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(A) General Details

All the direct oxidative reactions of aldehydes were carried out under sealed tube.
'H and '*C NMR spectra were recorded with tetramethylsilane as the internal standard.
TLC was performed on glass-backed silica plates. Column chromatography was
performed using silica gel (200-300 mesh) eluting with EtOAc/petroleum ether). 'H
NMR spectra were recorded at 400 or 600 MHz (Varian) and '3C NMR spectra were
recorded at 150 MHz (Varian). Chemical shifts are reported in ppm downfield from
CDCl; (6 = 7.26 ppm) for 'H NMR and relative to the central CDCI; resonance (6 =
77.0 ppm) for 3C NMR spectroscopy. Coupling constants are given in Hz. All the 2-
oxoaldehydes 1 were prepared according to the reported procedures.! General
chemicals were purchased from commercial suppliers and used without further
purification.

(B) Experimental Procedure and Analytical Data of Products

1. General reaction procedure for the indosobenzene diacetate-promoted mental
free synthesis of cyanoformamides from 2-oxoaldehydes

A 5 mL sealed tube was charged with NH4;OAc (3.0 mmol) and 2.0 mL of
CH;3;CN/H,0 (v:v = 4:1). The mixture was stirred at room temperature until the solid
was completely dissolved. Then 2-oxoaldehyde (1.0 mmol) was added. After stirring
for 5 min, PhI(OAc), (2.0 mmol) was added. The reaction was carried out at room
temperature in a sealed tube for 3h. The mixture was diluted with ethyl acetate,
washed with water and brine. The combined organic phase was dried over anhydrous
Na,SO,4. Removal of the organic solvent in a vacuum followed by flash silica gel
column chromatographic purification (petroleum/ethyl acetate) afforded the
corresponding product.

2. General reaction procedure for the synthesis of 2z from 2n

Compound 2n (533 mg, 2.0 mmol) was dissolved in TFA (3.0 mL) under an
atmosphere of nitrogen and anisole (0.44 mL, 4.0 mmol) was added. The reaction was
carried out at 60 °C for 12 hours. After the reaction was complete (TLC), the mixture
was diluted with ethyl acetate, washed with brine and triethylamine (1.5 mL). The
combined organic phase was dried over anhydrous Na,SO,4. Removal of the organic
solvent in a vacuum followed by flash silica gel column chromatographic purification
(petroleum/ethyl acetate) afforded the product 2z.

3. Spectroscopic characterization data of products

Methyl(phenyl)carbamoyl cyanide (2a)!?!
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White solid, mp. 60-62 °C (Lit> 61-63 °C); 'H NMR (CDCl;, 400 MHz): 8§ 7.53-7.48 (m, 3H),
7.33-7.26 (m, 2H), 3.37 (s, 3H); *C NMR (CDCl;, 150 MHz): 8 144.5, 139.8, 130.1, 129.7, 126.9,
110.6, 36.7. ESI HRMS: calcd. for CogHgN,O+Na* 183.1652, found 183.1653. Elemental Analysis:
C, 67.49; H, 5.03; N, 17.49, found C, 67.54; H, 5.01; N, 17.45. IR (KBr, cm"): 3064, 2935, 2232,
1682, 1590, 1488, 1390, 996, 702.

Methyl(o-tolyl)carbamoyl cyanide (2b)
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T
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Yellow solid, mp. 70-74 °C; 'H NMR (CDCl;, 600 MHz):  7.40 (t,J = 7.2 Hz, 1H), 7.36 (d, J =
7.2 Hz, 1H), 7.33 (t, J = 7.2 Hz, 1H), 7.22 (d, J = 7.2 Hz, 1H), 3.39 (s, 3H), 2.31 (s, 3H); *C
NMR (CDCl;, 150 MHz): 6 145.1, 138.5, 136.0, 131.9, 130.3, 128.3, 127.8, 110.5, 35.8, 17.2. ESI
HRMS: calcd. for CoH;oN,O+Na™ 197.0685, found 197.0687. Elemental Analysis: C, 68.95; H,
5.79; N, 16.08, found C, 69.02; H, 5.87; N, 15.92. IR (KBr, cm!): 3066, 2937, 2233, 1679, 1590,
1486, 1394, 1015, 699.

Methyl(m-tolyl)carbamoyl cyanide (2¢)
|

N\n/CN
U

2c
Yellow liquid; "H NMR (CDCl;, 400 MHz): § 7.38-7.36 (m, 1H), 7.29-7.27 (m, 1H), 7.11-7.09 (m,
2H), 3.35 (s, 3H), 2.42 (s, 3H); 3C NMR (CDCl;, 150 MHz): 3 144.6, 140.4, 139.7, 130.5, 129.9,
127.5, 124.0, 110.7, 36.7, 21.2. ESI HRMS: calcd. for C;oH;(N,O+Na* 197.0685, found 197.0688.

Elemental Analysis: C, 68.95; H, 5.79; N, 16.08, found C, 69.03; H, 5.72; N, 16.05. IR (KBr, cm"
N: 3067, 2945, 2231, 1683, 1587, 1489, 1392, 1017, 690.

Methyl(p-tolyl)carbamoyl cyanide (2d)
|
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Pale yellow solid, mp. 72-76 °C; 'H NMR (CDCls, 400 MHz): § 7.16 (d, J = 8.4 Hz, 2H), 7.19 (d,
J = 8.4 Hz, 2H), 3.34 (s, 3H), 2.41 (s, 3H). ESI HRMS: calcd. for C;oH;oN,O+Na* 197.0685,
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found 197.0688. Elemental Analysis: C, 68.95; H, 5.79; N, 16.08, found C, 69.01; H, 5.75; N,
16.04. IR (KBr, cm™): 3064, 2948, 2236, 1686, 1585, 1485, 1387, 1011, 700.

