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Chemical shifts & are reported in ppm relative to CHCl; (‘H: & 7.27 ppm), CDCl; (**C: & 77.0
ppm) and CCl; (*C: & 96.4 ppm ) as internal standards. Column chromatography was
conducted on silica gel 60 (40—63 pum). Thin-layer chromatography (TLC) was carried out on

aluminum sheets pre-coated with silica gel 60F,s4, and the spots were visualized with UV

light (A=254 nm).

Table 3: Cyclization by using (PPh3)AuCl/ Zn(Cl04)2)/ (PPh3)AuCl/ AgSbF6

entry Ewg-4 R’-(5)  Product yield%
Zn(Cl04)2)/ AgSbFs
! Ph-5a baa/7aa G5 sg
2 3,4-dimethyl-Ph- 6ab/7ab 62 41
EtO,C._CN  5p
3 K p-MeO-Ph-5¢ 6ac/7ac 74 46
N
4 da®r'=H p-Cl-Ph-5e 6ae/Tae 65 51
5 m-Cl-Ph-5f 6af/7af 47 60
6 Benzyl-5g 6ag/7ag 81 40
7 Ethyl-5i 6ai/7ai 56 39
8 Ph-5a 6ba7ba 67 44
9 3,4-dimethyl-Ph- 6bb/6bb 65 41
5b
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10 NC.__CN MeO-Ph-5¢ 6bc/6bc 72 39
11 K Benzyl-5g 6bg/7bg 73 44
4b (R'=H)

Experimental Procedures
General procedure for propargylation of ethylcyanoacetate and malonedinitrile

Method A: NaH (3.6 gr, 0.15 mol) was added slowly to a stirred solution of
(ethylcyanoacetate/ malonedinitrile) (5.65 gr/ 3.3 gr, 0.05 mol) in THF at 0 °C under argon.
The reaction mixture was stirred for 1 h and then a solution of propargylbromide ((150 ml)
6.49 gr, 0.055 mol) in THF (25 ml) was added dropwise (1 hour) and stirred at room
temperature for 8 h. The reaction was monitored by TLC. Water was added, the mixture
extracted with ethyl acetate and the combined organic layers were dried over MgSO,. After
the evaporation of the solvent under reduced pressure, the crude product was purified on silica

gel to afford 4a/b (15%/18%) (hexane— ethyl acetate (4—1) ).

Method B: 'BuOK (0.15 mol) was added to a stirred solution of (ethylcyanoacetate/
malonedinitrile) (5.65 gr/ 3.30 gr, 0.05 mol) in isopropanol (150 ml) at 0 °C and was stirred
for 1 h and then propargylbromide (6.49 gr, 0.055 mol) was added dropwise (2 hours) and
stirred for 8h at room temperature. The reaction was monitored by TLC. After the removal of
the solvent in vacuo, water was added slowly and the mixture extracted with ethyl acetate.
The combined organic layers were dried over MgSQO,. After the evaporation of the solvent
under reduced pressure, the crude product was purified on silica gel to afford 4a/b (17%/20%)
(hexane— ethyl acetate (4—1) ).

Ethyl 2-cyanopent-4-ynoate (4a)

Colorless oil, '"H NMR (400 MHz, CDCl;): & 1.37 (3H, m), 2.21 (1H, br.s), 2.86 (2H, m), 3.71 (1H, t,
J=6.6 Hz), 431 (2H, m); “C NMR (100 MHz, CDCl;): 13.9, 20.0, 37.0, 63.3, 72.6, 72.3, 115.2,
164.4. Anal. Calcd for CgHoNO, (151.16): C, 63.56; H, 6.00; N, 9.27. Found: C, 63.50; H, 6.13; N,
9.24.

2-(Prop-2-ynyl)malononitrile (4b)

Colorless oil, '"H NMR (400 MHz, CDCls): 6 2.40 (1H, t, J=2.6 Hz), 2.95 (2H, dd, J=2.6 Hz, J=6.7
Hz), 3.96 (1H, t, J=6.7 Hz) ; *C NMR (100 MHz, CDCl;): 21.7, 22.9, 74.8, 75.1, 111.5; Anal. Calcd
for C¢Hy4N, (104.11): C, 69.22; H, 3.87; N, 26.91. Found: C, 69.25; H, 3.88; N, 26.87.
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+ R1NH2 '/\l 2 3 N NHR1
N DCE, 60 °C R, H
H
4a-b 5a-h 6 7

Scheme2: General reaction

General procedure for synthesis of 2-aminopyrroles (6,7)

The catalyst mixture (10 mol% PPh;AuCl, 10 mol% Zn(ClOs), ) was added to a solution of
the nitrile-yne 4a,b (I mmol) and Amine 5a-h (1,2 mmol) in DCE (5ml). The resulting
mixture was stirred at 60 °C and monitored periodically by TLC. Upon completion of the
reaction, water was added, the mixture extracted with ethyl acetate and the combined organic
layers were dried over MgSO,4 and concentrated under reduced pressure. The crude product

was purified on silica gel to afford compound 6 and 7 (Petroleum ether— diethylether (4—1) to
(6-1)).

