrahedron Lett. 2011, 52, 2933 — 2934.

10. NMR Spectra

549



0100°L
LEOOL
080021
8910°L
LITOL
8ST0°L
0L
0910°L
06402
$5a0°L
$890°L
S1L0°L
TE/0°L
[L80°L
1160°L
8T01°L
8501°L
8801°L
TOLT L
S061°L
10T'L
L¥1T L]
SLITL
90£TL
6SET L
L8FT'L
TIST'L
059T°L
8697°L
£5LT°L
18HF L
ISt L
895t
LO9FL
10LF L
6ritL
FRIYL
PE1'S
MNE.MW
TLFTS
[CR6S"8,
89798
ATE6'S~
20096°8"

21-089-15-yy00!

o

N AN

3.0

(ppm)

f1

S50



9L'SL
mc.ch__.;u.\.
aw.ch

TLLTT
U611 ,/a
1L€T1
0T+~
00°8T1~
L9871
6LSEl
?.mﬁ_w
10°9€1

09°8ST~,
01791
17791

21-09-18 YYO0OI0-616-zys—1.

o

30

GO 10

160 15 140 130 120 1040 90 50
f1 (ppm)

70

1

150

150

Ll

S51



ST0E'T,
et

98L6'91
E86'91
616691
966691
vmoc.ﬁ
1660°L1
9611°L1
LIE1 LA
6151 LA
L6ST Ly
8EIY'L
P8IY'L
SOEY'L
STEY'L
S0Ft'L
Hmmo.h/
I8

2022-05-16-

AL

N

S0t

~60°]
Ag0°T
100l

TOm 0

o
Wom 0

“M@mm.o

S52

Chemical Shift (ppm)




c818°0C
_qmcm.cmv.

0Z6L9L
0011 ..E.W
O6LTYLL

Lo6061 T~
8ES1 071
m_m_mm,mﬁ,/r
CLET 0L~
9081+l
FaFF el
ot 1'cLl

DI6L6S1—
ﬂwom.mf -

2022-05-17-yy0024-616

60

i

100 90 20

S53

Chemical Shift (ppm)

110

130

140

15

160

170

180

180

n



JAS) A J

lore7” )

L8689
09069
€169
612691
9rP69]
P8P691 o
€086 91 HI&
£666'91

SELTLY
1€61°L1
€10T°L1
PTITLe
€0TT'L1
LTTTL
00£TL -
PTETLe
61¥TL
695TL
180€°L7
wTIeL

£S1€°L
7625L T
eheeL —
096€°L =
maaﬁw.
£S0F°L
£188L— \
%cmm.m
SHrEER .
F6L9g
REOL'S
£33 r/”.
Hm_qwm.mw
8088

)
=

1-09-27-yy

F00e

=0

ELSO

Feso

=]

=
]

(L=}

9.0

f1 (ppm)

S54



TLsll
9Ll
st6ll
ﬁ.am_d/a
86571
0971
68°8T 1~
S rard
9L°9¢1
mo.@m_v
E.i%
PR6El

< 6S1—

‘é\
<
oy
=

|

1

yO001-616-zys—21.

20—y

21-09-

o

10

60

90

100

f1 (ppm)

140 30

15

L6

70

150

Ll

S55



FEOT T~
LFETT

1000°L
£E00°L
LRI0L
21 m:.ﬁ
PLEO'L T
90t0°LA
0Cs0°LA
8ES0LA
LFLOLA
GEAL
BLO0°LA
£EIT°L
LETILA
FRTI'LA
LEET LA
N o O
A9t 174

I T

SESTL
90L1°L
EFLTL
TLSIL
6E08°L
mmuﬁv
DSTRL
06SER
HEYER
ﬂi&.ww
mh:..m

21-09-15-yy0029-61

o

S

/s

ZI

B4

=00

Mlh__.c.w

2960
Fooo

=560
20

6.0

50

5§

4.0

f1 (ppm)

S56



699 [—

0LsL
m:.@hw
FE9L

s9ell
10°CT1
oF FCI1
10°ST1
18°6T1
60°9C1
LS LTI
1L8T1
reecl
1coel
657EE]
DOFEL

=

Vs

'8 [—
Fvl—

W

i

21-09-18 YY0018-¢

%

ZT

B4

10

30

1]

GO

50

9i

Ipp

100

110

20

130

140

5

1f

L6

170

30

pm )

fl

S57



066%'C
Fe0s'T
180§°C
6C15°C
SLIS'E

J

6860 LA
170 1L
1S11°LA
SOTT LA
8E0E° L]
LR0E L
091£° L1
€178 LA
$TEC LT
8LEE L
1StE L
E,;.r_.
[16F Ly
SO61 Lk
9L05" LT
mm_w.nu‘
£0TS°L
LLET'S
STFT'8
FOOL 8~
orEL' s

LFO01
Ea.fw
FE01 01

Jghlﬁrrid

—Z¥§

21-09-30 YY0022 61

%

Fooe

ECE0
LG
Eop’]

=690

EST0

Font

8.0

10,0

H

10.

