
S1

Direct access to carbamates via acylation of arylamines with 
dialkyl azodicarboxylates under metal-free conditions

Liangxin Fan,* Mengyang He, Xinyuan Liu, Fangyu He, Zhenliang Pan, Guoyu 
Yang, Lijun Shi, Lulu Wu, Caixia Wang and Cuilian Xu*  

Department of Chemical Biology, School of Sciences, Henan Agricultural University, 
Zhengzhou 450002, China

Email: fanlx@henau.edu.cn; xucuilian666@126.com

Table of Contents

A. Large-scale reactions: .....................................................................................................................2

B. Synthetic transformations of 3a and 5a: .......................................................................................2

C. References:.......................................................................................................................................4

D. NMR spectra: ..................................................................................................................................5

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2023

mailto:fanlx@henau.edu.cn
mailto:xucuilian666@126.com


S2

A. Large-scale reactions:

O

2a
1a (0.99 g, 5 mmol)

Na2CO3 (2.0 equiv.)

DMSO, 80 °C, 1 h+

3a (1.02 g, 76% yield)

O HN OEt

O

NH2

DEAD

A 250 mL round bottom flask with a stir bar was fitted with a rubber septum and flame dried under 
high vacuum. The flask was purged with N2 and charged with 1a (0.99 g, 5.0 mmol, 1.0 equiv.) or 4a 
(0.59 g, 5.0 mmol, 1.0 equiv.), 2a (2.61 g, 15.0 mmol, 3.0 equiv.) Na2CO3 (1.06 g, 10.0 mmol, 2.0 
equiv.) and DMSO (100 mL) was then added. The mixture was stirred at 80 C until the reaction was 
judged to be completed by TLC analysis. Water was added and extracted with EtOAc. The organic 
phase was dried over anhydrous MgSO4 and concentrated under reduced pressure. The residue was 
then chromatographed on silica gel to afford the desired product 3a (1.02 g, 76% yield).

4a (0.59 g, 5 mmol)

Na2CO3 (2.0 equiv.)

DMSO, 80 °C, 1 h+

5a (0.73 g, 77% yield)

H
N

CN
OEt

O

NH2
CN

2a

DEAD

A 250 mL round bottom flask with a stir bar was fitted with a rubber septum and flame dried under 
high vacuum. The flask was purged with N2 and charged with 4a (0.59 g, 5.0 mmol, 1.0 equiv.), 2a 
(2.61 g, 15.0 mmol, 3.0 equiv.) Na2CO3 (1.06 g, 10.0 mmol, 2.0 equiv.) and DMSO (100 mL) was then 
added. The mixture was stirred at 80 C until the reaction was judged to be completed by TLC analysis. 
Water was added and extracted with EtOAc. The organic phase was dried over anhydrous MgSO4 and 
concentrated under reduced pressure. The residue was then chromatographed on silica gel to afford the 
desired product 5a (0.73 g, 77% yield).

B. Synthetic transformations of 3a and 5a:

+ Br
NH

H
N O

In

THF, reflux

5a
8a 88% yield

H
N

CN
OEt

O

Heat a stirred mixture of 5a (0.2 mmol, 38.2 mg), allyl bromide (0.4 mmol, 48.4 mg, 2.0 equiv.) and 
indium (0.2 mmol, 23 mg, 1.0 equiv.) in THF (0.4 mL) to reflux for 1 h. After the reaction was cooled 
down to room temperature, diluted with ethyl acetate, washed with saturated ammonium chloride (3 × 
20 mL), dried over anhydrous MgSO4, filtered, and remove the solvent under reduced pressure. The 
product 8a was obtained by column chromatography over silica gel using a mixture of petroleum ether 
and ethyl acetate as the eluent. 8a (PE:EA = 10:1, Rf = 0.29, White solid, 88% yield). 1H NMR (400 
MHz, CDCl3): δ 9.14 (s, 1H), 7.13 – 7.04 (m, 2H), 6.98 – 6.91 (m, 1H), 6.80 – 6.73 (m, 1H), 5.77 – 
5.63 (m, 3H), 5.14 – 5.04 (m, 4H), 2.67 – 2.46 (m, 4H). 13C NMR (100 MHz, CDCl3): δ 155.3, 137.2, 
132.3, 127.8, 125.0, 122.7, 122.0, 119.8, 114.7, 60.4, 46.7. Analytical data are in accordance with the 
literature values.1
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CuI, DBU

