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1. Optimization of the Reaction Conditions

Table S1. Screening of Catalysts®
O

o) H
H 0 Nﬁ)k
OEt
N JkOEt + H-P-OEt Catalyst_ Q 1.0
OEt MeCN, 80 °C Et0” “OEt
1a 2a 3aa
Entry Catalyst Oxidant Solvent Yield(%)P
1 CuO Air MeCN 22
2 CuCl Air MeCN trace
3 CuBrn; Air MeCN trace
4 CuCl, Air MeCN 10
5 Cu(OAc) Air MeCN trace
6 Cu(OTf), Air MeCN 36
7 CoO Air MeCN 8
8 CoCl, Air MeCN 12
9 Co(Cl0O4)2-6H0 Air MeCN 23
10 Co(OAc): Air MeCN 38
11 CoS04:6H0 Air MeCN trace
12 FeCl, Air MeCN trace
14¢ -- Air MeCN 0

(a) Reaction conditions: 1a (0.2 mmol), 2a (0.2 mmol), catalyst (10 mol %), MeCN (2 mL) in air
at 80 °C for 12 h. (b) Isolated yields. (c) In the absence of a catalyst.
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Table S2. Screening of Oxidant.?

(0]
HoS 0 H%
Co(OA 10 mol %
N Aog + i-pogy  CoOA (10mol %) /@ ) OF!
OEt Oxidant, MeCN, 80 °C EtO/P\OEt
1a 2a 3aa
Entry Catalyst Oxidant Solvent Yield(%)P
1 Co(OAc) DTBP MeCN 32
7 Co(OAc) TBHP MeCN 33
3 Co(OAc) TBPB MeCN trace
4 Co(OAc) DCP MeCN 35
5 Co(OAc) BPO MeCN trace
6 Co(OAc) K2S,053 MeCN 30
7 Co(OAc) PhI(OAc) MeCN 0
8 Co(OAc) 0 MeCN 37
9 Co(OAc): Air MeCN 38
10¢ CO(OAC)Z - MeCN 0

(a) Reaction conditions: 1a (0.2 mmol), 2a (0.2 mmol), Co(OAc): (10 mol %), MeCN (2 mL) in
air at 80 °C for 12 h. (b) Isolated yields. (¢) Under N> atmosphere.

Table S3. Screening of Substrate Molar Ratio.?
O

0 H
H 0 Nﬁ)k
OEt
N ogt + nboom Catalyst _ /©/ 120
OFt MeCN, 80 °C EtO” “OEt
1a 2a 3aa
Entry Catalyst la/2a Solvent Yield(%)®

1 CO(OAC)Z 1:1 MeCN 38
) Co(Cl0O4)2-6H>0 1:1 MeCN 23
3 Co(OAc): 1:5 MeCN 70
4 Co(Cl0O4)2-6H>0 1:5 MeCN 72
5 Co(OAc): 1.7 MeCN 73
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6 Co(Cl04),6H0 1:7 MeCN 83
7 Co(C104)2-6H>0 1:8 MeCN 82

8 Co(OAc) 1:8 MeCN 75

(a) Reaction conditions: 1a (0.2 mmol), 2a, Catalyst (10 mol %), MeCN (2 mL) in air at 80 °C for
12 h. (b) Isolated yields.

Table S4. Screening of Solvent and Temperature.?

o
I Co(ClO4), *6H,0 (10 mol %) OEt
NJJ\oEt +  H-P-OEt (0 "0 . /©/ /o
OFt MeCN, Air, Temp.

1a 2a
Entry Catalyst Temperature Solvent Yield(%)°
1 Co(ClO4)2-6H20 80 DCE 52
2 Co(ClO4)2-6H20 80 EtOH 34
3 Co(Cl04)2-6H20 80 Toluene 68
4 Co(ClO4)2-6H20 80 DMSO trace
5 Co(Cl04)2-6H0 80 Dioxane 32
6 Co(Cl04)2:6H20 80 MeCN 83
7 Co(ClO4)2-6H20 60 MeCN 63
8 Co(ClO4)2-6H20 100 MeCN 80

(a) Reaction conditions: 1a (0.2 mmol), 2a (1.4 mmol), Co(ClO4),-6H>O (10 mol %), Solvent (2
mL) in air for 12 h. (b) Isolated yields.
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2. TH NMR and 3C NMR Spectra of Products

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

acetate 3ba

[A T A
1921
0.2’
1821
viel
8z¢e’lL
8€e’}
el
[4181
99€’L

9/15

'

6€L€
ovl'e
€6Lv
961V
0ocy
socv
JAVAY
oLy
14344
6LV
veey
1444
gecy
evey
SGcv
JASTA4
(kA4

6/06
304
104
L
T T T
4

0sv'v

2599
0,99
0419
8819

182,

S7



BC NMR Spectra of ethyl 2-(diethoxyphosphoryl)-2-((4-methoxyphenyl)amino)-

acetate 3ba
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"H NMR Spectra of ethyl 2-([1,1'-biphenyl]-4-ylamino)-2-(diethoxyphosphoryl)-