.0

f1 (ppm)

S58



€9l
rrve
8 tE
SEU6E
S$56L
9L 6t
L6'6E
21°0F
6t 0k
09°0r

16°L1T~
9€'611"
06'ST1~,
6r9cl -~

£1r9tl
9r9tl

Le9vl
el

]

ol o
=
e
[

1-10-08 YY0002 616-zys—29, ]Iél'i\.ﬂ
=

]

o

L

|

60

80

120

130

140

T
13

T
160

170

180

T
180

LU

f1 (ppm)

S59



LULVIVIVAY -

L1E8'1— —

Rt . =
vo_fh#
PETILT /
€Th1°LT uuulm
S681°LA ZT o©
0S61°L1 m
1S0TLA c
62171 o
10€TLY
1€€T'L]
T6ET'LY
0rSTLA
919T°L1
£99T°LA
SILTLA
808T'LY
€98T°L

P86T'L
ce0eL

SI0L'Ly
08ZL'L~—
SPLS'L
wvvax.\.
6178
FETTS

lr #f

21-09-24-yy0003-6

9

10°¢
me.c.m
90°¢
Tcm 0

H\.ov.o
H\mm. 0

3.0

f1 (ppm)

S60



T8'LE
10'8¢€

007CT1
CI'+Cly
18°$T1
L 9T
LL9T I
19°LT14
06°LT 1
e RT1N

P

u mM

S8BT
96°8C1—

19°8€ 1
£8°8¢€1
=l 6S1—
SlTE91—

1

YY0003 616-zys—17.

25

21-09-2

o

60

100 90 20

f1 (ppm)

110

180 180 170 160 15 140 130

n

S61



L881'L
0L0T'L
81ETL
1S€T°L
9TST'L
9997"L
91LT L
SPSTL
0L0gL
TS1€LA
§9T€ L]
9TEL L
6S€E"LT
00S€"L
6L9€°L
698€L1
PE6E LY

060t L
0LTHL
00Ft'L
885H'L

ELLFL

DIST'S

S4PSTS

RPER7
£R9€'8

mamc.ww

1598

21-09-24-yy0003

o

e
—

0001

£ g6
B g
¥ 9% 0

4.0

(ppm)

fl

S62



LL9L
o:.wnW

KT
LS 1TIH
S9FC1Y
LE'STI
CI'8TI
91871
[
SLRTI
81601
0T 61
Feally

81701

0T 1el
FREE]
9ETLe]
cRLEl

_:.NM_W

6685 [~
[V ] B

21-09-25 YY0003 616-zys—16. 10, fid

a

10

T
0 1 30 20 10

50

T
Litl]

B0

110

9

160 150 140 130 1

T
170

190 180

00

P

10

P )

(

1

S63



FLTRY
O9SFR9
88SR'9
S088°9~"

BER'L—

G6LT 8~

1-09-03-yy0014-616-z

]

o

MeO

Fooe

00c
960

6.0

4.0

f1 (ppm)

S64



SE¥S
[ 49

YLSL
90°9L
hm.ch\.\.

91 €11~
sl
6F 0TI,
FROTI
CURT 1~
06T14

PSS I
LA 1S
arss1”
e

y0014-616-zys—1

1-09-03-y

]

o

MeO

il 10 30 20

60

Tl 160 15 140 130 120 104 90 B0
f1 (ppm)

1

180

180

n

S65



S661'C
I70s°C
LBOS'T
SElsT
I81¢°C

065F'€—

867"
£679°91
SLF99
6619791
£199'91
€999
8£99°91
€0L9 91
9T6L 91
P86L 91
L8I11'L
L1T1L
LETT LA
POE1 LY
68E1LY
vl iy

LEPT'L
9L81'L
1661°L
LLOT'L
S61TL
L6ET LY
60€°L

SEIEL

EOTE L

MeO

il il

!

s

Fsoe

FOO'L
950

eLn
m:w. I
L0

— FO0L0

= F8C0

=

4.0

(ppm)

f1

S66



8F6¢E
89°6¢
68 6E
_.JLQVW
1£0F
UY

—
wy o
wyoun
iy

6LE01

m.m:m.c_M
£r a0~
oroti-;
067111 /

TIOEI~
69°0€1~"

mx.mm_
m,c.cw_v

10091
0091
LS 09 _%

<=
(2]
=1

-y j.UUU]-Ei]E’i-.m:-'—]EJ_\l

21-09-2

o

MeO

il 10 30

60

Tl 160 15 140 130 120 104 90 B0
f1 (ppm)