Ethyl 2-amino-5-methyl-1-phenyl-1H-pyrrole-3-carboxylate (6aa)

Yellow oil, IR (neat): 3396, 3304, 2967, 1698, 1551 cm™'. '"H NMR (400 MHz, CDCl3): § 1.31 (3H, t,
J=7.1 Hz), 1.92 (3H, s), 4.25 (2H, q, J= 7.1 Hz), 4.79 (2H, bs, NH,), 6.06 (1H, s), 7.10-7.51 (5H, m);
C NMR (100 MHz, CDCls): 12.4, 14.7, 58.7, 92.4, 104.3, 121.9, 128.1, 128.6, 129.8, 135.83, 146.3,
165.9. Anal. Calcd for C4HsN,O, (244.3): C, 68.83; H, 6.60; N, 11.47. Found: C, 68.80; H, 6.53; N,
11.39.

Ethyl 5-methyl-2-(phenylamino)-1H-pyrrole-3-carboxylate (7aa)

Yellow oil, IR (neat): 3387, 3022, 2894, 1681, 1595 cm’'. "H NMR (400 MHz, CDCl3): 8 1.26 (3H, t,
J=7.1 Hz), 2.09 (3H, s), 4.16 (2H, q, J=7.1 Hz), 5.90 (1H, s), 6.89-7.24 (SH, m), 7.86 (1H, br s, NH),
8.03(1H, br s , NH); BC NMR (100 MHz, CDCl): 12.9, 14.6, 58.9, 94.9, 104.4, 118.6, 119.5, 122.4,
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129.8, 140.9, 141.5, 166.0. Anal. Calcd for C,4H,N,0O; (244.3): C, 68.83; H, 6.60; N, 11.47. Found:
C, 68.79; H, 6.55; N, 11.37.

Ethyl 2-amino-5-methyl-1-(2,3-dimethylphenyl)-1H-pyrrole-3-carboxylate (6ab)

Colorless oil, IR (neat): 3356, 2988, 1665, 1548 cem”. '"H NMR (400 MHz, CDCl;): 6 1.33 (3H, t,
J=7.1 Hz), 1.81 (3H, s), 1.92 (3H, s), 2.35 (3H, s), 4.24 (2H, q, J/=7.1 Hz), 4.64 (2H, br.s, NH,), 6.06
(1H, s), 7.01-7.24 (3H, m); °C NMR (100 MHz, CDCl;): 12.1, 13.7, 14.7, 20.3, 58.6, 92.2, 103.7,
121.8, 125.2, 126.5, 128.9, 130.7, 136.0, 138.8, 145.4, 166.0. Anal. Calcd for C;sH,0N,O, (272.2): C,
70.56; H, 7.40; N, 10.29. Found: C, 70.51; H, 7.38; N,10.24.

Ethyl 2-(2,3-dimethylphenylamino) -5-methyl-1H-pyrrole-3-carboxylate (7ab)

Yellow oil, IR (neat): 3396, 3275, 2962, 1621, 1599 cm™. "H NMR (400 MHz, CDCL;): § 1.34 (3H, t,
J=7.1 Hz), 2.14 (3H, 5), 2.22 (3H,s), 2.31 (3H, 5), 4.24 (2H, q, J=7.1 Hz), 5.95 (1H, ), 6.89-7.11 (3H,
m), 7.53 (1H, br.s, NH), 7.97 (1H, br s, NH); °C NMR (100 MHz, CDCl;): 13.0, 13.6, 14.7, 20.7,
58.8,93.6, 104.1, 117.6, 119.1, 125.5, 128.7, 138.4, 138.7, 143.2, 166.2. Anal. Calcd for C;sHN,O,
(272.2): C, 70.56; H, 7.40; N, 10.29. Found: C, 70.49; H, 7.36; N,10.20.

Ethyl 2-amino-1-(4-methoxyphenyl)-5-methyl-1H-pyrrole-3-carboxylate (6ac)

Yellow oil, IR (neat): 3345, 3267, 2965, 1641, 1556 cm™. 'H NMR (400 MHz, CDCl;): § 1.25 (3H, t,
J=7.1 Hz), 1.85 (3H,s), 3.78 (3H, s), 4.17 (2H, q, J=7.1 Hz), 4.71 (2H, br.s, NH>), 5.96 (1H, s), 6.90-
7.12 (4H, m) ; *C NMR (100 MHz, CDCLy): 12.4, 14.7, 55.4, 58.6, 92.1, 103.8, 114.9, 122.3, 128.1,
129.2, 145.8, 159.6, 165.9 Anal. Calcd for C,sH;sN,Os (274.3): C, 65.68; H, 6.61; N, 10.21. Found: C,
65.69; H, 6.63; N,10.20.