(4-Methoxyphenyl)(methyl)carbamoyl cyanide (2e)

N CN
oy
MeO ©

2e

White solid, mp. 80-86 °C; 'H NMR (CDCls, 400 MHz): § 7.23 (d, J = 8.4 Hz, 2H), 6.99 (d, J =
8.4 Hz, 2H), 3.85 (s, 3H), 3.32 (s, 3H). ESI HRMS: calcd. for C;,H;(N,O,+Na* 213.0634, found
213.0638. Elemental Analysis: C, 63.15; H, 5.30; N, 14.73, found C, 63.24; H, 5.37; N, 14.55. IR
(KBr, cm™): 3062, 2944, 2848, 2234, 1687, 1609, 1511, 1389, 1016, 723.

(3-Bromophenyl)(methyl)carbamoyl cyanide (2f)

Br N.__CN
oy
@)
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Yellow liquid; 'TH NMR (CDCls, 600 MHz): 8 7.63 (d, J = 8.4 Hz, 1H), 7.50-7.49 (m, 1H), 7.39 (t,
J = 8.4 Hz, 1H), 7.28 (d, J = 8.4 Hz, 1H), 3.36 (s, 3H); *C NMR (CDCl;, 150 MHz): & 144.3,
140.9, 133.0, 131.4, 130.2, 125.9, 123.4, 110.3, 36.8. ESI HRMS: calcd. for CoH;BrN,O+Na*
260.9634, found 260.9639. Elemental Analysis: C, 45.22; H, 2.95; N, 11.72, found C, 45.30; H,
2.90; N, 11.70. IR (KBr, cm™"): 3068, 2924, 2231, 1683, 1585, 1475, 1373, 1044, 692.

(4-Bromophenyl)(methyl)carbamoyl cyanide (2g)

N. _CN
SO
Br ©
2g

Pale yellow solid, mp. 100-102 °C; '"H NMR (CDCls, 400 MHz): & 7.66-7.57 (m, 2H), 7.26-7.18
(m, 2H), 3.35 (s, 3H); *C NMR (CDCl;, 150 MHz): & 144.3, 138.8, 133.4, 128.6, 123.9, 110.4,
36.7. ESI HRMS: calcd. for CoH;BrN,O+Na* 260.9634, found 260.9637. Elemental Analysis: C,
4522; H, 2.95; N, 11.72, found C, 45.35; H, 2.89; N, 11.70. IR (KBr, cm™"): 3067, 2923, 2233,
1682, 1583, 1474, 1373, 1044, 699.

(3-Chlorophenyl)(methyl)carbamoyl cyanide (2h)
|

CI\©/N\(H)/CN

2h
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Yellow liquid; 'TH NMR (CDCls, 400 MHz): & 7.48-7.44 (m, 2H), 7.34-7.33 (m, 1H), 7.25-7.22 (m,
1H), 3.37 (s, 3H); *C NMR (CDCls, 150 MHz): 8 144.3, 140.8, 135.8, 131.1, 130.1, 127.3, 125.4,
110.3, 36.8. ESI HRMS: calcd. for CoH,CIN,O+Na* 217.0139, found 217.0140. Elemental
Analysis: C, 55.54; H, 3.63; N, 14.39, found C, 55.60; H, 3.59; N, 14.37. IR (KBr, cm™): 3066,
2925, 2231, 1685, 1586, 1477, 1373, 1028, 677.

(4-Chlorophenyl)(methyl)carbamoyl cyanide (2i)

Pale yellow liquid; '"H NMR (CDCls, 400 MHz): § 7.49 (d, J = 8.8 Hz, 2H), 7.27 (d, J = 8.8 Hz,
2H), 3.35 (s, 3H); 13C NMR (CDCls, 150 MHz): & 144.4, 138.3, 135.9, 130.4, 128.4, 110.4, 36.8.
ESI HRMS: calcd. for CoH;CIN,O+Na* 217.0139, found 217.0141. Elemental Analysis: C, 55.54;
H, 3.63; N, 14.39, found C, 55.62; H, 3.58; N, 14.36. IR (KBr, cm™): 3060, 2948, 2233, 1680,
1591, 1485, 1378, 1012, 713.

Methyl(4-nitrophenyl)carbamoyl cyanide (2j)

N CN
oy
O5N ©

2j
Pale yellow solid, mp. 98-102 °C; 'H NMR (CDCl;, 400 MHz): § 7.65 (d, J = 8.4 Hz, 2H), 7.21 (d,
J = 8.4 Hz, 2H), 3.35 (s, 3H); *C NMR (CDCl;, 150 MHz): § 144.3, 138.8, 133.4, 128.6, 123.9,
110.4, 36.7. EST HRMS: calcd. for CoH;N3;05+Na* 228.0380, found 228.0382. Elemental Analysis:
C, 52.69; H, 3.44; N, 20.48, found C, 52.77; H, 3.39; N, 20.43. IR (KBr, cm"): 3063, 2936, 2233,
1689, 1587, 1489, 1392, 1014, 719.

Ethyl(phenyl)carbamoyl cyanide (2k)

Yellow solid, mp. 90-92 °C; 'H NMR (CDCl;, 600 MHz):  7.53-7.50 (m, 3H), 7.29-7.28 (m, 2H),
3.83 (q,J = 7.2 Hz, 2H), 1.18 (t, J = 7.2 Hz, 3H); *C NMR (CDCl;, 150 MHz): & 144.3, 138.2,
130.1, 129.9, 128.1, 110.6, 44.4, 12.3. ESI HRMS: calcd. for C;oH(N,O+Na* 197.0685, found
197.0689. Elemental Analysis: C, 68.95; H, 5.79; N, 16.08, found C, 69.02; H, 5.77; N, 16.02. IR
(KBr, cm™): 3062, 2933, 2235, 1686, 1586, 1488, 1389, 1032, 696.

