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1 General Information

All manipulations were performed under an air atmosphere unless otherwise
statement. Column chromatography was performed on silica gel (300-400 mesh).
NMR spectra were obtained using a Bruker Avance 500 spectrometer (‘H at 500 MHz
and " C at 125 MHz). Chemical shifts for 'H NMR spectra are reported in parts per
million (ppm) from tetramethylsilane with the solvent resonance as the internal
standard (CDCls: & 7.26 ppm). Chemical shifts for °C NMR spectra are reported in
parts per million (ppm) from tetramethylsilane with the solvent as the internal
standard (CDCls: 6 77.0 ppm). High resolution mass spectra (HRMS) were recorded
on the Exactive Mass Spectrometer (Thermo Scientific, USA) equipped with APCI or
ECI ionization source.
Materials. Unless stated otherwise, commercial reagents were used without further
purification. All reagents were weighed and handled in air at room temperature.
2 General Experimental Procedure

The reaction mixture of terminal alkenes 1 (0.75 mmol), aromatic amines 2 (0.5
mmol), f-keto esters 3 (0.5mmol), CuCl (10 mol %), and DMSO (4 mL) in a 10 mL
round bottom flask was stirred at 80 °C for 24 h. Upon completion, the reaction
mixture was diluted with water (30 mL) and extracted with ethyl acetate (3 < 30 mL).
The combined organic layers were washed with water and brine, dried over anhydrous
Na,SO4 and filtered. The solvent was removed under vacuum. The residue was

purified by flash column chromatography to afford the product.
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3 Optimization of Reaction Conditions'

O

(0]

Ph—¢”
Catalyst /
Ph/\ + Ph—NH, + MOEI y > N
80 °C, Solvent ph/
la 2a 3a 4aaa

Entry Catalyst Solvent Yield (%)b
1 CuCl, DMSO 63
2 Cul DMSO 40
3 Cu(OAc), DMSO 0
4 Cu(OTf), DMSO 0
5 CuSO,4 DMSO 0
6 Bi(OTH) DMSO 0
7 InCl, DMSO 0
8 AgCO; DMSO 0
? AgOAc DMSO 0
10 Pd(OAc), DMSO 0

"Reaction conditions: styrene 1a (0.75 mmol), aniline 2a (0.5 mmol), ethyl
acetoacetate 3a (0.5 mmol), catalyst (10 mol % to 2a), solvent (4.0 mL), 80 °C,
24 h. "Isolated yield of pure product based on 2a.
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4 Char acterization of the Compounds

Ethyl 2-methyl-1,5-diphenyl-1H-pyrrole-3-car boxylate (4aaa)
(0]

OEt
/ \
N

@ 'H NMR (500 MHz, CDCls) & 7.43-7.39 (m, 3H), 7.19-7.15 (m, 5H),
7.11-7.07 (m, 2H), 6.85 (s, 1H), 4.37 (q, J = 7.1 Hz, 2H), 2.45 (s, 3H), 1.42 (t, J= 7.1

Hz, 3H). *C NMR (125 MHz, CDCl3) § 165.6, 138.1, 138.0, 133.9, 132.4, 129.2,
128.5, 128.2, 128.1, 128.0, 126.5, 112.8, 110.0, 59.5, 14.5, 12.5. ESI HRMS exact
mass calcd for (Co0H;oNO,Na)" requires m/z 328.13135, found m/z 328.13166.

Ethyl 5-(4-methoxyphenyl)-2-methyl-1-phenyl-1H-pyrrole-3-car boxylate (4baa)

O,

OEt
/\
N
MeO

@ 'H NMR (500 MHz, CDCl3) § 7.41-7.36 (m, 3H), 7.13 (dd, J = 7.6,
1.7 Hz, 2H), 6.97 (d, J = 8.7 Hz, 2H), 6.71 (s, 1H), 6.68 (d, J = 8.7 Hz, 2H), 4.32 (q, J

= 7.1 Hz, 2H), 3.73 (s, 3H), 2.39 (s, 3H), 1.37 (t, J = 7.1 Hz, 3H). *C NMR (125
MHz, CDCls) 6 165.7, 158.3, 138.2, 137.5, 133.8, 129.5, 129.2, 128.6, 128.2, 125.1,
113.5, 112.7 109.1, 59.5, 55.1, 14.6, 12.5. ESI HRMS exact mass calcd for
(C21H2/NO3Na) " requires m/z 358.14191, found m/z 358.13989.
Ethyl 5-(4-bromophenyl)-2-methyl-1-phenyl-1H-pyrrole-3-car boxylate (4caa)

Q

OEt
)\
N
Br

@ 'H NMR (500 MHz, CDCl;) '"H NMR (500 MHz, CDCls) & 7.45-
7.42 (m, 3H), 7.29 (d, J = 8.4 Hz, 2H), 7.16 (dt, J = 5.3, 1.9 Hz, 2H), 6.93 (d, J= 8.5

Hz, 2H), 6.84 (s, 1H), 4.36 (q, J = 7.1 Hz, 2H), 2.43 (s, 3H), 1.41 (t, J = 7.1 Hz, 3H).