Ethyl 2-(4-methoxyphenylamino)-5-methyl-1H-pyrrole-3-carboxylate (7ac)

Yellow oil, IR (neat): 3354, 2974, 1653, 1514 cm™. "H NMR (400 MHz, CDCl5): & 1.26 (3H, t, J=7.1
Hz), 2.05 (3H, s), 3.72 (3H, s), 4.18 (2H, q, J=7.1 Hz), 5.87 (1H, s), 6.71-7.02 (4H, m), 7.45 (1H, br.s,
NH), 7.84 (1H, br.s, NH) ; °C NMR (100 MHz, CDCl;): 12.0, 14.7, 55.4, 58.8, 104.2, 115.1, 118.9,
122.6, 133.4, 143.7, 156.2, 166.1 Anal. Calcd for C;sH;sN,O; (274.3): C, 65.68; H, 6.61; N, 10.21.
Found: C, 65.70; H, 6.60; N,10.19.

Ethyl 5-methyl-2-(4-nitrophenylamino)-1H-pyrrole-3-carboxylate (7ad)
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Dark brown oil, IR (neat): 3326, 2985, 1645, 1531 cem’. '"H NMR (400 MHz, CDCl): 6 1.26 (3H, t,
J=7.1 Hz), 2.19 (3H, s), 4.18 (2H, q, J=7.1 Hz), 6.01 (1H, s), 6.91( 2H, d, J/=9.0 Hz), 8.04 (2H, d,
J=9.0 Hz), 8.26 (2H, br.s, 2xNH) ; *C NMR (100 MHz, CDCly): 12.9, 14.5, 59.5, 105.2, 111.2, 112.8,
114.7, 126.2, 140.2, 165.8 Anal. Calcd for C4H 5N304 (289.29): C, 58.13; H, 5.23; N, 14.53. Found:
C, 58.09; H, 5.26; N, 14.55.

Ethyl 2-amino-1-(4-chlorophenyl)-5-methyl-1H-pyrrole-3-carboxylate (6ae)

Colorless oil, IR (neat): 3419, 3302, 2980, 2359, 1651, 1539 cm’. '"H NMR (400 MHz, CDCl;): 8 1.26
(3H, t, J=7.1 Hz), 1.85 (3H, s), 4.19 (4H, q, J=7.1 Hz), 4.72 (2H, br s, NH,), 6.03 (1H, s), 7.19-7.43
(4H, m); "C NMR (100 MHz, CDCl5): 12.4, 14.7, 58.9, 92.7, 104.4, 122.2, 129.4, 130.1, 134.1, 134.8,
145.4, 166.0. Calcd for C,4H;5sCIN,O, (278.08): C, 60.33; H, 5.42; N, 10.05. Found: C, 60.31; H, 5.41;
N, 10.04.

Ethyl 2-(4-chlorophenylamino)-5-methyl-1H-pyrrole-3-carboxylate (7ae)

Yellow oil, IR (neat): 3373, 2979, 2338, 1660, 1597 cm™. 'H NMR (400 MHz, CDCl;): § 1.21 (3H, t,
J=17.1 Hz), 2.06 3H, ), 4.11 (2H, q. J=7.1 Hz), 5.91 (1H, s), 6.82-7.12 (4H, m), 7.84 (1H, br s, NH),
8.07 (1H, br s, NH); °C NMR (100 MHz, CDCl5):12.8, 14.5, 59.2, 95.9, 104.4, 119.4, 120.6, 127.1,
129.7, 139.8, 140.6, 166.2. Calcd for C;4H;sCIN,O, (278.08): C, 60.33; H, 5.42; N, 10.05. Found: C,
60.32; H, 5.40; N, 10.01.

Ethyl 2-amino-1-(3-chlorophenyl)-5-methyl-1H-pyrrole-3-carboxylate (6af)

Colorless oil, IR (neat): 3320, 2924, 1696, 1591, 1450 cm’. '"H NMR (400 MHz, CDCls): 6 1.27 (3H,
t, J=7.1 Hz), 1.88 (3H, s), 4.16 (2H, q, /=7.1 Hz), 4.73 (2H, br s, NH,), 5.98 (1H, s), 7.12-7.40 (4H,
m); "C NMR (100 MHz, CDCly): 12.5, 14.7, 58.7, 92.8, 96.1, 105.0, 121.5, 126.3, 128.4, 128.9,
130.6, 135.5, 137.1, 145.2, 165.7. Anal. Calcd for C;4H;5CIN,O, (278.08): C, 60.33; H, 5.42; N,
10.05. Found: C, 60.32; H, 5.41; N, 10.03.

