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General information

All of the starting materials, reagents, and solvents are commercially available and used
without further purification. Melting points were determined with a X-4 apparatus and
were uncorrected. The nuclear magnetic resonance (NMR) spectra were recorded on a
Bruker 600 MHz or 400 MHz spectrometer in CDCl; or DMSO-ds using
tetramethylsilane (TMS) as an internal standard. Electrospray ionization mass
spectrometry (ESI-MS) analyses were recorded in an Agilent 1100 Series MSD Trap
SL (Santa Clara, CA, USA). The reactions were monitored by thin-layer
chromatography (TLC: HG/T2354-92, GF254), and compounds were visualized on
TLC with UV light.

tert-butyl (3-cyano-4,6-dimethylpyridin-2-yl) carbonate is abbreviated as BCMP.

Synthesis of 4,6-dimethyl-2-o0xo0-1,2-dihydropyridine-3-carbonitrile

To a solution of potassium carbonate (13.8 g, 0.1 mol), acetylacetone (11.0 g, 0.1
mol) in water (100 mL) were added 2-cyanoacetamide (8.4 g, 0.1 mol) in portion at
room temperature. The mixture was stirred at room temperature for 24 h. The
precipitate that formed was collected by filtration, washed with water (20 mLx3) and
dried under infrared light to give crude product. The crude product was recrystallized

from methanol (1 L) to obtain a white needle solid (13.0 g, 88 % yield) exhibiting the

following spectroscopic characteristics. mp 280~281 °C (lit !: 286°C); ESI-MS (m/z):
[M+H]™=149.1, 'H NMR (600 MHz, DMSO-dj) 8: 6.16 (s, 1H), 2.30 (s, 3H), 2.22 (s,

3H).
Synthesis of zert-butyl (3-cyano-4,6-dimethylpyridin-2-yl) carbonate (BCMP)
To a mixture of 4,6-dimethyl-2-0x0-1,2-dihydropyridine-3-carbonitrile (2.0 g, 13.5

mmol) and DMAP (0.02 g, 0.135 mmol) in THF (20 mL) were added a solution of
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Boc,0 (3.2 g, 14.8 mmol) in THF (2 mL) at. The reaction mixture was stirred at 0 °C
for 2 h and then diluted with water, extracted with ethyl acetate (20 mLx3). The organic
layer was washed with citric acid aqueous (20 mLx2), water (20 mLx2) and once with
brine (25 mL), dried over anhydrous sodium sulfate and concentrated in vacuo to give
tert-butyl (3-cyano-4,6-dimethylpyridin-2-yl) carbonate as a white solid (2.7 g,
81%)."H NMR (600 MHz, CDCl;) é (ppm): 7.07 (s, 1H), 2.55 (s, 3H), 2.54 (s, 3H),
1.58 (s, 9H). 13C NMR (101 MHz, CDCI;) & (ppm): 161.91, 158.25, 154.78, 149.88,
122.87, 113.33, 100.66, 85.34,27.58, 24.39, 20.14. ESI HRMS: m/z [M+Na]" calcd for

Ci3HN,O3Na: 271.1053; found: 271.1055.

React IR Experiment

React IR experiments were conducted using Mettler Toledo ReactIR 15 (SN: 23267)

with MCT detector using HappGenzel, DiComp (Diamond) probe (SN: 23146)

connected via AgXX9.5 mmX1.5 m Fiber (Silver Halide). iC IR 4.3 Reaction

Analysis Software was used during data collection and analysis.

To a 50 mL, 3-neck flask equipped with a magnetic stirrer was inserted the ReactIR
15 DiComp probe. IR spectra were obtained every 15 seconds. Data collection began
at the beginning of the experiment. To a solution of 4-aminophenol (0.20 g, 1.83 mmol)
in acetonitrile (10 mL) and ethanol (2 mL) at room temperature was added BCMP (0.46
g, 1.83 mmol). The resulting solution was gradually heated to 65 °C and allowed to stir

for 60 minutes. The workup was consistent with general procedure of method A.

