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General experimental information

Mechanochemical reactions were carried out in a Retsch MM200 mixer mill at a
frequency of 20 Hz using a 25 mL zirconium oxide grinding jar and a single zirconium
oxide ball 20 mm in diameter.

Melting points were measured with a Reichert 723 hot-stage microscope. Infrared
spectra were recorded with a Perkin—Elmer Paragon 1000 FTIR spectrophotometer as
thin films on NaCl disks.

NMR spectroscopic data were recorded using a Bruker Avance 250 spectrometer
operating at 250 MHz for '"H NMR and 63 MHz for °C NMR, respectively (CAI de
Resonancia Magnética Nuclear, Universidad Complutense).

Elemental analyses were determined by the CAI de Microandlisis Elemental,
Universidad Complutense, using a Leco 932 combustion microanalyzer.

All reagents (Aldrich, Fluka, SDS, Probus) and solvents (SDS) were of commercial
quality and were used as received.

Reactions were monitored by thin layer chromatography on aluminium plates coated
with silica gel and fluorescent indicator (SDS CCM221254). Separations by flash
chromatography were performed on silica gel (SDS 60 ACC 40—-63 pum).
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General procedure for the preparation of pyrroles 4

0
NHQ + R3
R 3 o
R4 2 0~ "R? R? R3
l NIS, 10% PTSA 5% CAN, AgNO5 m
R5S0 HSVM, HSVM, RSN~ R?
1 60 min, 20 s™’ 60 min, 20 s’ R

The suitable ketone (1.00 mmol), N-iodosuccinimide (NIS, 225 mg, 1.00 mmol) and p-
toluenesulphonic acid (18 mg, 10% mmol) were added to a ball mill vessel along with a
zirconium oxide ball. The vessel was fixed to a horizontal vibratory arm and it was
allowed to vibrate for 60 min at a frequency of 20 s'. Then, a mixture of the
corresponding amine (1.95 mmol), the suitable B-dicarbonyl compound (1.5 mmol) and
ceric ammonium nitrate (CAN, 27 mg, 5% mmol), previously stirred at room
temperature during 30 min, and silver nitrate (169 mg, 1.00 mmol) were added to the
vessel. The reaction was subjected to the vibratory movement for 60 min at the same
frequency. Then, the vessel was cleansed with ethyl acetate and the suspension was
filtered to remove silver iodide. The organic layer was washed with water (2 mL), dried
over anhydrous sodium sulphate and the solvent was evaporated under reduced pressure.
Purification by column chromatography on silica gel eluting with a petroleum ether-
ethyl acetate mixture afforded the desired pyrroles 4.

Compounds 41, 4m and 4p were prepared following the general procedure from the

previously isolated corresponding a-iodoketones (1.00 mmol) (see pages S14-S16),.
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OEt

CHs;
4a

Ethyl 2-methyl-5-phenyl-1-(p-tolyl)-1H-pyrrole-3-carboxylate (4a). Prepared from
acetophenone (120 mg, 1.00 mmol), p-toluidine (162 mg, 1.5 mmol) and ethyl
acetoacetate (195 mg, 1.5 mmol); yield: 271 mg (85%); yellowish solid; mp: 95-98 °C;
'"H NMR (CDCls, 250 MHz): 8 = 1.41 (t, J = 7.1 Hz, 3H), 2.41 (s, 3H), 2.43 (s, 3H),
4.36 (q, J = 7.1 Hz, 2H), 6.83 (s, 1H), 7.11- 7.03 (m, 4H), 7.29-7.15 (m, 5H) ppm; *C
NMR (CDCl;, 63 MHz): 6 = 12.5, 14.5, 21.1, 59.5, 109.8, 112.6, 126.4, 128.0, 128.1,
129.8, 132.4, 133.5, 135.4, 138.1, 165.6 ppm; IR (neat) v =1703.1, 1226.6 cm™;
elemental analysis (%) calcd. for C;;H2;NO,: C 78.9, H 6.63, N 4.39; found: C 78.59,
H 6.84, N4.11.

0
OEt
[\
N~ ~CHa
Hscf
4b

Ethyl 1-butyl-2-methyl-5-phenyl-1H-pyrrole-3-carboxylate (4b). Prepared from
acetophenone (120 mg, 1.00 mmol), butylamine (143 mg, 1.95 mmol) and ethyl
acetoacetate (195 mg, 1.5 mmol); yield: 242 mg (85%); light orange solid; mp: 49-53
°C; 'TH NMR (CDCl;, 250 MHz): § = 0.82 (t, J = 7.2 Hz, 3H), 1.19 (sext, J = 7.2 Hz,
2H), 1.38 (t, J= 7.1 Hz, 3H), 1.60-1.48 (m, 2H), 2.65 (s, 3H), 3.93- 3.87 (m, 2H), 4.32
(q,J=7,1 Hz, , 2H), 6.58 (s, 1H), 7.48-7.34 (m, 5H) ppm; “C NMR (CDCls, 63 MHz):
0= 115, 13.5, 14.5, 19.7, 32.7, 43.8, 59.2, 109.6, 111.8, 127.4, 128.4, 129.3, 133.1,
133.4, 136.3, 165.6 ppm; IR (neat) v =1699.4, 1243.3 cm’l; elemental analysis (%)
calcd. for CigHx3sNO,: C 75.76, H 8.12, N 4.91; found: C 75.55, H 7.85, N 4.78.
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OEt

Ethyl 1-sec-butil-5-phenyl-2-methyl-1H-pyrrole-3-carboxylate (4c¢). Prepared from
acetophenone (120 mg, 1.00 mmol), sec-butylamine (143 mg, 1.95 mmol) and ethyl
acetoacetate (195 mg, 1.5 mmol); yield: 265 mg (93%); yellow viscous liquid; '"H NMR
(CDCl3, 250 MHz): 6=0.70 (t, J= 7.4 Hz, 3H), 1.37 (t, J="7.1 Hz, 3H), 1.51 (d, /= 7.1
Hz, 3H), 1.76-1.63 (m, 1H), 1.98-1.86 (m, 1H), 2.74 (s, 3H), 4.28-4.19 (m, 1H), 4.30 (q,
J = 7.1 Hz, 2H), 6.51 (s, 1H), 7.42-7.31 (m, 5H) ppm; “C NMR (CDCl;, 63 MHz):
0=11.0, 13.0, 14.5, 20.7, 28.9, 54.5, 59.2, 109.8, 112.3, 127.5, 128.2, 130.1, 134.0,
134.7, 136.1 165.8 ppm; IR (neat) v=1698.6, 1242.6 cm™; elemental analysis (%)
calcd. for CigH»3NO,: C 75.76, H 8.12, N 4.91; found: C-75.08, H 7.94, N 4.80.