1

180

180

n

S67



LRLVIN LRV R

6LES'E

£RLE:
nmnmﬁg
956891
066891
£016'91
987691
91£6'91
SFE679
HES69
PELE9
691691
6970°L |
1150°L
999(0L 1
[0L0°LA
7980°L
S060L
0STI'L
LSLTL—
proT LY

0RLL'L

POSS'L
2068L
F9PE
D0SER
1£99¢78
HoLER

A

S l

Fsie

00¢
el
9z0

1071

L0
65°0

Wcﬂa

6.0

4.0

{ppm)

fl

S68



¥o'sg
TL'ss

mn.@h
:_..E.v
¥ LL

68601
LOOTLI
6T 111
69911
6L611
SEOTI
n1¢l
TOET~,
6THTL-E
STSCl
L1921
§L79T1
69°LT1

A BN
SLRFI

SN
5191/

&
= o]
g
Y

yO001-616-z2ys—

G-y

21-09-2

o

al 10

60

90

100

f1 (ppm)

140

160 15

70

1

80

180

LU

S69



S60ST—

0or' €—

€901°L5
S601°LA
L8I1°L1
0¥C1LA
clel L
8SC1°LT
60F1°LT
8SP1LT
POS1°LA
9LS "L
TE9T'L]
6991°L7
LTLT LA

956" L

£665°L
<809°L
DP19°L
=L029°L
20929°L1
H0£9°L]
98£9°L1

—

21-10-12 ¥

)i

£70T'L
€80T'L
EPITL
0eTL
6¥TTL —
1LETL

0T
0s°0

8671

=£L0

Fezo

=
B

6.0

9.0

f1 (ppm)

S70



LT6E
6L
69°6%
06°6¢
L170F
[£°0F
fesil o

TLell
Fe'sll
6911
TE9ll
ce'ell

Orsel
SI'sel
sl'sel

OV LS|
_£08S Lﬂ

1-10-12 YY0O030 616-zys

a

a

il 10 30 20 10

60

150 180 170 160 15 140 140 120 110 100 90 i
f1 (ppm)

n

S71



2021-10-16-15 YY0033 616-zys—-18-1-F

-118.8390
1197635

F
H
)\\
N (o)
H
B11
T T T T T T T T T T T T T T T T T T T T T T T
10 4] -10 —20 —30 -4 -50 -6 -0 —80 —90 -100 —110 —120 —-130 -140 -150 - 160 -170 —180 — 1490 —200 -210
f1 (ppm)

S72



s~ U-2 10, Tid

616

2

Z1-10-12 ¥YYO0O!

o

100s°C
L¥0s'T
€608
IrisT
LBIS'T

EO8E'E—

€T1T' LA
06TT'L1
PRETL

PPSE L]
S09¢°L T
8S9¢°L

E1LE L]
1LLE LT
LTSE L
906 L1
8€09'L
STI9'LL
0L19"L

PEIOL
LEew'L
G1p9L
6T608—

GOHLL B~
0088

6CE01—

—_—

—

—

=60
B0
E19°]

=LL0

Feeo

=]
o

Il

10,0

1.3

1.0

f1 (ppm)

S73



Feat
SL6E
96'6E
LI'OF
Loy

69°6T1
[9°LET
wm..___.fv

B1091~

&
x
i
=

|

21-10-12 YY0030 616-zys—49-2.

o

Cl

30

GO 10

160 15 140 130 120 1040 90 50
f1 (ppm)

70

1

150

150

Ll

S74



99°L
29°L
9L
AE°8
%m.xV
$9'8~

.Moc.xN.. y
mm..n.x

21-09-25 YY0003

)

2

ELS0
10
0s°0

9.0

f1 (ppm)

S75



PLOL
cc,__r_uW
8ELL

0L911
96°L11
LL8TI
POz
m@‘_wﬂuh
seszI—
PLOE [~
¢s0g1”
PLPET
oSl
L6'LEL
0081

A

e

zys=10-1

0001-616

21-09-29-yy

Cl

T
40

T
100

110

1

130

140

150

160

170

T
150

T
180

L

f1

S76



1§50°L
L8SO'LY
6YLO'L1
LLLOL
6€60°L
SLOO'LA
LOTI'L
8IE1°L
YThI'L
0TS 1L
1€91°L1
L99T LA
€08T LA
698T'L1
0T0€°L
SPOEL
6VLEL
I8LEL
0S6€°L
786€°L
99TH'L
99PbL
TI9LL
968
1S66£8
HLIES
q0T'8
0S8
9088
F60L8

69¢L'8

28=vy

21-09-

9

890
1€0
o'l
$90

Bexo

990
€90
E0g0

1.0

9.0

f1 (ppm)

S77



2021-10-08 YY0002 616-z2ys—8-1 vy — en e s I i = e AR
= O o] =S Wl =S o
_ e g ] IR N
O o = O O 00 I I |
=RV P Laa B o I o s o o R T I B o e B e
— g — g g g g — —