General procedure

Method A: A mixture of BCMP (2.02 mmol) and substituted amine (2.02 mmol) in
ethanol (10 mL) was heated under reflux for 1 h. The reaction mixture was concentrated
under reduced pressure. The residue was suspended in tert-butyl methyl ether (10 mL),
filtered, and concentrated in vacuo to give the crude product. The residue was purified

by flash column chromatography on silica gel to give the title compound.
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Method B: A mixture of BCMP (2.02 mmol), potassium carbonate (2.02 mmol),
substituted amine (2.02 mmol) in water (10 mL) was heated under reflux for 1 h. The
residue was suspended in zerz-butyl methyl ether (10 mL), filtered, and the organic layer
was concentrated in vacuo to give the crude product. The crude product was purified

by flash column chromatography on silica gel to give the title compound.

The recycle of Boc carrier

After the reaction was completed, the mixture was cooled to room temperature, and
concentrated under reduced pressure. The residue was stirred in tert-butyl methyl ether.
Then, the needle crystal was collected by filtration in 95% recovery rate which could

directly use in the preparation of BCMP without any purification.

Data of 'H, 13C NMR and MS

tert-Butyl (4-hydroxyphenyl)carbamate (3a)

White solid, 97% yield. mp 145-146 °C (lit 2: 146 °C). '"H NMR (600 MHz, CDCl3) &
(ppm): 7.18 (d, J/=6.9 Hz, 2H), 6.74 (d, J/=8.8 Hz, 2H), 6.34 (br, 1H), 5.14 (br, 1H),
1.51 (s, 9H). 3C NMR (101 MHz, CDCl;) 8 (ppm): 155.87, 139.03, 128.81, 128.57,
126.40, 79.20, 41,79, 36,23, 28.42. ESI HRMS: m/z [M-H]- calcd for C;;H;4NO;N:
208.0979; found: 208.0983.

tert-Butyl (3-hydroxyphenyl)carbamate (3b)

Colorless oil, 94% yield. mp 129-130 °C (lit *: 130-131 °C). '"H NMR (600 MHz,
CDCl) 6 (ppm): 7.12-7.10 (m, 2H), 6.73-6.71 (dd, J=1.2 Hz, 8.0 Hz, 1H), 6.55-6.53
(m, 2H), 6.03 (br, 1H), 1.51 (s, 9H). 3C NMR (101 MHz, CDCl5) 6 (ppm): 156.55,
152.96, 139.39, 129.91, 110.74, 110.34, 106.05, 80.90, 28.36. ESI HRMS: m/z
[M+Na]* calcd for C;;H;5sNOsNa: 232.0944; found: 232.0946.

tert-Butyl phenethylcarbamate (3¢)

White solid, 99% yield. mp 50-52 °C (lit #: 56.1-56.4 °C). '"H NMR (600 MHz, CDCls)
d (ppm): 7.31-7.29 (m, 2H), 7.23-7.21 (m, 1H), 7.20-7.18 (m, 2H), 4.54 (br, 1H), 3.37
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(t, J=6.7 Hz, 2H), 2.79 (t, J=7.1 Hz, 2H), 1.43 (s, 9H). 3C NMR (101 MHz, CDCl3) &
(ppm): 155.87, 139.03, 128.81, 128.57, 126.40, 79.20, 41.79, 36.23, 28.42.

ESI HRMS: m/z [M+Na]" calcd for C3H;9yNO,Na: 244.1308; found: 244.1310.
tert-Butyl phenylcarbamate (3d)

White solid, 97% yield. mp 136-138 °C (lit 3: 132-133 °C). '"H NMR (600 MHz,
CDCl) 6 (ppm): 7.36-7.35 (m, 2H), 7.30-7.26 (m, 2H), 7.04-7.02 (m, 1H), 6.46 (br,
1H), 1.52 (s, 9H). 3C NMR (101 MHz, CDCl3) & (ppm): 152.76, 138.35, 128.98,
123.03, 118.55, 80.50, 28.36. ESI MS: m/z 216.1 [M+Na]*. ESI HRMS: m/z
[M+Na]* calcd for C;;H;sNO,Na: 216.1000; found: 216.0995.

tert-Butyl cyclohexylcarbamate (3e)