)
OEt

/ \

©

4d

Ethyl 1-benzyl-5-phenyl-2-methyl-1H-pyrrole-3-carboxylate (4d). Prepared from
acetophenone (120 mg, 1.00 mmol), benzylamine (161 mg, 1.5 mmol) and ethyl
acetoacetate (195 mg, 1.5 mmol); yield: 230 mg (68%); yellow viscous liquid; '"H NMR
(CDCls, 250 MHz): 8 = 1.40 (t, J= 7.1 Hz, 3H), 2.49 (s, 3H), 5.17 (s, 2H), 4.33 (q, J =
7.1 Hz, 2H), 6.72 (s, 1H), 6.95 (dd, J = 6.5, 1.6 Hz, 2H), 7.34-7.28 (m, 8H) ppm; “C
NMR (CDCls, 63 MHz): d = 11.6, 14.5, 41.7, 59.4, 109.8, 112.5, 125.5, 127.3, 127.5,
128.4, 128.8, 129.0, 132.5, 134.2, 137.0, 137.6, 165.7 ppm; IR (neat) v = 1698.0,
1240.5 cm™'; elemental analysis (%) calcd. for C;;H21NO,: C 78.97, H 6.63, N 4.39;
found: C 78.65, H 6.84, N 4.15.
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OEt
N~ CHz

H3C™ “CHj
4e

Ethyl 1-dimethylamino-2-methyl-5-phenyl-/H-pyrrole-3-carboxylate (4e). Prepared
from acetophenone (120 mg, 1.00 mmol), N,N-dimethyl-hydrazine (90 mg, 1.5 mmol)
and ethyl acetoacetate (195 mg, 1.5 mmol); yield: 191 mg (60%); reddish oil; "H NMR
(CDCl3, 250 MHz): 6 = 1.37 (t, J= 7.1 Hz, 3H), 2.71 (s, 3H), 2.95 (s, 6H), 4.30 (q, J =
7.1 Hz, 2H), 6.53 (s, 1H), 7.32-7.43 (m, 3H), 7.52 (dd, J = 8.3, 1.8 Hz, 2H) ppm; C
NMR (CDCls, 63 MHz): 6 = 12.1, 14.5, 45.2, 59.3, 107.4, 110.3, 127.0, 127. 8, 129.0,
132.7, 137.3, 165.3 ppm; IR (neat) v=1695.8, 1241.8 cm’'; elemental analysis (%)
calcd. for Ci¢HyoN>O,: C 70.56, H 7.40, N 10.29; found: C 70.96, H 7.45, N 10.19

0]

[\
fN

HC™  4f

OEt

CHg

Ethyl 1-butyl-5-phenyl-2-propyl-1H-pyrrole-3-carboxylate (4f). Prepared from
acetophenone (120 mg, 1.00 mmol), butylamine (143 mg, 1.95 mmol) and ethyl-3-
oxohexanate (237 mg, 1.5 mmol); yield: 250 mg (80%); yellow oil; "H NMR (CDCls,
250 MHz): 6 =0.80 (t, J=7.2 Hz, 3H), 1.07 (t, J=7.3 Hz, 3H), 1.13-1.22 (m, 2H), 1.37
(t,J=7.1 Hz, 3H), 1.43 -1.57 (m, 2H), 1.65-1.78 (m, 2H), 2.96-3.02 (m, 2H), 3.87-3.94
(m, 2H), 4.34 (q, J = 7.1 Hz, 2H), 6.58 (s, 1H), 7.33-7.47 (m, 5H) ppm; *C NMR
(CDCl3, 63 MHz): 6 = 13.5, 14.3, 14.5, 19.8, 23.6, 27.7, 33.3, 43.9, 59.2, 110.0, 111.5,
127.4, 128.4, 129.3, 133.2, 133.3, 141.1, 165.3 ppm; IR (neat) v = 1698.8, 1242.2 cm';
elemental analysis (%) calcd. for C,0H27NO,: C 76.55, H 9.48, N 4.25; found: C 76.21,
H 9.28, N 4.31.
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OEt

z

HC™ 49

Ethyl 2-ethyl-1-hexyl-5-phenyl-1H-pyrrole-3-carboxylate (4g). Prepared from
acetophenone (120 mg, 1.00 mmol), hexylamine (197 mg, 1.95 mmol) and ethyl 3-
oxopentanate (216 mg, 1.5 mmol); yield: 229 mg (70%); yellow oil; '"H NMR (CDCl;,
250 MHz): 6 = 0.81 (t,J= 6.5 Hz, 3H), 1.01-1.20 (m, 6H), 1.27 (t,J=7.5 Hz, 3H), 1.35
(t,J=7.1 Hz, 3H), 1.42-1.60 (m, 2H), 3.04 (q, J = 7.5 Hz, 2H), 3.84-3.90 (m, 2H), 4.29
(q, J = 7.1 Hz, 2H), 6.55 (s, 1H), 7.45-7.31 (m, 5H) ppm; *C NMR (CDCl;, 63 MHz):
0=13.9,14.5, 19.0, 22.3, 26.2, 31.1, 31.2, 44.0, 59.2, 110.0, 111.1, 127.4, 125.3, 128 .4,
133.2, 133.3, 142.3, 165.3 ppm; IR (neat) v = 1698.8, 1241.9 cm’'; elemental analysis
(%) calcd. for C;1Hy9NO,: C 77.02, H 8.93, N 4.28; found: C 77.32, H 8.83, N 4.22;