77.38
77.03
76.74

\

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

S78



(UL TLER

E@
L6369
168T'L

mcﬁ.hwr

_nhﬂh\
mmmv.h.\

id

9686'L—
<

EH8E'8
F188€°8
LEP9 8~
SLos’

|
=1
=]

T-yy00

21-09-2

“

II/JJf

f1 (ppm)

S79



wo.oh/

zys—11-1

0001-616

21-09-29-yy

mm‘hn&

8tLIT
6C 811 “..rr
9L'0Cl ¢
P ICl /
01°2el
I8¢l M
69°CEl
£8°6¢El

O6L'8S]~
LOTT—

Br

"

a0

10

3

60

R0

90

100

i

110

120

130

140

15

160

70

180 1

180

M

f1

S80



LUVITLE R

6TH6'9
0L66 91
1210741
1910°L1
91£0°L]
95 E0"L 1
LSS0 LT
1090 L1
GFLD LA
16L0°L1
£r6i L
SR60°LT
EPST LY
6857 L1
99T LA
LPLT LY
8R.T' L1
1L0E LA
SO1€ LA
0LTE LA
HOEL L
09+£ L
96t L
0t L
ELYS L
8E95°L
SL9S L
FS65°L
0665°L
S619°L
1619°L
(989",
nT8e's
098¢'8
TRCOP'S
RO0OF']
H9tt'8
Hiers
NTOS'S
£969'8
SIPTLS

021-10

o

r..l.lr./f!

—

Foot
Fis

£0°C
90

kgo
€60

o

4.0

(ppm)

1

S81



£EL9L
SOLL
hm.hh\.

0oell
SErLl

€681
m.mm_,/
h.a.mm_,/
mm.oﬁk
6 8L
TLREI
LETEl—=

cereel i
6LFEl
e0sel

SHBE1—

]

Her
=
|

B16-2Y5-47. 1

21-10-27 YY0034

a0

10

3

60

R0

90

100

i

110

120

130

140

15

160

70

180 1

180

M

f1

S82



Fise’y

SL58°9
PELS'O
obTE?

PIvELN —
65T9'L
:3..‘.%](’!

_ﬁ:,m
wﬁcm.m,/r
A SR8
16688
LLSY8F
D898

L

I

1-yy 0003

1-09-2

]

o

Foso

Fro
Fooz

Kipo
kpoo
pEro

3.0

1.0

4.0

[f2]

f1 (ppm)

S83



2021-09-25 VY0003 616-2ys—15. 10,£id . - —
— & t~ ST r — & oo
i oo 30 o8 D g — = b B B e
=Ty [ Baa B  ] [ B S0 o =~ P~ O
— —— - — % e M~ I~ =
o =5 N N ~L
|
H
)\\
N (0]
H
B17
r T T T T T T T T T T T T T T T T ¥ T T T T T T
Ll 190 150 170 160 150 140 130 120 110 1040 g0 10 0 G0 50 10 30 20

f1 (ppm)

S84



_mmcm:m
mncw.mw
9118z

O6LEE E—

HET6'9
CHCH 9
TEF6791
OLFG'O
HEI6" 91
£L96799
69669
1S10°Lq
SEE0°LT
OLLE L
[FAZAR
CREEL
9Iag’L
FOLE L
[LoE L

908 L
e

i

SE'8—

=

wy

(=21
|

|

21109 VY0013 616-zys—3f 10. 1

o

—

—_—

_—

L.

_—

Tc._
Fszi

8L0
ol

ol

a0

1.0

6.0

4.0

f1 (ppm)

S85



SEat
956t
LL6E
866t
810F
6L 0r
090%

9lt6~
Feso—

205TI
I+'LE _/
.__.N.mm_u./,n
916l M
98'6cl
Fa8E]
o6t _.W
c.m.mm_

R®LO9T—
DIFY—

1-10-12 YY0O0349 616-zys—36.

o]

%

al 10 30 20

60

0 L6 15 140 130 120 100 90 50
f1 (ppm)

1

180

180

LU

S86



mm@m.m
woaw.mw
IF1ST

leeke—

3C

886C°L L
NEEHW
86l

1869°L
0g0L’L
LEILL
LOTL'L
cleg—

Cs08'8—

AN
BLET 01~
BOoF 01+
-

2

21-10-15-14 YY0O.