Ethyl(o-tolyl)carbamoyl cyanide (21)
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Yellow liquid; 'H NMR (CDCls, 400 MHz): § 7.43-7.34 (m, 2H), 7.33-7.31 (m, 1H), 7.19-7.17 (m,
1H), 4.06-3.99 (m, 1H), 3.50-3.43 (m, 1H), 2.31 (s, 3H), 1.19 (t, J = 7.2 Hz, 3H); 3C NMR
(CDCl;, 150 MHz): 6 144.8, 136.9, 136.5, 131.9, 130.3, 129.4, 127.5, 110.7, 43.6, 17.5, 12.2. ESI
HRMS: calcd. for C;;H,N,O+Na™ 211.0842, found 211.0846. Elemental Analysis: C, 70.19; H,
6.43; N, 14.88, found C, 70.26; H, 6.51; N, 14.72. IR (KBr, cm!): 3065, 2944, 2233, 1684, 1584,
1500, 1379, 1020, 688.

Ethyl(p-tolyl)carbamoyl cyanide (2m)

h

N CN
SO
(0]
2m

White solid, mp. 56-60 °C; 'H NMR (CDCl;, 600 MHz): § 7.31-7.26 (m, 2H), 7.25-7.15 (m, 2H),
3.80 (q, J = 7.2 Hz, 2H), 2.42 (s, 3H), 1.82 (t, J = 7.2 Hz, 3H); '3C NMR (CDCls, 150 MHz): §
144.4, 140.1, 135.5, 130.7, 127.9, 110.8, 44.3, 21.1, 12.3. ESI HRMS: caled. for C;;H;,N,O+Na*
211.0842, found 211.0845. Elemental Analysis: C, 70.19; H, 6.43; N, 14.88, found C, 70.27; H,
6.38; N, 14.83. IR (KBr, cm™'): 3068, 2936, 2231, 1676, 1589, 1485, 1394, 1016, 698.

(4-Methoxybenzyl)(phenyl)carbamoyl cyanide (2n)
@)

NC)J\N/\©\
OMe

2n

Yellow liquid; '"H NMR (CDCl;, 600 MHz): & 7.45-7.40 (m, 3H), 7.08-7.07 (m, 4H), 6.81 (d, J =
8.4 Hz, 2H), 4.85 (s, 2H), 3.79 (s, 3H); *C NMR (CDCl;, 150 MHz):  159.6, 144.7, 138.1, 130.5,
129.9, 129.8, 128.4, 126.6, 114.1, 110.5, 55.2, 52.5. ESI HRMS: caled. for C;¢H4N,O,+Na*
289.0947, found 289.0954. Elemental Analysis: C, 72.17; H, 5.30; N, 10.52, found C, 72.25; H,
5.23; N, 15.89. IR (KBr, cm™): 3066, 2936, 2840, 2230, 1676, 1610, 1594, 1512, 1442, 1395,
1032, 698.

Allyl(phenyl)carbamoyl cyanide (20)
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Pale yellow solid, mp. 50-54 °C; '"H NMR (CDCls, 600 MHz): & 7.51-7.49 (m, 3H), 7.30-7.25 (m,
2H), 5.84-5.77 (m, 1H), 5.25-5.18 (m, 2H), 4.35 (d, J = 6.0 Hz, 2H); '3C NMR (CDCls, 150 MHz):
5 1444, 138.4, 130.2, 130.0, 129.9, 128.0, 120.3, 110.5, 52.0. ESI HRMS: calcd. for
Cy1HoN,O+Na*™ 209.0685, found 209.0687. Elemental Analysis: C, 70.95; H, 5.41; N, 15.04,
found C, 71.02; H, 5.49; N, 14.94. IR (KBr, cm™): 3090, 3064, 2927, 2230, 1674, 1589, 1489,
1394, 997, 700.

[1,1'-Biphenyl]-4-yl(methyl)carbamoyl cyanide (2p)

|

N\H/CN
Shen

2p

Pale yellow solid, mp. 140-144 °C; 'H NMR (CDCl;, 600 MHz): & 7.71 (d, J = 8.4 Hz, 2H), 7.60
(d, J=7.2 Hz, 2H), 7.48 (t, J = 7.2 Hz, 2H), 7.41 (t, J = 7.2 Hz, 2H), 7.39-7.38 (m, 1H), 3.41 (s,
3H); 3C NMR (CDCl;, 150 MHz): § 144.5, 142.8, 139.4, 138.8, 129.0, 128.7, 128.1, 127.3, 127.2,
110.7, 36.8. ESI HRMS: calcd. for C;sH;;)N,O+Na*™ 259.0842, found 259.0843. Elemental

Analysis: C, 76.25; H, 5.12; N, 11.86, found C, 76.32; H, 5.10; N, 11.80. IR (KBr, cm™): 3060,
2938, 2230, 1687, 1604, 1518, 1480, 1390, 1021, 708.