White solid, 98% yield. mp 74-76 °C (lit ¢: 79-80 °C). 'H NMR (600 MHz, CDCls) 6
(ppm): 4.42 (br, 1H), 3.41 (s, 1H), 1.93-1.91 (m, 2H), 1.71-1.68 (m, 2H), 1.60-1.57
(m, 2H), 1.44 (s, 9H), 1.36-1.29 (m, 2H), 1.18-1.06 (m, 3H). 3C NMR (101 MHz,
CDCl,) 6 (ppm): 155.20, 78.96, 49.43, 35.55, 28.44, 25.56, 24.90. ESI HRMS: m/z
[M+Na]* calcd for C;;H,NO,Na: 222.1465; found: 222.1466.

tert-Butyl (4-methoxyphenyl)carbamate (3f)

White solid, 100% yield. mp 93-95 °C (lit 2: 92-94 °C). 'H NMR (600 MHz, CDCl;) 6
(ppm): 7.27-7.25 (m, 2H), 6.85-6.82 (m, 2H), 6.34 (br, 1H), 3.78 (s, 3H), 1.51 (s, 9H).
3C NMR (101 MHz, CDCl;) & (ppm): 155.71, 153.17, 131.45, 120.63, 114.21, 80.25,
55.52, 28.38. ESI HRMS: m/z [M+Na]* caled for C,H;7NO;Na: 246.1101; found:
246.1110.

tert-Butyl benzylcarbamate (3g)

White solid, 97% yield. mp 47-49 °C (lit 7: 57 °C). 'H NMR (600 MHz, CDCls) 6
(ppm): 7.34-7.32 (m, 2H), 7.29-7.25 (m, 3H), 4.83 (m, 1H), 4.32 (s, 2H), 1.46 (s, 9H).
3C NMR (101 MHz, CDCl;) & (ppm): 155.90, 138.95, 128.60, 127.49, 127.32, 79.47,
44.72, 28.42. ESI HRMS: m/z [M+Na]* calcd for C;;H{7;NO,Na: 230.1157; found:
230.1160.

tert-Butyl (2-hydroxyphenyl)carbamate (3h)
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Yellow solid, 89% yield. mp 141-142 °C (lit #: 142 °C). 'H NMR (600 MHz, CDCl;)
d (ppm): 8.13 (br, 1H), 7.06-7.03 (m, 2H), 6.98-6.97 (m, 1H), 6.87-6.84 (m, 1H), 6.63
(br, 1H), 1.53 (s, 9H). 13C NMR (101 MHz, CDCl3) 8 (ppm): 155.03, 147.40, 125.63,
125.55, 121.36, 120.77, 118.75, 82.07, 28.27. ESI HRMS: m/z [M+Na]* calcd for
C11H5NO3sNa: 232.0944; found: 232.0945.

tert-Butyl (4-mercaptophenyl)carbamate (3i)

White solid, 91% yield. mp 179-180 °C (lit #: 179-180 °C). '"H NMR (600 MHz,
CDCl,) 6 (ppm): 7.40 (d, J=8.5 Hz, 2H), 7.30 (d, J=8.2 Hz, 2H), 6.48 (br, 1H), 1.51 (s,
9H). 3C NMR (101 MHz, CDCl;) § (ppm): 152.47, 138.41, 131.00, 130.85, 118.92,
80.87, 28.31. ESI MS: m/z 248.3 [M+Na]". ESI HRMS: m/z [M+Na]" calcd for
C11H5NO,SNa: 248.0721; found: 248.0726.

tert-butyl p-tolylcarbamate (3j)

white solid, 95% yield. mp 93-94 °C (lit 3: 92-92.8 °C). 'H NMR (600 MHz, CDCl3) &
(ppm): 7.22 (d, J=7.7 Hz, 2H), 7.08 (d, J=8.3 Hz, 2H), 6.39 (s, 1H), 2.29 (s, 3H), 1.51
(s, 9H). 13C NMR (101 MHz, CDCl3) 8 (ppm): 152.92, 135.76, 132.54, 129.46,
118.72, 80.30, 28.38, 20.72. ESI MS: m/z 230.4 [M+Na]*. ESI HRMS: m/z [M+Na]*
calcd for C1,H{7NO,Na: 230.1157; found: 230.1166.

tert-Butyl (2-aminophenyl)carbamate (3k)