Ethyl 2-(3-chlorophenylamino)-5-methyl-1H-pyrrole-3-carboxylate (7af)

Oil, IR (neat): 3353, 2998, 2468, 1695, 1587 cm™. 'H NMR (400 MHz, CDCl;): § 1.30 (3H, t, J=7.1
Hz), 2.19 (3H, s), 4.22 (2H, q, J=7.1 Hz), 5.97 (1H, s), 6.89-7.25 (4H, m), 7.91 (1H, br s, NH), 8.08
(1H, br s, NH); °C NMR (100 MHz, CDCl;): 12.9, 14.5, 59.0, 96.5, 104.7, 115.8, 117.5, 120.1, 121.9,
130.6, 135.5, 139.8, 142.6, 165.8. Calcd for C;4H;sCIN,O, (278.08):C, 60.33; H, 5.42; N, 10.05.
Found: C, 60.29; H, 5.38; N, 10.01.

Ethyl 2-amino-1-benzyl-5-methyl-1H-pyrrole-3-carboxylate (6ag)
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Brown oil, IR (neat): 3321, 2948, 1672, 1489 cm™. 'H NMR (400 MHz, CDCLy): & 1.35 (3H, t, J=7.1
Hz), 2.11 (3H, s), 4.16 (2H, q, J/=7.1 Hz),4.63 (2H, br s, NH,), 4.90 (2H, s), 6.02 (1H, s), 7.33-7.02
(5H, m); >C NMR (100 MHz,CDCLy): 12.0, 14.7, 45.4, 58.6, 93.9, 104.1, 121.4, 125.6, 127.5, 128.9,
136.4, 144.9, 165.8. Anal. Calcd for C;sH;sN,O, (258.14): C, 69.74; H, 7.02; N, 10.84. Found:C,
69.68; H, 6.98; N, 10.76.

Ethyl 2-(benzylamino)-5-methyl-1H-pyrrole-3-carboxylate (7ag)

Yellow oil, IR (neat): 3352, 2945, 1618, 1512 cm’. "H NMR (400 MHz, CDCl5): 6 1.21 (3H, t, J=7.1
Hz), 1.95 (3H, s), 4.12 (2H, q, J/=7.1 Hz),4.28 (2H, d, J=5.8 Hz), 5.79 (1H, s), 6.50 (1H, br.s, NH),
7.20-7.25 (5H, m); °C NMR (100 MHz,CDCls): 12.8, 14.7, 47.9, 58.6, 92.0, 103.9, 119.5, 126.9,
127.5, 128.8, 138.4, 147.7, 166.3. Anal. Calcd for C;5sH;sN,O, (258.14): C, 69.74; H, 7.02; N, 10.84.
Found:C, 69.56; H, 6.96; N, 10.70.

2-Amino-5-methyl-1-phenyl-1H-pyrrole-3-carbonitrile (6ba)

Yellow oil, IR (neat): 3393, 3314, 2980, 2230, 1574 cm™. "H NMR (400 MHz, CDCl;): 1.87 (3H, s),
3.73 (2H, s, NH>), 5.72 (1H, s), 7.21-7.49 (5H, m); °C NMR (100 MHz, CDCl5): 10.3, 103.2, 115.3,
121.0, 125.9, 127.0, 127.8, 133.2, 142.9, 152,2 Anal. Calcd for C;,H;;N3 (197.24): C, 73.07; H, 5.62;
N, 21.30. Found: 73.10; H, 5.64; N, 21.27.

5-Methyl-2-(phenylamino)-1H-pyrrole-3-carbonitrile (7ba)

Colorless oil, IR (neat): 3382, 3323, 2967, 2234, 1485 cm’'. 'H NMR (400 MHz, CDCLy): § 2.12 (3H,
s), 5.89 (1H, br.s, NH), 5.90(1H, s), 6.75-7.19 (5H, m), 8.01 (1H, br.s, NH);*C NMR (100 MHz,
CDCLy): 11.0, 105.0, 114.2, 114.8, 119.1, 121.5, 124.8, 127.9, 136.7, 141.2 Anal. Caled for C;,H;Ns
(197.24): C, 73.07; H, 5.62; N, 21.30 . Found: 73.10; H, 5.60; N, 21.28.

2-Amino-1-(2,3-dimethylphenyl)-5-methyl-1H-pyrrole-3-carbonitrile (6bb)

Yellow oil, IR (neat): 3398, 3329, 2954, 2256, 1512 em’. 'H NMR (400 MHz, CDCls): § 1.74 (3H, s),
1.83 3H, s), 2.29 (3H, s), 3.67 (2H, bs, NH,), 5.84 (1H, s), 6.96-7.20 (3H, m) *C NMR (100 MHz,
CDCLy): 12.4, 14.1, 20.6, 105.3, 123.3, 126.6, 127.0, 131.5, 134.3, 136.2, 139.4, 142.4, 145.4 Anal.
Caled for Ci4H sN; (225.29): C, 74.64; H, 6.71; N, 18.65. Found: 74.67; H, 6.68; N, 18.61.

