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1. TON and TOF calculation method

TON=Yield/Amount of catalyst (mol), TOF=Yield/Time/Amount of catalyst (mol). The lower
the amount of catalyst and the higher the yield, the higher the numerical value of the TON and
TOF, and the higher the value, the more efficient the catalyst. For 5a: TON=47.5 and TOF=1.9
and for 5b: TON=46.5 and TOF=1.8 which is high compared to the other catalysts presented in
Table 3. Given that the purpose of this study was to increase the yield, reduce the reaction rate

and use the minimum amount of catalyst.
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Fig. S1 The some of oxypyrrole rings are biologically active.



3. Tables

Table S1 Optimization table of photocatalyst for the synthesis of 5a @

CO,Me H (0]
O ph- N
Ph—-NH, + || + Ph-NH, + I | N-Ph
Lo H™ H MeO,C~ =
olvie H H

Entry Photocatalyst Solvent (3 mL) Time (min) Isolated Yields (%)
1 Methylene blue (2.5 mol%) EtOH 25 95
2 Erythrosin B (2 mol%) EtOH 25 71
3 Acenaphthenequinone (2 mol%) EtOH 25 52
4 Rhodamine B (2 mol%) EtOH 25 68
5 Alizarin (2 mol%) EtOH 25 46
6 Riboflavin (2 mol%) EtOH 25 65
7 Fluorescein (2 mol%) EtOH 25 72
8 Xanthene (2 mol%) EtOH 25 56

9 Rose bengal (2 mol%) EtOH 25 77



10 Phenanthrenequinone (2 mol%) EtOH 25 49

11 9H-Xanthen-9-one (2 mol%) EtOH 25 58

8Reaction conditions: EtOH (3 mL), blue LED (18 W), and different photocatalysts at room temperature,

formaldehyde (1.5 mmol), aniline (2 mmol), and dimethyl acetylenedicarboxylate (DMAD) (1 mmol).

Table S2 For the synthesis of 5a, a table of solvent and visible-light optimization is provided?

COZMe H (0]
N

Ph-NH, + || + Ph-NH, + j\ a jéNph
CoMe H™ H MeOL™ 3N,
Entry Light Source Solvent (3 mL) Time (min) Isolated Yields (%)
1 Blue light (18 W) CHsCN 25 78
2 Blue light (18 W) MeOH 25 84
3 Blue light (18 W) EtOH 25 95
4 Blue light (18 W) - 30 76
5 Blue light (18 W) EtOAC 25 72
6 Blue light (18 W) DMF 40 16

7 Blue light (18 W) DMSO 40 23



8 Blue light (18 W) H,0 30 61

9 Blue light (18 W) THF 40 13
10 Blue light (18 W) Toluene 35 37
11 White light (18 W) EtOH 25 90
12 Green light (18 W) EtOH 25 82
13 _ EtOH 35 trace
14 Blue light (10 W) EtOH 25 74
15 Blue light (12 W) EtOH 25 82
16 Blue light (20 W) EtOH 25 95

4Reaction conditions: At room temperature, formaldehyde (1.5 mmol), aniline (2 mmol), and dimethyl

acetylenedicarboxylate (DMAD) (1 mmol), MB* (2 mol%).



4. HNMR, CNMR, and mass data recorded for compounds

Ethyl 1-phenyl-3-(phenylamino)-2,5-dihydro-2-oxo-1Hpyrrole-4-carboxylate (5b)

@jfi@

EtO,C

Yield: 93%; m.p. 139-141 °C; HNMR (300 MHz, CDCls): 1.23 (3H, t, J= 9.6 Hz, OCH,CHs),
4.24 (2H, g, J= 9.6 Hz, OCH2CHs), 4.58 (2H, s, CH>-N), 7.16-7.25 (4H, m, ArH), 7.29-7.37

(2H, m, ArH), 7.40-7.46 (2H, m, ArH), 7.84 (2H, d, J= 11.6 Hz, ArH), 8.01 (1H, s, NH) ppm.

Methyl4-(4-methylphenylamino)-1-(4-methylphenyl)-2,5-dihydro-5-oxo-1H-pyrrole-3-

carboxylate (5¢)

N
e~ T e
MeO,C H:' H
Yield: 97%; m.p. 179-181 °C; 'HNMR (400 MHz, CDCls): 2.36 (6H, s, 2CHs), 3.77 (3H, s,

OCHs), 4.52( 2H, s, CHz2-N), 7.06 (2H, d, J=8.4 Hz, ArH), 7.14 (2H, d, J=8.4 Hz, ArH),

7.21(2H, d, J=8.4 Hz, ArH), 7.68 (2H, d, J=8.8 Hz, ArH), 8.03 (1H, s, NH) ppm.