3C NMR (125 MHz, CDCl3) § 165.4, 138.4, 137.8, 132.6, 131.3, 131.2, 129.4, 129.3,
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128.5, 128.4, 120.5, 113.0, 110.3, 59.55, 14.5, 12.5. ESI HRM S exact mass calcd for
(C20HsNO,BrNa)" requires m/z 406.04186, 408.03981, found m/z 406.03936,
408.03726.

Ethyl 5-(4-fluor ophenyl)-2-methyl-1-phenyl-1H-pyrrole-3-car boxylate (4daa)

[0}

OEt
/\
N
F

@ 'H NMR (500 MHz, CDCl3) § 7.40-7.37 (m, 3H), 7.13-7.10 (m, 2H),
7.02-6.99 (m, 2H), 6.85-6.81 (m, 2H), 6.75 (s, 1H), 4.32 (q, J = 7.1 Hz, 2H), 2.40 (s,

3H), 1.37 (t, J = 7.1 Hz, 3H). *C NMR (125 MHz, CDCl3) & 165.5, 162.6, 160.6,
138.0, 137.9, 132.9, 129.9, 129.8, 129.3, 128.5, 1284, 127.6, 127.5, 115.1, 114.9,
112.9, 109.9, 59.6, 14.6. 12.5. ESI HRMS exact mass calcd for (ConlgNOQFNa)+
requires m/z 346.12193, found m/z 346.11985.

Ethyl 2-methyl-1-phenyl-5-(o-tolyl)-1H-pyrrole-3-car boxylate (4eaa)

o
OEt

Me I\
N

@ H NMR (500 MHz, CDCl5) & 7.29-7.20 (m, 5H), 7.11-7.08 (m, 1H),
7.02 (dd, J= 7.9, 1.6 Hz, 2H), 6.99 (d, J = 7.6 Hz, 1H), 6.62 (s, 1H), 4.32 (q, J = 7.1
Hz, 2H), 2.43 (s, 3H), 2.12 (s, 3H), 1.37 (t, J = 7.1 Hz, 3H). *C NMR (125 MHz,
CDCl) 6 165.8, 137.7, 136.6, 132.7, 132.3, 131.7, 129.7, 129.0, 128.7, 128.1, 127.8,
127.8, 125.0, 110.6, 59.5, 204, 14.6, 12.7. ESI HRMS exact mass calcd for
(C21H21N02Na)Jr requires m/z 342.14700, found m/z 342.14532.
Ethyl 2-methyl-1-phenyl-5-(p-tolyl)-1H-pyrrole-3-car boxylate (4faa)

(e}
OEt

|\
N

Me

@ 'H NMR (500 MHz, CDCls) 8 7.39-7.37 (m, 3H), 7.21 (t, J = 7.8 Hz,
1H), 7.14 (dd, J = 7.0, 4.8 Hz, 3H), 7.08 (t, J = 6.8 Hz, 1H), 6.91 (d, J = 8.8 Hz, 1H),
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6.76 (s, 1H), 4.32 (q, J = 7.1 Hz, 2H), 2.40 (s, 3H), 2.25 (s, 3H), 1.38 (t, /= 7.1 Hz,
3H). ®C NMR (125 MHz, CDCl;) & 165.6, 138.2, 137.8, 136.2, 134.0, 129.5, 129.1,
128.7, 128.5, 128.2, 128.0, 112.7, 109.5, 59.5, 21.0, 14.6, 12.5. ESI HRMS exact
mass calcd for (C21H21N02Na)+ requires m/z 342.14700, found m/z 342.14529.