3

a

—_—

—

J

L

J

ESH'T

=0

F9L0

=020

10,0

1.5

11.0

f1 (ppm)

S87



976t
LF 6t
80°6E
686t
0oy
0e0F
15°0F

SLall
ol6ll
6T6l1
L9°0¢1
96" 0¢1
ERITI
[
FITTI
el
LEFT]
SRLE]
91'8€l
SO'8E1-
0TFrPl
mm.vv_w
Frrl

AT091-

D1€914

F3C

10 30 2

i}

60

30 2 100 90 80
¥

140

15

160

70

1

80

180

n

Woim )

f1

S88



2021-10-23 YY0003-616-ZY5-43. 10. fid

L=
i~ e
=
v
F,C
3 H
)\\
: N (0]
H
B19
T T T T T T T T T T T T T T T T T T T T T T T
10 4] -10 =20 =30 =40 =50 -6l =70 -850 -9 100 -110 -120  -130 -0 -1500  -160  -170  -1RBO  -190 200  -210
f1 (ppm)

S89



1-10-09 YY0013 Glé—zys—33. 10. fid

v

o

e-1i)
RTOET
PLOS'T
0ZIsC
L915°T

trote—

899¢°L
LLBE'L
6LFL’L
£ESLL
9L9L’L
10LL°L
CERLL
SORLL
1008°L
SS08°L
ROLER—

£CO6'R—

o]

FO°01—

ik

ELFO

Foss
Foro

=ET0

10,0

1.3

.0

f1 (ppm)

S90



FE6E
S6°6¢
SL6E

96'6F
LTOF
2L0F
68'0F

89501
06°801

LI
0611
ch.z T.wu

8REET~,
sTEel
SLTHI~.
o9 ek [+

g
/

Wil

1-10-12 YY0O034 616-zys—33. ],[,i_ Tl
— B0

o]

%

NC

il 10 30 20

60

Tl 160 15 140 130 120 104 90 B0
f1 (ppm)

1

180

180

n

S91



c00sT
6F08'T
60T _—
IF1se
LBIST

21-10-15-14 YY0028

o

L

JF L)
UL ¢

P91E L HI\A

95EE L1 S —
8PSE L N
£089'L1 =
€789 o
LOOL L]
9OPOL L]
861L L1 NS
6£TL LY
£L18'L ﬁ} 4501
11781 :
69€8'LY — Lo
S0S61L

r——— # _
96658 — POl

Blf-zys—42 10. fid

-+
S
=
=]

[
L

{ppm)
S92

fl

10.0

10.5




FO90°LL

mmvh.@nw
C8LELL

SO00'E11
979t 11
[€P6'8T1
61STTT1
P6L9'ST]
6L6£9T1
_%%.xﬁv
0€EL'8TI
8L8ETEIE
6SESEE]
0Z08'+€1
1SH0°SET

0L88CT~
9cc 191~

2021-10-27 YY0034-616-£Y 547

B21

120

10

20

30

10

i}

60

50

90

100

110

130

140

15

160

170

180

180

n

Chemical Shift (ppm)

S93



-
=
F
cl
I

o

+
3
o

=3

o
by

26999
$LL99]
6789°9
9689°9
856991
Z00L°9
0Z1L'9
S0TL'9
996691
1500°L]
S010°'L1
1220 L
$LT0'LA
1950°L
TU8EL
SS6e AL
010b'L
STIPL
8L
99TH'L
POST'S
pselg>
9T8P 8~
L0158/

1-10-16-15 YY0033 B16-zvasdd

]

o

—~ 1 J’IJ

e

B22

10,0

1.5

.0

f1 (ppm)

S94



SToe6e
011§6¢
861L°6E
9876'6¢

eLETOT
oreoy
80
6¥06°0F
00560t

8TEL'ET1~
086L°€11~
STST0T1 A
10260217
850’81,
ovssszl/

9E0L LY T,
sziesyl

Ual

2

A91651—

N6S6'T91—

O

2021-10-24 YY0021-61

szog6s/
0115657

B22

10.0

10. 5

11.0
Chemical Shift (ppm)

12.0

L]
12 110

T
130

140

T
160

170

T
180

10

Chemical Shift (ppm)

S95



1 YY0022-616-2ZY5

21-10-2

%

100s°T
8HIS'T
S60S°T
I¥P1S°T
9816°T

L9RL e —

LL86So
EERES

£998°0
1096°9 -
£696°0 N
0186°9 —
1986°0 -
05671

[00€"L

LIGTS

PTOT'S

T66S 8~

9979°8~" -
0EL6'6~,

Fsoz

¢z
171
080
FELD

ECL0

o

1.3 10,0

f1 (ppm)

S96



TE6t
£5°68
FL'6t
S6'6E
ar'or
9e’0r
LE0F

09001
LF 101
79101
€L101
85°801
168012
PETI %
98 Z11

mc.mm_
:.mm_“HY
LSErl

f.wEV
PELY =
:”.mz\

21-10-27 YY0034-616-2Y5-48.

a

30

GO 10

160 15 140 130 120 1040 90 50
f1 (ppm)

170

150

150

Ll

S97



TeleL
‘el
o0l
0reL’L
GO8YL
olleL
8FI6L
B0T6HL
9TkeL
RTSER—

£196'8~,
$L86'87

£691°01
mgvéw
LSS 01

021-10-09 YY001

=

N

L
Fesl
Fooz

ﬁ___lh 0

Fozo

10,0

1.5

11.0

f1 (ppm)