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

acetate 3ca
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'"H 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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'"H 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
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"H 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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"H 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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"H NMR Spectra of fert-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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"H NMR Spectra of benzyl 2-(diethoxyphosphoryl)-2-(p-tolylamino)acetate 3ia
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I3C NMR Spectra of benzyl 2-(diethoxyphosphoryl)-2-(p-tolylamino)acetate 3ia
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"H 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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"H NMR Spectra of ethyl 2-(diisopropoxyphosphoryl)-2-(p-tolylamino)acetate 3ac
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BC NMR Spectra of ethyl 2-(diisopropoxyphosphoryl)-2-(p-tolylamino)acetate 3ac
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"H NMR Spectra of ethyl 2-(dibutoxyphosphoryl)-2-(p-tolylamino)acetate 3ad
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3C NMR Spectra of ethyl 2-(dibutoxyphosphoryl)-2-(p-tolylamino)acetate 3ad
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"H NMR Spectra of diethyl (2-(methylamino)-2-oxo-1-(p-tolylamino)ethyl)phosphon-

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

nate 3ja
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"H NMR Spectra of diethyl (2-(ethylamino)-2-oxo-1-(p-tolylamino)ethyl)phosphonate
3ka

oo

3ka

?
192°€ _\_
\8z'€ ) j
s6ce S —
862°¢
elee r
1ze°€
ove's
vy Ho @
091y N %N/\ r
SOy O H ;
891y Pz ===

.00
T

S31



BC NMR Spectra of diethyl (2-(ethylamino)-2-oxo-1-(p-tolylamino)ethyl)phosphona-
te 3ka
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"H NMR Spectra of diethyl (2-(benzylamino)-2-o0xo-1-(p-tolylamino)ethyl)phosphon-

ate 3la
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13C NMR Spectra of diethyl (2-(benzylamino)-2-o0xo-1-(p-tolylamino)ethyl)phospho-

nate 3la
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"H NMR Spectra of diethyl (2-0x0-2-phenyl-1-(phenylamino)ethyl)phosphonate 3ma
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BC NMR Spectra of diethyl (2-ox0-2-phenyl-1-(phenylamino)ethyl)phosphonate 3ma
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"H NMR Spectra of diethyl (2-0x0-2-phenyl-1-(p-tolylamino)ethyl)phosphonate 3na
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13C NMR Spectra of diethyl (2-ox0-2-phenyl-1-(p-tolylamino)ethyl)phosphonate 3na
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"H NMR Spectra of diethyl (1-((4-fluorophenyl)amino)-2-oxo-2-phenylethyl)phosph-

onate 30a
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BC NMR Spectra of diethyl (1-((4-fluorophenyl)amino)-2-oxo-2-phenylethyl)phosph-

onate 30a
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"H NMR Spectra of diethyl (1-((4-chlorophenyl)amino)-2-0x0-2-phenylethyl)phosph-

onate 3pa
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13C NMR Spectra of diethyl (1-((4-chlorophenyl)amino)-2-oxo-2-phenylethyl)phosp-

honate 3pa
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"H NMR Spectra of diethyl (2-0x0-2-(p-tolyl)-1-(p-tolylamino)ethyl)phosphonate 3qa
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BC NMR Spectra of diethyl (2-ox0-2-(p-tolyl)-1-(p-tolylamino)ethyl)phosphonate
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"H NMR Spectra of diethyl (2-(4-methoxyphenyl)-2-0xo0-1-(p-tolylamino)ethyl)phos-

phonate 3ra
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3C NMR Spectra of diethyl (2-(4-methoxyphenyl)-2-ox0-1-(p-tolylamino)ethyl)phos-

phonate 3ra
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"H NMR Spectra of diethyl (2-(4-fluorophenyl)-2-0xo-1-(p-tolylamino)ethyl)phosph-

onate 3sa
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BC NMR Spectra of diethyl (2-(4-fluorophenyl)-2-ox0-1-(p-tolylamino)ethyl)phosph-

onate 3sa

€819l
0€c9lL
86291
LEE9L
[43 44 r

v
i

16269
€ey'09

89[99\
= i
7_

66.°€9
¢S0'v9
60L°¥9

£€8°9L
€80'LL> Sy
sssu—/_ Tt

Z61'591
sz —~ L

982°¢61 —
863'96L7_

T
200

S48



"H NMR Spectra of diethyl (2-(4-chlorophenyl)-2-0xo-1-(p-tolylamino)ethyl)phosph-

onate 3ta
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13C NMR Spectra of diethyl (2-(4-chlorophenyl)-2-oxo-1-(p-tolylamino)ethyl)phosp-

honate 3ta
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3C NMR Spectra of diethyl (2-(4-bromophenyl)-2-o0xo-1-(p-tolylamino)ethyl)phosp-

honate 3ua
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"H NMR Spectra of diethyl (2-(4-bromophenyl)-2-oxo-1-(p-tolylamino)ethyl)phosp-

honate 3ua
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