Ethyl 2-methyl-5-(naphthalen-2-yl)-1-phenyl-1H-pyrrole-3-car boxylate (4gaa)

0
OEt
|\
0 @

2H), 7.51 (s, 1H), 7.41-7.36 (m, SH), 7.21-7.15 (m, 3H), 6.94 (s, 1H), 4.35 (q, J=7.1

'H NMR (500 MHz, CDCL3) § 7.74-7.68 (m, 1H), 7.59 (d, J = 8.1 Hz,

Hz, 2H), 2.45 (s, 3H), 1.40 (t, J= 7.1 Hz, 3H). *C NMR (125 MHz, CDCl3) & 165.6,
138.4, 138.2, 133.8, 133.2, 131.9, 129.8, 129.3, 128.6, 128.3, 127.9, 127.5, 126.6,
126.3, 126.1, 125.7, 113.1, 110.5, 59.5, 14.6, 12.5. ESI HRM S exact mass calcd for
(C24H2NO,Na)" requires m/z 378.14700, found m/z 378.14514.

Ethyl 2-methyl-5-phenyl-1-(p-tolyl)-1H-pyrrole-3-car boxylate (4aba)

OEt
/\
N

ve  'H NMR (500 MHz, CDCl;) & 7.19-7.11 (m, 5H), 7.08-7.05 (m, 2H),
7.01 (d, J = 8.2 Hz, 2H), 6.79 (s, 1H), 4.32 (q, J = 7.1 Hz, 2H), 2.39 (s, 3H), 2.38 (s,

3H), 1.37 (t, J = 7.1 Hz, 3H). *C NMR (125 MHz, CDCl3) & 165.6, 138.2, 138.1,
135.5,133.9, 132.5, 129.8, 128.2, 128.1, 128.0, 126.4, 112.7, 110.0, 59.5, 21.1, 14.56,
12.5. ESI HRMS exact mass calcd for (C21H21N02Na)Jr requires m/z 342.14700,
found m/z 342.14514.

Ethyl 1-(4-bromophenyl)-2-methyl-5-phenyl-1H-pyrrole-3-car boxylate (4aca)
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o]

e 'H NMR (500 MHz, CDCls) & 7.51 (d, J = 8.5 Hz, 2H), 7.20-7.14 (m,
3H), 7.05-7.00 (m, 4H), 6.79 (s, 1H), 4.32 (q, J = 7.1 Hz, 2H), 2.40 (s, 3H), 1.38 (t, J
= 7.1 Hz, 3H). °C NMR (125 MHz, CDCl;) § 165.4, 137.8, 137.1, 133.8, 132.4,
132.0, 130.0, 128.2, 126.7, 125.6, 122.2, 113.2, 110.3, 59.6, 14.5, 12.5. ESI HRM S
exact mass calcd for (ConlgNOZBrNa)+ requires m/z 406.04186, 408.03981, found
m/z 406.03955, 408.03743.

Ethyl 1-(4-fluor ophenyl)-2-methyl-5-phenyl-1H-pyrrole-3-car boxylate (4ada)

Q
OEt

/\
N

<; 'H NMR (500 MHz, CDCl3) & 7.19-7.13 (m, 3H), 7.13-7.08 (m, 3H), 7.08
-7.06 (m, 1H), 7.04 (dd, J = 7.8, 1.5 Hz, 2H), 6.79 (s, 1H), 4.33 (q, J = 7.1 Hz, 2H),
2.40 (s, 3H), 1.38 (t, J = 7.1 Hz, 3H). *C NMR (125 MHz, CDCls) & 165.5, 163.0,
161.0, 138.0, 134.1, 134.0, 132.2, 130.2, 130.1, 128.2, 128.1, 126.6, 116.3, 116.1,
113.0, 110.1, 59.5, 14.5, 12.4. ESI HRMS exact mass calcd for (ConlgNOQFNa)+
requires m/z 346.12193, found m/z 346.11985.

Ethyl 1-hexyl-5-(4-methoxyphenyl)-2-methyl-1H-pyrrole-3-car boxylate (4bea)

Me—©:
— o]
N/
O-~Et

Hj 'H NMR (500 MHz, CDCl3) § 7.25 (dd, J = 6.7, 2.0 Hz, 2H), 6.94-6.92
(m, 2H), 6.47 (s, 1H), 4.27 (q, J = 7.1 Hz, 2H), 3.84 (s, 3H), 3.82-3.78 (m, 2H), 2.59
(s, 3H), 1.33 (t, J = 7.1 Hz, 3H), 1.26-1.06 (m, 8H), 0.81 (t, J = 7.1 Hz, 3H). °C
NMR (125 MHz, CDCls) § 167.7, 165.5, 136.7, 131.9, 131.6, 129.8, 121.6, 112.1,
110.1, 59.3, 55.1, 44.1, 31.1, 30.6, 26.1, 22.4, 14.5, 13.9, 11.6. ESI HRMS exact

mass calcd for (C21H30NO3)Jr requires m/z 344.22257, found m/z 344.22287.
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Ethyl 5-(4-bromophenyl)-1-hexyl-2-methyl-1H-pyrrole-3-car boxylate (4cea)