Q /—CHs
(@)
I
N /~CH
3
f o7
HsC 4h

Ethyl 1-butyl-2-(ethoxycarbonylmethyl)-5-phenyl-1H-pyrrole-3-carboxylate (4h).
Prepared from acetophenone (120 mg, 1.00 mmol), butylamine (142 mg, 1.95 mmol)
and diethyl 3-oxopentanodioate (303 mg, 1.5 mmol); yield: 218 mg (61%); white solid;
mp: 55-58 °C; '"H NMR (CDCl; 250 MHz) & = 0.78 (t, J = 7.2 Hz, 3H), 1.08- 1.23 (m,
2H), 1.31 (t, J=7.1 Hz, 3H), 1.35 (t, /= 7.1 Hz, 3H), 1.43-1.55 (m, 2H), 3.87- 3.93 (m,
2H), 4.18 (s, 2H), 4.22 (q, J = 7.1 Hz, 2H), 4.28 (q, J = 7.1 Hz, 2H), 6.61 (s, 1H), 7.34-
7.47 (m, 5H) ppm; “C NMR (CDCl;, 63 MHz) & = 13.4, 14.2, 14.4, 19.7, 31.6, 32.9,
44.2, 59.5, 61.1, 110.1, 113.5, 127.6, 128.4, 129.4, 131.6, 133.0, 134.3, 165.1, 170.1
ppm; IR (neat) v= 1738.3, 1698.2, 1246.7, 1222.8 cm’'; elemental analysis (%) calcd
for C,1H7NOy: C, 70.56; H, 7.61; N, 3.92; found: C 70.28, H 7.35, N 4.06.
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1-(1-Butyl-2-methyl-5-phenyl-1H-pyrrole-3-yl)ethanone  (4i).  Prepared from
acetophenone (120 mg, 1.00 mmol), butylamine (143 mg, 1.95 mmol) and 2,5-
pentanedione (150 mg, 1.5 mmol); yield: 207 mg (81%); yellow liquid; '"H NMR
(CDCls, 250 MHz): 8 = 0.82 (t, J = 7.2 Hz, 3H), 1.15-1.25 (m, 2H), 1.48-1.61 (m, 2H),
2.38 (s, 3H), 2.57 (s, 3H), 3.86-3.93 (m, 2H), 6.50 (s, 1H), 7.35-7.49 (m, 5H) ppm; *C
NMR (CDCIls, 63 MHz): 8 = 12.1, 13.5, 19.7, 28.5, 32.6, 43.6, 110.9, 120.8, 127.6,
128.5, 129.4, 132.9, 133.2, 135.9, 195.1 ppm; IR (neat) v =1650.7 cm’l; elemental
analysis (%) calcd. for C17H2NO: C 79.96, H 8.29, N 5.49; found: C 79.77, H 7.93, N
5.32.

o)
NH,
I\
N~ CHs
HsC 4j

1-Hexyl-2-methyl-5-phenyl-/H-pyrrole-3-carboxamide  (4j).  Prepared  from
acetophenone (120 mg, 1.00 mmol), hexylamine (197 mg, 1.95 mmol) and
acetoacetamide (151 mg, 1.00 mmol); yield: 256 mg (90%); white solid; mp: 126-129
°C; "H NMR (CDCls, 250 MHz): § = 0.84 (t, J = 7.0 Hz, 3H), 1.15-1.25 (m, 6H), 1.51-
1.58 (m, 2H), 2.66 (s, 3H), 3.83-3.90 (m, 2H); 5.71 (br s, 2H), 6.27 (s, 1H), 7.33-7.44
(m, 5H) ppm; “C NMR (CDCls, 63 MHz): 8 = 11.4, 13.8, 22.3, 26.1, 30.5, 31.0, 43.9,
107.1, 113.6, 127.4, 128.4, 129.4, 133.0, 133.3, 134.9, 168.1 ppm; IR (neat) v = 3403.4,
3195.7, 1637.7, 1600.5 cm™'; elemental analysis (%) calcd. for C;sH24N,O: C 76.02, H
8.51, N 9.85; found: C 75.25, H 8.19, N 9.67.
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HC™ 4k

Ethyl 1-butyl-2-methyl-5-(2-naphth-2-yl)-1H-pyrrole-3-carboxylate (4k). Prepared
from 1-naphthalen-2-yl ethanone (169 mg, 1.00 mmol), butylamine (143 mg, 1.95
mmol) and ethyl acetoacetate (195 mg, 1.5 mmol); yield: 324 mg (97%); yellow viscous
liquid; "H NMR (CDCl3, 250 MHz): 8 = 0.82 (t, J = 7.2 Hz, 3H), 1.20 (sext, J = 7.2 Hz,
2H), 1.41 (t, J= 7.1 Hz, 3H), 1.58 (q, J = 7.2 Hz, 2H), 2.70 (s, 3H), 3.95-4.01 (m, 2H),
435 (q, 2H, J = 7.1 Hz), 6.71 (s, 1H), 7.51-7.56 (m, 3H), 7.86-7.92 (m, 4H) ppm; *C
NMR (CDCls, 63 MHz): § = 11.6, 13.5, 14.5, 19.7, 32.7, 44.0, 59.3, 110.2, 112.0, 126.1,
126.3, 127.3, 127.7, 127.9, 130.5, 132.4, 133.2, 133.3, 136.6, 165.6 ppm; IR (neat)
v =1697.9, 1232.0 cm™; elemental analysis (%) calcd. for C2,H,5NO,: C 78.77, H 7.51,
N 4.18; found: C 78.43, H 7.71, N 4.05.

O
OEt

N

NHJ)

Hc™ 4l
Ethyl 1-butyl-5-(1H-indol-3-yl)-2-methyl-1H-pyrrole-3-carboxylate (41). Prepared
from 1-(1H-indol-3-yl)-2-iodoethanone (285 mg, 1.00 mmol), butylamine (143 mg,
1.95 mmol) and ethyl acetoacetate (195 mg, 1.5 mmol); yield: 243 mg (75%); yellow
solid; mp: 87-91°C; '"H NMR (CDCl3, 250 MHz): 6= 0.76 (t, J = 7.3 Hz, 3H), 1.15
(sext, J = 7.3 Hz, 2H), 1.38 (t, J = 7.1 Hz, 3H), 1.46-1.58 (m, 2H), 2.67 (s, 3H), 3.85-
3.91 (m, 2H), 4.32 (q, J = 7.1 Hz, 2H), 6.65 (s, 1H), 7.18 (t, /= 7.1 Hz, 1H), 7.24 (d, J
= 2.6 Hz, 1H), 7.27 (t, J= 7.1 Hz, 1H), 7.46 (d, J = 8.0 Hz, 1H), 7.59 (d, J = 7.8 Hz,
1H), 8.33 (br s, 1H) ppm; “C NMR (CDCls, 63 MHz): & = 11.7, 13.5, 14.6, 19.7, 32.9,
44.0, 59.2, 108.9, 110.4, 111.2, 111.7, 119.8, 120.3, 122.5, 123.7, 125.6, 127.7, 135.7,
135.9, 165.8 ppm; IR (neat) v =3318.6, 1672.9, 1244.9 cm’l; elemental analysis (%)
calcd. for C,o0H4N>O,: C 74.04, H 7.46, N 8.64; found: C 73.89, H 7.29, N 8.41.
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Ethyl 1-butyl-2-methyl-5-(thiophen-2-yl)-1H-pyrrole-3-carboxylate (4m). Prepared
from 2-iodo-1-(thiophen-2-yl)-1-ethanone (252 mg, 1.00 mmol), butylamine (143 mg,
1.95 mmol) and ethyl acetoacetate (195 mg, 1.5 mmol); yield: 282 mg (97%); yellow
viscous liquid; "H NMR (CDCl;, 250 MHz): 6 =0.91 (t,J = 7.2 Hz, 3H), 1.23-1.38 (m,
2H), 1.37 (t, J = 7.1 Hz, 3H), 1.57-1.70 (m, 2H), 2.63 (s, 3H), 3.92-3.98 (m, 2H), 4.30
(q, J = 7.1 Hz, 2H), 6.70 (s, 1H), 7.04 (dd, J = 3.5, 1.2 Hz, 1H), 7.10 (t, J = 2.5 Hz,
1H),7.35 (dd, J = 5.1, 1.2 Hz, 1H) ppm; “C NMR (CDCls, 63 MHz): 8 = 11.5, 13.6,
14.5, 19.8, 32.9, 44.1, 59.3, 111.5, 111.9, 125.3, 125.6, 126.5, 127.2, 134.0, 136.9,
165.4 ppm; IR (neat) v =1698.3, 1241.4 cm™; elemental analysis (%) calcd. for
Ci6H21NO,S: C 65.95, H 7.26, N 4.81, S 11.00; found: C 65.74, H 7.06, N 4.69, S 10.80.