(4'-Fluoro-[1,1'-biphenyl]-4-yl)(methyl)carbamoyl cyanide (2q)
|

N. _CN
Y
S
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Yellow solid, mp. 108-112 °C; 'H NMR (CDCls, 600 MHz): & 7.66 (d, J = 8.4 Hz, 2H), 7.56 (t, J
= 7.2 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 7.16 (t, J = 8.4 Hz, 2H), 3.40 (s, 3H); 13C NMR (CDCl;,
150 MHz): 6 162.0, 144.5, 141.7, 138.8, 135.5, 128.8, 128.6, 127.3, 116.0, 115.9, 110.7, 36.8. ESI
HRMS: calcd. for CisH;FN,O+Na* 277.0748, found 277.0753. Elemental Analysis: C, 70.86; H,
4.36; N, 11.02, found C, 70.95; H, 4.43; N, 10.86. IR (KBr, cm™'): 3057, 2945, 2230, 1678, 1600,
1520, 1481, 1385, 1097, 715.

(3'-Chloro-[1,1'-biphenyl]-4-yl)(methyl)carbamoyl cyanide (2r)
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White solid, mp. 122-126 °C; 'H NMR (CDCl;, 400 MHz): & 7.68 (d, J = 8.4 Hz, 2H), 7.58 (s,
1H), 7.48-7.47 (m, 1H), 7.40 (d, J = 8.4 Hz, 4H), 3.41 (s, 3H); '3C NMR (CDCl;, 150 MHz): §
144.4, 141.3, 141.2, 139.3, 134.9, 130.2, 128.7, 128.1, 127.4, 127.3, 125.3, 110.6, 36.8. ESI
HRMS: calcd. for CsH;;CIN,O+Na* 293.0452, found 293.0453. Elemental Analysis: C, 66.55; H,
4.10; N, 10.35, found C, 66.64; H, 4.17; N, 10.21. IR (KBr, cm™'): 3060, 2948, 2235, 1688, 1604,
1521, 1483, 1388, 1098, 710.

(4'-Chloro-[1,1'-biphenyl]-4-yl)(methyl)carbamoyl cyanide (2s)

Cl 2s

White solid, mp. 84-88 °C; 'H NMR (CDCls, 400 MHz): § 7.67 (d, J = 8.4 Hz, 2H), 7.53 (d, J =
8.4 Hz, 2H), 7.45 (d, J = 8.4 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H), 3.40 (s, 3H); '*C NMR (CDCls,
150 MHz): ¢ 144.5, 141.5, 139.0, 137.8, 134.3, 129.2, 128.6, 128.4, 127.4, 110.6, 36.8. ESI
HRMS: calcd. for CsH;;CIN,O+Na* 293.0452, found 293.0463. Elemental Analysis: C, 66.55; H,
4.10; N, 10.35, found C, 66.62; H, 4.18; N, 10.30. IR (KBr, cm™"): 3059, 2949, 2236, 1689, 1602,
1520, 1483, 1389, 1099, 711.

Methyl(3'-nitro-[1,1'-biphenyl]-4-yl)carbamoyl cyanide (2t)
|

i N\H/CN
S
NO, 2t

White solid, mp. 142-146 °C; 'H NMR (CDCl;, 600 MHz): & 8.47 (s, 1H), 8.27 (d, J = 7.8 Hz,
1H), 7.94 (d, J= 7.8 Hz, 1H), 7.77 (d, J= 7.8 Hz, 2H), 7.67 (t, J= 7.8 Hz, 1H), 7.47-7.46 (m, 2H),
3.34 (s, 3H); 3C NMR (CDCl;, 150 MHz): & 148.8, 144.4, 141.1, 140.2, 140.0, 133.0, 130.1,
128.9, 127.7, 122.9, 122.1, 110.6, 36.8. ESI HRMS: calcd. for C;sH;;N;05;+Na* 304.0693, found
304.0696. Elemental Analysis: C, 64.05; H, 3.94; N, 14.94, found C, 64.18; H, 3.88; N, 14.86. IR
(KBr, cm™): 3067, 2933, 2230, 1678, 1608, 1510, 1477, 1392, 1012, 699.

(3'-Cyano-[1,1'-biphenyl]-4-yl)(methyl)carbamoyl cyanide (2u)

S8



|
N\H/CN
2u

White solid, mp. 136-138 °C; 'H NMR (CDCl;, 400 MHz): § 7.88 (s, 1H), 7.85-7.82 (m, 1H), 7.70
(d, J = 8.4 Hz, 2H), 7.62-7.58 (m, 2H), 7.44 (d, J = 8.4 Hz, 2H), 3.42 (s, 3H); '3C NMR (CDCl;,
150 MHz): 6 144.4, 140.7, 140.3, 139.8, 131.5, 130.7, 129.9, 128.8, 127.7, 125.5, 118.5, 113.3,
110.5, 36.8. ESI HRMS: calcd. for C;cH;;N3O+Na" 284.0794, found 284.0794. Elemental
Analysis: C, 73.55; H, 4.24; N, 16.08, found C, 73.62; H, 4.32; N, 15.98. IR (KBr, cm): 3068,
2925, 2230, 1682, 1607, 1514, 1479, 1393, 1016, 688.

(3',5'-Dichloro-[1,1'-biphenyl]-4-yl)(methyl)carbamoyl cyanide (2v)

|
N\n/CN
Cl 2v

White solid, mp. 146-152 °C; 'H NMR (CDCl;, 400 MHz): & 7.68-7.62 (m, 3H), 7.47-7.40 (m,
4H), 3.41 (s, 3H); *C NMR (CDCls, 150 MHz): 8 144.4, 142.3, 140.0, 139.8, 135.6, 128.8, 128.0,
127.6, 125.7, 110.5, 36.8. ESI HRMS: calcd. for C;sH;(CI,N,O+Na* 327.0062, found 327.0066.
Elemental Analysis: C, 59.04; H, 3.30; N, 9.18, found C, 59.11; H, 3.38; N, 9.32. IR (KBr, cm"):
3065, 2940, 2233, 1683, 1599, 1498, 1390, 1014, 718.

