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1. Optimization of the Reaction Conditions

Table S1. Screening of Catalystsa

Entry Catalyst Oxidant Solvent Yield(%)b

1 CuO Air MeCN 22

2 CuCl Air MeCN trace

3 CuBr2 Air MeCN trace

4 CuCl2 Air MeCN 10

5 Cu(OAc)2 Air MeCN trace

6 Cu(OTf)2 Air MeCN 36

7 CoO Air MeCN 8

8 CoCl2 Air MeCN 12

9 Co(ClO4)2·6H2O Air MeCN 23

10 Co(OAc)2 Air MeCN 38

11 CoSO4·6H2O Air MeCN trace

12 FeCl2 Air MeCN trace

13 Pd(OAc)2 Air MeCN 0

14c -- Air MeCN 0

(a) Reaction conditions: 1a (0.2 mmol), 2a (0.2 mmol), catalyst (10 mol %), MeCN (2 mL) in air

at 80 oC for 12 h. (b) Isolated yields. (c) In the absence of a catalyst.
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Table S2. Screening of Oxidant.a

Entry Catalyst Oxidant Solvent Yield(%)b

1 Co(OAc)2 DTBP MeCN 32

2 Co(OAc)2 TBHP MeCN 33

3 Co(OAc)2 TBPB MeCN trace

4 Co(OAc)2 DCP MeCN 35

5 Co(OAc)2 BPO MeCN trace

6 Co(OAc)2 K2S2O8 MeCN 30

7 Co(OAc)2 PhI(OAc)2 MeCN 0

8 Co(OAc)2 O2 MeCN 37

9 Co(OAc)2 Air MeCN 38

10c Co(OAc)2 -- MeCN 0

(a) Reaction conditions: 1a (0.2 mmol), 2a (0.2 mmol), Co(OAc)2 (10 mol %), MeCN (2 mL) in

air at 80 oC for 12 h. (b) Isolated yields. (c) Under N2 atmosphere.

Table S3. Screening of Substrate Molar Ratio.a

Entry Catalyst 1a / 2a Solvent Yield(%)b

1 Co(OAc)2 1:1 MeCN 38

2 Co(ClO4)2·6H2O 1:1 MeCN 23

3 Co(OAc)2 1:5 MeCN 70

4 Co(ClO4)2·6H2O 1:5 MeCN 72

5 Co(OAc)2 1:7 MeCN 73
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6 Co(ClO4)2·6H2O 1:7 MeCN 83

7 Co(ClO4)2·6H2O 1:8 MeCN 82

8 Co(OAc)2 1:8 MeCN 75

(a) Reaction conditions: 1a (0.2 mmol), 2a, Catalyst (10 mol %), MeCN (2 mL) in air at 80 oC for

12 h. (b) Isolated yields.

Table S4. Screening of Solvent and Temperature.a

Entry Catalyst Temperature Solvent Yield(%)b

1 Co(ClO4)2·6H2O 80 DCE 52

2 Co(ClO4)2·6H2O 80 EtOH 34

3 Co(ClO4)2·6H2O 80 Toluene 68

4 Co(ClO4)2·6H2O 80 DMSO trace

5 Co(ClO4)2·6H2O 80 Dioxane 32

6 Co(ClO4)2·6H2O 80 MeCN 83

7 Co(ClO4)2·6H2O 60 MeCN 63

8 Co(ClO4)2·6H2O 100 MeCN 80

(a) Reaction conditions: 1a (0.2 mmol), 2a (1.4 mmol), Co(ClO4)2·6H2O (10 mol %), Solvent (2

mL) in air for 12 h. (b) Isolated yields.
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2. 1H NMR and 13C NMR Spectra of Products

1H NMR Spectra of ethyl 2-(diethoxyphosphoryl)-2-(p-tolylamino)acetate 3aa

  7.265

  7.010
  6.994

  6.613
  6.610
  6.600
  6.596

  4.500
  4.454
  4.269
  4.263
  4.254
  4.249
  4.240
  4.234
  4.231
  4.225
  4.220
  4.217
  4.205
  4.203
  4.189
  4.185
  4.184
  4.175
  2.237