0)

OEt
CH3

/ \
H4C \~CH,

HsC /H

H3C 4n

Ethyl 1-butyl-5-tert-butyl-2-methyl-1H-pyrrole-3-carboxylate (4n). Prepared from
3,3-dimethyl-butan-2-one (100 mg, 1 mmol), butylamine (143 mg, 1.95 mmol) and
ethyl acetoacetate (195 mg, 1.5 mmol); yield: 167 mg (67%); yellow oil; "H NMR
(CDCl3, 250 MHz): 8 = 1.01 (t, J = 7.2 Hz, 3H), 1.35 (t, J = 7.1 Hz, 3H), 1.38 (s, 9H),
1.35-1.49 (m, 2H), 1.61-1.74 (m, 2H), 2.55 (s, 3H), 3.91- 3.98 (m, 2H), 4.27 (q, J = 7.1
Hz, 2H), 6.31 (s, 1H) ppm; *C NMR (CDCls, 63 MHz): & = 11.4, 13.7, 14.6, 20.2, 30.8,
31.9, 32.8, 45.3, 59.1, 105.6, 110.3, 136.7, 140.1, 165.7 ppm; IR (neat) v = 1698.7,
1230.4 cm’l; elemental analysis (%) calcd. for C;sH,7NO,: C 72.41, H 10.25, N 5.28;
found: C 71.57, H 9.94, N 5.26.
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H3C 40

Ethyl 1-butyl-2,4-dimethyl-5-phenyl-1H-pyrrole-3-carboxylate (40). Prepared from
propiophenone (134 mg, 1.00 mmol), butylamine (143 mg, 1.95 mmol) and ethyl
acetoacetate (195 mg, 1.5 mmol); yield: 215 mg (72%); yellow oil; "H NMR (CDCls,
250 MHz): 8 =0.74 (t, J= 7.2 Hz, 3H), 1.11 (sext, J = 7.2 Hz, 2H), 1.36 (t, /= 7.1 Hz,
3H), 1.36- 1.46 (m, 2H), .2.11 (s, 3H), 2.57 (s, 3H), 3.68- 3.75 (m, 2H), 4.30 (q, J=7.1
Hz, 2H), 7.23-7.43 (m, 5H) ppm; “C NMR (CDCl;, 63 MHz): § = 11.8, 13.4, 14.5,
19.7, 32.7, 43.7, 59.0, 110.9, 117.8, 127.5, 128.2, 130.7, 131.1, 132.5, 135.3, 166.5
ppm; IR (neat) v = 1692.7, 1253.1 cm’™’; elemental analysis (%) calcd. for C;oHasNO»:
C 76.22, H 8.42, N 4.68; found: C 75.94, H 8.75, N 4.38.

s

Ethyl 1-butyl-2-methyl-4,5-diphenyl-1H-pyrrole-3-carboxilate (4p). Prepared from

H4C

2-iodo-1,2-diphenylethanone (322 mg, 1 mmol) butylamine (143 mg, 1.95 mmol) and
ethyl acetoacetate (195 mg, 1.5 mmol); yield: 231 mg (64%); yellow oil; "H NMR
(CDCl3, 250 MHz): § = 0.80 (t, J = 6.5 Hz, 3H), 1.04 (t, /= 7.1 Hz, 3H), 1.18 (sext, J =
7.5 Hz, 2H), 1.47-1.61 (m, 2H), 2.67 (s, 3H), 3.78-3.85 (m, 2H), 4.11 (q, J = 7.1 Hz,
2H), 7.11-7.26 (m, 7H), 7.29-7.35 (m, 3H) ppm; *C NMR (CDCl;, 63 MHz): = 11.7,
13.4,13.8,19.7, 32.7,43.9, 59.1, 111.0, 123.6, 125.4, 126.7, 127.4, 128.0, 130.6, 131.2,
131.4, 132.1, 135.0, 135.9, 166.0 ppm; IR (neat) v =1693.2, 1230.7 cm’l; elemental
analysis (%) calcd. for Co4H27NO,: C 79.74, H 7.53, N 3.87; found: C 79.94, H 7.35, N
3.72.
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N~ ~CHs
H
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Ethyl  2-methyl-5-phenyl-1H-pyrrole-3-carboxylate  (4q). Prepared  from
acetophenone (120 mg, 1 mmol); yield: 188 mg (82%); gray solid; mp: 100-104 °C; 'H
NMR (CDCl3, 250 MHz): 8 = 1.40 (t, /= 7.1 Hz, 3H), 2.62 (s, 3H), 4.33 (q, /= 7,1 Hz,
2H), 6.87 (d, J = 2.9 Hz, 1H), 7.33-7.47 (m, 5H), 8.54 (br s, 1H) ppm; “C NMR
(CDCl3, 63 MHz): 6 = 13.4, 14.5, 59.5, 107.3, 113.4, 123.6, 126.5, 128.9, 129.9, 131.8
136.1, 165.5 ppm; IR (neat) v = 1669.1, 1237.8 cm™'; elemental analysis (%) calcd. for
Ci4H5NO,: C 73.34, H 6.59, N 6.11; found: C 73.11, H 6.30, N 5.77.