2-Amino-1-(4-methoxyphenyl)-5-methyl-1H-pyrrole-3-carbonitrile (6bc)

Yellow oil, IR (neat): 3389, 3312, 2945, 2253, 1523 cm’. 'H NMR (400 MHz, CDCls): 1.82 (3H, s),
3.79 (2H, bs, NH>), 3.81 (3H, s), 5.81 (1H, s), 6.92-7.11 (4H, m) ; °C NMR (100 MHz, CDCLy): 12.7,
30.0, 55.8, 105.3, 1154, 117.9, 123.8, 128.0, 129.5, 145.8, 160.3 Anal. Caled for Ci3H;3N;O
(227.26): C, 68.70; H, 5.77; N, 18.49. Found: 68.66; H, 5.75; N, 18.49
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2-(4-Methoxyphenylamino)-5-methyl-1H-pyrrole-3-carbonitrile (7bc)

Colorless oil, IR (neat): 3379, 3298, 2891, 2254, 1521 cm™. '"H NMR (400 MHz, CDCl5): 2.10 (3H, s),
3.72 (3H, s), 5.72 (1H, s), 5.79 (1H, br.s, NH), 6.79-6.87 (4H, m), 7.73 (1H, br.s, NH); >C NMR (100
MHz, CDCl3): 12.6, 55.3, 101.6, 106.1, 114.9, 116.8, 119.9, 121.8, 134.8, 141.2, 155.4; Anal. Calcd
for C;3H3N50(227.26): C, 68.70; H, 5.77; N, 18.49. Found: 68.67; H, 5.76; N, 18.48

2-Amino-5-methyl-1-(4-nitrophenyl)-1H-pyrrole-3-carbonitrile (6bd)

Dark brown oil, IR (neat): 3356, 3287, 2890, 2214, 1545, 1342 cm™. "H NMR (400 MHz, CDCl;): &
1.91 3H, s), 3.80 (2H, bs, NH>), 5.91 (1H, s), 8.44 (2H, d, J=8.9 Hz), 8.35 (2H, d, J=8.9 Hz); °C
NMR (100 MHz, CDCLy): 12.6, 106.8, 116.5, 123.0, 125.2, 128.9, 134.2, 141.0, 144.5, 147.7 Anal.
Caled for CpoH oN40, (242.23): C, 59.50; H, 4.16; N, 23.13. Found: 59.47; H, 4.12; N, 23.15.

2-Amino-1-benzyl-5-methyl-1H-pyrrole-3-carbonitrile (6bg)

Colorless oil, IR (neat): 3392, 3342, 2912, 2234, 1481 cm™. '"H NMR (400 MHz, CDCl;): & 2.01 (3H,
s), 3.52 (2H, bs, NH>), 4.91 (2H, s), 5.83 (1H, s), 6.93-7.32 (5H, m); *C NMR (100 MHz, CDCl;):
12.0, 46.0, 105.4, 123.5, 125.7, 127.9, 129.2, 136.0, 144.1; Anal. Caled for Cy3H;3N;5 (211.26): C,
73.91; H, 6.20; N, 19.89. Found: 73.87; H, 6.25; N, 19.81
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Copy of '"H NMR and "“C NMR spectra of all compounds

6000C

EtOOC.__CN

43K

5000C
4000C
3000C
2000C

1000C

o

6.0 50 40 3.0 20 1c 0c
ppm (11}

' H NMR of ethyl 2-cyanopent-4-ynoate (4a)

S8



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

;4000[
EtOOC.__CN I
4 K i
a % — 3000
_—2000[
;ml]l][
. J I L,
1 L L ]
200 150 100 ac 0
ppm (t1)
3C NMR of ethyl 2-cyanopent-4-ynoate (4a)
NC.__CN
N
- A
L ! - L
e N
T | T T T T | T T T ‘ T T T T | T T T ‘ T T T | T T T T | T T | T
7.0 6.0 5.0 4.0 3.0 20 1.0 0.Cc
ppm (1)

"H NMR of 2-(prop-2-ynyl)malononitrile (4b)

S9



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

o™

w = Gy ~— O 0O ™M o~ r

w ™ Q @ -~ O r~ @

= - T O M — © & — 7000C
— Lis] P~ I~ 0 W < o™ |-

— =] P~ P~ P~ P - o

e 21708
T ‘ T T

[s}]

(=]

(=]

=2

NC.__CN C
| I 5000¢
4b i
~N F
[ s000c
L a000¢
I :
I 2000¢
| i
L 1000

|
LA L B B

ppm (1)

100 50 C

3C NMR of 2-(prop-2-ynyl)malononitrile (4b)

COOEt -

gt :
H3C N NH2 2000C
6aa I

; 1500C

oo f LU
b

ﬁ
I

— e - W -
-~ M ] w S L
(=) o @ L] =
@ —- @ B [55) [
T T B e e e
8.0 70 6.0 50 4.0 3.0 20 1.0 0.c

ppm (t1)