Ethyl4-(4-methylphenylamino)-1-(4-methylphenyl)-2,5-dihydro-5-oxo-1H-pyrrole-3-
carboxylate (5d)

EtOZC H: H

Yield: 96%; m.p. 132-134 °C; *HNMR (400 MHz, CDCls): 1.25 (3H, t, J=7.2 Hz, CH2CHa),
2.37 (6H, s, 2CHs), 4.23 (2H, g, J=7.2 Hz, 2CH,CHs), 4.53 (2H, s, CH,-N),7.06 (2H, d, J=8.4
Hz, ArH), 7.14 (2H, d, J=8.4 Hz, ArH), 7.21 (2H, d, J=8.4 Hz, ArH), 7.68 (2H, d, J=8.4 Hz,

ArH), 8.01 (1H, s, NH) ppm.

Methyl 3-(benzylamino)-1-(4-fluorophenyl)-2,5-dihydro-2-oxo-1H-pyrrole-4-carboxylate (5e)

H 0
N
| N —< >— F
MeO,C~ =
H H

<

Yield: 91%; m.p. 167-169 °C; 'HNMR (300 MHz, CDCls): 3.81 (s, 3H, OCHs), 4.4 (s, 2H,
CHz-N), 5.14 (d, 2H, J= 8.8 Hz, CH2-NH), 6.90 (br s, 1H, NH), 7.09-7.15 (m, 2H, ArH), 7.29—

7.38 (m, 5H, ArH), 7.72-7.77 (m, 2H, ArH) ppm.

Methyl 3-(benzylamino)-1-(4-bromophenyl)-2,5-dihydro-2-oxo-1H-pyrrole-4-carboxylate (5f)
0

MeO,C
H



Yield: 88%; m.p. 120-122 °C; *HNMR (300 MHz, CDCls): 3.81 (3H, s, OCHs), 4.43 (2H, s,
CH2-N), 5.13 (2H, d, J= 8.8 Hz, CH2-NH), 6.87 (1H, br s, NH), 7.29-7.38 (5H, m, ArH), 7.51—

7.55 (2H, m, ArH), 7.68-7.73 (2H, m, ArH) ppm.

Methyl4-(4-fluoroyphenylamino)-1-(4-fluorophenyl)-2,5-dihydro-5-oxo-1H-pyrrole-3-

carboxylate (5g)

MEOZC H: H

Yield: 96%; m.p. 159-161 °C; HNMR (400 MHz, CDCls): 3.79 (3H, s, OCHs), 4.52 (2H, s,
CH2-N), 7.04 (2H, t, J=8.4 Hz, ArH), 7.08-7.16 (4H, m, ArH), 7.73-7.76 (2H, m, ArH), 8.05

(1H, s, NH) ppm.

Ethyl4-(4-fluoroyphenylamino)-1-(4-fluorophenyl)-2,5-dihydro-5-oxo-1H-pyrrole-3-

carboxylate (5h)

N
F < > | N—< >—F
E0,C” Ny
Yield: 98%; m.p. 172-174 °C; 'THNMR (300 MHz, CDCl3): 1.29 (3H, t, J= 9.2 Hz, OCH,CHs),

4.27 (2H, g, J= 9.6 Hz, OCH,CHs), 4.53 (2H, s, CHx-N), 7.01-7.17 (5H, m, ArH), 7.72-7.79

(2H, m, ArH), 8.05 (1H, s, NH) ppm.



Methyl4-(4-bromophenylamino)-1-(4-bromophenyl)-2,5-dihydro-5-oxo-1H-pyrrole-3-

carboxylate (5i)

i@

MeO,C

Yield: 839%; m.p. 180-182 °C; 'HNMR (300 MHz, CDCls): 3.81 (3H, s, OCHs), 4.52 (2H, s,
CH2-N), 7.04 (2H, d, J= 11.2 Hz, ArH), 7.46 (2H, d, J= 11.6 Hz, ArH), 7.53 (2H, d, J= 12.0 Hz,

ArH), 7.71 (2H, d, J= 12.0 Hz, ArH), 8.06 (1H, s, NH) ppm.

Ethyl3-(4-bromophenylamino)-1-(4-bromophenyl)-2,5-dihydro-2-oxo-1H-pyrrole-4-

carboxylate (5j)

O

Yield: 86%; m.p. 167-169 °C; *HNMR (300 MHz, CDCls): 1.29 (3H, t, J= 9.6 Hz, OCH.CHs),
4.28 (2H, g, J= 9.6 Hz, OCH,CH3), 4.53 (2H, s, CH2-N), 7.04 (2H, d, J= 11.6 Hz, ArH), 7.45
(2H, d, J= 11.2 Hz, ArH), 7.53 (2H, d, J= 12.0 Hz, ArH), 7.72 (2H, d, J= 11.6 Hz, ArH), 8.05

(1H, s, NH) ppm.