Methyl(4-(thiophen-2-yl)phenyl)carbamoyl cyanide (2w)

|
N._CN
T
0

S
\ |

2w
Pale yellow solid, mp. 150-156 °C; '"H NMR (CDCls, 400 MHz): & 7.74-7.72 (m, 2H), 7.38-7.31
(m, 4H), 7.13-7.11 (m, 1H), 3.38 (s, 3H); *C NMR (CDCl;, 150 MHz): & 144.5, 142.3, 138.5,
135.9, 128.3, 127.4, 127.3, 126.1, 124.3, 110.6, 36.7. ESI HRMS: calcd. for C;3H;(N,SO+Na*
265.0406, found 265.0406. Elemental Analysis: C, 64.44; H, 4.16; N, 11.56; S, 13.23, found C,
64.53; H, 4.23; N, 11.50; S, 13.03. IR (KBr, cm™): 3065, 2943, 2231, 1683, 1592, 1489, 1379,
1012, 699.

Piperidine-1-carbonyl cyanide (2x)2!

O\IJ\CN

2x
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Colorless oil (Lit2); '"H NMR (CDCls, 400 MHz): & 3.71-3.70 (m, 2H), 3.57 (t, J = 6.0 Hz, 2H),
1.71-1.69 (m, 4H), 1.62-1.59 (m, 2H).

Diisopropylcarbamoyl cyanide (2y)?!
A
X
2y

Colorless oil (Lit®); 'H NMR (CDCls, 400 MHz): & 4.47-4.39 (m, 2H), 1.43-1.36 (m, 6H), 1.31-
1.24 (m, 6H).

Phenylcarbamoyl cyanide (2z)"?!

N._CN
S
0]
2z

Pale yellow solid, mp. 100-104 °C (Lit? 104-106 °C); 'H NMR (CDCls, 600 MHz): & 8.29 (bs, 1H),
7.60 (d, J = 8.4 Hz, 2H), 7.36 (t, J= 7.6 Hz, 2H), 7.17 (t, J= 7.6 Hz, 1H).

3-Methylpiperidine-1-carbonyl cyanide (2za)

Colorless oil; "H NMR (CDCl;, 400 MHz): & 4.29-4.02 (m, 2H), 3.25-2.44 (m, 2H), 1.92-1.44 (m,
4H), 1.29-1.17 (m, 1H), 0.98 (d, J = 6.8 Hz, 3H) ; 3C NMR (CDCl;, 150 MHz): & 144.3, 110.6,
54.8, 48.0, 34.2, 28.8, 23.4, 18.6. ESI HRMS: calcd. for CgHp)N,O+Na* 175.0842, found
175.0845. Elemental Analysis: C, 63.13; H, 7.95; N, 18.41; found C, 63.21; H, 7.90; N, 18.36. IR
(KBr, cm™): 3040, 2895, 2854, 2229, 1689, 1186.

Propylcarbamoyl cyanide (2zb)
N._cN
I \n/
)
2zb
Colorless oil; '"H NMR (CDCls, 400 MHz): 8 6.67 (s, 1H), 3.35-3.30 (m, 2H), 1.68-1.57 (m, 2H),
0.97 (t, J = 7.2 Hz, 3H); 1*C NMR (CDCl;, 150 MHz): § 144.5, 110.4, 42.5, 23.2, 11.2. ESI
HRMS: calcd. for CsHgN,O+Na™ 135.0529, found 135.0530. Elemental Analysis: C, 53.56; H,
7.19; N, 24.98; found C, 53.69; H, 7.13; N, 24.90. IR (KBr, cm™): 3436, 2923, 2853, 2237, 1684,
1255.
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tert-Butyl (4-chlorophenyl)(cyanocarbonyl)carbamate (2zc)

E|300
Ione
(@]
Cl
2zc

White solid, mp. 80-84 °C; 'H NMR (CDCl;, 400 MHz): § 7.32-7.30 (m, 2H), 7.25-7.23 (m, 2H),
1.51 (s, 9H). 3C NMR (CDCls, 150 MHz): 6 151.2, 144.2, 138.1, 134.7, 130.2, 128.2, 110.5, 84.5,
33.4. ESI HRMS: calcd. for C3H3CIN,O5+Na* 303.0507, found 303.0511. Elemental Analysis:
C, 55.62; H, 4.67; N, 9.98; found C, 55.68; H, 4.63; N, 9.94. IR (KBr, cm!): 2933, 2231, 1704,
1682, 1584, 1476, 1372, 1250, 1040, 710.

Dibenzylcarbamoyl cyanide (2zd)
N\n/CN
o
2zd
Yellow liquid; "H NMR (CDCls, 400 MHz): & 7.44-7.36 (m, 5H), 7.26-7.19 (m, 5H), 4.65 (s, 2H) ,
4.49 (s, 2H); 3C NMR (CDCl;, 150 MHz): & 144.4, 139.8, 136.9, 136.1, 128.5, 128.2, 128.0,
127.8,127.7,127.3, 127.1, 126.5, 126.1, 110.7, 52.1, 50.3. ESI HRMS: caled. for C,¢H4N,O+Na™*

273.0998, found 273.1003. Elemental Analysis: C, 76.78; H, 5.64; N, 11.19; found C, 76.85; H,
5.62; N, 11.13. IR (KBr, cm™"): 3065, 2230, 1688, 1618, 1489, 1470, 1381, 1235, 1024, 718, 694.
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(D) 'TH NMR and 3C NMR Spectra of Products