"H NMR of Ethyl 2-amino-5-methyl-1-phenyl-1H-pyrrole-3-carboxylate (6aa)

S10



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

COOEt L
/\ I

HsC™ N\ NH,
6aa -

150 100 50
ppm (1)

3C NMR of Ethyl 2-amino-5-methyl-1-phenyl-1H-pyrrole-3-carboxylate (6aa)

723 COOEY i

gt |

H3C N N I
H H — 3000C

oot-l: >=;j
arzq i—#

iLﬁ L] g

S J
e o oy -
- o ] w w
=} w w w - F
E o = @ @
L LI L L s B S B S B B B B
8.0 7.0 6.0 5.0 40 3.0 20 1.0 0.0

ppm (t1)

"H NMR of ethyl 5-methyl-2-(phenylamino)-1H-pyrrole-3-carboxylate (7aa)

S11



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

— 1000C
7aa COOEt
3
H3C N N
H H
— 5000
—C
T T T T
180 100 50 0

ppm (t1)

3C NMR of ethyl 5-methyl-2-(phenylamino)-1H-pyrrole-3-carboxylate (7aa)

COOEt r

/[1 — 3000C
/\ -
H3C B

6a

N~ NH
— 25000
b @\ }2000(

# A o

e L
L] w
ey o

o
5 L

w
o o
SN N L B B B B B LA B B B B L L R L B B B L T

70 6.0 50 40 30 20 10 0o

[=]
%]

ppm (1)

"H NMR of ethyl 2-amino-5-methyl-1-(2,3-dimethylphenyl)-1H-pyrrole-3-carboxylate (6ab)

S12



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

COOEt - 5000C
3 N NH2 L 4000¢
6ab ; N L 3000C
- 2000C
L 1000¢

o

T T T T T T T T T T T T T T
150 100 50 C
ppm (t1)

3C NMR of ethyl 2-amino-5-methyl-1-(2,3-dimethylphenyl)-1H-pyrrole-3-carboxylate (6ab)

— G000C

7ab COOEt i
/ \ — S000C

H3C N N L

H H i
— 4000C
— 3000C
— 2000C
f — 1000C

‘j’ . L. Uk_kh ) L5
e ! ! — e i
| T T T T | T T T ‘ T T T T | T T ‘ T T T T | T T | T T T T | T T T T ‘ T T T T | T T
90 80 70 60 50 40 30 20 10 oo

ppm (1)

"H NMR of ethyl 2-(2,3-dimethylphenylamino)-5-methyl-1H-pyrrole-3-carboxylate (7ab)

S13



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

2500

2000C

1500C

1000C

H000C

ppm (1)

3C NMR of ethyl 2-(2,3-dimethylphenylamino)-5-methyl-1H-pyrrole-3-carboxylate (7ab)

COOEt — 4000C
3. :
H5C N NH, L
_— 3000C
6ac OMe :

wi{ ———
F_
R

L.
. e - o -
o [ 5] L) w L) w
B S oo Y @ -
- B @ o w ©
T T T ‘ T T ‘ T T ‘ T T ‘ T T T T ‘ T T T ‘ T T ‘ T T ‘ T
7.0 6.0 5.0 4.0 3.0 20 1.0 0.0

ppm (t1)

"H NMR of ethyl 2-amino-1-(4-methoxyphenyl)-5-methyl-1H-pyrrole-3-carboxylate (6ac)

S14



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

COOEt |- sooxc
/ \ i

6ac t— 3000C
OMe L

150 100 aC 0
ppm (1)

BC NMR of ethyl 2-amino-1-(4-methoxyphenyl)-5-methyl-1H-pyrrole-3-carboxylate (6ac)

— 4000C
COOEt i
Y N 7ac i
H | 3000¢
— 2000C
- ( F
— 1000C
[ { y i
| do M L.
o e e e y -
5 2 3 5 5 8 = - r
T T T T I I T T I I
80 70 60 50 40 30 20 1C 00
ppm (1)

"H NMR of ethyl 2-(4-methoxyphenylamino)-5-methyl-1H-pyrrole-3-carboxylate (7ac)

S15



Supplementary Material (ESI) for Chemical Communications

This journal is (c) The Royal Society of Chemistry 2010

COOEt

H H 7ac

OMe

ppm (1)

50

3C NMR of ethyl 2-(4-methoxyphenylamino)-5-methyl-1H-pyrrole-3-carboxylate (7ac)

COOEt
/\
HsC™ Ny NH,
7ad
NO,
|IIII|IIII|II Il\ll\ll I\l\ll\ll II|IIII|IIII|
9.0 8.0 7.0 6.0 5.0 2C 1.0 0.c
ppm (1)

"H NMR of ethyl 5-methyl-2-(4-nitrophenylamino)-1H-pyrrole-3-carboxylate (7ad)