S98



EreL
Feot
SL'6E
96°6L
L10F
S°0F
8E°0F
BETE—

06'911—
el
I8 FT [~
LEOE]
9T 1£1

SHTHI~
ekl

29091~

I-10-12 YY0039 616-zys—3

a

“

10 30 2

i}

60

30 20 104 90 B0
f1 (ppm)

140

160 15

70

1

80

180

n

S99



118679
8TO0"LA
9600 L
00LT L
ILI¥ LA
GTLE LY
965 Ly
9IsF LA

C—

o:m._q.h_....,T|-|||r.J

1SL¥°L7
OI8F'L
S006°L—

_6L9E'8
T90LE8
DYLY"§~,
868987

23-yy0017-6

21-09-

o

/

[ T

Fsz1
Fsot
Fos0

Feao
811

3.0

1.0

6.0

4.0

f1 (ppm)

$100



30°6%
6T’ mk

1

yO001-616-zys—14

20—y

21-09

o

tse
?....:m*«
[t

ROl [~
cell—
01'STI~,
sl

TETri~
vl

98091~
2 A b

10

30

10

a0

40

100

[}

110

130

160

17

150

1590

ppm)

fl

s101



uuug U

LTS LA
FRS1 LT
OFL1 L
LLLT L
69TE LT
00T L
OEEE L
SLEE L
LOFE L
1LFE L
€05€° L1
LESE LA
SLSE L
LS9E L
FH9E LT
LISE L . J
L9RE L
LEOF L
SR80 L
80T L1
T9TH' L
£ATH L
FEFP L
89FF L7
881 LT
STHY'L
100L°L
ELOLL =9t
OFIL L 067
0ETLL 8F0
11SL LY LOE
oc Ll F

=ELFLS

wmm_.xv

TELE'S

SRLLE'S

RLSE' S

ﬂan.iw
ZH98L'8

J

/

Bpso
£5°0
6F0

viso

vl

vy

021-09-15

o

a0

4.0

(ppm)

1

S102



69°5L
QthWm
eaL

SRZAE
90°911
TANARE
LS8
97T
SF T
P9STI7
01921
079714
N4l
$9°9T 1
LL°9T1
06°LT 1]
6821
6L6T14
90°0€ 1
89°TE 1
FLTEL
91°€E 11
creel
81851 —
087 191—

e

d

21-09-18 YY0010-616-zys—3. 10

o

B26

Ll

10

al

60

90

100

30 1

140

15

160

70

1

180

LU

(ppm)

f1

S103



98B0ST— E—

L961°L
1izL — J
Emm.hw FJ

6185°L

€768
%Eu,mylr'.

9sT's

OLE0 6,
6ELD 6 ~

68FF 01

. <
9TLY 01 — -5

E8C°0

Fos1

Fzrz

Fotgo

Feo
£Lo

10,0

1.5

.0

f1 (ppm)

5104



SERE
§5°6E
9L’6t

810F
6L
09°0¢

I~
[0

LO'SFI~
£0orl—

£E7 191~
oo ear-"

1-10-08 YY0002 616-zys—25

]

o

B27

10 30

i}

60

40 ) 100 90 50
f1 (ppm)

140

160 15

70

1

80

180

n

S105



ROy
R
oLty
848

bEE7
629TL
08LTL
QRETL
FTlEL
SOTEL
PSTEL
Qtee’L
PLPEL

BR01°8
SSE1E
880787

B-yy0005-616-zys—

21-09-2

3

o

B28

Feoz

ol

—lxm.c

6.0

4.0

f1 (ppm)

5106



2021-10-08 YYO0O0O02Z B16-zys—22

ol o ~ - =T
e ) ~ ~ & W oen — =]
+ = =~ g q == ==
D D e 1 e el g el
— — — — ol i = =
[ I =1~ Il [
-
H
IJQ?
N (o)
H
B28
\
! |
T T T T T T T T T T T T T T T T T T
1940 180 170 160 150 140 130 120 110 104} S0 850 Th G0 a0 L 30 20
f1 (ppm)

S107



S66F'T
0F0sC
9R06°C
SEIsT
081£°¢C

£96EE—

CE8T'F

cxsm.ﬂW[’lJ

TEIEY

SEElL
oLl L
10S1°L
LESTL
]
0ELIL
6LLIL
THOT L~
TT6TL
£90¢°L
LETEL

ILTEL

ZSEI'S

m.wom_.mv.