OEt

]\
CHj

Ir=z

Cl
4r

Ethyl 5-(p-chlorophenyl)-2-methyl-1H-pyrrole-3-carboxylate (4r). Prepared from 1-
(4-chloro-phenyl)-ethanone (154 mg, 1.00 mmol); yield: 158 mg (60%); white solid;
mp: 155-157 °C; '"H NMR (CDCls, 250 MHz): 8 = 1.39 (t, J = 7.1 Hz, 3H), 2.61 (s, 3H),
432 (q, J = 7,1 Hz, 2H), 6.85 (d, J = 2.9 Hz, 1H), 7.33-7.43 (m, 4H), 8.69 (br s, 1H)
ppm; *C NMR (CDCl;, 63 MHz): 8= 13.4, 14.5, 59.7, 107.8, 113.5, 124.8, 128.9,
129.1, 130.3, 132.1, 136.6, 165.5 ppm; IR (neat) v =3321.8, 1672.1, 12352 cm’;
elemental analysis (%) calcd. for Ci4H;4 CINO;: C 63.76, H 5.35, N 5.31; found: C
63.39, H 5.40, N 5.30

S12



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

0 0
HaC ™ “CH
OO
H3C/HN NH\CH;;,

H3C 4s CH3

Diethyl 5,5'-(biphenyl-4,4'-diyl)bis(1-butyl-2-methyl-1H-pyrrole-3-carboxylate)
(4s). Prepared from 1-(4'-acetylbiphenyl-4-yl)ethanone (238 mg, 1.00 mmol),
butylamine (285 mg, 3.9 mmol) and ethyl acetoacetate (390 mg, 3 mmol); iodination
time: 120 min; yield: 533 mg (94%); yellow solid; mp: 178-181 °C; '"H NMR (CDCl;,
250 MHz) 8: 0.85 (t, /= 7.2 Hz, 6H), 1.18-1.31 (m, 4H), 1.39 (t, /= 7.1 Hz, 6H), 1.52-
1.62 (m, 4H), 3.92- 4.00 (m, 4H), 2.66 (s, 6H), 4.32 (q, J = 7.1 Hz, 4H), 6.63 (s, 2H),
7.47 (d, J=8.4 Hz, 4H), 7.72 (d, 4H, J = 8.4 Hz) ppm; IR (neat) v = 1697.8, 1246.3 cm"
' BC NMR (CDCls, 63 MHz) §: 11.6 13.5 14.5 19.7 32.7 44.0 59.3 110.0 112.0 126.9
129.6 132.2 133.0 136.6 139.3 165.6 ppm; elemental analysis (%) calcd. for
C36H44N204: C 76.02, H 7.80, N 4.93; found: C 75.66, H 7.55, N 5.03.

Diethyl 1,1'-(ethane-1,2-diyl)bis(2-methyl-5-phenyl-1H-pyrrole-3-carboxylate) (4t).
Prepared from acetophenone (120 mg, 1.00 mmol), ethylendiamine (51 mg, 0.85 mmol)
and ethyl acetoacetate (85 mg, 130 mmol); yield: 145 mg (60%); white solid; mp: 224-
226 °C; '"H NMR (CDCls, 250 MHz) & = 1.36 (t,J = 7.1 Hz, 6H), 1.98 (s, 6H), 3.88 (s,
4H), 4.28 (q, J = 7.1 Hz, 4H), 6.48 (s, 2H), 7.15- 7.20 (m, 4H), 7.36- 7.42 (m, 6H) ppm;
3C NMR (CDCl;, 63 MHz) § = 10.2, 14.5, 43.1, 59.3, 110.3, 112.4, 128.0, 128.6, 129.7,
132.0, 133.0, 136.1, 165.3 ppm; IR (neat) v = 1701.6, 1242.9 cm’'; elemental analysis
(%) calcd. for C30H3,N,04: C 74.36, H 6.66, N 5.78; found: C 73.81,H 6.54, N 5.83.
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General procedure for the iodination of ketones 11 and 1m

R._CHsz I CuO, MeOH, reflux R\ﬂ/\'
T ]

To a solution of the suitable ketone (1 eq) in anhydrous methanol, iodine (1 eq) and
cupper (II) oxide (1 eq) were added. The mixture was stirred at rt for 5 min and, then,
refluxed until no starting material was detected by TLC. The reaction was cooled,
filtered and the solvent was removed. The residue was dissolved in ethyl acetate (10
mL) and washed with a 10% solution of Na,S,03 (20 mL). The aqueous phase was
extracted with ethyl acetate (2 x 20 mL) and the combined organic phases were dried
over anhydrous sodium sulphate and the solvent was evaporated. The a-iodoketones

thus obtained were used in the next reaction without further purification.

(0]
|
W
N
H

1-(1H-Indol-3-yl)-2-iodoethanone. Prepared from 1-(1H-indol-2-yl)ethanone (395 mg,
2.5 mmol); reaction time: 3 h; yield: 620 mg (87%); yellowish solid; mp: 87-89 °C; IR
(neat) v = 3222.7 (N=H), 1635.7 (C=0) cm™"; "H NMR (CD;OD, 250 MHz) & = 4.94 (s,
2H), 7.25-7.28 (m, 2H), 7.45-7.51 (m, 1H), 8.19-8.24 (m, 1H), 8.30 (s, 1H) ppm; “C
NMR (CDsOD, 63 MHz) 6 = 3.5, 113.3, 115.0, 123.2, 123.8, 124.9, 127.5, 136.2, 138.9,
191.8 ppm.

/|
S I
0

2-lodo-1-(thiophen-2-yl)ethanone. Prepared from 1-(thiophen-2-yl)ethanone (315 mg,
2.5 mmol); reaction time: 1 h; yield: 559 mg (89%); yellow solid.; mp: 130-134 °C; IR
(neat) v = 1705.6 (C=0) cm '; "H NMR (CDCls, 250 MHz) & = 4.32 (s, 2H), 7.17 (dd,
J=13,2.4Hz, 1H), 7.71 (dd, J= 7.3, 2.4 Hz, 1H), 7.81 (dd, J= 3.9, 1.1 Hz, 1H) ppm;
BC NMR (CDClL;, 63 MHz) & = 1.4, 128.3, 133.4, 135.1, 140.2, 186.0 ppm.
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Preparation of 2-bromo-1,2-diphenylethanone

HBI’, H202, Br
H,0, 24 h, 1t
o] ‘ o ‘

To a flask protected from light with aluminium foil were added a suspension of 1,2-

diphenylethanone 1p (1.96 g, 10 mmol) in water (5 mL) and a 48% aqueous solution of
HBr (0.56 mL, 5 mmol). After stirring the reaction mixture at room temperature for 5
minutes, a 33% aqueous solution of H,O, (0.51 mL, 5 mmol) was added. The additions
of HBr and H,O, were repeated twice within intervals of 2-3 h while the mixture was
stirred. After 24 h, ethyl acetate (10 mL) was added and the organic layer was washed
with a 10% solution of Na,S,0; (5 mL) and dried over anhydrous sodium sulphate.
Removal of the solvent under reduce pressure and purification of the residue by column
chromatography on silica gel, eluting with petroleum ether-ethyl ether (99:1), gave 2.59
g (95%) of the desired product as a white solid. Mp: 44-47 °C; IR (neat) v: 1690.8,
990.3 cm™'; "H NMR (CDCl; 250 MHz) § = 6.42 (s, 1H), 7.35- 7.61 (m, 8H), 8.02 (dt,
J=17.1, 1.2 Hz, 2H) ppm; *C NMR (CDCl;, 63 MHz) & = 51.0, 128.8, 129.0, 129.1,
133.7, 134.1, 135.9, 191.0 ppm.'