Methyl4-(4-ethylphenylamino)-1-(4-ethylphenyl)-2,5-dihydro-5-oxo-1H-pyrrole-3-carboxylate

(5k)



Et@\“ﬁN e

MEOZC H\\ H

Yield: 91%; m.p. 122-124 °C; *HNMR (400 MHz, CDCls): 1.26 (6H, t, J=2.4 Hz, 2CH,CHs),
2.67 (4H, g, J=7.2 Hz, 2CH,CHs), 3.76 (3H, s, 20CHs3), 4.53 (2H, s, CH2-N),7.09 (2H, d, J=8.4
Hz, ArH), 7.17 (2H, d, J=8.4 Hz, ArH), 7.24 (2H, d, J=8.8 Hz, ArH),7.70 (2H, d, J=8.8 Hz,
ArH), 8.05 ( 1H, s, NH) ppm; *CNMR (100 MHz, CDCls): 15.6, 15.7 (2CH,-CHs), 28.3 and
28.4 (2CH,-CHs), 48.3 (CH:N), 51.3 (OCHs), 101.9, 119.4, 123.1, 127.8, 128.5, 136.1, 136.4,
140.8, 141.3, 143.6 (Ca), 163.6 (C=0, amide), 165.1(C=0, ester); MS (EI) m/z (%): 364 (M ,
59), 349 (1), 332 (10), 318 (4), 305 (100), 290 (1), 277 (7), 261 (4), 247 (2), 233 (2), 216 (13),
199 (2), 186 (1), 173 (14), 158 (12), 145 (3), 132 (18), 118 (10), 103 (12), 90 (8), 77 (21), 64 (2),

51 (4).

Ethyl4-(4-ethylphenylamino)-1-(4-ethylphenyl)-2,5-dihydro-5-oxo-1H-pyrrole-3-carboxylate
(51)

H 0
N
O
H H

EtO,C

Yield: 93%; m.p. 101-103 °C; *HNMR (400 MHz, CDCls): 1.24 (9H, m, 3 CH2CHs), 2.67 (4H,
g, J=7.2 Hz, 2CH,CHs3), 4.22 (2H, g, J=7.2 Hz, CHoCHs), 4.54 (2H, s, CH-N), 7.09 (2H, d,
J=8.4 Hz, ArH), 7.16 (2H, d, J=8.4 Hz, ArH), 7.24 (2H, d, J=8.4 Hz, ArH), 7.71 (2H, d, J=8.8
Hz, ArH), 8.01 (1H, s, NH) ppm; 2*CNMR (100 MHz, CDCls): 14.2, 15.6 and 15.7 (3CH2-CHs),

28.3 and 28.4 (2CH»-CHs), 48.4 (CH:N), 60.3 (OCH2-CHs), 102.5, 119.5, 122.8, 127.8, 128.7,



136.3, 136.4, 140.7, 141.3 and 143.1 (Car), 163.6 (C=0, amide), 164.8 (C=0, ester); MS (El)
m/z (%): 378 (M, 2), 357 (2), 339 (3), 321 (4), 305 (5), 292 (7), 275 (4), 262 (7), 239 (12), 218

(5), 199 (11), 185 (5), 171 (8), 152 (10), 130 (25), 105 (35), 91 (93), 77 (57), 57 (56), 43 (100).

Methyl 3-(benzylamino)-1-phenyl-2,5-dihydro-2-oxo-1H-pyrrole-4-carboxylate (5m)

“oaxdo

Yield: 92%; m.p. 138-140 °C; HNMR (300 MHz, CDCls): 3.81 (3H, s, OCHa), 4.47 (2H, s,
CH2-N), 5.15 (2H, d, J= 8.8 Hz, CH,-NH), 6.86 (1H, br, NH), 7.20-7.47 (8H, m, ArH), 7.79

(2H, d, J=10.0 Hz, ArH) ppm.

Ethyl 3-(benzylamino)-1-phenyl-2,5-dihydro-2-oxo-1Hpyrrole-4-carboxylate (5n)

Jﬁ ©

Yield: 89%; m.p. 131-133 °C; HNMR (300 MHz, CDCls): 1.35 (3H, t, J= 9.6 Hz, OCH2CHs),
4.28 (2H, g, J= 9.6 Hz, OCH2CHs), 4.47 (2H, s, CH2-N), 5.15 (2H, d, J= 8.8 Hz, CHx-NH), 6.85

(1H, br, NH), 7.25-7.46 (8H, m, ArH), 7.80 (2H, d, J= 9.6 Hz, ArH) ppm.