€X-2 Hi CDCI3  2015-d-16
Pulse Sequence: s2pul

% = i
2 9 2
5 . :
I
I -
,\.Jd L_JL_._ T
T T S T T = T T M
10 8 7 6 5 a 3 2 1 ppm
Eai [
.BS 0.28
1.91 00
CX=20 C13 CDC13  2015-7-14
Archive directory: /home/vomri/vnmrsys data
Sample directory: OneProbe_calib_20140603_05
Pulse Sequence: s2pul
g8 2 388 3
- 3 s R 2
Ly = REE E
\ L
2a
|
L J .
B T P PN : 12 ; s FREET R g
0
140 120 100 80 60 40 20 ppm
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2z-18 H1 COCI3  2015-7-1

Archive directory: shome/vnmrl/vnersys /data
sample directory: OneProbe_calib_20140603_b5

Pulse Sequence: szpul

3.563
3.285

—2.308
2.209

~0.000

S14

T T T T T T —— r .
10 9 8 ¢ 5\ 3 — T T
ital ' v rEn
3.00
1.0302 T}
22-180-CDCLI-CL13-2015-7-4
Archive directory: /homesvnmrlsvnarsys/data
Sample directory: OneProbe_calib_20140603_05
Pulse Sequence: sZpul
2 iEemaae = aar o o
" Bw S = e wn ~
S REEaan B 17 s .
Gy W a
|
I
Ll Lk . | :
zo0 180 160 140 120 100 80 60 a0 20 ppm



2Y-0618 WL CDCI3 2015-5-18

Pulse Sequence: szpul

g3 g 83
NN Ea o sa
JJ) U
2c
Al
o U\K ] S, M
T L T T T T T T T T
10 9 8 7 6 5 a4 3 0 ppm
v ¥ w
0.831.81
.72 2.00 Y
ZY-06180-CDCL3-C13-2015-7~16
i acrores boms Sonmi L ymceiiaie,
Pulse Sequence: s2pul
E REE 8 3 T
M | L |
|
2c
|
|
Ll N |
e B — . ; ; ; : AR - - S
180 160 140 120 100 a0 60 40 20 ppm
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2Y-0623-1 H1 CDC13  2015-5-23

Pulse Sequence: s2pu)

oo J g
00— E =
e
e
L — =
gz S 2 o
Fo
EVETE— _/ .2 et
o
seg g =] fee
e
P e
fer
Fw
Fo

SO0E" &
Z
C e ¥
V”O i z
J— kel 8=
z N g m»
. ¥

S16
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22-16 H1 CDCIZ 2015-7-1

Archive directory: shome/vomrl/vnarsys/data
Sampis directorys OneProbe_calib 2014080305

Pulse Sequence: sZpul

e ow T
& B 5=
mom oz
|

I
Br N \n/CN
T e 4\L|$_A__L“AA,
T T : — ey R _
10 L] 8 7 & 5‘ “‘ e
vuuy ppm
e 300
2Z-160-COCL3-C13-2015-7-4
Archive directory: shomesvnmrl/vnmrsys/data
mple directory: OneProbe_calib_z0140603_05
Pulse Sequence: s2pul
o8 @om oaw - ada o = =
$35 ZEn 8¢ a B B 3 3
<= GoS wao = e @ @ s
& uag =4 3 RHE o s :
| F
Br N \H/CN
el J - |
had " - " | " et " J- TP Al
T T T T T T T " T T T T e T =
200 180 160 140 120 100 a0 ppm
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2¥-0618-1 H1 C€OC1S 2015-6-19
Pulse Sequence: s2pul

G G 4 i
1( MF, a :
Br
T T T " T T T - T T T N T 7 T L
10 9 8 7 € 5 4 3 -4 1 0 ppm
P
1.62 3.00
2.22
22-200-CDCL3-C13-2015-7-7
Archive directory: /home/vnmrl/vnmrsys/data
Sample directory: OneProbe_calib_20140803_05
Pulse Sequence: s2pul
§ 2 gages 3
Vy L
\ ’ ‘
Br
200 180 160 140 120 100 80 60 40 20 pPpm
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Z¥-0616 W1 CDCI3  2015-6-16

Pulse Sequence: sZpul

a7
as6
436
341
336
263
251
246
240
233
228
223
3.659

—3.365

———_3.318

Cl N

2h

0.070

10 9 8 7 ] 5 4 3 2

Rt
g9

2
w

Z¥=06160-COCL3-C13-2015-7-18
Archive directory: shome/vnmrl/vnmrsys data
Sample directory: OneProbe_calib_z0140803_05
Pulse Sequence: s2pul

£o @ 35E8 & =% H g g

S8 £ 348 s Hqs B =

TE §asud E K g 3

(L

i.‘ J ‘7 A . o, " A | A
e ‘ T . e Tt e : e :
200 180 160 140 120 100 80 50 a0 20 ppm
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WXY-150506-1 H1 COG13  2015-5-6

Pulse Sequance: szpul

Cl

—_3.547
—3.351
-0.000

3.1
—_3.281

: L T T — T ——— W
10 9 8 7 6 4 3 2 4 ; ppm
e w
1.82 0.58 3.00
2.81 0.37 0.61
WKY-150506-10 CL3 CDCI3 2015-7-15
Archive directory: /home/wvnmrl vnmrsys /data
Sample directory: OneProbe_calib_20140603_05
Pulse Sequence: s2pul
T SIUEEES H E H
o e =nas = s b =
T mu Soss s A P @
% BB BIRR z ik Ei
L T Y
2j
I H Il J i !
——rprree - e - | T - - R R T i REEm T e
200 180 160 140 120 100 a0 60 a0 20 ppm
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Zy-0617 H1 COC13 2015-6-17
Pulse Sequence: s2pul