O~gt
f//r 'H NMR (500 MHz, CDCls) & 7.54-7.51 (m, 2H), 7.23-7.19 (m, 2H),
6.53 (s, 1H), 4.29-4.25 (m, 2H), 3.85-3.81 (m, 2H), 2.59 (s, 3H), 1.34 (d, /= 7.1 Hz,
3H), 1.2-1.07 (m, 8H), 0.82 (t, J = 7.1 Hz, 3H). *C NMR (125 MHz, CDCls) & 165.5,
136.7, 131.9, 131.6, 130.8, 129.8, 121.6, 112.1, 110.1, 59.3, 44.1, 31.1, 30.6, 26.1,
22.4,14.5,13.9, 11.6. ESI HRM S exact mass calcd for (Con27N02Br)+ requires m/z
392.12252, 394.12047, found m/z 392.12285, 394.12066.

Methyl 2-methyl-1,5-diphenyl-1H-pyrrole-3-car boxylate (4aab)

(e}

OMe
/\
N

@ 'H NMR (500 MHz, CDCls) & 7.39-7.37 (m, 3H), 7.15-7.12 (m, 5H),
7.05-7.03 (m, 2H), 6.79 (s, 1H), 3.85 (s, 3H), 2.41 (s, 3H). °C NMR (125 MHz,
CDCl) 6 166.0, 138.2, 138.1, 134.0, 132.4, 129.2, 128.5, 128.3, 128.1, 128.0, 126.5,
112.5, 110.0, 50.9, 12.5. ESI HRMS exact mass calcd for (C19H;7NO,Na)" requires
m/z 314.11570, found m/z 314.11377.

| sopropyl 2-methyl-1,5-diphenyl-1H-pyrrole-3-car boxylate (4aac)

0]

Pr-i
o
I\
N

@ 'H NMR (500 MHz, CDCl;) & 7.40-7.36 (m, 3H), 7.15-7.11 (m, 5H),
7.05 (dd, J = 7.9, 1.6 Hz, 2H), 6.81 (s, 1H), 5.23 (dt, J = 12.5, 6.3 Hz, 1H), 2.41 (s,

3H), 1.36 (d, J = 6.3 Hz, 6H). *C NMR (125 MHz, CDCl;) & 165.1, 138.1, 137.9,
133.8, 132.4, 129.1, 128.5, 128.2, 128.1, 128.0, 126.4, 113.3, 110.1, 66.6, 22.2, 12.5.
ESI HRMSS exact mass calcd for (C,;H2;NO,Na) requires m/z 342.14700, found m/z

342.14500.
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| sobutyl 2-methyl-1,5-diphenyl-1H-pyrrole-3-car boxylate (4aad)

(@]
Q
@/(/_\Q Bu-i
N

@ H NMR (500 MHz, CDCls) 6 7.41-7.37 (m, 3H), 7.17-7.12 (m, 5H),
7.06 (d, J=7.3 Hz, 2H), 6.82 (d, /= 1.6 Hz, 1H), 4.07 (dd, J = 6.5, 0.9 Hz, 2H), 2.42
(s, 3H), 2.07 (td, J=13.3, 6.7 Hz, 1H), 1.03 (d, /= 6.7 Hz, 6H). BCNMR (125 MHz,
CDCls) 6 165.6, 138.1, 137.9, 133.9, 132.4, 129.1, 128.5, 128.2, 128.1, 128.0, 126.5,
112.9, 110.0, 69.8, 28.0, 19.3, 12.5. ESI HRMS exact mass calcd for
(C22H23N02Na)+ requires m/z 356.16265, found m/z 356.16055.

Tert-butyl 2-methyl-1,5-diphenyl-1H-pyrrole-3-car boxylate (4aae)

@ 'H NMR (500 MHz, CDCl3) & 7.39-7.36 (m, 3H), 7.15-7.11 (m, 5H),
7.05-7.03 (m, 2H), 6.75 (s, 1H), 2.38 (s, 3H), 1.59 (s, 9H). °C NMR (125 MHz,
CDCls) 6 165.1, 138.2, 137.4, 133.7, 132.5, 129.1, 128.6, 128.2, 128.1, 128.0, 126.4,
114.4, 110.3, 76.8, 28.5, 12.5. ESI HRMS exact mass calcd for (CyH,3NO,Na)"
requires m/z 356.16265, found m/z 356.16104.