TA. Podgorsek, S. Stavber, M. Zupan and J. Iskra, Green Chem. 2007,9, 1212.
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Preparation of 2-iodo-1,2-diphenylethanone

Br
Nal, acetone, rt
g

A solution of sodium iodide (1.50 g, 10 mmol) in anhydrous acetone (10 mL) was

added to a solution of 2-bromo-1,2-diphenylethanone (2.50 g, 9 mmol) in the same
solvent (20 mL). The formation of sodium bromide or chloride precipitate was observed
instantly. The reaction was stirred at rt for 10 min and, then, filtered. Removal of the
solvent under reduced pressure afforded 2.90 g (99%) of the expected iodoketone as a
pale orange solid. No further purification was needed. Mp: 91-93 °C; IR (neat) v:
1680.1 cm™; "H NMR (CDCls, 250 MHz) 8 = 6.65 (s, 1H), 7.46-7.57 (m, 2H), 7.60-
7.66 (m, 3H), 7.33-7.37 (m, 3H), 8.04 (dt, J = 7.1, 1.2 Hz, 2H) ppm; *C NMR (CDCl;,
63 MHz) § = 27.8, 128.7, 128.8, 129.0, 129.5, 133.6, 137.3, 192.2 ppm.?

2 M. K. M. Dirania, and J. Hill, J. Chem. Soc. 1969, 2144.

S16



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

28e}
L W
6EY'}

9P~
oeve—

SIEY

PrEp\
2ULEY—T
oov.v\

)

0.5 ppm

30 25 20 15 1.0

3.5

55 50 45 40

6.0

6.5

90 85 80 75 70

9.5

—§99°¢

— 6809

091'e

o
o
-

i

0
2
N
[t}

6v'cl—
9GVE—

SHle—

9M'6G—

€8'601
€92l PW

LE'9¢1
L6'/c)
0’821 %
siect

8L 62—
vreeL—

ww.m& \
mv.mﬁ
glgel
6LgEl

09'G91L —

L L

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
S17

200




ppm

©
)

1.0

o

)

—
o

-Y

N
(s}

el

20 15
)
ai

25

3.0

3.5

-l

o
o

9

6.0 55 50 45

6.5

7.0

90 85 80 75

9.5

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

€265 —

29'99L —

ppm

20

30

40

50

60

70

90 80

100

110

S18

120

130

190 180 170 160 150 140

200




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

~N oA Wn
™ 0w
N oo o
A~

0159
A
60€L
9le’L

mmm.my
wmm.m/
mmm.m/
wmm.nv
1YL

/8L
mwm.&\\
968,
S0¥°L
2y'L %
0zy'L]
9er'L

0.5 ppm

1.0

20 15

25

40 35 3.0

4.5

OEt
CHs
5.0

4c
55

KKCHs

/ \
CHj
90 85 80 75 70 65 60

9.5

666'C
186°C
£06°0
8€6°0

000°€

cl6e

=¥.80

©
-
<
[1o)

€01~
6621 —
R
69°02—

€8'80—

eV yS—
c2'6G—

L'60} —
€Chl—

viel
SSV
oSk —
6L —
w.vmr\
Loet

LG9l —

ppm

20

30

40

50

60

70

110 100 90 80
S19

120

190 180 170 160 150 140 130

200

e L




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

£
g
o b9 —
c Gy —
Lo
89¢'}
1681 n —_GEV'E
sevl 3 e
o
« L Ly—
£6v'g— — [ —ey0e
3 o %Yo
r65—
o
© o
6v°9L
n
Fo oo.RW
VS'LL
€62 e
<
&m”vW L £902
6vev—7 o
8/E i o <
le) I
© L2 8L601~
HYS— O = 3 J 0002 %m&/
=~ Fa omsﬁ/
w0
05°221
- mv.mﬁ/
% 088zl
00621/
€eL'9 Lo mmamv““»
6869 ©_egg  E2YEL
§96'9 —1560 e
Km.w L M L€0°C 19°/€1
£82°L~
G62L—5 2568
€2e'L J L
8’/ .
YreL o 29591 —
F
n
C o
o
F o
L0
»

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
S20

200




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

SYe'L
g6

80L¢—
GG6'c—

€92V
c6ev
0cEv
14504

ces’9
c6e’L
9ce’L
8€e’L
LYEL
€597
y9€°L
68E°L
6€°L
YL
lev'L
6cv’L
805
LG’
LeS°L
6€59°L
vS'L

20 15 1.0 0.5 ppm

25

I

OEt
40 35 3.0

CH3
4.5

HsC™ “CHj
4e
6.0 5.5 5.0

6.5

7.0

85 80 75

9.0

9.5

€rel—
SVl —

9¢'GY —

866G —

L8991 —

ppm

20

30

40

50

60

70

90 80

100

110

S21

120

190 180 170 160 150 140 130

200




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

CH3

15 1.0 0.5 ppm

2.0

25

90 85 80 75 70 65 60 55 50 45 40 35

9.5

086’}

000'¢

€81

=8980

yve'v

0s'el

wN.vFW
1Syl

L6 —
8G'€c—
89'/c—
0e'ee—

98'ey —

le'6G—

00k~
By LLE—"

8E'L2)
8e'8zt V
leeet—
A
reeel
oL LpL—

pPeS9L—

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

200

S22



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

980

A
62,
9€’L
JASYA
JASWA
8¢'L
6€L
ov'L
[
ev'L
ev'L
ev'L

N

S

CHj3

P4

/ \

49

H3C

ppm

¢0c'65—

06v°9L
mam.ﬁw
905°LL

986°60F ~_
890" HhL—

88¢'/2!
£98'821 V
L2e6el—
zL1EsL
26288l
seerL—

69¢'991 —

LU

" )
il )