7.263
?7.215
7.193
3.354

-0.000

7.8
—— 7.538
—

O,N

o
-

10 9 8 7 ] 5 4 3 2 1 0 ppm

22-250-CDCLA-C13-2015-7-11

Archive dirsctary: /home/vomr1/vomrsys /data
Sample diractory: OneProbe_calib_20140603_05

Pulse Sequence: sZpul

& % gmoEs a — -
§ § §nmdg & 388 EHS
: 5 Bgssg s s &8
L
|

OoN

200 180 160 140 1z0 100 80 60 ' a0 ) 20 o Ippll
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2z-17 M1 COCI3 2015-7-1

Archive directory: /home/vomrl/vomrsys/data
Sample directory: OneProbe_calib_20140603_os

Pulse Sequence: szpul

0.000

M i ‘ 1
: T T T Ty = -
1 g 8 7 ¢ L p RS e R e G
0 ppm
Y vy "
200 4
i.81 T 200
22-170-COCLZ-C123-2015-7-4
Archive directory: /home/vnmrl/vnarsys /data
Sample directory: OneProbe_calib_20140603_05
Pulse Sequence: s2pul
= v e § Hay s B
& 2 IS o8 b ez & 5
5 e S e & el i 7
¥ B &3 23 3 RER = %
4] L |
T T T T T 2 T T TTF T T T T
200 180 160 140 120 100 a0 60 40 20

S22

ppm



2015-6-29

H1 coci3
Pulse Sequence: s2pul

2Y-0623-2

T

ppm

40

(1]

\\; :
a
a
000°0— L
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ot gt ————
vOp°LT —
(235 Sm e
ZHT T 3 H
2 — b
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FTTa -
e IR
zree— — 1 8
||4 2
o
5EbE
1Ep°E 3
8L - s
SekE & H\_ 1 682090
E0S°E [
266°E 112
500\ m s
220" o il
gv0 v —/ s
a0y
i
£597011
e

n L1l g
pa]
£
3=
£z
|- =
Z 7%
o s
T 5
VHO s ES
ER
§ 53
L & B 8
pzd ~ ” § o8%:
[ g ke f
I PR
il
£ =y :
= CIL

120 100 80
S23
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Z2-21 H1 CDC13  2015-7-2

Pulse Sequence: s2pul

—2.417

—— 1 7lam

0.002

10 9 8 7

o
6 5 4 3 2 1 ppm
o - -
1o 2s as
1.50 3.00
22-210-CDCL3-C13-2015-7-7
Archive directory: /home/vomrl/vomrsys /data
Sample directory: OneProbe_calib_20130603_05
Pulse Sequence: sZpul
R, o —_— - 7
538 282 588 5 iR
T S8 aas H ERE : 4 &
I L
' \
| I ! | A
r T T T T T T T T T T T T TTT
200 180 160 140 120 100 80 60 40 20 ppm
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2z-13 H1 COC13  2015-7-1

Archive directary: /home/vnmrl/vomisys /data
Sample directory: OneProbe_calib_20140603_05

Pulse Sequance: sZpul

fggszgsanay 3 gs
B A - s o
) JJ%J)'% \
|
OMe
2n
— = I o S | N
T T T I —r
A T T ‘ e
7 . 6 5 4 3 z 1 ppm
r ¥ ¥
86 P 7lL!Z L8 3.00
2Z-190-COCLI-C13-2015-7-4
Archive directory: /hOmE/vnmri/vamrsys/data
Sample directory: DneProbe_calib_201406803_05
Pulse Sequence: s2pul
2 % o5EEI: g3 EER 33 2
- - v cmmon v S ~ @ w o -
2 % B muamas %3 R b e 5
(1 L ‘
—
OMe
2n
I i
(-
‘
i
L L | )
T T T T T T T T T L LR Pl L T T T T T
200 180 160 140 120 100 &0 60 40 20 ppm
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22-13 H1 CDC13  2015-5-29

Archive directory: shome/vnmrl/vamrsys data
Sample directory: OneProbe_callb_z0180803_05

Pulse Sequence: s2pul

20

S TV,

—0.071
0,001

", RO L
T T T T T " T T T T T T T
10 9 8 7 6 5 2 1 ppm
W o o o
2.88 10 .13
2.00 z.03
22-130-CDCL3-C13-2015-7-1
Archive directory: /nomesvnarlsynmrsys/data
Sample directory: OneProbe_calih_z0180803_05
Pulse Sequence: s2pul
T = mwar w < ade =
% B RB232 & = =3% 2
i ®w ccemm o = Klw o
S i moad & 8 b =
\ TJ[J
o oo
T T T T T T T T T L T T T 1 T T T T T
200 180 160 140 1zo 100 80 60 40 20 ppm
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2z-12 H1 COC13 2015-6-29

Archive directory: /shome/vnmrl/vnmrsys/data
Sample directory: OneProbe_calib_20140803_95

Pulse Sequence: s2pul

L -

3.702

A 9 8 7 6 5 4 2 1 ppm
T ART 3.00
e 3 0.
ZZ-120-CDCL3-C13-2015-7-1
Archive directs 1 /he P d.
n o I Getoryy Onaprabe talit Toi etnnas
sas iR : R 3
- - L =
| | |
| ’ L /
T ‘ o [
160 140 1zo0 100 8 ‘ y o
0
60 a0 20 ppm
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22-15 W1 CDCI3  2015-6-29

Archive directory: jhomeswnnri/wnnrsys data
Sampls directory: OnéFrobe_calib_20120603_05