&
[34)
wy
o
|

21-10-22 ‘150022-[’5][’5-!1@5

%

-

Fooz

3.0

1.0

6.0

a0

4.0

f1 (ppm)

S108



et
SL6E
S6°6L
9r'oF
LEOF
LFOF
PIr
6CtTF

6E°811
(A
09°s11
ELE11
06t
8L6TI
Lysel
_uh.mfw,v
6C9E1

ﬂmw.cm:/r
TZe191=
m&.mf\k\,
m.w..m.mc_

%@..{2\

1-10-27 YYO0034-616-

o

o

B29

60

0 L6 15 140 130 120 100 90 50
f1 (ppm)

1

180

180

LU

S109



2021-10-27 YY0034-616-2Y5-51. 11. fid -
]
L =]
i
S
H
«JQF
N (0]
H
F
| B29
T T T T T T T T T T T T T T T T T T T
a0 i a0 il 70 11} a0 100 110 120 130 140 150 160 170 180 140 200 210
f1 (ppm)

S110



886F°C
PEOsC
TROS'T
6TIS'T
SLISC

0Tore—

1g6t v

ﬁcm.wvrllrx

Fricy

6097 L

FI8T LT
L96T LA
TT0ELA
8F1€°LA
9t+9E" L4
GTLE LA
POLE L
0S8 LA

oot lg———

SO0FL
0LOF'L
_ILTrL
DTSI'Y
1951 8

9095 §—

YY0022-616—

99

21-10-2:

o

/[’/
L

B30

Cl

UL

E00T

91t
01¢

Frot

%mm.a

3.0

1.0

6.0

f1 (ppm)

S111



FE6E
&6t
SL6E
96'6¢
LTOv
R0
esor
06'lv
A% 4

TLSTIA,
09°671~
06117
PSREl~
91°6E1"

997191
=
T S91—

L6991~

T YY0034-616-£Y5—

0

21-10

o

Cl

B30

10

60

90

100

f1 (ppm)

140 30

15

L6

70

150

Ll

S112



066¥'C
9e0s'T
TROS'T
6C18°C
9L1S'T

020

PLT'F
R8T
L90E'y

L10T'L
LITTL
OTHT L
6EST'L
0L6F 'L
£S05°L
6115°L
1L1S°L
6LTS L
8TESL
TWHESL
LPSS'L
S6SSL

6608

8T8

RIS

f8esI's

T6E'S

81018

sy

26LSS'S

ZHTLS'S

]

]

1-10-

]

o

)

3
B
L

1
1

\

f

—_—

Br

-_—

—
f

N

U

Fooz

EL07T
FLOT

3.0

1.0

6.0

50

f1 (ppm)

S$113



2021-10-27 YY0O034-616-ZY5_53. 10, fid s T =
I~ = O O o Loy SN O 0 P~ =D W ot
o Wi — o = o = i s B e BB Rt .
R ] A W ol T oo C o
——— _—— == —_ e e i M B B ]
b SN/ I B Y
H
fJQF
N O
H
Br
B31
J
L I |
T T T T T T T T T T T T T T T T T T T
M 150 180 170 160 13l 140 130 120 110 104 90 50 70 60 al 10 30 20

f1 (ppm)

S114



L9E1
sspl’
S0S1”
w091’
8L91"
SPLI"
el
bLOI"
€107
f4t4
91T
STET
LEOE”
8IIE"
90TE’
L8TE
61t
9SPE"
POSE”
sese”
L8SE"
wsLE
LESE’
€068
6965
£909°
9519°
6879"
L8€9"
8LYO"
969"
ss0L”
0S1L°
6TTL’
00€L°
86€L”
88YL’
S9SL’
$506°
916’
976’
JLE6
96’
SRS

058" €1
8098 ¢4
SLOE L
HE60'8
CF960°81
Soel's!

¥$0'C
R70T
90l

kot
E—— Loos

B32

L

10°1

_
| — f oo
#

3.0

1.0

4.0

Chemical Shift (ppm)

S115



[C1L¥C
0THL T
0000°€T
[0+ ST
xﬁﬂ&ﬁ
comc._qm

0F90° L —
[P0 16—

CI8L9L
£600°LL
PLIF LL

AT 091~
189'€91 —

ay=1

2022-05-20-yy0020-616

-

60

80

90

100

110

120

130

140

5

160 1

170

150

150

Ll

Chemical Shift (ppm)

S116



LS6t'E
PLOV'E
00TF'e
6L95°€
[6L5°€
[268¢
959t
7699°€
6089°¢
€209t
LPOLE
0o1LE

LL6T L—

3

%990 8—

2022-05-20-yy0020-616-z

F10T
00T
£0'F

4.0

Chemical Shift (ppm)

S117



2022-05-20-yy0020-616-z %3
=

o 00 ND 00 =t ] =
o0 o ) O = o
o0 (=] 8 I~ ] (= - ]
= e = n
L =] M~ 0~ o ™~ % v
— ~ [~ = o =+ =F
| ~— 5/ o
'd N\
N
r/“\N o
O S
B33
L J
T T T T T T T T T T T T T T T T T T T T
i 1590 180 170 160 1510 140 130 120 110 100 90 10 70 60 50 10 30 20 10