"
b

I 4 | u| 1 ned. ey Ll L
o -J#' iy .ﬁn-ﬂ- ol

MR AV A

10 ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

200

S23



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

SL'0
8.0
18°0
60°}
L
Vb —

=

v T
0zt \
€2t
8zl
el
2t
ve'L
Ge't
8e'l
vk
oL
9L+
8b'lL
61

05t
25 H
€5 H
95t
88'c
16°€
¥6°€

8Ly
12y
vev
szy
2
82V
Ley
eey
199—"

62,
veL /
182 /

LEL
LEL
8¢’L
ov'L
Wil
[
ev'L
vl
'L
'L
L
'L
YAA
YA

0.5 ppm

1.0

|

[2]
N
N

30 25 20

3.5

50 45

55

6.0

90 85 80 75 70

9.5

_j

(22}
—
(5]

@
R
[

s

o]
<
N

|

—
=
<

-7

<
3]
o]

|

9lv'EL
Ft.vvw
9lv'vi

€896

09" 1€~
0€6'c€—

8Ly —

LSY'6G~_
69019

c6v'9L
ooo.nnw
80G°LL

LebOLE—
€9G°€LL—

129°224
¥6£'82 4 /
mov.mﬁV
929 tEL—
L2672l \
0LEVEL

oG9t —
SPEOLL—

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 ppm

200

S24



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

gsLL
€81l
002’
glet
Evel
Ise'L
687" L~
2Ist
025’1
8ES'L
0SS'}
V.S
28}
o't
2Ll

L68'€—=
wmm.m\

§0S'9
€6¢'L
cse’L
69€°L
cLE L
YNAYA
¥8€'L
68€°L
66€°L
Okv'L
viv'L
ocv'L
Shv'L
VA4 A
0Sy'L
ysy'L
oGy,
Yov'L
18y°L
061°L

Mﬂ%

UL

CHj3
CHj3

[\

S

H3C

ppm

1.0

1.5

2.0

2.5

3.0

3.5

65 60 55 50 45 40

7.0

90 85 80 75

9.5

JAR S
8y'eEl—
L6 —
¢9'8c—
c9'ce—

y9'ey—

6201 —
08'021

85221 "
mv.mﬁV
68621 —
162EL—

zZeEl
sggel 7

S0'G61L —

(i

ppm

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
S25

200




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

Sv'L
6LV L
Sev'L
Lev'L
€ev’L
ovy'L
Yoy L
6vv'L
eov'L
891,
7A A

0.5 ppm

20 15 1.0

25

J

45 40 35 3.0

5.0

H3C
90 85 80 75 70 65 6.0 55

9.5

/80°¢

€8€'9

6.0C

000°€

G20e

9¢2's

o —
e8'cL—
e —
6092 —
£G°0€ ~_
20"

S6'€Y—

LELOL—
09°€LL—
v L2l

8€°82!1 /
9z6L
£0°EEl—~
ogeel \

L6’ veEl

71’891 —

ppm

20

30

40

50

60

70

90 80

100

110

S26

120

130

190 180 170 160 150 140

200




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

9180
S¥8°0
esht
41
cle’t
et
c8e’l
oL’k
6EV’ |
€eq’t
ag't
€89°}
SLo't
o'l
00L¢—

T\

¥S6°€
owm.m/
9oyt
0LEP~_
8€8y —7
Bm.v\

S6EV

€LL9
882,
962,

01sL
mrmx/
AN
SYSL—f
Bmx\
95,

1.8 n\
¥68°L

126,

1] MJML

0.5 ppm

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0

9.5

000°€

896'|

786’}

0v6°0

92’65 —

L10LL
€0cht
L0'9¢t
ve'9ct
Lg’lel
€9'/¢l
c6'/lch
g6'Lcl
¥G'0€L
Lyeel
veeel
veeeL
19°9¢€1

S\

19691 —

10 ppm

20

30

40

50

60

70

90 80

100

S27

110

120

130

190 180 170 160 150 140

200




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

199
Sk.
9L
8L,
8L,
le’L
<A
[
€L
Se'L
Se'L
82,
82,
6¢'L
Le'L
Le'L
YL
Ly,
85,
19°L
€98

0.5 ppm

1.0

1.5

25 20

|

(s}

d

3.5

4.0

60 55 50 45

6.5

80 75 70

8.5

9.0

—

9.5

G265 —

L6'G91 —

10 ppm

20

30

40

50

60

70

90 80

100

S28

110

e

120

130

R

R R DR R
170 160 150 140

180

190



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

g

982 | a
v62'1 o 26 b~
gee't o 99EL—
EvEl 79GE esyl
Ggee'L L m ¥8'6L—
at =

— 0 ~eSr'e
ooﬁ“ M |~ —vooe Lget—
G/S1
8651 P o
909k | ol eLvy —
919'}

. n
www.” — | < —0o0¢€
099k J 5 GE'6G —
699'1 Lo
869'1
829'c L0 05°9L
6L6°€ © OONNV
_.mmwM/ _J _vmhﬁ\
£86'€— Lo €96l
652 v~
182V L, 80T
9Ly \ o . Lo
YrEY T

(@) ) c | o
s
o = < LY bbb~
- Nl/l/ o 96 LI
i E
62521 -3
$69'9 ) nHw Lo Wm”wmww E
Ge0'L © Rdays
0v0L = 0z L2}

; 0 YOVEL—
mvo.N ré 0698l
v50'L 6580
6L0'L o /=950
ye0'L— ~ s
0042 \ \6.80
XE\ | 5980
£62°L ~
veeL Ggl —
o o 17591 =
¥GE'L
65EL ©

F o

Lo
= 2
n

F o

ppm

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20
S29

200




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

g8c’t
Leg}
jefeogs
08¢’
0Evr'L
6SY° L
06v' |
L19°}
8€9'}
059°t
€99°L
649°L
v69°L
90L°
9LL'L
vvlL
€66¢
806'¢
€€6'¢
cv6'e
G6°€
296°€
9/6'¢€
82cv
9Gev
Gg8cv
ELEY

[

TSN\ T

Gle9—

L6c’L—

0.5 ppm

[y

HsC

H3C

9 L~
99°€l —
syl
02°02—
11708

p6 e
1gze—"

82'Gy —

9065 —

$9'501L —

920k —

£9°9€} —
chovl—

€691 —

ppm

20

30

40

50

60

70

90 80

100

190 180 170 160 150 140 130 120 110
S30

200




0 [ppm]

-L

1

3

/~CH

an

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

v.188°0LL —

LL28°LLY —~

166¥°L2L
0612821
8969°0€
ZYeLLEL %
S505°ZE}
608Z°SEL

285%'991 —~

9808'L)
182y'SL
151671/
Z£99°6L —
S69°28 —
SOLLEY —
£986'95 — -

Ippm]