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

COOEt L
gt
HsC™ Ny NH, -
7ad — 5000¢
NO,
0
T | T T | T T | T T | T T | T
200 150 100 50 0

ppm (t1)

COOEt I
/ \ I— 4000¢

HsC™ Ny ~NH; I
|— 3000C

6ae I

Cl I
|— 2000¢
— 1000(

LJLJJ L’;L o
— - e Y -
T T T | T T T T ‘ T T T T ‘ T T T | T T T T | T T T T | T T T | T T T T ‘ T T T T | T T T
8.0 70 6.0 50 40 30 20 1C 00

ppm (1)
"H NMR of ethyl 2-amino-1-(4-chlorophenyl)-5-methyl-1H-pyrrole-3-carboxylate (6ae)

S17



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

H3C

/

COOEt
\

N~ “NH;

COOEt

_f

ppm (1)

— —— ey e
~ & — & [5) S
a2 a 1] [=] LS o o
T T T | T T T ‘
50 0.0

"H NMR of ethyl 2-(4-chlorophenylamino)-5-methyl-1H-pyrrole-3-carboxylate (7ae)

S18



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

ppm (t1)

3C NMR of ethyl 2-(4-chlorophenylamino)-5-methyl-1H-pyrrole-3-carboxylate (7ae)

COOEt i
/ \ | 3000¢
H5;C i
3 N NH2 L
| 2500C
6af .
Cl i
I 2000C
I 1500¢
I— 1000¢
| 5000C
A = L
l«.- LA_UWJk\—J___U
— e e - o B
B - L] L] w £
2 2 = I3 a b N
T T I I —T T — — T T T
ap 8.0 7.0 8.0 50 4c 3 20 1.0 0L
ppm (1)

"H NMR of Ethyl 2-amino-1-(3-chlorophenyl)-5-methyl-1H-pyrrole-3-carboxylate (6af)

S19



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

/ \

H,C

6af

COOEt

NH,

Cl

=

ppm (1)

150

100

50

— S000C

3C NMR of Ethyl 2-amino-1-(3-chlorophenyl)-5-methyl-1H-pyrrole-3-carboxylate (6af)

7af

H3;C

/ \
N
H

N

CO

2.0

N
H

Cl

S

&0
ppm (1)

70

6.0 50 40

3.0

2C 10 0c

"H NMR of ethyl 2-(3-chlorophenylamino)-5-methyl-1H-pyrrole-3-carboxylate (7af)

S20



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

L 4000¢
7af COOEt ! i
iy -
H3C N N L
H H L 3000¢
L 2000¢
L 1000¢
0
| T T T T | T T T | T ‘
150 100 50 0

ppm (t1)

3C NMR of ethyl 2-(3-chlorophenylamino)-5-methyl-1H-pyrrole-3-carboxylate (7af)

; 7000C

COOEt C
/ \ _— 6000C

H3C N NH2 L
; 5000C

6ag L
; 4000C
— 3000C

2 i
; 2000C

i B
— 1000C

1 A L

| Julah "o
— — e ! T L
o = PR @ @
I fwl = 3 N1 ) -
‘ T T T T | T T T T | T T T T | T T T T | T T T T ‘ T T T T ‘ T T T T | T T T T ‘ T T T T ‘ T T T
8.0 70 6.0 5.0 4.0 3.0 20 1.0 0.0
ppm (t1)

"H NMR of ethyl 2-amino-1-benzyl-5-methyl-1H-pyrrole-3-carboxylate (6ag)

S21



Supplementary Material (ESI) for Chemical Communications

This journal is (c) The Royal Society of Chemistry 2010

— © WMo L @ @
@ @ ©o N o @ @ @ o - o
=1 S T =~ & @ - & = o &
I oW o® g — S =] - - o
] o N N AN @ w = o
- = esE s = C = ] k3 ==
COOEt
HsC™ N NH;
6ag !
|
I | — 5000C
! |
|
T T T T T T T T T T T T T T T T T
200 150 100 5C 0
ppm (t1)

BC NMR of ethyl 2-amino-1-benzyl-5-methyl-1H-pyrrole-3-carboxylate (6ag)

COOEt

N
H
7ag
(

/ f J J
J“___JL . LL&_‘;
L — — ! -
T ———— ————T T
8.0 7.0 6.0 5.0 40 3.0 20 10 0.0

ppm (1)

"H NMR of ethyl 2-(benzylamino)-5-methyl-1H-pyrrole-3-carboxylate (7ag)

S22




Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

5 2 5 859% 2 ew age w - o o

o T Basb 5 =8 FIs §O§ 28

g i BESSZ S g9 prRe g8 % S

/({OOEt
H3C N N
H H
7ag
ﬂ
|

6000C

5000C

4000C

3000C

2000

1000C

o

200 150 100 5C 0
ppm (t1)

BC NMR of ethyl 2-(benzylamino)-5-methyl-1H-pyrrole-3-carboxylate (7ag)