Brown solid, 85% yield. mp 103-104 °C (lit 2: 110-113 °C). 'H NMR (600 MHz,
DMSO-dy) 6 (ppm): 8.27 (br, 1H), 7.16 (d, J/=7.4 Hz, 1H), 6.84-6.81 (td, J=1.5 Hz,
7.9 Hz, 1H), 6.68-6.66 (dd, J=1.3 Hz, 7.9 Hz, 1H), 6.53-6.50 (td, J/=1.4 Hz, 7.7 Hz,
1H), 4.81 (s, 2H), 1.45 (s, 9H). 3C NMR (101 MHz, CDCl3) & (ppm): 153.83, 139.44,
126.14, 124.83, 124.73, 119.63, 117.62, 80.52, 28.35. ESI HRMS: m/z [M+Na]"
caled for Cy;H¢N,O,Na: 231.1104; found: 231.1111.

tert-Butyl (4-cyanophenyl)carbamate (31)

Yellow solid, 36% yield. mp 97-99 °C (lit °: 113-114 °C). 'H NMR (600 MHz,
DMSO-dy) 6 (ppm): 9.90 (s, 1H), 7.71 (d, J/=8.8 Hz, 2H), 7.63 (d, /=8.8 Hz, 2H), 1.48
(s, 9H). *C NMR (101 MHz, CDCl;) 6 (ppm): 151.97, 142.61, 133.29, 118.10,

5/56



105.78, 81.69, 28.23. ESI HRMS: m/z [M-H]- calcd for C;,H3N,0,: 217.0983; found:
217.0984.

tert-Butyl 4-oxopiperidine-1-carboxylate (3m)

White solid, 96% yield. mp 71-72 °C (lit 1°: 73-75 °C). '"H NMR (600 MHz, CDCl;) &
(ppm): 3.72 (t, J=6.1Hz, 4H), 2.44 (t, J/=6.1 Hz, 4H), 1.50 (s, 9H). 13C NMR (101
MHz, CDCl;) 6 (ppm): 207.73, 154.46, 80.41, 43.00, 41.15, 28.35. ESI HRMS: m/z
[M+Na]* calcd for C;oH;7NOsNa: 222.1101; found: 222.1105.

tert-Butyl 4-(2-hydroxyethyl)piperidine-1-carboxylate (3n)

Light-yellow oil, 95% yield. "TH NMR (600 MHz, CDCl;) 6 (ppm) : 4.09-4.07 (dt,
J=2.3 Hz, 13.2 Hz, 2H), 3.71 (t, J/=6.6 Hz, 2H), 2.72-2.67 (td, J/=2.6 Hz, 13.1 Hz, 2H),
1.68-1.66 (m, 2H), 1.63-1.56 (m, 1H), 1.54-1.51 (m, 3H), 1.45 (s, 9H), 1.16-1.09 (m,
2H). BC NMR (101 MHz, CDCl3) & (ppm): 154.92, 79.29, 60.07, 44.03, 39.29, 32.53,
32.12, 28.45. ESI HRMS: m/z [M+Na]* caled for C,H3NO;Na: 252.1570; found:
252.1580.

tert-Butyl (3-nitrophenyl)carbamate (30)

Yellow solid, 18% yield. mp 180-182 °C (lit '': 181-183 °C). 'H NMR (600 MHz,
CDCls) 6 (ppm) : 8.30 (t, J=2.1 Hz, 1H), 7.89-7.87 (m, 1H), 7.44 (t, J/=8.2 Hz, 1H),
6.70 (br, 1H), 1.54 (s, 9H). 13C NMR (101 MHz, CDCl3) 8 (ppm): 152.25, 148.78,
139.64, 129.72, 123.92, 117.64, 113.14, 81.65, 28.25. ESI HRMS: m/z [M-H]- calcd
for C;1H3N,04: 237.0881; found: 237.0880.

Di-tert-butyl 1,3-phenylenedicarbamate (3p)

White solid, 88% yield. mp 144-146 °C (lit '2: 142-144 °C). '"H NMR (600 MHz,
CDCl) 6 (ppm) : 7.50 (s, 1H), 7.20 (t, J/=8.1 Hz, 1H), 7.02-7.01 (m, 2H), 1.51 (s,
18H). 3C NMR (101 MHz, CDCl;) 8 (ppm): 152.65, 139.06, 129.47, 113.00, 108.52,
80.53, 28.33. ESI HRMS: m/z [M+Na]" calcd for C;cH,4N,O4Na: 331.1628; found:
331.1644.