  1.363
  1.349
  1.334
  1.319
  1.305
  1.284
  1.270
  1.256

 -0.000

 2
.0

0
 1

.0
4

 1
.9

7

 6
.0

8

 3
.0

6

 9
.2

1

8
6

4
2

0
P

P
M



S6

13C NMR Spectra of ethyl 2-(diethoxyphosphoryl)-2-(p-tolylamino)acetate 3aa
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1H NMR Spectra of ethyl 2-(diethoxyphosphoryl)-2-((4-methoxyphenyl)amino)-

acetate 3ba
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13C NMR Spectra of ethyl 2-(diethoxyphosphoryl)-2-((4-methoxyphenyl)amino)-

acetate 3ba

 168.675
 168.657

 153.439

 140.260
 140.157

 115.684
 114.797

 77.354
 77.099
 76.843

 64.120
 64.063
 63.567
 63.507
 62.161
 58.120
 56.938
 55.659

 16.477
 16.429
 16.415
 16.368
 14.129

20
0

15
0

10
0

50
0

P
P

M



S9

1H NMR Spectra of ethyl 2-([1,1'-biphenyl]-4-ylamino)-2-(diethoxyphosphoryl)-

acetate 3ca
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13C NMR Spectra of ethyl 2-([1,1'-biphenyl]-4-ylamino)-2-(diethoxyphosphoryl)-

acetate 3ca
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1H NMR Spectra of ethyl 2-((4-chlorophenyl)amino)-2-(diethoxyphosphoryl)acetate

3da
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13C NMR Spectra of ethyl 2-((4-chlorophenyl)amino)-2-(diethoxyphosphoryl)acetate

3da
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1H NMR Spectra of ethyl 2-((4-bromophenyl)amino)-2-(diethoxyphosphoryl)acetate

3ea
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13C NMR Spectra of ethyl 2-((4-bromophenyl)amino)-2-(diethoxyphosphoryl)acetate

3ea
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1H NMR Spectra of methyl 2-(diethoxyphosphoryl)-2-(p-tolylamino)acetate 3fa
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13C NMR Spectra of methyl 2-(diethoxyphosphoryl)-2-(p-tolylamino)acetate 3fa
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1H NMR Spectra of isopropyl 2-(diethoxyphosphoryl)-2-(p-tolylamino)acetate 3ga
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13C NMR Spectra of isopropyl 2-(diethoxyphosphoryl)-2-(p-tolylamino)acetate 3ga
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1H NMR Spectra of tert-butyl 2-(diethoxyphosphoryl)-2-(p-tolylamino)acetate 3ha
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13C NMR Spectra of tert-butyl 2-(diethoxyphosphoryl)-2-(p-tolylamino)acetate 3ha
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1H NMR Spectra of benzyl 2-(diethoxyphosphoryl)-2-(p-tolylamino)acetate 3ia
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13C NMR Spectra of benzyl 2-(diethoxyphosphoryl)-2-(p-tolylamino)acetate 3ia
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1H NMR Spectra of ethyl 2-(dimethoxyphosphoryl)-2-(p-tolylamino)acetate 3ab
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13C NMR Spectra of ethyl 2-(dimethoxyphosphoryl)-2-(p-tolylamino)acetate 3ab
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1H NMR Spectra of ethyl 2-(diisopropoxyphosphoryl)-2-(p-tolylamino)acetate 3ac
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13C NMR Spectra of ethyl 2-(diisopropoxyphosphoryl)-2-(p-tolylamino)acetate 3ac
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1H NMR Spectra of ethyl 2-(dibutoxyphosphoryl)-2-(p-tolylamino)acetate 3ad
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13C NMR Spectra of ethyl 2-(dibutoxyphosphoryl)-2-(p-tolylamino)acetate 3ad
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1H NMR Spectra of diethyl (2-(methylamino)-2-oxo-1-(p-tolylamino)ethyl)phosphon-

ate 3ja
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13C NMR Spectra of diethyl (2-(methylamino)-2-oxo-1-(p-tolylamino)ethyl)phospho-

nate 3ja

 167.595

 144.218
 144.125

 129.926
 129.158

 114.067

 77.312
 77.062
 76.813

 64.274
 64.218
 63.672
 63.619
 58.830
 57.702

 26.464

 20.442
 16.433
 16.389
 16.335

20
0

15
0

10
0

50
0

P
P

M



S31

1H NMR Spectra of diethyl (2-(ethylamino)-2-oxo-1-(p-tolylamino)ethyl)phosphonate

3ka
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13C NMR Spectra of diethyl (2-(ethylamino)-2-oxo-1-(p-tolylamino)ethyl)phosphona-

te 3ka
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1H NMR Spectra of diethyl (2-(benzylamino)-2-oxo-1-(p-tolylamino)ethyl)phosphon-

ate 3la

  7.285
  7.281
  7.277
  7.268
  7.263
  7.253
  7.245
  7.241
  7.238
  7.233
  7.228
  7.220
  7.214
  7.211
  7.198
  7.023
  7.006
  6.606
  6.589