Methyl 3-(butylamino)-2,5-dihydro-2-oxo-1-phenyl-1Hpyrrole-4-carboxylate (50)



H 0
~ N
W,
MeO,C~ =
H H

Yield: 95%; m.p. 57-59 °C; *tHNMR (300 MHz, CDCls): 0.98 (3H, t, J= 9.6 Hz, CHs), 1.42 (2H,
sextet, J= 9.2 Hz, CH,), 1.64 (2H, quintet, J= 9.0 Hz, CH,), 3.82 (3H, s, OCH3), 3.89 (2H, t, J=
9.2 Hz, CH,-NH), 4.44 (2H, s, CHo—N), 6.67 (1H, br s, NH), 7.19-7.24 (1H, m, ArH), 7.40-7.45

(2H, m, ArH), 7.79 (2H, d, J= 10.4 Hz, ArH) ppm.

Ethyl 1-(4-bromophenyl)-3-(butylamino)-2,5-dihydro-2-oxo-1H-pyrrole-4-carboxylate (5p)

H 0
~ N
Ao
H H

N

Yield: 86%; m.p. 97-99 °C; HNMR (400 MHz, CDCls): 0.97 (3H, t, J = 7.2 Hz, CHs), 1.35 (3H,
t, J = 7.2 Hz, OCH,CHs), 1.43 (2H, sextet, J = 7.6 Hz, CH,), 1.61 (2H, quintet, J = 7.6 Hz, CHy),
3.87 (2H, t, J = 7.2 Hz, CH2-NH), 4.28 (2H, g, J = 7.2 Hz, OCH2CHs3), 4.40 (2H, s, CHo-N), 6.72

(1H, brs, NH), 7.52 (2H, d, J = 8.8 Hz, ArH), 7.70 (2H, d, J = 8.8 Hz, ArH) ppm.

Methyl4-(4-methoxyphenylamino)-1-(4-methoxyphenyl)-2,5-dihydro-5-oxo-1H-pyrrole-3-

carboxylate (5q)



H o}

N
MeO@ | NOOMG
MEOZC H\; H
Yield: 94%; m.p. 172-174 °C; 'HNMR (400 MHz, CDCls): 3.77 (3H, s, CH3), 3.83 (6H, s,

20CHs3), 4.50 (2H, s, CHz-N), 6.89 (4H, d, J=17.6 Hz, ArH), 7.13 (1H, s, ArH) ,7.68 (1H, s,

ArH), 8.03 (1H, s, NH) ppm.

Ethyl4-(4-methoxyphenylamino)-1-(4-methoxyphenyl)-2,5-dihydro-5-oxo-1H-pyrrole-3-

carboxylate (5r)

Etozc:jf<

Yield: 92%; m.p. 154-156 °C; HNMR (400 MHz, CDCls): 1.26 (3H, t, J=7.2Hz, CH,CHs), 3.83
(6H, s, 20CHs3), 4.23 (2H, g, J=7.2 Hz, CH,CHs), 4.50 (2H, s, CH2-N), 6.87 (2H, d, J=8.8 Hz,
ArH), 6.93 (2H, d, J=8.8 Hz, ArH), 7.12 (2H, d, J=8.8 Hz, ArH), 7.69 (2H, d, J=8.8 Hz, ArH),

8.02 (1H, s, NH) ppm.

Methyl1-(3,4-di-chlorophenyl)-3-(butylamino)-2,5-dihydro-2-oxo-1H-pyrrole-4-carboxylate

()

H 0
N
| N Cl
MeO,C~ =
H H Cl



Yield: 87%; m.p. 98-100 °C; *HNMR (300 MHz, CDCls): 0.98 (3H, t, J= 9.6 Hz, CHa), 1.46
(2H, sextet, J= 10.4 Hz, CH>), 1.62 (2H, quintet, J= 10.0 Hz, CH>), 3.82 (3H, s, OCH3), 3.89
(2H, t, J= 9.2 Hz, CH2-NH), 4.40 (2H, s, CH2-N), 6.69 (1H, br s, NH), 7.45-7.48 (1H, m, ArH),

7.66-7.70 (1H, m, ArH), 8.01 (1H, s, ArH) ppm.



5. 'HNMR, 3CNMR, and mass files recorded for compounds
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Fig. S2 THNMR Spectrum of compound (300 MHz, CDClIs) of 5b
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Fig. S20 tHNMR Spectrum of compound (400 MHz, CDCls) of 5p
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Fig. S22 *HNMR Spectrum of compound (400 MHz, CDCls) of 5r
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Fig. S23 'HNMR Spectrum of compound (300 MHz, CDCls) of 5s