Chemical Shift (ppm)

5118



root T
0H0s'T
980S°C
133
0816°C

24, 10, fid

21-09-28-yy0005-616-zys

o

PP
FUFe ©

6TEl’L
LoFI'L
6FS 1L
Fl0s°L
61TS°L
S6LSL

QpEes

LOCTR

SIL9'8
SOLYR
£669°8
CHOL'8

erlol—

f.|||J_

J

=001

Feoe

eyt

E650

090
€Sl

1.5 1000

f1 (ppm)

S119



SERE
956t
LL6E

61°0F
0F O
09°0F

LRI
el
90°0T1 -
F9° 021 Lx

SHHEL
el

HL 651 —
D6'T91—

P

21-10-08 YY0002 616

a0

10

i

il

60

80

90

100

i

110

130 1

140

5

1

L6

70

180 1

190

Ly

fl

$120



A

SLSTLA
P60EL
9LTE L
ObbbL 1
SESHL
€%,
SELYLA
628¥'L
Ze6b LA
18051
9TS'L
6bS LT
1198°L1
86LS°L
8P8S°L 1
6009°L 1
LF09L . J
IS19°LA
PIILLY
61€LLA
€I8LL
1208°L
€9$8°L .
SPO8'L LE0
10L8°L ¥8°0
LOSS'L m\ww.m
PR8]'L ¥r0
LT68'L S
STI6L A %‘A_v
ufo ['1

89008
Fooz

B35

OYNH HN?O
H H

—
—
—~
—
——
_

09208
TE0798
XSTY'8
%omc.x

\ Ju

~—

/J

21-09-23-yy0017-

)

9

1.0 3.0

f1 (ppm)

S121

9.0




CL9L
FOLL
mﬂhhk.

LOGTT
RE0TIA
060211
€120
T§°STIA
1LSTIA
E,ﬂm:w
£7°9714
759714
18971
v0°LT1
LLLztd
871
S8'8T1
00 1€1
€1ZEl
80°'FE1
6T kel
<9 65—
S 91—

Lpma)

yy0003-616-2ys-1

21-09-25

5

()::1’,P1I1 Pihd,~i;;()
H H

B35

L

10

60

90

100

1

3 140 30

1

L6

150

Ll

(ppm)

fl

S122



08trt
(A i
E09TL
FPFRIT'L
9rOT L
65TTL
0TeTL
6518°L
LTS L
EBTSL
8TES°L
0sPeL
96vs'L
18657,
SILEL

9FR0'8
98118
IZTI8
615T8
LYST8
0T9T8
SPLY'R
0orL'8
SLOLR

Lol
BRET01
ALLT01

21-10-08 YY0O025 616

%

]
]
|
|
1
1
1
1

L

N\

A\

/

N

g L

/

Fooz

ST
FOS'T

001
$8°0
80

koo

7]

]

3.0

6.0

10,0

10.5

1.0

{ppm)

fl

$123



2021-10-12 YY0034 616-zys—23- L 10, i
538
U] o= O
2teq
NN
)

128.90

—137.49
—134.62

y

T
180 180 170 160

S124

(3] W Oh
™1 oy Fad
q 2=t =
N == =
=~/ N
2021-10-12 YYOOD39 Bl6-zys—23- Ll‘ o
) 1
0 o
kel
—
|
|
T T T T T T T T T T T
11. 4 11.0 10, 6 10, 2 49,8 39,4
f1 (ppm}
|
I
T T T T T T T
120 110 100 90 50 70 i}
f1 (ppm)

40.69
40.58
40.37
40.16
39.95
39.74
39.54




o
®] -
x4 \
S e
ZT £
S =
(4] 4 =i
1155°2 O
LSSS'T m
H095°T — =i
1§95°T o -
L69S'T I L=
ZErE— — -
1LEL O =
SSTL 91 <
60SL 91
065 L0 -
0T9L 91
9L9L'91 | =
6511791
118491
L68L91
L610° LA
€870 L1 | =
6EE0" L <
LFF0'Lq .
T0S0°LA "
RO L —— R o
0L1F L\ 'Cle
STTHL — mw,w
LECH'L - -
16£tL 4
9L¥H L
STOT'R -
wm_m.ww — — Fuo
SLITS
99158 . = [sto [
SPLS'] _
S00€°6— — — bt
= =
m.mmmm.@/
m‘::;w — —= Foeo |2
110566 -
L =
& =
1_ =

f1 (ppm)

$125



L6t
FE6E
F9'6t
SL6E
96°6%
LOOF
L10v
|E0F
85°0F

TSI
yooll—
£9°0C 1~
Rracs
010E1

er0c1”

1-10-08 YY0002 616-zys—26. 1

75

5

HO

Paracetamol

il 10 30 20 10

60

150 180 170 160 15 140 130 120 110 104 90 B0
f1 (ppm)

n

5126