  4.552
  4.540
  4.523
  4.510
  4.417
  4.406
  4.387
  4.376
  4.243
  4.211
  4.205
  4.198
  4.191
  4.185
  4.176
  4.170
  4.162
  4.155
  4.149
  4.141
  4.139
  4.136
  4.125
  4.122
  2.255
  1.325
  1.310
  1.302
  1.296
  1.288
  1.274
  1.253

 -0.000

 2
.0

0
 2

.0
5

 6
.3

0

 2
.1

9

 5
.0

4

 3
.1

0

 6
.1

4

8
6

4
2

0
P

P
M



S34

13C NMR Spectra of diethyl (2-(benzylamino)-2-oxo-1-(p-tolylamino)ethyl)phospho-

nate 3la

 166.971

 144.222
 144.135

 137.763

 129.893
 129.222
 128.576
 127.644
 127.440

 114.238

 77.306
 77.056
 76.804

 64.134
 64.077
 63.738
 63.682
 59.003
 57.875

 43.595

 20.445
 16.385
 16.367
 16.339
 16.315

20
0

15
0

10
0

50
0

P
P

M



S35

1H NMR Spectra of diethyl (2-oxo-2-phenyl-1-(phenylamino)ethyl)phosphonate 3ma
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S36

13C NMR Spectra of diethyl (2-oxo-2-phenyl-1-(phenylamino)ethyl)phosphonate 3ma
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S37

1H NMR Spectra of diethyl (2-oxo-2-phenyl-1-(p-tolylamino)ethyl)phosphonate 3na
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S38

13C NMR Spectra of diethyl (2-oxo-2-phenyl-1-(p-tolylamino)ethyl)phosphonate 3na
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S39

1H NMR Spectra of diethyl (1-((4-fluorophenyl)amino)-2-oxo-2-phenylethyl)phosph-

onate 3oa
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S40

13C NMR Spectra of diethyl (1-((4-fluorophenyl)amino)-2-oxo-2-phenylethyl)phosph-

onate 3oa
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S41

1H NMR Spectra of diethyl (1-((4-chlorophenyl)amino)-2-oxo-2-phenylethyl)phosph-

onate 3pa
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S42

13C NMR Spectra of diethyl (1-((4-chlorophenyl)amino)-2-oxo-2-phenylethyl)phosp-

honate 3pa

 194.187
 194.172

 145.033
 144.967

 135.351
 134.131
 129.197
 129.115
 128.646
 123.792

 115.389

 77.338
 77.082
 76.821

 63.968
 63.909
 63.799
 63.738
 59.899
 58.716

 16.276
 16.221
 16.177
 16.137

20
0

15
0

10
0

50
0

P
P

M



S43

1H NMR Spectra of diethyl (2-oxo-2-(p-tolyl)-1-(p-tolylamino)ethyl)phosphonate 3qa
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S44

13C NMR Spectra of diethyl (2-oxo-2-(p-tolyl)-1-(p-tolylamino)ethyl)phosphonate

3qa
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S45

1H NMR Spectra of diethyl (2-(4-methoxyphenyl)-2-oxo-1-(p-tolylamino)ethyl)phos-

phonate 3ra
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S46

13C NMR Spectra of diethyl (2-(4-methoxyphenyl)-2-oxo-1-(p-tolylamino)ethyl)phos-

phonate 3ra
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S47

1H NMR Spectra of diethyl (2-(4-fluorophenyl)-2-oxo-1-(p-tolylamino)ethyl)phosph-

onate 3sa
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S48

13C NMR Spectra of diethyl (2-(4-fluorophenyl)-2-oxo-1-(p-tolylamino)ethyl)phosph-

onate 3sa
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S49

1H NMR Spectra of diethyl (2-(4-chlorophenyl)-2-oxo-1-(p-tolylamino)ethyl)phosph-

onate 3ta
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S50

13C NMR Spectra of diethyl (2-(4-chlorophenyl)-2-oxo-1-(p-tolylamino)ethyl)phosp-

honate 3ta
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S51

13C NMR Spectra of diethyl (2-(4-bromophenyl)-2-oxo-1-(p-tolylamino)ethyl)phosp-

honate 3ua
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S52

1H NMR Spectra of diethyl (2-(4-bromophenyl)-2-oxo-1-(p-tolylamino)ethyl)phosp-

honate 3ua
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