tert-Butyl (2-(1H-indol-3-yl)ethyl)carbamate (3q)
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White solid, 92% yield. mp 91-92 °C (lit !3: 88-90 °C). 'H NMR (600 MHz, CDCl3) &
(ppm): 8.08 (br, 1H), 7.61 (d, J/=7.9 Hz, 1H), 7.37 (d, J/=8.1 Hz, 1H), 7.21-7.19 (m,
1H), 7.13-7.11 (m, 1H), 7.02 (s, 1H), 3.46 (t, J/=5.8 Hz, 2H), 2.95 (t, J=6.8 Hz, 2H),
1.43 (s, 9H). *C NMR (101 MHz, CDCl;) 8 (ppm): 156.02, 136.41, 127.41, 122.14,
122.02, 119.42, 118.84, 113.19, 111.18, 79.14, 40.87, 28.45, 25.81. ESI HRMS: m/z
[M+Na]* calcd for C;sH,)N,O,Na: 283.1417; found: 283.1430.

tert-Butyl isopropylcarbamate (3r)

White solid, 98% yield. mp 72-73 °C (lit 4: 70.5-72.5 °C). 'H NMR (600 MHz,
CDCls) & (ppm) : 3.74 (t, J=5.6 Hz, 1H), 1.44 (s, 9H), 1.13 (d, J=6.5 Hz, 6H). 13C
NMR (101 MHz, CDCl;) & (ppm): 155.17, 78.97, 42.58, 28.46, 23.12. ESI MS: Not
responding.

tert-butyl (2-chloro-4-hydroxyphenyl)carbamate (3s)

Light yellow solid, 98% yield. 'TH NMR (600 MHz, CDCls) 6 (ppm): 7.78 (d, J=7.6
Hz, 1H), 6.84 (d, /=2.8 Hz, 1H), 6.68 (dd, J=8.9, 2.8 Hz, 2H), 5.32 (br, 1H), 1.52 (s,
9H). 3C NMR (101 MHz, CDCl3) & (ppm): 153.44, 152.27, 127.87, 124.65, 122.95,
116.22, 114.85, 81.11, 28.35. ESI HRMS: m/z [M-H]- calcd for C;;H;3CINOs:
242.0584, 244.0558; found: 242.0585, 244.0558.

methyl 4-((tert-butoxycarbonyl)amino)benzoate (3t)

White solid, 55% yield. mp 154-156 °C. 'H NMR (400 MHz, CDCls): & (ppm) 7.99-
7.95 (m, 2H), 7.43 (d, J=8.8 Hz, 2H), 6.71 (s, 1H), 3.89 (s, 3H), 1.52 (s, 9H). 13C
NMR (101 MHz, CDCl;) é (ppm): 166.74, 155.19, 142.71, 130.89, 124.40, 117.36,
81.22,51.92, 28.28. HRMS: m/z [M+Na]* calcd for C;3H;7;NO4Na: 274.1055; found:
274.1050.

methyl 3-((tert-butoxycarbonyl)amino)benzoate (3u)

White solid, 70% yield. mp 110-112 °C (lit ': 111-113 °C) '"H NMR (400 MHz,
CDCl): 0 (ppm) 7.97 (d, J=1.6 Hz, 1H), 7.72-7.67 (m, 2H), 7.36 (t, J=7.9 Hz, 1H), 6.67
(s, 1H), 3.91 (s, 3H), 1.53 (s, 9H). 3C NMR (101 MHz, CDCls) & (ppm): 166.86,

152.64, 138.68, 130.90, 129.08, 124.11, 122.87, 119.42, 80.88, 52.19, 28.32. ESI
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HRMS: m/z [M+Na]* calcd for C;3H;7NO4Na: 274.1055; found: 274.1050.Methyl
(tert-butoxycarbonyl)-L-tryptophanate (5a)

White solid, 91% yield. mp 168-170 °C (lit '¢: 151-152 °C). '"H NMR (600 MHz,
CDCl,) 6 (ppm): 8.13 (br, 2H), 7.56 (d, J=7.9 Hz, 2H), 7.36 (d, J=8.1 Hz, 2H), 7.19 (t,
J=7.3 Hz, 2H), 7.12 (t, J=7.5 Hz, 2H), 7.00 (s, 2H), 5.08 (d, J/=7.0 Hz, 2H), 4.65 (d,
J=7.0 Hz, 2H), 3.67 (s, 6H), 3.32-3.28 (m, 4H), 1.43 (s, 18H). *C NMR (101 MHz,
CDCl) 6 (ppm): 172.77, 155.26, 136.14, 127.71, 122.72, 122.22, 119.63, 118.77,
111.17,110.29, 79.84, 54.19, 52.23, 28.34, 28.01. ESI HRMS: m/z [M+Na]* calcd for
Ci7H»N,O4Na: 341.1472; found: 341.1494.