Benzyl 2-methyl-1,5-diphenyl-1H-pyrrole-3-car boxylate (4aaf)

6H), 7.15-7.11 (m, 5H), 7.03 (dd, J = 7.7, 1.8 Hz, 2H), 6.83 (s, 1H), 5.33 (s, 2H), 2.42

'H NMR (500 MHz, CDCls) § 7.46 (d, J = 7.3 Hz, 2H), 7.39-7.35 (m,

(s, 3H). ®°C NMR (125 MHz, CDCl3) & 165.3, 138.4, 138.1, 137.0, 134.0, 132.3,
129.2, 128.5, 128.5, 128.1, 128.0, 127.9, 127.8, 126.9, 126.5, 112.5, 110.1, 65.3, 12.6.
ESI HRMSS exact mass calcd for (C,5sH2;NO,Na) " requires m/z 390.14700, found m/z
390.14484.

2-Methoxyethyl 2-methyl-1,5-diphenyl-1H-pyrrole-3-car boxylate (4aag)
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@ 'H NMR (500 MHz, CDCls) § 7.40-7.37 (m, 3H), 7.15-7.12 (m,
5H), 7.05-7.02 (m, 2H), 6.83 (s, 1H), 4.44-4.42 (m, 2H), 3.73-3.71 (m, 2H), 3.43 (s,

3H), 2.41 (s, 3H). *C NMR (125 MHz, CDCl5) § 165.4, 138.4, 138.1, 134.0, 132.3,
129.2, 128.5, 128.2, 128.0, 127.9, 126.5, 112.5, 110.1, 70.9, 62.6, 59.0, 12.5. ESI
HRMS exact mass calcd for (Cy;H;NOsNa)™ requires m/z 358.14191, found m/z
358.13999.

Ethyl 1,5-diphenyl-2-propyl-1H-pyrrole-3-car boxylate (4aah)

0]

AR
N

n-Pr
@ 'H NMR (500 MHz, CDCls) & 7.39-7.36 (m, 3H), 7.19-7.10 (m,
5H), 7.06-7.01 (m, 2H), 6.81 (s, 1H), 4.32 (q, J = 7.1 Hz, 2H), 2.82-2.75 (m, 2H),
1.49-1.42 (m, 2H), 1.38 (t, J = 7.1 Hz, 3H), 0.80 (t, J = 7.4 Hz, 3H). *C NMR (125
MHz, CDCls) 6 165.3, 142.8, 138.1, 133.9, 132.4, 129.1, 128.8, 128.3, 128.2, 128.0,
126.4, 112.5, 110.2, 59.5, 27.8, 23.3, 14.5, 14.1. ESI HRMS exact mass calcd for
(C22H24N02)Jr requires m/z 334.18070, found m/z 334.18114.
Ethyl 5-(4-methoxyphenyl)-1-phenyl-2-propyl-1H-pyrrole-3-car boxylate (4bah)
me’ 7y o F

n-Pr
O H NMR (500 MHz, CDCl3) 8 7.41- 7.35 (m, 3H), 7.17-7.12 (m,
2H), 6.97-6.94 (m, 2H), 6.72 (s, 1H), 6.69-6.65 (m, 2H), 431 (q, J = 7.1 Hz, 2H),

3.73 (s, 3H), 2.80-2.74 (m, 2H), 1.48-1.41 (m, 2H), 1.37 (t, /= 7.1 Hz, 3H), 0.79 (t, J
= 7.4 Hz, 3H). ®*C NMR (125MHz, CDCls) 8 165.4, 158.3, 142.3, 138.1, 133.8,
129.5, 129.0, 128.8, 128.3, 125.1, 113.4, 112.3, 109.3, 59.4, 55.1, 27.8, 23.3, 14.5,
14.1. ESI HRMS exact mass calcd for (C23H25N03Na)+ requires m/z 386.17321,

found m/z 386.17362.
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5 Copies of *H NMR and *C NMR Spectra of Products
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6 Copiesof HRM S Spectra of Products
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446-10-1 #4236 RT: 0.010.12 AV: 34 NL: 1.02E7
T: FTMS + p ESI Full ms [280.00-450.00
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458-3#162.205 RT: 0.550.71 AV: 48 NL: 8.37E6
T: FTMS + p ESI Full ms [220.00-410.00]
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4B4-5%333 AT 0.010.10 AV: 38 ML: 1.55E7
T: FTMS + p ESI Full ms [200.00-400.00]
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pe0-1-1_131224110430 #4114 RT: 001006 Av: 14 ML 261E6
T: FTWE + p ESI sid=50.00 Full me [300.00-400.00]
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