50

100

S31

150

200




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

80}
gLl
9Ll
611
Al
mN.FV
82—
05t —%
2
€51
6’|
9G'|
IS}
65

6G°}
c9't
89'¢

08¢
mw.m/
98'e—\
80 %~
by
S.v\

LIy

V'L
vl
Sk.
9L’
LY.L
81°L
6L
0cL
0c’L
le’L
(XA
cgL
6¢'L
0g’L
0gL
1L
ce’L

L

ppm

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0

9.5

2L9 )

prreL -
6zael
ShL6h—

16926 —

G68'€Y —-

GBS —

2c6Y'9L
000°2L WW
809°LL

EVO'LLL

L6G€ch A -
8lv'acl

Now.wmw/
gev'lcl /

186221~
65908 —,

0zz el
8«,.:&\
LoLZEL

€V0'SEL
626'GEL

¢c0'991L —

ppm

190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20

200

S32



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

@ OweeE S SO oo™
3 g8eiss 3t 5333 =2
b3 Seedan o6 nmna D T
« NNMNNSN 60 Sftr o ——
i e et i P
O,/ —CHs (
(0]
|\
CH
N 3
\
" (
4q
,/L L A ¥R P PR
o v o © N ©
- it~ S I ~ ~
0 ) 1=} o - I
b N < . W N
T T T T T T T T T T T T T T T
8 6 4 2 [ppm]
© ONTANL®O N 0
0 FNOOWO M 0 -oo o) -0
9 C=PGO @O O IN e 0 <
© MONNNN ~ O NN © ) < o
172 B v
T T T T T T T T T T T T T T T T T T T T |
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S33



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

[} MDA~ OO OILMNMANDL T N~N< — 0 — O ©
© SYITNNNNNONDD MmHnHA o S 00
i T W
(6]
OEt
/A
N~ ~CHs
Cl H
4r (
, Jh I
T T T T T T T T T T T T T T T T T 1
9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 ppm
El 2 ¢ e R
S < < < o S
o <t ~ al o [a2]
[V} <t O OFTOAN n
[Te} O N O < ©~ - O M Yol [e2N>]
ITo) CaAoOD»OT O N wos «© ¥ ™
© OMOMOANANAN - O NI~ © (2] < ™M
1 N2 N2 \/
T T T T T T T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

S34



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

986'€ —=
62~

nom.v\
wmm.v\
Y9E'Y

GE9'9—

162 L~
95y L~
68y L—

V0L L—~
vmn.h\

ppm

1.0

1.5

2.0

25

3.0

35

4.0

h Iy

5.0

O <
N
6.0 55

4s
6.5

7.0

A\
N
7.5

I

O
H3C/\O
H3C
HsC
AJM—L JL
85 8.0

9.0

9.5

29€9

¥69'Y
gy YA

v6c'y

=859

4484

€eey

6265 —

2969l —

ppm

20

bl

30

40

50

60

70

90 80

100
S35

T

110

T WU
ki Lk

120

130

150 140

el

T

160

ATy
T

170

190 180

200




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

g;ggmwwlxmommooool\lxcooo A OO F 0
MOOONN" — ===~ QNN N
MNMNNNMNMNNMNNMNNMNNMNNMNNMNNNMNNMNNNNO T T TT O
=\l = N
<CH3
O
(0]
CHj3
N\ NI
NTN
H3C
o}
o}
4t >

95 90 85 80 75 70 65 60 55 50 45 40

- NO©ONT— O

© NHROR—I =D o = o~

I\ ~O-0©Od <A D - S A

[Ts) caa®odod oo «@ - oA

© HDOOANN +~ @ ) <+ S

| ‘_\‘_\‘K‘/_%_ ‘K‘/_ T 1 “_“_
\ \ \ \ \ \ \ \ \ \ \ \ \ T \ \ \ \ \ \ 1
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

S36



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

m .
g 188" —
Lo
L0
(=]
N
w
ey
o
L2 =
L0
] o 167°9L S
SO.RW
1 k2 01G°2L
ey — —= o 6102 =
DI
7 o
Y
o
sy
- [te}
Sy S o
ogt'L o
apLs ez —
as1L I otw 92V EE L~
991°L © S60'GEL—
217 9020V L —
UL -2
1617, —% N —'G80°}
€6e L ‘w o
6692 N
€017 _ =5
QE\ L o N000'L
XA i
S08°L
0182 -
1282 =
Ge8’L F o 8/6°'G81 —
S =
L0 E
[¢]

190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 ppm
S37

200




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

ppm

cce—

1.0

1.5

2.0

LS 86'LY
ce'8y
£9'8Y
10’6

se'6y
i 69'6Y
. £0°0g

25

3.0

JATAS
mom.mV
oLee

m:m.m\
£2¢°¢

3.5

4.0

968V —

y = 000°¢

168y —

o

5.0

661/
O0cc'L
822°L
LECL
o'l
0S¢,
962’ L
69c’L
8/c'L
Yev'L
vyl
Ly L
€Y.
9L
[ZA A
18y,
8L
cL1'8
G/1'8
G818
0618
€0c'8
602’8
cles
clc'8

HN
6.5

S8E'c
F o~ — 5860
M —v9c’L

—~Jro'L

8.5

9.0

GG 6L —

9.5

NNV%
8‘0 7.5

T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
S38

200




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

8.00
7.63
7.60
7.59
7.59
7.58
7.57
7.57
7.56
7.55
7.55
7.51
7.51
\-7.49
|\-7.48
\-7.45
7.45
7.43
|-7.41
|-7.40
-7.39
7.39
7.38
7.37
7.37
-7.36
7.35
7.29
6.42

©
o 4
~
o 4
(&)
IN
w
n
-
o

ppm

© Al <t I~ O < ©

(&Y OO~ O» [+

o WOMN™OMN <

= R S

) DO OAANN -

o F\F\F\W b
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

S39



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

8.07
8.06
8.06
8.04
8.03
7.66
7.65
7.64
7.63

/ 7.62
7.61

J-758

782
7.52
7.50
7.49
7.46
7.38
7.37
7.35
7.34
7.34
7.29
6.65

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0
- |o<|o S
ail failailad -
™ NODr—©OwOoO MmN
] ORO-® =M 0~ o o
- MM O DO S o® >
al N OO0 a0 0o~ ™~
2] MONOANANNAN AN NN O ~
2 —r NNKN N
|
T T T T T T T T T T T T T T T T T T T T 1
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 opm

S40