Methyl 2-((tert-butoxycarbonyl)amino)-2-phenylacetate (5b)

Yellow solid, 86% yield. mp 101-103 °C (lit '7: 103-105 °C). 'H NMR (600 MHz,
CDCl) 6 (ppm): 7.36-7.31 (m, SH), 5.55 (d, J=5.6 Hz, 1H), 3.72 (s, 3H), 1.44 (s, 9H).
IBCNMR (101 MHz, CDCl;) 6 (ppm): 171.68, 154.81, 136.92, 130.91, 128.91, 128.44,
127.14, 80.18, 57.60, 52.69, 28.31. ESI HRMS: m/z [M+Na]" calcd for C;4H;yNO4Na:
288.1206; found: 288.1207.

tert-Butyl (tert-butoxycarbonyl)-L-valinate (5¢)

Colorless oil, 97% yield. 'H NMR (600 MHz, CDCl;) 6 (ppm): 5.03 (d, J/=8.2 Hz, 1H),
4.11-4.09 (q, J/=8.8 Hz, 4.4 Hz, 1H), 2.14-2.09 (m, 1H), 1.47 (s, 9H), 1.45 (s, 9H), 0.96
(d, /=6.8 Hz, 3H), 0.90 (d, /=6.9 Hz, 3H). 3C NMR (101 MHz, CDCI3) & (ppm):
171.49, 155.71, 81.60, 79.43, 58.84,31.47, 28.31, 28.04, 18.90, 17.46. ESI HRMS: m/z
[M+Na]* calcd for C4H,7NO4Na: 296.1832; found: 296.1848.

Methyl (tert-butoxycarbonyl)glycinate (5d)

Colorless liquid, 96% yield. "TH NMR (600 MHz, CDCls) & (ppm): 5.30 (br, 1H), 3.91
(d, J=5.6 Hz, 2H), 3.75 (s, 3H), 1.45 (s, 9H). 3C NMR (101 MHz, CDCl3) 8 (ppm):
170.87, 155.76, 79.87, 63.65, 52.10, 42.22, 29.61, 28.23. ESI HRMS: m/z [M+Na]*
calcd for CgHsNOyNa: 212.0893; found: 212.0898.

Methyl 2-((tert-butoxycarbonyl)amino)-2-(2-chlorophenyl)acetate (Se)

White solid, 95% yield. 'H NMR (600 MHz, CDCls) & (ppm): 7.40-7.35 (m, 2H), 7.28-
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7.26 (m, 2H), 5.69 (d, /=7.2 Hz, 1H), 5.65 (br, 1H), 3.73 (s, 3H), 1.43 (s, 9H). 3C NMR
(101 MHz, CDCl;) 6 (ppm): 171.04, 154.84, 135.27, 133.58, 130.06, 129.77, 129.57,
127.23, 80.15, 60.30, 55.57, 52.82, 28.25, 20.95, 14.16. ESI HRMS: m/z [M+Na]*
calcd for C14H;sCINO4Na: 322.0817; found: 322.0830.

Methyl 3-((tert-butoxycarbonyl)amino)propanoate (5f)

Colorless oil, 91% yield. 'H NMR (600 MHz, CDCls) 6 (ppm): 5.06 (br, 1H), 3.70 (s,
3H), 3.40 (d, J=5.8 Hz, 2H), 2.53 (t, J=6.0 Hz, 2H), 1.44 (s, 9H). 3C NMR (101 MHz,
CDCls) & (ppm): 172.90, 155.78, 79.33, 51.70, 36.06, 34.42, 28.35. ESI HRMS: m/z
[M+Na]* calcd for CoH;;04Na: 226.1050; found: 226.1059.

The spectra of 'H, 13C NMR and MS
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