MeNO2-H2O, 100 °C

Cs2CO3

5a 9a 80% yield

NHCO2Et

NH2

O
H
N

CN
OEt

O

Add DBU (24 mg, 0.1 mmol, 0.5 equiv.), CuI (3.0 mg, 0.01 mmol, 5 mol%), Cs2CO3 (13 mg, 0.04 
mmol, 2.0 equiv.) to a nitromethane (0.5 mL)-H2O (0.1 mL) solution of 5a (0.2 mmol, 38.2 mg) at 
room temperature. Then, heat the reaction mixture at 100 ℃ for 10 h and then pour into water (50 mL). 
Separate the organic layer and extract the aqueous layer with EtOAc. Dry the combined organic layer 
with anhydrous MgSO4. Then, remove the solvent under reduced pressure. The product 9a was 
obtained by column chromatography over silica gel using a mixture of petroleum ether and ethyl 
acetate as the eluent. 9a (PE:EA = 10:1, Rf = 0.25, Pale yellow solid, 80% yield). 1H NMR (400 MHz, 
CDCl3): δ 10.48 (s, 1H), 8.43 – 8.35 (m, 1H), 7.48 (dd, J = 8.4, 6.9 Hz, 2H), 7.04-6.99 (m, 1H), 4.21 (q, 
J = 7.1 Hz, 2H), 1.31 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 171.3, 153.9, 140.6, 133.3, 
127.3, 122.1, 120.0, 117.7, 61.1, 13.9. Analytical data are in accordance with the literature values.2

+ OEt
n-BuLi

THF, -78 °C to rt

3a 10a

N

Ph
O

CO2Et

O HN OEt

O

n-BuLi (1.6 M in THF, 0.5 mL, 4.0 equiv.) was added slowly to ethoxyethyne (45 w/v % in hexane, 
0.14 mL, 4.0 equiv.) in THF (0.8 mL) at -78 °C, and the mixture was stirred at the same temperature 
for 2 h and then at 0 °C for another 2 h. Then, the reaction mixture was re-cooled to -78 °C before 
adding 3a (50 mg in 0.8 mL THF, 0.2 mmol, 1.0 equiv.). The mixture was then stirred at -78 °C for 1 h 
and at room temperature for 2 h. Then, 1.0 N HCl (2.5 mL) was added to the reaction mixture at 0 °C 
and stirred for 40 min at room temperature. The mixture was extracted with EtOAc, and the combined 
extract was washed with brine and then dried over MgSO4. After the removal of the solvent under 
vacuum, the product 10a was obtained by column chromatography over silica gel using a mixture of 
petroleum ether and ethyl acetate as the eluent. 10a (PE:EA = 10:1, Rf = 0.33, Yellow solid, 81% yield). 
1H NMR (400 MHz, CDCl3): δ 10.12 (s, 1H), 8.18 (dt, J = 8.5, 0.9 Hz, 1H), 7.63 (dt, J = 7.9, 1.1 Hz, 
1H), 7.59 – 7.45 (m, 6H), 7.32 (ddd, J = 8.0, 7.1, 1.0 Hz, 1H), 4.56 (q, J = 7.1 Hz, 2H), 1.49 (t, J = 7.1 
Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 182.6, 151.4, 137.5, 134.0, 132.3, 130.6, 129.0, 128.7, 128.5, 
124.0, 122.3, 115.4, 64.3, 14.2. Analytical data are in accordance with the literature values.3

+

O
Br K2CO3

DMF, 60 °C, 3 h

5a
11a 95% yield

N

NH2

CO2Et

N
CN

OEt

O

O

Ph

H

A Schlenk tube was charged with 5a (0.2 mmol, 38.1 mg), 2-bromo-1-phenylethan-1-one (0.3 mmol, 
59.7 g, 1.5 equiv.), K2CO3 (0.4 mmol, 55.3 mg, 2.0 equiv.) and DMF (1 mL). The mixture was stirred 
at 60 °C for 3 h. Then, the reaction was cooled down to room temperature, diluted with ethyl acetate, 
washed with saturated ammonium chloride (3×20 mL), dried over anhydrous MgSO4, filtered, and 
remove the solvent under reduced pressure. The product 11a was obtained by column chromatography 
over silica gel using a mixture of petroleum ether and ethyl acetate as the eluent. 11a (PE:EA = 10:1, Rf 
= 0.16, Yellow solid, 95% yield). 1H NMR (400 MHz, CDCl3): δ 8.22 (d, J = 8.4 Hz, 1H), 7.91 – 7.70 
(m, 2H), 7.65 – 7.54 (m, 2H), 7.44 (tdd, J = 8.7, 7.1, 4.7 Hz, 3H), 7.36 – 7.30 (m, 1H), 5.86 (s, 2H), 
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3.73 (q, J = 7.1 Hz, 2H), 0.84 (t, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 187.0, 152.0, 143.2, 
141.1, 138.2, 131.2, 130.0, 128.4, 127.4, 123.2, 122.1, 119.4, 116.3, 116.1, 62.9, 13.5.
Analytical data are in accordance with the literature values.4
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D. NMR spectra:
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(3a)
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O HN O
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O HN O

OEt
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O HN O

OEt
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O HN O
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O HN O
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MeO
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O HN O

OEt
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O HN O

OEt

CH3

(3l)



S20
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NH
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NH
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