Pulse Sequence: s2pul

S28

Be23n9sRgees 5 8
et £ e R i i %
e A Ty E -
LLLLITTTT] [
\\; L
B - — _
T = T T T T T T T T
10 9 8 7 6 5 4 2 1 ppm
.
0,32
ZZ=150-CD0L3-C13-2015-7~-1
Archive directory: /home/vnmrl/vimrsys/data
mple directory: OneProbe_calib_20140603_05
Pulse Sequence: s2pul
iid EEE 2
| l |
. | I ‘ | . | J i
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200 180 160 140 120 100 &0 G‘II ﬂID Z‘U ppm



22-23 H1 CDCI3 2015-7-6
szpul

Pulse Sequence:

i e |

ppm
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T
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S29
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22-24 H1 COCIZ 2015-7-7

Pulse Sequence: s2pul

000°0—
22000~

EopTE— -

o

2s

Cl

o

ppm

10

22-240-CDCL3-C13-2015-7-11

Fynarsys/data
Tb_20140503_0s

Archive directory: /home/vnmrl
Sample directory: OneProbe_cal

Pulse Sequence: s2pul
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e
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ZZ-14 M1 CDCI3  2015-6-29

Archive girectory: shome/vamel/vomesys /data
Sample directory: OneProbe_calib_2010603_05

Pulse Sequence: s2pul

% & ae
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5 R i
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v v vy o
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22-140-CDCL3-C13-2015-7-1

Archive directory: /shome/vomrl/vnmrsys/data

Sample directory: OneProbe_calib_z0140603_05

Pulse Sequence: s2pul
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2015-7-8

cocia
Pulse Sequence: s2pul
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T
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22-22 M1 CDC3 2015-7-6

s2pul

Pulse Sequence:

T00° 0=
69070

258 E—
aor 5

19z e
€08 2y

szbr ey,

Bibt e~

T2e L
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2v

Cl

10
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‘v—v*y—v—v—»ﬁ—r.—.—v—v—-,—,f

i
3.00

o
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w
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1.1

22-220-COCL3-C13-2015-7-8

calib_20140603_05

Archive directory: shome/vrarl/vamrsys /data

sample directory: OneProbe,

Pulse Seguence: s2pul
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2015-7-10

HL CDC13
Pulse Sequsnca: szpul
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04€" L \ - i
egt i, ) B
) VHO z2
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zz-270 €13 COC13 2015-7-15
Sample directory: OneProb

Archive directory

Pulse Sequence:
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22-33-COCL3-H1-2015-8-19
Pulse Seguence: sZpul

7.263
713
700
585
570
557

2x

1,234

-0.015

10 9 8 7 6 s 4 3

ppm
b
2.03 .33
2.00 2.05
PO3-03a HI CDCIZ  2015-5-24
Archive directory: /home/vomel/vimesys /data
mple directory: OneProbe_calib_20140503_85
Pulse Sequence: s2pul
« smssrwass
- CoRETB®N =
S5 meAsaNasd 2
s PN s
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\;\‘ —
— JIL I - |
T ¥ T kg T T A4 T L B P P T T T ¥ T
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o W
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22-43 H1 COC13  2015-3-6
Pulse Sequence: s2pul
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__—\\_:‘1

0.000

S36

o »
o e B — T T T T T LA | 1
10 9 8 7 6 5 4 3 2 1 0 ppm
— K — e
az Z.00 2.15
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22-44 HL ©DCIS  2015-9-7
Pulse Sequance: sZpul
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10 9 8 7 6 5 a 3 2 1 ppm
et w
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£OC13  2015-9-8

22-45 W1

t szpul

Pulse Sequence
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16:12:48 17 Jul-2015
150717_ZZ_240_3 4 (0.068) Cm (3:36) TOF WS ES+
100 282.0903 1.00e4
293.0463
Cl 2s
==
2900874
295 1438
296.0471
2742737

2700578 275.2794 287 9647 ‘ apepgze 2080184
U_ze1 D168 255.1481 N O ETT5440 731333 298.0668 302.13053 3 -

R e e e e Kot e eyt o e oy e o s Ko e e e e e e e

280 262 254 266 268 270 2v2 274 276 278 280 282 284 285 288 200 202 204 296 298 300 302 304 306 308 0
16:17:27 17 Jul-2015
150717_ZZ_260_5 7 (0.120) Cm(3:36) TOF MS ES+
1001 284 0794 41984

2u
==
7791284
2850829
235.0859 2550671

236.0890 & s
o ziagszn TR0 airgess PR pyporgs |( 2140547 2510908 p5g o505 2e2gessaer iz 214733 l L 3”,”'?“:21

; 7 T T T T T ) T T T . ; T T T ? t 1 7 1
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16:20:27 17-Jul-2015

150717_ZZ_270_6 7 (0.120) Cm(3:35) TOF MS ES+
" "
100, 2650406 52783
2w
2
242 0019 266.0427
rd
2160476
260.0854 2782732
213.9608
5 2840815
203.0511 | 1 FFH& 2260271 2330012 2440079231092 l 280.9966 2921142 254 5530
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L..lZUIE'-9559 , o f21|5'°47% o fotor] bl g id e Ll NIV A e .‘”L.‘l |
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16:27:25 17 Jul-2015
150717_ZZ_250_4_ 9(0.154) Cm (Z36) TOF MS ES+
100 2609637 7.52e3
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2139588 Br
211.9706., zg
=
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J 294 9436.206 9365
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o J.ID‘“ZDJ ' L FJZE!JDUZ?] L {I :L.JJJ‘.JL . \1.“|“J‘. oy Ill‘J.I.L‘LL.LIf 4k J‘dlu\llm
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16:31:30 17 Jul-2015
150717_ZZ_160_1 24 (0.410) Cm (336) TOF MS ES+
100 2138687 1.30e4
211.9706
209639 567 9817
Br N\H/CN
=]
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