J_LCN
HsC™ N NH,
6ba
L l’ L i ,’L
— — — -
—
8.0 70 6.0 50 40 3.0 20 1.0 0.0
ppm (1)

"H NMR of 2-amino-5-methyl-1-phenyl-1H-pyrrole-3-carbonitrile (6ba)

S23

1000C

5000C

=]




Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

— 1500C

CN |

]\ -

HsC™ Ny NH, |
— 1000C

6ba |
— S000C

150 100 50 C
ppm (t1})

L 4000¢

G @ [

3 N H L
H | 3000¢
— 2000C
/1( — 1000C

A . R | L L
L s b e =
T T T | T T T T | T T T T | T T T T | T T T T ‘ T T T T | T T T | T T T | T T T ‘ T
8.0 7.0 6.0 5.0 4c 3.0 2.0 1.0 0.0

ppm (1}

"H NMR of 5-methyl-2-(phenylamino)-1H-pyrrole-3-carbonitrile (7ba)

S24



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

7ba

H

CN

Iz

ppm (t1)

C NMR of 5-methyl-2-(phenylamino)-1H-pyrrole-3-carbonitrile (7ba)

50

N

6bb @i

CN
/
Hac/[jj\NHz

|

o
=]

vre
159 {

_
Lo
—

|
w
I
@
I

-
©
(=]
— T

70 6.0 5.0 4.0

"H NMR of 2-amino-1-(2,3-dimethylphenyl)-5-methyl-1H-pyrrole-3-carbonitrile (6bb)

S25



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

CN (— 2500¢
H3C N NH2 (— 2000C
6bb L

(— 1500¢
I 1000C
(— s000¢

o

T ‘ T | T T T T ‘ T T T T ‘ .
150 100 50 C
ppm (t1)

BC NMR of 2-amino-1-(2,3-dimethylphenyl)-5-methyl-1H-pyrrole-3-carbonitrile (6bb)

CN
A 20000
HsC™ Ny NH,
1500C
6bc
OMe
1000C

5000C

[=}

9017-[ EL’;
wr{ ————

th " A

L L e e B s e e s e e e L s e B
8.0 70 6.0 50 40 30 20 10 00
ppm (t1)

"H NMR of 2-amino-1-(4-methoxyphenyl)-5-methyl-1H-pyrrole-3-carbonitrile (6bc)

S26



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

CN
3
HaC™ ™7 NH,
6bc
OMe
' ' \ ' ' ' ' \ ' ' | ' ' |
150 100 50 0

ppm (t1)

3C NMR of 2-amino-1-(4-methoxyphenyl)-5-methyl-1H-pyrrole-3-carbonitrile (6bc)

7bc CN
Hs;C
H

LJA L L. L
(- R s o e
o = o0 M ]
(=] (=] D= -1 -1
T | T T | T T T T ‘ T T T ‘ T T T | T T T | T T | T T T T ‘ T T T T | T
8.0 70 6.0 50 4.0 20 1.C 00
ppm (t1)

S27

7000C

6000(C

5000

4000C

3000C

2000

1000C

o

-1000



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

"H NMR of 2-(4-Methoxyphenylamino)-5-methyl-1H-pyrrole-3-carbonitrile (7bc)

7be CN I
/ \ OMe H
H3C N N — 3000(
H H I
— 2000C
— 1000(
M ol
T T | T T ‘ T T T | T T |
150 100 50 a

ppm (i1)

3C NMR of 2-(4-Methoxyphenylamino)-5-methyl-1H-pyrrole-3-carbonitrile (7bc)

— 4000C

CN I

gt |
H3C N NH2 — 3000C

6bd I
N02 — 2000C
B L 1000¢

A L

) J J £ . L,
(R - - - L

T T T T T T T T T T T
5.0 0c
ppm (t1)

"H NMR- of 2-amino-5-methyl-1-(4-nitrophenyl)-1H-pyrrole-3-carbonitrile (6bd)

528



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

147.770
144 556
41.011
34.275
34.146
25.928
25279
23.009
16.579
106.866
77.247
76930
T6.613

Qg 154

CN
gt
HC™ ™y NH,

6bd
NO,

12.638

150 100
ppm (11}

3C NMR- of 2-amino-5-methyl-1-(4-nitrophenyl)-1H-pyrrole-3-carbonitrile (6bd)

CN
gt
HsC™ >N NH;
6bg

f."
Alr L A i jﬁ f |

Ena— — — ! -

‘ T T T T | T T ‘ T T T T | T T | T T T T | T T T | T T T T | T T | T T T

5.0 7.0 6.0 5.0 40 3.0 20 1.0 0.0

ppm (t1)

"H NMR of 2-amino-1-benzyl-5-methyl-1H-pyrrole-3-carbonitrile (6bg)

S29




Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

6bg

ppm (t1)

C NMR of 2-amino-1-benzyl-5-methyl-1H-pyrrole-3-carbonitrile (6bg)

S30

50





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


